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Tém tit: Mang noron tich chap (CNN) ngay cang duoc sir dung phd bién
trong xur 1y hinh anh néi chung va phan 16p hinh anh noi riéng. Dé cai thién
hi¢u nang cua mang, vi¢c tinh chinh céc siéu tham s6 (hyper-parameters) 1a
can thiét. Trong bai bao nay, chiing t6i d& cap dén tim quan trong cua viéc lya
chon ham kich hoat phu hop khi huan luyén CNN. Chung t6i so sanh cac ham
kich hoat co ban va cac ham kich hoat duoc dé xuét trong mot s nghién ctiu
gan day. Dé danh gia mirc anh huong cia ching dén hiéu ning ciia CNN,
ching t6i tién hanh cac thi nghiém voi hai moé hinh, mét don gian mot phirc
tap lan luot trén hai tap dit liéu hinh anh phd bién MNIST va CIFAR-10. Cach
thirc tién hanh thyc nghiém va céc tiéu chi danh gia dugc tham khao dya trén
DAWNBench véi mét sb thay doi nho. Két qua cho thay ham kich hoat ReLU
va cac bién thé cia né dem lai d chinh x4c cao sém hon cac dang ham kich
hoat khac, mic du vu thé vé tong thoi gian huan luyén 1a khong déng ké.

Tiur khoa: CNN, ham kich hoat.

1. MO bAU

Hién nay, phuong phap hoc sau (deep learning) 1a m¢t trong nhitng phuong phap nhan dugc
nhiéu su quan tAm tir cong dong nghién ctitu V& hoc may (machine learning). Tuy hoc sau
khong dong nghia véi mang noron nhan tao (artificial neural networks — ANN) nhung khi
nhéac dén thuat toan hoc sau, ngudi ta chi yéu quan tdm dén cac mang noron nhén tao duoc
trién khai trén dién rong, dac biét 1a trong cac bai toan vé nhan dang hinh anh.

K& tir nam 2012, sau thanh céng ctia mang noron tich chap (convolutional neural networks
— CNN) trong cac cugc thi nhan dang hinh anh dién rong, cac mo6 hinh mang nay ngay
cang dugc nang cap dé giai quyét cac bai toan ngay mot phtc tap hon. Ngoai cac ham
kich hoat (activation function) co ban nhu ham tlep tuyen hyperbol tanh hay ham logistic,
ngdy cang nhiéu ham kich hoat méi dugc dé xuat nhu ReLU[1], LeakyRelLU[2],
PReLU[3], ELU[4], SELUI5].

Do s6  luong noron va cac lién két noron trong cac mo hinh mang noron hien dai dao dong tur
con s vai ngan dén vai tri¢u, qua trinh hudn luyén cua cac mang nay tleu t6n rat nhiéu thoi
gian cting nhu doi hoi kha cao vé cau hinh phan cing. Viéc toi uu héa cau trac m6 hinh mang,
ma dién hinh 1 viéc lya chon mot ham kich hoat thich hop, do do 1a rat can thiét.

Tuy hién nay d3 c6 nhiéu ham kich hoat méi dé ngudi xay dung mé hinh ¢6 thé chon lua,
nhung tinh hiéu qua cta cac ham nay thuong chi dugc minh ching qua mdt mo hinh dac
thu dugc d¢ cap dén trong bai bao cua mdot nhém nghién ctru. Vi thiéu Su so sanh vé hiéu
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nang cua cac ham kich hoat nay trong cung mdt mé hinh nén ngudi xay dung mo hinh
thuong c6 xu huéng chon mot ham kich hoat ngau nhién hoac thir nhiéu ham kich hoat
khac nhau rdi chon ham gitip huin luyén mé hinh nhanh nhat. Diéu nay dan dén viéc lang
phi thoi gian va tai nguyén.

Dé khic phuc nhitng han ché trén, trong nghién ctru nay, nhém chiing t6i ap dung cac ham
kich hoat d3 néu cho mot s bai toan ¢o st dung mo hinh mang noron tich chap phé bién
nhat hién nay, dong thoi so sanh anh hudng cua ting ham kich hoat dén hiéu ning cia mo
hinh trong tirng bai toan. Viéc xac dinh duoc ham kich hoat phu hgp s€ giup nguoi dung cod
dugc cai nhin bao quat hon khi xy dung mé hinh giai quyét cac bai toan tuong tu.

