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@ 5.1 TONG QUAN VE MANG NORON NHAN TAO

5.1.1. Nguén goc sinh hoc

® B6 nao ngudi chira khodng 10" cac phan t( lién ket
chat ché vdi nhau goi la cac Noron.

® Ngudi lam tin hoc, Noron dudc cau tao bdi cac thanh
phan:

= Té bao hinh cay (dendrite)
= Te bao than (cell body)

= Va sdi truc than kinh (axon).
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5.1.1. Nguén goc sinh hoc

@ CAu trGc clia mang noron ludn luén phat trién va
thay doi.

@ Cac thay ddi co khuynh hudng chl yéu Ia viéc 1am
tang hay gidm dd manh cla cac mai lién ket théng
qua cac khdp than kinh.
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5.1.1. Nguén goc sinh hoc

@ Tinh toan cuia ndo khéac vdi tinh toan theo thuét toan:

= Qua trinh tinh toan dudc tién hanh song song va phan
tan trén nhiéu noron gan nhu dong thai.

= Tinh toan thuc chat la qua trinh hoc, chir khéng phai
theo so do dinh san tu trudc.
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@ 5.1 TONG QUAN VE MANG NORON NHAN TAO

5.1.2. Noron nhan tao

® bat chudc ndo, cac nha khoa hoc da c6 mé hinh tinh toan: cac
mang naron nhan tao (Artifical Neural Networks — ANN).

€ Mang ndron nhan tao khéng phtrc tap cta bd néo.

= Cau trac khoi la cac thiét bi tinh toan don gian dudc lién
ket chat ché vdi nhau.

= Cac lién ket gilta cac noron quyét dinh chic nang cla
mang.
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5.1.2. Noron nhan tao

® Mang ndron sinh hoc hoat dong rat cham so vdi cac linh kién dién
tU (102 gidy so véi 10 giay),

f"., |
s

® BO nao c6 kha nang thuc hién nhiéu céng viéc nhanh hon nhiéu
so vGi cac may tinh thong thuang.

® Do cau tric song song clia mang ndron sinh hoc: toan bd cac
noron hoat dong dong thai tai mot thoi diem.

® hién nay, cac mang naron chi yéu dugdc thuc nghiém trén cac
may tinh s6, nhung cau tric song song cla ching phu hop nhat 1a
thuc nghiém chuing trén cac vi mach tich hgp I6n (VLSI: Very
Large Scale Integrated-circuit), cac thiét bi quang va cac bod xt ly
song song.



i
@ 5.1 TONG QUAN VE MANG NORON NHAN TAO

5.1.2. Noron nhan tao

L € Mang naron cé cac dac trung phan biét sau:
{ ? V4 7 n
)’ E = Tap cac don vi xu ly (cac ndron nhan tao);

= Trang thai kich hoat hay la dau ra ctia don vi x( ly;

i

= Lién két gilta cac don vi. Xét tong quat, mai lién két dudc dinh nghia
bdi mot trong so w, cho ta biet hiéu img ma tin hiéu ctua don vi j c6
trén don vi k;

= MGt luat lan truyén quyét dinh céch tinh tin hiéu ra cla tiing don vi tu
dau vao cua no;

= M6t ham kich hoat, hay ham chuyén (activation function, transfer
function), xac dinh muc d6 kich hoat khac dua trén muc do kich hoat
hién tai;

= M6t don vi diéu chinh (d6 1éch) (bias, offset) clia mdi don vi;

= Phuong phap thu thap thong tin (luat hoc - learning rule);

= Mdi trudng hé thdng cé thé hoat dong.
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@ 5.1 TONG QUAN VE MANG NORON NHAN TAO

5.1.3. Lich su' phaét trién

® Cac méc dang chu v trong lich st phat trién clia mang
noron.

» Cudi TK 19, dau TK 20, su phat trién chl yéu chi la nhing
nganh Vat Iy hoc, Tam ly hoc va Than kinh hoc, bdi cac nha
khoa hoc nhu Hermann von Hemholtz, Ernst Mach, lvan
Pavlov.

= C4c cong trinh nghién ctiu cla ho chi yéu di sau vao cac ly
thuyét tong quat vé HOC (Learning), NHIN (vision) va LAP
LUAN (conditioning),... va khong hé dua ra nhiing mé hinh
toan hoc cu thé moé ta hoat dong clia cac naron.
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5.1.3. Lich su' phaét trién

" v3ao0 1940s vdi cong trinh cua Warren McCulloch va Walter
Pitts. Ho chi ra rang vé nguyén tac, mang cla cac noron nhan
tao c6 thé tinh toan bat ky mat ham sé hoc hay logic nao

=

= Donald Hebb, da phat biéu rang viéc thuyét Iap luan co dién
(classical conditioning) (nhu Pavlov dua ra) la hién thuc bdi do
cac thudc tinh cla tiing noron riéng biét. Ong cling néu ra mot
phuang phap hoc cua céc noron nhan tao.
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5.1.3. Lich su' phaét trién

= Ung dung thuc nghiém dau tién cla cac ndron nhan tao vao
cudi nhiing ndm 50 cung véi phat minh cla mang nhan thiic
(perceptron network) va luat hoc tuong Ung bdi Frank
Rosenblatt.

