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1. MO PAU
1. Ly do chon dé tai:

Trong bdi canh hién dai, viéc hiéu va phan tich cam x0c cia con nguoi tur van ban
dang tro thanh mot nhu cau cp thiét trong nhiéu linh vuc, dic biét 1a trong nganh gido duc.
Nhan dién cam xtc khong chi gitp cai thién cac dich vu hé tro hoc tdp ma con nang cao
hiéu qua giao tiép, hd tro gido vién trong viéc danh gia tim 1y hoc sinh, va ca nhan héa noi
dung giang day. Tuy nhién, cac nghién ctru hién tai cha yéu tip trung vao ngdn ngit phd
bién nhu tiéng Anh, trong khi tiéng Viét — v6i dac diém ngit phap, ¢t phap va sy phong

phu trong ngit nghia — chua nhén dugc sy quan tam xtng dang.

PhoBERT — m6t mo hinh ngodn ngir tién huan luyén t6i wu hoa riéng cho tiéng Viét
— dugc phat trién boi VinAl va ké thira kién trac RoBERTa, da chting minh hiéu qua cao
trong nhiéu tac vu xtr 1y ngdn ngit tw nhién tiéng Viét. Khac v6i cac md hinh BERT huin
luyén da ngdn ngit, PhoBERT dugc huan luyén trén kho dit liéu tiéng Viét quy mé 16m,

gitp hiu sau sac hon céc dac trung ngdn ngtr ban dia.

Trong nghién cru ndy, dé tai lya chon mé hinh PhoBERT két hop v6i Linear
Classifier dé thuc hién nhan dién cam xtc tir van ban tiéng Viét. M6 hinh hoat dong bang
cach str dung biéu dién ngir nghia do PhoBERT sinh ra cho ting cau dau vao, sau d6 dua
qua mot hodc vai 16p tuyén tinh nham phan loai cam xtc twong tng. Cach tiép can nay tuy
don gian nhung hiéu qua, dic biét khi két hop véi kha ning biéu dién ngir canh manh mé
cua PhoBERT.

Trong nganh gido duc, nhan di¢n cdm xuc tir van ban s€ mang lai nhiéu loi ich thuc
tién, chang han nhu:

Pdnh gia y kién phdan hoi: Phan tich cam xtic trong phan hoi ctia hoc sinh, phu huynh
hodc gido vién gitp nha trudng hiéu rd hon vé trai nghiém cua ho, tir d6 cai thién chat
lugng dich vu giao duc.

Ho tro tam [y hoc duwong: Xac dinh cac dAu hiéu cam xtc tiéu cuc tir cic van ban

do hoc sinh viét (nhat ky, bai tap lam van, tin nhin, email) dé kip thoi can thigp va hd tro.



Tang cuong hoc tdp ca nhan hoa: Dya trén cam xtc ctia hoc sinh, giao vién co thé

diéu chinh phuong phap giang day phu hop, tao méi trudng hoc tap tich cuc hon.

Viéc ap dung PhoBERT két hop Linear Classifier khong chi mang lai hiéu qua trong
viéc phan loai cam xiic van ban tiéng Viét v6i chi phi tinh toan thdp, ma con mé ra kha
nang trién khai thuce té trong moi truong gido duc. Dy 1a mot hudng tiép can phu hop, vira
tan dung duoc strc manh ctia mé hinh tién huan luyén tiéng Viét, vira ddm bao tinh kha thi

va hiéu qua trong tmg dung thuc tién.
2. Tong quan vé van dé nghién ctru:

Nhén di¢n cdm xtic trong van ban (Sentiment Analysis) 1& mot linh vuc quan trong
trong xu 1y ngén nglr ty nhién (NLP), tap trung vao vi¢c xac dinh va phan loai cam xtc,
thai do tir ndi dung van ban. Véi su phat trién nhanh choéng cua cong nghé, viée hiéu cam
xuc tir van ban da dugc ung dung rong rai trong nhiéu linh vuc nhu thuong mai di¢n tir,
mang xa hoi, va giao duc. Pac biét, trong nganh giao duc, viéc nhan dién cdm xtc tir van
ban giup cai thién twong tac giita hoc sinh va gido vién, nang cao chat lugng giang day, va

hd trg hoc sinh vé mit tAm .

Tuy nhién, nhan dién cam xtc trong vin ban tiéng Viét dit ra nhiéu thach thirc do
dic thu ngdn ngir. Tiéng Viét 1a mot ngdn ngir don Am, ngit nghia thuong phu thuéc manh
mé vao ngit canh va cach str dung tir vung. Ngoai ra, vin phong tiéng Viét trong moi trudng
gido duc ciing da dang, tir cac bai luan vin, nhat ky, dén phan hoi y kién, doi hoi mé hinh
phai c6 kha nang x1r Iy linh hoat va sau sic. Cac nghién ctru hién tai vé nhan dién cam xuc
chu yéu tap trung vao ngdn ngit Anh, trong khi tiéng Viét con thiéu cac hé théng hiéu qua
va chuyén biét dé giai quyét bai toan nay.

Dé khic phuc céc han ché trén, mé hinh PhoBERT da duoc phat trién nhu mot phién
ban tién hudn luyén ngon ngir BERT danh riéng cho tiéng Viét. PhoBERT duoc huan luyén
trén tap dir lidu tiéng Viét 16n va tan dung kién triic Transformer hai chiéu, giup nam bat
duoc ngit canh hiéu qua hon so véi cac phuong phép truyén théng. Trong nghién ctru nay,
PhoBERT dugc str dung nhu mét bd trich xut dic trung (feature extractor), két hop voi
mot tﬁng phan loai tuyén tinh (Linear Classifier) nham thuc hién nhiém vu phan loai cam

xuc. Viéc sir dung Linear Classifier giup don gian hoa qua trinh huan luyén va trién khai



mo hinh, dong thoi vin dat dugc hiéu qua dang ké nho vao chat lugng biéu dién ngdn ngit

ma PhoBERT cung cép.

Trong bdi canh gido duc, kha ning nhén dién cam xuc hiéu quéa s& mang lai nhing
loi ich to 16n, chang han nhu hd tro gido vién hiéu rd tam 1y hoc sinh thong qua céac bai viét
hodc phan hdi. Hon nita, cac hé thong nay cé thé dugc sir dung dé phén tich ¥ kién phan

hoi tir phu huynh, hoc sinh nham cai thién chat lugng gido duc.
3. Muc dich nghién ctru:

Nghién ctru vé nhan dién cam xuc trong vin ban tiéng Viét nham giai quyét cac van
dé dic thu cuia ngdn ngit ndy va phat trién cac phuong phap hiéu qua dé phan tich cam xtc
mot cach chinh xac, dac biét trong linh vuc gido duc. Pé tai tap trung vao vi¢c xay dung
mot mé hinh hoc sau dua trén PhoBERT két hop véi bo phan loai tuyén tinh (Linear
Classifier), voi ky vong mang lai su cai thién ddng ké vé do chinh xac va hiéu qua trong
xtr 1y vin ban tiéng Viét.

Muc dich chinh cta nghién ctru 1a phat trién mot hé théng nhan dién cam xuc co6 kha

nang:

Xac dinh cam xuc trong van ban tieng Viét: Phan tich va nhan dién cadc cam xuc nhu
tich cuc, ti€u cuc, hodc trung 1ap trong cac van ban thugc méi truong gido duc, tir dé ho tro

gido vién va nha quan 1y gido duc dua ra cac bién phép phu hop.

Tang cwong kha nang xir Iy ngdn ngit tw nhién cho tiéng Viét: Bang cach st dung
PhoBERT — mé hinh tién hun luyén danh riéng cho tiéng Viét — két hop voi mot ting phan
loai tuyén tinh, nghién ctru nay tan dung kha ning biéu dién ngit canh hai chiéu manh mé
ctia PhoBERT d¢é phén loai cam xuc chinh x4c hon. M6 hinh Linear gitp don gian hoa kién

tric, toi wu thdi gian huan luyén va van gitt duge hidu qua cao trong bai toan phan loai.

Ung dung trong nganh gido duc: Nghién ctru khong chi dirng lai & mit 1y thuyét ma
con tdp trung vao tinh ung dung, cu thé 1a phan tich cac bai viét, phan hdi, hodc ndi dung
lién quan dén hoc sinh va gido vién, nhim nang cao chit lvong giang day va quan Iy gido

duc.



Ngoai ra, nghién ctru nay con c¢6 muc tiéu thic day su phat trién cta cac cong nghé
xtr Iy ngon ngit tw nhién (NLP) cho tiéng Viét, von chwa duge quan tAm day du trong bdi
canh hién nay. Bang cach trién khai va danh gi4 mé hinh PhoBERT + Linear Classifier, dé

tai hudng dén viéc cung cdp mot giai phap kha thi, hiéu qua va dé trién khai trong thuc té.

Trong linh vuc gido duc, nghién ctru nay ky vong tao ra mot cong cu hd trg hiéu qua
cho gido vién va nha truong trong viéc phan tich cam xtc cua hoc sinh qua cac van ban.
Diéu nay khong chi gitip phat hién sém cac van dé tim 1y hodc cam xuc tiéu cyc ma con
g6p phan xay dung méi trudng gido duc lanh manh, tich cuc va dap tng duoc nhu ciu ca

nhan hoa trong day hoc.

Véi muc tiéu nay, dé tai s& gop phan nang cao hiéu qua tmg dung cong nghé trong
gido duc, ddng thdi mé ra nhidu hudng nghién ctru tiép theo trong linh vire xtr Iy ngdn ngi

tu nhién va nhan di€én cam xuc cho ngdén ngir tiéng Viét.
4. P6i twong va pham vi nghién ciru:
4.1. Péi twong nghién ciru

D01 tugng nghién ctru cua dé tai la cac van ban tiéng Viét chira dung ndi dung cam
xuc, tap trung chu yéu vao cac bai viét, phan hoi, va tai liéu trong linh vuc gido duc. Cu

thé, nghién ctru s€ tap trung vao cac loai van ban sau:

Bai viét cua hoc sinh: Bao gom céc bai tap lam van, nhat ky hoc tap, hodc cac cau
trd 101 ty ludn c6 y€u td cam x1c.

Phan hoi cua giao vién: Nhan xét, danh gia hoac y kién phéan hoéi vé qua trinh hoc
tap va hanh vi cua hoc sinh.

Phan hoi tir phu huynh: Y kién gép y lién quan dén chat lugng giang day va moi

trurong hoc tap cua nha trudng.

Pbi twong nghién ciru chinh vé mit ky thuat 1a moé hinh PhoBERT két hop véi
Linear Classifier, nham ting cuong kha ning nhan dién cam xuc trong van ban tiéng Viét.
Mo hinh nay tdn dung biéu dién ngon ngit hai chiéu cia PhoBERT dé trich xut dic trung
vin ban, sau d6 dua qua tang phan loai tuyén tinh nham phén loai cic cam xtic thanh tich

cuc, ti€u cuc, hoac trung 1ap. Muc tiéu la xay dung mot hé théng phan loai cam xuc don



gian, hiéu qua, d& trién khai va c6 kha ning mé rong tmg dung thuc té.

4.2. Pham vi nghién ciru

4.2.1. Ngir liéu

Tap dir liéu nghién ctru gém cac van ban tiéng Viét thude linh vuc gido duc, thu thap
tir cac ngudn nhu: bai tap hoc sinh, phan hdi tir gido vién va phy huynh, hodc ndi dung tir
cac dién dan gido duc. Dit liéu s& dugc tién xtr Iy dé loai bo nhiéu, chuan hoa ngdn ngit va
gan nhin cam xtc phuc vu cho viéc huan luyén va danh gia mé hinh.

4.2.2. Pham vi ngon ngir

Nghién ctru tap trung vao phan hoi bang tiéng Viét ciia sinh vién — mot ngdn ngi co
tinh ddc thi cao vé cu phap, tir vung va ngit nghia.

Vin ban dau vao da dang vé d6 dai: tir phan hoi ngan (1-2 cau) cho dén céc bai luan
hoac nhan xét dai hon.

4.2.3. Ky thuat ap dung

K§ thuat nén tang stir dung PhoBERT: M6 hinh tién huén luyén danh riéng cho tiéng
Viét, c6 kha ning biéu dién ngit nghia hai chiéu hiéu qua.

Két hop Linear Classifier: Thay vi st dung cac kién triic phtic tap nhu Bi-LSTM
hay Attention, dé& tai 4p dung mot tang phan loai tuyén tinh dé phan tich dau ra cua
PhoBERT. Cach 1am nay vira giir dugc d6 chinh xac cao, vira giam tai tinh toan va dé trién
khai thyc té.

