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THUAT NGU

Phan nay cung cip tai liéu tham khao ngin gon md ta cic ky hiéu dudc sit dung trong
cudn sach nay. Néu bat gip nhiing khdi niém chua quen thudc, ban c6 thé tim thiy nhiing

giai thich chi tiét cling c4c thuat todn lién quan trong cac chuong 2—4.

SO va mang

a Gia tri vo huéng (sb nguyén hoic sb thuc)
a Vector
A Ma tran
A Tensor
I, Ma trén don vi c6 n hang va n cot
1 Ma tran don vi v6i s chiéu ngdm dinh theo ngit canh
e® Vector ¢ s tiéu chuan [0, ...,0,1,0,...,0] véi s6 1 tai vi tri i
diag(a) Ma tran vuong trong d6 céc phan tif ca a nim trén dudng chéo chinh
a Bién ngiu nhién vd huéng
a Bién ngiu nhién dang vector
A Bién ngiu nhién dang ma trin
Tap hop va do thi
A Tap hop
R Tap hop sb thuc
{0,1} Tap hop chita 0 va 1
{0,1,...,n} Tap hgp cdc sd nguyén tit 0 dén n
[a, b] Khoang s6 thuc bao gdm cd a va b
(a, b Khoéng s6 thuc bao gom b nhung khong bao gom a
A\ B Phép trit tip hop, 1a tap chia cic phan tif ciia A nhung khong thudc B
G Do thi
Pag(x;) Céc ndt cha cia x; trong G

Panh chi muc
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a; Phan ti thi 7 cia vector a, véi chi sd bit dau tir 1

a_;  Thtca cac phan ti clia vector a ngoai trif phan ti thi ¢
A;;  Phan ti hang 4, cot j clia ma trin A

Hang thi ¢ cua ma tran A

A.;, Cotthd ¢ cia ma tran A

Aijx Phanti (i, 4, k) cla tensor 3 chiéu A

A..; Mitcit 2 chiéu tai kénh 7 ctia tensor 3 chiéu

a; Phan ti thi 7 ctia vector ngiu nhién a

Cic phép toan trong Pai s6 Tuyén tinh

AT Chuyén vi ctia ma trin A
AT Ma tran gia nghich ddo Moore-Penrose cia A

A ® B Phép nhan tiing phan ttt (Hadamard) ctia A va B
det(A) Dinh thiic cia ma tran A

Giai tich
j—i Pao ham cua y theo x
% Pao ham riéng cua y theo x
V.y Gradient cua y theo vector x
Vxy Pao ham ma tran cta y theo ma tran X
Vxy Tensor chita cac dao ham cuia y theo X
% Ma tran Jacobian J € R™*" ctia f : R" — R™
V2 f(x) hoac H(f)(z) Ma tran Hessian cla f tai diém dau vao =
[ f(z)dx Tich phan x4c dinh trén toan bo mién clia =
Js fz)dz Tich phan xac dinh clia x trén tap S
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Ly thuyét Xac suit va Thong tin

alb Céc bién ngu nhién a va b 1a doc lap
alb|c Chiing doc 1ap c6 diéu kién véi ¢
P(a) Phén phdi x4c sult trén bién roi rac
p(a) Phan phbi x4c suit trén bién lién tuc hodc chua xéc dinh loai
a~ P Bién ngiu nhién a c6 phan phdi P
Exp[f(x)] hodc Ef(x) Ky vong cua f(z) theo P(x)
Var(f(z)) Phuong sai cta f(x) dudi P(x)
Cov(f(x),g(x)) Hiép phuong sai cia f(x) va g(z) duéi P(x)
H(x) Entropy Shannon ctia bién ngiu nhién x
Dx1(P || Q) Do do phan ky Kullback-Leibler gitta P va ()
N(z;pu,X) Phan phdi Gaussian trén  v6i trung binh g va hiép phuong
sai X
Ham s6
f:A—>B Ham s f v6i mién xdc dinh A va mién gid tri B.
fog Thanh phan ctia hai ham f va g.
f(x;0) Mot ham ctia  dudce tham sb héa béi 6.
log x Logarit ty nhién cua x.
o(x) Ham sigmoid logistic, -
¢(x) Ham Softplus, log(1 + exp(z)).
]|, Chuin LP cla x.
||| Chuan L? cla x.
ot Phan duong cia z, tic 12 max (0, z).
Lizu kien Nhan gid tri 1 néu diéu kién diing, ngudc lai bang 0.

Tap dit liéu va Phan phoi
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Phan phdi sinh dif liéu

Phan phdi thyc nghiém dudc xéc dinh bdi tip huin luyén
Tap hop cdc mau huin luyén

Mau dit liéu thd i (dAu vao) tit mot tap dif liéu

Nhin hoic gid tri muc tiéu tucng ng véi ¥ trong hoc c6
giam sat

Ma tran m x n véi cdc gia tri ¥ trong hang X; ., biéu thi
toan bo dit liéu dau vao ctia hang i




CHUONG 1. GIOI THIEU

Tt rat 1au con ngudi da mo udc tao ra nhitng ¢d mdy c6 kha ning suy nghi. Khat vong
nay dudc xuat phat ngay tir thdi Hy Lap c& dai. Nhitng nhan vt than thoai nhu Pygmalion,
Daedalus va Hephaestus dugc xem nhu nhitng nha phat minh huyén thoai, con Galatea,
Talos va Pandora lai 12 hinh 4nh ctia su séng nhan tao (Ovid va Martin, 2004; Sparkes,
1996; Tandy, 1997).

Khi khai niém vé mdy tinh c6 thé 1ap trinh 1an dau xuét hién, nhiéu ngudi da dit cau
héi liéu nhitng ¢6 mdy nay c6 thé trd nén thong minh hay khong — diéu nay xdy ra ci
trdm nim trudc khi chiéc mdy tinh dau tién ra doi (Lovelace, 1842). Ngay nay, tri tué nhan
tao (AI) 12 mot linh vuc phat trién manh mé véi nhiéu ting dung thuc tién va huéng nghién
ciu s6i dong. Chuing ta ky vong phan mém thong minh c6 thé thay thé con ngudi lam cic
cong viéc ldp di 1dp lai, hiu dudc hinh 4nh, 16i néi, chan doan bénh va tham chi hd trg

nghién ctiu khoa hoc.

Trong nhiing ngly dau phat trién, tri tué nhan tao da nhanh chéng giai quyét nhitng van
dé tudng ching rat khé dbi véi con ngudi, nhung lai dé xi 1y véi mdy tinh — d6 12 nhiing
bai todn c6 thé dién ta bang tap hop cic quy tic todn hoc ro rang. Tuy nhién, thach thic
thuc su lai nam & chd ngudc lai: 1am sao dé€ mdy tinh thuc hién nhiing viéc ma con ngudi
lam rit tu nhién, nhu nhan dién giong néi hoiic khudn méit — nhitng viéc ma ching ta 1am

gan nhu theo ban ning nhung lai khé md td mot cach chinh x4c bang cong thic.

Cubn sach nay néi vé cach giai quyét nhitng bai toan truc giac nhu véy. Giai phap nam
& viéc d€ cho mdy hoc tii dit liéu, tu xay dung hiéu biét vé thé giSi thong qua mot hé thong
cac khdi niém phan cip — trong d6 mdi khdi niém phiic tap dudc xay dung tif nhitng khai
niém don gidn hon. Viéc hoc tir dif lidu gitip may tinh khong can con ngudi phai lap trinh
san toan bo kién thifc. Cu triic phan cip nay cho phép mdy tinh din dan hoc dudc céc
khéi niém phiic tap bang cach ghép ndi nhitng phan don gian hon lai. Néu ta biéu dién su
két nbi gitta cac khai niém nay bang do thi, thi do thi d6 sé c6 nhiéu 16p, va do d6 phuong
phép nay dudgc goi 1a hoc sau (deep learning).

Nhiing thanh cong ban dau ctia Al chii yéu xult hién trong cdc mai trudng c6 tinh quy
chuén va don gian. Chang han, hé thdng choi ¢ ctia IBM tén 1a Deep Blue da danh bai
nha vo dich thé gidi Garry Kasparov vao nim 1997 (Hsu, 2002). Tro chdi ¢d vua, du phiic
tap v4i con ngudi, nhung lai rit dé mo ta bang cac quy tic hinh thic: ban c& c6 64 6, 32
quan cd véi cac nude di ro rang. Du thang duge Kasparov 1a mot thanh tuu 16n, nhung
diéu dé khong doi hdi Al phai hiéu thé gi6i theo cach ma con ngudi vin séng va cam
nhén.

Diéu mia mai 13 nhiing cong viéc mang tinh hinh thiic, todn hoc — von khé khin véi
con ngudi — lai dé dang v6i may tinh. Trong khi d6, nhiing ky ning ddi thudng nhu nhan
dién do vat hay giong néi — von rt don gian véi chiing ta — lai 13 thit thach 16n d6i vé6i

AL D€ trd nén thong minh, may tinh can c6 lugng kién thifc khéng 16 vé thé gidi. Phan 16n
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kién thiic nay mang tinh chii quan va truc gidc nén rat khé dién dat bang ngdn ngit hinh
thic. Va mot trong nhiing thach thiic 16n nhét ctia Al 1a: 1am sao dé dua loai kién thic d6

vao may tinh.

Mot s6 du 4n Al da tiing c6 gang 1ap trinh sin kién thifc vao mdy théng qua cic ngdn
ngit hinh thic. May tinh khi d6 sé suy luan dua trén cic quy tic logic. Phuong phap nay
dugc goi 1a cach tiép can co s6 tri thiic (knowledge base). Tuy nhién, cic du 4n kiéu nay
hiém khi thanh cong. Mot vi du néi tiéng 13 hé thdng Cyc (Lenat va Guha, 1989), mot hé
théng suy dién st dung cd s& dif liéu viét bang ngdn ngit CycL. Cac cau lénh dudc nhap
vao bdi con ngudi, nhung quy trinh ny lai rat phic tap va khé mé rong. Cyc thim chi ting
khong hiéu dugc mot cau chuyén don gian vé Fred dang cao rau vao budi sang (Linde,
1992). Do Fred cAm mot chiée dao cao dién, Cyc két luan r?lng “FredWhileShaving” c6

cac bd phan dién, va vi thé nghi ngd rang Fred liic d6 c6 con 1a con ngudi khong.

Nhiing han ché cta cach tiép can dua vao tri thifc 1ap trinh sdn cho thiy: Al can kha
ning tu hoc, tu rit ra quy luat tir dit liéu géc. Pay chinh 13 nén ting cta linh vuc goi 1a
hoc méy (machine learning). Nhd hoc may, mdy tinh c6 thé xi ly cdc bai toan lién quan
dén hiéu biét thé gi6i va dua ra nhiing quyét dinh c6 tinh cht quan. Chang han, mot thuat
toan don gian nhu héi quy logistic c6 thé hd trg bac si quyét dinh c¢6 nén chi dinh mé 1iy
thai hay khong (Mor-Yosef et al., 1990). Hay mdt thuét toan don gian khac la naive Bayes
c6 thé phan loai email rac va email hop Ié.

Hiéu qua ctia cic thuit toan hoc mdy phu thudc rat nhiéu vao cach biéu dién dit liéu
(representation). Vi du, trong bai todn md 14y thai, hé théng khong tu quan sat bénh nhan
ma chi nhan dau vao tif bac si, nhu viéc bénh nhéin c6 seo ti cung hay khong. Mdi thong
tin nhu vay dudc goi 1a mot dac trung (feature). Thudt toan hoc cach cac dic trung nay
lién quan dén két qua dau ra. Tuy nhién, n6 khong c6 kha niing quyét dinh dic trung nao
nén dudc st dung. Néu thay vi bdo cdo ctia bac si, thuit toan dugc cung cip anh MRI, thi

n6 sé khong thé dua ra quyét dinh vi tiing diém 4nh riéng 18 khong mang nhiéu y nghia.

Viéc phu thudc vao cich biéu dién khong chi gidi han trong AI ma con phd bién trong
khoa hoc mdy tinh va doi séng thudng ngay. Chang han, viéc tim kiém trong mot co sé
dit liéu sé nhanh hon nhiéu néu dit liéu dudc sap xép thong minh. Tuong tu, ching ta lam
todn véi chit s6 A Rap rat nhanh, nhung lai gip khé khin véi chit s6 La Ma. Khong c6 gi
bat ngd khi cach biéu dién dit liéu anh hudng rat 16n dén hiéu qua ctia céc thuat toan hoc

mady. Xem vi du truc quan trong hinh 1.2.

Nhiéu bai toan Al c6 thé giai quyét bang cach thiét ké ra tap dic trung phu hop, 16i st
dung mdt thuét toan hoc may don gian. Vi du, trong bai toan nhan dién ngudi néi, mot
dic trung hitu ich 13 u6c lugng kich thuée dng thanh quin — yéu t6 nay gitp phan biét
gilta giong nam, ni va tré em.

Tuy nhién, trong nhiéu bai toan khéc, rat khé dé xac dinh dic trung nao nén dung. Vi
du, néu mudn viét chuong trinh nhan dién xe hoi trong anh, ta biét ring xe cé banh xe,

vay c6 thé diing su xuét hién ctia banh xe 1am dic trung. Nhung van dé 1a rit khé mo ta
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Cartesian coordinates Polar coordinates
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Hinh 1.1: Vi du vé c4c cch biéu dién khéc nhau: Gia st chiing ta mudn phan tdch hai loai dit liéu
bang mot dudng thang trén biéu dd phan tan. O biéu db bén trii, dit liéu dugc biéu dién theo hé
toa do Descartes (toa d6 vuong géc), va viéc phan tach trd nén rat khé khin — khong thé ké dudc
dudng thang nao phit hgp. Nhung & biéu dd bén phai, di liéu dudc chuyén sang hé toa do cuc, va
lic nay ta c6 thé dé dang phan tach hai nhém chi bang mot dudng thang ding. (Hinh minh hoa
hgp tac cung David Warde-Farley.)

hinh 4nh ctia banh xe bang gid tri diém 4nh, vi n6 c6 thé bi béng dd, anh sang phan chiéu,
vat thé khac che khuét, v.v.

Mot cach dé giai quyét khé khiin trong viéc thiét ké dic trung 1a ding hoc may khong
chi @€ hoc ham 4nh xa tif dic trung dén dau ra, ma con dé€ hoc ca cach biéu dién dix
liéu — tic 1a hoc dic trung mot cach ty dong. Phuong phdp nay goi 1a hoc bi€u dién
(representation learning). Khi d& mdy hoc ra cach biéu dién phu hop, két qua thuong vuot
trdi hon nhiéu so véi dic trung do con ngudi thiét ké thi cong. Pong thdi, viée nay con
gitip hé théng Al dé dang thich nghi vé6i cac tic vu m6i ma khong can nhiéu can thiép tir

con ngudai.

Mot thuat toan hoc biéu dién c6 thé kham phd ra tip dic trung tot cho mot nhiém vu
don gian chi trong vai phiit, hodc trong vai gid téi vai thang néu 1a nhiém vu phic tap.
Trong khi d6, viéc thiét ké dic trung thii cong cho mot tac vu phc tap cé thé mat hang

chuc nam va can su dong gop cua ca mdt cong dong nghién ciiu.

Vi du dién hinh nhét cho thut todn hoc biéu dién 14 autoencoder. Mot autoencoder bao
gdm hai thanh phan: encoder — bién d6i dau vao thanh mot biéu dién méi, va decoder —
bién biéu dién d6 trd lai dinh dang ban dau. Autoencoder dudc huén luyén sao cho giit lai
cang nhiéu thong tin cang tdt sau khi dif liéu di qua encoder va sau d6 1a decoder. Pong
thdi, md hinh ciing c¢b ging diéu chinh biéu dién sao cho c6 cac thudc tinh mong mubn —

tuy thudc vao loai autoencoder ma nhitng thudc tinh nay c6 thé khac nhau.

Khi thiét k& dic trung, hodc xiy dung thuat todn hoc dic trung, muc tiéu thudng la
tach biét cac yéu td bién thién (factors of variation) giy ra su da dang trong dif liéu quan
sat duge. O day, “yéu t6” don gian 1a cic ngudn dnh hudng khac nhau — khong nhét thiét
phai két hop v6i nhau theo phép nhan. Nhiing yéu t nay thudng khong quan sat dudc truc
tiép. Chiing c6 thé 1a céc vat thé hoic luc tic dong trong thé gidi vt ly, hoic 1a cac khai
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niém trifu tuong ma con ngudi dung d€ giai thich dit liéu. N6i cach khac, ching 1a cac

khdi niém gitip ta hi€u dugc su phong phu trong dit liéu.

Vi duy, khi phan tich mot doan ghi 4m, cdc yéu td bién thién c6 thé bao gdm: tudi tac
clia ngudi ndi, gidi tinh, giong dia phuong, va ndi dung ho dang néi. V6i mot biic anh
chup xe hoi, cic yéu td bao gdm vi tri xe trong anh, mau sic, géc nhin, va do sing ciia 4nh
sang mat troi.

Mot thach thiic 16n trong cic ting dung Al thuc té 1a: rit nhiéu yéu t6 bién thién nay
4nh hudng dén toan bd dif liéu ma ta quan sat dudc. Vi du, anh ctia mot chiéc xe dd ¢
thé trong gan nhu den néu chup vao ban dém. Hinh dang chiéc xe trong anh ciing thay ddi
theo géc nhin. Hau hét cic ing dung yéu cau ta phai “tach rdi” cac yéu tb bién thién va

loai bd nhiing yéu t6 khong lién quan.

Tuy nhién, viéc rut trich ra cac dac trung triru tugng tu du liéu tho 1a vo cung kho.
Nhiéu yéu td, nhu giong dia phuong ctia ngudi néi, chi cé thé nhan dién khi ta c6 miic
hiéu biét gan nhu con ngudi. Néu viéc hoc biéu dién ciing khé nhu giai bai todn gdc, thi

hoc biéu dién tuéng nhu chang gitp ich gi nhiéu.

Hoc sau (deep learning) chinh 1a gidi phap cho vén dé cot 16i nay. N6 1am dugc diéu d6
bing cach xay dung biéu dién phiic tap thong qua nhiéu 16p biéu dién don gidn hon. Hoc
sau cho phép may tinh tao ra khai niém phuc tap tir cac khai niém don gian hon. Hinh ??
minh hoa cach mot hé théng hoc sau c6 thé biéu dién khdi niém “hinh 4nh mot ngudi”
bang cach két hop cac khdi niém don gidn nhu dudng vién va géc canh, von dudc xay
dung tu cac canh nho hon.

Mo hinh tiéu biéu nhit ctia hoc sau 12 mang nd-ron truyén thang nhiéu 16p, hay con
goi la multilayer perceptron (MLP). Mot MLP chi don gian la mdt ham toan hoc anh xa
tif tAp gia tri diu vao sang dau ra, bang cach ghép nhiéu ham don gian lai v6i nhau. M&i
ham don gian c6 thé dugc xem nhu tao ra mot 16p biéu dién mdi tir dau vao ban dau.

Nhin tir géc do bi€u dién, hoc sau cho phép may tinh hoc cach biéu dién dit liéu phu
hop. Nhung tif mot géc do khéc, ta ¢ thé xem hoc sau nhu cho phép may tinh hoc dugc
mot chuong trinh may tinh nhiéu budc. Mdi 16p trong mang c6 thé dugc hiéu nhu 1a trang
thai cia bd nhé sau khi thuc thi mot budc chuong trinh. Cang nhiéu 16p, chuong trinh
cang thuc hién dugc nhiéu budc lién tiép. Piéu nay rit manh mé, vi cic budc sau c6 thé
dua trén két qua ctia cac budc trudc.

O gbc nhin nay, khéng phai tit ca thong tin trong mbi 16p biéu dién déu ding dé mé ta
yéu t6 bién thién cta dit liéu. Mot phan thong tin ¢6 thé dong vai trd nhu trang thdi noi bo
ctia chuong trinh — giéng nhu mot bién dém hodc con trd trong mot chuong trinh may
tinh truyén thong. N6 khong chita ndi dung ctia dau vao, nhung lai gitp mo hinh t& chic
qua trinh xt ly di liéu mdt cach hiéu qua.

C6 hai cach phd bién dé do d6 sau cia mot mo hinh. Cach dau tién dua trén sd luong
cac budc xit ly lién tiép can thuc hién d€ tinh todn du ra ctia mo hinh tir dau vao. Ta ¢
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Dau ra
(X4c dinh d6i twomg)

Lép an thir 3
(cdc phén ctia doi twong)

Lép an thir 2
A ( gbc va
- bién)
- Lép an thir 1
(céc canh)
[

Pau vao nhin thay duwgc
(cdc di€m anh dau vao)

Hinh 1.2: Minh hoa vé mdt mo hinh hoc sau. Mdy tinh rat khé dé€ hiéu dudc y nghia cta di liéu
dau vao cam bién thé — vi du nhu hinh 4nh dudc biéu dién bing tap hop cdc gid tri diém anh.
Ham 4nh xa tlf diém anh dén nhan dién vat thé 12 mot ham rét phiic tap, va néu cb gang hoc truc
tiép ham d6 thi gan nhu 1a bt kha thi. Hoc siu giai quyét van dé nay bang cach chia nhd qua trinh
dnh xa phiic tap d6 thanh mot chudi cic phép bién ddi don gian 16ng nhau, mbi phép bién ddi
tuong ng véi mot 16p (layer) khac nhau trong mo hinh. Dif liéu dau vao dugc dua vao 16p quan
sat (visible layer) — goi nhu vay vi cdc bién & 16p nay 1a nhiing gi ta c¢6 thé quan sat dudc. Sau do,
mot chudi céc 16p 4n (hidden layers) sé 1an lugt trich xuét ra cac dic trung ngly cang trifu tuong tif
hinh anh gbc. Ching dudc goi 1a “4n” vi gi4 tri clia chiing khong c6 sin trong di liéu, ma phai do
mé hinh tu hoc ra, dua trén cach giai thich tot nhét cho dit liéu quan sat dudc. Cac hinh 4nh minh
hoa trong m6 hinh thé hién kiéu dic trung ma mdi don vi 4n hoc dudc. Tur cic diém 4nh ban dau,
16p 4n thi nhit c6 thé phat hién ra cac canh bing cich so sanh do sang giita cac diém anh lan can.
Tt cdc canh nay, 16p 4n thi hai c6 thé d& dang x4c dinh cdc géc va dudng vién dai — nhiing ciu
triic dudc hinh thanh tit tap hdp cac canh. Tiép theo, 16p an thif ba ding thong tin vé géc va dudng
vién dé€ nhan dién tiing phan cu thé ctia vat thé. Cudi cling, su két hop cac phan nay cho phép mo
hinh nhan dién vat thé c6 trong hinh &nh.

thé hinh dung diéu nay nhu chiéu dai ciia dudng di dai nhét trong mot so dd khoi (flow
chart) md ta qud trinh tinh todn dau ra tif dau vao. Giébng nhu hai chuong trinh mdy tinh
c6 thé thuc hién cing mot tic vu nhung c6 do dai khac nhau tuy vao ngdn ngit 14p trinh,
mot ham toan hoc ciing c6 thé dudc biéu dién bing so d6 khdi c6 do sau khac nhau, tuy
thudc vao viéc ta cho phép st dung nhitng ham nao lam thanh phan co ban. Hinh ?? minh
hoa viéc lua chon tip hdp cdc budc tinh todn cd ban sé anh hudng dén cach do do sau nhu
thé nao.

Mot cach tiép can khdc — thudng dung trong ciac md hinh x4c suit sau (deep probabilistic
models) — khong do do siu clia so dd tinh todn, ma do do sau clia s6 dd mo ti mbi quan
hé gilta cdc khdi niém. Theo céach hi€u nay, mot bi€u dién phiic tap c6 thé€ dudc tinh todn
qua nhiéu budc hon so dd khai niém gdc, vi md hinh c6 thé lién tuc cip nhat hiéu biét vé

cdc khdi niém don gian khi biét thém thong tin vé cac khdi niém phiic tap hon.

Chang han, khi hé théng AI phan tich anh khuon mit va chi thdy mot mat do phan con
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lai bi béng tdi che khuit, né ban dau c6 thé két luan chi c6 mot mat. Nhung sau khi phat
hién ra d6 1a khudn mit, hé théng cé thé suy luan ring kha ning cao con c6 mot mat nita,
dit khong quan sat thiy ro. Trong trudng hop nay, so d6 khdi niém chi c6 hai tAng — tang
“mat” va tang “khudn mit”. Tuy nhién, so do tinh toan thuc t& c6 thé sau hon nhiéu néu

hé théng thuc hién viéc cap nhat thong tin 1ip lai nhiéu 1an giita cdc khdi niém.

Vi khong ludn rd rang rang nén do do sau theo so d tinh toan hay so d6 khdi niém, va
vi mdi ngudi lai chon tap hop cdc ham co ban khac nhau dé€ xay dung mo hinh, nén khong
ton tai mot gia tri tuyét d6i nao cho “dd sau” ctia mot kién tric. Piéu nay gibng nhu viéc
khong c6 mot d dai duy nhét diing cho mot chuong trinh may tinh. Pong thdi, ciing chua
c6 su dong thuin rd rang vé viéc “bao nhiéu tang thi dugc goi la deep”. Tuy vy, nhin
chung, hoc siu c6 thé dugc hi€u 1a nghién cifu cic mod hinh c6 miic d két hop nhiéu tang
biéu dién — hoic 1a cac ham hoc dudc, hoic 1a cac khai niém hoc dudec — nhiéu hon so

véi hoc mdy truyén thong.

Tém lai, hoc sdu — chii dé chinh ctia cudn sach nay — 1a mot cach tiép cin thuoc linh
vuc tri tué nhan tao. Cu thé hon, né 1a mot nhanh ctia hoc may (machine learning), mot
ky thuat cho phép hé théng mdy tinh cii thién dan qua kinh nghiém va dit liéu. Ching
t6i cho rang hoc may la con dudng kha thi duy nhit dé xay dung hé théng Al c6 thé hoat
dong trong cic mdi trudng phiic tap ctia thé gidi thuc. Va trong s6 d6, hoc sau 1a mot
phuong phap manh mé nhd kha ning biéu dién thé gidi thong qua mot hé théng phan cip
céac khdi niém — trong d6 mdi khai niém tritu tugng hon dugc dinh nghia dua trén nhiing
khdi niém don gian hon. Hinh 1.3 minh hoa mdi quan hé giita cic nhanh Al khac nhau,

con Hinh 1.4 cho thiy so do tdng quat vé cach cac hé théng nay hoat dong.

1.1  Ai nén doc cudn sich nay?
Cubn sach nay phu hop véi nhiéu dbi tuong, nhung ching t6i dic biét huéng dén hai

nhom nguoi doc:

» Sinh vién dai hoc va sau dai hoc dang hoc vé& hoc may, dic biét 1a nhitng ngudi méi

bat dAu su nghiép nghién citu trong hoc sau va tri tué nhan tao.

* Ky su phan mém khong c6 nén tang vé hoc mdy hay thong ké, nhung mubn nhanh

chéng tiép can va ting dung hoc sau vao san pham hoic nén tdng ctia minh.

Hoc sau di chiing minh dudc hiéu qua trong nhiéu linh vuc phan mém nhu: thi gidc
mdy tinh, xt 1y tiéng n6i va 4m thanh, xi& ly ngdn ngit tu nhién, robot, tin sinh hoc va héa

hoc, trd choi dién ti, cong cu tim kiém, quang céo truc tuyén va tai chinh.
Cudn sich dudc chia 1am hai phan 16n d€ phi hdp véi ciac nhém ngudi doc khac nhau:
* Phan I: Gi6i thiéu cc cong cu todn hoc co ban va cac khai niém trong hoc may.

* Phan II: Trinh bay cic thuit todn hoc sau di dudc chiing minh va dp dung thanh

cOng.

Ngudi doc c6 thé bé qua cac phan khong phit hop véi sé thich hodic nén tang ctia minh.



CHUONG 1. GIOI THIEU

Hoc sau Vidu

Shallow Vid
Vi du: autoencoders I_;,\.u
MLPs oL auy
Logistic

Hoc bi€u dién dic trung

Tri tué nhéan tao

Hinh 1.3: So dd Venn minh hoa mbi quan hé giita c4c linh vuc trong tri tué nhan tao. Hoc siu
(deep learning) 1a mot nhanh con ctia hoc bi€u dién (representation learning), va hoc biéu dién lai
niam trong pham vi ctia hoc mdy (machine learning). Hoc mdy 1a mét trong nhiéu phudng phap
dugc st dung trong tri tué nhan tao (AI), nhung khong phai 12 tAt ci. Mbi ving trong so do c6
kém mot vi du cu thé vé cong nghé Al tuong ng: vi du, hé chuyén gia thudc vé Al nhung khong
dua vao hoc mdy; nhan dién chit viét tay dung hoc mdy; trich xuét dic trung bang tay 1a vi du clia
representation learning khong hoc sau; va nhan dién giong néi tu dong bing mang nd-ron su la
mot ing dung cia hoc sau.
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Hinh 1.4: Céc so do dong cho thiy cach céc thanh phan khic nhau ctia mot hé théng Al lién két
v6i nhau trong cdc linh vic Al khac nhau. C4c 6 c6 nén xam biéu thi céc thanh phan c6 kha ning
hoc tur dit liéu.

Vi du, nhiing ai d quen thudc v6i dai s6 tuyén tinh, xdc suat va cac khdi niém co ban vé
hoc may c6 thé bé qua phan I. Con nhiing ai chi can trién khai hé thong hoc sdu ma khong
di sau vao ly thuyét c6 thé doc dén phan II. Hinh 1.6 cung cip so dd ludng chuong trinh
doc sach, giup ban lya chon chuong nao phu hgp véi minh.

Chiing toi gi4 dinh ngudi doc déu c6 nén ting vé khoa hoc mdy tinh, bao gdm: biét 1ap
trinh, hiéu co ban vé hiéu suét tinh todn, ly thuyét do phtic tap, giai tich co ban va mot sb
thuat ngi cta ly thuyét do thi.

1.2 Cac xu hudng lich sit trong hoc sau
D& hiéu o hon vé hoc siu, chiing ta nén nhin qua bdi canh lich st ctia linh vuc nay.

Thay vi trinh bay mot dong thdi gian chi tiét, phan nay sé tap trung vao mdt sd xu hudng
chinh:

* Hoc sau c6 mdt lich st 1au dai va phong phi, nhung né di tiing dudc biét dén dudi
nhiéu cdi tén khac nhau, phan dnh cic quan diém triét Iy khac nhau qua tiing thoi ky.
Dai c6 liic hoc sau trd nén rat phd bién, r6i sau d6 it dudc quan tam, trudc khi quay
tré lai manh mé trong nhitng nim gan day.

» Hoc sau ngay cang hitu ich hon khi khéi Iugng dit liéu huin luyén ting 1én. Cac md
hinh hoc sau thudng can mot luong 16n dit lidu d€ thé hién dudc stic manh ctia minh,
va trong thdi dai dif liéu ngay nay, chiing da phat huy tdi da tiém ning.
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Hinh 1.5: CAu tric nodi dung céc phan ctia cudn sach nay
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* Kich thudc cdc mod hinh hoc sau lién tuc tang theo thdi gian, nhd vao su cai thién
nhanh chéng cia ha tang tinh todn, bao gdm c4 phan cing (GPU, TPU....) va phan

mém (framework nhu TensorFlow, PyTorch,...).

* Hoc siu da dan gidi quyét dugc nhiing bai toan ngay cang phtc tap v6i do chinh
x4c ngay cang cao. Tir nhan dién chit viét tay, hoc sau da tién dén xi 1y ngdn ngii tu
nhién, thi gidc may tinh, va ca nhiing tic vu mang tinh sang tao nhu tong hop giong
noi, vé tranh, lam thg.

1.2.1 Nhitng tén goi khac nhau va su thay déi thiing tram ctia mang no-ron

Nhiéu ngudi khi 1an dau tiép can hoc sau c6 thé ngac nhién khi thiy phan "lich st"trong
mot cudn sach vé mot cong nghé tudng nhu mdi mé. Thuc ra, hoc sau da xuat hién tir
nhting nam 1940. N6 chi c6 vé méi vi tiing trai qua mot giai doan dai khong dude chu y
va da dugc goi bang nhiéu tén khac nhau trudc khi cdi tén “deep learning” tré nén phd

bién nhu hién nay.
Lich st phat trién ctia hoc sau rat phong phd va da trai qua ba lan séng chinh:

* Lan so6ng thi nhit dién ra vio khoang tir thap nién 1940 dén 1960, dugc biét dén
véi céi tén cybernetics. Day 1a thoi ky cac nha nghién ctiu xay dung ly thuyét vé hoc
tap sinh hoc (McCulloch va Pitts, 1943; Hebb, 1949) va cac mo hinh dau tién nhu
perceptron (Rosenblatt, 1958), cho phép huin luyén mot nd-ron don 18.

+ Lan séng thif hai bit diu tir khoang nim 1980 dén gitta thap nién 1990, véi tén goi
connectionism, khi thuat toan back-propagation (Rumelhart et al., 1986a) dugc su

dung d€ huan luyén ciac mang c6 mot hoiéc hai tang 4n.

« Lan séng hién tai, hay hoc sau (deep learning), bat dau khoang nim 2006 (Hinton et
al., 2006; Bengio et al., 2007; Ranzato et al., 2007a) va hién dang la trung tdm cua
nhiéu tién bd 16n trong tri tué nhan tao.

99 ¢

Hinh 1.7 minh hoa tan suat xuat hién cua cac thuat ngtt “cybernetics”, “connectionism”

va “neural networks” trong sich, gitip chiing ta thiy r ba lan séng nay.

Ban diu, nhiéu thuit todn hoc dudc phat trién nham md phong cach ndo bd hoc tap.
Vi vdy, hoc sau tung dudc goi la artificial neural networks (mang no-ron nhan tao), mang
theo quan diém ring day la cac hé thdng ky thuat liy cam hing tit ndo bd sinh hoc.

Tuy nhién, du d6i khi dudgc dung dé nghién citu cach hoat dong ctia nao (Hinton va
Shallice, 1991), cac mang no-ron trong hoc may khong phai 1a mo hinh sinh hoc chinh
xdc. Ching dudc thic ddy bdi hai y tudng chinh:

« Thi nhét, ndo bd la bang chiing sdng cho thiy hanh vi thong minh 14 c6 thé, va mot
céach hgp ly dé xay dung tri thong minh nhén tao 12 tai tao lai cac nguyén ly tinh toan
ctia nao.

e Thy hai, viéc hiéu o nguyén ly hoat dong cua tri thong minh con ngudi 1a mot muc
tiéu khoa hoc quan trong, do d6 mé hinh hoc mdy gitp 1am sdng té diéu nay c6 gia

11
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Hinh 1.6: Tan suit xuit hién clia cdc cum tif “cybernetics” va “connectionism” hodc “neural
networks” trong Google Books, minh hoa ba lan song 16n trong nghién ctfu mang nd-ron. Lan
s6ng thii ba con qua méi d€ dudc ghi nhan day da.

tri riéng, ngoai viéc ting dung vao k¥ thuat.

Tuy nhién, thuat ngit “deep learning” hién dai khong chi gidi han trong quan diém sinh
hoc. N6 nhin manh vao nguyén ly tdng quét hon: hoc thong qua viéc két hop nhiéu tang
bi€u dién — cdc khai niém tritu tugng hon dudc xay dung tif cac khdi niém don gian hon.

M0 hinh don gian dau tién 1a cic md hinh tuyén tinh, vi du nhu:

fz,w) = rqwy + zows + ... + Tuwy,

dudc phat trién trong giai doan cybernetics. Mo hinh McCulloch-Pitts (1943) 1a mot
vi du s6ém mo phdng hoat dong ctia no-ron. Pén thap nién 1950, perceptron (Rosenblatt,
1958, 1962) ra ddi, 12 mo hinh dau tién c6 kha ning hoc trong sd tit dit liéu. Mot mo hinh
tuong tu 13 ADALINE (Widrow va Hoff, 1960) c6 thé du doan sb thuc, va huin luyén
biang mot phién ban don gian clia stochastic gradient descent — nén tang clia cc thuat

toan huan luyén hién dai.

Mic du don gidn va hiéu qua, cdc md hinh tuyén tinh nay c6 nhiéu han ché. Mot vi
du néi tiéng 1a ching khong thé hoc haim XOR. Piéu nay din dén su chi trich manh mé

(Minsky va Papert, 1969), 1am suy gidm niém tin vio mang no-ron trong nhiéu niim.

Ngay nay, khoa hoc than kinh van 12 ngudn cam hing quan trong, nhung khong con la
dinh hudng chinh. Ly do 1a vi chiing ta chua di kha ning dé quan sat va hiéu dudc hoat
dong chi tiét ciia hang nghin no-ron sinh hoc ciing lic. Do d6, nhiing hiéu biét vé nio bo

van con rat han ché (Olshausen va Field, 2005).

Tuy nhién, c4c thi nghiém nhu viéc loai chdn c6 thé “nhin” bing viing ndo xi ly dm
thanh néu dudc nbi lai khac thudng (Von Melchner et al., 2000) cho thiy c6 thé ton tai

mot thuét todn chung cho nhiéu tac vu nio bod. Piéu nay khién cong dong hoc may ngay

12
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cang thdng nhit hon, thay vi phan manh nhu truée.

Cubi cung, mot s6 kién tric ndi tiéng nhu neocognitron (Fukushima, 1980) va céc
mang tich chap hién dai (LeCun et al., 1998b) van chiu 4nh hudng tit cAu tric ctia hé
théng thi gidc sinh hoc. Ngay nay, phan 16n cdc mang no-ron stt dung don vi goi 12 rectified

linear unit (ReLU), vbn 12 phién ban don gian héa ctia cdc mo hinh sinh hoc phtc tap hon.

Du khoa hoc than kinh mang lai nhiéu cdm hiing, viéc mo6 phdng trung thuc chiic ning
clia no-ron sinh hoc chua mang lai 1di ich rd rang cho hiéu suit mé hinh hoc mdy. Tuy
vay, tinh than hoc hdi tlit ndo bo van tiép tuc anh hudng dén thiét ké kién tric mang, ngay
ca khi chua thé huéng dan cu thé vé thuit todn hoc dudc st dung.

Trong giai doan nhitng nim 1990, nhiéu tién bd da dugc thuc hién trong viéc mo
hinh héa chudi véi mang no-ron. Hochreiter (1991) va Bengio et al. (1994) da xac dinh
dugc mot s6 khé khiin toan hoc cd ban trong viéc mo hinh héa cac chudi dai (dugc trinh
bay & Muc 10.7). Hochreiter va Schmidhuber (1997) da dé xuit mo hinh long short-term
memory (LSTM) dé khac phuc nhiing khé khin nay. Hién nay, LSTM dudc st dung rong
rdi trong nhiéu bai todn mo6 hinh chudi, dic biét 1a trong xi ly ngdn ngl tu nhién tai

Google.

Lan séng thd hai ctia nghién ctiu mang no-ron kéo dai dén gitta nhiing nim 1990. Khi
do, cac cong ty khdi nghiép dua trén mang nd-ron va cic cong nghé Al khac bat dau dua
ra cdc tuyén b6 qua mic nham thu hit dau tu. Khi két qua khong dat dudc nhu ky vong,
cac nha dau tu td ra thit vong. Pong thdi, cic linh vuc hoc mdy khac nhu kernel machines
(Boser et al., 1992; Cortes va Vapnik, 1995; Scholkopf et al., 1999) va m6 hinh do thi
(Jordan, 1998) ciing dat dudc két qué tot trong nhiéu bai todn quan trong, khién mang
nd-ron bi giam sit mifc dd phd bién cho dén tin nim 2007.

Tuy nhién, trong giai doan niy, mang nd-ron van tiép tuc dat dudc mot sb két qua
an tuong (LeCun et al., 1998b; Bengio et al., 2001). Vién nghién cttu nang cao Canada
(CIFAR) da gitip duy tri nghién ctiu mang nd-ron thong qua sang kién Neural Computation
and Adaptive Perception (NCAP). Sang kién nay da két ndi cac nhém nghién ciiu tai Dai
hoc Toronto (Geoffrey Hinton), Pai hoc Montreal (Yoshua Bengio) va Pai hoc New York
(Yann LeCun). CIFAR NCAP 1a mot chuong trinh da nganh, két hop ca cac nha khoa hoc
than kinh va chuyén gia vé thi gidc ngudi va may.

Vao thoi diém d6, mang no-ron siu thudng bi xem 1a rit khé huén luyén. Ngay nay
chiing ta biét ring cdc thuat toan tif nhitng nim 1980 van hoat dong tot, nhung diéu nay
chua rd rang vao khoang nim 2006. C6 1& nguyén nhan 1a do c4c thuit toan dé tiéu ton tai

nguyén tinh toan qu4 16n so véi phan ciing khi d6, din dén rat it thi nghiém thuc té.

Lan séng thif ba ctia nghién cifu mang nd-ron bit dau véi mot dot pha vao nim 2006.
Geoffrey Hinton cho thiy ring mot loai mang goi la deep belief network cé thé dudc
huén luyén hiéu qua bang chién lugc greedy layer-wise pretraining (Hinton et al., 2006),
s& dudc trinh bay chi tiét & Muc 15.1. Cdc nhém nghién ciiu khac trong CIFAR nhanh

chong chiing minh rang chién ludc nay ciing c6 thé 4p dung cho nhiéu loai mang sau khac
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(Bengio et al., 2007; Ranzato et al., 2007a), gilp cai thién ddng k€ kha ning tong quat

trén tap kiém tra.

Lan séng nay da phd bién thuat ngii “deep learning” d€ nhin manh riang cac nha nghién
clfu gid day c6 thé huin luyén cdc mang no-ron sau hon so véi trudc day, dong thdi ciing
tp trung vao tim quan trong ly thuyét ctia do sau (Bengio va LeCun, 2007; Delalleau va
Bengio, 2011; Pascanu et al., 2014a; Montufar et al., 2014). O thai diém dé, mang no-ron
siu da vuot qua cac hé théng Al canh tranh khac, ké ca cdc md hinh hoc mdy hién dai va

cac hé thong chiic ning thiét ké thii cong.

Lan séng thif ba clia mang no-ron van dang tiép dién cho dén thdi diém cubn sich nay
dugc viét. Tuy nhién, trong tam nghién cifu trong cong dong deep learning da thay ddi
dang ké. Néu nhu ban dau cong dong quan tam dén cac k¥ thuat hoc khong gidm sat méi
va kha ning tong quat tli cic tap dit liéu nho, thi hién nay mbi quan tim chinh da chuyén
sang cac thuat toan hoc c¢6 giam sat ct va kha nang tan dung tap di li€u dudc gan nhan
16n.

KE€ tir sau nim 2012, deep learning da nhanh chéng tré thanh cong nghé cbt 16i trong
nhiéu hé théng AT hién dai. Su kién ndi bat danh ddu budc ngoit nay la chién thang thuyét
phuc ciia mang no-ron sau trong cudc thi nhin dang hinh anh ImageNet Large Scale
Visual Recognition Challenge (ILSVRC) ndm 2012, khi md hinh AlexNet (Krizhevsky et
al., 2012) vuot troi so v6i cac phuong phap truyén thong.

K& tir d6, nhiéu linh vuc da ching kién su thay d6i manh mé nhd vao deep learning:

* Thi gidc may tinh (Computer Vision): Cac kién tric nhu ResNet, EfficientNet va
Vision Transformer da didy manh do chinh xdc va hiéu qua trong cdc bai todn nhan

dién anh, phan doan dbi tugng, theo ddi vat thé va sinh &nh.

* Xt ly ngon ngt tv nhién (NLP): Cac mo6 hinh ngén ngit 16n nhu BERT (Devlin et
al., 2018), GPT (Radford et al., 2018, 2019, 2020), va cac bién thé méi hon nhu
ChatGPT, Gemini, Claude, LLaMA da thiét 1ap nén tang cho mot loat ting dung nhu
dich may, tom tat vin ban, sinh vin ban, déi thoai va tim kiém thong minh.

» Tri tué tdng hop da nhiém (Foundation Models): Thay vi huin luyén mot md hinh
riéng cho tiing nhiém vu, cdc md hinh nén tang (foundation models) dugc huin luyén
trén tap dif liéu cuc 16n va sau d6 dudc tinh chinh (fine-tuned) hoic dung truc tiép
(zero-shot, few-shot) d€ gidi quyét nhiéu tic vu khac nhau.

* Ty dong hda va robot: Al dang dudc tich hgp vao robot tu hanh, drone, canh tay
robot va hé thong diéu khién cong nghiép dé hoc tit moi trudng, thich nghi véi tinh
hudng va téi wu hiéu suét theo thoi gian thuc.

* Y hoc va khoa hoc su sdng: Deep learning gitip céi thién chin doan hinh 4nh y té,
thiét k& thudc méi, phan tich gene va du dodn ciu triic protein (vi du nhu AlphaFold).

* Sang tao ndi dung (Generative Al): Cac md hinh nhu DALL-E, Stable Diffusion,
MidJourney cho phép sinh anh ti vin bén; cdc m6 hinh tdng hdp giong néi va 4m
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nhac ciing dat chit luong cao ddng ké, md ra ky nguyén sang tao noi dung dua trén
AlL

Trong nhitng nim t6i, ching ta c6 thé ky vong Al sé tiép tuc phat trién theo cic huéng

sau:

Al mo-dun va c6 kha ning tuong tac: Mo hinh Al sé khong chi 1a mot hé thong
don 18, ma 12 tap hop cac thanh phan c6 thé tuong tic va hoc 1dn nhau (multi-agent
systems, tool-using Al).

* Al tich hop kién thiic va suy luan: K&t hop deep learning véi symbolic reasoning
hoic graph-based reasoning dé dat dudc kha ning suy luin cé ciu tric, giai thich
dugc.

« Al dan chi héa: Véi su phat trién clia cic md hinh ma nguén mé nhu LLaMA,
Mistral, hay cdc hé sinh thai phan cting tiét kiém niing ludng, Al sé ngay cang trd
nén dé tiép can hon dbéi véi cong dong nghién citu va doanh nghiép nho.

« Al gin véi dao didc va x4 hoi: Cac hé thong Al sé dudc thiét ké khong chi dé t6i uu
héa hiéu suét, ma con dé tuan thi cic tiéu chuin dao dic, luat phdp va gia tri con
nguoi.

Véi bbi canh hién nay, deep learning khong con 1a mot cong nghé méi mé, ma dang
tiing budc trd thanh mot cong cu co ban, khong thé thiéu trong nhiéu linh vuc cia doi
séng, khoa hoc va cong nghiép hién dai.

1.2.2 Tang kich thudc tap du liéu

C6 thé ban sé thac mac: Tai sao hoc sau chi méi gan dy dugc cong nhan 1a mot cong
nghé quan trong, trong khi cic thi nghiém dau tién véi mang nd-ron nhan tao da xuit hién
tif nhitng nim 1950? Thuc té, hoc siu da dudc sit dung thanh cong trong cic ting dung
thuong mai tif thap nién 1990, nhung thdi d6 né van bi xem 12 mot linh vic mang tinh
nghé thuat nhiéu hon 1a cong nghé — diéu gi d6 ma chi nhitng chuyén gia méi c6 thé st

dung hiéu qua.

Diing 13 cin mdt s6 k¥ ning nhét dinh d€ c6 thé dat dudc hiéu qué cao vdi cic thuat
toan hoc sau. Tuy nhién, may man thay, lugng k¥ ning can thiét sé giam dan khi chiing ta
c6 nhiéu dif liéu huin luyén hon. Nhiing thuét toan hién nay dat dén hodic vugt qua miic
dd chinh x4c clia con ngudi trong cac tdc vu phiic tap thuc chit khong khac maiy so véi
nhiing thuit todn tliing rt chat vat v6i cic bai toan do choi vao nhitng nim 1980. Diém
khéc biét chinh 13 cac md hinh hién tai di c6 nhiéu thay ddi gidp viéc huin luyén céc kién
tric sau tré nén dé dang hon.

Diém phat trién quan trong nhit 1a: ngay nay chiing ta c6 thé cung cip du tai nguyén
cho céc thuat todn hoc d€ chiing hoat dong hiéu qua. Hinh 1.7 cho thiy kich thudc ctia cac
tap dif liéu chuin dung dé€ ddnh gid da ting 1én dang ké theo thdi gian.

Xu huéng nay dugc thiic ddy bdi qua trinh sd hod ngay cang sau rong trong xa hoi. Khi
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Hinh 1.7: Su gia ting kich thudc tip dif lidu theo thdi gian. Vao dau nhiing nim 1900, cic nha
théng ké 1am viéc vé6i cic tap dif liéu c6 quy mo chi vai trim dén vai nghin diém dif liéu dudc thu
thap tha cong (Garson, 1900; Gosset, 1908; Anderson, 1935; Fisher, 1936). Tu nhiing nam 1950
dén 1980, c4c nha tién phong trong hoc mdy iy cam hing tif sinh hoc thudng st dung nhiing tap
dit liéu nhan tao nhd, nhu dnh bitmap do phan gii thip clia cac chit c4i. Nhiing tip nay dudgc thiét
ké d€ giam thiéu chi phi tinh toan va ding d€ ching minh ring mang no-ron c6 thé hoc dudgc cic
loai ham cu thé (Widrow va Hoff, 1960; Rumelhart et al., 1986b). Trong thap nién 1980 va 1990,
hoc may din mang tinh théng ké hon va bat diu tin dung cac tap dit liéu 16n hon, véi quy mo hang
chuc nghin vi du — chéng han nhu tap MNIST (minh hoa & Hinh 1.8), gdm cac anh quét sb viét tay
(LeCun et al., 1998b). Budc sang nhiing nam 2000, cac tdp di li€u tinh vi hon v6i quy md tuong
tu tiép tuc xuét hién, vi du nhu CIFAR-10 (Krizhevsky va Hinton, 2009). Tuy nhién, dén cudi thap
nién d6 va subt nifa dau nhitng nim 2010, c4c tip dif liéu 16n hon rat nhiéu — it hang trim nghin
dén hang chuc triéu vi du — da hoan toan thay ddi tiém ning ctia hoc sau. Mot sb vi du tiéu biéu
gdm tap Street View House Numbers cong khai (Netzer et al., 2011), cdc phién ban khac nhau ctia
ImageNet (Deng et al., 2009, 2010a; Russakovsky et al., 2014a), va Sports-1M (Karpathy et al.,
2014). Phia trén cung ctia biéu do 1a céc tap dit liéu dich mdy nhu tip ctia IBM dua trén bién ban
Hansard ctia qubc hdi Canada (Brown et al., 1990) va tap tiéng Anh—Phidp WMT 2014 (Schwenk,
2014), von thudng vudt xa vé quy mo so véi cac loai tap dit liéu khac.
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Hinh 1.8: Mot s6 vi du 4nh tir tap dif lidu MNIST. “NIST” la viét tat ctia National Institute of
Standards and Technology — co quan da thu thap dit liéu nay ban dau. Chit “M” 1a viét tat cla
“modified” (d4 dudc diéu chinh), vi dif liéu da qua xit ly truéc dé€ dé dung hon véi cdc thuit toan
hoc may. MNIST bao gdm céc anh quét s6 viét tay va nhan tuong dng mo ta chi s6 tr 0 dén 9
trong tiing anh. Bai to4n phan loai don gian nay 14 mot trong nhitng bai ki€m tra phd bién va kinh
dién nhét trong nghién citu hoc sau. Du ngay nay da kha dé dé giai quyét bang cac phuong phap
hién dai, tp dif liéu ndy van rat dudc uva chudng. Geoffrey Hinton tiing vi MNIST nhu 12 “con
rudi gidm ctia hoc may” — vi né gitip c4c nha nghién citu kiém nghiém thuat toan trong diéu kién
phong thi nghiém kiém so4t, giébng nhu cidch ma cac nha sinh hoc thung nghién ciiu rudi gidm.
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ngay cang nhiéu hoat dong clia chiing ta dién ra trén mdy tinh, ngiy cang nhiéu hanh vi
dugc ghi lai. Va khi cac mdy tinh ngay cang két nbi v6i nhau, viéc tip trung va xi ly céac
dit liéu nay thanh tap dit liéu huin luyén phi hop véi hoc may ciing trd nén dé dang hon.

Ky nguyén cta “Di liéu 16n (Big Data)” da lam cho hoc mdy dé dang hon, vi ganh
ning clia viéc uée luong thdng ké — nghia 1a 1am sao d€ mo hinh tdng quét hoéa tot tir mot
lugng dif liéu nhé — da dudc gidm di déng ké.

Tinh dén nim 2016, mdt quy tac kinh nghiém la: mdt thuat todn hoc sau c6 giam sat
(supervised deep learning) thudng cho hiéu ning chip nhan dugc khi mdi 16p (category)
c6 khoang 5.000 vi du da dugc gan nhan, va c6 thé dat dén hoiic vudt qua hiéu suét cla
con ngudi khi dudc huén luyén trén tap dit liéu c6 it nhat 10 triéu vi du dudc gan nhan.
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Tét nhién, viéc xay dung cic hé théng hoat dong tot trén céc tip dit liéu nhd hon van 1a
mot huéng nghién cifu quan trong. Trong d6, mdt cau héi 16n 1a: 1am thé nao d€ tin dung
dugc lugng dif liéu chua gdn nhan rit 16n thong qua hoc khong gidm sit (unsupervised)
hodc ban giam sat (semi-supervised).

1.2.3 Tang kich thuéc m6 hinh

Mot ly do quan trong khac khién mang no-ron ngdy nay tré nén cuc ky thanh cong —
sau mot thdi gian dai it duge chd y k€ tit nhitng nim 1980 — chinh 1a vi hién tai ching ta
da c6 di tai nguyén tinh todn d€ van hanh cic mo hinh c6 quy md 16n hon nhiéu.

Mot trong nhitng y tudng cbt 16i clia trudng phdi connectionism (tam dich: hoc két n6i)
1a: tri thong minh ctia dong vat khong dén tif titng nd-ron riéng 1é, ma dén tir viéc mot sb
lugng 16n no-ron cung hoat dong véi nhau. Mot né-ron don 1€, hay tham chi mot cum nho

céc no-ron, khong di dé tao ra hanh vi thong minh.

Trong sinh hoc, cdc no-ron khong hé két néi v6i mat do cao mot cach dic biét. Nhu
minh hoa trong Hinh 1.9, sb lugng két ndi trén mdi no-ron trong cdc mo hinh hoc mdy tir
lau da nam trong cung mot bac do 16n (order of magnitude) véi ndo bd cia cac loai dong

vat co vu.
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Hinh 1.9: S6 két n6i trén mbi no-ron theo thdi gian. Dit liéu vé kich thuéc mang no-ron sinh hoc
dugc 14y tir Wikipedia (2015).

Mot s6 mo hinh hoc mdy dudc thé hién trong do thi 1.9 bao gom:

1. Adaptive linear element (Widrow va Hoff, 1960)

N

Neocognitron (Fukushima, 1980)

Mang tich chap st dung GPU (Chellapilla et al., 2006)
Deep Boltzmann machine (Salakhutdinov va Hinton, 2009a)
Mang tich chap khong gidm sat (Jarrett et al., 2009)

MLP dung GPU (Ciresan et al., 2010)

e

Autoencoder phan tan (Le et al., 2012)
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8. Mang tich chap dung nhiéu GPU (Krizhevsky et al., 2012)
9. Mang tich chap khong giam sat trén hé HPC thuong mai (Coates et al., 2013)
10. GoogleNet (Szegedy et al., 2014a)

Tuy nhién, néu xét vé tdng sd no-ron thi mang no-ron nhan tao van con rit nhé — cho
dén tan gan day, nhu minh hoa trong Hinh 1.10. K€ tif khi khai niém “nit 4n” (hidden
unit) dugc gidi thiéu, kich thuéc clia mang no-ron nhan tao da ting gip do6i khodng mdi
2.4 nim. Su ting trudng nay chii yéu nhd vao: vi xt Iy ngay cang nhanh hon, bé nhé may

tinh 16n hon, va cac tap dit liéu huin luyén 16n hon.

Mang cang 16n thi kha nang dat dugc do chinh xac cao trong cac bai toan phuic tap cang
cao. Xu hudng nay du kién sé con tiép dién trong nhiéu thap ky tdi. Trir khi xuAt hién mot
cong nghé mdi mang tinh ciach mang gitp ting téc vudt bac, thi phai dén khoing nhiing
nim 2050 mang nd-ron nhan tao méi dat dén sb lugng no-ron tuong duong véi ndo ngudi.

Ngoai ra, cAn Iuu y rdng mdi nd-ron sinh hoc c6 thé thuc hién cac phép toan phic tap
hon nhiéu so v6i no-ron nhan tao hién nay. Vi vdy, quy md thuc su ctia mang than kinh

sinh hoc ¢6 thé con 16n hon nhiéu so vi nhitng gi d6 thi hién tai thé hién.

Nhin lai, viéc cdc mang no-ron nhd hon ca hé than kinh ctia mot con dia khong thé gidi
cdc bai toan Al phic tap 14 diéu hoan toan dé hiéu. Ngay c4 cdc mo hinh ngay nay — vbn
da dugc xem 13 “16n” vé miit tinh toan — cling van con nhd hon hé than kinh ctia mot s6

loai dong vat c6 xuong sdng don gian nhu éch.

Viéc ting quy md md hinh qua thdi gian, nhd vao su phat trién ciia CPU nhanh hon,
GPU da niing (s& dudc néi dén trong Muc 12.1.2), tbc d6 mang cao hon, cling vdi ha tang
phan mém phan tan t&t hon — chinh 1a mot trong nhitng xu huéng quan trong nhét trong

lich st ctia hoc sau. Xu huéng nay dudc ky vong sé tiép tuc duy tri trong nhiéu nim tdi.
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Hinh 1.10: Su gia ting kich thuGc mang no-ron theo thdi gian. K€ tir khi céc nit 4n dudc gidi
thiéu, mang no-ron nhén tao da ting gip doi quy md khoang mdi 2.4 nim. Dit liéu mang no-ron
sinh hoc 13y tir Wikipedia (2015).

Cac md hinh tiéu biéu theo thdi gian trong Hinh 1.10 bao gom:
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1. Perceptron (Rosenblatt, 1958, 1962)

2. Adaptive linear element (Widrow va Hoff, 1960)

3. Neocognitron (Fukushima, 1980)

Mang lan truyén ngugc dau tién (Rumelhart et al., 1986b)

Mang no-ron hoi tiép cho nhan dién giong néi (Robinson va Fallside, 1991)

Multilayer perceptron cho nhan dién giong noi (Bengio et al., 1991)

N o » s

Mean field sigmoid belief network (Saul et al., 1996)

*

LeNet-5 (LeCun et al., 1998b)
9. Echo state network (Jaeger va Haas, 2004)
10. Deep belief network (Hinton et al., 2006)
11. Mang tich chap dung GPU (Chellapilla et al., 2006)
12. Deep Boltzmann machine (Salakhutdinov va Hinton, 2009a)
13. Deep belief network dung GPU (Raina et al., 2009)
14. Mang tich chip khong giam sat (Jarrett et al., 2009)
15. MLP dung GPU (Ciresan et al., 2010)
16. Mang OMP-1 (Coates va Ng, 2011)
17. Autoencoder phan tan (Le et al., 2012)
18. Mang tich chap ding nhiéu GPU (Krizhevsky et al., 2012)
19. Mang tich chip khong giam sat trén HPC thuong mai (Coates et al., 2013)
20. Googl.eNet (Szegedy et al., 2014a)
1.2.4 Ting dd chinh xac, dd phitc tap va tac dong thuc tién
Tir nhitng nidm 1980 dén nay, hoc sau lién tuc cai thién kha ning nhin dang va du dodn

chinh x4c. Bén canh d6, hoc sau ciing dudgc ap dung ngiy cang rong rai vao nhiéu linh vuc
khéc nhau.

Céc mo hinh hoc sau ban dau dudc dung dé nhan dién cac vat thé don 1€ trong nhiing
biic anh rit nhd, dugc cat sat vao dbi tuong (Rumelhart et al., 1986a). Theo thoi gian,
mang no-ron dan xi ly dudc anh c6 kich thudc 16n hon. Ngay nay, cic mang nhan dién
dbi tuong hién dai c6 thé xit 1y anh chup chit lugng cao, giau thong tin, va khong yéu cau
phai cit anh qua sat dbi tuong (Krizhevsky et al., 2012).

Khong chi viy, cdc mang ban du chi phan biét dugc mot hoic hai loai dbi tuong, hoic
tham chi chi phan biét su c6 mit hay ving mit ctia mot ddi tudng cu thé. Trong khi do,
cac mo hinh hién dai thudng nhan dién dudc it nhat 1.000 loai dbi tuong khac nhau.

Mot trong nhiing cudc thi nhan dién hinh 4nh 16n nhit 12 ImageNet Large Scale Visual
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Hinh 1.11: Ty 1¢ 16i gidm dan theo thdi gian. K€ tif khi cdc mang no-ron sau dat dén quy mo di
16n d€ canh tranh trong cudc thi ImageNet Large Scale Visual Recognition Challenge (ILSVRC),
chiing lién tuc gianh chién thang m&i nim va kéo theo d6 1a ty 1& 16i ngay cang giam.

Recognition Challenge (ILSVRC) dudc t& chiic hang nim. Mot cdt mdc dang nhé trong
su phat trién nhanh chéng clia hoc sau 1a khi mdt mang no-ron tich chip (convolutional
neural network) 1an dAu tién gianh chién thang trong cudc thi ny va vudt xa cac phuong
phédp khac. Cu thé, n6 da ha ty 1& 15i top-5 tit 26.1% xudng con 15.3% (Krizhevsky et al.,
2012). Diéu nay c6 nghia 1a mé hinh sé dua ra danh sach 5 nhin du doan cho méi 4nh, va

nhan ding ndm trong danh sich d6 véi xac sut 1én dén 84.7%.

K¢ tir d6, cac md hinh tich chap sau lién tuc thiang thé trong cac cudc thi nay, va cho
dén thoi diém viét cudn séch, ty 18 16i top-5 da giam xubng con 3.6%, nhu minh hoa trong
Hinh 1.11.

Hoc sau ciing tao ra budc tién vudt bac trong nhan dién giong néi. Sau nhiéu cii tién
trong sudt thap nién 1990, ty 1¢ 15i trong nhan dang tiéng néi gan nhu khong thay ddi ké
tlf nim 2000. Nhung su xuét hién ctia hoc sau (Dahl et al., 2010; Deng et al., 2010b; Seide
et al., 2011; Hinton et al., 2012a) da khién ty 1¢ 18i gidm manh — c6 trudng hop gidm con
mot nifa. Lich st chi tiét sé dudc trinh bay thém trong Muc 12.3.

Cac mang hoc sau cing da gat hai thanh cong 16n trong cac bai toan nhu phat hién
ngudi di bo, phan vung anh (image segmentation) (Sermanet et al., 2013; Farabet et al.,
2013; Couprie et al., 2013), va tham chi con vuidt qua con ngudi trong phan loai bién bao
giao thong (Ciresan et al., 2012).

Khi d6 chinh xac va quy md md hinh tang 1én, do phtic tap cua cac tac vu ma hoc siu
c6 thé giai quyét ciing ting theo. Goodfellow et al. (2014d) chi ra rang mang nd-ron cé
thé hoc cach tao ra mot chudi ky tu tif anh diu vio — tiic 1a giai bai toan nhan dang chudi
thay vi chi nhan dién mot d6i tugng don 18. Truc ddy, ngudi ta tin rang can phai gdn nhin
tiing phan ti trong chudi thi méi hoc dudc bai toan nhu vay (Giilgehre va Bengio, 2013).

Ngay nay, cdc mang no-ron hoi tiép nhu md hinh LSTM khong chi xt 1y chudi dau vao
¢ dinh, ma con hoc médi quan hé giita chudi dau vao va chudi dau ra. Kiéu hoc nay — goi
12 hoc chudi sang chudi (sequence-to-sequence learning) — dang trén da tao ra cudc cach
mang trong linh vuc dich may (Sutskever et al., 2014; Bahdanau et al., 2015).
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Xu huéng ting do phiic tap nay da dugc diy dén gidi han cao hon nita vé6i su ra doi cia
Neural Turing Machines (NTM) (Graves et al., 2014). Nhiing m6 hinh nay hoc cach doc
va ghi vao bo nhé mdt cach linh hoat, cho phép chung hoc cac chuong trinh don gian tu
vi du. Vi du, NTM c6 thé hoc cich sa“ip xép mdt danh sich cic sb chi tif cac cip vi du gom
danh sach 16n xon va danh sach da sap xép. Du con rit so khai, cong nghé “tu 1ap trinh”
nay vé mit ly thuyét c6 thé dudc ting dung cho gin nhu bat ky tic vu nao trong tuong lai.

Mot thanh tuu ndi bat khac cta hoc siu 1a st mé rong sang linh vuc hoc ting cudng
(reinforcement learning). Trong hoc tang cudng, mdt tac nhan (agent) phai tu hoc cach
thuc hién mot nhiém vu thong qua qud trinh thit va sai, ma khong c6 su huéng dan truc

tiép tif con ngudi.

DeepMind da chitng minh rang mot hé théng hoc ting cudng két hap véi hoc siu cé
thé hoc céch choi cdc tro chai Atari, dat hiéu ning ngang tdm con ngudi & nhiéu tro khac
nhau (Mnih et al., 2015). Hoc siu cling gitip cai thién dang ké hiéu qué cua hoc ting
cudng trong diéu khién robot (Finn et al., 2015).

Nhiéu tng dung ctia hoc sau hién nay di trd thanh nén ting sinh 10i 16n. Cic cong
ty cong nghé hang dau nhu Google, Microsoft, Facebook, IBM, Baidu, Apple, Adobe,
Netflix, NVIDIA va NEC déu dang ting dung hoc sau vao san pham va dich vu ctia minh.

Su phat trién ctia hoc sau ciing gan lién véi nhiing tién bo trong ha tang phan mém.
Céc thu vién nhu Theano (Bergstra et al., 2010; Bastien et al., 2012), PyLearn?2
(Goodfellow et al., 2013¢c), Torch (Collobert et al., 2011b), DistBelief (Dean et
al., 2012), caffe (Jia, 2013), MXNet (Chen et al., 2015) va TensorF1low (Abadi et al.,

2015) déu dong vai trd quan trong trong céc du 4n nghién cifu va ing dung thuong mai.

Hoc sau ciing dang tao 4nh huéng sau rong dén nhiéu linh vuc khoa hoc khéc. Céc
mang no-ron tich chip hién dai dugc st dung trong nhan dién dbi tuong dang cung cip
mo6 hinh xt 1y thi gidc ma cc nha than kinh hoc c6 thé nghién ciu (DiCarlo, 2013). Ngoai
ra, hoc sau con la cong cu hitu ich trong viéc xu ly lugng 16n di liéu khoa hoc va dua ra

du dodn c6 gid tri. Mot s6 ing dung ndi bat gom:
* Du do4n su tuong tac giita cdc phan ti d€ ho trg thiét ké thudc méi trong nganh dugc
(Dahl et al., 2014);
» Tim kiém hat ha nguyén t trong vat ly (Baldi et al., 2014);
* Phan tich 4anh hién vi d& xay dung ban d6 3D ndo ngudi (Knowles-Barley et al.,
2014).

Chiing tdi tin rang trong tuong lai, hoc sau sé tiép tuc xuat hién trong nhiéu linh vuc
khoa hoc hon niia.

Tém lai, hoc sau 12 mot nhanh ciia hoc mdy, dudc phat trién tir su két hop gitia kién
thiic vé& ndo bd con ngudi, thdng ké va todn ing dung. Trong nhiing nim gan day, hoc sau
da phat trién manh mé vé do phd bién va hiéu qua, phan 16n nhd vio su tién bo ctia phan
cling, su sin c6 cia cac tap dif lidu 16n, va cac ky thuat huin luyén mang sau. Phia trudc
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12 mot chiing dudng day tht thach nhung ciing rit nhiéu co hoi dé tiép tuc cai tién hoc sau

va dua né dén nhiing linh vuic hoan toan mdi.
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CHUONG 2. PAI SO TUYEN TINH

Dai s6 tuyén tinh 12 mot nhanh quan trong ciia toan hoc, dugc ting dung rong rai
trong khoa hoc va ky thuat. Tuy nhién, do dai s6 tuyén tinh thudc vé todn hoc lién tuc
(continuous mathematics) thay vi to4n hoc rdi rac (discrete mathematics), nhiéu nha khoa
hoc mdy tinh c6 it kinh nghiém véi linh vuc nay. Viéc hiéu rd dai s6 tuyén tinh 1a rat quan
trong dé c6 thé nam bat va lam viéc v6i nhiéu thuit toan hoc mdy, dic biét 1a cac thuat
todn hoc sau. Vi vay, trude khi di vio phan gidi thiéu vé hoc sau, ching toi s& trinh bay

mot soO kién thiic nén tang quan trong veé dai so tuyen tinh.

Néu ban di quen thudc véi dai sb tuyén tinh, ban c6 thé bé qua chuong nay. Néu ban
da ting hoc qua céc khdi niém nay nhung can mdt tai liéu tham khdo d€ xem lai céc
cong thiic quan trong, chiing tdi khuyén nghi cuén The Matrix Cookbook (Petersen and
Pedersen, 2006). Néu ban chua tiing tiép xiic véi dai s6 tuyén tinh, chuong nay sé cung
cAp du kién thifc d€ ban doc cudn sach nay, nhung ching t6i khuyén nghi ban nén tham
khéo thém céc tai liéu chuyén sau vé dai sb tuyén tinh nhu ctia Shilov (1977). Chuong nay
sé& luge bd cc ndi dung ning cao clia dai s6 tuyén tinh, chi tap trung vao nhiing kién thiic

c6t 16i can thiét dé€ hiéu va 4p dung trong hoc siu.
2.1 S vd hudng, Véc-to, Ma tran va Tensor
Dai s6 tuyén tinh gdm céc khai niém chinh sau:

* S6 vO hudng (Scalar): Mot s6 vo hudng chi 1a mot sd don 18, khac véi hau hét cac
ddi tuong khéc trong dai s6 tuyén tinh thudng bao gom nhiéu sd. Cac s6 v hudng
thudng dudc ky hiéu bang chit in nghiéng. Thong thuong, ching ta dit tén cho sb
vO huéng bang chit ci thudng, chang han nhu s hodc n. Khi gi6i thiéu mot s6 vo
hudng, ta can chi rd né thuodc loai s6 nao.

Vi du, "Mot chiéc xe di chuyén vé6i van téc v = 60 km/h". O day, v 1a mot s6 vo
huéng dai dién cho tdc do.

* Véc-to (Vector): Mot véc-to 12 mot mang sd ¢6 thit tu. Mdi phan ti trong véc-to c6
thé dudc xdc dinh bdi chi s6 ctia nd. Cac véc-td thudng duge ky hiéu bang chit in
dam, vi du nhu . Céc phan ti clia véc-td dudc ky hiéu bang chit in nghiéng véi chi
s6 con, vi du phan ti dau tién cla x 12 21, phan ti thif hai 1a x5, v.v.

Néu mdi phin tif clia véc-to 1a mot sb thuc va véc-to ¢6 n phan ti, ta néi rang véc-to
d6 nam trong khong gian R™. Khi can viét cu thé cac phan ti clia véc-to, ta c6 thé
dung bi€u dién cot:

€

X2

x=1 |- 2.1

T
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Véc-td ¢6 thé dudc hi€u 12 mot diém trong khdng gian, trong d6 mdi phan ti tuong

ting v6i mot toa dd theo mdt truc nhét dinh.

Dai khi, chiing ta can trich xuit mot tAp hop phan tii tif mot véc-to. Trong trudng hop
nay, ta c6 thé dinh nghia mot tip hop chita cc chi s6 clia cac phan tif can lay va st

dung tap hop d6 1am chi sd con.

Vi du, d€ iy cic phan tif 21, 23, x¢ clia véc-to x, ta dinh nghia tip chi sb:
S = {1,3,6}

va viét g d€ biu dién véc-td con chifa cac phan tii tuong ting cia .

Ngoai ra, ta ciing c6 thé st dung ky hiéu "—"dé 1iy phan bu ctia mot tap hdp. Chang
han, z_; 12 véc-td chifa tit cA cdc phan tif cia = ngoai trif ;. Tuong tu, ©_g 13 véc-to

chua tat ca cac phan ti cua « ngoai trit x4, 3, Tg.

 Ma tran (Matrix). Mot ma trin 12 mot mang hai chiéu chifa cac sd, trong d6 méi phan
tl dugc xac dinh bdi hai chi sb thay vi mot nhu véc-td. Chiing ta thudng ky hiéu ma
tran bang chit cdi in ddm, chang han nhu A. Néu mot ma tran sd thuc c6 chiéu cao

m va chiéu rong n, ta n6i rang A € R"™*",

Céc phan ti ctia ma trin dugc ky hiéu bang chit in nghiéng nhung khong in dam, vdi
céc chi sb phan tach bang dau phdy. Vi du, A, ; 1a phan t& & géc trén bén trdi clia ma

tran, trong khi A, ,, 1a phan t & géc dudi bén phai.

Ta c6 thé chon toan bd cic phan tii ¢6 toa do hang i bang cach st dung ky hiéu dau
hai chim ” : 7 & toa do cot. Vi du, A; . biéu dién hang thi i cda A. Tuong tu, ta c6
thé 14y toan bd cot thi j bang cach viét A. ;. Khi can hién thi toan bd cac phan tif ctia
ma tran, ta c6 thé viét ching dusi dang mot mang ma tran dudc bao trong dau ngoic
vudng:

A, A
A= | TR 2.2)

Asq Agp

)

P6i khi, ta can 1am viéc véi cdc biéu thiic ma tran phiic tap hon thay vi chi mot chit
cai. Trong nhiing trudng hop nay, ta c6 thé st dung chi s6 dudi sau biéu thic ma
khong 1am thay ddi ki€u chit. Vi dy, f(A);; bi€u dién phan td (7, j) clia ma tran thu
dugc sau khi ap dung ham f 1&€n A.

» Tensor. Trong mdt sb trudng hop, ta cin 1am viéc v6i mang c6 nhiéu hon hai chiéu.
Mot mang s6 dudc sap xép trén mot ludi déu véi sd chiéu bat ky dudc goi 13 mot
tensor. Ta ky hiéu tensor bang chit in dam, vi du A. Mdi phan ti ctia tensor dugc
x4c dinh bdi nhiéu chi s6. Néu A 1a mot tensor ba chiéu, phan tif clia n6 tai toa do
(4,7, k) dugc ky hiéu la A, ..

Mot phép toan quan trong trén ma tran 1a phép chuyén vi (transpose). Chuyén vi ctia
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mot ma trin chinh 13 hinh anh phan chiéu ctia ma tran qua mot dudng chéo, dudc goi 1a

duong chéo chinh, chay tif goc trén bén trdi xuéng dudi bén phai. Xem vi du 1.5 dé c6 cai

nhin tryc quan vé phép toan nay. Chiing ta ky hiéu chuyén vi clia ma tran A 1a AT, va
dinh nghia nhu sau:

T

(A%)ij = Ay (2.3)

Vectors c6 thé dugc xem nhu ma tran chi c6 mdt cdt. Do do, chuyén vi ctia mot vector

la mot ma tran chi c6 mot hang. Chang han, ta ¢ thé viét mot vector dudi dang ma tran

hang va ding phép chuyén vi d€ bién n6 thanh ma tran cot:

X = [21, 29, 23" (2.4)
Mot s6 vi du vé phép chuyén vi:
A Arp Anp AT Arg Agp | 25)
A2,1 A272 Al 2 AQ 2

Mot s6 vo hudng c6 thé duge xem nhu mot ma tran chi chita mot phan ti duy nhat. Tir

day, ta c6 thé thdy rang mot sb vo huéng chinh 1a chuyén vi ciia chinh né:

a=a'. (2.6)

Ta c6 thé cong hai ma tran v6i nhau mién 1a chiing c6 cling kich thudc, bang cach cong
tiing phan ti tuong dng:

C=A + B hay Ci,j = Ai,j + Bi,j- (27)

Ngoai ra, ta cling c6 thé cong mot s6 vd hudng vao mot ma tran hodc nhan mot ma tran

véi mot s6 vo huéng bang cach thuc hién phép todn nay trén tiing phan tif cia ma trin:

D=a-B+c hay D;;=a-Bi+c (2.8)

Trong bdi canh hoc siu, ta thudng st dung mot sb quy udc it phd bién hon. Chang han,

ta c6 thé cong mot ma tran v6i mot vectd, tao thainh mot ma tran méi:

C=A + b7 hay Ci,j = Ai,j + bj. (29)

No6i cach khéc, vects b dugc cdng vao ting hang ciia ma tran. Ky hiéu nay giup ta tranh
phai dinh nghia mot ma trdn c6 b dugc sao chép vao ting hang trudc khi thuc hién phép
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cong. Viéc sao chép tu dong nay ctia b dén nhiéu vi tri dudc goi 1 broadcasting.
2.2 Nhan Ma Tran va Véc-to

Mot trong nhitng phép toan quan trong nhét lién quan dén ma tran 12 phép nhan hai ma
tran. Phép nhan ma trin ctia hai ma trin A va B tao ra mot ma tran thit ba C. D€ phép
nhén nay c6 nghia thi s6 cot cia A phai bang s6 hang ctia B. Néu A c6 kich thuéec m x n
va B c6 kich thude n x p, thi C sé c6 kich thuc m x p. Chiing ta c6 thé viét phép nhan

ma tran don gian bﬁng cach dit hai hodc nhiéu ma trin canh nhau, Chéllg han:

C = AB. (2.10)

Phép toan nhan nay dudc dinh nghia nhu sau:

Cij = AixBuij. (2.11)
k

Luu y rang tich thong thudng ctia hai ma tran khong don gian chi 1a phép nhan tiing
phan tif tuong ing. Mot phép toan nhu vy ton tai va dudc goi 1a tich tiing phan ti
(element-wise product) hodc tich Hadamard, va dugc ky hiéu la A © B.

Tich v6 huéng (dot product) giita hai véc-to  va y c6 cung sb chiéu chinh la tich ma
tran 27y. Ching ta c6 thé hiéu tich ma trdin C = AB nhu mot céch tinh tich vd hudng
gilta hang thi 7 cia A va cot thi j cua B.

Phép nhan ma trn c6 nhiéu tinh chit hitu ich gidp viéc phan tich toan hoc tré nén

thuén tién hon. Vi du, phép nhan ma trin c6 tinh chét phan phéi:

A(B+C) = AB + AC. 2.12)
N6 ciing c6 tinh chit két hop:

A(BC) = (AB)C. (2.13)

Tuy nhién, phép nhan ma tran khong cé tinh giao hodn, tic la thong thuong AB # BA,
khong gidng nhu phép nhan sb vo hudng. Ngudgc lai, tich vo huéng gitta hai véc-to lai c6

tinh giao hoan:

Ty =y (2.14)
Ngoai ra, phép chuyén vi clia tich hai ma tran c6 dang don gian:

(AB)T =BTA", (2.15)
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Dua vao diéu ny, ta c6 thé chiingbfTich vd huéng (dot product) gitta hai véc-to « va
1y ¢6 cling sd chiéu chinh Ia tich ma tran z”y. Ching ta c6 thé hiéu tich ma trin C = AB
nhu mdt cach tinh tich vd huéng gitta hang thi ¢ cia A va cot thu j cua B.

Phép nhin ma tran c6 nhiéu tinh chit hitu ich gitip viéc phan tich todn hoc tré nén

thuan tién hon. Vi du, phép nhan ma trin c6 tinh chit phan phéi:

AB+C)=AB+ AC. (2.16)
N6 ciing c6 tinh chit két hop:

A(BC) = (AB)C. (2.17)

Tuy nhién, phép nhan ma tran khong c6 tinh giao hodn, tic 1a thong thuong AB # BA,
khong giéng nhu phép nhan s6 vo huéng. Ngudgc lai, tich vo huéng gitta hai véc-to lai c6
tinh giao hoan:

T T
T Y=y x. (2.18)

Ngoai ra, phép chuyén vi clia tich hai ma tran c6 dang don gian:

(AB)" =BTA". (2.19)

Dua vao diéu nay, ta c6 thé chiing rang tich vd huéng ctia hai véc-to 1a mot dai luong
vo hudng, va do d6 né bang vé6i chuyén vi ctia chinh né:

z'y=(z'y) =y’ (2.20)

Vi quyén sdch nay khong tap trung vao dai sd tuyén tinh, ching tdi khong trinh bay
toan bo cac tinh chét cia phép nhan ma trin ma chi d& cap mot sb tinh chét quan trong.
Ngudi doc nén biét rang con nhiéu tinh chit khac ctia ma tran.

Bay gid, chiing ta di c6 da kién thifc vé dai s6 tuyén tinh d€ viét mot hé phuong trinh
tuyén tinh:

Ax

|
o

(2.21)

trong do:
o A € R™™ ]a mot ma tran da biét.
e b € R™ 1a mot véc-to da biét.

o € R" 12 mdt véc-to chifa cac bién chua biét ma ta cin tim.
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Mbi phan tii ; trong véc-td & 1a mot bién 4n. Mdi hang ctia ma tran A va mdi phan

tl ca b tao thanh mdt rang budc khac nhau. Ta c6 thé viét lai hé phuong trinh trén dudi

dang:
Anx =b, (2.24)
hoic dudi dang biéu thic cu thé hon:
A1z + Ajpxo + - + Ay, = by (2.25)
Ag11 + Ag oo + -+ - + Aoy, = by (2.26)
Am,1$1 + Am,2$2 + -4 Ammxn = bm (227)

2.3 Ma tran Don vi va Ma tran Nghich dao
Dai s6 tuyén tinh cung cAp mot phuong phap manh mé goi 12 nghich dio ma tran, gitdp

chiing ta gidi phuong trinh 1.21 mdt cach chinh x4c cho nhiéu gi4 tri cta A.

D& mo ta nghich ddo ma tran, trudc tién ta can dinh nghia khdi niém vé ma trin don
vi. Ma trin don vi 12 ma tran khong lam thay ddi bat ky véc-to nao khi nhan véi né. Ta ky

hiéu ma tran don vi kich thuéc n x n 1a I,,. Vé mit toan hoc, né thda man diéu kién:

forallr e R", I,x=ux. (2.28)

Céu tric cia ma trin don vi rat don gian: tat ca cac phan tif trén dudng chéo chinh déu

bang 1, trong khi céc phan tif con lai déu bang 0. Vi du:

100
Is= |0 1 0. (2.29)
00 1

Ma tran nghich do ctia A dudc ky hiéu la A=, va né dugc dinh nghia 12 ma tran thoa

man diéu kién:
ATA=1,. (2.30)
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Dua vao tinh chit nay, ta ¢ thé gidi phuong trinh 1.21 theo cic budc sau:

Ax =b, (2.31)
A7 Az = A7, (2.32)
Iao= A" (2.33)
Suy ra nghiém cia hé phuong trinh:
z=A""b. (2.34)

Tuy nhién, qua trinh nay phu thudc vao viéc tim dugc A~'. Chiing ta sé thao luan diéu

kién ton tai cia A~! trong phan tiép theo.

Khi A~ tdn tai, c6 nhiéu thuit toan c6 thé tinh n6é mot cach tudng minh. Trén ly thuyét,
ma trin nghich do c6 thé dugc ding dé€ gidi phuong trinh cho nhiéu gid tri khac nhau ctia
b. Tuy nhién, trén thuc té, A~ chii yéu c6 gia tri trong 1y thuyét va khong nén dudc st
dung truc tiép trong hau hét cic dng dung phan mém, vi viéc tinh todn né thuong khong
on dinh vé mit sd hoc. Do do, trong thuc té, cic thuit todn gidi hé phuong trinh thudng
khong tinh truc tiép A~' ma thay vao d6 st dung cac phuong phap khac dé tim nghiém
gan diing cla .

2.4 Su phu thudc tuyén tinh va Khéng gian sinh

Pé ma tran A~! ton tai, phuong trinh 1.21 phai c6 ding mot nghiém duy nhét véi moi
gia tri ctia b. Hé phuong trinh ciing c6 thé khdng c6 nghiém hoic ¢ vo sé nghiém dbi véi
mot s6 gid tri ctia b. Tuy nhién, néu mot hé phuong trinh c¢6 nhiéu hon mot nghiém nhung

khong vo han nghiém v6i mot gid tri cu thé cta b, thi néu x va y déu 1a nghiém, ta c6:

z=ax+ (1 —a)y (2.35)

ctng la mdt nghiém v6i moi gia tri thuc a.

D& phan tich s6 lugng nghiém clia phuong trinh, hiy xem céc cot ctia ma trin A nhu
cac hudng di chuyén tit gbc toa do (diém dudc biéu dién bdi véc-to toan sb 0). Khi do, ta
can xac dinh c6 bao nhiéu cach dé dén diém b.

V6i quan diém nay, mdi phan tif clia véc-to & xdc dinh mifc do di chuyén theo ting
hudéng, trong d6 x; chi dinh muic do di chuyén theo hudng cta cot i:

Az =) x;A.,;. (2.36)

N6i chung, phép toan nay dudc goi 1a t6 hop tuyén tinh (linear combination). Mot t&
hop tuyén tinh ctia mot tap hop cic véc-to {vV), ... v™} dugc xdc dinh bing cach nhan
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titng véc-to v v6i mot hé sb vd hudng tuong ding va cong lai:

Z civW. (2.37)

Khong gian sinh (span) clia mot tip hop véc-to 1a tip hop tit ca cic diém c6 thé dat
dudc bing t& hop tuyén tinh ciia cic véc-td ban dau.

Xac dinh xem phuong trinh Az = b c6 nghiém hay khong thuc chit 1a kiém tra xem
véc-td b ¢6 thudc khong gian cdt ciia ma tran A hay khong. Khong gian nay con dude goi

la tap gia tri (range) cua A.

D& hé phuong trinh Az = b c6 nghiém véi moi gid tri clia b trong R™, ta can yéu cau
khong gian cot clia A phai bao phi toan bd khong gian R™. Néu c6 mot diém nao d6 cla
R™ khong thudc khong gian cot, thi diém do6 sé 1a mot gia tri b ma hé phuong trinh khong
c6 nghiém. Diéu ndy c6 nghia 12 A phai c6 it nhit m cot, tic 1a n > m. Néu khong, khong

gian cot s& c6 s6 chiéu nhé hon m va khong thé bao phi toan bo R™.

Vi du, xét mot ma tran 3 x 2, véc-td b thudc khdng gian 3D, trong khi véc-to 4n sb x
thuoc khong gian 2D. Khi d6, thay ddi gid tri ctia x chi gitip ta sinh ra mot mét phang 2D
trong khong gian 3D. Hé phuong trinh chi c6 nghiém khi b ndm trén mit phang do6.

Gia st ta ¢6 hé phuong trinh tuyén tinh:

Ax=Db
v6i ma tran A kich thude 3 x 2:
1 2
A=10 1
3 4
Véc-to 4n s6 x thudc R?:
x1
X =
T2
va véc-td b thuoc R3:
b
b= |b,
bs

Do A c6 2 cot, khong gian nghiém cta phuong trinh dugc sinh bdi hai véc-ts cot cua
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A. Khi d6, hé phuong trinh c6 thé dudc viét lai dudi dang:

1 2 by
1 |0 +x2 (1| = by
3 4 bs

Diéu nay c6 nghia la tip hop tit ca céc gia tri c6 thé ¢ clia b tao thanh mot mét phang

2D trong khong gian 3D. Hé phuong trinh chi c6 nghiém khi b ndm trén mit phang nay.

Diéu kién n > m la diéu kién can d& mdi gid tri ctia b déu c6 nghiém, nhung khong
phéi 1a diéu kién di. Mot s cot trong A c6 thé du thira, 1am gidm sb chiéu cia khong
gian cot.

Hién tuong du thita nay dudc goi 1a su phu thudc tuyén tinh (linear dependence). Mot
tap hop véc-to dudc goi 1a doc 1ap tuyén tinh (linearly independent) néu khong c6 véc-to
nao trong tap hop c6 thé biéu dién thanh t& hop tuyén tinh ciia cic véc-to con lai. Néu ta
thém mot véc-td mdi nhung no chi 1a t6 hdp cla cic véc-td da co, thi véc-td mdi khong
lam thay d6i khong gian sinh cta tap hop.

Diéu nay c6 nghia 12 ma tran can phai 12 ma trin vudng, tic 1 yéu cau m = n va tit
ca cdc cot clia ma trin phai doc 1ap tuyén tinh. M6t ma tran vudng c6 cac cot phu thudc
tuyén tinh dudc goi 12 ma tran suy bién.

Néu A khong phai 1a ma tran vuong hodc 1a ma trin vudng nhung suy bién, ta vin c6
thé giai hé phuong trinh, nhung khong thé st dung phuong phdp nghich ddo ma trin dé
tim nghiém.

Néu ma trin A khong phai 12 ma trin vuong hoic 12 mdt ma tran suy bién, hé phuong
trinh tuyén tinh van c6 thé c6 nghiém, nhung ta khong thé tim nghiém bang phuong phap
nghich ddo ma tran. Thay vao do, ta phai st dung cac phuong phéap khac nhu phuong phap
khtt Gauss hodc phan ra ma tran dé€ tim nghiém.

Cho dén nay, ta da thao luan vé nghich dao ctia ma trin khi nhan & bén trdi. Tuy nhién,

ciing c6 thé dinh nghia mot nghich ddo khi nhan & bén phai:

AA-1 =T, (2.38)

Déi v6i ma tran vudng, nghich dio trai va nghich ddo phai 1 nhu nhau.
2.5 Chuin caa véc-te

Trong nhiéu trudng hop, ta can do kich thudc ctia mot véc-to. Trong hoc may, ta thudng
st dung mot ham goi 1a chuan (norm) dé do d6 16n ctia véc-td. Chuan LP dudc dinh nghia
béi:
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3 =

||, = <Z !:z:i\p> (2.39)

1
véipe R, p>1.

Céc chuin, bao gom ca LP, 1a cdc ham 4nh xa véc-to vao céc gid tri khong am. O miic
dd truc quan, chuén ctia mot véc-to do khodng céch tir gbc toa do dén diém x. Mot cach

chit ché hon, mot ham dudc goi 1a chuin néu théa man ba tinh chit sau:
* flx)=0x=0
s flx +1y) < f(x) + f(y) (bdt ding thitc tam gidc)
* foralla € R, f(ax) = |a|f(x)

Chuén L2, v6i p = 2, dudgc goi 1a chuin Euclid (Euclidean norm), don gian chinh la
khoang cach Euclid tit gbc toa do dén diém x. Vi chuin L? dudc st dung rat phd bién
trong hoc mdy, né thudng dugc ky hiéu don gian la ||| ma khong can ghi chi s6 2. Ngoai
ra, mot cach khac d€ do kich thude clia mot véc-td 1a stt dung chuan binh phuong L?, c6
thé tinh bang:

x'x. (2.40)

Chuén binh phuong L? thudng thuén tién hon trong tinh todn so vdi chuan L? do tinh
chit dao ham. Cu thé, dao ham ctia chuin binh phuong L? theo tiing phan tif clia  chi
phu thudc vao chinh phan tif d6, trong khi dao ham ctia chuan L? phu thudc vao toan bo
véc-td. Trong mdt s6 trudng hop, chuin binh phuong L? c6 thé giy ra bat 1gi do né ting
nhanh gan gbc toa do.

Trong nhiéu ing dung hoc mdy, ta can phan biét giita cac phan ti¥ c6 gia tri bang 0 va
cac phan tif c6 gid tri rit nhé nhung khac 0. Khi d6, ta st dung mot chuin cé toc do ting

déu trén toan bo mién gia tri, d6 1a chuin L'. Chuin nay c6 dang don gidn hon:

aoly =) |- (2.41)

Chuén L' thuong dudc sit dung trong hoc may khi su khac biét giita cic phan ti bing
khong va cic phan tir khac khong rat quan trong. M&i khi mot phan tii cia & dich chuyén
khoi 0 mot luong e, chuin L' sé ting thém e.

Chiing ta d6i khi do dd 16n ctia mot véc-td bang cach dém sb phan ti khac khong clia
né. Mot sb tac gia goi ddy 1a "chuan L°", nhung thuat ngit nay khong chinh xic. S6 phan
tl khac khong trong mot véc-to khong phai 12 mot chuin, vi nhan véc-to véi mot sd vo
huéng o khong 1am thay ddi s6 phan ti khac khong. Do d6, chuin L' thudng dudc st
dung nhu mot phuong 4n thay thé dé€ do ludng sb lugng phan tir khac khong.
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Mot loai chuidn khic thudng xuat hién trong hoc mdy 1a chuin L, hay con goi 1a

chuén vd han (max norm). Chuin nay don gian 12 gi4 tri tuyét d6i 16n nhit trong véc-to:

||| 0 = max |z;]. (2.42)

Trong mot sb trudng hop, chiing ta ciing can do kich thude cia mot ma tran. Trong linh

vuic hoc sau, mot cach pho bién dé 1am diéu nay 1a sit dung chuan Frobenius:

[AllF = (2.43)
chuén nay tuong tu véi chuian L? clia mdt véc-to.
Tich vd huéng ctia hai véc-to c6 thé dugc viét lai dusi dang cdc chuin:
T
z'y = [|z[|2||yll2 cos b, (2.44)

trong d6 6 1a géc gitia hai véc-té « va y.
2.6 Cac ma tran va véc-to dac biét
Mot s6 loai ma trin va véc-td dic biét rat hitu ich trong tinh toan.

Ma tran dudng chéo (diagonal matrix) chii yéu chita cac phan ti bang 0 va chi c6 cac
phan ti khac 0 ndm trén dudng chéo chinh. N6i mot cach chinh xdc, mot ma tran D dudgc
goi 1a dudng chéo néu va chi néu D;; = 0 v6i moi i # j. Mot vi du quen thudc vé ma
tran dudng chéo 12 ma tran don vi, trong d6 tit c4 cdc phan ti trén dudng chéo chinh déu
bing 1. Ching ta ky hiéu diag(v) d€ biéu dién mot ma tran dudng chéo c6 cac phan ti
trén dudng chéo chinh dudc 14y tli véc-to v.

Nhan mot véc-to véi mdt ma trin dudng chéo rat hiéu qua vé mit tinh toan, vi ta chi
can nhan ting phan ti cia véc-to véi phan tif tuong ting trén dudng chéo. Trong trudng
hop diag(v)x = v ® x (trong d6 ® 1a phép nhan tiing phan ti).

P30 ma tran dudng chéo ciing rat dé thuc hién, néu tit ca cc phan ti trén dudng chéo

-
khdc 0. Khi d6, diag(v)~! = diag ([%, . i] ) Vi viy, trong nhiéu thut todn, ta

7rUn

thudng gidi han bai todn chi xét cidc ma tran dudng chéo dé gidm chi phi tinh ton.

Khong phai tit cd cdc ma tran dudng chéo déu 1a ma tran vuong. Ta c6 thé xiy dung
mot ma trin dudng chéo hinh chit nhat. Tuy nhién, trong nhiéu trudng hop, ching khong
c6 ma tran nghich d4o, nhung van c6 thé thuc hién mot s6 phép toan hitu ich. Vi du, véi
mot ma trin dudng chéo khong vudng D, ta c6 thé nhan véi mot véc-to « bang cach nhan
tiing phan ti tuong ting, hodc c6 thé thém hoic loai bd cic phan ti clia két qua tuy theo
kich thuéc cua D.
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Ma tran dbi xiing (symmetric matrix) 13 ma tran thda man diéu kién:

A= AT, (2.45)

Ma tran dbi xing thudng xuit hién khi cdc phan ti trong ma trin dai dién cho mot
ham khoang cich gitta hai d6i tuong khong phu thudc vao thi tu. Vi du, néu A 12 ma tran
khodng cach gitia cdc diém, v6i A;; 1a khoang céch t di€m i dén diém j, thi A;; = Aj;
do khoang cach 12 mot dai luong ddi xiing.

Véc-to don vi (unit vector) 1a véc-to c6 chuin bﬁng 1:

> = 1. (2.46)
Hai véc-to x va y dudc goi 1a truc giao (orthogonal) néu tich vo hudng ctia chiing bang

Néu ca hai véc-to déu khac 0, diéu nay c6 nghia 1a chiing tao v6i nhau mot géc 90 do.
Trong khong gian R”, mot tp hop cac véc-to c6 thé truc giao v6i nhau nhung khong nhat
thiét phai c6 chudn don vi. Néu chiing vira truc giao vita c6 chuan bang 1, ta goi chiing la

truc giao chuan (orthonormal).

Ma tran truc giao (orthogonal matrix) 13 ma tran vudng c6 cac hang va céc cot déu truc

giao v6i nhau va déu c6 chuin don vi:

AT A = AAT = 1. (2.48)

Diéu nay din dén hé qua:
At =AT (2.49)

Vi viy, cdc ma tran truc giao rit quan trong, vi ma tran nghich ddo cta ching c6 thé
dugc tinh toan mot cach dé dang bang cach chi can chuyén vi. Tuy nhién, cn chi y ring
mot ma trin ¢6 hang truc giao khong nhit thiét phai c6 cot truc giao, va ngudc lai. Khi
d6, ma tran khong phai 1 truc giao hoan toan ma chi c6 tinh chit truc giao mot phan
(semi-orthogonal).

2.7 Phan ra gia tri riéng

Nhiéu dbi tugng toan hoc c6 thé dudc hiéu ré hon bang cach chia nhd ching thanh cac
thanh phan nhd hon hoic tim ra mot s6 tinh chit chung khong phu thudc vao céch chiing
dudc biéu dién.

Vi du, céc s6 nguyén c6 thé dudc phan tich thanh thira sé nguyén t6. Cach biéu dién
s6 12 c6 thé khac nhau tity theo cd s6 (thap phan hodc nhi phan), nhung ludn diing rang
12 = 2 x 2 x 3. Tt cach biéu dién nay, ta c6 thé suy ra nhiéu tinh chit hitu ich, chang han
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nhu 12 khong chia hét cho 5 nhung bat ky bdi s6 nao ctia 12 ciing sé chia hét cho 3.

Tuong tu, ching ta c6 thé tim hi€u vé ban chit ctia ma tran bang cach phan ra ching.
Mot trong nhitng phuong phap phan ra quan trong nhit 12 phan ra gid tri riéng (eigendecomposition),
trong do ta phan tich ma tran thanh cac véc-to riéng va gia tri riéng.

Mot véc-td riéng cia ma tran vuong A la mot véc-to khac khong v sao cho phép nhén

v6i A chi lam thay d6i do 16n cua v:

Av = . (2.50)

Hé s6 )\ dudc goi 1a gia tri riéng tuong dng vdi véc-to riéng nay. Ta ciing c6 thé dinh
nghia véc-to riéng trdi, tiic 12 véc-to hang v sao cho:

v'A=)\v'. (2.51)

Tuy nhién, trong hau hét c4c trudng hop, ta chi quan tim dén véc-to riéng phai.

Néu v 12 mdt véc-to riéng ctia A, thi bt ky véc-td ndo c6 dang sv véi s # 0 ciing 1a
véc-td riéng cia A véi cung gia tri riéng \. Do do, ta thuong chi xét cac véc-to riéng don
vi (da chudn héa).

Gia st ma tran A c6 n véc-to riéng doc 1ap tuyén tinh {vV), ... v™} véi cdc gid tri
riéng tuong dng {\q, ..., A\, }. Khi d6, ta c6 thé tdp hgp cdc véc-to riéng thanh mot ma

trAn 'V v6i mdi cot 1a mot véc-to riéng:

V= [oW, . . v (2.52)

Tuong tu, ta c6 thé tap hgp cdc gia tri riéng thanh mot vée-td A = [Aq, ..., \,] hodc
thanh mot ma tran dudng chéo:

A = diag(A1, ..., \). (2.53)

V6i céc dinh nghia trén, ta c¢6 thé biéu dién ma trin A dudi dang:

A = Vdiag(\)V™h (2.54)

2.8 Phan ra gia tri suy bién

Trong muc 1.7, chiing ta da tim hiéu c4dch phan rd mot ma tran thanh céc tri riéng va
vector riéng. Phan ra gia tri suy bién (Singular Value Decomposition - SVD) cung cip
mot cach khac d€ phan tich ma tran thanh céc vector suy bién va gia tri suy bién. SVD
gitp kham phd nhting thong tin tuong tu nhu phan ra tri riéng, nhung c6 pham vi ap dung
rong hon. Moi ma tran thuc déu c6 phan ra gid tri suy bién, trong khi diéu d6 khong ding

vGi phan ra tri riéng.
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Chang han, néu mot ma trin khong vudng, viéc phan ra tri riéng khong dudc xac dinh,
va ta phai st dung phén rd gid tri suy bién thay thé.
Hay nhd lai rang phan ra tri riéng lién quan dén viéc phan tich mot ma tran A dé tim

mot ma trdn V chita céc vector ri€ng va mot vector A chia céc tri riéng sao cho:

A = Vdiag(A\)V 1 (2.55)

Phan ra gid tri suy bién c6 dang tuong tu, nhung 1an nay ta viét A dudi dang tich cia
ba ma tran:
A =UDV'". (2.56)

Gia st rang A 1a mdt ma tran kich thuéc m x n. Khi d6, ta cé:

e U la ma tran kich thuéc m x m,

* D la ma tran kich thuéc m x n,

* V' la ma tran kich thudc n x n.

Céc ma trn ny c6 nhiing tinh chét dic biét:

e U va V' la ma tran tryc giao.

* D 1a ma trin dudng chéo (nhung khong nhét thiét phai 1a ma trin vudng).

Céc phan tif trén dudng chéo clia D dudc goi 1a gia tri suy bién (singular values) clia
ma trin A. Cac cot ctia U dudc goi 1a vector suy bién trai (left-singular vectors), trong khi

cdc cot ctia V' dudc goi 1a vector suy bién phéi (right-singular vectors).

SVD ¢6 thé dudc hi€u thong qua phan ra tri riéng (eigendecomposition) clia ma tran
A:

* Vector suy bién trai ctia A 12 cc vector riéng ctia AAT.
* Vector suy bién phai ctia A 12 cic vector riéng ctia A" A.
« Céc gia tri suy bién khong bang 0 ctia A chinh 12 cin bic hai ctia céc tri riéng clia
AT A (hoic AAT).
Mot ting dung quan trong ctia SVD Ia gitip ta c6 thé xap xi nghich d4o ctia modt ma tran
khong vudng.
2.9 Gia nghich dao Moore-Penrose

Nghich dao ma tran thong thuong khong dudce xac dinh cho cac ma tran khong vuong.
Gia st ta mudn tim mot ma trin nghich d4o bén trdi B ctia ma tran A d€ gidi phuong trinh

tuyén tinh:

Az =y (2.57)
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Nhan ca hai vé v6i B ti bén trai, ta co:

r = By. (2.58)
Tuy nhién, tiy vao ciu triic cia bai todn, c6 thé khong thiét 1ap dugc mot dnh xa duy
nhét tit A sang B:
» Néu A c6 nhiéu hang hon cot (m > n), phuong trinh c6 thé khong c6 nghiém.
 Néu A c6 nhiéu cot hon hang (m < n), phuong trinh c6 thé c6 vo s6 nghiém.

Gia nghich ddo Moore-Penrose gitp ta xu ly nhiing truGng hgp nay. Nghich dao gia
ctia A, ky hiéu A", dugc xac dinh theo cong thic:

AT =1lim(ATA+al) AT, (2.59)

a—0

Trong thuc té, cac thuit toan tinh nghich dao gia thudng khong st dung cong thiic nay
ma thay vao d6 dua trén phan ra gid tri suy bién (SVD):

At =VD'UT, (2.60)

trong do:
* U, D,V lacac ma tran ti phan ra SVD cua A,

D7 1a nghich do gia ctia ma trin dudng chéo D, thu dugc bang cach 14y nghich d4o
ctia cac phan ti khac khong trén dudng chéo rdi chuyén vi.
Néu A c6 nhiéu hang hon cot (m > n), 16i gidi + = Aty c6 chuin Euclid nho nhit,
tic 1a trong tit ca cac nghiém, ddy la nghiém c6 do dai ngan nhit.

Néu A c6 nhiéu cot hon hang (m < n), phuong trinh c6 thé khong c¢6 nghiém chinh

xéc. Khi d6, nghiém x = A%y s& 1a nghiém xap xi tot nhét theo chuén Euclid [[Az — y||-

2.10 Toan tir Vét (Trace Operator)
Todn ti vét cia mot ma tran dugce dinh nghia 1a tdng cia tit ca cdc phan td nam trén
dudng chéo chinh:

Tr(A) =) A (2.61)

Todn ti vét rat hitu ich trong nhiéu ing dung khac nhau. Mot sb phép toan khé biéu
dién ma khong dung ky hiéu téng c6 thé dudc viét gon gang hon bang cach st dung tich
ma tran va todn tif vét. Vi du, toan ti vét cung cip mot cach viét khac cho chuin Frobenius

cua mot ma tran:
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IA|F = /Tr(AAT). (2.62)

Viéc biéu dién mot biéu thifc bang toan ti vét gitp ta dé dang bién d6i va khai thac

nhiéu tinh chit hitu ich. Chang han, toan tif vét khong thay d6i khi 14y chuyén vi:

Tr(A) = Tr(A"). (2.63)

Todn tif vét ctia mot tich ma tran vudng ciing khong thay ddi khi ta hodn vi vong céc

ma tran (néu tich d6 dugc dinh nghia):

Tr(ABC) = Tr(CAB) = Tr(BCA). (2.64)

Tinh chit ny c6 thé mé rong cho mot tich nhiéu ma tran:

n n—1
Tr (H FU‘)) =Tr <F<"> 11 F<i>) . (2.65)
=1 =1

Ngay c4 khi phép hodn vi nay 1am thay ddi hinh dang ctia tich ma tran, tinh chit hoan
vi van ding. Vi dy, vdi hai ma trdin A € R™*" va B € R™™, ta c6:

Tr(AB) = Tr(BA). (2.66)

Mic da AB € R™™ nhung BA € R™ ", toan tif vét vin giil nguyén gi4 tri.

Mot tinh chat quan trong khac 12 mot s6 vo hudng ciing c¢6 thé dugc xem nhu vét ciia

chinh no:

a = Tr(a). (2.67)

2.11 Pinh thic (Determinant)

Dinh thiic ctia mdt ma trin vudng, ky hiéu la det(A ), 1a mot ham anh xa ma trin sang
cac sb thuc. Pinh thiic bang tich ctia tit ca cac gid tri riéng (eigenvalues) clia ma trén.

Gia tri tuyét d6i ctia dinh thic ¢6 thé dudc xem nhu mot phép do mifc dd ma phép nhan
v6i ma trin 1am gidn hoic co khong gian. Néu dinh thiic bang 0, khong gian bi co lai hoan
toan theo it nhat mot chiéu, din dén viéc mt toan bo thé tich. Néu dinh thiic bang 1, phép
bién ddi bao toan thé tich.
2.12 Vi du: Phén tich thanh phan chinh (Principal Components Analysis)

Mot thuit toan hoc may don gian, phan tich thanh phan chinh (PCA), c6 thé dudc suy

luan chi bang kién thiic co ban ctia dai s6 tuyén tinh.
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Gia st ta c6 mot tap hop gdm m diém {z™), ... (™} € R™ va mubn nén di liéu theo
cach mat mat (lossy compression). Nén mét mat c¢6 nghia 1a Iuu trit cic diém theo cich
ton it bo nhé hon nhung c6 thé 1am mat mot phan thong tin. Muc tiéu 1a giam thiéu miic

mat mat nay.

Mot cach dé€ ma héa cac diém nay 12 bi€u dién chiing trong mot khong gian c6 s chiéu
thip hon. Véi mbi diém () € R, ta tim mot ma tuong tng ¢ € R'. Néu [ nho hon n,
viéc Iuu trit ma sé ton it bd nhd hon so vé6i luu trit dit liéu gbe. Ching ta cAn mot ham ma
héa tao ra ma tit mot dau vao, F(z) = ¢, va mot ham gidi ma dé tdi tao lai diu vao tif ma,
T~ g(z).

PCA dudgc xéc dinh bdi lua chon clia ham giai ma. D€ don gian hoa bai toan, ta st dung
phép nhan ma tran d€ dnh xa ma trd lai khong gian gbc: g(c) = Dc, trong d6 D € R™*!
la ma tran thuc hién giai ma.

Tinh to4an ma ti uu cho bo giai ma nay c6 thé 1a mot van dé khé. PE dam bao bai toan
c6 nghiém duy nhit, PCA dit rang budc 1én cdc cot ctia D sao cho chiing truc giao véi

nhau.

Trong PCA, ta tim ma t6i wu ¢* bang cach tdi thi€u hoa khoang cach giita diém dau

VA0 Va tdi tao ctia no, st dung chuin L

¢ = argmin ||z — g(c)||2 (2.68)

Ta c6 thé sit dung chuin binh phuong L? thay vi chudn L? vi ca hai déu dugc cuc tiéu

héa bdi cuing mot gia tri cua c. Khi do:
¢ = argmin ||z — g(c)||3 (2.69)

Ham muc tiéu can cuc ti€u hoa tré thanh:

(z—g(e) " (z — g(c)) (2.70)

Bing cach st dung chudn L? (1.21), ta c6 phuong trinh sau:

=x'x—12"g(c)—glc) z+g(c) g(c). (2.71)

Ap dung tinh chit phan phoi:

="'z —22"g(c)+ g(c) g(c). (2.72)

Vi g(c) "z 1a v6 huéng nén biang v6i chuyén vi clia chinh n6. Ta c¢6 thé bé qua hang ti
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2" 2 vi né khdng phu thudc vio c, do dé:

" = arg min —22"g(c) + g(c) " g(e). (2.73)

Do g(c¢) = De, ta thay vao phuong trinh trén:

¢* = argmin—2z' De+¢' D' De. (2.74)

= argmin —2z' Dc+ ¢ Ic. (2.75)
Do tinh chét truc giao va chuan don vi ctia D:
= argmin —2z' Dc+¢'e. (2.76)

Chiing ta c6 thé giai bai toan t6i uu nay bang cach st dung phép tinh dao ham trén
khong gian vector. Néu chua quen v6i phuong phap ndy, hiy tham khao muc 4.3.

Vo(—2z"Dc+c'c)=0. (2.77)
—9D "z +2¢ = 0. (2.78)
c=D"z. (2.79)

Do d6, thuit todn nay hoat dong hiéu qua vi ta c6 thé ma héa z chi bang mot phép
nhin ma trin-vector don gian. Cong thic dnh xa dit liéu vé khong gian c6 sb chiéu thip
hon nhu sau:

f(z) =Dz (2.80)

Tiép theo, bang mot phép nhan ma tran khac, ta c6 thé dinh nghia phép tdi cAu tric dit
liéu trong PCA:

r(z) = g(f(x)) = DD "z. (2.81)

Chiing ta can chon ma trin ma héa D. D& 1am dudc diéu nay, ta xem xét viéc t6i thi€u
héa khoang cach L? giita dau vao va tdi cau tric. Vi st dung ciing mot ma tran D d€ giai
ma tit ca diém dif liéu, ta khong thé chi xét riéng tiing di€ém ma can t6i thiu héa chuin

Frobenius ctia ma tran 16i trén toan bo tap dir liéu:
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D* = argmin E <a:(-i) —r(z@) -)2 subjectto D'D =1 (2.82)
D - j i l- .
7]

DE tim thuat toan cho D*, trudc tién ching ta xem xét trudng hop [ = 1. Khi d6, D chi
12 mot vector duy nhét, ky hiéu 1a d. Thay thé phuong trinh 1.81 vao phuong trinh 1.82
va don gian héa D thanh d, bai toan tré thanh:

d* = arg mgnz |x¥ — dd"x™||2  véi didukién ||d||, = 1. (2.83)

Céch viét trén 1a cach truc tiép nhit d€ biéu dién bai toan, nhung chua that su "dep"vé
mit ky hiéu toan hoc. Biéu thitc d”x xuit hién & bén phai vector d, trong khi theo quy
udc thong thudng, cac hé s6 vo huéng nén dudc viét & bén trdi vector ma chiing tac dong
1én. Do dé, ta c6 thé viét lai bai todn theo dang:

d* = arg mdinz Ix@ —d"x®d||? véi didukien ||d|, = 1. (2.84)
i
Hoic khai thac thuc té rang mot s6 vo huéng ludn bang véi chuyén vi ctia chinh né:

d" = arg m&nz |x® —xOTdd||? véi didukién ||d|, = 1. (2.85)

Viéc lam quen v6i cdc cach viét khac nhau nhu trén sé gitip ich cho viéc doc va hi€u

cac tai li€u toan hoc.

D& thuén tién hon, ta c6 thé viét lai bai todn theo dang ma tran thay vi tdng theo ting
vector riéng 1é. Goi X € R™*™ 1a ma tran chia cac di€ém dit liéu, trong d6 hang thu i cla
X 1a x®T Khi d6, bai todn c6 thé viét lai dudi dang:

d* = argmin ||X — Xdd”||3 véi didukien d'd = 1. (2.86)

B qua diéu kién rang budc tam thdi, ta c6 thé don gian héa phan chuin Frobenius
thanh:

arg min X — Xdd”|3. (2.87)

= arg min Tr (X — Xdd")"(X — Xdd")) (2.88)
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Dua vao cong thifc vét ma tran (1.62), ta c6:

= argmin Tr(X7X — X' Xdd" — dd" X" X + dd" X" X dd") (2.89)

= argmin Tr(XTX) — Tr(X" Xdd") — Tr(dd" X X) + Tr(dd* X* Xdd")  (2.90)

Loai bd cdc phan khong chia d vi chiing khong anh hudng dén gia tri ti vu:
= argmin —2Tr( X' Xdd") + Tr(X* Xdd" dd") (2.91)
St dung tinh chat chu ky ctia d4u vét (1.65):
= argmin —2Tr( X' Xdd") + Tr(X* Xdd") (2.92)
Tai thoi di€ém nay, ta dua trd lai rang budc:
arg min —2 Tr(X*Xdd") + Tr(X"Xdd") véi diéukién d'd = 1. (2.93)

= argmin —2 Tr(X*Xdd") + Tr(X"Xdd") véididukién d'd=1.  (2.94)

Do diéu kién rang budc, ta c6:

= argmin — Tr(X*Xdd") véidiéukién d'd = 1. (2.95)
= arg max Tr(X"Xdd") véididukien d'd = 1. (2.96)
= arg max Tr(d"X"Xd) véidiéukién d'd = 1. (2.97)

Bai todn t6i uu nay c6 thé dudc giai bang phuong phap phan tich gia tri riéng (eigendecomposition).
Cu thé, véc-to tbi uu d dudc cho bdi véc-td riéng clia ma tran X7'X tuong ting véi gid tri
riéng 16n nhét.

Phuong phép ndy 4p dung cho trudng hop [ = 1 va chi tim ra thanh phan chinh thi
nhét. Téng quat hon, khi ta mudn tim mdt hé co sé clia cac thanh phan chinh, ma tran D
dugc xdc dinh bdi | véc-to riéng ting véi [ gia tri riéng 16n nhit. Diéu nay c6 thé duoc
chiing minh bang phucng phap quy nap. Chiing t6i khuyén khich ban tu viét lai chiing
minh nay nhu mdt bai tap.

Dai s6 tuyén tinh 12 mot trong nhiing linh vuc todn hoc nén tang can thiét dé hiéu vé
hoc sau. Mdt linh vuc todn hoc quan trong khac thudng xuyén xuit hién trong hoc may 12

ly thuyét x4c suét, sé dudc trinh bay tiép theo.
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Trong chuong ny, chiing ta sé tim hi€u vé ly thuyét xac suit va ly thuyét thong tin.

Ly thuyét xac suit 1a mot khudn khd todn hoc d€ biéu dién cac phat biéu khong chac
chin. N6 cung cip phuong phap dinh luong miic do khong chic chin ciing nhu cac tién
dé dé€ suy luan ra nhiing phat bi€u mdi. Trong cic tng dung tri tué nhan tao, chiing ta
st dung ly thuyét x4c sut theo hai cach chinh. Thii nhét, cac dinh luat ctia xdc suit cho
chiing ta biét hé théng Al nén suy luan nhu thé nao, tir d6 thiét ké cac thuat toan dé tinh
to4n hoiic xAp xi cac biéu thiic khac nhau dua trén x4c suat. Thit hai, ta c6 thé s dung x4c

suét va thong ké dé€ phan tich 1y thuyét vé hanh vi cia cac hé thdng Al dugc dé xuit.

Ly thuyét xdc suit 1a mot cong cu nén tdng cla nhiéu nganh khoa hoc va ky thuat.
Chiing t6i cung cip chuong nay nhim ddm bdo riang nhitng doc gia c6 nén tang chi yéu
vé k¥ thuat phan mém, nhung it tiép xtic véi xdc suat, ¢6 thé hiéu dudc cac ndi dung trong

cudn sach nay.

Trong khi Iy thuyét xac suat cho phép chiing ta dua ra cac phat biéu khong chac chan
va suy luan trong diéu kién bat dinh, thi ly thuyét thong tin gidp dinh lugng mic do khong

chac chan trong mot phan bo xac suat.

Néu ban da quen thudc véi ly thuyét xdc suit va ly thuyét thong tin, ban c6 thé bd qua
chuong nay, ngoai trit Muc 3.14, ndi md ta cac do thi dudc st dung d€ mo hinh héa cic
mo hinh x4c sult ¢6 ciu triic trong hoc may. Néu ban chua tiing ¢6 kinh nghiém véi nhiing
chli dé nay, chuong niy sé cung cip du kién thic dé€ thuc hién cic nghién ciu sau vé hoc
sau. Tuy nhién, ching toi khuyén nghi ban tham khao thém céc tai liéu khéc, chiang han
nhu Jaynes (2003).

3.1 Tai sao lai dung xac suit?

Nhiéu linh vuc trong khoa hoc mdy tinh 1am viéc véi cac thuc thé mang tinh tit dinh
va chic chan. Vi du, mot lap trinh vién cé thé yén tim rang mot CPU sé thuc thi chinh
x4c mot 1énh may ma khong c6 16i. Sai sét phan ciing c6 thé xay ra, nhung hiém dén mic
phan mém khong can thiét ké d€ d6i phé vé6i ching. Vi viy, véi mot mai trudng hoat dong
mang tinh x4c dinh cao, c6 thé thiy ngac nhién khi hoc mdy lai dua nhiéu vao ly thuyét

Xac suat.

Hoc mdy thudng xuyén phai lam viéc véi cac dai luong khong chic chan va déi khi c6
tinh ngiu nhién (stochastic). Viéc dinh lugng su bit dinh bﬁng xdc suat da dugc dé xuit
tif nhitng nim 1980 va nhiéu 1ap luan trong linh vuc nay 1y cdm hiing tif cong trinh cla
Pearl (1988).

Hau hét moi hoat dong déu yéu ciu mot miic do suy luan trong diéu kién bét dinh.
Trén thuc t&, hau nhu khong c6 phat biéu todn hoc nao la chic chan tuyét d6i hodc mot su

kién nao do chac chan xay ra.
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C6 ba ngudn gbc chinh ctia su bat dinh:

1. Tinh ngiu nhién noi tai trong hé théng dudc mo hinh héa. Vi du, hau hét cic cach
dién giai co hoc Iugng tif md ta chuyén dong ctia hat dudi dang xac suit. Ching ta
ciing c6 thé xay dung céc kich ban ly thuyét trong d6 gia dinh mot hé dong luc hoc
ngiu nhién, chang han nhu tro choi xdo tron bai ngiu nhién.

2. Khong thé quan sat day di. Ngay ca nhiing hé thdng tit dinh ciing c6 thé xuét hién
yéu td ngau nhién khi khong thé quan sat hét cac bién anh hudng dén hanh vi ctia hé
thong. Vi du, trong bai todn Monty Hall, ngudi tham gia chon mot trong ba canh ctia
c6 gidu mot phan thudng. Khi ngudi din chuong trinh mé mot canh cira, lua chon
clia ngudi choi ¢6 vé ngiu nhién tir géc nhin ctia ho, mic du trén thuc té né hoan
toan tt dinh.

3. Mo hinh héa khong hoan hao. Khi st dung mo hinh, ta budc phdi bd qua mot phan
thong tin. Viéc nay din dén su khong chic chin trong du doan. Vi du, mot robot st
dung ban do r3i rac sé khong thé xac dinh chinh x4c vi tri cia mot vat thé néu vi tri
d6 khong khép véi cac 6 1uéi trén ban do.

Trong nhiéu trudng hop, viéc sit dung mdt quy tic don gidn nhung khong chic chin
lai thuc té hon so véi mdt quy tic phiic tap nhung hoan toan chinh x4c, ngay ca khi su
that mang tinh tit dinh va mé hinh ctia ching ta di linh hoat d€ mé phong mdt quy tic
phtc tap. Vi du, quy tic don gian “Hdu hét cdc lodi chim déu biét bay” dé hiéu va hitu
ich trong nhiéu tinh hubng, trong khi quy tic “Cdc loai chim biét bay, ngoai trit chim non
chua hoc bay, chim ém hodc bi thuong mdt khd ndng bay, cdc loai chim khong bay nhu
da diéu, chim cdnh cut va kiwi. .. ” thi rt phiic tap, doi hdi nhiéu cong siic dé xay dung,
truyén dat va duy tri. DU c6 cb gang dén dau, quy tic nay van co thé chua day di va dé sai
sOt.

Mic du rd rang rang ching ta can mot phuong phap dé biéu dién va suy luan trong
diéu kién bat dinh, nhung khong phai lic nao ly thuyét xac suit ciing cung cip tit ca cong
cu can thiét cho ng dung tri tué nhan tao. Ban dau, ly thuyét xac suat dugc phat trién dé
phan tich tan suét cla cac su kién. Ta c6 thé dé dang thiy cdch n6 ap dung vao cac bai
toan nhu x4c sut chia bai trong trd choi poker, noi cdc su kién c6 thé lip lai nhiéu lan.
Khi n6i mot két qua c6 xac suit p xay ra, diéu d6 c6 nghia 1a néu lip lai thi nghiém (vi du,
chia mot bo bai) vo han 1an, thi ty 1& p trong s6 cac 1an thi sé din dén két qua do.

Tuy nhién, cach suy luan nay khong phu hop véi cac phat bi€u khong thé 1dp lai. Vi
du, néu mot bac si chdn doan mot bénh nhan va néi rang ngudi d6 c6 40% kha niang mac
ctim, diéu ndy c6 y nghia rit khac — ching ta khong thé tao ra vd han ban sao ctia bénh
nhan, ciing khong cé 1y do gi d€ tin rang cdc bénh nhan khéac ¢ cung triéu chiing nhung
trong diéu kién khac nhau sé& cho ciing mot két qua.

Trong trudng hop bac si chan dodn bénh, chiing ta st dung xéc suit dé biéu dién miic
do tin tudng (degree of belief), v6i gia tri 1 thé hién su chic chan tuyét dbi rang bénh nhan

mac ctim va 0 thé hién su chic chin tuyét d6i rang bénh nhan khong mac cim. Hinh thic
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dau tién clia xdc suat, lién quan truc tiép dén ty 1& xuét hién ctia céc su kién, dudc goi 1a
x4c suét tan suét (frequentist probability), trong khi hinh thiic thd hai, lién quan dén miic
do tin ciy dinh tinh, dudc goi 1 xac sut Bayes (Bayesian probability).

Néu chiing ta liét ké mot sb tinh chat ma ching ta mong mudn su suy luin hop ly vé
tinh bét dinh phéi c6, thi cich duy nhit d€ théa man nhiing tinh chit d6 1a xem xdc suit

Bayes hanh xi gidng hét nhu xic suit tan suét.

Vi du, néu chiing ta mudn tinh xac suit mot ngudi choi thaing mot van bai poker khi ¢o
4y c6 mot tp hop bai nhit dinh, chiing ta sit dung chinh x4c cing mot cong thiic nhu khi

tinh xac suat mot bénh nhan mac mot can bénh dua trén cac triéu ching cua ho.

DE biét thém chi tiét vé 1y do tai sao mdt tip hop nho cac gia dinh phd bién lai ngu y ring

cuing mot hé tién dé phai ki€ém sodt ca hai loai x4c suét, xem Ramsey (1926).

Xdc suat c¢6 thé dudc xem nhu mot phan mé rong clia 16gic dé xir ly tinh bat dinh.
Logic cung cAp mot tip hop cac quy tac chinh thitc d€ xdc dinh mot ménh dé dugc suy ra
1a diing hay sai, dua trén gia dinh rang mot tip hdp ménh dé khac 12 ding hoic sai.

Ly thuyét xac suat md rong tip hop quy tic chinh thifc nay dé€ xac dinh mic do kha thi
clia mot ménh dé 1a ding, dua trén kha ning ctia cac ménh dé khac. Diéu nay gitip ching
ta khong chi lam viéc véi nhitng két luan chic chan ma con c6 thé dinh lugng mic do tin
cdy clia chiing trong bdi canh thuc té.

3.2 Bién Ngiu Nhién

Mot bién ngiu nhién 1a mot bién c6 thé nhan cic gid tri khac nhau mdt cich ngiu
nhién. Chiing ta thudng ky hiéu bién ngiu nhién bing mot chif cdi viét thudng véi kidu
chit thong thudng, va cdc gia tri ma né c¢6 thé nhan dugce bing chit viét thudng véi kidu
chit viét tay

Vi du, 71 va x5 12 céc gid tri c6 thé c6 clia bién ngiu nhién x. Néu bién 12 mot vecto,

chiing ta ky hiéu bién ngau nhién la x va mot gid tri cu thé ma n6 c6 thé nhan 1a x.

Tuy nhién, ban thAn mot bién ngiu nhién chi 12 mot mo ta vé cdc trang thdi c6 thé xay
ra. D€ xdc dinh xdc suét xdy ra ctia mdi trang thai ndy, chiing ta cAn mdt phan phbi xic
suat di kem véi no.

Bién ngiu nhién c6 thé chia thanh hai loai chinh:

* Bién ngiu nhién 13i rac (discrete random variable): Day 1a loai bién chi c6 thé nhan
mot sb luong gid tri hitu han hodc vo han dém dudc. Cac gia tri nay khong nhit thiét
phai 13 s6 nguyén ma c6 thé 12 cic trang thai dugc dit tén (vi du: Troi mua, Troi

ndng, Troi dm u), mién 12 ching c6 thé dugc liét ké.

* Bién ngiu nhién lién tuc (continuous random variable): Day 12 loai bién c6 thé nhan
bat ky gia tri ndo trén mot khoang cia tap sb thuc. N6i cach khac, gia tri cla nd
khong bi gidi han & mot tip hop dém dugc ma trai dai lién tuc.
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3.3 Phan phoi xac suit

Mot phan phdi x4c suit mo td mic do xdy ra ctia mot bién ngiu nhién hodc mot tip
hop cdc bién ngiu nhién trén tit ca cac gid tri c6 thé clia ching. Cach mo ta phin phdi xic
suat phu thudc vao viéc cac bién d6 1a rdi rac hay lién tuc.
3.3.1 Bién roi rac va ham khéi xac suét

Mot phan phdi xdc suit trén céc bién rdji rac c6 thé dugc md ta bang ham khdi xdc sut
(PMF). Chiing ta thudng ky hiéu cdc ham khoi xdc suit bang chif cai viét hoa P. Thong
thudng, mbi bién ngiu nhién dugc lién két v6i mot ham khdi xac suat khac nhau, va ngudi
doc can suy luan ham PMF nao dudc st dung dua trén ky hiéu ctia bién ngiu nhién thay
vi tén cia ham. Vi du, P(z) khac véi P(y).

Ham khdi x4c suit 4nh xa tif mot trang thdi ctia bién ngiu nhién sang x4c suat d€ bién
ngau nhién d6 nhan gia tri cu thé. Xac sut d€ z nhan gid tri z dudc ky hiéu 1a P(x). Néu
& = x xay ra chac chan, xdc suét sé 1a 1. Ngudc lai, néu 2 = z khong thé xdy ra, xdc suét
sé 12 0. Poi khi, dé tranh nham 14n gitta cdc ham PMF khac nhau, ta c¢6 thé viét rd rang
tén ctia bién ngiu nhién nhu P(X = z). D6i khi, ta con st dung ky hiéu x ~ P(z) dé chi
ra rang z dugc iy tif mot phan phdi xac suét nhét dinh.

Ham khdi xdc sult c6 thé hoat dong trén nhiéu bién cuing ldc. Mot phan phdi x4c suat
trén nhiéu bién ngiu nhién dugc goi 1a phan phdi x4c suit chung. Vidu, P(z = a,y = b)
bi€u dién xdc suit @€ = a vd y = b xdy ra dong thoi. Déi khi, ta ¢6 thé viét gon 1a
P(z,y).

D& mot ham P(z) 1a mot ham khéi xac sult hop 1&, n6 can thda man cac diéu kién sau:

 Mién xdc dinh ctia P phai 1a tap hop tit ca céc gia tri c¢6 thé c6 cia .

* V6i moi gid tri z, x4c suét phai nam trong khoang 0 < P(z) < 1. Mt su kién khong

thé xay ra sé c6 xdc suét bang 0, trong khi mot su kién chic chin xay ra sé c6 xac
suit bang 1. Khong c6 gia tri nao c6 thé nhod hon 0 hoic 16n hon 1.

« Téng tit ca cac xdc suét phai bang 1:
> Plz)=1. (3.1)

Piéu nay dam bao rang phan phdi xac sut dugc chuan héa. Néu khong cé tinh chét
nay, ta c6 thé nhan dudc xac suit khong hop 1é bing céch tinh tdng xac suit cta
nhiéu su kién.

Vi du, xét mot bién ngau nhién 18i rac x ¢6 k trang thai khac nhau. Néu ta dit mot phan
phbi dong déu trén x, nghia 1a mdi trang thdi c6 xac suit bang nhau, khi d6 ta dinh nghia
ham khéi x4c suit nhu sau:

(3.2)
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Vi 1 ludn la s6 duong khi k 1a mot s6 nguyén duong, ta thy rang:
1k
; (x=2;) ; Lk 3-3)

Do d6, phan phéi dudc chuin hoa hop 1&.
3.3.2  Bién lién tuc va Ham mat do xac suat

Khi 1am viéc véi cac bién ngiu nhién lién tuc, ta st dung ham mat do xic suat (PDF)
thay vi ham khéi x4c sut. D€ mot ham trd thanh ham mat d6 xac suat hop 1€, n6 phai thoa
man céc diéu kién sau:

e Mién xéc dinh ctia p(z) phai bao gdm tAt ca cic gia tri c¢6 thé c6 cla .

e V6i moi gia tri z, ta c6 p(x) > 0. Tuy nhién, khac véi PMF, ¢6 thé xay ra trudng hop

p(x) > 1.

« Téng xéc suit trén toan bd khong gian phai bang 1:
/p(a:)dx =1 (3.4)

Ham mat do xac suit p(z) khong cho ta truc tiép xdc sult clia mot gid tri cu thé. Thay

vao d6, xdc suit d€ x roi vao mot khoang rit nhéd dz dudc tinh bang p(z)dx.

Chung ta c6 thé tich phan ham méat do x4c suit dé tinh x4c suat thuc té trén mot khoang.

Cu thé, xdc suit d&€  nim trong khodng [a, b] dudc tinh bing:
b
Pla<z<b)= / p(z)dz. (3.5)

Mot vi du vé PDF 1a phan phéi dong déu trén mot doan [a, b]. Ta c¢6 thé dinh nghia mot
ham mat do x4c suit u(z; a, b) sao cho a va b 1a bién clia doan. Trong trudng hop nay, gia
tri cia ham u(z; a, b) 12 mot hing s6 dugc chon sao cho tng xdc suét trén doan [a, b] bing
1:

u(z;a,b) = véi z € [a,b]. (3.6)

b—a’

Ta thdy ring u(z; a,b) > 0 va tich phan ctia n6 trén doan [a, b] biang 1, do d6 phan phdi
nay dudc chuin héa ding cach. Ky hiéu thong thuong dé€ biéu dién mot bién ngiu nhién

c6 phan phdi dong déu trén [a, b] 1a:

x ~ U(a,b). (3.7)
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3.4 Xic suét bién

Déi khi, ching ta biét phan phdi x4c suit trén mot tip hop bién va mudn biét phan phdi
x4c suit chi trén mot tp con clia ching. Phan phdi x4c suit trén tip con nay dudc goi 1a
x4c suét bién.

Vi du, gia st ching ta ¢6 cic bién ngiu nhién rdi rac = va y, va biét P(z,y). Khi dé,

ta c6 thé tim P(z) biang quy tic tng:

forallr € X, Plx=ux;) = Z P(x =x;,y =y,). (3.8)
Yy

Tén goi xdc sudt bién xuét phat tif cich tinh xdc suit bién trén gidy. Khi cic gia tri clia
P(z,y) dugc viét thanh mot 1udi véi cic gia tri = trén cac hang va y trén céc cot, viéc
cong tng theo hang sé gidp tim P(z), va gia tri nay thudng dudc viét & 1& phai clia bang,
tao thanh xdc suit bién.

V6i céc bién lién tuc, ta st dung tich phan thay vi tong:
p(z) = / p(@,y)dy. (3.9)

Biéu thiic nay biéu dién qu4 trinh l4y tich phan cia ham mat do xac suit chung p(z, y)
theo y, tit d6 thu dugc xdc suit bién cta z. Pay 1a mot nguyén tic quan trong trong Xac
suat va thong ké, dic biét khi lam viéc v6i phan phdi lién tuc.

3.5 Xac Suat Cé Piéu Kién

Trong nhiéu trudng hodp, ching ta quan tim dén xdc suét cia mot su kién xay ra khi
biét rang mot su kién khac da xay ra. Dy dudc goi 1a xdc suét c6 diéu kién. Ching ta ky
hiéu x4c suét c6 diéu kién rang y = y khi biét x = 2 1a P(y = y | x = x). Cong thic dé&

tinh xac suat co dicu kién la:

Ply=y|x=2)= : (3.10)

Xéc sult c6 diéu kién chi dugc xédc dinh khi P(x = z) > 0. Ching ta khong thé tinh

X4c suat c6 diéu kién dua trén mot su kién khong bao gio xdy ra.

