Phuong phap deep learning véi mang No ron tich chéap
1 Khai niém vé deep learning va lich siz phéat trién cia né

Deep learning 1a sy dot pha trong viéc nghién ciru vé mang No ron, phuong
phap hoc nay dac biét dugc quan tam tir sau cong trinh nghién ctru ctia Hilton nam

2006. Su dot pha ¢ day gém mot sd khia canh sau:

S6 luong 10p ciia mang tang 1én dang ké: c6 thé dén vai chuc hodc tham chi

hang trim 16p an.

- S6 lugng 16p tang lam cho s6 lugng tham sé ciling ting 1én rat nhiéu d6 hoi

phai c6 thuat toan hoc hi¢u qua.

- Kich thudc mang 16n doi hoi phai c6 cac hé théng may tinh téc do cao dé xir
ly. Trong nhiing ndm gan day sy phat trién cia GPU di trg giup cho qua

trinh nay.

- S6 luong dit lidu dung cho huan luyén 16n. Piéu nay trude day 1a kho thuc
hién tuy nhién dbi véi cac hé théng hoc sau chung ta phai c6 sé luong dir
liéu mau du 1on.

Deep learning 1a mot nhanh cua linh vuc hoc may, dua trén mdt tap hop cac
thuat todn nham cb ging mo hinh dit liéu triru twong hoa ¢ mirc cao bang cach sir
dung nhiéu 16p xtr Iy véi cau trac phic tap, hodc bao gdm nhiéu bién do6i phi tuyén.

Hai loai mang No ron duogc sir dung nhiéu nhét trong thuc té 1a mang CNN va
RNN. Mang RNN phu hop véi cac bai toan trong xir Iy ngén nhit ty nhién trong
khi d6 mang CNN phu hop véi cac bai toan vé xir Iy anh, nhan dang ddi tuong, ...
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Hinh 2.13 Méc dédnh dau sy ra doi ciia deep learning nam 2006

Niam 2006 duoc coi 1a mot dau mbe quan trong danh dau sy dot pha vuot bac
trong nghién ctu vé mang No ron bai ¢ong trinh nghién ctu caa Hilton vé mang
no ron Niém tin sau (Deep Belief Net) (xem hinh 2.13). Ngay sau céng trinh nay
cac nghién cau vé deep learning trg nén vod cing manh mé. Hinh 2.14 minh hoa
cac nghién ctru dén nam 2009 vé deep learning.

Tiép theo 1a nghién ctru vé hoc sau véi hai loai mang quan trong 14 mang No
ron tich chap va mang No ron hoi quy. Trong d6 mang No ron tich chap duoc thiét
ké véi rat nhiéu vu diém cho 16p bai toan xu ly va khai pha dir liéu d6i véi anh
(hinh 2.15).
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Hinh 2.14 Cac nghién cizu tiép sau sir ra doi cua deep learning
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Hinh 2.15 C&c nghién citu vé deep learning dén nay

Ciing trong thoi gian nay hang loat cac cong ty cong nghé da tap trung
nghién cau va tng dung deep learning; ching ta cd thé ké dén nhu Google,
Faceboook, Baidu, IBM,... Nhitng ang dung da trién khai ra thuc té rat quan trong
nhu hé thdng xe tu 14i, hé thdng chatbot, hé théng nhan dang ddi tuong, ...

T6m lai diéu 1am cho hoc da tang khac biét 1a (1) chat luong vuot troi doi
v6i mot s6 linh vue can giai quyét, (2) 1am cho viéc giai quyét van dé don gian hon
vi gan nhu cic céng doan duoc ty dong diéu chinh nhat 1a khau trich chon dic
trung. Hai tinh chat quan trong c6 thé giai thich thm cho viéc néi troi vé chat
lugng cua céc hé théng deep learning 1a qué trinh hoc duoc bd sung dan, tir 16p nay
dén 16p khac trong d6 cac md ta vé dbi tuong cd do phic tap ting dan va qué trinh
hoc duoc lién két véi nhau tir dau dén cudi.

