LOI CAM POAN

Téi xin cam doan tit c& cic ndi dung trong luan an: “Nghién ciiu cdi
tién mot sé phuong phdp phdn tich quan diém mitc khia canh dua trén hoc
mdy” 1a cong trinh nghién cdu cua riéng tdi, dudi su huéng dan khoa hoc
ctia PGS.TS.Nguyén Viét Anh.

TAt ca céac tai liéu tham khao st dung trong luin 4n déu dudc néu ro
nguodn gdc trong danh muc cic tai liéu tham khao.

TAt c4 cac két qua, sd liéu st dung trong luan 4n 13 trung thuc va chua

dudc ngudi khic cong bd trong bat ky cong trinh khoa hoc nao.

Ha Noi, ngay 5 thang 7 nam 2023
Nghién citu sinh

Nguyén Thi Ngoc Ti



LOI CAM ON

Loi dau tién, tdi xin dudc bay té 1ong biét on sau sac nhat dén thiy
PGS.TS Nguyén Viét Anh, thay da ludn tin tinh chi bao, huéng dan toi
trong sudt qua trinh dinh huéng nghién ctiu, phuong phap nghién ciu, cho
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kién thuan 1gi cho tdi trong subt qua trinh thuc hién luan 4n. T6i ciing xin
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MO PAU

Trong thoi dai cong nghé thong tin phat trién hién nay, lugng ngudi dung Internet
ngay cang ting. Theo thdng ké ctia We Are Social and Hootsuite, tinh dén thang 1
nam 2022 c6 4,95 ti ngudi dung Internet, vdi ti 1& 62,5% dan sb trén toan cau. Trong
d6, sd ngudi dung mang xa hoi 12 4,62 ti ngudi ding, bing 58,4% tng dan sb thé
gi6i. Két qua khao sat ciing cho thiy ring dén hon 77% ngudi dung truc tuyén mua
hang mbi thang. Nhu vAy, hau hét cic hoat dong ctia con ngudi da xuat hién phd bién
trén mang Internet va cac phuong tién truyén thong truc tuyén. Dic biét, cic trang
thuong mai dién tu ngay nay gia tang hoat dong tuong tac véi ngudi dung thong qua
viéc khuyén khich ho chia sé c4c bai danh gid vé san phdm va thé hién quan diém ctia
ho trén céc trang web mua sam (vi du Amazon, eBay v.v.) hoic cédc trang mang xa hoi
(vi du facebook.com, Twitter). Khai ph4 cac bai danh gia nay c6 thé hiéu dudc quan
diém, tdm ly ctia ngudi tiéu dung tir d6 gitp ich cho viéc xay dung cac chién lugdc cia
doanh nghiép nhu: chién dich tiép thi, san pham uu tién, giam sat danh tiéng [1], n6
cling c6 thé dudgc thuc hién d€ hoc hanh vi ctia ngudi tiéu dung, thi trudng mau, va du
doan xu hudéng tiéu dung cua xa hoi [2].

Vi su quan trong cta khai phd quan diém ma trong thdi gian hon hai thap ky qua,
cac nha nghién ctiu, cac hoc gia, cdc td chiic, va cidc doanh nghiép quan tim nghién
ctiu linh vuc nay [3-7]. Theo Bing Liu, cic nhiém vu khai thdc quan di€m dudc chia
thanh ba cip do chinh: cip do vin ban, cip dd cau va cip dd cum tir (cip do khia
canh) [3]. O cip do vin ban, nhiém vu chinh 1a xem xét toan bd vin ban nhu dau vao
va phan loai xem n6 c6 thé hién bat ky cadm xic tdng thé nao hay khong [8—10]. Cap
do cau, dau vao 1a cac cau dudc tach ra tif viin ban c6 chiia quan diém. Day 12 mot cip
do phan tich chi tiét ctia mifc viin ban, trong d6 xc dinh tinh phan cuc cho mdi cau va
mdi cau c6 thé chita quan diém khéc nhau [11-14]. Ca hai viéc phan tich quan diém &
muc do vin ban va mic do cau chua kham pha dudc ro rang diéu gi dugce ngudi ding
thich hay khong thich. Vi du, trong cau danh gia sau: "The laptop’s sound is good, but
the battery life is very short", phan tich quan diém & muic vin ban va miic cau kho xéc
dinh dugc quan di€ém thuc su ma ngudi ding dua ra la gi. Khi xem xét dén céc thuoc
tinh chét lugng loa (Speaker Quality) va thoi lugng pin (Battery Life) cia may tinh
xdch tay (laptop), cac quan di€ém dugc thé hién cu thé va rd rang hon. Quan di€m trén
khia canh chit luong loa 1a tich cuc (good), va quan diém trén khia canh thdi lugng
pin 12 tiéu cuc (very short). Mitc do phan tich nay dugc goi la phan tich quan diém
& muic do khia canh. Hién nay, phan tich quan diém dua trén khia canh dang thu htt
dudc nhiéu su quan tAm ctia cong ddong nghién ctiu va cic nha phat trién tng dung [7].
Trong phan tich quan diém dua trén khia canh, viéc tdng hop hé théng clia cic quan

diém vé cac thuc thé va cic thudc tinh cta ching c6 thé dudc tao ra. Nhiém vu nay
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c6 thé bién viin ban phi ciu tric thanh dif liéu c6 clu tric, ddng thdi c6 thé sir dung
cho tit ca cic loai phan tich dinh tinh va phén tich dinh Iudng. Mic du vay, phan tich
quan diém mic dd vin ban va mifc do cau déu thuc su gip thach thiic 16n, song véi
mtic do khia canh thAm chi con nhiéu khé khin hon vi né bao gém nhiéu van dé nhé
[3-5, 15].

Hai vén dé chinh trong phén tich quan diém dua trén khia canh 12 trich riit khia canh
(Aspect extraction) va phdn lop cam xiic khia canh (Aspect sentiment classcification).
Qua trinh x4c dinh chii thé d6i tugng clia quan diém va céc tii thé hién quan diém trong
céc cau dua ra dudc goi 1a trich rut khia canh. Viéc phan loai cdc tif quan diém dudc
trich it vao mot trong sd cac thang cuc dudc goi 1a phan 16p cam xic khia canh. Pa
c6 nhiéu nghién citu thuc thi riéng ré bai toan trich rit khia canh [16-26] v.v, hoic
phén 16p cam xdc khia canh [9, 27-34], tuy nhién ciing ¢6 mot s6 nghién ctiu gidi
quyét dong thdi ¢ hai bai todn clia phan tich quan diém dua trén khia canh [35-38].

Mot sb thach thifc chinh trong phan tich quan diém miic khia canh can giai quyét:

e Déi vdi bai todn trich riit khia canh:
Hau hét dit liéu thé gidi thuc gin véi nhiém vu nay déu khong dudce gan nhin
[4].
Nhiéu cau danh gia thiéu cc thé hién khia canh rd rang (danh tif thé hién khia
canh) din dén van dé trich rit khia canh tré nén khé khin hon. Ngoai ra c¢d
nhiéu céch thtic 4m chi c4c khia canh (dic trung 4n) xuét hién trong mot cau
khién nhiém vu khai ph4 cang phtc tap, bdi phai xac dinh dic trung 4n nao
gan vdi khia canh nao. Vi du trong cau “Pictures taken can get blurred because
of lack of image stabilizer but overall a great option for given budget”, hai khia
canh khic nhau vé chit lugng mdy anh va gia ca dugc dé cap ngam [39].
Khi mot tir xuat hién trong cau thi can xem xét né xuat hién cung véi nhiing
tif nao? Dbi véi nhiéu tir cach gidi thich cta ching phu thudc vao ngit canh si
dung ching. Vi du tii “apple” xuét hién trong hai cau: "Apple is a tasty fruit" va
“Apple has just launched a new product” dugc hiéu theo hai nghia khéc nhau.
Diéu nay gy nén nhitng kh6 khin nhit dinh cho nhiém vu trich rit khia canh,
dic biét c4c khia canh an [40] .
Mot sb khia canh c6 tan suat xuét hién thip dé bi bé qua. Miic du viy, nhiing
khia canh nay c6 thé 1a nhitng khia canh quan trong. Lam thé nao c6 thé phat
hién dugc cac khia canh nhu vay cling 1a mot thach thic cua nhiém vu trich rut
khia canh.

e Déi vdi bai todn phdn lop cam xiic khia canh:

Nhiém vu phan loai cam xtic da 16p c6 nhiéu thach thifc hon. Su hién dién cta
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nhiéu 16p 1am cho mdt bd phan loai nhit dinh khé xdc dinh ranh gidi gitta cac
16p khéac nhau hon [41]. Hon nifa trong thuc t&, mot tif ¢6 thé miéu ta nhiéu
trang thai cam xudc khac nhau (trong cac ngt canh khac nhau), ngay ca con
nguoi ciing kho phan biét su khiac nhau nay.
Khoang cach gitra cac 16p cam xuc khac nhau nho, gitta cac 16p c6 cung cuc
cam xuc (vi du Emotional negative va Rational negative, hoac Emotional posi-
tive va Rational positive) gan nhu 12 tuong tu nhau va ching rit dé bi phan loai
nham 14n nhau [41].
Su phu thudc vao ngit canh, mot tir ¢6 thé c6 cac nghia khac nhau dua trén ngit
canh va mién linh vuc dugc st dung. Nghia ctia cing mdt tlf ¢6 thé khac nhau
ddi v6i tiing tinh hudng. Vi du: tit “long time” khi néi vé thdi luong pin cia
dién thoai thi mang nghia tich cuc, xong trong ngif canh néi vé téc do xi Iy cia
CPU thi lai mang tinh tiéu cuc [40].
Su hién dién cta pha dinh, vi du cdc tif “not”, “neither”, “nor”, v.v 1a rat quan
trong ddi v6i phan tich quan diém vi chiing c6 thé ddo ngugc cuc cim xiic clia
mot vin ban [7]. Tuy nhién, khong dé d€ xi 1y cong viéc nay bang cach dao
cuc vi cic tif phii dinh c6 thé dudc tim thiy trong mot cAu ma khong anh hudng
dén cam xiic thé hién trong clia vin ban. Pic biét trong phan loai cam xuc da
16p, pht dinh khong ¢6 nghia 1a cdm xudc chuyén doi sé dudc chuyén thanh 16p
ngudc véi diéu phi dinh. Vi du cau “I do not simply love it.”, nghia cta cau
nay khong thé khang dinh mang tinh tiéu cuc, ma an y c6 thé la rit tich cuc.
Tit nhitng khéo st va danh gid cac két qua nghién cifu c6 dudc, tic gia cho rang can
c6 mot nghién cifu day di trén tit ca cac nhiém vu cla phan tich quan di€ém dya trén
khia canh d€ dem lai thong tin hitu ich nén cho cic @ng dung nhu hé hd trg ra quyét
dinh, hé thong phan tich d4anh gid mbi quan tim va xu hudng tiéu ding cta thi trudng,
hé théng ho trg dinh huéng chién luge san pham ctia doanh nghiép, v.v. Pong thoi can
tim ra cach tiép can hiéu qui dé€ vuot qua cic thach thiic trong linh vuc nghién ciu,
cai thién hiéu suit ctia hé théng phén tich quan diém dua trén khia canh.
Muc tiéu cua ludn an va ndi dung nghién ciru
Muc tiéu cua ludn dn
Muc tiéu ctia luan 4n giai quyét ba bai todn sau:

e Thii nhit, trich rit cac khia canh (tinh niing) ctia san pham hoic dich vu tif cac
bai dénh gia san phdm truc tuyén. Cac bai danh gid ma luan 4n tap trung giai
quyét & dang chi dé& cip dén mot loai thuc thé (mdt sdn phadm hoic dich vu),
cac khia canh cta san pham hodc dich vu 1a xadc dinh trudc, xem xét ca hai

dang thé hién khia canh 16 rang va thé hién khia canh an.
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e Thii hai, phan loai cAm xtic khia canh v6i dau vao 1a cic phan viin ban chifa cic
khia canh da dudc trich rit tlf vin ban goc. Cic quan diém dudc luin 4n quan
tam 1a dang thong thuong (khong xem xét dang so sanh), quan diém dugc xem
xét § ca hai dang khach quan va chi quan. Mtic do phan loai cic quan diém la
da muc dua trén danh gia cam tinh va danh gia ly tinh v6i 5 muc tich cuc cam
xtic (5 sao), tich cuc ly tri (4 sao), trung tinh (3 sao), tiéu cuc ly tri (2 sao), tiéu
cuc cam xuc (1 sao) [3].

e Thii ba, udc luong trong so khia canh xdc dinh tim quan trong (miic d6 quan
tam cla ngudi dung) cla tiung khia canh trong tong thé danh gia ctia ngudi
dung. Thong thudng, bai todn nay sé liy két qua dau ra clia bai toan thif hai
lam dau vao d€ gidi quyét van dé. Tuy nhién, trong nghién ctiu dé xuat sé chi
dua trén ndi dung bai danh gia d€ gidi quyét bai todn ma khong yéu cau dau
vao tu bai toan thu hai.

Noi dung nghién cttu cua ludn dn
Dua trén muc tiéu da trinh bay luan 4n tp trung giai quyét cac bai toan sau day:

e Bai toan trich rit khia canh, phan tich bai viét clia ngudi dung truc tuyén
thanh cdc phan vin ban c6 chda céc khia canh cung cic quan di€m tucng
ung dudi dang trich rut cau. Cac cau trude ti€n dudc gan nhan khia canh, sau
d6 chung dudc gom nhém khia canh va trich rit. Mo hinh trich rat khia canh
dé xuét trong luan 4n 12 mo hinh dua trén céch tiép cin hoc ban gidm sat véi
hai phuong phap cu thé 1a phuong phép dua trén xéc suét c6 diéu kién két hop
bootstrapping va phuong phdp dua trén Word to Vector (W2V) va do do hd tro.
D& cai thién hiéu suit ciia mo hinh trich rit khia canh dé xuét, luan 4n nghién
ctfu va phan tich cdc dic trung lién quan dén thé hién khia canh 16 rang va thé
hién khia canh 4n. Ngoai ra luin 4n con nghién ctitu cac ky thuat lua chon dic
trung phit hop dé€ tao ra tip cac dic trung hitu ich nhat.

e Cic khia canh va quan diém dudc phan loai vao céac 16p cam xuc dua trén
cac phuong phap hoc c6 gidm sat. Cu thé cac phuong phap phan loai Naive
Bayes (NB), OR Gate Bayesian Network (OGBN), Support Vector Machine
(SVM) va mét phuong phéap két hop cdc mé hinh co s dua trén ly thuyét
Dempster-Shafer (DS) dudc d4p dung. Thém vao do, dé cai thién hiéu suét cla
cac phuong phap phan 16p, luan 4n ciing tién hanh nghién ctiu va lua chon dic
trung dua trén cac co s ly thuyét thong tin (Information Gain (IG) va Muatual
Information (MI)).

e Gidi quyét bai todn udc lugng trong s6 khia canh, lun 4n tién hanh nghién ctiu
ndi dung céc bai viét, dé xuat mot phuong phap udc luong trong sd khia canh

chi dua trén ndi dung bai viet cung véi su xuat hién cua cac tu li€n quan khia
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canh trong ting bai viét c4 nhan ngudi dung va trong toan bd kho ngit liéu.

Pbi twgng nghién ctiu va pham vi nghién citu

Déi twong nghién citu

V6i muc tiéu da dé ra ctia luan 4n, ddi tuong nghién ciu ctia luan 4n bao gom:

Céc ky thuat va phuong thidc tién xt 1y cho cac vin ban; Cac ky thuat dic trung va
lya chon dic trung trong phan tich quan di€ém; Cdc md hinh va phuong phdp trich rut
khia canh, phan loai cdm xiic khia canh, udc lugng trong sd khia canh trong phan tich
quan diém muc khia canh;

Pham vi nghién cicu

e Nghién cttu va phén tich cdc vin ban chia quan diém dudc sinh ra dua trén
hoat dong chia sé quan diém clia ngudi dung vé cic san pham hoic dich vu
trén nén tang truc tuyén.

e Nghién ctiu va phan tich céac khia canh (tinh niing) cta cac loai sdn pham hodic
dich vu dudc ngudi ding chia sé trén nén tang truc tuyén.

e Nghién ctfu va phan tich cdc cdm xiic ma ngudi dung thé hién trong cic bai
viét chia sé vé san pham hoic dich vu trén nén tang truc tuyén.

e Hién nay, dif liéu ma ngudi ding chia sé vé cic quan diém hoic cam xtic khi
trdi nghiém cic sam phdm hoic dich vu 1a rit phong phi va da dang nhu dif
liéu van ban (text), dif li€u hinh anh (image), dit liéu phim (video), di liéu la
cac ky hiéu (symbol) v.v. Tuy nhién, trong ludn an nay chi nghién cutu du li€u
dang van ban, con cac dang di liéu khac khong phai 1a pham vi nghién ciu
trong ludn an nay.

Phuong phap nghién citu

e Phuong phdp nghién citu Iy thuyét: dudc st dung khi tim hi€u cac mé hinh co
s& vé phan tich quan diém, trich rit thong tin, tém tit vin ban. Tur d6 tim dudc
cdc han ché, ton tai trong cdc nghién ctiu da c6, dit ra nhiém vu cho lun 4n,
va dé xuit hudng thuc hién cho nhiém vu méi dit ra.

e Phuong phdp so sdnh: dudc st dung d€ tim ra di€m khac biét cta bai toan
phan tich quan di€m so vé6i cac nhdnh nghién citu khac cta linh vuc khai pha
dit liéu. So sanh cac phuong phap tiép cin khac nhau trong khai phd quan diém
nhu phuong phép dua trén tif dién véi cac phuong phap hoc may, cdc phuong
phap hoc may khong giam sat, ban giam sat, co giam sat trong phén tich quan
di€m.

e Phuong phdp thiét ké: xay dung va kiém nghiém cdc mo hinh dé xuit bang
thuc nghi€ém va danh gia.

e Phucong phdp ddnh gid bdng thuc nghiém: thu thap di liéu, cai dit cic mo hinh
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dé xuat, xay dung cac bd dit liéu mAu, thuc hién thi nghiém trén cac bo dit liéu
mau va phan tich, ddnh gid két qué thit nghiém.

Nhirng dong gop chinh cua luin an

Sau nhiing nd luc nghién ciiu, luan 4n c6 nhitng déng gdp chinh nhu sau:

e Luin 4n dé xuit mot hé thong tng thé thuc hién ba bai toan con trich rit
khia canh, du doan di€ém danh gia khia canh, uSc luogng trong sb khia canh ctia
bai toan phan tich quan diém dua trén khia canh d6i v6i cac bai danh gia san
phén truc tuyén. D€ gidi quyét bai toan trich rit khia canh, luan dn dé xuit mot
phuong phap hoc ban gidm st dua trén xac sut c6 diéu kién két hop thuat toan
bootstrapping. Vi bai toan phan 16p cam xuc khia canh, phudng phap hoc ¢6
giam sat Naive Bayes dudc 4p dung. Cudi cling, mot phuong phép tiép cin dua
vao nodi dung bai viét v6i su xuit hién ciia cic tif khia canh lién quan trong
tiing bai viét va trong toan bd kho ngit liéu dudc dé xuit cho nhiém vu uée
luong trong sd khia canh. Hé thdng nay dugc trinh bay trong cong bd [CT3] va
[CTS].

e Luan 4n da dé xuit mot phuong phap hoc ban gidm sat dua trén Word to Vector
két hop mo hinh ngon ngit d€ trich rit khia canh. Phuong phap trich rit nay da
phat huy vu diém clia bi€u dién ddc trung t trong ngli canh d€ cai thién hiéu
qué nhiém vu trich rit khia canh. Phuong phdp dé xuit nay dudgc thé hién trong
[Ct2], va [CT4].

e Luan 4n dé xuit mot phuong phéap hoc c6 gidm sat dua trén su két hop cac thuat
toan hoc gidm st co s6 SVM va OGBN cuing co s6 1y thuyét Dempster-Shafer
dé nang cao hiéu qua phan loai cam xtic khia canh. Phuong phap dé xuat da két
hop dudc cic uu diém clia hai phuong phdp phan loai co sé va dem dén mot
cai thién dang ké vé do chinh xac phan loai cdm xtc. Phuong phdp nay dugc
cong bd trong [CT5].

B6 cuc ctia luén an

Luan 4n gdm phan mé dau, 04 chuong ndi dung va phan két luan:

Phan md dau: Trinh bay vé tinh cAp thiét ctia dé tai va dong luc nghién cifu; muc
tiéu, dbi tugng, pham vi nghién ctiu; phuong phap nghién ctiu; cic dong gép chinh
ctia luan 4n; bd cuc luan 4n.

Chuong 1: Téng quan vé phén tich quan diém va phén tich quan diém mitc
khia canh.. Chuong nay clia luan 4n trinh bay mot s6 kién thiic nén tang lién quan
dén dé tai luan 4n nhu mo hinh quan diém (thuc thé, khia canh, quan diém, ngudi s&
hitu quan diém, thdi gian xuit hién quan diém), ddi tugng nghién ctiu clia phan tich
quan diém, cdc bai toan chinh clia phan tich quan diém, cac loai quan di€ém, cdc miic

dd phan tich quan diém, cdc dic trung trong x{f ly ngdn ngii tu nhién va phan tich
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quan diém, phan tich quan diém miic khia canh. Ngoai ra, cac nghién ctiu lién quan
dén hai bai toan con chinh (trich rit khia canh, phan loai cdm xtc khia canh) trong
phan tich quan diém miic khia canh ciing dudc trinh bay, so sanh, danh gia chi tiét va
toan dién trong chuong nay.

Chuong 2: Khai pha quan diém mitc khia canh trén cac bai danh gia san
pham truc tuyén. Trong chuong nay, mot hé théng gidi quyét tdng thé ba bai toan
con clia bai todn phan tich quan diém muic khia canh trén cc bai déanh gia san pham
truc tuyén dudc trinh bay. Bai toan trich rit khia canh dugc thuc hién vé6i phuong phéap
hoc ban gidm sat dua trén xac suat c6 diéu kién két hop gidi thuat bootstrapping. Bai
toan phan loai cam xuc khia canh dudc thuc hién bdi thuét toan hoc c6 giam sat Naive
Bayes. Bai toan u6c luong trong sd khia canh dugc giai quyét nhd phuong phdp tiép
cin khong gidm sit dua trén noi dung bai ding va su xuét hién clia c4c tif khia canh
lién quan. Ciing trong chuong 2, cdc bai toan ctia hé thong dudc thit nghiém va danh
gi4 trén ba bo dit liéu da dudc cong nhan bdi cong dong nghién ciiu qudc té. Pong
thoi cac két qua thi nghiém ciing dudc so sanh va danh gi v6i cac phuong phap hién
dai khac.

Chuong 3: Trich rit khia canh dua trén Wordtovec két hop mé hinh ngon
ngtt. Ti mo hinh biéu dién tit dang vector, nghién ctiu sinh dé xuit mot phuong phéap
hoc béan gidm sat két hop vector ti va do do hd trg d€ tinh do hd tro ctia tit, cau dbi voi
tiing khia canh, tir d6 thuc hién trich rit khia canh. Céc két qua tht nghiém va danh
gia phuong phap dé xuét cta ludn an ciing dudc trinh bay.

Chuong 4: Phin 16p cAm xiic bang cach két hop cac bd phan loai co s6. Trong
chuong nay nghién ctu sinh da trinh bay phuong phap phan loai cam xuc da 16p dua
trén Support Vector Machine va OR Gate Bayesian Network vGi cac ky thuat trich
chon dic trung thong qua chi sd do6 10i thong tin va thong tin tuong hd. Phan tiép theo
12 mot dé xuat mo hinh két hgp cac bd phan loai co sé dua trén ly thuyét Dempster-
Shafer d€ tao ra mot bd phan loai tdng hgp manh mé cho nhiém vu phan loai da 16p.
Céc két qua thuc nghiém va cac phan tich dbi sanh dugc trinh bay.

Phan két luan va huéng phat trién: Trinh bay mot s6 két luan vé y nghia clia nhiing

két qua da dat dudc ctia luan 4n va mot s6 huéng nghién citu tiép theo.

Ha Noi, ngay 5 thang 7 nam 2023
Nghién citu sinh
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CHUONG 1: TONG QUAN VE PHAN TiCH QUAN DPIEM VA

PHAN TICH QUAN PIEM MUC KHIA CANH

1.1 Téng quan vé phan tich quan diém

Ngay nay, truyén thong truc tuyén va truyén thong xa hoi dang nhanh chéng thay
thé phuong tién ngoai tuyén. Viéc st dung Internet va cac hoat dong truc tuyén (nhu
trd chuyén, hoi nghi, dit vé, giao dich truc tuyén, thuong mai dién tt, truyén thong
xa hoi, viét blog va vi blog, nhip chudt, v.v) ngay cang ting. Phuong tién truc tuyén
cung cap cac bién phdp tot hon dé tra 15i va phan hoi nhanh chéng vé cic van dé toan
cau khdc nhau trong dang bai viét viin ban ding tai, tin ttic, anh, va video. Nhiéu dién
dan, blog, mang xa hoi, cac website thuong mai dién tw, cac trang tin tdc tai chinh va
cdc tai nguyén web khac dong vai tro 1a cdc nén tang d€ bay td, chia sé rong rii quan
di€m ctia ngudi ding. Do d6, ching c6 thé dudc st dung d€ hi€u cic quan di€m cua
cong ching va ngudi tiéu dung dbi v6i cac su kién xa hdi, chinh tri, chién lugc cla cic
doanh nghiép, chién dich tiép thi, sdn pham wu tién, giam sdt [42, 43], ngoai ra, cdc
ngudn tai nguyén nay ciing c¢6 thé dugc st dung dé hoc hanh vi cia ngudi tiéu dung,
thi trudng mau, va du doan xu huéng ctia xa hoi [44, 45].

Dé tao ra cic ing dung thuc tién hiéu qua, cdng dong nghién ciiu va cic nha phat
trién ing dung dang lam viéc nghiém tiic trong linh vuc phan tich quan diém subt hai
muoi nim qua. Phan tich quan diém 12 mot nghién ctiu do ludng vé cac quan diém,
tinh cdm, cam xtc, va thai do da thé hién trong cdc vin ban dbi v6i mot thuc thé [4].
Phan tich quan diém 1a nhiém vu phét hién, trich rit va phan loai cidc quan diém, tinh
cAm, thdi do lién quan dén cac chi dé khac nhau dudc thé hién trong vin ban dau vao
[3]. Phan tich quan diém gitip cac nha quan 1y, cdc chuyén gia hoach dinh chién lugc
doanh nghiép thiy dudc cic két qua khac nhau nhu quan sat tim trang cong dong vé
su ki€n chinh tri, tri tué thi trudng [45], do ludng su hai long ctuia khach hang, du doan
doanh thu phim [43] va nhiéu hon nita. Phan tich quan diém ciing gitp ngudi tiéu
dung trd nén thong minh hon trong cic quyét dinh tiéu ding ctia ho.

Phan tich quan di€m 1a linh vuc nghién ciu st dung céc k§ thuat khac nhau trong
cac linh vuc xu ly ngdn ngti tu nhién (Natural Language Processing - NLP), tra ctu
thong tin (Information Retrieval - IR), trich rat thong tin (Information Extraction -
IE), khai pha dit liéu (Data Mining - DM) ¢6 céu triic va khong c6 ciu triic. Phan 16n
dit liéu c6 sin trong thé gi6i thuc 1a khong c6 cau tric (nhu vin ban, tiéng néi, am
thanh, video, v.v..). Diéu nay dit ra nhiing thach thic nghién ctiu quan trong. D€ gii
quyét véi dit liéu vin ban khong ciu triic nhu vay, nhiéu nd luc nghién ctiu di dudc
dé xuat trong nhitng nim gan dy, va cac nghién ctu phan tich quan diém tu dong 1a

mot su mS rong nghién cifu trong linh viuc NLP [3]. Phan tich quan diém khong phai
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12 vin dé don 18, thay vao d6 né 12 mot vin dé da dién. Nhiéu van dé khic nhau can
dudc thuc hién dé khai thac quan diém tif vin ban dua ra. Cdc cong viéc thu thap di
liéu, tién x1 1y dit liéu, biéu dién dic trung, trich rit va lua chon dic trung 1a céc tac

vu phé bién nhit doi hoi phai c6 trong khai pha quan diém [3].

1.1.1 Cdc khdi niém co ban

Thuéat ngit khai pha quan di€ém (Opinion Minning-OM) xuat hién khoang tit nhiing
niam dau cia thé ki 21. Pén nim 2005, véi nghién ctiu cia Bing Liu [46] thi thuat ngi
phan tich quan diém méi dudc dua ra rd rang hon. Theo tac gid, cdc quan di€ém c6 thé
dé cap vé bét cit chii dé nao d6, vi du nhu mot san pham, mot t& chiic, mot c4 nhan,
mot chi dé chinh tri hodc x4 hoi... Tac gia coi cac dbi tuong dudc nhan xét 1a cac
thue thé” (entity). Thuc thé nay 1a mot tip hop cac thanh phdn (component). Va nhu
thé, cac ddi tuong c6 thé dudc phan ra theo cac thanh phan ctia mbi quan hé, tiic 1a

moi thanh phan cling c6 thé ¢6 céc thanh phan con ctia no.

Posted by: John Smith Date: September 10, 2011

“(1)I bought a Canon G12 camera six months ago. (2) I simply love it. (3) The
picture quality is amazing. (4) The battery life is also long. (5) However, my wife
thinks it is too heavy for her.”

Dich:
Pang boi: John Smith Ngay: 10-09-2011

(1) T61 da mua mat cai may anh Canon G12 sau thang trudc day. (2) Toi rat
thich né. (3) Chat lwong anh that 1a tuyét voi. (4) Thoi lwong cua pin cling lau. (5)

Tuy nhién vo t6i nghi n6 kha nang so véi c6 ay.

Hinh 1.1: Vi du bai danh gi sdn phAm mdy 4nh k¥ thuét s6

Vidu 1.1: [3](Hinh 1.1)
Tir bai nhan xét nay chiing ta thly mot s6 diém nhu sau:

- Bai nhan xét ¢6 5 cau, trong d6 cau (1) dé cap dén dbi tuong dugc miéu ta 1a
mdy anh Canon G12. Cau (2) thé hién mot cam xiic tong thé vé may anh Canon
G12 1a tich cuc. Cau (3) thé hién mot cam xdc tich cuc vé chat luong 4nh clia
chiéc may anh nay. Cau (4) thé hién mot cdm xiic tich cuc vé thdi luong cia
pin. Va cudi ciing cau (5) 1a mot cam xiic tiéu cuc vé trong ludng ctia mdy anh.

- Bai nhan xét niy c6 quan diém tif 2 ngudi, diéu nay dudc goi 12 ngudn quan

di€m (opinion sources) hoic chi sé hitu quan di€ém (opinion holders). Ngudi
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$6 hitu quan diém trong céc cau 2,3,4 1a dng John Smith va ngudi s hitu quan
di€m trong cau 5 lai 12 vg ctia dng John Smith.

- Thoi gian dang cia bai nhan xét 1a ngay 10 thang 9 nam 2011. Thoi gian dang
bai 12 quan trong dbi v6i ngudi doc bdi vi ho ludn mudn biét cic quan diém d6
thay d6i nhu thé nao trén dong thdi gian va khuynh huéng clia cic quan diém
nay.

Két luan tif quan sat:

- Mot quan diém bao gdm 2 thanh phan chinh: mot muc tiéu g va mot cdm xiic
s trén muc tiéu: (g,s). Trong d6 g c6 thé 1a thuc thé hodc thanh phan cia thuc
thé (thanh phan nay chinh 13 cic thudc tinh cda thuc thé) trong quan diém da
dudc thé hién. Cam xic s 12 trang thdi tinh cdm mang tinh tich cuc, tiéu cuc
hoic trung lap. Poi khi cadm xtc nay con dugc thé hién biang mot dinh lugng
khdac 12 diém s6 hoic sao (thang diém 1-10 hoic 1-5 sao). C4c cam xudc nay
dugc goi 1a khuynh huéng hoac phan cuc cam xuc. Vi duy, trong cau (2), muc
tiéu ctia quan di€m la méay anh Canon G12 va trong ciu (3), muc tiéu clia quan
diém la chét lugng 4nh ctia mdy 4nh Canon G12.

- Mbi quan diém déu c6 chii s¢ hitu 13 h.

- Mbi quan diém déu c6 thoi gian thé hién t 1a x4c dinh, o rang.

Pinh nghia 1.1 Thuc thé (Entity) [47]: Thuc thé e 12 mot san pham, dich vu, chi
dé, van dé, con ngudi, t6 chiic, hodc su kién. N6 dugc md ta véi mot cap, e: (T,W),
trong d6, T 1a mot cau triic phan cip cla cac thanh phan, W 1a tap cac thudc tinh cia
e. Mbi thanh phan c6 thé ¢ cic thanh phan con va thudc tinh ctia no.

Loai thuc thé va biéu dién thuc thé [3]: Loai thuc thé’ (Entity category) dai dién
cho mot thuc thé duy nhét, biéu dién ciia thuc thé’ (Entity expression) 12 mot tif hoic
cum tif cu thé ma chiing xuét hién trong viin ban dé biéu thi cho mot loai thuc thé.

P& nghién cifu hiéu qua vin ban & mic do chi tiét thy y nhu trong Dinh nghia 1.1
12 rat khé. Hon nita, d6i véi ngudi dung thi cach md ta bi€u dién phan cip trén 1a kha
phiic tap va khé st dung. Do vy, ching ta nén don gian héa phan cip cay thanh 2
cAp dd va st dung thuat ngit khia canh (Aspect) dé bi€u dién ca hai 13 thanh phan con
va thudc tinh. Cay dudc don gian héa, nit gbc 1a thuc thé va nit 14 12 khia canh khac
nhau ctia thuc thé (Hinh 1.2).

Pinh nghia 1.2 Khia canh (Aspect) [47]: Khia canh a 12 mot thanh phan con hoic
mot thudc tinh cia thuc thé e. Vi du “picture quality”, “battery life”, “weight” 1a cac
khia canh cta thuc thé “Canon G12 camera”.

Tén khia canh va biéu dién khia canh: Tén khia canh 1a tén cia mot khia canh
dudc cung cap bdi ngusi dung, trong khi biéu dién khia canh 1a mot tit hodc cum tir

thuc té da xuit hién trong viin ban ma né chi ra mot khia canh [3].
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Battery Picture
_ life quality
attributes Battery < .
attributes
Battery
size components — Size

Lens -

—> Weight

Hinh 1.2: Vi du thuc thé dién thoai iPhone gdom cic thanh phan va thudc tinh cta né

Biéu dién khia canh ro rang: Céc thé hién khia canh trong mot cu la cac danh tu,
cum danh tir dugc goi 1a biéu dién khia canh r6 rang (Explicit aspect expressions). Vi
du, “picture quality” trong “The picture quality of this camera is great” 1a mot bi€u
dién khia canh ro rang.

Biéu dién khia canh dn: Cic dang khic ctia biéu dién khia canh 12 bi€u dién khia
canh 4n (Implicit aspect expressions). Vi du, “heavy” trong “However, my wife thinks
it is too heavy for her” 1a mot bi€u dién khia canh an.

