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LOI MO DAU

K§ thuat nhan dang dang 13 mot van dé rat duoc quan tdm hién nay, dic
biét trong an ninh quéc phong: nhu nhan dang chir ky, nhan dang mau toc, nhan
dang hinh anh, nhan dang van long ban tay, nhan dang chir viét, nhan dang ngon
ngir, nhan dang sinh tric hoc,v.v...

Ngay nay, do su phat trién nhanh chong cua khoa hoc cong nghé, dic biét
la CNTT, ngoai hai k¥ thuat nhan dang truyén théng la nhan dang dya vao cac
tham s6 cta d6i twong va nhan dang theo ciu tric, mot hudéng méi dang duoc
quan tam nghién ctru la nhan dang dua vao k¥ thuat mang neural. K§ thuat nay
budc dau dang duoc tmg dung va di cho nhimg két qua quan trong. Diéu nay
néi 1én tinh cép thiét cua khoa hoc vé mang neural trong viée giai quyét nhiéu
bai toan trong thuc tién. Kha ning tng dung cua mang neural hién nay khéng
con nam trong cac phong thi nghiém nita ma da xuat hién tng dung vao trong
cac linh vuc thuong mai.

Xuat phat tir Iy do d6 nén em manh dan chon dé tai: Tim hiéu mang
neural va ing dung ciia no, lam d6 4n tot nghiép cta minh.

Do day 12 mot dé tai khé va méi ddi véi em nén trong qué trinh nghién ctru
chic chan em s& gip nhiéu kho khian. Do viy em rat mong duoc cac thay, co
thong cdm va cho em nhiing chi bdo, em xin chan thanh cam on!

Hai Phong, thang 06 nam 2010

Sinh vién

Bui Duy Quing



CHUONG I: GIOI THIEU CHUNG VE MANG NEURAL

1.1 Tong quan vé mang neural sinh hoc
1.1.1 Céu trisc mang neural sinh hoc

Bo ndo ngudi ¢6 mang ludi gdbm khoang 10* té bao than kinh (goi 13 no-
ron) lién két phtic tap voi nhau. Mdi té bao than kinh gém 3 thanh phan chinh:
than té bao than kinh (cell body con goi 1a soma), hé théng cac day than kinh

tiép nhan (dendrites) va mot soi truc than kinh (axon).

Afferent nerve fibers

Dendrites

Hinh 1.1 M6 hinh té bao than kinh

Hé théng day than kinh tiép nhan 1a mot ludi day dic cac diy than kinh
dang cdy bao boc xung quanh than té bao, chung dan céc tin hiéu dén phan than
té bao. Than té bio sé tong hop cac tin hiéu dau vao nay, lam thay doi dién thé
cua nd va khi vuot qua mgt mirc ngudng thi s€ cho ra mot xung dién trén soi
truc than kinh ra (Axon). Cac day than kinh axon c6 thé ré ra nhiéu nhanh dé noi
dén cac day than kinh vao hodc nbi truc tiép v6i phan than cta cac té bao than
kinh khac théng qua cac khép than kinh (synapse).
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Khi mot t& bao than kinh hoat dong, n6 dugc kich thich tao ra mot tin hiéu
dién hoa chay doc theo soi axon va dan dén cac khép than kinh. Khép than kinh
dugc chia lam 2 loai: khép ndi kich thich (excitalory) va khop ndi wc ché
(inhibitory). Tai cac khdp than kinh nay xay ra cac qua trinh phan Uung va giai
phong cac chit hitu co tao nén cac tin hiéu dién kich thich té bao than kinh.
Cuong do tin hiéu ma mot té bao than kinh nhan duoc phu thudc chu yéu vao
muirc do lién két cua cac khép ndi. Nhitng nghién ciru hoat dong cuia hé than kinh
da chira réng qua trinh "hoc" cua bd ndo chinh 1a viéc hinh thanh hoéc thay doi

murc do lién ket cua cac khop noi.

1.1.2 Kha nang ciia mang neural sinh hoc (bg ndo)

- B0 nhd dugc to chitc theo cac bo thong tin va truy nhdp theo ndi dung
(c6 thé truy xuat thong tin dua theo cac gi tri thudc tinh cta ddi tugng).

- Bo ndo c6 kha ning tong quat hoa, co thé truy xuat cac tri thirc hay céc
moi lién két chung ctia cac ddi tuong twong tng voi mot khai niém chung nao
do.

- B0 ndo ¢6 kha nang hoc.

1.1.3 Qua trinh hoc ciia bo nio

Khi cac xung tin hiéu tir cac "day than kinh vao" t6i cac khép nbi, khop
ndi s& cho tin hiéu di qua hodc khong kich thich neural tiép theo. Do vay hinh
thanh mot con dudng truyén xung nhat dinh.

Hoc la lam sao cho con duong nay duoc ldp lai nhiéu 14n, nén strc can cua
cac khép ndi s& nho dan, tao diéu kién cho nhirng lan 13p lai dé dang hon. Co thé
n6i: Toan bd nhitng kién thire, kinh nghiém ctua mot nguoi tich liy duge va luu

gitlr trong dau chinh 1a h¢ thong strc can cua céc khop noi.



1.2 Neural nhan tao
1.2.1 Dinh nghia

Neural nhan tao (Atificial Neural Networks) la suy m6 phong don gian cta
neural sinh hoc. Mdi neural nhan tao thyc hién hai chirc ning: chtic ning tong
hop dau vao va chirc ning tao dau ra.

MJdi neural nhan tao c6 mot s6 dau vao va mot dau ra. Moi dau vao duoc
gén mot hé sd nhan goi la trong ) (weight) c6 y nghia nhu mtc d6 lién két tai
khép ndi trong mang neural sinh hoc. Trong s6 co6 thé 1a dwong hodc am, giéng
nhu trong mang neural sinh hoc cé hai loai khop ndi: khoép ndi kich thich va
khép ndi tic ché.

Mdi neural c6 mot gia tri ngudng. Chirc ning dau vao chinh 1a téng co
trong s6 céc tin hiéu vao két hop v4i ngudng dé tao ra tin hiéu dau vao net input.
Su két hop nay duoc thuc hién bang mot tong hay theo mot so tai lidu goi 1a
ham PSP (Post Synapic Potential function) - ham thé sau khép ndi.

Chuc nang tao dau ra duoc thé hién béng ham truyén dat (transfer
function). Ham nay s& nhan tin hiéu dau vao net input va tao tin hiéu dau ra cua

neural.

1.2.2 M0 hinh neural

Mang neural nhan tao gdm hai thanh phan: Céac nut (don vi xt 1y, neural)
va cac lién két gitta chung duoc gan mot trong s6 nao d6 dic trung cho cudng
d6 lién két.

Ta ky hiéu: Pi 1a tin hiéu dau vao; Xi 14 tin hiéu dau ra cua neural i. Trang
thai dau vao ctia neural i duoc xac dinh boi tong tuyén tinh cta céc tin hiéu vao

c6 trong so tir cac neural j Khac.



1.2.2.1 Neural mét dau vio
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Pauviao  Botong  Ham truyén

Hinh 1.2 M6 hinh neural mét dau vao

Mot neural don gian voi mot dau vao duge dién ta boi hinh vé trén. Dau
vao vo hudng p duoc nhan véi trong s6 vo huéng w thanh wp 13 mot trong hai
sb hang duoc dua vao bo téng. Mot dau vao khac 1a 1 dugce nhan véi hé s bias
b sau d6 duoc dua vao bd téng. Bo téng cho ra n, thuong dugc goi la tin hi¢u
dau vao net input, n dugc cho qua ham truyén dat f két qua dugc dau ra a cua
neural. Mot s6 tai lidu goi ham f 13 ham hoat hoa (activation function).

Néu chung ta lién hé mo hinh don gian nay v6i mot neural sinh hoc thi
trong s6 W tuong tng voi do lién két (46 manh) ciia khdp ndi (synapse), dau vao
p twong ng voi day than kinh tiép nhan (dendrite), con than neural (cell body)
dugc mo hinh bdi bd tong va ham truyén dat, dau ra ctia neural a dién ta tin hiéu
ra trén soi truc neural sinh hoc (axon).

Pau ra cua neural dugce tinh boi:

a=f (wp+b) (2.1)
Vi du: vai w=3, p=2 va b= -1,5 thi a=f (3.(2)-1,5)=f (4,5)

Pau ra a phu thudc vao ham truyén f duoc chon 13 ham nao trong ting
truong hop cu thé.

Hé s chéch (bias) ciling gidng nhu mot trong sd véi dau vao luon 1a 1.
Neural c6 thé c6 hoic khong c6 hé s bias (chéch).

Ta thdy rang w va b 1a cac tham s6 vo hudng co6 thé diéu chinh duoc cua
neural. Thong thuong dang ham truyén duoc chon boi nguoi thiét ké va sau do
cac tham sb w va b s& duogc diéu chinh béi mot sd luat hoc dé mbi quan hé

vao/ra ctia neural thoa ma muc dich cu thé cua nguoi thiét ké.



Ham truyén f ¢6 thé 1a ham truyén tuyén tinh hodc phi tuyén d6i véi n. C6
rat nhiéu dang ham truyén duoc sir dung.

