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INTRODUCTION:

With the booming development of E-commerce platforms in many countries, there is a
massive amount of customer data for different products and services. Understanding
customers’ feedback on both current and new products can give online retailers the
possibility to improve product quality to meet customers’ expectations and increase their
corresponding revenue. In this thesis, we study the problem of identifying the sentiment
of customers’ feedback about online products in Vietnamese. In particular, we investigate
different types of deep learning architectures such as Recurrent Neural Networks (RNN)
and Convolutional Neural Networks (CNN) for solving the sentiment classification
problem including Bi-LSTM/GRU, Bi-LSTM/GRU w/ Attention, 1D-CNN, Recurrent
1D-CNN. Moreover, we also employ the state-of-the-art model in NLP, Transformer, and
finetune a pre-trained Transformer-based model in the Vietnamese language, PhoBERT.
The experiments are conducted on two datasets, AIVIVN 2019 and our large-scale
dataset that we collected and annotated from multiple Vietnamese E-commerce websites.
The experimental results show that all our proposed methods outperform the winning
solution of the competition "AIVIVN 2019 Sentiment Champion™ by a significant
margin. Especially, Recurrent 1D-CNN has the best performance in comparison with
other methods in terms of both F1-score (93.42%) and AUC (98.48%) in this competition
dataset and also surpasses other methods in our self-collected dataset. Finally, we aim to
publish our code and these two datasets later to contribute to the current research
community related to the field of sentiment classification.

The thesis was extended as a scientific paper and has been accepted at the SoMeT
Conference 2020. We presented our publication on 23rd September 2020.
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Tir viét tit:

ANN Acrtificial Neural Networks

ASR Automatic Speech Recognition

Bi-LSTM Bidirectional Long Short Term Memory
Bi-RNN Bidirectional Recurrent Neural Network
CBOW Continuous Bag Of Words

CNN Convolutional Neural Networks

CRF Conditional Random Fields

CVv Computer Vision

DNN Deep Neural Network

DBN Deep Belief Network

FL Focal Loss

GRU Gated Recurrent Unit

LM Language Model

LSTM Long Short Term Memory

NLP Natural Language Processing

POS Part-of-Speech

RNN Recurrent Neural Network

BERT Bidirectional Encoder Representations from Transformers
PhoBERT Pre-training approach is based on RoBERTa




1. Gi6i thiéu dé tai

Ngay nay, phan loai van ban (Text Classification) da tr¢ thanh mot trong nhirng bai toan
nén tang va thiét yéu trong linh vuc nghién ctru X 1y ngdn ngit tu nhién (Natural Language
Processing - NLP),.... Phan loai sdc thai binh luan 1d mot Gng dung cta bai toan phén loai
van ban, & d6 mét binh luan vé mot san phém s& duoc xac dinh sic thai cam xc, tich cuc
hoic tiéu cyc. Gan day, bai toan phan loai sac thai binh luan khong chi gidi han ¢ sac thai
cam xtic, ma con tap trung vao nhitng biéu cam khac (thich, khong thich, vui, khong vui,
tirc gidn, ...) va tham chi la y dinh (quan tdm hay khdng quan tam) cua mét binh luan. Bai
todn nay co rat nhiéu g dung thuc tién, dic biét trong linh vuc Thuong mai dién ti. R4t
nhiéu cong ty 16n (Amazon, Tiki, Lazada, Shopee, ...) dang khong ngimg theo ddi phan
hoi tir ngudi ding va khach hang, ho sn chi nhiing khoan tién 16n dé mua nhiing cong
nghé phuc vu cho muc dinh phan loai sac thai binh luan. Nho d6 ho ¢6 thé trich xuét nhirng
thong tin ¢6 gia tri tir nhitng binh luan hay nhiing nhan xét vé san pham. Nhiing binh luén,
nhan xét ndy c6 thé dugc tan dung dé cung cap cho cac doanh nghiép, nhan hang vé nhimng
diém manh, diém yéu trong san phém cua ho.

C6 rét nhiéu nghién ctru lién quan dén bai toan phan loai sic thai binh luan, nhung da
phan 12 nghién ctru vé ngdn ngit Tiéng Anh, hién tai da c6 mot vai nghién ctru vé bai toan
nay trong Tiéng Viét, da phan 16p st dung phuong phap may hoc truyén thong. Son va
ddng nghiép [1] thuc hién nghién ctru trén dit liéu cac binh luan dugc thu thap tir Facebook,
Phan va dong nghiép [2] st dung dit liéu cac binh luin vé cac dia diém in udng & Viét
Nam hay Thuy va dong nghiép [3] st dung dit liéu cac binh luan vé dich vu khach san &
Viét Nam. Gan day, Pha va dong nghiép [4] so sanh phuong phap méy hoc truyén théng
va hoc sau cho bai toan phan loai sdc thai trén tap dir liéu nhitng phan hoi tir sinh vién,
duogc thu thap tai mét treong dai hoc ¢ Viét Nam.