Pinh nghia 1.3 Cam xiic (Sentiment) [47]: Cadm xdc s vé mot muc tiéu (thuc thé
hoic khia canh) don gian 1a mot quan diém tich cuc (positive), hodc tiéu cuc (negative)
hoic trung Idp (neutral), d6i khi n6é con dugc thé hién qua diém ddnh gid (rating).

Vi du 1.2: Trong vi du 1.1, cdm xtic d6i véi khia canh “picture quality” 1a tich cuc
th€ hién qua “amazing”, nhung cam xuc trén khia canh “wieght” (khia canh c6 thé
hién an) 1a tiéu cuc thé hién qua “too heavy”.

Pinh nghia 1.4 Ngudi sé hitu quan diém (Opinion holder) [47]: Nguoi s¢ hitu
quan diém h 13 ngudi hay tS chiic cu thé truc tiép dua ra cdc quan diém vé mot thuc
thé€ hay mot khia canh ctia thuc thé.

Pinh nghia 1.5 Thoi gian thé hién quan diém (Time) [47]: Thoi gian r 1a thoi
diém ma quan diém vé mot thuc thé hay mot khia canh ctia thuc thé xuat hién.

DPinh nghia 1.6 Quan diém (Opinion) [47]: Quan diém 12 mot bo gdom 5 thanh
phan (e;,a;j,sijk, k. t). Trong d6 e; 1a tén clia thuc thé, a;; 1a mot khia canh j cia
thuc thé e;, con s;j; 1a quan di€m (su th€ hién thdi d9, tinh cam, cam xic) trén khia
canh a;; cta thuc thé e; dugce phét bi€u bdi iy tai thdi di€m 7, hy 1a chd s6 hitu quan
di€m, va #; 1a thoi gian khi quan di€ém dudc thé hién bdi 4.

Vi du 1.3: Quan sat vi du 1.1 va dinh nghia 1.6 ta c6 thé xac dinh cic quan di€ém

cu thé nhu sau:
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(Canon G12, general, positive, Jonh Smith, September 10, 2011)

(Canon G12, picture-quality, positive, Jonh Smith, September 10, 2011)

(Canon G12, bettery-life, positive, Jonh Smith, September 10, 2011)

(Canon G12, weight, negative, Jonh Smith’s wife, September 10, 2011)

Dinh nghia 1.6 da dua ra mot cach nhin khai quat va diy di vé quan diém va cac

thanh phan cta quan diém.

1.1.2  Cdc nhiém vu trong phén tich quan diém
Déi twong nghién citu ciia phan tich quan diém

Pua ra mot viin ban chifa quan diém d, kham pha tit ca nim thanh phan quan diém
(ei»aij, Sijki, i, 1) trong d, nhiém vu chinh dugc bat ngudn tif bd nim thanh phan ctia
phan tich quan diém. Tt nhiing tho luin trong phan (1.1.1) mé hinh thuc thé’ (model
of entity) va mé hinh vin bdn quan diém (model of opinion document) [47] dudc xdc
dinh.

Pinh nghia 1.7 M6 hinh thuc thé (Model of entity): Mot thuc thé e; dudc dai
dién bdi chinh né nhu 12 mot tong thé va mot tap hitu han cdc khia canh A; =
{aj1,azp,...,ai}. e; ¢6 thé dudc biéu dién bdi bat ky mot tap hitu han clia cac biéu
dién thuc thé clia né {ee;1,een,...,ees}. Moi khia canh a;; € A; cla thuc thé e;
c6 thé dudc bi€u dién v6i bat ky mot tip hitu han clia cic biéu dién khia canh
{aeiji,aeij,...,aeijm}.

Pinh nghia 1.8 M6 hinh van ban quan diém (Model of opinion document): Mot
vin ban quan di€ém d chia cac quan diém trén mot tap cac thuc thé {ey,ez,...,e,}
va mot tAp con cdc khia canh clia ching tf mot tp cac chi sd hitu quan di€ém
{h1,h,....;h,} 6 MmOt s6 di€m thdi gian cy thé,

Cdc bai todn chinh ciia phén tich quan diém

Két hop Pinh nghia 1.6 v6i mo hinh thuc thé va mo hinh viin ban quan diém, cac
bai toan chinh trong phén tich quan diém tif mot vin ban quan diém d dugc tom tit
nhu sau:

Bai toan 1 (trich rit va phan loai thuc thé): Trich rit tit ca cac biéu dién thuc
thé c6 trong d, thuc hién gom nhém céac biéu dién tuong dong thanh cic cum, mdi
cum 1a mot thuc thé riéng 1€ e;.

Bai toan 2 (trich ruit va phan loai khia canh): Trich rit tit ca cdc thé hién khia
canh clia cdc thuc thé, va phan loai cdc thé hién khia canh vao cdc cum. Moi mdt cum

thé hién khia canh don nhat a;; cta e;.
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Bai toan 3 (trich rut va phan loai chii s6 hitu quan diém): Trich rit cc chi s6
hitu quan diém ctia cic quan diém thé hién trong vin ban hoic dif liéu c6 chu tric va
sau do phan loai chung.

Bai toan 4 (trich riit va chudn héa thoi gian): Trich rit thoi gian khi cic quan
di€m dugc dua ra va chuan hoa ching.

Bai toan 5 (phén l6p cam xic quan diém): Xdc dinh mot quan diém trén mot
khia canh g;; 1a tich cuc, tiéu cuc hodc trung 1ap, hodc gén nhan diém déanh gid ngl
nghia ddi véi khia canh.

Bai toan 6 (tong hop va sinh bé nam clia quan diém): Tao ra tit ca bd nim ctia
quan di€m (e;,a;j, s ju1, i, ;) th€ hién trong van béan d dya trén két qué cla cdc nhiém

vu néu trén.

1.1.3 Cdc miic do phén tich quan diém

Nhiém vy ciia Khai phé quan diém
( Opinion Mining Task)

v v v

Mire vin bin Miic cdu Mite cum tir

( Document Level) ( Sentence Level) (Phrase Level)
Phén 16p chii quan Tim kiém va tra ciéu v
—» ( Subjectivity —»| quan diém ( Opinion -
Classification) Search and retrieval) Khai pha quan diém
dua trén khia canh
(Aspect Based
Phén Iép cam xiic Tra 14 c4u hoi quan Opinion Mining)
> ( Sm‘ti.me.nt —»|  diém ( Opinion
Classification) Question Answering)
Tinh hiru ich cia Téng hop quan diém
—»| danh ma ( Review — ( Opinion
Helpfulness) Summarization)
Phat hién quan diém Khai pha quan diém
—» ric ( Opinion Spam trong cdc cdu so sanh
Detection) —| ( Opinion Mining in
Comparative
Sentences)

Hinh 1.3: Phan loai nhiém vu khai phd quan di€m theo cac miic do khdc nhau

Céc quan diém thudng dudc tim thiy tif cic viin ban ngudi dung. Vin ban c6 thé 1a
mot tli, cum tit, cAu hodc mdt bai viét. Xem xét mot céch chi tiét clia cdc nghién ciu
hién tai, va cich thiic tiép cin trong phan tich quan diém & géc nhin ctia xi 1y ngdn
ngit ty nhién,  mic tdng quat hod, phan tich quan diém dudc tap trung chii yéu & 03
cip (mtc do-level) chinh: mifc vin ban (document-level), miic ciu (sentence-level),

va muc cum tif (phrase-level) [3]. M6i muc ¢6 c6 cac nhiém vu con cuia riéng né [48].
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Céc nhiém vu § mdi mtic c6 thé ciing dugc ap dung cho cic miic khac [48] (xem Hinh
1.3).

Mitc d6 van ban: 1a mdt hinh thdc phan loai don gian. Trong d6, toan bo tai liéu
cua van ban da cho dugc coi nhu mdt don vi thong tin cd ban. Nhiém vu chinh la
xem xét toan bo vin ban dau vao va phan loai xem né c6 biéu dién bat ky mot cam
xtc tong thé nao hay khong. Cam xuc trong mot tai liéu hodc doan vén hoan chinh ¢
dugc bang cach gia dinh ring tai liéu dang xem xét ¢6 quan di€ém vé mot ddi tuong
duy nhéit. Vi vdy, sé khong phu hop néu tai liéu c6 quan diém vé cac dbi tuong khac
nhau. Mot sd nghién citu [8-10], da cd gang d€ thuc hién cdc nhiém vu khic nhau
trong phan tich quan diém muic vin ban.

Mitce dé ciu: 13 mot phan tich chi tiét ciia miic viin ban, trong d6 xac dinh tinh
phan cuc cho mbi cau va mdi cau c6 thé c6 quan diém khac nhau. O cip do cau c6 hai
buéc chinh lién quan: mét 1a phan loai mot cau la cau chi quan hay cau khach quan;
hai 12 phén loai phan cuc ctia cau chi quan. Céc nghién citu [11-13, 49], da gidi quyét
cac vin dé ciia mdi nhiém vu con ctia mic nay.

Mirc do cum tu: 6 mic do nay, phan 16p dude thuc hién theo cach xu ly tron min
hon. O day, cac thudc tinh hodc céc khia canh clia cdc thuc thé duge quan tim chi yéu
va phan cuc dudc tinh toan cho tiing khia canh riéng 1¢.

Ca hai viéc phan tich 6 mudc do van ban va muc do cau khong kham pha dugc chinh
xac cai gi lam cho nguoi ta thich va khong thich. Vi du cau “although the service is
not that great, I still love this restaurant.”’. RS rang, cdu c6 mot tinh than tich cuc cho
toan bd nha hang, nhung khong thé néi rang cau nay la hoan toan tich cuc. Khai phd
quan diém miic khia canh t6i dudi nhiém vu khai phd quan diém miic cum tit. Trong
nhiéu ing dung, muc tiéu quan diém dudc miéu ta bang thuc thé hoic khia canh khac
nhau ctia ching. Phan tich quan diém dua trén mifc do nay, viéc tong hop hé thong
cia cdc quan diém vé cac thuc thé va cac khia canh cda ching c6 thé dudc tao ra.
Diéu nay bién viin ban phi cAu tric thanh dif liéu c6 ciu tric, va c¢6 thé sit dung cho
tat c4 cac loai phan tich dinh tinh va phan tich dinh lugng. Mot s6 phuong phép cho
khai ph4 quan diém dya trén khia canh [16, 19, 36, 38] da dugc dé xuét d€ trich rut

cac thudc tinh hodc cac khia canh tif cac nhan xét cia ngudi dung.
1.1.4 Vin dé ddc trung trong phdn tich quan diém

Cic loai ddc trung trong phdn tich quan diém

- Cdc ddc trung dwa trén su xudt hién va dua trén tdn so:
Céch phd bién nhit d€ mo td mot doan vin ban 1a biéu dién duéi dang vector nhi

phan, trong d6 mdi phan ti tuong dng v6i mot thuit ngit trong tit dién (dang one-hot-
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vector). Phan ti & chi muc thi #” trong vectd biéu dién vin ban dugc dit gia tri 1 néu
thuat ngit d6 xut trong vin ban, nguoc lai khi khong xuat hién thi ching c6 gia tri
1a 0. Tuong tu nhu viy, ¥ng v6i mdi phan ti thi i trong vecto biéu dién la gia tri
nguyén mang thong tin s6 1an xuit hién clia chiing trong vin bén.

- Cac ddc trung Unigram va N-Gram:

Mot Unigram dé cip dén mot tif don trong vin ban va n-gram dai dién cho mot
chudi (c6 thi ty) cac tir lién ké nhau trong mot cau. Mic du, dic trung n-gram cé
nhiéu thong tin hon dic trung unigram do chiing 12 mot nhém tif ¢ tinh dén vi tri
trong cau, nhung ching cé hiéu qua hon trong viéc ting hiéu suit ctia mo6 hinh phan
tich hay khong van 12 mot vin dé tranh luan [50].

- Ddc trung gan nhan tu loai (Part of Speech — POS):

Trong xu ly ngdn ngt tu nhién va dic biét trong linh vic phan tich quan diém, biéu
dién ti loai 12 mot dang dic trung dudc st dung kha phd bién. Mot s6 loai tir c6 nhiéu
kha ning mang thong tin vé cuc ctia mdt cau hodic mot tai liéu, do d6, POS c6 thé 1a
mot cong cu phan biét tot d€ phat hién nhitng tir d6. Nhiéu bdo cdo di chi ra rang tinh
tlf rat quan trong trong viéc xac dinh phan cuc cdm xtic cia mot tai lidu [3, 44]. Mot
s6 khac lai chi ra danh tir rit c6 y nghia trong viéc xdc dinh chi dé hodc ddi tuong
muc tiéu ciia mot tai liéu quan diém [11].

- Ddc trung cu phap (Syntax):

Mot s6 nha nghién cifu da thuc hién trén dic trung cu phap bang cach st dung cay
cti phép [47]. C6 nhiing két qua tdt trong cdng bd [51], tuy nhién, theo Ng va cong su
[52] viéc bd sung cac dic trung ct phap phu thudc khong mang lai bat ky cai tién nao
so vGi phan loai dua trén n-gram.

- Ddc trung phu dinh (Negations):

Viéc stt dung cdc tit phii dinh trong ciu c6 th€ 1am dao 16n hoan toan thdi cuc cam
xtic ctia cAu. Bd qua “not” trong ciu “He does not like the color blue.” dan dén két
qua tich cuc 1a gia. Viéc ddo cuc ctia mot phi dinh dua trén gia dinh ngay tho ring
mdi tf phi dinh ddo ngudc cuc cla céc tir theo sau d6 (trong mot clra s6) diing trong
mot s6 truong hop. Tuy nhién, d6 khong phai 13 mot quy tic chung. Bén canh nhiing
ti mang nghia phu dinh ro rang, c6 nhiing thuat ngtt khac cling mang tinh phu dinh
(vi du mot s6 dong tir). Tuy vay, cc tif nay con phu thudc ngit canh ciia ciu hodc doan
vin. Do d6, dang nay rat khé x4c dinh trong phan tich phan cuc ctia quan diém.

- Cdc ddc trung theo hwéng chii dé:

Cam xtc ctia mot cau dua ra c6 thé theo mot chi dé cu thé. Tu “fast” trong ngif

canh cé4c bai danh gid vé xe hoi dudc coi 1 tich cuc trong khi né c6 thé bi coi 1a tiéu

cuc trong céc bai dinh gia vé phim.
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Cdc phwong phdp lua chon ddc trung trong phén tich quan diém

Dic trung md ta dic tinh cta dit liéu. Mot dic trung c6 thé khong lién quan, c6 lién
quan va du thita. D€ loai bd cdc dic trung khong lién quan hoic du thita, cic phuong
phép lua chon ddc trung (Feature Selection - FS) khac nhau dudgc st dung. FS 1a mot
qua trinh xdc dinh va loai bd céc dic trung d€ gidm s6 chiéu trong khong gian dic
trung giup cai thién do chinh xdc trong cac nhiém vu phan tich quan diém [50]

Cac phuong phap FS c6 thé ké dén cac phuong phdp dua trén tir viung (lexicon-
based methods) va phuong phdp thong ké (statistical methods) [53]. Trong cdc phucng
phdp dua trén tif vung, cdc dic trung dudc tao ra bdi con ngudi. Uu diém clia cach tiép
cin nay la tinh hiéu qua vi dic trung dudc xu ly can than. Tuy nhién, viéc lua chon céc
dic trung thu cong 1a mdt qud trinh 1au dai va kho khin. SentiWordNet8 [54] 1a dién
hinh ctia phuong phap nay. Cc phuong phap thong ké hoan toan tu dong va dudc st
dung nhiéu nhat d€ Iya chon dic trung, nhung chiing thudng khong tach biét dugc cac
dac trung mang tinh cam xuc khdi cac dac trung khong mang tinh cam xuc [55].

- Cdch tiép cin bé loc

Day 12 phuong phap lua chon dic trung phd bién [56]. C4c phuong phéap nay lua
chon cic dic trung duya trén cac dic diém chung ctia dif liéu huin luyén ma khong st
dung bat ky thuit todn hoc mdy nao. Céc dic trung dugc xép hang dua trén mot sb
bién phap thong ké va sau d6 cic dic trung xép hang cao nhit dugc chon. Cic phuong
phap loc it tén kém hon vé mit tinh toan va phu hop véi cac tap dit lidu c6 s6 luong
16n cac dic trung [55]. Mot s6 phuong phéap lua chon dic trung dién hinh trong cach
tiép cAn nay 1a: do 1gi thong tin, chi s Chi-square (CHI), tin sut tai liéu, thong tin
tuong ho [7].

- Cdch tiép cdn bao boc

Céch tiép can nay phu thudc vao cac thuit toan hoc may vi né danh gia mot tip hop
con cic dic trung dua trén két qua hiéu suét cta thuit toan hoc mdy dudc st dung. Su
phu thudc nay lam cho cac phuong phap trinh bao boc thuong lap di 1ap lai va chuyén
sau vé tinh todn, nhung ching c6 thé xic dinh cic dic trung hoat dong tot nhit ing
v6i md hinh cu thé d6 [57]. Phuong phdp trinh bao boc 1a su két hop clia cic thuat
toan hoc (vi du NB, SVM, ...) va céc chién ludc tao tip con cic dic trung (vi du lya
chon tién hodc lui) [7].

- Cdch tiép cdn nhiing

Cich tiép can nay két hop qua trinh lua chon dic trung trong qud trinh thuc thi
thudt toan ctia mo hinh. Ching st dung cac thuét toan phan loai c¢6 kha nang Iya chon
cac dbi tuong dic trung dudc tap hop sin clia riéng n6 [58]. Do d6, né hiéu qua vé miit

tinh todn so véi céach tiép can trinh bao boc. Tuy nhién, cich tiép cin nay 1a truong
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hop danh riéng cho thuit toan hoc ting dung [55, 57]. Céch tiép cAn nhiing phd bién
1a dua trén c4c thuat toan ciy quyét dinh khac nhau (vi du CART, C4.5, va ID3) cling
v6i cac thuat toan khac [7]
- Cdch tiép cin lai
Céch tiép can nay la su két hop ctia cac cach tiép can bo loc va trinh bao boc, nhung
n6i chung 1a cic phuong phap két hop cac céch tiép cin khic nhau dé c6 dudc tap dic
trung tot nhét c6 thé [59].

1.2 Phan tich quan di¢ém mic khia canh

Trong céc ting dung thuc té, phan tich quan diém & miic do vin ban hodc mic do
cAu thudng khong di cho viéc phat trién cac nghién ciu hay hé théng ting dung [3].
Bdi vi, ngudi dung khong chi bay té quan diém clia minh trén céc vin ban va ciu vin,
ma con & cdc thudc tinh/khia canh va thuc thé. Thong tin thu dudc & muc do tai liéu
hodc mic d6 cau khong di d€ ngudi dung dua ra mot quyét dinh ding dan. Do viy,
viéc xem xét sau hon vao cdc khia canh va thuc th€ da dua ra mot hudng nghién ctiu
méi dudc goi 12 khai phd quan diém miic khia canh [11]. Vi du, mdt ngudi can mua
mot chiéc dién thoai di dong v6i chat lugng camera tuyét vdi sé chi quan tAm tim kiém
céc bai danh gid vé khia canh “chit lugng anh” hon la cdc nhan xét tdng quat vé dién
thoai di dong.

Trong thuc t€, moi ngudi ¢ thé bay td cdc quan diém khac nhau vé nhiéu khia canh
dong thdi trong cing mot bai danh gid va thim chi trong ciing mot cau danh gia vé
san pham d6. Vi du: “This book had a good storyline, but the paper quality is bad”,
ngudi nhan xét dua ra mot quan diém tich cuc dé cap trén khia canh cbt truyén va mot
quan diém tiéu cuc dé cap trén khia canh chit lugng gidy clia quyén sich. Viéc phan
chia ciu da khia canh thanh nhiéu ciu hoic cum tif c6 cic khia canh don 18 1a thach

thiic trong khai pha quan di€m miic khia canh [3, 4, 7].

1.2.1 Quy trinh phan tich quan diém miic khia canh

Muc tiéu chinh clia phan tich quan diém muc khia canh 13 kham pha ra tit ca cic
cam xiic (xdc dinh thdi do ctia ngudi néi hodic ngudi viét) tdn tai trong cac tai liéu vé
céc khia canh khac nhau cta mot thuc thé [3, 7). Mo hinh quy trinh phén tich quan
diém miic khia canh dudc mo ta nhu trong Hinh 1.4 [6], trong d6 mdi phan c6 nhiém
vu nhu sau:

Thu thdp du liéu (Data collection): Dt 1i€u dugc thu thip tu cic tai nguyén web
nhu blog, mang xa hoi, web danh gia (Twitter, Facebook, Amazon, Tripadvisor, .. .).

Ngudi dung st dung céc cong cu, ky thuat quét web d€ thu dudc di liéu thich hop,
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ngoai ra mot s6 bd dii liéu phd bién c6 thé dudc cung cip bdi cic nghién ciu trude
do.

Nhén dién quan diém (Opinion identification): Tt ci cic vin ban chiia quan
diém sé ducc xac dinh, sau d6 ching can dugc xi ly d€ loai bd nhitng binh luin
khong phu hgp va gia mao.

Trich rit khia canh (Aspect extraction): Trong pha nay, tit ca cic thé hién khia
canh xuat hién trong vin ban dudc xac dinh va trich rit theo cdc quy trinh.

Phan Iép cdm xiic (Sentiment classification): Két qua cia pha trich rit khia canh
c6 thé coi la dau vao (tién xii 1y) ctia giai doan phan 16p cdm xtic. Trong buéc niy, cic
quan diém trén tiing khia canh dudc phan 16p bang cac ky thuat hoc may khac nhau
tif gidm sdt, ban giam sat dén khong giam sat.

Tao ra bdn tong hop (Production summary): Dua trén két qua ctia cac budc trudc
do, trong budc tao ra ban téng hop, mdt ban tém tit clia cic két qua quan diém dudc
dua ra dudi cac dang thiic khac nhau nhu vin ban hoic biéu do.

Ddnh gid (Evaluation): Viéc thuc hién phan 16p quan di€m c6 thé dugc danh gid
thong qua viéc st dung cac chi s6 danh gia nhu do chinh x4c (accuracy), dd chum

(precision), d do triéu hoi (recall), va do do f1(f-score).

—

Tap dit ligu

Xac dinh quan Quan diém hién hitu Trich rat khia
diém _— canh

Cac tir hoac cum tir

m Cac khia canh
Danh gia Tao ban téng hgp Phan I6p cam
m xuc khia canh

Hinh 1.4: Quy trinh phan tich quan diém dva trén khia canh

Luva chon dif liéu

—>

1.2.2 Cdc bai todn trong phén tich quan diém miic khia canh

C6 ba bai toan chinh trong khai phd quan diém dua trén khia canh. Cac bai toan d6
12: (1) trich rit khia canh; (2) phdn I6p cdm xiic khia canh; (3) tong hop quan diém
(3,5, 11].

Bai todn trich rut khia canh

Qua trinh xdc dinh cdc tir cdm xuc (thé hién quan diém) va céc ti khia canh cla
thuc thé tf mot cau da cho, sau d6 gdn nhan khia canh, trich rit ching, gom nhém

cac khia canh tuong tu nhau trong mot danh muc dudc goi la trich rut khia canh.
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Bai todn trich rut khia canh c6 thé dudc chia thanh 2 bai todn con 1a trich riit thudt
ngit khia canh (Aspect Term Extraction — ATE) va gom nhom cac thuat ngti khia canh
nay thanh danh muc khia canh (Aspect Category Detection - ACD). Quy trinh trich

rit khia canh dudc thé hién nhu trong Hinh 1.5.
Van ban danh Lwa chon déc Trich rat khia Gom nhoém céc
gid Tign xi¢ ly di¥ ligu : T |’ canh (tie, cum tiv, khia canh twong #{ Khia canh a,
trung céu) tw nhau

i

Hinh 1.5: Quy trinh trich rat khia canh

Bai todn phdn ldp cam xiic dua trén khia canh

VAan dé phan 16p cam xuc 12 viéc thuc hién phan 16p cdm xiic c4c khia canh da dudc
trich rut (tir bai toan trich rut khia canh) thanh cac cuc cam xuc nhu tich cuc, ti€u cuc,
va trung 14p hoic x4c dinh diém danh gia theo céc thang diém nhat dinh (vi du tir 1-10
di€m hodc 1-5 sao). Quy trinh phan loai cdm xiic khia canh dudc thé hién nhu trong
hinh 1.6.

Phén 16p cam xuc khia canh ¢6 hai dang chinh [3]. Phdn cuc cdm xiic (Sentiment
polarity) 1a xdc dinh xem cdm xtic ctia ngudi diing vé mot khia canh 1a tich cuc, tiéu
cuc hay trung 1ap. Pdnh gid diém cdm xiic (Sentiment rating) gan mot diém sb cam

xuc cho khia canh do.

Lwa chon dic ‘ Phén |&p cam xdc - L&p cam xtic Pénh gia
trwng khia canh P y

Hinh 1.6: Quy trinh phan loai cam xuc khia canh

Van ban khia
canh

Bai todn tong hop quan diém dua trén khia canh

Nhiém vu nay thuc hién ciu triic lai toan bd cic quan diém ngudi ding vé mot
thuc thé (dua trén két qua ciia cac bai toan trude d6) dusi dang tém tit cac thanh phan
chinh, cdc danh gia dinh tinh hodc dinh lugng cu thé trén tiing thanh phan.
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1.2.3 Cdc cdch tiép cdn trich riit khia canh

Qua céc cudc khao st [3—7] cho thiy, rat nhiéu cong bb khac nhau di dudc viét
vé céc linh vuc khic nhau cta phan tich quan diém. Ciing theo thdng ké& cho thiy
phan tich quan diém dua trén khia canh 12 mot trong nhiing linh vuc thu hiit nhiéu nha
nghién ciiu quan tAm. Trong ba vin dé chinh cla phén tich quan diém dua trén khia

canh, bai todn trich rit khia canh 12 bai toan quan trong va nhiéu thach thdc nhat [5].

1.2.3.1 Cac phuong phap trich rut khia canh 1o rang

Viéc trich rit cdc khia canh ma chung c6 cac thé hién khia canh trong cau la céc
danh tu va cum danh tu dudc goi la trich rut khia canh ro rang. Trich rat khia canh 1o
rang c6 thé phan thanh ba loai theo cach tiép can hoc tip: khong gidm sat, ban gidm

sat va c6 giam sat (xem Hinh 1.7).

( Trich rat khia canh ro rang )
[ ]
Géch tiép can khong giam s@ Ccéch tiép can ban giam sét) (Céch tiép can c6 giam sét)
Phuong phap tan Phuong phap st Mé hinh Markov an
suat hodc théng ké dung Bootstrapping (HMM)

Phuwong phap phan
tich cu phap phu
thudc

Phuong dya trén
kinh nghiém hodc
dua trén luat

Trudmg ngiu nhién
c6 didu kién (CRF)

Phurong phap tin
dwa trén dd trong
quan (PMI)

Phwong phap dua Mang no ron hdi quy
trén tir vieng (RNN)

Phurong phap dua Mang no ron tich
trén dé thi chap (CNN)

Hinh 1.7: Phan loai cac phuong phap trich rut khia canh ro rang

- Trich riit khia canh ré rang theo cdch tiép cdn hoc khong gidm sdt:

Céch tiép can nay ducc thuc hién véi dit liéu khong ¢ nhin, va day ciing 12 phuong
phap phd bién dudc cac nha nghién ctiu 4p dung cho cic mién, cc ngdn ngit, va cic
bd dii liéu khac nhau [5]. Cac phuong phap khong giam sat thuong dua trén cac thong
tin thdng ké (tan suat xuét hién ctia cdc danh tif hodic cum danh tir), cdc thong tin vé
cAu tric ngdn ngii va kinh nghiém (phan tich ct phdp, miu ci phép), cic thong tin
tuong quan gitta cac thanh phan trong ngon ngii (thong tin tuong hd, thong tin gitta tir
va vin ban) dé thuc hién phat hién cdc th€ hién khia canh. Sau d6, cdc thé hién khia

canh nay dugc gom nhém va trich rit cing céc quan di€m trén d6. Cac phuong phap
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nay bao gdm cac phuong phap dua trén tin suét va théng ké (frequency or statistical)
[11, 44, 46, 60], phuong phap dua trén kinh nghiém hodc dua trén luét (heuristic- or
rule-based) [16, 61, 62], va phucng phdp dua trén di€m thong tin tuong hd (Pointwise
Mutual Information - PMI) [44].

- Trich riit khia canh ré rang theo cdch tiép cin hoc bdn gidm sdt:

Nhiing k¥ thuat nay phu thuoc mot phan vao dau vao ctia ngudi ding va can mot
s6 yéu t6 hat gidbng ban dau dé bit dau thuat todn. Cdc phuong phap theo céch tiép
can nay thuong su dung cac thuat toan mé rong nhu bootstraping [17, 36], trinh phan
tich ct phdp phu thudc dé tim ra mbi quan hé giita cac tif quan diém va cac khia canh
[18, 63], hodc st dung tif dién dong nghia két hop v6i mot s6 mo hinh nhu phan b
Dirichlet 4n, thuit todn PageRank dé tim ra cac khia canh [64, 65].

- Trich riit khia canh ré rang theo cdch tiép cin hoc gidm sdt:

Hoc c6 gidm sit dé cAp dén viéc tao ra mot md hinh dua trén mot tap di lidu
huan luyén c6 gdn nhén, va sau dé 4p dung né vao mot tap dit liéu thi nghiém chua
dudc gan nhan. Vi vay bai todn xdc dinh khia canh va quan diém 12 bai toan vé chi
thich. Trong cach tiép cin c6 giam sat, cdc mo hinh hoc thudng dugc st dung 1a Mo
hinh Markov 4n (Hidden Markov Model- HMM) va trudng ngau nhién c6 diéu kién
(Conditional Random Field-CRF) [19-21]. Gan diy mot s6 nghién citu trich rit khia
canh dya trén mo6 hinh mang nd ron tich chap (Convolutional Neural Network-CNN)
da dudc dé xuat. Mo hinh nay st dung cu tric mang than kinh nhiéu 16p, trong d6
c6 mot 16p tich chap véi nhiéu bo loc. CNN c¢6 thé trich rit cic mau n-gram vi ching
c6 khi ning hoc theo ngit cdnh [22, 23]. Mang no ron hdi quy (Recurrent Neural
Network - RNN) ciing 12 mot mo hinh khédc ctia hoc sau st dung thong tin tuan tu
dé€ du doan mot tir trong mot chudi tit. RNN ¢6 s6 16p ¢d dinh, do dai dau vao c6 thé
thay d6i nén can xi 1y dé quy. C4c nghién ctiu dién hinh c6 thé ké dén 1a [24-26].
Gan day hon, mot co ché chd y trong mang hoc sau di phat trién thanh Transformer
encoder-decoder [66], diéu nay mang lai 1gi ich cho viéc song song héa ctia CNN va
vAn dé kiém sodt su phu thudc trong chudi tif dai ctia RNN. Kién triic Transformer
sau do phat trién thanh mo hinh BERT (Bidirectional Encoder Representations from
Transformers) [67]. P4 c6 nhiéu nghién ctiu [68—70] st dung md hinh BERT trong

cac mo hinh hoc khic nhau d€ thuc thi nhiém vu trich rit khia canh.

1.2.3.2 Cac phuong phép trich rit khia canh 4n

Trich rut khia canh 4n 1a viéc phat hién cac khia canh ti cdc cAu khong tudng minh,
céac cau co cdc thé hién khia canh khong phdi 1a cdc danh tir hay cum danh tir. Céc
phuong phdp trich rut khia canh an cling c6 thé dudc chia thanh ba loai chinh: khong

giam sat, c6 gidm sat va céach tiép can lai (xem Hinh 1.8).
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- Trich riit khia canh dn theo cdch tiép cdn hoc khong gidm sdt:

Céc thong tin hitu ich dugc trich rt tit kho dit liéu va dugc dp dung d€ kham phd
cac khia canh tiém 4n. Ngoai ra, cac kién thific ngén ngit hodc mién linh vuc c6 sin
trén Internet cling dudc su dung. Cac phuong phap khong giam sat thuong dua trén su
dong xuat hién (cta cac thuit ngit trong kho ngit liéu hoic co sé kién thiic), dua trén

cdc mo hinh thong k& (md hinh chii dé) [71-73], va dua trén phan cum d€ phat hién

khia canh ngam dinh [74].
( Trich rit khia canh an >
[ |

Ga'ch tiép cln khdng giam sé@ (Céch tiép cén cd gidm sét) C Céch ti€p cén lai )

Phutong phap dua
trén sur dbng xudt
hién

Phuang phap dua
trén cac bd phan loai

Phuong phap dua
trén mé hinh chi d&
LDA

Phueng phap dua
trén luat

Trudrng ngdu nhién
oo didu kién (CRF)

Phurong phap phan
cum

Mang nad' ron

Hinh 1.8: Phan loai cdc phuong phép trich riit khia canh 4n

- Trich riit khia canh dn theo cdch tiép cin hoc cé gidm sdt:

Céch tiép can nay, dif liéu gan nhan dudc st dung d€ huin luyén thuit toan va sau
d6 thuat toan dudc ding dé€ du doén khia canh an cho mot cau méi. Céc phuong phap
hoc giam st chia thanh cdc phuong phdp dua trén phan 16p (NB, SVM, ciy quyét
dinh, riing ngau nhién) [75, 76], cdc phuong phdp dua trén luat [62, 77], cdc phuong
phdp dua trén nhin tuan tu (CRF) [78]. Cung vdi su phat trién ctia mang hoc siu va
mo hinh BERT, cdc nghién ciu trich rit khia canh 4n ciing ngly cang nhiéu va hiéu
qua hon [79-81].

- Trich riit khia canh dn theo cdch tiép cdn lai:

Day 1a cach két hop nhiéu phuong phéap khac nhau dé x4c dinh khia canh ngam

dinh. Chién thuét két hop c6 thé tién hanh ndi tiép hoic song song [82—84].

1.2.4 Cdc phwong phdp phédn loai cam xiic khia canh

Céc céch tiép can hién nay cho bai todan phan 16p cam xuc c6 thé dugc phan loai

dua trén nhiéu quan diém khdc nhau (vi du: cich nhin ctia toan vin ban, muc do chi
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tiét cia phan tich viin ban) [7]. Tuy nhién hau hét céc tai liéu thudng chia cic cach
tiép cin phan 16p cAm xuc thanh ba loai: cach tiép cAn hoc mdy, cach tiép can dua trén
tu vung, va cac phuong phap lai [4, 7] (xem Hinh 1.9).

