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PHAN MO DAU
1. Tinh cép thiét ciia luin an

Su phat trién manh mé ctia World Wide Web va cac nén tang mang xa hdi nhu Twitter,
Facebook, TripAdvisor, Yelp va Amazon da tao ra khoi lugng khéng 15 dit liéu véan ban chtra
dung quan diém, danh gia ciia ngudi dung vé san pham, dich vu va cac véin dé kinh té — xa
hoi. Vi du dién hinh: Amazon Food Reviews ¢ hon 568.000 danh gia thuc pham véi phong
pht ngit canh vé san pham; TripAdvisor Hotel Reviews chira 108.891 d4nh gia cua 1.850
khéch san, duoc chAm diém trén 7 khia canh riéng biét (gia tri, phong, vi tri, sach s€, nhan
ph(‘)ng/lé tan, dich vy, dich vu doanh nhan). Cac quan diém truc myén nay ngay cang dong
vai tro quan trong trong viéc hd tro ra quyét dinh cia ca nhan va to chic.

Vi du: trén cac danh gia Amazon Food Reviews, hon 568.000 danh gia thuc pham chira
dung quan diém da chiéu, khong chi mirc do hai long ma con ca thyc thé (san pham cu thé),
khia canh (huong vi, gia ca, chat luong), ngudi danh gia va thoi diém dang tai. Tuong tu,
TripAdvisor Hotel Reviews gom 108.891 dénh gia ctia 1.850 khach san v6i 7 khia canh riéng
biét (gi tri, phong, vi tri, sach s&, nhan phong/1¢ tan, dich vu, dich vu doanh nhan). Viéc tu
dong khai phd quan diém tir nhitng ngudn dir liéu nay khong chi giup doanh nghiép cai thién
san pham/dich vu ma con hd tro nguoi tiéu dung ra quyét dinh mua hang thong minh hon.
Tuy nhién, cac phuong phap hién c6 cha yéu phan tich & mirc van ban tong theé, bo qua ciu
truc b nam phong phu (thuc thé, khia canh, tinh cam, nguoi danh gia, thoi diém), day la
khoang trong ma luan 4n hudng dén giai quyét.

Tuy nhién, cac hé thong khai pha quan diém hién nay van d6i mat v6i ba thach thirc cot
161 chua duoc giai quyét triét dé: (1) Dir liéu mat can bang: trén Amazon Food Reviews, danh
gia 5% chiém 63,88% trong khi 1%—2% chi chiém 14,42%; trén Yelp, 16p positive (4%—5%)
chiém khoang 63—65%, khién mé hinh hoc thién 1éch vé 16p da s6; (2) Mbi quan hé phi tuyén
giita cac thanh phan quan diém: quan diém cua nguoi diung phu thudc dong thoi vao thuc thé,
khia canh, ngudi déanh gia va thoi diém theo cach phi tuyén phuc tap ma cac phuong phap
vector hoa thong thuong chwa nam bat dugc; (3) Thiéu kha ning dién giai: cac mo hinh hoc
sau nhu BERT, RoBERTa dat d6 chinh xac cao nhung hoat dong nhu hop den, khong thé giai
thich tai sao mdt danh gia duoc phan loai 1a tich cuc hay ti€u cuc theo ting khia canh cu thé,
han ché img dung trong céc linh vyc yéu cau tinh minh bach.

Dic biét, phan 16n cac nghién ctru hién nay xtr Iy quan diém nhu mét nhin don gian, bo

qua cdu tric phong phu cta dit liéu danh gia. Trong thyc té, nguoi dung va doanh nghiép
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mudn biét: ai danh gia, khia canh gi cta d6i tuong ndo, voi tinh cam ra sao, vao thoi diém
nao. DAy 12 bai toan trich xuit va phén tich bd nim quan diém chua dugc nghién ciru hé théng
trong khuon kho hoc quan thé.

Trong bdi canh d6, cac phuong phap hoc quan thé, dic biét 1a cac mo hinh rimg dya trén
ciy quyét dinh, c6 tiém ning 16n trong viéc ning cao dong thdi do chinh xac, kha nang xir Iy
mat can bang va tinh dién giai. Xuit phat tir nhitng 1y do trén, ludn an véi dé tai “Khai pha
quan diém v&i cac phuong phap quan thé” dugc thuc hién nham dé xuat cac mé hinh khai pha
quan diém dya trén hoc quan thé, gop phan khéc phuc cac han ché ton tai cua cac phuong
phap hién nay.

2. Muc tiéu, phwong phap, d6i tweong va pham vi nghién ctu ciia luin an
2.1 Muc tiéu nghién cvuru
Muc tiéu tong quat 14 nghién ciru va dé xuat cac mo hinh khai pha quan diém dya trén
hoc quﬁn thé nham khéc phuc han ché ctia cac mo hinh truyén théng. Cac muc tiéu cu thé:
- Khdo sat tong quan cac nghién ctru va hé thong khai pha quan diém, lam rd nhiing
thanh tyu va han ché hién nay.
- Nghién ctru mé hinh quan diém c6 cdu tric dudi dang bd nim o=(e, a, s, h, t) va cac
k¥ thuat trich xuat b nam tir dit liéu van ban.
- Pé xuit md hinh khai ph4 quan diém duya trén ring phan loai, rimg mat do va ring
da tap, phu hop voi dic trung dit liéu quan diém c6 ciu truc.
- Xay dung va chuyén doi tap dir liéu quan diém sang dang bo nim quan diém tir cac
bo dit liéu chuan phuc vu thuc nghiém.
- Panh gia va so sanh cac mo hinh dé xuét véi cac phuong phéap khai pha quan diém
hién c6 trén cac tap dir licu thuc té.
2.2 Doi twong nghién ciru
Péi tugng nghién ctiru bao gdm: (1) Dit liéu vin ban chtra quan diém ciia nguoi dung;
(2) Quan diém & muc do khia canh, cép do chi tiét nhat va co ung dung thuc tién cao nhat;
(3) K¥ thuat trich xuat va biéu dién dit liéu quan diém dudi dang bo niam; (4) Cac phuong
phap hoc quan thé véi mé hinh co s& ddng nhét 1a cay quyét dinh.
2.3 Phwong phap nghién ciru
Luan 4n sir dung két hop: (1) Phuong phap nghién ciru tai liéu dé phan tich, tong hop
hon 150 cong trinh lién quan dén khai pha quan diém, hoc quan thé va xir Iy ngén ngit tu

nhién; (2) Phuong phéap thuc nghiém dé xdy dung, cai dat bang ngon ngit R va Python, danh



gid cac mo hinh dé xuét trén sau tap dir liu danh gia thuc té (bdn tap tiéng Anh va hai tap
tiéng Viét VLSP-2018) nham kiém chung hiéu qua.

2.4 Pham vi nghién ciru

Lu4n 4n gi6i han trong: (1) Trich xuét va chuin hoéa bo nim quan diém tir dit liéu van
ban; (2) Nghién ciru hoc quan thé véi mé hinh co sé dong nhat 1a cay quyét dinh; (3) Ap dung
rimg phan loai, rirmg mat d6 va rimg da tap cho khai pha quan diém mirc d6 khia canh; (4)
Panh gia trén dit liéu danh gia dich vu va san pham thuc té.

3. Vén dé nghién ciru va cac déng gop cia luin an

Cau hoi nghién ctru trung tdm cua luan an dugc dat ra nhu sau:

“Céc phuong phap hoc quan thé dua trén cdy quyét dinh c6 thé khai thac cau trac bd
nam thanh phan quan diém o = (e, a, s, h, t) d¢ dong thoi nang cao do chinh xac phan loai,
giai quyét van dé mét can bang 16p va cung cap kha ning giai thich minh bach cho mé hinh
hay khong?”

Luan an c¢6 bén déng gop chinh.

Thir nhat, luan 4n dé xuit mo hinh Rimg phan loai quan diém (F,) dya trén ma tran
bd nam thanh phan quan diém kich thuéc N x 5 va entropy Shannon c6 giam sat H(0). M6
hinh nay gép phan giai quyét khoang trong nghién ctru trong viéc biéu dién c6 ciu tric thong
tin cam xtc cho phan loai quan diém & murc khia canh, dong thdi bao dam kha nang giai thich
ctia md hinh qua tAm quan trong dic trung va biéu d6 phu thudc tirng phan (Bai bao 2, 3).

Thit hai, luan an phat trién mo hinh Ring mat d6 quan diém (Fpr) bang céch tich hop
thuat toan phan cum DBSCAN, entropy Gaussian Hp(0) va co ché giai thich dua trén SHAP.
Mo hinh nay xur 1y dit liéu mat can bang theo mat d6 phan bd cua cac cum quan diém, dong
thoi ding SHAP va chi sé twong tac Shapley dé dién giai tim quan trong va tuong tac gitta
cac thanh phan b nam (Bai bao 4, 5).

Thir ba, luan an dé xuat mo hinh Ring da tap quan diém (Fy,r), trong d6 sir dung ma
tran quan hé datap W € RV*N khoang cach da tap dist,, va bd hoc siéu phan tang (stacking
meta-learner) M. Cu trac da tap duoc hoc truc tiép tir tinh chat dff)ng xuét hién tai nut 14 cta
rimg ngau nhién khong giam sat, khong can giai bai toan tri riéng toan cuc nhu ISOMAP hay
UMAP, nham khai thac cac méi quan hé phi tuyén giira cac thanh phan bo nam; thyc nghiém
cho thay tinh kha thi ctiia hudng tiép can, déng thoi chi ra chi phi ctia ma trdin W 13 rao can

khi mé rong quy mo (Bai béo 6).



Cudi cung, luan 4n xay dung quy trinh chuyén doi dit liéu dénh gia sang cau tric bo
nim thanh phan va ap dung cho hai tap dit liéu tiéng Anh do Mukherjee va cong sy cong bd
la yelpHotelData (hon 880 nghin b nam) va yelpResData (hon 14 tri¢u bo nam), cung hai
tap dir liéu tiéng Viét VLSP-2018 Restaurant (hon 15 nghin cip danh gia — khia canh) va
VLSP-2018 Hotel (hon 23 nghin cip), phuc vu huan luyén va danh gia cac mé hinh dé xuat
(Bai bdo 4, 5, 6, 9); md hinh trich Xudt bd ndm quan diém tir van ban (F1 =0,78 trén Twitter
US Airline Sentiment) duoc cong bd tai Bai bao 7, 8.

