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NOI dung mon hoc:

Gidi thiéu chung
Panh gia hiéu nang hé thdng hoc may
Cac phwong phap hoc dwa trén xac suat

Cac phwong phap hoc co6 giam sat

Hoc mang noron nhan tao (Artificial neural network)
Cac phwong phap hoc khéng giam sat
Loc cOng tac

Hoc tang cuwong
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Mang no-ron nhan tao — G101 thi€u (1)

Mang no-ron nhan tao (Artificial neural network — ANN)
o M6 phdéng céac hé thdng no-ron sinh hoc (cac bd ndo con ngudi)
o ANN 1a mét cau truc (structure/network) dwoc tao nén béi mot sb

lwg'ng cac no-ron (artificial neurons) lién két v&i nhau

Moi no-ron
a C6 moét dac tinh vao/ra
o Thwe hién mét tinh toan cuc b6 (mét ham cuc bd)

Gia tri dau ra cia mét no-ron duoc xac dinh bdi
a Pac tinh vao/ra cua no6

o Céc lién két cta nd v&i cac no-ron khac

o (C6 thé) cac dau vao bd sung
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Mang no-ron nhan tao — G101 thi€u (2)

ANN c6 thé dwoc xem nhw mot cau truc x ly théng tin mét
cach phan tan va song song & muirc cao

ANN cé kha nang hoc (learn), nh¢ lai (recall), va khai quat hoa
(generalize) tir cac di¥ liéu hoc —bang cach gan va diéu chinh
(thich nghi) cac gia tri trong s6 (mirc d6 quan trong) cua cac
lien két gilra cac no-ron

Chirc nang (ham muc tiéu) cua mét ANN dwoc xac dinh boi

o Kién truc (topology) ciia mang no-ron

o Dac tinh vao/ra ctia méi no-ron

o Chién lwoc hoc (huan luyén)

a D@ liéu hoc

Hoce Mady — IT 4862
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ANN - Céc tng dung dién hinh (1)

X& ly anh va Computer vision
a Vidu: So khop, tién x&r ly, phan doan va phan tich anh, computer vision,
nén anh, x& ly va hiéu cac anh thay déi theo thoi gian
X ly tin hiéu
a Vidu: Phan tich tin hiéu va hinh théi dia chan, dong dat
Nhan dang mau

o Vidu: Trich chon thudc tinh, phan Io,ai va phan tich tin hiéu ra-da, nhan
dang vr§1 hieu giong ndi, nhan dang dau van tay, nhér) dang ky tw (chi¥
hoac s6), nhan dang mat nguwdi, va phan tich chir viéet tay

Y té

o Vi du: Phan tich va hiéu tin hiéu dién tim, chan doan cac loai bénh, va xe
ly cac anh trong linh vuc y té

Hoce Mady — IT 4862
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ANN - Cic trng dung dién hinh (2)

Cac hé thdng quan sy
o Vidy: Phat hién thay 16i, phan loai nhidu ra-da
Céc hé thong tai chinh

o Vidu: Phan tich thi trvong chiing khoan, danh gia gia tri bat dong san,
kiém tra truy cap thé tin dung, kinh doanh cd phiéu

Lap ké hoach, diéu khién, va tim kiém

o Vidu: Caidat song song cac bai toan thoa man rang budc, tim 161 giai
cho bai toan nguw¢i dwa hang, diéu khién va khoa hoc nghién ctru vé
ngwdi may (robotics)

Céc hé thong nang lwong

o Viduy: Banh gia trang thai hé thong, phat hién va khac phuc sy co, dw
doan tai (khdi lwong) cbng viéc, va danh gia mirc dé an toan

...(va nhiéu linh vwc bai toan khac!)
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Cau truc va hoat dong cua mQt no-ron

Cac tin hiéu dau vao (input
signals) cua no-ron (x;,
=1..m)
o MGi tin hiéu dau vao x; gan
v&i mot trong s6 w;

Trong s6 diéu chinh (bias) \ E—i}*la tri
w, (VoI X,=1) - daura
Au vao té & cla

Pau vao tong the (Net
no-ron

input) la mét ham tich hgp

clia cac tin hiéu dau vao — (Out)
Net (w, x)

Ham tac dong/truyén

(Activation/transfer Cf‘c tifl Bxéu Vé? HérAn tac
function) tinh gia trj ddura ~ hi¢udau tongthé  dong
cla no-ron — £ (Net (w,x)) Vvaocua (Net) (truyén)
Gia tri dau ra (Output) cia ~ 1O-ron (f)
no-ron: out=f (Net (w, X)) (X)
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Pau vao tOng thé va dich chuyén

Pau vao tdng thé (net input) thwdng dwoc tinh toan b&i mot
ham tuyén tinh

Net = W, + WX, + W, X, +...+ W, X, = Wo. 1+ D wx, = wx,

i=l1 i=0

Y nghia cua tin hiéu dich chuyén (bias) w,

— Ho cac ham phan tach Net=w,x, khéng thé phan tach duwoc cac

vi du thanh 2 1&p (two classes)
— Nhwng: ho cac ham Net=w,x,+w, c6 thé!