Cac phuong phéap phan loai cam xtic

]
Cac phwong phap hoc Cac phuong phap dia . P Cac phuong
Cac pl hap I
C may trén fir vpng ac phuong paap fat phap khac
I I
Hoc co gidm Hocbdn gidgm|[ Heckhéng |[ Phuong phip Phumg Ph’fip Phuong phip
sat sat gidgm sdt this cong dya trén tlr dua trén kho
dien ngir lidu

Cay quyét Hoc tong
dinh quat
W
A hudn luyén
N phén 1?2_11
dua trén
lujt Hoc dya
trén do thi
Céc bd ‘ C}c bé _ Miy Vector
: phan loai é trg
xdc sujt ‘ tuyén tinh :
— Mang nof
ron nhin tao
-

Mang ne Mang no Mang no
ron héi quy ron tich ron khac
chip

Hinh 1.9: Phan loai cac phucong phap phan loai cam xuc khia canh

Mang not
ron

Phuong
phap ngi
nghia

Phuong
phap théng
ke

- Cdc phuong phdp phdn l6p cam xuc dua trén hoc mdy:
Hoc mdy 12 mdt trong nhitng k§ thudt thi vi nhét va dudc st dung rong ri do kha
ning thich ing va do chinh x4c ctia n6 trong linh Iyc phan tich quan diém [4, 7]. Cach
tiép can nay st dung dic trung ngdn ngif bang cach st dung cic co ché hoc c6 gidm
sat, ban giam sat, khong gidm sat, hoc ting cudng, va hoc sau [4, 7]. Cach tiép can
cO giam sat [27-29, 31-33, 85, 86] dudc ap dung khi nhiém vu phan loai c6 mdt tap
céac 16p cu thé da dudc gan nhan. Khi khong c6 di liéu dugc gan nhan thi phuong
phédp khong gidm sat [34, 87, 88] c6 thé 1a chia khoa trong tinh hubng nay. Mit khéc,
phuong phép ban giam sat [36, 89, 90] ¢6 thé dugc st dung cho céc tap di liéu chua
dudc gan nhin ma trong dé né bao gdbm mot sb vi du da dudc gan nhin. Cac thuit
toan hoc ting cudng [91] st dung cac co ché thii va sai d€ gidp tac nhan tuong tic véi
mdi trudng xung quanh tir d6 thu dudc phan tinh toan tich Iy t6i da. Trong khi do,
cac phuong phéap hoc sau [85, 92-95] la cac phuong phédp hién dai st dung mang no
ron nhiéu tng d€ tao ra cic dic trung ndi bat va hiéu, qua dong thsi thu dudc hiéu
suét cao trong viéc giai quyét bai toan phan 16p cam xiic [7]. Cung vé6i su xuit hién
ctia md hinh BERT [67], phan tich quan di€m dva trén khia canh véi viéc thuc thi da

nhiém vu ciing dudc gidi quyét mot cach dé dang hon, hiéu qua hon. Cac nghién ctiu
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dién hinh nhu trong [69, 96-98]. C4c phuong phap cu thé trong céch tiép can hoc may
dugc chi ra trong Hinh 1.9.

- Cdc phuong phdp phdn lop cam xiuc duva trén tir vung:

Céc phuong phap tiép can dua trén tif vung (lexicon-based) con dudc goi la cach
tiép can dua trén tri thifc. Phuong phép nay du dodn diém cam xtic dua trén tlf vung
cam xiic va dif liéu khong dugc gan nhin. Phuong phap nay yéu cau mot ngudn ti
vung c6 tén 12 tlf ving cdm xiic (mot danh sach cdc tir duge xdc dinh trudc) lién két
v6i dinh huéng ngit nghia clia chiing duéi dang cdc tir tiéu cuc hodc tich cuc dudc thé
hién bing cdc diém sb (chang han nhu +1, —1 hoic 0 tuong tng cho cic tif tich cuc,
tiéu cuc hoac trung 1ap hoac mot gia tri phan anh stic manh hoac cudng do cam xuc)
[3, 4]. Pinh huéng phan cuc cam xtc cudi cling clia mot tai liéu quan diém cé dudc
bing cach tinh todn céc gia tri dinh huéng ngit nghia clia cic tif tao nén né. C6 ba ky
thuat chinh d€ tao cdc tir dién chu thich 1a phuong phép thu cong [99], phuong phdp
dua trén ti dién [54] va phuong phép dua trén kho ngit liéu [100-102].

- Cdc phwong phdp phdn l6p cam xic dva trén phuong phdp lai:

Cac phuong phap lai 1a phuong phéap két hop ca cach tiép can tif vung va hoc may.
N6 két hop tinh thong luong ctia phén tich tif ving va tinh linh hoat ctia cach tiép can
hoc mdy dé€ d6i phé véi su mo hd va tich hdp ngit canh clia cdc tif cdm xdc [103]. Ly
do chinh ding sau phuong phap két hop 1a thita hudng d6 chinh xdc cao tlit hoc may
va tinh 6n dinh tif phuong phap dua trén tif vung. Céch tiép can lai gitp khic phuc
cac yéu diém va tan dung céc 16i thé clia cdc phuong phap co s&. Piém phén cuc cam
xtic clia cac tif trong tif dién 12 dau vao cho bd phan loai cam xiic. Hau hét cic nghién
cttu theo cach tiép can nay di st dung cac phuong phap dua trén tif vung dé€ gin nhin
phan cuc cta ti, sau d6 tiép tuc dudc st dung trong bo phan loai cam xtic. Mot sd
nghién cttu dién hinh nhu [104, 105].

1.3 Mt sb kién thitc hoc may lién quan dwdc st dung trong lun an cho phéin

tich quan diém mitc khia canh

1.3.1 Thudt toan bootstrap

Phuong phap Bootstrapping [106] do nha thdng ké hoc Bradley Efron thudc dai
hoc Stanford phét trién tif cubi thap nién 1979. Phuong phap Bootstrapping dudc xem
1a phuong phap chuin trong phan tich thdng ké va da 1am nén mdt cudc cach mang
trong thong ké vi n6 gidi quyét dugc nhiéu van dé ma truée day khoé giai quyét dugc.

Bootstrapping 12 phuong phap 1iy mau dua trén nguyén Iy chon mau c6 hoan lai.

Tir mau ban dau lay lai cic mau ngiu nhién ciing ¢& v6i miu gdc bang phucng phap
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14y mau c6 hoan lai, goi 12 miu bootstrap. V6i mdi mau 1y lai, ngudi ta tinh dudc gia
tri tham s6 thong ké quan tAm goi 1a tham s6 bootstrap. Su phan bd clia cdc tham s
thong ké mau bootstrap 1a phan phbi bootstap.

Xem xét mot mau ngau nhién ¢d n dudc quan sat tif mot phan b xac suat hoan
toan chua biét F. X; = x;;X; ~jug F3i = 1,...,n. Gia st rang X = (X, X,...,X,) va
X = (x1,X2,...,%,) 1an lugt ky hiéu 1a cdc mau ngiu nhién va cic quan st thuc té clia
chiing. Cho mot bién ngiu nhién dudc chi dinh R(X, F) phu thudc vao bién X va ca
phan bd chua biét F, uéc luong phan bd mau cla R trén cd s6 cac dif liéu quan sét x.
Phuong phép bootstrap cho mot mau don gian nhu sau:

1. Xay dung phan phéi xdc suit mau F, dit mot lugng L cho m&i di€m xy,x2, ..., x,

2. V6i F ¢b dinh, vé mot mau ngdu nhién cda kich thudc n tir F néi ring:
X =x/ X" ~pa Fii=1,...,n.
Goi déy 1a mau bootstrap, X* = (X{, X5, ..., X;"),x* = (x],x3,...,x5)
Luu y rang khong c6 phan phdi hoan vi vi cdc gid tri ctia X* dudc lua chon véi
su thay thé o tap {x1,x2,- - ,x,}

3. X4p xi ham phan b6 miu R(X, F) bing phan b6 xéc dinh bdi bootstrap R* =
R(X*,F) nghia 1a phan bd R* dugc xdc dinh bdi ciu tric ngéu nhién (& budc
2) tao ra vdi F dudc gitt cb dinh & gi4 tri quan sét cta no.

4. Liap lai cac buéce trén nhiéu 1an cho dén khi ¢6 dugce tham s mong mudn.

1.3.2  Co 56 Iy thuyét biéu dién tir Word to Vector
1.3.2.1 Mot s6 khdi niém trong biéu dién tit Word to Vector

Khdi niém 1.1 Biéu dién phdn phéi (Distributed representations) [107]: Biéu dién
phan phdi 12 mdi thuc thé dudc biéu dién dudi dang mot vectd gia tri (“mdt miu cia
cac hoat dong ), y nghia cdia thuc thé va mdi quan hé ctia né véi cac thuc thé khac
dudc ghi lai b3i cc hoat dong trong vecto va su tuong dong giita cac vecto khac nhau.

Khdi niém 1.2 Phén bé ngit nghia (Distributional semantics) [40]: Trong phan b6
ngit nghia, y nghia ctia mot tl ¢6 thé dudc bat ngudn tir su phan bd ctia né trong mot
kho ngit liéu, tic 1a mot tir dudc tdng hgp tif cic ngli cdnh ma né dang dudc st dung.
Céc tif ¢6 xu huéng xuat hién trong cdc ngit canh tuong tu sé c6 ngit nghia tudng tu.

Gia thuyét phan phdi (Distributional hypothesis) vé ngdn ngi va y nghia cta tif n6i
rang cac tf xuét hién trong cing mot ngit canh c6 xu hudng cé y nghia giéng nhau.
Khi giip mot cau c6 tir khdng xic dinh (khong biét y nghia thuc su clia n), c6 thé suy
ra nghia clia tit d6 dua trén ngit canh ma né xuat hién.

Ma trdn tic-ngit canh (Word-context Matrices): Trong d6, moi hang i dai dién cho

mot tir, mdi cot j dai dién cho ngit canh ngdn ngit ma & d6 cac tir ¢ thé xuat hién.
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Mot diém trong ma tran M;; 7 dinh lugng d6 manh lién két gitta mot tif va ngit canh

[i.]
trong mot kho ngit liéu 16n. N6i cach khac, méi tir dugc biéu dién dudi dang mot vecto
thua thét trong khong gian c6 sb chiéu 16n, ma héa mot tdi ngit canh c6 trong s ma
né xudt hién.

Pinh nghia 1.9 Ma trin tir-ngir canh: Ky hiéu Vi 1a tip hop céc tir (cdc tir vung)
va Ve 1a tip hop céc ngit canh c6 thé xuét hién cia tit ci céc tir. Gid st rang mdi tlf va
mdi ngli canh déu dugc 1ap chi muc, sao cho w; 1a tit thi i trong tit dién Viy va c; 1a tir
ngit canh thd j trong tit dién ngit canh V. Ma train M/ € RIW/IxIVel 13 ma tran ti-ngit
canh, dugc xac dinh nhu la M{;’j} = f(wi,c;), trong do, trong d6 f 1a mot phép do lién
két vé do manh gitta mot tif va ngi canh.

Khdi niém 1.3 Do do tuong tu: D6 do tuong tu gitta cac tit dugc do ludng bdi cac
do do dé€ thy su tuong dong vé mit nglf nghia hodic ndi dung clia chiing.

Céc ham khodng cdch khéac nhau c6 thé dudc st dung dé do do tuong tu gitta cac
vecto tif, chiing dudc st dung dé€ biéu thi khoang cach ngit nghia gitta cac tir lién két.
Khi céc tir dugc biéu dién dudi dang vecto, c6 thé tinh todn su tuong dong gilta cac tir
bing cach tinh todn su tuong ddng gitta cac vectd tuong ing. Mot sb cic do do tucng
tu phd bién va hiéu qua la tinh do tuong tu cosin, Jacaard tdng quat, diém thong tin
tuong ho (PMI).

1.3.2.2 Thuat toan nhung tudt W2V

Thuat todn Word2vec dugc phat trién bdi Tomas Mikolov va cac dong nghiép
[108]. Word2Vec khong phai 12 mot thuat todn don 18, né 1a mot géi phan mém thuc
hién hai bi€u dién ngit canh khdc nhau (CBOW va Skip-Gram) va hai muc tiéu tdi
uu héa khac nhau (liy miu am (Negative Sampling) va toan ti Softmax phan cip
(Hierarchical Softmax)).

Mo6 hinh CBOW (Continuous bag of words)

MO hinh tdi tif lién tuc gid st rang tir dich trung tim dudc tao ra dua trén céc tli ngit
canh phia trudc va phia sau né trong mot chudi vian ban. V6i mot chudi vin ban “an
efficient method for learning high quality distributed vector”, xét tu dich trung tam
1a “learning” véi ctia s6 bang 3, mo hinh CBOW quan tim dén x4c suét c6 diéu kién
d€ sinh ra tir dich “learning” dua trén céc tif ngit canh la “efficient”, “method”, “for”,
“high”, “quality”, “distributed” dugc mo ta nhu Hinh 1.10.

Db6i véi mot tir da ngit canh c¢.x md hinh CBOW ciia Word2vec x4c dinh vecto ngit

canh ¢ 13 téng cta cdc vectd nhing cla cac thanh phan ngif canh ¢ = Z;‘Z 1 €i, sau do
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xéc dinh diém s6 s(w,c) = w- ¢ két qua la:

1

P(D - 1|W7C1:k) = 1+67(W-01+W'C2+~~-+w'ck)

(1.1)

Mb hinh CBOW 1am mét thong tin thi tu gitfa cic phan tif nglf canh. Nhung ddi
lai, n6 cho phép st dung céc ngit canh c6 do dai thay ddi. Tuy vay, ddi v6i cac ngit
canh c6 d6 dai c6 dinh, CBOW van c6 thé giit lai thong tin thif t bang cach bao gdm
vi tri tuong db6i gilta ching nhu mot phan ctia phan tif ndi dung, nghia 1a bang cach
gan nhin vecto nhing khac nhau cho cdc phan ti ngit canh & céc vi tri tuong dbi khic

nhau.

Hinh 1.10: M6 hinh CBOW quan tim dén x4c suat c6 diéu kién tao ra ti dich trung
tam dua trén cac ti ngtt canh cho truéc

M6 hinh Skip-Gram

M0 hinh Skip-gram gia dinh rang mot tif ¢ thé dudc st dung d€ sinh ra cdc tif xung
quanh n6 trong mot chudi vin ban. Vi du ta ¢ chudi vin ban “an efficient method for
learning high quality distributed vector”. Ta st dung tir “learning” lam tir dich trung
tam va clia s6 ngif canh bing 3, md hinh Skip-gram quan tidm dén xic suit c6 diéu
kién sinh ra cdc ti nglt canh véi mot tir dich trong khung cira s6 P(efficient, method,
for, high, quality, distributed | learning), xem mo ta Hinh 1.11.

Mo hinh Skip-gram ctia diém s6 Word2vec tach rdi su phu thudc gitta cac yéu td
ngit canh. i v6i k thanh phan ngit canh ¢y .y, bién thé Skip-gram gia dinh rang céc
phan tif ¢; trong ngit canh 1a ddc 14p véi nhau, c6 thé coi ching nhu k ngit canh khac
nhau, nghia la mdi cap ti-ngit canh (w,c(;4y) s€ duge biéu dién trong D dudi dang k
ngl canh khéc nhau: (w,c1), ..., (w,c;). Ham di€m s(w,c) dugc xéac dinh nhu trong
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CBOW, nhung bay gi¢ mdi mot ngit canh 1a mot vector nhing don 1€:

P(D = lw,¢;) = —

P(D = l|w,c1x) =T P(D = 1|w,¢;) = [T, — < (1.2)

i=1 1+87W-Ci

logP(D = 1|w,c14) = XX, logﬁ

Trong khi dua ra cac gia dinh vé tinh doc 1ap manh mé gitta cac thanh phan cia

ngit canh, moé hinh Skip-gram rat hiéu qua trong thuc té va dudc st dung rat phd bién.

Hinh 1.11: M6 hinh Skip-gram quan tidm dén xac suat c6 diéu kién tao ra cc tif ngi
canh v6i mot tu dich trung tam cho trudc

1.3.3 Phdn loai hai lép mdyvec to hé tro

Mdy vector hé tro (Support Vector Machines-SVM) dudc phat trién béi Cortes va
Vapnik [109], ban dau chi 4p dung cho phan loai nhi phan va 1a mot phuong phéap
hiéu qua trong nhiéu ting dung. SVM dua trén y tuéng ctia bd phan loai siéu phang,
hoidc kha ning phan tdch tuyén tinh va tdi da héa 10i nhuan. Day 12 mot hé thdng hoc
tap st dung khong gian gia thuyét cia cac ham tuyén tinh trong khong gian dic trung
v6i s6 chiéu 16n.

Gia st, cac diém dit liéu dudc coi 1a cdc bd gia tri (X, C) c6 thé tach rdi tuyén tinh.
Trong d6 x; € RY 1a céc gia tri dic trung, ¢ € {41} 1a cic 16p (+1 1a 16p tich cuc, -1

13 16p tiéu cuc). Mot siéu phang dbi véi D vi du (vin ban cam xic)
(Xlacl>7---7(XD7CD);Ci€{_lal} (1.3)

dudc cho 1a c6 thé phan tach tuyén tinh néu ton tai mot vector w va mot gid tri vo

hudng b sao cho thoa man bat dang thic (1.4) d6i véi tat ca cdc phan tif cia tap huin



29

luyén (1.3).
(wx;))+b>1ifc;=1;

1.4
(W.X,‘)—I—bs—lifci:—l (19

Viét lai (1.4) dudi dang (1.5), khi d6 siéu phang t6i wu (1.6) 1a mit phang duy nhét
phan tach dit liéu huén luyén v6i mot 1& 16n nhat. Pidu nay c6 nghia 1a hai siéu phang
trong (1.4) c¢6 cung khoang cach dén (1.6) va khong c6 phan ti nao ciia tip miu nam

gitfa hai siéu phang doé.

cilwx;+b) > 1;i={1,...,D} (1.5)

Wo.X 4 by =0 (1.6)

Sau khi tim dudc siéu ph:flng phan tach, viéc phan loai mot miu mdi chi 1a viéc

kiém tra ham dau ctia mau méi.
c(x) = sign(wx+b) (1.7)

Trong bai todn phan loai viin ban dang nhi phan, qu4 trinh huAn luyén 14 qu4 trinh
tim ra mot siéu phang phan tach vectd vin ban trong mot 16p nay véi mot 16p con lai

sao cho khoang cach giita hai siéu phang cang 16n cang tot.

1.3.4 Phan loai da lop Naive Bayes

Pay 13 bd phan loai dua trén ly thuyét Bayes. Trong phan loai vin ban, phuong
phap nay phu thudc nhiéu vao cac ky thuat trich riit dic trung dang BOW, do d6 vi tri
clia cac tif trong vin ban bi bd qua, dong thdi su xuét hién clia cac tif dugc xem 1a doc
1ap v6i nhau. Cho mdt vin ban d va mot tap cac nhan C, x4c suat d€ vin ban d thudc

vé mot nhin ¢; € C dudc xdc dinh bsi luat Bayes 1a:

(1.8)
trong d6 p(c;) 1a xac suét tién nghiém cda 16p ¢;, p(d|c;) 1a x4c suét tién nghiém cla
viin ban d dugc gdn nhin 16p ¢;, va p(d) 1a xac suét tién nghiém cla vin ban d.

Dua trén gia thuyét véi diéu kién cic dic trung 1a doc 1ap, Naive Bayes xac dinh
x4c sut hau nghiém ctia mot 16p khi dua ra mot viin ban véi viéc sit dung phan bd

clia cac tif (cdc dic trung) cong thifc (1.8) dudc viét lai thanh:
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_ ple))p(wilei)p(walci)...p(wglci)
p(d)

Ham phan 16p sé& gan nhan cho 16p c6 gid tri x4c sut hau nghiém 16n nhit nhu sau:

P(cild)

(1.9)

¢ = argmax(P(c;|d)) (1.10)

c;eC

1.3.5 Tuong tic khéong két hop (Nhiéu cong OR - Noisy OR-gate)

Mot ngoai 1& dang chud y dugc goi 1a tuong tdc khong két hop (Disjunctive interac-
tion) x4y ra khi bt ky thanh vién nao cda tip cac nguyén nhan (cic cha hoic me) c6
kha ning gy ra mot su kién nhit dinh (bién quan tdm) va kh ning nay khong gidm
di khi mot s6 diéu kién xay ra dong thai [110]. Nghia 13, néu mot su kién X 1a hé qua
ctia mot trong hai diéu kién nhan qua U; va Uy, thi co ché c6 thé tic ché su xuat hién
clia X bdi tac dong U; 1a doc 1ap véi co ché c6 thé e ché su xuat hién ctia X duéi su
tac dong ctia Up. Mdi ¢ ché tic ché hoat dong nhu mot bién doc 1ap. Y tudng nay c6
th€ dudc md ta nhu trong Hinh 1.12 [110].

Hinh 1.12: M6 hinh chuin vé cdc tuong tac khong két hop gitta nhiéu nguyén nhan
Ui, ...,U, du doan cung mot hé qua X

Trong Hinh 1.12, X biéu dién cho mot du doan hodc mot hé qua va dugc xem nhu
12 dau ra cia cdng logic OR, mbi dau vao cta cong OR 12 dau ra cia mot cdng AND
thé hién cho su két hdp clia nguyén nhan giai thich cho X 1a U; va mot phii dinh cla
cd ché tic ché ctia U; 1a I;. Cac dau vao U = {Uy,...,U,} 1a cdc cha hodc me cta X

trong mang Bayes, chiing thudng dai dién cho cac gia thuyét, gidi thich, phdng dodn,
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cdc yéu td nhan qua hoic céc diéu kién dé giai thich cho su xuit hién ctia X. Céc chét
tic ché Iy,...,1, biéu dién cho cac trudng hop ngoai 1& hodc bit thudng can tré moi
quan hé binh thudng gitta U va X. Ching thudng khong dudc biéu dién bang cac niit
trong mang Bayes, nhung dudc tém tit ngdm dinh trong xac suét két ndi gitta U va X
1a P(X|Uy,Us,...,U,) [110].

Hinh 1.13: M6 hinh mang Bayes cong OR nguyén nhan Uy, ..., U, va hé qua X

Chung ta hidy xem xét mot do thi mang Bayes c6 cac nit tuong dng 1-1 vé6i bién
nhi phan X 1a hé qué ctia tap n bién nguyén nhan U = {Uy,...,U,} (xem Hinh 1.13).
Theo nguyén ly mang Bayes, x4c suit hau nghiém ctia X khi biét n phan b U,
P(X|Uy,U,,...,Uy,) bao gdom 2" tham s6 doc lap. Tuy nhién dua trén nguyén tic doc 1ap
nhan qua do Pearl dé xuét (Noisy OR-gate) cac tham s6 niy giam xubng con n. Viéc
gii thich ham x4c suét c6 diéu kién ctia mang Noisy OR dudc giai thich bdi Fabio
G.Cozman trong [111] va dudc viét lai bdi Kuang Zhou trong [112] nhu sau: Y tudng
bat dau v6i xdc suit p;, ddy 12 xdc sudt ma {X = True} v6i diéu kién {U; = True} va
{U; = False} dbi v6i j # i, nghia la:

Pi=p{X=T|Ui=T:{Uj=F}j_i s} (L.1D)

X4c suét p; thudng dudc goi 1a "xéc suit lién két" va né mo ta thuc té ring nguyén
nhan phu thudc gitta U; va X c¢6 thé bi tic ché. Néu trang thdi cta bién U; 1a "True"
thi s& c6 mot kha niang (1 — p;) ma khé ning nay lam cho né chuyén trang thdi thanh
"False". Néu U; 1a "False" thi né van & trang thai "False". Ky hiéu két qua cta viéc lat
trang thai cia U;1a &;,i = 1,2,...,n khi d6

pX =alU,Us,..Uy)= Y, pl&i=ou|U)..plé=0|U,)  (1.12)

o VopV..Voy
trong do6 gia tri cua o, ; 1a mot trong hai gia tri "True" hoac "False". Do d6 hoan
Noisy OR 1a su két hop ctia cac "noisy" ctia U;. Goi U7 12 tap clia cac U; c6 trang théi

"True" va Ur 1a tap cua cac U; c6 trang thai "False", phan bo cua bién X dicu kién
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N

trén céc bién Uy, Uy, ..., U, la:

pX =T|U1,Us,....Uy) =1— [ (A—pi) (1.13)
i:U;eUr

1.4 Cac phuong phap danh gia két qua phan tich quan diém

Pé danh gi4 hiéu suit trong cac nhiém vu phan tich quan diém dua trén khia canh
céc tiéu chi dudc lay tif nhiém vu tra ctu thong tin [113, 114] bao gom cic do do
accuracy (AC), precision (P), recall (R) va fl-score (F1) (két qua nam trong khoang
tir 0 — 1) dugdc xac dinh béi cac cong thuc (1.14 - 1.17). Trong phan 16p nhi phan ngudi
ta thuong phan chia thanh hai 16p goi la 16p duong (Positive-P) va 16p am (Negative-
N). TP 1a s6 cdc mau duong dudc chuan dodn chinh x4c 1a duong, FN 14 sb cidc mau
duong bi chudn do4n sai thanh 4m, FP 14 s6 miu 4m bi chudn do4n sai thanh duong,
TN 1a s6 maiu am dudc chuin doan chinh xac 13 am.

- Tiéu chi accuracy: 12 ti 1& cla tit ca cic két qua phan 16p ding trén toan bod

cac mau kiém tra.
TP+TN

AC =
TP+TN+FP+FN

(1.14)

- Tiéu chi precision: 1a ti 1€ cia cdc mau duong dudc phan 16p ding vé6i tong
s6 cac mau duong dau ra ctia hé thong. Tiéu chi nay cho biét ti 1& chuin doan

ding ctia hé théng dbi v6i mau duong.

TP

P= — (1.15)
TP+ FP

- Tiéu chi recall: 12 ti 1& cac két qua diing ma hé théng da gan so véi tong sb cac
mau duong c6 trong co s dit liéu kiém tra. Tiéu chi nay cho biét ti 1& bé sét

cac mau duong ctia hé thong.

TP

R=——" (1.16)
TP+FN

- Tiéu chi F1-score: 1a tiéu chi dén tir su két hop cua precision va recall. F1 1a
trung binh hai hoa (harmonic mean) cua precision va recall. Ti€u chi nay cho
biét muic do chinh x4c trung binh hop 1y ctia hé théng trén hai tiéu chi precision
va recall. Piéu nay c6 nghia 1a mot hé théng c6 P=0.5 va R=0.5 thi t6t hon mot
hé théng c¢6 P=0.3 va R=0.8.

(1.17)
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Precision, Recall va Flscore ciing c6 thé dugc sit dung d& danh gia hiéu suit khai
pha khia canh san phdm (vi du trich rit khia canh) va tinh do do precision va recall
theo cong thuc (1.18) va (1.19).

lextractedaspects N goldaspects|

P (1.18)

lextractedaspects|

R lextractedaspects N goldaspects| (1.19)
- |goldaspects| .

Hon nita mot s6 céc chi s6 khac ciing dudc st dung trong khai pha quan diém dua
trén khia canh nhu sai s6 tuyét doi trung binh vi m6 (Macro-averaged Mean Absolute
Error - MAEM), trung binh binh phuong sai s6 (Mean Square Error - MSE), trung
binh binh phuong sai s6 theo khia canh (A2 spm) do tuong quan khia canh (puspect),
va do tuong quan gitta cic khia canh (Pyevien). Trong cdc chi s6 danh gid nay, nhan
ctia quan diém hoic cdm xtc dugc gia dinh 12 mot bién s6 nguyén.

MAEM [115] dudc tinh bang cong thiic (1.20) thich hop d€ giai quyét tap dit licu

mat can bang cao.

1 ~
1 Y i (1.20)

1k
MAEMyy -
k;|y| Yi€Y;

trong d6 k 12 s6 nhan quan diém hoic cam xiic (vi du k = 2 ddi v6i phan 16p nhi phan),
y 1a vector nhan chinh xac, y 1a vector nhan du dodn, va y; 1a tdp hdp con ctia kho dit
liéu dugc tao bdi cac bai danh gia ¢6 nhan chinh xac 1a j.

MSE mdt thudc do dudc st dung rdng rii trong bai toan hodi quy, dudc st dung dé
danh gi4 hiéu suat ctia phan 16p quan diém/cam xtc [37]. Chi sd nay dudc tinh theo
cong thic (1.21), trong d6, n 1a s6 luong bai danh gia c6 trong kho ngit liéu, yjvay

la nhan chinh xac va nhan du doan cua bai danh gia thu i.

I &
MSE =~ ¥ (3i —yi)* (1.21)
Agspm 1a mot thuée do dénh gia mic do sai s6 binh phuong ctia cac dy doan phan

16p d6i v6i gia tri thuc su clia cac quan diém hoidc cam xic. Thude do nay dudc tinh
theo cong thuc (1.22).
0 vK ~\2
A2 Zi:Iijl(rij_rij)
aspect — Q < K

(1.22)

trong d6 K 1a s khia canh ctia san phadm, Q 12 s6 bai ddnh gia c6 trong kho ngit liéu

vé san phim d6, 7;, 1a nhan dy dodn va r;; la nhan chinh xac clia diém danh gid quan
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diém/cam xiic ctia khia canh j trong bai ddnh gid thii i vé& san pham.

Paspect 12 thude do d€ danh gia xem diém danh gid khia canh duge dy dodn c6 thé
duy tri th tu tuong dbi cta ching t6t nhu thé ndo trong mot bai danh gid véi diém
danh gia thuc. pyspecs duge xac dinh nhu sau:

ZZQ: Pr; 1
paspect = % (123)

trong d6 Q la s6 bai danh gid vé san phdm, p,. ;. 1a do tuong quan Pearson gitta hai
vector du dodn T; va vector mang gid tri ding r; ciia di€ém danh gid quan di€m hodc
cam xuc trén tit ca cac khia canh trong bai danh gia thi i. P9 tuong quan Pearson

Py, 5, dude xac dinh theo cong thuce (1.24).

£y —77) (7~ 7)
\/Zf:l(rij_rlj \/Z] 1 rl] z-)2

4 N A z 2 2 R Z =1
trong do K la so khia canh cua san pham, 7;; = = i a gid tri di€m trung binh cua

(1.24)

PriFi =

N ~ ., sy s A 2 ~ , 3 3 2 =< ZK: Ti; N ., .
bai danh gia thu i qua tat ca cac khia canh cua san pham, 7;; = ! Kl L ]a gia tri trung
binh du dodn clia bai d4nh gia thi i qua tit ca cac khia canh ctia san pham.

Hai thudc do AZ ., VA Paspec: 12 d€ danh gid két qua cho mdi bai danh gid. Két qua
trén toan bo tap dif liéu dudc danh gia bing cach st dung thuéc do ddnh gid tuong
quan gita cac khia canh pepiew:
=
T

j 1 p( )
Ppreview = K (1.25)

2\ 1s aa o . L= =
trong do p(?}, 7j) 1a d6 tuong quan Pearson giita hai vector 7} va rj. p(r_}, 7j) dugc

tinh theo cong thiic (1.26)

Y2, (i, —7) % (A, — 7))
ﬁ,lm—m L2 (7 -7

2 N A N . s .z 2 2 g Zl
trong do Q la so bai danh gia cua san pham, 7;; = Ql U 1a gid tri diém trung binh cta

(1.26)

khia canh thi j qua tit ca cdc bai danh gid ctia san pham, ﬁ = ZiQ_Ql i a gid tri diém

trung binh du do4n ctia khia canh thif j qua tit ca cic bai danh gid ca san pham.
Nhiém vu phan 16p quan diém hodc cdm xiic khia canh con 13 nhiém vu phan loai

nhiéu nhan, d6 d6 cac dd do Precision, Recall va F1 nhim danh gid vio mot 16p nén

mang tinh cuc bd. Vi vay cac do do trung binh vi m6 (macro-average) va trung binh
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vi mo (micro-average) tuong dng ctia cac chi s6 PR, F1 can dudc xem xét thém.
Cac thudce do trung binh vi md xem xét danh gia tung 16p. PO do macro precision

va macro recall dudc tinh nhu sau:

1 IC| TP 1 IC|
MacroPrecision = \C[ Z m \C| Z (1.27)
C| 1 c
M Recall = R; 1.28
acroReca |C|ZTP—|—FP |C]Z ( )

trong d6 |C| 1a s6 luong cic 16p quan diém/cam xiic, P; va R; 1a cac do do Precision
va Recall truong tng cua 16p i. PO do F1 trung binh vi mo tuong ting dudc st dung
trong [116, 117] dudc tinh nhu sau:

MacroPrecision x MacroRecall

MacroF1 =2 — (1.29)
MacroPrecision + MacroRecall

Khéc v6i trung binh vi md, trung binh vi mo tip trung vao tiing mau cua tap di

liéu. Cac do do Micro precision va Micro recall dugc tinh nhu sau:

Zlcl
MicroPrecision = ] (1.30)
Y (TPi—i'FNi)
MicroRecall = <l (1.31)
Yo (T Pi+FPl-)

Phép do F1 trung binh vi mo tuong tng sé la:

MicroF 1 — 2M z:croPrea:sz:on x M z:croRecall (1.32)
MicroPrecision + MicroRecall

1.5 Két luan chuong 1

Trong nhiing nim gan diy, cliing véi su phat trién bing nd ctia cdc phuong tién
truyén thong truc tuyén, thuong mai dién ti cling phat trién khong ngiing va trd thanh
mot xu thé toan cau. Piéu nay lam thdc ddy su quan tam nghién ctiu nhiéu ¥ng dung
khac nhau nhu: dng dung phan tich dit liéu ngudi tiéu dung trong cac chién dich quang
cdo va tiép thi; ing dung hé tu van va hd tro ra quyét dinh mua hang; ting dung phan
tich sdn phiam uu tién; Wng dung chin séc khach hang va gidm sat danh tiéng; tng
dung phan tich hanh vi ngudi tiéu dung dé du dodn xu hudng tiéu dung cta xa hoi...
Trong cac ting dung d6, bai toan phan tich quan diém dua trén khia canh dbi véi bai

danh gid san phdm déng vai tro 13 dau vao quan trong. Chuong 1 ctia luan 4n trinh
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bay cdc khdi niém cd ban trong linh vuc nghién cifu phan tich quan diém ndéi chung
va phan tich quan diém miic khia canh néi riéng. Ba vin dé chinh dugc quan tam
trong bai ton phan tich quan diém dua trén khia canh bao gdm céac nhiém vu chinh
trong phan tich quan di€ém dua trén khia canh, cdc phuong phap trich rut khia canh,
cac phuong phap phan 16p cam xuc khia canh. Cac nhi€ém vu nay ciing chinh la cac

nghién ctiu trong tdm cda luédn an.
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CHUONG 2: PHAN TICH QUAN PIEM MUC KHIA CANH TREN

CAC BAI PANH GIA SAN PHAM TRUC TUYEN
2.1 Dit van dé

Trong nhitng nim gan day, dudi su phat trién ctia cong nghé thong tin va cic dng
dung trong nhiéu linh vuc khac nhau, dic biét trong thuong mai dién ti, cic tuong tac
x4 hdi trén trang thuong mai dién ti hd trg cho nhiéu ngudi ding mot phuong thiic
bay t6 quan diém md&i thong qua viéc ddnh gid sén phadm. Nhiing quan di€ém hodc danh
gia nay thuong dong vai trd quan trong trong viéc cai thién chét lugng san phdm, dich
vu hoiic gitip cdc nha quan ly hoach dinh chién ludc phat trién ctia cong ty, doanh
nghiép. Tuy nhién, khi s luong danh gid dudc tao ra bsi khach hang qua 16n, khong
thé xir Iy dé dang bang cac phuong phap thii cong, diéu nay dit ra mot thach thic vé
cach khai thac thong tin hiéu qua vé san pham, dich vu thdng qua cic cdng cu, cong
nghé hién dai hon bao gdm: téng hop quan diém ctia ngudi ding [35-37], trich riit
thong tin ti cac bai danh gia [16, 19, 38, 71, 73, 118], phan tich cam xic cua ngudi
dung [27-29, 32, 85, 94, 95], v.v. Trong chuong nay, ludn 4n tip trung vao gidi quyét
van dé phan tich quan diém cta ngudi dung trén cac bai danh gia san pham truc tuyén
muc khia canh. Cu thé hon, chuong nay trinh bay mot hé thong dau cudi dé giai quyét
ba bai toan: trich rit khia canh dugc dé cap trong cac bai danh gia v& mot san pham,
suy ra diém danh gia cta ngudi dung cho tiing khia canh da xdc dinh va udc ludng
trong s6 dit ra trén moi khia canh ctia ngudi dung.

