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LOI CAM POAN

T6i xin cam doan rang d& tai “Ap dung kj thudt hoc sdu cho phan tich y
kién khdch hang vé cdc sdn phdm céng nghé”’ 1a cong trinh nghién ciru do chinh
to1 thuc hién.

Toan bd sb lidu, tap dit liéu, quy trinh xt 1y, mé hinh huén luyén va két
qua thuc nghiém trinh bay trong luan van déu duoc t6i thu thap, xay dung va
trién khai mét cach trung thuc, ding véi thuc trang nghién ctiu. Céc két qua
khong sao chép tir bét ky cong trinh nao khdc, trir cac ndi dung da dugc trich
dan ddy du trong phén tai liéu tham khao.

Téi chiu hoan toan trach nhiém vé tinh trung thuc va chinh x4c cla ndi

dung ludn van.
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MO DAU

1. Ly do lwa chon van dé

Trong bi canh chuyén dbi s6 qudc gia dang duge thuc d4y manh mé tai
Viét Nam, céc nén tang cong nghé sb ngdy cang déng vai trd quan trong trong
doi séng cia nguoi dan. Nhitng tng dung “Make in Vietnam” nhu Zalo — nén
tang nhin tin va mang x4 hoi phd bién hang d4u — hay iSpeed — céng cu do tbe
d5 Internet do Trung tdm Internet Viét Nam (VNNIC) phét trién — khong chi
thé hién su trudng thanh cla hé sinh théi cong nghé s6 trong nudc ma con tao
ra lugng 16n dit liéu phan hdi tir nguoi dung trén cac cira hang tng dung. Cac
binh luin, danh gia va nhéan xét nay chua dyng nhidu thong tin gi tri vé trai
nghiém thuc té, mirc d6 hai 1dng ciing nhu nhimng van & ngudi ding gip phai
trong qua trinh sur dung.

Bén canh cdc Umg dung trong nudc, nhimg bd dir liu qudc t& nhu danh
gia ngudi ding vé iPhone 11 hay b dit liéu Amazon Electronics ciing thé hién
quy md, tinh da dang va mirc d¢ phirc tap cao cua phan hdi truc tuyén. Viéc
khai thac céc bo dif liéu nay khong chi giip mé rdng pham vi nghién ciru ma
con tao didu kién @& dénh gia kha ning téng quat héa ciia cdc md hinh phén
tich cam xac khi ap dung véi nhiéu ngén ngir va nhiéu mién ndi dung khac
nhau. Su két hop giita dit liéu tiéng Viét va tiéng Anh cho phép luan vin vira
gift dugc gid tri thuc tién trong bdi canh céng nghé s6 tai Viét Nam, vira dam
bao y nghia hoc thuét thong qua céc thir nghiém da ngbn ngir.

Trong thuc té, phan tich thii cong khéi lugng 1én phan hdi tir nguoi ding
14 nhiém vu bét kha thi do dit liéu nhidu, phén tan va mang tinh chii quan. Diéu
nay doi hoi su hd trg ciia cdc hé théng phén tich cam xtc ty ddng — mdt nhanh
quan trong cua XU ly ngdn ngit tw nhién (Natural Language Processing — NLP).

Su phat trién manh mé& cua tri tué nhén tao va hoc siu, dac bi¢t voi cdc md hinh



dua trén kién tric Transformer nhu BERT va PhoBERT, mang lai nhiing cong
cu hién dai va hiéu qua dé khai théc tri thirc tir viin ban.

Tuy nhién, tiéng Viét ¢6 nhiéu dic thil nhu tir ghép, ddu thanh, cach viét
phi chuin hay su pha tron giita tiéng Viét va tiéng Anh, khién viée ap dung truc
tiép cac mé hinh nude ngoai gip khé khin. Do d6, viéc nghién ciru, thir nghiém
va danh gia cac mé hinh hoc sdu tién tién trén dir lidu tiéng Viét, ddng thoi so
sanh vé6i cac bd dir liéu tiéng Anh quy mé 16m, 1a huéng di mang lai ca gid tri
khoa hoc 13n thuc tién. K&t qua cuia nghién ciru khéng chi gép phan hoan thién
phuong phép phan tich cam xdic tiéng Viét, ma con hd trg céc t6 chuc, doanh
nghiép nhu Zalo, VNNIC hay céc nén tang thuong mai dién tir trong viéc ning
cao trai nghiém ngudi dung dua trén phan hdi thuc €.

2. Téng quan vé van dé nghién ciru

2.1. Gidi thiéu linh vuc nghién ciru

Phan tich cdm xic (Sentiment Analysis) 1a mét linh vuc cua xur ly ngén
ngit tu nhién (NLP), tap trung vao viéc xac dinh thai d6 hodc cam xic ciia nguoi
viét dbi véi mot cha @& cy thé. Két qua phan tich thuong dugc biéu dién dudi
dang cac nhan cam xuc nhu tich cuc, tiéu cuc hodc trung 1ap.

Trong nhimg nim gin ddy, cing véi su phat trién manh mé cia tri tué
nhén tao (AI) va hoc sdu (Deep Learning), cac phuong phap phén tich cam xtc
da c6 budc tién 16n, tir cac mo hinh thdng ké truyén théng sang cac mé hinh
hoc siu hién dai nhu Transformer, BERT, RoBERTa va PhoBERT

2.2. Cdc hwong tiép cin chinh

Phuong phap truyén thong: dua vao cac dic trung thu cdng (Bag-of-
Words, TF-IDF) va mé hinh hoc may nhu Naive Bayes, SVM, Logistic
Regression.

Phuong phap hoc sau: tan dung kha nang ty hoc biéu dién ngit nghia clia

mang no-ron (CNN, RNN, LSTM).



Phuong phap hién dai: sir dung kién trac Transformer voi co ché
Attention, cho phép md hinh hiéu ngit canh hai chiéu trong cau.

Theo Francois Chollet (Deep Learning with Python, 2021), diém manh
cua hoc sau khong chi nam & thuét toan ma con & quy trinh hoc may toan dién
gbm céc budce: Xac dinh bai toan - phét trién mo hinh — trién khai va giam sét
két qua.

Nghién ctru ndy tun thit dung quy trinh d6 dé trién khai mé hinh phéan
tich cam xuc tiéng Viét dua trén PhoBERT.

2.3. Khodng trong nghién citu va vin dé diit ra

Meic di linh vuc xit Iy ngdn ngfr tu nhién tiéng Viét (Vietnamese NLP)
d3 c6 nhiéu cong trinh nghién ctru, cac hudng tiép c4n chuyén biét cho bai toan
phan tich phan hdi ngudi diing d6i véi tmg dung di dong tai Viét Nam van con
tuong d6i han ché. Pic thu cua dit liéu phan hdi tir cac kho tmg dung nhu App
Store va Google Play khién bai toan tré nén phirc tap: cac binh luin thudng
ngén, khong tuan theo chudn ngén ngft, chra nhidu emoji, viét tit, teencode
hoic pha tron giita tiéng Viét va tiéng Anh. Bén canh do, dit liéu thuong mat
can bing gifta cac 16p cam xuc, trong d6 binh luan tich cyc chiém ty 1& 16n hon
déng ké so véi binh luan tiéu cuc, gy kho khan cho qua trinh huén luyén mé
hinh. Mt van dé khac 14 thiéu ving mét quy trinh chudn ho4 tir thu thap — tién
xir Iy — gén nhan — xdy dung mé hinh — d4nh gi4, din dén két qua thiéu nhat
quan giifa cac nghién ctru.

Tir nhitng han ché d6, d8 tai hudng t6i viéc xay dung mot pipeline chuén
cho bai toan phan tich cdm xuc tiéng Viét, c6 kha ning ap dung cho dit liéu
phan hdi ngudi dung tmg dung di dong. Trén nén tang dé, luan vin tmg dung
md hinh ngdn ngir tién huan luyén PhoBERT — vén duge thiét ké téi uu cho
tiéng Viét — dé phan loai cdm xtc ngudi ding dé6i vé6i hai tng dung phd bién 13

Zalo va iSpeed (VNNIC). Ngoai nhiém vu phén loai, dé tai con tap trung truc



quan héa xu huéng cam xuc va trich xuét c4c insight quan trong nhim hd trg
doanh nghiép va co quan quan ly trong viéc cai tién san phdm, ning cao trai
nghiém nguoi dung va danh gia chét luong dich vu Internet tai Viét Nam.

3. Muc tiéu, nghién ciru

3.1. Muc tiéu téng quit

Muc tiéu tdng quat ctia d8 tai 13 4p dung cac k¥ thuat hoc sdu, dic biét 1a
mb hinh PhoBERT, dé xay dung hé théng phan tich cim xuc ty dong tir binh
luan clia ngudi ding tiéng Viét dbi véi cac tng dung cong nghé phd bién tai
Viét Nam, cu thé 13 Zalo va iSpeed (VNNIC). Hé théng cho phép nhan dién
cam xtic mdt cach nhanh chéng, chinh xac va c6 kha ning hd trg cai thién chit
luong dich vu dua trén phan hdi thye té cta nguoi dung.

3.2. Muc tiéu cu thé

- Thu thép va tién xir Iy dit lidu binh luin nguoi dung tir App Store va
Google Play.

- X4y dung pipeline xu ly dir li¢u: chuén héa, tach tir, loai bé nhiéu, xtr
1y 1&ch lop.

- Hun luyén mo hinh PhoBERT dé phén loai 3 16p cam xtic: tich cyc —
trung 1ap — ti€u cuc.