Céu tric tiép theo cua bai viét dugc trinh bay nhu sau: muyc 2 trinh bay vé cac ham kich hoat;
muc 3 vé mo hinh s& dugc khao sat, muc 4 mé ta thuc nghiém va muc 5 1a phan keét luan.

2. CAC HAM KiCH HOAT

2.1. Ham ReLU

Pugc dé xuat trong [2], Rectified Linear Unit (ReLU)[1] duoc dinh nghia:
ReL.U(x) =max (0, x)

4 2

Hinh 1. Ham ReLU va dao ham

Pay 1a ham khong tuyén tinh va khong c6 dao ham tai X = 0. Tuy nhién trong tinh toan,
dao ham cua ReLU tai x=0 dugc ngam dinh bang 0 hoac 1.

ReLU don gian vé mit tinh toan hon cac ham logistic / sigmoid hay tanh do khong phai
sir dung cac phép toan lity thira. Theo [1], ReLU c¢6 dao ham bang 1 khi noron dugc kich
hoat nén gitp tranh dugc hién tugng vanishing gradient thuong gap trong cac ham
sigmoid hay tanh.

Tuy nhién theo [2], nhugce diém ctia ham nay 1a khi noron khong duoc kich hoat, gradient
s& bang 0. Diéu nay dan dén viéc mot noron c6 nguy co khong bao gio dugc kich hoat do
cac giai thuat t6i wu mang noron bang gradient s& khong diéu chinh trong sé cia mot
noron néu noron d6 khong kich hoat ngay tir dau.
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2.2. Ham Leaky RelLLU

Leaky Rectified Linear Unit (Leaky ReLU)[2] 1a m6t bién thé cua ReLU. Leaky RelLU
dugc dinh nghia nhu sau:

X x>0

Leaky ReLU =
0.01x x<0

D& thiy ham Leaky RELU thay thé phan 4m ciia ReLU bang mot ham tuyén tinh v6i hé
s0 goc nho ¢o dinh (0.01).
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Hinh 2. Ham Leaky ReLU va dao ham (truc Y Ciua dao ham theo thang logarit)
2.3. Ham PReLLU
Ham PReLU hay con goi la Parametric ReLU[3] dugc dinh nghia:

X x>0
PReLU = { hay PReLU =max(0, x) +amin(0, x)
ax x<0

Dy la dang tong quét cia ham Leaky ReLU, hé s0 goc a cua phan am c6 gia trj khoi
diém 1a 0.25 va duogc cap nhat trong qua trinh huan luyén mo hinh. Khi a =0.01, PReLU
tro thanh Leaky ReLU.

4 2
3

2

-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

Hinh 3. Ham PReLU va dao ham
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2.4, Ham ELU
Ham ELU (Exponential Linear Unit)[4] dugc dinh nghia nhu sau:

X x>0 .
o hay ELU(x) =max(0, x) + min(0, «e* — @))

ELU={ .
ae”"—a X<

Trong [4], tac gia ldy o = 1.
Tir d6 thi ciia ELU, dé thay phan duong 1a ham dong nhat nhu ReLU con phan 4m tron
dan ve gia tri —c .

4 2
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Hinh 4. Ham ELU va dao ham

2.5. Ham SELU

Ham SELU hay Scaled Exponential Linear Unit[5] duoc dinh nghia nhu sau:

X x>0

SELU=21
ae*—a x<0

Trong d6 A va a la hai hang sb duoc xac dinh trudc. A ~1.0507 va o ~1.67326.

Dé thay day 1a mot bién thé cia ham ELU. Gia tri cua A va o duoc chon dé dam bao
gia tri trung binh va phuong sai cua input dugc bao toan gitra hai 16p lién tiép cua mang

noron.
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Hinh 5. Ham SeLU va dao ham
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3. MO HINH

Trong bai bao nay, chung t6i str dung hai mo6 hinh, mét don gian va mdt phuc tap, tuong
""" ung vai hai tap dir liéu nho va lon.
Déi vai tap dit liéu nho, chung t6i sir dung mot mé hinh véi hai 16p tinh chip nhu sau:

Bang 1. Kién triic mé hinh tich chap

Layer (type) Output Shape Param #
Conv2d [-1, 10, 24, 24] 260
MaxPool2d [-1, 10, 12, 12] 0
Convad [-1, 20, 8, 8] 5,020
Dropout2d [-1, 20, 8, 8] 0
MaxPool2d [-1, 20, 4, 4] 0
Linear [-1, 50] 16,050
Linear [-1, 10] 510

Tong s6 tham s6 can huan luyén 1a 21,840. V& co ban, m6 hinh tuong tu v6i LeNet-5. O
day, chiing t6i thém vao 16p dropout dé giam hién tugng overfitting.