=

= Bernard Widrow va Ted Hoff da dua ra mot thuat toan hoc mai
va s( dung né dé huan luyén cho cac mang ndron tuyén tinh
thich nghi, mang cé cau tric va chic ning tuong tu nhu mang
cta Rosenblatt. Luat hoc Widrow-Hoff van con dudc st dung
cho dén nay.
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5.1.3. Lich su' phat trién

7 = Tuy nhién ca Rosenblatt va Widrow-Hoff déu cuing vap phai

‘e mot van dé do Marvin Minsky va Seymour Papert phat hién ra,
i @ d6 1a cac mang nhan thiic chi cé kha ndng giai quyét cac bai
toan kha phan tuyén tinh. Ho cb gang cai tién luat hoc va
mang dé c6 thé vuot qua dudc han ché nay nhung ho da
khong thanh céng trong viéc cai tién luat hoc dé cé thé huan
luyén dudc cac mang cé cau trac phuc tap hon.

i

* Do nhiing két qua cla Minsky-Papert nén viéc nghién clu vé
mang ndron gan nhu bi dinh lai trong su6t mét thap ky do
nguyén nhan la khéng cé dudc cac may tinh di manh dé cé
thé thuc nghiém.
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5.1.3. Lich su' phaét trién

= Nam 1972, Teuvo Kohonen va James Anderson doc lap nhau
phat trién mot loai mang mdi cé thé hoat ddng nhu mot bd
nhd.

» Stephen Grossberg cling rat tich cuc trong viéc khao sat cac
mang tu té chic (Self organizing networks).
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5.1.3. Lich su' phaét trién

= V30 nhiing ndm 80, viéc nghién cliu mang noron phat trién rat
manh mé cung vdi su ra doi cua PC. C6 hai khai niém mdi lién
quan dén su hdi sinh nay, dé la:
= 1. Viéc st dung cac phuong phap théng ké dé gidi thich hoat
ddng clia mot 16p cac mang hdi quy (recurrent networks) cé thé
dugc dung nhu bd nhd lién hop (associative memory) trong céng
trinh cia nha vat ly hoc Johh Hopfield.
= 2. Su ra ddi cla thuat toan lan truyén ngudc (back-propagation)
dé luyén cac mang nhiéu I6p dugc mdt vai nha nghién cliu doc
lap tim ra nhu: David Rumelhart, James McCelland,.... B4 cung la
cau tra I6i cho Minsky-Papert.
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Pon vi xu ly

Ham két hop

Ham kich hoat (ham chuyén)

Cac hinh trang cua mang

Mang hoc (huan luyén

mang) ................................................................................................... .

Ham muc tiéu
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5.2.1. Don vi xu' ly
€ Don vi xt ly (Processing unit)
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X. : cac dau vao i=1

w; : Cac trong s tuang Ung véi cac dau vao
6, : d6 lach (bias)
a, : dau vao mang (net-input)

z, : dau ra ctia noron

g(x): ham chuyén (ham kich hoat).
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5.2.1. Don vi xu' ly
¢ Trong mdt mang noron cé ba kiéu don vi:

= Ca&c don vi dau vao (Input units), nhan tin hiéu t bén ngoai;

= C4c don vi dau ra (Output units), gUi dit liéu ra bén ngoai;

= Cac don vj an (Hidden units), tin hiéu vao (input) va ra (output)
clia né nam trong mang.

¢ MGi don vi j c6 thé c6 mdt hodc nhiéu dau vao: x,, X, X,, ... X,
nhung chi c6 mét dau ra z, MGt dau vao t6i mét don v c6 thé 1a
dii liéu tu bén ngoai mang, hodc dau ra ciia mét don vi khac, hodc

la dau ra cla chinh né.
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Pon vi xu ly

Ham két hop

Ham kich hoat (ham chuyén)

Cac hinh trang cua mang

Mang hoc (huan luyén

mang) ................................................................................................... .

Ham muc tiéu
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5.2.2. Ham keét hop

¢ M6 mot don vi trong mot mang két hop cac gia tri dua
vao no thédng qua cac lién két véi cac don vi khac,
sinh ra mot gia tri goi la net input. Ham thuc hién
nhiém vy nay goi la ham ket hgp (combination
function), dudc dinh nghta bsi mét luat lan truyen cu
the Trong phan I6n cac mang ndron, chung ta gia su
rang mo6i mot dan vi cung cap mot bo cong nhu la dau
vao cho dan vi ma nd co lién ket Tong dau vao don Vi
j don gian chi la tong trong sO clia cac dau ra riéng 1é
tU cac don vi két noi cong thém ngudng hay do léch
(bias) 6j:

‘G

n
aj = Z WiiXi + G
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5.2.2. Ham keét hop

® Trudng hop wiji > 0, ndron dudc coi la dang J trong
trang thai kich thich. Tuong tu, néu nhu wji < 0, ndron
G trang thai kiém ché. Ching ta goi cac don vi véi luat
lan truyén nhu trén 1a cac sigma units.