Theo s6 liéu di cong bd, tinh theo quy trinh chia ngau nhién theo dong b nam (Bang
4.4, §4.8 cua Luan an toan van), do chinh xac trung binh trén hai tap dir liéu Yelp la khoang
0,77 d6i v6i Fcp, 0,78 d6i voi Fpg va 0,80 d6i v6i Fyp. Ngoai két qua trén hai tap Yelp (Bang
4.4), mo6 hinh ring phan loai quan diém con duoc kiém ching riéng trén Amazon Food
Reviews va TripAdvisor Hotel Reviews (Chuong 2), dat Accuracy 0,80-0,82 va 0,91 tuong
tmg (kém han ché Recall chi 0,50 trén TripAdvisor do mat cin bang nhan). Cac mé hinh rirng
dé xuat chay trén CPU; riéng mo hinh Fyp khong yéu cau sir dung GPU trong qué trinh huin
luyén hoic suy luan va van bao dam kha ning gidi thich thong qua ma tran quan hé da tap W
va dod loi thong tin trén da tap (IGy,).

Khi danh gia lai theo quy trinh chia theo danh gia gbc (moi dong bd nim ciia mot danh
gia chi nam trong mat tap; Phu luc J cua Luan an toan van, 5 hat giéng % 10.000 danh gia),
Balanced Accuracy ctia moi mé hinh chi ding bd nam giam vé khoang 0,51-0,57: Fcr va Fpr
trong duong Random Forest (chénh 1éch khong ¢ y nghia thong ké), Fur thip hon Random
Forest khoang 0,02—0,03 do budc phan cum da tap chi hoc trén mau con; cac mé hinh doc
van ban gdc (BERT, RoBERTa) dat 0,76-0,82. Kiém tra c6 kiém soat v4i ciing Random
Forest va cung 112.275 bo nam cho Accuracy 0,946 khi chia theo dong va 0,611 khi chia theo
danh gia gbc; vi vay luan an dé xuat chia theo danh gia gbc khi ddnh gia mé hinh trén dir lidu
bd nam.

4. B6 cuc ciia luin an

Ngoai phan mé dau, két luan va hudng phat trién, luan an duoc két ciu gom 4 chuong:
Chuong 1 (Co sé 1y luan vé khai ph4 quan diém va hoc quan thé); Chuong 2 (Khai pha quan
diém véi rimg phén loai); Chuong 3 (Khai pha quan diém véi rimg mat do); Chuong 4 (Khai

pha quan diém véi rimg da tap).



CHUONG 1. CO SO LY LUAN VE KHAI PHA QUAN PIEM VA
HOQC QUAN THE

Noi dung chinh cta chwong bao ham két qua nghién ctru cua Bai bao s 1, 7, 8, 9.
Chuong nay dit nén méng 1y ludn cho toan bo ludn an.

Tém luge Chuong 1 — Bai toan: xay dung co s& 1y luan va trich xuat ty dong bd nam
quan diém (e, a, s, h, t) tir van ban. Phuong phap: tong quan khai phé quan diém va hoc quan
thé; dé xuat khung xac suat trich xuat bd nim két hop phan tich phu thudc cu phap. Két qua:
trén Twitter US Airline Sentiment (4.500 mau gan nhan), mé hinh trich xuat dat F1 = 0,78 (P
=0,81, R = 0,75), thoi gian 8,6 ms/tweet, bd nhd 210 MB. Péng gop: nén tang biéu dién va
dr 1iéu bo ndm cho ba mo6 hinh rung & Chuong 2—4 (Bai bao 7, 8, 9).

1.1. Khai pha quan diém

1.1.1. M hinh bd nim quan diém

Theo [1], mot quan diém co thé duoc biéu dién dudi dang by nam thanh phén quan diém:

o = (e,a,s,ht),

trong d6 e 13 thuc thé dugc danh gia, a 1a khia canh hodc thudc tinh cta thuc thé, s biéu
thi tinh cam/cam xtc duoc thé hién ddi vai khia canh a cua thyuc thé e, 4 13 cha thé bay to
quan diém, tirc c4 nhan hodc to chirc dua ra nhan xét, va ¢ 1a thoi diém phat biéu quan diém.

Pbi voi mot tai lidu hodc cau danh gia,

d
thong tin quan diém dugc trich xuat duoc biéu dién dudi dang mot tap hop céc bd nam
thanh phan

i

O ={04,0,,...,04},

Trong bai toan phan loai tinh cam/cam xtic, diém danh gia cia ngudi dung duge chuyén
d6i thanh cac nhan tinh cam/cam xuc theo chién luoc anh xa ba mirc. Cu thé, cac danh gia tir
1% dén 2% duoc gan vao 16p tiéu cuc (negative), cac danh gia tir 4% dén 5% duoc gan vao
16p tich cuc (positive), trong khi cac danh gia 3% dugc loai bé (d6i véi Amazon Food Reviews
va TripAdvisor Hotel Reviews) do thuong biéu thi quan diém trung 1ap hodc khong rd rang
va s& duoc khai thac trong phan mé rong ciia luan 4n; riéng hai tap Yelp (Chuong 3, 4) ap
dung ngudng bat dbi ximg, gop 3% vao 16p negative.

So vé6i cac phuong phap biéu dién tinh cam/cam xuc truyén théng, mé hinh bd nam
thanh phan quan diém cung cap mot biéu dién ngir nghia phong pha hon bang cach dong thoi
mé hinh héa thuc thé, khia canh, tinh cam, chi thé phat biéu va thong tin thoi gian. Tuy nhién,
khong gian biéu dién nim chiéu nay ciing 1am phat sinh cac mi quan hé phu thudc phuc tap
giita cac thanh phan cua quan diém. Dic biét, tinh cam khong chi phu thudc vao timg thanh
phan riéng 1é ma con chiju anh huéng dong thoi ctia nhiéu yéu té ngit canh. Nhimg mdi quan
hé phi tuyén nay kho c6 thé dugc mo hinh hoa hiéu qua bang cac phuong phap trich chon dic
trung truyén thong hodc cac biéu dién véc-to tuyén tinh. Pay chinh 1a dong luc nghién ciru dé
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luan 4n dé xuat ba mo hinh hoc quan thé méi, bao gdm Rimng phan loai quan diém (Opinion
Classification Forest), Rirng mat d¢ quan diém (Opinion Density Forest) va Rimng da tap quan
diém (Opinion Manifold Forest).

1.1.2. Cac tac vu khai pha quan diém

Khai pha quan diém duoc thuc hién qua 8 tac vu [1]: (1) Trich xuit va phan giai thuc
thé; (2) Trich xuit va phan giai khia canh; (3) Trich xuét biéu thirc quan diém; (4) Phén loai
tinh cam cép khia canh; (5) Xé4c dinh nguoi gitt quan diém; (6) Xac dinh thoi gian; (7) Tong
hop quan diém; (8) So sanh quan diém dbi 14p. Ludn 4n tip trung vao tac vu phan loai tinh
cam cép khia canh (ABSA) vi cung cap thong tin chi tiét nhat va co gia tri ing dung cao nhat
trong thuong mai dién tir.

1.1.3. Céc cip d6 khai pha quan diém

Khai pha quan diém c6 thé duoc thyc hién ¢ ba cap do phan tich khac nhau:

Cép d6 tai liu: nham xac dinh cam xuc téng thé duoc thé hién trong toan bg van ban
doi véi mot thuc thé cu the.

Cap d6 cau: tap trung xac dinh cyc tinh cam xuc cia ting cau bang cach phan loai mdi
cau thanh tich cuc, ti€u cuc hodc trung 1ap.

Cép do khia canh: con dugc goi 1a phan tich tinh cam dya trén khia canh (Aspect-Based
Sentiment Analysis - ABSA), thuc hién phan tich cdm xtc & cép chi tiét bé“tng cach xac dinh
doi tuong dugc nhan xét va xac dinh cam xuc tuong ung ddi véi tung khia canh cu thé cua
thuc thé.

Luan 4n tip trung nghién ctru khai phd quan diém & cap d6 khia canh, vi day 1a murc
phan tich cung cap thong tin tinh cam chi tiét va c6 gid tri thuc tién cao nhat. So vai phan tich
& cap tai lidu va cip cau, khai pha quan diém & cdp d6 khia canh cho phép hiéu rd hon sy hai
10ng hoidc khong hai 1ong cta nguoi dung ddi véi timg thudce tinh cu thé ciia san pham hoic
dich vu. Nho d6, phuong phap ndy di tré thanh mot ky thuat nén tang trong cic hé thong
thuong mai dién tr thong minh, hé thong goi ¥, phén tich phan hoi khach hang va hd tro ra
quyét dinh trong doanh nghiép.

1.2. Hoc quan thé va cic md hinh rirng

1.2.1. Cay quyét dinh - mé hinh co s& dong nhat

Cay quyét dinh c6 céu triic dang ciy trong d6 mdi nut dai dién cho mét dic trung, mdi
nhanh 12 mot diéu kién va mdi nit 1a 13 két qua phan loai. Trong phén loai v&i C 16p, tiéu chi
phén tach dua trén Entropy Shannon:

H(0) = =X ecp(c) log p(c)
D0 loi thong tin tai nit v dugc tinh bﬁng:
0]
16 = HO) — ZiE{L,R} W

Nt t6t nhat tai moi budc phan tach 1a nit t6i da hoa d6 loi thong tin IG. Cay quyét dinh

H(0Y

c¢6 vu diém 1a dién giai duoc qua quy tic IF-THEN, nhung d& bi qua khép (overfitting) voi
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dit liéu huan luyén; day la dong luc chinh dé su dung cay quyét dinh nhu mo6 hinh co sé trong
hoc quan thé.

1.2.2. Bootstrap va cac ky thuit hoc quan thé

Bootstrap [13] 1a k¥ thuat léy mau c6 hoan lai tao B tap con O*1, O*a,..., Op* tlr tAp géc
O, mdi tap chira khoang 63,2% mau khac nhau. Bagging (Bootstrap Aggregating) [62] hun
luyén B mé hinh ddc l4p trén B tdp Bootstrap va két hop bang majority voting 1am giam
phuong sai ma khéng ting thién léch. Boosting [94] x4y md hinh tudn tir, mbi mé hinh tap
trung vao cac mau kho tir mé hinh trude. Stacking [63] hudn luyén bd hoc siéu cip (meta-
learner) M tong hop két qua tir K mo hinh co sé trén tap xéac thuc doc lap.

1.2.3. Rirng phan loai quan diém, Rirng mit d§ quan diém va Rirng da tap quan
diém

Céc phuong phap hoc quan thé dua trén rimg da phat trién tir cic mo hinh phan loai ¢6
giam sat sang cac mo hinh hoc mat do va hoc biéu dién trén da tap nham khai thac t6t hon
cAu trac tiém an cua dir liu.

