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L oc ahng tac wi do do twong tw dwa trén dé thi

Collaborative Filtering with a Graph-based Similarity Measure
Nguyén Duy Phwong va Tir Minh Phwong

Abstract: Collaborative filtering is a technique  C6 hai K thuat chinhduoc st dung trong tr van
widely used in recommender systems. Based on tha clpn: loc theo @i dung (content-based filtering)
behaviors of users with similar taste, the techaiqua loc cing tac (collaborative filtering) [2]. bc theo
can predict and recommend products the current usedi dung phan tichiic trung i dung cac & pram
is likely interested in, thus alleviates the infation ma ngroi dungda cton trong qué kh va tr van cho
overload problem for Internet users. The most papul ngudi dung nliing sin ptem msi ¢6 dic treng i
collaborative filtering approach is based on thedung trong ty. Bé sir dung duoc phrong phap nay, ¢i
similarity between users, or between products. Thing gn prim phii dugc md & rd rang @i dang van
quality of similarity measure, therefore, has agar ban haic théng qua @t sb dic treng. Tréi hi, loc
impact on the recommendation accuracy. In thisdng tac dra trén nhom ngdi dung da trng chon
paper, we propose a new similarity measure based ohiing sin prim giéng ngroi ding én tr vin dé xac
graph models. The similarity between two users (@inh sin phim cin gisi thiéu v6i nguoi nay. So i loc
symmetrically, two products) is computed frontheo i dung, bc adng tac céuu diém la khéngdoi
connections on a graph with vertices beeing usats ahéi san pim phii duoc md & dudi dang vin ban hay
products. The computed similarity measure is thefic trrng. Két qua thir nghiém ding cho thy, loc cdng
used with k — nearest neighbor algorithm to gereratac bc ot hon loc ni dung trong nhiu treong hop
predictions. Empirical results on real movie datase [2]. Trong bai bado nay, chudng téapt trung vao
show that the proposed method significantlpheong phapdc oong tac.

outperforms  both collaborative filtering  with Phrong phap éc oong tacdién hinhdugc ap ding
traditional similarity measures and pure graph-bdsegng rai niit 14 phrong phapk — lang géng gin nht.

collaborative filtering. Phrong phap nay cotdugc goi 1a loc dira trén b nhs
(memory-based filtering) [3,4,6,@F phan bét vai loc
. MO DAU dva trén moé hinh(model-based filtering) [8,11,12].

Véi mdi nguoi dung, 1 théng xacdinh k nguoi dung
c6 sy thich gbng ngroi d6 nhit dya trén niing gin
pham ho d& chyn haic d& danh gia trong quéa kh sau
d6 tr vin cho ngoi dung hén thoi san phim ma k
nguoi nay da ckon. Tuong tr nhr vay, thay vi timk
nguoi dung gin nhit, ta ding c6 tié tim k lang géng
gan nhit cho ndi san prim va dra trén véc ngroi
dung c6é quan tamst cac lang dging nay trong qua
kht: khéng dé quyét dinh hra chon haic khong tra
chon sin phim dang xét. Trong trong hpp thr nhit,
loc odng tacdugc goi la loc dva trén ngroi dung
(user-based collaborative filtering), trongrdng hop

Khoé khan I6n v6i nguoi st dung Internet va cac
dich w thwong mai dién tr 1a ludn c6 quéa nbi
phuong andé lya chon. Bé tiép cin duoc théng tin
hitu ich, ngoi dung throng phii xir ly, loai bo phan
l¢n thong tin khéng an thiét. Hé tr van lra chpn
(recommender systems) cho phé@arphao gii quyét
van dé nay ling cach ¢ doan va cungap cho ngoi
dung ndt danh séach rig cac &n pham, bin tin, phim,
video, v.v... ma nhiu khi ning ngroi ding $ quan
tam. Hén nhéu hé tu vin throng mai da duoc sr
dung fat thanh céng nin h¢ thong aia Amazon,
Netflix, Yahoo!, Youtube.
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thir hai la bc dya trén sin phim (item-based).