@ Trong mot vai trudng hdp ngudi ta cling co thé st
dung cac luat lan truyén phc tap han. M6t trong s6
do la luat sigma-pi, cbé dang nhu sau:

¢ Rat nhiéu ham két hop st dung mét "do ¢~ Z“‘”’HT’H&

ngu’dng" dé tinh net input t6i don vi. Doi voi mot ddn
vi dau ra tuyen tinh, théng thudng, 6] dudc chon la
hang so va trong bai toanxap xi da thiic 6j = 1
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Pon vi xu ly

Ham két hop
........ Ham kich hoat (ham chuyén) ..
Cac hinh trang cua mang
Mang hoc (huan luyén
IVGIG)—rrrere e .

Ham muc tiéu
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5.2.2. Ham kich hoat (ham chuyén)

@ Phan I6n cac don vi trong mang ndron chuyén net
input bang cach s dung moét ham vé hudng (scalar-
to-scalar function) goi 1a ham kich hoat, két qua cla
ham nay la mot gia tri goi la muic do kich hoat cia don
vi (unit's activation). Loai tru kha nang don vi dé thuodc
I3p ra, gid tri kich hoat dudc dua vao mét hay nhiéu
don vi khac. Cac ham kich hoat thucng bi én vAan mat
khoang gia tri xac dinh, do dé thuong du = ZWH xik +6
ham bep (squashing). Cac ham kich hoz. ..., wive ou
dung la:

¢ 1) Ham dong nhat (Linear function, Identity function )

®g(x) =

‘G
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5.2.2. Ham kich hoat (ham chuyén)

#® Hinh 5.2 Ham dong nhat (Identity function)

g(x)
1

1 1
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5.2.2. Ham kich hoat (ham chuyén)

©2) Ham budc nhi phan (Binary step function,
Hard limit function)

¢ Ham nay clng dugdc biét dén vdi tén "Ham
nguong" (Threshold function hay Heaviside
function). Pau ra cla ham nay dudc gidi han
vao mot trong hai gid * L et

¢ Dang ham nay dudc ¢~ {0 néit(x < )>AC Mang
chi c6 mot I8p. Trong hinn ve sau, B dudc
chon bang 1.

s
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5.2.2. Ham kich hoat (ham chuyén)

® Ham budc nhi phan (Binary step function)
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5.2.2. Ham kich hoat (ham chuyén)

© 3) Ham sigmoid (Sigmoid function (logsig))

b,

|
g(x)=——
l+e™

Ham nay déc biét thuan Igi khi si dur -
cho c&c mang dudc huan luyén
(trained) bdi thuat toan Lan truyén
ngudc (back-propagation), vi né dé I
dao ham, do dé c6 thé gidm dang ké
tinh toan trong qua trinh huan luyén.
Ham nay dudc ung dung cho cac
chuong trinh Uing dung ma cac dau ra
mong mudn rdi vao khoang [0,1].

Ham Sigmoid
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5.2.2. Ham kich hoat (ham chuyén)

4) Ham sigmoid luong cuc (Bipolar sigmoid
function (tansig))

l\@

1-e*

__]"

g(x)=-
l+e

Ham nay c6 cac thugc tinh tuong tu ham
sigmoid. NO lam viéc tot doi vai cac Ung
dung c6 dau ra yéu cau trong khoann -1 11

iiiiiiiiiiiiiiiiiiiii
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5.2.2. Ham kich hoat (ham chuyén)

@ Cac ham chuyén cla cac don vi an (hidden units) 1a can thiét dé
bi€u dién su phi tuyén vao trong mang. Ly do la hgp thanh cua
cac ham dong nhat 13 mot ham dong nhat. Mac du vay nhung no
mang tinh chat phi tuyén (nghta I3, kha nang biéu dién ‘cac ham
phi tuyen) lam cho cac mang nhleu tang c6 kha nang rat tot
trong b|eu dién cac anh xa phi tuyén. Tuy nhién, ddi véi luat hoc
lan truyén nguac, ham phai kha vi (differentiable) va sé co ich
neu nhu ham dugdc gan trong mot khoang nao dé. Do vay, ham
sigmoid 1a lua chon thédng dung nhat.

¢ Do6i vdi cac don vi dau ra (output units), cAc ham chuyén can
dudc chon sao cho phu hgp vOi su phan phoi cla cac gia tri dich
mong muon. Ching ta da thay rang doi v4i cac gia tri ra trong
khoang [0,1], ham sigmoid 1a cé ich; d6i véi cac gia tri dich mong
muon la I|en tuc trong khoang dé thi ham nay cling van co ich,
né c6 thé cho ta cac gia tri ra_hay gia tri dich dudc can trong mot

7
|| ? ? ‘\ |I| ‘ ‘il\ i‘| n 7 -I‘-il|

‘G
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Pon vi xu ly

Ham két hop
........ Ham kich hoat (ham chuyén) ..
Cac hinh trang cua mang
Mang hoc (huan luyén
IVGIG)—rrrere e .