4.2.4. Ung dung thue tién

M5 hinh sau khi huin luyén s€ duogc tich hop vao mdt ing dung hd tro sinh vién
phan héi truc tuyén, giup tu dong phén tich cam xtc trong ndi dung phan hdi cua sinh vién.

Ung dung s& hd trg nha truong va gido vién trong viéc phat hién sém cac van dé
cam xuc thong qua phan tich ngdn ngtr viét cua sinh vién, tr d6 dé xuat cdc hudng tu van,

hd tro kip thoi.

Ngoai ra, hé thong ciing c¢6 thé dung dé phan tich dit liéu phan hoi theo thoi gian,

hd tro cai tién phuong phap giang day va ning cao chat luong quan 1y gido duc.



5. Phwong phap nghién ctru:

Dé dat dwoc muc tiéu nghién ctru dé ra, dé tai st dung két hop cac phwong phép 1y
thuyét va thuc nghiém nhu sau:

5.1. Phwong phdp Iy thuyét

Nghién civu tai liéu: Khao sat cac tai liéu lién quan dén nhan dién cam xtc trong vin
ban, dic biét 1a nhitng nghién ctru 4p dung mé hinh PhoBERT cho tiéng Viét. Phan tich
cac bai bao khoa hoc, luan van, tai li¢u k¥ thuat tir cac nguén uy tin va ma nguén mé nhu
Hugging Face, PyTorch, VNLPS,...Thu thap thong tin tir cdc nghién ciru trude dy vé tng
dung hoc sau trong xur 1y ngoén nglt tw nhién (NLP), cling nhu cac dic thu ngdn nglr cua

tiéng Viét, nhu ct phap linh hoat, tir vung da nghia va vin phong da dang trong gido duc.

5.2. Phwong phap thuc nghiém

5.2.1. Xay dung dir liéu

Thu thap dir liéu van ban tiéng Viét tir cac nguén thuc t& nhu bai 1am van cua hoc
sinh, phan hdi gido vién, y kién tir phu huynh, hodc dit liéu cong khai tir cac dién dan gido
duc truc tuyén.

5.2.2. Tién xir ly dit liéu

Lam sach vin ban (loai bo ky tu ddc biét, 18i chinh ta, ky hiéu khong can thiét);
Chuan hoa ngdn ngit (viét tat, kiéu gd teencode...); Gan nhan cam xtc theo ba 16p: tich
cuc, tiéu cuc, trung 1ap.

5.2.3. Xay dwng va huén luyén mé hinh

Phat trién mo hinh hoc sau sir dung PhoBERT 1am cong cu trich xuét dic trung ngir
nghia tir van ban.

Két n6i dau ra ctia PhoBERT voi mot tang phan loai don gian — Linear Classifier —
dé thuc hién phan loai cam xuc.

Tién hanh huan luyén mo hinh trén tap dir liéu da xu 1y, st dung cross-entropy loss

lam ham mat mat va Adam optimizer dé€ t61 uu hoa.



Tinh chinh cac si€u tham s nhu learning rate, batch size, so6 epoch,... nham cai thién

do chinh xac.
5.2.4. Danh gia va so sanh

Str dung céc chi sb sau dé hd tro phan tich danh gia hiéu qua mé hinh: Accuracy (do
chinh x4c tong thé), Precision (d6 chinh xac theo tirng 16p), Recall (kha ning phat hién day

du cac nhan cam xuc), F1-score (trung binh hai hoa giita Precision va Recall).

Sau khi c¢6 két qua chi s do chinh xac, thyc hién so sanh md hinh PhoBERT +
Linear Classifier v6i két qua 4c mé hinh truyén théng nhu SVM, Naive Bayes st dung
Bag-of-Words hodc TF-IDF,...da dugc nghién ctru hoac véi phién ban PhoBERT co ban

khong fine-tune (hodc chi Linear tir embedding).
5.2.5. Thir nghiém tng dung thye tién

Thuc hién tich hop mé hinh vao mét tng dung thir nghiém, cho phép sinh vién dién
phan hoi (dudi dang van ban tu do) va hé théng s€ ty dong phan tich cam xuc. Sau do thuc
hién danh gia kha niang ing dung mé hinh trong méi trudng thyc té nhu: HS tro gido vién
phat hién hoc sinh c6 biéu hién cam xtc tiéu cuc; Cung cap téng quan tdm Iy hoc sinh theo

tirng 16p/hoc ky dé phuc vu cai tién phuong phap giang day.



I1. NOI DUNG
CHUONG 1: TONG QUAN VE NHAN DIEN CAM XUC

TRONG VAN BAN

Dit nén tang 1y thuyét va ngir canh nghién ctru bang cach cung cip mot cai nhin
toan dién vé cac cha dé lién quan. Trudce hét, chuong gidi thiéu khai niém va dic diém cua
ngdn ngit Tiéng Viét, nhim x4c dinh nhitng yéu t6 dic thu c6 thé anh huéng dén cac
phuong phéap xur 1y ngdn ngir tu nhién. Tiép theo, phan tong quan vé nhan dién cam xtc
trong vin ban trinh bay cac phuwong phap truyén thong va hién dai, nhin manh vai trd ngay
cang tang cua hoc may va hoc sau. Pac biét, mo hinh BERT - mét budc dot pha trong xir
ly ngdn ngit ty nhién - s& duoc gidi thidu chi tiét, tip trung vao kha ning hiéu ngit canh va

xur 1y ngtr nghia.
1.1 Tong quan vé nghién ciru

1.1.1 Gidgi thiéu boi canh nghién ciru va tim quan trong ciua nhdn dién cam

Xtuc trong van ban.

Nhan dién cam xuc trong van ban da tr¢ thanh mot trong nhitng linh vuc trong tam
trong xu 1y ngdn ngit tu nhién (NLP) nho kha ning mang lai gid tri 10n trong nhiéu linh

vuc.

Thirong mai dién tir: Cac doanh nghiép sir dung phan tich cam xtic dé hiéu phan hoi
tir khach hang. Nhirng nhan xét mang cam xuc tiéu cuc c6 thé gitp phat hién cac vin dé
trong san pham hoc dich vu, trong khi cam xuc tich cuc gitip xac dinh yéu té thu hit khach

hang.

Truyén thong xa héi: Nhan dién cam xuc tir cac bai dang hoic binh luin giup theo
ddi xu hudéng xa hoi, du doan tdm 1y cong dong, va hd trg chién dich truyén thong hiéu
qua.

Giao dyc: Trong moi truong hoc duong, nhan di€n cam x1c tir van ban nhu bai luan
van, phan hoi ctia hoc sinh, hodc nhat ky hoc tap gitp gido vién nam bét trang thai tam ly
cua hoc sinh. Vi¢c nay gitip tao moi truong hoc tap ca nhan hoa, hd tro thm 1y kip thoi va

tang cudng chat luong giang day.



Chdam séc sike khée tam Iy: Cac hé théng phan tich cam xuc c6 thé phat hién dau
hiéu cing thing hodc trdm cam tir tin nhin hodc bai ding, gitp dua ra canh bao sém va hd

trg tu van tam 1y hiéu qua.

Véi su phét trién nhanh chéng cua cong nghé hoc sau, cac mo hinh tién tién nhu
PhoBERT két hop Linear, GPT, di ning cao dang ké do chinh x4c trong phan tich cam
xuc. Trude ddy, cac phuong phap truyén thong dua trén tir dién hodc hoc may gip nhiéu
han ché vé kha ning hiéu ngit canh va xir Iy ngit nghia phirc tap. Ngay nay, cac mé hinh
hoc sau cho phép phan tich cam xtc khong chi dua trén tr nglr ma con dya trén toan bd

ngtr canh van ban.

Mot vi du dién hinh 1a trong thuong mai dién tir, nhan xét "San phém giao nhanh,
nhung chat luong khong nhu mong doi" ¢6 thé chtra ca yéu t6 tich cuc ("giao nhanh") va
tiéu cuc ("chat luong khong nhu mong doi"). Cac mo hinh tién tién nhu BERT gitip phan
tich va tach bi€t cac khia canh cam xtic nay mot cach chinh xac, h tro dua ra phan hoi phu
hop.

1.1.2 Téng quan vé vin bin Tiéng Vigt

Tiéng Viét 1a mot ngdn nglr don a&m, cd nhi€u dac diém dac thu anh hudng dén viéc

xtr Iy ngdn ngit ty nhién (NLP). Mot s6 dac diém va thach thie chinh bao gdom:

Phuy thudc vao ngit canh: Tiéng Viét co nhiéu tir dong am khac nghia, khién cho viéc
phan tich ngir nghia phu thudc 16n vao ngit canh sir dung. Vi du, tir "t6i" ¢6 thé chi ban

than hoac chi hanh dong "t61 com" tuy thudc vao ngir canh.

Ngir phap linh hoat: Trat ty tir trong cau tiéng Viét thuong rat linh hoat, va viéc thay
dbi vi tri cac tir c6 thé khong 1am thay d6i nghia cta cau. Vi du, cau "T6i an com" va "An

com t6i" van gitt nghia tuong tu, diéu nay dit ra thach thic 16n cho cac mé hinh NLP.

Hé thdng du thanh: Tiéng Viét st dung hé théng dau thanh phong phi, trong dé

mot tir c6 thé mang nhiéu nghia khac nhau chi véi sy thay ddi ctia ddu thanh. Vi du: "ma,"

" nn

ma," "ma," va "ma" déu 13 nhitng tir khac biét.
Su da dang trong biéu dat cam xtic: Vin ban tiéng Viét thuong stir dung nhiéu thanh

ngtr, tuc ngilr, hoac cach dién dat an du dé truyén tai cam xic. Vi dy, cau "Budn nhu mat so
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gao" khong chi thé hién sy budn bd ma con mang tinh van hoa, khoé co thé gidi ma chinh
xéac néu khong c6 kién thtrc vin hoa lién quan.

1.1.3 Ung dung va thdch thirc

Ung dung trong nhan dién cam xuc: Cac hé thdng xtr Iy vin ban tiéng Viét dang
duoc ap dung dé phén tich cam xuc trong mang xa hoi, danh gia san pham, va hd tro gido
duc. Vi dy, nhan dién cam xtc tir phan hdi hoc sinh gitip gido vién cai thién phwong phap

giang day.

Thach thuc trong xir Iy ngdn ngit ty nhién: Viée thiéu dir liéu chit lugng cao bang
tiéng Viét 1a mot rao can 1on. Cac van ban tiéng Viét ciing thudng khong tudn tha chat ché

cac quy tic ngir phap, dic biét 13 trén mang x4 hoi, khién viéc phén tich tré nén phirc tap.
Vi du thye té

Cau "Toi khong thich" ¢6 thé mang nghia tiéu cuc hodc trung tinh, tiy thudc vao tir

di kém hodc ngir canh cy thé.

Trong mang xa hdi, cac tur viét tit hodc sai chinh ta, nhu "k bt nx" (khong biét nira),

cling dit ra thach thirc 16n cho cac hé théng NLP.
1.2 Khai niém cdam xic trong van ban va nhan dién/phan tich cam xuc

Cam xtic trong vin ban c6 thé dugc hiéu 1a cac trang thai tim 1y hodc phan ing cam
xtc cua con ngudi, dugc biéu dat qua ngdn tir. Thong thuong, cam xuc dugce chia thanh ba

loai chinh:

Tich cyre: Thé hién sy hai long, hanh phuc hoac d@)ng thuan, vi du: "Tai rat thich san

pham nay."

Tiéu cuc: Thé hién su khong hai long, tirc gian hoac budn b, vi du: "Chét luong

qua t¢, toi rat that vong."

Trung ldp: Khong nghiéng vé tich cuc hay tiéu cuc, chi dua ra thong tin, vi du: "San

pham ndy giao hang ding han."
1.2.1 Nhan dién cam xuc (Sentiment Analysis)

Nhan dién cam xtc la qua trinh sir dung cac phuong phap xtr Iy ngén ngir tu nhién



11

va hoc may dé xac dinh va phan loai cam xuc tir ndi dung van ban. Qua trinh nay bao gom:
Thu thdp dir liéu: Tt cac nguon nhu danh gia sdn pham, bai dang trén mang xa hoi,
bai luan van, hodc cac phan hoéi y kién.
Tién xu ly dir liéu: GOm loai bdé nhi€u, chuan hoda van ban (nhu stra 161 chinh ta,

chuan hoéa viét tat), va gan nhan cam xuc.

