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VA SU DUNG KET HQP CPU - GPU BPE TANG
HIEU NANG TiNH TOAN TRONG PHAN LOAI ANH
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Vién Ky thugt va Cong ngh¢, Truong Pai hoc Vinh
Ngay nhan bai 30/9/2018 , ngay nhan dang 29/11/2018

Tom tit: Bai béo trinh bay va so sanh cac phuong phap phéan loai anh dya trén
mang noron nhan tao nhiéu 16p (Multi Layer Perceptron - MLP) va mang no ron xoan
(Convolutional Neural Network - CNN). Dir liéu dugc dua vao huan luyén 1a 50.000
bic anh cua 10 ddi twong khac nhau. Kién tric tha nhat duoc sir dung 1a mang MLP
gom c6 3.853.298 tham s6 (weight), kién trdc thar hai 1a mang CNN gom 528.054 tham
s6. Bai bao di dé xuit mot vai phuong phap va cu trdc mang nham tranh hién tuong
qua khép (overfitting), ting cudng do chinh xéc cho mé hinh xap xi 80%. Bén canh do,
bai bao ciing trinh bay va so sanh vé thoi gian huan luyén khi str dung CPU va két hop
st dung CPU vai GPU.

1. MO DAU

Trong nhitng nam gan day, su phét trién cua khoa hoc cong nghé va cach mang
cong nghiép 4.0 dang lam cho cac nghién ctru V& tri tué nhan tao (Artificial Intelligence -
Al) tng dung trong linh vyc robotics, robot tuong tac thoi gian thyc vai moi truong xung
quanh... thu hit dwoc sy quan tdm caa cac chuyén gia trong linh vuc diéu khién. Trong
robot ty hanh, dé c6 thé twong tac voi méi truong hoat dong va diéu khién robot chuyén
dong theo diing quy dao mong mudn, van dé nhan biét, phan tich, nhan dang va phan loai
cac vat thé dong vai trd hét suc quan trong, gilp ching ta c6 co sé dé dua ra cac tin hiéu
diéu khién mot cach chinh xéc, kip thoi. Nhiéu cong trinh nghién ctu dugc cong bd trén
cac tap chi khoa hoc trong va ngoai nude [1], [10], [12], [15] cho thay van dé nay co thé
giai quyét va dua lai hiéu qua cao khi sir dung mang MLP, trong d6 viéc nhan dang chi
viét tay v6i d6 chinh xac 1én dén 99,8%.

Trong bai béo nay, nhdm tac gia nghién cau va tng dung céc cau tric mang MLP
va mang CNN két hop véi cac ky thuat t6i wu nham nang cao kha ning phan loai cac doi
tugng, thuc hién so sanh hiéu qua huan luyén mang khi sir dung CPU véi sir dung két
hop CPU - GPU V¢ d6 chinh xac va tbc do huan luyén mang.

2. KIEN TRUC MANG MLP, CNN VA CAC KY THUAT TOI UU MANG
2.1. Mang noron nhén tao va kién triic mang MLP

Mang noron nhén tao, goi tat 1a mang noron 1a mot md hinh toén hoc duoc xay
dung duya trén co s CAC mang noron sinh hoc gdm mét sé lugng 16n cac phan ta (goi 1a
noron) két ndi véi nhau thdng qua céc lién két (goi la trong s6 lién két) 1am viéc nhu mot
thé thong nhat dé giai quyét cac van dé cu thé nhu nhan dang mau, phan loai dit
liéu,v.v... thdng qua mot qua trinh hoc tir tap cac mau huan luyén.
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M6 hinh mang noron thuong duoc st dung rong réi nhat 1a mé hinh mang truyen
thang nhiéu 16p (MLP - Mult| Layer Perceptron). Mot mang MLP tong quat la mang céd
N 16p (n > 2) trong d6 bao gom mat 16p vao, mot 16p ra va mot hoac nhiéu I16p an (hinh
1).

