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SO SANH HIEU NANG CUA THUAT TOAN BACKPROPAGATION
VA FORWARD-FORWARD TRONG BAI TOAN NHAN DANG ANH

COMPARE THE PERFORMANCE OF BACKPROPAGATION

AND FORWARD-FORWARD ALGORITHM IN IMAGE RECOGNITION PROBLEM
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TOMTAT

Trong bai bdo nay, chiing tdi s so sanh hiéu ndng cta hai thuat toén hoc
sau phé bién la Backpropagation va Forward-Forward trong bai todn nhén
dang anh st dung tap dit lidu MNIST. Chiing t6i s& danh gia do chinh xac va toc
d0 huan luyén cla ca hai thudt todn. Két qua cho thdy, Backpropagation dat
d chinh xdc cao hon trong khi Forward-Forward c6 thé ¢ téc do huan luyén
nhanh hon trong mét s6 truang hap.

Tir khod: Backpropagation; mang ng-ron; Forward-Forward; Forward;
Backward.

ABSTRACT

In this article, we will compare the performance of two algorithms,
Backpropagation and Forward-Forward, in image recognition problems using
MNIST data. We will evaluate the accuracy and training speed of both
algorithms. The results show that Backpropagation achieves higher accuracy
when Forward-Forward can have faster training speed in some cases.

Keywords: Backpropagation; Neural Network; Forward-Forward;
Forward; Backward.
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1. GIGI THIEU

Nhan dang anh la mét trong nhiing Uing dung quan
trong clia hoc sau, dac biét la trong cac bai toan phan loai
anh. Thuat todn Backpropagation da ching minh dugc
hiéu qua cao trong viéc huan luyén cac mang no-ron sau.
Tuy nhién, do qua trinh tinh toan gradient phuc tap,
Backpropagation cé thé tén nhiéu tai nguyén tinh toan.
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Thuat todn Forward-Forward, mdac du con kha mdéi va
chua dugc nghién ctiu sau, dugc dé xuat nhu mot phuong
phap tiém nang dé gidm bt ganh nang tinh toén.

2. THUAT TOAN BACKPROPAGATION

2.1. Gi6i thiéu vé thuat toan Backpropagation

Thuat todn Backpropagation[1], hay con goi la thuat
toan lan truyén nguagc, Ia mét phuong phap hoc c6 giam
sat ch yéu dugc st dung dé huan luyén mang no-ron
nhan tao. Thuat toan nay dugc phat trién vao nhiing nam
1970 va tr& nén phd bién vao nhimng nam 1980 sau khi
dugc mé ta chi ti€t bsi Rumelhart, Hinton va Williams
trong co6ng trinh "Learning representations by back-
propagating errors".

Backpropagation la mot thuat toan t6i uu hda dugc st
dung rong rai trong viéc huan luyén cac mang nao-ron.
Thuat todn nay dua trén viéc tinh todn gradient clia ham
mat mat véi cac trong sé clla mang na-ron va diéu chinh
cac trong sé nay théng qua quy tac gradient descent.

Hidden

Input
Output

Hinh 1. M hinh mang ng-ron nhan tao
2.2. Nguyén ly hoat dong

Backpropagation hoat déng dua trén nguyén ly lan
truyén 16i ngugc tir dau ra vé dau vao clia mang na-ron.
Qua trinh nay bao gébm hai giai doan chinh:
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1. Lan truyén tién (Forward Propagation):

oDau vao dugc truyén qua cac I6p clia mang no-ron
dé tinh toan dau ra du doan.

oCac trong s6 clia mang gilf nguyén trong giai doan
nay.

2. Lan truyén ngugc (Backward Propagation):

oTinh toan 16i gira dau ra du doéan va gia tri dau ra
thuc té€ bang mét ham mat mat (loss function).

oSU dung dao ham clia ham mat mat dé tinh toan
gradient cda 16i d6i v6i méi trong s6 clia mang.