Can luu y rang xéc sudt c6 diéu kién khéc véi viée tinh todn diéu gi sé xay ra néu mot
hanh dong nao d6 dudc thuc hién. Vi du, xdc suit c6 diéu kién rang mot ngudi dén tir
Dric khi biét rang ho néi tiéng Piic c6 thé cao. Tuy nhién, néu mot ngudi ngdu nhién dugc
chon dé€ hoc tiéng Pic, qudc gia xuat xi clia ho khong thay ddi. Viéc danh gid hau qua
ctia mot hanh dong dudc goi 1a truy vén can thiép (ntervention query), thudc linh vuc mo
hinh nhin qué (causal modeling), nhung chiing ta sé khong di siu vao chi dé nay trong

cuon sach nay.
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3.6 Quy Tac Chudi Ciia Xac Suit Cé Piéu Kién
Bt ky phan phoi x4c sut chung nao trén nhiéu bién ngiu nhién déu c6 thé dugc phan
rd thanh cdc phan phdi c6 diéu kién trén tiing bién nhu sau:

P, 2®) = P [ PO 120, 2t). (3.11)

=2

Két qua nay dudc goi la quy tac chudi hodc quy tic tich clia xc sut. N6 c6 thé suy ra

truc tiép tif dinh nghia clia x4c suit c6 diéu kién trong phuong trinh 1.10.

Vi du, 4p dung dinh nghia nhiéu 1an, chiing ta c6:

P(a,b,c) = P(a | b,c)P(b,c)
P(b,c) = P(b|c)P(c)
P(a,b,c) = P(a | b,c)P(b| c)P(c).

Cong thiic trén cho thay cach xdc suét ciia mot tap hop bién c6 thé dudc tinh toan bang
cach st dung xdc suét c6 diéu kién, gitip don gian héa viéc tinh todn trong nhiéu bai todn
thuc té.

3.7 Tinh déc lap va déc lap co diéu kién

Hai bién ngau nhién 2 va y dudc goi 1a doc 1ap (independent) néu phan phdi xdc suit

ctia ching c6 thé dudc biéu dién dudi dang tich clia hai thinh phan, mét thanh phan chi

phu thudc vao x va mot thanh phan chi phu thudc vao y:
forallr €e X,y €Y, plx=xy=y)=plx=2x)ply=uy). (3.12)

Hai bién ngiu nhién z va y dudc goi 1a doc 1ap c6 diéu kién khi biét mot bién ngiu
nhién z, néu phan phdi xac suit c6 diéu kién clia ching c6 thé dudc phan ra theo cich

tuong tu véi moi gia tri cua 2:
forallv ex,yey,z€z, px=zy=ylz=z)=px=z|z=z)p(y=y|z=2).
(3.13)

Chiing ta c6 thé st dung ky hiéu gon dé biéu dién tinh doc 1ap va ddc 1ap c6 diéu kién
nhu sau:

* x | yconghialax vay doc lap.
e x | y|zc6nghialaxvay doc lap c6 diéu kién theo z.
3.8 Ky vong, Phuong sai va Hiép phuong sai

Ky vong (hay gia tri ky vong) ctia mot ham s f(z) theo mot phan phdi xac suét P(z)
chinh 12 gid tri trung binh ma f nhan dudc khi = dudgc 14y mau tir P. Ddi véi bién rdi rac,
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cong thuc tinh ky vong la:

Eep(f(z)] = Plx)f(2). (3.14)

Déi v6i bién lién tuc, ky vong dudgc tinh bang tich phan:

E,plf(2)] = / pla) f(x)dz. (3.15)

Khi phan phbi da dugc xac dinh rd rang trong ngit canh, ching ta c6 thé viét truc tiép
tén cda bién ngiu nhién ma ky vong dudc tinh todn, vi du nhu E,[f(x)]. Néu bién ngu
nhién dugc nhic dén mot cach ro rang, ta c6 thé bd qua chi sb va viét gon thanh E[f(z)].

Mic dinh, toan t ky vong E[-] tinh gia tri trung binh clia tit ca cdc bién ngiu nhién
bén trong diu ngoic vudng. Khi khong cé su mo hd, ta c¢é thé luge bd dau ngoic vuong

dé viét gon biéu thic.

Ky vong 12 mot todn tit tuyén tinh, c6 nghia 1a:

Eo[of (z) + Bg(2)] = aEu[f (2)] + SE.[g(x)], (3.16)

khi « va g khong phu thudc vao x.

Phuong sai 12 mot dai luong do ludng mic do phan tan ctia gia tri mot ham sb clia bién

ngiu nhién z khi ta ldy mau tit phan phoi xéac suét cta no:

Var(f(x)) = E|(f(z) — E[f(2)])*|- (3.17)

Khi phuong sai nho, cc gia tri ctia f(x) tip trung gan gid tri ky vong ctia né. Cin bac hai
ctia phuong sai dugc goi la do 1éch chuan.

Hiép phuong sai do ludng mtc do lién hé tuyén tinh giita hai dai ludng, ciing nhu pham

vi gia tri cia chung:
Cov(f(x), 9(y)) = E|(f(x) = E[f(2)])(9(y) — Elg(v)]) |- (3.18)

Céc gid tri tuyét d6i 16n ctia hiép phuong sai c¢6 nghia 1 cic gia tri thay d6i manh va
cung léch xa gia tri trung binh cta chuing tai cing mot thdi diém. Néu hiép phuong sai
duong, hai bién c6 xu huéng dat gia tri cao dong thdi. Néu hiép phuong sai 4m, mot bién
c6 xu huéng dat gid tri cao khi bién kia dat gid tri thAp va nguoc lai.

Céc dai lugng khac nhu hé sb tuong quan chuin héa miic déng gép ctia mdi bién dé
do ludng chinh x4c mifc do lién quan ctia hai bién ma khong bi anh hudng bdi do 16n cia
chung.
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Khdi niém hiép phuong sai va do phu thudc c6 lién quan nhung khéc biét. Hai bién doc
1ap c6 hiép phuong sai bang khong, nhung néu hai bién c6 hiép phuong sai khac khong thi
chung phu thudc nhau. Tuy nhién, do phu thudc 1a mot khai niém rdng hon hi€p phuong
sai. D€ hai bién c6 hiép phuong sai bang khong, giita chiing khong dugc c6 mdi quan hé
tuyén tinh. Tuy nhién, diéu kién doc 1ap manh hon vi né ciing loai b cad mbi quan hé phi
tuyén.

Mot vi du vé hai bién phu thudc nhung c6 hiép phuong sai bang khong: Gia st ta 13y
mau mot s thuc z tif phan phdi déu trén doan [—1, 1], sau d6 chon ngdu nhién mot bién
s v6i x4c suat % dé nhan gid tri 1 hodc —1. Khi d6, dit y = sx, ta thdy rang x va y khong

doc 1ap, vi = quyét dinh hoan toan gid tri ctia 3. Tuy nhién, ta cé:

Cov(z,y) = 0. (3.19)

Diéu nay minh hoa rang hai bién c6 thé phu thudc nhau nhung van c6 hiép phuong sai
bang khong.

Ma tran hiép phuong sai ctia mot vector ngau nhién x € R™ 1a mot ma tran kich thu6e
n X n, dugc dinh nghia nhu sau:

Cov(x); ; = Cov(z;, z;). (3.20)

Céc phan tif trén dudng chéo clia ma tran hiép phuong sai chinh 14 phuong sai clia tiing
bién:
Cov(z;, x;) = Var(z;). (3.21)

3.9 Cac phan bb xac suit phd bién

Trong hoc may, mot s6 phan phdi xdc suit don gidn c6 vai trd quan trong trong nhiéu
bdi canh khac nhau. Du6i day 1a mot trong nhitng phan phdi co ban nhit.
3.9.1 Phan phdi Bernoulli

Phan phdi Bernoulli 12 mot phan phdi xac suit trén mot bién ngiu nhién nhi phan. N6
dugc xdc dinh béi mot tham s duy nhit ¢ € [0, 1], biéu thi xac suat d€ bién nglu nhién

nhan gid tri bang 1. Cac tinh chit quan trong ctia phan phdi Bernoulli bao gdm:

Plz=1)=¢ (3.16) (3.22)
Plz=0)=1-¢ (3.17) (3.23)
Plx=12)=¢"(1-¢)"" (3.18) (3.24)
E,[z] =¢ (3.19) (3.25)
Var,(z) = ¢(1 — ¢) (3.20) (3.26)
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3.9.2 Phan phéi Multinoulli
Phan ph6i Multinoulli (phan phdi phan loai), 12 mdt phan phdi x4c suit trén mot bién

1i rac ¢6 k trang thai khac nhau, v6i k 12 mot s6 hitu han.!

Phan phbi Multinoulli dugc tham sb héa bdi mot vector xéac sudt p € [0, 1]%71, trong
d6 p; bi€u dién xdc suat x4y ra clia trang thdi thi 7. X4c suét clia trang thai cudi cuing, tiic

trang thai thd k, dugc tinh bang 1 — 17p. Diéu kién rang budc can théa man la:

1Tp < 1. (3.27)

Phan phéi Multinoulli thudng dudc sit dung dé€ mo hinh héa phan phdi trén cic danh
muc d6i tugng, nén ta khong nhét thiét phai gia dinh ring trang thai 1 c6 gia tri s6 1a 1,
trang thai 2 12 2, v.v. Vi ly do ndy, thong thudng ta khong can tinh ky vong hay phuong sai

ctia bién ngiu nhién phan phdi Multinoulli.

Phan phéi Bernoulli va Multinoulli ¢6 thé md ta bat ky phan phdi nao trén mién cla
ching. Chiing c6 kha ning mo t4 moi phan phdi trén mién rdi rac khong phéi vi chiing
manh mé dic biét, ma bdi vi mién ctia chiing don gidn — ching m6 hinh héa cac bién roi
rac ma ta c6 thé liét ké tat ca trang thai. Khi lam viéc v6i bién lién tuc, s trang thdi 1a vo
han, nén bat ky phan phbi nao dugc mo ta bang mot sd nhod cac tham sb déu phai c6 cac

gi6i han nghiém ngit trén phan phbi ctia né.
3.9.3 Phan phdi Gaussian

Phan phéi dudc st dung phd bién nhit trén tap s6 thuc chinh 12 phan phdi chuin, con
dudc goi 12 phan phbi Gaussian:

1 1
N(z;p,0%) = exp (—272@ - M)Q) : (3.28)

2mo?

Hai tham s6 ctia phan phoi nay 1a ;1 € R va o € (0, 00). Trong do:

e 4 1a trung tAm cda phan phdi, ciing chinh 1 ky vong ctia phan phéi: E[X] = p.
* o 1a do 1éch chuin, con phuong sai dugc ky hiéu 1a 2.

Xem hinh 3.1 d€ thdy d6 thi cia ham mat do xdc suat cia phan phdi chudn.

Khi tinh mat do x4c suat (PDF), chiing ta can binh phuong va dao ngudc o. D€ thuin
tién hon, ta c6 thé st dung tham s6 3 € (0, 00), goi 1a dd chinh x4c (precision), hay nghich
dao phuong sai:

'Thuat ngit "Multinoulli"dudc Gustavo Lacerda dit ra va phd bién bdi Murphy (2012). Phan phdi
Multinoulli 1a mot trudng hop dic biét ctia phan phdi da thiic (Multinomial Distribution). Mot phan phbi da
thiic 1 phan phéi trén céc vector trong {0, ..., n}*, biéu dién sb 1an mdi danh muc trong k danh muc dugc
chon khi iy n mAu tit mot phan phdi da thiic. Nhiéu tai liéu st dung thuat ngii "Multinomial"dé chi phan
ph6i Multinoulli ma khong 1am 16 rang ho chi dang xét trudng hop n = 1.
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N (s p, 71 = \/geXp (—%5(93 - M)z) : (3.29)

Phan phdi chuin 12 mot Iya chon hop ly trong nhiéu ing dung. Khi khong c6 thong tin

cu thé vé dang phan phdi trén tip sb thuc, phan phdi chuin thudng dudc chon mic dinh

vi hai ly do quan trong.

0.40 |- i

0.35 |- i

0.30 Maximum at z = p _
v 0.25 Inflection points at .
2 0.20 r=pEo

0.00 l | | | | | |
—2.0 —1.5 —1.0 —0.5 0.0 0.5 1.0 1.5 2.0

Hinh 3.1: Phan phdi chudn. Phan phdi chuan N (z; i1, 0%) ¢6 dang “dudng cong hinh chudng” dic
trung, v6i toa do dinh trung tim dudc xdc dinh bdi p va do rong clia né dudc kiém sodt bdi o.
Trong vi du nay, chiing ta minh hoa phan phéi chuén tic, véi = 0 va o = 1.

Nhiéu phan phdi trong thuc t& c6 xu huéng gan véi phan phdi chuin. Piéu nay xuit
phat tir dinh ly gi6i han trung tim, mot két qua quan trong trong x4c suat théng ké. Pinh
ly nay khang dinh rang tdng ctia nhiéu bién ngau nhién doc lap sé xap xi theo phan phdi

chuén, bat k& phan phoi ban dau clia ching 1a gi.

Diéu niy c6 y nghia quan trong trong thuc té: nhiéu hé thong phic tap c6 thé dudc
m6 hinh héa nhu nhiéu c6 phan phdi chuin, ngay c4 khi hé théng c6 thé dudc chia thanh
nhiéu thanh phan c6 céu triic hon.

Trong sb tit cd cdc phan phdi c6 cung phuong sai, phan phdi chuin 13 phan phdi ma
héa luogng bit dinh 16n nhét trén tap sd thuc. N6i cach khac, néu khong cé thong tin uu
tién nao khac, phan phdi chuin 12 mé hinh hop ly nhit d€ st dung. Viéc chiing minh va
bién luan cho nhan dinh nay doi hodi cac cong cu toan hoc cao hon va s€ dudge trinh bay
chi tiét § muc 19.4.2.

Phan phdi chuin c6 thé dudc md rong cho khong gian nhiéu chiéu R™, trong trudng
hop nay, né dugc goi l1a phan phdi chuin nhiéu chiéu (multivariate normal distribution).
Phan phéi ndy dudc xdc dinh bdi mot vector trung binh ¢ v mot ma tran hiép phuong sai

3 ddi xiing x4c dinh duong. Cong thiic xac sult ctia phan phdi niy dugc cho béi:

1 1 Tx—1
N B) = oo (30w S ) ) G30)
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Tham s6 g van dai dién cho gid tri trung binh cta phan phdi, nhung gid day né 1a
mot vector. Tham s6 ¥ 12 ma trin hiép phuong sai cia phan phdi. Tuy nhién, trong nhiéu
truong hop, viéc st dung X khong hiéu qua vé mit tinh todn do can phai nghich ddo ma
tran nay dé tinh mat do xac suat (PDF). Vi vay, ta c6 thé st dung ma tran chinh xdc 3 thay
thé:

N(x;p, B7) =

det(p) | ( 1
2

Thudng thi ta ¢d dinh ma tran hiép phuong sai & dang dudng chéo dé don gian héa tinh
toan. Mot truding hop dic biét don gian hon 1 phan phéi Gaussian dang hudng (isotropic
Gaussian distribution), trong d6 ma tran hiép phuong sai 1a mot boi s6 ctia ma tran don vi.
3.9.4 Phan phdi Mii va Phan phdi Laplace

Trong bdi canh hoc sau, chiing ta thudng mubn cé6 mot phan phdi xac suit c6 diém sic
nét tai z = 0. Piéu nay c6 thé dat dugc bang phan phdi mii:

p(x; A) = AN>p exp(—Az). (3.32)

Phan phdi mi stt dung ham chi thi 1,0 d€ gdn xdc suit bang 0 cho tit ca gid trj am
cua .

Mot phan phbi xdc suét lién quan mat thiét cho phép chiing ta dit mot dinh sic nét tai
mot diém tuy y 12 phan phdi Laplace:

1 _
Laplace(z; p,y) = Zexp (— |2 5 ,u|) : (3.33)

3.9.5 Phan phéi Dirac va Phan phdi Thure nghiém

Trong mot sd trudng hdp, ching ta mudn chi 16 rang toan bo khéi lugng trong mot
phan phdi xic suét tap trung tai mot diém duy nhét. Diéu nay c6 thé dat dudc bang cach
dinh nghia ham mat do xic suat (PDF) st dung ham delta Dirac, §(z):

p(z) = oz — p). (3.34)

Ham delta Dirac dudc dinh nghia sao cho né c6 gia tri bang 0 & moi noi, ngoai trit
tai diém 0, nhung tich phan ctia n6 trén toan bo khong gian lai bang 1. Ham delta Dirac
khong phai 12 mot ham sb thong thudng anh xa mdi gia tri 2 thinh mdt gia tri thuc, ma
thay vao d6, n6 1a mot loai ham tdng quat (generalized function) dugc dinh nghia thong

qua cdc tinh chét khi 13y tich phan.

Chiing ta c6 thé coi ham delta Dirac 1a gi6i han ctia mot day ham s6 don mat do vao
diém 0 ngay cang nhiéu. Néu dinh nghia mot ham xac suit p(x) bang cach dich chuyén
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delta Dirac b&i —, ta sé thu dugc mot dinh x4c suat rat hep va cao vo han tai z = L.

Mot ting dung phd bién ctia ham delta Dirac 1a trong phan phéi thuc nghiém (empirical
distribution). Gia st ching ta c6 mot tap di liéu gdm m diém 2, 2@ ... 20" phan

phdi thuc nghiém cia tap dit liéu nay dudc dinh nghia nhu sau:

> o(x— ) (3.35)

Cong thic trén cho thiy mdi diém dit liéu déong gép mot khdi luong xdc suat L vio
m
phan phdi thuc nghiém. Pdi véi cac bién lién tuc, ta can sit dung ham delta Dirac dé€ xac
dinh phan phdi thuc nghiém, nhung véi cac bién 1di rac, cich tiép can don gian hon: phan
phdi thuc nghiém c6 thé dudc xem nhu mot phan phdi da thic, trong d6 xdc suit cia méi
gia tri dau vao chinh 12 tan suét thuc nghiém (empirical frequency) ctia gia tri d6 trong

tap hun luyén.

Nhin tif goc dd khac, phan phoi thuc nghiém md ta xac suét cla tap dif liéu ma chiing
ta 14y mau trong qud trinh hu4n luyén mo hinh. Mot khia canh quan trong khéc 1a phan
phdi thuc nghiém chinh 12 mat d6 xac suét tdi da héa kha ning hop 1y cia tap dif liéu huin
luyén (xem muc 5.5).

3.9.6 Phan phdi hon hop

Mot cach phd bién d€ dinh nghia cac phan phdi xic suat 1a két hop cac phan phbi don
gian hon dé€ tao thanh mdt phan phdi hén hop (mixture distribution). Mot phan phdi hén
hop bao gém nhiéu phan phéi thanh phan. Trong mdi l1an 1dy mau, viéc lua chon phan
phdi thanh phan nao d€ tao ra mau dit liéu dudc xac dinh bang cach 14y mau tit mot phan

phdi multinoulli:

P(z) = ZP(C —i)P(x | c=1), (3.36)

trong d6 P(c) 1a phan phdi multinoulli trén cdc thanh phan phan phdi.

Mot vi du vé& phan phdi hén hop 1a phan phbi thuc nghiém trén cac bién lién tuc. Cu
thé, phan phbi thuc nghiém c6 thé dugc xem 12 mot phan phdi hdn hop véi mdi thanh phan
12 mot ham delta Dirac dng véi tiing mau huén luyén.

Mo hinh hén hop (mixture model) 1a mot chién lugce don gian dé két hop cac phan phbi
X4c suat nham tao ra mot phan phdi phong phi hon. Trong Chuong 16, ching ta sé tim
hiéu cach xay dung cac phan phdi phic tap tit nhitng phan phdi don gian hon mot cch
chi tiét.

M5 hinh hén hop cho phép chiing ta tiép can mot khai niém quan trong: bién 4n (latent
variable). Bién 4n 12 mot bién ngiu nhién ma ching ta khong thé quan sat truc tiép. Mot
vi du 12 bién ¢, dai dién cho danh tinh ctia thanh phan trong mo hinh hén hop. Céc bién
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4n c6 thé lién quan dén bién quan st x thong qua phan phoi két hop:
P(x,c) = P(x | ¢)P(c). (3.37)

Phan phdi P(c) trén bién 4n va phan phéi P(x | ¢) md td mbi quan hé gitia bién 4n va
bién quan sat. Mic du c6 thé bi€u dién truc tiép P(x) ma khong can dé cap dén bién an,
nhung chinh nhiing thanh phan nay quyét dinh hinh dang ctia phan phdi téng thé. Bién 4n
s€ dugc phan tich ro6 hon trong muc 16.5

Mot dang phd bién va manh mé ctia mo hinh hén hgp 12 M6 hinh Hon hgp Gaussian
(Gaussian Mixture Model - GMM), trong d6 cdc thanh phan p(x | ¢ = i) la cdc phan phéi
Gaussian. Mbi thanh phan c6 trung binh (¥ va ma tran hiép phuong sai 3 riéng biét.
Mot s&6 mé hinh c6 thé ap dit cac rang budc bd sung, chang han nhu cdc ma trin hiép

phuong sai c6 thé dudc chia sé giita cdc thanh phan:
>0 =% foralli. (3.38)

Gibng nhu mot phan phdi Gaussian don 1€, mo hinh hén hop Gaussian ciing 6 thé ap dit
cic rang budc vé& hiép phuong sai, chang han nhu yéu ciu cic ma tran hiép phuong sai

phai 1a dudng chéo hoic dang hudng.

Bén canh trung binh va hiép phuong sai, mot md hinh hén hop Gaussian con yéu cau
xéc suét tién nghiém a; = P(c = i) cho tiing thanh phan i. Thuat ngii tién nghiém thé
hién niém tin cia mo6 hinh vé ¢ truéc khi quan sat x. Nguoc lai, xdc suit hiu nghiém
P(c | x) dugc tinh toan sau khi quan sat dit liéu.

Mot tinh chit quan trong ctia mo hinh hén hgp Gaussian 1a tinh x4p xi phd quat
(universal approximation), nghia 12 bt ky phan phdi nao di tron déu c6 thé dudc xap
Xi v6i sai s6 tlly ¥ nhd bang md hinh hdn hop Gaussian véi di s6 lugng thanh phan.

Hinh 3.2 14 vi du vé m6 hinh hén hop Gaussian
3.10 Céc Tinh Chét Hitu Ich ciia Mt S6 Ham Phé Bién
Trong khi 1am viéc véi cac phan phdi x4c suét, dic biét 1a cac phan phdi dudc st dung

trong md hinh hoc sau, mot s ham xuét hién thudng xuyén. Mot trong sb d6 1a ham

sigmoid logistic:
1

57



CHUONG 3. LY THUYET XAC XUAT VA THONG TIN

o

Ty

Hinh 3.2: Vi du vé md hinh hén hop Gaussian. Trong vi du ndy, c6 ba thanh phan. T trdi sang
phai, thanh phin dau tién c6 ma tran hiép phuong sai dang hudng, nghia I phuong sai trong mdi
huéng 13 nhu nhau. Thanh phan thi hai ¢6 ma tran hiép phuong sai dudng chéo, cho phép né kiém
soat phuong sai riéng biét doc theo mdi truc toa do. Trudng hop nay cé phuong sai doc theo truc
o 16n hon so véi truc ;. Thanh phan thit ba c6 ma tran hiép phuong sai day di hang, cho phép
n6 kiém sodt phuong sai theo bat ky huéng nao mot cach doc 1ap.

Mot ham thuong gap khac 1a ham softplus (Dugas et al., 2001), dugc dinh nghia nhu

sau:
((z) = log(1 + exp(x)). (3.40)

Ham softplus c6 thé hitu ich trong viéc tinh toan tham s 3 hoidc o clia phan phdi chuin
vi mién gia tri ctia n6 1a (0, co). Ham nay ciing thudng xuét hién khi xi ly cac biéu thiic
lién quan dén sigmoid. Tén goi “softplus” xuét phat tir viéc day 1a mot phién ban "muot
hon’ ciia ham:

" = max(0, 7). (3.41)

Xem Hinh 3.4 dé€ xem do thi ctia ham softplus.

10

—10 —5 0

Hinh 3.3: D6 thi ctia ham logistic sigmoid
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()

Hinh 3.4: D6 thi ca ham softplus

Nhiing tinh chit sau ddy rat quan trong va hitu ich, nén ghi nhé:

B exp(z)
o(w) = exp(x) + exp(0) (342)
%a(az) =o(x)(1 —o(x)) (3.43)
1—o(x) =0(—2x) (3.44)
logo(x) = —((—x) (3.45)

d

o) =o(z) (3.46)
o !(x) =log <%) ,  forallz € (0,1) (3.47)
¢ Y(x) =log(exp(x) — 1), forallx >0 (3.48)
((x) = / z o(y)dy (3.49)
((x) = C(-z) == (3.50)

Ham o' (z) thudng dudc goi 1a logit trong théng k&, nhung thuat ngif nay it dudc st
dung trong hoc may.

Phuong trinh 3.50 cho ta thiy su lién hé giita ¢(z) va ((—=), tit d6 c6 thé gidi thich
cho tén goi softplus. Him softplus 12 mot phién ban 1am mudt cia ham phan duong:

" = max(0, z) (3.51)

Ham phan duong c6 mot ham dbi ting 1a ham phan am:
r~ =max(0, —x) (3.52)
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Ham ((z) c6 th€ xem nhu mot phién ban lam mugt cta ", trong khi ¢(—x) 1a phién

ban 1am mudt cia 2~. Vi z ¢6 thé dudc khdi phuc tif 2+ va 2~ théng qua:

r=at —z~ (3.53)

nén ta cling c6 th€ khoi phuc x tit ¢ () va ¢(—x) thong qua:
((z) = ((—z) =z (3.54)

Phuong trinh 3.50 cho thiy cach ma softplus c6 thé dugc st dung nhu mot cach 1am

mudgt cia cac ham cuc tri nhu ReLLU trong hoc séu.
3.11 Quy tic Bayes

Chiing ta thudng gip tinh hudng da biét x4c suit c6 diéu kién P(y | z) nhung can tinh
P(z | ). May min thay, néu biét P(x), ta c6 thé tinh gid tri mong mudn biang quy tic

Bayes:
P()P(y| z)

3.55
Py) (5:9)

Pz ly) =

Luu y ring mic du P(y) xuit hién trong cong thiic, nhung thong thudng ta c6 thé tinh
P(y) bing:

P(y) =) Ply|x)P(x), (3.56)

nén khong can phai biét trudc P(y).

Quy tic Bayes c6 thé dudc suy ra dé dang tir dinh nghia xac suit c6 diéu kién, nhung
viéc biét tén cong thic niy rat quan trong vi nhiéu tai liéu st dung né mot cach truc tiép.
Cong thiic nay dudc dit theo tén ctia Reverend Thomas Bayes, ngudi dau tién kham phd
ra mot trudng hop dic biét clia nd. Phién ban tdng quat nhu da trinh bay & day dugc phat
hién ddc 1ap bdi Pierre-Simon Laplace.

3.12 Cac khia canh ky thuét ctia bién ngau nhién lién tuc

Pé hiéu mot cach chit ché vé bién ngiu nhién lién tuc va ham mat do xac suit, ta
can phat trién ly thuyét xdc sut dua trén mot nhanh cla todn hoc goi 1a 1y thuyét do do
(measure theory). Mic du ly thuyét do do nam ngoai pham vi ctia cubn sach nay, nhung

chiing ta c6 thé phac thao so luge mot sd van dé ma ly thuyét do do gidp giai quyét.

Trong muc 3.3.2, ta da thiy rang xdc sudt d€ mot vector ngau nhién lién tuc x thudc
vao mot tap hop S dudce xac dinh bdi tich phan clia p(x) trén tap hop S. Tuy nhién, mot sb
lua chon ctia tap hop S c6 thé din dén nhiing nghich ly. Vi du, c6 thé ton tai hai tap S; va
Ss sao cho:

p(x €S1)+pxeS,y) >1, (3.57)

nhung S; NS, = (). Nhiing tap hop nhu viy thudng dudc tao ra bing cach khai thac do
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chinh x4c v6 han cua s thuc, chzzlng han nhu bﬁng cach tao céc tap hop c6 ciu tric fractal
hoic tap hop dudc xay dung biang cach bién ddi tap hdp céc s6 hiiu ty.

Mot trong nhitng déng gép quan trong cia ly thuyét do do 1a cung cap mdt cach dic
trung héa céc tip hop dé c6 thé tinh todn xdc sudt ma khong gip phdi nghich ly. Trong
cudn sach nay, chiing ta chi xét cc tip hop c6 md t don gian, do d6 khia canh nay cta ly

thuyét do do khong trd thanh mot van dé quan trong.

Trong pham vi ting dung ctia cudn sach nay, ly thuyét do do chii yéu hitu ich d& mo
ta cic dinh ly 4p dung cho hau hét cic diém trong khong gian R™, nhung khong 4p dung
cho mot s6 tap hop nhé. Ly thuyét do do cung cip mot cdch mo ta chit ché vé viéc mot
tap hop di€ém nhé dén miic nao. Mot tip hop nhu vay dudc goi 1a c6 do do biang khong

(measure zero).

Chiing ta khong dinh nghia chit ché khai niém nay trong sach, ma chi can truc gidc
rang mot tap hop c6 dd do bang khong sé khong chiém thé tich trong khong gian ma ta
dang do ludng. Vi du, trong R?, mot duong thang c6 do do bang khong, trong khi mot da
gidc hitu han c6 do do duong. Tuong tw, mot diém don 18 ciing c6 do do biang khong. Hon
nita, hop ctia vo han dém dudc cic tip hop c6 do do bang khong van c6 do do bang khong
(chang han, tip hop tét ca cac sb hitu ty trong mot khoang van c6 do do bang khong).

Mot khia canh ky thuat khéc lién quan dén bién ngiu nhién lién tuc 12 cach xit ly céc
bién ngau nhién c6 quan hé ham sb x4c dinh v6i nhau. Gid st ta ¢6 hai bién ngiu nhién x
va y, v6i mbi quan hé:

y = 9(x), (3.58)
trong d6 g 12 mot phép bién ddi kha nghich, lién tuc va kha vi. Mot cach truc quan, ta c6

thé ky vong mat do xac suét ctia y dudc tinh bang:

py(y) = pa(97 ' (y)). (3.59)

Tuy nhién, diéu nay khong hoan toan chinh xic. Viéc chuyén déi giita cc bién ngiu nhién
lién tuc can dugc xit ly cin than, dic biét khi xét dén su thay ddi ctia khong gian xdc suét
qua phép bién ddi g.

Gia st ching ta c6 hai bién ngdu nhién vo huéng = va y, véiy = £ vaz ~ U(0,1)

(bién ngau nhién déu trén khodng (0, 1)). Néu ching ta 4p dung quy tic

py(y) = p=(2y) (3.60)

thi p,(y) s€ bang 0 & moi ndi tri khoang [0, 1], va bing 1 trén khoang d6. Diéu nay din
dén:

1
/py(y)dy =3 (3.61)

mau thudn véi dinh nghia ctia mot ham mat do xac suit (t5ng xac suat phai bang 1).
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L&i sai 6 day 1a chung ta chua tinh dén su bién d6i khong gian do ham sb ¢ tao ra. Xdc
suat d€ 2 nim trong mot khoang rit nhé véi thé tich dx dudc cho béi p, (z)dx. Tuy nhién,
do 4nh xa g c6 thé co gian khong gian, nén th€ tich vo cing nho tuong ing quanh x c6 thé

khdac véi thé tich trong khong gian y.

Pé stia 161, ta can dam bao tinh chat bao toan xac suit:

Ipy(9(2))dy| = |p(x)dz] . (3.62)

Giai phuong trinh trén theo p,(y), ta thu dugc cong thiic chuyén doi:

d
py(y) = pa(g7(v)) % : (3.63)
Hay tuong duong:
d
pelo) = tate)) |42 364

Trong khong gian nhiéu chiéu, ta tng quat hod cong thiic nay bang dinh thifc ctia ma

tran Jacobian:

Px(x) = py(9(x)) ‘det <8(%_(;<)> ‘ : (3.65)

Trong d6, ma tran Jacobian .J c6 phan ti:

(3.66)

Nhu vay, d€ chuyén ddi ham méat do xac sudt qua mot dnh xa g, ta can nhan vdi tri tuyét
ddi cta dinh thic ma tran Jacobian ctia anh xa dé.
3.13 Ly thuyét Théng tin

Ly thuyét thong tin 12 mdt nhanh cla toan ting dung tap trung vao viéc dinh luong
thong tin c6 trong mot tin hiéu. Ban dau, ly thuyét ny dudc phat minh dé€ nghién citu viée
truyén tin qua cac bang chit cai roi rac trén mot kénh nhiéu, ching han nhu truyén thong
qua séng vo tuyén. Trong bdi canh nay, ly thuyét thong tin chi ra cach thiét ké ma tdi uu
va tinh todn do dai ky vong clia cac thong diép dugc 14y mau tif cac phan bd xac suit cu

thé bang céch st dung cac s dd ma hoéa khac nhau.

Trong bdi canh hoc may, ching ta ciing c6 thé dp dung ly thuyét thong tin vao céc bién
lién tuc, ndi ma mot sd cach dién gidi vé do dai thong diép khong con ap dung nita. Linh
vuc nay rit quan trong trong nhiéu linh vuc cta k¥ thuit dién va khoa hoc mdy tinh. Trong
cudn sach nay, ching ta sé chi yéu st dung mot s6 ¥ tudng chinh ctia ly thuyét thong tin
d€ dic trung héa cdc phan bd xdc suit hodc dé do do tuong ddng gitta cac phan bd xéc

suét.

Pé tim hiéu chi tiét hon vé 1y thuyét thong tin, c6 thé tham khio Cover and Thomas
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(2006) hodc MacKay (2003).

Khai niém c6t 16i diang sau ly thuyét thong tin 1a viéc hoc dugc mot su kién it xay ra
mang lai nhiéu thong tin hon so véi hoc duge mdot su kién c6 kha ning cao xay ra. Vi du,
mot thong diép néi rang “mqt troi moc vao sdang nay” 1a qua hién nhién dén mic khong
can phai gti di, trong khi mot thong diép néi rang “sdng nay cé nhdt thuc” chiia rt nhiéu
thong tin.

Ching ta muén dinh lugng thong tin theo céch chinh thiic héa truc gidc ndy:

« Nhiing su kién c6 kha niing cao nén c6 lugng thong tin thip, va trong trudng hop cuc

doan, nhiing su kién chic chin xay ra khong mang lai thong tin gi ca.
* Nhiing su kién it c6 kha nang xay ra nén c6 lugng thong tin cao hon.

« Nhiing su kién doc 1ap nén c6 thong tin cong tinh. Vi du, viéc biét rang mot dong xu
tung 1én xut hién mit ngira hai 1an nén mang lai gip doi lugng thong tin so vé6i viée

bict rang dong xu xuat hién mat ngita mot l1an.

Dé thda man ba tinh chét quan trong trong 1y thuyét thong tin, ta dinh nghia luong tin

cua mot su kién x = x nhu sau:

I(z) = —log P(). (3.67)

Trong cong thiic ny, P(z) 1a xdc sult xdy ra ctia sy kién z. Ham logarithm dudc st
dung & day 1a log tu nhién (logarit cd s e). Vi vay, don vi do ctia I(z) trong trudng hop
nay la nat. Mot nat chinh 12 lugng thong tin thu dudc khi quan sat mot su kién c6 xac suét

X o1
bang .

Trong mot sd tai liéu khac, ngudi ta st dung logarit co s6 2 d€ do luong tin, khi d6 don
vi do thong tin s& 1a bit (hoic shannon). Gi4 tri do bang bit chi 12 mot cach thé hién khac
ctia lugng tin, dudc chuyén doi tit don vi nat.

Khi x 12 mot bién ngiu nhién lién tuc, ta van c6 thé st dung dinh nghia lugng tin mot
cach tuong tu. Tuy nhién, mot s6 tinh chit tir trudng hop rdi rac khong con ding nita. Vi
du, mot su kién c6 mat do xac suit don vi van c6 luong tin bang 0, mic di n6 khong phai
12 mot su kién chic chan xay ra.

Luong tin tu than chi xét mot két qua don 18. D€ do ludng muc do bt dinh cla toan bd

mot phan phdi xdc suét, ta st dung entropy Shannon, dugc dinh nghia nhu sau:

H(z) = Bywp[I(2)] = —E,pllog P(2)], (3.68)
con dugc ky hiéu 1a H(P). N6i cach khdc, entropy Shannon ctia mot phan phéi 1a gia

tri ky vong ctia lugng tin khi rit ra mot su kién tit phan phdi dé. N6 cho ta mot can duéi vé

s6 bit trung binh can thiét &€ ma héa cac ky hiéu dudc chon tit phan phdi P (néu logarithm
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12 co s6 2, v6i cdc co s6 khéc thi don vi thay ddi).

Céc phan phbi c6 tinh chit gin nhu tit dinh (ttc 12 két qua gin nhu chic chan) sé c6
entropy thap. Ngugc lai, cic phan phdi gan nhu déu c6 entropy cao (Hinh 3.5). Khi z 1a
mot bién lién tuc, entropy Shannon con dudgc goi 1a entropy vi phan.

Khi c6 hai phan phdi xdc sudt P(x) va Q(z) trén cing mot bién ngiu nhién z, ta c6
thé do ludng su khac biét giita hai phan phéi nay bang d6 phan ky Kullback-Leibler (KL

divergence):

P(x)
Q(x)

Dgr(P | Q) =E,p {log } = E,pllog P(z) — log Q(z)]. (3.69)

Trong trudng hop bién rdi rac, do phan ky KL do lugng thong tin du thita (tinh theo
bit néu diing log co s6 2, hoic theo nat néu dung log tu nhién) can thiét d€ giri mot thong
diép chida cac ky hiéu dudc 14y ti phan phdi P, khi ta st dung mot ma t6i vu héa cho phan
phdi Q.

Do phan ky KL c6 nhiéu tinh chit quan trong, trong d6 dang chi y nhét 1a tinh khong
am: Dy (P || Q) > 0, va chi biang 0 khi P = ( (trong trudng hop rdi rac) hodc "hau nhu
bing nhau"trong trudng hdp lién tuc.

Tuy nhién, d6 phan ky KL khong dbi xiing, tic 1a:
Dir(P || Q) # Dkr(Q || P). (3.70)

Diéu nay c6 y nghia quan trong khi lya chon st dung Dy (P || Q) hay Dk (Q || P)
trong thuc té. Xem Hinh 3.6 d¢€ hiéu 16 hon

0.7

0.6} .

0.5F .

0.4}F B

0.3}F —

0.2} g

Shannon entropy in nats

0.1

0‘0 | | | |
0.0 0.2 0.4 0.6 0.8 1.0

Hinh 3.5: Entropy Shannon ctia bién ngiu nhién nhi phan, cho thiy cich phan phdi gan nhu xic
dinh c6 entropy thap, trong khi phan phdi gan déu c6 entropy cao. Truc hoanh biéu dién p, xdc suét
d€ bién ngiu nhién bang 1. Entropy dudc tinh bsi cong thic H(p) = (p — 1) log(p — 1) — plog p.
Khi p gan 0 hoic 1, phan phdi gan nhu xac dinh, do d6 entropy thap. Khi p = 0.5, phan phbi déu,
do dé entropy dat gid tri 16n nhét.

Mot dai Iugng lién quan chit ché dén do phan ky KL la entropy chéo H(P,Q) =
H(P) + Dgr(P||Q), tuong ty nhu do phan ky KL nhung thiéu s6 hang bén tréi:
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H(P,Q) = ~E,-plog Q). (3.71)

Viéc giam thi€u entropy chéo d6i véi Q) tuong duong véi viéc giam thi€u do phan ky
KL, vi  khong tham gia vao s6 hang bi bd qua.

Khi tinh todn nhiéu dai luogng nay, thudng gip cic biéu thic dang 0log 0. Theo quy
udc, trong ngit canh ly thuyét thong tin, ta xem cac biéu thiic nay nhu lim,_,q z logz = 0.
3.14 M Hinh Xéc Suat C6 Chu Tric

Céc thuat todn hoc mdy thudng lién quan dén phan phdi xac suét trén mot sd lugng 16n
cdc bién ngau nhién. Thong thudng, cdc phan phdi xdc suit niy bao gdm céc tuong tic
truc tiép gitta mot s6 bién tuong ddi it. Viéc st dung mot ham don 1é d€ mo ta toan bo

phan phdi x4c suit chung c6 thé rit kém hiéu qua (ca vé mit tinh toan va théng ké).

q* = argmin, Dk, (p||q) q" = argmin, Dy, (¢||p)

— p(x)
—-= q%z)

Probability Density
Probability Density

Hinh 3.6: D phan ki KL khong ddi xdng. Gid st ching ta ¢6 mot phan phdi p(z) va mubn
xap xi n6 bang mdt phan phdi khic g(z). Ching ta c6 thé chon tdi thidu héa D1, (P||q) hodc
Dy (q||P). Ching ta minh hoa anh hudng ctia Iya chon nay bing cach st dung hdn hgp hai
Gaussian cho p va mdt Gaussian don cho q. Lua chon huéng ctia dd phan ky KL phu thudc vao bai
toan. Mot sb ting dung yéu cau mot xap xi thudng dit xdc suat cao & bt ky ddu ma phan phdi thuc
su dit x4c suét cao, trong khi cic ting dung khéc yéu cau mot xAp xi hiém khi dit xdc suét cao &
bét ky dau ma phan phdi thuc sy dit xac suat thap. Lua chon huéng ctia d6 phan ky KL phén anh
xem xét nao trong sb nay dudc wu tién cho mébi ing dung. (Bén trai) Anh hudng ctia viéc tdi thiéu
héa D, (P||q). Trong trudng hop nay, ching ta chon mdt ¢ ¢6 xédc suit cao & noi p c6 xc suét
cao. Khi p c¢6 nhiéu mode, ¢ chon 1am md& ciac mode lai v6i nhau, d€ dit khdi luong xac suit cao
vao tt ca ching. (Bén phai) Anh hudng ciia viéc i thidu héa Dy (q||p). Trong trudng hgp nay,
chiing ta chon mdt ¢ c6 xdc suit thip & noi p ¢ xdc suét thap. Khi p c6 nhiéu mode dudc tich biét
dd rong, nhu trong hinh nay, do phan ky KL dudc t6i thi€u héa biang cach chon mot mode don, dé
tranh dit khoi lugng xdc sudt trong cdc ving xdc sudt thap gita cic mode cia p. O ddy, ching ta
minh hoa két qua khi ¢ dugc chon dé€ nhAn manh mode bén trdi. Chiing ta ciing c6 thé dat dudc
gia tri tuong duong ciia d6 phan ky KL bang cach chon mode bén phai. Néu cdc mode khong dugc
tach biét bdi mot ving xdc suét thAp di manh, thi huéng nay ctia do phan ky KL van c6 thé chon
lam md cac mode.

Thay vi ding mdt ham duy nhat dé biéu dién mot phan phdi xdc suit, ta c6 thé tich
phan phdi d6 thanh nhiéu thanh phin nhd hon rdi nhan ching lai v6i nhau. Chang han,
gia st ta c6 ba bién ngiu nhién: a, b va c. Gia st @ anh hudng dén gia tri ctia b, va b anh
hudng dén gid tri cla ¢, nhung a va ¢ doc 1ap v6i nhau khi biét b. Khi d6, ta c6 thé biéu
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dién phan phdi x4c suit trén ca ba bién nay dudi dang tich ctia cic phan phéi xdc suit trén

hai bién:

pla;b,¢) = pla)p(b | a)p(c | b). (3.72)

Nhiing phan ri nay gitip gidm dang k€ s6 lugng tham sb can thiét &€ mo ta phan phoi.
MBbi thanh phan chi dung s6 lugng tham s6 theo cap s6 mii ctia s6 bién trong thanh phan
d6. Do d6, ta c6 thé gidm chi phi bi€u dién mot phan phdi néu tim dudc cich phan ra

thanh cac phan phdi trén it bién hon.

Ta c6 thé mo ta nhiing kiéu phan ra nay bang dd thi. O day, "dd thi"dugc hiéu theo
nghia 1y thuyét do thi: mot tap hop cac dinh (node) c6 thé dugc két ndi véi nhau bdi cic
canh (edge). Khi ta biéu dién su phan ra ctia mot phan phdi xac suit bang do thi, ta goi d6
12 md hinh xdc sut ¢6 cu tric hodc mo hinh dd thi (graphical model).

C6 hai loai chinh ctia md hinh xéc sut ¢ ciu tric: c¢6 huéng (directed) va vd huéng
(undirected). C4 hai loai md hinh d6 thi déu st dung mot do thi G, trong d6 mdi niit tuong
ting v6i mdt bién ngau nhién, va mot canh két ndi hai bién ngiu nhién biéu thi rang phan

phdi xéc suét c6 thé biéu dién dugc tuong tac truc tiép gilia hai bién dé.

M5 hinh ¢6 hudng st dung cc canh c6 hudng (directed edges), va chiing biéu dién
viéc phan rd thanh cdc phan phdi xdc suit diéu kién nhu trong vi du & trén. Cu thé, mot
mo hinh c6 huéng chita mot thanh phan cho mdi bién ngau nhién z; trong phan phdi, va
thanh phan d6 bao gdm phan phdi diéu kién trén z; khi biét cac "cha"(parents) cla z;,
dugc ky hiéu 1a Pag(x;):

p(x) = H p(z; | Pag(z;)). (3.53)

Xem Hinh 3.7 d€ c6 mot vi du vé do thi c6 huéng va viéc phan rd phan phdi xac suit
ma né biéu dién.

M5 hinh vd huéng st dung cac d6 thi v6i cac canh khong ¢ huéng, va ching biéu
dién su phan ra thanh mot tip hop cac ham sb6. Khong giébng nhu trudng hop c6 hudng,
cac ham ndy thuong khong phai 1a cac phan phbi x4c suat.

Bit ky tap hop cic nit nao trong do thi G ma tit ca cdc nit déu duodc két ndi truc tiép
v6i nhau dugc goi 12 mot clique. Mdi clique C¥) trong mot mo hinh vo huéng sé dugc gan
v6i mot hé sb (factor) ¢ (C™). Cac hé sb nay chi 1a cdc ham s, khong nhét thiét phai 1a
phan phdi xdc suit.
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Hinh 3.7: M6 hinh d thi c6 hudng trén cac bién ngiu nhién a, b, ¢, d va e. Do thi nay tuong tng
véi cac phan phdi xdc suét c6 thé dudc phan ra thanh céc thanh phan nhu sau:

pla,bc,d,e) = p(a)p(b | a)plc | a,b)p(d | b)p(e | ). (3.73)

M5 hinh d thi nay gidp ta nhanh chéng nhan thiy mot s6 thudc tinh ctia phan phoi.
Vi du, a va c tuong tic truc tiép, nhung a va b chi tuong tac gidn tiép thong qua c.

Pau ra cia mdi thanh phan (factor) phai khdng 4m, nhung khong c6 rang budc nio yéu

cau tng hay tich phan ctia thanh phan d6 phai bang 1 nhu trong phan phdi xéc suit.

Xdc sult ctia mot ciu hinh ctia cac bién ngiu nhién ty 1 thuan vdéi tich clia tat ca cac
thanh phan — nhiing gén gid tri tao ra gia tri thanh phan 16n hon thi cang c6 xac suit cao
hon. Tét nhién, khong c6 gi ddm bdo ring tich nay sé bang 1. Do do, ta chia cho mot hiang
s6 chuin héa Z, dugc dinh nghia 1a téng hoic tich phan qua tit c4 cic trang théi cda tich

cic ham ¢ d€ thu dudc mot phan phdi xdc suat chuin hoéa:

Mﬂz%H¢WM) (3.74)

Xem Hinh 3.8 d€ thiy vi du vé mot do thi vo huéng va su phan tich thanh cic thanh
phan ctia phan phdi xdc sut ma né biéu dién.

Hay nhd rang cc biéu dién do thi ctia su phan tich thanh nhan ti 13 mot ngdn ngit dé
mo ta cac phan phdi xdc suat. Ching khong phai 13 nhitng ho phan phdi xdc suit loai trir
14n nhau. Viéc c¢6 huéng hay vo huéng khong phai 1a thudc tinh cia mot phan phdi xéc
sult; d6 1a thudc tinh ctia mot mo ta cu thé vé mot phan phdi xdc suat, nhung bat ky phan

phoi xdc suat nao ciing ¢ thé duge md ta theo ca hai cach.

Trong suot phan 1 va 2 cua cuon sach nay, chung t6i st dung cdc md hinh xac suat cé

céu truc.
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Hinh 3.8: M6 hinh db thi vo hudng trén céc bién ngiu nhién a, b, ¢, d va e. Dd thi nay tuong ding
véi cdc phan phdi xdc suét c6 thé duge phan tich thanh nhan ti nhu sau:

pla,b,c,d,e) = %qb(l)(a, b, c)p? (b, d)p® (¢, e). (3.75)

Mo hinh do thi nay cho phép chiing ta nhanh chéng nhin ra mot sb thudc tinh ctia phan
phdi. Vi du, a va c tuong tac truc tiép, nhung a va e chi tuong tac gian tiép thong qua c.

M hinh nay chi don thuan 12 mot ngodn ngit d€ mo td mbi quan hé xac sut truc tiép
ma céc thuit todn hoc may khac nhau lua chon d€ biu dién. Khong can phai hiéu thém
vé cac md hinh x4c suét ¢6 cu triic cho dén khi thdo luan vé cac chii dé nghién cifu, trong

phan 3, noi ching ta kham pha cdc m6 hinh xac suat ¢ cau tric chi tiét hon nhiéu.

Chuong nay da téng hop nhiting khdi niém co ban cla ly thuyét xac sut c6 y nghia
nhét ddi v6i hoc sau. Van con mot nhém cdng cu todn hoc quan trong khic can kham pha:
cac phuong phap sb.
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Céc thuat toan hoc mdy thudng yéu cau mot luong 16n cac phép tinh sb. Diéu nay
thudng dé cap dén céc thuit toan gidi quyét cac bai todn todn hoc bang nhiing phuong
phdp cip nhat udc lugng clia nghiém thong qua mot qud trinh lip, thay vi tim kiém mot
cong thiic biéu dién nghiém chinh x4c theo cich gii tich.

Céc phép toan phd bién bao gdm t6i wu hod (tim gid tri ctia d6i s6 sao cho mot ham dat
cuc ti€u hodc cuc dai) va giai hé phuong trinh tuyén tinh. Tham chi, chi cin danh gid mot
ham toan hoc trén mdy tinh s6 ciing c6 thé gip khé khin khi ham d6 lién quan dén cac s6
thuc, bdi vi chiing khong thé dudc biéu dién chinh xdc hoan toan bang mot ludng bd nhé
httu han.

4.1 Tran S6 va Mét Dit Liéu

Kh6 khin co ban khi thuc hién cac phép todn lién tuc trén mdy tinh s6 1a viéc phai biéu
dién vo s6 céc sd thuc bﬁng mot s6 lugng bit hitu han. Piéu nay din dén viéc hau hét cic
s6 thuc khi dugc biéu dién trong may tinh s& gip mot s6 sai s6 xap xi. Trong nhiéu trudng
hop, day chi 1a sai sb 1am tron. Tuy nhién, sai sd nay tré nén nghiém trong khi tich lily qua
nhiéu phép todn, va c6 thé 1am cho céc thuit todn von hoat dong tot vé miit 1y thuyét lai
that bai trong thuc t& néu ching khong dudc thiét ké dé giam thiéu su tich iy cda sai s6

lam tron.

Mot dang sai s6 1am tron dic biét nguy hiém 12 mat dit liéu (underflow). Hién tugng
nay xay ra khi cdc s c6 gia tri rit nhé gan 0 bi 1am tron thanh 0. Nhiéu ham s sé cho két
qua khdc biét ding ké khi dau vao ctia ching 14 0 thay vi mot gia tri duong rit nhd. Vi du,
chiing ta thudng mudn tranh phép chia cho 0 (trong mot s6 moi trudng phan mém, diéu
nay sé kich hoat mot ngoai 1€, hoic tra vé mot gia tri dic biét nhu “khong phai 1a s6” —
NaN). Tuong tu, viéc iy logarit ctia 0 thudng dudc xem 1a —oo, diéu nay c6 thé din dén

cdc gia tri khong xdc dinh khi tham gia vao nhiéu phép toan khac.

Mot dang sai s6 s6 hoc khac ciing gdy hau qua nghiém trong 12 tran s6 (overflow). Tran
s6 xay ra khi cac s6 c6 do 16n rét 16n dudc xap xi thanh oo hodic —oo. Cac phép toan tiép
theo trén nhiing gid tri nay thudng sé bién chiing thanh céc gia tri khong xac dinh (NaN).

Mot vi du vé ham can dudc 6n dinh d€ tranh underflow va overflow 13 ham softmax.
Ham softmax thuong dudc st dung d€ du doan xac suét lién quan dén phan phbi multinoulli.
Softmax dugc dinh nghia la:

exp(x;)

SOftmaX(X)i = m
j=1 j

4.1)

Xét trudng hop tét ci cac x; déu bang mot hang sd c. Vé mit ly thuyét, ta c6 thé thiy tat
ca cdc dAu ra ctia softmax sé bang % Tuy nhién, vé mit tinh todn, diéu nay c6 thé khong

xay ra khi ¢ ¢6 do 16n 16n.
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Gia st c rat 16n va mang gid tri am, khi d6 exp(c) sé tién vé 0, din dén mau sb cta
softmax bﬁng 0, khién két qua tré nén khong xac dinh. Ngugc lai, khi ¢ rat 16n va duong,

exp(c) sé tran s6 (overflow), mdt 14an nita 1am cho biéu thiic tré nén khong xac dinh.

C4 hai vin dé nay déu c6 thé dugc giai quyét biang cach danh gid softmax theo cong
thuc:

softmax(z) v6i z = x — max z; 4.2)

Theo phép bién ddi dai s6 don gian, gid tri clia ham softmax khong thay d6i khi ta
cong hodc tru mot hﬁng s6 vao toan bo vector dau vao. Viéc trit max; z; sé dam bao rﬁng
dbi s6 16n nhat ctia ham mii exp 1a 0, loai bé kha ning tran s (overflow). Pong thdi, it
nhit mot s6 hang trong mau s sé c6 gia tri 1a 1, loai bd kha ning xay ra hién tuong hut

s6 (underflow) trong mau s6 dan dén chia cho 0.

P4y van con 1a mot van dé nhé: hién tuong underflow & ti sd c6 thé khién biéu thiic
tra vé& két qua 12 0. Néu ta tinh log softmax(x) bang cich chay softmax truéc roi méi lay

log, ta c6 thé nhan két qui —oo mot cich sai 1am.

Do dé6, can phai xdy dung mot ham riéng dé tinh todn log softmax mot cach 6n dinh
vé mit sd hoc. Ham log softmax c6 thé dudc dn dinh bang meo tuong tu nhu khi 6n dinh

ham softmax.

Phan 16n, ching t6i khong trinh bay chi tiét tit ca cdc vin dé vé tinh todn s6 lién quan
dén viéc trién khai cdc thuat toan khac nhau dudc mo ta trong cudn sach nay. Cac nha phat
trién thu vién cip thap nén luu y dén cic van dé sb hoc khi trién khai cdc thudt toan hoc
sau. Phan 16n ngudi doc cudn sach nay c6 thé dua vao cac thu vién cip thip di cung cap
céc ban cai dit 6n dinh. Trong mot sd trudng hop, c6 thé trién khai mot thuit toan méi va
cho phép ban cai dit méi d6 tu dong dn dinh. Theano (Bergstra et al., 2010; Bastien et
al., 2012) 1a mot vi du vé g6i phan mém c6 kha ning tu dong phat hién va 6n dinh nhiéu
biéu thiic thudng xuyén khong 6n dinh vé mit sd hoc trong bdi canh hoc sau.

4.2 Piéu kién kém (Poor Conditioning)

Diéu kién (Conditioning) dé cip dén miic 46 ma mot ham thay ddi khi c6 mot su thay
ddi nhé trong dau vao. Cac ham thay d6i nhanh khi dau vao bi xdo tron mot chit c6 thé
gily ra van dé trong tinh toan khoa hoc, vi 16i 1am tron trong dau vao c6 thé din dén thay
ddi 16n trong két qua dau ra.

Xét ham s6 f(x) = A~'x. Khi A € R™ " c6 phan rd gia tri riéng (eigenvalue

decomposition), chi s diéu kién (condition number) ctia né dudc dinh nghia nhu sau:

max
(Y]

) 4.3)

i
Aj

Day 1a ty sb giita tri tuyét dbi clia tri riéng 16n nhét va tri riéng nhd nhit. Khi chi sd

nay 16n, viéc nghich dao ma tran dac biét nhay cam véi cac sai so trong dau vao.
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Tinh nhay cdm nay 1a mot thudc tinh ndi tai cia chinh ma tran, chi khong phéai do 16i
lam tron trong qud trinh nghich d4o ma tran. C4c ma tran c6 diéu kién kém sé& khuéch dai
nhiing sai s6 c6 sin khi ta nhan vé6i nghich d4o thuc ctia ma tran. Trén thuc té, sai s6 con

tré nén trAm trong hon do céc 16i s hoc trong chinh qua trinh nghich do.

4.3 Tbi uu héa dua trén Gradient (Gradient-Based Optimization)

Hau hét c4c thuat toan hoc sau déu lién quan dén mot dang tdi vu héa nao dé. Toi vu
héa d& cap dén nhiém vu t6i thi€u héa hoic t&i da héa mot ham s6 f(x) bing cach thay
ddi x. Thong thudng, ching ta biéu dién hau hét cac bai toan t6i wu héa dusi dang bai
toan tbi thi€u héa f(x). Viéc tdi da héa c6 thé dugc thuc hién thong qua mot thuat toan
t6i thiéu héa bing céch cyc tiéu héa — f(x).

Ham ma ta mudn tdi thiéu héa hoic t6i da héa dudce goi 12 ham muc tiéu (objective
function) hoic tiéu chi (criterion). Khi ta t6i thi€u héa né, ta ciing c6 thé goi 1a ham chi phi
(cost function), ham mét mat (loss function), hoic ham 13i (error function). Trong cudn
sach nay, chiing toi st dung cac thuat ngii nay thay thé cho nhau, mic dit mot sd tai liéu

vé hoc mdy gan y nghia dic biét cho tiing thuat ng.

Chiing ta thuong ky hiéu gia tri cuc tiéu hodc cuc dai ciia mot ham bang diu mi . Vi

du, ta c6 thé viét:

x* = argmin f(x). (4.4)
2.0 | I | | | | 1
N /
1ok » Global minimum at = = 0. V-
N Since f'(x) =0, gradient P
1ok N descent halts here. P |
. N P
~ s
0.5k R
~ -~
S -
0.0 |- S~ L= i
’ For @ < 0, we have ['(z) . For x = 0, we have f'(x) >|0,
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—0.5 moving rightward. moving leftward. .
1.0 .
— . f@) =14
15k ) .
I _f (r) =T
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Hinh 4.1: Gradient descent. Minh hoa cdch thuit toan gradient descent st dung dao ham ctia mot
ham sb dé 1an theo huéng dbc xudng va tim dén diém cuc tiéu.

Gia st ta c6 mot ham s6 y = f(z), trong d6 ca x va y déu 1a cac s6 thuc. Pao ham ciia
ham nay dudgc ky hiéu 1a f/(z) hodc 2. Pao ham f’(x) cho biét do ddc cta f(z) tai diém
x. N6i cach khéc, né xac dinh cach thiic thay ddi nho & dau vao sé tic dong dén dau ra
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nhu thé nao:

f@+e) = f(z)+ef(z) (4.5)

Do d6, dao ham rat hitu ich trong viéc cuc ti€u héa mdt ham vi né cho ta biét can thay
d6i  nhu thé nao d€ tao ra sy cai thién nhd trong y. Vi du, ta biét rang f(z —e sign(f’(x)))
nho hon f () khi e dii nhd. Vi vy, ta c6 thé gidm f(z) bing cach diéu chinh 2 theo nhiing
budc nhd theo huéng ngudc lai v6i diu cia dao ham. Ky thuat nay dudc goi la gradient
descent (Cauchy, 1847). Xem Hinh 4.1 dé c6 vi du minh hoa cho k¥ thuét nay.

Khi f/(z) = 0, dao ham khong cung cip thong tin vé huéng di chuyén. Céc diém ma
f'(z) = 0 dugc goi 1a di€m t6i han (critical points) hodc diém ding (stationary points).
Mot cuc tiéu dia phuong (local minimum) 12 mot diém ma f(z) nhd hon tit ca cac diém
lan can, vi vay khong thé giam thém f(z) bing cach thuc hién nhiing budc nhd. Nguge
lai, mot cuc dai dia phuong (local maximum) 1a diém ma f(z) 16n hon tat ca cac diém lan

A

can.

Minimum Maximum Saddle point

Hinh 4.2: Céc loai diém t6i han. Vi du vé ba loai diém t6i han trong khong gian mot chiéu.
Mot diém t6i han 1a diém c6 d6 doc bang khong. Piém nay c6 thé 1a cuc tiéu dia phuong (local
minimum), ndi gid tri nhd hon so vé6i cac diém 14n can; cuc dai dia phuong (local maximum), noi
gié tri 16n hon so véi cdc diém Ian cin; hodc diém yén ngua (saddle point), noi cac di€ém 1an can
¢6 gia tri vita 16n hon vira nhé hon chinh né.

Trong qua trinh tim cuc tri cia mot ham s6 f(x), c6 nhiing diém ma tai d6 khong thé
ting gia tri clia f(x) bang cich thuc hién nhiing budc nhd vo han. Nhiing diém nhu vay
dudc goi 1a diém tdi han.

Khong phai tit ca cdc diém t6i han déu 1a cuc dai hodc cuc tiu. Mot sb diém t6i han
c6 tinh chat dic biét, goi 1a diém yén ngua (saddle points). Tai nhitng diém nay, hAm s6
c6 thé gidm theo mot hudng va ting theo mdt hudng khdc, tao ra su khong 6n dinh trong
qua trinh t6i uu héa. Xem Hinh 4.2 d€ thy vi du vé tling loai diém t&i han.

Mot diém ma tai d6 f(x) dat gid tri thap nhat tuyét dbi dugc goi 1a cuc tiéu toan cuc
(global minimum). Mot ham s6 ¢6 thé chi ¢c6 mot cuc ti€u toan cuc hodc c6 nhiéu cuc tiéu

toan cuc. Ngoai ra, ¢6 thé ton tai cic cuc ti€u dia phuong khong phai 1 cuc tiéu toan cuc.

Trong bdi canh hoc sau, ching ta téi wu héa cdc ham s ¢ thé c6 nhiéu cuc tiéu dia
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phuong khong t6i wu va nhiéu diém yén ngua dudc bao quanh bdi cac ving rit phang. Tat
ca nhitng diéu nay 1am cho viéc tdi vu héa trd nén kho khin, dic biét 1a khi dau vio cla
ham s6 14 da chiéu. Do d6, chiing ta thudng chip nhan tim mot gid tri ctia f dd thap nhung
khong nhit thiét phai 1a gid tri nhé nhat theo nghia chit ché. Xem Hinh 4.3 dé biét vi du

minh hoa.

Chiing ta thudng tdi vu héa cac ham s6 c6 nhiéu dau vao: f : R® — R. D& khdi niém

“t6i wu héa” c6 y nghia, dau ra ctia ham sb d6 phai 1a mot gia tri vo huéng duy nhét.

Véi cac ham sb c¢6 nhidu dau vao, ching ta cin st dung khdi niém dao ham riéng
(partial derivatives). Pao ham riéng % f(x) do ludng sy thay d6i cta f khi chi c¢6 bién z;

thay d6i tai diém z.

Gradient la su tdng quit héa khai niém dao ham cho trudng hop dao ham theo mot
vector: gradient clia f 12 vector chia tt ca cic dao ham riéng, dugc ky hiéu 1a V. f(z).
Phan ti thi 7 ctia gradient 12 dao ham riéng ctia f theo z;. Trong khong gian nhiéu chiéu,

cac diém t6i han 14 nhitng di€ém ma moi phan ti ciia gradient déu bang khong.

This local minimum
performs nearly as well as
the global one,

s0 it is an acceptable
halting point.

— | Ideally, we would like
to arrive at the global
minimum, but this

might not be possible.

This local minimum performs
poorly and should be avoided.

r

Hinh 4.3: Téi uu héa xip xi. Cac thuat toan t6i uu héa c6 thé khong tim dudc cuc tiéu toan cuc khi
ton tai nhiéu cuc tiéu cuc bo hoic cic ving binh nguyén. Trong bbi canh hoc sau, chiing ta thudng
chip nhan cédc nghiém nhu vay du ching khong thuc su 12 cuc tiéu tuyét d6i, mién 1a chiing tuong
ing v6i cdc gid tri dd thip cta ham chi phi.

DPao ham theo huéng (directional derivative) theo huéng u (mot vector don vi) cho biét
do dbc ctia ham f theo huéng u. N6i cach khac, dao ham theo huéng 1a dao ham ctia ham

f(x 4 au) theo o, dugc tinh tai o = 0. St dung quy tic chudi, ta c6:

%f(x + au) =u' V. f(x) (4.6)

a=0

D& t6i thi€u héa f, ta mudn tim huéng ma f giam nhanh nhét. C6 thé 1am diéu nay bing
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cach st dung dao ham theo huéng:

min u' V,f(x) 4.7)
u,u’u=1
= Ul1112151:1||u||2||Vgcf(X)||2 cos (4.8)

Trong do, 6 1a géc gitta u va gradient. Vé6i diéu kién ||ully = 1 va bd qua céc yéu td
khong phu thudc vao u, bai todn trd thanh min,, cos #. Bai toan nay dat gid tri nhd nhat
khi u chi theo huéng ngudc lai véi gradient. N6i cach khac, gradient tro theo huéng leo
dbc, trong khi gradient &m tré theo huéng di xudng.

Do d6, ta c6 thé giam f bang cach di chuyén theo huéng ciia gradient am. Phuong
phdp nay dudc goi 1a phuong phdp ha doc nhét (method of steepest descent), hay thudng
dugc biét dén 1a gradient descent.

Phuong phap ha gradient d& xuit mot diém méi nhu sau:

x' =x—€eV,f(x) 4.9)

Trong d6, € 1a téc d6 hoc (learning rate), mot hang sd duong xac dinh kich thuée cia
budc di chuyén. Chiing ta c6 thé chon e theo nhiéu cach khac nhau. Mot cach phd bién 12
dit € 12 mot hiang s6 nho. Doi khi, ta c6 thé giai d€ tim kich thudc bude lam cho dao ham
theo huéng triét tiéu. Mot céch tiép can khac 1a danh gid f(x — eV, f(x)) v6i nhiéu gia tri
¢ khic nhau va chon gi4 tri cho két qua nho nhét cia hAm muc tiéu. Chién lugc nay dudc
goi 1a tim kiém theo dudng thang (line search).

Phuong phap ha gradient hdi tu khi moi phan ti ctia gradient bang khong (hoic trong
thuc té 12 rdt gin bang khong). Trong mot sb trudng hop, ta c¢6 thé tranh viée lip lai thuat
toan va nhay truc tiép dén di€m tSi han bing cch gidi phuong trinh:V, f(x) = 0 theo

Mic du phuong phdp gradient descent bi gi6i han trong viéc t6i vu héa trén khong gian
lién tuc, y tudng lip lai viéc thuc hién mot bude nhod (gan nhu 1 bude di tot nhit) dé tién
t6i cAu hinh t6t hon c6 thé dudc khéi quat héa cho khong gian 18i rac. Viée leo 1én gid tri
ctia mot ham muc tiéu trong khong gian tham s6 ri rac dudc goi 1a leo doi (hill climbing)
(Russel and Norvig, 2003).

4.3.1 Vuot ra ngoai Gradient: Ma tran Jacobian va Hessian
Péi khi, ching ta can tim tit ca cdc dao ham riéng ctia mot ham ma dau vao va dau ra
déu 1 c4c vector. Ma tran chiia tit ci cdc dao ham riéng dé dudc goi 12 ma tran Jacobian.
Cu thé, néu ta c6 mot ham f : R™ — R”, thi ma tran Jacobian J € R™*™ cuia f dudc
. ~ 1 9
dinh nghiala J; ; = aij(:v)i.

Doi khi, ching ta ciing quan tim dén dao ham ctia mot dao ham, hay con goi 1a dao
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ham bac hai. Vi duy, v6i mot ham f : R" — R, dao ham theo x; cua dao ham cia f theo
x; duge ky higu 1a 52— f.
10T

Trong trudng hop mot chiéu, ta c6 thé ky hiéu % fla f"(z). Pao ham bac hai cho
chiing ta biét dao ham bac nhat sé thay ddi nhu thé nao khi ta thay doi dau vao. Diéu nay
quan trong vi n6 cho biét liéu mot budc theo gradient c6 cai thién nhiéu nhu mong doi

hay khong dua trén gradient don thuan.

Ta c6 thé nghi vé dao ham bac hai nhu 12 phép do dd cong (curvature). Gia st ta c6
mot ham bac hai (nhiéu ham trong thuc té khong phai 1 bac hai nhung c6 thé x4p xi 1a
bac hai & pham vi nhd). Néu mot ham nhu vy c6 dao ham bac hai biang khong, thi khong
c6 do cong nao ca — dd thi ham 1a mot dudng phang hoan hio va gia tri ctia n6 ¢ thé
dugc du doan chi bang céach st dung gradient.

Néu gradient 12 1, ta c6 thé thuc hién mot budc véi kich thuée e doc theo hudng gradient
am, va gid tri ham s6 sé& gidm di . Néu dao ham bac hai 1a 4m, ham sé cong xubng, do
d6 gia tri ham s6 s& gidm nhiéu hon e. Cudi cuing, néu dao ham bac hai 1a duong, ham sé

cong Ién, lam cho gid tri ham giam it hon e.

Negative curvature No curvature Positive curvature

T T xr

Hinh 4.4: Dao ham bic hai xdc dinh d6 cong ctia mot ham. O déy, chiing ta minh hoa céc ham bac
hai v6i nhitng d6 cong khic nhau. Pudng nét diit cho thiy gid tri clia hAm mit mat ma ta mong
doi dua trén thong tin tif gradient khi thuc hién mot bude theo huéng gidm dan cta gradient. Véi
do cong Am, ham méAt mat thuc su gidm nhanh hon so v6i du dodn clia gradient. Khi khong c6 do
cong, gradient dy doan chinh xac mdc giam. Véi dd cong duong, ham giam chadm hon so véi mong
doi va cubi cling bat dau ting 1én. Do d6, néu cac buéc di qua 16n, gid tri ham c6 thé vo tinh ting
1én.

Nhin Hinh 4.4 dé thiy dudc cach ma cac dang do cong khac nhau 4nh huéng dén mbi
quan hé gifta gid tri ciia ham méat mat du dodn bdi gradient va gia tri thuc

Khi mot ham sb c6 nhiéu bién dau vao, ching ta c6 thé tinh dao ham bac hai theo
tiing cip bién. Cac dao ham bac hai ndy dudc gom lai thanh mot ma tran goi 1a ma tran
Hessian. Ma tran Hessian H( f)(x) dugc dinh nghia nhu sau:
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82

H(f)(X)m’ = 0101

f(x). (4.10)

Tuong ducng, Hessian ¢ thé xem 1a ma tran Jacobian cla gradient.

Néu cic dao ham bac hai ctia ham s lién tuc, thi tu 1iy dao ham c6 thé hoan ddi:

0? 0?
81318]3]']0()() n (‘3%8@

f(x). 4.11)

Diéu nay c6 nghia 1a H; ; = H,,;, nén ma trin Hessian 1a d6i xting tai nhitng di€m do.
Trong linh vuc hoc sau, phin 16n cac ham so ma ta lam viéc c6 ma tran Hessian doi xung

gan nhu & moi noi.

Vi Hessian 12 ma tran thuc va dbi xing, ta c6 thé phan ra n6 thanh mot tap gid tri riéng
thuc vA mot co sé truc chudn clia vector riéng. Pao him bac hai theo mdt huéng nhat dinh,
dugc biéu dién bdi vector don vi d, dudc tinh bang d”Hd. Néu d 1a mot vector riéng clia
H, thi dao ham béc hai theo huéng d6 chinh 1a gid tri riéng tuong ting. Néu d khong phai
12 vector riéng, dao ham bac hai theo huéng d 1a mot trung binh c6 trong s6 clia tit ci cic
gia tri riéng, vdi trong s6 tir 0 dén 1. Céc vector riéng c6 goc nhéd hon véi d sé 6 trong sb
cao hon. Gi4 tri riéng 16n nhit x4c dinh d6 cong 16n nhat ctia ham (dao ham béc hai 16n

nhat), con gid tri riéng nhd nhit x4c dinh d6 cong nhd nhit.

Pao ham bic hai theo mot huéng nhét dinh cho ta biét mic do hiéu qua ctia budc nhay

trong thuat toan Gradient Descent. Chiing ta c6 thé x4p xi Taylor bac hai ctia ham s6 f(x)

quanh diém hién tai 2(*):

f(x) = f(x) + (x —xTg + %(X — xNTH(x — x©), (4.12)

trong d6 g 1a gradient va H 13 Hessian tai 2(°). Néu ta sit dung mot téc do hoc e, thi

diém méi = sé dudc thay thé thanh 2(©) — eg., ta c6:

1
[ —eg) ~ f(a®) — eg"g + Se’s" He. (4.13)

C6 ba thanh phan trong phuong trinh nay:

- Gi4 tri ban dau cda ham sb.

- Su cai thién do gradient quyét dinh.

- Su diéu chinh do dd cong ctia ham s quyét dinh.

Néu thanh phan cudi qua 16n, Gradient Descent c6 thé di chuyén ngugc huéng tbi uu.
Khi g”Hg bing khong hodc am, viéc ting e sé lam cho ham s ting 1én mai mai. Trong

thyc té, Taylor series chi chinh x4c trong mot khodng nho, nén ta can chon e hop ly. Khi
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gT"Hg duong, gid tri € ti vu la:

€ = : (4.14)

Trong trudng hdp x4u nhit, khi g thang hang véi vector riéng cia H ng véi gid tri
riéng 16n nhit Ay, thi kich bu6c nhay téi uu sé cho bdi €* = % O mic dd ma ham
chiing ta can t6i uu c6 thé dudc xap xi tét bdi mot ham bac hai, cic gid tri riéng clia ma

tran Hessian s& quyét dinh pham vi ctia téc do hoc.

Dao ham bac hai c6 thé dugc st dung dé xac dinh liéu mot di€m t6i han ¢6 phai 1a cuc
dai dia phuong, cuc ti€u dia phuong hay diém yén ngua hay khong. Nhic lai rang tai mot
diém t6i han, ta c6 f'(x) = 0. Néu dao ham bac hai thoa man f”(z) > 0, thi dao ham bac
nhét f'(z) ting dan khi di chuyén vé bén phai va gidm dan khi di chuyén vé bén trai. Diéu
ndy c6 nghia 1a tai diém z, ham s6 c6 xu hudng di xudng & bén trai va di 1én & bén phai,
tao thanh mot diém cuc ti€u dia phuong. Tuong tu, néu f'(z) = 0 va f”(z) < 0, thi dao
ham bac nhit giam khi di vé bén phai va ting khi di vé bén trdi, din dén diém cuc dai dia
phuong. Piéu nay dugc goi 1a kiém tra dao ham bac hai. Tuy nhién, néu f”(x) = 0, phép
thtt khong thé dua ra két luan dudc, va diém x c6 thé 1a mot diém yén ngua hoic mot phan
clia mién biang phang.

Trong khong gian nhiéu chiéu, d€ x4c dinh mot diém t6i han z ¢6 phai 1a cuc dai, cuc
tiéu hay diém yén ngua, ta can kiém tra tit ca cac dao ham bac hai ctia ham s6. Céch tiép
can phd bién 1a st dung ma tran Hessian H (') va phan tich céc tri riéng cda né.

Tai mot diém t6i han z, tdc 1a Vf(x) = 0, ta ¢6 thé xdc dinh ban chét cla diém nay
dua trén cac tri riéng cia ma tran Hessian:

 Néu Hessian 1a duong xdc dinh (tit ca cic tri riéng déu duong), = 12 mot diém cuc

tiéu.

 Néu Hessian 1a 4m xdc dinh (tt c4 cdc tri riéng déu am), x 12 mot diém cuc dai.

 Néu Hessian c6 ca tri riéng duong va am, x 1a mot di€m yén ngua.

* Néu c6 it nhit mot tri riéng bang 0, kiém tra nay khong két luan dudc va ta cin st

dung phuong phap khac.

Trong khong gian nhiéu chiéu, gid tri ctia céc tri riéng gidp ta hi€u vé do cong clia ham

s6 theo cac huéng khic nhau:
 Néu tit ca cac hudng déu cong 1én (tri riéng duong), ham s c6 mot cuc tiéu.
 Néu tit ca cac huéng déu cong xudng (tri riéng 4m), ham s6 c6 mot cuc dai.
 Néu c6 huéng cong 1én va hudng cong xubng, ta dang & diém yén ngua.
* Néu c6 it nhit mot tri riéng bang 0, ta can kiém tra thém vi c6 thé ton tai viing phang.

Vi du minh hoa 6 Hinh 4.5
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Cubi cung, kiém tra dao ham bAc hai trong khong gian nhiéu chiéu c6 thé khong dua
ra két luan, gibng nhu trong trudng hop mot bién sd. Viéc ki€m tra nay khong két luan
dugc khi tit ca cdc tri riéng khic 0 c6 cung diu, nhung it nhit mot tri riéng bing 0. Pidu
nay x4y ra vi trong mit cat tuong tng vdi tri riéng bang 0, kiém tra dao ham bac hai mot
bién ciing khong dua ra két luan ro rang.

Trong khong gian nhiéu chiéu, tai mot diém, ton tai nhiéu dao ham bac hai khic nhau
theo tiing huéng. S6 diéu kién ctia ma trin Hessian tai diém d6 do ludng mic do khac
biét gitta cac dao ham bac hai nay. Khi ma trAn Hessian c6 s diéu kién kém (tidc 1a c6
gia tri riéng 16n va nho chénh léch ddng ké), phuong phap ha dbc (gradient descent) hoat
dong kém hiéu qua. Nguyén nhén 1a do dao ham theo mot hudng c6 thé ting nhanh, trong
khi theo huéng khac lai ting chdm. Gradient descent khong nhan thic dudc su khac biét
nay, nén khong biét ring can vu tién khdm ph4 theo huéng ma dao ham van con 4m trong
thoi gian dai hon. S6 diéu kién kém ciing khién viéc chon kich thudc budc (step size) trd
nén kho khin. Kich thuéc budc phai di nhd dé tranh vudt qua cuc ti€u va di 1én & nhiing
huéng c6 dd cong duong manh. Tuy nhién, diéu nay thudng din dén budc nhdy qua nho,
khién tién trinh bi chim lai & nhiing huéng c6 dd cong yéu hon. Vi du minh hoa & Hinh
4.6

Hinh 4.5: Mot diém yén ngua 1a mot diém trong khong gian ma tai d6 ham s6 thé hién ca do cong
duong va d cong am theo céc huéng khic nhau. Mot vi du dién hinh 12 ham s6 f(z) = 2?2 — 3.
Doc theo truc 21, ham sb cong 1én trén, thé hién dic trung ctia mdt cuc tiéu cuc bd. Truc nay 1a
mot tri riéng ctia ma tran Hessian vdi tri riéng duong. Trong khi d6, doc theo truc 22, ham sb cong
xudng dudi, cho thiy dic trung clia mot cuc dai cuc bd. Truc nay 12 mot tri riéng ctia Hessian véi
tri riéng Am. Tén goi diém yén nguwa xuit phat tir hinh dang ctia do thi ham sd nay, gidng nhu mot
chiéc yén ngua. Day 12 mot vi du tiéu biéu clia mot ham s6 c6 diém yén ngua. Trong khong gian
nhiéu chidu, mot diém yén ngua khong nhit thiét phai c6 mot tri riéng bang khong. Piéu quan
trong 12 tai diém d6 ton tai ca tri riéng duong va tri riéng &m. Chiing ta c6 thé hinh dung mét diém
yén ngua nhu mot diém ma trong mdt mit cat nao dé, nd 1a cuc dai cuc bd, nhung trong mot mit
cit khdc, né lai 1a cuc tiéu cuc bo.
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Hinh 4.6: Thuit toan ha gradient (Gradient Descent) khong tan dung dudc day di thong tin vé do
cong c6 trong ma tran Hessian. Gia s ta st dung ha gradient d€ t6i uu mot ham bac hai f(x) c6
ma trin Hessian v6i sb diéu kién bang 5. Piéu nay c6 nghia 1a hudng c6 d6 cong 16n nhit gip nim
1an huéng c6 do cong nhé nhét. Trong trudng hop nay, do cong 16n nhit nim theo huéng [1,1]7,
trong khi do cong nhé nhét nim theo huéng [1, —1]7. Cac dudng mau do chi ra quy dao cia qua
trinh ha gradient. Him bAc hai niy c6 dang rat thudn dai, giébng nhu mot hém ndi dai. Do d6, ha
gradient thudng lang phi thdi gian khi lién tuc di xubng hai bén vach hém vi ching c6 do dbc 16n
nhét. Khi buéc nhdy qu4 16n, thuit toan c6 xu huéng vudt qua ddy ctia ham s va can phai di xudng
vach ddi dién trong lan lip tiép theo. Tri riéng duong 16n clia Hessian theo huéng nay cho thiy
rang dao ham theo huéng d6 ting nhanh, do d6, mot thuat toan téi wu dua trén Hessian c6 thé du
doan ring huéng c6 do dbc 16n nhit thuc ra khong phai 1a hudng tim kiém tot nhét trong trudng
hgp nay.

Mot trong nhiing phuong phap tdi wu héa st dung thong tin tif ma tran Hessian 12
phuong phap Newton. Phuong phap nay dua trén khai trién Taylor bac hai d€ xap xi mot

ham s6 f(x) gin mot diém x(©):
f(x) ~ f(x(o)) + (x — X(O))Tvxf(x(o)) + %(X — X(O))TH(f)(X(O))(X — X(O)). (4.15)

Gidi phuong trinh tim diém diing cia ham nay, ta thu dugc:

x* = xO — H(f)(xO) IV, f(x). (4.16)

Khi ham s6 f 12 mot ham bac hai xdc dinh duong, phuong phap Newton c6 thé tim
cuc tidu ctia ham s6 nay chi sau mdt 1an cip nhat bang phuong trinh 4.16. Trong trudng
hop f khong hoan toan 1a ham bac hai nhung cé thé x4p xi cuc bo bang mdt ham bac
hai xdc dinh duong, phucng phap Newton sé dudc lip di lip lai nhiéu 1an biang cach ap
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dung phuong trinh 4.16 nhiéu 1an. Viéc lién tuc cip nhat xap xi va nhay tdi diém cuc ti€u
ctia ham s6 gidp phuong phdp Newton hdi tu nhanh hon nhiéu so véi thuat todn gradient
descent thong thudng. Pay 1a mot vu diém dang ké khi diém t6i gan 1a mot diém cuc tiéu
dia phuong. Tuy nhién, phuong phap nay c6 thé gip vin dé khi diém tdi gan 1a diém yén
ngua (saddle point). Nhu da dé cap trong muc (8.2.3), phuong phap Newton chi dam bao
hoat dong hiéu qua khi diém tdi gan 12 mot diém cuc ti€u (tit ca cdc tri riéng clia ma tran
Hessian déu duong). Trong khi d6, thuit toan gradient descent khong bi hiit vé diém yén
ngua, trit khi gradient truc tiép huéng vé phia chiing.

Cic thuat todn t6i uu héa st dung thong tin vé& gradient, chang han nhu gradient
descent, dudc goi 1a thuat todn t6i uu bac nhat. Trong khi d6, cic thuit todn t6i vu héa sir
dung thém ma tran Hessian, nhu phuong phap Newton, dudc goi la thuit todn ti uu béc
hai (Nocedal and Wright, 2006).

Trong hau hét cdc ngit canh dudc dé cap trong cudn sich nay, cac thuit toan tdi vu héa
c6 thé ap dung cho nhiéu loai ham khéc nhau, nhung chiing thudng khong di kém véi dam
b4o chic chin v& hiéu suit. Céc thuat toan hoc siu cling vdy: chiing thudng khong c6 su
dam bao chit ché vi cac ham trong hoc siu rat phic tap va khé phan tich mot cach chinh

Xac.

Trong nhiéu linh vuc khéc, cich tiép cin phd bién d€ tbi uu hoa la thiét ké thuat toan
t6i uu héa cho mot nhém ham cu thé, gitip viéc phan tich va ddm bao tinh ding dan trd
nén dé dang hon. Tuy nhién, trong hoc sau, ching ta phai d6i mit véi mot khong gian ham
rit rong va phi tuyén tinh, ddn dén viéc khé c6 thé dam bao rang thuit toan t6i wu hoa

ludn hdi tu hodc dat hiéu suit tot.

Do d6, thay vi tim kiém mot thuat todn tdi uu héa hoan héo, hoc siu tap trung vao viéc
phat trién cac phuong phdp thuc nghiém, tinh chinh siéu tham s6 va tan dung siic manh
tinh toan d€ dat dugc hiéu suét tét nhat c6 thé.

Trong bbi canh hoc sau, doi khi ching ta c6 thé dat dugc mot s ddm bao bang cach
gi6i han cac ham dudc su dung vao cac ham lién tuc Lipschitz hodc c6 dao ham lién tuc
Lipschitz. Mot ham f dudc goi 1a 1ién tuc Lipschitz néu tdc do thay ddi ctia n6 bi chiin béi
mot hing s6 Lipschitz £:

forallx,y, |f(x) = f(¥)] < L]x =yl (4.17)

Thudc tinh nay rat hitu ich vi né gitp chiing ta dinh lugng gia thuyét ring mot thay ddi
nhd trong dau vao do mdt thuét toan nhu gradient descent thuc hién s& din dén mot thay
ddi nho tuong ting trong dau ra. Hon nita, tinh lién tuc Lipschitz 12 mot rang budc kha
yéu, va nhiéu bai todn t6i uu trong hoc siu c6 thé dudc 1am cho lién tuc Lipschitz véi mot
s6 diéu chinh nhd.

Mot trong nhitng linh vuc thanh cong nhét cta tdi uu héa chuyén biét 1a tdi uu 16i. Céc

thut toan tdi uu 1di c6 thé dua ra nhiéu dam bao hon bang cach 4p dit cdc rang budc chit
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ché hon. Céc thuit todn nay chi 4p dung cho cic ham 16i—nhiing ham ma Hessian ludn

la nia xac dinh duong & moi nai.

Nhiing ham nay c6 tinh chit dic biét tdt vi chiing khong c6 diém yén ngua (saddle
points), va moi diém cuc tiéu cuc bd ciia chiing déu 12 diém cuc tiéu toan cuc. Tuy nhién,
hau hét cdc bai todn trong hoc sau déu khé biéu dién theo dang t6i wu 16i. Trén thuc té, tdi
wu 16i thuong chi dudc st dung nhu mdt phan nhd trong mot sb thuat toan hoc sau.

Céc y tudng tif phan tich t6i wu 16i c6 thé hitu ich d€ chiing minh su hoi tu clia cic thuat
toan hoc su, nhung nhin chung, vai trd cta tbi wu 16i bi giam di dang ké trong bdi canh

hoc sau.

DE tim hiéu thém vé t6i uu 16i, ban c¢6 thé tham khdo Boyd and Vandenberghe (2004)
hoac Rockafellar (1997).

4.4 Téi Uu C6 Rang Budc

Doi khi, chiing ta khong chi muén tdi da héa hodc tdi thi€u héa mot ham f(x) trén
toan bo mién gid tri clia x, ma thay vao d6, ta mudn tim gia tri cuc dai hoic cuc tiéu ctia
f(x) khi x thudc mot tip hop gi6i han S. Pay dudc goi 1a téi wu ¢6 rang budc. Cac diém
X nam trong tap hop S dudc goi 1a diém kha thi trong thuat ngit tdi uu héa c6 rang budc.

Chiing ta thudng mudn tim mot nghiém c¢6 kich thudc nhéd theo mot tiéu chi nao do.
Mot cach phd bién dé lam diéu nay 1a dp ddt mot rang budce vé chudn, chang han nhu
x| < 1.

Mot cach tiép can don gidn dé€ tdi uu c6 rang budc la diéu chinh thuit todn ha dbc
(gradient descent) d€ tinh dén rang budc. Néu chiing ta st dung mot buc nhdy nho e, ta
c6 thé thyc hién cic budc gradient descent nhu binh thudng, sau d6 chiéu két qua vé lai
mién kha thi S. Néu sit dung tim kiém dudng (line search), ta c6 thé chi tim kiém céc kich
thu6c budc e sao cho diém mdi x van nam trong mién kha thi, hoic chiéu mbi diém trén
duong di vé lai mién kha thi. Khi c6 thé, phuong phap nay c6 thé dugc lam hiéu qui hon
bang cach chiéu gradient vao khong gian tiép tuyén ctia mién kha thi trudc khi thuc hién
buéc nhay hoic bat dau tim kiém dudng (Rosen, 1960)

Mot cich tiép can tién tién hon dé€ giai bai toan tdi uu c6 rang budc 13 bién ddi
n6 thanh mot bai todn vé tdi uu héa khong rang budc bang cich cuc tiéu héa g(f) =
f([cosO,sin 6] ") theo 0, sau d6 1ay nghiém [cos 6, sin §] lam 15i gidi cho bai toén ban dau.
Cach tiép can nay doi héi su sang tao vi viéc chuyén déi giita cac bai todn téi uu phéi dudc
thiét ké diic biét cho tiing trudng hop cu thé.

Phuong phap Karush-Kuhn-Tucker (KKT) cung cp mot cach tiép can ! tdng quat dé
giai bai todn t6i vu c6 rang budc. Trong phucng phap nay, ta sit dung modt ham mdi goi 1a
Lagrangian tong quat (generalized Lagrangian) hay ham Lagrange tong quat.

DPé dinh nghia ham Lagrange, tru6c tién ta cAn md ta tp nghiém S dudi dang céc

'Phuong phap KKT md rong phuong phdp nhan ti Lagrange (Lagrange multipliers), phuong phap nay
chi 4p dung cho cic rang budc phuong trinh ma khong hé tro cic rang budc bét déng thiic.
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phuong trinh va bt diang thifc. Cu thé, gia st ta ¢6 m ham ¢ (x) va n ham A1) (x), khi
d6 tap nghiém c6 thé dugec mo ta nhu sau:

S = {x| foralli,g?(x) = 0 va forallj, h9) (x) < 0}.
Trong do:

- C4c phuong trinh ¢t (x) = 0 dugc goi 1a rang budc phuong trinh (equality constraints).
- Céic bét dang thiic RU)(x) < 0 dudc goi la rang budc bat ding thic (inequality
constraints).

Chiing ta gi6i thiéu cdc bién méi \; va «; cho tling rang budc, dugc goi la cac nhan
KKT (KKT multipliers). Khi d6, Lagrangian tdng quat dugc dinh nghia la:

L. X a) = f(z) + 3 Aig(a) + Y ash ().

(4.18)
V6i Lagrangian tdng quat, ta c6 thé chuyén bai toan t6i uu c6 rang budc vé mot bai
f(z) khong nhén gia tri vo cyc, ta co:

toan t6i vu khong rang budc. Mién 1 ton tai it nhat mot diém kha thi va ham muc tiéu

min max max L(z, A, «)
T A a,a>0

c6 cuing gid tri téi vu va tap hop nghiém tdi vu 2 nhu bai todn gde:

(4.19)
i : 4.2
min f (z) (4.20)
Diéu nay ding vi néu moi rang budc déu dudc théa man, ta co:
max max L(z, A\, a) = f(x), (4.21)
A a,a>0
trong khi néu c6 bat ky rang budc nao bi vi pham, ta cé:

max max L(z, A\, ) = 0o
A a,a>0

(4.22)
Nhiing tinh chét nay dam bao rang khong c6 diém bét kha thi nao c6 thé trd thanh t6i
uu, dong thoi nghiém tbi uu trong tip cic diém kha thi vin dudc bao toan.

Dé thuc hién bai todn t6i vu c6 rang budc v6i muc tidu cuc dai, ta c6 thé xay dung ham
Lagrange t6ng quét dua trén — f (). Khi d6, bai todn t6i wu trd thanh:
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T A a,a>0

min max max — f(x) + Z XigV(z) + Z a;h9 (z). (4.23)
i J

Chiing ta ciing c6 thé chuyén bai todn nay vé dang c6 cuc dai & vong lip ngoai:

in mi () — 1)
max min min f(x) + Z gt (z) Z a;hVY (). (4.24)
i j
DAu clia hang ti trong rang budc phuong trinh khdng quan trong; chiing ta ¢6 thé dinh
nghia ching véi phép cong hoic trit tily y. Diéu nay 1a do bai todn tbi uu c6 thé tu do Iva
chon diu phii hop cho tiing ).

Céc rang budc bt dang thiic déng vai tro dic biét quan trong trong t6i tu héa c6 rang
budc. Ta néi rang mot rang bude A () 1a dang hoat dong (active) néu h¥ (z*) = 0. Néu
mot rang budc khong hoat dong, thi nghiém clia bai todn tim dugc v6i rang budc nay van
s& 12 mdt nghiém cuc bo néu bd rang budc dé di. Trong mot s6 trudng hop, mot rang budc

khong hoat dong c6 thé loai bd mot s6 nghiém khac.

Chang han, v6i mot bai toan 16i c6 mot ving 16n chifa toan bd cac nghiém tdi uu toan
cuc (mot ving phang rong c6 cliing gia tri chi phi), mot phin clia viing nay c6 thé bi loai
bé do rang budc. Ngoai ra, véi mot bai toan khong 16i, c6 thé ¢ nhitng nghiém diing tt
hon nhung bi loai trit do mot rang budc khong hoat dong tai thdi diém hoi tu. Tuy nhién,
nghiém tai diém hoi tu van 12 mot diém diing bét ké rang budc khong hoat dong c6 dudc

dua vao hay khong.

Vi mdt rang budc khong hoat dong R (x) ¢ gia tri am, nén nghiém cta bai toan:

min max max L(x, A, o) (4.25)
T A a,a>0

sé ¢6 o = 0. Do do, tai nghiém tbi uu, ta co:

a® h(z) =0. (4.26)

N6i céch khéc, véi moi 4, it nhdt mot trong hai diéu kién a; > 0 hodc () < 0 phéi
dudc thda man tai nghiém. Hiéu mot cach truc quan, hodc 1a nghiém nam trén bién ctia
rang budc va ta can sit dung s6 nhan KKT dé anh hudng dén nghiém x, hoic rang budc
khong c6 anh hudng nao dén nghiém va ta biéu dién diéu nay bang cach dit sb nhan KKT
tuong ting bang 0.

Mot tap hop céc thudc tinh md ta diém t6i vu clia bai toan tdi uu cé rang budc. Céc
thudc tinh nay dudc goi 1a diéu kién Karush-Kuhn-Tucker (KKT) (Karush, 1939; Kuhn
and Tucker, 1951). Day 1a cac diéu kién can (va trong mot sb trudng hop ciing 12 diéu kién
da) d&€ mot diém 1a tdi wu. Céc diéu kién nay bao gom:
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« Gradient ctia ham Lagrange tong quét bang 0.
« Tit ca cdc rang budc trén = va sd nhan KKT déu dugc théa man.

« Céc rang budc bit dang thiic tuan theo tinh chét bu trit 16ng (complementary slackness):

a®h(x)=0. (4.27)

D€ tim hiéu thém vé phuong phap KKT, xem thém tai liéu ctia Nocedal and Wright
(2006).

4.5 Vi du: Binh phwong t6i thiéu tuyén tinh

Gia st chiing ta mudn tim gia tri cta x d€ cuc tiéu hoa:

1
f(@) = 51l Az — bll3. (4.28)

Céc thuat todn dai sb tuyén tinh chuyén biét c6 thé giai bai todn ndy mot cach hiéu
qua. Tuy nhién, ta ciing c6 thé khao sat cach gidi quyét bai toan nay bang phuong phap t6i
wu hoéa dua trén gradient nhu mot vi du don gidn dé€ minh hoa céch hoat dong cta céc ky

thuat nay.

Trudc tién, chiing ta can tinh gradient:

Vof(x) = AT(Az —b) = ATAx — A"b. (4.29)

Sau do, ta c6 thé di theo huéng gradient di xubéng bang cach thuc hién cic bude nho.
Xem thuit todn 4.1 d€ biét thém chi tiét.

Algorithm 4.1 Thuit toan cuc tiu héa f(z) = || Az — b||2 biang phuong phap gradient

descent. ’
1: Chon kich thuéc buéce (¢) va ngudng hoi tu (§) 1a cdc sd duong nho.
2: while ||[AT Az — ATb||, > 6 do
3 Capnhat: z <+ x — e(AT Az — ATb)
4. end while

Phuong phap Newton ciing 12 mot phuong phap tdi wu héa hidu qua, dic biét phit hop
v6i cac ham c6 dang bac hai. Khi 4p dung cho mot ham c6 dang bac hai, phuong phap nay
c6 thé tim dudc nghiém tdi vu chi sau mot budc. Piéu nay 1a do phép x4p xi bac hai ctia

phuong phap Newton trong truong hgp nay la chinh xac.

Gi4 st ching ta mudn cuc ti€u héa cling mdt hAm muc tiéu nhung cé thém rang budc:
T
x'x<1. (4.30)
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Trong trudng hop nay, ta c6 thé st dung phuong phap nhan ti Lagrange dé€ chuyén
bai todn tbi wu c6 rang budc thanh bai todn tdi uu khong rang budc. Ta dinh nghia ham
Lagrange nhu sau:

L(x,\) = f(x) + A (x'x—1). (4.31)

Sau d6, bai toan tdi wu c6 thé dudc biéu dién dué6i dang:

min max L(x, A). (4.32)

Ldi gidi c6 chuin nhd nhit cho bai toan binh phuong tbi thi€u khong rang budc c6 thé
dudc tim bang cach st dung gia nghich ddo Moore-Penrose: © = A1b. Néu diém nay
thda man rang budc, thi né chinh 12 nghiém ctia bai toan c6 rang budc. Néu khong, ta cin

tim mot nghiém khac thoa man diéu kién rang budc.

Dé tim nghiém khi rang budc c6 hiéu luc, ta stt dung phuong phdp nhan tit Lagrange.
Bing cach 1y dao ham ctia ham Lagrange theo bién x, ta thu dudgc phuong trinh:

ATAx — ATb + 2)\x = 0. (4.33)

Giai phuong trinh nay, ta thu dugc nghiém c6 dang:

x=(ATA+2)\)"'ATD. (4.34)

Khi gidi bai todn tbi uu c6 rang budc, chiing ta can chon mdt gid tri phit hop cho hé s6
A sao cho nghiém tim dugc théa man rang budc. Mot phuong phap dé tim gid tri nay 1a st

dung k¥ thuat gradient ascent trén \. Hay quan sat dao ham cua ham Lagrange theo A:

0
—L(x,\) =x"x—1. 4.35
o3 L6 ) (4.35)

Néu chuén ctia x vugt qua 1, thi dao ham nay duong. Do d6, d€ t6i da héa Lagrangian
theo ), ta cAn ting \. Khi ) ting, hé s6 phat x”x ciing ting theo, din dén nghiém x c6 do
16n nhé hon. Qua trinh nay tiép tuc cho dén khi x dat chuin mong mudn va dao ham bing
0.

Két qua 1a mot phuong phép lip gitip diéu chinh gid tri A &€ ddm bao rang budc dudc
thda man mot cach chinh xdc. Pay 1a mot trong nhitng nguyén ly quan trong trong viéc tbi
uu héa c6 rang budc, dudc st dung rong rii trong hoc may va cac thuit toan t6i uu hién
dai.
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Hoc Sau (Deep Learning) 12 mot nhanh ctia Hoc May (Machine Learning). D€ hiéu ro
vé Hoc Sau, trudc tién ching ta cin nim viing nhiing nguyén tic co ban ctia Hoc My.
Chuong nay cung cAp mot cdi nhin téng quan vé nhiing nguyén ly quan trong nhét, gitp
ban c6 nén tang viing chic trudc khi di sau vao cac ndi dung phiic tap hon ctia cubn sach.
Néu ban 12 ngudi méi tim hiéu hoic mudn c6 mot cai nhin tdng quat hon, ban nén tham
khdo thém céc sach chuyén sau vé Hoc May nhu Murphy (2012) hoic Bishop (2006) dé
c6 mot nén tang viing chic hon. Néu ban da quen thudc véi cac khai niém co ban, ban c6
thé bd qua phan nay va chuyén ngay dén muc 5.11, noi cung cip nhiing géc nhin vé cic
k§ thuat Hoc Mdy truyén thdng va cich ching anh hudng dén sy phat trién ctia cac thuat
toan Hoc Sau hién dai.

Chiing ta bat dAu vé6i dinh nghia vé thudt toan hoc may va 1dy mot vi du cu thé: thuat
toan hoi quy tuyén tinh. Tiép theo, ta sé tim hi€u vé thach thic trong viéc khdp dit lidu
huén luyén v6i mo hinh, ciing nhu viéc 1am thé nao d€ mo hinh c6 thé téng quat héa véi
dit liéu méi. Hau hét cac thuat toan hoc may déu c6 cac tham s diéu chinh, goi 1a siéu
tham sé (hyperparameters), can phai dudc xac dinh bén ngoai thuat todn hoc. Ching ta sé
thao luan cach thiét 1ap chiing bang cach st dung thém dit liéu. Hoc mdy thuc chit 1a mot
dang thong ké @ng dung, nhung nhin manh vao viéc st dung mdy tinh dé udc luong céc
ham phic tap mdt cach théng k&, hon 12 tim kiém khoéng tin ciy xung quanh cdc ham
d6. Do d6, ta s& dé cap dén hai phuong phap thdng ké quan trong: u6c lugng theo tan suit
(frequentist estimators) va suy dién Bayes (Bayesian inference). Hau hét cac thuit todn
hoc may c6 thé dugc chia thanh hai nhém: hoc ¢6 gidm st (supervised learning) va hoc
khong giam sat (unsupervised learning). Chung ta s€ phan tich su khac biét gitta hai nhom
nay, dong thdi dua ra vi du vé c4c thuat todn hoc mdy don gian thuéc mdi nhém. Phan 16n
cac thuat todn hoc sau dudc xiy dung dua trén mot phuong phap tdi uu héa quan trong,
g0i 12 gradient descent (ha gradient ngau nhién). Chiing ta sé thao luan cach két hop cic
thanh phan quan trong trong mdt thuit toan hoc may, bao gdm thuit todn téi vu héa, ham
mét mat, mo hinh va tip dit liéu d€ tao ra mot md hinh hoan chinh. Cubi cling, trong muc
5.11, chiing ta sé tim hi€u vé cdc yéu t6 han ché kha niing téng quat héa clia cic thuat todn
hoc mdy truyén thdng. Nhiing thach thiic nay 1a dong luc thic ddy su phat trién cla céc

thuat toan hoc sau nhiam khac phuc nhiing nhugc diém trén.

5.1 Thuat Toan Hoc May
Mot thudt toan hoc mdy 1a mot thuat toan ¢ kha nang hoc tir dir liéu. Nhung chinh xac
thi hoc nghia 1a gi? Theo Mitchell (1997), hoc may c6 thé dugc dinh nghia nhu sau:

“Mot chuong trinh may tinh dude goi 1a c6 kha nang hoc tit kinh nghiém FE véi
mot tap cdc tac vu T va thudc do hiéu sudt P, néu hiéu suit clia n6 trong cic
tac vu 1', dudc do bﬁng P, cai thién theo thoi gian khi ¢6 thém kinh nghiém E.”

Chiing ta c6 thé tudng tugng ra nhiéu dang kinh nghiém F, tic vu T, va cac thudc do
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hiéu suit P khac nhau. Tuy nhién, trong cubn sich nay, chiing ta sé khong cb ging dinh
nghia mot cach cling nhic vé tiing khai niém trén. Thay vao do, trong cic phan tiép theo,
chiing ta s& dua ra cdc md ta truc quan va vi du minh hoa vé cic loai tdc vu khac nhau,
cdc tiéu chi ddnh gia hiéu sut, cling nhu nhiing kinh nghiém c6 thé dugc st dung dé xay
dung thuat toan hoc may.
5.1.1 Tac Vu Hoc May (7))

Hoc mdy gitip ching ta gidi quyét nhiing tic vu qua phiic tap dé€ c6 thé gii bang cic
chuong trinh ¢6 dinh do con ngudi thiét ké. Tir géc dod khoa hoc va triét hoc, hoc may
rt thd vi vi phat trién hi€u biét vé linh vuc nay ciing dong nghia véi viéc kham pha cic

nguyén ly nén tang cua tri tu¢ nhan tao.

Trong dinh nghia chinh thtic, qua trinh hoc tap khong phai la tiac vu can thuc hién. Hoc
chi 1a céch thifc gitip ching ta dat dudc kha ning thuc hién tdc vu d6. Vi du, néu ching ta
mudbn mot con robot ¢6 thé di bo, thi tic vu & day chinh 1a di bd. Chiing ta c¢6 thé 1ap trinh
dé robot tu hoc cach di, hodc viét truc tiép mot chuong trinh huéng dan robot di theo tiing
budc cu thé.

Céc tac vu hoc may thudng dudc md ta dua trén cach hé thdng hoc mdy xi Iy mot vi
du (example). Mot vi du 1a tdp hop cac dac trung (features), tic la nhiing thong tin dudc
do ludng dinh luong tit mot ddi tuong hodc su kién ma ta mudn hé thdng hoc may xi ly.
Chiing ta thudng bi€u dién mot vi du dudi dang mot vector x € R™, trong d6 mdi phan
tl z; clia vector dai dién cho mot dic trung cu thé. Vi du, ddi véi mot hinh 4nh, céc dic

trung clia n6 ¢6 thé 1a gia tri clia tiing pixel trong anh.
Mot trong nhiing tac vu phd bién nhit trong hoc may 1a:

* Phan loai (Classification): 1a mot dang bai toan trong hoc mady, trong d6 chuong trinh
may tinh dudc yéu cau xdc dinh mot dau vao thudc vé danh muc nao trong & danh
muc c6 san. D€ gidi quyét bai todn nay, thut toan hoc may thudng dudc yéu cau xay
dung mot ham anh xa:

fR"=A{1,... .k}

Trong d6, v6i mdi dau vao dudc biu dién dudi dang mot vector x, mo hinh s& gan

n6 vao mot danh muc xac dinh bdi mot ma sd y = f(x).

Mot vi du phd bién ctia bai toan phan loai 1a nhan dang dbi tuong trong dnh. Dau
vao clia bai toan 12 mot hinh anh (c6 thé biéu dién duéi dang ma tran gia tri do sang
clia cac diém anh), va dau ra 1a mot ma s6 xdc dinh d6i tugng trong anh. Chang han,
robot Willow Garage PR2 c6 thé hoat ddng nhu mot nhan vién phuc vu, nhan dién
va phan loai cic loai dd udng khac nhau dé giao cho khach hang (Good-fellow et
al., 2010). Hién nay, ciac phuong phap nhan dién ddi tuong hién dai duodc thuc hién
t6t nhét bang hoc sau (Krizhevsky et al., 2012; Ioffe and Szegedy, 2015). Cong nghé
nhan dién dbi tuong cling dugc st dung trong céc ing dung nhan dién khuén miit,

gitip tu dong gan thé anh (Taigman et al., 2014).
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* Phan loai v6i dau vao bi thiéu (Classification with missing inputs): Bai todn phan
loai tr nén khé khin hon khi khong dam bao ring tit ca cac thanh phan trong vector
dau vao 1udn c6 sin. Trong trudng hop nay, thay vi hoc mdt ham phan loai duy nhét,
mo hinh can hoc mét tp hdp cac ham phan loai, mbi ham tuong ting v6i mdt tip con

cac dau vao bi thicu.

Tinh hudng nay thudng xdy ra trong linh vuc chdn dodn y khoa, do nhiéu loai xét
nghiém c6 thé dat d6 hodc xam 14n, din dén viéc khong phai hic nao ciing c6 day
da dit liéu dau vao. Mot cach hiéu qua dé xi 1y bai todn nay 13 hoc mot phan phdi
X4c sudt trén toan bo cac bién lién quan, sau d6 giai bai todn phan loai bang céch lay
tich phan (marginalizing out) cac bién bi thiéu. V6i n bién dau vao, c6 thé c6 tbi da
2" ham phan loai tuong dng véi cac trudng hop khac nhau ctia tap hop bién bi thiéu.
Tuy nhién, thay vi hoc tit ca cic ham riéng 1é nay, mo hinh chi can hoc mot ham duy
nhat mo ta phan phéi xdc sut (Goodfellow et al. (2013b).

Mot vi du dién hinh ctia mo hinh phén loai xdc suit c6 thé xi ly dau vao bi thiéu
1a Mang Bayes (Bayesian Network), cho phép m6 hinh u6c lugng x4c suét cia tiing
nhan duya trén thong tin quan sat dudc. Diéu nay gitip mo hinh c6 kha ning x{ 1y linh
hoat hon khi dit liéu thuc té khong day du.

« Hoi quy (Regression): Hoi quy (Regression) 12 mot dang bai todn trong hoc may,
trong d6 chuong trinh mdy tinh dudc yéu cau du doan mot gia tri s6 dua trén dau
vao. D& gidi quyét bai todn nay, thuat todn hoc mdy can xay dung mot ham 4nh xa f:
R" — RR. Bai todn hdi quy tuong tu nhu bai todn phan loai, nhung diu ra ctia n6 1a
mot gia tri lién tuc thay vi mot danh muc r&i rac. Mot vi du dién hinh cta bai toan
hoi quy 12 du doan s6 tién yéu cau bdi thuong bao hiém du kién cia mot ca nhan
(dung d& xac dinh mic phi bao hiém), hodc du dodn gid c6 phiéu trong tuong lai.
Nhiing loai du doan nay ciing dudc st dung trong giao dich thuét toan.

 Chuyén ddi vin ban (Transcription): 12 mot dang bai todn trong hoc mdy, trong dé
hé théng can quan st mot dang dit liéu khong c6 ciu triic rd rang va chuyén né
thanh dang van ban rdi rac. Vi duy, trong bai toan nhan dang ky tu quang hoc (OCR -
Optical Character Recognition), chuong trinh may tinh dudc cung ciAp mot hinh anh
chifa viin ban va phai tra vé chudi ky tu tuong tng (vi du, & dinh dang ASCII hoic
Unicode).

Mot ting dung phd bién ctia OCR 13 Google Street View st dung hoc sau dé nhan
dang sb dia chi trén dudng phd (Goodfellowet al., 2014d). Mot vi du khac 1a nhan
dang giong noéi, trong d6 chuong trinh mdy tinh dudc cung cip mot dang séng Am
thanh va xut ra chudi ky tu hodic ma tit md ta ndi dung ctia am thanh d6. Hoc sau 1a
mot thanh phan quan trong trong cdc hé théng nhan dang giong néi hién dai, ducc
st dung tai cac cong ty 16n nhu Microsoft, IBM va Google (Hintonet al., 2012b).

* Dich mdy (Machine translation): 12 mot bai toan trong hoc may, trong d6 dau vao 1a

mot chudi ky hiéu trong mot ngdn ngili, va chuong trinh mdy tinh can chuyén ddi né
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thanh mot chudi ky hiéu trong mot ngdn ngit khac. Ung dung phd bién nhit ctia bai
toan nay 1a dich giita cic ngdn ngit tu nhién, chang han nhu ti tiéng Anh sang tiéng
Phap.

Gan day, hoc sau di c6 tdc dong quan trong dén linh vuc dich may. Cdc mo hinh dua
trén mang no-ron nhu Seq2Seq vdi co ché Attention da cai thién dang ké chit lugng
ban dich so véi cdc phuong phap truyén thong (Sutskever et al., 2014; Bahdanau et
al., 2015). Nhitng md hinh nay hién dang dudc st dung trong céc cong cu dich thuat
tu dong phd bién nhu Google Dich.

Pau ra c6 cau tric (Structured Output): C4c tic vu dau ra c6 cu triic bao gdm bat
ky tdc vu nao ma dau ra 12 mot vector (hodc mot cAu tric dit liéu khac chifa nhiéu
gia tri) véi cac mdi quan hé quan trong gitta cac phan tif khac nhau. Pay 1a mot danh
muc rong va bao gdm cic tac vu phién am va dich thuat da dudc dé cap & trén, ciing
nhu nhiéu tdc vu khdc. Mot vi du la phan tich cti phap—chuyén méot cau ngdn ngit
tu nhién thanh mot cdy mo ta cau tric ngit phdp cia né bang cach gan nhin céc nit
clia cay la dong tlr, danh tir, trang ti, v.v. Xem Collobert (2011) d€ biét mot vi du vé
viéc ing dung hoc sau vao bai todn phan tich ci phap. Mot vi du khéc 1a phan doan
hinh anh theo ting pixel, trong d6 mot chuong trinh mdy tinh gan mdi pixel trong

anh vao mot danh muc cu thé.

Vi du, hoc sau c6 thé dudc st dung d€ chu thich vi tri clia cdc con dudng trong dnh
chup tit trén khong (Mnih and Hinton, 2010). Dau ra khong nhat thiét phai phan dnh
cAu tric ctia diu vao mot cach chit ché nhu trong cdc tac vu chd thich nay. Ching
han, trong bai toan chu thich anh, chuong trinh mdy tinh quan sat mdt hinh anh va
tao ra mot cau mo ta hinh anh do (Kiroset al., 2014a,b; Mao et al., 2015; Vinyals et
al., 2015b; Donahue et al., 2014; Karpathy and Li, 2015; Fang et al., 2015; Xu et al.,
2015). Céc tac vu nay dudc goi 12 tac vu dau ra c6 ciu triic vi chuong trinh phai tao
ra nhiéu gid tri lién két chiit ché véi nhau. Vi du, cdc tif dudc tao ra bdi mot chuong

trinh chu thich anh phai tao thanh mot cau c6 nghia.

Phat Hién Di Thuong (Anomaly detection): Trong loai bai toan nay, chuong trinh
mdy tinh phan tich mot tip hop cac su kién hodic dbi tuong va xac dinh nhiing yéu t6
nao la bét thudng hoic khong dién hinh. Mét vi du vé bai todn phat hién di thudng 12
phat hién gian 14n thé tin dung. Bang ciach m6 hinh ho4 théi quen mua sam ciia ban,
cong ty thé tin dung c6 thé phat hién viéc sit dung thé khong hop 1é. Néu ké gian
danh cap thé tin dung hoic thong tin thé clia ban, cic giao dich ctia ké d6 thuong sé
khéc biét véi phan phdi x4c sult clia cic loai giao dich thong thudng ctia ban. Cong
ty thé tin dung c6 thé ngin chin gian lan bang cach khoa tai khoan ngay khi phat
hién giao dich bat thuong. Xem Chandola et al. (2009) d€ biét thém vé cac phuong
phap phat hién di thuong.

Téng Hop va Lay Mau (Synthesis and sampling): Trong loai bai todn nay, thuat todn

may hoc dudc yéu cau tao ra cac vi du méi tuong tu v6i nhitng vi du trong tap dif liéu
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huén luyén. Qua trinh téng hdp va ldy miu bang mdy hoc c6 thé rat hitu ich cho cic
ting dung truyén thong khi can tao ra khoi luong 16n noi dung ma néu lam thi cong
sé rat ton kém, nham chan, hoic mat nhiéu thdi gian. Vi du, trong céac tro choi dién
tt, thut toan c6 thé tu dong tao ra cac két cAu (textures) cho cac dbi tuong 16n hoic
khung cénh thay vi yéu cau cdc nghé si gan nhin tiing diém dnh mot cach thi cong
(Luo et al., 2013).

Trong mot s trudng hop, qua trinh 1dy mau hoic tdng hop can tao ra mot loai dau ra
cu thé dua trén du vao. Vi duy, trong bai todn téng hop giong néi, chiing ta cung cip
mot cAu viét v yéu cau chuong trinh phat ra mot dang séng am thanh chia phién
ban néi ctia cau d6. Pay 1a mdt dang bai todn c6 ciu triic dau ra, nhung véi yéu cau
bd sung 1a khong c6 mot két qua duy nhit ding cho mdi dau vao, va chiing ta mong

mubn dau ra c6 su da dang 16n d€ lam cho két qua trong tu nhién va thuc té hon.

B6 Sung Gid Tri Thiéu (Imputation of Missing Values): Trong loai bai to4n nay,
thuat toan may hoc nhan mot vi du méi z € R”, nhung mot sd thanh phan z; cla x

bi thiéu. Thuat to4n phai cung cip du dodn vé cic gid tri bi thiéu do.

Kht Nhiéu (Denoising): Trong loai bai toan ndy, thuit toan mdy hoc dudc cung cip
mot dau vao 1a mdt vi du bi nhiéu & € R” dudc tao ra tif mot qua trinh gy nhiéu
khong xac dinh tir mot vi du sach z € R™. Nhiém vu cuta thuét toan la du doan vi
du sach z tif phién ban bi nhiéu Z, hoic du doan phan phdi xac suit c6 diéu kién
p(z | T).

U6c Lugng Mat Do (Density estimation hodc probability mass function estimation):
Trong bai toan udc luong mat do, thuat toan may hoc dudc yéu cau hoc mot ham
Pmodel © R — R, trong d6 pmoder(X) ¢6 thé dudc hi€u 1a mot ham mat do xac sut
(néu x 12 lién tuc) hodc mot ham khbi xac suit (néu x 12 rdi rac) trén khong gian ma

céc vi du duoc 14y ra.

Dé 1am t6t nhiém vu nay, thuat todn can hoc dudc ciu tric cia dif liéu ma n6 quan
sat dugc. N6 phai biét cac vi du tap trung chit ché & dau va noi nao chiing it c6 kha
ning xuit hién. Hau hét c4c bai toan dugc md ta & trén déu yéu cau thuat toan hoc it
nhit 12 nim bat ngdm cAu triic cia phan phdi x4c suit. Udc lugng mat do cho phép
ta ndm bat rd rang phan phdi dé, tit d6 c6 thé thuc hién cdc phép tinh trén phan phbi
dé giai quyét cac bai toan khéc.

Vi du, néu ching ta da thuc hién u6c luong mat do dé thu dudc mot phan phdi xac
suit p(x), ta c6 thé sit dung phan phdi do6 dé gidi quyét bai todn bd sung gid tri thiéu.
Néu mot gid tri x; bi thiéu va tit ci cac gid tri khic, dudc ky hiéu 1a x_;, da dugc

biét, thi ta c6 thé suy ra phan phbi clia z; khi biét x_; thong qua p(z; | x_;).

Trén thuc t€, uSc lugng mat do khong phai lic nao ciing cho phép ta gidi quyét tt ca
cdc bai todn lién quan, vi trong nhiéu trudng hop, cac phép tinh can thiét trén p(x)
12 khong kha thi vé miit tinh todn.
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TAt nhién, con rat nhiéu tac vu va loai tdc vu khéc trong hoc mdy. Nhitng vi du dudc
liét ké & day chi nham muc dich minh hoa cho nhiing gi ma hoc mdy c6 thé lam dudgc, chi
khong phai d€ xay dung mot hé thong phan loai ciing nhic vé céc loai tac vu.

5.1.2 Thudc do hiéu suit, P

Dé danh gid kh4 niing ctia mot thuat todn machine learning, chuing ta can thiét ké mot

thu6c do dinh lugng vé hiéu suit clia né. Thong thudng, thude do hidu suit P sé dugc thiét

ké phu hop véi tiing nhiém vu cu thé ma hé théng dam nhiém.

V6i cic bai toan nhu phéan loai, phan loai véi dif liéu thiéu, hodc nhan dién giong néi,
chung ta thuong do luong do chinh xac (accuracy) cia md hinh. B§ chinh xac dugce dinh
nghia 12 ti 1& cac miu dudc md hinh du doan diing trén téng s6 mau kiém thi.

Bén canh do, ta cling c6 thé danh gia mo hinh thdng qua ti 18 16i (error rate), tic 1a ti
1é cac mau ma mo hinh du doén sai trén tdng s6 mau. Ti 1¢ 16i thudng dudc goi 1a ham
mét mat 0-1 (0-1 loss). Cu thé, gid tri cia ham mat mat 0-1 trén mot mau sé 12 0 néu mau

d6 dudc phan loai diing va 1 néu phan loai sai.

Tuy nhién, d6i véi cac bai todn nhu udc lugng mat do x4c suét, viéc st dung do chinh
xéc hay ti 1& 16i 12 khong hop ly. Thay vao d6, chiing ta can mot thude do hiéu sut khic
cho phép mo hinh dua ra mot diém s lién tuc cho mbi mau. Phuong phép phd bién nhat

12 bdo cdo xac suat logarit trung binh ma mo hinh gan cho cic mau.

Thong thudng, ching ta quan tim dén viéc thuat toan machine learning hoat dong tot
nhu thé nao trén dif liéu ma nd chua tiing thiy trudc diy, vi diéu nay quyét dinh mic do
hiéu qua ctia n6 khi trién khai trong thuc té. Do d6, chiing ta ddnh gi4 cac thudc do hiéu
suit bang cach sit dung mot tap kiém tra (est ser) gdbm nhiing dit liéu tach biét véi dit lidu

da dung dé huin luyén hé thong machine learning.

Viéc chon thudc do hiéu suét c6 vé don gian va khach quan, nhung thuc té, viéc lya

chon mot thuéc do phut hgp véi hanh vi mong mudn clia hé thdng lai khong hé dé dang.

Trong mot s trudng hop, diéu nay xay ra vi khé xac dinh duge diéu gi can do ludng.
Vi duy, khi thyc hién mot tdc vu chuyén giong ndéi thanh vin bén, chiing ta nén do ludng
dd chinh xdc ctia hé thong khi chuyén toan bo cau, hay st dung mot thude do chi tiét hon
cho phép tinh di€ém maot phan khi mo hinh nhan dién ding mot vai tit trong cau? Ddi vé6i
bai todn hdi quy (regression), chiing ta c6 nén phat hé théng ning hon khi mac 18i & miic
trung binh hay khi hiém khi mic 16i 16n? Nhitng quyét dinh thiét k& nay phu thudc nhiéu

vao ting dung cu thé.

Trong cic trudng hop khac, mic du ching ta biét chinh x4c dai luong can do ludng,
nhung viéc do luong truc tiép 1a khong kha thi. Vi du, diéu nay thudng gip trong bbi
canh udc luong mat do xac suét. Nhiéu mo hinh xac suét tdt nhét chi biéu dién phan phbi
x4c sudt mot cach gian tiép. Viéc tinh todn gid tri x4c sult thuc su gan cho mot diém cu
thé trong khong gian ddi v6i nhiéu mo6 hinh nhu vay 1a khong thé thuc hién dugc. Trong
nhiing trudng hop nay, ta can thiét ké mot tiéu chi thay thé van phan dnh dugc muc tiéu
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thiét ké, hoiic xay dung mot xap xi tbt cho tiéu chi mong mubn.
5.1.3 Trai nghiém, F

Céc thuét toan mdy hoc c6 thé dudc phan loai rong rai thanh khong gidm sat hodc gidm
sat dya trén loai trai nghiém ma ching dudc phép c6 trong qua trinh hoc.

Hau hét cic thuit toan hoc trong cudn sich niy c6 thé dugce hiéu 1a dudgc phép trai
nghiém toan bo tap dit liéu. Mot tap dit liéu 1a mot tp hop ctia nhiéu vi du, nhu dudc dinh

nghia trong muc 5.1.1. D6i khi ching ta goi cac vi du la diém dit liéu.

Mot trong nhiing tap dif liéu lau ddi nhit dudc cac nha théng ké va cac nha nghién ciiu
may hoc nghién cuu la tap dit liéu Iris (Fisher, 1936). Day la mdt tap hop cac phép do cua
cac bo phan khac nhau cta 150 cay iris. Mdi cdy riéng 1é tuong tng v6i mot vi du. Cac
dic trung trong mdi vi du 13 cic phép do cta tiing bo phan cla ciy: chiéu dai dai hoa,
chiéu rong dai hoa, chiéu dai canh hoa va chiéu rong canh hoa. Tap dit lidu ciing ghi lai

loai ma médi cdy thudc vé. Ba loai khac nhau dugc biéu dién trong tap dit liéu.

Hoc khong giam sat (Unsupervised Learning) 1a mot phuong phap hoc may trong dé
mo hinh tiép xic v6i mot tap dif liéu chiia nhiéu dic trung, nhung khong c¢6 nhan hoic
muc tiéu cu thé. M6 hinh sé tu dong kham phd cdc quy luét tiém 4n trong dit liéu. Trong
linh vuc hoc sau (Deep Learning), hoc khong gidm sat thudng nham muc tiéu hoc dudc
phan phdi x4c suét ctia dif liéu, c6 thé 1a mot cach tudng minh (vi du: ude lugng mat do)
hodc ngdm dinh (vi du: tao dif liéu méi hoidc khit nhiéu). Mot s6 thuat toan hoc khong
giam sat phd bién bao gdom phan cum (Clustering) d€ chia tap dif liéu thanh cic nhém dua
trén su tuong dong, hoiic gidm chiéu di liéu (Dimensionality Reduction) d€ tim ra nhiing
dic trung quan trong nhit.

Hoc c6 giam sit (Supervised Learning) 12 mdt phuong phap hoc mdy trong d6 mdi
mau di liéu khong chi chifa cac dic trung ma con di kém véi mot nhan (label) hodc muc
tiéu (target). Vi du, tap dit liéu Iris chifa thong tin vé céc loai hoa Iris vé6i cac dic trung
nhu chiéu dai va chiéu rong canh hoa, trong d6 nhin 1a loai cla tiing bong hoa. Mot thuat
todn hoc ¢ gidm sét c6 th€ hoc tir dit liéu ndy d€ phan loai hoa Iris thanh ba loai khac
nhau dua trén céc dic trung d6. Su khac biét chinh giita hai phuong phap nay nim & viéc
hoc ¢6 gidm sét can c6 nhin dé€ huéng dan, con hoc khong giam st thi khong c6 nhan ma
phéi tu tim hi€u cu tric dif lidu.

Hoc khong giam sat (unsupervised learning) vé co ban 1a qu4 trinh quan sét nhiéu vi du
clia mdt vectd ngau nhién x va ¢ gang hoc mot cach twdng minh hoic ngam dinh vé phan
phbi xdc suét p(x) hodc nhitng thudc tinh quan trong ctia phan phdi d6. Ngudc lai, hoc c6
giam sat (supervised learning) lién quan dén viéc quan sat nhiéu vi du ctia mot vecto ngau
nhién x cling v6i mot gid tri hoiic mot vecto két hop y. Muc tiéu 13 hoc céch du dodn y tur
X, thudng bing cich udc lugng phan phdi xdc suit c6 diéu kién p(y|x). Thuat ngit hoc c6
giam sat bat ngudn tif quan diém rang gia tri dich y dudc cung cip bdi mot ngudi hudng
din hoic gido vién, ngudi cho hé thong hoc mdy biét can phdi 1am gi. Trong hoc khong
giam sat, khong c6 ngudi huéng din hay gido vién, va thuit todn phai tu tim ra ciu triic
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hoic y nghia ctia dif liéu ma khong c6 su hudng dan nay.

Hoc c6 giam sat va hoc khong giam sat khong phai la hai khai niém tach biét hoan toan
ma c6 thé lién két v6i nhau. Nhiéu k§ thuat hoc may c6 thé dugc st dung dé thuc hién ca

hai nhiém vu nay.

Vi duy, theo quy tic chudi clia x4c sut, phan phdi két hop ctia mot vecto x € R” ¢6 thé
dudc phéan ra thanh:

n

p(x) = Hp(xi]xl,...,x,»_l). (5.1)

=1

Diéu nay c6 nghia la chiing ta c6 thé gidi quyét van dé hoc khong gidm sat bang cach

chia nhé n6 thanh n bai toan hoc c6 giam sat.

Ngudc lai, chiing ta ciing c6 thé gidi quyét bai toan hoc c6 gidm sét p(y|x) bang cach
st dung cdc k¥ thuat hoc khong gidm sat d€ hoc phan phdi két hop p(x,y), sau dé suy
luan bang cong thic:

p(x,y)

plylx) = m- (5.2)

Ngoai hoc c6 gidam sit va hoc khong gidm sat, con c6 nhiéu bién thé khac clia mo
hinh hoc tap. Vi du, trong hoc bdn gidm sdt (semi-supervised learning), mot s6 mau dit
liéu c6 nhin gidm sat, trong khi cdc miu khac thi khong. Mot dang khdac 1a hoc da thé’
(multi-instance learning), trong d6 mot tap hop cac vi du dugc gan nhan theo cum, nhung

tiing phan ti riéng 1é trong tap hop dé thi khong dudc gan nhan cu thé.

Mot s thuit toan hoc mdy khong chi don thuan 1am viéc véi mot tap dit liéu cd dinh.
Vi du, cdc thuat toan hoc cling c¢d (reinforcement learning) tuong tac véi moi trudng va
c6 mot co ché phin hdi gitta hé thdng hoc va kinh nghiém cda né. Céc thuat todn nay
nam ngoai pham vi clia cudn sach nay, nhung ban c6 thé tham khao thém &

hoic vé ly thuyét hoc cling cb, va
vé cach tiép can hoc sau trong hoc cting c¢b. Hau hét cc thuat toan hoc mdy lam
viéc véi tap dit liéu cb dinh. Mot tap dit liéu c6 thé dugc mo ta theo nhiéu cach khac nhau.
Trong moi trudng hop, mot tap dit liéu bao gdm nhiéu vi du, va mbi vi du lai 12 mot tap

hop cac dic trung (features).

Mot cich phd bién dé mo ta tap dif liéu 12 sit dung ma tran thiét ké (design matrix).
DPay 1a mot ma tran trong d6 mdi hang tuong ting v6i mot vi du, va mdi cdt tuong ting véi
mot dic trung. Vi duy, tap dit liéu Iris chita 150 mau, mbi mau c6 4 dic trung. Diéu niy c¢6
nghia 12 ta c6 thé biéu dién tap dit liéu dudi dang mot ma tran thiét ké X € R'99*4, trong
do:

e X, la chiéu dai dai hoa cta cdy thd i.

* X, la chiéu rong dai hoa clia cdy thy 4.

* X, 3 la chiéu dai canh hoa cua cay thi .
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e X; 4 la chiéu rong cdnh hoa clia cdy thi i.

Trong cudn sach nay, hau hét cac thuit toan hoc mdy dudc md ta theo cach ching hoat

dong trén cic tap di liéu c6 dang ma tran thiét ké.

D& mo ta mot tap dit liu dusi dang ma tran thiét ké (design matrix), ta can biéu dién
moi mau dif liéu dudi dang mot vector va tt ca cac vector niy phai cé ciing kich thuéc.
Tuy nhién, diéu nay khong phai lic nao ciing kha thi. Vi du, néu ta c6 mot tap hop anh véi
cic kich thudc khac nhau (chiéu rong va chiéu cao khéc nhau), thi s6 lugng pixel trong
tiing anh ciing sé khac nhau. Do d6, khong thé biéu dién tit ca cic anh bing cuing mot
kich thudéc vector.

Trong nhiing trudng hgp nhu vay, thay vi mo ta tap di li€u dudi dang mot ma tran c6
m hang, ta md td né nhu mot tap hop chiia m phan ti:

{X(l), x? . ,x(m)} (5.3)

Ky hiéu nay khong ham y ring hai vector bat ky x(¥ va x() ¢c6 cting kich thuéc.

Trong Muc 9.7 va Chuong 10, ching ta s€ thao luan cach xu ly cac loai dit li€éu khong

dong nhit nay.

Trong hoc c6 gidm sat (supervised learning), moi mau di liéu khong chi chita cdc dic
trung (features) ma con di kém véi mot nhan (label) hodic muc tiéu. Vi du, néu chiing ta
mubn st dung thuit todn hoc may dé nhan dién d6i tuong trong anh, ta can xac dinh dbi
tuong xuat hién trong ting bic anh. Piu nay c6 thé dudc thuc hién bang mot ma sd: 0 co
thé biéu dién con ngudi, 1 bi€u dién 6 t6, 2 bi€u dién con meéo, v.v. Ngay cé khi 1am viéc
v6i mot tap dif liéu chifa ma tran thiét ké clia cac quan sat dic trung X, ta cling can c6 mot

vector nhan y, trong d6 y; 1a nhan ctia mau thi .

D6i khi, nhian khong chi 1a mot s6 don 18. Vi du, néu ching ta muén huin luyén hé
thdng nhan dién giong néi dé€ chuyén giong ndi thanh vin ban, thi nhan clia mdi cau sé 1a

mot chudi tif thay vi mot s6 duy nhét.

Gidng nhu khong c6 dinh nghia chinh thifc ndo vé hoc c¢6 giam sit va khong gidm sat,
ciing khong c6 mot phan loai cting nhic nao vé tip dit liéu hay trai nghiém hoc. Céc cu
triic dugc mo ta trong chuong niy bao quat hau hét cic trudng hop, nhung van c6 thé thiét
ké nhitng ciu tric mdi cho cic ting dung khac nhau.

5.1.4 Vi du: Hoi quy tuyén tinh

Dinh nghia cua mot thuat toan hoc may 1a mot thuat toan ¢ kha nang cai thién hiéu
suét ctia mdt chuong trinh mdy tinh trong mot tic vu nao d6 thong qua kinh nghiém. D&
1am r6 hon khdi niém nay, ching ta xét mot thuat toan hoc may don gin: hdi quy tuyén
tinh (linear regression). Chiing ta sé quay lai vi du nay nhiéu 1an khi gi6i thiéu thém cac
khdi niém vé hoc mdy gitip hi€u rd hon vé cach hoat dong ctia thuét todn.
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Nhu tén goi ctia né, hdi quy tuyén tinh giai quyét mot bai todn hdi quy. Muc tiéu 1a xay
dung mot hé théng c6 thé nhian dau vao 1a mot vector x € R™ va du dodn gia tri clia mot
s6 vo huéng y € R 1am dau ra. Pau ra ctia hdi quy tuyén tinh 1a mot ham tuyén tinh ctia
dau vao. Goi ¢ 1a gid tri du dodn ctia mo hinh ddi véi y, ching ta dinh nghia dau ra nhu

Sau:

§=w'x, (5.4)

trong d6 w € R" 12 mot vector tham s (parameters).

Trong hdi quy tuyén tinh, tham s ctia md hinh dudc biéu dién bang vector w. Cac
tham s nay kiém soat hanh vi ctia hé théng. Cu thé&, mdi w; 12 hé sb nhan véi dic trung
x; tru6e khi tdng hop déng gop tir tht ca cac dic trung. Ta c6 thé xem w nhu mdt tap hop
trong sd (weights), quyét dinh miic d6 4nh hudng cta tiing dic trung 1én két qua du dodn.

MBbi dic trung c6 tac dong nhét dinh dén két qua du doan:

- Néu mot dic trung z; c6 trong sb6 w; duong, viée ting gid tri clia dic trung d6 sé 1am

tang gia tri du doan j.

