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Tém tiat: Khoi tao trong sb st dung phuong phap Glorot 12 mot trong nhiing phuong phap hitu hiéu cho mang no ron
tich chap (CNN). Ngoai ra nhitng nghién cifu truéc diy cling da st dung phuong phap nay cho CNN s6 phic. Tuy nhién,
khong c6 nghién citu nao khang dinh dugc phucng phép khéi tao trong s6 Glorot ¢6 hiéu qua tdt nhat cho CNN s6 phic.
Nghién ciiu nay tip trung vao viéc tdi uu CNN sb phic dua trén cach thic khdi tao trong s6 két ndi clia cic té bao no
ron. Bai bdo ndy dé xuét st dung giai thuat di truyén (GA) dé tim tham sb ti wu cho phan bd Rayleigh d€ khéi tao trong
s6 tru6c khi huin luyén CNN s phiic. Thuc nghiém cho thdy GA di tim ra tham sb t6t hon khi sit dung phuong phap

Glorot nhu cac nghién cdu trudc day.

Tix khéa: Mang no ron tich chdp, sé phiic, gidi thudt di truyén, phuwong phdp Glorot.

Title:
Abstract:

Weight Initialization for Complex Number Convolutional Neural Networks Using Genetic Algorithms
Weight initialization using Glorot method is one of the effective methods for convolutional neural networks (CNN).

In addition, previous studies have also used this method for complex number CNNs. However, there is no research to
confirm that Glorot weight initialization method has the best effect for complex number CNN. This study focuses on
optimizing complex number CNNs based on how to initialize connection weights of neurons. This paper proposes to
use genetic algorithm (GA) to find optimal parameters for Rayleigh distribution to initialize weights before training
complex number CNN. Experiments show that GA has found better parameters when using the Glorot method as in

previous studies
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I. MO PAU

Mang noron tich chap s6 phiic [1, 2] (Complex Valued
Convolutional Neural Networks — CNN s6 phiic) 1a trong
nhiing phuong phap hiéu qua hién nay trong nhin dang [3],
xt 1y nhi€u &nh [4, 5] hay x@& ly tin hiéu [6]. C6 2 hudng
tiép can chinh d6i vé6i t& bao no ron trong md hinh CNN
s6 phic [7]. Huéng thii nhit 1a tich riéng thanh 2 té bao
no ron riéng biét, no ron phu trach tinh todn phan thuc va
no ron phu trach tinh toan phan d0. Huéng thuc hién nay
c6 thé gitip cho cdc nghién ctu c6 ké thita mo hinh CNN
s6 thuc mot cach dé dang nhung né 1am mét di tinh chét
dic biét ctia s6 phiic 1a tich 2 s6 phiic hoat dong nhu mot
phép bién d6i hinh hoc trong khong gian 2 chiéu. Huéng
tiép can thd 2 1a 4p dung sd phiic cho tiing no ron trong
mang CNN sb phiic [8]. C4c tin hiéu diu vao, dau ra va
trong s6 két ndi gifta cac 16p trong mang CNN sb phiic déu
st dung s6 phic. Hudng tiép can nay cho thiy su hiéu qua
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trong cdc bai todn c6 tin hiéu diu vao hay dau ra la sd phiic
nhu két hop véi phuong phap bién ddi Fourier nhanh (Fast
Fourier Transform — FFT) d€ khit nhiéu hay nhan dang tin
hiéu, hinh anh [7].

Bai bdo nay tip trung vao phan tich huéng tiép can thi
2 1a 4p dung sb phiic vao tif no ron trong mang CNN sb
phic. PE huin luyén 1 mang CNN s6 phic, cic phuong
phap truéec day chi trong viéc xdy dung cdu triic mang,
viéc khdi tao céc trong sd bang s phifc it dudc chi y t6i.
Mot s6 phuong phap [9, 10] c6 dé& xuét st dung phuong
phép Glorot [11] trong viéc khdi tao trong sb clia cdc mang
CNN s6 thuc dé€ ap dung cho CNN s phic. Tuy nhién cic
nghién ctiu truée ddy chua ching minh duge viéc khdi tao
nhu viy 1a t6i vu nhét.