2 Hoc da tang véi mé hinh mang No ron tich chdp

Pau tién, voi mang No ron tich chap (Convolutional Neural Network) hay
CNN, day 1a mot kién tric mang No ron nhiéu 16p. Piém khac biét nhat ciia mang
No ron tich chap so véi mang No ron thong thuong 1a & mdi 16p gom nhiéu ting

xép chdng 1én nhau va c6 d6 sau nao dé (xem hinh 2.16).
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Hinh 2.16 Mang No ron (trdi) va mang No ron tich chdp (phai)
Chung t6i cling luu ¥ rang mang No ron tich chap dic biét phu hop cho dit liéu dau

vao c¢6 dang ma tran chang han ma tran bi€u dién cho anh.
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Hinh 2.17 Minh hoa qud trinh két néi dia phwong trong mang CNN
Mot s6 khai niém co ban vé mang CNN dugc trinh bay nhu sau [8, 9, 15, 16]:

Lép tich chap (convolutional layer)

Véi CNN, 16p tich chap ciing chinh 1a cac 16p an, khac & chd, 16p tich chap
gom céc feature map, vé ban chat mdi feature map nay 1a mot ban quét qua cta cac
dau vao ban dau nhung duoc trich xuét ra cac dic tinh cu thé. Qua trinh quét nhu
thé nao thi lai dwa vao cac bo loc (Convolution Filter) (hinh 2.18 ). Cac bo loc tich
chap s€ thuc hién viéc quét qua ma tran dir licu dau vao, tir trai qua phai, trén Xuéng
dudi, va nhan tuong ing ting gia tri cia ma tran dau vao ma ma tran loc roi cong
téng lai, dua qua cac ham kich hoat (sigmoid, relu, tanh, ... ), két qua s& 1a mot con

sd cu thé, tap hop cac con sb nay lai 13 1 ma tran nita, chinh 1a dic trung.

Véi vi du hinh 2.18 dit liéu dau vao ¢6 kich thude 5x5x3, sau khi 1am hang
rao bén ngoai ta s& co kich thudc 1a 7x7x3. Dé di xay dung cac tng cho cac 16p ta
phai st dung céc bo loc (sé luong bo loc tuy theo thuc té). Chéng han véi vi du nay
ta xét 2 bd loc WO va W1. Vi dau vao nhu vay thi s& ¢ 2 ting & 16p tiép theo sau
khi tinh todn. Mdi gia tri cuia mot tang s& duoc tinh toan qua 3 vung gia tri cia ma

tran dau vao tuong ung, trong vi du dang xét cho gia tri 6 & ting so 1.



Sau khi tinh toan xong thi 10p dau ra s& gém 2 ting mdi ting co kich thudc

3x3 va kich thudc cua 16p nay sé& 1a 3x3x2 twong tng 1a chiéu rong (width), chiéu

cao (height) va chiéu sau (depth) ctia 16p d6. Nhu vay néu ta sir dung 4 bo loc thi ta

s& co kich thudc khdi dau ra gém cac no ron la 3x3x4. Hinh 2.19 minh hoa vi du

vé cac feature map.
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Hinh 2.18 Vi du vé viéc tinh todn cdc [6p cho mang No ron tich chdp
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Hinh 2.19 Vi du vé qua trinh sinh ra cdc dac trung cho mot anh
Stride and Padding

Stride 1a khoang cach gitra 2 bo loc khi quét. Vai stride = 1 thi s€ quét 2 6 ngay
canh nhau, nhung véi stride = 2, qua trinh s€ quét 6 s6 1,86 3,86 5, Padding 1a viéc
1ap hang rao bao quanh ma tran dit liéu v6i cac s6 0 dé qua trinh sinh ra céac feature
map khong bi mat mat thong tin boi cac 6 ¢ ria bién.

