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LOI CAM DOAN

To1 xin cam doan day la cong trinh nghién ctru do t61 thuc hién, dudi sy hudng
dan khoa hoc ctia GS.TS Huynh Xuan Hiép (Pai hoc Can Tho) va TS. Lé Thi My Hanh
(Trudng Pai hoc Bach khoa, Pai hoc Pa Nang).

T6i cam doan cac két qua nghién ctru duoc trinh bay trong luin an 13 trung thuc
va khong sao chép tir bit ky cong trinh nghién ctru nao khac. Mot sé két qua nghién ciru
1a thanh qua tap thé va da duoc cac dong tac gia dong v cho sir dung trong luan an. Moi

trich dan trong luan an déu c6 ghi ngudn goc xuat xur rd rang va day du.

Tac gia

NCS. Tran Quang Phiic



LOI CAM ON

Trudc tién, to1 xin chan thanh cam on Phong Pao tao va Bao dam chat lugng, Khoa
Cong nghé thong tin cling nhu cac don vi ¢d lién quan khéac ctia Truong Pai hoc Bach
khoa, PBai hoc PBa N(flng da luon tao diéu kién thuén loi cho toi trong thot gian lam nghién
ctru sinh tai day.

T6i xin bay t6 1ong biét on sdu sic va gui 10 tri 4n dén thdy GS.TS Huynh Xuan
Hiép va ¢6 TS. Lé Thi My Hanh di tan tinh huéng dan, truyén dat kién thirc va kinh
nghiém nghién ciru khoa hoc cho toi trong sudt qué trinh hoc tap, nghién ciru va hoan
thanh luan an. Xin cam on dong nghiép da ludn hd trg va tao diéu kién tot nhat dé toi
hoan thanh nghién ctru.

Cubi cung, t6i xin dugc giri 101 cam on sau sic dén gia dinh va ban be, dong nghiép
nhirng nguoi ludn bén canh, gitp d& va dong vién toi trong sudt thoi gian hoc tap, nghién

curu va hoan thanh luan an.

NCS. Tran Quang Phiic
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DANH MUC CAC TU VIET TAT

Tir viét tit

Nghia tiéng Anh

Nghia tiéng Viét
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ARIMA | g g quy op g
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AUC Area Under the Curve Dién tich dudi duong cong
Bidirectional Encoder . .
' Bi€u di€én ma hoa hai chiéu tu
BERT Representations from
Transformers
Transformers
Covering Adjustment Principal Phan tich thanh phan chinh c6 hiéu
CA-PCA _
Component Analysis chinh vung phu
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CNN Convolutional Neural Network Mang no-ron tich chap
1-Dimensional Convolutional .
CNN-1D Mang no-ron tich chap mdt chiéu
Neural Network
CNN- Convolutional Neural Network— Mo hinh lai CNN-LSTM
LSTM Long Short-Term Memory
CRF Conditional Random Fields Trudng ngau nhién c6 diédu kién
CRFs Conditional Random Fields Truong ngau nhién c6 diéu kién
Density-Based Spatial Clustering | Phan cum khong gian dua trén mat
DBSCAN o _ _ o
of Applications with Noise dd cua cac img dung vdi nhiéu
DF Density Forests Rung mat do
DL Deep Learning Hoc sau
DPC Density Peaks Clustering Phan cum dua trén dinh mat do
DTC Decision Tree Classifier Phén loai cay quyét dinh
DTs Decision Trees Cay quyét dinh
EL Ensemble Learning Hoc quan thé
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EM Expectation-Maximization Tbi da hoa ky vong

Fcr Opinion Classification Forest Rung phan loai quan diém

Fpr Opinion Density Forest Rumng mat dé quan diém
Financial Bidirectional Encoder o . 3

FinBERT Representations from Pl'nen ban BERT danh cho finh vye
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ML Machine Learning Hoc may
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NB Naive Bayes Thuat toan Naive Bayes

Neg Negative Tiéu cuc

NER Named Entity Recognition Nhéan dang thuc thé c6 tén

Phuong tié€n stir dung nang lugng
NEVs New Energy Vehicles .
mai
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NLTK Natural Language Toolkit B cong cu xtr Iy ngdn ngtr tu nhién
Neural Manifold Clustering and
NMCE _ Phan cum va nhiing da tap neural
Embedding
OOB Out-of-Bag Ngoai tii mau
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p : ‘
Analysis suat
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RoBERTa _ y P . & PP d
Pretraining Approach to1 uu
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ROC Receiver Operating Characteristic
cua bd thu
Area Under the Receiver _ .
ROC-AUC ‘ o Dién tich dudi duong cong ROC
Operating Characteristic Curve
RSS Residual Sum of Squares Tong binh phuong con lai
R? Coefficient of Determination (R?) | Hé s xé4c dinh
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SLM Small Language Model M6 hinh ng6n ngir nhd
SLMs Small Language Models Cac mo6 hinh ngdn ngir nho
SSL Self-supervised learning Hoc tu gidm sat
SVM Support Vector Machine May vector hd trg
TPR True Positive Rate Ty I¢ duong tinh dung (D9 nhay)
t-distributed Stochastic Neighbor N . ,
t-SNE _ Nhung lan cén ngau nhién phan bo t
Embedding
Phuong phép hai lang giéng gan
TwoNN Two Nearest Neighbors
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Uniform Manifold Approximation

UMAP o Xép xi va chiéu da tap dong nhat
and Projection
URL Uniform Resource Locator Dinh vi tai nguyén thong nhat
Valence Aware Dictionary and B0 phan tich cam xac dya trén tu
VADER _ B ,
sEntiment Reasoner dién va quy tac
VLSP Vietnamese Language and Speech | Xir Iy Ngon ngit va Tiéng noi tiéng
Processing Viét
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PHAN MO DAU

1. Tinh cép thiét ciia luan 4n

Su phat trién manh m& cta World Wide Web, céc nén tang thuong mai di¢n
tir va mang truyén thong xa hoi nhu Twitter, Facebook, LinkedIn, YouTube,... da tao
ra mot khdi lwong dit liéu van ban truc tuyén khong 10, trong d6 chia dung nhiéu
thong tin quan diém, danh gia va cam xuc ctia ngudi dung ddi v6i san pham, dich vu,
su kién cling nhu cac van dé kinh té - x4 hoi [1][15]. Cac quan diém tryc tuyén ngay
cang déng vai trd quan trong trong viéc hd tro ra quyét dinh cta c4 nhan va to chic.

Déi v6i doanh nghiép, cac nhan xét va danh gia cua nguoi dung trén cac nén
tang tryc tuyén 1a nguon thong tin co gia tri dé cai thién chat lwong san pham, dich
vu va chién luoc kinh doanh. Nhiéu nghién ciru chi ra rang, mét ty 1é 1on khach hang
¢6 xu huéng thay d6i quyét dinh mua sim dua trén cac danh gia tiéu cuc hoic tich
cuc dugce chia sé trén internet. Poi v6i ngudi tiéu dung, viéc phan tich cac quan diém
truc tuyén gitp ho hiéu rd hon vé vu diém, han ché cta san phém, dich vu trudc khi
dua ra lya chon. Trong thuc té, cac nén tang nhu TripAdvisor, Yelp hay Amazon da
ching minh vai tro thiét yéu ctia khai pha quan diém trong cac linh vyc nhu nha hang,
khach san, du lich va thuong mai dién tir [2][3]. Nghién ctru phan tich tong hop (meta-
analysis) gan ddy cua [168] trén 156 nghién ctru voi 69.006 quan sat khang dinh ddnh
gia tryc tuyén c6 anh huong manh nhat dén y dinh mua hang so véi cac yéu td khéc,
trong d6 do phan cuc cua danh gia 1a yéu té tic dong 16n nhét [168].

Trude ddy, nhiéu t6 chirc tién hanh khao sat truyén thong dé thu thap y kién
khach hang. Tuy nhién, phuong phap nay thudng tén kém vé thoi gian va chi phi, dic
biét khi sb luong nguoi tham gia 16n. Sy xuét hién cta dit liéu quan diém truc tuyén
[5] d4 tao diéu kién cho viéc tw dong héa qua trinh thu thap va phan tich y kién nguoi
dung thong qua cac k¥ thuat khai pha dir 1iéu va hoc may. Tur do, linh vuc khai pha
quan diém da thu hat duge sy quan tim rong rii ciia cong dong nghién ciru va dat
duoc nhiéu két qua tng dung thuc tién.

Khai pha quan diém (Opinion Mining), hay phén tich cam xuc (Sentiment
Analysis), 1a mét linh vuc lién nganh cta khoa hoc may tinh, két hop cac k¥ thuat xir

1y ngdn ngit ty nhién, hoc may va khai pha dit liéu nham phan tich, phan loai va suy



dién thai do, cam xtc cta con ngudi dugc thé hién trong dit liéu [5][7][9][11]. Trong
pham vi luan an nay, nghién ctru tap trung vao khai pha quan diém trén dir liéu van
ban, do déy 1a dang dit liéu phd bién nhét va c6 nhiéu tmg dung thyc té. Khao sat cia
[170] di hé théng hoa cac phuong phap xir Iy ngén ngit ty nhién (NLP - Natural
Language Processing) hi¢u qua vé mat tinh toan, nhdn manh sy danh d6i gitta do
chinh x4c va chi phi tai nguyén (thdi gian, bo nhé, ning luong), van dé lién quan tric
tiép dén lua chon mo hinh ring dua trén cay quyét dinh thay vi mang no-ron siu trong
luan 4n, vbn c6 chi phi tinh toan thap hon dang ké [166].

Mic du da dat duoc nhidu thanh twyu, cac hé thdng khai pha quan diém hién
nay van con d6i mat voi nhiéu thach thic [6] nhu: dit liéu khong can bang, nhiéu cao,
phu thudc mién va ngit canh, cling nhu han ché vé kha niang khai quat hoa va dién
giai ciia mo hinh. Pic biét, phan 16n cac nghién ctru hién nay van tip trung vao cac
mo hinh hoc don 1€ hoac cac phuong phap hoc sau, trong khi viéc khai thac anh hudng
két hop cta cac quan diém [148] - mot dac trung ty nhién cua dit liéu danh gia truc
tuyén - chua duoc nghién ciru mot cach hé théng. Bai viét dinh hudng c6 anh hudng
16n [169] chi ra rang mic du phan tich tinh cam da phat trién gan 20 ndm voi nhiéu
rmg dung thuong mai, linh vuc nay van con nhiéu khia canh chua duoc khai thac day
du dé dat duoc sy hiéu biét tinh cam thyc sy, dic biét 1a kha ning khai thac ciu trac
da chiéu cua quan diém (déi tuong, khia canh, nguo1 phat biéu, thoi diém) thay vi chi
phan loai nhin tinh cam don 1¢, dung dinh huéng nghién cru ma luan 4n theo dudi
thong qua biéu dién bo nam quan diém.

Khoéng tréng nay thé hién rd trén chinh cac tap dir liéu danh gia thuc té duoc
st dung trong luén an. Trén Amazon Food Reviews (568.454 danh gid), danh gia 5%
chiém 63,88% trong khi danh gia 1%—2% chi chiém 14,42%; mot mé hinh chi hoc
nhan tinh cam tong thé dé thién vé 16p da sb va bo sot phan 16n ¥ kién tiéu cuc, von
1a thong tin doanh nghiép can nhét. Trén TripAdvisor Hotel Reviews (108.891 danh
gia cua 1.850 khach san), mdi danh gia duoc ngudi ding cham diém riéng cho bay
khia canh (gia tri, phong, vi tri, vé sinh, 1& tan, dich vu, dich vu doanh nhan): cliing
mot danh gia co thé hai long voi vi tri nhung khong hai long véi dich vy, va muc do
hai 10ng con khac nhau theo nguoi danh gia va thoi diém danh gia. Mot nhén tinh

cam duy nhét cho ca danh gia khong luu giit duoc cac thong tin nay, trong khi biéu



dién bd nim (thuc thé, khia canh, tinh cam, ngudi danh gia, thoi gian) giit lai duoc.
Thuc nghiém tai Chuwong 2 ciing cho thay trén TripAdvisor, do chinh xac 0,91 di kém
Recall cua 16p negative chi 0,50 do mat can bang nhin — biéu hién dién hinh cia
nghich 1y d6 chinh xac. Ba dac diém nay cua di liéu thuc té — cAu tric da chiéu cua
quan diém, mat cdn bang nhan va quan hé phi tuyén giita cac thanh phan quan diém
— 1an luot 1a dong luc truc tiép cho ba mé hinh rung phan loai, ring mat do va rung
da tap duoc dé xuét trong luan an.

Trong bdi canh d6, cac phuong phap hoc quan thé [8], véi kha niang két hop
nhiéu mo hinh co s& dé tao ra mé hinh manh hon, c6 tiém nang 16n trong viéc nang
cao do chinh xac, tinh 6n dinh va kha ning khai quat hoa ctia hé thong khai pha quan
diém. Tuy nhién, viéc tng dung c6 hé théng hoc quan thé [10], dic biét 1a cac mo
hinh rimg, cho khai pha quan diém van con 1 khoang trong nghién ctru. Khao sat
toan dién va cap nhat ctia [171] dé xuat khung nghién ctru bon tang cho hoc quan thé,
khang dinh viéc két hop nhiéu mé hinh co sé ¢6 tinh da dang giup giam thién léch
(bias) va phuong sai (variance) trong du dodn, tir d6 cai thién nhat quan do chinh xac
va kha nang khai quat hoa so v&i mo hinh don 1€, ding co s¢ 1y ludn cho ba md hinh
rimg (phan loai, mat do, da tap) duoc dé xuit xuyén sudt luan an.

Xuat phat tir nhitng 1y do trén, ludn an véi dé tai “Khai pha quan diém véi cac
phuong phap quan thé” duoc thyc hién nham nghién ctru va dé xuit cac mé hinh khai
pha quan diém dua trén hoc quan thé, gop phan nang cao hiéu qua, do chinh xéac va
kha ning dién giai cta cac hé thong khai pha quan diém hién nay.

2. Muc tiéu, ddi twong, phwong phap va pham vi nghién ciru
2.1 Muc tiéu nghién ciru

Muc tiéu tong quét ciia luan 4n 12 nghién ctru va dé xuat cic md hinh khai pha
quan diém dya trén cac phuong phép hoc quan thé nham khac phuc nhimng han ché
ctia cac mo hinh khai pha quan diém truyén thong.

Céc muc tiéu cu thé cia luan an bao gom:

- Khdo sat téng quan cac nghién ctru va hé thong khai pha quan diém, 1am rd

nhitng thanh tyu va han ché hién nay.



- Nghién ctru mé hinh quan diém c6 céu trac duéi dang bd nim (thyc thé, khia
canh, tinh cam, nguoi dua ra quan diém, thoi gian) va cac k¥ thuit trich xuit bd nam
tr dir li€u van ban.

- Dé xuit m6 hinh khai pha quan diém theo anh huéng két hop nhim nang cao
do chinh x4c, kha ning khai quat héa va kha ning dién giai.

- X4y dyng mé hinh khai pha quan diém dya trén ring phan loai, rimg mat do
va rimg da tap, phu hop voi didc trung dir liéu quan diém c6 ciu trac.

- Panh gia va so sanh cac mo hinh dé xuat voi cac phuong phép khai pha quan
diém hién c6 trén cac tap dir liu thuc té.

2.2 P6i twong nghién ciru

Déi tugng nghién ciru cta luan 4n bao gom:

- Dit liéu van ban chtra quan diém ctia ngudi dung.

- Quan diém & cac mirc do khac nhau, trong do6 tap trung vao murc do khia canh.

- Cac k¥ thuat trich xudt va biéu dién dir liéu quan diém dudi dang bd nim.

- Cac phuong phap hoc quan thé, dic biét 1a cac md hinh rimg, ap dung cho khai
pha quan diém.
2.3 Phuwong phap nghién ciru

Luan an str dung két hop cac phuong phap nghién ctru sau:

- Phuong phap nghién ciru tai liéu: phan tich, tong hop cic cong trinh nghién
ctru lién quan dén khai pha quan diém, hoc quan thé va xur Iy ngén ngit tu nhién.

- Phuong phap thuc nghiém: xdy dung, cai dit va ddnh gia cdc mo hinh dé xuat
trén dit liéu quan diém thuc té nham kiém ching hiéu quéa ctia phuong phap.
2.4 Pham vi nghién ciru

Luan an duogc gidi han trong cac ndi dung sau:

- Trich xut va chuan hoéa bd nim quan diém tir dit liéu van ban.

- Nghién ctru cac phuong phap hoc quan thé voi cac mé hinh co s¢ dong nhat.

- Ap dung cac m6 hinh rirg phan loai, rimg mat d¢ va rimg da tap cho khai pha
quan diém.

- Banh gid mo hinh trén dir li¢u danh gia.
3. Cac dong gop cia luan an

Trong luan 4n, bon dong gop khoa hoc chinh duoc trinh bay nhu sau:



- Thir nhit, mé hinh rimg phén loai quan diém dya trén ma tran bo nim. Trong
mo hinh ndy, mdi cau quan diém duoc biéu dién dudi dang ma tran bo nam (entity,
aspect, sentiment, holder, time) thay vi vector dic trung don 1é, qua d6 ciu trac ngit
nghia dugc bao toan khi cac cdy phén loai duoc xdy dung. Két qua di duoc cong bd
trong [Bai bao 2, Bai bao 3].

- Thtt hai, mé hinh rimg mét dé quan diém tich hop phan cum khéng gian dua
trén mat do cua cac ung dung voéi nhifu (DBSCAN - Density-Based Spatial
Clustering of Applications with Noise) va phuong phéap gidi thich mé hinh dya trén
gia tri Shapley (SHAP - SHapley Additive exPlanations). Trong m6 hinh nay, thuét
toan phan cum DBSCAN duoc tich hop tai cac nut 1a dé dir 1iéu mat can béng duoc
xur 1y theo mat do phan bd; phuong phap SHAP va chi sb tuong tac Shapley dugc st
dung dé phan tich va dién giai tAm quan trong va mdi twong tac giita cac dic trung
ctia bo nam. Két qua da dugc cong b trong [Bai bao 4, Bai bao 5].

- Thr ba, mé hinh ring da tap quan diém duoc dé xuit nham khai thac cu
tric da tap thap chiéu ciia khong gian dic trung. Thay vi sir dung cic phuwong phap
chiéu da tap truyén thong nhu phuong phap anh xa dic trung dang cu (ISOMAP -
Isometric Feature Mapping) hay phuong phap xap xi va chiéu da tap dong nhat
(UMAP - Uniform Manifold Approximation and Projection), luan 4n dé xuat hoc cau
truc da tap truc tiép tir rimg ngau nhién khong giam sat thong qua tinh chat dong xuat
hién tai niit 14, khong can giai bai toan tri riéng toan cuc. Tinh phi hop cia gia thuyét
da tap duogc kiém chimg thong qua két qua thuc nghiém so sanh v6i cac mé hinh khac
tai §4.8. Két qua da duoc cong bd trong [Bai béo 6].

- Thu tu, hai tap dit liéu YelpHotelData va YelpResData dugc s dung trong
luan an 1a dir liéu cong b [3]; dir licu tiéng Viét 1a dir liéu ctia cong dong trén tap dir
liéu VLSP-2018 [197]. Dong gép cua luan an vé mit dit liéu nam & quy trinh chuyén
d6i cac tap dir lidu nay sang cau trac bd nim quan diém (entity, aspect, sentiment,
holder, time), phuc vu huin luyén va danh gia cac mo hinh rung dé xuit, duoc cong
b trong [Bai bao 4, Bai bao 5, Bai bao 6, Bai bao 9]; mé hinh trich xuit bo nim quan
diém tir van ban (muc 1.6) dugc cong b trong [Bai bao 7, Bai bao 8].

4. B6 cuc ciia luin an

Luan an duogc t6 chuc theo bo cuc gom 4 chuong, cu thé nhu sau:



e Chuong 1: Co sé 1y luén vé khai pha quan diém va hoc quan thé

Chuong nay trinh bay téng quan vé linh vuc khai pha quan diém, bao gdm cac
khai niém co ban vé quan diém, b nim thanh phan quan diém va cac cip do phan
tich tinh cam. Chuong ciing trinh bay nén tang 1y thuyét vé hoc quan thé, dic biét 1a
phuong phap Bagging va cac bién thé rimg ngiu nhién, cing cac phwong phap bicu
dién dic trung van ban, k¥ thuat xir 1y dir liéu mit cin bang, va tng quan vé cac tip
dir li¢u thyc nghiém dugc stir dung trong luan an. Ngoai ra, chwong khao sat cac huong
g dung va han ché cta cac tiép can hién tai, tir 46 x4c dinh rd khoang tréng nghién
ctru ma ludn an hudng dén giai quyét.

e Chuong 2: Khai pha quan diém véi rirng phan loai

Chuong nay dé xuat mo hinh Rirng phén loai quan diém (Opinion Classification
Forest - F;) dua trén nguyén 1y Bagging két hop vai cdy quyét dinh c6 cau tric quan
diém. Mo hinh str dung bo nam thanh phan quan diém (e, a, s, A, ¢) lam don vi phan
loai co s6, tich hop co ché giai thich mé hinh qua tdm quan trong dic trung (Feature
Importance) va biéu d6 phu thudc timg phan (PDP) dé ting tinh minh bach (phwong
phédp SHAP duogc tich hgp trong md hinh ring mat dé tai Chuong 3). Thuc nghi¢m
cua chuong dugc thuc hién trén hai tdp dir liéu Amazon Food Reviews va
TripAdvisor Hotel Reviews theo ba kich ban dién gidi (theo khia canh; theo thoi gian
va nguoi danh gia; theo thuc thé va thoi gian), tap trung vao d6 chinh xac va kha ning
dién gidi cia Fcr; trén hai tap nay, chuong khong so sanh Fcr voi cdc md hinh khac.
Viéc so sanh Fcr cting hai mé hinh dé xut con lai voi cac mé hinh hoc may (Random
Forest, Gradient Boosting, SVM) va cdc mo hinh hoc sdu (LSTM, BiLSTM-
Attention, BERT, RoBERTa) dugc thuc hién trén dir li¢u Yelp tai Chuong 3 va
Chuong 4 (Bang 3.7-3.9, Bang 4.4). Thuc nghiém bd sung trén dit lidu tiéng Viét
VLSP-2018 véi naim mé hinh co s (Logistic Regression, SVM tuyén tinh, Naive
Bayes, Random Forest, Gradient Boosting) va mé hinh tham chiéu PhoBERT duogc
trinh bay tai Phu luc F.

e Chuong 3: Khai pha quan diém véi rirng mat do

Chuong nay dé xuit mo hinh Rimg mét do quan diém (Opinion Density Forest
- Fpr), phtt hop véi khong gian dic trung c6 phan phdi khong déng déu. M6 hinh xay

dung cdy mat 46 quan diém bang cach st dung entropy Gaussian két hop phan cum



mat do DBSCAN 1am tiéu chi phan chia nat, cho phép phat hién cac nhém quan diém
thiéu s6 ma cac phuong phap phan loai thong thudng bo sét. Két qua thyc nghiém
trén cac tap dir liéu danh gid khach san YelpHotelData va nha hang YelpResData cho
thiy kha ning 4p dung ctia mé hinh d6i véi dir liéu thuc té ¢ cu trac phuc tap.

e Chuong 4: Khai pha quan diém véi rirng da tap

Chuong nay dé xuat mé hinh Rung da tap quan diém (Opinion Manifold Forest
- Fyr) khai thac gia thuyét da tap, rang dit liéu quan diém thuc té ndm trén mot da tap
chiéu thip nhing trong khong gian dic trung chiéu cao dé hoc biéu dién nén va phan
loai quan diém hiéu qua hon. M6 hinh x4y dung cay da tap quan diém bang cach hoc
ma tran quan hé déng xuét hién tai nat 14 (co-occurrence) tur rung ngﬁu nhién khong
giam sat, qua d6 bao toan cau tric hinh hoc cuc bo cta dir liéu ma khong can giai bai
todn tri riéng toan cuc nhu ISOMAP hay UMAP. Thyc nghiém so sanh toan dién trén
hai tap dit liéu YelpResData va YelpHotelData cho thay, theo quy trinh chia ngiu
nhién theo dong bo nam cua cac bai bao da cong bd, mo hinh dé xuét dat do chinh
xéc trung binh 0,80 (Béang 4.4), cao nhat trong nhém cac mo hinh hoc quan thé duoc
thuc nghiém, dong thoi cung cap kha niang dién giai qua cau tric cum va ma tran quan
hé da tap; khi chia theo danh gia géc (Phu lyc J), d0 chinh x4c cua moi moé hinh dung
bd nam giam dang ké va rimg da tap thip hon Random Forest do budc phan cum da
tap chi hoc trén mau con.

Phan noi dung cudi cung cua luan an 13 KET LUAN VA HUONG PHAT
TRIEN sé téng hop, cd dong cac két qua thu dugc cta luan an, dong thoi néu ra cac
huéng phat trién vé nghién ctru, mé rong ndi dung lién quan dén két qua cua luan an
trong thoi gian tiép theo.

MGéi lién hé giira 9 cong trinh di cong bd cua nghién ciru sinh véi cac chuong,
muc va so liéu cta luén an (bao gém vai tro ctia biéu dién Doc2vec tai Bai bao 1 va
su khac biét giita Bai bao 4 va Bai bao 6) duoc tong hop tai “Bang ddi chiéu cong
trinh — chuong — ndi dung sir dung” dugc dat sau Danh muc cac cong trinh khoa hoc

da cong bo.



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

1.1. Giéi thi¢u

Chuong nay dit nén mong cho toan bd ludn 4n bang cach trinh bay cai nhin
tong quan vé khai pha quan diém va hoc quan thé, bao goém ca Iy thuyét va tng dung
thue té nhu: 1y thuyét vé& khai pha quan diém, cac cip do khai pha quan diém, mé
hinh hoa b nim quan diém, cac tac vu khai phd quan diém, cac k¥ thuat trich xuét
bd nam quan diém; tim hiéu hoc quan thé; tim hiéu cac nghién ctru ¢6 lién quan, xac
dinh cac van dé han ché trong cac mo hinh khai pha quan diém trudc day dé co co s
dé xuat hudng nghién ciru ctia luan an. Chuong nay ciing trinh bay két qua nghién
cuu, phat trién va xay dyng mo hinh, thuat toan trich xuét bd nam cho khai pha quan
diém, ddy 12 nén tang co sd cho viée 4p dung hoc quan thé trong cac chuong tiép theo.
MBb hinh trich xuét bd nim quan diém thuc hién phan tich du doan trich xuét bo nim
quan diém va xac dinh méi quan hé phu thudc 14n nhau ctia cac thanh phan gém thuc
thé, khia canh, cam xtic, nguoi gitt quan diém va thoi gian tir tai liéu quan diém véi
d6 chinh xac tuong d6i, c6 kha niang dién giai va sir dung tai nguyén thap.

Noi dung chinh cta chuwong bao ham céac két qua nghién ctru ctia Bai béo 1,
Bai bao 7, Bai bao 8, Bai bao 9. Trong d6, Bai bao 1 khao sat phwong phap biéu dién
dic trung van ban bang Doc2vec két hop voi cac bd phan loai hoc quan thé (Gradient
Boosting, Random Forest) dé phan loai quan diém trén tap dit liéu Amazon Fine Food
Reviews. Bai bao 1 1a budc khao sat ban dau vé kha nang biéu dién dic trung cho bai
toan khai pha quan diém, lam co sé thuc nghiém dé luan an Iya chon hudng biéu dién
bd ndm quan diém co cAu trac (e, a, s, h, t) thay cho biéu dién vector nhung khong
tuong minh vé ngit nghia nhu Doc2vec lam dic trung dau vao théng nhét cho ba mo
hinh rimg hoc quan thé dugc dé xuit trong cac chuong tiép theo.
1.2. Khai pha quan diém
1.2.1. Quan diém

Quan diém 1a mot khai niém rong bao gém tinh cam, danh gia, tham dinh hodc

thai 6 va cac thong tin c6 lién quan nhu muc tiéu quan diém va ngudi dua ra quan

diém.



Quan diém [1] duoc md hinh héa c6 hai thanh phan chinh 13 muc tiéu va tinh
cam ddi v6i muc tiéu, (g, s), trong d6 g c6 thé 1a bat ky thuc thé hoic khia canh nao
ctia thuc thé ma quan diém da duoc bay t6 va s la tich cuc, ti€u cuc, hodc tinh cam
trung lap hodc danh gia tinh cam bang sb. Tich cuc, tiéu cuc va trung 1ap duoc goi 1a
dinh hudng tinh cam hodc quan diém. Muyc tiéu tinh cam hay con goi 13 muc tiéu quan
diém ctia mot quan diém 1a thuc thé hoic mot bo phan hodc thudc tinh cua thyc thé
ma quan diém dé duoc thé hién. Mot quan diém dugc dua ra boi ngudi giit quan diém
1a c4 nhan hodc t6 chirc tai thoi gian [1] 14 thoi diém dua ra boi nguoi gitr quan diém.

Cu thé, quan diém [1] duoc md hinh héa thanh mot bd t (g, s, A, ) trong d6 g
13 myc tiéu tinh cam, s 14 tinh cam cua quan diém vé muc tiéu g va h 1a nguoi gitr
quan diém c6 nghia 13 nguoi hodc to chirc ¢6 quan diém, 7 13 thoi diém bay to quan
diém.

Tinh cam ctia quan diém [1] 14 cam gidc, thai d6, danh gid hodc cam xtic tiém
an lién quan dén mot quan diém. N6 duoc biéu dién dudi dang b0 ba (y, o, i), trong
d6 y 1a loai tinh cam, o 1a dinh hudng cua tinh cam, i 1a cuong do cua tinh cam. Tinh
cam c6 thé duoc phan thanh nhiéu loai. P6i v6i ngudi tiéu dung, phan loai tinh cam
thanh hai loai: tinh cdm 1y tri (rational sentiment) va tinh cdm cam xtc (emotional
sentiment).

- Tinh cam Iy tri (Rational sentiment). Tinh cam 1y tri 13 tir 1y luén hop 1y, niém
tin hiru hinh va thai do vi loi. Tinh cam 1y tri khong bay to cam xuc.

- Tinh cam cam xuc (Emotional sentiment). Tinh cam cadm xu0c la tir nhitng
phan g v6 hinh, cam tinh d6i vé6i thyc thé ma di sau vao cac trang thai tim 1y cta
con nguoi.

Tinh cam cam xuc manh hon tinh cam 1y tri va quan trong hon trong thuc té.

DPinh hwéng tinh cam (Sentiment orientation). Pinh hudng tinh cam c6 thé tich
cuc, tiéu cyc hodc trung lap. Trung 1ap thudong c6 nghia l1a su Véng mat tinh cam hoac
khong c6 tinh cam. Pinh hudéng tinh cam con dugc goi 1a phan cuc, dinh hudéng ngi
nghia hoac gia tri trong céc tai liéu nghién ctru.

Cuong do tinh cam (Sentiment intensity). Tinh cam mdi loai van c6 thé ¢6 murc
do manh yéu khéc nhau. Moi nguoi thuong st dung hai cach dé thé hién cuong do

cam xuc cua ho trong van ban. Pau tién la lya chon nhiing ttr, cum tir trong van ban



la nhitng biéu hién tinh cam c6 thé manh phu hop. Thur hai 1a viéc st dung cac thuat
ngir thay d6i mirc d6 tinh cam duoc thé hién theo hudng ting cuong va thu nho.

Ddnh gid tinh cam (Sentiment rating). Trong cac tmg dung thuc t&, mot s6 xép
hang ro1 rac thé hién cuong do tinh cam. Nam cép do (vi du: 1-5 sao) thuong duoc
st dung, c6 thé duoc hiéu nhu sau dya trén hai loai tinh cam.

Cam xtc tich cuc (+2 hoac 5 sao).

Tich cuc 1y tri (+1 hodc 4 sao).

Trung lap (0 hodc 3 sao).

Tiéu cuc 1y tri (—1 hodc 2 sao).

Cam xuc tiéu cuc (—2 hoac 1 sao).

Quan diém [1] cling co thé biéu dién boi mot bd nam (e, a, s, A, 1), trong do e
1a thyc thé dich, a 14 khia canh dich cta thuc thé e ma quan diém huéng t6i, s 1a tinh
cam ctia quan diém vé khia canh a cta ddi tuong e, i 13 ngudi dua ra quan diém, 7 1a
thoi gian ding quan diém; s c6 thé 1a tich cuc, tidu cuc hodc trung lap hodc xép hang
(vi du: 1-5 sao). Trong trudng hop quan diém huéng dén toan bo thuc thé, khia canh
dac biét GENERAL duogc st dung dé thé hién quan diém do. O day e va a cung dai
dién cho muc tiéu quan diém.

Thuec thé e dugc biéu dién boi chinh n6 dudi dang mdt téng thé va mot tap hitu
han céc khia canh A = {ay, a,, ..., a,} trong d6 e cod thé duoc biéu thi béng van ban
v6i bat ky mot trong tap hitu han cac biéu thic thuc thé ciand A = {eey, ee,, ... , ee,}
. Mdi khia canh a € A cua thuc thé e ¢ thé duoc biéu dién br:ing bat ky mot trong tap
htru han cac biéu thtrc khia canh cta n6 {ae, ae,, ..., ae,,}.

Khia canh [12] cia mét thuc thé e 14 cac thanh phan va thudc tinh cta e. Biéu
thtre khia canh 1a mot tir hodc cum tir thuc té da xuét hién trong van ban biéu thi mot
khia canh.

Trong cac trng dung thuc té, viéc kham phé 1y do cho mdi quan diém tich cuc
hoic tidu cuc c6 thé rat quan trong vi c¢6 thé chinh nhimng 1y do nay cho phép mot
ngudi thue hién cac hanh dong dé khic phuc tinh hudng va viéc biét tir han dinh ciing
rat quan trong trong thyc té vi n6 cho biét quan diém dé phu hop véi diéu gi.

Ly do (Reason). Ly do 1a nguyén nhan hodc giai thich quan diém.
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Han dinh (Qualifier). Han dinh ctia mot quan diém 1 thanh phan gi6i han hodc
thay d6i y nghia ctia quan diém d6. N6 1am cho quan diém tr nén chinh xac hon hoac
han ché pham vi 4p dung cua quan diém.

Vi dy: Cau “The camera is quite good”, tur “quite” 1a han dinh c6 tdc dong giam
mure do tich cuc (khong hoan toan tbt).

1.2.2. Tai liéu quan diém

Mot tai liéu quan diém [1] D chta cac quan diém vé mot tap hop hiru han cac
thuc thé {ey, e,, ..., e,} va mot tip hop con cac khia canh ctia mdi thuc thé. Cac quan
diém 1a tir mot nhom hiru han nhitng ngudi ¢6 quan diém {hl, hy,...,h p} va dugc
dua ra tai mot thoi diém cu thé z.

1.2.3. Céc cap @9 khai pha quan diém

Khai pha quan diém chu yéu nghién ctru & ba cap d6 [1] chi tiét 1a cap do tai
liu, cép do cau va cép do khia canh.
1.2.3.1. Khai pha quan diém cap @6 tai liéu

Phan loai tinh cam ¢ cép do tai li¢u 1a phan loai moét tai liéu c6 quan diém thanh
thé hién quan diém téng thé tich cuc hoic tiéu cuc. N6 coi toan bo tai liéu 1a thong
tin co ban va gia dinh rang tai liéu 1a c6 quan diém va chira cac quan diém vé thuc
thé duy nhat (vi du nhu mot chiéc dién thoai cu thé). Phan loai cam tinh & cép do cau
s€ phan loai cac cau riéng 1¢é trong mdt tai li¢u. Tuy nhién, khong phai cau nao cling
¢6 quan diém. Theo truyén théng, trude tién thudng phan loai mot cau 1a co quan
diém hay khong c6 quan diém, dugc goi 1 phan loai chii quan. Sau d6, cac cau dua
ra quan diém duoc phan loai thanh thé hién quan diém tich cuc hodc tiéu cuc.

Khai pha quan diém & cap d6 tai liéu tap trung vao phan loai tong thé tinh cam
cua toan bd van ban trong tai li¢u. Nhiém vu la xac dinh xem tai li€u la tich cuc, tiéu
cuc hodc trung 1ap vé mot d6i tuong nhat dinh. Mirc do phén tich cap do tai lidu [1]
mac nhién gia dinh réng mdi tai liéu bay té quan diém vé& mot thuc thé (vi du: mot
san pham hodc dich vu). Do d6, n6 khong thé ap dung cho céc tai liéu danh gia hoic
so sanh nhiéu thyc thé ma can phan tich chi tiét hon.
1.2.3.2. Khai pha quan diém cap do ciu

Phén loai tinh cam & cdp do cau duoc phan loai hai 16p, nghia 12 phan loai mot

cau la tich cuc hoac tiéu cuec.
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Khai pha quan diém cap do cdu tap trung xac dinh xem mdi cu thé hién quan
diém tich cuc hay tiéu cyc. Mirc d6 khai pha quan diém cap d6 cau [1] thuong c6 lién
quan chat ché dén phan loai chu quan, phan biét cau thé hién thong tin thuc té (duoc
goi 14 cau khach quan) véi cau thé hién quan diém chu quan. Trong nghién ciru [13]
d3 dé xuét phuong phap bootstrapping dé tr dong xay dung tdp huin luyén phan loai
cau chu quan/khach quan ma khong can dit liéu duoc gan nhin tha cong. Quy trinh
gdm hai mo hinh phan loai hoat dong song song: mé hinh phan loai chu quan
(subjective classifier) voi d6 chinh xac cao nhung do phu thap, tim kiém cac tir va
mau ngdn ngit trong danh sach tir dién chi quan va mo hinh phan loai khach quan
(objective classifier), xac dinh cac cau khong chira bat ky chi bao chii quan ndo. Cac
cau dugc gan nhan ty dong boi hai mo hinh phan loai nay tao thanh tap huén luyén
mo rong theo vong 1ap, qua do tang do phu trong khi duy tri d§ chinh xac cao. Han
ché chinh ctia huéng tiép can nay 1a gia thiét rang sy ving mit ca dau hiéu chu quan
d6ng nghia v6i tinh khach quan, din dén 16i duong tinh gia d6i voi cau khach quan.
1.2.3.3. Khai pha quan diém cap @6 khia canh

So v6i phan tich tinh cam & cap d6 tai liéu va cip do cdu, phan tich cam xtc &
cép d6 khia canh hoac phan tich tinh cam duya trén khia canh s€ chi tiét hon. Nhiém
vu cia no 1a trich xuét va téng hop cac quan diém vé cac thuc thé va céac khia canh/dic
trung cua cac thuc thé, con goi la muc tiéu. Toan bd nhiém vu cua phan tich cam tinh
dua trén khia canh bao g@)m mot sd nhiém vu phu nhu trich xuét khia canh, trich xuét
thuc thé va phan loai tinh cam theo khia canh cua thuc thé hodc theo thuc thé. Khao
sat hé théng chuyén biét vé phén tich tinh cam theo khia canh tiéng Viét cta [188]
tong hop trén 200 cong trinh, cho thay phan tich tinh cam dya trén khia canh (ABSA)
tiéng Viét con & giai doan dau v6i nhidu khoang tréng vé dir liéu va phuong phép,
dic biét thiéu cach tiép can khai thac cau tric da chiéu (thuc thé, khia canh, tinh cam,
ngudi phat biéu, thoi diém). Pac biét véi dir liéu tiéng Viét, ngdn ngir luan an tap
trung trong bd dir liéu xir Iy ngdn ngit va tiéng noi tiéng Viét (VLSP - Vietnamese
Language and Speech Processing) 2018, khao sat va so sdnh toan dién cua [188][189]
vé tinh chinh hiéu niang cdc md hinh ngén ngir tién huan luyén trén dir liéu phén tich
tinh cam tiéng Viét cho thiy cac mo hinh don ngit tiéng Viét nhu mé hinh BERT
dugc huan luyén trude danh cho tiéng Viét (PhoBERT-Pre-trained BERT model for

Vietnamese) vuot troi moé hinh da ngit. Tuy nhién, viéc chi tinh chinh m6 hinh ngén
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ngit tién huin luyén trén dir li¢u tiéng Viét van chua khai thac duoc ciu tric dic trung
bd nam quan diém tiéng Viét.

Khai ph4 quan diém cip do khia canh tip trung vao xac dinh chi tiét ciia vin
ban. Y tuong khai pha quan diém duya trén khia canh 1an dau tién duoc goi 1a khai pha
quan diém dua trén dic trung. Muc tiéu cua cép do phan tich khia canh [1] 1a kham
pha cac cam xuc trén thuc thé hoac khia canh cta thuc thé. Trén co s& cia phan tich
nay co6 thé dua ra mot ban téng hop cac quan diém vé thuc thé va cac khia canh cta
thuc thé, nhiém vu co ban 1a trich xuit va téng hop quan diém duoc thé hién trén cac
thuc thé va cac khia canh cua thuc thé. Phan tich cép d6 khia canh 1a can thiét trong
cac ing dung va hau nhu tit ca cac hé thong khai pha quan diém doi thyc trong nganh
déu dua trén cap d6 phan tich nay. Khai pha quan diém ¢ cap d6 khia canh dugc thuc
hién trén ba nhiém vu sau:

(1) Xéc dinh va trich xuét cac thyc thé trong van ban danh gia.

(2) Xéc dinh va trich xuit cac khia canh cta céac thyuc thé.

(3) Xéac dinh phan cuc tinh cdm trén thuc thé hodc khia canh cua thuc thé.

Ngoai ra, khao sat méi cta [177][78] mé rong phan tich sang bai toan trich xudt
bd tir quan diém (quadruple extraction) gom khia canh, danh muc, tir quan diém va
cuc tinh tinh cam, ké ca voi khia canh va quan diém an (implicit), déng thoi danh gia
kha niang ctia mo hinh ChatGPT [127] trong nhiém vu nay, cho thiy mé hinh ngén
ngir 16n van con han ché véi cac quan hé ngam dinh phirc tap.

Khai ph4 quan diém 1a mot nhiém vy quan trong trong viéc hiéu ngén ngit tu
nhién. Khai pha quan diém xu 1y tinh toan cac quan diém va tinh cha quan ctia vin
ban. Khai pha quan diém nhan sy quan tim sau rong tir gii hoc thuat va nganh cong
nghiép. Khai ph4 quan diém & mirc d6 binh thudng ngay cang khong thé dap ung
duogc nhu cau ra quyét dinh cia moi ngudi va voi cac nhiém vu phuc tap ¢ cép do
khia canh, hoc may thuan tay van chua thé dat dugc su hiéu biét ngdn ngir thuc sy
mot cach linh hoat. Hién tai, d§ chinh x4c ctia phan tich tinh cdm do may cung cép
kém hon rit nhiéu so v&i con nguoi. Dbé dat dugc hiéu suét giéng nhu con nguoi doi
v6i may can phai két hop kién thirc thong thudng ciia con ngudi va kién thic linh
vue, cling nhu cac dinh nghia co ban vé cac khai niém, dé may c6 thé hiéu dugc ngon
ngir tu nhién & mirc do sau hon. Nhitng diéu nay, két hop voi cac quy tic Iy luan quan
diém dé bd sung thong tin c6 thé giai thich duoc, s& c6 hiéu qua trong viée cai thién

hiéu suat khai ph4 quan diém.
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1.2.4. Céc tac vu khai pha quan diém

Cho tap hop cac tai liéu quan diém D, khai pha quan diém gdm tam tac vu chinh
sau [1]:

Tac vu 1. (Trich xudt va phdn gidi thuc thé). Trich xuét tat ca biéu thirc thyuc thé
trong tap dir liéu D va nhom céc biéu thirc dong nghia thanh cac cum thyc thé (hoic
danh muc). M6i cum biéu thuc thuc thé dai dién cho mot thuc thé duy nhét e.

Tac vu 2. (Trich xudt va phdn gidi khia canh). Trich xuét tat ca biéu thic khia
canh ctia cac thuc thé va nhom cac biéu thic ndy thanh cac cum. Mdi cum biéu thirc
khia canh dai dién cho mdt khia canh duy nhét a.

Tac vu 3. (Trich xudt va phan gidi chii thé néu quan diém). Trich xuat biéu
thirc chu thé cia mdi quan diém tir vin ban hodc dir liéu co cu tric va nhém ching
lai. Tac vu nay twong tu nhu tdc vu 1 va 2.

Tac vu 4. (Trich xudt va chudn héa thoi gian). Trich xuat thoi gian dang tai
cia mdi quan diém va chuan hoa cac dinh dang thoi gian khac nhau.

Tac vu 5. (Phdn logi/hoi quy tinh cam theo khia canh). Xac dinh xem madt
quan diém vé khia canh a (hodc thuc thé e) 14 tich cyc, tiéu cuc hay trung 1ap (phan
loai), hodc gan diém s tinh cam bang sb cho khia canh (hoic thyc thé) d6 (hdi quy).

Tac vu 6. (Tao bo nam thanh t6 quan diém). Tao ra tat ca cac bd ndm thanh to
quan diém (e, a, s, h, ¢) duoc biéu dat trong D dua trén két qua tir tac vu 1-5.

Trong trudng hop phan tich nang cao, c¢6 thé thuc hién thém hai tic vu sau
(tuwong tu tac vu 2):

Tac vu 7. (Trich xudt va phdn gidi Iy do quan diém). Trich xuat cac biéu thirc
Iy do cho mdi quan diém va nhom tat ca cac biéu thire 1y do thanh cac cum. Mdi cum
dai dién cho mot 1y do duy nhét cua quan diém.

Tac vu 8. (Trich xudt va phan gidi dinh lirong quan diém). Trich xuit cac biéu
thirc dinh lwong cho mdi quan diém va nhom tat ca cac biéu thire dinh luong thanh
cac cum. Mbi cum dai dién cho mot dinh luong duy nhét cta quan diém.

Vi du: minh hoa céc tic vu (cac cdu duoc danh s6 ID) va két qua phan tich cua
danh gia.

Danh gia A: Dang boi bigJohn Ngay: 15 thang 9 nam 2011

(1) T bought a Samsung camera and my friend brought a Canon camera
yesterday. (2) In the past week, we both used the cameras a lot. (3) The photos from
my Samy are not clear for night shots, and the battery life is short too. (4) My friend
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was very happy with his camera and loves its picture quality. (5) [ want a camera that
can take good photos. (6) I am going to return it tomorrow.

Tac vu 1. Trich xuét cac biéu thirc thuc thé Samsung, Samy, Canon va nhém
Samsung v6i Samy vi chung dai dién cho cung mot thyc thé.

Tac vu 2. Trich xuit biéu thirc khia canh picture, photo, battery life va nhém
picture voi photo vi chiing 1 tir ddng nghia cing chi anh chup.

Tac vu 3. Chu thé quan diém trong cau 3 1a bigJohn (tdc gid blog) va chi thé
quan diém trong ciu 4 13 ban ciia bigJohn.

Tac vu 4. Xac dinh thoi gian dang blog 1a ngay 15 thang 9 nam 201 1.

Tac vu 5. Xac dinh cdu 3 dua ra quan diém tiéu cuc vé chit luong ctia may
Samsung va quan diém tiéu cuc vé thoi luong pin. Cau 4 dua ra quan diém tich cuc
vé may Canon néi chung va chat luong anh ctia nd. Cau 5 thé hién quan diém trung
lap. Dé tao ra bd nam thanh tb quan diém cho cau 4, can biét “his camera” va “its”
tham chiéu d¢én may Canon.

Téc vu 6. Tao ra cac bd nam thanh t6 quan diém sau:

1. (Samsung, picture quality, negative, bigJohn, 15-09-2011)

2. (Samsung, battery_life, negative, bigJohn, 15-09-2011)

3. (Canon, GENERAL, positive, bigJohn’s friend, Sept-15-2011)

4. (Canon, picture_quality, positive, bigJohn’s_friend, Sept-15-2011)

Ngoai ra, dé khai pha va phan tich ning cao hon, cin tim ra 1y do va dinh
lugng cua cac quan diém. “None” ¢6 nghia 1a khong xéac dinh.

1. (Samsung, picture quality, negative, bigJohn, 15-09-2011)

Ly do: anh khong ro nét.

Dinh lugng: chup ban dém.

2. (Samsung, battery life, negative, bigJohn, Sept-15-2011)

Ly do: tuéi tho pin ngdn.

Dinh lugng: none.

3. (Canon, GENERAL, positive, bigJohn’s friend, Sept-15-2011)

Ly do: none.

Dinh lugng: none.

4. (Canon, picture quality, positive, bigJohn’s friend, Sept-15-2011)

Ly do: none.

Dinh luong: none.
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1.3. Hoc quin thé
1.3.1. Ciy quyét dinh

Cay quyét dinh [59][60] 1 thuit toan hoc may c6 giam sat duwgc st dung cho
cac bai toan phan loai va hdi quy. Thuat toan ciy quyét dinh 14 thuat toan hoc ¢ giam
sat stir dung cAu triic dang cdy dé dua ra quyét dinh. Quy trinh hoc cta ciy quyét dinh
bao g@)m mot loat cac budce trong do dir liéu duoc chia thanh cic tap con déng nhét,
nhu Hinh 1.1. Nut géc, 1a diém bét dau cua cay, dai dién cho toan b0 tap dir liu.
Thuat toan xac dinh dic trung va ngudng dan dén sy phan chia t6t nhat dua trén mot
tiéu chi cy thé. Qua trinh nay tiép tuc dé quy, véi mdi tip hop con dir liéu dugc phan
chia thém & mdi nat con. Piéu nay tiép tuc cho dén khi dat dén tiéu chi dimg, thudng
1a khi cac nut thuan tay, nghia 14 tit ca cac diém dir liéu trong mot nat thudc vé cung
mot 16p hodc khi dat dén do sau duoc xac dinh trude cua cay. Céac nut ¢ noi cay két
thic, dugc goi la nut 14 hodc nut cudi, dai dién cho két qua hodc nhan 16p. Quyét dinh
phan chia tai mdi nat dugc thuc hién béng cach st dung cac cong thurc toan hoc nhu
d6 loi thong tin, tap chat Gini hodc giam phuong sai.

Ngoai ra, hiéu qua cua ki thuat cdy quyét dinh phu thudc vao nhiéu yéu té anh
huong tryc tiép dén hiéu suat, kha nang dién giai va tinh tng dung ctia mé hinh dbi
v6i cac bai toan khac nhau. Cac yéu t6 quan trong bao gém chat luong dir liéu, do
sdu clia cdy, tiéu chi phan chia niit va phuong phap tia cay. Trong d6, chat lugng dir
liéu huan luyén dong vai tro then chét, vi dit liéu cang day du, chinh x4c va nhit quan

thi mé hinh cdy quyét dinh cang dat dugc do chinh xac va kha niang du doan cao hon.

Nhanh Nhanh

Hinh 1.1: Cay quyét dinh
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Mo hinh cay quyét dinh c6 cau trac dang cdy & Hinh 1.1 [92], trong d6 mdi
nut dai dién cho mdt dac trung, mdi nhanh dai dién cho mot quyét dinh va mdi nut 14
dai dién cho két qua. Thuat toan st dung mot loat cau Iénh néu - thi dé tao cay quyét
dinh t6i wu c6 thé duoc st dung dé dua ra du doan hodc quyét dinh. Day 1a mot trong
nhing thuét toan duoc sir dung rong rai nhat trong khai thac dit liéu va hoc may.
1.3.1.1. Cay héi quy

Trong khong gian dic trung, c6 2 budc dé xay dung mot cay hoi quy [91]:

Buwéc 1. Chia khong gian du doan - nghia 13 tap hop céc gid tri c6 thé cho X,
X5, ..., X, —thanh J vung ri€ng bi¢t va khong chong lap R, Ry, ..., R;.

Buée 2. B6i voi moi quan sat roi vao vang R;, gia tri dy doan dugc xac dinh
1a gia tri trung binh ciia cac gia tri phan hoi ctia cac quan sat huan luyén thudc ving
R;.

Xay dung cac ving Ry, R,, ..., R;. Vé 1y thuyét, cic ving c6 thé c6 hinh dang
bat ky. Tuy nhién, phuong phap chia khong gian du bao thanh cac ving thuong dugc
sir dung nham don gian héa mé hinh va ting kha nang dién giai két qua dy doan. Muc
tiéu 1a tim cac ving R;, R,, ..., R, giam thiéu tong binh phuong con lai (RSS -
Residual Sum of Squares), dugc dua ra bdi cong thuc (1.1).

/ 2
> D vi— I, (1.1)
Jj=1i€R;

Trong do6 § R, 1a phan héi trung binh cho cic quan sat huin luyén trong ving
thr j. Thuc hién tiép can tham lam tir trén xuéng duoc goi la phan tach nhi phan dé¢
quy.

Pé thuc hién tach nhi phan d¢ quy, trude ti€n, chon bo du doan X; va diém
cit s sao cho viéc chia khong gian dy doan thanh cac ving {X |X i < s} va
{X |X i s} dan dén muc giam RSS 16n nhat. Xem xét tat ca cac yéu t6 du doan X,
Xy, ..., X, va tat ca cac gia tri c6 thé co cua cac diém cat s d6i voi mdi yéu t du
doan. Sau d6, chon b dy doan va diém cit sao cho cy két qua c6 RSS thap nhit. Cu
thé, voi bat ky j va s nao, cip nira mit phang dugc xac dinh trong cong thirc (1.2).

Ri(j,s)={X|X; <s} vaRy(j,s)={X|X; > s} (1.2)
va tim kiém gia tri ciia j va s dé giam thiéu phuong trinh
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Y i-9r)t Y (ni-9k) (1.3)

i: x;€R(j,s) it X;€R5(j,s)

Trong do § &, 1a du doan trung binh cho cac quan sat huén luyén trong R,(j, s)
va §p  1a du doan trung binh cho cac quan sat huén luyén trong R,(j, s).

Tim cdc gia tri cua j va s dé giam thiéu cong thtc (1.3) c6 thé thuc hién kha
nhanh, nhat 13 khi s6 dic trung p khong qua 16n.

Khi cac vung R;, R,, ..., R; dugc tao, du doan phan hdi cho mét quan sat thir
nghiém nhét dinh bang cach st dung gid tri trung binh cila cic quan sat huan luyén
trong viing ma quan sat thir nghiém d6 thudc ving dang xét. Vi du vé nim ving cia

phuong phap nay duoc thé hién trong Hinh 1.2 [91], Hinh 1.3 [91].

Iy

X1

Hinh 1.2: Phan ving trong khong gian dic trung hai chiéu

n, .

Hinh 1.3: Cay quyét dinh sau khi phan ving
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1.3.1.2. Cay phéan loai

Cay phan loai [59][60] giéng nhu ciy hdi quy nhung duoc sir dung dé du doan
mot phan trng dinh tinh hon la mét phan trng dinh lugng. béi véi cay phan loai, viéc
du doan mdi quan sat thudc vé loai quan sat huan luyén thudng xdy ra nhat trong
ving ma né thudc vé. Khi giai thich két qua ciia cay phan loai, thong thuong khong
chi quan tim dén dy doan 16p twong tmg voi mot ving nit 14 cu thé ma con quan tim
dén ty 1& 16p giita cac quan sat huan luyén roi vao ving do.

Nhiém vu xay dung cdy phén loai twong ti nhu xdy dung cay hdi quy, déu sir
dung phan tach nhi phan dé quy dé phat trién cay. Tuy nhién, trong bai toan phén loai,
RSS khéng thé dugce dung 1am tiéu chi phan tach. Thay vao d6, chi sé Entropy dugc
sir dung dé danh gia chét luong phan tach, dugc xac dinh theo cong thic (1.4):

K

H = - Pwmk log Pk (14)
k=1

ViO< pp <1,nén0< —p,,logp,,. Ngoaira, cd thé chi ra rang Entropy
s& nhan mot gia tri gan bang 0 néu céac p,,, déu gan bang 0 hodc gan bang 1.
1.3.2. Bootstrap

Bootstrap [13] 1a mot k§ thuat thong ké duoc str dung dé ude tinh phan phdi
léy mau cua mot cong cu udc tinh b@“mg cach léy mau lai mot tap dir liéu da cho co
hoan lai. N6 12 mét cong cu manh mé dé uéc tinh do chinh xac cuia mot mo hinh hodc
dé xay dung khoang tin ciy. Phuong phap bootstrap hoat dong bang cach 14y miu
ngéu nhién tur tap dir licu géc c6 hoan lai, tao mot tap dir liéu maéi ¢6 cung kich thudce.
Qua trinh nay duoc lip lai nhiéu 1an va cac két qua sau d6 duoc tinh trung binh dé
dua ra udc tinh vé phan phdi lay mau.

Vi du trén Hinh 1.4 [91], v6i cac mau ban dau 1a 1, 2, 3

MaAu 1 ¢6 cac giatricta Alaal, gidtrictaBlabl, gidtricuaClacl.

Mau 2 c6 céac gia tri ctia A 1a a2, gi tri ctia B 1a b2, gid tri cua C 1a c2.

MaAu 3 ¢6 cac gia tri ciia A 1a a3, gia tri ctia B 1a b3, gia tri cua C 1a ¢3.

Ap dung phuong phap bootstrap, két qua dau tién 1a 2; 3; 1 twong Gng véi cac
gia tri: a2, b2, ¢2; a3, b3, ¢3; al, bl, cl; va tra mau. Tiép tuc léy mau lan 2, két qua
lan2:2;2; 1 tuong ung vdi cac gia tri: a2, b2, ¢2; a2, b2, ¢2; al, bl, cl; va tra mau.

Tiép tuc 1éy mau lan B, két qua lan B: 3; 1; 3 tuong ung voi cac gia tri a3, b3, ¢3; al,
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bl, cl; a3, b3, ¢3. Tu bootstrap Z *1, 6 thé tao udc tinh bootstrap méi cho gia tri

giam rui ro a dugc goi 1a a*!.

2 a2 b2 c2

aj b3 c3

al b1 c1

oBS A B s

a2 b2 c2

az b2 2 | —» @*2

al b1 c1

'

ORIGINAL DATA (Z)

a3 b3 c3

al b1 c1

3 a3l b3 c3

Hinh 1.4: Bootstrap

1.3.3. Céc ky thuit hoc quan thé
1.3.3.1. Bagging

Phuong phap Bagging, hay tong hop bootstrap, 1a mot phuwong phap hoc tap
két hop dugc phat trién 1an dau boi [62]. K¥ thuat nay bao gém viéc tao ra mot tap
hop (nhém hoic ring) cac cay quyét dinh, mdi cdy dugc huan luyén dya trén mot tap
dir liéu huin luyén khac nhau. Céc tap dir liéu nay duogc tao ra bang phuong phép lay
mau bootstrap, bao gom viéc 14y mau dong nhat va co hoan tra tir tap dit liéu gdc.
Mot tap dir liéu bootstrap duoc ky vong s& c6 mot phan 1-le (= 63,2%) mau duy
nhét, ph?m con lai bao gém cac muc trung 1ap [62]. Mot du doan dugc dua ra dua trén
tap hop nay bang cach 1ay trung binh két qua cua tit ca cac ciy quyét dinh (d6i véi
hdi quy) hodc bang cach bo phiéu (d6i voi phan loai). Phuong phap Bagging thudng
duoc thuc hién béng cach st dung cac b hoc co sé cung loai, do d6 duoc coi 1a mdt
tap hop dong nhit. Hon nita, mdi mé hinh dwoc xay dung doc 1ap. Nghién ciru hé
thdng va so sanh toan dién nhat gan ddy vé cac k¥ thuat hoc quan thé cho phan tich
tinh cam trén mang xa hoi cua [164] két luan ré'mg cac k¥ thuat ensemble dua trén
Bagging (bao gdbm Random Forest) vuot troi so véi cac ky thuat Boosting trén bén

tap dir liéu chudn, do trén ty 1& duong tinh dung (TPR - True Positive Rate), F-
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Measure (F1-Score), Precision, Recall va dién tich dudi duong cong ROC (ROC-
AUC - Area Under the Receiver Operating Characteristic Curve). Két qua nay phu
hop voi lya chon xay dung mo hinh ring phan loai dya trén Bagging.

Dé cung cip mét tip con dir liéu di 16n cho mdi bd hoc co s, phuong phap
14y mau bootstrap dugc sir dung, bao gdm viéc 14y miu déng nhét c¢6 hoan tra tir tap
dir liéu géc cho dén khi mét tap dit li€u mdi co6 cung kich thudc voi tap dir liéu géc
dugc xay dung, chira mot s6 diém dir licu 1ap lai. Sau do, dau ra ctia mdi bd hoc co
so duge tong hop bang cach lay trung binh don gian hoic bé phiéu da sb.

Qua trinh nay dwgc minh hoa so do trong Hinh 1.5 [93] trong trudng hop ba
mo hinh co s0, trong d6 cac hinh tru dai dién cho céc kho dit liéu, cac ky hi€u chira
trong cac kho dit liéu nay dai dién cho cdc mau huan luyén khac nhau va vong tron
mau trang dai dién cho su tong hop cac dau ra cia mo hinh bang cach st dung trong
s6. Nhu c6 thé théy rd tir hinh, mdi mau bootstrap chira mot hoic hai phﬁn tu 1ap lai
tu tap dir ligu géc va dai dién cho céac phan bd khac nhau cia cung mat dir liu. Trong
cAu hinh trong hinh, mé hinh co s& 3 ¢6 kha nang phan biét chinh xac hon giita cac
ngdi sao va hinh vudng, trong khi mé hinh co so 1 va 2 ¢6 kha nang xac dinh t6t hon
cac hinh tam giac va hinh tron twong tng. Cac mé hinh duoc két hop véi muc dich
khai thac cac thé manh bo sung cua cac md hinh dé du doan chinh xac vecto dau ra

y.

S—
AANO® — Mo hinh cosd 1

/
o —
—., xOoHO »| MOhinh cosd2 ——» —
S— /
\ X ¥l |—| MOhinhcosd3

Hinh 1.5: So d6 phuong phap Bagging véi ba mo hinh co sé
1.3.3.2. Boosting

Phuong phép Boosting 1a mot qué trinh, duoc néu ra lan dau tién trong [94],

<)

y

ma qua dé cac bo hoc yéu 6 thé duge chuyén ddi thanh bo hoc manh. Giéng nhu
Bagging, tinh da dang duoc dam bao bang thao tac dau vao, theo d6 mdi bd hoc co
s duoc huin luyén trén mot tap dir liéu dugc phan b6 khéc nhau. Tuy nhién, khong

gidng nhu Bagging, Boosting 1a mét qua trinh tudn tu va phu thudc. Cu thé hon, tip
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dit liéu cho mdi bd hoc co sé méi dugce tao ra dé nham dén cac 16i do bd hoc co sé
truéc d6 méc phai. Quy trinh Boosting chung dugc minh hoa trong Hinh 1.6 [93]
béng mot vi du véi ba mo hinh co so.

MB® hinh co s 1 dugc huin luyén dua trén dir li¢u huén luyén ban dau. Sau
do, sai sd ciia no duge xac dinh béng su khac biét gitra két qua dy doan y va nhan
thyc y dugc quan sat. Trong vi du nay, mo6 hinh dugc phat hién phan loai sai cac
treong hop thudc 16p hinh sao va hinh tron. Phan bd dit liéu sau d6 duoc diéu chinh
dé trong s6 hoa nhiéu hon cho céc 16p bi phén loai sai, nhu dugc chi ra boi cac hinh
dang 16n hon trong phan bd dir liéu tht hai. Mot mé hinh co s& tht hai sau d6 duoc
huin luyén dya trén phan bd méi, va cac du doan cua nd duoc trong sb hoa véi cac
dy doan ctia M6 hinh co s 1 dé tao thanh mét tap hop hai mé hinh ban dau. Két qua
cta tip hop nay sau d6 dugc st dung dé hudng dan phan bd dir licu tiép theo, va qua
trinh nay dugc 1ap lai mot s6 1an nhat dinh. Bé’tng cach thém lap di 1ap lai cac mo6 hinh
m&i nham giai quyét nhitng diém yéu cua cdc md hinh trudce d6, cic mo hinh yéu

duogc tang cuong dé tao thanh mot md hinh manh duy nhat.

=

M6 hinh cosa 1 M6 hinh co s@ 1+2 M6 hinh cosd 1+2+3  —p

} |

Yi—Y Vi2 =Yy

Hinh 1.6: So @b phuong phap Boosting v&i ba mé hinh co so
Céc thudt toan manh mé cua Boosting bao gdém: Adaptive Boosting
(AdaBoost), Gradient Boosting va Extreme gradient boosting (XGBoost).
1.3.3.3. Stacking
Stacking [64][63] 1a phuong phap két hop trong d6 md hinh siéu cap dugc
huén luyén dé két hop mot sb mé hinh co sé doc 1ap. Phuong phap Stacking duoc
minh hoa trong Hinh 1.7, trong d6 cung mét bo dir liéu duoc st dung dé huan luyén
nhimg mé hinh co so (dugc biéu thi bang cac sac thai xam khac nhau). Twong ty nhu

vi1 cdc mo hinh co s¢ trong quan thé, bat ky thuat toan hoc nao cling c6 thé dugc st
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dung 1am thuat toan siéu hoc. Tuy nhién, thong thudng, mot sé dang hoi quy tuyén
tinh hodc logistic dugc 4p dung.

Nhu hinh minh hoa Hinh 1.7 [93], thuat toan hoc siéu cép duoc huin luyén
trén mot tap dir 1i€u mai1 dugce hinh thanh tir cac dau ra du doan y cia mdi mo hinh
hoc cosd i € {1,2, ..., K} dé tra vé mot du doan tong hop y. Néu cac du doan tao
thanh dir liéu hudn luyén cho thuat toan hoc siéu cép dugc thyc hién trén cung mat
dir liéu duogc sir dung dé huin luyén cac moé hinh co sd, s& ¢6 nguy co qua khdp cao.
Do d6, phuong phap kiém dinh chéo k-fold thuong dugc 4p dung, trong d6 cac mo
hinh hoc co s& duge hudn luyén trén k—1 fold va cac du doan trén fold thur k duoc
dua vao tap dir liéu huin luyén cho thuat toan hoc siéu cép. Qua trinh nay duoc lap
lai k 1an, tao ra mot tap huéin luyén moi ¢6 cung kich thudc voi tap dir licu géc. Sau
d6, cac mo hinh co ban s& dugc huan luyén lai dya trén toan bo tap dir li¢u huén luyén

dé str dung trong giai doan trién khai.

M6 hinh co' s& 1 .

¥ A . . M6 hinh co0s62 [(— —>| M0 hinh siéucdp |—s

e

M6 hinh cdsd 3

Hinh 1.7: So @6 phuong phap Stacking véi ba mé hinh co s¢

1.3.4. M6 hinh hoc quan thé v6i cAc mé hinh phan loai co sé gidng nhau
1.3.4.1. Rirng phan loai

Rimng phan loai [65][66] 1a thudt toan hoc quan thé v&i mo hinh co sé gidng
nhau la cay phan loai va thém budc chon My, dac trung ngﬁu nhién tai moi nht phan
tach, tao sy da dang gitra cac cdy. Tong hop du doan cic ciy trong rimng c6 tinh khai
quat tot.

Rumng phan loai duoc huan luyén bang cach ti wu hoa cac tham sd cia cac cy

phan loai tai mdi nut phan tach j thong qua ham t6i wu cong thirc (1.5).

O = argmax I;
A S (1.5)

Trong d6 I; la ham myc ti€u do luong murc tang thong tin va dugc tinh bang

cong thuc (1.6).
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i
il 7o

L=H(S)- 3 ChH(S)

’ (T || (1.6)

Véi i 1ap chi muc hai nut con. Entropy cua tdp mau .S gdm cac miu hudn luyén
dugc dinh nghia theo cong thuc (1.7):

H(S) == ) p(c)logp(c) (1.7)
cec

Trong do, p(c) duogc tinh la xac suat thuc nghiém chuan hoéa cta nhén tuong
g voi cac diém hudn luyén trong S. Cay phan loai duoc huin luyén bang cach tbi
da hoa mic tang thong tin c6 xu hudng tao ra cay trong d6 entropy ciia phan phdi 16p
lién quan dén cac nit s& giam, c6 nghia 1 d6 tin cdy du doan tang khi di tir gc dén
phia 1a.

Thir nghiém rimg phén loai bang cach cho dir lidu thir nghiém dau vao 1a mot
mau dit lidu s = (x1, X9, X3, ..., X,), Vi d cac yéu to du doan va dau ra 1a nhin 16p ¢
sao cho ¢ € C, véi C = {c; }, thong qua phan phdi xac suét p(c|s).
1.3.4.2. Rirng mat d¢

Rurng mat dg [66][68][69][70] 1a mot thuat todn hoc may khong gidm sat, sir
dung céu trac dua trén cay dé xac dinh cac cum diém dit liéu c6 dic diém tuong tu.
N6 hoat dong bang cach xay dung cau tric cdy tir cac diém dir liéu, sau d6 sir dung
méat do cta cac diém dir lidu trong mdi nhanh cta cay dé xac dinh cum nao sé duoc
hinh thanh. Thuét toan hiru ich cho viéc phan cum céc diém dir liéu c6 nhiéu dic diém
va ¢6 thé duge st dung dé xac dinh cac cum diém dir liéu tuong tu trong tap dir licu
l6m. Rung mat d¢ 1a thuat toan hoc quén thé bao g@)m cac cay phan cum duogc huin
luyén ngau nhién. Céc 14 cia cay chira cac mé hinh dy doan nhu Gaussian.

Trong khong gian vecto dic trung, cho mét tap hop cac diém {v} khong dugc
dan nhin, c6 thé huan luyén timg ciy riéng 1é trong rimg theo cach song song va sir
dung t6i vu hoa nut ngiu nhién thir j thong qua ham tdi wu trong cong thirc (1.5) va
ham muyc tiéu do ludong murc tdng thong tin dugc tinh trong cong thirc (1.6).

Pé x4c dinh mé hinh rung mat do, can xac dinh dang chinh xac Entropy
H(S) ciia mot tip hop cac diém huén luyén S. Trong trudng hop rimg mat do, dit
liéu khong dugc dan nhan nén viée xac dinh Entropy H(S) khong giéng nhu phin

loai va hdi quy. Do d6, can xac dinh mot Entropy H (S) khong giam sat, tirc 1a mot
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Entropy H(S) ap dung cho dir liéu khong dan nhin. Sau d6, sir dung cac phan phodi
Gaussian da bién tai cac nat. Entropy ciia mot phan phdi Gaussian d chiéu dugc tinh

theo cong thure (1.8).

H(S) = 7 log(2ne)|4(S)) (1.8)

Trong d6 A lién quan dén ma tran hiép phuong sai d X d. Do d6, mirc ting
thong tin duoc tinh theo cong thic (1.9).
M _
=tog(l4(s)) = D, rrioe(la(s)) (19)
ie{L,R} "/
Vi |.| 1a dinh thirc ctia ma tran
Tap hop cac 1a trong cay thtr ¢ trong rung xac dinh mot phan vung dir liéu tai
cong thue (1.10).
I(v):RY > L cN (1.10)
Trong do, I(v) biéu dién 14 x4ac dinh boi diém dau vao v va L 1a tap hop tat ca cac
14 trong mot cdy nhat dinh. Thong ké cua tat ca cac diém huan luyén dén ting nut 1a
dugc tom tat bang mot phan phdi Gaussian da bién duy nhat (U, Hi(v)s A,(U)). Sau
d6, dau ra cta cay thi t dugc mo hinh héa trong cong thae (1.11).
i)

p(v) = Z

t

N (03 Hywy> M) (1.11)

Vecto y; biéu dién gi tri trung binh ciia tat ca cac diém dat téila / va A, [Ama
tran hiép phuong sai lién quan. V6 hudng r; 13 ty 18 cia tit ca cac diém huan luyén
_ 1S

dattéila/,nghiala 7, = 5o
0

Trong cong thirc (1.11), m&i Gaussian bi cit bét boi cac ranh gidi ciia 6 phan ving
duogc lién két véi 14 tuong tmg. Vi vay, dé dam bao chuan héa xac suat can két hop
ham phan vung Z,, dugc dinh nghia tai cong thuc (1.12)

Z, = <Z IV ACAT A,)p(llv)) dv (1.12)
]

v
Tuy nhién, trong ring mat do, moi diém dir liéu dat dén chinh xac mot nat dau
cudi trén mdi cay. Nhu vy, diéu kién p(/|v) 1a mot ham delta p(/|v) = 6(I = I(v)) do
dé cong thire (1.12) tré thanh cong thice (1.13).
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Z = ﬂl(u)/V<U;”l(U)’A1(U))dU (1.13)

v

Nhu thuong gdp khi xur Iy cdc mo hinh sinh (generative models), viéc tinh Z,
trong khong gian nhiéu chiéu c6 thé 1a mot thach thirc.

Dbi vai cac bd hoc yéu phirc tap hon, c6 thé dé dang wdc tinh Z, bang tich phan
s6 trén mot ludi thong thuong tai cong thire (1.14).

Zl‘ ~ A. Z ﬂl(Ui)‘/V<Ui; 'ul(Ui)’ Al(Ui)) (114)
i

Trong d6, A biéu dién do dai, dién tich, thé tich,... tuy thudc vao chiéu ctia mién;
céc diém v; dugc tao trén mang ludi thong thuong hiru han voi khoang cach A.

Tuong ty nhu phan loai va hoi quy, mat do rung dugc tinh bé“tng trung binh cong
clia tat ca cac mat do cdy tai cong thirc (1.15).

T 1.1
p(v) = %; pv) -

Vi mat dd mdi cay 1a p,(v)

Thit nghiém rirng mdt dg bang cdch cho mbi diém dir liéu dau vao v 1a vector
da chiéu cua cac phan hdi dic trung, v = (x|, X, X3, ..., x;) € RY. Pau ra 1a toan bd
ham mat d6 xac suét p(v) >0, p(v)dv=1cho bét ky dau vao v.
1.3.4.3. Rirng da tap

Rumng da tap [66][71] 1a thuat toan hoc quan thé bao gdm cac cdy phan cum.
Rung da tap c6 lién quan chit ché véi rimg mat 6. Tuy nhién, khong giéng nhu rimg
mat do, md hinh rimg da tap c6 thém céc thanh phan bo sung nhuw mé hinh méi quan
hé, thuat toan dé udc luong cac anh xa toi wu. Hudng tiép can nay khac véi cac
phuong phap phan cum da tap dua trén hoc sdu gan ddy nhu mang no-ron tich chap
két hop embedding [36], von doi hoi hudn luyén end-to-end va khdi luong dir lidu
16n, trong khi rimg da tap dé xuat trong luan an xdy dung ciu triic da tap twong minh
qua ma trin quan hé W, khong can huin luyén mang no-ron sau.
Cho mot tap hop cac quan sat khong ghi nhan {v;, v,,...,0,} vOiv; € RY,

tim mot anh xa f: RY - Rd,, f() = U;, sao cho d’ < d vabdo toan quan hé khoang
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cach giita cac quan sat. Mdi quan sat dau vao v duge biéu dién dudi dang vecto dic
trung da chiéu v = (X1,%X9,...,Xy) € RY,

Trong khong gian vecto dac trung, cho mdt tap hop cac diém {v} khong dugc
dan nhin duoc str dung dé hudn luyén rimg da tap. Sir dung tdi wu hoa niit ngiu nhién,
qua trinh huin luyén rimg da tap dat duoc bang cach tdi da hoa phép do mirc ting
thong tin lién tuc. Do do, viéc tdi wu hoa nat tach tha Jj duogc thyc hién tuong tu nhu
rimg mat d6 va bo sung thém moé hinh mdi quan hé khoang cach giira cac diém di
li¢u.

M&6 hinh méi quan hé. Theo [66], mot s6 thudc do vé mdi quan hé giita cac
diém dir liéu dugc ude tinh nham duy tri khoang cach twong ddi gitra cac diém sau
khi &nh xa. Theo cong thirc (1.16), cac 14 cua cay phan cum ¢ x4c dinh mét phan vung
cta dir liéu dau vao.

I(v):RY - 2c N (1.16)
Véi chi s6 nut 14 / va tap tat ca cac 14 R trong mdt cdy cho trude. Dbi véi cdy phan
cum ¢, tinh ma tran mbi quan hé W' c6 kich thudc k X k véi cac phan tir trong cong
thac (1.17).
W = e V(vr)) (1.17)

ij =
trong d6 Q 1a khoang cach dugc xac dinh bdi quan hé nhi phan cua cap (U,-, v j)

trong cong thirc (1.18).
Hooy= O U Iw)=1(0) (L13)

v 00 otherwise

trongdo d;; = v; — v;, va Ay, 1a ma trn hiép phuong sai lién két voi cac 14 dat
toi diém v;.

Trong cong thirc (1.18), cho mot cay t va mdt cap diém (U,-, v j) va chi dinh mbi
quan hé hoan hao bang 1, khoang cach bang 0 cho cip ( v;, U j), néu hai diém d6 két
thiic trong cting mot cum hay 13; nguoc lai, mbi quan hé bang 0 va khoang cach bang
00,

MG hinh hoc quan thé. Ma tran mbi quan hé quan diém dai dién cho toan bo khu
rimg c6 kich thuéc duoc tinh bang cach 14y trung binh [64] trén tit ca cic ma tran

mbi quan hé tir mdi cdy don 1¢ trong cong thirc (1.19).
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== 3" W (1.19)

=1
1.4. Panh gia mo hinh

Mo hinh d& xuat duoc danh gia thong qua Bang 1.1 dugc goi 1a ma tran nhim
13n [202][16], bao gdm bdn két hop khac nhau giira gia tri du doan quan diém va gia
tri thuc té quan diém. Hiéu sudt phan loai cia mo hinh trong truong hop nay duoc
danh gia 1a phan loai ti€éu cuc hodc phan loai tich cuc.

Bang 1.1: Ma trin nham lan

Du doan tich cuc Du doan tiéu cuc
That sy tich cuc TP FN
That sy tiéu cuc FP TN

Trong d6 TP 1a $6 lugng nhom quan diém duoc phan loai quan diém that sy la
“Tich cuc”, TN 1a sb lwong nhom quan diém dugc phan loai quan diém that sy “Tiéu
cuc”, FP1asb luong nhém quan diém duoc phan loai quan diém du doan “Tich cuc”
nhung thyc té 1a “Tiéu cuc”, FN 1a s6 lvgng nhém quan diém dugc phan loai quan
diém du doan “Tiéu cuc” nhung thuc té 1a “Tich cuc”.

Dua trén ma tran nham lan trong Bang 1.1, danh gia bd phan loai quan diém
thong qua cac do do l1a Accuracy, Precision, Recall va F-Measure.

Accuracy la ty 1¢ du doan chinh x4c ctia tat ca quan diém that sy tich cuc (TP)
va quan diém that sy tiéu cuc (TN) trén tong sd bd nim quan diém cia cac mau dugc
kiém tra dugc cho bai cong thire (1.20).

TP + TN
TP+ TN +FP+FN’

Precision 1a ty 1€ du doan chinh xac dugc tinh gitra sb luong that sy tich cuc

Accuracy = (1.20)

(TP) trén tong sd that su tich cuc (TP) va tich cuc gia (FP) dugc cho boi cong thirc
(1.21).

Precision = _IP , (1.21)
TP + FP

Recall 1a ty I¢ du doan chinh xac dugc tinh gitra ) luong that su tich cuc (TP)
trén tong s that sy tich cuc (TP) va tiéu cuc gia (FN) trong cong thire (1.22).