- Néu mot dic trung x; c6 trong s6 w; m, viéc ting gia tri clia dic trung d6 sé lam
giam gia tri du doan .

- Néu mot dic trung c6 trong s6 c6 do 16n 16n, né ¢6 anh hudng manh dén du dodn.

- Néu trong s ctia mot dic trung bang 0, dic trung d6 khong anh hudng dén du doan.

Chung ta c6 thé phat bi€u bai todn ctia minh nhu sau:

j=w'x (5.5)

Tiép theo, ta can dinh nghia mot thudc do hiéu suit ctia md hinh, dudc ky hiéu la P.

Gia st ta c6 mot ma tran thiét ké chia m mau dit liéu dau vao, nhung chi dudgc sit dung
dé€ danh gid mo hinh chit khong dung dé hun luyén. Ngoai ra, ta c6 mot vector chifa cac
gid tri ding cla y tuong ung véi tiing mau dit liéu nay. Do tap dif liéu ndy chi dung dé
kiém tra md hinh, ta goi n6 la tap kiém tra (test set). Ching ta ky hiéu:

- Ma tran thiét k& ctia tap kiém tra: X (=

- Vector chita nhan thuc té cta tap kiém tra: y (.

Mot cach d€ danh gid hiéu suit ctia md hinh 12 tinh 13i trung binh binh phuong (MSE)
trén tap kiém tra. Néu ¢V 1 duy doan ctia mo hinh trén tap kiém tra, thi MSE dudc tinh
theo cong thic:

(2 K3

1 .
MSEtest _ E Z(ygtest) N y(test))% (56)

7
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Cong thiic nay c6 thé dudc viét lai nhu sau:

L. es es
MSEeq = — |5 — y 3.
m

(5.7)

Truc quan, ta thiy rang 16i nay giam vé 0 khi (Y = y (0 Ngudc lai, 13i sé ting khi

khoang cach Euclid gitta du doan va gia tri thuc tang 1én.

Pé xay dung mot thuit toan hoc mdy, ta can thiét ké mot thuat toan cip nhat trong s6

w sao cho gid tri MSE,, gidm di. Qua trinh nay dién ra khi thuat todn quan sit tip huin

luyén (X (raim) y(rain)) Mot cach tiép can phd bién 12 gidm MSE trén tap huin luyén, tic

1a t6i thi€u héa MSE, .

Muc tiéu ctia hdi quy tuyén tinh 1a tim vector trong s6 w sao cho haim mét mat MSE

(Mean Squared Error) trén tip huén luyén dat gid tri nhé nhat. Him mat mat MSE dugc

dinh nghia nhu sau:
1 ra ai
MSEtrain _ EHy(tm n) y(tra n)HS

Trong do:
* m 12 s6 lugng mau huin luyén,
o yltrain) — X (rain)y 15 dy doan ctia mo hinh,
o y(2in) 13 nhan thuc té.

D€ tim w ti uu, ta gidi phuong trinh dao ham bing 0:
vwleSEtrain =0
1 (train) (train) [|2
= Vo — || XF*w — y 5 = 0
m
Ta trién khai dao ham nhu sau:
lVWHX(train)W . y(train) Hg =0
m
= Vw (X(train)w . y(train))T (X(train)w . y(train)) -0
Khai trién bi€u thic:

VW (WTX(train)TX(train)W . 2WTX(train)Ty(train) + y(train)Ty(train)> -0

Liy dao ham:
2x(train)Tx(train)W . 2x(train)Ty(train) =0

(5.8)

(5.9)

(5.10)

(5.11)

(5.12)

(5.13)

(5.14)
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Giai ra nghiém t6i uu:

W = (X(train)Tx(train)) -1

X(train)Ty(train) (5 1 5)
Phuong trinh trén dudc goi 1a phuong trinh chuin (normal equations). Viéc tinh todn

nghiém theo phuong trinh nay 1a mot thuét toan hoc may don gian.

Ngoai ra, thuit ngit hdi quy tuyén tinh (linear regression) thuong dudc ding dé chi mot
mo hinh mé rong hon, trong dé ¢6 thém mot tham sb chin b. Khi d6, md hinh dugc biéu
dién dudi dang:

j=wlx+b, (5.16)

v6i b 13 hé s chin (intercept term).

Do d6, 4nh xa tif tham s6 w t6i du dodn van 12 mot ham tuyén tinh, nhung 4nh xa tir
dic trung x téi du doan thuc té lai 1a mot ham affine (ham tuyén tinh c¢6 thém thanh phan
dich chuyén). Piéu nay c6 nghia 1a dd thi ctia md hinh van 1a mot duong thang, nhung

khong nhét thiét phai di qua gbc toa dd.

Thay vi thém tham sb b, ta c6 thé tiép tuc st dung mé hinh chi véi trong sb bing cach
md rong vector dic trung x v6i mot phan ti bd sung ludn c6 gid tri bang 1. Trong s
tuong tGing vSi phan ti 1 nay dong vai tro 1a tham sé b. Trong sudt cudn siach nay, ching
toi thudng st dung thuat ngit tuyén tinh (linear) khi dé cap dén cac ham affine.

5 Linear regression example 055 Optimization of w
C T T T T T -99 T T T

0.50
0.45
0.40
0.35

MSE((train)

0.30

0.25

_3 ] 1 1 ] ] 0.20 1 1 ]
—1.0 —0.5 0.0 05 1.0 0.5 1.0 1.5

ey | un

Hinh 5.1: Minh hoa mot bai todn hdi quy tuyén tinh véi tip dit liéu huin luyén gdm 10 diém dit
liéu, mdi di€ém chi c6 mot dic trung (feature). Vi chi c6 mot dic trung, nén vector trong s w
chi chita mot tham s6 duy nhit cin hoc, ky hiéu 1a w;. (Hinh trai) Ta c6 thé quan st rang thuat
toan hdi quy tuyén tinh sé tim gia tri w; sao cho dudng thang y = wx cang gan véi cac diém dit
liéu huén luyén cang t6t. (Hinh Phai) Diém dudc danh du thé hién gia tri w; dudc tim thiy bang
phuong trinh chuén (normal equations), ddm bao rang 16i binh phuong trung binh (MSE) trén tap
huén luyén 12 nho nhét.

Thuat ngit chiin b thudng dudc goi 1a tham s6 dd chéch clia phép bién d6i afin. Thuat
ngit nay xuét phat tif quan diém rang dau ra ctia phép bién ddi bi 1éch vé phia b khi khong
c6 dau vao. Thuat ngit ndy khac véi khdi niém do chéch trong théng ké, trong d6 udc
luong ky vong ctia mdt thudt toan udc luong théng ké dbi véi mot dai lugng khong bing
v6i gia tri thuc cua dai lugng do.
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Hdi quy tuyén tinh tit nhién 12 mot thuat toan hoc may don gian va c6 gi6i han, nhung
n6 cung cip mot vi du vé cidch mot thuat todn hoc c6 thé hoat dong. Trong cic phan tiép
theo, chiing t6i mo td mdt s6 nguyén tic co ban trong thiét ké thuit todn hoc va chiing
minh cich nhiing nguyén tic nay c6 thé dugc st dung dé xay dung cic thuit toan hoc
phuc tap hon.

5.2 Capacity, Overfitting and Underfitting

Thach thic trung tdm trong hoc mdy (machine learning) la thuat toan ctuia ching ta phai
hoat dong tt trén cac dau vao mdi, chua tieng thdy trudc ddy — khong chi trén nhiing dit
liéu ma mo hinh da dudc huén luyén. Kha ning hoat dong tot trén cac dau vao chua dudc
quan sat trudc dé dude goi 1a kha ning tdng quét héa (generalization).

Thong thudng, khi huin luyén mot mo hinh hoc mdy, chiing ta c6 mot tap dit liéu huin
luyén (training set); tif d6, c6 thé tinh todn mot do 16i nao d6 trén tap huin luyén, dudc goi
12 16i huin luyén (training error), va ching ta tim cich gidm 16i nay. Cho dén nay, nhiing
gi chiing ta md ta chi don gian 1a mot bai toan ti uu héa. Piéu lam cho hoc mdy khac véi
t6i wu héa 1a chiing ta mudn 16i tdng quat hoa (generalization error), con dudc goi la 15i
ki€m tra (test error), cling phai thip. L6i tdng quat héa dugc dinh nghia Ia gid tri ky vong
ctia 161 trén mot dau vao méi. O déy, ky vong dudc 14y trén cdc diu vao khdc nhau, dudc

14y mAu tif phan phdi ma hé thong du kién sé gip phai trong thuc té.

Chiing ta thudng udc lugng 18i tdng quat héa cia mot mod hinh hoc mdy bing cach do
luong hiéu suit ctia né trén mot tap ki€m tra (test set), bao gdm cac mau dudc thu thap
riéng biét v6i tp huén luyén.

Trong bai todn hdi quy tuyén tinh, ching ta huin luyén mo hinh bing céch t6i uu héa

16i huén luyén, dudc dinh nghia nhu sau:

1 HX(train)W . y(train)H; (517)
Myrain
Tuy nhién, muc tiéu thuc sy cta ching ta 1a gidm thiéu 16i kiém tra (test error), dudc

biéu dién nhu:

X g2 (5.18)

TMhest
Vay lam thé nao d€ dam bao mo hinh hoat dong tdt trén tap kiém tra khi chung ta chi
quan sat tap huin luyén? Pay 12 cau hdi trong tim ctia Ly thuyét hoc thong ké (statistical
learning theory). Néu tip huin luyén va tap kiém tra dudc thu thap mot cach ngiu nhién
khong c6 méi lién hé nao, chiing ta khong thé 1am gi nhiéu. Nhung néu c6 thé dua ra mot
s6 gia dinh vé cach chiing dudc 1dy mau, chiing ta c6 thé phan tich va cai thién hiéu suit

mo hinh.

Mot trong nhiing gia dinh quan trong trong Machine Learning 1a dit liéu huin luyén
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va kiém tra déu dudgc 14y tif cing mot qud trinh sinh dit liéu (data-generating process). Cu
thé, chiing ta thudng gia dinh riang cic mau trong tip dit liéu doc 1ap v6i nhau va tuin theo
cling mot phan phéi xdc suét. Gia dinh nay dudc goi 1a i.i.d. (independent and identically

distributed - doc 1ap va phan phdi gidng nhau).

Piéu nay c6 nghia la tip huin luyén va tip kiém tra déu dugc lay tif cing mot phan
phdi x4c suét nén tang, goi 12 pyu.. Gid dinh nay gitp chiing ta st dung mo hinh todn hoc

dé nghién ctiu mdi quan hé gitta 16i huin luyén va 16i kiém tra.

Mot trong nhitng mdi lién hé quan trong gitta 16i huan luyén va 16i kiém tra 12 gia tri
ky vong ctia 16i huén luyén ctia mot mo hinh dudc chon ngiu nhién sé bang vdi ky vong
ctia 16i kiém tra ctia md hinh d6. Gia st ching ta c6 mot phan phdi xac suét p(x, y) va lay
mau tif n6 dé tao ra tap huin luyén va tap ki€m tra. V6i mot gid tri ¢ dinh ctia w, 16i ky
vong trén tap huén luyén sé bang véi 16i ky vong trén tip kiém tra, vi ¢4 hai déu dudc sinh
ra tif cing mot qud trinh 14y mau di lidu. Su khédc biét duy nhét giiia hai diéu kién nay 1a

tén ma ching ta gan cho tap dif liéu ma ching ta 1y mau.

Tuy nhién, trong thuc té, khi sit dung mot thuét toan machine learning, ching ta khong
¢ dinh tham sd trudc, ma sé liy mau tip huin luyén, sau d6 st dung n6 dé€ diéu chinh
tham s6 nham giam 16i trén tap huén luyén, rdi mdi danh gid trén tip kiém tra. Qua trinh

nay khién ky vong 13i trén tip kiém tra 16n hon hoic bing ky vong 16i trén tip huin luyén.
Miic d6 hiéu qua ctia thuat toan machine learning phu thudc vao hai yéu t6 chinh:
1. Lam cho 156i huin luyén nho.
2. Lam cho khoang cach gitta 15i huan luyén va 16i ki€ém tra nho.

Hai yéu t6 nay lién quan truc tiép dén hai thach thiic quan trong trong machine learning:

underfitting va overfitting.

Underfitting xay ra khi mé hinh khong thé dat dugc 18i huin luyén dd thip, nghia la
mo hinh chua hoc dudc cic dic trung quan trong ctia dif liéu. Piéu nay c6 thé do mo hinh
qué don gian hodc chua duge huin luyén da lau.

Overfitting xay ra khi md hinh hoc qua miic vao tap huén luyén, dan dén khoang cach
16n giita 161 hudn luyén va 16i kiém tra. Khi d6, mo hinh hoat dong rat t6t trén tip huin

luyén nhung lai kém hiéu qua trén dit liéu thuc té.

Chiing ta c6 thé diéu chinh kha ning overfitting hay underfitting cia mot mo hinh
thong qua do phtic tap (capacity). N6i mot cach don gian, do phuc tap cia mo hinh 1a kha
ning ctia n6 trong viéc hoc mot tap hop rong cac ham. Mo hinh c¢6 do phiic tap thap c6
thé gip kho khin trong viéc hoc tap dit liéu huin luyén, trong khi mé hinh c6 d6 phtc tap
cao c6 nguy cd overfitting bang cach ghi nhé dit liéu huan luyén ma khong tdng quat héa
tt trén dit liéu méi.

Mot cach dé kiém soat do phiic tap cia mot thuat toan hoc may 1a chon khong gian gia

thuyét (hypothesis space), tifc 1a tap hop cac ham ma thuét todn c6 thé chon lam 13i gidi.
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Vi du, thuit todn hoi quy tuyén tinh c6 khong gian gia thuyét 1a tip hop tit ca ciac ham
tuyén tinh clia dau vao. Néu ching ta mé rong hoi quy tuyén tinh dé€ bao gom céc da thiic
thay vi chi cdc ham tuyén tinh, khong gian gia thuyét sé 16n hon, 1am ting do phiic tap ctia

mo hinh.

Mot mo hinh hoi quy bac 1 chinh 12 m6 hinh hdi quy tuyén tinh ma chiing ta da quen
thudc, v6i cong thic du doan nhu sau:

J=0b+ wx. (5.19)

Bing cach thém 22 1am mot dic trung bd sung vao mo hinh hoi quy tuyén tinh, ching

ta ¢6 thé hoc dudc mot md hinh c6 dang bac hai theo bién z:

§ = b+ wiz + wox’. (5.20)

Mic dit md hinh trén c¢6 dang mot ham bac hai theo dau vao (z), nhung dau ra van 1a
mdt ham tuyén tinh theo cac tham sb (b, wy, ws). Do d6, ching ta van c6 thé st dung céc
phuong phap gidi dong (closed-form solution) nhu binh phuong t6i thiéu dé huin luyén

mo hinh.

Chiing ta c6 thé tiép tuc md rong bang cach thém nhiéu lily thita cia = lam dic trung

mdi. Vi du, d€ c6 mot mo hinh bac 9:

J=b+) wa' (5.21)

=1

Céc thuat todn hoc may sé hoat dong tot nhét khi ning luc cia md hinh phil hop vé6i do
phtc tap thuc su ctia bai toan. Néu mé hinh c6 ning luc qua thip, né sé khong thé nam bat
dugc quy luat phifc tap trong dif liéu va din dén hién tuong bd sét (underfitting). Ngudc
lai, néu mo hinh c6 ning luc qué cao so véi yéu cau ctia bai todn, né c6 thé hoc qua mic

vao dif liéu huén luyén va din dén qué khdp (overfitting).

Hinh 5.2 minh hoa nguyén tic nay trong thuc t&. Chiing toi so sanh ba md hinh du
doan: tuyén tinh, bac hai va bac 9 trén mot bai toan ma ham sb thuc su c6 dang bac hai.
Ham tuyén tinh khong thé nam bat duge do cong clia bai toan thuc su, do dé né mac 16i
dudi khép. M6 hinh bac 9 c6 kha niing bi€u dién chinh x4c ham s6 thuc su, nhung dong
thdi ciing c6 thé biéu dién vo sd ham s6 khéc di qua chinh x4c cdc diém huln luyén, bsi vi
s6 lugng tham s6 16n hon s6 lugng mau huén luyén. Khi c6 qua nhiéu nghiém khéac nhau
phil hop v6i dit liéu huén luyén, chiing ta kh6 c¢6 thé chon dugc mot nghiém téng quat héa
t6t. Trong vi du ndy, mo hinh bac hai khép chinh xdc vé6i ciu triic thuc su clia bai todn, vi
vy n6 c6 kha ning tdng quat héa tét trén dit liéu méi.
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Hinh 5.2: Ching t6i thi nghiém ba mé hinh trén tap dif liéu huan luyén nay. Dt liéu huén luyén
dudc tao ra mot cach tdng hop biang cach 1dy mau ngau nhién cic gia tri 2 va xdc dinh 3 theo mot
ham béc hai.(Trdi): Mot mo hinh tuyén tinh khép véi dit liéu bi 16i dudi khép (underfitting)—né6
khong thé nam bat dugc do cong thuc sy cda dit liéu. (Gita): M6t m6 hinh béac hai khép véi di
liéu c6 kha ning tong quat hda tét trén cac diém chua thiy trudc d6. N6 khong gip phai van dé
qua khép (overfitting) hay dudi khSp.(Phdi): Mot da thic bac 9 khdp véi dit 1iéu bi 16i qua khép.
Trong trudng hop nay, chiing tdi sit dung nghich déo gid Moore-Penrose d€ gidi hé phuong trinh
chuin khong xdc dinh. Nghiém thu dudc di qua tit ca cdc diém huin luyén, nhung lai khong trich
xuat diing ciu tric thuc su. M6 hinh nay tao ra mot viing 16m sau gitta hai diém huén luyén, diéu
nay khong xuit hién trong ham thuc su. Hon nifa, n6 ting manh & phia bén trai dit liéu, trong khi
ham thuc sy lai ¢6 xu huéng giam tai do.

Trong hoc mdy, mot cach dé€ thay ddi do phiic tap ctia m6 hinh 12 ting hoic gidm s
luong dau vao va cac tham sb lién quan. Tuy nhién, mo hinh khong chi phu thudc vao ciu
triic ctia n6é ma con vao tip hdp cac ham ma thuit toan hoc may c6 thé lua chon dé t6i uu

héa ham mat mat. Piéu nay dugc goi 1a kha niing biéu dién ctia mo hinh.

Nhiing y tudng hién dai vé viéc cai thién kh4 ning téng quat héa ctia mo hinh hoc
mdy thuc chat 13 su phét trién tif nhitng tu tudng triét hoc tif thdi cd dai, it nhat 12 tr thoi
Ptolemy. Nhiéu hoc gi thdi ky dau da 4p dung nguyén ly gian udc (parsimony), hién nay
dugc biét dén rong rai véi tén goi Occam’s razor (khoang nim 1287-1347). Nguyén tac
nay phat biéu rang: trong s6 cac gia thuyét c6 thé giai thich hién tugng quan sat dugc mot
cach tuong duong, ta nén chon gia thuyét don gian nhit. Nguyén tic nay da dudc hé thong
héa va 1am 16 hon trong thé ky 20 bdi nhitng ngudi sang 1ap ly thuyét hoc thong ké, tiéu
bi€u 1a Vapnik va Chervonenkis.

Ly thuyét hoc théng ké cung cip nhiéu cich dé€ do ludng do phiic tap ctia mo hinh,
trong d6 ndi bat nhat 14 do do Vapnik-Chervonenkis (VC dimension). VC dimension 12
mot thuée do kha ning ctia mot bd phan loai nhi phan. N6 duge dinh nghia 1a s lugng

di€m t6i da m ma md hinh c6 thé gan nhan theo moi cach c6 thé.

Viéc dinh luong do phiic tap cia mo hinh gitp ly thuyét hoc théng ké dua ra cac du
doan dinh lugng. Mot trong nhiing két qua quan trong ctia ly thuyét nay cho thiy su chénh
léch giita 151 huan luyén va 15i téng quat bi chin trén bdi mot dai luong ting khi do phiic
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tap cia mo hinh ting nhung gidm khi s6 lugng mau huén luyén ting. Tuy nhién, trong hoc
sdu, cdc gidi han nay it dugc sit dung trong thuc té vi chiing thudng kh4 16ng 180 va khé
ap dung.

Vin d& xdc dinh do phiic tap ctia mdt md hinh hoc siu con phic tap hon vi kha ning
hiéu qua ctia mo hinh bi gidi han bdi kha ning clia thuit todn tdi vu héa. Chiing ta hién
chua c6 su hiéu biét ly thuyét day di vé cac vin dé tbi uu héa phi 16i tdng quat trong hoc

A

sau.

Mic du cdc ham don gidn c6 kha ning tdng quat hoéa t6t hon (tic 13 c6 khoang cach
nhé gitta 16i huén luyén va 18i kiém tra), chiing ta van cin chon mdt gia thuyét di phiic
tap dé€ dat dudc 15i huan luyén thip. Thong thudng, 16i huén luyén gidm dan va tiém cin
gia tri toi thiéu khi do phiic tap mo hinh ting. Ngudc lai, 16i tdng quat héa c6 dang dudng
cong hinh chit U khi xét theo do phuc tap mo hinh. M6 ta 6 Hinh 5.3

— - Training error
Underfitting zone | Overfitting zone - . .
—— (seneralization error

Error

0 Optimal Capacity
Capacity

Hinh 5.3: Minh hoa mbi quan hé dién hinh giita d6 phiic tap ctia mo6 hinh v sai s. Sai sb trén
tap huin luyén va tip kiém tra c6 xu huéng thay d6i khac nhau. O phia bén trai ctia dd thi, khi mo
hinh c6 dd phiic tap thip, ca sai s& hun luyén va sai s6 tdng quit déu cao. Py dudc goi 12 hién
tuong underfitting (mo6 hinh chua di phic tap d€ hoc tot dit liéu). Khi ting do phic tap cia md
hinh, sai s6 huin luyén gidm dan, nhung khoang cich gifta sai s6 huén luyén va sai s6 tdng quat
bat dau ting 1én. Néu do phiic tap ctia mo hinh tiép tuc ting vudt qua mot mifc t6i wu, khoang cich
nay trd nén qua 16n, din dén hién tugng overfitting (md hinh qua phtc tap, hoc thudc dit liéu huin
luyén nhung khong tdng quat héa tt cho dit liéu mdi). Miic do phtic tap tdi vu dude goi 1a optimal
capacity, tai d6 md hinh dat dudc su can bang tot nhét giita 16i huén luyén va 16i téng quat.

Dé dat t6i trudng hop cuc han véi kha ning mo hinh cao tuy ¥, ta c6 thé st dung mo
hinh phi tham s6 (nonparametric models). Cho dén nay, ching ta mdi chi xét cdc mo hinh
tham s6, chang han nhu hdi quy tuyén tinh. Cdc mé hinh tham s6 hoc mét ham dugec mod
t4 bdi mot vector tham s6 c6 kich thude hitu han va dudc cb dinh trudc khi quan sat dit
liéu.

Trong mdt sb trudng hop, cidc md hinh phi tham s (nonparametric models) chi mang
tinh 1y thuyét, vi du nhu mot thuat toan tim kiém qua tit ci cac phan bd xdc suét c6 thé
c6. Tuy nhién, trong thuc té, chiing ta c6 thé thiét ké cac mo hinh phi tham sb thuc tién
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bing cach lam cho do phiic tap ctia chiing phu thudc vao kich thudc cia tap huin luyén.
Mot vi du dién hinh cia m6 hinh nay 1a hdi quy lang giéng gin nhit (nearest neighbor

regression).

Khong gidng nhu hoi quy tuyén tinh, trong d6 mo hinh c6 mot tap trong s c¢d dinh,
hdi quy lang giéng gan nhit chi can luu trif dif liéu dau vao X va nhin diu ra y ti tip
huén luyén. Khi can phan loai mot diém kiém tra x, md hinh sé tim diém gan nhét trong

tap huin luyén va tra vé nhin hdi quy tuong ting. Cu thé:

§ =y voii=argmin|X; — x|5. (5.22)

Thuét todn nay ciing c¢6 thé dugc md rong bang cich st dung cic do do khoang cach
khéc thay vi chuin Lo, chang han nhu cic do do hoc dudc it dit liéu (Goldberger et al.,
2005). Néu c6 nhiéu diém dit liéu c6 cung khoang cach gan nhét, ta c6 thé tinh gid tri
trung binh ctia cic y; tuong ng dé giam sai sd. Trong trudng hop nay, thuit toan sé dat
dudc 16i huin luyén nhd nhét c¢6 thé. Tuy nhién, 18i ny c6 thé 16n hon 0 néu c6 hai diém

dau vao gidng nhau nhung c6 nhan dau ra khic nhau trong tap dit liéu hdi quy.

Cudi cung, chiing ta ciing c6 thé tao ra mot thuit toan hoc phi tham sb bang cach bao
boc mdt thuat todn hoc ¢6 tham sb bén trong mot thuat toan khéc, gidp ting s6 luong tham
s6 khi can. Vi du, ta c6 thé tudng tugng mot vong lip hoc tip bén ngoai diéu chinh bac
ctia da thifc dudc hoc bdi hdi quy tuyén tinh trén mdt phép md rong da thifc ciia dau vao.

MBb hinh ly tudng 1a mot tién tri (oracle) biét chinh xac phan phdi xdc suit that su clia
dit liéu. Ngay ca md hinh nay ciing sé mac mot s6 16i do c6 thé ton tai nhiéu trong phan
phdi. Trong hoc c6 gidm sat, anh xa tif x dén y c6 thé mang tinh ngiu nhién, hoic y c6
thé 1a mot ham tat dinh phu thudc vao nhiéu bién khic ngoai x. Ldi ma mat tién tri mac
phéi khi du doén tit phan phdi that p(x, y) dugc goi 1a 18i Bayes.

L&i huén luyén va 16i khai quat héa thay d6i theo kich thudc ctia tip huan luyén. Lbi
khdi quat héa ky vong khong bao gio ting khi s6 lugng mau huén luyén ting. Ddi véi cac
mo hinh phi tham sd, cang nhiéu dif liéu thi kha niing khdi quat héa cang tét, cho dén khi
dat dugc 16i t6i wu nhat c6 thé. Bat ky md hinh tham s6 cb dinh nao c¢6 dung luong nhd
hon miic ti wu sé c6 16i hoi tu dén mot gid tri 16n hon 16i Bayes (Nhin hinh 5.4). Ching
ta ciing luu y rang, mot mo hinh c6 thé c6 dung lugng t6i vu nhung van c6 khoang cach
16n gitta 16i huén luyén va 16i khdi quét héa. Trong trudng hop nay, ta c6 thé giam khoing
cach dé bang cach thu thap thém dit liéu huén luyén.

5.2.1 Pinh Iy Khong Cé Bira Trua Mién Phi (No Free Lunch Theorem)

Ly thuyét hoc mdy cho rang mot thudt toan hoc mdy c6 thé khai quat t6t tit mot tap di
liéu huén luyén hitu han. Piéu nay dudng nhu mau thuin v6i cic nguyén tic co ban ciia
logic. Lap luan quy nap (inductive reasoning), tiic 12 suy ra quy tic tdng quat tif mot tip
hop hitu han cic vi du, khong hop 1¢ theo logic thuan tiy. D€ suy luin logic mot quy tic

ap dung cho moi phan ti trong tap dif liéu, ta can c6 thong tin vé tit ca cic phan ti do.
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Hoc mdy phan nao tranh dudc van d& nay bang cach chi dua ra cdc quy tic mang tinh
xéc suat, thay vi cdc quy tac chic chan tuyét d6i nhu trong 1ap luan logic thuan tdy. Hoc
may tim kiém cic quy tic c6 xac suat ding cao d6i véi hau hét cac phan ti trong tap dit
liéu.

Tuy nhién, ngay cé diéu nay ciing khong gidi quyét triét d&€ van dé. Pinh ly Khong C6
Biia Trua Mién Phi (No Free Lunch Theorem) trong hoc mdy (Wolpert, 1996) chi ra réng,
khi tinh trung binh trén tit ca cac phan phdi sinh dit liéu c6 thé ¢, moi thuit toan phan
loai déu c6 cung mot ty 18 16i khi phan loai cdc diém chua quan sat trude d6. Néi cach
khdc, khong c6 thuat todn hoc may nao tt hon thuit todn khic trong moi trudng hop.
Ngay ca thudt toan tinh vi nhit cling c6 hiéu suit trung binh (trén tit ci cdc tdc vu c6 thé

c6) ngang véi viéc chi don gidn du dodn ring moi diém thudc cuing mot 16p.
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Hinh 5.4: Hinh 5.4 m6 ta 4nh hudng cia kich thude tap dit liéu huin luyén dén 18i huén luyén, 16i
kiém tra va do phiic tap t6i uu ctia mo hinh. Mot bai todn hodi quy tong hop dudc xiy dung biang
cach thém nhiéu vao da thiic bac 5, sau d6 tao ra mot tip dit liéu duy nhét va chia thanh cic tap
huén luyén c6 kich thuéc khac nhau. Véi méi kich thuée, 40 tap hun luyén khic nhau dugc tao
dé vé thanh 16i v6i mic tin cdy 95%. (Trén): Sai s trung binh binh phuong (MSE) trén tip huén
luyén va tap kiém tra cho hai m6 hinh: mo hinh bac hai va mo hinh ¢ bac dugc chon dé téi uu
héa 16i ki€m tra. V6i mo hinh bac hai, 16i huan luyén ting theo kich thudc tip huin luyén do tip
dit liéu 16n hon khé khép hon. Dong thai, 16i kiém tra giam do sb lugng gia thuyét sai phit hop véi
dit liéu huén luyén it hon. Tuy nhién, moé hinh bac hai khong di kha ning d€ gidi quyét bai todn,
do d6 16i kiém tra tiém cin dén mot gia tri cao. Trong khi d6, mod hinh c6 do phic tap t6i uu c6 thé
dat 16i kiém tra tiém cén dén 15i Bayes. Tham chi, 16i huin luyén c6 thé nho hon 15i Bayes do thuit
to4n c6 thé ghi nh6 cac miu cu thé. Khi kich thude tip huan luyén tién t6i vo han, 16i huin luyén
ctia bit ky mo hinh ¢6 dinh nao ciing phai 16n hon hoic bang 16i Bayes. (Dudi): Khi kich thudc tap
huén luyén ting, do phiic tap tdi uu ctia mod hinh (biéu dién qua bac ctia mo hinh hdi quy da thiic)
cling ting. Tuy nhién, do phtc tap tbi uu sé bio hoa sau khi dat di miic d€ gidi quyét bai todn.

May man thay, nhiing két qua nay chi ding khi chiing ta tinh trung binh trén tdt cd cac
phén phdi sinh dit liéu c6 thé c6. Néu chiing ta dua ra gia dinh vé cac loai phan phbi xac
sudt ma ta gip phai trong cic ung dung thuc té, thi chiing ta c6 thé thiét ké cac thuit todn

hoc may hoat dong tot trén nhiing phan phdi nay.

Diéu nay c6 nghia 12 muc tiéu cia nghién ctiu hoc may khong phai 12 tim kiém mot
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thuat todn hoc tip mang tinh phd quat hoic thuét todn hoc tap tot nhit tuyét ddi. Thay vao
d6, muc tiéu cia ching ta 1a hiéu c4c loai phan phdi nao lién quan dén "thé gidi thuc"ma
mot tac ti Al trai nghiém, va nhitng thuat toan hoc may nao hoat dong hiéu qua trén dir

liéu dugc 14y tif cac loai phan phdi sinh dit liéu ma ching ta quan tAm.
5.2.2 Regularization - Chinh quy hoéa

Dinh Iy No Free Lunch cho thiy ring khong cé thuit todn hoc mdy nao c6 thé hoat
dong tot trén tit ca cic bai toan. Do d6, chiing ta can thiét k& thuat todn sao cho phit hop
véi tling bai toan cu thé. Diéu nay dudc thuc hién bﬁng cach dua cac uu tié€n vao thuit toan
hoc. Khi nhiing vu tién nay phii hop vdi bai toan can gidi quyét, thuat toan sé hoat dong
hiéu qua hon.

Mot cich co ban dé diéu chinh thuit todn hoc 1a thay ddi kha ning biéu dién ctia mo
hinh. Piéu nay c6 thé thuc hién bang cach thém hoic loai bd cic ham trong khong gian
gia thuyét - tap hop céc 16i gidi ma thuat todn c6 thé lua chon. Vi du, trong bai todn hoi
quy, chiing ta c6 thé thay d6i bac ctia da thiic d€ diéu chinh d6 phiic tap ctia mo hinh. Tuy
nhién, cach tiép cin nay con khd don gian va chua toan dién.

Hiéu suét ctia thuat toan khong chi bi anh hudng béi kich thudc ciia khong gian gia
thuyét ma con bdi loai ham cu thé trong dé. Chang han, trong hdi quy tuyén tinh, khong
gian gi4 thuyét bao gom céc ham tuyén tinh ctia dau vao. Nhitng him nay rat hitu ich khi
quan hé gilta dau vao va dau ra 1a tuyén tinh. Tuy nhién, néu bai todn c6 quan hé phi tuyén,

nhu du dodn sin(z) tif o, thi hoi quy tuyén tinh sé khong hoat dong tét.

Chinh quy héa cho phép ki€m soat hiéu suit ciia thuit toan bang cach chon loai ham
ma thuat todn dugc phép st dung va gidi han s6 lugng ham nay. Piéu nay gitip md hinh
hoc t6t hon va tranh hién tuong qué khép.

Trong khong gian gia thuyét ctia mot thuat toan hoc may, c¢6 thé c6 nhiéu ham muc tiéu
hop 1&. Tuy nhién, d6i khi ta mubn uu tién mot 18i gidi hon 10i giai khac. Giai phap khong
dugc vu tién chi dugce chon néu né khép véi dit liéu huan luyén tot hon dang k€ so véi giai
phéap dudc uu tién.

Mot cach dé 1am diéu nay trong hodi quy tuyén tinh 1a st dung giam trong sb (weight
decay). Cu thé, ching ta c6 thé diéu chinh tiéu chi huin luyén bang cach thém mot thanh

phan uu tién céc trong s6 nhd hon. Him mét mat méi c6 dang:

J(W) = MSEin + AW’ w, (5.23)

trong d6 A 1a mot hé sb dudc chon trudc dé kiém soat midc dd uu tién cac trong s6 nhod
hon. Khi A = 0, khong c6 su uu tién nao, nhung khi \ ting, cdc trong sd bi ép phai nhd
hon. Viéc t&i uu ham J(w) gidp can bing gitta d6 khép ctia md hinh véi dit liéu huén
luyén va do phtc tap cia md hinh. Piéu nay din dén nhitng nghiém c6 do doc nhd hon

hoic ¢ it trong s6 khac 0 hon.
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Vi du, khi thuc hién hdi quy da thiic bac cao, ta c6 thé kiém sodt hién tuong qud khdp
(overfitting) hodc chua khdp (underfitting) bang cach diéu chinh gid tri A. Hinh 5.5 minh

hoa két qua véi cac gia tri khac nhau cua .

Téng quét hon, ta c6 thé chudn héa (regularization) mot md hinh hoc ham f(z; 6) biang
cach thém mot thanh phan goi 14 bo chudn hoa (regularizer) vao ham mét mat. Trong
truong hop gidm trong sd, bo chuin hoa la:

Qw) = wiw. (5.24)

Trong chuong 7, chiing ta sé thiy rang con nhiéu dang bo chuin héa khac c6 thé dugc

ap dung d€ cai thién kha niing tong quat ctia mo hinh.

Viéc uu tién mot ham muc tiéu hon cdc ham khac 1a mot cich tong quat dé kiém soat
do phiic tap ctia mo6 hinh. Thay vi loai bd hoan toan mot sb ham ra khéi khong gian gia
thuyét, ta c6 thé coi viéc loai trit mot ham 1a thé hién mot su uu tién vo han chéng lai ham
do.

Trong vi du vé gidm trong sd, chiing ta thé hién su uu tién cho cdc mo6 hinh hoi quy
tuyén tinh c6 trong sb nhd hon bang cach thém mot diéu kién rang budc vao ham mét mat.
Ngoai giam trong s, c6 nhiéu cich khac nhau d€ thé hién su uu tién d6i véi cac nghiém
khéc nhau, cA mot cach tudng minh 14n ngdm dinh. Nhiing phuong phdp nay dudc goi
chung 12 chuan héa (regularization).

Regularization la bdt ky diéu chinh nao doi véi thudt todn hoc nhdm gidm 16i khdi qudt
héa ma khong lam gidm 16i hudn luyén. Regularization 1a mdt trong nhitng vin dé quan

trong nhat trong linh vuc hoc may, chi ding sau téi wu héa.

Dinh ly "Khéng c6 bita trua mién phi"(No Free Lunch Theorem) da chi ra ring khong
c6 thuat todn hoc mdy nao 12 t6i uu cho moi bai todn, va dic biét 1a khong c6 mot dang
regularization nao tot nhit cho moi trudng hop. Thay vao d6, ching ta cin chon mot dang
regularization phit hop véi bai toan cu thé ma ching ta dang giai quyét.

5.3 Cac Siéu Tham S6 va Téap Kiém Pinh (Hyperparameters and Validation Sets)

Hau hét cic thuit toan hoc mdy déu c6 siéu tham s (hyperparameters), 1a céc thiét 1ap
gidp ta ki€ém soat hanh vi clia thuat todn. Gid tri clia céc siéu tham sd khong dudc thuat
todn hoc mdy tu dong diéu chinh ma can dudc xac dinh tif bén ngoai (mic du ta c6 thé
thiét ké mot quy trinh hoc 16ng nhau trong dé6 mot thuat ton hoc sé& tim ra cac siéu tham

s6 toi uu cho mot thudt toan hoc khéc).

Vi du, trong bai todn hoi quy da thifc dugc minh hoa trong hinh 5.2, c6 mot siéu tham
s6 duy nhit: bac ctia da thiic. Py 1a mot siéu tham s6 quyét dinh do phiic tap (capacity)
ctia mo hinh. Ngoai ra, gid tri \ trong phuong phap gidm trong s6 ciing 1a mot vi du khéc
vé siéu tham s6, vi né kiém soat mifc do vu tién cta trong s6 nhd hon trong thuit todn

hoc.
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Underfitting Appropriate weight decay Overfitting
(Excessive A) (Medium A) (A —0)
o2

Iy L =

Hinh 5.5: Hinh 5.5 minh hoa viéc 4p dung m6 hinh hdi quy da thifc bic cao vao tip huin luyén
trong hinh 5.2. Ham thyc su 12 mot ham bac hai, nhung & diy ta chi sit dung mo6 hinh bac 9. D€
ngin chin mo hinh phic tap nay bi overfitting, ta diéu chinh gi4 tri ctia weight decay ()). (Trdi)
Khi A rit 16n, mo6 hinh bi ép budc hoc mot ham gan nhu khong c¢6 do dbc, dan dén hién tuong
underfitting vi n6 chi c6 thé biéu dién mot ham hing. (Giita) Khi A & mic trung binh, thuat toan
c6 thé khoi phuc mot dudng cong c6 hinh dang téng quat ding. Mic du mo hinh c6 kha ning
bi€u dién cdc ham phic tap hon, nhung weight decay da khuyén khich n6 st dung mot ham don
gian hon véi cic hé s6 nho hon. (Phdi) Khi \ tién dan vé 0 (tidc 12 sit dung pseudo-inverse Moore-
Penrose d€ giai bai toan kém xac dinh v6i muc regularization tdi thi€u), mo6 hinh hdi quy bac 9 bi
overfit ding k&, nhu da thiy trong hinh 5.2.

Khi x4y dung mdt mo6 hinh hoc mdy, chiing ta can t6i uu héa cic tham sb va siéu tham
s6 (hyperparameters) d€ dat hiéu suit cao nhit. Tuy nhién, néu ching ta diéu chinh siéu
tham s truc tiép trén tap huin luyén (training set), mo hinh c6 thé bi overfitting—tiic 1a
hoc qua mtc vao dif liéu hun luyén nhung khong tdng quat héa tét trén dit liéu méi.

Vi du, néu chiing ta st dung mot mé hinh hdi quy da thic, ta ¢6 thé ludn khép hoan
hao dit liéu huin luyén bang céch ting bac cta da thifc. Tuy nhién, diéu nay khong c6
nghia 12 md hinh sé hoat dong t6t trén dit liéu méi. DE giai quyét vin dé nay, chiing ta can

mot tap dit lidu validation set ma mo hinh khong dudc huin luyén truc tiép trén do.

Tap kiém tra (test set) 12 tip dif liéu chi dudc st dung sau khi qua trinh hoc hoan tit dé
danh gid kha ning tong quat hoa ctia mo hinh. Quan trong 1a test set khong dudc st dung
trong qud trinh tinh chinh siéu tham s6 hay Iua chon mo hinh, vi diéu nay c6 thé dan dén
viéc vo tinh tdi vu héa mo hinh theo test set, lam mét y nghia ddnh gi4.

Thay vao d6, ta can validation set—dudc trich tif tdp huin luyén ban dau—dé diéu
chinh siéu tham s6. Céch 1am ph6 bién 1a chia tap huén luyén thanh hai phan:

» Training set: Dung dé hoc cac tham sb ctia md hinh.

* Validation set: Duing d€ danh gid 16i tdng quat héa trong qua trinh huan luyén va tinh

chinh mo6 hinh.

Thong thudng, ngudi ta sit dung khoang 80% dit liéu huin luyén cho training set va
20% con lai lam validation set. Do validation set dudc st dung dé tdi uu héa siéu tham s,

108



CHUONG 5. HOC MAY CO BAN

16 trén validation set thudng nho hon 16i trén test set nhung van cao hon 16i trén training

set.

Sau khi hoan tit qua trinh tinh chinh siéu tham sb, mo hinh cudi cling sé dudc danh gia

trén test set d€ c6 mot thude do chinh xdc vé hiéu suit trén dif liéu chua tiing thiy.

Trong thuc té, néu mot tap test dudc st dung qua nhiéu l1an d€ ddnh gia hiéu suét cla
cdc md hinh khéc nhau trong nhiéu nim, thi cic thuat todn méi c6 thé vo tinh téi uu héa
theo tap test nay thay vi tng quat héa t6t hon cho dit liéu thuc té. Diéu nay khién két qua

danh gia trén test set tré nén lac quan mot cach gia tao.

Hon nita, néu cong dong nghién cifu lién tuc tdi vu héa mo hinh d€ dat hiéu suat cao
nhét trén mot tap test ci, thi tip test d6 s& dan trd nén 16i thoi va khong con phan anh
chinh x4c hiéu suét thuc t& clia hé thdng khi trién khai. Do d6, ciac benchmark thuong
dudc cap nhat véi céc tap dif liéu méi, 16n hon va phiic tap hon d€ dam bdo viéc danh gid
mo hinh van khach quan va chinh xéc.

5.3.1 Cross-Validation

Mot van dé khi chia tip dit liéu c¢b dinh thanh tp huan luyén va tip kiém tra 1a néu tap
kiém tra qud nhd, né sé lam ting do bt dinh trong viéc udc tinh 18i tdng quat héa. Piéu
nay din dén kho khin trong viéc khang dinh thuét todn A t6t hon thudt toan B trén mot

bai toan cu thé.

Khi tap dit liéu c6 hang trim nghin mAu trd 1én, diéu nay khong phii 12 van dé 16n. Tuy
nhién, néu tap dit liéu nhd, cic phuong phap thay thé c6 thé gitp tin dung toan bo dit lidu
dé udc tinh 16i trung binh ma khong can gif lai mot phan c¢b dinh 1am test set. Cdc phuong
phép ndy dua trén y tudng lip lai qud trinh huén luyén va kiém tra trén céc tip con khac
nhau ctia tap dit liéu ban dau.

Mot trong nhitng phuong phap phd bién nhét 14 k-fold cross-validation. Trong phuong
phép nay, tap dit liéu dudc chia thanh k& tp con khong trung lap. Sau dé, mo hinh dudc
huén luyén k 1an, mdi 1an st dung mot tap con khéac nhau 1am tip kiém tra, trong khi phan
con lai dung dé€ hu4n luyén. L6i kiém tra trung binh qua & 1an lip dugc dung dé udc tinh
18i tong quat hoa.

Mot han ché cta phuong phdp nay 1a khong c6 bo uée lugng khong thién 1éch cho
phuong sai cta 16i trung binh thu dudc (Bengio va Grandvalet, 2004). Tuy nhién, trong
thuc té, cic uéc lugng xAp xi van thudng dudc st dung.

5.4 Udc lugng, Do chéch va Phuong sai (Estimators, Bias and Variance)

Thdng ké cung cAp nhiéu cong cu gitip ching ta dat dugc muc tiéu ctia hoc mdy: khong

chi gidi quyét bai todn trén tap huin luyén ma con c6 kha ning téng quit héa cho dit liéu

2,

mol.

Céc khdi niém c6t 16i nhu u6c lugng tham s6, dd chéch (bias) va phuong sai (variance)
dong vai trd quan trong trong viéc danh gia kha ning tong quat hoa cia md hinh. Hiéu rd
vé d6 chéch va phuong sai gitip ta phan tich dugc hién tuong dudi khép (underfitting) va
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qua khép (overfitting), tit d6 c6 chién lugc diéu chinh mo hinh phu hop.
5.4.1 Uéc lugng diém

Uéc lugng diém 1a phuong phap nham cung cip mot gia tri du doan "t6t nhat"cho mot
dai luong quan tim. Trong thuc té, dai ludng nay c6 thé 1a mot tham s don 18 hodc mot
vector tham s trong mot mé hinh tham s6, chang han nhu trong s trong bai toan hdi quy

tuyén tinh dugc dé cip & muc 5.1.4, hodc tham chi 12 mot ham sb hoan chinh.

Dé phan biét gitta gid trj uéc ludng va gid tri thuc clia tham sb, ta st dung ky hiéu 6 d&

biéu dién udc luong diém ctia mot tham sb 6.

Gia st tap dit liéu gdbm m quan sat doc 14p va phan phdi giébng hét nhau dudc ky hiéu
la {xM .. x(m}

Thuét todn 5.1 Thuat to4n kiém tra chéo k-fold. N6 ¢6 thé dudc st dung dé udc tinh 16i
khai quat héa clia mot thuat todn hoc may A khi tap dit liéu D qua nho dé€ chia thanh tap
huén luyén/kiém tra hodc tap huin luyén/xic thuc don gidn nham mang lai u6c tinh chinh
x4c vé 16i khai quat héa, bdi vi trung binh ctia mot ham mit mat L trén mot tap kiém tra
nhd c6 thé c6 phuong sai cao. Tap dit liéu D chita cac mau tritu tuong 2 (cho mau thi 7),
c6 thé 1a ciip (dau vao, nhan) 2 = (z® y) trong hoc c6 giam sat hoic chi 1a diu vao
2 = 20 trong hoc khong gidm sat. Thudt toan tra vé mot vector céac 16i e cho mdi mau
trong D, trong d6 trung binh ctia né 1a 16i khdi quat héa udc tinh. Cac 161 trén tiing mau c6
thé dugc st dung dé€ tinh toan khoéng tin ciy xung quanh trung binh (phuong trinh 5.47).
Mic du nhitng khoang tin ciy nay khong dudc chiing minh diy dud sau khi st dung kiém
tra chéo, nhung van 1a thuc t& phd bién khi sit dung chiing dé tuyén b rang thuat toan A
t6t hon thudt toan B chi khi khoang tin cdy cta 16i clia thuat toan A nam dudi va khong

giao v6i khoang tin cdy cua thuit toan B.

Algorithm 5.1 KFoldXV

Require: D, tap dit liéu cho trudc, véi cac phan ti 2
Require: A, thuit toan hoc, dudc xem nhu mdt ham nhan vao moét tap di liéu va xuit ra
mot ham da hoc
Require: L, hAm mat mat, dudc xem nhu mot ham tif mdt ham da hoc f v mot mau
2 € D t6i mot gid tri vd huéng € R
Require: £, s6 lugng phan chia (folds)
Chia D thanh £ tap con D; khdng giao nhau, sao cho hgp lai la D
for i tir 1 dén k do
fi = A(D\D))
for 2U) trong I; do
e = L(f;, 29))
end for
end for
Tra vé e

Trong thdng ké&, mot uSc luong diém (point estimator) hay con goi 1a théng ké (statistic)
12 mot ham sb cta di lidu:
O = g(zM, . (™), (5.25)
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Dinh nghia trén khong yéu ciu ham ¢ phai trd vé mot gia tri gan véi tham sb that 6,
hay thAm chi mién gia tri clia ¢ phdi tring véi tap hop gia tri ¢6 thé c¢6 clia 0. Piéu nay
cho phép ngudi thiét ké udc lugng c6 su linh hoat 16n. Do d6, hau nhu bat ky ham sb nao
ciing c6 thé dugc xem 1a mot uSc luogng.

Mot udc luong tot 1a mot ham sb ¢ dau ra gan véi gia tri thuc su 6§ da tao ra dit lidu

huan luyén.

Chiing ta sé xem xét uSc luong diém tir géc do tan suét (frequentist). Diéu nay c6 nghia
1a: - Gi4 tri tham sb that # 1 ¢b dinh nhung khong x4c dinh dudc. - Udc luong diém 0 1a
mot ham ctia dif liéu. - Dt liéu dudc 1y ngiu nhién tif mot phan phdi xéc suét, do dé 0

ciing 1a mot bién ngau nhién.

Ngoai ra, udc luong diém con c6 thé dung dé wéc lugng mbi quan hé gilta dau vao va

dau ra. Trong trudng hop nay, ta goi ching 1a udc lugng ham sb.

Trong mot s trudng hop, ta khong chi quan tim dén viéc udc lugng mot tham s6 ma
con mudn uée lugng mot ham s6. Vi du, ta mudn du dodn bién y dua trén mot dau vao x.

Gia st c6 mot ham s6 f(z) biéu dién mbi quan hé gan ding gilia y va x:
y = f(X) + ¢, (5.26)

trong d6 e biéu dién phan nhiéu ma ta khong thé du doan tir x.

Trong u6c lugng ham sb, muc tiéu clia ta 1a tim mdt mo hinh hoic mot ham f dé xap xi
f. C6 thé xem udc lugng ham sb nhu mot trudng hop dic biét clia uéc luong diém, trong
dé6 thay vi udc lugng mot tham sb 6, ta ude luong ca modt ham sb f.

Vi du:
- Hoi quy tuyén tinh (dugc trinh bay trong Muc 5.1.4)
- Hoi quy da thiic (dudc trinh bay trong Muc 5.2)

C4 hai phuong phép trén déu minh hoa cach tiép can dé udc luong mot tham sbé w hoic

mot ham f anh xa tu x sang y.

Tiép theo, ching ta sé xem xét c4c tinh chit quan trong nhét clia cic bo udc lugng va

thao luan vé cach danh gia ching.
5.4.2 Do Chéch Cua Bo Ude Lugng

Do chéch (bias) cia mot bo uée lugng dude dinh nghia nhu sau:
bias(6,,) = E(6,,) — 0, (5.27)

trong d6 ky vong dudc 14y trén dit liéu (xem dit liéu nhu 12 mAu tif mot bién ngiu nhién),

va 0 1a gia tri that clia tham sb dudc ding d€ xac dinh phan phbi tao di liu.

Mot bd uée lugng 0,,, duoc goi 12 khdng chéch néu bias(ém) = 0, hay néi cach khac
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E(ém) = 6. Mot bd ubce luong dude goi 1a khdng chéch tiém cén néu:

lim bias(f,,) = 0, (5.28)
m—r0o0
dong nghia véi viéc:
lim E(6,,) = 6. (5.29)
m—0o0
Vi du: Phan phéi Bernoulli
Xét mot tap mau {z(V) ... 2™} duge 14y doc 1ap va phan phdi giébng nhau theo phan
phdi Bernoulli véi ky vong 6:
P(z?:0) = 67" (1 — )=, (5.30)

Mot bo u6e lugng phd bién cho tham s6 6 clia phan phbi nay 1a trung binh ctia cac mau

huan luyén:

1 <&
. § 2, (5.31)
m =1

DéE ki€m tra xem udc lugng nay c6 bi chéch hay khong, ta thay phuong trinh (5.22) vao
phuong trinh (5.20):

bias(f,,) = E[0,,,] — 0 (5.32)
1 m
E|— Z: ] (5.33)
_ ' S R0 -0 (5.34)
m =1
m 1
%Z > (2061 — ) ) — g (5.35)
1=1 z(i)=0
= % > (0) -0 (5.36)
=1
=0—-0=0. (5.37)

Vi bias(d) = 0, ta két luan ring bd udc luong 6 1a khong chéch.
Vi Du: Bd Uéc Luong Trung Binh Cia Phan Phéi Gaussian

Gia st chiing ta c6 mot tap hop cac mau {21, 2® ... (™} dugc 1iy ngiu nhién va
doc 1ap tir mot phan phbi Gaussian:

: 1 1 (2@ — p)?
(@). 2y S S A
p(x'";p,0%) = s exp ( 5 o2 ) : (5.38)
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Mot bd ude lugng phd bién cho gid tri trung binh . clia phan phdi Gaussian la trung

binh mau:

1 .
fim = — Y a. (5.39)

Dé xac dinh do chéch cuia trung binh mau, ta tinh ky vong ctia nd:

bias(fin) = Elfim] — p (5.40)
1 &~

_E|= M| _
E|— ;x ] m (5.41)
1 & :

=—Y EzW]—p (5.42)
m i=1
1 m

=D n-n (5.43)
m =1

S (5.44)

Vay, ta két luan rang trung binh mau 13 mdt bd udc luong khong chéch clia trung binh

Gaussian.

Vi du: B6 Uéc Lugng Phuong Sai Ctia Phan Phéi Gaussian. Trong vi du nay, chiing
ta so sanh hai bo udc luong khac nhau ctia tham s6 phuong sai 02 trong mot phan phdi
Gaussian. Muc ti€u cua ching ta la xac dinh xem liéu cac bo udc lugng nay cé bi chéch

hay khong.

Bay gio, ching ta xét bo udc luong cho phuong sai o2 ctia phan phdi Gaussian. Bo udc

lugng dau tién dugc xem xét 1a phuong sai mau:

Gr ==Y (@9 = i), (5.45)

O day, /i, 1a trung binh miu. Chiing ta mubn kiém tra xem bo u6c lugng nay c6 bi

chéch hay khong bang cach tinh d6 chéch:

bias(62) = E[62] — o°. (5.46)

Trudce tién, ta tinh ky vong cla 62 :

% PBCRE ﬂm)Ql (5.47)

= o°. (5.48)
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Tt d6, ta thay rang:

bias(62) = — 2. (5.49)
m

Vay phuong sai mau 1a mot bd ude Iugng bi chéch ctia phuong sai thuc su ctia phan

phoi Gaussian.

Mot céach tiép can khac 1a st dung bd uée lugng phuong sai khong chéch, dugce dinh
nghia nhu sau:

1 ,
o= ——> (2 — fi,)% (5.50)

Nhu tén goi, bo udc lugng nay 1a khong chéch. Cu thé, chiing ta chiing minh ring:

E[62] = o*. (5.51)
Thuc hién phép toan ky vong:
I &,
=271 _ - ()~ )2
Eloy) =E | — ;(I fim) ] (5.52)
m
= — FE[5? .
——Elo7] (5.53)
-1
__m (m 02) (5.54)
m—1 m
=0’ (5.55)

Viy, ta két luan rﬁng 52 1a mot by ude lugng khong chéch clia phuong sai thuc sy.

Chung ta c6 hai bd udc lugng: mot bi chéch va mot khong chéch. Méc du cac bd ude
lugng khong chéch thudng dudce ua chudng, nhung khong phai lic nao ching ciing 1a b
udc luong tot nhit. Trong thuc té, ching ta thudng st dung cic bd ude lugng bi chéch vi
ching c6 nhiing dac tinh quan trong khac.

5.4.3 Phuong sai va Sai s6 chuén

Mot dic tinh khac ctia bd udc luong ma ching ta can xem xét 13 mic do6 bién thién cla
n6 khi dit liéu miu thay déi. Tuong tu nhu cach ching ta tinh ky vong ctia bd udc luong
d€ xéc dinh do chéch, ching ta cling c¢6 thé tinh phuong sai ctia né.

Phuong sai cia mot b udc lugng duge dinh nghia la:

~

Var(6) (5.56)

trong d6, bién ngiu nhién chinh 1a tap dit liéu huin luyén. Ngoai ra, cin bic hai ctia
phuong sai dudc goi 12 Sai sé chuéin (Standard Error), ky hiéu la SE(6).

Phuong sai hodc sai s6 chuin ctia mot bd u6c lugng phin anh mic do ma chiing ta
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mong ddi gid tri uéc luong thu dudc tir dif liéu sé thay d6i khi iy mau lai tif cling mot qué
trinh sinh dit liéu. Ciing giéng nhu chiing ta muén mdt bo uéc lugng c6 do chéch thép,

chiing ta ciing mong muén né c6 phuong sai thip.

Khi tinh bat ky thong ké nao tif mot tap hop hitu han mau, gid tri uSc luong clia tham
s6 thuc su c6 thé khong chic chin. Piéu nay c6 nghia la néu chiing ta 1y cdc mau khac tir
cuing mdt phan phdi, cic gid tri thdng ké ciia chiing c6 thé khac nhau. Miic do bién thién
ky vong trong bat ky bo udc luong nao chinh 13 mot ngudn sai s6 ma chiing ta can dinh
lugng.

Sai s6 chuén cda trung binh (Standard Error of the Mean - SEM) gitip danh gia do
khong chic chin ctia uéc lugng trung binh miu. Cong thiic tinh SEM dugc dinh nghia

nhu sau:

. 1 o
SE(fim) = 4| Var (E Zﬂ”) = T (5.57)

trong d6 o 1a phuong sai thuc cia miu z’. Trong thuc t&, phuong sai ndy thuong
khong dugc biét trude va phai udc lugng tir dit liéu. Mot sd cach phd bién 1a st dung
phuong sai mau hoic cin bic hai ctia udc luong khong chéch ctia phuong sai. Tuy nhién,
ca hai phuong phdp niy thudng danh gia thip do 1éch chuin thuc su, nhung van dudc st
dung phd bién do tinh kh4 dung va don gian ctia chiing. Khi kich thuéc mau m 16n, sai s6

nady trd nén nhé va phép xap xi trd nén chinh xac hon.

Sai s chuén ctia trung binh rit quan trong trong céc thi nghiém hoc may. Khi dénh gia
tdng qudt hda ciia mdt mo hinh, ta thudng tinh trung binh 13i trén tap ki€ém tra. DO chinh
Xé4c ctia udc luong nay phu thudc vao sb luong mau trong tap kiém tra.

Theo dinh 1y gi6i han trung tim, néu s lugng miu di 16n, trung binh cia ching sé
phan phdi x4p xi theo phan phdi chuin. Do do, ta c6 thé sit dung sai s6 chuin d€ tinh todn
khoang tin cdy cho gia tri trung binh thuc su. Ching han, khoang tin ciy 95% cho trung
binh ji,,, dudc tinh nhu sau:

(fm — 1.96 - SE(fiyn), fin + 1.96 - SE(fin)) - (5.58)

Khoang tin cdy nay c6 y nghia quan trong trong so sanh cac md hinh hoc may. Khi so
sanh hai thuat toan A va B, ta c6 thé coi thuit toan A tdt hon néu gi6i han trén ctia khoang
tin ciy 95% cuia 1i cta thuét toan A nhd hon gidi han dudi cia khoéang tin ciy 95% cua
16 thuat toan B. Piéu nay gitip dam bao rang su khac biét vé hiéu suit khong chi do nhiéu
ngau nhién ma thuc su ¢6 y nghia théng ké.

Vi du: Phan phbi Bernoulli

Xét mot tap mau {zV), ... 2™} dugc chon doc 1ap va gidng hét nhau tif mdt phan
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phéi Bernoulli, véi xdc sudt P(z;0) = 6= (1 — #)==")_ Gi4 s ching ta mudn tinh
phuong sai cua uéc lugng Orms dudc dinh nghia la:

R 1 o
Var(f,,) = Var | — @ 5.59
ar(6,,) = Var (m ; T ) (5.59)
St dung tinh chit ctia phuong sai:

1 « .
=— Z Var(z®) (5.60)
i—1

Vi mdi bién 2*) tuan theo phan phdi Bernoulli véi phuong sai §(1 — 6), ta c6:

1 m
=— > 6(1-0) (5.61)
=1
1
= —m0(1 - 0) (5.62)
1
= —0(1—-10) (5.63)
m

Nhu viy, phuong sai ctia udc lugng gidm khi kich thudc miu m ting. Pay 1a mot tinh
chit quan trong ctia cic bo u6c lugng phd bién ma chiing ta sé quay lai khi ban vé tinh hoi
tu.

5.5 Panh ddi giita Bias va Variance dé giam Mean Squared Error

Bias va phuong sai (variance) do ludng hai nguon sai sé khac nhau trong mot bo udc
lugng. Bias do ludng do 1éch trung binh so véi gid tri that cia hAm hodc tham sb can udc
lugng. Trong khi d6, phuong sai do luong miic d6 dao dong cua gia tri uSc lugng do su
thay ddi ctia tap dit liéu huén luyén.

Khi dbi mit vé6i hai bd uSc lugng, mdt c6 bias cao va mot ¢6 phuong sai cao, chiing ta
nén chon cdi nao? Vi du, gia st chiing ta muén xap xi mot ham sb va chi c6 hai lua chon:
mdt mod hinh c6 bias cao va mot mo hinh c6 phuong sai cao. Lam thé nao dé lua chon?

Céch tiép can phd bién nhit dé€ xi 1y trade-off nay 1a st dung cross-validation. Thuc
nghiém cho thiy cross-validation hoat dong rat hiéu qua trong nhiéu bai toan thuc t&. Mot
cach khéc 12 so sanh sai s binh phuong trung binh (Mean Squared Error - MSE) ctia cac
bd udc lugng:

MSE = E[(6,, — 0)?] (5.64)

— Bias(0,,)? + Var(6,,) (5.65)
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MSE do ludng miic do sai s6 ky vong tdng thé gitta gid tri uSc lugng va gia tri that ciia
tham s6 6. Cong thiic trén cho thy ring MSE két hop cé bias va phuong sai. Mot bo udc
lugng tot 1a b c6 MSE nhd, nghia 1a né giit bias va phuong sai & miic hop 1.

TInderfitting zone
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Hinh 5.6: Khi dung lugng mo hinh ting (truc hoanh), bias (dudng chAm chim) c6 xu hudng gidm,
trong khi phuong sai (dudng gach diit) ting 1én, din dén mot dudng cong hinh chit U cho 16i tdng
quét héa (duong dam). Néu chiing ta diéu chinh dung lugng mo hinh theo mot truc, sé ton tai
mot mic dung lugng t6i vu: dudi miic nay, md hinh bi underfitting; trén mic nay, md hinh bi
overfitting. Mbi quan hé nay tuong tu nhu mdi lién hé giita dung lugng md hinh, underfitting va
overfitting da dugc dé cap trong Muc ?? va Hinh ??.

Mbi quan hé giita bias va phuong sai c6 lién hé mat thiét v6i cac khai niém vé kha ning
khai quat hoa (generalization), dung lugng mo hinh (capacity), underfitting va overfitting.
Khi 15i téng quat héa duge do ludng bang MSE, viéc ting dung lugng mo hinh thudng
lam ting phuong sai nhung gidm bias. Diéu ndy dugc minh hoa bsi dudng cong hinh chit
U ctia 10i tong quat héa theo dung lugng md hinh.

5.5.1 Tinh nhét quan (Consistency)

Trong qu4 trinh xay dung m6 hinh hoc mdy, chiing ta quan tAm dén tinh chit clia céc
udc lugng khi kich thudc tap dif liéu ting 1én. Mot udc lugng t6t khong chi c6 dd chinh
xéc cao trén tap dif liéu huin luyén ma con cin dam bao rang khi sb lugng mau m trong
tap di liéu ting 1én, uéc luong dan hoi tu vé gid tri that cla tham s6 cin udc luong. Pidu
nay dugc biéu dién nhu sau:

plim 6,, = 6. (5.66)

m—00

Ky hiéu plim biéu thi su hdi tu theo x4c suat, cé nghia 1a v6i moi € > 0, ta cé:

P(|6,, — 0] > €) — 0 khi m — oo. (5.67)

Diéu kién nay dudc goi 1a tinh nhit quin (consistency) clia udc lugng ém. Trong mot
s6 trudng hop, né con dudc goi 1a tinh nhat quan yéu (weak consistency). Trong khi do,
tinh nhit quan manh (strong consistency) yéu cau udc lugng hdi tu gan nhu chic chan vé
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tham sb that:

P(n}gnoo 0, — 9) _ 1. (5.68)

Tinh nhit quan dam bao rang sai sb ctia bo uéc lugng giam dan khi sb luong mau ting
1én. Tuy nhién, diéu ngudc lai khong ding: mot bo uée lugng khong chéch khong nhit
thiét 12 mot b uSe luong nhit quan.

Vi du, gié st ching ta can u6c lugng ky vong . cia mot phan phdi chuan N (z, u1, 02)

v6i mot tap dit lidu gdm m mau: {xM 2® . 2™} Mot cach don gian 1a chon phan
ti dau tién 2 1am wéc lugng:
b 2
B udc lugng nay 1a khong chéch vi:
E(6,,) = 0

Diéu nay c6 nghia la du s6 lugng mau m cé ting 1én bao nhiéu, trung binh ky vong ctia
bd ubc luong van bang gid tri thuc ciia tham s6 can ude ludng. Do d6, bd udc luong nay
l1a khong chéch.

Tuy nhién, bo uéc lugng nay khong nhit quan. Mot bd udc luong dudc goi 1a nhit quan
néu gia tri cia né hoi tu vé tham sb thuc su khi s lugng mau m — co. Trong trudng hop
nay, vi ) chi 1a mot phan ti ngiu nhién cia tap dit liéu, né khong nhét thiét hai tu vé p
khi m tang. Do do, bo uéc luong . khong phai 1a mot u6e lugng nhat quan.

5.6 Udc lugng hop ly cuc dai (Maximum Likelihood Estimation - MLE)

Mot nguyén tac phd bién dé xac dinh bd uéc lugng 1a nguyén tac hop ly cuc dai (MLE).
Thay vi dodan mdt ham nao d6 12 bd ude lugng tot rdi phan tich dd chéch va phuong sai
ctia n6, MLE gitip ta suy ra mot bo udc lugng cu thé tit mot nguyén tic thdng ké phd quat.

Gia st chiing ta c6 mot tap hop m mau:
X = {zW 2@ . gm}

dugc rit ngau nhién tit mot phan phdi dit liéu thuc paa,(x) chua biét.

GOl Prmoder(X; 0) 12 mot ho phan phdi xdc suét tham s héa trén khong gian dau vao,
dugc xdc dinh bdi tham s6 6. N6i cach khac, pmode(X; 0) anh xa mot diém dit liéu x vao

mot gid tri xac suat udc tinh xac sult thuc su P (X).

B0 uéc lugng hop ly cuc dai cia 6 duge xac dinh bdi:

Omr, = arg meaxpmodel(X; 9),
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_ (0.
arg max 11 Pmodel (275 0).

Tuy nhién, tich ctia nhidu xdc suit c6 thé gy ra van dé sb hoc, chang han nhu hién
tugng underflow. D& tranh vin dé nay, ta c6 thé liy log ctia ham hop 1y ma khong lam

thay ddi gi4 tri t6i da hoa:

= 1 @). 9).
O argméale 0g Pmode1 (25 0)

Mot cach hiéu khac vé ude lugng hop 1y cuc dai 1a xem né nhu mot cach dé giam su
khéc biét giita phan phdi thuc nghiém Py, (dinh nghia bdi tip huin luyén) va phan phdi
mo hinh, véi mitc dd chénh léch do bang phan ky KL:

DKL (ﬁdata ’ ‘pmodd) = Exwﬁdm [log ﬁdata (-T) - log Pmodel (l’)] .

Vi vé trai chi phu thudc vao qud trinh tao dif liéu chii khong phu thudc vao md hinh,
khi huén luyén mé hinh d€ t4i uu Dy, ta chi can t6i thiéu héa:

_Ex"‘ﬁdala log pmodel (x> ?

day chinh 12 bai todn cuc dai héa da dudc dé cap trudc do.

Do do, t6i uu phan ky KL chinh 1a t6i uu ham cross-entropy gitia hai phan phéi. Trong
nhiéu tai liéu, thuat ngit “cross-entropy” thudng dugc st dung dé chi log-likelihood 4m ctia
Bernoulli hoic softmax, nhung thuc t&, moi ham mat mat chia log-likelihood 4m déu 1a
mot dang ciia cross-entropy. Vi du, sai sb binh phuong trung binh (MSE) 1a cross-entropy
gitfa phan phdi thuc nghiém va mot phan phbi Gaussian.

Nhu vay, phuong phap hop ly cuc dai thuc chét 1a mot cach d& 1am cho phan phbi mo
hinh tiém cin véi phan phdi thuc nghiém py.,. Trong thuc té, ta mudn phan phdi mo hinh
tiém can phan phéi dif liéu thuc su pya., nhung ta khong cé quyén truy cap truc tiép vao
no.

Du 6 t6i uu 13 giéng nhau du ta cuc dai héa hop 1y cuc dai hay cuc tiéu héa phan ky
KL, nhung gi4 tri ctia hai ham muc tiéu 12 khac nhau. Do d6, trong phan mém, ta thuong
mo ta ca hai bai toan nay dudi dang t6i vu ham méat mat. Téi uu hop ly cuc dai tuong
duong vdi tdi thi€u héa log-likelihood 4m (NLL), hay t6i thiéu héa cross-entropy.

Nhin tif géc do cross-entropy gitip bai todn dé hiéu hon, vi phan ky KL ludn nhan gid
tri khong am va c6 gia tri tdi thiéu 12 0, trong khi log-likelihood 4m c6 thé trd thanh sb

am khi x 1a gid tri thuc.
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5.6.1 Log-Likelihood c6 Diéu kién va Sai s6 Binh phuong Trung binh

Trong hoc may, udc lugng hop ly cuc dai (Maximum Likelihood Estimation - MLE)
c6 thé dugc md rong dé udc lugng xdc suit c6 diéu kién P(y | x; #) nhim du dodn y dua
trén x. Pay 1 tinh huéng phd bién nhét trong hoc c6 giam sat vi né la nén tang ctia nhiéu
mo hinh hoc may.

Gia st X biéu dién toan bd dau vao va Y 1a toan bd nhin quan sat, khi d6 udc luong
hop 1y cuc dai c6 diéu kién dudc xdc dinh bdi:

Onr, = arg meaxP(Y | X;0). (5.69)

Néu gia dinh rang cdc mau di liéu la doc 1ap va phan phdi gidng nhau (i.i.d.), phuong
trinh trén c6 thé dugc viét lai dudi dang téng log-likelihood:

= log P(y¥ | x©; ). :
Onr, = arg max Zl og P(y'" | x;0) (5.70)
Vidu: Hbi quy tuyén tinh dudi géc nhin ciia Maximum Likelihood

Hdi quy tuyén tinh c6 thé dugc hiéu nhu mot phuong phap uéc luong hop ly cuc dai.
Trude diy, ta xem hdi quy tuyén tinh nhu mot thuét todn hoc 4nh xa tit dau vao x sang dau
ra du dodn ¢ bang cach tdi thi€u hda sai sd binh phuong trung binh. Gid day, ta tiép can
né tif géc nhin udc luong hop 1y cuc dai, tic 1a tim mod hinh sinh ra xdc suét c6 diéu kién
py | ).

Gia st di liéu huén luyén vo cing 16n, ta c6 thé thiy nhiéu méu dif liéu c6 ciing dau
vao x nhung gid tri dau ra y khac nhau. Muc tiéu ctia thuét toan hoc 12 khép xdc suit c6
diéu kién p(y | ) v6i tt c céc gid tri y c6 thé c6 tuong tng véi .

Dé thu dugc thuat toan hdi quy tuyén tinh da biét, ta gid st p(y | ) = N(9; g(x, w), 02),

trong d6 ¢ 1 du dodn ctia mod hinh va o2 13 phuong sai cb dinh.

Dudi gia dinh dit liéu 1a i.i.d., log-likelihood c6 diéu kién dudc tinh béi:
> logp(y® | 21;6) (5.71)
i=1

(@) y(i) |2

m @ —
= —mlogo — 5} log(27) — ; 572 (5.72)

Do do, t6i da héa log-likelihood theo w tuong duong vdi tbi thi€u héa ham mat MSE:

L <6 i
MSE ain = E Z \y( ) — y( )|2 (573)
=1
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Diéu nay chiing minh rang st dung MSE trong hoi quy tuyén tinh 1a hop ly tit quan
di€m ctia u6c lugng hop ly cuc dai.

5.6.2 Tinh chat cta uéc luong hop 1y cuc dai

Loi ich chinh cta udc lugng hop 1y cuc dai la c6 thé dudc chiing minh 1 b u6c lugng
tot nhét vé mat tiém cén, khi sb lugng mau m — oo, xét tbe do hoi tu khi m ting 1én.

Mbt trong nhiing dic di€ém quan trong ctia uSc luong hop 1y cuc dai 1 tinh nhat quan.
Nghia 13, khi s6 lugng mau huin luyén m tién t6i vo han, uSc luong 0,7, sé hoi tu vé gid

tri thuc ctia tham sb. Piéu kién can d&€ ddm bao tinh nhét quan bao gdm:

* Phéan phdi thuc té pyy, phai ndm trong mo hinh x4c suit preqel (-; #). Néu khong, uée
lugng hop ly cuc dai c6 thé khong tim ra phan phdi chinh xac.

* Phan phdi thuc t& pg., phéi tuong ting véi mot gid tri duy nhat cia 6. Néu khong,
phuong phap nay c6 thé tim ra pg,, ding nhung khong thé xéc dinh gia tri nao cua

da sinh ra di liéu.

Bén canh tinh nhét quan, udc luong hop 1y cuc dai con c6 tinh hiéu qua thong ké
(statistical efficiency), tifc 12 n6 c6 thé dat 16i khdi quat héa thip hon so véi cac bd udc
luong khac vé6i cing mot s6 lugng mau m. Trong trudng hop tham sb héa (chang han nhu
hodi quy tuyén tinh), sai s6 binh phuong trung binh giita gid tri uéc lugng va tham sb thuc
giam khi m tang.

Theo dinh Iy Cramér-Rao, khong c6 bd udc luong nhit quin ndo c6 phuong sai nhd
hon udc lugng hdp ly cuc dai.

Téng hop lai, do c6 ca tinh nhit quan va hiéu qua, uéc luong hop ly cuc dai 12 mot
phuong phap dudc ua chudng trong hoc mdy. Khi sé lugng miu khong di 16n d€ dam
bao tinh hdi tu, cic chién ludc chinh quy héa (regularization) thudng dudc st dung dé dat
dugc su danh ddi tt gitta do chéch va phuong sai.

5.7 Théng ké Bayes

Cho dén nay, chiing ta da thao luan vé thong ké tan suét (frequentist statistics) va cac
phuong phap udc luong gia tri duy nhét ctia 6, sau d6 st dung gia tri nay dé€ dua ra du
doan. Mot cach tiép can khac 1a xem xét tat ca cac gid tri c6 thé ctia 0 khi dua ra du dodn.

Céch tiép can nay thudc vé thong ké Bayes (Bayesian statistics).

Nhu da dé cap trong muc truc, quan diém cla thdng ké tan suat 1 gid tri thuc cia
tham sb 6 14 c6 dinh nhung khong biét trudc, trong khi uéc lugng diém 6 dugc coi 1a mot
bién ngiu nhién do né phu thudc vao tap dit liéu (ma tap dif liéu nay dugc xem la ngiu
nhién).

Quan diém ctia Bayes ddi v6i thong ké thi hoan toan khac. Bayes st dung xdc suit dé
phan dnh mic dd chic chan trong trang théi tri thic. Tap dit liéu dudc quan sat truc tiép,
vi vy n6 khong phai 12 ngdu nhién. Mit khac, tham sb thuc su 6 12 khong biét hoic c6 su

bat dinh, do d6 né dudc xem nhu mdt bién ngiu nhién.
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Trudc khi quan sit dit liéu, ching ta biéu dién tri thiic cia minh vé # thong qua phan
phdi xdc suét tién nghiém (prior probability distribution), ky hiéu 1a p(6). Trong nhiéu
truong hop, ngudi 1am hoc mdy chon mot phan phdi tién nghiém khd rong (tic 1a c6
entropy cao) d€ phan dnh miic d6 khong chic chin cao vé gid tri ctia # truéc khi quan
sat bat ky dif liu ndo. Vi du, ta c6 thé gia dinh a priori rang § nam trong mdt pham vi
hitu han hoéic mdt thé tich hitu han, véi phan phdi dong déu. Nhiéu phan phbi tién nghiém
dudgc thiét ké dé€ phan 4nh su uu tién dbi v6i cac nghiém don gidn hon (vi du: hé s6 nho
hon, hodic mot ham gan nhu hing s6).

Bay gio, gia st chiing ta c6 mot tap dit lieu mau {z(), ..., (™} Chiing ta c6 thé cap
nhat niém tin v& 0 bang cach két hop xac suit cta dit licu p(=™, ..., 2(™|0) vé6i phan

phéi tién nghiém thong qua quy tic Bayes:

2V, .., a™|0)p(0)

) (myy _ P
p(Oz", ... 2"™) p($(1),...,$(m))

(5.74)

Trong nhiéu bai todn hoc may, phuong phip uéc lugng Bayes thudng dudc st dung
khi chiing ta c6 mot phan bé tién nghiém (prior) thé hién su khong chic chian ban dau vé
tham s6. Thong thudng, phan bd tién nghiém nay c6 thé 1a phan bé dong nhit hodc phan
bd Gauss véi entropy cao. Khi c6 thém dit liéu quan sat, phan bd hau nghiém (posterior)

s& gidm entropy va tip trung quanh mot s6 gia tri tham sb c6 xdc suit cao hon.
So véi phuong phap tbi da héa hop ly cuc dai (Maximum Likelihood Estimation -
MLE), uéc lugng Bayes c6 hai diém khdc biét quan trong:
* Trong khi MLE chi st dung mot gia tri diém ctia tham s6 6 d€ thuc hién du dodn, thi
phuong phap Bayes sit dung toan bd phan bd xic suét cia 6.
* Thay vi chon ra mot gia tri tbi vu duy nhét, phuong phdp Bayes lay trung binh xéc
sult cia tit ca cac gid tri 6 c6 thé co.
Chang han, gia st ta da quan sat dudc m méu dit liéu 2™, z® ..., (™) Khi d6, phan
bd du doan cho miu dit liéu tiép theo 2(™*+1 dugc tinh theo cong thiic:

pa™ ) | 2O gy = / p(™ ) 0)p(o | 2D, ... 26 (5.75)

Cong thiic nay cho thdy ring mdi gia tri clia 6 c6 xdc suit khac 0 sé déng gép vio
viéc du doan gid tri tiép theo, v6i trong s6 dudc quyét dinh bdi phan bd hau nghiém
p(0 | M, ... (™). Néu sau khi quan sat m miu ma ta vin chua chic chin vé gid tri
chinh x4c cta 6, thi su khong chac chan nay sé dudc phan anh truc tiép vio du doan cla
ta dbi véi dit liéu méi.

Trong muc 5.4, ching ta da thdo ludn vé cach tiép cin clia phuong phap tin suit

(Frequentist) trong viéc xi Iy tinh bat dinh ctia mot udc lugng diém cho tham s6 # bang
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cach danh gia phuong sai cia n6. Phuong sai cua uéc lugng phan anh muic do dao dong
clia udc tinh khi thay déi tap dit liéu quan sat.

Phuong phdp Bayesian dua ra mot cach tiép can khac d€ giai quyét vin dé nay bang
cach tich phan qua toan bd phan bd xic suit, gidp gidm thi€u hién tuong qua khép
(overfitting). Viéc nay chi don gian la d4p dung cic quy tac clia xac suit, lam cho phuong
phap Bayesian dé dang dudc bién minh vé mit ly thuyét. Trong khi d6, phuong phép tin
suét lai dua vao mot quyét dinh mang tinh cht quan khi chi st dung mot uée luong diém

duy nhét dé tdng hop toan bd thong tin trong tap dit liéu.

Mot khac biét quan trong gitia phuong phap Bayesian va phuong phéap hgp ly cuc dai
(Maximum Likelihood) nam & viéc phuong phap Bayesian sit dung phan bd tién nghiém
(prior distribution).

Phan b6 tién nghiém 4nh hudng dén két qua bang cach diéu chinh phan bd xac suét
theo hudng uu tién nhiing gid tri tham s6 c6 kha ning cao hon trudc khi quan sat di liéu.
Trong thuc té, tién nghiém thudng thé hién su uu tién dbi v6i nhitng md hinh don gian va
tron tru hon. Piéu nay khién mot s6 ngudi chi trich rang phuong phap Bayesian bi dnh
hudng bdi tinh chi quan cua con ngudi khi lua chon tién nghiém.

Phuong phap Bayesian c6 kha ning tdng quat héa t6t hon trong trudng hop dit lidu
huén luyén han ché. Tuy nhién, nhugc diém 16n nhét ctia n6 1a chi phi tinh todn rat cao khi
kich thuéc cla tap dit liéu huin luyén ting 1én ddng ké.

Vi du: Hoi quy tuyén tinh Bayesian

O day, ching ta xem xét phuong phép udc lugng Bayesian d€ hoc céc tham sb trong
mo hinh hoi quy tuyén tinh. Trong hdi quy tuyén tinh, ta hoc mot anh xa tuyén tinh tit mot
vector dau vao x € R" d€ du dodn gia tri ciia mot dai lugng vo huéng y € R. Du dodn
dugc tham s6 héa bdi vector trong s6 w € R™:

7 =wlx. (5.76)

V6i tap dit liéu hun luyén gdm m mau (X'n ytrain) 5 ¢4 thé bi€u dién du doén ctia

y trén toan bd tip huin luyén dudi dang:

ytrain _ Xtrainw. (577)

Biéu dién dudi dang mot phan phdi Gaussian c6 diéu kién trén y'™", ta co:

p(ytrain|Xtrain’ W) — N(ytrain; )(trainvv7 I) (578)

1 . . . .
X exp <_§(ytram _ Xtraan)T<ytram _ Xtramw)> , (579)
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trong d6 ta st dung cong thiic 15i binh phuong trung binh (MSE) tiéu chuin véi gia
dinh ring phuong sai Gaussian clia y biang 1. D& don gian ky hiéu, ta s& viét (X'rain ytrain)
thanh (X, y).

D& xac dinh phan phdi hau nghiém ciia vector tham s mo hinh w, trudc tién ta can xac
dinh phan phéi tién nghiém. Phan phdi tién nghiém thé hién niém tin ban du cta chiing

ta vé gid tri cua cac tham s0 nay.

Thoéng thudng, ching ta gia dinh mot phan phdi rong, phan dnh mitc d6 khong chic
chin cao vé tham s6 0. Dbi v6i cac tham sb c6 gid tri thuc, mot gia dinh phd bién 1a st

dung phan phdi Gauss:

1
plsw) = A ) x 03 (v = ) A w = ) ) (550
trong d6 g la vector trung binh ti€n nghiém va Ay 1a ma tran hi€p phuong sai ctua
phan phdi tién nghiém.!

V6i phan phéi tién nghiém da xic dinh, ta c6 thé suy ra phan phdi hau nghiém cia céc
tham sb mo hinh bing cong thiic Bayes:

p(w | X,y) x ply | X, w)p(w). (5.81)

Néu gia dinh ring sai s6 trong mo hinh tuan theo phan phéi Gauss, ham hop ly c6

dang:

p(y | X, w) o exp (—%(y —Xw) ' (y — XW)> ) (5.82)

Két hop véi phan phoi tién nghiém, ta thu dudc phan phdi hau nghiém:
1 1
x exp (—§<y —Xw)T(y - Xw>) xp (—§<w — o) A (w — m) 583)

1
X exp (—5 (—QyTXW +w' X' Xw+wAy'w — ZMJAEIW)) . (5.84)

Chiing ta dinh nghia cdc bién quan trong trong phuong phap hoi quy Bayesian nhu sau:

A= (XTX+ AN = A (XTy + Aj o) - (5.85)

'Trit khi ¢6 1y do cu thé d€ sit dung mot ciu triic hiép phuong sai dic biét, thong thudng ching ta gia
dinh ma tran hiép phuong sai 12 dudng chéo: Ay = diag(\o).
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St dung cic bién nay, ta c6 thé viét lai phan phdi hau nghiém dudi dang phan phdi

Gaussian:
1 1
p(w | X,y) o< exp (—§<w — ) AW — ) + §u£A;3um> (5.86)
1
X exp (—§(W — ) A (W — u,m)) . (5.87)

Tat ca cac hang s6 khong phu thudc vao vector tham s w da bi lugc bd, vi chiing
khong anh huéng dén hinh dang ctia phan phdi hau nghiém. P& dam bao phan phdi nay

hop 1€, ta cin chuin héa sao cho tdng xac suét bang 1.

Viéc phan tich phan phdi hau nghiém gitip ta hiéu rd hon vé 4nh hudng cta suy luin

Bayesian.
» Trong hau hét céc tinh hubng, ta thuong dit o = 0.

* Néu ma trin hiép phuong sai ban dau Ay = LI, thi gid tri ky vong p, ciia phan
phdi hau nghiém chinh 1a nghiém ctia hdi quy tuyén tinh véi mot rang budc suy giam

trong s6 c6 dang aw’w.

* Diém khdc biét quan trong 1a néu o = 0, Bayesian regression khong xdc dinh vi n6

tuong duong v6i viée c6 mot phan phdi tién nghiém c6 phuong sai vo han.

* Quan trong hon, udc lugng Bayesian khong chi dua ra mdt gia tri trung binh g, ciia
W, ma con cung cip ma tran hiép phuong sai A,,, thé hién mic do khong chic chan
Ve céc gia tri cia w.

Diéu nay cho phép ching ta khong chi du dodn gia tri clia trong s6 md hinh ma con
hiéu dugc do tin cdy ctia nhitng du doan d6, mot 16i thé quan trong ctia suy luan Bayesian
so v6i cac phuong phdp udc lugng tan suat (frequentist estimation).

5.7.1 Udc lugng hau nghiém cuc dai (MAP)

Miic dui céch tiép cin nguyén tac nhit trong du dodn 12 st dung toan bo phan phdi hau
nghiém Bayesian trén tham sb @, nhung déi khi ta vAn muén c6 mot udc luong diém duy
nhét. Mot 1y do phd bién dé& can mot udc lugng diém 14 vi hau hét cic phép todn lién quan
dén phan phdi hau nghiém Bayesian trong cdc mo hinh phtc tap déu khong kha thi vé miit

tinh toan. Do d6, mot udc lugng diém cung cap mot xap xi c¢6 thé tinh toan dudgc.

Thay vi chi quay lai u6c luong hop 1y cuc dai (MLE), chiing ta c¢6 thé tin dung 10i thé
ctia phuong phap Bayesian bang cach cho phép phan phéi tién nghiém anh hudng dén lua
chon uéc lugng diém. Mot cach hop 1y dé 1am diéu nay 1a chon udc luong hau nghiém cuc

dai (Maximum a Posteriori - MAP).

Uéc lugng MAP chon diém c6 x4c suat hau nghiém cuc dai (hodc mat do xdc suit cuc

dai trong trudng hop 6 12 mot bién lién tuc):
Orrap = arg meaxp(ﬁ | x) = arg max logp(x | 0) + log p(0). (5.88)
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Uéc lugng MAP c6 thé dudgc coi 1a su két hop gitta phuong phép t6i da héa hop 1y cuc
dai (MLE) va phan phdi tién nghiém trong Bayesian:

« Néu phan phdi tién nghiém p(6) 1a phan phdi déu (khdng c6 thong tin tién nghiém),
thi u6c lugng MAP trung véi MLE.

* Néu phan phdi tién nghiém c6 thong tin, MAP két hop ca thong tin tir dif liéu va tién
nghiém dé dua ra mot udc lugng hop ly hon.

« MAP gitip tranh hién tugng overfitting bang cach thém mot rang budc vao udc lugng,
dic biét hitu ich trong trudng hop dit liéu it hodc nhiéu.

Diéu nay 1am cho MAP trd thanh mot phuong phap manh mé trong cdc md hinh hoc

mady Bayesian.

Udc lugng MAP c6 thé dudgc coi 1a su két hop gilta phuong phép tdi da héa hop 1y cuc
dai (MLE) va phan phdi tién nghiém trong Bayesian:

« Néu phan phdi tién nghiém p(6) 1a phan phdi déu (khdng c6 thong tin tién nghiém),
thi u6c lugng MAP trung véi MLE.

« Néu phan phdi tién nghiém c6 thong tin, MAP két hop ca thong tin tir dit liéu va tién
nghiém dé dua ra mot udc luong hop 1y hon.

« MAP gitip tranh hién tuong overfitting bang cach thém mot rang budc vao udc ludng,
dic biét hitu ich trong trudng hdp di liéu it hodc nhiéu.

Xét mot mo hinh hdi quy tuyén tinh véi tién nghiém Gaussian trén trong s6 w. Néu tién
nghiém nay tuan theo phan phdi A (w; 0, %I ), thi log ctia phan phdi tién nghiém c6 dang
ty 1& véi thanh phan Aw”'w, tiic 1a mot dang regularization weight decay quen thudc. Khi
do, suy luan Bayesian vdi tién nghiém Gaussian trén trong s6 tuong duong vdi 4p dung

weight decay.

Gibng nhu suy luan Bayesian day du, u6c lugng MAP tan dung thong tin tif tién nghiém
ma khong thé tim thy trong dif liéu huin luyén. Piéu nay gitip gidm phuong sai cia udc
luong MAP so v6i MLE, nhung d6i lai sé 1am ting do chéch (bias).

Nhiéu chién ludc regularization, chang han nhu hoc c6 regularization bing weight
decay, c6 thé dudgc hiéu 1a mot xip xi ciia MAP dbi v6i Bayesian inference. Diéu nay dic
biét ding khi regularization tuong ing v6i mot thanh phan bé sung trong haim muc tiéu
c6 dang log p(f). Tuy nhién, khong phai tt ca regularization déu tuong duong véi MAP.
Mot sb dang regularization khong thé dudc biéu dién duéi dang log ctia mot phan phdi
X4c suat.

Suy luin Bayesian theo phuong phap MAP cung cip mot céch tiép can 1o rang dé thiét
ké cac diéu khoan regularization phiic tap nhung dé giai thich. Vi du, thay vi sif dung tién
nghiém Gaussian don 1€, ta c6 thé st dung mot mixture clia nhiéu Gaussian dé tao ra cac

regularization phong phu hon (Nowlan and Hinton, 1992).
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5.8 Thuat toan hoc c6 giam sat
Nhu da dé cip trong muc trude, thuat todn hoc cé giam sat 1 cac thuét toan hoc mdy
c6 kha ning lién két mot dau vao véi mot dau ra dua trén mot tap dif liéu huin luyén chiia

cac cdp vi du (input x va output y).

Trong nhiéu trudng hop, cic dau ra y cé thé khé thu thap tu dong va phai dudc cung
cAp bdi con ngudi. Piéu nay din dén viéc can c6 mot “giam sat vién” (supervisor) d€ gan
nhan cho dif liéu huén luyén. Tuy nhién, thuit ngit nay van dudc st dung ngay ca khi céac
nhan cua tap dit liéu dugc thu thap mot cach tu dong.

5.8.1 Hoc cé giam sat theo xic suét

Hau hét cdc thuit toan hoc c6 gidm sat trong sach nay déu dua trén viéc ude lugng mot
phan phdi xdc sult p(y|x). Ching ta c6 thé thuc hién diéu nay bang cach sit dung udc
luong hop 1y cuc dai (Maximum Likelihood Estimation - MLE) dé tim tham s6 tdi uu
cho mot ho phan phéi tham s6 p(y|x; 0).

Chiing ta da thiy ring hdi quy tuyén tinh (Linear Regression) tuong ting v6i md hinh
phan phdi:
p(ylx; 0) = N(y;07x,1). (5.80)

Chiing ta c6 thé tdng quat héa hdi quy tuyén tinh sang bai toan phan loai bang céch st
dung mot ho phan phdi x4c suit khac. Néu bai todn c6 hai 16p (class O va class 1), ta chi
can xdc dinh x4c suét ctia mot trong hai 16p. Vi tdng x4c suét ctia hai 16p phai bang 1, nén

xac suat cua class 1 suy ra xac suat cta class 0.

Phan phbi Gauss trong hoi quy tuyén tinh dugc tham sb héa theo gid tri trung binh. Véi
bién nhi phan, gi4 tri trung binh phai nam trong khoang (0,1). Mt cich d€ gidi quyét vin
dé nay 12 st dung ham sigmoid logistic d€ chuidn héa dau ra cia mo hinh tuyén tinh thanh

khoang (0,1) va dién giai két qua nay nhu mot xac suat:

p(y = 1|x;0) = 0 (07 x). (5.81)

Phuong phap nay dudc goi 13 hoi quy logistic (logistic regression), mic di né dudc st
dung cho phan loai thay vi hdi quy.

Trong hdi quy tuyén tinh, chiing ta c6 thé tim trong s6 tdi uu bang cach gidi phuong
trinh chuén. Trong hoi quy logistic, bai toan khé hon vi khong c6 nghiém déng (closed-
form solution) cho trong sb t6i vu. Thay vao d6, ta can tim nghiém bang cach cuc dai
héa ham log-likelihood, thudng thuc hién thong qua thuit todn t6i uu héa nhu gradient

descent.

Chién lugc nay c6 thé ap dung cho hau hét cic bai todn hoc c¢6 gidm sat bang cach st
dung mot mo hinh tham s6 héa cho phin phdi x4c suét c6 diéu kién phu hop véi kiéu dit

liéu dau vao va dau ra.
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5.9 May vector hé trg (Support Vector Machines)

May vector hd trg (SVM) 1a mot trong nhitng phuong phap hoc ¢6 gidm séit quan trong
nhét trong hoc mdy [1], [2]. M6 hinh nay tuong tu nhu hdi quy logistic & chd né sit dung
mot ham tuyén tinh w’x + b dé€ dua ra quyét dinh phan loai. Tuy nhién, khéc véi hoi quy
logistic, SVM khong cung cip xac suat du doan ma chi tra vé mot nhan 16p. Néu w’x + b
duong, mau x dugc phan vao 16p duong. Ngudc lai, néu w’'x + b 4m, mau x dudc phan
vao 16p am.

Mot cai tién quan trong ctia SVM Ia thi thuat kernel. Thi thuit nay dua trén quan sét
rang nhiéu thuat toan hoc mdy c6 thé dudc biéu dién chi bang tich vo huéng ctia cic mau
huén luyén. Cu thé, c6 thé chiing minh ring ham tuyén tinh ctia SVM c6 thé dugc viét lai
dudi dang:

wix+b=0+) ax'x" (5.89)

i=1
trong do:

« x 12 m4u huin luyén,

* o la vector hé sb.

Viéc viét lai nay cho phép ta thay thé x bing diu ra ctia mot ham anh xa dic trung
¢(x). Khi do, tich vo hudng dugc thay thé bdi mot ham:

k(x,x") = ¢(x) - p(x) (5.90)

Ham £k dudc goi 1a ham kernel. Toan ti "-"dai dién cho mot tich vé huéng tuong tu nhu
tich vo hudng trong khong gian vector.

Trong mot sé khong gian dic trung, tich vd hudng cé thé khong thuc su 1a mot tich
vector thong thudng ma c6 thé 1a mot tich vd hudng trong khong gian vo han chiéu, dudc
dinh nghia thong qua tich phan thay vi tdng. Viéc nghién ctiu day du vé cac loai tich vo

huéng nay nim ngoai pham vi ctia chuong nay.

Sau khi thay thé tich vo huéng bang danh gia kernel, ta c6 thé biéu dién ham du doan
nhu sau:

Fx)=b+ ) aik(x,x) (5.91)

Ham nay 1a phi tuyén ddi véi x, nhung mdi quan hé gitia ¢(x) va f(x) lai la tuyén tinh.
Tuong tu, quan hé gifta o va f(x) ciling 1a tuyén tinh. Do d6, mdt ham dua trén kernel c6
thé xem nhu mdt budc tién xit ly dif liéu bang cach dnh xa ¢(x) cho moi dau vao, sau d6

hoc mot md hinh tuyén tinh trong khong gian da bién déi.

Thi thuat kernel diic biét manh mé vi hai ly do. Thi nhéit, n6 gidp chiing ta hoc dudc
cdc mo hinh phi tuyén tinh theo x bang céc ky thuat t6i uu 16i, ddm bao hoi tu nhanh.
Diéu nay c6 thé thuc hién dudc vi ta coi ¢ 1a cb dinh va chi tdi vu «. N6i cach khéc, thuat
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toan tdi wu c6 thé xem ham quyét dinh nhu mot mo hinh tuyén tinh trong mot khong gian
khac. Thit hai, ham kernel & cho phép trién khai tinh todn hiéu qua hon so véi cach tiép
can ngiy tho 1a xy dung hai vector ¢(x) rdi tinh tich vo hudng truc tiép.

Trong mot sb trudng hop, ¢(x) tham chi c6 thé 1a mot khong gian vo han chiéu, din
dén chi phi tinh todn rit 16n néu tiép cin theo cach thong thudng. Thay vao d6, nhiéu
kernel phi tuyén c6 thé dugc tinh todn hiéu qua ngay ca khi ¢(x) khong thé biéu dién
tudng minh. Vi du, mot anh xa dic trung trong khong gian vo han c6 thé dugc xay dung
trén cdc s6 nguyén khong am z, v6i dau ra 1a mot vector chita z va vo han s6 khong. Khi
d6, mot ham kernel c6 thé dugc dinh nghia nhu:

k(z,z%) = min(z, ) (5.92)

Ham nay tuong duong véi tich vd hudng trong mot khdng gian vo han chiéu.

Ham kernel dudgc st dung phd bién nhét 1a kernel Gauss, con dudc goi 1a ham nén tang
ban kinh (RBF):

k(u,v) = N(u —v;0,0%I), (5.93)

trong d6 NV (x; u, ) 1a phan phdi chuan. Ham nay do khoang céch gitta cac diém trong
khong gian bién d6i, gitp phat hién cidc miu phiic tap hon so véi khong gian ban dau.

Mot cach hiéu khac vé kernel Gauss 1a né hoat dong nhu mot phuong phap so khdp
mau. Khi mot diém kiém tra 2’ gan v6i mot mau huin luyén z, ham kernel sé& c6 gia tri
16n, cho thiy rang «’ rat giéng x. Do do, trong s6 16n hon sé dugc gan cho nhan tuong ing

v6i mau huan luyén gan nhit.

Mic du hiéu qua, nhung mdt han ché 16n ctia SVM véi kernel 1a chi phi tinh ton cao.
Khi s6 lugng mau huén luyén 16n, viéc tinh todn kernel véi tiing mau tré nén tén kém.
Giai phap cho véin dé nay 1a tim mot tip hop nhd cac mau huin luyén c6 trong sd a; khic

khong, dugc goi la vector hd trg.

Mic dit SVM véi kernel rit manh, nhung cdc mo hinh nay gip khé khin khi tong quat
héa trén céc tap dif liéu 16n. Diéu nay dan dén su ra doi ctia hoc sau (Deep Learning), noi
ma mang nd-ron c6 thé hoc dudc cac diic trung phiic tap ma khong can thiét ké kernel thi
cong. Hinton et al. (2006) di chiing minh rang mang no-ron cé thé vugt trdi so véi SVM
v6i kernel RBF trén bai toan MNIST.

5.10 Cac Thuat Toan Hoc Co Giam Sat Pon Gian Khac
5.10.1 Hoi Quy Hang X6m Gan Nhét

Trong phan nay, chiing ta sé thao luan vé mot thuat todn hoc c6 gidm sat phi xac suit
khéc: hdi quy hang x6m gan nhét (nearest neighbor regression). Tong quét hon, phuong
phap k-nearest neighbors (k-NN) 1a mot ho céc ky thuat c6 thé dudgc sit dung cho ca bai
to4n phan loai va hdi quy. La mot thuat toan hoc phi tham s6, k-NN khong bi gi6i han béi
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s6 lugng tham s6 cb dinh.

Chung ta thudng nghi vé thuit todn k-NN nhu mot phuong phap khong c6 tham s, ma
chi thuc hién mot anh xa don gian tir dit liéu huin luyén. Thuc té, thuit todn nay khong
c6 mot giai doan huin luyén thuc su. Thay vao d6, khi can du dodn dau ra y cho mot dau
vao mdi x, thudt toan sé tim & diém gan nhét véi x trong tip dif liéu huin luyén X. Sau
d6, gid tri dau ra y sé dudc tinh bang trung binh ctia cc gid tri y tuong ting trong tip huin

luyén.

Nguyén tac nay c6 thé ap dung cho bét ky bai toan hoc c6 gidm sit nao ma ta c6 thé
tinh trung binh trén céc gid tri y. Trong bai todn phan loai, ta c6 thé tinh trung binh trén
céac vector ma héa one-hot ¢ véi ¢, = 1 va ¢; = 0 cho cac nhan khéc. Khi do, gia tri trung
binh trén cdc vector one-hot niy c6 thé dudc dién giai nhu mot phan phdi xac suit trén
cac 16p.

5.10.2 Pic Piém cia k-NN

La mot thuat toan hoc phi tham s6, k-NN c6 thé dat dung lugng (capacity) rt cao. Vi
du, gia sif ta c6 mot bai toan phan loai da I6p va danh gia hiéu suit bang ham mat mat
0-1. Khi s6 lugng mau huén luyén tién dén vo han, thuat toan 1-NN sé& hoi tu vé mot gia
tri gip doi sai s6 Bayes. Sai s6 nay chd yéu xuit phét tif viéc chon mot hang x6m duy nhat

bang cach ngiu nhién trong trudng hdp c6 nhiéu hang xém c6 khoang cach bing nhau.

Khi tap dit liéu huin luyén v6 han, moi diém kiém tra déu sé c¢6 vo han diém 1an cén c6
khodng céch bang 0. Néu ta cho phép tat ca cic diém 1an can nay tham gia vao qua trinh

du dodn (thay vi chon ngau nhién), thut toan sé hoi tu vé ti 1¢ 16i Bayes.

Dung luong cao ctia k-NN cho phép n6 dat do chinh xac cao khi c6 tap dii liéu huin
luyén 16n. Tuy nhién, phuong phdp nay yéu cau tinh todn rit nhiéu va c6 thé khéi quét hoa
kém khi tap dit liéu huin luyén nhd.

5.10.3 Han Ché cia k-NN

Mot nhude diém quan trong clia k-NN 12 n6 khong thé hoc dudc mic do quan trong
clia tiing dic trung. Vi du, gid st ta cé mot bai toan hdi quy véi x € R dugc 14y tir mot
phan phdi Gauss dang huéng, nhung chi c6 mot bién z; 1a cé y nghia dbi v6i diu ra. Néu
dau ra y chi don gidn 12 mot 4nh xa clia x, tiic 12 y = z; trong tit ca cac trudng hop, thi
hdi quy hang x6m gan nhit sé khong thé phat hién dugc mdi quan hé nay.

Do d6, mic du k-NN c6 thé dat két qua tot khi c6 dif liéu 16n, nhung né khong phai lic
nao ciing 12 lua chon t6i uwu do chi phi tinh to4n cao va kha ning tdng quat héa kém véi dit
liéu nho.

5.10.4 Cay Quyét Pinh

Mot loai thuat toan hoc khdc ciing chia khong gian dau vao thanh cic ving va st dung
tham s6 riéng biét cho mdi vung 1a cdy quyét dinh (decision tree) [3] va cdc bién thé cla
né. Méi niit trong ciy quyét dinh tuong ting v6i mot viing trong khong gian dau vio, va

cac nit bén trong sé chia viing nay thanh cc phan viing nhé hon (thudng 1a bang cach cat
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doc theo truc toa do). Khong gian dau vao dudc phan chia thanh cic ving khong chong
14n, v6i mdi 14 clia cAy tuong dng v6i mot viing dau vao nhit dinh. Céc niit 14 thudng gan

cung mot dau ra cho tt ca cac diém trong ving clia no.

Cay quyét dinh thudng dugc huin luyén bing cic thuat toan chuyén biét, nim ngoai
pham vi ctia cubn sach nay. Néu cho phép ciy phat trién dén kich thudc tuy y, ciy quyét
dinh c6 thé dugc xem 12 mot thuét todn phi tham s6, mic du trong thuc t& ching thudng
dudc gi6i han kich thudc dé tré thanh mo hinh tham sb.

Cay quyét dinh thudng st dung céch chia theo truc toa do va gan gia tri hing sb trong
mbi niit. Pidu nay c6 thé gay khé khin trong viéc hoc mot s bai toan don gian ma hoi
quy logistic c6 thé giai quyét d& dang. Vi du, néu ta c6 mot bai todn phan loai hai 16p,
trong d6 16p duong xay ra khi x5 > x4, thi bién quyét dinh khong thang hang véi truc toa
d6. Cay quyét dinh sé phai st dung nhiéu niit d€ x4p xi bién quyét dinh bang mot ham bac
thang, di qua lai xung quanh bién quyét dinh thuc su bang cac budc rdi rac doc theo truc
toa do.

5.10.5 K&t Luan

Nhu ching ta da thiy, ca k-NN va ciy quyét dinh déu c6 nhitng han ché nhét dinh. Tuy
nhién, ching van 1a cdc thuit todn hoc hitu ich khi tai nguyén tinh todn bi han ché. Hon
nita, viéc so sanh su tuong dong va khac biét gitta cic thuat todn hoc don gian nhu k-NN
hoic cdy quyét dinh c6 thé gitip xdy dung truc gidc vé cdc thuat todn hoc phiic tap hon.

D& tim hiéu thém vé cac thuit toan hoc c6 giam sat truyén théng, ban c6 thé tham khao
murphy2012, [4], [5].

5.11 Thuat Toan Hoc Khong Giam Sat

Hay nhd lai tif muc 5.1.3 rang cac thuit todn khong giam sat 1a nhiing thuit toan chi
dua vao cac ddc trung ma khong co tin hi€u giam sat. Su khac biét gitta hoc ¢ giam sat
va khong giam sat khong dudc xdc dinh mot cach rd rang va ciing nhic, vi khong c6 mot
bai kiém tra khach quan nao d€ phan biét gia tri nao 1a dic trung hay 12 muc tiéu do con

ngudsi gan nhan.
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Hinh 5.7: Minh hoa céch cdy quyét dinh hoat dong. Cay quyét dinh 12 mot thuat todn hoc c¢6 gidm
sat phS bién trong hoc mdy. Mdi niit trong cdy quyét dinh chiu trach nhiém phan loai mot diém dit
liéu vao nhanh con bén trai (gan nhan 0) hodac nhanh con bén phai (gan nhan 1). Céc nit bén trong
dugc vé dudi dang hinh tron, trong khi cac nit 14 dudc biéu dién bang hinh vuong. M&i niit dugc
gan mot chudi nhi phan dé biéu thi vi tri ciia né trong cay, dudc tao ra bang cach thém mat bit vao
dinh danh cta niit cha (0 = di vé& bén tréi, 1 = di vé bén phai). Cay quyét dinh c6 thé chia khong
gian thanh cic viing khac nhau. Hinh 4nh trén minh hoa cich cdy quyét dinh phan chia khong gian
hai chiéu R2. Céc niit bén trong ciy dudc dit doc theo cic dudng phan chia khong gian dua trén
cdc thudc tinh dit liéu. Cac miit 14 ndm & trung tim ving ma ching dai dién. Két qua ctia ciy quyét
dinh 1a mot ham c6 dang hing tiing doan (piecewise-constant function), trong d6 mdi doan tng
v6i mot niit 14. Do méi niit 14 yéu cau it nhit mot vi du huén luyén dé€ x4c dinh, nén cay quyét dinh
khong thé hoc mdt ham c6 sb cuc dai cuc nhiéu hon s6 lugng vi du huén luyén.

Mot cach khong chinh thiic, hoc khong giam sat thudng dugc hiéu 1a viéc trich xuat
thong tin ti dif liéu ma khong yéu ciu con ngudi gan nhan thd cong. Cac thuit todn nay
thuong lién quan dén cac nhiém vu nhu uéc lugng mat do, 1y mau tif mot phan phdi, khir
nhiéu di liéu, tim kiém da tap 4n chia trong dif liéu hodc phan cum dif liéu thanh céc
nhom lién quan.

Mot trong nhitng nhiém vu chinh ctia hoc khong giam sit 1a tim ra biéu dién tot nhit
ctia dit liéu. "T6t nhit"cé thé dudc dinh nghia theo nhiéu cich khic nhau, nhung nhin
chung, chiing ta tim kiém mot biéu dién gitt dudc cang nhiéu thong tin vé dit liéu x cang

tot, dong thdi tuan theo mot s6 rang budc hoic quy tic gitip cho biéu dién trd nén don
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gidn hon hodc dé hiéu hon so véi dit liéu gbc.

C6 nhiéu cach khac nhau dé€ dinh nghia mot biu dién don gian. Ba phuong phap phd
bién nhit bao gom:

* Biéu dién chiéu thip: Giam sd chiéu ctia dit liéu trong khi van git lai nhiéu thong tin

nhét cé thé.

* Biéu dién thua (Sparse Representation): Ma héa dit liéu thanh dang ma hau hét céc
phan tif c6 gid tri bang khong. Piéu nay gitp biéu dién trd nén dé dang hon, dong
thoi van gitt dudc cu tric quan trong ctia di liéu.

* Biéu dién doc 1ap (Independent Representation): C6 gang tach biét cac ngudn bién

thién trong dit liéu sao cho cic thanh phan ctia biéu dién 13 doc 1ap vé miit thong ké.

Ciac phuong phép nay khong hoan toan loai trit 1n nhau. Vi du, cdc biéu dién chiéu
thip thudng c6 thé gitip phat hién va loai bé cic thanh phan du thita trong dif liéu, tir d6

gip ting hiéu suit clia cc thuat todn nén di liéu.

Khi niém biéu dién 12 mot trong nhitng chi dé trung tam trong hoc sau. Trong phan
nay, chiing ta s& phat trién mot s6 vi du don gian vé cic thuat todn hoc biéu dién. Céc
thuat to4n nay gitip minh hoa cich thiic hién thuc héa ba tiéu chi chinh da dé cap & trén.
Hau hét cic phan con lai clia cudn sach s& mé rong va gidi thiéu thém céc thuat todn hoc

biéu dién khac nham phat trién hoic cai thién nhiing tiéu chi nay.

a0 b 4 a0 b 4

10 - 10 - .

20 - 20 -

20 1m0 10 20 20 1m0 10 20

Hinh 5.8: PCA hoc mt phép chiéu tuyén tinh sao cho huéng cé phuong sai 16n nhit dugc cin
chinh véi cdc truc ctia khong gian mdi. (Trdi) Dit liéu ban dau bao gdm cic miu ctia x. Trong
khong gian niy, phuong sai ctia dif liéu c6 thé khong thang hang véi céc truc toa dd. (Phii) Dit
liéu dugc bién ddi z = x’ W bing ma tran trong s6 W ctia PCA. Sau khi bién déi, dit liéu chi
yéu thay ddi theo truc z;, huéng cé phuong sai 16n nhit, trong khi phuong sai 16n thit hai nam doc
theo truc zs.

5.11.1 Phan Tich Thanh Phan Chinh

Trong muc 2.12, chiing ta da thiy rang thuit todn phan tich thanh phan chinh (PCA)
cung cAp mot phuong phdp dé nén di liéu. Ching ta cling c6 thé xem PCA nhu mot thuét
todn hoc khdng gidm sat, hoc cdch bi€u dién dit liéu. Bi€u dién nay dua trén hai tiéu chi
dé€ c6 mot biéu dién don gidn da dudc mo ta trude d6. PCA hoc mot biéu dién c6 s chiéu
thip hon so v6i dau vao ban dau. N6 ciing hoc mot biéu dién ma cac phan ti khong ¢

133



CHUONG 5. HOC MAY CO BAN

tuong quan tuyén tinh v6i nhau. Py 12 mot bude dau tién dé ddp dng tiéu chi hoc biéu
dién ma c4c phan ti 1a doc 1ap vé miit thong ké. D€ dat dudc su doc 1ap hoan toan, mot

thuat todn hoc biéu dién ciing phai loai bd ciac mdi quan hé phi tuyén tinh giita cac bién.

PCA hoc mot phép bién d6i tuyén tinh truc giao cla dif liéu dé chiéu dau vao x sang
biéu dién z, nhu dudc minh hoa trong hinh 5.8. Trong muc 2.12, chiing ta da thiy ring c6
thé hoc mot biéu dién mot chiéu tot nhét tai tao dit liéu gbc (theo nghia 16i binh phuong
trung binh) va biéu dién nay thuc su tuong ting véi thanh phan chinh dau tién cda dit liéu.
Do d6, ching ta c¢6 thé sit dung PCA nhu mot phuong phdp giam chiéu don gidn va hiéu
qua, gitip bao toan nhiéu nhit c6 thé thong tin trong dit liéu (ciing dugc do bang 16i tdi tao
binh phuong nhd nhit). Trong phan tiép theo, ching ta s& nghién ctiu cach biéu dién PCA
lam mét di su tuong quan ctia dif liéu gbc X.

Gia st ching ta xem xét ma tran thiét k& m x n X. Ching ta gia dinh rang di liéu c6
ky vong bang khong, tic 1a E[x] = 0. Néu khong phéi nhu vy, dif liéu c¢6 thé dugc trung
tam hoa dé dang bang céch trir di gia tri trung binh tir tit ca cdc miu trong mdt budce tién
XU ly.

Ma tran hiép phuong sai miu khong chéch lién quan dén X dudc x4c dinh bdi:

1 T
Var[x]| = ——X ' X. (5.94)
m—1

PCA tim mot biéu dién (thong qua phép bién ddi tuyén tinh) z = W 'x, trong d6
Var[z| 1a dutng chéo.

Trong muc 2.12, chiing ta da thiy rang cic thanh phan chinh clia ma tran thiét ké X
dudc x4c dinh bdi cic vecto riéng ctia X " X. Tir géc nhin nay, ta co:

XX = WAW'. (5.95)

Trong phan ny, chiing ta sé khai thac mot céch tiép can khic d€ tim cic thanh phan
chinh cta di liéu, thong qua phan ra gia tri ky di (SVD - Singular Value Decomposition).
Céc thanh phan chinh c6 thé dugc xic dinh bang cach st dung cac vector ky di bén phai
clia ma tran dif liéu X. Cu thé, néu ta ky hiéu W 1a cédc vector ky di bén phai trong phan
ra:

X =UZW/', (5.96)

thi phuong trinh gi4 tri riéng ban dau c6 thé dugc viét lai véi W 1a hé co sé:

X'X = (USWHTUSW' = WE*W ', (5.97)

SVD rit hitu ich d€ chiing minh ring PCA tao ra mot ma tran phuong sai chéo. Bing
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cach st dung phan ra SVD ctia X, ta ¢6 thé bi€u dién phuong sai cia X nhu sau:

1
1

- — (UswH'uzw’ (5.99)
m—1

= LWETUTusz (5.100)
m— 1

= szzwi (5.101)
m—1

trong d6 ta st dung tinh chdt UTU = I do U 1a ma trin truc giao. Piéu niy chiing minh

rang phuong sai ctia z 1a chéo:

1
Var|z] = msz (5.102)
1
= —— W' X'XW (5.103)
m—1
1
= W WXW'W (5.104)
m—1
= Lz{ (5.105)
m — 1

trong d6 ta st dung thém tinh chit W W = I tit dinh nghia ctia SVD.

Phan tich trén cho thiy khi ta chiéu dif liéu x sang z bang phép bién ddi tuyén tinh W,
ma tran hiép phuong sai ctia dit liéu méi trd thanh ma tran dudng chéo (dudc cho bdi 32).
Diéu nay c6 nghia 12 cdc phan tif cia z 12 khong tuong quan vdi nhau.

Tinh chit ndy ciia PCA rat quan trong, vi né gidp chuyén ddi dit liéu sang mot dang
ma cic thanh phan khong con bi phu thudc 1in nhau. Diéu nay c6 thé hiéu nhu mot cach
dé€ “tach r0i cac nhan t6 bién d6i chua biét” trong dif liéu. V6i PCA, viéc tach rdi nay dudc
thyc hién bang cach tim mdt phép quay ctia khong gian dau vao (dudc xac dinh bsi W),
sao cho truc chinh ctia phuong sai khdp vdi hé co s6 ctia khong gian méi dudc biéu dién
bdi z.

Mic dii tuong quan 12 mdt dang quan trong ctia su phu thudc gitta cic phan tif trong di
liéu, nhung chiing ta ciing quan tim dén viéc hoc céc bi€u dién c6 thé tach biét cic dang
phu thudc phtc tap hon gitta cac dic trung. PE 1am dudc diéu nay, ching ta cin nhiéu hon
nhiing gi c6 thé dat dugc chi véi mot phép bién ddi tuyén tinh don gian.

5.12 k-means Clustering

Mot vi du khéc vé thuat todn hoc biéu dién don gidn 12 phan cum k-means. Thuit todn
k-means chia tap dif liéu thanh k& cum khéc nhau, trong d6 cac diém dif liéu gan nhau sé
dudc nhém vao ciing mot cum. Ta ¢6 th€ xem thuat todn nay nhu mot phuong phdp tao
ma héa dang one-hot v6i mot vector k& chiéu h dé biéu dién dau vao x. Néu x thudc vé

cum 7, thi h; = 1, va tit c4 cdc phan tif khac ctia h s& 12 0.
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Mai héa one-hot tif phan cum k-means 12 mot vi du ctia biéu dién thua (sparse representation),
vi hau hét cdc phan tif trong vector déu c6 gia tri bang 0. Sau nay, chiing ta c6 thé phat
trién cdc thut toan hoc bi€u dién linh hoat hon, cho phép nhiéu phan ti trong vector ma
hoa c6 thé c6 gia tri khac 0. Tuy nhién, ma hda one-hot 12 mot dang bi€u dién cuc doan,
lam mét di nhiéu 1oi ich cta biéu dién phan tan (distributed representation). Du vy, n6
van c6 mot s6 uu diém vé mit thong ké, chang han nhu gitip nhém cic diém dit lidu trong
cling mot cum ¢6 sy tuong dong véi nhau, dong thdi mang lai 10i ich vé mit tinh to4n khi

bi€u dién chi can st dung mot s6 nguyén don gian.

Thuit todn k-means hoat dong bang cach khdi tao & tim cum (centroids) khac nhau
{u®, .. ™} véi cac gid tri ngdu nhién, sau d6 Lip lai hai budc luan phién cho dén khi
hoi tu:

1. Gan mdi diém dit liéu vao cum gan nhét 4, trong d6 i 1 chi sb ctia tim cum gan nhét
0,

2. Cap nhat mdi tim cum £ thanh gia tri trung binh cta tt ca cac diém dit liéu xV)

thudc vé cum do.

Mot trong nhiing thach thiic ctia phan cum 1a vin dé xac dinh miic do phit hop cla két
qué phan cum véi dif liéu thuc t&. Khong c6 mot tiéu chi duy nhét nao dé do luong diéu
nay mot cach khach quan. Mot cach phd bién 1a do ludng chit lugng phan cum dua trén
khoéng cach Euclid gitta tim cum va céc diém trong cum d6. Cach tiép can nay gitip danh
gid muic do khdp cia dit liéu v6i phan cum, nhung khong thé x4c dinh chinh xdc mic do

phén 4nh céc thudc tinh thuc té cla dif liéu.

Vi du, gia st ta chay thuat toan phan cum trén mot tap dit liéu chia anh cia xe tai mau
x4dm, Xe tdi mau dd, xe hoi mau xam va xe hoi mau d6. Néu yéu cau thuit toan phan cum
thanh hai nhém, mot cach phan cum c6 thé 1a tich ra thanh nhém "xe hoi"va nhém "xe
tai". Tuy nhién, mot cach phan cum khdc c6 thé chia thanh nhém "xe mau xdm"va nhém
"xe mau do". Néu ta cho phép thuit todn tu x4c dinh s6 cum t6i uu, né c6 thé phan cum
thanh bén nhém: "xe hoi dd", "xe hoi xam", "xe tai d6"va "xe tai xam". Cach phan cum
nay phan dnh dong thoi c4 hai thudc tinh (mau sic va loai phuong tién), nhung khong thé
hién dudc mic do6 tuong dong gilta cac dbi tuong.

Chang han, xe hoi mau dé va xe tai mau dé thudc vé cac cum khac nhau, gibng nhu
cdch ma xe tai mau xam va xe tai mau do ciing thudc vé cac cum khac nhau. Tuy nhién, tir
két qua phan cum, ta khong thé két ludn rang "xe hoi mau d6 gan giii véi xe hoi mau xam
hon 12 v6i xe tdi mau do". Két qua chi don thuan thé hién su khic biét gita cdc nhém ma

khong cung cip thong tin vé mdi quan hé gitta ching.

Nhiing vin dé nay minh hoa ly do tai sao ta c6 thé muén st dung biéu dién phan tén
(distributed representation) thay vi biéu dién one-hot. Biéu dién phan tan c6 thé gan nhiéu
thuoc tinh cho mdi ddi tugng—chang han, mot thudc tinh dai dién cho mau sic va mot
thudc tinh dai dién cho loai xe. Piéu nay gitip thuit toan c6 thé hoc dudc cich biéu dién

t6i uu d€ phan 4nh céc thudc tinh quan trong cia dit liéu. Tuy nhién, mot thach thiic dit ra
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12 1am sao dé thuit todn c6 thé biét dudc nhitng thudc tinh ndo 1a quan trong (vi du: mau
sac hay loai xe). Viéc c6 nhiéu thudc tinh 1am giam ganh ning trong viéc phai doan xem
thudc tinh nao 1a quan trong, dong thdi cho phép mo hinh do ludng su tuong dong gitia
cic dbi tugng mot cach chi tiét hon bang cch so sdnh nhidu thudc tinh cing lic.

5.13 Stochastic Gradient Descent

Hau hét cic phuong phép hoc siu déu dudc xdy dung dua trén mot thuat todn quan
trong: Stochastic Gradient Descent (SGD). SGD 1a mot bién thé ctia phuong phdp ha
gradient da dudc gidi thiéu trudc do.

Mot van dé phd bién trong hoc may 1a tap dit liéu huén luyén 16n c6 thé giip mo hinh
téng quat hoéa tét hon, nhung ciing 1am ting dang ké chi phi tinh toan. Do d6, viéc t6i uu
héa trén mot tap dit liéu 16n dit ra thach thifc vé mit tinh todn.

Ham mét mat trong hoc mdy thuong dudc biéu dién dudi dang tdng clia cac mét mat
riéng 1& trén tiing mAu dif liéu. Vi du, trong bai toan hoc ¢ gidm sat, ham mat mat c6 thé

dudc viét nhu sau:

m

1 o
J(0) = B yraua L@, y,0) = — > L%y, ) (5.106)

i=1
trong d6 L(x,y, ) 1a ham mét mat trén tiing mau dif liéu. Vi du véi bai toan phan loai, ta

c6 thé st dung hAim mat mat log-likelihood:

L(z,y,0) = —logp(y | z;0). (5.107)

D€ t6i wu héa J(0), phuong phdp ha gradient tiéu chudn yéu cau tinh gradient trung

binh trén toan bo tap du liéu:

m

1 . )

Ve (0) = =) VoL(z,y" 0). 5.108

0 ( ) m ; 0 (l’ Y ) ( )

Chi phi tinh todn ctia phép toan nay 1a O(m). Khi tap dit liéu c6 kich thudc rat 16n, viéc
tinh gradient ddy dd sé trd nén khong kha thi.

SGD gii quyét vin d& trén bing cach x4p xi gradient trung binh bing cach sit dung

mot minibatch nhé gdm m’ mau dit liéu, thay vi toan b tap dit liéu:
1 & DG
g= %EWL(:@*(),W,G). (5.109)

Thong thudng, m/ c6 thé chi 1a vai chuc hodc vai trdm mau di liéu, gidp giam dang k€ chi

phi tinh toan.

Y tudng quan trong ciia SGD la gradient thuc chit 1a mot ky vong toan hoc. Do dé, ta

c6 thé uéc lugng noé bang cach liy mot mau nhé tir tap dit liu. Cu thé, & mdi budc cia
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thuat todn, ta chon ngiu nhién mot minibatch B = {2® ... (™)} tit tap huin luyén.

Minibatch thudng c6 kich thuéc nhd, khoang vai chuc dén vai trim mau. Dic biét, kich
thuéc m’ thuong dudc giit cd dinh ngay ca khi kich thude tip huin luyén m ting 1én dang
ké. Piéu nay gitp ta c6 thé huin luyén trén céc tap dif liéu khdng 16 bang cach st dung

chi mot sb lugng nhé mau tai mdi 1an cip nhat.

Sau khi tinh todn udc luong gradient, SGD thuc hién budc cip nhat tham sb:
0 <0 —eg, (5.110)

trong d6 e 1a tc d6 hoc (learning rate).

Ha gradient néi chung thuong bi coi 1a chdm hoac khong dang tin cdy. Trudc day, viéc
ap dung né cho céc bai toan t6i uu héa phi 16i thudng bi coi 1a liéu linh. Tuy nhién, ngay
nay, cac md hinh hoc mdy huén luyén bang gradient descent hoat dong rit hiéu qua. Thuat
toan tbi vu héa niy c6 thé khong ddm bio hdi tu dén cuc tiéu dia phuong, nhung né thudng
tim dudc gid tri nhd ctia ham mat mat trong thdi gian hop ly.

SGD c6 nhiéu ing dung quan trong ngoai hoc siu. N6 1a phuong phap chinh dé huin
luyén ciac mo hinh tuyén tinh trén tap dif liéu 16n. Khi mé hinh c6 kich thuéc cb dinh,
chi phi cho mdi 14n cip nhat SGD khong phu thudc vao kich thudc tap huin luyén m. S6
lugng cip nhat can thiét d€ hoi tu thudng ting khi m ting. Tuy nhién, khi m tién dén vo
han, mo hinh c6 thé hoi tu vé 16i kiém tra tot nhét trudc khi SGD lip qua toan bd tap huin
luyén. Vi vay, chi phi tiém can ctia SGD theo m c6 thé coi la O(1).

Trudc khi hoc sau phit trién, cdc mo hinh phi tuyén chii yéu dugc huin luyén bing
kernel trick két hop v6i mo hinh tuyén tinh. Cac thuit toan kernel thudng yéu cau xay
dyng ma tran G, ; = k(2@ 20)) ¢6 chi phi tinh todn O(m?), diéu nay khong khé thi v6i
tap dit liéu 16n. Tir niim 2006, hoc sau bat dau thu hiit sy quan tim vi kha ning tong quat
hoéa tot trén dit liéu méi khi hun luyén trén tap c6 quy mo trung binh. Sau d6, nganh cong
nghiép quan tdm nhiéu hon dén hoc sau vi kha ning mé rong dé huin luyén mo hinh phi
tuyén trén tap di liéu 16n.

SGD va cdc cdi tién cia nd sé dugc trinh bay chi tiét hon trong Chuong 8.

5.14 Xay dung thuat toan hoc may

Hau hét cic thuit toan hoc siu cé thé dudc md ta nhu cc trudng hop cu thé cla
mot cong thidc tdng quat, bao gdm: Dinh nghia mot tip dit liéu, mot ham chi phi (cost
function), mot mo hinh hoc mdy, mot thuét toan tdi wu héa.

Vi du, bai todn hoi quy tuyén tinh c6 cac thanh phan sau bao gom céc bién dau vao X

va dau ra, ham chi phi:
J(w,b) = —E; ypyu 108 Pmodger (¥ | ), (5.111)
Mo hinh hdi quy tuyén tinh: ppoger(y | #) = N (y; 27w + b, 1). Thuét todn tdi vu héa:
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Trong trudng hdp nay, ta c6 thé tim nghiém bang cach giai dao ham ctia ham chi phi theo
cong thiic nghi€ém chinh quy.

Mot diém quan trong la ching ta c6 thé thay thé ting thanh phan trén ma khong lam

4nh hudng dén céc thanh phan con lai, tit d6 c6 thé xay dung nhiéu thuit toan khic nhau.

Ham chi phi thudng bao gdm it nhit mot thanh phan gilp qua trinh hoc c6 thé udc
lugng thdng ké mot cach chinh xac. Ham chi phi phd bién nhit 12 do hop 1y t6i da (negative
log-likelihood), gitip t6i tu mé hinh dua trén nguyén tac cuc dai héa hop ly.

Ham chi phi ciing c6 thé chiia cc thanh phan bd sung nhu diéu chuin (regularization).

Vi du, ta c¢6 thé thém hé s6 phat chudn L2 (weight decay) vao bai toan hdi quy tuyén tinh
nhu sau:

J(w,b) = Nw|l3 — Ezympy, 108 Pmoder (¥ | 7). (5.112)

Diéu nay van cho phép ta t6i uu bang nghiém chinh quy.

Néu mo hinh khong con 1a tuyén tinh, viéc tim nghiém déng khong con khi thi va
ching ta phai st dung c4c thuat todn t6i uu sb, chang han nhu phuong phép ha gradient

(gradient descent).

Cong thiic trén khong chi ap dung cho hoc ¢6 gidm sat ma con ho trg hoc khong gidm
sat. Hoi quy tuyén tinh 1a mot vi du dién hinh cia hoc ¢6 gidm sét. Trong hoc khong giam
sét, ta c¢6 thé 1am viéc chi véi tap dit liéu X va st dung mot ham chi phi phu hop. Vi du,
thuat todn phan tich thanh phan chinh (PCA) c6 thé dugc biéu dién thong qua ham chi
phi:

J(w) = Eqmpy 1 = r(a;w) 3 (5.113)

trong d6 mo hinh dudc xac dinh v6i w c6 chudn bang 1, va ham téi tao (reconstruction
function) dudc dinh nghia la:
r(z) = wlzw. (5.114)

Trong mot sd trudng hop, ham chi phi ¢6 thé 12 mot ham ma chiing ta khong thé thuc
su danh gid dudc do cic han ché vé tinh toan. Trong nhiing trudng hop nhu vy, chiing ta
van c6 thé xap xi va t6i vu héa né bang phuong phap tdi wu sd ldp, mién 1a c6 cach dé xap

xi gradient cia no.

Hau hét c4c thuat todn hoc mdy déu st dung cong thiic tdng quat niy, mic du diéu d6
c6 thé khong hién nhién ngay tit dau. Néu mot thuat toan hoc mdy trong c6 vé doc ddo
hoic dugc thiét ké thi cong, thi thudng c6 thé hiéu né nhu viée st dung mot bo t6i vu hoa
dic biét. Mot s6 mo hinh nhu ciy quyét dinh (decision trees) va k-means yéu cau cac bd
t6i wu hda dic biét vi ham chi phi cia ching c¢é nhitng viing phing (flat regions), khién

ching khong phii hop dé ti uu héa biang cac phuong phap dua trén gradient.

Nhan ra rang hau hét cac thuat toan hoc may déu c6 thé dugc mo ta theo cong thiic nay

gitp ching ta nhin thiy su lién két gitta cdc thuat toan khac nhau. Diéu nay gitip phan loai
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chiing theo cdc phuong phap gidi quyét bai todn tuong tu thay vi chi xem ching nhu mot
danh sach dai c4c thuat toan riéng biét v6i nhiing 1y do ton tai khc nhau.
5.15 Nhitng Thach Thitc Thiic Pay Deep Learning

Céc thuat toan hoc may don gian dugc mo ta trong chuong nay hoat dong tot trén
nhiéu vin dé quan trong. Tuy nhién, chiing chua thanh cong trong viéc giai quyét cdc van
dé trung tam trong tri tué nhan tao (Al), chéng han nhu nhan dién giong néi hodc nhan

dang dbi tuong.

Su phat trién clia deep learning mdt phan dudc thiic ddy bsi su that bai clia cic thuat
toan truyén thong trong viéc tdng quat héa tot trén cic tac vu Al nhu vay.

Phan nay thao luin vé cach ma thach thiic tdng quat héa ddi v6i cac vi du méi trd nén
khé khin theo cAp s6 nhan khi 1am viéc véi dit liéu c6 sb chiéu cao, cling nhu cach ma céc
co ché dudgc st dung dé€ dat dudc su tdng quat héa trong hoc may truyén thdng khong di
d€ hoc cac ham phic tap trong khong gian c6 sb chiéu cao. Nhitng khong gian nhu vay
cling thudng doi héi chi phi tinh toan rit cao. Deep learning dugc thiét ké d& khac phuc
nhiing trd ngai ndy va nhiéu vin dé khic.

5.15.1 Loi Nguyén Chiéu Khong Gian (The Curse of Dimensionality)

Nhiéu bai todn hoc mdy trd nén cuc ky khé khin khi s6 chiéu cta dif liéu ting cao.
Hién tuong nay dudc goi 1a loi nguyén chiéu khong gian (curse of dimensionality). Piéu
dang lo ngai dic biét 1a s6 luong cAu hinh khac biét c6 thé c6 ctia mot tip hop bién s6 ting
theo cAp s6 nhan khi s6 lugng bién sb ting 1én.

Ldi nguyén chiéu khong gian xuat hién & nhiéu linh vuc trong khoa hoc mdy tinh, dic

biét la trong hoc may.

Hinh 5.9: Khi s chiéu lién quan ctia dif liéu ting 1én (tif trdi sang phai), sd luong cau hinh quan
tam c6 thé ting theo cip sb nhan. (Trai) Trong vi du mdt chiéu, chiing ta c6 mot bién s va chi
cin phan biét 10 viing quan trong. Néu c6 dii s6 lugng miu nam trong mdi viing (mdi ving tuong
ting v6i mot & trong hinh minh hoa), thuat todn hoc c6 thé dé dang téng quat héa chinh xdc. Mot
céach don gian d€ tong quat hoa la udc lugng gid tri cia ham muc tiéu trong mdi ving (va c6 thé
ndi suy gitta cdc ving lan can). (Gitta) Véi hai chiéu, viéc phan biét 10 gia tri khac nhau ctia mdi
bién trd nén khé khin hon. Chiing ta can theo déi t6i da 10 x 10 = 100 viing, va can it nhét sb
lugng mau tuong Ung d€ bao phii tit ca cc ving nay.(Phai) V4i ba chiéu, s6 ving ting 1én thanh
103 = 1,000, va can it nhit s6 lugng mAu tuong tng. V6i d chiéu va v gia tri can phéan biét trén
mdi truc, sb viing va s6 miu cin thiét duong nhu 1a O(v?). Pay chinh 12 mot vi du vé 1i nguyén
chiéu khong gian. Hinh 4nh dudc cung cip bdi Nicolas Chapados.
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Mot trong nhiing thach thiic do 15i nguyén chiéu khong gian gay ra 1a thach thiic thong
ké. Nhu minh hoa trong Hinh 5.9, vin dé thng ké phat sinh do s6 lugng cau hinh c6 thé

c6 cua x 16n hon rat nhiéu so véi so lugng mau huan luyén.