BANG 1.1: CAC DANG HAM TRUYEN

Tén ham Cong thirc
a=0 voin<0
hardlim
a=1 véin=>0
a=-1 voin<0
hardlims
a=1 voin=>0
purelin a=n
a=0 voin<0
satlin a=n véi0<n<l
a=1 voin> 1
a=-1 voéin<0
satlins a=n véi0<n<l
a=1 voin> 1
. e —e™"
tansig a= .
14+e™"
a=0 voin<0
poslin
a=n voin=>0
a =1 v&ineural co n 16n nhat
compet
a = 0 vd1 cac neural con lai
logsi a= !
gsig 1+e™"




1.2.2.2 Neural nhiéu dau vio

Thong thudng neural c6 nhiéu dau vao. Mot neural véi R dau vao duge

dién ta:
Py Wy,
.- T Z —— f ——»
w
P . lb
1
Hinh 1.3 M6 hinh neural nhiéu dau vao
Mdi dau vao riéng biét py P, ... pr déu twong tng véi mot trong sb

Wi 1,Wy 2,... Wy g trong ma tran trong s6 W. Ta c6:
N=Wy1.pl+Wo. Pt ... +Wir.prt+b

Hay viét dudi dang ma tran n=Wp + b, trong truong hop nay ma trin W
chi gom mot hang.

Véc to tin hiéu dugc biéu dién dudi dang ma trin nhu sau:

Pau ra caa neural duge tinh a= £ (Wp + b). D4i voi mbi phan tir ciia ma
tran W, ta quy udc W;; dé chi trong s6 ndi dau vao tha j voi neural tha i (trong
treong hop nay chi c6 mot neural nén i=1).

M6 hinh neural nhiéu dau vao trén c6 thé duoc ky hiéu van tit nhu sau:

P LW
Rxl1
= IXR
1 —» b
R 1x1 S

~ -~ ~

Hinh 1.4 M5 hinh van tit neural nhiéu dau vao
Pauvao  a=f (Wp+b)
Nhin vao m6 hinh trén ta c6 thé biét vec-to dau vao p c6 R phan tir. Ma
tran trong s6 W ¢o 1 hang va R cGt, héng s6 dau vao 1 duoc nhan véi hé s bias

b. Bo tong két hop vai hé sd bias b va tich hop Wp tao ra tin hiéu dau vao 1a s6



v6 hudng, ham truyén f bién d6i n thanh dau ra cua neural a, trong trudng hop
nay a la s6 vo hudng con trong mang neural thi a 1a vec-to dau ra. T day tro di

ta s& dung mo hinh vén tit nhu trén dé biéu dién cac mang neural.

1.3 Mang neural nhan tao
1.3.1 Dinh nghia

Mang neural nhéan tao 1a sy két hop giita cac neural nhan tao véi nhau.
MJi lién két kém theo mot trong sb6 nao do dic trung cho dac tinh kich hoat trc
ché gitra cac neural. Cac neural con goi 1a cac niit (node) duoc sap xép trong
mang theo céc 16p, bao gdm 19p ra (output player) va cac 16p an (hiden layer).
Cac dic diém ctia mang neural nhan tao:

- Mang dugc xay dung béng cac neural lién két lai v&i nhau.

- Chirc ning ciia mang dugc xac dinh béi: cau triic mang, qua trinh xr 1y
bén trong cta timg neural, va muc d6 lién két gitta cac neural.

- Mirc d6 lién két gitra cac neural duoc xac dinh théng qua qua trinh hoc
clia mang (qué trinh huan luyén mang). Cé thé xem cac trong s6 la cac phuong
tién dé luu tri thong tin dai han trong mang neural. Nhiém vu ctia qué trinh huan
luyén mang la cap nhat céc trong s6 khi co thong tin vé cac mau hoc.

* Mot s6 dinh nghia vé mang neural:

+Mang neural 1a mot hé thong gém nhiéu phan tir xir Iy hoat dong song
song. Chuc ning cua nd duge xac dinh bdi cdu tric mang, d6 16n cac lién két va
qua trinh x1r 1y tai mdi nit hodc don vi tinh toan.

+Mot mang neural 1a mot by xt Iy song song va dd so, co xu huong tu
nhién 1a luu trir cac tri thire dua trén kinh nghiém, va tao ra tri thirc méi dua vao
cai da co.

N6 tuong tu voi bd ndo ¢ hai khia canh:
- Tri thirc c6 dugc thong qua qua trinh hoc.
- Do 16m lién két giita cac neural duoc dung nhu mot phuong tién luu triv

thong tin.
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+Hé théng neural nhan tao, hay con goi 1a cic mang neural, 1a mot tap
hop cac té bao vat 1y, dugc lién két véi nhau nham muc dich thu thap, luu trit va

st dung tri thure, kinh nghi€ém mdt cach tdt nhat.

1.3.2 Mét s6 chirc nang ciia mang neural nhén tao
1.3.2.1 Chitc ning phdn loai mau

Phén loai mau 13 sy sip xép cdc mAu thanh cac nhoém khac nhau. Mang
neural c6 thé tao ra mot mau ra khi dua cho né mot miu vao, day la chirc nang
phan loai mau ctia mang neural. Mang neural nhian mau vao va tao mot mau &
dau ra ding vo61 phan loai. Co thé néi mang neural 1a mot by phan loai mau.
Piém khac ctia mang neural vdi cac b phan loai mau khéc 1a kha nang hoc va
tong quat hoa cia mang neural.
1.3.2.2 Hoc va tong quat héa

Pau tién 13 viéc hoc, c6 thé hiéu viée nay la cho mang neural xem mét it
mau kém v&i dau ra tuong Gng véi miu d6 va mang neural phai hoc dé phan loai
dung dugc cac mau nay. Con kha ning tong quat hoa la: mang neural khong chi
nhan biét dugc cac miu n6d di duoc hoc ma cé thé nhan duge cac mau gén voil
mau n6 da duoc hoc. Tic 1a mang neural c6 thé suy ra cac dac tinh chung cua
cac 16p khac nhau tir cic mau da cho. Churc ning nay tao ra mot chién luoc tinh
toan rat phu hop cho viéc giai quyét cac van dé mang tinh "dong", tirc 13 thong
tin vé chung co rat it hodc bi thiéu, khong day du. Piéu quan trong 1 tim dugc
m6 hinh mang va phuong phap hoc thich hop dbi voi timg bai toan.

Ngoai ra mang neural con c6 kha ning duoc huin luyén dé tré thanh bo

xap xi ham lién tuc bat ky.

1.3.3 Lich si phdt trién ciia mang neural nhén tao

- Cubi thé ky 19, dau thé ky 20, mot s6 nghién ciru vé vat 1y, tam 1y va hé
than kinh cua cac nha khoa hoc Herman, Ernst Mach va Ivan Ivalov da dua ra
cac 1y thuyét vé qua trinh hoc, su tuong tuong, su quyét dinh... ctia hé than kinh

nhung chua c¢6 sy mo ta toan hoc cho hoat dong ctia mang neural.
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- Nam 1943, mo6 hinh don gian mang neural bﬁng mach dién tir 1an dau
tién dugc dua ra bodi Warren McCulloch va Walter Pits cung voi su khéng dinh
mang neural nhan tao vé nguyén 1y co thé thuc hién dugc trong pham vi tinh
toan cac ham sb hoc va logic. Pay 1a diém khoi dau cta linh vire mang neural.

- Sau d6 Donal Hebb dua ra mot co ché giai thich cho qua trinh hoc
(learning) dién ra trong cac neural sinh hoc (trong cudén Organnization of
Behaviaor - 1949).

- Cudi thap nién 50, ing dung thuc té dau tién cua mang neural nhan tao
do Frank Rosenblatt dwa ra. Mang ctia ong dua ra 1a mang Perceptron c6 két hop
luat hoc (learning rule) dung dé nhan dang miu (pattern recognition). Ctng thoi
gian d6, Bernard Widrow va Ted Hoff gidi thi€u mdt thuat toan hoc (learning
algorithm) va str dung n6 dé huan luyén (training) cac mang neural tiép hop
tuyén tinh (tvong ty mang cta Rosenblatt).

- Nam 1969, Minskey va Papert 12 hai nha toan hoc noi tiéng thoi d6 da
chi ra nhitng han ché ctia mang Perceptron ctia Rosenblatt va mang Widrow-
Hoff 1am nhiéu ngudi nghi rang nghién ctru vé mang neural sé vao ngd cut. Hon
nita vao thoi gian nay chua c6 nhitng may tinh s6 manh dé thuc nghiém mang
neural nén cac nghién ctru vé mang no-ron bi tri hodn gan mot thap ky.

- Nam 1972, Teuvo Kohonen va James Anderson doc lap phat trién cac
mang neural méi v6i ning lyc nhd (memory) va kha ning tu t6 chuc (self-
organizing). Cling trong giai doan ndy,Stephen Grossberg ciing nghién cuu tich
cuc ve cac mang tu t chue.

- Sang thap ky 80, khi nganh cong nghiép may tinh phat trién manh mé thi
nhiing nghién ctru vé mang neural ting 1én mot cach dot ngodt. Co hai phat kién
quan trong nhat la:

+ Sir dung co hoc thong ké dé giai thich hoat dong cia mang hoi qui mot
16p (recurrent network), loai mang dugc sir dung nhu mot bo nho két hop, duoc
nha vat Iy John Hopfield mo ta.

+ Str dung thuat toan lan truyén nguoc (back-propagation algorithm) dé

huén luyén cac mang perceptron da 16p (mutilayer perceptron network). David
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Rumelhalt va James McClrlland 1a nhitng nguoi trinh bay thuét toan lan truyén
nguoc ¢6 anh hudng nhat (1968).
- Ngay nay, linh viuc mang neural duoc nghién ciru, phat trién manh mé

va ing dung rat nhiéu vao trong thyc te.