0 Cap nhat cac trong s6 theo hudng gidm gradient dé

giam thiéu I6i.
l ﬁ

Forward Propagation

Error Estimation

OUTPUT LAYER

HIDDEN LAYER

S

Backward Propagation

Hinh 2. Hinh anh minh hoa lan truyén tién va lan truyén ngugc trong thuat
todn Backpropagation
2.3. Thuat toan cu thé

Backpropagation st dung quy tac Gradient Descent
dé cap nhat cac trong s6 clia mang ng-ron. Quy trinh chi
tiét nhu sau:

- Giad sir mang na-ron c6 cau tric nhu sau:

e Lép dau vao: x

e L&p an: Neurons h vai ham kich hoat o

o Lép dau ra: Neurons y v6i ham kich hoat o

- Lan truyén tién (Forward Propagation):

e Tinh toan dau ra cia mang: Dau tién, tinh toan gia
tri dau ra ctia mo hinh cho méi mau dir liéu dau vao bang
cach di qua tung I6p ctia mang na-ron.

e Tinh toan ham mat mat: So sanh gia tri du doan véi
gid tri thuc té dé tinh todn ham mat mat.

oTinh todn gia tri l6p an:

h = o(W.x + b) (1)

oTinh toan gia tri I6p dau ra:
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Ypred = o(V.h + by) (2)
- Tinh Gradient cila Hdm mat mat:

e Tinh dao ham cia ham mat mat theo dau ra: bo
ludng su thay déi cila ham mat mat vdi su thay déi cda
dau ra du doan.

e Tinh dao ham theo trong sé: Sirdung quy tac chubi
dé tinh gradient cia ham mat mat theo trong s6 cia moi
16p.

oTinh gradient cla ham mat mat theo dau ra:

oL

m = VYpred — Ytrue 3)

oTinh gradient ciia ham mat mat theo trong s6 16p
dau ra:

E _ oL aYpred

V"~ OYprea = OV (4)

oTinh gradient cia ham mat mat theo trong s6 16p an:

oL _ AL oh

- Lan truyén ngugc (Backward Propagation):

¢ Tinh gradient cho tiing I6p: Tinh toan gradient cla
ham mat mat theo ting trong s6 va bias cila mai 16p tu
I6p dau ra trd lai I6p dau vao.

e Cap nhat trong sé: Dua trén gradient tinh dugc, cap
nhat trong s6 va bias cia mé hinh bang cach sirdung mét
phuong phap t6i uu hda, chdng han nhu Gradient
Descent.

o Cap nhat trong s6 16p dau ra:

8L

VeV-po (6)
0Cap nhat trong s6 |16p an:
WeWw-—p 7)

Vi p la t6c d6 hoc clia mang (Learning rate).

- Lap lai qua trinh:

e Lap lai qua trinh: Lap lai cac budc trén cho nhiéu lan
(epochs) d€ mé hinh ngay cang cai thién hiéu suat cia no.

Backpropagation giup cai thién mé hinh bang cach st
dung gradient dé diéu chinh trong s6 nham giam thiéu
16i. Qua trinh nay dua vao viéc tinh toan dao ham ctia ham
mat mat theo trong s6 va cap nhat ching mot cach lién
tuc trong qua trinh huan luyén.
2.4. Xay dung cau tric mé hinh thuat toan

Chuing téi str dung mét mang no-ron vai cau tric gom
cac I6p convolutional va fully connected nhu sau:

o Lép Conv2D véi 32 filter, kernel size 3x3 va ham kich
hoat ReLU
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¢ L&p MaxPooling2D vdi pool size 2x2

e L&p Conv2D véi 64 filter, kernel size 3x3 va ham kich
hoat ReLU

¢ L&p MaxPooling2D vdi pool size 2x2

e Lép Conv2D véi 64 filter, kernel size 3x3 va ham kich
hoat ReLU

e L&p Flatten

e L&p Dense véi 64 don vi va ham kich hoat ReLU

e L&p Dense véi 10 don vi va ham kich hoat softmax
3. THUAT TOAN FORWARD-FORWARD
3.1. Giéi thiéu vé thuat toan Forward-Forward

Thuat todn "Forward-Forward" (FF) [3] la mét phuong
phap mdi dugc dé xuat bai Geoffrey Hinton, moét trong
nhiing nha tién phong trong linh vuc hoc sau (deep
learning) va mang no-ron. Phuang phap nay la mét phan
trong cac nd lyc clia 6ng nham tim ra cac phuang phap
thay thé cho thuat toan Backpropagation truyén théng,
nham gidi quyét mét sé han ché va thach thic cda no.