Doi véi tap dir liu l6n hon, ching t6i st dung md hinh VGG (Visual Geometry
Group)[10] cau hinh A (VGG-11) véi 8 16p tich chap. S6 tham so can huan luyén 1a
9,231,144,

Bang 2. Kién triic mé hinh VGG-11

Layer (type) Output Shape Param #
Conv2d [-1, 64, 32, 32] 1,792
BatchNorm2d [-1, 64, 32, 32] 128
MaxPool2d [-1, 64, 16, 16] 0
Conv2d [-1, 128, 16, 16] 73,856
BatchNorm2d [-1, 128, 16, 16] 256
MaxPool2d [-1, 128, 8, 8] 0
Convad [-1, 256, 8, 8] 295,168
BatchNorm2d [-1, 256, 8, 8] 512
Convad [-1, 256, 8, 8] 590,080
BatchNorm2d [-1, 256, 8, 8] 512
MaxPool2d [-1, 256, 4, 4] 0
Conv2d [-1,512, 4, 4] 1,180,160
BatchNorm2d [-1,512, 4, 4] 1,024
Conv2d [-1, 512, 4, 4] 2,359,808
BatchNorm2d [-1,512, 4, 4] 1,024
MaxPool2d [-1,512, 2, 2] 0
Conv2d [-1,512, 2, 2] 2,359,808
BatchNorm2d [-1,512, 2, 2] 1,024
Conv2d [-1,512, 2, 2] 2,359,808
BatchNorm2d [-1,512, 2, 2] 1,024
MaxPool2d [-1,512,1, 1] 0
AvgPool2d [-1,512,1,1] 0
Linear [-1, 10] 5,130
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Khi tién hanh khao sat mé hinh, ching toi 1an luot thay thé tat ca cac ham kich hoat sau
cac 16p tich chap lan lop két noi day du (fully-connected) bang cac ham da dugc deé cap
& muc 2.

Trong phan tiép theo, chiing t0i khao st sy dnh huong cia cac ham kich hoat trén dén
CNN. Céc chi tiet cua thuc nghiém nhu tap dit li¢u, thang do (tiéu chi danh gid) cling s&
duoc giai thich cu thé.

4. THUC NGHIEM VA KET QUA

4.1. Tap dir liéu

Pé danh gia tac dong cua cac ham kich hoat ké trén 1én CNN trong bai toan phan 16p hinh
anh, ching toi str dung hai tap dir liéu hinh anh pho bién 1a CIFAR-10 va MNIST.

Tap dix licu MNIST (Modified National Institute of Standards and Technology)[6] 1a tap
cac chir s6 Viét tay tir 0-9 dugc s6 hoéa. MNIST bao gdm 60,000 hinh anh dé huan luyén
va 10,000 hinh anh dé kiém dinh. M3i phan tir caa tap 1a mot ki tw s6 theo hé mau xam

don séc (grayscale) n~e°1m chinh gitra mot khung hinh ¢6 kich thude da dugc chuan hoa
(28x28). Nhan cua moi phan tu 1a ki ty sO twong ng trong hinh anh cta phan tu do.

Hinh 6. Tdp di liéu ky tu s6 MNIST

Tap dit liéu CIFAR-10 (Canadian Institute For Advanced Research)[7] bao gom 60,000
phan tir thudc 10 16p khac nhau (mdi 16p co 6,000 phan tir), trong d6 50,000 phan tir dé
huan luyén va 10,000 phan tir dé kiém dinh. Mdi phan tir I3 mot hinh anh mau da sic
(RGB) ¢6 kich thudc da duoc chuan hoa (32x32). Nhan cua 10 16p phan tir lan luot la:
may bay, xe hoi, chim choc, méo, huou nai, chd, éch, ngua, tau thiry va xe tai.
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Hinh 7. Cdc I6p phan tir cia tdp diz liéu CIFAR-10
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4.2. Thang do

DAWNBench[8] 1a mot benchmark nhim danh gia hiéu ning ciia mang noron sau. Theo
[8], cac bai benchmark khac thuong chi tap trung ldy thoi gian huan luyén mét minibatch
dir ligu lam tiéu chi chinh ma bo qua do chinh xac ctia mo hinh. Cac tiéu chi cua
DAWNBench dam bao viéc danh gia mot mo hinh phai can nhéic ca thoi gian huan luyén
lAn do chinh xac ctia mé hinh do.

