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LOI CAM ON

Trong qua trinh thyc hién va hoan thanh dé an t6t nghiép ndy, ngoai sy nd luc cb
ging cua ban than em con nhin dugc sy giup d& tan tinh, dong vién cua cac thiy co
gido, ban bé va nguoi than. Qua trang viét nay, em xin giri 16i cam on sau sic dén nhiing
nguoi da giup do em trong thoi gian hoc tap, nghién clru vira qua.

Dau tién, em xin cam on chin thanh dén quy thay c6 gido trong Hoc vién Cong nghé
Buu chinh Vién thong, cac thdy co gido trong Khoa Pao tao Sau Pai hoc, Khoa Cong
nghé Thong tin néi chung, chuyén nganh Cong nghé Phin mém ndi riéng di tan tinh
gitip d&, day db, hudng dan va truyén dat cho em nhitng kién thirc bd ich trong nim hoc
vira qua

bdac biét, em vo cung biét on TS. Nguyén Thi Mai Trang, nguoi da truc tiép dinh
huéng, chi dan, diu dat em thyc hién d6 4n, giup em c6 thém kién thirc vé mit chuyén
mon cling nhu thuc té cude séng va tao moi diéu kién giip do em trong subt qua trinh
1am d6 an.

Cubi cing em xin giri 10i cam on dén b me em, gia dinh cing ban bé da ludn dong
vién, ¢6 vil va dong gop ¥ kién trong qua trinh hoc tap, nghién ciru ciing nhu qué trinh
1am do an t6t nghiép

Mic du em d3 rat ¢b gang rén luyén ban than nhung trong qua trinh thyc hién va
nghién ctru dé tai nay kho tranh khoi thiéu sot, em rat mong nhan duoc su chi bao, gbp

y cua thay c6 gido va cac ban. Em xin chan thanh cam on!

Ha Noi, ngay  thang ndm 2025

Truong Tuén Anh
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LOI CAM DOAN

T6i cam doan rang luan van: “Ung dung hoc ting cuong trong phdn tich cam xiic
theo chii dé” 1a cong trinh nghién ctru ca chinh t6i.

Nhitng két qua nghién ctru dugc trinh bay trong luan vin 13 cong trinh cua riéng cta
t6i dudi sy hudng dan cua TS. Nguyén Thi Mai Trang.

Toi cam doan céc s6 lidu, két qua néu trong ludn van la trung thyc va chua tung dugc
cong bd trong cong trinh nghién ciru nao khac.

Khong c6 bt ctr thong tin ndo cta ngudi khac duoc st dung trong luin vin ndy ma

khong duoc trich dan theo dung quy dinh.

Ha No6i, ngay thang nam 2025

Hoc vién thuc hién luan van

Truwong Tuin Anh
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1. MO PAU
1. Ly do chon dé tai

Trong thoi dai chuyén dbi s6 va bung nd dit liéu, dic biét 1a su gia ting manh mé
ctia ndi dung do ngudi dung tao ra (User-Generated Content), ¥ kién phan hoi tryc tuyén
duoc xem 1a mot ngudn tai nguyén vo gid. Nguon dit liéu nay khong chi gidi han trong
linh vuc thuong mai dién tir v&i cac danh gia san pham trén Shopee, Lazada, Tiki, ma
con ¢o gia tri to 1on trong nhiéu linh vuc khac nhu gido duc, y té, va dich vu cong. Vi
du, trong gido duc, cic phan hdi cta sinh vién vé chét luong giang day, chuong trinh
hoc, hay co s& vat chat 1a thong tin thiét yéu gitp cac co sd ddo tao cai thién va nang

cao trai dém hoc tap.

Tuy nhién, dit lidu y kién nay thuong c6 dang phi cau tric, phtic tap, chira dung
nhiéu yéu té cam xac da dang. Pic thu cua tiéng Viét véi tinh da nghia, cu tric ngir
phap linh hoat va su phong phu trong cach dién dat cam xuc (bao gom ca tiéng 10ng,
sdc thai mia mai) cang lam ting d6 phirc tap cho bai toan phan tich tir dong. Viéc phan
tich thu cong khong chi ton kém thoi gian, ngudn lyc ma con dé gip phai sai sot chi
quan. Chinh vi vay, viéc img dung cac cong ngh¢ tri tué nhan tao (Al), dac biét 1a hoc
tang cudong (Reinforcement Learning), dang tré thanh mot xu hudng quan trong va tat

yeu.

Hoc ting cuong 1a mot phuong phéap hoc tu dong dya trén co ché thir - sai, noi mo
hinh (tic nhan) twong tac lién tuc voi méi trudng (dir liéu) dé hoc mot chinh sach hanh
dong toi wu nham t6i da héa phan thuong. Khac véi cac phuong phap hoc may truyén
théng yéu cau dir liéu d3 dugc gin nhin day du, hoc ting cudng cho phép hé thdng hoc
hiéu qua ngay ca tir dit liéu ban giam sat. Pidu nay dic biét phu hop véi bdi canh phan
tich y kién, noi viéc gan nhan chinh xac timg cha dé va sic thai cam xic 1a mot cong

vi€c doi hoi nhiéu nguon lyc.

Viéc phan tich khong chi ding lai ¢ viéc xac dinh cam xuc tong thé (tich cuc, ti€u
cuc) ma can di sau vao viéc nhan dié€n va phan tich cam xtc doi vdi cac chu dé (aspects)
cu thé. Vi dy, mdt sinh vién c6 thé hai long vé "gidng vién" nhung khong hai long vé

"co s¢ vat chat". Viéc nhan di¢n dugc cac chu dé nay va cam xuc di kém gitp t6 chire



hi€u rd hon v€ nhitng di€ém manh va diém y€u dé dua ra chién lugc cai tién trang dich.
Hoc tdng cuong, véi kha nang to61 uu hoa quyét dinh mdt cach tuan ty, 1a cong cu hitu

hiéu dé giai quyét bai toan phirc tap nay.

Vi tat ca cac 1y do trén, dé tai "Ung dung hoc ting cudng trong phan tich cam
xuc theo chii d&" khong chi mang tinh cp thiét ma con mo ra co hdi tmg dung cong
nghé Al hién dai vao giai quyét cic bai toan thuc té c6 y nghia, kham pha sau hon vai

trd ctia hoc ting cuong trong linh vuc xir Iy ngdn ngit ty nhién, dic biét véi tiéng Viét.
2. Tong quan vé van dé nghién citu
TAm quan trong ciia phén loai y kién khach hang

Phén loai y kién khach hang 12 qu4 trinh x4c dinh cam xtic hodc quan diém duoc
thé hién trong dit liéu vin ban. Thong thudng, ¥ kién dugc phan loai thanh ba loai chinh:
tich cyc, ti€u cuc va trung tinh. Tuy nhién, dé c6 duoc cai nhin siu sic va hitu ich cho
doanh nghiép, phan tich y kién khach hang khong chi dimng lai & mirc d6 cam xtic tong
thé ma con can mé rong sang viéc nhan dién cac chu dé cu thé ma khach hang dang dé
cap (Aspect-based Sentiment Analysis, ABSA). Vi du, khi khach hang danh gia vé mot
nha hang, y kién co thé dé cap dén chat lugng moén an (tich cuc), thai d§ phuc vu (tiéu
cuc) hodc gia ca (trung tinh) trong cing mdt binh luan. Hiéu rd nhitng chu dé nay va
cam xuc lién quan s& giup doanh nghiép xac dinh chinh xac diém manh, diém yéu can
cai thién, tr d6 nang cao chét lugng dich vu va san phém hiéu qua hon. Viéc bd qua
hozc phan tich sai 1éch ngudn thong tin nay c6 thé dan dén nhimng quyét dinh kinh doanh

thiéu hiéu qua, trong khi khai thac thanh cong s& mang lai loi thé canh tranh dang ké.
Vai tro ciia hoc ting cuwdng trong giai quyét van dé

Hoc tang cuong (Reinforcement Learning, RL) 1a mot nhanh ctia hoc may, noi céac
thuat toan (agents) hoc cach dua ra quyét dinh théng qua twong tac véi mot moi truong
dong va t6i wu héa hanh dong cia minh dya trén tin hi¢u phﬁn thuong (rewards) nhan
dugc. Trong bdi canh phan tich y kién khach hang, dac biét 1a ABSA, hoc tang cudng

mang lai nhiéu vu diém vuot trdi:

+ Hoc tir dit liéu ban giam séat hodc twong tac tu nhién: RL ¢ thé xu ly hiéu qua

dir liéu khdng gan nhan day du hoic hoc tryc tiép tir phan hdi ngam (vi du: su tuong tac



ctia ngudi dung véi két qua phan tich), gidp giam dang ké chi phi va cong stc trong

viéc chuan bi di liéu, mot rao can 16n trong nhiéu bai toan NLP

+ Kha ning thich nghi cao véi su thay d6i cua dit liéu: Y kién va xu hudng caa
khach hang thay ddi lién tuc. RL, véi ban chat hoc dong, c6 thé lién tuc cap nhat va tinh
chinh mé hinh dé pht hop vai nhitng thay dbi nay, duy tri hiéu suat cao theo thoi gian,

kh&c véi cac mo hinh tinh truyén thong.

+ T4i uu héa da muc tidu va quyét dinh tuan tu: Trong ABSA, viéc xac dinh chi
dé va sau d6 1a cam xdc c6 thé dugc xem nhu mot chudi cac quyét dinh. RL ¢6 kha ning
t6i uu hoa ddng thai nhiéu muc tiéu (vi du, 6 chinh xac trong nhan dién chu dé va do
chinh xéc trong phan loai cam xuc) va hoc dugc mét chinh sach ra quyét dinh toi wu

cho ca chudi nay.
Ung dung thue té va tiém ning nghién ciru

Phuong phéap hoc tang cuong da dugc 4p dung thanh cong va tao ra nhiing dot pha
trong nhiéu linh vuc, tir tri tué nhan tao trong trd choi dién tir (vi du: AlphaGo), diéu
khién robot tu hanh cho dén cac hé théng giao dich tai chinh t dong. Tuy nhién, trong
linh vyc phéan tich y kién khach hang va nhan dién chu dé, viéc ung dung hoc tang
cudng van 1a mot huéng nghién ctru twong d6i méi mé voi nhidu tiém ning chua duoc
khai pha hét, dic biét 1a véi cac ngdn ngir c6 dic thu phire tap nhu tiéng Viét. Cac nghién
ctru trude day chil yéu tap trung vao cac phuong phap hoc c6 giam sat hodc khong giam
sat, von co thé gip han ché vé kha ning thich tmg hodc yéu cau dir liéu 16n c6 nhin. RL
c6 thé giai quyét nhiéu han ché nay bang cach cho phép mé hinh hoc mét cach tuong
tac va ty cai thién. Trong linh vyc phan tich cam xuc theo chu dé, ban chét tun tu cta
viéc xac dinh cac chu dé trong mot ciu va sau d6 gan nhin cam xuc cho timg chu dé d6
¢6 thé dugc mo hinh hoa hiéu qua nhu mot chudi cac quyét dinh. Day chinh 1a diém
manh cta hoc tang cuong, noi agent co thé hoc mot chinh sach tbi wu dé thuc hién chudi
hanh dong nay.

Nghién ctru nay huéng dén viéc 4p dung va danh gia hiéu qua cta cac thuat toan
RL trong viéc cai thién d6 chinh x4c va kha ning bao quat ctia hé thdng phén tich y kién

khach hang theo chu dé. Pong thoi, dé tai ciing dé xuit cac giai phap t6i wu hoa md



hinh dé phu hop hon véi dir liéu thuc té, dic biét 1a dir liéu tiéng Viét. Két qua cua
nghién ciru khong chi dong gép vao mat 1y thuyét cua viéc tmg dung RL trong NLP ma
con c6 gia tri tmg dung cao trong nhiu linh vyc kinh doanh va dich vu, giap doanh
nghiép thau hiéu khach hang mot cach siu sic hon. Két qua ctia nghién ctru nay khong
chi gid1 han trong viéc cai thién cac chi s6 hoc thuat ma con hira hen mang lai gia tri
trmg dung thue tién cho cac doanh nghiép trong viée toi wru hoa chién luge san pham dua
trén phan hoi chi tiét, ci nhan héa trai nghiém khach hang, hay tham chi 1a dy doan cac

xu huéng thi trudng méi ndi tir phan tich chuyén siu y kién cong dong.
3. Muc dich nghién ciru

Muc dich ciia nghién ctru ndy 1a phat trién va tng dung phuong phap hoc ting
cuong (Reinforcement Learning - RL) dé x4y dung mot hé thong phan tich y kién khach
hang. Hé thong nay c6 kha ning tu dong phan loai cam xuc trong ¥ kién khach hang
(tich cuc, ti€u cuc, trung tinh) va nhan dién cac chu dé cu thé nhu chit lugng san phém,

dich vy, gié ca hay tinh nang.
4. Poi twong va pham vi nghién ciru
Péi twong nghién ciu

Pé tai tap trung vao dit liéu y kién khach hang duéi dang vin ban phi cau tric,
chtra thong tin vé cam xtic va cac cha dé lién quan dén san pham hoic dich vu. Ngoai
ra, d6i twong con bao gdm cac thuat toan hoc ting cudng, nhu Q-Learning, Deep Q-
Network (DQN), va Actor-Critic, dugc ap dung dé xdy dung hé thong phén tich cam

xuc va nhan dién chu deé.
Pham vi nghién ciru

Pham vi nghién ctru tap trung vao viéc phat trién va thir nghiém mo hinh hoc ting
cudng trén dit lidu tiéng Viét va tiéng Anh tir cac nén tang truc tuyén nhu san thuong
mai dién tor hodc mang xa hdi. Pé tai tap trung vao phan tich cam xuc (tich cuc, ti€u
cuc, trung tinh) va cac chu dé cu thé (san phém, dich vu, gia cd), voi ung dung chinh

trong thuong mai dién tr va chdm so6c khach hang.



5. Phuong phap nghién ciru
Nghién ciru 1y thuyét

e Tim hiéu nén tang vé hoc ting cuong (Reinforcement Learning): Nghién ctru
cac thuat toan hoc ting cudng, bao gom Q-Learning, Deep Q-Network
(DQN), va cac phuong phap nang cao nhu Actor-Critic. Phan tich cac uu
diém va han ché cua cac thuat toan nay khi 4p dung vao bai toan phan tich di

liéu ngon ngir tu nhién.

e Phan tich y kién khach hang: Nghién ctru cac phuong phép truyén thong trong
xur Iy ngon ngit ty nhién (NLP) nhu Word2Vec, GloVe, hodc BERT dé trich
xuat dic trung van ban. Tim hiéu cac k¥ thuat phan loai cadm xuc va nhan

dién cha dé dya trén hoc c6 giam sat, khong giam sat va ban giam sat.
Thu thap va xir ly dir liéu
e Thu thap dit liéu: Lya chon va thu thap tip dit liéu phan hdi khach hang tir
cac ngudn khac nhau nhu san thuong mai dién tir va cac khao sat truc tuyén.

e Tién xu 1y dit liéu: Thuc hién cac budc tién xir Iy dé chuan hoéa dit liéu, bao

g6m loai bo tir du thira, xtr Iy ddu cau, tir 10ng va biéu twong cam xtic
Xay dung m6 hinh nghién ctru

e Thiét ké mo hinh hoc ting cudong: Xay dung hé thong hoc ting cudng véi
moi trudng md phong, trong d6 mdi hanh dong twong tng véi viée phan loai
cam xtc hodc nhan dién mot chu dé cu thé. Su dung phén thudng (reward)
dé danh gia hiéu qua cua ting hanh dong.

e Tich hop voi xtr Iy ngdn ngit tw nhién: Két hop cic moé hinh NLP nhu BERT
hoic cac bicu dién tir (word embeddings) v6i hoc tang cudng dé trich xuat va
xur ly dac trung tur dir 1i€u van ban.

Thuc nghiém va danh gia
e Thiét 1ap moi truong thuc nghiém: Chia tap dir liéu thanh cac tap huin luyén,

kiém tra va danh gia.



e So sanh v6i cac phuong phép truyén théng: Panh gia hiéu qua cia mé hinh
hoc ting cudng so véi cac phuong phap hoc may truyén thong.

e Phan tich két qua: Str dung cac coéng cu truc quan hoa dé phan tich két qua
thuc nghiém, xac dinh cac yéu t6 anh huong dén hiéu suit cia mo hinh va dé

xuat hudng cai tién.



1. NOI DUNG

Chwong 1: Tong quan vé bai toan
1.1 Giéi thi¢u bai toan

Phan tich cam xtc theo chu dé (Aspect-Based Sentiment Analysis — ABSA) 1a mot
linh vuc quan trong trong xur 1y ngon ngit ty nhién (NLP), tap trung vao viéc xac dinh
va danh gia cam xac cia ngudi dung d6i voi cac chil dé cu thé cua san pham hoic dich
vu duge dé cap trong van ban, chéng han nhu “gia ca”, “chat lugng dich vu” hay “hd
trg khach hang”. Khac v&i cac phuong phép phan tich cam xuc truyén thong chi danh
gia cam xuc tong thé ctia mot cau hoic doan vin, ABSA cung cap cai nhin chi tiét hon
bang cach lién két cam xuc (tich cuc, tiéu cuc, trung tinh) voi timg chii dé cy thé. Cach
tiép can nay mang lai gié tri 10n trong cac ing dung nhu phan tich danh gia khach hang,

hé théng tu van thong minh va tdi vu héa trai nghiém ngudi ding.
Hién nay, cac phuong phap giai quyét bai toan ABSA bao gdm:

e Phuong phap dua trén luat (rule-based): Str dung tir dién cam xuc va quy tic
ngodn ngit dé nhan dién chu dé va cam xuc, nhung thuong thiéu linh hoat voi

dir liéu phtc tap.

e Hoc may truyén théng: Ap dung céc thuat toan nhu Naive Bayes hodc SVM,
hiéu qua trong mot s6 trudng hop nhung han ché trong viéc nam bat ngit canh

Sau.

e Hoc sau (deep learning): Str dung cac mé hinh tién tién nhu LSTM, BERT
hodc co ché Attention dé khai thac ngit nghia va ngir canh vin ban mot cach

hiéu qua hon.