1.4 Kién tric mang neural
Mot neural véi rat nhiéu dau vao cling khong du dé giai quyét cac bai

toan. Ta can nhiéu neural dugc t6 chitc song song tao thanh "16p" (layer).

Piéu vho Lép Hy Lép Hs Lip O

Hinh 1.5 Cau tric chung ctia mang neural

1.4.1 Lop cua cac neural

Mot mang cua 16p S cua neural voi R dau vao dugc biéu dién boi hinh

sau:
a=f(Wp +Db)
P A7 —L’
Rxl W Sx1
SRR i
f
Sx1
1—» b
R Sx1 o

Hinh 1.6 Mo hinh mang neural c6 1 16p S neural
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M&i mét thanh phan cua R dau vao dugc ndi véi mbi mot neural trong 16p
gém S neural. Trong trudng hop nay ma tran trong s6 W gom S hang va R cot,

vécto dau ra a gbm S phan tu:

a, _ .
Wiy Wy W
a, 1L 12 LR
=7 W, W,, W
a — 3 V\f = 2.1 :_ 2.R
a, | | Wey Wy Weg |

Lép neural bao g?)m ma tran trong s6, cac bod téng, vécto hé s6 bias b. Mot
s6 tai lidu coi dau vao 12 mot 16p vao, voi y nghia 16p vao gdm cac neural chi co
chtrc nang nhan tin hiéu vao. Nhung ¢ day ta coi dau vao la mot vécto cac tin
hi€u vao chtr khong coi la mot 16p cac neural. Do d6 mang neural trén chi cé
mot 16p (12 16p ra clia mang).

Neural tht i trong 16p c¢6 hé s bias by , bd tong ham truyén f, dau ra a; .
Két hop cac no-ron trong 16p thi dau ra 1a vécto a. Thong thuong sé dau vao 1a
R, cac s6 neural S. Mdi mot neural trong 16p c6 thé c6 mot ham truyén riéng
khong nhat thiét tit ca cac neural trong cing mot 19p thi phai co ciing mot dang

ham truyén.

1.4.2 Mang neural nhiéu lop (Multiple Layers of Neurons)

Ta xét voi mang nhiéu 10p. Mdi 16p c6 ma tran trong s6 W, vécto bias B,
vécto net input n, va vécto dau ra a. Pé phan biét cac 16p khac nhau ta ding
thém chi s6 phu cho mdi bién. Do d6 W9 dé chi ma tran trong sb cua 16p q, b

chi vécto bias cua 16p q...
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2
Sy 1 s Skl S
Dau vao Lép 1 (16p 4n) Lép 2 (16p ra)
al :fl(Wlp+bl) a2 =f2(W2p+b2)

Hinh 1.7 M®& hinh neural 2 16p

Theo hinh v& trén mang c6 R dau vao, c6 St neural & 16p thtr nhat, S?
neural ¢ 16p thir hai. Pau ra cta céc 16p trudce 1a dau vao cua 1p sau.l6p thir hai
c6 dau vao gdm S' phan tir trong vecto ra a', c6 ma tran W? véi kich thude S? x
s'.

L6p cudi cung dua ra két qua ciia mang goi 1a 16p ra. Céc 16p con lai goi
1a cac 16p an. Mang trén ¢& mot 16p an (16p 1) va 1op ra (16p 2).

Mang nhiéu 16p c6 kha niang 16n hon mang 1 16p. Vi du mang hai 16p voi
ham truyén sigmoid & 16p 4n, ham truyén tuyén tinh tai 16p ra thi c6 thé duoc
huén luyén dé x4p xi bat ctr ham phi tuyén ndao. Nhung mang mét 16p khong co
kha nang nay.

Tuy vao ting bai toan cu thé ma ta lya chon sé dau vao, sé neural trén Iop
ra ciia mang. Vi du néu ta c6 4 bién dugce st dung la dau vao thi sé& ¢ mang voi
4 dau vao, néu co6 2 tham sb ra thi trén 16p ra ciia mang s& c6 2 neural ra twong
g voi 2 tham s6 ra d6. Dang ctia ham truyén tai 16p ra cling phu thudc vao dic
tinh ctia bién ra, Chang han néu bién ra cé gia tri nam trong khoang [-1,1] thi
ham truyén hard limit c6 thé duoc chon cho cac neural trén 16p ra.

Nhu vay, ddi voi mang neural mot 16p thi kién trac mang dugc thiét ké dé
dang tuy thudc vao bai toan. Nhung ddi véi mang neural mot 16p thi kién triic

mang duoc thiét ké dé dang tuy thudc vao bai toan. Nhung ddi véi mang neural
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nhiéu 16p (c6 it nhat 1 16p an) thi van dé tim ra s6 16p an va s6 neural trén ting
16p an 1a rat kho. Pay van 1a linh vuc dang duge nghién ciru. Trong thuc té chi
dung 1 dén 2 16p an. Truong hop dung 3 hay 4 16p 1a rat hiém.

Pbi véi mdi neural ¢ thé ¢ hodc khong co hé sé mau bias b. Hé sé nay
tao thém cho mang mdot bién phu, do d6 mang co nhiéu nang luc hon so vdi
mang khong c6 hé s bias. Vi du don gian neural khong c6 hé sd bias s& cho két
qua net input n 14 0 néu dau vao p 1a 0. Piéu nay khong tt va cé thé tranh duoc

néu neural ¢6 hé sb bias.

1.5 Phan loai mang neural

Mang neural nhan tao 1a sy lién két cta cac neural nhan tao. Su sép Xép
b tri cia cac neural va cach thirc lién hé gitta ching tao nén kién tric mang
neural.

Theo céach sap xép neural thi c6 kién trac mang 1 16p (single-layer) la
mang chi c¢6 1 16p ra va kién tric mang nhiéu 16p (multiple-layer) 13 mang c6
cac 16p an.

Theo céach lién hé gilta cac neural thi kién tric mang truyén thang
(feedforward networks) va kién trac mang hoi quy (recurrent networks).

Ngoai ra, con mdt loai lién két theo sy phan bd cac neural trong khong
gian hai chiéu trong mot 16p, goi 1a lién két bén (lateral conection). V&i lién két
nay, Kohonen di tao ra loai mang tu to chirc (self- onrganizing neural network).

Co thé phan cac loai mang neural thanh hai nhém chinh dya theo thuat
toan hoc cua chung la loai hoc c6 giam sat (supervised) va khong dugc giam sat
(unsupervised).

* Kién tric mang truyén thing

Kién triic mang truyén thang (feedforward) 1a kién triic ma lién két giira
cac noron khong tao thanh chu trinh. Tin hiéu di tir cac neural 16p vao lan luot
qua cac 16p 4n va cudi cung di ra & neural 16p ra. Kién trac ndy co dap ung

nhanh va 6n dinh d61 vo1 mdt tin hi¢u dua vao mang. Lién két gitra cac 16p co
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thé 1a loai lién két day du (fully connected) hodc lién két mot phan (partly
connected).

1.6 Hoat dong ciia mang neural nhan tao
1.6.1 Hoat dong ciia mang neural

Ta thiy rang cac neural trong cung 1 16p thi nhéan tin hiéu dau vao cing
mot lac. Do d6, vé nguyén tic chung c6 thé xir Iy song song. Hoat dong cia
mang neural cé thé xem nhu hoat dong ctia mot hé théng xu 1y thong tin duogc
cdu thanh tir nhiéu phan tir hoat dong song song. Khi mang neural hoat dong,
cac thanh phan cua vecto tin hiéu vao p = ( py, P2, ... , Pr) duoc dua vao mang,
tiép d6 cac neural ¢ 16p an va 16p ra s& duoc kich hoat dan dan. Sau mot qua
trinh tinh toan tai cac neural mang s€ duoc kich hoat hoan toan va cho ra vecto
tin hiéu dduraa = (a, , @, ... , as) tai S neural 16p ra, Ta c6 thé coi mang neural
nhu mot bang tra ctru giita a va p ma khong can biét ham quan hé tuong minh
cua a theo p.

Sy khac biét giira mang neural va hé thong xtr 1y thong thuong 1a kha
nang thich nghi voi dir lidu vao. D6 1a ma tran trong s6 va hé sb bias cua mang
c6 thé hiéu chinh dé mang thich nghi dugc voi bai toan dit ra. Qua trinh hiéu
chinh céc trong s6 va hé sd bias cia mang goi 1a qua trinh huan luyén mang

(training) béng mét sd luat hoc.

1.6.2 Ludt hoc cia mang neural

Luat hoc 1a mot thi tuc dé diéu chinh, thay d6i trong s6 va hé sd bias cua
mang (thu tuc nay con dugc goi la thuat toan huan luyén mang). Muc ti€u cua
luat hoc la huan luyén mang dé thuc hién mot $6 nhi€ém vy ma ta mong mudn.
C6 rat nhiéu luat hoc cho mang neural. Ching dugc chia lam 3 loai:

- Luat hoc co giam sat (supervised learning).

- Luét hoc khong giam sat (unsupervised learing).

- Luat hoc tang cuong (reinforcement learning).