Hoat dong cua mang MLP nhu sau: Tai I6p vao, cac noron nhén tin hiéu vao xu
ly (tinh téng trong so, gui t6i ham truyén) rdi cho ra ket qua (1a két qua caa ham truyen)
két qua nay s& duogc truyen t6i cac noron thuc 16p an thar nhét; cac noron tai day tiép
nhan nhu 14 tin hiéu dau vao, xu ly va giri két qua dén 16p an tha 2;...; qua trinh tiép tuc
cho dén khi cac noron thudc 16p ra cho két qua.
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Hinh 1: Mang MLP 4 lop

Mang MPL duoc sir dung rat thanh céng trong viéc nhan dang chit viét tay [2],
[10]. Co s& dix liéu phd bién rong réi nhat cho bai toan nay 1a MINST [16], khi huan
luyén Ch1 Vvé6i 2 16p an cho d6 chinh XéC 1én t6i 99,8%. Kién tric mang MPL nhu hinh
hinh 1, gom c6 1 16p dau vao, 2 16p an va 1 16p ra. TUy theo yéu cau cua bai toan, ta co
duoc s6 lugng dau vao. Pé co d6 chinh xac cao, tranh hién tuong qué khéop (overfitting)
thi s6 luong 16p 4n va sb noron trén né 1a yéu té quyét dinh [7].

Vi du, trong bai toan nhan dang chix viét tay, bo dit liéu huan luyén tir tap MINST
c6 kich thudc 28x28 nén s6 noron dau vao 1a (28x28)= 784, s6 noron 16p an 1 14 512, 16p
an 2 1a 512 va s6 noron dau ra twong @ng tir 0—9 1a 10. o chinh xac khi huan luyén 1a
99.93% va khi kiém chang trén md hinh thi do chinh xac dat gan 99,8%. Trén co so két
qua d6, nhém tac gia thyuc hién thu nghiém stir dung mang MPL trong viéc phan loai cac
dbi tuong.

2.2. Kién trac mang CNN va cac k¥ thuit toi wu mang

Kién tric mang CNN [1], [2], [12] 1 kién trGc mé rong cua mang MLP duoc s
dung rong rai trong ky thuat hoc séu (deep learning) dac biét 1a trong linh vuc thi giac
may tinh (computer vision). Mot trong nhitng glal phép nham t6i uu qua trinh huan luyén
mang duogc dé xut 1a giam sb luong céc trong sé (weight) dé ting toc do tinh toan, glam
thoi gian huan luyén, tranh hién tuong qua khop khi ma lwong dir liéu dau vao la rat 16n
nhu cac buc anh mau, video...
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Hinh 2: Kién tric cia mgt mang CNN

Mang CNN c6 c4u trac nhu hinh 2, véi dau vao s& dugc nhan xoin vai cac ma
tran loc, cong viéc nay cd thé dugc xem nhu phép loc anh vai ma tran loc khi st dung
dang ma tran [7], ciing nhu phép loc anh binh thudng trong khong gian 2D thi tich xoan
nay citing dugc ung dung trong trong khéng gian anh mau 3D va trong ca khdng gian n
chiéu. Sau khi thu gon ma tran dugi dang mot véc to thi nd s& dugc két hop véi mot
mang MLP ddy du nhu dugc md ta & muc 2.1, v6i cac anh xam ma tran dau vao 1a 2
chiéu, con v&i anh mau ma tran vao sé 1a 3 chiéu.