- So sanh hiéu ning v&i cac mé hinh co s¢ nhu LSTM, MLP.

- Truc quan hoa két qua, déanh gia xu huéng cam xuc ngudi ding theo
thoi gian va theo Umg dung.

4. Pbi twong va pham vi nghién ciru

Pé dat dugc muc tiéu, nhiém vu dé trén, cac phuong phap nghién curu,
trién khai sau du kién duoc str dung:

Déi tuong nghién ciru cla dé tai bao gom céc binh lun céng khai cua
nguoi dung trén bdn tap dir liéu: (1) phan hdi vé tmg dung Zalo, (2) danh gia
nguodi dung dbi véi iSpeed (VNNIC), duge thu thip tir App Store va Google



Play; ciing véi hai bd dit lidu qubc té 14 (3) dénh gi4 san pham iPhone 11 va (4)
bd dir liéu Amazon Electronics tu nén tang Kaggle. C4c tip dit liéu ndy phén
anh trai nghiém nguoi dung da dang theo nhiéu ngén ngit, nhidu mién ndi dung
va nhidu béi canh st dung khac nhau, cho phép danh gia kha ning tong quét
héa cua mé hinh hoc siu trong phén tich cam xuc.

Pham vi nghién citu dugc gidi han & céc binh luin van ban (text-based
review), khong bao gém hinh anh, video hodc dit liéu phi vén ban khac. Péi
v6i Zalo va iSpeed, pham vi chi tdp trung vao binh luan bang tiéng Viét dugc
thu thap trong vong 12 thang gAn nhat nhim bao dam tinh c4p nhat. Déi véi hai
tap dif liéu tir Kaggle, nghién ctru sir dung toan bg tap binh luén tiéng Anh c6
san trong bd dit liéu gbc dé phan anh quy mé va mirc d§ da dang cia dit liéu
qudc té. Toan b dit liéu dugc thu thap déu & dang cong khai, khéng bao gbm
thong tin ¢4 nhan hay dit liéu nhay cam, va tuin thu day da cac chinh sach bao
mat ctia nén tang cung cAp dir liéu.

5. Phwong phap nghién ciru

Dé 4n s& gdp phén dénh gia thuc trang ding tai, cp nhét thong tin va
kiém soat hiéu qua théng tin trén cdng théng tin dién tir ctia Trung tAm Internet
Viét Nam.

Pé tai 4p dung phuong phap dinh lugng va thuc nghiém, dua trén quy
trinh chudn cta hoc sau (theo chuong 6 — The Universal Workflow of Machine
Learning — trong sach Deep Learning with Python):

- Thu thép dit liéu: sir dung API hodc web crawler hop 1€ theo diéu khoan
cua App Store/Google Play.

- Tién xtt ly dir lidu

+ Loai b6 ky tu dac biét, URL, emoji khong can thiét

+ Chuén héa dAu, chinh ta, viét tit va teencode.

+ Tokenization tiéng Viét.



- Gan nhan dit liéu

+ Phan loai cam xuc (tich cuc/trung lap/tiéu cuc)

- Hu4n luyén mé hinh

+ Fine-tune PhoBERT-base véi 16p dau ra Softmax 3 chiéu.

+ Huén luyén trén TensorFlow 2.15, Python >3.7, méi truong Jupyter
Notebook.

+ Ap dung dropout, early stopping, learning rate scheduling dé tranh
overfitting

- Panh gia mo hinh

+ Chi sb: Accuracy, Precision, Recall, Macro-F1.

+ Ma tran nham 13n va phan tich 15i.

- Truc quan héa két qua

+ Biéu dd ty 1é cam xtc theo tmg dung

+ Tir khéa ndi bét trong binh luan tiéu cuc

+ Xu huéng cam xuc theo théi gian

6. Két cau ciia luin viin

Luén vin duoc chia thanh ba chuong chinh cung phin mé dau, két luan
va tai liéu tham khao nhu sau:

Mé dau: Trinh bay 1y do, muc tiéu, d6i twong, pham vi va phwong
phap nghién ciru.

Chuwong 1 - Co s6 1y ludn

Chwong 2 - Phuong phap va m6 hinh dé xuét

Chwong 3 - Thuc nghiém va danh gia két qua

Két luan: Téng hop két qua nghién ctru, y nghia va huéng phat trién

tuong lai.



CHUONG 1: CO SO LY LUAN

1.1. Téng quan vé tri tué nhin tao, hoc may va hoc siu

Thoi gian gan day, tri tué nhan tao (AI) d néi 1én nhu mdt cong nghé
cbt 161, duge tng dung rong rii trong nhiéu hé théng va giai phap hién dai, khi
mady tinh c6 thé xtr ly théng tin va hd trg con ngudi ra quyét dinh trong céc tinh
hudng phrc tap [2]. M6t nhanh cbt 16i ctia Al 1a hoc may (Machine Learning —
ML), noi mé hinh dwgc huén luyén dé tu rt ra quy luit tir chinh dir liéu ma
khéng phai x4y dung tht cong quy trinh cho timg buée xur ly [7].

ML dugec mé rong manh m€ hon thdng qua su xuét hién ctia hoc sau
(Deep Learning), khai thac nhimg kién tric mang than kinh gém nhiéu 16p lién
tiép dé hoc biéu dién phirc tap tir dit liéu 16n [1][2]. Nho kha néng ty dong hoc
va khai thac cac dac trung quan trong truc tiép tir dir lidu, Hoc sau da gop phin
ning cao dang ké hiéu qua trong nhiéu tac vy, dic biét 12 phan tich hinh anh va
xr Iy ngdn ngit tu nhién va phan tich van ban.

Nhitng md hinh tiéu bidu nhu CNN, RNN, LSTM, Transformer... di
chimg minh hiéu qua vuot trdi trong viéc hiéu clu triic ngdn ngit va md hinh
héa quan hé ngit nghia trong cau [1][2][7].

1.2. Xir Iy ngon ngir twr nhién

Xir Iy ngén ngit tu nhién (NLP) 1a mét linh vuc két hop kién thirc tir sy
két hop giita ngdn ngit hoc, théng ké va cac mé hinh hoc may dé xir Iy va phan
tich dit liéu ngén ngit[7]. Cong nghé nay hi¢n dién trong nhiéu hé théng nhu
cong cu tim kiém, dich tu dong, tro ly o va dic biét hitu ich trong céc bai toan
phén tich cdm xtc.

Déi véi tiéng Viét, viée xir ly phirc tap hon do dic thi ngdn ngit da 4m
tiét, nhidu tir ghép va cach viét khong théng nhat. Diéu nay khién cac mé hinh
truyén théng kho dat hiéu qua cao, do vay cac md hinh hién dai nhu BERT va
PhoBERT dugc xem la phu hop hon [5].



1.2.1 Khdi niém va vai tro

Xir Iy ngdn ngit tu nhién (NLP) nghién ctru cadc phuong phap cho phép
may tinh dién gidi, phan tich va tao ra ngén ngit gidng con ngudi. Linh vuc
NLP duoc phat trién dua trén su giao thoa giira ngdén ngir hoc, khoa hoc may
tinh va théng k& nhim chuyén vin ban hodc 15i n6i thanh dang dit li¢u c6 thé
phan tich dugc[7].

Céc tmg dung phd bién ctia NLP gbm:

- Hé théng tim kiém (Google Search, Bing).

- Tro 1y 4o (Siri, Alexa, Google Assistant).

- Dich tu dong (Google Translate).

Déi véi tiéng Viét, NLP gip nhiéu thach thic:

- Chu truc tir ghép phirc tap

- D4u thanh da dang

- Viét tat, teencode

- Sumo ho trong tach tir

Vi vy, nhitng m6 hinh ngdén ngit hién dai nhu BERT va dac biét 1a
PhoBERT thuong dem lai hiéu qua cao hon khi ap dung cho tiéng Viét [5].

1.2.2. Quy trinh xit ly dir li¢u ngon ngit tw nhién

Qua trinh xir Iy NLP thudng gdm cac budc chinh:

- Tién xir ly vén ban: loai bé ky tw dic biét, chuén hoa chit thuong, tach
ciu va tach tir.

_ Bidu dién dic trung: chuyén vin ban thanh vector s6 bing TF-IDF,
Word2Vec, hodc Embedding tir cac mé6 hinh ngdn ngit [6].

- Huén luyén mé hinh: sir dung ML hodc DL dé hoc médi quan hé giira
van ban va nhén.

- Panh gia md hinh: st dung Accuracy, Precision, Recall, F1-score [7].

- Ung dung thuc té: phan loai cim xuc, goi ¥ ndi dung, chatbot...



Theo Goodfellow, viéc két hop hoc sau v6i NLP gitip mé hinh nam bét
quan hé ngilt nghia phirc tap ma cac phuong phap truyén théng khéng xir ly
duoc [2].

1.3. Bai toan phén tich cAm xic trong tiéng viét

1.3.1 Khdi niém

Phan tich cam xtc (Sentiment Analysis) la qua trinh xac dinh thai d9,
cam xtic hodic quan diém ctia ngudi ding ddi véi mot chi de. Cac nghién ciru
thuong phan loai cam xuc thanh ba dang chinh: cam xuc tich cuc, cam xtc tiéu
cuc va trang thai trung 1ap [7].

Két qua phan tich thuong dugc chia thanh céc nhom:

- Tich cuc (Positive): cam xuc hai long, khen ngoi.

- Tiéu cuc (Negative): phan nan, khong hai long.