Recall = _TP , (1.22)
TP + FN
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F-Measure (F1-score) hay F1 do ludong hiéu suat tong thé cia hé thong bang
cach két hop hai hoa hai chi sé Recall va Precision. Cong thirc (1.23) xac dinh do do
Fl1.

_ 2% (Recall * Precision)

F1 —
Recall + Precision

(1.23)

Céc cong thire (1.20) - (1.23) thiét 1ap bo d6 do chuan duoc ap dung nhit quan
cho céc thuc nghiém chinh cta luan an (Chuong 2, 3 va 4). Trong truong hop dir li¢u
c6 mirc mat can bang 16p rit cao, dic biét khi ty 1& p = |positive|/|negative| 16n,
Accuracy va F1 tinh cho 16p positive c6 thé phan 4nh sai 1éch hiéu ning. Dé xir Iy
truong hop nay, ba d§ do [201] sau dugc sur dung trong Phu luc F, cu thé:

F1-macro 14 trung binh cong F1 cua ting 16p k, cho mdi 16p trong s6 bang nhau
bat ké kich thudc. Vi bai toan phan loai C 16p, duge xac dinh theo cong thuc (1.24):

F1 — macro = éx k; Fl, , k=1,2,...,C , (1.24)
voi:

2 X Precision, X Recall,

1, =
k Precision, + Recall,

trong d6 C 12 s6 16p phan loai (trong luan an C = 2 gdém positive va negative),
F1, 1a F1 cua 16p tht k. D6 do Fl-macro khong phu thude vao kich thudce 16p, 16p
thiéu s6 c6 dong gbp ngang bang 16p da so.

F1-positive do hiéu suat phat hién ding 16p da s (positive, ky hiéu +). Vi TP,
FP, FN tinh trén 16p positive:

Precision®™ = L, (1.25)
TP + FP
Recall* = __TF , (1.26)
TP + FN
Fl —pos = 2 X Precision™ X Recall (1.27)

Precision™ + Recall®
F1-negative do hiéu suét phat hién ding 16p thiéu s6 (negative, ky hiéu -), 1a do
do quan trong nhat khi dir liéu mit can bang. V&i TN, FP, FN tinh trén 16p negative:
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TN

Precision” = ——— (1.28)
TN + FN

Recall” = — % (1.29)
TN + FP

Fl — nee — 2 X Precision” X Recall (1.30)
g Precision™ + Recall” '

Quan h¢ gifra 3 d¢ do khi C = 2 (binary classification):

F1 —macro = (F1 —pos + F1 —neg) /2 (1.31)

Cong thirc (1.31) cho thay F1-macro 14 trung binh cong ctia F1-positive va F1-
negative, dy 1a 1y do F1-macro phan anh day di ca hai 16p, khong thién léch vé 16p
da s6 nhu Accuracy hay F1-weighted.

Trong nghién ciru [201] cho thiy d6 do Fl-macro it bi chi phdi boi 16p da sb
hon Accuracy khi phan bd 16p thay d6i, do d6 dugc chon 1am do do chinh trong thuc
nghiém trén tap dir liéu mat cn bang nghiém trong. Do do F1-neg bo sung giup danh
gia kha ning phat hién 16p thiéu s6 — diéu ma Accuracy va F1-pos khong phan anh
duoc. Bén canh Fl-macro, do chinh xac cin bang (Balanced Accuracy, BA) duoc
dung lam d6 do chinh trong cac thyc nghiém so sanh bd sung tai Phu luc G-J: BA =
(Recall + Specificity)/2, trong d6 Specificity = TN/(TN + FP) 1a d6 thu hoi cua 16p
negative. Do 13 trung binh d6 thu hdi ctia hai 16p, BA khong phu thudc ty 1¢ 16p trong
tap kiém tra; mo hinh du doan toan bd vé mot 16p luén c6 BA =0,5.

1.5. Cac nghién ciru lién quan va dé xuat
1.5.1. Cac nghién ciru lién quan
1.5.1.1. Vé k§y thuét khai pha quan diém

- Khai phd quan diém diea trén tir vieng

Céc phuong phap tiép can dya trén khai thac tir vung tinh cam duoc xay dung
tlr cac tir dién hién c6 hodc dugc tao ra tir kho ngitr li¢u. Muc tiéu cta nhitng tr vung
nay 1a l4p chi muc nhitng tir quan diém. Céc tir quan diém duoc str dung trong nhiém
vu phan loai tinh cam. Céac tir quan diém tich cuc duoc st dung dé thé hién mot sd
trang thai tinh cam mong mudn. Céc tir quan diém tiéu cuc duoc st dung dé thé hién
mot s6 trang thai tinh cam khong mong mudn. Cac cum tir quan diém va cac thanh

ngir cling dugc goi 1a tir vung quan diém (opinion lexicon). Co ba cach tiép can chinh
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dé tao hodc thu thap danh sach cac tir quan diém. Phuong phép thu cong 1a rat tén
thoi gian. N6 thuong dugc két hop voi hai phuong phép tu dong khac nhu mot bude
kiém tra cudi cung dé tranh nhitng sai 1am do cac phuwong phap tu dong gay ra. Hai
cach tiép can tu dong la tiép can dua trén tir dién va tiép can dya trén kho ngir liéu.

Trong nghién ciru [16] da tiép can phan tich tinh cam dua trén tiép can tir dién.
Mot tp hop nho cac tir quan diém duoc thu thap thi céng cung véi dinh hudng tinh
cam da biét. Sau d6 tap hop ndy dugc phat trién bang cach tim kiém trong WordNet
hoic tir dién dong nghia (thesaurus) dé tim cac tir ddng nghia va trai nghia. Qua trinh
1ap lai va dimg khi khong tim thiy tir méi. Sau khi qua trinh hoan thanh, c6 thé tién
hanh kiém tra thu cong dé loai bo hodc sira chita cac sai sot. Phuong phéap dua trén tir
dién c6 mot nhuge diém 16n 14 khong thé tim thiy cac tir quan diém voi cac dinh
huéng cu thé vé mién va ngit canh. Trong nghién ctru [17] d3 sir dung phwong phap
dua trén tir dién dé xac dinh cac cu tinh cam trong quang co theo ngir canh. Chién
lugc quang cdo dé cai thién mirc do lién quan ctia quang céo va trai nghiém nguoi
dung duogc dé xuat. Phan tich ca phap va tir dién tinh cam dugc st dung, dong thoi
dé xuat phuong phap tiép can dua trén quy tic dé xu 1y viéc trich xuat tir theo chu dé
va xac dinh thai do cia nguoi tiéu ding trong viée trich xuat tir khéa quang cao. Két
qua thuc nghiém da chting minh hiéu qua cia cach tiép can dugc dé xuat trong viéc
trich xudt tir khoa quang céo va lya chon quang céo.

Phuong phap dua trén kho ngit lidu giup giai quyét van dé tim kiém cac tir
quan diém voi cac dinh hudng cu thé theo ngit canh. Cac phuong phép ciia no phu
thudc vao cac mau hodc mau ci phap xay ra ciing voi danh sach céc tir quan diém dé
tim céac tir quan diém khéc trong mot kho ngit liéu 16n. Mot phuong phap tiéu biéu
theo hudng nay thiét ké danh sach cac tinh tir quan diém gbc va str dung chung cling
v6i tap hop cac rang budc ngdn ngir dé xac dinh cac tir quan diém b sung va dinh
huéng cua ching. Cac rang budc danh cho céc tir két ndi nhu: AND, OR, BUT,
EITHER - OR, ... Vi dy tir AND thé hién céc tinh tir lién nhau thuong cé cing huéng
ngir nghia. Y tudng nay cé tinh nhit quan theo cam tinh, khong phai luc nao ciing
nhét quan trén thuc té. Ciing c6 nhiing biéu hién mau thuin, chéng han nhu tur: but,
however duge thé hién su thay doi quan diém. Pé x4c dinh xem hai tinh tir lién nhau

c6 cung hudng nglr nghia hay khac nhau, viéc hoc dugc ap dung cho mot kho ngir
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liéu 16n. Céc lién két gilta cac tinh tu tao thanh mot dd thi va viée phan cum dugc
thuc hién trén dd thi dé tao ra hai tap hop tu: tich cuc va tiéu cyc.

Phuong phap truong ngu nhién c6 diéu kién (CRFs - Conditional Random
Fields) [18] dugc sir dung nhu mot ky thuat hoc trinh tu dé trich xuét cac biéu thirc
¢6 quan diém. N6 ciing da duoc sir dung dé phan biét d6i cyc tinh cam bang thuat
toan so khép mau. Thuat toan duoc ap dung trén cac bai danh gia truc tuyén. Tur dién
cam xuc dugc thanh 1ap. Thyc nghiém trén cac danh gia tryc tuyén vé xe hoi, khach
san va may tinh. Két qua cho thay phuong phap dé xuat da dat dugc hiéu qua cao.
Trong nghién ctru [19] d3 str dung mé hinh CRFs hai cdp véi sy phu thudc 14n nhau
khong ¢ dinh dé trich xuat cac quan h¢ so sanh. Diéu nay duoc thuc hién béng cach
st dung cac phu thudc phtre tap gitta cac quan hé, thuc thé va tir, va su phu thudc 1an
nhau khong ¢ dinh gilta cac quan hé. Muc dich tao ra mot mo hinh dd hoa dé trich
xudt va phan anh méi quan hé so sanh giira cac san pham tir danh gia ctia khach hang.
Két qua duogc hién thi dudi dang ban do quan h¢ so sanh dé ho tro quyét dinh trong
quan 1y rai ro doanh nghiép. Thuc nghiém trén cac danh gia cua khach hang trén thiét
bi di dong tr amazon.com, epinions.com, blog, dich vu mang xa hdi (SNS - Social
Networking Services) va emails. Két qua cho thay phuong phap dé xuat co thé trich
xuét cac quan hé so sanh chinh xac hon cac phuong phap khac va ban do quan hé so
sanh cua chiing c6 kha ning 13 mot cong cu rat hiéu qua dé hd tro viée ra quyét dinh
va quan ly rui ro doanh nghiép.

Chi str dung cach tiép can dya trén ngir liéu khong hiéu qua bang cach tiép can
dya trén tir dién vi kho c6 thé chuan bi mot kho ngtr li¢u 16n dé bao gém tat ca cac tur
tiéng Anh, nhung cach tiép can nay c6 mot wu diém chinh 13 c6 thé giup tim cac tir
quan diém cu thé vé mién va ngtr canh. Sau do, st dung mdt kho dir li¢u mién dé dinh
huéng phan cuc quan diém. Cac mo hinh khai pha quan diém dya trén tir vung duoc
thdng ké trong Bang 1.2.

Béng 1.2: Cac md hinh khai pha quan diém dua trén tir vung

Phuon Dir liéu
Nghién ctru e thuc Accuracy | Precision | Recall | F1
phép nohia
ghiém
Alshutayri et :
al. 2017) | Corpus- Twitter =1 29 69 ; ] i
120] based Reviews
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Amazon
product 69,00 - - -
reviews

Khoo et al. | Dictionary-
(2018) [21] based

Wook etal. | Dictionary- | Students’

(2020)[22] |  based feedback | 00 - - -
Grljevi¢ et al. . :
(2020) Dictionary- | HiEd-Sen i i i 89.75

based Reviews

[23]

Céc phuong phap biéu dién tir (word representation) dd phat trién tir cac mod
hinh dua trén tir dién cb dinh sang cac mod hinh biéu dién vector hoc duge tir dir liéu
va cac biéu dién ngir canh hoa. Cu thé, vector tir (Word2Vec-Word to Vector) [97]
duoc dé xuat nhim hoc cac biéu dién vector phan tan cua tur tur tap dit li€u van ban
quy mé 16n. Tiép theo, cac vecto toan cuc dé biéu dién tir (GloVe - Global Vectors
for Word Representation) [98] két hop thong ké ddng xuat hién toan cuc cua tir véi
phuong phap hoc vector dé tao ra cac biéu dién tir giau ngit nghia. Sau d6, cac phép
nhung tor m6 hinh ngdn nglr (ELMo - Embeddings from Language Models) [104] gidi
thiéu co ché biéu dién ngit canh hoa phu thudc vao ngir nghia cua cau. Cac nghién
ctru sau d6 tiép tuc mé rong biéu dién ngdn ngit sang moi trudng da ngdn ngir [99].
Nhiing biéu dién nay da tré thanh nén tang quan trong cho cidc md hinh phan tich tinh
cam hién dai dua trén hoc chuyén giao va hoc sau [100][101][102]. Khao sat hé thong
hoa ciia [161] vé k¥ thuat biéu dién vin ban trong NLP tong hop toan dién qué trinh
tién hoa tir biéu dién tinh sang ngit canh hoa, cung cép co sé lwa chon phuong phap
trich xudt dic trung phu hop.

- Khai phd quan diém dwa trén hoc may

Huéng tiép cin xay dung mé hinh hoc may [96] dé giai quyét bai toan khai
pha quan diém bao gom hoc may c6 giam sat, hoc may ban giam sat va hoc may
khong giam sat.

Céc phuong phap hoc may cé giam sat phu thude vao tap dit liéu huin luyén
da dugc gan nhin trude. Trong phéan loai quan diém, nhiéu thuat toan da duoc ap
dung nhu Naive Bayes, Maximum Entropy va Support Vector Machines [87], bén
canh cac phuong phap khac nhu cdy quyét dinh va bo phan loai dua trén luat. Khao

sat toan dién cua [165] vé cac md hinh hoc sdu cho phan loai van ban cung cap nén
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tang 1y thuyét cho cac phuong phap ABSA. Nghién ctru [24] cung cdp danh gia so
sanh toan dién cac phuong phap hoc siu tién tién dé giai quyét bai todan ABSA, tong
hop céc tap dir liéu chuan, sb liéu danh gia va phan tich hiéu suit cua cac mé hinh
mang no-ron siu, tir cac md hinh dé quy hoc ciu tric thanh phan ngit nghia [14] dén
céc kién trac hoc sau hién dai. Nén tang k¥ thuat cta cac tiép can nay la co ché self-
attention trong Transformer [103] va biéu dién tir ngit canh hoa sau [104], tao tién dé
cho cac mo hinh tién huin luyén quy mé 16n. Khao sat hé thong cua [25] vé hoc
chuyén giao tuan tu (sequential transfer learning) xem xét sy phat trién ciia cac mo
hinh tién huén luyén va tng dung cua ching vao cic nhiém vy phan tich tinh cam da
dang, bao gom ABSA, phan tich tinh cam da phuong thirc, phat hién mia mai, phan
loai tinh cam da mién, phan tich tinh cam da ngdn ngir va phat hién cam xtic. Nghién
ctru vé tinh toan va phan tich tinh cam chuyén tir vin ban sang hinh anh ciing dugc
dé xuat trong [26]. Phan tich tinh cam tryc quan voi mang ting cudng phéan biét dugc
giam sat yéu (WSDEN - Weakly Supervised Discriminative Enhancement Network)
duoc sir dung dé xay dung khung dy doan tinh cam. Cac thir nghiém mé rong trén ba
co so dit lidu diém chudn cho thiy phuong phap duoc dé xuit vuot trdi hon cac
phuong phap phan tich tinh cam truc quan hién dai. Trong linh vuc giao thong, nghién
ctru [27] dé xuat danh gia cac phuong tién str dung ning luong moi (NEVs - New
Energy Vehicles) bang tap hop hinh anh mo dwa trén phén tich tinh cam tir cac danh
gia truc tuyén. Trong nhitng ndm gan ddy nhiéu nha nghién ctru di tim cach kham
pha cach biéu dién khia canh cu thé thong qua co ché chu Vv [28]. Médc du da dat duoc
su cai thién dang ké trong vi¢c phan loai tinh cam & cép dd khia canh nhung céac
phuong phap ndy van c6 hiéu suat kém trong mot s6 truong hop nhat dinh vi nhiéu
1y do. Thir nhét 1a do ap dung co ché chil y & mirc do thd, c6 thé gy mat thong tin
khi cau theo ngir canh dai hoic bao gdm nhiéu tinh cam va khia canh chira nhiéu tir.
Thi hai 1 chi xem xét anh hudng cua céac tir khoa theo ngit canh dén su phan cuc
tinh cam ma bo qua tam quan trong clia cac cum tir khéa trong cau. Trong nghién ciru
[7] da phan loai cac phuong phdp phan loai tinh cdm dya trén khia canh c6 ba loai
chinh: mé hinh dya trén tri thirc, hoc may va mo hinh hdn hop. Phuong phap tiép can
dua trén tri thirc bao gdm phwong phap duwa trén tir dién, phuong phap dua trén

ontology va phuong phap dua trén dién ngdn. Trai nguoc véi cac phuong phap dua
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trén tri thirc dé khai pha cac co s tri thirc dé phan loai tinh cam, phuong phép tiép
can dya trén hoc may sur dung tap dit li¢u huin luyén gém cac vecto dic trung tuong
g v6i cac nhan chinh xac. M6 hinh hoc méay duoc hudn luyén dé trich xuét cac mau
tir dit lidu co thé duoc st dung dé phan biét gitra cac 16p tinh cam, co nhiéu loai mo
hinh hoc may, co thé duogc nhom thanh céc loai: mé hinh hoc may vector hd trg
(SVM- Support Vector Machine), m6 hinh dua trén cay, moé hinh hoc sau va moé hinh
hoc siu dua trén co ché chu . Khi dit liéu han ché, cdc mo hinh hoc may c6 thé khong
mang lai hiéu qua kha quan. Vi vy, can c6 su két hop thém tri thirc tir co s& tri thic
dé bu dap cho viéce thiéu dir liéu, viéc két hop co so tri thirtc méi voi mé hinh hoc may
dugc goi 1a md hinh hdn hop (hybrid models). C6 nhiéu cach khac nhau dé két hop
co s tri thitc véi hoc may. Mot cach tiép can pho bién 1a sir dung co so tri thuc dé
xac dinh cac ddc trung ma thuat toan hoc may sur dung dé du doan tinh cam. Mot cach
khéc 1a trién khai ca bd phan loai dya trén tri thirc va bg phan loai hoc may theo trinh
tu hodc song song. Trong nghién ctru [6] dd danh gia toan dién vé van dé phén tich
tinh cam dua trén khia canh, bao g@)m cac nhiém vy, phuong phap, thach thirc hién
tai va cac giai phap tuong tmg, dua ra cac hudng di tiém ning khac nhau, cu thé 1a
sap xép cac nghién ctru theo thir ty cac yéu td tinh cam c6 lién quan, tap trung vao
nhing tién bd gan day trén co s cac nhiém vy phan tich tinh cam don gian. Tuy
nhién, viéc tim kiém mot yéu t tinh cam duy nhét van chua thoa dang dé hiéu dugc
quan diém & cap do khia canh day du hon, diéu ndy doi hoi khong chi viéce trich xuat
nhiéu yéu té tinh cam ma con phai thira nhan su trong tng va phu thudc giira chiing.
Nham giai quyét bai toan du doan ddng thoi nhidu thanh phan ctia quan diém, nghién
clru [29] d3 dé xuat nhiém vu dy doan bo tir tinh cam (Sentiment Quad Prediction)
cung véi bo dir liéu chuan twong tmg. Khac véi cac phuong phép trich xuét tuan ty
ting thanh phan, nghién ctru tiép can bai toan theo hudng sinh vin ban (text
generation) dé du doan dong thoi bon yéu t6 gom danh muc khia canh (aspect
category), thuat ngit khia canh (aspect term), thuat ngir quan diém (opinion term) va
cuc tinh cam xuc (sentiment polarity). Dong thoi, cac bo dit liéu chuin duoc gidi
thiéu trong nhitng nim gan day di tao diéu kién thuan lgi cho viéc nghién clru cac
phuong phap du doan ddng thoi nhiéu yéu té tinh cam [138]. Cac phwong phap tién

tién nhat v€ phan tich tinh cdm dua trén khia canh c6 thé dugc tom lugc nhu sau. Bau
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tién 1a str dung cac phuong phap thiét ké dé phat hién cac khia canh nhu phuong phap
dua trén miu, hoc may va phuong phap hoc sau. Cac phuong phap nay déu hiéu qua
dé phat hién khia canh trong phén tich tinh cam va tinh linh hoat ctia mién. Dé phat
huy hiéu qua ctia cac phuong phép trén dong thoi ting cuong kha ning dién giai cua
cac md hinh hoc may thi cdy quyét dinh 1a mé hinh du doan trong hoc tip c6 giam
sat, dugc biét dén khong chi vi tién ich trong nhiéu ing dung ma con c6 kha ning
dién giai va do tin cay cao. Cay quyét dinh duoc nghién ctru cach day khoang 60 nim
va trong thap ky qua cac nha nghién ciru da giai quyét cac van dé quan trong trong
linh vuc ndy. Trong nghién ctru da danh gia nhiing tién bd gan day trong nghién ctru
vé cay quyét dinh, tap trung vao ba muc ti€u chinh cua bd hoc du doan nhu céc van
dé vé khép voi dit liéu huan luyén, khai quat hoa va kha ning dién giai. Tuy nhién,
ciy quyét dinh c6 nhimg han ché d6i véi dir liéu 16n va nguy co mo hinh huan luyén
bi qua khép (overfitting). Pay 1a van dé can phai giai quyét dé khic phuc han ché cia
ciy quyét dinh. Dé khic phuc cac han ché nay, hoc quan thé di duoc dé xuit va cé
xu hudng phat trién trong cac mo hinh hoc may hién dai. Gan day, hoc quén thé véi
cac bo phén loai co sé gidng nhau nhu hoc quan thé dua trén cdy quyét dinh va hoc
quan thé dua trén mang no-ron sau da cho thay hiéu qua déng ké trong viéc cai thién
tinh khai quat hoa cia hé théng hoc tap. Tuy nhién, mang no-ron sau hién dai thuong
6 hang triéu dén hang ty tham sd, chi phi vé thoi gian va khong gian dé huan luyén
nhiéu bd hoc sau co ban va thir nghiém vai bd hoc sau két hop 16n hon nhiéu so véi
phuong phap hoc quan thé truyén thdng. Cac mo hinh khai pha quan diém duya trén
hoc may duoc thong ké tai Bang 1.3.

Bang 1.3: Cac md hinh khai ph4 quan diém dua trén hoc may

Nghién ctou Phu(?'ng bu he_:}{ thye Accuracy | Precision | Recall | Fl1
phap nghiém

S. Kumar et al. NB Facebook 75,00 - - -
(2020) ME . 76,00 - - .
130] SVM reviews 78,00 ] ] ]
- Sa(r;(‘)‘;(l))et a1 NB | covip-19 | 91,00 i i ]
tweets , - - -

31] LR 74,00
S. Zahoor and NB 96,80 - - _
R. Rohilla SVM Tweets 96,00 - - -
(2020) RF reviews 95,94 - i _
[32] LSTM 95,28 - - -
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RNN 95,80 92,95 99,19 | 95,97

P.Mukherjee |\ | Amazon 96,32 94,36 | 98,59 | 96,43

et al. (2021)

(33] SVM reviews 85,54 85,80 | 85,43 | 85,61
NB 82,15 83,60 | 80,32 | 81,93
B. Noori et al NB 70,60 71,20 | 70,30 | 70,75
' (2021) SVM Customer 77,52 78,63 | 77,91 | 78,27
[34] DT reviews 98,90 99,10 | 98,90 | 99,00
KNN 72,00 75,10 | 72,70 | 73,88
5. A@”arzlf)et al- R Tweet 88,00 ; ; i
35] SVM reviews 87,00 - - -
C. Messaoudi LSTM . 78,40 79,40 | 79,10 | 78,50
e't al. (2022) CNN Tw_ltter 78,20 79,00 | 78,73 | 78,30
['37] CRF reviews 83,20 82,40 83,20 | 82,70
GRU 78,80 79,40 | 78,60 | 78,60
B. AlBadani et Twitter 99,78 - - -
al. (2022) SVM ) 99,71 - - -
38] reviews 9578 i i ]
A /(*2‘})321‘2? al I%SSTTI\B/;I Product | 96,07 ; ; i
39] CNN reviews 96,33 - - -
J. Ahmed and
M. Ahmed .
(2023) NB Articles 89,30 ; ; i
[40] reviews
P. Gaur et al. Twitter
(2023) NB sentiment 84,44 - - -
[40]
Y. Qiand Z.
Shabrina Tweets
(2023) SVC COVID-19 71,00 i i i
[41]
NB 93,40 - - -
M. Susmitha et LR E- 93,70 - - -
al. (2023) SVM commerce 93,80 - - -
[42] DT reviews 89,99 - - -
RF 93,50 - - -

Tiép can hoc may ban giam sat, nghién ctru [45] da 1ap mo hinh phwong phap
hoc ban giam sat dé nghién ctru van dé phan cum dic trung cta san pham dé khai pha
quan diém va dé& xuat sir dung thuat todn t6i da héa ky vong (EM-Expectation

Maximization) dé giai quyét van dé. Thuét toan hoc ban giam sat da duoc sir dung dé
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hoc tir mot tap hop nho cac cau duoc gén nhan va mat tap hop 1on cac cau khong
duoc gén nhan. Thuat toan hoc ban giam sat dugc xay dung dua trén thuit toan cuc
dai hoa ky vong, trong d6 md hinh phan loai Bayes ngay tho (NB - Naive Bayes)
dugc st dung Iam bd phan loai co so (base classifier). Mo hinh thyc hién phan loai
van ban thanh tich cuc (positive), tiéu cuc (negative). Mot phuong phap hoc ban giam
sat dugc dé xuit dé nhom cac biéu thirc khia canh thanh mét s6 loai khia canh do
ngudi ding chi dinh, nhim phan anh nhu cu cia nguoi dung. Trude tién, gan nhin
thu cong cho mét ) luong nhod biéu thure khia canh géc cho moéi danh muc. Sau do,
hé théng s€ gan phﬁn con lai ctia cdc biéu thirc khia canh cho cac danh muc phu hop
bang cach st dung phuong phap hoc ban giam sat 1am viéc véi cac miu duoc gin
nhan va khong dugc gin nhén.

Tiép can hoc may khong giam sat duoc sir dung dé ty dong khai thac cac khia
canh trong céac bai phé binh trén mang xa hoi va nhiing tinh cam duoc thé hién & céc
khia canh khac nhau. M6 hinh chu dé (LDA - Latent Dirichlet Allocation) [105] duoc
str dung dé kham pha cac chu dé chung vé nhiéu khia canh cua cac bai danh gia trén
mang xa hoi. Sau do, cac chu dé cu thé duoc trich xuét va tinh cam lién quan dya trén
bbi canh van ban danh gia. Cac bai danh gia xa hoi duoc trich xuat tir tap dit liéu Blog
va tir dién. Cach tiép can nay da thu duoc két qua phan ving chi dé tét va giup cai
thién d6 chinh x4c cua phan tich tinh cam. M6 hinh gitip khdm pha cac chu dé duoc
tinh chinh nhiéu khia canh va tinh cam lién quan. Ngoai ra, cach tiép can khong giam
sat khac phu thudc vao dinh hudng ngir nghia bang cach st dung do do thong tin
tuong hd theo timg diém (PMI-Pointwise Mutual Information) hoc lién két tir vung
stt dung PMI, khong gian ngit nghia va su tvong ty trong phan phdi dé do muc do
gidng nhau giira cac tir va cac nguyén mau phan cyc.

Trong nghién ctru [46] ciing dé xuat mot cach tiép can khong giam sat dé xac
dinh cac cdu danh gia trong cac cudc thao luan truc tuyén. Nghién ciru da trién khai
mot hé thong dya trén quy tac dé khai thac cac dic trung, quan diém cua san pham
va diém s6 d6 tin cay cua chiing. Hé thong dwoc dé xut sir dung phan tich ngén ngit
va ngir nghia ctia vin ban dé khai thac cac cap quan diém dic trung tir cac tai liéu
danh gia. Sau do6, thuat toan xép hang tim kiém chit dé dya trén lién két (HITS-
Hyperlink-Induced Topic Search) da dugc st dung dé thu duogc diém do tin cay cho
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cap dic trung-quan diém va kho di liéu. Phuong phap khong giam sat dé phén loai
cac bai danh gia 1a thich (duwoc khuyén nghi) hodc khong thich (khong duoc khuyén
nghi) [106]. Phuong phap khong giam sat dugc sir dung dé phan loai tinh cam & cip
d6 tai liéu va thong tin twong hd diém dé c6 duoc dinh hudng ngir nghia trung binh
cua cac bai danh gia. Thuat toan dat d§ chinh xac trung binh 1a 74% cho 410 luot
danh gia. Sau do, cac tac gia dd mé rong cong viée bang cach trinh bay mot cach tiép
can dé tim ra dinh hudéng ngit nghia ctia vin ban bang cach tinh toan su lién két thong
ké ctia nd véi mot tap hop cac tir tich cuc va tiéu cuc bang cach sir dung phuong phap
PMI va phan tich ngit nghia tiém 4n (LSA- Latent Semantic Analysis). Phuong phap
nay khi thtr nghi€m voi 3.596 tir (1.614 tur tich cuc va 1.982 tur tiéu cuc) dat do chinh
xac 82,8%.
1.5.1.2. Cac linh vuc ap dung

Khai pha quan diém c6 thé dugc 4p dung cho nhiéu linh vyc khac nhau nhu
du lich, gido duc, an ninh qudc gia, qudc phong, kinh doanh, chinh tri, céng cong, tai
chinh, méi nguy hiém, strc khoe va an toan [47]. Pham vi tng dung rong rdi sé nham
muc dich dat dugc su két hop tdt nhat cac diém manh cta cc tiép can khai pha quan
diém. Tuy thudc vao yéu cau/muc dich/khudn kho ciia mé hinh khai pha quan diém,
cac tng dung c6 thé khac nhau, tir dy doan don gian vé tinh phan cuc ciia mot tir dén
kham pha thong tin nhay cdm hoac an giéu, hodc tham chi 1a mo6 hinh bao vé mot
quéc gia khoi bat ky cudc tin cong khung bd tiém tang nao hodc tham hoa. Nhiéu
cong trinh nghién ctru dé cip dén cac linh vuc tng dung khac nhau dya trén cac linh
vuc hoac tiép can khac nhau dugc st dung. Kién thirc vé céac linh vuc ung dung da
dang hoan toan dya trén tap dir liéu hi¢n c6 la mot thach thue kho tim théy trong cac
tai liéu nghién ctru hién c6. Muyc ndy nham phéc thao mot sb linh vuc Gng dung khai
pha quan diém dya trén dir liéu/nodi dung/tai lidu cé san ma cac nha nghién ctru c6 thé
st dung dé khai pha quan diém. Trong linh vuc gido duc cu thé, khai pha quan diém
da duoc tng dung dé phan tich danh gia khoa hoc tryc tuyén va phan hoi ctia ngudi
hoc, hd trg giang vién va don vi dao tao cai thi¢n chat luong nd1 dung giang day thong
qua cac k¥ thuat hoc sau két hop phan loai chu dé [44].

Trong linh vyc kinh doanh va thuong mai dién tur, khai pha quan diém tir cac

danh gia truc tuyén cia nguoi dung di tré thanh mot trong nhitng hudéng tmg dung
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phd bién va c6 gid tri thuc tién cao nhit [1]. Vi su bung nd cua cac nén tang mua
sam tryc tuyén, so luong san pham, thwong hiéu va nha cung cép ngay cang gia ting,
khién nguoi tiéu dung phai d6i mat véi khéi luong thong tin khong 16 khi dwa ra quyét
dinh mua hang [43]. Pay 1a mot trong nhitng bai toan duoc nghién ciru sdm nhat cia
linh vyc, trong nghién ctru [49] dd dit nén mong cho hudng trich xuat va phan loai
ngir nghia cac danh gia san pham truc tuyén. Mic du céac trang thuong mai dién tir
cung cip hé thong xép hang sao va cho phép khach hang dé lai nhan xét, viéc xu 1y
thu cong hang nghin phan hoi 1a bat kha thi trong thyc té. Phén tich tinh cam ty dong
gitip khic phuc han ché niy bang cach tong hop va cung cip cai nhin ngin gon, c6
cau tric vé toan bo san phém, thuong hiéu, hoac tung khia canh k¥ thuat cu thé cua
san phém [1]. Pac biét voi linh vuc khach san va nha hang, trong tam dit li¢u thuc
nghiém cta luan 4n, khao sat hé thong cta [167] qua 68 cong trinh vé tng dung hoc
may cho phan tich tinh cdm khéach hang trong linh vuc khach san va du lich xac nhan
xu huéng st dung phd bién cac thuat toan ciy quyét dinh, rimg ngiu nhién va mang
no-ron, déng thoi chi ra khoang trong vé k¥ thuat hoc quan thé chua duoc khai thac
day du trong linh vire ndy, dung voi dinh huéng ma luan an theo dudi. Khao sat toan
dién cta [119] vé phan tich tinh cam di tong hop cac phuong phéap xtr Iy ngén ngit tu
nhién, hoc may, hoc sdu va mo hinh ngén ngt 16n trong phan tich danh gia khach
hang truc tuyén, dong thoi cho thiy cac nén tang thuong mai dién tir nhu Amazon va
Yelp 14 nhitng nguon dit liéu dugc sir dung pho bién trong nghién ctru va danh gia
cac mé hinh khai pha quan diém. Trong khao sat [195] cung cap mot danh gid tong
quan c6 hé thong vé cac phuong phap, ing dung va thach thirc trong phéan tich cam
xuc; phan tich tong hop quy mé 16n ciia [168] téng hop 156 nghién ctru voi 69.006
quan sat khang dinh dénh gia truc tuyén c6 anh huéng dang ké dén y dinh mua hang,
dic biét nhan manh vai trd ctia ndi dung dénh gia, 1a 1y do truc tiép cho su can thiét
ctia cac mo hinh khai pha quan diém hiéu qua tir danh gia khach hang.

Céc tng dung cta khai pha quan diém trong linh vuc nay rat da dang va bao
phu nhiéu ddi twong khac nhau. Tir goc d6 ngudi mua, hé thdng c6 thé hd tro phan
tich va so sanh san pham giita cic nha cung cap. Tir goc dd ngudi ban va nha san
xudt, khai phd quan diém cung cip thong tin dé nghién ctru ddi thu canh tranh, theo

ddi thuong hiéu, quan 1y danh tiéng va hoach dinh chién lugc quang cao [1]. D6i voi
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céc nén tang thuong mai dién tir, phan tich tinh cam ho tro dich vu khach hang va ca
nhan hoa trai nghiém nguoi dung.

Bén canh do, tinh tin cdy cua dir liéu danh gid 1a mot thach thirc khong thé bo
qua. Sy xuat hién ngdy cang nhiéu cia cic danh gia gid mao trén cic nén tang truc
tuyén doi hoi phai co cac co ché phat hién hiéu qua trudc khi sir dung dir liéu cho
muc dich phan tich [3]. Cac nghién ctru dd dé xuét nhiéu phuong phap tiép can, bao
g@)m bd phan loai dya trén quy tc, ban thé luan dic trung theo mién va cac do do
khoang céch, nham loc va xac minh tinh x4c thuc cua danh gia trude khi thuc hién
khai pha quan diém dya trén khia canh [3]. Do @6, su lya chon gitra cac chién lwoc
phan tich dy doan hay chan doan s& 1a yéu té then chbt dinh hudng viéc phat trién cac
cong nghé xur 1y danh gia thuong mai dién tr trong tuong lai [1]. Hai khdo sat toan
dién gan day hé thong hoa linh vuc nay: [6][174] phén tich cac dic trung ngon ngi
va hanh vi dé phan biét danh gia that/gia, trong khi [175] cap nhat cac k¥ thuat méi
nhat tir nam 2019 dén nam 2023 bao gém ca mo hinh Transformer, ddng thoi chi ra
mat can bang dit liéu that/gia van 1a thach thitc chua giai quyét triét dé, lién quan truc
tiép dén van dé mat can bang nhin ma luin an xir 1y thong qua mé hinh rirng mat do
va rung da tap.

Trong linh vuc chinh tri, sy phat trién manh mé ciia cac nén tang truyén thong
xa hoi nhu Twitter, Facebook, blog va YouTube da tao ra mgt khong gian cong khai
rong 16n, noi ngudi dung tu do bay to quan diém vé cac dang phai chinh tri, ing cir
vién bau ctr va chinh sach cta chinh phu [48]. Khéi lugng dif liéu khong 16 tir cac nén
tang nay da thu hat sy cha y clia cac nha nghién ctru trong viéc khai thac quan diém
phuc vu phan tich chinh tri. Mot trong nhitng tng dung ndi bat nhét 13 du doan két
qua bau ctr dya trén phén tich tinh cam tir dir liéu mang xa hoi. Nghién ctru tién phong
[107] d4 chi ra rang ty 1& dé cap va xu hudéng tinh cam trong céc tweet c6 thé phan
anh xu hudng bau ctr v6i d6 chinh xac dang ké. Ngoai dy doan bau cir, khai pha quan
diém con duoc mg dung dé theo di cam nhén cta coéng chung dbi véi cac phong
trao chinh tri, danh gia phan ing ctia nguoi dan trude cac dy ludt hodc dao luat duoc
dé xuat, va giam sat dién bién du luan theo thoi gian thyc [48]. Mot phat hién quan
trong va nhat quan trong cac nghién ciru vé truyén théng chinh tri truc tuyén 1a hién

tugng phan cyc tinh cam trong lan truyén thong tin: cdc tweet mang noi dung tiéu cuc
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¢6 xu hudng duge lan truyén rong rii hon so voi cac tweet tich cuc [108]. Diéu nay
dat ra nhitng thach thirc dédng ké cho céc nha phan tich khi sir dung dir liéu mang xa
hoi dé danh gia du luan khach quan, ddng thoi mé ra hudng nghién ciru vé tac dong
cua cam xuc tiéu cyc trong dinh hinh nhan thirc chinh tri cua cong ching. Khao sat
hé thong gan day cuia [172] vé du doan bau cir dya trén dir lidu Twitter tong hop céac
phuong phap tiép can, phan loai theo cach tiép can, trich din va cong nghé sir dung,
déng thot chi ra réng hi¢u qua dy doan phu thudc manh vao dac diém quéc giava nén
tang, minh chiing thém cho tdm quan trong ciia viéc md hinh héa cac thanh phan ngi
canh (ngudi phat biéu, thoi diém) trong bo ndm quan diém thay vi chi phan loai nhin
tinh cam don thuan. Khao sat toan dién va cap nhat nhét vé phan tich tinh cam Twitter
trong du doan bau cir ciia [172] d3 tong két tién do trong hai thap ky qua phén loai
theo phuong phap, trich dan va cong nghé, xac nhan phan tich tinh cam tir mang xa
hoi 1a cong cu hiéu qua dé do luong quan diém cir tri v6i cac phuong phap hoc may
nhu md hinh Naive Bayes, SVM va mé hinh hoc sau nhu biéu dién ma héa hai chiéu
tr Transformers (BERT - Bidirectional Encoder Representations from Transformers)
1a cach tiép can pho bién nhét.

Trong linh vuc truyén thong xa hoi, sy bung nd ciia cic nén tang ky thuat so
d3 tao ra nguon dir liéu quan diém khong 16, phan anh phan tng cta cong ching trudc
céc su kién va van dé x4 hdi theo thoi gian thyc [48]. Khai pha quan diém trén mang
x3 hoi khong chi don thuan 13 phan loai tinh cam ma con mé rong sang cac tng dung
phtc tap hon: giam sat va theo ddi dién bién du ludn xung quanh mét sy kién cu thé,
du doan cac két qua c6 thé xay ra, va hd trg ra quyét dinh trong cac tinh hudng khan
cap hodc hdn loan x4 hoi [65]. Cac hé thong phan tich tién tién c6 kha niang xac dinh
thanh phﬁn nao cia mot sy ki¢n thu hut sy cha y cao nhat tir nguoi dung, phat hi¢n
ngudn ndi dung, cu thé 1a cac blog hoic tai khoan ¢ anh hudng chiu trach nhiém gay
ra su thay d6i dot bién trong cam xUc tap thé, dff)ng thot lam ro cac khia canh cua su
kién c6 tac dong 16n nhat dén nhan thic cong dong [109].

Mot minh chimg dién hinh vé ing dung ctia khai pha quan diém trong bdi canh
chinh sach mang xa hdi 1a nghién ctru [110]. Nghién ctru nay phéan tich ngén ngir va
cam xuc trong cac tweet trude va sau 1énh cAm dang anh phan cam vé hanh vi ty 1am

hai ban than trén Facebook va Instagram, str dung kho ngit liéu gdm 8.013 tweet va
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mo hinh théng ké dé trich xuét cac chu dé triru twong trong dién ngdn [110]. Két qua
cho thay 1énh cam tao ra su chuyén dich dang ké trong cam xuc ngudi ding, véi sy
gia tdng clia cac cam x{c tirc gidn va budn ba sau khi chinh sach c6 hiéu lyc. Thong
qua viéc lam rd nodi dung mang tinh thoi sy bing mé hinh chii dé théng ké, nghién
clru cung cap cai nhin sdu sic vé cach nhitng nguoi c6 quyén lgi lién quan nhin nhan
va phan tmg trude mot thay doi chinh sach quan trong, qua d6 khang dinh tiém ning
ctia khai pha quan diém trong viéc danh gia hiéu qua va tac dong xa hoi cua cac quyét
dinh quan tri ndi dung truc tuyén.

Trong linh vuc giai tri, khai pha quan diém tir danh gia cua khan gia da tro
thanh cong cu quan trong hd tro nhiéu bén lién quan trong nganh dién anh [1]. Khoi
luong danh gia ngay cang ting trén cic nén tang danh gia phim truc tuyén nhu Co s
dir liéu phim Internet (IMDb - Internet Movie Database), Rotten Tomatoes va cac
mang x3a hoi da tao ra nguoén dir lidu phong pht phuc vu phén tich cam xtic va khai
pha quan diém cta cong chiing d6i véi cac bo phim sip ra mét hodc dang cong chiéu.
Cac két qua phan tich nay duoc ing dung truc tiép vao viée du doan doanh thu phong
vé, mot bai toan quan trong dbi véi nha phan phdi va nha san xuat phim trong qué
trinh ra quyét dinh [111]. Bén canh d6, hé thong goi ¥ phim c4 nhan hoa dua trén
phan tich tinh cam tir danh gia ctia nguoi ding ciing dang duoc phat trién rong rii,
gitip két ndi ngudi xem voi cac bo phim pht hop véi so thich ca nhan [112]. Dbi voi
cac nha phan phdi va nha san xuat, viéc phén tich cac khia canh dugc dé cap nhiéu
nhét trong danh gia nhu dién xuét, kich ban, k¥ x40 hodc am nhac cung cép co s& dé
diéu chinh chién lugc quang ba va cai thién chat lwong san pham trong cac du 4n tiép
theo. Khao sat hé théng vé phan tich vin ban trong du lich va khach san cta [196] da
téng két 10 ndm nghién ciru tir nam 2013 dén nam 2023 trén 5 tap chi hang dau cua
nganh, x4c dinh cic nén tang danh gia tryc tuyén (TripAdvisor, Yelp) 1a ngudn dir
liéu cht dao va phan tich tinh cam theo khia canh 14 phuong phap duoc ap dung nhiéu
nhat dé hiéu mic do hai long cta khach hang.

Trong linh vuc y té va moi trudng, khai pha quan diém trén mang xa hoi dong
vai tro dic biét quan trong trong viéc nam bat phan Gng cua cong chung trudc cac
khung hoang va su kién dot ngot [10][31]. Khi ddi mat véi cac tham hoa nhu béo,

dong dat hay dai dich, nguoi ding c6 xu hudng chia sé cam xtic va thong tin theo thoi
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gian thuc trén Twitter va Facebook, tao ra ngudn dit liéu quy gia dé theo ddi dién bién
du luan. Nghién ctru [31] d4 phan tich dir liéu tweet lién quan dén COVID-19 dé theo
ddi su tién trién cua tm 1y so hai theo thoi gian khi dai dich dat dinh & Hoa Ky, ap
dung phan tich vin ban mé ta két hop truc quan hoa dit liéu va phan loai trong hoc
may. Trong nghién ctru [10] d3 so sanh hiéu qua cta cac bd phan loai hoc may két
hop trong vi¢c phan tich tinh cam tir tweet COVID-19, dat nén tang cho viéc lya chon
phuong phap phu hop trong bdi canh dir lidu y té khong can bang. Tuy nhién, mot
thach thic dang ké trong linh vuc nay 1a viéc nam bat cac biéu dat mia mai va ngén
ngir an du phd bién trong cac thao ludn vé stc khoe tryc tuyén va dé giai quyét van
dé nay, cac phuong phap tiép can da nén tang két hgp nhiéu nguon dir liéu dang dugc
nghién ciru va phat trién nham tao diéu kién thuan loi cho viéc phan tich truyén thong
vé y té toan dién hon [10][31]. Khéo sat hé théng quy mé 16n cia [176] phan tich 139
nghién ciru di xac dinh mang xa hoi 1a ngudn dit liéu hitu ich cho quan 1y rdi ro thién
tai du con han ché vé da dang ngdn ngit va nén tang dit liéu, goi ¥ hudng phat trién
trong tuong lai cho viéc md rong mé hinh bo nim quan diém sang dir liéu da ngon
ngir va da nén tang. Nghién ctru hé thong toan dién nhét gan dy vé phén tich tinh
cam trong linh vuc y té cong dong cua [120] d xem xét 83 nghién ctru tir 2020-2025,
xac dinh mang xa hoi (nhu Twitter, Reddit) 1a nguon dit liéu chu dao va chi ra hudng
phat trién manh sang cdc mé hinh hoc quan thé, mé hinh ngén ngit 16n (LLM - Large
Language Model) va hoc sau.

Trong linh vuc tai chinh, phan tich tinh cdm da tré thanh cong cu quan trong
hd trg dy doén thi trudng chimg khoan. Phan tich tinh cadm tir tweet két hop véi dir
lidu gid lich sir ctia nim cong ty 16n, sir dung mé hinh bd nhé ngan han dai (LSTM-
Long Short-Term Memory) va mé hinh mang no-ron tich chap mot chiéu (CNN-1D-
1-Dimensional Convolutional Neural Network), cho thiy kha ning du doan bién dong
gia ¢ phiéu hiéu qua hon so v6i phan tich k¥ thuat thuan tay [113]. Hudng tiép cin
nay giup nha dau tu xac dinh c6 phiéu tiém ning va ti uu héa thoi diém giao dich
dua trén tin hi€u cam xuc thi truong. Vé lya chon kién traic, CNN dam nhan trich xuét
dac trung cuc bg tir van ban tin tuc tai chinh, trong khi LSTM chiu trach nhiém mo
hinh héa chudi thoi gian, két hop hai kién tric trong mé hinh CNN-LSTM lai cho

thay hiéu suat vuot troi so véi mo hinh don 1€ trén ca ba chi s6 danh gia gom: sai so
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binh phuwong trung binh (MSE- Mean Squared Error), hé sé xac dinh (R? - Coefficient
of Determination) va F1-score [114]. Phan tich tinh cam tich hop vao m6 hinh CNN-
LSTM lai cai thién dang ké d6 chinh xac du bao chtirng khoan, dac biét trong viéc
nim bit cac bién dong thi trudong do cam xuc dan dit, so véi mo hinh chudi thoi gian
truyén thong ARIMA (AutoRegressive Integrated Moving Average) [115]. Ngoai ra,
mé hinh FinBERT két hop LSTM dat hiéu suét cao nhét trong du doan bién dong thi
truong tai chinh, vuot troi so véi ca ARIMA 1an LSTM [116]. Nghién ctru [88] dé
xuat mang bo nhé ngan han dai hai chiéu dya trén co ché chi ¥ (Att-BLSTM) dé nam
bat thong tin ngir nghia quan trong nhat trong cau. Khao sat toan dién cua [173] vé
tich hop phan tich tinh cam v6i mang no-ron do thi (GNN) cho du doan ching khoan,
tong hop 76 cong trinh, khang dinh xu huéng két hop da ngudn thong tin nhu tin tirc,
mang x3 hoi, dir liéu gia, mang lai cai thién hiéu suat dang ké so v6i phuong phap
don 1é, cung nguyén 1y két hop da thanh phan ma luan an ap dung thong qua biéu
dién bo nim quan diém. Trong bai béo [137], tac gia dé xuat Sentic GCN (Sentic
Graph Convolutional Network), mot mé hinh Graph Convolutional Network duogc
ting cudng bang tri thirc cam xuc tir SenticNet nham khai thac dong thoi quan hé ca
phap va quan hé cam xuc giita cac tir dé nang cao hiéu qua phan tich cam xuc theo
khia canh. Panh gia toan dién cua [142] trén 13 tac vu phan tich tinh cam va 26 tap
dir 1iéu cho théy mo hinh LLM nhu ChatGPT [127] vuot trdi & cac tac vy don gian,
nhung con han ché véi cac tac vu phtc tap cé cAu trac nhu trich xuat bd nam quan
diém, vi vay luan an giai quyét khoang trong nghién ciru biang hoc quan thé (Ensemble
Learning) véi dic trung bd nim quan diém tudng minh thay vi fine-tuning mé hinh
LLM tryc tiép.

Ngoai ra, khao sat quy mo lon cua [162] qua 154 cong trinh giai doan 2013—
2023 vé phan tich ddnh gia khach hang tryc tuyén bang NLP dé xuat mot hé thong
phan loai tmg dung theo mién dit liéu, cho thay thuong mai dién tir va du lich 14 hai
linh vuc c6 khdi lugng nghién ctru 16n nhat, phu hop véi viée ludn an lya chon di
liu Yelp va TripAdvisor cho thuc nghiém. Khao sat [163] hé thdng hoa cac phuong
phap, tap dit liéu pho bién va hudng nghién ctru twong lai ctia phan tich tinh cam néi
chung, trong khi khao sat so sanh thuc nghiém cua [182] trén mang x4 hoi khang dinh

cac k¥ thuat hoc quan thé dya trén Bagging va Boosting tiép tuc 1a phuong phap pho
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bién va hiéu qua, 1a co so thuc nghiém bd sung cho viéc lya chon hudng tiép can hoc
quan thé cta ludn an.

Toém lai, linh vuc nghién ctru khai pha quan diém va phan tich tinh cam d4 trai
qua qua trinh phat trién dai tir khi nhitng nghién ctru tién phong vé tong hop danh gia
khach hang va nghién ctru [119] vé trich xuat quan diém san pham dit nén mong cho
toan bo linh vyc. Tir d6 dén nay, dd c6 nhiéu hudng tiép can nghién ctru khic nhau
dugc dé xuat, va sy quan tim cia cong ddng nghién ciru ngdy cang ting dé giai quyét
cac thach thire thuc tién ngay cang 16n tir lugng dit liéu quan diém khong 16 trén
Internet [1][4]. Khao sat toan dién cua [187] cho thay xu hudng phat trién cta phan
tich tinh cam dang chuyén tir cic moé hinh hoc may truyén théng sang cac mé hinh
hoc sau, Transformer, mé hinh ngdn ngit 16n va céc kién tric lai. Pong thoi, khao sat
nhan manh rang nhitng thach thirc c6t 161 hién nay khong chi ndm ¢ viéc nang cao do
chinh x4ac ma con & kha nang tong quat hoa trén cac mién dir liéu khac nhau, tinh bén
vitng trudc sy thay ddi ctia ngdn ngit, kha ning dién giai va tinh cong bang ciia mo
hinh. Cac hudng nghién ctru nhu hoc quan thé, hoc chuyén giao, hoc tu giam sat va
cac md hinh lai dugc xem 13 nhitng giai phap quan trong nham nang cao hiéu qua cta
cac hé thong khai pha quan diém trong twong lai. Pic biét trong ky nguyén mé hinh
ngon ngtr [6n LLM, nghién ctru cua [142] danh gia toan dién trén 13 tac vu phan tich
tinh cam va 26 tap dit liéu cho thdy mé hinh LLMs tuy vuot troi & cac tac vu phan
loai don gian nhung thua kém cac mé hinh nhé chuyén biét (SLMs) & cac tac vu co
ciu truc phirc tap nhu ABSA, khing dinh hudng tiép cin ¢ ciu tric (nhu bd nim
quan diém) ctia luan 4n 13 bd sung can thiét ngay ca trong bdi canh LLM.

V& phuong phap, hai hudng tiép can chinh di dugc phat trién song song.
Hudng tiép can dua trén tir vung bao gdm cac phuong phap dya trén tir dién cam xuc
va phuong phéap dua trén kho ngi liéu, tan dung cic ngudn tri thirc ngdn ngit ¢ sin
nhu SentiWordNet va WordNet [21]. Hudng tiép can hoc may da dang hon vdi ba
nhanh chinh: hoc c6 giam sat ap dung cho dit liéu c¢6 nhin véi cac ki thuat pho bién
nhu Naive Bayes, SVM, cay quyét dinh, mang no-ron va hoc quén thé [8], hoc ban
giam sat két hop dir liéu c6 nhan va khong c6 nhan thong qua cac thuat toan nhu EM
voi Naive Bayes [45], hoc khong giam sat cho dir liéu khong cé nhan, thuong st dung

cac mo hinh chu dé nhu pLSA/LDA [105].
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Mic du d3 dat duoc nhiéu tién bo dang ké, cac hé théng khai pha quan diém
van dbi mat véi nhidu thach thirc chua dugc giai quyét triét dé, bao gdm xir 1y ngon
ngir mia mai, phu thudc ngir canh vin hoa, mit can bang nhan va kha ning tong quat
hoa sang cac mién tng dung moi [4][147][6]. Piéu nay khing dinh khai pha quan
diém van 1a mot linh vuc nghién ctru phong phii va nhiéu tiém nang phat trién.

1.5.2. Mot s6 han ché ciia cac tiép can khai pha quan diém hién nay

Mic du linh vyc khai pha quan diém d3 dat dugc nhiéu tién bo déng ké, mdi
huong tiép can van ton tai nhiing han ché ¢b hitu can duoc nhan dién 6 dé dinh huong
nghién ctru cai tién. Cac khao sat toan dién gan dy x4c nhén ring tir phuong phap
dua trén tir vung, hoc may truyén théng dén hoc sau va mo hinh ngdn ngir 16n, mdi
nhoém déu c6 diém manh va diém yéu riéng biét vé do chinh xé4c, kha niang dién giai,
yéu cau dir liéu va chi phi tinh toan [119].
1.5.2.1. Han ché ciia tiép c4n khai pha quan diém théng thuong

- Tiép cdn dwa trén tir vung (Lexicon-based): Phuong phap nay st dung tir dién
tinh cam véi diém s6 phan cyc dugc gan ¢ dinh cho tung tir. Han ché c6t 15i cua tiép
can tir vung 14 khong thé nam bat tinh cam phu thudc ngit canh, bao gdm mia mai va
an du. Hiéu suit phu thudc nang né vao chit lugng, do bao phu va tinh phu hop mién
ctia tir dién duoc chon; tir dién da nang thuong hoat dong kém trong cac linh vuc
chuyén biét noi y nghia tir c6 thé khac biét va thuat ngi chuyén nganh vang mit hoic
bi phan loai sai [120]. Ngoai ra, viéc lién tuc cap nhat tir dién dé theo kip ngon ngit
mang xi hdi dang bién d6i nhanh 1a tén kém va kho duy tri [121].

- Tiép cdn hoc mdy (Machine learning-based): Cac phuong phap hoc may co
giam sat tir Naive Bayes, SVM, cdy quyét dinh dén mang no-ron cho thay kha ning
thich tmg tot v4i tig mién cu thé nhung d6i mat voi hai thach thirc 16n: (1) su phu
thudc vao dir liéu gan nhan s6 luong 16n vira tén kém vira han ché kha niang mé rong
sang mién méi; (2) cac k¥ thuat hoc may dua trén dic trung vin ban hodc tir dién tinh
cam dic biét dé bi ton thuong trudc cac van dé lién quan dén mién dir lidu, nhat 1a
khi xir 1y dir liéu 16n v6i phan phdi 1éch [121]. Dbi véi tiép can lai (hybrid) két hop
hoc may va tir ving, céc tai liéu danh gid chira nhiéu nhidu thudng duoc gan diém

trung tinh vi hé théng khong phat hién dugc quan diém rd rang.
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- Hoc sdu va mé hinh tién huan luyén: Su Xuét hién cua BERT [81], RoBERTa
[83] va cac mo hinh Transformer di day d6 chinh xac phan loai tinh cam 1én mirc cao
chua timg c6. Tuy nhién, mang no-ron sau gip khé khin véi sy dich chuyén phan
phdi va dit liéu gan nhén han ché, dn dén hién tuong qua khép (overfitting) va kha
nang tong quat héa kém sang cac mién va nhiém vy khac nhau [122]. Hon nita, chi
phi tinh toan va yéu cdu GPU 16n can trd viée trién khai thue té trong méi truong tai
nguyén han ché [81][83][100]. Cac nghién ctru gan diy vé phan tich tinh cam dya
trén khia canh [131][132] cho thay hoc sau can luong dif lidu va tai nguyén 16n.
1.5.2.2. Mot s6 van deé tiép can khai pha quan diém v6i hoc quan thé

Hoc quéan thé (Ensemble Learning) di dugc chimg minh hiéu qua trong cai

thien d6 chinh xic va tinh 6n dinh cua khai pha quan diém
[8][117][59][164][200][141]. M6t s6 mé hinh khai pha quan diém véi hoc quan thé
duogc thong ké tai Bang 1.4.

Bang 1.4: Cac md hinh khai ph4 quan diém véi hoc quan thé

Ng1}1en Phu(?'ng bu 11¢2thu° Accuracy | Precision | Recall | FI
clru phap nghiém
Bagging
(Naive
A.Onanet | Bayes, A e 1iA 4
al. 2015) | svm, | Bodw hwd‘.ifmh 78,0 ; ; ;
(8] C4.5. gia quan diém
KNN,
RBF)
R. Stacking Stanford 78,3 77,7 78,4 | 78,0
Alnashwan |- UM | SemEval-2016, | 873 88,9 | 85.8 | 87.3
(201 5') LR, ’ Health Care
[50] DF) Reform (HCR) 83,2 78,8 81,8 | 80,3
Stanford Twitter 78,70 - - -
Flc\)/fl.alri/[.e ¢ Stacking Corpus,
al. (2018) (SVM, Sanders, 93,94 - - -
(51] LR, NB) Health Care
Reform 84,75 - - -
S. Sharma :
et al. Bagging . :
(Random | Movie Review 77,48 - - -
(2018) Forests)
[52]
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Stacking

H.-Q.
Nguyen et (i\{{l}f’ Travel Services 92,80 i i i
al. (2018) Reviews ’
53] LSTM,
CNN)
Stacking
(NB,
A. Alrehili | SVMs,
et al. Random .
(2019) forest, Electronic 89.4 - - -
[54] Bagging,
Boosting
)
D. Tiwari .
et al. Bagging US-Airlines 76,0 i i i
(2019) . reviews i i i
[55] Boosting 74,0
Stacking
M. Khalid | (Gradient
et al Boosted, . )
(2020) Support Mobile reviews 93,0 - - -
[56] Vector
Machine)
A. S(t g‘;\lﬁl\? & Restaurant 69,3 - -
Mohamma ’ reviews i
didietal, | >IM
(2021) B‘;SlgM Laptop
[57] GRU) reviews i 67,5 - -
R. V. A. Stacking
Ogutu et (Naive OnePlus 7 Pro 96.5 i i i
al. (2022) Bayes, reviews ’
[58] SVM)
Stacking - 83,8 83,4 | 83,3
(DT,
SVC,
M. M. LR);
Rahman et | Bagging . : - 84,6 83,3 | 83,2
al (2021) | (SVC, 10 Twitter reviews
[10] trees);
Stacking - 84,7 83,6 | 83,5
(VC, BC,
LR)
M. S. . Trip 84,1 - - 79,6
Basarslan Stacking Advisor
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et al. (NB, reviews
(2023) kNN,
[59] SVM, Rotten Tomatoes 85,8 87,4
and LR) reviews
Hotel reviews
84,7 80,1

Tuy nhién, mot s6 han ché dic thu van ton tai:

- Vin dé dir liéu mat cén bcing: Hau hét cac thuét toan hoc quén thé truyén
thong trong khai pha quan diém gip kho khin véi dit liéu mat can bang khi cac 16p
tinh cam phan bd khong déu, din dén mo hinh thién 1éch vé phia 16p da sb [122].

- Vidn dé méi quan hé giiva cac thanh phan bg nam: Hau hét cac nghién ciru
hién c6 vé hoc quan thé trong khai pha quan diém chua khai thac day du mdi quan hé
cAu tric giita cac thanh phan (e, a, s, A, t) cia bd nam quan diém [79]. Mdi thanh phan
thuong dugc xtr Iy doc 1ap, lam mat di thong tin twong quan quan trong.

- Vén dé khd ndng dién giai: Mot thach thire 16n voi mé hinh hoc quan thé 1a
thiéu kha nang dién giai, viéc st dung dong thoi nhiéu mé hinh khién qua trinh ra
quyét dinh phtrc tap hon va khé hiéu hon. Trong khi c6 thé truy vét duong quyét dinh
trong mot cay quyét dinh don 1¢, mirc d6 16 rang nay khong dat duoc trong cac mo
hinh rimg cay két hop [123].

Tong hop cac phén tich trén cho thay nghién ctru khai pha quan diém can tiép
tuc duogc phat trién theo hudng giai quyét dong thoi ba thach thirc cbt 16i: ciu trac da
chiéu cta bd nam quan diém, dit liéu mat can béng va nhu ciu vé mo hinh ¢ kha
nang dién giai cao, la dong luc thuc day hudng tiép can rimg két hop dugc dé xuat
trong luan an nay.

Ngoai ra, hudng nghién ciru méi ndi gan day dang cha y 1a viéc khai thac cau
truc da tap (manifold structure) trong khong gian dic trung quan diém. Trong nghién
ciru [118] dé xuat biéu dién thua dya trén da tap (manifold-based sparse
representation) cho khai pha quan diém, khai thac gia thuyét da tap thong qua db thi
lang giéng gan nhat (k-nearest neighbor graph) dé hoc ciu triic noi tai cia dir liéu
quan diém nhiéu chiéu, day 14 budc tién quan trong so v&i cac phuong phap Euclidean
truyén thong. Tiép ndi hudng ndy, nghién ctru [129] dé xuit khung da muc tiéu biéu

dién da tap (MOMR - Multi-Objective Manifold Representation) tich hop dic trung
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toan cuc sau voi biéu dién da tap cuc bd, két hop co ché tu chu ¥ (self-attention) dé
tang kha ning dién giai mé hinh. Tuy nhién, ca hai hudng tiép can trén déu dua trén
hoc sau hodc biéu dién thua, doi hoi lugng 16n dir li¢u gan nhan va chi phi tinh toan
cao, dong thoi han ché kha ning dién giai. Do d6, day 1a khoang tréng nghién ciru ma
luan 4n hudng dén giai quyét. Khac biét cua dé xuét trong luan an so voi [118] va
[129] 14 rimg ngiu nhién khong giam sat duoc sir dung dé ude tinh ma tran quan hé
da tap tryc tiép tir dir liu bo nim co ciu tric (e, a, s, h, ¢) thay vi hoc sdu hay biéu
dién thua. Cy thé, hai quan diém thudng xuyén roi vao cung nat 14 trong rimg dugc
coi 14 gan nhau trén da tap dit liéu quan diém. Cach tiép can nay c6 ba wu diém nbi
bat: (1) tinh dién giai cao, ciu tric cdy quyét dinh cho phép truy vét rd rang co sd
phan cum quan diém; (2) khong doi hoi dit lidu gan nhin 16n, hoc khong giam sat
tryc tiép tir bd nam quan diém; (3) chi phi tinh toan thap, phi hop trién khai trong cac
ng dung thyc té ma khong yéu cau phan cing ting toc nhu GPU.

1.5.3. Xu huéng nghién ciru hién nay lién quan dén luin 4n

Hién nay c6 ba xu huéng nghién ciru méi lién quan tryc tiép dén hudng tiép
can cua luan 4n, cu thé nhu sau:

Thit nhat, cac khao sat quy mo 16n vé phan tich tinh cam duya trén khia canh
[152] va phan tich tinh cam noi chung [146][147] da hé thong hoa lai cac tac vu,
phuong phép va thach thire con ton dong, trong d6 nhidn manh khoang tréng vé kha
nang dién giai két qua theo ting thanh phan quan diém [150], vin dé ma biéu dién bo
nim quan diém trong luan an huéng dén giai quyét.

Thir hai, phuong phap luan hoc quan thé, khao sat [149] tong hop cac khai
niém va tng dung, khang dinh xu hudng két hop nhiéu mé hinh co s déng nhat tiép
tuc hiéu qua vai dit lidu c6 ciu tric bang. Phat hién thuc nghiém ciia [124] trén 48
tap dir liéu chuan cho théy mo hinh dya trén cay quyét dinh van vuot trdi hon mang
no-ron sau trén dir liéu bang c& vira, duoc cac khao sat [154][155] dong thuan. Dbi
v6i van dé dir liu mat can bang, khao sat [156] khang dinh két hop nhiéu cay quyét
dinh tiép tuc 12 hudng tiép can hiéu qua.

Thit ba, kha ning dién giai mo hinh, cac khao sat vé tri tué nhan tao c6 thé giai
thich (XAI) [150][151] hé thong hoa cac phuong phap dién giai mé hinh hoc may,
trong 46 SHAP duoc xac dinh 13 k¥ thuat model-agnostic phd bién va déng tin cay.
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Ddng thoi, khdo sat cap nhat vé cdy quyét dinh [153] hé thong héa cac tién bd gan
day theo ba muc tiéu: khép dir lidu, khai quat hoa va dién giai, phu hop véi cac muc
tiéu ma cac moé hinh ring dé xuit trong luan 4n hudng dén cai thién. Nghién ctu
[179] nhdm muc dich cung cip mot danh gid toan dién vé cac phwong phap dugc sir
dung trong tai liéu dé giai thich cac mé hinh thu duoc tir rimg ngiu nhién va da di sdu
vao nhitng tac dong cua sy mat can bang 16p ddi véi kha ning giai thich cia cac méd
hinh ring ngau nhién [178]. Trong khao sat [157] vé phan cum dya trén mat do
(density-based clustering) hé thong hoa cac thuat toan thuéc ho DBSCAN, phén tich
vai trd ctia hai tham sb & va MinPts trong viéc tu dong xac dinh s6 cum ma khong can
gid dinh trudc dé xir ly dir ligu mat can béng theo cau trac mat do thuc té thay vi theo
phan phéi nhan. Pong thoi, khao sat so sanh thuc nghiém cta [158] trén 45 nghién
ctru giai doan tir nam 2016-2023 cho thay k¥ thuat Stacking, du dugc st dung it hon
Bagging va Boosting, lai dat hiéu suat cao nhét trong phan 16n truong hop so sanh.
Trong khao sat thong ké toan dién caa [159] vé hoc da tap (manifold learning)
hé théng hoa co sd toan hoc va théng ké clia cac phuwong phéap giam chiéu phi tuyén,
lam 1o sy danh doi gilra bao toan cAu trac cuc bd va toan cuc [193], co so 1y thuyét
cho gia thuyét da tap duoc luan an ap dung trén dir liéu bo nam quan diém. Vé xu
hudng so sanh md hinh hoc sau/LLM vdéi cac phuong phap khac cho phan tich tinh
cam dya trén khia canh, nghién ctru thuc nghiém cua [160] trén nhiéu kién trtc mang
no-ron sau va md hinh ngdn ngir 16n cho thay hiéu suat giira cac nhém phuong phap
khong c6 khoang céach tuyét ddi, go1y réng cic md hinh dua trén ciu trac dir liéu
tuong minh nhu rimg da tap va cac phuong phap hoc sau hién dai c6 thé b tro cho
nhau, khi xét thém yéu t6 chi phi tinh toan va kha ning dién giai. Cac phuong phap
hoc da tap (manifold learning) dugc sir dung phé bién hién nay 1a t-SNE (t-distributed
Stochastic Neighbor Embedding) va UMAP (Uniform Manifold Approximation and
Projection). Nghién ctru phan tich va so sanh toan hoc cua [193] da 1am 18 co s& 1y
thuyét va co ché hoat dong ctia hai phuong phép, cho thay t-SNE tap trung t6i uu hoa
viéc bao toan cau trac cuc bd cua dit liéuy, trong khi UMAP c6 kha ndng bao toan tot
hon cac quan hé toan cuc, dong thoi dat hiéu qua tinh toan va kha nang mo rong cao
hon trén cac tap dir liéu 16n. Do d6, UMAP thudong dugc uu tién trong cac bai toan

giam chiéu va tryc quan héa dir liéu quy mé 16n, trong khi t-SNE vén 1a lya chon hi¢u
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qua khi can biéu dién rd céu tric cuc bd cua cac cum dit lidu. Trong khao sat so sanh
toan dién cua [182] danh gia 8 phwong phap udc luong chiéu ndi tai tiéu biéu (Local
PCA, MLE, DANCo, TwoNN, CA-PCA...) trén ca dir li¢u téng hop va dir liéu thuc
té, cho thdy hiéu suit cac phuong phap nay phu thuéc manh vao kich thuée mau, do
cong va muc nhiu cua da tap, dong thoi cac phuwong phap dua trén PCA cuc bd
(Local PCA, CA-PCA) thé hién d6 on dinh cao nhét trén dit liéu nhiéu.

1.5.4. Co s6 lwa chon hwéng tiép can hoc quan thé

Mot cau héi thuc tién quan trong khi thiét ké hé théng khai pha quan diém 1a
lwa chon gitra cac phuong phap hoc méy truyén thong (Machine Learning-ML), trong
d6 hoc quan thé (Ensemble Learning) 1a dai dién tiéu biéu va cac mo hinh hoc sau
(Deep Learning - DL), ddc biét 1a kién tric Transformer va cdc mo hinh ngdn ngix
16n (LLM). Tong hop tir cac khao sat gan day [141][142][143], luan an dé xuat bon
ti€u chi lya chon nhu sau:

- Dang biéu dién dir liéu dau vao. Khi dit liéu da duoc trich xuét va chuan hoa
thanh dic trung co ciu truc dang bang (tabular data) nhu bd nim quan diém o = (e,
a, s, h, t) trong ludn an nay, cac phuong phap hoc quan thé dua trén cdy quyét dinh
(Random Forest, Gradient Boosting, Stacking) thuong dat d¢ chinh x4c canh tranh
hoac vuot trgi so véi mo hinh hoc sau, dac biét trén tap dit liéu vira va nho [141].
Nguoc lai, khi d4u vao 13 van ban tho chua qua trich xuat dic trung, cac mo hinh
Transformer (BERT, RoOBERTa) va mo hinh LLM phat huy wu thé nho kha ning hoc
biéu dién ngit nghia end-to-end [142][143].

- Yéu cau vé kha nang dién gidi (interpretability). Trong cac linh vuc doi hoi
tinh minh bach nhu phan tich quan diém khach hang phuc vu ra quyét dinh kinh
doanh, mé hinh hoc quan thé két hop véi k¥ thuat dién giai SHAP cung cap giai thich
dinh lugng ro rang cho tirng du doéan [144][145], trong khi m6 hinh hoc sau, du dat
do chinh xac cao, van hoat dong chu yéu nhu hop den va doi hoi thém céc ki thuat
dién giai hau kiém (post-hoc) phirc tap hon, do tin cy thap hon [145].

- Tai nguyén tinh todn va quy mé di liéu hudn luyén. Hoc quan thé dua trén
ciy quyét dinh c6 chi phi huan luyén thap, khong yéu cau may tinh c¢6 cdu hinh GPU,
phu hop voi dit liéu vira va nhoé (hang nghin dén hang trim nghin méu) nhu cac tap

dwr li€u thuc nghi€ém trong luan 4&n. M6 hinh hoc sau va LLM doi héi tai nguyén tinh
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toan 16n va thudng chi phat huy vu thé khi c6 tap dit liéu hudn luyén rat 16n (hang
triéu mau c6 nhan) [143].

- Kha nang xu ly hién twong ngon ngir phirc tap. M6 hinh hoc sau, dac biét 1a
m6 hinh ngdn ngit 16n (LLM) ¢6 wu thé vuot troi trong xir Iy mia mai, phu dinh, quan
diém an va ngit canh dai, nhitng hién twong ma phuong phéap dua trén dic trung trich
xudt sin kho nam bat day du [142].

- Huéng mo réng sang phdn tich tinh cam da phwong thire. Luan an c6 thé
tiép tuc mé rong sang phan tich tinh cam da phuong thirc bao gém vin ban két hop
hinh anh, am thanh, video da dugc khao sat toan dién trong [190], trong d6 xu hudéng
chuyén tir phan tich don phuong thic sang da phuong thitc dang ngay cang chiém wu
thé nho su phong phu thong tin cam xtc tir nhiéu kénh dit liéu, mé ra hudng tich hop
bd sung cho mé hinh bd nim quan diém cua luin an trong cac nghién ctru tiép theo.
Khao sat ctia [190] trinh bay qua trinh phat trién tir phan tich don phuong thirc dén
két hop van ban, 4m thanh va hinh anh.

Trén co sé cac tiéu chi trén, luan an lya chon hudng tiép can hoc quén thé cho
bai toan khai pha quan diém theo bd nim quan diém vi: (1) dit liéu dau vao di duoc
cAu tric héa thanh 5 thanh phan (e, a, s, &, 1); (2) yéu cau cao vé kha ning dién giai
két qua phuc vu tng dung thuc té; (3) chi phi tinh toan can duy tri & muc hop 1y,
khong phu thudc ha ting GPU chuyén dung. Diy ciing 1a khoang trong nghién ctru
ma luan an hudng dén giai quyét, két hop wu diém vé d6 chinh xac va kha niang dién
giai cia hoc may; két qua ciia cac mo hinh hoc sau duoc trinh bay nhu mdc tham
chiéu (xem §2.7, §3.7, §4.7).

1.5.5. Pé xuat nghién ciru

Xuat phat tir cac phan tich trong muc §1.5.2, §1.5.3, §1.5.4, luan an dé xuat
huéng tiép can mai dya trén hoc quan thé (Ensemble Learning) dé khai pha quan
diém tir dir 1iéu bd nam c6 cau trac. Lua chon nay duogc xay dung trén bon can ¢l
khoa hoc sau: (1) dit liéu bd nim quan diém (e, g, s, &, t) c6 ban chat 1a dit liéu bang
(tabular) véi cac thanh phan 101 rac, dic trung phu hop hon véi ciy quyét dinh va
rimg ngiu nhién so véi kién trac mang no-ron vén duoc thiét ké cho dir liéu chudi
lién tuc [124][154]; (2) yéu cau vé kha ning dién giai (interpretability) ngdy cang tré
thanh tiéu chi bat budc trong cac ing dung khai pha tri thirc thuc tién [125][76], hoc
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quan thé dap ung yéu ciu nay thong qua tAim quan trong cua dic trung (feature
importance) va gia tri SHAP, gan gia tri tdm quan trong theo 1y thuyét trd choi
Shapley cho timg dic trung ddi véi mdi du doan cu thé dé cung cp ca giai thich cuc
bo 1an toan cuc cho mé hinh phire tap [126], trong khi cac md hinh hoc sau van duoc
xem 13 “hdp den” khé dién giai; (3) quy mo dit liéu quan diém thyuc té thuong ¢ muc
trung binh (dudi 100K mau) pht hop voi hoc quan thé [124] hon 13 cac m6 hinh ngdn
ngir 16n (LLM) von doi hoi hang triéu mau hudn luyén [127][128]; (4) cac nghién
ctru gan ddy cho thay mo hinh rimg két hop véi phan cum mat d6 va hoc da tap mang
lai loi thé dic biét trén dit liéu quan diém da chiéu [118][129][59], mot hudng tiép
can con nhiéu khoang tréng nghién ctru can duoc khai thac.

Dua trén cac cin ¢t trén, luin 4n dé xuat ba mo hinh hoc quﬁn thé c6 tinh ké
thira va bd tro 13n nhau, trong Gng véi ba cip do tiép can ngay cang tinh t& hon ddi
v6i cau trac dit liéu quan diém. Cu thé, ba dong gop vé mo hinh dugc trinh bay nhu
sau (dong gop thir tu vé dir liéu dugc néu tai phan Mé dau):

Thir nhdt, md hinh rung phan loai quan diém dua trén ma tran bo nim dugc dé
xuét, trong d6 cau trac ngit nghia dugc bao toan khi qué trinh phan loai duoc thuc
hién. M6 hinh duoc kiém ching trén cac bo dit liéu Amazon, TripAdvisor va VLSP-
2018 (Phu luc F); trén VLSP-2018, két qua dugc dat canh cac mé hinh co s& Logistic
Regression, SVM, Naive Bayes va mé hinh tham chiéu PhoBERT (dung vin ban gbc
lam dau vao).

Thit hai, m6 hinh rimg mat d6 quan diém tich hop DBSCAN duogc dé xuit dé
xtr ly dir liéu mat can bang, phuong phap SHAP cung chi sb tuong tac Shapley duoc
st dung dé dién giai két qua. M6 hinh duoc kiém chung trén tap dir liéu
yelpHotelData va yelpResData kém theo phan tich nghién ciru cit giam ddi véi cac
tham s6 DBSCAN.

Thir ba, md hinh rimg da tap quan diém duogc dé xuat dé khai thac ciu trac da
tap thap chiéu ciia khong gian dic trung. Thay vi st dung cac phuong phap chiéu da
tap truyén thé)ng nhu ISOMAP hay UMAP, luan éan dé xuit hoc céu tric da tap truc
tiép tir rimng ngau nhién khong giam sat thong qua tinh chat déng xuat hién tai nut 14,
khong can giai bai toan tri riéng toan cuc. Tinh phu hop cua gia thuyét da tap duoc

kiém ching thong qua két qua thuc nghiém so sanh véi cac mo hinh khéc tai §4.8.
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1.6. Trich xuét bd nim quan diém
1.6.1. M hinh trich xuét

Cho D = {d,,d,, ..., d,,} biéu dién mot tp hop céc tai liéu quan diém, trong do
mdi tai liéu d; bao gém mét hodc nhiéu cau thé hién quan diém cua nguoi dung. Péi
v6i mdi d;, muyc tiéu 1a trich xudt mot tdp hop cac bd nim quan diém 0, =
{01,04, ..., 0p}, trong d6 m&i bo ndm quan diém o; = (e, a, s, h, t) ¢ ndm thanh to
bao gém: thuc thé, khia canh, tinh cam, nguoi gitr quan diém va thoi gian dua ra quan
diém. Nhiém vu trich xuét duoc thuc hién két hop trén cac thanh phﬁn cua bd nam
duoc trich xut tir cdu ddu vao x va do thi phu thude G = (V, E) cta cau. Trong do,
V 1a tap hop céc tir trong ciu va E 1a tap hop cac mdi quan hé phu thudc ct phap két
ndi cac tir trong cau.

Cho O biéu dién tap hop bd nim quan diém o = (e, a, s, h, t) cho cau x, duoc
suy luan théng qua mdi quan hé phu thudc cua cic thanh phan trong bd nim quan
diém. Tap hop t6i wu cac bd nam quan diém duoc tao ra bang cach tdi da hoa xac suat
két hop tai cong thire (1.32).