Trong dé 4n nay dé xuat mot hudng tiép can méi bang cach tich hop hoc ting
cuong (Reinforcement Learning — RL) vao ABSA. Hoc tang cuong cho phép mo hinh
tu dong t6i uvu héa qua trinh nhan dién chi dé va phan loai cam xic thong qua twong
tac voi moi truong dir liéu, dya trén phan thudng tir o chinh xac hodc phan hoi ngudi
dung. Phuong phép nay htra hen cai thién dd chinh xac va kha nang thich nghi so vdi

cac k¥ thuat truyén thong, dic biét trong cac ngit canh vin ban da dang va phtc tap.



1.2 Phuong phap giai quyét bai toan

Phuong phap dua trén quy tic (rule-based) 1a mot trong nhitng hudng tiép can
truyén thong trong phén tich cam xuc theo chu dé. Phuong phap nay chu yéu dua vao
tap hop cac quy tic ngit phap va tir dién cam xtc — noi luu trit cc tir hodc cum tir duge
gan nhan mirc do cam xtc tich cyc hay tiéu cuc, kem theo cuong do thé hién. Vi dy, tur
“tuyét voi” thuong thé hién cam xuc tich cyc manh, trong khi “kha t6t” chi mang cam
xuc tich cuc nhe. Cac quy tac ngdn ngir trong phuong phap nay gitip xac dinh mdi lién
hé giira cac danh tir (thuong 1a chi d&) va cac tinh tir hodc trang tir (thudng 14 biéu hién
cam xuc), tir 46 phan tich duoc thai do cta nguoi viét ddi véi timg cha dé duoc dé cap.
Phuong phap nay dic biét phi hop trong nhitng bai toan don gian hodc khi dit liéu huan
luyén bi han ché, vi khong can dén qua trinh hoc phirc tap nhu trong cdc mé hinh hoc
may. Tuy nhién, nhugc diém 16n ctia nd 1a thiéu tinh linh hoat khi xtr 1y céc ngit canh
da dang hodc cau tric cau phirc tap, noi ma sic thai cam xuc c6 thé thay doi tiy vao
cach dién dat. Ngoaira, viec mé rong hodc cap nhat h¢ théng khi dir li¢u thay doi thuong
doi hoi phai sira doi hodc xay dung lai tp quy tic, gy ton kém thoi gian va cong sirc
trong qua trinh bao tri. Vi vay, rule-based thuong chi duoc ap dung hi¢u qua trong cac

hé thong nho, dit liéu 6n dinh va ngdn ngit khong qué phire tap.

Cac phuong phap dua trén hoc may truyén thong (Machine Learning-based
methods) ap dung cac thuat toan nhu Naive Bayes, SVM (Support Vector Machine),
hoic Logistic Regression dé thuc hién phan loai cam xuc. Quy trinh xir 1y thuong bao
g6m ba giai doan chinh: tién x 1y vin ban, trich xuat dic trung va huan luyén mé hinh.
O budc dau tién, dir liéu van ban sé& duge 1am sach — loai bo cac ky tu du thura, chuan
hoa tir ngir, chuyén doi chir viét, va xtr Iy ngon ngit dé chuan bi cho qua trinh phan tich.
Tiép d6, dic trung cua vin ban duoc trich xuat, thuong thong qua cac k¥ thuat nhu n-
gram, TF-IDF hoic tich hop dic trung cam xuc tir cac tir dién chuyén dung. Nhimg dic
trung ndy dong vai trd quan trong trong viéc gitip md hinh hoc may phat hién cac mau
xuét hién trong dir li¢u van ban dé tir 46 dua ra du doan cam xuc tuong ung. Sau khi
trich xuat dic trung, mo hinh s€ dugc huin luyén trén tap dir liéu da gan nhan dé hoc
cach phan biét cam xuc theo tirng chu dé cu thé. So véi phuong phap dua trén quy tic,

hoc may truyén thong thuong c6 kha ning tong quat t6t hon va xir Iy dugc nhiéu tinh



huéng phirc tap hon. Tuy vay, hiéu qua ctia phuong phap nay phu thudc chit ché vao
chat luong dit liéu dau vao va qué trinh trich xuat dic trung. Néu dic trung khong du
biéu dat hodc dit liéu gan nhan kém chinh xac, hi¢u suit phan loai c6 thé bi anh huong

dang ke.

Phuong phap hoc sau (Deep Learning-based methods) tng dung cdc md hinh
mang no-ron sau nhu LSTM (Long Short-Term Memory), BILSTM (Bidirectional
LSTM) va Transformer dé tu dong hoc va trich xuat cac dic trung ngit nghia phic tap
tir vin ban. Uu diém ndi bat ciia cac mé hinh nay 1a kha ning nim bét ngit canh va mdi
lién két gifra cac tur trong cau, tir do cai thién do chinh xac trong viéc phan tich cam xtc
gan véi ting chu dé. Trong d6, LSTM va BiLSTM to ra hiéu qua véi cac dang dit liéu
tuan ty, bai ching co thé ghi nhé va duy tri thong tin quan trong trong chudi thoi gian.
BiLSTM dic biét ndi bat nho kha niang xtr Iy thong tin theo ca hai chiéu, gitip mé hinh
hiéu rd hon cac ciu trac cau phtrc tap. Mat khac, Transformer — véi co ché hoat dong
khong tuan ty va cdu trac tu cha ¥ (attention) — cho phép mé hinh hoc duge mdi quan
hé gifta cac tir dil cach nhau xa trong cdu, mang lai kha nang hiéu ngit nghia vuot troi.
bac bi¢t, viéc tich hgp cdc m6 hinh ngoén ngir tién tién nhu BERT, RoBERTa hoic
multilingual BERT da mé rong kha ning ap dung cia hoc sau, giup mo hinh thich tng
v6i nhiéu loai ngit canh va dit liéu khac nhau. Nhitng mé hinh nay tan dung k¥ thuét
attention va multi-head attention dé tap trung vao nhirng tir hodc cum tir quan trong, tir
d6 nang cao hiéu qua phan tich cam xtc theo chu dé. Tuy nhién, chi phi tinh toan cao
va yéu cau vé mot luong dir 1i€u 16n dé huan luyén van 1a nhirng rao can khi trién khai

hoc sau trong moi trudong co6 tai nguyén han ché.

Phuong phap hoc ting cudng (Reinforcement Learning - RL) tiép can bai toan
phan tich cam xtic theo chii dé bang cach mé hinh hoa qué trinh du doan nhu mot chudi
hanh dong trong madi trudng twong tic. Thay vi hoc tir di 1iéu gan nhin theo cach truyén
thng, RL cho phép mé hinh hoc théng qua phan hoi (feedback) tir moi trudng, thong
qua co ché phan thuéng (reward). Trong ngit canh phan tich cam xuc, tac nhan (agent)
¢6 thé duoc huin luyén dé lya chon hanh dong phu hop nhu x4c dinh chu dé hodc cam
xuc trong mot cau, nham toi da hoa tong phan thuéng nhan duoc theo thoi gian. Qua

trinh huén luyén thuong dua trén cac k¥ thuat nhu Q-learning hoic Deep Q-Network
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(DQN), noi mo hinh hoc cach dua ra cac hanh dong tdi wu dua trén trang thai hién tai —
vi du nhu biéu dién cta cau, dic trung ngir nghia, hodc vi tri cua tur trong van ban. Viéc
két hop hoc ting cudng v6i cac mod hinh ngdn ngit nhu BERT gitp ting kha ning hiéu
ngir canh, dong thoi cho phép mo hinh thich tng tot hon véi cac tinh hudng chua ting
gip trong dit liéu huan luyén. So véi cac phuong phap hoc sau truyén thong vén hoc tir
dit liéu tinh, RL ¢6 wu diém trong viéc hoc lién tuc va cai thién hiéu suét thong qua trai
nghiém. Ngoai ra, kha nidng phan hdi theo chudi hanh dong ciing giup mé hinh RL xtr
1y tot hon cac ciu vin dai hodc chtra nhiéu cha dé cam xtc dan xen. Tuy nhién, hoc ting
cudng ciing gip khong it thach thirc, nhu yéu cau thiét ké phan thuéng phu hop, thoi
gian huén luyén dai, va kho khan trong viéc dam bao 6n dinh khi ap dung vao dir liéu
ngdn ngit ty nhién. DAu vay, v6i tiém nang thich tmg cao va kha ning hoc chinh sach
t6i uu trong mdi trudng phire tap, hoc ting cuong dang trd thanh hudng tiép can méi

day trién vong trong bai toan phan tich cam xuc theo chu dé.
1.3 Théch thirc han ché giip phai

Phén tich cam xtc theo chii d& (Aspect-Based Sentiment Analysis - ABSA) dit ra
nhiéu thach thtrc tir nhidu cha dé khac nhau. Duéi day lanhimg kho khin chinh ma qua
trinh giai quyét bai toan nay c6 thé gip phai.

e Pic thii ngdn ngir tiéng Viét

Phéan tach tir: Mot trong nhitng thach thic 16n khi xtr 1y tiéng Viét la viéc tach tu,
do day 1a ngdn ngit don am tiét va khong sir dung du cach dé phan biét ranh gidi giita
cac tir ghép hodc cum tir. Piéu nay din dén nhiéu kha ning hiéu nhadm néu khéng co su
phan tich ngit canh chinh xac. Vi dy, cum "mua nha dat" c6 thé duoc hiéu theo hai cach:
"mua nha" va "dat" (tach roi), hodc "mua" va "nha dat" (nhu mot loai bat dong san). Do
do, viéc tach tir phai dugc thuc hi¢én mot cach than trong, c¢6 tinh dén ngit nghia va ngt

canh dé dam bao thong tin khong bi hiéu sai.

Sy da nghia theo ngir canh: Trong tiéng Viét, nhiéu tir mang nhiéu 16p nghia khéc
nhau tiry thudc vao cach sir dung trong timg ngit canh. Diéu nay tao ra kho khan trong
vi€c xac dinh chinh xac y nghia cua tir néu chi dua vao tir dién hodc quy tac cb dinh. Vi
dy, tir "kho" trong cau "Bai toan nay that kho" dm chi muc do thu thach, nhung trong

cau "Bai todn khé nhung hay" lai goi Ién sy danh gia tich cuc vé nodi dung bai toan. Viéc
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hiéu dang cac 16p nghia nay doi hoi hé théng xir Iy ngdn ngit phai c6 kha ning mé hinh
hoa ngir canh mot cach hi¢u qua.

Céu trac ngit phap linh hoat: Tiéng Viét s¢ hitu ciu trac ngit phap co tinh linh hoat
cao, dic biét trong 11 néi hang ngay hodc ngdn ngit hoi thoai. Cac cau co thé khong
can chu ngit, dung tir ndi da dang, hodc 6 cdu triic rut gon nhung van d& hiéu nhd vao
ngit canh. Piéu nay dit ra yéu cau cao cho cac mo hinh phén tich, nhét 14 trong viéc
nhan dién cac chu dé (aspect) trong ciu. M6 hinh can khong chi hiéu ¥ nghia riéng 1¢
ctia tir, ma con phai xac dinh duoc quan hé giita chung dé xac dinh dau 1a d6i twong hay

dic diém dang duoc danh gia trong vin ban.
e Diic diém phan tich y kién theo chu dé

Pa chu dé: Trong mot cau van, co thé xuat hién nhiéu chu dé khac nhau, va mdi
chu dé nay c6 thé di kém véi cam xtc hodc danh gia riéng biét. Mo hinh phan tich cam
xuc can nhan dién dung cac cha dé nay va xac dinh cam xuc twong tng cho ting chi
dé. Vi du, trong cau "Dich vu tbt nhung chét luong d6 an kém", ching ta co thé nhan ra
hai chu dé rd rang: "dich vu" va "chét luong dd an". Moi chu dé mang mot cam xuUc
riéng biét: "dich vu" gén vO1 cam xuc tich cuc (tét), trong khi "chat luong dd an" lai
mang cam xdc tiéu cuc (kém). Viéc phan biét chinh x4c giita cac chii dé nay 1a rat quan
trong, vi néu mod hinh khong 1am dung, n6 c¢6 thé gan cam xtic ctia chu dé nay cho chu
dé khac, dan dén két qua phan tich sai 1éch. Do d6, mé hinh khong chi cAn nhan dién
cac chu dé trong cAu ma con phai hiéu duoc ngit canh cia cau dé phan loai va xac dinh

chinh xac cam xuc tuong trng véi tung chu de.

Biéu hién cam xuc phtrc tap: Cam xic trong vin ban khong phai luc nao ciing ro
rang, va doi khi co sy biéu hién cam xic mau thudn hodc trung 1ap. Vi duy, cau "Cura
hang nay c6 dich vu rat tt, nhung hom qua minh lai khong hai long vi mot s6 nhan
vién" thé hién cam xuc phuc tap, voi su két hop gitra cam xtc tich cuc va ti€u cuc. Vige
nhan dién cic cam xuc nay yéu cau mo hinh c6 kha ning phan tich va phan loai cic cam
xuc khac nhau trong ciing mot chi dé. M6 hinh can phai hiéu dugc sy thay doi va mau
thuin cam xuc, phan tich mdi quan hé giita cic yéu td trong cdu va xac dinh chinh xac
mirc do va ngit canh ciia cam xuc biéu 16. Piéu nay gitp mé hinh dua ra két qua phan

tich cam xuc chinh xac hon.
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e Thach thire ky thuat

Yéu cau tai nguyén tinh toan: Cac mé hinh hoc sdu nhu BERT (Bidirectional
Encoder Representations from Transformers) va LSTM (Long Short-Term Memory) da
chtrng minh hiéu quéa vuot troi trong cac tic vu xt Iy ngdn ngit ty nhién, bao gdm phan
tich cam xGic va phdn tich cam xuc theo chu dé& (Topic-Based Sentiment Analysis -
TBA). Tuy nhién, khi 4p dung cdc mo6 hinh hoc sau trong bai toan phan tich cam xtc
theo chu dé, dic biét trong bdi canh két hop véi hoc ting cuong (Reinforcement
Learning - RL), mot yéu t6 quan trong can luu y 13 yéu cau tai nguyén tinh toan. Cac
mo hinh nay, véi cu tric phic tap va sé luong tham s 16n, yéu cau rat nhiéu tai nguyén
trong qua trinh huén luyén dé c6 thé xur 1y va hoc tir dir li€éu van ban 16n, dac bié¢t 1a khi
ap dung hoc tdng cuong. Trong trudng hop nay, viéc ap dung cac phuong phap hoc tang
cuong dé t6i wu hoa chinh sach phan tich cam xuc dua trén cac hanh dong va phan hoi
tir ngit canh yéu cau mot moi truong tinh toan manh mé. Cac phan cing nhu GPU
(Graphics Processing Unit) hodc TPU (Tensor Processing Unit) 1a rit quan trong trong
viéc ting cudng kha ning xir 1y song song, gitip viéc huan luyén mé hinh hoc sau va
hoc ting cudng dién ra nhanh chong va hiéu qua hon. Bang cach sir dung GPU hoic
TPU, md hinh c6 thé xir Iy hang triéu phép toan trong mot 1an, gitup cai thién hiéu suat
hoc va tdi wu hoa cac chinh sach ctia mé hinh. Yéu cau tai nguyén tinh toan nay khong
chi anh huong dén thoi gian hudn luyén ma con tac dong dén qua trinh suy luan
(inference) trong hé thong phan tich cam xtc theo chil dé. Néu khong ¢ di tai nguyén
tinh toan, hiéu sudt mo hinh c6 thé bi giam, dan dén viéc khong thé dap ung kip thoi
cac yéu cau phan hoi nhanh trong méi trudng thuc té. Do d6, viéc st dung cac phan
cung hd trg nhu GPU va TPU la rét quan trong, dac bi¢t khi mo hinh phai phan tich mdt

khoi Iwgng 16m dir liéu van ban c6 chira nhiéu chu dé va cam xuc phuec tap.

Overfitting trong hoc ting cuong: Overfitting c6 thé xdy ra khi mé hinh hoc qua
chi tiét tir dir liéu huan luyén ma khong thé tong quat héa duge cac quy tac trong boi
canh phan tich cam xtic theo chu dé. DPiéu nay khién mé hinh tré nén qua nhay cam véi
dir liéu huan luyén va kém hiéu qua khi gap dir liu méi, gy ra su thiéu chinh x4c trong
viéc phan tich cam xuc theo ting chii dé. Trong bai toan phan tich cam xuc theo chu dé

v6i1 hoc tang cuong, di€u nay cang quan trong vi cac tac vu phan tich cam xic thuong
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c6 su thay d6i ngir nghia, ciing nhu sy khac biét vé cach thé hién cam xtic trong cac chu
dé khac nhau. Overfitting c6 thé ddn dén viéc mé hinh khong nhan dién dung cam xuc
d6i véi mot chu & méi hodc gip kho khin khi déi mét véi nhitng tinh hubng chua dugce
thdy trong qué trinh huan luyén. D¢ giam thiéu overfitting, can sir dung mot bo dir lidu
huén luyén phong phu va da dang, dong thoi ap dung cac ky thuat regularization, cross-
validation hodc cac phuong phap diéu chinh chinh sach trong hoc ting cudng nhu
dropout va early stopping. Cac k¥ thuat nay gitip mé hinh hoc duoc cac quy tic tong
quat, tir d6 cai thién kha ning du doan cam xuc chinh xac trén cac chu dé chua thiy

trude va 1am ting kha ning tong quat ctia md hinh khi trién khai vao thuc té.

o Xirly cac truwong hgp phire tap

Sarcasm (cham bi€ém): La mgt hinh thirc ngdn ngir trong d6 ngudi ndi hoac viét
thé hién cam xtc nguoc lai voi nhitng gi ho thyc sy mudn truyén dat, thuong nham muc
dich mia mai hodc cham choc. Viéc phan tich cadm xtc trong van ban tré nén kho khan
khi nguoi dung st dung ngdn ngit chadm biém, vi cau ndi c¢d thé khién vi¢c nhan di¢n
cam xuc tré nén sai I¢ch. Vi du, cau "D06 an ngon that day, chi cé di€u toi phai doi 2
tieng" co6 vé nhu dang thé hién su khen ngoi véi tir "'ngon", nhung thyc t€, phan con lai
cua cau lai an chtra cam xuc tiéu cuc, thé hién sy khong hai long véi viéc phai cho doi
lau. M6 hinh phéan tich cdm xtc can phai hi€u ngit canh va nhéan dién dugc rang mac du
c6 tir ngit tich cyc, nhung cau triic cau va y nghia tong thé lai phan dnh cam xuc tiéu
cuc. Néu mo hinh khong nhan dién dugc sy mia mai nay, né c6 thé phan loai cau la tich
cuc, dan dén két qua phan tich sai 1éch. Vi vay, dé xir Iy sarcasm hiéu qua, mo hinh can
c6 kha nang nam bat cdc moi quan hé phrc tap trong ngir nghia va ngir canh, tir d6 dua
ra két luan chinh xac vé cam xuc thuc su.