D& hiéu van dé nay, hiay xem xét khdng gian dau vao dudc t6 chiic thanh mot ludi, nhu
trong hinh. Trong khong gian c6 sb chiéu thép, ta c6 thé md ta dit liéu bang mot sb it &
1u6i, trong d6 phan 16n 6 dudc 1ap day bdi dit liéu. Khi tdng quat héa dén mot diém dit
liéu méi, ta c6 thé dé dang suy luan dua trén cic mau huin luyén nam trong cling mot 6
v6i dau vao mdi.

+ Néu uéc lugng mat do xic sult tai mot diém z, ta c6 thé don gian tra vé sd lugng

mau huin luyén trong cting mdt 6 chia cho téng s6 mau.
* Néu thuc hién phan loai, ta c6 thé trd vé nhan phd bién nhét trong 6 do.
« Néu thuc hién hoi quy, ta c6 thé 14y trung binh gid tri muc tiéu clia cic mau trong o.

Nhung diéu gi xay ra v6i cic 6 ma khong c6 miu huin luyén nao? Trong khong gian
c6 sb chiéu cao, s6 luong ciu hinh qua 16n, vudt xa s6 luong mau huan luyén, dan dén hau
hét cc 6 khong c6 dit liéu huin luyén. Lam sao c6 thé suy luan mot cach hgp 1y vé nhiing
cAu hinh méi nay?

Nhiéu thuét toan hoc mdy truyén thdng d on gian gia dinh riang diu ra tai mot diém
méi sé xap xi dau ra clia diém huén luyén gan nhit.

5.15.2 Tinh tron va diéu chudn duy tri tinh cuc bd

DE téng quét héa tdt, cac thuit todn hoc mdy can c6 nhiing gia dinh tién nghiém (prior)
vé loai hAim nao ma chiing ta nén hoc. Nhiing tién nghiém nay c6 thé dudc biéu dién ro
rang dudi dang phan bd xéc suit ctia cac tham s6 mod hinh. Ngoai ra, ching ta ciing ¢6 thé
hiéu tién nghiém nhu nhitng 4nh hudng tryc tiép 1én chinh ban than ham s6 hoic 1én cic
tham s6 mo hinh mot c4ch gidn tiép.

Mot trong nhiing tién nghiém phd bién nhat 1 gia dinh vé tinh tron (smoothness) hoic
duy tri tinh cuc bo (local constancy). Diéu nay cé nghia 1a ham ching ta hoc khong nén
thay ddi qua nhiéu trong mot ving 1an cin nhd.

Nhiéu thuit toan don gian chi dua vao tién nghiém nay dé tong quat héa, nhung két
qua 1a ching thudng khong gidi quyét tot cac van dé trong Al hién dai. Trong cubn sach
nay, chiing ta sé thiy rang hoc sau (deep learning) bd sung nhiéu tién nghiém khac (ca
tudng minh va ngam dinh) dé giam 13i tdng quat héa trong cic bai toan phiic tap.

C6 nhiéu cach khac nhau d€ thé hién tién nghiém rang ham can hoc nén cé tinh tron
hodc gan nhu hang sé cuc bo. Piéu nay din dén nhiéu phuong phap hoc may khac nhau

nhiam tim mot ham s6 f* thda man diéu kién:
(@) ~ f+e) (5.115)
cho hau hét céc gia tri z va e nho.
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Mot trudng hop dién hinh cta phuong phdp duy tri tinh cuc bd 1a thuét toan k-ling
giéng gan nhit (k-nearest neighbors - kKNN). Cac bo du doan nay thuc chit 12 khong thay

ddi trong mdi ving chiia tit ca cac diém z c6 cung tip k lang giéng gan nhét.

Mic dii thuit toan kNN ¢6 thé du doan dau ra tif cdc diém 1an cin, nhung hau hét céac
thuat todn kernel hién dai sit dung cdc phuong phdp ndi suy mugt ma hon d€ gan nhan dir
liéu. Mot nhém quan trong cia cac ham kernel la ham kernel cuc bo, trong d6 k(z, v) cé

gia tri 16n khi 2 = v va gidm dan khi 2 va v c4ch xa nhau.

Cay quyét dinh (decision trees) cling c6 nhitng han ché khi chi dua vao tinh tron. Ching
phan chia khong gian dic trung thanh nhiéu viing r3i rac, mdi viing c6 mdt tham sb riéng
biét. Piéu nay c6 nghia 1a dé biéu dién chinh xdc mot ciy c6 n 14, ta can it nhat n diém di

liéu huan luyén.

Nhin chung, dé phan biét O(k) vung trong khong gian dau vao, hau hét cic phuong
phap nay yéu cau O(k) méiu huln luyén. V6i kNN, mdi miu c6 thé xdc dinh ding mot

viing duy nhit.

M&t van dé phic tap hon 1a 1am thé nao d€ hoc dudc mdt ham chi phi c¢6 thé phan biét
nhiéu viing hon s6 lugng mau huin luyén. Vi du, néu dit liéu c¢6 céu triic nhu mot ban
O (checkerboard), thi viéc dua vao tinh tron va tdng quét cuc bd c6 thé khong du d€ hoc

chinh xac toan bo mo hinh.

Gia dinh vé tinh tron tru va cdc thuat todn hoc khong tham sb lién quan hoat dong cuc
ky hiéu qua mién 13 c6 di vi du d€ thuit toan hoc quan sat dugc cac diém cao trén hau hét
cac dinh va cac diém thip trén hau hét cac thung liing ctia ham sb thuc su can hoc. Diéu

nay thudng diing khi ham can hoc di tron tru va chi thay ddi trén mot sb it chiéu.

Trong khong gian c6 sd chiéu cao, ngay cd mdt ham rat tron tru ciing c¢6 thé thay ddi
theo cach khic nhau doc theo tiing chiéu. Néu ham sb con ¢ hanh vi khac biét § cic ving
khéc nhau, thi viéc mé ta né bang mot tip hop cac vi du huin luyén c6 thé tré nén cuc ky
phiic tap. Néu ham s qu4 phiic tap (chiing ta mubn phan biét mot s6 luong 16n viing so

v6i s6 lugng vi du), liéu c6 hy vong nao dé tdng quat héa tét khong?

Cau tra 19i cho ca hai cAu hdi trén—Iliéu c6 thé bi€u dién mot ham s6 phiic tap mot
cach hiéu qua, va liéu ham udc luong c6 thé tdng quat héa tt cho cac dau vao mdi hay
khong—I1a c6. Piém méu chét 1a c¢6 thé xac dinh mot s6 lugng rat 16n ving, chang han
O(2%), chi v6i O(k) vi du, mién 1a ching ta gidi thiéu mot sd sy phu thudc gitta cic viing
thong qua cac gia dinh bd sung vé phan phdi sinh dif liéu co ban. Theo cach niy, ching ta
c6 thé thuc su tdng quat héa khong chi cuc bd ma con mé rong pham vi rong hon [6], [7].
Nhiéu thuit toan hoc sau khac nhau cung cip cic gia dinh ngdm hoic tudng minh hgp ly

cho mot loat cac nhiém vu Al nham tan dung 1¢i thé nay.
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Hinh 5.10: Minh hoa v& cach thuit toan ldng giéng gan nhit (nearest neighbor) phan chia khong
gian dau vao thanh cdc ving. Mbi vi du (dugc biéu dién bing mot vong tron) trong mdi viing xac
dinh ranh gidi ctia viing d6 (dugc bi€u dién bang cac dudng). Gia tri dudc gan cho tiing vi du xdc
dinh dau ra cho tit ca cac diém trong viing tuong dng. Céc viing dudc xac dinh bdi thut todn lang
giéng gan nhit tao thainh mot mo hinh hinh hoc goi 1 biéu d6 Voronoi. S lugng cac ving lién
tuc nay khong thé ting nhanh hon sb lugng vi du huén luyén. Mic di hinh minh hoa nay mé ti cu
thé hanh vi cla thuit toan ldng giéng gan nhit, nhung c4c thuat todn hoc mdy khac ciing dua vao
gia dinh tron tru cuc bd d€ tdng quat héa cé xu huéng thé hién hanh vi tuong tu: mdi vi du huin
luyén chi cung cip thong tin cho mé hinh vé cach téng quat héa trong mdt viing 14n cin ngay xung
quanh vi du do6.

Cac phuong phap khac trong hoc mdy thuong dua ra nhiing gia dinh manh mé va dac
thu hon theo tling tac vu. Vi du, ching ta c6 thé dé dang gidi quyét bai todn ban cd bing
cach cung cip gia dinh ring ham muc tiéu 12 tudn hoan. Thong thudng, ching ta khong
dua vao mang no-ron nhiing gia dinh manh mé va dic thi nhu vay dé€ ching c6 thé tdng
quat héa cho nhiéu ciu triic khdc nhau. Cac nhiém vu Al ¢6 ciu triic qua phic tap dé€ bi
gi6i han bdi nhiing thudc tinh don gian, dudc xac dinh thii cong nhu tinh tuan hoan, vi vy
chiing ta can cic thuat todn hoc c6 thé két hop nhiing gia dinh tdng quat hon.

Y tudng cbt 16i trong hoc sau 1a gia dinh ring dit liéu dudc tao ra bdi su két hop cia
cdc nhan t6, hodc dic trung, c6 thé & nhiéu cip do trong mot hé thdng phan cip. Nhiéu
gid dinh tuong tu khéc cling c6 thé céi thién hon nita c4c thuét todn hoc sau. Nhiing gia
dinh c6 vé don gidn nay cho phép thu dudgc 1gi thé theo cip sd nhan trong mbi quan hé
gitta s6 lugng vi du va s6 lugng viing c6 thé phan biét. Chiing t6i mo ta nhiing 1¢i thé theo
cAp s6 nhan nay mot cach chinh xdc hon trong cac muc 6.4.1, 15.4 va 15.5. Nhiing 10i thé
theo cAp sd nhan nay nhd vao viée st dung cic biéu dién phan tan sau, gitip chdng lai cic
thach thic theo cAp s6 nhan do [0i nguyén chiéu cao gay ra.
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5.15.3 Hoc Manifold (Manifold Learning)

Mot khdi niém quan trong trong nhiéu y tudng vé hoc mdy 1a manifold. Manifold 1a
mot ving lién thong trong khong gian. V& mit todn hoc, né 12 mot tip hop cac diém dugc
lién két v6i mot ving 1an can xung quanh mdi diém. Tir mot diém bat ky, manifold c6
dang cuc bo gidng khong gian Euclid. Trong cudc sdng hang ngay, chiing ta cdm nhin bé
mit Trai DAt nhu mot mit phang 2D, nhung thuc t& né 1a mdt manifold hinh cau trong

khong gian 3D.

Khdi niém vé viing 14n cin xung quanh mdi di€ém ngu y su ton tai ctia cic phép bién
ddi c6 thé dudc 4p dung d€ di chuyén trén manifold tif mot vi tri dén vi tri 1an can. Vi
du, v6i bé mit Trai DAt nhu mot manifold, ta c¢6 thé di chuyén theo huéng bac, nam, dong

hodc tay.

Maic du thuat ngti manifold c6 y nghia toan hoc chinh xac, trong hoc may né thuong
dudc st dung theo cach linh hoat hon d€ chi mot tap hop lién thong cac diém c6 thé dugc
xap xi tot bang cach chi xem xét mot s6 it chiéu tu do, hoic cic chiéu nhing trong mot
khong gian c6 s6 chiéu cao hon. Mdi chiéu tuong ting v6i mot huéng bién ddi cuc bo.
Hinh ?? minh hoa dif liéu hun luyén nam gan mdt manifold mdt chiéu dugc nhiing trong

khong gian hai chiéu.
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Hinh 5.11: LAy mau hinh dnh mot cach ngiu nhién (bang cach chon ngau nhién mdi pixel theo
phén phdi déu) sé tao ra cac hinh anh nhiéu. Mic dii c6 mot xac suit khong bang 0 dé tao ra mot
hinh anh ctia mot khudén mit hodc bat ky déi tuong nao khac thudng gip trong cic ing dung Al,
nhung chiing ta khong bao git thuc su thiy diéu nay xay ra trong thuc té. Diéu nay goi y ring céc
hinh 4nh gip phéi trong cdc tng dung Al chiém mot ti 1& khong ddng ké trong khong gian hinh
anh.

Trong bdi canh hoc mdy, ta cho phép s chiéu ctia manifold thay ddi tir diém nay sang
diém khac. Piéu nay thudng x4y ra khi mot manifold ty cit qua chinh né. Vi du, mot hinh
s6 tam (figure eight) 12 mot manifold c6 mot chiéu tai hau hét cac vi tri, nhung c6 hai

chiéu tai diém giao nhau & trung tim.

Nhiéu bai toan hoc mdy c6 vé vd vong néu chiing ta ky vong thuat toan hoc phai tim
ra cac ham c6 bién d6i phiic tap trén toan bo khong gian R™. Céc thuat toan hoc manifold
giai quyét trd ngai nay bang cach gia dinh rang phan 16n R” bao gdm cac dau vao khong
hop 1&, va cdc dau vao quan trong chi xuét hién trén mot tip hop cic manifold chita mot
tap con nhé céc diém, véi cac bién ddi thi vi trong dau ra ctia hAm hoc dugc chi xy ra doc
theo cic hudng nim trén manifold, hoic chi xuét hién khi chiing ta di chuyén tir manifold
nay sang manifold khac.

Hoc manifold ban dau dudgc gi6i thiéu cho dit liéu lién tuc va trong bdi canh hoc khong

giam sat, mic du y tudng vé su tip trung xdc suit nay c6 thé dugc tdng quat hoa cho ca dit

145



CHUONG 5. HOC MAY CO BAN

liéu r&i rac va hoc c6 gidm sat. Gia dinh chinh van 1a khéi lugng x4c suét tip trung manh

mé vao madt so vung nhat dinh.

Gia dinh rang dif liéu nam doc theo mdt manifold c6 sb chiéu thip c6 thé khong phai
lic nao ciing diing hoic hitu ich. Tuy nhién, chiing toi 1ap luan ring trong bdi canh cac
nhiém vu Al, chang han nhu xit 1y hinh anh, 4m thanh hoic vin ban, gia dinh manifold it
nhét ciing ding mot cach x4p xi. Bang ching tng ho gia dinh nay c6 thé dudc chia thanh
hai loai quan sat chinh.

Quan sit dau tién tng ho gia thuyét vé manifoled 12 phan phdi xdc suét trén hinh 4nh,
chudi viin ban va Am thanh xuét hién trong ddi sdng thuc 1a rit tip trung. Nhiéu dong déu
hau nhu khong bao git gidng véi cac dau vao ¢ ciu triic tif cac linh vuc nay. Hinh 5.12
cho thiy, thay vao d6, cic diém dudc 1iy miu dong déu trong gidbng nhu cac maiu nhiéu
xuat hién trén cic tivi analog khi khong c6 tin hiéu. Tuong tu, néu ban tao ra mot tai liéu
bang cach chon ngau nhién cac chif cdi, xdc suat ban sé tao ra mot vin ban cé nghia bang
tiéng Anh 13 gi? Gan nhu bang 0, lai mot 14n nita, bdi vi hiu hét cac chudi chit cai dai
khong tuong ng véi chudi ngdn ngit tu nhién: phan phdi clia cac chudi ngdn ngit tu nhién

chiém mot khong gian rit nhd trong tng thé khong gian cac chudi chit ci.

Di nhién, cic phan phdi x4c suit tap trung khong di dé€ chiing minh rang di liéu nam
trén mot sb manifoled c6 kich thudc hdp ly. Chiing ta ciing phai chitng minh rang cac vi du
chiing ta gip phai dugc két ndi v6i nhau béi cac vi du khic, véi mbi vi du dugc bao quanh
bdi cac vi du khac c6 do tuong ddng cao cé thé dat dugc bang cach ap dung cac phép bién
ddi dé€ di chuyén trén manifoled. Lap luan thd hai Ging ho gia thuyét vé manifoled 12 ching
ta c6 thé tudng tuong ra nhitng khu vuc va phép bién ddi nhu vay, it nhét 1a theo cach hinh
dung. Trong trugng hop hinh anh, chiing ta chic chan c6 thé nghi dén nhiéu phép bién ddi
c6 thé cho phép chung ta vé ra mdt manifoled trong khong gian hinh 4nh: chiing ta c¢6 thé
tlf tif 1Am ma hoic sdng 4nh sang, ti tif di chuyén hoic xoay cac dbi tugng trong hinh anh,
tif tif thay d6i mau sac trén bé mit cic d6i tuong, v.v. Nhiéu manifoled cé thé tham gia
vao hau hét cdc ung dung. Vi du, manifoled ctia hinh 4nh khu6n mit ngudi c6 thé khong

dudc két noi véi manifoled cia hinh anh khudén mat con meo.

Nhiing thi nghiém tu duy ndy mang lai mot sb ly do truc quan tGng hd gia thuyét
vé manifoled. Cac thi nghiém chinh thdc hon (Cayton, 2005; Narayanan va Mitter, 2010;
Scholkopf et al., 1998; Roweis va Saul, 2000; Tenenbaum et al., 2000; Brand, 2003; Belkin
va Niyogi, 2003; Donoho va Grimes, 2003; Weinberger va Saul, 2004) ro rang ho trg gia
thuyét nay dbi v6i mot 16p 16n cac bo dit liéu quan trong trong Al

Khi dit liéu nam trén mot manifoled c6 chiéu thap, viéc biéu dién dit liéu dudi dang
toa do trén manifoled c6 thé 1 cach tu nhién nhét ddi v6i cac thudt toan hoc mdy, thay vi
duéi dang toa do trong Rn. Trong ddi sbng hang ngay, ching ta c¢6 thé coi cac con dudng
nhu nhitng manifoled 1 chiéu dudc nhiing trong khong gian 3 chiéu. Chiing ta chi dudng
dén céc dia chi cu thé theo céc s6 nha trén nhitng con dudng 1 chiéu nay, khong phai duéi

dang toa do trong khong gian 3 chiéu. Viéc trich xuét cic toa do trén manifoled nay 12 mot
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thach thiic nhung hiia hen sé cai thién nhiéu thuit toan hoc may. Nguyén ly téng quat nay
dugc ap dung trong nhiéu bdi canh. Hinh 5.13 cho thiy cAu triic manifoled ctia mot bd dit
liéu bao gdm cic khudn mit. Vao cudi cubn sich nay, ching ta sé phat trién cac phuong
phép can thiét d€ hoc cAu triic manifoled nhu vay. Trong hinh 20.6, chiing ta sé thiy cach
mot thuat todn hoc mdy c6 thé thanh cong dat dugc muc tiéu nay.

Pay 1a phan két thiic ctia phan I, phan di cung cip cac khai niém co ban trong toan
hoc va hoc mdy dudc st dung trong cac phan con lai ctia cudn sach. Ban da sin sang dé

bat dau nghién ctu vé hoc sau.
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Hinh 5.12: Cic vi du huin luyén tir Bo dif liéu Khuon mit Pa quan diém QMUL (Gong et al.,
2000), trong d6 cc ddi tugng dudc yéu cau di chuyén theo cach sao cho bao phi duge manifoled
hai chiéu tuong ting vé6i hai géc quay. Chiing ta mudn céc thuit toin hoc c6 thé kham pha va tiach
rdi cac toa do cia manifoled nhu vdy. Hinh 20.6 minh hoa mot thanh tyu nhu vay.

PP"”’J"S
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CHUONG 6. MANG NO-RON HOC SAU

Mang no-ron lan truyén xuoi sau (Deep Feedforward Networks) 12 mdt trong nhiing
mo hinh cd ban nhét trong hoc sau. Tir "hoc sau'"bat nguodn tir viéc mo hinh ¢ nhiéu 16p
— tifc 1 "sau"vé miit cAu tric. Lop cubi cling trong mang dudc goi 1a 16p dau ra (output
layer). Khi huén luyén mang no-ron, muc tiéu 1a diéu chinh ham f(x) dé né gan gidng véi
mot ham muc tiéu f*(z). Tap di liéu huin luyén sé cung clp céc vi du = cing vé6i nhan
y ~ f*(z), d€ tr d6 mang hoc cach cho ra két qua gan véi y. Chi ¢6 16p dau ra la dugc
huéng dan truc tiép nhu vay; cic 16p con lai phai tu diéu chinh sao cho toan mang c6 thé
ude lugng f* tét nhit. Do khong c6 nhan truc tiép cho chiing, cac 16p nay dudc goi 1a 16p
4n (hidden layers).

Mang nay dugc goi 1a "no-ron"vi dugc 1y cam hiing tif hé than kinh. Trong mdi 16p
4n, dit liéu thudng dugc biéu dién dudi dang mot vector, trong d6 do dai vector thé hién
do rong cia mo hinh. Mdi phan ti trong vector hoat dong giéng nhu mot "no-ron", xi 1y
dit liéu dau vao rdi truyén qua mot ham kich hoat. Du xuit phat tif sinh hoc, nhung céc
mang no-ron hién dai lai dya phan 16n vao toan hoc va ky thuat, chii khong nham tai hién
chinh xdc cach hoat dong ctia ndo. Vi vy, ta c6 thé xem mang lan truyén xudi nhu mot
cong cu dé u6c lugng ham, hon 12 mo6 hinh mo6 phdng nio bd.

Dé hiéu 16 hon, ta hiy nhin lai cdc md hinh tuyén tinh va Iy do vi sao chiing chua du.
Vi du nhu hoi quy tuyén tinh hay hoéi quy logistic — dé tbi uu nhd céc tinh chit todn hoc
thi lai bi gidi han bdi tinh tuyén tinh. Trong khi d6, cac bai toan trong thuc té thuong 1a
phi tuyén, doi héi md hinh c6 kha niing biéu dién dugc cac ham phi tuyén.

6.1 Bai toan XOR va mang ng-ron truyén thing

Mang no-ron truyén thing 1a mot trong nhiing cu tric phd bién nhit trong hoc sau.
Dé 1am 16 céach hoat dong ctia mang, ta sé ding vi du bai toan XOR.

6.1.1 Bai toan XOR

Ham XOR (Exclusive OR) la mot phép toan logic don gian trén hai gia tri nhi phan z;
va Ty:

« Néu mot trong hai gid tri bang 1, két qua la 1.

» Néu c hai bang 0 hoic ca hai bang 1, két qua 12 0.

Bang gia tri cia ham XOR:
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x1 | 3 | XOR(xy, z2)
0] 0 0
0|1 1
10 1
1|1 0

Bai todn dit ra 1a tim mot ham y = f(x; ) v6i tham s 6 sao cho két qua cia ham gan

gibng v6i XOR.

Original x space Learned & space
11 L2 0 hao 0 1
1+ ° °
ha
p— >
0 11 2
Néu diing mot md hinh tuyén tinh nhu sau:
f(z;w,b) = 2Tw+b (6.1)

thi nghiém t6i vu sé cho w = 0 va b = %, nghia la ludn dyu doan 0.5 — khong giai dugc
bai toan. Ly do 1a vi XOR 1a ham phi tuyén.

DE giai dudc, ta can thém tang 4n. CAu tric mang gom:
« Tang 4n: Bién d&i x thanh h
« Tang dau ra: Dung mo hinh tuyén tinh dé tinh y tit A

Cong thic:

h=gW'z +c) (6.2)
y=f(h)=w'h+b (6.3)

Trong do:

 W: trong sb tii « dén h

* c: bias

* ¢: ham kich hoat phi tuyén (thudng 12 ReLU hoic sigmoid)

Néu khong c6 ham g, mang chi 12 mot ham tuyén tinh va van khong gidi dugc XOR.
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CHUONG 6. MANG NO-RON HOC SAU

Hinh 6.1: Mang nd-ron ding dé€ gidi bai toan XOR vdi mot tAng 4n c6 2 nit. Hinh bén trdi vé tiing
nit rd rang; hinh bén phai vé tiing tang nhu mot khéi.

max{0, z}

g(z)

|
0

z

Hinh 6.2: Ham ReLU (Rectified Linear Unit) 13 ham kich hoat phd bién nhat. N6 giit lai tinh don
gian va kha ning tdi vu t6t ciia md hinh tuyén tinh, dong thdi gidp tao ra phi tuyén can thiét cho
hoc sau.
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V6i RelLU, ta co:
f(z; W, e,w,b) = w! max(0, Wz +¢) + .

Dung céc tham so:

11 0 1
W = , Cc= , W= , b=0.
11 -1 —2
Tap dau vao: -
00
01
X —
1 0
11
Tinh toan tiing budc:
00 0 —1
11 1 0
XW = , XW+c= ,
11 1 0
2 2 2 1
00 0
10 1
h = max(0, XW +¢) = ., y=hw=
10 1
2 1 0

Két qua ding 100
6.1.2 Tong quan ve mang nd-ron nhan tao

Mang no-ron nhén tao (ANN - Artificial Neural Networks) 12 m6 hinh 14y cidm hiing
tif cach hoat dong ctia hé than kinh, gdm cac don vi goi 13 "no-ron"dudc t& chiic thanh céc

16p. M&i no-ron co ban c6 thé coi 12 mot mo hinh hodi quy tuyén tinh don gian.
Mang no-ron thudng gdom ba loai 16p:
* L&p dau vao (Input Layer): nhan dif liéu.
* L6p 4n (Hidden Layers): xit 1y va bién d6i di liéu.
* L&p dau ra (Output Layer): cho két qua cudi cung.

Mbi nd-ron trong mang nd-ron c6 thé dugc mo ta bang mot cong thic don gian:
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h=g(W'x+b) (6.4)

Trong do:

o 1 1a dau vao,

« W 1a vector trong sb két ndi dau vao véi no-ron,
* b1a hé s6 bu (bias),

* ¢(+) la ham kich hoat.

Ham kich hoat rat quan trong vi né gitip mang hoc dudc cic quan hé phi tuyén giiia
dau vao va dau ra. Mot s6 ham kich hoat thuong dung 1a:

e Sigmoid: g(z) = #, phd bién trong phan loai nhi phan nhung dé gip van dé

gradient bién mat.

* Tanh: g(z) = 2:27 , cho gid tri dau ra trong khoang [—1, 1], gitip trung binh di liéu
t6t hon sigmoid.

* ReLU (Rectified Linear Unit): g(z) = max(0, z), don gian va hiéu qud, nhung cé
thé din dén hién tugng "no-ron chét"néu gid tri dau vio nhd hon 0 qua nhiéu.

Mang nd-ron hoc bang cach diéu chinh trong sb sao cho du ra gan véi nhan ding nhét.
Qua trinh hoc dién ra qua hai budc chinh:

« Lan truyén tién (Forward Propagation): Dit liéu di qua mang tif dau vao dén dau ra,
tao ra du doan.

* Lan truyén ngudc (Backward Propagation): Dua vao sai s6 gitta du dodn va thuc té,
mang diéu chinh lai trong sb thong qua thuét todn nhu Gradient Descent.
Sai s6 dugc do bing ham mat mat £. Vi du, véi phan loai nhi phan, ta thudng dung

ham mat mat entropy chéo:

N
1 . N
L= N Z [yilog g + (1 — y;) log(1 — ;)] (6.5)
=1

Trong qua trinh t6i uu, mot s6 bién thé clia thuit todn ha gradient dudc st dung:

* SGD (Stochastic Gradient Descent): CAp nhat trong s6 tiing miu mot, nhanh nhung
nhiéu.

» Momentum: Gitlp qud trinh t6i uu 6n dinh hon bing cach "nhé"huéng di chuyén
trudc do.

+ Adam (Adaptive Moment Estimation): Két hop uu diém ctia Momentum va toc do
hoc diéu chinh riéng cho tling tham sb.

Mang nd-ron 14 nén tang cdt 16i trong hoc sau va dudc ting dung rong rai trong thuc té.
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Viéc lua chon ding kién triic mang, ham kich hoat, va thuit toan t6i uu sé anh hudng 16n
dén hiéu suit mo hinh.
6.2 Hoc dua trén Gradient

Huén luyén mang no-ron ciing nhu nhiéu moé hinh hoc mdy khac thudng dua vao
phuong phap ha gradient (gradient descent). Piém khéc biét 16n giita mang no-ron va
cdc md hinh tuyén tinh 12 tinh phi tuyén khién cho hAm méit m4t clia mang no-ron thuong
khong 16i (non-convex).

Trong khi cdc md hinh tuyén tinh nhu hdi quy hay SVM c6 thé diing bo gidi tbi wu 16i
d€ tim nghiém toan cuc, mang no-ron phai dung cac thuit toan lip dua vao gradient dé
tim nghiém gan dung.

V6i mang no-ron, qud trinh t6i vu nhim dén gidm gid tri hAam mat mat cang thap cang
tot. Do ham mat mat khong 16i, thuit toan c6 thé bi ket & cuc ti€u dia phuong va két qua
phu thudc vao cach khdi tao trong s6 ban dau.

Thuong thi:

» Trong s6 dudc khdi tao ngiu nhién nhd.

* Bias c6 thé khdi tao bang 0 hoic mét gid tri nhd duong.

Céc thuat toan ti uu sé dugc trinh bay chi tiét § Chuong 8. O ddy, chi cin nim ring
huén luyén mang no-ron ludn dua vao viéc tinh gradient dé cip nhat tham s6 sao cho giam
sai s6 dau ra.

6.2.1 Ham chi phi

Mot thanh phan khong thé thiéu trong qua trinh huin luyén mang nd-ron 13 ham chi
phi. N6 giip do luong do sai khac gitia du doan va gia tri that.

Néu mé hinh xdc dinh phan phdi xdc suat c6 diéu kién p(y|x; 6), thi thudng ta sé dung
nguyén ly cuc dai hgp ly (Maximum Likelihood) va chon ham chi phi 1a ham chéch chéo

(cross-entropy):

L=-) ylogd (6.6)

Ham nay rat phd bién trong céc bai todn phan loai.

Trong bai toan hdi quy, ta ding ham mét mét binh phuong trung binh (Mean Squared
Error - MSE):

N

1 i
L= Zl@ —5j;)%. (6.7)

Téng ham chi phi ding d& huin luyén mang thudng gom:
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« Ham mat mat chinh.
« Mot thanh phan diéu chuin (regularization) d€ giam overfitting.

Vi du, k¥ thuét weight decay tiing diing cho hdi quy tuyén tinh ciing dugc dp dung hiéu

qua cho mang nd-ron.
Céc phuong phap diéu chuin ning cao sé dudc trinh bay trong Chuong 7.
6.2.1.1 Hoc phén phéi ¢6 diéu kién bing Maximum Likelihood
Trong hoc may, t6i da héa hop ly (Maximum Likelihood Estimation - MLE) 1a cach

phd bién d€ tim tham sb t6t nhit cho mé hinh bang cach lam cho mo hinh khép t6i da véi

du liéu quan sat.

Ham hdp 1y (likelihood function) chinh 12 x4dc sudt ma mo hinh gan cho dit liéu thuc
té:

N
L(0) = | [ pmoder (yil:, 0) 6.8)
=1

O day:

e (z;,;) 1a cac cip dit liéu huén luyén,

* Dmodet(Yi| i, @) 12 xdc sudt ma mo hinh gén cho dau ra y; tuong dng véi dau vao z;,
* 0 1a tap cac tham sd can hoc.

Muc tiéu la tim 6 sao cho L(#) la 16n nhat. Tuy nhién, vi tich ctia nhiéu s6 nhé c6 thé

gdy tran s6, ta thudng iy log d€ chuyén sang log-likelihood:

N
log L(0) = > 108 Pmoder (yil i, 0) 6.9)

i=1

Thay vi t6i da log-likelihood, ta sé t6i thi€u hod gia tri 4m clia n6 — dudc goi 12 ham

chi phi dva trén log-likelihood am:

J<9) = _Ex,ywﬁdata logpmodel (y\ﬂf) (610)

Ham nay thuc chit chinh 13 entropy chéo — mdt cach do su khéc biét giita phan phdi

dit liéu that pyas, va phan phdi du dodn py,eqe; cia mo hinh.

Trong mot trudng hop cu thé khi pyeqe (y|z) 12 phan phdi chuén (Gaussian), ta ¢6 thé
lién hé entropy chéo véi 16i binh phuong trung binh (MSE). Gia st md hinh tuan theo

phan phdi chuin:

pmodel(y‘x) = N(ya f(xv 6)7 I) (611)
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Cong thtic ctia phan phdi chuin nhu sau:

_ 1 (y — f(x:0))?
Pylr) = —o—s exp (— 5o3 (6.12)
LAy log ctia biéu thiic trén:
_ (v — f(z; 9))2 1 2
log p(y|z) = 5,2 5 log(2mo*) (6.13)

Ti thi€u hod — log p(y|z), ta bd qua cic hing s6 khong phu thudc vao 6, va thu duge

ham 16i:

1
T(0) = 3Eeypancal ly = f (23 0)I (6.14)

Day chinh 12 ham mét m4t binh phuong trung binh (MSE).

Vi du, gia st ta c6 tap dif liéu gdom ba diém:

T |y
12
2|4
3|6

Gia s mo hinh dy dodn 1a f(z) = 2x + 1, ta ¢ bang so sanh:

x|y (thuctd) | §j = f(x)

1 2 3
2 4 5
3 6 7

Khi do, MSE la:

3

1 X
MSE = 52(% — ) =

=1

_ 2 — 2 — 2
(2-3)°+4 35) +(6-17) :gzl' (6.15)

6.2.1.2 Hoc thong ké c6 diéu kién
Trong mot s6 trudng hop, thay vi tim toan bd phan phbi p(y|z; 0), ta chi can tim mot

gia tri dai dién, chang han nhu trung binh hoic trung vi ctia y khi biét x.

Khi huin luyén mang no-ron, ta thuc chit dang hoc mot ham f(z; 6) d&€ mo phong mbi
quan hé gifta dau vao va dau ra. Dy khong chi 13 viéc diéu chinh tham s6, ma 1 bai toan
t6i uu trén khong gian ham s — nghia 1a ta tim ra mot ham t6i uu nhét trong vo sd ham
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c6 thé.

Trong todn hoc, khai niém nay din dén mot cong cu goi 1a giai tich bién phan (calculus

of variations), trong d6 ham méat mat duodc viét dudi dang:

L[f] = /L(x,f(x),f’(x), ) dr (6.16)

Du khong can dung dén gii tich bién phan mot cach tudng minh, ta c6 thé st dung

cac két qua quan trong ctia né dé hiéu ro hon vé muc tiéu huin luyén.

Vi du v6i hAm mat mat MSE:

f* = arg mf!n E:Evy"‘pdata”y - f('r)||2 (6]‘7)
Nghiém tbi uu cia bai toan trén 1a:

(@) = Byl Y] (6.18)

Nghia 13 néu c6 du dit liéu, t6i vu MSE gitip mé hinh hoc dudc gi4 tri ky vong ctia y
khi biét .

Néu thay bang 16i tuyét d6i trung binh (MAE):

f* = arg mj}n Exvy’vpdala y - f(x)Hl (619)
thi nghiém t6i uu sé 1a trung vi:
f*(z) = median(y | z) (6.20)

Trung vi hitu ich khi dif liéu c6 nhiéu gia tri ngoai lai, vi it bi anh huéng hon trung
binh.

Tuy nhién, cdA MSE va MAE déu c6 nhiing han ché khi diing véi gradient descent:
» MSE dé tao ra gradient nhd khi 16i 16n, khién cip nhat cham.
* MAE c6 gradient khong lién tuc, giy bt 6n cho viéc hoc.

Do d6, v6i céac bai toan phan loai hoic khi can udc luong xac suit, ta thudng dung ham

méat mat entropy chéo:

L=-) vilogj (6:21)
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Ham ndy c6 gradient &n dinh hon va két hgp tt v6i ham softmax & dau ra.

Tém lai, viéc chon ding hAim mat mat 1a yéu t6 then chdt trong huin luyén mang no-
ron. Tuy theo muc ti€u cua bai toan (du doan gia tri trung binh, trung vi hay phan loai), ta
s& chon gitta MSE, MAE hay cross-entropy dé t6i uu héa mo hinh hiéu quéa nhat.

6.2.2 Lép daura

Viéc lua chon ham méit mat ludn gin lién véi cach thiét ké 16p du ra ctia mo hinh.
Thong thudng, ta st dung cross-entropy dé do mic do khic biét gitta phan phdi that ctia
di liéu va phan phdi ma mo hinh du dodn. Céch biéu dién dau ra sé anh hudng truc tiép
dén dang cu thé ctia ham mat mat nay.

Trén thuc t&, bat ky loai don vi ndo dudc dung & 16p dau ra ciing déu c6 thé st dung
cho 16p 4n. Tuy nhién, trong phan nay ta sé tip trung vao cich st dung cac don vi niy &

16p dau ra, con vai trd clia chiing trong 16p 4n sé& dudc trinh bay & Muc 6.3.

Gi4 st md hinh mang lan truyén xudi tao ra mot bi€u dién dic trung 4n la:

h= f(z;0)
trong d6 « 1a dau vao va @ 1a tham sé mo hinh. Lép dau ra ¢6 nhiém vu bién déi h thanh
dau ra cudi cting phuc vu cho bai toan cu thé.
6.2.2.1 Céac don vi tuyén tinh cho phan phdi Gaussian

Mot loai 16p dau ra don gian la don vi tuyén tinh — thuc hién phép bién d6i tuyén tinh
kém theo mot hing s, ma khong sit dung bat ky ham phi tuyén nao. Cu thé:

G=WTh+b

v6i W 1a ma trén trong so, b la vector hé so bu.

Don vi tuyén tinh thuong duge ding d€ md hinh héa trung binh ctia mot phan phbi

Gaussian c6 dieu kién:

py | z) =N(y;9,1)

Trong do ¢ 1a trung binh va [ 1a ma tran hié€p phuong sai don vi.

Téi da hoa log-likelihood trong trudng hop niy tuong duong véi viéc tdi thiéu hoa 16i
binh phuong trung binh (MSE).

Ngoai ra, ly thuyét hop 1y cuc dai con cho phép ta hoc ci ma tran hiép phuong sai,
hoic 1am cho né phu thudc vao dau vao z. Tuy nhién, d€ ddm bao tinh hop 1¢, ma tran
hiép phuong sai can luén 1a duong xic dinh. Viéc nay thudng khé thuc hién néu chi ding
16p dau ra tuyén tinh, nén céc ky thuat khic sé dugc trinh bay & phan sau.
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Mot 1gi thé ctia don vi tuyén tinh 12 khong giy ra hién tugng bio hoa — dau ra khong
bi gi6i han trong mot khoang nhét dinh. Piéu nay gitp qua trinh hoc bang cac thuit toan

t6i uu dua trén gradient dién ra hiéu quéa va &n dinh hon.

6.2.2.2 Ham sigmoid cho phan phéi Bernoulli
Khi bai toan yéu cau du doan gid tri ciia mot bién nhi phan y (vi du: phéan loai nhi
phan), ta cAn md hinh héa xéc suit P(y = 1|z). P& dim bio xdc suit nim trong khoang

[0, 1], cAn dung mot ham kich hoat phut hgp.

Mot gidi phap don gian 1a ding mot don vi tuyén tinh roi kep dau ra vao khoang [0, 1]:

P(y = 1]z) = max (O, min (1, wlh + b)) (6.22)

Tuy nhién, cich nay gdp van dé khi gia tri w?h + b vugt khoi khoang [0, 1], vi ldc do6

dao ham theo cac tham s6 bang 0, 1am cho gradient descent khong con hiéu qua.

Giai phdp t6t hon 1a ding ham sigmoid, vi n6 ludn cho gid tri trong (0, 1) va c6 gradient

hop ly khi dau ra sai 1éch nhiéu.
Don vi du ra sigmoid dudc dinh nghia nhu sau:
g = o(w'h +b) (6.23)
Véi:

B 1
C14e2

o(2) (6.24)

Tiic 12 m6 hinh tinh todn mot gid tri z = w’h + b, sau d6 ding sigmoid d€ chuyén z

thanh xdc suét.

PéE hiéu o6 hon, ta c6 thé biéu dién lai xac suat mot cach chuin héa:

log P(y) = y=z (6.25)

P(y) = e¥* (6.26)
evy?

Ply) =5 (6.27)

P(y) = o((2y —1)2) (6.28)

Dang nay 1a mot vi du dién hinh ctia phan phéi xdc suit dudc xac dinh bdi ham mii va

chuin héa — rét phd bién trong thdng ké. O day, z con dudc goi 1a logit.

Ham mét mét tuong ting khi dung phuong phép hop ly cuc dai la:
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J(0) = —log P(y|) (6.29)
= —logo((2y —1)z) (6.30)
— (- )2) 631

Ham mét mat ndy c6 mot dic tinh rat hay: khi mo hinh du doan ding (viduy = 1 va
z 16n duong), gradient s& nhd. Nhung khi du dodn sai, gradient s& 16n, gitip md hinh diéu
chinh nhanh hon. Diéu nay ly tudng cho viéc huln luyén.

Ngudc lai, néu ding MSE trong khi van dung sigmoid, mo hinh c6 thé gip van dé vi
gradient tré nén rat nho khi dau ra bdo hoa — gan 0 hoic 1. Piéu nay 1am qua trinh hoc
cham va dé ket & cac diém khong tdi vu.

Do d6, khi st dung sigmoid & 16p dau ra, ngudi ta thudng két hop véi cross-entropy
loss (tuong duong véi negative log-likelihood) dé tdi wu hiéu qua.

Mot luu y khi 14p trinh 1a khong nén lay log clia § = o(z) truc tiép néu khong xi 1y
cin than, vi § c¢6 thé tién sat 0 va gy 15i sb. Tot hon 1a viét log o(z) truc tiép dudi dang

toan hoc nhu trén, thay vi liy log sau khi da tinh sigmoid.

6.2.2.3 Ham kich hoat softmax cho phan phéi Multinoulli

Trong nhiéu bai toin phan loai, dau ra can 1a mot phan phdi xac suit trén n 16p roi
rac. Ham softmax thudng dudc dung trong 16p dau ra d€ md hinh héa phan phbi xdc suét
ndy. Vé co ban, softmax 12 phan md rong ciia sigmoid, tif phan phdi Bernoulli (2 16p) sang
phan phdi Multinoulli (nhiéu 16p).

Vi du, thay vi chi du doén xdc sudt P(y = 1|x) nhu trong bai todn nhi phan:
g =Py = 1), (6.32)
ta can du dodn mot vector 4 v6i tiing phan i 1a:
i = Py = ilz), (6.33)

saochoy; € [0,1]va) . g; = 1.

MBb hinh trude tién tinh todn mot vector logit z bang:
z2=WTh+b, (6.34)
v6i z; = log P(y = i|z) 1a cic gia tri chua chuén héa.
Sau d6, ham softmax dugc dung dé chuyén z thanh phin phbi xac suit:

exp(z)

- 6.35
S expl(z;) (0:3)

softmax(z); =
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Softmax dudc thiét ké d€ t6i uu log-likelihood:
log P(y = i; z) = log softmax(z);, (6.36)
va c6 thé viét lai nhu:

log softmax(z); = z; — log Z exp(z;). (6.37)
J

Khi t6i wu, gié tri z; clia 16p dung dudc ting 1én, trong khi tng céc 2; clia céc 16p con

lai bi ddy xubng. Diéu nay ddm bio mo hinh hoc céch tip trung xdc suit vao 16p ding.
Trong thuc té, ta thudng xAp xi:

log Z exp(z;) ~ max z; (6.38)

J

dé hiéu rang softmax sé phat manh khi mé hinh du doan sai v6i xdc suét cao.

Tuy nhién, giéng nhu sigmoid, softmax ciing c6 thé bio hoa: khi céc gid tri z c6 su
chénh 1éch 16n, dao ham sé rat nhd. Piéu nay giy khé khin cho mot s6 haim mat mat nhu
MSE. Mot tinh chit quan trong 12 softmax khong ddi khi cong cing mot hang sb ¢ vao
toan b z:

softmax(z) = softmax(z + c). (6.39)

Tan dung diéu ndy, ta thuong trit di gia tri 16n nhét trong z d€ tranh tran s6 khi tinh

exp(z;):
softmax(z) = softmax(z — max z;). (6.40)

Nha céc ddc tinh trén, softmax trd thanh mot lya chon méac dinh cho céc bai toan phan
loai nhiéu 16p trong hoc siu.
6.2.2.4 Cac loai dau ra khac trong mang no-ron

Ba 16p dau ra phd bién trong mang no-ron la tuyén tinh, sigmoid va softmax. Tuy
nhién, tlly vao bai todn cu thé, ta c6 thé xdy dung cic loai dau ra khac. Nguyén tac chung

la dua vao nguyén ly hop ly cuc dai (maximum likelihood).

Gia st md hinh x4c suét c6 diéu kién:
p(ylx; 0), (6.41)
thi ham mét mét tuong tng sé la:
—log p(y|z; 0). (6.42)

Du doan tham sb phan phbi xac suit
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Thay vi du dodn truc tiép gia tri cia y, md hinh sé du dodn cdc tham s6 w ctia mot
phan phdi xdc sut trén y:
f(z;0) = w. (6.43)

Ham mat mat sé Ia:
—log p(y; w(z)). (6.44)
Hoc phuong sai trong mo hinh Gaussian diéu kién

Vi du, néu y tuén theo phan phdi Gaussian vdi trung binh p(x) va phuong sai o2, thi
udGce lugng cuc dai hop 1y clia o2 1a:

1 N
o2 = ~ ;(yi — ()2 (6.45)

Néu mudn d€ phuong sai phu thudc vao dau vao z, ta c6 thé ding thém mot dau ra:
o (x) = g(f(x:0)), (6.46)
trong d6 g 1a ham dam bao dau ra duong, vi du:
((a) =log(1 + %) (6.47)

(ham softplus).

MO0 hinh nhu vAy goi 1a heteroscedastic, vi phuong sai thay doi theo x. Dai khi, ngudi
ta st dung ma tran chinh xéc (precision matrix) thay vi hiép phuong sai dé ting do 6n
dinh khi huin luyén.

Mang nd-ron v6i dau ra hdn hop Gaussian (Mixture Density Networks)

C6 nhiing bai toan ma dau vao z c6 thé tuong ting véi nhiéu gia tri y hop ly. Lic nay,
mot phan phdi Gaussian don 1a khong dd. Giai phap 1a st dung Gaussian Mixture Model
(GMM):

p(ylz) = Zp(c = il2)N (y; 1 (x), 29 (2)), (6.48)

Trong do:
* p(c = i|x): xdc suit chon thanh phan i, tinh bing softmax,
o 1 (z): trung binh cta thanh phin Gaussian thi i,

Y (z): ma tran hiép phuong sai ctia thanh phan 4 (thudng gia dinh 1a duong chéo dé
don gian).

Khi huin luyén, mang no-ron can du doan:
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nptap

T

Hinh 6.3: Mau diu ra tif mdt mang no-ron véi 16p cudi 12 mo6 hinh hén hop Gaussian. Pau vao x
dugc 14y tir phan phdi déu, dau ra y dudc lay mAu t Prmogel (y|7). Mang hoc cach dnh xa dau vao
t6i cac tham sd phan phdi dau ra— bao gdm xdc suét cta tiing thanh phan, trung binh va phuong
sai tuong ung.

1. Xdc suét thanh phan p(c = i|z) (softmax).
2. Trung binh ;Y () cho tiing thanh phan.
3. Phuong sai hoiic ma tran hiép phuong sai ¥()(z) (thudng gia dinh 1a dudng chéo).

Mot s6 khé khiin c6 thé phat sinh nhu: néu phuong sai qua nhdé, ham mét mat c6 thé
tao ra gradient 16n bat thudng. Céc k§y thuat phd bién dé xi ly gom:

o Cit gradient (gradient clipping),

« Diéu chinh gradient ty dong (gradient scaling).
6.3 Pon vian

Mot trong nhiing yéu t6 quan trong nhat khi thiét ké mang no-ron 1a Iva chon loai don
vi 4n (hidden unit), tic 12 cac no-ron trong 16p an. Loai don vi 4n dudc xdc dinh bdi ham

kich hoat ma né st dung. Viéc chon diing ham kich hoat anh huéng rit 16n dén kha ning

hoc va hiéu suat ciia mo hinh.

Trong s6 céc lua chon hién nay, ReLU (Rectified Linear Unit) 1a ham kich hoat miic
dinh nhd vao su don gian va hiéu qua. Tuy nhién, trong mot s trudng hop, nhitng ham
khdc nhu sigmoid, tanh, hodc cic bién thé ctia ReLU c6 thé mang lai két qua tot hon.

M&i don vi 4n hoat dong biang cich 4p dung mot ham phi tuyén g(z) 1én diu ra cda

mot phép bién d6i tuyén tinh:

z=W"2+b, (6.49)

trong d6 x 1a dau vao, W 1a ma trén trong so6 va b 1a hé so dich.

Mot s6 ham kich hoat khong kha vi tai mot s6 diém. Vi du, ReLU dudc dinh nghia nhu

Sau:
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g(z) = max(0, 2). (6.50)

Ham nay khong kha vi tai z = 0 vi dao ham khong xac dinh:

, 0, z<0,
g(z) = 6.51)
1, z2>0.

Tuy nhién, trong thuc té, thuat toan nhu gradient descent van 1am viéc t6t vi n6 khong
yéu cau gradient chinh xdc tuyét dbi. Ngoai ra, cac diém nhu z = 0 rit hiém gip do sai sd

lam tron sé trong may tinh, nén viéc chon mot phia dao ham la hop ly.

Du ReLU rit phd bién, cdc ham khac nhu sigmoid, tanh, Leaky ReLU hay PReLU van
c6 thé mang lai két qua tét hon trong mot sd tinh hudng. Tot nhét 1 thit nghiém truc tiép

trén bai toan cu thé dé chon Iva phu hop.
6.3.1 Ham kich hoat ReLU va céc bién thé

ReLU 1a mdt trong nhitng ham kich hoat dudc ua chudng nhét hién nay vi su don gian

va hiéu qua cua no:

g(z) = max(0, 2). (6.52)

Khi dau vao duong, ReLU giit nguyén gid tri; con néu am, né dua vé 0. Piéu nay gitip
mang hoc nhanh hon vi tranh dugc hién tugng vanishing gradient ma sigmoid va tanh gap
phai.

Trong thuc té, ReLU thudng dudc sit dung ngay sau mot phép bién ddi tuyén tinh:

h=gW"z +b). (6.53)
Mot meo nhé khi khéi tao mo hinh 12 dit cac phan ti trong b 1a mot gia tri nhd duong
nhu 0.1, gitip dam bdo cdc nd-ron khong bi "tat"ngay ti dau.

Tuy nhién, ReLU c6 nhugc diém la gradient biang 0 v6i dAu vao am, gdy ra hién tugng
“dead neurons”. D& khic phuc, nhiéu bién thé da dudc dé xuat:

* Leaky ReLU:
g(z) = max(0, z) + amin(0, 2), (6.54)
v6i o nho (vi du 0.01), gitf lai mot phan gradient cho z < 0.

e Parametric ReLU (PReLU): giéng Leaky ReLU, nhung o dudc hoc trong qua trinh

huan luyén.
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* Absolute Value Rectification: mot bién thé dit o = —1, dan dén:
9(z) = 2|, (6.55)

dung trong cac bai toan xu ly anh.

 Maxout Units: chia dau vao thanh nhém, 14y gid tri I6n nhat trong mbi nhém:

= . 6.56
9(=)i = max z, (6.56)

Cho phép md hinh hoc phi tuyén mém theo tiing doan, rét linh hoat.

Céc bién thé ReLU déu c6 chung nguyén ly: giit cho ham gan tuyén tinh, gitip qud
trinh tdi vu bang gradient hiéu qua hon. Nguyén ly nay dp dung dudc ca trong mang
RNN, ching han LSTM dung tdng tuyén tinh dé truyén trang thai theo thdi gian nhim
giam suy giam gradient.

Viéc lya chon diing ham kich hoat c6 thé gitip m6 hinh hoc nhanh hon, hdi tu 6n dinh
hon va tranh céc vin dé nhu dead neurons hay méat gradient.

6.3.2 Ham sigmoid va tanh (hyperbolic tangent)

Trude khi ReLU trd nén phé bién, hai ham kich hoat chinh dugc ding trong ciac mang

nd-ron la sigmoid logistic va tanh:

= = 6.57
9(2) =0(2) = 5 g (6.57)
e*—e’”?
= tanh(z) = ———— 6.58
g(z) = tamh(z) = S ©58)
Hai him nay c6 méi lién hé:
tanh(z) = 20(22) — 1 (6.59)

Diéu nay cho thiy tanh 13 phién ban chuin héa clia sigmoid, véi dau ra nim trong
khoang [—1, 1] thay vi [0, 1].

Ham sigmoid logistic thudng dung & 16p dau ra trong phan loai nhi phan vi dau ra c6

thé hiéu 13 x4c suat. Tuy nhién, khi ding trong 16p 4n, né c6 han ché:

- Dé bi bdo hoa khi z 16n hodc nho, lam gradient gan nhu biang 0, gy vanishing
gradient.

- Khong dbi xdng quanh gbc: o(0) = 0.5, khién viéc t6i wu khé khin hon.
Ham tanh cai thién phan nao so véi sigmoid:

- C6 tam d6i xiing: tanh(0) = 0, gidp gradient can bang hon.
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- C6 d6 dbc 16n hon gan gbc, lan truyén gradient tot hon.

V6i dau vao nhd, mang no-ron dung tanh c6 thé dudc xem gan giébng mo hinh tuyén
tinh:

§ = w” tanh(U” tanh(V'z)) (6.60)

Diéu nay gitp viéc huin luyén don gian hon.

Mic dut ReLU hién nay phé bién hon, sigmoid va tanh van c6 vai trd trong mot sb tng
dung dac biét:

« RNNGs: tanh va sigmoid dung dé kiém sodt thong tin qua thdi gian.

e M6 hinh xac suét: nhu Boltzmann Machines, RBMs, can sigmoid dé bi€u dién x4c

SuAt.

« Autoencoders: can kiém soat dau ra nam trong khoang c6 dinh.

Tém lai, sigmoid va tanh tuy khong con phd bién trong 16p 4n clia mang truyén thang,
nhung van hitu ich trong cic mang c6 tinh xdc suat hoiic can rang budc dau ra.
6.3.3 Cac loai don vi 4n khac

Ngoai cac ham kich hoat phd bién nhu ReLLU, sigmoid hay tanh, mang no-ron con c6
thé st dung nhiéu loai don vi 4n khéc, it phS bién hon nhung hitu ich trong nhiing hoan
canh nhit dinh. Trong phan nay, ching ta sé tim hi€u mot s6 loai don vi 4n dic biét va
nhiing ting dung tiém ning cla ching.
6.3.3.1 Khong dung ham kich hoat

Mot céich tiép can don gian 12 khong st dung ham phi tuyén, tic 12 sit dung him dong
nhit g(z) = z. Pay chinh 1a m6t don vi tuyén tinh. Tuy nhién, néu toan bd mang chi diing
cac tang tuyén tinh, thi két qua cudi ciing ciing chi 12 mot phép bién ddi tuyén tinh —
khong c6 kha ning biéu dién cic quan hé phi tuyén.

Tuy nhién, viéc chén thém céc tang tuyén tinh vao giita cdc tAng phi tuyén van c6 thé

6 10i. Vi du, ta c6 thé phan rd mot ma tran trong s6 16n thanh hai ma tran nho hon:

h=g(V'U x+0) (6.61)

Trong dé, néu U sinh ra dau ra c6 kich thudc ¢ thi s6 luong tham sb s& gidm tit np
xubng con (n + p)g. Néu ¢ < p, diéu nay gilip giam ding k& s lugng tham sd, du phéi
danh ddi bang viéc gidi han mang vao cac phép bién ddi tuyén tinh hang thap.
6.3.3.2 Dung ham softmax trong 16p an

Ham softmax thudng dudc ding & 16p dau ra d€ biéu dién xdc suit phan phdi trén
cac 16p rdi rac. Tuy nhién, trong mot s6 kién tric nang cao nhu mang c6 bd nhé (LSTM,

Transformer), ham softmax ciing c¢6 thé xuat hién trong cac 16p 4n. Trong céc trudng hop
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nady, softmax giip mo hinh hoc cich lua chon, chu ¥, hodc tdng hop thong tin tif nhiéu

ngudn theo cach c6 kiém sodt.

Vi du, trong md hinh attention ctia Transformer, softmax dugc ding dé tinh trong s6
gitfa cdc vi tri khac nhau trong chudi dau vao, tit d6 huéng mo hinh tip trung vao cac phan
quan trong hon.
6.3.3.3 Cac loai don vi 4n diic biét

Ngoai cdc ham trén, con mot sd ham kich hoat diic biét khac dugc st dung trong céc

tinh hudng cu thé:

* Radial Basis Function (RBF): Budc dinh nghia nhu sau:
1 2
hi =exp (| ——[[W.; — || (6.62)
g;

RBF ¢6 gid tri 16n khi diu vao = gan v6i tim W.; va gidm nhanh khi z cdch xa. Tuy
nhién, do dé bi bdo hoa vé 0, cic don vi RBF thudng khoé huin luyén bang gradient

descent.

* Softplus: La mot phién ban lam mudt cia ReLLU, c6 dao ham lién tuc trén toan bd
truc s6 thuc:
g(a) =log(1 + %) (6.63)

Du ly thuyét 6n dinh hon ReLLU, thuc nghiém cho thdy ReLU thudng cho két qua tot
hon vé téc do hdi tu va hidu suét tng thé.

« Hard Tanh: La mot phién ban don gidn héa ctia tanh, c6 gia tri bi cit trong khoang
[—1,1]:
g(a) = max(—1,min(1,a)) (6.64)

Hard Tanh c6 thé hitu ich khi mudn kiém so4t ro rang pham vi dau ra va tranh bdo
hoa nghiém trong hon so vdi tanh.

Nghién citu va thiét ké cac don vi 4n van 1a mot chi dé mé trong hoc siu. Cac ham
kich hoat méi thuong chi dudc ap dung rong rai khi chiing minh dugc hiéu qua vugt troi
10 rét trong thuc nghiém.

6.4 Thiét ké Kién tric Mang No-ron

Mot thanh phan cbt 16i trong x4y dung mang no-ron 1a quyét dinh thiét ké kién triic

ctia mang. "Kién tric"$ day dé cap dén tong thé cAu triic ctia mo hinh, bao gdom:
* S6 lugng tang (depth),
* S6 lugng don vi trong mdi tang (width),
» Céch céc tang két ndi v6i nhau (topology).

Phan 16n cdc mang no-ron hién dai st dung kién triic dang chudi (sequential), tiic 1a

mdi ting 12 mot ham ciia dau ra tif tang trude. Trong kién triic ndy, mdi tang dudc dinh
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nghia nhu:

, (6.65)
@) (WETHO 4 b)), (6.66)

va tiép tuc nhu vay cho dén tang cudi.

Trong kién tric nay, hai yéu tb dic biét quan trong 1a:
* D6 sau (depth): s6 luong ting trong mang.

* D6 rong (width): sb lugng don vi trong mdi tang.

Ly thuyét cho thiy mot mang chi can mot tang 4n ciing da dé xap xi moi ham lién tuc
(Universal Approximation Theorem). Tuy nhién, mang siu v6i nhiéu tang thudng dat hiéu
qua tét hon — biéu dién dudc cac ham phic tap hon véi it tham s6 hon, dong thdi tdng
quat héa tét hon.

Tuy nhién, mang cang sau thi cang khé huin luyén do cic vin dé nhu gradient bién
mat, bio hoa hay overfitting. Do d6, viéc chon kién triic phut hop cin dua vao thii nghiém
thuc té, két hop véi theo doi 16i trén tip xdc thuc (validation set).

Trong cac phan tiép theo, ching ta sé tim hi€u thém cac ky thuat gitip xay dung kién
triic hiéu qua nhu regularization, normalization, dropout, va c4c kién tric mang chuyén
bi€t nhu CNN, RNN hay Transformer.

6.4.1 Kha niing xip xi ham s va vai tro ciia do siu mang

Céc md hinh tuyén tinh hoat dong bang cach anh xa dau vao dén dau ra thong qua phép
nhan ma tran. Do d6, ching chi ¢6 thé biéu dién cic ham tuyén tinh. Uu diém ctia md hinh
tuyén tinh 12 rit dé huin luyén vi cac ham mat mat thudng tao ra bai toan téi uu 15i. Tuy
nhién, trong thuc té, nhiéu bai toan yéu cau md hinh phai hoc dudc cac mdi quan hé phi
tuyén phtc tap.

Ban diu, c6 thé nghi ring dé€ hoc mot ham phi tuyén cu thé, ta phai thiét ké riéng
m6t mo hinh cho né. Tuy nhién, may man thay, mang no-ron lan truyén tién (feedforward

networks) v6i mot hodic nhiéu tang 4n da chiing minh kha ning xAp xi phd quat.

Dinh ly x4p xi phd quat (Hornik et al., 1989; Cybenko, 1989) chi ra ring: néu ta c6
mot mang voi it nhat mot tﬁng 4n dung ham kich hoat "nén"(vi du sigmoid), thi mang d6
c6 thé xp xi bat ky ham lién tuc nao trén mot tp hop hitu han chiéu véi sai sb tiy y nho,
mién 12 c6 di s6 luong don vi 4n. Ngoai ra, dao ham ctia mang ciing c¢6 thé xip xi dao

ham that cua ham muc tiéu (Hornik et al., 1990).

Chiing ta khong can hiéu chi tiét vé khai niém "ham do dugc Borel", chi cin biét ring
moi ham lién tuc trén tap déng va bi chin trong R™ déu c6 thé dudc x4p xi bang mang

no-ron.
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Ngoai ra, mang nd-ron con c6 thé xip xi cdc 4nh xa tif mot khong gian 18i rac hitu
han chiéu nay sang mot khong gian rdi rac khdc. Vé sau, cic két qua tuong tu cling dudc
ching minh véi cac ham kich hoat khong bao hoa, nhu ReLLU (Leshno et al., 1993).

Y nghia thuc tién: Dii ta 6 mot ham muc tiéu phitc tap dén dau, ludn ton tai mot mang
MLP dii 16n d€ xép xi n6. Tuy nhién, didu d6 khong ddm bao ring ta cé thé thuc su hoc
dugc ham d6 trong qud trinh huén luyén.

C6 hai ly do khién viéc hoc c6 thé thit bai:
* Tbi uu kém: Thuat toan hoc khong tim ra bo tham sé phu hop.

* Qua khdp (overfitting): Mang hoc qua k¥ tip huin luyén va khong tdng quit hoa
dudc ra du liéu mdi.

Nhu da néi trong Muc 5.2.1, dinh 1y "khong c6 bita tria mién phi"(No Free Lunch)
cho thiy: khong c6 thuat toan nao Ia tét nhit trong moi tinh huéng. Mang lan truyén tién
12 hé théng biéu dién ham rét linh hoat, nhung khong ¢ cong thiic chung nao gitip chon
ding kién tric phit hdp cho moi bai toan.

Mic du ton tai mang da 16n d& x4p xi bat ky ham nao, dinh 1y khong néi rd cin bao
nhiéu don vi an. Theo Barron (1993), trong trudng hdp x4u, s6 don vi 4n c6 thé phai ting
theo cip s6 mii theo sb chiéu dau vao n. Vi dy, s6 lugng ham nhi phan kha di trén {0, 1}"

1a 22", nén viéc phan biét hét cac cAu hinh can dén O(2") bac tu do.

Tém lai: Mang mdt ting 4n c6 thé xAp xi bat ky ham nao, nhung c6 thé can kich thude
rit 16n, din dén kho hoc va dé overfit. Do d6, st dung mang sau (nhiéu tang) c6 thé gitp
bi€u dién hiéu qué hon.

C6 nhiéu ham ma chi khi ding mang sau thi méi biéu dién dudc mot cach gon nhe.
Néu diing mang nong (it tAng), can rat nhiéu don vi d€ dat ciing do chinh xdc — thudng
phéi ting theo cAp sd mii theo s6 chiéu dau vao.

Nhiing két qua dau tién vé viéc do sau gitp ting hiéu qua biéu dién xuét phat tir 1y
thuyét mach logic (Héstad, 1986), sau d6 md rong sang mang nd-ron v6i don vi ngudng
va trong s6 khong Am (Hastad vad Goldmann, 1991; Hajnal et al., 1993), va c4 véi hAm
kich hoat lién tuc (Maass, 1992; Maass et al., 1994).

Ngay nay, ReLU 1a ham kich hoat phé bién. Leshno et al. (1993) da chiing minh ring
mang nong diung ReLU van c6 tinh chéit xAp xi phS quat. Tuy nhién, diéu nay khong cho
ta biét mang can rong bao nhiéu, va khong néu rd vai tro clia do sau.

Montufar et al. (2014) da chi ra ring v6i cac ham tuyén tinh ting doan nhu ReLU hay
maxout, s6 viing tuyén tinh ma mang tao ra c6 thé ting theo cip s6 mii theo do sau. Piéu
nay cho thy mang siu c6 thé biéu dién nhiéu cAu tric hon so v6i mang nong cé cling sb
don vi.

Hinh 6.5 minh hoa cdch mang diing ham gia tri tuyét ddi (absolute value) c6 thé “gap”

khong gian dau vao d€ tao ra ban sao phan chiéu ciia mdt mau. Khi ding nhiéu tang, s6
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‘

Hinh 6.4: Minh hoa truc quan vé 1di thé clia mang siu st dung ham kich hoat ReLU. (Trai) Mot
don vi gia tri tuyét dbi tao ra ddi xiing trong khong gian dau vao. (Gitta) Mot tang 4n c6 thé “gp”
khong gian. (Phai) TAng tiép theo 1ip lai mAiu da gip, tao ra biéu dién phic tap hon. Theo Montufar
et al. (2014).

1an “gAp” ting 1én, tao ra cdc mau phiic tap hon.

Két qua chinh tir Montufar et al. (2014) chi ra ring: mang ReLU c6 d diu vao, [ tang

4n va n don vi moi tang c6 thé tao ra tdi da:

o) -

viing tuyén tinh trong khong gian dau vao — tiing theo cip s6 mil ctia [.

Véi mang maxout c6 k bod loc mbi don vi, s6 ving tuyén tinh c6 thé dat:

O (k(lfl)er)

Tuy nhién, khong phai moi ham thuc té déu phi hdp véi cach biéu dién clia mang sau.
Nhung tif géc nhin hoc biéu dién (representation learning), mang siu rat c6 ich vi ¢6 thé

phat hién va t3 chiic lai cac yéu td tiém 4n trong dif liéu theo nhiéu 16p tritu tuong.

Thém vao d6, mang siu gidng nhu mot chuong trinh gdm nhiéu budc — mdi tang xi
ly dau ra ctia tang trudc, tao ra mot chudi cac biéu dién trung gian c6 thé mang tinh triru
tugng cao hon.

Nhiéu nghién cifu da chi ra rang mang sau thudng c6 kha ning téng quat hoéa tot hon
trén nhiéu tac vu hoc mdy (Bengio et al., 2007; Erhan et al., 2009; Krizhevsky et al., 2012;
Goodfellow et al., 2014d; v.v.).

Hinh 6.6 va Hinh 6.7 sé& cho thiy két qué thuc nghiém chiing minh mang sau hoc hiéu
qua hon, xdc nhan ring viéc sit dung kién triic nhiéu tang 14 mot hudng di hop ly dé cai
thién kha nang hoc ciia mé hinh.
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Hinh 6.5: Anh hudng ctia d6 sau mang. Két qua thuc nghiém cho thdy mang sau c6 kha ning tong
quat héa tot hon khi 4p dung cho tac vu phién 4m cac s6 nhiéu chit s6 tit hinh anh dia chi. Dg chinh
x4c trén tap kiém tra tiép tuc ting khi ting do siu mang. Dit liéu tir Goodfellow et al. (2014).

6.4.2 Cac can nhiic vé kién tric
Cho dén nay, ta d3 md t4 mang nd-ron nhu 13 mot chudi cdc ting don gian — trong d6
do sau va do rong 1a hai yéu t6 quan trong nhat. Tuy nhién, trong thuc té, cac kién triic

mang no-ron hién dai thudng phiic tap hon nhiéu.

Trong thuc té, nhiéu kién tric mang da dudc phat trién dé gidi quyét nhiing loai bai

toan cu thé. Vi du:

* Mang tich chap (Convolutional Networks): Téi uu cho xt ly &nh — sé dudc trinh bay
6 Chuong 9.

 Mang hdi tiép (Recurrent Neural Networks): Phii hop véi dit liéu chudi — sé thao
luan & Chuong 10.

Khong phai tat ca cic tang trong mang déu can ducc két ndi theo kiéu chudi. Mot
s6 kién triic hién dai st dung chudi chinh, nhung b sung thém két ndi bd qua (skip
connections), chang han nhu tif ting 7 dén ting i + 2 hoic xa hon. Nhiing két ndi nay gitip

gradient lan truyén hiéu qua hon vé phia dau vao trong qua trinh huén luyén.

Mot diém can quan tam khdc 1a cach két ndi giiia cdc ting. Trong mang mic dinh, tit
ca don vi dau vao déu dudc két nbi véi moi don vi dau ra (fully-connected). Tuy nhién,
cac mang chuyén biét — nhu mang tich chap — thudng chi két ndi mot phan cic don vi,
gilip gidm s6 tham s6 va chi phi tinh todn.

Chién lugc giam s két nbi nay hiéu qua khi dugc thiét ké phu hop véi dic trung ciia
bai todn. Vi du, trong thi gidc may tinh, cic diém anh gan nhau thudng lién quan hon so
véi cac diém & xa, nén chi can két ndi cuc bo (local connections) nhu trong mang tich
chap.
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Hinh 6.6: Tic dong ctia s6 luong tham sd. Hinh 4anh cho thiy md hinh siu c6 xu huéng hoat dong
tot hon khong chi do s tham s6 16n ma con nhd vao do sau. Viéc ting sb tham sb trong cdc tang
ma khong tdng do sdu khong mang lai cai thién dang k€. Dit liéu tit Goodfellow et al. (2014).

Tém lai, khong c6 16i khuyén "mdt cdng thic cho moi tinh huéng"trong thiét ké kién
triic mang. Viéc chon kién triic phit hdp can dua vao kinh nghiém, thi nghiém, va hiéu
biét vé ban chit bai todn — cac chuong sau s& hudng dan chi tiét hon trong tiing linh vuc
ung dung.

6.5 Thuét toan lan truyén ngude va cic thuét toan vi phan khac

Khi ta dua ddu vao = vio mdt mang no-ron truyén thang dé€ sinh ra dau ra ¢, dif liéu

sé di theo chiéu tir dau vao dén dau ra qua cic tang clia mang — qua trinh nay goi la lan

truyén tién (forward propagation).

Trong qué trinh huén luyén, dau ra § dudc dua vao mot ham chi phi J(0) dé dénh gia
sai s6. Muc tiéu 1a gidm gid tri ctia J, va d€ 1am dudc diéu do, ta can tinh gradient cta J

doi v6i cac tham so 6 cia mang.

Thuét todn lan truyén ngudc (back-propagation, goi tat 1a backprop) do Rumelhart et
al. (1986a) dé xut, cho phép lan truyén 16i ngudc qua cic tang clia mang dé tinh todn
gradient hidu qua. Viéc tinh gradient bang tay cho md hinh 16n 1a cuc ky ton tai nguyén.
Thuét toan backprop tdi wu ho quy trinh nay bang cach sit dung cac két qua trung gian
da tinh trong qua trinh lan truyén tién, tir d6 gidp tiét kiém dang k& thdi gian va bo nhé.

Luu y: backprop khong phai 12 toan bd thuit toan hoc. N6 chi 12 mot phan dung dé
tinh gradient. Viéc st dung gradient d€ cAp nhat tham sb thudng do thuit toan khac dam
nhiém, chang han gradient descent hoic stochastic gradient descent (SGD).

Ngoai ra, backprop khong chi 4p dung cho mang no-ron nhiéu ting ma c6 thé ap dung
d€ tinh gradient ctia bat ky ham s6 kha vi naio — hoic tham chi tra vé thong bdo néu ham

khong kha vi.

Gia st ta can tinh gradient V, f(z,y), trong d6 z la tap bién can dao ham, con y 1a
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bién dau vao phu khong cin dao ham. Trong hoc mdy, gradient phd bién nhét 1a:

Vo (0)

Backprop c6 thé dudc md rong dé tinh céc loai dao ham khac, chang han Jacobian
trong trudng hop nhiéu dau ra. Tuy nhién, trong phan nay, ta chi tip trung vao trudng hop
phd bién nhit: hAim c6 mot dau ra vo hudng.

6.5.1 D3 thi tinh toan

D& hiéu chinh xdc cach hoat dong ctia thuit todn lan truyén ngudc, ta can biéu dién
mang no-ron dudi dang mot dd thi tinh toan (computation graph).

Trong d6 thi nay:

« MAi niit (node) biéu dién mot bién — c6 thé 1a sb v hudng, véc-td, ma trin, tensor,

V.V.
 Méi canh (edge) biéu dién mbi quan hé phu thudc giita cic bién thong qua cac phép
toan.

 Moi phép toan nhan mot hodc nhiéu bién 1am dau vao va tao ra mot bién dau ra.

Mbi phép toan chi sinh ra mot bién dau ra duy nhat (khong mét tinh tdng quat, vi dau
ra c6 thé 12 véc-to). Trong thuc té, nhiéu framework nhu TensorFlow hay PyTorch hd trg
phép todn véi nhiéu dau ra, nhung d€ don gian hoa trinh bay, ta gid dinh chi c6 mot dau
ra.

Vi dy, néu bién y dudc tinh tit bién = qua mot phép todn, ta biéu dién bang mot canh
c6 huéng tir  dén 3. C6 thé ghi nhian phép todn trén canh hoiic ngay tai nit y.

Céc vi du minh hoa s€ dudc trinh bay trong Hinh 6.8.

6.5.2 Quy tic chudi trong vi phan

Quy tdc chudi trong vi phdn (Chain Rule of Calculus) 12 mdt cong cu toan hoc quan
trong ding d€ tinh dao ham ctia cic ham hgp — tidc 1a nhitng ham dudc tao thanh tir sy
két hop ctia nhiéu ham con don gian hon. Thuét todn lan truyén ngudc (backpropagation)
chinh 1a mot ing dung hiéu qua ciia quy tac chudi, dudc sap xép theo cach tdi uu dé giam
chi phi tinh toan.

Gi4 st € R, va hai hAm s f va ¢ 4nh xa tif R dén R. Néu dinh nghia:

thi theo quy tac chudi:

(6.44)
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Quy tic chudi ciing ap dung cho trudng hdp ham nhiéu bién. Gia si:

reR™, yeR"

v6ig:R™ — R" va f:R" — R, taco:

Liic nay, dao ham riéng clia 2 theo tiing thanh phan z; dudc tinh nhu sau:

0z 0z 0Oy;
= A 4

Ta c6 thé viét gon duéi dang vector nhu sau:

dy T
Ver=(7.) Va2 (6.46)

Trong do:
» V.2 la gradient cia z theo x,

. % la ma trin Jacobian ctia y = g(x) c6 kich thude n x m.
X

Tir cong thiic (6.46), ta thay rang dé tinh gradient ctia 2 theo x, ta chi can 13y gradient
ctia z theo y, r6i nhan v6i ma tran Jacobian ctia y theo 2. Thuét todn lan truyén ngudc hoat

dong bang cach lip lai buc nay qua tiing phép toan trong dd thi tinh toan.
Quy tac chudi cho tensor

Trong thuc té, cic mang no-ron thudng 1am viéc vé6i dit liéu dang tensor nhiéu chiéu
— chit khong chi 1a vector hodc ma tran. Tuy nhién, cach tinh gradient van tucng tu: ta
chi cin "lam phang"tensor thanh vector, tinh gradient theo quy tic chudi, rdi dua két qua

trd lai ding hinh dang ban dau.

Ky hiéu gradient cia mot dai lugng vo hudng z theo mot tensor X la:

VXz

M&i phan tif ciia X dugc xéac dinh bdi mot bo chi s6 (vi du: (74, 4z, 3) néu X 1a tensor

3 chiéu). Ta c6 thé ky hiéu td hop chi s6 nay bang mot bién duy nhét 7, khi dé:

0z

(Vxz)i = X,

Tuong tu nhu v6i véc-to:
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Hinh 6.7: M6t s6 vi du vé do thi tinh todn: (a) Bi€u dién phép toan nhin z = z - y; (b) D6 thi cla
md hinh hdi quy logistic § = o (2 "w + b); (c) Biéu thic H = max{0, XW + b} mo ta cic gia tri
kich hoat ctia ting ReLLU trong mdt mini-batch; (d) Vi du vé viéc cing mdt bién (trong s6 w) dudc
stt dung cho ca du dodn va diéu chudn bing regularization.

174



CHUONG 6. MANG NO-RON HOC SAU

(V.2) = 0z

~ ow;

Du6i dang tong quat, quy tac chudi cho tensor c6 thé viét la:

0z

Vyz=>» (VxYj)- oy (6.47)
J

J
Trong do:
* Y = g(X) la phép bién ddi tir tensor X,
s z = f(Y) la dai lugng vd hudng can t6i vu.

Tém lai, du ta lam viéc véi s6 vo hudng, véc-td, ma trdn hay tensor, thi cbt 161 cta
thut toan lan truyén ngudc vin dua trén quy tac chudi — cu thé la tich giita Jacobian va
gradient dudc 1ip lai tai tiing budc clia do thi tinh todn.

6.5.3 Ap dung quy tac chudi dé quy dé tinh lan truyén ngugce

Khi 4p dung quy tic chudi, ta c6 thé dé dang viét ra cong thic tinh gradient clia mot
dai luong v huéng theo bit ky niit nao trong do thi tinh todn da sinh ra gid tri d6. Tuy
nhién, khi thuc hién trén mdy tinh, ta cin can nhiac dén hiéu qua thuc té ctia viéc tinh todn.

Trong nhiéu trudng hop, cing mot phép tinh c6 thé xuat hién nhiéu l1an trong qua trinh
lan truyén ngudc. Ta c6 thé chon céch Iuu trit két qua trung gian dé tdi sit dung, hoic tinh
lai chiing nhiéu 1an. Diéu nay dudc minh hoa trong Hinh 6.9. Vi cac do thi don gian, viéc
tinh lai c6 thé chip nhan dudc, nhung véi do thi 16n, viéc tinh lai nhiéu 1an sé gay lang phi
tai nguyén dang ké. Ngudc lai, luu tri¥ lai ciing tiéu tén bd nhé. Tuy vao yéu cau clia hé
thong, ta sé c6 cac chién lugc can biang gitta thdi gian va bd nhd.

Dé giai thich rd hon, ta xét mot do thi tinh toan ma dinh cubi cung 1a mot gia tri vo
huéng u™ (vi du nhu ham mit mat), va ta can tinh dao ham cta né theo cic dau vao

uM L u™)) e

ou™

(¢

Trong d6, cac u™) dén u(™) thuong 1a cic tham sb ctia mo hinh.

Gia st cdc niit trong dd thi dudc sap xép theo thi ty lan truyén tién: tir w1 dén v,

Mbi niit «9) 1a két qua ctia mot phép todn ), tinh trén tip cac nit cha A®:

u® = fFOAD), (6.48)

Qud trinh lan truyén ngudc sé tao ra mot do thi con B, trong d6 mdi niit tuong tng véi

Aul™)

5. - Qua trinh nay tuén theo quy tac

mot nit trong do thi gbc G, nhung tinh dao ham
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©

Hinh 6.8: Mot vi du vé tinh todn lip lai trong qu4 trinh lan truyén ngudc. Gia st ta c6 mot chudi
phép toan tuan tu: x = f(w), y = f(z), z = f(y), thi dao ham theo quy tic chudi la:
g—j} = f'(y) - f'(x) - f'(w). Néu ta khong luu lai gia tri trung gian nhu = = f(w), y = f(z), thi
phai tinh lai nhiéu 1an, gay lang phi. Thuat todn lan truyén ngudc xi 1y van dé nay bang cach luu
trif cdc két qua trung gian, gitip tiét kiém thdi gian. Tuy nhién, néu han ché bo nhé, ta ¢ thé chon
phuong an tinh lai.

chudi:

ou™) ou™  oul)
oud Z oud  oul)’
ijE€P, (u®)

(6.53)

v6i P,(u') 1a tap cac nit cha ctia u®.

Lan truyén ngudc di qua mdi canh ctia do thi ding mot 1an, do d6 chi phi tinh todn ty
1¢ tuyén tinh vé6i s6 canh. Diéu nay gitip tiét kiém tai nguyén ddng k& so véi cach tinh tha
cong tiing dao ham tur dau.

Trong thuc té, ta c6 thé md rong cach lam nay cho cdc mit mang gid tri tensor (thay
vi chi 1a vd huéng). Cac thuit toan lan truyén ngudc dudgc thiét ké d€ tan dung lai gid tri
trung gian, tranh viéc tinh todn lip lai khong can thiét.

Trong céc phan sau, ta sé cu thé héa hon qud trinh lan truyén ngudc cho cic mang cu
thé nhu MLP (mang nhiéu 16p két ndi day di), va sau d6 mé rong ra phién ban téng quat
c6 thé xi Iy moi d6 thi tinh toan. DAy ciing 13 nén tang ctia hau hét cac thu vién hoc sau
hién dai.

6.5.4 Pao ham tir ky hiéu dén ky hiéu

Céc biéu thifc dai sd va do thi tinh todn déu lam viéc véi cac ky hiéu, tifc 1a cac bién
chua mang gi4 tri cu thé. Khi huin luyén hoic sit dung mang nd-ron, ta sé cung cp cic
gi4 tri cu thé cho cdc ky hiéu ndy. Vi du, thay vi mot bién dau vao z, ta c6 thé dung gia tri
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Algorithm 6.1 Lan truyén tién d€ tinh toan dau ra (™ tl cac dau vao v, ... u(™),

Input: vector dau vao z
Output: gia tri dau ra u(™

for:=1,...,n;do
end for
fori=n,+1,...,ndo

AW [y j € Py(u®)}
) FO(AD)

end for

Return: ("

Algorithm 6.2 Phién ban don gian ctia lan truyén ngudc tinh dao ham ctia (™ theo cdc
dau vao.

Input: 6 thi tinh toan w1V, ..., u(™ (tit ca 1a vo huéng)
Output: {% li=1,... ,m’}
1. Thuc hién lan truyén tién (theo thuat todn 6.1) d€ tinh cac gia tri u(®
2. Tao bang grad_table luu %’;—({Z; cho moi u(?
3. Gan grad_table[ul™] « 1
4. Forj =n — 1downto 1:

* Tinh:
) iy, Qut
grad_tablef[u"] + Z grad_tablefu'”] 50
1:7€ P (u(®)
5. Return: grad_table[uV],... grad_tablef[u™]
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Hinh 6.9: Phuong phap tir ky hiéu dén ky hiéu: Mot do thi tinh todn méi dugc sinh ra md ta cach
tinh dao ham ctia biéu thic ban dau. (Trdi): D6 thi ban dau bi€u dién biéu thic z = f(f(f(w))).
(Phai): D6 thi méi biéu dién dao ham %2 . Phuong phdp nay cho phép tiép tuc tinh dao ham bac
cao hon.

cu thé nhu [1,2, 3,765, —1,8]%.

C6 hai céch tiép can phd bién trong viéc tinh dao ham trong hoc sau: dao ham tir ky
hiéu dén s6 va dao ham tir ky hiéu dén ky hiéu.

Pao ham tir ky hiéu dén s6 (symbol-to-number differentiation) 12 phuong phap ma hé
thong nhan dau vao 1a mot do thi tinh todn kém theo céc gia tri cu thé tai cic nut, va tra vé
cdc gid tri s6 cu thé clia gradient tai cac diém d6. Pay 1a cach tiép can dudgc st dung trong

cac thu vién nhu Torch va Caffe.

Pao ham tir ky hiéu dén ky hiéu (symbol-to-symbol differentiation) 1a phuong phap
tdng quat hon: thay vi tinh todn ngay gia tri cia dao ham, hé thdng sé xay dung thém mot
phan ctia d6 thi tinh todn m6i — phan nay md ta cich tinh dao ham, dudi dang ky hiéu.

Khi can, ta ¢ thé cung clp cdc gia tri sO cu thé vao do thi nay dé tinh ra két qua.

Uu diém ctia phuong phép tir ky hiéu dén ky hiéu 12 cac dao ham ciing dudc biéu dién
duéi dang do thi, cho phép dp dung lai lan truyén ngugc dé tinh dao ham bac hai, bac ba,...
Tuy thudc vao yéu cau, ta cé thé chi can xay dung do thi, hoic vira xay dung vita thuc thi
vé6i dit liéu cu thé.

Trong cudn sach nay, chiing ta st dung phuong phép tit ky hiéu dén ky hiéu. Lan truyén
ngudc sé dudc trinh bay nhu mot qua trinh xay dung dd thi dao ham. D6 thi nay sau d6 c6
thé dudc danh gia tai bat ky thdi diém nao, bang cach cung cip cac gid tri cu thé cho cic
dau vao.

Thuc chét, phuong phdp tir ky hiéu dén sb 12 mot trudng hop dic biét cia phuong phap
tif ky hiéu dén ky hiéu — chinh 14 qu4 trinh thuc thi cc phép toan di dugc mo ta trong
dd thi dao ham. Su khéc biét chinh 14 & viéc c6 — hoiic khong — giit lai cu tric cia do
thi tinh toan trong qua trinh tinh toan.
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6.5.5 Lan truyén ngugc tong quat
Thuét toan lan truyén ngudc, xét vé ban chit, 1a mot hién thuc héa hiéu qua cta quy tac
chudi trong vi phan, dudc t6 chiic mdt cach hé théng d€ tinh dao ham ctia mot dai lugng

vO huéng = theo bat ky bién t& tién = ndo trong do thi tinh ton.
Khéi dau, ta gan dao ham ctia z theo chinh n6 bang 1:
dz
|
dz
Sau d6, gradient sé dudc truyén ngudc qua cic phép todn trong do thi bang cach nhan

gradient hién tai vSi ma tran Jacobian ctia phép toan tuong tng. Khi c6 nhiéu dudng dan

di tif z dén cuing mot niit t8 tién, ta cong tit ca cac gradient tai nit d6 lai.

MB&i niit trong do thi G biéu dién mot bién (tensor), c6 thé 1a v hudng, vector, ma trin
hoic tensor nhiéu chiéu. D€ thuc hién lan truyén ngudc téng quat, mdi nit V trong do thi
can di kém céc phuong thiic:

* get_operation (V) : trd vé phép todn taora V.
» get_inputs (V, G):tra vé danh sich cdc bién dau vio ctia phép todn taora V.
* get_consumers (V, G):tra vé danh sich cdc bién st dung V' 1am dau vao.

Mbi phép toan op can dinh nghia mot ham bprop, chiu trach nhiém tinh gradient
truyén ngudc qua phép toan. Cu thé, bprop thuc hién tich giita Jacobian va gradient tit

dau ra:
op.bprop (inputs, X, G) = Z (Vxop.f (inputs);)G; (6.54)
i
Trong do:
e inputs: danh sich bién dau vao.
* op. f: phép toadn toan hoc.
 X: dau vao cu thé ma ta dang tinh gradient theo.
* G gradient ctia dau ra.

Vi du: Vé6i phép toan C' = AB (nhan ma tran), néu gradient g—é = @ da biét, thi:

0z T+ 0z 7

D& lan truyén ngudc, thuat todn sé tuan tu goi bprop cho tiing phép todn trong do thi.
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Algorithm 6.3 CAu triic ngoai ctia lan truyén ngugc

Require: 7': Tap cac bién can tinh gradient
Require: G: D0 thi tinh toan
Require: z: Bién dau ra vo hudng

1: Cat tia G thanh G”: chi giif c4c niit t3 tién ctia 2 va con chdu ctia cdc nit trong 7'
Khdi tao bang gradient: grad_table
grad_tablelz] «+ 1
for mdi bién V € T do

Goi build_grad(V, G, G, grad_table)

end forreturn grad_table (chi gilf cic phan tif trong 7))

AN AN S

Algorithm 6.4 Haim dé quy build_grad tinh gradient cho mét bién

Require: V: Bién can tinh gradient

Require: G, G': Do thi day di va dd thi con

Require: grad_table: Bang luu gradient

1: if gradient cia V' da c6 then return grad_table[V]

end if

141

for moi C' € get_consumers(V,G’) do
op + get_operation(C)
D < build_grad(C,G,G',grad_table)
G(i) < op.bprop (get_inputs(C,G’),V, D)
14 1+1

end for

G+ 3, Gl)

: grad_table[V] < G return GG

N A A i

—_ =
—_ O

Két ciu trén gitp thuit toan lan truyén ngugc hoat dong véi moi loai do thi tinh todn
bt ky, mién 12 mbi phép toan déu dinh nghia ding phuong thiic bprop. Piy chinh 1a
nguyén ly ding sau cac hé thdng autodiff (tu dong vi phan) hién dai nhu TensorFlow,
PyTorch hay JAX.

6.5.6 Vidu: Lan truyén ngugc trong Huin luyén MLP

Dé& minh hoa cu thé cach thuit todn lan truyén ngudc hoat dong, ta xét mdt vi du don
gian vé huin luyén mang perceptron da 16p (MLP) v6i mot 16p 4n duy nhit. Qua trinh

huén luyén st dung thuit toan giam dan gradient (gradient descent) theo mini-batch.
CAu tric mo hinh:

* Dau vao: mot mini-batch cic vi du duge biéu dién dudi dang ma tran thiét k& X, mdi

hang 1a mdt vi du.
* Nhan: mdt vector y chiia cac nhan I6p tuong ung.
* L6p 4n: tinh todn dic trung 4n H = max (0, X W M) sit dung ham ReLU.

« Pau ra: log xéc suit chua chuin hod Z = HW®,

180



CHUONG 6. MANG NO-RON HOC SAU

« Ham mét mét: entropy chéo giiia 3 va xdc suit dudc chuan hod tir Z, ky hiéu 12 Jyg.

Dé don gin, ta bd qua vector do 1éch (biases). Ham mat mat tong thé bao gdm entropy

chéo va diéu chuan L2 (weight decay):

2 2
J = Juie + A (Z W > ) (6.56)
1,J 1,

trong do:

* Jue: entropy chéo, do do sai khic gilta phan phdi thuc va phan phdi md hinh du
doan,

* \: hé s6 diéu chuin, diéu chinh miic do phat vao trong s 16n dé€ giam overfitting.
Cac budc tinh gradient:
1. Lan truyén xudi: tinh todn gid tri tai cdc nut theo thif tu tif dau vao dén dau ra.

2. Lan truyén ngugc: bat dau tif ham chi phi J, tinh gradient ctia .J ddi v6i céc trong s
W va W® thong qua dd thi.

MBbi budc lan truyén ngudc qua mot nit dude tinh biang quy tic chudi:

Vowd — (9% Tv J
w (%) - 8W(2) zY

trong d6 z 12 dAu ra ctia phép todn st dung W@,
Y nghia thuc tién:

Vi du trén cho thiy sic manh cta lan truyén ngudc — cho dit mang c6 phiic tap dén
dau, chi cAn md hinh dugc xay dung thanh mot d6 thi tinh toan ding dan, gradient c6 thé
dudc tinh tu dong va chinh xdc. Piéu nay giai phong nha phit trién khoi gdnh niing viét
dao ham thu cong, dac biét hitu ich khi m6 hinh ngay cang 16n va phuc tap hon.

Chiing ta c6 thé theo ddi so bo cach thiic hoat dong ctia thuit todn lan truyén ngudc
bing cach nhin vao db thi lan truyén xuoi trong Hinh 6.11. Muc tiéu clia qua trinh huén

luyén 12 tinh to4n gradient ctia ham chi phi theo hai tap trong s6: Vi) J va Vi) J.
C6 hai nhanh riéng biét trong do thi dan tit chi phi J quay trd lai cdc trong s6:

* Nhénh 1: di qua thanh phan chi phi diéu chuin (weight decay), rit don gidn — déng
g6p ctia nhanh nay 1a 2\ ) d6i véi tiing trong sb W),

* Nhanh 2: di qua ham mét mat entropy chéo, phiic tap hon. Goi G 1a gradient ctia log

xéc suét chua chuin hod U®), duge cung cp bdi phép toin cross_ent ropy.
Lan truyén ngudc qua nhanh entropy chéo:

1. Tt G, st dung quy tic lan truyén ngugc cho tham sé thi hai clia phép todn nhin ma
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Hinh 6.10: Do thi tinh toian cho mot mang MLP mot 16p st dung ham méit mét cross-entropy va
diéu chudn L2. Qua trinh lan truyén ngudc sé tu dong tinh toan gradient ctia ham chi phi dbi vé6i
tiing trong so trong mo hinh.

tran HW®), ta tinh dudc:
VweJ=H'G

2. Pong thoi, lan truyén tiép gradient theo huéng tir H quay lai mang:

VyJ =GW®T

3. Tiép theo, gradient VJ dugc di qua ham ReLU. Ta ap dung quy tic lan truyén
ngudc ciia ReLU: 1am bang 0 cac phan tit tuong dng v6i nhitng phan ti UM am. Goi

két qua sau budc nay la:

G’ = ReLU_backward(UW, Vy.J)

4. Cubi cung, gradient dbi v6i W) dudc tinh bing quy tic lan truyén ngugc cho phép
toan nhan ma tran X W M):
Viwd = X6

Sau khi tAt ca c4c gradient dugc tinh todn, ta st dung mot thudt todn tdi uu nhu gradient
descent d& cap nhat cac tham s6 W1 va W),

Chi phi tinh todn: V6i mdi phép nhan ma tran trong lan truyén xudi va lan truyén
ngudc, sb lugng phép todn 12 O(w), v6i w 1a tdng sb trong sd trong mang. Piéu nay bao

gom:
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matmul

Hinh 6.11: Do thi tinh todn trong qud trinh huan luyén MLP. Mdi miii tén cho thdy huéng lan
truyén gradient trong qua trinh lan truyén ngudc. Céc nhanh khac nhau tit ham chi phi tdng quay
lai tiing trong sb dudc xu ly riéng biét va tdng hop lai.

o O(mnpd): tt XWO, véi d 1a s6 chidu dau vao va ny, 1a sb don vi an,
s O(mnyn,): tt HW ), véin, 1a s6 16p diu ra.

Chi phi bd nhé: Thuat todn can luu trit gid tri dau vao cia cic phép toan phi tuyén (&
day 1a ReLU) d¢€ sit dung trong lan truyén ngudc. V6i m 1 kich thudc mini-batch va ny, 12
s6 don vi 4n, bd nhd can thiét 1a:

O(mny,)

Do d6, lan truyén ngudc khong chi hiéu qua vé miit tinh toan ma con hop ly vé yéu cau
bd nhé, dic biét véi cac mang nhd hoic trung binh. Tuy nhién, v6i mang 16n hoic rét sau,
chién lugc quan ly bd nhé (nhu recomputation hodic gradient checkpointing) c6 thé can
dudc ap dung.

6.5.7 Nhirng khé khiin thuc tién

M0 ta vé thuit toan lan truyén ngudc trong phan niy don gian hon nhiéu so véi céac
trién khai thuc té. Trong phan trinh biy, mdi phép toan chi tra vé mot tensor duy nhat. Tuy
nhién, trén thuc té, nhiéu phép todn c6 thé tra vé nhiéu hon mot tensor. Vi du, dé déng
thoi 14y gia tri 16n nhét trong mot tensor va chi s6 clia n6, ta thuong két hop ca hai dau ra

trong mot phép toan duy nhit nham t6i uu hiéu suit.

Ngoai ra, viéc ki€m sodt tiéu thu bd nhé ciing 1a mot thach thic 16n. Trong céc hé
théng thuc té, thay vi cong don céac gradient riéng 1é rdi cong tong sau cung, ta c6 thé si
dung mot bd dém duy nhét va cip nhit né tiing buéc — mot chién ludc gitip gidm ding
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ké chi phi bo nhd.

Céc hé thong thuc té con phai hd trg nhiéu ki€u dit liéu khac nhau nhu sb thuc 32-bit,
64-bit, hodc sd nguyén. Viéc xt ly diing cach ting loai dif liéu doi hdi su can trong trong
thiét ké.

Mot van dé khac 1a khong phdi moi phép todn déu c6 dao ham xéc dinh trong toan bd
mién dau vao. Hé thong can c6 co ché theo dbi va xit 1y cac trudng hop dao ham khong
xé4c dinh ho#ic khong ton tai. TAt ca cac yéu t6 nay khién viéc hién thuc hoa thuat todn lan
truyén ngudc trd nén phiic tap hon Iy thuyét don gian.

6.5.8 Su khac biét trong va ngoai cong dong Deep Learning

Cong dong deep learning da phat trién mot cach nhin riéng vé viée tinh toan dao ham,
khdc biét phan nao véi linh vuc tinh dao ham tu dong néi chung. Thuit toan lan truyén
ngudc chi 1a mot trudng hop dic biét cia ky thuat tich luy theo ché do ngudc (reverse
mode accumulation), trong khi nhiéu ky thuat khac danh gia biéu thic con clia quy tic
chudi theo nhiing thy tu khac nhau.

Viéc chon thi tu danh gid sao cho chi phi tbi thiéu 12 mot bai toan NP-hoan chinh
(Naumann, 2008). Vi vay, thay vi tim 15i gidi t6i uu tuyét d6i, cac thu vién nhu Theano
hay TensorFlow st dung heuristic — chang han nhu khép mau biéu thitic — d€ don gian

héa dd thi tinh todn ctia lan truyén ngugc.

Vi du, xét ham mét mat cross-entropy dugc xay dung tif ham softmax:

exp(2:)
G ==—"7— (6.67)
Zj exp(2;)
J=~) pilogy, (6.68)
Mot nha toan hoc biét ring:
oJ .
azl - qZ pl

Nhung thuét toan lan truyén ngudc sé truyén gradient qua tiing phép todn exp, Y, log,
nén khong tu dong don gidn héa biéu thiic nhu trén. Mot s6 hé thong c6 thé 1am diéu d6
thong qua tdi uu héa do thi.

Chi phi tinh to4dn: V6i mdi dao ham riéng phan dudc tinh mot 1an, téng chi phi ctia lan
truyén ngugc c6 cung bac vdi lan truyén tién, cu thé 12 O(#canh) ctia do thi. Tuy nhién,
ta c6 thé giam chi phi néu tdi uu héa dd thi gradient, du viéc nay ciing 1a mot bai toan
NP-hoan chinh.

6.5.9 So sanh giira ché dé nguodc va ché do tién

Thuét todn lan truyén ngudc (reverse mode) dudc tbi uu cho cic ham cé dau ra vo

hudéng va nhiéu dau vao. Ngudgc lai, tich lily theo ché do tién (forward mode) lai phu hop

vGi cac ham c6 nhiéu dau ra hon dau vao.
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Moi quan hé giita hai ché d6 nay c6 thé minh hoa bang cach nhan chudi ma tran:

ABCD (6.58)

Néu D 1a mot vecto cot va A c6 nhiéu hang, thi nhan tit phai sang trdi (backward
mode) sé chi bao gdm cac phép nhan ma tran—vectd, ré hon nhiéu so véi cac phép nhan
ma trin—ma trin. Nguoc lai, néu A 1a ma trin mdng (nhiéu cdt, it hang), thi forward mode
s€ hi€u qua hon.

6.5.10 Pao ham tu dong trén ma ngudn véi do thi tinh toan

Trong cong dong hoc may, dao ham tu dong thudng dudc hién thuc thong qua cic ciu
tric dit liéu dd thi ro rang (explicit computation graphs). Céc thu vién nhu TensorFlow,
PyTorch, JAX yéu cau ngudi ding viét mo hinh bang tip cac phép toan c6 san, mdi phép
toan di kem dinh nghia bprop riéng.

Cach tiép can nay c6 1oi thé 1a cho phép tuy chinh quy tic gradient cho tliing phép toan,
hd trg t6i vu tde do va dd 6n dinh — diéu khé dat duge néu st dung hé thdng dao ham tu
dong hoan toan (vi du nhu chuyén d6i ma Python thanh ma tinh gradient).

Ngudc lai, nhiéu hé théng ngoai deep learning nhu trong ky thuat hoic vat ly — st
dung dao ham tu dong biang cach phan tich ma ngudn viét bang Python, C, hay Fortran.
Phuong phap nay linh hoat hon nhung khé dat hiéu suét tdi uu trong cac mang no-ron 16n.
6.5.11 DPao ham bac cao

Mot sb thu vién deep learning hién dai hd trg viéc tinh todn dao ham bac cao hon,
tiic 12 cdc dao ham c6 bac 16n hon 1. Cu thé, cac framework nhu Theano va TensorFlow
cho phép ngudi dung khai thac kha nang tinh toan nay. Nhiing thu vién nay st dung cuing
mdt loai cau tric dit liéu dé biu dién cac biéu thic dao ham nhu chinh cdc ham ban dau,
nhd d6 dao ham ctia dao ham c6 thé dudc xi 1y bang cling mot co ché lan truyén ngudc

(backpropagation) hoic lan truyén tién (forward-mode differentiation).

Trong boi canh deep learning, viéc can dén toan bd dao ham bac hai cia mot ham vo
hudéng 1a kha hiém. Thay vao d6, diéu ma ta thudng quan tam 1a mot s6 dic tinh cu thé
ctiia ma tran Hessian — chang han nhu mdt vai tri ri€ng 16n nhat, hoac viéc nhan Hessian

vGi mot vecto bat ky.
Gia st ta ¢6 mot ham sd:
f:R"—= R

khi d6 ma tran Hessian H € R™*" dugc dinh nghia la:

H = V*f(z)

Tuy nhién, trong thuc t& cac md hinh deep learning thudng c6 dén hang triéu hoic hang

ti tham sd, nén viéc luu trif hodc thao tac truc tiép trén toan bd Hessian 12 khong kha thi.
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6.5.11.1 Phép nhan Hessian—Vector

Mot giai phap hiéu qua hon la chi tinh phép nhan gitta Hessian va mot vectd v:

Hv

Ky thuat phd bién dé thuc hién phép toan ndy 1a sit dung phép dao ham bac hai c6
hudng, hay cu thé hon 1a ky thuat tif Christianson (1992):

Hu =V, (V,f(z) v

Trong biéu thiic trén: - Dau tién, ta tinh dao ham ctia f(x) — tao thanh gradient (mot

véc-t0), - Sau do, ta ldy dao ham cda tich vd huéng gilia gradient d6 va véc-to v.

Diéu nay c6 thé dugc thuc hién nhd cic thu vién hd tr¢ tu dong vi phan — vbn c6
kha niing phan biét 16 cdc hudng dao ham va cho phép xay dung phép toan dao ham long

nhau.

Luu y ky thuat: Néu v 13 mot véc-to dudc tao ra nhu mot phan ctia do thi tinh todn ban
dau, phan mém vi phan can dudc huéng din khong lan truyén gradient qua qua trinh tao
ra v. Diéu nay nham dam bao ring v dudc xem 12 mot hiang sb trong qua trinh tinh dao
ham bac hai.
6.5.11.2 Tai tao toan bo Hessian

Trong mot s6 trudng hop dic biét, ta van c6 thé tinh toan bo Hessian bang cach lip lai
phép nhan Hessian—Vector nhiéu 1an. Cu thé, néu e(i) 1a mdt véc-to one-hot véi phan ti

thif 7 biang 1 va cdc phan ti con lai bang 0, thi:
He(i)

1a cot thi ¢ cia ma tran Hessian. Bang cach lip lai thao tic nay véimoii = 1,...,n, ta

c6 thé thu dudc toan bd ma tran Hessian.

Tuy nhién, do chi phi tinh toan va bd nhdé la qua 16n v6i cac mo hinh hién dai, phuong
phap nay hau nhu khong dudc st dung trong thuc t& ma chi c¢6 gid tri trong nghién ctiu ly
thuyét hodc véi cdc mod hinh nho.

6.6 Nhin lai lich st

Mang feedforward c6 thé dudc coi 1a nhitng bo xAp xi ham phi tuyén hiéu qua, dua trén
viéc st dung gradient descent dé t6i thiéu héa 16i trong viéc xap xi mdt ham. Tir géc nhin
nay, mang feedforward hién dai 12 su két tinh ctia nhiéu thé ky tién bo trong nhiém vu xap
xi ham téng quat.

Quy tic chudi, nén tang ctia thuit todn back-propagation, dugc phat minh vao thé ky
17 (Leibniz, 1676; L'Hopital, 1696). Tinh toan vi phan va dai s6 da dudc st dung tu lau
dé€ gidi quyét cc bai toan tdi uu héa dudi dang déng, nhung gradient descent chi dudc
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gi6i thiéu nhu mot k¥ thuat dé xp xi gidi phap cho cac bai toan tdi vu hda theo ting budc
vao thé ky 19 (Cauchy, 1847).

Bit diu tlf nhitng nim 1940, c4c k¥ thuat xip xi ham nay da dugc st dung d€ thic day
cdc mo hinh hoc mdy nhu perceptron. Tuy nhién, cdc md hinh ban dau chd yéu dua trén
cdc mo hinh tuyén tinh. C4c nha phé binh, nhu Marvin Minsky, da chi ra nhiing diém yéu
clia cic mo hinh tuyén tinh, nhu viéc khong thé hoc ham XOR. Diéu nay din dén mot
thoi ky hoai nghi d6i véi mang no-ron. Viéc hoc cic ham phi tuyén yéu cau phat trién mot

mang nhiéu 16p (multi-layer perceptron) cling v6i phuong phap tinh gradient hiéu qua.

Quy tic chudi 4p dung cho mang nhiéu 16p 1an dau tién dudc 4p dung hiéu qua trong
cdc ting dung diéu khién (Kelley, 1960; Bryson va Denham, 1961; Dreyfus, 1962; Bryson
va Ho, 1969; Dreyfus, 1973) va trong phan tich d§ nhay (Linnainmaa, 1976). Werbos
(1981) da dé xuit 4p dung ky thuat nay d€ huin luyén mang no-ron nhan tao. Sau do,
y tudng nay dudc phét trién doc 1ap bdi LeCun (1985), Parker (1985), va Rumelhart et
al. (1986a), vé6i ting dung cu thé trong viéc huin luyén cic mang nhiéu 16p thdng qua

back-propagation.

Su phd bién clia thuit toan lan truyén ngugc bit diu véi cudn Parallel Distributed
Processing (Rumelhart et al., 1986b), trong d6 trinh bay nhiéu thi nghiém thanh cong véi
backprop. Céc tic gia nhu Rumelhart va Hinton da gép phan ddng ké vao viéc hinh thanh
phong trao connectionism — nhin manh vai trd két ndi trong nhén thic va hoc tap, bao

gdm ca khai niém biéu dién phdn tdn (distributed representation) (Hinton et al., 1986).

Phong trao mang no-ron phat trién manh vao dau thap nién 1990 nhung sau d6 chiing
lai khi cac phuong phap hoc mdy khac ndi 1én. Cudc cach mang hoc sau hién dai bat dau
trd lai tif nim 2006, nhd vao ba yéu t6: dif liéu 16n hon, phan ciing manh hon, va phan

meém hiéu qua hon.

Tuy c6t 16i thuat toan ctia mang feedforward khong thay d6i nhiéu tir nhitng nim 1980,
nhiéu cai tién da gitp cai thién dang ké hiéu suit. Mot trong nhitng thay ddi then chdt 12
thay thé ham mit mat MSE bang cross-entropy, phit hgp hon véi xdc suét va nguyén ly

cuc dai hop ly. Diéu nay dic biét quan trong khi st dung sigmoid hoic softmax & dau ra.

Mot thay doi quan trong khéc 1a chuyén tir don vi kich hoat sigmoid sang ReLLU — don
vi tuyén tinh tiing phan, gitip tranh hién tugng bio hoa va cdi thién gradient. ReLU vén da
dugc dé xuét trong cac md hinh nhu cognitron (Fukushima, 1975) nhung bi b quén trong
mot thdi gian dai do lo ngai tinh khong kha vi. Tuy nhién, cac nghién cudu tu Jarrett et al.
(2009) va Glorot et al. (2011a) da 1am sdng lai ReLU va chitng minh 1¢i ich thuc tién ctia

no6 trong huan luyén mang sau.

Su hdi sinh ctia ReLU ciing cho thiy 4nh huéng tit khoa hoc than kinh: (1) no-ron sinh
hoc thudng khong kich hoat véi dau vao nhd, (2) chiing hoat dong tuyén tinh véi mot sb
dau vao, va (3) ching c6 xu huéng hoat dong thua (sparse activation).

Trong giai doan 2006-2012, mang feedforward thudng dudc hd trg bdi cdc mo hinh xéc
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suét. Nhung sau nim 2012, v6i su thanh cong ctia cdc md hinh nhu AlexNet (Krizhevsky
et al., 2012), hoc dua trén gradient trong mang feedforward da dudc cong nhin la mot
cong nghé manh mé, di kha ning gidi quyét nhiéu bai toan ma trude day doi hoi phai c6
su ho trg clia cdc ky thuat khéc.

Ngay nay, mang feedforward déng vai trd trung tim trong nhiéu kién tric hoc sdu —
tif autoencoder, mang d6i khang sinh (GAN), cho dén cdc mo hinh sinh nhu Transformer.
Trong tuong lai, cdc mang nay hifa hen sé tiép tuc md rong ting dung vdi su hd trg clia cac
k¥ thuat t6i uu héa méi, kién triic hiéu qua hon, va su tich hop t6t hon giita hoc gidm sat
va khong giam sat.

Chuong tiép theo sé trinh bay cich st dung va huin luyén cac md hinh mang nd-ron

nay mot cach chi tiét.
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7.1 Chinh quy hoa (Regularization)

Trong hoc sau, chinh quy hoa (regularization) la mot cdng cu quan trong giip ngin
chidn m6 hinh hoc qua ky dit liéu huin luyén — hay con goi la overfitting — va lam ting
kha ning 4p dung mo hinh vao dit liéu méi. Chinh quy héa hoat dong bang cach gidi han
kha niing "ubn cong'ctia mo hinh, thudng thong qua viéc thém mot sd rang budc hoic

hinh phat vao qua trinh hu4n luyén.

C6 nhiéu cach dé chinh quy héa mo hinh. Mt sb phuong phép dudc thiét ké dé€ phan
4nh kién thifc sdn c6 vé bai toan hodc dif liéu. Mot s6 khac thi nham khuyén khich mo
hinh don gian hon, vi md hinh cang don gian thi cang dé tdng quat héa. Déi khi, céc rang
budc tir regularization con gitip bién mot bai toan khong ro rang thanh bai todn c6 thé
gidi dugc. Mot phuong phdp chinh quy héa khéc, dudc goi 1a ensemble methods, két hop
nhiéu mo hinh lai d€ dua ra du doan 6n dinh hon.

Trong hoc su, phan 16n cic k§ thuat regularization tip trung vao viéc diéu chinh cach
cac udc lugng (estimators) hoc tu du liéu. Muc tiéu cua regularization la tao ra mot sy
danh d6i hop ly gitta do chéch (bias) va phuong sai (variance). Mot regularizer tot sé gitip
giam phuong sai dang ké ma khong 1am ting do chéch qué nhiéu.

Trong Chuong 5, ta da thdo luan vé ba trudng hop clia qua trinh hoc:

1. Mo hinh qua don gian, khong hoc dudc ban chét dif liéu (underfitting),

2. Mb hinh phi hop tt vé6i dit liéu that,

3. Mo hinh qué phiic tap, khdp ca nhiéu trong dit liéu huén luyén (overfitting).
Regularization dudc dung dé€ dua mo hinh tif trang thai thii ba vé trang thdi thi hai.
Trén thuc té, mot mo hinh phc tap khong c6 nghia 12 né sé phit hgp véi qua trinh sinh

dit liéu that. Trong hoc mdy, ta hau nhu khong bao git biét rd qud trinh sinh dif liéu that 12
gi. Va vi viy, khong thé ddm bao rang mo hinh ta dung 14 ding hoic gin ding. Tuy nhién,
trong nhiéu ing dung nhu xi 1y anh, 4m thanh, hay vin ban, qua trinh sinh dit liéu thuc té
rt phiic tap — dén mic gin nhu khong thé mo hinh héa chinh xac duge. Diéu nay khién
cho viéc kiém sodt d6 phic tap ctia mo hinh tr thanh mot yéu td cuc ky quan trong.

Vi vay, viéc thiét ké md hinh hoc tot khong don gian 1a chon mo hinh nho hon hay it
tham s6 hon, ma 14 chon md hinh 16n va da linh hoat nhung dudc regularize hiéu qua dé

tranh overfitting.

7.2 Phat chuin tham S6
Chinh quy héa khong phai 1a khai niém mdéi. Trude ca thdi dai hoc sau, cdc mo hinh
nhu hodi quy tuyén tinh hay logistic d st dung nhitng phuong phap regularization don

gian ma hiéu qua.

189



CHUONG 7. CHINH QUY HOA TRONG HOC SAU

Mot cich tiép can phd bién 13 thém mot thut ngii phat vao ham mat mat, ky hiéu 1a

Q(0), d€ kiém soat miic d phiic tap cia md hinh. Khi d6, ham muc tiéu mdi tré thanh:

J(0; X,y) = J(0; X,y) + af(0), (7.1)

O day:

+ J 1a hAm mat mat gbc trén dit liéu huén luyén,

* Q(6) 1a phan phat thém vao,

* o 1a hé sb diéu chinh, kiém soat miic d6 anh hudng ctia phan phat.

Néu o = 0, ta khong st dung chinh quy héa. Khi « ting, thuit toan sé uu tién cdc md
hinh don gian hon bang cach gidi han d6 16n ctia tham sé.

Trong qué trinh huén luyén, thuit todn sé cd ging giam ca 16i trén dif liéu lan kich
thudc ctia tham s 0. Cach lua chon Q(6) sé anh hudng truc tiép dén cach mo hinh hoc.

Mot di€ém lwu y quan trong trong mang no-ron la: chinh quy héa thudng chi dp dung
1én trong s6 (weights) chii khong ap dung 1én bias. Diéu nay 1a vi:

* Trong sb6 quyét dinh cach cac dau vao tuong tac, trong khi bias chi anh hudng dén
ting nd-ron riéng Ié.

 Néu phat ca bias, c6 thé 1am md hinh méit kha ning hoc t6t (underfitting).

Do dé, trong thuc hanh, ta thudng 4p dung thuit ngi phat chi 1én vector trong sb w,
khong phai toan bo 6.

Ciing c6 thé dung céc hé s6 phat khéc nhau cho tiing ting cia mang, nhung cach lam
phd bién 12 ding ciing mot hé s& « cho tht ca cac ting — nhidm don gidn héa viéc didu
chinh siéu tham sd.

7.2.1 Phat Chuin L? (Weight Decay)

Mot cach phd bién d€ diéu chinh mo hinh nhiam tranh hién tudng qua khép 1a st dung
phuong phap phat chudn L2, con dudc goi 1a weight decay (suy giam trong sb). Phuong
phép nay kéo cac trong s6 ctia md hinh tién gan v& gbc toa dd' biang cich thém mot thanh
phan phat vio hAim mat mat:

1
Qw) = 5wl (7.2)

Tit d6, ham mat mat dugc diéu chinh trd thanh:

IThuc ra, ta c6 thé diéu chinh trong s vé bat ky di€ém nao trong khong gian, khong nhét thiét 1a gbc toa
dd. Nhung vi ta thudng khong biét trudc trong sd nén 1a duong hay am, nén viéc dua trong s6 vé 0 1a lua
chon hgp ly va phd bién nhit. Vi viy, trong phin ndy ta chi tip trung vao trudng hop trong sb dudc kéo vé
gbc toa do.
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J(w; X,y) = %WTW + J(w; X,y). (7.3)
Gradient cia ham mét mat sau khi thém weight decay 1a:

VI(w;X,)y) =aw+ VJ(w; X,y). (7.4)

Ap dung quy tic gradient descent d€ cap nhit trong sb, ta co:

w < w —n(aw + VJ(w; X,y)). (7.5)

Ta c6 thé viét lai theo cach gdp hé s nhu sau:

w < (1 —na)w —nVJ(w; X,y). (7.6)

Dé théy, thuit ngit weight decay 1am gidm nhe trong s & mdi budc cip nhat trudc
khi thuc hién bu6c gradient descent thong thudng. Diéu nay 13 hiéu tng tic thi trong mot

bude. Nhung diéu gi sé xdy ra sau nhiéu vong huin luyén?

DPé dé phan tich, ta dung x4p xi bic hai quanh diém tbi uu w* (trong s6 tbi uu khi

khong dung diéu chuin):

w* = argmin J(w). (7.7)
V6i cé4c bai todn nhu hdi quy tuyén tinh, hAm mAt mat von da 12 bic hai, nén xap xi nay
hoan toan chinh xac:
* 1 *\T *
J(@):J(W)+§(W—W) H(w—w"), (7.8)

trong do:

« H 12 ma trin Hessian tai diém w*.

* Vi w* 1a diém cuc ti€u nén V.J(w*) = 0.

* Do d6, ham chi con thanh phan bac hai.

 Hon nita, vi 12 diém cuc ti€u nén H 13 ma trin nia x4c dinh duong.

Piéu kién dé .J dat cuc tiéu la:

V(W) = H(w — w"), (1.7)
Gio ta thém thanh phan weight decay aw vao gradient, ta c6:
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aw +H(W — w*) =0, (7.9)
(H + o)W = Hw", (7.10)
w = (H+ ol) '"Hw". (7.11)

Khi @ — 0, thi w — w*. Nhung khi « 16n thi sao?

Vi H 1a dbi xing duong, ta c6 thé phan rd n6 thanh:

H = QAQ". (7.12)

Thay vao biéu thic trén:
w = (QAQ" + o) 'QAQ W™, (7.13)
= Q(A + al) 'AQ W, (7.14)

Diéu nay cho thiy weight decay 1am gidm cdc thanh phan ctia w* theo tiing huéng

riéng biét, tuy vao gia tri tri riéng \;:

Ai
)\i—i-Oé.

(7.15)

Néu ); 16n hon nhiéu so v6i «, hiéu tng diéu chuin 1a nhé. Nhung néu ); rit nhd, thi
thanh phan d6 gan nhu bi loai bd. Piéu nay dudc minh hoa trong Hinh 7.1.
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Hinh 7.1: Minh hoa tic dong ctia diéu chuin L2. Cic elip nét lién 1a dudng dong mic cia ham
mat mat gbc, con cac dudng tron nét diit 1a duong ddng miic ctia diéu chuin. Diém cén bing gitta
hai muc tiéu 12 w. Theo phuong w1, do cong nhd nén weight decay kéo w; manh hon vé 0. Trong
khi d6, theo phuong w9, him mit mat thay d6i manh nén weight decay it anh hudng hon.

Néi céach khac, chi nhitng huéng nao that su gitp gidm gia tri ham mat mat méi dudc
mo hinh gitt lai. Nhitng huéng it 4nh hudng (c6 tri riéng nho) s& bi "ép"vé 0 bsi weight
decay.

Dén day, ta da xem xét weight decay trong trudng hop téng quat. Gio hiy nhin né dudi

gbc dd clia bai toan hoc may cu thé hon, nhu hdi quy tuyén tinh.

Ham mat mat trong hdi quy tuyén tinh Ia:

J(w)=(Xw—y) (Xw —y). (7.16)
Thém diéu chuén L? vao ta c6:
Jw)=Xw—y) (Xw—y) + %OJWTW. (7.17)
Nghiém khong diéu chuén Ia:
w=(X"X)"'X"y. (7.18)

Khi c¢6 diéu chudn, nghiém chuyén thanh:
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w=(X"X+al)'XTy. (7.19)

Trong d6, X "X ty 1& v6i ma tran hiép phuong sai clia dau vao:

1
—XTX. (7.20)
m
Diéu chuin 1am thay d6i n6 thanh:
(XTX +al)™. (7.21)

Tiic 1a ta dang gia dinh dif liéu dau vao c6 phuong sai cao hon. Két qua 1a mo hinh
s& bét tin tudng vao nhiing dic trung khong lién quan nhiéu dén du ra va tu dong giam
trong s6 clia ching, gitip tranh hién tudng qua khdp.
7.3 L' Regularization

Chuin héa L' 12 mot ky thuat phd bién gitip kiém sodt do 16n ctia cc tham sb trong
md hinh hoc sau. Trong khi chuan héa L? (hay con goi 1a weight decay) thudng dugc st
dung rong rai hon, thi chudn héa L' ciing rat hitu ich, diic biét khi ta muén giam sb luong

tham s6 can thiét trong mo hinh.

Cich hoat dong ctia chuan héa L' 13 thém vao ham mét mat mot thanh phan méi, phan
anh tdng gid tri tuyét ddi clia cc trong s trong vector w. V& mit toan hoc, ta viét nhu

sau:

Q0) = |wly =) |wil, (7.22)

Trong d6 [|w]|; 1a chudn L' cla vector trong s0, va moi |w;| 1a gia tri tuyét doi cia

phan tif thif 7 trong w.

So véi L?, chuidn héa L' c6 mot dic diém dic biét: né khuyén khich nhiéu trong sb trd
thanh ding bang 0. Diéu nay khién mé hinh chi gii lai mot s6 lugng nhé trong s6 — md
hinh trd nén “thua” (sparse). Day 1a mot 16i thé 16n trong céc bai todn ma chi mot vai dic

trung dau vao 1a quan trong, hodc khi ta muén mo hinh don gian va dé gii thich.

D& 4p dung chuin héa L' trong qua trinh huin luyén, ta diéu chinh ham mit mat nhu

sau:

J(w; X,y) = of|w| + J(w; X,y), (7.23)
Trong do:
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* o > 012 mot siéu tham sb diéu chinh miic dd anh hudng ctia chuin hoa.

* J(w;X,y) la ham mét mat ban dau, chang han nhu MSE hay cross-entropy.

Do ham tri tuyét d6i khong kha vi tai diém 0, nén khi tinh dao ham ctia hAm mét mat
c6 chuin héa L', ta phai dung dao ham phu (subgradient):

Vel (w; X, y) = asign(w) 4+ V,J(w; X, y), (7.24)

Trong d6, ham sign(w) tra vé vector gobm céc diu cla ting phan td w;, tdc 1a —1, 0
hoac +1.

Dé thiy ring 4nh hudng ctia chuin héa L' rit khac v6i L2, V6i L?, mbi thanh phan
gradient clia phan phat ti 1& véi chinh trong s& d6, nghia 1a cang 16n thi gradient cang
manh. Con vé6i L', gradient phu chi phu thudc vao diu ctia trong sb chit khong quan tim
dén do 16n. Diéu nay khién chuin héa L' khong dé dang cho ta nghiém rd rang nhu trong
trudng hop chuin hoa L2 .2

Néu ta xét mot md hinh don gidn va dung khai trién Taylor d€ xip xi hAm mat mat gan
diém tbi uu w*, ta c6 thé viét gradient nhu sau:

Vel (w) = H(w — w), (7.25)

v6i H 1a ma tran Hessian cia ham méat mat J tai diém w*.

Tuy nhién, do ban chat khong kha vi ctia L', rit kh6 tim nghiém t6ng quat khi Hessian

12 mot ma tran ddy dd. Vi thé, ta gid st rang Hessian 12 mot ma trin chéo: H = diag([H IR

v6i H,,; > 0. Diéu nay tuong duong vdi gia dinh ring cic dic trung dau vao di duge xi
ly sao cho khong con tuong quan véi nhau, vi du bang PCA.

Khi d6, ham mit mat gan diém t6i uu c6 thé dugc viét dusi dang tong qua tiing thanh
phan:
7 * 1 *\2
Jw: X, y) = Jw" X.y) + ) | Hi(wi —w)) +ajw]| . (726)

Giai bai todn t6i uu hda tiing chiéu 7 cho ta nghiém:

w; = sign(w;) - max{|w;k] - Hi’ 0} . (7.27)
Vi du, néu w; > 0, ta ¢6 hai trudng hop:

* Néu w; < 2, thi w; = 0. Nghia 1a trong s0 bi kéo vé 0 hoan toan.

)
X

>Tuong tu nhu chuin héa L2, ta cling c6 thé dung chuin héa L' d€ kéo trong sb vé mot gia tri cu thé
w(© thay vi v& 0. Khi d6, ta ding (8) = ||w — w@|; = 3, jw; — w'”].
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* Néu w; > £, thi trong sb chi bi ddy Iui vé gan 0, nhung khong bi triét tiéu.

Tuong tu, néu w; < 0, thi trong s6 cling bi ddy gan vé 0 theo hudng am.
So sdnh v6i nghiém cta chuin héa L?:

Hi,i *

w; = ———wy,
Hi;+a

ta thiy riang néu w;} khac 0, thi w; ciing sé khac 0. Chuan héa L? chi lam giam nhe
trong s6, trong khi L' c6 thé triét tiéu hoan toan trong sd nao d6. Pay la ly do vi sao L!

gitip tao ra nghiém thua — nhiéu trong sb bang 0.

Kha ning tao ra nghiém thua 1a mot diic diém quan trong ctia chuin héa L', va né dudc
tan dung trong bai todn chon lua dic trung (feature selection). Khi mot s trong s bi dua

vé 0, tuong ting 1a cac dic trung khong con anh hudng dén dau ra va c6 thé loai bo.

Mot mo hinh tiéu bi€u dung chuin héa L! 1a LASSO (Least Absolute Shrinkage and
Selection Operator), dugc gidi thiéu béi Tibshirani nim 1995. Mé hinh nay ding ham mét
mét binh phuong két hop véi chuin L', gitip tu dong chon ra mot tip con cac dic trung

dau vao hiéu qua nhat.

Trong muc 5.6.1, ta da thdy rang nhiéu k¥ thuat regularization c6 thé dugc hiéu 1a mot

trudng hop cia suy ludn MAP (Maximum A Posteriori) trong Bayes. Cu thé:
* V6i chudn hoa L?: gia dinh ring mdi trong s6 w; c¢6 phan phdi tién nghiém Gaussian.

* V6i chudn héa L': thanh phan phat c6 dang
Q(w) = Oéz |wi| = af|wl|y,
diéu nay tuong duong véi gia dinh rang mdi w; c6 phan phdi tién nghiém Laplace:
p(w;) = Laplace(w;; 0, ).
Do d6, khi st dung chudn héa L', ta thuc chit dang t6i da héa phan phdi hau nghiém

véi tién nghiém Laplace:

log p(w) = ZlogLaplace(wi; 0,2) = —aflwl|); + nlog o — nlog 2. (7.28)

Trong thuc té, cic hing s& nhu log o hay log 2 thudng bi bd qua vi ching khong dnh

hudng dén viéc tdi vu w.
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7.4 Chuin héa dudi dang bai toan tdi wu c6 rang budc
Ta xét mdt ham mat mat dudc thém thanh phan regularization dua trén chuin ctia tham

sO nhu sau:

J(0;X,y) =J(0;X,y) +a(8). (7.29)

Nhu da dé cap trong Muc 4.4, thay vi thém truc tiép mot thanh phan phat vao ham
mAt mat, ta c6 thé dién giai regularization nhu mot rang budc trén tham sb bang cach sir
dung ham Lagrangian t6ng quat. Him nay bao gdm ham muc tiéu gdc cong v6i mot hoic
nhiéu ham phat, mdi ham phat 1a tich ctia mot hé sd Lagrange (con goi 1a hé s6 KKT -

Karush—Kuhn-Tucker) va mot biéu thiic thé hién rang budc.

Vi du, néu ta mudn rang budc Q(0) < k, ta c6 thé viét ham Lagrangian:

L£O,0;X,)y)=J(0;X,y) +a(20) - k), (7.30)

v6i a > 012 hé sb Lagrange.

Pé tim nghiém tdi wu clia bai toan c6 rang budc, ta gii:
0" = arg min max £(0, ). (7.31)
0 «a,a>0

Nhu da thiy trong Muc 4.4, viéc giai bai toan nay can cip nhat dong thdi ci 6 va a.
Trong mdt sb trudng hop nhu hdi quy tuyén tinh véi chudn L2, ta con c6 thé giai bai todn
nay mot cach giai tich.

C6 nhiéu cich tiép can d€ giai c4c bai toan nhu vay:

« Mot s6 dung gradient descent dé cAp nhat cac tham so.

« Mot s6 khéac tan dung viéc dao ham triét tiéu dé tim nghiém déng.

Diéu quan trong 1a nguyén ly hoat dong ctia o: néu Q(0) vugt qué gidi han k, thi o s&
ting dé day 2 nhé lai. Ngugc lai, néu Q(0) < k, thi o c6 thé giam. Tir d6 ta tim dudc o
hop 1y gitip gitt chuin Q(0) gan vdi gia tri &£ ma khong qua nhd hodc qua 16n.

Neéu ta co dinh o*, bai toan toi vu chi con phu thudc vao 6:

0" = arg mgin J(0;X,y) + a* (), (7.32)

Day chinh 1a bai toan regularization quen thudc. Cé thé hiéu rang thém mdot ham phat
vao ham mat mat 13 tuong duong véi viée 4p dit mot rang budc mém 1én trong so.

Néu €2 1a chuin L2, thi cdc trong sb sé bi gidi han trong mot qua cau L2. Con néu  1a

chuin L', thi ta dang rang budc céc trong sd trong mot ving hinh kim tu thap (diamond
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shape).

Trén thuc té, gia tri o khong cho ta biét truc tiép kich thudc cu thé ctia viing rang budc
tuong Ung véi k. Mbi quan hé gitia o va k phu thudc vao dang cu thé ctia ham mat mat J.
Tuy nhién, ta c6 thé diéu chinh viing rang budc bang cach thay d6i gia tri o: ting o lam

vung nho lai (gi6i han chat hon), con giam « lam vung néi rong.

D6i khi, thay vi thém thanh phan phat vao ham mat mat, ta lai mudn st dung rang budc
16 rang. C4ch tiép can nay dudc mo ta trong Muc 4.4: ta cip nhat 8 theo huéng gidm ham

J, sau d6 chiéu lai @ vao vung thdéa mén rang budc Q(0) < k.

Viéc st dung rang budc ro rang c6 mot s6 vu diém. Mot trong s6 d6 1a tranh tao ra cic
cuc tri dia phuong khong mong mudn. Khi d4p dung regularization du6i dang ham phat,
mo hinh ¢6 thé hdi tu v& nhitng diém ma trong s6 gin nhu biang 0 — diéu nay din dén cic
don vi 4n khong hoat dong (dead units) trong mang no-ron. Trong khi d6, néu dung rang
budc 16 rang va ky thuat chiéu lai, ta c6 thé ngin diéu ndy xay ra, vi rang budc chi c6 tic

dung khi trong sb trd nén qua 16n.

Hon nifa, rang budc rd rang con gidp ting do 6n dinh khi tdi uu héa. Néu ta st dung
tdc dd hoc 16n, cac bude cap nhat trong s c6 thé trd nén rat 16n do gradient 16n — diéu nay
gay ra hién tugng vong lip phan hdi duong (positive feedback loop). Trong sd ngay cang
16n, gradient cling 16n dan, va cudi ciing dan dén tran sb. K§ thuat chiéu lai gitip ngin
chin diéu nay bang cach giit trong sb trong gidi han hop ly.

Hinton2012 khuyén nghi st dung rang budc rd rang khi hoc véi tc do cao, vi ching
cho phép kham ph4 nhanh nhung van giit dudc &n dinh. Cu thé hon, Srebro2005 dé xuit
rang budc chudn cia tiing cdt trong ma tran trong sd clia mang no-ron, thay vi toan bd
ma tran. Diéu ndy tranh viéc mot don vi 4n trd nén qua “manh” do c6 trong sd qua 16n.
Néu viét duéi dang Lagrangian, thi diéu nay giébng nhu 4p dung regularization L? nhung
v6i hé sb riéng biét cho ting don vi an. Trong thuc té, cach 1am phd bién 1a 4p dung rang
budc 6 rang va thuc hién chiéu lai tiing cdt sau mdi budc cap nht.

7.5 Regularization va cac bai toan thiéu rang budc

Trong mdt s6 bai toan hoc mdy, regularization khong chi 1a lua chon dé cai thién mo
hinh ma con 1a yéu t6 bat budc gitip bai toan trd nén xac dinh. Nhiéu mo hinh tuyén tinh
nhu hdi quy tuyén tinh hay PCA déu yéu cau nghich ddo ma trin X " X. Nhung khi ma
tran nay suy bién (singular), ttic 1a khong kha nghich, bai toan sé khong thé giai bang cach
thong thuong.

Ma trin X " X c6 thé suy bién néu:
* Dit liéu khong c6 phuong sai theo mot sd hudng.
* Hoic s6 miu (sb hang ctia X) it hon s dic trung (sb cot).

Trong nhiing trudng hop do, regularization gitip 6n dinh bai todn bang cach thém vao

mot sd duong « trén dudng chéo:
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XX +al.

Ma tran diéu chinh nay ludn kha nghich néu a > 0.

Khi d6, bai toan c6 nghiém dang déng (closed-form). Néu khong c6 regularization,
bai toan c6 thé khong xac dinh. Vi du, trong hoi quy logistic néu dit liéu phan tich tuyén
tinh, ludn ton tai mdt vector w phan loai chinh x4c toan b dit liéu. Khi d6, thuat toan nhu

gradient descent sé khong hoi tu ma tiép tuc ting do 16n ctia w mai mai, dan dén tran sb.

Regularization nhu weight decay gitp tranh hién tuong nay. Khi gradient bang véi
thanh phin weight decay, md hinh s& diing lai, khong tiép tuc ting trong s6 nita.

Ngoai hoc mady, regularization con hitu ich trong dai sd tuyén tinh. Mot vi du 1a st
dung nghich ddo gid Moore-Penrose dé giai hé tuyén tinh khong xac dinh. Mot trong cic

dinh nghia cta nghich dao gia la:

Xt = lim (XX 4+ al) 'XT. (7.33)
a—

Biéu thic nay chinh la nghiém ctia hdi quy tuyén tinh c6 regularization dang weight
decay khi o — 0. Diéu nay cho thiy nghich d4o gia c6 thé dugc xem nhu két qua clia viéc
ap dung regularization d€ on dinh héa bai todn.

7.6 Tang cuong Du liéu (Dataset Augmentation)

Mot trong nhiing c4ch hiéu qua nhét d€ gitip mo hinh hoc sau tdng quat t6t hon 12 cung
cAp cho n6 nhiéu dif liéu huin luyén hon. Tuy nhién, trong thuc té, dit liéu sin c6 thuong
rit han ché. Vi vy, mot gidi phap phd bién 1a tao thém dif liéu gia d& bS sung vao tap

huan luyén goc.

