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HUAN LUYEN MO HINH NHAN DANG CONG THUC TOAN HOQC VOI NHIEU GPU

Phan Trung Kién, Pang Thi Van Chi
Truong Pai hoc Tay Bac

Tém tdt: Trong bai bao nay, chiing tdi trinh bay vé cach sir dung nhiéu GPU dé hudn luyén md
hinh trong hoc sau (Deep Learning). Chang tdi khao sét cac chién ot hoc sau trén mang no-ron
tich chdp (Convolutional Neural Network — CNN). Tdp di lidu dwoc hudan luyén 1a IM2LATEX-
100K, dwoc cung cap béi WYGIWYS, chiza 103.556 biéu thirce LaTeX khdc nhau dwoc trich xudt tir
hon 60.000 bai bio khoa hoc. Phan mém ching t6i six dung thic nghiém I1a Pytorch Lingting véi
mang ConvMath trén hé thong may tinh c¢6 4 bé xit Iy do hoa (Graphics Processing Units - GPU).
Két qua thuc nghiém cho thdy téc dé hudn luyén tang lén dang ké khi siz dung nhiéu GPU..

Tar khoa: Hoc séu, CNN, GPU, nhgn dgng cong thezc toan hoc.

1. GIOI THIEU

Nhan dang ki tg quang hoc (Optical Character
Recognition — OCR) 1a linh vyc nghién ctu
cach chuyén d6i anh s6 duoc chup hay quét tir
tai liéu viét tay, danh may hay in thanh dang
vin ban mdy tinh c6 thé hiéu dugc. Trén thé
gi61, cong nghé OCR da c6 nhiing tac dong sau
sic dén nhiéu linh vyc trong san xuét va doi
song. Ngay nay, v6i sy phat trién nhanh chong
cua cong nghé s6, viéc thuc hién chuyén ddi sb
trong cac linh vuc nhét 1a linh vuc giao duc,
dao tao va nghién ctru khoa hoc 1a tat yéu.
Lugng thong tin trong cac linh vyc nay dang
tré nén vo cung 16n va chu yéu duoc luu trix,
chia s¢ ¢ dinh dang PDF. Viéc tmg dung OCR
gilp cho ta c6 thé truy cap, chinh stra thong tin
mot cac dé dang.

Trong céc tai li€u trén cd chra mdt lugng
khong nho céc cong thirc toan hoc nén viée
nhan dang cong thirc 13 rat can thiét. Hé thong
nhan dang biéu thire toan hoc da duge nghién
ctru trong nhiéu thap ky dé chuyén d6i hinh anh
ctia cac biéu thirc thanh mot dinh dang may co6
thé doc duogc tir 46 chuyén dbi sang cac dang
ma ta c¢6 thé chinh stra. Cac phuong phap hién
c6 dat do chinh xé4c cao ddi véi cac biéu thic
doc 1ap nhung do chinh xac thap d6i véi cac
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biéu thirc c6 trong tai liéu PDF cung nhiéu cac
dir liéu khac. Mot phuong phap gan diy duoc
sir dung nhiéu gan day va cho két qua tét 13 Gmg
dung hoc may, nhét 1a k¥ that hoc sau, dé nhan
dang cong thure.

Mot kién tric duge sir dung rong rii trong
ky thuat hoc sau 1a mang no-ron tich chap da
dat dugc murc hiéu sudt méi cho céac tic vu
OCR [1]. Cac k¥ thuat nhu phan loai thoi gian
lién két [2] mo6 hinh hoa cac phy thudc lién
nhan mot cach ngﬁm dinh, 1am cho no co thé
huén luyén mdt mang no-ron truc tiép voi dir
liéu chua dugc phan doan. Céac giai phédp hién
c6 dé du doan trinh tu tir diu vao hinh anh c6
thé duoc tim théy trong cidc nhiém vy nhan
dang van ban va cht thich hinh anh [2], [3],
thuong két hop CNN v6i mot mo hinh tuan ty
dé tao mot bd ma hoa - bd gidi ma (seq2seq).

Céc thuat toan hoc sau, voi luong dit liéu va
khéi luong tinh toadn 16n, dat dugc nhiéu thanh
cong nho sir dung cac phan cing hiéu ning cao
nhu GPU. GPU c6 kha nang tinh todn cao hon
nhiéu so véi CPU. Trong nghién ctru nay chiing
t61 khao sat viéc huan luyén mo6 hinh nhéan dang
cong thuc toan hoc véi mang ConvMath do Z.
Yan va cong su [4] dé xuat trén mdy tinh véi 4
GPU.