Nghién ctiu nay dé xuit phuong phap khdi tao trong s6
cho mang CNN s phiic st dung giai thuat di truyén [12].
Bai bdo nay gébm 5 muc, md dau néu bdi canh va 1y do lua
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chon phuong phap dé xuét. Tiép theo bai bdo gidi thiéu céc
nghién ctu lién quan t6i mang CNN sb phic va giai thuat
di truyén. Tiép d6 la gidi phdp dé xuit va thuc nghiém va
danh gia két qua. Cubi cung 1a két lun.

II. CAC NGHIEN CUU LIEN QUAN

Nghién ctiu nay chi trong viéc khdi tao trong s6 cho
mang CNN sb phic sit dung gidi thuat di truyén. Vi viy
trong muc nay sé gidi thiéu mang CNN s phiic, trong d6
c6 cach thiic khéi tao truée day. Tiép theo, muc nay sé
gidi thidu giai thuat di truyén trong cc bai todn tbi wu cic
tham s6 trong cic mo hinh hoc mdy, dic biét 1a mang no
ron nhan tao.

1. Mang no ron tich chap sé phic

S6 phiic 1a sb trong khong gian C dudc biéu dién duéi
dang:

z=x+iyeC €))]

Véi i = —1 1a sb 40 va x,y € R 1a cdc sd thuc. Mot ham
f trong khong gian C dugc xac dinh bdi:

f:C—-C 2)

f(2) =u(z) +iv(z) 3

v6i u,v : R — R la cac ham dudc xac dinh trong khong
gian s6 thuc.
Mang no ron sb phiic [13][14] dugc trién khai tugng tu
nhu mang no ron sb thuc bing cach dinh nghia lai cach
nhan dbi vé6i trong s6 w = w, +iw; va tin hiéu dau vao
X = x, +ix; € C clia tiing té bao no ron.
wx = (w, +iw;) (x, +1ix;)
. 4)

= (Wpxyr —wix;) +i(wrx; + wix,) € C
Déi v6i, mang CNN sb phiic [8], ta coi nhu céc trong sb
1a mot ma tran s6 phic W = W, +iW; va 16p dau vao ciing
12 mot ma tran sd phic X = X, +iX; v6i W,, W; € RS1*5
va X, X; € RE*L2 1an lugt 1a cdc ma tran sd thuc, S; = S,
1a kich thudc ctia ma tran trong sd va L; = L, 1a kich thude
ctia ma trin dau vao. Liic nay tich chap ctia 2 ma tran trong
s6 va ma tran dau vao 1a mot ma tran kich thudc Ly * L,
v6i cdc phin td Y;; duge xdc dinh bdi cong thic:
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Viéc khdi tao ma tran trong s6 true khi huin luyén thuong

dugc thuc hién dua trén phudng phap ctia Glorot [12] nham

xéc dinh d6 1éch chudn cla cc phan ti trong ma trin trong

s6 trong liic khéi tao. Goi w = w, +iw; 12 mot phan ti bét

ky trong ma tran trong sd, ta c6 thé biéu dién w thanh:
w = |w|e®

(6)

Véi © va |w| 1an lugt 1a géc va do 16n ctia w. Phuong sai
cua w va |w| dugc tinh bdi:

Var(w) = E(w®) = (E(w))? (7
Var(lwl) = E(Jw*) = (E(|w]))? ®)

Khi ta cho gia tri ky vong ctia w la E(w) = 0, tu (7) va
(8) ta co:

Var(w) = Var(jwl) = (E(Iwl))? ©)
Dua trén phan b6 Rayleigh v6i tham s6 o ta co:
s
E(|w]) =0'\/; (10)
va 4
Var(lwl]) = Tﬂaz an
Suy ra:
4—-r b g
Var(w) = ——o02 + 0'\/j =202 12)
2 2
. N 2 i,
Theo nhu Glorot thi ta can Var(w) = , VGi

5 .y o Tin T out
Nin, Noye 1an lugt 1a so lugng tin hi€u dau vao va dau ra

cua teé bao no ron. Vi vdy o = ,[— la gia tri tham
Nin + Nour

s6 ctia phan bd Rayleigh trong cic nghién cifu truéc day.
Tuy nhién viéc khdi tao trong sd dua trén Glorot dbi véi
CNN s6 phic c6 thuc su 1a phuong 4n tdi uu hay chua thi
chua dugc sang to. Vi thé, bai bdo nay dé xuét st dung giai
thuat di truyén nham tim ra phuong phap khdi tao trong sd
cho CNN s6 phiic.