Pé loc adng tac ara trén b nho cho Kt qua tot can
xacdinh chinh xado twong tr gitta ngroi dung tr ma
tran danh gia éa ngroi dungddi véi san phim (haic
d6 tuong tr gitta cAc 8n pham, tly theo phong phap
nao dugc Sr dung). Théng tlong, d6 do twong tix
dugc ar dung laddé do twong tr gitra hai veat nhu
cosin haydd twong quan Pearson. Tuy nhién, afc
do nay cho Et qua khdng 6t trong trdng hop dit liéu
thua thot, tac la khi ndi nguoi ding chi lya clon haic
danh gia it n prim trong qua kh - tinh hbng dién
hinhddi vai cac 1¢ thdng sr dung loc odng tac.

Dé giam bot anh hrong aia Vin dé dit liéu thra ©i
hiéu qua loc adng tac dra trén b nhé, nhiéu phrong
phapda duoc dé xuat nhr ky thuat 1am tion nhy phan
cum [14], Kt hop loc dya trén ngoi dung \6i dua
trén n phim [15], vadic biét 1a dra trén quan hkét
hop tir @ thi ngudi ding — én pHim [9,10].

Trong bai béo nay, ching tdé xuat mot phuong
phap ndi tinh todn ndc d6 tuwong tr gitra cac &p
nguoi dung hdc sin phim c6do on dinh ©t hon khi
d6 thua thot dir liéu thay doi. Dua tréndd thi nguoi
dung — én phim, phrong phéapdé xuat xac dinh do
lién théng déi dang cacduong di cé trong $ gitra
cac @p ngroi dung (hdac sin pham). Do lién théng
nay saui6 dugc Sr dung nhr d6 twong tr khi xacdinh
k lang géng din nhit. Thuit toAndé xuit cho phép
tinh toandd dai nko nhit caa duong di da dam bao co
d6 pha tot trong twong hyp di ligu thra. Phrong phap
dé xuat twong ty phuong phap aa Huang et al. [10§
chd déu dya tréndd thi nguoi dung — én pham. Tuy
nhién, khac & phuong phap trong [10], chdng tbi
khdng s dung tnrc tiép mrc do lien két gitta ngroi
dung \6i san prim dé dua ra dr doan. Thay vaaio,
lién két nguoi dung \6i nguoi dung hdc sin phm voi
san phim dugc sr dung tinhdo tuong tr va dung i
md hinh ara trén b nhs. Viéc két hop hai phrong
phapdo thi va k lang ging @o hiéu ang 1am ton va
cho Kt qua thuc nghém %t hon dang ¥ so i ting
pheong phap riéng& Ngoai ra, so & phuong phap
cia Huang va @ng sr, phrong phapdé xuat cé hrsc
xacdinh rd rangio dai én thiét coa duong di ¢é dam
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bio do phi tét khi dit liéu thra.

Phrong phapdé xuit trong bai baodugc thir
nghiém trén céac b dir liéu thyc & vé danh gia éa
nguoi dung d6i véi phim. Két qua thi nghiém cho
thiy viéc phrong phéap cho & qua loc 6t hon so \bi
phuong phép éc odng tac ara trén caaié do twong
quan hén nay, ¢éing nhr phrong phapdo thi thuan tay
[10].

Il. BAI TOAN L QC CONG TAC

Bai toan bc adng tac co th phat béu nhr sau.Cho
tap hop U gdm N ngudi dungU = {uy, Up,..., Un}, va la
tap P gom M san phim P = {py, pa,.., pv}. Mdi sin
phim p, O P c6 th la bai bao, &n tin, hang héa,
phim, anh, dch w, v.v... Méi quan 1§ giitta tip ngroi
dungU va #ép sin phim P duoc biéu dién théng qua
ma tén danh giaR ={ ry}, i = 1.N, x = 1..M. Mdi gia&
trir, 0 {0, 1, 2, .G} la danh gia éa ngroi dungu; O
U ddi véi san pram p, 0 P. Gia ti ry c6 the duoc thu
thap tryc tiép bing cach bi y kién ngroi dung hac
thu thip gian tép thong qua e ché phan hoi caa ngroi
dung. Cling han réu trong qua kh nguoi dung da
tirng mua $n phim haic xem trang web thianh gia
ctia ngroi dung \6i san phim d6 < ¢6 gia ti 1a 1. Gia
tri riy = O trong trong hpp ngroi dungy; chea danh
gia haic chra bao g¥ biét dén sin prim p,. Nhiém wu
cua loc odng tac la @ dodndanh gia da ngroi dung
hién thoi u,0 U d6i voi nhitng mit hang ndi p, 0 P,
trén @ s d6 tr vin cho ngoi dung u, nhing sin
pham dugc danh gia cao [1].