Khi xem xét mang CNN, khai niém tich xoan (tich chap) trong dai 6 1a co s¢ caa
phan mang CNN:

Pua vao anh xam X va bo loc @ ¢6 kich thuéc [m,n], tich xoan gitta © va X la:
y =X *, trong d6 cac thanh phan ciia ma tran y s& duogc tinh theo cong thuc:

Yy =m§_fn§_fx [i-a, j—b]-w[a,b] hay y; =m§_fn§jx [i+a, j+b] w[-a,-b] oy

Gia tri cia ma tran o[-a,-b] duoc hiéu la gia tri tai [a,b]cua ma tranw sau khi
duoc lat tir phai sang trai va dao nguoc tir dudi 1én (nhu hinh 1)

H ‘H H
A | B B | A D | C

cC | D D C B | A

Hinh 3: Minh hoa phwong phdp tim gid tri »[-a,~b]tir ma trdn géc bén trai qua phép
|t gidta va ddo tir duedi 1én cho két qua 1a ma trdn bén phdi
Kién tric mang CNN bao gom céc 16p dugc goi 1a 16p xoan véi ma tran dau vao
la 1, boloc K vatrong sé b. Ta gia thiét rang 1 1a ma tran anh mau c6 kich thudc
[CxH xW], trong @6 C =3 la sé ma tran mau R,G,B va anh c6 kich thuéc [H,W].

Khi d6 | e R K e R** va b ¢6 kich thuéc b e R®. Tich xodn giita | va K s&
€6 ma tran mai chinh la ma tran dau ra cua l6p xoan:
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k-1k,-1 C
(1K) = 2,2, 2 Ko Vmpune +P. @
m=0 n=0 c=
trong truong hop nay, | chinh la ma tran duoc lat nhu hinh 3 tir ma tran loc 1 .
Vi 16p CNN c¢6 kich thuéc C >3 thi cong thic tinh todn van nhu trén va ma
tran K s& ¢6 do sau C nhu ma tran | . Vi duy, cho 6 ma tran loc co kich thudc 5x5, tich
xoan caa anh mau | vai lan luot tirng b loc K s€ tao ra 6 ma tran dugc sap xép nhu hinh
4,

32

- s Tich xoan véi ma tran
Ma trén anh vao | :

kich thuéc [32x32] K[5x5]

3

32 28

Hinh 4: Ma trdn dau ra dwoc tao tir 6 ma trdn con qua phép tich xodn
giza ma trgn vao | va matrdn loc K truot trén |

Khi x@y dung dugc mang CNN nguoi ta thém vao céc ky thuat pooling, dropout,
normalizing, regularization dé téi wu thoi gian huan luyén va tranh hién tuong qué khop
[7]:

- Pooling [7]: Qué trinh giam kich thirc anh sau khi tinh tich xoén dé iy cac pixel
dic tinh dic trung nhat.

- Dropout [7], [11]: Cit bét s6 noron khi thyc hién thuat toén lan truyén nguoc
nham tang téc d6 huan luyén mang

- Normalizing [7]: K¥ thuat chuan héa dir liéu vé dang di liéu trong dai tinh toan
phu hop.

Gia str X 1a dit liéu can chuén hoéa, khi do:

+ Ky vong cua dit liéu tinh dwoc: = %i X (3)

+ Sai léch cua dir liéu so véi ky vong: AX = X1 75 4)

+ Phuong sai cua dit liéu AX : %i (AX)?, (5)
1

do d6 dau ra dir lidu dugc chuan hoa sé la: X = Ag—f . (6)

- Regularization [7]: Ky thuat sir dung thém tham s6 4 trong ham muc tiéu J
khi t6i uu hoa:

J requtarized Z—%g(y(‘) log(a"")+(1-y")log(1-a" ))+——ZZZW&'}2 @)

, Céac md hinh CNN duoc xay dung chi yéu sir dung ham RelU (hlnh 5) dé tang
toc do tinh toén so vai cac ham phi tuyén khac va c6 dao ham khong doi khi huan luyén.
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Chuing ta can mot md hinh xéc suit sao cho voi mdi dau vao thi xéac suat dé dau
vao d6 roi vao 16p 1 phai duong va tong cua ching bang 1. Bé lam duogc viéc do, ta xay
dung ham Softmax (hinh 6). Ta c6:

e’
—Vi=12,....,C:z= W'X. 9)

C

> e”

j=1
Taco: Y, =P(a, =k]i,,W), trong d6 Yy, thé hién xac sut cua dau ra mé hinh

roi vao 16p K khi c6 dau vao i, va tham sé6 m6 hinh W (ma tran trong s).

