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SWishLU: Mot phwong phap kich hoat khac cia ham
ReLU dé nang cao tinh ndng cha mang no-ron

Nguyén Vin Trwong va Tran Duy Hung
Truwong Cao ddng Céng nghiép Quéc phong

TOMTAT

Trong bai viét nay, dua trén co s& nghién ciru ham sé kich hoat ReLU va cdc ham sé tuong tw khdc,
ching téi dé xudt ra mét ham sé kich hoat méi mang tén SWishLU d€ tranh sw xudt hién “no-ron
chét” trong ham sé ReLU (Dying ReLU). SWishLU strdung ham sé Swish dékich hoat phén dm cla déu
vao, do @6 ham sé ndy bao ham tét ca cdc wu diém cia ham sé kich hoat ReLU va ham sé kich hoat
Swish. Hom sé nay khéng nhi¥ng cd thé tranh du'oc sw xudt hién cia “no-ron chét” ma con sir dung
hop ly cdc théng tin cia ddu vao dm dé ndng cao hiéu qud nhén dang ciia mang no-ron. Két qud thir
nghiém trén cdc tap dirliéu MNIST, VNCD va CIFAR-10 cho ta théy, d6 nhdn dang chinh xdc cia mang
no-ron tich chép Lenet-5 1an luot dat t&i 99.18%, 82.82% va 63.81%, 1an lwot cao hon 0.09%, 2.08%

va 0.74% sovdiham sé RelU.

Tirkhéa: ham sé kich hoat, mang no-ron, ham RelLU, ham SWishLU

1.GIO1THIEU

Trong nhitng ndm gan day, tri tué nhan tao d3
va dang duoc dp dung rat thanh céng trong rat
nhiéu Iinh viee nhw nhan dang hinh anh [1, 2],
nhan dang giong ndi[3, 4], phat hién doéitwong
[5, 6], thigidc may tinh [7] v.v... MGt trong nhitng
nhan td lam nén sy thanh céng d6 chinh |a cac
ham sé kich hoat, dugc dung dé kich hoat tin
hiéu cla cac no-ron than kinh & cac tang tich
chép, tang lién két day du va tdng daura, tir d6
nang cao dac tinh biéu dat phi tuyén tinh cla
mangno-ron [8-10]. Trong nhirng ndm gan day,
ham Sigmoid [11] va ham RelLU [12] |a hai ham
kich hoat dwoc cdc nha khoa hoc, cac nghién
ctruviénsirdung phd bién nhattrong cdc mang
no-ronhiénhanh.

Ham RelLU cé cdngthircbiéu dat nhu congthire
(1). Chung ta c6 thé thay rang RelU c6 céc didc
diém thwa thét. Khino-ron dwogc kich hoat boi
RelLU, chi mdt phan no-ron duoc kich hoat, cé
thé tranh duoc hién tugng giébng nhau qua
mUrc dé xay ra trong qud trinh huan luyén mang

Tac gia lién hé: TS. Nguyén Vin Truong
Email: nvtruong.25890@gmail.com

Journal of Science - Hong Bang International University

no-ron. Cu thé, khi no-ron nhan dwoc tin hiéu
duong, ReLU khoéng trdi qua bat ky tinh todn
naomatryctiépdnhxatdidauradégiamdang
k& d6 phirc tap trong tinh todn, caithién tdc do
héi tu ciia mang no-ron. Tuy nhién, ReLU thiét
lap toan bd phan kich hoat 4m cla cac no-ron
thanh 0, do dé d6 d6c clia no-ron ban truc am
cling luén 1a 0. Piéu nay sé& khién lugng cap
nhat cling bang 0, dan t&i cac no-ron sé khéng
bao gio duoc cap nhatva kich hoat, hinh thanh
nén cac “no-ron chét”. Vi vay, trong giai doan
huan luyén, cac tham sé cla mang chang han
nhu téc dd hoc tap phai dwgc didu chinh can
than dé tranh cacgiad tridauvao ctacacno-ron
déu nam trong phan ban truc 4m dé tranh tinh
trang “no-ronchét” &trén.
x, if x>0

ReLU(x):{O i x<0 (1)