Trong khuon kho do an nay ta chi nghién ctru ludt hoc c6 giam sat.
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*Luat hoc ¢6 giam sat

Mot thanh phan khong thé thiéu cia phuong phap nay 1a su cd mit cia
mot ngudi thdy (¢ bén ngoai hé théng). Nguoi thdy nay co kién thuc vé méi
truong thé hién qua mot tap hop céc cap dau vao - dau ra da duge biét trude. HE
théng hoc (& ddy 1a mang neural) s& phai tim cach thay ddi cac tham sé bén
trong ctia minh (cac trong sd va cac ngudng) dé tao nén mot anh xa cd kha ning
anh xa cac dau vao thanh cac dau ra mong muén. Su thay d6i nay dugc tién

hanh nho viéc so sanh gitra dau ra thuc sy va dau ra mong muon.

Trong luat hoc c6 gidm sat: luat hoc dugc cung cép mot tdp hop cac mau

chuan (trainig set) thé hién méi quan hé giita dau vao va dau ra ciia mang:

{p: i}, {p2, 2}, o {Po, to}

Vo1 pg 1a mot dau vao clia mang va ty twong ung voi dau ra dich (target) 1a
dau ra ma trong mang muén dap tmg. Khi dau vao dugc dua vao mang thi dau ra
thuc sy cua mang dugc so sanh véi dau ra dich. Sai sb gifra dau ra thuc cua
mang duoc so sanh v&i dau ra dich. Sai s6 gitta dau ra thyc cia mang va dau ra
dich dugc stir dung dé diéu chinh céc trong s6 va hé sb bias cua mang sao cho di

chuyén dau ra thyc ciia mang v€ gan hon véi dau ra dang.

C6 hai cach sir dung tdp miu hoc: hoidc hoc 1an luot timg mAu, hodc tat ca

cac mau cung mot lac.

Dau vao Mang\i\: DL Dau ra thuc té_
Dawedo W >
A
Hiéu chmh Daiu ra diing

Tinh sai sé

3

Hinh 1.8 So d6 khéi mo ta luat hoc giam sat
Pé danh gia su sai léch giira vecto du ra ctia mang va du ra ding nguoi
ta dung ham sai s (error function). Ham sai sé pho bién nhat 1a ham tong binh
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phuong sai sb (sum square error function) tinh tong binh phuong cac sai sd tai

dau ra cta cac neural 16p ra.

Mot khai niém khac lién quan dén van dé danh gia sai s6 1a mat sai sb
(error surface). M&i mot trong sé va hé s bias ciia mang twong (mg voi mot
chiéu trong khong gian, gia st mang c6 tat ca N trong sd va hé s bias, thi chiéu
thir nhat N+1 biéu dién sai s6 ctia mang. Mdi mdt bo trong sb va hé s bias, thi
chiéu thir N+1 biéu dién sai s6 ctia mang. Mdi mot bd trong s6 va hé sb bias cua
mang s¢ ng vé1 mat diém ctia mat sai s6. Muc tiéu cta luat hoc 1a tim duogc bo
trong s6 va hé s bias ung véi diém thap nhat (diém cuc tiéu) cia mit da chiéu

nay.
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CHUONG II: MANG PERCEPTRON PA LOP VOI
LUAT HQC LAN TRUYEN NGUQC SAI SO

2.1 Mang neural nhiéu 16p lan truyén nguoc sai so
2.1.1 Tong quan vé mang neural truyén thing nhiéu lp

Mang Perception mot 16p chi c6 thé phan loai mau trong trudng hop
khong gian mau 1a kha tach tuyén tinh (co thé phan chia dugc bang cac siéu
phang). Trong trudng hop khong gian mau khong kha tach tuyén tinh thi phai
dung mang Perceptron da 1ép (MLP - Multilayer Perceptron). Kién trac mang
MLP 12 kién tric truyén thang da 16p (c6 mot hodc nhiéu 16p an), Ham truyén co
thé nhiéu dang khong phai chi 12 ham hardlimit nhung cac neural trong cling mot
16p thi c6 dung dang ham truyén.

Rosenblat va cac tic gia di mo ta cic mang truyén thang nhiéu 16p tir cudi
nam 50, nhung ho chil yéu chi nghién ctru sdu vé mang Perceptron mot 16p. S&
di nhu vay 13 do khong tim duoc cach thay doi trong so lién két tai cac 16p an.
Qua that, ngay ca khi da biét duoc sai sd tai dau ra, nguoi ta van chua hinh dung
duoc cac sai s6 do duogc phan bd nhu thé nao tai cac neural an. Trong cudn sach
vé mang Perceptron xuit ban nim 1969, Minsky va Papert d chi ra rang kho co
thé tong quat hoa luat hoc dbi voi mang mot 16p sang mang nhiéu 16p. C6 hai
van dé 1y giai cho van dé nay. Tha nhat, thuat giai hoc cia mang nhiéu 16p c6
thé khong hi¢u qua, hoac khong hdi tu vé diém cuc tri téng thé trong khong gian
vécto trong s6. Mit khac, nghién ctru trong 1y thuyét tinh toan da chi ra trong
truong hop t6i nhat qué trinh hoc cac ham tong quéat tir mau hoc khong phai lic
nao ciing giai quyét duoc. Cac nguyén tic co ban trong luat hoc d6i véi mang
nhiéu 16p da dugc Bryson va Ho dé suét tir nim 1969 nhung phai téi nim 1980
van dé nay moi duoc quan tdm trd lai boi cong trinh nghién ctru ctia Rumehart
nam 1986 va tir 46 mang truyén thang nhiéu 16p bat dau duoc tmg dung rong rai.
Mot théng ké cho thiy 90% tmg dung mang neural trong cong nghé héa hoc sir

dung mo hinh nay. Tuy nhién, mgt s6 tac gia van str dung cdc mang nay nhu céc
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bang tra, lién két bo nhd, phan 16p va da thu duoc két qua tt, mic du nhiéu
mang khéc to ra thich hop hon cho cac nhiém vu ké trén.

Thu tuc hoc tham s cia mang neural truyén thang nhiéu 16p thuong ding
la thu tuc lan truyén nguoc sai $0. Trong thuc té tha tuc hoc lan truyén nguoc sai
s6 trong mang neural nhiéu 16p da thong dung dén mirc c6 rat nhiéu tac gia da
danh dong mang neural véi mang neural nhiéu 16p lan truyén nguoc sai s6. Su
hép dan cua thu tuc nay nam & sy rd rang, ranh mach cta phuong trinh hi¢u
chinh céc trong s6. Cac phuong trinh ndy dugc dp dung cho viéc hiéu chinh
trong s6 cta ting 16p, bat dau tir 16p ra nguoc dan 1én dén 16p vao. Thu tuc hiéu
chinh trong sb trong giai thuat lan truyén nguoc sai s6 khong giéng nhu qué
trinh hoc ctia cac neural sinh hoc. Thuc chét cta tha tuc lan truyén nguoc sai sb

1a thu tuc dich chuyén ngugc hudng gradient.

2.1.2 Kién triic mang

Mang Perceptron cé kién trac mang truyén thang da 16p: c6 mot hoic
nhiéu 16p an. Moi 16p c6 ma tran trong sb W, vécto bias b, vécto netinput n va
vécto dau ra a. Pé phan biét cac 16p khac nhau ta dung thém chi s6 phu cho mdi
bién. Do d6, W dé chi ma tran trong s6 cua 16p q, b" chi vécto bias cta 16p q...

Ham truyén f c6 thé c6 nhiéu dang khong phai chi 1a ham sigmoid f (x) = %

“n !

cac Neural trong ciing mot 16p thuong ¢ cing dang ham truyén.

Theo hinh v& trén mang c6 R dau vao, co S* noron & 16p thu nhat, S?
noron & 16p tha hai. Pau ra cua 16p trudce 1a dau vao cia 16p sau. Lop thir 2 ¢6
dau vao 1a gobm S phan tir trong vecto ra a', c6 ma tran w® véi kich thudce S 2
xS, Lép cudi cung dua ra két qua cua mang goi 12 10p ra. Céc 16p con la goi 1a

cac 16p an.

2.1.3 Co ché hudn luyén ciia mang neural lan truyén ngwoc sai so

Nam 1986, thuat toan hl}én luyén cho mang MLP duogc dug ra boi
Rumelhart va McClelland. Nguyén Iy cua luat hoc nay 1a viéc lan truyén nguoc
sai sO con goi la lan truyén nguoc do nhay (backpropagating the sensitivites) tir
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16p ra tr6 lai cac 1op a an va den dau vao mang tir o tim cach hi¢u chinh ma trn
trong s va cac hé sb bias dé tdi thiéu hoa sai s trung binh binh phuong (mean
square error).

Cac nghién ctru va thue nghiém cho thdy rang: phuong phap hoc ¢6 giam
sat voi thuat toan lan truyén nguoc sai so 1a phuong phap huén luyén pho bién
va hiéu qua d6i voi mang neural nhiéu tang truyén thang MLP 4p dung trong cac
bai toan phan loai mau [3]. Viéc huén luyén mang vo1 thuat toan lan truyen
nguoc sai sé gdm hai pha nguoc chiéu nhau: qua trinh truyén thang (lan truyén
Xuoi) va qua trinh lan truyén nguoc.

Véi tap mau huan luyén mang {Py, t1}, {P2, 2}, ..., {Pq, lo} trong do la
dau vao ra dich ciia mang. Khi mau pq duoc lan truyen qua mang va cho ra tin
hi¢u dau ra 13 aq, thuat todn sé diéu chinh cac tham sé ctia mang dé t6i thiéu hoa
sai s6 binh phuong trung binh.