Panh gia cia ngudi dung thudng dé cip dén cac khia canh khac nhau, dé 1a cac
thudc tinh hodc thanh phan cta sian phim. Ddi v6i mbi mdt khia canh, ngudi ding
thudng dua ra cac quan diém cta ho thong qua viéc thé hién thai do tich cuc hoic tiéu
cuc vé khia canh d6. Gia stt c6 mot danh gid dugc tao bdi ngudi dung nhu trong Hinh
2.1, ngudi dung thich san pham ca phé, dudc thé hién bang mot di€ém danh gid tdng
thé 1a nim sao. Tuy nhién, nhiing quan diém tich cuc vé thé hién bén ngoai (body),
vi (taste), mui huong (aroma) va do chua (acidity) cua ca phé cling dugc dua ra. Lam
thé nao dé€ hi€u noi dung bai danh gia va cic vin dé ma ngudi dung dé cap? Néu quan
diém ctia ngudi dung chi dudc xem xét trén tdng thé bai danh gid thi chi thdy dudc
mot quan diém tich cuc di v6i san phadm ca phé. Néu quan diém ctia ngudi dung ducc
phan tich chi tiét trong tiing ciu ctia bai danh gia thi quan diém dudc nhin thay sé 1a
quan diém tich cuc hoic tiéu cuc trén mdi ciu, ma khong thiy dudc nhiéu thong tin
hon trong toan bd bai danh gia. Phan tich quan di€ém dua trén khia canh giai quyét
vAn dé phan tich chi tiét trén nhitng khia canh (thé’hién bén ngoai, vi, huong thom, dé
chua) ctia san phAm ma ngudi dung da dé cap dén trong bai danh gid ctia ho. Mic do

chi tiét 12 ngudi dung da dé cip dén nhitng khia canh nao trong bai danh gi ctia ho,
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dd hai long hodc quan di€ém ctia khach hang ddi véi moi khia canh d6, va sau cling la

muc do quan tdm ctia mdi khach hang trén moi khia canh.

“This is my new‘ go-to coffee”

“By MYOB on January 2, 2014

I am a big fan of Turkish-style cardamon coffee,
brewed in a flared copper stove-top pot like you see in
Istanbul! But wow! .

Dark without being bitter. Never acid at all, no
matter how strong you make it. So soft, so lovely.
There’s a chocolate-like note, all warm and clean, but
nothing chocolate about taste.

I drink it black, no cream or sugar. I tried it with
sweetened condensed milk as they suggestbut it seems
superfluous. Just drink it hot and strait and you will be

very happy!

Hinh 2.1: Mt bai ddnh gia vé sdn pham ca phé Trung Nguyén trén trang Amazone

Bai todn phan tich quan di€ém miic khia canh bao gdm ba bai todn con 1a: (1) Bai
todn trich riit khia canh tao ra cac phan (nhu tif trong ciu hodc ciu trong bai danh gid)
dé cap dén mot khia canh cu thé clia san pham; (2) Bai todn phdn ldp cdm xiic khia
canh 13 thong qua do ludng bi€u thi cAm xic tich cuc - tiéu cuc hoic dua trén di€ém
ddnh gid ctia ngudi dung ddi véi ting khia canh da dudc trich riit trong bai toan (1);
(3) Bai todn xdc dinh trong sé khia canh 14 viéc danh gia mifc do quan tAm ctia ngudi
dung dbi véi tiing khia canh san pham.

Luin 4n dé xuit mot md hinh hé thdng ndi tiép gdm 2 modul (Hinh 2.2), modul
trich rit khia canh, modul du dodn diém danh gid khia canh va udc lugng trong sd
khia canh. D6i v6i modul trich rit khia canh, tip dif liéu gdm cdc bai danh gia dugc
tién xit ly, sau do, cac dic trung khia canh dudc Iwa chon. Mot phudng phap trich rit
khia canh sé xéc dinh cac thé hién khia canh 1o rang va thé hién khia canh an, tir d6
cAu sé dugc gan nhan khia canh tuong dng. Pau ra ciia modul nay 13 tip cac phan
riéng 1é cla cdc ciu da dudc gan cung nhin khia canh. Pong thoi, dau ra ctia modul
trich rit khia canh 12 dau vao ctia modul du dodn diém danh gia khia canh va uéc
luong trong s6 khia canh. Hai vin dé nay dudc giai quyét mot cach doc 1ap. Pau ra
ctia modul thi hai 13 k&t qua cta hé thdng va c6 thé dudc sit dung cho bai todn tdng

hop quan diém muc khia canh.
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Hinh 2.2: M6 hinh hé thong phén tich quan diém muc khia canh cdc bai d4nh gid san
pham truc tuyén

Bai toan trich rit khia canh 13 x4c dinh tat ca c4c khia canh xuét hién trong bai danh
gia. Mot thach thic 13, mot sb khia canh dudc dé cap rd rang va mot s6 thi khong. Vi
du, trong bai danh gia dugc dua ra & Hinh 2.1, vi va do chua ctia ca phé dugc dé cap
1o rang (thdng qua cdc danh tr "taste" va "acid"), nhung thé hién bén ngoai va huong
thom thi khong dudc chi dinh rd rang. Mot s cac nghién citu trude day chi dé cap dén
viéc xac dinh cac khia canh 6 rang [16, 19, 23, 26]. Phuong phap trich rut khia canh
dugc dé xuit trong luin 4n sé xac dinh c4 hai dang khia canh rd rang va khia canh 4n.
Mot kho khin khac ciia trich rit khia canh 1a ¢6 thé tao ra nhiéu nhiéu (c4c phi khia
canh). LAm thé nao dé gidm thiéu nhiéu trong khi van c6 thé xac dinh dudc cic khia
canh hiém (tin suit xuit hién thip) va khia canh quan trong ciing 12 mot mdi quan
tam khéc ctia phuong phéap dé xuat. Ngoai ra luin 4n ciing quan tam dén van dé ngi
nghia cla tif trong cdc ngii canh khac nhau cta ching dé cai thién hon nita do chinh
x4c trich rit khia canh. Huéng t6i giai quyét nhitng vin dé trén, trong modul trich it
khia canh (Hinh 2.2) luin 4n dé xuit hai phuong phdp trich rit khia canh 1a "trich riit
khia canh st dung x4c suat c6 diéu kién két hop k¥ thuat bootstraping" (Chuong 2) va
"trich rit khia canh dua trén bi€u dién tit Word2vec va do do hd trg" (Chuong 3).
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Sau khi cdc khia canh dugc xédc dinh, viéc suy ra di€ém danh gid cia ngudi dung
ddi véi cac khia canh nay sé cung cAp cdi nhin rd hon vé miic do hai long clia ngudi
dung d6i véi ching. Trong nhiéu ing dung thuc té, dic biét I1a trong cac bai danh gia
san pham truc tuyén, diém danh gid roi rac (thang tir 1 dén 10 hodc tir 1 dén 5) thuong
dudc st dung d€ thé hién muc do hai 1ong ctia ngudi dung. Do vay, bai todn phan 16p
cam xuc khia canh c6 thé dudc xem nhu bai toan phén loai da 16p. Nhitng van dé khé
khin ctia phan loai da 16p nhu phan loai chinh x4c cac 16p lién ké hodc 1an c4n nhau,
hay van dé mét can bang giita cac 16p trong dit liéu da 16p déu dudc ludn 4n quan tim
va giai quyét. Trong modul du dodn xép hang khia canh va trong s6 khia canh (Hinh
2.2), bo phan 16p Naive Bayes (Chuong 2) dudc st dung d€ gidi quyét vin dé phan 16p
cam xuc khia canh sau khi da dudc trich rat. Mac du phuong phap nay kha don gian,
tuy vay, né da dugc chiing minh 12 kha hiéu qua qua nhiéu nghién citu va cic hé thong
ting dung dudc cdng khai [3, 4, 7]. Tuy vay, d€ nang cao hon nita do chinh xac trong
viéc x4c dinh diém danh gid khia canh, ludn 4n ciing da dé xuit mot phuong phéap
phan 16p cam xic bang cach két hdp cac bd phan loai co s6 (SVM va mang Bayesian
cong OR) dua trén luat két hop Dempster cho bai toan phan loai da 16p (Chuong 4).

Céc khia canh c6 chifa cdm xiic cling c6 thé dugc ngudi dung két hop véi céc trong
s6 khac nhau dé thé hién tAm quan trong tuong dbi clia cic khia canh. Ngudi dung
thuong dua ra danh gid tdng thé vé 4n tuong chung dbi v6i mot san phadm. Péanh gia
tong thé khong phai lic nao cling di thong tin. Tuy nhién c6 thé gia dinh ring diém
danh gia tong thé trén mot san pham 14 tdng trong sd cla diém danh gid ma ngudi
ding dua ra trén nhiéu khia canh ctia san pham, trong dé, trong s6 vé co ban do luong
mtic d6 quan trong clia cac khia canh. Mot s6 nghién cttu trudc day [35, 36] thuc hién
suy ra diém danh gia khia canh va trong s6 khia canh dong thdi dua trén phuong phap
hdi quy bang cach st dung ca noi dung bai danh gia va diém danh gid tong thé. Luin
4n dé xut mot cach tiép can khac (Chuong 2), cu thé, trong s6 ctia khia canh dudc
tinh bang cach sit dung tan suit ctia tlf khia canh trong bai ddnh gia va tinh nhét quan
ctia khia canh trén tit cd cdc bai danh gid. Céch tiép can nay khong yéu ciu bat ci
thong tin nao vé diém danh gid tong thé hay diém danh gia khia canh tif ngudi dung.
Hinh 2.3 mo t4 chi tiét ba bai toan nhd clia bai toan phan tich quan diém mic khia

canh ddi véi cac bai nhan xét san pham truc tuyén.
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Kok KAk

“By MYOB on January 2,

Iam a bigfan of Torkish-style cardamon coffee, brewed in a flared
copper stove-top pot like yousee n Istanbul! But wow! This stuffis
aAmMazng.

Dark without being bitter. Never acid atall no matterhow strong
youmake it. So soft. so lovely. There’s a chocolate-lice note. all wam

and clean but nothing chocolate about taste.

| drink it black, no cream or sugar. | tried it with sweetened

condensed milk as they suggest but it seems superfluous. Just drink
it hot and strait and you will be very happy!

1

Three tasks

Extracting Inferring Estimating Aspect
Aspects Aspect Rate Weight
bitter Dark without Body: 5 Body: 0.2
being bitter.
Acid, Aroma: - Aroma: 0
strong Never acid at all,
no matter how Taste: 5 Taste: 0.6
strong you make
Dark , it Acidity: 4 Acidity: 0.2
Soft,
lawvely S0 soft, so lovely.
Chocol- There’sa
ate-like, chocolate-like
note, note, all warm
warm, and clean, but
clean, nothing chocolate
taste about taste.

Hinh 2.3: Céc bai todn con ctia bai toan phan tich quan diém dua trén khia canh

2.2 Cac nghién ctru lién quan

2.2.1 Trich rut khia canh

Trich rit khia canh tif cic bai ddnh gia truc tuyén 1a nhiém vu chinh trong phan
tich quan diém miic khia canh. Cac k¥ thuat sém nhit dudc dé xuit cho trich rit khia
canh 1a c4c k¥ thuat khong gidm sat nhu trong [11, 44, 46, 60, 62, 119]. C4ch tiép
cin nay da dudc cdc nha nghién ctu st dung rong rai d€ trich rit cdc khia canh tir cac
bai danh gid truc tuyén. Cac phuong phap dua trén tan suat [11, 44, 46, 60] xem xét
cac danh tif hodic cum danh tif ¢6 tan xuét cao 14 cac ting vién. Tuy nhién, cic phuong
phép tiép can dua trén tan suit c6 thé bé qua cic khia canh c6 tan suit thip. Mot sb
cach tiép can dua trén kinh nghiém, luit, bod loc phiic tap dudc st dung dé€ khic phuc
van dé nay, song két qua khong dudgc nhu mong doi vi mot s khia canh van bi bo sét

[60—62]. Hon ntia, cac phuong phap nay gap khé khan trong viéc xac dinh cac khia
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canh 4n. Diém ndi bat clia cach tiép can khong giam st 1a khong yéu cau bat ky mot
su gan nhan nao tur dit liéu, don gian, it chi phi. Tuy nhién, do chinh xac trich rut chua
thuc su cao [4].

Céc k¥ thuat c6 gidm sat nhu trudng ngau nhién c6 diéu kién (Conditional Random
Field - CRF) [19-21], bd nhé ngan han dai han (long short term memory-LSTM)
[120, 121] dudc nghién ciu d€ nang cao hiéu qua trong van dé trich rit khia canh rd
rang. Mic du vay, cdc ky thuat nay lai doi hdi can c6 mot tap di liéu dudc gn nhan
thd cong d€ hun luyén mo hinh va do d6 c6 thé tén kém chi phi. Mit khéc, cac ky
thuat hoc sau (LSTM) c6 thé bi giam hiéu suét khi kham ph4 di liéu c6 ndi dung 4n
hoic cau dai do thiéu bd nhé [122].

Dé c6 thé giam chi phi do viéc gan nhin dif liéu cho cdc mo hinh hoc gidm sat, dong
thai tang hiéu qua trich rat khia canh, cac ky thuat hoc ban giam sat ciing da dugc
nghién ctiu rong rii. Cac ky thuat phd bién trong cach tiép can niy 12 mang no ron hoi
quy (Recurrent Neural Network - RNN) [24, 25], dya trén ngli nghia (semantic based)
[18], dua trén tu vung (lexicon-based) [64]. Pac biét, phuong phap st dung dac trung
ngdn ngit két hop giai thuat bootstrap ciing da c6 nhiéu dé xuat [17, 119, 123, 124].

Nghién cifu ctia Li va cdc cong su [119] da d& xuat mot mo hinh hai budc dé trich
rit khia canh va céc tif quan diém lién quan. Ban dau c4c cum tif mo t4 khia canh san
pham va cdm xuc lién quan dugc trich rit thong qua ky thuét bootstrap. Mot tiéu chi
tong hop dua trén hai phép do 12 miic do phd bién va do tin cay dudc st dung dé danh
gid cac mau va cdc dic trung. Sau do cdc dic trung dudc nhom lai thanh cdc khia canh
dua trén do tuong dong trong mang WordNet. Qiyun Zhao va céc cong su [17] da dua
ra mot phuong phdp dua trén ciy ct phap phu thudc két hop tir 16i quan diém va gii
thuat bootstrap dé€ kham pha mdi quan hé giita cac tif quan diém va khia canh. Pau
tién, tir 16i quan diém, ci phap phu thudc va vin ban danh gid 1a cdc dau vao. Sau do
trinh phan tich cu phdp gitip nam bat cAu triic phu thudc bén trong mdi cau. Hai nhém
tif quan diém va muc tidu dng vién ctia quan diém (khia canh) dudc tao bang céch st
dung cic quy tac xac dinh trude. Sau d6, ho trich rit 1ip di lip lai cac tif quan diém va
muc tiéu dua trén cac quy tic dudc xac dinh va tap két qua hién c6. Trong qud trinh
trich rit, mot do thi lién két gitta cac tif quan diém va tif muc tiéu quan diém dudc xay
dung dé xac dinh trong sb ctia cac mdi lién quan nay (thé hién bing cic canh cta dd
thi). Tir d thi quan hé giia tif quan diém va muc tiéu quan di€m, cic quy tic cat tia

dudc 4p dung dé c6 dudc cac két qua tot nhat.

2.2.2 Phdn lop cam xuc

Hau hét cac nghién ctu trudc day lién quan dén phan loai cam xudc déu tap trung
vao phan loai nhi phan (tich cuc va tiéu cuc) [9, 27, 28, 32, 33, 85, 94] va ba 16p (tich
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cuc, tiéu cuc, trung 1ap) [29, 86, 125]. Mot s6 nghién ciiu di cd gang chia nhd céc bai
danh gia tryc tuyén thanh cac 16p nhé hon (vi du: rét tich cuc, tich cuc, trung 1ap, tiéu
cuc, rat tiéu cuc) d€ mo t cudng do clia cam xuc [36, 126]. Mot s6 nghién citu khéac
giai quyét nhiém vu phan loai nhiéu 16p nhu 12 bai toan phan loai cac loai cam xtic
khac nhau (vi du: vui, tdc gian, budn, ngac nhién) [41, 127, 128]. Mac du nhiing cong
viéc nay ciing xi 1y nhiéu 16p, nhung ching khéc véi nhiém vu dudc dé cap trong luan
an nay nhu nghién ctu sinh da miéu ta trudc do.

Céc phuong phap phan loai truyén thong dé phan loai cdm xtic bao gom céc phuong
phap tuyén tinh [27, 28, 30], cac phuong phap dua trén xac suit [31, 32, 86], cic
phuong phép dua trén luat [9], va cdc phuong phdp ciy quyét dinh [33, 129]. Mot
cudc khao sat cia Hemmatian [6] va Ravi [4] cho thly NB va SVM da thu hit dudc
su chd y ctia cac nha nghién citu do c6 nhiéu wu diém so véi cac phuong phap khac.
Ngoai NB va SVM, mang no-ron ciing 12 cach tiép cin mdy hoc phd bién dé€ phan
loai cam xtc [4]. M6 hinh hoc sau st dung mang no-ron hdi quy (RNNs) va mang
nd-ron tich chap (CNNs) da dugc ap dung thanh cong trong bai toan phéan 16p cam
xuc [85, 94, 95]. Mac du cac thuat toan hoc sau ¢6 dd chinh xac vudt trdi so véi cac
thuat toan hoc mdy truyén théng, nhung ching yéu cau lugng dit liéu di 16n dé€ hoat
dong tot. Ngoai ra, hoc sau can st dung CPU nhiéu hon khoang 10 1an so v6i hoc mdy

truyén théng [130].

2.2.3 Trong sé khia canh

DPanh gia khia canh 1a su do ludng miic do hai long cta ngudi dung vé cac khia
canh ctia san pham. Trong khi d6 trong s cta khia canh do ludng mic do quan trong
ctia khia canh do ngudi dung dit ra. Cho dén nay chi c6 mot s6 nghién ciiu dudc thuc
hién dé€ khdm ph4 cic trong s6 ma ngudi danh gia dit ra trén cac khia canh [35]. Trong
[131], m6 hinh hoi quy hedonic dudc st dung dé x4c dinh trong sb ctia tiing khia canh
thong qua viéc st dung nhu cau san phAm nhu mot ham muc tiéu. Nhung trong s thu
dudgc 14 chung cho tit ca cdc bai danh gid ma khong tinh dén sd thich c4 nhan cta tiing
ngudi dung. Trong [63], cic tic gia st dung mo hinh hdi quy xdc suit (Probabilistic
Regression Model - PRM) d€ u6c luong trong s6 khia canh. Nghién cifu nay gia dinh
udc luong tong thé dugc rit ra tit phan bé Gaussian véi gia tri trung binh 12 tich sd
ctia diém danh gid khia canh va trong s khia canh. Ddi v6i mdi bai danh gia, véi cac
diém danh gia khia canh da biét, trong s6 khia canh véi x4c suit hau nghiém c6 kha
ning xay ra nhat dudc suy ra véi tan suét xuat hién 1a kién thic tién nghiém. Trong
[36, 37], PRM ciing dudc st dung dé€ udc tinh trong sb khia canh. Trong nghién cifu
nay, mot md hinh do thi xdc suit dudc gi6i thiéu d€ udc tinh dong thdi diém danh gia

khia canh va trong s6 ctia mdi khia canh. Wang va céc cong su [35] dé xuit mo hinh
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hodi quy 16p 4n (Latent Class Regression Model - LCRM) trong mdt md hinh do thi
x4c suat d€ dong thdi thuc hién c4 hai nhiém vu du doan diém danh gi4 khia canh va

udc lugng trong sb khia canh.

2.3 Cac khai niém co ban trong bai toan phan tich quan diém mic khia canh

Bai danh gid ctia ngudi dung i vé mot san pham ducc ky hiéu di. Thong thuong,
mdi bai danh gid ¢6 th€ chia nhiéu cau. Trong d6, mbi cau chita nhiéu tf w; trong tap
hop phé quat cla tit ca cac ti ¢6 thé co.

DPinh nghia 2.1 Tap cac bai danh gia (Review Text Documents): Tap céac bai danh
gia dugc ky hiéu 1a D = {dy,d>, ...,dp} 1a mot tip céc bai viét nhan xét vé mot loai
san pham, D 1a sb bai ddnh gi4 trong toan bo dit liéu.

Pinh nghia 2.2 Tir dién (Vocabulary): Gia st ring ¢6 V céc tit dugc tach ra tif tap
céc bai danh gia D. Tap cdc tir nay dugdc goi la tit dién V = {w;|j =1,V}.

Dinh nghia 2.3 Khia canh (Aspect): Khia canh 1a mot dic diém (mot thudc tinh
hodc mot thanh phan) clia san phdm. Vi du, “taste”, “aroma” va “body” 1a mot s6 khia
canh c6 thé ¢ ctia san pham “coffee”. Gia dinh ring c6 K khia canh dudc dé cap trong
tht c4 céc bai ddnh gia, dudc ky hiéu 1a A = {ai|k = 1,K}. Mot khia canh a; dugc
biéu dién bing mat tip hop cic tit va dugc ky hiéu 1a a; = {w|w € V,A(w) = a;},
trong d6 ay la tén cta khia canh, w 1la mot tir trong tdp hgp V va A(.) la mot toan ti
anh xa mot tu t61 mot khia canh.

Vi du: nhiing tit nhu “taste”, “aftertaste” va “mouth feel” c6 thé dic trung cho khia
canh “taste” clia san pham “coffee”.

Pinh nghia 2.4 Tu 1oi khia canh (Aspect Core Words): Cho mot khia canh ay,
mot tip hop rat it cac tl ¢6 trong tif dién miéu ta rat ro rang khia canh a; dudc goi 1a
tir 16 khia canh, ky hiéu 1a C; = {wy; € Viwy; — ax,j = 1,N}, trong d6 wy; 1a ti
mo ta khia canh a;, N 1a s6 tir 16i ctia khia canh a. Tap tir 16i khia canh nay khong
giao thoa sang tap tir 16i khia canh khéc. Céc tir 16i c6 thé dudc cung cip bdi ngudi
dung hoic bdi mot sé chuyén gia linh vuc.

Pinh nghia 2.5 Tir khia canh (Aspect Words): Tap tat ca céc tif ¢6 trong tir dién V
ma ching c6 thé md ta vé khia canh a; (céc tif nay khac véi céc tir 16i khia canh) dugc
goi 1a cdc tir khia canh, ky hiéu 1a T = {wy; € V,wy; ¢ Cy|lwx; —> ax, j =1,M}. Céc
tif khia canh khong thudc tap cdc tir 16i khia canh. M 1a s tif khia canh ctia khia canh
ay.

Pinh nghia 2.6 Piém danh gia khia canh (Aspect Rating): Cho mdt vin ban ddnh
gia clia ngudi dung d;, mot vector K chiéu r; € RX dugc sit dung dé biéu dién diém

danh gia cia K khia canh trong van ban danh gia d;, ky hi¢u la r; = {r;,, i, ..., Fig }»
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trong d6 r;, 12 mot gid tri s6 cho biét danh gia cla ngudi dung vé khia canh a;, va
Fi € [Fmins 'max] (vi du dai pham vi ctia ry, c6 thé thude tit 1 dén 5).

Dinh nghia 2.7 Trong s6 khia canh (Aspect Weight): Trong s6 khia canh biéu
hién su quan tAm cta ngudi dung ddi v6i mot hodc mot vai khia canh cu thé ciia san
pham. Cho mot vin ban danh gia ctia ngudi ding d;, mot vector K chiéu o; € RX dugc
st dung d€ biéu dién miic d6 quan tim cla ngudi ding ddi v6i K khia canh trong viin
ban danh gid d;, ky hiéu la o; = {0, 0%y, ..., 0, }, trong d6 oy, 1a mot gid tri sO cho
biét trong sb danh gid clia ngudi ding vé khia canh a, va o, € [0,1], vaY s, o4, = 1.
Trong s6 mdt khia canh cao hon ddong nghia véi viéc ngudi ding nhAn manh nhiéu
hon vao khia canh tuong dng.

Pinh nghia 2.8 Pi¢ém danh gia tong thé cia bai danh gia (Review overall Rat-
ing): Cho mot viin ban danh gid ctia ngudi dung d;, mot gia tri s6 y; € R biéu dién
diém danh gi tong thé ctia ngudi dung vé mot san pham trén tit ca cac khia canh clia
san pham. Gia tri di€ém danh gid tong thé nay tuong ty nhu diém danh gid khia canh.

Bai toan trich rat khia canh: Muc tiéu ctia nhiém vu nay la trich rit cac khia
canh dudc dé cip trong mot bai danh gia. Gia dinh rang mdi khia canh 1a mot phan
phdi xdc suit trén tit ca céc tir. Dong thdi ciing gia dinh rang mdi cau trong vin ban
clia bai danh gia c6 thé dé cap dén nhiéu khia canh. Do d6, phuong phap dé xuét trong
chuong nay trich rit cac khia canh dua trén x4c suit c6 diéu kién cta cdc tif sao cho
mbi cau c6 thé gan nhiéu nhén.

Bai toan du doan diém danh gia khia canh: Nhiém vu nay 12 suy ra vector r; ciia
diém xép hang khia canh (dudc xac dinh trong dinh nghia 2.6) cho mot bai danh gia
d;. Diém danh gid ciia mot khia canh phan anh cdm xdc clia ngudi dung vé khia canh
d6 thudng dudc thé hién bang cac tif cam xuc (tich cuc hoic tiéu cuc). Ngudi dung
cang st dung nhiéu tif ngif mang tinh tich cuc, thi diém danh gia ho mudn dit ra trén
khia canh do6 cang cao. Trong luan an, ap dung phuong phap hoc c6 giam sat, phuong
phap Naive Bayes, d€ hoc diém danh gid khia canh trong d6 céc tif cam xtic dudc xem
xét nhu 1a cic dic trung dau vao.

Bai toan wdc lugng trong sé khia canh: Nhiém vu ndy 12 udc tinh trong sb khong
am ¢; ma ngudi dung da trén khia canh a;; cia van ban d; (dudc xac dinh trong Dinh
nghia 2.7). V& co ban, trong s6 ciia mot khia canh do ludng miic d6 quan trong ducc
dua ra bdi ngusi dung ddi v6i khia canh d6. Ngudi ta quan sat thiy rang, moi ngudi
thudng néi nhiéu hon vé cic khia canh ma ho quan tAm trong cling mot bai danh gia.
Bén canh d6, c6 quan diém cho rang mdt khia canh 13 quan trong thudng dudc nhiéu
ngudi khic chia sé. Dua trén nhiing quan sit ndy, mot cong thiic dudc dua ra dé tinh
toan trong s6 khia canh. Cong thic tinh dén s 1an xuét hién clia cac ti thao luin vé

khia canh trong mot bai danh gid va tan suat cua cac cau van ban thao luan vé cung
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mot khia canh trén tat ca cac bai danh gia.

Céc ky hiéu chinh dudc st dung trong hé thdng phan tich quan diém mtc khia canh

cua ludn an dudc trinh bay trong Bang 2.1.

24

Béng 2.1: Céc ky hiéu sit dung trong phan tich quan diém muc khia canh

Ky hiéu

Mo ta

D = {dj|i =1,D}

Tap céc vin ban ddnh gia cia mot san pham,
D la so bai danh gia

V={w;lj=1V}

Tap tir di€n ctia mot san pham,
V 14 s6 tii c6 trong tir dién

A ={alk=1,K}

Tap cdc khia canh ctia mot sdn pham,
K 1a so cac khia canh

Gk = {ij € V|ij — day,
j=1N}

Tap tir 16i khia canh clia mot san phim,
N 12 s6 tir 16i ciia mot khia canh gy

Tk = {wrj € V,wi; & Cl
Wi j — ak,j = I,M}.

Tap tir khia canh clia mot san pham,
M 1a s6 tir c6 trong tap tir khia canh ay

Diém danh gid khia canh ctia ngudi dung

r; € RK thong qua bai danh gia d;,
r,= {ril,riZ, ...,I’,’K}
o; € RX Trong s6 khia canh, @; = {04, 04y, ..., Uy }
Diém déanh gia tong thé cla san pham
yi € RT ma ngudi dung thé hién thdng qua
bai danh gia d;
Diém danh gid khia canh thu k clia bai
ik dénh gid d;. r;, € [1,5]
o Trong sb khia canh thif k clia bai

danh gia d;, o, € [0, 1]

Hé thong phan tich quan diém mitc khia canh cac bai danh gia san phim

truc tuyén

2.4.1 Trich rit khia canh sit dung xdc sudt co diéu kién két hop ky thudt Boot-

straping

Hau hét dit liéu thuc té (c4c bai danh gia san pham truc tuyén) déu khong dudc gan

nhan khia canh, do vy luin 4n da lua chon huéng tiép can clia bai toan 1a cdc phuong

phép dua trén hoc ban giam sat. Cu thé, ludn 4n da st dung gia dinh ring, mot tip hop

phd quat ctia tat ca cac khia canh c6 thé c6 cho mdi san phadm déu biét trudc cung véi
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cac tu khia canh dudgc goi la 1 [oi khia canh (thuat ngtt mo ta chinh xac khia canh).
Gia dinh nay la thuc t& va chi phi thip. Tap dit liéu khong can phéi gan nhan day du.
Viéc xdc dinh san tap cac khia canh va mot s6 tir 16i dién hinh lién quan dén céc khia
canh kha don gian vi c6 thé b3 sung thém thong tin tif nha cung cip san phdm hoic
cac chuyén gia mién linh vuc [5]. Sau d6, bai toan trich rit khia canh 13 4nh xa céic
cau hodc cum tu trong bai danh gia thanh cac tdp hop con tuong tng vdi tung khia
canh. Théch thic chinh & dy 1a trong nhiéu bai ddnh gi4, cic cAu khong chiia di cic
tir 16i khia canh hodc thim chi khong c6 bat ky tir 16i khia canh nao. Diéu nay dan dén
viéc gan nhin cho céc ciu khong chinh x4c. Do d6, can phai mé rong céc tir 16i khia
canh thanh tip cic tir khia canh phong phud hon dua trén dit liéu da biét (cac bai danh
gia).

Trong mot s6 phuong phap ban gidm sat, tip hop cdc tir khia canh dugc xay dung
dua trén tan suat, bd loc theo cti phap phu thudc, md hinh Bayes hoic md hinh Markov
4n. Cac phuong phdp niy thudng gy ra cic hién tuong bd qua cic khia canh c6 tan
xuat thip hoic tao ra cac nhiéu (phi khia canh) va gip kho khin trong viéc xac dinh
cac khia canh 4n. P& vuot qua cic vin dé nay, luan 4n dé xuit mot phuong phap st
dung m6 hinh x4c suét c6 diéu kién két hop ky thuit Bootstrap dé trich rit cac tir khia
canh. Viéc st dung xdc suit c6 diéu kién gitip phat hién cac khia canh c6 tan suét
thap. Ky thuat Bootstrap gitip viéc mé rong cac tit 16i khia canh va tir khia canh tré
nén dé dang hon vdi chi phi thip. Thém vao do, dé loai bd cac nhiéu (céc tir phi khia
canh), ludn 4n da st dung dic trung TF-IDF ho tro lua chon ra céc tif ¢6 trong s6 quan
trong dbi v6i cac bai nhan xét va trong toan tap dif liéu. Pic trung POS Iva chon ra
khong chi cac tit 1a danh tir va cum danh tif ma con lua chon céc tur 1a tinh tUr, trang tu,
dong tit gitp cho céc khia canh an khong bi bd qua.

Hinh 2.4 minh hoa bdn khia canh ctia mot san phiam ca phé dudc thé hién bang céac
tf khia canh tuong ung cta ching, trong d6 ky hiéu O thé hién céc tir 16i khia canh,
biéu tuong X dai dién cho céc tir xuat hién trong dif liéu. Pdi véi san phdm ca phé nay,
bdn khia canh “body”, “taste”, “aroma” va “acidity” da dudc biét dén. Tap hop cac
tir 16i khia canh tuong ing véi cic khia canh nay 1an lugt 1a {body}, {taste, aftertaste,
finishing, mouthfeel }, {aroma, smell, flavor} va {acid, acidity}. Cac tu 16i khia canh
sau d6 dugc md rong bang cach bd sung cac tlif 6 xdc suat xuit hién cao trong cuing
mot cau ma céc tl 16i d6 xuat hién. Tap hop céc tif khia canh dudc dai dién bdi bon
vong tron. C4c vong tron nay c6 thé chdng 1én nhau, diéu nay cho biét ring mot sb it
khia canh c6 thé thudc vé cac khia canh khac nhau.

Gia st ring A = {ay,a,...,ax} 12 tap K khia canh ctia sdn phdm. a; 1a tap cdc tu
dai dién cho khia canh g, va tan suat xuét hién cta chiing lu6n 16n hon ngudng 6 (0

dudc xac dinh trong qua trinh thuc nghiém). Muc ti€u la thu thap tap cac ti ma ching
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X

Hinh 2.4: Tu 161 v6i cac khia canh

xuat hién trong cac ciu ciia toan bo ngit liéu thudc vé khia canh a;. Tap hop céc tir cia
hai khia canh c6 thé tring nhau, do d6 mot s thuat ngii c6 thé thudc vé nhiéu khia
canh. Pau tién, cdc cAu c6 chifa it nhat mot tir trong tap tir 16i khia canh C; ban dau
ctia khia canh dugc dinh vi (g4n nhin). Sau d6, tit ca cic tif bao gdm danh tit, cum
danh Ui, tinh tlr, trang tif va dong tif xuat hién trong nhitng ciu nay dudc tim kiém.
Céc tir xuat hién nhiéu hon mot ngudng 6 nhit dinh dudc bé sung vao tip hop céc tir
khia canh. Cdc tif ¢6 s6 1an xuat hién 16n nhit trong tip hop cac tit khia canh méi tim
dugc s€ dugc thém vao tap hop cac tu 16i khia canh. Tap hdp cac tur khia canh va céac
tlr 16i khia canh dudc cip nhat, cac tif nay dugc st dung d€ tim cdc cau dugc gan nhan
tiép theo. Qua trinh néi trén dudc lip lai cho dén khi khong tim thiy thém tit méi.

