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Tém tit. B4o cdo nay tong quan vé hudng nghién ciru ctia dé tai, két qua dat
duoc va du kién ké hoach nghién ciru trong thoi gian téi. M6 hinh héa ngudi
dung 1a xu hudng mdi trong viéc tang cudng kha nang thich tng cua cac hé
thich nghi (adaptive system) va hé khuyén nghi (recommender system). Ban
chit cia cac hé théng mé hinh hoa 14 khai thac mé hinh ngudi dung (user mod-
el) hay hd so nguoi dung (user profile) dé kham pha cac mau (pattern) hay
thong tin tiém 4n vé ngudi ding. Loc cong tac (Collaborative Filtering - CF) 1a
mot trong nhitg k¥ thudt quan trong cua khai thac mé hinh nguoi dung va la
cach tiép can thanh cong nhat dé xdy dung cac hé khuyén nghi, khai thac mang
x4 hoi dé phat hién s& thich nguoi ding. Nghién ctru tap trung vao k§ thuat khai
thac mé hinh ngudi ding bang CF. Tinh méi ctia nghién ctru 14 dé xudt mot giai
thudt tim tap phd bién (miu mua hang) qua khai thac nhi phan (bit mining).
Giai thuét nay ting tbc do va do hitu ich ciia CF khi giam thoi gian xtr 1y va
gioi thiéu cho ngum ding nhimg mit hang ma ho yéu thich. Pdng thoi, nghién
ctru d& xudt mot kién trc trira twong cho viée thi cong va danh gia cac thudt
toan CF, 1am nén tang cho nhitng nha nghién ctru khi phat trién CF.

1 Gidi thiéu
1.1  Téng quan Van dé Nghién ciru

M5 hinh nguoi dung [25], [37] 14 hat nhan cta cac hé thich nghi (adaptlve system) va
hé khuyen nghi (recommender system). Cac nghién ctru co s& bao gdm cac nghién
ctru vé cac phuong phap xay dung md hinh ngudi ding, cac hé thong thi cong viée
mo hinh hoa nguoi ding, cu thé nhu sau:

e Phuong phap may hoc [19]: Dya trén glao tiép ngu(n va may. Phan tich cac dit li¢u
tir sy twong tac ciia ngudi dung va hé thong dé suy luan mod hinh nguoi dung, VO’l
nhiéu chu dé lién quan nhu: mang neuron, cdy quyét dinh, giai thuat di truyén,
mang Bayesian ... 1am co s& cho mot s§ phuwong phéap khac.

e Phuong phép Bayesian [8], [13], [23], [24], [34], [35]: Dua trén suy luan thong ké
Bayesmn trong d6 cac quan sat hay bang chtng hoc tap s& duoc dung dé suy luin
X4C suit vé sy hiéu biét cia ngudi dung vé mot phan tir tri thire nao do.



e Phuong phép chong (overlay) [16, 26 34] M6 hinh ngudi dung 1a tdp con cia mo
hinh tr1 thirc chuyén gia, trong d6 mdi phan tir trong mé hinh nay s& chira nhiing dir
lidu vé ngudi dung.

e Phuong phap khuon mau (stereotype) [31]: Nguoi dung sé duge gom nhém va
phan 16p theo timg stereotype, mdi stereotype 1a tp nhitng dic trung thuong xut
hién ciia nguoi dung.

e Phuong phép dua ké hoach [8]: Ké hoach 1a chudi nhiing hoat dong nham dat dugc
muc tiéu, hé thong theo ddi nhitng hoat dong nay dé phan loai nguoi ding.

Céc hé théng cu thé thi cong viéc mo hinh héa ngudi dung: Shell mé hinh hoéa (Us-
er Modeling Shell) [28], trinh chit md hinh héa (User Modeling Server) [2], [9], [15],
hé mo hinh hoa nguoi dung dua trén tac tir (Agent-based User Model) [7], hé m6 hinh
hoa nguoi dung di dong (Mobile User Model) [4], [5]. Hé théng mé hinh hoa nguoi
diung GUMS [30] dugc xem 1a hé doc 1ap tmg dung dau tién. Cac shell md hinh héa
da dua ra mot nén tang cho nhirng trinh chii mo hinh héa phé bién ngay nay. Nhimng
k¥ thuat mé hinh hoa duge ap dung trong trinh chu ciing gidng nhu trong shell, vi duy,
shell um dugc trinh chu Personis st dung, Personis nhing um vao trong cAu trac trinh
chi két hop véi luu trit co so di lidu.