2. MANG NO-RON TiCH CHAP CNN



Thi giac may tinh (Computer Vision — CV)
12 linh vyc khoa hoc xac dinh cich may dién
giai y nghia cua hinh anh va video. Cac thuét
toan CV phan tich cac tiéu chi nhit dinh trong
hinh anh va video, sau d6 ap dung cac dién giai
cho cac nhiém vu du doan hodc ra quyét dinh.

Ngay nay, mang no-ron tich chdp CNN la
mot trong nhitng mé hinh hoc sau phd bién
nhat va c6 anh hudng nhiéu nhat trong linh vuc
thi gidc may tinh. CNN duoc dung trong nhiéu
bai todn nhu nhan dang anh, phan tich video,
anh MRI (anh cong huong tr - Magnetic
Resonance Imaging), hodc cho bai cac bai cla
linh vuc xir Iy ngdn ngir ty nhién, va hau hét
déu giai quyét tot cac bai toan nay.

Kién trac gbc cia mo hinh CNN dugc gi6i
thiéu boi mot nha khoa hoc may tinh nguoi
Nhat vao nam 1980 [5]. Sau d6, nam 1998, Yan
LeCun [6] 1an d4u huin luyén mé hinh CNN
vé6i  thuadt toan lan  truyén  nguoc
(backpropagation) cho bai todn nhan dang chir
viét tay. Tuy nhién, mai dén nam 2012, khi mot
nha khoa hoc may tinh nguoi Ukraine, Alex
Krizhevsky xay dung mo6 hinh CNN (AlexNet)
[1] va sir dung GPU dé ting toc qua trinh huan
luyén véi @6 16i phan 16p gidm hon 10% so véi
nhitng md hinh truyén théng trudc do, da tao
nén lan séng manh mé str dung CNN véi su hd
trg cia GPU dé giai quyét cang nhiéu cac van
dé trong CV.

2.1. Kién triic mang no-ron CNN

Mang CNN c¢6 cau tric nhu hinh 1, v6i dau
vao s€ dugc nhan chip vdéi cadc ma tran loc,
cong viée nay co6 thé duge xem nhu phép loc
anh v&i ma tran loc khi st dung dang ma trén,
cling nhu phép loc anh binh thuong trong
khong gian 2D thi tich chap nay ciling dugc tng
dung trong trong khong gian anh mau 3D va
trong ca khong gian n chiéu. Sau khi thu gon
ma tran dudi dang mdt véc to thi no s€ duoc két
hop v6i mot mang MLP (mang truyén thing
nhiéu 16p - Multi Layer Perceptron) day dii, cac
anh xam ma tran dau vao 1a 2 chiéu, con véi
anh mau ma tran vao sé& 1a 3 chiéu.

Tang tich chip (Convolution Layer) st
dung cac bd loc dé thuc hién phép tich chap khi

L/

dua chung di qua dau vao | theo cac chiéu cua
nd. Cac siéu tham sd cia cac bod loc nay bao
gdm kich thudce b loc F va d6 truot S. Két qua
dau ra O duogc goi 1a feature map hay activation
map.

Tang tich chdp c6 chirc niang chinh 1a phat
hién dac trung cu thé cua burc anh. Nhirng dac
trung nay bao gom dic trung co ban 13 goc,
canh, mau sic, hodc dic trung phuc tap hon
nhu texture cia anh. Vi bd filter quét qua toan
bd birc anh, nén nhimg dic trung nay cé thé
nam & vi tri bat ki trong btrc anh, cho du anh bi
X04y trai/phai thi nhiing dic trung nay van bi
phat hién.

Tang pooling (Pooling Layer) 13 mot phép
lay mau xudng , thuong duoc st dung sau tang
tich chéap, gitip ting tinh bat bién khong gian.
Cu thé, max pooling va average pooling la
nhitng dang pooling dac biét, ma tuong tng la
trong d6 gia tri 16n nhat va gia tri trung binh
dugc lay ra. Y tuong dang sau ting pooling 1a
vi tri tuyét d6i ciia nhimg dic trung trong
khong gian anh khong con can thiét, thay vao
do6 vi tri twong dbi gitr cac dic trung di du dé
phan loai ddi tuong. Hon nira, giam tﬁng
pooling c¢6 kha nang giam chiéu nhiéu, lam han
ché qua khép, va giam thoi gian huén luyén.