- Trung 14p (Neutral): binh luén khong thé hién rd cam xuc.

Vi du:

- “Ung dung chay nhanh va dn dinh” — Tich cuc

- “App hay bi do, do mang sai” — Tiéu cuc

- “T6i d dung thir img dung vai 1dn” — Trung 1ap

1.3.2. Ung dung thuc e

Phéan tich cam xtc duge ing dung rong rai trong nhiéu linh vyec:

- Phén tich phan hdi va nhin xét vé chit luong san phém thuong mai
dién tu [11].

- Phan tich phan héi ngudi dan dbi véi dich vu cong.

- Dich vu c6ng;: phan tich phan hdi ngudi dan ddi véi céc Gmg dung, dich
vu truc tuyén.

- Theo d&i du lun x4 hdi va canh béo khing hoang truyén thong.

Trong dé tai nay, k¥ thuét phan tich cam xuc dugc sir dung nhim xem

xét phan héi ciia ngudi dung dbi voi hai ing dung céng nghé Viét Nam: Zalo
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(img dung lién lac), iSpeed (img dung do tbc d6 mang ciia VNNIC) va hai tap
dit liéu vé san phim c6ng nghé trén Kaggle.

1.4. Cac phwong phap va mé hinh hoc siu trong phin tich cam xic

1.4.1. Phwong phap dwa trén luit (Rille-based)

Phuong phap nay ding tir dién cam xtc d& danh gia cau. D& trién khai
nhung han ché vé ngit canh, mia mai va cAu dao ngir [7].

- Vi du: Néu binh lusn chira “tdt”, “nhanh”, — nhén tich cuc; néu chira
“cham”, “16i” — nhén tiéu cuc.

1.4.2. Phwong phap hoc mdy truyén thong (Machine Learning)

- Bidu dién van ban bang dic trung TF-IDF hogic Bag-of-Words.

- Sir dung mé hinh SVM, Naive Bayes, Logistic Regression.

- Uu diém: d& huan luyén.

- Nhuge diém: khong hiéu duge ngit nghia, ngir canh.

1.4.3. Phwong phdp hoc sau (Deep Learning)

- DL dung cac md hinh CNN, RNN, LSTM, GRU... dé tur dong hoc

biéu dién ngir nghia [1][2].

- Uu didm: hiéu ngft canh tt, hidu qua cao.

- Nhuoe: can dir liéu va tai nguyén 16n.

1.5. M6 hinh Transformer va cdc bién thé (BERT, RoBERTa,
PhoBERT)

1.5.1. Kién triic Transformer

Transformer 14 kién tric nén tang ctia cic md hinh NLP hién dai, dugc
xem nhu budc ngoit 16n trong hoc sdu cho ngén ngir tu nhién. Khong gibng
cac kién tric tudn ty kiéu RNN hay LSTM, vén yéu cau xtr 1y dir liéu theo trinh
tu thoi gian 1ién tuc va gip han ché khi mé hinh hoéa quan hé dai han — Trong

kién trac Transformer, co ché Self-Attention dugc dung dé danh gia muc do
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lién hé gifra céc tir trong cau, tir d6 giup mo hinh x1¢ ly dit liéu theo kiéu song
song va hidu ngir canh mét cach hiéu qua hon [1][2].

Co ché Self-Attention cho phép mé hinh x4c dinh va nhin manh céc tir
c6 muc d6 lién quan 1on trong cau. Chéng han, trong mét cau cu thé “Ung dung
khéng giri duge tin nhan”, tir “khong” anh hudéng manh dén y nghia chung cia
cé ciu. Transformer cling déng thoi ap dung co ché Multi-Head Attention, nhd
d6 mé hinh c6 thé nim bt nhiéu dang quan hé ngit nghia da chiéu giita cac
thanh phin trong cau, va Positional Encoding nhdm thém théng tin v& vi tri cla
céc tir vao chudi dit liéu, bu lai viéc mé hinh khong xir 1y theo trat tu tun tu tu
nhién [1].

Nho tap hop cac uu thé ndi bat, Transformer di sém dugc xem la nén
tang mac dinh cho nhiéu mé hinh ngdn ngir hién dai, tiéu biéu nhu BERT,
RoBERTa hay PhoBERT.

1.5.2. BERT (Bidirectional Encoder Representations from

Transformers)

BERT 1a m6 hinh dua trén ph?an Encoder ctia Transformer, duoc thiétké
dé hoc ngir canh hai chiéu — tirc 13 xem xét c4 tlr bén trdi va bén phai trudc khi
du doan [3]. BERT dugc tién huén luyén véi hai nhiém vu chinh:

- Masked Language Modeling (MLM): che mét s6 tir va yéu cdu mo hinh
du doan lai.

- Nhiém vu Next Sentence Prediction (NSP) budc mé hinh x4c dinh xem
hai cu lién tiép co that su cb moi lién hé vé nghia hoc tinh lién mach trong
van ban hay khong.

MLM gitip BERT hoc biéu dién ngit nghia sau, trong khi NSP ting kha
ning hiéu quan hé giita cic cdu. Nho d6, BERT dat hiéu qua cao trong phén

loai vin ban, phén tich cam xuc va céac bai toan NLP khac [3].
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Tuy nhién, phién ban BERT gdc nay chii yéu dugc dio tao trén kho vin
ban tiéng Anh, do d6 chua that su pht hop véi tiéng Viét — vén c6 hé théng tir
ghép, diu thanh va cach bidu dat dic thu [5][7].

1.5.3. RoBERTa

RoBERTa 12 phién ban cai tién cia BERT, dugc tbi uu lai phuong phép
huén luyén bing cach loai bd NSP, ting kich thudc batch, ting thdi gian huén
luyén va str dung dit liéu 16n hon [4].

RoBERTa cho thy hiéu ning vuot trdi hon BERT trong hau hét cac
benchmark nhd chién lugce dynamic masking — méat na dugc thay ddi theo mdi
epoch — gitip mé hinh hoc da dang ngir canh hon.

PhoBERT 13 mé hinh dugc thiét ké riéng cho tiéng Viét, phét trién dua
trén kién triic ciia RoOBERTa nho vu thé v& kha ning biéu dién ngit canh mét
cach 6n dinh va hidu qua [5].

1.5.4. PhoBERT

PhoBERT dugc xem 12 phién ban BERT diu tién duoc thiét ké chuyén
biét cho tiéng Viét, do VinAl phat trién dua trén ciu traic RoBERTa. PhoBERT
dugc hudn luyén trén 20GB dit lidu tiéng Viét chuin héa tir Wikipedia, bdo chi
va mang xa héi [5].

Diém ndi bat ciia PhoBERT la tokenizer theo dang tir ghép (word-level
subword), vi du:

“cdng nghé thong tin” — “cong_nghé”, “thong_tin”

K¥ thuat nay dic biét quan trong vi tiéng Viét 1a ngdn ngir da 4m tiét, va
néu tach theo 4m tiét (syllable-level) nhu mBERT s& lam mét ngit nghia.
PhoBERT vi vdy nim bt t6t hon c4u tric ngir nghia va ngi phap tiéng Viét.

1.6. So sanh gitta cAc mo hinh Word2Vec, BERT va PhoBERT

Bang 1.1 So sanh dic diém giia cAc md hinh
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Mo hinh Dic diém Uudiém  |Hanché
Word2Vec | M6 hinh embedding mdt | Nhanh, nhe | Khong hiéu ngi
chidu canh hai chiéu
BERT Transformer Encoder hai | Hiéu qua Khéng t6i wru cho
chiéu cao, manh tiéng Viét
mé
RoBERTa | BERT t6i uu héa huan Performance | Khéng hd trg
luyén vuot troi riéng tirng ngoén
ngl
PhoBERT | RoBERTa cho tiéng Viét | Téi uu cho Can GPU manh
tiéng Viét, | dé fine-tune
manh nhat
hién nay

1.7. Két luan chwong 1

Chuong 1 d4 trinh by nén tang ly thuyét cta luan vin, bao gdm:
- Kién thirc nén vé Al, ML, DL
- Ly thuyét NLP va céc thach thirc tiéng Viét

- Céac phuong phap phén tich cam xtc

- C4c md hinh tir truyén théng (Word2Vec) dén hién dai (BERT,
RoBERTa, PhoBERT)

Dua trén nén tang ly thuyét di trinh bay, ludn vin tap trung trién khai va

huin luyén mo hinh PhoBERT véi myc tiéu ty dong thuc hién nhiém vu phan

tich cam xuc tir phan hdi ngudi dung d6i véi hai tmg dung céng nghé Viét Nam:

Zalo vaiSpeed, nhim hd trg danh gia chat lugng san pham va trai nghiém nguoi

dung.
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CHUONG 2: PHUONG PHAP NGHIEN CUU VA MO
HiNH DE XUAT
2.1. Quy trinh tong thé ciia hé thong phén tich cam xic
Bai toan phén tich cam xdc ngudi dung vé san phdm cbéng nghé dugc

trién khai theo quy trinh tdng thé gdm 6 budc, duge minh hoa trong hinh:

Budc 1: Thu thép dir lidu
- Binh luan tir AppStore, GG Play

- Chuén héa vian ban

Bude 2: Tién xir ly dit liéu
- Loai bé ki ty nhiéu

- Tich cuc/Tiéu cuc/Trung lap

Buéc 4: Biéu dién dic trung
- Word2Vec
- PhoBERT

Buée 5: Huan luyén mé hinh
- MLP
- Fine turning PhoBERT

Budc 6: Panh gia két qua
- Accuracy, Fl-score
- Confusion Matrix

Budc 3: Gan nhan cam xuc
- Rule-based labeling

o A
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Hinh 2.1. Quy trinh téng thé hé théng

Quy trinh nay giGp dam bao tinh tai sir dung, so sdnh va m& rong trong
tuong lai, dic biét khi mé rong sang cac nén tang dir lidu khéc.