0 = argm(;axl_[P(e | x) P(ale,x)P(sleax)
0e0 (1.32)

XP(h|s, G)P(t]|x),

Trong d6 P(e | x) biéu dién xac suat trich xuat thuc thé, P(a | e, x) 13 xéc
sut trich xuat khia canh c6 diéu kién cta thuc thé, P(s | e, a,x) 1a xac suit phan
loai tinh cam, P(h | s, G ) 13 x4c sudt trich xut ngudi gitt quan diém, va P(t | x) 13
xéc suat trich xuat biéu thtc thoi gian. Mdi thanh phan duoc ude luong thong qua
cac mo dun co thé dién giai bang cac md hinh nhu sau:

M hinh trich xuét thwe thé. Cac thuc thé duogc trich xut bang cach st dung
nhan dang thuc thé dat tén (NER) va thong tin twong hd theo diém (PMI) véi tir vung
linh vuc. Xéc suit thuc thé duoc tinh theo cong thuc (1.33).

freq(e, x) + A, - PMI(e, Dom)
P(elx)= Z. ) (1.33)

Trong d6 freq(e, x) 13 tin sudt xuat hién cua thuc thé e trong cdu dau vao,
PMI(e, Dom) do ludng thong tin twong hd theo diém giita thyc thé e va tir dién
chuyén nganh Dom, A, 1a tham s6 trong s6 can bang gitra s6 hang tan suat va s6 hang

lién két linh vyc, va Z, 1 hing s chuan hoa dam bao Y, P(e | x) = 1. Su két hop
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nay dam bao cic mau xuat hién quan sat duge va tri thirc linh vuc c¢6 trude déu dong
g6p vao do tin cdy cia thuc thé.

M6 hinh trich xuét khia canh. Cac khia canh dugc trich xuat tir cac lién két
phu thudc ca phap dén cac thuc thé va gan diém mot khia canh a lién quan dén thuc
thé e théng qua tong hop dua trén moi quan hé trong cong thuc (1.34).

P(alex) =Ziaz w, 1[(e,a) € r(G)], (1.34)

T€R

Trong d6 R = {amod, nsubj, dobj, compound, ... } 1a tdp hop cac loai quan h¢
phu thudc ct phap dugc trich xuét tir phan tich phu thudc, w, € [0,1] 14 trong s6 d6
tin cdy dugc xac dinh theo kinh nghiém cho loai quan h¢ r. Vi du: w,,.q = 0,9 cho
bd ngit tinh tir, Wyeubj = 0,7 cho chii ngit danh tir, 1[-] 1a ham chi thi tra vé 1 néu cap
thuc thé - khia canh (e, a) duoc két ndi boi quan hé r trong do thi G va 0 néu khong,
Z, 13 hang s6 chuan hoa. Co ché dua trén quy tic nay tan dung cac dau hiéu phy thudc
¢l phép 13 rang dé két ndi cac muc tiéu quan diém véi cac khia canh.

M6 hinh phan tich tinh cdm. Phan cuc tinh cam dugc udc luong boi mot téng
hop céc mau dua trén tir vung va ngilt canh. Péi voi mot khia canh a trong cau x,
diém tinh cam duogc tinh theo cong thirc (1.35).

P(sleax) = softmax(av v(x) + oy ssw(a)), (1.35)

Trong d6 v(x) € [—1,1] 1a diém phan cuc dya trén tir dién VADER, dugc tinh
trén toan bd cdu x, ndm bét tinh cam ngit canh bao gom phu dinh va tir ting cudng,
sqw (@) € [—1,1] 1 diém phan cuc dua trén tir dién SentiWordNet cho thuat ngir khia
canh a, cung cip dinh hudng tinh cam dua trén tir vung, o, ag = 0 1a trong s6 tong
hop dugc diéu chinh trén tap kiém dinh (validation) dé can bang déng gép cia tinh
cam O cﬁp do cau va cép dd khia canh, softmax(-) chuyén ddi diém két hop thanh
phan phéi x4c suat ba 16p 1a positive, neutral, negative. Tong hop niy can bang thong
tin tir vung va ngir canh, dam bao chdm diém tinh cam c6 thé dién giai.

M6 hinh ngwoi giit quan diém. Ngudi giit quan diém h duoc phat hién thong
qua cac quan hé phu thudc trén dd thi phu thude G hodc néu khong tim théy nguoi
giit quan diém rd rang, mic dinh 13 tac gia tai liéu quan diém 12 nguoi giir quan diém

ngam dinh, xac dinh ngudi gitt quan diém dwoc mé hinh héa boi cong thic (1.36)
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P(h1s,G)= Zi > o dlh = head ()] (136)

R refnsubj agent)

Trong do {nsubj, agent} l1a cac quan hé ngir phap chi ra chu ngit hodc tac nhan
ctia mot dong tir mang quan diém. Vi du: “customer complained”, “I think”; head(r)
13 biéu dién tir ciia quan hé ca phap r trong cy phu thudc, trong Gmg voi ngudi gitt
quan diém, w,. 14 trong sb riéng cta tirng quan hé phan 4nh mc d tin ciy quan hé r
chi ra ngudi giit quan diém va Z,, 1a hiang sé chuan hoa. Cong thirc nay nim bét ngi
phap 6 rang cho ngudn quan diém trong khi xtr Iy ca nguoi gitt quan diém rd rang la
cac thuc thé duoc dé cap va nguoi giir quan diém ngam dinh 13 tac gia.

M6 hinh trich xuét thoi gian. Biéu thuc thoi gian duoc trich xuit bang cach
sir dung phuong phap két hop khép mau dua trén quy tic va két hop céc siéu dit lidu
dugc biéu dién trong cong thirc (1.37).

P(tlx)=2Pyu(tlx)+ (1 —2A)Pep(t | timestamp ) (1.37)

Trong d6 P,.(t | x) 13 x4c suat trich xuat biéu thirc thoi gian t tir cAu x bang
cach st dung cac mau biéu thirc chinh quy khép véi cac cum tir thoi gian phd bién,
vi du: “yesterday”, “last week”, “2023-02-157. P,..,(t | timestamp ) 1a x4c sudt duoc
trich xudt tir siéu dir liéu nhu ghi nhan thoi gian ding quan diém, cung cp ngit canh
thoi gian ngam dinh khi biéu thirc thoi gian khong c6 trong vian ban va A, € [0,1] 1a
tham sb can bang dong gop cua cac ddu hiéu ngdn ngit rd rang so véi siéu dir lidu
ngam dinh. Phuong phap két hop nay dam bao bao phu ca tham chiéu thoi gian rd
rang va thoi gian ngam dinh, dac biét quan trong dbi véi cac tai liéu quan diém trén
mang x3 hoi c6 ngir canh thoi gian thudng ngam dinh.

Lan truyén tinh cam cé trong sé quan hé. Dé diéu chinh tinh cam chi tiét, co
ché lan truyén tinh cdm qua dd thi phu thude ¢ = (V,E). Xac suét tinh cam ctia mdi

nut v (tuong ung véi mot tir) dugce dinh nghia trong cong thire (1.38).

P(slv) = O'( Z Wy p Sy + bv>, (1.38)

UEN (v)
Trong d6 N(v) 1a cac nht 14n cén cia v, s, 1a diém tinh cam tai nat u, Wy, la
trong s6 mdi quan hé dé nam bat sy twong dong vé ngir nghia boi cac lién tir nhu tir
“and” hay ddi 1ap vé ngir nghia nhu tir “but”, b, 12 do 1éch cu thé cta nat va o(-) 1a

ham sigmoid cho chuan hoa. Co ché nay tong hop cac bi€u dién quan hé tir cac lan
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can cu phap va ap dung chuyén doi phi tuyén dé dam bao tinh cam chi tiét mach lac
vé mit ngir canh.

Tinh toan do tin cay. Pé dinh lugng do tin cay cua mdi bd nam quan diém duoc
du doan o = (e, a, s, h, t), diém tin cdy két hop C duoc tinh toan bang cach két hop
sur déng thuan cia mo6 hinh va dg tin cdy trung binh cua cdc mo dun duogc biéu dién
boi cac cong thice (1.39), (1.40), (1.41).

Var[P,,P,, P, P, P,/

A=1 1.39
2 (1.39)
_ 1
=< 2 Bn (1.40)
me{e,a,s,h,t}
= f# (1.41)

Trong d6 P,, biéu thi x4c suat chuan hoa duoc gan bdi mdi mo dun gom thuc
thé, khia canh, tinh cam, ngudi gitt quan diém va thoi gian. S6 hang 4 do ludng tinh
nhat quan gita cac mo dun, trong khi € phan anh sy chic chin tong thé cua ching.
Quyét dinh cubi cung chi gitr lai cic bd nim quan diém véi C > 7, trong d6 T 1a
ngudng duoc hiéu chinh trén tap kiém dinh.

1.6.2. Cac giai doan trich xuit b nim quan diém

Trich xuat bd nim quan diém 1a qu4 trinh chuyén doi vin ban danh gia thanh bo
nim quan diém c6 cau trac bao gdm 06 giai doan: (1) Tai liéu quan diém; (2) Tién
xtt 1y vin ban; (3) Phan tich ca phap phu thudc; (4) Trich xuét thanh phan ban dau;

(5) Lan truyén tinh cam c6 trong s6 quan h¢; (6) B6 nam quan diém.

N
Tai liéu quan Tién xtr ly van Phan tich ct phap
Aiém han phu thuoc )
Y /4 \
B§ nam quan Lan truyén tinh Trich xuat cac
diem cAm cd tfrong s6 thanh phan cua
J/

Hinh 1.8: Trich xut bd nim quan diém

Hinh 1.8 minh hoa so d6 cua h¢ thong trich xuat bo ndm quan di€ém bao gom:
e Tai liéu quan diém: Dudi dang cac danh gia dau vao x, moi danh gia 1a tai

liéu quan diém doc lap.
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o Tiénxir [y van ban: Thyc hién tach tir, phan tich thanh cac thanh phén, loai
b6 tir dimg va gin thé POS. URL, hashtag va biéu tuong cam xuc duoc loc dé tao ra
cac chudi ngdn ngir sach.

e Phdn tich cii phdp phu thudc: Cac danh gia dugc phan tich thanh d6 thi
phu thuéc G = (V, E) nam bat cac quan hé ¢t phép va trong sé w,-.

e Trich xudt thanh phin ban dau: Cac bd ndm quan diém (e, a, s, h, t) duoc
tao ra bang cach st dung cac md hinh x4c suit duoc dinh nghia trong cong thuc (1.33)
— (1.37), v6i mbi thanh phan dugc ude luong doc lap.

e Lan truyén tinh cam cé trong sé quan hé: Du doan tinh cam dugc diéu
chinh thong qua dd thi phy thudc sir dung cong thirc (1.38), ddm bao tinh mach lac
ngtr canh.

e B ndm quan diém: Cac thanh phan duoc két hop thanh cac bd nim quan
diém hoan chinh véi d6 tin cay dugc tinh toan thong qua cac cong thirc (1.39)—(1.41).
Chi cac bd nim quan diém c6 d6 tin cay Conf(o) > T duoc giit lai lam dau ra cudi
cung.

Qua trinh trich xuét b nim quan diém duoc trinh bay trong Thudt todn 1, tich
hop mé hinh trich xut v&i phan tich ca phap phu thudc dua trén quan hé va loc d6
tin cdy. Thuat toan xay dung cac quan hé phu thudc, xac dinh céac cap thuc thé - khia
canh, va tich hop cac thanh phan tinh cam, ngudi giit quan diém va thoi gian dé tao
thanh bo nim quan diém.

Thuét toan 1: Trich xuit by nim quan diém
Pau vao: Tap tai licu D = {d,,d,, ... d,}, tit vung linh vuc Dom, ngudng 1

Pau ra: Tap bd nam quan diém 0 = {0, 0,, ... 0,,}

I:. O«9

2: foreachd; € Ddo

3 G « ParseDependencies(d;) // Xay db thi phy thuéec G=(V,E)
4. E < ExtractEntities(G, Dom) // Cong thuc (1.33)

5 A «— ExtractAspects(G, E) // Cong thirc (1.34)

6 S < EnsembleSentiment(d;, A)  // Cong thirc (1.35)

7 H « ExtractHolders(G, S) // Cong thuc (1.36)
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8: T « ExtractTime(d;) // Cong thirc (1.37)

9: S «— PropagateWithGraph(G, S) // Lan truyén tinh cam, CT (1.38)
10: for each nut s mang tinh cam € S do

11: R < FindRelations(G, s)

12: for each quan hé r € R do

13: o«—(c€eE,aeA,seS,heH,teT)theor

14: Conf{(o0) «— ComputeConfidence(o) // Cong thiurc (1.39)—(1.41)
15: if Conf(0) > 1 then

16: O«—O0uU {o}

17: end if

18: end for

19: end for

20: end for

21: return O
1.6.3. Panh gia

1.6.3.1. Cac d¢ do danh gia

Hiéu sut cia mé hinh dé xuit dugc danh gia ¢ ca cap do thanh phan va cap do
bd nim quan diém, sir dung d6 chinh xac (P) cong thire (1.21), do thu hdi (R) cong
thire (1.22) va do do F; cong thirc (1.23) theo ti€u chi khép chinh xac b ndm quan
diém.

Mdi b nim quan diém du doan (é, a, s h, f) duoc coi la ding khi tAt ca cac
thanh phan trong b nim quan diém déu khép chinh xac.
1.6.3.2. Pd do dong thuin chi thich

Dé dam bao do tin cdy ctia cac chu thich bo nam quan diém, hé sé6 Kappa ctia
Cohen [79][198][199] dugc st dung dé do luong su dong thudn gitta cac ngudi danh
gid. Kappa ctia Cohen dugc dinh nghia theo cong thure (1.42). V&1 ba nguoi chu thich
doc 1ap, k duoc tinh cho ting cip ngudi chi thich va 1iy trung binh (Hinh 1.9); hé s
Fleiss’ « [199] 1 phuong 4n twong duong cho trudng hop nhiéu nguoi chu thich.

(1.42)
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Trong do6 P, biéu thi su déng thuan quan sat dugc, dai dién cho ty I¢ cac truong
hop ma nguodi danh gid gan cung mot nhan, va P, dai dién cho su déng thuan du kién
theo ngau nhién.

Sy dong thudn du kién dugc tinh theo cong thic (1.43).

F, = z Ppi X Pg, (1.43)
i

Trong d6 P,; va Pg; la xac suit can bién ma nguoi danh gia A va B gan danh
muc i, trong Ung.
1.6.4. Thuc nghiém
1.6.4.1. Tap dir liéu

Tap dir li¢u Twitter US Airline Sentiment [80] dugc st dung cho khai pha quan
diém trén cac vin ban ngin do ngudi dung tao ra. Tap hop chia cac tweet hudng dén
cac hang hang khong 16n ciia Hoa Ky (United, Delta, American, Southwest, Virgin
America va US Airways), mdi tweet dugc gén nhan v&i phan cuc cam xuc (positive,
neutral hodc negative) va di kém véi siéu dir liéu nhu tac gia, dau thoi gian va hing
hang khong dich. Bang 1.5 trinh bay thong ké tom tat cua tap dit liéu Twitter.

Bang 1.5: Thong ké tom tit cua tap dit liéu Twitter US Airline Sentiment

Danh muc S6 lwong Phan trim (%)

Tong s6 tweet 14.640 100,0
Tweet dugc chua thich bo nam 4.500 30,7
Tweet tich cuc 2.364 16,1
Tweet trung lap 3.090 21,1
Tweet ti€u cuc 9.186 62,7
Thuc thé hing hang khong riéng biét 6 -

S token trung binh mdi tweet 18,7 -

1.6.4.2. Cong cu

Riéng mo hinh trich xuit b nam tai muc 1.6 (két qua cua Bai bao sb 8) duoc
trién khai bang ngon ngir 1ap trinh Python, str dung céac thu vién chinh bao gdm spaCy
[82] cho tach tir, POS va phan tich ct phap phu thudc; NLTK va SentiWordNet cho
truy cap tr vung; VADER cho cam xuc tweet, va Label Studio cho chu thich [130].
Toan bd qué trinh duoc thuc hién trong moi truong Google Colab, véi ca két qua

trung gian va cudi cung dugc luu trit & cac dinh dang c6 cau tric (tép CSV bd nam)
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dé tao diéu kién cho phan tich tiép theo. Budc trich xuat nay 1a budc tién xur 1y dit
liéu; toan bd cac moé hinh rung dé xuét, cac mé hinh so sanh va cac thuc nghi¢m bod
sung tai Chuong 2, Chwong 3, Chuong 4 va cac phu luc déu dugc trién khai thong
nhat bing ngdn ngit R trén cac tép bd nim dau ra cua budc nay (muc 2.8, 3.8, 4.9).
1.6.4.3. Cac kich ban

Kich ban 1: Chii thich va chudn bi dit liéu

Kich ban da thiét 1ap nén tang cho khai pha quan diém chi tiét bang cach xay
dung mot tap dir liéu dugc cha thich. Cong cu Label Studio dugc stir dung dé cha
thich thu cong 4.500 tweet tu tap dir licu Twitter US Airline Sentiment. Ba ngudi chi
thich doc 14p gan nhin mdi danh gia theo cac hudng dan chi tiét xac dinh pham vi
thuc thé, khia canh, phan cyc tinh cam, nguoi gilt quan diém 13 1d rang hoic ngam

dinh va thoi gian luc dua ra quan diém.
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0.800 0.79

0.775 0.76

Trung binh déng thuan Cohen’s k

e
~
w
=]

0.725 4

0.700

Entity Aspect Sentiment Holder Time
Thanh phan bd nam quan diém

Hinh 1.9: Trung binh dong thuan cha thich

Phan tich sy dong thuan giita nhitng nguoi cha thich trong Hinh 1.9 cho thdy do
tin cdy cao nhat quan trén hau hét cac thanh phan, voi Cohen's k > 0,79 cho thuc thé,
khia canh va tinh cam, cho théy nguoi chu thich dat duoc su déng thuan manh vé viéc
xac dinh cac thanh phén thuc thé, khia canh, tinh cam trong bd ndm quan diém. Thanh
phan Nguoi giit quan diém c6 sy dong thuan tét (x = 0,76) do ngudn quan diém

ngam dinh hoic duoc suy dién trong khi biéu thirc thoi gian ciing dat mirc dong thuan
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tot (x = 0,79). Tap dir li¢u duoc chia béng cach st dung phan chia ti 1€ 1a 70-15-15
thanh cac tap huén luyén, kiém dinh va kiém tra, c6 sy can bﬁng cac nhan tinh cam.

Kich ban 2: Trich xudt b nam quan diém tir danh gid

Trong kich ban nay, hé théng trich xuét cac bd nim quan diém hoan chinh tir
cac tweet riéng 1¢ bang cach str dung mo hinh xac suit mbi quan hé. Mdi tweet dugc
phan tich doc 1ap dé danh gia kha ning suy luan cac mdi quan hé trong céu giita cac
thanh phén quan diém cua mo hinh. Hiéu suit duoc do luong thong qua dg chinh xéc,
d6 thu hoi va F1 theo tiéu chi khép chinh x4c cho mdi thanh phﬁn, duoc minh hoa
trong Bang 1.6.

Bang 1.6: Hiéu suét theo timg thanh phan

Thanh phin Precision Recall F1
Entity (Thuc thé) 0,88 0,85 0,86
Aspect (Khia canh) 0,81 0,78 0,79
Sentiment (Tinh cam) 0,82 0,80 0,81
Holder

(Nguoi gitr quan diém) 0:69 0:07 0.68
Time (Thoi gian) 0,74 0,72 0,73
Overall (Tong thé) 0,81 0,75 0,78

Két qua cho théy dd chinh x4c cao vé thyc thé, khia canh va tinh cam véi hiéu
sut thap hon mot chut dbi véi ngudi giit quan diém ngam dinh va biéu thirc thoi gian.
Diém F1 tong thé 1a 0,78 dugc tinh 1a trung binh diéu hoa ctia do chinh xac (0,81) va
d6 thu hoi (0,75) tong hop theo thanh phan tai Bang 1.6 (Bang 1.7 ghi 0,80/0,76 theo
bang so sanh ctia Bai bao 8; F1 & ca hai cach téng hop déu bang 0,78), diéu d6 cho
thiy mo hinh dé xuat duy tri hiéu sudt can bang trén tit ca cac thanh phan cta b nim
quan diém.

Kich ban 3: Du doan va so sanh

Kich ban niy danh gia kha ning du doan day du ctia mé hinh so voi cac phuong

phap co s¢ ti€u chuan nhu trich xuat quan diém dya trén quy tac, trich xuat quan diém
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phu thudc duya trén thu vién spaCy, va cac md hinh hoc chuyén giao co sé nhu BERT
va RoBERTa. T4t ca cac mé hinh dugc huin luyén va kiém tra trén tap con dugc chu
thich va danh gi4 trén cting mét quy trinh tién xtr 1y.

Bang 1.7: So sanh v&i cac mé hinh co s&

Time/tweet Memor
Mo hinh Precision Recall F1 (ms) (MB) y
Dua trén quy tac 0,68 0,65 0,66 5,2 120
spaCy 0,71 0,69 0,70 7,4 160
BERT (baseline) 0,76 0,75 0,75 21,3 850
1({1;]25112? 0,77 0,76 0,76 235 910
MB& hinh dé xuat 0,80 0,76 0,78 8,6 210

Nhu duoc trinh bay trong Bang 1.7, mé hinh dé xuat dat dugc sy can bang giira
dd chinh xac va hi¢éu qua tinh toan. Mo hinh dé xuat dat diém F1 1a 0,78; trén cung
tap dir liéu, cac mo hinh hoc chuyén giao RoBERTa va BERT dat lan lugt 0,76 va
0,75. M hinh dé xuét str dung 210 MB bd nhé va 8,6 ms moi tweet; RoOBERTa str
dung 910 MB va 23,5 ms mdi tweet. So v6i cac phuong phap dua trén quy tic truyén
théng va spaCy, F1 ctia phuong phap dé xuét 1a 0,78 so voi 0,66 va 0,70, dong thoi
duy tri kha ning dién giai va xtr 1y thoi gian thyc.

Duya vao ba kich ban, mé hinh dé xuat cho thay tinh 6n dinh, kha niang dién giai
va hi€u qua tinh todn. Kich ban 1 xéc thyc dd tin cay cua dir liéu dugc cha thich. Kich
ban 2 x4c nhan trich xuét chinh x4c & cép do thanh phﬁn, dic biét 1a ddi vai cac tweet
c6 nhiéu khia canh va kich ban 3 cho thiy khung dé xuat dat d6 chinh xac cao véi chi
phi tai nguyén thap (Bang 1.7). M6 hinh dé xuét dat F1=0,78, x4c nhan tinh phu hop
cho cac nhiém vu khai pha quan diém trong thé gigi thuc véi ly thuyét méi quan hé
c6 thé dién giai duoc.

1.7. Két luan

Chuong 1 da xay dung co s& ly luan cho toan bd luan an thong qua viéc xac lap
mo hinh bd nam thanh phan quan diém o = (e, a, s, A, t) 1am don vi biéu dién théng
nhat cua dit liéu quan diém, hé thong hoa cac phuong phap hoc quan thé dua trén ciy
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quyét dinh va lam rd su khac biét giira ba tiéu chi entropy Shannon, entropy Gaussian
va entropy Gaussian trén da tap dugc st dung trong ba mé hinh dé xuét ¢ cac chuong
tiép theo. Pong thoi, chuong d3 tong quan cac cong trinh nghién ciru lién quan, xac
dinh ba khoang tréng nghién ctru vé xir 1y dir liéu mat can bang, khai thac cau tric da
tap cta dit liéu quan diém va ning cao kha ning giai thich ciia mé hinh. Bén canh do,
quy trinh trich xuit b ndm thanh phan quan diém dat F1-score = 0,78, 13 nén ting
cho viéc xay dung bd nim tir vin ban trén cac mién dit liéu khac; trong cac chuong
tiép theo, bd nim ciia cac tip Amazon, TripAdvisor va Yelp dugc xay dung theo quy
trinh chuyén ddi trinh bay tai muc 2.7.2, 3.7.2 va Phu luc C. Trén nén tang d6, Chuong
2 trinh bay mo hinh dé xuét dau tién 1a ring phan loai quan diém Fcr, xdy dung truc

tiép trén ma tran bd nam.
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CHUONG 2. KHAI PHA QUAN PIEM VOI RUNG PHAN
LOAI

2.1. Gioi thiéu

Chuong nay trinh bay két qua nghién ctru, phat trién va xdy dung mo hinh,
thuat toan khai pha quan diém véi rirng phan loai (rimg ngau nhién), dé giai quyét bai
toan khai pha quan diém trén dir liéu danh gid. Mo hinh nay c6 kha niang két hop
nhiéu cay quyét dinh dugc xay dung trén céc tip con thudc tinh ngau nhién, tir 46 tan
dung hiéu qua cac dic trung da chiéu cia dir liéu danh gid bao gém: tén san pham,
khia canh san pham, nguoi danh gia, thoi gian danh gia va tinh cam. Két qua cho thay
mo hinh dé xuat c6 kha ning kham pha cic dic trung quan trong cta cac danh gia va
giai quyét van dé anh hudng két hop theo tim quan trong ciia cac 16p quan diém khac
nhau. Ngoai ra, két qua da phan tich va dién giai anh hudng cia cac tham s6 quan
trong lién quan dén qué trinh ra quyét dinh ctia mé hinh rimg phan loai. M6 hinh duoc
thuc nghiém trén ca bo dir liéu danh gia thuc phém va bo dir liéu danh gia khach san.

Noi dung chinh ctia chuong bao ham két qua nghién ctru ciia Bai bo s6 2, 3.

Phat biéu bai toan. Cho tap dir liéu quan diém O = {04, 0,,0s,...,0y}, mdi
0; = (e;, a;, 5;, h;, ;) gdm thuc thé e;, khia canh a;, gia tri tinh cam s;, ngudi giit quan
diém h; va thoi diém #;. Sau budc ma hoa s6 §2.2, dit liéu dugc biéu dién thanh ma
tran O, € R¥*® theo cong thirc (2.2), trong d6 s; 1a cot nhéan va (e;, a;, h;, t;) 14 bon
dic trung dau vao.

Piu vao: Ma tran 0,,,,, € RV,

Pau ra: Nhin phan loai ¥ € C ={positive, negative}, hoc tir
{(e;,a;,s;, hy, ti)}lj.il, sao cho véi quan diém o, mo hinh du doan § = fre(0) Xap xi
dung nhén thuc té y = s.

Muc tiéu: Téi thiéu hoa sai s6 phan loai £ = %Z{-\’:l 1(9; # s;) trén tap kiém
tra, dam bao kha nang dién giai cia mo hinh thong qua cau tric ciy quyét dinh.
2.2. Ma trin b nim quan diém

Mot bo nim quan diém bao gdm nim thanh phan, duoc ky hiéu 13 o =
(e, a, s, h,t) dugc trinh bay tai Muc 1.2.1.

Cho tap hop N bd nim quan diém:
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O ={0y,00,03,...,05}, (2.1)
Trong do, o; = (e;, a;, 54, h;,t;),1=1,2,..,Nla mdi bd ndm quan diém.
Ma trdn bo nim quan diém 0,4, c¢6 kich thuéc N X 5 dugc dinh nghia trong
cong thirc (2.2)

[er a1 S hy tl]
lex ay so hy 1
Omar = | es az s3 hy 13 |, (2.2)

[e.N a;v SN hN tNJ

Trong d6, N 14 s hang twong tng véi N bd nam quan diém, 5 13 sb cot twong
ung voi nam thanh phén cua by ndm quan diém, cot 1 1a thue thé c6 cac gia tri e;, cOt
2 14 khia canh c¢6 cac gié tri a;, cOt 3 1a cdt nhan vé tinh cam c6 cac gia tri s;, cot 4 1a
nguoi gitt quan diém co cac gia tri h;, cot 5 14 thoi gian c6 cac gid tri t,.

Ma tran bd nim quan diém trong cong thirc (2.2) dugc goi 12 ma tran dic trung
quan diém 1am dau vao cho qué trinh xay dung md hinh rimg phén loai quan diém dé
khai pha quan diém.

Ma tran 0,4, (Nx5) dong vai tro 13 ciu trac luu trit théng nhat cho ca nam thanh
phan ctia bo ndm quan diém, duoc tai str dung xuyén sudt Chuong 2, 3 va 4. Khi bude
vao giai doan huin luyén mo6 hinh, c6t nhan s dugc tach ra lam bién muc tiéu y ngay
tai budc tién xu 1y, trude khi dwa vao xay dung cdy quyét dinh tai myc 2.3; phan con
lai (e, a, h, t) moi 1a ma tran dac trung dau vao Nx4 thuc sy cho mé hinh. Nhu vay,
Omar (NX5) khac v6i mot bang bon dic trung thong thuong ¢ chd né 1a cau trac dir
liéu trung gian luu déng thoi ca dac trung va nhan, thudn tién cho viéc chia tap
Train/Validation/Test mot 1an va tai st dung nhit quan qua ba mé hinh rirng dé xuat.
2.3. M6 hinh rirng phén loai quan diém
2.3.1. Cay phin loai quan diém

Cho tap hop cic bo nam quan diém O = (e;,ay, s;, hy, 1)), (€, ay, Sp, hos1a), ...
(en»an, Sn» h. 1), Xy dung md hinh cay quyét dinh [61][60] bang cach phén chia
glri mot tip hop con clia cac mau o, € O sang bén trai va cac mau con lai bén phai

trong Hinh 2.1. sieoicO

No Yes

Negative Positive
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Hinh 2.1: Phén tach bién dy bao
Cay phan loai quan diém T, dugc xay dung bang cach phan chia mét nut thanh
hai nut béng cach xem xét sy phan chia trén mdi bién du doan va chon su phan chia
t6t nhat lam tiéu chi phan chia (Hinh 2.1).
Trong truong hop phan loai trong do c6 ¢ € 1,2, ..., C mot tiéu chi phan tach
dién hinh bang cach sir dung Entropy Shannon [61] trong cong thirc (1.4) dé duoc
cong thuc (2.3).

H(0) == )" p(c)log(p(c))

ceC

(2.3)

Trong d6 O 1a tap cac bd nim quan diém va ¢ 1a mot 16p (nhdn tinh cam). Tap
hop cta tit ca cac 16p duoc ky hiéu 1a C. Mot d6 do tinh khiét cia nat bang cach do

mtuc tang thong tin theo cong thuc (2.4).

o1
IG = H(O) — ie{zL;R} WH(O ) (2.4)
Cay phan loai quan diém bao gdm cac luat phan loai quan diém. Pudng dan
tir ntit goe dén nut 14 dugc biéu dién dudi dang gbec — 14. Theo quy tac, bén phai ky
hiéu “—” ¢6 mot gia tri va bén trai ky hiéu “—” ¢o it nhat mot gia tri. Ki hiéu “N” 1a
du giao nhau. Vi dy, trong Hinh 2.2 ¢6 quy tic quyét dinh quan diém vé thuc pham
1a (Entity = Lemon) N (Aspect = Price) — Opinion = Negative.

Entity: Lemon Popchip
I

Aspect: Gengjral Price Size

Positive

Negative Positive

Hinh 2.2: C4y quyét dinh quan diém vé thyc pham
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2.3.2. Dung rirng phan loai quan diém
Rimng [65][66] phan loai quan diém dugc x4y dung bang cach két hop nhiéu ciy
quyét dinh quan diém trén. Mdi cdy dugc huin luyén doc 1ap trén mot tap miu
bootstrap khac nhau, tao ra sy da dang giita cac ciy quan diém va giam thiéu truong
hop qué phu hgp v61 mo hinh, cac budce xay dung rung:
Buéc 1: Ldy mdu Bootstrap
Cho tap dit liéu quan diém O = {0y, 0,, ..., 0N}, trong d6 o; = (e, a;, s;, hi, 1) 12
bd nam quan diém thu i.
Véimdi cay quyét dinh thir i (i = 1,2, ..., n), tao tp mau Bootstrap O; theo céc
budc sau:
Buée 1.1: Lay ngau nhién N mau tir tap dit liéu O theo phwong phap
lay mau c6 hoan lai.
Buéc 1.2: Trong mdi lan 1dy mau, mdi phan tir o; € O ¢6 xac suat 1/N
duogc chon.
Budc 13: Két qua 1a tdp O] ={oy,0p,...,0,,} V6i k; €
{1,2,...,N}.
Dua vao tinh chit théng ké cua phuong phap Bootstrap, xac suit moét mau
0; Xuat hién it nhat mot 1an trong O dwgc x4c dinh theo cong thire (2.5).
P(o,€0/)=1-(1 )" »1-e'~0,632 2.5)
Nguoc lai, xac sudt mot mau khong dugc chon trong O; duge xic dinh
theo cong thuc (2.6).
P, 20)=(1 4" - e %0368 (2.6)
Céac miu khong xut hién trong O; duoc goi la tap Out-of-Bag cua ciy thir
i duoc biéu dién trong cong thic (2.7).
OOB, = {0, €0 | 0; & O/}, (2.7)

Tap OOB c6 thé duoc sir dung dé wéc lugng 151 tong quat hoa ma khong
can st dung tap xac thuc riéng biét.
Bucoc 2: Lya chon dac trung ngciNu nhién
Tai mdi nut trong qua trinh x4y dung cay thir i:
Buée 2.1: Chon ngau nhién My, ddc trung tir tdp dédc trung x =

{e,a,h,t}.
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Buée 2.2: Tim phép phan tach tdi uu trén tap my,., ddc trung da chon.
Buée 2.3: Thuc hién phén tach va tiép tuc dé quy cho cac nit con.
Duwa vao [65] gia tri My, thuong dugc chon la my,., ~ \/m . Trong bai
todn phan loai quan diém tap dic trung gém |x| =4, do dé chonmy,, = 2. Tap
dac trung duoc chon tai moi nut duoc biéu dién nhu cong thuc (2.8).
Xm,,, CX =€ a bt} | X, |= My, (2.8)
Bu6e 3: Hudn luyén cdc cdy quyét dinh
Véimdii=1,2,...,n
Burde 3.1: Tao tap Bootstrap: O; « BootstrapSample(O, N)
Trong do6:
e O;":1atap dit lidu bootstrap thir  dwoc 14y mau ngau nhién c6 hoan
lai tir tap di¥ liéu huén luyén O.
e N =0|: s6 lwong mau dit liéu quan diém.
Buée 3.2: Xay dung ciy quyét dinh:
T; < BuildTree(O;, m,,,)
Tai mdi nit cua cay:
e Chon ngau nhién m,,, dic trung tir tdp ddc trung:
x ={e,a, h,t}
e Tinh Entropy ¢ cong thic (2.3) va do loi thong tin (Information
Gain) ¢ cong thuc (2.4).
e Tim phép phan tach t6t nhat va thuc hién tach dir liéu.
° Tiép tuc thuc hi¢n dé quy cho céc nlt con dén khi dat diéu kién
dung.
Buéc 3.3: Luu cay quyét dinh:
Fcr < Fcr U {Ti}
Buéc 4: Tao rieng phan logi quan diém
Rung phan loai quan diém bao gdm n ciy quyét dinh trong cong thirc (2.9) c6
co ché Bootstrap Aggregating (Bagging) [185], nén tang cla ring phan loai ngiu
nhién d3 dugc phén tich 1y thuyét va ung dung toan dién, trong d6 Bagging giam

phuong sai du doan bang cach huin luyén nhiéu cdy trén cac tip con bootstrap khac
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nhau va tong hop qua bau chon da s, 1a co s& 1y thuyét truc tiép cho thuit toan xay
dung ring phan loai quan diém duoc mo ta trén.
Ferp ={T,,T>,...,T,}, (2.9)
Trong do
e T:x— C:1amotham anh xa tir khong gian dic trung dén khong
gian 16p tinh cam;

o y=/{e,a,h,t}:1akhong gian dac trung;
e ( = {positive, negative}: la tap 16p tinh cam.

2.3.3. Du doan rirng phén loai quan diém
Sau khi xay dung dugc rung phan loai:
Ferp ={T1.T5,...,T,},
Viéc du doan cho mdt mau quan diém méi dugc thuc hién bang phuwong phap
biéu quyét da s6 (Majority Voting).

Cho mau dau vao:

x = (e,a,h,t),
MBoi cay quyét dinh T, trong rimg dua ra mot du doan 16p tinh cam cho mau x.
T'(x), Ty(x), ..., Ty(x) , (2.10)

Trong do:
e Ti(x)lady doan cta cay thu i dbi v6i mau x
e 1 latong s6 cdy trong ring.
Dy doan cudi cing ctia md hinh ring phan loai duoc xac dinh bang 16p c6 sb

phiéu biéu quyét 16n nhat (2.11).
y=/,(0= argmaxcecz I(T;(x) = o), (2.11)
n=1

Trong do:
e { = f(x):1anhan tinh cam du doan cudi cung cta rimg phan loai d6i v6i
mau x.

o ( latap lop tinh cam, C ={positive, negative},
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e I(.) 1a ham chi thi, I(Ty(x)=c)=1 néu cay T, duy doan 16p c,
I(T;(x)=¢)=0 néu nguoc lai.
e argmax: toan tir chon 16p ¢ tong s6 phiéu 16n nhét.
2.4. M6 hinh téng quan khai pha quan diém véi rirng phan loai
2.4.1. Tong quan md hinh

Mo hinh khai pha quan diém véi rimg phan loai dugc dé xuét thyc hién trén
ba md-dun chinh, tao thanh mot quy trinh hoan chinh tir dit liéu dau vao dén két qua
phan loai cudi cung. Kién tric ba mo-dun nay dugc thiét ké nham tach biét cac giai
doan xir 1y, gitip mo hinh d& dang mé rong, bao tri va tdi wu hoa ting thanh phan doc
lap. So db tong quat duoc minh hoa trong Hinh 2.3, trong d6:

Moé-dun 1 (M6 hinh hoa quan diém): Chiu trach nhiém tiép nhan va chuan hoa
quan diém dau vao tir cac ngudn danh gia khac nhau nhu dénh gia san pham, danh
gia dich vy. Vin ban tho bao gdm quan diém, tinh cam va cam xuc cia ngudi ding
dugc chuyén doi thanh dinh dang chuan dé phuc vu cho céc bude xir 1y tiép theo.

Moé-dun 2 (Kham pha va biéu dién quan diém): Thuc hién viéc kham pha,
trich xudt cac méi quan hé giira cac dic trung va chuyén doi dir liéu thanh dang bo
nam quan diém (e, a, s, h, t). Sau do, cac by ndm nay duogc td chure thanh ma tran dac
trung, tao dau vao chuan cho viéc xay dung mo hinh rung phan loai quan diém.

Mé-dun 3 (Tém tit va dinh huéng quan diém): Str dung két qua tir mo hinh
rimg phan loai dé tom tit quan diém va dua ra dinh hudng cudi cing vé quan diém la

tich cuc, ti€u cyc hodc trung tinh.
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! 1 1
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Hinh 2.3: Khai pha quan diém v&i rimg phan loai
2.4.2. Giai doan mé hinh héa quan diém

Mo-dun 1 déng vai tro 1a dau vao cua toan bo hé théng, thuc hién viéc mo hinh
hoa quan diém tir dang vin ban thd ban dau sang dang c6 ciu triic. Qua trinh nay bao
gdm cac budc chinh:

Buc 1. Thu thdp diF liéu: Dit liéu dau vao dugc thu thap tir cac ngudn danh gia
truc tuyén hodc cac nén tang thuong mai dién tur khéac. Dit 1i¢u tho thuong & dang van
ban tu do, kém theo cac thong tin meta nhu nguoi danh gia, thoi gian danh gia, diém
s6 danh gia.

Buéc 2. Tién xur Iy dir liéu: Cac danh gia van ban dugc lam sach bang cach loai
b6 cac ky tu dic biét, sd, va cac tir dimg (stop words) khong mang ¥ nghia. Qua trinh
phan tach dugc thuc hién dé tach cac tir trong cau thanh cac tur riéng biét.

Buéc 3. Chudn héa dir liéu: Céac thong tin duge chuan hoa vé dinh dang thong
nhét, bao gém: tén san phém/dich vu 1a céac thuc thé, cac khia canh duge danh gia,
nguoi danh gia, thoi gian danh gia va dinh hudéng quan diém ban dau.

Buéc 4. Xir Iy mdt can bang dit liéu: Dit liéu danh gia thuc té thuong c6 xu
huong Iéch vé cac danh gia tich cuc, moé-dun nay thuc hién viéc can bﬁng dir liéu
bang cach phan loai lai cac xép hang.

2.4.3. Giai doan kham pha va biéu dién quan diém

Moé-dun 2 1a thanh phan cot 18i ctia hé thong, thuc hién ba nhiém vu 1a kham
pha quan diém, biéu dién duéi dang ma trin va xay dung mo hinh rimg phan loai.

Buéc 1. Kham phd quan diém: Qua trinh ndy trich xuét cac thanh phan quan
trong tir mdi danh gia dé tao thanh b nim quan diém (e, a, s, A, 1).

Budc 2. Biéu dién dudi dang ma trgn: Cac by nam quan diém duoc td chuc
thanh ma tran dic trung Nx5, trong d6 N 13 s6 lugng bo nam quan diém va 5 cot
turong tng v6i nam thanh phan ctia bd nim. Ma trdn nay duoc goi 1a ma tran dic trung
quan diém va 1a dau vao tryc tiép cho thuat toan rimg phan loai.

Buoc 3. Xdy dung mo hinh rung phan logi: St dung ma tran dac trung quan
diém, mo-dun nay xay dung mo hinh rimg phén loai thong qua cac budc:

Buée 3.1: Tao cac mau Bootstrap tir tap dit lidu goc
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Buée 3.2: Vi mdi miu Bootstrap, xdy dung mét cay quyét dinh véi viée lua
chon ngﬁu nhién tap con cac ddc trung tai mdi nit phan chia

Buée 3.3: Két hop cac cdy quyét dinh thanh ring phan loai

Burée 3.4: Sir dung phuwong phéap biéu quyét da sé dé dua ra du doan cubi ciing
2.4.4. Giai doan dinh huéng quan diém

Mo-dun 3 thue hién giai doan cudi cing cua quy trinh, tip trung vao viéc tom
tat két qua va dua ra dinh hudng quan diém rd rang, bao gdm céac budc:

Buée 1. Tom tit quan diém: Hé thdng tao ra cac bao cdo tom tat vé ty 16 phan
tram cac quan diém tich cuc, tiéu cuc, trung tinh; Cac khia canh dugc danh gia tich
cuc nhat va tiéu cuc nhat; Xu hudng thay doi quan diém theo thoi gian; So sanh gitra
cac san phém/dich vu khac nhau.

Buéc 2. Pinh huéng quan diém: Dya trén két qua tom tit, mo-dun dwa ra cac
dinh hudng “tich cuc” khi da sb cac danh gia va cac khia canh quan trong nhan duogc
phan hdi tich cuc, dinh hudng “tiéu cuc” khi c6 nhiéu danh gia tiéu cyc hodc céc khia
canh quan trong bi danh gia kém va dinh hudéng “trung tinh” khi cac danh gia tich
cuc va tiéu cuc can b@“mg nhau.

2.5. Thuit toan va dé thi tinh toan mé hinh rirng phan loai quan diém
2.5.1. Thuét toan va d¢ phirc tap

Thuat toan xay dung va du doan rimg phén loai quan diém trinh bay nhu sau:

Thuat toan 2.1. BuildClassificationForest

Piu vao:

O = {(x;, yi)}i=1...N : tap dir liéu huan luyén,

voi:
xi = (e, @i, hy, ti): vector dic trung (bién dy bao).
yi = si: nhan tinh cam (bién phu thudc).
n: s6 cdy trong ring.
max_depth : d6 sau tbi da cua cay.
M: sb dic trung chon ngﬁu nhién tai mdi nut.
min_split: s6 mau téi thiéu dé tiép tuc phan tach.

Piu ra:

Fcr = {T1, T, ..., Tu}: rimg phan loai quan diém
1: FCF «— ¢
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2
3
4:
5
6
7

fori=1tondo
O;*« Bootstrap(O, N) // ldy mdu c6 hodn lai
Ti «— BuildTree(Oi*, max_depth, M, min_split, depth=0)
Fcr < Fcr U {Ti}

. end for

: return Fcr

Ham phu BuildTree(O, max_depth, M, min_split, depth)

// Buéce 1 - Kiém tra diéu kién dimg dé quy

1:
2:
3:

if depth =max_depth or |O] <min_split or pure(O) then
return Leaf( majority class(O)) // tra vé nut 14 v6i nhin da sb

end if

// Buéc 2 - Chon ngau nhién tdp ddc trung g vién

4.

Features «— RandomSubset(y, M) //y={e,a, h,t}, M <4

// Buéc 3 - Tim phén tach téi wu theo Information Gain

S:
6:
7:
8:
9:

10:
11:
12:
13:
14:
15:
16:
17:

best_gain «— —oo // khéi tao gia tri do loi thong tin 16n nhat.
for each f € Features do
for each 0 € thresholds(O, f) do
OL—{0€0:0[f]<0}
Or<—{0€0:0[f] >0}
gain <— ComputelG(O, O, Or) //theo cong thirc (2.3) va (2.4)
if gain > best_gain then
best gain «— gain
f*— f // dic trung phén tach tot nhat
0*«— 0 // ngudng phan tach tot nhat
end if
end for

end for

// Budc 4 — Phan tach dir liéu va goi dé quy

18:
19:
20:
21:
22:

OL<— {0€O0:o[ff]<0*}

Or— {0€O:0[f*] >0*}

Tr < BuildTree(OL, max_depth, M, min_split, depth+1)
Tr < BuildTree(Or, max_depth, M, min_split, depth+1)

return Node(f*, 0*, T, Tr) //nut trong vé6i toi wu (£*, 0%)
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D) phirc tap tinh toan. Gia sir tip dir liéu O gdm N mdu d = 4 chiéu (e, a, h,
t), rmg gdm n cdy, mdi cay c chiéu sau tdi da / va trung binh L nit 14.

D6 phitc tap hudn luyén. Mbi ciy duge xay dung trén tap Bootstrap N'~ 0,63N
mau, tai mdi nut chon ngau nhién my,,, dic trung va tim ngudng tach tét nhét, dan
dén d6 phuc tap trén dir liéu cin bang duoc biéu dién boi cong thirc (2.12).

O(n x N' % my,< h) =0 x N x my,* log N) (2.12)

Trong do:

e n:1asd luong cdy quyét dinh trong rimg;

o N:lasd luong mau huan luyén;

& My ! s6 dic trung duoc chon ngiu nhién tai mdi nit phan tach.

e logN: dd sau trung binh ciia mdi cdy quyét dinh trong rimg phan loai
quan diém

Thuat toan 2.2. PredictClassificationForest

Piu vao:

Fcr = {Ti, ..., Ta}: ring dd hudn luyén.
X = (e, a, h, t): mau quan diém can phan loai.

Piu ra:

§ € C ={positive, negative}: nhan phan loai.

—

: votes «— [ ]
2: fori=1tondo
3 votes «— votes U {Traverse(T;, X)}
4: end for
5: § « MajorityVote(votes)
6: return ¥

Do phirc tap dw dodn. Moi mau méi duge phan loai qua n cdy, mdi cay duyét
theo chiéu sau O(log N), tong cong d6 phirc tap cua thuat toan ddi véi mdi mau theo
cong thtrc (2.13).

O(n x log N) (2.13)
Trong do:
e n:1asd luong cdy quyét dinh trong rimg;

e N:1asd lwong mau dit liéu huan luyén duge sir dung dé xay dung cdy.
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So sanh: do phtrc tap nay twong duong Random Forest [65] va nhd hon
Gradient Boosting [84] do cic cay dugc xdy song song ddc 1ap thay vi tuan tu.
2.5.2. Do thi tinh toin mé hinh rirng phan loai quan diém

D6 thi tinh toan dé biéu dién truc quan ludng dit liéu va cac tinh toan trong mo

hinh ring phan loai quan diém duoc so dd hoa tai Hinh 2.4:

Tap di¥ lieu O
0= (Ei; di. 8i, llij ti)

W
Tach dir liéu
%= (e, a;, hy, 1)

Vi = 8

-

Bootstrap (1ay mau c6 hoan lai » lan)

W W W
0 0; 03 0,
Build Build Build Build
Tree Tree Tree Tree
T Tz Ts Ta

Dy doan trén man mdi x

Xx=1(e,a h t)

h W W W
81=T1(x) §2=Ta(x) §1=Ta(x) §p=Tn(x)

v

Bifu quyét da sb
v =model{ 81, &}

v

y € {positive, negative }

Hinh 2.4: D6 thi tinh toan ciia mé hinh rimg phan loai quan diém
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Do thi tinh toan cho théy luéng dit liéu duoc to chirc theo ba giai doan chinh:
(i) giai doan 1ay mau Bootstrap, trong d6 n tap con 07, 05, ..., O; dugc tao ra tir tap
gbc O bang phuong phap 14y miu c6 hoan lai; (ii) giai doan xay dung cdy, trong d6
mdi tap con duoc sir dung dé cdy phén loai 7, twong g duoc xay dung doc 1ap; (iii)
giai doan tong hop, trong d6 du doan cua n cay quyét dinh duoc két hop bang biéu
quyét da s6 dé nhan cudi cung y dugc xac dinh.
2.6. Dién giai mé hinh rirng phén loai quan diém
2.6.1. Dién giai cAy phén loai quan diém
2.6.1.1 Quy tic quyét dinh (IF-THEN)
Mot quy tic quyét dinh 13 mot chudi cac diéu kién két hop bai toan tir logic
AND (n), dan dén mot két luan phan loai, dugc biéu dién trong cong thuc (2.14)
IF (f, =v)n(f, =v)Nn...0(f, =v,) THEN class = ¢ (2.14)
Trong do:
e f;:dac trung thir i;
e p;: gia tr1 hodc ngudng cua dac trung f;;
e ¢: 16p phan loai dau ra véi ¢ € C;
e (:tap lop tinh cam, C = {positive, negative}.

Vi du: Cay quyét dinh quan diém nhu sau:

1. Entity (e) i [) Nutgbe i
Chon déc trung ¢6 IG lom nhét i Niit quyét dinh i
] . 1
o] Nat1a (két quay
e=e® e#e® : i
| IG: Information Gain ]
1
! s € {—1,+1}: Cyc tinh ,
\ 1
2. Aspect (a) AeTIE () | et
Chon ddc trung co IG lon nhét Chon ddc trung c6 IG lén nhdt

azay\iafm) £ t>1t
raas
Positive 3. Holder (h) Positive Negative
(s=+1) | Chon dic trung c6 IG Ién nhét (s =+1) (s=-1)
= (1) (]
A i ]i/\,:;e h B C

Negative Positive
(s=-1) (s=+1)

Hinh 2.5: Vi du minh hoa cdy quyét dinh cho phén loai quan diém
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Cay duoc xay dung theo nguyén tic chon dic trung cho do loi thong tin
(Information Gain) 16n nhat tai mdi nat. Pic trung sir dung {e (Entity), a (Aspect), h
(Holder), t (Time)}. Két qua tai 14: Positive (s = +1) hoic Negative (s = -1).

Dua trén cac duong di tir ntt gée dén nit 14 trong Hinh 2.5, ¢6 thé rat ra cac quy

tac quyét dinh nhu sau:

e Quy tic | (Nhanh A):
IF (e=e”)A(a=a™) THEN s = + 1

)

Néu quan diém thudc thuc thé ei(k va khia canh a}m) thi m6 hinh du doan

tinh cam tich cuc (Positive).
e Quy tic2:
IF (e=e/))A(a #a™)A(h=h]") THEN s = — 1

Néu quan diém thuoc thuc thé el.(k) va khia canh khac a;m)

va nguoi danh
gia hz(,n) thi m6 hinh dy doén tinh cam ti€u cuc (Negative).
e Quy tic 3:
_ (m) (n) —
IF(e=e )A(a #a; ")A(h#h,”) THEN s = +1

Néu quan diém thuoc thuc thé el.(k) va khia canh khac a}m) va nguoi danh

gia khac hz()n) thi mo hinh dy doan tinh cam tich cuc (Positive).

e Quy tic 4 (Nhanh B):

IF (e # ei(k)) At <t)THENSs = +1
()

Néu quan diém khong thudc thyc thé e; ~ va thoi gian danh gia nho hon
hoic bang ngudng 7 thi mé hinh dy doan tinh cam tich cuc (Positive).
e Quy tic 5 (Nhanh C):
IF (e # e™)A(t >7) THEN s = —1

Néu quan diém khong thudc thyuc thé e va thoi gian dénh gia 16n hon
ngudng T thi m6 hinh dy doén tinh cadm ti€u cuc (Negative).

2.6.1.2 D¢ sdu va tam quan trong ciia ddc trung

D¢ sau cua nut: BJ sau cia mdt nat v trong cay T dugce dinh nghia trong cong

thirc (2.15):
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s,

0, v la nut goc,

Depthy(v) = { (2.15)

Depth(parent(v)) + 1, v khong phai niit géc.
Do sau tbi thiéu cua dic trung: DO sau tdi thiéu cua dic trung f trong cay T la
d6 sau nho nhét cua cac nit chtra dic trung d6 trong cong thirc (2.16):
MinDepthy(f) = min{ Depth(v) | v € T, v.feature = f} (2.16)
Néu dic trung f khong xuat hién trong cay: MinDepthy(f) = oo
- Néu dic trung c6 Depth nho, c6 nghia 1a gan gdc thi quan trong, anh huong
dén nhiéu du doan.
- Néu dic trung c¢6 Depth 16n, c6 nghia 1a gan 14 thi it quan trong hon, chi tinh
chinh phan loai.
2.6.1.3 Pé do mikc d6 hon loan tai nit
Tai mdi nut v, Entropy duoc tinh theo cong thirc (2.3) véi tap O thay bang tap
0, 1a tap mau tai nit v. Xac suét thuc nghiém p,(c) dugc xéc dinh theo cong thirc
(2.17).

| {0, €0, | s; =c}|

py(c) = 0, (2.17)

Trong do:

1a x4c suat thuc nghiém cua 16p ¢ tai nut v voi:

e O,latap mau dit liéu tai nat v,

e 5, 1a nhan tinh cdm cua mau o;,

e ( latap lop phan loai.

e Néu H(v) = 0, nat v hoan toan tinh khiét, nghia la tat ca cac mau thudc
cung mdt 16p. Nguoc lai, gia tr1 H (v) cang 16n cho théy dir li€u tai nlt cang hon loan
va chira nhiéu 16p khac nhau.

- Khi phan tach nut v thanh hai ntt con v; nat bén trai va vg nat bén phai thi
do loi thong tin dugce xac dinh theo cong thirc (2.18):
| O

1 OU
IG(v) = H(v) — ( L |H(UL)+| d lH(vR)> (2.18)

Gia tri IG(v) cang 16n cho thay phép phan tach cang hiéu qua, do lam giam

dang ké muc do hon loan va tang d¢ tinh khiét cua cac ntt con.
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2.6.2. Dién gii rirng phan loai ngiu nhién
2.6.2.1. D{ siu toi thiéu trung binh
Do sau ti thiéu trung binh [74] ctia ddc trung f trong rimg phan loai
F={T,T,,...,T,}
Puoc x4c dinh 13 gia tri trung binh cua do sau tdi thiéu cia dic trung f trén

tat ca cac cay quyét dinh & cong thire (2.19).

Depth(f) = %Z Depthy, (f) (2.19)
i=1

Trong d6 DepthTi (f) 1a d6 sau t6i thiéu cia f trong cay thi i
Truong hop dic trung f khong xuat hién trong cdy T;, c6 hai cach xir 1y:
Céch 1: Loai bo khoi tinh trung binh:

leT, Depthl (f)
[ {i| feT}|

Depth(f) =
Céch 2: Gan gia tri mac dinh:

Depthr,(f) = max(T) + 1 néu f ¢ T,

Néu Depth(f) < Depth,,,, thi dic trung dugc coi 1a quan trong, trong do:

Depthyy =+ Y, Depth (/')
flex

1a d6 sau tbi thiu trung binh trén tat ca dic trung.

- Néu Depth nho thi dic trung xuat hién gan nat gbc va quan trong.

- Néu Depth 16m thi dic trung xuat hién gén nut 14 va it quan trong.
2.6.2.2. Tam quan trong cia dic trung dua trén Information Gain
Tam quan trong cua dic trung f trong cdy quyét dinh T, dugc xac dinh bang

tong do loi thong tin tai tit ca cac nat st dung dic trung theo cong thire (2.20).

I(H= )  IGW) (2.20)

v€T;:v.feature=f
Trong d6 I1G(v) 1a dd loi thong tin tai nat v dugc xac dinh theo cong thirc (2.18).
Tam quan trong trung binh cta dic trung f trén toan bo ring phan loai Fp

duogc tinh theo cong thirc (2.21).

82



TOEESW A (2.21)
i=1

Dé so sanh twong ddi gifta cac dic trung, gia tri tim quan trong dwgc chuin

hoéa sao cho tong bang 1 theo cong thirc (2.22).
Lom(f) = % (2.22)
flex

“Néu I (f) c6 gia tri 16n, dic trung f dong gop dang ké vao viée giam murc do
hon loan cta dit lidu va cé vai trd quan trong trong qud trinh phan loai.

Vi du: Néu I_norm( f) = 0,4 cho thay dic trung f dong gop 40% vao tong do
lgi thong tin cta toan bd rung.
2.6.2.3. Tam quan trong ciia dic trung dwa trén hoan vi

Néu dic trung f thuc su quan trong, viéc hoan vi ngau nhién cac gia tri cua

f trén tap Out-of-Bag s& lam giam dang ké do chinh x4c ctia mé hinh. V&i rimg phan
loai F ={T,,...,T,}, tam quan trong hoan vi ctia dac trung f duogc xéac dinh theo
cong thuce (2.23).

OOB, perm(f)
Ti

n
IPP™(f) = %2 Acc%OB — Acc (2.23)
i=1

Trong do:

e OOB la tap mau Out-of-Bag ctia ciy T, x4c dinh theo cong thire (2.7),
o Acc?{OB: Do chinh x4c cia cay T; trén tap OOB.

OOB, perm(f)

e Acc Do chinh xac cua cdy T; sau khi hodn vi ngau nhién cac

gia tri cua dac trung f trén tdp OOB.

Néu IP™(f) c6 gia tri 16n, dic trung f anh huéng dén kha ning du doan cua
mo hinh. Nguoc lai, néu IP°™(f) = 0, dic trung f dong gop rat it vao hiéu ning
phan loai va co thé dugc loai bo ma khong anh hudng dang ké dén két qua.
2.6.2.4. Twong tac giira cac dac trung

Hai dic trung fva f, duoc xem 1a c6 twong tic néu anh huong két hop cua
chung khac véi tong anh huong riéng 1é. Trong cdy quyét dinh, trong tic gilta cac
dic trung duoc thé hién qua sy xuét hién ciing nhau trén mot dudng di quyét dinh va

thi tu xuat hién tir nut gbe dén nut 1a.
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Do sau tbi thiéu c6 diéu kién cua dac trung f, khi f; xuét hién tai nit géc duoc
xac dinh theo cong thire (2.24)—(2.26).
CDepth(f; | f1) = E[Depthr,(f) | root(T;).feature = f;] (2.24)
Cu thé theo cong thirc (2.25)

Depth,
i:root(T;)=f1 P i (fZ) (225)

| {i:root(T;).feature = f;} |

CDepth(f; | f1) =
Trong do:

® Depthr.(f>)la do sau t6i thiéu cua dic trung f, trong cay T;. Do do tuong tac

gifra hai ddc trung dugc xac dinh theo cong thirc (2.26).

INT(f,. f,) = Depth(f,) — CDepth(, | f,) (2.26)

Két qua duoc dién giai nhu sau:

- Néu INT(f,, f,) > 0: khi £, xuét hién tai niit gbc, £, c6 xu huéng xuét hién
sdm hon so vai binh thudng, cho thay tuong tac duwong, hai dic trung bo tro 1dn nhau
trong qua trinh phan tach.

- NeuINT(f,, f,) < 0:khi f, xut hién mudn hon khi £, da dugc chon tai niit
gbc, cho thiy twong tac 4m hodc canh tranh giita hai dic trung.

- Néu INT(f 1»f5) = 0: hai dac trung f; va f, gén nhu ddc 1ap vdi nhau trong
cAu tric ring.
2.6.2.5. Bi¢u d6 phu thudc tirng phin

Biéu d6 phu thudc tirng phan (Partial Dependence Plot- PDP) mé ta anh huong
bién ctia mét hodc nhiéu dic trung ddi voi dy doan ctia mo hinh, béng cach 1éy trung
binh du doan trén phan phdi thuc nghiém ciia cac dic trung con lai. PDP dugc sir
dung dé phan tich xu huéng ting giam, quan sat quan hé tuyén tinh hoic phi tuyén
va phat hién tuong tac gitra cac dac trung.

Véi dac trung f nhan gia tri v, ham phu thudc tung phﬁn duoc xac dinh theo
cong thirc (2.27)

N
PD,(v) = % >y ™ (2.27)

i=1
Trong do:
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e x’7":1a mAu dit ligu x; sau khi thay thé gi4 trj ctia dic trung f bing gia
tri v;
e y(.):lagié tr1 du doan ctia mo hinh rirng phan loai;

e N:latdng sd mau trong tap dit liéu.

Truong hop xét ddng thoi hai dic trung f; va f, véi cac gid trj tuong Gng 13

v; Va vy, ham PDP hai chiéu dugc xéac dinh theo cong thirc (2.28):

N
1 fiev,fr—
PDfl,fz(Ul’Uz):WZJ’(Xil RRE (2.28)

i=1

Biéu d6 phu thudc tirng phan (PDP) hai chiéu cho phép phat hién tuong tac
phi tuyén giita hai dic trung b ndm ma phén tich don chiéu khong thé nam bat duoc.
2.7. Thuc nghiém

Noi dung trong chuong trinh bay vé tap dit liéu dénh gia thuc pham, tap dir liéu
danh gia khach san va thuc nghiém trén céac tap dir liéu nay, mo ta kich ban va két
qua thyc nghi€ém mo hinh. Két qua thyc nghiém duogc thé hién trong cac kich ban da
néu va cho két qua twong tmg véi timg truong hop.

2.7.1. Tap dir li¢u sir dung
2.7.1.1. Tap dir licu Amazon Food Reviews

Tap dit liéu Amazon Food Reviews la tap con thude co s¢ dir liéu danh gia san
pham duoc cong bd [67][183] gdm hon 500.000 danh gia thuc pham. M&i danh gia
chtra thong tin nguoi ding, xép hang sao va ndi dung van ban danh gia, 13 co so dir
lidu chudn duoc cong dong NLP sir dung rong rii cho phan loai tinh cam va truy xuét
thong tin. Tap dit liéu nay thudc nhom thuong mai dién tir, mién phd bién nhat cho
nghién ctru ABSA véi cac nhin danh gia san pham theo khia canh cu thé, phu hop
v6i bai toan trich xuit bo nam quan diém cta ludn an [191].

Céc chi tiét cta bo dir liéu trong Bang 2.1 mo ta cac danh gia dugc viét boi
hon 200.000 ngudi dung cho 74.258 san pham, trong d6 c6 260 ngudi dung di cung
cap hon 50 danh gia. Do dai trung binh ctia mdi dénh gia 1a khoang 56 tu.

Bang 2.1: Chi tiét dir liéu Amazon

Théng ké dir li¢u S6 lwong miu

Dénh gi4 568.454
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Nguoi dung 256.059
San pham 74.258

Nguoi dung vai >50 reviews 260

Trung binh s tir trén mdi danh gia | 56

Bang 2.2 ¢6 18.532 d4anh gia (14.825 danh gia huan luyén, 3.707 danh gia thir
nghiém) 12 tap di liéu ding cho thuc nghiém khao sat ban dau vé biéu dién dic trung
vian ban bang Doc2vec (Bai bao 1), chua sir dung cau tric bd nim. Thyc nghiém mo
hinh ring phan loai quan diém (Fcr) st dung mot tap riéng gom 8.020 mau bd nim
quan diém dugc trich xuét tir 5.411 danh gia iy mau ngiu nhién (Bai bao 2), chia
thanh 6.416 mau huan luyén va 1.604 mau kiém tra nhu trinh bay tai Bang 2.5
(§2.7.2.1).

Bang 2.2: Dit liéu huan luyén va thir nghiém

Théng ké dir liéu S6 lwong méu
Panh gia 18.532
Huéan luyén 14.825
Thtr nghiém 3.707

2.7.1.2. Tap dir liéu TripAdvisor Hotel Reviews

Tap dit liéu TripAdvisor Hotel Reviews [2] gdm 235.793 dénh gia khach san tix
TripAdvisor. Mdi danh gia bao gom vin ban danh gid, dinh danh khach san, xép hang
téng thé va bay xép hang khia canh tiy chon: Value, Rooms, Location, Cleanliness,
Check in/front desk, Service va Business service, thang xép hang tir 1% dén 5%.

Theo khéo sat hé thong cta [192] phén tich tinh cam cho danh gia khach san
bao gom cac giai doan: tién xir Iy, biéu dién dic trung, phan loai tinh cam va giai
thich mé hinh. Bo ndm quan diém (e, a, s, h, t) duoc Bing Liu [1] dé xuat nhu khung
biéu dién chuan cho khai pha quan diém, trong d6 tap dir liéu TripAdvisor 1a tap dir
liéu danh gia khach san duoc cong dong nghién ciru sir dung nhiéu nhat. Trong luan
an, thuc nghiém dugc thyc hi¢n trén tap con gém 1.850 khach san véi 108.891 danh
gia co day du thong tin can thiét cho viéc tao bd nim quan diém, nhu trinh bay tai
Bang 2.3.
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Bang 2.3: Théng ké tap dir liéu

Thong ké dir liéu So lwong
Sb luong khach san 1.850
S6 luong danh gia 108.891

2.7.2. Tién xir Iy dir liéu
2.7.2.1. Tién xit ly dir litu Amazon Food Reviews

Trong tap dit liéu Amazon Food Reviews co cac danh gia chira cac chit s6, ky
tu dic biét,... Mot s tir ¢6 thé xuat hién thuong xuyén trong cau nhung chiing khong
dong gbdp nghia cta cau (vi du: gidi tir nhu on, the, at,...). Thuc hién tach cac tir trong
danh gia thanh token va x6a nhimg tir khong can thiét bang cach st dung cong cu
NLTK. Céc tir con lai c6 thé mang ¥ nghia cia cac cdu bao gdm danh tir, cum danh
tur, dong tu, tinh tur va trang tir. Sau d6 loai bo céc gia tri tréng trong tap dit li¢u. D
lidu con lai 1a 568.411 danh gia. Ty 1¢ phan trim theo xép hang ctia cac danh gia trong
Bang 2.4. Sau d6, xtr 1y phan bé dir liéu can bang bang cach chia tap dir liéu thanh
Xép hang ti€u cuc voi hang 1%, 2% 1a am va xép hang tich cuc v&i hang 4%, 5% 1a
duong va loai bé hang 3%. Trong Hinh 2.6 ¢4 minh hoa mdt tip con ldy mau cin
bang riéng s luong danh gid tich cuc va tiéu cuc sau khi nhi phan hoa, gdm 59.167
danh gia tiéu cuc va 62.856 danh gia tich cuc (tong cong 122.023 danh gia da dugc
gan nhan phan cuc 10 rang).

Bang 2.4: Chi tiét ty 18 phan trim cta hang dya trén cac danh gia

Hang Tong so danh gia | Ty 18 (%)
5 363.111 63,88
4 80.655 14,19
3 42.638 7,5
2 29.743 5,23
1 52.264 9,19
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Hinh 2.6: Phan b s lwong dénh gia c¢6 quan diém 1a tich cuc va tiéu cuc

Tap dir liéu gbc Amazon Food Reviews gom 568.454 danh gi4, tuy nhién do
phan phdi nhin nghiéng manh vé phia tich cuc nén ap dung chién lugc 14y miu phan
tang ngau nhién (stratified random sampling) véi ty 18 1:1 giita nhan tich cuc va tiéu
cuc dé tao tap dir liéu thuc nghiém can bﬁng, cu thé: léy ngéu nhién 5.411 danh gia
(ty 1& positive:negative xap xi 50:50) tir bo dit liéu 568.454 danh gia dé thuc nghiém
trich xuit bo ndm quan diém. Két qua thu duoc tip dir liéu bo nim quan diém co
8.020 mau, sau d6 chia ngiu nhién tap bo nam quan diém nay thanh tap dir liéu huan
luyén 13 6.416 mau (80%) va tap dit liéu kiém tra 1 1.604 mau (20%) chi tiét tai Bang
2.5 dé huan luyén va danh gid mé hinh ring phan loai quan diém (Fcp).

Bang 2.5: Dir liéu huan luyén va kiém tra

Tong s6 mau by | SO lwong mau bd nim | SO lwong miu b nim
nim quan diém | quan diém dé huén luyén | quan diém dé kiém tra
8.020 6.416 1.604

2.7.2.2. Tién xir Iy dit liéu TripAdvisor Hotel Reviews

Tir tap dit lidu 108.891 danh gia duoc chuyén thanh 136.528 mau bo nim quan
diém. Sau do loai bo cac mau khong c6 gié tri phan cuc con lai 45.706 mau dé thuc
nghiém. Tap dir liéu 45.706 mAu bd nim quan diém cé phan phdi hang tinh cam
nghiéng vé phia tich cyc din dén ty 1& mat can bang nhan khoang 4:1 sau khi nhi phan
hoa positive/negative. Sau do, gia tri cua cc dic trung dugc ma hoa bang cach danh

s6 thtr ty nhu trong Bang 2.6.
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Bang 2.6: Thong ké cac gia tri cua dic trung

Cac dac trung S6 cac gia tri khac nhau Panh s6 thir tyr
Entity 14 1 dén 14
Aspect 7 1dén7
Holder 8.642 1 dén 8.642
Time 2.520 1 dén 2.520

Ghi chu: Bang 2.6 thong ké trén tap con ding dé thyc nghiém. Trong tap con
nay, luan 4n chi lay 14 khach san (thanh phan thyc thé Entity, 1a tén khach san) trong
tong so 1.850 khach san cua tap dit liéu TripAdvisor Hotel Reviews [2] d3 mo ta tai
muc 2.7.1.2, do d6 dac trung Entity chi c6 14 gia tri khac nhau. Pac trung Aspect co
7 gié tri twong Gmg v4i bay khia canh dugc chdm diém cua tap dit lidu (Value, Rooms,
Location, Cleanliness, Check in/front desk, Service, Business service).

2.7.3. Cac kich ban thuc nghiém
2.7.3.1. Khai pha quan diém véi rirng phin loai dua trén bd nim quan diém
trén tap dir liéu danh gia thuwe pham Amazon Food Reviews

Kich ban 1. Rirng phdn loai quan diém diea trén bg ndm quan diém trén tdp dir
liéu déanh gi thwe pham Amazon Food Reviews

Tir bo dit liéu danh gia thuc pham, xay dung mo hinh rimg phan loai dé khai
thac quan diém vé cac khia canh san pham thyc pham da duoc khach hang danh gia.
Trudc tién, dit liéu dugc chia thanh n mau bootstrap, tiép theo xay dung rimg phan
loai v6i cac thiét 1ap tham s6 mo hinh tai Bang 2.7 va sau d6 tong hop phan loai bang
cach 13y gia tri xay ra thuong xuyén nhat cho mdi phan loai, dugc minh hoa Hinh 2.7.

Béng 2.7: Thiét 1ap tham s6 mo hinh Rimng phén loai quan diém trong thyc nghiém

Gt | Gia i dwoc
Tham sb Y nghia thir chon Co s6 lra chon
nghiém ’
n S5 cay 50, 70, 100 Gia tri ‘kinh nghiém
100 can bang gitra o
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chinh xac va thoi
gian huan luyén

S6 dic trung

VX

Theo quy tic chuan
Random Forest

Miry ngﬁu nhién 2,3,4
L X, = - 65]; y=4 dac trun
tai moi nut NZ' 2 | [65] X‘A | 8
dau vao
Cay moc dén khi
Chiéu sau tdi Khoéng gigi | nit 14 thuan nhat
max_depth - <
da han hodc
< min_samples_split
) 1 it SO mau tbi )3 ) Gi4 tri mic dinh
min_samples spli 2 aR L, , 14 tri mac din
—Sampies_sp thiéu dé tach
. Str dung Entro
. Tiéu chi phan Entropy e Py
criterion tach - H(0) Shannon H(O),
cong thirc (2.3)
S6 khoi tao )
.z bam bao tai 1ap két
random_state b sinh so - 42 \ P
x o qua
ngau nhién
Entity: Lem,lon,Popchip
Aspect: Gengral Price, Size Aspect: [General
Negative Positive Negative Paositive

Hinh 2.7: Phan loai quan diém theo khia canh thuc phém.
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Dénh gia m6 hinh rimg phan loai trén bo dit liéu danh gia thuc pham theo khia

canh trong Bang 2.8.

Bang 2.8: Panh gia mé hinh Fcr theo khia canh thuc phdm

Thuat todn b6 C’hll’lh f?c_) chinh b6 ‘tzao F1
Xac xac duong phu
Rung phan loai (Fcr) 0,805 0,80 0,76 0,78

Kich bdn 2. Rirng phan loai quan diém dwa trén ddc trung thoi gian va nguoi
dwra ra quan diém trén tdp dir liéu danh gid thwe pham Amazon Food Reviews

Kich ban 2 xem xét dén yéu t6 dic trung vé thoi gian néu quan diém va ngudi
dua ra quan diém 1a tich cyc hay tiéu cuc. Két qua mo hinh rimg phan loai quan diém
theo nguoi dua ra danh gid dugc minh hoa tai Hinh 2.8 va thoi gian danh gid dugc
minh hoa tai Hinh 2.9.

Entity: Lemon,Popchip
T

Holder: Danny,Larry Stanifer, Swannie Holder: Krista Gump

Negative Positive Positive Positive

Hinh 2.8: Phan loai quan diém theo ngudi danh gia
Danh gid m6 hinh rimg phan loai trén bd dir liéu danh gia thyc pham theo
thot gian va nguoi danh gia trong Bang 2.9.

Bang 2.9: Banh gia mé6 hinh Fcr theo thoi gian va nguoi danh gia

Thuat ton b4 chinh b6 chinh | DJ bao Fl
xac xac duong phu
Rung phan loai
0,82 0,85 0,67 0,75
(FCF)
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Entity: Lemion,Popchip

Time: 11-Sep-11,14-Sep-11,15-Sep-11 Time: 15-Sep-11,16-Sep-11,17-Sep-11

Negative Negative

Positive Positive
Hinh 2.9: Phéan loai quan diém theo thoi gian dénh gia

2.7.3.2. Khai pha quan diém véi rirng phin loai dya trén bd nim quan diém
trén tap dir li€éu danh gia khach san TripAdvisor Hotel Reviews

Kich ban 1. Dién giai rung phdan loai quan diém dwa trén bé nam quan diém
trén tdp dir liéu danh gia khach san TripAdvisor Hotel Reviews

Tir tap dit lidu danh gia khach san, mé hinh rimg ngiu nhién duogc xay dung dé
khai pha quan diém vé cac dic trung quan trong bao gdm thuc thé, khia canh, ngudi
dua ra quan diém va thoi gian danh gia vé khach san. Két qua cua thuét toan duoc
trinh bay trong Bang 2.10.

Bang 2.10: Danh gia mé hinh rirg ngau nhién trén bo dit liéu khach san

Do chinh xac | PO chinh xac | Bg bao phu | Trung binh
' duong (P) (R) diéu hoa F1
0,91 0,96 0,50 0,66

Minimal depth

o

Feature

1
H
3
4
5]

MA

Aspect-

o 100 200 300 400 500
MNumber of trees

Hinh 2.10: Phan b6 do sdu tdi thiéu cua cac dic trung trong rimg
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Sw phdn bo dg sdu toi thiéu ciia cdc ddc trung trong rieng ¢é 500 cdy (thuc
nghiém trén TripAdvisor Hotel Reviews): mic d0 sau tdi thiéu tir 0 dén 5 duoc thé
hién trong Hinh 2.10. D siu téi thiéu trung binh cua dic trung Time c6 gia tri nho
nhat 1 1,22, xuét hién gin gdc trong hau hét cac cdy, do d6 1a dic trung quan trong
nhét theo tiéu chi do sau tdi thiéu (theo tam quan trong hoan vi, Entity c6 tac dong
16n nhit, Bang 2.11). Ngoai ra, dic trung Time c6 trong phan 16n cac ciy c6 do sau
t6i thiéu 1a 0 hodc 1 vi mau d6 va mau cam chiém wu thé. Trong khi d6, d6 sau tdi
thiéu trung binh ciia dic trung Holder va Entity phan bd twong tu nhau, ¢6 gi tri xap
xi nhau (1an luot 1,286 va 1,290). Con d6 sau tdi thiéu trung binh ctia dic trung Aspect
6 gid tri cao nhat 1 1,48, it quan trong nhat. Két qua cho thay dic trung c6 do siu
t6i thiéu nho thi xuat hién sém, anh huéng dén nhicu du doan va quan trong.

Tam quan trong ciia cdc ddc trung trong rirng: Trong Bang 2.11, d6 sau tdi
thiéu trung binh cila dic trung Time c6 gia tri nho nhat 1a 1,2220. P6i voi tim quan
trong cua do loi thong tin (IG) thi dac trung Holder c6 gia tri cao nhét 1a 92,1901,
dong gop nhiéu nhat vao giam do hdn tap cia cic dic trung va thir hai 13 dic trung
Time c6 gia tri 89,3295, dac trung Aspect c6 gia tri nho nhat 28,6544 (gia tri cua
Entity xem ghi chti duéi Bang 2.11). Trong khi gié tri tAm quan trong ctia hoan vi clia
dac trung Entity c6 gia tri 1a 0,0122, tac dong cao nhét khi bi hoan vi. Ddi véi sb 1an
lam nat gbe thi ddc trung Time xuét hién & g nhidu nhat véi gid tri 1a 146 1an, tiép
theo 1a Entity co gié tri 125 1an, Holder c6 gia tri 119 1an va Aspect c¢6 gia tri 110 lan.
Gia tri cua cac dac trung dugc liét ké trong Bang 2.11.