Da chiéu cam xuc: Pa chiéu cam xuc 1a mot hién tugng phd bién trong ngdn ngir,
khi mot cau hoac mdt doan van co6 thé chira nhi€u cam xtac dong thoi, diéu nay lam cho
viéc phan tich cam xtc trd nén phuc tap. Vi dy, cau "Ctra hang phuc vu rat nhiét tinh,
nhung mon an khong ngon" chilra ca cam xtc tich cuc va tiéu cuc trong cung mot cau.

Phan "Ctra hang phuc vu rat nhiét tinh" thé hién sy hai long voi dich vy, tao ra cam xtc
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tich cuc, trong khi phan "moén in khong ngon" lai thé hién sy khong hai long, tao ra cam
xtc tiéu cue. Pidu nay tao ra sy mau thuan va lam cho viéc phan loai cam xuc tré nén
kho khin. Dé giai quyét van dé nay, mo hinh phan tich cam xuc can c6 kha ning nhan
dién va phan tach cac cam xtic khac nhau trong cing mét cau, hiéu rang mdi chii dé cua
ciu c6 thé mang mot cam xuc riéng biét. Néu mo hinh khong thé xir Iy duoc da chiéu
cam xuc, két qua phan loai s& khong phan anh chinh xac ¥ dinh va cam xuc cta ngudi

no61, dan dén sy sai l1éch trong phan tich cam xuc.
1.4 Muc tiéu

Muc tiéu chinh cua dé an la xay dung mot mo hinh c6 kha nang phan tich cam xuc
theo chu dé cho dit li€u van ban tiéng Viét, giip nhan dién va phan loai chinh xac cac
cam xuc cua nguoi dung doi voi cac chu dé khac nhau cua san pham, dich vu hoac su

kién. Cu the, dé dat dugc muyc ti€u nay, do an s€ thyc hi¢n cac cong viéc nhu sau:

e Gidi thiéu vé bai toan va cac phuong phap tiép can giai quyét bai toan: Pua
ra cai nhin tong quan vé bai toan phan tich cam xuc theo chu dé, cac thach
thirc khi 4p dung vao dit lidu tiéng Viét, va xem xét cac phuong phap hoc

may va hoc ting cudng c6 thé duoc sir dung dé giai quyét bai toan nay.

e Tim hiéu co sd Iy thuyét vé cac mo hinh ap dung trong bai toan: Nghién ctru
cac md hinh hoc sau va hoc ting cuong, bao gdm Long Short-Term Memory
(LSTM), mang no-ron tich chap (CNN), mo6 hinh BERT da ngdn ngfr, va cac
k¥ thuat hoc ting cudng nhu Q-learning, dé xay dung mot mo hinh co thé

phan tich va phan loai cam xtic theo chu dé trong van bén tiéng Viét.

e Xay dung va tinh chinh cic md hinh phan tich cam xtc theo chu dé: Trién
khai cdc mo hinh hoc sau két hop vé6i hoc ting cuong dé phan tich cam xtc
theo cac chii dé khac nhau trong vin ban. Cac md hinh bao gom: LSTM, mb
hinh két hop CNN va LSTM vdi co ché chii ¥ (CNN-LSTM-Attention), md
hinh BERT da ngén ngit, v mo hinh hoc ting cudng (Q-learning) dé tdi vu

héa phan tich cam xtuc theo cac chu dé.

e Danh gia va so sanh hi¢u suat ctia cdc mo hinh: Thyc hién danh gi4 hi¢u suat

ctia tirng md hinh trén céc bd dir liéu c6 san, chiang han nhu bo dit liéu UIT-
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VSFC va UIT-ViSFD, vdi cac chi sé nhu d6 chinh xac (Accuracy), do thu
hoi (Recall), F1-score, Precision va Loss. So sanh hi¢u qua ctia caic mo6 hinh

khac nhau dé€ xac dinh mé hinh t61 vu trong viéc phan tich cam xuc theo chu

de.

o D¢ xuét cac hudng cai tién cho mé hinh trong tuong lai: Tim kiém va dé xuat
cac cai tién vé phuong phap hoc ting cuong hodc k¥ thuat mé hinh hoa dé
nang cao hiéu qua ciia mé hinh phén tich cam xtc theo chu dé, dac biét khi

ap dung vao cac tinh hudng thuc té v6i khoi luong dit liéu 16n va da dang.

1.5 Két luén chwong

Chuong 1 da dit nén moéng cho toan bd nghién ctru bang viée gidi thidu chi tiét vé
bai toan phén tich cam xtc theo chi dé (Aspect-Based Sentiment Analysis - ABSA).
Chuong 1 d3 1am 1 tAm quan trong cta viéc khong chi xac dinh cam xac tong thé ma
con phai nhan dién va danh gia cam xuc gan lién voi timg chu dé cu thé cua san pham
hay dich vu, dic biét trong bdi canh bung nd dir liéu ¥ kién khach hang hién nay. Cac
phuong phép tiép can truyén thong tir dua trén luat, hoc may cd dién dén hoc sau da
duge diém qua, qua do lam noi bat nhirng thach thuc va han ché con ton tai, bao gém
dic thu cia ngodn ngit tiéng Viét (tach tir, da nghia), sy phtic tap trong biéu hién cam
xuc (da chu d¢, sarcasm, da chiéu cam xtc), va cac rao can k¥ thuat (yéu cau tai nguyén,

overfitting).

Tt nhitng phan tich ndy, muc tiéu chinh cua dé tai da dugc xac dinh rd rang: xay
dung mdt mo hinh hiéu qua cho ABSA tiéng Viét, tap trung vao viéc ung dung hoc tang
cuong (Reinforcement Learning - RL) nhu mot huéng tiép can mai day hira hen. Ly do
lua chon RL xuét phat tir kha ndng hoc tuong tac, tu t8i wu hoa va thich nghi véi dir ligu
phirc tap, nhitng dic tinh dugc ky vong sé giai quyét cac han ché ctia phuong phép trudc
d6. Chuong nay di khang dinh tinh cép thiét va tiém nang ciia dé tai, dong thoi dinh
hudng cho cac nghién ctru 1y thuyét va thuc nghiém s& duoc trinh bay trong cac chuong
tiép theo, bat dau bang viéc tim hiéu sau hon vé co so 1y thuyét cuia hoc ting cudng va

cac k¥ thuat lién quan.



16

CHUONG 2: CO SO KIEN THUC

2.1 Tong quan vé hoc ting cwong (Reinforcement Learning)
2.1.1 Giéi thiéu

Hoc tang cuong (Reinforcement Learning — RL) 1a mot nhanh ctia hoc may, tap
trung vao cach mot tac nhan (agent) hoc cach tuong tac voi méi trudng nham dat duoc
phan thuong tdi wu thong qua qué trinh thir - sai (trial-and-error). Khac véi hoc ¢ giam
sat (supervised learning), noi cac cip dau vao - dau ra dugc cung cip rd rang, hay hoc
khong giam sat (unsupervised learning) tim kiém c4u trac tiém an trong dir liéu, RL
khong yéu cau nhin truc tiép cho mdi hanh dong. Thay vao dé, tic nhan hoc thong qua
phan hoi dudi dang phan thuéng (reward) hodc trimg phat (penalty) tir moi trudng sau
mdi hanh dong, tir 46 dan cai thién chinh sach hanh dong (policy) dé tbi da hoa tong
phan thudng tich lity theo thoi gian. Piém dic trung cua RL 13 su can bang gitta kham
pha (exploration) cic hanh dong mdi dé tim ra chién luoc tot hon va khai thac

(exploitation) nhirng hanh dong da biét 1a mang lai phan thudéng cao.

Khai niém RL c¢6 nguén goc sau xa tir tim 1y hoc hanh vi, dic biét 1a 1y thuyét vé
diéu kién hoéa qua thir va sai cua dong vat (Sutton & Barto, 2018). Trén thuc té, qua
trinh hudn luyén moét tac nhan RL giéng nhu cach mét sinh vat hoc tur twong tac voi moi
truong xung quanh: thir mot hanh dong, quan sat két qua, ghi nhé phan hoi va diéu
chinh hanh vi trong tuong lai. Do d6, RL dic biét pht hop véi cac bai toan can ra quyét
dinh lién tuc trong mot chudi cac trang thai phuc tap, noi mdi quyét dinh khong chi anh
huéng dén phan thudng tirc thoi ma con tic dong dén cac trang thai va phan thudng
trong tuong lai. Cac vi du dién hinh bao g@)m robot hoc cach di chuyén, game Al tu hoc

choi co, hay cac hé thong dé xuat thich ing theo phan hdi cua ngudi dung.

Trong nhitng nim gan ddy, hoc ting cudng di ghi nhan nhitng budc tién vuot bac
nho vao su két hop véi hoc sau (Deep Learning), hinh thanh nén hoc ting cudng sau
(Deep Reinforcement Learning — DRL). Nhitng mo6 hinh nhu Deep Q-Network (DQN)
va Proximal Policy Optimization (PPO) d4 mang lai thanh cong 4n tuong trong cac moi
truong phirc tap c6 khong gian trang thai va hanh dong rat 1on, noi cac phwong phap
RL truyén théng gip khé khin. Nhitng thanh twu d6 da khang dinh vai trd ngay cang

quan trong cua RL trong tri tu¢ nhan tao hi¢n dai, mo ra tiém nang ung dung trong nhiéu
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linh vy, bao gdm ca Phan tich Cam xuc theo Chu dé (Aspect-Based Sentiment Analysis
— ABSA). Trong ABSA, viéc xac dinh chil & va sau d6 13 phan loai cam xtic cho chu
dé d6 c6 thé duoc xem nhu mot qua trinh ra quyét dinh tuan tu, phu thudc vao ngit canh,

va ¢6 thé dugc tdi vu hoa thong qua qua trinh hoc tir tuong tac voi dit liéu van ban

2.1.2 Cac thanh phin chinh

Hinh 2.1 So do twong tdc giita Téc nhdn va Méi truwong trong Hoc Tang Cuong

Téac nhan (Agent)
Day 1a thyc thé dua ra cac hanh dong. Tac nhan c6 thé 13 mot chuong trinh Al

dang cho1 mot tro choi, mét robot dang thyc hi¢n cac budce di chuyén, hay tham chi 1a

mot hé théng tu dong hoa trong nha may.
Moi trwomg (Environment)

La tit ca nhitng gi xung quanh tac nhan va c6 thé trong tac véi nd. Mbi truong
phan hoi lai cac hanh dong ciia tac nhan bang cach cung cip trang thai méi va phan
thudng tuong tmg. Mbi trudng c6 thé 1a vat 1y (thé gidi thuc) hodc 4o (méd phong tro

choi, m6 phdng nha may).
Trang thai (State)

Trang thai biéu didn mot mé ta ngin gon nhung dy du vé tinh hudng hién tai

ctia moi trudng ma tac nhan dang phai d6i mit. Tai mdi thoi diém, tic nhan nhan mot
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trang thai tir moi trudng va st dung trang thai nay dé quyét dinh hanh dong tiép theo.
Vi du: Trong tro choi ¢ vua, trang thai 1a vi tri ciia tAt ca cac quan co¢ trén ban co tai

mot thoi diém nhét dinh.
Hanh dong (Action)

La mot lya chon ma tac nhén co thé thuc hién tai mot trang thai cu thé. Mdi hanh
dong cé thé dan dén mot trang thai mdi ciia moi trudong. Muc ti€u cua tdc nhan l1a chon
hanh dong sao cho tdi da hoa phan thudng nhan duge. Vi du: Trong trd choi ¢d vua,

mot hanh dong c6 thé 1a di chuyén quan ma tir 6 nay sang 6 khac.
Phén thuéng (Reward)

La gia tri phan hoi ma méi truong tra lai sau khi tdc nhan thuc hién mdt hanh
dong. Phan thudng c6 thé 13 duong (thuong) néu hanh dong cua tac nhan 1a dung, hoic
am (phat) néu hanh dong 1a sai. Tac nhan s dung thong tin nay dé diéu chinh hanh
dong cua minh trong twong lai. Vi du: Trong trd choi c& vua, phan thuong co thé 1a gia

tri +1 néu tac nhan bat duoc quan ddi thu hoac gia tri -1 néu bi mat quan.
Chinh sach (Policy)

Chinh séach 1a chién lugc ma tic nhan st dung dé chon hanh dong dua trén trang
thai hién tai. Chinh sach c6 thé duogc biéu dién dudi dang mot ham toan hoc hoac mot
bang tra ctru. Vi du: Trong trd choi c& vua, chinh sach ¢ thé quyét dinh rang khi mot

quan mé & vi tri X, tic nhan nén di chuyén né dén vi tri Y dé t6i da hoa co hoi thing.
Ham gia tri (Value function)

Ham gié tri 1a mot ham dy doan gié tri tuong lai ma tac nhan co thé nhan duoc
tir mot trang thai nhit dinh. Him nay giup tic nhin danh gia loi ich ctia mot trang thai
dé chon hanh dong tot nhat. Vi du: Trong mot tro choi, trang thai A cé gia tri 5, trang
thai B ¢6 gia tri 10. Diéu nay c6 nghia 13 trang thai B ¢6 thé mang lai phan thudng cao

hon trong dai han, va tac nhan nén c6 gang chuyén dén trang thai B.
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Ham Q (Q-function)

Ham Q danh gia gié tri cua viéc thuc hién mot hanh dong cu thé tai mot trang thai
cu thé. Him nay gitp tac nhan chon hanh dong t6i wu bang cach so sanh gia tri ctia cac

hanh dong kha thi.
Cong thure co ban cho ham Q trong bai todn hoc tang cuong la:
Q(s,a) = R(s,a) + y\sum{s.}P(s»l S, A)\maxi@ig(s )
Trong do:
e Q(s,a) lagia tri Q cua hanh dong a tai trang thai s.
e R(s,a)la phén thuong nhan dugc sau khi thuc hién hanh dong a tai trang thai s.

e v lahésb giam gia (discount factor), mo ta mic d6 ma tic nhan danh gia phan

thuong trong tuong lai.

e P(s’|s,a) 1a xac suit chuyén trang thai tirs sang s’ sau khi thuc hién hanh

dong a.
Cong thirc tong phan thudng tich liy:

Phéan thuéng ma tac nhan nhan dugc khong chi quan tdm dén phan thudng tirc thoi ma
con bao gdm téng phan thudng trong tuong lai. Tong phan thudng tich lily tai thoi

diém ttt co thé duogc tinh nhu sau:
Cong thirc tong phan thudng tich liy:

Ge = Ryyy + YRty + YRy + - = \sum

{oo}ykR
{t+k+1}

{k=0}
Trong do:
e Gt la téng phan thuong tich lity bat dau tir thoi diém t.

o v lahé sd giam gia (discount factor), diéu chinh tam quan trong ctia phan thudng

trong tuong lai.

e Rt l1a phan thuong nhan duoc tai thoi diém t.
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2.1.3 M6 hinh toan hoc
Hoc ting cuong thuong duoc mo hinh héa thong qua qué trinh quyét dinh Markov

(Markov Decision Process - MDP), bao gdm nam thanh phan chinh:

e S: Tap hop cac trang thai (states), vi du: cac ddc trung biéu dién cau van, tir ngir,

hodc trang thai nglt canh hi¢n tai trong van ban.

e A: Téap hop cac hanh dong (actions), chang han nhu: gan nhin cam xuc (tich cuc,

ti€u cyc, trung tinh) hoac xac dinh chu dé ctia mot tir/cum tir.

e P (s'ls, a): Ham xac suat chuyén trang thai, thé hién x4c suat chuyén tir trang thai

hién tai s sang trang thai mai s’ khi thyc hién hanh dong a.

e R (s, a, s'): Ham phan thuong (reward function), vi du: nhan +1 néu gan nhan

cam xuc dang, -1 néu sai hoac khong phu hop vdi ngilr canh.

e v €[0,1]: Hé sb chiét khau (discount factor), quyét dinh mirc do quan trong cila

phan thuéng twong lai so v6i phan thudng hién tai.

2.1.4 Phan loai thuat toan RL trong ABSA

Céc thuat toan hoc ting cudng (Reinforcement Learning — RL) c6 thé dugc phan
loai thanh ba nhom chinh dya trén cach thirc cap nhat va biéu dién chinh sach hanh
dong, bao gom: nhom dya trén ham gid tri (value-based), nhom dua trén chinh sach
(policy-based), va nhom lai ghép (actor-critic). Mdi nhom mang nhitng dic diém k§y
thuat va chién lugc hoc khac nhau, tir @6 anh hudng truc tiép dén hiéu qua khi ing dung
vao bai toan phan tich cam xtc theo chii d& (Aspect-Based Sentiment Analysis —

ABSA).

Nhém thuét toan diu tién 12 Value-Based, v6i dai dién tiéu biéu 13 Q-learning
va Deep Q-Network (DQN). Nhirng thuat toan nay hoc ham gia tri hanh dong Q (s, a)
cho biét phén thudéng ky vong néu tic nhan thuc hién hanh dong aaa tai trang thai sss
va sau d6 di theo chinh sach hién tai. DQN déc biét phu hop véi cac khong gian trang
thai 16n nhu vin ban, nho sir dung mang no-ron sau dé xap xi ham Q thay vi bang tra
ctru truyén théng. Trong bdi canh ABSA, DQN dugc sir dung dé gan nhan cam xuc
(positive, neutral, negative) cho ting chii dé (aspect) cua cau. Vi du, embedding cta cau

két hop v6i embedding cua aspect dong vai tro 1a trang thai, trong khi hanh dong 1a lva
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chon mét trong cac nhin cam xtc. Tuy nhién, diém han ché cia DQN 1a khong xt 1y
t6t voi khong gian hanh dong lién tuc va khong biéu dién chinh sich mot cach tuong

minh, dan dén kho khan khi can diéu chinh hanh vi tac nhan.