Ban chét cta cac hé md hinh héa 1a khai thac tri thirc tr mé hinh ngudi dung dé
phuc vu cho cac hé thich nghi va hé khuyén nghi. C6 nhidu phwong phép khai thac
md hinh ngudi ding nhu: khai thac mau tuin ty (sequential pattern) [27], [36], phan
16p tai liéu [3], x4y dung nhém nguoi dung [3] va loc cong tac (Collaborative Filter-
ing - CF) [1]. CF la xu huéng cua viéc khai thic mé hinh nguoi dung nhim phuc vu
cho cac h¢ khuyén nghi. Gia dinh co ban ciia CF 1a néu ngudi ding X va Y danh gia n
mat hang tuong tu nhau, hoac c6 nhirng hanh dong twong tu (vi du, mua, xem, nghe)
s& danh gia hodc co hanh dong trén cac san pham khac ciing twong ty nhu vay [20].

K§ thuat CF sir dung dit liéu cAc mat hang ua thich cua nhidu ngudi dung trude do
dé khuyén nghi cho nguoi ding méi nhitng mat hang ma ho ¢6 thé thich. Trong ky
thuat CF, di liéu danh gi4 1a mot ma tran gom mot danh sdch m ngudi dung {uy, Uy, . .

, Un} va mot danh sach n mat hang {iy, iy, . . ., iy} va danh gia cia mdi nguoi ding u
trén mat hang i duoc dic ta bang thang gia tri, thong thuong tir 1 dén 5. Mot s gié tri
bi thiéu trong ma tran do ngudi dung khong cung cip sé thich caa ho trén mot mat
hang cu thé.

Bang 1. Ma trén dénh gia
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C6 nhiéu van dé trong loc cong tac nhu dit li¢u thua, s6 lwong nguoi ding va mat
hang ngay cang ting, dap (g tic thoi yéu cau tu van va mot s6 vin dé khac nhu tinh
dong nghia (cac mit hang tuong tu hay gidng nhau nhung cé tén khac nhau), dit lidu



bi nhidu va cac van d& bao vé su riéng tu, sy hitu ich cua cac mat hang khuyén nghi.
Nghién ctru tap trung giai quyét mot sd van dé trong loc céng tac nhu toc do va tinh
hitu ich.

1.2 Nghién ctru Lién quan

Céc hé thdng loc cong tac thé hé dau nhu GroupLens [29] dung dir liéu nguoi ding
danh gia dé tinh do tuong tu gitta cac ngudi dung hoac gitra cac mat hang va dua ra
khuyén nghi theo cac gia tri do tuong tu da dugc tinh toan. Cac phwong phép loc cong
tac dya trén bo nhg (memory-based CF) duoc phét trién trong cac hé thuong mai nhu
Amazon, Barnes va Noble vi cac phuong phap nay dé thuc hién va c6 hiéu qua cao
[1], [11], [18]. ,

Tuy nhién, cac ky thuat memory-based CF cd méot vai han ché nhu do tuong tu
gitra cdc mat hang khong dang tin cay trong truong hop dir liéu thua. Dé dat duoc
hiéu suat du doan t6t hon va khic phuc han ché cua cac thuat toan memory-based CF,
cach tiép can loc cong tac dua trén mo hinh (model-based CF) dugc dua ra. Cach tiép
can nay dang dir liéu danh gia “thd” dé udc lugng hoic xay dung md hinh cho viéc
du doan. M hinh c6 thé dang khai thac dir liéu hoac may hoc. Cac ky thuat model-
based CF ndi tiéng nhu mé hinh BNs (Bayesian belief nets) CF [22], [33], md hinh
cum CF (clusteing CF model) [3], md hinh ngit nghia tiém 4n CF (latent semantic CF
model) [10], md hinh MDP CF (Markov decision process-based CF) [6] va ky thuat
giam chiéu ma tran (Singular Value Decomposition - SVD, Principle Component
Analysis - PCA) [20].

