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TOM TAT s Hé tw van duoc sir dung dé du dodn s6 thich cia nguoi dung doi véi mét san ph&m hodc dich vu cu thé ciing nhw goi y
cde san pham hodc dich vu phit hop cho ngiwoi dimg. Nhiéu phwong phdp ding trong khai thdc di lidu nhie sy phan I6p hay ludt két
hop duwge dp dung vdo bdi todn hé ti van. Bai bdo nay dé xudt mot mé hinh tw van méi sir dung cdc ludt két hop va mét sé dé do
ham y thong ké quan trong. Trong mé hinh duoc dé xudt, cac dg do hé tro va tin cdy duogc sir dung dé tao ra cdc ludt két hop; ¢ do
cwong dp ham ¥ két hop voi dp do trach nhiém dugc si dung dé lpc tap ludt va xép hang cdc goi y. Mo hinh nay hoan toan cé thé
mo rong cho nhitng do do hap dan khac. Hé tw van dua trén mé hinh dé xudt dwoc xdy dung va danh gia theo bon kich ban va trén
hai tdp dir liéu. Két qua thue nghiém cho thdy hé tw van dia trén @6 do cwong dé ham y két hop voi dé do trach nhiém: 1am gidm
kich thudc cua mo hinh ding dé dwa ra cdc goi Y nhung van duy iri dwoc tinh chinh xdc, qua dé lam giam thoi gian tw van; cho két
qua goi ¥ 10t hon cdc két qua goz Y cua hé tr van dya trén cung mo hinh de xudt nhing khéc do do (thong ké chi-square va hé sé
Bayesian); cho két qud goi ¥ tot hon cdc két quda goi ¥ ciia hé tw van dwa trén mé hinh tw vin AR dwoc tich hop trong
recommenderlab si dung do do support va lift.

Tir khéa: hé tir van, lugt két hop, cuong do ham ¥, dg do trach nhiém.

I. GIOI THIEU

Sy ting trudng nhanh va da dang cuia cac thong tin cd sin trén internet ciing nhu sy phét trién caa nhiéu dich vy
nhu thuong mai dién tir, giai tri thuong 1am nguoi ding bi qua tai, dan dén ho c6 thé dua ra cac quyét dinh khong dung.
Hé tu van (recommender systems/recommendation systems - RSs) [6] 1a k¥ thuat hay cong cu phin mém dugc nhung
trong mot ing dung hodc trang web ma no6 st dung cac loai dir liéu khac nhau dé du doan so thich cua mot c& nhan
hodc mot nhom nguoi dung ddi véi mot san phém hodc dich vu cu thé; va/hodc gidi thiéu cac san phém hoac dich vu
thich hgp cho mdt ca nhan hodc mot nhém nguoi dung, qua d6 gidp lam giam tinh trang qua tai thong tin. Cac hé tu
van dugc ap dung trong nhiéu linh vyc cua cudc song [8] nhu thuong mai dién ti, du lich dién tir, hoc tap dién tir, dich
vu dién tir, v.v. Mot s6 ing dung ndi tiéng ctia RS 1a: hé tu van cia Amazon.com goi ¥ cho ngudi ding cac mat hang
ma ho nén mua, hé tu vin Movie cia Netflix d& xuét cho nguoi dung nhitng bé phim ma ho nén xem, Vv.v. Nhiéu loai
hé tu van da dugc phat trién [5][6] nhu hé tu vén: dya trén noi dung, loc cdng tac, dya trén ngir canh, dya trén luat két
hop, lai ghép, v.v. Cac hé tu van dua trén ndi dung str dung nhitng thudc tinh m6 ta (duge goi 1a ndi dung) cua cac muc
dir liéu (vi du: bai hat, bo phim, mét hang) dé goi y cac muc tuwong tw nhu cac muc ma ngudi dung da yéu thich trong
quéa khtr. Céc hé tu véan loc cong tac goi ¥ cho ngudi dung cac myc dir liéu dya trén nhitng muc da duge xep hang trude
d6 boi nhitng ngudi dung khac. Cac hé tu van dua trén luat két hop dugc xdy dung trén tap luat va do do hép dan dé
dua ra nhirng goi y cho nguoi dung. Cac h¢ tu vén khac dwoc phat trién dya trén su ket hop ctia mot sb dang vira néu
va v6i nhiing thong tin bo sung nhu thong tin ngit canh, thong tin nhom. Viée dé xuat cac mo hinh tu van méi va cai
tién c4c phuong phap tu van hién c6 luon 1a mot huong nghién ciru 6t 15 vé hé tu van. Nhidu phuong phap dung trong
khai pha dir liéu duge sir dung trong bai toan tu van nhu: sy phan 16p, phan cum, khai pha ludt két hop, mo hinh hoi
quy [4][14]. So v6i cac phuong phap khac, uu diém cua phuong phap tu van dua trén luét két hop 1a tinh minh bach [2]
- N6 ¢ thé cung céap su giai thich sau vé céc goi y cho nguoi ding. Trong cac hé tu van duya trén luat két hop, hai do do
dugc 4p dung rong rii dé danh gia cac tdp muc VA tao ra tdp ludt két hop 1a 4o hd tro (support) va do tin cay
(confidence) [11]. Tuy nhién, dé c6 dugc nhitng goi ¥ tt hon, chit lwong cua cac luat két hop va cach thirc xép hang
cac goi ¥ nén duoc thuc hién thong qua mot sb 6 do hap dan khach quan.

Phan tich ham y théng ké (statistical implicative analysis) [12] la mot phuong phap phén tich dit liéu duoc dé
Xuét bai Gras. Phan tich ham y théng ké di va dang dwoc 4p dung trong nhiéu linh vyc thyc tién nhu tdm 1y hoc, khoa
hoc xa hoi, giang day, sinh tin hoc, v.v. Muc dich cua phuong phap nay la phat hién cac xu hudng trong mét tap cac
thudc tinh (bién) bang cach sir dung nhitng d6 do ham y théng ké. Cac do do nay duoc str dung dé phét hién nhiing luat
hodc R-luat (luat cua luat) c6 mdi quan hé ham y manh giira hai vé cua luat, dé do tinh dién hinh cua mot c4 nhan ddi
vé6i su hinh thanh cua mot luat hoac mot R-luat, hodc dé do tinh trach nhiém cua mot ca nhan ddi vai su ton tai cia mot
luat hodc mot R-luat. Vi vy, nhitng do do ham y thong ké 1a phii hop dé phat trién cac hé tu van dua trén luat két hop.