2. Giai thuét di truyén

Giai thuat di truyén (Genetic Algorithm — GA) [15] la
mot phucng phép tdi uu t& hop dua trén co ché di truyén
ctia sinh vat. Gii thuat di truyén thudng dudc sit dung dé
tim ra gidi phdp t&i vu cho cac bai todn NP khé. Giai thuat
di truyén dugc mo ta nhu sau:

Budc 1: Tao tip nghiém ngiu nhién

Budc 2: Danh gid cdc nghiém hién c6

Budc 3: Néu nghiém t6t nht théa man yéu cau thi nhay
dén Budc 7



Budc 4: Lua chon cdc nghiém t6t d€ nhan ban va cic
nghiém xiu dé loai bd
Budc 5: Lai ghép cdc cip nghiém dé tao ra nghiém méi
Budc 6: Dot bién mot s6 nghiém trong tap nghiém.
Budc 7: In ra két qua t6t nhét
D& hiéu ro hon vé giai thuat di truyén, ta lay vi du st dung
giai thuat di truyén dé€ gidi bai toan tim nghiém ctia phuong
trinh:

X2 —12x+36=0 (13)

Budc 1: Thiét ké bd gen 1a cic s6 trong hé nhi phan.
Phuong 4n nghiém ctia bai todn 1a 1 s& khi d6i qua co sd
thap phéan clia bd gen. Vi duy, ta ¢ thé tao ngau nhién tap
nghiém ban diu nhu sau: 0100, 1011, 0101, 1010.

Budc 2: Can | tiéu chi danh gid cdc nghiém hién c6. Ta
c6 thé chon ham danh gia f(x) = |x? — 12x + 36| vi f(x)
cang nho thé hién phuong an nghiém cang gan véi két
qué chinh xac. Khi da c¢6 ham danh gia, ta tinh gia tri
f dbi véi tit ci cac phuong 4n nghiém dang c6. Vi du:
f(0100) =4, f(1011) =25, £(0101) = 1, £(1010) = 16.
Budce 3: Kiém tra két thiic viéc thuc thi hay khong. Gia st
tiéu chi két thic thuat toan f(x) = O thi chua c6 nghiém
nao thda mian tiéu chi két thic.

Budce 4: Lua chon cdc nghiém tot d€ nhan ban va céc
nghiém x4u d€ loai bd. Vi du: nghiém 1011 c¢6 £(1011) =
25 bi loai bo va nghiém 0101 c¢6f(0101) = 1 dugc nhan
ban. Sau khi két thiic bu6c nay, tip hop nghiém sé la: 0101,
0101, 0100, 1010.

Budc 5: Lai ghép. C6 nhiéu hinh thiic lai ghép nhu lai ghép
1 diém, lai ghép nhiéu diém hay lai ghép dong nhit. Gia
st ta chon lai ghép 1 diém tai vi tri k = 1 thi c6 nghia la
bit dau nghiém thid nhit s& ghép vdi 3 bit sau clia nghiém
tht hai va ngudc lai. Trong qua trinh lai ghép theo céach
thic trén, néu cip nghiém 0101 va 1010 dudc lai ghép thi
két qua sé dugc 2 nghiém mdi 1a 1]101 va 0]010. Ta thay
thé 2 nghiém dudc lai ghép thanh 2 nghiém méi trong tap
nghiém.

Budc 6: Dot bién. Tai mot nghiém bat ky, di gid tri 1
thanh 0 hodc 0 thanh 1 & tai 1 bit nao d6. Vi du 0101 duge
chon va dot bién thanh 0100, hoic 0010 dugc chon va dot
bién thanh 0110.

Qua trinh tit Bude 2 dén Budc 6 sé dudc lip di lip lai dén
khi tim dugc ca thé théa man tiéu chi ctia bai toan. Trong
vi du trén thi nghiém 0110 chinh 13 nghiém t6t nhét cia
bai toan.

Viéc dp dung GA trong viéc t6i uu cac tham sd hay ciu
triic md hinh hoc mdy dudc thuc hién rit nhiéu trong nghién
cliu trudc day, dic biét 1a dbi véi cac mo hinh mang no ron
nhan tao. Whitley Darrell [Whitley 1990] dé xuét st dung
GA nhim t6i wu cach thiic két ndi giita cac té bao nd ron
trong md hinh ANN. Cook [16] dé xuat phuong phap tng
dung GA nhim t8i wu cic tham sb trong md hinh ANN.