Rimng phan loai quan diém (Opinion Classification Forest) [65][66] m& rong mo hinh
Classification Forest truyén thong bang cach tich hop biéu dién bo nim thanh phan quan diém
(Opinion Quintuple) vao khung hoc Bagging str dung cay quyét dinh lam b hoc co so. Trong
qua trinh xay dung cay, mdi nit dugc phan chia dya trén entropy Shannon c6 giam sat

H(0),

ddng thoi ap dung co ché lyra chon ngau nhién cac thudc tinh tai mdi 1an phan chia nhim
tang tinh da dang gitta cac cdy va cai thién kha ning téng quat héa ciia mé hinh.

Tiép theo, Rimg mat do quan diém (Opinion Density Forest) [66][68][69][70] m& rong
mo hinh trén sang bai toan hoc khong giam sat bang cach thay thé entropy Shannon bang
entropy Gaussian

Hp(0),

gitip md hinh hoc duoc cAu tric phan bd mat d6 ndi tai cua dir liéu quan diém ma khong
can sir dung nhan 16p. Nho d6, mo hinh dic biét phu hop dé xur 1y dir liéu mat can bang va
kham pha cac cum quan diém tiém an.

Trén co s& d6, Ring da tap quan diém (Opinion Manifold Forest) [66][71] tiép tuc tich
hop hoc da tap vao cdu triic ring bang cach xay dyng ma trin quan hé da tap

W € RNXN,

nham biéu dién cac méi quan hé hinh hoc tiém an giira cidc mau quan diém thong qua
co ché déng xuat hién tai cac nat 14 (co-leaf occurrence). Tir ma tran nay, mo hinh uéc lugng
khoang cach da tap

disty,
qua d6 bao toan cau triic phi tuyén ndi tai ciia khong gian bo nam thanh phan quan diém

va nang cao hi¢u qua phan loai.



Ba m6 hinh rimg duoc dé xuat trong luan an thé hién qua trinh phat trién lién tyc cta
cac phuong phap hoc quan thé. Ring phan loai quan diém sir dung entropy Shannon cé giam
sat

H(0),

dé thuc hién phan loai quan diém ¢ mirc khia canh. Rung mat do quan diém thay thé

tiéu chi nay bang entropy Gaussian
H,(0),

nhim mé hinh héa céu trac phan bd mat do cua dir liéu quan diém khéng c6 nhin. Cudi

cung, Rimg da tap quan diém sir dung entropy Gaussian trén da tap
H,(0),

dé khai thac ciu truc da tap tiém 4n cia cic bo nam thanh phan quan diém. Qua trinh
phat trién nay phan anh su chuyén doi tir hoc ¢ giam sat truyén théng sang hoc dya trén mat
d6 va cudi cung 1a hoc biéu dién trén da tap nham xu 1y hiéu qua cac mdi quan hé phi tuyén
phirc tap trong dif liéu quan diém.

1.3. Tiép can hoc quin thé

Cau hoi thuc tién quan trong dat ra: khi ndo nén ding phuong phap hoc quan thé (hoc
may truyén thong nhu rimg ngiu nhién), khi nao nén dung hoc sau (LSTM, BERT, LLM)?
Luan an dé xuét bén tiéu chi lya chon:

(1) Dit liéu c6 cdu triic bang (tabular data): khi dir liéu dd duogc trich xuat thanh dic
trung ¢ cdu trac nhu bd nim quan diém (e, a, s, A, ¢) thi cac phuong phap ciy/ring van la
lga chon manh, dac biét trén tap dir li¢u vira va nhoé [141];

(2) Kha néng dién gidi: khi tng dung yéu cau giai thich 1y do phan loai (y té, tai chinh,
quan 1y), mo hinh rimg + SHAP cung cip dién giai minh bach ma hoc sau end-to-end kho
cung cap [144][145];

(3) Tai nguyén tinh toan: khi khong c6 GPU chuyén dung hodc can trién khai trén phan
cting han ché, rimg ngau nhién va rimg mat do 1a Iya chon phu hop do khong yéu cau GPU
[143];

(4) Nguoc lai, hoc sdu Transformer phu hgp hon khi lam viéc véi van ban thé khong qua
tién xtr Iy, xir Iy mia mai, phii dinh hodc quan diém an, va khi c¢6 da dit liéu huan luyén 16n.

Luan an ap dung hoc quan thé theo tiéu chi (1), (2) va (3): dit liéu da cau trac hoa thanh
bd niim, wu tién dién gidi va chi phi tinh toan hop 1y.

1.4. Nghién ctru lién quan

Khao sat hon 150 cong trinh thudc naim nhém chinh duoc tom tit trong bang sau:

Badng 1.1. Tém tdt cac nhém nghién civu lién quan

Nhom nghién ciru | Dai dién tiéu bieu | Diém manh Han cheé chinh
) \ Hi¢u qua trén | Khong xtr Iy mat can bang,
Hoc may truyén SVM[86], o , T
. dir liéu nho; thi€u bi€u dién cau tric bo
thdng NB[204], LR[203] . V
don gian nam




RF [65], GBC Do chinh xac | Chua tich hgp phan cum mat

Hoc quan thé . 2 A , A
[84], Stacking [63] | cao; 6n dinh do, chua ap dung bd nam

) LSTM [85], Ném bit ngir Hop den, yéu cau dit liéu
Hoc sdau RNN/CNN . : ~. . Coox
BiLSTM [88] canh chuoi 16m, kho dién giai
BERT [81], Hop den, yéu cau GPU, chi

Do chinh xac

Transformer/LLM RoBERTa [83], phi cao, khong dién giai

cao nhat
GPT [127] duoc
GCN ,[13 /] Khai thac cdu | Phirc tap, chua ap dung bo
Da tap/GCN Manifold ) L . N
[118][129] truc phi tuyén nam 5 chiéu

Thong qua khdo sat cac cong trinh nghién ctru lién quan, ludn an xac dinh ba khoang
trng nghién ctru chinh. Tht nhat, chwa ¢6 mé hinh hoc quan thé tich hop phan cum da trén
mat do v6i rimg ngau nhién trén biéu dién bo nam thanh phan quan diém nham dong thoi xtr
1y dit liéu mét can bang va khai thac cdu trac cum cta dit liéu quan diém. Thit hai, cac phuong
phap hoc da tap chua dugc khai thac trén biéu dién bd nam thanh phan quan diém dé mé hinh
héa cac quan hé phi tuyén giita cac thanh phan ciia quan diém. Thir ba, cidc md hinh phan tich
cam xuc dua trén khia canh (Aspect-Based Sentiment Analysis - ABSA) hién dai mac du dat
d6 chinh x4c cao nhung van con han ché vé kha ning giai thich minh bach dbi voi timg quyét
dinh phan loai & mirc khia canh. Trén co sé ba khoang trong nghién ctru ndy, luan an 1an luot
dé xuat mo hinh Rimng phén loai quan diém (Fcg), Rimg mat do quan diém (Fpp) va Rimng da
tap quan diém (Fyg), duoc trinh bay tuong Gmg trong Chuong 2, Chuong 3 va Chuong 4.

1.5. Panh gia mo hinh
Luan an st dung bd 4 d6 do chuan (Bang 1.2) trong thyc nghiém 3 chuong:
Béang 1.2. B6 d§ do danh gid hiéu nang mo hinh

bo do Cong thurc Y nghia
Ty 1é phén loai ding. Thiéu tin cay khi mat can
Accuracy (TP+TN)/(TP+TN+FP+FN) |
bang (p>3)
D0 chinh x4c du doan 16p positive. Quan tron
Precision (P) TP/(TP+FP) i o PP Q e
khi FP co chi phi cao
Kha nang phat hién 16p positive. Quan tron
Recall (R) TP/(TP+FN) @ nang prat en 1op p Quan trong
khi FN ¢6 chi phi cao
Trung binh diéu hoa P va R. P9 do chinh khi
Fi-score 2PR/(P+R) s
dir 1iéu mat can bang

Ngoai ra, hé s6 Cohen's Kappa [79] « = (P, — Pe)/(1 — P.) duoc str dung dé danh gia do
d6ng thuan chu thich dir lidu, trong d6 P, 14 ty 1é dong thuan thuc té va P, 1a ty 1¢ ky vong.
Gia tri k > 0,80 biéu thi dong thuan rat tét, k € [0,60, 0,80) biéu thi dong thuan tét. Phy luc F
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bd sung d6 do F1-macro, F1-pos, F1-neg danh gia mé hinh trén tap VLSP-2018 (p ~ 10,5 v6i
Restaurant va = 3,2 vo1 Hotel).

1.6. Trich xuit bd nim quan diém

1.6.1. M hinh trich xut

MBS hinh trich xuit tu dong bd nam dua trén xac suat két hop:

P(e,a,s,h tlx) = P,(e|x) - P,(ale,x) - P;(s|le,a,x) - P,(h|s,G) - P.(t]|x)
trong d6 P, P,, P,, Py, P, 13 xac sudt trich xuét tirng thanh phan theo diéu kién 14n nhau;

G=(V, E) 1a d6 thi phu thudc ct phap. M6 hinh gdm séu budc: tién xir Iy vin ban — phan tich
cu phap phu thugc — trich xuét thuc thé e theo PMI va tir dién mién — trich xuét khia canh
a theo quan hé cti phap — phan tich tinh cam s qua VADER va SentiWordNet — trich xuét
ngudi giit quan diém h va thoi gian t — loc theo d9 tin cay Conf{o) > r. Chi giit lai b nim
c¢6 diém tin cdy du cao, dam bao chat lugng dau vao cho ba mé hinh khai pha quan diém.

1.6.2. Két qua thwe nghiém trich xuit by nim quan diém

Tap dit lidu Twitter US Airline Sentiment [80] v&i 14.640 tweets vé 6 hang hang khong
Hoa Ky (United, US Airways, American, Southwest, Delta, Virgin America) va 4.500 tweets
duogc chu thich tha cong bang Label Studio béi ba ngudi cha thich doc lap.