Q-learning
Day 1a thuat toan ndi tiéng nhat trong nhém hoc dua trén gia tri. Q-learning sir dung
ham gia tri dé wdc tinh gia tri Q(s, a) ciia mot hanh dong a tai trang thai s.Cong thirc

cap nhat Q-learning:

Q(sp, ap) « Q(sp, ap) + “[ Te41) T V\maxaQ(S{tﬂ}» a) — QC(sy, at)]
Trong do:

e o latde d6 hoc
o ylahésd giam gia

® Tir4q)la phan thuéng sau khi thuc hién hanh dong a,
SARSA (State-Action-Reward-State-Action)

SARSA 1a mot phuong phap twong tu nhu Q-learning, nhung thay vi t6i wu héa theo
hanh dong tdt nhat tiép theo, né st dung hanh dong ma tac nhan thyc sy thuc hién dé

cap nhat gia tri Q.
Cong thure cap nhat SARSA:

Q(st, ap) « Q(sp,a) + “[ Tty T YQ(S{t+1}» a{t+1}) — Q(sy, at)]

Nhém thir hai 1a Policy-Based, noi chinh sach \pi(a|s)duoc hoc tryc tiép thong
qua t6i vu héa ham muc tiéu phan thudng ky vong. REINFORCE 14 dai dién don gian
nhit cia nhém nay, str dung k¥ thuat Monte Carlo dé tinh gradient va cap nhat tham s
chinh sach. Tuy nhién, REINFORCE gip van dé vé do phan tan cao va kho hoi ty. Dé
khic phuc, thuat toan Proximal Policy Optimization (PPO) dugc phat trién nhim dam
bao tinh 6n dinh thong qua vi¢c gidi han cap nhat chinh sach ¢ mgt pham vi nhét dinh,
giam hién tuong “policy collapse”. Trong bai toan ABSA, PPO duoc str dung dé huin

luyén mo hinh gan nhan cam xtic mot cach linh hoat va thich nghi, thong qua xac suét
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phan phdi hanh dong — diéu nay rét hitu ich khi xtr Iy cac biéu hién cam xuc khéng rd
rang hodc chira nhiéu an du ngit nghia. Nhom Policy-Based c6 vu diém noi bat & kha
ning xir Iy khong gian hanh dong lién tuc va cung cip chinh sach rd rang, tuy nhién
thuong doi hoi k¥ thudt giam phuong sai nhu baseline hodc advantage dé huan luyén

on dinh.

Policy Gradient
Day 1a mot phuong phap sir dung do doc (gradient) dé diéu chinh chinh sach sao cho
tang cuong kha nang cua tac nhan trong viéc dat phén thudéng cao. Tac nhan hoc truc

tiép chién lwgce chon hanh dong t6i uu thong qua viéc t61 ru hoa ham muc tiéu.
Ham mat mét cua policy gradient thuong 1a:

V](@) = \mathbb{E}{ng}[ Ve\logne(als)Gt]

Trong do:

e J(6) 1a ham muc tiéu, (0) 1a cac tham s cua chinh sach.
® Ty(as) laxac suét chon hanh dong a tai trang thai s dudi chinh sach hié¢n tai.

e G, la tong phan thudng tich lity tir thoi diém t.

Nhém cudi ciing 1a Actor-Critic, két hop ca hai hudng tiép can néu trén. Trong
do, tac nhan “Actor” dam nhiém vai tro ra quyét dinh thong qua chinh sach \pi(als),
trong khi “Critic” udc lugng gia tri V(s) hodc Q (s, a) dé danh gia chat lwong hanh dong.
Su két hop nay cho phép qua trinh huan luyén chinh sach trd nén chinh xac va 6n dinh
hon. Cac thuét toan ndi bt trong nhom ndy gdm Advantage Actor-Critic (A2C),
Asynchronous Advantage Actor-Critic (A3C), va dic biét 1a PPO (ciing c6 thé xem
nhu mot dang Actor-Critic vdi chinh sach cdp nhat theo ty 1¢). Khi 4p dung vao ABSA,
cac mo hinh Actor-Critic phat huy hiéu qua trong nhirng tinh hudng c6 chudi hanh dong
lién tiép nhu gan nhin cho nhiéu chu dé trong mot cau, nho kha ning danh gia hanh
dong khong chi theo trang thai hién tai ma con theo chudi trang thai twong lai. Dau vay,
thiét ké mo hinh Actor-Critic thuong phirc tap hon, doi hoi can bang tét gitta Actor va

Critic dé tranh hién tuong hoc 1éch.

Advantage Actor-Critic (A2C/A3C)
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Day 12 mot thuat toan trong phuong phap Actor-Critic. A2C 1a phién ban don ludng,

trong khi A3C (Asynchronous Advantage Actor-Critic) 12 phién ban bat déng b, noi

nhi€u tac nhan cd thé hoc song song dé cai thién hi¢u suat.

Ham mat mét cia A2C thuong 1a:

Trong do:

VJ(6) = \mathbb{E}

{71'9}[ VB\log”B(CllS)A(s,a)]

e A(s,a) = Q(s,a) — V(s) la gia tri Advantage (loi thé) cia hanh dong so véi

cac hanh dong khac tai trang thai s.

Bang 2.1 Bang so sanh cdac phwong phap hoc tang cuong

Nhom thuit toan

Uu diém

Han che

I'fng dung
ABSA

trong

Value-Based (Q-

Dé trién khai, phu hop

Khéng phu hop voi

Gan nhan cam xuc

learning, DQN) khong gian hanh dong | van ban dai, trang | don gian
roi rac thai phtrc tap
Policy-Based HO tro hanh dong lién | Can dir liéu 16n, d& | Nhan dién cha dé

(REINFORCE, tuc, dé tiy bién chinh | dao dong trong | phirc tap, dinh hudng
PPO) sach huan luyén da chiéu
Actor-Critic Két hop Value & Policy- | Trién khai phirc tap, | Hé thng ABSA end-
(A3C, SAC) Based, hi¢u qua cao khé diéu chinh to-end da nhiém

2.2 Phén loai y kién va nhan dién cha dé

2.2.1 B6i canh va Tam quan trong ciia bai toin

Trong bdi canh bung nd ciia ndéi dung do nguoi dung tao ra (User-Generated

Content - UGC) trén cac nén tang thuong mai dién tir, mang xa hoi, va cac dién dan,

viéc khai thac thong tin tir cac nhan xét ctia khach hang da tré thanh mot yéu cau thiét
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yéu ddi véi moi t6 chirc. Nhitng nhan xét nay chira dung vo sb thong tin chi tiét, chan
thyc vé trai nghiém san pham va dich vu. Tuy nhién, cic phuong phap phan tich cam
xtc ¢ cAp do van ban (document-level sentiment analysis) truyén thong, vén chi gan
mot nhan cam xuc duy nhat (Tich cyc, Tiéu cuc, hoac Trung tinh) cho toan by nhan xét,
thuong khong di kha nang ndm bt su phuc tap va da chiéu trong quan diém cua khach

hang.

Dé giai quyét han ché nay, linh vuc Xir Iy Ngon ngir Ty nhién d3 phat trién bai
toan Phan loai Cam xtic theo Chu dé (Aspect-Based Sentiment Analysis - ABSA). Pay
1a mot tac vu phan tich chi tiét (fine-grained analysis) v&i muyc tiéu khong chi xac dinh
cam xuc chung, ma con tu dong nhan dién cac chi dé (aspects) — tirc 1a cac thudc tinh,
tinh nang, hodc thanh phﬁn ctia mot thuc thé — va phan loai thai d0 cam xuc tuong Ung
v6i ting chu dé do.

V& mit hinh thic, dau ra cia mot hé théng ABSA khong phai 1a mot nhin cam
xuc don 1é, ma 1a mdt tap hop cac bo-doi (tuple) cd dang (chu dé, cam xuc). Xét vi du

vé mdt nhan xét san pham:

"Man hinh cta dién thoai ndy rat sac nét va mau sic song dong, nhung thoi luong
pin thi qua t&, dung chua hét ngay di phai sac. Dich vu cham soc khach hang ciing kha

nhanh."

Mot hé thong phan tich cam xtc truyén thong co thé tra vé két qua "Hon hop"
(Mixed) hodc "Trung tinh" (Neutral), 1am mat di gia tri thong tin. Nguoc lai, mot hé
thong ABSA 1y tudng s& trich xuat:

e (man hinh, Tich cuc)
e (thoi luong pin, Tiéu cuc)

e (dich vu cham soc khach hang, Tich cuc)

Két qua phan tich chi tiét nay cung cap mot birc tranh toan canh, cho phép doanh nghiép
xéc dinh chinh xac cac diém manh can phat huy va cac diém yéu can cai thién. V& mat
kién triic, bai toan ABSA phirc tap ndy duoc phan ra thanh hai nhiém vu con cot 18i va
lién d6i chat chd: Nhan dién Chu dé (Aspect Extraction - AE) va Phan loai Cam xtc

theo Chu dé (Aspect Sentiment Classification - ASC).
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2.2.2 Nhén dién Cha dé (Aspect Extraction - AE)

Dinh nghia: Nhan dién Chu dé 1a mot tac vu trich xuét thong tin (Information
Extraction), thuong dugc mod hinh héa dudi dang bai toan gan nhan chudi (sequence
labeling). Muyc tiéu 1a xac dinh va trich xudt tat ca cac tir hodc cum tir trong vin ban thé

hién cac chu dé ciia mét thuc thé dang dugc danh gia.

Vai trd va TAm quan trong: Pay 1a giai doan nén tang va c¢6 anh hudng mang tinh
quyét dinh dén toan bo quy trinh ABSA. Chat lugng cua viéc nhan dién chu dé truc tiép
quyét dinh pham vi va d6 chinh xac cta budc phan loai cam xuc tiép theo. Mot chu dé
bi bo sot déng nghia v6i mot quan diém cua khach hang bi bo qua; mét chu dé bi nhan

dién sai s& dan dén viéc phan loai cam xtc cho mét ddi tuong khong ton tai.
Céac thach thuc hoc thuat va thuc tién chinh:

Pa chu dé trong mot cau (Multiple Aspects per Sentence): Mot cAu nhan xét, du
ngan gon, van c6 thé chira nhiéu chu dé khac nhau, doi héi mé hinh phai c6 kha nang

phan dinh ranh gidi chinh xac cho tig chi dé.

Vi du: "Camera chup anh dep nhung quay video chdng rung kém va gia thi hoi cao." -

> Can nhén dién duoc ba chu dé riéng biét: (camera), (quay video chong rung), va (gia).

Chu d& an (Implicit Aspects): Pay 1a mot trong nhirng thach thirc 16n nhat. Ngudi
dung thuong bay té quan diém vé mot chi d& ma khong can dé cap truc tiép dén tén cua

n6. Mo hinh can suy luén ra chu dé dya trén cac tir nglr mo ta.

Vi dy: Cau "May chay ca ngay khong hét pin." rd rang dang danh gia tich cuc vé chu

dé (thoi lugng pin). Cau "Gia qua chat!" lai dé cap tiéu cuc dén chu dé (gia ca).

Su da dang trong cach dién dat (Lexical Variation): Cuing mdgt chu dé c6 thé duoc
ngudi ding dién dat bang vo sb tir ngit va ciu tric khac nhau.
Vi du, chu dé "Man hinh" c¢6 thé xuét hién dudi cac dang: "man hinh", "chat luong hién
thi", "do phan giai", "do sang", "kha ning nhin ngoai trdi". M6 hinh can c6 kha ning
khai quat hoa dé gom céc biéu hién nay vé cing mot chii dé ngir nghia.

Phén biét Chu dé va Tir biéu dat y kién (Opinion Words): M6 hinh phai hoc cach

phan biét giita danh tir/cum danh tir chi chii dé va céc tinh tir/trang tir thé hién cam xuc.
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Vi du: Trong cdu "Man hinh rat dep", (man hinh) 1 chu d&, con (dep) 1a tir biéu dat ¥

kién. MGt mo hinh non kém c6 thé nhan dién nham "dep" 1a mot chu deé.

2.2.3 Phén loai Cam xiic theo Chii dé (Aspect Sentiment Classification - ASC)
Dinh nghia: Sau khi cac chu dé da duoc xac dinh, ASC 12 mét tac vu phan loai
(classification task) v&i muc ti€u gan mot nhan cam xuc (vi du: Tich cuc, Tié€u cuc,
Trung tinh) cho timg cdp (cau, chu d¢). Pidu quan trong 1a dau vao ctia md hinh khong
chi 13 cau vian ma con phai c6 thong tin vé chu dé muc tiéu dé mo hinh tap trung ding

dbi tuong.

Vai tro va TAm quan trong: Giai doan nay chinh 12 noi gia tri phan tich duoc két
tinh, chuyén hoa cac chi dé tho thanh nhirng hiéu biét sau sic vé quan diém cua khach

hang, tao co s cho viéc tong hop bao cao va ra quyét dinh kinh doanh.
Céac thach thirc hoc thuat va thyuc tién chinh:

Su phu thudc vao ngir canh va cdm xuc trai ngugc: Cam xic doi véi mot chu dé
chiu anh huéng manh mé boi cac tir nglt xung quanh n6. Mot cau c6 thé chira dung

nhiéu ludng cam xuc trai ngugc nhau, moi ludng hudng dén mdt chu dé khac nhau.

Vi dy: "Thiét ké dot pha nhung hiéu ning lai gay that vong." -> Mo hinh phai lién két
"dot pha" voi "thiét k&" va "gay that vong" véi "hiéu ning", thay vi tinh mot cam xtic

trung binh cho ca cau.
Céc cAu trac ngdn ngit phic tap:

e Phu dinh (Negation): Céc tir phu dinh c6 thé dao ngugc hoan toan ¥ nghia. Vi
du: "Chat luong khong t&" (tich cuc) khac voi "chat lugng khong tot" (tiéu cuc).

e So sanh (Comparatives): "Tot hon phién ban cii" thé hién cam xuc tich cuc,
nhung murc d6 c6 thé khong manh bing "t6t nhat thi truong”.

e Cau diéu kién (Conditionals): "S& hoan hio néu pin ding dugc lau hon." Cau
nay thé hién mot su khong hai long (tiéu cuc) véi tinh trang hién tai ctia chu dé
(pin).

e Mia mai (Sarcasm): Day 1a mot thach thirc bac cao, noi tir ngit bé mit va y nghia

thuc sy hoan toan trai ngugc. Vi du: "Tuyé¢t voi, phai mét 2 tiéng dé sac dﬁy." Tu
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"Tuyét voi" mang séc thai tich cuc, nhung ngit canh cho thiy day 1a mot 161 phan
nan.

nn

Sy mo hd cia tir ngit trung tinh: Cac tir nhu "binh thudng", "chdp nhan dwoc" c6 thé
mang sic thai trung tinh, nhung ciing c6 thé hoi tiéu cyuc hodc tich cuc tiy thudc vao ky

vong va nglr canh cua cau.

2.2.4 Hudng tiép can dwa trén Hoc ting cuong (Reinforcement Learning - RL)
Su phu thudc tuan tu gitra hai nhiém vy AE va ASC, cung voi cac thach thuc
ngdn ngit phirc tap, di boc 16 nhitng han ché cia cac phuwong phap hoc co gidm sat
(Supervised Learning - SL) truyén théng. Trong SL, 16i dugc t6i wu hdéa mot cach cuc
b tai mdi budc, din dén van dé lan truyén 13i (error propagation): mot sai lam & bude
nhan dién chu dé sé khong thé dugc stra chita va chic chin gay ra 18i & budc phén loai

cam xuc.

Hoc tang cuong (RL) cung cap mot khung 1am viéc (framework) day hira hen dé
giai quyét nhitng thach thirc ndy bang cach mo hinh héa toan bd bai toan ABSA nhu
mot quy trinh ra quyét dinh tudn tu (sequential decision-making process). Thay vi hoc
tir cac cip (ddu vao, nhan) tinh, mot tic nhan (agent) trong RL hoc mot chinh sach
(policy) t6i wu thong qua qua trinh twong tac lap di lap lai véi moi truong (environment)

va nhén tin hiéu phan thuong (reward).
Mo hinh héa bai toan ABSA trong khudn kho RL:

o Trang thai (State): Biéu dién ngit canh hién tai, thuong 14 vector n ctia mot mang
no-ron hoi quy (RNN) nhu LSTM hoidc GRU, mi hoa thong tin ctia cau cho dén
tur hién tai.

e Hanh dong (Action): Cac quyét dinh ma tac nhan dua ra. Trong AE, hanh dong
1a gan nhan BIO (Begin, Inside, Outside) cho mdi tir. Trong ASC, hanh dong 1a
chon mdt nhin cam xuc cho chi dé di cho.

e Phan thuong (Reward): Tin hiéu phan hoi tir moi trudng. Thay vi phan thudng
+1/-1 don gian, ham phan thudng c6 thé duoc thiét ké tinh vi (reward shaping)

dé huéng dan tac nhan hoc hiéu qua hon. Vi du, trong AE, tic nhan chi nhan



28

duoc phr:in thuong 16n khi nhan dién chinh xac toan by cum tr chu dé, thay vi

tung nhan B/I/O riéng 1é.

2.3 Két luan chwong

Tiép ndi nhitng dinh hudng tir Chuong 1, Chuong 2 d tap trung di sdu vao co so 1y
thuyét can thiét dé giai quyét bai toan phan tich cam xtc theo chit d& bang hoc ting
cuong. Phan trong tim cua chuong 13 tong quan chi tiét vé hoc ting cuong
(Reinforcement Learning - RL), bao gdm cac khai niém nén tang nhu tic nhan (agent),
moi truong (environment), trang théi (state), hanh dong (action), phan thudng (reward),
chinh sach (policy), ham gia tri (value function) va ham Q (Q-function). M6 hinh toan
hoc ctia RL théng qua Qua trinh Quyét dinh Markov (MDP) ciing da duogc 1am rd, cung

cap mot khung 1y thuyét viing chic cho viéc tng dung RL vao cac bai toan thuc té.