Bang 1 Ma tdn danh gia éa loc odng tac.

Py P2 Ps Pa
Uy 5 O 4 0
Uz O 3 4 O
Us O 3 O 2

Bang 1 & nat vi du vé ma tén danh gia cho &loc
cong tac @m 3 ngudi dungU ={ uy, Uy, Uz} VA 4 gin
pham P = {py, p2, Ps, Ps}. Cac gid ti danh giaddugc
biéu dién c6 gia tr rid {0, 1, 2, 3, 4, & Nhiing gia
tri r,=0 duoc hiéu 14 ngroi dungi/ U chra biét dén
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san phim p, O P. Bé tu vén, ching fan cho ngoi
dungus, thuit todn bc cong tac phi xac dinh gia ti
cho céc 6 ting trong donguong tng Wi Us.

[1.1. L oc 0hng tac dwa trén by nhé

C6 nhéu phrong phap khac nhadiroc dé xuat va
s dung trén thrc # cho bai todndc ong tac. Su va
Khoshgoftaar [1] phé&n #b cidc phrong phap dii
quyét bai toan dc odng tac thanh hai cachépi cin
chinh: Loc adng tac dra vao 6 nhd (Memory-Based
[3, 4, 6]) va lpc aong tac @ra vao moé hinh (Model-
Based [8, 11, 12]). ¢c dwya vao b nhé dugc thuc hién
theo hai plrong phap chinh:goc dra vao ngoi dung
(UserBased) vat dra vao én phim (ItemBased) [1,
2]. bic diém chung éa a hai phrong phap naytéu
dea vao cac d6 do khaing cach (Euclid,
Minkowski...),d6 do twong tr (Cosin, Entropy,...)do
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Trong trong hyp loc theo én phim (ItemBased),
thay vi timk lang géng cho ngoi dung hén thoi, hé
thdng € tim k lang géng din nhit cho @n ptm cn
du doan, sauié t hop cacdanh giada cé @a ngroi
dung hén thoi ddi véi cac lang dging naydé xacdinh
danh gia @a ngroi dung hén thyi déi véi san phim
cAn duy doan.

Mac du bc oong tac ara trén b nhd don gian va
hiéu qua, viéc &p ding trén thrc ¢ gap khoé khin do
van dé thua thst di liéu. Déi véi cac ke thong loc
cong tac, mi nguoi dung throng ch danh gia it it
san phim do \dy da $ phan tir cia ma tén danh gia
c6 gia ti rong. Khi thyc hién tinh toan nic do tuong
tuy gitta cac @p ngroi dungu;, cacdo do twong quan
chi thyc hién tinh toan trénap P; # 0. Nhiing sin
pham c6 gia tr danh gia khadl ngoai &p P; st khong

do twong quan (Pearson, Root Mean Squaré}IQ'C tham gla vao qué trinh tinh todMiéu nély lam

Spearman Rank, Kendall,...) tinh toadmdé tueong
tu gitra cac @p ngroi dung (hac sin phim) dé tim ra
cac @n phim c6 mic d6 twong tr cao phi bp cho
mdi ngudi dung [7, 16].

Vé ban chit, loc odng tac ara trén b nhé twong i
phuong phapk lang géng din nhit trong ke may.
Trong trong hop loc theo ngoi dung (UserBased),
phueong phap naguoc thec hién qua cac béc sau:

1) Tinh toan néc d6 twong tr gitta cac &p ngroi
dung. Caald do duoc Sr dung ong rai ntat dé
xac dinh @6 teong tr gitra hai ngroi dung hac

cho nhéu ngroi ding c6 & thich trong tr nhau
nhung lai khéng xacdinh duoc bing cacdd do trong
quan do cha cungdanh gia mt sb sin pHim. Ngroc
lai, nhiéu cip ngroi ding kém wong tr nhau nieng
van duoc xacdinh trong dp lang géng.