Ham muc tiéu
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5.2.4. Cac hinh trang cua mang

@ Hinh trang clia mang dugc dinh nghta béi: so 16p
(layers), s6 don vi trén moi lop, va su lien két gilia cac
I6p nhu thé nao. Cac mang vé tong thé dudc chia
thanh hai loai dua trén cach thic lién két cac don vi:

¢ Mang truyén théng (Feed-forward neural network):
Dong du lieu tu’ don vi dau vao dén don vi dau ra chi
dugc truyen thang Viéc xU ly di liéu cé thé mé rong
ra nhiéu I6p, nhung khéng cé céac lién két phan hoi.
Nghta 14, cac lién két md rong tu cac don vi dau ra téi
cac don vi dau vao trong cung mot Idp hay cac 16p
trude doé l1a khéng cho phép.
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5.2.4. Cac hinh trang cua mang

# Hinh 5.6 Mang noron truyén thang nhiéu
Iop

o

K6 T I, w?
Input Layer Ji  Hidden Layer 9 Output Layer
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5.2.4. Cac hinh trang cua mang

¢ Mang hoi quy (Recurrent neural network): C6 chua
cac lién két ngu’dc Khac véi mang truyén thang cac
thudc tinh dong cia mang mdi quan trong. Trong mot
sO trudng hop, cac gia tri kich hoat clia cac don vi trai
qua qua trinh ndi long (tang gidm so don vi va thay
doi cac lien két) cho dén khi mang dat dén mot trang
thai 6n dinh va cac gia tri kich hoat khéng thay doi
nia. Trong cac ung dung khac ma céch thuc hién
dong tao thanh dau ra clia mang thi nhiing su thay doi
cac gia tri kich hoat la dang quan tam.
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5.2.4. Cac hinh trang cua mang

@ Hinh 5.7 Mang noron hoi quy

Input Layer Hidden Layer  Output Layer
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Pon vi xu ly

Ham két hop
........ Ham kich hoat (ham chuyén) ..
Cac hinh trang cua mang
Mang hoc (huan luyén
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Ham muc tiéu
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5.2.5. Mang hoc (huan luyén mang)

@ Chlc nang cia mot mang ndron dugc quyét dinh bdl cac nhan t6
nhu: hinh trang mang (so 16p, sO don vi trén moi tang va cach
ma cac Idp dudc lién ket vai nhau) va cac trong so cla cac lién
két bén trong mang. Hinh trang cllia mang thudng 1a c6 dinh, va
cac trong sb dugdc quyét dinh bSi mot thuat toan huan luyén
(training algorithm). Tién trinh diéu chinh cac trong s6 dé mang

“nhan biét” dudc quan hé giua dau vao va dich mong muon dudc
goi 1a hoc (learning) hay huan Iuyen (training). Rat nh|eu thuat
toan hoc da dugc phat minh dé tim ra tap trong so toi uu lam giai
phap cho cac bai toan. Cac thuat toan doé cé thé chia lam hai
nhém chinh: Hoc cé thay (Supervised learning) va Hoc khong cé
thay (UnsupervisedLearning).

® Hoc cé thay Mang dudc huan luyen bang cach cung cap cho n6
cac cdp mau dau vao va cac dau ra mong muon (target values).
Cac cap dudc cung cap bdi "thay giao", hay bdi hé th,ong trén do

@
— “
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5.2.5. Mang hoc (huan luyén mang)

#Hinh 5.8 M6 hinh Hoc c6 thay

J

2

Training Data

Input Desired output
target
Network error
in out
Weight Objective
changes Function

Traming Algorithm <;1

(optimization method)
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5.2.5. Mang hoc (huan luyén mang)

" Hoc khong co thay le cach hoc khong co
thay, khong co phan hoi tu moi truong de chira
rang dau ra cla mang la dung. Mang se phai
kham pha cac dac trung, cac dieu chinh, cac
mMoi tuong quan, hay cac lop trong du’ lieu vao
mot cach tu dong Trong thuc te, doi VOi phan
I6n cac bién thé cua hoc khong co thay, cac
dich trung voi dau vao. Noi mot cach khac, hoc
khong co thay ludn thuc hien mot céng viec
tuong tu nhu mot mang tu' lién hgp, c6 dong
thong tin tu dir liéu vao.
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Pon vi xu ly

Ham két hop
........ Ham kich hoat (ham chuyén) ..
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5.2.6. Ham muc tiéu

® Dé huan luyén mdt mang va xét xem né thuc hién tot
dén dau, ta can xay dung mét ham muc tiéu (hay ham
gia) dé cung cip cach thiic danh gia kha ning hé
thdng mot cach khong nhap nhang. Viéc chon ham
muc tiéu 1a rat quan trong bdi vi ham nay thé hién cac
muc tiéu thiét ké va quyét dinh thuat toan huan luyén
nao co thé dudc ap dung. D€ phat trién mét ham muc
tiéu do dudc chinh xac cai ching ta muon khéng phai
14 viéc dé dang. Mt vai ham co ban dudc su dung rat
rong rai. Mot trong sé ching 1a ham téng binh phuang
16i (sum of squares error function),

‘G
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5.2.6. Ham muc tiéu

® trong do:

@ p: s6 thi tu mau trong tap huan luyén

@ i: s6 thU tu cla don vi dau ra

@ tpi va ypi: tuong Ung la dau ra mong muon va dau ra
thuc té cia mang cho don vi dau ra th( i trén mau thi
D.