Yo =

Xac sudat
dau ra
Zq pesess V1 xanh
Softmax
Zog epmmsas Yo Vang
Softmax
Z, pmesas V3 Hﬁng
Softmax
z, |rpe==== P ¥4a| | Tim
Softmax
.. -l
Softmax

Hinh 6: M6 hinh Softmax Regression duéi dang Neural Network
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Trong mang noron, Viéc tim gié tri nho nhat cua ham mét mat (cost functions) 1a
diéu bat buoc. Viéc tim diém cuc tiéu toan cuc cua né rat phac tap, tham chi 1a bat kha
thi. Thay vao d6, nguoi ta thuong cb gang tim cac diém cuc tiéu dia phuong va co thé
xem d6 1a nghiém can tim caa bai toan. Céach tiép can phd bién nhat 1a xuit phat tir mot
diém ma chung ta xem 1a gan véi nghiém cua bai toan, sau d6 dung mot phép toan lap dé
tién dan dén diém can tim, nghia 1a dén khi dao ham gan véi 0. Giai thuat Gradient
Descent va cac bién thé cua nd 1a mét trong nhirng giai thuat dugc dung nhiéu nhét.

Gia thiét mang noron c6 K 16p, c6 tap huan luyén véi m dit liéu vao - ra nhu

{(Xa), y<1)),(x<2)’ y(2>),...,(x<““>, y™ )} _ (10)

Luc d6 ham muc tiéu (ham mét mét - cost function) trong bai toan phan 16p hoi
quy sé la [5,7]:

30/~ 2 o (o)1 Yoo () |- £ St

Con véi mang noron K 16p, ham muc tiéu sé la [10][7]:

Sau:

/1 L-1 5 §+1

=__{Zm:gy Iog( ( )) (1 y! )Iog(l—(h( ))kﬂ o 22 jl(aj(i'))z,(12)

Vol (hg(x))i =i" dau ra thit i cua mang.
Dé t6i uu hoa ham muc tiéu trén ta tim MinJ (6) sau d6 tién hanh cap nhat tham

s6 md hinh @ (ma tran cac trong s cua mang) bang giai thuat Gradient Descent. Giai
thuat nay phd bién va cho hiéu qua tét nhat khi tap dir liéu 16n (Big data), trong hoc sau
nguoi ta d& xuat thém cac bién thé cua giai thuat Gradient Descent nhu SGD [7], [13],
[17], Adam [5], [6], [7]. [8], RMSProp [7], [8]. Trong bai b4o nay, ching téi sir dung
thuat toan t6i wu RMSProp 1a mot phuong phap don gian, cho hiéu qua cao trong bai
toan phan loai anh [1], [12].

3. THU NGHIEM HUAN LUYEN VA KIEM CHUNG MO HINH
3.1. Tép hop dir liéu huin luyén

Trong bai bao nay, tap hop dir liéu duoc trich ra tir tap hop dir lieu CIFAR-10
[15] gdm 50.000 btrc anh ding 1am tap huan luyén (training data), 10.000 birc anh dung
lam tap kiém ching mé hinh (test data), trong tap dir liéu huan luyén c6 10% dit liéu
(5.000 birc anh) ngiu nhién duoc loai ra bang cach xoay vong dé tranh truong hop chua
khop (underfitting), moi bic anh trong tap dit liéu 1a anh mau c6 kich thuéc 32x32x3
diém anh, céc buc anh trong tap dir liéu nay da duoc tién xir Iy va dam bao chi c6 mot
dbi twong xuat hién trong mot birc anh, dit liéu phan loai duoc phan theo 10 16p.
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Hinh 7: Phdn chia tdp hop dir liéu trong bai bdao

Hinh 8: Ldy ngau nhién 36 bic dnh trong tdp da liéu hudn luyén

3.2. Cau truc phan cing

May tinh sir dung c6 cau hinh:

- CPU: Intel® Core™ 17 6700HQ Processor;

- RAM: 2 thanh DDR4 2133 MHz SDRAM 4GB,;

- Card dd hoa: Integrated Intel® HD Graphics 530;

- GPU roi: NVIDIA® GeForce® GTX 950M véi 4G GDDR5 VRAM, trong do:

+ L6i CUDA: 640;

+ Xung BoostBase (MHz): 914;

+ Xung cho bd nhé: 2500 MHz;

+ Giao tiép bo nho chuan GDDRS;

+ Do dai dir liéu giao tiép bo véi bo nhd:128-bit;

+ Tdc do giao tiép vai bo nhé (GB/sec): 80.

Kién tric CUDA (Compute Unified Device Architecture) [8] cho phép ting toc
do tinh toan cua chuong trinh 1én nhd kha ning tinh todn song song, hd trg moi chirc
niing tinh toan thong qua ngén ngit C, hd trg cac cac ngdn ngit nhu Python, Fortran, Java
va MATLAB dé cai dit cac thuat todn chay trén GPU. Phan mém duoc sur dung la
Tensor Flow hé trg GPU va OpenCV.

3.3. Thw nghiém véi mang MLP

Ta xay dung mang MLP c6 kién tric nhu hinh 9 véi cc thugc tinh nhu bang 1 dé
phan loai cac doi tugng trong tap dir liéu da néu ¢ muc 3.1.
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Hinh 9: Mgng MLP ung dung trong nhgn dang
Bang 1: Thugc tinh ciza mang MLP

Tén lop Sb lugng node Ham Dropout Tham sb
Pau vao 3.072 3.073.000
Lopanl 1.000 RelLU 0,2 512.512
Lop an 2 512 RelLU 0,2 262.656
Pau ra 10 Softmax 5.130
Tong 4.594 3.853.298

~ Mang MLP str dung phuong phap t6i uu RMSprop, kich thuéc mdi lan dua vao
huan luyén la 32 anh, s6 lan huan luyén la 10.
3.3. Thw nghiém véi mang CNN
Mang CNN duoc xay dung véi cac thugc tinh mang nhu bang 2 duoc chi rd trong
hinh 10.
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Hinh 10: Mgng CNN trong viéc phan logi énh
Bang 2: Thugc tinh mang CNN
Ténmang | Tén I6p Convolution | Pooling Tham s
Layer 1 32x32x16 2 208
CNN Layer 2 16x16x32 2 2.080
Layer 3 8x8x64 2 8.256
Tén mang | Tén lop Ham Dropout Tham so
Input 0
MLP Hidded Layer 1 RelLU 0,4 512.500
OutPut Softmax 5.010
Tong 528.054

Viéc xay dung mo hinh duoc thyc hién theo thuat toan trén hinh 11 va dé t6i uu
hoéa mé hinh khéng bi qué khép vai d6 chinh xac cao, nhom tac gia da sir dung mé hinh
mang CNN ¢ hinh 10.
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Data Sau khi hudn

: PR S
50000 anh hun luyén luyén c6 Quoc |
10000 &nh kiém tra méd hinh
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hinh CNNs
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Bira di liéu hudn
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Iru va dwa vao
siF dung véi
OpenCV

Hinh 11: So d@6 chirong trinh hudn luyén magng CNN
3.4. So sanh céc két qua dat dwoc

Hinh 12 thé hién két qua ciia m6 hinh da dugc huan luyén véi buc anh khong
gach chéo thé hién két qua nhan dang chinh xac, con c6 gach chéo cho két qua nhan dang

sal.

truck {truck)

ship (ship)

cat {cat) daer (doer)