Bang 1.3. Két qua thiee nghiém trich xudt bo nam quan diém

Kich ban M5 ta Két qua chinh
K > 0,79 (entity, t,
KBI: 4.500 tweets dugc chu thich _ appaK (entity, aspec
o o sentiment); k = 0,76 (holder); k = 0,79
Ch thich thu cong

(time)

Trich xuét bd nam trén 14.640 ,
F1=0,78 (P=0,81, R=0,75); Entity dat F,

KB2: tweets; danh gia trén 4.500 A
. . o . = (0,86 cao nhat; Holder dat F1= 0,68
Trich xuat tweets da chu thich (chia p .
thap nhat
70/15/15)
. o . Mo hinh dé xuat (0,78) > spaCy (0,70)
KB3: So sanh v&i phuong phép quy . o
. .. > Quy tac (0,66); thoi gian 8,6 ms/tweet,
So sanh tac va spaCy

bd nhé 210 MB

Mo hinh trich xuat dat F, = 0,78, vuot phwong phap quy tic (0,66) va spaCy (0,70), v6i
thoi gian xur Iy 8,6 ms/tweet va bo nhd 210 MB, phu hop tng dung thoi gian thuc. Entity dat
F1 = 0,86 cao nhat vi phu thudc vao tur dién mién; Holder dat F1 = 0,68 thép nhat vi nguoi gilr
quan diém thuong ngam dinh, kho xac dinh trong van ban mang xa hoi. Kappa « > 0,79 cho
entity, aspect va tinh cam xac nhan do déng thuan chu thich rat tdt [79].

1.7. Két luin chwong
Chuong 1 da xay dung co s¢ 1y ludn cho toan bo luén an thong qua viéc xac 1ap mod hinh

bd ndm thanh phan quan diém o = (e, a, s, A, ¢) lam don vi biéu dién théng nhét cua dit liéu
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quan diém, hé thdng hoa cac phuong phap hoc quan thé dua trén cay quyét dinh va lam 6 sy
khac biét gifra ba ti€u chi entropy Shannon, entropy Gaussian va entropy Gaussian trén da tap
dugc sir dung trong ba mé hinh dé xuét. Pong thoi, chuong da tong quan cac cong trinh nghién
ctru lién quan, xac dinh ba khoang trong nghién ctru vé xtr Iy dit liéu mét can bang, khai thac
ciu tric da tap cua dit liéu quan diém va nang cao kha ning giai thich ciia mé hinh. Bén canh
d6, quy trinh trich xut bd nim thanh phan quan diém dat F1-score = 0,78, tao ngudn dit liéu
dau vao c6 chat luong va nén tang cho viéc xay dung mo hinh trich xuét bo nam trén cac bd

dir liéu khac.
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CHUONG 2. KHAI PHA QUAN PIEM VOI RUNG PHAN LOAI

Noi dung chinh bao ham két qua nghién ctru cua Bai bao s 2, 3.
2.1. Gi6i thi¢u

Chuong 2 d& xudt md hinh Rimg phén loai quan diém (Opinion Classification Forest)
giai quyét khoang trong nghién ctru thir nhét 13 biéu dién va phan loai tinh cam c6 giam sat
trén dir liéu bd nam voi kha ning dién giai. Pong gop cdt 16i 1a biéu dién cau quan diém dudi
dang ma tran bo ndm N x5 thay vi vector dic trung don 1é, bao toan ciu triic ngir nghia da
chiéu.

Tom luge Chuong 2 — Bai toan: phan loai cuc tinh quan diém co giam sat trén dir 1i€u bo
nam va dién giai két qua phan loai. Phuong phap: rimg phén loai quan diém trén ma tran b
nim N x 5 (Bagging, entropy Shannon), dién giai bang tim quan trong dic trung, do siu toi
thiéu va PDP. Két qua: Accuracy 0,80-0,82 trén Amazon Food Reviews; Accuracy 0,91 trén
TripAdvisor Hotel Reviews nhung Recall cua 16p negative chi 0,50 do mat cin bang nhin.
Pong gop: dong gop thir nhat cua ludn an (Bai bao 2, 3).

2.2. Ma trin bd nim quan diém
Cho tap bo ndm O = (01, 0,, 03, ...,0p5), VOI mdi 0, = (e;,a;,s;,h;,t,),1=1,2, ..., N.
Ma tran bo ndm quan diém 0,,,, kich thudc Nx5 duge dinh nghia:
ep a s h 1
e a s h n
Omat = es 43 53 @3 1.3 ;

ey ay Sy hy ty
trong d6 modi hang 13 mot bo nam quan diém va mdi cot 1a mot dic trung. Cac gia tri dac
trung duoc ma hoa s (label encoding) trude khi dwa vao md hinh. Theo hiéu biét cua nghién
ctru sinh, day 12 mot trong s6 it biéu dién trong linh vuc ABSA sir dung toan bo 5 thanh phan
bd nam dong thoi 1am dic trung phan loai.
2.3. M6 hinh rirng phan loai quan diém
2.3.1. Ciy phan loai quan diém
Cay phén loai quan diém duoc xay dung bang cach phan chia ntt v thanh hai nut con L
va R. Tiéu chi phan tach sir dung Entropy Shannon theo cong thirc (1.4) va do lgi thong tin
theo cong thirc (1.6): s € {positive, negative}. Ciy duoc biéu dién duéi dang luat IF-THEN:
duong dan tr nat géc dén nut 14 tao thanh luat quyét dinh, vi du: “IF Entity=Hotel AND
Aspect=Room AND Score>4 THEN sentiment=positive”.
2.3.2. Dung rig phan loai quan diém
Rimng phén loai quan diém duoc xay dung qua 4 bude:
Buéc 1 - Lay mdu Bootstrap. Tao B tap con O*, O*,,..., Og* bang 1dy mau c6 hoan lai

tir O,y q¢. MOi tAp chira N mau (c6 trung lip), twong dwong ~ 63,2% mau khac nhau.
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Budoc 2 - Lua chon dac trung nngu nhién. Tai mdi nut phan tach, chon ngﬁu nhién
My, = |\/Z | = 2 dic trung tir 4 didc trung cta b ndm thay vi xét tit ca, nham tao su da dang
gifra cac cay.
Buéc 3 - Xay dung cdy phdn logi. V&i mdi tap Bootstrap Op* va my,,, dac trung ngau
nhién tai mdi nut, xay cdy phan loai quan diém T}, tdi da hoa I cho dén diéu kién dimng.
Buéc 4 - Tong hop du dodn. Tong hop n = 100 ciy bang da sd phiéu bau (majority
voting):
§ = argmaxcec |, 1[T;(0) = c]
2.3.3. by phurc tap tinh toan
D6 phike tap hudn luyén. Méi cdy duge xay dung trén tap Bootstrap N' = 0,63N mau, tai
mdi nhit chon ngau nhién My, dac trung va tim ngudng tach t6t nhat, din dén do phirc tap
trén dir lidu can bang duoc biéu dién boi cong thuc:

O(n x N' x my,* h) = O(n x N x my,x log N)

Pé phike tap dw dodn. M&i mau méi duge phén loai qua n cdy, mdi cdy duyét theo chiéu
sau O(log N), tong cong do phire tap cua thuat toan ddi véi moi mau theo cong thirc:
O(n x log N)
2.3.4. M hinh tong quan

M6 hinh F.p gém ba giai doan: (1) M6 hinh héa quan diém, xdy dung 0,4 va
Bootstrap; (2) Kham pha va biéu dién quan diém, xay dung mé hinh F.z; (3) Pinh hudng
quan diém, du doan tinh cam qua majority voting va dién giai qua tim quan trong dic trung,
biéu d6 phu thudc ting phan (PDP) va phan tich twong tac dic trung.

2.4. Dién giai mé hinh rirng phan loai quan diém

Dién giai ¢ hai cdp do:

(1) Cdp cdy: Quy tic IF-THEN doc theo dudng tir goc dén 1, vi du: “IF Entity=Hotel
AND Aspect=Room AND Score>4 THEN sentiment=positive””; 0 sau tdi thiéu va tim quan
trong dac trung tai nut.

(2) Cép rung: Tam quan trong dic trung, twong tac dac trung, biéu do6 phu thudc tung
phan (PDP) cho thay quan hé phi tuyén giita timg dic trung va xac suat du doan.

Phat hién Time c6 d6 sau téi thiéu trung binh nhé nhét (1,222, lam nat gbc 146 1an), thoi
diém danh gia 1a yéu t6 phan loai manh nhat; Holder dimg thir hai (1,286, 119 1an). Tuong
tac 4am manh Entity:Aspect = —1,728 va Entity:Time = —0,898 phan 4nh cau triic phi tuyén
cua khong gian bd nam 5 chiéu, 1a co s& thuc nghi¢m truc tiép cho cac mo hinh tiép theo
(Chuong 3, Chuong 4).

Bang 2.1. Tam quan trong dic trung ctia mo hinh Fgp trén tap TripAdvisor Hotel
Reviews

(ngudn: Bang 2.11 trong Lu4n 4n toan vin)
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P sau TB | S$6 1an 1am P lgi thong

Pac trun . .
' & | nhonhit | natgbe | tin (IG)

Hoan vi Vai tro trong phan loai

Yéu tb phan loai manh nhét -
Time (t) 1,2220 146 89,3295 0,0000 [mua, ngdy, xu huéng thay doi
theo thoi gian

Phong cach danh gia nhat quan

Holder (h) 1,2860 119 92,1901 0,0021 | . o
cua trng nguoi dung
Khia canh cu thé quyét dinh tinh
Aspect (a) 1,4820 110 28,6544 0,0043 | . .
cam dac thu
, Thuc thé nén tang; tuong tac
Entity (e) 1,2900 125 - 0,0122

manh vdi Aspect (—1,728)

Biéu do PDP hai chiéu trén TripAdvisor Hotel Reviews (Hinh 2.11-2.14 cta Luén an
toan vin) cho thiy: (1) trén khong gian {Time, Holder}, Holder c6 anh huéng manh — tinh
cam ctia mot sb nguoi dung 6n dinh, trong khi cua mot sb nguoi dung khac thay ddi theo thoi
gian; (2) trén khong gian {Entity, Time}, mot sd thuc thé c6 xac suat tich cuc cao 6n dinh bat
ké thoi gian, trong khi cac thuc thé khac bién dong manh; (3) Time:Holder = 0,321 14 twong
tac duong duy nhat (Bang 2.12 cia Ludn 4n toan vin): khi Time & nit gbc, Holder c6 xu
hudng xut hién sém hon trong cdy.