Sw twong tdc cua cac dac trung: Trong Bang 2.12, gia tri cuong do tuong tac
duong 16n nhét (va 13 cip duong duy nhét) 1a Time:Holder (0,321). Do dic trung
Time & nit gc va dic trung Holder cé gia tri do sau t6i thiéu co diéu kién 1a 0,9650
so voi gia tri d sau tbi thiéu khong diéu kién 1a 1,2860 va s6 1an xuét hién cling nhau
1a 475 1an. Piéu nay c6 nghia 1a khi Time xuat hién ¢ nit gdc, Holder ¢6 xu hudng
xuat hién sém hon vi do sau giam tir 1,2860 xudng 0,9650, cho thay hai dic trung
nay co6 hi¢u ing tuong tdc manh. biéu nay phan anh thyuc té 1a tinh cam phu thudce
dong thoi vao thoi gian danh gia (Time) va ngudi danh gia (Holder). Nguoc lai, cac
cip tuong tac cd gia tri am cho thiy quan hé canh tranh. Dbi véi twong tac

Entity:Aspect = -1,7279, tuong tic Am cyc manh, cho thdy khi Entity ¢ gbc, Aspect
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hau nhu khong xut hién (d6 sau ting tir 1,4820 1én 3,2099). Diéu nay do Entity da
chtra thong tin vé Aspect, din dén du thira giita hai dic trung. Pdi véi tuong tac
Entity:Time = -0,8981 va Entity:Holder = -0,6712, ciing cho thiy Entity c6 vai tro
cao, Entity dugc chon lam phan tach chinh, cac dac trung khéc tré nén it quan trong
hon. Piéu nay cho théy mot sd thuc thé c6 tinh cam d6n dinh khong phu thudc thoi
gian hay ngudi danh gia. D6i voi trong tac Am trung binh Holder: Time = -0,3969,
cho thdy mic du Time:Holder c6 twong tac dwong (+0,321), nhung quan hé nguoc lai
1a canh tranh. Diéu nay phan anh su khong d6i x{ng trong vai tro ciia cac dic trung.
Pic trung Time 13 yéu td quan trong can két hop véi Holder, nhung néu biét duoc
Holder 1a ngudi danh gid c6 xu hudng 1o rang thi Time trd nén it quan trong hon.

Bang 2.11: Thong ké tam quan trong cua cac dic trung trong ring

Bic P siu toi | SO nit sir | P9 chinh xac giam | Do giam IG | S6 lan
tru:n thiéu trung |dung diic | (TAm quan trong (TAm quan lam
g binh trung f cia hoan vi) trong ciia IG) |nut gdc
Aspect 1,4820 9366 0,0043 28,6544 110
Entity 1,2900 13458 0,0122 — 125
Holder 1,2860 25390 0,0021 92,1901 119
Time 1,2220 24937 0,0000 89,3295 146
Bang 2.12: Thong ké sy twong tac clia cac dic trung trong rimng
S0 lan Do sau thi
Pac trung Pic  [P) sdu tdi | xuat R C oz Cuong
. . 2, n Tén twong thiéu N
duwgc phan | trung ¢ | thiéu co hi¢n , N .x_ |d0 twong
, £ A ren . tac khong dieu ,
tich goc di¢u kién cung e tac
kién
nhau )

Holder Time 0,9650 475 Time:Holder 1,2860 0,321

Entity Time 1,5192 457 Time:Entity 1,2900 -0,2292

Time Holder 1,6189 448 Holder:Time 1,2220 -0,3969

Holder Entity 1,9572 429 Entity:Holder 1,2860 -0,6712

Time Entity 2,1201 423 Entity: Time 1,2220 -0,8981

Aspect Entity 3,2099 394  |[Entity:Aspect | 1,4820 -1,7279
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Kich ban 2. Dién gidi rieng phdn logi quan diém diea trén thoi gian va nguoi
dea ra quan diém trén tdp dir liéu danh gid khdch san TripAdvisor Hotel Reviews

Hinh 2.11 hién thi biéu do nhiét phan ving khong gian 2 chiéu {Time, Holder}
theo cong thirc (2.28). Quan sat cho thdy, sy xuat hién cac dai ngang voi mau sic
khac nhau, ching t6 Holder ¢6 anh huong manh vé tinh cam thay d6i theo Time. Mot
s6 Holder c6 dai mau do dam c6 xu hudng danh gia tich cuc cao, on dinh theo Time,
chtng t6 mot s6 ngudi ding c6 xu hudng danh gia 6n dinh theo thoi gian, phu thudc
vao dic diém ca nhan quyét dinh. Trong khi cac Holder khéc c6 dai mau cam va vang
¢6 xu hudng ting manh theo Time, ching t6 mot sé ngudi ding khac bi anh huong
manh boi thoi gian, c¢6 thé do kinh nghiém tich lity. Két qua cho thdy, mé hinh rimng
phan loai d3 ty dong phat hién va khai thac twong tic qua cu tric cay nim bat duoc
mbi quan h¢ phi tuyén tinh cua Time va Holder, hi¢u trng ctia Time phu thudc vao
Holder cu thé va xac nhan két qua phan tich twong tac cua (Time, Holder) = 0,321
duoc thé hién trong Bang 2.12.

Hinh 2.12, hién thi cac gia tri dy doén thuc té cua rung phan loai trén khong
gian {Time, Holder}. Madi diém dai dién cho mot mau dit liéu, mau sic biéu dién xac
suét du doan tich cuc. Quan sat cho théiy, da 6 cac miu co gia tri dy doan tr 0,6 dén
1 nhiéu hon cac méu c6 gid tri du doan tir 0,2 dén dudi 0,6, diéu nay cho thdy dy doan
tich cuc chiém da s, khoang 80-90% diém c6 mau dé va cam, dic trung Holder c6
anh hudng 1o rét vi trén truc Y cac dac trung Holder khac nhau c6 mau sdc khac biét,
dic trung Time c6 xu huéng nhe vi trén truc X tir ngay dau dén ngay sau c6 xu huéng
mau d6 hon nhung khong manh, cho thdy ngudi danh gia c6 xu huéng thoi gian sau

c6 tinh cam tich cuc hon thoi gian trudce.

4000  BOOO OO0

Halder (The authar of the review)

2000

I I T
0 500 1000 1500 2000 2500

1]
|

Time (Dav of vears)

Hinh 2.11: Minh hoa phan ving khong gian hai chiéu{Time, Holder}
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Hinh 2.12: Hién thi c4c gia tri du doan ctia rirng ngau nhién d6i voi {Time, Holder}

Kich ban 3. Dién gidi rizng phén logi quan diém dwa trén thuwc thé va thoi gian
trén tdp dir liéu danh gia khach san TripAdvisor Hotel Reviews

Hinh 2.13, hién thi xu huéng trung binh cta xac suat du doan tich cyc trén
khong gian {Entity, Time}. Qua quan sat cho thay sy phan héa rd rét, Entity c6 chi
s6 ID tir 2-3 ¢ dai mau d6 ddm dong nhit cao bét ké thoi gian, cho thiy cac thuc thé
c6 duogc lya chon manh khong anh hudng béi yéu td thoi gian. Entity co chi s6 ID tir
8-11 c6 mau sic bién dong manh theo truc Time, dic biét xuat hién “ving triing” mau
vang nhat tai khoang Time tir 1000-1500, phan anh thoi ky khé khan co thé do bién
dong thi truong hodc vin dé ndi bo. Mot sé Entity c6 chi s6 ID tir 12-14 cho thiy xu
hudng cai thién theo thoi gian tir mau vang sang mau cam dén mau do, cho thiy qua
trinh nang cap chét lugng san pham theo thoi gian.

=
_—

10

Entity(Hatel)

0 S00 1000 1500 2000 2500

Time{day)

Hinh 2.13: Minh hoa phan ving khong gian hai chiéu{Entity, Time}
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Hinh 2.14, hién thi du doan thuc té cho tirng mau dir liéu, bd sung thong tin vé
tinh khong dong nhat ma biéu d6 Hinh 2.13 khong thé hién. Pic trung Entity c6 chi
s6 ID = 9, xut hién dai ngang mau xanh tim xuyén sudt truc Time, cho thdy day la
thuc thé c¢6 phan 16n cac mau déu tiéu cuc. Quan sat tong thé biéu d6 Hinh 2.14 phan
anh tap dir liéu thién vé 16p tich cuc nhiéu hon 16p tiéu cuc. Dicu nay phu hop véi
thuc té, nguoi ding c6 xu hudng danh gia tich cuc nhidu hon tiéu cuc. Xut hién cac
diém ngoai 1&6 mau xanh tim rai rac trong ving do va nguogc lai, cho thdy tinh cam

phu thudc vao nhiéu yéu t6 ngoai Entity va Time con c6 Aspect, Holder.

prediction

. 1.0

08
06
04

M.

0 500 1000 1500 2000 2500
Time

Hinh 2.14: Hién thi cac gia tri du doan cua rimg ngiu nhién dbi v6i {Entity, Time}

Két qua truc quan héa cho thay sy khong dong nhét da giai thich tai sao twong
tac am manh gitta Entity va Time (Entity:Time = -0,8981). Khi Entity dugc xac dinh
trude & nit gde cdy, tinh cam ciia phan 16n truong hop chiém ~ 70% da dugc quyét
dinh, Time chi cin thiét dé tinh chinh cho ~ 30% Entity con lai. Chimg t6 rang Entity
quan trong hon Time trong vi¢c xac dinh tinh cam.

Tir két qua ba kich ban thyc nghiém cho thiy mé hinh rimg phén loai quan diém
Fcr dat Accuracy = 0,805 trén Amazon Food Reviews (kich ban theo khia canh) va
Accuracy = 0,82 (kich ban theo thoi gian va nguoi danh gi) trén 8.020 mau bo nim
quan diém, nhd co ché Bootstrap va lya chon dic trung ngiu nhién giup giam phuong
sai va han ché qua khop (overfitting). Dé tham chiéu, thuc nghiém khao sat ban dau
tai Bai bao 1 (biéu dién Doc2vec, khong ding bo nam, 18.532 danh gia) cho Accuracy
ctia Cay quyét dinh 13 0,752, Random Forest 13 0,821 va Gradient Boosting 13 0,845.
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Tuy nhién, két qua trén TripAdvisor Hotel Reviews (Bang 2.10) cho thiy hién
tuong nghich ly vé d6 chinh xac, boi vi Accuracy dat 0,91 rat cao nhung Recall chi
0,50, ddn dén F1 = 0,66 thap hon dang ké so véi hai kich ban trén Amazon. Nguyén
nhan ndm & ty 1é mét can bang nhin khoang 4:1 cua tip TripAdvisor, khién mé hinh
¢6 xu huéng dy doan thién vé 16p da sd positive dé tdi da hoa Accuracy tong thé,
trong khi bd s6t mot nira s6 mau negative thuc su.

Han ché nay khang dinh rang chi riéng co ché hoc quan thé dya trén Bootstrap
chua du dé xir 1y triét dé dit liéu mat can bang nghiém trong, mé hinh can mot co ché
bod sung khai thac cAu trac mat do thuc té cua dit lidu thay vi chi dya trén phan phéi
nhan. Pay chinh 1a dong luc truc tiép din dén dé xuat mo hinh rimg mat d6 quan
diém Fpp, tich hop thuat toan phan cum DBSCAN, duoc trinh bay tai Chuong 3.
Khao sat toan dién va mdi nhat vé hoc bat can béng cua [186] khéng dinh van dé mat
can bang phan 16p (class imbalance) tiép tuc 1a thach thirc 16n trong hoc méy, dic biét
& cac bai toan thyc tién nhu phan tich tinh cam noi mot s6 16p quan diém xuat hién
hiém hon nhiéu va chi ra rang cac phuong phap dua trén cau tric dir liéu nhu phan
cum mat do thuong hiéu qua hon 1dy mau qua mirc (oversampling) don thudn trong
truong hop dir liéu mat can bang nhiéu.

Két qua thuc nghiém tir Bang 2.8 dén Bang 2.10 cho thdy mo hinh F¢p dat
Accuracy 0,80 - 0,82 trén tap dir liéu Amazon Food Reviews va 0,91 trén TripAdvisor
Hotel Reviews. Tuy nhién, con s6 0,91 trén TripAdvisor phan anh hién tugng nghich
1y d6 chinh xac do mat can béng nhén 4:1, Recall chi dat 0,50 va F1 = 0,66. D6i chiéu
mo hinh Fp v6i cac md hinh hoc may khac (RF, GradBoost, SVM) ciing cac mdc
tham chiéu hoc sau (LSTM, BiLSTM-Attention) va Transformer (BERT, RoBERTa
— dung vin ban gdc 1am dau vao) dugc trinh bay tai Chuong 3 va Chuong 4 trén tap
dir liéu Yelp cung bo nim quan diém.

Mo hinh rimg phan loai quan diém (Fcp) c6 do phirc tap huin luyén 1a
Om*xNxmtry*logN) va du dodn 1a O(n x log N) tuong duong voi Random Forest
tiéu chuan [65], d6 phirc tap mo hinh Fcp & mirc thap va chi yéu cau CPU thong
thuong. Fcp 12 mo hinh don gian va hiéu qua tinh toan, phit hop 1am nén tang cho cac

mo hinh phurc tap hon.
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2.8. Cong cu sir dung

Mo hinh rimg phén loai quan diém Fcr dugc trién khai bang ngon ngit R phién
ban 4.3.2 trong moi truong RStudio 2023.12.1, voi cac goi chinh: tree va rpart (xay
dung ciy quyét dinh), randomForest [65], randomForestExplainer (d6 sau tdi thiéu,
tam quan trong va tuong tac cta dic trung tai Bang 2.11, Bang 2.12), pdp va ALEPIlot
(biéu d6 phu thudc tirmg phan va phan ving khong gian hai chiéu tai Hinh 2.11-2.14),
boot (udc lugng bootstrap), dplyr va tidyr (xur 1y dir li¢u), ggplot2 (tryc quan hoa).
Danh sach chi tiét cac thu vién va phién ban duoc trinh bay trong Bang D.1 (Phu luc
D).
2.9. Két luan chwong

Chuong 2 da trinh bay chi tiét mo6 hinh khai pha quan diém véi rimg phan loai.
Mo hinh dua trén sy két hop cac cdy quyét dinh dé phan loai quan diém 1 tich cuc
hay tiéu cuc. Mdi cay dugc xay dyng trén tap dit liéu bo nam quan diém. Két qua thir
nghiém trén hai tap dit liéu danh gia thuc pham (Amazon Food Reviews) va danh gia
khach san (TripAdvisor Hotel Reviews) dua trén cac kich ban khac nhau dé khai thac
cac dic trung quan trong cia cac danh gia cho thiy hiéu qua ciia mo hinh dé xuét
trong giai quyét van dé anh hudng theo tim quan trong cta cac 16p quan diém khac
nhau. Ngoai ra, két qua ciling c6 thé dién giai, khai quat hoa anh hudng cua cac tham
s6 quan trong c6 lién quan dén viéc ra quyét dinh cia mé hinh rimg phan loai quan
diém trén bo dit liéu danh gia khach san. Tuy nhién, Fcr hoc trén toan bo khong gian
dac trung nhu mat khoi déng nhét, chi dua vao Bootstrap nén con han ché trén dix
liéu mat can bang (trén TripAdvisor Hotel Reviews, Accuracy 0,91 nhung Recall chi
0,50) va chua khai thac cAu trac cum tu nhién cla cac quan diém. Han ché nay dan
dén Chuong 3: m6 hinh rirng mat do quan diém Fpr phan cum dur li¢u theo mat do

trude khi xdy dung rumg phan loai cho tirng cum.
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CHUONG 3. KHAI PHA QUAN PIEM VOI RUNG MAT PQ

3.1. Giéi thiéu
Chuong nay trinh bay két qua nghién ctru, phat trién va xiy dung mo hinh,

thuat toan khai pha quan diém voi rimg mat do, nham giai quyét bai toan khai pha
quan diém trén dit liéu danh gia c6 ciu tric phan nhom tu nhién, khac voi rimg phan
loai & Chuong 2 dugc xay dung trén dit liéu phan b dong déu. Xuat phat tir quan sat
thuc té, dir liéu quan diém thuong tap trung thanh cac nhém khac biét vé dic diém va
phan b tinh cam. Pé khai thac cdu triic ndy, mo hinh dé xuat két hop phan cum
DBSCAN dé phat hién cum duya trén mat d¢ véi hoc quﬁn thé tir nhiéu rung quyét
dinh, trong d6 mdi riung duoc xay dung va t61 wu riéng cho mot cum mat do cu thé.
Chuong nay dong thoi dong gop mot s6 diém méi quan trong, bao gdm viée xay dung
cAy mat do dua trén entropy khong giam sat, kién trac rimg mat do véi co ché gop
xé4c sudt tir cac rimg theo cum, phuong phap dién giai mé hinh théng qua phén tich
tam quan trong va tuong tac dic trung, cling nhu kha nang ty dong xir Iy nhidu va
diém ngoai lai. Theo sb liéu da cong bd (chia ngau nhién theo dong bd nam), mé hinh
rirng mat do dat d6 chinh xac cao hon mé hinh rimg ngau nhién khong phan cum (khi
chia theo danh gia gdc tai Phy luc J, hai mé hinh twong duong), dat sy can bang tot
giita do chinh xac va do bao phu, dong thoi cung cap cac phan tich dién giai [75] cb
¥ nghia vé vai tro cua timg dic trung trong du doan tinh cam.

Noi dung chinh cta chuong bao ham cac két qua nghién ciru ciia Bai bao
sb 4, Bai bdo sb 5.

Phat biéu bai toan. Cho tap dir liéu quan diém O = {04, 0,,0s,...,0y}, mdi
0, = (e;, a;, 5;, h;, ;) gdm thuc thé e;, khia canh a;, gia tri tinh cam s;, ngudi giit quan
diém h; va thoi diém 7;. Sau budc chuan héa Z-score §3.2.2 theo cong thire (3.4), tao
thanh 0™°™™ € R™*5. M6 hinh phan cum mét do trén 0™°"™™ (bdn cot dic trung e, a,
h, t; nhin s duoc tach riéng) dé phat hién K nhom quan diém c6 phan bd twong dong

C = {Cy, ..., Cg, Noise}, sau do xay dung rung phan loai riéng trong tirng cum.

Pau vao: Ma train 0™ € RN*> d3 chuan hoa.
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Piu ra: Nhin phan loai § € C ={positive, negative}, tong hop tir K rimg phan
loai cum. M6 hinh ddng thdi cung cap thong tin dién giai ¢ € {1,.., K} - chi s6 cum
clia timg quan diém.

Muc tiéu: T4i thiéu hoa ciing ham sai sé £ nhu Chuong 2. M6 hinh rirng mat
d6 quan diém (Fpr) nham cai thién d6 chinh x4c phan loai trén dir liéu mat can bang
nho phan cum mat dé trude khi phan loai.

Luan an si dung hai nhan nhi phan {positive, negative} thay vi thang diém
nhiéu muc vi hai 1y do: (1) Hau hét cac tmg dung khai pha quan diém trong thuong
mai dién tr (Amazon, Yelp) va hé thong khuyén nghi quan tdm chinh dén chiéu phan
cuc tich cuc/tiéu cuc dé phan loai danh gid hitu ich; (2) Dir liéu danh gia dang sao
(%) c6 phan phoi nghiéng manh vé dau 4%-5% va danh gia 3% thuong phan anh cam
xuc trung 1ap khong 6n dinh, viéc dua neutral vao s& ting nhiéu hon 13 ting thong tin
phan biét 16p. Quy tic nhi phan hoa: 1%-2% 13 negative, 4%-5% 14 positive, 3% duogc
loai bo dbi v6i Amazon Food Reviews va TripAdvisor; riéng hai tap Yelp, 3% duoc
g0p vao negative (xem §3.7.2.2, Bang 3.3).

3.2. Biéu dién va chuan h6a bd nim quan diém
3.2.1. Biéu dién b nim quan diém
Xét tap dir liéu gdm n bd nim quan diém:
O =1{0y,09,...,0,},
trong d6 mdi quan diém o, dugc biéu dién dudi dang véc-to nam chiéu:
o, = (e;,a;, s;, hi,t,-)T e R’,
MJi b ndm quan diém o duoc anh xa sang mot véc-to sé trong khong gian dic

trung nhu sau:
o = [ID,, ID,, Score,, ID,, Days,]" (3.1)

trong do:

o ID,: ma hoa thuc thé;

o ID,: ma hoa khia canh;
« Score,: diém tinh cam;

o ID,,: ma hoa chu thé danh gia;
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« Days,: dic trung thoi gian, s6 ngay tinh tir mdc chuan.
3.2.2. Mi héa va chuin héa quan diém
Céc thanh phén r0i rac e;, a;, h; duoc anh xa sang khong gian s6 thong qua ham
ma hoda ¢ cong thire (3.2).
ID:Z — N, (3.2)
trong d6 2 1a tap cac gia tri ro1 rac tuong Ung.
Thanh phan thoi gian ¢, duoc chuyén doi vé s6 ngay tinh tir mot mbc chuan &
cong thtrc (3.3).
Days(t;) = t; — t,, (3.3)
Gid tri tinh cam s; dugc chuan hoa vé khoang lién tuc [—1,1] hoac [0, 1] tuy theo
thang do ban dau.
Do céc dic trung trong véc-to o, c6 thang do khac nhau, can tién hanh chuin
hoa dé tranh hién twong mot chiéu chi phdi khoang céch.
Ap dung chuan hoa Z-score cho ting chiéu k.

k) _
o 2 ~H (3.4)

norm ’
0 o

trong do:
e y;.: gi4 tri trung binh cua chiéu k,
e 5, d0 léch chuan cia chiéu k.
Sau budc mi héa, mdi quan diém duoc anh xa vao khong gian Euclid ndm chiéu.
Pé tranh su chi phéi ctia cac chiéu co thang do 16n, toan bd dir liéu duoc chuan hoa
vé cuing mién gia tri. Khong gian dic trung sau chuan héa & cong thic (3.5).
O,om C R, 3.5)

Day la khong gian dau vao cho cac budc phan cum va mo hinh hoéa mat do

norm

tiép theo. Luu ¥ vé ky hiéu: véc-to ndm chiu & cong thirc (3.1) 1a biéu dién day du
cua bo nam; trong bai toan phan loai ctia luan an, thanh phﬁn tinh cadm s chinh la nhan
can du doan nén duoc tach khoi dau vao. Vi vay, phan cum DBSCAN, céc rung theo
cum va gia tri SHAP trong thuc nghiém duogc tinh trén véc-to bén chiéu (e, a, h, t)
(quy tic MinPts = d + 1 v&i d = 4 tai muc 3.7.3); ky hiéu nam chiéu duoc giit dé mé

ta cau truc bo nam.

102



3.3. M6 hinh héa rirng mit dd quan diém
3.3.1. Phan cum mit d§ quan diém bing DBSCAN
DBSCAN (Density-Based Spatial Clustering of Applications with Noise)

[72][69] dé phan cum khong gian dya trén mat do, phat hi¢n cAu tric phan bd tu
nhién. Thuat toan DBSCAN dugc x4ac dinh boi hai tham sé chinh: € 13 ban kinh vung
14n can va MinPts 1a s6 lugng diém t4i thiéu dé hinh thanh mot vung mat do cao.

Danh gia thuc nghiém quy mé 16n gan day cua [184] so sanh cac phuong phap
phat hién ngoai 18 dua trén phan cum (bao gdbm DBSCAN) véi cac phuong phap co
dién, cho thady nhom phuong phap dua trén phan cum c6 lgi thé vé hiéu qua tinh toan,
kha ning st dung cac d6 do danh gia va dién giai t6t hon.

Ving lan cén € cia mot diém o € O duge dinh nghia tai cong thuc (3.6).

N_.(0)={0' €0 |d(o,0") < e} (3.6)
Khoang cach giira hai quan diém o,, 0 ; dugce tinh bang khoang cach Euclid tai

cong thtrc (3.7).

5
do,0p= Y o o ° (3.7)
k=1
Mot diém o dugc goi 1a diém 13i (core point) néu:
| N.(0) |> MinPts.
Mot diém 0, dugc goi la co thé dat duoc theo mat do tur 01 néu ton tai mot
chudi cac diém:
01 = Pp = Py = = = 0y,
trong d6 mdi diém trung gian p ; déu la diém 16i va p,.; € N, (p,).
Mot cum mét do C, duoc dinh nghia 1a tap hop cac diém lién thong theo mat
do tir mot diém khi tao og..y:
C, = {o € O | o lién thong theo mat d0 voi oy € Ci ).
Céac diém khong thudc bat ky cum nao dugc xac dinh la nhiéu theo cong thirc
(3.8).
Noise = {o € O | 0 & C},Vk}. (3.8)

Céc cum C;, thu dugc 1a co s& dé xay dung céc rung mat do cuc bd.
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3.3.2. Cay mit dd quan diém

Khao sat toan dién vé phat trién cta thuét toan phan cum theo sy tap trung cac
dinh mat do (DPC) tir ndm 2014 dén nim 2023 cta [194] d3 tong két hon 110 bai bao
cho thfiy viéc xac dinh dinh mat do nhu trung tdm cum la hudng nghién ctru chu dao
va manh mé trong phan cum khong giam sat, dac bict khi dir li¢u co cAu trtc hinh hoc
da dang. M6 hinh cdy mat d6 quan diém trong ludn 4n ké thira y tudng nay, sir dung
dinh mat 6 dé xac dinh nit phan chia trong cdy.

Cay mat do [65] duoc huén luyén doc lap va st dung tdi vu hoa nut ngau

nhién. Do do, viéc t6i vu hoa nit tach thir j dwoc thuc hién & cong thtrc (3.9).

@]* = argmax IGD (0; OjL; O]R) (39)

@E‘L’j

chon © sao cho d9 loi thong tin AH,, 16n nhat duoc xac dinh & cong thirc (3.10).

1G5(0;,0;1, Ojr) = Hp(0;) - ||(;L||HD( i) = || ]R||HD( i) (3.10)
J

trong d6 O;;, Ojg 1a hai tap con sau khi tach.

Dé xac dinh dﬁy dt mo hinh cay mat do, can xac dinh dang chinh xac Entropy
Hp ctia mot tap hop cac diém huéan luyén O. Trong trudng hop cay mat do, dir lidu
khong duoc dan nhan nén viéc xac dinh Entropy khong giéng nhu cay phan loai. Do
d6, can xac dinh mot Entropy khong giam sat, tirc 1a mot Entropy Hp, ap dung cho dit
liéu khong dan nhan. Vi vay, st dung cac phan phdi Gaussian da bién tai cac nut,

Entropy Hp (0) duoc cho bai cong thire (3.11)

1
Hp(0) = 5 log((2me)?|A(0)]) (3.11)

Trong d6 A lién quan dén ma tran hiép phuong sai d X d. Do d6, mirc tang thong
tin trong cong thirc (3.10) dugc cho boi cong thure (3.12).

0/
1(0;,6) = log(|4(0;)|) - |_]|
ie{LRy !

log(|4(0/)) (3.12)

Véi |.| 1a dinh thirc cia ma tran.
Khi ap dung cong thuc (3.11)—~(3.12) cho cac dac trung dinh danh (Entity,
Aspect, Holder, Time) d3 duoc ma hoa sb thir tw, ma tran hiép phuong sai A(O) duoc
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din giai nhu hiép phuong sai thie nghiém trén khong gian sé ¢ ma hoa — tuong tu
cach cac phuong phap phan cum dya trén khoang cach (k-means, DBSCAN) xtr 1y
dit liéu dinh danh dd ma hoa sb va khong giad dinh céc dac trung nay thuc sy tuan theo
phan phdi Gaussian lién tuc; ddy 1a mot xdp xi nham do d6 phan tan/ddng nhit cuc
b tai mdi nit. Tai cac nut 14 c6 s6 mau nho (|O| xap xi hodc nhé hon s6 chiéu d) hodc
c6 ¢t hang, khién [A(O)| tién vé 0: Thuét toan 3.1 (BuildDensityTree) di c6 diéu
kién dung dé¢ quy khi |O| <min_split hodc depth = max depth (muc 3.4.1), gitp tranh
viéc phan chia tiép tai cic nut suy bién; tuy nhién luan an chua ap dung co ché chinh
quy héa tuong minh (dé ting do on dinh s6 hoc khi |O| gan ngudng min_split, day 1a
huéng can b sung & cac nghién ciru tiép theo).
Tap hop céc 14 trong cay tha ¢ trong mdt khu rung xac dinh mdt phan vung dir
liéu tai nat 14 & cong thue (3.13)
I(0):RY > LcN (3.13)

Trong d6, /(o) biéu dién 14 chira diém dau vao o va L 1a tap hop tat ca cac 14 trong
mot cdy nhat dinh. Thong ké cua tat ca cac diém huan luyén dén ting nut 14 duoc tom
tat bang mot phan phéi Gaussian da bién [73] A4 (0, Hi(oy» Ao ) Dau ra cta ciy thu ¢
dugc mo hinh hoa trong cong thirc (3.14).

o)

plo)=—=N (0 10y Aoy (3.14)
t

Vecto y; biéu dién gi tri trung binh cua tat ca cac diém dat t6i 14 / va A, [Ama
tran hiép phuong sai lién quan. V6 hudng r; 13 ty 18 cia tt ca cac diém huan luyén
_ 19/l

dattoila [, nghiala z; = o1

Trong cong thirc (3.14), mdi Gaussian bi cit bot boi cac ranh gidi ciia 6 phan ving
duogc lién két véi 14 tuong tmg. Vi vay, dé dam bao chuan héa xac suat can két hop
ham phan vung Z,, dugc dinh nghia & cong thic (3.15)

Z, = <Z 7 N (0 1y, A;)p(l|0)> do (3.15)
]

0
Tuy nhién, trong mot cdy mat do, moi diém dit liéu dat dén chinh xac mot nut dau
cudi trén moi cay. Nhu vay, diéu kién p(l]o) 1a mdt ham delta p(l|o) = 6(I = I(0)) do
dé cong thire (3.15) tré thanh cong thie (3.16).
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Zi = ;e V(05 Ui, Ni(o))do. (3.16)

0
Dbi v6i cac bo hoc yéu phirc tap hon, c6 thé dé dang wdc tinh Z, bang tich

phan sb trén mot ludi thong thudng & cong thire (3.17)

ZI ~ A. Z ﬂl(oi)‘/V<0i; Ml(oi), Al(o,-)) (317)
i

Trong do, A biéu dién do dai, dién tich, thé tich,... tuy thudc vao chiéu cua
mién; Cac diém o0; dugc tao trén mang ludi thuong hitu han vai khoang cach A.
3.3.3. Rirng mat d6 quan diém

Rirng mat 4o quan diém 12 mot tap hop cac cay mat do quan diém duoc huin
luyén ngau nhién, cac 14 cia rimg chira cic mo hinh dy doan quan diém. Ring mat
d6 quan diém duoc tinh bang trung binh cong cua tit ca cac cdy mat do & cong thirc

(3.18).

T
p©) = 3 p(0) (3.18)
=1

Vi mat d6 moi cay 1a p,(0)
3.4. M4 gia va do thi tinh toan mé hinh rirng mit d9 quan diém
3.4.1. Thuat toan va d¢ phurc tap
Thuat toan BuildDensityForest (xay dung rung mat do voi DBSCAN) va
PredictAndOrientation (thuat toan dy doan kém dinh hudng quan diém va dién giai
bang SHAP) duoc trinh bay nhu sau:
Thuat toan 3.1. BuildDensityForest
Piu vao:
O = {o0i}i-1...N :tap dir licu huin luyén, xay cay theo cAu tric mat do khong
giam sat voi: o; = (e, ai, si, hi, t;) 12 bd ndm quan diém tht i. (Thuit toan ding

ddc trung (e, a;, hi, t;) dé phan tdach; s; dwge bao luu cho giai doan dw dodn).

n : 86 ciy trong rimng
€ (eps) : ban kinh 1an can DBSCAN
MinPts : s6 diém tdi thiéu trong 14n can &

max_depth : do sdu ti da cua cay

min_split : s mau tdi thiéu dé phan tach
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Piu ra:
Fpr = {Ti, T2, ..., Ta}: rirng mat d§ quan diém
l: Fpr«— @
: fori=1ton do

O* « Bootstrap(O, N) // 1dy miu c6 hoan lai — Bootstrap sampling

2
3
4. T; <« BuildDensityTree(Oi*, max_depth, &, MinPts, depth=0)
5 For < Fpr U {Ti}
6: end for
7: return Fpr

Ham phu BuildDensityTree(O, max_depth, ¢, MinPts, depth):
// Buéc 1- Kiém tra diéu kién dung: phan cum DBSCAN tai nut ld

1: if depth =max_depth or |O] <min_split then

2:  Cieaf <— DBSCAN(O, &, MinPts) //phdan cum mat do tai nut la

3:  Pleaf — FitGaussianMixture(Ceaf) // wGc tinh mdt dé xdc sudt Gaussian
4:  return Leaf(picat, Ciear)

5: endif

// Buéc 2- Chon ngdu nhién tdp ddc trimg ing vién

6: Features «— RandomSubset(y, M) //y ={e, a, h, t}

// Buéc 3-Tim phdn tach toi wu theo Entropy mdt dé

7: best_gain «— —oo

8: for each f € Features, 0 € thresholds(O, f) do

9: OL<— {0€O0:0[f]<0}; Or« {0€O:o0[f]>0}

10:  gain « ComputelG(O, O, Or) //theo cong thirc (3.11) va (3.12)

11: if gain > best gain then

12: best gain «— gain
13: f*«—f, 0%«—0
14:  endif

15: end for

// Budc 4 - Phan tach dir liéu va goi dé quy
16: O «— {0 €O :o[ff]<0*}
17: Or «— {0 € O:0[f*] >0%}
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18: Tr « BuildDensityTree(Or, max depth, €, MinPts, depth+1)
19: Tr < BuildDensityTree(Or, max_depth, €, MinPts, depth+1)
20: return Node(f*, 6*, Tr, Tr)

Do phirc tap tinh toan.

D§ phire tap ciia thudt todn xdy dung rieng mét dp gom hai thanh phan doc
lap, thuc hi¢n tai hai giai doan khac nhau trong qua trinh xay dung cay.

Thanh phan 1 - Chi phi xay dung cdy phan tach twong ty nhu ring phan loai
quan diém & cong thirc (2.12). V&i n cdy trong ring, mdi ciy dugc xdy trén tap
Bootstrap N mau, tai mdi nat chon ngudng t6i wu theo Entropy mat d6 qua logN ting
phan tach, mdi tAng xét My, dac trung ngau nhién.

Thanh phan 2 - Chi phi phan cum DBSCAN tai cac nit 14 theo cong thirc:

O(n X L X N X logN) (3.19)

Thanh phan nay phét sinh do DBSCAN duoc goi tai mdi niit 14 sau khi cdy da
phan tach xudng ting sau nhat. Piém quan trong 13 DBSCAN khong chay trén toan
bo N mau ma chi chay trén tap con O, tai ntt 14 do.

Trong do:

e n: s luong cay trong rimng mat do;

e N:s6 lugng mau huan luyén;

o Mypy: sO dic trung duoc chon ngiu nhién tai mdi nit phan tach;
e L:s6nat 14 trung binh cia mot cay, xap xi N/min_split;

bJ phtic tap téng thé cua thuét toan xay dung rirng mat do dugc xac dinh bdi
su két hop giita chi phi xdy dung cdy va chi phi phan cum mat 3o DBSCAN tai cac
nut 14 duge biéu dién theo cong thire (3.20).

0(n X m,, X N xlogN) +6(nx L X N x logN) (3.20)
Thuat toan 3.2. PredictAndOrientation
Diu vao:
For = {T\, ..., Tu} : ring mat do da huan luyén
o=(e,a,s, h,t) : mau quan diém can phan loai

aspects = {ay, ..., ax} : tap khia canh can dinh huéng
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DPau ra:
N4 : nhan phan loai tong thé
orientation_per aspect : dinh hudng tinh cam theo tirng khia canh
shap values 0 = (Qe, Pa, Qs, On, ¢¢) 12 gid tri Shapley
// Buéc 1 — Tong hop xdc sudt mdt do tir rig
1: p(0) « ComputeDensity(FDF, o) // trung binh mat d6 xac suét qua n ciy
2: § « argmaxyp(y|o)

// Buéc 2 — Binh hwéng quan diém theo timg khia canh

[98)

: orientation_per aspect «— { }

4: for each ax in aspects do

5 ok < project(o, aspect = ax) // chiéu bd nam 1én khia canh ax
6: Y« argmaxyp(y|ok)

7 orientation per aspect[akx] «— Y«

8: end for
// Buéc 3 — Dién gidi bang gid tri SHAP

9: @ <« SHAP TreeExplainer(Fpr, 0) // ¢ = (Qe, Pa, Ps, G, Pt)

10: shap values « ¢

11: return (Y, orientation per aspect, shap values)

D§ phirc tap ciia thudt todn dw dodn va dinh hwéng quan diém dwoc xdc
dinh béi ba giai doan thuc thi doc 1ap. Vi n cdy trong rimg, K khia canh can dinh
huéng va N mau huan luyén, do phirc tap tong thé duoc biéu dién theo ting giai
doan nhu sau:

Giai doan 1 -Téng hop méat do xac suat duoc tinh theo cong thuec:

O(n X logN) (3.21)

M3di cay duyét tir gbc dén 14 v6i chiéu sau trung binh logN, 13y trung binh mat
d6 xac suat tr n cdy. Chi phi nay twong duong Thuat toan 2.2
(PredictClassificationForest) ctia rung phan loai.

Giai dogn 2- Dinh hudng tinh cam theo tung khia canh:
O(K X n X logN) (3.22)
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Vi mdi khia canh ax trong tip khia canh A, thuat toan chiéu bd nam o 1én
khia canh d6 roi duyét lai toan bd n cdy mot 1an. Chi phi ting tuyén tinh theo K:
ching han khi K = 10 khia canh, giai doan 2 ton gap 10 1an so véi giai doan 1.

Giai dogn 3 — Tinh gia tri SHAP [75] theo cong thic:

6(nx L x d*) (3.23)

Trong do:

e n:s6 luong cay trong rimg mat do;

e N: 56 lwong mau dir liéu huan luyén duogc str dung dé xay dung cay;

e K =|A|: sb lugng khia canh can dinh hudng tinh cam — tuong tng véi tap
hop cac gia tri ciia thanh phan @ trong bd nim quan diém;

e L:s6nat 14 trung binh ctia mot cay.

e d: chiéu sdu t6i da ciia cdy; theo thudt toan TreeSHAP, chi phi gidi thich
mét mau trén méi cdy la O(Lxd? véi d la chiéu sau cdy (khéng phdi s6
ddc trung); véi cdy can bang, d = logN.

Téng hop ba giai doan trén, do phuc tap téng thé cua thuat toan dy doan va

dinh huéng quan diém la:
6(n x logN) + 6(K X n x logN) + 8(n x L x d*) (3.24)
3.4.2. Do thi tinh toin md hinh rirng mat d6 quan diém

Do thi tinh toan dugc dua vao dé cau tric ludng dir liéu va phan cap duoc biéu
dién tryc quan & Hinh 3.1.

Do thi tinh toan nay cho théy dic diém khac biét caa mo hinh rung mat do so
v6i ring phan loai truyén thong. Tai mdi nit 14, thay vi chi luu nhin da sd, thuat toan
DBSCAN dugc ap dung dé cac cum trong tap con dir liéu dugc phat hién theo mat
dd, sau d6 ham mat d6 xac suit Gaussian Mixture duoc khop dé phan phéi X4c suét
p(0) tai nut 14 duoc biéu dién. Trong giai doan du dodn, ba ludng song song duoc
thuc thi: (1) phan loai tong thé; (2) dinh hudng theo ting khia canh trong bo nim
quan diém; (3) dién giai bang SHAP dé tim quan trong cua timg dic trung duoc phan

tich.
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Tép dir liéu mét cén
bang O. p(0) =5

V

Bootstrap (ldy mdu cé hoan lai » lan)

J’ W J’ 'l’

BuildDensityTree(song song)

\L \L k4 \L

Tai moi nut 14
DBSCAN(e, minpts) — C1,.._, Ck
Fit Gaussian Mixture

V

Rumng mat do DF

v v v

Gian doan 1: Giai doan 2 Giaiﬂdnan 3
Phan loa1 Pinh huedéng Dién giai
plv]x) khia canh ax SHAP g
v v v
Vv E {orient_as,..., (@e. Pa. @s.
{Neg Pos} orient_ak} Oh, O
W
Pau ra:

két qua + dién giai

Hinh 3.1: D6 thi tinh toan ctia md hinh rung mat do quan diém
3.5. M6 hinh tong quan khai pha quan diém véi rirng mat d
Khai pha quan diém vai rung mat d§ duoc thiét ké dua trén kién trac ba mo-
dun nhu minh hoa trong Hinh 3.2, trong do mdi md-dun ddm nhan mat vai trd cu thé
trong quy trinh xtr 1y. Khéc vd1 moé hinh rung phan loai & Chuong 2 x1r 1y toan bg dir

liéu nhu mot khoi déng nhét, kién tric méi nay phan tach dir li¢u thanh cdc cum mat
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do trude khi xay dung mo hinh, tir d6 tan dung cAu tric phan nhom ty nhién cua dir

liéu quan diém.
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Hinh 3.2: D& xuit mé hinh rirng mat d6 quan diém

So d6 tong quan khai pha quan diém véi rimg mat d6 gdm ba budc theo quy
trinh tudn tu:

Buéc 1: chuyén doi dit liéu van ban tho thanh ma tran sd, trong d6 mdi hang 1a
mot vector dac trung nam chiéu dai dién cho mot quan diém.

Buoc 2: thuc hién hai nhiém vu chinh: (1) phan tich céu trac dir liéu béng
DBSCAN dé phat hién cac cum mat d6 tu nhién va (2) xdy dung mot rimng mat do
riéng biét cho mdi cum dugc phat hién.

Buéce 3: tong hop du doan tir tit ca cac rimg thong qua tinh trung binh cia tat
ca cac cay mat do.

3.6. Dién giai rirng mat d6 quan diém
3.6.1. SHAP

SHAP (SHapley Additive exPlanations) [125] 12 phuong phap dé giai thich cac
du doan ca thé. Pat f 1a mo hinh du doan ban dau duoc giai thich va g 14 mé hinh
giai thich. M6 hinh tip trung giai thich du doan f(0) dya trén mot dau vao duy nhat
0. M6 hinh duoc dién giai 14y dau vao o’ dé anh xa t6i cac ddu vao ban dau thong qua
ham anh xa 0 = h,(0"). Céc phuong phap cuc bo cd gang dam bao g(z') ~ f (ho(z")),
voi z' ~ o'. SHAP giai thich & cong thirc (3.25).
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M
gz =90+ ), 97
Jj=1

(3.25)

Trong d6, g 1a mé hinh giai thich, z’ € {0,1}™ 1a vecto nhi phan biéu dién néu
co sy hién dién cua dic trung j thi c6 gia tri 1a 1 hoac véng mat dac trung j thi co gia
tri 12 0, M 1a s6 didc trung dau vao, ¢, 1a gia tri ky vong ctia md hinh (gid tri co sO)
duoc tinh trung binh cua tit ca du doan c6 thé va ¢ ; € {0,1 yM 14 gia tri Shapley cho
dac trung ;.

Gia tri Shapley 13 su dong gop cua ting dic trung quan diém vao quyét dinh
cudi cing cia md hinh rimg mat d6 quan diém dugc tinh trong s va tong trén tat ca
cac két hop co thé c6 cia cac gia tri dic trung & cong thirc (3.26).

~ IS|L(F] = |S] = 1!
%= 2 ]!

[fsuiiy (0suy) — fs(os)] (3.26)
SCF\{j}

Trong d6 F 13 tap hop tat ca cac dic trung quan diém. S 1 tap con cua F khong
chtra dic trung j. |S| 1a sé luong phan tr trong tap S. | F| 12 s6 lugng phan tir trong
tap F. fg(og) 1a gia tri dg doan ctia mo hinh khi chi sir dung céc dac trung trong tap
S. fsugjy(0sug;y) 12 gid tri du doan ciia mé hinh khi sir dung céc déc trung trong tap
S cung véi déc trung j.

3.6.2. Tam quan trong ciia dic trung SHAP

Trong hoc may, nhiém vu quan trong 1a du doan bién phan hoi dya trén mot tap
hop céc bién du doan, 1y thuyét vé tam quan trong [125][74] cta luong tap chét giam
trung binh thu dugc tir cac cdy ngau nhién. TAm quan trong clia cac dic trung duoc
tinh toan thong qua gia tri SHAP. Trong trudng hop ndy, viéc tinh toan tim quan
trong tong quat cia md hinh duoc tinh trung binh céac gia tri Shapley co ban [125]

cho tirng dic trung quan diém trén tat ca cic mau quan diém & cong thire (3.27).
| 0]
(k)
I =— Q.
Tolol& (3.27)
Véi I 1a tam quan trong ctia dic trung thong qua gia tri SHAP va j 1a chi s6 cla

< A X A ~ 1A A . X k) n as .
dac trung. |0 1a s6 lwong mau trong tap dir liéu by nam quan di€m. go§ ' 1a gia tri

SHAP cua dic trung j cho mau .
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3.6.3. Gia tri twong tac SHAP
Céc dic trung twong tac thong qua tuong tac dic trung két hop bo sung sau khi
tinh dén cac twong tac dic trung riéng 18, tirc 1a cac phan tach xuét hién trong ciy con
t6i da cho mot trong cac dic trung duoc chon. Chi s twong tac Shapley [133] dugc
dinh nghia ¢ cong thirc (3.28).
|STLAF] = IST=2)!

I (0) = 5,0, ) 3.28
! SCF\{i,j} 2(1F] = D! ’ ( )

khii # jva
0;j(0,8) = fo(SU{i,j}) = fo(SU{i}) = fo(SU{jD+ fo(S) (3.29)

Trong do, I, ;(o) 1a gia tri twong tac SHAP gilra hai dac trung i va j cho mau
quan diém o. F 1a tap hop tit ca cac dic trung. | F| 1a s6 luong dic trung quan diém.
S'1a tap con ctia F khong chira dic trung quan diém i va ;.

3.7. Thuc nghiém
3.7.1. Tap dir liéu sir dung

Céc thu nghiém dugc thuc hi¢n trén hai bd dit li¢u yelpHotelData va
yelpResData vé cac danh gia khach san va nha hang. Tap dit liu YelpHotelData bao
g@)m 3 bang dir li€u co6 tén la Hotel, Review va Reviewer. Tuong tu, tap dir liéu
YelpResData cling bao g@)m 3 bang dit li€u c6 tén l1a Restaurant, Review va Reviewer,
chi tiét cta hai tap dit liéu duoc trinh bay ¢ phan Phy luc A, Phu luc B.

3.7.2. Tién xir Iy dit liéu
3.7.2.1. Tién xir Iy dix liéu yelpHotelData

Tap dit liéu yelpHotelData ban dau bao gdom 3 bang dir liéu Hotel, Review va
Reviewer ¢ mbi quan hé vdi nhau. Dya vao mbi quan h¢ gitra cac cdt dir li€u trong
cac bang dé gop cac bang dir lidu nay thanh mot bang. Sau d6, cac dic trung quan
trong trong dir li€u da chon bao gém tén khach san, khia canh cua khach san, nguoi
danh gia va thoi gian bang cach chuyén ddi cac cot khia canh ciia khach san thanh
cac hang va giir nguyén cac cot con lai. Di v6i cac khia canh cta khach san, d3 kham
phéa ba khia canh anh huéng dén danh gia khach san gébm AcceptsCreditCards,
PriceRange, WiFi. Két qua chuyén d6i tir dir liéu gbc ban dau c6 688.329 ban ghi
thanh cau tric dir liéu bd nam quan diém c6 882.474 mau, chi tiét cac dac trung dugc

ligt ké trong Bang 3.1. Trong do, cac dac trung cua dir li¢u gém: AcceptsCreditCard,
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PriceRange, WiFi la cac thudc tinh ti€n ich cia co s& kinh doanh khach san dugc
trich xuat tir dit liéu cdu trac sin co (tai bang hotel), khong phai khia canh dugc trich
xudt tir ndi dung van ban danh gia hay duoc ngudi dung chdm diém doc 1ap theo dung
phat biéu bai toan ABSA (Aspect-Based Sentiment Analysis). V& mbi quan hé véi
phat biéu bai toan cua luan an: theo co s& lya chon huong tiép can hoc quén thé da
trinh bay tai §1.5.4-1.5.5, ludn 4n x4c dinh pham vi bai toan 1a khai pha quan diém
trén dir liéu bd nam quan diém o = (e, a, s, h, t) da duoc cau trac hoa dang bang
(tabular), pht hop 1am dau vao cho cac mé hinh rimg hoc quéan thé c6 kha niang dién
giai cao, khong dat muc tiéu giai bai toan ABSA & muc trich xuit khia canh tryc tiép
tr van ban ty do trén moi tap dir liéu thuc nghiém. Nhiém vu trich xuét khia canh tur
van ban theo dung phat biéu ABSA dugc thuc hién trén tap Amazon Food Reviews;
tap TripAdvisor Hotel Reviews cung cip xép hang doc lap theo timg khia canh do
nguodi ding tu chdm va hai tap dit liéu nay minh chting kha nang cia mé hinh dé xuat
trén dit liéu co tin hi€u khia canh thyc sy ddc lap.

Déi voi yelpHotelData, do hai tap nay khong cung cap san khia canh trich xuét
tor van ban, lun an chu dong thay thé béng cac thudc tinh tién ich co sé kinh doanh
nhu mét dang dic trung khia canh cau tric van thoa man yéu cau dau vao dang bang
cua mo hinh rung, nhung khong mang tin hi€u tinh cam ddc 1ap theo tung khia canh
trong ndi by mot danh gia, do moi dong bd nam sinh ra tir cing mot danh gia déu ké
thira chung mot diém sao tong thé. Pay 1a mot gidi han duoc nhan thirc 18 cta cach
t6 chirc dit liéu trén hai tap Yelp khi ddi chiéu vé6i phat biéu bai toan ABSA & muc
khia canh chi tiét hon. Tuy nhién, trong pham vi Chuong 3, vai trd chinh ctia thanh
phan khia canh trén hai tp Yelp 13 bd sung mot chiéu dic trung cdu tric ¢é mo hinh
rimg mat do (phan cum DBSCAN) va rimg da tap (ma tran dong xuat hién) khai thac
cau trac khong dong déu ctia khong gian dic trung, khong nhét thiét phai mang tin
hiéu phan biét tinh cam ddc 14p dé c6 ich cho cac mo hinh nay.

Béng 3.1: Thong ké cac dic trung trong bd dir liéu yelpHotelData

Cac gia tri khac nhau
Cac dac trung cia danh gia khach san
cua dac trung

Tén khach san tir 1 dén 123.461
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Khia canh khach san tr 1 dén 3

Nguoi danh gia khach san tir 1 dén 4.596
Thoi gian danh gia tir 1 dén 4.382
Xép hang quan diém tir 1 dén 5

3.7.2.2. Tién xir Iy dit liéu yelpResData
Tap dir li¢u ban dau yvelpResData c6 cac dac trung quan trong duoc chon
bao gdm tén nha hang, khia canh ciia nha hang, ngudi danh gia nha hang, thoi
gian danh gia nha hang va quan diém danh gia nha hang. Vé khia canh cua nha
hang, da kham pha 19 khia canh anh hudng dén nha hang nhu céc tiéu chi vé phu
hop véi tré em (GoodforKids), chdp nhan thé tin dung (AcceptsCreditCards), c6 chd
dau xe (Parking), trang phuc cua nhan vién (Attire), su phu hgp véi nhom nguoi
(GoodforGroups), mirc gia (PriceRange), nhan dit chd (TakesReservations), van
chuyén (Delivery), mang di (Takeout), dich vu bdi ban (WaiterService), ngdi ngoai
troi (OutdoorSeating), WiFi, tét cho tré (GoodFor), ruou (Alcohol), d6 6n
(NoiseLevel), c¢6 tivi (TV), mdi truong xung quanh (Ambience), dich vu in udng
(Caters) va dich vu xe lin cho nguoi khuyét tat (WheelchairAccessible). Két qua
chuyén doi tir dir liéu gdc ban dau c6 788.471 ban ghi thanh cau trac dit liéu bd nam
quan diém c6 14.791.500 mau, chi tiét cac dac trung duogc liét ké trong Bang 3.2.
Tuong tu nhu trudong hop yelpHotelData (§3.7.2.1), 19 khia canh néu trén la
cac thudc tinh tién ich cua nha hang chr chua phai khia canh duoc dé cap truc tiép
trong ndi dung danh gia; nhan tinh cadm cua moi khia canh sinh ra tr cing mét danh
gia déu lay theo diém sao téng thé cua danh gia d6. Pay ciing 1a 1y do s6 mau bd nam
ting manh so v6i s6 ban ghi danh gia gbc: mdi danh gia gbc duoc nhan ban thanh tdi
da 19 dong (mdt dong cho mdi khia canh), nén s6 mau bd niam bao céo tai Phu luc C
(~14.791.500) 16n hon nhiéu 1an s6 ban ghi danh gia goc thong ké tai Phu luc A;
tuong tu, s mau bo nam cua yelpHotelData (882.474) tuong (g véi s6 ban ghi danh

gia goc nhan véi toi da 3 khia canh.
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Bang 3.2: Thong ké cac dic trung trong bo dit liéu yelpResData

Cac dac trung cua danh gia nha hang

Cac gia tri khac nhau
cua dac trung

Tén nha hang tir 1 dén 184.167
Khia canh nha hang tir 1 dén 19
Nguoi danh gia nha hang tir 1 dén 12.943
Thoi gian danh gia tir 1 dén 4.541

Xép hang quan diém (5%)

tr 1% dén 5%

Quy trinh chuyén ddi 5 mire sao (%) sang 2 nhan nhi phan dugc thuc hién theo
quy tic sau: cac danh gia 1% va 2% (twong ung “very negative” va “negative”) dugc
gan nhan negative; cac danh gia 4% va 5% (twong ing “positive” va “very positive”)
duogc gan nhan positive. Cac danh gia trung 1ap 3% (“neutral”) bi loai bd khoi tap dix
liéu vi khong mang thong tin tinh cam 10 rang theo hudng nao va viéc phan loai s€
lam tang nhiéu trong qu4 trinh huan luyén. Quy tic nay duoc ap dung cho tdp Amazon
Food Reviews va TripAdvisor Hotel Reviews; riéng hai tdp yelpHotelData va

yelpResData c6 diéu chinh ngudng nhi phan, chi tiét chuyén doi va giai thich tai Bang

3.3.

Béng 3.3: Chuyén doi 5 mirc sao sang 2 nhan nhi phan

Mikc danh | Nhéin 5 cip | Nhin nhi phan

n Ly
gid (%) do ydo
1% very negative Tinh cam ti€u cuc rd rang
negative
2% negative negative Tinh cam ti€u cuc 10 rang
3% neutral Loai bo Amazon, TripAdvisor: khong mang
(Amazon, thong tin tinh cam r6 rang; Yelp: gop
TripAdvisor); |vao negative dé gitt tron dir li€u
negative (xem doan dudi)
(yelpHotelData,
yelpResData)
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4% positive positive Tinh cdm tich cuc 10 rang

5% very positive positive Tinh cam tich cuc 0 rang

Riéng ddi voi hai tap yelpHotelData va yelpResData (Chuong 3, Chuong 4),
luan 4n 4p dung ngudng nhi phan bat ddi ximg: “positive” mg v4i danh gia 4%—5%,
“negative” irng vo1 danh gia 1%—3% (g0p ca muc trung lap 3%), thay vi loai bé 3%
nhu quy tic 4p dung cho Amazon Food Reviews va TripAdvisor Hotel Reviews. Sy
khac biét nay xuat phat tir dic thu cau tric dir liéu bo nim cua hai tap Yelp: “khia
canh” ¢ day la cac thudc tinh tién ich cia co s¢ kinh doanh (vi du AcceptsCreditCard,
PriceRange, WiFi), khong phai khia canh duoc trich xuat tir ndi dung danh gia hay
dugc nguoi dung chidm diém riéng nhu & Amazon/TripAdvisor; moi dong bo nim
sinh ra tir cing mot danh gia déu ké thira chung ding mot diém sao tong thé (han ché
da néu tai §3.7.2.1/§3.7.2.2). Do sentiment ¢ muc khia canh khong thuc sy doc 1ap,
viéc loai bo truc tiép cac dong 3% s& 1am mat cin ddi s6 khia canh quan sat duoc
giita cac thuc thé, anh hudng dén chat lugng phan cum DBSCAN/K-means & cic
budc sau; vi vay luan an gilt nguyén toan bd dir li¢u va gdép 3% vao nhém negative.
Lua chon ndy ciing pht hop véi dic diém thién l1éch duong (positive skew) phd bién
trén cac nén tang danh gia dich vu truc tuyén, trong d6 cam xic tiéu cyc ciia vin ban
danh gia thudng c6 anh hudng manh hon dén diém sao so vdi cam xuc tich cuc cung
cuong do, khién danh gia 3% thudng phan anh su pha tron hoic nghiéng nhe vé phia
chua hai long hon 1a trung 1ap thuc su [205], [206]. Do quy tic nay gin véi dic thu
dir liéu (khong phu thudc vao moé hinh), Chuong 3 (ring méat d) va Chuong 4 (rung
da tap) — du dé xuat hai mo hinh khac nhau — déu 4p dung thong nhat ciing mot
ngudng trén hai tap Yelp.

Sau khi ap dung ngudng nhi phan bat ddi xtng néu trén, tap dir liéu con lai co
ty 1& mat can bang khoang 1,7:1 dén 1,9:1 (positive:negative). Bootstrap trong mo
hinh ring mat d6 duoc ap dung két hop véi chién luge 1dy miu phan ting (stratified
sampling) dé dam bao mdi cdy trong rimg nhan duoc ty 1é nhan dai dién, tranh tinh

trang cdy chi hoc tir nhan da s6.
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Xtr Iy mét can bang nhan: Sau khi nhi phan héa theo ngudng bat d6i ximg néu
trén (4%—5% — positive; 1%k—3% — negative), phan phdi nhin trén hai tip Yelp
nghiéng vé phia tich cuc véi ty 1¢ khoang 1,7:1 dbi vé6i yelpHotelData (560.769
positive / 321.705 negative, positive chiém khoang 63,5%) va 1,9:1 d6i véi
yelpResData (9.650.537 / 5.140.963, positive chiém khoang 65,2%). Trong mé hinh
rimg mat do, vin dé nay duoc xir Iy theo ba hudng: (1) Phan cum DBSCAN phén
viung khong gian dic trung, cac ving mat do thua thuong chtra cac mau tiéu cuc
(thiéu sé), gitp rung chuyén biét theo cum hoc tdt hon, theo chién luoc két hop phan
cum mat do voi rung ngﬁu nhién da dugc ching minh hi¢u qua trén dir licu mét can
bang [70]; (2) Lay mau phan tang (stratified sampling) khi chia dir liéu dam bao ty 1é
nhan nhit quan gitta cac tap; (3) Cac k¥ thuét can bang 10p tai tang rimg co so (trong
s6 16p, Bootstrap can bang 16p, SMOTE, hiéu chinh ngudng quyét dinh) dugc so sanh
truc tiép tai Phu luc G.

3.7.3. Cac kich ban thwe nghiém
3.7.3.1. M6 hinh khai pha quan diém véi rirng mat d dua trén b nim quan
diém trén tip dir liéu khach san yelpHotelData

Kich ban 1. Rung mdt do quan diém dua trén bé nam quan diém trén tdap dir
lieu khach san yelpHotelData

Tu bo dir liéu danh gia khach san yelpHotelData, phan cym DBSCAN trén
khong gian vecto dic trung da chidu dugc thuc hién. Két qua cia mdi phan cum mat
d6 duoc st dung dé xdy dung rimg phan loai dé dua ra quan diém vé cac dic trung
cua khach san nhu tén khach san, khia canh ctia khach san, ngudi danh gid khach san,
thoi gian dénh gia. Cac khu rimg mat d6 dugc xay dung bang cach chia dit liéu trong
mot cum thanh 7 mau bootstrap. Mdi cay trong rimg dugc xay dung trén mot tap hop
con céc dic trung ngu nhién bao gdm tén khach san, khia canh cta khach san, ngudi
danh gia khach san, thoi gian dénh gia. Dic trung quyét dinh c6 gia tri 1a “positive”
hay “negative”. Cac khu rimg ngau nhién duoc xay dung trén cac phan cum mat do
va két hop thanh mot bd phan loai duy nhét duoc goi 1a rirng mat do dé dy doan két

qua phén loai quan diém 1a “positive” hay “negative”. Cu thé, sau khi tién xir Iy bd
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dir liéu danh gia khach san da thu dugc 882.474 by nam quan diém. Thu nghiém dugc
thuc hién trén 112.275 mau.

Thiét 1ap tham s6 DBSCAN. Hai tham s6 c6t 161 cia DBSCAN duoc lwa chon
thong qua thyc nghiém trén tap xac thyc, cu thé:

Bang 3.4: Thiét 1ap tham sé mo hinh Rung mat d6 quan diém trong thuc nghiém

Thi}m Y nghia Gid trl thir Gid tri Co s6 lra chon
) nghiém dugce chon
€ (eps) | Bankinh vung lan | 0,1; 0,3;0,5; 0,5 Cian ctr vao biéu d6
can: diém o' 1a 1an 0,7; 1,0 k-distance; € = 0,5
can cua o néu tao ra s6 cum K phu
dist(o, 0") < ¢ hop v6i phan phoi
dir licu
MinPts | S6 diém t6i thiéu | 3,5,7, 10 5 Quy tic kinh nghiém
trong vung 1an can MinPts > d+1 voi
dé hinh thanh mot d=4 (sb chiéu dic
cum 101 trung dauvao e, a, h,
t sau khi tach nhan
tinh cam s);
MinPts=5=d+1 cho
két qua on dinh

Qua trinh huén luyén dugc thyc hién nhu sau:

Budc 1: Chia dir 1i€u thanh 2 tap dir li€u 1a tap dir ligu huin luyén (80%), tap dir
liéu kiém tra (20%).

Budc 2: Phan cum dir liéu trén tip dit liéu hudn luyén khong dan nhin bang
thuat toan phan cum DBSCAN véi cac tham sé dugc thiét 14p & Bang 3.4. Két qua
dugc 07 phan cum mat d¢ trong Hinh 3.3.

Budc 3: Lay 07 phan cum dé hudn luyén cac thuat toan ring ngiu nhién, mdi
phan cum huan luyén mot thuat toan rimg ngau nhién.

Budc 4: Tong hop két qua cua timg thuit toan ring ngau nhién dé cho két qua
du doan quan diém cudi cung vé khach san 1a “positive” hay “negative”.

Hinh 3.3 hién thi biéu d6 phan tan cta bon dic trung bao gdm Entity, Aspect,
Holder, Time. Trong d6, Aspect c6 su phan tach rd rang vdi ba danh muc, Entity va
Holder c6 s6 lugng cao v&i phan phdi bi 1éch va Time c6 do lan truyén theo thoi gian

6n dinh. Cac biéu dd phén tan cho thiy khong c6 cum tu nhién 13 rang, phu hop voi
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dir liéu quan diém dya trén khia canh va ching minh viéc phan cum dua trén mat do

1a hop 1.
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Hinh 3.3: Két qua phan cum quan diém trén tap dit liéu yelpHotelData

Lueu ¥ vé moi quan hé gitta Thudt todn 3.1 va Kich ban 1 (thie nghiém & trén):
Thuat toan 3.1 (BuildDensityForest/BuildDensityTree, muc 3.4.1) trinh bay khung
tong quat ctia mo hinh rimg mat do quan diém, trong d6 phép phan cum DBSCAN
va udc lugng mat d6 hon hop Gaussian (FitGaussianMixture) chi duge thuc hién tai
cac nut 14, sau khi cay di dugc phan tach qua nhiéu tang theo tiéu chi Entropy mat do
& cac cong thie (3.11) va (3.12), véi diéu kién dimg dé quy khi depth = max_depth
hozc |O] < min_split. Kich ban 1 trinh bay & trén, dé dam bao kha ning thyc thi trén
tap dir liéu 16n va tan dung nhan cyc tinh san c6 trong tap huén luyén, st dung mot
bién thé don tang ctia Thuat toan 3.1 (twong Gmg max_depth = 0, ddng thoi thay wéc
luong mat do tai niit 14 bang rimg phan loai c6 giam sat nhur trinh bay duéi day): dicu
kién dimng & dong 1 ctia ham BuildDensity Tree dugc thoa méan ngay tai niit goc, khién
nut géc ddng thoi 14 nat 14 duy nhat cia ciy, do d6 DBSCAN (Budc 2 cua thuc
nghiém & trén) chi can thuc hién mot 1an trén toan bo tap huan luyén thay vi dé quy
qua nhiéu tﬁng phan tach. Tai mdi cum mat do thu duoc, thay vi udc lugng ham mat
dd Gaussian khong giam sat pleaf, luan an huén luyén mét mo hinh ring phan loai
quan diém (Chuong 2) c6 giam sat ngay trén dit liéu cta cum dé dé uéc luong truc
tiép xac suat phan cuc p(ylo) (Budc 3 cua thyc nghiém & trén), qua d6 khai thac nhan

cyc tinh d ¢6 thay vi bo qua nhu trong wéc lwong mat do thuan tay. Xac suat du doan
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cudi cing van dugc tong hop bang phép trung binh cong giita cic cum/rimg thanh
phan (Budc 4 cia thyc nghiém ¢ trén), nhat quan v6i cong thirc (3.18) cla rirng mat
d6 quan diém téng quat. Cach trién khai don tdng nay (Kich ban 1) duoc lya chon
cho thuc nghiém nhim c4n bang giita chi phi tinh toan va d6 chinh xac; dang téng
quat ctia Thuat toan 3.1 voi max_depth > 0 va FitGaussianMixture day du duogc gitr
nguyén nhu khung 1y thuyét, mé ra huéng thyc nghiém sau hon (phén tach dé quy
nhiéu téng, u6e lugng mat d6 hon hop Gaussian) cho cac nghién ciru tiép theo. Kich
ban 1 trén tap dir liéu nha hang yelpResData (muc 3.7.3.2) dugc xdy dung theo dung
nguyén tic turong tu.

Kich ban 2. Dién giai mo hinh rueng mdat do quan diém dwa trén bé nam quan
diém trén tdp dir lieu khach san YelpHotelData

Mo hinh dé xuit dugc huan luyén trén tap dit lidu YelpHotelData da duoc xir Iy
trudc thanh cac bo nam thanh phan quan diém va duoc chuyén d6i cac bd nam thanh
phan quan diém thanh cac vecto trong khong gian vecto dic trung dé 1am dau vao
cho viéc huan luyén mé hinh. Két qua thir nghiém gia tri SHAP c6 thé duoc sir dung
dé giai thich su dong gop cua cac dic trung vao du doan cho mot quan sat duy nhat,
cac gia tri SHAP dugc tinh toan dua trén cac gia tri trong tap dit li¢u dé thu duoc gia
tri tAm quan trong cua cac dic trung.

Hinh 3.4 minh hoa dién giai cuc bd, biéu 46 SHAP cho mot quan sat dai dién,
thé hién qua trinh hinh thanh dy doan tir gia tri 1,643 thong qua dong gop tuan tu cua
cac dic trung. Dic trung Entity c6 anh hudng tiéu cuc manh nhat (-0,072), tiép theo
l1a Time (-0,056), Aspect (-0,043), va Holder (-0,028).

Céc dic trung déu kéo du doan vé phia tiéu cuc voi tong anh hudng 14 -0,199 (-
(0,072 + 0,056 + 0,043 + 0,028)). Cac thanh méau d6 thé hién dong gop tiéu cuc, trong
khi thanh mau xanh cubi cting biéu dién gia tri du doan tong hop. Phan tich nay cho
thdy mé hinh cén bang giita xu huéng tong va bang chimg cu thé tir cac dic trung
déu tiéu cuc, minh ching kha ning dién giai chi tiét cia SHAP ¢ cap do mot truong

hop cu thé.
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intercept 1.643

Entity = 22533 -0.072
Time = 2079
Aspect =1

Holder = 1577

prediction

1.30 140 150 T 170 180
Hinh 3.4: Sy dong gbép cua cac ddc trung

Hinh 3.5 minh hoa dac trung quan trong toan cuc thong qua trung binh gi4 tri
SHAP (mean|SHAP value|) trén toan bo tap dir liéu. Entity va Time c6 tim quan trong
cao nhat va twong duong nhau (= 0,087 va 0,085), chiém vi tri ddn dau trong viéc anh
hudng dén du doan ctia mé hinh. Holder dtmg thir ba véi gia tri khoang 0,077, trong
khi Aspect c6 tim quan trong thap nhat (= 0,023), chi bang khoang mot phan tu so
v6i Entity va Time. Su khac biét 16n vé tim quan trong béi vi s6 luong gi tri thap
ciia Aspect (3 gia tri) theo Bang 3.1, din dén kha ning phén biét thip hon so voi
Entity (123.461 gia tri khac nhau) va Time c6 pham vi thoi gian rong. Két qua nay

phtt hop véi két qua tir Hinh 3.4, Entity ciing thé hién anh huéng manh nhat.

Entity
Time
Holder

Aspect

0.00 0.02 0.04 0.06 0.08
mean(|SHAP valuel)

Hinh 3.5: Phan b6 tdm quan trong cua dic trung trén dit liéu YelpHotelData
Hinh 3.6 minh hoa phan tich twong tic SHAP thong qua do siu téi thiéu trung
binh cua cac cip tuong tac dic trung trén mo hinh rimg mat do. Biéu dd cho thay sy
khac biét rd rét gitta ba nhom tuwong tic. Nhom thtr nhit bao gdm cac twong tac véi

chinh né va Entity-Time c6 d6 sau rat thip tir 0,5-0,7, cho thiy chiing xuat hién ngay
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tir cac niit gin gbe clia cdy, phan anh vai tro nén tang trong viéc phan chia khong gian
dir li€u. Nhom thur hai gém cac tuong tac voi Holder c6 d6 sau trung binh tur 1,4-2.4,
thé hién tdm quan trong & muc do trung gian. Nhom thtr ba véi cac tuong tac lién
quan dén Aspect co6 do sau rat cao tir 3,9-5,0, dic biét Holder-Aspect dat gia tri cao
nhat 13 5,0, cho thiy Aspect chi duoc xem xét & cac murc sau cta cdy. Mau ndy co thé
giai thich boi s lugng thap cua Aspect co 3 gi tri so voi Entity 14 123.461 va Time
& pham vi rong, dan dén kha nang phan biét han ché va do d6 duge mo hinh st dung

cha yéu cho tinh chinh & cac nhanh sau thay vi chia tach chinh.
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Hinh 3.7: Gia tri tuong tdc SHAP cho céac dac trung trén dit li¢u YelpHotelData
Hinh 3.7 minh hoa gia tri twong tac SHAP gitta Entity va Aspect, cho thay xu
huéng tiéu cuc manh véi khoang 90% diém c6 gia tri 4m tap trung trong khoang [-
0,02; -0,01], chimg to su két hop nay kéo du doan vé phia tinh cam tiéu cuc so voi
anh huong doc 1ap cua timg dic trung. Cac entity v6i ID thap (< 25.000) thé hién sy
thay d6i cao voi gia tri phan tan rong tir -0,05 dén +0,01, cho thiy dic diém dic biét
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dugc tim thay tao ra cac twong tac khong dién hinh. Nguoc lai, entity v6i ID 25.000—
100.000 tap trung trong ving hep hon, phan anh cic mau hinh 6n dinh hon.

Hinh 3.8 va Hinh 3.9 minh hoa twong tng biéu d6 nhiét du doan va phan bd
thue té trén khong gian Entity-Aspect. Biéu do nhiét du doan (Hinh 3.8) cho thay
khoang 60-70% dién tich mau d6 cam (du doan > 0,75), v&i Aspect 1a 2,0 thé hién
mau ddm nhét va ving Entity 20.000-40.000 tao thanh ving dé dong nhét. Biéu d6
phan tan thuc té (Hinh 3.9) cho thay hai 16p negative (xanh) va positive (d6) dan xen
nhau (16p positive chiém khoang 63,5% mau), v4i tron tot trén pham vi thuc thé va
Aspect tir 2-3 ¢6 nhiéu mau positive hon. Su twong déng vé cac mau giita hai hinh
cho thdy mo hinh di nim bat dugc cau tric co ban ciia phan b dit lidu phu hop voi

kién triic cac cay chuyén bi¢t cua rirng mat do.
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Hinh 3.9: Phan phéi x4c suit du doan trong tap kiém tra YelpHotelData
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Bang 3.5 trinh bay két qua danh gia hiéu suit ciia mé hinh rirng mat do & giai
doan cudi do 1a phan loai tinh cdm. Trén tap huin luyén, mo hinh dat Accuracy 0,84,
Precision 0,80, Recall 0,70 va F1 0,75, cho théy kha nang phan loai tot voi do chinh
xac cao. Trén tap kiém tra, cac do do twong tng 1a 0,75; 0,71; 0,62 va 0,67. Su chénh
léch ndm trong ngudng chap nhan duge. Nguyén nhan co thé do tap kiém tra chia
cac t6 hop Entity, Holder, Time khong c6 trong tap huin luyén; d phtc tap ctia mo
hinh cao cho phép ghi nhé cac mau huan luyén; mat can bang 16p (16p positive chiém
63,5%) dan dén sai léch vé 16p da s6; s6 luong gié tri 16n cua Entity (123.461 gia tri
khac nhau, Bang 3.1) tao ra nhiéu két hop chi xuit hién trong tap huin luyén. Tuy
vay, khong c6 do do nao trén tap kiém tra nho hon 0,6. Luu y rang tip huan luyén va
tap kiém tra & day dugc chia ngau nhién theo dong b nam nhu cac bai bao da cong
bd, nén cac dong cua cing mot danh gia c6 thé nam & ca hai tap va chi sd trén tap
kiém tra van lac quan hon so v&i khi chia theo dénh gia goc (Phu luc J, myc J.11).

Bang 3.5: Két qua phan loai tinh cam cta rirng mat do trén YelpHotelData

Tap dir li€u Do chinh | Do chinh xac | D0 bao Trung binh
khach san xac duong (P) phi (R) | diéu hoa F1
Tap huan luyén 0,84 0,80 0,70 0,75
Tap kiém tra 0,75 0,71 0,62 0,67

3.7.3.2. M6 hinh khai pha quan diém véi rirng mat do trén tip dir liéu nha
hang (yelpResData)

Kich ban 1. Rirng mdt d¢ quan diém trén tdp dir liéu nha hang (yelpResData)

Tap dir liéu danh gia nha hang yelpResData, sau khi tién xir Iy ¢6 14.791.500
mau bo nim quan diém, nhiéu hon so v&i tap dir licu danh gid khach san
YelpHotelData. Thit nghiém da dugc thyuc hién trén 112.275 bd nam quan diém. Qua
trinh huin luyén dugc thuc hién nhu sau:

Budc 1: Chia dif liéu ban dau thanh 2 tap dir liéu bao gom tap dit liéu huan luyén
(80%) va tap dit liéu kiém tra (20%).

Budc 2: Phan cum bang thuat toan DBSCAN trén tap dit liéu huan luyén khong
dan nhan. Két qua c6 09 phan cum mat do dugc hinh thanh tur thuat toan phan cum

DBSCAN trong Hinh 3.10.
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Hinh 3.10: Két qua phan cum DBSCAN quan diém trén tap dit lidu yelpResData

Budc 3: Lay 09 phan cum dé hudn luyén cac thudt toan rimg ngiu nhién, mdi
phan cum huin luyén mot thuat todn ring ngﬁu nhién.

Budc 4: Tong hop két qua du doan tirng md hinh rimg ngiu nhién dé cho ra két
qua dy doan quan diém vé nha hang 13 “positive” hoic “negative”.

Kich ban 2. Dién gidi mo hinh rieng mat do quan diém trén tdp dir lieu nha hang
(velpResData)

Mo hinh dé xuét rung mat do quan diém dugc huin luyén trén bo dir liéu
YelpResData. Két qua thir nghiém cho thay gia tri SHAP c¢6 thé dugc st dung dé giai
thich sy dong gop cua cac dac trung vao dy doan cho mot quan sat trong Hinh 3.11.
Entity 1a dic trung quan trong nhat, trong khi Holder 13 dic trung it quan trong nhat
cho dong gbép du doan. Hinh 3.11 cho thfiy mot du dodn riéng 1€ c6 gia tri co s& 1,698,
trong do6 tat ca bén dic trung déu c6 dong gop tiéu cuc. Time (= - 0,141) va Entity (=
- 0,136) c6 tac dong manh nhét, theo sau 13 Aspect (= -0,11) va Holder (= - 0,064),
dan dén du doan cudi cung la 1,247.

Phan tich tim quan trong ctia ddc trung trong Hinh 3.12 cho thay Entity c6 tim
quan trong cao nhét, trung binh gia tri SHAP 13 0,078, theo sau 13 Aspect (0,075) thap
hon 3,8%, Time (0,065) va Holder (0,058). Mtic chénh léch twong ddi nho giira cac

dic trung cho thiy tat ca cac dic trung déu dong gop dang ké vao cac du doan. Entity
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va Aspect dong vai trd quan trong nhit trong xac dinh tinh cam cua cac danh gia vé
nha hang.

intercept 1.698

Time =193 . -0.141

Entity = 104326 |

Aspect =3

Holder = 9037

prediction

Hinh 3.11: Su dong gop cua cac dac trung trén dir liéu YelpResData

Entity

Aspect

Time

Halder

0.00 0.02 0.04 0.06 0.08
mean(|SHAP value|)

Hinh 3.12: TAm quan trong cta cac dic trung trén dit liéu YelpResData

Phén phdi d6 sau tdi thiéu trong Hinh 3.13 cho thay cic mau cau tric cay véi
Time (1,26) va Entity (1,28) dugc phan chia sém nhat, cho thdy ching quan trong d6i
v6i viéc phan ving cdy ban dau. Aspect (1,38) duoc phan tach mudn hon mot chit,
trong khi Holder (2,1) ¢6 d sdu trung binh sau nhat, cho thdy n6 duoc st dung chil

yéu cho cac sang loc chi tiét hon 1a cac phan tach chinh.
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Hinh 3.13: Phan phdi d6 sau va dic trung t6i thiéu trén dit liéu YelpResData
Biéu d6 tuong tic SHAP trong Hinh 3.14 cho cac dic trung Holder va Time
cho thay cac twong tic yéu dén trung binh véi cac diém phan tan rong rii, goi ¥ cac

hi€u trng tuong tac phtrc tap nhung khong vugt troi.
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Hinh 3.14: Gia tri tuong tdc SHAP trén dir liu YelpResData
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Hinh 3.15: Phan phdi x4c suit du doan trong tap hudn luyén trén YelpResData
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Hinh 3.16: Phan phdi x4c suat du doan trong tap kiém tra trén YelpResData
Trong Hinh 3.15 va Hinh 3.16 da minh hoa du doan xéc suét trén tap dir liéu
YelpResData. Hiéu suat trong Bang 3.6 cia mo hinh rimg mat do trén tap dir liéu
huin luyén nha hang vé Accuracy, Precision, Recall va F1 lan luot 12 0,85; 0,82; 0,70
va 0,76. Trén tap kiém tra, cac gia trj trong tng 1an luot 13 0,80; 0,72; 0,67 va 0,69.
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Bang 3.6: Két qua phan loai tinh cam cta rirng mat do trén YelpResData

A am ren L Do chinh | Dy chinh xac | D9 bao
Tap dir liéu nha hang <Ac dwong (P) phii (R) F1
Tap huan luyén 0,85 0,82 0,70 0,76
Tap kiém tra 0,80 0,72 0,67 0,69

3.7.4. Thao luin két qua thwe nghiém

Hinh 3.3 va Hinh 3.10 minh hoa két qua phan cum ddi vé6i dit liéu khach san va
nha hang, lan lugt tao thanh 7 cum va 9 cum. Phan tich cho théy cac cum dugc phan
bd trén toan bd tap dac trung, bao gém Entity, Aspect, Holder va Time; dang chu y,
mdi danh muc dic trung déu bao ham su két hop cua nhiéu cum khac nhau. Piéu nay
cho théy qué trinh phan cum dugc thyc hién dya trén cac mau mat do trong khong
gian dic trung da chiéu, thay vi phu thudc vao timg dic trung riéng 1é. Sy khac biét
vé s6 luong cum phan anh rang dir liéu nha hang c6 cdu trac mat do phic tap va da
dang hon, do d6 d61 héi mirc d¢ phan vung chi tiét hon so véi dit liéu khach san. Mic
di 9 cum trong mién nha hang dat hiéu suat phan loai cao hon, két qua nay khong
ching minh rang s6 lugng cum 16n hon thi hiéu suat tot hon, ma cho thiy cau tric dir
liéu nha hang phu hop hon véi nhiém vu phan loai tinh cam trong nghién ctru nay.
Nhin chung, cc két qua khiang dinh rang rimg mat do c6 kha ning ty dong diéu chinh
d6 chi tiét cua phan cum theo dic diém phan b dit liéu, trong d6 sb lugng cum toi
uu thay ddi linh hoat v&i mue do phtc tap cia tung mién dit liéu.