Trong dé tai ndy, chung t6i kham pha nhiing cach tiép can méi va hiéu qua dua trén
phuong phép hoc sau cho bai toan phan loai sic thai binh luin trong ngdn ngit Tiéng Viét.
Chung t6i sir dung nhiéu mé hinh, bao gém Bi-LSTM/GRU, Bi-LSTM/GRU két hop k¥
thuat Attention [5], Residual CNN [6], Transformer Encoder [7], Hoc chuyén tiép va xay
dung c4c thi nghiém trén hai tap dit liéu chira nhirng binh luan ctia khach hang tir cac trang
web thuong mai dién tir & Viét Nam. Tap dir liu tha nhat duoc cong bd va sir dung trong
cudc thi Vietnam Sentiment Analysis Challenge 2019 duoc t6 chirc boi AIVIVN. Tap dit
lidu thir hai dugc ching toi thu thap tir nhidu trang thuwong mai dién tir va gan nhan dya
trén xép hang ctia binh luan. Két qua thuyc nghiém cho thiy nhitng phuong phap chung toi
dé xuat cho két qua vuot troi hon nhiéu phuwong phap da gianh chién thang trong cudc thi
Vietnam Sentiment Analysis Challenge 2019 trén.



II. Ly thuyét lién quan
1. Gioi thiéu hoc sau

Hoc sau 1a mot nhanh quan trong cua may hoc, day may tinh lam nhirng gi ma con nguoi
lam mot cach ty nhién: hoc tir cac vi duma con nguoi cung cép cho may tinh. Hoc sau la
mot cdng nghé quan trong dang sau 6 td khéng nguoi 14i, cho phép chling nhan ra bién bao
dirng hoidc phan biét ngudi di b v6i cot dén. Hay day 1a chia khoa dé diéu khién bang
giong néi trong cac thiét bi tiéu dung nhu dién thoai, mdy tinh bang, TV va loa ranh tay.
Hoc siu dang duogc chi ¥ rat nhiéu gan ddy boi nd di va dang dat dugc nhitng két qua ma
trude day khong thé thuc hién duoc.

Trong hoc sadu, mot mo6 hinh may tinh hoc céch thyc hién cac nhi€ém vu phan loai tryc
tiép ttr hinh anh, van ban hoic 4m thanh. M6 hinh hoc sau c6 thé dat dugc do chinh xac
hién dai, déi khi vuot qué hiéu suit & cép dd con nguoi. Cac mo hinh dugc dao tao bﬁng
cach sir dung mot tap hop 16n dit lidu c6 nhan va kién tric mang no-ron chtra nhiéu 16p.

Trong khi hoc siu lan dau tién dugc dua ra Iy thuyét vao nhitng nam 1980, ¢ hai 1y do
chinh khién n6 chi tré nén hiru ich gan day:

- Hoc sau yéu cau mot luong 16n dir li€u duoc gén nhan. Vi du: phat trién 6 t6 khong
nguoi lai doi hoi hang triéu hinh anh va hang nghin gio video.

- Hoc sau doi hoi kha ning tinh toan dang ké. GPU hiéu suat cao cé kién triic song
song hiéu qua cho viéc hoc sau. Khi duge két hop véi cac cum hodc dién toan dam
may, diéu nay cho phep cac nhom phat trién giam thoi gian dio tao cho mot mang
hoc sAu tir vai tuan xudng con vai gio hodc it hon.

Hau hét cac phuong phap hoc sau st dung kién trlic mang no-ron, d6 1a 1y do tai sao cac
md hinh hoc sau thudng duoc goi 14 mang no-ron sau. Thuat ngi "sau” thudong dé cap dén
sO lugng céac 16p an trong mang no-ron. Mang no-ron truyén théng chi chia 1-2 16p an,
trong khi mang sau c6 thé 6 toi hang tram 16p.

Hidden
layer

Input
layer

Output
layer

Hinh 1. Mang no-ron, dwgc té chire theo I6p bao gom mét tdp hop cdc it két néi véi nhau.



2. Caclop sir dung
2.1. Nhuang tir

Trong céc bai toan Xu 1y ngdn ngit ty nhién (NLP) véi dit liéu dau vao ¢ dang vin ban,
cac thuat toan khong thé nhan duoc dau vao 1a chit véi dang biéu dién chit cai(a,b,c,...)
thong thuong. Pé may tinh co thé hiéu dugc, ta cAn chuyén cAc tir trong ngdn ngir tu nhién
vé dang ma cac thuat toan c6 thé hiéu dugc vi du nhu dang sb.

Nhung tir (word embedding) 1a mdt k¥ thuét cho viéc hoc mat d§ day dic thong tin dai
dién cua tir trong mot khong gian vector véi sd chiéu kha 16n. M&i mét tir c6 thé xem nhur
12 mot diém trong khong gian nay, dugc dai dién béi mot vector c6 do dai ¢ dinh. Céc
vector tir dugc biéu dién theo phuong phap nhing tir nay thé hién duoc ngit nghia cta cac
tir, tir d6 ta c6 thé nhan ra dugc mbi quan h¢ gifra cac tr voi nhau. Nhung tur thuong dugce
thuc hién trong 16p dau tién ciia mot mo hinh, 16p nay s& anh xa mot tir (chi s6 index cua
tir trong tir dién tir vung) trong tir dién sang mot vector vai kich thude dd cho. Mot sd
phuong phap nhiing tir pho bién 1a Word2vec va GloVe.

2.2.  Lép Recurrent va bién thé

Lép Recurrent (Recurrent Neural Network -RNN) 1a mot loai mang no-ron hdi quy trong
d6 mdi nut (node) trong cac 16p an c6 mot két ndi véi chinh ban than. Chinh két ndi nay
tao ra cac trang thai ndi tai cta kién trac mang cho phép mo hinh hoa cac chudi véi do dai
bat ky.
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Hinh 2. Minh #oa m6 hinh RNN.