Forward-Forward Algorithm la mét cach tiép can méi
dé hudn luyén mang no-ron ma khéng st dung
Backpropagation. Thay vi lan truyén ngugc 16i dé cap nhat
trong s6, thuat toan nay thuc hién hai pass lan truyén tién:
mot pass vdi dir liéu thuc (positive pass) va mét pass vai dir
liéu gid hodc nhiéu (negative pass). Muc tiéu clia phuong
phap nay la lam cho cac kich hoat ctia cac I6p an véi ditliéu
thuc trd nén I6n hon so véi di liéu gia.

Backpropagation
Algorithm
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r‘, : Input j-th of layer 1-th

hoat cla cac I8p an dugc tinh toan. Muc tiéu cla budc
nay la lam cho d6 t6t cda dit liéu thuc cao hon so véi dir
liéu gia.

Gia st chung ta c6 hai I6p an va st dung téng clia cac
hoat dong binh phuong lam thudc do d6 tét. Trong budc
Positive Pass, dI liéu thuc x dugc dua vao mang.

Input Layer en Layer 1 ormalize
s (W1 *X + bl) h1

Goodness
sum(h2°2)

en Layer 2
W2 * hl + b2)

Hinh 4. Minh hoa qua trinh Possive Pass trong mgt mang no-ron véi 2
6p dn

Céac budc cla Positive Pass:

x — MangNeural » h; » h; > h, -

oBudc 1. Kich hoat cta I16p thit nhat

hl = G(Wl.X + bl) (8)

oBudc 2. Chudn hoa vector hoat déng cla I6p thu
nhat
h,

B = g ©)
oBudc 3. Kich hoat cla I6p thu hai

h, = o(W,h, + by) (10)
oBudc 4. Do ludng do tét chia I6p thi hai

Goodness = Y;h3; (11)

Forward-Forward

Algorithm
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Hinh 3. Hinh anh minh hoa nguyén Iy hoat dong clia 2 thuat todn
Backpropagation Algorithm va Forward-Forward algorithm
3.2. Nguyén ly hoat dong ctia thuat toan FF

- Positive Pass:

Positive Pass la budc trong thuat toan Forward-
Forward ma d{ liéu thuc dugc dua vao mang va cac kich
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oBudc 5. Cap nhat trong s6: Trong s6 clia mang dugc
diéu chinh sao cho d6 t6t cua di liéu thuc tang lén
(Positive (real) data).

W < W + u.V,,Goodness (12)

Trong d6, u la téc d6 hoc (Learning rate) va
V.wGoodness la gradient ctia do tét déi vai trong s6 W.
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Positive Pass gilp dam bao rang mang no-ron hoc
cach t6i da hda do tét vai dit liéu thuc, lam cho mang no-
ron tr& nén hiéu qua hon trong viéc phan loai va nhan
dién cac mau dit liéu chinh xac.

- Negative Pass

Negative Pass la budc trong thuat todn Forward-
Forward ma dir liéu gia hoac nhiéu dugc dua vao mang
va cac kich hoat clia cac I6p an dugc tinh toan. Muc tiéu
cla budc nay la lam cho d6 tét ctia dit liéu gid nho hon do
tot chia dir liéu thuc.

Gid sir chung ta c6 hai I6p dn va st dung téng cla cac
hoat dong binh phuong lam thudc do d6 tét. Trong budc
Negative Pass, d{t liéu gia X dugc dua vao mang.