Ap dung mé hinh hoc may hodc hoc sdu: Cac mo hinh nhu Logistic Regression,
Random Forest, hodc cac mang than kinh nhu LSTM, BERT duoc st dung dé du doan cam

xuc dua trén van ban dau vao.
1.2.2 Cac mirc do phdn tich cam xuc

Phan tich cam xuc o cdp do tu/cum twr: Xac dinh cdm x1c tai cac tir hodc cym tu cu

thé trong van ban.
Phan tich cam xuic o cap do cau: Phan tich y nghia cam xtc cia tung cau riéng 1é.
Phan tich cam xuc o cap do tai liéu: Panh gid cam xtc tong thé ctua toan bd van

ban.
1.2.3 Thach thirc trong nhan dién cam xiuc

Mot trong nhiing thach thirc 16n trong nhan dién cam xtc tiéng Viét 1a tinh da nghia
cua tu ngtr, khi mot tir hodc cym tir co thé biéu dat nhirng cam xuc khac nhau tuy thudc vao
ngit canh cu thé. Bén canh d6, yéu t6 van hoa va ngdn ngit cliing anh hudng dang ké, do
cac biéu dat cam xuc trong tiéng Viét thuong mang tinh ban dia va ham y siu, gy kho
khan cho cac md hinh xir Iy ngdn ngir khong dugc thiét ké riéng cho tiéng Viét. Ngoai ra,
su khong déng nhét cua dit liéu cling la van dé dang ké, dic biét vi cac van ban duoc thu
thap tor mang xa hoi hoac moi trudong phi hoc thuat, thuong xuyén xuét hién 13i chinh ta,

viet tat, va ngon nglr khong chuan, lam giam do chinh xéc cia md hinh nhén dién cam xtc.

Vi du @rng dung: Trong giao duc, viéc nhan di¢n cac tir nhu "mét moi," "kho khan"
trong nhat ky hoc tap ciia hoc sinh c6 thé gitp gido vién hiéu va hd trg kip thoi. Trong
thwong mai, cic cum tir nhu "gia ca hop 13" hodc "khong dang tién" cho phép doanh nghiép

cai thién chién lugc kinh doanh dua trén phan hoi khach hang.
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1.3 Cac cong trinh nghién ctru lién quan
1.3.1. Nghién ciru quéc té

Bo Pang & Lillian Lee (2004): A Sentimental Education: Sentiment Analysis
Using Subjectivity Summarization Based on Minimum Cuts (Cdm xiic trong gido duc:
Phan tich cim xiic si dung tém tit chii quan dwa trén phwong phdp graph-based

minimum-cut).

Xuat ban trong Proceedings of the 42nd Annual Meeting of the Association for
Computational Linguistics (ACL-04) tai Barcelona, thang 7 nim 2004, nghién ctru dé xuat
phuong phap tach cdu chu quan bang graph-based minimum-cut dé chi giit lai nhiing cau
chtra ndi dung cam xtic va loai bo cac cau khach quan. Sau do, phan trich xuat nay s& duoc
dua vao mot bo phan loai nhu Naive Bayes hoac SVM dé phan loai (cam xuc tich cuc/ti€u

cuc).

Khi chi sir dung khoang 60% céc cAu chi quan, mé hinh dat do chinh xac 1én dén
86.4%, so voi khoang 82.8% khi dung toan b van ban, hodc tuong duong khi dung toan
vin v6i 87.2% bang SVM.

K§ thuét tach ndi dung hitu ich vé cam xuc nay cé thé duoc tham khao dé xay dung
bude tién xir 1y dir liéu: giap mo hinh PhoBERT két hop Linear chi tip trung vao cac phan

vin ban chira biéu dat cam xtic, giam nhiéu va ting hiéu qua phan loai.
1.3.2. Nghién ciru trong nuéc

Nguyen Quoc Dat & Nguyen Anh Tuan (2020): PhoBERT: Pre-trained
language models for Vietnamese (PhoBERT: Mé hinh ngéon ngir tién huin luyén danh
cho tiéng Viét)

Puoc dang trong Findings of the Association for Computational Linguistics:
EMNLP 2020, trang 1037—1042, xuét ban thang 11 nim 2020, nghién ctru tim hiéu vé md
hinh tién huan luyén danh riéng cho tiéng Viét, c6 hai phién ban PhoBERT-base va
PhoBERT-large, dugc huan luyén trén 20 GB vin ban tiéng Viét. PhoBERT dat hiéu suét
vuot trdi hon BERT da ngdn ngir (Multilingual BERT) va cac biéu dién truyén théng nhu

fastText, dic biét trong cac tic vu nhu phan loai cam xuc, nhan dang thuc thé va phan tich
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cu phap phu thudc.

Str dung PhoBERT-base-v2 trén tap dir liéu triéu tap tir mang xa hoi va hoi thoai tu
nhién, két hop k¥ thuat 14y mau b sung dé can bang dit liéu. Két qua Accuracy dat 94.22%,
cac chi s6 macro Precision/Recall/F1 déu vuot 94%. Hon nita, md hinh duoc trién khai

giao dién Gradio dé phan tich cam xuc thoi gian thuc.

Nhitng nghién ctru nay cung cip danh gia rd rang vé hiéu sut cia PhoBERT-v2
trong cac tac vu nhan dién cam xtc dbi véi tiéng Viét. Ban c6 thé tham khdo siéu tham sd:
learning rate khoang 2e-5, batch size 16, training epoch = 10, dung Adam optimizer va
tokenization két hop byte-pair encoding va RDR Segmenter dé phan tach tir tiéng Viét.
Nghién ciru ndy cung cap nén tang k¥ thuat dang tin cay dé dé tai co thé tham khao tryuc

tiép, didc biét trong phan tién xir 1y, can bang dir liéu va lya chon kién trac mé hinh.
1.4 Tong quan md hinh hoc siu trong NLP
1.4.1 PhoBERT — Mé hinh ngén ngir tién hudn luyén cho tiéng Vigt

PhoBERT 13 mot mé hinh ngén ngit tién huan luyén (pre-trained language model)
do VinAI Research phat trién, dugc thiét ké tdi wu héa riéng cho tiéng Viét. PhoBERT ké
thira kién tric ROBER Ta — mot bién thé cai tién ciia mo hinh BERT (Bidirectional Encoder
Representations from Transformers) do Google dé xuét [2], nhung dwoc huan luyén hoan
toan trén dir liéu tiéng Viét. Cu thé, PhoBERT duoc huan luyén trén tap dir liéu 20GB van
ban tiéng Viét chuin hoa, bao g@)m ndi dung tir bdo chi, dién dan va mang xa hoi, nham

gitip md hinh hoc dugc day du dic trung ngir nghia va ch phap cua tiéng Viét [1].

Vi tiéng Viét 12 ngdn ngit don 4m va khong sir dung ddu cach dé phan tach tir nhu
tiéng Anh, PhoBERT sir dung bo tach tir RDRSegmenter va k¥ thuat ma hoa tir dua trén
ghép cip byte (Byte Pair Encoding — BPE) dé xur Iy dau vao. Piéu ndy dam bao kha ning
hoc biéu dién ngit nghia chinh x4c va on dinh hon so véi cac phuong phap biéu dién tir

truyén théng nhu bag-of-words hay word2vec.

V& mat kién trac, PhoBERT duoc xay dung dya trén bo ma hoa chudi Transformer
(Transformer encoder stack), gdm 12 ting xir 1y, mdi tang c6 co ché ty chii y da dau (multi-
head self-attention) va mang neuron lan truyén vé phia truéc (feedforward neural network).

Moi tang giip mé hinh hoc dugc moi quan h¢ gitra cac tir trong chudi theo ca hai chiéu
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ngir canh trai va phai, tir 46 xay dung biéu dién ngir nghia theo ngit canh.
Trong co ché tu chu ¥ (self-attention), mdi tir trong cau s& dugce anh xa thanh ba
vector 1a truy van (query — Q), khéa (key — K) va gié tri (value — V). M6 hinh tinh toan

mturc do lién quan gilra cac tir thong qua cong thic:

. QK™
Attention(Q,K,V) = softmax 14

Jax

Trong d6 d,, 14 s6 chiéu cuia vector khoa. Két qua thu duoc 1 cac trong sb thé hién
mirc d6 lién két ngit nghia giita cac tir trong cau, tir d6 giup mo hinh tip trung hon vio

nhitng thanh phan c6 vai trd quan trong trong biéu dat y nghia.

Khi nhan mét cdu dau vao, PhoBERT s& ma hoa cau nay thanh mot chudi cc vector
ngit nghia. Vector biéu dién cua toan bo cau s& duoc trich xuat tir vi tri dic biét [CLS] (Viét
tat cua “classification”), 1a token duoc mé hinh gén vao dau cau va hoc dé tom tat thong
tin toan by cau. Vector tai [CLS] c6 kich thudc 768 chiéu va duoc st dung nhu dau vao

cho bg phan loai cam xtc.

PhoBERT duoc lira chon trong nghién ctru nay vi cac wu diém vuot troi: duge huan
luyén chuyén biét trén tiéng Viét, hd tro xu 1y tét ngdn ngit don am, biéu dién ngir nghia
theo ngit canh hiéu qua hon so vé6i cac phuong phap truyén thong, va da chimg minh hiéu
ning cao trong nhiéu tac vu xir Iy ngdn ngir tu nhién nhu phan loai van ban, gan nhin thyc

thé va phan tich ct phép tiéng Viét [1].
1.4.2 Bj phén logi tuyén tinh — Linear Classifier

Sau khi trich xut dic trung ngit nghia cta cau tir md hinh PhoBERT, vector dau ra
tai vi tri [CLS] s€ dugc dua vao mgt bd phan loai tuyén tinh (linear classifier) dé xac dinh
cam xuc cua ciu. Bo phan loai tuyén tinh bao gdm mot 16p mang neuron don gian (fully
connected layer), két hop véi ham kich hoat softmax dé chuyén dau ra thanh xac suat thudc
vé tirng nhan cam xuc, chéng han nhu tich cuc, ti€u cuc hodc trung lap.

B0 phan loai nay dugc mo ta bdi cong thurc:

y = softmax(Wx + b)

Trong d6 x 1a vector 768 chiéu tir md hinh PhoBERT, W 1a ma tran trong s6 hoc
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dugc trong qua trinh huin luyén, va b 1a vector dg 1éch (bias). Két qua y la mgt vector chtra
xéac sudt twong tmg véi ting 16p cam xtc. Ham softmax co vai trd chuyén ddi dau ra tho

thanh phan phdi xac suét, dugc dinh nghia nhu sau:

e
softmax(z;) = o
j=1€"

Trongdo:i=1, 2,....K-Kla sb 16p cam xuc.

B6 phén loai tuyén tinh c6 vu diém 1a don gian, d& trién khai va huén luyén nhanh.
Khi di kém véi biéu dién manh mé& tir PhoBERT, mo hinh van dat d6 chinh xac cao trong
cac tac vu phan loai ma khong can thém cac thanh phan phic tap nhu mang LSTM hai
chiéu (Bi-LSTM) hay co ché tu chu ¥ doc 1ap (Attention). Piéu nay dic biét phu hop voi
céc bai toan thuc té trong giao duc, noi dir liéu co6 thé khong 16n nhung yéu cau xtr 1y nhanh

va dang tin cay.
CHUONG 2: XAY DUNG VA HUAN LUYEN MO HINH PHAN
TiCH CAM XUC TIENG VIET DUA TREN PHOBERT

Chuong nay trinh bay quy trinh xay dung mé hinh nhan dién cam xuc tiéng Viét
str dung PhoBERT két hop bo phén loai tuyén tinh (Linear Classifier). B dit liéu duoc
mo ta vé ngudn gdc, cach gan nhan va chuan hoéa. Cac bude tién xtr Iy nham dam bao
dau vao phu hop cho mé hinh huin luyén. Sau d6, mé hinh PhoBERT duoc sir dung dé
trich xuat dic trung ngit nghia, dau ra [CLS] duoc dua vao 16p phan loai tuyén tinh dé
du doan cam xtic. Cubi cung, cac chi sé nhu Accuracy, Precision, Recall va F1-score

duoc ap dung dé danh gia hiéu sudt mé hinh mot cach toan dién.
2.1. Chuén bi dir liéu huan luyén
2.1.1. Nguon di liéu

Pé huin luyén mo6 hinh nhéan dién cdm xtc trong van ban tiéng Viét, dé tai sir dung bo
dit liéu Vietnamese Students Feedback dugc cong bo trén nén tang HuggingFace, v6i ma dinh
danh uitnlp/vietnamese_students_feedback. Bo dir liéu ndy bao gdm céac phan hdi thuc té cua
sinh vién Viét Nam vé cac khia canh khéc nhau trong méi trudng hoc tdp nhu: giang vién,

chuong trinh dao tao, co s& vat chat va cac yéu to lién quan khac.
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Dir liéu v6i khoang 16.000 dong duoc chia thanh ba tip san sang cho huin luyén va
danh gia mo6 hinh:

- Tdp hudn luyén (train) gdbm 11.400 dong dir liéu trong do:

+ Nhan tich cuc (positive) chiém 49.4%:;

+ Nhién trung tinh (neutral) chiém 4%;

+ Nhin tiéu cyc (negative) chiém 46.6%.