Bai bao nay dé xuat mot md hinh tu van méi dya trén céac luat két hop va mot sé do do ham y théng ké quan
trong nham du doan cac danh gia (/xép hang — rating) con thiéu cua nguoi dung cho cac muc dir lidu nao do6 ciing nhu
d& xuét cac muc phu hop nhét véi ngudi dung. Trong md hinh duoc dé xuét, d6 do cuong do ham y duogc st dung dé
loc tap céc luat; 6 do cuong d6 ham y két hop vai do do trach nhiém duoc st dung dé Sap xép cac goi y. Tuy nhién,
mo hinh nay c6 thé duoc mé rong cho nhitng d6 do hp dan khac nhu hé sb Bayesian, théng ké chi-square, v.v. bing
cung mét phuong phap. Thong qua md hinh dé xuét, cac hé tu van s& duoc xay dung.
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Bai bao duogc to chirc thanh nam phan. Phan thir nhét gigi thigu chung. Phan 11 mé ta ngan gon cac do do ham y
quan trong s& duoc su dung, bao gém do do cudng d6 ham ¥ va d6 do trach nhiém. Phan i dé xuat md hinh tu véan
dya trén cac d¢ do da dé cap ¢ trén. Phan IV trinh bay cac két qua thuc nghiém va thao luan vé nhitng két qua do. Phan
cudi cung 1a két luan va hudng phat trién.

II. CAC PQ PO HAM Y QUAN TRONG
A. D¢ do cuwong dp ham y

Goi E 1a mot tap gdm n dbi twong hoic ca nhian duoc mo ta bai mot tap hitu han cac bién (thudc tinh) nhi phan
V. Goi A c E la mot tap con gdom cac ddi twong thoa thugc tinh a (cé thudc tinh a 1a dung); Goi B < E 1a mot tap con
gom cac ddi tugng thoa thudce tinh b (co thuoc tinh b 1a ding); A (resp. B) la phan bu cua A (resp B) n, = card(A)
la s6 phén tir cua tap A; n, = card(B) 1a s6 phan tir cua tap B; ny = card(B) = n — n,, 1a sé phan tir cua tap B; va
s6 phan vi du ng; = card(A n B) 1a s6 @i twong thoa thudc tinh a nhung khong thoa thudc tinh b. Goi X va Y 1a hai
tap ngu nhién c6 s6 phan tir 1 n, va n, tuong tng.

Bién ngiu nhién card(X NnY) tuan theo phan phdi Poisson vai tham s A = % Két qua, x&c suit cua
card(A N B) < card(X NY) duge xac dinh boi (1).

card(ANnB) 2
Prlcard(X nY) < card(An B)] = z ;e‘A 1)
s=0 ’

Véi np # 0, bién ngau nhién card (X n¥) dugc chuyén vé bién ngau nhién dugc chuan héa Q(a, b) nhu (2).
Gia tri quan sat cua Q(a, b) trong thuc nghiém duoc biéu dién bai g(a, b) va duge dinh nghia theo (3). q(a, b) duge
g0i 13 chi s6 ham .

nanb ngng

card(XnY) - Ngj

= @ R — g

Cuong q‘é ham y [12] cta luat a — b duoc dinh nghia béi (4). Muc tiéu cta do do nay 1a dién dat chinh x4c tinh
khong chic chin (unlikelihood) ctia ngj trong E.

Q(ab) =

_ I T
o(ab) = {1 - Pr(Q(a,b) < q(a,b)) = f, e zdt néun, #n @)
q(a,b)
k 0 nguorc lai
Khi d6, luat a — b 1a c6 thé chap nhan véi mot ngudng a néu ¢(a,b) > 1 — a.
B. D¢ do trach nhiém

Pé do su dong gop cia mot ca nhan ddi v6i sy ton tai cia mot luat hay mot R-ludt, do do trach nhiém
contribution da dugc phat trién [12]. Trong bai bao nay, ching t6i tap trung vao viéc do su gép phan cua mot ddi twong
i d6i vai sy hinh thanh luat c6 dang a — b. Goi a(i) (resp. b(i)) la gia tri nhi phan cho biét c6 sy hién dién hay khong
c6 su hién dién cua thudc tinh a (resp. b) trong ddi twong i, 6 do trach nhiém dugc xéac dinh béi (5).

®iqp = 1néufa(i) =1haya(i) =0]vab(i) =1
®iqsp =0néua()=1vab(@) =0 (5)
@iasp =P €10,1[néua(i) = b(i) =0

Trong thyc té, p dugc dit bang gia tri trung lap 0,5.

I1LI. MO HINH TU VAN DUA TREN CAC PQ PO CUONG PQ HAM Y VA TRACH NHIEM

M0 hinh tu van (hay m6 hinh hé tuw vin) dugc dé xuét sé sir dung ma tran danh gia (/ma tran xép hang - rating
matriX) lam dir liéu dau vao chinh, sau d6 tra vé cac danh gia dugc du doan va danh sach gém N muc c6 thir hang
cao nhat dugc goi ¥ cho nguoi dung. Phuong phap tu van nay sir dung md hinh phuy thu¢c gitra cac muc duge mo ta
bai mot tap cac luat két hop va mot sb do do ham y quan trong dé duara goiy. Tap cac luat két hop duogc xay dung
bang cach khai pha ma tran dénh gia thong qua su két hop cua hai do do hd tro va tin cdy. Diém manh cua cach tiép
can dua trén luat két hop so v6i cac phwong phéap khac 13 tinh minh bach - nghia la co thé gidi thich sau vé cac goi ¥
cho nguoi dung.

Nhu bai toan tu vn hai chiéu [7], md hinh tu vin duoc d& xuét c6 thé duoc hinh thire hoa nhu sau:

e Goi U = {uy, uy, ..., u,} 1la mot tap hiru han nhiing nguoi dung.
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e Goi I = {iy, iy, ..., i,,} 12 tap hitu han cac muc (item). Muc c6 thé 1a bai hat, bo phim, mit hang, v.v.
® Goi R = (1) trong d6 j = 1..nvak = 1..m la mdt ma tran danh gia luu trir thong tin phan hoi cua nguoi
dung vé cac muc. Tj ghi lai danh gid/xép hang (rating) cho mot muc i, dwoc thuc hién boi mot ngudi dung
uj.
e Goi f: U x I — R 1a mot ham anh xa tir nhitng két hop ciia ngudi diing va cac muc vao cac danh gia r.
Muc tiéu ciia mé hinh dé xuét Ia tim mot ham f': U x I — R’ sao cho ham &(r,r") dat dugc két qua tot hon
(qua cac d6 do nhu: chinh xéc precision va bao phu recall) cling nhu lam gidm thoi gian du dodn d€ dua ra céc goi ¥
khi so sanh vqi mot s6 phuong phap khac. M6 hinh dé xuat sir dung cac do do ho trg, tin cay, cuong d6 ham y va do do
trach nhiém dé tim ra ham f".