So sanh két qua danh gia mo hinh rung mat dé ¢ giai doan phan loai trén hai
tap dir liu YelpHotelData va YelpResData cho thdy tdm quan trong cuia ddc trung
trén YelpResData phan bd dong déu hon giita cac thudc tinh (Entity 0,078; Aspect
0,075; Time 0,065; Holder 0,058) so v&i YelpHotelData (Entity ~0,087; Time
~0,085; Holder ~0,077; Aspect =0,023), dac bi¢t Aspect c6 dong gop 16n hon nhiéu,
qua d6 nhiéu kha ning gop phan mang lai hi¢u suat phan loai tot hon (d9 chinh xac
kiém tra dat 0,80 so v&i 0,75). Tuy nhién, ddi véi YelpHotelData, mo hinh thé hién
d6 sau phan chia nong hon d6i véi cac thugc tinh Time va Entity, phan anh chién
luge ciu tric cay khac biét, trong d6 cac phép phan tach dugc thuc hién sém va mang
tinh toan cuc hon. Cac két qua nay cho thdy tdm quan trong cta dic trung c6 mdi

twong quan chat ché hon véi hi¢u suat phan loai so véi d0 sau phan chia cua cay;
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ddng thoi, cac dic trung rd rang va manh hon trong dit liéu nha hang cho phép mo
hinh khai thac hiéu qua hon, dan dén kha ning phan loai tinh cam t6t hon.
3.7.5. So sanh mé hinh dé xuét

So sanh duoc danh gia hiéu qua cia mé hinh rimg mat d6 quan diém Fpp véi
7 phuong phép tiéu biéu thudc cac nhém mé hinh khic nhau: (1) Cac phuong phép
hoc may truyén thong bao gdm Random Forest [65], Gradient Boosting [84] va
Support Vector Machine (SVM) [86]; (2) Cac md hinh hoc sau duoc st dung gom:
LSTM [85], BiLSTM-Attention [88], BERT [81], RoBERTa [83]. Tét c4 cic md hinh
dugc huan luyén va danh gia trén ciing hai tap dit liéu YelpHotelData va YelpResData
da biéu dién dir liéu dudi dang bo nim quan diém véi cing phéan chia dir liéu huin
luyén/kiém tra dé dam bao tinh cong bang trong so sanh. Cu thé, d6i vai cac phuong
phap hoc may truyén thdng dya trén dic trung c6 ciu trac gdbm: Random Forest va
Gradient Boosting dua trén cdy quyét dinh, SVM duya trén siéu phang phén tach bién
cuc dai va mo hinh rimg mat do quan diém dé xuét cua luan an (Fpg), dic trung dau
vao 1a bd nam quan diém d3 dugc mi hoa sd theo dung phuong phap tir Chuong 2;
trong khi do, cdc mo hinh hoc sau: LSTM, BiLSTM-Attention, BERT, RoBERTa
nhan truc tiép cau vin ban danh gia gdc trong Gmg voi timg bo nim quan diém 1am
dau vao, theo dung cach st dung tiéu chuan cila cac kién triic nay nham phat huy day
du kha niang hoc biéu dién ngir nghia.

Daénh gia tap trung vao ba khia canh quan trong nhét: (1) Thoi gian huan luyén
dé danh gia chi phi tai nguyén va thoi gian phat trién mé hinh, (2) Mtc st dung b
nhd dé danh gia yéu cau phan cing va kha nang trién khai, (3) Kha ning giai thich
dé danh gia tinh minh bach va kha nang dap ung yéu cau phap 1y. Ngoai ra, chi s6
Accuracy va F1 duoc st dung dé danh gia hi¢u suét du doan.

Bang 3.7: Két qua so sanh trén tap dir liéu YelpHotelData

Mo hinh Do X Kha Ay

R .z ) biem | _ . Do phuc tap

M6 hinh hoa cau | chinh nang giai , A
A i F1 ” tinh toan
truc xac thich
M0 hinh Fpp . O(nxmtryxNxlogN)

N Cé 0,75 0,67 | Rat
(D xuét) © : : RO L omxLxNxlogN)
RoBERTa Loz O(L2xd) cho mdi token

Kho 0,74 0,66 | Rat tha .
[83] ong ’ : atthap (Rét cao - GPU)
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BERT C O(L2xd) cho mdi token
5 4 Rét thé ,
81] Khong 0,7 0,65 at thap (R4t cao - GPU)
BiLSTM-
: O(nxLxd
Attention | Khéng | 0,76 | 0,67 | Thip (nxLxd)
(Trung binh)
[88]
Gradient
O(nxNxlogN
Boosting | Khong | 0,74 | 0,66 | Cao (n>xN>logN)
(Trung binh)
[84]
Random
O(nxNxmtryxlogN
Forest Khong | 0,74 | 0,65 | Cao (o (TIE;’) 0gN)
[65] P
LSTM ] O(nxLxd?)
Khé 0,71 | 0,63 | Th
[85] T ’ P (Trung binh)
SVM R Trung O(N>*~N?)
0,70 | 0,62
[86] Khong 7 ’ binh (Cao)

Bang 3.8: Két qua so sanh trén tap dir liéu YelpResData

Mo hinh | | .z Kha nang R
. , z | DOochinh | Diém e, D0 phue tap
Mo hinh | hoa cau i giai thich i i
i xac F1 tinh toan
truc
Mo hinh F . O(nxmtryxNxlogN
e 080 | 069 | Rétcao | ClvmiyxNxlogh)
(bé xuat) + O(nxLxNxlogN)
RoBERT . .« | ©(L*xd) cho mdi token
OBERTa | ihong | 083 | 073 | Rétthgp | L= @) chomoi toke
[83] (Rat cao - GPU)
BERT ) g O(L2xd) cho mdi token
Khong 0,82 0,72 Rat thap P
[81] (Rat cao - GPU)
BiLSTM-
: A £ O(nxLxd)
Attention Khong 0,78 0,68 Thap .
(Trung binh)
[88]
Gradient
e lén ) O(nxNxlogN)
Boosting Khoéng 0,78 0,68 Cao .
(Trung binh)
[84]
Rand
andom ) O(nxNxmtryxlogN)
Forest Khong 0,77 0,66 Cao P
(Thap)
[65]
LSTM A . O(nxLxd?)
Khong 0,76 0,66 Thap .
[85] (Trung binh)
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SVM
[86]

Khong

0,80

0,69

Trung binh

O(N>~N?)
(Cao)

Mo hinh Fpp c¢6 d6 phirc tap hudn luyén cao hon Random Forest do thém thanh

phan DBSCAN O(nxLxNxlogN) tai cac niit 14, nhung chi phi thyc té thap hon ly
thuyét vi DBSCAN chi chay trén tip con tai nut 1a. Cac md hinh BERT/RoBERTa

O(L2xd) yéu cdu GPU chuyén dung, trong khi mé hinh Fyy chay trén CPU véi chi

phi tinh todn hop 1y.

Bang 3.9: Tong hop két qua trén hai tap dit liéu

D¢ chinh 2
Méhinh [ " | DidmF1| o
. , xac Kha nang Do phie tap
M6 hinh hoa trung e B i
X , trung . giai thich tinh toan
cau truc . binh
binh
M6 hinh Fjp , £ O(nxmtryxNxlogN)
L g 0,78 0,68 Rat
(D¢ xuat) o )7 ’ at eao + O(nxLxNxlogN)
RoBERTa .+ | ©(L*xd) cho mdi token
Kho 0 0,70 Rat tha .
[83] one 79 )7 TP (Rét cao - GPU)
BERT s O(L2xd) cho mdi token
Kho 0,78 0,69 Rat tha .
[81] one ’ ’ at thap (Rat cao - GPU)
BiLSTM-
. X[ x
Attention | Khéng | 0,77 0,68 Thép OnxLxd)
(Trung binh)
[88]
Gradient
xNxlogN
Boosting | Khéng | 0,76 0,67 Cao OnNxlogN)
(Trung binh)
[84]
Random
xNxmtrvxlogN
Forest | Khong | 0,76 0,66 Cao O N(Tmhéry) ogN)
[65] b
LSTM . O(nxLxd?)
Kho 4 Tha
[85] one 0.7 0,65 P (Trung binh)
SVM R Trung O(N*~N?)
Kh 0,75 0,66
[86] one : : binh (Cao)

Ghi chu: Bang 3.7, Bang 3.8, Bang 3.9 13 s6 liéu danh gia ctia mé hinh ring

mat d§ quan diém dugc dé xuat va cac mo hinh so sanh. Trong d6, cac mo hinh hoc

sau st dung dau vao la van ban danh gia goc, khac voi dau vao bo nam cua cac mo
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hinh ring, nén duoc trinh bay nhu mdc tham chiéu. Moi gia tri trong bang 1 gia tri
trén tap kiém tra (test), khong dung gia tri trén tip huan luyén. Vi dir liéu mat can
bang (khoang 63-65% mau positive) va cac md hinh c6 déu vao khac nhau, chénh
léch Accuracy gitta cdc m6 hinh chi c6 y nghia tham khao; phép so sanh trén cung
tap mau, cung cach chia va cung d¢ do Balanced Accuracy dugc trinh bay tai Phu luc
J (Bang J.8).

Két qua danh gia da chiéu trong Bang 3.9 cho thidy mé hinh F, khong chi dat
hiéu ndng du doan tot (Accuracy = 0,78, F1 = 0,68) ma con mo6 hinh hoa cAu trac dir
liéu bao gom biéu dién ngir nghia tach biét tét cac nhém quan diém khac nhau va cau
truc mat dg do DBSCAN phat hién trude khi du doan.

Phan tich Bang 3.7, Bang 3.8, Bang 3.9 cho thdy, trén tap dir licu
YelpHotelData thi mé hinh Fpy dat 0,75, cao hon Random Forest, Gradient Boosting
(0,74) va SVM (0,70); cac mo6 hinh hoc sau dat 0,71 (LSTM), 0,76 (BiLSTM-
Attention), 0,74 (BERT) va 0,74 (RoBERTa). Trén tap dir liéu YelpResData, mo6 hinh
Fpr dat 0,80, bfmg SVM (0,80) va cao hon Random Forest (0,77), Gradient Boosting
(0,78); cdc mo hinh hoc sau dat 0,76 (LSTM), 0,78 (BiLSTM-Attention), 0,82
(BERT) va 0,83 (RoBERTa). Tong hop hai tap, mo hinh Fpr dat d6 chinh xac trung
binh 0,78 (Bang 3.9), 1a m hinh c6 kha ning giai thich “Rét cao” va mo hinh héa
ciu tric.

Bén canh kha nang hiéu cAu tric dit liéu theo ndm khia canh (biét s6 cum, dic
trung cum, hiéu nang tirng cum, gan cum cho dir li€éu moi va phat hién ngoai 1€), theo
sd litu di cong bd (chia nglu nhién theo dong bd nim), mod hinh
Fpr dat d§ chinh xéc trung binh cao hon m6 hinh Random Forest khong phan cum
(0,78 so véi 0,76, Bang 3.9); khi chia theo danh gia gbc (Phu luc J, Bang J.11, J.12,
J.15), chénh léch giita hai md hinh khong c6 y nghia théng ké. Ngoai ra, uu thé ndi
bat ctia mé hinh Fp 1a kha ning giai thich, m6 hinh duy nhét dat mirc “Rét cao”. M6
hinh Fpr cung cip ba ting giai thich: (1) phan cum dya mat do ty dong phat hién 7-9
cum dit lidu; (2) cdy quyét dinh c6 thé truc quan hoéa hoan toan va (3) gia tri SHAP
[75] thong qua TreeSHAP. Trong khi cac m6 hinh hoc sau thuong 1a mé hinh hop
den kho dién giai [87], kha ning giai thich cua rimg mat do dap Gng cac yéu cau cho

cac quyét dinh tu dong [89].
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Viéc lya chon tham sd & va MinPts cho DBSCAN trong luan an dua trén phan
tich d6 thi K-1an c4n, 1a mot phuong phap ban tw dong phd bién nhung van cn quan
sat thii cong diém gy (elbow point). Nghién ciru gan ddy cua [180] dé xuat phuong
phap tu dong hoa hoan toan viéc xac dinh ¢ dwa trén phan phéi théng ké khoang cach
k-lan cén gan nhat, dong thoi giai quyét vAn dé gan nhin cum khong nhit quan tai
ving mat do chong lap, 13 hudng cai tién tiém ning cho viéc ty dong hoéa quy trinh
Iira chon tham s6 ctia mé hinh ring mat do trong cic nghién ctru tiép theo, giam phu
thudc vao quan sat tryc quan.

Vé k¥ thuat dién giai, mo hinh Fp dé xuét sir dung gi tri tuong tac SHAP &
cong thirc (3.28) dé phén tich twong tac cip dic trung. Nghién ctru thuit toan cia
[181] dé xut phuong phap tinh toan hiéu qua cac tuong tic Shapley bac bat ky (any-
order) chuyén biét cho md hinh cay khong chi gidi han ¢ twong tac cap doi nhu cach
tiép can hién tai ciia luan 4&n ma con mo ra kha nang phan tich tuong tac bac ba tro
lén giita cac thanh phan b nim quan diém (vi du Entity-Aspect-Time dong thoi)
trong cac nghién ciru mé rong sau nay.

3.8. Cong cu sir dung

Thuc nghiém cua chuong duoc trién khai théng nhat bang ngdn ngit 1ap trinh
R: cac thyc nghi¢m chinh (muc 3.7) dung R phién ban 4.3.2 trong moi truong phat
trién tich hop RStudio 2023.12.1; cac thyc nghiém bo sung va chay lai tai Phu luc F—
J dung R phién ban 4.3.3 va 4.5.2 vdi ciing cac gbi va cing hat giong ngau nhién.

Dé6i véi xtr 1y dir liéu, nghién ctru sir dung cac goi dplyr, tidyr va data.table; di
lidu gbc Yelp duge doc tir co so dit lidu SQLite bang DBI va RSQLite. M6 hinh rimg
mit d6 quan diém Fpr duoc xdy dung tir goi dbscan (phan cum mat d6, d6 thi k-
khoang cach) va randomForest, rpart (rung phan loai theo tung cum); gid tri SHAP
dugc tinh bing treeshap va fastshap. Cac mo hinh so sanh trén dic trung bo nim gdm
Random Forest (randomForest), Gradient Boosting (gbm) va SVM (e1071); cac ky
thuat xir Iy mat can bang 10p tai phu luc dung tham s6 sampsize/strata, classwt cua
randomForest va goéi smotefamily (SMOTE). Cac mo6 hinh hoc sdu LSTM va
BiLSTM-Attention duoc xay dung trong R bang goi torch (thuc nghiém so sanh
thong nhat) va keras3 (do ciu hinh, thoi gian, bd nhd). Cac mo hinh Transformer
BERT, RoBERTa duoc tinh chinh bang thu vién transformers (Hugging Face, nén

PyTorch) va dugc goi tir kich ban R (qua reticulate hodc 1énh hé thong); dit liéu vao,
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chia tap, chon ngudng va tinh do do déu thue hién trong R nhu cac moé hinh con lai.
Danh sach chi tiét cac thu vién dugc trinh bay trong Bang D.1 (Phu luc D).
3.9. Két luan chwong

Chuong 3 d4 trinh bay chi tiét mo hinh khai pha quan diém véi rimg mat 46, mo
hinh hoa cau tric dir liéu theo hai chiéu ngit nghia tiém 4n va cau trac mat do quan
diém. M6 hinh dugc xay dung bang cach st dung DBSCAN dé phat hién cac cum
quan diém c6 mat d6 khac nhau trong khong gian biéu dién, sau d6 huin luyén mot
rimg phan loai riéng biét cho mdi cum dit liéu dong nhét va tong hop du doan. Két
qua thuc nghiém trén hai tap dit liéu YelpHotelData va YelpResData cho thdy mo
hinh ring mat d§ quan diém F pr dat do chinh xé4c trung binh 0,78 va F1 1a 0,68, cao
hon mé hinh rirng ngau nhién (0,76) theo quy trinh chia theo dong cuia cic bai bao
(khi chia theo danh gia géc tai Phu luc J, Fpr twrong duong Random Forest); véi dau
vao la van ban géc, cac mo hinh hoc sau dat do chinh xac trung binh tir 0,74 (LSTM)
dén 0,79 (RoBERTa), trong khi mo hinh rirng mat d6 cung cap kha ning giai thich
qua ciu trac cum va gia tri SHAP. Péng gop chinh ctia chuong nham giai quyét cac
van dé anh hudng két hop theo tim quan trong ctia cum quan diém khac nhau, cho
thdy mo hinh hoa cdu tric dir liéu giup giai thich két qua phan loai theo ting cum
quan diém. Cach tiép can giai thich mo6 hinh théng qua SHAP trong mé hinh ring
mat do Fpr dong gop vao xu huéng XAI (Explainable AI) dang phat trién manh [125].
So voi cac nghién ctru hoc quan thé gan day [59][134], mo hinh rimg mat do quan
diém Fpp dé xuit da bd sung kha ning phan tich cu trac cum dir liéu mat can bang,
dic diém chua duge xir 1y trong cac nghién ctru trude d6. Tuy nhién, Fpr con mot sd
han ché: (i) DBSCAN dung khoang cach Euclidean trén khong gian dic trung gbc
nén chi nhan biét cac cum co quan hé tuyén tinh, cuc by, khong phan anh dugc quan
hé phi tuyén giita cac quan diém; (i) sé6 cum thu dugc kha 16n (7 cum trén
YelpHotelData va 9 cum trén YelpResData) va nhay voi tham s6 €, MinPts, 1am tang
s6 rimg can hudn luyén; (iii) cac rimg theo cum duoc két hop bang trung binh xac
suét cb dinh, chua hoc duge trong sb két hop tir dir 1iéu. Nhitng han ché ndy dan dén
Chuong 4: mé hinh rimg da tap quan diém Fur thay khoang cach Euclidean bang
khoang cach da tap hoc tir rimg khong giam sat va két hop cac rimg thanh phan bang
Stacking.
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CHUONG 4. KHAI PHA QUAN PIEM VOI RUNG PA TAP

4.1. Giéi thi¢u

Chuong nay trinh bay mé hinh ring da tap quan diém nham giai quyét van dé
dir liéu quan diém c6 céu trac da tap phirc tap va mdi quan hé phi tuyén. Khac voi
rimg phan loai Fcr (Chuong 2) xir 1y dit liéu truc tiép trong khong gian R® va rimg
mat do Fpr (Chuong 3), phan cum duya trén khodng cach Euclidean, rirng da tap Fwr
khai thac cau trac néi tai d'-chiéu (d' < d = 5) cia khéng gian quan diém thong qua
ma tran quan h¢ W € R™N_ sir dung khoang céch da tap distar thay vi khoang céch
Euclidean. M6 hinh dé xuat két hop ba thanh phan: (1) hoc cau tric da tap tir ring
khong giam sat dé xay W; (2) phan cum da tap DBSCAN(dist.ar), khac véi DBSCAN
dung khoang cach Euclidean & Chuong 3; (3) K ring chuyén mén hoa Fi, két hop
qua Stacking meta-learner M.

Noi dung chinh ciia chuong bao ham két qua nghién ctru ciia Bai bao s6 6.

Phat biéu bai toan. Cho tap dit liéu quan diém O = {04,0,,0s,...,0y}, mdi
0; = (e;, a;, 5;, h;, ;) gdm thuc thé e;, khia canh a;, gia tri tinh cam s;, ngudi giit quan
diém A, va thoi diém ¢,. Véi gia thuyét bo sung rang O nam trén mot da tap M C R3
c6 chiéu ndi tai d’ <« 5 cong thirc (4.1). M6 hinh hoc khoang cach da tap dist,, tir
ring ngau nhién khong giam sat, phan K cum C = {Cy, ..., Cx, Noise} trén khong
gian da tap, moi cum duoc phan loai bai ring chuyén biét Fy,.

Piu vao: Ma tran 0,,,, € RV,

Piu ra: Nhin phan loai § € C ={positive, negative}, tong hop tir K rirng phan
loai chuyén biét qua meta-learner Stacking M (Thuat toan 4.3).

Muc tiéu: Téi thiéu hoa cing ham sai s6 £ nhu Chuong 2, Chuong 3. M6 hinh
rumg da tap quan diém (Fy,r) nham cai thién phan loai bang cach khai thac ciu triic

d’ < 5 chiéu thuc su cua dir liéu, thay thé khoang cach Euclidean béng distyy.
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4.2. Phian cum quan diém trén khong gian da tap
4.2.1. Bi¢u dién diic trung quan diém
Trong khong gian dic trung quan diém, mdi quan diém dugc biéu dién dudi
dang vector by nam:
o= (e,a,s,h,t)E Rd, d=>5
Véitap N quan diém O = {0y, 0, ..., 0y }, ma tran dit liéu c6 kich thudc:
0 € RV d=S5

Trong d6 mdi hang 1a mot bd ndm quan diém.

Luu ¥ vé ky hiéu: o € R* 1a biéu dién day du ctiia bo ndm. Do tinh cam s 1a nhin
can du doan, ma tran quan hé¢ W, khoang céach da tap va phan cum DBSCAN trong
thuc nghiém duoc xay dyung trén bon thanh phan (e, a, h, t), ttc D = 4 chiéu quan sat
(Phu luc I); diéu kién d’ < 5 & chuong nay vi vay dugc hiéu 1a chiéu noi tai d’ nhé hon
s6 chiéu quan sat, dugc udc luong truc tiép tai Phu luc 1.

4.2.2. Gia thuyét vé da tap

Gia thuyét da tap cho rang dit liéu quan diém thuc té khong phan bd déu trong
khong gian dac trung RY ma nim trén mot da tap M co chiéu ndi tai d’ < d. Trong
nghién ctiru nay, mic du dir liéu dugc biéu dién trong khong gian 5 chiéu nhung thure
chét nam trén hodc gan mot da tap chidu thap M nhung trong R> & cong thuc (4.1).

OcMcR,dmM)=d <5 4.1)

Trong d6 d' € N (d’ < 5 trong thuc nghiém) 1 chiéu noi tai.

Céc dic trung bd nam khong ddc 1ap hoan toan: ton tai twong quan manh gitra
khia canh a va tinh cam s, dit liéu chu yéu bién thién theo truc thuc thé e va thoi gian
t. Khai thac cdu tric nay giup loai b nhiéu tir 4 = 5 chiéu gdc, tap trung vao d' < 5
chiéu ban chét.

Gia thuyét da tap co can cir 1y luan 13 rang tir chinh dic diém cdu trac cia dix
liéu yelpHotelData va yelpResData. Mic dii bo nim quan diém o = (e, a, s, h, t)
duogc biéu dién trong khong gian d = 5 chiéu, thuc chat cac chidu nay khong doc 1ap
hoan toan ma phu thudc vao nhau theo nhitng quy luat an dic thu cia mién danh gia
dich vu. Cu thé, c6 thé nhéan ra ba quan hé phu thudc chinh:

Thi nhét, chiéu thuc thé (e) va khia canh (a) c6 quan hé phi tuyén chit chg,

mot khach san cu thé thuong chi gén lién v&i mot tap han ché cac khia canh duoc
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danh gia nhu phong, vi tri va dich vy, nén khong phai moi to hop (e, a) déu co thé
xuét hién trong dit lig¢u.

Tht hai, ngudi dénh gia (h) c6 xu huéng danh gia nhat quan theo phong cach
c4 nhan, tao ra cic dudng cong co cu tric trong khong gian 5 chiéu thay vi phan bd
ngau nhién.

Thir ba, diém tinh cam (s) phu thudc phi tuyén vao t6 hop (e, a, h), tic la
s khong bién thién doc 1ap ma bi rang budc béi ba chiéu con lai, ddng thoi phan phdi
diém sao tap trung manh & hai cuc (1k—2% va 4%—5%) goi ¥ cdu triic cum ty nhién
trong khong gian tinh cam.

Ba quan sat nay cung chi ra mot két luan: dit liéu Yelp thuc chit nam gén mot
da tap d'-chiéu véi d' < 5, tlrc 1a cAu trac ndi tai cua dir liéu thap chiéu hon dang ké
so voi khong gian biéu dién ban dau. Tinh phu hop cua gia thuyét nay s& dugc kiém
ching qua két qua so sanh tai §4.8, khi mo hinh rimg da tap khai thac ciu trac d'-
chiéu dugc dbi chiéu tryc tiép véi mo hinh rimg phan loai thong thuong 1am viéc trén
toan bo khong gian d = 5 chiéu géc.

4.2.3. Y twéng xay dung ma tran quan hé da tap

Luan an sir dung rimg cay quyét dinh khong giam sat dé xay dung ma trin quan
hé datap W e RM*V.

Vi mdi cay Ty, dinh nghia mot ham anh xa 14 theo cong thirc:

Ir (0):RY - Ly CN (4.2)
trong d6 I, (o) la chi s6 nut 14 ma quan diém o roi vao trong cay Iy, va Ly, latap
tat ca nat 14 cua cay d6. Dua trén ham anh xa 14 nay, ma trdn quan hé thanh phﬁn w®
clia mot cdy va ma trin quan hé tong hop W cuia toan rimg dugc trinh bay tai muc 4.3
va muc 4.4.
4.2.4. Phan cum DBSCAN trén khong gian da tap

Sau khi c6 khoang cach da tap dist,, duoc dinh nghia tai Muc 4.4, thuat toan
DBSCAN [72] duogc ap dung trén khong gian da tap khac véi Chuong 3 dung khoang
cach Euclidean. Diém o, 1a diém 15i khi:

| {o; | distyp(0;,0;) < €} |[> MinPts. (4.3)

Két qua phan cum duoc biéu dién dudi dang cong thirc (4.4),
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C ={(C,C,, ..., Ck, Noise}, (4.4)
trong d6 K 1a sé cum quan diém trén da tap va Noise 1a tip cac quan diém ngoai
lai. Phan cum trén khéng gian da tap cho phép phat hién cac cum c6 ciu tric phi
tuyén, phan anh tot hon mbi quan hé ngir nghia gitta cac quan diém va xac dinh nhidu
dua trén mat do noi tai cua dir licu.
4.3. Cay da tap quan diém
Cho moét tdp hop N miu quan diém khong dan nhin O = {04, 0,, ..., 0y} Véi
0; ER? vad = 5.Mobimau dau vao o; dugc biéu dién dudi dang vector dic trung
b6 nam o; = (e;, a;,s;, hi t;) € R®. Pau ra du doan 1a nhidn tinh cam § €
{Negative, Positive}.
Mo hinh cay da tap [66] t6i da hoa do loi thong tin da tap tai mdi nut. Qua
trinh tach nut j dé t6i wu hoa duogc thuc hién bé“tng ham muyc tiéu ¢ cong thic (4.5).

G) = argmax /G L Oip, W
g 2 (0}, Oj1, Ojp, W) 4.5)

Trong d6 T'; 1a tap hop tat ca cac ngudng phan tach ung vién tai nat j; 0;, va
O;r la tap mau bén trdi va bén phai sau khi phan tach theo ngudng 0.
Ham IG,, 1a d6 lo1 thong tin (Information Gain) da tap, dugc dinh nghia & cong

thitc (4.6).
160,010 ) = 1 (0) = [ (0, - i mc(0) 14
j)

Do thuat toan hoat dong trén dir li¢u khong dén nhan, can xac dinh Entropy
H,, khong giam sat - Entropy 4p dung cho dit liéu khong nhan dya trén ciu trac phan
phdi mat d6. Sir dung phan phdi Gaussian da bién tai cac nut, Entropy vi phéan trong
nghién ctru [140] va 4p dung vao khong gian da tap d’chiéu voi ma trin hiép phuong

sai A, (0), Entropy da tap H,;(0) duogc xac dinh & cong thirc (4.7).

Hae(0) = 3 10g[(2me)” |A43¢(0) ] @7

v6i |A,,(0)|1a dinh thirc cia ma trin hiép phuong sai co trong sb da tap

Ay (0), thay vi ding ma trin hiép phuong sai Euclidean thong thuong, ciy da tap sur
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dung ma tran hiép phuong sai cé trong s6 dya trén ma tran quan hé W & cong thirc
(4.8).

Z i,j€o Wij (0; — 1(0)) (05 — uo)’
Ay (0) = » - : (4.8)
i,jeo U

L

Trong do: u(0O) = 0]

oeo 0 18 vector trung binh cua tap O va W;; € [0,1] la
phan tir (i, j) cia ma tran quan hé da tap W. W, ; € [0,1], phan &anh muc do gin nhau
clia hai quan diém o, va o ; trén da tap.

Thay A;,(O) tu cong thirc (4.8) vao cong thirc (4.6) dugc khai trién tudng minh
theo cong thurc (4.9).

Oj; |
| O; |

1

i€{L,R}

Céch dinh nghia nay dam bao tiéu chi phan tach cua cay da tap uvu tién cac phep
tach lam giam phuong sai trén da tap, thay vi chi trong khong gian Euclidean tir do
tao ra cac nut con phan anh tdt hon cAu trac noi tai caa dix lidu quan diém.

V&imdi cay Tk(w)trong rimg, ma tran quan hé thanh phan W® € {0,1}V*N duoc
xac dinh theo cong thirc (4.10) dya trén ham 4nh xa 14 tai cong thtc (4.2), duoc két
qua:

Wi = 1[L(0n7") = L(0,7")]. (4.10)
Trong do
o L(o[, Y{kw)) 1a chi s6 niit 14 ma quan diém o, roi vao cay T,fw);
e 1[.]1a ham chi thi bang 1 khi diéu kién thoa mén va bing 0 trong truong
hop nguoc lai.
o Wilj = 1 khi o; va o; cung nut 14 trong cdy Tk(w) va bang 0 khi khac 4.

Day 1a thanh phan co s¢ dé xay dung ma trdn quan hé tong hop tai Muc

4.4.
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4.4. Rirng da tap quan diém
4.4.1. Ma tran quan hé¢ da tap

Ma tran quan hé da tap W duogc tong hop tir toan bo ny, cdy khong giam sat.
Véi rimg gom ny, cdy khong gidm sat 7., trude tién, véi mdi cay 7., ma tran quan
hé thanh phan W® e {0,1}V*N duge x4c dinh theo cong thirc:

k
W, =1 Lw(o) = L (o)) (4.11)

Trong do I/Vl.i.k) = 1 khi quan diém o, va o ; cung nut 1 trong cay fkw), bang 0 khi

khac 14. Ma tran quan h¢ da tap téng hop W € RN*N duoc xac dinh béng trung binh

cc ma tran thanh phan W ®) theo cong thirc:
w nw
W= > w = L Y1 1w(o) = Lw(o)) (4.12)
B = R (= ‘
Phép tinh ni chuan hoa tong dém thanh tan suat tuong d6i, xap xi xac suat dé
w

0; va o; dong nut 14, ddm bao W;; € [0,1], bat ké ny, 16n hay nhd. Ma trgn W phan

anh muc do gan nhau cua cac quan diém trén da tap:

e W = 1: hai quan diém o; va 0; thuong xuyén dong nut 14, tirc 1a gan
nhau trén da tap;
e W;; ~ 0:haiquan diém o; va 0; hiém khi dong nit 14, tirc 1 xa nhau trén
da tap;
e 0 < W,; < I:phan anh m{rc 49 twong d6ng mot phan.
4.4.2. Khoang cach da tap
Tu ma tran W da xay dung tai muc 4.4.1, khoang cach da tap gitta hai quan
diém o, va o ; dugce dinh nghia cho 2 truong hop la mau quan diém da biét va mau
quan diém mdi.
Truwong hop I1- Khodng cdch giita hai mau quan diém o; va o ; da biét thugc tap
quan diém O.
Khi ca o; va o, déu thudc tap huin luyé€n, gia tri W;; da co san trong W . Khoang

cach da tap dugc xac dinh truc tiép theo cong thuc:
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distM(oi,oj) = 4/1=-W,;

(4.13)

Cong thure (4.13) dam bao: dist,, = 0 khi W;j;= 1, c6 nghia 1a hai quan diém
0; va 0; ludn ddng nat 14; distyr = 1 khi Wi = 0, c6 nghia 1a hai quan diém o, va
0; khong bao gio dong nat 14; Véi 0 < W ; < 1, khoang cach tang don di¢u khi Wj;
giam. Khodng céch dist,, dugc sit dung truc tiép trong diéu kién 1an cin DBSCAN
tai cong thuce (4.3).

Ma tran W déng vai trd xap xi rdi rac ctia cau tric da tap tiém an trong dir liéu
quan diém, ddng thoi cung cip nén tang cho viée tinh A, (O) tai cOng thuc (4.8) va
1G4, tai cong thuce (4.9).

Trwong hop 2- Khoang cach giita hai mau quan diém o, va o ; moi khong thugc
tdp quan diém O.

Khi c6 mau quan diém méi o € O chua xuét hién trong tap huan luyén, khong
thé tra tryc tiép ma tran W € RV*N vi o chua c6 hang twong tmg. Thay vao d6, quan
hé da tap cua o vOi kyp diém dai dién {01, 05, .n, Okrep} C 0 V6i (Kyep K N) duoc
udc lugng bang co ché dém dong nit 14 qua rimg FMF d4 huan luyén theo cong thirc:

W(o,0) = = X}1[L(0,Ty) = L(0;T)] i=1,..., krep (4.14)
Trong do:
o Ty € Fyp:cayphanloaithu £ (£ =1,2,3, ...,n) trong rung Fyr — day la
cay giai doan 2, phan biét vdi cay khong giam sat Tk(w) ¢ giai doan 1.
e L(0,T,): 1a chi s nut 14 ma miu mdi o roi vao khi duyét ciy T, € Fyp .
e L(o0;,T,): chi sé nut 14 ctia diém dai dién o; € O trong cung ciy T.
e n:sd ciy trong ring Fur;
° 171\/(0, 0;): udc lugng quan hé da tap cho mAau mdi, voi 171\/(0, 0;) € [0,1].
o disty (0, 0;): khoang cach da tap giita mau méi o va diém dai dién o;.
o k., 1asd diém dai dién khi 4nh xa miu méi (k,,, < N).
T W (0, 0;), khoang cach da tap gitta mau méi o va diém dai dién o, dugc xac

dinh theo cong thuec:

distyr(0,0,) = V1 —=W(0,0;), i=l,. krep (4.15)
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Cong thire (4.15) 1a truong hop mé rong cua cong thire (4.13) cho mau
mdi, thay gid tri W;; chinh xac bang gia tri udc luong W (o, 0;). Cong thic
(4.14) va cong thirc (4.15) tai st dung chinh co ché dém dong nut 14 cta ring
da tap quan diém dd huén luyén, ap dung miu méi o vao ting cay T, dém sb
1an o va o; roi vao cung nut l4.

4.5. Thuit toan va dd thi tinh toin mo hinh rirng da tap quan diém
4.5.1. Thuét toan va d¢ phirc tap
Trong muc nay, ma gia thuat toan xay dung va dy doéan cho rung da tap quan
diém duoc trinh bay. Thay vi sir dung cac phwong phap chiéu da tap truyén thong nhu
ISOMAP hay UMAP, luan an dé xuét hoc ciu tric da tap truc tiép tir rig ngau nhién
khong giam sat dé tan dung tinh chat dong xuat hién tai nat 14 dé xdy dung ma tran
quan hé da tap W ma khong can giai bai toan trj riéng toan cuc. Trong ndi dung nay,
mi gia 3 thuit toan bao gdm: thudt toan xdy dung ring da tap don 1é
(BuildManifoldForest), thuat toan du doan cua rung da tap (PredictManifoldForest)
va thuat toan xay dung két hop cac ring da tap (BuildManifoldForestEnsemble) duoc
trinh bay nhu sau:
Thuat toan 4.1. BuildManifoldForest
Piu vao:
O = {oi}i-1...N :tap dit licu huén luyén, voi: oi = (e, aj, Si, h;, ti) 1a b nam
quan diém thur ;.
n : 80 cdy trong rimg.
ny s cay khong giam sat dung dé xay ma trin W.
max_depth : do sau toi da cua cay.
min_split : s6 mau tdi thiéu dé tiép tuc phan tach.
d’: s6 chiéu ndi tai (d'< 5).
Piu ra: (Fvr, W): rirng da tap va ma tran quan hé da tap W € RNN
// Giai doan 1 — Xay dung ma tran quan hé da tap (khong giam sat)
1: W0 €RNN //khéi tao ma tran quan hé
2: fork=1tonw do
3: Oy* « Bootstrap(O, N) // ldy mdu c¢é hoan lai
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4: Tk « BuildRandomTree(Ox*, max_depth) //cdy ngdu nhién khéng gidm
sdt, phan tach ngau nhién.

5:  for each pair (oi, 0j) do

6 if L(oi, Tx) = L(o;, Tx) then // dong mit ld
7: WIi][] « WG] + 1

8 end if

9 end for

10: end for

11: W «— W/ny // chudn héa, xdc sudt dong xudt hién — cong thire (4.12).
// Giai doan 2 - Xdy dung rung phdn logi trén khong gian da tap

12: F<—0

13: fori=1ton do

14:  Oi* « Bootstrap(O, N)

15:  Ti « BuildManifoldTree(Oi*, W, max_depth, min_split, depth=0)
16:  Fwmr < Fur U {Ti}

17: end for

18: return (Fmr, W)

Ham phu BuildManifoldTree(O, W, max_depth, min_split, depth)

Piu vao:
0] : tdp bd ndm quan diém tai nit;
W : ma tran quan h¢ da tap NxN;

max_depth : d6 sau tbi da cua cay.
min_split : s6 miu tdi thiéu dé phan tach.
depth : d0 sau hién tai cua nut.
Piu ra: T; ciy da tap con duoc xay dung tai nut hién tai
// Buéc 1- Kiém tra diéu kién dirng dé quy
1: if depth =max depth or |O] <min_ split or pure(O) then
2:  return Leaf( majority class(O)) // mit ld la nhin da s6
3: endif

// Buéc 2 - Chon ngau nhién tdp ddc trung g vién
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4: Features «— RandomSubset(y, M) //x= {e, a, s, h, t}
// Buée 3 - Tim phén tach t6i wu theo IG da tap

5: best_gain « —co // Bdm bdo phdn tach dau tién luén dege chon
6: for each f € Features, 6 € thresholds(O, f) do

7: OL<«—{0€O:0[f]<0}; Or<« {0€O:o[f]>0}

8: gain « IGy (O, Or, Or, W) //theo cong thirc (4.7) va (4.9)

9: if gain > best gain then

10: best gain «— gain

11: £ «— £, 0% — 0 // cdp nhdt phén tach tot nhat
12:  endif

13: end for

// Buoc 4 - Phan tach dir liéu va goi dé quy
14: O «— {0€O:o[ff]<0*}
15: Or «— {0 €O:o[f*] >0*}
16: To < BuildManifoldTree(Or, W, max_depth, min_split, depth+1)
17: Tr «<— BuildManifoldTree(Or, W, max_depth, min_split, depth+1)
18: return Node(f*, 0%, Tr, Tr) // miit trong véi phdn tach toi wu (f*, 6*)
Do phirc tap ciia thuit toan 4.1- BuildManifoldForest
Do phtc tap huin luyén duogc tach thanh hai giai doan:
Giai doan 1 - Xay ma tran quan hé da tap W (ny, cdy fkw) khong giam sat):
Xay dung ny, cdy khong giam sat Tﬁ{w). MB&i cay duoc xay bang phan tach ngau
nhién, chiéu sau trung binh log N. Tai mdi ntit duyét N mau dé ghi nhan dong nat 14
vao W . Chi phi mot cay 1a O(N x logN), tong ny;, cay la:
O(ny X N X logN) (4.16)
O giai doan nay thuat toan chay mét lan duy nhét, ma trdin W duoc chia sé cho
giai doan tiép theo.
Giai doan 2 - Xay dung rung phdn loai Fur (n cdy T; co giam sat):
X4y dung n cdy phan loai 7; bang ham phy BuildManifoldTree. Tai mdi nut,
ham IG,, tinh A,,(0) trén khong gian d’ chiéu ndi tai (d’ < 5). Chi phi tim ngudng

phan tach t6i vu tai mdi nat 1a ©(N X d'), tong n ciy voi chiéu sau logN:
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O(n X N X logN x d") (4.17)
Vi d' < d, nén giai doan nay nhanh hon rimg phan loai Fcr khoang d/d’ 1an
tai budc tinh ngudng.
Tong do phtic tap cua thuat toan 4.1
O(ny X N X logN) + 0(n X N X logN x d')
= O(N X logN X (n,,+nxd")) (+18)
Trong do:
e ny: sO cdy khong giam sat ding xdy ma tran W;
e n:s6 cdy trong rimg phan loai da tap;
e N: 56 mau huan luyén;
o d’:sbchitunditaivsid’ < d = 5.
Thuat toan 4.2. PredictManifoldForest
Piu vio:
(Fmr, W): rimg da tap quan diém da huan luyén (dau ra cta Thudt toan 4.1);
0=(e, a,s,h,t) : miu quan diém mai can phan loai.
Piu ra:
¥ € C = {positive, negative}: nhin phan loai quan diém.
1: W(o,0,) < ComputeManifoldDist(o, 0i, Fmr) // wéc lieong W mau méi.
2: votes «— [ ]
3: for£=1ton do
4.  votes «— votes U { Traverse(Te, 0, W) } //duyét cay T; theo khoang cach
da tap
5: end for
6: § < MajorityVote(votes) // biéu quyét da sé
7: return ¥
D0 phire tap cia Thuit toan 4.2-PredictManifoldForest

Do phire tap cua dy doan rimg da tap gdm hai budc:

Budc 1- Tinh gid tri woc luong W (o, 0;) cho k,, cap (0,0;) mau moi.
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Mau méi o ¢ O nén phai duyét tir goc dén 14 mdi cay T, € F,p, chi phi

O(logN) mdi cdy. Vi k,,, diém dai dién, mdi diém duyét n cy thi chi phi la:
O(k,ep X n X logN) (4.19)
Burée 2- Duyét n cay dé phén loai
Duyét n cay T, € Fyfr tur gbc dén 14, mdi cay ton chi phi O(logN):
©(n X logN) (4.20)
Tong do phtic tap thuat toan 4.2:

e(k,ep Xn XlogN+ nX logN)
(4.21)
= 0((k,p + 1) X n X log N)
Trong do:
e n: s luong cay trong ring da tap;
e N:sb lugng mau dit liéu hudn luyén dugc st dung dé xay dung cay;
e n-logN: chiphi duyét n ciy tir gbc dén 14, mdi cay c6 chiéu siu trung binh

log N, duyét theo khoang cach da tap tu ma tran W.

* k., sO diém dai dién khi 4nh xa miu méi k,,, < N.
Thuat toan 4.3. BuildManifoldForestEnsemble
Piu vao:
¢}  tap dit liéu huan luyén
n, nw : 36 cAy phan loai va sb cay khong giam sat

max_depth, min_split : tham s6 xay cdy
& (eps), MinPts : tham sb phan cum DBSCAN trén da tap (dung d,y, #
Euclidean).
Oyar: tAp xéac thuc dé huan luyén meta-learner
Piu ra:
{(F1,W), ..., (F,W)} : Krung chuyén mon hoa theo K cum da tap;
M: meta-learner Stacking da huan luyén.
// Budc 1 — Xay ma trdan quan hé da tap W
I: (_, W) « BuildManifoldForest Phasel(O, nw) // chay Giai doan I cua
thudt toan 4.1 — W; khong chay Giai doan 2.

149



// Buéc 2 — Phdn cum da tap bang DBSCAN
2: C <« DBSCAN( disty; (W), €, MinPts ) // phdn cum DBSCAN, tinh
khoang cach da tap theo cong thuc (4.13).
3: C=1{C, (C, ..., G, Noise}
// Budc 3 — Xay K rung Fy chuyén mon hda o giai doan 2 cua thudt toan 4.1
trén tung cum
4: Forests «— @
5: fork=1toK do
6:  F\ <« BuildManifoldForest Phase2(Cy, W, n, max depth, min_split)
// Giai doan 2 thudt todn 4.1 chay riéng trén cum Ci.
7:  Forests < Forests U {( Fi, W)}
8: end for
// Buéc 4 — Tong hop dw dodn bang hoc quan thé Stacking
9: Yvar <[]
10: fork=1to K do
11: Y« « PredictManifoldForest(Fi, W, Oy4;)
// Thudt toan 4.2 dung ky hiéu Fyp < Fx
12: Yyat e Yvar U {9}
13: end for
14: M « TrainMetaLearner(Yva, Oy;.labels)
15: return (Forests, M)
Do phurc tap Thuat toan 4.3 - BuildManifoldForestEnsemble
Thuat toan 4.3 bao gém bdn bude doc 1ap, thuc hién tudn tu:
Buoc 1: Xdy dung ma tran quan hé da tap W (Giai dogn 1 Thudt toan 4.1):
O(ny X N X log N) (4.22)
Chi phi xay ny, cay khong giam sat Tf(w), mdi cdy c6 chiéu sau trung binh log N
tang. Day 1a chi phi mot 1an duy nhat, W € RM" duoc chia sé cho tit ca K ring Fi

khong can tinh lai.
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V& kha ning mé rong quy mé khi N rat 16n (vi du tap yelpResData gdc trudce
khi 14y mau c6 gan 14,8 triéu bd nam, muc 3.7.2.2) va ma trin W € RN khong
thé Iuu trit toan phan trong bo nhé, luan 4n dinh huéng ba phuwong 4n cho cac nghién
ctru tiép theo: (i) iy méu con (subsampling) trén tdp huan luyén trudc khi xay W,
tuong tu cach tiép can N = 112.275 da dung xuyén sudt cac thuc nghiém hién tai; (ii)
biéu dién thua (sparse representation) cia W, chi luu cac cip (o;, o) ddng nut 14 thay
vi toan bd ma tran NxN, tan dung tinh chat W chii yéu gom cac gia tri 0 khi ny;, khong
qua 16n so vt N; (iii) tinh W cuc b theo tirng cum DBSCAN hodc tung nut thay vi
toan cuc, gioi han phép tinh dong nit 14 trong pham vi timg cum Ck, gitp giam chi
phi bo nhd va thoi gian tir ®(N?) xudng gan tuyén tinh theo N. Luan an chua cai dat
va danh gia thuc nghiém ba phuong an nay; ddy 13 huéng mé rong cu thé cho céac
nghién ciru tiép theo khi ap dung mé hinh rimg da tap cho dit liéu c6 quy mé 16n hon.

Buoc 2: Phan cum da tap DBSCAN
O(N X log N) (k-d tree trén d’chiéu ndi tai) (4.23)
DBSCAN chay trén N diém véi khoang cach dist (0, 0;) € [0,1] theo cong
thire (4.13). Néu dung k-d tree v6i d’ < 5 chiéu ndi tai thi chi phi im l4n cAn mdi
diém 1a ©(log N). Chi phi Budc 2 nhé hon Bude 1 do khong c6 hé sb nyy.
Buoc 3 — Xay dung K rung Fy chuyén mon hoa:
Maéi rimg Fy duge xay dung trén cum Cj, v6i Ny = |C,,| mau theo thuat toan

4.1 6 Giai doan 2:

K
z O(n X Ny Xlog Ny X d) (4.24)
k=1

trong d6 N, = |C;| 1a s mau trong cum k. Vi YX_, N, < N nén:

K
Ny Xlog N, < NXlogN (4.25)
k=1

Do d6 tong Bude 3 bi chin trén boi ©(n X N X log N X d').

Buéc 4 — Hudn luyén meta-learner Stacking:
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Do phirc tap thuat toan ciia qua trinh huan luyén meta-learner Stacking gom:

tao ma tran dic trung K x N, tit K du doan ton chi phi 8(K X N,,;) va huan luyén
Random Forest meta-learner trén N, mau xac thuc tén chi phi O(N,,; X log N,,):
e(K X Nval + Nval X lOg Nual) (426)

trong d6 N, = |0, 1a kich thudc tap xac thyec.

val

Téng hop d6 phtrc tap cta Thuét toan 4.3

O(N X 1log N X (nyy+ nx d'))+ 6(K X N,,) (4.27)

Trong do6:

e ny: sO cay khong giam sat T, ,fw) dé xay dung W (Buéc 1).

e n:s0 cay phan loai T, trong mdi ring Fy (Budc 3).

e N:s6 mau huan luyén.

e d’: chiéu noi tai cua da tap M, d’ < 5.

e K:s6cum tir DBSCAN.,
4.5.2. D6 thi tinh toin mé hinh rirng da tap quan diém

Do thi tinh toan duoc dwa vao dé hai giai doan chinh duoc biéu dién 16 rang:
Giai doan 1 xay dung ma tran quan hé da tap W tir riing khong giam sat; Giai doan 2
xay dung rimg phén loai str dung W 1am co s& tinh. Két qua dy doan thu duoc qua
biéu quyét da s6 (Hinh 4.1).
Do thi tinh toan cho thay hai giai doan dugc phéan tach 1o rang, trong giai doan

1, ma tran quan hé da tap W dugc hoc tir tip O thong qua ring ngau nhién khong
giam sat, khong can nhin va khong can giai bai toan tri riéng. Trong giai doan 2, W
dugc dung dé dinh nghia khoang cach da tap phuc vu tiéu chi phan tach IG,, trong
qua trinh x4y rimg phén loai c6 giam sat. Diém khac biét so véi ISOMAP/UMAP la
toan b cau tric da tap dugc hoc ndi tai tir dir liéu quan diém ma khong can siéu tham

sO chi€u nodi tai d, hay s6 lang giéng k-NN cho budc chiéu.
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Tap dit liéu O = {oi}CR? (d = 5)

v

Giai doan 1: Xay dung ma tran quan hé da tap W
Rimg ngau nhién khong gidm sat nwrciy
W[i][j] = P(o; o;) dong nut la

V

= ]RNXN
Khoang cach da tap: < 4,(0,0,) = /1 = W,

v

Giai doan 2: Bootstrap x n cay

v

BuildManifoldTree (Tinh IG ;4 trén ma tran W)

v i J’

T1 T2 Tn

\ 4

Biéu quyét da s6

v

Y € {positive, negative}

Hinh 4.1: Db thi tinh toan ctia mé hinh rimg da tap quan diém
4.6. M6 hinh tong quan khai pha quan diém véi rirng da tap
Mo hinh téng quan rimg da tap quan diém dugc dé xuat théng qua Hinh 4.2.

Kham pha quan diém
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Rirng da tap quan diém

Hinh 4.2: So db hoa rimg da tap quan diém
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Hinh 4.2 mé ta kién triic ciia mo hinh Ring da tap quan diém, bao gdm bdn giai
doan chinh thuc hién tuan tu: (1) tién xt Iy va biéu dién dit liéu quan diém, (2) phan
cum dura trén ciu trac da tap, (3) xay dung mé hinh du doan chuyén mén hoa va (4)
tong hop két qua cudi cung.

Giai doan 1: Dit liéu quan diém dau vao dugc biéu dién dudi dang bd nam (e,
a, s, h, t) va chuyén d6i thanh ma tran by nam quan diém kich thude Nx5, véi mdi
hang biéu dién mot quan diém.

Giai doan 2: Vector dic trung tir giai doan 1 dugc sir dung dé xay dung ma tran
quan hé da tap thong qua rimg quyét dinh khong giam sat. Dya trén ma tran nay, thuat
todn DBSCAN phan cum dir liéu thanh K cum quan diém, mdi cum chira cc quan
diém c6 cau triic da tap twong dong. Cach tiép can nay cho phép phat hién cac cum
¢6 cAu trac phi tuyén tinh phirc tap ma phuong phap dua trén khoang cach Euclidean
khong thé tim ra.

Giai doan 3: D4i voi mdi cum xay dung cay da tap quan diém chuyén mon héa
dé hoc cac dic trung riéng biét cia cum do, tan dung tinh déng nhét vé ciu trac da
tap. Mbi cay tao ra ma tran mbi quan h¢ quan diém cta cum tuong ung, dy doan phan
cuc tinh cam tich cuc hodc tiéu cuc cho cac quan diém trong cum.

Giai doan 4: Cac du doan tir K m6 hinh chuyén mén hoa duoc tong hop thong
qua k¥ thuat hoc quan thé stacking v6i meta-learner. Meta-learner hoc cach két hop
tdi wu cac du doan, gan trong ) phu hop cho mdi cum duya trén do tin cdy va hiéu
nang, dua ra két qua du doan phan cuc tinh cam cudi cing.

4.7. Thuc nghiém
4.7.1. Tap dir li¢u sir dung

Céac tht nghiém dugc thyc hién trén hai bo dir li€u yelpHotelData va
yelpResData vé cac danh gia khach san va nha hang. Tap dit liéu YelpHotelData bao
gém 3 bang dir liéu co tén la Hotel, Review va Reviewer. Tuong tu, tap dir li¢u
YelpResData ciing bao gém 3 bang dir liéu c6 tén 1a Restaurant, Review va Reviewer,

chi tiét cua hai tap dit liéu duoc trinh bay & phan Phu luc A, Phy lyc B.
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4.7.2. Tién xit Iy dit liéu
4.7.2.1. Tién xit 1y dir liéu yelpHotelData

Tap dit liéu yelpHotelData ban dau bao gdm 3 bang di liéu Hotel, Review va
Reviewer ¢6 mbi quan hé véi nhau. Két qua chuyén doi tir dit 1iéu ban dau thanh dir

li¢u cau trac bd nam quan diém c6 882.474 mau.

300000 A
Opinion_Ratings

5

200000 4
3
2

100000 A
1

0 - .
1 2 3 4 5

The Opinion Ratings of the Hotel

Count of Hotel Cpinions

Hinh 4.3: Phan phdi xép hang quan diém khéach san

Hinh 4.3 minh hoa phan phdi xép hang quan diém khach san. Gia tri quan diém
ctia cac dic trung duoc danh gia theo xép hang (tir 1% dén 5%), twong tng véi 5 mirc
d6 phan cuc bao gdm “very positive”, “positive”, “neutral”, “negative” va “very
negative”. Thuc nghiém duogc thyc hién trén hai nhan nhi phan “negative” va
“positive”. Cac mau c6 phan cuc “very negative” (1%) va “negative” (2%) duoc gop
thanh nhan negative; cac mau c6 phan cyc “positive” (4%) va “very positive” (5%)
duoc gdp thanh nhan positive; cac mau trung 1ap “neutral” (3%) duoc gop vao nhan
negative (xem giai thich va trich din tai §3.7.2.2). Két qua chuyén dbi quan diém
khéch san c¢6 560.769 mau positive va 321.705 mau negative trong Hinh 4.4.

Ghi chu: 560.769 (positive, 4%—5%) + 321.705 (negative, gop 1k—3%) =
882.474, khép ding tong s6 mau bo nim da néu ¢ dau muc 4.7.2.1 — xem giai thich
day du vé ngudng nhi phan bat d6i xtmg va trich dan tai §3.7.2.2.
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The Opinion Polarity of the Hotel

Hinh 4.4: Phan phdi phan cyc quan diém khach san
4.7.2.2. Tién xir Iy dir liéu yelpResData
Két qua chuyén dbi tir dir liéu ban dau thanh cdu trac dir liéu bd nim quan

diém ¢6 14.791.500 mau.

4000000 Opinion_Ratings
5
20000001 I
1 2 3 4 5

Count of Restaurant Opinions

0

The Opinion Ratings of the Restaurant
Hinh 4.5: Phan phéi xép hang quan diém trén bo dit liéu yelpResData
Hinh 4.5 minh hoa phan phdi xép hang quan diém nha hang theo cac dic trung
thong qua cac mirc danh gia (tir 1% dén 5%), twong tmg véi 5 mirc d6 phan cuc quan
diém gdm “very negative”, “negative”, “neutral”, “positive” va “very positive”. Thuc
nghiém duoc thyc hién trén hai cip d6 phan cuc quan diém “positive” va “negative”
nén cac mau c6 phan cuc quan diém “very negative” va “negative” duoc chuyén thanh

mau “negative” va gdp cac mau c6 phan cuc “positive” va “very positive” thanh mot

mau “positive”; mau trung 1ap “neutral” (3%) ciing duoc gdp vao nhin negative (xem
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giai thich va trich din tai §3.7.2.2). Két qua chuyén dbi dir liéu co tong cong
14.791.500 mau (5.140.963 mau negative va 9.650.537 mau positive) trong Hinh 4.6.

Ghi chua: 5.140.963 (negative, gdp 1%—3%) + 9.650.537 (positive, 4%k—5%) =
14.791.500, khép dung téng sé mau bo nim dd néu ¢ dau muc 4.7.2.2 — ciing ngudng
nhi phan bat ddi ximg ap dung cho yelpHotelData, xem giai thich va trich dan tai
§3.7.2.1/§3.7.2.2

100000004 9650537
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Megative Positive
The Opinion Polarity of the Restaurant

Hinh 4.6: Phan phéi quan diém nha hang 1 positive va negative.

Xt Iy mét can bang nhin: Tuong ty §3.7.2.2 (Chwong 3), phan phdi nhan trén
hai tap Yelp (sau chuyén ddi bo nim, Hinh 4.4 va Hinh 4.6) c6 ty 1& mit can bang
xap xi 1,7:1 d6i véi yelpHotelData va 1,9:1 d6i véi yelpResData (positive:negative).
Trong md hinh rimg da tap, co ché phan cum DBSCAN trén khong gian da tap tu
nhién tao ra cdc cum riéng bi¢t phan anh cAu tric ndi tai cua dit liéu, trong do cac
mau thiéu sd (negative) tip trung trong cac cum dic thi. Mdi rirng ngau nhién chuyén
biét theo cum vi vay hoc duogc tdt hon trén vung cuc bo. B6 sung thém: tap dir liéu
dugc chia theo ty 1& 60/20/20 (train/validation/test) bang phuong phap 1y mau phan
tang; kiém dinh chéo k-fold (k = 5 véi yelpHotelData, k = 10 v6i yelpResData) duoc
ap dung dé danh gia do on dinh cia mo hinh.

4.7.3. Cac kich ban thuc nghiém
4.7.3.1. M hinh khai pha quan diém véi rirng da tap dua trén bd nim quan
diém trén tap dir liéu khach san yelpHotelData

Tt tap dir liéu quan diém khach san yelpHotelData sau khi tién xtr Iy. Qua

trinh x4y dung thuat toan rimg da tap quan diém thwc hién cac budc sau:
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Buoc I: Chia dir li€u thanh 3 tap dir liéu: tap dir liéu quan diém huén luyén

(60%), tap dir liéu quan diém xéac thuc (20%) va tap dir liéu quan diém kiém thir

(20%). Thuc hién phan cum dir li€u voi cac thiét l1ap tham s6 md hinh tai Bang 4.1

trén tdp huan luyén khong dan nhan. Két qua c6 3 phan cum.

Bang 4.1: Thiét 1ap tham s mo hinh Rimng da tap quan diém trong thyc nghiém

Thi}m Y nghia Gia tnA thir Gia tri Co s6 lra chon
i} nghiém dwgc chgn
€ (eps) | Ban kinh vung lan 0,1;0,3;0,5; 0,3 Cin ctr vao biéu do6
can: diém o; 1a lan 0,7, 1,0 k-distance trén
cén cua o; néu khong gian da tap. €
distM(oi, oj) < & = 033‘ (nhg") hon ¢ =
G day disty a 0.5 diing & Chuong
khoang cach da tap. 3) vi khodng cach da
tap disty; =
J1—W;; €[0,1]co
phan phéi day dic
hon Euclidean, can
ngudng nho hon dé
tao cum chat
MinPts | S6 diém tdi thiéu 3,5,7,10 5 Quy tic kinh nghiém

trong vung 1an can
dé hinh thanh mot
cum 101

MinPts > d+1 véid
= 4 (sb chiéu dic
trung dau vao e, a, h,
t sau khi tdch nhan
tinh cam s); MinPts
= 5=d+1 cho két
qua 6n dinh. Gitr
nguyén nhu Chuong
3 dé so sanh cong
bang giita hai mo
hinh

Burée 2: Xay dung 3 mo hinh rimg ngau nhién trén 3 phan cum 1a Rimg ngau

nhién 1 (RF1), Ring ngiu nhién 2 (RF2), Rimg ngau nhién 3 (RF3) véi phuwong phap
xac thuc chéo (k-folds = 5)
Buéce 3: Lay két qua du doan ciia 3 md hinh RF1, RF2, RE3 tir tap dit liéu xac

thuc (20%). Xay dung mé hinh rimg ngiu nhién (RF) bang phuong phap hoc quan
thé Stacking tir két qua du doan ctia 3 mo hinh RF1, RF2, RF3 dé tao thanh mé hinh

hoc quan thé quan diém vé khach san (ring da tap quan diém (Fmr) vé khach san).
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Bur6e 4: So sanh hiéu suét ctia cac mé hinh RF1, RF2, RF3 va ring da tap quan
diém (Fmr). Két qua danh gia rimg da tap quan diém trén tap dit liéu huan luyén quan
diém khach san c6 d6 chinh xéc tong thé 12 94% (xem ghi cha Bang 4.2). Trong tip
dir liéu thir nghiém, do chinh xéac tong thé 1a 78%, d6 chinh xac cy thé 1a 74%, d6 thu
hdi 14 62% va F1 1a 67% trong Bang 4.2.

Bang 4.2: Danh gia hiéu sut cia mo hinh rimg da tap quan diém khach san

Tép dir liéu D5 chinh xac | PO chinhxic | Do bao Trung binh
khach san : duwong (P) phi (R) | diéu hoa F1
Tap huan luyén 0,94 — — -
Tap kiém tra 0,78 0,74 0,62 0,67

Ghi cha: Cac gia tri trén tap kiém tra ciia Bang 4.2 duoc dung dé so sanh véi

cac mo hinh khac (Bang 4.4).

Két qua so sanh duoc trinh bay tai Hinh 4.7. Trong d6, d6i vai tap huan luyén
thi do chinh xac ciia Random Forest 3 1a 0,9 thép nhat, do chinh x4c cia Random
Forest 214 0,92, 30 chinh xac ciia Random Forest 1 14 0,91, d0 chinh xac ciia Manifold
Forest 1 0,94, cao nhat. Ddi véi tap kiém tra thi d6 chinh x4c cua Random Forest 3
1a 0,76, do chinh xac cua Random Forest 2 1a 0,78, d§ chinh xac cua Random Forest
11a0,74 théip nhét, 6 chinh xac ciia Manifold Forest 1a 0,78, cao nhat (béng Random
Forest 2).

Vé dong gop cuia co ché Stacking: trén tap kiém tra yelpHotelData, rirng thanh
phan RF2 dat d6 chinh xé4c 0,78, bang véi rimg da tap quan diém Fur (0,78). Nhu
vay, trén tap dir liéu nay Stacking khong vuot dugc rimg thanh phan tot nhat; vai trd
cua Stacking thé hién & chd tu dong hoc céach két hop K rung trén tap xac thuc ma
khong can biét trurdc rirg ciia cum nao cho két qua t6t nhat, nho d6 cho do chinh xéac
khong thip hon rimg thanh phan tét nhat (RF2) va cao hon RF1 (0,74), RF3 (0,76).
Dé tach bach riéng dong goép cua Stacking, Phu luc H thyc hi¢n thi nghi¢m loai trur
(ablation) 2x2 theo hai tryc 1a khong gian phan cum (Euclidean so v6i da tap) va cach
két hop K ring (trung binh so véi Stacking), lap lai 5 1an trén N = 112.275. Két qua
cho thay khi ¢ dinh khong gian phan cum Euclidean, viéc thay két hop trung binh
bang Stacking khong tao khac biét co y nghia théng ké trén tap Hotel (kiém dinh
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McNemar, p = 0,7556) ma chi yéu tai phan bo gitta Recall va Specificity; nguoc lai,
moi cdp so sanh khac nhau vé khong gian phan cum déu khac biét co ¥ nghia. Piéu
nay cho thiy yéu té quyét dinh sy khac biét hiéu ning giita Fpr va Fur 12 khong gian

phan cum, con Stacking déng vai tro co ché két hop on dinh, khong phai ngudn cai

0.91 0.52 09
075 078 0.76
Sample
. test_auc
. train_auc
RF1 RF2 RF3

Model

thién do chinh xac chinh.

0.94
078
0.751
0.507
0.254
0.004

MF

Accuracy

Hinh 4.7: So sénh do chinh xac cdc md hinh trén bd dir 1iu yelpHotelData

Luu y vé moi quan hé giita Thudt toan 4.3 va kich ban thuc nghiém o trén:
Thuat toan 4.3 & Bude 3 goi ham BuildManifoldForest Phase2 - tirc Giai doan 2 cua
Thuat toan 4.1 - x4y mdi rimg thanh phan Fk bang ham phu BuildManifoldTree, trong
d6 tiéu chi tach nut 1a Entropy da tap co trong sb theo ma tran quan hé W (cong thirc
(4.7) va (4.9)), khac véi ti€u chi Entropy nhan (Gini/Shannon) thong thuong. Thuc
nghiém trinh bay & trén, tai Budc 2, xay mdi Fk (RF1, RF2, RF3) 1a mot rung ngﬁu
nhién tiéu chuan, str dung tiéu chi tach niit thong thuong trén nhén, khong dung truc
tiép Entropy da tap c6 trong s6 W tai budc nay. Su thay thé nay c¢6 co sé: ma tran
quan h¢ da tap W da duoc khai thac tron ven & Bude 1 cua thuc nghiém ¢ trén (xay
W tir rimg khong giam sat, roi ding khoang cach da tap lam tiéu chi phan cum) - mdi
cum thu duoc do d6 dd 1a mot ving dong nhét trén da tap. Viéc dung mot rimg phan
loai ¢ giam sat tiéu chuan bén trong timg cum dd dong nhat d6 cho phép khai thac
tryc tiép nhan cyc tinh sin c6 ma khong can tinh lai Entropy da tap cho timg nit con,
giam dang ké chi phi tinh toan so v6i BuildManifoldTree day du. Budc 3 cua thuc

nghiém & trén (Stacking trén tip xac thuc) khong thay d6i so véi Thuét toan 4.3. Dang
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tong quat cua Thuat toan 4.1 véi tiéu chi Entropy da tap W-weighted tai moi nut duoc
giit nguyén nhu khung 1y thuyét, mo ra hudéng thyc nghiém sau hon cho cac nghién
ctru tiép theo. Thuc nghiém trén tap dit liéu nha hang yelpResData (muc 4.7.3.2, tiép
theo) duoc xdy dung theo dung nguyén tic tuong tu.

4.7.3.2. M hinh khai pha quan diém véi rimng da tap dua trén bd nim quan
diém trén tap dir liéu nha hang yelpResData

Mo hinh ring da tap quan diém trén tap dit liéu quan diém nha hang
yelpResData dugc thuc hién cac budce sau:

Buéc 1: Chia dit liéu thanh 3 phan: tap dir liéu huan luyén (60%), tap dit liéu
xac thuc (20%) va tap kiém tra (20%). Thuc hién phan cum dit liéu trén tip huan
luyén. Két qua c6 4 phan cum.

Buéc 2: Xay duyng 4 mé hinh rimg ngiu nhién doc 1ap bao gdbm RF1, RF2, RF3
va RF4 tuong ing trén 4 phan cum va thyc hién phuong phéap xéac thuc chéo (k-folds
= 10).

Viéc chon k-fold = 5 cho tap khach san (muc 4.7.3.1) va k-fold = 10 cho tap nha
hang ¢ budc nay dua trén hai can ct: thi nhat, sd phan cum DBSCAN thu dugc trén
mdi tap (3 cum véi khach san, 4 cum véi nha hang) khién ¢ mau trung binh mdi cum
khac nhau du ca hai tap déu dugc 14y mau vé cing N = 112.275 (muc 3.7.3.1) - tap
nha hang chia thanh nhiéu cum hon nén mdi cum van du 16n dé chia 6n dinh thanh
10 fold, trong khi tap khach san can gitt k nho hon dé mdi fold c6 dii sé6 mau huan
luyén; thir hai, thot gian huin luyén kha dung cta tung tap trong pham vi thuc nghiém.
bay la Iya chon dya trén kinh nghiém va rang budc tinh toan, luén an chua thuc hi¢n
khao sat dinh lugng déy da (vidu quétk € {3, 5, 10, 20} va so sanh phuong sai két
qua) dé xac dinh gia tri k t6i wu cho ting tip dit liéu; day 1a hudng can bd sung &
nghién ctru tiép theo, theo cac phuong phép tbi wu siéu tham sb cé hé thong [95].

Buée 3: Lay két qua du doan ctia 4 mo hinh RF1, RF2, RF3, RF4 tir tap dir liéu
xéc thuc (20%). X4y dung md hinh Random Forest (RF) bang phuong phap hoc quan
thé Stacking tir két qua du doan ctia 4 mé hinh RF1, RF2, RF3, RF4.

Buée 4: So sanh hiéu suat cia cac mo hinh ring thanh phan véi ring da tap
quan diém (Fur). Két qua danh gia rimg da tap quan diém trén tip dir liéu hudn luyén

quan diém nha hang c6 do chinh x4c tong thé 14 0,95 (xem ghi chu Bang 4.3). Trén tap
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dir liéu quan diém kiém tra, d6 chinh xéac téng thé 14 0,82, d6 chinh xac cu thé 1 0,75,
d6 thu hoi 13 0,67 va F1 1 0,71 trong Bang 4.3. Chénh l1éch giita tip huan luyén va tap
kiém tra (Accuracy 0,94-0,95 so véi 0,78-0,82, Bang 4.2, Bang 4.3, Hinh 4.7, Hinh
4.8) phan anh mirc khép qua mirc thudng gip ciia rimg ngéu nhién trén dit liéu huan
luyén; vi vay, moi so sanh véi cac md hinh khac (Bang 4.4) chi st dung gia tri trén tap
kiém tra (Accuracy 0,78 va 0,82, trung binh 0,80).

Bang 4.3: DPanh gi4 hiéu suat ciia mo hinh rimg da tap quan diém nha hang

Tap dir li€u D6 chinh xdc Do chinh xac Do bao Fl
nha hang : duong (P) phu (R)
Tap huan luyén 0,95 - - -
Tap kiém tra 0,82 0,75 0,67 0,71

Ghi cht: Céc gia tri trén tap kiém tra ciia Bang 4.3 dugc dung dé so sanh vai
cac mo hinh khac (Bang 4.4).

Két qua so sanh duoc trinh bay tai Hinh 4.8. Trong d6, d6i véi tap huan luyén
thi d§ chinh xac cia Random Forest 3 1a 0,92, thép nhat, d6 chinh x4ac cia Random
Forest 2 1a 0,94, d0 chinh xac ciia Random Forest 1 14 0,93, d6 chinh xac cua Manifold
Forest 14 0,95 cao nhét. Bdi vai tap kiém tra thi do chinh x4c ciia Random Forest 3 1a
0,77 thép nhét, d6 chinh x4ac ciia Random Forest 2 14 0,8, d6 chinh xac cua Random

Forest 1 14 0,78, dd chinh x4c ctia Manifold Forest 1 0,82 cao nhét.

0.95 0.93 0.54 0.92
0.82
0.78 °° 0.77
0.757
0.501
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RF1 RF2 RF3

0.00
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. test_auc
. train_auc
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Hinh 4.8: So sanh dg chinh xac cac mo hinh trén bd dit li¢u yelpResData
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4.8. So sanh tong hop

V& dau vao cta cac mo hinh so sanh trong Bang 4.4: twong ty phuong phap
luan d3 trinh bay tai §3.7.5, cic phuong phap hoc may truyén thong duwa trén dic
trung ¢ cdu trac (Random Forest, Gradient Boosting, SVM, va ba mé hinh rimg dé
xuat) str dung dic trung bd nim quan diém di ma hoa sb 1am dau vao; cac mé hinh
hoc sau (LSTM, BiLSTM-Attention) va cac mo hinh Transformer (BERT,
RoBERTa) str dung cau vin ban danh gia gbc lam dau vao theo dang cach van hanh
tiéu chuan cua cac kién trac ndy. Tinh cong bang so sanh duoc dam bao & cap do
cung tap mau, cung nhin tinh cam va cung ti 1& chia huan luyén/kiém tra. Phu luc H
danh gia lai ca ba mo hinh Fcr, Fpr, Fumr trén cung mot ti I¢ chia 60/20/20 nham loai
trir hoan toan yéu td khac biét ti 1¢ chia khi so sanh truc tiép giita ba mo hinh.

Theo s6 liéu d3 cong bd (theo cach chia dit liéu ngau nhién theo dong bd niam),
Rung da tap dat d6 chinh x4c cao nhét trong ba mo hinh rimg dé xuat, cao hon cac
mo6 hinh hoc quan thé va hoc may cung tang (Random Forest 0,76, Gradient Boosting
0,76, SVM 0,75); véi dau vao 14 van ban gbc, cac mo hinh hoc sau (LSTM, BiLSTM-
Attention) va Transformer (BERT, RoBERTa) dat d§ chinh x4c trung binh tu 0,74
(LSTM) dén 0,79 (RoBERTa) (Bang 4.4). So v6i Rung mat o, mirc cai thién trén
tap dir li¢u YelpHotelData 1a +3% (0,78 so v&i 0,75), trén tap dir liéu YelpResData
la +2% (0,82 so v6i 0,80), trung binh cai thién +2% (0,80 so véi 0,78). Khi chia theo
danh gia gbc (Phu luc J), mirc cai thién nay khong duoc tai hién: Fur thip hon Fpr va
Random Forest do buéc phan cum da tap chi hoc trén miu con. Cac 1y do ¢6 thé cia
mirc cai thién nay: khai thac cau tric phi tuyén thong qua hoc da tap, phan cum trén
khong gian da tap phu hop hon so v4i khong gian Euclidean, ma tran quan hé phéan
anh ngir nghia t6t hon khoang cach Euclidean don thuan. Ca ba mé hinh rimg dé xuat
déu sir dung cung khong gian dic trung dau vao bon chiéu (entity, aspect, holder,
time) sau khi tach thanh phé“m tinh cdm (sentiment) lam nhan phan loai, voi s6 dac
trung ngau nhién tai mdi nat m_try = v/4 = 2 thong nhat giita ba chuong. So sanh

téng hop thiét 1ap cac tham s6 ctia ba mo hinh tai Bang 4.5.
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Bang 4.4: So sanh Rimg da tap v6i cac mo hinh chuan

Do chinh | DO CMRR DO b
XE{C trén xae chinh nan Do phirc ta
Mo hinh . trén tap xac . g ,’p L P
tap test : giai tinh toan
YelpHotel. | _ 'St | Trumg | qin
P " | YelpRes. | binh
O(N*xlogNx(nW+nxd'
Rurng da tap p (N>logN*(nWnxd’))
(Fuur) 0,78 0,82 0,80 | Ratcao +0(K X N,,)
ME (Két hop 2 giai doan)
1
Rirng mat do ) O(nxmtryxNxlogN)
(Fyp) 0,75 0,80 0,78 | Ratcao + O(nxLxNxlogN)
DE (Trung binh)
Rung phan O(nxNxmtryxlogN)
loai 0,76 0,77 0,77 | Rét cao 108
(Thap)
(Fer)
BiLSTM-
Adttention 0.76 0.78 0,77 | Thép OnxLxd)
(Trung binh)
[88]
Random Forest 0.74 0.77 0.76 Cao G(HXNthAryXlogN)
[65] (Thap)
Gradient
xNxlogN
Boosting 0,74 0,78 0,76 Cao O(n O‘g )
(Trung binh)
[84]
SVM Trung O(N>~N?)
0,70 0,80 0,75
[86] ’ ’ ’ binh (Cao)
LSTM Thap O(nxLxd?)
0,71 0,76 0,74
[85] ’ ’ ’ (Trung binh)
5 L2xd) cho mdi tok
RoBERTa [83]| 0,74 0.83 070 | Rat | O(L>d)chomoitoken
thap (Rat cao - GPU)
A 2 X
BERT 0.74 0.82 0.78 tht O(L X(}) cho moi token
[81] thap (Rat cao - GPU)

Ghi chii: sb liéu cua rimg mat do va rimg da tap theo Bai bao 5 va Bai bao 6.
Cac mo hinh hoc sau (LSTM, BiLSTM-Attention) va Transformer (BERT,
RoBERTa) sir dung dau vao 13 vin ban danh gia gdc nén duoc trinh bay nhu méc
tham chiéu. Moi gia tri trong bang 1a gi tri trén tap kiém tra (test), khong dung gia
tri trén tap hudn luyén. Vi dit liéu mét can bang (khoang 63—65% mau positive) va

cac mo hinh c6 dau vao khac nhau, chénh Iéch Accuracy gitta cdc mo hinh chi c6 y
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nghia tham khao; phép so sanh trén cung tdp mau, cung cach chia va cung do do
Balanced Accuracy dugc trinh bay tai Phu luc J (Bang J.8).

Ghi chii: cic m6 hinh trong Bang 4.4 (bao gdm Fcr) déu dugc huin luyén va
danh gia trén hai tap dir li¢u YelpHotelData va YelpResData (Chuong 3, 4), khac véi
thyc nghiém minh hoa & Chuong 2 von thuc hién trén Amazon Food Reviews va
TripAdvisor Hotel Reviews. Do chinh xac 0,76-0,77 cua Fcr tai Bang 4.4 1a két qua
khi ap dung lai kién trac rimg phéan loai (Chuong 2) trén dit liéu Yelp, khong phai
trich dan s6 liéu Amazon/TripAdvisor cia Chuong 2.

M6 hinh Fyr c¢6 do phtc tap huin luyén O(NxlogNx(nW+nxd') +
O(K X N,,;) gom 2 giai doan 1 xdy dung ma tran da tap W va xay ring da tap, nhung
giai doan x4y dung ma tran da tap W chi chay mot lan va dugc chia sé. Mo hinh Fp
thém chi phi DBSCAN tai nait 14 va m6 hinh F,r 12 don gian nhat. Ca ba mé hinh dé
xuat khong can GPU; BERT/RoBERTa c6 d6 phirc tap ©(L2xd) va thuong duoc huin
luyén trén phan ctng chuyén dung.