Mot RNN c¢6 thé nhan vao mot chudi ¢ chiéu dai bat ky va tao ra mot chudi nhan c6
chiéu dai twong trng. Viéc tinh todn bén trong RNN duoc thue hién nhu sau:

- x¢1a chudi dau vao tai t.
- U, W, V Iacac ma tran trongso.
- sclatrang thai an tai budc t.
St = f(U.Xt + WSt—l)



Trong d6 f thuong 1a mot ham phi tuyén tinh nhu tanh

- o.la dau ra tai budc t.
o = softmax (Vs:)

Dua trén y tudng dau ra (output) tai thoi diém t khéng chi phu thude vao cac thanh phan
truée d6 ma con phu thudc vao cac thanh phan trong twong lai. Vi du, dé dy doan mot tir
bi thiéu (missing word) trong chudi, ta cAn quan sat cac tir bén trai va bén phai xung quanh
tir 6. M6 hinh mang no-ron hdi quy hai chiéu gdm hai mang no-ron hdi quy nap chong
1én nhau. Trong do, cc trang thai 4n (hidden state) dugc tinh toan dya trén ca hai thanh
phan bén trai va bén phai ciia mang.

A A A A

Hinh 3. Minh hoa md hinh mang no-ron hdi quy 2 chiéu.
2.2.1. LépLSTM

Mot diém ndi bat ciia mang no-ron chinh 13 ¥ tuéng két ndi cac thong tin phia trude dé
dur doan cho hién tai. Viéc ndy tuwong tu nhu ta sir dung cac canh trudce ctia b phim dé hiéu
duoc canh hién thoi. That khdng may 1a voi khoang céch cang 16n dan thi mang no-ron bit
dau khong thé nhd va hoc duoc nira. Pay duoc goi 1a van dé phu thudc xa (Long-term
Dependency) cia RNN.

Kién tric mang no-ron hoi quy ¢ dién rat kho dé ap dung trong thuc té vi van dé lién
quan dén viéc mat mat hoic bung né gié tri (Vanishing and Exploding gradient) dugc ding
dé cap nhat céc trong s6 cia mang thdng qua qué trinh hoc khi phai mé hinh hoé céac chudi
rat dai.

Khi d6, mang bd nhd da‘li-ngén(LSTM) [8] - mot bién thé ndi bat cua mang no-ron hoi
quy, duoc dé xuat nhu 1 mot giai phap cho van dé vira duge néu & trén.
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Hinh 4. Minh hoa vin d@é phu thuéc xa ciia RNN.
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Mang b nho déi-ngén la mot dang dac biét cua mang no-ron hoi quy, n6 c6 kha nang
hoc duoc cac phu thudoc xa. Mang bo nhd déi-ngrfm dugc gidi thiéu boi Hochreiter va
Schmidhuber (1997) va sau d6 d4 duoc cai tién va pho bién boi rat nhiéu nguoi trong nganh.
Chung hoat dong cuc ki hi¢u qua trén nhiéu bai toan khac nhau nén dan tré nén phé bién
nhu hién nay.

& >—@

Mang bd nhéd déi—ngén duoc thiét ké dé tranh duoc van dé phu thudc xa. Viéc nhé thong
tin trong sudt thoi gian dai 1a didc tinh mic dinh cua ching, ta khéng can phai huan luyén
chung dé co thé nhd duoc. Tic 1a ngay ban than ching da c¢6 thé ghi nhé duge ma khong
can bat ki can thiép nao.

® ® ©

t t
R
© ® &

Hinh 5. Minh ipa mé hinh LSTM.

Diém chinh trong kién trlic mang bo nh¢ dai-ngin chinh 13 cac té bao nhé véi cac cong
cho phép luu trir hodc truy xuét thong tin. Cac céng ndy cho phép ghi d¢ (Input gate), loai
b6 du thira (Forget gate) va truy xudt (Output gate) cac thong tin dugc luu trit bén trong
cac memory cell.

- Trang théi té bao (Cell state)
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Trang thai té bao 1a mot dang gidng nhu bing chuyén. N6 chay xuyén sudt tit ca cac
mat xich (cac nut mang) va chi tuong tac tuyén tinh doi chat. Vi vady ma céc thong tin
c0 thé dé dang truyén di xuyén sudt ma khong so bi thay doi.

®
®
v

Hinh 6. Trang thai t& bao.
- Téng cong quén (Forget gate layer)

Tang nay quyét dinh xem thong tin ndo can bo di tir trang théi té bao. Quyét dinh nay
duogc dua ra boi tang sigmoid - goi la tang cong quén (Forget gate layer).
Tang s& ly dau vao 1a he-1 va x; r0i dua ra két qua 1a mot sé trong khoang [0,1] cho

m&i s0 trong trang thai té bao C.. Dau ra 1a 1 thé hién rang n6 giir toan b¢ thdng tin lai, con
0 chi rang toan b théng tin sé bi bo di.

Hinh 7. Tang cong quén.
ft=0Wry - [he-1, x]) + by
- Téng cong vao (Input gate layer)

Tang cong vao sir dung mot tang sigmoid dé quyét dinh gié tri ndo ta s& cap nhat. Tiép
theo 12 mot tang tanh tao ra mot vector cho gia ti mai C; . nham thém vao cho trang thai.



he_a

h,

Hinh 8. Tang cong vao.
it = a(Wi- [he-1,%]) + bi
€ = tanh (W¢ - [he-1,%]) + be
- Cap nhit trang thai té bao (Update the cell state)

Ta s& nhan trang thai cii véi fr dé bo di nhimg thong tin ta quyét dinh quén lic trudc.
Sau d6 cong thém i; = .