Bén canh loc cong tac, loc noi dung (Content-based Filtering - CBF) la mot huéng
tiép can khac cua hé khuyén nghi. CBF thuc hién khuyén nghi bang cach phan tich
noi dung cua thong tin van ban va tim cac quy tic trong noi dung. Biém khac chinh
ctiia CF va CBF la CF chi dung dir liéu danh gia ngudi dung-mat hang dé thyc hién du
doan va khuyén nghi, trong khi CBF thyc hién du doan dua trén cac dic trung cua
ngudi ding va cac mat hang [12]. Ca hai hé khuyén nghi CBF va CF déu c6 nhiing
han ché. Trong khi cac hé CF khong khai thac thong tin dic trung cua nguoi ding hay
mit hang, cac hé CBF khdng tan dung nhiing twong tu vé sé thich tiém an trong cong
ddng [21].

Ky thuat lai CF (Hybrid CF) nhu thuét toan content-boosted CF [17] va Personali-
ty Diagnosis [14], két hop k¥ thuat CF va ky thuat CBF véi hy vong tranh duoc
nhiing han ché cua cac céch tiép can trén va do d6 k¥ thuat nay cai thién dugc hiéu
SUAt tu van.

CF la ky thuat manh trong khai thac mé hinh ngudi dung khi n6 c6 kha nang phat
hign nhiing thdng tin an trong mang xa hoi, dong thoi khong doi hoi nhiéu thong tin
Ve nguoi dung nhu cac hé mé hinh hda hién cd. Tuy nhién viéc cai dat chung gip bon
van dé sau, can duoc giai quyét:

1. Qua nhidu giai thuat CF va khong c6 chuin chung dé xay dung chung. Diéu nay
gdy trd ngai cho nhitng nha nghién ctru.

2. Céc do do danh gia CF can dwoc chudn hoa.

3. Tbc d¢ va thoi gian dap ing can dugc cai thién.



4. Mot s6 giai thuat CF tuy c¢6 do chinh xac cao khi wéc luong gia tri danh gia

nhung cac mat hang ching gidi thi€u chua that sy hitu ich cho nguoi dung.

Nghién ctru tap trung vao khai khic mé hinh nguoi ding bang loc cong tac va giai

quyet cac van d¢ trén.

Bang 2. Téng quan cic k¥ thuat CF

Loai CF

K¥ thuat thi cong

Uu diém chinh

Han ché chinh

Memory-based
CF

Model-based
CF

Lai (Hybrid
CF)

x CF dua trén lang giéng
(giai thuat CF dya trén mat
hang /dua trén nguoi dung
V6i d§ do Pearson, cosine)

* dya trén mat hang /dua
trén nguoi dung  khuyén
nghi N — xép hang cao nhét

* mang Bayesian

* gom cum

x tién trinh ra quyét dinh
Markov

* ngit nghia tiém 4n

* phan tich di liéu thua

* ky thuat giam chiéu ma
tran (SVD, PCA)

* két hop CF va CBF (Fab)
* content-boosted CF
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ty Diagnosis)

* dé& thi cong

* d& dang thém dit lieu méi
* khéng cin quan tam noi
dung mat hang

* phdi hop tét véi nhiing
mit hang dong danh gia

* giai quyét tét van & dir
liéu thua va dix liéu lon

% cai thién hiéu suat du
doan

= theo sat cam nhan truc
quan cia ngudi ding vé
mat hang

* khic phuc han ché cia
CF va CBF

% cai thién hiéu sudt du
doan

* khic phuc vin dé ma tran
thua va “ctru xam” trong
CF

* phu thudc danh gia nguoi
dung

* hiéu suit giam khi di
liéu thua

* khong thé khuyén nghi
cho ngudi dung nhiing mat
hang mai

* bi giéi han boi tap di
liéu lon

* chi phi xay dung md hinh
Ion

* wéc luong thiéu chinh
Xac

* d6 hitu ich cia mat hang
khuyén nghi chwa cao

* mit thong tin hitu ich khi
giam chiéu ma tran

* do phuc tap va chi phi
tang khi thi cong

* can nhiing thong tin bén
ngoai va thuong khdng sin
6 nhitng thong tin nay

2 Muc dich Nghién ciru

Nghién ctru chinh cua dé tai 14 khai thac mé hinh ngudi ding bang loc cong tac véi

hai muc tié€u:

e Nghién ciru va phat trién mot kién tric triru twong cho loc cong tac. Kién tric nay
chuén hoéa cac giai thuat CF va lam nén tang cho nhiitng nha nghién ctru khi phat

trién giai thuat CF méi. Muyc tiéu nay giai quyét vin dé 1 va 2.

o D& xuit mot giai thuat CF dé khai thac hiéu qua md hinh nguoi dung. Giai thuat
duoc thi cong theo kién truc d€ xuat. Giai thuat nay tang toc do va do hiru ich cua



loc cdng tac khi giam thoi gian xur ly va gidi thi¢u nhling mat hang ma nguoi dung
yéu thich. Muc tiéu nay giai quyét van dé 3 va 4.