Pooling

Muyc dich cua qué trinh nay 1a lam gidm kich thudc cua dir liéu. Khac vai 16p
Convolutional, 16p Pooling khong tinh tich chip ma tién hanh lay mau
(subsampling). Khi ctra s6 trugt trén anh, chi c6 mot gia tri duoc xem 13 gia tri dai
dién cho thong tin anh tai ving d6 (gia tri mau) duoc giir lai. Cac phuong thirc lay
pho bién trong 16p Pooling 1a MaxPooling ( 1ay gia tri 1on nhat), MinPooling (lay
gi4 tri nho nhat) va AveragePooling (liy gi4 tri trung binh). Hinh 2.20 va 2.21 minh

hoa vi du vé max-pooling.



Single depth slice

% 11112 | 4
max pool with 2x2 filters
SNRGN 7 | 8 and stride 2 6 | 8
3 | 2 NG ] 3|4
1 | 2 [
v >
Hinh 2.20 Vi du vé sir dung max-pooling
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Hinh 2.21 Vi du vé viéc giam kich thudc ctia dir lidu: tir mot khéi kich thuéde

224x224x64 sau khi giam ching ta s& dugc khoi 112x112x64

Trong nhitng nim gan day dbi v6i mang No ron tich chap, ham kich hoat
hay str dung 12 ham ReLU. Sau mdi lan tinh toan céac 16p, dé giam kich thudc cta
qua trinh tinh toan chung ta st dung phuong phap giam so chiéu (max-pooling).
Phuong phap sir dung max-pooling rat don gian. Poi khi stir dung mot ma tran quét

qua tirng ting cta 16p va 14y max cua chung.

Fully Connected



Thong thuong thi sau cac 16p Conv+Pooling thi sé 1a 2 16p Fully connected,
1 layer dé tap hop cac feature layer ma ta da tim ra, chuyén doi dit liéu tir 3D, hoic
2D thanh 1D, tirc chi con 1a 1 vector. Con 1 layer nita 1a output, s neuron cia
layer ndy phu thudc vao sd output ma ta mudn tim ra. Gia sir voi tap dit liéu
MNIST chang han, ta c6 tap cac sd viét tay tir 0 -> 9. Vay output s& c6 s6 neuron la
10, tap dir liéu phan loai cam xuc khuon mat c6 7 loai thi $6 lugng no ron s¢€ 1a 7,

bai toan x4c dinh anh khuén mat 13 cudi hay khong thi chi can 2 no ron.
Ciu triic mang No ron

Céu truc chung cia mang No ron tich chap duoc trinh bay trong hinh 2.22.
Tur dit liéu dau vao ta lan luot xay dung céc 16p, thuc hién max-pooling va hai 16p
cudi cung ctia mang sé& 1a cac 16p két ndi day du (fully connected — FC). Thuong
thi sau cac 16p Conv+Pooling thi s& 1 2 16p Fully connected, 1 layer dé tap hop
cac feature layer ma ta da tim ra, chuyén doi dit liéu tir 3D, hoac 2D thanh 1D, tirc
chi con 1a 1 vector. Con 1 layer nita 13 output, s6 neuron cua layer ndy phu thudc
vao s6 output ma ta muén tim ra. Gia sir véi tap dit liéu MNIST chang han, ta co

tap cac sd viét tay tir 0 -> 9. Vay output s& c¢6 s neuron 1a 10.
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Tom lai cdu trac ctia mang deep learning CNN tong quat nhu sau:
INPUT—[[CONV-RELU]*N—>POOL?]*M—>[FC-RELU]*K—>FC

trong d6 ki hiéu * thé hién s6 1an 1ap lai, POOL? thé hién tiiy chon c6/khong,
thong thuong: 0N <3, M>0,0<K <3,

Qua trinh huin luyén mang deep learning CNN dugc mb ta trong hinh 2.33.

Bude 1: Khéi tao cac gia tri tham sd, va bd loc ngau nhién.