Thanh phan cbt 16i cua cac phuong phép tu vén 1a nhirng do do duoc st dung de tim nhitng nguoi dung tuong
tu, tim cac san pham twong tu, kham pha cac mdi quan hé véi su gin két cao, hodc xép hang cac goi ¥, v.v. Trong md
hinh d& xuét, cac do do tin cay va hd trg dugce sir dung dé tao ra mot tap céc luat; do do cuong @6 ham y duge sir dung
dé loc tap cac luat; va cudong d6 ham ¥ két hop véi do do trach nhiém duoc sir dung dé xép hang cac goi y. Dit lidu dau
vao chinh ctia mé hinh dugc dé xuit 1a mot ma tran danh gia luu trir thong tin quan trong dugc tao ra trong qué trinh
tuong tac gitra nguoi ding va hé thdng, chang han nhu danh gid/xép hang cua ngudi dung cho cic b phim di xem,
hay cac bai hat di nghe. CAc danh gia dwoc thu thap mot cach tuong minh hodc khong tudng minh; ¢ thé duoc dinh
nghia theo nhiéu cach: danh gia lién tuc, danh gia trén khoang, danh gia thir tw, danh gia nhi phan hodc danh gia nhét
phan. Ma trin dénh gid c6 thé c6 cdc 6 1y, trong (nhitng danh gid bi thiéu) néu ngudi ding u; chua danh gid muc i
hodc khong biét vé& n6. M6 hinh tu van dé xuit dugc phac hoa nhu Hinh 1.

ig,i ﬁ i
{ 1 4} valuey, « Ik

Uy | {iy, i1a, im}
U | {iy, ig iz}

value; j la gia tri cua luat i — j theo mét do do xac dinh
nhu: d¢ tin cdy, do ho trg, cuong do ham y.

value; , . [TTTTTTITITTTTmmmmmmmmmmmmemmmmemommooeees '

Iy = I Céc danh gida duoc du dodn

il i2 eee im |Uel_3 i il i2 .. im i

Up | g o | Tim " i Upg | Far | T2 | oo | Tim i
U, o | ... | Tom . value, 3 i g Uy | for | T | oo | Tom ;
up | I |:{> valuey, — |
Us | 2 | a2 | ... ? ' Danh sach N muc dwoc
Up | 2] 2 | ... | Tom xép hang cao nhat ;

Hinh 1. Ban phac thao ciia m6 hinh tur véan dya trén cac do do cuong d6 ham y va trach nhiém

™ >
A = - - - - - M - —
U [ ' - | Mim ,/ Xay dwng ,/: ,/ Thyce hién ’nl
Uz f1 | ... | Tom R mohinh 7 | ¢ dé xuét A
’
fmmmmmmm e + 1 IR ’ :
u, | r —— I 1
n 1-1 e 1 1 1 1 1 1
Ug | 2 | Mo | ... | 2 I Loc [ty | Dy doan I :
Up | ? ?2 | ... | I'm —}9 tap luat I il cac danh gia i I
Ma tran |dénh gia 1 1 ! 1 !
I I il I )
' | sinh tap lua ' ) i v ca I
— ap luat Goii y cac muc /’
1 ) I A ol y !
Tien xw ly > ket hop 1/ I| dwoc xép hang cao I L/
dir liéu I 1 » 1 i ,/
— I R4 I ————— Y
¢' I1 I2 Im
Danh sach N muc duoc Ug | Tas | Ta2 | .. | Tim
xép hang cao nhat Up | T | T2 | oo | Tom
Ua {!1’ 13, i} Cac danh gia dugc dw dodn
Up | i, dg iz}

Hinh 2. Céc budc xur 1y chinh ctiia m6 hinh tur vén dya trén cac do do cuong d¢ ham y va trach nhiém
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Qué trinh dua ra cAc goi ¥ cia md hinh dé xuét dugc trinh bay trong Hinh 2. Trong d6, budc 2 va buée 3 duoc
sir dung dé hoc mo hinh goi ¥ — m6 hinh dugc mé ta bing mot tap cac luat két hop. Budc 4 va budce 5 sir dung md hinh
dd hoc dé dua ra cac goi y. Hai budc cudi ciing (budc 4 va 5) ¢6 nhiéu cng viéc con tuong ty nhau, hon nita gié tri cua
cac danh gia dugc du doan ¢ dang nhi phan (1 hoic 0) nén két xuat “Danh sach N muc dugc xép hang cao nhat” dugc
ddc biét quan tam. Qua trinh xir 1y bao gdm niam budc:

e Tién xtr Iy dir licu. Budc nay bao gom hai cong viéc con: (1) lya chon dir liéu c6 lién quan (trong tap dit liéu)

bang cach xac dinh s6 luong t6i thiéu cac myc dugc danh gia boi mdi ngudi dung va sé luong t01 thiéu nhirng

nguoi dung thuc hién danh gia trén mdi muc; (2) nhi phan hoa tap dir liéu dd dugc chon lai néu nod 1a khong
phai 1a dit liéu nhi phan. Két qua cua budc nay la tap dir lidu dataset.

Sinh tap cac luat két hop ruleset tir tap dir liéu dataset. BuGc nay bao gom hai cong viéc con: (1) Iya chon

ngudng cho hai dé do tin cay va hd trg; (2) tao ra mot tap cac luat két hop dua trén cac ngudng duoc lya chon

bang giai thuat apriori. Tap luat nay bao gdm tat ca nhitng luat c6 do dai t6i da 1a I va tdi thiéu 1a 2. Néu luat
¢6 d6 dai I thi nd s& c6 (I — 1) muc bén vé trai va 1 muc bén vé phai.

Loc tap luat ruleset dya trén d6 do cuong d6 ham y. Budc nay bao gdm ba cong viéc con: (1) biéu dién mdi

luat bang mot bo ban sb gdm bén gia tri {n, ng, ny, ngpk; (2) tinh gia tri cwdng d6 ham y cua timg luat; (3) lya

chon ngudng thich hop ciia cudng d6 ham y nham giam kich thudc cua tap luat. Thuat toan duogc sir dung

trong cac céng viéc con 1 va 2 da dugc chung tdi trinh bay trong [9].

e D¢ xuit N muyc > phu hop nhét cho nhiing nguoi dung trong tap dir liéu recset. Budc nay bao gom hai cong viéc
con: (1) v6i moi nguoi dung, tim tat ca cac luat cO vé trai 1a tap con ctia tdp c&c muc da dugc danh gia boi
ngudi ding dé; (2) xép hang (sip xép) cac luat duoc loc theo gid tri cudng d6 ham y hodc su két hop giita
cuong do ham y voi do do trach nhiém, va trinh by N vé phai duy nhat cua cac luat da dugc sip xép cho
nguoi dung. Thuét toan thd dugc st dung tai budc nay hhu sau.