Tang két ndéi diy da (Fully Connected
Layer) la tang cudi cung ciia mo hinh CNN
trong bai toan phan loai anh. Tang nay c6 chiic
ning chuyén ma tran dic trung ¢ tang trudc
thanh vector chita xc sudt cua cac ddi tugng
can duge du doan. Vi du, trong bai toan phan
loai s6 viét tay MNIST c6 10 16p twong Gng 10
sO tir 0-9, tang fully connected layer s& chuyén
ma tran ddc trung cua ting trude thanh vector
¢6 10 chiéu thé hién xac suit cia 10 16p tuong
ung.

Cubi cung, qua trinh huan luyén mé hinh
CNN cho bai toan phén loai anh ciing tuong tu
nhu huin luyén cic md hinh khac. Ching ta
can c6 ham do 151 dé tinh sai s6 giita du doan
cia md hinh va nhan chinh xac, ciing nhu su
dung thuat toan lan truyén nguoc cho qua trinh
cap nhat trong $6.
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Hinh 1. Kién tiic mang no-ron CNN

2.2. Mang CNN trong nhin dang cong
thire toan hoc

Gan day nhiéu nha khoa hoc [4], [7], [8],
[9] d& tmg dung hoc sau ding mang CNN dé
xur 1y bai toan nhan dang cong thuc toan hoc.
Trong d6 Z. Yan va cong su dé xuit mang
ConvMath [4], mdt mang CNN chtra by ma
hoa hinh anh dé trich xuét ddc trung va bo giai
mi chap dé tao ma LaTeX. Véi sy nhiéu 16p,
bd giai ma co thé can chinh hiéu qua cac vecto
dic trung ngudn va cac ky hiéu toan hoc dich
va van d¢ thiéu viing bao phii trong khi dao tao
mo hinh c¢6 thé duoc giam bét phan 16n. Mo
hinh di dat dugc nhiéu két qua kha quan.

A. Image encoder:

La mot mang nhiéu 16p CNN dé tach cac
dac trung cua anh dau vao. Dé trich xuét dic

trung tir cac hinh anh biéu thirc toan hoc, cac
ti€u chi sau phai dugc xem xét:

(1) Ban d6 tinh ning cudi cung yéu cau su
két hop cta ca biéu dién mirc cao va muc thip
ctia hinh anh dau vao. Nhu chung ta di biét,
dic diém dai dién duoc CNN trich xudt ngay
cang nhiéu triru tuong véi sy gia ting chiéu
sdu va linh vyc tiép nhan tré nén ngiy cang
16n hon, diéu nay c6 loi cho viéc 1ap mé hinh
cac mdi quan hé 2-D. Cac ky hiéu toan hoc 1a
céc ddi twong thuong nho va thong tin chi tiét
rat hitu ich dé xac dinh chiing.

(2) Bo ma héa hinh anh phai dé dang dé t6i
uu hoa va gitt dung lugng cung mot luc. Toan
bd mé hinh, ConvMath, dé dat dugc hiéu suét
cao, 1a twong ddi tinh vi va sdu sic. Van dé
khét tiéng cta do dbc bién mét hoic bung nd
dé dang xdy ra khi mé hinh di sau.
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Hinh 2. Tong quan mé hinh ConvMath
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B. Convolutional decoder

B¢ gidi ma nay la phong theo mo hinh cua
Gehring et al [10]. dugc phat trién cho phuong
phap hoc theo trinh tu. Piém khac biét 1a
mang nay hoan toan tich chap, c6 nghia la cac
tinh todn khong phu thudc vao cac budc thoi
gian trudc d6 va song song hoa trén moi phan
tlr c6 san. Bén canh d6, d6 dai thay ddi ctua dau
vao va dau ra duoc hd tro, diéu nay rat quan
trong ddi véi biéu thirc toan hoc cong nhan bai
vi ca kich thudc ciia hinh anh va chiéu dai cua
chudi LaTeX khong cb dinh.

3. HQC SAU VOI NHIEU GPU

B xur 1y dd hoa (GPU) 1 bo xtr Iy may tinh
thuc hién cac phép tinh nhanh dé hién thi hinh
anh va d6 hoa. GPU st dung xir 1y song song
dé tang téc hoat dong cua chung. Chung chia
cac tac vu thanh cac phan nho hon va phéan bd
ching cho nhiéu 16i bo xir Iy (Ién dén hang
tram 15i) chay trong cing mét GPU. Ban dau,
GPU chi yéu duoc dung dé hién thi hinh anh,
video va hoat anh 2D va 3D, nhung ngay nay
da mo rong pham vi st dung rong hon, bao
gdm hoc sau va phén tich dit liéu 16n.