Net | N
= WX

t

a

Vi
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Ham tac dOng: Gi01 han cung (Hard-limiter)

Con duwoc goi la ham nguwdng

(threshold function)

Gia tri dau ra lay mét trong 2 gia tri

@ la gia tri nguwdng

Nhwoc diém: khong lién tuc, dao
ham khong lién tuc

CuubDuongThanCong.com

Binary Outy
hard-limiter
1
0 Net
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Out(Net) = hil(Net,0) = {

Bipolar
hard-limiter

I, n€u

Outy

Net > 0

0, n€u nguoc lai

Out(Net) = hi2(Net, 0) = sign(Net, )
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Ham tac dong: Logic nguong (Threshold logic)

0, if
Out(Net) =tl(Net,a,0) =< a(Net + 0),if —O0 < Net < 1 0
o
I, if Net > 1 0
\ o

= max(0, min(1, «( Net + 0)))

Con dwoc goi la ham tuyén tinh
bao hoa (saturating linear function)

Két hop clia 2 ham tac dong:
tuyén tinh va gi¢i han chat

a xac dinh do déc ciia khoang
tuyén tinh

Nhwoc diém: Lién tuc — nhung
dao ham khong lién tuc

Hoce Mady — IT 4862
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Ham tac dOong: Xich-ma (Sigmoidal)

1

4 o (Net+0)

Out(Net) = sf (Net,a,0) = 1

Puwoc dung pho bién nhat Out

Tham s6 a xac dinh dé déc

Gia tri dau ra trong khoang (0,1)
Wu diém

o Lién tuc, va dao ham lién tuc

o Pao ham cia mét ham xich-ma
dwoc biéu dién bang moét ham
cua chinh né

Hoce Mady — IT 4862 1
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Ham tac dong: Hyperbolic tangent

1 . e—a(Net+l9) 2

Out(Net) = tanh(Net,a,0) = [ - aaD) = o e eD) —1
Cing hay dwoc st dung Out 4
Tham sb a xac dinh dd déc
Gia tri dau ra trong khoang (-1,1) |
Uu diém

o Lién tuc, va dao ham lién tyc /-e 0 Net

aDao ham clia mot ham tanh co thé S

dwoc biéu dién bang mét ham cua )

chinh no
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ANN - Kién triic mang (1)

Kién trdc cia mot ANN dwoc x/d bai:

2 S6 lwong cac tin hiéu dau vao va dau ra

0 Sé lwong céac tang

0 SO lwgng cac no-ron trong moi tang hidden

0 SO lwgng cac trong so (cac lién két) doi  layer
v&i mOi no-ron

o Cach thtre cac no-ron (trong mot tang,
hoac gilra cac tang) lién két véi nhau

a Nhirng no-ron nao nhan cac tin hiéu

input

output
layer

output

dieu chinh [0l Vi du: Mot ANN véi mét ting n
Mot ANN phai co « Dau vao: 3 tin hiéu
o Mot tang dau vao (input layer) - DAu ra: 2 gia tri
o Mot tang dau ra (output layer) . Tdng cong, co 6 neurons
2 Khéng, mét, hodc nhiéu tang an (hidden _ 4 & tAng 4n
layer(s)) _ 2@ tang dau ra

Hoce Mady — IT 4862 13

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

ANN - Kién tric mang (2)

M6t tang (layer) chlra mét nhdm cac no-ron

Tang an (hidden layer) la mot tang nam & gitra tang dau
vao (input layer) va tang dau ra (output layer)

Céc nit & tang an (hidden nodes) khong twong tac truc
tiep v&i mdi trwdng bén ngoai (cua mang no-ron)

Mét ANN duoc goi la lién két day da (fully connected)
n‘éu moi C{éu ra tir mot tang lién két véi moi no-ron cua
tang ké tiép

Hoce Mady — IT 4862 14
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ANN - Kién tric mang (3)

Mét ANN dwoc goi la mang lan truyén tién (feed-
forward network) néu khdng co6 bat ky dau ra clia mét
nat 1a dau vao clia mét nat khac thudc cung tang (hoac
thudc mét tang phia trwdc)

Khi cac dau ra cla mét nut lién két ngwoc lai lam cac dau
vao clia mét nut thudc cung tang (hoac thudéc mot tang
phia trwéc), thi d6 1a mot mang phan hoi (feedback
network)

o Néu phan hoi 1 lién két dau vao doi véi cac nat thude cing tang,

thi d6 |a phan hoi bén (lateral feedback)