Trong vai ndm qua, cdc nha nghién ciru da deé
xuat nhiéu phuong phap cai tién cho RelLU dé
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giai quyét van dé no-ron chét nhu ham Leaky
RelU (LReLU) c6 cdng thirc biéu dat nhu cong
thirc (2) [13], Parametric ReLU (PReLU) c6 cong
thirc biu dat nhw céng thire (3) [14], ham ELU
cé cong thirc biéu dat nhu cdng thire (4) [15],
ham PELU c6 congthirc biéu dat nhw cong thire
(5)[16], ham Tanh ReLU [17], ham Arctan RelLU
c6 cdng thirc biéu dat nhu cong thirc (6) [18],
ham PoLU cé cong thirc biéu dat nhw cong thire
(7) [19], ham V-shape RelLU c6 cong thirc biéu
datnhucongthirc(8)[20] v.v...

x, ifx>0
=7 (2)
A {ax, if x<0
fx0)= { v )
x, ifx> 0
“ater -1), if x<0 (4)
f(x): yx>0 , a,b>0 (5)
a(e” -1),if x<0
x, ifx>0
J)= 2 arctan(x), if x <0 (6)
7T
x, ifx>0
/()= {_W e )
x, ifx>0
J(x) —{_x, iFx<0 (8)

Nham muc dich giai quyét van dé “no-ron chét”
do ham RelLU géy ra, bai viét nay dé xuit ra mot
ham kich hoat citién cha ReLU - goila SWishLU.
Ham nay duy tri phan kich hoat dwong cia ham
RelLU va st dung ham kich hoat SWish cho phan
kich hoat &m dé& tranh van dé “no-ron chét”.
DPong thoi, cadc tham sd cla ham dua ra cé thé
diéu chinh trong phan kich hoat 4m dé tién
hanh kiém soét, khéng ché pham vithay déi cha
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ham kich hoat, cai thién chirc nang kich hoat
clia SWishLU, tang su linh hoat trong x{r ly cac
nhiém vu khac nhau. Ham SWishLU duoc dé
xuat trong bai viét nay duoc sir dung dé phan
loai cac b6 dir lieu MNIST, VNCD va CIFAR-10
trong cau trdc mang no-ron tich chdp Lenet-5.
So v@i ReLU va cac ham duoc cdi tién duwoc dé
xuat trong nhirtng ndm gan day, hiéu qua nhéan
dang clia mang Lenet-5 khi s&t dung ham kich
hoat SWishLU da cd sw caithién nhatdinh.

2. HAM KiCH HOAT SWishLU DE XUAT

2.1. Ham SWish
Ham s6 kich hoat SWish [21] c¢6 cdng thirc nhu sau:

YORE al

(9)
= xSigmoid(x)

Khi tin hiéu dau vao nhé hon 0, gid tri dau ra
duoc kich hoat vé&i gid tri khac 0 va cé dac tinh
khéng don diéu. Nhu vay ham SWish khéng chi
gidi quyét van dé no-ron di vao trang thai chét
va giam b&t van dé sai léch gia tri trung binh &
daura, ma con cd thé lgi dung huan luyén mang
no-ron dé tim ra gia tri t&i wu nhat. Khi tin hiéu
dau vao Ién hon 0, dau ra cda ham kich hoat
khéng bi gidi han va tang khi tin hiéu dau vao x
tang; va khi bién x c6 xu huwdng tién dén duong
vO cung, gia tri dau ra cda ham SWish tién gan
tdi gid tri cha x, do d6 cd hiéu qua cai thién hiéu
sudt nhan dang cia mang no-ron. Ngoai ra,
khéng giéng nhw ham kich hoat ReLU (dao ham
chaRelLUlubénlaOhodc1),daohambicmdtcla
ham SWish c6 cong thirc biéu dat nhu cong thire
(10) ludn thay d6i khi bién dau vao thay déi va
gia tri toi da cia dao ham ham SWish nhd hon 1
vachragid tridm, thudnlgihon choviéctruyén
taithéngtin & giai doan truyén dan nguoc.

—X

xe
(1+ eix)z (10)

= f (%) + Sigmoid(x)(1- 1 (x))

Pt P

l+e

Nhém Brain d3 thuc hanh thir nghiém xac dinh
hiéu qua kich hoat ciia ham SWish trén céc
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mang no-ron v&i cac tap dit liéu khac nhau, két
qua cho thay ham SWish vai vu diém chi cé gidi
han dudi, khong don diéu va phi tuyén tinh d3
cho ra két qua bang va wu viét hon so véi cac
ham kich hoat khac[21].