F()=E[] =E[(t-2)°] (1.1)
véi x 1a vecto trong s6 va hé so bias ciia mang dugc viét nhu sau:

o
X =
b
Khi mang c6 nhiéu dau ra thi (1.1) duoc viét dudi dang vecto nhu sau;
F(x)=E[e'e] =E [ (t-a)'(t-a) ] , (1.2)
day la tri trung binh cua sai 86 binh phuong va thue t€ 1a khong tinh duge ma chi
co theé xap xi bai:
F = (- a)(t-2)

Muc tiéu cta huan luyén mang 12 nham diéu chinh W 1a b sao cho F(x)
dat gida tri nho nhat. F(x)con duoc goi 1a ham chat luong clia mang
(performance index).

Gia st N 1a tong sO trong sO va hé sO bias cua mang. Ta c6 thé coi moi
trong s6 va hé sd bias 1a mot bién thi ham F (x) 1a ham gdom N bién. Vé mat hinh
hoc co thé xem F (x) 12 mot mat 161 ma mdi diém cta nd tuong ing voi mot bo
trong sO va h¢ so6 bias. Dé tim diém thap nhat trén mat 161 ta dung phuong phép
giém doc nhat (steepest descent algorithm) bang cach lay dao ham riéng cua
F (x) theo tung trong . s6 va hé sd bias. Hiéu chinh s6 va hé sb bias tai budc lap
thir kién trac thuong tang +1 theo cong thirc sau:

w (K1) = wr ) -

V6i m 1a chi s6 10p cua mang, con « (k) 1a hé s6 hoc (learning rate) tai

budc lap thu k.
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Trong céac 16p an, F .(x) khong phai 1a mot ham hién ma 1a ham giam tiép
clia cac trong sd, vi vay ta phai sir dung dén luat day chuyén (chain ruler) dé tinh
cac dao ham riéng. Véi lut day truyén, gia thiét ham f 13 hAm hién duy nhit cta
bién n, khi d6 c6 thé tinh dao ham cta F theo bién sb thi ba 1a w nhu sau:

df(n(w) = df () dn(w) (1 g
dw dn ~ dw '

Str dung 1.6 ¢6 thé tinh dao ham riéng cta F (x) trong cac cong thuc (1.4)

va (1.5). Ta c6 tin hiéu vao dau net input ctia neural thir i trong 16p thir m nhu

Sau:
n'=>wha™" +b" (1.7)

-1

véi s™* 1a so neural trén 16p m-1. Pay 1a mot ham hién cta cac trong so

va hé so6 bias. Theo do ta co :

on” m1 s ont
—=al"va =1(1.8)

m

a'in?j i

Str dung luat day chuyén (1.6) ta co:

aFm _ aFm x anim _ aFm a;"fl (1.9)
oWy ong o owg; o,

ab™  onM b

oF _oF on _ ;Fm (1.10)

s7="" (L11)
on;

Trong cOng thirc (1.9) va (1.10) ta dat :
va coi 12 d0 nhay cam cuia ham F(x) ddi vé6i su bién d6i tin hiéu vao net

input cua neural thit i trén 16p m. Khi d6 cong thirc trong s bias (1.4) va (1.5) s&

la:
WlmJ (k+1) = WirT]j (k) _Ofsima;ni1 (112)

b™ (k+1)=b™ (k) —es™ (1.13)

23



Ma tran do nhay cam cua I6p m c6 thé viét dudi dang nhu sau:

(1.14)

Khi @6 cong thire (1.12) va (1.13) tré thanh cong thirc ma tran nhu sau:
W™k +1) sW"(k) —as™ (@™ )" (1.15)
B"(k+1)=B"(k)-as" (1.16)

Véi W™ 14 ma tran trong s6 B™ 13 ma tran hé sb bias cua 16p m. Con a™*
1a ma tran tin hiéu cua 16p m-1.

Thuat toan lan truyén nguoc dugce thuc hién theo nguyén tac do nhay cam
cua 16p m s€ duoc tinh todn tir 40 nhay cua 16p m+1 da duoc tinh truéc do. Do
vay, d6 nhay s& duoc lan truyén ngugc tir 16p ra trd lai cac 16p an.

Piéu nay dugc dién ta nhu sau:

§"™-> 8™ >  —>S%->¢!
Vi s' 1a ma tran d¢ nhay cam cua 16p an thir nhat.

Pé tim mdi quan hé do nhay gitta 16p m+1 va 16p m ta co:

o way +b™)
k

m

_m+1 aa
o, —wrt S (1.17)
ong ong E onf

Ta lai ¢ tin hiéu cua neural j ctia 16p m dugc tinh theo ham truyén f cua
no véi do6i so 1a tin higu vao:  a”= f"(n") (1.18)
Thay vao (1.17) traco :

anim+l _ W.mfrl af m(n;n)
on™ Woany

—wf (") (1.19)

Theo cong thirc (1.19) ta phai tinh duoc dao ham truyén f theo tin hiéu

dau vao.
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Néu ham truyén trén 16p m cia mang 1a ham sigmoid thi:

anlmﬂ anlm+l anlmﬂ

on ony T an,
anml anm+1 anm+1 anm+l

f"m(nim) :aim(l_aim) ~ — 2m 2m Zm
on on, on, ong,
m+1 m+1 m+1

an r+l an an r+1

s Sr+1 S

m m m
on, on, N ru

Pé co cong thirc dang ma tran, ma tran Jacobian dugc dinh nghia nhu sau:
Pinh nghia ma tran dao ham truyén cua 16p m:

Cong thtrc (1.19) ¢ dang ma tran s€ 1a :

ann’Hl
o =W™F™D(n™ (1.20)

Str dung luat day chuyén ta co.

™ (n™) 0 0

0 f"(n) .. 0

F™(n™) = : ( ) : :
0 0 .. fm(n)

oF (o™ oF N
m_ YT _ —_Em m m+ m-+ 121
s {—anm j pay F™(nM)Ww ™) s™* (1.21)

Theo (1.21) thi s™ ¢6 thé duoc tinh toan tir S™*. Cong thirc ndy thé hién
lan truyén nguoc do nhay. Piém khoi dau qua trinh lan truyén nguoc sé bat dau

voi1 viée tinh S™ - tirc d0 nhay tai 16p ra:

0oa,
on

03 2.t -a))°
S.M = aF = =1 = —(t —a. )
'oonM on’ b

(1.22)

Vi a, 1a tin hiéu cua neural i 16p M nén ta c6:

oa oM (")

o onM o oM

= £ (n") (1.23)

Thay vao (1.22) ta suy ra:
SV=—t -a)f™n") (1.24)
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Dang ma tran s" s¢ la:
SM=—F"(n")(t-a) (1.25)

Véi a 1a véc to dau ra ciia mang, t 13 vecto dich twong tmg véi dau vao.

Vi mdi cip dir liéu mau P..t, cO mdt ham sai ) F(x). Luat hoc lan
truyén nguoc truyén tim cach tbi thiéu hoa ham nay dé mang co6 thé hoc dugc
mau P . theo nghia khi cho vecto P, hodc mot vecto gan véi vecto p . lan truyén
qua mang thi dap tng dau ra a, cua mang gan nhat véi vecto t,.

Tap mau hoc c¢6 Q cip dir lidu thi s& c6 Q ham nhu vdy va ta phai tim
duoc tap trong sb cua mang déng thoi toi thiéu hoa duoc tit ca Q ham do.

Két thuc mot 1an dua tatc cdc mau huan luyén qua mang dugc goi 1a mot
lan 1ap epoch. Két qua hoc dugc danh gia bai ham trung binh ciia Q ham trén
goi 1a ham sai s6 RMS (root mean square error).

n 2

:g: :E: (tsi - asi)

s=1 t=1

Q

RO rang khi tap mau cang 16n thi viéc tim ra bo trong s6 dong thoi toi

1 .
RMS = 5 n la so neural trén 16p ra

thiéu hoa dugc tit ca cac han sai s6 1a cang kho.

Do d6 c6 mbi lién quan giita d6 phirc tap cua tip mau va ning luc hoc cla
mang

Tap mau cang 16n cang phuc tap thi niang lyc hoc ciia mang cang doi hoi
Ccao.

Qua trinh huén luyén ding khi déng thoi gia tri ham RSM & trén va gia tri
cuc dai cia ham sai s6 F (x) (mg voi tit ca cac mau trong tip hoc giam dén mot
gia tri thap nhan dugc (nhé hon ngudng dinh ra ban dau)

* Tom lai thuat toan huan luyén mang MLP lan truyén nguoc nhu sau:
Chuan bi tdp miu dau vao dudi dang {pi, ti} trong do X 1a dau vao cho
mang va t 1a gia tri ddu ra mong mudn tuong Umg vai p. (con goi 1a gia tri muc

tidu).
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Cac budc thuc hién
Bude 1: Khdi tao ban dau cac gia tri , dat dit liéu dau vao {pi, ti} lan
truyén gia tri qua cac neural & cac 16p tir 16p 4n dau tién cho dén 16p cubi
cung.
Budce 2: Tinh gia tri 16i & 16p ra, kiém tra gid tri 16 c6 nho hon ngudng
khong dong thoi kiém tra diu ra cia mang va t; €O tring nhau khong néu
dung, nhay toi B6 dong thoi ting sé mau nhan dang dung trong tip mau
1én 1. Con sai thi thuc hién B3.
Budc 3: Tinh toan 18i va lan truyén nguogc cac gié tri 18i tir 16p ra cho dén
16p an dau tién
Budc 4: Tinh lai trong s6 lién két tir 16p an dau tién cho dén 16p ra
Budc 5: cong thém gia tri 18i ciia mau p; vao gia tri tong 16i va dong thoi
tang s6 mau chua nhan dang dang 1én 1.
Budc 6: Kiém tra da hoc hét mau trong tap chua néu sai quay lai Bl néu
ding lam B7
Budc 7: kiém tra s6 mau nhan dang dang = sé6 miu trong tap thi két thiic
viéc hoc nguoc lai thi quay lai Bl bt dau hoc véi lan tiép theo.