3 Noi dung Nghién cau

3.1  Pé xuit Kién tric Triru twong P& Thi cong va Panh gia Cac Thuit toan
CF

Nhu da d& cap trong phan nghién ctru lién quan (Phan 1.2), ¢6 rat nhidu giai thuat CF
va mdi giai thuat c6 nhitng dic trung khac nhau va khong c6 kién tric hodc chuin
chung dé thi cong ching. Ngoai ra, mdi nha nghién ctru phat trién thuat toan theo
phuong thurc riéng ciia ho. Pay la nhiing nguyén nhéan cua su phic tap khi xay dung
va danh gia cac thuét toan CF. Vi vay dé tai dé xuét mot kién truc triru tugng cho viéce
thi cong va danh gia cac thuat toan CF. Nén tang (framework) 1a co s& ha tang hodc
phin mém thi cong kién trac triru tugng nay. Kién trac téng thé dugc biéu dién bang
ngdn ngit UML, gom 4 16p (class) va giao dién (interface) co ban: Algorithm, Kbase,
Dataset va Evaluator. Mdi giao dién va 16p dwoc xem nhu cac chuén cong nghé phan
mém cho thuat todn CF. Nha nghién ctru s& tuan theo chuin nay khi ho 4p dung
framework dé viét thuat todn méi.

e Giao dién Algorithm biéu dién thuat toan triru twong. Nhiém vu chinh cia nha
nghién ctru 1a thi cong giao dién nay theo muyc ti€u thuat toan méi cua hg. Trong
hau hét cac truong hop, ho ké thira truc tiép hai 16p MemoryBasedCF va Model-
BasedCF, hai 16p nay dan xuét truc tiép tir Algorithm. MemoryBasedCF va Mod-
elBasedCF lan luot dai dién cho thuét toan memory-based CF va model-based CF.

e Giao dién KBase biéu dién co so tri thirc két hop véi giai thuat ModelBasedCF.
CAu trac cua KBase rat linh hoat va no phu thudc vao y tudéng va muc dich cia
thuat toan.

e Lop Dataset gdm ma tran danh gia (rating matrix) va ho so ngudi dung (user pro-
file). Mdi dong cua ma trdn danh gia dwoc biéu dién bai 16p RatingVector. Hd so
nguoi ding duoc biéu dién bai 16p Profile. Framework quan tri Dataset.

e L6p Evaluator dé danh gia thuat toan theo bon d6 do (Measures): thoi gian (Time -
T), d chinh xac (Precise - P), 6 bao phu (Recall - R) va d6 hiru ich (Usefulness -
U). Cac d6 do nay duoc dinh nghia bén trong Evaluator. Hai 16p dan xuét tir Eval-
uator la EstimateEvaluator va RecommendEvaluator. Evaluator doc va cung cép
dataset cho Algorithm. Cudi cing, né danh gia thudt toan bang cach tinh toan
Measures dua trén két qua thi hanh thuat toan.

Khi cac nha nghién ctru phat minh ra mot thuét toan mai, ho can thyc hién hai viéc
sau:

e Viét 16p thut todn dan xuat tryc tiép tir MemoryBasedCF hoic ModelBasedCF.
Trong truong hop ké thira tir ModelBasedCF, ho phai thi cong KBase twong tmg
v6i muc tiéu thuét toan.

e Nén 16p thuat toan, 16p KBase cung véi tat ca cac file lién quan vao trong mot file
nén dugc goi 1a plug-in va chép plug-in nay vao trong framework.
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3.2

Céc thuét toan CF tap trung vao su chinh xac va yéu t6 dap ung thoi glan thyc (real-
time) khi gigi thi€u mot mon hang cho ngudi mua. Nhu d& cap trong phan nghién ciru
lién quan (Phan 1.2), ¢6 ba hudng t1ep can khi xdy dung cac thuat toan cho cac hé

Hinh 1. Kién trac tdng quan ciia framework

Pé xuit Giai thuat méi Thi cong Framework

thdng tu van:

Memory-based CF: Nap toan bo dit liéu danh gia vao bd nhé rdi tinh xu hudng, sé

thich ngudi mua dya vao cac phép toan ma tran.