Dé danh gia anh huong cua cac ham kich hoat 1én hiéu ning, chiing toi dira theo hai trong
bén tiéu chi duoc dé cap trong DAWNBench, bao gom thoi gian huan luyén mé hinh dé
dat duoc mot ngudng chinh xac nhat dinh va thoi gian suy dién (inference time) hay trong
truong hop nay 1a thoi gian phan 16p mot mau tir mé hinh d6 sau khi huan luyén.

Chung t6i bo qua hai ti€u chi con lai (chi phi thué phan ctng dé huan luyén va suy dién)
do thyc nghiém dugc tién hanh trén phan ctmg c6 san.

Ngoai ra, dé co cai nhin tong quat hon, chiing t6i ciing dwa thém mat s tiéu chi nhu tong
thoi gian huan luyén va tan suat loi sau khi huan luyén xong.

4.3. Céu hinh phan cing va tinh chinh mé hinh

Thuc nghiém duoc tién hanh trén may tram véi cdu hinh nhu sau: Ryzen 5 1600 3.8Ghz
(6-core), 16GB RAM , NVIDIA GTX 1060 (6GB VRAM). Do giéi han vé phan cing
cung d6 phuc tap cia mo hinh, chung toi chi thuc hién danh gia viéc huan luyén sau 10
chu ky (epoch) ddi vai tap MNIST va 50 chu ky véi tap CIFAR-10.

Trong [8], tac gia co dé xuat viéc sir dung thuat toan toi vu SGD thay cho Adam[9] vi
SGD véi momentum cho d6 chinh xac cao hon néu s6 chu ky huan luyén Ién (>100 chu
ky). Tuy nhién, diéu nay ciing ddng nghia vai viéc khi thuc nghiém duoc tién hanh voi
s6 chu ky nho, Adam s& dem lai mirc d6 hoi tu ban dau cao hon ddi véi ca tap huan luyén
va kiém thtr. Do d6, ching toi quyét dinh lya chon thuat toan t6i wu Adam thay cho SGD.

Ngoai ra, tac gia [8] ciing dua ra hai két luan sau vé batch size. Tha nhat, batch size qua
I6n hay quéa nho déu anh huéng dén do hoi tu cua thuat toan. Thir hai, batch size 16n dem
lai thong lugng (throughput: s6 lugng hinh anh xu 1y / don vi thoi gian) ti uu, gitp giam
thoi gian huan luyén. Cu thé, trong [8], voi batch size 1a 32, m6 hinh can it chu ky nhat
dé dat do chinh xac tdi da; trong khi batch size 1a 256 cho d6 chinh xac twong duong
(chénh 1¢ch <0.5%) nhung thoi gian huan luyén mé hinh giam dén 1. 9 Ian Do batch size
I6n ciing yéu cau cao hon vé mat phan cing nén dé can bang cac yéu té nay, chung toi
chon batch size 1a 128.

4.4. Panh gia két qua thwc nghiém
Can cr vao cac két qua thé hién trong Hinh 8, 9 va Bang 3, 4; chung t6i rt ra mot sb
nhan xét sau:

- Viéc huan luyén véi PreLU va Leaky ReLU cho tan suat 15i thip (twong ng véi do
chinh xéc cao) khi kiém tht, tuy nhién thoi gian huan luyén cua PreLU tuong ddi cao.
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- Ham Tanh dem lai tan suat I5i 16n, thoi gian huan luyén va suy dién thudng cao hon so
véi cac ham khac. Chung t6i kién nghi tranh stir dung ham nay khi xtr 1y bai toan phan 16p

véi CNN.

- Ham ReLU, SELU va ELU cho tan sut 13i twong d6i thap vai thoi gian huan luyén vira phai.