17

Tip 2022, S6 1, Thing 6

Karegowda [17] dé xuét phuong phdp tbi uu trong sd két
ndi trong md hinh ANN sit dung GA. Aszemi [18] dé xuét
phuong phép t6i uu tham s6 cho md hinh CNN st dung
GA. Chung [19] dé xuit phuong phdp st dung GA trong
md hinh CNN nhiéu kénh (Multi-channel CNN).

III. PHUONG PHAP PE XUAT

Bai bdo nay dé xudt md hinh huin luyén CNN s6 phiic
két hop v6i GA nhim tdi wu tham s o cta phan bd
Rayleigh trong qué trinh khdi tao trong s6 dua trén Glorot
dbi v6i CNN s6 phic. Hinh 1 thé hién md hinh khdi tao
trong s6 cho CNN sb phic st dung GA.

Learn

o Selection
Initialize . Complex . Evaluate s ", Grossover
Population valued CNN Models ¥ Mutation
Models e
Training
data
- Best Complex
Testing - valued CNN - labels
data

Model

Hinh 1. Mb hinh khdi tao trong s cho CNN s6 phiic st dung
GA.

Céc bude cu thé trong mo hinh dugc trinh bay nhu sau:
Bude 1: Khéi tao tip nga = 50 cdc cé thé.
Muc dich ctia GA 1a nham t6i vu tham sd o clia phan bd
Rayleigh trong qud trinh khéi tao trong sb dua trén Glorot
dbi v6i CNN sb phic. Bai bdo nay d& xuit:

( : )p
Nin + Nour

véi p € (0,1) 1a tham sb can tim trong qu4 trinh t&i wu ham
danh gia f(CNNco,mplex(p))' Trong do, CNNcomplex(p)
1a md hinh CNN sb phiic v6i khdi tao trong sd theo phan
bd Rayleigh. Méi ca thé dai dién cho p va dugc biéu dién
bing 1 s& & hé nhi phan 32 bit.

(14)

blbz...b32,bi c {0,1} (15)

va

32
0= Z b2~ (16)
i=1
Budce 2: Ung v6i mbi ca thé p, nghién citu xdy dung mo
hinh CNN s phic CNNcomplex(p) st dung dit liéu huén
luyén. Bai bdo sit dung 2 md hinh CNN sé phic tai Hinh
2 va 3 dé danh gia mic do tin cdy cla GA.
Buéc 3: Panh gid cic mo hinh CNN sb phic bang cich
tinh do chinh xdc cta viéc nhan dang dua trén tip huin
luyén. Néu d6 chinh x4c ctia mo hinh t6t nhat dd 16n, qua
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Hinh 3. M5 hinh CNN s6 phic véi s6 Iugng no ron 16n

trinh GA sé két thic va dua ra md hinh CNN t6t nhit d6
ciing nhu tham s p, ngudc lai thi tiép tuc Budc 4.

Budc 4: Thuc hién cédc toan ti ctia GA 1a lua chon, lai
ghép va dot bién. Viéc Iua chon dudc thuc hién bing cach
chon pyereciion = 0.8 cic cd thé tot nhit d€ giit lai cho thé
hé sau,l — pgerection cON lai s€ bi loai bo va thay thé b?mg
cach nhan ban ngiu nghién cidc ci thé trong thé hé hién
tai. Viéc lai ghép dugc thuc hién vé6i ti 1€ perossover = 0.3
s6 cip cdc ca thé va st dung phuong phép lai ghép dong
nhit (uniform crossover). Qud trinh dot bién dudc tién
hanh ngiu nhién véi ti 1& purarion = 0.01.

Viéc danh gid dugc dua trén két qua nhan dang doi
v6i tap kiém thir trén mo hinh CNN s6 phic tot nhat. Két
qua nhan dang ctia phuong phap dé xuit dudc ky vong sé
tot hon phuong phdp st dung khdi tao trong s6 dua trén
Glorot dbi v6i CNN s6 phiic bdi vi phuong phap Glorot 1a
phuong phédp st dung tham sb o véi cong thiic ¢ dinh.

1

Nin + Nour

a7

Trong khi phuong phap dé xuat 1a phuong phap tim kiém



tdi uu dbi véi tham s6 o khong cb dinh tiy thudc vao
p € (0,1).
)p

Vi thé, phuong phap dé xuét sé c6 két qua khong thé thip
hon phuong phap dya trén Glorot.