Thuét toan trich rit khia canh dugc dé xuét hoat dong nhu sau: Trude hét, vin ban
cua bai danh gia dugc chia thanh céac cau (budc 2). Sau d6, cac nhan khia canh tur tap
A ctia tit ca cdc nhin dudc gan cho moi ciu cla tap vin ban bai danh gid D dua trén
céc tir 16i C; ban dau vé khia canh (buéc 3). Dua trén cic cAu dudc nhan khia canh
ban dau nay, tip cac tir 16i khia canh G va tap tit khia canh T} cho moi khia canh dugc
cAp nhat. Céc tii trong tap T c6 s6 1an xuét hién 16n nhit sé dudc dua vao tap Cy, cic
tif trong V ma chiing khong thudc €y, c6 xéc suat diéu kién khi biét 8; 16n hon ngudng
6 dudc cap nhat vao tap T (budc 4). Cc nhan cho tit ci cac cau dudc cip nhit bang
cach st dung tap tu 16i khia canh va tap tu khia canh méi (buéc 5). Buée 4 va bude 5
dudgc 1ip lai cho dén khi khong tim thy tap tif khia canh mdi nio nita hodc s6 1an Lip
lai vuot qua ngudng nhat dinh.
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Algorithm 1 Thuét toan trich rit khia canh

Input:

D: tp van ban cac bai nhan xét D = {d;,d>, ...,dp};

A: tap cac khia canh A = {a;,ay, ...,ax };

C: tap cac tur 16i khia canh € = {C}, Cy, ..., Cx}, G4 la tdp cac tur 16i cta khia canh
ak;

V: tap tit dién (kho tht ca céc tif trong toan bo ngit liéu) V = {wy,wa,...,wp};
Loop: s6 1an lip;

0: ngudng xac suat c6 diéu kién.

Output:

AN A S A > e

ey

Sy: tap cac cau dudc gan nhan khia canh a, v6i k = 1,K.
> Buéde 1: Khdéi tao cac bién

S =0; > 8 1a tap tit ca cac cau trong kho ngit liéu
for k=1to K do 3; = 0;
end for > 8y 12 tap tt ca cac ciu gan nhan a; v6i k = 1,K
fork=1to Kdo T, =0;
end for > T 12 tip cdc tir khia canh ctia khia canh ay, v6i k = 1,K
LoopEgecution = 0; > S6 lan 1ap thuc hién khdi tao ban daula 0

> Bwdc 2: Tach cau
for mdi vin ban d; € D do 8 «— Segment (d;)

8: end for > Tach mdi véin ban trong tap di liéu thanh cdc ciu luu trong 8

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

18:
19:
20:

> Bude 3: Gan tit ca cac nhan khia canh ay t6i ciu s; néu cau chia it nhat mot tu
16i trong € cua C
for moi cau s;, € 8 do
for k=1to K do
for moéi tit wy,; € s do // wy; 1a ti thit j trong cau sy,
if Whpj € Gy then {Sh — label(ak);Sk — Sh}
end if
end for
end for
end for
repeat
> Budc 4: Cap nhat tap tir 16i khia canh va tap tu khia canh
for k = 1 to K do Cap_nhat (C;, T);
end for
Loopgxecution + 3
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Algorithm 1 Thuat toan trich rat khia canh (continued)

> Budc 5: Gan lai nhan khia canh a; cho cau

21: for mdi cau s;, € 8 do

22: for k=1to K do

23: m(k) =0; > m(k): sd tl khia canh ctia khia canh a; c6 trong ciu s,
24: for moéi tit wy; € s, do

25: if Whj € C; then {Sh — label(ak);Sk — Sh}

26: else

27: if wy,; € T then m(k) = m(k) +1;

28: end if

29: end if

30: end for

31: if m(k) = argmax(m(k)) then {s;, <— label(ay);Sy +— sp}
32: end if

33: end for

34: end for
35: until (G, T;) khong thay doi || Loopgxecution >= Loop

Algorithm 2 Thu tuc cép nhat tir 16i khia canh va tir khia canh
Input:

V: tap ti dién (kho tt ca cdc tif trong toan bd ngi liéu) V = {wy,wy,...,wp};

Ck: tap céc tu 161 duge gan nhan khia canh gy,

Jk: tap cac tu khia canh dudc gan nhan khia canh a.

Sy: tap cac cau chia khia canh a;

0: ngudng xac sult co diéu kién dé€ mé rong tap tif khia canh 0 < 0 < 1.
Output:

Cg: tap céc tu 161 dude gan nhan khia canh a; dugc cap nhat mdi.

Jk: tap cac tu khia canh dudc gan nhan khia canh a; dugc cap nhat mai.

1: procedure CAP NHAT(C;,T;) © Cap nhat tap tu 16i khia canh, tap tu khia canh
2 for moi tit w; € 8y do

3: Count(j) = 0; > Khdi tao s6 dém cia tit
4 end for

5 Count g, = 0; > Khdi tao s6 1an xuat hién 16n nhit ctia tt ca céc tif c6 trong

khia canh a;
for moi tit w; € 8y do
if w; € V then Count (j) = Count(j)+ 1;
end if
Countyg = max(Count(j));
10: end for

© oo 3D
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Algorithm 2 Thu tuc cip nhat tu 16i khia canh va tir khia canh (continued)

11: for moi tit w; € 8y do

> Cap nhat tap tu 161 khia canh a;
12: if w; € V&Count (j) = Countypa&w; ¢ Cy then Cy «— w;
13: end if

> Cap nhat tap tit khia canh a;véi tt méi w; ma xdc sult c6 diéu kién cla nd khi
bict tap Sy vuot qud ngudng 6. Pr(w;|Sk) = p(w;).p(8k|(w;)/p(Sk)

14: ifw; € V&w;¢Cr & Pr(w;j|S;) > 0 then Ty «— w;
15: end if
16: end for

17: end procedure

Panh gia d6 phic tap caa cac thuat toan

Ménh dé 2.1 [Po phtic tap cua thu tuc cap nhat tur 16i khia canh]: B9 phiic tap cua
thii tuc cdp nhat tit 16i khia canh CAP NHAT (Cy, T3) 1a O(T}.) vé6i Ty 1a sb tit ¢6 trong
tat c4 cac cAu dudc gan nhan khia canh ay.

Chirng minh:

Thu tuc nay gom: 2 ciu Iénh gan (dong 2,3) nén déu c6 thdi gian chay 1a O(1);
Vong 1ip for (dong 4-8) c6 than gém Iénh if (dong 5-6) va 1énh gén (dong 7). Vong
Lip for c6 s6 1an 1dp 1a Ty (sd tir c6 trong tht ca cdc cAu dudc gdn nhan khia canh ay).
Than cda 1énh if 1a mot 1énh gan nén ¢ thoi gian chay la O(1). Lénh gan (dong 7)
cling c6 thoi gian chay 1a O(1). Vi vay, thdi gian chay cua vong lap for (dong 4-8) la
O(Ty); Vong lip for (dong 9-14) c6 than gom 2 1énh if (dong 10-11 va dong 12-13).
Vong lip for c6 s6 1an lip 1a 7;. Hai 1énh if déu c6 than 1a cdc 1énh gdn nén thoi gian
chay ctia mdi 1énh déu 1a O(1). Do d6, thoi gian chay ctia vong lip for (dong 9-14) 1a
O(T}). Nhu viy, do6 phiic tap cta thii tuc CAP NHAT (G, T¢) 1a O(T;). Ménh d da
dugc chiing minh.

Ménh dé 2.2 [P0 phiic tap cia thuat todn trich rit khia canh]: Do phic tap clia
thuat todn trich riit khia canh 12 O(LKT) v6i L 1a s6 1an cap nhat (G, T;), K 12 s6 khia
canh ciia san phdm va T sd tif dudc tach ra tif tAt cd cac vin ban c6 trong kho dit liéu.

Ching minh:

Thuét todn trich rit khia canh gdm 5 buéc. Budc 1 gdm céc dong 1énh 1-6, budc 2
gdm cac dong 1énh 7-8, budc 3 gdm céac dong 1énh 9-16, budc 4 gdm cic dong 1énh
18-20, budc 5 gom cac dong 1énh 21-34.

Budc 1 gdm 2 1énh gan (dong 1,6) va 2 vong lip for (dong 2-3 va 4-5). Lénh gan
c6 thoi gian thuc hién 12 O(1). Hai vong lip for déu c6 sb 1an Lip 1a K (s6 khia canh

cua sdn pham) va than ctia chiing 1a cdc 1énh gan ¢6 thdi gian thuc hién 1a O(1). Nhu
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vy, thai gian thuc hién cia bude 1 1a O(K).

Budc 2 1a mot vong 1dp for véi sb 1an 1dp 1a D (s vin ban c6 trong kho dit liéu).
Thén cua vong lap 1a mot 1énh gan c6 thoi gian thyc hién 1a O(1). Vay budc 2 cua
thuat toan co thoi gian thuc hién 1a O(D).

Budc 3 gom 3 vong lip for 10ng nhau. Lénh for thi nhit (dong 9-16) c6 sb 1an Lip
12 S (36 cau dudc tach ra tit D vin ban). Than ctia n6 13 vong lip for thit hai (dong
10-15) ¢6 s6 1an 1dp 1a K. Than cta vong 1dp thii 2 1a vong lip for thd 3 ¢6 s6 lan lip
1a N (sd tlt c6 trong cau). Vong lip thii 3 ¢6 than 1a 1énh if (dong 12-13) thuc hién mot
1€nh gan c6 thdi gian chay la O(1). Do do, thdi gian chay cia buée 3 1a O(SKN). Tuy
nhién SN=T (sb tir dudc tach ra tif D vin ban c6 trong kho dit liéu). Vi viy, buée 3
cua thuat toan co thai gian thuc hién 1a O(KT).

Budc 4 gdbm mot vong lip for (dong 18-19) va mot 1énh gan (dong 20). Lénh gan
c6 thai gian thuc hién 1a O(1). Vong 1lip for c6 s6 1an lip 1a K va than cta né 1a 10i
goi thit tuc CAP NHAT (Cy, T%). Thii tuc nay c6 thdi gian thuc hién 1a O(7}), vi thé
vong lip for c6 thdi gian thuc hién 1a O(KT;). Mit khac KTy, = T, vi thé budc 4 cia
thuat toan co thdi gian thuc hién 1la O(T).

Budc 5 gdm 3 vong lip for 1ong nhau. Lénh for thd nhit (dong 21-34) c6 sb lan
lip 12 S. Than ctia n6 1a vong 13p for thif hai (dong 22-33) c¢6 s6 lan lip 1a K. Than ctia
vong lip thit 2 gdm 1énh gan (dong 23) c6 thdi gian thuc hién 12 O(1), 1énh if (dong
31-32) thuc hién mot Iénh gan c6 thadi gian thuc hién 1a O(1) va vong lap for thu 3
c6 so 1an lap 1a N. Vong lip thi 3 c6 than 12 1énh if (dong 25-29) thuc hién mot 1énh
gan c6 thoi gian chay 1a O(1). Do d6, thdi gian chay ctia budc 5 1a O(SKN). Ta da biét
SN=T, Vi vay, budc 5 cua thuat toan co thoi gian thuc hién 1la O(KT).

Buéc 4 va budc 5 dudc lip lai trong vong 1ip repeat-until (dong 17-35) véi s6 lan
1dp 1a L(Loop). Nhu vay thdi gian thuc hién tdong hgp clia thuét toan trich rut khia
canh 1a O(LKT), trong d6 L 1a s6 1an cap nhat Cy, T, K 1a s6 khia canh ctia san pham,
T 1a sb ti dudc tach ra tif D viin ban c6 trong kho dit liéu huan luyén.

Tu thai gian thuc hién cua bude 1 1a O(K), bude 2 1a O(D), buée 3 1a O(KT), buée
4 va bude 5 la O(LKT), ta suy ra do phic tap cia thudt toan trich rut khia canh la
O(LKT). Ménh dé dugc chiing minh.

2.4.2 Du dodn diém ddnh gid khia canh dua trén phén l6p Naive Bayes

Van dé du dodn di€ém ddnh gid khia canh c6 thé dugc coi la van dé phan loai da 16p,
trong d6 diém danh gid (tir 1 dén 5) dudc coi 1a cac nhan va cic tir cdm xiic (sentiment
word) dudc xem xét nhu 1a cdc dic trung. Trong hau hét cac cong viéc lién quan dén
phan tich quan di€m, tinh tif va trang tif dudc st dung nhu nhiing tif ing vién chi cam
xuc. Tinh tu va trang tu dudgc phat hién dya trén ky thuat gan nhan tu loai (POS).
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Ngudi ta nhin ra ring mot s& cum tif ciing c6 thé dugc st dung dé€ thé hién tinh cam
tuy thudc vao cac ngit canh khac nhau. Vi du trong hai cau sau: “we have big problem
with staff”, va “we have a big room”, hai cum danh tu “big problem” va “big room”
truyén tai nhitng cam xuc trdi ngudc nhau, trong khi ca hai cum tir déu chita cing mot
tinh tif cdm xiic "big". P& nam bat dudc ngii canh dang nay, luan an si dung trich rit
céc dic trung bi-gram theo mot s6 mau cu phdp cb dinh dudc dé xuét trong [8]. Chi
nhitng mau cd dinh ctia hai tir lién tiép, trong d6 mot tir 1a tinh tif hodc trang tif va tif
con lai cung cip ngit canh mdi dudc xem xét.

Piém danh gia khia canh hoic diém danh gid chung cda ngudi dung vé mot san
phdm thudng c6 dang dit liéu sb (sb thuc/sd nguyén). Ddi véi cach tiép can hoi quy
c6 thé du dodn céac diém nay & dang sb thuc. Tuy nhién véi céach tiép can phan 16p,
cac gia tri diém dudc coi 1a cdc gia tri sd nguyén. Trong bai toan ctia luan 4n, cdc gia
tri diém danh gia & dang sd thuc sé dudgc quy di vé s6 nguyén theo quy tac lam tron.
Piéu nay c6 nghia la mot diém sb 1a 3.3 dudc quy vé diém sb 3, diém s6 3.7 dudc quy
vé diém sb 4.

Cho mot vin ban danh gia d;, di€m ddnh gid cta khia canh a; v6i Q dic trung (ky
hiéu 12 (fi, f2, .- fgs -, fo)) dugc trich rit xdc dinh dya trén xdc suét diém r;, thudc
Ve 16p ¢ € Cpaes = {1,2,3,4,5}. Xdc suét la:

p(flany"'afq|rik € C) *p(rik S C)

p\ri Gcf17f27”'af = (21)
( . | q) p(f17f27"'7fq)
Gia dinh ring céac dic trung 1a doc 1ap, sau d6 (2.1) dudc chuyén thanh:
(T2, p(fylri, € €)) * plri, € €)
pri € clfi, forons fo) = ———— 5 - (2.2)

Zgzlp(fq)

trong do:

p(fylri, €¢) = n‘;"ai{"c; ) 1 x4c sudt ma dic trung f, thudc vé 16p ¢, ng, (fy,c) 1a 6

cau dugc gan nhan di€m c cla khia canh a; ma ching c6 chia déc trung f,, ng,(c) 1a

tat ca s6 cau c6 nhan khia canh 13 a; va ¢6 nhan diém khia canh 1a ¢;
ng, (¢) .« A, s 4R . s N N
p(rik € ¢) = —— ]a xéc suat ma di€ém danh gia khia canh r;, thudc ve 16p c, ng, 1a
nay . k : k
tat ca sO cau c6 nhan khia canh la gy,

P(fq) = o)

le
ma chung chita dic trung f,.

1a xdc sult cla dic trung f;, ng,(f;) 1a s6 cu c6 nhan khia canh a

DéE 1am min cong thic (2.2) phép bién ddi Laplace dugc st dung, p(f,|r;, € ¢) tr6

thanh:
nak (fCI7 C) + 1

g, (c) + |Vak‘ +1

p(fglri, €c) = (2.3)
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trong do: }Vak‘ 1a téng sb dic trung c6 trong khia canh ay.
Theo cong thifc (2.2), mau s6 12 tuong duong vdi tit ca cac nhan 16p ¢, do d6 diém
danh gid khia canh r;, dugc gan nhan c khi xédc suat p(r;, € c|fi, f>,-.., fo) 1216n nhit.

¢ = arg max (H p(fqlri, € ¢) * p(ri, € ¢)) (2.4)

CECclass q:1

2.4.3 Uédc luong trong sé khia canh dua trén tan sudt khia canh trong bai ddnh

gid va trong toan bo kho ngit liéu

Thong qua viéc nghién ctiu cac bai ddnh gid san pham, nghién ctiu sinh nhén thiy
rang néu ngudi dung quan tim nhiéu hon dén mdot khia canh (cho biét khia canh d6
quan trong ddi v6i ngudi diing), ho sé dé cip nhiéu hon vé né trong bai danh gia. Hon
nita, c6 y tudng cho ring mot khia canh quan trong thudng dudc nhiéu ngudi ding
chia sé. Hay n6i mot cach khac, moi quan diém cta ngudi dung nay cling sé c6 anh
hudng t6i ngudi dung khéac. Sau quan st ny, nghién cifu sinh dé& xuat udc tinh trong
s6 ctia khia canh bang cdch tinh todn thong qua hai thanh phan: Thanh phan trong s6
ctia khia canh a; trong vin ban d; dudc ky hiéu 12 EDj, va thanh phan trong sb ctia
khia canh thong qua tit cd cdc vin ban (toan bd kho dif lidu) dudc ky hiéu 1a ECy. Luu
y riang, theo cach nay, diém phan cuc clia tif cam xic khong dugc st dung nhu trong
mot s cach tiép can khac. Thay vao d6 cac phép do xdc suit clia tlf va cau lién quan
dén mot khia canh trong bai danh gid va trong kho dit lidu dudc xem xét. Y tudng nay
tuong tu nhu y tudng st dung TF-IDF d€ do muic do quan trong cia tif  mot miic do
nao do.

Cho mot bai ddnh gid d; va mot khia canh gy, thanh phan trong s6 EDj, ctia khia
canh a; dudc xdc dinh dua trén x4c suit xuat hién ctia khia canh a; trong vin ban d;

nhu sau:

N4
Zjlzlwikj

EDj; =
ik ]Vz

(2.5)

trong d6 wi; la t thit j trong cdc ti khia canh cua khia canh gy xuat hién trong vin
ban d;, va N; 1a sb tit khia canh xuét hién trong viin ban d; ctia tat ca cac khia canh.
Thanh phan trong s6 EC; dudc tinh dua trén sd cau khia canh a; xuét hién trong

toan bo kho dit liéu vé& san phdm theo cong thiic (2.6).

M
Y1 Skh

EC
k M

(2.6)

trong do si, 12 cau thi 4 trong kho ngit liéu dugc gan nhan khia canh ay, va M 1a tong
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s6 cau c6 trong kho ngit liéu.
Cubi cling, trong sb ¢ cho khia canh a; clia bai danh gid d; dudc tinh nhu sau:

_ EDy+EC
YK EDy*EC;

Ok (2.7)
trong d6 K 1a sb khia canh dugc xédc dinh ctia sén pham, mau sé Y& | EDy x ECy

chuin hoa gia tri cta a; trong doan [0, 1].

2.5 Két qua thue nghiém

2.5.1 D liéu va méi trudong thi nghiém

Céc thuc nghiém dudc thuc hién bang cich st dung ba bo dii liéu khac nhau bao
gdm: bd dit liéu danh gid khach san dugc thu thap tir Tripadvisor.com dugc st dung
trong [36], bo di liéu danh gia bia dudc thu thap ti Beeradvocate.com st dung trong
[132] va bo du liéu danh gia ca phé Trung Nguyén dudc thu thap tu trang web Ama-
zon.com.

Tap dit liéu Khach san bao gdom bay khia canh khac nhau d6 1a value, room, lo-
cation, cleanliness, check-in/front desk, service va business services. Tap du li€u nay
bao gdm gan 194,000 bai viét ddnh gia vé 1,759 khach san. Tap dit liéu vé bia c6 nim
khia canh riéng biét la aroma (or smell), palate (or feel), taste, appearance (or look),
and overall. Bo dit liéu nay kh4 16n véi hang triéu ludt danh gid. Mot tap hop con gdm
50.000 danh gia vé bia dudc st dung trong thit nghiém. Tap dit liéu vé ca phé v6i bon
khia canh 1a aroma, taste, acidity, va body gébm 1200 bai ddnh gid thudc 17 loai ca

phé khac nhau. Thong tin thdng ké vé ba bd dit liéu dugc trinh bay trong Bang 2.2.

Bang 2.2: Théng ké ba bo dit liéu Khach san, Bia, Ca phé

Tap du lieu Tap du liéu Tap du liéu

Khach san  Bia Ca pheé
S6 bai danh gia 193,661 50,000 1200
Tong sb cau 1,790,880 509,320 5289
Trung binh
56 cAu trén 9.25 10.19 4.41

mot bai danh gia

Trong bai toan trich rit khia canh, tip tir 16i (Bang 2.3) ctia tiing khia canh dbi
véi tiing san phdm dugc st dung 1am dau vao cho thuat todn trich rit khia canh dugc

mo ta trong phan 2.4.1, trong d6 ngudng O (ngudng xac suit c6 diéu kién) dugc thi
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nghiém tir 0.05 dén 0.5, gi6i han budc 1ip L=10. Céc bd kiém tra 2500, 2000 va 500
ciu dudc chon ngau nhién ti bd dit liéu khach san, bo dit liéu bia va bo dit liéu ca phé
tuong dng dé ki€ém tra do chinh x4c ctia bai todn trich rit khia canh. Di vé6i bai toan
du dodn diém danh gid khia canh, tap di liéu sau khi thuc hién bai toan (1) dugc chia
thanh 5 phan. Sau d6 kiém tra chéo v6i 5_fold dugc thuc hién cho bai toan (2), (3).

Bang 2.3: Thong ké khia canh va tir 16i khia canh ctia ba bo dif liéu Khach san, Bia,

Ca phé

Tap du liéu Khia canh Tu 1oi khia canh
Value Value, price, worth
Room Room, rooms
Location Location
Hotel Cleanliness Dirty, smelled, clean
Check in/front desk  Staff
Service Service, breakfast, food
Business service Internet, wifi
Appearance Appeflrance, color, colors,
coloring, head, foam
Aroma Aroma, aromas, smell, smelling
Bia Palate Palate, mouth, feel, mouth feel
Taste, tastes, aftertaste,
Taste . .. .
in the end, finish, finishing
Overall Overall
Aroma, aromas, smell, smelling,
Aroma
flavor, flavors
Ca phé Tuste Tas:te,.tastes, aftertaste, finish,
finishing, mouth feel
Acidity Acid, acidity
Body Body, aged, vintage

2.5.2

Tién xit ly va trich chon ddc trung

Tién xit Iy dir liéu: Céc ky thut xi Iy ngdn ngit tu nhién khéc nhau dugc sit trong

cdc budc tién x 1y vin ban, trich rit dic trung va lua chon dic trung.

Ma héa tdch cdu: Vin ban dudc chia tich thanh cdc phan nhé hon 1a cau va tir. Tai

budc nay vin ban dau vao dudc chia ra thanh cdc phan nhd dua trén cac diu hiéu nhan

biét cua cau la dau

Xoa ddu cdu va cdc ky tw ddc biét: Sau bude tach cau cac dau cau bi 16i nhu "...

66 9 6“’7 “‘)”
. .

, va dau “,”.

66 9

n
2
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"I, "299", va cac ky tu didc biét nhu biéu tuong cam xiic dudc loai bd khdi cdc phan
van ban (cau hoac cum tw).

Gdn nhan tie loai: Cac tu dugc phan loai thanh céc loai ti khac nhau nhu danh tu,
tinh tu, trang tu, dong tu nho cac cong cu gan nhan POS.

Chuyén déi chit hoa: Tht ca céc chit cdi dudc chuyén sang chit cdi thuong.

Loai bé tir dirng: Tit diing bao gdm céc mao tir, lién tir, va gi6i tif duoc loai khoi dit
liéu van ban.

Trich rit va lua chon dic trung: Nhiém vu nay rit quan trong vi chit lugng clia
cac diic trung anh hudng truc tiép dén hiéu qua ctia mod hinh khai ph4 khia canh. Lun
an st dung diic trung muc tf dang Uni-gram va Bi-gram dé lam dic trung co ban.

Lua chon dic trung 12 loc va loai bd cic dic trung it lién quan hodc rét it anh hudng
trong van dé trich riit khia canh. Nhiéu nghién citu chi ra ring danh tif va cum danh tit
12 nhiing chi s6 quan trong ctia khia canh [3]. Tuy nhién, trong cdc nghién cifu vé trich
rut khia canh 4n [36] céc dang tf nhu tinh tui, trang tir, dong tif cling mang ngl nghia an
am chi dén khia canh nao d6. Trong cAu “This camera is expensive.”, tii "expensive"
am chi dén khia canh "price" cta thuc thé "camera". Thém vao d6, phuong phéap ctia
luin 4n con st dung dic trung tan sult tli - tan sut nghich ddo vin ban (TF-IDF) dé
loc ra céc dic trung c6 trong s6 quan trong ddi vé6i toan tap dit liéu. Tuy nhién, d& phi

hop véi thuc té, trong cong thiic TF-IDF nghién cifu sinh hiéu chinh lai tinh theo sb
#g(w) log S|
w) |seS:wes|

cu co chita thuat nglt dang xem xét, nghia la 5 Trong do #4(w) la

/
s6 1an xuat hién ctia tif w trong vin ban d, Zw,zdegw/) 1a t6ng s 1an xuét hién cla tat
cd cdc tli ¢6 trong d, |8| 1a tdng sb cau tach ra tr tap dit liu D, |s € 8§ : w € 5| 12 téng
s6 cAu chiia tir w.

bic trung Uni-gram dugc trich rut 1a cac danh tu, tinh tu, dong tu, trang tu. Pac
trung Bi-gram dudc trich rit theo miu ci phap dudc dé xuét trong [8]. Chi nhiing
mau cb dinh ctia hai tif lién tiép, trong d6 mot tir 1a tinh tif hodc trang tif va tif con lai
cung cAp ngilf cAnh méi dudc xem xét. Hai it lién tiép dugc trich rit néu thé POS clia
chiing tuan theo bt ky quy tic nao trong Bang 2.4, trong d6 JJ 1a thé tinh tir, NN la
thé danh tir, RB la thé trang tir, VB 1a thé dong tir. Vi du, véi quy tic s6 2 trong bang
nay c6 nghia 12 hai tit lién tiép dudc tdch ra néu tir du tién 1a trang tif (hodc cdc trang
tu so sanh), tu thu hai la tinh tu, va tu thi ba (tu khong dudc trich rut) 1a mot tu khong
phai danh tu. Trong cau "Quite dry, with a good grassy note" hai tut "quite dry" va
"good grassy" dudc trich rit vi chiing théa man quy tic thi 2 va quy tac thd 3 tuong
ting. Mot vi du minh hoa vé qua trinh tién xt ly va trich chon dic trung dudc thé hién
trong Hinh 2.5
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Not what | expected. The view was GREAT! The room lacked.... One of the tiles o,
in tiles in the bathroom shower was broken and the room just looked old. | ;,g'; :‘;:
expected more for 5600 a night, but | guess | paid for location and the view!
<Not what | expected.>| < The view was GREAT!>|< The room lacked....>|< One L.
of the tiles in tiles in the bathroom shower was broken and the room just \;2: ::::"
looked old.>| < I expected more for $600 a night,>| < but | guess | paid for tich cau
location and the view!»
<not what | expected>|< the view was great>|< the room lacked>|< one of the Vin ban sau
tiles in tiles in the bathroom shower was broken and the room just looked khi loai bd céic
old=| < | expected more for 600 a night>| < but | guess | paid for location and ley tyr diic bigt
the view> va dau cau
| ciu1 | not_RB what_ WP ([ |_PRP ])<: expected _VBD :> | ‘ [not], [expected] |
| ciuz | ([ the_DT view_NN ])<: was_VBD :>great_JJ | ‘ [view], [was], [great] |
ciuz | ([ The_DT room_NN ])<: lacked_VBD :> | ‘ [ room ], [lacked] |
([ one_NN of_IN the_DT tiles_NNS ]) in_IN ([ tiles_NNS ]) , i i Trich
St | in IN ([ the_DT bathroom_NN shower NN ])<: was_VBD fhainn [one], [tlliﬂ;g';giikl::;h[r;z:]]' [shower], chon
broken_VBN :>and_CC ([ the_DT room_NN ]) POS [just Iouked]’ [old] dac
<: just_RB looked VBD :>old_JJ ’ tri'ng
([ I_PRP ])<: expected VBD :> [expected]
Cius more_RBR for_IN ([ 600_CD ]) ([ a_DT night_NN ]) [more], [night]
—{but_CC {[ I_PRP ])<: guess_VBP :>([ I_PRP ]}<: paid_VBD :» i . .
ce for_IN ([ location_NN ]) and_CC ([ the_DT view_NN ]) [guess], [paid], [location], [ view]

Hinh 2.5: Vi du mo ta qua trinh tién x@ ly va trich chon dic trung

Bang 2.4: Cac lut trich rut dac trung bi-gram dya trén POS

Tieddutién  Tirthihai 0 owuba

(khong trich rut)

1. 1 NN or NNS  BAatky tif nao

2. RB,RBR,or RBS JJ Not NN nor NNS

3..1) JJ Not NN nor NNS

4. NN or NNS JJ Not NN nor NNS

B, VBD P
5. RB, RBR, or RBS VB, VBD, Bat ky tu nao
VBN, or VBG

2.5.3 Két qud va ddnh gid
Trich rut khia canh

Dé danh gi4 hiéu qua ctia phuong phap dé xuit, do do precision dugc st dung.
Bang 2.5 cho thiy hiéu suat ca phuong phap nay ddi véi ba bo dit liéu cho van dé
trich rut khia canh. Po chinh xéac trung binh tuong tng la 0,786, 0,803 va 0,653 lan
lugt cho bo dit liéu khach san, b dif liéu bia va bo dit liéu ca phé. Phuong phip dé
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xuét dat dudc hiéu suét tét trén bo dit liéu khach san va bia. Tuy nhién, dbi v6i bo di
liéu ca phé, két qua khong t6t nhu mong doi. Piéu nay 1a do trong bo dif liéu ca phé,
ngudi dung thudng chi dua ra cdi nhin chung vé san phdm. Hon nita, tip dif liéu nay
chi yéu chifa céc bai ddnh gid ngan, véi s lugng cau trung binh 12 4.5, so véi 10 va 9

cua tap du li€u khach san va tap dit liéu bia.

Bang 2.5: Két qua trich rit khia canh trén ba bo dit liéu Khach san, Bia, Ca phé

Du liéu Khach san Du liéu Bia Du liéu Ca phé
Khia canh  P,.ision | Khia canh P 5o, | Khia canh P ision
Value 0.747 | Appearance 0.750 | Aroma 0.667
Room 0.837 | Aroma 0.857 | Taste 0.677
Location 0.814 | Palate 0.857 | Acidity 0.667
Cleanliness  0.764 | Taste 0.848 | Body 0.600
Check /4 850 | Overall 0.704
front desk
Service 0.754
Bus1.ness 0.737
service
Trung binh  0.786 | Trung binh  0.803 | Trung binh  0.653

D& phan tich k¥ hon vé tac dong clia cdc tham sb thuit toan d6i véi kha ning trich
rut dung khia canh (st dung d6 do Precision) trong tiing bo dit liéu, ludn an xem xét
ngudng O 13 ngudng xac suit dé 1ay md rong cac tap tir khia canh va phan tich anh
huéng ctia tham sb nay dén hiéu quéa ctia phuong phap. Biang thuc nghiém, ngudng
6 dudc thay ddi nham xac dinh gid tri ma tai d6 phuong phap dé xuit hoat dong t6t
nhit.

Két qua cho thiy, ngudng 6 can tim 1an luct c6 gid tri 0.18 (Hinh 2.6), 0.15 (Hinh
2.7) va 0.08 (Hinh 2.8) tuong tng véi cac bd du liéu Khach san, Bia, va Ca phé. Hinh
2.6, 2.7 chi ra rang véi cac bo dit liéu 16n (Khach san, Bia) d6 chinh xdc ctia phuong
phép dé xuét thudc khoang tir 0.6 dén 0.85. Mit khac dudng cong (Precision) clia cac
khia canh khic nhau trong hai bo dit liéu nay 1a kha tuong dong nhau, diéu nay thé
hién tinh tuong quan gitta cic khia canh 1a cao. Tuy nghién, theo Hinh 2.8 thi diém
ngudng O gitta cdc khia canh trong bo dit liéu Ca phé 1a khong dong nhit. Véi khia
canh Aroma va Taste ngudng 6 & diém 0.08, vdi khia canh Acidity ngudng 6 & di€ém
0.09 va khia canh Body ngudng 6 & diém 0.1. Thém vao dé6, két qua du doan khia
canh giam rat thip (khoang 0.2) khi ngudng 6 cao. Ngoai ra, theo sb liéu trong qua

trinh thuc nghiém cho thiy s6 1an 1ip cip nhat ti 16i khia canh va ti khia canh cda
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san pha4m Ca phé chi 1 4-6 1an tiy thudc gid tri ngudng 6. Nhu vay phuong phép dé
xuat phit hop véi cac bd dit lidu 16n véi mat do cau va tit cao, khong phu hop véi tap
dit liéu nho va dif liéu thua. Phuong phap dé xuat c6 thé cai dit don gian xong mat chi
phi khi phai do ngudng 6 trong qua trinh thuc nghiém.

Panh gia trich rut khia canh véi nguéng 6

Precision
(=] (=] (=] (=] [=] [=] [=] [=]
fa tw E in =} ~ ta o

=]
i

[=]

0.05 0.08 01 0.1z 0.15 0.18 0.2 0.3 0.4 0.5
V3 U === Ro0OM === ocation Cleanliness

e Check in/ front desk ssseService el B SiNESS SEFVICE

Hinh 2.6: Hiéu qua ctia phuong phap dé xuét iing vdi cac ngudng 0 khac nhau déi véi
bo di liéu Khach san
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Hinh 2.7: Hiéu qua ctia phuong phap dé xuét dng vdi cac ngudng 0 khac nhau d6i véi
b0 dit liéu Bia
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Panh gia trich rat khia canh véi ngudng 0
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Hinh 2.8: Hiéu qua ctia phuong phap dé xuét dng vdi cac ngudng 0 khac nhau dbi véi
bo di liéu Ca phé

D{t liéu Khach san

0.860
0.840
0.820
c 0.800
0
2 0.780
g
a 0.760
0.740
0.720
0.700
v R S C AVER
B Long,Zhang, and Zhu 0.759 0.776 0.746 0.750 0.758
m Phuwong phéap dé xuat  0.747 0.837 0.754 0.764 0.776

Khia canh

Hinh 2.9: Két qui so sdnh phuong phdp dé xuit véi phuong phép clia Long va céc
cong su

Phuong phap dé xuit cta luin 4n dudc so sanh véi phuong phap dua trén tan suit
cta Long va cac cong su [60] trén tap di liéu khach san. Phuong phap nay st dung
mot tAp nho céc tir 161 khia canh, sau d6 cac tir 16i khia canh nay dudc st dung d€ tao
cc tif mS rong thong qua trinh ci phdp phu thudc (tim ra cidc mbi lién quan dén su
xuat hién cta cdc tir 16i khia canh va tif md rong trong mot vin ban). Ddi véi mdi cip
thuc thé - khia canh, cdc tir 16i khia canh, tf md rong va cdc tir lién quan dudc tao

thanh mot nhoém. Cudi cling, mot do do khoang cach thong tin dudc st dung dé lua
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chon cdc ting vién toan dién nhét vé mot khia canh nao d6. Hinh 2.9 cho thiy ring
phuong phap dé xuét tot hon so v6i phuong phap ctia Long & cac khia canh room (R),
service (S) va Clean (C). Nhung phuong phap ctia Long t6t hon trong viéc phat hién
khia canh Value (V).