Input: tap luat ruleset cé kich thudc r luat, tap dir liéu recset ciia p nguoi dung can duoc goi ¥ véi nhiéu
danh gia (ciia ngudi dung cho cac muc dit liéu) bi thiéu.

output: danh sach cdc muc dwoc dé xudt cho nhig ngudi ding can dugc goi ¥

Cac buoc thuc hién:

+  Tao ma tran ruleleft ¢6 kich thuéc (m muc x r ludt) tir tap ruleset. Trong do, ruleleft[i, j]=1/0 néu
muc thtr i trong tap muc I ¢6 xuét hién/khong xuét hién & vé trai cua luat thi j.

» Tao ma tran ruleuserleft cé kich thudce (r ludt x p nguoi dung) tir tap ruleleft va recset. Trong do,
ruleuserleft[i,j]=1/0 néu vé trai cua luat tha i gdm nhitng muc duoc thich/khong duoc thich (hay
khong duoc biét dén) boi nguoi ding thi ;.

* For ting nguoi sir dung i trong tap recset do

- Loc tat ca c4c luat j ma ruleuserleft[j, i]=1.

- Sip xép tat ca cac luat do theo gid tri do do hép dan giam dan.

- Loc tat ca cac vé phai (cac myc) khong trung nhau cua cac luat da sap xép.
- Pé xuit N myc dugc xép cao nhit.

Dy doén cac xép hang/danh gia bi thiéu. Budc nay bao gom hai cong viéc con: (1) véi mdi danh gia bi thiéu ¢
hang i va cot j, tim tat ca cac luat c6 vé trai 1a tap con cua tap cac muc da dugc danh gia boi nguoi dung i va
vé phai 12 myc j; (2) xép hang (sap xép) cac luat dugc loc theo gia tri cuong do ham y hodc su két hop giita
cuong d6 ham y va d¢ do trach nhi€m, sau d6 géan gia tri 0 hodc 1 cho danh gia bi thiéu dua trén mét ngudng
xac dinh. Thuat toan dugc sir dung tai budc nay céd nhiéu hoat dong tuong ty nhu budc trén.

Mo hinh duge d& xuét trong bai bao nay hoan toan c6 thé sir dung nhung d6 do hap dan khac nhu hé sd
Bayesian, thong ké chi-square vi mdi luat dugc biéu dién bang mot by ban sé gdm bon gia tri {n, Ng, Ny, ng5}. Do do,
gié tri clia cac ludt theo mot d6 do cu thé s& dwoc xac dinh va duoc ding dé loc cac luat ciing nhu sip xép cac goi ¥.

IV. THUC NGHIEM
A. Thiét lgp thwe nghi¢m
1. Du liéu thyc nghi€ém

Hai tap dit liéu dugc su dung trong thuc nghiém 1a MSWeb [1] va MovieLens'. Tap dit liéu MSWeb dugc tao ra
bang cach ldy miu va xur ly cac nhat ky (log) cua www.microsoft.com trong khoang thoi gian mot tudn. V6i timg
ngudi ding trong sd nhirg ngudi ding an danh va dugc chon ngau nhién, tap dir liéu nay liét ké tt ca cac ving cua
trang web (Vroots) duoc truy cap boi nguoi dung d6. MSWeb bao gdm: 32710 ngudi ding, 285 Vroot va 98653 danh
gid voi gia tri TRUE/1. Tép dir 1liéu MovielLens - Ivu danh gia cua ngudi dung cho cac bd phim - da duge thu thap
thong qua trang web movielens.umn.edu trong khoang thoi gian bay thang. Tap dit liéu chira: 943 nguoi dung, 1664

! http://www.grouplens.org
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phim va 99392 dénh gi4 voi céc gid tri tr 1 dén 5. D¢ c6 thé sir dung mo hinh dé xuét, tdp dir liéu MovieLens phai
dugc nhi phan héa. Vi moi danh 'gié nhan mdt trong cac gié tri tr 1* dén 5* nén ngudng dé nhi phan hoa la 3; khi do,
cac danh gia dugc gan gia tri 1 néu chung 16n hon hodc bang ngudng 3 va 0 néu ngugc lai.

2. Coéng cu thuc nghiém

Cong cu Interestingnesslab (dwoc chung t6i trinh bay trong [10]) dwoc céi tién dé phat trién va danh gia mo hinh
tu van dugc dé xuit. Cac thuc nghiém duoc chay trén may tinh ¢ ciu hinh h¢ diéu hanh ‘Window 8, RAM 16 GB, va
bd vi xtr 1y Intel Pentium G630 2.7GHz. Bén canh d6, chung toi con sir dung mo hinh trr van duya trén luat (AR) cta goi
recommenderlab [15] dé so sanh v6i md hinh dé Xudt.

3. Cac kich ban thyc nghiém
Bén kich ban thuc nghiém dugc dé xuit la:

e Xac dinh cac ngudng thich hop cho db tin cdy, d6 hd trg va cudng do ham ¥ nhdm giam kich thudc cia mod
hinh dwoc ding dé dua ra cac goi y nhung van duy tri dwgc tinh chinh x4c. Kich ban ndy kham phé céc
ngudng ciia do tin cdy va hd tro ding dé tao ra tap luat két hop va cua cudng do ham y dung dé loc tap luat.
Muc dich ctia kich ban nay 13 van duy tri tinh chinh x4c ctia mé hinh tu vin nhung giam kich thudc cua tap
luat (s6 luo’ng luat), do @6 lam giém thoi gian tur van.

e Danh gia két qua goi ¥ clia hé tu van dua trén cuong d6 ham y so véi cac két qua goi y cua hai hé tu van dya
trén hé s6 Bayesian va théng ké chi- -square tuong (ng. Nhing hé thong nay st dung cing mot mo hinh dé
xuit nhung cc d6 do khac nhau dé loc va xép hang cac goi ¥.

e Danh gia két qua goi y ctia hé tu van dua trén cudong do ham y két hop véi do do trach nhiém so vai céc két
qua goi v cua hai hé tu van dua trén cudng d6 ham ¥ va hé s6 Bayesian tuong tng. Twong tu nhu kich ban
trén, ba hé théng nay sir dung ciing mét mé hinh dé xuat nhung cic do do khac nhau dé loc va xép hang cac
goi y.

e Panh gia két qua goi ¥ clia hé tu vin dua trén cudng d6 ham ¥ két hop voi do do trach nhiém so vai két qua
goi ¥ cua hai hé tu van dya trén do do hd trg support va do do lift twong tng. Hai hé thong sau sir dung mo
hinh dya trén luat két hop duoc tich hop trong g6i recommenderlab.