Cac mang phan hodi cé cac vong lap kin (closed loops)
dwoc goi Ia cac mang hoi quy (recurrent networks)

Hoce Mady — IT 4862 15
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Kién trac mang — Vi du

Maqglqg Mot no-ron voi
truyen tien — 7 phan hoi dén
mot tang O chinh né
-/
Mang hoi
quy mot
tang
W/ W/ /
Mang lan
truyén ’gién
nhiéu tang Mang hdi
quy nhidu

tang
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ANN — Cac quy tac hoc

2 kiéu hoc trong cac mang no-ron nhan tao
o Hoc tham sé6 (Parameter learning)

. Muc tiéu la thay ddi thich nghi cac trong s6 (weights) clia cac
lién két trong mang no-ron

o Hoc céu truc (Structure learning)

. Muc tiéu la thay ddi thich nghi ciu tric mang, bao gém sb
lweng cac no-ron va cac kiéu lién két gilra chung

2 kiéu hoc nay co thé dwoc thwe hién dong thdi hodc
riéng ré

Phan I&n cac quy tac hoc trong ANN thudc kiéu hoc tham
sO

Trong bai hoc nay, ching ta sé chi xét viéc hoc tham sd

Hoce Mady — IT 4862 17
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4 ?

Quy tac hQc trong sO tOng quat

Tai bwéc hoc (f), mirc dd diéu

chinh vec-to trong s w ty 1& (=l
thuan v&i tich cla tin hiéu hoc r? o o -+ euron
va dau vao x T — out
AWw® ~ rO x(® X< . AW
AW(t) = nr(t)x(t) X W, X Learning d
, by X ~ " ' 1
trong dé n (>0) la toc dé hoc \ 0 ges;%l;:tor

(learning rate)

Tin hiéu hoc rla mot ham cua w,

X, va gia tri dau ra mong muon d
r=g(w,x,d)

Lwu y: x; co thé la:

* m6t tin hiéu dau vao, hoac

- mdt gia tri dau ra ctia mét no-
Quy tac hoc trong sb tdng quat ron khac

Aw) = n _g(w(t),x(t),d(t))_x(t)

Hoce Mady — IT 4862 13
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Petceptron

M6t perceptron 1a mét kiéu
don gian nhat cia ANNs
(chi gdm duy nhat mét no-
ron)

St dung ham tac déng
gioi han chat

Out = sign(Net(w, x)) = Sig”[i ijjj
=0

Poi v&i mdt vi du x, gid tri
dau ra cua perceptron la
21, néu Net(w,x)>0
a-1, néu nguoc lai

Hoce Mady — IT 4862 19
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Perceptron — Minh hQa

Mat phang phan tach

Hoc May — IT 4862
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Perceptron — Giai thuat hoc

V&i moét tap cac vi du hoc D= {(x,d)}

a x 1a vecto dau vao

a d 1a gia tri dau ra mong mudn (-1 hoac 1)
Q,ué trinh hoc clia perceptron nham xéq dinh mot vecto trong
sO cho phép perceptron sinh ra gia tri dau ra chinh xac (-1
ho&c 1) cho méi vi du hoc
V&i mot vi dulh(_)c x dwoc perceptron phan Iop chinh xac, thi
vecto trong s6 w khéng thay di
Néu d=1 nhwng perceptron lai sinh ra -1 (Out=-1), thi w can
duwoc thay doi sao cho gia tri Net(w,x) tang |én
Néu d=-1 nhwng perceptron lai sinh ra 1 (Out=1), thi w can
dwoc thay déi sao cho gia tri Net(w,x) gidm di

Hoce Mady — IT 4862 2
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Perceptron_incremental(D, n)

Initialize w (w, « an initial (small) random value)
do
for each training instance (x, d) €D
Compute the real output value Out
if (Out=d)
W «— w + n(d-Out)x
end for

until all the training instances in D are correctly classified

return w

Hoce Mady — IT 4862
22
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Perceptron_batch(D, n)

Initialize w (w, « an initial (small) random value)
do
Aw «— O
for each training instance (x,d) €D
Compute the real output value Out
if (Out=d)
Aw «— Aw + n(d-Out)x
end for
W «— w + Aw

until all the training instances in D are correctly classified

return w
Hoce Mady — IT 4862
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Perceptron — G101 han

Giai thuat hoc cho perceptron dwoc chirng
minh 1a hdi tu (converge) néu:
o Cac vi du hoc 14 c6 thé phan tach tuyén
tinh (linearly separable)
o St dung mét tbc dd hoc n di nhd

Giai thuat hoc perceptron c6 thé khong hoi
tu néu nhw cac vi du hoc khéng thé phan
tach tuyén tinh (not linearly separable)