Dt liéu Bia

0-900 0.800 0.803
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0.300 0.240

0.200

0.100

0.000

m LDA, K topics, semi-supervised B LDA, 10 topics, semi-supervised

Precision
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B PALE LAGER, fully-supervised  m Phuwong phap dé xuét

Hinh 2.10: Két qua phuong phap dé xuét so sanh véi LDA va PALE LAGER

Phuong phdp dé xuit cling dudc so sanh véi hai phuong phap dua trén mé hinh chi
dé trong [132] va trong [133] trén tap dif liéu bia.

Phuong thuc trong [133] la phuong phap ban giam sat, dugc goi la LDA. Trong
[132], trich rit khia canh va du dodn diém danh gia khia canh dugc thuc hién trong
cung mot khudn khé va duge goi 1a PALE LAGER (Preference and Attribute Learning
from Labeled Groundtruth and Explicit Ratings). Cac tac gia coi mdi cau chi thao luan
vé mot khia canh duy nhét. Mot phan b x4c suat ma mot cau s thdo luan vé mot khia
canh k v6i diém danh gia khia canh r dudc thiét 1ap. Viéc hoc cc phan bd nay dudc
tach thanh hai vecto tham sb lién quan dén cic tir mo ta khia canh va cac tif mo ta
cam xtc ddi véi cic khia canh. Tir ham x4c suit dugc xay dung trén cic vectd tham
s6, cac md hinh hoc khong gidm sat, ¢ giam sat va ban gidm sat trén tap di liéu dudc
thuc hién. Do phuong phap dé xuat trong luin an c6 thé dudc coi 1a mdt phuong phap
ban giam sat, vi vay no dudc so sanh v6i PALE LAGER(mot phuong phap ban giam
sat) va v6i PALE LAGER (mot phuong phdp giam sat hoan toan). Két qua trong Hinh
2.10 cho thdy rang phuong phap dé xuit cta luin an t6t hon LDA véi ty 1é khoang
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cach 16n va hdi nhinh hon PALE LAGER (m&t phuong phép ban gidm sat) va PALE
LAGER (mot phuong phap c6 giam sat).

Dit lidu thong ké tir kia canh dudc md rong dudc trinh bay trong cac Bang 2.6, 2.7,
2.8.

Bang 2.6: Tap tu khia canh cua dit liéu Ca phé

Khia canh Tu khia canh
bran, brew, butter, charr, chocolate, citrus, fruit, honey, love,

Aroma ) .
lover, organic, press, quality, smooth, lemon, smoke, stuff...
bitter, bitterness, chocolate, honey, salt, freshness, brew, love,

Taste lover, mild, organic, press, quality, roaster, smooth, soft, sour,
stuff, sweet, sweetness, syrup, ...

Acidity acidic, acidness, sourness, ...

Body love, press, smooth, richness, thick, thin, soft, ...

Bang 2.7: Tap tu khia canh cua dit liéu Khach san

Khia canh Tu khia canh
Value hotel, charge, cost, discount, dollars

bathroom, bathrooms, bed, beds, bath, floor, floors, chair,
chairs, balcony, shower, lobby, noise, pool, queen, couple,

Room sheraton, coffee, desk, hotel, suite, tv, view, water, window,
carpet, closet, doors, furniture, king, pillows, sink, toilet,
tub, toiletries, ...

airport, area, center, downtown, hotel, market, place,
Location places, restaurant, shop, shops, shopping, show review,
street, view, views, neighborhood, square, waterfront, . ..

Cleanliness hotel, floor, shelf, desk, chair, bag, door, lobby, stairs, . ..
Check in/

desk, clerk, lounge, luggage, reception, checkout, ...

front desk
, bar, bars, coffee, concierge, food, park, parking, restaurant,
Service )
wine, buffet, ...
Business Tv, television, wireless, hotwire, cable, computer, connection,

service free, freeway, ...
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Bang 2.8: Tap tu khia canh cta dit liéu Bia

Khia canh  Tir khia canh
black, body, brown, bubble, bud, copper, lace, lacing, dots,

iiiiarance drip, dust, back, finger, fuzzy, fluff, golden, half, laye
orange, straw, surface, top, white, yellow. . .
bacon, banana, basil, caramel, cheese, cream, dry citrus,
Aroma fruitiness, honey, light, malt, malts, meat, mint, nose, pear,
/Smell perfume, pill, pine, roast, sandalwood, smoke, smoky, spice,
sweet, sweetness, yeast. . .
Palate/Fecl a.lcohol, body, ce'lrbonation, cream, drinkability, dry, hoppy,
light, round, spring, summer, ...
alcohol, avalanche, balance, bitterness, body, bread, burn,
caramel, carbonation, cheese, chocolate, clear, cocoa, coffee,
Taste complexity, flavors, flavors, fruit, fruitiness, ginger, grains,
malt, matinee, meat, Medium-dry, oats, pear, roast, smoke,
smoothness, spring, subtleties, summer, sweet, throat, toffee,
tongue, vanilla, wood, ...
Overall beer, beers, bottle, drink, beverage, style, glass, sense, quality,

brewery, level, lace, brewpub ...

Du dodn diém ddnh gid khia canh

Khong gidng nhu danh gid cia nhiém vu trich rit khia canh dudc thuc hién & mic
dd cau (gan nhan khia canh cho cu), trong nhiém vu du doan diém ddnh gid khia
canh két qua dua trén viéc xem xét & cAp do vin ban (mdi khia canh gdm mot tip hop
cic cau dudc gan nhin cung khia canh). D& d4nh gid hiéu suit ca phuong phap dé
xuat trong nhiém vu nay, luan an thuc hién danh gid trén ba do do: do do sai s6 binh
phuong trung binh theo khia canh (Agspm), do do tuong quan khia canh (puspecr), va
dd do tuong quan khia canh qua tat ca cac bai danh g1a (Preview). Hal do do dau 1a
danh gid két qua cho mdi bai danh gia, con do do cudi 1a d€ danh gid trong trong toan
bd kho dit liéu.

Két qua ctia phuong phap dé xuat dudc so sanh véi hai phuong phép ctia Long [60]
va clia Wang [36] trén bo dif liéu khach san. Long dé xuét hai phuong phap du doan
di€m khia canh dua trén SVM va BN. Phuong phdp ctia Wang cho du doédn diém danh
gi4 khia canh dua trén hoi quy 4n (Latent Rating Regression - LRR), phuong phap
nay thuc hién hai nhiém vu du doan diém danh gid khia canh va udc luong trong sb

khia canh trong cling mdt quy trinh. Két qua so sanh dudgc chi ra trong Bang 2.9. Két
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Bang 2.9: So sdnh két qua phuong phap dé xuit v6i mot sé6 phuong phap vé nhiém vu
du dodn di€m danh gia khia canh

Phuong phap Azzzspect Paspect  Preview
Long va cong su v6i SVM  0.286 0.557 0.708
Long vacong suvéi BN  0.441 0429 0.591
LRR 0.896 0.464 0.618
Phuong phap dé xuat 0.101 0.583 0.757

qua cho thay phuong phap dé xuét hoat dong tét hon cac phuong phap ctia Long va

Wang trén c4 ba tham s danh gia.

Udc lwong trong sé khia canh

Thong thudng, trong s6 khia canh khong dudc dé cap truc tiép trong bai danh gid
ciia ngudi dung. D€ danh gia tinh ding dan ctia udc luong trong sb khia canh, luan
an st dung diém danh gia tong thé trén san pham. Khi dua ra diém danh gid tong thé
clia mot bai danh gia dbi véi san pham, gia dinh rang, diém danh gia tdng thé 1a téng
trong s clia cc diém ddnh gia trén nhiéu khia canh ctia sadn pham [63]. Theo gia dinh
ndy, di€ém danh gia tong thé clia sdn pham thong qua bai danh gid dudc xac dinh nhu
trong (2.8). Cac gid tri u6c lugng trong so khia canh két hop véi cac diém danh gia
khia canh ctia bai viét dugc st dung dé tinh diém danh gid tdng thé. Piém danh gia
tong thé nay sé dudc so sanh v6i diém danh gia tdng thé thuc té do ngudi ding dua ra
dé€ danh gia hiéu qua clia phuong phap dé xuit.

K
Yi= Z Tik ik (2.8)
k=1

trong d6 ri; va oy 1an ludt 1a diém danh gid va trong sd ctia khia canh thi k trong bai
danh gia d;.

Phuong phap dé xuit dugc so sanh vSi phuong phap ctia Wang [36] dua trén do do
16i binh phuong trung binh ctia di€ém dénh gid tOng thé (A2 . . ;) cho ba tap di

liéu. Két qua trong bang 2.10 cho thiy phuong phap dé xuét cé thé so sanh dudc véi
phuong phap cua Wang.
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Béng 2.10: MSE cta diém déanh gia tong thé

Phuong phap B6 dit liéu san pham
Khach san Bia Ca phé
LRR 0.905 0.856 1.234

Phuong phap d& xudt 0.1456 0.1423 0.1904

2.6 Két luin chuong 2

Trong chuong 2, nghién ciiu sinh trinh bay mot md hinh hé théng nbi tiép gdm 2
modul gidi quyét ba bai toan con ctia bai toan phan tich quan diém miic khia canh.
Bai todn trich rit khia canh tao ra c4c phan ctia bai danh gia dé cap dén mot khia canh
cu th€ ctia sdn pham. Bai toan phan 16p cdm xtic khia canh x4c dinh tinh phan cuc
hoic diém danh gid do hai long clia ngudi dung dbi véi ting khia canh da dudc trich
rit. Bai todn x4c dinh trong s6 khia canh 1a viéc ddnh gia mic do quan tAm clia ngudi
dung dbi véi tiing khia canh san pham.

Dé trich it cac khia canh dugc dé cap dén trong bai ddnh gia vé mot san pham,
nghién ciiu sinh da dé xuit mot phuong phap st dung xac suét cé diéu kién ctia cac
tir két hop véi giai thuat Boostraping. Phuong phap dé xuit trich rit ca hai dang khia
canh rd rang va khia canh 4n. Bén canh d6, cdc khia canh quan trong nhung c6 tan
suét thip cling dudc phat hién va trich rit mot cach hiéu qua. Két qua thit nghiém cho
thy phuong phap dé xuat phit hop vdi cac bo dif liéu 16n, dbi vé6i cac bd dit lidu nhod
chua thuc su hiéu qua. Ngoai ra cach tiép can biéu dién ti theo dang "Bag of Word"
trong phuong phap dé xuit chua xem xét tif trong cac ngif canh khac nhau ctia ching,
do d6 vén dé nay tiép tuc dugc nghién citu trong Chuong 3 clia luan 4n.

Bai todn suy ra diém ddnh gid cta ngudi dung cho tiing khia canh dudc thuc hién
dua trén bo phan loai Naive Bayes. Céch tiép cin nay kha don gian va ciing di dem
lai mot s6 két qua kha quan. Tuy nhién, dé cai thién hon nita hiéu qua ctia phan 16p
cam xuc khia canh, nghién ctiu sinh da dé xuit mot phuong phap tiép can dua trén su
két hop ctia cdc bd phan loai co s& v6i nén tang két hop 1a ly thuyét Dempster ducc
trinh bay trong Chuong 4.

Bai toan uéc luong trong s6 ma ngudi dung dit trén mdi khia canh cla san phdm
dudc gidi quyét bang cach st dung s6 1an xuit hién cta cic tir thdo luan vé khia canh
trong mot bai danh gid va tan suit clia cac ciu vin thao luan vé ciing mot khia canh
trén tit ca cac bai danh gid. Véi cach tiép can ndy, viéc uéng luong trong s6 khia canh
khong phu thudc vao cic gid tri biét trude clia diém danh gia khia canh cling nhu diém

danh gia tdng thé clia ngudi diing vé san pham trong mbi bai danh gia.



67
CHUONG 3: TRICH RUT KHIA CANH DUA TREN BIEU DIEN

TU WORD2VEC VA PO PO HO TRO
3.1 Dit van dé

Hién nay, c6 nhiéu cich tiép can dé giai quyét nhiém vu trich rit khia canh, tuy
nhién nhiing tiép cin nay c6 mot vai han ché. Piéu d6 gi6i han viéc ung dung chiing
trong thuc tién. Mot sé phuong phap dua trén tan suét [38, 44] tuy don gian song né
tao ra nhiéu phi khia canh va bd qua nhitng khia canh c6 tan suét thip. Ngoai ra, cich
tiép cin nay can diéu chinh thi cong cac tham sd gy khé khiin cho viéc chuyén sang
tap dit liéu khac. Cac phuong phép trich rit dua trén luat [16, 61] ¢b gang vudt qua
dudc nhugc diém ctia phuong phap tan sb, song lai tao ra cac phi khia canh ma ching
khép v6i mau xdc dinh truée. Mot cach tiép can cling rit dudce cac nha nghién ctiu
quan tam 12 m6 hinh chii dé [71-73, 133] d€ trich rit khia canh 4n. M6 hinh cha dé
thuc hién dong thdi hai nhiém vu trich rit khia canh v gom nhém khia canh theo
phuong thiic khong gidm sat. Mic du mo hinh chii dé c¢6 thé phat hién cac khia canh
4n trong cac bai nhan xét, tuy nhién, phuong phap nay c6é mot sb gidi han 1a né can
mot luong 16n dif liéu va can c6 nhitng diéu chinh ddng ké d€ dat dudc két qua hop
ly. Mot cach tiép can khéc c6 thé khic phuc cac han ché ciia cac phuong phap khong
gidm sat 1a hoc c6 gidm sat [20, 118, 134]. Phuong phéap hoc c6 gidm sat c6 thé tu
dong hoc cac tham s6 md hinh ti dit liéu hun luyén. Mic du vay, phuong phdp hoc
gidm sat doi hoi mot tap cac thuc thé dudc gdn nhan d€ chuin bi trudc cho viéc xéc
dinh céc khia canh tif cic bai nhan xét. Viéc gan nhan trudc cho dif liéu din dén khé
c6 thé ap dung cing mot mo hinh cho cac linh vuc san pham khac nhau. Dic biét,
gan day v6i su phat trién manh mé cta cac mo hinh hoc sau, nhiéu nghién ciu trich
rit khia canh dua trén cidc mang hoc sau da dudc xuit ban [120, 121]. Cac md hinh
hoc sau giup cho viéc hoc dic trung & miic cao va hoc cdc dic trung phuc tap dudc dé
dang hon. Viéc biéu dién dit liéu viin ban dang vectd tir hodc vectd vin ban da trd nén
thuén tién hon va dem lai nhiéu cai thién dang ké vé do chinh xdc cho bai toan trich
rut khia canh.

Trude khi xuét hién cdc mo hinh nhing tir thi hau hét cdc nghién citu déu rat khé
khin trong vin dé& xem xét cac ngit canh khic nhau ctda tir. Mit khac cdc thach thiic
co ban ma nhiém vu trich rit khia canh phai d6i méit nhu xdc dinh khia canh 4n, x4c
dinh tinh da khia canh va tinh thich ting mién van chua dudc gidi quyét triét d&. D&
vugt qua cac thach thiic nay luan dn dé xuit mot phuong phép ban gidm sat dya trén
bi€u dién tir dang W2V két hop mo hinh ngon ngit d€ trich rit khia canh. Véi cach
biéu dién tir dang W2V phuong phdp c6 thé gidi quyét vin dé ngif canh cia tir khia

canh va tif quan diém gitip xdc dinh t6t khia canh 4n va khia canh c6 tan suat thap.
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Mot d6 do hd trg don gian gitip giai quyét van dé tuong quan trong trich rit khia canh.
Mt khiac phuong phdp dé xuét st dung tap céc tir 16i khia canh gitp ting do chinh
x4c hon so véi phuong phap md hinh chd dé. Tinh thich ting ctia mé hinh cling dudc
ddp tung trong qud trinh hoc bi€u dién vectd tir.

3.2 Cac nghién ctru lién quan

Céc nghién cifu dau tién trich rit cac khia canh la dua trén mo hinh khong gidm sat
[3], md hinh théng ké tli/thuét ngit dugc st dung nhiéu trong cich tiép can nay. Céc
phuong phap nay khong yéu cau dif liéu huin luyén dugc gan nhin va c6 chi phi thap.
Céc k¥ thuat khong gidm st thong ké (statistical) [38, 44], k¥ thuat dua trén bé loc
(rule based) [16, 61] cho trich rat khia canh r6 rang. Ky thuat dua trén mé hinh chu
dé (topic modeling) d€ trich rit khia canh 4n [71-73]. Cac ky thuat nay dé dang tim
dudc cac khia canh chung, song kho c6 thé tim thiy cac khia canh cuc bo, thudng bd
qua céc khia canh c6 tan sut thip, va gip kho khiin trong viéc x4c dinh khia canh 4n
(3, 4].

Dé nang cao do chinh x4c trong nhiém vu trich xuit khia canh, cdc ky thuat hoc
mdy c6 gidm sat dudc st dung. Ky thuat nay st dung di liéu dugc gan nhan dé€ trich
rit ca khia canh ro rang va khia canh an. No6i cich khac, cdc ky thuat hoc giam sat
st dung céc thut toan yéu cau huln luyén tit dit liéu c6 nhan. Céc k§y thuat c6 gidm
sat 12 truong ngdu nhién co diéu kién (Conditional Random Field - CRF) [19-21]
cho trich rit khia canh 16 rang. Mé hinh hé théng phdn cdp (Hierarchy) [118, 134]
cho khia canh ngam dinh. Cac ky thuat Bé nhd ngdan han dai han (long short term
memory-LSTM) [120, 121] dudc st dung d€ khai phd ca hai loai khia canh ro rang va
khia canh an. Cac phuong phép hoc gidm sat ¢6 wu diém do chinh xdc cao. Tuy nhién,
kho khan cua phuong phap nay la né doi héi dit liéu phai dugc gan nhan truée. Trong
thuc té, viéc gdn nhan cho dit liéu trich rit khia canh 12 rit khé khin va tén nhiéu chi
phi.

Céc ky thuat ban gidm sat st dung ca dit liéu c¢6 nhan va dit liéu khong c6 nhan dé
trich rut ca khia canh r6 rang va khia canh an. Céc ky thuat ban giam sat st dung cac
thuat todn yéu cau huén luyén trong mot ngit cnh han ché nhét dinh. Mot s6 vi du vé
nghién ctiu theo céch tiép can nay 12 Mang No ron héi quy (Recurrent Neural Network
- RNN) [24, 25] cho trich riit cac khia canh rd rang. Cach tiép cin Dua trén ngit nghia
(semantic based) [18] cho khia canh 4n va Dua trén tir vung (lexicon-based) [64] cho

su két hop trich rit ca khia canh rd rang 14an khia canh 4n.
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3.3 MGt s6 khai niém co ban trong mé hinh trich rit khia canh dua trén biéu
dién tir Word2vec

Trong bai toan trich rit khia canh ctia Chuong 3 c6 st dung lai mot s6 khai niém
dugc dé cap trong Chuong 2, cu thé 1a: Pinh nghia 2.1 Tdp cdc bai ddnh gid (D =
{d\,d>,...,dp}); Pinh nghia 2.2 T dién (V = {wjlj= 1,V}); Dinh nghia 2.3 Khia
canh (A = {ai|k = 1,K}); Dinh nghia 2.4 Tir 16i khia canh (G} = {wij € Viwg; —
ar,j=T1,N});

DPinh nghia 3.1 Vecto tur (Word vector): Cho mét tif w;, mot vecto P chiéu X, €
R” dugc st dung dé€ bi€u dién cho P ngli canh khdc nhau cta tf w; trong toan bd
khong gian ngii canh cta kho ngit liéu. Ky hi€u x,,; = {x1w;,%2w;5 -+, Xpw, }, trong d6
Xpw;(p =1,P) la mot gid tri s6 thuc ¢6 duge nhd qué trinh huan luyén Word2vec.

DPinh nghia 3.2 Vectg tir 16i khia canh (Aspect core word vector): Moi tir 16i clia
khia canh ai, wy; € C; dudc anh xa tucng ung t6i mot vecto trong tap vecto tu dudc
goi la Vecto tu 161 khia canh ky hiéu Xcoreq,

Pinh nghia 3.3 Po h trg clia tir dbi véi khia canh (supp(w; — a;)): PO hé trg
cla tf w; d6i v6i khia canh a; 1a mot gid trj biéu dién cho khé ning it w; ¢6 thé mo
t4 vé khia canh a;. Hay n6i mot cach khéc, do hd trg thé hién mdi quan hé tuong quan
gitia t w; va khia canh ay. Néu do hé trg cang 16n thi mdi lién hé gitta ching cang
mat thiét. Do hd trg dudc tinh toan dua trén su cai tién ctia dd do Euclidean nhu trong
cong thuc (3.1).

1 ¥ 1

supp(w; — ai) = — (3.1
’ Nt:z‘i 1;:1()6ij _xPCOFetak)z

trong d6: supp(w; — ay) 1a do ho trg cla tit w; ddi véi khia canh ag; N 1a s6 tur 16
clia khia canh ay; P 12 s6 chiéu cla vectd tlf; x,,, 12 gid trj clia chiéu thu p (trong biéu
dién vecto ti) cla tit wj; Xpcore,, 12 gid tri clia chiéu tht p (trong biéu dién vecto tir)
cuia tir 161 thi ¢ thudc vé khia canh ay.

Vi dy, Hinh 3.1 mé t3 tip céc tir dudc xdy dung dua trén do do hd tro cta tir d6 dbi
vG6i cac khia canh, trong d6 a; (k=1,2,...,7) la cac khia canh; cac ky hiéu: a,b,c,...,
w 12 céc tii trong tif dién V; cac canh ndi tif cdc a; dén cac tif (c6 trong s6) thé hién
dd ho tro cua tir dbi v6i khia canh ay (cac gid tri nay 1a khac nhau). Do hd tro cia tir
ddi vé6i khia canh 1a khdc nhau thé hién mdi quan hé ctia mdi khia canh v6i mbi tir 1a

khac nhau.

Pinh nghia 3.4 P hé tre ciia cAu doi véi khia canh (supp(S — a;)): D6 hd trg

ctia mot cau S dbi véi khia canh a; 12 mot gia tri bi€u dién cho kha ning cau S c6 thé
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mo ta vé khia canh a;. Néu do hd trg cang 16n thi kha niing ciu S miéu ta chinh xic
vé khia canh a; cang cao. P9 hd tro clia cau S dbi véi khia canh a; dudc tinh toan dua
trén trung binh do hd trg clia tit ca cdc tit w; ¢6 trong cau S ddi véi khia canh ay, theo
cong thuc (3.2).

supp(S — ay) Q Z supp(w; — ay) (3.2)
j=1

trong do6: Q 12 sb tlf ¢6 trong ciu S.

Hinh 3.1: D6 hd tro cia tir d6i v6i khia canh

3.4 Trich rit khia canh dua trén biéu dién tir Word2vec va do do ho trg

Mot san pham c6 thé c6 nhiéu khia canh khdc nhau, vi du san phdm khéach san c6
thé 1a phong (rooms), vi tri (location), hay dich vu (service). Mdi khia canh nay dugc
ngudi dung st dung mot tip hop cic tir d€ mo ta vé chiing trong bai viét. Luan 4n gia
st rang, mdi khia canh a; dugc thé hién bdi mot tip cac tir. Tap cac tif niy ¢ thé mo
ta truc tiép hodc gidn tiép khia canh va dudc goi 1a tdp tir khia canh (aspect words).
Gia st rang, ban diu c6 mot tap rat it cac tif c6 trong tif dién miéu ta rit rd rang khia

canh ag, cac tu nay dugc goi la fir [6i khia canh (aspect core words) ai. Cac ti nay
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dong thdi c6 thé dudge xem 12 tAm ctia cum phan bd khia canh gy (trong Hinh 3.1 dudc
thé hién biang cac hinh vudng). Mdi mot tir trong tir dién V sé c6 mot mdi tuong quan
ddi v6i ting khia canh ctia san phadm, hay con goi 12 do hd trg cda tir dbi v6i khia
canh. Trong Hinh 3.1 céc tit dugc thé hién bang cac hinh tron, d6 hd trg ctia tir dbi véi
mbi khia canh dudc biéu dién bang canh lién két giita hinh tron va hinh vudng. Gia
tri cia do hd trg nay 1a céc sb thuc. PO hd trg nay c6 thé dugc bidu dién dua trén do
do khoang cach (do tuong dong) gitta cac tif trong khong gian biéu dién tir. Mot cau
c6 chiia nhiéu tii. Cau dudc gan nhin khia canh a; néu trong ciu d6 c6 nhiéu tir thudc
cum phan bd clia ay, hoic chifa cic tii rat gan véi tAm clia cum ay.

Mot van dé 16 rang 13, cdc tif trong mot cau khong phai 1a céc tif i rac ma gitta
chiing c6 mdi quan hé ngif canh phu thudc nhau, thim chi gitta cdc tif trong cdc cau
khdc nhau ciing ¢6 thé c6 mbi quan hé niy. Lam thé nao dé€ biéu dién ducdc mdi tuong
quan nay? Cac ky thuat biéu dién viin ban trong NLP nhu BOW hay one-hot-vector
khé c6 thé biéu dién dugc mdi quan hé nay. Tuy nhién, v6i su phat trién ctia cac ky
thuat hoc sau, cdc mo hinh bi€u dién word2vec hay Golove 1a cdc m6 hinh bi€u dién
rit hiéu qua trong nam bat ngit nghia cla tif theo ngit canh. Khi huin luyén word2vec
cac tu tuong quan v6i nhau sé dudce nhing trong cac ngif canh gitra chiing va duge ma
héa bing céc chiéu clia vecto tit. Vi du: khi chay word2vec bang ngdn ngit python véi
cau 1énh model.similarity(‘room’,’door’) => két qua: 0.9998. Tir vi du nay thiy ring
‘room’ va ‘door’ c6 do tuong dong vé ngit cinh 12 0.9998 tic 13 kha ning “room” va
“door” thudc cuing chi dé 1a 0.9998. Nhd d6 ta c6 thé du doan dudc rang néu trong
cAu c6 xuat hién tir “door” tic 1a kha ning cao cau do thudc khia canh “room”. Luin
4n dé xuét phuong phdp st dung bi€u dién dic trung word2vec va dua trén cic do do
khoéng cach dé gan nhén khia canh cho cAu/cum tit trong bai danh gid sdn pham truc
tuyén.

Nhiéu nghién cttu da chi ra cic danh ti, tinh ti, trang tif hodc dong tif trong ciu
thudng mang nhiéu thong tin lién quan dén khia canh ctia san pham. Lu4n 4n cling st
dung céch tiép cin nay dé nang cao hiéu qua trong bai todn x4c dinh va trich riit khia
canh. Céc tif ndy dudc lua chon va tinh toan trong pha kiém tra ctia mo hinh dé xuat.
MO hinh trich rut khia canh dua trén hoc khong giam sat sit dung bi€u dién Word2vec
dudc mo ta nhu Hinh 3.2.

Pha huan luyén: Tip bai dinh gia v& san phdm dudc hudn luyén Word2vec dé
thu dugc tap cac vectd tu (word-vectors). Tap céc tu 161 khia canh (aspect core word)
dudc so khdp véi cdc vectd tir d€ thu duge cdc vectd tir 16i khia canh (aspect core word
vector). Sau d6, céac vectd tir 16i khia canh va céc vectd tir duge dung d€ tinh do ho trg
ctia tlr d6i v6i ting khia canh.

Buéc 1 (chudn bi dit liéu): TAp cic nhin xét online clia ngudi ding vé san phim
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khic nhau dudc thuc hién thao tic tich ciu, chuidn héa cau (chuyén vé cic ky tu
thudng, loai bd céc ky tu thita, c4c bi€u tuong). Mot tap rat it cdc tif miéu ta chinh xac
mot khia canh cu thé dudc xé4c dinh trudc (cac tif nay thudng dudc thoéng ké tir dit liéu
hodc dudc xac dinh tu cac chuyén gia) dudc goi la tu 16i khia canh.

Budc 2 (Hudn luyén word2vec): Dau vio sé 1a tip cac cau da dudc chuin héa tir
budc 1. Tai budc nay st dung cong cu word2vec chay trén ngdn ngii python dé vecto
héa cac tir. K&t qua huin luyén word2vec thu dudc tap cc vector tit

Budc 3 (Tao tdp cdc vecto tw loi khia canh): Tap céc tu 16i khia canh dudc anh xa
tuong tng thanh cac vectd va dudc goi la cac vectd tu 161 khia canh.

Buéc 4 (Tinh supp(Tik -> Khia canh)): Tui tip céc vectd tu, tinh do ho trg clia tiing
tir dbi véi tiing khia canh. Do hd trg cia tir w j dbi v6i khia canh a; dudc tinh theo
cong thuc (3.1).

I—) canh a /

Hudn luyén Tép céc /
Word2vec Vector tir  / £ »
/ Huan luyén |

e
r — — Tinh todn d ho trg cua ]
Bii nhin xét cau dbi véi khia canh
1i P Tich can P Trich rit tir . . i |
o n__e - - " } Supp(cdu -> Khia canh ay)

M 7 Tap vector 7 7
Tap tir lo1 | I_ - e
khia canh a; | g > “imk:m /] ‘
! L canhay
Tép tirloi | Tao énh xa: Tap vector Tinh todn do ho tror tir
khia canh a; | P Tir(Gikhia e/  til0ikhia e d6i vai khia canh ‘
—— I canh a,— [ _caha / Supp(tir -> khia canh ay)
= ) Vector tir ) (véi k=1-K)
| Taptirldi | | _ T‘ép vector /
 khia canh a, | - tir 131 khia et ‘

| Tapeic | |
| nhin xét | | .

(védi k=1-K)

|

|

| Kiém tra Gan nhan khia
| canh cho ciu

\ 2 v v
Khia | \ [ «knia | I [ Knia [

canhay | | | canha; | | | canha, | |

K&t qua trich rut khia canh

Hinh 3.2: G4n nhan khia canh cta cau dua trén word2vec va do do ho trg

Pha ki€m tra: Tit mot bai nhan xét online, cdc cau dugde chuin héa, dudc gan POS.
Tiép theo, tach cac tif trong cau va trich rit tif (danh tii, tinh tli, trang tli, dong tir) trong
tiing cau. Anh xa cdc tif nay thanh cic vector tit tuong tng. St dung do hd trg clia cic
tlf (da dudc tinh toan tai pha huin luyén) dé€ tinh d hd tr¢ cla cau dbi véi tiing khia
canh. So sdnh do hd trg nay véi ngudng hoic chon do hd trg 16n nhit d€ gan khia canh
cho cau.

Buiéc 1 (Tdach cdu): Tach cau, chuin héa cau.

Budc 2 (Trich rut ti): Cau dudc thuc hién gan nhan POS (thong qua cac cong cu
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gan nhan POS) Trich rut cdc tu (danh tu, tinh tu, trang tu, dong tu) trong cau. Sau do,
so khdp céc tit dugc trich rit v6i cac tir da dudc huin luyén dé x4c dinh do hd trg clia
tu voi tung khia canh.

Budc 3 (supp(Cdu -> Khia canh)): Dua vao d6 ho trg cua ti v6i ting khia canh
tinh d ho trg cla ting cau dbi vdi tiing khia canh theo cong thiic (3.2).

Budc 4 (Gdn nhan khia canh cho cdu): Tu d6 hd trg clia cau dbi vé6i khia canh,
so sanh v6i ngudng hodc 14y gia tri 16n nhat d€ xac dinh nhin khia canh cho cau.

Phuong phéap dé xuit dugc thuc hién mot cach khd don gidn. Sau khi huin luyén
Word2vec cac tif sé dudc tinh todn do ho trg dbi véi ting tir 16i khia canh. Céc gid tri
nay ducc Iuu vao trong mot bang co s& dif lidu c6 s6 cot 1a s6 cdc tir 16i clia tat ca cac
khia canh, s6 hang 12 s6 tir c6 trong ti dién ctia kho dit liéu. Trong pha trich rit (ki€ém
tra), cau dudc tach thanh céc tlt, sau do st dung cac truy van co s dif liéu dé 1ay cac
gi4 tri do h trg ctia tir dbi v6i khia canh, tinh todn do hd trg clia cAu ddi v6i khia canh
va xdc dinh khia canh cubi cung. Cau sé dudc gan nhan khia canh khi do hé trg 16n
hon ngudng x4c dinh. Uu diém cta phuong phdp dé xuét Ia tinh todn don gian, c6 thé
trich rit ca khia canh 16 rang va khia canh 4n, khong phu thudc vao tan suét xuit hién
cta tu. Tuy vy, phuong phdp nay c6 nhudc diém 1a do chinh xac trich rit phu thudc
vao ngudng d€ gdn nhan. Mit khéc, v6i bi€u dién word2vec, ngili canh clia tif méi chi
dudc xem xét ¢ muc tong thé trong kho dit liéu ma chua xem xét & muic cuc bd (mtic
cAu hoiic vé cau). Diéu nay 1a khd quan trong trong phan tich quan diém khia canh
ddi v6i cac cau ghép c6 nhiéu khia canh khac nhau va mic d6 phan cuc cam xtc khia
canh khic nhau. Trong tuong lai, nghién cifu sinh sé huéng t6i giai quyét van dé nay

d€ nang cao hon nita hiéu qua clia bai todn trich rit khia canh.

3.5 Két qua thuc nghiém
3.5.1 Tién xi ly dit liéu

Tap dit liéu dugc tién xi ly trude. Tir cac bai nhan xét cc cau dudc tach nhd cac k§
thuit token. Céc tif trong cau dudc chuin héa (mdi tif dugc phan cich bang dau céach),
coi mdi tir 12 mot token. Budc tiép theo bo tir vung dudc xay dung, trong d6 cac tir
xuit hién dudi 5 1an sé xem nhu token “<unk>" (unknow) dai dién cho cac tif hiém
gap

D& loai bd cdc tir ¢6 tan suat khd phd bién nhu “the”, ““a”, “an” xuat hién trong cic
ngit canh vé6i cic tif binh thudng (vi ching thuong khong c6 nhiéu thong tin, vi du:
ddi véi tir “cat” thi cac su kién nhu “a cat” va “the cat” sé khong nhan dudc diém sb
cao hon so vé6i “cute cat” va “small cat”). Do d6, khi huin luyén mo6 hinh embedding

ti, ta c6 thé thuc hién liy mau con [135] trén cac tir. Cu thé, mbi tif w; dugc gan chi



74

s6 trong tap dit liéu sé bi loai bd v6i mdt xdc suat nhat dinh. Xac suét loai bd dudc

tinh nhu sau:
1

P(w;) =max(l —, / ——,0) (3.3)
l f(Wl) I
trong do, f(w;) 1a tan suét xuit hién cla tt w; trong tap dif liéu huin luyén, nghia 1a
f(wi) = =™ va hiing s6 7 12 mot siéu tham s6 (luan n hi¢u chinh tr 107>+
W/GVW

10~%). Nhu vy, tlit w; chi ¢6 thé bi loai trong lic ldy mau con khi f(w;) > ¢, tAn sut
clia tlf cang cao thi x4c suit loai bd cang 16n.