® Trong céc Uing dung thuc teé, neu can thiet co thé Iam

phu’c tap ham s6 vai moét vai yeu to khac dé cé thé
ki€ém soat dudc su phuc tap clia mé hinh.

'J.J

1
(i — LW)
1

NP

Mm

E=

1 i=

-~
1l
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@ Mang truyén thang

"( ................................................................................................................................ L)
0
f @ Van dé thiét ké cau tric mang
y @ Thuét toan lan truyén nguoc (Back-Propagation)
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5.3.1. Mang truyén thang

¢ M6t mang truyén thang nhiéu I6p bao gdm mot 16p
vao, mot Idp ra va mét hodc nhiéu I6p an. Cac noron
dau vao thuc chat khéng phai cac ndron theo ding
nghia, bdi I& ching khéng thuc hién bat ky mot tinh
todn nao trén di liéu vao, don gidn nd chi tiép nhan
cac dif lieu vao va chuyén cho cac Idp ké tiép. Cac
noron & I6p an va Idp ra mdi thuc su thuc hién cac tinh
toan, két qua duoc dinh dang bSi ham dau ra (ham
chuyén). Cum tu “truyen thang (feed forward) (khong
phai 14 trai nghta cla lan truyén ngudc) lién quan dén
mot thuc té 14 tat ca cac noron chi cé thé dudc két ndi
v6i nhau theo mot hudng: t6i mot hay nhiéu cac noron
khac trong I6p ké tiép (loai trii cac naoron 6 16p ra).

‘G
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5.3.1. Mang truyén thang

-
- 4 Ay

nham.

® Hinh sau & dang tém tat biéu dién mang ndron
mot cach c¢6 dong va tranh gay ra su hiéeu

®Hinh 5.9 Mang noron truyén thang nhiéu

Iop

T |

I.'!
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5.3.1. Mang truyén thang
® trong do:
@ P: Vector dau vao (vector cot)
¢ Wi: Ma tran trong s6 cla cac noron I6p th i.
9 (SixRi: S hang (noron) - R cot (s6 dau vao))

® bi: Vector do léch (bias) cua I6p thd i (Six1: cho S
ngron)

@ ni: net input (Six1)

@ fi: Ham chuyén (ham kich hoat)
@ ai: net output (Six1)

¢ 0: Ham tong thong thudng.
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5.3.1. Mang truyén thang

@ Mdi lién két gan véi mot trong s, trong sé nay dudc thém vao
trong qua trlnh tin hiéu di qua lién két d6. Cac trong s c6 thé
duadng, thé hién trang thai kich thich, hay am, thé hién trang thai
kiém ché. M0| noron tinh toan muc kich hoat cla chung bang
cach cong tong cac dau vao va dua ra ham chuyen Mot khi dau
ra cUa tat ca cac noron trong mot Idp mang cu thé da thuc hién
xong tinh toan thi Idp ke tlep c6 thé bat dau thuc hién tinh toan
cla minh bdi vi dau ra cua I&p hién tai tao ra dau vao cla I6p ke
tiep. Khi tat ca cac ndron da thuc hién tinh toan thi két qua dugdc
tra lai b&i cac ndron dau ra. Tuy nhién, cé thé 1a chua ding yéu
cau, khi d6 mét thuat toan huan luyén can dudc ap dung dé diéu
chinh cac tham sb clia mang.




N
@ 5.3 Mang truyén thaeng va thudt todn lan truyén nguoc

5.3.1. Mang truyén thang

@ Trong Hinh 5.9, s6 noron & I8p thd nhat, va I6p thd hai
\\ . tuong (ngla S1va S2. Ma tran trong s6 doi vdi cac
Y |dp tuong Ung la W1 va W2. C6 thé thay su lién két

gitia cac I6p mang thé hién trong Hinh 5.9: & 16p thit 2,
vector dau vao chinh 1a net output cla Idp thi nhat.

¢ Tuong ty nhu vay, néu thém vao cac Iop khac nua vao
trong cau trac nay thi I6p mang cudi cung thudng 14

I6p cho ra két qua cla toan bd mang, 16p dé goi 1a 16p
ra (OUTPUT LAYER).

=
——
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5.3.1. Mang truyén thang

¢ Mang ¢6 nhiéu I0p co kha nang tot hon 1a cac mang
chi cé mot 16p, chang han nhu mang hai I6p véi I6p thu
nhat sU dung ham sigmoid va Iop thu’ hai dung ham
dong nhat c6 thé ap dung dé xap xi cac ham toan hoc
kha tot, trong khi cac mang chi cé6 mét I16p thi khéng cé
kha nang nay.