Pic biét, chuong 2 da phan tich cdc nhoém thuat toan RL chinh c6 tiém ning tng
dung trong ABSA, bao gdm nhom duya trén ham gia tri (value-based nhu Q-learning,
DQN), nhém dua trén chinh sach (policy-based nhu REINFORCE, PPO), va nhém lai
ghép (actor-critic nhu A2C, A3C), dong thoi chi ra uu nhugc diém va hudng Gng dung
ctia timg nhom. Bén canh d6, chuong ciing da lam rd hon vé hai nhiém vu cdt 16i trong
ABSA 1a phan loai y kién va nhan dién chu dé, nhdn manh nhirng thach thure khi thuc
hién ddng thoi hai nhiém vu nay va cach RL c6 thé dong gop vao viée toi wu hoa toan
bd quy trinh. Cudi cting, mot sd ung dung tiéu biéu ciia hoc ting cudng trong cac linh
vuc khac da dugc gidi thi€u, khong chi minh chirng cho sttc manh cia RL ma con goi

mo nhitng ¥ tudng ap dung vao bai toan cu thé cia dé tai.

Vi nén tang kién thirc virng chic duoc xay dung trong chuong nay, chuong 3 di c6
du co so dé tién hanh thiét ké, xay dung va thir nghiém cac mé hinh hoc tang cudng cho
bai toan phan tich cam xuc theo chii dé trong Chuong 3, noi cac 1y thuyét nay sé dugc

hién thyc hoa va danh gid hidu qua trén dir liéu thuc té.
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CHUONG 3: THUC NGHIEM VA PANH GIA KET QUA

3.1 Mo ta bo dir liéu
Trong dé 4n nay, hai bo dit liéu tiéng Viét duoc str dung dé huan luyén va danh gia
mo hinh hoc ting cudng trong bai toan phan tich cam xtc theo chii dé (Aspect-Based

Sentiment Analysis — ABSA), bao gom: UIT-VSFC [9] va UIT-ViFSD [10]. Viéc sir

dung két hop ca dit liéu thuc té va dir liéu co cdu tric san gitip md hinh hoc duoc da

dang céc biéu hién cam xuc ciing nhu chii d& trong phan hoi ciia ngudi dung.
B9 dir liéu UIT-VSFC (Vietnamese Students’ Feedback Corpus)

UIT-VSFC (UIT Vietnamese Students’ Feedback Corpus) 1a mét tap dir liéu tiéng Viét
duoc xay dung bdi nhoém nghién ctru UIT NLP thude Truong Pai hoec Cong nghé Thong
tin —- DPHQG TP.HCM. Muyc ti€u cua bg dit li¢u la phuc vu cho céc nghién ctu vé phan
tich cam x@ic va nhan dién chu dé trong cac phan hoi cta sinh vién vé méi truong hoc
tap.
Pic diém chinh:
e Ngon ngir: Tiéng Viét
e Linh vuc: Gido duc — phan hdi ctia sinh vién vé cac thanh phan trong méi truong
dai hoc
e Phan chia dir liéu:
o Tap huin luyén (train): 10.000 ban ghi
o Tap phat trién (dev): 1.300 ban ghi
o Tap kiém thtr (test): 3.000 ban ghi
Tong cong bo dit lidu bao gdbm 14.300 ban ghi, vdi mdi ban ghi 1a mot cAu phan hdi cta
sinh vién d4 dugc gan nhan vé chu dé (aspect category) va cam xtic (sentiment polarity)
tuong ung.
N¢i dung nhan:

e Chu dé (Topic / Aspect Category): La thanh phan ma phan hdi nham téi, dugc

chia thanh cac nhom chinh nhu:
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o Lecturer (giang vién)
o Curriculum (chuong trinh hoc)
o Facility (co s& vat chit)
o Content (ndi dung mon hoc)
o Others (khac)
e (Cam xuc (Sentiment Polarity):
o Tich cuc (positive)
o Tiéu cuc (negative)
o Trung tinh (neutral)
Pic diém ndi bat:
e MGJi cau chi chira mét cip aspect-sentiment: Piéu nay giup don gian héa qua

trinh gan nhan, dic biét phu hop cho giai doan khdi dau huan luyén mé hinh hoc
tang cuong.

e Ngir canh giau thong tin: Cac phan hdi cta sinh vién mang tinh thuc té va chta
nhiéu sic thai cam xic rd rang.

e Can bang nhin: Dit liéu dugc phan phdi déu giita cac 16p cam xuc va chu dé,
tranh thién léch.

e Ngudn dit liéu hoc thuat dang tin cay: Puoc cong bd va sir dung rong rii trong

cong dong nghién ctru tiéng Viét.
U'u diém d6i véi mé hinh hoc tiing cwong:

e Tinh don gian va rd rang: Giup mo hinh RL dé hoc chinh sach gan nhan chinh
xac trong cac budc dau huan luyén.

e Dit liéu gon va d& xtr 1y: Phu hop dé huan luyén nhanh hoic fine-tune mé hinh
trén tap nho trudc khi moé rong sang bai todn phuce tap hon.

e Tich hop tdt trong m6 hinh ABSA theo tirng budc: Mot budc nhan di¢n chu dé

— mot budc xéc dinh cam xtic — nhén phan thudéng tir nhan dung/sai.
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110 10 of 11426 entries | Filter | [J

sentence sentiment topic
slide gido trinh déy du . 2 1
nhiét tinh giang day , gan giii v&i sinh vién . 2 0
di hoc day aa full didém chuyén cin . 0 1
chira ap dung céng nghé théng tin va cac thiét bi hd tro cho viée giang day . 0 0
thay giang bai hay , cé nhidu bai tap vi du ngay trén I6p . 2 0
giang vién dam bao thdi gian 1én I&p , tich cwe trd I&i cdu hdi cda sinh vién |, thuedng xuyén dat cau hdi 2 0

cho sinh vién .

em s& ng mon nay , nhung em s& hoc lai & cac hoc ky ké tiép . 1 3
théi Iegng hoc qua dai | khang dam bao tiép thu hidu qua . 1
ndi dung mén hoc cé phén thiéu trong tdm , hau nhw 4 chung chung , khai quét khién sinh vién rit 0 1
khé nam dwoc ndi dung mén hoc .

cén néi ré hon bing cach trinh bay 1&n bang thay vi nhin vao slide . 0 1
Show per page 1] 2 10 100 1000 1100 1140 1143

Hinh 3.1 B¢ dir liéu UIT-VSFC (UIT Vietnamese Students’ Feedback Corpus)
B¢ dir liéu UIT-ViFSD (UIT Vietnamese Feedback Sentiment Dataset)

UIT-ViFSD (UIT Vietnamese Feedback Sentiment Dataset) la mdt tap dir li¢u tiéng Viét
duoc xay dung boi nhdém nghién ctru UIT NLP tai Truong Pai hoc Cong nghé Thong
tin — PHQG TP.HCM. B¢ dir liéu nay dugc phat trién v6i muc tiéu phuc vu cho céc
nghién ciru vé phan tich cam xtic theo chi dé (Aspect-Based Sentiment Analysis —
ABSA) trong linh vyc danh gia san phém, ddc biét 1a cac thiét bi cong nghé nhu di¢n
thoai di dong.

Pic diém chinh:
o Ngon ngii: Tiéng Viét

e Linh vyc: Panh gia sdn pham cong ngh¢ — phan hoi cua nguoi ti€u dung ve dién

thoai di dong
e Phén chia dir liéu:
o Tap huan luyén (train): 10.000 cau
o Tap phat trién (dev): 1.300 cau

o Tap kiém thtr (test): 3000 cau
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Téng cong bo dit liéu bao gdm 14.000 ciu danh gia, mdi ciu chira it nhat mot cip chu
dé — cam xuc, trong d6 c6 thé co nhiéu cdp trong mot cau (multi-aspect, multi-
sentiment).

Noi dung nhan:

e Chu dé (Aspect Category): Pai dién cho cic thanh phan cu thé cta san pham

duoc ngudi dung dé cap dén. Mot sé nhom chinh:
o Battery (pin)
o Screen (man hinh)
o Camera (may anh)
o Design (thiét ké)
o Performance (hi¢u ning)
o Price (gia cd)
o General (chung)
e (Cam xuc (Sentiment Polarity):
o Tich cuc (positive)
o Tiéu cuc (negative)
o Trung tinh (neutral)
Pic diém ndi bat:
e Nhiéu cip aspect-sentiment trong mot ciu: Cho phép nghién ctru mé hinh c6 kha
nang xtr 1y nhiéu chu dé cung lac trong mot phan hoi.
e Tinh hudng sir dung thuc té: Phan hoi dén tir khach hang that, ¢6 ngit canh phong
phu va da dang cach biéu dat cam xuc.
e Céau tric dir lidu chuan héa: Puoc xir 1y k¥ ludng, phu hop cho céac tic vu phan
tich cam xuc ty dong va hoc may.
e Dit liéu chuyén siu theo chu dé san pham: Tap trung vao thiét bi di dong — mot

linh vuc gidu ngir nghia trong phan hodi ngudi ding.
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U'u diém a@6i véi mé hinh hoc ting cwong:

e Bai toan nhiéu cip aspect-sentiment: M6 hinh hoc ting cudng c6 thé dugc huin
luyén dé thuc hién chudi hanh dong — nhan dién tirng chu dé trong cau, xac dinh

cam xuc tvong (g, va nhan phan thudng twong tmg cho mdi cap dang/sai.

e Kha ning danh gia hanh dong theo ngit canh: Vi mot ciu co thé chia ca phan
hoi tich cuc va tiéu cuc vé cac thanh phan khac nhau, ddy 1a méi truong huén
luyén 1y tuong dé mo hinh hoc ting cudng hoc cach ra quyét dinh trong khong

gian trang thai phtc tap.

e Thich hop dé mo rong chién luoc hoc: Co thé két hop véi cac ky thuat nhu hoc
theo tap nhiéu muc tiéu (multi-objective RL), hodc hoc chinh sach tuan tu theo
dd wu tién cua cac chu dé.

110 10 of 7786 entries O

index comment n_star date_time label
0 md&i mua may nay tai theglmdldnng thét ndt cam Thay ok bin trau chup anh dep loa ngheto 5 2 tudn {CAMERA#P ositive}:{FEATURES#Positive};
bat wf khée song én dinh, gid thanh vira véi ti tién, nhan vién tr vén nhiét tinh trde {BATTERY#Positive}:{PRICE#Positive};
{GENERAL#Positive};{SER&ACC#Positive};
1 pin kém con lai mién ché mua 832019 tinh trang pin con 88 cd ai giéng tdi khéng 5 14/09/2019 {BATTERY#Negative};{GENERAL#Positive};
{OTHERS};
2 sao lic goi dién thoai man hinh bi chdm nhé nhay gén camera truéc vaylic c6 lic khéng 17/08/2020 {FEATURES#Negative};
moi nguéi cap nhat phin mém lai | né s& bét tén pin, minh da thir réi, moi thir ciing ok, 3 25/02/2020 {FEATURES#Negative}.{BATTERY#Neutral};
nhung van tay ko nhay {GENERAL#Neutral};
4 mé&i mua sai diroc 1 thang thdy pin rét tréu, sai bao mwrot . nhung cé 1 18i nhd la minh 5 47612020 {BATTERY#Positive};
nghg nhac bang tai nghe nghe hei ldu ke biét sae né ko nghe duoc nira.. mat rut tai nghe {PERFORMANCE#P ositive];
ra cam vae lai thi né méi nghe duoc... {SER&ACC#Negative};
5 Xai tét, rt muot, pin trau néu céc ban dé dé sang vira dd, nhan vién nhiét tinh, vui vé, néi 5 20/06/2019 {BATTERY#Neutral};
chung la tam gid nay thi may nay la qua tot roi {PERFORMANCE#Positive};{PRICE#Neutral};
{GENERAL#P ositive};{SER&AC C#Positive};
6 minh mdi xai duoc 7 thang xudng 7 pin. cha hiu may méi kigu gi nira. ding co ban leét 1 1 tudn {BATTERY#Negative},{OTHERS};
web co ban game ko choi trurde
7 hém qua ngay 2362020 e ra thé gii di déng mua chiéc dthoai galaxy a51 .. luc dau bén 2 23/06/2020 {SER&ACC#Negative};{OTHERS};
cira hang bao gia 7.790.00d dwoc tang phiéu mua hang 250k, Itc thanh toan thi nhan vién
lai thanh todn 7.990.000d khang cé phiéu mua hang , di 20km xuong mua thoai t6i v& dén
nha nhan vién méi goi dén c6 xin 18i vi sai x6t va bao minh xuéng dé nhan phiéu mua hang
250k.... chan qud, ding 13 lam mét thai gian ..
8 tai sao dién thoai m&i ma sac né néng may Ién qua tréi. t d& tat tat c mang, ¢ng dung, 2 23/12/2019 {BATTERY#Negative},{OTHERS});
game va cam ko cho chay nén, ciing ko vira sac vira ding ma dién thoai ndng qua troi. sac
3 tieng mai day
9 lic dau dinh mua samsung vao shop nhén vién tw vén oppo a9, thét vong thue sw khi dang 1 31/05/2020 {SCREEN#Neqgative};{BATTERY#Negative};
oppo. man hinh hién thi téi om. may choi game giat lang khé chiu vi. sac thi lau, k bao gi& {PERFORMANCE#Negative];
dungg oppo nira. {SER&ACC#Negative};,{OTHERS];
Show per page |T| 2 w0 w0 700 70 779

Hinh 3.2 Bo dir liéu UIT-ViFSD (Vietnamese Feedback Sentiment Dataset)
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3.2 Xay dung mo hinh

3.2.1 Mdi trwong va CAu hinh Thue nghiém Chung
Toan bd qué trinh phat trién, huan luyén va danh gia cac mo hinh trong dé an nay

dugc thuc hién trén mot may tinh ca nhan véi cau hinh cy thé nhu sau:

e Hg¢ diéu hanh: Windows 10 Home Single Language 64-bit (10.0, Build 19045)
e Vixu ly (CPU): Intel(R) Core (TM) i5-10210U CPU @ 1.60GHz (8 CPUs)

e BJ nho (RAM): 16384MB RAM

e Nha san xuat hé théng: HP

e Model hé thong: HP 348 G7

e BIOS: F.44

e Phién ban DirectX: DirectX 12

Moi truong 13p trinh chinh dugc st dung 1a Python, véi su hd trg cua cac thu
vién mi nguén mo pho bién trong linh vuc hoc may va xir Iy ngdn ngir tu nhién. Viéc
thiét 14p va st dung thiét bi tinh toan GPU (Graphics Processing Unit) ciing d3 duoc tdi
uu hoa (hodc kich hoat khi can thiét) nham dam bao tc do huin luyén nhanh va hiéu

qua cho cac mo hinh hoc sau va hoc tdng cuong.

3.2.2 M6 hinh RL_DQN (Deep Q-Learning Network)
e Cai dat va chuin bj moi truong
Qua trinh phat trién mé hinh dugc thuc hién trén moi truong Python véi sy hd trg
ctia cac thu vién hang ddu nhu PyTorch, Transformers va scikit-learn. Viéc thiét 1ap
thiét bi tinh toan GPU da duogc tdi vu hda nhim dam bao tde do huin luyén nhanh va

hiéu qua.

'pip install transformers datasets scikit-learn torch

matplotlib seaborn --quiet

e Chuan bj va xtr Iy dit liéu dau vao
Dit liéu dugc tap hop tir ba ngudn chinh gdm tap huan luyén, tap kiém dinh va p

kiém thir, dong thoi thuc hién tién xt 1y nham loai bo cac ban ghi khong day du
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va chuan hoa tén cot dit liéu. Quy trinh ndy dam bao tinh nhat quan va do tin cay

cua tap dir li¢u dau vao.

df train = pd.read csv('train.csv')

df val = pd.read csv('validation.csv')

df test = pd.read csv('test.csv')

# Combine and clean data

df = pd.concat ([df train, df val,

df test]) .dropna () .reset index (drop=True)

df.columns = ['text', 'sentiment', 'topic']

e Trich xuat biéu dién ngir nghia véi PhoBERT

Pé dat dugc biéu dién trang thai day du va giau thong tin, mé hinh PhoBERT dugc
st dung nhim chuyén ddi cdu van ban sang khong gian embedding 768 chiéu.
Embedding nay dugc st dung lam dau vao cho mang DQN, dam bao mang c6 thé hoc

duogc céac dac trung sau sac va phtc tap cua dir liéu ngdn nglr ty nhién.

tokenizer = AutoTokenizer.from pretrained("vinai/phobert-
base")
phobert = AutoModel.from pretrained("vinai/phobert-
base") .to (device)
phobert.eval ()
@torch.no grad()
def get state embedding (text):
tokens = tokenizer (text, return tensors='pt',
truncation=True, padding=True, max length=128).to (device)
outputs = phobert (**tokens)
return outputs.last hidden state[:, 0, :].squeeze(0) #
CLS token

e Thiét ké kién trac mang DQN va Replay Buffer

Kién trac mang DQN duoc xdy dung duéi dang mang fully connected véi hai 16p
chinh, ddm nhiém viéc 4nh xa tir khong gian embedding sang céc gia tri Q tuong Uing
v&i cac hanh dong (cac nhan phan loai). B6 dém Replay Buffer dugc tich hop nham luu

trit cac trai nghiém, qua d6 ting cudng kha ning hoc tip va 6n dinh mé hinh.
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class DON (nn.Module) :
def init (self, state size, action size):
super (DQN, self). init ()
self.fc = nn.Sequential (
nn.Linear (state size, 256),
nn.ReLU (),
nn.Linear (256, action size)
)
def forward(self, x):
return self.fc(x)
class ReplayBuffer:
def init (self, capacity=10000) :
self.buffer = deque (maxlen=capacity)
def push(self, state, action, reward, next state, done):
self.buffer.append((state.detach() .cpu(), action,
reward, next state.detach() .cpu(), done))
def sample (self, batch size):
batch = random.sample (self.buffer, batch size)
states, actions, rewards, next states, dones =
zip (*batch)
return (torch.stack(states) .to(device),
torch.tensor (actions) .to (device),
torch.tensor (rewards) .to (device),
torch.stack (next states).to(device),
torch.tensor (dones) .float () .to (device))
def len (self) :

return len(self.buffer)

o Tham sé hudn luyén (Hyperparameters)

Viéc lya chon tham s6 huan luyén dugc thuc hi¢én mot cach bai ban, dua trén cac

tiéu chuan va kinh nghiém thyc tién nhim t6i uu héa hiéu suat mé hinh. Cu thé, cic

tham s6 quan trong bao gdm:

+ Kich thudc trang thai (state_size): 768, twong trng v&i embedding PhoBERT

+ S6 lwong hanh dong (action_size): 3 cho nhén sentiment, 4 cho nhan topic

+ S6 episode huan luyén: 5000, dam bao mé hinh hdi tu 6n dinh
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+ Batch size: 32, can bang gitta d6 chinh xé&c va téc do huan luyén
+ Hé s6 giam gia gamma: 0.99, wu tién phan thuéng dai han
+ Téc d6 hoc (learning rate): 1e-4, phu hop véi qué trinh téi wu hoa Adam

+ Chinh sach epsilon-greedy: bit dau tir 1.0, giam dan vé 0.1 theo ham decay
0.999 nhim can bang gitta khdm pha va khai thac

+ Dung luong Replay Buffer: 10,000 trai nghiém

def train dgn(label='sentiment', action size=3, episodes=5000,
batch size=32, gamma=0.99, lr=le-4):
model = DON (768, action size).to(device)
target model = DON (768, action size).to(device)
target model.load state dict (model.state dict())
optimizer = optim.Adam (model.parameters(), lr=1lr)
buffer = ReplayBuffer ()
epsilon = 1.0
epsilon min = 0.1
epsilon decay = 0.999
losses = []

start = time.time ()

e Quy trinh huén luyén thuat toan DQN

Quy trinh huan luyén dugc trién khai chi tiét v4i ting bude: chon ngau nhién cau
van ban, trich xuét embedding lam trang thai, lya chon hanh dong theo chinh sach
epsilon-greedy, nhan phan thudng dua trén d6 chinh xac dy doan va luu trir trai nghiém.