Bang 4.5: So sanh thiét 1ap tham s6 ba mo hinh rimng

Tham sb Ch.2 — Fy Ch.3 — Fpp Ch.4 — Fyp
S6 cay (n) 100 100 (mdi cum) 100 (mdi ring Fy,)
Miry 2(= |v4]) 2(= |v4]) 2(= |v4])
Ham Entropy Entropy H(O) | Entropy H,(0) Entropy Hj;(0)
Ti€u chi tach IG 1Gp 1Gy
Khoang cach - Euclidean distpyr = /1 =W,
DBSCAN ¢ - 0,5 0,3
DBSCAN MinPts - 5 5
S6 cum K - 7 (Hotel), 9 (Rest.) | 3 (Hotel), 4 (Rest.)
Ty 1€ train/test 80% / 20% 80% / 20% 60% / 20% / 20%
Majority .
Meta-learner Voting (Biéu | Trung binh mat do Stacking
X X (Random Forest)
quyét da so)
class weight balanced balanced balanced

Mo rong phan tich tir Bang 4.2 va Bang 4.3, két qua huan luyén moé hinh cho thay
rimg da tap quan diém F,,;» dat do chinh x4c tdp hudn luyén cao trén ca hai mién dit

liéu (0,94 trén tap dir liéu yelpHotelData va 0,95 trén tap dir li€u yelpResData), trong
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khi d6 chinh xé4c tap kiém tra giam xudng con 0,78 va 0,82 twong tmg. Khoang cach
giita hai tap (0,16 va 0,13) phan anh mirc khép qua muc trén tdp hudn luyén cua cac
rimg thanh phan (xem Budc 4, muc 4.7.3.2); Meta-learner dugc hoc trén tap xac thuc
tach riéng nén khong lam tang khoang cach nay. Vi vay moi so sanh chi dua trén tap
kiém tra, trong d6 mé hinh F,, dat do chinh xac bang hodc cao hon céc rimg thanh
phr:in duoc bao cao tai Hinh 4.7 va Hinh 4.8 (RF1, RF2, RF3) trén ca hai bo dir li¢u
(trén yelpHotelData, RF2 dat 0,78, béng rung da tap - xem muc 4.7.3.1).

So sanh hai mién dir liéu, muc cai thién (+3% trén yelpHotelData va +2% trén
yelpResData) ctia mo hinh ring da tap Fyr so voi mo hinh rimg mat do Fpy nhit
quan trén ca hai tip (trong Bang 4.4), goi ¥ gia thuyét da tap phu hop véi ca hai mién
dir li€u; luu y muce cai thién nay thu dugc theo quy trinh chia theo dong cua céc bai
bao va khéng duoc tai hién khi chia theo danh gia gbc (Phy luc J, Bang J.11, J.15).
DPong thoi, s6 lugng phan cum trén khong gian da tap (bao gdm 3 cum véi tap dit liéu
yelpHotelData va 4 cum véi tap dit liéu yelpResData) thap hon dang ké so véi sé cum
DBSCAN nguyén thuy & Chuong 3 (bao gdm 7 va 9 cum twong tng), goi y khong
gian da tap biéu dién cdu trac dit liéu gon hon khong gian dic trung gdc.

Nhu vay, chudi tién trién tir mé hinh rimg phan loai For dén mé hinh rimg mat
d6 quan diém Fp va mo hinh rimg da tap quan diém Fy, cho thiy viéc khai thac dan
céc cAu tric an cua dir liéu, tir phan loai truc tiép, dén mat d6 cum, dén hinh hoc da
tap, dem lai cdi thién hi€u nang theo sb liéu da cong bd (chia theo dong) va tang dan
kha ning dién giai; khi chia theo danh gia gbc (Phu luc J), muc cai thién vé do chinh
xéac khong con 16 rét, nén gi tri chinh cua chudi mé hinh nam & kha ning dién giai
theo cAu trac dit liéu (cum, da tap), trong khi d0 chinh xac ctua Fcr, Fpr tuong duong
cac mod hinh hoc may dung cung bg nam.

4.9. Cong cu sir dung

Thuc nghiém cta chuong duoc trién khai thong nhét bang ngon ngit R phién
ban 4.3.2 (RStudio 2023.12.1), dung chung méi truong va cac goi da néu tai myc 3.8.
Mo hinh rimg da tap quan diém Fur sir dung randomForest cho rimg khong giam sat
(phan biét dit liéu that/gia) dé xay dung ma tran quan hé da tap W va cho cic rimng
thanh phan theo cum, dbscan cho phan cum trén khoang cach da tap, rpart va tree cho

ciy quyét dinh, randomForest cho bo két hop Stacking trén tap xac thuc; udc lugng
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chiéu noi tai dung géi intrinsicDimension; xtr 1y dit liéu va truc quan hoa dung dplyr,
tidyr, data.table, ggplot2. Cac m6 hinh so sanh trong Bang 4.4 dung cung cac goi nhu
muc 3.8. Danh sach céc thu vién va phién ban duoc trinh bay tai Phu luc D.
4.10. Két luan chwong

Chuong 4 di dé xuat mot tiép can méi 1 md hinh khai pha quan diém véi rimg
da tap nham giai quyét van dé anh huodng cua viéc phan cum quan diém theo mbi
quan hé phi tuyén giira cac cum quan diém khac nhau. Piém dic trung chinh ctia mo
hinh nam & kha nang phét hién va khai thac cau tric da tap chiéu thap, thong qua viéc
xdy dung ma tran quan hé da tap bang ring quyét dinh khong giam sat. Khac véi rimg
mat do st dung khoang cach Euclidean, rimg da tap quan diém mo hinh hda mdi quan
hé gifta cac quan diém trén da tap thong qua ma tran quan hé W, cho phép phat hién
cac cum co cadu trac phi tuyén phirc tap. Két qua thuc nghiém trén tap dir lidu
YelpHotelData va YelpResData cho thiy ring da tap quan diém dat do chinh xac
trung binh 0,80, cao hon rirng mat dg (0,78, +2%) va béng hodc cao hon cac rung
thanh phan duoc bao cdo tai Hinh 4.7 va Hinh 4.8 (muc 4.7.3.1 va 4.7.3.2) va véi tap
dir li€u YelpHotelData dat 0,78 (K=3 cum) va YelpResData dat 0,82 (K=4 cum). Céc
s6 liéu nay theo quy trinh chia ngiu nhién theo dong bo nim ciia cac bai bao di cong
bd; khi chia theo danh gia géc (Phu luc J, Bang J.11, J.15), Fumr théip hon Random
Forest khoang 0,02—0,03 Balanced Accuracy do budc phan cum da tap chi hoc trén
mau con 5.000 dong. Chuong ndy ciing nham giai quyét cac van dé han ché ciia khong
gian Euclidean tuyén tinh trong viéc mé hinh h6a méi quan hé phirc tap giita cac cum
quan diém, cho thay khai thac cau tric da tap phi tuyén gitp hiéu siu hon vé ban chat
dit liéu va, theo sb liéu da cong bd, cai thién do chinh xéc so voi rung mat do trong
khai ph4 quan diém. M6 hinh rimg da tap quan diém dé xuét khai thac gia thuyét da
tap trong dir liéu quan diém, mot huéng nghién ctru méi so véi cac phuong phap hoc
quan thé truyén thdng. So véi cac phuwong phap hoc siu nhu BERT [81], RoBERTa
[83] va cac mo hinh LLM gan day [127][128][135], rimg da tap quan diém 1a mot
hudng tiép can khéc, chu trong kha ning dién giai va chi phi tinh toan thap, phu hop
v6i moi trudng tai nguyén han ché. Han ché chinh ctia Fur 1 ma tran quan hé W ¢o
kich thudc NxN, doi hoi 14y mau con khi dit liéu 16n (Phu luc G); han ché nay cung

cac két qua cua ba chuong dugc tong hop tai phan Két luan va huéng phat trién.
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KET LUAN VA HUONG PHAT TRIEN

5.1. Két luan

Khai pha quan diém ludn 13 van dé ddng quan tAm va c6 nhiéu tmg dung trong
kinh doanh, giai tri, chinh phi, gido duc va xa hoi... Nhiéu nghién ctru lién quan cling
d3 dua ra cac giai phap nham cai thién do chinh xac du doan va kha ning giai thich
ctia mo hinh. Cac phuong phap hoc quéan thé cho két qua kha quan, c6 hiéu suat dy
doan tbt hon so v&i hoc méy riéng 16. Pong thoi, cac phuong phap hoc quan thé co
kha ning tong quat hoa va cau tric linh hoat. Hién nay, cac phuong phéap khai pha
quan diém chua quan tdm, tap trung vao phan loai quan diém theo da s/s6 dong va
van dang con 1a mot hudng md. Bén canh d6, viéc tiép can bo phan loai co sé giong
nhau nhu cdy quyét dinh c6 kha nhiéu vu diém trong viéc mé phong ciu trac phan
cap quan diém.

Luan an “Khai pha quan diém vé6i cac phuong phap quan thé” tip trung vao viéc
dé xuét va thr nghiém cac giai phap nham cai thién hiéu qua, hiéu suét, ting cudng
kha nang dién giai ciia mo hinh khai pha quan diém. Két qua dat duoc cia luan 4n da
dé cap dén van dé co lién quan dén xay dung tap dir liéu quan diém va dé xuit mo
hinh khai pha quan diém méi, cu thé 1a khai pha quan diém véi cac phuong phap
quan thé. Két qua chinh cta luan an (cac gia tri 6 chinh xac dudi day 1a s lidu da
cong bd, tinh theo quy trinh chia ngau nhién theo dong bd nam; két qua chia theo
danh gia gbc duoc tom tit & cudi phan nay), cu thé la:

- P& xuat mo hinh khai pha quan diém véi rimg phan loai nham giai quyét vin
dé anh huong cia két hop theo tim quan trong cia cac nhom/Iép quan diém khac
nhau va dién gidi mo hinh, cu thé: do chinh xac (Accuracy) 1a 0,77 trén tap dir licu
yelpHotelData va yelpResData. Dién giai tot qua tim quan trong déc trung va PDP.

- P& xuit mé hinh khai ph4 quan diém véi rimg mét do dé giai quyét cac van dé
anh hudng két hop theo tim quan trong ctia cum quan diém khac nhau, cho thdy mé
hinh héa ciu trac dit liéu gitup giai thich két qua theo cum quan diém, cy thé: do chinh
xac trung binh (Average Accuracy) la 0,78 trén tdp dir li€u yelpHotelData va
yelpResData, khong can GPU (ba mé hinh ring dé xuét dung dic trung b nam da

ma hoa s6 lam dau vao, trong khi cdc mo6 hinh hoc sau dung truc ti€p van ban danh
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gia gbc; cac md hinh nay dugce trinh bay nhu mdc tham chiéu (xem §4.8 va Phu luc
J). Pong thoi dién giai chi s6 SHAP di x4c dinh thuc thé (Entity) 1a ddc trung chu
dao (trung binh |SHAP| = 0,087, Hinh 3.5).

- D& xuit mo hinh khai pha quan diém véi ring da tap dé giai quyét van dé anh
huong cia két hop theo mdi quan hé cia cac tip hop/cum quan diém khac nhau bang
cach mo hinh hoa médi quan hé phtrc tap giita cac cum quan diém, khai thac céu trac
da tap phi tuyén dé hiéu sdu hon vé ban chat ctia dit liéu nham cai thién d6 chinh xac
va hiéu nang mo6 hinh khai pha quan diém, cu thé: M6 hinh xay ma tran quan h¢ W,
phan cum DBSCAN trén khong gian da tap (d’ < 5) va tong hop qua Stacking. Két
qua do chinh xéc trung binh (Average Accuracy) la 0,80.

- Pé xuat chuyén doi tap dir liéu quan diém thanh bo nim quan diém tir hai bd
dir liéu chuan vé nha hang va khach san (yelpHotelData va yelpResData) va hai tap
dir lidu chuan vé nha hang va khach san (¢tdp dir liéu VLSP-2018) dugc st dung dé
thir nghiém va danh gia mo hinh dé xuat.

- Ngoai ra, ludn an con dé xuit va xay dung mo hinh trich xuit bo nim quan
diém c6 cdu tric (e, a, s, h, ¢) bao gdbm thuc thé, khia canh, tinh cam, ngudi gilt quan
diém va thoi gian. Nghién ctru mébi quan hé giita cac dic trung nay dé thiét lap biéu
dién dit liéu phu hop cho cac phuwong phap hoc quan thé.

Chudi tién trién do chinh x4c tir mé hinh rimg phéan loai quan diém dén rimg
mat d6 quan diém va ring da tap quan diém phan anh viéc khai thac cau tric dit liéu
ngay cang tinh té, trong do, trén cliing hai tap dit liéu Yelp, do chinh x4c trung binh
theo s6 liéu cong bd 13 0,78 (rirng mat do) va 0,80 (rimg da tap), dong thoi ca ba mo
hinh duy tri kha ning dién giai qua ciu triic ciy, cum va ma tran quan hg.

Khi danh gi4 lai theo quy trinh chia theo danh gia gdc (moi dong bd nim cua
mot danh gia chi nam trong mét tap; Phu luc J, Bang J.11-J.17, 5 hat giéng x 10.000
danh gi4), Balanced Accuracy ctia moi mé hinh dung bo nim giam vé khoang 0,51—
0,57 trén ca hai tap dir li¢u: Fcr va Fpr tuong duong Random Forest (chénh 1éch
khong cé y nghia thong ké) va thap 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.
Céac m6 hinh doc van ban gbc (BERT, RoBERTa) dat 0,76-0,82, nhung khi moi mé

hinh chi dung bé nim, Fcr va Fpr tuong duong BiLSTM-Attention va cao hon vé
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trung binh so vo1 LSTM, BERT, RoBERTa. Nhu vay, dong gbp ctia ba mo hinh rung
nam chu yéu & cach biéu dién bd nam co ciu tric va kha nang dién giai; dg chinh xac
bi gidi han boi luong thong tin ctia bon thanh phan (e, a, h, t).

Lu4n 4n dong gdp vao xu hudng nghién ciru vé hoc quan thé cho NLP [59] va
XAI cho hoc may [125]. So v&i cac md hinh ABSA tién tién nhat duwa trén mang no-
ron do thi va kién trac tong hop ngit phap [136], kién tric Transformer nhuw BERT,
RoBERTa va cac mo hinh ngén ngir 16n (LLM) [81] [83] [127], cac mO hinh rung
hoc quﬁn thé dugc dé xuat trong luan an c6 ba diém khac biét duoc thao luan nhu
sau:

Tht nhat, vé d6 chinh xac trén dit liu 1én c6 cau trac 1o rang
(structured/tabular), cic mo hinh dua trén cdy quyét dinh va rung 13 lua chon phu
hop, dac biét khi dir liéu duogc biéu dién dudi dang déc trung ro1 rac nhu bd ndm quan
diém, két qua nay phu hop vé6i phat hién gan ddy cho thdy cdc mé hinh dya trén cay
van 1a lya chon manh trén dir liéu dang bang [124]. Tuy nhién, két qua chia theo danh
gia gbc tai Phu luc J cho thay trén cing bd nim, cac mo hinh tuyén tinh (SVM,
Logistic Regression) co6 thé dat két qua trong dwong hodc nhinh hon ciac mé hinh
rung.

Thir hai, vé kha nang dién giai, cic mo hinh rimg dé xuat ¢ thé manh rd rét
nhd cdu tric cay minh bach két hop SHAP (trong Chuong 3) va ma tran quan hé da
tap tuong minh (trong Chuong 4), trong khi cdc mo hinh BERT/LLM thuong duoc
xem 12 hop den, doi hoi ki thuat dién giai hau kiém phic tap hon [89][90]. Cac mo
hinh rimg dé xuét cung cap sy cAn bang giita d6 chinh xac va kha ning giai thich, phu
hop v&i1 xu hudng moé hinh Al c6 trach nhiém (Responsible Al) [139] dang dugc cong
dong khoa hoc va cong nghiép quan tam.

Thir ba, vé chi phi tinh toan va tai nguyén, cac md hinh rimg dé xuat khong yéu
cAu GPU chuyén dung hay tip dit liéu huan luyén quy mé 16n nhu cac mo hinh ngon
ngit 16n, phtt hop véi cac bai toan ABSA quy md vira va nho trong thyc té doanh
nghiép.

Tuy nhién, ludn an ciing nhan thic rd han ché ciia hudng tiép can hoc quan thé
so v&i hoc sdu 1a cac mo6 hinh rung dé xuat xtr Iy dac trung da duogc trich xuét sdn bd

nam quan diém, do do phu thudc vao chét lugng cua budc trich xuét ban dau, trong
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khi cac mo hinh end-to-end dwa trén Transformer c6 kha ning hoc biéu dién ngit
nghia tryc tiép tir vin ban tho, ndm bat tot hon cac hién twong ngdn ngit phirc tap nhu
mia mai, phu dinh hodac quan diém an [131][132]. Pay la dinh hudng duoc dé cap tai
Huéng phat trién (Muc 5.2), két hop biéu dién ngir nghia tir mé hinh hoc sdu véi cau
tric cAy/rimg dé vira gitr duoc kha nang dién giai, vira cai thién chat luong trich xuat
dic trung dau vao.

Bén canh han ché phu thudc vao budc trich Xuét bd nam, luan an nhan thuc
thém nam giGi han c6 tinh hé thong cta hudng tiép can hoc quan thé dua trén rimg
trong bai toan khai pha quan diém:

Thir nhét, chuan hoa ngit nghia va tinh linh hoat ciia ngdén ngit tu nhién. Viéc
ép ngdn ngit tu do vao cau tric roi rac (e, a, s, 4, ¢) 1a su danh doi c6 chi y: giup mo
hinh rimg khai thac quan hé da chiéu giita cac thanh phan, nhung dong thoi c6 thé
1am mét thong tin ngit canh phong pht von c6 trong cau ty nhién. Pic biét, ngit canh
mo ho (holder khong 1), aspect xuat hién khong dung nhin/mién, hay an dy/dao
chiéu quan diém c6 thé khién mo hinh thién vé dy doan theo hinh thic hon 13 ngit
nghia thuc su. Pay 13 danh d6i mang tinh nguyén Iy giita tinh cdu trac va tinh linh
hoat trong xur Iy ngdn ngir.

Thir hai, kha ning tong quat hoa theo mién con han ché. Cac thuc nghiém trong
luan &n tap trung vao dir li€u danh giad thuong mai nhu nha hang, khach san, thuc
phém, cac linh vuc c6 miu biéu dat tuong ddi quen thudc véi bd tir vung khia canh
6n dinh. Khi chuyén sang mién khac nhu y té, gido duc hay chinh trj c6 cach dién dat
quan diém khac biét cin ban nén bo tir khia canh va phan phdi nhan c6 thé thay doi
dang ké, din dén giam chét lugng mé hinh. Thuc nghiém trén VLSP-2018 tiéng Viét
tai Phu lyc F 13 budc dau kiém chimg tinh tong quat, nhung can mo rong thém sang
céc mién va ngdn ngir da dang hon.

Thir ba, bai toan hién tai giéi han & phan loai cuc tinh nhi phan
(positive/negative), chua nam bat dugc cudng do cam xtc. Trén thuc té, su khac biét
gifra “rat hai 1ong” va “hai long”, hay gitta “hoi thit vong” va “rat t&”, mang gia tri
thuce tién cao trong cac ing dung ra quyét dinh kinh doanh. Phén loai da 16p nhu: very

positive/positive/neutral/negative/very negative hodc hdi quy cudong d6 1a huéng mo
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rong tu nhién, dic biét khi tap dir liéu VLSP-2018 trong Phu luc F da hd tro nhan 3
16p, tao tién dé cho budc phat trién nay.

Tht tu, do phirc tap hé thdng do kién tric pipeline nhiéu budc. Hé thong gdm
nhiéu thanh phan ndi tiép bao gom tién xtr Iy, phan tich phu thudc, trich xuit bo nim,
dén mo hinh rimg, khién 16i tir bude trude ¢ thé lan truyén va tich liy tai bude sau,
dong thoi gdy kho khin cho viée toi vu end-to-end. Dé giam thiéu, luan an di bo sung
ngudng tin cdy 1 tai budc loc bd nam (Thuat toan 1, §1.6) nham chi truyén cac bo
nam c6 do tin cdy cao sang tang phan loai. Tuy nhién, viéc toi uu toan cuc ca pipeline
van 1a thach thirc mé va hudng két hop véi kién truc end-to-end dugc dé xuat tai §5.2
la giai phéap dai han.

Thur ndm, giai thich theo ddc trung chua phai 1a giai thich nhan qua. Céac cong
cu dién giai duoc st dung trong luan an (tdm quan trong dic trung, PDP, gia tri SHAP,
chi s6 twong tac Shapley va ma trdn quan hé W) cho biét dic trung nao dong gop
nhiéu vao du dodn ciia mé hinh va theo chiéu nio, tirc 14 giai thich hanh vi ciia mo
hinh trén dir liéu quan sat dugc, khong khang dinh quan hé nhan qua gitra cac thanh
phén bd nam va cuc tinh cam xuc. Chéng han, viéc Entity c6 trung binh [SHAP| 16n
nhat (Hinh 3.5) cho thdy md hinh dwa nhiéu vao thong tin thuc thé, nhung khong
chting minh rang ban than thuc thé 13 nguyén nhan khién danh gia tich cuc hay tiéu
cuc; mdi lién hé nay c6 thé dén tir cac yéu td gay nhidu nhu chat luvong dich vy, phan
khuc gia hay dic diém nguoi danh gia. Ngoai ra, khi cac dic trung tuong quan véi
nhau, gia tri SHAP c6 thé phan bd dong gop giita chung theo cach khong phan anh
co ché thyc. Vi vay, cac két qua dién giai trong luan 4n dugc hiéu 1a giai thich mo
hinh (model explanation), phuc vu kiém tra tinh hop 1y va phat hién thién léch; suy
luan nhan qua doi hoi thiét ké riéng (thuc nghiém can thi€p, mo6 hinh nhan qua c6 cau
tric hodc phan tich phan thuc té) va dugc néu tai hudng phat trién (§5.2).

Nam han ché trén 1a dic diém chung cia cac hé thong ABSA dang pipeline dua
trén hoc may kinh dién, khong dic thi cho mé hinh rimg. Trong pham vi ctia luan an,
cac md hinh dé xuat (F.p, Fpp, Fyr) cung cap su can bang giita d6 chinh xac (tuong
duong cac mo hinh hoc may dung cung bd nim khi chia theo danh gia gbc), kha ning
dién giai va chi phi tinh toan (riéng Fmr c6 chi phi cao hon do ma tran W), phu hop

v6i1 boi canh tng dung thuc t€ co tai nguyén han ché va yéu cau tinh minh bach cua
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hé théng AI [139], hudng dén trién khai trong cac co quan, to chirc, doanh nghiép
vira va nho phit hop vai bdi canh tai Viét Nam.
5.2. Huéng phat trién

Ngoai cac két qua dat dugc, luan an c6 thé tiép tuc mé rong cac hudng nghién
clru sau:

Phat trién tap dit liéu yelpHotelData va yelpResData bd nim vé quan diém theo
huéng da mién mé rong thanh tap dir liu da mién, da ngdn ngi, bd sung tiéng Viét
tor VLSP-2018 va cac ngdn ngir khac.

Xay dung bd ndm quan diém dua trén Sentiment Treebank, phat trién cac thuat
toan phan cum, dung cay, dung rimg khac nhau dé khai pha quan diém. Pong thoi
phat trién mo hinh khai pha quan diém theo hudng dién giai dé tang tinh hiéu qua va
do tin cay, chic chin cta mo hinh.

Két hop vai biéu dién ngit nghia ctia cac mo hinh hoc sdu (BERT embedding,
PhoBERT cho tiéng Viét) voi cdu trac ring dé cai thién chat luong trich xuat bo nim
va xir Iy mia mai, phu dinh, quan diém an.

M¢ rong sang phan tich quan diém theo thoi gian thuc trén dif liéu streaming va
bai toan ABSA da ngdn ngir.

Két hop dién giai mo hinh véi suy luan nhan qua (phan tich phan thuc té, mo
hinh nhan qua co cAu trac) dé phan biét cac yéu td thuc su tac dong dén cuc tinh cam
xuc véi cac tuong quan trong dir liéu quan sat.

Bén canh cac hudng trén, luan an ghi nhan thém mat s6 han ché vé mat thuc
nghiém va phuong phap luan can dugc bd sung & cac nghién ciru tiép theo:

Th nhét, vé cach chia dix liéu, viéc chia ngﬁu nhién theo dong by nam (thay
vi theo danh gia gdc hodc theo thuc thé) c6 thé khién cac dong sinh ra tir cling mot
danh gia xuat hién dong thoi ¢ tap huan luyén va tap kiém tra, ddn dén céac chi s6
danh gia c6 phan lac quan; phuong an chia theo nhém (group-based split theo danh
gia gbc) da dugc ap dung trong thyc nghiém so sanh thong nhét tai Phu luc J (Bang
J.8) dé dbi chiéu; chia theo thuc thé van 13 hudng thir nghiém tiép theo. Kiém tra c6
kiém soat tai Phu luc J (muc J.11, Bang J.10) cho théy, voi cung mo hinh Random
Forest va cuing 112.275 bo nim, Accuracy thay doi tir 0,611 (chia theo danh gia géc)
dén 0,946 (chia theo dong khi phan 16n dong kiém tra c6 dong cing danh gia trong
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tap huan luyén); vi vay cac chi sb tai Bang 3.7- Bang 3.9 va Bang 4.4 can duoc hiéu
1a két qua theo quy trinh chia theo dong cta céac bai bao, con két qua theo quy trinh
chia theo danh gia tai Phu luc J (Bang J.11) phan anh sat hon kha nang du doéan cho
danh gia méi.

Thtr hai, dic trung dinh danh c6 lyc lugng 16n (tén thyc thé, nguoi danh gid)
hién duoc ma héa sb tht ty; cach ma hoa target encoding (Iam tron Laplace, m = 10)
da dugc ap dung trong cac thuc nghiém bo sung tai Phu luc G - Phu luc J; thuc nghiém
so sanh ba cach ma hoa (56 thir tu, target encoding, one-hot) véi Fcr tai Phu luc I
(muc L.3) cho thiy trén yelpHotelData, md hoa target encoding cho Balanced
Accuracy cao nhat (0,6303 so v61 0,5765 cua ma hoa s6 thtr tu va 0,5184 ctia mé hoa
one-hot), con trén VLSP-2018 ba cach ma hoa cho két qua gan nhu nhau; viéc kiém
tra tinh On dinh ctia két qua khi hoan vi bang ma van 13 hudng thir nghiém can thiét
dé loai trir kha nang mo hinh hoc mot thir ty nhan tao khong c6 y nghia.

Thi ba, vé do tin cay théng ké cua két qua so sanh: do chénh 1éch hiéu ning
giita ba mo hinh rimg dé xuat chi & mirc 1-3%, luan 4n da bo sung kiém dinh y nghia
thdng ké (McNemar trén du doan cip doi va Wilcoxon signed-rank trén 5 1an chia dir
liéu vdi cac hat giéng khac nhau), 1ap lai thuc nghiém véi 5 cap hat giéng ngau nhién
khac nhau kém d¢ 1éch chuan, va thi nghiém loai trir (ablation) tach bach déng gop
ctia khong gian phan cum (Euclidean/da tap) va phuong phéap két hop K rimg (trung
binh/Stacking), két qua chi tiét tai Phu luc H. Déng thoi, so sanh truc tiép
AblationManifold Avg (phin cum da tap va két hop trung binh) v&i Fur (phan cum
da tap va Stacking) tai Phu luc H cho phép dinh luong riéng phan dong gbp cua co
ché Stacking, 1am ro thém cau hoéi tai muc 4.7.3.1 vé viéc RF2 dat d6 chinh xéc tuong
duong Fmr. Viée lua chon k-fold = 5 cho tap khach san va k-fold = 10 cho tap nha
hang & thuc nghiém minh hoa tai Chuong 4 hién dua trén kich thuéc mau va thoi gian
huin luyén kha dung ctia tirng tap dir li€u; co sé lya chon nay can duoc trinh bay 1o
hon & cac nghién ctru tiép theo.

Tht tu, vé phuong an cai dat thuc té clia ma tran quan hé datap W € RNXN
khi N & quy mo6 16n (vi du tép yelpResData), cac phuong an giam chi phi bd nhé va
thoi gian (Iiy mau con, biéu dién thua theo chi s6 nat 14, tinh W cuc bd trong timg

nut hodc tung cum) da dugc phan tich tai §4.5.1 va cac thyc nghiém tai Phu luc G,
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Phu luc H dung 1y méau con N = 5.000 cho budc tinh W; phan phan tich do phtrc tap
O(N-logN-(nW + n-d")) ciing can dugc hiéu chinh cho twong thich véi phuong an cai
dat thuc té, tuong tu ddi véi viée tinh khodang cach dist;, dung cho DBSCAN trén da
tap.

Thi ndm, entropy Gaussian dugc luan 4n str dung lam tiéu chi phéan tach vén
duogc dinh nghia cho bién lién tuc; khi ap dung cho cac dac trung dinh danh da ma
hoa sb thir tu, cach dién giai ma tran hiép phuong sai A(O) va cach xir 1y truong hop
IA(O)| tién vé 0 tai cac nit 14 co it mau hodc ¢ cot hang can dugc lam rd va kiém
chirng thém béng thyc nghiém. Tuong tu, gia thuyét chiéu néi tai da tapd' <5 da
dugce ude luong truc tiép bang hai phuong phap uéc lugng doc lap MLE [77] va
DANCo [209] (kém mot xap xi tham khao Local-PCA), cho két qua d’ = 2,78 (tdp
Hotel) va d' = 3,66 (tdp Restaurant) trén khong gian déac trung dung xay ma tran W,
ing ho gia thuyét da tap trén Hotel, con trén tap dir liéu Restaurant thi phwong phap
DANCo cho d' = 4 bing s6 chiéu quan sat nén bang chimg chua nhit quan; xem chi
tiét tai Phu luc L.

Thir sau, vé& xtr Iy mat can bang nhéin: do do Recall trén tip kiém tra ctia cac
mo hinh rimg dé xuét hién duy tri & muc 0,62-0,76; cic bang két qua chinh cua
Chuong 3, 4 chi bdo cdo Accuracy, Precision, Recall va F1 theo sb lidu da cong bo.
Thuc nghiém bé sung so sanh nim bién thé xur 1y mat can bang 16p (Baseline,
ThresholdOnly, ClassWeight, BalancedBoot, SMOTE) trén Kich ban 1 (Fpr), thuc
hién riéng trén tdp Hotel va tdp Restaurant, kém déy du Fl-macro, Balanced
Accuracy, MCC va PR-AUC bén canh Accuracy, da dugc thuc hién va trinh bay chi
tiét tai Phu luc G. Cubi cling, viéc danh gia lai ba mé hinh Fcr, Fpr, Fur trén clng
mot tap dir liéu (N = 112.275), cung ti 1¢ chia 60/20/20 va cung quy trinh (thay vi ti
16 80/20 & Chuong 2, 3 va 60/20/20 & Chuong 4 trong cac cong bd) da duoc thuc hién
tai Phu luc G, Phuy luc H va dbi chiéu véi sd lidu da cong bd tai Phu luc J; cac hudng
nghién ciru con mod rong néu trén s& duge nghién ctru sinh tiép tuc hoan thién & cac

nghién ctru tiép theo.
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DANH MUC CAC CONG TRINH KHOA HQC PA CONG BO

Nam cong

TT Tén cong trinh Thé loai bé

Tap chi Qudc té
1 Bai béo $6 1 Intematlonal. Journal of Adyanged 2020
Computer Science and Applications

(JACSA)

Ho1 nghi Quéc té
v, & The EAI International Conference on
2 Bai bdo s 2 Context-Aware Systems and 2021

Applications (ICCASA)

Hoi nghi Qudbc té
The International Conference on

3 Bai bio s0 3 Intelligent Information Technology 2023

(ICIIT)

Tap chi Quéc té
4 Bai béo s6 4 Joumgl of EAI Endorsed 2023
Transactions on Context-aware

Systems and Applications

Hoi nghi Qudc té
1 A The International Conference on
> Bai bdo 56 5 Machine Learning and Soft 2024

Computing (ICMLSC)

Hoi nghi Qudc té
s K The EAI International Conference on
6 Bai bdo 50 6 Context-Aware Systems and 2024

Applications (ICCASA)

Hoi nghi Qubc té
The RIVF International Conference
7 Bai bao s6 7 on Computing and 2025
Communication Technologies
(RIVF), Ho Chi Minh City, Vietnam

Hoi nghi Qudc té
s X The International Conference on
8 Bai bdo 50 8 Intelligent Information Technology 2026

(ICIIT) (chd xuit ban)

Tap chi Qudc té
o A EAI Endorsed Transactions on
? Bai bdo 50 9 Scalable Information Systems 2026

(d3 chip nhan xuit ban)

Trong Bang danh muyc cong trinh khoa hoc da cong bd, Bai bao sb 4 va Bai
bao sb 6 cung thudc nhém mé hinh rimg hoc quan thé nhung c6 diém khac biét 1a Bai

bao s6 4 (trong Chuong 3) dé xuit rimg mat do quan diém sir dung DBSCAN trén
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khoang cach Euclidean dé phin cum trude khi phéan loai, trong khi Bai béo sb 6
(Chuong 4) dé xuat ring da tap quan diém st dung DBSCAN trén khoang cach da
tap distar dugc hoc tir ma tran quan hé¢ W, déng thot téng hop két qua qua Stacking
meta-learner thay vi trung binh mat d6. Hinh minh hoa trong hai bai bdo c6 céu trac
tong quan twong ty nhung ndi dung k¥ thuét tai budc phan cum va bude tong hop 1a

khac nhau, duogc trinh bay chi tiét tai Chuong 3 va Chuong 4.

Bang dbi chiéu cong trinh — chwong — ndi dung sir dung

¥ Cong trinh N¢i dung chinh Str dung trong luin an
Chuong 1 (§1.1): budce khao sat
2 X A s ban dau, 13 co s& dé chon biéu
B&Z‘; gig;Doggng;irigﬁu dién b nam thay cho véc-to
Bai béo 1 qCﬁ o ginh Ron domg nhting Doc2vec; §2.7.1.1 (tap
L] (UACSA, Foresi] ((l}rzdier.lt Bjoostin trén 18,532 danh gid) va doan tong
2020) ’ & két cuoi §2.7.3: s0 liu tham

Ar?f;‘;‘;’g%‘;iﬁeivgws chiéu 0,752 /0,821 / 0,845.
' gla). Doc2vec khong dugc dung
trong ba m6 hinh dé xuat.

Ring phan loai quan diém
Baibdo 2 | trén ma tran bd nam; 8.020 bo| Chuong 2 (§2.3—-§2.7): Bang
2 | (ICCASA, | namtrich tir 5.411 danh gia | 2.5, 2.8, 2.9 (Accuracy 0,805
2021) Amazon; hai kich ban thuc va 0,82); dong gop thir nhat.
nghiém.

Rung phan loai quan diém
Bai bao 3 trén TripAdvisor (45.706 bd

(ICIIT, 2023)| nim); tAm quan trong va

tuong tac dac trung.

Chuong 2 (§2.6—§2.7): Bang
2.3,2.6,2.10-2.12; dong gop
th{r nhat.

Chuyén dbi yelpHotelData,
Bai bao 4 yelpResData sang by nam;

(EAI DBSCAN + K rimg, két hop | Chuong 3 (quy trinh dir liéu,
Endorsed béng biéu quyét da sb (trong cAu tric cum), Bang 4.5; Phu

Trans. luan an va Phu luc J: trung | luc J (Bang J.4); dong gop thir
CASA, binh x4c suit, cong thic hai va tht tu.
2023) (3.18)); 7 cum (Hotel), 9 cum

(Restaurant).

Chuong 3: Bang 3.5-3.9, §3.6
(SHAP); s6 liéu rung mat do tai
Bang 4.4; Phu luc J; dong gép
thir hai va thu tu.

Baibdo 5 | Rimgmatdd quan diem két
5 | (ICMLSC, hop SHAP; két qua trén
2024) yelpHotelData, yelpResData.
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T Cong trinh N6i dung chinh Str dung trong luin an
Rimg da tap quan diém: ma
Bii béo 6 tran quan h¢ W tu rimg khong | Chuong 4: Bang 4.2-4.5, §4.7;
6 | (ICCASA giam sat, DBSCAN trén s0 liéu rung da tap tai Bang
2024) > | khoang cach da tap, Stacking; | 4.4; Phu luc J; dong gop thur ba
3 cum (Hotel), 4 cum va thu tu.
(Restaurant).
g . 1~ - |Chuong 1 (§1.6): phién ban dau
Bai bao 7 M@ hinh trich xuat b§ ném ctia mo hinh trich xudt; s liéu

7 trén Twitter US Airline (3.200

(RIVF, 2025) miu gan nhan), trong luan an theo ban moé rong

tai Bai bdo 8; dong gbp thur tu.

Khung xéc suat trich xuat bo s
Bii bio 8 ndm Chuong 1 (§1.6): Bang 1.5-1.7

8 (ICIIT, 2026) | P(e|x)P(ale,x)P(s|e.a,x)P(h|s,G (1:%\/[()137)821 2;16 m(s,)/t\zlgzt;flo
YP(t|x); 4.500 mau gan nhan. ; dong gop :

Bai b4o 9 A , 1A x
(EAI Cong cu gan nhan bo nam
OpQuint; 500 mau cho mo1 | Chuong 1 (quy trinh gan nhan
Endorsed 2 . o N Py X A
9 mién (Twitter Airline, va ki€m dinh chat lugng bo
Trans. SIS, - N, 4z , ,
2006. di Amazon, Yelp Hotel, Yelp nam); dong gop thu tu.
ISR Restaurant).
chap nhan)

Ghi chii: Bai bao 4 va Bai bao 6 c6 hinh minh hoa tong quan tuong tu nhung
khéc nhau ¢ budc phan cum (khoang cach Euclidean/khoang cach da tap) va budc
tong hop K rimg (biéu quyét da s6 /Stacking). M6 ta quy tic nhan 3% trong Bai béo
4 va Bai bao 6 chua thong nhat voi ma ngudn thyc nghiém; ludn an xac dinh lai theo

ma nguodn (Bang 3.3).
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PHU LUC

Phu luc A
TAP DU LIEU YELPRESDATA.DB
1. Tong quan tgp dit liéu
Tap dit lidu YelpResData.db [3] bao gdm cac danh gia nha hang duoc thu thap
tir Yelp, phan 4nh quan diém nguoi dung dbi v6i chat luong dich vy, mon n va trai
nghiém tong thé. Tap dir liéu gdm ba bang chinh: review, restaurant va reviewer. Cau

tric cac bang dit liu va phan bd diém danh gia cua tap dit liéu duoc trinh bay tai

Bang A.1

- Bang A 4.

2. Cdu truc bang restaurant review

Bang A.1: Ciu triic bang danh gia nha hang

STT | Tén thudc tinh |Kiéu dir liéu | M0 ta
1 |date varchar2(30) Ngay dang danh gia
2 |reviewlD varchar2(30) Ma dinh danh danh gia
3 |reviewerlD varchar2(30) Ma nguoi danh gia
4 |reviewContent |varchar2(800) |Noi dung van ban danh gia
5 |rating INT Piém danh gia (1-5)
6 |usefulCount INT S6 luot danh gia “hiru ich”
7 | coolCount INT S6 lugt danh gia “tha vi”
8 |funnyCount INT S6 luot danh gia “hai hude”
9 |flagged varchar2(3) Trang thai gin co
10 |restaurantID varchar2(30) Ma nha hang

e Tong s6 ban ghi: 788.471
e Khoang thoi gian: tir 12/10/2004 dén 22/10/2012
Bang A.2: Phan b diém danh gia nha hang

Pié¢m S6 lwong Ty 18 (%)
1 45.642 5,79
2 71.672 9,09
3 155.427 19,71
4 290.538 36,85
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225.192 28,56

3. Ciu triic bing restaurant

Bang A.3: Céu tric bang restaurant

Nhém thong tin Thudc tinh
Pinh danh restaurantID, name, location
Danh gia reviewCount, rating, filReviewCount
Phan loai categories
Thong tin dich vu | PriceRange, TakesReservations, Delivery, Takeout
Tién ich WiFi, Parking, OutdoorSeating, WheelchairAccessible
Moi truong Ambience, NoiseLevel
Khac Alcohol, GoodFor, HasTV, Caters
Lién hé address, phoneNumber, webSite
Chinh sach GoodforKids, GoodforGroups, Attire

e S6 ban ghi bang restaurant: 242.652 (s6 mi nha hang khac nhau xuét hién
trong bang review: 250.078)
4. Ciu triic bing restaurant reviewer

Béang A.4: Ciu triic bang restaurant reviewer

Thugc tinh Mo ta
reviewerlD Ma nguoi danh gia
name Tén nguoi dung
location Dia diém
yelpJoinDate Thoi diém tham gia Yelp
friendCount S6 ban bé
reviewCount S6 bai danh gia
usefulCount, coolCount, funnyCount Thong ké phan hoi
complimentCount S6 101 khen
tipCount S meo

e S4 ban ghi bang reviewer: 16.941 (s6 ngudi danh gia khac nhau xut hién

trong bang review: 35.430)
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Phu luc B
TAP DU LIEU YELPHOTELDATA.DB

1. Téng quan tgp di ligu

Tap dit liéu YelpHotelData.db [3] phan anh cac danh gia ctua ngudi ding doi
v6i khach san, voi cau trac tuong tu tp nha hang, cho phép so sanh va kiém ching
tinh 6n dinh ctia phuwong phap dé xuit trén cac mién dir liéu khac nhau. Céu trac cac
bang dit liéu va phan bd diém danh gia dugc trinh bay tai Bang B.1-Bang B.4.

2. Ciu triic bing hotel review

Bang B.1: Cau triac bang danh gia khach san

STT |Tén thudc tinh |Kiéu dir liéu | Mo ta
1 |date varchar2(30) Ngay danh gia
2 |reviewlD varchar2(30) Ma déanh gia
3 |reviewerlD varchar2(30) Ma nguoi danh gia
4 |reviewContent |varchar2(800) |Noi dung danh gia
5 |rating INT Piém danh gia
6 |usefulCount INT 86 lugt hitu ich
7 | coolCount INT S6 luot thu vi
8 |funnyCount INT S6 lugt hai hude
9 |flagged varchar2(3) Trang thai
10 |hotellD varchar2(30) Ma khach san

e Tong s6 ban ghi: 688.329
e Khoang thoi gian: 12/10/2004 — 21/10/2012
Béang B.2: Phan bé diém danh gia khach san

Piém S6 lwong Ty 1€ (%)
1 32.390 4,71
2 62.560 9,09
3 154.637 22,47
4 267.027 38,79
5 171.715 24,95
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3. Ciu triic bing hotel

Béng B.3: Cau tric bang hotel

Nhom Thugc tinh
Pinh danh hotellD, name, location
banh gia reviewCount, rating, filReviewCount
Phan loai categories
Dich vu PriceRange, WiFi
Thanh toan AcceptsCreditCards
Lién hé address, phoneNumber, webSite

e S6 ban ghi bang hotel: 283.086 (s6 ma khach san khac nhau xuét hién
trong bang review: 283.291)
4. Ciu triic bing reviewer

Bang B.4: Cau trac bang hotel reviewer

Thudc tinh Mo ta
reviewerlD M3 dinh danh duy nhat cta ngudi danh gia
name Tén nguoi danh gia
location Pia diém sinh séng cua ngudi danh gia
yelpJoinDate Thoi diém nguoi dung tham gia Yelp
friendCount S6 luong ban bé trén Yelp
reviewCount Tong s6 bai danh gia da dang
firstCount S6 lwong danh gia dau tién (first reviews)
usefulCount S6 luot danh gia dugc gan nhin “hiru ich”
coolCount S6 luot ddnh gia dugce gan nhan “tha vi”
funnyCount S6 luot danh gia duoc gan nhin “hai huée”
complimentCount Téng sb 101 khen nhan duoc
tipCount S6 lugng meo (tips) da dang
fanCount S6 luong ngudi theo ddi (fans)

e S4 ban ghi bang reviewer: 5.123 (sé ngudi danh gia khac nhau xuét

hién trong bang review: 5.132).
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Phu luc C

CHUYEN DPOI DU LIEU PANH GIA SANG CAU TRUC BQ NAM
QUAN PIEM

1. Chuyén déi dir liéu YelpResData.db
1.1 Céu tric dir ligu dau vao
Sau khi két hop cac bang review, restaurant va reviewer, mdi ban ghi danh gia
dugc biéu dién dudi dang mot dong, trong d6 mdi dong twong tng véi mot danh gia
va mdi cot biéu dién mot thudc tinh hodc khia canh cua nha hang tai Bang C.1.

Xir Iy gia tri thiéu (YelpResData): Trong quaé trinh két hop cac bang review,
restaurant va reviewer, mot sd ban ghi co thé thiéu thong tin ¢ cac cOt khia canh.
Chién lugc xir 1y: (1) Ban ghi thiéu restaurantName hoic reviewerName bi loai bo;
(2) Cac khia canh c6 gia tri null khong duoc chuyén thanh bo nam; (3) Cot date thiéu
duogc dién bang ngay trung vi trong cing nha hang. Sau xit 1y, tong s6 bd ndm hop 1¢
12 14.791.500 mau.

Béang C.1: Cau trac dir liéu dau vao — Restaurant

Thugc tinh Mo ta Vai tro
review_id Ma dinh danh danh gia Dinh danh
reviewContent No6i dung danh gia Ngudn trich xuét
restaurantName Tén nha hang Thuc thé
reviewerName Nguoi danh gia Nguoi giir quan diém
date Ngay danh gia Thot gian
rating Piém danh gia (1-5) Tinh cdm
GoodforKids Phu hop tré¢ em Khia canh
AcceptsCreditCards | Chap nhan thé Khia canh
Parking Bai do xe Khia canh
Attire Trang phuc Khia canh
PriceRange Mtic gia Khia canh

Cac thuoc tinh khac Khia canh

1.2 Phwong phdp chuyén doi sang bé nim quan diém nha hing
St dung ham pivot longer() trong goi tidyr ciia R dé thuc hién phép chuin

hoa dir li€u tir dang rong sang dang dai.
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Poan ma chuyén doi tai Hinh C.1 c6 y nghia nhu sau:
- Gilt nguyén cac thudc tinh cua quan diém:
= restaurantName — Thuc thé (entity)
= reviewerName — Nguoi gitt quan diém (holder)
= date — Thoit gian (time)
= rating — dung lam tinh cam tong thé
- Bién do1 cac cot khia canh thanh cac dong quan diém riéng biét:
= Tén cot — Khia canh (aspect)
= Gia tr1 gan — Tinh cam (sentiment)
Sau chuyén d6i, mdi ban ghi twong tmg v&i mot quan diém — khia canh cu thé.
library(tidyr)
restaurant_aspect <- pivot_longer(
restaurant,
cols = -c(review_id, reviewContent, restaurantName,
reviewerName, date, rating),
names_to = "aspect”,

values to = "sentiment”

)
Hinh C.1: Poan ma chuyén dbi trén bo dit liéu yelpResData
1.3. Céu tric dit liéu dau ra
Dit liéu sau chuyén ddi c6 dang bd nim quan diém & Bang C.2.

Bang C.2: Cau trac dir liéu ddu ra — Restaurant

entity aspect holder sentiment time
Alinea |GoodforKids Scott E. 5 09/22/2012
Alinea |AcceptsCreditCards |Scott E. 5 09/22/2012
Alinea |Parking Scott E. 5 09/22/2012
Alinea | Attire Scott E. 5 09/22/2012

2. Chuyén ddi dir li¢u YelpHotelData.db

2.1 Cau truc dii liéu dau vao
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Xir Iy gia tri thiéu (YelpHotelData): Ap dung chién luoc twong tu

YelpResData. Cac ban ghi thiéu hotelName hoic reviewerName bi loai bo; cic khia

canh null (WiFi, PriceRange, AcceptsCreditCards) bi bé qua khi pivot; cot date thiéu

dugc dién bang ngdy trung vi trong cung khach san. Sau xir 1y, tong s bo nim quan

diém 1a 882.474 mau.

Bang C.3: Cau trac dit liéu dau vao — Hotel

Thudc tinh Mo ta Vai tro
review_id Ma dénh gia Dinh danh
reviewContent Noi dung danh gia | Ngudn
hotelName Tén khach san Thuc thé
reviewerName Nguoi danh gia Nguoi giir quan diém
date Ngay danh gia Thot gian
rating Diém danh gia Tinh cam
WiFi Dich vu WiFi Khia canh
PriceRange Mtic gia Khia canh
Cleanliness V¢ sinh Khia canh
RoomService Dich vu phong Khia canh
Location Vi tri Khia canh

Cac khia canh khac |Khia canh

2.2 Phwong phdp chuyén déi sang bé nam quan diém khdch san

Phuong phap chuyén d6i tvong tu tip nha hang, sir dung pivot_longer() dé anh

xa moi khia canh thanh mét quan diém c6 doan ma & Hinh C.2.

hotel aspect <- pivot longer(
hotel,
cols =
reviewerName,

names_to = "aspect”,
values_to = "sentiment”

)

-c(review_id, reviewContent,

hotelName,

date, rating),

Hinh C.2: Poan ma chuyén doi trén bo dit liéu yelpHotelData
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2.3. Céu trisc div liéu ddu ra quan diém khdch san

Dt liéu sau chuyén doi c6 dang bd nam quan diém khach san & Bang C.4

Bang C.4: Cau truc dit liéu ddu ra — Hotel

entity aspect holder | sentiment time
Tokyo Hotel | AcceptsCreditCards |Max C. 5 06/08/2011
Tokyo Hotel |PriceRange Max C. 5 06/08/2011
Tokyo Hotel | WiFi Max C. 5 06/08/2011
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Phu luc D
CHI TIET CONG CU VA THU VIEN SU DUNG

Bang D.1: Danh sach chi tiét cac thu vién R va cong cu st dung trong thuc nghiém

STT Danh muc Thw vién | Phién ban Muc dich sir dung
MOI TRUONG PHAT TRIEN
Ar Ngoén ngit 1ap trinh chinh
1 3
Mot truong R 4.3.2 cho toan bg thuc nghiém
) Moi truong phat trién tich
Moi truong RStudio 2023.12.1 |hop d¢ phat trién va g& loi
ma nguon
XU LY DU LIEU
3 | X ly dit lidu dplyr 1.1.4 Thao tac va bién doi dur licu
dang ngin nap
e . Chuyén doi cau trac dit liéu
4 | Xt ly dir liéu tidyr 1.3.0 (dang rong < dang dai)
5 | Xt Iy dit licu datatable  |1.14.10 | XU Iy hiGu ndng cao véi tap
dir li€u 16n
6 | Xirly dit liu readr 214 Doc di licu dinh dang CSV
va tap tin van ban
XU LY VAN BAN
Khung lam viéc xtr 1y van
7 | Khai thac van ban tm 0.7-11 ban: loai bo t}‘r dung, dau
cau, trich it goc tur
8 |Khai thac van ban text2vec 0.6.3 T39 m? tran TE-IDE va
nhing tur
9 |Khai thic vinban | tidytext 0.4.1 Phan tich van ban - theo
phuong phap ngéan nap
10| Khai thac vinbn  |tokenizers  |0.3.0 Jch tr cho van ban tieng
e 1a Céc thuét toan trich rat gbc
11 | Khai thac van ban SnowballC  |0.7.1 tir (Porter, Snowball)
12 | Khai thac van ban stringr 1.5.1 Xir Iy va thao tac chudi ky tur
13 | Khai thac van ban word2vec 0.3.4 Xdy dyng vector nhing tir
Word2Vec
14|Khai thac vin ban | glove 0.2.0 Xdy dyng vector nhing ti
GloVe
RUNG PHAN LOAI (MO HINH PE XUAT)
15 | Rung ngau nhién randomForest |4.7-1.1 [ng_l]dat chinh thirc thudt todn
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16 | Ring ngau nhién ranger 0.16.0 Cai dat, R ung ngau nhién
nhanh véi xur Iy song song
Giai thich Rirng ngu nhién:
\ x n randomForest A =
17| Rirng ngau nhién . 0.10.1 tam quan trong bién, tuong
Explainer thc
RUNG MAT PO (MO HINH PE XUAT)
18 | Phan cum dbscan 1.1-12 Th}l at toan DB§ CA}\I Eho
phan cum dya trén mat do
A Céc phuong phap phan cum
19| Phan cym fpe 2.2-11 linh hoat va kiém dinh cum
20| Phan cym cluster 2.1.4 Ph,an AtICh cym va phan cym
thtr bac
21 |Phan cum factoextra 1.0.7 ;r;gf quan hoéa ket qua phan
22 |Hoc quan thé randomForest | 4.7-1.1 Xay dl:mg Rumng ngdu nhién
trong tung cum
A2 Thuat toan CART cho cay
23 |Hoc quan thé rpart 4.1.23 quyét dinh
RUNG PA TAP (MO HINH PE XUAT)
Xay dung cay ql}yét dinh
24| Rung da tap tree 1.0-43 khong gidm sat dé hoc cau
triic da tap
Huan luyén rirng ngau nhién
25| Rung da tap randomForest | 4.7-1.1 cho trng cum trén khong
gian da tap
Phan hoach d¢ quy voi
26 | Rung da tap rpart 4.1.23 entropy dua trén ma tran
hiép phuong sai
27 |Rung da tap dbscan 1.1-12 PlAlan cum QBSCAN trén ma
tran quan hé da tap
Huan luyén va danh gid mo
: hinh v6i kiém dinh chéo cho
28 | Rung da tap caret 6.0-94 csc mod hinh chuyén bidt
theo cum
Khung md hinh hoéa gon
29 | Rung da tap tidymodels | 1.1.1 gang cho quy trinh lam viéc
va cong thic
TANG CUONG GRADIENT
< . . May ting cuong Gradient
30| Tang cuong Gradient |gbm 2.1.9 (Friedman 2001)
< . . Tang cuong Gradient cuc
31| Tang cuong Gradient |xgboost 1.7.7.1 dai véi hd trg GPU
< . . . LightGBM (Microsoft) cho
32| Tang cuong Gradient |lightgbm 335 tap dit lidu 16n

207




MAY VECTOR HO TRQ

G61 bao boc LIBSVM cho

33|5VM el071 L.7-14 SVM véi ham nhan RBF
34| SVM kernlab 0.9-32 Cac phuong phdp hoc méy
dua trén ham nhan
HQC SAU (LSTM, BiLSTM-Attention)
35| Hoc sau keras 2.13.0 Giao dl@nA R cua API Keras
cho hoc sau
36 | Hoc sau tensorflow 2.13.0 Neén tang TensorFlow cho
keras
37| Hoc sau reticulate 1.35.0 Giao d1?n R-.IA’ython gho cac
khung lam viéc hoc sau
TRANSFORMER (BERT, RoBERTa)
Cau ndi R-Python dé sir
38 | Transformer reticulate 1.35.0 dung Hugging Face
transformers
Hugging Face
transformers Transformers: cac mo hinh
39| Transformer (Python) 4.35.0 tién huan luyén BERT,
RoBERTa
torch Nén tang PyTorch cho cac
40 | Transformer (Python) 2.1.0 mo hinh Transformer
HUAN LUYEN VA PANH GIA
) Giao dién thong phét cho
41 | Huan luyén caret 6.0-94 huan luyén va diéu chinh
siéu tham so
z A Khung lam viéc hoc may
42 |Huan luyén mlr3 0.17.0 hién dai trong R
43| Huén luyén tidymodels | 1.1.1 HE sinh thdi mo hinh héa
ngan nap
Cac do do hiéu Ona‘mg: do
44 | banh gia yardstick 1.3.0 chinh‘ xac, do chuan xac, do
thu hoi, F1
45 | banh gia MLmetrics |1.1.3 Céc d6 do hoc may b sung
Ao X 1. Lay mau phan tang va kiém
46 | Lay mau lai rsample 1.2.0 dinh chéo
L Cac phuong phap bootstrap
47| Lay mau lai boot 1.3-28 de udc lugng do khong dam
bao
GIAI THiCH MO HINH
43 | SHAP treeshap 03.1 Thuat toan TreeSHAP cho

cac mo hinh dya trén cay
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Gi4 tri SHAP x4p xi nhanh

49 |SHAP fastshap 0.1.0 cho moi mé hinh
. Truc quan hoéa SHAP: bicu
S0|SHAP shapviz 0.9.0 dd tom tit, bidu dd phu thudc
51|Déc lap mo hinh iml 0112  |Khung lam viéc hoc mdy
kha dién giai
52| Ddc lap mo hinh DALEX 2.4.3 Giai thich hoc may mo ta
53| Ddc lap mo hinh DALEXtra |2.3.0 Céac mo rong cho DALEX
54| Doc 1ap mod hinh lime 0.5.3 Gial thich cuc b6 kha dien
gidi doc 1ap mo hinh
55| Doc 1ap md hinh breakDown [0.2.1 Giai thich phan bo bién
TRU'C QUAN HOA
. Ngit phap d6 hoa cho cac
56| Truc quan hoa ggplot2 344 bidu db chit lwong xudt ban
Két hop nhiu biéu do
57| Truc quan hoa patchwork 1.2.0 ggplot2 thanh bd cuc phirc
tap
58| Truc quan hoa cowplot 1.1.2 Tao ludi biéu d6 va chi dé
59| Truc quan hoa ggiraph 0.8.7 D6 hoa ggplot2 twong tac
60 E;ﬁf quan hoa md vip 0.4.1 Biéu db tam quan trong bién
61 gfrllr}f quan héa mo pdp 0.8.1 Biéu d6 phy thudc tirng phan
62 Truc quan héa mo ALEPlot 11 Biéu d6 hiéu ung cuc bo tich

hinh

Iy

Ghi cht: toan bo mo hinh rung dé xuit, mo hinh so sanh va thuc nghiém bod

sung duoc trién khai bang R; cic mé hinh hoc sdu LSTM, BiLSTM-Attention trong

thuc nghiém so sanh thong nhét (Phu luc J) duoc xay dung bang géi torch cho R, con
BERT, RoBERTa, PhoBERT duoc tinh chinh béng thu vién transformers (Python,
nén PyTorch) goi tir kich ban R. Céac thyc nghiém chinh tai Chuong 2—4 dung R 4.3.2;

cac thuc nghi¢m bo sung tai Phu luc F-J dung R 4.3.3 va 4.5.2 v6i cung cac géi. Mo

hinh trich xuét bd nim tai muc 1.6 duoc trién khai bang Python (muc 1.6.4.2).
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Phu luc E
MO TA CAC TAP DU LIEU SU DUNG
Phu luc nay mo ta chi tiét cac tap dir liéu duoc st dung trong cac thuc nghiém
ctia luan an, bao gdm: ngudn gdc, kich thuée, dinh dang, phan bd nhin va 1y do lua
chon. Sau tap dir li¢u dugc sir dung cho da dang céc kich ban thyc nghi¢m: Thong tin

chi tiét cua cac tap dit lidu duoc téng hop tai Bang E.1 - Bang E.12.
E.1. yelpHotelData va yelpResData

Hai tap dir li¢u yelpHotelData va yelpResData 1a dit liéu danh gid cia nguoi
dung trén nén tang Yelp.com vé khach san (Hotel) va nha hang (Restaurant) do
Mukherjee va cong su thu thap va cong bd [3]. Cac tap dit lidu nay duogc sir dung chil
yéu cho m6 hinh rirng mat d6 (Chuong 3) va ring da tap (Chwong 4) vi ¢6 phan b
nhén 1éch vé 16p positive (p = 1,7-1,9) va cAu tric phan nhém tu nhién, dac trung

phtt hop véi thiét ké tich hop DBSCAN cua cac md hinh.

Bang E.1: Két qua thdng ké tap dit liéu yelpHotelData va yelpResData

Thugc tinh yelpHotelData yelpResData
Linh vuc Khach san (Hotel) Nha hang (Restaurant)
Tong s6 danh gia 688.329 788.471
S6 khach san/nha hang 283.086 (bang hotel) 242.652 (bang restaurant)
S6 ngudi dung 5.132 (trong bang 35.430 (trong bang
(reviewers) review) review)
~ 1,9

~ 1,7 (560.769/321.705

Ty 1é mét can bang p(O) b nm) (9.650.537/5.140.963 bd
i nam)
Dinh dang nhan Da 16p (1-5 sao) — 2 16p | PBalop (1-5 sao) — 2 16p
1-3 sao = Negative; 1-3 sao = Negative;
Quy udc nhan
4-5 sao = Positive 4-5 sao = Positive

Khong (3 sao gdp vao Khong (3 sao gdp vao

Loai b¢ . .
oarbo Negative) Negative)
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M&i danh gid dugce chuyén ddi thanh bo nim quan diém x = (e, q, s, h, £) sau

khi qua quy trinh tién xir Iy (chi tiét tai Phu Iyc C):
(1) e (entity): t€n cua khach san/nha hang dugc danh gia;

(2) a (aspect): khia canh duoc dé cip (GoodforKids, Parking, PriceRange,
WiFi, ...);

(3) s (sentiment): cuc tinh cdm xuc (positive/negative);
(4) h (holder): nguoi viét danh gia (reviewerName);
(5) t (time): thoi diém dang danh gia.

E.2. Amazon Reviews

Tap dir liéu Amazon Reviews dugc sir dung tir phién ban céng b clia nghién
ctru [67], bao gdm hang triéu dénh gia san phim trén Amazon.com. Trong luan an,
tap con Amazon Fine Food Reviews (568.454 danh gi4) dugc st dung dé kiém ching
tinh tong quat cia mo hinh ring phan loai (Chuong 2) trén dit liéu thuong mai dién

tor voi su da dang veé san pham.

Béng E.2: Két qua thong ké tap dit liéu Amazon Reviews

Thugc tinh Gia tri
Ngudn Stanford SNAP - Amazon Reviews [67]
Domain str dung Fine Food (Amazon Food Reviews)

568.454 (toan bo); 18.532 (Bai bao 1); 5.411 danh gi4

Téng s6 danh gia (day du) — 8.020 bo nam (Fcr)

Rating (1-5 sao), Review text, Helpful votes, Verified

So dic t d4anh gid
0 dac trung danh gi1a purchase

Ty 1& mit cin bang p(O) | = 5,4 (Mat can bang trung binh)

Quy udc nhan 1-2 sao = Negative; 4-5 sao = Positive; 3 sao (loai bo)
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E.3. TripAdvisor Reviews

Tap dit lieu TripAdvisor dugc trich xudt tir cac danh gia vé khach san trén nén
tang TripAdvisor. Tap dit liéu nay c6 ciu trac dic biét v6i nhiéu khia canh danh gia
riéng bi¢t (Value, Rooms, Location, Cleanliness, Check in/front desk, Service,
Business service), cho phép kiém ching kha ning phén loai da khia canh (multi-

aspect ABSA) ciia mo6 hinh rirng phan loai (Chuong 2).

Bang E.3: Két qua thong ké tap dit liéu TripAdvisor Reviews

Thuc tinh Gia tri
N TripAdvisor Hotels Dataset (Wang va
Nguodn A
cong sy, KDD 2011 [2])
. : . 108.891 (tap con st dung trong luan an,
T 5 dénh ois : L :
ong so danh gia muyc 2.7.1.2)
S4 khach san 1.850
7 (Value, Rooms, Location, Cleanliness,
S6 khia canh danh gié riéng Check in/front desk, Service, Business
service)
Dinh dang danh gia khia canh 1-5 sao trén moi khia canh
S6 ngdn ngir Tiéng Anh

E.4. Tap dit liéu VLSP-2018 (tiéng Viét)

Muc nay mo ta chi tiét tap dit lisu VLSP-2018 ABSA tiéng Viét, tap dit liu
ABSA chuan cho tiéng Viét hién duogc sir dung dé kiém chung kha ning tong quat
hoa cia ba mo hinh rirg dé xuat trén ngdn ngit Viét. Muc nay trinh bay toan bo quy
trinh: ngudn gdc, thong ké tap dir liéu, quy trinh chu thich, co s cha thich va khao
sat cac tap dir liéu ABSA tiéng Viét hién co.

Tap dit liéu VLSP-2018 ABSA duoc cong bd tai [197] dé phan tich tinh cam
dua trén khia canh (ABSA) tiéng Viét, ndi tiép tap dir lieu VLSP-2016 chi thuc hién

phan loai cyc tinh tong thé. Tap dir liéu cung cap hai tap con dénh gid nha hang va
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khéch san tai Viét Nam, mdi danh gia duoc chu thich bo ba [189] {Entity#Attribute,

Sentiment} & cap tai liéu (document-level ABSA).

Bang E.4: Thong ké tong quan tap dir liéu VLSP-2018 ABSA

Thudc tinh VLSP-2018 Restaurant VLSP-2018 Hotel
Linh vuc Nha hang tai Viét Nam Khach san tai Viét Nam
S6 van ban Train 2.961 3.000
S6 van ban Dev 1.290 2.000
S6 vian ban Test 500 600
Tong s6 van ban 4.751 5.600
S6 aspects (Train) 9.297 13.948
S aspects (Dev) 3.443 7.111
S6 aspects (Test) 2.419 2.584
Tong aspects 15.159 23.643
S6 cap Entity#Attribute 12 cap 34 cap
Nhin tinh cim 3 16p: positiv.e, neutral, 316
negative
Nguén dit lidu Foody.vn Agoda.com/
Booking.com

Bang E.5: Phan bd cam xuc trén cac tap dir liéu

TR

Tap dir lieu Positive Neutral Negative ons
aspects

Restaurant Train | 7.071 (76,1%) 1.556 (16,7%) | 670 (7,2%) 9.297

Restaurant Dev | 2.520 (73,2%) 692 (20,1%) | 231 (6,7%) 3.443
Restaurant Test | 1.669 (69,0%) 591 (24,4%) 159 (6,6%) 2.419
Hotel Train 10.229 (73,3%) | 570 (4,1%) 3.149 (22,6%) 13.948

Hotel Dev 5.077 (71,4%) 226 (3,2%) 1.808 (25,4%) 7.111
Hotel Test 1.806 (69,9%) 133 (5,1%) 645 (24,9%) 2.584
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Bang E.6: Top 5 cip Entity#Attribute phd bién nhit d6i véi tap Restaurant Train

Hang Entity#Attribute S6 lwong Ty 1€
1 FOOD#QUALITY 2.658 28,6%
2 | FOOD#STYLE&OPTIONS 1.746 18,8%
3 | FOOD#PRICES 1.401 15,1%
4 | RESTAURANT#GENERAL 855 9,2%
5 SERVICE#GENERAL 795 8,6%

Bang E.7: Top 5 cip Entity#Attribute phd bién nhat di véi tap Hotel Train

Hang Entity#Attribute S6 lwong Ty 1€
1 SERVICE#GENERAL 1.912 13,7%
2 | HOTEL#GENERAL 1.282 9,2%
3 LOCATION#GENERAL 1.196 8,6%
4 | HOTEL#COMFORT 1.139 8,2%
5 | ROOMS#DESIGN&FEATURES 916 6,6%

Mbi mau trong tdp VLSP-2018 c6 dinh dang:

Dong 1: Ky hiéu “#N” véi N 1a s6 thir tw mau.

Dong 2: Vin ban danh gia tiéng Viét.

Dong 3: Danh sach cac bo ba {Entity#Attribute, sentiment} cach nhau boi dau
phay.

Vi du: cho danh gia “Huong vi thom ngon, in cay rat thich, ném ném vira
miéng”, chu thich 1a {FOOD#QUALITY, positive}, {FOOD#STYLE&OPTIONS,
positive}.

Quy trinh chuyén bo ba thanh by nam (e, a, s, h, t)

VLSP-2018 cung cip chi thich bo ba {Entity#Attribute, Sentiment}. Dé nhat
quan voi1 bai toan by ndm o = (e, a, s, h, t) dugc dinh nghia theo Bing Liu [1], luan

an thuc hi¢n budc anh xa mé rong theo quy trinh 5 budc:
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Bang E.8: Quy trinh 4nh xa tir bd ba VLSP-2018 sang by nam (e, a, s, h, t)

Thanh Nguon trong Phwong phap .
N , Vi du cu thé
phian VLSP-2018 trich xuat
c Phén Entity trong cdp | Tach chudi theo ky ty| FOOD#QUALITY
(Entity) Entity#Attribute %', 14y phan trudc — e =FOOD
a Toan bd cap Lay nguyén cip, mi FOOD#QUALITY
(Attribute) |  Entity#Attribute hoa label encoding —>a=3
< . , positive — 1; negatiYe positive
] Nhan Sentiment goc | — 0; neutral — loai
(Sentiment) bo Ss=1
Khong cht thich | Gan theo tir khoa 3 “gia dinh minh”
h (Holder) . . X .
tuong minh cap (xem Bang E.9) —h=2
Suy tur tr khoa
: Khoéng ¢ truong mua/thdng (Bang “nghi he”
t (Time) e .. . )
ngay dang bai E.10); khong c6 — 4 —t=1(Ha)
(khong 1d)

Buéc 1-Tach Entity#Attribute thanh (e, a): Mdi cap dugc tach bang ky tu '#':
phan trude 1a e, toan bo cip 1a a. Bang anh xa E—{0..4} va A—{0..11} xay dung tir
tap Train, voi E 1a tap hop thuc thé, A 1a tap hop khia canh.

Bu6c 2 - Xur Iy nhén s: Nhin gbe 3 16p — 2 16p: positive — 1; negative — 0;
neutral — loai bo. Ly do: nhat quan voi quy tic loai mirc trung 1ap ap dung cho

Amazon Food Reviews va TripAdvisor (Bang 3.3); xem thém co sé tdm 1y hoc nguoi

tiéu dung [168].

Budc 3 - Gan Holder h: VLSP-2018 khong chu thich Holder tuong minh. Gan

theo hé thong tir khoa 3 cép (tai Bang E.9). Mic dinh h = 0 khi khong c¢6 d4u hiéu.

Buéc 4 - Trich xudt t: Tt tir khoa muiia/thang trong cau danh gia — phan mua:

thang 1-3 = 0 (Xuan), 4-6 = 1 (Ha), 7-9 = 2 (Thu), 10-12 = 3 (Bdng); khong co tir

khoa — 4 (khong rd), do VLSP-2018 khong cung cép ngay ding bai.
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Buéc 5 - Chudn héa Z-score: Tinh u va o tir tip Train, ap dung cho Dev va

Test. Két qua: O € R,

Bang E.9: Tiéu chi chu thich £

Gia tri h | Loai holder Tirkhoa Anhz.ln dang Y nghia Xu huong
: ; (Cap1) pos
0 khach le | 01> "minh” khong Khéch 1¢ 65-70%
deé cap nguoi di cung
I doi ban | divoiban® “wi Poi ban 76-82%
minh”, “hai dira
2 gia_dinh | c21ha” "dua con”, Gia dinh 80-85%
vo chong”, “bon tré
3 doanh nhan | , ,t,le}? kh?,di . doi , Doanh nhan 55-63%
tac”, “hop”, “cong ty
“du lich”, “ghé qua”, , o
4 phuot thu “phuot”, “kham ph4” Phuot tha 78—84%

Hé théng quyét dinh 3 cép cho h:
Cép 1 - Tir khoa rd rang: “gia dinh minh”, “hai dra nh6” — h =2.
Cép 2 - Dau hiéu gian tiép: “tiéc sinh nhat”, “hop mit céng ty” — suy luan.
Cép 3 - Mic dinh: khong c¢6 ddu hiéu — h = 0 (khach_le).

Béang E.10: Tiéu chi chu thich ¢ theo mua

Piact hanh vi | Xu hué
Gidtrit| Mia | Khoang thoi gian actrulig ham v ) Auwong
tiéu dung pos
A Thng 1-3 W hop gla dinh, tioe
0 Xuan L 1X 1A tat nién, dau nam nhiéu| 72-76%
(Tét, 1€ hoi) .
ky vong
Thing 4-6 qfo dié:m du iich, }
1 Ha C . nhiéu khach nhat, trai | 78-84%
(nghi he) N ..
nghiém mai
Théng 7-9 Trung bi,nh, it du Hf?h
2 Thu A hon, khach quen dia | 70-74%
(mua nhiéu mién Nam)
phuong
3 Pong Thérig 1?—12 Vérig khéc’h nhat, tiéu 63-68%
(cudi nam) chuan so sanh cao hon

Hé théng quyét dinh 3 cép cho t:

29 ¢

Cap 1 - Tu khéa mua: “he”, “nghi he”, “mua dong”, “tét” — gan truc tiep.
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Cép 2 - Tir khoa thang: “thang 57, “thang 12” — suy luin mua.
Cép 3 - Khong c6 dau hiéu: t = 4 (khong rd), do VLSP-2018 khéng cung

cap ngay ding bai.
Bang E.11: Bg do danh gia chu thich va nguong muc tiéu
5 . Ngud
Thanh phin Loai bién Pj do IAA sHons
muc tieu
Danh nghia Cohen's Kappa (k
h (Holder) e PP () |~ 0,80
(5 16p) [79]
. Thet t Weighted Kappa
t (Time/Mua) . (kw) Kkw > 0,75
(4 mua)
[198]
_ N ) Cohen's Kappa (k)
s (Sentiment) Danh nghia (2 16p) (79] k=>0,80
Fleiss' K
e#a (Entity#Attr) | Danh nghfa (12/34 16p) els[sl99]appa K> 0,80

E.5. Tong hop cac tap dir liéu

Bang E.12: Bang tong hop cac tap dit liéu ding trong thyc nghiém

Str dung
Tap dir lié Linh 0 r | Kich thué :
ap dir liéu inh vee | Ngon ngir ich thwée | p(O) thye nghiém
Khach . 688.329
yelpHotelData ach san Tiéng Anh . ~ 1,7 | Chuong 3, 4
(Yelp) reviews
Nha hang % 788.471
IpResDat Tiéng Anh ~1 h 4
yelpResData (Yelp) ieng An reviews ;9 | Chuong 3,
Th x 568.454
Amazon ) ug‘n & , | Tiéng Anh i ~54 Chuong 2
mai dién tir reviews
. 108.891
TripAdvisor | Khéch san | Tieng Anh ) ~4 Chuong 2
reviews
VLSP-2018 | Nhahang | ., .. | 4751 miu/
Tie &t ~ 1 Phu luc F
Restaurant VN ieng Vie 12 aspects 05 1 e
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LSP-201 Khéch A : a
VLSP-2018 ach san Tiéng Vit 3-600 mau / ~3,2 Phuy luc F

Hotel VN 34 aspects

Bén tap dir liéu tiéng Anh va 2 tap tiéng Viét duoc sir dung tong cong trong cac
kich ban thuc nghi¢m cua luan an, ddm bao da dang vé: (1) linh vyc (khach san, nha
hang, san pham thuc phim); (2) ngdn ngit (tiéng Anh, tiéng Viét); (3) muc do mat
can bang (tir p ~ 1,7 dén mat can bang nghiém trong p ~ 10,5); (4) cap do chu thich
(cAp tai liéu, cp cau, cAp khia canh). Su da dang ndy cho phép danh gia toan dién

tinh tong quat hoa cua cac mo hinh ring dé xuat trén cac diéu kién thuc té khac nhau.
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Phu luc F
KET QUA THUC NGHIEM TREN VLSP-2018

Phu luc trinh bay két qua thuc nghiém ctia ba mé hinh rimg dé xuét (Ec, For,
Fmr) va nim mo hinh co s¢ (Logistic Regression, SVM tuyén tinh, Naive Bayes,
Random Forest, Gradient Boosting), cung mé hinh tham chiéu PhoBERT (muc F.6),
trén dir liéu géc VLSP-2018 SA (Restaurant, Hotel) [197]. Toan b thuc nghiém duoc
thue hién bang kich ban R, ding chung cac ham phan cum, huan luyén va danh gia
v6i Phu luc H va thyc nghiém so sanh thong nhat, nham bao dam quy trinh dong nhat
gitra dir liéu tiéng Anh va tiéng Viét.

F.1. Dir liéu va quy trinh xay dwng b nim quan diém

Dir liéu géc g6m cac tap dir liéu train, dev va test (dugc dinh dang CSV, mdi
cot ing véi mot cap Entity#Attribute, ma 0 = khong dé cap, 1 = positive, 2 = negative,
3 = neutral). Mdi cip (danh gia, khia canh) c6 nhin dugc chuyén thanh mot bd nim
o=(e, a, s, h, t) theo quy tic sau:

- e: phan Entity cua cip Entity#Attribute (vi du FOOD); a: toan bd cip
Entity#Attribute (vi du FOOD#QUALITY);

- s: positive — 1, negative — 0; nhan neutral dugc loai bo, cung quy tac véi
Amazon Food Reviews va TripAdvisor (Bang 3.3);

- h: suy ty dong bang so khép tir khoa trong cdu danh gia theo Bang E.9 (gia
dinh, doi ban, doanh nhan, phuot thu); khong c6 déu hitu > h=0 (khach 1¢);

- t: suy tur dong bang so khdp tir khoa mua/thang trong cau theo Bang E.10
(cp 1-2); VLSP-2018 khong cung cap ngiy dang bai nén khi khong c6 tir khoa — t
=4 (khong 10).

S6 liéu chi tiét Bang F.1, Bang F.2 cho théy phén 16m bd ndm nhén gié tri mac
dinh: 92,9% (Restaurant) va 74,3% (Hotel) c6 h = khéch 1¢; 96,6% (Restaurant) va
97,2% (Hotel) c6 t = khong 6. Nhu vay thong tin thyc su phan biét trong véc-to dac
trung chii yéu dén tir hai thanh phan e, a, day 1 gii han c6t 16i ciia viéc ap dung bicu
dién bd nim cho VLSP-2018, vén khong chu thich Holder va Time.

F.2. Ma héa dac trung va quy trinh thwe nghiém
- Ma hoa: e, a, h, t dugc ma hoa target encoding (lam tron Laplace, m = 10,

chi udc lugng trén tap Train) va chuan hoa Z-score theo tap Train (Phu luc G-J).

219



- Chia tap: dung dung cac tap Train/Dev/Test chinh thirc cia VLSP-2018; Dev
dung dé chon ngudng quyét dinh (t6i da Balanced Accuracy) cho moi mé hinh va
1am tap xac thuc cho bo két hop Stacking ctia Fue.

- Fcr: mot rimg ngdu nhién 300 cdy voi Bootstrap can bang 16p
(BalancedBoot). Fpr: DBSCAN Euclidean v6i1 eps thich tng theo phan vi khoang
cach k-lang giéng, mdi cum mot ring BalancedBoot, két hop bing trung binh xac

suat. Fyr: ma tran quan hé W tir rig khong giam sat (that/gia) trén mau con 5.000

bo nam, DBSCAN trén khoang céach da tap dist;p, = 1-W mdi cum mot rung
BalancedBoot, két hop bang Stacking (meta-learner rimng ngau nhién trén tap Dev).

- Mo hinh co s6: Logistic Regression [203] (glm, trong s6 16p nghich tan suat),
SVM tuyén tinh [86] (¢1071, ham nhén tuyén tinh, trong s 16p), Naive Bayes [204]
(e1071), Random Forest [65] (randomForest, 300 cdy, Bootstrap médc dinh) va
Gradient Boosting [84] (gbm, 300 cdy, d6 sau twong tic 3, ham mat mat Bernoulli).
Nam md hinh nay ding cing véc-to bd nam, cing cach chia va cing quy tic chon
ngudng nhu ba mo hinh rimg dé xuat.