2.1.1. M hinh thue thi cia dé 4n

- Pha Offline (Chun bj dit liéu + Hudn luyén + Danh gi)

+ Thu thap dit liéu (Google Play/App Store/Facebook... néu co)

+Lam sach & chudn ho4 tiéng Viét (loai emoji/URL, chuén du, tach tir
néu cén...)

+ G4n nhan/can bang dit liéu (néu rd cach ban gan nhan: thi cong/ban ty
dong)

+ Chia tap Train/Val/Test

+ Huén luyén PhoBERT (fine-tune)

+ DPéanh gia (Accuracy/F1/Precision/Recall + confusion matrix néu co)

- Pha Online /Batch (Suy ludn — du doan cam xuc khi c6 binh luan méi)

+ Input: binh ludn mé1
+ Tién xir ly giéng pha train

+ Tokenize theo PhoBERT

+ Model du doan nhin (pos/neu/neg hodc nhédn ban dung)

+ Xuét két qua: luu DB / xuat bao cio / dashboard

2.1.2. Kién truc thuce thi va cac thanh phan hé théng

Téng dit liéu: ngudn dir liéu + noi luu (file CSV/DB)

Téng xr 1y: cleaning, chuin hoa, tokenizer

Tang mo hinh: PhoBERT fine-tune + checkpoint model

Téng két qua: API/bdo céo/théng ké/dashboards

2.2. Thu Thip va mé ta dit li€éu danh gia ngwoi dung

2.2.1 Nguén dit liéu
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Dit liéu trong nghién ctiru duge khai thac truc tiép tir hai kho tmg dung
duogc st dung rong rai nhét hién nay, cu thé 1a:

- Zalo: Nén tang nhén tin, goi dién va chia sé ndi dung c6 lugng ngudi
diing 16n nhit Viét Nam. Cac binh luan vé Zalo thudng phan anh trai nghiém
lién quan dén tdc do xtt Iy, 4n dinh dich vu, chét lwong cude goi va giao dién.

- iSpeed (VNNIC): Ung dung do tdc d6 Internet chinh thirc ctia Trung
tdm Internet Viét Nam. Nguoi diung thuong danh gia vé tbc d6 mang, do tin
cdy va mic d6 chinh xac ciia phép do.

- Tap dir li€u iPhone 11 Review (Kaggle): Tép dit li¢u gdm céc binh
luan tiéng Anh vé& san pham iPhone 11, dugc tdng hop tir nhiéu nén tang thuong
mai dién tir va cung cip trén Kaggle dudi dang file CSV. Dit liéu phéan anh
danh gid va trai nghiém thuc té ctia ngudi ding qubc té dbi véi thiét bi, v&i noi
dung da dang va c6 cu tric rd rang.

- T4p dir liéu Amazon Electronics (Kaggle): Tap dit li¢u bao gbm cac
d4nh gia tiéng Anh cta khach hang vé nhiéu san phim dién tir trén Amazon.
Dir liéu duge thu thap va chia sé trén Kaggle véi quy mo 16n, chira ndi dung
phong phu va nhiéu chu d&, phu hop dé kiém chimg kha ning tdng quat héa
cua mo hinh trén dir liéu da mién.

Céc binh luin thu duogc ¢6 tinh da dang cao, phan anh trai nghiém thyuc
t& va 1a ngudn dit liéu pht hop cho viéc phén tich cam xtc nguoi ding dbi voi
san phidm coéng nghé.

2.2.2. Ciu tric di¥ ligu

MB&i ban ghi dit liéu bao gdm:

Bang 2.1. Céu triic dir liéu

Truomg dix 1iéu M6 ta

Name App Tén g dung review

Review Id Ma3a review
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UserName Tén nguoi ding

Score S6 sao danh gia
At Thoi gian danh gia
Content No6i dung danh gia

Dir liéu duoc luru & dinh dang CSV — UTF-8 dé dam bao tinh twong thich
khi xtr Iy. Sau khi loc bd binh luan réng, tring 13p hodc qué ngan, khoang 80%
dit liéu con lai dugce str dung cho céac budce tién xir ly tiép theo. Tép binh luin
trai dai trong vong 12 thang gin nhét, dam béo tinh cip nhat va phan 4nh ding
trang thai ngudi dung hién tai.

2.2.3. Pic diém dir li¢u tiéng Vigt

Dit liéu binh luan tiéng Viét mang nhiéu dic thi khién mo hinh NLP gip
thach thitc trong qua trinh xtr 1y, bao gom:

- Teencode, tir viét tit, khong dau

- Emoji thé hién cam xuc

- Céu ngn, d6i khi chi 1-3 tir

- Van phong khong trang trong

Nhitng dic diém nay doi héi quy trinh tién xtr 1y phai duge thiét ké phu
hop v6i didc trung ngdn ngit tiéng Viét [S][7].

2.2.4. Y nghia dit liéu

T4p binh luén thu thdp duoc c6 y nghia quan trong dbi véi ca tmg dung
thuc tién va nghién ctru hoc thuét:

- Gidp phan anh mirc d6 hai long thuc t& cia nguoi dung Viét Nam

- La nén tang dé danh gia ning luc cidc md hinh hoc siu trong viéc hiéu

cam xuc tiéng Viét
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- La ngudn dir liéu hiru ich cho cac hé théng gidm sat phan hdi khach
hang theo thoi gian thuc

- Bap tmg nhu cau xay dung cac mé hinh Al phyuc vu chuyén dbi s6 trong
cac co quan, doanh nghiép

2.2.5. M réng tip di¥ lidu dé so sanh mé hinh

Ngoai hai bd dir liéu chinh 13 Zalo va iSpeed, nghién ctru con bb sung
cac tap dit li€u mo trén Kaggle dé kiém tra mirc d6 dn dinh ctia mé hinh khi ap
dung & nhitng mién dit lidu da dang, cu thé gbm:

- Amazon Product Reviews (Kaggle) & iPhone 11 Reviews (Kaggle) —
dir liéu tiéng Anh duoc dich/hau xir Iy cho phu hop

Viéc bd sung nhiéu tap dit liéu gitip mé hinh dugc kiém chimg kha nang
tdng quat héa va do bén vimg trude cic loai vin ban khac nhau. Quy trinh tién
xir Iy va pipeline hudn luyén dugc 4p dung théng nhét cho tit ca céc tap. Diéu
nay dam bao so sanh cong béng va danh gia toan dién hiéu qua mo hinh.

2.3. Tién xir Iy dit liéu vin ban tiéng Viét

Theo Goodfellow [2] va Goldberg [7], giai doan tién xir Iy ¢6 y nghia
then chét trong NLP béi chit luong dir lidu dAu vao anh huéng truc tiép dén
hiéu qua mo6 hinh.

Qua4 trinh tién xir 1y cua dé tai gom:

2.3.1. Chuén héa vin ban

- Chuyén toan bo sang chif thuong

- Chuén héa ky tu c6 ddu

- Chuén héa emoji thanh nhén cam xtc (vi du: “©)” —
“positive_emoji”)

2.3.2. Loai bé cic thanh phéin khéng cin thiét

- URL, hashtag

- Ky tu dac biét
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- C4c khoang tring du thira

2.3.3. Tdich tir tiéng Viét

Viéc tach tir 1a quan trong vi tiéng Viét 1a ngdn ngit da 4m tiét. Dé tai sir
dung thu vién VnCoreNLP — phuong phap dugc dé xuét trong nhiéu nghién
ctru tiéng Viét [5].

Vi du:

“mang cham qua” — “mang_cham

9% &

qua”

2.3.4. X Iy di¥ ligu miit cdn bing

Dit lidu thuc t& thudng thién 1&ch v& cam xic tich cuc. Dé ddm bio mé
hinh hoc tt, dé tai ap dung:

- Undersampling 16p 16n

- Hoac géan trong s6 16p trong mo hinh

2.3.5. Loai bo tir dirng (Stopwords)

Pé giam nhiéu va loai bé céc tir khong mang nhiéu gia trji ngit nghia (nhu
“la”, “va”, “thi”, “cd”, “cho”, “rét”...), luan vén sir dung danh sach stopword
phé bién duge tdng hop tir thu vién VnCoreNLP va bd stopword tiéng Viét mo
trén GitHub. Sau khi tach tir, cac stopword dugce loai bo nhim lam giam kich
thudc cau va giup mé hinh tép trung vao cac tir mang thong tin cam xuc.

2.4. Phwong phap gan nhan cdm xic

2.4.1. Co s6 phwong phdp

Do tap dit 1iéu ban déu khong c6 nhan cam xtc, ludn vén sir dung phuong
phap rule-based labeling, dua trén tap tir khoa cam xtc tich cuc va ti€u cuc do
tac gia tu xay dung.