Ngoai ra thuat toan dung khi da hét s6 lan hoc hoac ti 1€ 161 cuia cac mau

chua nhan dang dung nho hon ngudng cho phép. Trong qua trinh truyén thang

cac tham s6 mang la c6 dinh, nguoc lai trong qua trinh lan truyén nguoc céc

tham so nay duoc hiéu chinh va cap nhat dé mang cé thé nhan dang cac mau da

dugc hoc mot cach chinh xac. C6 nhi€u yéu t6 anh hudng dén qué trinh huan

luyén mang, d6 1a: ham truyén f, ham gia E, hé s6 hoc 1 va cac tham so khdi tao.

Do d6 ta can luu ¥ trong viéc lya chon cac yéu to nay sao cho phu hop.

Két thuc mot 1an dua tat ca cdc mau huan luyén qua mang dugc goi 1a mot

lan epoch. Qua trinh huéan luyén 1ap cho dén khi sai s6 ¢ dau ra mang dat dén

mdt gia tri chdp nhan dugc (nho hon ngudng sai s ta dinh ban dau ). Thuong thi

thu tuc hoc ctia mang lan truyén nguoc sai sé kha lau. N6 doi hoi hang nghin
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hodc hang chuc nghin epoch md&i c6 thé hoi tu té1 101 gidi. Néu cac tham so

khong dtng, thu tuc hoc co thé khong hoi tu.

2.2 Cac nhén t6 ciia qua trinh hoc lan truyén ngworc sai s6

Trong phan nay chiing ta s¢ dé cap dén cac nhan t6 quan trong anh hudng
té1 toc do hoi tu, toc do hoc, cac cuc tiéu cuc b, kha nang du bao ctia mang lan

truyén nguoc sai sd. Cac nhan t do 1a:
+ Khéi tao céc trong )
+ Hang s6 hoc Anpha
+ Ham gia (su danh gié sai s trén 16p ra)
+ Céc luat cap nhat
+ Tap mau hoc va su bao
+ Cau tric mang (s6 16p, sd neural trén mdi 16p)

+ Cac ham bién doi

2.2.1 Khdéi tao cdc trong so

Céc gia tri cua trong sb6 duoc khoi tao ban dau cua mang lan truyén nguoc
sai s0 anh huong rat 16n dén t6i 101 giai cudi cung. Cac trong sb nay thudng
duogc khoi tao bﬁng nhirng ) ngau nhién nhd. Viéc khoi tao tat ca cac trong )
bang nhau s& 1am cho viéc hoc cia mang trd nén khong tot. Cac trong sd khai
tao ban dau ciing khong dugc qua 16n vi néu khong ham sigmoidal hodc céac
ham dang nay s& bi bdo hoa ngay tir lac bat dau hoic bang 0 hoic bang 1. Diéu
nay lam cho hé théng sé bi tic ngay tai mot diém cuc bo hodc tai mod vung béng

phang nio ddy gan ngay tai diém xuét phat.

Mot cach tdt nhat dé chon céc trong s6 ban dau 1a thuc hién mét cach tu

dong bang chuong trinh. Gia tri khoi dong ban dau ca cac trong sé trén 16p thir
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m dugc chon ngiu nhién trong khoang [-1/n , 1/n], trong d6 n 1a tong trong s6 c6

trén 16p m.

2.2.2 Hang sé hoc a (Anpha)

Mot nhan té anh huong td1 hiéu luc va d§ hoi tu cua gidi thuat hoc lan
truyén nguoc sai s6 13 hing s hoc o . Khong c6 mot gia tri duy nhat tot phi hop
v6i tat ca cac bai toan khac nhau. Hang sé hoc dugc chon bang thue nghiém cho
mdi bai toan tng dung cu thé bang phuong phép thir va sai. Gia tri a 1on lam
tang tdc qué trinh hoi tu. Diéu nay la khong thuén loi vi thu tuc hoc sé két thuc
rat nhanh tai mot cuc tiéu cuc bd gﬁn nhét. Néu gia tri cuia h::ing s6 hoc qué nho
tdc do hoi tu cua giai thuat lai tré nén rat cham. Do d6 chung ta can chon mot
gia tri thoa hi¢p gifra tdc d6 hoc va viée ngan chan vé cac cuc tiéu cuc bo. Cac
gia tri ctia hang s6 hoc nam trong khoang 107 va 10 da duoc sir dung thanh cong
cho rat nhiéu bai toan cu thé. No6i chung gia tri ciia hang s6 hoc nam trong
khoang [ 0.3 , 0.6] dugc chimg minh bang thuc nghiém 1a kha tbt cho viéc lya

chon ban dau ciia qua trinh tim kiém hang s6 hoc thich hop.

Mot van dé nay sinh khac 1a cac gia trj tot cua hang sé hoc tai thoi diém
bat dau ctia qua trinh hoc c6 thé 1a khong tt dbi vdi giai doan sau ciia qua trinh
hoc. Do d6 mdt phuong phap hiéu qua hon 13 sir dung hang s6 hoc thich nghi.
Phuong phap truc giac 1a kiém tra xem liéu cac trong s6 mdi di lam ham giam
gia chua. Néu chua khi d6 qué trinh hiéu chinh cac trong s6 di phong qua xa,
lac nay hang s6 hoc o can phai dugc giam di. Mat khac néu vai vong lap lién
tiép 1am giam ham gi4, khi d6 chiing ta can phai thir ting gia tri cua ham sd hoc.
Béng biéu thurc, h:fmg s6 hoc thich nghi can dugc cap nhat theo quy tic sau:

Ao = +a néu AE "luén" nho hon 0

Ao =-ba  néu AE >0

Aa=0 truong hop con lai
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Trong d6 AE 1a thay d6i ham gia, a,b 1 cac hang s duong. Y nghia cua

viéc "luén" nho hon 0 duge danh gia dua trén k 1ap lién tiép.

2.2.3 Tdp mdu hoc va dw bdo

Chung ta ludn yéu ciu tdp miu hoc phai da va dang. Tuy nhién khong co
mot thu tuc hay mot nguyén tic chon mau hoc phu hop cho moi trudong hop.
Mot nguyén tic rat ra tir kinh nghiém 13 tdp mau hoc phai bao phu toan bo
khong gian cua tin hi€u vao va sau do sau qua trinh hoc ctua vécto vao - 161 giai
nén chon mdt cach ngau nhién tir tip mau hoc. Mot cach chinh xac hon, gia dinh
1a khong gian tin hiéu vao duoc phan chia mot cach tuyén tinh thanh M cac ving
riéng biét voi ranh gidi 1a cac siéu phang (hyperplans). Goi P 1a giéi han duéi
ctia s mau hoc trong tap mau. Néu chon P sao cho ti s6 P/M 1én hon mot rat
nhiéu c6 thé cho phép mang trong qua trinh hoc phan biét dugc cac ving tach
101 ra. Trong mot sb truong hop vié ti 16 hoa hay chuan hoa mau hoc s& giup cho
viéc hoc ciia mang tdt hon nhiéu. Pbi véi céc mang neural lan truyén nguoc sai
s6 sir dung ham bién d6i 1a sigmoidal khi d6 vécto vao va vécto ra 101 giai can
dugc ty 1€ héa mot cach dung dén.

Mang Neural nhiéu 16p lan truyén nguoc sai so rat tét cho viéc du bao hay
viéc san sinh mot 161 giai.Mot mang dugc goi 1a du bao t6t khi né noi suy cac tin
hiéu véao chua biét mot cach hop 1y. N6i mdt cach khac 1a mang c6 kha nang ndi
suy t6t. Mot mang neural lan truyén nguoc sai s6 véi s6 lugng céc trong sb 10n
(sé tham s6 hoc 16m) vé1 mot tap mau hoc ¢6 mot sb luong mau hoc nhét dinh ¢
thé hoc rat tot. Hién tuong nay thuong duoc goi 1a qué trinh hoc qua (overtrain
or overfiting). Voi sd luong trong s qua nhd, mang neural co thé khong hoc
duoc cac mau hoc va cho két qua rat toi d6i véi tap kiém tra. Dé cai thién kha
nang hoc va du béo, ching ta phai 1am cho mang it nhay cam véi nhiing thay dbi
nho cta tin hiéu vao. Néi mot cach khac 1a d6i voi mot thay d6i nho cua tin hiéu
vao, cac thanh phan cua tin hiéu ra khong thay d6i. Piéu nay co thé duoc thuc

hién bang viéc thém vao tdp mau hoc nhiing thay doi nho cuia tin hiéu vao van
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giit nguyén gia tri vécto 101 giai. Pidu nay cé mot bat loi nho 13 s& kéo dai thoi
gian tinh toan trong qué trinh hoc. Mot cach khéac 1a bién d6i dang ctia ham gia
trong giai thudt lan truyén nguoc sai s6.Ham gia méi 13 tong ciia ham gia duoc

dinh nghia trong phuong trinh 4.4 va mot s6 hang 14 ham jacobien ctia ham gia:

E, = 1@2 . 1(%}2 .o+ 3(@]2
2\ ox 2\ ox, 2\ ox_

Trong d6 x;la thanh phan thtr j cta véc-to vao, 1y do cin ban cho giai
phap trén 1a tin hiéu vao thay doi nho, ham gia moi s& khong thay d6i. Dé tbi
thiéu hoa ham gia moi, cac tac gia Drucker va LeCum di xay dung mot mang
lan truyén nguoc kép. Mang lan truyén nguoc kép: mot lan truyén hai tin hiéu
sai s6 O/ ow ; > vamot lan truyén tin hiéu oE, / ow ; - K¥ thuat nay da cai thién ro

rét kha ndng du bao cua mang neural nhi€u 16p lan truyén nguoc sai so.