Budc 2: Vi mbi anh huin luyén, thuc hién cac phep bién d6i sir dung cho
cac bo loc dé xac dinh 16p tich chap, st dung ham kich hoat, pooling, qua
16p FC va tinh x4c sudt dau ra trong tmg cho mdi 16p. Vi anh dau tién cac

gia tri 12 ngau nhién nén két qua dau ra ciing s& ngau nhién.
Budc 3: Tinh gi tri 15i tai 16p dau ra.

Buéc 4: St dung thuat toan lan truyén nguoc udc lugng cac tham s theo
phuong phap gradient. Liic ndy gia tri cdc tham s6 cia mang CNN s& dugc
cap nhat. Chu yes rﬁng cac tham sé nhu s6 luong bo loc, kich thudc bd loc,
kién tric ctia mang CNN da duogc xac dinh tir ddu nén khong thay doi trong
qua trinh huan luyén. Chi c6 cac gia tri ctia bo loc va cac trong sd lién két

gilta cac no ron la s€ dugc cap nhat.

Bwéc 5: Lip lai budc 2-4 véi tat ca cac anh con lai cua tip dit liéu hudn

luyén.

Hinh 2.23 Qud trinh hudn luyén mang CNN

Trong vai nam tr¢ lai day, lién tuc cé cac cudc thi lién quan dén dé xuat cua

cac hé théng deep learning, ching t6i c6 thé diém mot s6 hé thong chi yéu sau

day:



LeNet: Cac tmg dung thanh cong dau tién ciia Mang luéi chuyén tai duoc Yann
LeCun phat trién vao nim 1990. Trong sd nay, ndi tiéng nhat 1a kién tric LeNet
duoc st dung dé doc ma zip, chi s6, v.v. Trong nghién ctru ndy Lecun d3 cong bd

nhiing mang No ron tich chap c6 s6 16p 1a 5.

AlexNet: Cong trinh dau tién phd bién Mang lu6i lién két trong Mang mdy tinh 1a
AlexNet, dugc phat trién boi Alex Krizhevsky, Ilya Sutskever va Geoff Hinton.
AlexNet da duoc giri dén thach thirc ImageNet ILSVRC trong ndm 2012 va vuot
troi hon dang ké so véi dé xuat thi hai (16i 5 hang dau 16% so véi vi tri tha hai
26%). Mang c6 kién trtc rat gidng voi LeNet, nhung 1a cac 16p Convolutional sau
hon, 16n hon va noi bat xép chong 1én nhau (trudc diy nd thuong chi cé6 mot 16p

CONV duy nhat luén duoc theo sau boi mot 1ép POOL).

ZF Net: Dé xuit hé théng deep learning dat chét luong tdt nhat tai cudc thi
ILSVRC 2013 1a cua nhém Matthew Zeiler va Rob Fergus. N6 duoc goi 1a ZFNet
voi viét tit cia Zeiler & F ergus Net. D6 1a mQt sy cai tién trén AlexNet béng cach
tinh chinh cac tham sb va kién trc, dic biét bang cach méd rong kich thuée cia cac

16p trung gian.

GoogLeNet: Nguoi chién thang ILSVRC 2014 1a mot giai phap ctia nhom
Szegedy et al. tir Google. Pong gop chinh cta né 13 phét trién mo-dun khoi dong
lam giam dang ké s6 luong tham sd trong mang (4M, so v6i AlexNet voi 60M).
Ngoai ra nghién ctru nay st dung tinh nang Pool Pooling thay vi cac 16p Fully
Connected & phia trén cing cua ConvNet, loai bo mot lugng 16n cac tham s6 ma
dudng nhu khong quan trong 1am. Ngoai ra con ¢6 mét s phién ban tiép theo cho
GoogLeNet, ban gan day nhat 1a Inception-v4.

VGGNet: Pung tht hai trong cudc thi ILSVRC 2014 1a dé xuit dén tir nhom

Karen Simonyan va Andrew Zisserman duoc biét dén véi tén VGGNet. Pong gop

chinh ctia nghién ctru 1a cho thay rang chiéu sau cua mang la mgt thanh phan quan



trong nham cho hiéu suat tot. Mang dé xuat chira 16 16p CONV/ FC. Nhuoc diém
cia VGGNet 1a né kich thudc 16n, v6i nhiéu bd nhé va thong sé hon (140M) (xem
hinh 2.24.