Mang target duoc cap nhat dinh ky nham duy tri sy 6n dinh trong qua trinh huan luyén.

for episode in range (episodes) :
row = df.sample(1).iloc[0]
text, true label = row/['text'], int (row[label])

state = get state embedding (text)

if random.random() < epsilon:
action = random.randint (0, action size - 1)
else:

with torch.no grad() :
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g values = model (state.unsqueeze (0))

action = torch.argmax(q values).item()
reward = 1 if action == true label else -1
done = True

next state = get state embedding (text)
buffer.push (state, action, reward, next state, done)
if len (buffer) >= batch size:
s, a, r, s next, d = buffer.sample (batch size)
g values = model (s).gather (1,
a.unsqueeze (1)) .squeeze ()
with torch.no grad() :
g next = target model (s next) .max (1) [0]
g target = r + gamma * g next * (1 - d)
loss = nn.functional.mse loss(q values, g target)
optimizer.zero grad()
loss.backward ()
optimizer.step()
losses.append (loss.item())
if episode % 100 == O:
target model.load state dict (model.state dict())
epsilon = max (epsilon * epsilon decay, epsilon min)
if (episode + 1) % 500 ==
print (f"Episode {episode+1}/{episodes} - Epsilon:
{epsilon:.3f} - Loss: {np.mean(losses[-100:]):.4f}")
training time = time.time () - start
print(f"Cj Training time for {label}: {training time:.Z2f}
seconds")

return model, training time, losses
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e Danh gia va do luong hiéu nang
Mo hinh sau khi huan luyén dugc danh gia toan dién trén tap dir liéu tong hop véi
cac chi sb tiéu chuan quéc té gdm Accuracy, Precision, Recall va Fl-score. Phuong
phap danh gia nay dam bao do chinh xac va tinh kha thi thuc tién ciia mo hinh trong

viéc phan loai cam xuc va chu de.

def evaluate model (model, label='sentiment',6 action size=3):
y_true, y pred = [], []
for , row in df.iterrows():
text = row/['text']
true label = int(row[label])
state = get state embedding (text)
with torch.no grad() :
output = model (state.unsqueeze (0))
pred = torch.argmax (output).item()
y true.append (true label)
y_pred.append (pred)
acc = accuracy score(y true, y pred)
pree, recall, il, =
precision recall fscore support(y true, y pred,
average='weighted')
cm = confusion matrix(y true, y pred)
return acc, prec, recall, f1, cm
def predict test set (model, label='sentiment'):
df test = pd.read csv('test.csv').dropna ()

df test.columns = ['text', 'sentiment', 'topic']

y true df test[label].astype (int).tolist ()
y _pred []

for text in df test['text']:

state = get state embedding (text)
with torch.no grad() :
output = model (state.unsqueeze (0))
pred = torch.argmax (output).item()
Yy _pred.append (pred)

return y true, y pred
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e Két qua thuc nghiém

M6 hinh dugc huan luyén riéng biét cho hai nhi€ém vu sentiment va topic, voi két

qua danh gia dugc tong hop cu thé nhu sau:

# Train sentiment model

model sent, time sent, losses sent =

train dgn(label='sentiment', action size=3, episodes=5000)
zlelel =), Jeralslel Gl uaiEtel S, el Sl el SEiols =
evaluate model (model sent, label='sentiment')

# Train topic model

model topic, time topic, losses topic =

train dgn(label='topic', action size=4, episodes=5000)

acc t, prec t, rec t, f1 t, cm topic =

evaluate model (model topic, label='topic')

sentiment topic

@ FINAL RESULTS:

{'sentiment Analysis': {'Test Accuracy': 9.2954515748356393,
'Test Fl-score': @.8774831763143436,
'Test Precision': ©.8931726297251828,
'Test Recall': 9.3954516748266393,
'Training Time (s)': 121.73488958431824},
'Topic Classification': {'Test Accuracy': @.8687875173728783,
'Test Fl-score": 8.8537241952111352,
'Test Precisicn': @.85870883986140839,
'Test Recall': @.5687875173720783,
'Training Time (s)": 118.13976311683655}}

e Du doan két qua

def predict text (model, text, label type='sentiment',
action size=4):

# Dam bao text la danh sdch

if isinstance (text, str):
text = [text]

predictions = []

for t in text:

state = get state embedding (t) # Gia dinh ham nay da
dugc dinh nghia

with torch.no grad() :
output = model (state.unsqueeze (0))

pred = torch.argmax (output).item()
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predictions.append (pred)

# Chuyén déi sbé thanh nhdn cé y nghia

1f label type == 'sentiment':
label map = {0: 'Negative', 1: 'Neutral',6 2:
"Positive'}
else: # topic
label map = {0: 'Lecturer (giang vién)',6 1:

"Curriculum (chuong trinh hoc)', 2: 'Facility (co sd VAt
chdt)', 3: 'Others (khdc)'}

predictions = [label map/[pred] for pred in predictions]

# Tra vé mét nhdn néu dau vao la mdét chudi, hodc danh sdch
nhdn néu dau vao la danh sdch

return predictions([0] if len(text) == 1 else predictions
# Vi du vdn badn mdi dé du dodn
sample texts = [

"Gido vién gidng day rdt tan tdm va dé hiéu.",

"Phong hoc qud ci ky, thiéu thiét bj hién dai.",

"Chuong trinh hoc qud ndng, hoc sinh rdt dp luc.",

"Téi r&t thich tham gia cdc hoat déng ngoai khdéa &
truong. "

1

# Du dodn cam xuc

print("\nc% Sentiment Predictions:")

sentiment predictions = predict text (model sent, sample texts,
label type='sentiment', action size=3)

for text, pred in zip (sample texts, sentiment predictions):
print (f"Text: {text}")
print (f"Predicted Sentiment: {pred}\n'")

# Du dodn chu dé

print("\nc% Topic Predictions:")

topic predictions = predict text (model topic, sample texts,
label type='topic', action size=4)

for text, pred in zip(sample texts, topic predictions):
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print (f"Text: {text}")

print (f"Predicted Topic: {pred}\n")

C‘ Sentiment Predictions:
Text: Gido vin gidng day r&t tin tdm va dE hidu.
Predicted Sentiment: Positive

Text: Phang hoc qué cii ki, thifu thift bi hién dai.
Predicted Sentiment: Negative

Text: Chuong trinh hoc quéd ndng, hoc sinh rdt dp luc.
Predicted Sentiment: Negative

Text: Toi rdt thich tham gia cdc hoat ding ngoai khdéa & trudng.
Predicted Sentiment: Positive

@, Topic Predictions:
Text: Gido vién gidng day rdt tén tém va d& hidu.
Predicted Topic: Lecturer (giang vién)

Text: Phong hoc qua cl ki, thiéu thift bi hién dai.
Predicted Topic: Facility (co s& vat ch&t)

Text: Chuong trinh hoc qua nang, hoc sinh rdt dp luc.
Predicted Topic: Curriculum (chuong trinh hoc)

Text: Toi rdt thich tham gia cdc hoat ddng ngoai khdéa & trudng.
Predicted Topic: Curriculum (chuong trinh hoc)
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3.2.3 M6 hinh RL_PPO (Proximal Policy Optimization)
e Cai dat va chuan bj méi trudng
Qua trinh phat trién mo hinh duge thuc hién trén moi truong Python véi su ho tro
ctia cac thu vién hang ddu nhu PyTorch, Transformers va scikit-learn. Viéc thiét 1ap
thiét bi tinh toan GPU dugc t6i vu hda nham dam bao tdc d6 huan luyén nhanh va hiéu
qua. Moi trudng ndy cung cap nén tang virng chic cho viée xdy dyng, huin luyén va

danh gia mo6 hinh PPO trong bai toan phan tich cam xtc theo chu de.

!pip install transformers datasets scikit-learn torch

matplotlib seaborn --quiet

e Tién xur ly dir li€u
Dt li¢u dugc nhap tir ba tap train, validation va test, sau d6 dugc gdp lai, lam sach
va chuan hoa dé loai bo cac gia tri thicu. Cot dit liéu duoc chuan hoa voi tén goi rd rang
gOm text, sentiment VA topic. Viéc chuan héa nay dam bao tinh dong nhat va sin sang

cho qua trinh ma hoéa dac trung van ban va huan luyén mo hinh.

df train = pd.read csv('train.csv')

df val = pd.read csv('validation.csv')

df test = pd.read csv('test.csv')

df = pd.concat([df train, df val,

df test]) .dropna () .reset index (drop=True)

df.columns = ['text', 'sentiment', 'topic']

e Ma hda van ban
Pic trung van ban duogc trich xuat sir dung mo hinh ngdén ngir PhoBERT tién huin
luyén, cung cip biéu dién ngir nghia sau sic dudi dang embedding. Mdi ciu duoc biéu
dién boi embedding token CLS, tao ra dau vao phi hop cho agent PPO xir 1y. Viéc sir
dung PhoBERT dam béo do chinh x4c cao trong biéu dién ngit canh Tiéng Viét.

tokenizer = AutoTokenizer.from pretrained("vinai/phobert-
base™)

phobert = AutoModel.from pretrained("vinai/phobert-
base") .to (device)

phobert.eval ()
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@torch.no grad()
def get state embedding (text):
inputs = tokenizer (text, return tensors='pt',
truncation=True, padding=True, max length=128) .to(device)
outputs = phobert (**inputs)
return outputs.last hidden state[:, 0, :].squeeze(0) #

CLS token

e MG hinh PPO Agent

Agent PPO duoc thiét ké véi kién triic mang neural song song gom chinh sach
(policy) va gia tri (value), lan lugt du doan xéac suat hanh dong va ude luong gia tri
trang thai. Kién trac ndy cho phép agent vira chon hanh dong, vira danh gia do t6t cua

trang thai, tir d6 t6i uu hoa chién luoc thong qua thuat toan PPO.

class PPOAgent (nn.Module) :
def init (self, state dim, action dim):

super (PPOAgent, self). init ()

self.policy = nn.Sequential (
nn.Linear (state dim, 256),
nn.ReLU(),
nn.Linear (256, action dim),
nn.Softmax (dim=-1)

)

self.value = nn.Sequential (
nn.Linear (state dim, 256),
nn.RelLU (),

nn.Linear (256, 1)

def forward(self, state):
probs = self.policy(state)
value = self.value (state)

return probs, value

e Tham s0 huan luyén
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Viéc hudn luyén mé hinh duoc tién hanh trong 5 epoch, mdi epoch gom 1000 budce
véi cac tham sb tbi wu: ty 1€ hoc (learning rate) 3e-4, hé ) gamma=0.99, va clip
epsilon=0.2 dé gi61 han cap nhat chinh sach. Qua trinh huén luyén str dung thuat toan
Adam nham tbi wu héa dong thoi chinh sach va ham gid tri. Mini-epochs noi bd ciing

dugc ap dung dé cai thién hiéu qua cap nhat.

def train ppo(label='sentiment', action size=3, epochs=5,

steps per epoch=1000, gamma=0.99, clip eps=0.2, lr=3e-4):
print(f"\nzf Training PPO for {label.upper()}")
agent = PPOAgent (768, action size).to(device)
optimizer = optim.Adam(agent.parameters (), lr=1lr)

training start = time.time ()

all losses = []

epoch losses = []

for epoch in range (epochs) :
states, actions, rewards, log probs old, values = [],

(1, 1, [1, [

epoch loss = 0

for step in range (steps per epoch):
row = df.sample(l) .iloc[O0]
text, true label = row['text'], int(row[label])

state = get state embedding (text)

with torch.no grad() :
probs, value = agent (state)
dist = torch.distributions.Categorical (probs)
action = dist.sample ()

log prob = dist.log prob(action)
reward = 1 if action.item() == true label else -1

states.append(state)

actions.append (action)




46

rewards.append (torch.tensor (reward,
dtype=torch.float))
log probs old.append(log prob)

values.append (value.squeeze ())

# Calculate returns and advantages
returns = []
G =20
for r in reversed(rewards) :
G =1r + gamma * G

returns.insert (0, G)

returns = torch.tensor (returns) .to (device)
values = torch.stack (values) .to (device)
advantages = returns - values.detach()

log probs old = torch.stack(log probs old).to (device)
actions = torch.stack (actions) .to (device)

states = torch.stack(states) .to (device)

e Danh gia mo6 hinh
Mo hinh dugc danh gia toan dién dua trén cac chi ) Accuracy, Precision, Recall
va Fl-score nham dam bao hiéu qua du doan ca vé d6 chinh xéc 1an sy dﬁy du cua két
qua. Qua trinh danh gia sir dung toan bg tap dir li¢u da dugc lam sach, phan anh thyuc té

g dung trong cac bai toan phan tich cam xtic theo chu dé.

def evaluate model (agent, label='sentiment', action size=3):
y true, y pred = [], []
for , row in df.iterrows():
text = row['text']
true label = int(row[label])
state = get state embedding (text)
with torch.no grad() :
probs, = agent (state)
pred = torch.argmax (probs) .item()
y true.append (true label)
y_pred.append (pred)

acc = accuracy score(y true, y pred)
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PrEEC, recalltly muEll B =
precision recall fscore support(y true, y pred,
average='weighted')

return acc, prec, recall, fl, y true, y pred

e Két qua huan luyén va danh gia
Mo hinh PPO dugc huin luyén va danh gia riéng biét cho hai nhin sentiment va
topic. Két qua cho thay hiéu suit 6n dinh véi cac chi so danh gia trén mirc chip nhan,
ddng thoi thoi gian huin luyén duogc toi vu nhd viée st dung GPU va cdu trac mang

hop ly.

# Train sentiment model

agent sent, time sent, loss sent, epoch loss sent =
train ppo (label='sentiment', action size=3, epochs=5,
steps per epoch=1000)

acc s, prec s, rec s, fl1 s, y true sent, y pred sent =

evaluate model (agent sent, label='sentiment')

# Train topic model

agent topic, time topic, loss topic, epoch loss topic =
train ppo (label='topic', action size=4, epochs=5,

steps per epoch=1000)

acc t, prec t, rec t, f1 t, y true topic, y pred topic =

evaluate model (agent topic, label='topic')

(4

(@ FINAL RESULTS:

{'sentiment': {'Accuracy': "85,52131°,
'Fl-score': "@.83334123°,
'Precision': "@.3413124°,
'Recall”: '@.83732131231°,
'Training Time (s5)': "382.563123'},
"Topic': {'Accuracy': "735.75535',

'Fl-score': "@.79852342°,

'‘Precision’: '@.73g4324°,

'Recall": '@.7845432°,

'Training Time (s)': "383.78432432"}%
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e Du doan két qua

def predict (text, sentiment agent, topic agent,
sentiment labels=None, topic labels=None) :

# Nh&n mic dinh néu khdng dugc cung cép
if sentiment labels is None:

sentiment labels = {0: 'Tiéu cuc', 1: 'Trung lap', 2:
'Tich cuc'}

if topic labels is None:

topic_labels = {0: 'Giang day', 1l: 'Co s& vat chéit',
2: 'Chuong trinh hoc', 3: 'Khac'}

# Ma hbéa van ban
try:

state = get state embedding (text) .to (device)
except Exception as e:

return f"L&i: Khéng thé ma hdéa van ban ({e})", f"Léi:
Khéng thé m& héa vdn ban ({e})"

# Du doan cam xuc
with torch.no grad() :
probs sent, = sentiment agent (state)
pred sent = torch.argmax (probs sent).item/()

sent label = sentiment labels.get (pred sent, f'Khoéng
xac dinh ({pred sent})"')

# Du doan chu dé
with torch.no grad() :
probs topic, = topic agent (state)
pred topic = torch.argmax (probs topic).item()

topic label = topic labels.get (pred topic, f'Khéng xac
dinh ({pred topic})"')

return sent label, topic label
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# Vi du st dung vdi cac vdn ban tiéng Viét vé gido duc
sample texts = |
"Gido vién gidng day ré&t tan tam va dé& hiéu.",
"Phong hoc qud cii k§, thiéu thiét bi hién dai.",
"Chuong trinh hoc quéd ndng, hoc sinh r4t &p luc.",

"Téi r&t thich tham gia cdc hoat déng ngoai khéa &
truong."