Hinh 9. Cdp nhdt trang théi té bao.

C=fixC1+i* €

- Téang cong ra (Output gate layer)

Gia trj du ra s& dua vao trang thai té bao, nhung s€ duogc tiép tuc sang loc. Pau tién, ta
chay mot tang sigmoid dé quyét dinh phan néo cua trang thai t€ bao ta mudn xuat ra. Sau
do, ta du’a qua mot ham tanh dé co gla tri n6 vé khoang [-1,1]. Cudi cung nhan n6 véi dau
ra ciia cong sigmoid dé duoc gia tri ddu ra mong mudn.
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0t=d(Wor [he-1, xt])+ bo he
= 0¢* tanh (C¢)

Hinh 70. Tdng cong ra.

A
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Lelet

Hinh 11. Kién tric LSTM day di.

fe=0(Wg- [he-1,xe]) + by
i = o(Wi+ [hi-1,%]) + b
¢ =tanh (WZ¢ - [he-1,%]) + bc
Co=fi*xCa+i*C
0c=0(Wo' [ht-1, x¢])+ bo h¢
= 0¢* tanh (C¢)
2.2.2. Lép GRU
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Mot bién thé kha dic biét cia LSTM 1a GRU duoc gidi thiéu boi Cho va cac cong su
(2014). N6 két hop cac cong loai trir va ddu vao thanh mot cong "Cong cap nhat" (update
gate). NO ciing két hop trang thai té bao va trang thai 4n véi nhau tao ra mot thay doi khac.
Két qua 12 m6 hinh cua ta s& don gian hon md hinh LSTM chuan va ngay cang trd nén phd
bién.

2z =0(W, - [/7:1,—11-'1?’1‘])
'y =0 (”', e [ht—1~ .’.L't])

h; = tanh (W - [ry % hy—1, 2¢])

hi_y

hy = (1 —2¢) % hy—q + 2 % l~2,,A

Hinh 12. Minh hoa mé hinh GRU.
2.3. Lop Attention

Co ché Tap trung(Attention) 12 mot co ché cho phép mé hinh c6 thé tap trung hoc hiéu
qua hon dic biét voi nhitng chudi dau vao c6 do dai 16n. Phuong phap nay di danh duoc
sy quan tAm 16n ciia cong dong nghién ctru. Hé thong dich may tu dong ciia Google, Google
Translate hién dang 4p dung mo6 hinh Sequence to sequence (seq2seq) hay tén goi khéc la
Encoder-Decoder, v6i co ché Attention va cho chat lugng vuot troi so véi nhitng phuong
phap trudce Kia.

Co ché Attention da tré' nén pho bién trong nhitng nam gan day trong viéc dao tao mang
lu6i than kinh. Nam 2014, Bahdanau va céc cong su di dé xuét va ap dung thanh cong co
ché nay dé dich va sép xép cac tu cho nhiém vy dich may. Mot cach 1y tuéng, co ché nay
thuong dugc ap dung ¢ gitta cac 16p cia by ma hoa va bo giai ma (Encoder - Decoder),
nham tap trung c6 chon loc vao cac phan cua dau ra 16p ma héa, twong ting véi dau vao
clia giai ma. Cu thé, trong 16p Attention trude tién lay dau ra ctia 16p ma hoa 1am dau vao
dé tinh phan phdi xac suat ciia dau ra bd ma héa cho mdi tir x: & budc t ciia 16p giai ma.
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Dencoder: RNN vdi dau vao tu
trang thai trudc + vector ngir
canh dong.

Attention layer: tham sG hoda bdi
mot mang chuyén ti€p dan gian.

Encoder: Bidriectional RNN.

% X X e

Hinh 13. M6 hinh Encoder-Decoder véi co ché Attention.

Mot cach cu thé hon vé md hinh Encoder - Decoder véi co ché Attention. Gia sir, ching ta
c6 mot chudi dau vao x c6 do dai n va co gang xuat ra mot chudi muc tiéu y ¢d do dai m:

X =[X1,X2,+.,Xn]

Y=y, ym] L
Bo Encoder Ia BIRNN v§i mot trang thai an t6i h™ va mot trang thai an Ui h™
t t

72T
hz[h , h, ]
i=1,..,n

Bo Decoder c6 trang thai an s: = f(se-1, ye-1, c¢) cho tr ddu ra g vitri ¢, t = 1, ..., m. Trong
do vector boi canh (context vector) c; la tong cac trang thai an cua chuoi dau vao, dugc
tinh theo diém s6 can chinh (alignment scores) a,; .

n
ce =2 aih

=1

exp (score (s-1,hi))

27:1 exp (score(st-1,hj))

a, =dign(y, x)

Mo hinh cin chinh (alignment model) gan maot sé diém ax; cho cap dau vao & vi tri i va
dauragvitrit, (y, x), dua trén mac dé phu hop. Tap hop {a;} la cac trong s6 xac dinh
murc d§ ciia moi trang thai an nguon can dugc xem xét cho moi dau ra. Trong bai bao cua
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Bahdanau, diém sé cin chinh a duoc tham sé hda boi mot mang chuyén tiép (feed-forward
network) vd1 mot 16p an duy nhat va mang nay dugc dao tao chung véi cac phan khac cua
mo hinh. Ham score dugc st dung nhu mot ham kich hoat phi tuyén tinh vi dy nhu ham
tanh:

score(s:, i) = voTtanh (Whel[s, hi])

Trong d6 veva W la ma tran trong sé s& duoc hoc trong mé hinh can chinh.
2.4. Lép Convolution

L&p Mang no-ron tich chap(Convolution-CNN) 1a mét 16p cua mang no-ron sau duoc
st dung nhiéu trong thi gidc may tinh hozc phan tich hinh anh tryc quan. Ngoai ra CNN
con dugc tng dung nhiéu trong Xir 1y ngdn ngir tu nhién.