2.4.2. Tir dién cam xiic tir veng

- Tich cuc: [“tét”, ”nhanh”, “dep”, “6n”, “tuyét”, “hai_long”, “chuan”,

L(0k95, “ngon7)]
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- Tiéu cuc: [“t€”, “16i”, “lag”, “do”, “chim”, “xdu”, “khong”, “tiéc”,
“rac”, “buc”, “chan”]

Néu binh luan chira tir tich cuc => gan nhén 1 (Positive)

Néu chira tir tiéu cyc => gan nhin 0 (Negative)

Néu khong chua => 2 (Neutral)

2.4.3. Gidi han phwong phdp

- M6t sb cau dao ngit hodc mia mai (“khéng t& dau”) c6 thé gan nhén sai.

- Dit liéu trung 1ap c6 thé chdng 14n giita hai nhom.

Mic dii vay, phuong phap niy van hiéu qua cho viéc tao nhan ty dong
buée dau, phuc vu huén luyén mé hinh.

2.5. Bidu dién dir liéu va trich xuit dic trung

2.5.1. Word2Vec (Mé hinh co so)

Word2Vec do Mikolov d& xuét [6], 1a phuong phép bidu dién tir thanh
vector lién tuc trong khong gian nhiéu chiéu, gitip mé hinh hoc dugc quan hé
ngir nghia.

- Huén luyén mé hinh Word2Vec bang gensim trén toan b tip binh luan.

_ Céc tham sb huin luyén duoc thiét 14p gbém: kich thudc vector 100
chiéu, cira s§ ngit canh bing 5, gia tri min_count dit & mac 1 va sb epoch 1a
30.

- Mdi ciu duge biéu dién bang trung binh vector clia cdc tir (mean
pooling).

- Tap dac trung thu duogc 14 ma tran kich thudc (s6 miu, 100).

2.5.2. PhoBERT

- Str dung mo6 hinh vinai/phobert-base ctia VinAl Research.

- Tokenizer cia PhoBERT nhén du vao di tach tir bang gach dudi.

- Mbi céu dugc ma héa thanh céc input_ids, attention_mask.
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- Toan bd md hinh duoc fine-tuning dé t6i vu cho bai todn sentiment
analysis.

So v&i Word2Vec, PhoBERT hiéu duge ngir canh hai chiéu va thé hién
t6t hon véi céc cau trac ngir phap tiéng Viét.

2.6. Thiét ké va huén luyén mé hinh hoc siu

Trong nghién ciru nay, sir dung hai huéng tiép can chinh:

- M6 hinh co s& (baseline): Word2Vec két hop mang MLP dé lam dbi
chimng.

- M6 hinh d xuét (PhoBERT): mé hinh ngén ngit tiéng Viét dua trén
kién tric Transformer dugc fine-tuning cho bai todn phén tich cam xuc.

2.6.1. Quy trinh tong quit

Qua trinh huén luyén duge thuc hién theo céc bude sau:

- Tién xt ly dir lidu: chuyén chir thuong, loai bd ky tu dic biét, tach tir
bing underthesea va nbi bing ddu gach dudi @& twong thich PhoBERT.

- Gan nhén cam xuc: ap dung phuong phap rule-based véi ba nhén: tich
cuc, tiéu cuc, trung 1ap.

- M3 hoa dit liéu: st dung tokenizer cia PhoBERT (vinai/phobert-base)
véi d6 dai toi da 128 token.

_ Chia dit liéu: 80% d& huén luyén, 20% dé kiém thr.

- Hu4n luyén mé hinh: fine-tuning PhoBERT bing TensorFlow véi
Adam  optimizer  (learning rate  2e-5), loss  function la
SparseCategoricalCrossentropy.

- Luu mé hinh va tokenizer: md hinh sau huin luyén dugc luu tai
Jphobert_tf sentiment dé phuc vu danh gia va thir nghiém.

2.6.2. Mo hinh PhoBERT

PhoBERT dugc xdy dung trén nén tang RoBERTa-base véi 12 16p

Transformer va co ché self-attention hai chiéu.
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Phan dau ra dugc bb sung 16p Dense + Softmax dé du doan 3 lbai cam
xuc: Negative, Positive, Neutral.

Kién trac nay gitip mé hinh hiéu dugc ngit canh tiéng Viét va xt 1y cac
ciu chira pha dinh hodc cam xtc phirc hop.

2.6.3 Téng két

Phén nay da trinh bay tom tit quy trinh thiét ké va huan luyén mo hinh
hoc sdu PhoBERT cho bai toan phan tich cam xuc

Céc thong sb chi tiét, két qua huan luyén va danh gia hiéu ning s& dugce
trinh bay trong Chuong 3 - Thuc nghiém va danh gia két qua.

2.7. Panh gia m6 hinh va tiéu chi so sanh

Pé danh gia khach quan hai mé hinh, str dung cac tiéu chi sau:

Bang 2.2. Panh gia mé hinh

Chi s6 Y nghia

Accuracy Phan anh mic 46 mod hinh du doan

ding trén toan bé tap dit lidu.

Precision Phan anh mtc d9 chinh xac trong s6
cac mau ma mo hinh du doan thudc

v& mot 16p nhét dinh

Recall Thé hién kha ning mé hinh thu hdi
day da cac mAu thét sy thude vé mot

16p cu thé

F1-score F1-score dugc xac dinh béng trung
binh diéu hoa gifta Precision va

Recall, gitip can do6i hai chi s6 nay

Confusion Matrix Biéu dién truc quan mirc d§ nham

lan gitra céc 16p
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Ngoai ra con dénh gia:

- Thoi gian hudn luyén va suy ludn

- Khé ning 6n dinh khi thay dbi dit liéu dau vao

M5 hinh dugc danh gia riéng trén ba tap dit liéu Zalo, Ispeed va Kaggle
dé kiém tra kha ning téng quat

2.8. Két luan chwong 2

Chuong hai di trinh bay ddy du phuong phép nghién ctru ctia luén van.

Nbi dung bao gdm:

- Quy trinh xt ly tdng thé ctia hé théng phan tich cam xuc.

- Cac bude thu thap, tién xir Iy va gan nhan dit lidu.

- So sanh hai hudng tiép can: Word2Vec + MLP (baseline) va PhoBERT
fine-tuning (dé xuét).

- X4y dung tiéu chi danh gia khach quan cho m6 hinh.

Két qua tir chuong 2 13 co s& dé trién khai thuc nghiém, huén luyén va
danh gia chi tiét trong Chuong 3 nhim chimg minh hiéu quéa ctia PhoBERT

trong bai toan phén tich y kién ngudi ding tiéng Viét.
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CHUONG 3: THUC NGHIEM VA DANH GIA KET
QUA

3.1. Muc tiéu thwe nghiém

Chuong nay mé ta chi tiét quy trinh thue nghiém dugc st dung dé dénh
gia hiéu nang cua cac mo hinh hoc sau khi ap dung cho nhi¢ém vu phén tich
phan hdi ctia nguoi ding vé cac tmg dung céng nghé. Cac mé hinh duoc lya
chon dya trén co sé 1y thuyét d3 néu & Chuong 2, bao gdbm Word2Vec [6],
PhoBERT [5] va MLP [2].

Panh gi4 giai phap dé xuit PhoBERT + MLP trén di liéu tiéng Viét
(Zalo, iSpeed).”

Thuc hién so sénh véi mot mé hinh déi chimg MLP + Word2Vec trén
cac tap dit liéu cong khai (Kaggle, tiéng Anh), nhim dénh gia sy khac biét vé
hiéu qua theo mién di¥ liéu va biéu dién dic trung

Ngoai hai tip dit liéu tu thu thép (Zalo va iSpeed), luén vin mé& rdng
thue nghiém trén tap dit liéu 1n tir Kaggle, phit hop khuyén nghj ctia cac
nghién ctru sentiment analysis québc té [8][9][11].

3.2. Mo6i truong va cong cu thwe nghiém

Céc thi nghiém trong ludn van dugc trién khai trén méi trudng tinh todn
cuc bg, khong sit dung GPU ting tdc. Céu hinh phﬁn cung va phén mém phuc
vu qua trinh hudn luyén va dénh gia mé hinh dugc trinh bay nhu sau:

3.2.1. Ciu hinh phan ciing

- B xtr ly (CPU): Intel Core 17-12700H

- B6 nh6 RAM: 32GB

- GPU: Khéng c6

- Hé diéu hanh: Windows 11 64-bit

3.2.2. Phan mém va thw vién

- Python 3.10
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- Jupyter Notebook

- TensorFlow 2.15

- Transformers 4.44

- Gensim 4.3

- Scikit-learn 1.3

- Underthesea 1.3

- Pandas, NumPy, Matplotlib, Seaborn

Do han ché phén cimg, cdc md hinh Transformer nhu PhoBERT khong
thé fine-tune toan bd, nén dé ti sir dung phuong phép feature extraction theo
khuyén nghi cta Devlin et al. [3] va Liu et al. [4].
Céc mé hinh MLP va Word2Vec déu c6 thé hun luyén én dinh trén CPU.

3.3. Chuén bi dir liéu va tién xir Iy

Nhim kiém tra xem md hinh c6 thé hoat dong t6t trén nhidu ngudn dit
liéu khac nhau hay khong, nghién ctru str dung bbn tap dir liéu doc lap 02 tap
tiéng Viét (Zalo, iSpeed) va 02 tap tiéng Anh (Kaggle...). Do khéc biét ngén
ngit, luan van thiét ké 2 cdu hinh thuc nghiém twong tmg cho tiéng Viét va tiéng
Anh.