2.5. Thue nghiém

2.5.1. Tap dir liéu

Bang 2.2. Thong tin tap dir lieu Amazon Food va TripAdvisor Hotel

Tap dir liéu Quy md goc Sau tién xir 1y Ty 1é chia
Amazon Food 568.454 danh 8.020 mau bd nim 80% huél} luyén
Reviews[67] gia (stratified sampling 1:1) /20% kiém tra
TripAdvisor Hotel | 108.891 danh 45.706 mau bo nim 80% huél} luyén
Reviews[2] gia (loai trung tinh 3%) /20% ki€m tra

2.5.2. Két qua thwe nghiém trén Amazon Food Reviews

Chuong 2 thuc hién ba kich ban thuc nghiém trén hai tap dit liéu. Tap Amazon Food
Reviews [67] gdm 568.454 danh gia v6i phan phdi mat can bang (5% chiém 63,88%; 1%—
2% chi 14,42%); sau khi 4p dung 1ay mau cin bang (balanced sampling) thu dugc tap thuc
nghiém vdi ty 18 positive:negative ~ 1:1. Tap TripAdvisor Hotel Reviews sau tién xtr Iy con
45.706 mau bd nim quan diém.

Kich ban 1. Phan loai theo khia canh thuc phcfm (Bang 2.8 cua Ludn dn toan van): Mo
hinh Fop dat Accuracy = 0,80, Precision = 0,80, Recall = 0,76, Fi = 0,78. Chénh 1éch P-R
nho (0,80-0,76 = 0,04) cho thdy mo hinh phan loai cAn bang hai 16p, két qua cua chién luoc
ldy méu can bang.

15



Bdng 2.3. Két qua Fep trén Amazon Food Reviews (nguon: Bdng 2.8 va 2.9 ciia Ludn dn

toan van)
Kich ban Tap dir li¢u Accuracy | Precision | Recall F1
KBI. Khiacanh | “mazonFood /g, 0,80 | 0,76 0,78
Reviews
KB2. Th(‘n. Amazo_n Food 0.82 0.85 0.67 0.75
gian/Nguoi Reviews

Kich ban 2. Phdn loai theo thoi gian va nguoi danh gia (Bang 2.9 cua Ludgn an toan
van): Accuracy tang 1€n 0,82 va Precision dat 0,85 nhung Recall gidm con 0,67. Chénh 1¢ch
P-R 160 hon (0,85-0,67 = 0,18) cho thdy dic trung Time va Holder nhan dién t6t 16p positive
nhung bo sét nhidu hon 16p negative. Phan tich tam quan trong dic trung (Bang 2.11 cia
Luan 4n toan van, trén TripAdvisor Hotel Reviews): Time c6 d6 sau toi thiéu trung binh nho
nhat (1,2220, 1am nat gbc 146 1an), thoi diém danh gia 13 yéu t6 phan loai manh nhat; Holder
dung thir hai (1,2860, 119 1an), phong cach danh gia mdi ngudi nhat quan. Tuong tic manh
nhat Time: Holder = 0,321 (Bang 2.12 ciia Luan an toan vin); twong tic Am manh
Entity: Aspect = —1,728 cho thiy quan hé phi tuyén giita cic thanh phan bo nim, dong luc
tryc tiép ddn dén Fpy (Chuong 3) va Fy,r (Chuong 4).

2.5.3. Két qua trén TripAdvisor Hotel Reviews
Bang 2.4. Két qua mé hinh Fep theo tirng khia canh trén TripAdvisor (nguén: Bang 2.10 ciia

Lugn an toan van)

Tap dir li€u Accuracy | Precision | Recall | F1 Nhan xét

TripAdvisor Hotel
Reviews 0,91 0,96 0,50 | 0,66
(45.706 mau, 80/20)

Dit liéu mét can bang voi
ti 1€ 4:1

Két qua Bang 2.4 cho thiy hién tuong nghich 1y vé d6 chinh xac: Accuracy = 0,91 rét
cao nhung Recall = 0,50 va F1 = 0,66 thip cho thdy mé hinh bo sot 50% mau negative.
Nguyén nhan 1a TripAdvisor c6 ty 16 mit can bang nhin khoang 4:1 (positive chiém ap dao),
khién mo hinh ¢6 xu hudéng du doan thién vé 16p da s6 positive dé toi da hoa Accuracy. Diéu
nay cho thay chi riéng co ché Bootstrap chua du dé xtr 1y dir liéu mat can bang nghiém trong,
va mic mat can bang trong dir liéu danh gia khach san sau hon va kho xir 1y hon so véi
Amazon.

Két qua thuc nghiém cho thdy mé hinh F, dat Accuracy 0,80 - 0,82 trén tap dir liéu
Amazon Food Reviews va 0,91 trén TripAdvisor Hotel Reviews. Tuy nhién, con $6 0,91 trén
TripAdvisor phan dnh hién twong nghich 1y 6 chinh xac do mét can bang nhén 4:1, Recall
chi dat 0,50 va F1 = 0,66. Ddi chiéu mé hinh F,» v6i cac mo hinh hoc may khac (RF, Gradient
Boosting, SVM) cuing cac mdc tham chiéu hoc sau/Transformer (LSTM, BiLSTM-Attention,
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BERT, RoBERTa — ding vin ban gdc 1am dau vao) duoc trinh bay tai Chuong 3 va Chuong
4 trén tap dit lidu Yelp cung b nim quan diém.

M6 hinh rung phan loai quan diém (Fyr) c6 d0 phic tap huin luyén la
O(n*xNxmtryxlogN) va du doan 1a O(n x log N) tuong dwong véi Random Forest tiéu chudn
[65], d6 phirc tap mo hinh Fr & mirc thap va chi yéu cau CPU thong thudng. Fgr 13 md hinh
don gian va hiéu qua tinh toan, phit hop lam nén tang cho cac mé hinh phirc tap hon.

2.6. Két luan chwong

Chuong 2 d& xuit mé hinh rimg phén loai quan diém (Fcp) voi dong gop cot 161 1a biéu
dién bd nim quan diém dudi dang ma tran N x 5. M6 hinh Fcp dat Accuracy 0,80-0,82
(Amazon) va Accuracy 0,91 (TripAdvisor, dit Recall chi 0,50 va F1 = 0,66 do mat can bang
nhan 4:1). Tuy nhién, mo hinh F¢p chua xtr Iy tot dir liéu mat can bang va chua khai thac cdu
trac cum phi tuyén, hai han ché duoc hudng toi 1an luot trong Chuong 3 va Chuong 4. Két
qué trong Bang 2.4 (Bang 2.10 cua Luan 4n toan van) cho thay gi6i han cta Fep trén dit liéu
mat can bang thyc té va giai thich 1y do can Fpr (Chuong 3). Ngoai ra, twong tic Am manh
Entity: Aspect = —1,728 va Entity: Time = —0,898 (Bang 2.12 cua Ludn an toan van)
phan anh cau trc phi tuyén cta khong gian bo nim 5 chiéu, goi ¥ thue nghiém cho huéng
tiép can Fyp (Chuong 4). Nhu vay Chuong 2 khong chi dé xuat Fcg ma con cung cap bang
chting dinh lwong cho khoang trng can giai quyét ¢ hai chuwong tiép theo (Chuwong 3 va
Chuong 4).
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CHUONG 3. KHAI PHA QUAN PIEM VOI RUNG MAT PO

Noi dung chinh bao ham két qua nghién ctru cua Bai bao s 4, 5.
3.1. Giéi thi¢u
Chuong 3 dé xuat mo hinh Fp tich hgp DBSCAN va SHAP. M6 hinh ty dong phan cum
(K = 7 — 9 cum), xay ring mat do véi Entropy Gaussian Hp (0), dién giai qua SHAP ¢ j va
twong tac Shapley ¢, ;. Két qua Accuracy trung binh 0,78 trén hai tap dir liéu Yelp (s6 liéu da
cong bd, chia theo dong by nam), chay trén CPU, khong can GPU.
Toém luge Chuong 3 — Bai toan: méat can bé’mg 16p va cAu trac cum theo mat do cua dit
liéu bd nam. Phuong phéap: ring mét 46 quan diém — phan cum DBSCAN (7-9 cum), mdi
cum mot rimg v6i entropy Gaussian, dién giai bang SHAP va chi sé twong tic Shapley. Két
qua: Accuracy 0,75 (Hotel) va 0,80 (Restaurant), trung binh 0,78 (s6 liéu di cong bd, chia
theo dong bd nam), F1 trung binh 0,68; Entity va Time co6 trung binh [SHAP| 16n nhat. Khi
chia theo danh gia géc (Phu luc J ciia Luén an toan van), rung mat do dat Balanced Accuracy
tuong duong Random Forest. Pong gop: dong gdp thur hai cta luan an (Bai bao 4, 5).
3.2. Bi¢u dién va chuan héa b nim quan diém
M&i bd nim quan diém o; = (e;, a;, 5;, hy, t;) duge anh xa sang vector sb trong khong
gian R® qua label encoding. Chuan hoa Z-score: £ = (x — u)/o dam bao thang do dong nhat
trudc khi dua vao DBSCAN.
3.3. M hinh rirng mat d6 quan diém
3.3.1. Phan cum mit d§ quan diém bang DBSCAN
DBSCAN [72] phat hién cum dua trén tham s6 & (ban kinh 14n c4n) va MinPts. DPiém o
1a diém 16i néu [N.(0)| = MinPts.
3.3.2. Ciy mit d§ quan diém
Cay mat do duoc xay dung khong gidm sat st dung Entropy Gaussian, cong thtrc:
H(0) =3log((2e)!| A(O)])
trong d6 d = 4 13 s6 chiéu dic trung dau vao (e, a, h, t); |A(O)| 1a ma tran hiép phuong
sai d x d cia tap diém O tai nat; |A(O)] 1a dinh thirc ma tran. Entropy mat do do do phan tan
cua dam may dir liéu qua thé tich hinh hoc. Tiéu chi phan tach 1a d6 loi thong tin mat do:
1G5 (0}, 051, Ojr) = Hp(0;) - 10u] Hp(0;1) — 19| Hp(Ojr)
|0j] |0j]
Nut tot nhat toi da hoa IG p phan chia lam hai nhoém co cum chat nhat.
3.3.3. Rirng mit dd quan diém
Rimg mat d6 gdm n cdy mat d6 duoc huan luyén ngiu nhién trén mdi cum Cj. Mat do

téng hop: ppr(0) = % n_ P (0). Nhin tinh cam theo cum mat do cao nht.
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3.4. Dién giai rimg mat d véi SHAP va twong tac Shapley
Gia tr1 SHAP [125] cua déc trung j, cong thirc:

— |STIAFI=ISI=D!
i = schGY  Er [fsuiiy (0sugsy) = fs(os)]
Chi s twong tac Shapley @; j do dong gép két hop cidp dic trung (i, j), cong thirc (3.28):
— [STIAF] —1S]-2)!
Iiaj(o) - SCF\{i,j} 2(|F| =D)! 5ij(0, S)

3.5. Do phirc tap tinh toan

Dé phirc tap hudn luyén. DO phirc tap huan luyén ctia thudt toan xay dung rirng mat do
duoc xac dinh boi su két hop giita chi phi xay dung cdy va chi phi phan cum mat d6 DBSCAN
tai cac nat 14 dugc biéu dién theo cong thirc

0(n x My X N X logN) +6(nx L X N X logN)

Trong do:
e n:sd luong cay trong ring mat do;
o N:sb luong mau huan luyén;
®  Mypy: s6 dic trung duoc chon ngiu nhién tai mdi nat phan tach;

L: sb nut 14 trung binh ctia mot cdy, xap xi N/min_split;

P phire tap dw doan. Do phuc tap cua thuat toan du doan va dinh huéng quan diém
dugc xac dinh bdi ba giai doan thuc thi doc 1ap. Véi n cay trong rung, K khia canh can
dinh hudng va N mau huin luyén, d6 phirc tap tong thé la:

O(n X logN) + 6(K X n X logN) + e(n X L X dz)

3.6. Thue nghiém

3.6.1. Tap dir liéu

Hai tap dir liéu Yelp dugc sir dung: yelpHotelData (danh gia khach san) va yelpResData
(danh gid nha hang). Sau khi nhi phan hoa nhan (4%—5% — positive; 1 k—3% — negative):
yelpHotelData gdm 560.769 miu positive va 321.705 mau negative; yelpResData gdm
9.650.537 mau positive va 5.140.963 mau negative. Chia 80% huén luyén/20% kiém tra voi
stratified sampling.