11.2. L oc odng tac sr dung mé hinhdé thi

D¢ giam anh hrong aia van dé dir liu thra doi voi

loc odng tac ara trén b nho, mot sd giai phapda dugc
dé xuét, trongdd dang cha y 1a gi phap & dung tinh
lién thdng va Bc ciu tréndd thi do Huang vaéng sr
[10] @& xuat (dé tién cho véc trinh Ry, phrong phap

hai gin phim Iad¢ trong quan Pearson va cosinmay € duoc goi 1& GraphBased trong ph con hi cua

gitra hai veat.

X&c dinh #p k lang géng cho ngoi ding hén
thoi.

T6 hop cacdanh gia éak lang géng gin nhit
d6i v6i san prim ma ngoi dung hén thoi chua
biét dé du doandanh gia éa ngroi dung hén
thoi cho sin pHim nay. Cach& hop don gian
nhat 1a lay trung binh éng theok lang géng,
hoic co thé to hop theo nhdu dang trong £
khac nhau.

Tra v& cho ngroi ding hén thoi cac én pham
c6danh gia cao ri.

2)

3)

4)

bai bao). Theo plong phap nay, maan ngroi dung
— @in phim dugc sr dung dé xay drng d6 thi véi cac
dinh 1 ngroi duing va én pham. Mot dinh ngroi dung
dugc ndi véi mot dinh sin phim néu ngroi ding da
mua hdc danh gia 6t v& sin phim d6. Luu y 1a
phuong phap nayduoc dé xuit cho tuong hop ma
tran danh gia c6 2 giaitr 1 néu ngroi dungda chpn
san phim, va O trong tong hop ngroc lai. B thi
trong phrong phap do Huang v&®wg sr d& xuit co
dang trong tr nhr trén Hinh 1, tuy nhiénit ca cac
canh c6 tpng $ bang 1.
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Céac tac gi cua GraphBased xatinh mrc d6 quan
tam dia ngroi dung hén thoi véi mot sin phim bing
cach tinhéng trong $ cacduong di c6 do dai khéng
lén hon L giira ngroi dung va $n phim d6. O dayL 1a
tham $ ciua phrong phap va cé giaitlé do ch xét
cacduong di bit dau tir nGt ngroi dung va Kt thico
nat sin phim. Trong $ duong di do dail dugc tinh
bing a ', trongdd 0 < a <1 1a tham & cia phrong
phap. Doa < 1 nénduong di cang dai c6 tng $
cang nlb va do vy déng gép cang it vao liérékgiia
nguoi dung \6i san pram. CAc &n phim co lién Kt
lén nhat véi nguoi dung hén thoi voi do lién két xac
dinh nhr trén § dugc tr van cho ngoi dung hén
thoi. Huang va éng ar da thr nghiém phrong phéap
vé6i dit lidu thrc va cho Kt qua tét hon nhiu so \bi
loc odng tac da trén 1 nhs truyén thong, dic biét khi
dir liéu bi thua thot.

lIl. L QC CONG TAC SU DUNG PQ TUONG
TU DUATREN PO THI

Nhu da trinh By & trén, vic tinh toandd tuong tr
tir ma tén danh gia co th gip kho khin khi di ligu
thua. Plrong ph&pdd thi md & trong [9,10] cho phép
giai quyét phin nao vin dé d6 bing cach 4n dung cac
lién két gian tép giira ngroi dung va gn ptim. Tuy
nhién phrong phap nay dhsit dung cho toong hyp
danh gia c6 gia trnh phan (chng han “thich”,
“khéng thich”). Viéc xacdinh d6 dailL téi da aia lién
két twong d6i khé khin mic du day la tham & anh
huong nhéu t6i hiéu qua dy doan. Trong phn nay,
chang tdi trinh By pheong phapdé xuit, theodé lién
két tréndd thi duoc sr dung dé tinh do tuong tr thay
vi tinh tnre tiép lién Kt gitta ngroi dung \6i san
pham. Bén anh d6, phrong phapdé xuat ciing ©ng
quat fon, co tit sr dung cho teong hop danh gia
nhan bit cr gi& ti ndo. Chang téidng trinh bay cach
xacdinh d6 dai bi da aia lién Kt dé codo pha tét Véi
dir liéu ay thé.