Trong Xt Iy ngdn ngit tu nhién, thay vi dau vao 12 mot anh duoc biéu thi dudi mot ma
tran diém anh, dau vao ciia mo hinh mang no-ron tich chap trong cac bai toan Xir Iy ngon
ngl tu nhién la cac ménh dé, cac van ban duoc biéu dién nhu mot ma tran. Mdi dong cua
mot ma tran tuong ing vé1 mot ma, da phén do la mat tr, nhung noé cling co thé 1a mot ki
tur. M6i hang chinh 1a mot vector dai dién cho mot tir. Théng thudng cac vector tir ndy duoc
trinh bay & muc thap nhu dang Word2vec hay Glove, nhung né ciing c6 thé 1a mot vector
véi viée Cac tir s€ dugc danh trong s6 thudc mot bo tur vung.

3. Cé&c d¢ do hiéu suit

Khi xay dung mot mo hinh Machine Learning, ching ta can mot phép danh gia dé xem
md hinh str dung c6 hiéu qua khong ciing nhu dé so sanh kha ning ctia cac mo hinh.

3.1. Accuracy

Accuracy (D6 chinh xé4c) 12 d6 do don gian nhit dé danh gid mot mo hinh phan 16p.
Cach danh gia nay don gian tinh ti 1& giita s6 diém duoc du doan dung va téng sb diém
trong tap dir liéu kiém thir.

3.2.  F1score
3.2.1. Precision va Recall

Vi bai toan phan loai ma tap dit li€u cua cac 16p la chénh 1éch nhau rat nhiéu, c6 mot
phép d6 hiéu qua thuong dugc str dung la Precision-Recall.

Trudc tién, ta dinh nghia True Positive (TP), False Positive (FP), True Negative (TN),
False Negative (FN) dua trén confusion matrix nhu sau:
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True Class
Positive Negative

Predicted Class
Positive

Negative

Hinh 14. Confusion matrix.

- Precision duogc dinh nghia 1 ti 18 s6 diém true positive trong s6 nhitng diém dugc
phén loai la positive (TP + FP).

- Recall duoc dinh nghia 12 ti 1¢ s6 diém true positive trong s6 nhimng diém thuc sy 1a
positive (TP + FN).

Mot cch toadn hoc, Precision va Recall 12 hai phan sb c6 tir s bang nhau nhung mau sd
khac nhau:

Procision = _Tp
recision = TP + FP
Recall = L
TP +FN
actually positive actually negative
FN ) © = TN | Precision = TJ—_fFP =

(]|l G‘Q

&}
©]
@ __TP  _
Recall = 55y =
@
@
> classified (or found) as positive
@

Hinh 15. Céch tinh Precision va recall.
Khi Precision = 1, moi diém tim dugc déu thuc su 1a positive, tirc khong co diém
negative ndo 1an vao két qua. Tuy nhién, Precision = 1 khong dam bao mé hinh 14 tot, vi
cau hoi dat ra la liéu mo hinh da tim dugc tat ca cac diém positive hay chwra. Néu mot mo
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hinh chi tim dugc dung mot diém positive ma né chic chin nhat thi ta khong thé goi né 1a
mot mo hinh tét. Khi Recall = 1, moi diém positive déu duoc tim théy. Tuy nhién, dai
luong nay lai khéng do liéu ¢ bao nhiéu diém negative bi 13n trong d6. Néu md hinh phan
loai moi diém la positive thi chic chan Recall = 1, tuy nhién d& nhan ra day 12 mot mé hinh
cuc tol.

Mot mé hinh phan 16p tot 1a mo hinh c6 ca Precision va Recall déu cao, tirc cang gan
mot cang tot. Cé mot cach do chat lugng cuia bg phan 16p dua vao Precision va Reall: F1-
score.

3.2.2. Fl-score

F1-score, 1 harmonic mean ciia precision va recall (gia sir rang hai dai luong nay khéc
khong):

precision * recall

" recision +recall

F1-score c0 gié tri nam trong nira khoang (0,1], F1 cang cao, bd phan 16p cang tot. Khi
ca recall va precision déu bang 1 (t6t nhat c6 thé), F1-score = 1.

1. Phwong phap dé xuit

1. Phét biéu bai toan

Trong khudn kho dé tai nay, chung toi tap trung nghién ctru bai toan phan loai sac thai
binh ludn nhu mot bai toan phan loai nhi phan, cu thé mdi mot binh lusn Tiéng Viét s&
duogc phén loai vao hai sac thai cam xuc, tich cuc va tiéu cuc. Vi du:

- Tich cuc: san phdam tot tiki giao hang nhanh ti rdt hai long.
- Tiéu cuc: méi mua mdy dwoc 1 hém ding thir lan dau thi 16 luén, 16i e2 lai phdi
@i May di sira chita & tinh thi hét sirc bdt tién, kh& nan.