Trude khi GPU xuat hién, cac don vi xir ly
trung tam (CPU) da thyc hién cac tinh toan can
thiét dé két xuat dd hoa. Tuy nhién, CPU
khong hiéu qua ddi v6i nhidu ung dung phai
tinh todn song song lon. GPU gidm tai qua
trinh xir Iy d6 hoa va céc tic vu song song 0 at
tir CPU dé mang lai hiéu suat tot hon cho cac
tac vu dién toan chuyén dung.

3.1. Kién triic GPU

Kién traic GPU tap trung vao viéc dua cic
16i hoat dong trén nhiéu hoat dong nhit co6 thé
va it tap trung vao kha nang truy cap bo nhd
nhanh vao by dém cua by xt ly, nhu trong
CPU. Hinh 3 1a mot kién tric GPU NVIDIA
dién hinh.

GPU NVIDIA c6 céc thanh phan chinh:

Cum bd xu ly (PC) - GPU bao gém mot sd
cum B9 da xir 1y truyén tryc tuyén.

Bo da xur 1y truyén truc tuyén (SM) - mdi
SM c¢6 nhiéu 18i bd xir Iy va bo nh dém 16p 1
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cho phép né phan phdi huéng dan téi cac 16i
cua nd.

B0 nhé dém 16p 2 - day la by dém dugc
chia sé két ndi cac SM vé6i nhau. Mdi SM sir
dung bo dém 16p 2 dé truy xuat dit liéu tir bd
nhé chung.

DRAM - day la by nhd chung cia GPU,
thuong dua trén cong ngh¢ nhu GDDR-5 hodc
GDDR-6. N6 chira cac hudng din can duoc xur
1y boi tat ca cac SM.

Hinh 3. Kién triic GPU NVIDIA

Do tré bo nhd khong phai 13 yéu td quan
trong can cAn nhic trong kiéu thiét ké GPU
nay. Mbi quan tdm chinh 1a ¢am bao GPU c¢6
du kha nang tinh toan dé giir cho tat ca cac 16i
Iudn lam viéc.

3.2. Hoc siu v6i nhiéu GPU

C6 hai chién luogc st dung nhiéu GPU cho
phuong phap hoc sau la song song hdéa md
hinh va song song hoa dir liéu.

A. Song song héa mé hinh

Song song héa mé hinh & mdt phuong
phap ban c6 thé st dung khi cac tham s6 cua
ban qua 16n so vdi gidi han bd nhé cua ban. Su
dung phuong phap nay, ta chia cac quy trinh
dao tao mo hinh cta minh trén nhiéu GPU va
thuc hién song song tung quy trinh (hinh 4)



hoic theo chudi. Tinh song song ctia md hinh
su dung cung mot tdp dir licu cho tung phén
trong mo hinh cta ban va yéu cau dong bo hoa
dit lidu giira cac phan tach.

Machine 2 Machine 3

Machine 1

Hinh 4. Chién lwoc song song héa mé hinh

B. Song song hoa dir liéu
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Hinh 5. Chién luoc song song héa dir liéu

Song song héa dir li¢u (hinh 5) 1a mdt
phuong phap su dung cac ban sao mod hinh
trén cac GPU. Phuong phép nay hitu ich khi
kich thudc 16 ma mé hinh quéa 16n dé phu hop
v6i mot may duy nhat hodc khi ban mudn ting
tbc qua trinh dao tao. Vi tinh song song cia
dit liéu, moi ban sao ctia mdé hinh cua ban
dugc dao tao dong thoi trén mot tap hop con
cta tdp dir liéu. Sau khi hoan thanh, két qua

ctia cac mo hinh duoc két hop va dao tao tiép
tuc nhu binh thuong.