Khi d6, ap dung quy tac delta (delta rule)
o Dam bado hdi tu vé mot xap xi phu hop
nhat ciia ham muc tiéu

o Quy tac delta s&r dung chién lwoc
gradient descent dé tim trong khéng gian
gia thiét (cac vecto trong s6) mét vecto
trong s6 phu hop nhéat véi cac vi du hoc

Hoce Mady — IT 4862
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Mot perceptron khong
thé phan I6p chinh xac
doi voi tap hoc nay!
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Ham danh gia 101 (Error function)
Xét mot ANN cé n no-ron dau ra

Poi véi mot vi du hoc (x,,d), gia tri 10i hoc (training error)
gay ra boi vecto trong sb (hién tai) w:

2

E,w)==>"(d,~ O,

Loi hoc gay ra béi vecto trong so (hién tai) w doi voi
toan bo tap hoc D:
|

ED(W) a1 ‘D

2 B (w)

XeD

Hoce Mady — IT 4862 25
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Gradient descent

Gradient cua E (ky hiéu la VE) la mét vecto
a Cé hwéng chi di 1én (dbc)
a Co6 dd dai ty 18 thudn véi do doc

Gradient VE xac dinh hwéng gay ra viéc ting nhanh nhat (steepest
. d.,(- y .y t . |'X. E
increase) doi vo&i gia tri |6 OF OF OF
VE(w) = ! 8., —08
ow, Oow, 0w,

trong dé N la tdng sb cac trong sb (cac lién két) trong mang

Vi vay, hwdng gay ra viéc giam nhanh nhat (steepest decrease) la
gia tri phu dinh cua gradient cua E OF

Aw = -1.VE (w) ; AWl-=—77%, Vi=1.N

l
Yéu cau: Cac ham tac dong duoc st dung trong mang phai la cac
ham lién tuc doi voi cac trong so, va co dao ham lién tuc

Hoce Mady — IT 4862 26
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Gradient descent — Minh hoa

Khong gian mot chidu Khong gian 2 chiéu
E(w) E(w,,wy)

25
E 20
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z
“10
5
W
| ]
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i 2
| ]
]
' =
= -3
[
i
; ; —
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W w0 wl
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Gradient_descent_incremental (D, n)

Initialize w (w, « an initial (small) random value)
do
for each training instance (x,d) €D
Compute the network output
for each weight component w,
W, < w; — n(9E,./9w,)
end for
end for

until (stopping criterion satisfied)

return w

Stopping criterion: S6 chu ky hoc (epochs), Nguéng 16i, ...

Hoce Mady — IT 4862
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ANN nhi€u tang va giai thudt lan truy€n nguogc

M6t perceptron chi cé thé biéu dién mét ham phan tach tuyén tinh
(linear separation function)
M6t mang no-ron nhiéu tang (multi-layer NN) dwoc hoc béi giai thuat
lan truyén nguoc (back-pro,pagation -BP- algorithm) co thé biéu dién
mot ham phan tach phi tuyén phuare tap (highly non-linear separation
function)
Giai thuat hoc BP dwoc st dung dé hoc cac trong s6 ciia mét mang
no-ron nhiéu tang
a C4u tric mang c¢b dinh (cac no-ron va céac lién két gitra ching 1a cb dinh)
o Déi v&i méi no-ron, ham tac déng phai c6 dao ham lién tuc
Giai thuat BP ap dung chién luvoc gradient descent trong quy tac cap
nhat cac trong sé

o Dé cuec tiéu hoa 16i (khac biét) gitra cac gia tri dau ra thuc té va cac gia tri
dau ra mong mudn, dobi v&i cac vi du hoc

Hoce Mady — IT 4862 29
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(G1ai thuat hoc lan truyén nguoc (1)

Giai thuat hoc lan truyen nguwoc tim kiém mot vecto cac trong
sO (weights vector) giup cwe tiéu hoa 16i tong thé clia hé
thong doi voi tap hoc

Giai thuat BP bao gdm 2 giai doan (buwéc)
o Giai doan lan truyen tien tin hiéu (Signal forward). Cac tin hiéu
dau vao (vecto cac gia tri dau vao) dwoc lan truyén tién tir tang
dau vao dén tang dau ra (di qua cac tang an)

a Giai doan lan truyén ngwoc 16i (Error backward)
= Can c vao gia tri dau ra mong mudn cla vecto dau vao, hé thong tinh
toan gia tri I6i
. Bat dau tw tang dau ra, gia trj 16i dwoc lan truven nguoc qua mang, twr
tang nay qua tang khac (phia trwéc), cho dén tang dau vao

= Viéc lan truyen ngwoc |6i (error back- propagatlon) dwoc thye hién
thong qua viéc tinh toan (mdt cach truy hoi) gia tri gradient cuc bd cua

mOi no-ron

Hoce Mady — IT 4862 30
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Giai thuat hoc lan truyén norgc (2)