2.2. Ham SWishLU dé xuat

Trong bai viét nay, xuat phat tlry twdng ciia ham
kich hoat SWish, ching t6i dé xuat mot ham sd
kich hoat caitién cha ham ReLU mangténlaham
SWishLU. Ham sd nay c6 cdng thirc nhw sau:

ifx>0
ax
1+

X,

fx)= (11)

ifx<0

e’

Trong d6, a 13 tham s8 c6 thé diéu chinh duorc,
c6 thé khéng ché& hé sb bién dbi cia ham s6 &
phan bién 4m. & ham s& nay, khix > 0, ching toi
duy tri hinh thic kich hoat cha ham RelU dé
dam bao rang s6 lvong tinh toan ctia ham kich
hoat duwgc gidm thiéu nhat trong khi vin dam
bao nang cao duwgc tinh nang ctia ham; khix <0,
SWishLU s dung hinh thirc kich hoat ctia ham
SWish déng th&i thém vao tham sd cé thé diéu

1.0

Ham SWishLU (a=1)

- = = Dao ham SWishLU (a=1)

Ham SWishLU (a=0.5)

- - —Pao ham SWishLU (a=0.5) 0.5
Ham SWishLU (a=0)

bao ham SWishLU (a=0) //

-0.5

/
/

chinh a. Hinh 1 cho thay dwdng cong ctia ham
kich hoat SWishLU dudi cac gia tri tham s6 a
khac nhau. Tir hinh vé trén ching ta c6 thé thay
tham sé a tryc tiép dnh hwdng dén hiéu qua kich
hoat & phan d&m cGia ham SWishLU, trong dé a
cang cao thibién dé dau ra ciia ham s6 cang 16n;
con khi a = 0 thi ham SWishLU cé cong thirc
twongty nhwham RelLU.

Tl nhirng phan tich trén, ching ta c6 thé rut ra
két ludn ham kich hoat SWishLU cé nhirng dac
diém chinh sau:

(1) Phan kich hoat dwong dau ra st dung ludn gid
tricta dauvao, do dé don gian dugc phép todn;

(2) Phan kich hoat &m s& dung ham SWish
thay thé, gép phan tranh khoi su xuat hién cla
“no-ron chét”, déng thoi lam cho ham SWishLU
c6 dac tinh phi don diéu gitp nang cao hon nita
nangluycnhan dangclda mangno-ron;

(3) Ham SWishLU d3 thém tham s& c6 thé diéu
chinh a vao phan kich hoat &m, thdng qua thay
ddi gid tri cia o co6 thé thay d6i cong thirc cua
ham s6, lam tang tinh linh hoat cia ham sé nay
trong nhan dang cac nhiém vu khacnhau.

Hinh 1. Buwdng biéu thi cia ham SwishLU vdi cdc tham s8 a khdc nhau
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2.3. Phwong thirc truyén dan nguoc dwa trén

ham SWishLU

Quy trinh huan luyén cda mdt mang no-ron
dwoc thye hién qua hai buwédc gdbm truyén dan
thuan (d4au vao - dau ra) va truyén dan nguoc
(dau ra - dau vao). Phwong thirc truyén dan
nguwgcclamangno-ron nhuw Hinh 2 thé hién.

Qua trinh truyén dan nguoc la qua trinh truyén
sai sO dau ra quay nguoc lai cdc no-ron clia cac

tang cho t&itang dau vao véi muc dich 1a thay d6i
gia tri cla cac trong so tir d6 lam gidm gia tri sai
s& clia dau ra. Phuong phap truyén dan nguoc cu
thé nhu sau:

aE _ ! / [HINT Cl+1 [-1I\T
W—(f,(Z)((W )6 (x7)  (12)
aE ! / 1+INT Sl+1

Bl =/, )W) o) (13)

(

Bit dau )

A

\4

fori=1:1:N
i=i+1

A

Lop dau vao

Lam md&i

A

tham sb o

»| Lop tich chap va kich hoat

Truyén _ ] ] Truyén
nguoc » Lép pooling thuan
Lam méi 2
thams6 Lop lién két ddy du v
va kich hoat
Cong ra
2> Gia tri
yéu cau ., >
Ham ton that
i<N

< gidtri
yéu cau

C Két thuc )

Hinh 2. Qua trinh truyén dan ngugc cla mang no-ron

Cé thé thay, ham kich hoat 1a mét phan khéng
thé thi€u ctia truyén dan nguoc va dao ham dau
tién cha ham dnh huédng truc tiép dén hiéu qua
cla truyén dan nguoc. Ti cong thire (11) ta cd
thé tinh toan ra cdng thirc dao ham d6i véi bién
zcliaham SWishLU nhu sau:

,z'>0

f(@)= (14)