Model-based CF: Y tuong chinh cua phuong phép 1a xdy dung mot mo hinh suy

dién tir dit liéu d4nh gia va tir mo hinh nay sé tim ra xu hudng, s¢ thich ngudi mua
dé gidi thiéu nhirng moén hang phu hop.
Hybrid CF: Két hop hai phuong phap trén.

Mic du cac thuat toan model-based ¢6 nhiéu uu diém nhung ching gip phai van dé

vé tinh hitu ich ctia tién trinh khuyén nghi “cac mat hang giéi thiéu cho ngudi ding c6
thé khong phai 1a mat hang ma ho yéu thich”. Vi vay muc tiéu thir hai ciia dé tai 1a dé
xudt mot giai thuat theo hudng tiép can model-based CF nham ting do hitu ich cuia
tién trinh khuyén nghi. Giai thuat nay tim tap pho bién (miu mua hang) qua khai thac
nhi phan (bit mining) va gi6i thiéu nhitng miu dugc yéu thich nay cho ngudi dung.
Ngoai ting d¢ hitu ich, giai thuat con ting toc do khi giam thoi gian xir 1y.




Giai thuét dé xuit gdm hai budc:

e Budc 1: Ding ky thuét khai thac dé tim tap phd bién cuc dai 1a cac mon hang ma
ngudi mua thudng chon nhat.

e Budc 2: Dya trén tdp phd bién cuc dai, bt ctr khi ndo ngudi mua can, hé théng s&
gi6i thidu nhitng mon hang trong tap phd bién cuc dai sao cho phtt hop véi ho nhit.

Budc 1 thyc hién ngoai tuyén (off-line) nen khong anh huong toc d9, budc 2 thuc
hién truc tuyén dap tng thoi glan thuc yéu cau nguoi ding.

O budc 1, Chung t6i dé xuat mot giai thuat méi khac dua trén gia dinh “cdc mdt
hang cé tan sudt mua cang cao thi cang cé kha nang xudt hién trong tdp phé bién cuec
dai”.

Giai thuat méi dugc thi cong theo chuidn ma framework dé xuat (Phan 3.1). NGi
cach khac cac khai niém Algorithm, Kbase, Dataset, Evaluator s¢ dugc hién thuc hoa
va ap dung cho gidi thuat mai nay.

4 Phuong phap Nghién ciru

Co s6 1y thuyét: khai thac dit liéu (data mining) va cach tiép can cong nghé phan mém
(ng6n ngit mo hinh héa UML).
K§ thuat thi cong va thir nghiém:

e Moi trudng phat trién 1a nén tang J2EE (Java-based & J2EE): Java hién rat phd
bién, céac cong nghé mé hd trg Java rat nhiéu, mat khac tinh da hé cua Java cung
v6i khuynh huéng mé 13 1y do chinh khién hé thong dugc thi cong bang Java.

e Dit liéu thir nghiém cho thuat giai CF d& nghi 1a MovieLens [32]. MovieLens dugc
phat trién boi GroupLens. MovieLens 1a b dit li¢u chuén cho cac thuét toan tu
van, dugc sir dung rong rdi nhit. Thong qua giao dién website, GroupLens dong
g6i nhitng danh gia ciia nguoi dung dbi véi cac bo phim thanh bo dir liéu Mov-
ieLens. Sir dung bon do do dé danh gia giai thuat: thoi gian, d6 chinh xéc, d6 bao
phu va d6 hitu ich.

e Hg¢ hd tro phat trién va danh gia cac thudt toan CF, hé nay thi cong kién trac triru
tuong.

5 Dy kién Ké hoach Nghién ciru

Xay dung kién truc trira tuong cho giai thuat CF.
Nghién clru va cai dat giai thuat CF mdéi dya trén kién tric triru tugng dé xuat.
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