4. Pénh gia hé tu van

Dé danh gia cac hé tu van, tap dit liéu dau vao duoc phan tach thanh tap dir liéu huan luyén co kich thuéc (n
ngudi dung x m muc dir liéu) va tap dir liéu kiém thir ¢6 kich thudc (p nguoi dung x m muc dit lidu). Tap dit liéu huan
luyén duoc sir dung dé xay dung mé hinh trong khi tap dir liéu kiém thir dugc sir dung dé kiém tra mé hinh. Tap dir
lieu kiém thir lai duoc chia thanh hai phan: tap dit liéu truy van va tap dir liu dich c6 cung kich thuéc (p ngudi ding x
m muc dit liéu). Tuy nhién, véi mdi ngudi dung, tap dit liéu truy van chi cd given danh gia (muc dit liéu duge danh
gid) dwoc chon ngiu nhién; tap dir liéu dich gdm nhitng danh gi con lai. Tap dit lidu truy van dugc dung dé dua ra cac
goi ¥ dya trén mé hinh da hoc con tap dir liéu dich dugc dung dé danh gia (tinh chinh xéc, tinh bao phu) cua két qua
goi y. Phuong phéap k-fold cross validation dugc &p dung dé phan tach tap dir liéu thanh k tap con co6 kich thuéc bang
nhau va thyuc hién k 1an danh gia sau d6 1iy két qua trung binh. O mdi lan danh gia, (k — 1) tap con duoc sir dung dé
hoc md hinh va 1 tap con con lai dugc sir dung dé kiém tra. Trong thuc nghiém nay, k dugc chon 1a 4. Khi sé luong
cac goi y (d6 dai) can duoc gidi thiéu dén nguoi dung khong dugce xac dinh trude, viée danh giad thuat toan trén mot dai
cac do dai ciia danh sach goi y s& thich hop hon 1a sir dung mot d6 dai ¢b dinh. Vi vay, cac duong cong precision -
recall va ROC (Receiver Operating Characteristic) thuong duoc st dung [3]. Ngoai ra, dudng cong ROC duge sir dung
dé so sanh tinh hiéu qua ctia nhidu giai thuat tu van, duong cong ROC cua giai thust nio ndm trén hoan toan cic dudng
cong ROC cuia nhiing giai thuat khac thi giai thudt d6 1a hi€u qua hon. Puong cong Precision - Recall dugc xay dung
dua trén d¢ chinh xac (precision) va dd bao phu (recall). Pudong cong ROC dugc xay dung dya trén do nhay (con duoc
goi 1a True Positive Rate - TPR) va phin bu cuia d6 dic hiéu specificity (con duoc goi 1a False Positive Rate - FPR).
Nhing phép do nay dugc xay dung dwa vao ma trdn nham 1an nhu Bang 1 va c6 cong thirc tinh nhur (6), (7) va (8).

Bing 1. Ma tran nhin l3n

Thyc t& / Goi y Khong dugc goiy | Pugc goi y
Khong dugc thich TN FP
Dugc thich FN TP
TP
precision TP + FP ( )
TP
Il/TPR = ———— 7
recall/ TP + FN )
o TN FP
FPR = 1— Specificity =1 — = (8)

TN+FP TN+FP
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5. Tién xt ly dit liéu

Pé tang tinh chinh x4c trong viéc xdy dung mé hinh goi ¥ va kiém chimg n6, cac tap dir lidu thuc nghiém cin
dugc tién xir Iy. Néu ta giit cic muc chi dugc danh gia vai 1an va nhimng nguoi dung chi ddnh gia mot vai muc thi cac
danh gia co thé bi thién vi. Do do6, dé chon dit li€u c6 lién quan trong tap dir li€u, cac phan vi cho mdt tap cac s6 muc
dir liéu trén mdi ngudi ding va cho mot tap cac s6 nguoi dung trén mdi muyc dir liéu phai dwoc xem xét. Phan vi p c6
gid tri x,, sa0 cho p% cua tat ca c4c gia tri ciia x nho hon x,,. Sau khi phan tich phan vi, véi tap dit liéu MSWeb, sb
lwong ngudi dung da xem tir trén 10 muc website (sb Vroot) va s luong muc website duge xem béi 50 nguoi ding tré
I1én duoc chon dé trich xuét dit liu c6 lién quan; voi tap dir liu MovieLens sau khi dugc nhi phan hoa, $6 luong nguoi
ding da danh gia tir trén 50 bo phim va sb lugng phim dwoc danh gia boi 100 ngudi ding tré 1én dwoc chon dé trich
xuét dit ligu.

Thong tin chung vé hai tap MSWeb va MovieLens sau khi loc dir liéu dugc trinh bay trong Bang 2, Bang 3 va
Bang 4. Bang 2 va Bang 3 cho thdy 0% céc gié tri ciia s6 muc website (Vroot) trén m01 nguoi ding nho hon 7 va 0%
cac gla tri ciia s6 phim trén mdi nguoi ding nho hon 14. Nhu vay, s6 luong Vroot va sé luong phim tdi da (sé given)
trén mdi nguoi ding trong tap dir lidu kiém thir duoc sir dung dé xay dung cac goi v 1a 7 va 14 tuong tng.

Béng 2. Cac phan vi cta tap dir liéu MSWeb sau khi duoc tién xtr ly
0% | 10% | 40% | 60% | 80% 90% 100%

S6 muyc clia website (Vroot) trén mdi ngudi dung 7 10 11 12 14 15.6 34
S6 nguoi ding trén mdi muc ciia website (Vroot) 2 8.4 24 444 | 97.8 191 604

Bang 3. Cac phan vi cua tap dit liéu MovieLens sau khi dugc tién xtr Iy

0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%

S6 phim trén mdi nguoi ding 14 |37 43 51 63 77 92 104.3 | 125 153 248

S6 ngudi dung trén mdi phim 37 |78 90.2 | 100 | 112 126 | 145 | 170 198 245 435

Bang 4. Thong tin chung cta hai tap dit 1liéu MSWeb va MovieLens sau khi duoc tién xtr Iy

A 1A Sb dong Sb cot (ving cua Y . £ )
Tap dir liu (nguoi ding) website/ phim) S6 danh gia | SO maxgiven
MSWeb 875 135 10487 7
Movielens 560 332 48266 14

B. Kich bin I: chon cdc ngwong phii hop dé giam kich thwéc ciia mé hinh ding dé dwa ra cic goi y nhung vin
ddm bdo tinh chinh xdc