3.6.2. Két qua thue nghiém

Thiét 1ap tham ) phan cum DBSCAN: ¢ = 0,5, MinPts=5, két qua K =7 cum
(yelpHotelData) va K = 9 cum (yelpResData).

Béng 3.1. Két qua mo hinh Fpp trén hai tap dir liéu Yelp

Accuracy Accurac
Tap dir li¢u (Huan <X Y | Precision  Recall F1-score
A (Kiém tra)
luy¢n)
yelpHotelData 0,84 0,75 0,71 0,62 0,67
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(7 cum)

yelpResData
(9 cum)

0,85 0,80 0,72 0,67 0,69

Phén tich SHAP: Entity va Time c6 tAm quan trong cao nhat (trung binh [SHAP| ~ 0,087
va 0,085), Holder ding thr ba (= 0,077), Aspect thip nhat (= 0,023) do s6 luong khia canh it
nén kha ning phan biét thap (Hinh 3.5 ctia Luén an toan vian). Phan tich twong tic SHAP
(Hinh 3.6 ctia Luan an toan vin) cho thiy cic twong tac cta dic trung v6i chinh né va cip
Entity — Time xuat hién gan gdc ciy nhat, con cac tuong tac lién quan dén Aspect chi xuét
hién ¢ cac nhanh sau. M6 hinh c6 do chinh xac trén tap dir li¢u yelpResData dat 0,80 cao hon
tap dir liu yelpHotelData (0,75) vi dic trung Entity nha hang da dang va rd rang hon.

3.6.3. So sanh véi cic phwong phap tiéu biéu

Vé tinh cong bang so sanh: cac phuong phap hoc may truyén théng dua trén dic trung
¢6 cau tric (Random Forest, Gradient Boosting dua trén cay quyét dinh; SVM dya trén siéu
phang phan tach bién cuc dai) va mé hinh rimg mat d6 quan diém dé xuét déu str dung dic
trung bo nam quan diém da ma hoa s6 lam dau vao; trong khi d6, cac mo hinh hoc siu va
Transformer (LSTM, BiLSTM-Attention, BERT, RoBERTa) nhan tryc tiép cau vin ban danh
gia gbc 1am dau vao theo dung cach van hanh tiéu chudn cta cac kién tric ndy, trén cung tap
mau, ciing nhan tinh cam va ciing ti 1& chia huan luyén/kiém tra.

Bang 3.2. So sanh Fpp véi 7 phirong phdp tiéu biéu

D)
Ay Mo !nnh Chl,nh Diém F1 Kha nang Do phurc tap
Mo hinh hoa xac trung s g1z , .
£ . R giai thich tinh toan
cau tric | trung binh
binh
M0 hinh Fpp , z O(nxmtryxNxlogN)
(D& xudt) Co 0,78 0,68 Rat cao + O(nxLxNxlogN)
RoBERTa . 2 O(L>xd) cho mdi token
83] Khong 0,79 0,70 Rat thap (R4t cao - GPU)
. I O(Lxd) cho mdi token
BERT [81] Khong 0,78 0,69 Rat thap (R4t cao - GPU)
BiLSTM- ) ) O©(nxLxd)
Attention [88] | <Pone | 077 | 0.68 | Thap (Trung binh)
Gradient R O(nxNxlogN)
Boosting [84] | <rone | 0.76 0,67 Cao (Trung binh)
Random . O(nxNxmtryxlogN)
Forest [65] Khong 0,76 0,66 Cao (Thép)
A z O(nxLxd?)
LSTM [85] Khong 0,74 0,65 Thap (Trung binh)
n Trung O(N*~N?)
SVM [86] Khong 0,75 0,66 binh (Cao)
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Mo hinh F, dat Accuracy trung binh 0,78, cao hon Random Forest (0,76) theo s liéu
da cong bd, chia theo dong bd niam, khong can GPU va cung cap dién giai qua cau triic cum
va gia tri SHAP. Cac mé hinh hoc sau va Transformer sir dung vin ban dénh gia gbc 1am dau
vao, dat tir 0,74 (LSTM) dén 0,79 (RoBERTa), duoc trinh bay nhu mdc tham chiéu. S6 liéu
theo Bai bao 5; két qua chay lai theo quy trinh théng nhét duoc dbi chiéu tai Phu luc J cua
Lu4n 4n toan vin: khi chia theo danh gia gdc, rimg mat d6 twong duong Random Forest
(chénh 1&ch khong c6 ¥ nghia thong ké).

Mo hinh Fpy ¢6 d6 phitc tap huin luyén cao hon Random Forest do thém thanh phan
DBSCAN O(nxLxNxlogN) tai cic nut 14, nhung chi phi thuc té thap hon 1y thuyét vi
DBSCAN chi chay trén tap con tai nat 14. Cac mé hinh BERT/RoBERTa ©(L*xd) yéu cau
GPU chuyén dung, trong khi mo hinh Fj; chay trén CPU véi chi phi tinh toan hop ly.

3.7. Két luan Chuwong

Chuong 3 dé xuit mé hinh Fpp tich hop DBSCAN va SHAP cho khai pha quan diém.
Mo hinh ty dong phan cum dit liéu (7-9 cum) theo phan phdi mat d6 thuc té, xdy rimg mat
d6 khong giam sat v6i Entropy Gaussian Hp(0) va dién giai két qua qua gia tri SHAP va
tuong tac Shapley. Fpr dat Accuracy trung binh 0,78 (s6 liéu da cong bd, chia theo dong bod
nam; khi chia theo danh gia goc, tuong dwong Random Forest), chay trén CPU véi chi phi
tinh toan thap. Tuy nhién, mé hinh Fyg sir dung khoang cach Euclidean trong DBSCAN chua

khai thac c4u trac hinh hoc phi tuyén sau hon, han ché nay duoc huéng t6i trong Chuong 4.
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CHUONG 4. KHAI PHA QUAN PIEM VOI RUNG DA TAP

Noi dung chinh bao ham két qua nghién ctru cuia Bai bio s6 6.
4.1. Gi6i thi¢u

Chuong 4 dé xuat mo hinh Rimg da tap quan diém (F,,r - Opinion Manifold Forest) giai
quyét quan hé phi tuyén sau hon trong khong gian bo nam. Thay vi khoang cach Euclidean,
Fy;r hoc khoang cach da tap disty, tir chinh dit liéu qua ma tran quan hé w, khai thac cdu tric
hinh hoc d'- chiéu tiém 4n (d’ < 5) cua khong gian bd nim Yelp.

Tém luoc Chuong 4 — Bai toan: quan hé phi tuyén giita cac thanh phin bd nim ma
khoang cach Euclidean chua ndm bat dugc. Phuong phap: ring da tap quan diém — ma tran
quan hé W hoc tir rirng khong giam sat, khoang cach da tap V(1 — W), DBSCAN trén da tap
(34 cum), tong hop K rimg bang Stacking. Két qua: Accuracy 0,78 (Hotel) va 0,82
(Restaurant), trung binh 0,80 (s0 liéu da cong bo, chia theo dong bd nam; khi chia theo danh
gia goc, thap hon Random Forest khoang 0,02—0,03 Balanced Accuracy); chiéu ni tai uwéc
luong d’ ~ 2,78 (Hotel) va 3,66 (Restaurant), nho hon sb chiéu quan sat D = 4 (trén Restaurant,
phuong phap DANCo cho d’ = 4 nén bang ching chua nhat quan). Pong gop: dong gop thir
ba cua luan an (Bai bao 6).

4.2. Phan cum quan diém trén khong gian da tap
4.2.1. Biéu dién diic trung va gia thuyét da tap

Gia thuyét da tap: dir liéu bd nam Yelp thuc chit ndm gén da tap d'- chiéu véi d' < 5, do:
(1) quan hé phi tuyén thuc thé - khia canh; (2) phong cach danh gia nhit quan ctia nguoi dung;
(3) phan phdi diém sao tip trung ¢ hai cuc. Tinh phu hop duoc kiém chimg gian tiép qua két
qua thuc nghiém (§4.8 ctiia Luan 4n toan van) va kiém chimg truc tiép bang udc luong chiéu
ndi tai (Phu luc K cua toan van ludn éan).