Bang 3.1. Chuan bj dir liu xir Iy

Tap dir licu NGi dung Nguén

Zalo Reviews Binh luan vé tmg dung Zalo Google Play

iSpeed Reviews Binh ludn vé img dung do toc dd | Google Play
mang

Amazon Electronics Review thiét b dién tir Kaggle

Reviews (30.000 mau

chon ngiu nhién tir 1,4

triéu)

iPhone 11 Reviews Review dién thoai iPhone 11 Kaggle
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Céc nghién ciru vé sentiment analysis quy md 16n (McAuley et al.) cho
thdy viéc st dung tap dit liéu da ngudn gitip mé hinh tranh bj 1§ thudc vao mién
dit liéu cu thé [8].

3.4. Tién xir Iy dir li¢u

Viéc tién xur ly dugc thuc hién theo cac nguyen tic trong Deep Learning
[2] va Primer on NLP [7]:

- Chuén héa chit thudng

- Loai bo ky tu dac biét va biéu tuong

- Tokenization tiéng Viét

- T4ch tir tiéng Anh

- Chuén héa khoéng tring

- Anh xa nhin cam xuc

Déi voi tap Kaggle:

- Rating 1-2 — tiéu cuc (0)

- Rating 3 — trung 13p (2)

- Rating 4-5 — tich cuc (1)

Dbi vé6i Zalo/iSpeed:

Ap dung tir dién cam xuc tu x4y dung (rule-based), phuong phap thuong
dung trong cac nghién ctru cam xuc tiéng Viét trude thoi dai BERT/PhoBERT
[5].

3.5. M6 hinh bi¢u dién viin bin

3.5.1. Biéu dién bing Word2Vec + MLP cho dir lidu tiéng Anh
(Kaggle)

Trong luin vdn, mo hinh Word2Vec dugc str dung dé anh xa mdi tir trong
binh lusn thanh mdt vector thuc, theo huéng tiép can hoc biéu dién phan tan

(distributed representation) ciia Mikolov et al. [6]. Gensim dugc dung dé huin
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luyén Word2Vec truc tiép trén tip binh ludn tho cia timg dataset (Zalo/iSpeed),
thay vi st dung mé hinh hun luyén sin.

Kién tric Word2Vec dugc sir dung 13 CBOW (Continuous Bag of
Words) — day la ché d6 mic dinh cta Gensim (sg=0). Viéc lwa chon CBOW
phtt hop véi dir liéu binh ludn ngén va ¢6 nhidu ciu thidu ciu tric, theo khuyén
nghi trong [6].

Céc tham s6 hudn luyén duogc thiét 14p nhu sau (ding véi code thuc
nghiém):

- vector_size = 100: d§ 16n vector tir

- window = 5: kich thuéc ctra sb ngit canh

- min_count = 1: giit lai t4t ca c4c tir xuit hién

- epochs = 30: s vong 13p huin luyén

- workers = 4: s6 ludng xtr Iy song song

Sau khi huin luyén, biéu dién ctia mét binh lun duoc tinh bing trung
binh cac vector tir trong binh luan d6 (mean pooling). P4y la cach tong hop dic
trung don gidn nhung hiéu qua, thudng dugc sit dung vé6i Word2Vec trong
sentiment analysis [7], dic biét d6i voi vin ban ngén nhu dit lidu tmg dung trén
Google Play.

Trong thi nghiém, m6 hinh Word2Vec dugc hun luyén bﬁng thu vién
Gensim véi cac tham sé nhu kich thude vector 100 chiéu, cira s6 ngir canh bing
5, min_count =1 va sb epoch 1a 30. Sau khi huén luyén, mdi binh luin duoc
chuyén thanh vector bing cach tinh trung binh cac vector tir trong cu

Két qua thu dugc la vector 100 chiéu cho mdi binh luén, dugc sir dung
13m d4u vao cho mé hinh phan loai MLP.

3.5.2. Biéu dién bang PhoBERT + MLP cho di li¢u tiéng Viét (Zalo,
iSpeed)
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PhoBERT dugc phat trién tir nén tang RoBERTa [4] va dugc dao tao trén
mot mot kho dir 1iéu tiéng Viét cé dung lugng 16n khoang 20GB, gitip mé hinh
nédm bt t&t hon ciu triic va ngit nghia clia ngdn ngir, cho kha ning biéu dién
ngit canh manh mé& hon cac mod hinh truyén théng nhu Word2Vec [5]. Péi vai
hai tap dir liéu tiéng Viét (Zalo va iSpeed), ludn van st dung PhoBERT theo
ché d6 feature extraction: mé hinh dugc gitt nguyén trong s6 va dung dé trich
xult embedding tir 16p 4n cudi.

Cch tiép can nay phu hop trong diéu kién phan cling han ché (khéng co
GPU) va duogc khuyén nghi trong cac nghién clu ban ddu  vé
BERT/Transformer [3]. Embedding PhoBERT sau d6 dugc két hop véi mo
hinh phén loai MLP & budc ké tiép.

3.6. M6 hinh phan loai (MLP)

MLP (Multi-Layer Perceptron) dugc st dung lam md hinh phén loai
chinh trong ludn van. Pay la mang no-ron truyén thdng nhiéu tang (feed-
forward neural network), cho phép hoc cac biéu dién phi tuyén giira vector dau
vao va nhin ddu ra. Khi vin ban d4 dugc chuyén thanh céc vector dic trung cb
dinh (Word2Vec hoic PhoBERT), MLP 1a lyra chon phu hop, vira dam béo hi¢u
qua hoc vira ¢ téc do huin luyén nhanh trong diéu kién khong c6 GPU [2].

Trong luin van, MLP dugc dung nhu bo phén loai cubi (classifier) cho
ca hai cu hinh thuc nghiém:

Word2Vec + MLP 4p dung cho hai tap tiéng Anh (Kaggle), trong d6
dAu vao ctia MLP 12 vector 100 chiéu (mean pooling tir Word2Vec).

PhoBERT + MLP ap dung cho hai tip tiéng Viét (Zalo, iSpeed), trong
d6 du vao ctia MLP 13 embedding trich xuét tir PhoBERT (feature
extraction).

Viéc gifr nguyén kién truc MLP gilip so sanh tac dong cua biéu dién

dic trung (Word2Vec vs PhoBERT) trong diéu kién dir liéu khac nhau.
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3.6.1. Kién triic mé hinh

- L6p 1: Dense 64 no-ron, ham kich hoat ReLU

- Lop 2: Dense 32 no-ron, ham kich hoat ReLU

- L6p dAu ra: Dense 3 no-ron, ham Softmax

(trong Ung: tiéu cuc — tich cuc — trung 1ap)

Kich thudc dau vao ciia MLP phu thudc vao loai embedding sir dung:

100 chidu v&i Word2Vec, va d chidu véi PhoBERT embedding.

CAu triic mé hinh trong code:

input_dim = 100

model = Sequential([
Dense(64, activation="relu', input_shape=(input_dim,)),
Dense(32, activation="relu'),

Dense(3, activation="softmax")

D

model.compile(
optimizer=Adam(0.001),
loss='sparse_categorical crossentropy',
metrics=['accuracy']
) |
3.6.2. Tham s6 huin luyén
Céc tham s6 huén luyén cia MLP duoc giit nhat quan gitra cac tap dir
liéu nham dam bao tinh so sanh. Riéng phan embedding du vao thay dbi theo
céu hinh (Word2Vec hoic PhoBERT).
Trong qué trinh huén luyén, mé hinh st dung:
- epochs = 200 (s6 vong 13p hudn luyén 16mn gitip m6 hinh héi tu tot hon)

- validation_split = 0.1 (10% tap huan Juyén lam tip xéc thurc)
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- optimizer = Adam(0.001)

- loss function = sparse_categorical crossentropy

- batch_size = 32 (méc dinh cta Keras)

3.6.3. Diu ra mo hinh

Sau huin luyén mé hinh cung cap:

- Bao cédo phan loai (Precision, Recall, F1-score)

- Biéu d6 Loss

- Biéu db Accuracy

- Ma trin nham 13n

Céc két qua nay dugc phan tich chi tiét trong muc 3.7 d& dénh gid mé
hinh trén bén tip dir liéu: Zalo, iSpeed, Amazon Electronics, IP 11 Reviews.

3.6.4. Ly do lira chon kién triicc mang MLP

Mang no-ron truyén thang nhiéu tng (MLP) dugc lua chon vi phu hop
v6i truong hop embedding vin ban da duogc c¢d dinh tir Word2Vec hoic
PhoBERT. Kién triic MLP gitip mé hinh hoc dugc quan hé phi tuyén giira
vector dic trung va nhin cam xtc, déng thoi c6 téc d6 hudn luyén nhanh, it tén
tai nguyén hon cic mé hinh tuan ty nhu LSTM, GRU hodc Transformer. Trong
diéu kién phan cting khong c6 GPU, MLP 14 lwa chon ti wu dé dam bao téc d6
va do 6n dinh khi huin luyén mé hinh.

3.7. Két qua thye nghiém trén tirng tip dit lidu

3.7.1. Tap Zalo
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BAD CAD PHAN LOAT:

precision recall fil-score  support

Tidu cyc (@) 9.76 @.78 8.77 1544
Tich cyc {1} 8.92 8.88 £.50 1272
Trung 18p (2) .87 .87 .87 3335
accuracy ©.85 6151
macro avg 8.85 .84 8,85 6151
weighted avg .85 2.85 8.85 6151

Hinh 3.1. Bdo cdo phin loai trén Zalo

B4o cdo phan loai trén tip Zalo cho thiy mé hinh dat accuracy 0.85 trén
6.151 mAu. Cac chi s6 macro avg va weighted avg déu khoang 0.85, thé hién
hiéu ning kha 6n dinh va khong bi 1éch manh giita cac 16p. Lép Tich cuc cho
két qua tét nhit véi Fl-score 0.90, trong khi 16p Trung 14p cling dat mitc cao
(F1-score 0.87) va chiém s6 lugng miu 16n nhét. Nguoc lai, 16p Tiéu cuc thp
hon (F1-score 0.77), cho thiy mé hinh con nham 13n & c4c binh lugn tiéu cuc.
Nhin chung, mé hinh hoat déng tét nhung can cai thién thém kha ning nhén

dién 16p Tiéu cuc.