4. KET QUA THUC NGHIEM

4.1. Dit liéu thwe nghiém va ciu hinh
phz‘“m cirng

Chung t6i thyc nghiém trén bd dir licu,
IM2LATEX-100K, dugc cung cap bai
WYGIWYS [11], chira 103.556 biéu thuc
LaTeX khac nhau dugc trich xuit tr hon
60.000 bai bao tir khoa hoc. Cac biéu thirc
LaTeX c6 pham vi tir 38 dén 997 ky tu voi gia
tri trung binh 1a 118 va trung vi la 98. Ching
t6i loai bo cac biéu thirc co chidu rong hinh
anh 16n hon 480. Chung t6i tuan theo cac quy
tic twong tw nhu [7] d& mi héa cac chudi
LaTeX. Sau khi m& hoda, chung t6i nhan dugc
mot tir dién ky hiéu co kich thudc 1a 583. Tap
dir liéu duoc phan tach ngiu nhién thanh tap
hudn luyén (65.995 biéu thic), tap hop 1é
(8.181 biéu thirc) va tap kiém tra (8.301 biéu

thirc).

Tap du liéu dugc chia thanh 15 nhém anh:
(160,32), (192,32), (192,64), (256,64),
(160,64), (128,32), (384,32), (384,64),
(320,32), (320,64), (384,96), (128,64),

(224,64), (256,32), (224,32). SO lugng hinh
anh tuong Ung v6i cac nhom khac nhau dugce
hién thi trong hinh 6.

8000

Hinh 6. S6 lwong hinh danh twong g véi
cac nhom
Ching t6i thuc hién viéc huén luyén mo
hinh nhan dang cong thirc toan hoc véi mang
ConvMath [1] bang thu vién PyTorch
Linghting trén mday tinh véi Intel(R)



Pentium(R) CPU G4560 @ 3.50GHz, 16GB
RAM, 4 NVIDIA GeForce GTX 1060 6GB.

4.3. Két qua thwe nghiém

Bang 1 thé hién cac két qua thyc nghiém
khi chung t61 hun luyén mé hinh véi 1, 2 va 4
GPU.

Bang 1. Két qud thuwe nghiém

Batc Tlh(‘n' gian l;u?'ln luyén (s)

h size GPU GPU 4 GPU
32 202 184 170
64 298 251 209
128 352 265 214
256 394 283 208
512 421 289 205

Biéu dién theo do tang tdc do huan luyén ta
duoc hinh 7.
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Hinh 7. P6 thi dg ting téc dé hudn luyén
theo batch size
Két qua cho thay, véi kich thudc batch nho,
do ting toc thé hién chua rd rang; véi kich
thuge batch 16m hon, tdc d6 huan luyén tang rd
rét. Tuy nhién, ngay ca khi kich thudc batch
16n, v6i 4 GPU tdc do ciing chi ting khoang 2

lan.

4. Yan Z., Zhang X., Gao L., Yuan K., va
Tang Z. (2020). ConvMath: A
Convolutional Sequence Network for
Mathematical Expression Recognition. .

5. Fukushima T. va Nixon J.C. (1980).
Analysis of reduced forms of biopterin in
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5. KET LUAN

Trong bai bao nay, chung téi trinh bay cac
két qua thuc nghiém khi huin luyén mé hinh
nhan dang cong thuc todn hoc. Mac du voi
nhiéu GPU cho téc d6 huin luyén cang cao
nhung ta thiy tdc do chua ting nhu mong
mubn. Trong thoi gian téi chung t6i sé& tiép tuc
nghién ctru va thtr nghiém voi céac thuat toan,
phan mém khéc ciing nhu phan tich sau hon sy
anh huong cua kich thudc batch dén téc do
huan luyén.

6. Loi cam on

Chung t6i xin cam on dé tai nghién ctru
khoa hoc cép co s¢ tai Truong Dai hoc Tay
Bic Nhdn dang céng thire todn hoc bang
phwong phdp hoc mdy (md sé TB 2021 — 31)
da ho tro chung t61 thuc hi¢én bai bao nay.
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TRAINING MATHEMATICAL EXPRESSION RECOGNITION MODEL
WITH MULTIPLE GPUs

Phan Trung Kien, Dang Thi Van Chi
Tay Bac University

Abstract: This paper reports the findings of an trial in which multiple GPUs were used to
train mathematical expression recognition in Deep Learning. The different learning strategies were
investigated using a Convolutional Neural Network (CNN). The dataset used for the training was
IM2LATEX-100K, provided by WYGIWYS containing 103,556 different LaTeX expressions
extracted from more than 60,000 articles from arXiv. Pytorch Lingting library with a convolutional
sequence modeling network with ConvMath was employed on a computer system with 4 GPUs. The
findinds showed an increased training speed with multiple GPUs.

Keywword: Deep Learning, CNN, GPU, mathematical expression recognition model.
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