- Ham Leaky ReLU ludn cho thoi gian huan luyén dé dat ngudng chinh xac xac dinh
truéc ngan nhat, theo sau 1a ReLU. Luu y & ddy 1a tuy trong Bang 3 (MNIST) ham PReLU
cho d6 hoi tu t6t nhat, diéu nay lai khong 1ap lai trong Bang 4 (CIFAR-10). Do tinh thiéu
6n dinh nay, chung t6i cho rang PReLLU can duoc kiém ching thém bang mot sé thuc

nghiém khac.
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Hinh 8. Bé chinh xdc va gid tri ham 161 ciia CNN hudn luyén trén tap MNIST
Bang 3. Két qua thi nghiém véi tdp MNIST (cdc két qua tét nhat ciia méi cét duwoc highlight)

Tongthoi ~ Thoigian  Chukykiémthit  Thoi gian hudn Tin
Ham gian huan  phan 16p mot dau tién dat @0  luyén d¢ dat do Sudt 13i
luyén mau (ms) chinh x4c 98%  chinh xac 98%
RelLU 0:01:48 0.14975 9 0:01:38 1.73%
Tanh 0:01:50 0.15276 N/A N/A 2.09%
SELU 0:01:48 0.14916 7 0:01:16 1.62%
PRelLU 0:01:51 0.14734 5 0:00:56 1.41%
ELU 0:01:48 0.14927 8 0:01:26 1.63%
Leaky ReLU  0:01:48 0.14856 7 0:01:16 1.50%
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Hinh 9. DG chinh xdc va gid tri ham 161 ciia mé hinh VGG-11 hudn luyén trén tdp CIFAR-10
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Bang 4. Két qua thi nghiém véi tdp CIFAR-10 (cdc két qua tét nhat cia méi cét diroc highlight)

Tongthoi  Thoigian  Chuky kiémthe  Thoi gian huén

Ham gian hudn  phan 16p mot  dautién datdo  luyén dé dat do T;a‘f:.
luyén miu(ms)  chinh xéc 87%  chinh xdc 87%  SUat Ol
ReLU 0:47:38 0.324384 15 0:14:28 9.91%
Tanh 0:48:30 0.3282 35 0:33:47 12.58%
SELU 0:48:35 0.325202 23 0:22:16 12.07%
PReLU 0:49:25 0.327518 21 0:20:42 10.77%
ELU 0:47:53 0.323012 21 0:20:11 11.07%
Leaky RelLU 0:48:16 0.32579 14 0:13:39 9.57%
5. KET LUAN

Qua bai bao nay, chung t6i da budc dau danh gia dugc tac dong cua ham kich hoat dén
qua trinh huan luyén cling nhu suy dién ciia mang noron. Dua vao két qua thuc nghiém,

chung t6i rat ra mot s6 két luan vé Vlec nén hay khong nén st dung ham kich hoat nao
tiy vao trudng hop ngudi dung mudn wu tién giam thoi gian huan luyén, ting d6 chinh
xé4c ctia md hinh hay can bang giira ca hai. Nhin chung, ham ReLU va céc bién thé cua
n6 dem lai hiéu ning t6t hon ham Tanh trong hau hét moi truong hop.

Ngoai ra, chiing t6i ciing trinh bay mét s6 diéu chinh vé siéu tham sd va tiéu chi duoc dé
cap trong DAWNBench khi tién hanh khao sat mé hinh trén may tinh cuc bo, bao gom
viéc luge qua céc tiéu chi danh gia vé chi phi huan luyén va chi phi suy dién. Viéc trién
khai cac mo hinh nay va tién hanh thuc nghiém trén cac nén tang hoc siu dién toan dam
may s€ gitp viéc danh gid dugc hoan thién hon.
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Title: IMPACT OF ACTIVATION FUNCTIONS IN CONVOLUTION NEURAL NETWORKS

Abstract: Convolution neural networks (CNNs) are becoming more and more widely used in
image processing in general and image classification in particular. To improve a CNN’s
performance, hyperparameter tuning is required. In this paper, we discuss the importance of
selecting an appropriate activation function for training CNNs. We compare some basic functions
against those proposed in recent studies. To evaluate their impact on CNNs’ performance, we
conduct various experiments with two CNN models, one simple and another complex in two
popular image datasets MNIST and CIFAR-10, respectively. Experimental procedure and
evaluation metrics are based on those proposed in DAWNBench with minor modifications. Our
results show that ReLU and its variants offer high accuracy earlier than other types, despite having
negligible advantage with regards to total training time.

Keywords: CNN, activation function.