® Xét truong hdp mang co hai I6p nhu Hinh 5.9, céng
thiic tinh toan cho dau ra nhu sau:

® a2 = 2(W2(f1(W1P + b1)) + b2)

® trong do, y nghia cla cac ky hiéu nhu da néu trong
Hinh 5.9.
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@ Mang truyén thang

"( ................................................................................................................................ L)
0
f @ Van dé thiét ké cau tric mang
y @ Thuét toan lan truyén nguoc (Back-Propagation)
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5.3.2. Van dé thiet ke cau tric mang

¢ Mac du, vé mat ly thuyét, cé ton tai moét mang cé thé mé phdng
mot bai toan vdi dd chinh xac bét ky. Tuy nhién, dé co thé tim ra
mang nay khong phai la dleu don gian. Bé dinh nghla chinh xac
mot k|en trc mang nhu: can st dung bao nhiéu I6p an, m0| I6p
an can c6 bao nhiéu don vi x( ly cho mét bai toan cu thé 1a mot
cong viéc hét stic kho khan. Dudi day trinh bay mot so van dé
can quan tam khi ta thiét ké mét mang.

So I6p an

¢ Vi cac mang co hai IGp an c6 thé thé hién cac ham véi dang diéu
bat ky, nén, vé ly thuyet khong co ly do nao su “dung cac mang
c6 nhiéu han hai I6p an. Ngudi ta da xac dinh rang dbi véi phan
I6n cac bai toan cu thé, chi can st dung mét Idp an cho mang la
dd. C4c bai toan sl dung hai I8p an hiém khi xay ra trong thuc té.
Tham chi doi véi cac bai toan can sl dung nhiéu hon mét I6p an
thi trong phan 16n cac tru’dng hgp trong thuc té, st dung chi mét

Idi an cho ta hiéu nani tot hon 1a st duni nhiéu hon mot Idi

‘G
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5.3.2. Van dé thiet ke cau truc mang

¢ 1) Phan Idn cac thuat toan luyén mang cho cac mang noron
truyén thang déu dua trén phudng phap gradient. Cac I6p thém
vao sé them viéc phai lan truyén céc 16i 1am cho vector gradient
rat khéng 6n dinh. Su thanh cong clia bat ky mot thuat toan t6i uu
theo gradlent phu thuoc vao do khong thay doi clia hudng khi ma
cac tham s6 thay doi.

® 2) Sb cAc cuc tri dia phuong tang 1&n rat 16n khi cé nhiéu 16p an.
Phan I6n cac thuat toan t6i uu dua trén gradient chi c6 thé tim ra
cAc cuc tri dia phuong, do vay ching cé thé khéng tim ra cuc tri
toan cuc. Mac du thuat toan luyén mang cé thé tim ra cuc tri toan
cuc, nhung xac suat kha cao 1a ching ta sé bi tac trong mot cuc
tri dia phuong sau rat nhiéu thdi gian Iap va khi do, ta phai bat
dau lai.
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5.3.2. Van dé thiet ke cau tric mang

@ 3) D7 nhién, cé thé dbi véi mdt bai toan cu thé, st dung nhiéu hon
mot 16p an véi chi mat vai don vj thi tét hon 1a st dung it I6p an
véi s6 don vi 1a 16n, dac biét doi v4i cAc mang can phéi hoc céc
ham khong lién tuc. Vé t6ng thé, ngudi ta cho rang viéc dau tién
la nén xem xet kha néng su’ dung mang chi c6 mét I6p an. Néu
dung mét I16p an vdéi mét sé lugng 16n cac don vima khong co
hiéu qua thi nén st dung thém mét I6p an nita véi mot sb it cac
dadn vi.

‘G

So don vi trong I6p an
¢ M6t van dé quan trong trong viéc thiét ké mot mang 1a can c6 bao
nhiéu don vi trong mai I6p. S{ dung qua it don vi c6 thé dan dén
viéc khong thé nhan dang dugc cac tin hiéu day du trong mot tap
d{ liéu phuc tap, hay thieu an khdp (underfitting). St dung qua
nhiéu don vij sé tang thc‘jl gian luyén mang, c6 & 1a qua nhiéu dé
Iuyen khi ma khong thé luyén mang trong mot khoang thai gian

i i S6 Iu’dni I6n cac don vi co thé dan dén tinh trani thua an
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5.3.2. Van dé thiet ke cau truc mang

4 So Iu’dng tot nhat cla cac don vi an phu thudc vao rat nhiéu yeu
t0 - sO dau vao, dau ra clia mang, so tru’dng hgp trong tap mau,
dd nhiéu cda di liéu dich, dd phuc tap cta ham 16i, klen trdc
mang va thuat toan Iuyen mang.C6 rat nhiéu “luat” gé lua chon so
don vi trong cac Iap, chang han:

® - m€[l,n] - nam gitta khoang kich thudc 16p vao, 16p ra
9 . tong kich thudc 16p vao va Idp ra

® - m < 2| - nho hon hai lan kich thudc 16p vao

@ . - can béac hai cda tich kich thudc I6p vao va I3p ra.
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5.3.2. Van dé thiet ke cau tric mang

@ Céc Iuat nay chi co thé dudc coi nhu la cac lua chon thd khi chon
lua kich thudc cua céc I6p. Chung khong phan anh dudc thuc te,
bdi 1é ching chi xem xet den nhan to kich thudc dau vao, dau ra
ma bo qua cac nhan to quan trong khac nhu: ) tru’dng hop dua
vao huan Iuyen dd nhiéu 6 cac dau ra mong muon, doé phuc tap
cla ham 16i, kién tric cla mang (truyén thang hay hdi quy), va
thuat toan hoc.

® Trong phan I6n cac tru’dng hop, khéng cé mot cach dé co thé dé
dang xac dinh dudc so t0i Uu cac dan vi trong 16p an ma khéng
phai luyén mang st dung sb cac don vi trong 16p an khac nhau
va du bao 16i tong quat hoa cla ting Iya chon. Cach tot nhat 1
su dung phuang phap thu-sai (trial- -and-error). Trong thuc te, cé
thé st dung phuong phap Lua chon tlen (forward selection) hay
Lua chon lui (backward selection) dé xac dinh sb dan vij trong 10p
an.
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5.3.2. Van dé thiet ke cau tric mang

@ Lua chon tién bat dau vdi viéc chon mot luat hop Iy cho viéc danh

"‘ gi4 hiéu nang clia mang. Sau dé, ta chon mét s6 nhd cac don vi

\ . an, luyén va th( mang; ghi lai hiéu nang clia mang. Sau dé, tang
= @ mot chit s6 don vi an; luyén va thi lai cho dén khi 16i 1a chap
nhan dudc, hoac khoéng c6 tién trién dang ké so vdi trudc.

@ Lua chon IUi, ngudc véi lua chon tién, bat dau véi mét sé 16n cac
don vi trong 18p an, sau dé gidm dan di. Qua trinh nay rat tén thoi
gian nhung sé gilp ta tim dugdc s6 Iugng dan vi phii hgp cho I6p
an.
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@ Mang truyén thang

"( ................................................................................................................................ L)
0
f @ Van dé thiét ké cau tric mang
y @ Thuét toan lan truyén nguoc (Back-Propagation)
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

" @ Can c6 mét su phan biét gilta kién trac cia mét mang
“ E va thuat toan hoc cua né,

@ vé co ban c6 hai dang thuat toan dé luyén mang:
" hoc c6 thay
= va hoc khong co6 thay.

@ Cac mang ndron truyén thang nhiéu I6p dudc luyén
bang phuong phap hoc c6 thay. mang sé hoc théng
qua nhiing sai so6t cua no.
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

@ Vé co ban, thuat toan lan truyén ngudc 1a dang tdng quat clia
thuat toan trung binh binh phuong t6i thiéu (Least Means Square-
LMS). Thuat toan nay thudc dang thuat toan xap xi dé tim cac
diém ma tai d6 hiéu nang clia mang la t6i uu. Chi s6 t6i uu
(performance index) thu’dng dudc xac dinh bGi mot ham so cla

ma tran trong so6 va cac dau vao nao dé ma trong qua trinh tim
hi€u bai toan dat ra.

M6 ta thuat toan
® Ta sé st dung dang tong quat clia mang naron truyén thang

nhiéu 16p nhu’trong hinh vé 5.9 cla phan tru’dc Khi d6, dau ra

clia mét I3p tr§ thanh dau vao clia I16p ké tiép. Phuong trinh thé
hién hoat dong nay nhu sau:

f"., |
s
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

a" =W "+ " Y véim=0,1,.., M-1,

® trong d6 M la sé I6p trong mang. Cac ndron trong I6p thd nhat
nhan céc tin hiéu tu bén ngoai.

® a0 =p,

@ chinh la diém béat dau clia phuang trinh phia trén. Dau ra cla I6p
cuoi cung dugc xem la dau ra clia mang:

® a=aM.
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

Chi so hiéu nang (performance index)

¢ Cling tuong ty nhu thuét toan LMS, thuét toan lan truyén ngugc
st dung chi s6 hiéu nang la trung binh binh phuong 16i clia dau
ra so vdi gia tri dich. Dau vao clia thuat toan chinh la tAp cac cap
mo ta hoat dong ding cua mang:

¢ {(p1,t1), (P2, 12), ..., (PQ, 1Q)},

@ trong d6 pi la mot dau vao va ti la dau ra mong muon tudng ung,
véii = 1..Q. M&i dau vao dua vao mang, dau ra clla mang doi vdi
né dudc dem so sanh vdi dau ra mong muon.