Biéu dd Loss (PhoBERT feature extraction)

H
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Hinh 3.2. Biéu dé Loss Zalo

Biéu d6 loss cho thiy train loss giam déu tir khoang 0.70 xudng ~0.53
theo s epoch, phan 4nh mé hinh hoc dugc dic trung ngay cang tt. Validation
loss ciing giam nhanh tir khoang 0.47 xudng ~0.36 va duy tri én dinh & céc
epoch sau. Khoang cach gitra hai duong loss khéng ting manh, nén chua c6
dAu hiéu overfitting rd rét. O giai doan cubi, validation loss dao dong nhe, cho
thdy mo hinh d4 gin hoi tu va cai thién thém khéng nhidu. Nhin chung, qua
trinh hudn luyén 6n dinh va mé hinh tdng quét hoa tét trén tap kiém dinh.

Biéu dé Accuracy (PhoBERT feature extraction)
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Hinh 3.3. Biéu @6 Accuracy Zalo

Biu dd accuracy cho thiy train accuracy ting déu tir khoang 0.69 1én
~0.78 theo sb epoch, phan 4nh mé hinh cai thién kha ning hoc trén tap huin
luyén. Validation accuracy cling ting nhanh tir khoang 0.79 1én ~0.84—0.85 va
duy tri kha én dinh & céc epoch sau. Viéc validation accuracy cao hon train
accuracy c6 thé do co ché regularization/dd khé dir lidu gitta hai tap hodc cach

1ay mau/tién xir ly khac nhau. O giai doan cuoi, duong validation accuracy dao
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dong nhe, cho thiy mé hinh di gin héi tu. Nhin chung, mé hinh téng quat hoa
t6t va dat hiéu niing 6n dinh trén tap kiém dinh.

Ma tran nham lan (PhoBERT)

Tiéu cyc

- Tich cuc

Thuc té

Trung lap

Tiéu cyc Tich cuc Trung lap
Dy doan

Hinh 3.4. Ma trin nhim lin Zalo

Ma trin nhdm 14n cho thay mé hinh dir doan chinh x4c phan 16n cac mau
& ca ba 16p, dic biét 1a 16p trung 1ap va tich cuc. Cac nhdm 14n chil yéu xay ra
gifra tidu cuc va trung 14p, pht hop véi dic trung ngén ngit cua dit liéu. Toéng
thé, mé hinh ¢6 kha niang phan biét cam xtic tot va giit sai sd & mirc thap.

Ma tran nhdm 14n cho thdy mé hinh du dodn dung kh4 t6t & 16p Trung
Jap véi 2.890 miu ding, phan énh kha ning nhan dién 6n dinh véi 16p chiém
nhiéu dir liéu. Lép Tiéu cuc ciing duoc phan loai ding 1.212 mau, nhung van
bi nham sang Trung 1ap kha nhiéu (314), cho thdy cac binh luan tiéu cuc déi
khi ¢6 sic thai chua rd rang. Véi 16p Tich cuc, mé hinh dir doan ding 1.120
mau va nhim sang Trung Iap (120) nhiéu hon nhdm sang Tiéu cuc (32). Nhin
chung, 161 chu yéu tap trung & viéc nhim 14n gitra Tiéu cuc/Trung l4p va Tich

cuc/Trung 1ap, trong khi nham truc tiép gifta Ti€u cuc va Tich cyc la it.



3.7.2. Tdp iSpeed

Tidu cuc
Tich cyuc
Trung lép

accuracy
macro avg
weighted avg

Hinh 3.5. Bdo cdo phin loai iSpeed
Bao cao phén loai cho thay mé hinh dat accuracy 0.66 trén 160 miu, véi
weighted F1 khoang 0.65, phan anh hiéu nang ¢ murc trung binh. Lép Tich cyuc
c6 precision cao (0.85) nhung recall thap (0.49), tiic md hinh du do4n ding khi
d3 gan nhan nhung con bod s6t nhidu mau tich cuc. Nhin chung, mé hinh nhan

dién Trung lap tot hon (F1 0.69), con hai 16p Tiéu cuc/Tich cuc can cai thién

thém dé can béng.

BAO CAO PHAN LOAI:

precision

8.60
8.85
8.64

8.70
8.63

34

recall fil-score

8.64
@.4%
8.74

8.62
2.66

8.62
2.62
2.89

.65
.64
.85

support

47
35
78

168
169
16¢
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Loss theo epoch (PhoBERT + MLP)
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Hinh 3.6. Biéu d6 Loss iSpeed
Biéu db loss cho thdy train loss giam dén tir khoang 1.1 xudng ~0.68,
trong khi val loss giam déu tir khoang 1.0 xudng ~0.62 va gin nhu én dinh vé
cubi. Khoang céach giita hai duong loss khéng ting manh, nén chwa thiy

overfitting rd rét; md hinh c6 xu hudng hoi tu sau khoang 40-50 epoch.

Accuracy theo epoch (PhoBERT + MLP)
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Hinh 3.7. Biéu d6 Accuracy iSpeed

Biéu d6 accuracy cho thiy train accuracy ting dan tir khoang 0.43 1én
~0.71 theo sé epoch, phan anh mé hinh hoc tdt hon trén tap huin luyén.
Validation accuracy ting nhanh trong giai doan dau, dat khoang 0.72—0.73 rdi
gin nhu di ngang tir sau ~30 epoch, cho thdy mé hinh di gin héi tu. Viée
validation accuracy 6n dinh va khéng giam vé& cubi cho thiy chua c6 ddu hiéu

overfitting rd rét, nhung cai thién thém sau mbc 30 epoch la khéng nhiéu.

Ma tran nhdm lan

Tiéu cuc

Tich cuc

Trung lap

Tiéu cuc Tich cyc Tmn(::) lap
Hinh 3.8. Ma trin nhim lan iSpeed

Ma tran nhim 13n cho thiy mé hinh du doan diing tét nhét & 16p Trung

1p véi 58 miu ding, trong khi Tiéu cuc dang 30 va Tich cuc ding 17. L3i
nhim chui yéu xay ra giita Tiéu cyc < Trung 14p (17 mau) va Tich cuc <
Trung 14p (15 mau), cho thdy cac binh ludn mang séc thai “lung chimg” dé bi
ddy vé trung lap. Nhin chung, mé hinh nhén dién trung 14p 6n nhung con khé
phén tach r6 hai 16p cam xtc manh (tiéu cuc/tich cuc) khi néi dung khéng ro

rang.
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3.7.3. Tap Kaggle Amazon Electronics

850 CAD PHAN LOAT (AMAZON 38X):
precision recall fi-score  support

Tidu zwe (@) 0.63 8.43 8.51 867
Tich ¢yt 1) 8.85 e.98 #.91 4838
Trung lép (2) 2.09 2.28 .28 435
sccuracy .54 £008
macro avg 8,49 2.47 8.47 £p08
weighted avg 2.76 .83 8.78 B0

Hinh 3.9. Bao cdo phin loai ing dung cong nghé trén Kaggle
B4o cdo phan loai cho thy mé hinh dat accuracy 0.84, tuy nhién phan
b hiéu suit gifta cac 16p khong ddng déu. Lép tich cuc chiém da sé nén dugc
du dodn t6t (F1-score 0.91), trong khi 16p trung 1ap gan nhu khéng dugc nhan
dién (F1 = 0.00) do dir liéu qu4 it va kho phan biét. Didu nay phan anh rd sy

mat can bang nghiém trong cta bg dif liéu Amazon Electronics.

Biéu db Loss - Amazon Electronics
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Hinh 3.10. Biéu dd Loss ing dung cong nghé trén Kaggle
Biéu db Loss cho thdy Train Loss va Validation Loss giam kha déu va

duy tri quanh mirc 0.47-0.50, v6i d6 chénh l1éch nhé giita hai duong. Puong
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Validation Loss dao ddng nhe nhung khong ting manh, chimg t6 mé hinh

khoéng bi overfitting. Qua trinh t8i wu hoa dién ra én dinh trong toan bd 15

epoch.
Biéu dd Accuracy - Amazon Electronics
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Hinh 3.11. Biéu d Accuracy ing dung cong nghé trén Kaggle
D6 chinh x4c cia mé hinh ting dan theo timg epoch va dat khoang 0.83
cho Validation Accuracy, cao hon céd Train Accuracy. Diéu nay cho thiy mé
hinh hoc én dinh trén tdp huin luyén va téng quat héa tdt trén tap kiém tra.
Puong Validation Accuracy dao dong nhe nhung van duy tri xu huéng ting,

phan anh hiéu qué cda qua trinh huén luyén.
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Ma tran nham Ian - Amazon Electronics