- V& lyra chon m6 hinh co s&: bd mé hinh co 8¢ trén VLSP-2018 bao gdm du
ba md hinh hoc méy dung trén dit li¢u Yelp tai Chuong 3, Chuong 4 (Random Forest,
Gradient Boosting, SVM), bd sung hai mé hinh tuyén tinh, x4c suat théng dung cho
phan loai vin ban (Logistic Regression, Naive Bayes). SVM tuyén tinh 1 thuat toan
SVM [86] véi ham nhén tuyén tinh; SVM tai Chuong 3, Chuong 4 dung ciu hinh cua
cac bai bao da cong bd (goi e1071, Bang D.1), con tai phu luc nay va trong thuc
nghiém so sanh thong nhat (Phu luc J, Bang J.8) dung ham nhan tuyén tinh vi phu
hop v6i véc-to dac trung it chidu va c6 chi phi huan luyén thdp. Nhém mé hinh hoc
sau, Transformer dung van ban géc (LSTM, BiLSTM-Attention, BERT, RoBERTa
trén Yelp) tuong tmg v6i PhoBERT trén tiéng Viét (muc F.6), vi BERT, RoBERTa
ban gbc dugce tién huan luyén cho tiéng Anh. Nhu vay, trén ca hai ngon ngir, cac mo
hinh dung b nim dugc so sanh véi nhau trong cung diéu kién, con cac mé hinh dung
van ban gbc dugc trinh bay nhu méc tham chiéu.

- b6 do: Accuracy, Fl-macro, Fl-weighted, Fl-pos, Fl-neg, Balanced
Accuracy (BA), MCC, ROC-AUC; kiém dinh McNemar ting cip v6i hiéu chinh
Holm. Thoi gian 1a thoi gian huan luyén trén CPU.
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- Khi mét cum chi gdm cac diém tring nhau (moi dic trung 1 hing sb), ring
ngﬁu nhién khong thé tach nat; cum d6 duoc du doan béng ty 1€ positive ciia cum
(VLSP-2018 chi c6 khoang 120 t6 hop (e, a, h, t) khac nhau trén tdp Restaurant).
F.3. Két qua trén VLSP-2018 Restaurant (p = 10,5)

S6 liéu chi tiét tai Bang F.3, Bang F.4 (trinh bay o cuoi Phu luc F).
F.4. Két qua trén VLSP-2018 Hotel (p =~ 3,2)

S6 liéu chi tiét tai Bang F.5, Bang F.6 (trinh bay ¢ cudi Phu luc F).
F.5. Thao luian

Trén VLSP-2018 Restaurant (p = 10,5), moi mo hinh chi dat Balanced
Accuracy 0,49-0,66 va ROC-AUC 0,50-0,69, tirc kha ning phan biét hai 16p rat han
ché. Fpr dat BA cao nhét (0,6596) va MCC cao nhét (0,1799); Fcr dat MCC 0,1602,
cao hon ndm moé hinh co s (MCC tir -0,0042 dén 0,1438). Random Forest va Fur
khong hoc dugc 16p negative (BA 0,4988 va 0,4919, ROC-AUC 0,5032 va 0,5150):
Random Forest dung Bootstrap mdc dinh nén thién vé 16p da sb khi p =11, conbd
két hop Stacking ctia Fur hudn luyén trén Dev v6i s6 miu negative nho (231) ciing
thién hin vé 16p positive; diéu ndy cho thay vai trd cia co ché Bootstrap cin bang 16p
ma Fcr, For st dung. O ngudng 0,5 (Bang F.4), SVM tuyén tinh, Random Forest va
For du do4n gan nhu toan b 1a positive (Accuracy 0,9103-0,9130, gan bang ty 1¢ 16p
da s6, Fl-neg = 0), cho thdy Accuracy khong phai d6 do pht hop trén tip mét cin
bang manh nay.

Trén VLSP-2018 Hotel (p = 3,2), cac md hinh dat BA 0,69-0,73 va ROC-
AUC 0,71-0,77. Logistic Regression dat BA cao nhat (0,7300), tiép theo 14 Gradient
Boosting (0,7270), Fpr (0,7239) va Fwmr (0,7171); Random Forest dat Accuracy cao
nhat (0,7666) nhung BA thap nhat (0,6906) do thién vé 16p positive. For va Fmr ¢o
Accuracy, Fl-macro cao nhit trong ba mé hinh rimg dé xuat (0,7503/0,7031 va
0,7556/0,7029). Kiém dinh McNemar (hiéu chinh Holm trén 28 cip) cho thiy Fpr va
Fumr ding nhiéu hon c6 y nghia so véi Fcr, SVM tuyén tinh va Naive Bayes (p <
0,001), nhung khong khéc biét c6 y nghia so voi Logistic Regression, Random Forest
va Gradient Boosting (p sau hiéu chinh tir 0,19 dén 1,0) ciing nhu giita Fpr v&i Fur
(p=1,0).
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Két qua trén dit liéu gbe cho thiy: (i) trén VLSP-2018, cuc tinh cam xtc duoc
quyét dinh chu yéu boi ndi dung cau danh gid, trong khi véc-to bd nim chi mang
thong tin vé khia canh (e, a) va hai thanh phan h, t phan 16n nhén gia tri mic dinh
(Bang F.2); vi viy ca ba mé hinh rirng 1an nim mo hinh co sé déu bi giéi han & mirc
phan biét thap; (ii) trong gidi han do, trén tap Hotel co ché phan cum ctia Fpr va Fyr
gitp cai thién Accuracy, F1-macro so voi Fcr (trén tdp Restaurant, Fpr chi cai thién
Balanced Accuracy va MCC), phu hgp vé1 nhan dinh cua ludn an vé vai tro cia phan
cum theo mat do; (iii) trén tap Hotel, Fpr va Fmr khong khéc biét co y nghia thong ké
so voi Logistic Regression, Random Forest va Gradient Boosting (kiém dinh
McNemar—Holm), tirc trén dac trung bd nam ciia VLSP-2018, cac mo hinh rimg dé
xuat dat mirc twong duong cac mé hinh hoc may thong dung. Két qua nay cung cd
han ché d3 néu tai §5.1 (phu thudc vao chat luong trich xuit b nam) va hudng phat
trién tai §5.2 (két hop biéu dién ngit nghia PhoBERT véi cau tric ring).

F.6. M hinh tham chiéu PhoBERT

PhoBERT (checkpoint vinai/phobert-base) dugc tinh chinh cho bai toan phan
loai nhi phan trén cung cac cdp (danh gia, khia canh), cing nhan va cung tap
Train/Dev/Test chinh thitc nhu Bang F.1. Khéc v6i tdm mo hinh tai Bang F.3 - F.6
dung véc-to bd nam (e, a, h, t), dau vao ctia PhoBERT 14 vin ban “khia canh + cau
danh gia” (vi du: “khia canh food quality . <cau danh gia>"). Vi vdy PhoBERT duoc
trinh bay nhu méc tham chiéu cho mitc thong tin chira trong vin ban gdc, khong nam
trong cung nhom so sanh véi cac mo hinh dung b nam.

Cdu hinh: 36 dai chudi toi da 128, kich thuéc batch 16, 2 epoch, toc d hoc
2x1075 (AdamW), dimg sém theo ton thét trén Dev (patience = 1), hat gidng 2026;
ngudng quyét dinh chon trén Dev theo Balanced Accuracy nhu cac mé hinh khac.
Huan luyén trén CPU 8 luéng (PyTorch 2.2.0, khong ding GPU), bo nhé dinh ciia
tién trinh khoang 3,96 GB. Tén thit (train/Dev) sau 2 epoch: Restaurant
0,2068/0,1890; Hotel 0,2687/0,3631.

S6 liéu chi tiét tai Bang F.7 (trinh bay & cudi Phu luc F).

Khi ding vin ban gbc, PhoBERT dat Balanced Accuracy 0,7906 va ROC-

AUC 0,8603 trén Restaurant, 0,8323 va 0,9160 trén Hotel. Két qua nay cho thiy phan

16n thong tin vé cyc tinh cam xtc cia VLSP-2018 nam trong ndi dung ciu danh gia,
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nhét quan v6i nhan dinh (1) tai muc F.5 vé gi61 han cta véc-to bo ndm khi hai thanh
phan h, t phan 16n nhan gia tri mac dinh. V& chi phi, thoi gian huan luyén PhoBERT
trén CPU 1a khoang 5,5-6,5 gio mdi tap, trong khi cac mé hinh dung bd nim can tir
duéi 1 gidy dén khoang 5 phat (Bang F.3- Bang J.5). Hai dic diém nay 1a co s& cho
huéng phat trién tai §5.2: két hop biéu dién ngit nghia tir PhoBERT véi ciu tric rimg
dé gitr kha ning dién giai va chi phi suy luan thip cta cac mé hinh dé xuit.

F.7. Muc dich, ngudn dir liéu, tai 1ap va giéi han

- Muc dich: phu luc nay kiém tra kha ning ap dung cta quy trinh b nim va
ba m6 hinh rimg dé xuét trén mot ngdn ngit khac (tiéng Viét), véi dir liéu co chi thich
khia canh cong khai ctia cong dong. Py 1a thuc nghiém bo sung, khong thay thé cac
két qua trén dir liéu tiéng Anh tai Chwong 2, Chuong 3, Chuong 4 va khong nham so
sanh voi bang xép hang ciia VLSP-2018.

- Nguoén cia dir liéu bé nam: tit sau tép gdc chinh thic cia VLSP-2018 SA
[197] (Restaurant, Hotel x Train, Dev, Test). Moi dong ing vdi mot cip (danh gia,
khia canh) c6 nhan positive hodc negative, gom cac cot: ma danh gia, tap chia
(train/dev/test), e, a, s, h, t va van ban danh gia géc; sb dong cua tung tap khop voi
cot “S6 bo nam dung” tai Bang F. 1.

- Cach xdy dung va cdach suy ra h, t: toan by qué trinh 1a ty dong, khong co
budc gan nhin thu cong. Ba thanh phén e, a, s ldy truc tiép tir chu thich chinh thic
cua VLSP-2018 (tach cap Entity#Attribute; nhan positive, negative; loai nhan
neutral). Hai thanh phan h, t dugc suy bang so khép tir khoa (biéu thirc chinh quy,
khong phéan biét chir hoa, chit thuong) trén van ban danh gia theo bd tur khoa cta
Bang E.9, Bang E.10, c6 b6 sung mot sd bién thé thuong gip (vi du “bd me”, “ng
ba”, “ban be”, “ngudi yéu”, “dong nghiép”, “cong tac”, “giang sinh”, “trung thu”).
Khi mot cau chira tir khoa ctia nhiéu nhém, h duge gan theo thtr ty uu tién gia dinh,
doanh nhan, d61 ban, phuot thu; khong khédp tir khda nao thi h =0 (khach [é) vat=4
(khong r3). Do dung so khép tir khoa nén két qua c6 nhiéu (vi du cum “dich vu du
lich” khién h nhan gia tri phuot thit) va chua ¢ chii thich chuan dé do do chinh xac
ctia budc suy dién; cac ngudng dong thuan tai Bang E.11 12 ngudng muc tiéu cho chii

thich thu cong trong nghién ciru tiép theo, chua ap dung trong phu luc nay.
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- Kha nang diing chung cho mé hinh ¢é dién va hién dai: mdi dong gitr dong
thoi b ndm va van ban gdc véi ciing ma danh gia va ciing tap chia chinh thirc, nén
cung mot t¢p duoc dung cho cd tam mo hinh trén dac trung bd nam (Bang F.3—F.6)
13n md hinh dung vin ban PhoBERT (Bang F.7, dau vao “khia canh + cau danh gia”).
Nho vay moi mo hinh dugc danh gia trén ding cung céac cdp (danh gia, khia canh) va
cung tap Test; tép c6 thé dung lai cho cac mo hinh khac (LSTM, BiLSTM-Attention
hodc mo hinh ngdén ngtr I16n) ma khong phai xay dung lai dir ligu.

- Ly do PhoBERT khéng dwoc so sanh truc tiép: PhoBERT dung toan bo vin
ban va tri thirc tién huan luyén tir kho van ban tiéng Viét 16n, trong khi tdim mé hinh
tai Bang F.3—F.6 chi ding véc-to bén dic trung (e, a, h, t); hai nhom khac nhau vé
khong gian dau vao, vé luong thong tin dugc tiép can va vé chi phi tinh toan (khoang
5,5-6,5 gio CPU mdi tap so véi tir dudi 1 gidy dén khoang 5 phut). Vi viy, gidng
cach trinh bay BERT, RoBERTa tai Chuong 3, Chuong 4, PhoBERT dugc dung lam
méc tham chiéu cho lwong thong tin chira trong vin ban; phép so sanh c6 kiém soat
chi thyc hién giita cic md hinh ciing dau vao bo nim (Bang F.3-F.6 va kiém dinh
McNemar).

- Tdi lgp: mot kich ban thuc nghiém trén phan mém R (v6i hat giéng 2026,
300 cdy cho cac mé hinh rimg) doc sau tép gdc, sinh hai tép bd nam néi trén, huan
luyén tAm mo hinh dung bd nim va ghi cac bang két qua, két qua tai ngudng 0,5,
thong ké thanh phan h, t va kiém dinh McNemar. PhoBERT duoc tinh chinh bang
thu vién transformers (nén tang PyTorch), goi tir kich ban trén phin mém R.

Bai toén tai phu luc nay la phan loai nhi phan trén tung cdp (danh gia, khia
canh) di biét khia canh, khac dinh dang gdc cia VLSP-2018 Shared Task (phat hién
khia canh va cyc tinh) nén két qua khong so sanh tryuc tiép voi bang xép hang chinh

thirc cua VLSP-2018.
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BANG SO LIEU CUA PHU LUC F

Béng F.1: S6 cdp (danh gia, khia canh) va sb bo nam sau khi loai nhan neutral

Tap Tong sb cip Positive Neutral Negative S6 b nim ding p (pos/neg)
Restaurant — train 9.297 7.071 1.556 670 7.741 10,55
Restaurant — dev 3.443 2.520 692 231 2.751 10,91
Restaurant — test 2.419 1.669 591 159 1.828 10,50
Hotel — train 13.948 10.229 570 3.149 13.378 3,25
Hotel — dev 7.111 5.077 226 1.808 6.885 2,81
Hotel — test 2.584 1.806 133 645 2.451 2,80
Bang F.2: Phan bd thanh phan h va t suy tir tir khoa trén tap Train
h: h: h: h:
Tap h: khach 1¢é S5 b | o i doaPh phurgt thi t: Xuan t: Ha | t: Thu | t: Dong | khong ro
nhan
Restaurant 7.192 213 182 70 84 83 158 5 14 7.481
Hotel 9.941 206 2.413 183 635 142 176 18 40 13.002
Béng F.3: Két qua trén tap Test VLSP-2018 Restaurant (1.828 bd nim; ngudng tdi vu BA trén Dev)
A s . ROC- ~ Thoi
Mo hinh Accuracy |Fl-macro| Fl-weighted F1-pos F1-neg BA MCC AUC Nguong gian (s)
Logistic
Regression 0,4469 0,3908 0,5436 0,5757 0,2058 0,6175 0,1357 0,6713 0,70 0,0
[203]
SZth)(Egz]en 0,4551 0,3965 0,5519 0,5847 0,2083 0,6220 0,1404 0,6777 0,95 3,9

225




o ) ROC- ] Thoi
M6 hinh Accuracy |Fl-macro| Fl-weighted | Fl-pos | Fl-neg BA MCC AUC Ngudng gian (s)
Nalfzeoﬁ]ayes 0,6668 0,5079 0,7389 0,7876 | 002281 | 06212 | 01438 | 0,6190 0,94 0,3
Rand‘fgnsf orest | .8900 0,4900 0,8631 09417 | 00383 | 04988 | -0,0042 | 0,5032 0,85 1.3
Gradient 0,4759 0,4088 0,5734 0,6080 | 02096 | 0,6220 | 0,1391 | 0,6660 0,95 1,9
Boosting [84]
R‘mg(glcf)n loai | 6406 0,5001 0,7190 0,7651 | 02352 | 0,6382 | 0,1602 | 0,6850 0,37 0,3
R“anES‘t do 0,5602 0,4635 0,6516 0,6912 | 02357 | 06596 | 01799 | 0,6871 0,59 0.9
R“r(‘ghf:‘) tap 0,8463 0,4913 0,8423 09162 | 00664 | 04919 | -0,0171 | 0,5150 0,95 289,0
Béng F.4: Ddi chiéu tai ngudng cb dinh 0,5 — VLSP-2018 Restaurant
M6 hinh Accuracy F1-macro F1-pos F1-neg BA MCC
Logistic Regression [203] 0,6422 0,5044 0,7658 0,2431 0,6504 0,1742
SVM (t[‘;?]n tinh) 0,9130 04773 0,9545 0,0000 0,5000 0,0000
Naw[;(ﬁg]‘yes 0.8217 0,5213 0,9005 0,1421 0,5268 0,0463
Rand‘f‘ggf orest 0,9103 0,4765 0,9530 0,0000 0,4985 -0,0162
Gradler[‘tgzoosnng 0,9054 0,4809 0,9503 0,0114 0,4987 -0,0082
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M6 hinh Accuracy F1-macro F1-pos F1-neg BA MCC
R‘mg(gga)n loai 0,6247 0,4937 0,7513 0,2361 0,6437 0,1650
F
R“ngjgg‘t do 0,9130 04773 0,9545 0,0000 0,5000 0,0000
Rung da tap
(EME) 0,9054 0,4809 0,9503 0,0114 0,4987 20,0082

Ghi chii: tai ngudng 0,5, rimg mat d6 (Fpr) va SVM tuyén tinh ciing dy doan toan bd bd niam 14 positive nén ¢ chi sb trang nhau; rimg

da tap (Fwmr) va Gradient Boosting cung du doan 16 by ndm la negative (1 du doan ding) nhung & cac bo nam khéac nhau (hai mo6 hinh c6 32 bd

nam dy doan khéac nhau), nén ma tran nham 1an va céc chi so trung nhau. Két qua da duoc kiém tra lai bang cach chay lai toan bo kich ban véi

cung hat giéng 2026.
Béng F.5: Két qua trén tap Test VLSP-2018 Hotel (2.451 bd nam; ngudng tdi uu BA trén Dev)
e ) ROC- 3 Thoi
M6 hinh Accuracy |Fl-macro| Fl-weighted | F1-pos F1-neg BA MCC AUC Nguéng gian (s)
Logistic
Regression 0,7475 0,7041 0,7578 08174 | 0,5909 | 07300 | 04235 | 0,7666 0,43 0,0
[203]
SVM (tuyen 0,6879 0,6614 0,7063 0,7561 | 0,5666 | 0,7159 | 03818 | 0,7658 0,80 20,8
tinh) [68]
Nalfzeoﬁ?yes 0,6867 0,6594 0,7050 0,7557 | 0,5631 | 07126 | 03761 | 0,7567 0.86 0,7
Rand‘Eg‘g]F orest | 0.7666 0,6939 0,7646 08431 | 0,5446 | 06906 | 03881 | 0,7063 0,94 1.6
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- : ROC- i Thoi
M6 hinh Accuracy |Fl-macro| Fl-weighted | F1-pos F1-neg BA MCC AUC Nguong gian (s)
Gradient
Boosting 0,7475 0,7028 0,7574 0,8180 | 055876 | 0,7270 | 0,4193 | 0,7663 0,69 1,3

[84]
R“ng(glggn loal | 6879 0,6612 0,7062 0,7563 | 0,5661 | 0,7154 | 03810 | 0,7544 0,67 1,0
R“n(gF‘;‘s‘t a0 0,7503 0,7031 0,7592 0,8215 | 05848 | 0,7239 | 0,4168 | 0,7503 0,53 1,6
R‘“(‘%bf:) tap 0,7556 0,7029 0,7622 0,8280 | 055779 | 0,7171 | 0,4112 | 0,7495 0,91 277.9
Bang F.6: Dbi chiéu tai ngudng cb dinh 0,5 — VLSP-2018 Hotel
M6 hinh Accuracy F1-macro F1-pos F1-neg BA MCC
Loglstlszogf]%fessm 0,7050 0,6704 0,7772 0,5637 0,7111 0,3777
SVM (Elglé?l’l tinh) 0,7870 0,6892 0,8636 0,5149 0,6721 0,3981
NaleeOE?Yes 0,7401 0,6740 0,8208 0,5271 0,6791 0,3489
Rand‘fg;]F orest 0,7891 0,7018 0,8631 0,5404 0,6869 0,4148
Gradlef[ltgzoosnng 0,7895 0,7022 0,8634 0,5409 0,6872 0.4158
Rung(g?:)n loai 0,6928 0,6645 0,7619 0,5670 0,7158 0,3823
R“’“&g‘;‘t a0 0,7882 0,7010 0,8625 0,5395 0,6864 0,4130
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M6 hinh Accuracy F1-macro F1-pos F1-neg BA MCC
Rimg da tap 0,7813 0,6658 0,8623 0,4693 0,6483 0,3668
(Fwmr)
Bang F.7: Két qua PhoBERT trén tap Test VLSP-2018 (Restaurant: 1.828 bd nim; Hotel: 2.451 bo nim)
A ~ F1- . ROC- | Thoi gian
Tap Nguong Accuracy Macro F1-weighted | Fl-pos | Fl-neg BA MCC AUC s)
Restaurant Fi?é;%?j 0,7735 0,6226 0,8197 0,8613 0,3839 0,7906 0,3646 0,8603 23.447,9
Restaurant 0,5 0,9190 0,6390 - 0,9570 0,3211 0,6029 - 0,8603 —
Hotel Toi uu BA 0,8233 0,7944 0,8309 0,8716 0,7172 0,8323 0,6091 0,9160 19.747,1
trén Dev
Hotel 0,5 0,8633 0,8077 - 0,9111 0,7043 0,7847 - 0,9160 —

Ghi chii: ROC-AUC khong phu thudc ngudng nén gidng nhau & hai dong ctia cing mot tap; “—”: do do khéng dugc xuét & 1an chay tai
ngudng 0,5. Moc “ludn dy doan positive” c6 Accuracy 0,9130 (Restaurant) va 0,7368 (Hotel).
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Phu luc G

SO SANH BA MO HINH Fcr, For, Fur TREN CUNG NAM KY THUAT XU
LY MAT CAN BANG LOP

Phu luc ndy so sanh ndm k¥ thuét xtr Iy mat cAn bang 16p trén ca ba mé hinh
dé xuét cta luan an - Fcr (Chuong 2), For (Chuong 3) va Fur (Chuong 4) nham 1am
16 hai van dé: (1) “Ba md hinh Fcr, Fpr, Fmr duoc danh gié lai trén cung mot tap div
lidu, cung ti 18 chia va cing quy trinh chia dit lidu dé viéc so sanh dugc dong nhat”;
(11) “Recall dugc duy tri & muc 0,62-0,76 xuyén subt ba mé hinh. So sanh thém véi
cac k¥ thuat quen thudc (class weights, balanced random forest, SMOTE, diéu chinh
ngudng quyét dinh) va bao cdo kém Fl-macro, PR-AUC hoic MCC bén canh
Accuracy.”

G.1. Thiét 1ap thwc nghiém

Céa ba mo hinh dugc huan luyén va danh gia trén cing mot tap dit liu, cung ti
1é chia (60% Train/ 20% Validation/ 20% Test, phan chia ngiu nhién véi
set.seed(101)) va cung c¢& mau N = 112.275 (giébng Phu luc J), dap tng truc tiép yéu
cau (i) néu trén. Kién tric timg mo hinh giit nguyén nhu di trinh bay trong luan an:

- M6 hinh Fcr: mdt rimg ngiu nhién duy nhat, huan luyén trén toan bo tap Train
(khong phan cum).

- M6 hinh Fpr: DBSCAN Euclidean trén khong gian dac trung cua tap Train, sau
d6 K rimg ngiu nhién riéng biét theo cum, két hop bang trung binh xac suat qua K
rung (density averaging).

- M6 hinh Fmr: DBSCAN trén khong gian da tap (khoang cach suy ra tir mot rung
khong giam sat phan biét dir li¢u that/gid), sau d6 K rung riéng bi¢t theo cum, két hop
bang Stacking qua mot meta-learner hun luyén trén Validation.

Riéng v&i Fumr, ma tran khoang cach da tap W c6 kich thuoc NxN; ¢ N =
112.275, ma tran nay doi hoi xap xi 100 GB bo nhé, khong kha thi trén may tinh
thong thuong - dang nhu han ché d3 duge luan 4n ty néu tai muc 4.5.1 (huéng mo
rong quy mo), trong d6 c6 dé xuét giai phap ldy mau con (subsampling) trén tip huin
luyén truéc khi xdy W. Thuc nghiém nay ap dung cu thé giai phap do: riéng budc
phan cum khéng gian da tap va huin luyén K rimg co s¢ ctia Fmr ding mét tap con

ngdu nhién phan ting theo 16p gbébm 5.000 dong trich tr tdp Train
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(N_MF_SUBSAMPLE = 5.000); tdp Validation va Test van dung ddy du cho ca ba
m6 hinh dé viéc danh gia cubi cing cong bang va c6 thé so sanh truc tiép giita Fcr,
For, Fmr.

Nim bién thé xir Iy mat can bang 16p duoc ap dung khi huin luyén mbi rimg co
sO (mot rimg duy nhét véi Fer; timg rimg theo cum v6i Fpr/Fur): Baseline (bootstrap
mac dinh, ngudng cd dinh 0,5), ThresholdOnly (bootstrap mac dinh, ngudng hi¢u
chinh trén Validation theo Balanced Accuracy), ClassWeight, BalancedBoot
(bootstrap can bang 16p qua sampsize/strata) va SMOTE (oversampling SMOTE
bang goi smotefamily, K=5 lang giéng, trén tip huin luyén cua mdi ring co so).
Riéng v&i Fumr, nim bién thé nay chi 4p dung cho K ring co sd; meta-learner cia
Stacking gitt nguyén mic dinh & moi bién thé, nham tach bach ré dong gop cua viéc
xtr 1y mat cAn bang & ting rimg co s, tranh nham 1an véi hiéu ing ctia Stacking. Viéc
hiéu chinh ngudng ludn ap dung trén xac suat dau ra cudi ciing ctia tirng mo hinh (sau
trung binh K rimng v&i Fcr/For, sau meta-learner voi Fur), dam bao nhat quan gitra ba
md hinh. P do bao céo cho mdi to hop (mo hinh, bién thé): Accuracy, Precision,
Recall, Specificity, F1, Fl1-macro, Balanced Accuracy, MCC va PR-AUC (di¢n tich
dudi dudng cong Precision-Recall, xdp xi hinh thang trén ludi ngudng 0,01 - 0,99
cua tap Test, khong phu thuoc ngudng dugc chon). Toan bd tién xtr 1y, ma hoa dac
trung va phan cum DBSCAN duoc giir nguyén giita cac bién thé, nén khac biét gitra
cac hang trong Bang G.1, Bang G.2 chi dén tir cach xir Iy mét can bang 16p.

Day 1a thyc nghiém bd sung, khong thay thé s6 liéu ba mé hinh da bao céo chinh
thire trong luan an (Chuong 2, Chuong 3 va Chuong 4) hay tai Phu luc J.

G.2. Két qua trén tiap Hotel

S6 liéu chi tiét tai Bang G.1 (trinh bay & cudi Phu luc G).

G.3. Két qua trén tip Restaurant

S6 liéu chi tiét tai Bang G.2 (trinh bay & cudi Phu luc G).

Luu y vé dg do PR-AUC: chi s6 nay dugc tinh bang quy tac hinh thang trén
lu6i ngudng 0,01 - 0,99. V&i Fcr (mot rirng duy nhat), nhiéu quan sat c6 xac suit du
doan bang 1, nén ngay tai ngudng 0,99 Recall van con cao va doan duong Precision—
Recall ung v6i Recall thap khong dugc tinh vao dién tich; ddy nhiéu kha nang 1a ly
do PR-AUC cuia Fcr (va mot phan Fur) thdp hon ty 18 16p positive du Balanced
Accuracy tuong duong Fpr. Vi vy PR-AUC chi dung dé so sanh cac bién thé cua
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cung mdt mo hinh; so sdnh gitra cdc mo hinh dya trén Balanced Accuracy, F1-macro
va MCC.
G.4. Thao luan

Két qua véi Baseline (khong xtr Iy mat can bang) tai hién nhat quan ¢ ca ba
mo hinh dé xuét trén ca hai tap dir liéu: Recall rat cao (0,7719-0,9837) nhung
Specificity rat thip (0,0746- 0,4950), kéo theo Balanced Accuracy thip hon da sb cac
bién thé c6 xir Iy mat can bang (mirc giam rd rét nhit & Fpr trén Hotel). Didu nay cho
thay khi khong xtr Iy mat can bang, ca ba mo hinh déu thién manh vé 16p da sé.
Khoang Recall 0,62 - 0,76 trong sb liéu di cong bd (Chuong 3, 4) 1a mot diém van
hanh giita Recall va Specificity; trong cac thuc nghiém chay lai, co ché can bang 16p
(Balanced Bootstrap két hop hiéu chinh ngudng, muc J.1-J.6) dua Recall va
Specificity vé muc can bang hon: néu bo hoan toan co ché cin bing (bién thé
Baseline), Recall tang 1én 0,77-0,98 nhung Specificity sut gidm nghiém trong.

Trén ca hai tap dit liéu, BalancedBoot dat hoac gﬁn dat Balanced Accuracy
cao nhit ¢ da sb to hop m6 hinh: ca ba mé hinh trén Hotel, va Fcr trén Restaurant.
V61 Fpr va Fumr trén Restaurant, ThresholdOnly va ClassWeight nhinh hon
BalancedBoot nhung chénh léch nho (0,0010 diém Balanced Accuracy voi Fpr va
0,0084 diém véi Fumr) - xap xi bién d6 bién dong giira cac 1an chay randomForest.
Nhin chung, khong cé bién thé niao trong bdn ky thuat xir Iy mét cin bang
(ThresholdOnly, ClassWeight, BalancedBoot, SMOTE) vuot trdi 1 rét va nhat quan
so vGi ba bién thé con lai & ca ba mo hinh, cung c¢d thém cho lwa chon Balanced
Bootstrap két hop hiéu chinh ngudng dugc dung trong cac 1an chay lai Kich ban 1 tai
Phu luc J (myc J.1-J.6).

So sanh gitta ba m6 hinh ¢ cung diéu kién dit liéu cho thiy Fur c6 cac do do
tong hop (Balanced Accuracy, F1-macro, MCC) thap hon Fcr va Fpr & moi bién thé
¢6 xir Iy mat can bang (riéng bién thé Baseline trén Hotel, Fur cao hon Fpr do Fpr-
Baseline thién 1éch manh vé 16p da s6; riéng PR-AUC cua Fur thép hon Fpr nhung
cao hon Fcr), trén cd hai tap dir li¢u. Pay la h¢ qua truc tiép va da duoc du liéu trude
clia viéc phai lay mau con xuéng N = 5.000 cho budc phan cum khong gian da tap va
huan luyén K rimng co sé ctia Fmr (do gii han bo nhd O(N?) ctia ma tran W), khién
Fumr trong thuc nghiém nay hoc trén lugng dit liéu gan nhin it hon dang ké so véi

Fcr/For (von dung di N = 112.275). Do d6, chénh 1éch nay khong nén dién giai 1a
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Fumr kém wu viét hon vé mit kién triac, ma phan anh dng gidi han kha ning mé rong
quy md d néu tai myc 4.5.1 cia luan 4n; khi c6 ha tang tinh toan du 16n dé xay W ¢
quy md day du (hodc dung biéu dién W thua/cuc b theo cum nhu ludn an dé xuét),
khoang cach hiéu nang nay duogc ky vong thu hep lai.

Viéc hi¢u chinh ngudng trén Validation (ThresholdOnly tr¢ 1én) mang lai cai
thién Balanced Accuracy so voi Baseline ¢ ca ba mo hinh (& rét nhat ¢ Fpr trén
Hotel; F1-macro khong ting nhat quan), xac nhin rang phan 16n loi ich quan sat dugc
dén tir viéc xtr Iy mét can bang 16p mot cach ¢ hé thong, phu hop voi dong gop ma
luan 4n da cong bd, chir khong phai ngau nhién theo timg mo hinh riéng lé.

Két qua ctia Fpr v6i bién thé BalancedBoot (tap Hotel: Accuracy 0,6527/BA
0,6355; tap Restaurant: Accuracy 0,6145/BA 0,6083) gan khép véi s6 lidu Kich ban
1 cai tién tai Phu luc J (tap Hotel: Accuracy 0,6558/BA 0,6389; tap Restaurant:
Accuracy 0,6170/BA 0,6084); chénh léch dudi 0,5 diém phan trim 13 bién dong ngiu
nhién gitta hai 1an chay doc 1ap ctua randomForest (cing phuong phap, cing dir liéu),
xé4c nhén tinh 13p lai ctua két qua. Trén Restaurant, PR-AUC ctia nam bién thé voi Fpr
gan nhu khong doi (0,7488-0,7543) trong khi Accuracy, Recall, Specificity thay doi
18, cho thay loi ich cua cac k¥ thuat xtr Iy mat cn bang chu yéu dén tir dich chuyén
diém van hanh (ngudng); trén Hotel, PR-AUC tach biét hon (0,7709-0,7799) va
BalancedBoot cao nhét, cho thay co ché 14y mau can bang cai thién ca nang luc phan
biét 16p.

G.5. Két luan

Thuc nghiém b sung nay 1am rd dong thoi hai vin dé néu ¢ dau phu luc: (i)
ba md hinh Fcr, Fpr, Fmr da dugc danh gia lai trén cung mot tap dir li¢u, cung ti 1€
chia 60/20/20 va cung quy trinh chia dit liéu (riéng Fmr c6 thém budc ldy mau con
bat budc do gidi han bd nhd, da cong khai va giai thich rd trong muc G.1); (i) khi
khong xir Iy mat can bang (Baseline), ci ba mo hinh déu thién vé 16p da sé voi
Specificity rat thap, con bén ky thuat thay thé thong dung (ThresholdOnly,
ClassWeight, BalancedBoot, SMOTE) déu cai thién rd rét Specificity va nhin chung
cai thién Balanced Accuracy so véi khong xir Iy (Baseline) ¢ c4 ba mé hinh (F1-
macro va MCC khong cai thién nhét quan), ma khong c6 k¥ thuat nao vuot trdi tuyét

dbi so véi Balanced Bootstrap dugc dung trong cac lan chay lai tai Phu luc J.
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BANG SO LIEU CUA PHU LUC G

Béang G.1: So sanh 3 md hinh x 5 bién thé x{r Iy mat can bang 16p — Hotel

l?i/:l (A;l Bién thé Accuracy | Precision | Recall | Specificity | F1 Fl-macro | BalancedAccuracy | MCC | PR-AUC
Fcr Baseline 0,6724 0,7315 |0,7719 | 0,4950 |0,7512 0,6359 0,6334 0,2736 0,5374
Fcr | ThresholdOnly | 0,6411 0,7575 10,6469 | 0,6308 | 0,6979 0,6280 0,6389 0,2677 0,5374
Fcr ClassWeight 0,6444 0,7535 [0,6612 | 0,6143 0,7043 0,6291 0,6378 0,2665 0,5366
Fcr | BalancedBoot 0,6433 0,7562 |0,6542 | 0,6240 |0,7015 0,6293 0,6391 0,2685 0,5496
Fcr SMOTE 0,6451 0,7416 |0,6844 | 0,5749 |0,7119 0,6249 0,6297 0,2531 0,5363
Fpr Baseline 0,6570 0,6546 |0,9837| 0,0746 |0,7861 0,4607 0,5292 0,1479 0,7761
Fpr | ThresholdOnly | 0,6427 0,7501 | 0,6631 0,6061 0,7040 0,6267 0,6346 0,2607 0,7761
Fpr ClassWeight 0,6172 0,7572 10,5925 | 0,6613 0,6648 0,6093 0,6269 0,2435 0,7709
Fpr | BalancedBoot 0,6527 0,7448 |0,6966 | 0,5744 |0,7199 0,6315 0,6355 0,2654 | 0,7799
Fpr SMOTE 0,6291 0,7499 ]0,6318 | 10,6244 |0,6858 0,6166 0,6281 0,2466 0,7730
Fmr Baseline 0,6547 0,6940 |0,8245| 0,3520 |0,7537 0,5882 0,5882 0,1985 0,5786
Fmr | ThresholdOnly | 0,6200 0,7161 |0,6741 0,5236 | 0,6945 0,5960 0,5989 0,1939 0,5786
Fwmr ClassWeight 0,6171 0,7154 10,6680 | 0,5262 | 0,6909 0,5939 0,5971 0,1901 0,5750
Fuvr | BalancedBoot 0,6204 0,7174 10,6723 | 0,5278 | 0,6941 0,5969 0,6000 0,1960 | 0,6021
Fwmr SMOTE 0,6100 0,7078 | 0,6662 | 0,5097 | 0,6864 0,5854 0,5880 0,1725 0,5963

Ghi chii: Céc hang t6 dam (BalancedBoot) la bién thé dat Balanced Accuracy cao nhdt trong 5 bién thé, nhdt qudn & cd ba mé hinh trén
tdp Hotel.
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Bang G.2: So sanh 3 mé hinh x 5 bién thé xir Iy mat c4n bang 16p — Restaurant

l?l/:l (A;l Bién thé Accuracy | Precision | Recall | Specificity | F1 Fl-macro | BalancedAccuracy | MCC | PR-AUC
Fcr Baseline 0,6544 0,7150 |0,7815| 0,4163 0,7468 0,6014 0,5989 0,2082 0,5802
Fcr | ThresholdOnly | 0,6025 0,7427 10,5973 | 0,6124 | 0,6621 0,5898 0,6048 0,2000 |  0,5802
Fcr ClassWeight 0,6192 0,7324 |0,6555| 0,5513 0,6918 0,5969 0,6034 0,1998 0,5744
Fcr | BalancedBoot 0,6148 0,7395 (10,6317 | 0,5831 0,6814 0,5972 0,6074 0,2059 0,5939
Fcr SMOTE 0,6110 0,7328 10,6350 | 0,5662 | 0,6804 0,5918 0,6006 0,1933 0,5802
Fpr Baseline 0,6604 0,7123 10,8039 | 0,3916 |0,7553 0,6003 0,5978 0,2112 0,7542
Fpr | ThresholdOnly | 0,6179 0,7404 |0,6375| 0,5811 0,6851 0,5997 0,6093 0,2099 0,7542
Fpr ClassWeight 0,6089 0,7441 10,6099 | 0,6071 0,6703 0,5948 0,6085 0,2072 0,7488
Fpr | BalancedBoot 0,6145 0,7408 |0,6288 | 0,5878 | 0,6802 0,5975 0,6083 0,2075 0,7543
Fpr SMOTE 0,6149 0,7400 |0,6310| 0,5847 |0,6812 0,5975 0,6078 0,2068 0,7526
Fwmr Baseline 0,6453 0,6881 10,8342 | 0,2915 |0,7541 0,5590 0,5628 0,1471 0,6719
Fmr | ThresholdOnly | 0,5934 0,7098 |0,6366 | 0,5124 |0,6712 0,5692 0,5745 0,1440 | 0,6719
Fwmr ClassWeight 0,6072 0,7060 |0,6813 | 0,4684 |0,6934 0,5735 0,5748 0,1476 0,6436
Fuvr | BalancedBoot 0,5830 0,7044 |0,6211 0,5116 | 0,6602 0,5604 0,5664 0,1279 0,6748
Fmr SMOTE 0,5923 0,7077 10,6383 | 0,5061 0,6712 0,5674 0,5722 0,1398 0,6759

Ghi chii: Cac hang t6 dam 1a bién thé dat Balanced Accuracy cao nhat theo timg md hinh trén tdp Restaurant: BalancedBoot (Fcr),
ThresholdOnly (Fpr) va ClassWeight (Fumr), khac biét giita cac bién thé t6t nhat kha nho (duéi 0,003 diém Balanced Accuracy so voi bién thé
dling thur hai).
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Phu luc H

ABLATION KIEN TRUC (2x2) VA KIEM DPINH Y NGHIA THONG KE
GIUA BA MO HINH Fcy, For, Fur

Phu luc nay bd sung hai ndi dung ma Phu luc G, Phu luc J chua giai quyét
bang thyc nghiém méi: (i) kiém dinh ¥ nghia thong ké (McNemar, Wilcoxon) cho
khac biét hiéu ning giita cac mé hinh, thay vi chi so sanh diém s trung binh; (i) thi
nghiém loai trir (ablation) tach bach déng gop riéng cua tirng thanh phan kién tric -
khong gian phan cum (Euclidean so voi da tap) va phuong phap két hop K rimg (trung
binh so v4i Stacking) da bi nhap chung trong Fpr va Fur khién chua thé quy két 1d
khac biét hiéu nang dén tir thanh phan nao.

H.1. Thiét ké ablation 2x2
Mo hinh Fpr (Chuong 3) két hop dong thoi hai lwa chon kién tric: phan cym

trén khong gian Euclidean va két hop K rimng bang trung binh xac suat (density
averaging). Fmr (Chuong 4) két hop dong thoi hai lya chon con lai: phan cum trén
khong gian da tap (qua ma tran quan hé W) va két hop bang Stacking. Do hai thanh
phan ludn di cing nhau trong thiét ké gbc, chénh léch hiéu ning quan sat duoc giira
For va Fur khong thé quy két riéng cho khong gian phan cum hay cho phuong phéap
két hop. Dé tach bach, thuc nghiém bo sung hai 6 con thiéu cta bang 2x2:

- Ablation_Euclid Stacking: phan cum Euclidean (twong tu nhu Fpr) nhung két
hop K rimg bang Stacking (twong ty nhu Fur).

- Ablation Manifold Avg: phan cum trén khong gian da tap W (tuong tu nhu Fur)
nhung két hop K rimg bang trung binh x4c suit (twong ti nhu Fp).

Két hgp: TRUNG BINH Két hop: STACKING
Phan cum: Ablation Euclid Stacking
Fpr (da c6, Chuong 3) _
EUCLIDEAN (méi)

Phan cum: DA TAP Ablation Manifold Avg

Fur (da ¢, Chwong 4
(W) (méi) e g4

Hinh H.1: Thiét ké ablation 2x2 theo khéng gian phdn cum va cdach két hop K riemg
Mo hinh FCF (khong phan cum, Chuong 2) déng vai trd mdc tham chiéu
“khéng c6 cum” cho ca bdn 6 trén. Vi mbi cip so sanh c6 chung mot thanh phan (vi

du Fpr va Ablation Euclid Stacking cing phan cum Euclidean, chi khac cach két
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hop), chénh 1éch hiéu ning quan sat dugc ¢ thé quy truc tiép cho dung mot thanh
phan kién truc khac biét duy nhat.

Toan bd 5 bién thé (Fcr, Fpr, Fur, Ablation Euclid Stacking,
Ablation_Manifold Avg) ding chung mot k¥ thuét xtr Iy mat cin bang 16p ¢ dinh 13
Balanced Bootstrap (két qua tot nhat/gan tot nhét theo Phu luc G) nham c6 1ap hoan
toan hiéu tmg kién truc, khong 1an voi hiéu tng xt Iy mat can bang 16p. Toan bd quy
trinh (1dy mau N = 112.275, chia Train/Validation/Test theo ti 1& 60/20/20, hai buéc
phan cum, huan luyén ca 5 bién thé) duoc 1ap lai 5 lan (5 lan chia di ligu) véi 5 cap
hat gidng ngau nhién doc lap (lay mau: 2026-2030; chia tap: 101-105), bao céo trung
binh + do 1éch chuan qua 5 lan 1ap cho tirng do do.

H.2. Hai phwong phép kiém dinh y nghia thong ké

Kiém dinh McNemar duoc 4p dung trén dy doan cip doi (paired) cta cing
mot tap Test co dinh (1an lap #1), theo bang twong (g 2x2 giita ding/sai cuia hai mo
hinh trén timg quan sat, phi hop khi so sanh hai b phan loai trén ciing mot tap kiém
thir [208]. Goi b 1 s6 quan sat mo hinh A dy doan dung con mé hinh B du doan sai,
c 14 s6 quan sat A sai con B dung; cic quan sat ca hai ciing dung hodc cung sai khong
anh huong dén kiém dinh. Thong ké kiém dinh (c6 hiéu chinh lién tyc, nhu ham
mcnemar.test ciia R) 14 y2 = (|b — ¢| — 1)2/ (b + ¢), tuan theo phan phdi chi binh phuong
1 bac tu do duéi gia thuyét Ho: hai mé hinh c6 cung ti 1& dy doan ding (khi d6 b = ¢);
p-value = P(y% > %3). Vi Accuracy(A) - Accuracy(B) = (b — ¢)/n, kiém dinh ndy danh
gia chénh léch Accuracy ctia hai mo hinh trén cing tap kiém tra.

Kiém dinh Wilcoxon signed-rank (kiém dinh hang c6 dau Wilcoxon, ghép cip,
hai phia) [207] 12 kiém dinh phi tham s6, khong gia dinh chénh 1éch tuan theo phan
phéi chuan, dugc ap dung trén 5 gia tri Balanced Accuracy ing véi 5 1an chia di liéu
ngiu nhién (5 hat gidng khac nhau) ciia mdi mé hinh. Do cac lan chia cing 14y tir mot
tap dir liéu nén khong hoan toan doc 1ap va c6 thé 1am kiém dinh lac quan hon [208];
vi vay két qua Wilcoxon dugc diung dé danh gia tinh nhat quan chiéu khac biét, bd
tro cho kiém dinh McNemar. Véi mdi cap md hinh A, B, chénh Iéch Balanced
Accuracy & timg 1an 1ip duoc xép hang theo gia tri tuyét dbi; thong ké V (do ham
wilcox.test ciia phan mém R tra vé) 13 tong hang cta cac 1an 1ip ma A cao hon B. Véi
n=25, V nhan gia trj tir 0 dn 15: V = 15 khi A cao hon B & ca 5/5 1an lip, V = 0 khi
B cao hon A & ca 5/5 1an lap, con V gan gia tri ky vong 7,5 khi thing thua xen k&,
khong co chiéu khac biét nhat quan. O hai gia trj cuc tri (V = 0 hodc V = 15), p-value
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chinh x4c hai phia 13 0,0625 (2/2%), 1a gia tri nho nhét c6 thé dat dugc khi n = 5; gia
tri 0,05906 tai Bang H.5-H.6 1 p-value x4p xi chuan (c6 hiéu chinh lién tuc) do ham
wilcox.test ciia phdn mém R tra vé khi khong dung phép tinh chinh x4c. Do d6 ngudng
o= 0,05 quy udc khong thé dat dugc ké ca khi mot mo hinh cao hon & ca 5/5 1an lip;
day 1a han ché do c& miu nhd (N_REPEATS = 5), khong phai bang ching cho thiy
hai m6 hinh khong khéc nhau.

H.3. Bang tong hop mean + SD qua 5 lan Lip

S6 liéu chi tiét tai Bang H.1, Bang H.2 (trinh bay ¢ cuéi Phy luc H).

Luu y vé PR-AUC: chi s6 nay duoc tinh bang quy tic hinh thang trén ludi
ngudng 0,01-0,99. Vi Fcr (mdt rimg duy nhat), nhiéu quan sat c6 xac suat du doan
bang 1, nén ngay tai ngudng 0,99 Recall van con cao va doan duong Precision—Recall
ng voi Recall thap khong dugc tinh vao dién tich; day nhiéu kha nang 1a 1y do PR-
AUC ciia Fcr (va mot phan Fur) thap hon ty 18 16p positive du Balanced Accuracy
tuong duong Fpr. Vi vay PR-AUC chi ding dé so sanh céac bién thé ciia cing mot mo
hinh; so sdnh gifra cdc m6 hinh dya trén Balanced Accuracy, F1-macro va MCC.
H.4. Kiém dinh McNemar (du do4n ciip d6i, tip Test co dinh)

S6 liéu chi tiét tai Bang H.3, Bang H.4 (trinh bay ¢ cud6i Phy luc H).
H.5. Kiém dinh Wilcoxon signed-rank (5 lan 1ap, Balanced Accuracy)

S6 liéu chi tiét tai Bang H.5, Bang H.6 (trinh bay ¢ cuéi Phy luc H)
H.6. Thao luian

Kiém dinh McNemar (c& mau bang sd quan sat trong tip Test, rat 16n) cho
thiy khac biét c6 ¥ nghia thong ké (p < 0,05, phan 16n p < 107°) & 6/7 cip so sanh
trén Hotel va 7/7 cap trén Restaurant, xac nhan rﬁng chénh 1éch diém sb trung binh
da bao cao trong luan an va cac phu luc trude (G, H, I) khong phai do dao dong ngau
nhién ctia mot 1an chia dit lidu. Riéng cip Fpr so sanh Ablation_Euclid Stacking trén
Hotel khong dat ¥ nghia (chi* = 0,0969; p = 0,7556): khi gilt nguyén khong gian phan
cum Euclidean, s6 quan sat chi Fpr du doan diing va sé quan sat chi ban Stacking du
doan ding gan bang nhau, nén téng sé du doan ding cua hai mé hinh khong khac
biét co y nghia. Didu nay khong c6 nghia hai mé hinh méc 13i trén ciing cic quan sat:
Stacking dich diém can bang sang 16p positive (Bang H.1: Recall ting tir 0,6864 1én
0,7806, Specificity giam tir 0,5857 xudng 0,4481), tirc ddi thém 15i & 16p negative 1ay

thém du doan dung & 16p positive véi s6 luong gan twong dwong. Két luan “chwa du
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bang chimg” ciing khong khing dinh hai mé hinh trong duong: trén Restaurant, chinh
cap nay khac biét c6 y nghia Bang H.4).

Nguoc lai, moi cip so sanh c6 khac biét vé khong gian phan cum (Euclidean
so v6i da tap, & cung mot phuong phép két hop) déu dat y nghia théng ké rit manh
qua McNemar (Fpr so sanh Ablation Manifold Avg va Ablation Euclid Stacking so
sanh v6i Far déu co p < 10714 & ca hai tip; cidp Fpr so sanh Fyr, khac dong thoi ca
hai thanh phan, ciing c¢6 p < 1072, cho thay lya chon khong gian phin cum la thanh
phﬁn kién triic c6 anh huong manh va nhét quan hon dén tap du doan, so voi lya chon
phuong phéap két hop K rirng.

Kiém dinh Wilcoxon trén 5 lan chia dit lidu cho két qua cung chiéu véi kiém
dinh McNemar: & 6 cdp so sanh con lai (trir c@p Fcr — Fpr), mot mo hinh dat Balanced
Accuracy cao hon & ca 5/5 lan lap tai ca Hotel va Restaurant, twong (mg véi gia tri
cuc tri ctia thong ké V (V = 0 hodc V = 15; xem H.2). Tuy p-value (0,05906) chua
dat ngudng 0,05, dy 13 p-value nhé nhét c6 thé dat dugc khi n = 5, nén két qua nay
dugc xem 1a bang chimg vé tinh nhat quan chiéu khéac biét qua cac lan chia dit liéu
doc 1ap, chua phai bang ching c6 ¥ nghia théng ké. Riéng cip Fcr — For khong nhét
quan chiéu khac biét giita cac lan 1ap (V =7 ¢ Hotel va V = 5 & Restaurant, gan gia
tri ky vong 7,5), phu hop voi viée day 1a cdp c6 chénh léch diém s6 nho nhét trong
toan bd cac cap so sanh (xem Bang H.1-H.2).

H.7. Két luin

Thuce nghiém ablation 2x2 két hop hai phép kiém dinh thdng ké doc lap
(McNemar trén dy doan cip d6i, Wilcoxon trén nhiéu 1an 1ap) cho phép két luan: (i)
theo kiém dinh McNemar, phan 16n khac biét hiéu ning gitta ba m6 hinh dé xuit cta
luan 4n c6 ¥ nghia thong ké, khong phai dao dong ngau nhién, va kiém dinh Wilcoxon
cho thay chiéu khac biét nhat quan qua 5 1an lap (trir cip Fcr - For); (ii) trong hai
thanh phan kién tric ciu thanh Fur (khong gian phin cum da tap va Stacking), thanh
phan khong gian phan cum déng vai trd quyét dinh hon dén su khac biét trong tip du
doan, con Stacking chu yéu diéu chinh lai diém can bang Recall/Specificity. Day l1a
béng chtirng thuc nghiém tryuc tiép cho viéc kiém dinh y nghia théng ké va tach bach

dong gop cua cac thanh phan DBSCAN, W va Stacking.
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BANG SO LIEU CUA PHU LUC H

Bang H.1: Ablation 2x2 — tap Hotel (mean £ SD, 5 1an lip)

Mo hinh Accuracy | Precision Recall Specificity F1 Fl1-macro |BalancedAcc. MCC PR-AUC
Fcr (khong 0,6465 + 0,7454 + 0,6758 + 0,5953 + 0,7087 + 0,6294 + 0,6355 + 0,2642 + 0,5503 +
phan cum) 0,0085 0,0069 0,0245 0,0223 0,0119 0,0058 0,0043 0,0091 0,0034

For (Euclid +| 0,6499 + 0,7439 + 0,6864 + 0,5857 + 0,7139 + 0,6312 + 0,6360 + 0,2660 + 0,7776 +
TB) 0,0082 0,0042 0,0208 0,0200 0,0113 0,0062 0,0056 0,0115 0,0047
Fwmr (Pa tap 0,6147 £+ 0,7127 £ 0,6615 + 0,5326 + 0,6862 + 0,5936 + 0,5971 + 0,1899 + 0,6302 +
+ Stacking) 0,0062 0,0068 0,0066 0,0085 0,0062 0,0058 0,0061 0,0118 0,0410
‘Eﬁﬁ?ﬁz 06598+ | 0,7128= | 07806+ | 04481+ | 0,7448+ | 0,6166 = 06144+ | 02400+ | 0,7547 +
) 0,0053 0,0073 0,0277 0,0353 0,0090 0,0050 0,0056 0,0096 0,0030
Stacking
Ablation: Pa | 0,6142 + 0,7399 + 0,6081 + 0,6247 £+ 0,6669 + 0,6036 + 0,6164 + 0,2247 + 0,7515 £
tap + TB 0,0120 0,0081 0,0375 0,0353 0,0211 0,0080 0,0046 0,0089 0,0075

Ghi chi: Hang t6 ddm: Fpr (mé hinh chinh thitc Chuong 3) va Ablation Manifold Avg (6 ablation di trong cing khong gian da tap
nhung két hop bang trung binh).

Bang H.2: Ablation 2x2 — tap Restaurant (mean + SD, 5 1an lip)

M6 hinh Accuracy | Precision Recall Specificity F1 Fl1-macro |BalancedAcc. MCC PR-AUC
Fcr (khong 0,6202 + 0,7334 + 0,6570 + 0,5510 + 0,6930 + 0,5974 + 0,6040 + 0,2010 + 0,5935 +
phan cum) 0,0036 0,0057 0,0158 0,0215 0,0070 0,0024 0,0037 0,0062 0,0042
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M6 hinh Accuracy | Precision Recall Specificity F1 F1-macro |BalancedAcc. MCC PR-AUC

Fpr (Euclid+| 0,6165 + 0,7370 + 0,6411 + 0,5698 + 0,6854 + 0,5966 + 0,6055 + 0,2031 + 0,7573 +
TB) 0,0120 0,0016 0,0318 0,0267 0,0183 0,0070 0,0040 0,0086 0,0035

Fmr (Da tap 0,5937 + 0,7036 + 0,6523 + 0,4836 + 0,6769 + 0,5647 + 0,5679 + 0,1324 + 0,6714 +
+ Stacking) 0,0059 0,0024 0,0139 0,0132 0,0078 0,0044 0,0040 0,0082 0,0470

%blalt?r: 06364 + 0,7042 + 0,7668 + 0,3913 + 0,7317 + 0,5770 0,5790 + 0,1696 + 0,7356 +
uele 0,0216 0,0121 0,0868 0,1008 0,0345 0,0065 0,0071 0,0031 0,0040

Stacking

Ablation: Pa | 0,6017 + 0,7252 + 0,6289 + 0,5497 + 0,6714 + 0,5795 + 0,5893 + 0,1733 + 0,7305 +

tap + TB 0,0231 0,0088 0,0752 0,0775 0,0393 0,0096 0,0056 0,0100 0,0059

Ghi chii: Cau hinh, seed va quy trinh 1ip gidng hét Bang H.1 chi khéc tip dir liéu (Restaurant, N = 112.275).

Bang H.3: Kiém dinh McNemar — Hotel

Cip so sanh (McNemar, lan . 3 Keqoas oo
Lip #1) chi p-value Két luan (0=0,05)
Fcr vs Fpr 26,1406 | 3,174e-07 Co y nghia
Fcr vs Fur 48,6990 | 2,984e-12 Co y nghia
Fpr vs Fur 114,8741 | 8,386e-27 Co6 y nghia
Fpr vs Chua du bang
Ablation_Fuclid_Stacking 0,0969 0,7556 ching
Fwmr vs e 1a
Ablation Manifold Avg 3,9467 0,04696 Co y nghia (bién)
Ablatlon—E“;i‘i—StaCkmg VS 1 111,8068 | 3,939¢-26 C6 ¥ nghia
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Cip so sanh (McNemar, lan . A1 A _
Lip #1) chi p-value Keét luan (0=0,05)
Fpr vs - -
Ablation Manifold Avg 98,9783 | 2,553e-23 €6y nghia

Bang H.4: Kiém dinh McNemar — Restaurant

Cip so sanh (McNemar, lin . LI _
Lip #1) chi p-value Két luan (0=0,05)

Fcr vs Fpr 10,6152 | 1,122e-03 Co6 y nghia

Fcr vs Fur 53,7380 | 2,291e-13 Co y nghia

Fpr vs Fumr 102,4501 | 4,424e-24 Co6 y nghia
Fpr vs L -

Ablation Euclid Stacking 80,9070 1 2,366¢-19 €6y nghia
Fwmr vs Ly ~

Ablation Manifold Avg 10,2399 | 1,374e-03 Co6 y nghia

Abla“"“—E“;icF‘—StaCkmg VS 1315,5833 | 1,327e-70 C6 § nghia
Fpr vs s -

Ablation Manifold Avg 63,3225 | 1,755e-15 Co y nghia

Ghi chu: Hang t6 dam (tap Hotel, Fpr so sanh Ablation Euclid Stacking): cip so sanh duy nhét khong dat y nghia théng ké trong ca hai
bang (& Restaurant, cip ndy c6 khac biét cé y nghia, p = 2,366e-19), khi ¢6 dinh khong gian phan cum & Euclidean, s6 quan sat chi mot trong
hai mé hinh du doan dang ¢ hai chiéu gin cn bang, nén téng sé du doan dung cua Fpr va ban Stacking khong khac biét c6 ¥ nghia & tap Hotel;

Stacking chi yéu dich diém can bang Recall/Specificity (Bang H.1) chir khong 1am thay doi dang ké do chinh xac tong thé.
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Bang H.5: Kiém dinh Wilcoxon — Hotel

Cip so sanh (Wilcoxon, 5 1an

1ip) A\ p-value Keét luan (0=0,05)
Fcr vs For 7 1,0000 Chua du bang ching

Fcr vs Fur 15 0,05906 Chua du (bién, min-p n=5)
Fpr vs Fmr 15 0,05906 Chua du (bién, min-p n=5)

Fpr vs A . _
Ablation Euclid Stacking 15 0,05906 Chua du (bién, min-p n=5)

Fwmr vs Y A . .
Ablation Manifold Avg 0 0,05906 Chua du (bién, min-p n=5)
Abla“on—E“;icF‘—StaCkmg VS 15 | 0,05906 | Chuadii (bién, min-p n=5)
For vs 15 0,05906 | Chua du (bién, min-p n=5)

Ablation Manifold Avg

Bang H.6: Kiém dinh Wilcoxon — Restaurant

Cip so sanh (Wilcoxon, 5 1in

ip) \% p-value Keét luan (0=0,05)
Fcr vs Fpr 5 0,5896 Chua du bang ching
Fcr vs Fur 15 0,05906 Chua du (bién, min-p n=5)
Fpr vs Fmr 15 0,05906 Chua du (bién, min-p n=5)
For vs 15 | 005906 | Chua dii (bién, min-p n=5)

Ablation_Euclid Stacking
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Cip so sanh (Wilcoxon, 5 lin

Lip) A\ p-value Két luan (0=0,05)
Abia tionfﬁigffol 4 Ave 0 | 005906 | Chuadi (bién, min-p n=5)
Ablaﬁon—E“;ﬁ—s"aCkmg VS 15 | 0,05906 | Chuadi (bién, min-p n=5)
For vs 15 | 005906 | Chua dii (bién, min-p n=5)

Ablation Manifold Avg
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Phu luc I

THi NGHIEM LOAI TRU PAC TRUNG (h/e), UGC LUQNG CHIEU
NOI TAI CUA KHONG GIAN PA TAP VA SO SANH CACH MA HOA
PAC TRUNG

Phu lyc nay lam rd hai ndi dung: (1) mirc 4o dong gop riéng cua dic trung
Holder (h - dinh danh nguoi viét danh gid) va Entity (e - dinh danh doanh nghiép)
trong b dir liéu Phu luc C, ngoai Aspect va Time; va (2) udc lugng truc tiép chiéu
ndi tai (intrinsic dimension) ctia khong gian dic trung dung dé xay ma tran quan hé
da tap W & Chuong 4, thay vi chi suy ludn gian tiép qua tham s6 DBSCAN nhu trudc;
ngoai ra, muc 1.3 danh gia cach ma hoa cac dic trung dinh danh (so sanh ma hoa s6
thir tu, target encoding va one-hot).

I.1. Ablation dac trung h/e
S6 liéu chi tiét tai Bang I.1, Bang 1.2 (trinh bay & cuéi Phu luc I).

So v6i bién thé day du, loai bo Entity (e) lam giam Accuracy nhiéu hon loai bo
Holder (h) trén Hotel (— 0,0652 so véi — 0,0288 diém), trong khi trén Restaurant, loai
Holder 1am giam Accuracy nhiéu hon (- 0,0711 so v&i — 0,0281 diém) nhung loai
Entity lai 1am giam Balanced Accuracy nhiéu hon (— 0,0369 so véi — 0,0283 diém).
Néi cach khac, mirc 6 dong gop twong ddi cta h va e 1a phu thude bo dir liéu chir
khong c6 mdot thanh phén nao ludn chiém wu thé tuyét ddi & cé hai tap; ca hai déu
mang tin hiéu du doan bd sung déng ké ngoai Aspect va Time. Khi loai bo dong thoi
cahva e, Balanced Accuracy sut vé xap xi mirc ngau nhién/da s6 (0,5119 & tap Hotel;
0,5006 & tap Restaurant, tirc gan nhu 0,5 tuyét di) va MCC gan bang 0 (0,0260 va
0,0010), khing dinh Aspect va Time don thuan gan nhu khong da dé phan biét hai
16p quan diém, ca Holder 1an Entity déu 1a thanh phan dic trung can thiét, khong chi
mang tinh “nhiéu dinh danh” nhu c6 thé dat van dé.

I.2. Uéc lwong chiéu ndi tai ciia khong gian da tap

Khong gian dic trung 4 chiéu (Entity te, Aspect te, Holder te, Time id da
chuén hoa), dung khong gian dung dé xay ma tran quan hé da tap W ¢ Chuong 4 dugc
udc lugng chiéu ndi tai bang hai phwong phap doc lap: MLE (Maximum Likelihood,
Levina—Bickel [77]) va DANCo [209], trén 5 1an 1y mAu con ngau nhién (5.000 quan
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sat/lan, k = 10 lang giéng gan nhat). Mot xap xi cuc bd cia CA-PCA (Local-PCA:
v6i mdi diém, PCA trén k lang giéng gan nhat, dém sé thanh phan can giir dé dat >
90% phuong sai, sau d6 1y trung vi/trung binh) dugc bd sung tham khao do CA-
PCA nguyén ban khong c6 san trong cac goi R hién hanh.
S6 liéu chi tiét tai Bang 1.3, Bang 1.4 (trinh bay o cudi Phu luc 1).

Phuong phap MLE cho d’ nhé hon sb chiéu quan sat D = 4 mét cach nhit quan
qua toan bo 5 1an 1dy mau doc 1ap & ca hai tap dir liéu; DANCo cho d’ = 3 (tdp Hotel)
va d' = 4 = D (tap Restaurant): trung binh d’' = 2,78 (tdp Hotel) va d’ = 3,66 (tap
Restaurant) khi gop MLE va DANCo. Két qua nay 1a bang chimg thuc nghiém truc
tiép (khong chi suy luan gian tiép qua tham s6 DBSCAN) ing ho gia thuyét da tap
trén tap Hotel, noi ca hai phuong phap cho d’ < D; trén tap Restaurant, phuong phap
MLE cho d’ < D nhung DANCo cho d’ = D = 4, nén bang chtng ¢ tip ndy chua nhat
quan giita hai phuong phap. Do khong gian quan sat chi c6 D = 4 chiéu, diéu kién d’
< 5 néu & Chuong 4 ludn dugc thoa; diéu c6 ¥ nghia 1a d’ nhé hon D. Uédc lugng
Local-PCA (2,62 va 3,01) thip hon DANCo (va thap hon MLE trén tap Restaurant;
trén tap Hotel xap xi MLE 1a 2.56), phu hop véi dic diém di biét cua cac phuong
phap local-PCA/CA-PCA 1 c6 xu huéng danh gia thap chiéu noi tai khi mat do diém
khong déu hoic khi ¢6 nhiéu diém gan tring ldp (do mot sd dic trung duge ma hoa
muc ti€u - target encoding, chi nhan rat it gia tri phan bi¢t, vi du Aspect te), nén dugc
xem 13 tham khao bd sung, con hai phuong phap MLE va DANCo 14 hai bang chiing
chinh dugc khuyén nghi trich dan.
I.3. So sanh cac cach ma hoa dic trung dinh danh

No6i dung nay danh gid cach ma hoa cac dac trung dinh danh cia bo nam. Ba

cach ma héa duogc so sanh trén cung moé hinh rung phan loai Fcr (randomForest 300
cdy, Bootstrap cin bang 16p qua phuong phap sampsize/strata, ngudng quyét dinh
chon trén tap xac thue theo Balanced Accuracy) va lip voi ba hat giéng 2026, 2027,
2028: (1) ma hoa sb thir tu (ordinal/label encoding), 13 cach dung trong céc bai bao
d3 cong bd va cong thirc (3.2); (2) ma hoa muc tiéu- target encoding lam tron Laplace
(m = 10), chi uéc lugng trén tap huin luyén, 1a cach dung tai Phu luc G-J; (3) ma hoa
one-hot, giit day du véi dic trung it gia tri, con v6i dic trung nhiéu gia tri chi gitr 30

gia tri pho bieén nhat trén tap huan luyén va gdp phan con lai vao mot cdt “khac”. Gidi
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han ndy 14 can thiét vi trén yelpHotelData, tip huan luyén c6 39.925 thyc thé, 3 khia
canh, 2.585 ngudi danh gia va 3.969 gia tri thoi gian khac nhau, one-hot day du s&
tao hon 46.000 cot. Dir liéu gdom tip yelpHotelData (Idy mau N = 112.275 nhu Phu
luc G, chia 60/20/20 thanh 67.365/22.455/22.455 bo nam) va VLSP-2018 Restaurant,
Hotel (b0 nam tur dir liu géc, cac tap Train/Dev/Test chinh thirc nhu Phu luc F).

S6 liéu chi tiét tai Bang J.15 (trinh bay & cudi Phu luc I).

Trén yelpHotelData, noi cac dic trung dinh danh c6 luc luong rat 16n, target
encoding cho két qua tét nhat & ca bon do do (Balanced Accuracy 0,6303, MCC
0,2517) va c6 thoi gian hudn luyén thap nhat; ma hoa sb th tu cho két qua thip hon
(Balanced Accuracy 0,5765) do gdn mot thr tu nhan tao cho cac gid tri dinh danh;
one-hot rut gon cho két qua thip nhat (Balanced Accuracy 0,5184) vi phan 16n thuc
thé va ngudi danh gia bi gop vao cot “khac” nén mat gan hét thong tin, dong thoi thoi
gian huan luyén ting khoang 23—41 lan do véc-to dic trung c6 96 cot. Trén VLSP-
2018, noi cac dac trung co it gia tri (Bang F.1, F.2), ba cAch ma hoéa cho két qua gén
nhu nhau (chénh I¢ch Balanced Accuracy khoang 0,03 trén tdp Restaurant va dudi
0,001 trén tap Hotel); ma hda one-hot kém on dinh trén tap Restaurant (d¢ 1éch chuin
Accuracy 0,1628) do ngudng chon trén tap Dev dao dong giita cac lan lap. Két qua
cho thiy: (i) véi dir liéu c6 dic trung dinh danh lyc lwong 16n nhu tdp Yelp thi ma
hda target encoding 14 Iwa chon phu hop va da duoc ap dung cho cac thuc nghiém bd
sung tai Phy luc G-J; (ii) s lidu ctia cac bang chinh tai Chuong 3, Chuong 4 ding
mi hoéa s6 th tu theo cac bai bao dd cong bd duoc giir nguyén va cach ma hoa nay
12 mot han ché da dugce néu tai §5.1.

I.4. Thao luian chung

Céc thyc nghiém cua Phu luc I bo khuyét truc tiép hai ciu hoi con dé ngo vé vai
trd cia h, e va vé gia thuyét da tap (cung voi Phu luc G, Phy luc H, Phu luc J). Két
qua khong 1am thay doi kién trac hay sé liéu chinh thtrc d3 bao cdo trong luan 4n, ma
cung cép thém bﬁng chung thyc nghi€ém dinh lugng cho hai gia dinh da dugc luan an
néu nhung chwa kiém ching truc tiép bang thuc nghiém méi: vai tro cua dinh danh

Holder/Entity trong Phu luc C va gia thuyét da tap 1am nén tang cho Chuong 4.

247



1.5. Két luén

Két qua phu luc cho thay: (i) ca hai dic trung dinh danh Holder va Entity trong
Phu luc C déu déng gop tin hiéu du doan thuc chit, mirc do dong gop twong ddi phu
thudc bo dit liéu va (ii) chiéu noi tai ciia khong gian dic trung dung xay dung da tap
& Chuong 4 nho hon s chidu quan sat, duoc xac nhan bang phuong phap MLE & ca
hai tap va bang DANCo trén tap Hotel, cing c6 tinh hop 1y cua gia thuyét da tap ma
mo hinh Fur dya vao; (iii) véi ddc trung dinh danh c6 luc luong 16n, ma hoa target
encoding cho két qua t6t hon ma héa so thi tu va one-hot, con voi ddc trung it gia tri

(VLSP-2018) ba cach ma hoa cho két qua tuong duong.
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BANG SO LIEU CUA PHU LUC I

Bang I.1: Ablation dic trung — Hotel (mean + SD, 3 1an l3p, mét ring ngau nhién duy nhat, BalancedBoot)

Bién thé dic trung SOT Accuracy | Precision Recall Specificity F1 F1-macro |BalancedAcc. MCC
iy dii (¢, a, b, f) 4 0,6449 + 0,7493 + 0,6643 + 0,6113 + 0,7040 + 0,6300 + 0,6378 + 0,2676 £

Y » 0,0067 0,0101 0,0241 0,0265 0,0106 0,0041 0,0038 0,0069
Loai bo Holder (h) 3 0,6161 £ 0,7128 + 0,6644 + 0,5308 + 0,6867 + 0,5937 + 0,5976 + 0,1922 +

: 0,0159 0,0065 0,0577 0,0592 0,0294 0,0054 0,0031 0,0068
Loai bo Entity (¢) 3 0,5797 + 0,7163 + 0,5623 + 0,6093 + 0,6288 + 0,5708 + 0,5858 + 0,1658 +

' Y 0,0165 0,0073 0,0566 0,0577 0,0328 0,0099 0,0067 0,0131
Chi Aspect + Time ) 0,4524 + 0,6570 + 0,2935 + 0,7303 + 0,4002 + 0,4459 + 0,5119 + 0,0260 +

P 0,0235 0,0080 0,0853 0,0851 0,0841 0,0333 0,0021 0,0055

Bang I.2: Ablation dic trung — Restaurant (mean + SD, 3 1an lap)

Bién thé diic trung ]§0T Accuracy | Precision Recall Specificity F1 F1-macro |BalancedAcc. MCC
Dly di (e, a, b, 1) 4 0,6202 + 0,7354 + 0,6533 + 0,5580 + 0,6919 £ 0,5984 + 0,6057 + 0,2039 +

Y T 0,0036 0,0048 0,0130 0,0134 0,0052 0,0021 0,0007 0,0016
Loai bo Holder (h) 3 0,5491 + 0,7343 + 0,4852 + 0,6695 + 0,5837 + 0,5456 + 0,5774 + 0,1490 +

: 0,0143 0,0063 0,0365 0,0313 0,0252 0,0123 0,0049 0,0087
Loai bo Entity (¢) 3 0,5921 + 0,7052 + 0,6452 + 0,4925 + 0,6736 + 0,5647 £ 0,5688 + 0,1337 +

' Y 0,0050 0,0064 0,0223 0,0264 0,0092 0,0016 0,0024 0,0035
Chi Asoect + Time 5 0,4509 £ 0,6529 + 0,3387 + 0,6626 + 0,4431 + 0,4492 + 0,5006 + 0,0010 £

p 0,0260 0,0039 0,0725 0,0646 0,0645 0,0271 0,0010 0,0096
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Ghi chu: e = Entity te, a= Aspect_te, h=Holder te, t=Time_id (dd ma hoa/chuan h6a nhu Chuong 2). Bién thé “Chi Aspect + Time”

loai bo dong thoi ca h va e, dung lam méc duéi dé danh gia mic 6 mé hinh phu thudc vao dinh danh thyuc thé/nguoi viét.

Bang 1.3: Udc lugng chiéu noi tai d — Hotel (D = 4 chiéu quan sat)

wmple | MLE | DANCo | UGOLSR | g bink)
1 2,5771 3 3 2,6230
2 2,5547 3 3 2,6210
3 2,5766 3 3 2,6246
4 2,5411 3 3 2,5980
5 2,5697 3 3 2,6172
Trung binh 2,5638 3,0000 3 2,6168

Bang 1.4: Udc lugng chiéu noi tai d’ — Restaurant (D = 4 chiéu quan sat)

sJi)il;Illfgle MLE L0 N(ED L(:rcu?xllgp Sf)dk ({Jr(:fx?;-giiﬁ)
1 3,3411 4 3 3,0182
2 3,2904 4 3 2,9934
3 3,3295 4 3 3,0102
4 3,3166 4 3 3,0028
5 3,3229 4 3 3,0056
Trung binh 3,3201 4,0000 3 3,0060
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Bang 1.5: So sanh ba cach ma hoa dic trung dinh danh véi Fcr trén tap kiém tra (trung binh = d6 1éch chudn qua 3 hat gidng)

Tap dir liéu Cach ma hoda S6 cot Accuracy F1-macro Balanced MCC Thoi gian
Accuracy (s)
yelpHotelData S6 thir tu 4 0,5500 +£0,0159 | 0,5479 £0,0139 | 0,5765 +£0,0018 | 0,1501 £+ 0,0008 19,5
yelpHotelData Target encoding 4 0,6276 £ 0,0048 | 0,6181 +0,0030 | 0,6303 +0,0004 | 0,2517 +0,0012 11,0
yelpHotelData One-hot (rat gon) 96 0,4128 +£0,0005 | 0,3701 = 0,0009 | 0,5184 + 0,0002 | 0,0572 £+ 0,0006 4527
VLSP-2018 S6 thir tu 4 0,6331 +£0,0033 | 0,4994 + 0,0002 | 0,6492 + 0,0069 | 0,1720 + 0,0074 0,3
Restaurant
VLSP-2013 Target encoding 4 0,6435+0,0026 | 0,5018 +£0,0014 | 0,6388 £0,0013 | 0,1612 +0,0015 0,2
Restaurant
VLSP-2013 One-hot 28 0,5035+0,1628 | 0,4187 £0,0905 | 0,6181 £0,0127 | 0,1409 +0,0170 0,6
Restaurant
VLSP-2018 Hotel S4 thir tu 4 0,6897 +£0,0072 | 0,6624 + 00,0054 | 0,7158 £ 10,0020 | 0,3819 + 0,0044 0,8
VLSP-2018 Hotel Target encoding 4 0,6879 +0,0008 | 0,6613 +£0,0006 | 0,7158 +£0,0003 | 0,3815 £ 0,0005 0,8
VLSP-2018 Hotel One-hot 48 0,6897 £ 00,0006 | 0,6627 +0,0005 | 0,7166 +0,0004 | 0,3832 + 0,0008 4,0

Ghi chii: Thoi gian 13 thoi gian huan luyén trung binh trén CPU (gidy); “S6 cot” 1a sb chiéu ciia véc-to dic trung sau ma hoa bén thanh

phén e,a,h,t.
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Phu lucJ
KET QUA THU'C NGHIEM BO SUNG

Phu luc nay tap hop cac thuc nghiém bd sung nham di chiéu véi sd liéu da
cong bd, gdm ba phan: (1) muc J.1-J.6 thuc nghiém Kich ban 1 ctia mé hinh rimg
mat d6 véi co ché can bang 16p va t6i wu ngudng quyét dinh; (2) muc J.7-J.10 thuc
nghiém ba mé hinh rimg trén ¢& mau diy du va so sanh thong nhat 10 mo hinh theo
cung mot quy trinh; (3) muc J.11-J.12 phan tich anh hudng cua cach chia dit liéu dén
chi s6 danh gia va lap lai phép so sanh thong nhat v6i 5 hat giéng x 10.000 danh gia
trén yelpHotelData va yelpResData, kém ban cai tién ctia mo hinh rimng dé xuat.

Muc J.1-J.6 trinh bay mot thuc nghiém bo sung cho Kich ban 1 (muc 3.7.3.1
cua luan an) trén hai tap dir liéu Hotel va Restaurant, nham kiém tra do viing cua
phuong phép trudc hién twong mat can bang 16p va cai tién cdc mo hinh dé xuat. Toan
bod nd1 dung, phuong phap luan va s6 liéu Kich ban 1 d3 trinh bay & Chuong 3, phu
luc bo sung véi hai cai tién ki thuat nham kiém soat mat can bang 16p.

J.1. Muc dich va bdi canh

Kich ban 1 str dung thuat tooan DBSCAN dé phan cum tap Train khong nhin
thanh K cum, huan luyén K rimng ngau nhién giam sat trén K cum nay, sau d6 két hop
két qua dy doan cua K ring theo phuwong phap trung binh mat do xac suat (density
averaging) nhu mo ta tai muc 3.7.3.1 cua ludn an va hai cai tién b6 sung la:

(1) Bootstrap can biang 16p trong timg rimg con, thong qua tham sb
sampsize/strata cia ham randomForest(), mdi cdy dwoc huin luyén trén mau
bootstrap c6 sd lwong bang nhau giira hai 16p.