- Tép kiém dinh (validation) gdbm 1.580 dong dit liéu, trong do:

+ Nhan tich cyc (positive) chiém 50.9%;

+ Nhan trung tinh (neutral) chiém 4.6%;

+ Nhan tiéu cyc (negative) chiém 44.5%.

- Tdp kiém tra (test) gdbm 3.170 dong dix liéu, trong do:

+ Nhin tich cuc (positive) chiém 50.2%:;

+ Nhin trung tinh (neutral) chiém 5.3%;

+ Nhan tiéu cyc (negative) chiém 44.5%.
M&i dong trong tap dit liéu bao gdbm ba trudng thong tin chinh:

- sentence: cau phan hoi bang tiéng Viét;

- sentiment: nhan cam xuc (0: tiéu cuc, 1: trung tinh, 2: tich cuc);

- topic: chu dé phan hoi (0: giang vién, 1: chuong trinh hoc, 2: co s& vat chat, 3: khac).

sentence sentiment topic
string class label class 1
— — ——)
gido trinh chua cy thé . [ 1
giing bubn ngd . 2 2
gido vign vui tinh , t&n tam . 2 e

gidng vign nen giao bai tép nhiBu hon , chia nhém d€ lam bai tdp , gidng ki nhing vdn @& trong tém cda mén

hoc , dua ra phudng phip dé hoc hidu qud han . e e

giing vién cin giing bai chi tift hon , di s3u hon code va chay thir chuong trinh c¢é trong bai giing néu e e

duge .

nén cé gidng vitn nudc ngodi day dé sinh vidn cé co hdi thye hanh giao tifp . [ 8
n c6 bai tap 1dn db an mén hoc . ) 1

Hinh 2.1: B§ dir li€éu Vietnamese Student Feedback
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2.1.2. Tién xir Iy viin bin

Trude khi dua vao mé hinh, vin ban duoc xir Iy qua cac bude lam sach va chuan
héa nhim dam bao chat lugng ngir licu dau vao. Cu thé, toan bo van ban dugc chuin
hoa unicode va chuyén vé chit thuong dé giam thiéu cac bién thé khong can thiét. Cac
ky tu dac bi¢t, dau ciu va chit s6 duoc loai b, chi gitr lai chir cai va khoang tréng. Sau
d6, van ban duoc tach tir bang thu vién PyVi (ViTokenizer), giap mé hinh BERT tiép
can hiéu qua hon véi cac don vi tir vung tiéng Viét. Ngoai ra, khoang tring du thira dugc
x6a bo dé dam bao dinh dang thong nhit. Trong trudng hop can md rong bude tién xir
1y, mot danh sach stopwords tiéng Viét ciing c6 thé dugc ap dung dé loai bo céc tir khong

mang gia tri cam xuc ro rét.
2.1.3. Cén bang tgp dir ligu

Trong qua trinh phan tich dit liéu ban du, hoc vién nghién cru nhan thiy sy mét
can bang o rét gitra ba 16p cam xuc, trong d6 nhan 1 (trung tinh) chiém ty 1 thip hon
dang ké so v6i hai nhin con lai (khoang 4 — 5%). Su chénh 1éch nay c6 thé anh hudng
tiéu cuc dén qué trinh hoc cua mo hinh, dan dén dy doan léch va gidm hi€u qua phan
loai. Bé khic phuc van dé trén, hoc vién di tién hanh bd sung dir li¢u trung tinh nhan

tao thong qua ba phuong phap chinh.

Thit nhat, tao cdu trung tinh bang cach két hop céc cau tich cuc (nhin 2) va tiéu
cuc (nhan 0). Cu thé, hoc vién trich mot ph?m tr mdi loai cau rdi ghép lai béng cac tu
nbi mang tinh chuyén tiép nhu “nhung”, “tuy nhién”, “mic du”... Pong thoi, chén thém

213

chua r3”, “t6i nghi 1a...” dé tao

5
A% e
v

cdc cum tir thé hién sy khong chic chin nhu “c6 th
sdc thai trung lap.

Thir hai, str dung cac cau mau (template) theo chii dé dé sinh vin ban. Cac mau

29 <6

dang dién khuyét nhu “phong hoc {adj}”, “giang vién {adj}” duoc xay dung sin, sau do
dién vao céc tinh tir trung tinh nhu “binh thuong”, “tam on”, “khong dac biét” nham
dam bao gilt nguyén ngir nghia va cam xuc trung lap. Mdi cau duoc gan nhin cam xtic

l1a 1 va gan voi mét chu dé cu the.

Thi ba, xdy dung mot danh sach tha cong gdm hon 25 cum phan hdi trung tinh

rat trich tir dit liéu thuce té, chéng han nhu “giang vién day tam duoc”, “khdi lugng bai
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tap vura phai”, “khong ro c6 hi¢u qua hay khong”... Cac cau nay dugc gan nhan trung

tinh va phan bd chu dé ngiu nhién theo trong s phu hop.

Thong qua viée bd sung c6 kiém soat cac dit liéu trung tinh, hoc vién ky vong mé
hinh s& hoc duoc dic trung tét hon cho 16p cam xtic nay, tir 6 nang cao do can bang va

d6 chinh xac tong thé khi phan loai cam xuc.

Sau khi tong hop cac cau trung tinh bang cic phuong phap trén, tap dit lidu duoc
can bang theo ty 1 twong ddi giita ba nhan, dong thoi dit lidu tong dugc tang 1én 21.637
dong dir liéu hd tro viée huin luyén cho mé hinh. Cac tp hudn luyén (train), kiém dinh

(validation), va kiém tra (test) mgi dugc luu dudi tén:

Tap hudn luyén: vietnamese_students_feedback_train_balanced.csv (15.338 dix

lidu sau can bang)

Tdp kiém dinh: vietnamese_students_feedback_validation_balanced.csv (2.113
dir liéu sau can bang)

Tap kiém tra: vietnamese_students_feedback_test_balanced.csv (gom 4.186 dit

li¢u sau can bang)

Viéc can bang nhan gitip mo hinh hoc déu trén cac loai cam xuc, tang do chinh

xéac va kha nang phan biét trong méi trudng phan hoi thuc té cua sinh vién.
2.2. Xay dung m6 hinh phan loai cdm xuc stt dung PhoBERT
2.2.1. Ly do chon mé hinh PhoBERT

PhoBERT 1a mot mé hinh hoc sdu duoc tién huin luyén dac bi¢t danh cho tiéng
Viét, phat trién béi nhém nghién ctru tai VinAL M6 hinh nay ké thira kién trac BERT
nhung duoc huan luyén trén kho vin ban tiéng Viét khong 10, st dung token hoa dang
SentencePiece thay vi WordPiece dé phu hop véi ngon ngit don 4m nhu tiéng Viét. So
v6i cac mé hinh tién nhiém nhu BERT multilingual, PhoBERT cho théy hiéu suit vuot
troi trong nhiéu bai toan xir Iy ngdn ngit ty nhién tiéng Viét, bao gdm phan loai van ban,

nhan dién thyc thé, va dic biét 1a phan tich cam xdc.

2.2.2. Céu triic mé hinh dé xudt
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Mo hinh huin luyén trong dé tai duoc xay dung trén nén tang vinai/phobert-base

v6i kién truc tong quat nhu sau:

- Str dung PhoBERT d#é trich xuét biéu dién ngit nghia ca toan b cau. Pau ra la

vector biéu dién ctia token [CLS], dugc xem 1a dai dién toan cau.

- Két hop Dropout giup tranh hién twong overfitting bang cach ngu nhién loai bo

mdt phan neuron trong qua trinh huan luyén.

- Phan loai Linear dé anh xa dau ra cia PhoBERT thanh phéan phdi xéc suét trén ba

16p cam xuc (0, 1, 2).
2.2.3 Tién xir Iy va tokenizer

PhoBERT yéu ciu vin bang dau vao phai dugc token hoa phu hop véi tir dién
SentencePiece da dugc huan luyén trude. Trong dé tai, qua trinh tokenization dugc thuc

hién ty dong thong qua AutoTokenizer tir thu vién HuggingFace Transformers.

Sau khi token héa, mdi cau duogc cat/truncate dén d6 dai tdi da 128 tokens,

padding néu can va tao ra cac tensor input_ids va attention_mask dé nap vao mo hinh.

Viéc tién xtr 1y dit liéu 1an 2 trudc khi vao phan huan luyén gitip mé hinh xtr Iy

nhanh hon.

2.2.4 Datasets tuy chinh

bé tuong thich v&i DatalLoader cua Pytorch, hoc vién thuc hién nghién ctiru xay
dung 16p Dataset riéng c6 tén SentimentDatasetBERT, trong d6 mdi phan tir 1a mot cau
phan hoi dd dugc ma hoa va nhan cam xdc tuong ung.

Lép nay dam bao dit liéu duoc nap tudn tu tho timg batch véi day da dau vao can
thiét cho huén luyén.
2.3 Huén luyén md hinh

2.3.1. Thiét ldp cdu hinh huén luyén

Qua trinh huén luyén mé hinh PhoBERT dugc thiét 1ap dua trén cac thyc nghiém
va tham khdo tir cac nghién ctru lién quan trong linh vuc xtr Iy ngdn ngir tu nhién (NLP).

Céc siéu tham sb duoc lua chon theo tiéu chuéan thuc nghiém phé bién, déng thoi duoc
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diéu chinh phu hop v6i quy mo tap dir liéu va kha nang tinh toén cua hé thong.

M6 hinh nén ting: M6 hinh st dung trong nghién ctru 1a2 PhoBERT-base, mot
phién ban cua BERT duogc tién huin luyén dac biét cho tiéng Viét. Cu thé, phién ban
PhoBERT-base co:

- 12 tang (transformer layers),

- 768 chiéu vector an (hidden size),

- 12 déu attention (attention heads),

- Tong cong khoang 135 tridu tham sd.
Cic siéu tham sé chinh

- Epoch: 20 — s6 lan 1ap lai toan bo tap huén luyén. PBay 1a mac da dé mo hinh hoi

tu trén tap dir li¢u khong qua 16n.

- Batch size: 8 — kich thudc duge lwa chon nham can bang gitra toc d6 huin luyén

va han ché tran bd nhé (out-of-memory) khi huén luyén trén GPU.

- Max_length: 128 token — dam bao du thong tin cho cac cau phan hoi ngan dén

trung binh trong linh vuc gido duc.

- Learning rate: 2e-5 — tdc d6 hoc nho gitip mo6 hinh cap nhat on dinh, dic biét quan

trong khi fine-tuning cic mo hinh tién huin luyén 16n nhu BERT.

- Dropout rate: 0.3 — nham giam hién tuong overfitting trong giai doan fine-tuning.

- Epsilon (eps) in optimizer: 1e-8 — dam bao tinh 6n dinh trong qua trinh cap nhat
trong s0.

Trinh téi wu héa va lich trinh hoc

- Optimizer: AdamW — mot cai tién ctia Adam, phi hgp voi mé hinh transformer
do kha ning xur 1y t6t cac tham s6 c6 diéu kién khac nhau.

- Scheduler: get_linear_schedule_with_warmup — giam tuyén tinh téc d6 hoc
(learning rate) sau mot sé budc khai dong (warmup), gitp mé hinh hoc 6n dinh hon va

tranh cap nhat dot ngdt khi bat dau huin luyén.
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Chién lwgc ting toc hudn luyén: Trong trudng hop mé hinh duoc huan luyén
trén GPU, dé tai ap dung k¥ thut mixed precision training (FP16) thong qua thu vién
torch.cuda.amp. K¥ thuat nay cho phép sir dung d6 chinh xac hon hop giira 16-bit va
32-bit, gop phan:

- Giam muc su dung bd nhd GPU, tir d6 cho phép batch size 16n hon hoac mo

hinh phtrc tap hon.