Layer id Layer type Parameters number
(0): Image (3, 224, 224)
(1): Convolution (64, 3x3x3, 1x1, 1x1) 1,792
(3): Convolution (64, 64x3x3, 1x1, 1x1) 36,928
(5): MaxPooling (2x2,2x2)
(6): Convolution (125, 64x3x3, 1x1, 1x1) 73,356
(8): Convolution (128, 128x3x3, 1x1, 1x1) 147,584
(10): MaxPooling (2x2,2x2)
(11): Convolution (256, 128x3x3, 1x1, 1x1) 205,168
(13): Convolution (256, 256x3x3, 1x1, 1x1) 500,080
(15): Convolution (256, 256x3x3, 1x1, 1x1) 590,080
(17): MaxPooling (2x2,2x2)
(18): Convolution (512, 256x3x3, 1x1, 1x1) 1,180,160
(20): Convolution (512, 512x3x3, 1x1, 1x1) 2,359,808
(22): Convolution (512, 512x3x3, 1x1, 1x1) 2,350,808
(24): MaxPooling (2x2,2x2)
(25): Convolution (512, 512x3x3, 1x1, 1x1) 2,359,808
(27T): Convolution (512, 512x3x3, 1x1, 1x1) 2,359,808
(29): Convolution (512, 512x3x3, 1x1, 1x1) 2,359,808
(31): MaxPooling (2x2,2x2)
(32): FullyConnected (25088 — 4096) 102,764,544
(34): Dropout (50%)
(35): FullvConnected (4006 — 4006) 16,781,312
(37): Dropout (50%)
(38): FullyConnected (4096 — 1000) 4,007,000
(40): Soft Max

Total : 16 layers 138,357,544

Hinh 2.24 S6 lirong tham sé cho mang VGG véi 16 I6p
ResNet: Mang con lai dugc phat trién boi Kaiming He et al. 1a nhom chién thing
ciia ILSVRC 2015. Mang nay duogc giéi thiéu nam 2016 véi kién trac rat nhiéu 16p

nhu sau:



layer name | output size 18-layer 34-layer [ 50-layer | 101-layer 152-layer
convl 112x112 Tx7, 64, stride 2
3%3 max pool, stride 2
[ 1x1,64 [ 1x1,64 [ 1x1,64 7
conv2x | 56x56 [g:gﬁ }xz [ gzgg x3 | | 3x3,64 |x3 3x3,64 | x3 3x3,64 |x3
» ’ | 1x1,256 | | 1x1,256 | | 1x1,256 |
- . - - [ 1x1,128 | [ 1x1,128 ] [ 1x1,128 ]
conv3x | 28x28 ;:g gg x2 ;:g gg x4 | | 3x3,128 | x4 3x3,128 | x4 3x3,128 | x8
[ 9%, 148 ] L 9%, 148 | 1x1,512 | | 1x1,512 | | 1x1,512 |
i ; - ; 1x1,256 1x1,256 | 1x1,256 |
comvdx | 14x14 g:g ggg x2 g:g ggg x6 | | 3x3,256 |x6|| 3x3,256 |x23 || 3x3,256 |x36
[ %2250 ] L 9%3 20 ] 1x1, 1024 1x1,1024 | 1x1,1024 |
- . - | 1x1,512 1x1,512 1x1,512
comvSx | 7x7 g:;gg x2 ;:g g}; x3 || 3x3,512 |x3| | 3x3.512 |x3 | | 3x3.512 |x3
[ %2202 ] L 2% 212 ] 1x1, 2048 1x1, 2048 1x1, 2048
1x1 average pool, 1000-d fe, softmax
FLOPs 1.8x10° 36x10° | 38x10° [ 7.6x10° [ 113x10°
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Hinh 2.25 Kién triic mang VGG