(2) Téi wu ngudng quyét dinh trén mét tip Validation doc 1ap (khéng dung dé
huan luyén hay danh gia cudi), bang tim kiém ludi trong khoang 0,05-0,95 dé t6i da
hoa Balanced Accuracy = 0,5 x (Recall + Specificity), thay vi 4p ngudng cb dinh 0,5.
J.2. Thiét 1ap thuc nghiém

C& mau: N = 112.275 bd nim quan diém cho ca hai tap Hotel va Restaurant,
gidng voi ¢ miu da sir dung trong luan an, nham dam bao kha nang ddi chiéu. Tach
dir liéu theo ty 1¢ 60% Train / 20% Validation / 20% Test thay vi 80/20 nham c6 mot

tap Validation doc 1ap phuc vu viée t6i wu ngudng ma khong ro ri thong tin tir tap
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Test. Cac dic trung Entity/Aspect/Holder dugc mi hoa bang target encoding (lam
tron Laplace, m = 10) va tham s6 ma héa duoc wéc luong trén tap Train va p dung
lai cho Validation/Test.

Co ché két hop K rimg: trung binh x4c suit dy doan 16p “positive” ctia K rimg
(density averaging), dung theo phuong phéap chinh thic cta Kich ban 1 tai muc
3.7.3.1 cua luan 4n, khong thay d6i so véi cong trinh di cong bé.

J.3. Két qua trén tap Test

S6 liéu chi tiét tai Bang J.1, Bang J.2, Bang J.3(trinh bay ¢ cuéi Phy luc J).
J.4. Doi chiéu véi Bai bao sb 4, Bai bdo s6 5 va Bai bio s 6

S6 liéu chi tiét tai Bang J.4, Bang J.5, Bang J.6(trinh bay ¢ cuéi Phy luc J).
J.5. Thao luan vé khac biét s liéu

Diém dang cha y nhat trong d6i chiéu trén 1a chi s6 F1 ctia muc J.1-J.6 trén tip
Hotel (0,7223) rat gan voi F1 ctia Bai bao s6 4 (0,72), trong khi Accuracy chénh léch
rat 16n (0,6558 so véi 0,92). Vi F1 phan anh tryc tiép nang luc phan loai trén 16p
“positive” (diéu hoa gitta Precision va Recall), su tuong dong nay cho thdy ning luc
phan loai thuc su cua Kich ban 1 1a twong duong giita hai 1an thuc nghiém; phan
chénh 1éch 16n vé Accuracy chu yéu bat ngudn tir cach xir Iy mat can bang 16p va lua
chon ngudng quyét dinh, chir khong phai tir mot mo hinh yéu hon.

Ba yéu t6 k¥ thuat giai thich phan 16n khac biét con lai giita cac cong bd va muc
J.1-J.6 nhu sau:

Thi nhét, co ché két hop K rimg khac nhau (trung binh mat do x4c suét trong
luan 4n va muyc J.1-J.6, majority vote trong Bai bao s6 4, stacking trong Bai bao sd
6) tao ra phan phdi xac sudt du doan khac nhau, ddn dén do nhay khac nhau khi ap
mot ngudng quyét dinh cb dinh.

Thi hai, Bai bao s6 4, Bai bao s6 5 va Bai bao s6 6 déu khong ap dung co ché
can bang bootstrap va khong béo cao Balanced Accuracy hay Specificity, nén khong
thé loai trir kha ning Accuracy cao cua cac cong bd niy phan nao phan anh xu hudéng
m6 hinh thién vé 16p da s6. Ngoai ra, Bai bao sb 4 bao cdo Recall 0,60 (Hotel) va
0,59 (Restaurant) cung Accuracy 0,91-0,92; v&i 16p thiéu sé chiém khoang 35-37%
mau, Recall khoang 0,6 & bat ky 16p nao chi cho phép Accuracy t6i da khoang 0,85,

nén hai chi s6 nay kho dong thoi dung trén cung mot tap kiém tra va can dugc doi
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chiéu than trong (xem muc J.11 vé anh huong cua cach chia dit liéu). Hién tugng
thién 1é€ch tuong ty cling tirng dugc ghi nhén véi chinh Kich ban 1 trude khi ap dung
hai cai tién ciia Phu luc ndy (Balanced Accuracy ban dau chi dat 0,4978-0,6081 khi
dung bootstrap mic dinh va ngudng 0,5), ciing nhu véi mé hinh co s¢ SVM tuyén
tinh (va Fpr) tai ngudng 0,5 trén tap VLSP-2018 Restaurant tai Phu luc F (Bang F 4,
Fl-neg = 0,0000 khi ti 1& mat can bang p ~ 10,5).

Thtr ba, ty 1€ tach dit li¢u khac nhau (80/20 ¢ Bai bao s6 4 so voi 60/20/20 &
muc J.1-J1.6) 1am giam ty 1¢ dit liéu hudn luyén tir 80% xudng 60% tong sé6 mau (tirc
khoang mot phén tu luong dir licu huén luyén) dé danh cho tap Validation phuc vu
t6i vu ngudng; day co thé 1a mot phan nguyén nhan phu, nhung khong phai nguyén
nhan chinh vi F1 giita hai lan thuc nghiém gan nhu khong doi.

J.6. Két luan va khuyén nghi

Noi dung Kich ban 1 trinh bay tai Chuong 3 (muc 3.7.3.1) cua luan an, cling
nhu s liéu da cong bd tai Bai bao s6 4 va Bai bao sb 5, duge gilt nguyén nhu da cong
bd; Phu luc nay khong thay thé ma chi b sung mot phép dbi ching c6 kiém soat mat
can bang 16p.

Két qua d6i chitng cho thay: khi kiém soat mat can bang 16p bang bootstrap cin
bﬁng va tbi uu ngudng trén tap Validation doc 14p, Kich ban 1 van giit dugc ning luc
phan loai tuong duong voi sb liéu da cong bd (F1 = Bai bao sb 4), déng thot dat duoc
chi sb Balanced Accuracy trung thuc hon (0,6389 trén Hotel, 0,6084 trén Restaurant),
phan anh sat hon hiéu ning thuc té ciia mé hinh trén ca hai 16p positive va negative.

Céc bang két qua chinh cta luan 4n (Bang 3.5-3.9, Bang 4.2—4.4) trinh bay s
lidu d3 cong bd tai Bai bao 5 va Bai bao 6, duoc gitt nguyén dé bao dam tinh truy
Xuat nguén. Trong qua trinh hoan thién luén 4n, nghién ctru sinh da chay lai ba md
hinh rimg dé xuit va cac mo hinh tham chiéu theo mot quy trinh thong nhét (ciing dir
lidu, cung cach chia, cung co ché chon ngudng va cing bo do do). Muc J.7-J.10 tong
hop céac két qua chay lai d6 dé nguoi doc dbi chiéu.

J.7. Két qua chay lai trén ¢& miu diy da (N = 112.275, Phu luc H va muc J.1-
J.6)
S6 liéu chi tiét tai Bang J.7 (trinh bay ¢ cudi Phu luc J).
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J.8. So sanh théng nhit 10 mé hinh (yelpHotelData, 3.000 danh gi4, 1 1in chia)

Thuc nghiém dung 3.000 d4nh gia 1ay ngiu nhién (hat giéng 2026), chia theo
danh gia thanh 60/20/20; tap kiém tra gdm 600 danh gia (63,7% positive). Ngudng
quyét dinh cua moi mo6 hinh dugc chon trén tdp xac thyc theo Balanced Accuracy
(BA). Cach 1: mdi mé hinh ding dau vao ty nhién ctia né (md hinh rirng va hoc may
dung by nam; LSTM, BiLSTM-Attention, BERT, RoBERTa dung van ban danh gia
géc). Cach 2: moi mo6 hinh chi dung b nam (e, a, h, t); cAc mo6 hinh van ban doc bd
nam dudi dang chudi. Bang J.8 duoc giit nguyén dé dbi chiéu; két qua lap lai véi 5
hat gidng va 10.000 danh gia dugc trinh bay tai muc J.12 (Bang J.11, Bang J.12).

S6 liéu chi tiét tai Bang J.8, Bang J.9 (trinh bay & cuéi Phu luc J).
J.9. Céc yéu to tao nén khac biét so véi s6 liéu cong bod

- Co ché két hop K rimg khac nhau gitta cac cong bd (biéu quyét da s6 ¢ Bai
béo 4, Stacking & Bai bao 6) va cac lan chay lai (trung binh xac suat cho rirng mat do,
Stacking cho rung da tap) - xem Bang J 4.

- X@r Iy mat can bang 16p va ngudng quyét dinh: cic 1an chay lai dung
Bootstrap cin bang 16p va chon ngudng theo Balanced Accuracy trén tip xac thuc;
cac cong bd dung ngudng 0,5 va khong can bang 16p. Khi dit liéu c¢6 khoang 63-65%
mau positive, Accuracy chiju anh huéng manh ciia ngudng.

- Céach chia dir liéu: cac cong bd chia ngiu nhién theo dong bo nam (80/20
hodc 60/20/20); thuc nghiém J.8 chia theo danh gia gbc dé cac dong cua cling mot
danh gia khong xuat hién dong thoi ¢ tap hudn luyén va tap kiém tra.

- Quy tic nhén: cac lan chay lai gdp mirc 3% vao negative (theo mé ngudn,
Bang 3.3); m6 ta nhan trong Bai b4do 4 va Bai bao 6 khac nhau (xem ghi cht dudi
Bang d6i chiéu cong trinh — chuong — ndi dung st dung).

- C& méu va ldy mau con: rimg da tap can lay mau con 5.000 dong dé xdy ma
tran W do gidi han by nhé (Phu luc G).

J.10. Nhén xét

Két qua chay lai theo quy trinh théng nhét cho céc gié tri thap hon s6 liéu da
cong bd. Khi moi mé hinh chi sir dung théng tin ctia bd nim (Cach 2), Balanced
Accuracy cua ca mo hinh rung, m6 hinh hoc may, mo hinh hoc sau va mo6 hinh

Transformer déu nam trong khoang 0,49-0,56, cho thiy luong thong tin vé cuc tinh
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cam xuc chira trong bdn thanh phan (e, a, h, t) 1 han ché; khi duoc st dung véan ban
gbc (Cach 1), BERT va RoBERTa dat 0,719 va 0,783. Diéu nay phu hop voi nhan
dinh tai §5.1 rﬁng hiéu nang cia cac mod hinh rung phu thude vao chat luong va ndi
dung cua budc trich xuit b nim, va cing cd hudng phat trién tai §5.2: két hop biéu
dién ngir nghia ctia van ban véi cau trac ring dé gitr kha ning dién giai va chi phi
tinh toan thap cta cic mé hinh dé xuit. Muc J.11 (Bang J.10) lam rd nguyén nhin
chénh 1éch so véi sb liéu da cong bd; muc J.12 (Bang J.11-J.17) cung cb nhan xét
trén bang nhiéu hat gidng v4i ¢& mau 16n hon, theo ca Cach 1 (Bang J.11) va Céach 2
(Bang J.14 - Bang J.17).

J.11. Anh huéng ciia cach chia dir liéu dén chi sé danh gia

Pé lam rd nguyén nhan chénh léch gitta s liéu da cong bod (Bang 3.7-3.9,
Bang 4.4) va két qua chay lai tai muc J.7-J.8, nghién ctru sinh thyc hién mot kiém tra
6 kiém soét trén yelpHotelData. Trén tap dit liéu nay, mdi danh gia duoc tach thanh
ba dong bd nim c6 cung thuc thé e, ngudi danh gid h, thoi gian t va cing nhan s, chi
khac khia canh a (ba khia canh AcceptsCreditCards, PriceRange, WiFi lap lai & moi
danh gia). Khi chia ngiu nhién theo dong bd nim nhu cac bai bao, mot phan dong
ctia cing mot danh gia c6 thé dong thoi nam ¢ tap hudn luyén va tap kiém tra; khi d6
mo hinh ¢6 thé du doan diing nho ghi nhé bo (e, h, t) da thay thay vi khai quat hoa.
Nguoc lai, khi chia theo danh gia géc, moi dong ciia mot danh gia cung nam trong
mot tap, nén tap kiém tra chi gdm cac danh gia mo hinh chua timg thay.

CAu hinh kiém tra: Random Forest 300 cady, ma hoa s6 thtr ty nhu cac bai bao,
ngudng 0,5, chia 80/20, ¢c& mau 112.275 bo nam nhu luan an, hat gidng 2026; chi
thay d6i cach 14y mau va cach chia dir liéu. Két qua duogc trinh bay tai Bang J.10.

S6 liéu chi tiét tai Bang J.10 (trinh bay ¢ cudi Phy luc J).

Véi cung dit liéu va ciing mé hinh, Accuracy thay doi tir 0,611 dén 0,946 chi
do cach chia dit liéu Bang J.10): chi s6 cang cao khi ty 1¢ dong kiém tra c6 dong ciing
danh gia trong tap huin luyén cang 16n (19,1% va 96,0%), trong khi chia theo danh
gia géc cho két qua on dinh quanh 0,61 bat ké cach léy mau. Nhu vay, cac chi s6 da
cong bd (Accuracy 0,75-0,82) can duoc hiéu 1 két qua theo quy trinh chia theo dong

clia cac bai bao; quy trinh chia theo danh gia gbc dung tai muc J.8 va J.12 cho chi sd
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thip hon nhung phan anh sat hon kha ning du doan cho danh gia méi, va 1a cach chia
dugc khuyén nghi cho cac nghién ciru tiép theo trén dit liéu bo nam (§5.1).
J.12. So sanh théng nhit mé réng: 5 hat giéng x 10.000 danh gia

Dé c6 két luan chic chin hon so véi thuc nghi¢m mot 1an chia trén 3.000 danh
gia tai muc J.8 (Bang J.8, giit nguyén dé d6i chiéu), phép so sanh thong nhét duoc lip
lai v&i ¢& mau 10.000 danh gia yelpHotelData va 5 hat giéng (2026-2030). Moi diéu
kién khac giir nguyén nhu muc J.8: chia theo danh gia gc 60/20/20, ngudng quyét
dinh chon trén tap xac thuc theo Balanced Accuracy, cAu hinh mo hinh nhu Bang J.9.
Céac m6 hinh dung bd nam dugc huan luyén bang R; LSTM, BiLSTM-Attention bang
g61 torch cho R; BERT, RoBERTa dugc tinh chinh trén GPU NVIDIA L4 (Google
Colab), mdi md hinh khoang 2 phut cho mét hat giéng. Két qua trung binh + d6 léch
chuin qua 5 hat giéng dugc trinh bay tai Bang J.11; chénh lé€ch ghép cdp theo hat
gidng so v4i Random Forest tai Bang J.12, Bang J.11 1 két qua theo Cach 1 (cac mo
hinh van ban doc vin ban gbc); két qua theo Cach 2 (moi mé hinh chi dung bo nim)
duogc trinh bay tai Bang J.14.

S6 liéu chi tiét Bang J.11, Bang J.12 (trinh bay ¢ cudi Phu luc J).

Bang J.11 cho thay: (i) khi dung vin ban géc, RoOBERTa (Balanced Accuracy
0,807) va BERT (0,755) cao hon rd rét cac mo hinh chi dung bd nam; (ii) trong nhém
dung bd nam, cdc md hinh dat 0,534-0,568; Fpr (0,561) va Fcr (0,557) cao hon
Random Forest (0,554) ¢ 4/5 hat giong, nhung chénh léch chua c6 y nghia thong ké
(Bang J.12); Fur thdp hon Random Forest ¢6 ¥ nghia (—0,020), do budc phan cum da
tap va cac ring thanh phan chi hoc trén mau con 5.000 dong. B¢ léch chuan nho
(0,004-0,013) cho thay két luan 6n dinh giita cac 1an lip, khac v6i Bang J.8 (3.000
danh gia, mot lan chia). O hat giéng 2030, BERT khong hdi tu (tén that ding ¢
khoang 0,658 qua ca ba epoch, m6 hinh dy doéan toan bg 1a positive), 1a hién tugng
tinh chinh khong on dinh da duoc ghi nhan vé1 BERT. LSTM chi dat 0,518 do cai
dat dung trang thai an cudi trong khi chudi duge dém & cudi, nén két qua nay khong
dai dién cho nang luc cua kién trac LSTM; BiLSTM-Attention khong chiu anh hudng
nay nhd co ché chu y trén toan chudi.

Song song, nghién ctru sinh thir nghiém ba diéu chinh cho cic mé hinh rimg

dé xuét trén cung 5 hat giéng x 10.000 danh gia, chi dung bo nam (Bang J.13): (1)

257



target encoding ngoai fold, dic trung tan suit cua thuc thé va nguoi danh gia, cing
kich thudc nit 14 t6i thiéu 1én hon dé tranh hoc thude céac gia tri ma hoa hiém (Fcrt);
(2) dinh tuyén mdi mau t6i cac rimg cta cum lan cn theo mat d6 k lang giéng, két
hop véi mét rimg toan cuc (Fpr+); (3) mé rong nhin cum da tap tir 5.000 diém mdc
cho toan bo tip huan luyén bang d6 gan da tap, dé cac ring thanh phan hoc trén du
dir liéu (Fmr+). Khi moi mé hinh dung cung bo dic trung méi (nhém B), ba ban diéu
chinh cao hon Random Forest khoang 0,011-0,013 Balanced Accuracy (Fcrt+ cO ¥
nghia théng ké) va Fur+ thu hep khoang cach ciia Fur (0,547 so v6i 0,523). O ¢d mau
bang ludn an (37.425 danh gi4, tvong dwong 112.275 bd nim, mot hat gidng), cac
ban diéu chinh dat Balanced Accuracy 0,585-0,586, cao hon Random Forest (0,578)
va tuong duong Gradient Boosting (0,586), Logistic Regression (0,590). Pay 1a két
qua tham do, dugc ghi nhan nhu hudng phat trién ctia cac mo hinh dé xuat.
S6 liéu chi tiét tai Bang J.13 (trinh bay ¢ cudi Phu luc J).

Bang J.14 13p lai phép so sanh theo Céach 2: moi m6 hinh chi dung bd nam (e,
a, h, t), cac mo hinh vin ban doc bo nim dudi dang chudi, véi cung 5 hat giéng X
10.000 danh gia va ctng cach chia nhu Bang J.11 Khi khong con vin ban gbc, uu thé
cua cac mo hinh van ban khong con: Balanced Accuracy ciia BILSTM-Attention gidm
ttr 0,701 xudng 0,556, BERT tir 0,755 xudng 0,538, RoBERTa tir 0,807 xudng 0,523;
ton that trén tap xac thuc cia BERT, RoBERTa chi dao dong quanh 0,66 qua ba
epoch, va ¢ hat giébng 2026, 2029 RoBERTa du doan toan b 1a positive. Trén cing
thong tin by ndm, Fpr (0,561) va Fcr (0,557) dat Balanced Accuracy tuong duong
BiLSTM-Attention (0,556) va cao hon BERT (0,538), RoBERTa (0,523), LSTM
(0,504), trong khi thoi gian hun luyén chi vai gidy so voi khoang 1,56 phut cta cac
mo hinh hoc sau va Transformer; RoBERTa va LSTM thap hon Random Forest ¢
nghia thong ké. Nhu vay, chénh léch gitta mé hinh rimg va Transformer tai Bang J.11
dén tir thong tin trong vin ban gdc chtr khong phai tir nang lyc mo hinh héa trén cling
dau vao: khi cing dung b nim, cac mé hinh rimg dé xuat (trir Fur) dat mirc tuong
duong hodc cao hon cac mé hinh hoc sdu va Transformer v&i chi phi tinh toan thap
hon nhiéu.

S6 liéu chi tiét tai Bang J.14 (trinh bay ¢ cudi Phu luc J).
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Dé kiém tra tinh nhit quan trén mién dit liéu th hai, phép so sanh theo Cach
1 dugc lap lai trén yelpResData véi cing quy trinh: 10.000 danh gia, 5 hat giéng
(2026-2030), chia theo danh gia 60/20/20, ngudng quyét dinh chon trén tap xac thuc
theo Balanced Accuracy, ciu hinh mé hinh nhu Bang J.9; két qua tai Bang J.15. Xu
huéng giéng yelpHotelData: cac mé hinh doc vin ban gbc dat Balanced Accuracy
cao nhit (RoBERTa 0,823; BERT 0,769; BiLSTM-Attention 0,735), cdc m6 hinh
dung bd nam dat 0,514-0,553. Trong nhom dung bd ndm, Fpr (0,543) twong duong
Random Forest (0,543), Fcr (0,541) thap hon khong dang ké (chénh léch —0,002,
khoang tin cay chura 0); SVM va Gradient Boosting cao hon Random Forest khoang
0,008-0,010 c6 y nghia théng ké, con Fumr thdp hon c6 ¥ nghia (—0,029). Trén
yelpResData, BERT hoi tu & ca 5 hat gidng va LSTM dat 0,542, ngang cac md hinh
dung bo nim. D6 1éch chuan nho (0,007-0,017) cho thay két luan 6n dinh giita cac
lan lap va giita hai tap dir liéu: khoang cach gitra mo hinh doc vin ban va mé hinh
dung bd ndm dén tir lugng thong tin ctia dau vao, phit hop voi phén tich theo Cach 2
tai Bang J.14.

S6 liéu chi tiét tai Bang J.14 (trinh bay ¢ cudi Phu luc J).

Bang J.16 lip lai Cach 2 trén yelpResData v&i cing mau, cuing cach chia va
cung 5 hat giéng nhu Bang J.15. Do mdi dénh gia nha hang sinh khoang 19 dong bo
nim (tdp huin luyén khoang 114.000 dong), LSTM, BiLSTM-Attention, BERT,
RoBERTa duoc huan luyén trén 30.000 dong bd nam ldy ngdu nhién tir tip huin
luyén. Két qua nhat quan vé6i yelpHotelData (Bang J.14): khi chi c6 bo nim,
BiLSTM-Attention (0,542) chi ngang Random Forest (0,543) va Fpr (0,543); BERT
(0,510), RoBERTa (0,502) va LSTM (0,502) gan nhu khéng hoc duoc — ton that trén
tap xac thuc ciia BERT, RoBERTa dirng quanh 0,65 qua ba epoch va & 4/5 hat giong
hai mé hinh nay dy doan toan bd 14 positive — va déu thap hon Random Forest cé y
nghia thé)ng ké. Nhu vay, trén ca hai tap dir li¢u, vu thé cua cac mo hinh hoc siu va
Transformer tai Bang J.11, Bang J.15 dén tir vin ban gdc; trén ciing dau vao bo nam,
cac md hinh rimg dé xuét Fcr, Fpr dat mirc tvong duwong hodc cao hon; thoi gian huin
luyén cta Fcr (11,9 gidy) thdp hon nhiéu, con cta Fpr trén tap nay (221,9 gidy) cing
bac voi BILSTM-Attention (167,6 gidy) va thap hon BERT, RoBERTa.

S6 liéu chi tiét tai Bang J.16 (trinh bay ¢ cudi Phy luc J).
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Thir nghiém cac ban diéu chinh cia mé hinh ring (nhu Bang J.13) duogc lip
lai trén yelpResData véi 5 hat gidng x 10.000 danh gia (Bang J.17). Trén tap ndy, cac
ban diéu chinh khong mang lai cai thién: Fcrt+, Fprt, Fmrt+ dat 0,537-0,539, tuong
duong Random Forest cung bo dac trung (0,537; chénh 1é€ch +0,001 dén +0,002,
khoang tin cay chura 0); trong s6 két hop a chon trén tap xéac thuc chi tr 0 dén 0,2, tirc
Fpr+, Fmet gan nhu tring voi rimg toan cuc Fept. Vi bo dic trung diéu chinh,
Logistic Regression va Gradient Boosting cao hon Random Forest khoang 0,02-0,03
¢6 y nghia théng ké. O nhom dic trung nhu Bang 1.8, Fcr twong duong Random
Forest (chénh I¢ch —0,004, khoang tin cay chtra 0), Fpr thép hon 0,020 (khoang tin
ciy sat 0) va Fur thap hon c6 ¥ nghia (—0,020). Vi vay, cac diéu chinh tai Bang J.13
chi duoc ghi nhan nhu két qua thim do trén yelpHotelData, chua khai quat cho
yelpResData.

S6 liéu chi tiét tai Bang J.17 (trinh bay ¢ cudi Phu luc J).

Toéng hop muc J.11-J.12: theo quy trinh chia theo danh gia gdc, trén ca
yelpHotelData va yelpResData (Bang J.11, Bang J.15, Bang J.17,), Fcr va Fpr dat
Balanced Accuracy tuong duong Random Forest (chénh léch khong c6 ¥ nghia thong
ké) va thap hon SVM tuyén tinh khoang 0,01; Fur thdp hon Random Forest khoang
0,02-0,03 c6 y nghia thong ké do budc phan cym da tap chi hoc trén mau con. Cac
mo hinh ring dé xuét giir wu thé vé kha ning dién giai; giéi han chung ctia moi mé
hinh ding b nim nam & lugng thong tin ciia bén thanh phan (e, a, h, t), phi hop véi
huéng két hop biéu dién ngit nghia vin ban véi cdu trac rimg tai §5.2. Theo Cach 2
(Bang J.14, Bang J.16), khi moi mo6 hinh cung chi dung by nam, Fpr va Fcr dat
Balanced Accuracy tuong duong BiLSTM-Attention va cao hon vé trung binh so voi
LSTM, BERT, RoBERTa trén ca hai tap dir li¢u; thoi gian huén luyén cua Fcr théip
hon nhiéu so véi cdc mo hinh hoc sau, con ciia Fpr thap hon nhiéu trén yelpHotelData
va cuing bic véi BILSTM-Attention trén yelpResData. Cac ban diéu chinh tai Bang
J.13 cai thién trén yelpHotelData nhung chua cai thién trén yelpResData (Bang J.17).
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BANG SO LIEU CUA PHU LUC J

Bang J.1: Két qua Kich ban 1 (c6 can bang bootstrap va tdi vu ngudng) trén Hotel va Restaurant

Chi sb Hotel Restaurant

Accuracy 0,6558 0,6170

Precision 0,7475 0,7397

Recall (Sensitivity) 0,6987 0,6366
Specificity 0,5791 0,5802

F1 0,7223 0,6843

Balanced Accuracy 0,6389 0,6084

Natng 1 m v i 8
Co mau N 112.275 112.275
Ty 1€ Train / Validation / Test 60% /20% / 20% 60% /20% / 20%

Ghi chi: (*) V6i ca hai tap dit liéu, ngudng quyét dinh dugc chon tu dong bang tim kiém ludi trong khoang 0,05-0,95 trén tap Validation
dé toi da hoa Balanced Accuracy (muc J.1); gid tri ngudng cu thé cua tdp Hotel khong duoc luu lai trong nhat ky chay (log) gdc, gia tri cua tap
Restaurant 1a 0,53.

Bang J.2: Ma tran nhdm 1an trén tap Test — Hotel

Thue té \ Dy don Negative Positive

Negative 4.673 3.396
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Thuec té \ Dy doan

Negative

Positive

Positive

4.334

10.052

Bang J.3: Ma tran nham l4n trén tip Test — Restaurant

Thuec té \ Dy doan Negative Positive
Negative 4.534 3.280
Positive 5.321 9.320

Bang J.4: So sanh thiét 1ap thuc nghiém gifta cac cong bd va muc J.1-J.6

A A1 K \ Cén bing . ~ . o oA Bao cao Balanced
Nguon B0 két hop K rurng ST Toi wu nguong Tach dir li¢u A
Bai bao sb 4 (2023) Majority vote Khong Khong (0,5) 80/20 Khong
Bai bao sb 5 (2024) Khoéng néu rd Khoéng néu rd Khong néu rd Khong néu rd Khong
Bai bio 56 6 (2024, do Stacking Khong Khong 60 /20 /20 Khong
ching)
Trung binh mat d6 xac sudt . , ,
Muc J.1-J.6 (2026) (déing §3.7.3.1) Co Co 60/20/20 Co
Bang J.5: So sanh chi sé trén tap Hotel
Ngudn Accuracy Precision Recall F1 Balanced Accuracy
Bai bio s6 4 (test) 0,92 0,91 0,60 0,72 —
Bai bio s 5 (test) 0,75 0,71 0,62 0,67 —
Bai bao sb 6 (test, ddi chimg) 0,78 0,74 0,62 0,67 —
Muc J.1-J.6 (test) 0,6558 0,7475 0,6987 0,7223 0,6389
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Bang J.6: So sanh chi sd trén tap Restaurant
Nguﬁn Accuracy Precision Recall F1 Balanced Accuracy
Bai bdo sb 4 (test) 0,91 0,89 0,59 0,71 —
Bai bio s 5 (test) 0,80 0,72 0,67 0,69 —
Bai bao sb 6 (test, ddi chimg) 0,82 0,75 0,67 0,71 —
Muc J.1-].6 (test) 0,6170 0,7397 0,6366 0,6843 0,6084

Bang J.7: Ba mé hinh rimng dé xuat khi chay lai (trung binh + d6 1éch chuan qua 5 lan lap, Phu luc H)

Tap dir licu Mo hinh Accuracy 2231111};?; F1-macro S(’i(kéclclucfalg)b g
yelpHotelData Rung phan loai (Fcr) 0,6465 + 0,0085 0,6355 + 0,0043 0,6294 + 0,0058 -
yelpHotelData Rung mat do (For) 0,6499 + 0,0082 0,6360 + 0,0056 0,6312 £ 0,0062 0,75 (Bai bao 5)
yelpHotelData Rung da tap (Fmr) 0,6147 £ 0,0062 0,5971 £ 0,0061 0,5936 + 0,0058 0,78 (Bai bao 6)
yelpResData Rurng phan loai (Fcr) 0,6202 + 0,0036 0,6040 + 0,0037 0,5974 + 0,0024 -
yelpResData Rung mat do (For) 0,6165 +0,0120 0,6055 + 0,0040 0,5966 + 0,0070 0,80 (Bai bao 5)
yelpResData Rurng da tap (Fwmr) 0,5937 + 0,0059 0,5679 + 0,0040 0,5647 + 0,0044 0,82 (Bai bao 6)

Bang J.8: Balanced Accuracy trén tap kiém tra theo hai cach dua dau vao
M& hinh Nhém BA — Cich 1 lzléT‘ chg% Rogz,l'thZC B Th“;'ilsiéi“(g“ﬁ“
Rurng phan loai (Fcr) Pé xuat 0,544 0,544 (0,515-0,572) 0,545 0,4
Rung mat do (Fpr) Pé xuat 0,511 0,511 (0,472-0,548) 0,543 0,8
Rimng da tap (Fwr) Pé xuat 0,526 0,526 (0,485-0,569) 0,536 811,3
Random Forest Hoc may 0,547 0,547 (0,519-0,575) 0,544 0,5
Gradient Boosting Hoc may 0,561 0,561 (0,526-0,595) 0,554 0,6
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M&b hinh Nhém BA — Céch 1 ?IAET_ chg% RO&QIUZC - Thﬁ?g“(i‘)“ﬁ“
SVM (tuyén tinh) Hoc may 0,545 0,545 (0,518-0,573) 0,565 0,2
LSTM Hoc siu 0,506 0,503 (0,495-0,513) 0,525 22,2
BiLSTM-Attention Hoc siu 0,634 0,488 (0,447-0,529) 0,488 383
BERT (tinh chinh) Transformer 0,719 0,512 (0,470-0,553) 0,525 8.312,2
ROBERTa (tinh chinh) Transformer 0,783 0,500 (0,500—0,500) 0,523 2.903,5

Ghi chii: ba m6 hinh rimg va ba mé hinh hoc may ding cing dau vao bd nam & ca hai cach nén BA khong doi; thoi gian huan luyén lay
tir 1an chay Céch 2 trén cing mot may CPU. Pay 1a mot 1an chia trén mau 3.000 danh gid, ding dé so sanh tuong ddi giita cac mo hinh trong

cung diéu kién.

Bang J.9: Cau hinh hudn luyén ctia 10 mé hinh trong thuc nghiém so sanh thong nhit (Bang J.8)

Huén luyén /

M5 hinh Diu vao CAu hinh chinh N
dung s6m
Bo nam (e, a, h,
Rurng phan 0: ‘Farget | 300 cay, Bootstrap can bang | Khong lip theo
loai (Fcr) encoding (m = 16p (BalancedBoot) epoch
' 10), chuan hoéa
Z-score
B6 nam (e, a, h, | DBSCAN Euclidean (minPts
t): target =5, eps theo phan vi khoang
Rung mat dd | encoding (m = | céach k-lang giéng); mo6i cum | Khong lap theo
(For) 10), chuan hoa mot ring 300 cay epoch
Z-score BalancedBoot; trung binh xac
suat
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Mo hinh

Pau vao

Céhu hinh chinh

Huén luyén /

dirng sém
B6 nam (e, a, h, Ma tran W tir rung khf)ng
t): target giam sat 300 cay trén mau con
\ encoding (m= | 5.000 dong; DBSCAN trén A s
gu’n% da tap 10), chuan héa | (1 — W) (minPts = 5); mdi Khorég (1)31})1 theo
ME Z-score cum mot rirng BalancedBoot; p
Stacking (meta-learner ring
300 cay trén tap xac thuc)
Bd nam (e, a, h,
Random 0: ‘Farget _ | randomForest, 300 cay, tham | Khong ldp theo
Forest encoding (m = s6 mic dinh epoch
10), chuan hoéa T
Z-score
Bd nam (e, a, h,
Gradient 0: ‘Farget _ | gbm, 300 cay, d0 sau tuong | Khong ldp theo
Boosting encoding (m = tac 3, phan phoi Bernoulli epoch
10), chuan hoéa ’
Z-score
Bo nam (e, a, h,
SVM (tuyén enctc)):d‘;ifgg?:n _ | el071::svm, nhan tuyén tinh, | Khong lap theo
tinh) 10). chuan héa udc lugng xac suat epoch
Z-score
Vin ban danh | T dién 20.000 tir, nhung 128 | Adam, Ir = 1073,
LSTM 4 ode chiéu, 64 don vi an, do dai to1 | batch 32, toi da
gl g da 128 10 epoch
. - 10-3
BiLSTM- Vin ban ddnh | Nhu LSTM, LSTM hai chidy | 243m ' =107
. A s ., ) batch 32, to1 da
Attention gia goc keém 16p chu y (attention) 10 epoch
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Mb hinh Piu vao CAu hinh chinh Huan luyén /
dung s6m

AdamW, Ir =

BERT (tinh Van ban danh | bert-base-multilingual-cased, | 2x107, batch
chinh) gia goc do dai toi da 128 16, toi da 3

epoch
RoBERTa Vanbandanh | o abase, d6 dai t6i da 128 | Nhu BERT
(tinh chinh) g14 goc

Ghi chi: moi mé hinh dung cung dir liéu (3.000 danh gia yelpHotelData, hat gidng 2026), cing cach chia theo danh gia 60/20/20 va

chon ngudng quyét dinh trén tap xac thuc theo Balanced Accuracy; toan bo thyc nghiém chay trén CPU, khong dung GPU (LSTM, BiLSTM-

Attention bang géi torch cho R; BERT, RoBERTa bang PyTorch/Transformers). Thoi gian huan luyén tai Bang J.8.

Bang J.10: Anh huéng ciia cach ldy mau va cach chia dir liéu dén chi s6 danh gia (Random Forest, yelpHotelData, 112.275 bd nam)

S Ty 1€ dong Test c6 dong
Cach layAmzlu 112275 Cich chia dir liéu cung danh gia trong Accuracy Recall F1 Balanced
b0 nam . Accuracy
: Train

Ngdu nhién trong toan tep | 1 1c0 4008 ';‘-;:)am (nhur bai 19,1% 0,664 0,866 0,766 0,589

Ngau nhién trong toan tép Theo danh gia gbc 0% 0,611 0,833 0,732 0,527

112.275 dong ddu tp | 11e0 dong ';‘-;:)am (nhur bai 96,0% 0,946 0,984 0,960 0,930

112.275 dong dau tép Theo dénh gia gbc 0% 0,611 0,793 0,725 0,537

Ghi chii: “dong cing danh gia” 1a dong bd nam co cing (e, h, t) va ciing nhin véi mot dong thudc tap hudn luyén. Ty 1& positive cta

mau 13 63,9% (lay ngiu nhién) va 65,1% (dong dau tép).
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Bang J.11: So sanh thdng nhit 10 mé hinh trén yelpHotelData (10.000 danh gi4, 5 hat gidng; trung binh + d6 1éch chuén trén tap kiém tra)

Mo hinh Nhom Piu vao iz‘i?:;;ec(; ROC-AUC | Accuracy | Fl-macro Th(‘;’fégln(?)uﬁn
Rurng phan loai (Fcr) Pé xuét Bo nam 0,557 £ 0,009 0,572 0,584 0,551 2,1
Rimng mat do (Fpr) Pé xuit Bo nim 0,561 + 0,006 0,586 0,592 0,558 3.9
Rung da tap (Fmr) Pé xuat B0 nam 0,534 +0,010 0,544 0,556 0,531 943,6
Random Forest Hoc may B0 nam 0,554 +£ 0,011 0,572 0,569 0,543 2,5
Gradient Boosting Hoc may B0 nam 0,558 + 0,006 0,580 0,575 0,548 1,5
SVM (tuyén tinh) Hoc may B6 nam 0,568 = 0,009 0,590 0,589 0,562 7,7
LSTM Hoc sau Vin ban goc 0,518 += 0,008 0,526 0,597 0,493 45,8
BiLSTM-Attention Hoc sau Van ban géc 0,701 + 0,004 0,774 0,698 0,687 104,1
BERT (tinh chinh) (*) Transformer | Van ban géc 0,755+ 0,013 0,836 0,752 0,742 130,8
RoBERTa (tinh chinh) Transformer | Vin ban goc 0,807 + 0,007 0,895 0,818 0,805 108,2

Ghi chii: (*) BERT tinh trén 4 1an chay hi tu; & hat giong 2030, BERT khong hoi tu (Balanced Accuracy 0,500), tinh ca lan nay BERT
dat 0,704 = 0,114. Thoi gian huin luyén ctuia cac mo hinh dung bd nam va LSTM, BiLSTM-Attention do trén CPU 12 luéng; BERT, RoBERTa
do trén GPU NVIDIA LA4.

Bang J.12: Chénh léch Balanced Accuracy so vi Random Forest (ghép cip theo hat gidng, s6 liéu Bang J.11)

Mé hinh Chénh Iéch trung binh Khodng tin cdy 95% 50 hat g“’“gFfﬁ_‘;S':"’“ Random
Rimg phan loai (Fcr) 10,0036 [~0,0033; 0,0105] 4/5
Rimg mat d6 (For) 10,0074 [-0,0042; 0,0190] 4/5
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M# hinh Chénh 1&ch trung binh Khodng tin ciy 95% 50 hat g“’“gFf:;‘;S':““ Random
Ring da tap (Fwmr) —0,0198 [—0,0239; —0,0157] 0/5
Gradient Boosting +0,0044 [-0,0062; 0,0150] 3/5
SVM (tuyén tinh) +0,0144 [0,0076; 0,0212] 5/5

Ghi chii: khoang tin cdy 95% theo phan phdi t (4 bac tu do) ctia chénh léch ghép cidp qua 5 hat gidng; khoang chira 0 nghia 1a chénh léch

chua c6 ¥ nghia thong ké.
Bang J.13: Cac ban diéu chinh ctia mé hinh rimg dé xuét (chi ding bd nam; yelpHotelData, 10.000 danh gi4, 5 hat giong)
Chénh léch so véi
Balanced Accuracy
Nhom dac trung M6 hinh ROC-AUC | Random Forest cung Khoang tin cay 95%
(TB £ SD)
nhom

A (nhu Bang J.8) Rurng phan loai (Fcr) 0,547 + 0,003 0,565 —0,0029 [—0,0063; 0,0005]
A (nhu Bang J.8) Rung mat d6 (For) 0,545+ 0,019 0,564 —0,0052 [—0,0279; 0,0174]
A (nhu Bang J.8) Rung da tap (Fmr) 0,523 £0,012 0,533 —-0,0272 [-0,0401; —0,0142]
A (nhu Bang J.8) Random Forest 0,550 + 0,004 0,563 — —

A (nhu Bang J.8) Gradient Boosting 0,544 £ 0,011 0,568 —0,0059 [-0,0191; 0,0073]
A (nhu Bang J.8) SVM (tuyén tinh) 0,554 £0,015 0,577 +0,0038 [—0,0147; 0,0223]
A (nhu Bang J.8) Logistic Regression 0,553 +0,014 0,576 +0,0035 [-0,0134; 0,0204]
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Balanced Accuracy

Chénh léch so véi

Nhom dic trung Mo hinh (TB + SD) ROC-AUC | Random Forest cung Khoang tin cay 95%
nhom

B (diéu chinh) Fert 0,548 + 0,008 0,560 +0,0121 [0,0034; 0,0208]
B (diéu chinh) Fpr+ 0,549 + 0,011 0,565 +0,0134 [—0,0004; 0,0271]
B (diéu chinh) Fmrt 0,547 £ 0,011 0,557 +0,0106 [—0,0026; 0,0237]
B (diéu chinh) Random Forest 0,536 + 0,006 0,558 - -

B (diéu chinh) Gradient Boosting 0,539 + 0,005 0,560 +0,0028 [—0,0074; 0,0130]
B (diéu chinh) SVM (tuyén tinh) 0,515 +£0,021 0,526 —0,0208 [—0,0528; 0,0112]
B (diéu chinh) Logistic Regression 0,551 +0,014 0,579 +0,0153 [—0,0003; 0,0309]

Ghi chi: nhém A dung dic trung nhu Bang J.8 (target encoding udc luong trén chinh tip huan luyén, thoi gian theo ngay); nhom B

dung target encoding ngoai fold (5 fold theo danh gi4), tan suat cta thuc thé, ngudi danh gia va nam; cac rimg nhom B dung nut 14 tdi thiéu 150

dong. Thuc nghiém nay dung b dac trung va quy trinh riéng nén gia tri nhom A khac nhe so véi cac dong tuong trng tai Bang J.11.
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Béng J.14: So sanh théng nhéat 10 mo hinh theo Cach 2 — moi mé hinh chi dung bd niam (yelpHotelData, 10.000 danh gia, 5 hat giéng;

trung binh + d¢ 1éch chuan trén tap kiém tra)

Thoi gian | Chénh léch BA so véi | BA theo
Balanced ROC- F1- )
Mo hinh Nhom Accuracy huan Random Forest [KTC Cach 1
Accuracy AUC macro
luyén (s) 95%] (Bang J.11)
) N +0,0036 [—0,0033;
Rung phan loai (Fcr) bé xuat 0,557+ 0,009 | 0,572 0,584 0,551 2,2 0,557
0,0105]
2 +0,0074 [—0,0042;
Rung méat do (Fpr) bé xuat 0,561 £ 0,006 | 0,586 0,592 0,558 3.8 0,561
0,0190]
L, —0,0198 [-0,0239;
Rurng da tap (Fwmr) bé xuat 0,534+ 0,010 | 0,544 0,556 0,531 1.044,3 0,534
—0,0157]
Random Forest Hoc may 0,554+ 0,011 0,572 0,569 0,543 2,6 - 0,554
_ _ +0,0044 [—0,0062;
Gradient Boosting Hoc may 0,558 +£ 0,006 0,580 0,575 0,548 1,6 0,558
0,0150]
. +0,0144 [0,0076;
SVM (tuyén tinh) Hoc may 0,568 = 0,009 | 0,590 0,589 0,562 7,5 0,568
0,0212]
—0,0494 [-0,0623;
LSTM Hoc sau 0,504 + 0,008 | 0,505 0,454 0,369 62,0 0.03641 0,518
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Thoi gian | Chénh léch BA so véi | BA theo
Balanced ROC- F1- i
M6 hinh Nhom Accuracy huan Random Forest [KTC Cach 1
Accuracy AUC macro
luyén (s) 95%] (Bang J.11)
+0,0017 [—0,0085;
BiLSTM-Attention Hoc sau 0,556+ 0,012 | 0,577 0,539 0,530 95,7 0,701
0,0119]
_ —0,0157 [-0,0379;
BERT (tinh chinh) | Transformer | 0,538 +£0,009 | 0,556 0,534 0,517 375,7 0,755 (*)
0,0066]
RoBERTa (tinh —0,0304 [—0,0554;
Transformer | 0,523 £0,024 | 0,543 0,581 0,473 307,1 0,807
chinh) —0,0054]

Ghi chii: ciing mau 10.000 danh gia, ciing cach chia theo danh gia 60/20/20, cung 5 hat giéng (2026—-2030) va cung quy tic chon ngudng
nhu Bang J.11; sdu mé hinh dung bd nam vi vay c6 Balanced Accuracy tring véi Bang J.11 (thdi gian hudn luyén do ¢ phién chay khac). LSTM,
BiLSTM-Attention, BERT, RoBERTa doc mdi dong bo ndm dudi dang chudi “hotel <e> aspect <a> reviewer <h> time <t>” (téi da 32 token),
du doan theo timg dong rdi lay trung binh xac suat vé danh gia nhu cac mo hinh ding bd nim. O hat giéng 2026 va 2029, RoOBERTa dy doan
toan b 1a positive (Balanced Accuracy 0,500); ¢ hat giéng 2030, LSTM ciing dy doan toan bo 1a positive. (¥) BERT theo Cach 1 tinh trén 4
1an chay héi tu (Bang J.11). Khoang tin cay 95% theo phan phdi t (4 bac tu do) ctia chénh 1éch ghép cip qua 5 hat gidng.
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Bang J.15: So sanh théng nhat 10 mé hinh trén yelpResData theo Cach 1 (10.000 danh gi4, 5 hat gidng; trung binh + d6 1éch chuén trén tap

kiém tra)
Thoi
Chénh léch BA so BA trén
. Balanced ROC- F1- gian
Mo hinh Nhom Pau vao Accuracy , véi Random yelpHotelData
Accuracy AUC macro | huan
Forest [KTC 95%]| (Bangl.11)
luyén (s)
Rurng phén loai ., —0,0019 [—0,0049;
bé xuat Boénam | 0,541 +0,010 | 0,557 0,518 0,514 11,9 0,557
(Fcr) 0,0011]
Rung mat do L +0,0007 [-0,0100;
bé xuat Boénam | 0,543 +0,011 | 0,562 0,534 0,516 221,9 0,561
(Fpr) 0,0114]
Rurng da tap ., —0,0288 [—0,0472;
bé xuat Boénam | 0,514+0,017 | 0,520 0,522 0,507 | 1.048,4 0,534
(Fwmr) —0,0105]
Random Forest | Hoc may B nam | 0,543 +£ 0,009 0,560 0,528 0,518 14,7 - 0,554
Gradient +0,0079 [0,0029;
, Hoc may | Bonam | 0,551 +0,009 | 0,568 0,573 0,547 8,4 0,558
Boosting 0,0128]
SVM (tuyén +0,0098 [0,0007;
Hocmay | Bonam | 0,553 +0,010 | 0,580 0,576 0,543 13,5 0,568
tinh) 0,0190]
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Thoi
Chénh léch BA so BA trén
. Balanced ROC- F1- gian
Mo hinh Nhom Pau vao Accuracy , voi Random yelpHotelData
Accuracy AUC macro | huan
Forest [KTC 95%] | (BanglJ.11)
luyén (s)
Vian ban —0,0011 [—0,0195;
LSTM Hoc sau , 0,542 £ 0,007 | 0,555 0,595 0,537 45,1 0,518
goc 0,0174]
BiLSTM- Vian ban +0,1923 [0,1814;
Hoc sau , 0,735+0,014 | 0,812 0,733 0,721 107,3 0,701
Attention goc 0,2032]
BERT (tinh Vian ban +0,2259 [0,2118;
Transformer , 0,769 £0,013 | 0,850 0,771 0,759 130,5 0,755 (*)
chinh) g0c 0,2401]
RoBERTa (tinh Vian ban 10,2798 [0,2664;
Transformer ) 0,823 £0,015 0911 0,828 0,817 108.,2 0,807
chinh) g0c 0,2932]

Ghi chii: mau 10.000 danh gia 1y ngau nhién tir tép bo nam yelpResData da ghép vian ban danh gia gc; mdi danh gia nha hang sinh t6i

da 19 dong bo nam (yelpHotelData: 3 dong). Cung quy trinh nhu Bang J.11: chia theo danh gia 60/20/20, ngudng chon trén tap xac thuc theo

Balanced Accuracy, xac suat cac dong bd nim gdp vé danh gia bang trung binh. Do sé dong bd ndm 16n hon, mé hinh SVM tuyén tinh chi hun

luyén trén toi da 30.000 dong Train 1ay ngau nhién. Thoi gian huan luyén cta cic mo hinh dung bo naim va LSTM, BiLSTM-Attention do trén
CPU 12 ludng; BERT, RoBERTa trén GPU NVIDIA L4. (*) BERT trén yelpHotelData tinh trén 4 1an chay hoi tu. Khoang tin ciy 95% theo

phan phéi t (4 bac ty do) ctia chénh léch ghép cip qua 5 hat gidng.
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Bang J.16: So sanh thdng nhit 10 mé hinh trén yelpResData theo Cach 2 — moi mé hinh chi ding bd nim (10.000 danh gi4, 5 hat giéng; trung

binh + dd 1éch chuén trén tap kiém tra)

Thoi gian | Chénh léch BA so véi | BA theo
Balanced ROC- F1- i
M6 hinh Nhom Accuracy huan Random Forest [KTC Cach 1
Accuracy AUC macro
luyén (s) 95%] (Bang J.15)
Rung phan loai (Fcr) o, —0,0019 [—0,0049;
bé xuat 0,541 £0,010 0,557 0,518 0,514 11,9 0,541
(**) 0,0011]
Rung méat do (Fpr) N +0,0007 [—0,0100;
bé xuat 0,543 £0,011 0,562 0,534 0,516 221,9 0,543
(*%) 0,0114]
Rung da tap (Fmr) . —0,0288 [—0,0472;
bé xuat 0,514 +£0,017 0,520 0,522 0,507 1.048.,4 0,514
(**) —0,0105]
Random Forest (**) Hoc may 0,543 + 0,009 0,560 0,528 0,518 14,7 - 0,543
Gradient Boosting +0,0079 [0,0029;
Hoc may 0,551 £ 0,009 0,568 0,573 0,547 8,4 0,551
(**) 0,0128]
SVM (tuyén tinh) +0,0098 [0,0007;
Hoc may 0,553 £0,010 0,580 0,576 0,543 13,5 0,553
(**) 0,0190]
—0,0410 [—0,0539;
LSTM Hoc sau 0,502 + 0,003 0,501 0,580 0,388 93,9 0,542

—0,0281]
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Thoi gian | Chénh léch BA so véi | BA theo
Balanced ROC- F1- i
M6 hinh Nhom Accuracy huan Random Forest [KTC Cach 1
Accuracy AUC macro
luyén (s) 95%] (Bang J.15)
—0,0011 [—0,0102;
BiLSTM-Attention Hoc sau 0,542 £0,010 0,563 0,559 0,531 167,6 0,735
0,0080]
: —0,0332 [-0,0547;
BERT (tinh chinh) | Transformer | 0,510 + 0,021 0,522 0,639 0,420 692,8 0.0117] 0,769
RoBERTa (tinh —0,0409 [-0,0552;
Transformer | 0,502 + 0,004 0,502 0,591 0,378 580,2 0,823
chinh) —0,0266]

Ghi chii: cing mau 10.000 danh gia, cting cach chia 60/20/20 theo danh gi4, cing 5 hat giéng va cing quy tic chon ngudng nhu Bang
J.15 (**) Sau m6 hinh ding bo nim c6 ciing dau vao & hai cach nén khong chay lai; s6 lidu lay tir Bang J.15 (trén yelpHotelData, hai cach cho
két qua trung nhau, Bang J.14. M6 hinh LSTM, BiLSTM-Attention, BERT, RoBERTa doc mdi dong bo nim dudi dang chudi “restaurant <e>
aspect <a> reviewer <h> time <t>” (t6i da 32 token), duoc huan luyén trén 30.000 dong bd nam ldy ngau nhién tir tp huan luyén (giit ti 18 16p),
du doan trén toan bo dong cua tip xac thuc va tap kiém tra roi lay trung binh xac suat vé danh gia. BERT du doan toan bo 1a positive ¢ hat
giéng 2026,2027,2029, 2030; RoBERTa & hat giéng 2026-2029; LSTM & hat giéng 2029. Thoi gian huin luyén cua LSTM, BiLSTM-Attention
do trén CPU 12 ludng; BERT, RoBERTa trén GPU NVIDIA L4. Khoang tin ciy 95% theo phan phdi t (4 bac tu do) cta chénh 1éch ghép cip
qua 5 hat giéng.
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Bang J.17: Cac ban diéu chinh ctia mé hinh ring dé xuét trén yelpResData (chi dung bo nam; 10.000 danh gié, 5 hat giéng)

Balanced Chénh léch so véi BA trén
Nhom dac trung Mo hinh Accuracy (TB + IZ(I)JE- Random Forest | Khodng tin ciy 95% | yelpHotelData
SD) cung nhém (Bang J.13)

A (nhu Bang J.8) | Rung phan loai (Fcr) 0,551 +£0,013 0,567 —0,0044 [—0,0167; 0,0078] 0,547
A (nhu Bang J.8) Rung méat do (For) 0,535+ 0,020 0,547 —0,0202 [—0,0405; 0,0001] 0,545
A (nhu Bang J.8) Rung da tap (Fmr) 0,535 + 0,005 0,540 —0,0203 [—0,0300; —0,0105] 0,523
A (nhu Bang J.8) Random Forest 0,555+ 0,007 0,572 — — 0,550
A (nhu Bang J.8) Gradient Boosting 0,558 £ 0,015 0,575 +0,0030 [—0,0119; 0,0179] 0,544
A (nhu Bang J.8) SVM (tuyén tinh) 0,569 + 0,011 0,592 +0,0138 [0,0048; 0,0229] 0,554
A (nhu Bang J.8) Logistic Regression 0,566 0,010 0,592 +0,0108 [0,0029; 0,0187] 0,553

B (diéu chinh) Fept 0,539+ 0,011 0,560 +0,0022 [—0,0168; 0,0212] 0,548

B (diéu chinh) Fprt 0,537 + 0,009 0,560 +0,0005 [—0,0182; 0,0191] 0,549

B (diéu chinh) Fmrt 0,539 £0,011 0,560 +0,0019 [—0,0165; 0,0203] 0,547

B (diéu chinh) Random Forest 0,537 £0,013 0,553 — — 0,536

B (diéu chinh) Gradient Boosting 0,557+0,014 0,579 +0,0204 [0,0084; 0,0324] 0,539
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Balanced . Chénh léch so véi BA trén
Nhom dac trung M6 hinh Accuracy (TB £ N Random Forest | Khodng tin ciy 95% | yelpHotelData
SD) cung nhém (Bang J.13)
B (diéu chinh) SVM (tuyén tinh) 0,540 + 0,019 0,553 +0,0030 [—0,0219; 0,0278] 0,515
B (diéu chinh) Logistic Regression 0,566 + 0,006 0,595 +0,0287 [0,0142; 0,0431] 0,551

Ghi chii: quy trinh va dic trung nhu Bang J.13; mau 10.000 danh gia 14y tir toan b tép bd nim yelpResData (khong can vin ban gdc),

nén khac mau ctia Bang J.15-J.16 va gia tri nhom A khac nhe so v6i cac dong tuong Gng tai Bang J.15. Khoang tin cay 95% theo phan phdi t

(4 bac tu do) ctia chénh 1éch ghép cip qua 5 hat giéng (2026-2030). SVM tuyén tinh huan luyén trén t6i da 30.000 dong Train. Fpr+, Fve+ chon

trong s6 két hop a tir 0 dén 0,2 trén tap xac thuc nén két qua gan tring véi Fert. O hat giong 2026 va 2030, DBSCAN chon eps = 0 nén c¢6 cum

gdm toan cac diém trung nhau; rimg ctia cum nhu vdy khong thé tach nat nén duoc thay bang dy doan hang s6 0,5 (dau ra cua rimg can bang

16p khi khong tach dugc nt).
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  i


  𝘹


  n


  ŷ = f  ( 𝘹 ) =   a r g m a x  c ∈ C   ∑  n = 1  n  I  (   T  i  ( 𝘹 ) = c ) ,


  ŷ = f  ( 𝘹 ) :


  𝘹


  C


  I ( . )


  I  (   T  i  ( 𝘹 ) = c ) = 1


    T  i


  c


  I  (   T  i  ( 𝘹 ) = c ) = 0


  a r g m a x :


    m  t r y


     Θ(n × N' ×   m  try × h) = O(n × N ×   m  try × log N)


    m  t r y


  Θ(n × log N) 


    O 1 ∗


    O 2 ∗


    O  n ∗


  O


    T  i  


  ∩


      IF  (   f 1 =   v 1 ) ∩ (   f 2 =   v 2 ) ∩ … ∩ (   f  k =   v  k )  THEN class = c


    f  i


    v  i


    f  i


  c


  c ∈ C


  C


  C = { p o s i t i v e ,   n e g a t i v e }


    e  i  ( k )


    a  j  ( m )


  s = +   1


    e  i  ( k )


    a  j  ( m )  


    e  i  ( k )


  ≠   a  j  ( m )


  =  h  p  ( n )


  s = −   1


    e  i  ( k )


    a  j  ( m )


   h  p  ( n )  


  =   e  i   ( k )


  ≠   a  j   ( m )


    ≠ h  p   ( n )


  s = + 1


    e  i  ( k )


    a  j  ( m )


   h  p  ( n )  


  ≠   e  i   ( k )


  ≤ 𝜏


  s = + 1


    e  i  ( k )  


  𝜏  


  ≠   e  i   ( k )


  > 𝜏


  s = − 1


    e  i  ( k )  


  𝜏  


  v  


  T  


    D e p t h  T ( v ) =  {    0 ,  v  l  à ˋ  n  ú ˊ t g    ố ˆ ˊ c ,   Depth  ( parent  ( v ) ) + 1 ,  v  kh  ô ˆ ng phải n  ú ˊ t g    ố ˆ ˊ c .


  f  


  T  


    M i n D e p t h  T ( f ) = min ⁡ { D epth ( v ) ∣ v ∈ T , v . feature = f }


  f  


    M i n D e p t h  T ( f ) = ∞


  Depth 


  Depth 


  v


    O  v


  v .


    p  v ( c )


    p  v ( c ) =   ∣ {   o  i ∈   O  v ∣   s  i = c } ∣  ∣   O  v ∣


  c  


  v


    O  v


  v ,


    s  i


    o  i


  C


  H  ( v ) = 0 ,


  v


  H  ( v )


  v  


    v  L  


    v  R  


  I G ( v ) = H ( v ) −  (   ∣   O    v  L ∣  ∣   O  v ∣ H (   v  L ) +   ∣   O    v  R ∣  ∣   O  v ∣ H (   v  R ) )


  I G ( v )  


  f  


  F =  {   T 1 ,   T 2 , … ,   T  n }


  f


    D e p t h - ( f ) =  1  J   ∑  i = 1  n    D e p t h    T  i ( f )


    Depth    T  i ( f )  


  f  


  i


  f  


    T  i


    D e p t h - ( f ) =     ∑  i : f ∈   T  j    Depth i ( f )  ∣ { i ∣ f ∈   T  i } ∣


    Depth    T  i ( f ) =   max ⁡  depth (   T  i ) + 1   n    ế ˆ ˊ u  f ∉   T  i


    D e p t h - ( f ) <     D e p t h - max


      D e p t h - max =  1  F   ∑    f ′ ∈ 𝜒    D e p t h - (   f ′ )


  D e p t h  


      D e p t h -  


  f  


    T  i  


    I    T  i ( f ) =   ∑  v ∈   T  i : v . feature = f  I G ( v )


  I G ( v )  


  v  


  f


    F  C F


    I ‾ ( f ) =  1  n   ∑  i = 1  n    I    T  i ( f )


      I ‾  norm ( f ) =     I ‾ ( f )    ∑    f ′ ∈   𝜒    I - (   f ′ )


    I ‾ ( f )  


  f


      I ‾  norm ( f ) = 0 , 4  


  f  


  f  


  f  


  F = {   T 1 , … ,   T  n }


  f


    I  perm ( f ) =  1  n   ∑  i = 1  n   [   Acc    T  i  OOB −   Acc    T  i  OOB, perm ( f ) ]


    T  i  


    Acc    T  i  OOB


    T  i  


  O O B


    Acc  i  OOB, perm ( f )


    T  i


  f


  O O B


    I  perm ( f )


  f


    I  perm ( f ) ≈ 0


  f


    f 1


    f 2


    f 2  


    f 1  


  CDepth (   f 2 ∣   f 1 ) = 𝔼 [   D e p t h    T  i (   f 2 ) ∣ root (   T  i ) . feature =   f 1 ]


  CDepth (   f 2 ∣   f 1 ) =     ∑  i : root (   T  i ) =   f 1    D e p t h    T  i (   f 2 )  ∣ { i : root (   T  i ) . feature =   f 1 } ∣


    D e p t h    T  i (   f 2 )


    f 2


    T  i


  INT (   f 1 ,   f 2 ) =   D e p t h - (   f 2 ) − CDepth (   f 2 ∣   f 1 )


  INT (   f 1 ,   f 2 ) > 0


    f 1


    f  2  


  INT  (   f 1 ,   f 2 ) < 0


    f 2


    f 1  


  INT (   f 1 ,   f 2 ) ≈ 0


    f 1  


    f 2


  f


  v


    PD  f ( v ) =  1  N   ∑  i = 1  N    y ^ (   𝘹  i  f ← v )


    𝘹  i  f ← v :  


    𝘹  i  


  f  


  v


    y ^   ( . )


  N


    f 1


    f 2


    v 1


    v 2 ,


        PD    f 1 ,   f 2 (   v 1 ,   v 2 ) =  1  N   ∑  i = 1  N    y ^ (   𝘹  i    f 1 ←   v 1 ,   f 2 ←   v 2 )  


   F CF


    m  t r y


   |  χ | =  |  4 |   = 2


  H ( O )


  H ( O )


  /


  f


   F CF  


   F DF


   F CF


   F CF  


  (  F CF )


  Θ(n × log N) 


   F CF


   F CF


  O =  {   o 1 ,   o 2 ,     o 3 ,   . . . ,     o  N } ,  


    o  i =  (   e  i ,   a  i ,     s  i ,    h  i ,     t  i )  


    e  i


    a  i


    s  i


   h  i


    t  i


    O  n o r m ∈ ℝ ᴺ ˣ ⁵


    O  n o r m


  K


  𝒞 =   { C ₁ ,   … ,     C  K ,   N o i s e }


    O  n o r m ∈ ℝ ᴺ  ˣ 5


  ŷ ∈ C =


  K


  ĉ ∈  { 1 ,   . . ,   K }  


  ℒ


    ( F  D F )


  n  


  O = {   o 1 ,   o 2 , … ,   o  n } ,


    o  i  


    o  i = (   e  i ,   a  i ,   s  i ,  h  i ,   t  i  )  T ∈  ℝ 5 ,


  o  


  o = [   ID  e ,   ID  a ,   Score  s ,   ID h ,   Days  t  ]  T


   ID  e


   ID  a


   Score  s


   ID h


   Days  t


    e  i ,   a  i ,  h  i  


  ID : 𝒳 → ℕ ,


  𝒳


    t  i  


  Days (   t  i ) =   t  i −   t 0 ,


    s  i  


   [ − 1 , 1 ]  


   [ 0 , 1 ]  


    o  i  


  k


        o  norm   ( k ) =     o   ( k ) −   𝜇  k    𝜎  k ,  


    𝜇  k


  k


    𝜎  k


  k


    𝐎  norm ⊂  ℝ 5 .


  𝜀


  MinPts


  𝜀  


  o ∈ O  


        N  𝜀 ( o ) = {   o ′ ∈ O ∣ d ( o ,   o ′ ) ≤ 𝜀 } .  


    o  i ,   o  j


      d (   o  i ,   o  j ) =    ∑  k = 1 5     (    o  i   ( k ) −    o  j   ( k ) ) 2 ,  


  o


      ∣   N  𝜀 ( o ) ∣ ≥ MinPts .  


    o 2  


    o  1  


        o 1 →   p 1 →   p 2 → ⋯ →   o 2 ,  


    p    i


    p  i + 1 ∈   N  𝜀 (   p  i )


    C  k  


    o  seed


        C  k = { o ∈ O ∣ o  li  ê ˆ n th  ô ˆ ng theo mật độ với    o  seed ∈   C  k } .  


  Noise = { o ∈ O ∣ o ∉   C  k , ∀ k } .


    C  k


  j


   Θ  j ∗ =    argmax  Θ ∈     𝜏  j ⁡    I G  D  (   O  j ,   O  j L ,     O  j R )


  Θ


  ∆   H  D


    I G  D  (   O  j ,   O  j L ,     O  j R ) =   H  D  (   O  j ) −    |   O  j L |   |   O  j |   H  D  (   O  j L ) −    |   O  j R |   |   O  j |   H  D  (   O  j R )


    O  j L ,   O  j R  


    H  D  


  O


    H  D


    H  D  ( O )  


      H  D  ( O ) =  1 2  log ⁡   (    ( 2 𝜋 e )  d | 𝛬  ( O ) | )


  𝛬


  d × d


  I  (   O  j , 𝛳 ) =  log ⁡   (  | 𝛬  (   O  j ) | ) −   ∑  i ∈  { L , R }     |   O  j  i |   |   O  j |  log ⁡   (  | 𝛬  (   O  j  i ) | )


  t


  l  ( o ) :  ℝ  d →   L ⊂ ℕ


  l  ( o )


  o


  L


  𝒩  ( o ,   𝜇  l  ( o ) ,   𝛬  l  ( o ) )


  t


    𝘱  t  ( o ) =     𝜋  l  ( o )    Z  t 𝒩  ( o ;   𝜇  l  ( o ) ,   𝛬  l  ( o ) )


    𝜇  l


  l


    𝛬  l   l à  


    𝜋  l  


  l


    𝜋  l   =    |   O  l |   | O |


    Z  t


    Z  t =   ∫  o   (   ∑  l    𝜋  l 𝒩 ( o ;   𝜇  l ,   𝛬  l ) p ( l | o ) ) d o


  𝘱  ( l | o )


  𝘱  ( l | o ) = 𝛿  ( l = l ( o ) )


    Z  t =   ∫  o    𝜋  l ( o ) 𝒩 ( o ;   𝜇  l ( o ) ,  Λ  l ( o ) ) d o .


    Z  t


    Z  t ≈ ∆ .   ∑  i    𝜋  l  (   o  i ) 𝒩  (   o  i ;   𝜇  l  (   o  i ) ,   𝛬  l  (   o  i ) )


    o  i  


  𝘱  ( o ) =  1  T   ∑  t = 1  T    𝘱  t  ( o )


    𝘱  t  ( o )


    m  t r y


  Ө  ( n × L × N × l o g N )


    O  l  


    m  t r y


  Ө  ( n ×   m  t r y × N × l o g N ) + Ө  ( n × L × N × l o g N )


  Ө  ( n × l o g N )


  Ө  ( K × n × l o g N )


  A


  o


  Ө  ( n × L ×   d 2 )


  | A |


  Ө  ( n × l o g N ) + Ө  ( K × n × l o g N ) + Ө  ( n × L ×   d 2 )


  f


  g


  f ( o )


  o


    o ′


  o =  h  o (   o ′ )


    g ( z ′ ) ≈ f  (  h  o  (   z ′ ) )


    z ′ ≈     o ′


  g  (   z ′ ) =   𝜑 0 +   ∑  j = 1  M    𝜑  j   z  j ′


    z ′ ∈    { 0 , 1 }  M


    𝜑 0


    𝜑  j ∈    { 0 , 1 }  M


    𝜑  j =   ∑  S ⊆ F \  { j }     | S | !  (  | F | −  | S | − 1 ) !   | F | !  [   f  S ∪  { j }  (   o  S ∪  { j } ) −   f  S  (   o  S ) ]


   | S |


   | F |


    f  S  (   o  S )


    f  S ∪  { j }  (   o  S ∪  { j } )


    I  j =  1   | O |   ∑  i = 1   | O |   |   𝜑  j  ( k ) |


  I


  j


    𝜑  j  ( k )


    I  i , j ( o ) =   ∑  S ⊆ F \  { i , j }     | S | !  (  | F |   −  | S | − 2 ) !  2  (  | F |   − 1 ) !   𝛿  i j  ( o , S )


  i ≠ j


    𝛿  i j  ( o , S ) =   f  o  ( S ∪  { i , j } ) −     f  o  ( S ∪  { i } ) −     f  o  ( S ∪  { j } ) +     f  o  ( S )


    I  i , j ( o )


  o


   | F |


    F  D F


   F DF


    F  D F


   F DF


    F  D F  


    F  D F


    F  D F


    F  D F


    F  D F


    F  D F


    F  D F


    F  D F


    F  D F


   F DF  


   F DF  


   F DF


  O =  {   o 1 ,   o 2 ,     o 3 ,   . . . ,     o  N } ,  


    o  i =  (   e  i ,   a  i ,     s  i ,    h  i ,     t  i )  


    e  i


    a  i


    s  i


   h  i


    t  i


  O


  ℳ ⊂  ℝ 5


    d i s t ℳ


  K


  𝒞 =   { C ₁ ,   … ,     C  K ,   N o i s e }


   ℱ  k .


    O  m a t ∈ ℝ ᴺ  ˣ 5 .


  ŷ ∈ C =


  K


  ℒ


    ( F  M F )


    d ′ < 5


    d i s t ℳ .


          


  N


 


      O ∈  ℝ  N × d   d = 5


   ℝ  d


  ℳ


    d ′ ≪ d


  ℳ  


   ℝ 5  


      O ⊂ ℳ ⊂  ℝ 5 , dim ⁡ ( ℳ ) =   d ′ < 5  


    d ′ ∈ ℕ   (   d ′ < 5  


  o = ( e , a , s , h , t )


  d = 5  


   ( e )  


   ( a )  


   ( e , a )  


   ( h )


   ( s )  


   ( e , a ,   h )


  s  


    d ′


    d ′ < 5


    d ′


  d = 5  


  W ∈  ℝ  N × N .


    T  k


        l    T  k ( o ) :  ℝ  d →  ℒ    T  k ⊂ ℕ  


    l    T  k ( o )  


  o  


    l    T  k


   ℒ    T  k  


   W  ( k )


    d i s t ℳ


    o  i  


  ∣ {   o  j ∣   d i s t ℳ (   o  i ,   o  j ) ≤ 𝜀 } ∣ ≥ MinPts .


  𝒞 = {   𝖢 1 ,   𝖢 2 , … ,   𝖢 K ,   Noise } ,


  K  


  Noise 


  N


  O =  {   o 1 ,     o 2 , … ,   o  N }


    o  i ∈  ℝ    d 


    d  =   5 .


    o  i


    o  i =  (   e  i ,   a  i ,     s  i ,    h  i ,     t  i ) ∈  ℝ 5 .


    y ^   ∈    { N e g a t i v e ,   P o s i t i v e }


   Θ  j ∗ =    argmax  Θ ∈     𝒯  j ⁡    I G ℳ  (   O  j ,   O  j L ,     O  j R ,   W )


    𝒯  j


  j ;


    O  j L


    O  j R


  Θ


    I G ℳ


    I G ℳ  (   O  j ,   O  j L ,     O  j R ,   W ) =   H ℳ  (   O  j ) −    |   O  j L |   |   O  j |   H ℳ  (   O  j L ) −    |   O  j R |   |   O  j |   H ℳ  (   O  j R )


    H ℳ  


    d ′


    𝛬 ℳ  ( O ) ,


    H ℳ  ( O )  


    H ℳ  ( O ) =  1 2  log ⁡   [    ( 2 𝜋 e )    d ′ |   𝛬 ℳ  ( O ) | ]


   |   𝛬 ℳ  ( O ) |  


    𝛬 ℳ  ( O )


       Λ ℳ ( O ) =     ∑  i , j ∈ O    W  i j (   o  i − 𝜇 ( O ) ) (   o  j − 𝜇 ( O )  )  T    ∑  i , j ∈ O    W  i j ,  


  𝜇  ( O ) =    1   | O |   ∑  o ∈ O  o  


  O


    W  i j ∈  [ 0 , 1 ]  


  ( i , j )


    W  i j ∈  [ 0 , 1 ] ,  


    o  i  


    o  j  


   Λ ℳ ( O )


                              I G ℳ =  1 2  [ log ⁡ ∣  Λ ℳ (   O  j ) ∣ −   ∑  i ∈ { L , R }    ∣   O  j i ∣  ∣   O  j ∣ log ⁡ ∣  Λ ℳ (   O  j i ) ∣ ] ,  


    T  k  ( w )


    W  ( k ) ∈    { 0 , 1 }  N × N


        W  i j  k =   𝟙  [ L  (   o  i ,   T  k  ( w ) ) =   L  (   o  j ,   T  k  ( w ) ) ] ,  


  L  (   o  i ,   T  k  ( w ) )


    o  i


    T  k  ( w )


  𝟙  [ . ]


    W  i j  k = 1


    o  i


    o  j


    T  k  ( w )


  W


    n  W


    n  W


    T  k  ( w )


    T  k  ( w )


    W  ( k ) ∈    { 0 , 1 }  N × N


        W  i j  ( k ) = 𝟏  [   l    T  k  ( w )  (   o  i ) =     l    T  k  ( w )  (   o  j ) ]  


    W  i j  ( k ) = 1


    o  i  


    o  j


    T  k  ( w )


  W ∈  ℝ  N × N  


    W  ( k )


        W  i j =  1    n  W   ∑  k = 1    n  W    W  i j  ( k ) =  1    n  W   ∑  k = 1    n  W  𝟏  [   l    T  k  ( w )  (   o  i ) =     l    T  k  ( w )  (   o  j ) ]  


   1    n  W


    o  i


    o  j


    W  i j ∈ [ 0 , 1 ]


    n  W


  W  


    W  i j ≈ 1 :  


    o  i


    o  j


    W  i j ≈ 0


    o  i


    o  j  


  0 <   W  i j < 1 :  


  W  


    o  i


    o  j  


    o  i


    o  j


    o  i


    o  j


    W  i j


  W


    d i s t ℳ  (   o  i ,   o  j ) =    1 −   W  i j


    d i s t ℳ = 0


    o  i


    o  j  


    d i s t ℳ = 1


    o  i


    o  j  


    W  i j  


    d i s t ℳ  


   Λ ℳ ( O )


    I G ℳ


    o  i


    o  j


  o ∉ O


  W ∈  ℝ  N × N


  o


    k  r e p


   {   o 1 ,     o  2   , … ,   o    k  r e p } ⊂ O


    k  r e p ≪ N


    W ^  ( o ,   o  i ) =    1  n     ∑ ℓ  n  𝟙 [ L  ( o ,   T ℓ ) =   L  (   o  i ,   T ℓ ) ]


  i


    T ℓ ∈   F  M F


  ℓ


  ( ℓ = 1 ,   2 ,   3 , … , n )


    F  M F


    T  k  ( w )


  L  ( o ,   T ℓ )


    T ℓ ∈     F  M F  


  L  (   o  i ,   T ℓ )


    o  i ∈ O


    T ℓ


    W ^  ( o ,   o  i ) :


    W ^  ( o ,   o  i ) ∈  [ 0 , 1 ] .


    d i s t ℳ  ( o ,   o  i )


    o  i


    k  r e p


    k  r e p


    W ^  ( o ,   o  i )


  o


    o  i


    d i s t ℳ  ( o ,   o  i ) =    1 −   W ^  ( o ,   o  i ) ,


  i


    W  i j


    W ^  ( o ,   o  i )


    T ℓ


    d ′


    d ′


    I G ℳ


    n  W


    T  k  ( w )


    n  W


    T  k  ( w )


  l o g N


  N


  W


  Ө  ( N × l o g N ) ,


    n  W


  Ө  (   n  W × N × l o g N )


  W


    I G ℳ


   Λ ℳ  ( O )  


    d ′  


    ( d ′ < 5 )


  Ө  ( N ×   d ′ )


  l o g N


  Ө  ( n × N × l o g N ×   d ′ )


    d ′ ≤ d ,


    d / d ′


  Ө  (   n  W × N × l o g N ) + Ө  ( n × N × l o g N ×   d ′ ) =   Ө  ( N × l o g N ×   ( n  W + n ×   d ′ ) )  


    n  W


    d ′


    d ′   <   d   =   5


    W ^  ( o ,   o  i )


    W ^  


  ℓ


    W ^  ( o ,   o  i )


    k  r e p


  ( o ,   o  i )


  o ∉ O


    T ℓ ∈   F  M F


  Ө ( l o g N )


    k  r e p


  Ө  (   k  r e p ×   n × l o g N )


    T ℓ ∈   F  M F  


  Ө ( l o g N )


  Ө  (   n × l o g N )


  Ө  (   k  r e p × n   ×  log ⁡  N +   n × l o g N ) =   Ө  ( (   k  r e p + 1 ) × n   ×  log ⁡  N )  


  n · l o g N :


  l o g N


  W .


    k  r e p


    k  r e p ≪ N


    d ℳ


  ≠


    O  V a l


    d i s t ℳ


    O  V a l


    F  M F ←     ℱ ₖ  


    O  V a l


  Ө  (   n  W × N ×  log ⁡  N )


    n  W


    T  k  ( w )


   log ⁡  N


  W ∈  ℝ  N × N  


  K


  W ∈  ℝ  N × N


    n  W


  Ө  ( N ×  log ⁡  N )


      d ′


  N


      d i s t ℳ  ( o ,   o  i ) ∈  [ 0 , 1 ]


      d ′   <   5


  Ө  (  log ⁡  N )


   n W .


    𝘊  k


    N  k =  |   𝘊  k |


    ∑  k = 1  K  Ө  ( n ×   N  k ×  log ⁡    N  k ×     d ′ )


    N  k =  |   𝘊  k |


  k


    ∑  k = 1  K    N  k ≤ N


    ∑  k = 1  K    N  k ×  log ⁡    N  k ≤   N ×  log ⁡  N  


  Ө  ( n × N ×   l o g ⁡  N ×     d ′ )


  K ×   N  v a l


  K


  Ө  ( K ×   N  v a l )


    N  v a l


    Ө ( N  v a l ×    log ⁡    N  v a l ) :


  Ө  ( K ×   N  v a l +     N  v a l ×    log ⁡    N  v a l )


    N  v a l =  |   O  v a l |


  Ө  ( N ×  log ⁡  N × (   n  W +   n ×     d ′ ) ) +   Ө  ( K ×   N  v a l )


    n  W


    T  k  ( w )


  W


    T  i  


  N :


      d ′


  ℳ ,


      d ′ < 5


  K :


    I G ℳ


    d ℳ


    o  i  


    o  j  


    d i s t ℳ  (   o  i ,   o  j ) ≤   ε .


    d i s t ℳ


    d i s t ℳ =    1 −   W  i j


   4


    F  M F


  Ө  ( K ×   N  v a l )


    F  D F


    F  C F


    F  M F


  Ө  ( K ×   N  v a l )


    F  D F


    F  C F


    𝑭  𝑪 𝑭


    𝑭  𝑫 𝑭


    𝑭  𝑴 𝑭


   ℱ  k


    m  t r y


  2  ( =  |  4 | )


  2  ( =  |  4 | )


  2  ( =  |  4 | )


  H ( O )


    H  D ( O )


    H ℳ ( O )


    I G  D


    I G ℳ


    d i s t ℳ =    1 −   W  i j


    F  M F  


    F  M F  


    F  M F


    F  D F


    F  C F


    F  D F


    F  M F


  0 , 77


  W


  d ′ < 5


    F  C F


    F  D F


      F  M F


  W ∈  ℝ  N × N


    d i s t ℳ  


    d i s t ℳ =    1 − W