- Tang téc qua trinh hudn luyén, dong thoi van duy tri duoc do chinh xac tuong

duong voi FP32.
Gradient clipping

Pé tranh hién tuong bung nd gradient (exploding gradients), gradient cia mo hinh
duogc gidi han & mirc max_norm = 1.0. Viéc nay gitip qua trinh huén luyén on dinh hon,

dac bié¢t trong cac mo hinh mang sau nhu BERT.
Thiét bi hudn luyén

Toan bd qua trinh huin luyén md hinh duoc trién khai trén nén tang Kaggle
Notebooks, sir dung phan cting hd tro TPU (Tensor Processing Unit). Cu thé, dé tai sir
dung TPU v3-8 v&i ciu hinh 2 cores, cho phép huan luyén nhanh chéng cac mé hinh

hoc sau ¢6 s6 luong tham s6 16n nhu PhoBERT.

TPU la phan cimg chuyén biét duoc thiét ké boi Google dé t6i wu hoa cac phép
toan tensor thuong gap trong hoc sau, dac biét 1a khi st dung céac thu vién nhu
PyTorch/XLA hodc TensorFlow. Trong bdi canh dé tai, viéc st dung TPU mang lai mdt
s6 loi ich dang ké:

- Tang tdc dang ké téc d6 huin luyén so véi GPU truyén thong;

- Cho phép xir Iy song song cac batch 16n, tir d6 rt ngan thoi gian hoi tu mé hinh;

- On dinh va tuong thich v6i ha tang ciia HuggingFace Transformers, thong qua
tich hop vo1 thu vién accelerate hodc torch xla.

M6 hinh dugc huin luyén hoan toan trén TPU voéi dﬁy du ho tro tur thu vién
PyTorch va HuggingFace Transformers, ddm bao tinh tuong thich, hi¢u qua va kha nang

mo rong cho cac bai toan hoc sau khac trong tuong lai.
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2.3.2. Tao tap dir liéu va DataLoader

pé phuc vu cho qua trinh huén luyén mo hinh hoc sau véi kién trac BERT, tap
dir liéu dau vao can dugc xir 1y va chuyén ddi sang dinh dang tensor, dong thoi t6 chic

thanh tirng batch t6i uvu hoa viée truyén dit li¢u vao mo hinh.
Chuan héa vian ban va gan nhan

Sau budc cin bang va tién xir Iy so bo duoc trinh bay tai Muyc 2.1, cic cAu phan hoi
tiéng Viét trong ba tap dir liéu (huan luyén, kiém dinh, kiém thir) tiép tuc dugc chudn hoa
nham dam bao dinh dang dau vao phi hop cho qua trinh huan luyén mé hinh. Cu thé, ham
normalize text() dugc ap dung dé loai bo déu cau, ky tu dic biét va chuyén toan bo vin
ban vé chit thuong. Pong thoi, dir lidu vin ban (sentence) va nhin (sentiment) duoc tach
riéng phuc vu cho budc ma hoa va dua vao mo hinh.

Viéc phan tach qua trinh tién xir 1y thanh hai giai doan duoc thuc hién c¢6 chu dich.
Giai doan dau nham xtr 1y dir liéu tho dé phuc vu muc tiéu xay dung tap dit liéu huan luyén
hoan chinh, bao gém cac thao tac nhu tach tir, can béng nhan va lam sach so bg. Giai doan
sau tap trung vao chuan hoa ngtr liéu dau vao & muc do théng nhat, nhim dam bao dit liéu
dap tng day du yéu cau ky thuat cia tokenizer PhoBERT va giam thiéu ti da cac yéu to
nhidu con ton tai. Cach tiép can nay gitip nang cao hiéu qua huin luyén va dam bao tinh
nhat quan trong toan bd quy trinh xtr 1y ngdn ngir ty nhién.

Token héa bang PhoBERT Tokenizer

PhoBERT sur dung mé hinh token hoa dac thu SentencePiece, khac voi BERT
thong thuong. Viéc ma hoa dir li¢u van ban dugc thuc hién thong qua AutoTokenizer
tuong tng v6i mo hinh vinai/phobert-base. Cac cau phan hoi duoc chuyén thanh:

- input_ids: danh sach cac chi sé tir trong tir dién PhoBERT;

- attention_mask: mit na danh dau cac token c6 y nghia (1) va padding (0).

Tokenization dugc thuc hién véi cac cau hinh sau:

- add_special tokens = True: tu dong thém token [CLS] va [SEP] cén thiét cho

BERT.

- max_length = 128: giéi han do dai token dé dam bao dong déu va phu hop véi
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dung lugng tinh toan.
- padding = 'max_length": b6 sung padding khi can thiét.
- truncation = True: cit bt néu ciu dai hon ngudng.

Xdy dung I6p Dataset tity chinh: Nham tuyong thich véi DataLoader cia
PyTorch, dé tai xay dung 16p SentimentDatasetBERT ké thira torch.utils.data. Dataset.

Mdi mau dir liéu bao gdm:

- input_ids: tensor chira ma token,

- attention_mask: tensor chtra mat na chu y,

- label: nhan cam xtc dang LongTensor.

L6p Dataset nay cho phép tiy bién linh hoat viéc tién xur 1y vin ban va anh xa
cac phﬁn tur thanh dinh dang dau vao ctia md hinh.

Khdi tao DataLoader: Sau khi xdy dung Dataset cho ba tap dit liéu, dé tai st
dung DataLoader dé t6 chirc dit liéu theo timg batch, hd tro shuffling va ting tc truy
xuat. Cau hinh DataLoader nhu sau:

- batch_size = 8 (twong Gng véi cAu hinh siéu tham sé tai muc 2.3.1),

- shuffle = True d6i v6i tap huan luyén dé dam bao da dang hoa cac batch qua
mdi epoch,

- num_workers = 2 khi str dung TPU hodc GPU dé tan dung kha ning xir 1y song
song,

- pin_memory = True dé ting hiéu suét truyén dir liéu (néu sir dung thiét bi

CUDA/TPU).

Viéc khoi tao DataLoader cho ba tip train, validation va test dam bao ludng xir
1y dir liu muot ma, chuan bi sin sang cho qua trinh huan luyén trong cac budc tiép

theo.
2.3.3. Hudn luyén qua cdc epoch

Sau khi chuén bj dit liéu va xay dung mo hinh nhu da trinh bay & cac muc trudc,

m6 hinh PhoBERT dugc huén luyén qua nhiéu vong lip (epoch) nhim tdi vu héa trong
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s0 sao cho sai s0 gitra dy doan va nhan thuc té dugc giam thicu t6i1 da.

Quy trinh hudn luyén: Trong mdi epoch, dit liéu huan luyén duoc chia thanh cac

mini-batch va dua vao mo hinh theo trinh tu sau:

- Forward pass: md hinh nhan input_ids va attention_mask, tinh toan dau ra logits

thong qua kién trac PhoBERT va 16p phén loai tuyén tinh.
- Tinh toan ham mat mat (loss): sir dung ham CrossEntropyLoss — him mét mat
pho bién cho bai toan phan loai nhiéu 16p:
= —=3N, %6, yij x log(Pij)

Trong do:

o N: s miu trong batch,

o C:s616p cam xuc (3 16p),

o yij: nhin thyuc té (one-hot),

o Pij: xac suat mo hinh du doan cho 16p j véi mau i.

- Backward pass: lan truyén nguoc dao ham ciia ham mét mat dé cap nhat trong

- Gradient clipping: gii han gia tri gradient khong vuot qua mot ngudng nhat
dinh (¢ ddy 14 |g|, < 1.0) nham tranh hién tuong bung nd gradient (exploding
gradients).

- Cap nhat trong s6: thuc hién bai tdi wu hoa AdamW, cung voi lich trinh diéu
chinh learning rate tuyén tinh (get_linear schedule with warmup).

- Tich hop mixed precision (néu co): sir dung thu vién torch.cuda.amp dé ting
tdc d6 huan luyén va giam bd nhé béng viée ty dong chuyén doi gitra FP16 va FP32.

Theo doi cdc chi 56 trong qud trinh hudn luyén: Trong mdi epoch, ba chi s6
chinh dugc tinh toan dé danh gia qué trinh hoc ctia mé hinh:

- Do chinh xé4c (Accuracy):

TP+TN

Accuracy = TP+TN+FP+FN
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- Piém F1 trung binh c6 trong s6 (Weighted F1-score):

C . .
o Z n; 2 X Precision; x gecau;
, = — X —
Weighted N Precision; + Recall;

i=1
Trong do:

C:1as6 16p

n;: 1as6 mau caa 16p i, N 14 tong s6 mau
Precision va Recall cua 16p i tinh theo cong thirc

Precision. = TP, Recall — TP;
recision; = TP ¥ FP ecall = TPt FN

Chién lwoc lwu mé hinh

Sau mdi epoch, mé hinh duoc danh gia trén tap validation. Néu diém F1-score

trén validation dat mtrc cao hon so véi cac epoch trudc, moé hinh s€ dugc luu lai vao

file best model.pt. Viéc luu mé hinh theo tiéu chi F1 giup dam bao hiéu suét phan loai

dong déu giita cac 16p, dic biét trong trudng hop dit lidu c6 su mat can bang nhe giita

cac nhan.
2.3.4. Trién khai moé hinh dw doan cam xuc van ban maoi

Sau khi hoan tit qua trinh hudn luyén, mé hinh PhoBERT c6 thé dugc st dung
nhu mét cong cu phan tich cam xtic cho cac vin ban tiéng Viét méi. Viée trién khai

chtrc nang du doan khong chi giup kiém chimg tinh tng dung ctia m6 hinh ma con

phuc vu cac tinh hung thyc té nhu: phan tich phan héi sinh vién, hd trg gido vién danh

gia tam 1y hoc sinh, hozc phan héi ty dong trong hé thong gido duc thong minh.

Céu triic ham dw dodn: Ham predict_sentiment() duoc xay dung dé nhan dau
vao la mot chudi vin ban tiéng Viét (phan hoi tur nguodi dung), thuc hi¢n cac budc tién
xtr Iy va mé hoa twong tu nhu trong qué trinh huan luyén, va tra vé két qua du doan
thudc mot trong ba 16p cam xuc:

- 0: Tiéu cuc

- 1: Trung tinh
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- 2:Tich cuc

Quy trinh dw doan

Quy trinh du doan cam xuc tir van ban dau vao duoc trién khai theo bdn budc chinh,
nham dam bao tinh chinh x4c va nhit quan trong subt qua trinh suy dién cia mé hinh hoc
sau:

Chudn héa vin ban: Trude khi dwa vao mo hinh, vin ban dau vao dugc xir 1y bang

ham normalize_text() dé 1am sach va chuan hoa noi dung. Cu thé, céac thao tic bao gom:
- Chuyén toan bd vin ban vé chit thuong nham giam thiéu su phan tan tir vung;
- Loai bo dau cau, ky tu dac biét khong can thiét;
- Chuan hoa ma hoa Unicode va loai bo cac khoang trang du thira.

Ma héa bang Tokenizer: Vin ban sau khi chuan héa duge ma héa thanh cac dinh
dang dau vao phu hop v6i mé hinh hoc sdu thong qua tokenizer di kém v&i mo hinh

vinai/phobert-base. Tokenizer thuc hién:

- Chuyén van ban thanh chudi cac chi s6 input_ids va attention_mask dic trung cho
kién trac BERT;

- Ap dung co ché padding va truncation dé dam bao moi cau dau vao c6 d6 dai théng

nhat, khong vuot qué 128 tokens.

Suy dién (Inference): Qua trinh du doan duoc thuc hién trong ché do danh gia

(model.eval()) d¢ dam bao mo hinh khong cap nhat trong s6. Cac budc cy thé:

- Dit li¢u dau vao duogc truyén qua mo hinh da huan luyén dé tao ra mgt vector dau

ra logits;

- Lép cam xtc dugce du dodn 1a 16p twong ing véi xac suat cao nhat, xac dinh bang

ham argmax sau khi ap dung softmax trén logits.