Gia sir rang W 12 mot binh lun tir khéch hang vé& mot san pham, Ky hiéu “0” 1a nhan caa
sac thai tich cyc va “1” 1a nhan cta sic thai tiéu cuc. Bai toan duoc phat biéu: Xay dung
b phan loai nhi phan F dé dyu doan sic thai cua w. So d6 mét hé théng phan loai sac thai
binh luan duoc thé hién trong Hinh 16.

B6 phan loai
nhi phan
F

Nhan xét dau vao ] Tiénxuly
w van ban

Y
Y

Tich cuc / Tiéu cuc

A

Hinh 16. So do hé thong phdn logi sdc théi van bdn

2. Tién xir Iy dir liéu
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Tién xtr 1y dit liéu 13 mot trong nhimg budc quan trong nhét trong xt 1y ngdn ngit tur
nhién, dac bi¢t voi dir licu van ban dugc thu thap tu cac trang web thuong mai dién tu.
Trong tap dir li¢u chung to61 thu thap, tdn tai nhiéu cau, doan, tir ngir khong chinh théng,
khong phi hop véi tién chuan thong thuong cta Tiéng Viét. Do do, tién xu 1y dit lidu c6
thé giup loai bo nhidu trong dir liéu. Trong dé tai nay, v6i mot binh luan dau vao, chung
t61 ap dung nhiéu budc tién xir 1y trude khi thye hién huin luyén va danh gia cac mé hinh
hoc sau.

Pau tién, chung t6i viét thudng tit ca cac ky tu va sira tit ca cac tir bi kéo dai (vi du
depppppp qud) vé dang dung (dep qud). Sau d6, chiing t6i loai bo dau céu, cac ky tu dic
biét, biéu twong nhu ! @ ? (), chung t6i ciing loai bo cac chit s6 vi gan nhu khong déng
gbp vao sdc thai cam xtic cia mot binh luan. Mic du tit ca cic binh luan duge thu thap tu
cac trang web Tiéng Viét, van ton tai mot ti 1é nho cac binh luan duoc viét trong ngdn ngi
khac, bao gdm Tiéng Anh, Tiéng Trung va Tiéng Han, do d6 trong qua trinh tién xir 1y dir
liéu, nhiing binh ludn nay dugc loai bo. Cudi cung, chung t61 quan sat ton tai nhiéu tir viét
tat trong Tiéng Viét, nhitng tir ndy c6 nhitng dong gop vao sic thai cua cau, do d6 can duoc
thay thé vé dang chuan. Vi du, chling tdi thay thé kp thanh khdng phdi hay 6 ké thanh ok.

3. M0 hinh du doan

Trong phan ndy, chung t6i mo ta cic phuwong phap dé xuét cho bai toan phan loai sic
thai binh luan. Thong thudng, c6 hai cach tiép can chinh cho bai toan. Pau tién, dung mot
phuong phap nhung tir 3 dugc hudn luyén (trong dé tai nay, ching toi dung Fasttext [9])
va ddo tao mot mang than kinh hoc sau thich hop dé tim hiéu cac dic trung ngit nghia va
phén loai binh ludn. Chung t6i kham pha 4 kién trc mang no-ron khac nhau, bao gom Bi-
LSTM/GRU, Bi-LSTM/GRU két hop k¥ thuat Attention, Residual CNN, Transformer
Encoder. Hoc chuyén tiép 1a cach tiép cén thtr hai, ching t6i chon mot mé hinh ngdn ngi
da duge huan luyén, PhoBERT [10], cho ngdén ngit Tiéng Viét va tinh chinh cho bai toan
hién tai. V6i hiéu biét ctia chung t6i, cac ki thuat trén chua duge kham pha cho bai toan
phan loai sac thai binh luan trong Tiéng Viét.

3.1. Bi-LSTM/GRU

Mang no-ron hdi quy hai huéng(Bidirectional Recurrent Neural Networks-BiRNNS)
duoc sir dung rong rai dé giai quyét nhiéu van dé trong Xir Iy ngon ngit tu nhién. Cau tric
dic biét ctia n6 cho phép chung ta nim bét duoc ca thong tin theo chiéu xudi va chiéu
nguoc ciia mot chudi. Hai bién thé cuia RNNs, Long Short-Term Memory (LSTM) va Gated
Recurrent Unit (GRU), duoc chirmg minh nam bat théng tin dai han mot cach hiéu qua hon.
Chung t6i st dung ca Bi-LSTM va Bi-GRU nhu phuong phap co sd cho bai toan.

Gia sir rang sau budc tién xir ly dir liéu, thu duoc n tir {w1, wz, ... , wx} tir mot binh luan
dau vao w. Ky hiéu {x1,x2,..,xn} la c&c w; da qua phuong phap word embedding va
{h1, hy, ..., hx} thé hién cac vector an dugc tinh boi Bi-LSTM va Bi-GRU.
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Khong nhu cac phuong phap dira trén RNNs trude day, chi st dung vector an cudi cling
hn @& dua vao mét 16p tuyén tinh, thu dwoC vector Auinear va thyc hién phan 16p bang mot
16p tuyén tinh cudi. Chlng t6i dé xuat mot cach tiép can mdi, sir dung cac vector an
{h1, ha, ..., hn} dua vao song song hai 16p Max Pooling 1D va Average Pooling 1D dé thu
duoc hai vector 4n mdi Amax VA havg. Sau @06, ching t6i ndi ba vector [hmax, Ravg, Riimear ]
dé duoc vector an cudi cing va thuc hién phan 16p bang mot 16p tuyén tinh cudi. Kién tric
trén dugc mo ta trong Hinh 17.