Tuy nhién, v& mit thdi gian d€ tim ra tham s6 t6i uvu cla
phuong phap dé xuit thi rd rang phai thuc hién rat nhiéu
lan viéc huin luyén mang dng v6i tiing tham sd p trong
giai thuat di truyén. Bai bdo nay chi chd trong viéc ching
minh ring phuong phdp khéi tao trong sd dua trén Glorot
chua phai 1a phuong phdp tét nhét, nén khong chi trong
dén viéc toi uu vé mit thdi gian huln luyén.

1
oc=|—— (13)
(nin + Nour

IV. KET QUA THUC NGHIEM

Dé ddnh gida mo hinh dé xuét, nghién cidu di st dung di

liéu MNIST Handwritten Digit Database [20] d€ sinh ngiu
nhién 1000 mau cho tap huén luyén va 5000 mau cho tip
kiém thit. Nghién ctiu st dung GA d€ tim tham sb p ting
v6i 2 mo hinh CNN s6 phitc nhu & Hinh 2 (Model 1) va
Hinh 3 (Model 2).
Hinh 4 12 két qua nhan dang diing cia 2 mo hinh CNN
s6 phiic qua cac thé hé GA. Hinh 4 cho thiy két qua nhén
dang diing ctia ca 2 mo6 hinh CNN sb phifc ting din qua
tiing thé hé trong GA.

Model 1 == == == Model 2

-

Lt Lkl PR

Accuracy
o o
[%s] =]
B (=2}

50 60 70 80 90 100

Generation

Hinh 4. Két qud nhan dang ding cia 2 md hinh CNN s6 phiic
qua céc thé hé GA

Hinh 5 va Hinh 6 1a két qua so sanh ti 1& nhan dang diing
bién thién theo tliing epoch gitta mo hinh CNN s6 phic t6t
nhét do GA dua ra va mo hinh CNN sb phic trudc day
(p = 0.5). Két qui so sanh cho thiy Mo hinh CNN sb
phtc tot nhit do GA dua ra déu t6t hon mo hinh CNN sb
phtic v6i tham sb dugc dé xuét bsi Glorot. Diéu d6 cho
thiy viéc khdi tao trong sb st dung phuong phap Glorot
chua phai phit hgp nhét cho mo6 hinh CNN s phiic. C4 hai
md hinh t6t nhét déu cé khuynh huéng pca < pGioror-
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e Conventional Model 1 (p=0.5) == == == Best Model 1 (p=0.4532)
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Hinh 5. Ti 1¢ nhan dang ding bién thién theo epoch C[(”)i v6i mod
hinh CNN s6 phitc (Model 1) véi tham s6p dugc dé xuat bdi
phuong phdp trudc day va tham so tot nhat do GA tim dudc

e Conventional Model 2 (p=0.5) == == e Best Model 2 (p=0.3621)
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Hinh 6. Ti 1¢ nhan dang ding bién thién theo epoch dbi véi md
hinh CNN s0 phiic (Model 2) véi tham s6 p dugc dé xuat bdi
phuong phap trude day va tham so tot nhat do GA tim dugc

V. KET LUAN

Bai bdo nay da dé xudt mo hinh st dung thuat toan di
truyén d€ tim tham s6 tdi uu cho viéc khéi tao trong sd
trong md hinh mang nd ron tich chap sé phic. Két qua
thuc nghiém da cho thiy viéc khéi tao v6i tham sb dugc dé
xuit bdi mo hinh d& xut tét hon so vé6i viéc khéi tao bing
phuong phap Glorot. Viéc st dung thuat toan di truyén dé
tim tham s bt budc phdi xdy dung rit nhiéu md hinh
mang no ron tich chip sb phiic nén viéc tim ra mé hinh t6i
wu nhit 1a diéu c6 thé ludng trudc duge. Tuy nhién, viéc
thuc nghiém v6i thuit todn di truyén niay da chiing minh
dudc ring phuong phap khdi tao trong sé Glorot chua phu
hop v6i mo hinh s6 phiic. Huéng phit trién trong thdi gian
t6i cia nghién cdu nay la tim ra dugc cong thic phu hgp
hon cho tham sb khéi tao trong sé ctia mo hinh mang no
ron s6 phiic d€ thay thé cho phuong phap Glorot. Tiép dén
dua ra ciac mo hinh toan hoc dé chitng minh tinh diing dén
clia cong thiic da tim thiy. Cudi cung 1a thii nghiém trén
cac dit liéu 16n hon dé€ kiém ching tinh ding din do.
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