Déi v6i mot s6 bai todn hoc may, viéc tao ra dit liéu gia tuong dbi dé thuc hién. Phuong
phdp nay dic biét hiéu qua vdi cic bai todn phan loai, ndi md hinh hoc can gan nhin cho

dau vao & — chang han nhu hinh anh — v6i mot nhéan phan loai .

Mot trong nhitng thich thiic chinh trong huin luyén md hinh phan loai 14 1am sao dé
mo hinh hoc dudc tinh bét bién ddi v6i nhiéu loai bién ddi clia dau vao. Vi vy, ta c6 thé
tao ra cac vi du méi bang cach ap dung cic phép bién ddi 1én dau vao = sao cho khong
lam thay d6i nhan y. Nhitng cip mdi (2, y) nhu vay van hgp 1€ va giup ting su da dang
cua tap dir liéu.

Tuy nhién, cch tiép can nay khong phai lic nao ciing phit hdp. Chang han, trong bai
todn udc lugng mat do xdc suit (density estimation), viéc sinh thém dif liéu gia 1a rit kho

trit khi ta da biét rd phan phdi xac sudt — ma day chinh la diéu ta dang c6 gang hoc.

Tang cuong dit liéu da dudce chiing minh 1a cuc ky hiéu qua trong cac tac vu phan loai
dbi tuong, dic biét 1a nhan dang hinh dnh. Hinh anh thudng c6 do phan gidi cao va chia
nhiéu yéu t bién d6i — trong d6 c6 nhiéu yéu td c6 thé dudc mo phong lai dé dang bing
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céac phép bién doi hinh hoc hoic mau sic.

Vi du, don gian nhu viéc tinh tién anh vai pixel theo cac hudng khac nhau da c6 thé
giip md hinh hoc dudc tinh bat bién véi vi tri ddi tuong trong anh. Piéu nay van c6 ich
ngay ca khi mo hinh da dudc thiét ké véi cac 16p convolution va pooling (dudc trinh bay
trong Chuong ??) von da hd trg tinh bat bién nay. Ngoai tinh tién, nhitng phép bién ddi
khac nhu xoay anh, 14t anh hoic thay d6i ti 1¢ ciing rat phd bién va thudng mang lai hiéu

qua ro rét.

Tuy nhién, khi 4p dung cac phép bién d6i, ta can than trong. Mot sé phép bién ddi c6
thé 1am thay d6i y nghia ctia nhan. Vi du, trong bai toan nhan dién ky tu, xoay 4nh 180°
c6 thé khién chit “p” tré thanh chit “d”, hoidc sd “6” trd thanh “9”. Trong nhiing trudng
hdp nay, viéc xoay anh khong con la mot phép tang cuong dit liéu phu hgp.

Ngoai ra, cling c6 nhiing phép bién ddi ma ta mudn md hinh hoc dudc tinh bt bién,
nhung khong dé& d€ mé phong. Chang han, bién di géc nhin — thay ddi cach ta nhin d6i
tuong ti cac géc do khac nhau — khong thé thuc hién chi bing thao tic hinh hoc don gian

trén anh goc.

Ting cudng dif liéu ciing da cho thiy hiéu qua ro rét trong nhan dang giong néi, nhu

dudc trinh bay trong nghién cuiu cia Jaitly2013.

Thém nhiéu vao dau vao ciing c6 thé xem 12 mot dang ting cudng dit liéu. Nghién ciu
ctia Sietsma1991 cho thiy viéc huin luyén mang no-ron véi dif liéu bi nhiéu c6 thé gitp
m6 hinh trd nén bén viing hon trudc nhiéu thuc té. Cach 1am nay don gian 13 thém nhiéu
ngau nhién vao dit liéu huin luyén [Wendt1994], hoic thAm chi 4n di mot phan dau vao
nhu dé xuét ca Vincent2008. Mién 13 d6 16n ctia nhiéu dudc diéu chinh phit hop, nhiing
phuong phéap nay thuong mang lai hiéu qua cao.

Mot k§ thuat ndi tiéng c6 thé xem 13 dang dic biét clia ting cuong dit liéu 12 Dropout,
dugc trinh bay chi tiét trong Muc ??. Dropout khdng chi gidp tranh qua khép ma con
khién mo hinh hoc dudc cach hoat dong trong diéu kién khong day di — tuong tu nhu
khi dAu vao bi nhiéu hay thiéu thong tin.

Hién nay, viéc danh gia md hinh hoc may thudng dua vio céc tap benchmark cd dinh.
Ky thuit ting cudng dit lidu, néu dudc sit dung ding cach, c6 thé gidp mo hinh dat hiéu
suit cao hon 16 rét. Vi vay, d€ dam bao cong bang khi so sanh giita cac md hinh, ngusi ta

thudng kiém sodt chiit ché cic chién ludc ting cuong dudc 4p dung.

Chang han, gia st hai mo hinh A va B dudc huin luyén trén cing mot tap dit lidu. Néu
A hoat dong t6t hon khi khong c¢6 ting cudng dit liéu, nhung B lai vuot tréi hon khi ¢6 ap
dung k¥ thut ting cudng manh mé, thi trong thuc t& B c6 thé 12 mod hinh t6t hon — vi n6
tan dung t6t hon dit liéu dudc mé rong. Tuy nhién, khi danh gid, can 1am 16 rang su cai

thién dén tir ban than kién triic mo hinh hay ti k§ thuat ting cudng.

Do d6, khi mot mo hinh méi dugc cong bd va cho két qua vudt troi trén mdt benchmark,

diéu quan trong 13 phai xdc minh xem két qua d6 c6 dén tit chién lugc ting cudng dit liéu
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dic biét tot (vi du nhu phuong phép cat dnh tinh vi hon, cach thém nhiéu hop 1y hon, v.v.)
hay khong. Viéc phan biét rd yéu td ndo déng gép vao su cai thién 1a rit quan trong trong
nghién ctiu hoc may.
7.6.1 Kha nang chéng nhiéu (Noise Robustness)

Trong Phan ??, ching ta da n6i dén viéc st dung nhiéu nhu mot ky thuét ting cudng dit
liéu. Pang chi y 13 v6i mdt s6 mo hinh, viéc thém nhiéu c6 phuong sai rat nhd vao dau vao
c6 thé tuong duong véi viéc ap dung mot hinh phat 1én chuin cla trong s [%], [9]. Day 1a

mot cdch nhin thd vi, cho thiy méi lién hé giiia ting cudng dif liéu va regularization.

Tuy nhién, trong thuc té, viéc tiém nhifu vao mang c6 thé tao ra anh hudéng manh hon
nhiéu so véi chi don thuan 1a 1am nho trong s6. Diéu nay dic biét diing néu nhiéu dudc
thém vao c4c tang 4n bén trong mang no-ron. Vi vai trd quan trong nay, ciac phuong phap
nhu vay dang dudc xem xét riéng — vi du dién hinh 12 k¥ thuat dropout dudc trinh bay

trong Phan ??.

Mot huéng tiép can khéac 1a thém nhiéu truc tiép vao trong sd ctia mo hinh. Phuong
phép nay rit phd bién trong cic mang no-ron hoi tiép (RNN), nhu mo ta trong céc nghién
cifu ctia jim1996, [10]. Khi 4p dung céach nay, ta khong con coi trong sb 1a céc gia tri cb
dinh, ma xem ching nhu nhiing bién ngu nhién — dai dién cho su khong chic chin trong
mo hinh. Viéc thém nhiéu vao trong sd 12 mot cach don gian dé€ thé hién quan diém nay,
mang dim tinh than x4c suit Bayes.

Ngoai ra, viéc tiém nhiéu vao trong s6 con c6 thé dugc hiéu 1a tuong duong véi mot s6
hinh thiic regularization truyén thong, néu ta dua ra mot sb gia dinh. Céch dién gii nay
cho thiy rd ciach ma regularization gitip md hinh hoc mot ham &n dinh hon.

Xét mot bai toan hdi quy, ndi ta mubdn hoc mot ham §(x) dnh xa dau vao x sang mot

dau ra vo huéng 3. Him mit mat thudng dung 12 sai s6 binh phuong trung binh:

J =By [(9(x) —9)*] - (7.34)

Gid st tap huin luyén gom m mau:

{(X(l)’ y(l)), o (X(m)’ y(m))} ] (7.35)

Biy gid ta gia dinh rang, mdi khi sit dung mot mau huin luyén, ta sé thém vio trong

s6 clia mang mdt nhiéu ngiu nhién c6 phan phoi Gaussian:

ew ~ N(0,7I).

V6i mang MLP ¢6 [ tang, ta ky hiéu mo hinh bi nhiéu 1a g, (x). Du da thém nhiéu, ta

van mudn t6i thi€u hoa sai s gitta dau ra du doan va gid tri thuc. Him mat mat lic nay
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dugc viét lai nhu sau:

Jw = Epiegew) [Gew (%) — )] (7.36)
= Epxyew) [Ty (%) = 2Yfen () + 7] (7.37)

Trong trudng hop phuong sai 7 di nho, viéc tbi uu Jyy sé tuong duong véi viéc tdi wu

mo6t ham mét mét c¢6 thém thanh phan regularization nhu sau:

0By [IVwi(0)]7]

Thanh phin nay khuyén khich mo6 hinh hoc nhitng ham dau ra khéng qué nhay cam
v6i su thay d6i nho trong trong sb. N6i cach khac, md hinh sé uu tién cdc ving trong
khong gian tham s6 ma dau ra thay ddi cham khi trong sb bi nhiéu. Piéu nay dong nghia
véi viéc mo hinh c6 xu huéng di vao cic “viing phang” — nhiing cuc ti€u it nhon, &n
dinh hon. Y tuéng vé& nhiing viing phang nhu vdy dudc nhin manh trong nghién ciu
cua hochreiter1995.

Trong trudng hop don gidn ctia hdi quy tuyén tinh:

~

g(x) =w'x+b

Thanh phan regularization phia trén tr thanh:

nEyo [[1%]°]

Pay 1a mot hang s6 khong phu thudc vao tham sé6 mo hinh, nén khong anh huéng dén
gradient cua Jy theo trong s6. Tuy vay, trong cdc md hinh phi tuyén nhu mang MLP,
thanh phan nay c6 anh hudng 16 rét va ¢ thé lam thay d6i dang ké cach md hinh dudc
hoc.

7.6.2 Tiém nhiéu vao nhan dau ra

Trong céc bd dif liéu thuc té, khong thé tranh khoi viée ton tai nhiing nhin bi gan sai.
Néu mo6 hinh ¢ ging cuc dai héa log p(y | x) v6i cac nhin sai niy, hiéu suit tong thé c6
thé bi anh hudng nghiém trong. Mot cach dé han ché tiac dong tiéu cuc dé la dua gia dinh
vé nhiéu vao qud trinh huin luyén — cu thé 12 mo hinh héa truc tiép kha ning nhén bi sai.

Vi du, ta c6 thé gia dinh rang nhan y 1a chinh x4c v6i xdc suat 1 — ¢, con tit ci céc
nhin sai c¢6 tdng xdc suét 12 e. Gia dinh nay c6 thé dugc tich hgp vao ham mét mét thay vi
phai sinh thém dit liéu nhiéu.

Mot ky thuat hiéu qua dua trén gia dinh nay la label smoothing. Pay la mdt dang
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regularization danh cho cdc md hinh phén loai dung softmax véi k 16p. Thay vi biéu dién
nhén theo cch thong thudng (nhén cling — one-hot) véi gia tri {0, 1}, ta dung nhin mém
v6i phan phdi x4c suét nhu sau:

+ D6i v6i nhan ding: gdn gia tri 1 — €

€
k—1

+ D6i v6i mbi nhan sai: gan gia tri
Khi d6, ta van sit dung ham mét mét cross-entropy nhu binh thudng nhung véi cac

nhan da dudc lam mém.

Trong huin luyén truyén thong, viéc t6i da hda likelihood véi nhan cing c6 thé dan
dén viéc mo hinh hoc cac trong s rat 16n. Nguyén nhan 12 vi softmax khong thé gan xac
suit tuyét dbi 1 hoic 0 cho céc 16p, nén mo hinh “cd gang” bang cach 1am cho phan phéi
gin v6i nhan mot cach cuc doan. Label smoothing gitip tranh hién tugng nay bang cach
lam gidm do sac nét ctia nhan.

Noi cach khac, label smoothing ngan m6 hinh roi vao trang thai qua tu tin. M6 hinh
van hoc dé phan loai ding, nhung khong cb gang ddy xdc suét ctia 16p ding 1én tuyét dbi

1, ma chi can cao hon cac 16p con lai.

Ky thuit nay dudc st dung tif nhitng nim 1980 va dén nay van rat phS bién trong
cdc mang no-ron hién dai, bao gdm c4 kién tric Inception [11]. Trong thuc hanh, label
smoothing thudng dudc két hop véi cac phuong phap regularization khac nhu weight
decay dé ting do &n dinh trong huin luyén.

7.7 Hoc ban giam sat (Semi-Supervised Learning)

Trong hoc ban gidm st, ta khong chi st dung dif liéu c6 nhin (Iiy mau tif phan phdi
P(x,y)) ma con tin dung ca dit liéu khong c6 nhin (1dy tit P(x)) dé hoc mo hinh du doan
P(y | x) hodc tryc tiép dy dodn nhan y tif dau vao x.

Trong bbi canh hoc sau, hoc ban giam st thudng lién quan dén viéc hoc biéu dién dic
trung h = f(x). Muc tiéu Ia hoc sao cho cic di€ém thudc cung mot 16p ¢6 biéu dién gan
nhau. Dt liéu khong nhin déng vai trd gitip md hinh hiéu dudc cach t3 chiic, cAu tric ctia
khong gian dau vao — qua d6 hoc ra biéu dién c6 y nghia hon.

Y tudng 1a néu cic di€ém gan nhau trong khong gian dau vao thi biéu dién cia chiing
ciing nén gan nhau trong khong gian dic trung. Khi d6, mot mo hinh phén loai don gién,
vi du nhu tuyén tinh, c6 thé hoat dong rat tot trén biéu dién mdi nay [12], [13].

Mot phuong phap cd dién theo hudng nay 1 st dung phan tich thanh phan chinh (PCA)

dé giam chiéu dit liéu dau vao trude khi 4p dung thuit toan phan loai.

Thay vi tach riéng phan hoc c6 nhan va khong nhan, ta c6 thé xay dung mot mo hinh
két hop gilta hai huéng tiép can. Cu thé:

+ Mot md hinh tao sinh (generative model) dugc huin luyén dé uéc lugng P (x) hoac
P(x,y).
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M6 hinh ny chia sé tham s6 v6i mo hinh phan biét (discriminative model) u6c lugng
Py | x).

Khi d6, ham muc tiéu sé& két hop c4 hai tiéu chi:

—logP(y | x) va —logP(x)hodc — log P(x,y).

Tiéu chi tao sinh dong vai tro 12 mot dang regularization, gitp truyén tai gia dinh rang
ciu tric clia P(x) phan 4nh phan nao ciu tric ctia P(y | x), vi ching dudc biéu dién
thong qua cac tham sé chung. Bing cach diéu chinh miic d6 anh huéng cta hai thanh
phan nay, ta c6 thé dat dudc su can bang giita muc tiéu hoc ¢é giam sat va khong giam
sat lasserre2006, larochelle2008.

Vi du: Salakhutdinov va Hinton salakhutdinov2008 giGi thi€u mdt phuong phap hoc
ham nhan (kernel machines) cho bai todn hoi quy, trong d6 viéc tin dung dit liéu khong

nhan gitp céi thién dang k€ kha ning du doan P(y | x).

DE tim hiéu k¥ hon vé hoc ban gidm sat, ban doc c6 thé tham khio thém tai liéu téng

quan chi tiét trong [14].

7.8 Hoc da nhiém (Multitask Learning)

Hoc da nhiém (Multitask Learning, viét tat la MTL) 1a mot chién ludc nham cai thién
kha ning tdng quat héa ctia md hinh biang cach hoc dong thdi nhiéu tac vu khac nhau. Y
tudng cot 16i 1a khai thac médi lién hé gilta cic tidc vu dé ho trg 1an nhau trong qua trinh
hoc. Diéu nay giébng nhu viéc cung cip thém céc vi du huin luyén bd sung cho mé hinh
— & day 12 thong qua nhitng rang budc mém xudt phat tif cac tac vu c6 lién quan.

Theo caruanal993multitask, khi nhiéu tac vu chia sé cing mot phan mé hinh, phan
ndy budc phai hoc ra cac biéu dién trung gian (representations) c6 tinh khai quat cao dé
phuc vu cho tit ¢4 cic tac vu cling lic. Nhd d6, mo hinh hoc dugc nhiing dic trung c6 kha

ning téng quat t6t hon — mién 1a sy chia sé tham sb dudc thiét ké hop ly.

Gia st ta dang gidi nhiéu bai todn hoc c6 giam sat (supervised learning) khic nhau,
nhung tit cd déu st dung chung mot dau vao x. Trong hoc sau, ta ¢ thé chia md hinh
thanh hai phan:

« Mot phan dau dung chung cho tat ca cic tdc vu, ¢ thé duge xem la biéu dién trung

gian h(shared)’

* Va phan con lai 1a c4c tang riéng biét cho tiing tic vu, gitip mo hinh diéu chinh dé

phit hop véi yéu cau cu thé cla tiing bai toan.

CAu triic tham sb ctia m6 hinh ciing vi thé ma phan thanh hai nhém chinh:

1. Tham s6 riéng cho tiing tac vu: La cdc tang cudi cuing trong mang no-ron, dudc huin

luyén chi véi dit liéu cia tiing tac vu, ddm bao mo hinh tbi uu cho tiing dau ra cu thé.
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2. Tham s6 dung chung: La cic ting dau trong mang no-ron, dudc cip nhat tir dit liéu
t6ng hop ciia tt ¢4 c4c tac vu. Nhitng tham s6 ndy c6 vai trd hoc céc dic trung chung,

hitu ich cho nhiéu bai toan.

Theo baxter1995learning, chia sé tham s gitta c4c tac vu gidp ting do chinh xic va
gidm sai s6 khdi quat. Ly do 12 vi m6 hinh nhan dudc thém céc vi du gidn tiép tir cic
tac vu lién quan — mot dang md rong dit liéu huin luyén gitp ting sic manh théng ké
(statistical strength) ctia md hinh. Tuy nhién, 1di ich nay chi phat huy khi c6 mdi lién hé
thuc su gifta cac tdc vu, nghia 1a chiing chia sé mot s6 yéu td ngdm 4n nao d6 trong dit
liu.

Trong hoc siu, mot gia dinh then chét ctia hoc da nhiém 1a: mdc dit méi tdc vu co thé’
khdc nhau vé bdn chdt, nhung ton tai mot so6 yéu to co bdn trong dit liéu ma cdc tdc vu
nay co thé chia sé. Muc tiéu chinh ctia hoc da nhiém 13 kham pha va tin dung nhiing yéu
td chung dé dé cai thién hiéu suit tng thé trén tit ca cic tac vu.

7.9 Dung sém (Early Stopping)

Khi huin luyén cdc md hinh hoc siu c¢é d6 phtc tap cao (tiic 12 ¢6 kha ning biéu dién
dd manh dé khép hoan toan véi dit liéu huén luyén), ta thuong thiy rang 15i trén tip huin
luyén sé tiép tuc gidm déu trong sudt qua trinh huin luyén. Tuy nhién, diéu ddng chi y 12
16i trén tap kiém tra (validation set) lai khong tiép tuc gidm maii. Sau mot thdi diém nao
do, 16i nay bat dau ting Ién trd lai, cho thdy mé hinh bat diu hoc qua miic (overfit) vao
dit liéu huén luyén. Hién tugng nay thudng xay ra trong thuc nghiém va dugc minh hoa rd
trong Hinh 7.3.

Hinh 7.2: M6t s cich trién khai hoc da nhiém trong cdc framework hoc sau. Cic ting dau (chia
biéu dién hGhred)) quge chia sé gita cdc tic vu, con cdc ting cudi (nhu AV, A(2)) duge chuyén
biét hda cho tung tic vu riéng biét nhu y(l) va y(2).
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Hinh 7.3: Biéu d6 minh hoa qua trinh huin luyén mot mang maxout trén tap dit liéu MNIST.
Trong khi hAim mAt mat trén tip huin luyén tiép tuc gidm déu, thi hAm mét mat trén tip kiém tra
bt dAu ting sau mdt sb epoch — cho thay hién tugng overfitting.

T quan sat trén, mot ¥ tudng don gidn nhung rt hiéu qua 1a: thay vi sit dung bo tham
$O cudi cung sau khi hudn luyén, ta sé chon bé tham sé tai thoi diém ma 16i kiém tra dat
miic thdp nhdt. Cu thé, mbi khi thiy 156i kiém tra gidm xudng thip hon ky luc trudc do,
ta luu lai mot ban sao cia tham s mo hinh. Sau khi qua trinh huén luyén két thic, ta st

dung bd tham sb tuong ing véi thoi diém tbt nhat nay.

Thuat to4n huan luyén sé diing lai néu khdng c6 su cai thién nao trén tap kiém tra trong
mot s6 vong lip nhat dinh (goi 12 patience — d6 kién nhan), nhim tranh tiép tuc hoc qué

mtc vao tip huan luyén. Quy trinh niy dugc md ta cu thé trong Thudt todn 7.1.

Ky thuat nay dudc goi la diing sém (early stopping), va ddy co6 thé xem 1a mot trong
nhiing hinh thic regularization phd bién nhét trong hoc sau, nhd su don gian va hiéu qué

ma n6 mang lai.

Mot cach khic dé€ hiéu vé diing s6m 12 xem day nhu mot phuong phép lua chon siéu
tham s6 (hyperparameter selection). Trong cach nhin nay, s6 buc huén luyén (training
steps) chinh 12 mot siéu tham s — va tuong tu nhu cdc siéu tham sd khéc, né ciing c6
dudng cong hiéu suét hinh chit U trén tip kiém tra, nhu minh hoa & Hinh 7.3 (va tuong tu
nhu Hinh 5.3).

Khdc v6i nhiéu siéu tham sb khac von can dudc c¢d dinh trudc khi hun luyén (vi du
nhu kich thuéc mang, hé s6 regularization), thi v6i diing sém, ta c6 thé "ty dong"chon gia
tri t6t nhit cho s6 budc huin luyén chi trong mot 1an chay. Diéu nay 1am giam dang ké
chi phi thi nghiém so véi viéc huén luyén riéng biét véi nhiéu gid tri khac nhau cta siéu
tham s0.

Chi phi chinh khi st dung ditng sém 1a viéc phai danh gia hiéu sut trén tip kiém tra
sau mdi vai vong 1ip. Trong diéu kién 1y tudng, ta c6 thé chay qua trinh ddnh gid nay song
song trén mot CPU hodc GPU riéng biét dé khong 1am cham qua trinh huén luyén chinh.
Néu tai nguyén han ché, ta c6 thé danh d6i bang cach sif dung tip kiém tra nhd hon hoic
danh gid v6i tan suit thip hon — diéu nay cho phép ta uSc luong hiéu suit mot cach tiét
kiém hon, du ¢6 thé khdng chinh x4c hoan toan.
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Algorithm 7.1 Thuit toan meta diing s6m dé xac dinh thoi diém huin luyén ti vu. Pay
12 mot chién lugc téng quat ¢ thé 4p dung cho nhiéu thuat ton huin luyén va cic tiéu chi
danh gia khac nhau.

Gia st n 12 s6 buéc gitta hai 1an danh gia.

Gia st p 12 “dd kién nhan” (patience) — s6 1an lién tiép ma 16i kiém tra khong cai thién
trude khi dung.

6, 1 tham s6 khdi tao ban dau.

0 + 00

i+ 0 > S6 budc huin luyén da thuc hién
j 0 > S6 1an lién tiép khong cai thién
v 4~ 00 > L4i kiém tra tot nhit hién tai
0"+ 06 > Tham s6 t6t nhat ghi nhan dudc
it i > S6 budc tai thdi diém tot nhat

while ; < pdo
Huén luyén md hinh thém n budc dé cap nhat 6
14 1+n
Tinh v’ < L&i ki€m tra(0)
if v/ < v then
7+ 0
Cap nhat 6" < 0
17—
v+ v
else
JJ+1
end if
end while
Tra vé tham s6 tot nhat 6% va s6 budc tuong ung 7*

Mot chi phi phu khi stt dung diing s6m 12 phai luu lai ban sao ctia cac tham s t6t nhat
trong sudt qua trinh huin luyén. Tuy nhién, chi phi nay thudng khong dang ké vi viéc luu
c6 thé thuc hién vao bd nhé chim (nhu § cing hoidc bo nhé hé thong), va chi thuc hién
thinh thoang. Do qu4 trinh ghi nay khong lam gian doan huén luyén, né hau nhu khong
4nh hudng dén hiéu suit tong thé.

DPiém manh ctia diing sém 12 tinh don gian va khong xam 14n. Ky thuat nay khong thay
ddi ham muc tiéu, khong thay ddi khong gian tham s6 va khong tac dong vao qua trinh
cip nhat trong sb. Piéu nay gidp ditng sém dé dang tich hop vao bat ky quy trinh huin
luyén nao. Trdi lai, mot s6 k§y thuat regularization nhu weight decay lai yéu cau diéu chinh
ham méit mat va c6 thé khién mo hinh roi vao cuc tiéu cuc bo khong mong mudn néu hé

s6 decay khong dugc chon cin than.

Diing s6m c6 thé dudc st dung doc 1ap, hoic két hop véi cac ky thuat regularization
khéc. Trén thuc té, ngay cé khi st dung cac phuong phap regularization khac 1am thay ddi
ham mét mat, diém cuc ti€u ctia ham mat mat van khong ddm bio mang lai kha ning tdng

quat t6t nhit — Iic ndy ditng sém van c6 thé gip cai thién két qua.
Mot han ché clia ditng sém 12 yéu cau phai tach riéng mot tip kiém tra (validation set),
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nghia 12 khong st dung toan bd dit liéu cho huin luyén. D€ tin dung toan bo dit lidu, ta
c6 thé huin luyén lai mot 1an nita sau khi ditng s6m két thic. C6 hai chién lugc chinh:
o Chién lugc 1 (Thuit todn 7.2): Huén luyén lai tit diu trén toan bo dit lidu, véi sd budc
bing diing s6 budce tdi uu da tim dudc trude do.
* Chién lugc 2 (Thuét todn 7.3): Tiép tuc huin luyén tif cic tham sd da t6i uu, nhung
1an nay trén toan bd dit lidu. Két thiic khi hAim mét mat trén tap kiém tra dat gid tri
thAp hon ngudng ghi nhan trude do.

Algorithm 7.2 Thuét toan huin luyén lai sau diing sém bing cach xac dinh thoi gian huin
luyén t6i uu r6i huin luyén lai tir dau trén toan bo dif liéu.
Chia tﬁp huﬁn IHYéIl (‘)C'(train)7 y(train)> thanh (X(subtrain)’ X(valid)) va (y(subtrain)’ y(valid))'
Chay dung s6m (Thuat toan 7.1) trén tap subtrain va valid, thu dugc ¢*.
Khéi tao lai tham s6 8 ngiu nhién.
Huén luyén lai mo hinh trén toan bd tip huin luyén trong ding i* budc.

Algorithm 7.3 Thuit toan huén luyén lai dua trén gid tri mit mat tai thoi diém diing s6m,
tiép tuc huén luyén dén khi dat mét mat tuong duong.

Chia tﬁp huin luyén (‘)C'(train)7 y(train)) thanh (‘/')('(subtrain)7 X(valid)) va (y(subtrain)’ y(valid))'
Chay ditng s6m (Thuat todn 7.1) trén tip subtrain va valid, cip nhat tham s6 6.
Ghi lai ngudng sai s6 € < J (@, A (subtrain) y, (subirain) )
while J (9, X (i) y(valid)) > ¢ do
Tiép tuc huén luyén trén toan bd tap huin luyén thém n budc.
end while

Dung sém (Early stopping) khong chi gitp tranh hié€n tugng qua khép (overfitting), ma
con ¢6 1¢i thé ddng k& vé mit chi phi tinh todn. Ngoai viéc rd rang 1a gidi han s6 vong lip
huén luyén, n6 con cung cip mdt hinh thifc regularization hiéu qua ma khong can thém
cac hang tif phat vao ham mat mat, va ciing khong yéu cau tinh gradient clia cic thanh

phan dé.

Cho dén thdi diém nay, ching ta da chiing minh ring ditng sém 12 mot chién lugdc
regularization, chi yéu dua trén viéc quan sat cidc dudng cong hoc: 15i kiém tra thudng
c6 dang hinh chit U. Nhung cau héi dit ra 1a: co ché ndo khién ditng sém co tdc dung

regularization?

Bishop [8] va sjOéberg1995 da 14p luan ring: ditng sém c6 tac dung gidi han qua trinh
t6i uu hoa trong mot ving tuong dbi nhd quanh diém khdi tao ban dau 8, nhu minh hoa
trong Hinh 7.4.
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Hinh 7.4: Minh hoa anh hudng clia diing sém (trai) va regularization chuan L? (phai). Véi diing
sém, qud trinh t6i uu hod chi tién dugc mot doan ngan tit diém khdi tao ban dau vé phia cuc tiéu
w*, ding lai tai w. Vi chuan L2, thém hang ti phat 1am thay ddi vi tri cuc ti€u, khién né léch vé
gan gbc hon.

Cu thé hon, gia sii ta thuc hién 7 budc cap nhit bang thuat todn gradient descent véi toc
do hoc (learning rate) 1a e. Khi dé, tich e7 phan anh mot loai "nang luc hi€u qua"(effective
capacity) — tic 12 giéi han pham vi ma mo hinh c6 thé di chuyén trong khong gian tham
s6. Néu gradient bi chiin lai trong mdt gidi han (vi du do clip gradient hoic do tinh chit
clia hAam mét mat), thi viéc gidi han s6 vong lip va téc do hoc dong thdi sé gi6i han thé

tich khong gian ma md hinh c6 thé khdm ph4, tinh tit diém khéi tao ban dau.

Theo quan diém nay, ta c6 thé xem er hoat dong ngudc lai v6i hé sb weight decay. Néu
weight decay ngin trong sb trd nén qu4 16n, thi ditng sém gidi han sb buéc di d€ trong sb

khong thé tién qua xa.

That thd vi, trong trudng hop don gidn — vi du nhu mo hinh tuyén tinh v6i ham mat
mat bac hai va thuit toan gradient descent thong thudng — ta c6 thé chiing minh ring

diing s6m tuong ducng vdi regularization theo chuén L.

Gia st ta c6 mot mo hinh ma tham s6 duy nhét 1a vector trong s6 @ = w. Ta x4p xi

ham méit mat J bang khai trién Taylor bac hai quanh nghiém t6i wu thuc nghiém w*:

J(0) = J(w*) + %(w —w") H(w — w"), (7.38)

v6i H 1a ma trin Hessian clia J tai diém w*. Vi w* 1a cuc tiéu, nén H 12 nifa x4c dinh

duong.

Khi liy dao ham cta J, ta dugc:

Vel (w) = H(w — w). (7.39)
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Gia st ta khdi tao tai gbc toa do:

w® = 0. (7.40)

V6i mdi bude cap nhat theo gradient descent, ta c6:

w™ = w™Y — eV, J(w™Y) (7.41)
= w™ Y — eH(w ™ —w") (7.42)
= w'” —w* = (I - eH)(w"™ —w"). (7.43)

Chudi dé quy trén cho thiy ring mdi budc cip nhat lam thu hep khoang cach giita
w(™) va w*, v6i tbe d6 bi diéu chinh bsi e H. Nhu viy, ditng sém c6 hiéu ding lam "gidi
han"viéc tiép can cuc tiéu — mo hinh khong tién qua gan w*, dic biét néu huéng gradient
theo nhiing chiéu ma Hessian c6 tri riéng nhd (ttic 1a mo hinh chua dd tu tin vé hudng do).
Két qua cubi cuing 13 mot nghiém mém hon, tuong tu nhu khi dung regularization chuin
L2

D& hiéu sau hon co ché hoat dong cia diing s6m, ta sé chuyén biéu thiic cip nhat tham
s6 sang hé toa do clia cic vector riéng clia ma tran Hessian H. Bﬁng cach thyc hién phan

tich gia tri riéng (eigendecomposition), ta co:

H=QAQ", (7.44)

trong do:
* @ 13 ma tran truc chudn gém cic vector riéng (orthonormal eigenvectors),
* A la ma tran dudng chéo chia céc gia tri ri€ng (eigenvalues).

Thay vao cong thic cdp nhét, ta dudc:
w —w = (I - eQAQ")(wY —w"), (7.45)
= QT(w'” —w") =T —eA)QT(w"™ Y —w"). (7.46)

Gia st khdi tao tir goc w® = 0, va chon tdc d6 hoc € dii nhd d€ dam bao |1 —e\| < 1,

thi sau 7 budc, ta co:
Q w'” =[I—(I-eAN)|Q w". (7.47)
Gid hay so sanh véi regularization chuan L?. Tl phuong trinh (7.13), nghiém regularized
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c6 thé viét lai dudi dang:

Q'w = (A+al) 'AQ T w", (7.48)
=Q w=[I—-(A+ol) ol Q w" (7.49)

So sanh hai biéu thifc trén, ta nhan thiy ring qua trinh ditng sém va regularization L2

sé dan dén nghiém gan gidong nhau néu céc siéu tham s €, 7, va o thoa man:

(I —eA)” = (A +al) ta. (7.50)
Biéu thiic nay cho thiy ring trong khong gian tham s dudc xp xi bang ham bac hai,
diing s6m c6 thé tao ra hiéu ung tuong duong vdi regularization chuan L2,

Tién thém mot budc, néu 13y logarit hai vé& va khai trién Taylor véi gid dinh e)\; < 1
va \;/a < 1, tarit ra:

T —, (7.51)
(0%
1

=a~ . (7.52)
TE

Két luan quan trong & day 1a: s6 vong ldp huén luyén 7 c6 vai trdo ngudc lai véi hé sd
regularization . Cu thé, hudn luyén cang ngdn thi hiéu iing regularization cang manh,

va ngudc lai.

Bén canh d6, ca diing sém va regularization L? déu 4nh hudng khic nhau dén tiing
thanh phin ctia trong s6 — phu thudc vao do cong (curvature) ctia ham mat mat doc theo
tung hudng riéng. Nhiing hudng c¢6 tri riéng 16n (dd cong 16n) s€ dudc hoc nhanh hon va
bi regularization it hon. Ngudc lai, cic huéng "phang"(tri riéng nhd) sé bi regularization
manh hon.

Tém lai, qua trinh hun luyén véi sb vong lip gi6i han tuong duong véi viéc tim nghiém

gan gibng nhu nghiém clia bai toan tdi vu c6 regularization L2.

Tuy nhién, diing s6m khong chi don gian 12 gidi han s6 budc cap nhat. Quan trong hon,
ditng s6m dua vao viéc theo doi truc tiép hiéu sudt trén tdp validation, va quyét dinh diing
lai tai thoi diém t6t nhat.

Diéu nay gitp diing sém trd nén linh hoat va tu diéu chinh miic do regularization phu
hop véi tiing trudng hop cu thé. Trong khi d6, regularization L? yéu cau thir nghiém véi

nhiéu gi4 tri khac nhau cta o d€ tim ra gi4 tri toi uu, diéu nay ton thoi gian va tai nguyén.

Tém lai: Diing s6m 12 mot chién ludc regularization hiéu qué, c6 thé dudc xem nhu
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mot dang diéu chuin tuong duong véi L2, nhung ¢ vu diém 13 dé 4p dung, it can tinh
chinh va c6 kha niing tu dong diéu chinh do manh regularization dua trén tap validation.
7.10 Rang budc va chia sé tham sb (Parameter Tying and Sharing)

Trong hau hét chuong nay, khi néi dén cac ky thuét regularization, ching ta thudng tap
trung vao viéc thém céc rang budc hoic hinh phat vao tham s md hinh nham ép cac gia
tri d6 tién gan vé mot diém cu thé — vi du nhu gbc toa do (gia tri 0) trong regularization

chuan L? (con goi la weight decay).

Tuy nhién, trong nhiéu tinh hudng, ching ta khong chi muén rang budc gia tri ctia mot
tham s6 don 1é, ma con mudn biéu dién kién thiic vé mdi quan hé giita cic tham sb. C6
thé chiing ta khong biét chinh xac tiing tham s6 nén bing bao nhiéu, nhung lai biét ring
mot sd tham s6 nén gidng nhau vi ly do kién tric mo hinh hoic kién thic chuyén nganh.

Vi duy, gia st ta dang lam viéc v6i hai mo hinh khac nhau nhung cung giai mot tac vu

(4)

phan loai, chi khac nhau vé dau vao. Khi d6, néu w) va w?) 1an luot l1a cac tham s6 ctia

hai m6 hinh, ta c6 thé ky vong ring ching nén giébng nhau ¢ mic do nao do.
Cu thé, gia st:
* Mo hinh A st dung tham s6 w4, dau ra dugc tinh béi 54 = f(w™), z),
* Mo hinh B sit dung tham s6 w®), dau ra dugc tinh bsi §&) = g(w'®), 2).

Néu ca hai md hinh dang giai cdc bai toan gan gidng nhau (vi du nhu cuing loai phan
loai nhung trén hai mién dit liéu khac nhau), ta c6 thé thém vao ham mait mat mot diéu
kién regularization d€ khuyén khich hai b tham s gidng nhau. Mot vi du don gian 1a st

dung:

Q™ w®) = [ — @2,

tic 12 4p dung regularization chuidn L? 1én hiéu gitta hai bo tham s6. Di nhién, ciing c6

thé 4p dung chuin L' hoic cic loai khac néu phu hop véi muc tiéu.

Phuong phdp nay dudc dé xuit trong cong trinh ctia Lasserre2006, trong d6 mo hinh

dugc huin luyén cling liic & hai ché do:
+ Mot ché do hoc c6 gidm sat (supervised learning),
* Va mot ché do hoc khong giam sat (unsupervised learning).

Y tudng la rang budc cac tham s6 ctia mo hinh classifier hoc ti dit liéu cé nhan sao
cho chiing khong qua khéc biét so v6i cac tham s hoc dudc tif md hinh khong gidm sat,
vbn dugc huin luyén trén cing mdt phan phdi dau vao. Cach 1am nay cho phép cic mo
hinh “chia sé thong tin” trong qua trinh hoc, tif d6 cai thién kha ning tong quat héa cla

hé théng.

C6 hai k¥ thuat phd bién lién quan dén y tudng nay:
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1. Parameter tying (rang budc mém): Ta thém mot diéu kién phat dé€ khuyén khich céc
tham sb tién lai gan nhau, nhung khong bat budc ching phai bang nhau hoan toan.

Day 1a cach 1am mém déo va linh hoat hon, nhu da trinh bay & vi du trén.

2. Parameter sharing (rang budc ciing): Thay vi chi khuyén khich giéng nhau, ta 4p dit
cdc tham sb phai ding biang nhau, tifc 1a dung chung mot tham sé trong nhiéu phan
cua md hinh. Pay 1a mdt rang budc chat ché hon.

Mot vi du dién hinh cla parameter sharing 13 trong mang no-ron tich chap (CNN).
Trong CNN, mot kernel (bd loc) dudc 4p dung 1ip lai trén toan bd anh dau vao. Diéu nay
tuong duong vé6i viéc tit ca cac trong sb clia kernel dudc chia sé tai moi vi tri — tiic 12

mot tham s6 duy nhat dudc 4p dung cho nhiéu vi tri khac nhau.
Ldi ich clia chia sé tham sb trong trudng hop nay bao gom:
* Giam dang k€ s6 luong tham s6 can hoc,

* Tan dung dudc ciu tric khong gian ctia dit liéu dau vao (vi du nhu tinh dich chuyén
bét bién trong 4nh),

« Tiét kiém bo nhé va ting hiéu qua tinh todn.

Chia sé tham s6 12 mot k¥ thuat cuc ky quan trong va phd bién trong cidc mang no-ron
hién dai, dic biét Ia trong xi 1y 4nh va chudi thdi gian. Ngoai CNN, cac kién triic nhu
RNN hoic Transformer ciing c6 thé 4p dung chia sé tham sb giita cic 16p hoiic cac budc
thoi gian.

7.10.1 Mang no-ron tich chap (Convolutional Neural Networks)

Cho dén nay, ting dung phd bién va thanh cong nhét ctia ky thuat chia sé tham sb

(parameter sharing) la trong cac mang nd-ron tich chap (CNN — Convolutional Neural

Networks), ddc biét trong linh vuc thi gidc may tinh.

Mot 1y do quan trong khién CNN hiéu qua vé6i anh 12 vi anh tu nhién thudng c6 nhiéu
dic tinh thdng ké mang tinh bat bién theo phép tinh tién (translation invariance). N6i cach
khdc, néu ta dich mot d6i tugng trong anh (vi du nhu mot con méo) sang trai hodic phai
vai pixel, ban chit hinh anh van khong thay ddi. Piéu nay c6 nghia 1a cic dic trung can
phét hién khong phu thudc vao vi tri tuyét ddi trong dnh ma phu thudc vao cac miu cuc
bo.

CNN tin dung tinh chit nay bing cach st dung ciing mdt tap trong s tai nhiéu vi tri
khac nhau trong anh — thdng qua phép tich chap (convolution). Cu th€, mdt bod loc (vi du
nhu kernel phat hién bién hodc mau hinh tron) dudc 4p dung cho toan bd anh. Nhd vay,
néu c6 mot dic trung can phat hién, mang vin nhan ra du né xuit hién & goc trdi hay géc
phai anh.

Lgi ich chinh ctia viéc chia sé tham s6 trong CNN bao gom:

* Giam s6 lugng tham s can hoc: Thay vi hoc mot trong s6 riéng cho tiing vi tri anh,

ta chi hoc mot kernel duy nhét 4p dung cho toan bo dnh. Diéu nay gitp gidm ding
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k€ s6 luong tham s trong mo hinh.

* Cho phép xay dung md hinh 16n hon: Véi sé tham sd it hon, ta c6 thé xay dung cic
mang c6 nhiéu ting hon, nhiéu bo loc hon ma khong can lugng dif liéu huin luyén

tdng tuong Ung.

» Ting kha niing téng quat héa: Khi s6 lugng tham s gidm, nguy co overfitting ciing
gidm theo. M6 hinh c6 xu hudng hoc dugc nhiing dic trung tdng quat hon thay vi

“hoc thudc long” tap huin luyén.

Tém lai, chia sé tham s6 trong CNN 14 mot vi du rat dién hinh vé viéc dua kién thiic
chuyén mon (domain knowledge) vao thiét ké kién triic mang. Thay vi d€ mé hinh tu hoc
moi thif tf dau, ta thiét k& kién triic sao cho phit hop véi ban chit cda dit liéu — trong
truong hop nay 1a su bit bién theo tinh tién trong anh. Diéu nay khong chi gitip md hinh

hoc tot hon ma con hiéu qua hon rat nhiéu vé mat tinh toan.

Céc chi tiét cu thé hon vé cu triic va cd ché hoat dong clia mang no-ron tich chap sé
dudc trinh bay trong Chuong 9.

7.11 Biéu Dién Thua (Sparse Representations)

Weight decay (giam trong s6) hoat dong bi”lng cach 4p dit mot hinh phat truc tiép
1én cdc tham sd ctia md hinh. Mot chién lugc khac 12 4p dung hinh phat 1én hoat dong
(activation) ctia cdc don vi trong mang nd-ron, nham khuyén khich cic hoat dong nay trd
nén thua (sparse). Diéu niy mot cach gian tiép sé 4p dung mot hinh phat phiic tap 1én cic
tham sb ctia mo hinh.

Chiing ta da tiing thio luan (& muc 7.1.2) ring, viéc 4p dung phat L' 1én tham sb s&
dan dén mot mo hinh véi tham sb thua — nghia 1a nhiéu trong sb sé ¢6 gid tri biang hoic
gan bang 0.

Ngudc lai, biéu dién thua (representational sparsity) néi dén viéc biéu dién dau ra
bang céach sao cho nhiéu thanh phan trong vector biéu dién c6 gid tri bang 0. Piéu nay

dugc minh hoa rd hon qua vi du hdi quy tuyén tinh bén dudi.

Vi du 1: M6 hinh tham s6 thua

- - - - 2
18 40 0 -2 0 0

3
5 00 -1 0 3 0

)
5!=150 0 0 0 0 (7.46)

1
-9 10 0 -1 0 4

-5
-3 10 0 0 =50
L - \_ ~ _4 4
yeR™ AeRmxn ——

xER™

Trong vi du trén, chiing ta c6 mdt md hinh hdi quy tuyén tinh trong d6 ma tran A rat
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thua — nghia 12 c6 nhiéu phan ti bang 0. Pay 1a vi du cia mot md hinh c6 tham s6 thua.

Vi du 2: Biéu dién thua

S - - 0
—14 3 -1 2 -5 4 1

2
1 4 2 -3 -1 1 3

0
9|=|-1 5 4 2 -1 -3 (7.47)

0
2 3 1 2 0 3 2

-3
23 -5 4 -2 2 -5 -1
— —_ N ~ ) O
yeR™ BeRmxn ——

heR"

Con trong vi du thi hai, ta thiy rang vector h 1a mot vector rat thua — chi c6 hai phan
ttt khac 0. M6 hinh ndy mo t4 qua trinh hdi quy tuyén tinh nhung st dung mot biéu dién

thua d€ mo ta dau vao x thong qua h.

Viéc regularization trén bi€u dién dugc thuc hién tuong tu nhu ciach ma ching ta ap
dung cho cic tham s md hinh. Mot cach phd bién 1a thém mot ham phat theo chudn vao

ham mat mat J dé€ diéu chinh vector bi€u dién h. Him mat mat mdéi sé ¢ dang:

J(0;X,y) = J(0;X,y) + afd(h), (7.48)

trong do:
e Q(h) 1a ham phat chuan (norm penalty),

* a € [0, 00) diéu chinh midc do anh hudng clia ham phat 1én téng méit mat — o cang

16n thi regularization cang manh.

Tuong tu nhu viéc st dung chuidn L' trén cdc tham s6 d€ thic ddy mo hinh c6 trong s6
thua, thi chudn L' trén biéu dién h ciing c6 tac dung 1am cho A trd nén thua:

Qh) = bl = 3 Ihil.

Du chuin L' 12 mot Iva chon phd bién d€ tao ra biéu dién thua, vin con nhiéu lua chon
khac nhu:

* Student t prior (Olshausen va Field, 1996; Bergstra, 2011),
» KL divergence penalty (Larochelle va Bengio, 2008),

* Regular héa trung binh cla gid tri kich hoat: = > A ~ 0.01 (Lee et al., 2008;
Goodfellow et al., 2009),

Nhiing phuong phap nay dic biét hitu ich khi mudn biéu dién h v6i cac thanh phan nam
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trén mién gia tri nhd (vi du, chuin héa vé doan [0, 1]).
Ngoai ra, ta con c6 thé 4p dung biéu dién thua bang cach ap dit rang budc ciing 1én sb
lugng phan ti khac O trong vector . Mot phuong phép dién hinh 1a:

Phuong phap nay tim mét vector biéu dién h sao cho:

arg min ||x — Wh|3, (7.49)

hy|[Rllo<k

trong do:

* ||h||o 1a s phan tit khdc O trong A,

* W lama tran co sé (dictionary matrix), thuong dudc rang budc la truc giao (orthogonal),

o k12 s6 luong dic trung dudc chon (dudc phép khac 0).

OMP con dudc goi 1a OMP-E, v6i k 1a s6 luong dic trung mong mudn. Coates va Ng
(2011) cho thiy rang OMP-1 (chi chon mot dic trung) 1a mot b trich dic trung rat hiéu
qua trong céc kién tric deep learning.

7.11.1 Bagging va cac phuong phap Ensemble khac

Bagging (viét tit ctia bootstrap aggregating) 1a mot ky thuat gidp giam 18i khai quat
hod (generalization error) bang cach két hop nhiéu mé hinh lai v6i nhau Breiman1994. Y
tudng 12 huin luyén nhiéu mo hinh khac nhau mét cach doc 1ap, sau d6 cho tit ci cic mo
hinh nay bé phiéu (vote) d€ dua ra két qua dau ra cho tap kiém tra. Pay 12 mot vi du dién
hinh ctia chién lugc phd bién trong hoc mdy goi 1a trung binh mo hinh (model averaging).
Nhiing k¥ thuat theo chién Iudc nay con dugc goi 1a ensemble methods.

Ly do ma viéc trung binh mo6 hinh hoat dong hiéu qua la vi cac md hinh khac nhau

thudng sé mac céc 16i khac nhau trén tap kiém tra.

Vidu: Xét mot tap gdm & md hinh hdi quy. Gid st méi mo hinh méc 16i €; trén mdi vi
du, véi cac 16i nay dugc 1y tif phan phdi chuan nhiéu chiéu c6 trung binh bing 0, phucng
sai E[e?] = v, va hiép phuong sai E[e;e;] = c. Khi d6 18i clia dy doan trung binh tir tAt ca

cac mo hinh la:

1
EZEZ

Ky vong ctia binh phuong 16i (mean squared error) ctia hé ensemble 1a:

D (e? + Zeiej)] , (7.50)

) J#i

2
1 1
E (zz ) =t

(2
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L k-l
ok k

c. (7.51)

Phan tich:

« Néu céc 156i hoan toan tuong quan (¢ = v), thi:
MSE = v,

tuc la trung binh md hinh khong cai thién dudc gi.
 Néu cac 16i doc 1ap (c = 0), thi:

1
MSE = Ev.

Tiic 12 16i giam ti 1€ nghich véi s6 luong mo hinh trong ensemble.

Ensemble sé hoat dong it nhit ciing bang mdt trong cac md hinh thanh phan, va néu
ciac md hinh 1a doc 1ap, thi hé ensemble sé& hoat dong tot hon titng mo6 hinh don 18 rat

nhiéu.

Cac phuong phdp ensemble khac nhau xay dung b0 mo hinh theo nhiing ciach khac
nhau. Vi du, méi thanh vién trong bd md hinh c6 thé dudc xay dung bang cach huén luyén
modt md hinh hoan toan khéc biét, sit dung mot thuat toan hoac ham muc ti€u khac nhau.
Bagging 12 mot phuong phap cho phép st dung cing mot loai md hinh, thuét todn huin

luyén va hAim muc tiéu dudc tai st dung nhiéu lan.

Cu thé, bagging lién quan dén viéc tao ra k bo dit liéu khac nhau. Méi bo dit liéu c6
cung sb lugng vi du nhu bd dif liéu ban dau, nhung mdi bd dit liéu dudc tao ra bang cach
lay mau vdéi thay thé tit bo di liéu ban dau. Piéu nay c6 nghia 13, véi x4c suit cao, mdi
bd dit liéu sé thiéu mot s6 vi du tir bo dif liéu ban dau va chita mot s6 vi du bi trang 1ip>.
M0 hinh i sau d6 sé dudc huin luyén trén bd dit liéu i. Nhitng su khéc biét gitta cac vi
du dudc bao géom trong mdi bo dit liéu s& din dén su khéc biét gilta cdc md hinh da dugc
huén luyén. Vi du Hinh 7.5.

3Khi ¢4 bo dit lidu gbe va bo dit liéu dugc 1dy mau lai déu chiia m vi du, ti 1é chinh x4c ctia cdc vi du bi
thiéu trong bo dit liéu méi 1a (1 — %)m . Pay 1a kha ning ma mdt vi du cu thé khong dudc chon trong tat
cé cdc 1an rat mdu tr bo dit liéu ngudn véi m 1an rit mau. Khi m tién vé vo cung, gid tri nay hoi tu vé 2,
mot gid tri 16n hon mot chiit so véi 3.
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Hinh 7.5: Vi du truc quan vé su khic biét giita cac bo dit liéu dugc tao bang phucng phap bootstrap,
tir d6 tao ra su da dang trong cac md hinh huén luyén.

Mang neural (Neural Networks) thudng c6 di su da dang trong cac di€ém giai phap dé
c6 thé hudng 1¢i tir viéc trung binh héa md hinh, ngay ca khi tit ca cac mo hinh déu dugc
huén luyén trén cing mot bo dit liéu. Su khac biét trong viéc khdi tao ngau nhién, viéc
chon lya ngau nhién céc minibatches, cdc siéu tham s, hay cac Kkét qua cta viéc trién khai
khong xdc dinh cia mang neural thudng di dé khién cac thanh vién khic nhau trong bd

mo hinh mac phai nhiing 16i doc 1ap mot phan.

Trung binh héa mé hinh 12 mdt phuong phap rat manh mé va dang tin cdy dé giam 16i
tdng quat. Tuy nhién, phuong phap nay thudng khdng dudc khuyén khich khi so sdnh cic
thuat todn trong cic bai bdo khoa hoc, bdi vi bat ky thuat toan hoc mdy nao ciing c6 thé
hudng 1oi dang ké tir viéc trung binh héa mo hinh, tuy nhién diéu nay lai doi héi tinh toan
va bd nhé nhiéu hon.

Vi ly do nay, viéc so sanh cac thuat toan thudng dugc thuc hién bang cach st dung mot
mé hinh duy nhit. Cac cudc thi hoc mdy thudng dudc thang bdi cac phuong phap st dung
viéc trung binh héa md hinh qua hang chuc mé hinh. Mot vi du ndi bat gan day 1a Giai
thudng Netflix Grand Prize Koren2009.

Khong phdi tt ca cac ky thuat xay dung bd md hinh déu dugc thiét ké d€ 1am cho
bd md hinh tré nén déu din hon so v6i cdc mo hinh cd nhan. Vi du, mot ky thuat goi
1a boosting freand1996experiments, freund1997decision xay dung mot bd mo hinh c6
kha ning cao hon ciac mod hinh c4 nhan. Boosting da dudc ap dung dé xay dung cic bd mo
hinh tlf cdc mang neural schwenk1998boosting bang cach thém dan dan cidc mang neural
vao bo mo hinh. Boosting cling da dugc dp dung dé dién gidi mot mang neural cd nhan

nhu mot bd mod hinh bengio2006convex, thém cac don vi 4n vao mang theo tiing budc.

7.12 Dropout

Dropout srivastava2014dropout cung cAp mot phuong phap regularization tinh todn
ré nhung manh mé cho mét gia dinh mo hinh rong 16n. Theo mdt cach tiép cin dau tién,
dropout c6 thé dudc coi 1a mot phuong phap lam cho bagging trd nén thuc t& dbi véi cac

bd md hinh gém rat nhiéu mang neural 16n. Bagging bao gdm viéc hu4n luyén nhiéu mo
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hinh va danh gi4 nhiéu mé hinh trén mdi vi du kiém tra. Diéu nay c6 vé khong thuc té
khi m&i m6 hinh 12 mét mang neural 16n, vi viéc hun luyén va ddnh gid cdc mang nhu
viy tén kém vé thi gian va bd nhé. Thong thudng, ngudi ta st dung cic bd mo hinh gom
tlf nim dén mudi mang neural — Szegedy et al. szegedy2014going da st dung sdu mang
dé chién thang ILSVRC — nhung khi vudt qua con sb nay thi viéc quan 1y tré nén bét
tién. Dropout cung cap mdt phép xap xi ré tién dé huén luyén va danh gid mot bd mo hinh

bagging gdm rat nhiéu mang neural.

Cu thé, dropout huin luyén bd mé hinh gdm tét c4 cdc subnetwork c6 thé dudc tao ra
bing cach loai bd cac don vi khong phai 1 dAu ra tif mot mang co sd. Nhu dude minh hoa
trong Hinh 7.6, trong hau hét cic mang neural hién dai, dua trén mot loat cic bién ddi
affine va cac ham phi tuyén, chiing ta c6 thé hiéu qua loai bé mot don vi khoi mang bing
cach nhan gi4 tri ddu ra cta n6 v6i khong. Quy trinh niy yéu cau mot sb stia d6i nhe dbi
v6i cac md hinh nhu mang radial basis function, von tinh toan su khac biét gitta trang thai
ctia don vi va mot gid tri tham chiéu. O day, ching ta trinh bay thuét todn dropout dudi
dang nhan v6i khong d€ don gian, nhung n6 c6 thé dé dang dudc stia ddi d€ hoat dong véi
cac phép toan khac loai bdo mdt don vi khoi mang.

-
ofo

Base network
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Hinh 7.6: Dropout huin luyén mo6t bd mo hinh bao gdm tit ca cdc subnetwork c6 thé dudc tao
ra bang cach loai bd cic don vi khong phii 1a ddu ra tit mot mang co s6. O day, ching ta bit dau
v6i mdt mang co s ¢6 hai don vi dau vao va hai don vi 4n. C6 mudi sau tip con c6 thé cé tit bén
don vi nay. Chiing ta hién thi tit cA mudi sau subnetwork c6 thé dudc tao ra bang cach loai bé cac
tap con khac nhau ctia cdc don vi tif mang gbc. Trong vi du nhé nay, mot ty 1& 16n cidc mang két
qué khong c6 don vi dau vao hoic khong cé dudng ndi gitta dau vio va dau ra. VAn dé ndy trd nén
khong dang ké d6i véi cac mang c6 céc 16p rong hon, noi xac suét loai bo tit ca cic dudng din c6
thé c6 tir dau vao dén dau ra tré nén nho hon.
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Nh6 lai rang d€ hoc v6i bagging, ching ta dinh nghia & md hinh khac nhau, xay dung
k bo dit liéu khac nhau bang cach 1dy mau tif tip huén luyén véi thay thé, va sau d6 huin
luyén md hinh 7 trén bd dit liéu 7. Dropout nham muc dich x4p xi qua trinh nay, nhung
v6i mot sd luong mang neural vo cung 16n. Cu thé, d€ hun luyén vé6i dropout, ching ta
st dung mot thuat todn hoc dua trén minibatch, nhu stochastic gradient descent. Moi khi
chiing ta nap mot vi du vao minibatch, chiing ta sé liy mau ngiu nhién mot mit na nhi
phan khac d€ 4p dung cho tit ca cac don vi ddu vao va 4n trong mang. Mit na cho mdi
don vi ducc 14y mau doc 1ap véi tit ca cac don vi khac. Xdc suat 1ay mau gid tri mit na
bang mot (khién don vi dugce bao gdm) 12 mot siéu tham sb dudc c¢b dinh trudc khi bat dau
huén luyén. N6 khong phai 1a mot him clia gi4 tri hién tai clia cac tham s6 mo hinh hoic
vi du dau vao. Thong thudng, mdt don vi dau vao dugce bao gdm vé6i xdc suét 0.8, va mot
don vi 4n dudc bao gom véi xdc suit 0.5. Sau d6, chiing ta thuc hién qu4 trinh lan truyén
xudi, lan truyén ngudc va cip nhat hoc nhu thudng 1&. Hinh 7.7 minh hoa céch thuc hién

lan truyén xudi véi dropout.

X
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.

Hinh 7.7: Vi du lan truyén tién qua mang no-ron véi ky thuat Dropout. (Phia trén): Trong vi du
nay, ching ta st dung mot mang nd-ron truyén thang (feedforward) véi hai niit dau vao, mot ting
4n c6 hai niit 4n va mot niit dau ra. (Phia duéi): D€ thuc hién lan truyén tién véi Dropout, ching ta
ldy mAu ngiu nhién mot vector mit na g v6i mdt phan ti tuong ing cho mdi mit dau vao hoic niit
4n trong mang. Céc phan ti cia 1 12 nhi phan (0 hoic 1) va dugc 14y miu doc 1ap v6i nhau. Xdic
suit d€ mdi phan ti ¢6 gid tri bang 1 (tic 1a giit lai nit tuong ¥ng) 1a mot siéu tham s6 dugc xac
dinh trudc, thong thuong 1a 0.8 d6i vdi cac nit dau vao va 0.5 dbi véi cac nit 4n. Mi niit trong
mang sé dudc nhan véi gid tri tuong ng trong mit na . Nhitng nit 6 mit na bang 0 sé bi loai
khdi mang trong budc lan truyén tién hién tai. Sau d6, qua trinh lan truyén tién dugc tiép tuc nhu
binh thutng qua phan con lai cia mang. Qua trinh nay tuong duong véi viéc chon ngiu nhién mot
mang con trong tit c cdc mang con c6 thé hinh thanh tif mang gbc (nhu hinh 7.6), va thuc hién
lan truyén tién qua mang con do.
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Mot cach chinh xac hon, gia su ta c6 mot vector mat na p xac dinh cac don vi nao sé
dugc gitt lai trong mang, va J (6, ;1) 1a ham mat mat cia md hinh dugc xac dinh bdi tham
s6 0 va mit na p. Khi d6, huin luyén bang dropout tuong duong véi viéc tdi thiéu hoa ky

vong sau:

Eﬂj(ea ,u)

Biéu thiic trén chiia sb lugng t& hop ham s6 mil cac mit na c6 thé, nhung ta ¢ thé udc
luong gradient ctia né mot cach khong chéch bang cach ldy mdu ngdu nhién cdc gid tri

cua fi.

Khéc véi bagging, cac md hinh trong dropout chia sé tham s6. Mbi mo hinh con 1a mot
mang con (subnetwork) dudc sinh ra bﬁng cach loai bd mot s6 node 4n/ngd vao. Viéc chia
sé tham sb nay gitip biéu dién s6 luong md hinh ham sé mii chi v6i mot lugng bd nhé hitu
han.

Trong bagging, khi du dodn, ta iy trung binh s hoc c4c phan phdi x4c suat dau ra tir
ting mo hinh:

k
> Py | x) (7.52)
=1

Con trong dropout, mdi subnetwork tuong ing véi mit na y sé sinh ra mot phan phbi
p(y | @, i), va du dodn tong thé la:

> p(wply | 1) (7.53)

I

Do s6 lugng £ 12 ham s6 mi, viéc tinh chinh x4c 1 bt kha thi. Thay vao dé, ta ldy mdu
ngdu nhién mot s6 mdt na va trung binh dau ra. Ngay ca 10-20 miu ciing c¢6 thé mang lai

hiéu suat tot.

Ngoai trung binh sb hoc, mot cach tiép can khiac dé€ két hop cdc mo hinh con trong
dropout 14 st dung trung binh hinh hoc cic phan phdi dau ra. Phuong phdp nay c6 uu
diém 1a chi cAn mot 1an lan truyén tién duy nhat, gitip tiét kiém tai nguyén tinh todn dng
k€ ma van dat hiéu qua tuong ducng Warde-Farley, Goodfellow, Courville and Bengio
[15].

Tuy nhién, trung binh hinh hoc ctia cdc phan phdi xdc suit khong phai lic nao ciing
tao thanh mot phan phdi hop 1é — cu thé 1a tdng xdc suit ¢ thé khac 1. DE ddm bio két
qua sau cuing 12 mot phan phdi xac suit ding nghia, ta yéu cau mdi mo hinh con déu phai

gan x4c suat khac 0 cho moi nhan dau ra, va sau d6 ta thuc hién mot budc chuin hoa.

Phan phdi xac suit chua dudc chuin héa, thu duge tif trung binh hinh hoc trén tat ca
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cac mo hinh con, dugc dinh nghia béi:

ﬁensemble(y | X) - 2d d Hp(y | X, /~L>7 (754)
\/ I

trong d6 d 1a s6 lugng don vi c6 thé bi dropout. Ta gia dinh cac mit na dropout . dudc
14y tf phan phdi déu dé don gian hda phan tich, nhung cic phan phdi khong déu ciing ¢6
thé 4p dung.

DE dua ra du dodn cubi cling, ta chuin héa lai phan phdi:

ﬁensemble(y ’ X)
= . 7.55
pensemble(y | X) Zy/ ﬁensemble (y, ’ X) ( )

Mot phat hién quan trong tif cong trinh ctia hinton2012 13 ta c6 thé xAp xi rat tt phan
phbi t8 hop Pensemble (¥ | X) chi bing mot mo hinh duy nhét. Cu thé, ta hun luyén mo hinh
nhu binh thudng, nhung khi suy luin (test), ta nhan tt ca trong s6 di ra ti mot don vi i
v6i xdc sudt giit lai ctia don vi d6. Céch tiép can nay goi 1a quy tic nhan trong s6 (weight

scaling rule).

Miic di chuia ¢6 chiing minh ly thuyét ddy di, phuong phap nay thudng cho két qua rat
tot trén thuc té. Vi du, néu x4c suat gii lai 12 0.5, thi trong giai doan test, ta c6 thé nhan
trong s6 v6i 0.5 (hodc nhan dau ra véi 2 trong giai doan huin luyén) dé giif cho ky vong

dau ra khong thay déi.

Trong mot s6 md hinh tuyén tinh hoic khong chia phi tuyén tinh manh, quy tic nhan
trong s6 c6 thé dugc chiing minh 13 chinh xdc. Xét bai toan phan 16p softmax don gian véi

dau vao v:

P(y =y | v) = softmax(W v + b), (7.56)

Néu ta ddnh chi muc titng mo hinh con bing mit na nhi phan d, qua trinh dropout c6
thé md phong bang:

Ply=y|v;d) = softmax(W'(d ®v) + b), (7.57)

Du doan t& hgp dudc xdc dinh bang cich chudn héa lai trung binh hinh hoc cia cic
phén phdi dau ra tif toan bd ciac mo hinh con:

Pensemble(y =Y | V)
Zy/ Pensemble(y/ - y/ | V)

Pensemble(y =Y ‘ V) = (758)

vOi:
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Pensemble(y =Y | V) = od H P(y =Y | Vv, d) (759)

de{0,1}¢

D€ chiing minh ring quy tic nhan trong s 1a chinh xac, ta khai trién biéu thiic bén

trong:

= a1/ J] softmax(WT(d®v)+b), (7.61)
de{o,1}4

exp(W, (d©v) +b,)

== ] (7.62)
—
defony >y exp(W(d O v) +by)
2d T
VTaexp(W] (dov) +b,)
= (7.63)
2\/Hd Zy, exp(W;,(d OV)+by)
Vi P s& dugc chudn héa trong qua trinh tinh todn, ta c¢6 thé don gian hod tit sb:
Pensemble<y =Y | V H eXp d © V) +0 ) (7.53)
de{0,1}»
1
=exp (5 D, W(dov)+b, (7.54)
de{0,1}n
J—
= exp §Wy7:V + b, (7.55)

Cudi ciing, khi thay biéu thiic trén vao phuong trinh (7.58), ta thu dudc bd phan loai
softmax véi trong s6 da dudc diéu chinh theo quy tic nhan trong s6 — cu thé la trong sb
bi nhan v6i hé s6 1, tuong tng véi xdc suat gitt lai 12 0.5.

Quy tic chia ty trong (weight scaling rule) van t4 ra chinh xdc trong nhiéu trudng hop,
vi du nhu cdc mang hoi quy cé dau ra tudn theo phan phdi chuin c6 diéu kién, hoic cac
mang siu khong c6 phi tuyén trong cac 16p an. Tuy nhién, ddi véi cdc mang no-ron sau
¢6 chia cac ham kich hoat phi tuyén nhu ReLU, quy tic nay chi 12 mot xap xi. Du chua
c6 phan tich ly thuyét chic chan, thuc nghiém cho thiy né hoat dong rit hiéu qua trong
nhiéu trudng hop.

Goodfellow2013a cho thiy ring quy tic chia ty trong tham chi c6 thé dat do chinh xac
cao hon ca viéc trung binh Monte Carlo trén cdc mo hinh con — ngay c4 khi s6 luong
mau Monte Carlo 1én dén 1,000. Ngugc lai, Gal2015 phat hién ring trong mot sb tinh
hubng, viéc stt dung khoang 20 miu Monte Carlo c6 thé vugt trdi hon. Piéu nay cho thiy
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rang Iua chon phuong phap xAp xi tdi uu phu thudc vao bai todn cu thé.

Srivastava2014 ciing chiing minh rang dropout hiéu qua hon nhiéu ky thuat regularization
truyén thong nhu: weight decay, rang budc chuin loc (filter norm constraints), hay regularization
dua trén do thua. Ngoai ra, dropout ciing c6 thé két hop véi cac phuong phép regularization

khac d€ ting thém hiéu qua.

Mot trong nhitng di€ém manh ddng chu y ctia dropout 14 chi phi tinh toan thip. Khi
4p dung trong qua trinh huén luyén, né chi yéu cau O(n) phép nhan véi céc s6 nhi phan
ngiu nhién va O(n) bd nhé d€ luu mit na nhi phan phuc vu cho lan truyén ngugc. Trong
giai doan suy dién (inference), dropout khong lam ting chi phi tinh todn so véi mot mang

thong thuong, ngoai trit viéc diéu chinh trong s (thudng bang phép nhan don gian).

Dropout ciing rat linh hoat vi khong phu thudc vao ciu triic cu thé hay quy trinh huin
luyén. N6 c6 thé ap dung hiéu qua cho nhiéu loai mé hinh nhu mang nd-ron truyén thang
(feedforward), Restricted Boltzmann Machine (RBM), hay mang hdi tiép (RNN). Mot sb
ky thuat regularization manh khac lai han ché kiéu mé hinh c6 thé 4p dung.

Tuy nhién, can luu ¥ ring dropout 1am gidm kha ning biéu dién ctia mang. D€ bu lai,
ta can ting kich thuéc mang va thdi gian huin luyén. Khi lam viéc véi cac tap dit liéu rat
16n, regularization n6i chung it can thiét hon, nén dropout c6 thé khdng dem lai nhiéu lgi
ich.

Khi luong dit liéu c¢6 nhan rat it (dusi 5,000 vi du), dropout ciing kém hiéu qua hon céc
phuong phap theo quan diém Bayes. Vi du, mang Bayes ctia Neal1996 da cho két qua t6t
hon dropout trén tap di liéu Alternative Splicing Xiong2011. Trong trudng hop nay, hoc
khong gidm sét d€ trich dic trung tir trude ¢é thé hiéu qua hon so vé6i dropout.

Wager2013 chi ra riang trong hdi quy tuyén tinh, dropout tuong duong véi regularization
L2, nhung hé sb regularization sé thay d6i tlly theo phuong sai ciia tiing dic trung. Tuy
nhién, d6i véi cac mo hinh sau, diéu nay khong con ding nita.

Mot bién thé dang chu y ctia dropout 1a DropConnect Wan2013. Thay vi loai bé don
vi, DropConnect loai bé cac két ndi riéng 16 — tiic 13, mdi san pham gitta trong sd va trang
thdi ctia don vi 4n dugc coi nhu mdt don vi c6 thé bi drop. Ngoai ra, stochastic pooling
cting 1a mot k¥ thuat ensemble danh cho mang tich chap, cho phép mang hoc cach cha y

vao nhiing vi tri khac nhau trong ban do dic trung.

Trong sb cac phuong phép tao ensemble 4n (implicit ensemble methods), dropout vain
12 k§ thuat dugc st dung phd bién nhat.

Dropout c6 thé dudc xem nhu mdt hinh thifc bagging hiéu qua két hop véi chia sé tham
s6. Mdi don vi 4n phéi hoc cach hoat dong t6t k& ca khi mot s6 don vi khac bi loai bd
ngau nhién trong mang. Diéu nay budc cic don vi hoc dugc nhitng dic trung "manh mé",
khong qua phu thudc vao su hd trg clia cac don vi khac. Hinton2012 da lién hé y tudng
ndy vé6i co ché tién héa sinh hoc — noi gen can hoat dong tét trong nhiéu t& hop di truyén

khdc nhau do qua trinh sinh san téi t6 hop.
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Mot trong nhiing ly do khién dropout hoat dong hiéu qua 13 vi né pha vd thong tin da
hoc & céc tang 4n, thay vi chi phd v dau vao ban dau. Vi du, néu mot don vi hoc cich
phat hién miii d&€ nhan dién khudn mit, viéc drop don vi d6 c6 nghia 12 mét di thong tin
vé chiéc miii. Mang s& phai hoc thém mdt don vi khdc d€ phat hién miéng hoic cic dic
trung tong thé khéic, nhd d6 ma trd nén tong quét hon va it phu thudc vao mot dic trung
cu thé.

Khéc v6i c4c ky thuat thém nhiéu truyén théng (thudng 13 nhiéu cong vao dau vio),
dropout thuc hién viéc loai bd thong tin mot cach chon loc va thich ting v6i phan phéi dit

liéu dau vao.

Ngoai ra, dropout 4ap dung nhiéu theo cach nhan (multiplicative noise), khién cac don
vi khong thé bu dap viéc dropout bang cach don gian 14 phéng dai gid tri dau ra ctia chiing.
Diéu nay khac véi khi thém nhiéu cong, trong d6 cac don vi ¢ thé dé dang hoc cach bd

qua nhiéu.

Mot k¥ thuat phd bién khac 12 Batch Normalization (BN) ciing 4p dung c4 nhiéu cong
va nhiéu nhan Ién céc tang 4n trong qua trinh huin luyén. DU muc tiéu chinh ctia BN 1a
t6i wu héa qua trinh huin luyén, nhung né ciing c6 tic dung regularization ro rét. Trong
mot sb trudng hop, BN c6 thé thay thé dropout ma van duy tri hiéu qua huén luyén. Chi
tiét hon sé dugc trinh bay trong Muc ??.

7.13 Huén luyén v6i TAn cong dbi khang (Adversarial Training)

Trong nhiéu bai toan phan loai, cic mang no-ron hién dai da dat hiéu suét tuong duong
hoidc thAm chi vugt qua con ngudi khi ddnh gia trén cac bd dit liéu kiém tra doc 1ap va
phan phdi giébng nhau (i.i.d.). Tuy nhién, diéu nay dan dén cau héi: liéu cdc md hinh nay
c6 thuc su "hi€u"bai toan & miic do nhu con ngudi hay khong?

Pé danh gid mic do hiéu biét d6, mot phuong phap hiéu qua 1a tim kiém nhiing vi du
khién mo hinh phan loai sai. Szegedy2014a da phat hién ring, ngay c4 nhiing mang c6 do
chinh x4c rét cao ciing c6 thé mac 16i 100% trén nhiing vi du dugc tao ra c6 chu dich. Cac
vi du nay dudc tao bang cach tdi uu héa dau vao ban diu z, tao ra mot diu vao mdi 2 rét
gan véi & nhung khién mo hinh du doan hoan toan sai. Thd vi & chd, «’ van rét gibng
dén mic con ngudi khong nhan ra su khic biét, nhung mo hinh lai thay ddi két qua phan

loai.
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Hinh 7.8: Vi du vé vi du déi khéng tao ra trén GoogLeNet (Szegedy et al., 2014a) huén luyén trén
ImageNet. Bing cach cong vao anh gdc mot nhidu rat nhd theo hudng clia gradient ham mét mat,
md hinh c6 thé bi danh lira hoan toan. Hinh 4nh dudc trich tit Goodfellow2014b.

Nhiing vi du nay khong chi lién quan dén vin dé bdo mat ma con md ra hudng tiép can
méi cho viéc regularization — bang cach huin luyén md hinh trén cic vi du dbi khang
dé giam 13i tong quat. Cach 1am nay dudc goi la adversarial training, dugc dé xuit bsi
Goodfellow2014b.

Céc tdc gia chi ra rang nguyén nhan chinh din dén tinh dé bi tin cong ctia mang la
vi md hinh ¢6 tinh tuyén tinh qua cao. Mang no-ron hién dai thuong st dung nhiéu khdi
tuyén tinh (nhu nhan ma tran), khién ham tdng thé gan nhu tuyén tinh. Diéu nay gitip qua
trinh tdi vu tré nén dé dang, nhung dong thdi khién ham dau ra rat nhay vé6i cc thay ddi

nho trong dau vao.

Vi du, néu dau vao 1a mot vector chiéu cao, mot thay ddi nhé € & mdi chiéu c6 thé
lam dau ra thay ddi dén e||w|; — mot gia tri rat 16n néu w c6 nhiéu phan ti. Adversarial
training ngin diéu nay bang cach budc mod hinh hoc cac ham &n dinh (gin nhu hing sb)
quanh vung dit liéu huén luyén, tic 12 dua thém mot gia dinh tién nghiém (prior) vé tinh

hang cuc bo vao mo hinh.

Mot diém thd vi 1a mo hinh tuyén tinh hoan toan (nhu hodi quy logistic) khong thé khang
cu lai cac vi du dbi khang vi bi gii han béi chinh ciu triic tuyén tinh ctia né. Ngudc lai,
mang no-ron c6 thé biéu dién ca cic xu huéng tuyén tinh va phi tuyén, nhd d6 c6 thé vira

hoc tir dit liéu vira khéng lai nhiéu nhé mot cach hiéu qua.

Virtual adversarial training (Miyato et al., 2015) md rdng y tudng nay cho bai toan hoc
ban gidm sat. Gia st tai mot diém dit liéu khong gan nhan x, mo hinh gan cho n6 nhan du
doan §. Mic du nhan nay khong chac chin 1a ding, nhung van c6 kha ning cao néu mo
hinh da dudc huan luyén tot.

Y tudng la tao mot vi du ddi khang 2’ sao cho 2’ van gan x, nhung md hinh lai du doan
mot nhan khac ¢y’ # y. Muc tiéu 1a buéc md hinh hoc sao cho ca x va ' cung dua ra mot
nhin duy nhéit, qua d6 ting tinh 6n dinh cia md hinh dbi v6i cac nhiéu nhd trén manifold
clia dit liéu dau vao. Phuong phap nay gia dinh rang céc 16p dit liéu nam trén cac manifold
tach biét, va mot nhiéu nho khong nén khién dit liéu "nhay"sang mdt manifold ctia 16p
khac.
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Adversarial training 12 mot ky thuat regularization manh mé, vita ting tinh tdng quat
ctia mo hinh, viia cai thién kha ning chdng lai c4c tAn cong nhay cdm — dic biét hitu ich
trong cac Ung dung an toan va hoc ban gidm sat.

7.14 Tangent Distance, Tangent Prop va Manifold Tangent Classifier

Mot huéng tiép can quan trong dé khic phuc “I5i nguyén chiéu” la gia dinh rang dit
liéu khong phan b6 ngiu nhién trong toan bd khong gian dau vao, ma tip trung gan mot
da tap (manifold) c6 chiéu thip hon. Gia dinh nay da dugc gidi thiéu 6 muc 5.11.3, va mot
trong nhiing thut toan dau tién khai thac gia dinh nay 1a Tangent Distance Simard1993,
Simard1998.

Tangent Distance 12 mot thut todn tim lang giéng gan khong tham s6, trong d6 khong
st dung khoang cach Euclid thong thuong ma dung khoang cach phan anh hinh hoc cua
cac da tap ma diém dit liéu thudc v&. Y tudng 1a: néu hai diém dit liéu 2, va z, thudc cliing
mot da tap, thi ching thudc cting mot 16p, va khoang céch tdt nhat d€ phan loai 1a khoang

cach gitta cac da tap M; va M5 ma ching nam trén.

Tuy nhién, viéc tinh khoang cach giita hai da tap 1a rit phtc tap. Vi vdy, mot cach tiép
can thuc té 1a xAp xi da tap bang mit phang tiép tuyén tai diém di liu. Tir d6, ta c6 thé do
khoang cach giita mot diém v6i mit phang, hodc giita hai mit phang tiép tuyén. Viéc nay
dugc thuc hién thong qua giai mot hé tuyén tinh nhd, tuong ting véi chiéu ciia da tap. Di

nhién, phuong phap nay doi hoi c6 thong tin vé cac vecto tiép tuyén.

Cung véi tinh than d6, Tangent Propagation (Tangent Prop) Simard1992 1a mot k§
thuat regularization cho mang nd-ron, trong dé ta bd sung thém mdt hinh phat vao ham
mat mat d€ khuyén khich mang khong thay d6i dau ra f(z) khi dau vao x bi bién déi theo
cac huéng biét trude.

Céc huéng bién d6i nay tuong dng v6i chuyén dong doc theo da tap, vi du nhu céc
phép bién d6i nho trong anh nhu xoay, phéng to, thu nhd, dich chuyén. D¢ dat dudc tinh
bét bién cuc bd do, yéu cau 1a dao ham ciia f(z) theo huéng tiép tuyén v (i) phai nho, tic

la:

Q) =S (Vaf (@) (@) (7.56)

%

Hinh phat Q( f) trén sé& dudgc cong vao ham mit mét chinh va diéu chinh bang mot siéu

tham soO.
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Normal - Tangent

I

Hinh 7.9: Minh hoa tryc quan cho Tangent Propagation va Manifold Tangent Classifier. Mdi
dudng cong 12 mot da tap dai dién cho mot 16p. Tai mot diém trén dudng cong, vectd tiép tuyén
thé hién huéng ma trong d6 dau vao cé thé bién d6i ma khong 1am thay d6i nhin 16p. Phuong
phéap Tangent Prop diéu chinh mé hinh sao cho khong nhay cam véi nhiing bién ddi nay. Manifold
Tangent Classifier di xa hon bang cach hoc cac hudng tiép tuyén nay tir dit liéu thay vi chi dinh thi
cong.

Tangent Prop tung dugc st dung hiéu qua khdng chi trong hoc c6 giam sat ma con ca
trong hoc cting c6 Thrun1995. Phuong phap nay c6 mbi quan hé gan véi ting cudng dit
liéu (dataset augmentation). C4 hai phuong phéap déu st dung kién thic titr domain dé 1am

cho md hinh trd nén bat bién véi nhitng bién ddi cu thé.
Khéc biét & chd:
» Tangent Prop diéu chinh md hinh bang dao ham, khong can thém diém dit liéu méi.

« Dataset Augmentation tao cic bién thé thuc su ctia dif liéu va yéu cau mod hinh du
dodn ding trén nhitng bién thé do.

Tuy nhién, Tangent Prop c6 hai han ché chinh:

1. N6 chi ddm bdo mé hinh 6n dinh vdi nhitng thay d6i vo cuing nhd (infinitesimal),

trong khi dataset augmentation c6 thé xi ly bién ddi 16n hon.

2. Tangent Prop kho ap dung véi cac mang dung ham kich hoat ReLLU, vi ReLU khong
¢6 viing bdo hoa dé 1am nhé dao ham. Piéu nay khién viéc giam d6 nhay ctia ham
tré nén kho khan hon so véi sigmoid hodc tanh.

Tangent Prop ciing lién quan dén:

« Double backpropagation Drucker1992: giam do 16n ctia Jacobian bing regularization.
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* Adversarial training Szegedy2014b, Goodfellow2014b: tao diém nhiéu gan véi dif

liéu gbc va budc mo hinh phai &n dinh véi nhiéu doé.

Manifold Tangent Classifier Rifai2011c¢ cai tién Tangent Prop bang cach loai bd nhu
cau phai biét trudc vecto tiép tuyén. Thay vao d6, phuong phap nay st dung autoencoder
d€ hoc da tap tir dit liéu khong gidm sat va sau d6 trich xult cac vecto tiép tuyén tir
autoencoder. Nhiing vectd nay gitip mo hinh trd nén bét bién vé6i cic bién ddi phu hop
hon va phan anh ding ciu tric dit liéu — bao gdm ci cédc dic trung hinh hoc (nhu dich

chuyén, xoay) va dic trung khdi niém (nhu ctt dong ctia bd phan co thé).
Thuat toan tong thé la:
1. HuAn luyén mot autoencoder trén dit liéu khong gidam sit d€ hoc da tap.
2. Trich xut cdc vecto tiép tuyén tir autoencoder.
3. Ap dung hinh phat nhu Tangent Prop d€ diéu chinh bo phan loai.

Nhu vy, chuong nay da trinh bay nhiéu chién ludc diéu chinh khac nhau cho mang
no-ron. Trong cdc chuong tiép theo, dic biét 1a chuong tiép theo vé toi uu hoéa, chiing ta
sé tiép tuc quay lai va st dung nhiing ky thuat diéu chudn nay nhu thanh phan thiét yéu

cua qua trinh huan luyén mo hinh hoc sau.
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Céc thuit toan trong hoc sau thudng gin lién véi cic bai toan tbi vu héa dusi nhiéu
hinh thiic khac nhau. Chang han ngay ca céc k¥ thuat suy luan trong mo hinh tuyén tinh
nhu PCA (Phan tich thanh phan chinh) ciing yéu cau giai bai todn tdi wu. Ngoai ra, nhiéu
chiing minh ly thuyét hoic thiét ké thuat todn ciing dua trén cic cong cu tbi uu héa phan
tich.

Tuy nhién, trong toan bd hé sinh th4i hoc sau, bai todn khé khin va ton kém nhit chinh
12 t6i uu héa trong qud trinh huin luyén mang no-ron. Viéc danh ra tif vai ngay dén vai
thang trén hang trim GPU dé€ hu4n luyén mot md hinh mang no-ron 1a hoan toan phd bién
trong thuc t&. Chinh vi ly do d6, mot bd k¥ thuat t6i uu héa dic thu da dudc phat trién dé
gidi quyét bai todn nay mot cach hiéu qua.

Chuong nay sé tip trung vao cac ky thuat tdi wu héa thuc tién dugc st dung trong huin

luyén mang no-ron.

Néu ban chua quen vé6i cdc nguyén 1y co ban clia tdi uu héa dua trén gradient, hiy tham
khao lai Chuong 4 - gidi thiéu tém tat vé cac phuong phép tdi uu s6 hoc néi chung.

Muc tiéu cu thé trong chuong nay la giai bai todn tbi uu héa ham chi phi:

m@in J(6)

trong d6 6 12 tap cac tham sb cia mang no-ron, va .J(6) 12 ham mit mat — thudng
dugc tinh tir 16i trén toan bo tap huin luyén va c6 thé bao gdm thém céc thanh phan
regularization dé kiém soat do phtc tap ctia mo hinh.

Noi dung chuong nay dudc t6 chiic nhu sau:

« Trudc tién, chiing ta sé& 1am rd su khac biét giita toi uu héa trong hoc mdy va tdi uu

héa thuan tdy trong todn hoc hoic ky thuit.

* Tiép theo, ta trinh bay mot loat cac thach thiic dic thii trong viéc huin luyén mang

nd-ron, bao gom:
— dd cong khong déu,
— diém yén ngua,
— cuc tiéu cuc bd,
— su bit &n trong gradient.
* Sau d6, chiing ta sé thdo luan cic thuit toan t6i uu héa co ban va nang cao, bao gdm:
— Gradient Descent va cac bién thé nhu Momentum, Nesterov Accelerated Gradient,

— Cac phuong phap thich nghi nhu Adagrad, RMSprop va Adam,
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— K§ thuat khdi tao tham sb hiéu qua.

* Cudi cung, chuong nay sé gidi thiéu cac chién lugc tdi uu héa tdng hop, tic 1a két
hop nhiéu thuit todn don 1é thanh quy trinh t6i uu héa cip cao, dé tin dung vu diém

cua tiing phuong phap.

Véi trong tam 12 hun luyén hiéu qua cidc mé hinh hoc su, chuong nay khong chi trang
bi kién thiic thuat toan ma con truyén tai tu duy chién ludc trong tdi uu hoéa thuc tién.
8.1 T6i wu héa trong hoc may khac véi tbi uvu héa thuan tiy

Téi wu héa trong hoc may, dic biét 1a trong hoc sau, ¢6 nhiéu diém khac biét so véi tdi
uu héa thuan tdy trong toan hoc hoic ky thuat. Trong hoc sau, muc tiéu cubi cling thudng
khong phai 1a truc tiép t6i thiéu héa mot ham chi phi cu thé. Thay vao d6, ching ta quan
tam dén mot chi sb hiéu suit P, chang han nhu do chinh xdc phén loai hodc 16i du dodn
trén tap kiém tra. Tuy nhién, chi s& P nay thudng khong thé dudc tbi wu héa truc tiép vi
n6 khong kha vi hoic khong dinh nghia rd rang trén toan bd khong gian tham sb. Do do,
ching ta lya chon mdt ham chi phi kha vi J(#) lam dai dién va tién hanh téi thi€u héa J
véi hy vong ring diéu nay sé gidn tiép céi thién P.

Diéu nay trai ngudc véi cic bai todn tdi uu héa thuan tdy, noi ma viéc tbi thi€u héa mot
ham chi phi cu thé J chinh 1a muc tiéu trung tAm clia toan bd bai toan.

Mot dic diém khac biét quan trong 1a trong hoc mdy, dic biét v6i cdc md hinh c6 gidm
sat, ham chi phi J(6) thudng c6 thé dugc bi€u dién duéi dang trung binh trén tap di liéu
huén luyén. Cu thé, ham chi phi thudng dugc dinh nghia la:

J(0) = E(zy)mpoua [L(f (23 6), Y)] (8.1)

trong do:

e L(f(z;0),y) 1a ham mAt mat do sai 1&ch giita ddu ra mo6 hinh f(x;6) va nhin ding
Ys

* Pdaa 12 phin phdi thuc nghiém (empirical distribution) trén tap dif liéu huan luyén.

Trong trudng hop ly tudng, ching ta mong mudn mo hinh hoat dong tét trén phan phdi

dit liéu thuc SU pya., khong chi trén tip huan luyén hitu han. Vi vay, muc tiéu thuc su cin
tdi vu hoa la:

J(0) = E(I,y)dim [L(f(x;0),9)] (8.2)

Tuy nhién, Vi pgy, 12 khong biét 16, chiing ta budc phéi st dung Pgu nhu mot uée lugng
gan diing va tbi uu héa J(6) thay thé. Pay 1a ly do tai sao k¥ thuit regularization va cic
chién lugc tdng quat héa khac déng vai trd rit quan trong trong hoc may — ching gitip
khodng cach giita J va J* nho hon, tic 13 1am cho viéc t6i vu héa trén dit liéu huin luyén
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van mang lai hiéu sut tot trén dit liéu chua thiy.

Nhiing khéc biét trén din dén viéc phat trién cic thuit toan t6i uu héa riéng biét cho
hoc sau — khong chi tdi uvu hod tét trén tap huin luyén, ma con dam bao kha ning tdng
quat hoa sang di liéu mdi.

8.1.1 Giam thiéu rii ro thuc nghiém

Muc tiéu chinh ctia mot thuit todn hoc may 1a giam thiéu sai s6 khai quat ky vong,
hay con goi la rui ro (risk), dudc dinh nghia nhu trong phudng trinh (??). Rui ro nay la
ky vong cia ham mét mat theo phan phdi dit liéu thuc su pgu.. Néu ta biét 16 phan phdi
Paaa(T, ), thi viéc gidm thi€u rdi ro nay trd thanh mot bai toan t6i uu héa kha thi va cé
thé dugc giai mot cach truc tiép.

Tuy nhién, trong thuc té, chiing ta khdng c6 quyén truy cip vao phan phdi thuc su d6
ma chi ¢6 mot tap dif liéu huin luyén hitu han. Do d6, ta phai tim cach chuyén bai toan
hoc mdy thanh mot bai toan tdi uu héa gan ding. Céch don gidn va phd bién nhét 12 thay
thé ky vong theo pyu. bang ky vong theo phan phdi thuc nghiém Py, dudc xac dinh tif tap
dit liéu huan luyén. Khi do6, ta t6i thi€u héa ham mat mat trung binh trén tip huin luyén:

E o y)pone (L0 (230), )] = =D L(f(zD;6),y), (8.3)

trong d6 m 12 s6 luong mau trong tap huin luyén.

Phuong phap nay dudc goi 1a gidm thi€u rii ro thuc nghiém (Empirical Risk Minimization
— ERM). Trong khudn khé ndy, qua trinh hoc mdy trd nén tuong tu nhu mot bai toan tdi
vu héa truyén thdng: tim tham s6 6 sao cho ham chi phi trung binh trén tip huin luyén 12

nho nhét.

Tuy nhién, viéc téi vu héa rii ro thuc nghiém khong phéi lic nao cling mang lai hiéu
suat tot trén dif liéu chua thiy. Nguyén nhan 1a vi ERM dé dan dén hién tugng overfitting
— md hinh c6 thé khép hoan toan véi tip huin luyén ma khong hoc dudc cic quy luat
tong quat ctia dit liéu. Diéu nay dic biét dé x4y ra khi mo hinh c6 ning luc biéu dién cao,

tuc la c6 nhiéu tham so.

Bén canh d6, mot s&6 ham mét mat duge dinh nghia trén hiéu suét thuc su lai khong
than thién véi toi wu héa. Vi du, 0-1 loss 12 mot ham phd bién trong phan loai, nhung
khong kha vi — dao ham ctia n6 bang 0 gin nhu moi noi hodc khong xac dinh, khién
gradient descent khong thé hoat dong hiéu qua.

Vi ly do d6, trong hoc sau, ching ta hiém khi tbi uu rdi ro thuc nghiém mot cach
truc tiép. Thay vao d6, ta thudng chon mdt hAim mét mat tron tru hon (nhu ham log loss,
cross-entropy) dé€ t6i uu. Nhitng ham mat mat niy c6 dao ham hitu dung, gitip thuét toan
gradient descent hoic cic bién thé ctia n6 hoat dong tot, dit doi khi chiing khong truc tiép

phan 4nh tiéu chi cudi ciing ma ta thuc sy mubn tdi vu.
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Viéc lua chon ham mat mat thay thé niy 13 mot phan quan trong trong thiét ké mo hinh

hoc mdy, déng vai trd cau ndi gitta ly thuyét va thuc tién.

8.1.2 Ham méit mat thay thé va dirng s6m (Surrogate loss functions and early
stopping)

Doi khi, ham mét mat ma ta thuc sy quan tdm (chang han nhu ham mat mat 0-1 dung

trong phan loai) lai khong thé tdi uu hiéu qua. Cu thé, viéc t6i thi€u héa ky vong clia ham

méit mat 0-1 12 mot bai toan khé vé mit tinh todn, ngay ca khi 4p dung véi cic md hinh

don gian nhu md hinh tuyén tinh marcotte1992.

Trong nhiing trudng hop nhu vy, ta thudng st dung mot ham mét mat thay thé (surrogate
loss function) — tiic mot hAim mat mat khac c6 dic tinh gan giéng véi ham mat mat ban
dau nhung dé t6i uu hon. Mot vi du phd bién 1a ham log-likelihood 4m cta nhin ding,
dugc ding thay cho ham 0-1 loss. Ham log-likelihood cho phép mé hinh hoc x4c suit diéu
kién clia céc 16p, va néu mo hinh hoc t6t x4c suat nay, n6 sé dua ra quyét dinh phan 16p

t6i uu vé mit ky vong.

Trong mot sb trudng hop, viéc sit dung ham mat mat thay thé con giip mod hinh hoc
dugc nhiéu hon. Vi duy, khi st dung log-likelihood dé huin luyén, ta thudng thiy ring sai
s6 0-1 trén tap kiém tra van tiép tuc gidm, ngay ca khi sai s6 0-1 trén tip huin luyén da
dat 0. Nguyén nhan 12 do mé hinh van c6 thé cai thién do tu tin ctia minh, bang cach lam

tdng khoang cach giita cac 16p du dodn — tir d6 cai thién kha niing tong quat hoa.

Mot diém rét quan trong can phan biét gilta téi wu héa trong hoc mdy va téi uu héa
thuan tdy 1a: trong huin luyén mo hinh, thuét toan thudng khong chay dén khi dat cuc tiéu
dia phuong. Thay vao d6, né téi uu mot ham mdt mdt thay thé, nhung sé diing lai sém
dua trén mot tiéu chi hoi tu dugc xac dinh tru6c — ky thuat nay goi la dung sém (xem

muc ??).

Thong thudng, tiéu chi diing sém dudc xay dung dua trén ham mdt mdt thuc nhu 0-
1 loss do trén tap kiém tra, nham diing huin luyén khi mo hinh bat ddu cé diu hiéu
overfitting. Piéu nay din dén viéc huin luyén c6 thé ding lai ngay ca khi gradient clia
ham mat mat thay thé van con 16n — mot diéu rat khic so véi tbi uu héa thuan tiy, noi

qua trinh t6i vu chi két thiic khi gradient gan nhu bang 0.
8.1.3 Giai thuit batch va minibatch

Mot diém khac biét quan trong giita tdi uu héa trong hoc mdy va tdi uu héa truyén
thong 13: trong hoc may, ham muc tiéu thudng dudc tinh nhu téng cac gid tri mat mat trén
tiing mau dit liéu. Piéu niy cho phép ta chia nhé viéc tinh toan va chi can dung mot phan

nho cia dit liéu d€ cap nhat mo hinh.

Ching han, trong bai todn udc Iugng hop 1y cuc dai (maximum likelihood estimation),

néu chuyén sang log space, ta ¢ bai toan t6i uu nhu sau:
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_ () 0.
OmL argmealeogpmodel(ﬂ? ;y50) (8.4)

i=1

Tbi da hoa tdng trén tuong duong véi toi da héa ky vong theo phan phdi thuc nghiém

Ddata:

J(0) = Ey ympyora 108 Pmodel (2, Y5 0) (8.5)

Trong thuc té, ta khong can tinh chinh x4c toan bo gia tri ky vong nay. Thay vao dé, ta
thudng chi can tinh gan ding gradient ciia ham muc tiéu dé cip nhat md hinh. Gradient

nay c6 thé dudc viét dudi dang ky vong:

V9J(0) = Ex,ywﬁdam Vo lOg pmodel(xv Y; 9) (86)

Tinh chinh xdc ky vong nay doi héi phdi dung toan bo tip huin luyén, diéu nay rat
ton thoi gian. DE tiét kiém, ta c6 thé chon ngiu nhién mot nhém nhé céc vi du (goi 1a

minibatch) rdi tinh trung binh gradient trén nhém do.

Can luu y ring sai s6 chuin ctia trung binh (xem phuong trinh 5.46) véi n miu 1a
o/+/n, trong d6 o 1a do 1&ch chuédn that sy. Nghia 13, cang dung nhiéu miu thi két qua
cang chinh xdc, nhung do chinh xéc ting chdm dan theo quy luat 1/y/n. Vi vay, néu ding

minibatch 16n thi gradient gan diing sé& chinh x4c hon, nhung tinh todn sé& ton kém hon.

Vi du, dung minibatch gdbm 100 vi du thi gradient c6 thé kém chinh x4c hon so véi
dung 10.000 vi du, nhung lai tinh nhanh hon gip 100 lan. Piéu nay cho phép thuc hién
dugc nhiéu bude cip nhat hon trong cling khoang thdi gian, va c6 thé cai thién két qui
tong thé.

Mot ly do nita d€ dung minibatch 13 vi trong nhiéu trudng hop, dit liéu huan luyén c6
su trung ldp hodc du thita. Gia st trong trudng hop xAu nhit, tit ca cdc miu déu gidng
nhau — khi d6, chi cAin mot mau duy nhét 13 dd dé tinh gradient chinh xac, gitp tiét kiém

nhiéu 1an tinh todn so véi viéc ding toan bo tap dif lidu.

Tuy trong thuc té hiém khi cidc miu gidng hét nhau, nhung thudng c6 nhiéu mau déng
g6p rat gibng nhau vao qua trinh cip nhat. Vi viy, viéc 14y miu ngiu nhién dé udc luong
gradient la cach lam hiéu qua va hgp ly.

Néu mot thuat toan st dung toan bod tap dit liéu huin luyén d€ cap nhat tham sb
trong mdi budc, ta goi do 1a thuat todn batch hay con goi la thuat todn gradient xac dinh
(deterministic gradient methods), vi né xi Iy toan bo dit liéu nhu mot khdi duy nhit trong
mbi 14n cip nhat.

Luu y: Thuat ngit “batch” déi khi dé gay hiéu nham vi ciing dudc dung dé chi “minibatch”
trong phuong phap minibatch stochastic gradient descent. Thong thuong, “batch gradient
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descent” am chi viéc ding toan bo tap dif liéu trong mdi budc cip nhat, con “batch size”

thi chi kich thudc cu thé ctia mot minibatch.

Céc thuat todn chi stt dung mot mau di liéu tai moi bude cap nhat dude goi 1a stochastic
hoic online methods. Trong d6, “online” thudng md ta trudng hop dit liéu dugc cung cp
lién tuc theo thdi gian thuc (streaming), thay vi tif mot tap dit liéu tinh ma ta c6 thé duyét
di duyét lai nhiéu lan.

Trong deep learning hién dai, hau hét cic phuong phdp t6i vu déu dung mot nhém
nhé dit liéu tai mbi budc cip nhiat — tiic 1a khong phai chi mot miu duy nhéit, nhung
cling khong phai toan bd tap. Nhém nho nay dudc goi 1a minibatch. Trude day, phuong
phép nay titng dudc goi 1a minibatch stochastic methods, nhung hién nay thudng goi tat 1a

stochastic methods.

Vi du phé bién nhit ctia phuong phap nay 1a Stochastic Gradient Descent (SGD), sé
dudc trinh by chi tiét & muc ??.

Viéc Iua chon kich thuéc minibatch (batch size) thudng phu thudc vao mot sd yéu to

sau:

* Do chinh xac cua gradient: Minibatch 16n gitp udc lugng gradient chinh xac hon,
nhung do chinh xac chi tdng cham theo kich thudc — cu thé, ting theo ti 1€ 1/+/n,

trong d6 n 1a s6 mau.

* Tan dung phan cting: V6i céc thiét bi c6 kha ning xt ly song song nhu GPU hoiic
CPU da nhan, batch qua nhé sé khong st dung hét hiéu ning phan cing. Do d6, can

mot batch dui 16n d€ dat hiéu qua tinh toan.

* Gidi han b nhé: Dung batch 16n yéu cau nhiéu bo nhé hon. Trong nhiéu trudng hop,
bd nhé (dic biét 1a GPU) 1a gidi han chinh khién ta khong thé chon batch 16n hon.

« Tbi vu hiéu ning phan ciing: Mot s6 phan cting hoat dong hiéu qua hon véi batch c6
kich thudc 1a lay thuta cua 2 (vi du: 32, 64, 128, 256). Batch size nhé nhu 16 doi khi
dugc dung cho cic mé hinh rét 16n.

e Tic dung regularization: Batch nhé gidp thém nhiéu vao qud trinh hoc, tao hiéu tng
regularization t6t hon (Wilson va Martinez, 2003). Trong mdt s6 trudng hodp, batch
size = 1 c6 thé mang lai két qua tong quat héa tbt nhat, nhung doi hdi phai giam
learning rate d€ giit cho qua trinh hoc 6n dinh. Piéu nay ciing dong nghia vdi thoi
gian huén luyén l1au hon.

Mbi thuit toan t6i uu c6 cach xi Iy minibatch khac nhau. Mt s6 thuét toan rat nhay
cam v&i nhiéu tif viéc 14y mau minibatch, diic biét 1a nhiing thuit toan phiic tap hoic dung
thém thong tin bac hai nhu dao ham cip hai.

Nhitng phuong phép don gian chi dung gradient g d€ cip nhat tham s thudng kha 6n
dinh va c6 thé hoat dong tét v6i batch nhé (nhu 100 mau). Ngudc lai, cic phuong phap
bac hai nhu st dung ma tran Hessian H va cip nhat theo cong thiic H !¢ thudng yéu cau
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batch rat 16n (c6 thé 1én dén 10.000 mau) d€ dam bio viéc udc luong H'g khong qud

nhiéu.

Luu y: Ngay ca khi ma trin Hessian H dudc tinh chinh x4c, néu né c6 diéu kién kém
(nghia 12 ti s giita gia tri riéng 16n nhit va nhé nhét rit cao), thi phép nhan véi H ! ciing
c6 thé khuéch dai 16i c6 trong gradient g. Mot thay d6i nhé trong g ciing c6 thé gay ra thay
ddi 16n trong H~'g. Trong thuc t&, ca H va g déu chi dugc uéc lugng xap xi tir dif liéu,
nén sai s6 cang dé bi khuéch dai hon nita.

Viéc chon c4c minibatch mot cach ngau nhién 1a rit quan trong. D€ udc ludng gradient
mot cach khong chéch (unbiased), cac miu trong minibatch can dugc 1y doc 1ap ti phan
phdi dit lidu. Ngoai ra, ta cling mudn cac minibatch lién tiép khong phu thudc nhau —
didu nay gitp dam bao ring cac budc cip nhat ciia md hinh khong bi thién léch do su
trung ldp dit liéu gitia cac budc.

Trong thuc té, nhiéu tap dit liéu khong dudc t& chiic ngau nhién. Vi du, trong dit liéu
y té, mot bénh nhan c6 thé c6 nhiéu mau xét nghiém dudc thu thap theo thdi gian. Néu
ta chon minibatch mdt cach tuan tu tir dit liéu gbc (chua x4o tron), c6 kha ning cao mot
minibatch chi chia dif liéu tif mot vai bénh nhan cu thé. Piéu nay din dén do6 1éch 16n
trong udc lugng gradient va khién mo hinh khé tdng quat hoa tét. Vi vy, can phai xdo
tron (shuffle) dit liéu truée khi tao minibatch.

Luu y v6i dit liéu rat 16n: Khi tap dit liéu c6 hang ty miu (nhu trong trung tAm dit liéu),
viéc xdo tron toan bd cho mdi epoch 1a khong kha thi. Trong trudng hdp nay, thuong ta
chi can xdo tron mot 1an, sau d6 luu lai thif ty x40 tron va st dung lai cho céc epoch sau.
Cach 1am nay tao ra mot tap hop minibatch ¢ dinh, dugc dung lip lai trong qud trinh
huén luyén. Miic du khong hoan toan ngiu nhién nhu liy mau truc tiép tir phan phdi dit
liéu, nhung thuc nghiém cho thiy cach 1am nay van rét hiéu qua.

Nhiéu bai toan ti vu trong hoc mdy c6 céu triic cho phép phan tach theo tiing mau,
nén ta c6 thé cip nhat song song trén nhiéu minibatch khac nhau. Diéu nidy mé ra kha
ning huin luyén phan tan theo cich khong dong bé (asynchronous), dudc trinh bay chi

tiet  muc 2?.

Mot 1y do quan trong khién Minibatch Stochastic Gradient Descent (SGD) dudc ua
chudng 1a vi n6 c6 thé udc luong rit sat gradient ctia [5i tong qudt thice sy (true generalization
error), dugc dinh nghia & phuong trinh (8.2), mién la cdc miu trong minibatch 13 doc 1ap
va khong trung lap.

Trong thuc té, hau hét c4c hé théng SGD hién nay thudng chi xdo tron dit liéu mét ldn,
sau d6 lap lai thi tu xdo tron nay trong nhiéu epoch. O epoch dau tién, mbi minibatch
cung cap mot uSc luong khdng chéch cla gradient 16i tdng quat. Tuy nhién, tif cic epoch
sau, viéc lip lai cac mau khién uéc luong trd nén chéch (biased), vi ta khdng con riit mau

ngau nhién tif phan phdi dit liéu thuc nita.

Trong bdi canh hoc online — ndi dif liéu dén lién tuc nhu mot dong thdi gian, chi
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khong phai tif mot tap dit liéu ¢b dinh — méi cép (z, y) 1a mot vi du méi, chua ting thay
trude do, dugce lay truc tiép tit phan phdi pyaa(z, v). Khi d6, mo hinh gidng nhu dang hoc
tf trai nghiém that, va mdi cip nhat déu phan anh trung thuc 16i tdng quat tai thdi diém
do.

Khi ca x va y 12 bién 1di rac, ta c6 thé viét lai 16i tdng quat nhu sau:

T0) =D paal,y) L(f(2;0),y), (8.4)

v6i gradient chinh xac tuong ting la:

g=Vo (0) =D paalz,y) VoL(f(x:6),y). (8.5)

Biéu thic trén c6 ciu triic tuong tu nhu dao ham log-likelihood & phuong trinh (8.6),
nhung 4p dung dugc cho nhiéu loai ham mét mat khac nhau, khong chi riéng log-likelihood,
mién 1a ching thoa cac diéu kién nhét dinh vé tinh lién tuc va dao ham.

Y tudng then chét: Ching ta c6 thé ude lugng mot cach khdng chéch gradient cia 15i
tong quat bang cach:

* LAy mot minibatch

(x(1)7 y(l))7 ctt (x(m)7 y(m)) th phén phéi pdata’

* Tinh gradient trung binh trén minibatch do:

1 & . ,
5_ - D). @) @
1 . 4
g=—> VoL(f(z":0),y). (8.6)

)

Cap nhat tham s6 0 theo huéng ctia g chinh 12 cdch ma Stochastic Gradient Descent (SGD)

hoat dong dé tdi wu 16i tong quat.

Céach hiéu nay chi thuc su ding khi méi vi du trong tap huin luyén dudc ding duy nhat
mot 1an, tifc 12 khong bi 1ip lai. Tuy nhién, trong thuc té€, ching ta thuong huin luyén qua
tap dif liéu nhiéu vong (nhiéu epoch) — dic biét 1a khi tap dit liéu khong qué 16n.

Trong kich ban huin luyén nhiéu epoch, chi epoch dau tién 12 noi minibatch dugc liy
gibng nhu tir phan phoi dif liéu thuc, nén udc luong gradient tai day 14 khong chéch. Tu
epoch thi hai trd di, cac mau bi ding lai, nén gradient tré thanh mot wdc liuwgng chéch so
v6i gradient thuc su ctia 16i tong quat.

Tuy nhién, dii c6 do 1éch, cac epoch sau thudng van gitip gidm dang ké 18i huin luyén.

Va phan 16n thdi gian, su cai thién trong hiéu suat cia md hinh van di 16n dé€ bu lai cho su
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léch trong udc luong gradient. Nhd d6, mo hinh van hoc hiéu qui va tdng quat t6t trong
thuc té.

Nhung can luu y: Néu Lip lai qua nhiéu 1an trén cing tap dif liéu (qua nhiéu epoch), mo
hinh c6 thé bi overfitting — tiic 1a hoc qua k¥ nhiing dic diém riéng cla tp huin luyén
va mat khd niing tdng quat héa véi dif liéu méi. Khi d6, khoang cach gitta 16i huin luyén
va 18i ki€m tra (test error) sé ting 1én, phan anh chat lugng md hinh gidm sit.

Trong mdt s6 ing dung, dif liéu dén lién tuc va khong thé luu trit toan bo (vi du: hé
thong do thai gian thuc, dit liéu cam bién, ludng dit liéu online). Khi d6, chiing ta khong
thé 14p lai dif liéu, ma phai x{ ly tiing mau mot 1an duy nhit. Dy 1a lic ma hoc mdy online
(online learning) trd nén can thiét: mdi vi du chi dugc xt Iy mdt 1an khi né xuét hién, va

mo hinh lién tuc dugc cap nhat.

Khi dif lidu di 16n, overfitting khong con 1a van dé chinh — vi m6 hinh khé c6 thé ghi
nhé6 hét dudc moi mau. Thay vao d6, mbi quan tam sé chuyén sang hai van dé quan trong
khéc:

« Underfitting: M6 hinh chua hoc du tot tit dit liéu, din dén hiéu suit chua cao.

« Hiéu qua tinh todn: Can dam bao rang md hinh c6 thé dugc huén luyén nhanh chéng

va hiéu qua vé miit thi nguyén (thdi gian, bo nhé, ning luong).

Tham khao thém: bottou2008tradeoffs cung cip mot phan tich sau sic vé mdi quan
hé giita kich thudc tap dit liéu, d6 chinh x4c tinh toan, va anh hudng cta chiing dén 15i
tong quat. Tac gid nhan manh riang trong ky nguyén dit liéu 16n, tic nghén tinh todn
(computational bottlenecks) mdi 1a yéu t6 han ché chinh, chi khong con 1a kich thudc tap
huén luyén nhé nhu trude.

8.2 Cic thach thifc trong viéc t6i wu mang nd-ron nhén tao

T6i uu héa, néi chung, 1a mot nhiém vu rat khé. Trong hoc mdy truyén thong, ngudi
ta thudng cb gang tranh nhiing khé khin ctia tdi wu hda tdng quét bang cach thiét ké ham
muc tiéu va rang budc sao cho bai toan trd thanh 15i (convex). V&i mot bai toan 15i, ta c6
thé dam bao rang bit ky diém cuc ti€u cuc bo nao ciing 1a cuc tiéu toan cuc — diéu nay
1am cho bai toan dé giai hon rét nhiéu.

Tuy nhién, trong huin luyén mang no-ron, diic biét 1a cidc mang siu, ching ta khong
thé 4p dung céch tiép cin nay. Mang nd-ron thudng din dén cac bai toan tdi uu phi 16i
(non-convex), ¢ thé c6 rat nhiéu cuc tiéu cuc bd, yén ngua (saddle points), va cic ving
mit phang (flat regions) khién viéc huén luyén tré nén phtc tap hon nhiéu.

Tham chi, ngay ca khi bai toan 1a 15i, viéc tim ra nghiém tbi uu ciing khong hé don
gian. Cac k¥ thuat tbi uu thuc té phai déi mit v6i nhitng gidi han vé thdi gian, bd nhd, va
do chinh x4c ctia tinh toan. Trong phan nay, chiing ta sé cuing diém qua mot s6 thach thiic
16n nhat trong viéc tdi vu héa khi huin luyén cidc mo hinh hoc siu.
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8.2.1 Tinh trang diéu kién kém (Ill-conditioning)

Mot trong nhiing thach thiic 16n trong tdi wu, ngay ca véi cdc ham muc tiéu 15, 1a vin
dé tinh trang diéu kién kém ctia ma trin Hessian H. Pay 1a mot van dé phd bién trong tbi
uu s néi chung va da dugc dé cap ky hon 6 muc 4.3.1.

Trong bdi canh huin luyén mang no-ron, tinh trang diéu kién kém x4y ra khd thudng
xuyén. Khi d6, cdc thuat toan nhu SGD c6 thé bi “ket” — nghia 1a, ngay ca khi gradient
16n, chi can bu6e cap nhat hoi dai ciing c¢6 thé 1am ting ham chi phi thay vi giam.

Nh6 lai khai trién Taylor bac hai tif phuong trinh (4.9): néu ta thuc hién mot buée
gradient descent vdi budc hoc ¢ theo huéng —g, thi mic thay déi x4p xi ctia ham chi phi

la:

1
AJ =~ éengHg —cg'g (8.10)

Néu diéu kién sau xay ra:

1
§€2gTHg >eg'g,

thi budc cap nhat d6 sé khién ham chi phi ting thay vi gidm.

D€ theo doi tinh trang diéu kién kém trong huén luyén, ta c6 thé quan sat hai dai luong
sau:

* Binh phuong chuin gradient: g'g,

D6 cong doc theo hudng gradient: g Hg.

Trong thuc nghiém, ngudi ta thiy rang chuin gradient c6 thé khong giam nhiéu trong
qua trinh huin luyén, nhung d6 cong (curvature) lai ting 1&n rit nhanh, khién phai giam
budc hoc dé tranh nhdy qué xa va 1am sai md hinh. Diéu niy 1am cho tc dd huin luyén
cham di ro rét du gradient van 16n.

Hinh 8.1 minh hoa diéu nay: chuin gradient ting theo thdi gian, nhung sai s6 trén tap
kiém dinh vin giam — cho thay rang mo hinh van hoc t6t, du gradient khong giam nhu ta

thuong ky vong trong tbi uu héa cd dién.
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Gradient norm
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Hinh 8.1: Qua trinh hu4n luyén mang no-ron tich chip cho bai toan phat hién dbi tugng. (Trai):
Chuén gradient theo thdi gian (mdi epoch ldy mot di€ém), dudng cong thé hién trung binh trugt.
Thay vi giam, chuan gradient lai ting. (Phai): Du vy, sai sb trén tip kiém dinh van giam — cho
thiy hun luyén vin hiéu qua du gradient khong nho di.

Vin dé diéu kién kém khong chi x4y ra trong mang no-ron ma con phd bién & nhiéu
loai bai toan tdi wu khac. Tuy nhién, mot s6 k¥ thuat xi 1y hiéu qua cho cic bai todn
khdc lai khong 4p dung dudc cho mang nd-ron. Vi du dién hinh 1a phuong phdp Newton.
Phuong phap nay dung thong tin vé ma trin Hessian d€ cAp nhat theo huéng H'g va
thudng rat hiéu qua cho céc bai toan 16i. Nhung v6i mang no-ron, Hessian thudng rat 16n
va phi 13i, nén dp dung truc tiép phuong phap Newton 12 khong kha thi — trir khi ¢6 su
diéu chinh dic biét, sé dudc trinh bay & cdc phan sau.

8.2.2 Cuc Tiéu Cuc B

Mot trong nhiing dic diém ndi bat ctia bai todn t6i wu 16i 12 c6 thé gidm bai toan vé
viéc tim mdt cuc ti€u cuc bo. Bat ky cuc ti€u cuc bo nao ciing déu dam bao 1a cuc tiéu
toan cuc. Mot s6 ham 15i c6 thé c6 viing phang & day thay vi chi c6 mot diém cuc tiéu toan
cuc duy nhét, nhung bét ky diém nao trong ving phang d6 ciing 1a mot gidi phap chip
nhén dugc.

Tuy nhién, d6i v6i cdc ham khong 16i, nhu mang no-ron, c6 thé xuat hién nhiéu cuc
ti€u cuc bo. Thuc té, gan nhu bit ky mo hinh sau nao ciing déu c6 sb ludng cuc tiéu cuc
bd cuc ky 16n. Tuy nhién, nhu chiing ta sé thiy, diéu nay khong nhit thiét 12 mot van dé

2,

16n.

Mang no-ron va cidc md hinh c6 nhiéu bién 4n déu c6 nhiéu cuc tiéu cuc bd do vain dé
nhin dang mo hinh. Mot mo hinh dudc coi 13 nhan dang dugc néu mot bo dit liéu huén
luyén di 16n c6 thé loai trif tit ca cac gia tri tham sd ctia mo hinh ngoai trit mot gid tri
duy nhéit. Cidc mo hinh c6 bién 4n thudng khong nhan dang dudc vi ta c6 thé tao ra céc
mo hinh tuong duong bang cach hoan ddi cac bién 4n cho nhau.

Ngoai su dbi xing trong khong gian trong sb, nhiéu loai mang no-ron con c6 céc
nguyén nhan khac giy ra vin dé khong nhin dang dudc. Vi duy, trong bt ky mang nao st
dung ham kich hoat tuyén tinh nhu ReLU hoic maxout, ta c6 thé thay déi ty 1¢ tit ca céac
trong s6 va do chéch dau vao ctia mot don vi theo ty 1& o néu ta ciing thay ddi tit ci céc

241



CHUONG 8. TOI UU HOA TRONG HUAN LUYEN CAC MO HINH SAU

trong s6 dau ra theo ty 1& L.

Céc cuc ti€u cuc bd c6 thé trd thanh van dé néu chiing c6 chi phi cao hon so véi cuc
ti€u toan cuc. Ngudi ta c¢6 thé xay dung cic mang nd-ron nho, thAm chi khéng c6 don vi

4n, ma c6 cdc cuc ti€u cuc bd c6 chi phi cao hon cuc ti€u toan cuc.

Tuy nhién, liéu cic mang no-ron c6 nhiéu cuc ti€u cuc bd c6 chi phi cao hay khong,
va lidu cdc thuat todn t6i wu c6 gip phai ching hay khong van con 1a cau hdi mé. Trong
nhiéu nim qua, hau hét cac nha thuc hanh tin rang cuc tiéu cuc bd 1a mdt vin dé phd bién
gy kho khin trong tdi wu héa mang no-ron. Ngay nay, diéu nay khong con diing nita.
8.2.3 Mit Phang, Piém Yén Ngua va Cic Viing Phang Khac

Déi v6i nhiéu ham phi 16i trong khong gian c6 chiéu cao, cic diém cuc tiéu (va cuc
dai) thuc té hiém gip so véi mot loai diém khac c6 dao ham bang khong: diém yén ngua.
Mot s6 diém xung quanh diém yén ngua c6 gid tri ham s 16n hon diém yén ngua, trong
khi mot s6 diém khac lai c6 gid tri thap hon. Tai mot diém yén ngua, ma tran Hessian c6
c4 gid tri tri riéng duong va am. Céc di€ém nam trén cic vector riéng lién quan dén gid tri
tri riéng duong c6 gia tri 16n hon diém yén ngua, trong khi cac di€ém nam trén cic vector
riéng lién quan dén gia tri tri riéng am c6 gid tri thap hon. Chiing ta c6 thé tudng tudng
mot diém yén ngua giébng nhu mot diém cuc tiéu trong mdt mat cat cia ham chi phi va la

diém cuc dai trong mot mit cit khac. Hinh 4.5 minh hoa cho diéu nay.

Nhiéu loai ham ngu nhién c6 hanh vi nhu sau: trong khong gian c6 chiéu thap, céc
diém cuc tiéu rat phd bién. Tuy nhién, trong khong gian c6 chiéu cao, cic diém cuc tiéu
tré nén hiém hoi va di€ém yén ngua tré nén phd bién hon. P6i v6i mot ham f : R» — R
c6 dic diém nay, ty 1& ky vong clia s6 di€ém yén ngua so vdi s6 diém cuc tiéu ting theo
cp s6 mii v6i n. D€ hi€u rd hon vé hanh vi nay, hiy quan sat rang ma tran Hessian tai
mot diém cuc tiéu chi c6 cac gia tri tri riéng duong. Ngudc lai, ma trAn Hessian tai diém
yén ngua c6 ca gia tri tri riéng duong va am. Hiy tudng tuong rang dau ctia mdi gia tri
tri riéng dudc tao ra bang cach tung mot dong xu. Trong khong gian mot chiéu, viéc dat
dugc diém cuc tiéu rat dé dang, chi can tung dong xu va nhan dugc mit ngia. Tuy nhién,
trong khong gian n chiéu, viéc tit ca n 1an tung dong xu déu ra mit ngtia 12 mot diéu cuc
ky khong thé x4y ra. Tham khao Dauphin et al. (2014) d€ biét thém ly thuyét vé van dé
nay.

Mot dic tinh ddng kinh ngac ctia nhiéu ham ngiu nhién 1a cic gid tri tri riéng ctia ma
tran Hessian trd nén c6 xu huéng duong khi chiing ta dén gan cic viing c6 gid tri chi phi
thip. Trong phép 4n du vé tung ddng xu, diéu nay c6 nghia 1a ching ta c6 nhiéu kha ning
nhan dugc mit ngtia n 1an khi & gan mot diém cuc ti€u véi chi phi thip. Diéu nay ciing c6
nghia 12 c4c diém cuc ti€u c6 kha ning c6 gia tri chi phi thip hon 14 cao. Cac diém cuc
ti€u ¢6 chi phi cao it gip hon va thudng la diém yén ngua. Cac diém cuc tiéu c6 chi phi
cuc ky cao thudng la cic diém cuc dai.

Diéu nay xay ra dbi véi nhiéu loai ham ngiu nhién. Vay diéu nay c6 xdy ra d6i véi

mang no-ron khong? Baldi va Hornik (1989) da chi ra ly thuyét ring cic autoencoder
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nong (mang feedforward dudc huin luyén dé€ sao chép dau vao thanh dau ra, mo ta trong
chuong 14) khdng c6 phi tuyén tinh c6 diém cuc ti€u toan cuc va diém yén ngua, nhung
khong c6 diém cuc tiéu vdi chi phi cao hon di€m cuc ti€u toan cuc. Ho quan st ma khong
6 bang ching ring két qua nay md rong dén cdc mang sau hon ma khong c6 phi tuyén
tinh. Pau ra clia nhitng mang nay 1a mdt ham tuyén tinh ctia dau vao, nhung ching van
hitu ich d€ nghién ctiu nhu 13 mot md hinh cho cidc mang nd-ron phi tuyén tinh vi ham mét
mét ctia chiing 12 mot ham phi 18i cta cac tham s6. Cac mang nay vé co ban chi 12 nhiéu
ma tran dudc ghép lai v6i nhau. Saxe et al. (2013) da cung cAp cic giai phap chinh xic
cho dong Iuc hoc hoc tip trong nhitng mang nay va chi ra ring qua trinh hoc trong nhiing
m6 hinh nidy mo6 phong nhiéu dic diém chit luong quan sat dugc trong qud trinh huin
luyén cdc md hinh sau vé6i cac ham kich hoat phi tuyén tinh. Dauphin et al. (2014) da chi
ra thuc nghiém rang cdc mang nd-ron thuc té ciing c6 haim mat mat chifa rat nhiéu diém
yén ngua c6 chi phi cao. Choromanska et al. (2014) ciing cung cip thém Iy luan ly thuyét,
cho thiy mot 16p cac ham ngiu nhién c6 chiéu cao lién quan dén mang no-ron ciing c6

dac tinh nay.

Viy su ton tai ctia diém yén ngua c6 y nghia gi dbi v6i cic thuit toan huan luyén?
Déi v6i cic thuat toan tdi uu héa bac nhit, cac thuit toan chi st dung thong tin gradient,
tinh huéng nay van chua rd rang. Gradient thudng c6 thé trd nén rat nhd gan mot diém
yén ngua. Mit khac, thuc nghiém cho thiy gradient descent c6 thé thoat ra khdi diém yén
ngua trong nhiéu trudng hop. Goodfellow et al. (2015) di cung cAp cdc hinh &nh truc quan
ctia mot s6 quy dao hoc clia cdc mang nd-ron hién dai, véi mot vi du dugc trinh bay trong
hinh 8.2. Nhitng hinh &nh nay cho thiy su lam phang ctia ham chi phi gan mot diém yén
ngua ndi bat, ndi tit ca cac trong sb déu biang khong, nhung chiing ciing cho thdy quy dao
gradient descent nhanh chong thoat ra khoi khu vuc nay. Goodfellow et al. (2015) ciing
1ap luan riang gradient descent trong thdi gian lién tuc c6 thé dudc ching minh ly thuyét 1a
bi ddy ra khoi diém yén ngua gan d6, nhung tinh hudng c6 thé khac dbi véi cac ting dung
thuc té ctia gradient descent.
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Hinh 8.2: Minh hoa vé ham chi phi ctia mot mang no-ron. Nhitng minh hoa nay xuit hién tuong tu
cho cic mang no-ron feedforward, mang no-ron tich chap, va mang no-ron hdi tiép khi 4p dung cho
cdc tac vu nhan dién ddi tugng thuc t& va xi Iy ngoén ngit ti nhién. Pang ngac nhién, nhiing minh
hoa nay thudng khong hién thi nhiéu chuéng ngai vat 16 rang. Trudc khi phuong phap gradient
descent ngiu nhién (SGD) thanh cong trong viéc huin luyén cdc md hinh rat 16n bat dau tit khoang
nim 2012, c4c bé mit ham chi phi cia mang nd-ron thudng dugc cho 1a c6 ciu triic phi 16i phiic
tap hon so v6i nhiing gi dudc tiét 16 qua nhitng hinh chiéu nay. Chuéng ngai vat chinh dudc thé
hién trong hinh chiéu niy 12 mot diém yén ngua c6 chi phi cao gan ndi cac tham s dudc khdi tao,
nhung nhu dudc chi ra bdi con dudng mau xanh, quy dao huin luyén bang SGD cé thé dé dang
thoat khoi diém yén ngua nay. Phan 16n thdi gian huin luyén dudc danh cho viéc di chuyén qua
thung liing khd phang ctia ham chi phi, ¢6 thé 1a do nhiéu cao trong gradient, diéu kién kém cia
ma trin Hessian trong khu vuc nay, hodic don gian 12 cAn phai di vong quanh “ngon ndi” cao thiy
dugc trong hinh qua mot con dudng vong cung gian tiép. Hinh anh da dudc sta ddi véi su cho
phép tu Goodfellow et al. (2015).

Déi véi phuong phap Newton, cdc diém yén ngua ro rang 13 mot vin dé. Gradient
descent dudgc thiét ké dé di chuyén "xubng dbc"va khong dudc thiét ké d€ tim kiém mot
diém cuc tri. Tuy nhién, phuong phdp Newton lai dugc thiét ké d€ tim mot diém ma tai
d6 gradient biang khong. Néu khong c6 su diéu chinh thich hop, phuong phap Newton c6
thé nhay t6i mot diém yén ngua. Su phd bién clia cic diém yén ngua trong khong gian
c6 chiéu cao giai thich ly do tai sao cic phuong phap bac hai khong thé thay thé gradient

descent trong huin luyén mang no-ron.

Dauphin et al. (2014) da gi6i thiéu mot phuong phap Newton khong c6 diém yén ngua,
nham ti vu héa bac hai va chi ra ring phuong phap nay cai thién dang ké so v6i phién
ban truyén théng. Tuy nhién, cdc phuong phap bac hai vin gip khé khin khi mé rong cho
c4c mang no-ron 16n, nhung phuong phap Newton khdng c6 diém yén ngua nay van c6

trién vong néu c6 thé mé rong quy md.
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Hinh 8.3: Ham muc tiéu ctia cic mang nd-ron sau phi tuyén tinh hoiic mang no-ron hoi tiép thudng
chita c4c phi tuyén tinh sic nét trong khong gian tham s6, xuat phat tlf viéc nhan nhiéu tham sb véi
nhau. Nhitng phi tuyén tinh nay giy ra cac dao ham rat 16n & mot sb vi tri. Khi cdc tham s6 gan
dén nhiing khu vuic ny, mot budc cip nhat ciia phuong phap gradient descent c6 thé diy cdc tham
s6 ra rit xa, c6 thé lam méit hau hét cong stic tdi uu héa da thyc hién. Hinh anh dudc diéu chinh
v6i su cho phép tir Pascanu et al. (2013).

Ngoai cuc tiéu va diém yén ngua (saddle points), con c6 nhiing loai di€ém khéc cé
gradient bang 0. Cuc dai ciing tuong tu nhu cac diém yén ngua tlr géc do t6i wu hda—nhiéu
thuat todn khong bi thu hut vao ching, nhung phuong phap Newton khong stra doi lai c6
thé din dén cuc dai. Cuc dai ctia nhiéu 16p ham ngiu nhién trd nén hiém mot cach theo

ham mil trong khong gian c6 chiéu cao, gidng nhu cuc tiéu.

Ngoai ra, ciing c6 thé tdn tai nhiing viing rong va phang cé gia tri hang. O nhitng vi tri
nay, gradient va Hessian déu bing 0. Nhiing viing suy bién niy gay ra cdc vin dé 16n cho
tht ca cac thuat todn t6i uu hoa sd hoc. Trong mot bai toan 16i, mot ving rong va phang
phai hoan toan bao gdm cic cuc tiéu toan cuc, nhung trong mdt bai toan téi uu héa tdng
qudt, mot ving nhu vay c6 thé tuong dng véi mot gia tri cao clia ham muc tiéu.

8.2.4 Vach P4 va Gradients Bung No

Céc mang nd-ron véi nhiéu 16p thudng c6 nhitng viing cuc ky dbc gidng nhu vach da,
nhu minh hoa trong hinh 8.3. Nhiing viing nay phat sinh tif viéc nhan nhiéu trong sb 16n
v6i nhau. Trén bé mit ctia mot cAu tric vach da cuc ky dbc, bude cap nhat gradient cé thé

di chuyén cac tham s rét xa, thudng 1a nhay ra ngoai chu tric vach da hoan toan.

Vich da c6 thé nguy hiém du chiing ta tiép can n6 tif trén hay tir dusi, nhung may man
thay, nhitng hé qua nghiém trong nhét c6 thé tranh dudc bang cach sit dung phucng phap
gradient clipping (cit gradient) dugc mo ta trong phan 10.11.1. Y tudng cd ban 1a nhé
rang gradient chi ra khong phai kich thu6c budc tdi uu ma chi 1a huéng tdi uu trong mot
viing vo cung nhd. Khi thuat toan gradient descent truyén thong dé xut budc di rat 16n,
phuong phdp gradient clipping can thiép dé gidm kich thudc budc, lam cho no it ¢6 kha
ning di ra ngoai viing ma gradient chi ra huéng déc nhit. CAu triic vach d4 thudng gip
nhét trong cdc ham chi phi ctia mang no-ron hoi tiép (recurrent neural networks) vi cdc
m6 hinh nay bao gdm viéc nhan nhiéu yéu td, mdi yéu té cho mdi budc thsi gian. Do do,

céac chudi thoi gian dai sé gap phai mot lugng nhan cuc ky 16n.
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8.2.5 Phu Thudc Dai Han

Mot kho khin khac ma cac thuat toan t6i vu mang no-ron phai vuot qua 1a khi do thi
tinh toan trd nén cuc ky sau. Cac mang feedforward véi nhiéu 16p ¢ do thi tinh toan sau
nhu vay. Cdc mang héi tiép, dugc mo ta trong chuong 10, ciing ¢6 dd thi tinh todn rét sau
bing cach dp dung lap di lip lai cing mot phép toan tai mbi budc thdi gian ctia mot chudi
thoi gian dai. Viéc 4p dung 1ip lai cdc tham s6 gidng nhau tao ra nhitng khé khiin dic biét

0 rét.

Vi du, gia st do thi tinh toan chita mot dudng di bao gdm viéc nhén lién tuc v6i mot
ma tran W. Sau ¢ budc, diéu nay tuong duong véi viéc nhan véi W, Gia st W c6 phan
tich tri riéng W = Vdiag(\)V L. Trong trudng hop don gian nay, ta c6 thé dé dang thiy
rang:

Wt = (Vdiag(\)V )" = Vdiag(\)'V .

Bat ky tri riéng \; nao khong gan gid tri tuyét d6i 1a 1 sé hoic bung né néu ching 16n hon
1 vé d6 16n, hoic bién mit néu ching nhd hon 1 vé do 16n. Vain dé gradient bién mét va
biing né lién quan dén viéc cic gradient di qua do thi nay cling bi phong dai theo diag(\)".
Gradients bién mét khién cho viéc xéc dinh huéng di ctia tham sb d€ cai thién ham chi phi
trd nén kho khin, trong khi gradients biing n6 ¢6 thé lam cho qué trinh hoc tré nén khong
on dinh. C4c cAu triic vach da dugc mo ta trudc do, lam dong luc cho viée cat gradient, 12
mot vi du ctia hién tudng gradient bung nd.

Viéc nhan lién tuc v6i W tai mdi budc thdi gian nhu da mo ta & day rét gidng véi thuat
toan phuong phdp manh (power method) diing dé tim tri riéng 16n nhét ctia ma tran W va
vector tri riéng tuong tng. T gbc dd nay, khong cé gi ngac nhién khi z " W* sé loai bd
tAt ca cdc thanh phan clia = vudng géc vdi vector tri riéng chinh ctia W. Cac mang hoi
tiép st dung cling mot ma trin W & mdi budc thdi gian, nhung cidc mang feedforward thi
khong, vi vy ngay ca cdc mang feedforward rat sau ciing c6 thé tranh dudc phan 16n van

dé gradient bién mat va bing nd (Sussillo, 2014).