CuubDuongThanCong.com

Hoce Mady — IT 4862

Giai doan lan truyén tién

tin hiéu:

- Kich hoat (truyén tin hiéu
qua) mang

Giai doan lan truyén
nguoc 6i:

- Tinh toan 16i & dau ra
« Lan truyén (nguwoc) 16i

31
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Giai thuat BP — Cau truc mang

Xét mang no-ron 3 tang (trong
hinh vé&) dé& minh hoa giai thuat
hoc BP Input x,

m tin higu d&u vao x; (=1..m) (=1..m)
| no-ron tang an z, (q=1../)
n no-ron dau ra y; (i=1..n) Hidden

; latrong sb cla lién kéttiy ~ heuron z, *
t|n hiéu dau vao x; t¢i no-ron (9=1..1)
tang an z,

g 12 trong so cua lién két tiy
no’ ron tang an z, t¢i no-ron S;JJF:::] y

i

dauray, (i=1..n)

Out, la gia tri dau ra (cuc bo)
cua n0’ ron tang an zZ,

Out; la giéa tri dau ra cia mang
twong rng v&i no-ron dau ra y;
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Giai thudt BP — Lan truyén tién (1)

Poi vai moi vi du hoc x
o Vecto dau vao x dwoc lan truyén tir tang dau vao dén tang dau ra

o Mang sé sinh ra mét gia tri dau ra thwe té (actual output) Out (1a
mot vecto cua cac gia tri Out;, i=1..n)

Poi v&i mot vecto dau vao x, mot no-ron z, 0@ tang an sé
nhan dwoc gia tri dau vao tbng thé (net mput) bang:

Net = Z W, X,
..va sinh ra mét gia tri dau ra (CUC bd) bang:
Out, = f(Net,) = f[qujxjj
j=1
trong do f(.) la ham tac dong (activation function) cua no-ron z

Hoce Mady — IT 4862 3

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Giai thudt BP — Lan truyén tién (2)

Gia tri dau vao tong thé (net input) clia no-ron y; & tang
dau ra

Net, —Zw Out —Zwiqf(zm:wqjxj]
1 j=1

No-ron y; sinh ra gia tri dau ra (la mot gia tri dau ra cua
mang)

Out, = f(Net,) = f[zl: wquutq] = f[zl: wiqf[i wqj.ij

g=1

Vecto céc gia tri dau ra Out, (i=1..n) chinh la gia tri dau ra
thwe té cua mang, doi véi vecto dau vao x

Hoce Mady — IT 4862 a4
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Giai thuat BP — Lan truyén notrgc (1)

Po6i v&i mai vi du hoc x
o Céc tin higu 16i (error signals) do sy khac biét gitva gia tri dau ra
mong mudn d va gia tri dau ra thwc té€ Out dwoc tinh toan
a Cac tin hieu 16i nay dwoc lan truyén nguoc (back-propagated) tur
tang dau ra t¢i cac tang phia trwéc, dé cap nhat cac trong s6
(weights)

Pé xét cac tin hiéu 16i va viéc lan truyén nguwoc cla
chung, can dinh nghia mot ham danh gia 10i

n

E(W):li(di —Outi)z :lZ[di _f(]\[eti)]2

25 2°5
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Giai thuat BP — Lan truyén norgc (2)

Theo phuong phap gradient-descent, céac trong sb cla cac lién
két ttr tang an t&i tang dau ra dwoc cap nhat boi

OF
Aw. =—-n——
S dung quy tac chubi dao ham doi voi cE/dw,, ta co
OF || 0Out. || ONet,
Aw, =— l L\ =pld - Out. | f'(Net, )| Out, |=ns Out
vy =] o | SO L) - 0w, L (v fou, - 0,

(Lwu y: dau “=" da dwoc két hop véi gia tri E/20ut))

J; la tin hiéu 16i (error signal) clia no-ron y; & tang dau ra
OF OFE || 0Out,
0. =— =— Li=|d. —Out. | f' Net,
l ONet, {@Outi }{ GNetl} [ l N l][f ( © l)]
trong d6 Net, 1a dau vao tong thé (net input) clia no-ron y; & tang
dau ra, va f(Net,)=0f(Net,)/ONet,
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Giai thuat BP — Lan truyén nguoc (3)

Pé cap nhat cac trong s cla cac lién két tir tang dau
vao t&i tang an, chung ta clng ap dung phwong phap
gradient-descent va quy tac chu6i dao ham

oF OE || 0Out, || ONet
Aw. =—-n——=-n ! 1
v ow . {OOutq }{ ONet,, }{ ow,, :l
Tt cOng thire tinh ham 16i E(w), ta thay rang méi thanh
phan 16i (d-y;) (i=1..n) la mdt ham clia Out,