-
- 4 Ay
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

¢ Thuét toan sé diéu chinh cac tham s6 clia mang dé t6i thiéu hoa
trung binh binh phuong 16i:

® F(x) = E[e2] = E[(t - a)2],

# trong d6 x 1a bien dugc tao thanh béi cac trong so va do léch, E la
ky hiéu Ky vong toan hoc. Néy nhu mang 96 nhiéu dau ra, ta cé
thé viét lai phuong trinh trén ¢ dang ma tran:

® F(x) = E[eTe] = E[(t- a)T(t - a)] .

@ Tuong tu nhu thuét toan LMS, xap xi cla trung binh binh phuong
16i nhu sau:

® ky hiéu (x) la gia tri xap xi ctia F(x) thi:

¢ (x) = (t(k) - a(k))T (t(k) — a(k)) = eT (k)e(k),

@ trong d6 ky vong toan hoc ctia binh phuang 16i dugc thay bdi binh
phuadng 10i tai budc k.

¢ Thuat toan gidm theo hudng cho trung binh binh phudng 16i xap

B ———
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

(!5. +1)= W, {ﬂ)

bk +1)=0"(k)-a

®trong dé o 1a hé sé hoc.

#Nhu vay, moi chuyén dén day déu giong nhu
thuat toan trung binh binh phuadng toi thiéu.
Tlep theo ching ta sé di vao phan khé nhat
cUa thuat toan: tinh cac dao ham ting phan.
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

Luat xich (Chain Rule)

¢ Déi véi cac mang noron truyen thang nhiéu Idp, 16i khdng phai 14
moét ham cla chi céc trong so trong cac I6p an, do vay viéc tinh
cac dao ham tung phan nay 1a khéng don gian. Chinh vi ly do dé
ma ta phai st dung luat xich dé tinh. Luat nay dudc mé t& nhu
sau: gid sU ta c6 mot ham f la mot ham cla bién n, ta muon tinh
dao ham cla f cé lién quan dén mot bién w khac. Luat xich nay
nhu sau:

b,

df (nlw)) _ df(n) dnl(w)
dw  dn dw

Ta sé dung phuong phap nay dé tinh cac dao ham trong (+) va (++) & phan
trudc.
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=

5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

trong so va do léch:

# trong d6 hang thic thi hai clia cac phuong trinh trén c6 thé dé
dang tinh toan bdi vi dau vao ctia mang t6i I6p m la mot ham cla

Sn'r—l

m __ gm_m=1 m
n' = Zu:._jn; +b .
J=1

trong d6 Sm-1 12 s6 dau ra cla I6p (m — 1). Do vay ta co:
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)
# 12 d6 nhay cam clia doi véi cac thay doi clia phan tl thit i cla
dau vao clia mang tai I6p thé m. Khi d6 ta co:

&

Ky hiéu

~ 3

T
b
o | cw
= ,.’_1 5
E.I
2|~a
=
S
=

g
g

e | T
"8 | s
2o
~3| ™=
2
2




I
N
@ 5.3 Mang truyén thang va thut todn lan truyén nguoc

5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

¢ Bay gio, ta c6 thé phat biéu thuat toan gidm theo hudng (gradient
descent) nhu sau:

wy (k+1)=w]"(k)-as]a]™,
b"(k+1)=blk)-as"
o) dang ma tran:
W”(k+1)=W"(k)-as" (@)
b"(k+1)=b"(k)-as"

oF

ény

trong do: o OF _ me
én” on
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

Lan truyén ngudc do nhay cam
2 Bay gio ta can tinh ndt ma tran d6 nhay cam sm. pé thuc hién
diéu nay can st dung mot ap dung khac cua luat xich. Qua trinh
nay cho ta khai niém vé su “lan truyen nguoc” bdi vi né mo ta moi
quan hé hoi quy trong dé do nhay cdm sm dugc tinh qua dd nhay
cam sm+1 cla lép m + 1.

¢ Dé dan dén quan hé do, ta st dung ma tran Jacobi sau:
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5.3.3. Thuét toan lan truyén nguoc (Back-Propagation)

¢ Thuét toan sé diéu chinh cac tham s6 clia mang dé t6i thiéu hoa
trung binh binh phuong 16i:

® F(x) = E[e2] = E[(t - a)2],

# trong d6 x 1a bien dugc tao thanh béi cac trong so va do léch, E la
ky hiéu Ky vong toan hoc. Néy nhu mang 96 nhiéu dau ra, ta cé
thé viét lai phuong trinh trén ¢ dang ma tran:

® F(x) = E[eTe] = E[(t- a)T(t - a)] .

@ Tuong tu nhu thuét toan LMS, xap xi cla trung binh binh phuong
16i nhu sau:

® ky hiéu (x) la gia tri xap xi ctia F(x) thi:

¢ (x) = (t(k) - a(k))T (t(k) — a(k)) = eT (k)e(k),

@ trong d6 ky vong toan hoc ctia binh phuang 16i dugc thay bdi binh
phuadng 10i tai budc k.

¢ Thuat toan gidm theo hudng cho trung binh binh phudng 16i xap

B —
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slide that will apply to all the other
slides?
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the other slides.
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