Cac budc ctia Negative Pass:

% — MangNeural - h; —» h; - h, —...

e Budc 1. Kich hoat cta I16p thi nhat

h; = o(W;.X + by) (13)

e Bu6c 2. Chuan hod vector hoat déng cua I6p thu
nhat

by = ||Ei|| (14)
e Budc 3. Kich hoat clia I6p thu hai

h, = o(W;h; +b,) (15)
e Budc 4. Do ludng doé tét ctia IGp thir hai

Goodness = Y;h3; (16)

e Budc 5. Cap nhat trong s6: Trong sé clia mang dugc
diéu chinh sao cho d6 t6t clia dir liéu gia giam xudng dudi
mot ngudng nhat dinh.

W « W — n.V,,Goodness 17)

Negative Pass gilip dam bao rang mang na-ron khéng
chi hoc cach t6i da héa dé tét véi dirliéu thuc ma con hoc
cach giam thiéu do tot véi dir liéu gid. Diéu nay lam cho
mang no-ron trd nén manh mé hon va it bi Ita bédi cac
mau dit liéu khong phu hgp.

3.3. Xay dung cau tric mé hinh thuat toan FF

Chung téi sirdung mét mang no-ron don gian véi cau
truc Fully connected nhu sau:

e L&p dau vao véi 784 don vi (28x28 pixel)

e L&p an véi 128 don vi va ham kich hoat RelLU

e L3p dau ra véi 10 don vi va ham kich hoat softmax.
4. KET QUA NGHIEN CUU

Trong bai todn nhan dang anh s dung tap di liéu
MNIST, dugc chia 60000 anh cho tap di liéu train, va
10000 anh cho tap di liéu test.
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Vi gii thuat Backpropagation, thai gian dé€ huan luyén
b6 dirliéu vai sé epochs = 5 la: 323,4694390296936 giay.

D06 chinh xéac clia giai thuat qua cac biéu dé gia tri ctia
ham mat mat (loss/val_loss) va biéu d6 val_loss va
accuracy/val_accuracy nhu thé hién trong hinh 5.

Loss / Mean Squared Error

—— train
test

0.04

0.02 ] \
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Accuracy va Val_Accuracy

— train
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Hinh 5. Biéu d ham loss/val_loss, accuracy/val_accuracy clia thuat toan
Backpropagation

Vé6i gidi thuat Forward-Forward, thai gian dé hudan
luyén boé di lieu véi s6 epochs = 100 la:
134,54301190376282 giay.

Metrics During Training

0.5 1 —— Training Loss
Validation Loss
— Validation Accuracy
0.4 1
0.3 1
0.2 1
0.1 1

[} 20 40 60 80 100

Hinh 6. Biéu d6 ham loss/val_loss/val_accuracy ctia thudt toan Forward-
Forward
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Do chinh xac cta gidi thuat qua cac biéu dé gia tri ctia
ham mat mat (loss/val_loss) va biéu dé val_loss, va
accuracy/val_accuracy nhu thé hién trong hinh 6.

5. KET LUAN

- D9 chinh xac cta 2 giai thuat

e Backpropagation: Thuat toan Backpropagation dat
dd chinh xac rat cao, thudng trén 98% trén tap dir liéu
kiém tra MNIST, d6 chinh xac cta thuat toan Forward-
Forward con tuong déi thap, dat khoang 79%. Diéu nay
cho thay kha nang manh mé ctia Backpropagation trong
viéc t6i uu hoa va hoc tir di liéu.

e Forward-Forward: Do chinh xac cia thuat toan
Forward-Forward thap han so véi Backpropagation. Biéu
nay la do cach cap nhat trong s6 don gian hon va thiéu
kha nang t6i uu hoa manh mé.

- T6c d6 huan luyén cla 2 giai thuat

e Backpropagation: Mdc du dat dugc d6 chinh xac
cao, Backpropagation ton nhiéu thai gian hon do phai
tinh toan gradient va truyén ngugc qua méi I6p. Trong
thir nghiém ctia ching téi, thoi gian huan luyén la khoang
vai phut.

¢ Forward-Forward: Thuat toan Forward-Forward c6
thé huan luyén nhanh hon do bé qua qua trinh tinh toan
gradient phtc tap.
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