E(w) = ;i{di —fLZI; wquutqﬂ

i=l
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Giai thudt BP — Lan truyén ngugc (4)
Ap dung quy tac chudi dao ham, ta co
Aw,, = nzn: [(dl. —Outi)f'(Netl.)wiq]f'(Netq )xj

=1 Zn: [§iwiq ]f'(Netq )xj - Ué‘qxj
i=1

8, la tin hiéu 16i (error signal) clia no-ron z, & tang an

§q _ oF |: oF :||:80qu :| _ f'(Netq )i 5iqu
i=1

_GNetq T 80utq 8Netq

trong d6 Net, la dau vao tong thé (net input) clia no-ron z, & tang
an, va f(Net,)=of(Net,)/oNet,
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Giat thuat BP — Lan truyén nguoc (5)

Theo cac cong thire tinh cac t|n hiéu 16i &; va o, daneu, thi tin

hiéu 16i ctia mét no-ron & tang &n khac véi tin hleu 16i cGa mot
no-ron & tang dau ra

Do suw khac biét nay, :[hl] tuc cap nr)ét trong s6 trong giai thuat
BP dwoc goi la quy tac hoc delta tbng quat
Tin hiéu I6i &, cla no-ron z, & tang an dwoc xac dinh boi

o Cac tin hleu 16i &; clia cac no-ron y; & tang dau ra (ma no-ron Z,
lién két tO’I) va

o Céc hé so chinh la céc trong s6 w
Pac diém quan trong cua giai thuat BP: Quy tac cap
nhat trong so6 co6 tinh cuc b

o Dé tinh toan thay ddi (cap nhat) trong so clia mét lién keét, hé
thong chi can sr dung cac gia tri & 2 dau cua lién két do!
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Giai thuat BP — Lan truyén nguoc (0)

Qua trinh tinh toan tin hiéu 16i (error signals) nhw trén c6
thé dwoc ma rong (khai quat) dé dang doi véi mang no-
ron ¢6 nhiéu hon 1 tang an

Dang tong quat cia quy tac cap nhat trong sb trong giai
thuat BP |a:

AW, = MO X,

o bva a 1a 2 chi sb twong rng v&i 2 dau cua lién két (b—a) (tr mot
no-ron (hoac tin hiéu dau vao) b dén no-ron a)

a X, la gia tri dau ra cia no-ron & tang an (hodc tin hiéu dau vao) b,

o &, latin hiéu 16i cia no-ron a
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Back propagation_incremental(D, n)
Mang no-ron gébm Q tang, g = 1,2,...,Q
INet, va 90ut; 1a dau vao tong thé (net input) va gia tri dau ra cia no-ron i & tang q
Mang cé m tin hiéu dau vao va n no-ron dau ra
w; 1a trong so cua lién két tir no-ron j & tang (g-1) dén no-ron i & tang q

Bwéc 0 (Khoi tao)
Chon nguwdng 16i Ey, ..oy (9id tri 16i c6 thé chap nhan dworc)
Khéi tao gia tri ban dau cda cac trong sb v&i cac gia tri nhé ngau nhién
Gan E=0

Buw&c 1 (Bat dau mot chu ky hoc)
Ap dung vecto dau vao cda vi du hoc k dbi véi tang dau vao (g=1)
aQut, = 0Out, = xK, Vi

Bw&c 2 (Lan truyén tién)

Lan truyén tién cac tin hiéu dau vao qua mang, cho dén khi nhan dwoc cac
gia tri dau ra ctia mang (¢ tang dau ra) *Out;

"Out, = f(qutl.)z f[z w, quutj]
j
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Buwéc 3 (Tinh toan 16i dau ra)
Tinh toan 16i dau ra ciia mang va tin hiéu 16i 9, cia mdi no-ron & tang dau ra
1 n
E=E+ EZ (d"'=°0ut,)?
i=1

Qéi — (di(k)_QOuti)f’(QNeti)
Buwé&c 4 (Lan truyén nguoc 16i)
Lan truyép nguoc 16i dé cap nhat cac trong sb va tinh toan cac tin hiéu 16i 475,
cho cac tang phia trwéc

AW = 1.(95,).(F'0ut); 9wy = qwy + Adw,

5, = f("Net,)) ‘w6 ,; forallg=0,0-1,..,2
Bw&c 5 (Kiém tra két thic mét chu ky hoc — epoch)
Kiém tra xem toan bd tap hoc da dwoc sir dung (da xong mét chu ky hoc — epoch)
Néu toan bd tap hoc da dwoc dung, chuyén dén Buwéc 6; nguoc lai, chuyén dén Budc 1
Buw&c 6 (Kiém tra 16i tong thé)

Néu 16i tbng thé E nhd hon ngwdng 16i chap nhan duwoc (<Ey, o), thi qua trinh hoc két
thuc va tra vé cac trong so hoc duwoc;