(" +Sigmoid(z' Ya~f(2)), 2'<0

ISSN: 2615 - 9686

3.KET QUA THU NGHIEM VA PHAN TiCH

Trong bai viét nay, ching téi théng qua thir
nghiémnhandangcactap dirliéu MNIST, VNCD,
CIFAR-10 dé chirng minh ham SWishLU ¢6 hiéu
qua nhén dang wu viét hon ham RelU va cac
ham cai tién trudc cha nd. Hinh 3 cho thay két
qua sai sd & tang dau ra gidm dan theo s6 lan
huan luyén cia mang no-ron tich chap Lenet-5
khistrdung ham SWishLU kich hoat no-ron.
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Hinh 3. Sai s6 dau ra trong huan luyén st dung mang Lenet-5 va ham SwishLU

Dwa trén cau tric mé hinh mang no-ron tich
chap Lenet-5, bai viét nay tién hanh th& nghiém
so sanh hiéu qua nhan dang cia mang no-ron
trén cac tap dit liéu MNIST, VNCD va CIFAR-10
bang cach thay d6i ham kich hoat cla mang
no-ron. Cac ham kich hoat khac nhau anh
huwdng dén dé chinh xdc cha qua trinh huin
luyén va kiém tra cia mang no-ron khi x(r ly tap
dit liéu MNIST duoc thé hién trong Hinh 4. Sau

100
99
z
g
=
S
<
g 98 RelLU Arctan ReLU
£ —— SWish PoLU
E ——LReLU V-shape ReLU
ELU —— SWishLU
97 -
96 1 1 1 ] ] ]
0 5 10 15 20 25 30
Epochs

(a) Huan luyén

30lanhuanluyén, dd chinh xdctrong nhan dang
duwoc hién thi trong Bang 1, trong dé "Nil" ¢
nghia la khdng c6 ciu hinh tham s& trong ham
kich hoat. K&t qua cho thay hiéu qua nhan dang
clia mang no-ron khi s dung ham kich hoat
SWishLU cao hon so v&i khi st dung cac ham
kich hoat khac. Ty Ié nhan dang chinh xac khi st
dung ham SWishLU la 99.18%, cai thién duoc
0.09% so v&imang no-ron sttdung ham ReLU.

100 -
99
z
«
P
b
5]
< 98+
ﬁ ReLU Arctan ReLU
—— SWish PoLU
97 | ——LReLU V-shape ReLU
ELU —— SWishLU
96 " 1 " 1 " 1 " 1 " 1 " 1
0 5 10 15 20 25 30
Epochs

(b) Kiém tra

Hinh 4. Két qua nhan dang tdp MNIST vdi cac ham kich hoat khac nhau
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Bang 1. K&t qua nhan dang tap MNIST véi cac ham kich hoat khac nhau

Ham kich hoat Tham s6 D‘;S:L"I'L ;:; t(';:;"g bo Ic(zght’::c(;r)""g
RelLU [12] Nil 99.92 99.09
LReLU[13] 0.01 99.98 99.12

ELU[15] Nil 99.91 99.09
Arctan ReLU[18] Nil 99.93 99.10
PoLU[19] 0.5 99.98 99.13
V-shape RelLU[20] Nil 99.91 99.08
SWish[21] Nil 99.93 99.08
SWishLU 0.1 99.78 99.18

DGivéitapdirliéu VNCD, trongth&r nghiém nay
ching téi tién hanh huan luyén trong 20 lan.
K&t qua nhan dang cla mang Lenet-5 khi sl
dung cdc ham kich hoat khic nhau duwoc thé
hién trong Hinh 5 va Badng 2. Tir k&t qua nay ta
thay duoc, tvong tw nhuw nhin dang trén tap
MNIST, mang Lenet-5 s&* dung ham SWishLU
kich hoat no-ron thu duoc két qua cao hon so
v3i sir dung cadc ham sé kich hoat khdac. Cu thé,
ty l&é nhdn dang chinh xac thu dwgckhisir dung
ham SWishLU la 82.82%, cai thién duwgc 2.08%

sovéikétquakhisrdunghamRelLU.

Hinh 6 va Bang 3 hiénthjkétquanhandangtap
CIFAR-10 cla mang Lenet-5 khi s dung ham
SWishLU va cac ham kich hoat hién hanh khac
sau80lanhudnluyén.TlrBang3tathdy kétqua
nhan dang khi st dung ham SWishLU kich hoat
dat hiéu qua caonhitla61.38% cao hon so vdi
st dung cac ham kich hoat hién hanh khac, dac
biét |a cao hon 0.74% so véi két qua nhan dang
khisirdungham ReLU.