Hién thi két qua: Chi s6 16p dau ra duoc anh xa nguge vé nhin cam xuc thong qua
mdt tir dién anh xa (sentiment_map). Cubi cting, hé thong tra lai két qua cho nguoi ding
duéi dang chudi mo ta tuong tmg véi ba trang thai cam xuac: “Tiéu cuc”, “Trung tinh”, hodc

“Tich cuc”.
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Ung dung thuc tién

Ham dy doan cam xuc dugc xdy dung trong nghién ctiru c6 tiém ning tich hop vao
cac hé thdéng gido duc théng minh véi nhiéu tng dung thyc tién. Cu thé, hé théng c6 thé:

- Ty dong phan tich cam xtc tir cac phan hdi ngdn ngit ty nhién cua hoc sinh nham
hd tro danh gia mic do hai long, cing thflng hoac thai do hoc tap;

- Goi y hanh dong can thiép kip thoi trong bdi canh tim 1y hoc dudng, qua d6 hd tro
cong tac tu van va cham soc strc khoe tinh than hoc sinh;

- HO tro gido vién va nha quan 1y gido duc trong viéc diéu chinh ndi dung, phuong
phap giang day hodc quan 1y 16p hoc dua trén cac chi sé cam xtic thu thap duoc.

Bén canh linh vuc gido duc, md hinh ciing c6 thé dugc mé rong ap dung trong cac
bdi canh khac nhu: phan tich du luan trén mang xa hdi, khdo sat xa hoi hoc, hé théng téng
dai hodc ddi thoai tu dong bang tiéng Viét, tir d6 gop phan nang cao hiéu qua tuong tac

ngudi-may va hiéu biét ngdn ngit tu nhién trong tiéng Viét.
CHUONG 3: THU NGHIEM VA PANH GIA MO HINH
3.1. Céu hinh thyc nghiém

Pé kiém tra hiéu qua ctia md hinh PhoBERT trong bai toan nhan dién cam xtic tiéng
Viét, cac thuc nghiém duoc trién khai trong moi trudng tinh toan ho tro ting tbe phﬁn cung,
cung v6i hé théng cAu hinh mé hinh va siéu tham sé dugc xac dinh nhit quan trong subt
qua trinh huan luyén va danh gia.

3.1.1. Moi trwong thuc thi

Toan bd qua trinh huan luyén va thir nghiém duoc thyc hién trén nén tang Kaggle
Notebooks, str dung phan ctmg hd trg TPU v3—8 (2 cores). Day 1a hé thong tinh toan chuyén
dung do Google phat trién, t6i wu cho cac tac vu hoc sau, dic biét 1a cdc md hinh transformer
nhu BERT.

TPU duoc Iwa chon thay vi GPU thong thudng vi nhirng loi thé:

- Tbc d6 tinh toan vuot trdi vai dd chinh xac hdn hop (mixed precision),

- Kha nang huan luyén mo hinh 16n trén tap dir li¢u vira va 16n véi thoi gian hoi tu
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ngan,

- Twong thich tot v6i thu vién torch_xla trong PyTorch va bd cong cu Transformers

tor HuggingFace.
3.1.2. M6 hinh va thuw vién sw dung

- M6 hinh nén tang: vinai/phobert-base, v6i 12 tang Transformer, 768 chiéu an, 12

dAu attention, khoang 135 tri¢u tham $0.
- Thu vién chinh:
+ transformers (HuggingFace): tai mo hinh, tokenizer, scheduler.
+ torch, torch.nn, torch.utils.data: xay dung mo hinh, Dataset, DatalLoader.
+ torch.cuda.amp: hd trg huin luyén voi mixed precision.
+ sklearn.metrics: danh giad mo hinh véi classification report, confusion matrix.
+ matplotlib, seaborn: truc quan hoa két qua.
3.1.3. Cdu hinh siéu tham sé

Céc siéu tham s6 dugc chon sau khi tham khao cac nghién ctru hoc sau véi BERT

va duoc diéu chinh phu hop véi dung luong dit lidu:

Bang 3.1: Bang cai dit siéu tham s6 mé hinh hoc siu BERT

Tham s6 Gia tri
Epochs 20
Batch size 8
Learning rate 2e-5
Max sequence length 128 tokens
Optimizer AdamW
Scheduler Linear schedule
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Dropout 0.3
Gradient clipping Max_norm = 1.0
Mixed Precision FP16

Viéc huén luyén dugce tién hanh véi sb luong epoch twong ddi cao (20 vong) dé quan
sat rd qué trinh hoi tu va hién tugng qua khop (overfitting). Céac chi sé nhu d6 mat mat
(loss), @ chinh xac (accuracy), trung binh diéu hoa (F1-score) dugc ghi nhan va luu trix

qua turng epoch dé phuc vu cho viéc danh gia va truc quan héa & cac muc sau.
3.2. Két qua huén luyén
3.2.1. Pj chinh xac hudn luyén va kiém dinh

Do chinh xac (accuracy) 1a mot trong nhiing chi s6 co ban nhung quan trong dé danh
gia hiéu qua ciia mo hinh phéan loai. Trong qué trinh huin luyén, do chinh xac dugc ghi
nhan sau mdi epoch dbi voi ca hai tip: tip huin luyén (training) va tap kiém dinh

(validation).

Hinh duéi day thé hién sy bién thién d6 chinh x4c qua ting epoch trong 20 vong lip

dau tién:
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Bién thién Accuracy qua cac epoch (Epoch 20)
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Hinh 3.1: Accuracy mé hinh qua 20 epoch
Phdn tich két qud

Doi véi tdp hudn luyén: DO chinh xac ting déu dan tir khoang 91.8% (epoch 1) 1én
dén gan 100% tai epoch 20. Piéu ndy phan anh qua trinh hoi tu tot cia mé hinh trén tap dir

liéu d4 hoc, cho thdy mé hinh c6 kha ning ghi nhé dic trung dit lidu rat hiéu qua.

Péi voi tap kiém dinh: Nguoc lai, d0 chinh x4ac trén tap kiém dinh dao dong trong
khoang 94.5% — 95.7% va khong ting trudng rd rét theo thoi gian huan luyén. Puong biéu
dién cho thiy su 6n dinh nhung c6 bién dong nhe, phan anh mé hinh giir dugc kha ning

téng quat hoa & mirc nhat dinh.
Nhan xét

Khoéng cach gitra hai duong biéu dién — dic biét tir epoch thir 10 tré di — bat dau
ndi rong, khi do chinh xac huén luyén tién dan vé 1.0, trong khi dg chinh xac cua tap kiém
dinh dimg lai & mac dudi 96%. Hién twong nay goi ¥ rang mo hinh c6 thé da bat dau hoc
thudc (overfitting) dit liéu huan luyén, tirc 1a mo hinh ghi nhé dir liéu huan luyén qué k§

nhung khong con cai thién dang ké trén dir licu chua thay.
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Mac du vay, viéc gitt duge do chinh xac cua tap kiém dinh 6n dinh va duy tri & muc

cao cho thdy mé hinh van dam bao kha ning khai quat trong pham vi tap kiém dinh.
Két ludn so by

Mo hinh hién tai cho théy kha nang hoc tdt va 6n dinh trén tap huén luyén, tuy nhién
d6 chinh x4c trén tap kiém dinh lai khong ting twong tng, cho thdy dau hiéu cia hién twong
overfitting — tirc 14 md hinh hoc qua k¥ dit liéu huan luyén nhung khong tong quat hoa tot
cho dit liéu méi. Pé khic phuc van dé ndy, can can nhic ap dung cac k¥ thuat giam
overfitting nhu: early stopping (dimg huin luyén sdm khi hiéu suit trén tip kiém dinh
khong con cai thién), ting ty 1¢ dropout dé 1am ngau nhién mot phan két nbi giira cac tang,
sir dung regularization (vi du L2) dé giam do phirc tap cia mo hinh, hodc thir nghiém véi
mot mo hinh don gian hon nham tim duoc ciu tric phu hop va hiéu qua hon véi tap dit liéu
hién co.

3.2.2. Pp mit mat (Loss) trong hudn luyén

Bén canh do chinh xac, ham mat mat (loss) 1a mot chi s6 then chét gitip danh gia
murc dg sai 1é€ch gitra du doan cua md hinh va nhan thyc té. Trong nghién ctru nay, ham
mat mat dugc sir dung 1a Cross Entropy Loss, phit hop cho céac bai toan phan loai da 16p.
Gi4 tri cia ham mat mat cang nho dong nghia véi viéc mo hinh dy doan cang gan voi gia

tri muc tiéu.

Biéu d6 dué6i ddy thé hién qua trinh bién thién cta loss trong 20 epoch huin luyén

dau tién, voi hai duong biéu dién tuong Ung cho tap huén luyén va tap kiém dinh:
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Bién thién Loss qua cac epoch (Epoch 20)
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Hinh 3.2: P mat mat ciia md hinh qua 20 epoch
Phdn tich két qud
- D6 mat mat trén tap huan luyén:
+ C6 dau hiéu giam rd rét tir xp xi 0.28 (epoch 1) xudng gan 0.00 (epoch 20).

+ Qua trinh giam déu va 6n dinh qua timg epoch, cho thay mé hinh hoc duoc dic

trung dit 1iéu huan luyén rat hiéu qua.

+ Puong bicu dién loss gan nhu tién sat 0 & cac epoch sau, phan anh viéc mo hinh

gan nhu khong con sai s6 trén tap huén luyén, 1a mot dau hiéu ctia qua khép (overfitting).
- Do mat mat trén tap kiém dinh:
+ Ban dau giam nhe, sau d6 bat dau tang tro lai tir khoang epoch 5-6.

+ Ttr epoch 10 trd di, 6 mat mat trong tap kiém dinh ting dan va dat gan 0.49 tai
epoch 20, cao hon dang ké so véi loss hudn luyén.

+ Su gia tang lién tuc cia d6 mat mat trong tap kiém dinh, dong thoi véi vie do
mat mat trong tap huin luyén tiép tuc giam, 13 dau hiéu rd rét cua hién twong qua khép

(overfitting) din dén viéc mo hinh chi dang hoc thudc.
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So sanh véi biéu d6 P§ chinh xac (Hinh 3.1 muc 3.2.1)

Sy twong phan gitta hai chi sé:

- Po chinh xé4c cua tap kiém dinh gitr & mac 6n dinh (~95%),

- Trong khi d6 mét mat trén tap kiém dinh lai ting dan qua cac epoch

Goi y rang md hinh tuy van phan loai duoc dang nhin, nhung mtc d6 "ty tin" trong
du doan bi suy giam (d6 1éch xac sudt so voi nhan ding 16n hon). Py 1a dic trung phd
bién trong cac md hinh BERT fine-tuning khi huan luyén qué sau hodc qua lau trén tap dit
liéu nho hoac vira.

Nhin xét va dé xuit

Két qua nay cho thay mo hinh c6 kha ning ghi nhg tét dir liéu huan luyén nhung
cling bat dau thé hién du hiéu qua khép trén tap kiém dinh sau khoang epoch thir 6-7. Mot
s6 huodng cai thién duoc dé xuét:

- Ap dung k¥ thuat dimg qua trinh huan luyén mo hinh truéc khi hoan tat tat ca
epoch (early stopping) dua trén d6 1éch do mat mat trén tap kiém dinh;

- Tang cudng “bdé qua” mot s neuron (dropout rate) hodc sir dung regularization
(L2) — thém vao ham mét mat mot phan phat (penalty);

- Str dung thém k¥ thuat ting cuong dir lidu (data augmentation) cho tiéng Viét dé
mo rong tinh da dang dir 1iéu huén luyén.

3.3. Panh gia mé hinh trén tip kiém tra

Sau khi huin luyén hoan chinh, mé hinh PhoBERT véi diém mdc tot nhit duoc
chon duya trén diém F1-score cao nhét trén tap kiém dinh. M6 hinh nay duoc st dung dé
danh gia cudi cung trén tap kiém tra (test set) — mot tap dit liéu doc 1ap, chwa timg duogc sir

dung trong qua trinh huén luyén hoic tinh chinh mé hinh.
3.3.1. Bdo cdo chi tiét theo tirng l6p cdm xiic

Két qua danh gid mo hinh trén tap kiém tra dugc trinh bay dudi dang bao cao phan
loai (classification report), bao gdm cac chi s chinh: precision, recall, va F1-score cho

tirng 16p cam xuc. Cu thé:
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Bang 3.2: Két qua danh gia mé hinh huin luyén trén tip kiém tra

Lép cam xic Precision Recall F1-score S6 maiu (test)
0-Tiéu cuc 0.93 0.97 0.95 1.409
1-Trung tinh 0.97 0.92 0.94 1.186
2-Tich cuc 0.95 0.95 0.95 1.590
Trung binh cdng 0.95 0.95 0.95 4.185

Do chinh xac tong thé (Accuracy): 95%

Bang két qua danh gia mo hinh trén tip kiém tra (test set) cho thiy mé hinh

PhoBERT két hop Linear dat hiéu suét cao va on dinh & ca ba 16p cam xuc. Cu thé:

- Lop “Tiéu cuc” (0) dat Precision = 0.93, Recall = 0.97, va Fl1-score = 0.95, cho
thdy mo hinh c¢6 kha nang nhan dién t6t cac phan hoi mang tinh tidu cuc, véi ty 18 bo sot

thap (Recall cao).