Chiing t6i s& hodn th4o luan thém vé nhiing thit thach trong viéc huin luyén cic mang
hdi tiép cho dén phan 10.7, sau khi cdc mang hdi tiép dudc mo ta chi tiét hon.
8.2.6 Gradient Khong Chinh Xac

Hau hét céc thuit toan tdi wu dudc thiét ké véi gia dinh rang ching ta c6 thé tiép can
gradient hodic ma trin Hessian chinh x4c. Tuy nhién, trong thuc té, chiing ta thudng chi c6
thé tiép can mot u6e luong nhifu hodc thim chi sai léch cia cic dai lugng nay. Gan nhu
moi thuét todn hoc sau déu dua vao cic uéc luong dua trén mau, it nhit 12 trong viéc st
dung mdt minibatch cac vi du huin luyén dé tinh todn gradient.

Trong mdt sb trudng hop, hAim muc tiéu ma chiing ta mudn t6i thiéu hda thuc su khong
thé gidi quyét dudc. Khi ham muc tiéu khong thé gidi quyét, gradient clia n6 thudng ciing
khong thé tinh dudc. Trong nhiing trudng hop niy, chiing ta chi c6 thé x4p xi gradient.
Nhitng vin dé nay chii yéu xut hién v6i cdc mo hinh phic tap hon ma ching ta sé dé
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cap trong phan II1. Vi du, phuong phap phan ky tuong phan (contrastive divergence) cung
cip mot ky thuat dé x4p xi gradient clia log-likelihood khong thé giai quyét ctia mot may

Boltzmann.

Céc thuat todn tbi uu mang no-ron khic nhau dudc thiét ké dé xi ly céc sai st trong
udc luong gradient. Mot cach khac d€ tranh van dé nay 1a chon mot ham méat mat thay thé
dé xAp xi hon so v6i ham mét mat thuc su.

8.2.7 Mbi Quan Hé Kém Giita Ciu Triic Cuc Bd va Toan Cuc

Nhiéu vin dé ma chiing ta da thao luin cho dén nay lién quan dén cic dic diém cla
ham mét mat tai mot diém duy nhit—c6 thé rat khé khin d€ thuc hién mot buée néu J ()
6 diéu kién kém tai diém hién tai 6, hoic néu # nam trén mot vach d4, hodc néu 0 1a mot

diém yén ngua che giu co hoi tién bd theo hudng xudng ddc tir gradient.

Tuy nhién, c6 thé vugt qua tit cd nhiing vin dé nay tai mot diém duy nhit va van thuc
hién kém néu huéng di mang lai cai thién nhiéu nhit vé mit cuc bo khong chi vé phia cic

khu vuc xa xdi c¢6 chi phi thip hon nhiéu.

Goodfellow et al. (2015) lap luén rang phan 16n thdi gian chay ciia qua trinh huén luyén
1a do d6 dai ctia quy dao can thiét d€ di dén giai phap. Hinh 8.2 cho théy ring quy dao hoc
tap danh phan 16n thoi gian clia né d€ vé mot cung rong xung quanh ciu tric hinh ndi.

Nhiéu nghién ctiu vé nhitng khé khin trong tdi uu héa da tap trung vao viée liéu qua
trinh huin luyén c6 dén dudc diém cuc ti€u toan cuc, diém cuc ti€u cuc bo hay mot diém
yén ngua hay khong. Tuy nhién, trong thuc té, cic mang nd-ron khong dat dugc mot diém
cuc tri ndo ca. Hinh 8.1 cho thdy cdc mang nd-ron thudng khong dén dudgc mot khu vuc
c6 gradient nhé. Thuc té, cic diém cuc tri nhu vdy tham chi khong nht thiét phai ton tai.
Vi dy, ham mat mat — log p(y|x; §) c6 thé khong c6 diém cuc ti€u toan cuc va thay vao
do, tiép can mot gia tri khi mo hinh trd nén tu tin hon. P6i véi mot bd phan loai véi y
rdi rac va p(y|r) dudc cung cp béi softmax, log-likelihood am c6 thé trd nén gin bing
khong néu mo hinh c6 thé phan loai chinh x4c moi vi du trong bd dit liéu huin luyén,
nhung khong thé dat dudc gia tri bang khong. Tuong tu, mot md hinh cia cac gia tri thuc
p(ylr) = N(y; f(6), 871) 6 thé ¢6 log-likelihood 4m tiém can vé vo cling Am—néu f(6)
c6 thé du doan chinh x4c gid tri clia tit ca ciac muc tiéu y trong bd huin luyén, thuit todn
hoc s& 1am ting 3 vo han. Xem hinh 8.4 d€ biét vi du vé su thét bai ctia t6i uu héa cuc
bd trong viéc tim gid tri hAm mét mat t6t ngay ca khi khong c6 diém cuc tiéu cuc bod hay

di€m yén ngua.
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Hinh 8.4: Tbi uu héa dua trén cic bude di xudbng ddc cuc bo c6 thé thit bai néu bé mit cuc bd
khong chi vao gidi phap toan cuc. Dudi dy 13 mot vi du vé cach diéu nay c6 thé xay ra, ngay ca
khi khong c6 di€ém yén ngua hay cuc tiéu cuc bo. Him mét mat vi du nay chi ¢6 cic tiém cin vé
phia cic gid tri thip, khong phai cuc tiéu. Nguyén nhan chinh cia su khé khin trong trudng hop
nay la viéc khdi tao & phia sai clia "ngon nui'"va khong thé di chuyén qua né. Trong khong gian c6
chiéu cao hon, cdc thuit todn hoc c¢6 thé thudng xuyén di vong qua nhiing ngon ndi nhu vy, nhung
quy dao lién quan dén viéc 1am nhu vy c6 thé rit dai va din dén thai gian huin luyén qua miic,
nhu dugc minh hoa trong Hinh 8.2.

Nghién cifu trong tuong lai can phat trién su hiéu biét sau hon vé céc yéu td anh hudng
dén do dai ctia quy dao hoc va mo ta chinh x4c hon két qua clia qud trinh nay. Nhiéu huéng
nghién ctiu hién tai nham dén viéc tim kiém cac diém khdi tao tdt cho cac bai toan c6 cau
tric toan cuc kho khiin, thay vi phat trién cdc thuét todn st dung cac budc di chuyén khong

cuc bd.

Phuong phép gradient descent va gin nhu tt c4 cc thudt todn hoc hiéu qua cho viéc
huan luyén mang no-ron déu dua trén viéc thuc hién cac bude di chuyén cuc bo nhd. Cac
phan trude da tap trung chii yéu vao viéc 1am thé nao dé xic dinh dugc hudng chinh xic
ctia nhitng budc di chuyén cuc bd nay c6 th€ gdp khé khin. Chung ta ¢6 thé chi tinh todn
mot sb thude tinh ctia ham muc tiéu, chang han nhu gradient ctia né, chi xap xi, véi do
léch hodc phuong sai trong viéc udc lugng hudng chinh xac. Trong nhitng trudng hdp nay,
viéc di chuyén cuc bo c6 thé khong xdc dinh dudc mot quy dao ngan hop 1y dén mot giai
phédp hop 1€, nhung ching ta khong thuc su ¢6 thé theo dudi con dudng di xudng cuc bo.
Ham muc tiéu c6 thé gip phai cic vin dé, chang han nhu diéu kién kém hoic gradient
khong lién tuc, khién cho viing ma tai d6 gradient cung cAp mdt mo hinh t6t ctia hAm muc
tiéu trd nén rat nhd. Trong nhitng trudng hop nay, viéc di chuyén cuc bod véi cic bude c6
kich thudc e c6 thé xac dinh mot con dudng ngin hop ly dén giai phap, nhung ching ta
chi c6 thé tinh todn hudng di chuyén cuc bd véi cac budc cé kich thudec § < €. Trong
nhiing trudng hop nay, viéc di chuyén cuc bd c6 thé xdc dinh mot con dudng dén giai
phédp, nhung con dudng nay chifa nhiéu buéc, vi vay viéc di theo né sé tén chi phi tinh

toan cao.

Dai khi, thong tin cuc bo khdng cung cip cho chiing ta mot huéng dan nao, chang han
nhu khi ham muc tiéu c6 mot ving phang rong, hoic néu chiing ta vo tinh roi ding vao
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mot diém quan trong (thudng thi kich ban sau chi xdy ra ddi v6i cac phuong phdp giai
quyét truc tiép cac diém quan trong, nhu phuong phap Newton). Trong nhiing trudng hop
nay, viéc di chuyén cuc bo khong xac dinh mot con dudng dén giai phap. Trong cic trudng
hop khdc, cdc budc di chuyén cuc bd ¢ thé qua tham lam va dan ching ta theo mot con
dudng di chuyén xudng dbc nhung lai di xa khoi bat ky gii phdp nao, nhu trong Hinh 8.4,
hoic din dén mot quy dao khong can thiét dai dén giai phdp, nhu trong Hinh 8.2. Hién
tai, ching ta chua hiéu r6 dau la vin dé quan trong nhit khién cho viéc t6i vu héa mang

nd-ron trd nén kho khin, va day 1a mot linh vuc nghién citu dang rit tich cuc.

Dl van dé nao trong s nay 1a quan trong nhét, tit c chiing déu c6 thé dugc tranh néu
c6 ton tai mot viing khong gian dugce két ndi kha truc tiép véi gidi phap bdi mot con dudng
ma viéc di chuyén cuc bd c6 thé theo. Va néu chiing ta c6 thé khdi tao qua trinh hoc trong
viing ¢6 hanh vi t6t d6. Quan diém cudi cliing niy gdi y nghién ctiu vé viéc chon lya cic
diém khdi tao tot dé céc thuat todn tbi uu hda truyén thong c6 thé st dung.

8.2.8 Gidi Han Ly Thuyét ctiia Toi Uu Héa

Mot s két qua 1y thuyét chi ra rang cé nhitng giéi han d6i v6i hiéu suét cia bat ky
thuat toan t6i vu héa ndo ma ching ta cé thé thiét ké cho mang no-ron (Blum va Rivest,
1992; Judd, 1989; Wolpert va MacReady, 1997). Thong thudng, nhiing két qua nay it anh

hudng dén viéc sit dung mang no-ron trong thuc té.

Mot s6 két qua ly thuyét chi ap dung khi cic don vi clia mang no-ron xuat ra cic gid
tri roi rac. Hau hét cdc don vi mang no-ron xuat ra cac gid tri ting dan mudt ma, diéu
nay lam cho viéc tbi vu héa thong qua tim kiém cuc bd tré nén kha thi. Mot sd két qua
ly thuyét chi ra rang tdn tai cdc 16p bai toan khong thé giai quyét dudc, nhung doi khi rit
khé dé xac dinh liéu mot bai toan cu thé c6 thudc 16p niy hay khong. Cac két qua khac
cho thiy viéc tim gidi phdp cho mot mang c6 kich thude nhit dinh 1a khong thé gii quyét
dudc, nhung trong thuc té, ching ta cé thé dé dang tim dudc giai phap bang cach sit dung
mot mang 16n hon, trong d6 c6 nhiéu ciu hinh tham s6 tuong ting v6i mot gidi phap chip
nhén dugc.

Hon nifa, trong bbi canh huin luyén mang no-ron, ching ta thudng khong quan tim
dén viéc tim kiém cuc tiéu chinh xdc ctia mot ham, ma chi mong mudn gidm gid tri cla
né da dé c6 dudc 16i téng quat tdt. Phan tich 1y thuyét vé viéc liéu mot thuat toan tdi uu
héa c6 thé dat dugc muc tiéu ny hay khong 1a mot van dé cuc ky khé khin. Do d6, phat
trién cc gi6i han thuc té hon vé hiéu suét clia cac thuat todn t6i vu héa van 13 mot muc

tiéu quan trong trong nghién ciu hoc may.
8.3 Thuat Toan C¢ Ban

Trong chuong trudc, ching ta da tim hi€u thuit todn gradient descent (xem Muc 4.3),
trong d6 tham s6 md hinh dugc cap nhit dua trén dao ham (gradient) tinh trén toan bo
tap huin luyén. Phuong phép nay hiéu qua nhung rét ton thdi gian khi tip dit liéu c6 kich
thudc 16n.

Mot cach tiép can nhanh hon va phd bién hon 1a st dung Stochastic Gradient Descent
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(SGD) — thuat toan dua trén viéc chon ngiu nhién cac minibatch tif tip di liéu va cap

nhat mo6 hinh theo dao ham tinh trén minibatch d6. Phuong phap nay da dudc trinh bay

trong cdc muc 5.9 va 8.1.3.

8.3.1 Stochastic Gradient Descent (SGD)

Stochastic Gradient Descent (SGD) va céc bién thé 12 mot trong nhitng thuit todn tdi

uu phd bién nhét trong hoc may va hoc sau. Thay vi tinh gradient trén toan bo tap dif liéu

(batch gradient), SGD st dung mdt minibatch nhé d€ uéc lugng gradient. Diéu nay gitp

gidm chi phi tinh todn dang k€ va ting toc do huin luyén.

Nhu trinh bay trong muc 8.1.3, viéc tinh gradient trung binh trén minibatch gdm m vi

du dugc 1dy ngiu nhién va doc 1ap tir phan phdi dit lidu sé tao ra mot ude lugng khong

thién léch cua gradient that.

Thuét toan 8.1: Cap nhat tham s6 bang SGD

Algorithm 8.1 Stochastic Gradient Descent (SGD)

Require: Lich téc do hoc €1, €, . ..
Require: Tham s6 khdi tao 6
1 k+1
2: while chua dat diéu kién diing do
3:  Liy minibatch gdbm m vi du {z™",... 2™} va nhan tuong tng y®
4: Tinh gradient trung binh:
1
m

§=—>_ VoL(f(z";0),y")
=1

5: Cap nhat tham s6: 0 < 0 — ¢, - §
6: k+—k+1
7: end while

Uéc luong gradient tif minibatch chita mot thanh phan nhiéu (do chon mau ngu nhién).

Pé SGD hdi tu vé diém cuc tiéu clia hAm mat mat, can théa man diéu kién:

NE
r
g

e
I
—

NE
??/‘\M
g

£
Il
—

Trong thuc tién, tbc d6 hoc thudng dudc gidm tuyén tinh trong cic vong dau:

ee=1—a-T)eg+a-7-€

Véi a = £. Sau thdi diém 7, toe dd hoc dudc gilt hiang sb tai e.

(8.7)

(8.8)

(8.9)
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Téc dd hoc (learning rate) 1a mot trong nhiing siéu tham sé quan trong nhat trong
huén luyén mang no-ron. Viéc chon gia tri phit hgp cho téc dd hoc thudng mang tinh thuc
nghiém, nghia 12 can thit nghiém nhiéu lan va theo dai két qua trén learning curve (dudng
cong hoc tap) — biéu dién gid tri hAm mAt mat theo thdi gian huén luyén. Viéc ndy phan
nhiéu mang tinh nghé thuat hon 12 mot khoa hoc chinh x4c. Do d6, cac 15i khuyén vé cach
chon tdc d6 hoc nén dudc xem xét mot cach than trong.

Khi st dung linear schedule — tic tbc do hoc gidm tuyén tinh theo thdi gian — ta can
xdc dinh cac tham sb: ¢ (tbc dd hoc ban dau), €, (gia tri toc do hoc sau thdi gian 7), va
chinh 7 (thdi gian giam téc dd hoc). Trong thuc té, 7 thudng dudc dit tuong duong véi sb
vong ldp can thiét d€ quét qua tap huin luyén vai trim 1an, con e, thudng lay khoang 1%

so VGl €.

Cau hoi quan trong 1a lam thé nao d€ dit ey. Néu tdc dd hoc ban dau qua 16n, dudng
cong hoc tap c6 thé dao dong dit doi, thAm chi 1am ham mit mat ting 1én ddng ké & mot
s6 budc. Mot s6 dao dong nhe 1a chap nhan dudc, dic biét 1a khi huin luyén véi ham mat

mat ngau nhién nhu khi dung dropout.

Ngudc lai, néu téc dd hoc qua thip thi qua trinh hoc sé& cham chap. Trong nhiéu trudng
hap, toc do hoc ban dau thip con c6 thé khién md hinh bi “ket” § mot gid tri ham mét mat
cao, khong hoc thém dugc gi.

Thong thudng, tbe dd hoc ti wu ban dau (tinh theo téng thdi gian huan luyén va gid
tri hAm mat mat cudi cting) sé cao hon téc do hoc t6t nhit trong khoang 100 buéce lip dau
tién. Vi vy, chién lugc t6t 12 quan sat mot s6 bude dau, sau d6 chon téc do hoc hoi cao

hon gid tri tot nhét trong giai doan nay, nhung khong qué cao dé gy ra méit 6n dinh.

Uu diém ndi bat nhit cia SGD (Stochastic Gradient Descent) va cdc bién thé nhu
minibatch hay online gradient descent 1a: thoi gian tinh todn moi budc cdp nhdt khéng
phu thudc vao sé lwong mdu hudn luyén. Nho dé, ta c6 thé hoi tu dén mot nghiém gan tbi

wu ma khong can phai quét hét toan bo di liéu néu tap huin luyén da 16n.

D& phan tich toc do hoi tu, ngudi ta thudng dung khdi niém 15i du thita (excess error):
J(6) — ming J(), bi€u thi khoang céch gitta ham mét mat hién tai va gid tri t6i thi€u
clia né. Trong bai toan 16i, SGD dat 15i du thiia O(\/LE) sau k budc, con néu bai toan la
strongly convex, toc do hoi tu 1a O(3). Nhiing gidi han nay 1a tdi uu, trit khi ¢6 thém gia
dinh manh hon.

Vé ly thuyét, Batch Gradient Descent c6 tdc do hoi tu tot hon SGD. Tuy nhién, dinh
ly Cramér-Rao (Cramér, 1946; Rao, 1945) chi ra rang 16i khdi quét (generalization error)
khong thé gidm nhanh hon O(%) Bottou va Bousquet (2008) cho ring: trong bbi canh hoc
may, viéc cb gang thiét ké thuat toan hdi tu nhanh hon O(%) 12 khong can thiét, vi toc do

d6 dé dan dén overfitting.

Thém vao d6, nhiing 1¢i ich thuc tién ctia SGD thudng bi che khuét trong phan tich
tiém can. Cu thé, v6i dit liéu 16n, kha ning cap nhat moé hinh nhanh chéng bing cach tinh
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gradient tif mot s6 mau nhé ciia SGD gitip mo hinh tién bd vuot troi trong giai doan dau,
du téc do hoi tu 1au dai c6 thé cham hon.

Mot chién lugc phd bién 1a két hop uu diém cida ca hai phuong phap: bit dau bing
SGD véi minibatch nhé dé€ hoc nhanh liic dau, sau dé6 ting dan kich thudc minibatch trong

qua trinh huén luyén nham cai thién do chinh xdc va hdi tu &n dinh hon.

Tham kho thém: Xem Bottou (1998) dé biét chi tiét vé thuit toan SGD.

8.3.2 Dong lugng (Momentum)

Trong khi phuong phép gradient descent ngiu nhién (SGD) vén 12 mdt chién lugc tdi
utu phd bién, thi viéc hoc biang SGD dbi khi c6 thé dién ra cham chap. Phuong phip dong
luong (Momentum), dudc dé xuit bdi Polyak (1964), dugc thiét ké nham ting téc qua
trinh hoc, dac biét 1a trong cac truong hop:

« Ham mat mat c6 do cong cao (high curvature),
« Gradient nhé nhung 6n dinh (small but consistent gradients),
« Gradient bi nhiéu (noisy gradients).

Y tudng chinh ctia dong luong 1a tich lily mot trung binh trudt ham mii clia cac gradient
trong qua khi va tiép tuc di chuyén theo huéng dé. Viéc nay gidp tranh hién tuong mo

hinh bi “ket” trong cic viing bang phang hoic dao dong qua nhiéu do gradient nhiéu.

Tén goi “dong lugng” xuat phat tif phép an du vat ly: Gradient am dudc coi nhu 13 mot
luc (force) ddy mot hat (particle) di chuyén trong khong gian tham s theo cdc dinh luat
chuyén dong ctia Newton. Pong ludng trong vat Iy dudc dinh nghia 13 khdi lugng nhan
v6i van tdc. Trong bdi canh hoc mdy, ta gia dinh khdi lugng 12 1, nén vecto van tdc v ciing

chinh la dong lugng.
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Hinh 8.5: Momentum dudc thiét k& nham giai quyét chii yéu hai vin dé sau trong qua trinh t6i
uu hoéa: Tinh trang diéu kién kém ctia ma trin Hessian (poor conditioning of the Hessian matrix).
Do bién thién trong gradient ngiu nhién (variance in the stochastic gradient). Trong phan nay, ta
minh hoa cidch ma momentum gitip vuct qua vin dé dau tién: ma trin Hessian c6 diéu kién kém.
Cac dudng dong mic trong hinh biéu dién mot ham mat mat bac hai c6 ma tran Hessian diéu kién
kém. Trong nhiing bai toan nhu vay, khong gian tham sb c6 hinh dang gidéng mdt thung liing dai va
hep hoidc mot hém niii — véi cac canh dbc diing va ddy rat hep. Pudng mau dd cit ngang qua cic
dudng ddong miic thé hién quj dao ma thuit todn hoc c6 dong lugng (momentum) di theo khi tbi
thiéu héa ham mét m4t nay. Tai mbi diém trén dudng di, mot mii tén dugc vé ra dé chi huéng ma
thuit toan gradient descent thong thudng sé chon tai diém d6. Ta c6 thé quan sét riang trong mot
bai toan tdi vu v6i ham muc tiéu bac hai c6 diéu kién kém, gradient descent truyén thong sé lién
tuc dao dong qua lai gilta hai bén ctia hém nii do phuong gradient bi 1éch huéng nghiém trong.
Qua trinh nay vira tén thdi gian vita khong hiéu qua. Ngugc lai, momentum tich Iy thong tin tit
cac budc trude, giup nd di ding hudng doc theo day hém nii — chinh 1a truc dai ctia vung hdi tu
— tlr d6 rit ngdn thoi gian t6i wu dang ké. Hay so sanh véi hinh 2? & chuong 4 d€ thy ro su khac
biét gitta gradient descent thudng va momentum.

Phuong phap dong lugng st dung mot bién phu trd v (vecto van tc) dé luu gilt huéng
di chuyén tich liiy, va dugc cap nhat theo quy tic sau:

] — . :
—av—eVe | — Y L(f(=;0),y? 8.10
v av w(m; (F(=;0),4) (8.10)
0<+—0+v (8.11)
Trong do:
« v: van toc hién tai (vectd tich liiy gradient).
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a € [0,1): siéu tham sd diéu khién miic do &nh hudng cla céc gradient cii (goi 1a hé

s6 dong luong).
s ¢: tbc do hoc (learning rate).
s V: gradient theo tham sb 6.

e m: kich thuéc minibatch.

Algorithm 8.2 Stochastic Gradient Descent (SGD) with Momentum

Require: Téc do hoc e, tham s6 momentum o
Require: Tham s6 ban diu 6, van téc ban dau v
1: while chua hoi tu do
2: LAy minibatch gdm m mAu tif tip huén luyén
3: Tinh gradient:

m

1 , .
— = VeL(f(z?;6),y"
9 ; oL(f(z™;0),y™)
4: Cap nhat van tc: v < av — €g
5: Cap nhat tham s6: 0 < 0 + v
6: end while

Thuat todn st dung mdt vector van toc v d€ tich lily cdc gradient trong qua khi theo
cach trung binh trudt mii. Néu cdc gradient lién tuc c6 cling hudng, dong luong sé gitip
ting téc hoi tu theo hudng d6. Ngudc lai, néu gradient thay ddi dot ngot, dong lugng sé

lam tron qua trinh cip nhat.
Khi gradient khong d6i theo thdi gian, budc cip nhat hoi tu vé gia tri:
€
Isl 812
1 -«
Tham sb « thudng dugc chon 12 0.9 hoic 0.99 trong thuc nghiém, gitip ting tdc tdi uu
trong cic bai todn c6 do cong cao hoic ma trin Hessian diéu kién kém.

Ta c6 thé hi€u momentum nhu mdt mo phong clia hat chiu tdc dong Iuc trong khong
gian tham s6. Hat c6 vi tri 6(¢), va bi tdc dong bdi mot luc f(t). Theo dinh luét IT Newton,

luc nay giy ra gia toc:

f(t) = (8.13)

Thay vi xem day 1a mot phucng trinh vi phan bac hai cta vi tri 6(t), ta ¢6 th€ gidi thiéu
thém bién van tdc v(t) dé biéu dién tdc dd cia hat tai thoi diém ¢ va viét lai dong luc hoc
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Newton dué6i dang hé phuong trinh vi phan bac nhit nhu sau:

v(t):%Q(t) (8.19) (8.14)
0
f(t) = z0(t) (8.20) (8.15)

Trong do:

e O(t) 1a vi tri (tham s6 mo hinh) tai thdi diém .
e v(t) 1a van toc (tbc do thay ddi tham sb).

* f(t) 1a lyc tac dong vao hat.

Thuat toan momentum dudc xdy dung dua trén viéc giai hé phuong trinh vi phan nay
bing md phong sb. Mot phuong phap don gian dé giai phuong trinh vi phan 1a phuong
phép Euler, trong d6 ta cip nhat cdc gid tri bang cach di tiing budc nho theo hudng clia
dao ham.

Cau héi dit ra 1a: cac luc f(t) cu thé trong md hinh t6i uu 1a gi?

Mot luc chinh trong hé 12 Iuc ti 1& v6i 4m ctia dao ham ham mét mat:
feraa = =V4J (0)

Luc nay khién hat trugt xudng theo huéng gidm ctia ham mat mat. Trong thuit todn
gradient descent cd ban, mdi budc cap nhat chi dua trén dao ham nay. Nhung trong thuat
toan momentum, luc nay lam thay d6i van toc v(t), tit d6 anh hudng dén vi tri 6(¢).

Hay tudng tuong mot qud bong khiic con cau dang trugt trén mit bang. Khi qui bong
di xuéng mot doc ditng (gradient 16n), né sé ting tc va tiép tuc trudt theo hudng do, ngay
ca khi dbc bit du thoai ra — d6 chinh 12 hiéu ing momentum.

Néu chi c6 Iuc tir gradient, qua bong sé mai trudt qua lai ma khong bao git ding lai,
nhu mot vat trén mit bing hoan hdo khong ma sit. Do d6, ta can thém mot luc can ti 18
v6i van toc:

fdrag = —’)/U(t)
vi v > 012 hé s nhét.

Trong vat 1y, dy 12 luc can nhét — gidng nhu khi hat chuyén dong trong xi-ro. Luc
nay 1am hat mat dan niing ludng, gitdp né dan ding lai & vi tri ti uu (t6i tiéu dia phuong).

Chung ta c6 thé tudng tuong nhiéu loai luc can khic nhau:

e Luc can hon loan (turbulent drag): ti 1€ v6i v(t)?, thudng gip khi vat di chuyén trong

khong khi. Tuy nhién, khi van toc nh, luc ndy trd nén qua yéu, khong di dé ding

vat lai. Hat sé tiép tuc di chuyén mai, ciach xa diém ban dau v6i khodng cach ting
theo O(log ).
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* Ma sat kho (dry friction): 12 luc c¢6 d6 16n khong ddi, khong phu thude vao van tdc.
Néu gradient nho, luc nay c6 thé khién hat diing lai s6m, chua kip dén dudc diém
cuc tiéu.

Luc can nhét 1a Iva chon hop Iy nhit:
« Khi gradient dd 16n, né van c6 thé khién hat tiép tuc di chuyén.

« Khi gradient gin nhu bang 0, luc can sé di manh dé ditng hat lai, gitip thuat toan hoi
tu.

Do d6, ta chon luc can nhét —~v(t) vi tinh can bang giita sy mém déo va kha ning

kiém sodt chuyén dong.
Thuit toan momentum la su két hop gitta hai yéu to:
* Gradient nhu mot luc ddy huéng vé cuc tiéu.
e Luc cin nhét dé ki€ém soat va 1am tron chuyén dong.

Bing cach mo phong vat ly qua hé phuong trinh vi phan, momentum gitip qua trinh

huén luyén nhanh hon, mugdt ma hon va dé dang vudt qua cac hd nhd trong ham mat mat.
8.3.3 Nesterov Momentum

Sutskever et al. (2013) da gidi thiéu mot bién thé clia thuat todn momentum, lay cidm
hiing tif phuong phdp gradient ting tdc ctia Nesterov (1983, 2004). Bién thé nay dudc goi
1a Nesterov Accelerated Gradient (NAG). Quy tac cap nhit trong trudng hop nay dudgc viét
nhu sau:

m

1 . 4
_ _ (). (@)
vV + av — eV — E L(f(z0+av),y?)|, (8.21)

=1

0—0+v (8.22)

Trong do:

* 0 1a tham s6 mo hinh.

e v 12 van tbc (momentum).

e o 1a hé s6 momentum (0 < a < 1).
* ¢ 1a tdc d6 hoc (learning rate).

» Vy la dao ham theo tham s6 6.

Su khéc biét chinh giita Momentum truyén théng va Nesterov Momentum nam & diém
ma gradient dudc tinh:

* V6i Momentum thudng, gradient dudc tinh tai vi tri hién tai 6.

* V6i Nesterov, gradient dugc tinh tai vi tri dude “nhin trude” 1a 6 + av, tic la sau khi
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ap dung momentum.

C6 thé hiéu rang Nesterov momentum bd sung mot yéu t6 hiéu chinh (correction factor)

cho phuong phdp momentum chuén, gidp thuit todn phan dng trudc nhiing thay déi cla
hudng di chuyén, tir d6 ting hiéu qua hoi tu.

Trong trudng hogp bai toan 1i (convex) va ding gradient theo mini-batch cb dinh,

Nesterov momentum gidp ci thién tbc do hoi tu cla sai s6 du tit O(1/k) (sau k budc) 1én
O(1/k?) nhu dugc ching minh trong cong trinh ctia Nesterov (1983).

Tuy nhién, khi 4p dung cho trudng hop gradient ngiu nhién (stochastic gradient descent),
cai tién nay khong con gitip ting tdc do hoi tu nita. Pidu d6 nghia 1a trong thuc hanh véi

dit liéu thuc, hiéu qua ctia Nesterov c6 thé phu thudc vao céch trién khai va diéu kién cu
thé.
Nesterov Momentum 13 mot chién lugc thong minh gitp:
* “Nhin truéc” vi tri tiép theo dua trén vén toc hién tai.
« Cap nhat gradient & di€ém xa hon thay vi hién tai.
« Ting kha ning hoi tu nhanh hon trong mot s6 trudng hop ly tudng.

Thuit to4n nay dic biét hitu ich trong cdc bai todn 16i va vin dudc ap dung rong rii trong
huan luyén mang no-ron sau.

8.4 Chién lugc khdi tao tham sb

Trong hoc siu, cdc thuat todn tdi uu thudng mang tinh lip va can mot diém khdi tao

ban dau. Viéc Iva chon diém khdi tao niy 4anh hudng 16n dén qua trinh huin luyén.
 Néu khdi tao khong t6t, mo hinh c6 thé khong hdi tu hodc gip 16i s6 hoc nghiém
trong.

+ Khdi tao dnh hudng dén tdc d6 hoi tu va chit lugng nghiém cudi cling.

* Ngay ca khi dat chi phi huin luyén tuong tu, nghiém khac nhau cé thé cho sai s6
khai quat khac nhau.

Vi vy, lua chon chién lugc khéi tao tham s6 phu hop 1a rat quan trong d&€ dam bao
huan luyén 6n dinh, nhanh chéng va dat két qua tot.
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Algorithm 8.3 Thuat toan 8.3: Stochastic Gradient Descent (SGD) véi Nesterov
Momentum
Yéu cau: Toc d6 hoc €, tham sb momentum o
Khdi tao: Tham s6 ban dau 6, van toc ban dau v
1: while chua dat ti€u chi dung do

2: LAy mot minibatch gdm m vi du tit tap huén luyén {z™), ..., (™} v6i nhan tuong
ting ). )
3: Ap dung budc cap nhat tam thoi: 0 < 6 + av.
4: Tinh gradient tai di€ém tam thoi:
1 N~ )
— —V; Y L(f(z9;0),4"
g Vo Z (f (z ),y )

5: Cap nhat van toc:

V i— Qv — €g

6: Cap nhat tham s6:
0+ 0+v

7: end while

Giai thich:
« Khic véi SGD truyén théng, Nesterov momentum “nhin trudc” bang cach tam thai

tién thém mot budc theo van tde trude khi tinh gradient.

» Gradient g dugc tinh & vi tri di cong triéc mot phan van toc, gidp thuat toan phan

ting nhanh hon khi sip dén cuc tiéu.

* Van toc v vira ké thira mot phan van tdc cii (av), vita dugce diéu chinh bsi gradient
mdi (—eg).

« Cubi cling, tham s6 6 dudc cap nhit bang cach cong thém van téc mdi.

Céc chién lugc khdi tao tham sb hién dai thuong don gian va dua trén cic nguyén ly
thuc nghiém. Viéc thiét ké nhiing chién lugc khdi tao t6t hon 12 mot thach thiic 16n béi

qua trinh t6i vu héa mang no-ron hién nay van chua dudc hiéu day du.

Phan 16n cac chién luge khéi tao déu nhiam dat duge mot s6 tinh chét "dep"khi mang
vita mdi khéi tao. Tuy nhién, chiing ta chua c6 su hiéu biét tot vé viéc nhiing tinh chit nay
dugc duy tri ra sao trong qud trinh hun luyén. Thém vao dé, mot s6 diém khdi tao c6 thé

gidp tdi vu héa dé dang hon nhung lai giy hai cho kha ning tdng quat héa ctia md hinh.

Hién nay, su hiéu biét vé cach diém khéi tao 4nh hudng dén kha ning téng quat héa

con rét so khai, gan nhu khong c6 huéng din nao ro rang vé cach chon diém khdi tao.

Diéu duy nhit ma ta biét chac chan 1a: tham s6 khdi tao can phd v tinh d6i xiing giita
céc don vi no-ron. Néu hai no-ron 4n c6 ciing ham kich hoat va két nbi cing mot tap input,

chiing phdi dudc khéi tao khac nhau. Néu khong, trong cdc mo hinh va thuit toan huin
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luyén x4c dinh, chiing sé& ludn dudc cip nhat gidng hét nhau trong sudt qud trinh hoc, 1am
giam tinh da dang cia mang.

Ngay ca khi thuat todn huén luyén c6 tinh ngiu nhién (vi du nhu st dung dropout), tot
nhét van nén khdi tao d€ mdi nd-ron ban dau tinh todn mot ham khac biét, nham dam bao:
- Khong mit mau dau vao nao do roi vao khong gian null clia lan truyén tién.

- Khong mit mau gradient nao trong qua trinh lan truyén ngudc.

Diéu nay thdc ddy viéc khdi tao tham s6 ngiu nhién. Ching ta c¢6 thé tim kiém mot

tap hgp cac ham cd s6 (basis functions) khac biét, vi du nhu dung phuong phap truc giao

Gram-Schmidt dé tao ma tran trong s6 ban dau, nhung cich nay ton kém tinh todn.

Giai phdp phd bién hon 1a khéi tao ngiu nhién tit phan phdi c6 entropy cao trong khong
gian chiéu cao, ré hon vé chi phi tinh to4n va ciing it kha niing sinh ra hai don vi tinh cuing

mot ham.

Thong thuong:

« Céc bias ctia mdi don vi dudc dit thanh cac hing s6 dudc chon theo kinh nghiém.

« Chi trong s6 dudc khdi tao ngau nhién.

* Céc tham s6 phu khac (vi du tham sb phuong sai c6 diéu kién) ciing thudng dugc dit

cdc gia tri hang.

Hau hét cic trong sd dugc khdi tao tif phan phdi Gaussian hodc phan phdi déu. Lua
chon loai phan phdi (Gaussian hay Uniform) khéng anh hudng 16n, nhung do 16n cia gid
tri khdi tao c6 anh hudng rat 16n dén qua trinh t6i uu héa va kha ning téng quat héa ctia

mang.

* Trong s6 16n gitip ph4 v& dbi xiing manh mé hon, tranh tinh trang cac don vi no-ron

hoat dong gidng nhau.

» Trong s6 16n ciing gitp tin hiéu khong bi triét tiéu khi lan truyén tién hoic lan truyén

ngugc, nho vao cac phép nhan ma tran cho gia tri 16n hon.

« Tuy nhién, trong s& qua 16n c6 thé din dén bung nd gid tri trong lan truyén tién hodic
nguaoc.

* Trong mang hoi tiép (RNN), trong s 16n con cé thé giy ra hién tugng hon loan

(chaotic behavior) lam cho mang trd nén qua nhay cam véi nhiéu nho.

* Viéc gradient bung né c6 thé giam nhe bang k§ thuat gradient clipping (gidi han gia
tri gradient trudc bude cap nhat).

* Néu trong s6 qua 16n ciing d& 1am ham kich hoat bi bio hoa (vi du ReLU am toan bo

hoic sigmoid tién sat 0/1), giy mat gradient.

Nhiing yéu t6 canh tranh nay quyét dinh quy mé ly tudng ctia trong s khdi tao.
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Chon céch khdi tao phut hogp, nhét 14 xdc dinh quy mo cua gia tri khéi tao, 12 yéu tb rat

quan trong, anh hudng sau sac dén sy thanh cong cua viéc huan luyén mang no-ron.

Géc nhin tir tdi vu héa va tli chinh quy héa (regularization) déi khi cho ta nhitng khuyén

nghi dbi 1ap vé cach khéi tao mang:
» Téi uu héa: trong s6 nén di 16n dé€ truyén tin hiéu hiéu qua.
« Chinh quy héa: nén giit trong s6 nho dé han ché overfitting.

Thuét todn t6i vu nhu gradient descent hoic stochastic gradient descent thudng cap
nhat tham s6 bang nhitng budc rit nhd, va cé xu hudng diing lai gan véi tham s khéi tao
(do gradient nhd hoiic do ditng sém dé tranh overfitting).

Diéu nay giéng nhu ap dung mdt prior Gaussian vdi trung binh tai tham s khdi tao 6.
Néu ta dit 6, gan 0, ta ngdm gia dinh ring cic don vi trong mang khong tuong tic manh
trir khi c6 ly do dac biét.

Néu khdi tao 6, 16n, tiic 1a ta da xac dinh sin su tuong tdc manh gitta cdc don vi.

Mot s6 phuong phap khdi tao thuc nghiém:

« Khdi tao trong sd 16p fully connected v6i m input va n output tif phan phdi déu

U (_L L)
vm? ym )*

* Glorot va Bengio (2010) dé xuét Xavier initialization:

m—+n m-+n

nham cin bang phuong sai ciia dau ra va gradient qua cac 16p.

* Saxe va cong su (2013) dé xuit khdi tao bﬁng ma trin tryc giao ngau nhién, sau d6
nhan véi hé s6 scale phit hdp véi loai ham kich hoat.

D céc gia dinh ly thuyét (mo6 hinh mang tuyén tinh khong c6 phi tuyén) khong hoan
toan ding v6i mang thuc té, nhung nhiing phuong phap nay thudng cho két qui thuc

nghiém t6t.

Chon cich khéi tao phit hdp, nhét 1a x4c dinh quy m6 va cAu triic trong sd ban dau, c6

anh hudng sau sac dén kha nidng hoc va tdng quat héa clia mang no-ron.

Mot quy tic kinh nghiém hitu ich khi chon ti 1 khdi tao ban dau 1a xem xét pham vi
hodc do 1éch chuin ctia cac kich hoat (activation) hodc gradient trén mdt minibatch dir
liéu duy nhét.

Néu trong s6 qua nho, pham vi ctia c4c kich hoat trén minibatch sé co lai khi lan truyén
tién vé phia truc trong mang. Bing cach lién tuc xac dinh 16p dau tién c6 kich hoat qua
nhd va ting trong sb ctia 16p do, ta c6 thé dat dudc mot mang c6 kich hoat ban dau hop ly

trén toan b cac 16p.
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Néu qu4 trinh hoc van dién ra qua chim, nén xem xét pham vi hoic do 1éch chuin cia

cac gradient bén canh cac kich hoat.

Thi tuc nay c6 thé tu dong héa va thudng it tén kém hon téi uu héa siéu tham s6 dua
trén 16i tap xdc thuc, bdi vi né chi can phan hdi tit hanh vi cia md hinh trén mot minibatch

duy nhét.
Mishkin va Matas (2015) da xac dinh va nghién ctiu quy trinh nay mdt cach chinh thic.

Cach thiét 14ap bias can phdi hop véi cach khdi tao trong sd. Viéc dit bias bang 0 phu
hop véi hau hét cac phuong phap khdi tao trong s6. Tuy nhién, cé mot sb trudng hop can
dat bias khac O:

* Bias cho don vi dau ra: Khéi tao bias sao cho phii hgp vé6i théng ké bién clia dau ra.
Gia st trong s6 ban dau di nho, ta gidi phuong trinh:

softmax(b) = ¢

trong do c 1a vector bi€u dién x4c suat bién cia cac 16p.

e Tranh saturation khi khéi tao: Dét bias ctia ReLU hidden unit thanh 0.1 thay vi 0 dé
tranh saturation s6m. Cach nay khong thich hgp cho cac phuong phap nhu random
walk initialization (Sussillo, 2014).

* Bias cho cdc c6ng diéu khién: Trong cac kién triic nhu LSTM, don vi diéu khién
dau ra (nhu cdng forget) can khdi tao bias dé gid tri ban dau ctia cdng gan 1. Vi du,

Jozefowicz et al. (2015) khuyén nghi dit bias ctia forget gate bang 1.

Vi du, trong m6 hinh hoi quy tuyén tinh véi uéc lugng phuong sai diéu kién:

ply | z) =Ny | w'z+b,1/8)

trong d6 3 1a tham s do chinh x4c.
Thoéng thudng, c6 thé khéi tao 5 bang 1 mdt cach an toan. Ngoai ra, c6 thé:
* Gia dinh trong s6 ban dau di nhoé dé bé qua anh hudng clia trong so.
« Diit bias d€ sinh trung binh bién diing ctia diu ra.
« it tham sb phuong sai bang phuong sai bién ctia dau ra trén tap huén luyén.
Ngoai cdc phuong phap ngiu nhién hoic hing s6, c6 thé sit dung hoc may dé khéi tao:
* St dung tham s hoc dudgc tif mo hinh khong gidm sat trén cliing tip dif liéu.
* Huén luyén c6 giam sit trén mot nhiém vu lién quan.

 Tham chi, huan luyén trén mot nhiém vu khong lién quan ciing c6 thé mang lai khoi

tao gitip mo hinh hoi tu nhanh hon khéi tao ngau nhién.

Mot sb chién luge khéi tao gitp hdi tu nhanh hon va tdng quat héa t6t hon vi ma héa
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thong tin phan phdi dit liéu vao tham s mo hinh. Mot sd khéc chi don gian vi thiét 1ap
ding ti 1& ban dau hodc phan biét chiic ning gilia cac don vi.
8.5 Cac thuit toan vdi toc d hoc thich ing

Cic nha nghién cttu mang no-ron tif lau da nhan ra ring téc do hoc (learning rate) 1a
mdt trong nhitng siéu tham s6 kho thiét 1ap nhat, bsi vi né anh hudng dang ké dén hiéu

suat cia mo hinh.

Nhu da thdo luan trong cdc muc 4.3 va 8.2, ham chi phi thuong rit nhay theo mot sd
huéng trong khong gian tham s6 va khong nhay theo nhitng huéng khac.

Thuét toan momentum c6 thé gidp gidm b6t cdc vin dé nay phan nao, nhung déi lai nd
lai gi6i thiéu thém mot siéu tham sb khac.

Trong bbi canh d6, mot cau héi tu nhién dugc dit ra: liéu c6 mot cach tiép can khac?

Néu tin ring cdc huéng nhay cidm phan nao thang hang véi céc truc toa do, thi viéc st
dung mot toc do hoc riéng cho tliing tham sd, va tu dong diéu chinh cac tdc do hoc nay

trong qud trinh huén luyén, 12 mot y tudng hop ly.

Thuét todn delta-bar-delta (Jacobs, 1988) 1a mdt céch tiép can kinh nghiém ti rit s6m
dé€ diéu chinh téc do hoc riéng cho tiing tham s m hinh trong qu4 trinh huin luyén.

Y tudng co ban ciia thuit todn:

 Néu dao ham riéng ctia ham mat mat theo mot tham sb giit nguyén dau, thi ting tdc
do hoc.

 Néu dao ham riéng dé d6i dau, thi gidm toc do hoc.
Tuy nhién, quy tic nay chi 4p dung dudc cho tdi wu héa theo batch day du.

Gan day, nhiéu phuong phdp incremental hoic mini-batch da dudc gi6i thiéu nham

thich ting tbc do hoc cho titng tham sb trong sudt qu4 trinh hoc.
Trong phan ny, ching ta s& diém qua mot sd thuat todn tiéu biéu.
8.5.1 AdaGrad
Thuat toan AdaGrad (trinh bay trong Thuat toan 8.4) diéu chinh tdc do hoc riéng cho

titng tham s& mo hinh bang cach nhan chiing v6i nghich dao clia ciin bac hai tdng ldy tich

céc gid tri binh phuong gradient trong sudt qua trinh huin luyén duchi2011adagrad.

Cac tham s0 ¢6 dao ham riéng 16n cua ham mat mat s€ nhanh chong bi giam toc do
hoc, trong khi c4c tham s6 véi dao ham riéng nhé sé c6 tdc dd hoc gidm cham hon.

Hiéu ting tong thé 12 mo hinh tién bd nhiéu hon theo cic huéng c6 do ddc thoii trong

khong gian tham s6.

Trong bdi canh t6i uu héa 16i, thuat toan AdaGrad c6 nhiing tinh chit ly thuyét rat hap

dan.

Tuy nhién, trong thuc té huin luyén mang no-ron siu, viéc tich lily c4c binh phuong
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gradient ngay tif dau c6 thé khién tdc do hoc gidm qud nhanh va qud nhiéu, dan dén qué

trinh ti vu bi cham lai.

AdaGrad hoat dong t6t dbi v6i mdt s6 mo hinh deep learning, nhung khong phi hop
véi tit cd cdc trudng hop.
8.5.2 RMSProp

Trong qud trinh huin luyén, quyj dao hoc c6 thé di qua nhiéu ciu tric khdc nhau va
cudi ciing dén mdt viing c6 dang bat 1i (locally convex bowl). Thuat todn AdaGrad sé thu
nhd téc do hoc theo toan bo lich st binh phuong gradient va c¢6 thé 1am cho téc do hoc
qué nho trude khi di vio mét ciu triic 16i nhu vay. Trong khi d6, RMSProp st dung mot
trung binh gidm dan theo thdi gian d€ loai bé céc gid tri lich st tif qua khit xa x6i, gitp
thuat todn c6 thé hoi tu nhanh chéng sau khi tim thiy mot bat 16i, nhu thé né 1a mot phién

ban clia thuat toan AdaGrad dudc khdi tao trong viing bat 16i d6.

Algorithm 8.4 Thuat toan AdaGrad

Require: Toc dd hoc toan cuc e
Require: Tham s6 khdi tao 6
Require: Hing s6 nhd §, vi du 1077, &€ ddm bao 6n dinh sb hoc
1: Khdi tao bién tich lily gradient: r < 0
2: while chua dat diéu kién diing do
3: LAy mot minibatch gdm m mau tif tap huln luyén {z(V ... 2™} véi nhan tuong
ting y®

4 Tinh gradient: g <~ LV, > L(f(z";0),y®)

5: Cong don binh phuong gradient: 7 <— 74+ g © g

6: Tinh budc cap nhat: Af «+ —ﬁ Oy > Chia va ciin bac hai tiing phan ti
7: Cap nhat tham s6: 0 < 0 + A

8: end while

Algorithm 8.5 Thuat toan RMSProp

Require: Toc dd hoc toan cuc €, hé sb suy giam p

Require: Tham s6 khdi tao 0

Require: Hing s6 nho 0, thuong 12 1076, @€ tranh chia cho s6 gan 0
1: Khdi tao bién tich liiy gradient: 7 + 0
2: while chua dat diéu kién diing do

3: LAy mot minibatch gdm m mau tif tap hudn luyén {2, ... 2™} v6i nhin tuong
ting y

4:  Tinh gradient: g« 2V, >, L(f(2;6),y")

5: Cap nhat gia tri tich luy T pr + (1 —p)gOg

6: Tinh budc cap nl}at. Al +— — \/W ©g

7: Cap nhat tham so: 6 <+ 0 + Af

8: end while

Thuét toan RMSProp dugc thé hién & dang chuin trong Thuit toan 8.5 va két hop véi
momentum Nesterov trong Thuat todn 8.6. So v6i AdaGrad, viéc st dung trung binh di
dong mang dén mot siéu tham s6 méi 12 p, diéu khién do dai cia trung binh di dong.
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Vé miit thuc nghiém, RMSProp di dudc chiing minh 12 mot thuét todn ti wu héa hiéu
qua va thuc té cho cdc mang no-ron sau. Hién tai, n6 12 mot trong nhiing phuong phép tdi
uu dudc st dung rong ri trong cong dong hoc sau.

8.5.3 Thuét toan Adam

Adam (Kingma va Ba, 2014) 12 mot thuat ton tdi uu véi tbe do hoc thich nghi, két hop
gitta hai y tudng chinh: momentum (ddng lugng) va RMSProp (chia ty 1€ theo phuong
sai). Tén goi "Adam"bét ngudn tif cum tif adaptive moments — md hinh st dung uéc lugng
bac nhét va bic hai clia gradient.

» Momentum trong Adam dugc tinh nhu mét trung binh luy thita bac nhét (first-order

moment) cua gradient, trong khi RMSProp theo doi trung binh luy thtta bac hai

(second-order moment).

 Adam 4p dung cac hé s6 hiéu chinh sai léch (bias correction) dé diéu chinh cic uéc
lugng md-men do ban dau dudc khdi tao tai 0, diéu ma RMSProp khong lam. Nho

vay, Adam khac phuc dugc do 1éch cao trong giai doan dau huin luyén.

» Khéc véi viéc ap dung momentum 1én gradient da dudc chia ty 1€ (nhu cach don gian
két hop RMSProp va momentum), Adam tich hop truc tiép momentum va chia ty 1&
vao qud trinh cAp nhat, gitip 6n dinh va hiéu qua hon.

+ Adam thudng dudc danh gid 1a kha &n dinh véi cdc siéu tham s6, tuy nhién téc dd
hoc (learning rate) doi khi van can diéu chinh so véi gi4 tri mic dinh dé€ dat két qui
t6i uu.

8.5.4 Lua chon thuét toan tbi vu phu hop

Trong cac phan trudc, chiing ta da thao luin nhiéu thuit todn tdi uu c6 kha ning diéu

chinh tdc do hoc (learning rate) cho tiing tham sd riéng biét. Mot cau héi tu nhién dit ra

12: nén chon thudt todn nao dé hudn luyén mé hinh deep learning ?

That khong may, hién tai van chua c6 mot su dong thuan rd rang nao. Theo nghién cifu
cua Schaul et al. (2014), cac thuat toan thudc nhom learning rate thich nghi nhu RMSProp
va AdaDelta cho két quéa kha 6n dinh trén nhiéu bai todn hoc khic nhau. Tuy vay, khong

c6 thuit todn nao vuot trdi hoadn toan trong moi tinh hudng.
Hién nay, c4c thuat toan tdi uu phd bién nhét gom:
» SGD (Gradient Descent thuan tuy),
* SGD vé6i Momentum,
* RMSProp,
* RMSProp v6i Momentum,
* AdaDelta,

e Adam.
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Viéc lua chon thudng phu thudc vao kinh nghiém clia ngudi dung vé6i thuat todn cu thé,
béi diéu nay anh hudng dén kha ning tinh chinh siéu tham s6 hiéu qua. Mot s6 thuit toan
nhu Adam c6 xu huéng lam viéc tot véi it diéu chinh, trong khi SGD c¢6 thé can nhiéu thi
nghiém hon dé dat két qua tbi uu.

8.6 Phuong phap Xﬁp xi bac hai (Approximate Second-Order Methods)

Trong phan nay, chiing ta sé tim hi€u cich 4p dung cic phuong phap tbi uu bac hai dé
huin luyén mang no-ron sau. Ban doc c6 thé tham khio thém cach trinh bay ban dau ctia
chti dé nay trong LeCun et al. (1998a).

Dé don gian héa, ta chi xét ham muc tiéu 12 rii ro thuc nghiém (empirical risk), dudc
dinh nghia nhu sau:

J(0) = E(wy)mpoua(z) [L(f (25 0),9)] =

trong do:
* 0 1a vector tham s6 ctia mo hinh.
e f(z;0) 1a dau ra ciia mo hinh véi dau vao z.
* L 12 ham mét mét do do sai léch gitta diu ra mo6 hinh va nhén thuc y.
* m 12 s6 miu huin luyén.

Mic dii chiing ta chi trinh by véi hAim muc tiéu don gidn nay, cic phuong phap t6i uu
bac hai c6 thé dudc mé rong dé dang cho cdc ham muc tiéu tong quat hon, vi du nhu c6
thém céc thudt toan chinh quy hod tham s6 da dudc thio luan trong chuong 7.

8.7 Phuong phap xap xi bac hai (Approximate Second-Order Methods)

Trong phan nay, chiing ta sé tim hi€u cich 4p dung cic phuong phap tbi uu bac hai dé
huén luyén mang no-ron sau. Ban doc c6 thé tham khio thém cach trinh bay ban dau ctia
chti @& nay trong LeCun et al. (1998a).

Dé don gian héa, ta chi xét hAm muc tiéu 12 rii ro thuc nghiém (empirical risk), dudc

dinh nghia nhu sau:

J(0) = E(zy)mpoua(w) [L(f (23 0),9)] =

trong do:
* 0 1a vector tham s6 ctia mo hinh.
e f(z;0) 1a dau ra ciia mo hinh véi dau vao z.
* L 12 ham mét mét do do sai léch gitta dau ra mo6 hinh va nhén thuc .

* m 12 s6 miu huin luyén.
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Miic du chiing ta chi trinh bay v6i ham muc tiéu don gian ndy, cic phuong phdp tdi uu
bac hai ¢6 thé dudc md rong dé dang cho cac ham muc tiéu tdng quat hon, vi du nhu c6

thém céc thuit toan chinh quy hod tham s6 da dudc thio luan trong chuong 7.

8.7.1 Phuong phap Newton (Newton’s Method)
Trong muc 4.3, chiing ta da gi6i thiéu cdc phuong phap t6i uu dua trén dao ham bac
hai. Khéc v6i cic phuong phép bac nhit chi sit dung dao ham cip mot (gradient), phuong

phdp bac hai tin dung thém thong tin tif dao ham bic hai d€ cai thién qu4 trinh t6i uu.

Mot trong nhiing phuong phap phd bién nhit 12 phuong phap Newton. Phuong phap
nay dua trén khai trién chudi Taylor bac hai d€ xap xi ham mét mat .J(6) gan mot diém 6,
bd qua cdc thanh phan bac cao hon:

J(0) = J(0y) + (0 — 00) Ve J(0) + %(0 —00) H(0 — 6y), (8.19)

trong do:
* VyJ(6y) 1a dao ham bac nhit tai 6,
e H la ma trdn Hessian — ma trdn dao ham béc hai cta J tai 6.

DE tim cuc tri (minimum), ta iy dao ham cta biéu thiic trén theo # va giai phuong
trinh Vy.J(0) = 0. Tu d6, ta thu dugc cong thiic cap nhat tham sb:

0" =0y — H "VyJ(0)). (8.20)
Néu J(6) 1a ham 16i va gan nhu bac hai (local quadratic), thi phuong phap Newton sé&
nhay truc tiép dén diém cuc tiéu bang cach diéu chinh gradient v6i ma trin Hessian.

Trong trudng hgp ham muc tiéu khong thuan bac hai (c6 cac thanh phan bic cao hon),
ta ¢ thé lip lai budc cap nhat nhiéu 1an. Khi d6, ta c6 dugc thuit toan huin luyén goi 1a
Newton lap (Iterative Newton’s Method), nhu md ta trong Thuat toan 8.8.

Déi v6i cac bé mit hAim muc tiéu khong thuan bac hai, phuong phap Newton van c6 thé
dudc ap dung lap lai, mién 1a ma tran Hessian van la x4c dinh duong (positive definite).

Diéu nay din dén mot thii tuc 13p gém hai budc:
1. Cap nhat hodc tinh toan lai ma tran Hessian (hodc nghich dao cua no),

2. Ap dung cong thifc cip nhat theo phudng trinh Newton:

0" =0y — H "VyJ ().

Tuy nhién, nhu da néu trong muc 8.2.3, phuong phap Newton chi phu hgp khi Hessian
1a x4c dinh duong. Trong hoc siau, hAm mét mat thudng 12 phi 1di (nonconvex), chifa nhiéu
dic trung phic tap nhu diém yén ngua (saddle points), khién phuong phap Newton dé gip
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10i.
Khi Hessian c6 gia tri riéng am (khong xac dinh duong), Newton’s method c6 thé cip

nhat tham sb theo huéng sai. D€ khic phuc, ta thudng regular héa Hessian bang cach cong

thém mot hing sb a vio dudng chéo, tiic 1a st dung:
0" = b0 — [H(f(60)) + al] "'V (60), (8.21)

trong d6 o > 0 va I 1a ma tran don vi.

Ky thuat nay dudc dung trong cic bién thé gan ding ctia phuong phdp Newton, vi
du nhu thuit toan Levenberg-Marquardt, va hoat dong tét néu cac gid tri riéng am ctia
Hessian gan bang 0. Tuy nhién, néu c6 phuong huéng véi dd cong 4m manh (strong
negative curvature), thi  phai dii 16n dé loai b d4nh hudng clia cac gid tri Am nay. Khi do,

bi€u thiic cAp nhat s& gan gidng nhu gradient chuin chia cho a:
. 1
0" ~ 0y — avef(eo),

nghia 13 gan gidng véi gradient descent thong thuong.

Bén canh van dé ly thuyét, phuong phap Newton con bi han ché nghiém trong vé mit
tinh todn. Cu thé:

 Ma tran Hessian c6 kich thuéc k x k, v6i k 1a sb tham s6 ctia mo hinh.

* V6i mang no-ron hién dai, & c6 thé 1én dén hang triéu, khién viéc luu trit va nghich

d4o Hessian trd nén phi thuc té.

e Viéc tinh todn nghich ddo Hessian c6 do phuc tap O(k?) va phai thuc hién sau mdi

1an cap nhat tham s6.

Do d6, phuong phap Newton chi kha thi d6i véi cdc mang rat nhd. Trong cdc phan
tiép theo, chiing ta s& tim hi€u cac phuong phdp xip xi, tin dung wu diém ctia Newton’s
method nhung tranh dudc nhiing khé khiin vé tinh todn.

Phuong phip Gradient Conjugate 12 mot phuong phép tdi wu héa gitdp trdnh tinh todn
ma trin nghich ddo Hessian bing cich giam dan theo cic hudng conjugate. Y tudng co
ban ctia phuong phap nay xuit phat tit viéc nghién cifu ky ludng su yéu kém clia phuong
phdp Gradient Steepest Descent (xem muc 4.3 dé biét chi tiét), trong d6 cic budc tim
kiém duong di (line search) dudc thuc hién theo hudng gradient. Hinh 8.6 minh hoa cich
phuong phép Gradient Steepest Descent, khi 4p dung trong mét chéo hinh parabol, tién
trién theo mot mau zig-zag khong hiéu qua. Piéu nay xdy ra vi moi huéng tim kiém trong
phuong phap nay, khi dudc chi dinh bsi gradient, ludn ludn vudng géc véi huéng tim kiém
truée do.

Gia st huéng tim kiém trudc d6 1a d,_;. Tai diém cuc tiéu, noi viéc tim kiém diing lai,
dao ham theo huéng nay 1a 0, tic la:
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Vo J(0) - dpq =0

Vi gradient tai diém nay xédc dinh huéng tim kiém hién tai, d, = V,J(0) sé khong c6
dong gép trong huéng cta d,_;. Do d6, d; 12 mdt vector vudng géc véi d;,_,. Mbi quan
hé nay giita d,_; va d;, dudc minh hoa trong Hinh 8.6 cho nhiéu 1an lip ctia phuong phap
Gradient Steepest Descent. Nhu da thiy trong hinh, viéc chon cac huéng giam gradient
vudng géc khong gitt dudc tdi thi€u doc theo cac hudng tim kiém trude d6. Piéu nay din
dén mAu zig-zag trong qu4 trinh tdi uu héa, noi ma sau khi gidm xudng diém cuc tiéu theo
hudng gradient hién tai, chung ta phai giam lai ham muc tiéu theo huéng gradient truéc
d6. Do d6, bing cach theo gradient sau mdi budc tim kiém, chiing ta thuc té 12 dang "lam
lai"tién trinh da thuc hién theo huéng tim kiém truée do.

20

10

—10

—20

—30 |
—30 —20 —-10 O 10 20

Hinh 8.6: Phuong phap d6 doc 16n nhat dudc 4p dung cho bé mit ham chi phi bac hai. Phuong
phép nay bao gdbm viéc nhdy dén diém c6 chi phi thip nhit trén dudng thang dugc xdc dinh bdi
gradient tai diém hién tai trong mdi budc lip. Cach tiép can nay gitp khic phuc mot s6 van dé gip
phai khi dung tdc dd hoc cb dinh nhu trong Hinh 4.6. Tuy nhién, ngay c4 khi st dung budc nhay tbi
uu, thuit toan van tién t6i diém cuc tiéu theo kiéu qua lai (zigzag). Theo dinh nghia, tai diém cuc
tiéu ctia ham muc tiéu theo mot huéng nhét dinh, gradient tai diém cubi sé vuong géc véi hudng
do.

Phuong phap Gradient Conjugate nham gii quyét vin dé nay. Trong phuong phap nay,
chiing ta tim mot huéng tim kiém sao cho né **conjugate** v6i huéng tim kiém truéc do;
tiic 13, né khong "xé6a bd"su tién bo da dat dugc theo hudng dé. O vong lip huin luyén thi
t, huéng tim kiém tiép theo d; c6 dang:

dy = Vg J(0) + Bedi—1
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Trong do6, /3; 1a mot hé sb diéu chinh kiém soat mic do ma chiing ta can thém lai huéng

d;—1 vao huéng tim kiém hién tai. Hai hudng d; va d;_; dugc goi la conjugate néu:

d{ Hd;_y = 0

Trong do6 H 1a ma tran Hessian.

Céch tinh truc tiép cac hudng conjugate nay sé lién quan dén viéc tinh todn cic vector
riéng clia ma tran Hessian dé chon gid tri 3;, nhung diéu nay khong phu hop v6i muc tiéu
clia chuing ta 1a phét trién mot phuong phép tinh todn hiéu qua hon so véi phuong phép
Newton trong céc bai toan 16n. Vay liéu ching ta c6 thé tinh cic huéng conjugate ma
khong can tinh todn nay khong? Cau tra 13i 12 c6, va c6 hai phuong phap phd bién dé tinh

By

o **Hletcher-Reeves**:
VgJ(Qt)TVgJ(Ot)

T Ve (0,-1) Ve (6,—1)

B

o *¥Pglak-Ribiere**:

(VoI (6;) — VT (0,-1))" V4 J (6,)
Vo (0,1)TV o (6r_1)

B =

Dbi v6i mot bé mit bic hai, cic hudng conjugate ddm bao ring gradient theo hudng
truGe khong ting 1én, tir d6 gidp gitt duge di€m cuc tiéu theo cac hudng trude d6. Do do,
trong khong gian tham sb ¢ k chiéu, phuong phap conjugate gradient yéu cau téi da k
budc tim kiém dé dat dugc cuc tiéu.

Phuong phéap Gradient Conjugate c6 thé dudc 4p dung trong cic bai todn t6i wu hda
khong chi v6i cdc haim muc tiéu bac hai ma con vé6i cac bai todn phi tuyén tinh. Trong bbi
canh huén luyén mang no-ron, ham muc tiéu c6 thé khong phai 1a mot ham bac hai. Miic
du vay, phuong phap conjugate gradient vin c6 thé d4p dung, nhung can c6 mdot sb diéu
chinh. Khi khéng c6 dam bao rang ham muc tiéu 12 bac hai, cac huéng conjugate khong
con dam bdo sé giti cuc tiéu theo hudng truée do. Vi vy, trong thuét toidn conjugate
gradient phi tuyén, d6i khi can phai "khdi dong lai"phuong phap bang cach thuc hién mot
tim kiém theo huéng gradient chua thay déi.

Céc nha thuc hanh di bdo cdo két qua kha quan khi 4p dung phuong phdp conjugate
gradient phi tuyén cho viéc huin luyén mang no-ron, mic dii thudng thi phuong phap nay
s& dugc két hop véi mot sd bude ciia phuong phap gradient ngau nhién (stochastic gradient
descent) true khi bat diu sit dung conjugate gradient phi tuyén. Ngoai ra, mic du phuong
phdp conjugate gradient (phi tuyén) truyén théng dudc thuc hién theo kiéu batch, nhung
cac phién ban mini-batch ciing da dudc st dung thanh cong trong huin luyén mang no-ron
(Le etal., 2011).

Mot s6 bién thé clia phuong phép conjugate gradient danh riéng cho mang no-ron ciing
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da dugc dé xuit, chazlng han nhu thuat toan *scaled conjugate gradients* (Moller, 1993).

8.7.2 Thuat toan BFGS

Thuit todn Broyden—Fletcher—-Goldfarb—Shanno (BFGS) cb ging két hop nhiing uu
di€m cua phuong phap Newton ma khong gip phdi ganh ning tinh todn. Theo cach nay,
BFGS tuong tu nhu phuong phap gradient lién hop, nhung BFGS 4p dung mdt cich tiép

can truc tiép hon trong viéc xap xi cip nhat ctia Newton.

Nhé lai ring cip nhat Newton dugc dua ra bdi:
0" =0y — H 'VyJ(0), (8.32)

v6i H la ma tran Hessian cia J theo 6 tai 6. Kho khan tinh toan chinh trong viéc ap dung
cap nhat Newton 1a viéc tinh toan nghich d4o ctia ma tran Hessian H~'. Phuong phép
dudc dp dung trong cdc thuat todn quasi-Newton (trong d6 BFGS la thuit toan ndi bat
nhét) 1a x4p xi nghich d4o Hessian bang mot ma tran M,, ma tran nay dudc cip nhit qua
céc budc cap nhat bac thip dé€ tr thanh xap xi tét hon cho H .

Céch xap xi va phat trién cia BFGS dugc trinh bay trong nhiéu sach gido khoa vé tdi
uu héa, bao gdbm Luenberger (1984). Sau khi xip xi nghich d4o Hessian M, dudc cap
nhat, huéng giam p, dugc xac dinh béi:

pr = M,g;.

Mot phép tim kiém theo huéng nay dugc thuc hién dé& xac dinh kich thude bude €* dudc

thuc hién theo huéng dé. Cap nhat cubi cling cho cic tham s la:
Orp1 = 0, + € py. (8.33)

Gibng nhu phuong phép gradient lién hop, thuat toan BFGS lip di 1ip lai mot loat cic tim
kiém theo hudng vdi thong tin bac hai. Tuy nhién, khic vé6i gradient lién hop, thanh cong
ctia phuong phap nay khong phu thudc qua nhiéu vao viéc tim kiém theo huéng c6 thé di
dén gan diém t6i thiéu thuc té. Do d6, so véi phuong phép gradient lién hdp, BFGS c6 uu
diém 1a c6 thé danh it thdi gian hon trong viéc tinh chinh méi budc tim kiém.

Tuy nhién, mot nhudc di€ém cia thuat toan BFGS 1a né phéi Ivu trit ma tran nghich dao
Hessian M, diéu nay yéu cau bd nhé O(n?), khién BFGS khong thuc t& dbi véi hau hét
cac md hinh hoc sau hién dai, thudng c6 hang triéu tham sb.

Chi phi bo nhé ctia thuit toan BEGS c6 thé giam dang ké bang cach tranh luu trit hoan
toan ma tran xap xi nghich dao Hessian M. Thuat toan L-BFGS tinh toan xip xi M st
dung cung phuong phép véi thuat toan BFGS nhung gia dinh rang M,_; 12 ma trin don
vi, thay vi luu trit x4p xi tif budc nay sang budc tiép theo.

Néu dugc st dung véi tim kiém chinh xac theo huéng, cac hudng xac dinh bdi L-BFGS
la lién hgp voi nhau. Tuy nhién, khac v6i phuong phap gradient lién hdp, quy trinh nay
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van hoat dong tot ngay ca khi t6i thi€u ctia phép tim kiém theo hudng chi dudc tiép cin
mot cach xap xi. Chién luge L-BFGS nay, khong Iuu trii, c6 thé dudc téng quét dé bao
gdm nhiéu thong tin hon vé& ma tran Hessian bang cach Iuu trit mot sb vector dudc st dung
dé cap nhat M tai mdi budc thdi gian, diéu nay chi tdn O(n) bd nhé mbi budc.
8.8 Cac Chién Lugc Toi Uu Héa va Meta-Thuat Toin

Nhiéu k¥ thuat t6i vu héa khong phai 1a cac thut toan cu thé ma la cidc miu téng quat
c6 thé dugc chuyén biét héa d€ tao ra cac thuat todn, hoic cdc ti€u chuong trinh c6 thé
dugc tich hop vao nhiéu thuit toan khac nhau.

8.8.1 8.7.1 Chuin Héa Theo L6 (Batch Normalization)
Chuan hoa theo 16 (Batch Normalization) (Ioffe va Szegedy, 2015) 1a mot trong nhiing

ddi méi thi vi gan diy trong viéc tbi wu héa cdc mang no-ron sau, va thuc té, né khong
phai 12 mot thuat toan t6i wu héa. Thay vao d6, né 1a mdt phuong phdp tdi tham sb6 hoa
thich ting, dudc thic ddy bsi su khé khin trong viéc huin luyén ciac md hinh rét sau.

Céc mo hinh rat sau bao gdm viéc két hop nhiéu ham hoic 16p. Pao ham cho biét cach
cap nhat mdi tham s, gia dinh rang cic 16p khac khong thay ddi. Trong thuc té, chiing ta
cap nhat tit ca cic 16p ciing mdt lic. Khi thuc hién cip nhat, két qua khong mong mubn
c6 thé xdy ra vi nhiéu ham dugc két hop véi nhau va thay ddi dong thoi, sit dung céac cap
nhat dugc tinh toan dudi gia dinh ring cac ham khac vain khong thay déi.

LAy mot vi du don gian, gia st chiing ta c6 mot mang no-ron sau v6i chi mot don vi

trén mdi 16p va khong st dung ham kich hoat tai méi 16p an:
Q = TW1WaWs ... wW;.

O day, w; 1a trong s6 dudc st dung bdi 16p i. Pau ra ctia 16p i 1a h; = h;_qw;. Paura §
12 mot ham tuyén tinh cta dau vao = nhung 12 mdt ham phi tuyén tinh cda cac trong sd
w;. Gi4 st ham chi phi da dua ra mot gradient 1a 1 d6i véi ¢, vi vay chiing ta mudn gidm

¢ mot chiit. Thuat toan lan truyén ngudc sau d6 c6 thé tinh todn mot gradient g = V,, .

Xem xét nhitng gi xay ra khi chung ta thuc hién mot cap nhat w < w — eg. Phuong
trinh chudi Taylor bic nhét clia § du dodn rang gid tri clia ¢ sé giam theo eg ' g. Néu chiing
ta mudn giam 7 di 0.1, thong tin bic nhit c6 sin trong gradient cho thiy ta c6 thé dit ty
1é hocIa e = 0.1g " g. Tuy nhién, cip nhat thuc té sé bao gom cac hiéu ing bac hai va bac

ba, kéo dai dén cic hiéu ting bac . Gia tri méi clia 5 dudc cho bdi:
U =x(w; —€gy)(we — €ga) ... (w; — €qy).
Mot vi du vé mdt hang ti bac hai phat sinh tlf cdp nhat nay 12 €2g; go Hi:3 w;. Hang tu
nay c6 thé khong dang k& néu [],_, w; nho, hodc c6 thé 16n theo ham mii néu cac trong sb

trén cic 16p 3 dén [ 16n hon 1. Piéu nay khién viéc chon ty 1& hoc phu hop rat khé khin,
vi cdc hiéu ting cia viéc cip nhat cdc tham sb ctia mot 16p phu thudc manh mé vao tat ca
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cac 16p khac. Cac thut toan ti uu bac hai giai quyét van d& nay bang cach tinh todn mot
cap nhit ma tinh dén céc tuong tac bac hai niy, nhung chiing ta c6 thé thiy ring trong céc
mang rat sau, ngay ca cic tuong tac bac cao hon ciing c¢6 thé cé y nghia. Ngay ca cac thuat
toan t6i vu bac hai ciing dat d6 va thudng yéu ciu rat nhiéu xap xi khién ching khong thé
tinh todn tit ca cac tuong tac bic hai quan trong. Viéc xay dung mot thudt todn tbi uu bac

n véi n > 2 do d6 c6 vé nhu 1a khong thé. Vay chiing ta c¢6 thé 1am gi thay thé?

Chuén héa theo 16 cung cip mot céch tinh té d€ tdi tham sd hdéa gan nhu bt ky mang
sau nao. Phuong phép tdi tham sd héa nay giam ding ké vin dé diéu phdi cic cip nhat
gitta nhiéu 16p. Chuin héa theo 16 c6 thé dudc ap dung cho bat ky 16p dau vao hoic 4n
nao trong mot mang. Goi H 1a mot minibatch céc kich hoat ctia 16p can chuan héa, dudc
se“ip xép thanh mot ma tran thiét k&, véi céac kich hoat cho mdi vi du xuét hién 6 mot hang
ctia ma tran. D€ chuin héa H, chiing ta thay thé n6 bang:

_H-n

/
H —

trong d6 . 1a mot vector chifa trung binh ctia mdi don vi va o 1a mdt vector chia do 1éch
chuén ctia mdi don vi. Phép todn nay 4p dung broadcasting vector ;. va o vdo mdi hang
ctia ma trin H. Trong mdi hang, phép todn dudgc thuc hién theo titng phan t, do do, H;;
sé dugc chudn héa bang céach trur 14; va chia cho o;. Céc phan con lai cia mang sé hoat
dong trén H' theo cach gidng nhu truée khi st dung H.

Trong qu4 trinh huAn luyén, ta tinh toan:

trong d6 & la mot gia tri nhd duong nhu 1078, dude dp dung d€ tranh gip phai gradient
khong xdc dinh khi /z tai = = 0. Quan trong la ta sé thuc hién lan truyén ngugc
(backpropagation) qua cac phép todn nay dé tinh todn trung binh va do léch chuin, va
4ap dung chiing d€ chuin héa H. Diéu nay c6 nghia la gradient sé khong bao git dé xuit
mot phép todn lam ting do 1éch chuin hodc trung binh clia h;; cac phép todn chuin héa
s& loai bo tidc dong clia nhitng hanh dong nhu vdy va 1am mét thanh phan ctia n6 trong
gradient. Pay 1a mot sang ché quan trong trong phuong phdp batch normalization. Céc
phuong phép trudc day di bao gom viéc thém hinh phat vao ham chi phi dé& khuyén khich
céc don vi c6 thdng ké hoat héa chuin héa hoic can thiép dé€ chuin héa lai thdng ké ctia
cdc don vi sau mdi bude gradient descent. Phuong phdp truée thudng dan dén viéc chuin
héa khong hoan hio, trong khi phuong phap sau thudng din dén viéc tén thdi gian vi thuat

toan hoc lién tuc dé xut thay d6i trung binh va phuong sai, va budc chuin héa lai vo hiéu
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héa su thay d6i nay. Batch normalization tai tham s6 héa mo hinh d&€ mot s6 don vi ludn

dugc chuan héa theo dinh nghia, gitip tranh dudc c4 hai van dé trén mot cach khéo Iéo.

Tai thoi gian kiém tra, ;o va o c6 thé dugc thay thé bang cac gid tri trung binh va do
léch chuin chay dudc tinh todn trong subt qué trinh huin luyén. Diéu nay cho phép mo
hinh dudc danh gid trén mot vi du don 18 ma khong can st dung cac dinh nghia ctia ;o va
o phu thudc vao mdt minibatch toan bd.

Ly vi du vé §j = zwyw, . .. w;, ta nhan thiy rang chiing ta c6 thé gidi quyét phan 16n
nhiing khé khin trong viéc hoc md hinh nay bang cach chuin héa h;_;. Gia st rang
dugc 1ay tir mot phan phdi Gaussian chuan. Khi d6, h;_; ciing sé dén tif mot phan phdi
Gaussian, vi phép bién d6i tif = sang h; 1a tuyén tinh. Tuy nhién, h;_; sé khong con c6
trung binh biang 0 va phuong sai bang 1. Sau khi 4p dung batch normalization, ta thu dugc
h,_1 chuén héa, phuc hdi lai cdc thudc tinh trung binh bing 0 va phuong sai bing 1. Hiu
nhu moi cap nhat déi véi cac 16p phia dudi sé khong thay ddi phan phdi ctia A;_; vi nd
ludn duy tri 13 mot Gaussian chudn. Liic nay, dau ra ¢ c6 thé dudc hoc nhu mot ham tuyén
tinh don gian y = wihy_1. Viéc hoc trong mo hinh nay tré nén rat don gian vi cac tham sb
& céc 16p duéi khong con anh hudng trong hau hét cc trudng hop; dau ra clia chiing ludn
dugc chuan héa lai thanh mot Gaussian chuan. Trong mot sd trudng hop dic biét, cac 16p
dudi c6 thé c6 tac dong. Viéc thay d6i mot trong sb ctia 16p dudi vé 0 c6 thé khién dau
ra trd nén suy thodi, va thay d6i dau ctia mot trong s6 16p dudi c6 thé 1am dio ngudc mbi

quan hé gitta hi_1 va y. Tuy nhién, nhitng tinh huéng nay rat hiém gip.

Néu khong c6 chuin héa, gan nhu moi cip nhat sé c6 tic dong cuc ky manh mé dén
cac thong ké ctia h;_;. Batch normalization da 1am cho viéc hoc md hinh nay dé dang hon
rit nhiéu. Tuy nhién, trong vi du nay, su dé dang trong viéc hoc ciing dén véi cai gid 1a
1am cho céc 16p dudi khong con c6 ich. Trong vi du tuyén tinh ctia ching ta, cic 16p duéi
khong con c6 bat ky tdc dong c6 hai ndo, nhung chiing ciing khong con cé bat ky tic dung
hitu ich ndo. Piéu nay 1a do chiing ta di chuin héa cac thdng ké bac nhét va bac hai, diéu

N

ma

8.8.2 Phuwong Phap Xudng Toa Do (Coordinate Descent)

Trong mot s6 trudng hop, c6 thé giai quyét nhanh chéng mot bai toan tdi uu bang cach
phén tich n6 thanh céc phan riéng biét. Néu ta t6i uu ham muc tiéu f(z) theo mot bién z;,
sau d6 t6i uu tiép theo mot bién khéc x;, va ¢t tiép tuc nhu viy theo tiing bién, ta s&€ dam
bao dat dugc diém cuc ti€u (hodc cuc dai) cia ham muc tiéu. Phuong phép nay dudc goi
12 xubng toa do (Coordinate Descent), vi ta tbi uu tiing toa do (bién) mot. Mot cich tdng
quét hon, xudng toa do khodi (Block Coordinate Descent) 12 viéc tdi uu mot nhém cic bién
cung liic, thay vi t6i uu tiing bién riéng biét. Thuat ngit "xudng toa do"thuong dudc ding
d€ chi c4 phuong phdp t6i uwu hoéa titng bién mot va phuong phap t6i uu héa mot nhém céc
bién.

Phuong phap nay phit hgp nhit khi cac bién trong bai toan t6i uu c6 thé dugce phan chia
16 rang thanh cdc nhém doc 1ap, hoic khi viéc t6i vu mot nhém bién nao d6 hiéu qua hon
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nhiéu so vé6i viéc tbi uu tit ca cic bién cling mot lic. Vi du, xét ham muc tiéu
2
JHW)Y =S [Hy|+ 3 (X —WH)E, (8.38)
A7j ‘7‘7‘

Ham nay mo ta mot bai toan hoc goi 1a ma hoa thua thot (Sparse Coding), trong dé
muc tiéu 12 tim mot ma tran trong s& W ¢6 thé gidi ma mot ma tran kich hoat H d€ tai
tao lai bd dif liéu huin luyén X . Trong hau hét cic ing dung ctia ma héa thua thét, ciing
thudng st dung viéc rang budc trong sé (weight decay) hoic rang budc vé chuin clia cic

cot trong W d€ ngin ngira nhiing gidi phap khong hop ly v6i H rat nhé va W rat 16n.

Ham J khong phdi 12 mot ham 16i (convex). Tuy nhién, ta c6 thé phan tach cic tham sb
ctia bai todn t6i wu thanh hai tip: cic tham s6 tif dién W va c4c dai dién ma héa H. Viéc
t6i utu ham muc tiéu theo titng nhém bién nay 1a mot bai toan 16i. Do d6, phuong phap
xubng toa do khéi cho phép ta st dung cac thuit toan ti uu 16i hiéu qua, bang cach luan
phién gitta viéc t6i vu W véi H cb dinh, va téi vu H v6i W ¢ dinh.

Tuy nhién, phuong phap xudng toa do khong phai 1a chién lugc t6i uu khi gid tri cla
mot bién anh hudng manh dén gia tri t6i vu cia mot bién khac. Chang han nhu trong ham

f@) = (z1 = 22)* + (2} + 23)

Trong d6 o 1a mdt hiang s6 duong. Mau thiic dau tién khuyén khich hai bién z; va z,
c6 gid tri tuong dong véi nhau, trong khi mau thiic thit hai khuyén khich ching gin bang
khong. Giai phap t6i uu 1a z; = x5 = 0. Phuong phdp Newton c6 thé giai quyét bai toan
nay trong mot budc duy nhit, vi day 13 mot bai todn bac hai xdc dinh duong. Tuy nhién,
néu o nhd, phuong phap xubng toa do sé tién trién rit chAm, vi mau thic dau tién khong

cho phép thay ddi mot bién mot cach dang ké ma khong anh hudng dén bién con lai.
8.8.3 Phuong Phap Trung Binh Polyak (Polyak Averaging)
Phuong phdp trung binh Polyak (Polyak va Juditsky, 1992) bao gom viéc tinh trung

binh cta nhiéu diém trong quy dao di qua khong gian tham s6 ma thuit toan t6i vu da di
qua. Néu qua ¢ budc cia thuat toan gradient descent, cdc diém tham s61a 6™, 0 . 9®),

thi két qua clia thudt toan trung binh Polyak 12

t
o0 % S 00,
=1

V6i mot sb 16p bai toan nhit dinh, nhu gradient descent 4p dung cho céc bai todn 16i
(convex problems), phuong phap nay c6 nhitng ddm bdo manh mé vé hoi tu. Tuy nhién,
khi ap dung vao cac mang no-ron (neural networks), ly do bién minh cho phuong phap
nay chi yéu mang tinh cht truc gidc hon, nhung thuc té né cho két qua rat tot.

Y tudng cd ban ctia phuong phap nay 1a thuit toan tdi uu c6 thé nhay qua lai qua mot
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thung liing nhiéu 1an ma khong bao gid ghé qua mot diém gan ddy cla thung liing. Tuy
nhién, trung binh clia tit ca cic di€ém & hai bén clia thung liing sé gan vé6i ddy clia thung

ling.

Trong cac bai toan khong 16i (nonconvex problems), quy dao t6i wu c6 thé rt phic tap
va di qua nhiéu viing khdc nhau. Viéc dua vao cic diém trong khong gian tham s tif qua
khit xa x6i, ma c6 thé bi ngin cach bdi cac rao can 16n trong ham chi phi, c6 vé khong
phai 1a hanh vi hitu ich. Do d6, khi 4p dung phuong phéap trung binh Polyak vao céac bai
toan khong 16i, thuong st dung mot phuong phap trung binh dong c6 su suy giam theo

cip s6 mil (exponentially decaying running average):

0 — aftD 4 (1 — a)o® (8.39)

Trong d6 o 12 mot tham sb diéu chinh téc do suy giam. Phuong phdp trung binh dong
nay dudc st dung rong rii trong nhiéu ting dung. Vi du gan diy, Szegedy et al. (2015) da
st dung phuong phap nay trong céac bai toan hoc sau.

8.8.4 Dao Tao Trudc Giam Sat (Supervised Pretraining)

Dai khi, viéc huin luyén truc tiép mot mo hinh dé giai quyét mot nhiém vu cu thé c6
thé qua tham vong néu mo hinh qua phic tap va khé t6i wu héa, hoidc néu nhiém vu d6
rit kho khin. Trong nhiing trudng hop nay, viéc huin luyén mot mo hinh don gian hon
d€ gidi quyét nhiém vu trude, sau d6 1am cho mo hinh tré nén phic tap hon c6 thé 1a mot
chién lugc hiéu qua hon. Mot chién lugc khac 12 huén luyén mo hinh gidi quyét mot nhiém
vu don gian trudc, sau d6 chuyén sang giai quyét nhiém vu cudi cung. Nhiing chién ludc
nay, bao gdm viéc huin luyén cidc md hinh don gidn cho cdc nhiém vu don gian truée khi
ddi mit véi thach thic huin luyén mo hinh mong mudn dé thuc hién nhiém vu cudi cung,

dugc goi chung la dao tao trudc.

Céc thuit toan tham lam (greedy algorithms) chia mot vin dé thanh nhiéu thanh phan
va sau d6 gidi quyét tiing thanh phan ti uu nhit trong diéu kién tach biét. That khong
may, viéc két hop cac thanh phan tdi vu riéng biét khong dam bdo sé mang lai giai phap
tdi vu hoan chinh. Tuy nhién, cc thuat todn tham lam thudng ré hon vé miit tinh toan so
v6i cac thuat todn tim kiém gidi phap tdi vu chung, va chit lugng cia giai phap tham lam
thudng c6 thé chip nhan dugc, néu khong phai 1a tbi vu. Cac thuat todn tham lam ciing ¢
thé dugc theo sau bdi mot giai doan tinh chinh (fine-tuning), trong d6 mot thuat todn tbi
uu héa chung sé tim kiém gidi phap t6i uu cho toan bo van dé. Viéc khéi tao thuit toan
t6i uu hoa chung biang mdt giai phap tham lam c6 thé gitp ting tbc qud trinh va cai thién
chit luong cia gidi phap tim dugc.

Dao tao trude, dic biét 1a dao tao trudc tham lam, rat phd bién trong hoc sau (deep
learning). Trong phan ndy, ching ta sé md ta cu thé cc thuit toan dio tao trudc chia bai
toan hoc gidm sat thanh nhiing bai toan hoc gidm sat don gian hon. Céch tiép can nay

dudc goi la dao tao trudc giam sat tham lam.
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Trong phién ban ban diu clia dio tao truéc giam sat tham lam (Bengio et al., 2007),
mbi giai doan bao gdm mdt nhiém vu huén luyén hoc giam sat chi lién quan dén mot phan
clia cac 16p trong mang no-ron cudi cing. Mot vi du vé dao tao trudc gidm sat tham lam
dudc minh hoa trong hinh 8.7, trong d6 moi 16p 4n dugc thém vao sé duge dao tao trude
nhu mot MLP gidm sat ndng, sit dung dau ra ctia 16p 4n da dugc huin luyén trude d6 lam
dau vao. Thay vi dao tao mot 16p tai mot thdi diém, Simonyan va Zisserman (2015) da
huan luyén truéc mot mang no-ron tich chap sau (eleven weight layers) va sau d6 st dung
bdn 16p dau tién va ba 16p cubi cling clia mang nay dé khdi tao cidc mang siu hon (véi t6i
mudi chin 16p trong s6). Céc 16p gitta clia mang méi, rat sau, sé dugc khéi tao ngau nhién.

Sau d6, mang méi nay dudc huin luyén chung.

Mot tuy chon khéc dude Yu et al. (2010) kham phd 1 st dung céc dau ra ctia cac MLP
da dudc huin luyén truée, ciing nhu dau vao thd, 1am dau vao cho mdi giai doan tiép theo.

Tai sao dao tao truc gidm sat tham lam lai c6 ich? Gia thuyét ban dau dudc dé xuat
bdi Bengio et al. (2007) 1a phuong phap nay gidp cung cip su huéng din t6t hon cho cic
mic do trung gian cia mot hé théng phan cp sau. N6i chung, dao tao trude c6 thé gitp

ca trong viéc t0i uu hda va trong viéc tong quat hda mo hinh.

Mot phuong phép lién quan dén dao tao trudc gidm sat md rong y tudng nay trong bdi
canh ctia hoc chuyén giao (transfer learning): Yosinski et al. (2014) da huén luyén trudc
mot mang no-ron tich chip sau vé6i tdm 16p trong sb trén mot tip hop cic nhiém vu (mot
tap con cta 1.000 danh muc ddi tugng ImageNet) va sau d6 khdi tao mot mang cling kich
thu6c vé6i cic 16p dau tién clia mang dau tién. TAt ca cdc 16p clia mang thi hai (v6i cac 16p
trén dudc khdéi tao ngdu nhién) sau d6 dugc huin luyén chung dé thuc hién mot tap hop
cac nhiém vu khac (mot tip con khac ciia cac danh muc d6i tugng ImageNet), véi it vi du
huén luyén hon so véi tap nhiém vu dau tién. Cac phuong phap khéc vé hoc chuyén giao

v6i cac mang no-ron dudc thdo luin trong phan 15.2.

Mot huéng nghién ctiu lién quan khac la phuong phap FitNets (Romero et al., 2015).
Phuong phdp nay bat diu bang cach huin luyén mot mang no-ron c6 do siu du thap va
chiéu rong du 16n (s6 lugng don vi mdi 16p) d€ d& dang huén luyén. Mang nay sau d6 trd
thanh mot gido vién cho mdt mang thu hai, dudc goi 1a hoc sinh. Mang hoc sinh sau hon
va méng hon nhiéu (tif mudi mot dén mudi chin 16p) va sé khé huén luyén véi SGD trong
diéu kién binh thudng. Viéc huin luyén mang hoc sinh trd nén dé dang hon bang cach
huén luyén mang hoc sinh khong chi d€ du doan dau ra cho nhiém vu ban dau ma con dé
du dodn gia tri clia 16p trung gian trong mang gido vién. Nhiém vu bS sung nay cung cap

mot bo gdi ¥ vé cach st dung céac 16p 4n va c6 thé don gidn héa van dé tdi uu hoa.

Céc tham sb bd sung dugc gidi thidu dé hdi quy 16p trung gian clia mang gido vién
nam IGp tr 16p trung gian cia mang hoc sinh sau hon. Tuy nhién, thay vi du doan muc
tiéu phan loai cudi cung, muc tiéu 1a du dodn 16p 4n trung gian clia mang gido vién. Céc
16p thip hon ctia mang hoc sinh do d6 c6 hai muc tiéu: gitip cac dau ra ctia mang hoc sinh

hoan thanh nhi€ém vu cta ching, cing nhu du doan 16p trung gian cia mang giao vién.
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Mic dit mot mang mong va sau c6 vé khé huin luyén hon mot mang rong va nong, mang
mdng va siu c6 thé tdng quat tét hon va chic chin c6 chi phi tinh toan thip hon néu né

dd méng dé€ c6 it tham s hon.

Khong c6 cic goi y vé 16p an, mang hoc sinh sé hoat dong rat kém trong céc thi nghiém,
ca trong tap hun luyén va tap kiém tra. Céc gdi y vé 16p trung gian c6 thé 13 mot trong
nhitng cong cu gitip huin luyén cidc mang nd-ron ma néu khong cé chiing sé khé huin
luyén, nhung cac k¥ thuat tdi uu héa khac hoidc thay d6i trong kién triic ciing c6 thé gidi
quyét van dé.

8.8.5 Thiét ké mé hjinh dé h§ tre t6i wu héa

Mot chién ludc tot nhat dé cai thién t6i wu héa khong phai ldc nao ciing 12 cai thién

thuat toan t6i wu héa. Thuc té, nhiéu cai tién trong tdi vu héa cdc md hinh hoc siu di dén

tlr viéc thiét ké mo hinh sao cho dé t6i uu hon.

VE 1y thuyét, chiing ta c6 thé st dung cdc ham kich hoat c6 tinh chét bién ddi theo céc
mau khong don diéu, dao dong 1én xubng. Tuy nhién, diéu nay sé lam cho viéc tdi vu héa
tré nén cuc ky kho khin. Trén thuc té, diéu quan trong hon 1a chon mot gia dinh mo hinh
sao cho dé t6i uu hon 1a st dung mot thuat todn t6i uu héa manh mé. Hau hét cic tién bod
trong hoc mang no-ron subt ba mudi nim qua da dudc dat dudc bang cach thay ddi gia
dinh m6 hinh thay vi thay d6i quy trinh t6i vu héa. Gradient stochasitc v6i moment, thuat
toan da dugc st dung d€ huin luyén mang no-ron tif nhitng nim 1980, van dang dugc st
dung trong cac tng dung mang no-ron hién dai.

Cu thé, cac mang no-ron hién dai thé hién mot su lua chon thiét ké khi st dung céc
phép bién ddi tuyén tinh gitta cdc 16p va cac ham kich hoat c6 thé phan biét gan nhu moi
ndi, véi do déc dang ké trong phan 16n mién cta ching. Mot s6 d6i mdi trong mo hinh
nhu LSTM, céc don vi tuyén tinh khoi phuc (ReLU) va don vi maxout déu chuyén huéng
vé viéc st dung cdc ham tuyén tinh hon so v6i cac mo hinh trudc ddy nhu mang sau véi
cdc don vi sigmoid. Nhitng md hinh nay c6 nhiing dic tinh tét gidp toi uu héa dé dang
hon. Gradient c6 thé lan truyén qua nhiéu 16p mién la ma tran Jacobian ctia phép bién ddi
tuyén tinh c6 cac gid tri dic trung hop ly. Hon nita, cic him tuyén tinh luon ting theo mot
huéng duy nhét, vi viy ngay ca khi dau ra cia mo hinh rat xa véi gia tri ding, chi can tinh

gradient 12 ta c6 thé biét dugc hudng di chuyén d€ gidm ham méat mat.

N6i cach khic, cac mang no-ron hién dai da dudc thiét ké sao cho thong tin gradient
tai dia phuong clia chiing tuong ting kha tot vdi viée di chuyén vé phia mot giai phap xa

A

XO01.

Céc chién lugc thiét ké mo hinh khéc c6 thé gitp t6i uu héa dé dang hon. Vi du, céac
dudng dan tuyén tinh hodc cic két ndi bd qua (skip connections) giita cac 16p sé gidm
chiéu dai ctia dudng di ngan nhit tir cac tham sb ctia 16p dudi cling dén dau ra, tir d6 gidm
thiéu van dé gradient bién mét (vanishing gradient problem) (Srivastava et al., 2015). Mot
y tudng lién quan dén cac két nbi bd qua 1a thém cic ban sao bd sung ciia dau ra dugc két
ndi véi cac 16p 4n trung gian trong mang, nhu trong GoogLeNet (Szegedy et al., 2014a)
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va cdc mang dudc giam sat sau (deeply supervised nets) (Lee et al., 2014). Nhitng "dau ra
phu"nay dudc huin luyén d€ thuc hién ciing mot nhiém vu nhu dau ra chinh & phia trén
cling clia mang, nham dam bao riang cic 16p dusi nhan dugec mot gradient 16n. Khi qua
trinh huén luyén hoan thanh, cic dau ra phu nay c6 thé bi loai bé. Py 1a mot phuong
phép thay thé cho céac chién ludc tién huin luyén da dudc gidi thiéu trong phan trudc.

Theo céch nay, ta c6 thé huin luyén tit ca cac 16p cung mot lic trong mdt giai doan
duy nhét, nhung thay déi kién tric sao cho cic 16p trung gian (dic biét 1a cac 16p dudi)
c6 thé nhin dudc mdt s6 goi y vé nhiing gi chiing nén lam thong qua mot dudng dan ngan
hon. Nhiing goi ¥ nay cung cip tin hiéu 1i cho céc 16p duéi cling.

8.8.6 Toi Un Hoa Cho Huin Luyén Cac M6 Hinh Hoc Sau

Mot phuong phép tiép can c6 thé gitp tim dudc cuc tiéu toan cuc la st dung thong tin
vé vi tri clia cuc ti€u toan cuc d€ gidi quyét cac phién ban md dan ctia bai todn. Phuong
phdp nay c6 thé giip phai ba van dé chinh. Thif nhét, n6 c¢6 thé dinh nghia thanh cong mot
chudi cic ham chi phi, trong d6 ham dau tién 12 16i va cuc tiéu clia n theo di tir ham nay
sang ham ké tiép, cudi cung di dén cuc ti€u toan cuc. Tuy nhién, né c6 thé yéu cau qua
nhiéu ham chi phi gia ting dén myc chi phi clia toan bo quy trinh van rit cao. Céc bai todn
tdi uu héa NP-hard van 12 NP-hard, ngay ca khi cdc phuong phép tiép tuc (continuation
methods) c6 thé 4p dung. Hai vin dé con lai khién phuong phép tiép tuc khong hiéu qua
1a khi phuong phap nay khong thé d4p dung dudc. Pau tién, ham chi phi c6 thé khong trd
thanh 16i, du c6 1am md nhu thé nao di nita. Vi du, ham J(#) = —076 khong tr thanh 16i.
Th hai, ham c6 thé tré thanh 16i khi bi md di, nhung cuc tiéu ciia ham md nay lai theo

ddi dén mot cuc tiéu cuc bd thay vi cuc ti€u toan cuc clia ham chi phi goc.

Mic du phuong phap tiép tuc chii yéu dudc thiét ké dé gidi quyét vin dé cuc tiéu cuc
bd, nhung hién nay ngudi ta khong con coi cuc tiéu cuc bd 1a van dé chinh trong tbi vu héa
mang no-ron. May man thay, cic phuong phap tiép tuc van c6 thé hd trg. Cac ham muc
tiéu dé dang hon do phuong phap tiép tuc gidi thidu cé thé loai bd cic ving phang, giam
phuong sai trong cic udc luong gradient, cdi thién do diéu chinh ctia ma tran Hessian,
hodc 1am bat ky diéu gi gitip viéc tinh toan cac cip nhat cuc bd dé dang hon hoic cai thién

su tuong ting gitta cic hudng cip nhat cuc bo va tién trinh huéng téi gidi phap toan cuc.

Bengio et al. (2009) da nhan thiy ring mot phuong phap c6 tén 1a curriculum learning,
hay shaping, c6 thé dudc hi€u nhu mot phuong phap tiép tuc. Curriculum learning dua
trén y tudng 1én ké hoach cho qua trinh hoc, bat diu bang viéc hoc cac khai niém don
gian va tién dan dén hoc cdc khai niém phic tap hon dua trén nhiing khai niém don
gian d6. Chién ludc co ban nay truée day da dudc biét dén 1a thuic ddy tién bo trong huin
luyén dong vat (Skinner, 1958; Peterson, 2004; Krueger va Dayan, 2009) va trong hoc may
(Solomonoff, 1989; Elman, 1993; Sanger, 1994). Bengio et al. (2009) da ly gidi chién lugc
nay nhu mot phuong phap tiép tuc, trong d6 cac ham .J (i) dau tién dudc 1am dé dang hon
bing céch ting anh hudng clia cac vi du don gian (hoic bing cach gan cédc hé s 16n hon

cho déng gop clia chiing vao ham chi phi, hodc bang cach 1iy mau chiing thudng xuyén
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hon), va thuc nghiém da chi ra rang két qua tot hon c6 thé dat dudc khi theo mot chuong
trinh hoc trong mot nhi€ém vu md hinh ngdn ngtt mang no-ron quy mod 16n. Curriculum
learning da thanh cong trong nhiéu bai todn ngdn ngit tu nhién (Spitkovsky et al., 2010;
Collobert et al., 2011a; Mikolov et al., 2011b; Tu va Honavar, 2011) va thi gidc mdy tinh
(Kumar et al., 2010; Lee va Grauman, 2011; Supancic va Ramanan, 2013). Curriculum
learning cung dudc xac nhan la phu hgp véi cach thiic con ngudi day hoc (Khan et al.,
2011): cac gido vién bat dau bang cach cho hoc sinh thiy cac vi du dé dang va dién hinh
hon, sau d6 gitip hoc sinh tinh chinh bé mit quyét dinh vé6i cac trudng hop it 16 rang hon.
Céc chién lugc hoc theo chuong trinh hoc hiéu qua hon trong viéc day hoc con ngudi so
v6i céc chién luge 14y mau dong déu cic vi du va ciing c6 thé ting hiéu qua clia cac chién
luge day hoc khac (Basu va Christensen, 2013).

Mot déng gép quan trong khac trong nghién ctu vé curriculum learning da xuét hién
trong bdi canh huin luyén mang nd-ron hdi quy dé nam bat cic phu thudc dai han:
Zaremba va Sutskever (2014) da phat hién ra rang két qua t6t hon nhiéu c6 thé dat dudc
v6i mot chuong trinh hoc ngau nhién, trong d6 mot hdn hdp ngau nhién céc vi du dé va
kho ludn dudc trinh bay cho ngudi hoc, nhung ty 1€ trung binh cta cac vi du kho (6 day la
nhiing vi du c6 phu thudc dai han hon) dan dan dudc ting 1én. V6i mot chuong trinh hoc
x4c dinh, khong c6 cai thién nao so véi co s (huin luyén thong thudng tir tip huin luyén
day du) dudc quan sat.

Chung ta dd mo ta gia dinh co ban ctia cac mo hinh mang no-ron va cich dé€ diéu chinh
va tdi uu héa ching. Trong cdc chuong tiép theo, chiing ta s& chuyén sang cic chuyén biét
héa clia gia dinh mang no-ron cho phép cdc mang no-ron mé rong quy mo 1én rét 16n va
xt ly dit liéu dau vao c6 ciu tric dic biét. Cac phuong phap tbi vu héa dudc thao luin
trong chuong nay thuong cé thé ap dung truc tiép cho nhitng kién triic chuyén biét ndy ma
khong can thay ddi nhiéu hodc thay ddi hoan toan.
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Mang no-ron tich chap (LeCun, 1989), hay con goi la convolutional neural networks
hodc CNNs, 1a mdt loai mang no-ron dudc thiét k& dic biét dé xi 1y céc loai dit lidu c6
chu tric dang lugi. Dang phd bién nhét ctia dif lidu lu6i 1a hinh 4nh, dugc biéu dién dudi
dang ma tran hai chiéu ctia cic diém 4anh cho méi kénh mau. Ngoai ra, dit liéu chudi thsi
gian ciing c6 thé dudc coi 1a mot dang 1u6i mot chiéu, véi mbi diém dit liéu 13 mot mau

do dudc tai mot mbe thdi gian xac dinh.

CNN di dat dudc nhitng thanh cong vuot troi trong nhiéu ting dung thuc té. Cai tén
“mang nd-ron tich chap” bat ngudn tif viéc trong mang c6 sit dung mot phép toan goi 1a
tich chap (convolution) — mot dang dic biét clia phép toan tuyén tinh. Thay vi st dung
phép nhan ma tran thong thudng nhu trong mang fully connected, CNN st dung phép tich
chép tai it nhit mot 16p trong kién triic ctia minh.

Trong chuong nay, ching ta sé bat dau biang cach tim hiéu khdi niém tich chap 1a gi.
Tiép theo, ching ta sé& gidi thich Iy do tai sao tich chap lai hitu ich trong mang no-ron. Sau
do, chiing ta s€ lam quen véi mot phép toan khac thudng dudc dung chung véi tich chép,

goi la pooling.

Cén luu y rang trong mang no-ron, phép tich chap thusng khong hoan toan giéng véi
cach dinh nghia trong toan hoc hoic ky thuit. Vi vdy, ching ta sé trinh bay mot sb bién
thé thudng gip ctia phép tich chép trong hoc mdy, va ciach ap dung né trén dit lidu c6 sb

chiéu khac nhau.

Sau d6, chiing ta sé thdo luan vé cdc ky thut gitp ting hiéu qua tinh todn cla tich
chap. Vi CNN dudc iy cam hiing tif than kinh hoc, chiing ta ciing sé trinh bay mot sb
nguyén ly sinh hoc lién quan va két thic bang viéc tong két vai trd quan trong ctia CNN
trong su phat tri€n ctia hoc sau.

Mot diéu quan trong 12 chuong nay khong nhim huéng din cich lua chon kién tric
mang CNN cho mot ting dung cu thé. Muc tiéu ctia chuong 1a gidi thiéu cic cong cu co
ban ma CNN cung cip. Viéc lua chon va thiét k& kién triic phu hop sé dugc thdo luan
trong chuong 11.

Linh vuc nghién ctiu kién triic CNN hién dang phat trién rit nhanh. Chi trong vai tuan
hoic vai thang, c6 thé xuat hién mot kién triic méi vuot trdi hon trén mot tap kiém chuin
nao d6. Do d6, khong thé mo ta day du tit ca cdc kién tric hién dai trong mot cudn sach
in. Tuy nhién, nhitng kién triic tién tién nhat déu dugc xdy dung tir cic khdi co ban ma

chung ta s€ trinh bay trong chuong nay.

9.1 Phép toan tich chap

N6i mot cach don gidn, tich chap (convolution) 14 c4ch két hop hai ham dé tao ra mot

ham mdi. D& hiéu ro tich chap dung lam gi, hdy xem mot vi du cu thé.

280



CHUONG 9. MANG NO-RON TICH CHAP

Gia st chiing ta dang theo ddi vi tri ctia mot tau vl tru biang cam bién laser. Cam bién
nay tra vé mot gia tri x(t) tai mdi thoi diém ¢, dai dién cho vi tri clia tau. Cam bién c6 thé
bi nhiéu, nén d€ c6 dugc udc luong chinh xac hon, ta mudn lam tron dit lidu bang cach 1iy
trung binh cic gid tri gan thoi di€ém hién tai, nhung vu tién nhiéu hon cho cic gid tri gan
thdi diém do.

Gia st c6 mot ham trong s6 w(a), v6i a 1a khoang thsi gian cich thoi diém hién tai.
Khi d6, uéc lugng 1am tron tai thoi di€m ¢ 1a:

s(t) = /x(a)w(t— o) da ©.1)

Day chinh 1a phép tich chap (convolution). Ky hiéu thudng ding 1a diu sao (*), nén c6

thé viét lai:

s(t) = (z xw)(?) 9.2)

Trong vi du nay:

e x(t) 1a dit liéu dau vao (input signal).

* w(t) la hat nhén tich chdp (convolution kernel).

e 5(t) 1a dau ra (output), con goi la bdn do dc trung (feature map).
D€ s(t) thuc su 1a trung binh c6 trong s6, w can:

« La ham mat do6 xac suét (tdng tich phan bang 1).

* Co giatri 0 véi a < 0, tic la khong stt dung thong tin ti tuong lai.

Du vay, trong todn hoc néi chung, tich chap c6 thé 4p dung cho bét ky hai hAm nao ma
tich phan ctia tich ctia chiing ton tai.
Trong mdy tinh, dif liéu thudng 12 rdi rac. Vi du, cAm bién do mot gid tri mdi gidy. Khi

do, t 1a s6 nguyén, va ta c6:

e}

s(t) = (wxw)(t) = Y z(a)w(t—a) (9.3)

a=—00

Trong hoc mdy, dit liéu dau vao va kernel thudng 1a mang da chiéu, hay con goi 1a
tensor. Tong vo han thudng dudc thay thé bang mot téng hitu han d& phu hop véi tinh toan
thuc té.

Vi duy, khi dAu vao 1a anh hai chiéu I va kernel 13 K, tich chap dudc tinh nhu sau:

S(i,§) = I« K)(i,j) => Y I(m,n)K(i —m,j—n) (9.4)
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Do tinh chét giao hodn, c6 thé viét lai:

S(i,j) = (K« I)(i,j) =Y > I(i —m,j—n)K(m,n) (9.5)

Céch viét sau thudng dé 1ap trinh hon, vi chi s6 m, n c6 thé cb dinh kich thuéc.

Tinh chét giao hodn 12 do kernel bi 14t so v6i dau vao. Trong toan hoc, diéu niy quan
trong d€ dam bao tinh chit ly thuyét, nhung trong thuc té thi khong. Nhiéu thu vién hoc
sau khong thuc hién viéc 14t kernel, va thay vao dé dung phép tuong quan chéo (cross-

correlation):

S(i,§) = (K« I)(i,§) =Y > I(i+m,j+n)K(m,n) (9.6)

O day, kernel dugc giit nguyén va khong bi 1at. Du phép nay khong ding theo dinh
nghia tich chap todn hoc, céc thu vién van goi né la "convolution".

Trong hoc sau, kernel 1a tham s6 dugc hoc. Néu mang c6 14t kernel, thi né sé hoc mot
kernel 14t ngudc so véi khi khong 1at. V& ban chét, két qua dau ra van c6 thé tuong duong.

Céan luu ¥ rang trong mang no-ron, tich chap thuong khong dugc diung riéng 1é. N6
ludn di kém véi cac thanh phan khac nhu ham kich hoat, chuin héa, va pooling. Khi két
hgp nhu vay, tinh giao hoan cua tich chdp khong con git dugc vai tro trung tdm. Hinh 9.1
minh hoa mot vi du vé tich chap hai chiéu (khong 14t kernel) theo kiéu valid — nghia 1a
kernel chi 4p dung tai nhiing vi tri ma toan bd né nim gon trong anh du vio.

Phép tich chép rdi rac ciing ¢6 thé dugc xem nhu mot phép nhan ma tran dic biét —
ndi nhiéu phan ti trong ma tran bi rang budc phai giéng nhau.

* V6i tich chap mot chiéu, ta ¢6 ma tran Toeplitz, trong d6 mdi hang 13 ban dich (dich

trai/phai) cua hang phia trén.

* V6i tich chap hai chiéu, ma tran tuong ting 12 ma tran vong lip khdi doi (doubly block

circulant), mdt mS rong hai chiéu ctia ma tran Toeplitz.

Nhitng ma tran nay khong chi c6 nhiéu phan ti bing nhau, ma con thudng rét thua (rit
nhiéu gia tri bang 0). Diéu nay 1a vi kernel thudng nhd hon anh nhiéu, nén né chi 4nh
hudng dén mot ving cuc bo.

Diéu quan trong 12 bat ky thuit toan nio c6 thé xt Iy nhan ma tran ciing c6 thé st dung
tich chap, vi vé ban chit, tich chap 12 mot phép toan tuyén tinh. Tuy nhién, trong thuc té,
ciac mang CNN hién dai khai thac dic tinh thua va lip lai ctia tich chap dé t6i uu toc do
xti 1y va tiét kiém bo nhé — nhét 13 vé6i dit liéu 16n nhu anh c6 do phan giai cao.

9.2 Muc dich st dung tich chap

Tich chép trong mang nd-ron sdu dudc dung vi né mang lai ba 1di ich quan trong:
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Hinh 9.1: Vi du tich chip 2D khong 14t kernel v6i ki€u “valid”. Céc mii tén thé hién cach kernel
4p dung Ién viing tuong ng dé tao ra phan td phia trén bén trai clia tensor dau ra.

* Tuong tac thua (sparse interactions)

* Chia sé tham sb (parameter sharing)

* Bién ddi tuong duong (equivariant representations)

Ngoai ra, tich chap con gitip mang xit ly t6t cdc dau vao c6 kich thudc thay ddi.

Trong mang truyén thdng, mdi don vi dau ra dugc két nbi dén tit ci cac dau vao —
din dén rét nhiéu tham sb va chi phi tinh todn 16n. Trong khi d6, mang CNN dung két ndi

thua — mdi dau ra chi phu thudc vao mot viing nhd dau vao thong qua mot kernel nhd.
Vi du:

* V6i mang fully connected c6 m dau vao va n dau ra: can m x n tham s6, thdi gian
O(m x n).

* V6i mang tich chiap, mdi dau ra chi phu thudc vao k dau vao (v6i k < m): chi can
k x n tham sb, thai gian O(k x n).

Diéu nay gitp:

* Tiét kiém bd nhd.

* D& hoc hon vi it tham s hon.
» Ting toc do tinh todn.

Mic dii cdc 16p tich chap chi c¢6 thé mo hinh héa tuong tdc cuc bd, nhung khi chong
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nhiéu 16p 1én nhau, cic don vi & tang siu c6 thé gidn tiép "nhin thay"phan 16n hoic toan

bd anh dau vao — vi mdi 16p md rong ving tiép nhan (receptive field).

Hinh 9.2: Két nbi thua tif géc nhin diu vao. Mot don vi dau vao x5 chi dnh hudng dén ba dau ra
néu dung tich chap (trén), nhung anh hudng dén tit ca dau ra néu ding nhian ma tran day di (dudi).
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Hinh 9.3: Két ndi thua tir géc nhin du ra. Pon vi diu ra s3 chi phu thudc vao ba dau vao gan né
néu dung tich chap (trén), nhung phu thudc vio toan bd diu vao néu dung nhan ma tran (dudi).

Hinh 9.4: O cic tang sau, ving tiép nhan trd nén 16n hon — dic biét néu c6 pooling hoic stride
— cho phép céc don vi & tang cao nhin thiy viing rong hon ctia anh gbc.

Mot diém quan trong khic 1a chia sé tham s6. Trong mang truyén thong, mdi két nbi c6
trong sb riéng, va trong s6 do chi ding mot lan. Trong khi d6, mang CNN st dung cling
mot kernel cho moi vi tri trong anh — nghia 12 méi trong s6 dudc dung nhiéu 1an,  nhiéu

vi tri khac nhau.
Diéu nay gitip:
« Giam manh s6 lugng tham s6 phai hoc (chi con k thay vi m x n).
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* Ting hiéu qua thong ké (hoc dudc ti it dit liéu hon).

* Giit nguyén toc do tinh todn (vin 1a O(k x n)).

OSONO050
O OO

OO OO
OO OO
OO -0

Hinh 9.5: Chia sé tham sb: (Trén) Mot trong sb trong kernel dudc dung & nhiéu vi tri dau vao.
(Du6i) Trong sb chi ding mdt 1an trong mang fully connected.

Vi du trong Hinh 9.6 minh hoa céch tich chap c6 thé dudc dung dé phat hién bién trong
dnh mot cach hiéu qua hon rit nhiéu so v6i nhan ma trin — khong chi vé toc do ma ca vé

s6 luong tham sb can thiét.

4

Hinh 9.6: Tich chap gitp phét hién canh trong anh vé6i s6 phép tinh it hon rit nhiéu so véi nhian
ma trin day dd. Tich chap st dung lai trong s6, it phép nhan, va tin dung tinh chét cuc b ciia dic
trung hinh anh.

Trong mang no-ron, 16p tich chap c6 mot tinh chit dic biét nhd vao viéc chia sé tham
s6, goi 12 tinh dong bién véi phép tinh tién (equivariance to translation). N6i don gian, néu

ta dich dau vao, thi du ra ciing sé dich theo mot cich tuong ting.

Cu thé, néu mot ham f(z) 1a dong bién v6i mot phép bién ddi g, thi ta co:
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Trong trudng hop cua tich chap, néu g 1a phép dich chuyén dau vao, thi tich chip sé
dong bién véi phép do.

Vi duy, gia st I 1a ham bi€u dién do sang cta anh tai mo6i di€ém nguyén (z,y). Ta dinh
nghia phép dich chuyén &nh sang phai mot don vila I'(z,y) = I(z — 1,y). Khi d6, néu
ta dich anh trudc rdi tich chap, hoic tich chép rdi dich két qua, thi két qua cubi cling vain
nhu nhau.

Diéu nay rat hitu ich khi x@ ly dit liéu thdi gian hoidc hinh anh. Véi dit liéu thsi gian
(nhu 4m thanh, cam bién...), diéu nay nghia 12 néu mot dic trung xuit hién mudn hon
trong dong thdi gian, thi dau ra ciing sé thé hién diéu d6 tuong dng. V6i anh, néu mot ddi
tuong dich chuyén trong &nh, thi biéu dién ctia né trong dau ra ciing dich chuyén tuong

2,

ung.

Nho tinh chit niy, mang c6 thé phat hién cic dic trung nhu canh, géc, hoic dudng
cong & bat ky dau trong anh ma khong can hoc lai tir diu. Diéu nay chinh 1a két qua truc

tiép cua viéc chia sé tham so trong tich chép.

Tuy nhién, trong mdt s6 bai todn, chia sé tham sb trén toan bd khong gian anh c6 thé
khong phit hdp. Vi du, néu anh ludn chita mot khudén mit & trung tam, thi ta c6 thé mudbn
hoc cdc tham sb riéng biét cho tiing viing: phan trén hoc nhan dién 16ng may, phan duéi
hoc nhan dién cim.

Ngoai ra, tinh dong bién nay chi 4p dung cho phép dich chuyén. Véi cac phép bién ddi
nhu xoay hoic thay ddi ty 18, tich chap khong tu dong c6 tinh dong bién. D& xit 1y nhiing
bién ddi nay, ta can bd sung thém co ché khiac — chang han nhu data augmentation, kién
triic xoay bét bién, hodc mang capsule.

Cudi cliing, mot 1¢i ich khéc ctia tich chap 1a gidp x@ ly hiéu qué cac loai dit liéu c6
kich thudc thay ddi — diéu ma cac mang fully connected khong 1am dugc. Ching ta sé
ban k§ hon vé diéu nay trong phan 9.7.

9.3 Pooling
Mot 16p co ban trong mang no-ron tich chap thudng gém ba budc chinh (xem Hinh
9.7):
1. Tich chap: nhiéu kernel dudc dp dung song song dé quét qua diu vao, trich xuat cic
dic trung cuc bo nhu canh, goc, hoic két cAu.

2. Phi tuyén: thudng dung ham kich hoat ReLU d€ ting tinh biéu dién phi tuyén cho
mang.

3. Pooling: tém tit thong tin trong mot ving nhd, gitip giam s6 chiéu va ting tinh &n
dinh ctia mang.

Phép pooling iy nhiéu gid tri trong mot viing va rit gon thanh mot gia tri duy nhAt,
dai dién cho viing d6. Mot s6 phuong phap phd bién:

* Max pooling: 14y gid tri 16n nhit trong ving.
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Complex layer terminology Simple layer terminology

I Next layer I | Next layer
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Convolutional Layer

Pooling stage Pooling layer
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Detector stage:

S . Detector layer: Nonlinearity
Nonlinearity . .
. ; e.o., rectified linear
e.g., rectified linear )

A A

Convolution stage: Convolution layer:
g= g
Affine transform Affine transform
| Input to layer | | Input to layers I

Hinh 9.7: Ciu tric dién hinh ctia mot 16p trong mang CNN. (Trdi) Gom nhém céc budc (tich chap,
phi tuyén, pooling) thanh mot 16p duy nhét. (Phii) Mdi bu6c 1a mot 16p riéng biét. Trong séch nay,
chung ta dung cach nhém & bén trai.

* Average pooling: 14y trung binh céc gia tri.

e L2 pooling: tinh chudn L2 cta cdc gid tri.

* Pooling c6 trong sb: cdc gid tri gan trung tim dudc uu tién hon.

Pooling giup:

* Giam s6 chiéu dit liéu (downsampling), tiét kiém bo nhé va ting toc tinh toan.

* Ting kha niing bat bién vé6i dich chuyén nhd — tiic 12 néu anh dich nhe, du ra van

gan nhu khong thay ddi.
« Giam nguy co overfitting bang cach bd qua céc chi tiét nhé khong quan trong.

Pooling thém vao mang mdt gia dinh riang cdc dic trung quan trong khong bi dnh
hudng bdi dich chuyén nhd — mot gia dinh phit hop trong nhiéu bai toan thi giac, vi du
nhu nhin dién déi tugng, ndi ta khong can biét chinh xdc mat hay miéng niam & pixel nao,
chi can biét c6 xuit hién 1a du.

Tuy nhién, néu bai toan yéu cau nhan dién ciu triic hinh hoc chinh x4c (vi du nhan
dién géc tao bdi hai canh), thi pooling c6 thé gay mit thong tin quan trong. Trong nhiing
truong hop do, can st dung pooling cin than.

Mot 1¢i ich khéc 1a pooling gitip gidm s luong dic trung can xi ly & cac 16p sau, nhit
12 khi ta chi 1dy miu dau ra mdi k pixel (stride pooling). Piéu nay gitip giam dang ké sb
phép tinh, tiét kiém bd nhd, va doi khi con gitp mang hoc hiéu qua hon. Vi du minh hoa
s€ dudc trinh bay ¢ Hinh 9.10.
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POOLING STAGE

NOJOJONO3y
Nofetogoh

DETECTOR STAGE

POOLING STAGE
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DETECTOR STAGE

Hinh 9.8: Hiéu ting ciia max pooling ddi véi dich chuyén nhé. (Trén) Trudc va sau khi 4p dung
pooling. (Duéi) Khi dau vao bi dich nhe, dau ra ctia 16p phi tuyén thay ddi ddng ké, nhung dau ra
ctia max pooling gan nhu khong déi.

Large response Large response

in pooling unit in pooling unit
Large Large

respouse response
in detector, in detector

unit 1 unit 3

LIl&s | |[b]|&8]|s

Hinh 9.9: Vi du vé cach mang hoc dugc tinh bt bién. Mot don vi pooling c6 thé hoc cich bd qua
nhiing thay d6i nhd trong dau vao néu né két hop diing cic dic trung. Trong hinh, ba bd loc hoc
phaét hién chil s6 5 viét tay & cac géc xoay khac nhau. Bit ky bién thé nio ctia s6 5 ciing 1am mot bo
loc phan ing manh, va max pooling sé chon phan ting manh nhét, gitip mang nhan ra sb 5 bat ké
xoay thé nao. Phuong phap nay dugc ding trong mang nhu maxout (Goodfellow et al., 2013a) va
nhiéu kién triic CNN khac. Max pooling gitp chdng dich chuyén, con nhiéu kénh loc giip mang
chdng lai bién d6i phiic tap hon.

289



CHUONG 9. MANG NO-RON TICH CHAP

O E

Hinh 9.10: Pooling két hop véi giam kich thudc. O déy, ta ding max pooling véi ving loc rong 3
va budc nhay 1a 2. Diéu nay gitip giam kich thudc dau ra ma van giit dugc thong tin quan trong.
Ving cudi dit nhd van dudc giit lai d€ tranh bd sét dit licu.

Trong nhiéu bai todn xi 1y 4nh, pooling déng vai trd quan trong khi anh dau vao c6
kich thuéc khong cb dinh. D& c6 dau ra chuin dung cho 16p phan loai, mot cach 1am phd
bién 1a diéu chinh viing va budc nhdy trong pooling d€ dau ra ludn c6 kich thude cb dinh.

Vi du, 16p pooling cudi c6 thé ludn tém tat nh thanh boén viing tuong dng véi bon goc

— bét k& anh gbc 16n hay nho.

Mot s6 nghién ctiu nhu Boureau et al. (2010) da dé xuét céc tiéu chi d& chon kiéu

pooling phii hgp vdi tiing tac vu. Cac bién thé nang cao hon gom:

e Pooling dong theo tling anh, dung phan cum dé xac dinh ving pooling (Boureau et
al., 2011).

 Hoc mot ciu tric pooling ¢b dinh tir dif liéu, r6i 4p dung cho tit c4 anh (Jia et al.,
2012).

Du pooling rat hiéu qua, nhung né ciing c6 thé gy khé khin véi cic kién tric can lan
truyén thong tin tif dau ra ngugc vé dau vao, nhu Boltzmann machine hoiic autoencoder.
Nhiing vAn dé nay sé dugdc ban chi tiét hon & phan III. Muc 20.6 trinh bay pooling trong
mang Boltzmann tich chap, va muc 20.10.6 dé cip dén céc ky thuit "gan nghich dio"dé
phuc hdi thong tin sau pooling.

Cubi cuing, Hinh ?? sé& gidi thiéu mot s6 kién tric CNN hoan chinh dung pooling dé
phéan loai anh.

9.4 Convolution va Pooling nhu mot loai prior rat manh

Trong hoc may, prior 13 gia dinh ban dau ma ta c¢6 vé mo hinh hoic tham sb trude khi
xem dif liéu. DAy 12 mot khdi niém quen thudc trong xac suit — ban c6 thé hinh dung nhu
mot “niém tin ban dau” trudc khi dudc cung cip thong tin thuc té.

Vi du: néu ban tin rang ngy mai troi c6 thé mua, thi d6 1a mot prior. Khi ban xem du
bdo thai tiét (tic 1a dit liéu), ban c6 thé thay d6i suy dodn nay. Khi d6, prior dudc cip nhat
thanh posterior.

Trong mo hinh héa xdc suit, ta thuong mo ta prior bang mot phan phdi xdc suit tién

nghiém — nhu da dé cap & muc 5.6.

Miic do manh hay yéu ctia mét prior phu thudc vao miic dd han ché ma né 4p dit:
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e Prior yéu: nhu Gaussian c6 phuong sai 16n — cho phép md hinh linh hoat, it gia
dinh.

* Prior manh: nhu Gaussian c6 phuong sai nhd — han ché nhiéu, budéc md hinh hoc

nhiing gi phit hop véi gia dinh ban dau.

* Prior cuc manh (v cling manh): loai trit hoan toan kha ning hoc mot s6 ham — du
di lidu c6 hd trg.

Trong CNN, viéc sit dung céc 16p convolution va pooling c6 thé dugc xem la dang ap
dit mot prior cuc manh 1én ham ma md hinh c6 thé hoc. Cu thé, ta gia dinh rang:

+ Mang nén hoc céc dic trung mang tinh cuc bd — tifc 1a chi lién quan dén mot ving

nho trong anh.
* Céc dic trung niy nén dudc phat hién tai moi vi tri trong anh (chia sé tham sb).
» Mang nén 6n dinh trudc cac dich chuyén nhé (bit bién qua pooling).

Nhiing gi4 dinh nay han ché khong gian hAim ma mé hinh c6 thé hoc, nhung déi lai,

chung cuc ky phu hgp véi dit liéu dang ludi nhu anh.

Output of softmax:
1.000 class
probabilities

Output of softmax:
1,000 class
probabilities

Output of softmasx:
1,000 class
probabilities

t

t

)

Output of matrix
multiply: 1,000 units

Output of matrix
multiply: 1,000 units

Output of average
pooling: 1x1x1,000

Output of reshape to
vector:
16,384 units

Output of reshape to
vector:
576 units

Output of
convolution:
16x16x1,000

¢

Output of pooling
with stride 4:
16x16x64

Output of pooling to
Jx3 grid: 3x3x64

Output of pooling
with stride 4:
16x16x64

Output of
convolution —
ReLU: 64x64x64

Output of
convolution +
ReLU: G4x64x64

Output of
convolution +
ReLU: 64x64x64

Untput of pooling
with stride 4:
64x64x64

Ctput of pooling
with stride 4:
64x64x64

Ontput of pooling
with stride 4:
G4x64x64

COutput of

convolution —
ReLU: 256x256x64

COutput of
convolution —
ReLU: 256x256x64

Output of
convolution —
ReLU: 256x256x64

$

t

t

Input image:
256x256x3

Input image:
256:256x3

Input image:
256x256:3

Hinh 9.11: Ba kiéu kién triic CNN cho phan loai anh. (Trdi): Dung anh kich thuéc cb dinh, két
hop convolution, pooling va fully connected. (Gitta): Cho phép énh c6 kich thudc thay déi, van
dung fully connected bing cach pooling vé& ddu vao cé kich thudc ¢ dinh. (Phai): Khong dung
fully connected; mdi ban dd dic trung dugc trung binh lai va dua thang vao softmax.
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Tir géc do x4c suat, CNN giébng nhu mot mang fully connected nhung cé thém cic

prior cuc manh:

* Trong soO cua neuron & cac vi tri khac nhau phai giong nhau — chi khac vi tri khong

gian (dich chuyén).
» Trong s6 ngoai viing quan sit phai bang 0.
Hay noi cach khac:
 Ham can hoc chi nén c6 tuong tic cuc bo.

e Ham can c6 tinh dich bién — phan ting ctia mang sé dich chuyén néu dau vao dich

chuyén.

Pooling tiép tuc b& sung thém mot prior manh nita: két qua dau ra nén bat bién véi dich

chuyén nho.

Tat nhién, néu c6 gang ap dit nhiing prior nay bang cach viét mang fully connected va
thém rang budc thii cong thi sé rt tén kém va kém hiéu qui. CNN gitip ta "nhing"cdc gia

dinh nay truc tiép vao cau tric mang.

* Nhugc diém — dé gay underfitting: Néu gia dinh ctia prior khong phut hop, chang
han bai todn can gilt nguyén vi tri chi tiét trong anh, thi pooling c6 thé 1Am mét thong
tin quan trong, gdy 18i huin luyén. Mot sb kién triic nhu Inception (Szegedy et al.,

2014a) xt ly bang cach chi pooling § mot sd kénh.

« Khong nén so sdnh truc tiép CNN véi mo hinh khac: Vi CNN dugc xdy dung véi
hiéu biét trudc vé ciu tric dit lidu (topology), con cac mo hinh khac phai tu hoc. Do

d6, nén ddnh gia chiing trén cac bo benchmark khac nhau dé€ dam bao cong bang.

9.5 Mang Convolutional

Trong deep learning, khi n6i dén "convolution", ta khong diing diing phép toan convolution
1di rac nhu trong toan hoc ma st dung mot bién thé don gian hon va hiéu qua hon. Chiing
ta sé lam 1o su khdc biét va dic diém hitu ich ctia phién ban thuc té nay.

Thudng thi mbi 16p trong mang sé thuc hién nhiéu phép todn convolution ciing lic—m&i
cai dung mot kernel khac nhau dé trich xuét céc loai dic trung khac nhau tir 4nh, du & céac

vi tri khac nhau.

Pau vao ctia mang khdng chi 1a mot ma tran gid tri don gidn, ma thuong 1a nhiéu kénh
dit liéu. Vi du, 4nh mau c6 3 kénh: dd, xanh 14, xanh duong. Sau mot 16p convolution, dau
ra s& 1a nhiéu kénh dic trung, mdi kénh thé hién mot loai dic trung tai nhiéu vi tri khong
gian khic nhau. Do d6, diu vao va dau ra 1a cé4c tensor 3 chiéu: (kénh, chiéu cao, chiéu
rong). Néu 1am viéc v6i nhiéu anh cung lic (batch), thi 12 tensor 4 chiéu—nhung ta sé bd

qua truc batch d€ don gidn hoéa.

Vi convolution dung nhiéu kénh, phép todn tuyén tinh nay khong con dam bao tinh

giao hodn nhu convolution truyén thong, trit khi s6 kénh vao va ra bing nhau.
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Gia st ta c6 tensor kernel 4 chiéu K, trong d6 K, ; 1., biéu thi mic két ndi tt dau vao
kénh j t6i dau ra kénh 4, 1&ch k hang va [ cot. Pau vao V' 1a tensor 3 chiéu véi V; ;5 12 gid

tri tai kénh i, hang j, cot k. Khi d6, dau ra Z sé 1a:
Zm}k = E Vi,j+m—1,kz+n—1Kz',l,m,n
l,m,n

Tong chi thuc hién & nhiing vi tri hop I8é.

Néu mubn giam chi phi tinh todn, ta c6 thé gidm sb vi tri 4p dung kernel, tidc 1a giam

tan suét 14y miu dau ra (downsampling). Cu thé, néu chi 1iy mdi s pixel, ta dinh nghia:

Zi,j,k = C(K, V, S)i,j,k = E ‘/;,(jfl)Xerm,(kfl)XernKi,l,m,n

I,m,n

O day, s la stride—budc nhay ctia phép convolution. Cé thé dung stride khac nhau theo
tiing chiéu. Xem vi du Hinh 9.12.

Strided
convolution

O O O

Downsampling

Convolution

Hinh 9.12: Convolution vdi stride. Trén: thuc hién convolution véi stride = 2. Dudi: tuong duong
toan hoc véi thuc hién convolution stride = 1 rdi downsample. Cach lam phia du6i tbn nhiéu tinh
todn vi tao ra gia tri roi loai bd.

Mot yéu td quan trong khi xdy dung mang convolution 1a kha ning tu dong padding
dau vao bang 0. Néu khong pad, dau ra sé nho lai sau mdi 16p, vi kernel chiém khong
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gian. Padding gidp ban giit nguyén kich thuéc dau ra nhu y mudn, thay vi budc phii dung

kernel nho hoic chip nhan mat dién tich biéu dién. Xem vi du Hinh 9.13.

4
4&%&&

09 HOOOOOOOOOOOOOCLO®

o&oooooooooﬁo&
%ooooooooo&%o&o
S%&ooooooooom Sﬁb

Hinh 9.13: Tic dong ctia viéc thém zero padding dén kich thuéc mang. Xem vi du mang CNN st
dung bd loc cé chiéu rong bing 6 & mdi 16p. (Trén) Khong ding zero padding, nén mdi 16p lam
giam chiéu rong biéu dién di 5 pixel. V6i anh diu vao 16 pixel, chi c6 thé thém 3 16p chap, trong d6
16p cubi khdng con di chuyén dudc. (Dudi) Thém 5 pixel zero padding & mdi 16p gitp gilt nguyén
kich thu6c anh dau ra, cho phép xdy dung mang siu tly y.

N IN

Khi thyc hién tich chap trén anh, viéc thém "zero padding"(dém bﬁng gia tri 0 & ria
4nh) 1a rit quan trong. C6 ba cich dung zero padding ma ban can luu y:

- Truong hop 1: Khong padding (valid convolution) Khi kernel chi dugc ap vao cac vi
tri ma né nam hoan toan trong anh, dau ra sé nhd hon dau vao. Néu anh dau vao rong m,

kernel rong k, thi anh dau ra sé rong:

m—k+1

Néu dung kernel 16n hoic nhiéu 16p chap, kich thudc anh sé& gidm nhanh chéng, cudi
cung con 1 x 1, va cac 16p chép sau s€ vo nghia.

- Truong hop 2: Padding d€ gii nguyén kich thu6c (same convolution) Thém dd sb
pixel 0 d€ giit kich thuSc dnh khong ddi. C4ch nay cho phép thém nhiéu 16p chap tuy y.
Tuy nhién, cdc pixel & ria s& 4nh hudng it hon dén dau ra, vi chiing c6 it pixel 1an cAn hon
d€ kernel "nhin thay".

- Trudng hop 3: Padding 1am ting kich thuéc (full convolution) Padding nhiéu dén miic

mdi pixel dau vao gép phan vao k vi tri dau ra trong mdi chiéu:

m+k—1
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Céch nay tao dau ra 16n hon dau vao, nhung van gip van dé 1a pixel & bién dnh hudng

it hon pixel & gitta, khién md hinh khé hoc cdc dic trung ddong nhit khap anh.

Trong thuc té, cich padding hiéu qua nhét thudng nam giita "valid"va "same", tuy bai
toan. Viéc chon ding miic padding gitip mang hoc tot ma khong lam gidm dd chinh xic

do anh bi thu nhé qua muc.