1. Két qua thuc nghiém

Dé chon céc ngudng thich hop cho d9 tin cdy va hd tro, dudng cong ROC va dudng cong precision-recall dugc
str dung khi so sanh céac két qua goi y. Bén canh d6, dé khong bo st cac luét két hop vOi chét lwong cao, ngudng hd trg
va ngudng tin ciy nén dugc gan cac gia tri nho. St dung mé hinh dé xut, cac hé tu vén ¢ cac ngudng hd trg va tin
cdy khac nhau dugc xay dung. Hinh 3 hién thi dudong cong ROC cua cac hé tu van (s001c002, s001c005, s001c007,
s001c01, s005¢005, s005¢01, s01c005) sir dung: tap dir lieu MSWeb véi céc ngudng (hd tro, tin cay) Ién luot 14 (0.01,
0.02), (0.01, 0.05), (0.01, 0.07), (0.01, 0.1), (0.05, 0.05), (0.05, 0.1) va (0.1, 0.05); s6 lugng Vroot trén m01 nguoi dung
trong tap kiém thir dugc sir dung de xay dung cac goi ¥ (s6 given) 12 7; va do dai luat toi da 1a 4. Khi s6 given va do
dai luat duoc thay d6i, cac hé tu van ciing cho két qua tuong tu nhu Hinh 3. Hinh 4 hién thi dudng cong ROC cuia cac
hé tu van (5001002 5001c03, s001c05, s004c05, s01c05, s02c05, s03c05) su dung: tap dir liéu MovieLens véi Cac
ngudng (hd tro, tin cay) lan Iuot 12 (0.01, 0. 2),(0.01, 0.3), (0.01, 0.5), (0.04, 0.5), (0.1, 0.5), (0.2, 0.5) va (0.3, 0.5); s6
lugng phim trén mdi ngudi dung trong tap kiém thir dugc sir dung dé xay dung céc goi y (s6 given) 1a 14; va d¢ dai
luat toi da 1a 3.

Dé cai thién thoi gian tu van, sb lwong luat trong tap ludt nén duoc thu giam dua trén mot ngudng thich hop cho
d6 do cuong do ham y. Trong kich ban nay, moé hinh dé xudt duoc stir dung dé xay dung cdc hé tu van c6 cung ngudng
hd trg va tin cdy nhung c6 ngudng cuong do ham y khac nhau. Bang 5 trinh bay két qua ctia hai hé tu van cing sir
dung tap dir liu MSWeb, clng s6 Vroot dé xdy dung cac goi ¥ 5, ciing ngudng hd tro 0.01 va ngudng tin cdy 0.1
nhung mot hé thong iy 4t cé cac ludt (ngudng cuong do ham y=0.0) va mot hé théng st dung cac luat c6 cudng do
ham y tir 0.90 tr& 1én (ngudng=0.90). Ngoai ra, thuc nghiém con cho thay, dudong cong ROC va dudng cong precision-
recall cta hai hé théng nay gan nhu tring khép nhau hoan toan.

2 86 lwong muc t6i da trén mdi ngudi dung trong tap kiém thir dugc sir dung dé x4y dung cac goi v (theo mé hinh di hoc).
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ROC curve ROC curve

3

Céac hé tu vén:

Hinh 3. Pudng cong ROC ciia cc hé tr van st dung Hinh 4. Puong cong ROC cia cac hé tu van st dung
tap dir liéu MSWeb tap dit liéu MovieLens

Vi cach lam tuong ty cho tép dir liéu MovieLens, dudng cong ROC va dudng cong precision-recall cua hai hé
tu van st dung ngudng cuong d6 ham y 0.0 va 0.97 1a gan nhu trung khép nhau hoan toan.

Bang 5. S6 luat dugce sinh ra va thoi gian du doan caa hai hé tu vén sir dung ngudng cuong d6 ham ¥ khac nhau trén tip MSWeb.

NPT S6 luat Thoi gian du doan (sec)
Do dai toi da ~ - ~ po - = po - = ~ : ~
cia luat Ngudng cuong d6 | Ngudng cuong d0 | Ngudng cuong d6 | Ngudng cuong do

j ham y=0.0 ham y=0.9 ham y=0.0 ham y=0.9
2 2004 581 45125 4.4675
5 83057 26033 6.3900 5.2650
7 109312 37404 7.2275 5.7250
2. Thao luan

Dbi vai tap dir lieu MSWeb, Hinh 3 cho thiy dién tich duéi cac duong cong ROC cua cac hé tu van s001002,
$001005, s001007, va s001c01 déu béng nhau nhung 16n hon céc dién tich nam dudi cac duong cong ROC khac. Bén
canh d6, véi cung ngudng hd trg 0.01, kich thudc cua tap luat dugce tao ra boi ngudng tin cay 0.02 hodc 0.05 hoic 0.07
16n hon kich thudc cua tap luat dugc tao ra bdi ngudng tin cay 0.1, nén trong trudng hop nady, cac ngudng hd trg va tin
cdy dugc chon 12 0.01 va 0.1 twong (ng. Ngoai ra, Bang 5 cho thdy s luat va thoi gian dy doan ciia hé thdng sir dung
ngudng cudng d6 ham ¥ 0.9 1a nho hon so vé6i hé théng khong sir dung ngudng trong khi cac dudng cong ROC va
dudng cong precision-recall ctia ca hai hé thdng gan nhu hoan toan trung khép nhau. Vi vay, ngudng pht hop nhat cua
d6 do cudong @6 ham y 14 0.9. Pdi véi tap dir liu MovieLens, Hinh 4 cho thdy hé tu van str dung ngudng hd trg 0.04 va
ngudng tin cay 0.5 c6 d6 chinh xac cao hon cac hé thong khac. Tuy nhién, v6i cac ngudng da chon nay, s6 luong luat
12 qua 16n néu do dai luat tdi da 12 16n. Vi dy, néu do dai luat 1a 4 va ngudng tin cay 1a 0.04, s6 luat duoge sinh ra la:
112727547 khi st dung ngudng hd trg 0.04, 5891352 khi st dung ngudng hd trg 0.1, 99671 khi sir dung ngudng hd tro
0.2. May tinh dugc sir dung trong cac thyc nghiém nay s& bi qua tai khi sd ludt qua 1on. Do do, dbi voi tap dir liéu
MovieLens, cac ngudng duoc chon 1a: 0.2 cho do hd tro va 0.5 cho do tin cay néu do dai t6i da cua luat 16n hon 2; va
0.04 cho d6 h trg va 0.5 cho d¢ tin cdy néu do dai luat bang 2.