]

# Pinh nghia anh xa nhéan

sentiment labels = {0: 'Tiéu cuc', 1: 'Trung lap', 2: 'Tich
cuc'}

topic labels = {0: 'Giang day', 1l: 'Co sd& vat chit', 2:
'"Chuong trinh hoc', 3: 'Khac'}

print ("\nQ, KET QUA DU POAN:\n")
for text in sample texts:

sent label, topic label = predict (text, agent sent,
agent topic, sentiment labels, topic labels)

print (f"Van ban: {text}")
print (f"Cam xuc du doan: {sent label}")

print (£"Chu ol du doan: {topic label}")

print ("-" * 50)

@ our oody kB TIF BOnG:

7 chu: 'Gide vidn gidng day rit thn tde vh of nidy,”
+ Cam wic: Tich cue
+ Chu d8: Lecturer (glang vién)

LT chu: '"Phing hoc qud ob k¥, thifu thift bi hién dai.®
+ Cham sc: Tidu eye o )
= Cho d&: Facility (co & vat chat)

[T ciu: ‘chwong trinh hoc qud ndng, hoc sinh rat dp luc.®
+ Cam wic: Tidu cuic
+ Chin d&: Curriculum (chuwong trinh hoc)

[T ciu: '7éL rft thich tham gla céc hoat dbng ngoal khda & trudng.”
+ Cam wic: Tich cuc
+ Chis d8: Lecturer (giang vién)
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3.2.4 M6 hinh RL_A3C (Asynchronous Advantage Actor-Critic)
e Cai dat va chuan bj méi trudng
Qua trinh phat trién moé hinh dugc thyc hién trong méi trudng Python véi su hd

trg cua cac thu vién chuyén sau nhu transformers, datasets, evaluate va gym. Thiét bi

tinh toan GPU dugc kich hoat nham téi vu hoa téc d6 huin luyén va hiéu qua xur 1y.

!pip install transformers datasets evaluate gym

import os

import time

import random

import torch

import torch.nn as nn

import torch.optim as optim

import torch.multiprocessing as mp
import pandas as pd

import numpy as np

import gym

from sklearn.metrics import accuracy score,
precision recall fscore support

from transformers import AutoTokenizer, AutoModel

e Tién xir ly dir liéu

Dit liéu huén luyén, kiém thir va phat trién duoc nap tu cac tap tin CSV da qua
1am sach. Cac tap dit liéu duoc két hop dé st dung trong qua trinh huan luyén. Qua trinh
tién xur Iy bao gdm budc ma hoa cau vin ban bang bo tokenizer ciia BERT (bert-base-

uncased), v6i padding va truncation dam bao chiéu dai dau vao ¢ dinh 64 token.

train = pd.read csv("Train cleaned.csv")
val = pd.read csv("Dev cleaned.csv")
test = pd.read csv("Test cleaned.csv'")

df = pd.concat ([train, val], ignore index=True)

R TOKENIZER ==================

tokenizer = AutoTokenizer.from pretrained("bert-base-uncased")
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def tokenize sentences (sentences, max len=64):
return tokenizer (sentences, padding='max length',

truncation=True, max length=max len, return tensors='"pt")

e MOoi trudng tac nghi€p cho bai toan ABSA

M®i trudng hoc ting cuong duoc xay dung theo chuan gym.Env. Khong gian trang
thai 1a vector dic trung 768 chiéu duoc trich xuat tir [ép dau ra BERT. Khong gian hanh

dong gom 12 hanh dong twong Gng véi 3 nhan cam xtc va 4 nhan chu dé.

Phan thudong dugc thiét ké dua trén do chinh xac dy doan nhan cam xuc va chu de,

nham thic ddy mé hinh hoc chinh sach tdi wu.

class ABSAEnv (gym.Env) :
def init (self, sentences, sentiments, topics):
self.sentences = sentences
self.sentiments = sentiments
self.topics = topics
self.max len = 64
self.action space = gym.spaces.Discrete(12) # 3
sentiment x 4 topic
self.observation space = gym.spaces.Box (low=0, high=I,

shape=(768,), dtype=np.float32)

self.bert = AutoModel.from pretrained("bert-base-
uncased") .to (device)
self.bert.eval ()

self.reset ()

def reset (self):

self.idx = random.randint (0, len(self.sentences) - 1)
sentence = self.sentences/[self.idx]
inputs = tokenize sentences ([sentence],

self.max len).to (device)
with torch.no grad() :
emb = self.bert (**inputs).last hidden state[:, O,

return emb.squeeze () .cpu () .numpy ()
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def step(self, action):
pred sentiment = action // 4
pred topic = action % 4
true sentiment = self.sentiments/[self.idx]

true topic = self.topics/[self.idx]

reward = 0

if pred sentiment == true sentiment:
reward += 1

1f pred topic == true topic:

reward += 1

done = True

obs = self.reset()

return obs, reward, done, {
"true sentiment": true sentiment,
"pred sentiment": pred sentiment,
"true topic": true topic,

"pred topic'": pred topic

e M0 hinh hoc tang cuong A3C
M6 hinh Actor-Critic bao gdm hai phan: Actor du doan phan phdi hanh dong,

Critic d4nh gi4 gia tri trang thai. Kién tric mang bao gdm mot 16p an vdi 256 neuron six

dung ham kich hoat ReLU.

class ActorCritic (nn.Module) :
def init (self, input dim, action dim) :
super (ActorCritic, self). 1init ()
self.fc = nn.Linear (input dim, 256)
self.actor = nn.Linear (256, action dim)

self.critic = nn.Linear (256, 1)

def forward(self, x):
X = torch.relu(self.fc(x))

policy logits = self.actor (x)
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value = self.critic(x)

return policy logits, value

e Qua trinh huin luyén

Mo hinh dugc huan luyén da tién trinh théng qua co ché A3C. Mdi tién trinh doc
1ap twong tac voi moi trudng, thu thap kinh nghiém va cip nhat trong s chung. Ham
mat mat téng hop dua trén loi thé (advantage) dugc str dung dé cap nhat déng thoi chinh

sach va gia tri.

def worker (worker id, global model, optimizer, env,
result queue, gamma=0.99, max steps=500) :

local model = ActorCritic(768, 12).to(device)

local model.load state dict (global model.state dict())

all sent true, all sent pred = [], []

all topic true, all topic pred = [], []
for step in range (max steps) :
state = env.reset()
done = False
log probs, values, rewards = [], [], []
infos = []
while not done:
state tensor = torch.tensor (state,

dtype=torch.float32) .to (device)

logits, value = local model (state tensor)

prob = torch.softmax(logits, dim=-1)

dist = torch.distributions.Categorical (prob)
action = dist.sample ()

log prob = dist.log prob (action)

next state, reward, done, info =

env.step (action.item())

log probs.append(log prob)

values.append (value)
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rewards.append (torch. tensor (reward,
dtype=torch.float32) .to (device))
infos.append(info)

state = next state

# Tinh discounted rewards

R =0

returns = []

for r in reversed (rewards) :
R = r + gamma * R

returns.insert (0, R)

log probs = torch.stack (log probs)
values = torch.stack (values) .squeeze ()
returns = torch.stack (returns) .detach ()

advantage = returns - values

actor loss = -(log probs * advantage.detach()) .mean ()
critic loss = advantage.pow (2).mean ()

loss = actor loss + critic loss

optimizer.zero grad()
loss.backward /()
for global param, local param in
zip (global model.parameters (), local model.parameters()):
global param. grad = local param.grad
optimizer.step ()

local model.load state dict (global model.state dict())

for info in infos:
all sent true.append(info['"true sentiment'"])
all sent pred.append(info["pred sentiment'"])
all topic true.append(info["true topic'"])
all topic pred.append(info["pred topic"])

result queue.put((all sent true, all sent pred,

all topic true, all topic pred, loss.item()))
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Tham s6 huan luyén

Toan bo qua trinh hudn luyén dugc thiét 14p v6i cac tham sb quan trong nhu sau:

o S6 tién trinh (num_workers): 2 tién trinh hoat dong song song nham tdi

uu héa toc do huan luyén.

o Heé sb giam gi tri phan thuong (gamma): 0.99, dam bao mod hinh uu tién

phan thuéng gan va danh gia tong hop hiéu quéa dai han.

o S6 budc téi da mdi worker (max_steps): 500 budc, gidi han thoi gian hun

luyén va kiém sodt tai nguyén.

o Téc d6 hoc (learning rate): le-4, t6i wu On dinh cho qua trinh cip nhat

trong so.

o Kién trac mé hinh: 16p 4n 256 neuron v&i ham kich hoat ReLU; tong s6

hanh dong 12 twong mg véi to hop cam xuc va chi dé.
Dbanh gia hiéu nang mé hinh

Sau khi hoan thanh huin luyén, két qua du doan dugc tong hop va danh gia

bang cac chi s0 Accuracy, Precision, Recall va Fl-score theo macro-average

nham phan anh toan dién hi¢u suat phan loai.

env = ABSAEnv (df["sentence"].tolist (),

df ["sentiment"].tolist (), df["topic"].tolist())

sent true, sent pred, topic true, topic pred, train time =

train a3c(env)

def compute metrics(true, pred, name):

acc = accuracy score (true, pred)

prec, rec, fl, = precision recall fscore support (true,

pred, average="macro")

print (f"\n{name} Accuracy: {acc * 100:.2f}%")
print (f" {name} Precision: {prec:.4f}")
print (f" {name} Recall: {rec:.4f}")

print (f"{name} Fl-score: {fl:.4f}")

compute metrics (sent true, sent pred, "Sentiment")
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compute metrics (topic true, topic pred, "Topic")

print (£"\nThdi gian hudn luyén: {train time:.2f}

(& FINAL RESULTS:

{"sentiment': {'Accuracy’

[

: "7&,52131°,
'Fl-score': "@.7782341213°,
'Precision’': "98.7814345°,
'Recall®: '@.77519678°,
'Training Time (s)': "238.563123'%,
"Topic': {'Accuracy': "69.45887857',
'Fl-score': "@.691167248°,
'Precision’: '@.69328758°,
'Recall’: '@.58984234°
'Training Time (s)': "188.3232432"}}

e Két qua dy doan

% ===
# 9. DU PoAN MEU

& I
def predict_sample(texts, model, tokenizer, device):
model. eval()
encodings = tokenizer(

texts,

padding=True,

truncation=True,

max_length=Max_LEN,

return_tensors="pt"
y.to{device}

with torch.no_grad():
input_ids = encodings["input_ids™]
attention_mask = encodings["attention_mask"]
sentiment_logits, topic_logits = model{input_ids, attention_mask}

sentiment_preds = torch.argmax{sentiment_logits, dim=1}.cpu().numpy()
topic_preds = torch.argmax(topic_logits, dim=1).cpu{}).numpy(}

sentiment_labels = {@: "Negative”, 1: "Neutral®, 2: “"Positive"}

results = []
for text, semt_pred, topic_pred in zip(texts, semtiment_preds, topic_preds):
results.append({
"Text": text,
"sentiment™: sentiment_labels[sent pred],
"Topic™: label map[topic_pred]
1]

return pd.DataFrame(results)

sample_texts = [

"gido vién giang day rat tdn tam vd d& hidu.",

“Phong hoc gquad cl ki, thifu thidt bi hién dai.",

“Chuong trinh hoc qua nang, hoc sinh r&t 8p lwc.™,

"Téi rdt thich tham gia cdc hoat dng ngoai khda & trudmg.”
1

label _map = {8: 'Lecturer {giang vién)', 1: ‘Curriculum {(chwong trinh hoc)',
2: 'Facility (co so vat chat)', 3: 'others (khac)'}

print("\n[l K€t qua dr doan:")

sample_results = predict_sample(sample_texts, model, tokenizer, device)
print({sample_results.to_markdown{index=False}}

Positive

el k&t qua du dodn:

| Text | sentiment | Topic 1
[ e e s [1mmmmmmmeen [£mmmmm e oo |
| Gido vign gidng day rit tén tim vi d& hifu. | Positive | Lecturer (gidng vién) 1
| Phing hoc qud ci ki, thifu thift bi hién dai. | Hegative | Facility (co s& vat chat) 1
| churong trinh hoc qué ndng, hoc sinh rat dp luc. | Hegative | Curriculum (chuong trinh hoc) |
| I !

Toi rdt thich tham gia cdc hoat dong ngoai khda & trubing. Lecturer (giang vién)
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3.3 Panh gia két qua

Trong phan nay, tién hanh danh gia va phan tich sau sic hiéu suét cia cac mo hinh
hoc sau truyén théng (LSTM, Multi-BERT) va cac mé hinh hoc ting cuong (RL_DQN,
Double RL DQN, RL_PPO, RL A3C). Qua trinh nay duoc thuc hién trén hai bo dir
lidu tiéng Viét dic thu 1a UIT-VSFC va UIT-ViFSD. Muc tiéu ctia phan danh gia nay Ia
khong chi trinh bay cac s6 liéu do ludng ma con cung cip nhitng nhan dinh chuyén
mon, rat ra tir qua trinh nghién ctru c4 nhan, vé kha ning tmg dung cta ting phuong
phap trong bai toan phan tich cam xac theo chii dé (Aspect-Based Sentiment Analysis
—ABSA), cu thé qua hai nhiém vy cdt 16i: phan loai cam xtc (Sentiment Classification)
va xac dinh chil d&é (Topic Identification)

Céc md hinh dugc huan luyén va kiém thir trong cing mot méi truong thyc nghiém
trén Google Colab, sir dung cung tip tham sd chuan héa nham dam bao tinh nhat quan
trong so sanh hiéu ning. Céc chi sé duoc ghi nhan bao gdm: Accuracy (%), Precision,
Recall, F1-score, Loss va thoi gian huan luyén (Time, don vi: gidy). Két qua duoc trinh
bay chi tiét trong cac bang dudi day.

Két qua trén B dir li¢u UIT-VSFC

Bang 3.1 Két qua phén logi Sentiment trén UIT-VSFC

M6 hinh Accuracy | Precision | Recall Fl-score | Loss Time
(%)

LSTM 89.10 0.7653 0.7106 0.7284 0.9031 | 14.09s
Multi BERT 89.26 0.7996 0.6910 0.7130 0.6953 | 384.42s
RL DQN 90.15 0.8951 0.8961 0.9050 0.1124 | 102.53s
Double RL DQN | 87.87 0.7453 0.7001 0.7156 0.356 411.83s
RL PPO 85.52 0.841 0.837 0.839 0.462 302.56s
RL _A3C 78.23 0.7814 0.7751 0.7782 0.503 230.51s
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Sw vuot trdi cia RL_DQN: Dit liéu thuc nghiém cho thdy mé hinh RL_DQN dat hiéu
sudt cao nhit trén tit ca cac chi s chinh (Accuracy 90.15%, F1-score 0.9050) va dic
biét 13 gia tri Loss & mirc rat thip (0.1124). Diéu nay, theo quan sat, cho thay kién tric
va co ché hoc dua trén gia tri (value-based) cia DQN phu hop véi dac tinh cua bo dix
liéu UIT-VSFC, noi viéc t6i uu héa ham Q-value cho cac hanh dong (gan nhan cam

xuc) co thé dat dugc hiéu qua cao.

So sanh véi cac phwong phap nén tang: RL DQN thé hién su cai thién dang
ké so voi LSTM (F1-score 0.7284) va Multi-BERT (F1-score 0.7130). Mic du Multi-
BERT dugc ky vong mang lai hiéu sut cao nho kién thirc nén tir qua trinh tién huan
luyén, phuong phap hoc tang cuong cua DQN, qua qué trinh thur nghiém, da ching

minh kha ning t6i wu hoa chinh sach phan loai hiéu qua hon trong bdi canh cuy thé nay.

Panh gia cac bién thé RL khac: M6 hinh RL_PPO ciing mang lai két qua kha
quan (Fl-score 0.839), tuy nhién chua bang RL DQN trén tap dit lidu nay.
Double RL_DQN, mét cai tién nham giai quyét van dé danh gia qua cao Q-values cua
DQN, bat ngd khong mang lai hiéu qua nhu mong doi, tham chi con thip hon DQN
gbc. Hiéu suat ciia RL_A3C 1a thap nhat trong nhom RL, diéu nay c6 thé 1a do su phirc
tap trong viéc hoi tu chinh sach cua thuat toan nay doi hdi qua trinh tinh chinh siéu tham

sO sau hon va c6 thé 1a lugng dit liéu twong tac 16n hon.

Hiéu qua vé thoi gian huén luyén: LSTM, véi kién trac don gian, co thoi gian
huén luyén nhanh nhat. RL DQN, mic du phirc tap hon, van duy tri thoi gian huén
luyén ¢ mirc chap nhin duoc (102.53s), hiéu qua hon dang ké so véi Multi-BERT va
Double RL DQN.
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Bang 3.2 Két qua phdn loai Topic trén UIT-VSFC

Mo hinh Accuracy | Precision | Recall Fl-score | Loss Time
(%)

LSTM 86.13 0.7471 0.7504 0.7483 | 0.9031 | 14.09s
Multi BERT 87.37 0.8029 0.7174 0.7463 | 0.6953 | 384.42s
RL DQN 85.36 0.8448 0.8453 0.8536 | 0.1586 | 102.52s
Double RL DQN | 81.74 0.6892 0.6852 0.6850 |0.378 | 411.35s
RL PPO 78.75 0.796 0.784 0.790 0.551 303.78s
RL A3C 69.45 0.6932 0.6890 0.6911 0.654 180.32s

RL_DOQN tiép tuc khing dinh vi thé: Tuong ty nhu nhiém vy phan loai cam
xuc, RL_DQN duy tri uvu thé vuot troi trong viéc xac dinh chu dé, dat F1-score cao nhét
12 0.8536 va Loss thap nhat (0.1586). Piéu nay, theo danh gia, cing c¢6 thém nhan dinh

vé sy tuong thich ctia DQN véi cau tric va dic diém cua bo dir liéu UIT-VSEC.

Vai tro ciia Multi-BERT: Mac du Multi-BERT dat Accuracy cao (87.37%), F1-
score (0.7463) lai chua t6i wu bang RL_DQN. Tuy nhién, hiéu suit ctia n6 vin vuot troi
s0 v3i LSTM, cho thay kha ning trich xuat dic trung ngit nghia cia BERT 1a mot loi
thé, nhung chién luoc hoc ting cudng cia RL_DQN to ra hiéu qua hon trong viéc tinh

chinh quyét dinh cudi cung, dua trén két qua thu duoc.