4.2.2. Phan cum DBSCAN trén khong gian da tap
Phan cum DBSCAN duoc 4p dung trén khong gian da tap voi1 khoang cach

distM(oi,oj) = /1 =W,

thay vi khoang cach Euclidean théng thuong. Hai quan diém “gin nhau” theo nghia ngit
nghia thuong dong nat 14 trong rimg.
4.3. Cay da tap quan diém

Cay da tap duogc xay dung st dung Entropy Gaussian da tap & cong thurc:

1 ,
Hy(0) = 5108[(27Te)d |AM(0)|]

trong d6 d’ 14 chiéu néi tai da tap (d’ < d = 5); A,,(0) 1a ma tran hiép phuong sai c6 trong
sO W, ;j duoc tinh boi cong thire:
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Z ijeo Wij (0; — 1(0))(0; — uo)n’
i,jeo U

Tiéu chi phan tach t6i wu hoa tai cong thirc (4.9):
1 10l
1Gye =5 10g | Aag(OP) | = X, ) oy 77102 | Aae(Op) |

4.4. Rirng da tap quan diém

4.4.1. Ma trdn quan hé da tap
Ma tran quan h¢ da tap
w e RY*N,
duoc xay dung tir ny, cdy khong giam sat bang co ché dém dong nut 14 tai cong thirc:
Wi = ﬁZZV:Vl WE}‘) = ﬁZZV:Vl 1 lT,EW)(Oi) = lTIEW)(Oj)]
trong d6 L(o0;,Ty) 1a chi $6 nat 14 ma 0; 101 vao trong cay Ty. W;; € [0,1]: W;; =1
nghia 13 ludn ddng nut 1a (rit gan vé ngit nghia); W; ; = 0 nghia la khong bao gio dong nit 1a.
Khoang cach da tap ¢ cong thtrc:
distyr(0;,0) = /1 =W
Ma tran W phan anh ciu tric ngit nghia tot hon Euclidean: cliing thuc thé e va khia canh
a s€ co W;; cao du khoang cach Euclidean c6 thé 16n.

4.4.2. Rirng da tap quan diém

Sau khi thyc hién phan cum trén khong gian da tap nhu trinh bay & Muc 4.2.2, mét Rung
da tap quan diém chuyén biét

Fro

duoc xay dung cho timg cum da tap nham hoc cac dic trung va ranh gidi quyét dinh dic
thu cua tung vung dir liu.

Dé khai thac thong tin tir tat ca cac cum da tap, luan an st dung mo hinh hoc quén thé
Stacking, trong d6 bd hoc siéu cip (meta-learner)

M,

duoc xay dung bang Random Forest. Bo hoc nay tong hop cac du doan cua K rimg da

tap chuyén biét trén tap xac thuc dé dua ra quyét dinh phan loai cudi cung theo cong thirc:
y = M(RF,(0), RF,(0), ..., RF(0)).

Co ché Stacking giup tan dung tinh b6 sung gitta cac ring da tap chuyén biét, tir 46 nang
cao kha nang téng quat hoa va cai thi¢n hi¢u nang phan loai so voi viéc st dung mot mo hinh
don 1¢.

4.5. Do phirc tap tinh toan

Do phire tap thuat toan xay dung rimng da tap don 16. P6 phire tap huan luyén dugc tach
thanh hai giai doan: (1) xay ma tran quan h¢ da tap W (nyy cay TIEW) khong gidm sat) va (2)
xay rimg da tap quan diém dua trén khoang cach da tap da hoc:
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G(N X logN X (ny, +n X d’))

D0 phure tap thuét toan du dodn cua rung da tap. Do phtrc tap cia du dodn rung da tap
gdm hai budc: Tinh gia tri wc luong W(o, 0;) cho Krep c@p (0,0;) miu méi va duyét n cdy
dé phan loai.

O((kyep + 1) X n X logN)

Do phuc tap thuat toan xay dung két hop céc rimg da tap bao gdm bén budc doc 1ap,
thuc hién tuan ty: Xay dung ma tran quan hé da tap W (Giai doan 1 Thuat toan 4.1); Phan
cum da tap DBSCAN; X4y dung K rumg Fi chuyén mén héa va Huin luyén meta-learner
Stacking:

O(N X log N X (nyy+ nx d'))+ 6(K X N,y)

4.6. Két qua thue nghiém

4.6.1. Két qud trén hai tdp dir ligu Yelp

Thiét 1ap tham s6 phan cum trén da tap:

e ¢ = 0,3 (nhé hon Chuong 3 dung € = 0,5 vi dist,,; € [0,1] c6 phan phéi day dic hon

khoang cach Euclidean, cing ngudng ¢ s& tao qua nhiéu cum);

e MinPts = 5 (giit nhat quan véi Chuong 3 dé so sanh cong bang). Tham sb & duoc lra

chon qua biéu dd k-distance trén khong gian da tap: tim diém gy (elbow point) ctia

duong cong khoang cach dén 1an can gan thr MinPts.

Két qua 1a K = 3 cym trén yelpHotelData (&mg véi ba rimg thanh phan RF1, RF2, RF3)
va K =4 cum trén yelpResData (RF1-RF4). Cac cum dugc dic ta theo théng ké thuc té cua
cac dic trung (e, a, h, t) trong timg cum, khong gan nhin chi dé ngit nghia, vi tap
yelpHotelData chi gdm ba khia canh AcceptsCreditCards, PriceRange va WiFi.

S6 cum K = 3/4 it hon dang ké so voi Chuong 3 (K=7/9 cum Euclidean) vi khong gian
da tap nén cac quan diém ngir nghia twong tu lai thanh cum chat hon, diéu nay dan dén cac
rimg chuyén biét F;, hoc dugc ranh giéi quyét dinh thuan nhat hon, cé thé gop phan giai thich
vi sao, theo sb liéu da cong bd, Fy,» dat Accuracy cao hon Fpp.

Bdng 4.1. Két qua Fyp trén yelpHotelData va yelpResData (nguéon: Bang 4.2 va 4.3 ciia

Ludn an toan van)

Tap dir liéu Tap | Accuracy | Precision | Recall | F1 Nhéan xét

M hinh hoc tot

yelpHotelData | Train| 0,94 — — — .
cau trac khach san

Recall thap: van
yelpHotelData Test 0,78 0,74 0,62 (0,67 . ..
con mat can bang

, Dir li€u nha hang
yelpResData Train 0,95 - - - )
phong phu hon
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Tap dir li€u Tap | Accuracy | Precision | Recall | F1 Nhan xét

Cao nhat trong 3
yelpResData Test | 0,82 0,75 0,67 |0,71 | mé hinh dé xuat (sd

liéu cong bd)

Ghi chii: Bang chi bao céo cac d6 do trén tap kiém tra, 14 co s6 so sanh v6i cac mo hinh
khac (Bang 4.4 cua Luan an toan van); Accuracy trén tap huén luyén dugc trinh bay tai Hinh
4.7,4.8 d danh gia muc khép qua mire. Két qua chay lai ba mé hinh rimg véi ma ngudn hién

tai dugc trinh bay tai Phu luc J (Bang J.7).

Mo hinh rimg da tap quan diém F,, dat Accuracy 0,78/0,82 (Hotel/ Restaurant) trén tap
kiém tra, cao nhét trong ba mo6 hinh dé xuét. Khoang cach Train - Test: Hotel (0,94 — 0,78 =
0,16), Res (0,95 — 0,82 = 0,13). Khoang cach 16n hon so véi Fpr (0,09/0,05) c6 thé do kién
trac phuc tap hon (4 giai doan + Stacking), va két qua test cao nhat trong ba mé hinh theo s6
lidu di cong bd, chia theo dong bd nam; tuy nhién khoang cach Train — Test 16n doi hoi than
trong voi nguy co qua khép, va khi chia theo danh gia goc (Phu luc J cia Luan an toan van),
rung da tap thdp hon Random Forest khoang 0,02—0,03 Balanced Accuracy.

Chudi tién trién 3 mo hinh F£(0,77) = Fp(0,78) — Fu;#(0,80). Theo s6 lidu d cong
bd, chia theo dong bd nam, murc cai thién: +1% tir rirng phan loai sang rirng mat d¢ va +2%
(trung binh) tr rting méat do sang rung da tap (Hotel +3%: 0,78 so v&i 0,75; Restaurant +2%:
0,82 so vai 0,80). Mitc cai thién nay khong duoc tai 1ap khi chia theo danh gia gbc (Phu luc J
ctia Luan 4n toan van). Cac 1y do c6 thé ctia muc cai thién theo s liéu cong bd: (1) khoang
cach disty(0;,0;) = T1— W;; phan anh ngit nghia tt hon Euclidean; (2) phan cum chinh
xac hon trén khong gian da tap (K=3/4 cum so vo6i 7/9 cum Euclidean); (3) Stacking meta-
learner hoc cho tirng rirng chuyén biét thay vi trung binh don gian.

Recall trén tap kiém tra nhat quan thap (0,62—0,67) & cic md hinh rimng 14 thach thirc
chung cua dit liéu Yelp mat can bang nhan (khoang 1,7:1 va 1,9:1). Recall cua rimg da tap
ngang véi rig mat do (Restaurant: 0,67; Hotel: 0,62). Ring da tap khong can GPU va cung
cap dién giai tuong minh qua ma trdn W va IG,,, phit hop véi yéu cau Al ¢ trach nhiém.

4.6.2. So sanh tong hop tit ci mé hinh

Twong tu phuong phéap luan da trinh bay tai muc 3.6.3: cic phuong phap hoc may truyén
thong dua trén dic trung c6 cau trac (Random Forest, Gradient Boosting, SVM va ba mé hinh
rimg dé xuat) sir dung dic trung bo nim quan diém da ma hoa s6 lam dau vao; cic mo hinh
hoc sau va Transformer (LSTM, BiLSTM-Attention, BERT, RoBERTa) str dung cau van ban
danh gia gdc 1am dau vao theo dung cach van hanh tiéu chudn cua céc kién tric ndy, dam bao
tinh cong bang so sanh & cung tdp mau, cung nhan tinh cam va cung ti 18 chia hun luyén/kiém

tra.
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Bang 4.2. So sanh téng hop tat ca mé hinh trén yelpHotelData va yelpResData

Do chinh | D¢ hinh | by )
L A xac .- Kha
xac trén A A chinh < Ay
Mo hinh tap test tren tap xac nang D phure tap
: test gidi tinh toan
yelpHotel | 1 pesp | TTUNE | ihich
Data y I; ta binh
Rime da t O(NxlogNx(nW+nxd")) +
ung da ta .
S CaHp 0,78 0,82 0,80 | Ratcao O(K X N,,)
(F ) val
ME (Két hop 2 giai doan)
Rung mat do Onxmtry>NxlogN)
- 0,75 0,80 0,78 | Ratcao +O(nxLxNxlogN
(For) :
bE (Trung binh)
Rung phan . O(nxNxmtryxlogN
e P 0,76 0,77 | 077 | Rétcao ( ryxlogN)
loai (Fr) (Thap)
BiLSTM- O(nxLxd)
Attention 0,76 0,78 0,77 Thip
[88] (Trung binh)
Random Forest O(nxNxmtryxlogN)
0,74 0,77 0,76 Cao B
[65] (Thép)
Gradient
ra l,en O(nxNxlogN)
Boosting 0,74 0,78 0,76 Cao .
[84] (Trung binh)
SVM Trung O(N>~N?)
0,70 080 | 075 |
[86] binh (Cao)
LSTM . O(nxLxd?)
0,71 0,76 0,74 Thap
[85] (Trung binh)
RoBERTa . O(L2xd) cho mdi token
0,74 0,83 0,79 Rat thap .
[83] (Rat cao - GPU)
BERT C O(L2xd) cho mdi token
0,74 0,82 0,78 Rat thap .
[81] (Rat cao - GPU)