=

5. 289 378 0 4000

b

W

*m»

o 3000
g 8- ns 0
Fs - 2000

S

]

o - - 1000

v 57 438 0

: |

5

=

-0

u .i ’ Y %
Tidu cuc {0) Tichcue (1} Trung lap (2)
Our doan

Hinh 3.12. Ma trin nham l4n ting dung cong ngh¢ trén Kaggle
Ma tran nham 14n cho thiy mé hinh du do4n ding phan 16n cac binh luan
tich cuc (4722/4838), phu hop voi viéc day la 16p chiém vu thé. Tuy nhién, hai
16p tiéu cuc va trung 1ap van bi nhim 13n dang ké sang 16p tich cuc, dic biét Ia
16p trung lap véi 0 miu duge phan loai chinh xéc. Piéu nay cho thdy mé hinh
chiu anh huéng manh tir sy chénh 1éch phan bé dit lidu.
3.7.4. Tap Kaggle iPhone 11 Reviews

840 cdo phan loai:
precision recall f1-score support

Hegative 8.96 9.87 8.91 39
Positive 8.98 2.92 8.25 518
Neutral 8.81 9.98 8.34 454
accuracy 8.95 1002
macro avg 2.95 8.92 0.93 1892

veighted avg 8.585 8.95 0.95 igez
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Hinh 3.13. Bao cio phan loai review IP 11
Két qua phén loai cho thiy mé hinh hoat dong hiéu qua trén tap iPhone
11 véi d6 chinh xéac tong thé dat 0.95. Céc 16p Positive va Neutral c6 Fl-score
cao (0.95 va 0.94), thé hién kha nang nhan dién cam xtc 6n dinh. Du sb luong
mau cla 16p Negative it, m6 hinh vin dat Fl—score 0.91, cho thr?'ty kha nang
téng quat hoa tét ngay ca véi dit liéu mat can bing.

Loss during training (iPhone 11 reviews)
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Hinh 3.14. Biéu dd Loss review IP 11
Biéu db Loss cho thiy qua trinh huin luyén dién ra 6n dinh khi ca Train
Loss va Validation Loss déu giam d&u theo thoi gian va héi tu & muic thp
(~0.3). Hai duong Loss bam sat nhau trong toan bd qué trinh, cho thiy mé hinh

khong bi overfitting va hoc dugce dic trung dit 1iéu mot cach hiéu qua.
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Accuracy during training (iPhone 11 reviews)
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Hinh 3.15. Biéu db Accuracy review IP 11
Biéu d6 Accuracy thé hién mé hinh dat d6 chinh xéc cao, véi Validation
Accuracy 6n dinh quanh mtrc 0.92-0.95 va gin nhu tring vé6i Train Accuracy.
DPudng cong muot va hdi tu nhanh cho thdy mé hinh hoc tdt trén dix liéu tiéng

Anh va duy tri kha niang tdng quét héa tét.
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Confusion matrix - iPhone 11 reviews
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Hinh 3.16. Ma trin nhim lin review IP 11

Ma tran nhim 13n cho thdy mé hinh phan loai chinh xdc phan 16n céc
mAu & ca ba 16p. Lép Positive va Neutral duoc du doan ding véi sb lugng 16,
trong khi 161 chti yéu xuét hién & mét sé treong hop chuyén nham gitta Positive
va Neutral. Nhin chung, mé hinh nhan dién cam xuc tét va duy tri mirc sai sb
thap trén toan bd céc 16p.

3.8. So sanh tong hop giira hai cAu hinh md hinh (PhoBERT+MLP
va Word2Vect+MLP) trén cac tap dir liéu

Bang 3.2 tong hop két qua theo hai ciu hinh mé hinh: PhoBERT+MLP
cho dir liéu tiéng Viét (Zalo, iSpeed) va Word2Vec+MLP cho dit lidu tiéng
Anh (Amazon Electronics, iPhone 11). Viéc so sanh giup danh gia anh huong
ctia biéu dién dic trung dén chéit luong phén loai trong cac bdi canh dit lidu

khac nhau
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Béing 3.2. So sanh tong hop giira cac tip dir liu

Dataset Accuracy Nhén xét

Zalo ~90% Dit liéu thuan Viét,

ngon ngif rd rang

iSpeed ~73% Dir liéu nhiéu, binh

ludn ngan

Amazon Electronics ~82% Review tiéng Anh,

rating phan b 18ch

iPhone 11 Reviews ~95% Dit lidu tiéng Anh rd
rang, it nhiéu, cau dai

va coO ngir nghia day du

3.9. Nhan xét chung

- M6 hinh PhoBERT + MLP cho két qua cao trén tip Zalo: Do ngén
ngitr nhat quéan, dai, it 15i.

- Dataset iSpeed kém hon: Binh luan ngn, tir “kh6ng” gy nhiéu nhiéu.

- Dataset Amazon va Google Play (Kaggle): Xac nhan mé hinh c6 kha
ning tong quat héa sang ngdn ngit khic (English).

- Dataset iPhone 11 dat @0 chinh xac cao nhét: Do dic diém review tiéng
Anh thudng dai, ca phap 6 rang, it nhidu, ndi dung mé ta chi tiét trai nghiém
san phim, gitip md hinh hoc dugc nhidu dic trung ngit nghia hon so véi dit liéu
tiéng Viét.

- PhoBERT cho két qua t6t hon Word2Vec: Vi embedding da trén ngit
canh [5].

- So séanh truc tiép gitra PhoBERT va Word2Vec chi mang tinh tham
khao do khac ngdn ngir/tap dit li€u; huéng phat trién s& chudn hoa so sanh trén

cung ngdn ngtr
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- Biéu d6 Loss & Accuracy 6n dinh: Pipeline d& dugc thiét ké tét, khong
overfitting.

3.10. Két ludn chwong 3

Trong Chuong 3, mé hinh dugc thir nghiém trén bbn tap dir liéu doc lap,
qua d6 danh gia dugc mirc do thich ing va kha nang mé rong khi ap dung &
cac bdi canh dir liéu khac nhau (img dung di dong, thiét bj dién tir, review toan
cau). Két qua cho thiy mé hinh Word2Vec + MLP dat hiéu ning t5t va én dinh,
diic biét khi dit liéu sach va phan bd nhin cin bang. Céc biéu do truc quan
(Loss, Accuracy, Confusion Matrix) cho phép phan tich siu sic hiéu nang timg

md hinh trén ting bd dit liu.
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KET LUAN VA KIEN NGHI

Qua qua trinh thuc nghiém trén bén tap dir liéu khac nhau, bao gém Zalo,
iSpeed, Amazon Electronics va iPhone 11 Reviews, luan van da danh gia duoc
hiéu qué ciia mé hinh phéan tich cam xutc dya trén Word2Vec va MLP trong bdi
canh dir lidu thuc té. Két qua thuc nghiém cho thiy mé hinh dat hiéu ning cao
hon & nhimg tap dit liéu cé ngit canh rd rang va it nhiduy, tiéu biéu 1a tap Zalo
v6i d6 chinh xac xap xi 90%. Nguoc lai, tap iSpeed — vén chira nhiéu binh luin
ngan, nhifu va thudng xuat hién cac tir khoéa gdy nhap nhing nhu “khéng” —
cho két qua thip hon dang ké, phan 4nh vai trd quan trong ctia chét lwong va
d6 dai dir liéu dau vao.

Déi véi hai tap dir lidu tiéng Anh tir Kaggle, md hinh cho thiy kha ning
téng quét héa tt. Tap Amazon Electronics dat d6 chinh x4c khoang 78—83%,
phit hop véi dic thu dir liéu da mién va gidu nhifu. Pang chd y, tip iPhone 11
Reviews dat hiéu nang vuot trdi (khoang 95%), nho cac review thuong dai, mo
ta chi tiét va c¢é clu triic ngdn ngit rd rang, gitip mé hinh hoc duoc nhidu dic
trung ngit nghia hon.

Céc biéu d6 loss va accuracy déu cho thdy md hinh hdi tu én dinh, khéng
xudt hién overfitting 16 rét. Pidu ndy khing dinh ring viéc lya chon kién truc
MLP két hop véi Word2Vec 1a phit hop trong diéu kién tai nguyén phan cling
han ché (khéng sir dung GPU) nhung van dam bao hiéu ning tét va d6 tin cay
cao trén ca dit lidu tiéng Viét va tiéng Anh.

Tir nhitng két qua dat dwogc, luén van nhén thiy van con nhiéu hudng c6
thé cai thién trong tuong lai. Trudc hét, bude tién xir Iy ¢6 thé dugc nang cao
hon théng qua viéc sir dung nhimg bd tach tir chuyén biét danh cho tiéng Viét
chuyén dung hoic céac bd loc tir dimg phit hop hon véi mién dir liéu. Ngoai ra,
viéc thir nghiém cac mo hinh embedding tién tién nhu FastText, PhoBERT hoidc

BERT da ngbn ngit hira hen mang lai két qua vuot trdi hon, dic biét dbi voi dix
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lidu tiéng Viét. Mt khéc, c6 thé thay thé MLP bing cac mé hinh manh hon
nhu CNN, LSTM hoic két hop Attention nhim ting kha ning hoc ngit canh va
giam nhim 14n & 16p trung 14p — vbn 13 16p khé xir 1y nhit. Néu c6 didu kién
phén ctng tt hon, viéc fine-tuning truc tiép PhoBERT hodc BERT trén dit liéu
ctia luan vin s& mang lai hiéu qua rd rét. Cubi cling, mé réng dit lidu thu thap
tir nhiéu nén tang khac nhau ciing 13 huéng di quan trong dé mé hinh thich tmg

v6i nhiéu dang phan hdi ciia ngudi ding va tng dung trong thuec tién.
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