Trong mot s6 trudng hop, thay vi dung tich chap c6 chia sé tham sd, ta dung 16p két
ndi cuc bd (locally connected layers) — tiic 1a mdi vi tri c6 bo trong sb riéng biét. Day 1a
y tudng do LeCun dé xuit tif nhitng nim 1980.

Céc két ndi 6 16p nay van gilt nguyén nhu mang MLP, nhung mdi két ndi mang trong

s0 riéng, dugc bicu dién bang tensor 6 chiéu W, véi céc chi so:

i:Kénhdaura, j:Hangdaura, & :Cotdaura,

[ : Kénh dau vao, m :Poléchhang, n : Do léch cot.

Phép todn tuyén tinh tai mbi vi tri 1a:

Zijk = E (Vi jtm—1ktn—1Wi j kdomn

I,m,n
(Phuong trinh 9.9)

Phép toan nay con dudgc goi 1a "unshared convolution”, tic la tich chap khong chia sé
tham s6. V& mit ciu triic két ndi thi gibng tich chap, nhung mdi vi tri ¢6 bd trong s6 khac

nhau.
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Hinh 9.14: So sanh ba loai 16p: két nbi cuc bo, tich chép, va fully connected. L6p két ndi cuc bd:
mbi két ndi c6 trong sb riéng (khong chia sé). LSp tich chap: két nbi gidng nhu két ndi cuc bo,
nhung chia sé trong s6 gitia cdc vi tri. Lop fully connected: mdi don vi két ndi véi moi don vi dau
vao, mdi két nbi ciing c6 trong sb riéng.

Lép két ndi cuc bo rat phu hop khi dic trung chi phu thudc vao ving 1an cin nho, va
khong can gidng nhau & moi noi trong dnh.
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Ctpnt. Tensor

OO0 0O0
O O 0O 0OO0r
OO00O0
O O O O Oy

nput lensor

OO0OO0O0
OO0O0O0O0
OO0O0O0
OO0O0OO0

-

Channel cocrdinates

Spatial coordinates

Hinh 9.15: Mot cach khac d€ giam s lugng tham sb: gidi han két ndi gitta cac kénh dau vao va
dau ra. Vi du, 2 kénh dau ra dau tién chi nhan thong tin tir 2 kénh dau vao dau tién, 2 kénh sau tit
2 kénh tiép theo. Cach nay gitip giam chi phi tinh todn ma van giit hiéu suét.

Mot bién thé nita 1a tich chap lap ghép (tiled convolution)(Gregor va LeCun, 2010; Le
et al., 2010). Pay la budc trung gian gitta 16p két ndi cuc bo va 16p tich chap chuin. Thay
vi hoc trong s6 riéng cho tling vi tri, ta hoc mot s luong kernel ¢b dinh, rdi 4p dung cic

kernel nay luan phién khi quét qua anh.

N6i cach khac, mbi vi tri gan nhau c6 thé diing céc kernel khéc nhau, gibng nhu 16p
cuc bd, nhung s6 luong kernel bi gidi han va dung lai theo chu ky—gitip gidm lugng tham

s6 can hoc.
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Hinh 9.16: So sinh giita 16p két ndi cuc bo, tich chap 1dp ghép va tich chap chuin. Dung kernel
c6 chiéu rong 2 pixel. (Trén): Lop két nbi cuc bo—mbi két ndi 6 trong s riéng (gan nhan a, b, c,
d...). (Giita): Tiled convolution—sti dung luan phién céc kernel khac nhau (nhu a-b, r6i c—d), lip
lai sau mdi ¢ bude. (Dudi): Tich chap chuAn—dung mdt kernel duy nhit cho moi vi tri (nhan a—b
ap dung toan anh).

Tiled convolution (hay con goi 1a phép chdp phan tan) la mot khai niém quan trong
trong mang nd-ron tich chap. D€ dinh nghia toan hoc, gia sit K 12 mot tensor 6 chiéu,
trong d6 hai chiéu dau tién dai dién cho céc vi tri trong ban do dau ra. Thay vi c6 bo loc
riéng cho tiing vi tri, cac vi tri ndy sé tuan tu st dung luan phién mot tap hop gdm ¢ bo loc

theo mdi chiéu.

Khi ¢ bang diing chiéu rong diu ra, thi tiled convolution trd thanh mot 16p két ndi cuc

bo (locally connected layer) chinh xac.

Dau ra tai vi trf Z; j, dugc tinh theo cong thic:

Zijk = H Viitm—1ktn—15 L mon, %t +1 k%41

I,m,n

Trong d6: - % l1a phép chia 14y du (modulo), - Vi du: t%t = 0, (t + 1)%t = 1, v.v.

Mot diém thi vi 1a cac 16p két ndi cuc bd va tiled convolution c6 thé két hop hiéu quéi
v6i **max pooling**. Néu cdc bd loc hoc dudc cach nhan dién cic bién thé khic nhau
clia cing mdt dic trung, thi phép max pooling gitip 1am cho dau ra khong nhay cam véi
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nhiing bién thé d6. Diéu nay khac vdéi 16p tich chap chuin, von dudc thiét ké d€ c6 tinh
**dich bién**, ttic 12 phan Gng nhét quan vdi cac dich chuyén nhd.

D€ huin luyén mang CNN, ta can tinh dao ham (gradient) cia ham mit mét theo céc
tham sb kernel, dua trén gradient clia dau ra. Trong mot s trudng hop don gian, ta c6 thé
tinh gradient bang mot phép tich chap khéc, nhung khi dung stride > 1, viéc nay trd nén
phtic tap hon va khong thé don gian dung tich chap.

VE ban chit, tich chap 12 mot phép toan tuyén tinh, va c6 thé biéu dién bang phép nhan
ma trdn néu ta "dudi thang"tensor dau vao thanh vector. Khi d6, phép tich chip tuong
duong v6i nhan mdt ma trin thua (sparse matrix), trong d6 mdi phan tif clia kernel xuét
hién nhiéu 1an tai cac vi tri khac nhau.

Khi lan truyén ngudc (backpropagation), ta can nhan véi chuyén vi clia ma tran tich
chap dé tinh gradient. Pay 1a budc thiét yéu dé huin luyén mang siu hoic cac md hinh
nhu autoencoders, RBM hay sparse coding.

9.6 Pau ra co chu tric trong mang ne-ron tich chap

Mang CNN khong chi ding dé phan loai hoic hdi quy mdt nhian don, ma con c6 thé
tao ra dau ra c6 cAu triic phtc tap, vi du nhu ban d6 xéac suét cho tiing pixel.

Chang han, md hinh c6 thé xuit ra mot tensor S, trong d6 mdi phan ti S; ; » 12 xdc sudt
rang pixel tai vi tri (4, k) thudc vé 16p . Pidu nay rét hitu ich cho cdc tac vu nhu phan
doan anh (image segmentation).

Mot vin dé 12 ban do dau ra thudng nhé hon dau vao, do cic 16p pooling 1am giam
kich thudc. C6 ba cach xu ly:

1. Khong dung pooling (Jain et al., 2007) d€ giit kich thuGc anh.
2. Ch4p nhan ban d6 nhan do phan giai thip hon (Pinheiro & Collobert, 2014, 2015).
3. Dung pooling stride = 1 d€ gidm mat mat thong tin khong gian.

Mot cach hiéu qua dé€ gan nhin pixel 12 1ip lai viéc du doan nhiéu 1an, mdi 1an cii thién

két qua cta 1an truc. Mdi budc st dung cliing trong sd—gidng nhu mot mang hoi tiép.
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Hinh 9.17: M6t vi du mang CNN hoi tiép dung dé gan nhan pixel. Anh dau vao 1a tensor X, dau
rala’Y — ban dd xdc suit theo tirng pixel va 16p. O mdi budc, udc lugng Y cii duge dung lam dau
vao cho budc tiép theo. Bo loc U dung d€ trich dic trung tit anh, V dé tao ra du doan, va W dung
dé xu ly lai Y cii (trit bude du, thay bang 0). M6 hinh nay dung cling trong sb cho tit ca budc lip.

Sau khi c6 dugc ban dd nhan cho tling pixel, ta c6 thé xi Iy thém dé phan doan anh
thanh cdc viing. C4c k¥ thuat xi Iy sau nhu mo hinh d6 thi hodc t6i uu héa phan ving gitip
gom nhém céc pixel gan nhau vé cuing nhan (Briggman et al., 2009; Turaga et al., 2010;
Farabet et al., 2013). Mot s6 mang con dudc huan luyén dé t6i da héa muc tiéu tuong
duong v6i md hinh dd thi (Ning et al., 2005; Thompson et al., 2014).

9.7 Cac Loai Dut Liéu
Dit liéu dung trong CNN thudng c6 nhiéu kénh—mdi kénh 1a mot loai quan sat khac
nhau tai mdi diém khong gian hoic thdi gian. Xem bang 9.1 dé thiy vi du véi s6 chiéu va

sO kénh khac nhau.

Cho dén gid, ching ta méi chi xét cac dit liéu dau vao c6 cing kich thude. Nhung mot
1o thé 16n ctia CNN 1a xii ly dugc dit liéu dau vao c6 kich thudc thay ddi—diéu ma mang
truyén thdng khong 1am dudc vi cin mot ma tran trong s6 ¢ dinh.

Vi du: v6i anh c6 kich thudc thay ddi, mang fully connected khong biét lam sao dé ap
dung cting mot ma tran cho moi 4nh. Nhung véi CNN, ban chi can chay bo loc nhiéu hoiic
it 1an tiy 4nh 16n hay nhé. Ngay cé khi dau ra ciing can thay ddi theo dau vao, nhu trong
bai toan phan doan anh, CNN van xii ly t6t. Trudng hop khac—khi can diu ra c6 kich
thuéc cb dinh, nhu phin loai anh—ta c6 thé dung thém budc pooling v6i viing thay ddi
theo kich thuéc anh dau vao, sao cho s6 dau ra van giit cd dinh. Mot vi du minh hoa trong

hinh ??.
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Tuy nhién, cAn luu y ring CNN chi nén dung cho dit liéu c6 kich thuéc thay ddi nhung
cung kiéu thong tin—vi du, chudi thdi gian dai ngan khac nhau hoidc anh to nhd khac
nhau. Néu mbi dit liéu c6 cac loai dic trung hoan toan khac nhau (nhu ho so thi sinh ma

ngudi nay c6 di€ém thi chuin héa, ngudi kia khong c6), thi khong thé diing cling mot bo

loc CNN 4p 1én céac thudc tinh d6 mdt cach hop ly.

Loai dit liéu

Mot kénh (Single channel)

ba kénh (Multichannel)

1 chiéu (1-D)

Dang s6ng am thanh: Truc dugc
tich chap 1a truc thoi gian. Am
thanh dudc roi rac theo thdi gian,
va mdi thdi diém c6 mot gid tri
bién do.

Hoat hinh khung xuong: Nhan vat 3D
chuyén dong theo thdi gian bang cach
thay d6i géc cac khdp xuong. Mdi kénh
1a mdt géc quay quanh mot truc tai mot
khép.

2 chiéu (2-D)

Am thanh da bién d6i Fourier:
Dit liéu dudc biéu dién dudi dang
ma tran 2 chiéu, véi truc 1a tan
s6 va thai gian. Tich chap theo
thoi gian gitip mo hinh dich bién
theo thi gian; tich chap theo tan
s6 gitip md hinh khong bi anh
hudng bdi cao do.

Anh mau: M&i kénh luu gid tri mau
do, xanh 14 hoac xanh duong. Tich chap
theo ca chiéu ngang va doc gitip hoc céc
dic trung khong gian bit bién véi dich
chuyén.

3 chiéu (3-D)

Dit liéu thé tich: Thudng xuét
hién trong hinh anh y té nhu anh
chup CT hoic MRI, c6 ba chiéu

Video mau: M4t truc 1a thai gian, hai truc
con lai 1a chiéu cao va chiéu rong khung
hinh.

khong gian.

Bang 9.1: Cic vi du vé dinh dang dit liéu 1D, 2D, va 3D c6 thé dung trong mang no-ron tich chap,
v6i ca truong hgp mot kénh va da kénh.

9.8 Cac thuit toan tich chip hiéu qua

Trong cic ting dung hién dai, mang no-ron tich chip thudng c6 quy mo rét 16n, véi
hang triéu don vi. D€ xii ly dugc lugng tinh todn nay, cin tin dung cic tii nguyén tinh
toan song song, nhu da trinh bay trong muc 12.1. Tuy nhién, khong phai ldc nao phan
ciing manh ciing sin c6, nén viéc ti vu héa chinh thuit toan tich chap ciing c6 thé gitip

ting tdc dang ké.

Mot cach dé ting tdc 1a chuyén dau vao va bo loc sang mién tan s bang bién ddi
Fourier, sau d6 thuc hién phép nhin diém, rdi bién ddi ngugc trd lai mién khong gian. Véi
mot sd kich thude nhat dinh, phuong phép nay c6 thé nhanh hon so véi tinh tich chap truc
tiép trong mién khong gian.

Mot cach khic dé ting toc 12 khai thac tinh chit phan tich ctia kernel. Néu mot kernel
d chiéu c6 thé viét thanh tich ngoai clia d vector, mdi vector tuong tng véi mot chiéu, thi
kernel d6 dudc goi 1 separable (c6 thé phan tach). Khi do, ta c6 thé thay thé tich chap
nhiéu chiéu bang viéc thuc hién lién tiép cac phép tich chap mot chiéu véi ting vector.

Céach nay nhanh hon rat nhiéu so véi tich chap toan phan.

Cu thé, néu kernel c6 do rong w & mdi chiéu, thi tich chap thong thudng can thdi gian
va b nhé 1a O(w?). Ngudc lai, vi kernel phan tach, chi can O(w x d). Tuy nhién, khong
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phai kernel nao ciing c6 thé biéu dién theo dang nay.

Hién nay, viéc tim ra cdc phuong phap tich chiap nhanh hoiic xap xi ma van dam bao
dd chinh xdc md hinh 12 mot chii d& nghién cifu dudc quan tam. Céc ky thuét chi tdi uu
qua trinh truyén xudi ciing dic biét hitu ich, vi trong mdi trudng ung dung thuc té, viéc
trién khai nhanh va hiéu qua mé hinh thudng dudc uu tién hon qua trinh huan luyén.

9.9 Tinh ning ngau nhién hoic hoc khong giam sat

Phan t6n kém nhét trong huin luyén mang CNN thudng nim & viéc hoc cic tinh ning
(feature). Trong khi d6, 16p dau ra thudng nhe hon vi s lugng dau vao cho 16p nay da
dugc gidm di nhiéu nhd cac 16p pooling. Néu st dung huén luyén c6 giam sat vdi gradient
descent, thi mdi budc can chay day dii c4 truyén xudi va truyén ngudc qua toan mang, gy
ton tai nguyén. Mot cach d€ gidm chi phi nay 1 st dung céc tinh ning khong hoc theo
cach c6 giam sat. C6 ba chién lugc co ban dé thu dugc cac kernel ma khong can dung dén
du liéu gan nhan:

* Khéi tao ngau nhién cac kernel.

* Thiét ké thi cong céac kernel d€ phat hién canh, dudng vién hoic ciac mau don gian.

« Hoc kernel bing tiéu chi khong giam sat.

That bat ngd 1a cac kernel ngiu nhién van c6 thé cho két qua tét trong thuc t& (Jarrett
et al., 2009; Saxe et al., 2011; Pinto et al., 2011; Cox va Pinto, 2011). Vi du, Saxe et al.
(2011) cho théy rang khi ta két hdp céc 16p tich chap véi pooling va khéi tao trong sd ngau
nhién, mang van c6 thé hoc dudc cic bo loc tan sd va c6 tinh bat bién véi dich chuyén.

Day 1a mot cach don gian va ré tién dé xay dung kién tric mang.

Mot céch tiép cn & gifta 12 hoc cdc tinh niing theo phuong phéap khong yéu cau truyén
xudi va truyén ngugc day di mdi lan cap nhat. Tuong tu nhu cch huin luyén tham lam
tiing 16p trong mang perceptron da 16p, ta huin luyén 16p dau tién riéng biét, sau d6 trich
xuat dic trung tif 16p d6, rdi huin luyén 16p ké tiép ciing mot cach riéng biét, va tiép tuc
nhu vay.

Viéc hoc khong gidm sit c6 thé gitip diéu chinh mo hinh t6t hon (regularization) so
v6i huén luyén cé giam sit, hodc don gian 1a gitip huin luyén ciac mang 16n hon nhd chi

phi tinh to4n thip hon.

9.10 Co s6 than kinh hoc cho Mang no-ron tich chap

Mang no-ron tich chip 12 mot trong nhitng thanh tyu ndi bat nhit cta tri tué nhan tao
liy cam hiing tf sinh hoc. Miic du CNN dudc xiy dung tif nhiéu linh vuc khac nhau,
nhung mot sd nguyén ly cbt 16i trong thiét ké mang da xuét phat tif nghién ciu vé than
kinh hoc.

Ngudn gdc ctia CNN c6 thé dudc truy vé cdc thi nghiém than kinh hoc tif nhiéu nim
truc khi mé hinh tinh toan dugc hinh thanh. Cac nha khoa hoc than kinh David Hubel va

Torsten Wiesel da tién hanh cac nghién ctiu kéo dai nham kham pha co ché hoat dong ctia
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hé thong thi gidc & dong vat c6 vi (Hubel va Wiesel, 1959, 1962, 1968). Ho di gianh giai
Nobel nhd nhitng déng gép nén tang nay. Bang cich ghi nhin hoat dong clia céc té bao
than kinh don 1é trong ndo meo, ho phat hién rang mot s6 té bao phan ting rat manh véi
cic mau 4nh sang cu thé, vi du nhu cic dudng thang nghiéng theo hudng nhit dinh, trong
khi hoan toan khong phan ting v6i nhitng miu dnh sang khac.

Phat hién nay 1a nén tdng cho rit nhiéu khdi niém trong hoc sau. Tur géc do hoc sau,
ta c6 thé tap trung vao viing V1 — vd nio thi gidc chinh — ndi dau tién trong nio xi ly
thong tin thi giac.

Mot cach don gian dé hinh dung 1a khi mat nhin thdy mot déi tugng, thong tin tif vong
mac sé truyén qua cic vung thi gidc va dén V1. Tai day, cac té€ bao than kinh phan ting véi
cic dic trung cd ban nhu canh va dudng thang trong anh. Sau d6, céc tin hiéu nay dudc
chuyén tiép dén cac viing niio cao hon dé xt ly thém — gidng nhu cach céc ting sau trong
CNN xtt ly cac dac trung ngay cang phic tap hon.

Phuong phap reverse correlation chi ra rang phan 16n cic té bao V1 c6 thé duge mo ta
bing cac ham Gabor. Him Gabor x4c dinh trong sb tai mdi di€ém 4nh 2D trong anh dau
vao. Ta c6 thé coi anh 1a mot ham I(x, ) theo toa d6 khdng gian, va té bao than kinh don
gian s& 4p dung mot ham trong s6 w(x, y) 1én 4nh tai cdc vi tri khac nhau. Ddp ting ctia té
bao dudc tinh bing:

s() =D w(a,y)I(x,y).

zeX yeY

Trong d6, ham trong s6 w(z, y) c6 dang:

'lU(.I‘7 y; «, 6$7 /8y7 f7 ¢7 Zo, Yo, 7—) = aexp (_6zx/2 - 6;,?/2) COS(fI/ + gb),

T = (x — x) cos(T) + (y — yo) sin(7),
va:

/

y' = —(x — o) sin(7) + (y — yo) cos(7).

Céc tham s6 «, B, By, f, ¢, To, Yo, T di€u chinh hinh dang va vi tri cia ham Gabor. Vi
du, 7, yo xac dinh vi tri trung tdm clia vung cam nhén, con 7 xac dinh huéng (goc xoay)

ma té bao phan ting manh nht.

Ham Gabor c6 hai thanh phan chinh: mot ham Gaussian vd mot him cosine. Thanh
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phan Gaussian:

aexp (=B = Byy”?)

gitip tap trung phéan tng ctia t& bao vao cdc diém gan trung tAm ving cdm nhan (noi

2’ =y’ = 0). Tham s6 « diéu chinh cudng d0 phan ung téng thé, con 3, va 3, diéu chinh

do6 rong ctia vung cam nhan theo hai chiéu.

ddEESESSE IDDDDDODmD OooEDEEEEE
ddEdESSEEE IDDDDDODD ODOooEEEEE
AAdAESSER IDDDDDODD OoOoDEEEE
NEIEASNON DoDDDDDODD OoooDEEEE
NNNSEAGIN DDDDDDODD oOooDEEND
UNSSEEZE INIDDDDODD OooooENEED
NNSSEEEZF DDDDDDmD onnnNDD
SNSEHEEEEZ IINIDIDDDODD DoDoDDNmNNm

Hinh 9.18: Cac ham Gabor véi cic tham s6 khac nhau. Mau tring: trong s6 duong 16n; mau den:
trong s& Am 16n; mau xam: trong s& gin bing 0. Mit Trai: Cac tham s6 toa do g, yo va géc xoay
7 thay d6i. Mt Gitta: Cédc tham sd diéu chinh d0 rong Gaussian f3;, 3, thay d6i. Mat Phai: Cac
tham s tan s6 va pha trong ham cosine, f va ¢, dudc thay ddi.

Yéu t6 cosine cos( fz' + ¢) diéu khién cach ma t& bao don phan ting véi su thay déi do
sang theo phuong 2’. Tham s f x4c dinh tan s6 khong gian, trong khi ¢ diéu chinh do

1&ch pha cua tin hiéu.

Téng thé, mot té bao don sé phan ing manh nhit v6i cidc mau dnh sang c6 tan s6 khong
gian va hudng cu thé tai mot vi tri xac dinh. Phéan ting dat cuc dai khi song do sang trong
4nh trung pha véi trong sb ctia té bao — tifc 12 anh sang tai cdc viing c6 trong sd duong va
t6i tai cac ving c6 trong s6 am. Ngudc lai, khi hinh anh 1éch pha hoan toan so vdi trong s6

— tidc 12 4nh t6i tai cac viing c6 trong s6 duong va ngudc lai — té bao sé bi tic ché manh.

?,U(.T, Y; &, ﬁ$a ﬁy» f7 ¢7 To, Yo, T) = aexp (_/8331'/2 - ﬂyya) COS(fJI, + d))

Trong khi t& bao don phan tng v6i mot hudng cu thé va mot pha nhét dinh, té bao phic
tap c6 thé phan ting véi cing mot hudng ma khong nhay véi pha. Piéu nay dat dudc bing
cach tinh chudn L2 tif hai t& bao don léch pha nhau mét phan tu chu ky:

c(I) = v/so(I)? + 51(1)?
Mot truong hgp déc biét 1a khi hai phan tng sy va s; chi khac nhau & pha ¢, va léch
pha mot goc /2, tao thanh mot cap quadrature.

Mot diém tuong dong dang chu y gitta hoc mdy va than kinh hoc 1a cc dic trung ma
cac md hinh hoc dudc & 16p dau thudng gidng véi cac dic trung trong ving V1. Olshausen

va Field (1996) da ching minh ring mot thuét toan hoc khong gidm sat don gian — sparse
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coding — c6 thé hoc dudc cic dic trung gin giéng vdi té bao don.
Nhiéu m6 hinh hoc sau hién dai ciing hoc ra nhiing dic trung tuong tu & cac 16p dau
tién. Tuy nhién, viéc mdt mod hinh hoc dudc céc dic trung gibng sinh hoc khong c6 nghia

la n6 thuc sy md phong lai cach hoat dong ctia ndo ngudai.

Hinh 9.19: Nhiéu thuit todn hoc may hoc dudc cic bd loc phat hién canh hodc mau sic tuong tu
cdc ham Gabor c6 trong vd nio thi giac V1. Bén tréi: Trong s6 hoc dudc bdi mot thuat toan hoc
khong gidm sat tif cac 4nh nhd. Bén phai: Céc bd loc ctia 16p dau tién trong mdt mang convolutional
maxout huén luyén day dd. Céac bo loc lién ké diéu khién cing mot don vi maxout.

9.11 Mang tich chép trong lich sit phat trién ctia hoc sau

Mang tich chap da c6 mot vai trd quan trong trong lich st hinh thanh va phét trién ciia
hoc sau. Pay 1a mot vi du dién hinh vé viéc van dung kién thiic tir than kinh hoc vao thiét
ké mo hinh hoc may. CNN ciing 12 mdt trong nhitng mo hinh dau tién thanh cong trong
céc bai todn thi gidc mdy tinh, va 12 mé hinh hoc sau dau tién dugc ing dung thuong mai

rong rai — va van dong vai trd quan trong cho dén ngay nay.

Vi duy, trong nhitng nam 1990, nhém nghién ctiu tai AT&T da xay dung mot mang tich
chap dé doc chit viét tay trén séc ngan hang LeCun1998b. Cudi thap ky, hé thong nay
dugc trién khai bdi cong ty NCR va dudc st dung dé€ doc hon 10% sb lugng séc & My.
Sau d6, Microsoft cling 4p dung mang tich chip trong cdc hé théng nhan dang chit viét
tay va OCR Simard2003. Thém chi tiét vé cic ting dung nay c6 thé tham khao & chuong
12 hoic LeCun et al. (2010) d€ biét lich st chi tiét dén nam 2010.

Mang tich chap ciing gianh chién thing trong nhiéu cudc thi hoc may, ndi bat nhit 1a
chién thang trong cudc thi ImageNet nam 2012 (Krizhevsky et al., 2012), dudc xem nhu
khdi du cho 1an séng thuong mai héa hoc sau. Tuy nhién, CNN da dudc st dung thanh
cong tif trudc d6 dé chién thiang cac cudc thi vé& hoc may va thi gidc.

Mang tich chap ciing 12 mot trong nhiing mang dau tién dudc huin luyén thanh cong
bang thuit toan lan truyén ngudc (back-propagation). That thi vi la trong khi cic mang
fully connected tdng quat khi d6 bi xem 12 khé huén luyén, thi CNN lai hoat dong t6t. C6
thé Iy do 1a CNN st dung it tham s6 hon nhd chia sé trong sb, nén dé thit nghiém va tinh
chinh hon. Thém vao d6, CNN ciing dé md rong khi c6 phan ciing manh.
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Ngay nay, v6i phan cting hién dai va ky thuat huin luyén tién tién, ca cdc mang fully
connected ciing c¢6 thé hoat dong t6t. Diéu nay khién nhiéu ngudi tin rang nhiing rao can
trudc day phan 16n 1a do dinh kién — nhiéu ngudi khong tin vao mang no-ron nén khong
dau tu nghiém tic dé khai thic chiing. Nhung nhS vao hiéu qué 6n dinh ctia CNN trong
nhiéu thap ky, ching di md dudng cho su phat trién ctia hoc sdu va tri tué nhan tao hién
dai.

CNN mang dén mot ciach chuyén biét héa cho mang no-ron xt ly dit liéu c6 céu triic
dang Iu6i — vi du nhu nh s6. Anh s6 thuong dugc biéu dién dudi dang ma tran sb, mbi
phan tif 1a do sang ctia mot pixel. CNN cho phép xii 1y hiéu qua va mé rong dén nhiing
mang c6 kich thuéc rat 16n.

Phuong phap nay dac biét hiéu qua véi dit liéu khong gian nhu anh. Con véi dir liéu
tuan ty mot chiéu (nhu viin ban hay 4m thanh), mét kién tric mang khac — mang no-ron
hdi tiép (Recurrent Neural Networks — RNN) — dudc thiét ké riéng dé xi ly dang dir
liéu nay. RNN sé dugc gidi thiéu chi tiét trong chuong tiép theo.
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Mang no-ron hoi tiép (Recurrent Neural Networks - RNNs), dudc gi6i thiéu bdi Rumelhart

va cong su vao nim 1986 [16], 12 mdt loai mang no-ron dudgc thiét ké riéng cho viéc xt ly
dit liéu theo chudi. Néu nhu mang nd-ron tich chap (CNN) phut hop véi dit liéu dang lu6i
nhu hinh anh, thi RNN lai rit hiéu qua véi cic dif liéu tuan tu theo thdi gian nhu vin bén,

am thanh hay tin hiéu tif cdm bién.

Tuong tu nhu viéc CNN c¢6 thé md rong dé xit 1y hinh anh c¢6 kich thudc 16n hoidc thay
ddi, RNN ciing c¢6 kha ning xt 1y cdc chudi c6 do dai khac nhau, thim chi rat dai — diéu

ma cdc mang truyén thang thong thuong khé lam dudgc.

Mot yéu td quan trong gitip phan biét RNN v6i mang nhiéu 16p thong thudng chinh 12
cd ché chia sé tham s6 (parameter sharing). Y tudng nay da xuét hién tit nhitng nim 1980
trong hoc mdy, va 1a nén tang d€ RNN c6 thé hoat dong hiéu qua. Thay vi gdn mdt bo
tham s6 riéng cho tiing thdi di€ém trong chudi, RNN st dung cing mot tip tham s6 cho tat
ca cac budc thdi gian. Piéu ny khong chi gitip mo hinh ¢ kha ning tdng quat tot véi cac
chudi dai chua tiing gip, ma con tin dung dudc su Lip lai vé mit théng ké giita cac vi tri

trong chuoi.

Viéc chia sé tham s6 14 diic biét quan trong trong nhiing trudng hdp thong tin quan
trong c6 thé xuit hién & bit ky dau trong chudi. Vi du, hay xem xét hai cu sau:

* “T6i da dén Nepal vao nam 2009.”
¢ “Vao nam 2009, t6i da dén Nepal.”

Ca hai cAu déu chifa thong tin chinh 1 “nim 2009”. Mot md hinh tdt can nhan ra dudc
thong tin nay, dii né nim & dau hay cudi cau. Néu ding mang truyén thang véi dau vao cé
chiéu dai cb dinh, mdi vi tri trong cAu sé c6 mot bd tham s riéng, khién mo hinh phai hoc
cach xir Iy ngdn ngit cho ting vi tri cu thé — diéu nay rat kém hiéu qua. Nguogc lai, RNN
véi co ché chia sé tham sb s& hoc mot cach duy nhét d€ xit Iy moi budc thdi gian, giip md
hinh linh hoat va gon nhe hon nhiéu.

Mot huéng tiép can c6 lién quan dén RNN 1a 4p dung phép tich chap trén chudi thoi
gian mot chiéu, va day ciing chinh 14 nén tang cho cdc mang no-ron tré thdi gian (Time-
Delay Neural Networks — TDNNs) [ 7][18][19].

Trong phuong phap nay, ta chia sé tham sb bang cach ap dung cling mét b loc (kernel)
tai moi thdi diém trong chudi — tuong tu nhu cach CNN hoat dong trén hinh dnh. Tuy
nhién, cdch lam nay van 1a mot mo hinh néng, bdi vi dau ra tai mdi thai diém chi bi anh
hudng bdi mot ving 1an cin cia dau vao.

Trong khi d6, mang nd-ron hoi tiép (RNN) chia sé tham s theo mot cach khac. Mbi
dau ra tai thoi diém hién tai khong chi phu thudc vao dau vao tai thoi diém dé, ma con

phu thudc vao trang théi (dau ra) clia cac thdi diém truée, thong qua cling mot cong thiic
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cAp nhat 1ip lai. C4ch tinh ndy tao ra mot do thi tinh todn sau, trong d6 cic gia tri dudc
cap nhat ndi tiép nhau qua thdi gian, v6i mdi bude déu lién két chit ché véi budc truée do.

D& hinh dung dé hon, gia sit RNN dang xt 1y mot chudi cac vector x(¢), vi chi s6 thdi
giant € {1,2,...,7}. Trong thuc té, ta thudng x{ ly dong thdi nhiéu chudi trong mot
minibatch, mbi chudi c6 thé c6 dd dai khac nhau. Nhung dé don gian hoa trinh bay, phan
nay sé bé qua chi s6 ctia minibatch. Hon nita, chi s thsi gian ¢ trong RNN khong nhét
thiét phai thé hién thai gian thuc — doi khi né don gin chi 1a vi tri cia phan ti trong
chudi. RNN ciing c6 thé dudc mé rong dé ap dung cho dif lidu hai chiéu nhu hinh 4nh,
hoic trong cic trudng hop ma toan bd chudi dau vao di cé sin tir trude, ta con c6 thé thém
vao cic lién két ngudc theo thoi gian d€ mo hinh c6 thé khai thac thong tin tif ca hai chiéu
thoi gian.

Trong chuong nay, chiing ta s& mé rong khai niém vé do thi tinh toan dé bao gom ca
cac chu trinh (cycles) — tiic 12 trudng hop mot bién tai thdi diém hién tai c6 thé anh hudng
dén chinh né trong tuong lai. Viéc nay 1a co s d€ dinh nghia cdc mang nd-ron hdi tiép,

ndi thong tin dudc luu giit va lan truyén theo thdi gian thong qua céac két ndi Lip lai.

O phan cudi chuong, chiing ta sé cting nhau tim hiéu nhiéu cach khac nhau dé xay

dung, huin luyén va ing dung mang RNN trong thuc té.

Déi v6i ban doc mubn di sdu hon vao chi tiét vé mang no-ron hdi tiép, c6 thé tham
khao thém tai liéu ctia Graves [20], mot trong nhiing ngudn kinh dién trong linh vuc nay.

fl_“\\ t’_\\
U st b= P gl )
\\-._J’ f f f f \«-._"‘iI

Hinh 10.1: Mot hé dong luc ¢6 dién dudc mo ta bdi phuong trinh (10.1), minh hoa duéi dang dd
thi tinh toan dugc trai phang theo thdi gian. Mdi niit trong hinh biéu dién trang thai tai mot thoi
diém ¢, va ham f dung d€ tinh trang thdi tai thdi diém ¢ + 1 dua trén trang thdi & thoi diém ¢. BO
tham sb 6§ dugc gif nguyén va st dung cho tit ca cdc budc thdi gian.

10.1 Trién khai do thi tinh toan

D6 thi tinh todn (computational graph) 12 mot cach biéu dién truc quan qu4 trinh tinh
toan, tif dau vao va tham s6 dén du ra v ham mét mat. Khai niém nay da dugc gidi thiéu
tdng quat trong Muc 6.5.1.

Trong phan nay, ching ta sé tim hiéu khdi niém trién khai (unfolding) — tiic 1a mé
rong mot phép tinh mang tinh dé quy hodc hdi quy thanh mot chudi cac buée cu thé, thé
hién du6i dang do thi tinh todn lip lai. Mdi bu6c trong chudi nay thudng tuong dng véi
mot thai diém cu thé trong chudi dif liéu. Viée trién khai nhu vay gitip chia sé tham s6 qua

thoi gian va tao ra mot mang sau co cau truc lap.

Gia st ta c6 mot hé thdng dong hoc duge md ta bang phuong trinh:
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s(t) = f(s(t—1);0), (10.1)

trong do:
e s(t) la trang thdi ctia hé tai thdi diém t,
* /12 bd tham sb ctia ham f.

Day 12 mot phuong trinh hoi quy: trang thdi hién tai s(¢) phu thudc vao trang thai ngay
trude do6 s(t — 1).

Néu chi xét mot s6 hitu han bu6c thdi gian — gia st 1a 7 bu6c — ta c6 thé trién khai

qua trinh nay bang cach ldp lai cong thifc trén 7 — 1 1in. Chang han, néu 7 = 3, ta c6:

s(3) = f(5(2);6) (102)
= f(f(s(1);0);0). (10.3)

Khi trién khai theo cdch nay, qud trinh tinh toan sé tao thanh mot do thi c6 huéng
khong chu trinh (DAG), vi khdng con vong lip trong biéu dién nira.

Hinh 10.1 minh hoa viéc trién khai do thi cho phuong trinh trén.

Tiép theo, néu hé thong chiu anh hudng ctia mot tin hiéu dau vao x(t) tai mdi budc, thi
cong thuc tré thanh:

s(t) = f(s(t —1),z(t);0), (10.4)

trong do:
* Trang thdi s(¢) phu thudc khong chi vao trang thdi s(¢ — 1) ma con vao tin hiéu dau
vao z(t).

Diéu nay c6 nghia la s(t) dang tich Iy va luu trit thong tin tif toan bo chudi diu vao

da quan sat trude do.

f Unfold

Hinh 10.2: M6t mang hdi quy khong sinh dau ra, chi c6 tic dung truyén va xit ly thong tin tif chudi
dau vao x, thong qua mdt trang thai 4n A lan truyén theo thdi gian. (Trai): Biéu dién dudi dang
mach, mo6 phdng nhu mot hé thong sinh hoc hoic vat ly. C4c hinh vudng den biéu dién do tré mot
budc thoi gian. (Phai): Biéu dién dang dd thi tinh todn da dudc trai thang theo thoi gian, gitip hinh
dung 16 céch trang thai h thay déi tai tiing thoi diém.
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Mang no-ron hoi tiép (RNN) 1a mot kién triic hoc sau rat quan trong, dic biét hiéu qua
v6i dif liéu tuan ty nhu vin ban, Am thanh hoidc chudi thdi gian. Khac v6i mang truyén
thang (feedforward), RNN c6 kha ning ghi nhé thong tin qua khif thong qua trang thai an,
dugc cap nhat qua tung budc thdi gian.

RNN c6 thé dudc dinh nghia béi cong thic:

h® = f(htD, 20. 9) (10.5)

Trong do:

* h" 13 trang thai 4n tai thoi diém ¢,

 z(® 1a dau vao tai thoi diém ¢,

* # la tap tham sb ctia mé hinh,

* f 1a ham phi tuyén, nhu tanh hodc ReLU.

MBbi trang thdi A*) 1a mot ban tom tit (summary) ctia toan bo chudi di liéu tir thoi
diém dau tién dén hién tai. Tuy nhién, vi tom tat nay dugc nén vao mot vector duy nhét

nén chic chin sé mit mat mot phan thong tin.

Tuy thudc vao nhiém vy, RNN c6 thé hoc cach tip trung vao nhiing phan quan trong

ctia chudi va bd qua phan khong can thiét. Vi du:

» Trong du dodn tif tiép theo (md hinh ngdn ngit), chi can nhé thong tin di d€ du doan

tu sau.

« Trong autoencoder tuan tu (sé trinh bay & chuong 14), h®) phai dd thong tin d€ tai

tao toan bo chudi.
Cong thiic hdi tiép ctia RNN c6 thé biéu dién theo hai cach:

1. Biéu dién mach hdi tiép: St dung mot niit duy nhit véi két ndi vong, biéu dién dong

chay thong tin qua thoi gian.

2. Biéu dién trai thang: Tach mdi budc thdi gian thanh mot ban sao riéng biét cia ham
f, gidp minh hoa rd ludng thong tin tii qua khif dén hién tai. C4ch nay con goi la

unfolding.

Khi unfolding dén thoi diém ¢, ta c6:
Y = gO (M 2@ O) (10.6)
_ f(h(t_l), z®: 0) (10.7)

Trong d6, ¢ 12 mot ham tdng hop chudi, dudc xay dung tif cac 1an dp dung lip lai cla

f.
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Trién khai RNN theo thdi gian c6 hai 1di ich 16n:
1. Mbi bude xt Iy mot dau vao cb dinh, bat ké do dai chudi.

2. Cing mot ham f va tham s6 # dung cho moi budc — gitp chia sé va giam s6 lugng

tham so0 can hoc.

Nho d6, RNN c6 kha niing tdng quat héa véi chudi dai hon dif liéu huan luyén va yéu
cau it dit liéu hon d€ hoc hiéu qua.

« Biéu dién hoi tiép: ngin gon, truc quan vé ciu tric.

« Biéu dién trai thang: ro rang vé qua trinh tinh toan, dic biét hitu ich khi tinh gradient

trong huin luyén.
10.2 Mang no-ron hoi tiép (Recurrent Neural Networks)

Dua trén hai khai niém da hoc 1a trién khai qua thdi gian va chia sé tham s, ta c6 thé
xay dung nhiéu dang mang RNN khéc nhau tily theo bai todn.

Mot s6 cAu triic RNN phd bién gom:

* Sinh dau ra & mdi budc, c6 két ndi hdi tiép giita cac trang thdi an — thudng thiy

trong md hinh ngdn ngtt, dich may, nhan dang giong ndi... (Hinh 2?).

* Sinh dau ra 8 mdi budc, nhung hdi tiép tif dau ra trudc téi trang thai 4n hién tai —

don gian héa cAu triic, doi khi phit hdp hon cho céc bai todn don gidn (Hinh ?7?).

* Chi sinh mdt dau ra sau khi doc toan bo chudi, phit hop cho bai toan phan loai chudi
nhu phan tich cam xuc (Hinh ?7?).

Dang RNN trong Hinh ?? va cong thiic (10.8) ¢6 kha ning tinh toan phd quat — vé
ly thuyét, c6 thé tinh dudc bt ky ham nao ma mot mdy Turing c6 thé tinh, v6i mot mang
RNN httu han kich thuéc:

B — f(h(t—l)’ x(t); 6) (10.8)

Du day 1a két qua mang tinh 1y thuyét, né cho thiy stic manh tiém ning cia RNN —
mién 12 c6 dui budc thdi gian va co ché ludng tit hda dau ra phi hop (theo Siegelmann va
Sontag, 1991, 1995).

Trong thiét 14p mo phong may Turing, ta c6 thé sit dung mot mang RNN dé thuc hién

bat ky phép tinh nao ma mot may Turing c6 thé 1am dudc, véi mot s6 gia dinh:
» Mang RNN nhan chudi dau vao dudi dang nhi phan.

* PAiu ra clia mang ciing dudc lugng tir hoa thanh nhi phan, bang cach rdi rac héa xdc

suit hoic ding ngudng.

* Vi mot mang RNN duy nhét c6 kich thude cb dinh, ta c6 thé mo phong bat ky may
Turing ndo — nghia 12 mang nay c6 thé dudgc dung d€ gidi bat ky bai todn nao, chi
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can thay d6i chudi nhi phan dau vao d€ mo t4 titng bai toan cu thé.

Vi duy, trong nghién cifu ndi tiéng clia Siegelmann va Sontag (1995), mot mang RNN
v6i chi 886 don vi 4n da di kha ning md phong moi mdy Turing. Mang nay ding s hitu
ti v6i do chinh xdc tlly y dé biéu dién céc trang thdi va trong s6, tit d6 md phong ca nhiing

cAu triic nhu ngin xép khong gidi han ctia mdy Turing.

—_—
Unfold
w - -
’ hY L L W w ’ N\
t | pl L Pl pe
\ / \ /
~ -~ ~ -~

Hinh 10.3: D5 thi tinh to4n cho qu4 trinh huin luyén mot mang RNN. Mang dnh xa chubi dau vao
x sang chudi dau ra o, sau d6 tinh ham mit mat L bang cach so sanh ddu ra o véi nhan muc tiéu y.
Néu dung softmax cho dau ra, thi o 1a cac log xéc suét chua chuin héa, va L sé tinh §J = softmax (o)
d€ so sanh véi y. Ba loai két ndi dudc tham sd héa bang cac ma tran: U cho két nbi tit ddu vao dén
4n, W cho két nbi an-4n, va V cho két nbi ti 4n dén dau ra. (Trai) 12 so d6 mach c6 hdi tiép, (phai)
la db thi tinh toan da trai thang theo thoi gian.

Trong phan nay, ching ta phat trién cac phuong trinh truyén tién (forward propagation)
cho mang RNN nhu trong Hinh 10.3. Hinh nay khong md ta r6 ham kich hoat, nhung ta
c6 thé gia st sit dung ham tanh. Pau ra ciing khong dudc xdc dinh 1o, nén gia st rang ta

dang lam viéc vé6i cac bién rdi rac nhu tif ngit hoic ky tu.

Trong trudng hop nay, mot cach hop ly dé biéu dién dau ra 1a ding o(t) nhu cic log

xdc suét chua chuan héa, sau d6 dp dung ham softmax dé€ tinh xac sut chuin hoa:

a(t) = b+ Whit — 1) + Us(t), (10.8)
h(t) = tanh(a(t)), (10.9)

o(t) = c+ Vh(t), (10.10)

j(t) = softmax(o(t)). (10.11)

Trong do:

* b, c: vector bias cho 16p 4n va 16p dau ra.
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* TW: ma tran trong s6 cho két ndi hoi tiép gitta cac trang thai 4n.
e U: ma tran trong sd tif dau vao dén 16p 4n.
* V: ma trin trong s tif 16p 4n dén 16p dau ra.

Mang nay 4nh xa mot chudi dau vao sang mot chudi dau ra c6 cing do dai. Tong ham

mét mat trén toan bod chudi 13 tdng cac mit mat tai tiing budc thdi gian:

L{z(1),...;z(n)},{y(1),...,y(1)}) = Z L(t) (10.13)

Trong do:

L(t) = —10g pmodar (y(¢) | {2(1), ..., x(t)}) . (10.14)

Xéc sult nay dugc trich xuét tif thanh phén tuong dng trong vector (t) dau ra.

DPé huin luyén mang, ta can tinh gradient ctia hAm mat mat nay vdi cac tham sd. Qua
trinh gdm hai bu6c: truyén tién tir trai sang phai, sau d6 lan truyén ngudc (backpropagation)
tif phai sang trdi. Vi mdi budc phu thudc vao budc truée d6, nén ca qud trinh can O(7)
thdi gian va khong thé song song héa. Ngoai ra, ta cling can Iuu lai tat ca trang thai h(t)
d€ phuc vu qua trinh lan truyén ngudc, do d6 chi phi bo nhé ciing 1a O(7).

Phuong phap lan truyén ngudc nay, ap dung cho mang da dudc trai thiang theo thoi
gian, goi 12 lan truyén ngudc qua thdi gian (Backpropagation Through Time — BPTT). Ky
thuat nay sé dudc trinh bay cu thé hon trong Muc 10.2.2. Du RNN véi két ndi hdi tiép

manh mé trong kha ning mo hinh héa, chiing lai ¢6 chi phi huin luyén kha 16n.
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Hinh 10.4: Mot bién thé ca mang RNN, trong d6 hoi tiép chi xdy ra tif dau ra trd lai 16p 4n.
(Trai) 1a s6 d6 mach, (phai) 14 biéu dién dd thi trai thang. Mang nay kém manh mé hon mang trong
Hinh 10.3, vi khong c6 hdi tiép truc tiép gilta cac trang thdi 4n. Do d6, thong tin ti qua khd chi
dudgc truyén gidn tiép thong qua cac diu ra. Néu dau ra khong dd phong phi, mang sé mat thong
tin quan trong tif qua khi. Tuy nhién, uu diém la c4c budc thdi gian c6 thé huin luyén gan nhu doc
1ap, tit 6 cho phép song song hoa t6t hon (chi tiét trong Muc 10.2.1).

Hinh 10.5: Bién thé khac ctia RNN, chi sinh mot dau ra duy nhat & cubi chudi. Mang nhu vay
thudng dung dé€ tom tat toan bd chudi thanh mot vector ¢ dinh, sau d6 sit dung cho céc tac vu
khac. C6 thé c6 muc tiéu tai budc cudi cling, hodc diu ra o(t) sé dugc lan truyén gradient ngugc
tu cdc mo-dun phia sau trong mo hinh.

10.2.1 Teacher forcing va mang no-ron véi su tii lién két dau ra

Mang no-ron c6 két n6i hoi tiép chi tir dau ra & budc hién tai dén trang thdi 4n & budc
tiép theo (nhu Hinh 10.4) thudng c6 ning Iuc mo hinh héa yéu hon so véi cidc mang ¢
hdi tiép giita cac don vi 4n. Piéu nay c6 nghia 1a loai mang nay khong thé mo phong may
Turing phd quat.
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Ly do 12 vi mang khong thé Iuu trif trang thai qua khi thong qua céc don vi 4n — thong
tin qua khii bat budc phai dudc ma héa hoan toan trong cic dau ra. Tuy nhién, trong qua
trinh huin luyén, dau ra dudc hoc dé khép véi cic gid tri muc tiéu, chi khong phai dé luu
giif lich st dau vao. Do dé, trir khi c4c gia tri muc tiéu trong tap huin luyén dugc thiét ké
dé€ chita day du trang thai hé thdng, mang sé kho c6 thé tin dung tdt thong tin tit qua khi.

Tuy nhién, viéc loai bd hoi tiép giita cac don vi 4n lai mang dén mot 1¢i thé: néu ham
mat mat tai mdi budc thdi gian chi phu thudc vao du dodn tai budc do, thi tit ca cac budc
thoi gian c6 thé dugc xi ly doc 1ap. Diéu nay cho phép qua trinh huin luyén dugc song
song héa, bdi vi ta khong can phai chd két qui ctia bude trude d6 — dau ra diing da c6

san trong tap huin luyén.

eqe‘:e e e
eqe‘:‘e e e

w
o W o
Vv Vv
U U
Train time Test time

Hinh 10.6: Minh hoa k¥ thuat teacher forcing. (Trai) Trong qua trinh huin luyén, dau ra ding y(t)
tif tap huén luyén dugc dung lam dau vao cho h(t + 1). (Phai) Khi trién khai m hinh, ta khong c6
y(t), nén phai dung dau ra mo hinh o(t) thay thé.

Déi v6i cac mod hinh c6 két ndi hoi tiép tir dau ra quay lai, mot k§ thuat hun luyén hiéu
qua dudc st dung 1a teacher forcing. Py 1a mot phuong phap phd bién trong huin luyén

RNN, bit ngudn tif tiéu chuin t6i da héa xac suét (maximum likelihood).

Trong teacher forcing, thay vi st dung dau ra mo hinh & thdi diém ¢ 1am dau vao cho
thdi diém ¢ + 1, ta st dung chinh nhan ding y(t) tit di liéu hun luyén. Vi du:

log p(y(1),y(2)|x(1), 2(2)) = log p(y(2)[y(1), x(1), ©(2)) + log p(y(1)|x(1), x(2))
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O day, tai thoi diém ¢ = 2, md hinh dugc huin luyén d€ du dodn y(2) dua trén ci chudi
dau vao va dau ra ding tir budc trude. Nhu vay, trong qud trinh huin luyén, dau vao cla

mang & budc tiép theo s& 12 nhan thuc té chif khong phai 1a dau ra du dodn.

Phuong phép teacher forcing ciing ¢6 thé 4p dung cho cic mang c6 hdi tiép giiia cac
trang thai 4n, mién 12 mo hinh c6 két ndi tir dau ra quay lai cdc tinh todn trong tuong lai.
Khi céc trang thdi 4n phu thudc vao cic thdi diém trude do, ta can sit dung thuat toan lan
truyén ngudc qua thdi gian (Backpropagation Through Time — BPTT).

Tuy nhién, teacher forcing ciing c6 mot diém yéu. Trong giai doan suy luan (inference),
md hinh phéi tu sinh ra dau ra va diing chinh du ra d6 1am dau vao cho budc ké tiép —
khéc v6i ldc huin luyén khi dau ra ding ludn sdn c6. Diéu nay din dén su khic biét gilia

dit liéu huin luyén va dit liéu mo hinh thiy khi trién khai.

Mot cach gidm thi€u su khdc biét nay 1a két hop gitta huan luyén véi teacher forcing
va ché do ti do chay (free-running mode) — trong d6 mo hinh phai tu sit dung dau ra
du dodn dé€ tiép tuc. Chang han, ta c6 thé yéu cu mé hinh du doan chudi nhiéu budc vé

tuong lai, budc né hoc cach khdi phuc trang thdi néu da troi 1éch so v6i chudi diing.

Mot ky thuat khac do Bengio et al. (2015b) dé xuét 1a tron ngiu nhién gitta dau vao tir
dit lidu that va dau vao do md hinh sinh ra. Chién ludc nay theo phong céch curriculum
learning, tiic 12 dan dan ting ty 1& dau vao sinh ra — gitip md hinh thich nghi tot hon véi

ché do van hanh thuc té, noi khong c6 sin dau ra diing.
10.2.2 Tinh toan gradient trong mang nc-ron hoi tiép (RNN)

Viéc tinh todn gradient trong mang RNN c6 thé thuc hién thong qua thuét toan lan
truyén ngudc (backpropagation) nhu véi cdc mang no-ron truyén thdng. Ta chi can ap
dung thuat toan nay 1én d6 thi tinh todn da duogc trai thazlng theo thdi gian, ma khong can
dén thuat todn chuyén biét nao. Sau khi c6 gradient, ta c6 thé sit dung ching véi bét ky

phuong phap tdi vu héa dua trén gradient nao.

Dé hiéu 16 cach hoat dong clia thuat toan Backpropagation Through Time (BPTT), ta
xét mot vi du tinh gradient trén mang RNN co ban. Céc nit trong do thi bao gdm: tham
s6 U, V, W, b, ¢, va céc niit theo thdi gian x(t), h(t),o(t), L(t). V6i mbi nit N, gradient
V n L dudc tinh d€ quy tu cac nut phia sau.

Trude hét, vi ham mét mat tdng 13 tdng ctia cdc mat mat tai tiing thdi diém, nén gradient

tai moi thoi diém bat dau tur:

Gradient dbi v6i dau ra tai thoi diém ¢:

(Vo(t)L); = y(t)i — y(t)s
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Gradient tai trang théi 4n h(¢) dudc lan truyén ngudc qua thdi gian nhu sau:

Vh(t)L = W 'diag (1 — h(t +1)*) VA(t + 1)L + V' Vo(t)L

Gradient d6i véi cac tham s6 chinh dudc tinh nhu sau:

VeL =Y Vo(t)L
VbL = " diag (1 — h(t)?) VA(t)L
VVL =Y Vo(t)Lh(t)"
VWL =) diag (1 - h(t)*) Vh(t)Lh(t — 1)"

VUL = diag (1 — h(t)*) Vh(t)La(t)"

Nhiing cong thic ndy minh hoa 16 rang cich gradient dudc lan truyén ngudc trong
mang RNN, tir thdi di€ém cudi vé thoi diém dau.

10.2.3 Mang héi tiép nhu cic mé hinh db thi c6 hudéng

Trong cic vi du da trinh bay, ta gia dinh ring ham mét mat L(¢) 1a ham chénh léch
chéo (cross-entropy) gifta dau ra mé hinh o(t) va nhan muc tiéu y(¢). Tuy nhién, gidng
nhu trong mang lan truyén tién, ta c6 thé sit dung nhiéu loai ham mat mat khac nhau tiy
vao bai todn cu thé.

Thong thudng, ta mong mudn dién gidi dau ra ctia mang RNN nhu mét phan phdi xdc
sult, va chon ham mit mat sao cho phit hdp. Vi du, néu dau ra 1a bién lién tuc va phan
phdi dau ra gia dinh 12 Gaussian don vi, thi sai s6 binh phuong trung binh (mean squared
error) sé tuong tng v6i ham chénh léch chéo trong truong hop do.

Trong cic bai toan du doan tuin tu, néu ta dung log-likelihood 1am muc tiéu huin
luyén, vi du nhu phuong trinh (10.12), thi mang dugc huan luyén dé uSc luong x4c suat

c6 diéu kién ctia phan tif tiép theo dua trén qua khii. Ta c6 thé ti da héa:

log p(y(t)|z(1),...,z(t)), (10.29)

hodc néu mo hinh c6 hdi tiep tu dau ra:
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log p(y(t)|x(1),...,z(t),y(1),...,y(t —1)). (10.30)

Qua trinh nay thuc chit 1a phan ra phan phbi xac suit chung ctia toan bo chudi y thanh
chudi cic xdc suét diéu kién tai tiing buéc. Néu trong mo hinh ta khong dua cic gid tri y
qua khd vao lam diéu kién, thi cdc gia tri y(t) dugc gia dinh 1a doc 1ap c6 diéu kién cho
true chudi . Khi d6, mé hinh dd thi ¢6 huéng sé khong c6 cung ndi tit céc (i) true d6
dén y(t).

Ngudc lai, néu ta cung cip cic gid tri y thuc (khong phai gid tri mo6 hinh du dodn) 1am
dau vao, thi md hinh dd thi c6 huéng s& c6 cac canh tit y(1), ..., y(t — 1) dén y(t). Diéu
nay phan 4nh mdi quan hé phu thudc theo thdi gian trong chudi dau ra khi huin luyén.
Dé minh hoa don gian, gia st mdt mang RNN dudc st dung dé€ mo hinh héa mot chudi
cic bién ngdu nhién vo huéng Y = {y(1),...,y(7)}, khong c6 dau vao b sung z. Trong
trudng hop nay, dau vao tai thdi diém ¢ chi don gidn 1a gid tri dau ra tai thoi diém ¢ — 1.
Mang RNN khi d6 xac dinh mdt mo hinh dd thi c6 huéng trén tip cac bién y.

Phan phdi chung ctia chudi nay cé thé dugc biéu dién bang quy tac chudi (chain rule)

cho cac xac suat co dieu kién:

T

P(Y) = P(y(1),...,y(r)) = [[ Pu®ly(t — 1),y(t = 2),...,y(1)),  (10.31)

t=1

trong d6, & thoi diém ¢ = 1, biéu thiic diéu kién 1a rong.

Log-likelihood 4m ctia mdt chudi quan sat cu thé la:

L=>Y L) (10.32)
t

v6i mdi thanh phan dugc dinh nghia nhu sau:

L(t) = —log P(y(t) = y(t)|y(t — 1),y(t = 2),...,y(1)). (10.33)

Trong mé hinh db thi, cdc canh dai dién cho cdc médi quan hé phu thudc truc tiép giiia
cac bién. Thong thudng, dé don gian héa tinh toan va ting hiéu qua thdng ké, ta sé loai
bé cic canh tuong dng v6i mdi lién hé yéu. Vi du, trong nhiéu tng dung, ta gia dinh tinh
chit Markov — tiic 12 y(¢) chi phu thudc vao vai budc trude d6 {y(t — k),...,y(t — 1)},
chu khong phai toan bd lich st.

Tuy nhién, trong c4c tinh huéng ma cic thong tin tif qua khi xa van anh hudng dén
hién tai, gia dinh Markov la khong du. RNN dac biét httu ich trong nhiing trudng hgp nhu
vy — khi mot gia tri (i) trong qua khit xa c6 thé anh hudng truc tiép dén y(¢), ma khong
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can phai di qua tit ca cdc budc trung gian.

Hinh 10.7: M6 hinh d6 thi c6 huéng day di cho chudi y(1),y(2),.... Mbi bién trong qua khi
y(i) c6 thé anh huéng dén bét ky bién tuong lai nao y(t) véi t > i. Viéc tham sb hoa tryc tiép tit
dd thi nay sé rat tén kém vi s6 lugng tham s ting theo thoi gian. RNN giai quyét van dé nay bang
cach dung ciu triic chia sé tham s6 hiéu qua, nhu minh hoa & Hinh 10.8.

Mot cach dién gidi mang RNN 13 xem né nhu mdt mo hinh d6 thi ¢6 huéng véi ciu
tric dy da. Tic 13, vé ly thuyét, moi gia tri trong qua khit c6 thé anh hudng truc tiép dén
moi gi4 tri tuong lai. Tuy nhién, thay vi bi€u dién cdc canh nay ro rang, RNN st dung
trang thdi an A (¢) nhu mot dai dién nén d€ tong hgp thong tin tif qua khi.

Néu coi cic trang thdi 4n h(t) 12 cac bién trong mo6 hinh d6 thi (du vé mit k¥ thuat,
chiing 14 cdc ham xac dinh ctia dau vao), ta c6 thé xdy dung mdt mo hinh do thi ¢6 ciu
tric hiéu qua hon. So véi viée bi€u dién day da phan phdi xac suat ctia chudi — doi hdi
dén O(k™) tham s6 néu mbi bién nhén k gid tri khac nhau — mang RNN chi can O(1)

tham sd, nhd vao co ché chia sé qua thoi gian.

Nhu dugc mo ta trong phuong trinh (10.5), RNN st dung cung mét ham f véi tham
s6 0 13p di 1ip lai tai mdi budc thdi gian, gitip md hinh héa hiéu qua cac mbi quan hé dai
han. Hinh 10.8 minh hoa céch dua cac nit 4n h(t) vao md hinh do thi, dong vai tro 1a "cau
ndi"gitta qua khif va tuong lai.

\ 1
Hinh 10.8: Viéc dua bién trang thdi A (¢) vao mo hinh dd thi cia RNN gitp dat dugc tham sd héa

~_
hiéu qué, dua trén phuong trinh (10.5). Mi budc thdi gian c¢6 cAu triic giébng nhau va chia sé cling
mot bo tham sb.

D viéc tham s6 héa da dugc don gian héa dang k&, mot s6 phép todn nhu du dodn céc
gi4 tri bi thiéu giita chudi van con phiic tap.
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RNN phai ddnh ddi: giam s6 lugng tham sb bang cach chia sé qua thdi gian, nhung
diéu nay ciing 1am qu4 trinh t6i uu hoéa trd nén khoé khin hon. Gia dinh co ban & day la
quan hé giiita budc hién tai va budc ké tiép 12 khong ddi theo thdi gian. Néu muén mo hinh
hoc dudc céc thay di theo thdi gian, ta ¢6 thé dua thém chi s thdi gian ¢ nhu mot dau

vao phu tai mdi budc.
Lay méu tir mang RNN

Dé hoan thién cdi nhin tng thé vé RNN du6i dang md hinh dd thi, ta cAn mo td qud

trinh 1y mau tf mo hinh.
VE co ban, 14y mau tit RNN 12 1iy mAu tuan tu tiing budc tif phan phdi c6 diéu kién:

- Bét dau tir mot diu vao khdi tao, - O mdi budc thi gian, st dung diu ra dugc sinh ra
lam dau vao cho budc tiép theo, - Qua trinh tiép tuc cho dén khi dat dén diéu kién diing.

Mot cau héi quan trong 1a: Lam sao dé mang biét khi nao nén ditng lai? C6 vai cach
phd bién:
« Dung ky hiéu dic biét két thic chudi: Néu dau ra 1a chudi ky tu, ta c6 thé thém mot
ky tu “két thic” dic biét. Khi ky tu nay dudc sinh ra, qua trinh 1y méu ding lai
(Schmidhuber, 2012).

* Dung don vi dau ra Bernoulli: Mi budc thdi gian, m6 hinh sinh ra thém mot gia
tri Bernoulli (thudng dung ham sigmoid), du dodn xem c6 nén tiép tuc hay ding lai.
Phuong phép nay linh hoat hon va c6 thé p dung cho cac chudi khong phai ky tu, vi
du nhu chudi s6 thuc.

* Dy dodn truc tiép do dai chudi 7: M6 hinh sé du doan mdt gia tri 7, rdi sinh chudi
v6i diing s6 budc nhu vay. Ta c¢6 thé bS sung thém dau vao vé sb budc con lai (7 — t)
dé gitip md hinh kiém sodt viéc két thiic hop ly.

Trong trudng hop nay, phan phdi chung dudc phan tich thanh:

P(z(1),...,z(1)) = P(1)P(z(1),...,z(7)|T)

Chién lugc du doan do dai chudi trudc da dudc 4p dung, vi du trong nghién ciiu cia
Goodfellow et al. (2014d).
10.2.4 M5 hinh héa chudi cé diéu kién theo ngit canh vdi mang RNN

O céc phan trude, ta da thiy cach mang RNN c6 thé duge hiu nhu mot mo hinh dd
thi ¢6 hudng trén chudi cdc bién ngiu nhién y(t), trong trudng hop khong cé dau vao
x. Tuy nhién, trong thuc t&, RNN thuong dugc st dung dé€ xi ly cac chudi c6 dau vao
z(1),x(2),...,z(7), nhu md ta trong phuong trinh (10.8). Khi d6, mang RNN khong chi
mo6 hinh héa phan phdi chung P(y), ma con mo hinh héa phan phéi c6 diéu kién P(y|x),

ttic 12 chudi dau ra phu thudc vao chudi dau vao.

Tuong tu nhu da trinh bay véi mang truyén thang trong Muc 6.2.1.1, bit ky mo hinh
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nao mo ta phan phdi P(y;0) cling c6 thé dudc chuyén thanh mot mo hinh ¢6 diéu kién
P(y|r), bing cach cho phép cédc tham sb € trd thanh mot ham cda 2. Trong mang RNN,

c¢6 nhiéu cach dé 1am diéu nay. Dudi day 12 mot sb lua chon phd bién nhit.

Trude tién, gid st dau vao 1a mot vector duy nhét . Ta c6 thé cung cip = cho RNN
theo cac cach sau:

1. Thém = vio nhu dau vao tai moi budc thdi gian.

2. Ding x d€ khéi tao trang théi ban dau h(0).
3. Két hop ca hai phuong an trén.

Phuong phéap phd bién nhit 1a cich (1), dudc minh hoa trong Hinh 10.9. O day, mot
ma trin trong s6 méi R dudc st dung dé€ 4nh xa x sang khong gian trang thai 4n, tao thanh
2" R. Gi tri ndy sau d6 dudc cong vao dau vao tai mbi budc thoi gian nhu mot dang bias
b3 sung. Ta c6 thé xem z nhu tham sb héa mot phan clia mang — bién tham s6 tinh 6

trong mo hinh khong diéu kién thanh tham s6 héa dong w = w(x).

Hinh 10.9: Mang RNN nhin mdt vector dau vao cb dinh z va sinh ra mot chudi dau ra Y. Mo
hinh nay phu hgp véi cac bai toan nhu mo ta hinh anh, néi mot anh tinh dugc ma hda thanh vector
x va dugdc st dung dé sinh ra mo ta vin ban. Trong qud trinh huén luyén, mdi tif y(¢) dugc dung
vira lam dau vao, vira lam muc tiéu d€ mo hinh hoc du doén.

Ngoai viéc nhan mdt vector cb dinh, mang RNN ciing ¢6 thé nhan mot chudi cac vector
x(t) 1am dau vao. M6 hinh RNN nhu trong phuong trinh (10.8) md ta phan phdi c6 diéu

kién:
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V6i gia dinh rang méi y(¢) phu thudc vao tt ca cac z(1), ..., z(t), ta c6 thé viét:

Ply(®)|z(1),. .., () (10.35)

Gia dinh nay 12 han ché, vi n6 khién céc gi tri y trd nén doc 1ap c6 diéu kién véi nhau
khi biét chudi dau vao. Néu ta mudn cho phép céc gia tri y(¢) phu thudc vao cic y trude
dé, ta can thém céc két ndi hoi tiép tir dau ra dén trang thai 4n, nhu trong Hinh 10.10. Nho
d6, md hinh c6 thé hoc cac mdi quan hé phiic tap hon gitta cac phan ti trong chudi dau ra.

Hinh 10.10: Mang RNN c¢6 diéu kién nhan mot chudi diu vao x va sinh ra chudi dau ra y c6 cling
dd dai. Khac véi Hinh 10.3, & day c6 thém két ndi tir du ra trudc d6 dén trang thai hién tai, gitp
mo hinh héa cac mbi quan hé phu thudc phiic tap hon gilta céc phan td y(t).

Tuy nhién, mo hinh nay vin c6 mot han ché: chudi diu vao va chudi dau ra bat budc
phai c6 d6 dai biang nhau. Cich vugt qua gidi han nay s& dugc trinh bay trong Muc 10.4
tiép theo.

10.3 Bidirectional RNNs

Cac mang RNN ma ching ta di xét trudc ddy déu 1a mang c6 nguyén nhan (causal),
nghia 12 trang thdi tai thoi diém ¢ chi chifa thong tin tif qua khd x(1),. .., z(t — 1) va dau
vao hién tai 2(t). Mot s6 md hinh con c6 thé st dung c4 thong tin tf cac gia tri dau ra
trudc d6 y, néu ching c6 san.

Tuy nhién, trong nhiéu ting dung thuc té, ta can du dodn y(¢) dua trén toan bd chudi
dau vao — c4 qud khi va tuong lai. Vi du nhu trong nhan dang giong néi, mot Am thanh
hién tai c6 thé chi dugc gidi nghia chinh xdc néu biét nhitng 4m vi tiép theo. Tuong tu,
trong nhan dang chit viét tay hoic dich mdy, viéc hiéu diing tai mot thdi diém thudng can

thong tin tl ca hai phia cta chudi.

Mang RNN hai chiéu (Bidirectional RNNs) dudc thiét ké d€ xit ly nhiing trudng hop
nhu vy (Schuster va Paliwal, 1997), va da cho thiy hiéu qua cao trong cé4c bai todn nhu
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nhan dang chit viét tay (Graves et al., 2008), giong néi (Graves va Schmidhuber, 2005),
hay sinh hoc tinh toan (Baldi et al., 1999).

Y tudng chinh la ding hai mang RNN chay song song:
+ Mot mang chay xu6i thdi gianti ¢t = 1 dént =T
» Mot mang chay nguoc tiit =T vét = 1

Tai mbi thdi diém ¢, dau ra o(t) dugc tinh tlf c4 hai trang théi an: h(t) (tién) va g(t)
(lui), nhu minh hoa trong Hinh 10.11.

On0n0

44
O 9‘9 OuOn®

0400

On®
| >
L o

Hinh 10.11: M5 hinh RNN hai chiéu tinh todn chudi dau ra y tif chudi dau vao z. Trang thai h(t)
lan truyén thong tin tif qua khd, trong khi g() lan truyén thong tin tif tuong lai. Do d6, du ra o(t)
c6 thé tdng hop ca hai chiéu thong tin.

Cach lam nay ciing c6 thé md rong cho dit liéu 2 chiéu nhu hinh anh. Bing céch st
dung bén RNN chay theo cdc huéng 1én, xubng, tréi, phai, ta c6 thé tinh toan biéu dién
tai moi di€ém anh (4, j) phu thudc vao toan bd anh. So véi mang tich chap, RNN trén anh
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thudng t6n kém hon nhung c6 thé hoc dudc céc tuong tic dai han theo chiéu ngang hoic
doc.

10.4 Kién triic encoder-decoder cho chudi dén chudi (sequence-to-sequence)
Trudc déy, ta da thiy rang mot RNN c6 thé:
* 4nh xa mot chudi thanh mot vector ¢d dinh (Hinh 10.5),
* 4nh xa mot vector thanh mot chudi (Hinh 10.9),

* 4anh xa mdt chudi dau vao thanh mot chudi dau ra cung do dai (Hinh 10.3, 10.4,
10.10, 10.11).

Tuy nhién, trong nhiéu ting dung thuc té nhu dich mdy, nhan dang giong néi hay tra 16
cau hoi, dau vao va dau ra thuong c6 do dai khac nhau. Vi viy, ta cAn mdt mo hinh linh
hoat hon: encoder-decoder hay sequence-to-sequence.

Kién triic nay dugc dé xuét doc 1ap bdi Cho et al. (2014a) va Sutskever et al. (2014).
Ho huén luyén m6 hinh dé dnh xa chudi dau vao X = (z(1),...,z(n,)) thanh chudi dau

raY = (y(1),...,y(ny)), véin, # n, la diéu binh thudng.

* Encoder (RNN ma héa): xt 1y chudi dau vao va tao ra mot ngit canh C, thudng la
trang thai 4n cubi cling.

* Decoder (RNN gi4i m): nhin ngit cinh C' 1am dau vao va sinh ra chudi dau ra.

Qua trinh nay dugc minh hoa trong Hinh 10.12.
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Hinh 10.12: Kién triic encoder-decoder RNN, dnh xa mot chudi dau vao (z(1),...,z(n;)) thanh
mdt chudi dau ra (y(1),...,y(n,)) thong qua mdt bién ngti canh C.

Trong kién tric co béan, ngii cdnh C' 1a mdt vector. Tuy nhién, diéu nay giy ra gidi han
khi can tém tat cac chudi dai. Bahdanau et al. (2015) da dé xuét cd ché chu y (attention)
dé khac phuc vin d& nay bang cach cho phép decoder tham chiéu truc tiép dén céac budc
cu thé ctia chudi dau vao. Chi tiét vé co ché chii y sé dudc trinh bay 6 Muc 12.4.5.1.

10.5 Mang no-ron hoi tiép sau (Deep Recurrent Networks)

Trong mot RNN don gian nhu 6 Hinh 10.3, cac phép tinh ¢6 thé dugc chia lam ba
phan:

1. Tir dau vao dén trang thai an,

2. Tt trang thdi 4n trudc dén trang théi 4n tiép theo,
3. Tu trang thdi 4n dén dau ra.

Mbi phan nay thudng chi 12 mot 16p nong (linear + activation). Cau hoi dit ra 1a: Liéu
c6 lgi khong néu ta lam cdc phép bién déi nay sdu hon? — tic 1a thém nhiéu 16p trong
mbi khoi. Cédc nghién cifu (Graves et al., 2013; Pascanu et al., 2014a) cho thiy diéu nay
rit c6 ich cho kh4 ning biéu dién.

C6 nhiéu cach dé "lam sau"RNN:

* (a): Chia trang th4i 4n thanh nhiéu 16p, xép chdng theo chiéu siu — gidng nhu mang
MLP nhiéu 16p (Hinh 10.13a).
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« (b): Thay vi dung ma trin tuyén tinh don gian, thay bing cac MLP nhiéu 16p cho
tiing khéi (input-to-hidden, hidden-to-hidden, hidden-to-output).
* (c): Dung két nbi bd qua (skip connection) gilta cdc tang dé tranh viéc gradient bi

suy giam khi chiéu sau tang.

(a) () (c)

Hinh 10.13: Céc cach lam sau mang RNN: (a) dung nhiéu tang trang thdi 4n, (b) dung MLP cho
céc khéi bién d6i, (c) thém két ndi bé qua d€ duy tri dudng di ngan giita cac budc thdi gian.

Thém chiéu sau gitp ting kha ning biéu dién, nhung ciing 1am tbi vu héa phic tap
hon. Két ndi bd qua 1a mot k¥ thuit quan trong gitip gidm bét khé khin ndy, cho phép

gradient lan truyén tot hon qua thdi gian va céc 16p sau.

10.6 Mang no-ron dé quy (Recursive Neural Networks)

Mang nd-ron dé quy (Recursive Neural Networks — RecNN)! 12 mot bién thé mé rong
ctia mang RNN, trong d6 do thi tinh todn khong con 13 chudi tuyén tinh ma cé ciu tric

dang ciy sau (deep tree). Hinh 10.14 minh hoa cich t& chtc nay.

! Chiing t6i khong viét tit RecNN 1a “RNN” d€ tranh nham véi “mang no-ron hdi tiép” (Recurrent Neural
Network).
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Hinh 10.14: Mang no-ron dé quy v6i do thi tinh todn dang ciy thay vi chudi. Mot chudi dau vao
c6 do dai bién d6i (M, 2 ... 2" dugc anh xa thanh mot biéu dién cb dinh o thong qua ciing

mot bd tham sb U, V, W. Pay 1a vi du cho hoc c6 gidm sit, trong d6 dau ra dudc gdn nhin muc
tiéu y.

Mang d€ quy dudc gidi thiéu bdi Pollack (1990), va dugc Bottou (2011) phén tich nhu
mot cong cu tiém ning dé hoc suy luan. Cac ting dung thuc té ctia RecNN da xuét hién

trong xi ly dif liéu c6 cAu triic cay nhu:
* X1t 1y cAu tric dif lidu tong quat (Frasconi et al., 1997, 1998),

* Ngbn ngti tu nhién — nhu phan tich cu phap va phan loai cam xuc cau (Socher et
al., 2011a, 2013a),

* Thi giac may tinh — nhu phan doan anh (Socher et al., 2011b).

Mot diém manh ndi bat ctia mang dé quy so v6i RNN 1a kha ning riit ngan do sau phi
tuyén trong tinh toan. V6i chudi c6 do dai 7, do sau ctia RecNN chi 1a O(log 7), thay vi
7 nhu trong RNN. Diéu nay gitip mé hinh xit ly t6t hon cdc quan hé phu thudc dai trong

chudi.
Tuy nhién, cAu hdi dit ra 1a: nén xdy dung cdy nhut thé nao? Mot sb lua chon phé bién:

« Dung ciy cb dinh, chang han nhu cdy nhi phan cin bing,
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« Dua vao kién thic ngoai, nhu cay ci phap trong x{ 1y ngén ngit tu nhién,

* Tt nhat 1a d€ mod hinh tu hoc ra ciu triic ciay phu hop cho tiing dau vao cu thé
(Bottou, 2011).

Mang dé quy ciing c6 nhiéu bién thé. Vi du, Frasconi et al. (1997, 1998) dé xuit md
hinh ma dau vao va dau ra c6 thé dudc gin tai cac miit khac nhau trong cdy, khong can tt

ca nut déu c6 dau vao hodc dau ra.

Ngoai ra, phép tinh tai mdi nit khong nhit thiét phai 12 phép nhan tuyén tinh + phi
tuyén nhu trong no-ron truyén théng. Chang han, Socher et al. (2013a) st dung cac phép
todn tensor va song tuyén (bilinear forms), von dudc chiing minh 1 rit hiéu qua trong viéc
mo hinh héa quan hé giita cac khdi niém dudc biéu dién bang vector lién tuc (embedding),
nhu trong cac cong trinh cua Weston et al. (2010) va Bordes et al. (2012).

10.7 Théch thitc vé phu thudc dai han

Chiing ta da dé cap so lugc dén van dé toan hoc khi hoc cac phu thudc dai han trong
mang hdi tiép (RNN) & Muc 8.2.5. Vén dé cbt 16i ndm & chd: khi gradient dugc lan truyén
qua nhiéu budc thsi gian, chiing c6 xu huéng hoic 1a tiéu bién (vanishing) — xay ra
thudng xuyén va lam gradient gin nhu bang 0, hoic 14 bung nd (exploding) — it xay ra
hon nhung giy anh huéng nghiém trong dén qua trinh tdi wu.

Ngay ca khi gia dinh rang cac tham s6 ctia mang RNN dudgc ti uu tot dé tranh gradient
bling nd, thi viéc hoc dugc cac mdi quan hé dai han van rat khé khin. Ly do 12 vi thong tin
can dugc truyén qua nhiéu budc, va mdi budc déu lién quan dén viéc nhan véi Jacobian

— khién anh hudng clia cac bude xa giam nhanh theo cip s6 nhan so vdi nhiing bude gan.

Nhiéu cong trinh nghién ctiu di chi ra va phan tich sau van dé nay (Hochreiter, 1991;
Doya, 1993; Bengio et al., 1994; Pascanu et al., 2013). Trong phan nay, ching ta sé mo ta
chi tiét hon co ché gy ra van dé, va cac phan tiép theo sé trinh biy nhiing phuong phap
dé khic phuc.

RNN thuc hién viéc 1dp lai mot ham qua thdi gian — moi budc thoi gian tucng tng
v6i mot 1an dp dung ham dé. Viéc ghép nhiéu ham phi tuyén nay c6 thé tao nén mot ham
tong thé rat phiic tap, nhu dugc minh hoa trong Hinh 10.15.
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Hinh 10.15: Sy phiic tap ting 1én khi 1ip nhiéu 1an ham phi tuyén. Mbi dudng cong biéu dién mot
mit cat tuyén tinh ctia ham phi tuyén sau mot s6 budc lip. Ta thiy rang do doc thay ddi rit manh
giifa cac ving, khién gradient tai hiu hét cac vi tri gan nhu bang 0, chi vai vi tri c6 gradient 16n,
va nhiing viing nay thay ddi lién tuc.

Mot cach dé hiéu hon 12 xem RNN nhu dang nhan ma tran 13p lai. Vi du, v6i RNN don

gian khong c6 dau vao va khong c6 phi tuyén:

h(t) = WTh(t —1)
Khi do:

h(t) = (WT)'h(0)

Néu ma tran W ¢6 phan tich riéng:
W =QAQ"

thi:
h(t) = QA'QTh(0)

O day, cdc gia tri riéng \ sé dugc liy thira t. Néu |\| < 1, chiing nhanh chéng tién vé 0
(tiéu bién). Néu |\| > 1, ching phat trién rat nhanh (bung nd). Dan dan, chi con lai thanh
phan theo huéng vector riéng 16n nhit, con moi thong tin khac trong trang thai ban dau

déu bi loai bo.

D& hiéu rd hon, ta c¢6 thé xét vi du don gian v6i mot trong sd vd hudng w. Sau ¢ budc,
gia tri la:
h(t) = w'
Tuy vao do 16n cta w, két qua sé bung nd (néu |w| > 1) hodc tiéu bién (néu |w| < 1).
Nhung néu diing mang phi héi tiép véi trong sé khac nhau tai mdi budc w®, vin dé lai
khac.

Vi du:
ht) = [Jw®
t=1
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Gia st cac w® 1a bién ngau nhién doc 1ap, trung binh bing 0, phuong sai biang v. Khi
d6, phuong sai cua tich trén 1a O(v7). Néu mubn phuong sai tong thé 1a v*, chi can chon
v = v/v*. Diéu nay cho thy cic mang feedforward siu c6 thé tranh gradient tiéu bién néu
khéi tao trong s6 ding cach (Sussillo, 2014).

Tuy nhién, RNN lai khong dé nhu vay. Céc nghién cttu (Hochreiter, 1991; Bengio et
al., 1994) da chi ra rang: d&€ mang c6 thé ghi nhd thong tin dai han va 6n dinh trude cic

nhiéu nhd, né phai nam trong viing hoat ddng ma gradient tu nhién bi tiéu bién.

Cu thé, néu mang c6 thé md hinh héa dudc phu thudc dai han, thi gradient tuong tng
phai di qua rat nhiéu budc — va sé bi thu nhd (hoic phéng dai) theo cip sb nhan so véi
gradient ctia cac phu thudc ngan han. Piéu nay tao ra mot thé khé khi t6i wu: gradient cho
phu thudc ngan han sé 16n hon nhiéu, chi phéi qua trinh hoc, trong khi gradient cho phu
thudc dai han lai qud nho d€ cip nhat hiéu qua.

Trong phan tiép theo, chiing ta sé kham ph4 cic phuong phéap dudc dé xuit dé€ dbi pho
v6i vin dé nay, dic biét 1a cic kién tric nhu LSTM va GRU.
10.8 Mang Echo State (Echo State Networks - ESNs)

Mot trong nhitng khé khin 16n nhét khi huin luyén mang nd-ron hoi tiép (RNN) 1a hoc
dugc trong s6 hoi tiép tt h(t — 1) dén h(t), va trong sb dau vao tit z(t) dén h(t). DE tranh
khé khiin nay, mot y tuéng don gidn nhung hiéu qua da dudc dé xuat (Jaeger, 2003; Maass
et al., 2002; Jaeger and Haas, 2004):

Chiing ta sé thiét 1ap trudc céc trong sb hoi tiép sao cho cac don vi 4n c6 kha

ning ghi nhé dugc lich st ciia chudi dau vao, va chi huin luyén 16p dau ra.

Day chinh la nguyén ly hoat dong cua Echo State Networks (ESNs) va Liquid State
Machines (LSMs). Trong do:

 ESNs sit dung cdc don vi 4n véi gid tri lién tuc.
* LSMs st dung cdc no-ron dang xung (spiking neurons) v6i dau ra nhi phan.

C4 hai déu thudc nhém phuong phap goi 1 Reservoir Computing — tam dich 12 “tinh
todn bing hd chita”. O day, 16p 4n hoat dong gidng nhu mot “hd” dic trung thdi gian, chita
cac bién thé phtic tap cta lich st chudi dau vao.
Mot cach hinh dung khédc: Reservoir Computing tuong tu nhu cdic mo hinh hat nhan
(kernel machines), vdi diém khéc biét la:
« Mot chudi dau vao véi do dai bat ky sé dudc anh xa sang mot vector trang thdi cb
dinh h(t).

* Sau d6, ta huin luyén mot md hinh du do4n tuyén tinh (vi du hdi quy tuyén tinh) trén
h(t).

Vi chi huin luyén tﬁng dau ra, ham méat mat nhu MSE sé 1a ham 16i, gidp viéc toi uu

tré nén nhanh va 6n dinh vdéi cdc thuat todn don gian.
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Cau hdi then chdt dit ra 1a: Lam sao thiét ldp duogc trong sé dau vao va trong sé hoi
tiép dé’ mang co thé luu trit thong tin qud khit mot cdch hiéu qud?

Cau tra 16i tir cong dong reservoir computing 1a: Hiy xem mang nhu mot hé dong luc,
va thiét 1ap cac trong s sao cho mang hoat dong & viing “gan bién 6n dinh” (edge of
stability).

Mot khai niém quan trong trong thiét 1ap nay 1a ban kinh phd (spectral radius), dudc
dinh nghia 12 gid tri 16n nhit trong mo-dun (tic tri tuyét d6i) clia cac tri riéng ctia ma tran

Jacobian:

Oh(t)

J(t) = —"—=
(t) Oh(t — 1)

 Néu || > 1: nhiéu ban dau sé dugc khuéch dai nhanh chéng (gay nd gradient).

+ Néu || < 1: nhiéu sé& bi 1am md dan (gy tiéu bién gradient).

Vi vay, d€ gilt cho tin hiéu tif qua khd c6 thé truyén dén tuong lai ma khong bién mét
hoic phét nd, ta can dit ban kinh phé gan 1 — hoic hoi 16n hon 1 mot chuit.

Xét vi du don gian vé mot mang tuyén tinh khong phi tuyén:

h(t 4 1) = W Th(t)

Khi ma tran W ¢6 ban kinh phé nhé hon 1 (goi 1a “co lai” hay contractive), tin hiéu sé
dan bién mét theo thdi gian — mang s& nhanh chéng “quén” qua khi. Ngudc lai, néu ban

kinh phd 16n hon 1, tin hiéu sé bi khuéch dai qua miic — mang tré nén khong n dinh.

Trong thuc té, ching ta thudng ding ham kich hoat nhu tanh d€ gi6i han dau ra trong
khoéng (—1, 1), gitp ngdn mang bi bung nd tin hiéu. Tuy nhién:

« Du c¢6 ham phi tuyén, néu trong sd dii 16n va dau vio nam trong ving tuyén tinh clia

tanh, mang van c6 thé khuéch dai tin hiéu.

« Nhung diéu nay it khi x4y ra cho toan bd chudi dau vao.

Chién Iugc tiéu chuén trong ESN Ia: gilf ban kinh phd & mot gid tri c6 dinh (vi du 3),
sau d6 dung phi tuyén tanh d€ gidi han su khuéch dai.

Dang chi y 1a cdc k¥ thuat ctia ESN khong chi 4p dung cho mang c6 trong s6 ¢ dinh.
Chiing con c6 thé dugc ding dé khdi tao RNN thong thudng trude khi huin luyén bing
phuong phép lan truyén ngudc qua thdi gian (BPTT).

Theo Sutskever (2012, 2013), néu khdi tao mang véi ban kinh phd khoang 1.2 va ding
cach khdi tao trong sb thua thét (sparse init), thi mang RNN c¢6 kha ning hoc tot hon céc

phu thudc dai han trong chudi.
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10.9 Céac don vi ro ri va nhitng chién luge khac dé xit 1y da thang thoi gian

Mot trong nhitng hudng tiép can dé€ gidi quyét bai todn hoc cdc phu thudc dai han 1a
thiét ké md hinh c6 thé hoat dong trén nhiéu thang thdi gian. Cu thé, mot s6 phan ciia mo
hinh sé xit ly tin hiéu & thang thoi gian chi tiét &€ nam bat cac dic trung ngan han, trong
khi c4c phan khac sé hoat dong & thang thoi gian thd hon dé truyén tai thong tin tif qua
kht xa dén hién tai mot cach hiéu qua hon.

C6 nhiéu chién lugc dé xay dung mo hinh da thang thdi gian, tiéu biéu bao gom:

 Thém céc két n6i bd qua theo thdi gian (skip connections),

* St dung céc don vi 10 ri (leaky units) c¢6 hang s thdi gian khac nhau,

* Loai bo cic két ndi gan d€ budc mo hinh tip trung vao thong tin dai han.

10.9.1 Thém két ndi bo qua theo thoi gian (Skip Connections through Time)

Mot chién lugc don gian dé gitip mo hinh tiép can thong tin tif qua khid xa la thém
cac két nbi truc tiép tir cac budc thdi gian trude d6 dén budc thdi gian hién tai, v6i do tré
d > 1. Day la mot y tudng dugce dé xuit tir sém béi Lin et al. (1996), va c6 lién hé vé6i khai
niém mang no-ron c¢6 do tré (delay neural networks) dudc Lang va Hinton (1988) nhac
dén.

Trong mdt mang hoi tiép thong thudng, cac két ndi thdi gian thudng chi ti ¢ dén ¢ + 1.
Viéc thém két nbi tii ¢ dén t + d (v6i d > 1) gitip tao ra cac dudng dan truc tiép tir qua khi
xa hon.

Nhu di néu trong Muc 8.2.5, gradient lan truyén qua nhiéu budc thdi gian c6 thé suy
gidm theo cip s6 mil exp(—7). Néu ta chén thém két nbi véi do tré d, toc dd tiéu bién c6
thé gidm xudng con exp(—7/d) — tdic gradient suy gidm chim hon, va nhé dé md hinh
¢6 kha niing hoc t6t hon cac phu thudc dai han.

* Céc két ndi tré d déng vai trd nhu “cau nbi” tir qua khit xa dén hién tai.

« Tuy nhién, do van tdn tai cac két nbi ngin han, gradient vin cé nguy cd bung nd néu

khong dudc diéu chinh ding céch.
10.9.2 Pon vi ro ri (Leaky Units) va pho cac thang thdi gian khac nhau

Mot huéng tiép can khac 12 ding cic don vi c6 két ndi tu hdi tuyén tinh véi trong sb
gan 1, cho phép duy tri trang thai 1au dai hon ma khong 1am gradient bung nd hay tiéu
bién nhanh chéng.

Gia st ta mudn duy tri mot trung binh dong 1(¢) ctia mot dai lugng v(t):

ul(t)  aplt — 1) + (1 - a)o(t)

O day, o didu chinh mitc d6 anh hudng clia qué khi:

* o — 1: thong tin qua khu dugc git lai 1au hon.
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* a — 0: trung binh dong phan ng nhanh, it luu gitt qua khu.

Nhitng don vi 4n c6 cip nhat theo cong thiic trén dugc goi 1a leaky units. Ching tuong
duong véi viée ap dung bd loc thong thip (low-pass filter) cho tin hiéu thdi gian.

So v6i viéc thém két ndi bd qua véi do tré d (chi anh hudng & cac mdc thoi gian roi
rac), leaky units cho phép trang th4i hién tai dugc cip nhat lién tuc v6i mic do “ro ri” diéu
chinh linh hoat bdi a.

C6 hai cach dé xac dinh gia tri a:

1. Gan cb dinh: Vi du chon ngiu nhién tai ldc khéi tao va giif nguyén trong qua trinh

huan luyén.

2. Hoc dudc: Cho phép a 1a tham s6 huin luyén, dudc tdi wu cling véi cac trong sd
khac.

Cach ding leaky units véi nhiéu gid tri o da dugc Mozer (1992) va Pascanu et al.
(2013) chitng minh 1a hiéu qua. Cach nay ciing déng vai trd quan trong trong kién triic
Echo State Networks (Jaeger et al., 2007).

10.9.3 Loai bo két ndi (Removing Connections)

Chién Iudc cudi cling 12 loai bd cic két ndi gifta cic budc thsi gian lién tiép, budc md
hinh chi cip nhat trang thdi sau mdi khoang thdi gian ¢ dinh. Céach nay dudc goi 1a t&
chiic trang thai theo nhiéu thang thdi gian (multi-timescale).

13

Khéc vé6i viée thém két nbi bd qua, noi don vi ¢ thé “chon” hoc phu thudc dai hay
ngan, thi & ddy, don vi bi ép budc phai hoat dong theo chu ky dai hon.

C6 hai cach phé bién dé thuc hién:

* St dung nhiéu nhém leaky units: Mdi nhém dudc gan mot gid tri o khac nhau, tuong
ung vai thang thoi gian khac nhau. Nhom ¢6 « 16n s€ luu git thong tin 1au hon. Cach

nay gilp phan tan tin hiéu diu vio ra nhiéu “kénh thdi gian” khac nhau.

* Cap nhat r0i rac theo chu ky (Clockwork RNN): Mot cach khac 1a chia cac don vi
4n thanh cdc nhém, méi nhém chi dudc phép cip nhat trang thai sau mot sé budc
thoi gian nhat dinh (theo dong hd ndi bo). Vi du, nhém 1 cip nhat mdi budc, nhém
2 cap nhat sau mdi 2 budc, nhém 3 sau mdi 4 budc, v.v. Y tudng nay dugc El Hihi
va Bengio (1996) dé xuit va phit trién thanh mo6 hinh Clockwork RNN (Koutnik et
al., 2014). Céch nay da cho thiy hiéu qua trén nhiéu bai toan thuc té.

Nhiing phuong phép trén gitip mang hoi tiép mo hinh héa hiéu qua cic phu thudc da
thang thdi gian, 1am nén tang cho nhiéu kién tric hién dai nhu LSTM, GRU va céc bién
thé sau hon sau nay.

10.9.4 LSTM: Long Short-Term Memory

Mang LSTM (Long Short-Term Memory), dudc gidi thi€u b6i Hochreiter va Schmidhuber
(1997), 1a mot kién tric RNN véi cac don vi diic biét dudc thiét ké dé Ivu trit thong tin
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qua thdi gian dai, dong thoi tranh dudc van dé gradient tiéu bién hodc bling né.

Trung tdm cia mot LSTM 1a mdt don vi luu trit trang thai (goi 1a cell state hay b nhd)
c(t), dugdc diéu chinh bdi ba cdng:

 C6ng quén (forget gate) f(t) — quyét dinh phan nao cia trang thdi ci c(t — 1) nén
dugc giu lai.

* Céng vao (input gate) i(t) — xac dinh thong tin méi nao tif dau vao z(t) sé dudc thém
vao trang thai.

 Cong dau ra (output gate) o(t) — xac dinh phan nao cta trang thai hién tai c(t) sé
dugc dua ra 1am dau ra h(t).

Dudi day 1a cac phuong trinh lan truyén trong mot khéi LSTM dién hinh:

f(t) =0 (Wra(t) + Ush(t — 1) + by) (10.34)
i(t) = o (Wiz(t) + Uih(t — 1) + b;) (10.35)
&(t) = tanh (Woz(t) + Ush(t — 1) + b,) (10.36)
c(t) = f(t) ©c(t — 1) +i(t) © &(2) (10.37)
o(t) = o (W,ox(t) + Ush(t — 1) + b) (10.38)
h(t) = o(t) ® tanh(c(t)) (10.39)

Trong do:

* o 1a ham sigmoid, cho dau ra trong khoang (0, 1).

* tanh la ham hyperbolic tangent.

* ® la phép nhan tiing phan ti (element-wise product).

Nhu ta thiy, trang thai c(¢) dudc cap nhat tuyén tinh theo c(t — 1), diéu nay gidp gidm
tinh trang gradient tiéu bién qua thdi gian. Cac cdng sigmoid déng vai trdo nhu cong tic
diéu chinh — cho phép mang hoc cach diéu phéi thong tin nao nén gitt, quén hoic cip
nhat.

Uu diém ciia LSTM:
* C6 kh4 niing ghi nhé c4c thong tin quan trong trong chudi rat 1au.

* C6 thé hoc dugc cac phu thudc dai han ma khong can ciu tric dic biét nhu skip

connections.

* Tu dong quyét dinh khi ndo nén quén hoic nhé — gidm thiu su phu thudc vao ky
thuat tha cong.

Nho vao thiét ké nay, LSTM da trd thanh nén ting cho nhiéu ting dung hién dai trong
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xt Iy ngdn ngit tu nhién, dich mdy, nhin dang tiéng néi, va nhiéu bai toan chudi khac.
10.9.5 GRU: Gated Recurrent Unit

Mot bién thé don gian hon ctia LSTM dudgc goi 1a GRU (Gated Recurrent Unit), dudc
dé xuat bdi Cho et al. (2014). GRU hop nhét cdng quén va cng vao thanh mot cong duy
nhat goi 12 c6ng cap nhat (update gate), dong thsi st dung mot cong dit lai (reset gate) dé
diéu khién viéc két hop thong tin méi.

Cac phuong trinh cia GRU nhu sau:

2(t) = o (W,a(t) + U.h(t — 1) +b.) (10.40)
r(t) = o (Wex(t) + Ush(t — 1) +b,) (10.41)
h(t) = tanh (Wya(t) + Uy, (r() © h(t — 1)) + by) (10.42)
h(t) = (1 —2(t)) © h(t — 1) + 2(t) ® h(t) (10.43)

GRU c6 s6 lugng tham s6 it hon LSTM, do d6 thudng huén luyén nhanh hon, va trén
mot s6 bai todn c6 thé cho két qua tuong duong hoic tham chi tot hon.
Tém tt:
+ LSTM va GRU déu gitip giai quyét van dé gradient tiéu bién va hé trg hoc cic phu
thudc dai han.
¢ LSTM c6 kién tric phtc tap hon véi ba cdng va mot trang thdi an phu (c(t)).
» GRU don gian hon, it tham s6 hon, va doi khi hoc nhanh hon.

Céc m6 hinh RNN c¢6 c¢éng nhu LSTM va GRU hién 1a Iva chon mic dinh trong nhiéu
ting dung hoc chudi va di tao nén tang cho cidc mo hinh siau hon va hién dai hon nhu
attention, transformers,...

10.9.6 B nhd ngan-dai han (LSTM)

Diém sang tao quan trong nhit ciia md hinh LSTM 14 viéc thiét ké mot vong ldp tu thdn
(self-loop) trong mdi don vi, cho phép tin hiéu dao ham truyén di qua nhiéu budc thdi gian
ma khong bi mit mat dang ké. Pay 1a phat minh ndi bat ctia Hochreiter va Schmidhuber
(1997).
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ot put

self-loop

input jorget gaie

AWAWAWA

Hinh 10.16: So d6 khdi ctia “té bao” LSTM. Céc té bao nay thay thé cic don vi 4n trong mang
hdi tiép truyén thdng. Mot dau vao sé duge xi Iy qua mot neuron nhu binh thudng. Néu cdng vao
sigmoid cho phép, gid tri nay sé dudc cong don vao trang thdi ndi bo. Trang thai ndy c6 mdt vong
lip tu than tuyén tinh, véi trong sd dugc diéu chinh bdi cdng quén. Pau ra ciia té bao sé dugc kiém
sodt bdi cdng dau ra. Céac cdng diéu khién déu dung ham sigmoid, trong khi don vi dau vao c6 thé
st dung cac ham phi tuyén khac. Trang thdi ndi bod ciing c6 thé déng vai trd 1a diu vao cho céc
cong.

nitput gate

Gers et al. (2000) sau d6 da dé xuit mot cdi tién quan trong: thay vi dé trong s6 vong
lip 12 c6 dinh, ching ta c6 thé diéu chinh né dua trén dau vao bang cach st dung mot cong
méi — goi 1a cong quén (forget gate). Co ché nay cho phép diéu chinh linh hoat khoang
thoi gian thong tin dudc Iuu trif trong trang thai ndi bod, di cdc tham s6 ctia mang van cb
dinh.

MGt s6 ing dung thanh cong cia LSTM: LSTM da dudc dp dung thanh cong trong

nhiéu bai toan khac nhau:
* Nhan dang chit viét tay tu do (Graves et al., 2009)
* Nhéan dang giong no6i (Graves et al., 2013)
* Sinh viin ban viét tay (Graves, 2013)
* Dich may (Sutskever et al., 2014)

* Sinh mo6 ta anh (Xu et al., 2015)
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* Phan tich cu phap cau (Vinyals et al., 2014a)

CAu triic cha mét LSTM Cell:  Khdc v6i RNN truyén théng chi ¢6 mot ham phi tuyén
don gian, mdi don vi LSTM bao gom:

* Trang thai ndi bd s; véi vong 1dp tu than.
* Ba cdng dé kiém soat ludng thong tin:
— Cong quén (forget gate) f;
— Cong vao (input gate) g;
— Cong ra (output gate) ¢,
Du6i day 1a cdc cong thiic lan truyén tién trong LSTM:

* Cong quén quyét dinh phan nao cia trang thai cii can dugc loai bo:

1= (i 0l )

J J
* Cap nhat trang thai ndi bo:
O Z O 4 g0ty (b St + S, h;f—n)
* Cdng vao diéu khién lugng thong tin méi dude thém vao trang thai:
o (14 e+ S )

* Cdng ra diéu chinh phan nao cla trang thdi sé trd thanh dau ra:

= (i S+ )

 Pau ra cua cell:
hy” = tanh(s{") - ¢

Giai thich ky hiéu:
2®: dAu vao tai thoi diém ¢
« h("): dau ra 4n tai thoi diém ¢
« 5 trang thai ndi bo tai thoi diém ¢

* U: trong s6 tif dau vao
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 W: trong s6 tif trang thai trudc
* b: do léch (bias)
* ¢0: ham sigmoid
* tanh: ham tanh

M3 rong thém: Mot s6 phién ban LSTM md rong con dua ca s® vao lam dau vao cho
cédc cong, gitp ki€ém soat thong tin tét hon, nhung diéu nay s& can thém ba bd trong sb
riéng biét.

LSTM da ching minh hiéu qué trong viéc hoc cidc mdi quan hé dai han, vudt troi hon
han so v6i RNN don gian — ké ca trong cdc tac vu nhén tao 14n tGng dung thuc t& c6 ciu
tric chudi phuc tap.

10.9.7 Cac bién thé khac ctia mang hai tiép c6 cong (Other Gated RNNs)
Cau hoi dit ra: Liéu moi thanh phan trong kién triic LSTM déu cin thiét? C6 thé rt

gon mo hinh d€ don gidn hon ma van hiéu qua khong?

GRU (Gated Recurrent Unit) — dudc dé xuat bi Cho et al. (2014b) — 1a mot vi du tiéu
bi€u cho y tudng rit gon LSTM. GRU don gian hon nhung van gitt kha niang ki€ém soat
thong tin qua thdi gian. Thay vi ba cong nhu LSTM, GRU chi st dung hai cong:

+ Cong cap nhat (update gate) u: quyét dinh nén giit lai bao nhiéu trang thai ci.

* Cong dit lai (reset gate) r: diéu chinh thong tin nao tif trang thdi cii sé dung dé tinh
trang thai mai.

Cong thiic cap nhat trang thai 4n tai thdi diém ¢ nhu sau:

hgt) _ ugt_l)hgt_l) + (1 . ul(t—l))g (bZ + Z Ui,jl’g»t) + Z M/i,jrj(t_l)hgt_l)) (10.9)
J J

Trong do:

o 2(®): diu vao tai thoi diém ¢

o h=D: trang thai 4n tai thoi diém ¢t — 1
e u: cOng cap nhat

e r: cong dit lai

Céc cong thiic cu thé cho hai cdng nay:
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= (s D)+ Swl ) 010

J J

S CESSCES wUATY o)
J J

 Cdng cap nhat v gitp quyét dinh giif lai hay thay thé trang thdi cii. Khi u; gan 1,

mang s€ uu tién giu hgt_l); khi gan 0, n6 sé cap nhat hoan toan.

* C6ng dit lai r cho phép mang “tam quén” trang thai cii khi tao trang thai méi — diéu

nay tao ra kha niing hoc phi tuyén manh mé.
Mot s6 bién thé khac ciing dudc nghién cifu:
* Dung chung cdng forget/reset cho nhiéu don vi 4n
* Két hop cdng toan cuc (4p dung cho toan 16p) va cdng cuc bd (4p dung tiing don vi)

Tuy nhién, theo cac nghién ctu thuc nghi€ém cua Greff et al. (2015) va Jozefowicz et
al. (2015), khong c6 bién thé nao vudt trdi han so véi LSTM hoic GRU.

Greff et al. (2015) chi ra ring cdng quén la yéu tb cbt 16i nhit trong kién triic LSTM.
Ngoai ra, Jozefowicz et al. (2015) cting phat hién viéc thém mot do 1éch bi”lng 1 vao cong

quén gitip mod hinh hoc t6t hon — meo nay vén dudc dé xuat bdi Gers et al. (2000).
10.9.8 Toi wu héa cho cac mdi quan hé dai han (Optimization for Long-Term Dependencies)

Nhu da trinh bay & cac muc 8.2.5 va 10.7, cic van dé nhu gradient bién mét va gradient
biing nd thudng xuyén xay ra khi huin luyén mang hoi tiép (RNN) qua nhiéu budc thdi
gian. Khi lam viéc v6i cac chudi dai, gradient c6 thé tré nén cuc ky nhé (gan nhu bing 0)
hoic rét 16n, khién cho viéc huén luyén tré nén khé khin va dé bi 15i.

Martens va Sutskever (2011) da dua ra mot y tudng thd vi: néu gradient bac nhat bién
mét thi gradient bac hai (dao ham cip hai) ciing c6 thé bién mit theo. Cé4c phuong phap
t6i uu bac hai, vé mit khéi niém, giébng nhu viéc chia gradient béc nhdt cho gradient bdc
hai — hoiic trong khdng gian chiéu cao, c6 thé hiéu 1a nhan gradient véi nghich dao cta

ma tran Hessian.

Trong trudng hdp ca hai loai dao ham nay gidm cung toc d, ty 1¢ giita chiing c6 thé van
gitt 6n dinh, tir d6 gidp cdi thién hiéu qua ctia qua trinh t6i vu héa. Tuy viy, cic phuong
phdp bic hai c6 mot s6 han ché: doi héi chi phi tinh todn cao, can batch size 16n, va dé
bi méc ket tai cic diém yén ngua (saddle points) — noi ma gradient bang 0 nhung khong
phai 1a cuc tiéu hodc cuc dai.

Du vay, Martens va Sutskever (2011) van dat dudc két qua kha hita hen khi 4p dung
cac ky thuat t&i uu bac hai. Sau nay, Sutskever et al. (2013) cho thdy ring cic phuong
phdp don gian hon — nhu st dung dong luong Nesterov két hop véi khdi tao cin than —

cling c6 thé dat hiéu qua tuong duong. Poc gid quan tdm c6 thé xem thém trong luan 4n
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cta Sutskever (2012) dé hi€u 1o hon.

Cubi cung, c4 hai phuong phap nay déu bi thay thé bdi cach tiép can don gian hon: st
dung thuat todn SGD (Stochastic Gradient Descent) cho LSTM, tham chi khong can ding
dén dong luong. Piéu nay phan dnh mot xu huéng chung trong hoc may: thay vi cb gang
phat trién thuat toan t6i uu phic tap, ching ta thudng dat két qua tdt hon bang cach xay
dung m6 hinh dé huin luyén hon.

Without clipping With clipping

T(w,f)
S, b

e

b b

Hinh 10.17: Gradient clipping gitip gradient descent hoat dong &n dinh hon khi gip céc ving doc
diing trong khong gian haim mét mat. Nhiing “vach d4” dbc ding nay xuét hién trong mang hoi
tiép khi mang hanh x{ gan nhu tuyén tinh — trong s& bi nhan Iip lai qua méi budc thdi gian din
dén do doc ting theo cip s6 mil. (Trai) Khi khong dung gradient clipping, thuét toan c6 thé roi vao
ddy hé, rdi bi gradient 16n ddy xa khoi viing can tim. (Phéi) Khi ding gradient clipping, thuat todn
phan ting “ém 4i” hon — bu6c nhay dudc gidi han, gitp duy tri qua trinh téi uu trong ving dbc hop
ly gan nghiém. Hinh dudc diéu chinh tif Pascanu et al. (2013) véi su cho phép.

10.9.9 Cit gradient

Nhu di dé cap 6 muc 8.2.4, khi lam viéc v6i cac ham phi tuyén manh — chang han nhu
nhitng ham do mang hoi tiép tao ra qua nhiéu budc thdi gian — dao ham c6 thé trd nén
rt 16n hodc rat nhd. Diéu nay dugc minh hoa 16 trong Hinh 8.3 va Hinh 10.17, noi ta thiy
rang ham mét mat theo tham s6 c6 thé c6 “canh quan” rit dic biét: cac ving rong, bing
phing xen ké véi nhitng khu vuc nhé noi ham thay ddi rat nhanh, tao thanh céc "vach d4".

Khi gradient trd nén qua 16n, mot buée cap nhat theo phuong phép gradient descent c6
thé ddy tham sb di qua xa, roi vao viing ma gia tri hAam mét mat lai cao hon, khién cong
stic tbi wu trude do bi “dap d6”. Gradient chi thé hién huéng dbc nhit trong mot viing nhd
gan tham s6 hién tai, nhung néu buéc nhay qua 16n, ta sé bude vio mot viing khac c6 do
cong cao va phan tic dung. Do dé, ta thudng dung mot toc dd hoc nho va &n dinh d€ dam
b4o cac budc nhdy hop ly. Tuy nhién, mot bue phu hop trong viing gin nhu tuyén tinh lai
c6 thé khong ph hop khi ta bude vao viing cong hon — giy ra van dé nghiém trong.

Mot giai phap don gian nhung hiéu qua 1 k§ thuat cat gradient. Y tudng nay da dudc
p dung rong rdi tif truéc (Mikolov, 2012; Pascanu et al., 2013) véi nhiéu céch tiép can
khac nhau. Mot phuong phap 1a cit tiing phin tif clia gradient trong tiing phan ti ctia
mini-batch (Mikolov, 2012), ngay trudc khi cip nhat tham sb. Cach khac 1a cit toan bd

chuén cua vector gradient ||g|| néu né vugt qua mot ngudng dinh trude v (Pascanu et al.,
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2013):

if ||g]| > v (10.12)

g H:%HU (10.13)

O day, v 1a ngudng gidi han, va ¢ 1a vector gradient sé dudc ding dé€ cip nhat cic tham
s6. Phuong phap nay dp dung cing mot hé sd ti 1& dé chudn héa toan bd gradient ctia cac
tham s6 (bao gom ca trong sd va bias), nhd d6 vin ddm bio hudng di chuyén cung chiéu
v6i gradient. Céac nghién cifu thuc nghiém cho thiy ca hai cach déu hoat dong hiéu qua
tuong duong.

Mic du huéng cip nhit van giéng gradient ban dau, nhung do 16n ctia budc cap nhat
bi gi6i han. Nho d6, néu xay ra hién tuong gradient bung nd, budc nhdy sé khong vugt
khéi gidi han va khong 1am gian doan qud trinh huén luyén. Thuc té, néu gradient qua 16n
(tham chi v6 han hay NaN), ta c¢6 thé thuc hién mot budc nhay ngau nhién c6 do 16n bang

v, va diéu ndy thudng gitip thodt ra khoi trang thdi bt 6n vé mit s hoc.

Cat chudn gradient theo tiing mini-batch khong 1am thay d6i huéng gradient trong tiing
mini-batch, nhung néu sau d6 ta lay trung binh cic gradient da bi cit tif nhiéu mini-batch
thi két qua sé khac véi viéc cat chudn gradient sau khi cong toan bd. Cu thé, cic vi du c6
gradient 16n hodic nam trong cling mot mini-batch véi cdc vi du d6 sé c6 anh hudng nhd
hon dén huéng trung binh. Piéu ndy trdi ngudc v6i phuong phap SGD thong thudng, noi
huéng gradient 13 trung binh khong thién 1éch clia cac gradient tif cdc vi du huén luyén.
Ngudgc lai, cat chuan gradient 1am xuét hién mot sai 1éch heuristic — khong ding vé mit

ly thuyét nhung lai hitu ich vé miit thyc nghiém.

Déi v6i ky thuat cat theo tiing phan ti, hudng cip nhit khong han 12 huéng gradient
ding (hodc cla toan mini-batch), nhung n6é van ddm bao la mot huéng gidp gidm ham
mat mat. Mot cach tiép can khac, dudc dé xuat bdi Graves (2013), 1a cat gradient ngay
trong qua trinh lan truyén ngugc tai cac don vi 4n. Tuy nhién, hién vin chua c6 nghién
ctiu so sanh hé thong giita cac cach cat khac nhau, nén ta c6 thé gia dinh ring tit ca nhiing
phuong phdp nay déu mang lai hiéu qua tuong tu.

10.9.10 Diéu chinh d& khuyén Khich luéng thong tin (Regularizing to Encourage
Information Flow)

Cit gradient 12 mot giai phap hiéu qua cho van dé gradient bung nd, nhung lai khong
gitip gidi quyét dudc van dé gradient bién mét. D€ khic phuc hién tugng nay va gitip mo
hinh hoc dudc cac phu thudc dai han tét hon, mot chién luge da duge dé xuit 1a tao ra
nhiing "con dudng"trong dd thi tinh todn — doc theo cdc con dudng do, tich ctia gradient

trén cac cung gan bang 1.

Mot cach d€ dat dugc diéu nay 12 st dung kién tric LSTM, véi co ché vong 1ip tu than

341



CHUONG 10. MANG NO-RON HOI TIEP

va cc cdng diéu khién nhu da trinh bay trong muc 10.10. Tuy nhién, cling c6 mdt huéng
tiép can khac: diéu chinh hoic rang budc cic tham s sao cho mo hinh khuyén khich ludng
thong tin di qua mang. Cu thé, muc tiéu 12 ddm bao gradient VA" L — gradient ctia ham
mét mat ddi v6i dau ra 4n tai thoi diém ¢ — van gitt duge d6 16n khi lan truyén ngudc qua
céc budc thoi gian, ngay ca khi ham mét mat chi dugc tinh & thdi diém cubi chudi.

Vé mat toan hoc, ta muon diéu kién sau dudc dam bao:

oh®

WVW)L duy tri do 16n tuong duong véi VA L. (10.14)

Pé& hién thuc héa muc tiéu d6, Pascanu et al. (2013) da dé xuat mot bo diéu chinh

(regularizer) c6 dang:

L o)
Q:Z(Hah(tl)Vh LH—HVh L||) : (10.15)
t

Viéc tinh gradient ctia bo diéu chinh nay c6 thé giy khé khin, nhung tic gid dé xuat
mot cach 1am don gian: coi cac vector VA® L 14 hing s6. Do d6, trong qua trinh lan truyén
ngudgc, ta khong can tinh dao ham qua céc vector nay. Du day 1a mot phép xAp xi, nhung

n6 cho thiy hiéu qua trong thuc nghiém.

Céc thi nghiém chi ra rang khi két hgp bd didu chinh nay véi k§ thuat cat chun gradient
(da gitip gidi quyét van dé bung nd gradient), mo hinh RNN ¢6 thé hoc dudc cic phu thude
dai hon mot cach 1o rét. BSi vi bo diéu chinh nay gitt mod hinh RNN hoat dong gan ngudng
bung né gradient, nén viéc cat gradient trd nén cuc ky quan trong — néu khong, mo hinh
s€ dé bi pha v3 bdi gradient qud 16n.

Tuy nhién, ciing can luu y riang cach tiép can nay khong hiéu qua bang LSTM trong
cac bai toan phtc tap v6i du liéu phong phu, vi du nhu trong mo6 hinh ngén ngti. Trong
nhiing trudng hdp nhu viy, LSTM van 1a Iva chon déng tin ciy hon nhd kha ning ki€m
soat ludng thong tin t6t hon.

10.10 B0 nhé ro rang (Explicit Memory)

Trong tri tué nhan tao, hé théng can c6 kha ning luu trit kién thic, va viéc hoc tap
chinh 12 mot cach dé tiép thu kién thic dé. Pay ciing 1a dong luc thiic ddy su phat trién
clia cac kién tric mang no-ron siu véi quy md 16n. Tuy nhién, khong phai loai kién thiic
nao cling gidng nhau. C6 nhiing kién thiic mang tinh ngadm hiéu, khé dién dat thanh 15i
— chang han nhu cich di bo, hoic 1am sao d€ phan biét ché véi meo. Nhiing kién thic
nay thudng dude hoc mot cach vo thidc, va con ngudi khong can phai ly gidi ro rang dé st
dung chung.

Ngudc lai, con c6 nhiing kién thiic mang tinh ro rang, c6 thé dé dang dién dat bang
ngdn ngit — nhu cic kién thiic phd thong ki€u “méo 1a mot loai dong vat”, hoic nhiing

thong tin cu thé nhu “cudc hop v6i nhém ban hang dién ra lic 3 gid chiéu & phong 1417
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Mang no-ron té ra rat hiéu qua trong viéc hoc cic dang kién thiic tiém 4n nhu trén,
nhung lai gidp nhiéu khé khin trong viéc ghi nhé céc su kién hay su that cu thé. Phuong
phép gradient ngiu nhién (SGD) yéu cau dif liéu dugc 13p lai nhiéu 1an mdi c6 thé “in
sAu” vao cdc tham sb ctia mang. Ngay c4 khi da hoc xong, thong tin vin khong dudc luu

trif chinh x4c tuyét doi.

Graves va cic cong su (2014) cho ring nguyén nhén chinh la do mang no-ron khdng cé
mot hé thdng bo nhd 1am viée gibng nhu con ngudi — tiic 12 bd nh c6 thé nhanh chéng

luu va xt Iy cdc thong tin quan trong dé€ dat dudc muc tiéu dang theo dudi.

Viéc bS sung mot thanh phan bo nhé 16 rang c6 thé gitip hé théng Al khong chi luu va
truy xuét thong tin cu thé mot cach nhanh chéng va c6 chi dich, ma con c6 kha ning lap
luan tuan ty dya trén nhitng thong tin d6. PE lam dudc diéu nay, mang nd-ron can phai xi
ly thong tin theo nhiéu budc lién tiép, trong d6 mdi budc c6 thé thay d6i cach tiép nhan
dit liéu dau vao. Piéu nay rét can thiét néu ta mudn hé théng c6 thé suy luidn — thay vi

chi phan xa truc tiép mot cach “truc giac” nhu trudc.

Mot giai phap cho van dé nay 1a kién tric mang bd nhé (memory networks) do Weston
va cong su (2014) dé xuét. Cac mang niy c6 mot tip cdc 6 bd nhd, c6 thé dudc truy cip
thong qua mdt co ché dia chi. Tuy nhién, phién ban ban dau cia memory networks van
can cac tin hiéu gidm sat chi din cu thé cach st dung bo nhd.

DE khic phuc han ché d6, Graves va cong su (2014) da dé xuit kién triic May Turing
no-ron (Neural Turing Machine — NTM), cho phép md hinh hoc cach doc va ghi di liéu
vao bo nhé mot cach tu dong — ma khong can gidm sit rd rang vé thao tdc nao nén thuc
hién. Co ché nay st dung k¥ thuat chi y mém (soft attention mechanism), tuong tu nhu
phuong phap cia Bahdanau et al. (2015) dudc trinh bay trong muc 12.4.5.1.

Co ché dia chi mém da trd thanh mot chuén phd bién trong cic kién tric lién quan. N6
cho phép md phong lai céc thao tdc truy cip bd nhé nhu mot thuat todn, nhung van cé thé
t6i uu hoa bang gradient. Mdi & bo nhé trong hé thdng nay c6 thé xem nhu mot dang md
rong cuia O trang thai trong LSTM hodc GRU. Piém khac biét 12: mang nd-ron sé sinh ra
mot trang thdi ndi b, dung dé€ chon 6 bd nhé sé dugc doc hodc ghi — tuong tu nhu viéc
CPU trong mdy tinh doc hoic ghi dit liéu tai mot dia chi cu thé trong RAM.

Viéc budc mo hinh phéi sinh ra ding dia chi 6 nhé (theo sé nguyén) dé truy cap la
mot bai toan t6i uu rit khé. DE tranh van dé nay, NTM trong thuc té thudng thuc hién doc
hoic ghi tif nhiéu 6 bo nhé cung liic, chid khong chi mot 6. Khi doc, mo hinh 14y gid tri
trung binh ¢6 trong sb tlt nhiéu 6; khi ghi, md hinh ciing diéu chinh nhiéu 6 vé6i cic miic
dd khac nhau. C4c trong sb nay thudng dudgc tinh sao cho tip trung vao mot vai 6 — vi du
nhu st dung ham softmax.

Nhd viéc céc trong s6 nay van c6 dao ham khéc 0, nén ta c6 thé huin luyén toan bo hé
théng bing phuong phip gradient descent. Diéu nay gitip mang hoc dudc cac chién lugc
truy xuat va ghi nhé nhu mot hé théng bd nhé thuc thu, ma van c6 thé tdi vu tit dau dén

cudi. Pao ham ciia cdc trong sd dung dé truy cip bo nhd cho ta biét rang nén ting hay
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gidm mdi trong s6. Tuy nhién, trong thuc t&, dao ham thudng chi 16n dbi véi nhiing dia
chi bd nhé dang c6 trong sd cao — tiic 1a nhitng 6 bd nhé ma mo hinh dang tap trung
doc hodc ghi vao. Cac 6 bd nhé nay thuong khong chi chita mét gia tri don 1€ (scalar), ma

dugc mé rong thanh céc vector nhiéu chiéu.
C6 hai ly do chinh dé thiét ké 6 bo nhd chifa vector thay vi chi mot gia tri:

« Chi phi truy cip b nhé: Khi truy cip bd nhd, chiing ta phai tinh todn cic hé sb dia
chi cho nhiéu 6, diéu nay c6 thé tén kém vé miit tinh todn. Néu mdi 1an truy cap, ta
thu dugc mot vector thong tin day dd thay vi mot gid tri nhd, thi chi phi d6 s& dudc
st dung hi€u qua hon.

* Dia chi hoa theo ndi dung (content-based addressing): Khi 6 b nhé chita vector, ta
c6 thé tim kiém dya trén ndi dung bing cach khép mot phan ctia vector. Cach nay
gibng v6i kha ning clia con ngudi: chiing ta ¢6 thé nhé mot bai hat chi tir vai tli clia
doan diép khic. Vi du, mé hinh c6 thé dugc yéu cau “truy xuit bai hat c6 doan diép

khuc *We all live in a yellow submarine.””

Dia chi hoa theo ndi dung trai ngude véi dia chi hoa theo vi tri (location-based addressing),

ndi ta chi truy xuit dit liéu dua trén chi muc 6 bo nhé. Trong khi dia chi héa theo vi tri
don gian hon, dia chi hoa theo ndi dung linh hoat va thong minh hon — cho phép mo hinh

tim kiém dua trén y nghia.

Mot 1y do khédc d€ st dung 6 bd nhd c6 gid tri vector 1a kha ning gitt lai thong tin qua
nhiéu budc thdi gian. Néu ndi dung bo nhé khong bi ghi dé trong qua trinh huén luyén,
né c6 thé truyén thong tin hiéu qua vé phia trudc qua thdi gian, va gradient ciing c6 thé

truyén ngudc trd lai qua thdi gian ma khong gip vin dé bién mat hoic bung né.

Céch tiép can bd nhé 16 rang nay dudc minh hoa trong Hinh 10.18, ndi mot "mang
no-ron tac vu"dudc két nbi v6i mdt bo nhé ngoai. DUl mang no-ron tdc vu c¢6 thé 1a mang
lan truyén xudi hodc mang hoi tiép, nhung hé thong téng thé van 1a mot mang hdi tiép.
Mang nay hoc céch kiém sodt bd nhé — tifc 1a quyét dinh doc va ghi vao dau trong bod

2,

nhé.
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Memory cells

Reading
Writing mechanism
mechanism

A4

Task network,

controlling the memory

Hinh 10.18: So dd ctia mot mang vdi bd nhé 1o rang, thé hién cic thanh phan chinh ctia mdy
Turing no-ron. Trong hinh, phin “mang tic vu” (mang hdi tiép & phia du6i) xi Iy thong tin va
tuong tac v6i “bd nhé” (cac 6 nhd & phia trén). Mang hoc cich diéu khién viéc doc va ghi vao bd
nh6, thé hién bing cac mii tén hudng dén céc dia chi cu thé.

Bd nhd 10 rang gitip mo hinh hoc dugc nhiing tic vu ma cac RNN hay LSTM thong
thuong khong xi Iy hiéu qua. Mot trong nhiing ly do quan trong la vi thong tin — va ca
gradient — c6 thé truyén di qua thoi gian rt dai. Diéu nay gitip md hinh "ghi nhé"va hoc

tlf nhiing su kién cdch nhau xa trong chudi dit liéu.

Ngoai cich dung trung binh c6 trong sd dé truy cap bd nhé, mot phuong phap khic 1a
coi cdc hé s dia chi nhu cic xdc suét, sau d6 chi doc ngiu nhién mot 6 duy nhét trong
mdi budc (Zaremba va Sutskever, 2015). Phuong phap nay doi hdi phai ding cac ky thuat
tdi uu hda chuyén biét dé xi 1y cac quyét dinh rdi rac, sé dudc trinh bay trong muc 20.9.1.
Tuy nhién, dén thdi diém hién tai, huin luyén cac kién tric ngiu nhién nhu vy van khé
khin hon nhiéu so vé6i cac phuong phap xac dinh dung quyét dinh mém (soft decisions)
cho phép lan truyén ngudc (backpropagation).

Du chon phuong phdp mém hay ngiu nhién-cting (stochastic and hard), co ché chon
dia chi bo nhé c6 hinh thiic tuong tu nhu co ché chd y (attention mechanism). Co ché chu
y 1an dau dugc phd bién rong rii trong bai toan dich mdy (Bahdanau et al., 2015) va sé
dugc thao luan k§ hon & muc 12.4.5.1. Thuc té, y tudng chi y da xuit hién sém hon —
trong bai todn tao chit viét tay (Graves, 2013), véi co ché chi y han ché chi tién dan theo
thoi gian.

Trong céc hé théng dich may hay mang bd nhé, chii y cho phép tap trung vao bat ky vi
tri ndo trong bo nhé & mdi budc thdi gian — khong can phai theo thid ty tun tu nhu trudc.

Téng két: Mang no-ron hoi tiép (RNN) 1a mot cong cu quan trong d€ md rong hoc siu
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sang cac loai dif liéu dang chudi. Qua cédc phan trén, chiing ta da thiy cach két hop RNN
v6i bo nhé rd rang dé gitdp mo hinh hoc t6t hon trong céc bai toan can ghi nhd va suy luan
lau dai. Trong phan tiép theo, ching ta s& tim hiéu cich chon, st dung va dp dung cic

cong cu ndy vao cic ting dung thuc té.
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Dé 4p dung thanh cong cac k¥ thuat hoc siu trong thuc té, ngudi thuc hanh khong chi
can hi€u biét vé thuit todn va todn hoc, ma con phai biét cach dua ra cic quyét dinh phu
hop khi thiét k& va huin luyén hé théng. Cu thé, ngudi 1am hoc mdy can biét cach chon
thuat todn thich hop véi bai toan dang giai quyét, theo d&i qud trinh huin luyén, ddnh gia
hiéu qua dua trén dit liéu thu dugc, va diéu chinh hé thong theo cach hiéu qua nhét.

Trong thuc té, khi phét trién mot hé théng hoc mdy, ngudi ta thudng xuyén dit ra nhiing

cau hoi nhu sau:

* C6 can phdi thu thap thém dit liéu nita khong?

* MO hinh dang st dung li€u da phu hgp hay qua phtc tap (overfitting) hoac qua don

gian (underfitting)?

* C6 nén thém hoac bo di cac ky thudt regularization?

« Can cai thién thuat todn tbi uu hay khong?

e Liéu c6 1di gi trong qud trinh 14p trinh hay khong?

Néu ta cti thit nghiém ngau nhién cdc cau héi nay thi sé rat mit thai gian. Chinh vi thé,
can c¢6 mot phuong phap luan 16 rang dé€ dinh hudng t6t hon.

Nhiéu ngudi nghi ring mot chuyén gia hoc may gidi 1a ngudi phai biét rat nhiéu thuat
toan phiic tap va gidi toan. Thuc té cho thiy, viéc 4p dung ding mot thuat toan phd bién
nhung don gian thuong dem lai két qua t6t hon rit nhiéu so vé6i viéc cb gang ding mot ky
thuat phiic tap ma khong hiéu ro.

Quia trinh xay dung hé théng hoc mdy trong thuc té thudng gom céc bude sau:

1. X4c dinh muc tiéu ro rang: Can chon ra mot chi s6 danh gid hiéu qua (error metric)

phu hgp véi bai toan, vi du nhu: do chinh xac (Accuracy), F1-score, Precision, Recall,
V.V.

2. Xay dung hé thong dau-cudi: Nén cb ging hoan thién mot pipeline don gian nhung
c6 thé chay xuyén sudt ngay tlif ban dau, sau d6 méi dan cai thién thém.

3. Gidm sat va chin dodn: Dit ra cic cong cu do ludng dé€ phat hién nhiing diém yéu
(bottleneck) ctia hé thng. Vi du kiém tra xem van dé nam & overfitting, underfitting,
do dit liéu hay 15i 1ap trinh.

4. Lip lai va diéu chinh hé thong: Dua trén cac phan tich thu dudgc, thuc hién cic thay
ddi nhoé nhu thu thap thém dif liéu, diéu chinh céc siéu tham s6, hodc thay ddi mo
hinh.

Mot vi du thuc t& ndi bat vé viéc ap dung quy trinh nay 12 hé théng nhan dién s6 dia chi
ti hinh anh Street View cua Google (Goodfellow et al., 2014). Muc dich ctua du an nay la
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b6 sung cdc dia chi nha vao Google Maps:
* Xe Street View chup anh céc toa nha, dong thdi ghi lai toa do GPS cia tiing anh.
« Céc anh dudc st dung d€ huin luyén mot mang no-ron tich chap (CNN) nham nhan
dién s6 nha xuét hién trong &nh.
+ Két qua tir hé thong dugc dung dé€ cap nhat thém vi tri cac dia chi méi vao ban do.
Viéc phat trién thanh cong hé théng nay 12 mot vi du tiéu biéu cho viéc 4p dung hiéu
qué phuong phap luén thuc té trong linh vuc hoc siu.
11.1 Céc chi s6 dianh gia hiéu nang (Performance Metrics)
Khi bat ddu phat trién hé thdng hoc mdy, diéu quan trong dau tién ban can lam 1a xic
dinh &6 muc tiéu danh gida—cu thé 1a chon ra mdt chi s6 18i (error metric) phi hop. Viéc

nay sé dinh huéng toan bd qua trinh thiét ké mo hinh vé sau. Ban ciing cAn dit ra mot mtc

hiéu ning mong mudn dé so sanh két qua thuc té véi muc tiéu da dé ra.

Trong thuc té, khong thé hy vong mot mo hinh dat dudc 16i bang 0 tuyét d6i. Miic 16i
thip nhét c6 thé dat dudc dudc goi 1a Bayes error. Dy 1a miic 16i ly tudng trong trudng
hgp ban c¢6 vo han dit liéu huin luyén va biét chinh x4c phan phdi xdc suit cta dif lidu.
Tuy nhién, van ludn ton tai mot sd rao can khién ban khong thé dat dén Bayes error:

* Dit lidu dau vao c6 thé khong chifa day da thong tin can thiét d€ du dodn két qua

chinh x4c.

« Heé thong ban dang xay dung c6 thé mang tinh ngiu nhién mot cach tu nhién (stochastic).

* Ban bi han ché bdi luong dit liéu huin luyén thuc té c6 dudc.

C6 nhiéu ly do khién lugng dit liéu thu thap dugc bi han ché, ching han chi phi cao,
mét nhiéu thdi gian, hoic rii ro siic khde (nhu xét nghiém y té). Trong céc ting dung thuc
té, ban can can nhac ky gitta chi phi va Igi ich cda viéc thu thap thém dit liéu. Ngudgc lai,
khi 1am nghién cttu trén céc bo dit liéu tiéu chuén, ban thudng khong thé tu y thay doi dir
liéu.

Vay 1am sao dé biét miic hiéu ning ma ban dit ra c6 hop ly khong?

* Trong moi trudng hoc thuat: tham khio két qua benchmark tif cic nghién ctu truée.

* Trong thuc té: xdc dinh mic hiéu ning can thiét dua trén céc tiéu chi an toan, hiéu

qua kinh té, hodc kha ning chip nhan clia ngudi dung.

Sau khi x4c dinh miic hiéu ning mong mudn, ban c6 thé ding né 1am co sé dé chon
kién tric mo hinh, dit liéu, va thuat toan tdi uu phi hop nhét.

Khong chi mic d6 hiéu ning mong mubn ma loai chi s6 danh gid ciing rit quan trong.
Trong hoc mdy, chi s6 dung dé danh gid hiéu ning (performance metric) thudng khac véi

ham méit mat (cost function) dung khi huin luyén mé hinh.

Mot chi sb danh gid don gidn va phd bién 1a d6 chinh xdc (accuracy) hoic ti 1& 16i. Tuy

348



CHUONG 11. PHUONG PHAP LUAN THUC TIEN

nhién, trong nhiéu ng dung, ban can nhiing chi s6 cao cip hon.
Vi dy, néu xay dung mot hé thong loc thu rac (spam), ban can phan biét rd hai loai 16i:
* False positive (FP): Email hop 1¢ bi danh ddu nham thanh spam.
* False negative (FN): Email spam nhung khong bi phat hién, lot vao hop thu chinh.

Trong trudng hop nay, 156i FP nghiém trong hon FN rit nhiéu. Vi thé, thay vi chi tinh ti

1¢ 16i chung, ban can do chi phi tdng thé véi trong sd uu tién cho 18i FP cao hon FN.

Mot vi du khac: gid st ban mubn phat hién mot cin bénh rat hiém gip, ty 1& chi
khoang 1 trén 1 tri€u. Mot mo hinh Iudn du doan "khong mac bénh"sé dat do chinh xéc
t6i 99,9999% nhung lai hoan toan vo dung. Pay 1a vi du cho thiy do chinh x4c khong phai

ludn 12 chi s6 phan 4nh diing hiéu ning.
Trong nhiing tinh huéng nhu vay, ngudi ta diing hai chi sé ddnh gia khéc:
* Precision (d0 chinh xac du doan): Ti 1€ cac du doan duong tinh ma dung thuc su.

* Recall (d6 bao phu): Ti 1€ cac truong hgp duong tinh that su dudc phat hién béi mo
hinh.

Vi du cu thé:
+ Néu mo hinh lu6n du dodn "khong bénh"= Precision = 100%, Recall = 0%.
« Néu m6 hinh luon du dodn "c6 bénh"= Recall = 100%, Precision rat thap.

Néu mo hinh dua ra mot xac suét du dodn § = P(y = 1|x), ban can chon mdt ngudng
cu thé d€ quyét dinh duong tinh hay am tinh. Viéc diéu chinh ngudng sé din dén su danh

ddi gitta precision va recall.
D& danh gia tdng hop hai chi s6 nay, ta dung chi s6 F-score:

P 2pr
p+r

trong do p la precision, r la recall.

Mot cach danh gid téng quat hon nita 1 do dién tich duéi dudng cong Precision-Recall
(PR-AUC).

Trong nhiéu tinh hudng thuc té, hé thdng hoc mdy c6 thé dugc thiét ké dé tir chbi dua
ra quyét dinh néu né khong di tu tin. Cach 1am nay rét hitu ich trong nhiing trudng hop
quyét dinh sai c6 hau qua nghiém trong va c6 su hd trg clia con ngudi.