100 -
80 |
80 |
3} )
«
5 g 70
3 2
< g
g o0r ReL ArctanReLU o
- eLU retan ReLU g ReLU Arctan ReLU
b= —— SWish PoLU = 60 | .
= [ReLU Vsh ReLU SWish PoLU
= LU s ——LReLU V-shape ReLU
40 - s ELU  —— SWishLU
50 |
20 1 " 1 " 1 1 1 " 1 L 1 " ]
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(a) Huan luyén

(b) Kiém tra

Hinh 5. K&t qua nhan dang tdp VNCD vd&i cdc ham kich hoat khac nhau
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Bang 2. K&t qua nhan dang trén tap VNCD vdi cac ham kich hoat khac nhau

. e n D0 chinh xac trong D0 chinh xac trong
Ham kich h Th - . T e
am kich hoat am so huan luyén (%) kiém tra (%)
RelLU[12] Nil 96.94 80.74
LRelLU[13] 0.01 97.25 81.56
ELU[15] Nil 97.34 82.59
Arctan ReLU[18] Nil 96.99 80.94
PoLU[19] 0.5 97.02 81.43
V-shape RelLU[20] Nil 97.11 81.17
SWish[21] Nil 98.24 82.08
SWishLU 0.1 97.25 82.82
65 -
80r AN
60 - %WJ&'MW TV
§= 60 - 55 b
£ 40 ReLU Arctan ReLU % Rkt Arctan ReLU
£ — SWish PoLU 5 a5y —— SWish PoLU
<
= LReLU V-shape ReLU LReLU V-shap e ReLU
ELU — SWishLU 40 | ELU —— SWishLU
20 I
35+
0 1 1 L 1 1 30 1 1 1 1 L ]
0 20 40 60 0 20 40 60 80
Epochs Epochs

(a) Huan luyén

Hinh 6. K&t qua nhan dang trén tdp CIFAR-10 vdi cdc ham kich hoat khac nhau

(b) Kiém tra

Bang 3. K&t qua nhan dang tap CIFAR-10 vdi cadc ham kich hoat khic nhau

Ham kich hoat Tham sé 9?1:2:1"::‘ :Zit(';:; & D@I:iléi:ht:(::;;ong
RelLU[12] Nil 82.13 63.07
LReLU[13] 0.01 79.78 63.10

ELU[15] Nil 79.27 63.04
Arctan RelLU[18] Nil 82.29 63.11
PoLU[19] 0.5 81.84 63.09
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V-shape RelLU[20] Nil 79.68 63.03

SWish[21] Nil 78.80 62.32

SWishLU 0.1 82.93 63.81
4.KETLUAN thién tinh ndng nhan dang clia mang no-ron.

Trong baiviét nay, chung téi dathdoludnvan dé
“no-ron chét” cla mang no-ron khi st dung
ham kich hoat ReLU. Ham sé ma chlng toi dé
xuat ra vai tén goi la SWishLU d3 s&r dung ham
SWish thay thé& phan kich hoat 4m cldia ReLU ban
dauvamoétsiéutham sd cd thé diéu chinh duoc
thém vao phan kich hoat 4m d3 c6 thé loai trir
duwoc van dé “no-ron chét” trén cling nhu cai

K&t qua thir nghiém s&r dung mang no-ron tich
chap Lenet-5 nhan dang cac tap di liéu MNIST,
VNCD va CIFAR-10 d3 chitng minh rang s dung
ham kich hoat SWishLU cé hiéuqualamtang dé
nhan dang chinh xac ciia mang no-ron trén ba
tap dit liéu trén an luot 13 99.18%, 82.82% va
63.81%, lan lvottdng 0.09%, 2.08% va 0.74% so
vdikétqudnhandangstrdunghamRelU.
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SWishLU: Another activation approach on RelU
function toimprove neutral network performance

ABSTRACT

Nguyen Van Truong* and Tran Duy Hung

Based on the study of ReLU and its existing modified methods, SWishLU, an improved method of
RelU activation function is proposed to avoid neuronal death caused by RelLU (dying RelLU) in this
paper. This function is activated by Swish function in the negative axis part, so the function has the
advantages of both Swish and RelLU. SWishLU function not only can avoid the dying ReLU but also
reasonably apply the negative input information of the network to improve the network
performance. The experimental results show that the Lenet-5 convolutional neural network using
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SwishLU function achieves high accuracy of 99.18%, 82.82% and 63.81% in MNIST, VNCD and CIFAR-
10datasets respectively, which are 0.09%, 2.08% and 0.74% higher than ReLU function.
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