C. Kich bén 2: dinh gid két qua goi ¥ ciia hé tw vin dwa trén cwong dé hamy
1. Két qua thuc nghiém

Tinh chinh x4c va tinh bao phu cua cic két qua goi ¥ ciia ba hé tu van (lIntensityRS, BayesfactorRS,
ChisquareRS) sir dung do do cudng do ham y, hé sé bayesian va théng ké chi-square dwoc thé hién trong Hinh 5 néu
dung tap dit liéu MSWeb, Hinh 6 néu dung tap di liéu MovieLens. Hinh 5 hién thi cac duong cong precision-recall cua
ba h¢ tu van trong céc truong hop (40 dai luat toi da, s6 Vroot trén mdi nguoi diing trong tap kiem thir duoc sir dung dé
dua ra goi ¥ - given) lan luot 1a (2,5), (4,7) va (7,6) va sb Vroot can goi ¥ cho moi nguoi dung lal, 36,09, 12, val5.
Tuong ty nhu vay, Hmh 6 hién thi cac duong cong precision-recall ctia ba hé tur van trong cac truong hop (d6 dai luat
t6i da, sb phim trén mdi ngudi dung trong tap kiém thir duoc sir dung dé dua ra goi Y - given) lan luot 1a (2,10), (5,14)
va (7,12) va s6 phim can goi y cho mdi ngudi dung 1a 1, 5, 10, 20, 30, 40, 50, 60 va 70. Vé&i do dai ludt bang hai, khi sb
phim hay Vroot trén mdi ngudi dung dugc thay dbi, cac duong cong precision-recall cua ba hé tu vén IntensityRS,
BayesfactorRS, ChisquareRS 1a twong tg nhu Hinh 5.a (cho tép dir liéu MSWeb) va Hinh 6.a (cho tap di li¢u
MovieLens). Véi do dai luat t6i da 16n hon hai, khi $6 given duoc thay déi, cac dudng cong precision-recall cia ba h¢
tu van IlntensityRS, BayesfactorRS, ChisquareRS 1a cling twong ty nhu Hinh 5.b, 5.c (cho tép dir licu MSWeb) va
Hinh 6.b, 6.c (cho tap dir li¢u MovieLens).
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Frezision - Recall

@

;_ .. |Po¢ dai luat: 2 ;
S Vroot trén mdi ngudi dung (so given): 5
- BayesfactorRS
—a—  lIntensityRS
—+— ChisquareRS

Precwicn - Recall

(b)

Do dai luat t6i da: 4
SO given: 7
_o— BayesfactorRS

——  |IntensityRS
—+—  ChisquareRS

Precwicn - Recall

©

D6 dai luat t6i da: 7
S given: 6
_o— BayesfactorRS

—a—  lIntensityRS
—+— ChisquareRS

Hinh 5. Dudng cong precision-recall ciia cAc hé tu van BayesfactorRS, lintensityRS, ChisquareRS
st dung tap dir liécu MSWeb

Frecien - Recal Frecision - Recall

Precision - Rezall B [

B @ ‘ =1 N (b) - - ©

Do dai luat: 2 e L | Do dai luat téi da: 5 : D6 dai luat ti da: 7
Sb phim trén mdi ngudi ding = =1 Sogiven: 14 | So given: 12
- | (sb given): 10

—s— BayesfactorRS

—&— |IntensityRS
—+— ChisquareRS

_o— BayesfactorRS —=— BayesfactorRS
—a—  lIntensityRS | —&— lIntensityRS
—+— ChisquareRS —+— ChisquareRS

4

Hinh 6. Dudng cong precision-recall ciia ba hé tw vén BayesfactorRS, IIntensityRS, ChisquareRS
str dung tap dit liéu MovieLens

2. Thao luan

Bang 2 cho thiy 10% sb nguoi dung da xem it hon 10 Vroot va khoang 90% sb nguoi dung da xem it hon 16
Vroot. Néu sd Vroot trén mdi ngudi dung trong tap kiém thir duoc sir dung dé dua ra goi y (s6 given) 12 5, 6, 7 va xét
& muc 90% nhu vira néu thi doan cin quan tim trén cac dudng cong precision-recall 13 5-11, 4-10 va 3-9 tuong tng.
Tuong tu nhu vay cho tap dir liéu MovieLens. Két qua thuc nghiém cho thdy: (1) véi do dai luat bang hai, két qua goi
y cta h¢ tu vén st dung d¢ do cuong d6 ham y 1a vuot trdi hon hai hé tu van st dung h¢ ) bayesian va théng ké chi-
square, cu thé: tinh chinh x4c va tinh bao pht 1a cao hon; (2) véi do dai luat tdi da 16n hon hai, két qua ggi y cua hé tu
vén st dung d0 do cuong do ham y 1a vuot tri hon cua hé¢ tu vén st dung théng ké chi-square nhung kém hon so véi
cua hé théng st dung hé s6 bayesian trén mot s6 doan can quan tam, tuy nhién sy khac biét cang nho dan khi sé muyc
can goi ¥ tang.

D. Kich bdn 3: ddnh gid két qud goi y ciia hé tw van dwa trén sw két hop ciia cwong dé ham y va dé do trach nhigm
1. Két qua thuc nghiém

Tinh chinh x4c va tinh bao phu cua cac két qua goi ¥ cia ba hé tu vin (lIntens.Contr.RS, lintensityRS,
BayesfactorRS) st dung d6 do cuong d6 ham y két hop véi @6 do trach nhiém, cudong @6 ham y, va hé $6 bayesian
dugc thé hién trong Hinh 7 néu dung tap dir liéu MSWeb, Hinh 8 néu ding tap dir liéu MovieLens. Hinh 7 hién thi cac
dudng cong precision-recall cua ba hé tu van trong cac truong hop (d6 dai luat t6i da, s ving cua website (s Vroot)
trén m01 nguoi dung trong tap kiém thir dugc sir dung dé dua ra cac goi y - given) lan luot 1a (2,5), (4,7) va (7,6) va so
Vroot can goi y cho mdi nguoi ding la 1, 3, 6, 9, 12, va 15. Tuong ty nhu vay, Hlnh 8 hién thi cac duong cong
precision-recall cua ba hé tu van trong cac truong hop (do dai luat tdi da, sb phim trén m01 nguoi dung trong tap kiém
thir dugc sir dung dé dua ra goi ¥ - given) lan luot 14 (2,10), (5 14) va (7,12) va sb phim can goi y cho mdi ngudi dung
la1,5, 10, 20, 30, 40, 50, 60 va 70. Khi do dai luat toi da va sb given thay dbi, cac dudng cong precision-recall cua ba
hé tu vén IIntens.Contri.RS, lintensityRS, BayesfactorRS trén tap dit liéu MSWeb c6 dang twong ty nhu Hinh 7 va trén
tap dir liéu MovieLens ¢6 dang twong tu nhu Hinh 8.



264 HE TU VAN DUA TREN PO PO CUONG PO HAM Y VA TRACH NHIEM

2. Thao luan

Két qua thyc nghiém cho théy v6i bat o do dai lut tdi da nao, két qua goi y cua hé tu vén dua trén cuong do sé
duoc cai thién (t6t hon) néu duoc két hop véi @6 do trach nhiém so véi Kkét qua cua hé tu vén dua trén hé sb bayesian.
Cu thé, tinh chinh xéc (ty 1& s6 muc dir liéu vira duge goi y vira duoc yéu thich boi nguoi dung trén tong s6 muc duoc
go1 y) cao hon cing nhu tinh bao phu (ty 1¢ s6 muc dir lidu vira dugc goi v vira dugc yéu thich boi ngudi dung trén
tong s muc duoc yéu thich) cao hon.