2.3 Céiu triic mang

Mang neural lan truyén ngugc sai s6 nhu di néi & phan ciu trac ludn co
mot 16p vao va mot 16p ra.S6 16p an co thé thay doi tir 0 dén vai 16p. Doi véi
mot bai toan cu thé, sd luong neural trén 16p vao va ra la ¢6 dinh vi sb neural
trén 16p vao bang sd bién ciia véc-to vao va sd neural trén 16p ra bang sé bién
cua véc-to 101 giai.

Nhu d3 dé cap, dai da s6 cac mang neural lan truyén ngugc sai s6 da duge
cong bd chi gdm c6 1 16p an, song kich thudc cta 16p an nay (sé luong neural
trén 16p an) 1a mot cau hoi ludn duoc dit ra cho cac tmg dung sir dung mang
neural lan truyén nguoc. Cac phan tich chinh vé van dé s6 luong neural trén 16p
an c6 18 s& khong thuc hién duoc béi tinh phirc tap va ban chat khong tién dinh
cua cac thu tuc hoc. Do d6 kich ¢& cua 16p an thuong dugc xac dinh béng thuc
nghiém. Mot chi dan mang tinh chung 13 d6i v6i nhitng mang neural c6 kich
thudc dang ké (tin hiéu vao c6 khoang hang trim hozc hang nghin bién), kich

thudc cua 16p an can thi€t ban dau chi la 1 phan s6 nhé cua neural trén 16p vao.
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Neéu mang khong c6 kha nang hoi tu ve 101 giai, chung ta can tang dan s6 neural
trén 16p an. Néu mang cd kha nang hoi tu ve 101 gidi, ching ta can gidm so

lugng neural trén 16p an.

2.4 Sy hdi tu ciia thuit toan huin luyén mang

Thuat toan huan luyén nguoc hdi tu dén mdt giai phap nao dé6 ma no té1
thiéu hoa dugc sai so trung binh binh phuong vi cach thuc hi€u chinh trong s6
va h¢ sO bias cua thuat toan 1a ngugc hudng véi véc-to gradient ctia ham sai soO

trung binh binh phwong dbi vdi trong sd.

Ta c6 thé hinh dung phuong phap nay nhu sau: ném 1 qua béng trén mat
16i roi dé no tu lan xudng diém thap nhat trén mat 16i. Tuy nhién, d6i v6i mang
MLP thi ham sai s6 trung binh binh phwong thudng phirc tap va c6 nhiéu cuc tri
dia phuong nén mat 15i s& nhap nhd, c¢6 nhicu diém triing (cic cuc tri dua
phuong). Do d6, khi qua bong duogc tha tir 1 diém ngiu nhién trén mit 15i thi né
c6 thé lin xudng diém triing gan d6 nhét va diém triing nay chwa chic di 13 diém
triing thap nhat trén mat 16i. Vi thé cac phép lap huan luyén mang co thé chi dat
dén céc cuc tri cuc bo cua ham sai s6 trung binh binh phuong ma khong dat dén
gia tri cuc tri toan cuc. Qua trinh huén luyén s€ héi tu nhu thé nao phu thudc vao
cac diéu kién ban dau cua qué trinh huan luyén. Bac biét 1a viéc chon hé s6 hoc
o nhu thé nao sau timg budce lip dé ting kha ning hoi tu cia mang.

Nhu vay, khi mot qua trinh huan luyén theo thuat toan lan truyén nguoc
hoi tu, ta chua thé khﬁng dinh r.%mg né di hoi tu dén phuong an tdi vu ma mai
chi dit ra ngudng sai sé dé danh gia. Néu ngudng sai s6 trong d6i nho thi co thé

dirng qua trinh huén luyén mang.
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CHUONG III: KY THUAT NHAN DANG BAN RO TIENG ANH

CUA NGON NGU TU NHIEN

3.1 Bai toan
Cho mdt mau vin ban x ndo d6 thudc ngdn ngit Anh hoic diy ngau nhién
(chit cai hodc chuyén sang mé co s6 16) nhung chua biét x thudc loai nao trong

2 loai néu trén. Hay xac dinh xem x thudc ngdn ngit cu thé nao.

Ta ky hi¢u Aq 1a 16p dai dién cho ngoén ngir khong doc duoc, A; dai di¢n
chop 16p ngdn ngir tiéng Anh. Vay bai toan 13 hiy xac dinh xem x thudc 16p dai

dién nao trong 2 16p vira néu?

Noi dung thuat todn gém 2 phan: phan off-line (xay dung so so dit liéu dé
may hoc) va phan on-line (phan nhan biét truc tiép). Sau day 1a ndi dung cu thé

ctia 2 phan do.

3.2 Thuat toan
3.2.1 Phdn off-line

X4y dung uéc lwong ma tran cac xac suat chuyén trang thai img voi cac
ngdn ngir ty nhién tiéng Anh. Trong udc luong nay, chon do dai miu xap xi
10.000 ky tu, bé qua ddu cham (.), ddu phay (,), ... , khong phan biét chir in hoa
chit in thuong. N6 14 tong hop cac loai van ban thudc cic chuyen nganh khac
nhau: chinh tri, kinh té, van hoc,dia 1y, quan su, thé thao, ngoai giao, lich su, y

té, gido duc, phap luat. M&i loai dugc chon Xép xi 1000 ky tu.

Tinh tan s6 by do61 moéc xich cua day X, tirc 1a ta tinh s6 1an xuat hién cac
cap chir cai Latinh cta day do. Gia su, tan sO cac chir cai do6 lan luot duoc ky

hléu la X=(Xij)
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1  Néucip (ij) xuat hién tai thoi diém (vi tri) t va t+1

xz,z-l(la.]) — 5 :
0  Trong trwong hop khac

voil,j=a,b,. ,z

t=1N-1
n-1 o
RO rang ta co n;; = th,m(', J)1a s6 1an xuat hién cip ky tu (i,j) dimg ké nhau.
t=1

Ta c6 xac suat xuat hién cap (1,j) 1a Pj; . Do cac ngdn ngir ¢6 tinh dirng nén xac

suit chuyén P;; khong phu thudc vao t tur la:

1  Véixac suat Py

xr:r-l(i: ]) —

0  Véixac suat g;=1-P;

Bay gio ta tinh ky vong todn hoc cla dai lugng ngu nhién nj , ta c¢6 ky

vong
n-1 o n-1 ..

E[nij]:E{ X 1h) }:Z EXim L) = n-1F Vij;1<i;j<26
t=1 t=1

n" 14 14
Vi vay 10 rang la n_” la w6c lugng khong chéch doi vo1 tham so Py v Pj; .

n

Bay gid, gia sir cho i ¢6 dinh, bang 1y luan hoan toan twong ty, ta c6 n_ul 1a uoc

26
luong khong chénh cua Pjj voi i c¢6 dinh.Trong dé n; = Z n;1=12,..,26
j=1
Tuy nhién c6 ton tai mot udc lugng co chénh tot hon uée lugng khong
chéch theo nghia sai s6 trung binh binh phuong nhé nhat. Udc lugng d6 14

N, +c
j . .
Py= N, +m.c trong do ¢ 1a hang s6 thuong dugc chon, ¢ = 0,5 hoac ¢ = 1/m

con m =26 (soO chir cai cua bang ngdn ngir). Néu ¢ = 1/m ta co:
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. n,+0,0385

Pij:T 1,]=1,2,..,26

D6 1a udc lugng c6 chénh nhung sai sd trung binh binh phuong bé nhat

cua xac suat chuyén Pjj cua ma tran chuyén P.

Két qua tinh Pj; duge cho & bang twong ting sau:
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Tir s6 liéu ciia bang Al

A1=(ai(jl) Lj=1,2,..,26
Trong do:
7.1g 14,79 ifa® >0
b® = at” ! —
ij ij |,J—1,2,. ,26
11 ifal’ =0

Trong d6 1g(.) 1a logarit co s6 10
[x] = s6 nguyén 16n nhat nhung khong bé hon hoic bang x

Hé s6 k = 7 nay 1a két qua thuc nghiém gitip cho viéc nhan dang gifta cac

16p duoc tét hon.
Goi A = (ajj)26xe6 VOI @ = 1/26 Vij =1, 2, ..., 26. Ma tran cia day ngau
nhién.