Nguwoc lai, gan lai E=0, va bat dau mét chu ky hoc méi (quay vé Buwéc 1)
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Giai thudt BP — Lan truyén tién (1)
X, \

3
i
Xy
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Giai thudt BP — Lan truyén tién (2)

M 2 \
i M2 \

@ Out,
Xy @

Out, = f(w, X, + W, X,)
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Giai thudt BP — Lan truyén tién (3)

Outy = f(Wy, X, + W, X,)
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Giai thuat BP — Lan truyén tién (4)

K
\ out,
x2 W3x1 xl

W3.X2 x2

Outy = f(wy, X, + Wy, X, )

Hoce Mady — IT 4862 16
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Giai thudt BP — Lan truyén tién (5)

Out, = f(w,,Out, +w,,Out, +w,,0Out,)
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Giai thudt BP — Lan truyén tién (6)

’
\ Outg
/'

2

Out, = f(w,,Out, +w,,Out, + w,,Out,)
Hoce Mady — IT 4862
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Giai thudt BP — Lan truyén tién (7)

oy

i
w,,Out,
i
w650ut
Xy

Out, = f(w,,Out, +w.Out,)

Hoce Mady — IT 4862 49

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Giai thuat BP — Tinh toan 101

"

d is the desired

output value

oF OE | 0Out
Oy = — = — ¢ |l=|d-0 '"( Ve
° ONet {80ut6 }{ ONet } [ “ls ] [f (Ner, )]
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Giai thuat BP — Lan truyén noguoc (1)

@ 0, = f'(Net,)(Wg,0)
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Giai thuat BP — Lan truyén nougc (2)

@ 05 = f'(Net; ) (W50 )

Hoce Mady — IT 4862 5
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Gial thuat BP — Lan truyén nguoc (3)
O1

f(Net,) | ™

o, = f'(Net, )(w,;,0, + Ws,05)

Hoce Mady — IT 4862 53

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Giai thuat BP — Lan truyén nougc (4)

“

.xl ‘ “"
\6
..... 5 5

0, = f'(Net, )(W;,0, + Ws,05)
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Gial thuat BP — Lan truyén nguoc (5)

Hoce Mady — IT 4862
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Giai thuat BP — Cap nhat trong s6 (1)

O1

1x,
K, s
X
Wie, = Wiy, T o, x,
Wiy, = Wi, T 170 ,x,
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Giai thudt BP — Cép nhit trong so (2)

.
Woy, \ @ Outg
W, /

Xy

Wie, = Way, T no,x,
Wi, = Wy, T 1n0,Xx,
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Giai thudt BP — Cap nhit trong so (3)

g
\ Outg
f(Net,)
? O3

Wy, = W3, T 105X,

Wi, = Wi T 103X,
Hoce Mady — IT 4862
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Gidi thuat BP — Cap nht trong s0 (4)

w,, =w,, +1n0,0ut,
w,, =Ww,, +10,0ut,

W,y =W, +10,0ut,
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Giai thudt BP — Cap nhit trong so (5)

oy

X,
\ Out,
Os /'
X, f(Nets)

W, = Ws, +1n0,0ut,
Wi, = Wi, +110,0ut,

Wy = Wi, +10,0ut,
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Giai thudt BP — Cép nhit trong so (6)

@ Wes = Weyq +10,0ut,
Wes = Wes +110,0ut,
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BP: Khoi tao gia trl cua cac trong soO

Théng thwdng, cac trong s6 dwoc khéi tao véi cac gia tri nhd
ngau nhién

Néu cac trong s6 c6 cac gia tri ban dau Ién

o Cac ham xich-ma (sigmoid functions) sé dat trang thai bao hoa s&m
o Hé thdong sé tac & mét diém cuce tiéu cuc b (local minimum) hodc &

mot trang thai khdng doi (very flat plateau) gan diém bat dau

Cac goi y cho wl,, (lién két tlr no-ron b t&i no-ron a)

o Ky hiéu n, 1a s6 lwong cac no-ron & cling tang véi no-ron a

wl_, € [-1/n,, 1/n]

o Ky hiéu k, 1a s6 lwong cac no-ron ¢o lién két (tién) dén no-ron a
(=s0 lwvong cac lién két dau vao cua no-ron a)

w'a € [ 3/ Jk, 3/ Jk, ]
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BP: Toc d0 hoc (Learning rate)

Anh hwéng quan trong dén hiéu qua va kha nang héi tu cla giai thuat hoc
BP

0 Mot gia tri 716n co thé day nhanh sw héi tu clia qua trinh hoc, nhung c6
thé lam cho hé thong bé qua diém t6i wu toan cuc hoac roi vao diém toi
wu cuc bd

a M6t gid tri 7 nhé ¢6 thé Iam cho qué trinh hoc kéo dai rat 1au
Thwdng dwoc chon theo thwe nghiém (experimentally) déi véi méi bai toan

Céc gi tri tot cla toc do hoc & luc bat dau (qué trinh hoc) c6 thé khong tot &
mot thdi diém sau day

a Nén s dung mét téc dé hoc thich nghi (ddng)
Sau khi cap nhat cac trong sb, kiém tra xem viéc cap nhat cac trong sb cé
giup lam giam gia tri 16i

a ,if AE <0 consistently
An = i-bn ,if AE>0

0 , otherwise.