Prezicon « Recal Frecision - Rec! Srecision - Recw!
Do dai luat t6i da: 2 ' Do dai luat téida: 4 | = Do dai luat t6i da: 7
S6 Vroot trén méi ngudi ding 2| Sé given: 7 ! Sé given: 6

(sb given):|5

@ fL.l ) e W L@

—— Bayesf;_actorRS _o— BayesfactorRS . _o_ BayesfactorRS
—&— |IntensityRS i —a— lIntensityRS ! —e.— lintensityRS

—— lIntens.Contr.RS K —+—lIntens.Contr.RS —+— lIntens.Contr.RS

Hinh 7. Pudng cong precision-recall ctia cic hé tu vin BayesfactorRS, IIntensityRS, IIntens.Contr.RS

st dung tap dir licu MSWeb
Froaciaes - Meced Presismn - Reosr Precimcn - Recall
: @ ! 1 (b) $ " (©
Do dai luat: 2 == L :4 Podailugtibida:s T = D dai luat tdi da: 7
So given: 10 : . Sbgiven: 14 = Sé given: 12
—o_ BayesfactorRS b BayesfactorRS —— BayesfactorRS
—2—  lIntensityRS _a lintensityRS —&— lIntensityRS

—+—lIntens.Contr.RS | _+ lintens.Contr.RS » —+— lIntens.Contr.RS

2

Hinh 8. Dudng cong precision-recall ctia ba hé tw vin BayesfactorRS, IIntensityRS, IIntens.Contr.RS
su dung tap dir liéu MovieLens

E. Kich bin 4: ddinh gid két qud goi y ciia hé tw vin dwa trén mé hinh dé xudt véi két qua ciia hé tw vin siv dung
mé hinh tw van dwa trén ludt ciia recommenderlab

1. Két qua thuc nghiém

Kich ban ndy so sanh céc gid trj TPR va FPR cia két qud goi y tir ba h¢ tw vén Lift RS, Support RS,
IIntens.Contr.RS. Hé tu vén Lift RS va Support RS str dung mé hinh tu vin dwa trén luat AR duogce tich hop trong goi
recommenderlab [15]; hé thir nhét st dung d6 do hd tro support con hé thi hai sir dung d6 do lift dé loc tap ludt va xép
hang c4c goi y. Hinh 9 hién thi cic dudng cong ROC cua ba hé thdng trong cac trudng hop: (d6 dai luat tdi da SO
given) lan luot 1a (6,7) dbi véi tap dir lisu MSWeb; (6,10) (5, 12), va (3, 14) ddi véi tap dir lidu MovieLens; s6 muc
can goi ¥ cho mdi ngudi ding 12 1, 3, 6,9, 12, 15 dbi véi tap dit liéu MSWeb va 1, 5, 10, 20, 30, 40, 50, 60, 70 dbi véi
tap dir liu MovieLens. Khi thay ddi cac truong hop, ta ciing dugc két qua gan tuong tu.
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Hinh 9. Pudng cong ROC ciia ba hé tu vén Lift RS, Support RS va lIntens.Contr.RS
str dung tap dix liéu MSWeb (Hinh 9.a) va MovieLens (Hinh 9.b, 9.c, 9.d)

2. Théo luan

Két qua thuc nghiém cho thiy dudng cong ROC cua hé tu van dua trén md hinh két hop cudng do ham y véi do
do trach nhiém Ilntens.Contr.RS nam trén dudng cong ROC cua hai hé tu van dya trén md hinh AR sir dung d6 do
support/lift trong recommenderlab (Lift RS va Support RS). Ty 1é s6 muc vira dugc goi y boi hé tu van vira duoc yéu
thich boi nguoi dung trén tong sé muc duge yéu thich (TPR) ciia IIntens.Contri.RS cao hon so véi clia hai hé tu van
con lai dong thoi ty 16 s6 muc dwoc goi ¥ boi hé tu van nhung khong dugc yéu thich boi ngudi ding trén tong s6 muc
khéng dugc thich (FPR) ciia IIntens.Contri.RS thip hon so v&i clia hai hé tu van do.

V. KET LUAN

Bai bdo nay dé xuit mot md hinh tw vin méi dua trén luat két hop va mot sé do do ham y thong ké quan trong.
Cu thé, do hd trg va do tin cay dwoc sir dung dé tao ra tap luat két hop trong khi do do cuong d6 ham y két hop voi do
do trach nhiém dwoc sir dung dé loc tap luat va xép hang cac goi y. M6 hinh dé xuét hoan toan c6 thé duoc dung dé xay
dung cac hé tu vin dya trén luat két hop nhung st dung nhirng do do hdp dan khac dé loc tap luat va xép hang cac goi
¥ théng qua bd ban sb {n, ng, ny, ng5}. Cac két qua thuc nghiém cho thiy hé tu van duoc xay dung bing mé hinh dé
xuét: (1) 1am giam kich thudc cia tap ludt (dugc st dung dé dua ra cac goi ¥) trong khi van dam bao tinh chinh x4c cua
su tu van, qua d6 lam giam thoi gian thyc hién tu van; (2) cho két qua goi y khi két hop cuong do ham y véi do do
trach nhiém t5t hon so voi két qua goi y khi sir dung hé sb bayesian va thong ké chi-square; (3) cho két qua goi ¥ khi
két hop cudng d6 ham ¥ véi do do trach nhiém tot hon so véi két qua goi y khi sir dung md hinh tu van dua trén luat
AR trong recommenderlab két hop vdi cac do do support hay lift. Tuy nhién, dé c6 thé ap dung mé hinh dé xuit nay
vao viéc xdy dung mot hé tu van thuc t&, mo hinh can dugc tiép tuc danh gia va so sanh véi mot vai md hinh tu van
phd bién khac.
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RECOMMENDER SYSTEMS BASED ON IMPLICATIVE INTENSITY AND
CONTRIBUTION MEASURES

Lan Phuong Phan, Hung Huu Huynh, Hiep Xuan Huynh

ABSTRACT: Recommender systems are used to predict the user’s preferences for a specific product or service as well as to
recommend the suitable products or services to users. This paper proposes a new recommendation model that uses the support and
confidence measures to generate the association rules; the implicative intensity and contribution measures to filter the ruleset and
rank the recommendations. The model can be expanded with other interestingness measures. The recommender system based on the
proposed model is developed and evaluated by four scenarios and on two datasets. The experimental results show that the
recommender system based on implicative intensity and contribution measures can : decrease the size of ruleset but still maintain
the accuracy of the recommendation, therefore decrease time to make the recommendation; make the recommendation result that is
better than the result of system based on chi-square statistics and bayesian facto; make the recommendation result that is better than
the result of systems based on the recommendation model AR (integrated in recommenderlab) and the support/the lift measures.
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