- Lop “Trung tinh” (1) ¢6 Precision = 0.97, cho thiy mo hinh it nham 14n cac phan
hoi khac 14 trung tinh. Tuy nhién, Recall = 0.92 lai thap hon mot chit, nghia 1a c6 mot s6
phan hoi trung tinh bi mo6 hinh gén nhan sai (thuong bi nham véi tich cuc hodc tiéu cuc).
Piéu nay phan anh dung thyuc té rang cac phan hoi trung tinh thudng mang ngit nghia mo

ho, kho phén biét rd rang.

- Lép “Tich cuc” (2) duy tri hiéu sudt can bang & ca ba chi s (Precision = 0.95,
Recall = 0.95, F1-score = 0.95), thé hién su 6n dinh trong viéc nhan dién cac phan hoi tich

cuc.

- Trung binh cdng (macro-average) cho ba 16p dat 0.95 & ca ba chi s6 danh gia. Piéu
nay cho thidy mo hinh khong chi dat hiéu suat cao ma con co do can bang tot giita cac 16p,
tranh hién tuong mo hinh thién 1éch vé mot nhan cy thé.

Téng sb mau trong tap kiém tra 13 4.185, voi phan phdi 16p kha dong déu. Piéu nay
gop phan gitip danh gia mé hinh khach quan, khéng bi anh huéng nhiéu bdi mat can bang

dir ligu.
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Nhan xét: M6 hinh PhoBERT két hop Linear classifier thé hién d chinh xac va kha
nang khai quat hoa tét trén tap kiém tra. Diém F1 cao & ca ba 16p cho thdy mé hinh khéng
chi dy doan dung ma con duy tri s 6n dinh giita Precision va Recall. Tuy nhién, két qua
ctia 16p “trung tinh” cling goi y rang mo hinh c6 thé hudng loi tir viéc mé rong tap dit lidu
huén luyén véi nhiéu vi du trung l4p rd rang hon, nham cai thién kha ning phan biét cac

phan hdi mo ho.
3.3.2. Ma trdgn nham lin

Pé phan tich sau hon hiéu sudt mé hinh, mot ma tran nham 13n (confusion matrix)

duoc xay dung dé chi ra cdch mo hinh phan loai ting nhan cam xtc:

Ma tran nham lan trén tap test

1400
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- 400

- 200

0 1 2
Predicted

Hinh 3.3: Ma tran nhim lin ciia mé hinh PhoBERT
Dién giai:

- Buong chéo chinh dai dién cho cac du doan chinh xac (True Positives).
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- O ngoai duong chéo biéu thi cac duy doan sai:

- S6 lwong du doan dung (theo dudng chéo chinh):

Cam xuc thue té Du doan dung Y nghia

0 (ti€u cuc) 1361 1361 van ban tiéu cuc dugc du doan dung
1 (trung tinh) 1093 1093 van ban trung tinh dugc doan dung
2 (tich cuc) 1508 1508 van ban trung tinh dugc doan dliing

M5 hinh ¢6 hiéu suit cao véi ca 3 16p, dac biét 1a 16p 2 (tich cuc).

- C4c 16i dy doan (off-diagonal)

Cam xuc | Du doan sai i
So lwgng Nhan xét
that thanh lép

0 1 16 Mot sb tiéu cuc bi nham 1a trung tinh
0 2 32 Bi nham thanh tich cuc (tac dong ti€u cuc)
1 0 39 Trung tinh bi nham 1a tiéu cuc
1 2 o4 Trung tinh bi nham 1a tich cuc

Tich cuc bi nham thanh tiéu cuc (anh
2 0 62

hudng 16n)
2 1 20 Tich cuc bi nham la trung tinh

Nhan xét:

L&i nghiém trong nhét 1a 62 vin ban tich cuc bi nham thanh tiéu cuc, dé gay hiéu
nham 16n vé cam xtc nguoi dung.
Lép trung tinh c6 ty 1€ nham 13n nhiéu hon ca, dic biét 1a bi nham lan sang hai chiéu

(v6i 16p 0 va 2), dung véi van dé mat can bang dit liéu trung tinh nhu ban dé cip trude do.
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Két luan

Mot sb truong hop trung tinh bi nham sang ti€u cyc hoac tich cuc, phan anh sy khoé
phan biét trong nhém phan hoi trung dung.

Céc nham 1an giita “tiéu cuc” va “tich cuc” 1a rat hiém, cho thdy mé hinh phan biét
r0 rang hai thai cyc cam xtc nay.

3.3.3. Pdnh gid tong thé

Hiéu suit ctia md hinh PhoBERT trén tap kiém tra dat 95% d6 chinh xac, cung voi
Fl-score cao va can bang trén ca ba nhin cam xtc. Pay 1a két qua 4n tuong ddi véi mot
bai toan phan tich cam xuc tiéng Viét, dic biét khi cdc phan hdi mang tinh ngdn ngit tu
nhién, chli quan va co yéu t6 4n du, biéu cam dic thu van hoa.

Két qua nay ciing phan anh tinh 6n dinh cia mé hinh trén dir liéu moi, khang dinh
kha niang tong quat hoa va tiém ning ing dung trong cac hé thong phan hoi thong minh
trong moi truong giao duc.

3.4. Panh gia tong quan va nhan xét

Sau qua trinh huén luyén, kiém dinh va danh gia trén tap dir licu kiém tra, mo hinh
PhoBERT fine-tuned cho bai toan nhan dién cam xuc tiéng Viét da dat duoc két qua kha
quan ca vé hiéu suit dinh lugng 13n kha ning khai quat hoa trén dit liéu méi.

Hiéu suit tong thé

Dua trén céc chi sé duoc trinh bay tai muc 3.3, co thé tém luoc hiéu qua mo hinh
nhu sau:

- D6 chinh x4c (Accuracy) trén tap kiém tra dat 95%, cho thdy mé hinh c¢6 kha ning
phan loai ding phan 16n vin ban phan hoi.

- Fl-score trung binh dat 0.95, phan 4nh sy can bang tot giita do chinh xac
(precision) va dg bao phu (recall) trong tirng 16p cam xftc.

- Precision cao & 16p trung tinh (0.97) nhung recall thip hon (0.92) cho thdy mé
hinh vin con thach thirc trong viéc phat hién day du cac vin ban co sic thai trung tinh.

Phén tich tir do thi va ma tran nhim l4n
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Biéu dd do chinh xac cho thay do chinh xac hudn luyén ting lién tuc va dat ngudng
gan tuyét dbi sau 20 epoch, trong khi d6 chinh x4c trén tip kiém dinh gitt & muc 6n dinh
(~95%). Piéu nay phan anh qua trinh hoi ty t6t nhung dong thoi ciing goi y mé hinh ¢ thé
da qua khép (overfitting) & giai doan sau.

D6 mat mat trén tip kiém dinh ting déu tir khoang epoch thi 6 tré di trong khi do
mat mat trén tdp huan luyén tiép tuc giam cho thiy dau hiéu dién hinh ctua qua khép
(overfitting). Tuy nhién, anh huéng nay khong nghiém trong do hiéu suét trén tap kiém tra

van rat cao.

Ma tran nham 1an cho thay phéan 16n cac du doan tap trung dung vao cac nhan thuc
té (dudng chéo chinh), trong d6 hai 16p "tiéu cuc" va "tich cuc" duoc phan biét rat tot.
Nham 14n chi yéu xay ra ¢ 16p "trung tinh", cho thay tinh chat ngon ngit va ngit nghia mo
hé ciia 16p nay van 1a thach thirc véi mé hinh.

So sanh véi muc tiéu dé tai va cac md hinh da dwogc nghién ciu

Bang 3.3: Tong két danh gia mé hinh BERT

Tong két danh gia Két qua dat dwoe
Accuracy (test set) 95%
F1-score (trung binh) 0.95
Hién tuong overfitting C6, nhung kiém soat dugc
Murc d6 phan bi¢t cam xtc Cao
Tinh tng dung thyc tién Rt tot

Mb hinh thuc nghiém str dung trong nghién ciru két hop PhoBERT va Linear di dat
duogc hiéu suit ndi bat: dd chinh xac 95% va Fl-score trung binh dat 0.95 trén tap kiém
thir. Diéu nay khong chi thé hién kha niang hoc manh mé tir tdp huan luyén, ma con cho
thdy tinh tong quat hoa tot trén dir liéu chua ting thiy, ngay ca trong mdi trudng thyc té

nhu phén tich cam xuc tiéng Viét trong gido duc.
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So véi cac md hinh truyén thdng trong cac nghién ctru trude day, két qua dat duoc
thé hién sy vuot troi rd rét. Cu thé, mé hinh st dung Word2Vec két hop CNN cua Dat Quoc
Nguyen va Anh Tuan Nguyen chi dat d6 chinh xac 86% trong bai toan phan loai cam xuc
tiéng Viét [1]. Trong khi d6, Le va Nguyen trién khai mé hinh BiLSTM trén cing linh vuc,
nhung d6 chinh xéac ciing chi dimg & mirc 89% [8]. Ca hai mé hinh déu sir dung cac ky
thuat truyén thong dua trén embedding tinh, von khong thé hién tot ngit canh nhu cac mo

hinh ngdn ngtr tién huan luyén hién dai.

Nguoc lai, PhoBERT — duoc huan luyén dic thu cho tiéng Viét — khi két hop véi
Linear don gian trong nghién ctru nay van dat hiéu ning cao, dong thoi giam thiéu chi phi
tinh toan va thoi gian huan luyén so vdi cac mo hinh phtic tap nhu Transformer day du.
Piéu nay khang dinh tiém ning ing dung rong rdi cia PhoBERT trong cac bai toan xir 1y
ngodn ngit ty nhién tiéng Viét, dong thoi cho thay viéc fine-tuning mé hinh ngén ngit tién
huén luyén 1a mot huéng di hiéu qua va thiét thyec.

3.5. M6 hinh thir nghiém

Sau khi xay dung va danh gia thanh cong mo hinh PhoBERT cho bai toan nhan di¢n
cam xuc tiéng Viét, dé tai huéng dén viéc tng dung mé hinh vao thyc tién thong qua mot
phan mém c6 tinh twong tac cao. Muyc tiéu chinh 1a trién khai 4p dung mé hinh trén vao
mot rng dung ty xay trén desktop mang té€n EduSentiment — phuc vu quan 1y va phan tich
phan hoi sinh vién trong cac hoat dong giang day, hoc tap tai cac truong dai hoc, cao déng.

Ung dung nham hién thuc héa cac chirc ning sau:

- Ty dong phan tich cam xic phan hdi sinh vién theo ba cép do: ti€u cuc, trung tinh,
tich cuc.

- HS tro quan 1y 16p hoc, mén hoc va ngudi ding, voi phan quyén 1 rang (quan tri
vién — sinh vién).

- Luu trit toan bd két qua phan hoi va phan tich cam xuc theo thoi gian, cho phép
thdng ké va truy xuét linh hoat.