3.2. BI-LSTM/GRU + Attention

Kién tric ctia Bi-LSTM/GRU + Attention ma ching t6i dé& xuit dugc thé hién trong
Hinh 18. Piém khac biét véi kién trdc Bi-LSTM/GRU nam & viéc ching t6i ding cac
vector an {hu, ha, ..., ha} dua vao mot 16p General Global Attention dé thu duoc vector an
Raee. Sau d6, ching t6i ndi ba vector [Amax, Ravg, har] dé duoc vector an cudi clng va
thuc hién phan 16p bang mot 16p tuyén tinh cudi.

Positive / Negative Positive / Negative

fully
connected

/1N RN

max average last max average global
pooling 1D pooling 1D layer | pooling 1D pooling 1D attention |

i ! i
i b fhy b, fh Lo fhy bhy fhs b, Fhn
oo ke | 1 e
1' LSTM/GRU H H | LSTM/GRU LSTM/GRU I‘ *
: I B LSTM/GRU | : |LSTM!GRU %ﬂwm»cnu]

1 word i word
! embedding : Tn ! embedding

1
N 2 £ e

Hinh 17. Kién tric Bi-LSTM/GRU Hinh 18. Kién trdc Bi-LSTM/GRU + Attention
3.3. Residual CNN

Hau hét cac cach tiép can thong thuong cho bai toan phan loai vin ban déu dua trén
RNNs. Gan day, céc kién trdc chi dira trén CNNs véi cac residual block dugce kham pha va
dat dugc nhitng két qua hira hen. Deep Pyramid CNN (DPCNN) 13 mot trong nhiing
phuong phéap thanh cong. Trong d¢ tai nay, chung t6i sit dung DPCNN nhu mét Residual
CNN dé xdy dung mo hinh cho bai toan phan loai sic thai binh luan. Kién trac chi tiét cta
Residual CNN duoc thé hién trong Hinh 19.
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Hinh 19. (a) Kién tric Residual CNN (b) Kién tric chi tiét Residual Block

(b)

3.4. Transformer Encoder

Gan day, Transformer ndi 1&n 1a kién trdc tién tién nhat dong gop vao nhing két qua tot
nhat trong X 1y ngdn ngir tw nhién. Transformer ciing dwoc tich hop trong nhiéu mo hinh
ngdn ngit tién tién khac nhu BERT, GPT-2. Thong thuong, kién tric Transformer gém hai
phan, Encoder va Decoder, chling ti chi str dung Encoder dé giai quyét bai toan phan loai
sdc thai. Trong phan Encoder, c6 sau 16p Multi-Head Attention va Feed Forward, vector
dau ra ctiia Encoder dugc thyc hién phan 16p bang mot 16p tuyén tinh cubi. Kién trac chi
tiét duoc thé hién trong Hinh 20.
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Hinh 20. (a) Kién tric Transformer Encoder (b) Mét tang trong Encoder
3.5. Hoc chuyén tiép

Hoc chuyén tiép 1a mot khai niém trong may hoc tan dung kién thire da thu dugc tir mot
van dé va ap dung vao mat van dé khac tuong tu. Cu thé, ching ta st dung mdt mé hinh
da duoc huan luyén trén mot khdi luong 16n dir liéu sau d6 huan luyén lai, hay tinh chinh
trén tap dir liéu cu thé. K§ thuat nay dic biét hiru ich khi chiing ta khdng c6 mot khdi luong
16n dit lidu hay nang luc tinh toan dé huan luyén mot Kién tric khéng 16. Véi bai toan phan
loai sdc thai binh luan Tiéng Viét, chung t6i 4p dung hoc chuyén tiép bang cach sir dung
PhoBERT dé trich xuat vector ddc trung cta cac binh luan dau vao va thuc hién phan 16p
bang mot 16p tuyén tinh cubi.

IV.  Thi nghiém va két qua

Trong phan nay, chiing t6i mo ta chi tiét cac tap dir liéu, trién khai cac phuong phap dé
xudt va cac két qua thuc nghiém mot cach chi tiét. Ching t6i tién hanh cac thi nghiém trén
mot server v6i cau hinh Intel Core i9-7900X CPU, 128GB RAM, va 2 GPU RTX-2080Ti.

1. Téap dir li¢u

Dé chirng minh tinh hiéu qua cua cac phuong phap dé xuét cho bai toan phan loai sic
thai binh luan Tiéng Viét, ching t61 thuc nghi¢m trén hai tap dir li€u. Pau tién ching t61
su dung tap dir liéu cong khai AIVIVN, chtra cac binh luan ttir nguoi dung trén cac trang
thuong mai dién tir Viét Nam. Tap dir liéu dugc stir dung trong cudce thi Vietnam Sentiment
Analysis Challenge 2019, bao gém 16,073 binh luan trén tap huén luyén va 10,981 binh
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luan trén tap danh gid. Nhan cua binh luan trén tap danh gia dugc gan can than boi cac
thanh vién trong nhom. Bén canh do, chiing t61 thu thap mot tap dir li¢u 16n hon tu nhiéu
nguén va gan nhan can than. Tap dir liéu nay chtra 358,743 cau binh luan tich cyc va
100,699 cau binh luan tiéu cuc. Tap hudn luyén va tip danh gia duoc chia véi ti 1& 7:3. Tap
dir liéu nay 12 mot déng gop khac cho cong ddéng nghién ciru NLP va s& dugc cong khai.
Chi tiét hai tap dit liéu dugc mo ta trong Bang 1.