(a,b>0)
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BP: Momentum

Phwong phap Gradient descent co

thé rat chadm néu 7, nho, va co thé anw(v)
n X . MVE@E+1) + o0Aw(t’)

dao ddng manh néu 7 qua I&n VE(E+1) - 0d()

NVE(t+1)

Aw(t)
Pé gidm mc do dao dong, can
dwa vao mot thanh phan
momentum

AWl = -nVE® + g Awt1)

trong d6 « (<[0,1]) 1a mét tham so
momentum (thuwong lay =0.9)

Mot quy tic. dwa trén cac thi Gradient descent doi véi mot ham
" P L gy , 16i bac 2 don gian.
nghiém, dé chon cac gia tri hop ly
cho téc d6 hoc va momentum Ia: Quy dao bén trai khong str dung
(n+a) >~ 1; trong d6 a>n dé tranh momentum.
dao déng Quy dao bén phai c6 st dung
' momentum.
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BP: SO lugng cac no-ron O tang an

Kich thwdc (s6 no-ron) clia tang an 1a mot cau hdi quan trong
dbi v&i viéc ap dung cac mang no-ron lan truyén tién nhiéu tang
dé giai quyét cac bai toan thuc té

Trong thuc té, rat kho dé xac dinh chinh xac s6 lwong cac no-

ron can thiét dé dat dwoc moét dd chinh xac mong mudn cia hé
thdng

Kich thwdc cla tang an thworng dwoc xac dinh qua thi nghiém

(experimentally/trial and test)

Goiy

0 Bat dau véi so lwgng nhd céc no-ron & tang an (=ty 1& nhd so véi so
lweng cac tin hiéu dau vao)

o Néu mang khéng thé hoi tu, bd sung thém cac no-ron vao tang an

o Néu mang héi tu, co thé xem xét sir dung it hon cac no-ron tang an
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ANNs — G101 han hoc

Cac ham nhi phan (Boolean functions)
o BAat ky ham nhi phan nao ciing c6 thé hoc dwoc bédi mét ANN st

dung 1 tang an
Cac ham lién tuc (Continuous functions)

o Bat ky mot ham lién tuc bi giéﬁ han (bounded continuous fungtion)
nao ciing co thé hoc duwoc (xap xi) bédi moét ANN st dung 1 tang
an [Cybenko, 1989; Hornik et al., 1989]

o Bat ky mot ham muc tiéu néo ciing cé thé hoc duoc (xap xi) bé
mot ANN sir dung 2 tang an [Cybenko, 1988]
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ANN’s — Ut diém, Nhuoc diém

Cac wu diém
o Ban chat (vé cau truc) hé tro tinh toan song song & muc (rat) cao
o Kha nang chiu nhiéu/16i, nhe kién truc tinh toan song song
o Co thé dwoc thiét ké dé ty thich nghi (cac trong sb, cau trdc mang)

Cac nhuoc diém

0 Khéng c6 quy tac tong quat dé xac dinh cau tric mang va cac
tham s hoc t6i wu cho moét (I&p) bai toan nhat dinh

0 Khéng c6 phwong phéap tong quat dé danh gia hoat dong bén
trong cua ANN (vi vay, hé thdng ANN bi xem nhuw mét “hép den”)

o RA&t kho (khéng thé) dwa ra gidi thich cho ngudi dung

o Rat khé dé dy doan hiéu nang clia hé thong trong twong lai (kha
nang khai quat héa cua hé thong hoc)
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ANNs — Khi nao?

M®éi vi du dwoc biéu dién b&i mot tap gdm (rat) nhiéu
thudc tinh kiéu roi rac hoac kiéu so6

Mién gia tri dau ra ciia ham muc tiéu cé kiéu sb thwe, hoac
Kieu roi rac, hoac kiéu vecto

Tap dir liéu co thé chira nhiéu/16i
Dang cta ham muc tiéu khdng xac dinh (biét) trwdc

Khong can thiét (hodc khong quan trong) phéi dwa ra giai
thich cho nguw®i dung doi véi cac két qua

Chap nhan thoi gian (khd) 1au cho qua trinh huan luyén
Yéu cau thoi gian (kha) nhanh cho viéc phan loai/dw doan
Hoe Mady — IT 4862 ‘8
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