Bo i vung thu dudc c6 kich thudc 1a: 27,721 tit d6i véi tap dit liéu khach san;
10,583 tir ddi véi tap dit lidu bia; 1,751 tir ddi véi tap dit liéu ca phé. Mbi ti dudc biéu
dién béi 50 chiéu.

3.5.2 Hudn luyén Word2vec

Vi dit liéu sau khi thuc hién tién x ly, tir dich trung tAm va tif ngit canh dudc thuc
hién trich xuét véi kich thudc ctia s toi da (max_window_size) 1a 5 (thdng thudng 1a
cac gia tri 2,5,10). Céc tu ngtt canh dugc trich rut véi khoang cach cia nd téi tu dich
trung tim khong qua kich thudc ctia s6 téi da. Khodng cach nay dudc 1iy ngiu nhién
tlr 1 dén max_window_size theo phan phdi déu.

Tiép theo, d€ huin luyén gan ding cdc mau am lién tuc dugc thuc hién 14y mau. Véi
mdi cip ti dich trung tAm va ngit canh, 1dy ngau nhién k tif nhiéu theo khuyén nghi ctia
Word2vec [135]. C4c tif phi dinh w ¢6 thé dugc 1ay mau theo tan suat dua trén kho
ngt liéu cua chung %. Cudi cung, thuc hién huin luyén lai Word2vec véi
bién thé skip-gram bgnegwcéch st dung cic ting embedding va phép nhan minibatch.
Truée khi dua vao tinh toan do tuong ty cua tif va cla cau, cic vecto tu tuong ung véi
céc tlf trong ti dién V dudc dua vao co sé dit lidu vecto tif d€ luu trii. Thong tin chi

tiét dit liéu huAn luyén dudgc trinh bay trong Bang 3.1.

Béng 3.1: Théng ké dit liéu huin luyén Word2vec

Tap du liéu Tap du lieu Tap dur liéu

Khachsan Bia Ca phé
S6 bai ddnh gia 193,661 50,000 1,200
Tong s6 cau 1,790,880 509,320 5,289
T vung (tw) 27,721 10,583 1,751
S6 chiéu 50 50 50

Thoi gian

2 " 3p26.891s  1p2.495s 4.695s
huan luyén
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3.5.3 Tao co 56 dit liéu va lua chon ddc trung tinh todn

Bdng dit liéu vecto ti: Mbi tif trong V sau khi dugc hudn luyén Word2vec sé
chuyén thanh mdt vectd dugc luu trong ma trin VVec.

Bang dit liéu vecto ti 16i khia canh: T tp Gy, anh xa moi ti c6 trong C; thanh
mot vecto tu 161 khia canh X,4/q, chita trong CVecy.

Bdng di liéu d9 hé tro ciia tiv déi vdi khia canh: V6i mdi vecto tif x; € VVec tinh
do ho trg dbi véi ting khia canh a; va luu trong ma trin do hd trg clia tir véi khia canh.
Ma tran nay c6 V hang va K cdt. Mdi hang 1a mot tir trong t di€n V, moi cot tuong
ting v6i mot khia canh. Gia tri & vi tri hang j cot k th€ hién do ho trg clia tit w; doi v6i
khia canh a;. Bang 3.2 cho biét cac thong tin thong ké lién quan dén qua trinh huin

luyén tinh todn do hd tro ctia tit d6i véi cac khia canh trong ba bd dit liéu thit nghiém.

Bang 3.2: Théng ké dit liéu huén luyén do hd trg ctia tir ddi v6i khia canh

Tap dir litu Tap di litu Tap dif liéu

Khachsan Bia Ca phé
S6 khia canh 7 5 4
Téng s6 tir 16i khia canh 15 21 17
Do hd trd max - min 1000 - 0.161 1000 - 2.007 1000 - 4.406
Do hd trg trung binh 9.031 8.104 16.951

Thoi gian huéan luyén  1h4p21.193s 8p37.170s 6.647s

Lua chon ddc trung tinh todn: D€ nang cao hiéu qua tinh todn khi xdc dinh do ho
trg ctia cau S dbi vdi tiing khia canh, lun 4n st dung cic dic trung dua trén POS nhu
danh tu, tinh tu, trang tu, dong tu.

3.5.4 Két quad thuc nghiém

Céc thit nghiém dudc thuc hién bang cach st dung cac bo dit lidu nhu trong miéu
td Muc 2.5.1. Thdi gian gdn nhan trung binh d6i v6i mot vin ban kiém tra: 0.3856s
ddi v6i dit liéu khach san, 0.1059s dbi véi dit liéu bia va 0.039s db6i véi dit lidu ca phé.

Dé danh gid hiéu qua cta phuong phdp dé xuit, trong phan nay luin 4n st dung
hai d6 do 1a precision, recall va F1-score. Két qua thit nghiém trén ba bo dit liéu ducc
thé hién trong Bang 3.3, 3.4, 3.5. Tir két qua ba bang dii liéu cho thay, hiéu xuit trén
dit liéu Bia cho két qua t6t nhit v6idiém F1 trung binh 13 0.831, céc gi4 tri diém F1
tuong ng véi cac khia canh dao dong tir 0.798 (khia canh Appearance) dén 0.888
(khia canh Aroma). Tiép theo sau la hiéu suit cta bo dit liéu Khach san véi gid tri
trung binh F1 12 0.778, gia tri F1 thap nhat 12 0.709 (khia canh Service), gi4 tri F1 cao
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nhat 12 0.842 (khia canh Business service). Cudi cuing, b dif liéu Ca phé thu dugc
hiéu suit trung binh 12 0.675, diém F1 thip nhét 12 0.623 (khia canh Acidity), di€ém
F1 cao nhét 12 0.716 (khia canh Body). Vi bd dit liéu Ca phé thu dugc hiéu xuét chua
cao c6 thé do mot sd nguyén nhan nhu céc bai viét ngin, cic quan diém trong bai
danh gia thudng it chi tiét, su xuit hién cac dic trung thudng thua thét (kha ning bat

ngl canh cua tu giam).

Bang 3.3: Két qua trich rit khia canh ddi véi bd dit liéu Khach san

Khia canh Precision Recall F1-score
Value 0.774 0.753 0.763
Room 0.788 0.751 0.769
Location 0.823 0.794  0.808
Cleanliness 0.767 0.728 0.747
Check in/ front desk 0.804 0.800  0.802
Service 0.736 0.684 0.709
Business service 0.850 0.835 0.842
Trung binh 0.792 0.764 0.778

Bang 3.4: Két qua trich rit khia canh ddi v6i bd dit liéu Bia

Khia canh  Precision Recall F1-score
Appearance 0.795 0.800 0.798

Aroma 0.875 0.901 0.888
Palate 0.862 0.792 0.826
Taste 0.843 0.826 0.834
Overall 0.821 0.803 0.812

Trung binh 0.839 0.824 0.831

Bang 3.5: Két qua trich rit khia canh d6i vé6i bo dit liéu Ca phé

Khia canh  Precision Recall F1-score

Aroma 0.702 0.684 0.693
Taste 0.666 0.659 0.663
Acidity 0.654 0.600 0.623
Body 0.712 0.720 0.716

Trung binh 0.684 0.666 0.675
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DE danh gia day da hon hiéu suit ctia phuong phap ma luin 4n dé xuit, phuong
phdp dé xuét dugc tién hanh thit nghiém va so sanh két qua vé6i hai phuong phdp co
s6 1a LDA [133] va cua Long va cac cong su [60] trén cung bo di li€u st dung do do
precision. Két qua cho thiy hiéu suit cta phuong phap dé xuit kha quan hon so véi

cach tiép can cta Long, Zhang and Zhu va m6 hinh LDA don thuan.

Bang 3.6: So sanh két qua phuong phap dé xuét v6i phuong phap LDA va Long et al.
trén tap du li€u Khach san v6i do do precision

PP LDA PP Long et al.

Khia canh PP dé xuat
: [133] [60]
Value 0.65 0.76 0.77
Room 0.47 0.78 0.79
Location 0.56 0.75 0.82
Cleanliness 0.60 0.75 0.77
Check in/front desk 0.65 0.74 0.80
Service 0.59 0.75 0.74
Business service 0.60 0.75 0.85
Trung binh 0.589 0.754 0.791

3.6 Két luan chuong 3

Trong chuong nay, nghién cifu sinh da dé xuit mot mo hinh trich rit khia canh ctia
cac bai nhan xét san pham truc tuyén. Trong d6, phuong phap dé xuat di khai thac
hiéu qué bi€u dién dic trung tir dang vecto. Mot tir dién (dang vecto ti) dudc phat
trién tit Word2Vec va chiing dudc st dung dé tinh todn trong s6 ctia thuat ngit cdt 16i
bing thu6c do hd trg. Két qua thi nghiém da chi ra ring, phuong phap nay hoat dong
tot trén cac bo dit liéu cta thé gidi thuc so v6i mot s6 phuong phap khac va né c6 thé

dudc 4p dung cho mot sb linh vuc khac nhau.
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CHUONG 4: PHAN LOP CAM XUC BANG CACH KET HOP

CAC BO PHAN LOAI CO SO
4.1 Dit van dé

Nhu da dé cap trong Chuong 2, bai toan phan 16p quan diém hoic cam xic ma luan
4n xem xét 12 nhiém vu phan loai nhiéu 16p ctia cac danh gia san phiam truc tuyén. Cu
thé hon, véi ddnh gid cia ngudi viét vé san phdm hoic dich vu cin du dodn quan diém
ctia ngudi do thuoc mot trong nam nhom sau: tich cuc cam xuc (emotional positive),
tich cuc ly tri (rational positive), trung 1ap (neutral), tiéu cuc ly tri (rational negative),
va tiéu cuc cam xtc (emotional negative). C6 nhiéu ting dung thuc té ctia bai todn nay
nhu phat trién san phdm, hi€u phan hoi va dap dng nguyén vong cta khach hang, xac
dinh chién lugc tiép thi hiéu qua.

Lam thé nao d€ phan loai chinh xdc mot bai danh gia vao cic 16p 1an can do su
khdc biét tuong dbi nho gitta cac 16p nay 1a thach thic chinh trong nhiém vu du doan
diém danh gia khia canh. Vi du, "5 sao" gan v6i "4 sao" hon 1a "1 sao". Do nhiing
dic diém nay, 16i phan loai nham 14n bdi d6 khong chic chin hodc dd khong rd rang
cao thudng xay ra. Dbi v6i bai toan phan loai viin ban, khi cdc vector dic trung khong
chita diy du thong tin hodc khi mot s6 16p c6 diém x4c xuat tuong dong nhau thi tinh
mo hd cang cao va kha ning phan 16p chinh xdc cang thap.

Van d dit liéu mét can bang ciing 12 mdt thach thifc khac cia bai toan phan loai
quan diém hodc cam xtdc nhiéu 16p. Mat dd phan phdi cia céac thé hién (vi du) trén
cc nhan 16p 1a khong can bang, tham chi ¢ thé chénh 1éch rit 16n dn dén do6 chinh
xé4c khi phén loai trén cac 16p thi€u s sé thiap. Cac bd phan loai truyén thdng thudng
duoc thiét ké dé giai quyét bai toan phan loai véi dif liéu can bang nén khé c6 thé thuc
hién t6t trén dif liéu mat cin bang (do thudng phan loai sai & cac 16p thiéu sb). Mic
dui, da c6 nhiéu nghién ctu gidi quyét vin dé mét can bang dit liéu tuy nhién hau hét
chi tip trung vao van dé phan loai nhi phan. Cac cong cu va ky thuat hd tro truc tiép
hodc giai quyét vin dé phan loai khong cin bang cho bai toan phan loai da 16p van
con khan hiém.

Khé khin thit ba lién quan dén cu tric vin ban clia cac bai danh gid san phdm truc
tuyén. Thong thudng cac vin ban nay 1a cac vin ban ngan, c6 ciu tric 16ng 1éo, dic
trung thua thét, phu thudc nhiéu vao ngit canh va thudng khong cung cip di thong tin
co ban d€ c6 ham phan biét tot giita cac viin ban khac nhau. Hon nita, trong cic vin
ban ngin thudng c6 nhiéu nhiéu, 16n xdn, 16i ngit phép, 16i chinh ta, tir viét tat, tiéng
16ng, thuét ngii bat thudng. Do dé, d€ nang cao hiéu qua phan loai vin ban ngan, viéc
tién xu ly dit liéu va lua chon dic trung trd nén dic biét quan trong.

Hudng t6i viéc khic phuc nhitng khé khin néu trén, trong chuong nay ctia luan 4n,
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nghién ciu sinh dé xult viéc phat trién mot phuong phap phan loai hiéu qua dua trén
y tudng két hop cac bo phan loai khac nhau, bS sung va khic phuc yéu diém cta moi
bd phan loai riéng 18. Quan trong hon, bing cach két hop cac bo phan loai khac nhau
cung cip nhiéu loai biang chiing khac nhau, c6 thé cii thién do chinh xic clia viéc
phan loai, dic biét 12 trong trudng hdp c6 dd khong chic chan va mo hod cao. Trong
cong dong hoc may, nhiéu phuong phap két hop bd phan loai da dudc phat trién nhu
b6 phiéu, tdng trong s, tich va hdp nhét trung binh c6 trong s6. Su két hop clia cac bd
phan loai van tu n6 1a mot bd phan loai, tuy nhién, khong ¢6 gi ddm béo cho mdt bd
phan loai tdi uu toan cuc bang cach két hop. D€ c6 dudc mot két qua manh mé, chiing
ta phai xem xét cin than cc khia canh sau: ban chit cia thong tin dudc két hop, ciu
tric cia su két hop va viéc Iua chon céc bd phan loai cd s phu hop.

Phuong phap dua trén 1y thuyét Dempster-Shafer (DS) dudc st dung nhim muc
dich két hop nhiéu bo phan loai v6i nhau dé tao nén mot bd phan loai manh mé va
hiéu qua hon. Trong céc tinh hudng c6 su khong chic chan, phuong phap két hop dua
trén ly thuyét DS da dudc ching minh 12 hiéu qua va do d6 rat phu hop véi van dé
ctia luan 4n. Ly thuyét DS da dudc 4p dung thanh cong trong céc bai toan phan loai
khdc nhau, tuy nhién, c4c nghién citu truéc day chi yéu tip trung vao cic phén 16p
nhi phan va c6 rt it cic nghién cttu x{t 1y cdc van dé phan loai cam xiic da 16p.

VAin dé tiép theo 1a lua chon s6 lugng va cdc bo phan loai cd s phit hdp trong bo
két hop. Mic du sb lugng cac bd phan loai co sé c6 thé két hop véi nhau trong ly
thuyét DS 1a khong gidi han, nhung hiéu qua ctia phuong phap két hop sé gidm khi
két hop qua nhiéu bo phan loai v6i nhau. Muc tiéu ctia nghién citu 1a 1am thé nao dé
c6 dudc bod phan loai cudi cing manh mé va chinh xac trong khi chi can st dung ti
thi€u cac bd phan loai. Mdy vecto hd trg duge chon lam thuét todn phan loai thanh
phan diu tién vi nhiing 1y do sau: SVM c¢6 kha niing tdng quat héa tot trong khong
gian dic trung nhiéu chiéu; SVM rat thich hdp cho cac van dé véi cac dic trung day
ddc va cdc thé hién thua thét. Mic du vay, véi di liéu khong can bﬁng hoac khi du
liéu khong chic chin thi SVM khong thuc su tot, vi SVM chuin chi dudc thiét ké cho
phan loai nhi phan. VAn dé nay ctia SVM sé dudgc giai quyét trong thanh phan thi hai
ctia phuong phap két hop. Huéng dén muc tiéu nay, luan 4n dé xuit mot thuat toan
phan loai cdm xtc nhiéu 16p dua trén md hinh tuong tic loai trir da nguyén nhan (ducc
goi 12 nhiéu cdng OR) dudc dé xuit bdi Pearl [110] va dugc phét trién thanh mang
Bayesian cong OR (OR Gate Bayesian Network - OGBN) dp dung cho bai toan phan

loai van ban bdi Campos va cong su [136].
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4.2 Cac nghién ciru lién quan

Céac nghién ciu vé phan loai da 16p cdm xuc con it, nhung van dé nay ciing d nhan
dugc mot s6 su chd y trong nhitng nim gan day. Cac tac pham tién tién hon da dudc
trinh bay, chung da di sau hon vao viéc danh gia mic do manh mé ctiia cam xuc (vi
du: rat tiéu cuc, tiéu cuc, it tiéu cuc, trung 1ap, it tich cuc, tich cuc, va rat tich cuc,
v.v.) [137, 138]. M6t s6 nghién ctiu [41, 127] dé xuét cich tiép can méi cho phan loai
cam xtic da 16p, trong d6 viin ban dudc phan loai thanh nhiéu 16p cam xiic khac nhau
(vi du: tinh yéu, niém vui, su ngac nhién, tic gian, buon ba, sg hai, v.v.). Cac nghién
ctiu nay ciing stt dung cic phuong phap tuong tu nhu dbi v6i phan loai nhi phan. Cac
nghién citu dua trén hoc mdy truyén thdng nhu [41, 127, 138], mot s6 khac st dung
cach tiép can hoc sau nhu 12 [92, 93]. Cac phuong phap da phan I6p cAm xitic thudng
12 mot phan mé rong cta phan 16p cdm xtdc nhi phan st dung cac chién ludc cai tién
khac nhau [137].

Gan day, cac nha nghién ctiu di dé xuat sit dung cac bo phan loai dung hop (két
hop nhiéu bo phén loai) dé tao ra mot bd phan loai manh mé véi do chinh x4c cao hon
cho viéc phan loai cam xtc. D& tao ra bd phan loai hop nhat hiéu qua, c6 hai cich tiép
can: cach tiép can khuon khd phu thudc va khudn khé doc 1ap [139]. Nghién citu dién
hinh cho khung phu thudc 1a m6 hinh Boosting [29, 140]. Cac thuat toan Boosting c6
thé cai thién do chinh xdc cda cac bo phan loai co sd yéu. Tuy nhién, co s& dit liéu
khdng 10 dit ra mot s6 thach thifc ddi véi cac thuat toan Boosting nhu d6 phiic tap tinh
todn va c4c van dé luu trit. Cdc phuong phap cho khung doc 1ap bao gdm céc phuong
phdp trong sd va phuong phap hoc téng hop (meta-learning). Cac nghién cifu st dung
cach tiép can hoc trong s6 khéc nhau c6 thé ké dén [86, 141]. Céc phuong phap trong
s6 thudng dudc st dung khi cac bo phan loai co s& thuc hién cung mot nhiém vu va
c6 hiéu suit tuong duong. Cac nghién ctiu theo céch tiép can hoc téng hop [142] cho
phép két hop nhiéu thuét toan phan loai cd s6 trén nhiéu phuong thic két hop khac
nhau, tif d6 tim ra mot két hop tdi wu nhét c6 thé. Miic du di c6 mot sd nghién cifu tao
ra cac bo phan loai két hop, ching chii yéu giai quyét bai toan phan 16p cam xiic dang
nhi phan. Hién c6 rat it nghién ctfu vé cach tiép can nay cho vin dé phan loai cam xtc
da 16p.

Trong céc van dé phan 16p cam xiic, cac phuong phap két hop da cho thay khd ning
cai thién dod chinh x4c [126, 139]. Ly thuyét két hop cac xac suit DS 1a mot trong
nhiing phuong phap két hop ndi trdi trong linh vuc nay. Cach tiép can nay thudng c6
hiéu suét tot hon cac phuong phép tinh trong sb khac (vi du: trung binh va tdng trong
s6) [143]. Mot s6 nghién ciiu trudc day da 4p dung va phat trién ly thuyét DS cho
vAn dé phan loai cdm xdc nhu [126, 144]. Tuy nhién, nhitng nghién ciu nay st dung
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mot thuat todn phan 16p d€ thuc hién phan 16p trén tiing ciu cla bai danh gid. Sau d6
mbi ciu di dudc phan 16p nay dudc xem xét nhu mot bang chiing két hop. Céch tiép
cin nay 1a su két hop cdc yéu td thanh phan (ciu) trong mot viin ban, két qua phan
loai cudi cling ctia viin ban 13 diém danh gia c6 trong s6 (dua trén ly thuyét DS) ctia
céc cau. Cach tiép can ciia nghién cifu sinh hoan toan khac. Nghién ctiu sinh st dung
nhiéu bd phan loai ddc 14p khic nhau dé€ xac dinh di€ém sd cam xiic clia viin ban d4anh
gi4 clia ngudi dung. Tir cac két qué nay, dua trén phuong phédp téng hop theo ly thuyét

DS, két qua diém danh gid cam xiic cudi cling clia vin ban sé dudc dua ra.

4.3 Phéan loai cam xic da 16p bang cach két hap cic bd phan loai co s6

Tien xw Iy dwr li¢u

Lua chon diic trumg
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scky I
Tip cic > Elem
Ilhal] xét M} hé:a lé(.h L
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cach thanh xac suat 16p (SVAD

Hinh 4.1: Mb hinh phén loai cdm xiic da 16p bing cach két hgp SVM va OGBN dua
trén luat DS

Nhu da gidi thiéu & Muc 4.1, nghién cifu sinh dé xuit mot phuong phép két hop
gidi quyét vin dé phan loai da 16p dua trén su két hop cdc gia tri dau ra xdc suét ti
hai bo phan 16p co s (OGBN va SVM) theo luat két hop DS véi dit liéu phi cau tric.
Lép du doan cudi cung dua trén két qua tdng hop tir cac thuit toan co sé. Hinh 4.1
trinh bay cac budc thuc hién ctia phuong phap dé xuat.

Qua trinh tién x{ Iy vin ban (xem Muc 2.5.2) dudc thuc hién, cic dic trung uni-
gram, bi-gram, IG va MI dudc lya chon. Tap di liéu sau khi dudc trich chon dac trung
dudc chia lam hai phan 12 tap dit liéu huan luyén (80%) va tap dit liéu kiém tra (20%).
Sau khi huin luyén SVM va OGBN ta thu dudc cac mo hinh phan loai da 16p dua trén
SVM va mé hinh phan loai da 16p dua trén OGBN. Dii liéu kiém tra (1a c4c bai danh
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gia sau khi da dugc tién x 1y va trich chon dic trung) sé dudc dua vao cac mo hinh
phén loai da 16p SVM va OGBN. Mo hinh phan loai da 16p dua trén SVM c6 dau ra
1a gid tri khoang céch tit diém dit liéu dén cic siéu phang tuong ung véi cac 16p, day
khong phai 1a mot gia tri xac suat. Do d6, cic diém khoang cich nay can dudc bién
ddi thanh cac gia tri x4c suit tuong Ung thong qua mot ham chuyén d6i. Pau ra ctia
mo hinh phan loai da 16p dua trén OGBN 1a cic gid tri xdc suit tuong tng véi mbi
16p. Hia gid tri x4c suit nay (xac suét chuyén ddi tf SVM va xac suét tit OGBN) tré
thanh cdc dau vao cua luat két hop DS. Lép c6 gia tri xac suat 16n nhit theo luat két

hop DS sé dudc gan nhan diém cho bai ddnh gia.

4.3.1 Phdn loai cam xuc da lop dua trén SVM

Trong trudng hop tap di liéu da 16p, c6 hai chién lugc chinh d€ mé rong SVM
lam viéc v6i nhiéu 16p: Mot vdi mét (One-vs-one-OVO) va mot vdi tdt cd (One-vs-all-
OVA).

Pb6i v6i chién luge OVO, néu c6 C 16p, van dé phan loai dudc bién ddi thanh
C(C —1)/2 bai toan phan 16p nhi phan. Viéc phan tich két qua C(C — 1)/2 bo phan
16p nhi phan véi cach thiic bi€u quyét hodc biéu quyét cé trong sb sé xic dinh dudc
nhan 16p ctia mau kiém tra x. Chién lugc OVO c6 do phiic tap 12 O(C?).

Chién lugc OVA tao ra mot bo phan loai duy nhat cho mdi 16p. Trong mbi bd phan
loai nay, cic mau duong 13 cic mau c6 nhan cta 16p do, cac mau am la cidc mau cé
nhin cta cdc 16p con lai. Néu ¢ C 16p, chién luge OVA can C bo phan loai nhi phan
d€ huin luyén. do phic tap cta chién lugc OVA 1a O(C). Mot miu x méi dudc gan
cho 16p ma dau ra bd phan loai clia n6 theo (4.1) xuit ra gid tri duong 16n nhét (nghia
1a cuc dai 1&) nhu trong (4.2).

D

y(x) =wx+b =Y aici(xx;+Db) 4.1)
i=1

— . 4.2

¢ =arg max y (x) (4.2)

Trong (4.2), C 1a s6 16p, x = {x1,...,xp} 12 vector dic trung cho vin ban hoic cau,
y. 12 bd phan 16p tach 16p ¢ (c6 diém danh gid cam xic 1a ¢) ra khoi cac 16p con lai.
Quyét dinh du dodn trong (4.2) x4c dinh bo phan loai y,. c6 khodng cach xa nhat dbi
v6i mau kiém tra x. Diéu nay 1y gidi y. c6 stic manh phan loai tét nhét trong sb tit ca
céac bo phan loai, dé tach x ra khdi cac 16p con lai.

Vi d6 phic tap ctia chién luge OVO 1a O(C?) va d6 phiic tap ctia chién lugc OVA
1a O(C), nén c6 thé thiy, chién lugc OVO can s6 lugng bo phan loai nhi phan 16n hon
nhiéu so vé6i chién lugc OVA. Hon nita, chién lugc OVA c6 kich thudc tap dif liéu huin
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luyén 16n hon phuong 4n OVO do né sit dung toan bo toan bo tap dit liéu huin luyén
ban dau dé& huin luyén. Chién lugc OVA dudc st dung trong mo hinh dé xut ctia luan

an vi muc dich hiéu qua.

4.3.2 Bién déi dau ra ciia SVM thanh xdc sudt

SVM tao ra mdt gid tri chua dugc hi€u chinh trong (4.1) va (4.2), day khong phai
1a mot gid tri x4c suit. Vi nghién ciu sinh st dung ly thuyét Dempster-Shafer dé két
hop céc bo phan loai, cho nén can chuyén déi gia tri khoang cach ctia bo phan loai
SVM nhiéu 16p d€ xuit ra cac gia tri xdc suat hau nghiém.

Platt [145] dé xuit mot phuong phdp dé€ udc ludgng SVM hau nghiém bing cach
st dung mot ham sigmoid va diém s6 SVM. Thay vi udc tinh mat dd c6 diéu kién
ctia 16p p(y|c), dng Ay st dung m6 hinh tham s d€ diéu chinh truc tiép xéc suét hau
nghiém P(c = 1|y). Gia st siéu phang t&i uu da hoc 12 wx + b = 0, khi d6 diém SVM
clia x* 12 y(x*) = wx* + b. Theo Platt, xac suit hau nghiém ctia SVM c6 thé dudc uéc

tinh nhu sau: .

" 1+exp(Ay(x*) +B) (4.3)

ple=1ly(x"))

trong d6 y(x) dugc xac dinh trong (4.1).

M0 hinh sigmoid nay tuong duong vdéi viéc gia dinh rang diu ra cia SVM ty 1& véi
log odds ctia mdt vi du duong. Cac tham sb A va B ctia (4.3) dudc hop 1y hoa bing
cach sit dung u6c tinh kha ning xay ra tbi da tli tap huén luyén (y;; ;). Pau tién, chiing
ta hdy xdc dinh mot tap huén luyén mdi (y;;1;); trong d6 ¢; 1a xac suét muc tiéu dugc

xac dinh nhu sau:
- ci+1

i 2

4.4)

Cic tham s6 A va B dudc tim thiy bing cach t6i thiu héa kha niing 16i ctia dif liéu

huén luyén, day 1a mot ham 16i chéo entropy:
min—Y_t;log(pi)+ (1 —1;)log(1—1,) 4.5)
i

trong do:

1
~ 1+exp(Ay;+B)

pi (4.6)

Su t6i thi€u héa trong (4.5) 1a su tbi thi€u héa hai tham sb. Do d6, né cé thé duge
thuc hién bang bét ky trong sb thudt toan t6i vu nao. Luin 4n st dung ma gia trong
[145] d€ udc tinh cac tham s6 A va B cta (4.3) phi hop theo ham sigmoid.
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4.3.3 Phén loai cdm xiic da I6p dua trén mang Bayesian cong Noisy-OR

Tuy SVM c6 thé giai quyét tét cic bai toan phan 16p c6 sb chiéu dic trung 16n,
nhung khi gip phai di liéu khong chic chin hodc mit cin bing cao SVM sé bi gidm
hiéu qua. Ngoai ra do chinh xac cua SVM ciling sé giam trong bai toan phan loai da
16p vi co s6 1y thuyét ban dau ctia SVM dudc thiét ké trén phan 16p nhi phan [137].
Thém nita, viéc phan tach cic 16p qua gan nhau hoic phi 1ip 1én nhau, SVM ciing
gap kho khan.

DE vugt qua mot s6 yéu diém da néu trén ctia phuong phap SVM da 16p, luan 4n dé
xuat phuong phap két hop SVM vé6i mot bd phan loai da 16p hiéu qua khac (b phan
loai nay c6 thé bo sung cho SVM) tir d6 tao nén mot bd phan loai tong hdp chinh
x4c hon, manh mé hon. Bo phan loai két hop véi SVM dua trén tuong tac loai trit
da nguyén nhan (Multi-cause Disjunctive Interaction - MCDI), phuong phap nay dua
trén céch tiép can mang Bayesian cdng Noisy-OR dudc dé xuat trong [110] va dugc
ap dung cho phéan I6p van ban trong [136].

Céch tiép can theo mo hinh mang Bayes cong OR 12 mot bién thé ctia mang Bayes
nén n6 hién nhién 12 mot bd phan loai da 16p, mang cdc uu diém ctia mang Bayes nhu
hoat dong tot trén dit liéu c6 dd mat can bang cao [136]. Thém vao d6, mang Bayes
c6ng OR c6 dd phtic tap 12 O(n) thap hon so véi do phiic tap cia mang Bayes 1a O(2")
[110-112].

Hinh 4.2: B0 phan 16p mang Bayes Noisy OR-gate

M0 hinh phén 16p cam xuc ciia mot bai danh gia tir khach hang nhu sau: Tap tac
dic trung {f,} thu dugc nhd cdc budc tién xt Iy va Iya chon déc trung. Mdi dic trung
{f4} dudc xem nhu la mot nit 7, con dudc goi la niit nguyén nhdn. Cac nit nay c6
gid tri tuong ding 0 hodc 1 thé hién dic trung {f,} khong xult hién hodc xuét hién
trong vin ban danh gid d;. Méi 16p trong Cyuss 16p 12 mdt nuit niit két qud ky hiéu la
C;. Trong bai todn phan loai da 16p ma luén dn gidi quyét Cpjess = {1,2,3,4,5}. Cu
tric mang 1a ¢ dinh. Néu déc trung {f,} xult hién trong di liéu huén luyén cta 16p
cj thi trong md hinh cAu tric mang xuit hién mot cung c6 hudng di tif nit nguyén

nhén T, dén nut két qua C ;. Tap cac nut T;, c6 cung két ndi véi niit C ; dudc goi la cac
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cha ctia C; va dugc ky hiéu 1a Pa(c;) (xem Hinh 4.2). Theo cong thiic (1.13), xdc suat

xudt hién clia 16p ¢; (c; = true) khi biét vin ban d; dugc xac dinh nhu sau:

plejld)=1= [T (1=p(f) 4.7
TqEPa(Cj)ﬂd,'
trong do, p(f,) la xdc sut xuét hién cia chi nguyén nhan 7, 1am cho nit két qud mang
gia tri "True" (nghia la budc 16p c; xuat hién). Xdc suat niy c6 thé dudc uéc luong
truc tiép p(c;|f,) st dung xap xi Laplace:

4.8
N (4.8)

plejlfe) =
trong d6 N, 1a s6 1an ma déc trung f,; xult hién trong cdc vin béan cta 16p cj; Neg
1a s lan ma dic trung f, xuat hién trong tit ca cdc vdn ban cta kho di liéu, tic 1a
N'q = ZC]'GCCIGSS N/q
Ham phan 16p ctia vin ban d; sé€ dudc xac dinh dua vao cdc gia tri cia p(c||d;) theo
cong thuc (4.7). Khi d6 ham phan I6p s€ la:

c=arg max (l1-— (1—=p(fq) 4.9)
ce{cy,cp,05) T,€Pa(C;)Nd;

4.3.4 Mo hinh két hop sit dung ly thuyét Dempster-Shafer

Dempster-Shafer 1a mot 1y thuyét toan hoc vé bang chiing dua trén ham niém tin
va ly luan hop 1y [146]. Ly thuyét DS c6 kha ning biéu dién cho su khong chic chin
va thiéu hiéu biét, va do d6, n6 c6 thé dugc st dung dé két hop cac bd phan loai nhim
cai thién do chinh xac.

Ly thuyét DS bat dau bang cach gia dinh mdt khung phdn biét 1a mot tap hitu han
cac gia thuyét loai trit 1dn nhau vé mot mién linh vuc nao d6. Trong bdi canh van dé
ctia luan 4n, khung phén biét dugc dua ra bdi mot tip C = {ci, ...,c, }, trong d6 n 1a s6
16p, va ¢ dugc goi 1a nhan 16p. Mot siéu tap hop P(C) 1a tap cua tit ca cdc tap con ¢6
thé c6 ctia cac 16p P(C) = {0,{c1},...,{cn},{c1,¢2}, .., {c1,--scu}}. Vidu véin =5
thi siéu tap hop P(C) sé c6 2° = 32 tap hop con. Ly thuyét DS gan ham gid tri (mass
value) m trong khodng tir 0 dén 1 cho méi tp con A € P(C) cia siéu tap hop va théa

man nhung diéu kién sau:

m(9)=0; ) mA)=1 (4.10)

Pua ra hai bing chiing dudc biéu thi bang hai phép todn gan xdc suit cd ban m; va
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my, quy tic két hop ctia Dempster (con dudc goi 12 ham tong truc giao khoi luong
(orthogonal sum mass function) [147] va ky hiéu bdi m = m| & my,) dudc dinh nghia
nhu sau:

Ly yep(c)xny—am1(X)ma(Y)

() =mi Sma(4) = 1 _Zx,YeP(C);XmY:@ml(X)m2(Y) 10

v6i A € P(C) goi la céc gia thuyét.

C6 bbén quy tac dudc md rong tir quy tic két hop Dempster 1a quy tic hdp nhit
dang tuyén ctia Dubois va Prade, quy tac két hop trung tim clia Zhang, quy tac két
hop théng nhit ctia Inagaki va quy tic ctia Yager [147]. Tit ci cic quy tac két hop
déu lién quan dén bdn tinh chit dai s6: tinh giao hodn A © B = B @ A; tinh dong nhit
ADA=A;tinh xip xi A®GB~ A’ DB, trong d6 A’ ~ A (A’ 1a rit gin A); va tinh két
hop A® (B®C) = (A® B) ®C, trong d6 @ biéu thi phép todn két hgp. Véi phuong
phép dé xuét, luan 4n sif dung quy tac két hgp ban dau ctia Dempster. Hai ngudn bang
chiing dugc két hop theo phuong trinh (4.11), nhung né c6 thé mé rong dé két hop
mot sb nguodn tuy y khi can. Luu y rang mau sb ctia (4.11) 13 giéng nhau dbi vé6i tat
ca céac gia thuyét, trong thuc té, viéc tinh toan chi can tinh ti sb.