Vi du 16 rang 13 du 4n trich xuét dia chi tit 4nh chup Street View. Nhiém vu ctia hé
théng nay 1a chuyén ddi s6 nha trén anh thanh dia chi trén ban d6. Trong trudng hop nay,
thong tin sai c6 thé 1am gidm chit lugng clia ban d6 mot cach dang ké.

Vi vdy, mot chién Iudc an toan hon la chi cip nhat dia chi 1én ban dd khi hé théng chac

chan két qua diing. Khi hé thdng khong du tu tin, 4nh sé dudc chuyén sang cho mot ngudi
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xu ly thu cong.
Trong tinh huéng nhu vay, chi sé danh gid hiéu ning phi hop 12 coverage—tic ti 1& sd

mau ma hé thdng quyét dinh xt 1y tu dong:
» Coverage: Ti I¢ phdn trdm cdc mdu ma hé théng dua ra quyét dinh.

e C6 mdt sy danh doi o rang gilia coverage va accuracy: ban ludn c6 th€ dat duge do

chinh xdc 100% bang céch tit chdi tit ca cac mau, nhung lic nay coverage = 0%.

V6i bai toan Street View, muc tidu dit ra 1a dat do chinh xdc ngang bing con ngudi
(khoang 98%) va van dam bao coverage it nhat 1a 95%. Nghia 12 hé thong phai xit ly tu
dong dudc da sd cic trudng hop nhung van phai giit do chinh xac cao.

Ngoai coverage, tly tiing ting dung s& c6 thém cac chi sd hiéu ning chuyén biét khéc.

Mot s6 vi du phd bién gom:
« Ty 1& nhip chuot (CTR): ding trong quang cdo online.
* Miic do hai long ctia ngudi dung: thudng do bang khao sat.

* Céc tiéu chi dic thi khac: phu thudc vao tiing linh vuc cu thé nhu y té, tai chinh,

cong nghiép,...

Diéu quan trong nhét 13, truée khi bat dau xay dung hodc cai tién mot hé théng hoc
mdy, ban phai xdc dinh rd dau la chi s6 hiéu ning chinh. Tat ca thiét ké, lua chon m6 hinh
va ddnh gid hiéu qua sau d6 déu xoay quanh chi s& nay. Néu khong c6 mot muc tiéu rd
rang, it khé dé biét nhiing thay d6i ban 1am dang cai thién hay 1am té& di hé thdng ctia

minh.

11.2 M6 hinh c6 s6 méic dinh (Default Baseline Models)

Sau khi di x4c dinh rd cic chi s6 hiéu suit va muc tiéu cu thé, budc tiép theo can lam
trong bat ky ting dung hoc may thuc té nao 13 nhanh chéng xiy dung mot hé théng dau-
cudi (end-to-end) don gian. Viéc nay nhiam tao ra mot mod hinh co s3 ban dau (baseline)
dé 1am nén tang cho cdc budc cai tién sau nay.

Tuy thudc vao do phic tap ctia bai toan, doi khi ban tham chi khong can phai dung dén
cac ky thuat hoc siu ngay tit dau. Néu bai toan don gian, c6 thé giai quyét chi bang viéc
diéu chinh vai trong s6 tuyén tinh thi tot nhit ban nén thit nghiém trudc v6i cac mo hinh

théng ké don gian, chang han nhu hoi quy logistic (logistic regression).

Ngugc lai, néu ban biét chic chin bai toan ctia minh thudc loai rit kh6—con goi 1a cac
bai toan Al-complete (vi du nhu nhan dién dbi tugng, nhan dang giong néi hay dich may),
thi t6t nhat nén bat dau ludn véi moét mo hinh hoc sau phu hop.

Viéc lua chon mé hinh co s chii yéu phu thudc vao cu tric ctia dit liéu dau vao:

« Néu dif liéu dau vao clia ban 12 cic vector c6 kich thuée cb dinh, hdy st dung

mang truyén thang (feedforward network) vé6i cac 16p két ndi day du (fully-connected

layers).
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» Néu dit liéu c6 ciu tric khong gian 1o rang, vi du hinh 4nh, ban nén chon mang
no-ron tich chdp (CNN).

 Néu dif liéu dau vao hodc dau ra 1a dang chudi (sequence), thi hiy dung mang hoi

tiép c6 céng (LSTM hoic GRU).

Trong céc md hinh nay, thong thudng ban sé st dung cac ham kich hoat dang phi tuyén
tiing phan (piecewise linear), chang han nhu ReLU hoic cac phién ban cai tién ctia né
(Leaky ReL.U, PReLLU, Maxout).

Déi véi thuit toan tdi vu héa, cé hai lua chon thudng gip va hiéu qua:

 SGD v6i momentum, thudng di kém véi viéc gidm toc dd hoc dan dan (learning rate

decay).

— Céac phuong phép giam tdc dd hoc gdm: gidm tuyén tinh t6i mot gia tri nhd nhét,
gidm theo ham mii, hodc gidm moi khi hiéu ning trén tap ki€m dinh (validation)
khong con cai thién nita (reduce LR on plateau).

« Adam Ia lua chon phd bién khdc, rat d& ding va hiéu qua trong nhiéu trudng hop.

Batch normalization ciing thudng rat hitu ich, dic biét khi ban ding CNN hoic céc

ham kich hoat kiéu sigmoid. Ban c6 thé chua can dua batch normalization ngay vao mo

hinh ban dau, nhung néu qu4 trinh huén luyén gip khé khin, hiy bd sung né sém.

Trur khi ban ¢6 mot lugng dit liéu cuc ky 16n (hang chuc triéu mau), ban nén dua vao

cac k¥ thuat regularization nhe ngay tlt du dé tranh overfitting:
» Early stopping (diing sém): gan nhu lu6n ludn hitu ich.
* Dropout: rat dé trién khai, hiéu qua cao, tuong thich v6i hau hét cic loai mang.

« Batch normalization ddi khi cling d6ng vai trd gidm overfitting, thim chi thay thé

dropout trong mot sd trudng hop.

Néu bai toan ban lam tuong tu véi mot van dé da tiing dudc nghién ciu ky trude do,
hay bat dau bang cich sao chép lai cac md hinh va thuit todn di ching minh hiéu qua
trong cac nghién ctiu truéc. Tham chi, ban c6 thé st dung truc tiép cac md hinh da dugc
huén luyén sin dé€ lam baseline.

Vi du dién hinh 12 viéc tdi st dung cdc dic trung tif mdt mang CNN di dugc huin
luyén trén bo du liéu ImageNet cho cac bai toan thi gidc mdy tinh khac.

Mot cau hdi thudng gip 1a liéu c6 nén bat dau bang cac ky thuat hoc khong gidm sat
(unsupervised learning) hay khong. Diéu nay thuc ra phu thudc nhiéu vio linh vuc ting
dung:

* V6i linh vuc xt Iy ngén ngtt tu nhién (NLP), cac k¥ thuat hoc khong giam sat (nhu

embedding tif ngit) dem lai 1gi ich rét 16 rang.

* Trong thi gidc may tinh, cac phuong phap hoc khong giam sat hién tai thuong chi
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hitu ich trong céc thiét 14p ban giam sat (semi-supervised learning), khi lugng nhin
rat it.

Néu ting dung ctia ban thudc vao linh viic ma hoc khong gidm sat da chiing minh hiéu
qua, hdy thém né vao mo hinh baseline ngay tif dau. Ngudc lai, ban chi nén dung hoc
khong gidm sat néu bai todn ctia ban vén da 1a bai toan khong gidm sat—hoic bd sung
vao sau néu md hinh ctia ban dang bi overfit 1o rét.

11.3 Xac dinh c6 nén thu thap thém du liéu hay khong

Sau khi da xay dung xong mot hé théng hoc sau dau tién c6 thé chay tron ven tit dau
dén cudi, budc tiép theo 1a ddnh gia hiéu suat mo hinh va tim cach cai thién né. Mot sai
1am phd bién, dic biét v6i nhiing ngudi méi hoc, 1a thit thay d6i nhiéu thuat toan khac
nhau d€ cai thién két qua. Tuy nhién, trong nhiéu trudng hop, cach cii thién hiéu qua hon
12 thu thap thém dit liéu huin luyén thay vi thay ddi thuat toan.

Trudce tién, can danh gia hiéu suit mo hinh trén tip huén luyén:

Néu md hinh cho két qua kém ngay trén tip huin luyén, nghia 12 né chua khai thac
dugc hét tiém ning tir dif liéu hién c6. Trong tinh hubng nay, khong nén thu thap thém dit
liéu, ma nén tap trung vao cac hudng sau:

* Ting do phic tap ctia md hinh—vi du: thém nhiéu tang hon hoic ting sb luong

ng-ron.
« Tinh chinh céc siéu tham s, dic biét 1a tbc do hoc (learning rate).

» Kiém tra lai chit lugng dit liéu—dit liéu c6 thé nhiéu hoic thiéu céc dic trung quan

trong.

Ngudc lai, néu mo hinh hoat dong tot trén tip huin luyén nhung lai kém trén tap kiém
tra, thi day 13 dau hiéu cta hién tuong overfitting. Trong trudng hop niy, viéc thu thap
thém dit liéu huin luyén c6 thé gidp cai thién ding ké kha ning téng quat héa cia mo
hinh. Mt sb yéu t6 can can nhac khi quyét dinh c6 nén thu thap thém dit liéu hay khong:

« Chi phi va tinh kha thi ctia viéc thu thap thém dit liéu trong ngit canh thuc té.

* So sanh chi phi nay vdi chi phi va hidu qua clia cac phucng phap cai tién khac, ching

han nhu regularization.

» Udc luong s6 lugng dit liéu can thém dé c6 cai thién ro rét vé hidu suit.

Vi du, cac cong ty cong nghé 16n nhu Google hay Facebook thuong c6 kha nang thu
thap dit liéu tir hang triéu ngudi dung, nén ho c6 thé dé dang md rong tap di liéu dé cai
thién mo hinh. Tuy nhién, trong c4c linh vuc nhu y hoc, viéc thu thap dit liéu méi lai rat
ton kém, khé khin, hodc tiém 4n rti ro cho bénh nhan.

Trong mdt s6 trudng hop, thay vi thu thap thém dit lidu, ban c6 thé thit cai thién khi
ning tdng quat héa ctia mo hinh bang cach dp dung céc ky thuat regularization:

« Diéu chinh hé s6 phat (weight decay).

352



CHUONG 11. PHUONG PHAP LUAN THUC TIEN

« Ap dung dropout.
* Giam do phtc tap cua mod hinh.

Néu ban da thi cic bién phap regularization ma mo hinh van bi overfit, thi d6 1 lic

nén nghiém tuc xem xét viéc thu thap thém du liéu.

Dé dinh Iugng xem can thém bao nhiéu dit liéu, mot phuong phap hitu ich 1a vé biéu
dd thé hién mbi quan hé gitta kich thu6c tap huin luyén va 156i kiém tra (generalization
error). Tt dudng cong d6, ban c6 thé ngoai suy (extrapolate) d€ wéc lugng lugng dit liéu
can thiét d€ dat dugc miic 16i mong mudn.

Thong thuong, viéc taing thém mot lugng nho dit liéu s€ khong tao ra su cai thién dang
ké. Do d6, ban nén thit cic mic ting theo cip s6 nhan—vi du: nhan ddi kich thudc tap

huén luyén méi 1an thit nghiém.

Tém lai, viéc quyét dinh c6 nén thu thap thém dit liéu hay khong 12 mot phan rit quan
trong trong quy trinh phat trién mo hinh hoc may. D€ dua ra quyét dinh diing dan, ban can
danh gia ky ludng hiéu suat hién tai ciia mo hinh, chi phi thu thap dif liéu, ciing nhu céc
lua chon thay thé kha thi khac.

11.4 Chon hyperparameter

Hau hét c4c thuat todn hoc siu déu di kém véi nhiéu hyperparameter — tiic 1 cc tham
s6 ma mo hinh khong tu hoc dugc tir dit liéu, ma ban phai chon trudc khi bit dau huin
luyén. Nhitng hyperparameter ny déng vai trd then chdt, vi ching 4nh hudng dén ca qua

trinh huén luyén 14n hiéu suit ciia mo hinh khi trién khai trén dit liéu méi.

Mot sb hyperparameter chii yéu quyét dinh dén thdi gian huin luyén va miic st dung
tai nguyén, vi du nhu kich thudc batch hay sb ting trong mang. Mot s6 khac thi anh hudng
truc tiép dén chit luong dau ra ctia mo hinh, nhu kha ning md hinh khai quat héa tot dén
cac dif liéu chua tiing thiy.

C6 hai phuong phap chinh dé Iva chon cic hyperparameter:

* Chon thi cong: Ngudi dung tu diéu chinh céc gid tri hyperparameter dua trén kinh
nghiém va kién thiic vé mo hinh. Phuong phdp nay thudng dudc st dung khi ban
hiéu 16 céc siéu tham s6 anh hudng dén mo hinh ra sao, va c6 thé thu hep khong gian
tim kiém dua trén hiéu biét chuyén nganh.

e Chon tu dong: Trong phuong phdp nay, ban st dung céc thuat todn dé tu dong tim
ra t& hop hyperparameter t6i uu nhit. Uu di€ém 12 khong can hiéu sau vé tiing siéu
tham sd, nhung nhudc diém Ia rit ton chi phi tinh toan, vi phai huin luyén md hinh
nhiéu 1an véi cac cAu hinh khac nhau. Thudng thi khong gian cdc hyperparameter 1a
rit 16n, vi vy ngudi ta thudng 4p dung céc chién ludc nhu:

— Tim kiém ngau nhién (random search),

— Tim kiém theo 1uéi (grid search),
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— hoic cac k¥ thuit nang cao hon nhu t6i tu héa Bayesian (Bayesian optimization).

11.4.1 Piéu chinh siéu tham sé tha cong
Khi tinh chinh céc siéu tham s6 (hyperparameter) bang tay, ngudi dung can hiéu rd
mbi quan hé gitta cac tham s6 nay véi 16i hudn luyén, 16i tdng quat va tai nguyén tinh todn
nhu thdi gian chay va bd nhé. Muc tiéu 1a tim dudc tap hop gia tri siéu tham sb phu hop

dé€ giam 16i téng quat ma van nam trong gi6i han tai nguyén cho phép.
Hiéu suit cia mot md hinh hoc sau phu thudc chid yéu vao ba yéu to:

» Kha niing biéu dién (representational capacity): M6 hinh cang siu (nhiéu tang) va

rong (nhiéu no-ron) thi cang cé thé hoc dudc cac ham phic tap.

+ Khé niing tbi uu héa (optimization ability): Thuat todn huin luyén phai dd manh dé
tim dudc trong s tot giip giam haim mat mat.

* Su diéu chuén (regularization): Cac ky thuat nhu weight decay gitp ngin md hinh

hoc qua mifc vao dit liéu huan luyén, tir d6 gitt dudc kha ning khai quat hoa.

Trong nhiéu trudng hop, 16i tdng quat cia md hinh thay ddi theo hinh dang dudng cong
chit U khi ta thay d&i mot siéu tham s:

* Néu gid tri siéu tham sd qua thip = md hinh qua don giadn = underfitting.

* Néu gi4 tri qua cao = md hinh qud phtc tap = overfitting.

+ C6 modt khoang gid tri vita phai gidp tbi uu héa 16i tdng quat.

Mot sb siéu tham sd nhu sb ting 4n hay s6 lugng nd-ron 1a cic gid tri roji rac nén kho

xdc dinh chinh xdc diém t6i uu. Mot s6 khac, chang han nhu viéc bat hodc tit mot ki thuat

nao do, chi c¢6 hai lua chon nén cang kho danh gia theo dudng cong U.

Trong tht ca cdc siéu tham sb, tdc do hoc (learning rate) thudng 1a quan trong nhit.
Néu chi c6 thé tinh chinh mot tham sd, hdy bat dau tir day:

* Toc dd hoc qué 16n = mo hinh dé bi mét 6n dinh, 16i huin luyén c6 thé ting.
* Téc d6 hoc qua nhd = mé hinh hoc rat cham, dé bi mic ket & di€ém khong tdi uu.

Thong thudng, 16i huin luyén theo toc dd hoc ciing c6 dang dudng cong chit U, dudc
minh hoa trong Hinh 11.1:
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Training error
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Hinh 11.1: Mbi quan hé dién hinh gitta téc d6 hoc va 18i huan luyén. Khi tc do hoc vugt qua mic
t6i uu, 16i huan luyén ting vot. Néu téc do hoc qua nhd, mo hinh c6 thé khong hoc di trong thi
gian cho phép. Toc dd hoc ciing anh hudng dén kha niing regularization ctia md hinh.

Khi danh gia md hinh, néu 16i trén tap kiém tra (test error) cao, ban can xem xét hai
thanh phan:

* L6i huin luyén (training error): mo hinh hoc chua tét trén dit liéu huén luyén.

 Khoang cach tdng quat hoa (generalization gap): su chénh léch giita 16i huin luyén

va 16i kiém tra.

Muc tiéu 13 gidm c4 hai loai 16i nay. Trong thuc té, cic mo hinh hoc sau thudng cho
két qua t6t nhét khi 16i huén luyén gan nhu bang 0, va phan 16n 16i con lai dén tit khoang
cch khdi quat héa. Chién lugc then chdt 1a: gidm khoang cach khdi quat héa ma khong
lam ting 16i huin luyén. Mot cach hiéu qua 1a diéu chinh cic siéu tham sb lién quan dén

regularization nhu:
* Thém dropout.
* Tang weight decay.

Hau hét cic siéu tham sd déu c6 thé xem nhu yéu t6 1am ting hodc gidm do phiic tap
ctia md hinh. Vi du: ting s6 16p hoic gidm regularization sé lam mo hinh manh hon nhung
ciing dé bi overfit hon. Bang sau tom tit anh hudng ctia mot s6 siéu tham sd phd bién dén
do phic tap cia mo hinh:

Mot chién luge don gidn ma thuc té 12 ting dan do phiic tap mo hinh va kich thuéc
tap huan luyén cho dén khi mo hinh gii quyét dudc bai todn. Chién ludc nay doi hdi tai
nguyén tinh toan 16n nén chi phu hgp néu ban c6 di kha ning. Du trén ly thuyét, ting do
phtic tap c6 thé 1am qud trinh t6i uu khé hon, nhung thuc té cho thiy, néu ban thiét ké
mang ding cach, diéu nay hiém khi 12 tr ngai 16n.

11.4.2 Thuét toan t6i wru siéu tham s tw dong

Trong mot thé gidi 1y tudng, thuat toan hoc mdy chi cin dau vao 1a mot tap dit liéu va
s& tu dong trd vé mot ham dy dodn tbi wu, ma khong can ngudi ding can thiép vao bét
ky siéu tham sb (hyperparameter) nao. S& di céc thuat toan nhu hdi quy logistic hay may
vector hd trg (SVM) dudc st dung rong rii mot phan 12 vi ching hoat dong kha hiéu qué
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Siéu tham sb

Tang do phtc
tap khi...

Ly do

Luuy

hoc mudt hon nhung dé

S6 tang an ting Mb hinh siu hon c6 thé | Tang thdi gian va bd nhé
bi€u dién ham phic tap | tinh toan
hon

Toc d6 hoc t6i uu Gia tri khong phu hop sé | Nén la siéu tham s6 dau
can trd qud trinh tbi uu tién dé tinh chinh

Do rong kernel tich | ting Thém tham s6, md hinh | Ting chi phi tinh toan,

chap hoc dugc nhiéu dic trung | giam kich thu6c dic trung
hon

Zero padding tang Giit nguyén kich thuéc qua | Ting tiéu ton tai nguyén
nhiéu 16p tich chap

Weight decay gidm Gi6i han it hon 1én trong s6 | D& overfit néu giam qud
— mo6 hinh linh hoat hon | nhiéu

Ty 1€ dropout giam It dropout hon — mang | Qua it thi khong regularize

tot, qua nhiéu thi khé hoi

overfit tu

Bang 11.1: Tic dong ctia céc siéu tham sb dén do phiic tap mo hinh

v6i chi mot hoic hai siéu tham s6 can diéu chinh.

Mang nd-ron déi khi ciing cho két qua t6t chi v6i vai siéu tham sd co ban. Tuy nhién,
trong nhiéu trudng hop thuc té, viéc diéu chinh dén hang chuc, thAm chi hon 40 siéu tham
s6 6 thé gidp cai thién hiéu sut dang ké.

Tinh chinh thd cong c6 thé rat hiéu qua néu ban c6 diém khdi dau tét—vi du: dua vao
két qua tir cac nghién ctiu trude d6 trén bai toan tuong tu, hoic rit ra tif kinh nghiém thuc
tién. Nhung trong nhiéu tinh hudng, dic biét 13 v6i cac ing dung méi hoic dii liéu dic thu,
nhiing diém khdéi dau nay lai khong hé sin c6. Khi d6, cc thuat todn tu dong tim kiém

siéu tham s6 sé trd nén cuc ky hitu ich.

Thuc té, qué trinh con ngudi tinh chinh siéu tham sb ciing 12 mot hinh thic t6i vu
hoéa: tim mot t6 hgp gid tri sao cho mdt ham muc tiéu—chrfmg han nhu sai sb trén tap
validation—dugc gidm thiéu, c6 thé kém thém cac rang budc nhu gidi han thdi gian huén
luyén, bd nhé st dung, hoiic toc do suy luan.

Tir nguyén ly ndy, ngudi ta c6 thé xay dung cac thudt todn t6i wu hod siéu tham s tu
dong, ¢ thé xem nhu 16p bao boc bén ngoai (wrapper) cho mé hinh hoc mdy chinh. Cac
thuat todn nay sé tu dong Iua chon céc siéu tham s6 phit hgp ma khong can ngudi diing
phéi hiéu sau vé chi tiét ky thuat.

Tuy nhién, mot diém nghich ly 1a: cdc thuat toan tbi vu siéu tham sd nay lai thudng cé
cac siéu tham sé cdp hai ctia chinh ching—vi du nhu khoang gid tri can kham phd cho
tiing siéu tham sb ctia mo6 hinh chinh. DU vay, nhiing siéu tham s6 cp hai nay thudng
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khong qua khé dé thiét 1ap, bdi vi c6 thé 4p dung cdc gia tri mic dinh hodc dai tim kiém
phd bién cho nhiéu bai toan khac nhau ma khong can tinh chinh qua ky.
11.4.3 Tim kiém theo ludi (Grid Search)

Khi chi c6 mot vai siéu tham sd can tinh chinh—thudng 14 ba hoic it hon—thi mot
trong nhiing phuong phdp don gian va phd bién nhét 1a tim kiém theo luéi (grid search).
V6i phuong phap nay, ngudi ding dinh nghia truéc mot tip hitu han cac gia tri c6 thé thir
cho méi siéu tham s6. Sau do, thuat toan sé huin luyén mo hinh véi tht ca céc t6 hop gia

tri c6 thé tr tich Descartes ctia cdc tap gia tri da chon.

Grid Random

Hinh 11.2: So sdnh gitta tim kiém theo 1uéi (grid search) va tim kiém ngiu nhién (random search).
Vi du nay minh hoa véi hai siéu tham s6, nhung trong thuc t& c6 thé c6 nhiéu hon. (Trai) Véi grid
search, ta thii toan bo t6 hop céc gia tri da dinh trudc. (Phai) Vi random search, ta dinh nghia mot
phan phdi cho mdi siéu tham sb, rdi iy mau ngiu nhién tif khong gian t& hop. Khi chi mot vai
siéu tham s6 4nh hudng nhiéu dén hiéu ning (trong vi du nay 1a truc hoanh), random search c6 xu
huéng ki€m tra dugc nhiu gia tri khac nhau hon ctia siéu tham s6 quan trong, con grid search lai
ton cong vao nhiing siéu tham s it anh huéng. Hinh dudc trich tir Bergstra va Bengio (2012).

Sau khi da huin luyén xong tit cd md hinh, t& hop siéu tham sd nao cho 16i nho nhét
trén tap xdc thuc (validation set) sé dudc chon 1a tot nhét.

Chon gia tri nao dé dua vao 1u6i? V6i cic siéu tham sb c6 gia tri s6 hoc, ngudi dung
thudng chon mot tip gid tri rdi déu trén thang logarit d€ ting kha ning bao phii viing c6
gia tri toi wu. Vi du:

* Tbc d6 hoc (learning rate): {0.1,0.01, 1073, 1074, 1075}

* S6 lugng no-ron an: {50, 100, 200, 500, 1000, 2000}

Tim kiém theo lu6i thudng hiéu qua hon néu dugc lip lai theo titng vong. Vi du, néu
ban thit o € {—1,0,1} va thiy 1 1a t6t nhit, ban c6 thé md rong pham vi: thit tiép véi
a € {1,2,3}. Néu gia trj t6i uu 12 0, ban c6 thé thu hep lai: thi véi {—0.1,0,0.1}.

Nhugc diém chinh ctia Grid Search 1a chi phi tinh to4n ting theo cip s6 mii khi s6 luong
siéu tham sb ting 1én. Néu c6 m siéu tham s6 va mdbi tham sd thit n gia tri, s6 mo hinh

can huén luyén 1a O(n™).
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Mic du cac thit nghiém trong grid search c6 thé thuc hién song song (vi khong phu
thudc 14n nhau), nhung viéc chi phi ting qud nhanh theo s siéu tham s6 khién phuong
phap nay khdng phu hop véi cac khong gian tim kiém 16n. Khi s6 siéu tham sb vuot qua
mot ngudng nhit dinh, grid search trd nén khong hidu qué va can thay thé bing cac chién
lugc khac nhu random search hodc Bayesian optimization.

11.4.4 Tim kiém ngiu nhién (Random Search)

May man la c6 mot phuong phap thay thé cho grid search vira don gian trong 1ap trinh,
dé trién khai, lai thudng tim ra cic gia tri siéu tham s6 t6t nhanh hon — d6 1a random
search (tim kiém ngau nhién), dudc dé xuit bsi Bergstra va Bengio (2012).

Nguyén Iy hoat dong: Trudc tién, ta xac dinh mot phan phdi bién (marginal distribution)
cho tiing siéu tham sb. Vi du:

* V6i cic siéu tham sb i rac hodic nhi phan, c6 thé ding phan phéi Bernoulli hoic

multinoulli.

* V6i cdc siéu tham s6 sb thuc duong, nén ding phan phdi déu theo thang logarit. Vi
du:

log_learning_rate ~ U(—5, —1) (11.1)

learning_rate = ](!0s-learming_rate (11.2)
Tuong tu, s6 lugng no-ron an c6 thé chon ti:

log_units ~ U(log(50),log(2000))

Uu diém chinh:
« Khong can rdi rac héa céc gid tri nhu grid search, do d6 c6 thé kham phd dudc khong
gian siéu tham s6 rong hon ma van tiét kiém chi phi tinh todn.
* Khi sb lugng siéu tham s6 16n nhung chi mot s6 it trong d6 anh hudng nhiéu dén
hiéu sudt mo hinh, random search thudng vuot troi hon grid search. Nghién cifu ctia

Bergstra va Bengio (2012) cho thiy random search gidp gidm 16i nhanh hon néu xét

trén cling s6 1an thi.
So sanh véi Grid Search: Grid search dé bi 1ang phi tai nguyén khi thi nhiéu gid tri gan
nhau clia c4c siéu tham sd it quan trong, con random search thudng tao ra cic t& hop da

dang hon — tif d6 cung cip thém thong tin gid tri trong mbi 1an th.

Luu y: Tuong tu nhu grid search, random search ciing c¢6 thé dugc Lip lai nhiéu 1an d€ tinh
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chinh lai khong gian tim kiém, dua trén cac két qua thu dudc tir cac 1an thi ban dau.
11.4.5 T6i vu siéu tham s6 dua trén mé hinh
Qud trinh tim kiém siéu tham s6 t6i uu thuc chét 12 mot bai toan tbi uu héa, trong do:
« Bién dau vao (decision variables) la c4c siéu tham sb.

 Ham muc tiéu 12 16i trén tap xac thuc sau khi md hinh dugc huin luyén véi tap siéu

tham s6 dé.

Trong nhiing trudng hop don gian, néu ta c6 thé tinh dao ham ctia 16i theo siéu tham
s6, thi c6 thé ap dung cac phuong phdp t6i uu gradient-based Bengio1999, Bengio2000,
Maclaurin2015. Tuy nhién, trong thuc té, diéu nay hiém khi kha thi do:

* Chi phi tinh toan hoac bo nhé qua 16n.
+ Nhiéu siéu tham s 12 rdji rac, 1am cho ham 16i khong kha vi.
11.4.6 Toi wu héa dua trén mé hinh (Model-based Optimization)
Thay vi can gradient thuc, ta ¢6 thé xdy dung mot md hinh du doan 16i trén tip xdc

thuc dua trén cdc cAu hinh siéu tham sb da thit. M hinh nay sau d6 dugc dung dé dé xuét

cac t6 hop siéu tham sb méi, bang céch t6i vu héa bén trong khong gian du doan.

Phan 16n cidc phuong phéap thudc hudng tiép can nay sit dung mdt mo hinh hodi quy
Bayes dé€ uéc lugng:

* Ky vong 15i xdc thuc v6i mdi t& hop siéu tham sb.
* Mitic d6 khong chic chin (uncertainty) clia cac uéc lugng nay.
Qua trinh tim kiém khi d6 tré thanh mot bai todn can bang gitta hai yéu t6:

« Exploration (thim do): thi nhiing viing ma mo hinh con chua chic chian — c6 thé

chiia siéu tham s rét tot chua tiing biét.

« Exploitation (khai thac): uu tién thi nhiing viing ma md hinh tin rang sé cho két qua
tot — thudng dua trén di liéu lich si.

11.4.7 Mot s6 phwong phap hién dai:

* Spearmint Snoek2012

* TPE (Tree-structured Parzen Estimator) Bergstra2011

* SMAC (Sequential Model-based Algorithm Configuration) Hutter2011
11.4.8 Han ché hién tai:

Du céc phuong phép tdi uu siéu tham sd dua trén mo hinh — dic biét 1a t6i wu hoa
Bayes (Bayesian Optimization) — dang ngay cang phd bién va thu hiit nhiéu nghién ciu,
chiing van con nhiéu han ché khién viéc 4p dung trong thuc té chua hoan toan dang tin

cay.

Hién tai, ching t6i chua thé khang dinh ring cic phuong phap nay 1a cong cu 6n dinh
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va hiéu qua cao cho viéc tdi uu siéu tham sd trong deep learning. Trén mot s bai todn
cu thé, cic thuat todn nhu TPE hay SMAC c6 thé tim ra cic cAu hinh siéu tham s6 t6t
hon hoic ngang bang véi cac chuyén gia con ngudi nhiéu kinh nghiém. Tuy nhién, ciing
c6 khong it trudng hop ching hoan toan thét bai — din dén viéc chon ra nhiing ciu hinh

khong hiéu qua, thdm chi lam giam manh hiéu nang mo hinh.

Ly do 12 vi nhitng thuit toan nay hoat dong dua trén mo hinh hdi quy dugc huin luyén
tir két qua céc thi nghiém trudc. Néu dit liéu huin luyén ban dau khong dai dién hoic c6
sai 1éch, mo hinh nay sé din dén nhitng dé xuét sai 1éch. Ngoai ra, cic yéu t6 nhu dic tinh
khong 6n dinh ctia qua trinh huén luyén deep learning (chang han do ngiu nhién trong
khdi tao hoiic batch), hay céc siéu tham sb roi rac khong lién tuc, cling khién mé hinh du

doan kém chinh xac.

Vi vay, cho dén hién tai, t6i vu héa Bayes va cac phuong phap tuong tu nén dudc xem
nhu cong cu hd trg can dudc thir nghiém thém, chi chua phai 13 gidi phap t6i uu ddm bio

két qua t6t trong moi tinh hudng.

Tuy nhién, linh vuc ti vu siéu tham sb tu dong néi chung — diic biét 1a cac ky thuat dua
trén mo hinh — vin 12 mot huéng nghién ciiu dy tiém ning. Khong chi danh riéng cho
deep learning, nhiing phuong phap nay c6 thé mang lai anh hudng 16n dén toan bd nganh
hoc mdy (machine learning), va rong hon 1a tit ca cac linh vuc trong khoa hoc ky thuat
noi cidc mo hinh phic tap can diéu chinh thong s6 dé dat hiéu suét tdi uu.
11.4.9 Mot diém yéu chung:

Mot han ché 16n ctia phan 16n cac phuong phap t6i uu siéu tham sd hién nay — diic
biét 1a cic k¥ thuét phiic tap hon random search — 1a: chting yéu cu mdi thit nghiém phai
dugc huin luyén dén hét vong doi d€ c6 thé danh gia va riit ra thong tin phuc vu cho budc

tiép theo.

Céch tiép can nay dan dén viéc tiéu ton rit nhiéu tai nguyén. Trong khi d6, con ngudi
khi tinh chinh thii cong thudng c6 thé nhanh chéng phat hién ra néu mot tS hop siéu tham
s6 12 “tham hoa”, vi du nhu khi mo hinh khong hoi tu, 16i ting vot, hodc qua trinh huin

luyén qua chim — va do d6 c6 thé diing sém dé tiét kiém thdi gian va tai nguyén.

Nham giai quyét han ché nay, Swersky et al. (2014) da dé xuit mot phuong phap ban
dau cho phép duy tri nhiéu thi nghiém song song véi kha ning quan ly linh hoat hon. Y
tudng chinh la:

* Tai mbi thoi di€m, hé thdng c6 thé khéi dong thém mot thi nghiém méi véi mot ciu

hinh siéu tham s6 méi.

+ Néu thdy mot thit nghiém dang chay c6 biéu hién khong kha quan (dua trén cac chi

s6 trung gian nhu 16i hoic tdc do hdi tu), ta c6 thé “déng bing” né — tam diing va
giai phong tai nguyén.

 Néu vé sau, thif nghiém d6 dugc danh gid 1a c6 tiém niing hon so véi cic thi nghiém
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khdc, ta c6 thé “rd dong” né — tiép tuc huin luyén tif noi da ding lai.

Céch 1am nay gitip cai thién hiéu suit st dung tai nguyén, tranh viéc huin luyén lang
phi cdc mo hinh yéu ngay tit dau. N6 ciing dua m6 hinh tbi vu siéu tham s6 tién gan hon
dén cach ma con ngudi ra quyét dinh — linh hoat, phdn xa nhanh va biét loai bd s6m

nhiing Iwa chon toi.

Trong tuong lai, viéc két hop cac ky thuat nhu nay véi cac thuat toan t6i vu héa manh
mé hon c6 thé 1a chia khéa d€ t6i vu siéu tham sb hiéu qua, dic biét trong cdc méi trudng
c6 gi6i han vé tai nguyén tinh todn.

11.5 Chién lugc g& 16i trong hoc sau

Khi mot hé théng hoc may hoat dong khong tdt, viéc xac dinh nguyén nhan khong phai
ldc nao ciing dé dang. Ta thudng khong rd liéu van dé ndm & chinh thuét todn khong phu
hop, dit liéu chua tét, hay 1a do 15i 1ap trinh (bug) trong qud trinh trién khai. Diéu nay
khién viéc g6 16i trong hoc siu tré nén khé khin hon nhiéu so véi cic hé thong 1ap trinh

truyén thong.

C6 mot sd nguyén nhan chinh khién g 18i trong hoc mdy néi chung va hoc sau néi
riéng ddc biét thach thuc:

 Khong c6 hanh vi ky vong rd rang: Trong cdc bai todn hoc may, chiing ta hiém khi
biét chinh x4c md hinh “nén” hoat dong ra sao. Néu di c6 quy tac cu thé, c6 thé ta
da gidi quyét bai todn bang phuong phap truyén théng thay vi hoc may. Do do, viéc
x4c dinh xem dau ra ciia mo hinh c6 “ding” hay khong 1a diéu khong rd rang, trir

khi hiéu suat cuc ky té.

* Céc thanh phan c6 kha niing tu thich nghi: M6 hinh hoc siu thudng bao gdbm nhiéu
phan c6 kha ning diéu chinh 1in nhau. Néu mot phan bi 16i, cac phan con lai c6 thé
tu “bu dip” d€ duy tri hiéu sut & mic chip nhan dugc. Diéu nay 1am cho 16i bi che

khuét, khién ta kho phat hién sai sot.

Vi du minh hoa: Gia sif ban xdy dung mot mang nd-ron nhiéu 16p va tu cai dit qua trinh

cap nhat gradient. Trong mot 1an v tinh, ban viét dong cip nhat do 1éch (bias) nhu sau:

b+ b—«

trong khi I€ ra phai la:

b+ b—a- VbJ
Tiic 1a ban quén nhan véi gradient V,.J. Diéu nay tudng nhu sé giy 16i nghiém trong,

nhung trén thuc té mo hinh van c6 thé hoc dugc dén mdt miic dd ndo d6. Ly do 12 vi cic

trong s6 W c6 thé tu diéu chinh dé€ “bu trii” cho phan sai léch tif b, gitip mo6 hinh duy tri
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dudc két qua dau ra khong qua té. Tuy nhién, diéu d6 ciing dong nghia véi viéc 16i cla

ban rat khé bi phat hién thong qua kiém tra hiéu suét tdng thé.
11.5.1 Chién ludc g6 16i phd bién

Dé g5 16i hiéu qua trong cac md hinh hoc siu, ta nén dp dung céc chién ludc c6 hé

thong, thay vi chi quan sat dau ra va dodn mo. Duéi day 12 hai chién lugc cot 16i:

* Pon gian héa bai toan (Simplify the task): C6 ging tao ra mot phién ban don gian
héa clia bai toan ma ban c6 thé doan truée dudc két qua. Vi du: dung mot tap dit liéu
nhd (vi du vai mau) ma ban biét rd nhian diing, hoic gdn nhan trung khdp hoan toan
v4i dau vao. Néu md hinh khong thé khép dugc dit liéu don gian nay, gin nhu chic
chan c6 16i trong qud trinh huén luyén hoéic md hinh.

* Kiém thi tiing phan riéng 1é (Unit testing for components): Hay kiém tra tiing phan
cua pipeline mot cach doc 1ap. Vi du:

— Kiém tra titng ham tinh todn — ddm bao rang dau ra c6 gid tri mong doi véi dau
vao cu thé.

— Kiém tra gid tri gradient — so sdnh gradient tinh theo ly thuyét v6i gradient tinh
xép xi bang vi phan hitu han.

— Kiém tra tinh chit co ban — nhu kiém tra xem loss c6 giam qua tiing epoch
khong, trong s6 c6 thay ddi khong, dau ra ciia mo hinh c6 thay ddi khong khi
cAp nhat tham s.

Nhiing chién ludc nay gitip ban xac dinh dugc 16i nam & dau: trong thiét k& mo hinh,
cai dit huin luyén, xt 1y dif liéu, hay thuat todn t6i uu. GJ 16i hiéu qua 1a k¥ ning quan
trong khong kém gi viéc thiét k& mo hinh tot — bdi vi mot md hinh diing vé 1y thuyét
nhung c6 16i nho trong code van sé cho két qua rat té.

Dudi day 1a mot s6 chién ludc quan trong:
11.5.1.1 1. Truc quan héa mé hinh khi hoat dong

Khi hun luyén mot hé thdng hoc sau, diic biét 1a cic mo hinh xi ly dit liéu c6 thé cam
nhén dudc bing thi gidc hoic thinh gidc, viée truc quan héa du ra 1a mot budc rit quan
trong nhung thuong bi bé qua. Vi du:

* V6i bai todn nhan dién d6i tugng trong anh, hiy truc quan héa anh dau vio véi cac

khung phit hién (bounding boxes) chong Ién.
* VGi bai toan sinh giong ndi, hay nghe cac doan &m thanh ma md hinh tao ra.

Viéc nay gidp phat hién nhiing bat thudng hoic 15i 16 rang ma cic chi s6 nhu do chinh
xéc, log-likelihood khong thé hién ra. Nhiéu khi, mo6 hinh c6 thé dat d6 chinh x4c cao

nhung van dua ra nhiing du do4n vo nghia ma chi c6 con ngudi méi nhan ra.

Luu y dic biét: Ldi trong khdu ddnh gid (evaluation bugs) 1a mot trong nhiing 16i nguy
hiém nhit — vi n6 khién ban tudng rang mo hinh hoat dong tét, trong khi thuc té thi
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khoéng. Viéce truc quan héa két qua thuc té gitip kiém ching lai nhitng gi ban do dugc bing
cac chi s dinh luong.
11.5.1.2 Truc quan héa céc 16i té nhét

Hau hét cic mo hinh phan loai déu cung cip mdt s6 dang "dd tin cdy"(confidence) cho
modi du doan, chang han nhu xdc sudt tif 16p softmax. Du cdc xdc suit nay c6 thé bi léch
— thudng 12 qua tu tin — nhung van c6 thé tan dung d€ tim ra cdc 16i dang chi y.

Hay sap xép cdc miu ma md hinh du doén sai, nhung lai dua ra xdc sut rit cao cho
lua chon sai d6. Nhitng 16i nay thudng chi ra cdc vin dé nghiém trong trong dif liéu hoic
mo hinh, vi du:

* Hinh anh bi crop qua chit, din dén mét thong tin quan trong.

+ Nhiéu 4nh hoic diéu kién dnh sang khong phu hop.

+ G4n nhin sai trong tip huén luyén.

Vi du thuc té: Trong hé théng nhan dién s6 nha tif anh Street View, md hinh ban dau
thudng cit anh qua sat, din dén méat s6. Mang no-ron sau d6 gan xdc suét rat thap cho
nhan ding — va khi quan sat céc anh bi du doén sai véi do tin cdy cao, 16i crop nay dugc
phat hién. Gidi phdp 12 mé rong khung anh, tir d6 hiéu suét ting ro rét.
11.5.1.3 Phan tich 16i qua sai s6 huén luyén va kiém thi

Mot cach tiép can don gidn nhung hiéu qua d€ chian doan mé hinh 13 so sanh sai s6
huén luyén va kiém thi:

* Huin luyén t6t nhung kiém thir kém: M6 hinh c6 thé dang overfit — tiic 1 hoc qua

sat vao dif liéu hun luyén. Ciing c6 thé do 16i k§ thuat nhu:
— Dit liéu kiém thit dugc tién xi 1y khéac v6i dit liéu huén luyén.
— MO hinh khong dudc luu va nap dung cach.

+ Ca huin luyén va ki€ém thi déu kém: C6 thé do mo hinh qui don gian (underfitting)
hoic ¢6 16i nghiém trong trong phan mém, chang han nhu 15i trong tinh toan forward
hoic backward. Khi gip tinh hubng nay, can thuc hién cic kiém thi sdu hon dé xac
dinh nguyén nhan cu thé.

11.5.2 Kiém tra bang tap dif liéu nho

Mot trong nhitng ki€ém tht co ban va hiéu qua nhét 12 huin luyén mo hinh trén mot tip
dit liéu At nhé — vi du chi gdm mot vai mau. Muc tiéu 1a ki€ém tra xem mo hinh c6 thé
"ghi nhé"du liéu nay khong:

* Néu chi c6 mot mau, md hinh phan loai hoan toan c6 thé dat két qua hoan hdo — vi

du bang cach dit bias du 16n & 16p cubi.

« Néu mo hinh khong hoc dugc ding mot mau duy nhét, rit c6 kha ning dang c6 16i

phan mém trong qua trinh huin luyén.
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* V6i autoencoder, dau ra phai gan nhu trung khép v6i dau vao néu chi huin luyén trén
mot anh.

Kiém tra nay rt hitu ich d€ phan biét giita 15i do underfitting thuc su va 1i do cai dit
sai.
11.5.3 So sanh dao ham lan truyén ngudc vdi dao ham sé

Néu ban tu xay dung mot framework hoc mdy hoic dinh nghia mot ham mat mat hoic
tang mdi, mot 16i rat phd bién 1a sai trong viéc tinh dao ham. D€ kiém tra, ban c6 thé
so sanh dao ham tir backpropagation v6i dao ham x4p xi bang sai phan hitu han (finite

difference):

flz+e) = f(z)

€

f'(x) =

hodc chinh x4c hon, st dung sai phan trung tam:

Chon ¢ can di 16n d€ tranh sai s6 do tron s6 trong tinh toan sd hoc (finite precision),
nhung di nhé d€ van con gan ding dao ham that.
11.5.4 Kiém tra Gradient hoiic Ma tran Jacobian ctia mét Ham Vector

Khi 1am viéc v6i cac mod hinh ¢ dau ra 1a vector — vi du ¢ : R™ — R™ — viéc kiém
tra gradient ddy dii bang sai phan hitu han 1a rit tén kém: can thuc hién tdng cong mn lan

tinh ham.

Thay vao d6, ta c6 thé dinh nghia mot ham scalar méi:

f(w) =u"g(vz)

véi u € R, v € R™ la céc vector ngiu nhién. Ham f(z) lic ndy c6 dau vao va dau
ra 1a s thuc, cho phép 4p dung céc kiém tra gradient don gian nhu trén. Phuong phap nay
rit hiéu qua va di manh d€ phat hién 18i trong qua trinh lan truyén ngudc qua g(z).

Nén lip lai qua trinh nay v6i nhiéu Iva chon khac nhau ctia u va v dé ddm bao khong
bé sét 16 tiém 4n nao do Iva chon chiéu ngiu nhién.
11.6 Phuong phap gradient sé bang so phic

Néu moi trudng 14p trinh hoic thu vién hoc may hd trg tinh toan véi sb phiic, ta cé thé
tan dung mot ky thuat rt chinh x4c va 6n dinh dé€ xip xi dao ham — goi 1a phuong phap
gradient s6 bang sb phiic.

Theo nghién cttu ctia Squire va Trapp (1998), néu ddnh gid ham f tai diém x + ie, v6i
i = /—1 va € rat nhd, ta c6 thé khai trién nhu sau:
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f(z +ie) = f(z) +ief'(z) + O(?)

Tu do, ta tach dudc:

Re(f(x +i€)) = f(z) + O(€?)

Im(f(z + i€))

— ['(2) + O(&)

Diém manh n6i bat cia phuong phap nay 1a kha ning trdnh hoan toan hién tugng triét
tiéu s6 hoc — von 12 mot vin dé phé bién trong phuong phdp sai phan hitu han khi € qui
nho. Nho d6, c6 thé lua chon gid tri € cuc ky nhd (vi du 1071%°) ma van duy tri dudc do
chinh x4c cao, trong khi phuong phap sai phan thong thudng sé& gip sai s6 nghiém trong.

Phuong phdp nay dic biét hitu ich dé kiém tra tinh diing dan cda viéc lan truyén
gradient (backpropagation) trong md hinh hodc thu vién ty xay dung. Tuy nhién, no chi ap
dung dudc cho cidc ham nhan dau vao 1 s6 thuc va tra vé gid tri thuc — khong md rong
dudc truc tiép cho cic phép toan rdi rac hodc xi ly s6 phiic.

11.7 Giam sat thong ké ctiia hoat dong va gradient

Mot cong cu quan trong trong huin luyén mang no-ron 1a viéc theo déi phan bd thong
ké ctia cic kich hoat (activations) va gradient tai tiing ting qua nhiéu vong huén luyén.
Viéc nay thudng dugc thuc hién dusi dang biéu dd histogram hoic biéu dd phan phdi thasi

gian.
Cu thé:

» Tién kich hoat (pre-activation): V6i ReLU, can kiém tra xem bao nhiéu neuron ludn
cho ra gid tri 0 — néu nhiéu qu4, mang c6 thé dang bi "té liét". V&i tanh hoiic
sigmoid, nén theo ddi xem dau vao clia chiing c6 bi diy qua xa khdi viing tuyén tinh
hay khong (hién tugng bao hoa).

* Gradient: Can quan sat phan phéi do 16n ctia gradient qua cac tang. Néu gradient
gin nhu bién mit (vanishing gradient) hoic ting rit nhanh (exploding gradient), mo
hinh sé& rit khé huin luyén. Day 12 mot diu hiéu quan trong can can thiép kién tric
hoic k§ thuat tdi uu hoa.

* Ti 1& cAp nhat tham s6: Theo Bottou (2015), mot nguyén tac hitu ich 1a do 16n cta
mbi cap nhat tham s6 (vi du trén mdi mini-batch) nén vao khoang 1% gi4 tri hién tai
ctia tham s6 d6. Néu nho hon nhiéu (vi du 0.001%) hoic 16n hon nhiéu (vi du 50%),
can diéu chinh toc do hoc hoic regularization.

Mot diém can chi y 1a véi dit lidu thua (sparse), nhu trong xi 1y vin ban, c¢6 thé nhiéu

tham s6 chi dudc cap nhat hiém hoi. Khi d6, ban can dic biét theo di liéu nhitng tham s6
do6 co dang hoc dugc gi hay khong.
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11.8 Kiém tra tinh ding diin cta giai thuat ti wu

Mot sb thuit todn tdi wu hodic suy ludn x4p xi trong hoc sau di kém cic dam bao ly
thuyét. Khi ban cai dit cac thuat toan nay, viéc kiém tra cac diéu kién dam bdo 1a cich
hiéu qua dé phat hién 15i.

Vi du, ta c6 thé kiém tra:

« Ham muc tiéu c6 gidm sau mdi budc cap nhat khong?

» Gradient theo tiing nhém bién (vi du mot ting) c6 hdi tu vé 0?

* Téng dd 16n clia gradient trén toan bd mo hinh c6 gidm dan theo thdi gian?

Do tinh chét sb hoc hitu han, khong phéi lic nao cic diéu kién trén cling chinh xdc
tuyét ddi. Vi viy, can thiét 1ap ngudng dung sai (tolerance) hop ly d€ phan biét giita nhiéu
s6 hoc va 15i that.

11.9 Vi du: nhin dang sb da chix s6

D& minh hoa cdch dp dung toan bo phuong phap luin da trinh bay, ching tdi gidi thiéu
hé théng nhan dang sb dia chi tir anh Street View — mot du 4n thanh cong ndi bat cla
Google.

Hé thong bat dau tir giai doan thu thap dif lidu: cac xe Street View ghi lai anh céc toa
nha, sau d6 nhan vién gan nhin chinh x4c sb dia chi. Bai to4n chinh 12 nhan dang chudi
s6 tif anh, v6i do chinh xé4c tuong duong ngudi — tiic 1a khoang 98%.

11.9.1 Muc tiéu ban dau va chi s6 hiéu suét

Du an chon d6 chinh xac 98% lam muc tiéu chinh, vi day la mic hiéu ndng con ngudi
c6 thé dat dugc. Tuy nhién, d€ dat do chinh x4c cao, hé thong phai hy sinh do bao phu
(coverage): chi tra vé két qua khi chac chan.

Do d6, chi s6 hiéu suit chinh dugc t6i uu 1a coverage, v6i do chinh xac c¢d dinh & miic
98%. Khi c4c k§ thuat nhu CNN cai thién, hé théng dan c6 thé gidm ngudng tu tin ma van
duy tr1 do chinh xac cao, nho do tdng coverage 1én vugt 95%.

11.10 Xay dung hé théng co ban

Bué6c dau tién 1a xay dung hé thdng don gidn nhét c6 thé — mot CNN dung ReLU. Vi
chua c6 k¥ thuat du doan chudi tot vao thdi diém d6, md hinh ban dau st dung nhiéu 16p
softmax doc 1ap dé du doan tling chit s6 trong chudi.

Céc 16p softmax dudc huén luyén riéng biét, nhu cdc bai toan phan loai doc lap. Hé
théng nay da da dé chay dudc dau-cudi, tao nén tang cho cic cai tién tiép theo.

Mot trong nhiing cdi tién dau tién 1a thay ddi cch tinh p(y|x) (xac suit cla chudi ky
tu) sao cho phan 4nh tot hon kha ning mo hinh tin tudng vao du doan ctia né. Thay vi liy
tich don gidn céac softmax, nhém phat trién da chuyén sang ham log-likelihood chinh quy,

giup viéc ti choi dau vao thiéu chac chan trd nén chinh xac hon.
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11.11 Phat hién van dé va cai thién hé thong
Dl md hinh ban dau c6 hiéu qua nhét dinh, coverage van duéi 90%. Phan tich 13i cho
thAy mo hinh khong overfit (16i huin luyén va kiém thit tuong duong), ma don gian 1a

chua du kha ning biéu dién — tiic 1a underfitting.

Dic biét, khi s{ip xép céc vi du ma md hinh sai nhung lai rt ty tin, nhém phat hién 16i
crop anh: nhiéu 4nh bi cit qua chit, din dén mit mot phan sb. Vi du "1849"c6 thé bi cit
thanh "849".

Thay vi cai tién module phat hién, nhém quyét dinh mé rong viing crop 4nh thii cong.
Piéu chinh nay da ting coverage 1én hon 10%.

11.12  Cai tién cudi cung va két qua

Céc cai tién sau d6 chi yéu xoay quanh ting kich thuéc md hinh va tinh chinh siéu
tham s6 — trong gi6i han tai nguyén c6 thé chip nhan dudc. Vi 16i huin luyén va kiém
thif vin gan nhu bing nhau, cic cai tién nay gitip giam underfitting.

Két qua cubi cuing 1a mot hé thdng phién 4m s6 c6 hiéu suét cao, vugt ngudng 95%
coverage vGi do chinh xédc tuong duong con ngudi. Du an thanh cdng 16n, gitp ty dong
héa qud trinh phién 4m hang trim triéu dia chi, tiét kiém rat nhiéu chi phi so v6i 1am thi
cong.

Nhitng nguyén ly thiét ké thuc té trong chuong nay da déng vai tro quan trong trong
thanh cong d6, va c6 thé 4p dung cho nhiéu hé thdng hoc sau tuong tu.
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Trong chuong nay, chiing ta sé tim hi€u cach dp dung deep learning d€ giai quyét céac
bai todn trong thuc té — diic biét 12 trong nhiing linh vuc nhu thi gidc may tinh, nhan dang

giong noi, xu ly ngdn ngtt tv nhién va cac ting dung khac mang lai gia tri thuong mai.

M4 dau, chiing ta sé thao luan vé viéc trién khai cdc mang no-ron siu & quy mo 16n,
didu gan nhu 1a bat budc khi xay dung cac hé théng Al thuc té.

Tiép theo, chuong trinh bay mdt s6 linh vuc cu thé noi deep learning da dudc ting dung
hiéu qua. Du mot trong nhitng muc tiéu dai han ciia deep learning 12 phat trién cac thuat
todn c6 thé xit Iy dugc nhiéu loai nhiém vu khac nhau, trén thuc té, hién vin cin c6 su

diéu chinh chuyén biét cho tling bai toan.

Ching han, cic bai toan thi gidc mdy tinh thudng phai xt ly khéi lugng 16n dic trung
dau vao — vi du nhu hang triéu di€ém anh trong méi hinh &nh. Trong khi d6, cic bai toan
vé ngdn ngit lai doi héi kha ning mo hinh héa mot khong gian rat 16n cac gid tri dau ra

tiém ning, chang han nhu toan bo tit vung, cho mdi don vi diu vao.

Nhitng dic thi nhu vay dit ra cdc yéu cau riéng d6i v6i mo hinh va ky thuit huin
luyén, ma chiing ta sé& 1an lugt kham pha trong cic phan tiép theo clia chuong.
12.1 Deep learning quy mo lon

Deep learning dudc xay dung dua trén triét Iy ctia chii nghia két ndi (connectionism):
trong khi mdt nd-ron sinh hoc riéng 1é hay mot déc trung don 1€ trong md hinh may hoc
khong biéu hién tri thong minh, thi mot tip hop 16n cac no-ron hoic dic trung, khi phdi
hop hoat dong véi nhau, lai ¢6 thé tao ra hanh vi thong minh. Diém mAu chét 6 day 1a sb
lugng no-ron phai du 16n.

Mot yéu tb quan trong gitip cai thién do chinh x4c clia mang nod-ron va kha ning giai
cac bai todn phic tap k€ tir thap nién 1980 dén nay chinh 12 viéc mé rong quy mo mang.
Nhu da dé cap 6 muc 1.2.3, kich thu6c mang no-ron da ting theo cip s6 nhin trong sudt
ba thap ky qua — du vdy, cdc mang hién dai vin con nhé hon nhiéu so v6i hé than kinh

ctia mot s6 loai con trung.

Chinh vi viy, deep learning yéu cau phan cting manh mé va ha ting phan mém hiéu
qua dé c6 thé huan luyén va chay dudc cac mang 16n.
12.1.1 Céc trién khai CPU nhanh

Truée diy, mang no-ron thudng dudc huin luyén trén CPU ctia mot mdy tinh don.
Nhung ngay nay, phuong phap nay thudng khong dua hiéu qua. Thay vao do, chung ta
thudng st dung GPU hoic cdc hé théng phan tdn nhiéu CPU két nbi v6i nhau. Truée khi
cdc hé thdng dat tién nay trd nén phd bién, mot s6 nha nghién cifu da chiing minh rang

CPU khong con phit hgp dé xt 1y khdi lugng tinh todn 16n clia mang no-ron.

Viéc tdi uu hod tinh todn trén CPU cu thé vugt qua pham vi clia cubn sach nay, nhung
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c6 mot nguyén ly quan trong: néu ta trién khai sd hoc va thao tdc bd nhé mot cach chuyén

biét cho ting dong CPU, hiéu suit c6 thé ting dang ké.

Vi du, Vanhoucke et al. (2011) cho thdy riang trén cic CPU hién dai thoi diém do, viéc
dung sb hoc kiéu s6 nguyén cb dinh (fixed-point) thay vi diu chim dong (floating-point)
c6 thé ting toc do huin luyén mang no-ron gip ba lan. Tuy nhién, ty thudc vao loai CPU,
s6 hoc diu chim dong ciing c6 thé hoat dong t6t hon.

Ngoai Iua chon loai sb hoc, cdc ki thuat khac d€ ting tbc bao gdm: t6i wu hoa cAu triic
dit liéu dé tranh cache miss, va sii dung cdc chi thi xi Iy song song theo vectd (vectorized
instructions). Mic du nhiing chi tiét ndy thudng bi bd qua trong nghién ctiu hoc may,
nhung ching c6 thé dnh hudng 16n dén kha ning md rong mo hinh — va theo d6 1a do
chinh xéc.

12.1.2  Céc trién khai GPU

Phan 16n cdc mang nd-ron hién dai dudc huin luyén trén GPU — céc phan ciing ban
dau dugc thiét k& cho dd hoa may tinh. Thi trudng tro chai dién ti 1a dong luc thic ddy su
phit trién cia GPU, va thit tinh cd, cc yéu cau hiéu ning trong trd choi cling rat phu hop
v6i deep learning.

Dé két xuit dd hoa, GPU can thuc hién nhiéu phép toin ma tran va pixel don gian trén
cac phan t doc 1ap nhu dinh va diém anh, véi téc do rat cao. Cac phép toan nay don gian,
it nhanh diéu kién, c6 thé song song héa dé& dang, va doi héi bing thong bd nhé rat 16n —

tat ca déu trung khép véi dic diém ctia mang no-ron.

Trong mang no-ron, ta ciing can xi 1y lugng 16n bd nhd chita tham s6, kich hoat, va
gradient. Cac thao tac nay dién ra lién tuc trong sudt qua trinh hun luyén. Do bo nhé 16n,
chiing thudng vuot qua dung luong cache, khién bing thong bd nhdé trd thanh yéu t6 quyét
dinh hiéu ning. GPU c6 16i thé 1o rét so v6i CPU nhd bing thong bo nhé cao va kha ning

song song hda manh.

Ban diu, GPU chi phuc vu cho d6 hoa. Nhung theo thdi gian, ching da tré nén linh
hoat hon, cho phép ngudi dung chay ma tuy chinh. Ngon ngit CUDA ctia NVIDIA la vi
du dién hinh, cung cip mot nén tang gan giébng C d€ 1ap trinh GPU. Két hop kha ning
song song, biang thong cao va ngdn ngit tién 10i, GPU da trd thanh nén ting ly tudng cho
deep learning (Raina et al., 2009; Ciresan et al., 2010).

Tuy nhién, viét ma hiéu qua cho GPU 12 mot cong viéc phic tap. Vi du, thay vi tin
dung cache nhu trén CPU, GPU d6i khi can tinh lai mot gid tri nhiéu 1an hon 1a doc lai
tlf bd nhé. Cac thao tac bo nhé ciing can dugc “hop nhit” gitta cac ludng dé€ ting hiéu
ning, va méi nhém ludng (warp) phai thuc thi cing mot 1énh tai mot thoi diém, nén viéc

ré nhanh phai dudc kiém sodt ky ludng.

Vi vay, cac nha nghién cttu nén xay dung quy trinh thit nghiém cua minh sao cho c6
thé tai st dung cdc thu vién tinh toan hiéu ning cao c6 san (nhu phép tich chap hodc nhan

ma tran). Vi du, thu vién Pylearn2 dua vao Theano va cuda-convnet d€ chay cdc phép todn
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chinh. Tuong tu, TensorFlow va Torch ciing cung cip céc giao dién tritu tudng giip mo

hinh h6a ma khong can viét ma GPU thii cong.
12.1.3 Trién khai phan tan quy mé 16n

Trong nhiéu trudng hop, mot may tinh don 1a khong di dé€ huan luyén hoic chay mo

hinh. Do d6, ta can dén cac chién ludc tinh todn phan tan.

Phén tan suy luin: Day 12 phan dé hon — m&i mau dit liéu dau vao c6 thé dudc xi ly

ddc 1ap trén cac may khac nhau, dudc goi la song song dit liéu (data parallelism).

Phan tan mo hinh: Trong mot s trudng hop, mot mo hinh qué 16n nén khong thé
chifa vita trén mot may. Khi d6, ta chia md hinh thanh nhiéu phan, mdi phan xi 1y trén
mot may khac nhau. Céch nay goi 1a song song mo hinh (model parallelism) va c6 thé ap

dung cho ca huin luyén 1an suy lun.

Phan tan dit liéu trong huén luyén: Viéc huin luyén phéan tdn phic tap hon. Ting
kich thuéc minibatch 1a cach don gian nhét, nhung hiéu qua tdi uu héa thudng khong
ting tuong ing. Céch tot hon 1a cho nhiéu mdy tinh tinh toan cac bude SGD ddc 1ap. Tuy
nhién, SGD chuén 1a thuat todn tuan tu — gradient tai budc ¢ phu thudc vao tham sb tix
budc ¢ — 1.

Gradient descent ngiu nhién bat dong bé: Cach khic phuc 1a ding SGD bdr dong
bo (asynchronous), trong d6 céc 16i xtt ly chia sé tham s6 trong bo nhd, va mdi 16i c6 thé
doc/ghi ma khong can khéa (Bengio et al., 2001; Recht et al., 2011). Du diéu nay c6 thé

1am nhiéu 1in nhau mdt chiit, nhung téng thé tc d6 huén luyén ting 1én rd rét.

May chii tham s6: Dean et al. (2012) md rong ¥ tudng ndy béing cich ding mot hoiic
nhiéu mdy chii tham sé d& luu trit tham s va cho phép cac mdy khac gii cap nhat gradient.
Day hién van 1 chién lugc phd bién nhit dé huén luyén cdc mang deep learning 16n trong
cong nghiép (Chilimbi et al., 2014; Wu et al., 2015).

Du cdc nhém nghién cifu trong hoc thuat it ¢6 diéu kién dé€ xay dung hé théng 16n nhu
vy, mot s6 cong trinh da thir trién khai hoc phan tan trén phan ciing gia ré hon, khi thi
trong moi truong dai hoc (Coates et al., 2013).

12.1.4 Nén mo hinh

Trong nhiéu ting dung thuc té, chi phi thdi gian va bd nhé dé chay suy luan trén mot
mo hinh hoc may thudng quan trong hon nhiéu so véi chi phi hun luyén. Khi khong can
c4 nhan héa theo ngudi dung, ta chi can huin luyén mo6 hinh mot 1an rdi trién khai cho
hang ty ngudi dung. Trong tinh hudng nay, thiét bi clia ngudi dung — chang han nhu dién
thoai di dong — thudng han ché hon rt nhiéu so v6i cum mdy tinh diing d€ huan luyén.

Nén mo hinh 12 mot chién ludc phé bién gitip gidm chi phi suy luan (Bucilui et al.,
2006). Y tudng chinh Ia thay thé mot mo hinh 16n, tdn bo nhé va thai gian xi 1y, bang mot
mo hinh nhd hon nhung van cho két qui tuong duong.

Khi niao nén nén mé hinh? Viéc nén dic biét phit hop khi mo hinh gbc dudc thiét ké
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16n d€ tranh hién tuong qua khép (overfitting). Trong nhiéu trudng hop, md hinh tot nhat
12 tap hop ctia nhiéu mo6 hinh nhé — nhung d4nh gid toan bd td hop nay 12 rat ton kém.
Ngay ca khi chi ding mot mo hinh duy nhét, viéc ting kich thuéc ciing gitip tdng quat héa
t6t hon (vi du nhu khi diing dropout), nhung lai stt dung nhiéu tham s6 hon miic can thiét.

Khi da ¢6 m6 hinh 16n hoc dugc mot ham f(x) mong mudn, ta c6 thé sinh ra vo s6 dit
liéu huén luyén bing cach lay ngau nhién céc diém x rdi 4p dung f(z) d€ tao ra nhan. Sau
d6, mot md hinh nhd hon sé dugc huén luyén dé bat chudc lai du ra cla f(x). PE két qua
t6t, nén ldy mau 2 tif phan phdi tuong tu nhu dit liéu thuc t&, bang cach lam nhiéu di liéu

huén luyén hodc ding md hinh sinh.

Mot phuong phdp khac 12 huin luyén mo hinh nhd trén chinh tip huin luyén gbc,
nhung thay vi bat chudc nhan that, md hinh hoc cich mo phéng lai dau ra phan phdi ctia
mo hinh 16n, bao gdm ca x4c suit ctia cac 16p sai (Hinton et al., 2014, 2015).

12.1.5 Céu tric dong

Mot céch dé ting tbc hé théng xi Iy 1a sit dung cAu tric dong, tic 1a mod hinh chi thyc
hién mot phan tinh todn can thiét ty thudc vao dau vao. Diéu nay c6 thé xdy ra & miic hé
théng — chon mang nao can chay, hoic bén trong mang — chon phin nao clia mang cin
dudc kich hoat.

Kién triic dong con duoc goi 1 tinh toan c6 diéu kién (conditional computation)
(Bengio, 2013; Bengio et al., 2013b), va thusng mang lai hiéu qua cao khi mdi dic trung

chi lién quan t6i mot so it dau vao.

Chién luge cascade: Mot cich don gidn dé thuc hién didu nay 1a xau chudi cac bo
phan loai (cascade). Cc bo phan loai don gian dugc dung trudc d€ loai bo nhanh nhiing
dau vao khong chia dbi tuong. Néu dau vao vudt qua cic budc nay, né sé duge xi 1y bsi
mdt bd phan loai chinh x4c hon & cudi chudi. Phuong phap nay dic biét hiéu qua khi dbi
tugng can phat hién 13 hiém gip.

Viola va Jones (2001) da 4p dung y tudng nay d€ phat hién khudn mit bang cich quét

hinh 4nh véi ctfa s8 trudt va loai bé sém céc ving khong tiém niing.

Mang lua chon chuyén gia: Mot bién thé khic 1a mixture of experts, trong d6 mot
mang gater quyét dinh chuyén gia nao dudc sit dung (Nowlan, 1990; Jacobs et al., 1991).
Néu chi mot chuyén gia dudc chon tai mdi budc, ta c6 hard mixture of experts — giip
tiét kiém chi phi tinh toan (Collobert et al., 2001, 2002).

Mot s6 nghién ctiu di c6 ging huin luyén gater rdi rac bang ky thuat nhu policy
gradient (Bengio et al., 2013b; Bacon et al., 2015) d€ hoc dang dropout c6 diéu kién.

Khé khiin trong trién khai: Tuy nhién, ciu tric dong gy ra thach thic véi phan
ciing. Vi du, khi c4c dau vao khac nhau kich hoat nhanh khac nhau, viéc song song héa
trén GPU sé kém hiéu qui. C6 thé nhém cac dau vao gidng nhau lai d€ xi ly chung, nhung

cach nay gdy mit can bang tai trong moi trudng thdi gian thuc.
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12.1.6 Céc trién khai phan citng chuyén biét cia mang sau

Tir nhitng nidm dau cta nghién ctiu mang no-ron, cic nha nghién cifu phan ciing da
phat trién cdc hé thdng phan citng chuyén biét nhim ting tdc huin luyén va suy luan.
Cic thiét ké bao gom:

* ASIC: mach tich hdp chuyén dung, c6 thé 1a k§ thuat s6, analog hoic két hop.

» FPGA: mang c6ng lap trinh trudng, c6 thé tdi cAu hinh linh hoat.

Mic di CPU/GPU hién nay ding s6 thuc 32 hodc 64 bit, nhung nhiéu nghién cifu da
chi ra ring suy luan chi can 8—16 bit (Holt va Baker, 1991; Simard va Gra
12.2 Thi giac may tinh (Computer Vision)

Thi gidc may tinh tif lAu da 1a mot trong nhitng linh vuc ng dung ndi bat va soi dong
nhét ctia hoc sau. Ly do 13 vi — miic du nhin 12 mot nhiém vu tudng chiing don gian véi
con ngudi va nhiéu loai dong vt — nhung lai cuc ky khé dé mdy tinh thuc hién mot cach
chinh x4ac Ballard1983.

Nhiéu bd dit liéu danh gia ndi tiéng nhit cho cic thuit todn hoc sau déu xoay quanh
cdc bai todn nhan dién dbi tuong hodc nhan dang ky tu quang hoc (OCR), phan 4nh tim
quan trong trung tam cua thi giac may tinh trong Al

Thi gidc mdy tinh 12 mot linh vuc rong, bao gdm nhiéu phuong phap xt 1y anh va vo s6
ting dung thyc té. Céc ting dung c6 thé trai dai tif nhitng muc tiéu mo6 phong thi gidc con
ngudi, nhu nhan dién khudn mit, dén nhitng tdc vu ma con ngudi khong thé 1am dudc —
vi du nhu trich xuit Am thanh tif c4c rung dong nho trén vat thé trong video Davis2014.

Tuy nhién, phan 16n c4c nghién ctiu deep learning trong thi gidc mdy tinh van tap trung
vao viéc mo phong ning luc thi gidc clia con ngudi. Cdc nhiém vu phd bién bao gom:

+ Nhan dién dbi tugng trong anh (object recognition).

« Phat hién d6i tuong va xac dinh hop chiia (bounding box).

e Phién Am chudi ky tu tif hinh 4nh (vi du nhu OCR).

e Phan doan ngii nghia (semantic segmentation) — gan nhan tiing di€m anh theo 16p

ddi tuong.

Vi mo hinh sinh (generative models) 1a mot huéng nghién ctiu quan trong trong hoc
sau, nhiéu nghién cifu ciing tap trung vao viéc sinh anh (image synthesis). Mic du sinh
4nh khong hoan toan thudc linh vuc thi gidc mdy tinh, nhung né rét hitu ich cho cic tac
vu nhu:

* Phuc hoi anh hdng (image inpainting).

* X6a cic dbi tugng khong mong mudn khoi anh.
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12.2.1 Tién xit Iy (Preprocessing)

Trong nhiéu bai todn hoc siu khéc, dit liéu dau vao thudng cé ciu triic phiic tap, can
qua nhiéu buéc xit ly trude khi dua vao mang. Ngudc lai, trong thi gidc may tinh, dif liéu
dau vao 1a anh — thudng c6 dinh dang théng nhét va dé xi 1y hon.

Mot budc tién xit Iy quan trong 1a chudn héa anh (image normalization), vi du: chuyén
gia tri pixel tf khoang [0, 255] vé [0, 1] hodc [—1, 1]. Tron 14n dit liéu chuin héa va di liéu
chua chuin hoa c6 thé 1am gidm hiéu qua hoc hodc gy 16i cho mé hinh.

Phan 16n cdc mang no-ron trong thi gidc yéu cau anh dau vao c6 kich thudce cb dinh,
nén anh thudng phai dudc resize hoic crop truée khi dua vao mang. Tuy nhién, mot sb
kién tric hién dai c6 thé xi Iy anh c6 kich thudc thay déi. Vi du:

» Mot s6 mang tich chip diéu chinh kich thudc viing pooling dé€ dau ra git nguyén

kich thuéc Waibel1989.

* Cé4c mang khéc sinh dau ra c6 kich thudc ty 1& véi anh gbc — thudng dung trong tac

vu nhu phan doan tling di€ém 4nh hodc 1am sach 4nh Hadsell2007.

Mot ky thuét quan trong khac la tang cuong dur liéu (data augmentation), dugc ap
dung & giai doan huin luyén d€ giam 16i khai quat hod. Vi du, ta c6 thé xoay, 1at, dich anh,
hoic thay d6i do sang.

Tai thoi diém kiém thir, mot k¥ thuat tuong tu ¢ thé dudc ding: cung cip nhiéu bién
thé clia cing mot 4nh dau vao (nhu nhiéu ban crop khac nhau), va ding trung binh hoic
bé phiéu tif nhiéu dau ra ctia md hinh dé€ dua ra két qua cudi cting. Pay 13 mot hinh thifc
két hop mé hinh (ensemble) gitip giam sai sé du doan.

Mot s6 ky thuit tién xt Iy khac c6 thé dp dung ca trong huin luyén va kiém thii, nham
chuin héa dit lidu va gidm do bién thién khong can thiét, gidp:

e Giam 16i khai quat hoa.

* Giam kich thuéc mo hinh can thiét.

* Gitp mo hinh don gian hon nhung van hiéu qua.

Nhiing yéu t6 bi loai bd trong budc tién xi 1y thudng 1a cac bién thién ma con ngudi
biét 12 khong lién quan tSi bai todn. Tuy nhién, khi c6 di dit liéu va mo hinh dd 16n, ta c6
thé bd qua budc tién xit 1y va d€ mang tu hoc cich bd qua céac yéu td khong can thiét.

Vi du, trong mang AlexNet ding cho phan loai dnh ImageNet, budc tién xi ly duy nhét
1a: triv trung binh gid tri ciia titng pixel tinh trén toan bé tdp hudn luyén Krizhevsky2012.
12.2.1.1 Chuin héa do tweng phan (Contrast Normalization)

Mot trong nhitng nguodn bién thién dé xi ly nhat trong anh 12 dé tuweng phan — miic
do chénh léch giita ving sdng va ving tbi. Trong hoc sau, dd tuong phan thudng dudc do
bang do léch chudn cia cac gia tri pixel trong toan anh hodc trong tliing viing nho.

Gia st anh dudc bi€u dién bdi tensor X € R"**3, véi:
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* X, j1: gid tri kénh do tai vi tri dong ¢, cOt 7,
* X, j2: kénh xanh Ia,
* X, ;3: kénh xanh duong.

Ta c6 thé tinh do twong phan toan cuc (global contrast) ctia anh bang:

Contrast(X) = , | -— Z Z Z(Xm}k — X)? (12.1)

trong do:

3
> Xijw (12.2)

_ 1 <«
Y=g

la gid tri trung binh cda toan anh.

Phuong phiap GCN (Global Contrast Normalization) gdom hai bu6c chinh:
1. Tru di trung binh X khéi mdi pixel.
2. Chia cho do 1éch chuén (c6 diéu chinh) d€ dua anh vé ciing thang do.

V6i anh c6 do tuong phan qua thip, chia cho d6 1éch chuin c6 thé giy khuéch dai

nhiu. D€ tranh diéu nay, ta thém mot hang s6 nhd A\ hodc ngudng € vao mau so.

Cong thiic GCN hoan chinh:

Xijw—X
max {6, \/)\ + ﬁ Yo Z;Zl Zi:1<Xi,j,k _ X)2}

, —
Xijk =58-

(12.3)

Mot s6 thiét 1ap thuong dung:
* V6i 4nh tif c4c tap nhu CIFAR-10: A = 0, ¢ = 1078
* V6i cac patch anh nho: Coates et al. (2011) dung A = 10, ¢ =0

« Hé sb ti 18 s: thuong dit bang 1, hodc dudc chon sao cho pixel c6 do 1éch chuin gin

1 trén toan tap du licu.
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Hinh 12.1: GCN 4nh xa dif liéu dau vao 1én bé mit cau. V6i A = 0, dit liéu gan nhu dudc dua lén
mot hinh cau, tuy khong hoan toan chinh xdc. V6i A > 0, dit liéu dudc kéo vé phia hinh ciu nhung
van giit mot phan bién thién ban dau.

Ta c6 thé hinh dung GCN nhu mot phép chiéu dit liéu 1én mot 16p vo cau trong khong
gian. Piéu nay c6 ich vi mang no-ron thudng nhay hon véi huéng ciia vector dau vao hon
1a do 16n clia chiing. Viéc chuin héa giip mang hoc dé hon trong viéc phat hién cdc miu
ddc trung.

Luu y: GCN khong gibng sphering. Du ¢ hai déu chuin hoa, sphering la bién déi d&
lam cho cdc phuong sai bang nhau sau PCA, con GCN chuén héa trén toan 4nh.

GCN khong 1am ndi bat cac dic trung nhu canh hay géc — ly do khién ta can dén
LCN (Local Contrast Normalization).

LCN - Chuin héa dé twong phan cuc bé:

Khic v6i GCN, LCN chuén héa 4nh theo tiing viing nhé, gitp 1am néi bat céc canh,
goc — nhitng déc trung quan trong trong thi giac.

e Tru di trung binh cuc bd quanh moi diém anh.

* Chia cho dd 1éch chuén cuc bd (c6 thé ap dung trong sb Gauss dé vu tién diém gan

tam).

Input image GCN LCN

Hinh 12.2: So sanh hiéu ting truc quan giita GCN va LCN. GCN dua anh vé ciing thang do t6ng
thé, trong khi LCN 1am n&i bat ciu triic cuc bo nhu dudng vién va bién canh.

V6i anh mau, LCN c¢6 thé dudc dp dung riéng cho tiing kénh hoic két hop tif nhiéu
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kénh.

LCN 1a phép bién d6i kha vi — c6 thé dung nhu mot 16p trong mang, hoic 13 budc tién
XU ly.

Vi LCN hoat dong trén cira s6 nhd, nén xac suit do 1éch chuin bi“lng 0 cao hon. Khi
d6, can thém e vao mau sb d€ tranh 16i chia cho 0.
12.2.1.2 Tang cuong tap du liéu (Dataset Augmentation)

Nhu da trinh bay 6 muc 7.4, tang cuong di li€u 1a mdt cach don gian nhung hiéu qua
d€ gitip md hinh tdng quat tot hon.

Trong bai toin nhéan dang di tweng, ta c6 thé ap dung nhiéu phép bién ddi ma khong
lam thay ddi nhan cta anh. Vi du:

* Dich chuyén 4nh (translation).

* Xoay anh (rotation).

« Lat anh (flip).

« Thay d6i do sang, tuong phan.

Cac ky thuat nang cao hon:

« Nhiéu mau ngiu nhién (random color perturbation): Thay ddi sic do, do sing

hodc tuong phan mot cach ngdu nhién ma khong 1am sai 1éch nhan Krizhevsky2012.

« Bién dang hinh hoc phi tuyén (nonlinear distortions): Cong, bép méo anh theo
céach kho du doén d€ ting tinh da dang, nhu trong LeCun1998b.

Ting cudng dit liéu khong chi gitip ting kich thudc tip huin luyén ma con 1am mo
hinh chéng chiu t6t hon véi cac bién ddi ngoai thuc té, gitp cai thién do chinh xédc khi
suy luan.

12.3 Nhan dang giong noi (Speech Recognition)

Nhan dang giong néi 1a bai toan chuyén d6i mot tin hiéu am thanh — trong d6 chita
mot cau néi bang ngdn ngit tu nhién — thanh mot chudi tir dai dién ding cho ndi dung va
y dinh clia ngudi néi. Py 1a mot trong nhitng ting dung thuc tién va quan trong nhit ctia
hoc sau trong xt ly tin hiéu.

Goi X = (W, 2 ... 2) 1a chudi cic vector dic trung dau vao, dudc trich xuét
tif tin hidéu 4m thanh bang cach chia nhd thanh cic khung (frame) khodng 20 mili giy.
Mbi 2 1a mot vector thé hién dic trung Am thanh tai thoi diém ¢.

Trudc day, dic trung dau vao thudng 1a cic dic trung thi cong nhu MFCC (Mel-
frequency cepstral coefficients). Tuy nhién, mot s6 nghién citu hoc siu gan diy (Jaitly va
Hinton, 2011) di cho thiy mang no-ron c6 thé hoc dic trung truc tiép tir tin hiéu 4m thanh
tho.

Goiy = (y1,%s,...,yn) 12 chudi diu ra muc tiéu — c6 thé 1a i, ky tu hodc am vi
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(phoneme) — dai dién cho ndi dung 16i néi.

Muc tiéu ctia hé thdng nhin dang giong néi tu dong (ASR - Automatic Speech Recognition)

la xdy dung mot ham [}, dnh xa dau vao X sang chudi ngdn nglt y 6 xdc suét cao nhét:

fasr(X) = argm;xxP*(y | X = X) (12.4)

O day, P* 1a phan phdi xdc suét that su mo tad mdi quan hé giita tin hiéu 4m thanh va

ndi dung phat ngon.
Giai doan truyén théng: GMM-HMM

Tt nhitng nim 1980 dén khoang 2009—2012, cic hé thong ASR tién tién nhit dya trén
két hop giita:

* GMM (Gaussian Mixture Models): m6 hinh héa mdi lién hé giita vector dic trung

va cac am vi [21],

¢ HMM (Hidden Markov Models): md hinh héa chudi cdc 4m vi va trang thai con ctia

chiing (dau, giita, cudi).
Hé théng hoat dong theo quy trinh:
1. HMM sinh ra chudi 4m vi va trang thdi rdi rac.
2. GMM anh xa cdc trang thai nay thanh tin hi€éu am thanh tuong tng.

Du GMM-HMM 1a chudn muc trong nhiéu nim, mang nd-ron ciing da dudc thir
nghiém ti rit sém (cubi thap nién 1980), vi du trong cic nghién ctiu clia robinson1991,

171, 221, [23]1, [24].

Robinson va Fallside (1991) dat ty 1€ 16i am vi (phoneme error rate) 26% trén tap
TIMIT — tuong duong hodc vugt hon HMM thdi diém d6. Piéu nay khién TIMIT tré
thanh mot bd dit liéu chuin cho ddnh gid hé théng ASR.

Tuy nhién, vi kién triic mang no-ron khé tich hop vao hé thong GMM-HMM di ton tai

va dudc dau tu cong phu, nén cong nghiép lic d6 khong sin sang chuyén ddi.
Budc ngoat: hoc sau véi pretraining khong giam sat

Khoang nim 2009, mot huéng mdi ndi 1én: ding hoc sau khong giam sit dé khéi tao

céc ting clia mang no-ron. Cu thé:
 Dung RBM (Restricted Boltzmann Machine) d€ hoc dic trung tif 4m thanh.
» Dung nhiéu RBM chdng nhau dé€ khéi tao mang nhiéu tang.

Mang dudc huén luyén véi dau vao 1a ciia sd dic trung Am thanh quanh mdt khung

trung tim, va dau ra 12 xdc suit trang thii HMM tuong tng. Két qua:

e Ldi am vi trén TIMIT gidm tif 26% con 20.7% mohamed2009, [25].
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 Thém dic trung theo ngudi noéi con gidp gidm 18i sdu hon nita mohamed2011.

Tu nhan dang am vi sang tu vung 16n

Dahl et al. (2012) mé rong t0 nhan dang am vi sang nhédn dang tif ¢6 tU vung 16n
(large-vocabulary ASR), md ra kha ning 4p dung vao céc hé théng thuc té.

Sau d6, cong dong dan chuyén tir:

* RBM va pretraining khong giam sat,

« sang dung ReL.U va dropout d€ hun luyén mang sau tir dau [26], [27].

Hinton et al. (2012a) tdng hop két qua ban dau ctia cac nhém nghién ciu 16n, va nhiéu
hé théng thuc té da dudc trién khai — vi du, trén dién thoai di dong.

Su bung né cia hoc sau trong ASR

Khi tap dit liéu dudc gan nhin 16n dan 1én, cdng véi cac k¥ thuat hién dai trong khéi
tao va huin luyén mang, cic nghién ctiu cho thy pretraining khong con can thiét. Mot
budc tién dot phd xuat hién: giam WER (word error rate) khoang 30% — diéu chua
titng dat dudc trong gan mot thap ky trude d6 véi GMM-HMM [28].

Trong chi 2 nidm, phan 16n hé thong ASR trong cong nghiép da chuyén sang ding
mang no-ron sau (DNN). Diéu nay ciing din dén mot 1an séng ddi méi vé thuat toan va
kién tric trong cong dong ASR.

CNN va RNN cho ASR

« CNN: Sainath et al. (2013) ding mang tich chap d€ khai thac ciu tric hai chiéu cta
phd Am thanh (thdi gian x tan s6). Khac véi TDNN chi chia sé theo thdi gian, CNN
chia sé trong sd c4 theo tan sb.

» RNN: Graves et al. (2013) dung RNN nhiéu ting (deep RNN v6i LSTM), huén luyén
dau-cubi bang CTC (Connectionist Temporal Classification). Két qua: 161 4m vi trén
TIMIT giam con 17.7%.

CTC cho phép mo hinh hoc céch cin chinh tu dong gitta chudi dau vao va dau ra,
khong can gan nhan titng khung. Huéng nay tiép tuc dudc md rong véi co ché attention,
gitip mo hinh hoc céch tap trung vao phan 4m thanh lién quan (Chorowski et al., 2014; Lu
et al., 2015).

Tong két

Nhd hoc sau, ASR di c6 mdt bude nhay vot, khong chi vé dd chinh xdc ma con vé kha
ning huin luyén dau-cudi, gidm phu thudc vio cidc md hinh théng ké truyén thdng nhu

HMM. Hoc siu da tré thanh nén tang chinh cho nhiéu hé thdng nhin dang giong néi hién
dai.
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12.4 Xur ly ngon ngtr tu nhién (Natural Language Processing)

X Iy ngdén ngti tu nhién (Natural Language Processing - NLP) 1a linh vuc nghién ctu
cach mdy tinh hiéu, phan tich va tao ra ngén ngi clia con ngudi, nhu tiéng Anh hoic tiéng
Phap. Khac véi cac ngdn ngit 1ap trinh dugc thiét ké dé d& phan tich cd phép, ngon ngit tu
nhién thudng rat mo hd, khong ro rang, va khé md ta chit ché bing cac quy tic hinh thic.

NLP bao gdm nhiéu ting dung thuc t&, chang han nhu dich mdy, trong d6 hé théng can
doc mot cau & ngdn ngit ngudn va tao ra ciu tuong ducng & ngon ngit dich. Phan 16n céc
hé théng NLP hién dai dua trén mo hinh ngén ngr — mdt mo hinh x4c suét trén céc
chudi ti, ky tu, hodc byte trong ngdn ngit tu nhién.

Tuong tu céc linh vuc khac, mang no-ron néi chung c6 thé dugc ap dung hiéu qua vao
NLP. Tuy nhién, d€ dat hiéu qua t6i uu va c6 kha ning mé rong, ta can mot sb chién ludc
chuyén biét danh riéng cho ngit liéu tuan tu.

Dic biét, khi xay dung mo hinh ngdn ngtt, ching ta thudng coi vin béan 1a chudi céc ti.
Vi s6 luong tif rat 16n nén khong gian dau vao c6 kich thudc cao va rat thua, doi hdi cac
k¥ thuat mo hinh héa hiéu qua ca vé tinh toan 1an théng ké.

12.5 Mo hinh N-gram

M6 hinh ngén ngit 12 mo6 hinh xdc suit dinh nghia phan phdi trén cic chudi token

trong ngdn ngl tu nhién. Mot token c6 thé 1a tli, ky tu hodc byte, va ludn dudc coi 1a mot

don vi r0i rac.

Mot trong nhitng mo6 hinh ngdn ngit s6m va don gian nhat 12 mé hinh n-gram, trong
d6 chudi token dudc phan chia thanh cdc cum lién tiép c6 do dai n:

* n = 1: unigram (mot tu),

* n = 2: bigram (hai tu),

e n = 3: trigram (ba tu), ...

Y tudng chinh ctia n-gram 1a: x4c sut ciia mot tif trong ciu phu thudc vao n — 1 it

diing trude né. Ta udc lugng xac suét c6 diéu kién:

P(@"t | Ti—n41y--- ,flft—l)

Sau d6, x4c suit toan chudi dudc tinh bing quy tic chudi:

P(xy,29,...,2;) = P(x1,...,2p_1) - H P(zy | 2e—ns1y oy 1) (12.5)
t=n
O day:
e P(xy,...,2, 1) la phan phdi ban diu cho n — 1 tif dau tién,
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e tif t = n trd di, x4c suat dudc tinh theo ngit canh n — 1 tif trudc do.

Viéc huan luyén n-gram kh4 don gidn nho wdc luong hop 1y cue dai (MLE) — chi can

dém tan suit n-gram trong tip huin luyén.

Trong nhiéu nim, cidc md hinh n-gram 13 nén tang chinh cho NLP théng ké, véi cic
cong trinh nhu Jelinek va Mercer (1980), Katz (1987), va Chen & Goodman (1999).

Mot phuong phap phd bién 12 huin luyén dong thdi cA mo hinh n-gram va (n—1)-gram

dé tinh x4c suat c6 diéu kién:

Pn(xt—n-l-lu R ,fft)
Pn—l(xt—n—i-l; e ,iUt—l)

(12.6)

P<xt ‘ xt,n+1’ e 71}71) =

Vi du: V6i md hinh trigram, x4c suét ciu “THE DOG RAN AWAY” dudc tinh nhu sau:

P3(THE DOG RAN) - P;(DOG RAN AWAY)

P(THE DOG RAN AWAY) = P,(DOG RAN)
2

(12.7)

Han ché ctia MLE: Vi MLE, bt ky n-gram nao khong xuit hién trong tip huin

luyén déu c6 xac suét bang 0, giy ra hai van dé:

» Néu P,_; = 0: cong thic (12.6) khong xac dinh.

» Néu P, = 0: log-likelihood ctia ciu s& 1a —oo.

Giai phap: Lam mugt (smoothing)

D€ khic phuc, ta 4p dung cac ky thuit lam mugt nhu:

* Lam mugt cong thém (additive smoothing): thém lugng nho vao moi n-gram.

* M6 hinh hon hop (mixture models): két hop trigram, bigram, unigram...

« Back-off: néu ngi canh it xuét hién, quay lui vé ngit canh ngan hon.

Van dé: Loi nguyén chiéu khong gian

V6i tit vung kich thuéc |V, sb lugng n-gram c6 thé 1a [V/|*. Khi n 16n, sb lugng nay
tdng rAt nhanh, khién hau hét n-gram khong xuét hién trong tip huin luyén — ké ca khi
tap dit liéu rat 16n.

Nhin theo c4ch khéc, n-gram gidng nhu mot hé thdng du doan dua trén tim kiém ldn
cdn gdn nhdt trong khong gian one-hot — ndi moi tif déu cach nhau bang nhau. Diéu nay
1am cho viéc chia sé thong tin giita c4c tif tuong tu trd nén bat kha thi.

Giai phap: M6 hinh dua trén 16p tir (class-based models)

Mot huéng khic phuc 1a phan nhém tir thanh céc Idp (cluster), roi chia sé théng ké
gitta céc tif cling 16p. Cac mo hinh n-gram sau d6 sit dung ma 16p thay cho ma tir cu thé &
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phan diéu kién.

P4y 1a huéng tiép cin clia cic cong trinh nhu Brown et al. (1992), Ney va Kneser
(1993), Niesler et al. (1998).

Du gitip mo hinh téng quét héa t6t hon, viéc biéu dién theo 16p ciing khién ta mét di
mot sd thong tin chi tiét quan trong.

12.5.1 M5 hinh ngén ngit than kinh (Neural Language Models)

M0 hinh ngon ngit than kinh (Neural Language Models - NLMs) 1a mot 16p m6 hinh
ngdn ngit dudc thiét ké dé vuot qua han ché clia loi nguyén chiéu khéng gian — van dé
xay ra khi c¢6 gang mo hinh héa xdc sudt trén cic chudi tif c6 do dai thay ddi va khong
gian rdi rac kich thudc rt 16n. Gii phdp chinh ciia NLM la st dung biéu dién phan tin
(distributed representation) cho cac tu (Bengio et al., 2001).

Khic v6i md hinh n-gram dua trén phan 16p (class-based), von chi gom céc tif vao
nhom va dung dai dién nhém dé€ khai quat héa, NLM c6 thé viia nhan biét sy tuong dong
gilta cdc ti, vita giit dugc ban sic riéng biét clia tiing tit. Cu thé, cac mo hinh nay chia
sé thong tin thong ké gitta cic tif ¢6 ngif canh tuong tu, thong qua viéc hoc cac biéu dién
véc-td trong khong gian lién tuc — noi ma nhiing tif tuong dong sé c6 véc-td gan nhau.

Vi du, néu tit “dog” va “cat” c6 biéu dién véc-tc gan nhau, thi md hinh c6 thé sit dung
kinh nghiém hoc dudc tl cAu chita “cat” dé cai thién du doan cho céc cau chia “dog”, va
ngudc lai. Nhd biéu dién bing nhiéu dic trung (features), md hinh c6 kha ning khdi quat
manh — thong tin tif mdi cAu huin luyén c6 thé dugc truyén sang nhiéu ciu tuong dong

vé mit ngif nghia.

Mot trong nhitng nguyén nhan khién mo hinh truyén thong nhu n-gram kém hiéu qua
12 vi st dung biéu dién one-hot cho tii: mdi tir 12 mdt véc-td toan s6 0, chi c6 ding mot
phan i 12 1 tai vi tri dai dién cho tir d6. Diéu nay khién moi cip tit déu cach nhau bing
nhau trong khong gian Euclid (khoang cach /2), khong phan dnh bt ky mbi lién hé ngit

nghia nao.

Ngudc lai, trong cdc mo hinh ngdn ngit than kinh, mdi tif dudc dnh xa sang mot khong
gian nhiing (embedding space) c6 s6 chiéu thip hon, noi cdc tif cing ngi canh sé& gan nhau
hon. Pay chinh 1a cac word embeddings — véc-to tif dugc hoc sao cho phan 4nh cac méi
lién hé ngit nghia. Chang han, “king” va “queen”, hay “run” va “walk”, s& c6 véc-td gan

nhau trong khong gian embedding.
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Hinh 12.3: Truc quan héa word embedding hai chiéu dugc trich xuit tif m6 hinh dich may st dung
mang nd-ron (Bahdanau et al., 2015). Céc ti lién quan ngit nghia c6 vector nhing gan nhau. Cu
thé, cac qudc gia nam bén trdi va cac s6 nam bén phai. Hinh anh nay st dung ky thuit giam chiéu
d€ truc quan héa; trong thuc té, vector embedding thudng c6 hang trim chiéu dé biéu dién nhiéu
ki€u quan hé ngii nghia khdc nhau gitia cac tu.

Théch thifc chinh ctia bai toan md hinh ngdn ngit 13 phai hoc tit mot luong dit liéu huin
luyén hitu han, nhung c6 thé du doan tbt cho s6 ludng chudi dau ra khdng 16 — ting theo
cap sb mii theo dd dai chudi. Cac md hinh ngdn ngit than kinh gitp khai quat tot nhd tan

dung su tuong dong ngit nghia va cAu tric ngit canh tir di liéu.

Y tudng biéu dién phan tan khong chi c¢6 trong NLP. Trong cac mang tich chap (CNN),
céc 16p 4n ciing hoc dugc biéu dién embedding cho anh dau vao. Tuy nhién, v6i NLP,
embedding dic biét quan trong bdi vi ngdn ngit tu nhién khong cé biéu dién lién tuc san
c6 — cdc tif ban dau 1a cac token rdi rac.

Viéc hoc biéu dién phan tan khong chi gidi han trong mé hinh than kinh. Mot s6 mo
hinh dd thi (graphical models) ciing c6 thé hoc embedding thong qua céc bién tiém 4n
(latent variables), nhu trong nghién ctu cia Mnih va Hinton (2007).

12.6 Pau ra co chiéu cao (High-Dimensional Outputs)

Trong nhiéu ting dung NLP, chiing ta thudng mong mudn mo hinh dau ra 1 cic tu,
thay vi ky tu. Tuy nhién, khi tif vung c6 kich thu6c rat 16n (hang trim nghin ti), viéc mo
hinh héa phan phdi xéc suét trén toan bd tap tif vung trd nén cuc ky tén kém.

Gia st tap tf vung c6 kich thude |V]. Cach tiép can phd bién Ia dnh xa véc-td 4n
h € R™ sang khong gian tif vung bang mot phép bién ddi affine, rdi ap dung softmax dé
tao phan phdi xéc suét. Cu thé:

* Trong s6 ctia phép bién d6i 1a ma tran W € RIVIxmn,

« Phép nhan ma tran W véi h cho ra véc-to logit a € RIVI.

« Phan phdi softmax dudc tinh nhu sau:
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a;=b+ Y Wihy, foralli€{1,...,|[V]} (12.5)
J
. et

T e

>

Khi n;, khoang vai nghin va |V| 1én t6i hang trdim nghin, phép bién d6i nay c6 do phiic

tap O(|V| - ny,), dan dén céc van dé:
« Ton bd nhd: do ma tran W qud 16n.
« Ton thoi gian tinh toan, ci trong huin luyén va suy ludn:
— Trong huén luyén: phéi tinh toan bo phan phdi dé t6i uu cross-entropy.
— Trong suy luin: phéi xét toan b tif ving dé€ chon tif c6 xdc suit cao nhét.

« Khong thé t6i wu bang cach chi tinh toan cho tir ding, vi softmax yéu ciu chuin héa

toan bo.

Mot s6 ham mét mat dic biét (vi du Vincent et al., 2015) c6 thé gidp gidm chi phi tinh
gradient. Tuy nhién, khi ding softmax va cross-entropy tiéu chuén, ting dau ra thudng la

phan ton kém nhét trong mo6 hinh ngdn ngit than kinh hién dai.
12.6.0.1 Si dung danh sach ngén (Use of a Short List)

Cac mo hinh ngdn ngit than kinh dau tién (Bengio et al., 2001, 2003) x ly chi phi tinh
toan cao bang cach chi xét mot danh sach ngian khoang 10.000—20.000 tit phd bién.

Y tudng nay dudc md rong bdi Schwenk va Gauvain (2002), sau dé bdi Schwenk
(2007), bing céch chia tap tit vung V' thanh hai phan:

* Danh sach ng:fm L: gdm céc tif phd bién nhit, dudc xit Iy bang mang no-ron.

«Phan dudi 7 = V \ L: gébm cdc tif hiém, dugc xi Iy bdi mo hinh n-gram truyén
thong.

D& két hop dau ra tir hai mo hinh, mang nd-ron sé hoc thém mot xac suit:
PieT|C)

tiic 12 xdc suat mot tir thude phan dudi T khi da thdy ngit canh C.

Khi d6, xdc suit day di cho mdi tit 7 dudc tinh bing:

Ply=i|Ci€Ll)-(1—PGEeT|C)) néuicl
py—i|c)— | PW=i1CieD) - (1-PGET|C) nbus (127
Ply=i|C,ieT)-PlieT|C) neui €7
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Trong do:
* P(y=1|C,i € L) dugc sinh tt m6 hinh mang nd-ron.
e P(y=1i|C,i e T)lay ti mod hinh n-gram.

Xéc suit P(i € T'| C') c6 thé dugc ude lugng bang mdt niit sigmoid riéng, hoic c6 thé

biéu dién nhu mot gia tri dic biét trong tang softmax.

Han ché: Vi phuong phap danh sich ngin, kha ning khai quat héa clia mang no-ron
chi 4p dung cho céc tif phd bién — trong khi chinh céc tir hiém mdi can dugc mo hinh héa
hiéu qua hon. Piéu nay da din dén su ra doi clia nhiéu k¥ thuit méi dé€ xi ly bai toan dau
ra c6 chiéu cao, sé dudc trinh bay trong cic phan tiép theo.
12.6.0.2 Softmax phan cép (Hierarchical Softmax)

Mot céch tiép cén cd dién d€ giam chi phi tinh todn trong tang dau ra c6 chiéu cao 1a
phan ra phan phdi xdc suit theo ciu tric phan cip (Goodman, 2001). Thay vi phai thuc
hién sb lugng phép tinh ty 1& véi |V | (kich thude tif vung), ta ¢6 thé gidm xubng chi con
O(log |V]) néu t6 chic tif ving thanh mot ciy nhi phan.

Phuong phap nay dugc Bengio (2002) va Morin va Bengio (2005) dua vao ap dung

trong cac mo hinh ngdn ngit than kinh.

Y tudng chinh Ia t& chic cac tit thanh mot cdy, trong d6 mbi tir 1a mot 14, va viéc chon
mot tif dude thuc hién biang cach di qua cac nit trén dudng tir gbc dén 14 d6. Mdi nut
tuong tng v4i mot quyét dinh nhi phan: di trai hay phai. Néu cdy can bang t6t, do sau sé
vao khoang log |V, tit d6 gidm ddng k€ chi phi tinh todn.

{0,600 (0.0.1) (010} (01.1) (Lo (L0L) (1,100 (L.1.1)

Hinh 12.4: Minh hoa mot hé phan cAp don gidn gom 8 tif wy, . . . , wy. Céc tit dudc t6 chiic thanh
cdy ba cip. Cac 14 1a cdc tir, con cdc nit trong 1a cidc nhom tir. Mdi tir c6 thé dudc xdc dinh bdi
mot chudi céc quyét dinh nhi phan (0 = tréi, 1 = phdi). Vi du, d& dén dudc wy, ta di qua cic nit véi
nhan nhi phén (1,0, 0), tuong duong véi: P(y = wy) = P(bp =1)- P(by =0 | by =1) - P(be =
0| bp=1,b0 =0)
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Dé du dodn xdc suat tai mbi nuit, ta thuong dung hodi quy logistic. TAt ci cic nit déu
nhéan cling mot ngit cdnh dau vao C. Vi ta biét dudng di ding dén ti muc tiéu, viéc huin
luyén cac mo hinh logistic nay c6 thé thuc hién doc 1ap bang entropy chéo (cross-entropy

loss), tuong dng véi téi da hoa log-xéc suit clia chudi quyét dinh ding.

Lgi ich 16 rang 12 log-likelihood va gradient ctia né déu c6 thé tinh nhanh véi chi phi
O(log [V]).

Mnih va Hinton (2009) dé xuAt mot bién thé mé rong, trong d6 mot tir c¢6 thé c6 nhiéu
duong di dén né trong cay. Khi do, xdc sult clia tif 1a tdng cic xac sult trén tit ca céc

duong di do, giup cai thién kha nang mo hinh héa nhiing tr da nghia.

V& Iy thuyét, ngudi ta ¢ thé toi uu héa clu tric ciy dé giam sb phép tinh trung binh.
Vi du, dua trén ly thuyét thong tin, c6 thé xay dung cdy sao cho do dai dudng di dén mdi
tlf ty 1& nghich véi tan sut xuét hién cda tir d6. Diéu nay gidp gidm ky vong chi phi tinh

toan trén toan tap tu vung.

Tuy nhién, trong thuc té, chi phi tinh todn & ting du ra thudng khong chiém phan 16n
thoi gian tdng thé, dic biét khi so vdi chi phi & cic tang an. Gid sit md hinh c6 [ tang
fully-connected, mdi ting c6 ny, don vi, va ny 12 s6 bit trung binh can thiét d€ ma héa mot
tu, ta co:

s6 phép tinh ting &n = O(In7), s phép tinh dau ra = O(n,n,)
Mién 1a n;, < Inny, thi gidm n;, vin 1a cdch hiéu qua hon d€ gidm tdng chi phi.

Trong thuc té, n, khd nhé. Véi tit viung c6 khoang 10 tir, thi log, (10%) =~ 20, trong khi
ny, thuong khoang 1000 hoac hon.

Mot bién thé don gian 1a xay cy chi véi do sau 2, mdi nit c6 khodng +/|V| nhanh,
ttic 1a chia tif vung thanh cac 16p rdi nhau (word classes). Du don gian, cach nay van gidp

gidm ddng ké chi phi tinh toan va giif lai phan 16n hiéu qua clia softmax phan cip.

Mot thach thiic 16n 12 1am sao d€ xay dung ciy phan cip hoic nhém tit mot cach tdi
uu. C4c nghién cifu ban dau st dung ciu triic ciy cb dinh (Morin va Bengio, 2005). Trong
khi Iy tudng 1a hoc dugc ciu tric ciy clng lic v6i tham s6 md hinh, nhung diéu nay rat
khé thuc hién vi khong thé tdi vu bang gradient do lua chon ciu triic 13 bai toan rdi rac.

Tuy nhién, c6 thé 4p dung cac ky thuat heuristic hoic t6i uu héa r8i rac d€ phan chia
tu vung thanh cac 16p.

Mot uu diém 16n ctia phuong phap softmax phan cip 1a: n6 gitp ting toc ca trong huin
luyén va suy luan, diic biét khi chi can tinh xdc suét ctia mot tif cu thé trong mot ngit canh.

Tuy nhién, néu ta mudn tinh x4c suit cho tit ca céc tif trong tif vung, thi chi phi van rat

cao — ngay ca vdi phan cap.
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Mot han ché khac 1 viée tim tlf ¢6 x4c suat cao nhat ciing khong dé véi cdy phan cap,

vi cdy khong dugc t§ chic theo gia tri xac sudt.

Ngoai ra, trén thyc nghiém, cic mo6 hinh softmax phan cip thudng cho két qua kém
hon so v6i cac phuong phép dua trén mau (sampling-based), sé dudgc trinh bay trong phan
sau. Nguyén nhan c6 thé do ciu triic 16p tit khong tdi wu hodic qué tho.
12.6.0.3 Léy mau quan trong (Importance Sampling)

Mot cach d€ ting toc qua trinh huin luyén mo hinh ngén ngit hoc sau 1a tranh viéc
phai tinh gradient cho toan b tlf vung tai mdi buéc. Méi tir sai (khong phdi tir ding tai vi
tri can du dodn) can c6 x4c suat thip, nhung viéc tinh xdc suat cho tit ca cic tir 1a rat tén
kém.

Thay vao do6, ta c6 thé chon ngiu nhién mot tip con céc tif sai dé€ uSc luong phan

gradient nay. St dung ky hi€u tit phuong trinh (12.8), ta c6:

dlog P(y | C)  0Ologsoftmax,(a)

o = (12.13)
0 e
== log S (12.14)
_9 —1lo Z ai (12.15)
=0 ay g i e .
. aay . 8(%
—%—;P(z 1O, (12.16)

Trong do:
« Thanh phan dau tién 12 pha dweng, nhim ddy diém sb a,, cla ti ding 1én cao hon.

« Thanh phan thi hai 12 pha am, kéo diém sb cac tif sai xubng thap, véi trong sb 12
xéc suat mo hinh P(i | C).

Do pha 4m 12 mot ky vong, ta c6 thé xap xi n6 bang phuong phap Monte Carlo. Tuy
nhién, néu lay miu tif chinh mé hinh P(i | C) thi van can tinh todn toan b phan phdi —

di€éu ma ta dang muon tranh.

Giéi phap 12 st dung mot phan phdi lay mau thay thé q(7) (goi la proposal distribution),
thudng chon 12 phan phbi unigram hoic bigram — dé 14y mau va udc luong.

DE hiéu chinh do 1éch do 1y mau ti ¢ thay vi tif md hinh P, ta dung Idy mdu quan
trong (importance sampling). Tuy nhién, néu dung liy miu quan trong chinh xdc thi van

can biét P(i | C), nén khong hiéu qua. Thay vao do, ta dung phién bdn léch (biased):

Wi = Sm
> i Py,

(12.17)
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Gradient ctia pha 4m dudc x4p xi bang:

Vi

, E)aiN 1 & Oay,
;P(”C)ae ”E;wl 0

(12.18)

Trong do:

» m 12 s6 lugng tir Am dudc iy mau.

* pp, laxac suat mo hinh (khong can chuén héa).

* ¢, 1a xdc suét i n; theo phan phdi 1ay mau.

Luu ¥: ¢ nén phan 4nh xac suat xuat hién thuc té cta cac tif Am — vi du nhu phan phbi

unigram. Diéu nay gitip mo hinh tap trung vao nhiing tif Am dé giy nham lan.

LAy mau quan trong khong chi gitip gidm chi phi tinh todn & tAng softmax c6 tlf vung
16n, ma con hitu ich v6i cdc mo hinh c6 dau ra thua (sparse outputs), chang han nhu dau
ra dang bag of words.

Dauphin et al. (2011) dé xuét:

* Chi tinh gradient cho cac ti muc tiéu (cac tu “duong”),

* Lay thém mot sb tif “4m” bang mot chién ludc 14y mAu,

* Dung trong s6 14y miu quan trong d€ hiéu chinh sai léch.

Két luén: Liy mAu quan trong gitip gidm chi phi gradient & 16p dau ra tit O(|V|) xuéng
O(m) — véi m 1a sb tit am dugc 1iy mau, rat nhé so véi |V|. Pay 1a mot chién luge dic
biét hiéu qua cho cdc md hinh ngdn ngit hoc sau.

12.6.0.4 Udc lugng dbi 1ap véi nhiéu va ham méit mat xép hang

Mot huéng tiép cin khac d€ tranh chi phi tinh toan 16n clia ting softmax 12 sit dung céc

ham méit mat thay thé khong can tinh toan bd phan phdi xic suit.

Mot vi du diu tién 1a ham méat mat xép hang (ranking loss) ctia Collobert va Weston
(2008a). Mdi tit dudc gan mot diém sd a; va muc tiéu 1a ddm bdo tir diing y c6 diém cao
hon céc tu sai ¢:

L=> max(0,1-a,+ a;) (12.8)
Néu a,, 16n hon a; it nhit 1 don vi thi khong bi phat; néu khong, ham mét mat sé ddy

a, 1én va a; xuodng.

Han ché: ham xép hang khong cho ra phan phéi xdc suét c6 diéu kién P(w; | w.,),

nén khong ding dugc cho céc ting dung can x4c suat — nhu sinh ngdn ngit hay dich mdy.
Mot giai phap tot hon 1a Udce lugng doi 14p vdi nhiéu (Noise-Contrastive Estimation
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- NCE), sé dudc trinh bay chi tiét 8 Muc 18.6. NCE gitp huin luyén md hinh sinh x4c
suit ma khong can tinh chuin héa toan phﬁn — vura chinh xac, vua hiéu qua, va da dugc
ap dung thanh cong cho cic md hinh ngdn ngit than kinh (Mnih va Teh, 2012; Mnih va
Kavukcuoglu, 2013).
12.7 Két hgp mo hinh ngon ngur neural véi n-gram

Mot uu diém 16n cia md hinh ngdn ngit truyén théng dua trén n-gram so v6i mang
no-ron 1a kha ning Ivu tri rat nhiéu t8 hop tit (tuples), tir d6 dat dudc dung luong md hinh
cao. Hon nita, viéc xd 1y mot vi du méi trong mo hinh n-gram thudng rat nhanh, vi chi
can tra ctiu mot sb lugng nhé céc tuple cé ngit canh phu hop.

Néu st dung céc ciu tric dit liéu hiéu qua nhu bang biam hoic cy tim kiém, thi thoi
gian xt ly khong phu thudc nhiéu vao s luong tuple da luu. Néi cach khéc, c¢6 thé ting

dung lugng ctia mo hinh n-gram 1én rt 16n ma khong 1am ting dang ké thdi gian xi ly.

Ngudc lai, trong cdc mang no-ron, khi ting gip doi sd luong tham sb thi chi phi tinh

toan thudng ciing ting tuong ting. Tuy nhién, vin c6 mot s6 ngoai 1é:

* Lép embedding: Chi truy xuit mot vector tuong ing véi tif dang xét, nén c6 thé mé
rong tif viing ma khong 1am chim méi 1an xi 1y.

« Mot s6 mé hinh nhu tiled CNN: C6 thé ting sb tham s bing cach giam chia sé

trong s6 ma khong 1am ting dang k€ chi phi tinh todn.

Tuy viy, trong hau hét cdc 16p mang chuin dua trén nhan ma tran, chi phi tinh toan ty

1¢ thuan véi s6 luong tham sb.

Mot chién ludc don gidn dé vira ting dung luong mo hinh ma khong ting qua nhiéu
chi phi 12 két hgp hai mo hinh: mdt mang no-ron va mot md hinh n-gram, thong qua ky
thuat t5 hop md hinh (ensemble), nhu dugc dé xuat bdi Bengio et al. (2001, 2003).

Ciing gidng nhu céc t6 hop mé hinh khac, y tudng 1a giam 16i kiém tra bang cach két
hop cac mo hinh mac 16i khac nhau. C6 thé don gian cong trung binh cdc phan phdi du

ra hodc diing trong sb tdi wu héa dua trén tip xéc thuc.

Mikolov et al. (2011a) da md rong phuong phap nay bang cach két hop nhiéu loai md
hinh ngoén ngit khac nhau, khong chi diing lai § hai mo hinh.

Mot hudng tiép can khac 1 két hdp mang no-ron v6i mo hinh entropy cuc dai, biang
cach huin luyén c hai dong thai (Mikolov et al., 2011b). Cach nay tuong duong vdi viéc
thém mot tip dic trung rdi rac truc tiép vao dau ra.

Céc dac trung nay la chi bao (indicator features) cho su ¢c6 mat cia mot n-gram cu
thé trong ngit cidnh dau vao. Chiing c6 tinh chét rit thua (sparse) va chiéu cao (high-
dimensional), v6i s6 dic trung tiém ning c6 thé 1én ti [V|" néu tif vung 1a V. Tuy nhién,

vi mdi vi du chi kich hoat mot s& nhd dic trung, nén chi phi tinh todn ting thém Ia rat nho.
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12.8 Dich may b?lng mang nd-ron (Neural Machine Translation)

Dich mdy (machine translation) 13 bai todn chuyén mot ciu tif ngoén ngif ngudn sang
ngdn ngit dich sao cho van giit nguyén y nghia. Cac hé théng dich may hién dai thuong
dugc chia thanh nhiéu thanh phan.

Mot thanh phan dau tién dua ra cac ban dich tng vién. Tuy nhién, do khic biét cui
phép giita cac ngon ngit, nhiéu ban dich c¢6 thé khong ding ngit phap. Vi du, thay vi “red
apple”, hé théng c6 thé dé xuit “apple red”.

Dé danh gid cic ban dich nay, m6t mo hinh ngon ngir dudc dung dé€ chAm diém va
chon ban dich cé kha ning ding hon. Vi du, mo hinh sé xac dinh rang “red apple” hop
ngit phap tiéng Anh hon “apple red”.

Ngay tif rit s6m, cdc nghién cifu vé mang no-ron di dua ra y tuéng encoder va decoder
(Allen, 1987; Chrisman, 1991). Tuy nhién, ting dung 16n dau tién clia mang no-ron trong
dich mdy la thay thé md hinh n-gram bing mang MLP d€ mo hinh héa xic suét trong
ngon ngt dich (Schwenk, 2010).

Thay vi chi m6 hinh héa xac suit P(ty,...,t;) cho cau dich, muc tiéu dugc mS rong

thanh mo6 hinh hoa xac suat c6 dicu kién:

P(tl,...,tk | 81,...,Sn)
trong d6 s; 1a tif trong cAu ngudn va t; 1a tli trong cau dich. Diéu ndy cho phép md hinh
tao ra ban dich phu hop hon véi ngit canh clia ciu nguon.

Tuy nhién, mang MLP yéu cau do dai chudi cb dinh, khong phu hdp vé6i thuc té. Vi
thé, ngudi ta chuyén sang diing mang hdi tiép (RNN), von c6 thé xi Iy chudi v6i do dai
linh hoat.

Kién tric chinh dudc st dung 12 encoder-decoder:

+ Encoder: thudng 12 RNN hoic CNN, doc toan bo ciu ngudn va sinh ra mot vector
ngtt canh C'.

* Decoder: mot RNN khic, st dung C' dé€ sinh ra chudi dau ra trong ngdn ngit dich.

So d6 téng quat dugc trinh bay trong Hinh 12.5.
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Output object (English
sentence)

Decoder

Intermediate, semantic representation

Encoder

Source object (French sentence or image)

Hinh 12.5: Kién triic encoder-decoder: encoder dnh xa dau vao (cau tiéng Phdp) sang mot vector
ngit nghia, decoder chuyén vector d6 thanh dau ra (ciu tiéng Anh). Y tudng nay ciing 4p dung cho
céc tdc vu chuyén doi gitta cac loai dit liéu khdc nhu anh — chui thich.

Tir goc dd hoc biéu dién, muc tiéu 1a xdy dung mot khong gian dic trung noi céc cau

mang cling ¥ nghia (du viét bang cac ngdn ngit khac nhau) sé ¢ vector gan nhau.

Kalchbrenner va Blunsom (2013) dé xu4t mo hinh két hgp CNN va RNN cho dich may.
Céc cong trinh sau nhu Cho et al. (2014a) va Sutskever et al. (2014) da phat trién mo hinh
encoder-decoder bang RNN dé khong chi ddnh gid ma con truc tiép sinh ban dich.

Jean et al. (2014) md rong md hinh dé€ 4p dung cho tif vung rat 16n, st dung cic ky
thuat giam chi phi tinh todn tai ting softmax.
12.8.0.1 St dung co ché attention va cin chinh dit liéu

Viéc ép mot cau dai (vi du 60 tir) vao mot vector ¢b dinh dé truyén tai toan bd y nghia
12 mot thach thic 16n. Du vé ly thuyét c6 thé 1am dudc véi cac mang RNN di 16n (Cho et
al., 2014a; Sutskever et al., 2014), nhung trong thuc té, cach nay khong hiéu qua.

Mot giai phap hiéu qua hon dugc dé xuit béi Bahdanau et al. (2015). Y tudng la sau
khi encoder doc xong toan bd cau ngudn, decoder khong st dung mot vector ngit canh cb
dinh ma s& chon loc thong tin tir cic phian khac nhau ctia cAu ngudn mdi khi sinh ra
mot tif mdi trong cau dich. Céch tiép cin nay goi 12 co ché attention.
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Hinh 12.6: Co ché attention dudc gi6i thiéu béi Bahdanau et al. (2015), vé ban chit 12 mot phép
trung binh c6 trong s6. Mot vector ngit canh ¢ dudc tao ra bang cach iy trung binh c6 trong s
clia céc vector dic trung h(t) véi trong s6 a(t). Cac trong s nay dudc sinh ra bdi mo hinh, thusng
bing cach dua cac diém lién quan qua ham softmax. Phép trung binh c6 trong s 1a mot xap xi tron
va kha vi ctia viéc "truy xuat"thong tin cu thé — gitip mo hinh cé thé huén luyén hiéu qua bing
lan truyén ngudc.

Quy trinh hoat dong ctia m6 hinh attention gém ba phan:

1. Trinh doc (Encoder): Anh xa mdi tit trong cAu ngudn thanh mot vector dic trung,

gilf nguyén thd tu xuét hién.

2. B nhé (Memory): Danh sich céc vector dic trung niy tao thanh mot bo nhd, giéng

nhu mot chudi cdc su kién ngilt nghia.

3. Trinh sinh (Decoder): Tai mdi budc dich, decoder c¢6 thé "chi y"vao mot vai vector
dic trung, truy xuat thong tin tlf bo nhé thong qua co ché attention d€ sinh ra tif tiép
theo.

Khi céc tii trong ciu nguodn va ciu dich c6 lién hé o rang (dugc cin chinh), md hinh
c6 thé hoc cdch dnh xa gitta cdc tlf tuong ing, ké ca & hai ngdn ngit khac nhau. Vi du,
Kodisky et al. (2014) chi ra riang c6 thé hoc mot ma trdn dich chuyén tuyén tinh giita cac
embedding tif ctia hai ngdn ngit — va viéc d6 cho két qua ciin chinh chinh x4c hon so véi
cic phuong phap théng ké truyén thdng.

Nhitng nghién cdu trudc do, nhu cia Klementiev et al. (2012), cling da xay dung cac
vector ti da ngdn ngt (cross-lingual embeddings), giup anh xa tu ngén ngl nay sang ngdn
ngt khac trong cung mot khong gian véc-to. Gouws et al. (2014) sau dé con md rong cach
tiép can nay dé huin luyén trén tap dii liéu 16n hon, hiéu qua hon.
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12.8.1 Géoc nhin lich st

Khéi niém biéu dién phan tan (distributed representation) cho céc ky hiéu dudc giéi
thiéu 1an dau béi Rumelhart et al. (1986) trong mdt nghién ciu vé lan truyén ngudc.
Trong nghién ciu nady, cic dbi tugng nhu thanh vién trong gia dinh dudc anh xa sang
vector vd mang hoc ciach md ta quan hé nhu (Colin, Mother, Victoria). Lp dau tién hoc
cach biéu dién Colin thong qua cac dic trung nhu vi tri trong cAy gia pha, nhanh, thé hé,...

Sau d¢, y tuéng embedding dugc md rong cho tit vung bsi Deerwester et al. (1990)
thong qua k¥ thuat phan rd SVD. Sau nay, viéc hoc embedding tit dudc thuc hién truc tiép
bing mang no-ron thay vi dung cac phuong phap thong ké tuyén tinh.

Lich st ctia NLP ciing chiing kién su chuyén déi trong cach biéu dién dau vao cho mo
hinh:

* Ban dau, dau vao 1a chudi ky tu (Miikkulainen va Dyer, 1991; Schmidhuber va Heil,

1996).

* Sau d6, Bengio et al. (2001) dua ra mo hinh ngdn ngii neural dau tién dua trén tur

vung, hoc dudc embedding tir dién giai dudc.

Ngay nay, cdc mo hinh hién dai c6 thé biéu dién hang triéu tit, bao gom ca tén riéng,
16i chinh t4,... Nhitng kha ning ndy md ra nhiéu huéng phat trién méi cho NLP. Cac ky
thuat nén tang nhu gidm chi phi tai ting softmax da dudc trinh bay trong muc 12.4.3.

MO0 hinh ngdn ngit neural ciing dudc ap dung rong rai trong cac tac vu khac cia NLP:

* Phan tich cu phap (parsing) (Henderson, 2003; 2004),

* Gan nhan tu loai (POS tagging),

* Gan vai nghia (semantic role labeling),

* Tach cum tu (chunking).

Collobert va Weston (2008) dé xuit kién tric hoc da nhiém (multitask learning), trong
do cac tac vu chia sé cing mdt embedding tu.

Viéc truc quan héa embedding ciing déng vai trd quan trong trong viéc phat trién va
hi€éu mé hinh. Sau khi thuit todn t-SNE dugc dé xuit (van der Maaten va Hinton, 2008),
viéc truc quan héa cac embedding tir tré nén dé dang va phd bién hon. Joseph Turian 12
mot trong nhiing ngudi dau tién st dung t-SNE d€ minh hoa truc quan embedding tit vao
niam 2009, tir d6 thiic ddy su quan tdim 16n hon dén viéc phan tich embedding trong NLP.
12.9 Cac ting dung khac

Trong phan nay, chiing tdi gidi thiéu mot sb ing dung khac ctia hoc siu, khong nam
trong ciac nhém nhiém vu tiéu chuin nhu nhin dang dbi tuong, nhan dang giong néi hay
XU Iy ngén ngti ty nhién da trinh bay 6 cac muc trudc. Cac ing dung nay mé rong thém
tam anh hudng clia hoc siu, va sé dudc dé cip sau hon trong Phan III ctia cudn sach véi

cac nhiém vu van con 1a chi dé nghién citu.
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12.9.1 He thong goi y (Recommender systems)

Mot trong nhiing ting dung phd bién nhit ctia hoc mdy trong nganh cong nghé 13 kha
ning dé xuét cac muc tiéu nhu san pham, bai viét hay quang cdo dén ngudi ding. Hai
dang t@ng dung chinh la:

« Quang céo truc tuyén (Online Advertising)
* Goiy san phﬁm (Item Recommendation) — vi du nhu phim, bai hat, hay bai viét.

C4 hai déu xoay quanh viéc du doan méi lién hé giita ngudi dung va ddi tuong: chang

han x4c suit nhip vio quing cdo, kha ning mua hang, hoic mic do quan tam.

Ban dau, cic hé théng nay chi ding thong tin don gian nhu ID ngudi dung va ID san
pham. Mot phuong phap hiéu qua 12 loc cong tac (collaborative filtering), gia dinh ring
nhiing ngudi diing c6 hanh vi gidng nhau sé c6 sé thich tuong tu.

Mot dang mo hinh gdi y dién hinh c6 dang:

Ru,i = bu + ¢+ Z AUJB]'J'

j

Trong do:

 A: embedding bi€u dién ngudi dung,

* B: embedding bi€u dién san pham,

* b,: bias riéng cta ngudi dung u,

* ¢;: bias riéng ctia sn pham i.

Muc tiéu ctia bai toan l1a t6i thiéu héa sai s giita gia tri du doan R, ; va gia tri thuc
t€ R, ;. Viéc hoc cdc embedding c6 thé thyc hién qua phan ra ma tran (SVD) hoic t6i uu
gradient.

Hoc sau md ra nhiéu hudng phat trién manh mé trong hé thdng goi y, chang han:

* Restricted Boltzmann Machines (RBMs): tiing dugc dung trong hé thdng dat gidi
Netflix Prize.

 Mang tich chap (CNN): diung dé hoc embedding tif ndi dung goc nhu audio (van
den Oord et al., 2013).

+ M6 hinh deep multitask: hoc bi€u dién chung cho ngudi diing va san phim tif nhiéu
nguén du liéu (Huang et al., 2013; Elkahky et al., 2015).

Mot bai toan phd bién trong hé thong goi y 1a cold-start — khi gip ngudi dung méi

hodc san pham mdi, chua c6 dit liéu lich sir. Cach khic phuc bao gdm:
* St dung thong tin hd so ngudi ding (nhu do tudi, vi tri, sé thich),

e Ding dic trung ndi dung san pham (vi du md ta viin ban),
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* Hoc biéu dién tir nhitng dic trung nay bang hoc sau.
12.9.1.1 Kham pha va khai thac (Exploration vs. Exploitation)

Mot vin dé quan trong trong hé thdng goi y vuot ra ngoai pham vi hoc c6 gidm st
truyén thong: d6 1a su danh ddi gitta kham pha (exploration) va khai thac (exploitation).
VAan dé nay thuoc vé linh vuc hoc ting cudng (reinforcement learning), dic biét 1a bién
thé goi 12 contextual bandits.

Thién léch dir liéu: Gia st hé thong hién thi sdn phdm A cho ngudi diing va nhan dudc
phén hdi, n6 khong biét diéu gi sé x4y ra néu hién thi san pham B. Véi cac muc tiéu khong
dudc chon (vi du khong thang trong phién diu gid quang c4o), hé théng khong nhan dudc
bat ky phan hoi ndo. Diéu nay tao ra su thién léch trong dit liéu quan sat dudc.

Contextual Bandit la gi? Dy 1a mot mo hinh don gian hoéa cta hoc tang cuong: tai
mdi thdi diém, mo hinh chi chon mdt hanh dong (vi du: dé xuit mot san phdm) dua trén
ngil canh (vi du: thong tin ngudi dung), va chi nhan dudc mot phan thudng cho hanh dong
do.

Kham pha vs. Khai thac:

+ Khai thac (Exploitation): Chon hanh dong ma mo hinh tin 13 sé dem lai phan

thudng cao nhit dua trén dit liéu da hoc.

« Kham pha (Exploration): C6 tinh thi cic hanh dong khac dé thu thap thém dit liéu

— ¢6 thé din dén phan thudng cao hon trong tuong lai.

Vi du: Néu san phdm A da tiing cho phan thuéng = 1, v san phdm B thi chua c6 dif
liéu, ta van nén thit B d& kham ph4 kha niing c6 thé dat phan thudng cao hon.

Chién lrge kham pha:

* Chon hanh dong ngiu nhién vé6i xac sult nhd (epsilon-greedy),

« Uu tién cdc hanh dong c6 do6 bat dinh cao trong udc lugng phan thudng.

Anh huéng ctia thoi gian: Néu hé thdng chi hoat dong trong thdi gian ngdn, thi nén
uu tién khai thac. Néu hoat dong 1au dai, can kham pha manh & giai doan dau dé thu thap
dit liéu, sau d6 khai thac két qua hoc dugc.

DPanh gia mé hinh khé khin: Khong giébng nhu hoc cé giam sat, trong hoc ting
cudng, chinh sich clia mé hinh anh hudng dén dit liéu né thu thap — khién viéc danh gid
khach quan trd nén khé. Cac ky thuat nhu ctia Dudik et al. (2011) dudc st dung d€ danh
gia hiéu suét chinh sach trong bbi cdnh contextual bandits.

12.9.2 Dai dién tri thitc, suy lun va tra 16i cau hoi

Hoc sau da dat dugc nhiéu thanh cong An tugng trong céc linh viic nhu md hinh ngén
ngit, dich mdy va xi ly ngdn ngit tu nhién. Mot phan quan trong tao nén thanh cong nay
la viéc stt dung embedding — tic 1a biéu dién cdc tif va ky hiéu dudi dang vector trong
khong gian lién tuc. Nhitng nén ting ban diu dugc dit ra bdi cac cong trinh kinh dién ctia
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Rumelhart et al. (1986a), Deerwester et al. (1990), va Bengio et al. (2001).

Embedding khong chi gitip md hinh hiéu rd y nghia cta tiing tif ma con cho phép mo
hinh hoc dugc mdi lién hé giita cac khdi niém trong ngén ngii. Tuy nhién, mot thach thiic
hién tai 12 1am sao md rong kha ning biéu dién nay dé& 4p dung cho cum tir, cdc mbi quan

hé, va ca nhiing tri thiic cu thé (facts) trong thé gidi.

Mot s6 cong cu tim kiém hién dai da bat dau st dung hoc mdy dé xay dung nhiing biéu
dién nhu vay. Tuy nhién, linh vuc nay van con rit nhiéu cau hdi mé — dic biét trong viéc
cai thién kha ning suy luin, hiéu ngit nghia siu va tra 16i cAu hoi tu dong.
12.9.2.1 Kién thitc, quan hé va tra 16i cau héi

Mot hudng nghién ctiu quan trong 13 xay dung cdc bi€u dién phan tan (distributed
representations) c6 thé hoc dudc moi quan hé gitta hai thuc thé. Cdc mbi quan hé nay

gitip mo hinh nam bat tri thifc vé cac ddi tuong va cach ching tuong tic véi nhau.

V& mit toan hoc, quan hé nhi phén c6 thé hi€u don gian 1a mot tap céc cip (a, b). Néu

(a,b) ndm trong tap, thi c6 quan hé gitta a va b. Vi du:

S = {(17 2)7 (1’ 3)? (27 3)}
O day, ta c6 thé néi 1 < 2 vi (1,2) € S, nhung khong thé néi 2 < 1vi (2,1) ¢ S.
Thay vi chi dung s6, ta c6 thé diing c4c khdi niém ngit nghia nhu:
(dog,is_a_type_of,mammal)

Céc quan hé nay thudng dugc bi€u dién dudi dang b ba:

(subject, relation, object) (12.9)

hay viét chung 1a:

(entity,, relation;, entity,) (12.10)

Ngoai ra, con c6 thude tinh (attribute), 13 cic thong tin don 1é gin v6i mot thuc thé:

(entity,, attribute;) (12.11)

Vidu: (dog, has_fur).

Tri thifc nay c6 thé dén tir viin ban chua c6 céu triic hoic tii cic ¢d s6 dir liéu quan hé
(relational database). Khi dit liéu dugc thiét ké d€ truyén dat kién thiic cho hé théng Al,
ta goi d6 la co s6 tri thie (knowledge base) — vi du nhu Freebase, WordNet, hoac
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Wikidata.

Biéu dién cho thuc thé va quan hé c6 thé dudc hoc bang cach xem tiing bd ba trong co
s8 tri thic nhu mot mau huin luyén. Mot s6 nghién ciiu nhu bordes2013translating dé

xuat tdi vu ham muc tiéu bi€u dién phan phdi chung gitta thuc thé va quan hé.
Mot s6 huéng tiép can:

e Linear relational embeddings paccanaro2000learning: biéu dién mdi thuc thé

bang mot vector, mdi quan hé bang mdt ma tran tuyén tinh.

+ Joint embeddings bordes2012joint: quan hé ciing dudc biéu dién bang vector nhu
thuc thé, cho phép mo hinh héa quan hé phiic tap va linh hoat hon.

Mot ting dung tiéu biéu 1a du doan lién két (link prediction) — tic 12 suy ra cic mdi
quan hé con thiéu trong dd thi tri thic. Pay 12 mot dang suy luin dé bd sung kién thiic

chua c6 trong cd s dit liu.

Vi dit liéu huén luyén thudng chi chia cic quan hé diing (positive examples), mot k§
thuat phd bién 12 tao thém cic quan hé gia (negative samples) bing cach thay thé mot
thuc thé ngiu nhién. Vi du:

(Paris,isCapitalOf,France) — (Paris,isCapitalOf, Japan)

Chi s6 danh gid thuong dung 1a precision@10%, kiém tra xem cac quan hé ding c6

dudc xép hang cao hon cdc quan hé sai hay khong.

Mot ting dung khdc 1a phan biét nghia cta tir (word-sense disambiguation): mo

hinh phai xac dinh nghia phu hgp cua ti tuy theo ngit canh.

Trong tuong lai, két hop tri thic véi kha ning suy luan c6 thé gitip xay dung hé théng
tra 1i cau héi tong quat (general-purpose question answering) — ndi mé hinh khong
chi ghi nhé dit liéu ma con phai suy luan dé tim ra cau tra 10i.

Hién tai, cic mod hinh nhu Memory Networks weston2014memory hodc cac phién
ban md rong su dung GRU nhu Kumar, Irsoy, Su, Bradbury, English, Pierce, Ondruska,
Iyyer, Gulrajani and Socher [29] dang dugc dung d€ thit nghiém cac hé thdng nhu vay
trong cac moi truong don gian.

Tong két

Hoc siu dang ngay cang dugc mé rong sang nhiéu linh vuc ing dung khac nhau. Nhiing
gi trinh bay trong chuong nay chi 13 mot lat cat dai dién. Tt nhan dang hinh anh, giong
néi, dén xt 1y ngdn ngit, hé thdng goi y, va suy luin tri thiic — hoc sau di ching minh
kha niing vugt trdi khi c6 di dit liéu huin luyén va cong cu tinh todn manh.

Phan II dén day két thic. Phan nay da trinh bay hau hét cac phuong phap thuc tién hién

dai trong hoc sau, véi diém chung 12 tdi uu cdc ham muc tiéu bang gradient descent dé
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hoc x4p xi mot ham muc tiéu nao d6. Cach tiép can nay to ra rit manh khi c6 dua dit liéu.
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