Y E

oese (hoese) arpl (anplane)
——

arplare (bird

Hinh 11: Két qua thiz nghiém md hinh CNN

Bang 3 the hién cac két qua dat duoc khi huan luyén va kiém nghiém do chinh
xac vai hai kién trdc ctia moé hinh MLP va CNN da néu ¢ trén:

i "
“ e
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- Mang MLP cho d¢ chinh xé&c 45% khi huan luyén 20 lan (Epochs=20) trong do
mang CNN la 79% khi huan luyén 40 lan (Epochs= 40) (d6 chinh xac tang lén xap xi
80% khi tang s6 1an huan luyén). Khi sir dung CPU két hop GPU thi ¢6 thé téi uu duoc
thoi gian huan luyén 1én dén 3—4 lan (tuy thudc vao cau trdc phan cing sir dung) so véi
viéc sir dung CPU. Khi sé 1an huan luyén ting 1én nhiéu thi thoi gian huan luyén khi st
dung CPU két hgp GPU ting 1én khong nhiéu, va ting khong dang ké khi dung CPU.

- Khi sé 1an huan luyén ting 1én 50, 60,...,100 thi d6 chinh xac khong cai thién
thém ma chi dao dong quanh 45% cho mang MLP va 80% cho mang CNN do hién tugng
qua khop. Hién tuong nay xay ra khi mang c6 nang luc qua Ion va dé han ché bot ndng
lyc cua mang ta co thé han ché s6 nat 4n; ngan khong cho mang st dung cac trong so
I6n; gidi han sé budc luyén.

Bang 3: Két qua dat duoc

Tén mang Thoi  gian | Thoi  gian | Thoi  gian | Thoi  gian | Do chinh
huan luyén | huan luyén | chay kiém | chay kiém | xac cua md
su dung | st dung tra sir dung | tra st dung | hinh (%)
CPU (s) CPU-GPU | CPU CPU-GPU

(s) (s) (s)

MLP 987 200 2,1 1 39
Epochs=10

Batch_size=32

MLP 1.133 201 2,2 1 45
Epochs=20

Batch_size=64

CNN 386 177 2,2 13 63
Epochs=10

Batch_size=32

CNN 710 256 2,2 1,4 69
Epochs=20

Batch_size=64

CNN 1.020 319 2,3 1,4 74
Epochs=30

Batch_size=128

CNN 1.194 351 2,3 14 79
Epochs=40

Batch_size=256

4. KET LUAN

Bai bao trinh bay phuong phap phan loai anh st dung mang MLP, mang CNN va
tng dung cac ky thuat tdi wu qua trinh hudn luyén mang. Sau khi xay dung va thir
nghiém thanh céng hai mé hinh mang MLP va CNN trén co s sir dung két hop CPU-
GPU, bai bao da dua ra két qua so sanh vé hiéu qua phan loai anh giita treong hop khi sir
dung CPU va trudng hop khi sir dung két hop CPU-GPU trong qua trinh huan luyén
cling nhu kiém nghiém mé hinh. Thyc hién kiém nghiém cho thay khi sir dung mang
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CNN cho két qua phan loai anh dat d chinh xéc gan 80% va khong cai thién thém khi
tang so lan huan luyén. B¢ nang cao ket qua cua viéc huan luyén ta can st dung tp huan
luyén c6 chat lugng anh cao hon ciing nhu cac ky thuat khac duoc trinh bay trong [3],

[4], [14].
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SUMMARY

APPLYING NEURAL NETWORKS, CONVOLUTIONAL NEURAL
NETWORKS AND COMBINATION OF CPUS AND GPUS TO INCREASE
CALCULATING PERFORMANCE FOR IMAGE CLASSIFICATION

This paper presents and compares the image classification methods based on
MLPs and CNNSs. Training data is 500,000 pictures of 10 different objects. The first
architecture to be used is MLPs network that contains 3,853,298 weights, the second
architecture is CNNs with 528,054 weights. This paper proposes several methods and
architectures network to avoid overfitting phenomenon and increases the accuracy of
modeling approximately 80%. Besides on it, the paper also presents and compares time
training of models using CPUs, and combining CPUs with GPUs.
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