- Truc quan héa dir liéu phan hdi qua biéu dd, phuc vu cong tac cai tién chat lugng

giang day, danh gid mon hoc, va cham soc sinh vién.
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Viéc phat trién tng dung giup mo hinh hoc sau khong chi dimg lai & nghién ctru 1y
thuyét ma con gop phan giai quyét mot bai toan thuc tién trong linh vire gido duc bang cong

nghé Al

&7 EduSentiment - Quin bi vién

a
!
e

N dung phin hbi:

Thiy co gido day Gn, nhiétt, nhit 3 co Tra

Két qui phin tich:

Hinh 3.4: Giao dién phan tich cidm xic ciia EduSentiment

3.5.1. Tich hop mé hinh PhoBERT vao phan mém

Mot trong nhitng diém c6t 161 tao nén tinh thong minh cho hé thong EduSentiment
1a kha nang tich hop truc tiép mo hinh hoc siu PhoBERT vao phan mém desktop dé phan
tich cam xuc theo thoi gian thuc. Viéc tich hop nay dugc thuc hién hoan toan cuc bd

(offline), khong phu thudc vao két ndi mang hodc dich vu bén ngoai.
a. Tai mo hinh va tokenizer
Ngay khi tng dung khoi dong, 16p ModelManager s€ thuc hién qua trinh:
- Tai tokenizer va mo hinh d3 huan luyén tir thu vién transformers (HuggingFace)
- Chuyén mo hinh sang thiét bi tinh todn (CPU hoidc GPU)
- M6 hinh duoc dit ¢ ché do suy luan (eval()) dé ting toc va tiét kiém bo nhé.
b. Tién xi 1y van ban dau vao
Trude khi dua vin ban vao mo hinh, phan hdi tir ngudi ding (sinh vién hodc admin

nhap) duoc chuan héa bang ham normalize text():
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- Loai bo ky tu dic biét, dau cau, sb va biéu tuong.

- Chuyén toan bd vin ban thanh chit thuong.

- X6a khoang tring thira va chuan Unicode.

c. Uu diém ciia tich hop cuc bo

Vié¢c tich hgp mo hinh truc tiép vVao ph?m mém mang lai nhiéu loi ich:

- Khong phu thudc Internet: c6 thé hoat dong trong moéi trudng ndi bo cia truong

hoc.

- Bao mat dit liéu: khong truyén vin ban sinh vién ra ngoai hé thong.

- Hiéu ning thoi gian thyc: phan hoi phan tich gan nhu ngay lap tuc.

- M6 rong linh hoat: dé thay thé mé hinh khac (nhu PhoBERT-LSTM) trong twong
lai.

3.5.2. Co sé dir liu va to chirc luu triv

Dé dam bao hé thong c6 thé luu trix, quan 1y va truy xuat hiéu qua dit liéu phan hoi,
ngudi dung va két qua phan tich cam xuc, tng dung EduSentiment sir dung co s& dit liéu
nhe SQLite3, tich hop tryc tiép trong Gmg dung, khong yéu cau cai dit thém phan mém
may chu.

a.. Cdu tric co s¢ dir liéu

Co so dit liéu duogc khai tao khi rng dung chay lan dau, voi cac bang chinh sau:

Bang 3.4: Chirc ning tung bang dir licu

Bang Mo ta
User Luu thong tin ngudi dung hé thong: quan tri vién va sinh vién
Courses Danh sach cac mon hoc c6 thé phan hoi
Classes L6p hoc cuh thé trong tirmg mon hoc
Feedback Phan hoi vin bang tir sinh vién, kém két qua cam xtc va thong tin
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lién quan

Enrollments

(Tuy chon mé rdng), anh xa gitra sinh vién va 16p hoc

b. Thiét ké co so dir lieu va rang budc

Béang 3.5: User — Thong tin ngudi dung

Tén truwomg Kiéu dir liéu Rang bujc Mo ta
ID nguoi dung (tu
Id INTEGER PRIMARY
tang)
NOT NULL, Tén dang nhap duy
Username TEXT .
UNIQUE nhat
Mat khau mi héa
Password TEXT NOT NULL
SHA-256
Full_name TEXT NOT NULL Ho va tén
Email TEXT NULL Dia chi email
CHECK (‘admin’,
Role TEXT Vai tro nguoi dung
‘student’)
_ Ma sinh vién (néu
Student_id TEXT NULL ]
co)
DEFAULT
Created_at TIMESTAMP CURRENT_TIMES | Ngay tao tai khoan
TAMP
] Lan dang nhap gan
Last_login TIMESTAMP NULL "y
nhat

Béang 3.6: Courses — Danh sach mon hoc
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Tén trwong Kiéu dir liéu Rang bujc Mo ta

PRIMARY KEY,

Id INTEGER ID Mén hoc
AUTOINCREMENT

Name TEXT NOT NULL Tén mon hoc
UNIQUE, NOT

code TEXT Ma moén hoc
NULL

description TEXT NULL M6 ta mon hoc

Bang 3.7: Classes — Danh sach 16p hoc

Tén truong Kiéu dir liéu Rang budc Mo ta

PRIMARY KEY,

d INTEGER ID 16p hoc
AUTOINCREMENT

Name TEXT NOT NULL Tén 16p hoc

_ FOREIGN KEY ->

Course_id INTEGER ] Thudc mon hoc nao
courses(id)

Semester TEXT NULL Hoc ky (néu co)

Year INTEGER NULL Niam hoc (néu cb)

Bang 3.8: Feedback - Phan hoi va két qua phan tich cam xic

Tén truong Kiéu dir liéu Rang bujc M6 ta
PRIMARY KEY,
Id INTEGER AUTOINCREMEN | ID phén hoi

T
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Noi dung phan hoi
Content TEXT NOT NULL
van bang
Nhan cam xuc (0:
_ CHECK (0,1,2),
Sentiment INTEGER Tiéu cuc, 1: Trung
NOT NULL
tinh, 2:Tich cuc)
Xéc suét 16p tich
Neg_prob REAL NULL
cuc
Xéc suét 16p trung
Neu_prob REAL NULL ]
tinh
Xéc suét 16p tich
Pos_prob REAL NULL
cuc
FOREIGN KEY - )
) ) Nguoi gui (an danh
User _id INTEGER >users(id), ,
néu NULL)
NULLABLE
_ FOREIGN KEY -> .
Course_id INTEGER _ Gan v6i mon hoc
courses(id)
_ FOREIGN KEY -> ,
Class_id INTEGER _ Gan voi 16p hoc
classes(id)
DEFAULT
Created_at TIMESTAMP CURRENT_TIMET | Ngay giri phan hoi
STAMP
Gui an danh hay
Is_anonymous | BOOLEAN DEFAULT 0

khong
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1. KET LUAN
1. Cac két qua dat dwoc ciia dé an tot nghiép

Trong khudn kho dé an, sinh vién da trién khai mét quy trinh day di va c6 hé thong,
bao gdom khao sat tai liéu, xay dung tap dit liéu, thiét ké kién tric mo hinh, huin luyén va
danh gia hiéu suat, dong thoi kiém chimg kha ning tng dung trong thuc tién. Cac két qua

cu thé nhu sau:

- Xay dung thanh cong mo hinh nhan dién cam xuc tiéng Viét dya trén kién triic
PhoBERT (vinai/phobert-base), mot mo hinh ngon ngir tién huan luyén duoc phét trién tdi
uu hoa cho tiéng Viét. M6 hinh nay duoc lya chon va tinh chinh nham phu hop véi dac

diém ct phap va ngir nghia ciia ngdn ngtr don am.

- Tap dir lidu duoc sir dung 13 bo phan hoi cia hoc sinh Viét Nam (Vietnamese
Students Feedback). Dir li¢u dau vao duge xir 1y, chuin hoa va can béng gifra cac nhan cam
xuc thong qua nhiéu phuong phap sinh mau trung tinh nhu: trich xuat tir cac ciu c6 y nghia

trai chiéu, xay dung miu thu cong, va st dung cac mau sinh tir khudn mau (template).

- Qua trinh huén luyén duoc tdi vu héa véi nhiéu ky thuat hién dai:

+ Ap dung huan luyén véi d6 chinh xac hon hop (mixed precision — FP16) nham
tang toc d6 va tiét kiém bo nhd;

+ St dung trinh t6i wu héa AdamW cung voi lich trinh giam tbc d6 hoc tuyén tinh

c6 khai dong (linear scheduler with warmup) dé dam bao qua trinh huén luyén 6n dinh;

+ Thuc hién theo ddi lién tuc cac chi sb quan trong nhu dé mat mat (loss), d6 chinh
xac (accuracy), va diém F1-score trén tap validation; dé)ng thot luu lai trong s6 mo hinh tbt

nhit trong qué trinh huan luyén.

- M6 hinh dat hi¢u suét cao trén tap dir liéu kiém thir, dic biét 1a kha nang phan biét
hiéu qua ba nhin cam xuc (tich cuc, tiéu cuc, trung tinh). Két qua cho thiy d6 chinh xac
tong thé va diém F1 & mirc dang tin cy, voi sai s6 chii yéu tap trung & 16p “trung tinh” —
diéu nay phan anh dic trung phd bién cua tiéng Viét, khi nhiéu biéu dat cam xtic mang tinh

mo ho hoac kho phan loai 1o rang.

2. Nhén xét, dé xuit va khuyén nghij
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2.1. Nhdn xét

Dé an di hoan thanh day du cic muc tiéu nghién ciru di dé ra, bao gom ca khia canh
xay dung mé hinh hoc sau ap dung cho tiéng Viét va kha ning trién khai vao cac tinh hudng
thuc té. M6 hinh PhoBERT cho théy kha nang biéu dién ngit nghia manh mé, dac biét hiéu
qua khi xr Iy cac van ban ngin, chira nhidu ngit nghia tiém an nhu phan hoi cua sinh vién.
Két qua thyc nghiém ching minh rang mé hinh cé thé nhan dién cam xtic véi d6 chinh xéac

cao, dap tng yéu cau ung dung trong moi truong gido duc.

2.2. Dé xudt

Trong cac nghién ctru tiép theo, can ting cudng thu thap va tich hop nhiéu dit liéu
phan hoi trung tinh tir thuc té dé cai thién kha ning phéan biét giita ba nhom cam xuc, dic
biét 14 trong céc trudng hop mo hd hodc thiéu rd rang. Ngoai ra, hudng phat trién tiém ning
1a mo rong md hinh phan tich khong chi dimg lai & cam xuc tong thé, ma tién téi phan tich
cam xuc theo ting cym chi @& cy thé nhu: ndéi dung mon hoc, phuong phap giang day,
giang vién, hodc co so vat chat. Piéu nay sé nang cao tinh ing dung va gia tri phan tich

ctia hé thong trong bdi canh quéan 1y gido duc.
2.3. Huéng nghién civu tiép theo

Trong twong lai, dé tai c6 thé duoc tiép tuc phat trién theo nhiéu hudéng nham nang
cao hi¢u qua va mo rong pham vi ing dung. Trudc hét, viec két hop PhoBERT véi cac
kién trac mang sau khac nhu Attention hoic Bi-LSTM s& giup ting cudng kha ning nhan
dién ngir canh sau, dac biét trong cac van ban dai hoac chura nhiéu téng cam xuc phuec tap.
Bén canh d6, hé théng phan loai cam xtic ciling can dugc mo rong dé bao gom nhiéu trang
thai cu thé hon ngoai ba nhan co ban “tich cuc”, “ti€u cuc” va “trung tinh”. Viéc bo sung
cac nhan nhu “hai 10ng”, “boi r6i” hay “phin nd” s& cho phép mé hinh nhan dién sic thai
cam xuc chi tiét hon, phuc vu t6t hon cho cac phan tich chuyén siu trong gido duc va xa
hoi. Ngoai ra, dé tai c6 thé tich hop chirc ning phan tich xu hudéng cam xuc theo thoi gian
(vi du theo tirng tuan, hoc ky), tir 6 hd trg cac don vi ddo tao theo ddi va cai tién noi dung
giang day mot cach linh hoat. Dong thoi, hé thong c6 thé dugc phat trién thanh mot tng
dung web thay vi chay cuc bo (local), nham phuc vu quy mé nguoi dung 16n hon, cho phép

truy cdp tir nhiéu thiét bi va trién khai trong méi trudng thyc té. Cudi ciing, mé hinh ciing
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c6 tiém ning tng dung rong rai trong cac linh vie khac nhu cham soc khach hang, phan
tich danh gia san pham hodc khao sat du luan xa hoi, v6i diéu chinh phu hop vé dit liéu va
ngit canh str dung. Cac hudéng md rong nay khong chi giap nang cao gia tri hoc thuat ma

con tang tinh thyc tién cua dé tai trong boi canh chuyén doi s6 hién nay.
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BAN CAM DOAN
T6i cam doan da thyc hién viéc kiém tra mirc d6 tuong dong ndi dung dé an qua phan

mém https:/kiemtratailieu.vn mot cach trung thuc va dat két qua mirc d6 twong dong 11% toan

bd ndi dung dé an. Bé an ki€m tra qua phan mém la ban cing dé an da ndp d€ bao vé trudc hoi

dong. Néu sai toi xin chiu cac hinh thirc ky lut theo quy dinh hién hanh cta Hoc vién.
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HOC VIEN CAO HOC


https://kiemtratailieu.vn/