Tiép theo, viéc can lam 1a x4c dinh cac ham khdi luong sé dudc st dung trong bai
toan. Trong ly thuyét DS, ham khdi lugng c6 thé dugc xay dung don gian hay phic
tap tiy thudc vao muc dich st dung va cdc diéu kién ctia bai todn. Cdc ham khoi
luong dudc st dung trong dé xult ctia luan 4n chi dinh mot hé s6 tir 0 dén 1 cho mot
gia thuyét (tp hop con cia céc 16p A € P(C)) theo dau ra xéc suét clia cdc bo phan
loai khac nhau (néi cach khéc 14 cdc ngudn bang ching). Tuy nhién, ngay ca véi dinh
nghia ham khéi luong kha don gian nay, d6i v6i mbi thudt toan phan loai dudc st
dung, nhiéu bd phan loai phai dudc xay dung. Piéu nay hoan toan khong thuc té khi
s6 lugng 16p 16n. DE gidi quyét vin dé nay, luan 4n dé xuit mot phuong phap gan ding
dé tinh todn cong thic (4.11) dua trén tinh gan diing ctia quy tic Dempster nhu sau:

Cho ® = P(C) \ C, diéu nay nghia 1a ® tinh cho tht c4 céc tip con ctia P(C) c6 luc
lugng 16n hon 1, v6i mbi gia thuyét tuong tng véi mot 16p riéng biét ¢ j» khi do:

mi(X)mo(Y) m mi(cj)ma(cj) +mi(cj)ma(®) +mi(®)my(c))
X,YE€P(C):XNY =c;
4.12)

Theo cong thiic (4.10), m(®) dugc xac dinh bdi:

m@®)=1- Y m(c)) (4.13)

CjGC
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Luu y ring m(®) trong cong thiic (4.13) vin chiém céc tap con ctia P(C) ma chiing
khong phai 1a siéu tap con cla ¢;. D€ giam tidc dong cta nhing tap con nhu véy luan
an st dung xAp xi 777 nhu sau:

. A€EB;ADc;
(@) = i o) f}l(l— Y m(cj)) (4.14)

CjEC

Cho mot mAu vin béan dénh gid d;, ddi v6i mbi 16p ¢, ham khdi lugng dugc cau
tric dya vao ma trdn nham 1an (CM,,) va gia tri xac suat ctia mdi 16p ¢; (p(c;|d;))
dudc x4c dinh bdi bo phan 16p ¢. Ma tran nham 14n ¢6 hai chiéu, mét chiéu dugc 1ap
chi muc bdi 16p thuc t& cia mot d6i tuong va chiéu kia dugc 1ap chi muc bdi 16p ma
b phan loai dy dodn. Trong ma tran nham lan (Béng 4.1) N, biéu dién s6 mau thudc
vé 16p ¢ ; nhung dudc phén loai vao 16p c¢x. Ham khdi luong cho 16p ¢ ; khi biét ma

tran nham 14n cda trinh phan loai ¢ dugc x4c dinh nhu sau:
_ 2Pp(cj)Ry(c))  Polcjldi)
Pp(cj) +Ro(cj) i1 polcildi)

trong d6 Py(c;j) =nj;/ Lj_;nkj and Ry(c;) =n;;/ Lj_; njk. Phuong trinh (4.15) ddm
bdo ring cac diéu kién trong (4.10) dudc théa man cho cac ham khéi luong dudc st

my(c;) (4.15)

dung trong ludn an nay.

Bang 4.1: Ma tran nham lan

L6p du doan
Cl ver Cl... Cn
c1 | Nii | Nix | N

CM,

Lép thuc té | ...
Cj le Mk Njn

cn | Nui Nk Nun

Xem xét vi du 3.1 d€ hiéu rd hon vé phuong phap két hop hai by da phan 16p dua
trén SVM va mang Bayes Noisy OR-gate. Hinh 4.3 cho biét két qua kha ning (xic
sut) ma vin ban danh gid "725721" thudc vé céac 16p khac nhau qua hai bo phan 16p
dua trén SVM va mang Bayes Noisy OR-gate. Dong thdi, bang 4.2 biéu dién ma tran
nham lan ctia b phan 16p dua trén SVM va ma tran nham 14n cda cac bd phan 16p dua
trén mang Bayes Noisy OR-gate. K&t qua gan céc gia tri ham khdi lugng cho tling 16p
meg(cj) va cho my(®) dudc trinh bay trong bang 4.3 Xét v6i 16p c1, gid tri mgsyp(c1)
dudc tinh nhu sau:
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Result 1 (SVM) Result 1 (Noisy OR-gate BN)

<DOCUMENT name="hotel-725721" category="c5"> <DOCUMENT name="hotel-725721" category="c5">
<CATEGORY bpa = “0.553”>{c1}</ CATEGORY > <CATEGORY bpa = “0.769">{c1}</ CATEGORY >
<CATEGORY bpa = “0.725">{c2}</ CATEGORY > <CATEGORY bpa = “0.724">{c2}</ CATEGORY >
<CATEGORY bpa = “0.847">{c3}</ CATEGORY > <CATEGORY bpa = *0.669">{c3}</ CATEGORY >
<CATEGORY bpa = “0.877">{c4}</ CATEGORY > <CATEGORY bpa = “0.930">{c4}</ CATEGORY >
<CATEGORY bpa = “0.813”>{c5}</ CATEGORY > <CATEGORY bpa = “0.999">{c5}</ CATEGORY >

</ DOCUMENT = </ DOCUMENT >

Hinh 4.3: Vi du két qua dau ra tit hai bd phan 16p dua trén SVM va mang Bayes Noisy
OR-gate

Béng 4.2: Ma tran nham I4n tif hai bd phan 16p dua trén SVM va mang Bayes noisy
OR-gate

Ldp du doan
c 1 c?2 ¢3 ¢4 ¢cb5
c_l 1007 114 43 29 7
c2 63 1194 27 14 2
Lop thucté | c_3 27 101 2116 104 52
c4d 0 15 136 4608 241
c.5 0 114 232 312 6442

CMsym

Ldp du doan

cl ¢2 ¢3 ¢4 <c5

c.1 1031 100 41 28 0
c2 56 1200 25 19 0
Lopthucté | c_3 24 95 2128 104 49
c4d 0 12 129 4627 232

c5 0 110 224 262 6504

CMocGsn

(0.55340.725+0.84740.877+0.813)

msyp(c1) =

1007 T 1007
(1007+63+27+0+0) " (1007+114+43+29+7)
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Bang 4.3: Két qué cdc ham khdi lugng cho vi du 3.1

Ham khéi lugng A={ejh

’ cl o c3 c4 Cs O
msy m 0.0635 0.0800 0.0948 0.1052 0.0992 0.3096
MOGBN 0.0839 0.0754 0.0703 0.1048 0.1144 0.3063
M(SV M, 0GBN) 0.0508 0.0539 0.0575 0.0757 0.0771

4.4 Két qua thuc nghiém

4.4.1 Bo du liéu thuc nghiém

Bang 4.4 trinh bay mot s6 thong tin vé cac tap dif liéu dudc st dung trong thuc
nghiém véi moé hinh phan loai cdm xiic da 16p bang cach két hop cac bd phan 16p co
ban. C4c bd dit liéu nay bao gdm cic vin ban ddnh gia clia ngudi dung dbéi vdi cac san
phdm khéc nhau va da dugc st dung trong thuc nghiém véi cdc phuong phap dé xuat
ctia Chuong 2 trong luin 4n nay. Tuy nhién v6i bo dit liéu ca phé ban dau chi c6 1200
bai danh gia (s6 luong tuong d6i nhd so véi hai bd con lai), do vay nghién ciu sinh
da tién hanh thu thap thém dit liéu trén trang amazon.com. Trong bo dif liéu khach
san, cac khia canh khac nhau cia khach san nhu phong, vi tri, cac dich vu...dugc
nguoi dung quan tdm va danh gia. Trong b di liéu bia va ca phé, ngudi danh gia st
dung cdc cdm nhan khac nhau d&é mo ta danh gia ctia ho vé cac khia canh nhu mui
thom, huong vi, thé hién bé ngoai ctia d6 udng. Tuy nhién bia va ca phé 1a hai loai dd

udng khac nhau do d6 cac tif cdm xtc dudc st dung d€ mo ta danh gia ciing khac nhau.

Béng 4.4: Thong tin tong hop cac bo dit liéu

Bé dif liéu Khach Bo dit liéu B dit liéu

san Bia Ca phé
Bai danh gia 193,661 50,000 12,000
Sé cau 1,790,880 509,320 62,896
Trung binh s6 cu 9.25 10.19 5.24
trén bai danh gia
Tap dirlieu hudnluyén 2, 5 45,000 10,800
(bai danh gia)
Tap di liéu ki€m t

ap U AE BEm S 17,000 5,000 1,200

(bai danh gi4)
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Van d& mat can bang gilta cac 16p khac nhau cta dit liéu déu xuét hién trong céac
bd dit lidu thit nghiém. D6i véi tap dit liéu vé bia, 16p c6 sd bai danh gid it nhat kém
hon 100 1an so véi 16p c¢6 s6 bai nhiéu nhat. Van dé nay tré nén trAm trong hon khi st
dung phan loai OVA cho phan loai cam xtc da 16p dua trén SVM. Bang 4.5 cho biét
phan phbi clia céc 16p trong ba bd dit liéu, cac ky hiéu: 16p tiéu cuc cam xiic cy; 16p

ti€u cuc ly tri c¢p; 16p trung 1ap c3; 16p tich cuc ly tri c4; 16p tich cuc cam xic cs.

Béng 4.5: Phan b ctia cac 16p cam xic trong cac bo dif lidu

Bo

: Lo Lo Lo Lo Lo ’
dit p op op P p Téng
‘n C1 2 C3 C4 Cs

lieu

Bai Khach

danh a 12,565 13,415 24,892 61,254 81,535 193,661
., san

gla

Bia 230 1,245 5,785 27,224 15,516 50,000
Caphé 654 857 1,413 4,142 4934 12,000

4.4.2 Tién xi ly va lua chon ddc trung

Qua trinh tién xt Iy dudc thuc hién theo cac budc da dudc trinh bay trong Chuong
2 ctia luan 4n nay. Tuy nhién ddi v6i phan lua chon dic trung trong phan loai cam xic,
nghién citu sinh tién hanh hai thi nghiém khac nhau d€ tim ra bo dic trung gidip ning
cao hiéu suit ctia phuong phap dé xuat. Trudc tién, bd dic trung co sd dugc tao ra nhu
trong phuong phap dé xuit tai Chuong 2 cia luan an (uni-gram, bi-gram). Tiép theo
bd dac trung rut gon dudc tao ra dya trén bo dac trung c¢o sé thong qua cac phép loc
dic trung v6i do loi thong tin (Information Gain - IG) va thong tin tuong hé (Mutual
Information - MI) gitra dac trung va 16p cam xuc.

Déi v6i phan loai SVM, can ¢6 biéu dién dudi dang vector dic trung. V&i muc dich
ndy, vin ban dudgc chuyén thanh bi€u dién sb thong qua viéc sit dung ky thuat tdi tu.
Mai vin ban dugc mi héa thanh mot vector c6 do dai cb dinh, trong d6 do dai 1a sd
dic trung trong tif dién. Gi4 tri cia mdi vi tri trong vector thé hién s6 l1an xuét hién
clia moi tif trong vin ban. Luan 4n ciing thit nghiém véi phuong phap TF-IDF cho
muc dich nay, tuy nhién cé hai phuong phdp déu c6 tic dung gidng nhau do cach lua
chon dac trung cam xuc.

Lua chon dac trung: Nhiém vu nay la loai bo cac ddc trung khong lién quan va du
thira. Nhiéu nghién citu da chi ra ring cdc tinh tif va trang ti 1a cdc chi bdo quan trong

cua cam xuc [3]. Cac dac trung Uni-gram la cac tinh tir va trang tu trong tap hgp cac
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tif ctia bd dit liéu dudc lua chon bang cach st dung thé POS thu dudc trong budc tién
xt ly. Cac dic trung bi-gram dudc tao ra bang cach trich rit theo cdc mau cd phap
¢ dinh dudc miéu ta trong Bang 2.4 [8]. Bang céch chi sit dung tinh tif va trang tu,
nghién ctiu sinh thu dudc tap cc dic trung co sé ban dau bao gdm 69,314 dic trung
cho bo dit liéu khéch san, 55,231 dic trung cho bd dif liéu bia, va cudi cuing 1a 19,099
dac trung cho b dit liéu ca phé. B dac trung nay dugc goi la dac trung "Uni+Bi".

Dé giam sb dic trung hon nita, viéc sit dung phuong phap Iua chon dic trung dua
trén ky thuat IG va MI dudc ap dung. IG do ludng lugng thong tin thu dudc dé du
doan 16p bang cach biét sy hién dién hay ving mit clia mot dic trung trong mot tai
liéu. D6 1gi thong tin trong bai toan phan loai 13 thuéc do mitc dd phd bién ctia mot
dic trung trong mot 1p cu thé so véi miic dd phd bién clia né trong tit ci cic 16p
khdc. Mot dic trung xuét hién chid yéu trong cdc bai danh gia tich cuc hiém khi xuét
hién trong céac bai danh gia ti€u cuc thuong chuia do 1gi thong tin cao. Vi du su hién
dién cua tu "wonderful" trong bai danh gia khach san la mot chi bao manh mé cho
thiy bai d4nh gid do6 Ia tich cuc. Diéu nay c6 nghia la tit "wonderful" c6 do 10i thong
tin cao. PO Igi thong tin cia ddc trung f dudc xac dinh theo cong thuc (4.16).

1) = —ilmcj)zog(P(cj))
J:
Zi: (cjlw)log(P(cjlf)) (4.16)

n
1)) Y (1=P(cjlf))log(1 = P(c)|f))
j=1
trong do:
I(f): 1a d0 1gi thong tin cha déc trung f;
P(cj) = D.,;/D: 1a xac suat cia 16p cam xiic thi j, D, 1a s6 vin ban dénh gid thuoc
vé 16p cam xic 1a c;;
P(f) = D(f)/D: 1a x4c suit ma dic trung f xuét hién trong toan bd kho dit liéu
clia mot loai san phadm, D(f) 1a s6 viin ban cdm xiic ma ching c6 chia dic trung f;
P(cjlf) = De¢;(f)/D(f): 1a xdc suat c6 diéu kién ciia 16p cam xiic ¢; khi mot dac
trung f xuat hién trong vin ban danh gid, D, (f) la s6 vin ban thudc vé 16p cam xiic
c¢j ma chung c6 chua dac trung f.
Thong tin tuong ho M., (f) gitta dédc trung f va I6p cam xiic ¢; dugc xdc dinh dya
trén muic dong xudt hién gitta déc trung f va I6p cam xtc ¢, M, ( f) dudc dinh nghia
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nhu sau:

B(f) . Do(f)D
P(f)P(c)  °D(f)D.

va luong thong tin tuong ho trung binh cia mot dic trung f qua tat ca cac 16p cam

M,,(f) = log (4.17)

xuc dudc xac dinh nhu sau:
n
Mavg(f) = ) P(c;)Mc,(f) (4.18)
j=1
B0 dac trung thd hai sau khi thu gon dudc goi 1a "Uni+bi+IG+MI", bd dic trung
nay c6 6,000 dic trung dbi véi dit liéu khach san, 5,000 dic trung ddi véi dit liéu bia
va 2,000 dic trung ddi véi dit liéu ca phé. Thong tin chi tiét clia hai bod dic trung dbi

véi cac b du liéu dudc trinh bay trong Bang 4.6.

Bang 4.6: S6 chiéu clia hai tip dic trung trong ba bd di liéu

S6 chiéu S6 chiéu
Bo dur lieu cha dac trung cua dic trung
Uni+Bi Uni+Bi+IG+MI
Khach san 69,314 6,000
Bia 55,231 5,000
Ca phé 19.099 2,000

4.4.3 Két qud va thdo ludn

Phuong phap dé xuit dudc thuc hién biang ngdn ngit 1ap trinh C#. Ba bo dit liéu
dudc md ta trong Muc 2.5.1 dudc sit dung. Cac do do d€ danh gia hiéu qua cla
phuong phap dé xuit bao gdm do Accuracy (ACC), Precision (P), Recall (R), va do
do f1-score (F1).

Thu vién LibSVM dudc luin 4n st dung dé tién hanh cai dit cac thi nghiém cho
bd phan loai da 16p SVM. Nhan SigmoidKernel dudc lua chon, va cac tham sb khéc 1a
C = 1, gamma = 107, degree = Math.Log((prio0+1)/(priol +1)), sb mau thudc
16p tich cuc 1a priol va sb mau thudc 16p khong tich cu 1a prio0. Pbi véi cac thi
nghiém trén mang Bayes cong nhiéu OR khong c6 tham sb.

Dé danh gia hiéu qua clia phuong phdp dé xuét, hai thi nghiém da dudgc trién khai.
Trong thi nghiém thi nhét, luin 4n so sanh dd chinh x4c ctia bd phan loai da 16p dua
trén SVM va b0 phan loai da 16p dua trén mang Bayes Noisy OR-gate v6i hai bo dac
trung dau vao khac nhau. Thit nghiém tiép theo d€ danh gia hiéu qua ctia phuong phap
két hop hai bd phan loai co s dua trén ly thuyét DS. Luan an danh gid su cai thién
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tong thé cia mo hinh két hop. Pong thdi cac khia canh khic lién quan dén van dé di

liéu mat can bang, van dé phan loai sai cac 16p 14n cin cling dugc thao luin.

Bang 4.7: So sanh hai bo phan 16p co sd trén ba bo dit liéu

Bo dit Pj do
lie A
% | Bophanloai dictrung P(%) R(%) F1(%) ((;;
(0]
i+Bi 7437 7942 7681 89.54
SVM-based gnt]; 311 681 895
Bia Bl 2e13 8344 8070 91.36
+I1G+MI
i+Bi 229 92.1 . .
OGEN baced IljniB% 8229 92.18 86.95 93.96
Bl 9311 9135 87.03 93.54
+IG+MI
i+Bi 4 4 44 864
| SVMbaed gnt]; 8643 8645 8644 86.43
ac MFBL - e775 8936 88.55 90.39
san +1G+MI
i+Bi . . 92 914
OGEN baced IljniB% 89.06 90.80 89.92 91.45
MFBL - eg 62 9021 89.41 91.12
+IG+MI
i+Bi 140 81.82 81.61 82.
UM baced gnt]; 8140 81.82 81.61 82.83
ni 1
Ch phé 8933 89.41 8937 90.08
+I1G+MI
i+Bi 441 9342 9391 94,
OGEN baced gn:; 9 9342 9391 94.08
Bl 9377 9295 9336 93.67
+IG+MI

Bang 4.7 cho thiy do chinh x4c du dodn ctia phuong phap dua trén SVM va OGBN
trén ba bd dit liéu, mdi bo st dung hai tip dic trung dau vao. Bo dic trung "Uni+Bi"
chia céc tinh tu, trang tu don hodc cum 2 tu c6 chia tinh tu, trang tu. Thong qua
chi s6 IG va MI cao ctia cic dic trung "Uni+Bi", Tip dic trung "Uni+Bi+IG+MI"
dudgc lua chon. Trong két qua ctia ca ba bo dit liéu déu cho thay Bo phan loai dua trén
OGBN hoat dong tot hon bd phan loai dua trén SVM. Két qua nay xdc nhan phan
tich tru6c day clia nghién cu sinh ring SVM hoat dong tot véi phan loai vin ban
nhi phan, nhung gap kho khan khi xt ly v6i da phén loai da 16p. Mot quan sat thu
vi § day 13, cing mdt bd phan 16p, véi tap dic trung c6 s6 chiéu 16n ("Uni+Bi") thi
bd phan 16p dua trén OGBN hoat dong t6t hon, trong khi vdi tap dic trung thu gon
("’Uni+Bi+IG+MI”") thi b phan 16p SVM hoat dong tdt hon.
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Bang 4.8: So sanh phuong phép két hop véi hai bd phan loai co s&

Do
Bo dit liéw 0 do
) i B0 phan loai P(%) R(%) FI1(%) Accuracy(%)
SVM-based 78.13 83.44 80.70 91.36
Bia OGBN-based 83.11 91.35 87.03 93.54

DS based integration 88.17 94.69 91.32 95.36

SVM-based 87.75 89.36 88.55 90.39
Khach san OGBN-based 88.62 90.21 8941 91.12
DS based integration 91.89 92.76 92.32 93.66

SVM-based 89.33 89.41 89.37 90.08
Ca phé OGBN-based 93.77 9295 93.36 93.67
DS based integration 95.81 95.63 95.72 95.83

Bang 4.8 cho biét do chinh xdc ctia hai bo phan loai co s va phuong phap két hop
dua trén ly thuyét DS. Nhu ching ta c6 thé thiy trong bang phuong phap két hop hoat
dong tot hon ca hai phuong phap dua trén SVM va dua trén OGBN dbi véi ca ba bo dit
liéu. Luu y rang trong thit nghiém nay ca ba phuong phap déu sit dung tap dic trung
”Uni+Bi+IG+MI”. Mic du phuong phap két hop c6 thé st dung céc tip dic trung dau
vao khéc nhau cho cac bd phan loai co sé khac nhau, nhung dé han ché chi phi tinh
todn trong cdc mo hinh (do sb chiéu dic trung 16n) nén nghién ctiu sinh da Iva chon
mot tip dic trung thu gon cho ca hai bo phan loai co sé. Két qua cho thiy phuong
phap két hop c6 hiéu suét t6t hon so v6i bd phan loai dua trén SVM (ACC tir 3.27%
dén 5.75% ) va so v6i bd phan loai dua trén OGBN (ACC tir 1.82% dén 2.54%). Tuy
nhién két qua di dudc bao phii b6i cac 16p chiém da s6.Phan tich sau day sé cho thay
rang phuong phap dudc dé xuit cii thién dang k& hiéu suét phan loai ctia cac 16p thiéu
s6 va khic phuc vin dé dif liéu mét can bang ma phuong phap dua trén SVM phai dbi
mat.

Bang 4.9, 4.10, 4.11 cho thiy sd cidc mau bi phan loai nham 14n gitta hai 16p ké can
nhau trong ba phuong phap. Chiing ta dé dang nhan thy riang, Vi phuong phap két
hop DS, sb luong miu gitta cdc 16p ké can bi phan loai nham 14n gidm dang k€, nhat
12 d6i véi cac 16p khé phan biét (gitta ¢; va ¢y, gilta ¢4 va c5). Trong bd dit liéu Khach
san, ti 1& phan loai nham 14n gitta cic 16p c; va c; clia phuong phéap két hop DS gidm
so v6i phuong phap dua trén SVM va dua trén OGBN 1an luot 12 38.4% va 30.1%. Ti
1& giam gitta cac 16p c4 va ¢4 ctia phuong phap két hop DS so véi phuong phap dua
trén SVM va dua trén OGBN lan luot 1a 38.0% va 30.6%.
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Béng 4.9: Cdc miu da bi phan loai sai ctia cic 16p ké clia ba phuong phap trén tap dit
li€u Bia

B0 phinloai SVM based OGBN-based PS basejd
Itegration
C1 —>C 6 2 >
) — Cq 10 0 3
Tong 16 5 s
2 —>C3 10 7 >
sémiubi | 372 36 34 19
A . | Tong 46 41 21
phén loai
. C3 — C4 18 14 7
sail C4 — C3 56 29 29
Tong 74 43 36
C4 —> C5 132 78 73
C5 — C4 51 45 37
Tong 183 123 115

Bang 4.10: Cac mau da bi phan loai sai ctia cac 16p ké ctia ba phuong phdp trén tap
du liéu Khach san.

DS based
Bo phan loai SVM based OGBN-based . S ase.
integration
c1— ¢ 114 100 56
) — 63 56 53
Tong 177 156 109
) — C3 27 25 25
i x .. €C3—>C 101 95 68
Somaubi |
R .| Tong 128 120 93
phén loai
) Cc3 — ¢4 104 104 100
sai
C4 — C3 136 129 122
Tong 240 233 222
C4 — Cs 241 232 180
Cc5 — Cy 312 262 163
Tong 553 494 343
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Bang 4.11: C4ac miu da bi phan loai sai clia cic 16p ké clia ba phuong phdp trén tap
dit liéu Ca phé.

DS based
BoO phan loai SVM based OGBN-based . asei
Integration
Ccl1—C 18 16 6
Ccy) — Cq 10 4 4
Tong 28 20 10
cr —C3 8 8 8
A x .| €32 7 4 4
SO mau b o
© MU Téng 15 12 12
phan loai
. c3— C4 4 4 4
sai
Cq4 — C3 7 4 4
Tong 11 8 8
C4 — C5 23 12 8
C5 — C4 18 16 7
Tong 41 28 15

Bang 4.12: Su cai thién hiéu suét cia phuong phap két hop so v6i phuong phap dua
trén SVM ddi vé6i cac 16p thiéu sd

4. Mo hinh M6 hinh
SVM-based DS based integration

. . Tilé mat
Bo du liecu Ldp e
(Acc-%) (Acc-%)

can bang

. ‘ 1:216 60.00 90.00
. 1:39 84.76 97.62

) ‘o 1:14 83.92 91.25
Khach san | 1:13 91.85 92.54
_ la 1:17 84.17 95.00
Caphe 1:13 89.00 94.00

Vin dé cai thién do chinh xdc ctia phuong phap két hgp DS so véi phuong phap dua
trén SVM ddi véi cac 16p thi€u s6 ciing dudgc phan tich va danh gia. Cac ti 1é mit can
bing ctia hai 16p ¢; va ¢, cuing v6i d6 chinh x4c phan loai trén cac 16p nay dudc quan
sat va so sanh. Két qua cu thé dudc chi ra trong bang 4.12. Céc sb liéu trong bang nay
cho théy, phuong phap két hop DS cho két qua t6t hon so véi phuong phéap dua trén
SVM trong c4 ba bo dit liéu. Diéu nay khang dinh mé hinh két hop DS giita dudc cic
vu diém, loai bd cic nhudc diém cia cdc mo hinh (dua trén SVM va dua trén OGBN)

nhu da thao luin ban dau.
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4.5 Két luan chuong 4

Trong chuong nay luin 4n xem xét gidi quyét nhiém vu phan loai cam xic khia
canh da 16p (tich cuc cam xuc, tich cuc ly tri, trung 1ap, ti€u cuc ly tri va tiéu cuc cam
xtic). Nghién cifu sinh da dé xuit mot md hinh két hop hai bo phan loai da 16p co s6
dua trén SVM va dua trén mang Bayesian cdng OR sit dung phuong phap két hop dua
trén ly thuyét Dempster-Shafer. Phuong phap két hop nay c6 thé giai quyét mot sb6 vin
dé kho khin trong bai toan phan loai da 16p nhu dit liéu khong can bang, tinh mo hd
khong 1o rang, tinh lién ké gitta cac 16p 14n céan.

Phuong phap dé xuit dugc tién hanh thir nghiém trén ba bo dit liéu online. Két qua
cho thiy d6 chinh xac (ACC) ctia phuong phap két hdp cao hon so véi cac phuong
phép co sé tif 2% dén 5%.
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KET LUAN

Nhitng két qua nghién ctu cta luin 4n

Muc tiéu ctia luan 4n la nghién ctiu bai toan phan tich quan diém mic khia canh céc
bai viét ddnh gia sdn phim clia ngudi dung truc tuyén. Bai ddnh gia vé san phdm/dich
vu clia ngudi dung truc tuyén thé hién quan diém, miic d6 quan tAm ctia ngudi ding
ddi véi san pham/dich vu d6. Pong thdi, cdc bai danh gia nay ciing thé hién tinh
ca nhan hoa cua ngudi dung, xu huéng ti€u dung va dinh huéng thi trudng ctua san
phdm/dich vu. D€ phan tich chi tiét cdc quan di€ém ctia ngudi ding qua céc bai danh
gi4 truc tuyén, nghién cifu sinh da thuc hién nghién cifu va gidi quyét cac van dé clia
bai toan phan tich quan diém miic khia canh. Ba nhiém vu chinh trich rit khia canh,
phan 16p cam xuc khia canh, uSc luong trong s6 khia canh dudc nghién ctiu sinh tim
hiéu va dé xuét cic giai phdp giai quyét van dé. Cac dong goép chinh cia luin 4n bao
gdm:

e Dé xuit hé thong nbi tiép thuc hién ba nhiém vu trich rit khia canh, du dodn
diém cam xdc khia canh, u6c lugng trong sd khia canh ctia bai toan phan tich
quan diém dua trén khia canh.

V6i nhiém vu trich rit khia canh, nghién ciu sinh dé xuit mot k§ thuét hoc
ban giam sat dua trén xac suit c6 diéu kién két hop thuit todn bootstrapping
dé€ thuc hién bai toan. Pong thoi k§ thuat ban gidm sat nay duoc két hop véi
cac k¥ thuat lua chon dic trung dua trén TF-IDF va POS dé nang cao hiéu suat
ctia phuong phap. Phuong phap dé xuit c6 thé giai quyét cac van dé vé dit liéu
c6 gan nhan, vin dé phat hién khia canh 4n va céc khia canh c6 tan suit thap.
V6i nhiém vu du doan di€ém cadm xuc khia canh, phuong phdp hoc gidm sat
Naive Bayes dudc thuc hién. Céch tiép can nay c6 kha ning gidi quyét bai todn
da 16p va dit liéu mét can bang.

V6i nhiém vu udc luong trong sd khia canh, mot cach tiép can khong giam sét
dua trén noi dung bai viét cia ngudi dung va tinh phd quat trong toan bo kho
ngit liéu dudc nghién citu. Phuong phap dé xuat gitp giai quyét dudc tinh ca
nhén héa trén tiing ngudi ding nhung lai khong yéu ciu phai biét diém danh
gi4 cdm xuc tiing khia canh cling nhu diém déanh gia tdng thé ctia bai viét.

e Luan an dé xuat mot phuong phap ban gidm sat dé cai thién hiéu suat trich rit
khia canh dua trén biéu dién W2V két hop do do hd trg. Phuong phap dé xuit
c6 thé gidi quyét tot dbi véitrich rit khia canh 4n va dic biét gidi quyét dugc
vAn dé phu thudc ngi canh cia tif trong nhiém vu nay.

e Luan 4n dé xuit mot phuong phap két hop hai bd phan loai manh mé 1a Support
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Vector Machine va OR Gate Bayesian Network dua trén ly thuyét Dempster dé
giai quyét nhiém vu phan 16p cam xiic khia canh.Phuong phap dé xuét c6 hiéu
qua vugt troi so véi hai phuong phap co s8. Dic biét phuong phap két hop ¢
thé gidi quyét vin dé phan tach cac 16p gan nhau, van dé dit liéu mét can bang
trong bai toan phan loai da 16p.

Y nghia va kha niing ing dung vao thuc tién

Phan tich quan di€ém mufc khia canh cdc bai ddnh gid sin pham truc tuyén 1a mot
bai todn c6 vai trd quan trong trong nghién cifu ciing nhu trong ing dung thuc tién
ddi véi cac hoat dong cua td chiic, doanh nghiép, dic biét 1a cdc doanh nghiép kinh
doanh truc tuyén.

Phan tich quan diém ngudi ding 13 bai todn c6 tinh ting dung cao, bdi vi y kién
danh gia cua ngudi tiéu dung s€ giup ich cho nhiing ngudi dung khac trong qua trinh
tim hiéu va ra quyét dinh lua chon diing/mua san pham. Hau hét ngudi dung truc tuyén
déu rat quan tAm dén nhitng ddnh gia cia ngudi ding khac d6i véi cac san phadm/dich
vu ma ho quan tdim. Nhitng d4nh gid tich cuc/tiéu cuc vé san pham gitp ngudi tiéu
dung c6 lua chon chinh xdc cho quyét dinh tiéu ding cda ho. Bén canh d6, vé phia
doanh nghiép ciing rat quan tim dén quan diém ctia ngudi dung. Nguon thong tin nay
rit ¢6 ¥ nghia v6i doanh nghiép trong viéc hoach dinh cac chién Iudc quing ba/tiép
thi, cac chién ludgc ban hang, chién Iudc quan tri quan hé khach hang, v.v. Ngoai ra,
dua vao quan diém ctia ngudi ding ddi v6i/san pham dich vu, cac nha quan ly cip cao
c6 thé phan tich thi truong, du doan xu hudng tiéu dung, du dodn kha ning phat trién
san pham tif d6 dua ra céac chién luge kinh doanh hiéu qua.

Két qua bai todn phén tich quan diém miic khia canh ctia ngudi ding cé thé 1a
dau vao hitu ich cho cdc hé thong hé trd ra quyét dinh, cac hé thdng phan tich va du
dodn thi trudng, cac hé thong phan tich du dodn xu thé tiéu dung cta xa hoi, v.v. Cac
hé thdng nay gitp cho doanh nghiép gidm chi phi dau vao, nang cao chét lugng san
pham, nang cao chit lugng dich vu chim séc khach hang, nam bat thi trudng, t6i da
héa 10i nhuén, dinh hudng phét trién cho doanh nghiép hiéu qua.

Nhitng vin dé con han ché ctia luan an

Ngoai nhitng dong gép chinh ctia luan 4n, luin 4n vin con mot s6 van dé can tiép
tuc nghién ctiu va cai thién gom:

Thi nhét, luin 4n mdi chi tip trung nghién ciiu phan tich quan diém véi dit liéu 1a
cdc bai nhan xét san ph4m ma chua quan tim dén cac bai viét dang khac nhu bai ding
trén mang x4 hoi, blog vé cac vin dé khac (1ap trudng chinh tri, cic chi dé xa hoi hién
dai), hodc dif liéu dang email. Ngoai ra luin 4n ciing can nghién ctiu cdc quan diém
ngudi dung trén dang dit liéu hinh 4nh, video, .. trén phuong tién truc tuyén.

Tht hai, mot vin dé con d€ ngd cla phan tich mic khia canh 1a t6ng hop quan
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diém. Mic du, nhiém vu tdng hop quan diém dua trén két qua clia hai nhiém vu trich
rit khia canh va phan 16p cdm xic khia canh, song van can c6 mot két qua cubi cling
hoan thién hon cho toan bd nhiém vu.

Thi ba, mic du cdc dong gép da c6 tinh hiéu qua nhung ddi v6i hé thdng dng dung
thé gidi thuc van can c6 cac két qua tot hon nita. Do vay, huéng nghién ctiu nay van
can dugc nghién cifu siu hon nita va c6 két qua tét hon niia.

Hudng nghién ciu tiép theo

Tir nhitng két qua nghién cifu da dudc thuc hién va cic han ché da ducc chi ra,
nghién citu sinh dé xuit mot sd nghién ctiu md rong nhu sau:

Thi nhéit, thuc hién cic nghién cifu tdng hop quan diém tir cac két qua da cong bd
cua luén an.

Thit hai, mé rong pham vi nghién ctiu trén cac dang bai viét quan diém khac ngoai
dang bai viét ddnh gid sdn phidm trén phuong tién truc tuyén.

Thi ba, nghién citu sdu hon cac phuong phap hoc may dé c6 thé két hop cac phuong
phap hoc khac nhau nham cai thién hiéu suét tong thé ctia hé théng trong nhiém vu

dat ra.
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