AIVIVN Positive Negative Our Dataset Positive Negative
Train 8690 7383 Train 251120 70489
Test 5767 5214 Test 107623 30210

Bang 1. Tdp dir liéu AIVIVN va tdp dir liéu cua ching t0i
2. Trién khai

Chung t61 trién khai cac thi nghiém b'?mg PyTorch, cong cu manh mé hd trg trién khai
cac phuong phap hoc sau. Ngoai trir md hinh ngén ngir PhoBERT cho Tiéng Viét, cac kién
tric khac duoc thiét ké va trién khai tr dau. Dé st dung duoc PhoBERT cho bai toan,
chung toi ap dung phan doan tir Tiéng Viét RDRsegmenter dé xt 1y dir liéu tho trudc khi
dua vao mo hinh PhoBERT. Fasttext word embedding cho phién ban Tiéng Viét c6 s6
chiéu embedding 14 300 duoc sir dung cho cac phuong phap dé xuit, ngoai trir phuwong
phap hoc chuyén tiép. Tat ca cac md hinh duoc huan luyén bang thuat toan toi wu Adam,
tdc 6 hoc 0.001 trén 2 GPU. Tét ca c4c siéu tham sé cua cac md hinh dugc sir dung chung
trén ca 2 tap dir liéu. Chung t6i do ludng hiéu suat cia cac mo hinh bang accuracy va F1
score.

3. Kétqua

Pau tién, mot diéu thu vi c6 thé thiy 1a d6i véi tap dir liéu AIVIVN, tit ca cac phuong
phap dé xuét déu vuot troi dang ké so voi phuong phap da gianh chién thang trong cudc
thi Vietnam Sentiment Analysis Challenge 2019 v&i F1 score tot nhat 1a 0.90012. Piéu
dang nhan xét 1a phuwong phap di gianh chién thing 13 ensemble cta nhiéu mé hinh bao
gém TextCNN, VDCNN, HARNN, SARNN. C6 thé thay Residual CNN 14 k¥ thuat dat
duoc két qua cao nhat v6i F1 score 0.92621. Piéu nay ching minh hiéu qua tuyét ddi cta
cac phuong phap dé xuét cho bai toan phan loai sac thai binh luan trén tap dit liéu AIVIVN.
Ngoai ra, Bi-GRU cho két qua t6t hon Bi-LSTM. Bi-LSTM + Attention dan dén mot chit
cai thién so véi Bi-LSTM/GRU. Cubi cung, st dung PhoBERT c6 thé cho két qua tot hon
phuong phap di gianh chién thing nhung cho két té nhét so véi cac phuong phép khac trén
F1 socre.



Methods Accuracy F1 score
AIVIVN 2019 winner _ 0.90012
Bi-LSTM 0.9198 0.91599
Bi-LSTM + Attention 0.92182 0.91962
Bi-GRU 0.92463 0.92093
Bi-GRU + Attention 0.92071 0.91535
Residual CNN 0.93037 0.92621
Transformer 0.92091 0.9147

PhoBERT 0.9154 0.91264

Bdng 2. Két qud thiee nghiém trén tdp dir liéu AIVIVN

Trén tap dir li€u ctua ching t61, Bi-GRU + Attention vuot trdi cdc phuong phap khac
trén Accuracy va ca F1 socre. Khac véi tap dir liéu dau tién, ca Bi-LSTM + Attention, Bi-
GRU + Attention déu cai thién két qua so v6i Bi-LSTM va Bi-GRU. Mot diéu thu vi,
Transformer va PhoBERT cho két qua thap nhét trén ca 2 tap dit lidu.

Methods Accuracy F1 score
Bi-LSTM 0.9154 0.80129
Bi-LSTM + Attention 0.91551 0.80361
Bi-GRU 0.91556 0.80634
Bi-GRU + Attention 0.91618 0.80838
Residual CNN 0.91207 0.78404
Transformer 0.89718 0.71807
PhoBERT 0.90477 0.75189

Badng 3. Két qud thire nghiém trén tdp dir liéu ciia chiing toi
V.  Kétluin

Trong nghién ctru ndy, ching t6i dd kham pha céc ki thuat khac nhau dé giai quyét bai
toan phan loai sic thai binh luin trong ngdn ngir tiéng Viét, bao gdm Bi-LSTM/GRU, Bi-
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LSTM/GRU két hop ky thuét Attention, Residual CNN, Transformer Encoder, Hoc chuyén
tiép. Tat ca cac phuong phap dé xuat déu dat dugc nhirng két qua htra hen trén ca 2 tap dir
liéu. Chling tdi s& cong khai m& ngudn va tap dir liéu trong thoi gian téi.

Chung tdi s& mé rong nghién ctru ndy, phan loai cac biéu cam khac (thich, khéng thich,
vui, khéng vui, tire gian, ...) va tham chi la y dinh (quan tdm hay khéng quan tam) ctia mot
binh luan. Bén canh d6, Bén canh d6, chung t6i cling c6 ké hoach trién khai nghién ctru
nay thanh cac tmg dung thuc tién (ng dung mobile, tng dung web, ...).
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