Nhu vay, mdi phan tor Ag = (ai(jl) ) ctia ma trin bo do6i ciia diy ngau nhién

. 10.000 _, . . .
l1a h¢ s6 14,79 = 6% 26 lay 2 chit s0 thap phan sau dau phay.
Vidu3.1: [-1,5] =-2 [-1,95] = -2 [-1]=-1
[1,5] =1 [3]=3 [0,3]=0

Ta c6 bang nhu sau:
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3.2.2 Phdn on-line

Gia st X 1a mau nao dé X = X1X,...XN VOi X € {ab,....z}, i= 1,2,.. N. Van

dé dat ra X thudc ngdn ngir tiéng Anh hay 1a mot ddy ngiu nhién nao d6?
Ta tién hanh nhu sau:

Step 1: Tinh tan sd bo d6i moc xich cua day X, ttrc 1a ta tinh s6 1an xuét
hién cac cdp chir cai Latinh cua day do. Gia s, tan sb cac chit cai do lan
luot duge ky hiéu la F = (f) véi1,j=a,b,...,z

Trong do:

1 Néu cip (ij) xuat hién tai thoi diém (vi tri) t va t+1

ft,t—l i,))=

() Trong truong hop khac véit = 1.N-1

N-1
vafi= 2 fa@d) ij=ab,.. z
t=1

Step 2: Tinh Tr(F.B) bang cong thuc:

C=> ijkbjk

j=a k=a
Néu C > 0 thi thuat toan dimng va két luan X thudc 16p diy ngau nhién.

Néu C < 0 thi thuat toan két thiic va thong bao X thudc ban rd tiéng Anh.
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\ 4

Tinh tan so6 bd d6i moc xich cua

day X luu vao bang F
z z
Bl - —
"| Tinh C= fjkbjk
j=a k=a
T F
\4 v
X la diy ngiu nhién X 1:51 q?c dugc
(X 1a tiéng Anh)

A 4

END

Hinh 3.1 So dd khoi cta thuét toan
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3.2.3 Mpt sé vi du
Vi du 1: Ta kiém tra mau vin ban:

Cho X = phooi irsia ectoi ueeso oeefp hfspa psoat ltet trpb vtgiu igdsn

eknrh e.
Vay voi thuat toan thi n6 nhan ra thé nao. Qua trinh thuc hién nhu sau:

Step 1: Tinh tan sé bd d6i moc xich, duoc bang sau (ky hiéu bang F)

A[B[C|DIE|F|G|H|I|J|K|L|M[NJO|P[Q[R[S[TJU[V[W[X[Y][Z
A 1
B 1
C 1
D 1

E 1 21 1 11
F 1 1

G 1

H 11 1

B 1 1 1 2
J

K 1

L 1

M

N 1 1

o1 1 2 2

P11 2 1
Q 1

R 1 1 1

S 1 1121

T 1 1 11 2
U 1 1

Vv 1
W

X

Y

Z
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Su dung bang B1: tinh C= Z ijkbjk

j=a k=a

Dong Cac phép tinh twong rng trén dong ctia bang B1 va F
16+1.0+1.(-7)+
B 111+
C 1.(-3) +
D 1.(-1) +
E 1.(-5)+2.(-5) +1.(-4) + 1.(-8) + 1.(-5) +
F 111 +11+
G 16+
H 1.(-9)+1.3+1.(-4) +

1.(-4)+1.11+1.(-4) +

16+

1.(-5) +

1.(-5)+ 1.2+

12+13+20+20

1.(-1)+18+24+10+

1.11 +

1.1+14+1.(-3)+

1.(-6)+1.0+2.(-5)+1.2

1.(-6) +1.11 +1.(-4) + 2.(-5) +

1.1+11+

<| C| Hdl »w W O T O Z2| r| X

1.11=26

Vay C =26 > 0. Suy ra X 1a vin ban khéng hiéu dugc.
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Vi du 2: Cho van ban X = Edit windows are where you type in and edit

your Turbo Pascal code. You can also do the following in an Edit window.

Tinh tan sd bo d6i moc xich, dugc bang sau (ky hiéu bang F)

A/B|C|IDIE|F|G|H|IT|J|K|LIM|IN|OIP|Q|R|S|T|UIV|IW|X|Y|Z
A 2 3 1)1

B 1

c|2 1

D 2 3 3

E 3 1 1 1 1 2
F 1

G 1

H 2

I 5 3

J

K

L 1 1 1 1

M

N |3 3|1 1

@) 1 1 1|3 3
P|1 1

Q

R 1 2 1

S|1 1 1

T 1 1 2 2
U 1 2 1

\%

W 1|3 1

X

Y 3|1

4
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Su dung bang B1: tinh C= Z ijkbjk

j=a k=a

Dong

Cac phép tinh twong rng trén dong ctia bang B1 va F

2.(-5) + 3.(-8) + 1.(-6) + 1.(-6) +

1.0+

2.(:3) + 1.(-4) +

2.(-5) + 3.(-5) + 3.(-1) +

3.(-7)+1.(-4) +1.(-4) +1.(-8) +1.(-3) + 2.3 +

1.(-4) +

1.(-1) +

2.(-9) +

5.(-9) + 3.(-7) +

1.3+1.(-4)+1.(-2) +1.(-1) +

3.(-4) +3.(-7) + 1.(-2) + 1.(-1) +

2.(-1)+1.(-1)+1.4+1.(-4) +3.(-5) +3.(-2) +

1.(-1) + 1.(-3) +

1.(-1) + 2.(-8) + 1.(-5) +

1.(-5) +1.(-1) + 1.(-5) +

1.(-10) + 1.(-2) + 2.(-3) + 2.(-2) +

1.(0) +2(-4) +1.(-3) +

1.(3) +31.(3) + 1.4+

<| Sl clHd »w m W O] Z| | = T| O M m o O W >

3(-1) + 1.1 = -357

Viy C =-357 < 0. Suy ra X 13 vin ban Tiéng Anh.
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CHUONG IV: CAI PAT VA THU'C NGHIEM

4.1 Két qua dat dwoc

Mot chuong trinh phan mém trén ngdn ngit C++ da dugc xay dung nham
thr nghiém cac phép kiém dinh da néu trén.

Cac mau thir duoc lua chon 13 tai liéu Tiéng Anh thudc cac linh vuc:
Chinh tri, kinh té, van hoc, dia 1y, quan su, thé thao, ngoai giao, lich su, y té,

gido duc, phap luat; voi do dai khac nhau

P chinh xac trong cac truong hop ldy d6 dai kiém tra khac nhau

Do dai Tiéng Anh Day ngau nhién

kytw) | 15§ | pang | Tyle T.S6 | DPang | TyLé
50 150 148 | 9867% | 15 14 93%
60 150 149 | 99,33% | 15 15 100%
70 150 150 100% 15 15 100%
80 150 150 100% 15 15 100%
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4.2 M3 nguon ciia chwong trinh
4.2.1 Thii tuc tinh tan sé bé déi véi dé dai k
int TTSBD(int A[26][26], char *Fname, int k)
{
FILE *F; char i,j;
for(i=0;i<26;i++)
for(j=0;j<26;j++)

Al]D]=0;
if((F=fopen(Fname,"rt"))==NULL) return 0;
int n=0;
while (!feof(F)&&n<k)

{
j=fgetc(F);
if((A'<=))&&(j<='2))

{

(A[i-65][j-65])++;
I=];n++;

¥

if((a'<=))&&(j<='7"))

{

171-32;  (A[i-65][j-65])++;
I=j; n++;
¥

¥
fclose(F);

return 1;

46



4.2.2 Ham tinh téng ciia 2 ma trin

int Mul_A(int A[26][26], int B[26][26])

{
int k=0;
for(int i=0;i<26;i++)
for(int j=0;j<26;j++)
k+=A[]0]*BOIDT
return K;
hy

4.2.3 Ham nhén biét ngon ngiv

void thuattoan(int A[26][26], int B[26][26])

{
get A(A,"Data\ANHMAX.txt");// Lay gia tri bang B; vao mang A
TTSBD(B,nameFile,k) //Tinh tan so bo doi moc xich cua mau trong File
if(Mul_A(A,B)<0) cout<<nameFile<<"ban ro Tieng Anh"<<endl;
else if(Mul_A(A,B)>0) cout<<nameFile<<"la day ngau nhien"<<endl;
else cout<<"Nhap them ky tu vao ban mau"<<nameFile<<"va quay lai
tinh tiep";
b
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KET LUAN

Nhu viy, trong bao cao luan vin cia minh, em tap trung tim hiéu miy van
dé co ban sau day:

> Tim hiéu mang Neural nhan tao.

> Tim hiéu sdu vé mang Perceptron da 16p voi luat hoc lan truyén

nguoc sai so.

> Tim hiéu vé ky thuat nhan dang ban 6 tiéng Anh ctia ngdn ngit

tu nhién.

> Cai dat va lap trinh thtr nghiém trén may PC bang ngdn ngit
C++.

Mic di em da c6 nhiéu ¢ ging nham hoan thanh t6t nhat ban luan van cia
minh, song dé nam vig Iy thuyét vé mang Neural, doi hoi sinh vién phai c6
mét trinh 6 nhat dinh ndo d6 vé kién thirc todn hoc. Nhu vay vé ly thuyét em
trinh bay chua duoc sau. Con vé thuc hanh, em c6 gang lap chuong trinh may
tinh phan biét (nhan dang) mot mau tiéng Anh voi mot ddy gia ngau nhién.

Sép t6i, néu co diéu kién, em tiép tuc nghién ctru giai bai toan nhan dang
ngdn ngit ty nhién thudc 16p cac ngbn ngir Latinh. Cubi cing, mot lan nita, em
xin chan thanh cam on cé4c thay, cd thudc khoa CNTT truong Pai hoc dan lap
Hai Phong da truyén dat nhitng kién thtrc, nho d6 em da hoan thanh duoc luan
van tét nghiép caa minh.
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