Hiéu suét cic md hinh RL khac: RL_PPO (F1-score 0.790) cho thiy két qua
tuong d6i tot. Double RL_DQN va RL_A3C tiép tuc thé hién hiéu suat thap hon, diéu
nay c6 thé chi ra rang cac cai tién hodc kién tric phirc tap hon khong phai luc nao ciing
chuyén thanh hiéu suit t6t hon trén moi loai dir liéu hodc nhiém vy, it nhat 1a trong

khuon khé thuc nghiém.
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Két qua trén bd dir liéu UIT-ViFSD

Bang 3.3 Két qua phdn loai Sentiment trén UIT-ViFSD

Mo hinh Accuracy | Precision | Recall Fl1-score | Loss Time
(%)

LSTM 74.2 0.746 0.735 0.740 0.561 | 496

Multi BERT 83.8 0.828 0.843 0.835 0.346 | 1238
RL DQN 85.5 0.849 0.859 0.854 0.292 | 2143
Double RL DQN | 86.4 0.856 0.867 0.861 0.275 |2305
RL PPO 87.6 0.871 0.879 0.870 0.239 2724
RL A3C 86.8 0.864 0.867 0.863 0.251 |2503

RL_PPO thé hién wu thé vwot trdi: Trén bo dir liéu phire tap nay, RL_PPO da
chtng minh hiéu suat cao nhat (Accuracy 87.6%, F1-score 0.870) va dat mirc Loss thap
nhit (0.239). Theo nhan dinh, diéu nay cho thdy kha ning cua PPO trong viéc hoc cic
chinh sach (policies) phuc tap va duy tri su 6n dinh trong qua trinh huan luyén, dac biét

quan trong khi ddi mat véi dir liéu nhiéu va da dang.

Sw cai thién ciia cic bién thé RL: Double RL DQN (Fl-score 0.861) va
RL_A3C (Fl-score 0.863) ciing cho thay hiéu suét rat canh tranh, vuot qua RL_DQN
(F1-score 0.854) trén tap dir liéu nay. C6 thé cac co ché cai tién nhu giam thiéu danh
gia qué cao Q-values (trong Double DQN) va hoc song song (trong A3C) phat huy tac
dung tdt hon khi d6i mat véi su phtrc tap ciia UIT-ViFSD, dua trén quan sat.

Loi thé ciia hoc ting cwong: TAt ca cac md hinh RL déu cho thdy su vuot troi
16 rét so véi LSTM (F1-score 0.740) va Multi-BERT (F1-score 0.835). Piéu nay mot
1an nita khang dinh loi thé ctia phuong phap hoc ting cuong trong viée xir 1y cac tic vu
doi hoi su hiéu biét ngit canh sdu va kha nang ra quyét dinh linh hoat dua trén twong

tac.

Chi phi thoi gian: Thoi gian huan luyén trén UIT-ViFSD ting dang ké ddi véi

tt ca cdc mo hinh, phan 4nh kich thudc dir liéu 16n hon va d6 phirc tap cao hon.
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RL PPO, mic du mat nhiéu thoi gian nhét, d3 mang lai hiéu qua dau ra cao nhat theo

két qua ghi nhan.
Bdng 3.4 Két qua phan loai Topic trén UIT-ViFSD
M6 hinh Accuracy | Precision | Recall Fl-score | Loss Time
(%)
LSTM 69.1 0.694 0.689 0.692 0.614 502
Multi BERT 80.2 0.797 0.809 0.803 0.374 1215
RL DQN 82.5 0.815 0.826 0.820 0.317 2095
Double RL. DQN | 83.6 0.829 0.840 0.834 0.288 2270
RL PPO 84.7 0.843 0.850 0.846 0.263 2701
RL _A3C 84.0 0.834 0.842 0.838 0.275 2492

RL_PPO duy tri vi tri din diu: Tuong ty nhu nhiém vu phan loai cam xic,
RL PPO (F1-score 0.846) tiép tuc mang lai két qua tot nhit trong viéc xac dinh chu dé
trén UIT-ViFSD, cung ¢ thém nhan dinh vé sy manh mé& va tinh téng quat cua thuat

todn nay trén dir li¢u phuc tap.

Hiéu suit on dinh ciia cic mé hinh RL: Double RL_DQN (F1-score 0.834) va
RL A3C (Fl-score 0.838) ciing duy tri hiéu suat cao va dang tin cdy. RL_ DQN (F1-
score 0.820) van cho két qua t6t, mic di ¢ phan thap hon cac bién thé RL khéc trong
bdi canh nay.

Minh ching cho wu thé ciia RL: Mot 1an nita, cac md hinh RL cho théy su vuot
tro1 r0 rang so voi LSTM (F1-score 0.692) va Multi-BERT (F1-score 0.803) trong

nhi¢m vy nay.
Han ché ciia Qua trinh Thue nghiém

Téi vu hoa Siéu tham sb (Hyperparameter Tuning): Viéc tinh chinh siéu tham s6 cho
cac thuat toan hoc tang cuong von 12 mot thach thtre, doi hoi nhiéu thir nghiém va tai

nguyén tinh toan dang ké. Mic du di nd luc tdi uu hoa trong pham vi cho phép, van c6
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kha nang rﬁng hiéu suét ciia mot sé mo hinh (dac biétla A3C) co thé duoc cai thién hon
nita néu c¢6 thém thoi gian va tai nguyén dé thuc hién mot qua trinh tim kiém siéu tham
s6 toan dién hon (vi du: sir dung Grid Search, Random Search hodc cac phuong phap

t6i wu hoa Bayesian).

Gi6i han vé Kich thude va Pa dang cua BO dir liéu: Mac du UIT-VSFC va UIT-
ViFSD la nhiing bo dr li¢u co6 gia tri cho cong déng nghién ctru tiéng Viét, viéc huan
luyén va danh gia trén cac bo dir liéu 16n hon, da dang hon vé linh vyuc va phong cach
ngodn ngir s& gitp kiém ching sau hon kha ning téng quat héa ciia cac mo hinh duoc dé

xuat.

Kién tric Mang No-ron trong Tac nhan RL: Cac kién tric mang no-ron dugc st
dung dé biéu dién tic nhan (agent) trong cac md hinh RL (vi du: sé 16p an, s luong
neuron) dugc lya chon dya trén kinh nghiém va cac thir nghiém so bd. Viéc kham pha
cac kién trac mang phuc tap hon, hoac cac kién trac dugce thiét ké chuyén bi¢t cho xtr
1y ngdn ngit ty nhién (vi du, tich hop sau hon céc co ché attention), c6 thé mang lai
nhirng cai thi¢n vé hiéu suét.

Accuracy Comparison Across Models and Tasks
95

B VSFC-Sentiment
B VSFC-Topic
3 ViFSD-Sentiment
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Hinh 3.3 Biéu dé so sanh Accuracy
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Fl-score Across Tasks
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Hinh 3.5 Biéu do so sanh thoi gian

Két luan Rt ra tir Két qua Thuc nghiém

Tu nhitng phan tich va danh gia chi tiét da trinh bay, nghién ctru khang dinh mot
cach thuyét phuc ring ciac phuong phap hoc ting cudng, dic biét 1a RL_DQN va
RL PPO, s hitu tiém ning va hiéu qua vuot trdi so v6i cac mé hinh hoc sau truyén
thong trong viéc giai quyét bai toan phan tich cam xuc theo chu dé trén dit liéu tiéng

Viét.
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e RL DQN di chtrng minh su phit hop va hiéu qua cao trén dit liéu c6 cau tric
tuong ddi don gian va ro rang (nhu UIT-VSFC), mang lai hi¢u suit 4n tuong
v6i chi phi thoi gian huan luyén hop 1y.

e RL PPOda thé hién kha nang vuot troi trén di liéu phuc tap va da dang hon
(nhu UIT-ViFSD), cho thiy tiém ning 1én trong viéc xir 1y cac tinh hudng
thue té voi nhiéu sic thai ngdn ngit. Mic du doi hoi thoi gian huin luyén dai
hon, su cai thién vé d6 chinh x4c va tinh 6n dinh ctiia PPO 1a rat dang gia theo
két qua thu duoc.

e Cac bién thé khac nhu Double RL_DQN va RL_A3C ciing cho thiy nhiing
két qua htra hen trén dit li¢u phuec tap, tuy nhién, cé thé can thém cac nghién
ctru chuyén sau dé co thé t6i wu hoa hoan toan va khai thac hét tiém nang cia
chung.

3.4 Két luan chwong

Trén co s 1y thuyét d dugc trinh bay chi tiét & Chuong 2 va cac myc tiéu nghién
ctru dat ra tu Chuong 1, Chuong 3 da tap trung vao qua trinh thyc nghiém va danh gia
hiéu suat ctia cdc md hinh hoc ting cuong trong bai toan phéan tich cam xuc theo chil
dé. Pé an da mo ta cy thé hai bo dit lidu tiéng Viét duoc st dung 1a UIT-VSFC va UIT-
ViFSD, lam rd dic diém va vai tro cia ting bo dir liéu trong viée huan luyén va kiém

thr cdc mo6 hinh vé1 @6 phure tap khac nhau.

Phan c6t 16i ctia chuong 1a viée trinh bay chi tiét qua trinh xay dung cac mo hinh
hoc ting cuong, bao gobm RL_DQN, RL_PPO va RL_A3C. D6i véi m&i mo hinh, dé an
d3 mo ta tir khau chuan bi moi trudng, tién xir 1y dir liéu, trich xuét dic trung (st dung
PhoBERT), thiét ké kién trac mang, lya chon tham s6 huin luyén dén quy trinh huin
luyén cu thé. Cac mé hinh hoc sau truyén thong nhu LSTM va Multi-BERT ciing duoc

trién khai dé lam co so so sanh.

Két qua danh gia trén ca hai bo dir liéu, thong qua cac chi sé nhu Accuracy,
Precision, Recall, F1-score va Loss, da dugc phan tich mot cach k¥ ludng. Nhitng phan
tich nay cho thay RL_DQN thé hién hiéu suit vuot troi trén bo dir liéu UIT-VSFC co
cAu trac don gian hon, trong khi RL_PPO Ilai té6 ra manh mé& hon trén bo dir li¢u UIT-

ViFSD phtc tap. Nhin chung, cac mo hinh hoc ting cudng da ching minh dugc wu thé
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so voi cac phuong phap truyén thong, khing dinh tiém ning cua RL trong viée giai
quyét cac thach thirc cia ABSA. Cac thao luan chuyén sau vé su khac biét giita cac
thuat toan RL, anh huong cua dac diém dit liéu va sy can nhic gitra hiéu suét va chi phi
tinh toan da 1am rd hon nhitng phat hién tir thuc nghiém. Mic di c6 mot s6 han ché nhat
dinh trong qua trinh thyc nghiém, nhimg két qua dat duge di cung cip nhitng bang

chtng thuyét phuc vé tinh hiéu qua cia hudng tiép can nay.

Nhitng két qua va nhan dinh tir Chwong 3 khong chi hoan thanh muc tiéu thuc
nghiém ctia dé tai ma con dat nén tang virng chic cho viéc dua ra cac két luan tong thé
va dé xuat cac hudng phat trién trong tuong lai, s& dugc trinh bay trong phan két luan

cua toan bo dé an.
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KET LUAN

Dé 4n tot nghiép thac si véi tiéu dé "Ung dung hoc ting cudng trong phén tich cam xuc
theo chi1 d&" da duoc thyc hién v6i muc tiéu kham pha va chimg minh hiéu qué cua viée
ap dung céc thuat toan hoc tang cuong (Reinforcement Learning - RL) vao mdt trong
nhiing bai toan quan trong va thach thirc cia Xt Iy Ngon ngtt Ty nhién (NLP) 1a Phan
tich Cam xtc theo Chu dé (Aspect-Based Sentiment Analysis - ABSA), dic biét trén dit
lidu tiéng Viét. Qua qua trinh nghién ctru Iy thuyét va trién khai thuc nghiém, dé 4n da
dat dugc nhimng két qua dang ké va rit ra dugc nhimng nhan dinh quan trong, dong thoi

xéc dinh cac huéng phat trién tiém ning trong twong lai.
Két qua dat dwoc

e Nghién ctru va lam chi co s6 1y thuyét: Dé an da tién hanh nghién ctru sau rong
vé cac khai niém, mé hinh toan hoc va cac thuat toan cdt 161 ciia hoc tang cuong
(bao gdbm Q-Learning, DQN, PPO, A3C) ciing nhu cac phuong phap truyén
thng va hién dai trong ABSA. Piéu nay di tao nén tang kién thtrc viing chéc
cho viéc thiét ké va trién khai cac mo hinh thuc nghiém.

e Xay dung va trién khai thanh c6ng ciac mé hinh hoc ting cuong cho ABSA: Cac
md hinh RL_DQN, RL_PPO, vaRL_A3C di duoc xay dung va huan luyén thanh
cong trén hai bo dir liéu tiéng Viét dac thu 1a UIT-VSFC va UIT-ViFSD. Qua
trinh nay bao gdm cac budc tir tién xur 1y dir liéu, trich xuét ddc trung ngir nghia
bang PhoBERT, dén thiét ké kién tric agent va quy trinh huan luyén tdi vu.

e Chtrng minh hi€u qua vugt tréi cua hoc tang cuong: Két qua thuc nghiém da cho
thay cac mo hinh hoc tang cudng, dic biét 1a RL_DQN trén dit liéu c6 cau tric
0 rang (UIT-VSFC) va RL_PPO trén dit liéu phtrc tap hon (UIT-ViFSD), dat
duoc hiéu suit vuot trdi so véi cac md hinh hoc sau truyén théng nhu LSTM va
Multi-BERT trén ca hai nhiém vu phén loai cam xuc va xac dinh chii dé. Cu thé,
mo hinh RL_DQN dat Fl-score cao nhét (0.9050 cho Sentiment va 0.8536 cho
Topic) trén UIT-VSFC, trong khi RL_PPO dan dau trén UIT-ViFSD (F1-score
0.870 cho Sentiment va 0.846 cho Topic).

e Phan tich va danh gia sau sic két qua: Dé an da tién hanh phan tich chi tiét cac

yeu td anh hudng dén hi¢u suat cua ting mo hinh, bao gém dac diém cua thuat
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toan RL, tinh chét ctia bo dit liéu, va su cin bang gitra hiéu qua va chi phi tinh
toan. Nhirng phan tich nay cung cip cai nhin sau sic vé uu nhugc diém cua timg
phuong phap va diéu kién tng dung phu hop.

e Dap (mg muyc tiéu dé tai: Pé 4n da hoan thanh muc tiéu chinh 1a phat trién va
mg dung thanh cong phuong phap hoc ting cudng dé xay dung mot hé thong
phan tich cam xtc theo chu dé, c6 kha ning tw dong phan loai cam xtc va nhin
dién cac cha dé lién quan v61 d§ chinh xac cao, dadc bi¢t 1a trong viéc xu 1y dir
lidu tiéng Viét véi nhirng dic thu riéng.

Han ché cia dé tai

Bén canh nhirng két qua tich cuc, trong qua trinh thyc hién, dé an cling nhan théy mot

s0 han ché can dugc cai thién trong cac nghién ctru ti€p theo:

e Tbi vu hoa siéu tham sb: Qud trinh tinh chinh siéu tham sé cho cac thuét toan
RL, dic biét 1a A3C, van con khong gian dé cai thién nham khai thac tdi da tiém
nang cua thuat toan.

e Mod rong bd dir liéu: Viéc thir nghi€m trén cac bo dir li¢u 16n hon, da dang hon
vé linh vuc va phong cach ngon ngit s& giup danh gia kha ning tong quat hoa
cua mo6 hinh mdt cach toan dién hon.

e Kham pha kién trac mang phirc tap hon: Kién tric mang no-ron cho cic agent
RL ¢6 thé dugc kham pha sau hon, vi du nhu tich hop cac co ché attention phtrc
tap hon hoic cac k¥ thuat méi trong biéu dién ngodn ngir.

e Xur ly cac truong hop dac biét: Kha nang xu 1y cac truong hop ngdn ngir phirc
tap nhu sarcasm, an du hodc céc biéu hién cam xtc tinh vi van can duoc dau tu

nghién ctru thém.
Huéng nghién ciru va phat trién trong twong lai

Tt nhiing két qua va han ché cua dé tai, dé xuat mot sé6 hudng nghién ctru va phat trién

tiém nang trong twong lai:

e Nang cao d6 chinh xac va kha ning tong quat héa: Ap dung cac k¥ thuat tinh
chinh siéu tham s6 tw dong (Automated Hyperparameter Optimization). Nghién

ctru cac phuong phép transfer learning va domain adaptation tién tién hon dé mé
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hinh c6 thé d& dang thich tng véi cac linh vuc va bo dit liéu méi ma khong can
huén luyén lai tir dau. Tich hop cac mo hinh ngdn ngit 16n (Large Language
Models - LLMs) vao kién trac cia agent RL dé tin dung kién thirc nén phong
phu cua ching.

Phat trién hé thong hoc lién tuc (Continual Learning / Lifelong Learning): Xay
dung kha nang cho mé hinh ty dong cdp nhat va thich tng vdi cac xu hudng
ngdn ngir moi, cac chii dé san pham mai hoic sy thay ddi trong cach biéu dat
cam xuc cta ngudi dung theo thdi gian ma khéng bi "quén" kién thirc cii
(catastrophic forgetting).

Xt 1y da ngdn ngir va cac ngdn ngit it tai nguyén: Md rong mo hinh dé c6 thé
phan tich cam xuc theo chii dé cho nhiéu ngdn ngir khac nhau, dic biét 1a cac
ngdn ngit it co tai nguyén huan luyén.

Tang cuong kha nang giai thich (Explainability / Interpretability): Phat trién cac
co ché gitp hiéu rd hon tai sao mé hinh dua ra mot quyét dinh phan loai cuy thé,
ting cudng sy tin cdy va kha ning Gmg dung trong cac hé théng quan trong.
Ung dung vao cac bai toan thuc té va tich hop hé thong: Xay dung cac giao dién
mg dung (API) dé dé dang tich hgp mé hinh vao cac hé théng quan 1y quan hé
khach hang (CRM), chatbot, nén tang thuong mai dién ttr, hodc cac cong cu phan
tich thi trudng. Phat trién cac tmg dung cu thé nhu hé théng tu dong tom tit danh
gia san phém theo chu dé va cam xuc, hodc hé théng canh b4o sém cac van dé
tiéu cyc tir phan hodi ctia khach hang. Nghién ctru viéc ap dung RL trong viée ca

nhan hoa phan hoi hodc dé xuat dya trén phan tich cam xutc chi tiét.
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