Mo hinh ring da tap quan diém (F,r) dat Average Accuracy 0,80 theo sb liéu di cong
b, chia theo dong bo nim, cao nhit trong ba mé hinh rirg dé xuét, cao hon Fpp 2% va Fep
3%. Céc Iy do c6 thé: (1) khai thac cau trac phi tuyén qua hoc da tap; (2) phan cum chinh xac
hon trong khong gian da tap so véi Euclidean; (3) ma trin W phan 4nh ngit nghia quan diém
sau hon khoang cach Euclidean. Cac mo hinh hoc sau va Transformer st dung van ban danh
gia gdc lam dau vao, dat tir 0,74 (LSTM) dén 0,79 (RoBERTa), dugc trinh bay nhu mébc tham
chiéu (sé liéu theo Bai béo 5, 6; d6i chiéu két qua chay lai tai Phu luc J cua Luén &n toan van).
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Rimg da tap khong can GPU va cung cip dién giai twong minh qua ma tran da tap W va do
loi thong tin trén da tap G, .
Mo hinh Fy,r ¢6 @6 phire tap hudn luyén O(NxlogNx(nW+nxd")) + (K X N,,;) gom

2 giai doan: xay dyung ma tran da tap W va xay rung da tap, nhung giai doan xay dung ma
tran da tap W chi chay mdot 1an va duge chia sé. M6 hinh Fpr thém chi phi DBSCAN tai nat
14 va& mo hinh F.z 1a don gian nhat. C4 ba mo hinh dé& xuat khong can GPU, trong khi
BERT/RoBERTa ¢ d6 phirc tap O(L2xd) doi hoi phan cting chuyén dung.

4.7. Két luan Chuwong

Chuong 4 d& xuit mo hinh Fyp khai thac gia thuyét da tap trong dit liéu bd nim quan
diém, mot hudng tiép can trong phan tich tinh cam dua trén khia canh (ABSA). M6 hinh xay
ma tran quan h¢ W tir rirng khong gidm sat, phan cum DBSCAN trén khong gian da tap va
tong hop qua Stacking. Két qua Accuracy trung binh 0,80 (s6 liéu da cong bd, chia theo dong
bd nam) va udc lugng chiu nodi tai cho thay tinh kha thi cua gia thuyét d' < 5 trén dir lidu
Yelp (1 trén Hotel, chua nhét quan trén Restaurant). Khi chia theo danh gia gc, rimg da tap
thap hon Random Forest khoang 0,02—0,03 Balanced Accuracy do budc phan cum da tap chi
hoc trén mau con; chi phi ma tran W 1 rdo can can giai quyét khi mo rong quy mo. M6 hinh
rimg da tap quan diém (Fyg) dong gép vao xu hudéng hoc quan thé cho xir Iy ngdn ngit tu

nhién va pht hop voi yéu cdu mé hinh Al phat trién ngay cang co trach nhiém hon.
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KET LUAN VA HUONG PHAT TRIEN

1. Két luan

Khai pha quan diém 1a linh vuc c6 nhiéu Gng dung trong kinh doanh, giai tri, y té, gido
duc va quan 1y xa hoi. Luan an “Khai pha quan diém véi cac phuong phap quén thé” di dé
xuat va danh gia ba mo6 hinh khai pha quan diém dua trén hoc quan thé véi mo hinh co s
d6ng nhat 1a cay quyét dinh.

Két qua nghién ctru di dat dugc (cac gia tri 6 chinh xac duéi dy 1a sd liéu di cong b,
tinh theo quy trinh chia ngau nhién theo dong bd niam; két qua chia theo danh gia gbc duogc
tom tat & cudi phan nay):

- Rirng phan loai quan diém (Fgr): DO chinh xac (Accuracy) 1a 0,77 trén tap dit liéu
yelpHotelData va yelpResData. Dién giai tot qua tim quan trong dic trung va PDP.

- Rirng mdt dg quan diém (Fpr): PO chinh xac trung binh (Average Accuracy) 13 0,78
trén tap dir liéu yelpHotelData va yelpResData, khong can GPU. Pong thoi, dién giai bang
gia tri SHAP d3 xac dinh thuc thé (Entity) 1a dic trung chi dao (trung binh |[SHAP| = 0,087,
Hinh 3.5 ctia Luan an toan van).

- Rirng da tap quan diém (Fyr): khai thac gia thuyét da tap trong dit liéu bo nim quan
diém trén tap dir liéu yelpHotelData va yelpResData. M6 hinh xdy ma tran quan hé W, phan
cum DBSCAN trén khong gian da tap (d’ < 5) va téng hop qua Stacking. Két qua d6 chinh
xéc trung binh (Average Accuracy) 1a 0,80, cao nhat trong ba mo hinh dé xuét.

- Quy trinh chuyén d6i dit liéu sang bd nim quan diém, ap dung cho yelpHotelData
(>880K bd nim), yelpResData (>14M bo nam) va hai tap tiéng Viét VLSP-2018 Restaurant
(>15K cap danh gia - khia canh), VLSP-2018 Hotel (>23K cap); trén VLSP-2018, két qua
ctia ba md hinh rimg duoc trinh bay cing cidc mé hinh co s& va mdc tham chiéu PhoBERT
(Phu luc F cua Luan an toan van).

- Ngoai ra, luan an con dé xuit mo hinh trich xuit bd nim quan diém, dat F1 = 0,78
(P=0,81, R=0,75) trén tap dir liéu Twitter US Airline Sentiment. M6 hinh nay cung cép nén
tang cho viéc xay dung céc tap dir li€u by ndm quan diém.

Chudi tién trién do chinh x4c (Accuracy) mé hinh tir mé hinh rimg phén loai quan diém
F.£((0,77)) dén rimg mat 46 quan diém F,(0,78) va ring da tap quan diém Fy,(0,80) theo
sO liéu da cong bd phan anh viée khai thac cau tric dit liéu ngay cang tinh té, dong thoi ca ba

mo hinh duy tri kha ndng dién gidi qua cau truc cdy, cum va ma tran quan h¢.
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Khi danh gia lai theo quy trinh chia theo danh gia gbc (Phu luc J ctia Luan 4n toan van,
5 hat gidng x 10.000 danh gia), Balanced Accuracy ciia moi mé hinh dung bo nim giam vé
khoang 0,51-0,57 trén ca hai tap dit liéu: Fcr va Fpr trong duong Random Forest (chénh 1éch
khong co y nghia théng k&) va thip hon SVM tuyén tinh khoang 0,01; Fur thap hon Random
Forest khoang 0,02—0,03 do budc phan cum da tap chi hoc trén mau con. Cac mé hinh doc
van ban géc (BERT, RoBERTa) dat 0,76—0,82, nhung khi mgi md hinh chi dung bd nam, Fcr
va Fpr twong duong BiLSTM-Attention va cao hon vé trung binh so v6i LSTM, BERT,
RoBERTa. Trén VLSP-2018, Fpr dat Balanced Accuracy 0,724 trén tap Hotel (khong khac
biét ¢6 y nghia so v&i Logistic Regression 0,730) va 0,660 trén tap Restaurant (cao nhat trong
cac mo hinh ding bd nam), trong khi méc tham chiéu PhoBERT doc vin ban gbc dat 0,832
(Hotel) va 0,791 (Restaurant).

Nhu vay, dong gop ctia ba mé hinh rimg nam cha yéu & cach biéu dién b nim c6 cdu
trac va kha nang dién giai; do chinh xac bi gidi han boi lwong thong tin ciia bon thanh phan
(e, a, h, t). Poi chiéu voi ba khoang tréng nghién ciru: kha ning dién giai theo ting thanh
phan quan diém duoc dap ung; xir Iy mét cAn bang méi dap tng mot phan (tic dong rd khi
mat cin bang manh nhu VLSP-2018 Restaurant); huéng khai thac cdu trac da tap cho thay
tinh kha thi nhung con rao can vé quy mé ciia ma tran W. Ngoai ra, luan an dinh luong mtrc
10 ri dir liéu khi chia theo dong b0 nam (véi cung Random Forest va 112.275 bd nam,
Accuracy 1a 0,946 khi chia theo dong so véi 0,611 khi chia theo danh gia goc) va dé xuat chia
theo danh gia gbc khi danh gia cac mo hinh trén di liéu b nam.

Tuy nhién, luin 4n ciing nhan thirc & han ché: cac mé hinh rimg xtr Iy dic trung da trich
xuat san (b0 nam quan diém), phu thudc chét lugng budc trich xuét ban dau, trong khi cdc mo
hinh end-to-end Transformer hoc biéu dién truc tiép tr van ban tho, c6 kha nang nam bét mia
mai, phu dinh va quan diém an.

2. Huéng phat trién

Ngoai cac két qua dat duoc, luan an c6 thé tiép tuc mo rong cac hudng nghién ciru sau:

Phat trién tap dit liu bo nim quan diém yelpHotelData va yelpResData thanh tap di
liéu da mién, da ngdn ngit, bod sung tiéng Viét tir VLSP-2018 va cac ngdn ngit khac.

Xay dyng bd nim quan diém dua trén Sentiment Treebank, phat trién cac thuét toan

phan cum, dung ciy, dung ring khac nhau dé khai pha quan diém. Pong thoi phat trién mo
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hinh khai ph4 quan diém theo hudng dién giai dé ting tinh hiéu qua va d¢ tin cdy, chac chian
ctia mo hinh.

Két hop véi biéu dién ngit nghia ctia cac mo hinh hoc sau (BERT embedding, PhoBERT
cho tiéng Viét) voi cdu tric rimg dé cai thién chit luong trich xuit bd nim va xir Iy mia mai,
phu dinh, quan diém an.

Mo rong sang phan tich quan diém theo thdi gian thue trén dir liéu streaming va bai toan
ABSA da ngdn ngir.

Giam chi phi tinh va luvu ma tran quan hé W (Idy mau con, biéu dién thwa theo chi sb
nat 14, tinh W cuc bo theo cum) dé mé rong rimg da tap quan diém cho dit liéu quy mo 16n.

Két hop dién giai mé hinh véi suy luan nhin quéa (phan tich phan thuc té, mo6 hinh nhan
qua c6 cau triac) dé phan biét cac yéu td thuc sy tic dong dén cuc tinh cam xuc véi cac tuong

quan trong dir li€u quan sat.
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