Cac i dung @ thé trong phn nay bao gm: 1)
Phrong phap kiu dién d6 thi cho bc adng tac; 2)
Phrong phap tinh toan ét d6 twong tr gitra cac ép
nguoi dung (hdc sin phim); va 3) Xay dng thut
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toan dr doandanh gia éa ngroi dungddi véi cac gn
phim dua vaodo thi.
lII.1. Phwong phap biéu dién @6 thi cho lpc ddng
tac
Pé thuan lgi cho viéc xay drng do thi, ta gi S riy
c6 the nhan gia ti trong khang [0,1] hdic gia ti rdng,
tuc la.
Néu ngeoi ding idanh gia x
omucdov(0<v<1l).
X Néu ngeoi diing i chra biét dén
_san pkam .

(1)

Déi véi cac B dir ligu co gia tr danh giar,0{1, 2,
.., @ nhu phat béu trong pln 2, ta ch cin thyc hién
phép bén ddi don gian chuyén ., =%. Phép bin déi
nay vin o toandugc mic do danh gia theo th ty
khac nhausa cac B loc ayng tacdong thi tong quéat
hon cach biu dién nh phan. Vi d, theo cach Bu
dién nay, d liéu danh gia trong Bng 1 $ duoc
chuyén thanh Bng 2.

Bang 2 Ma tran danh gidugc chuyén doi.

Py P2 P3 P4
U 1.0 ad 0.8 ad
U, O 0.6 0.8 O
Us O 0.6 O 0.4

Hé loc odng tac Wi ma tén danh gia fi} c6 thé
biéu dién dudi dang do thi hai phiaG =<V, B>, mit
phia |1a &p ngroi dung, phia conal la tap san pham.
Tap dinh V cia dd thi dugc chia thanh haiap: tp
nguoi dung va ip sin prim (V= U O P). Tap anhE
cua dd thi duoc xacdinh theo céng tirc (2). Moi canh
e Eco cdinge = (i, X), trongdod i U vax/P. Khdng
tén tai cadc @nh aia i gitta haidinh ngrdi dung hac
canh rdi giita haidinh sin ptim. Trong $ cia nbi
canh dugc xacdinh theo (3).

E={e=(i,x):i0U OxOP|r, 2@  (2)
{rlx if (i,x)0E

Wiy = : 3)
0 otherwise
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Goi C={c;} la ma tin trong $ biéu dién d6 thi G
(i=1, 2,.., N+M; j =1, 2, .., N+M. Khi do, ma tén
vudngC 3 duoc chia thanh én phin theo cong tic
(4). Trongdé, ma tan vuéngU(NxN) biéu dién mbi
quan i giira ngroi dung va ngoi dung, P(MxM) biéu
didn mbi quan K& gita $in pHm Vi san pHim,
W(NXM) duoc xacdinh theo (7) Wu dién mbi quan &
gitta ngroi dung va an phim, W' (MxN) la chuyn vi
cia W(NxM) biéu dién mdi quan I¢ giita sin phim va
nguoi dung. Cac pin tr cia ma thn U(NxN),
P(MxM) bandau déu c6 gia tf 0.

U(NxN) W(NxM)
C=l (4)
[W (M xN) P(MXM)j

Vi du, véi hé loc adng tdcduoc cho trong Bng 2,
khi d6 db thi hai phia biu dién cho bc odng tacdugc
thé hién trong Hinh 1, thanh @gh cia ma tén trong $
dugc thé hién trong Hinh 2.

Hinh 1. B thi hai phia bdu dién cho bc ong tac.

U(NxN) W(NxM)
T A A

0.0 0.0
0.0 0.0
0.0 0.0

1.0 0.0
0.0 0.6
0.8 0.8
0.0 0.0

0.0
0.0
0.0

0.0
0.6
0.0
0.4

1.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.6
0.6

0.0
0.0
0.0
0.0

0.8
0.8
0.0

0.0
0.0
0.0
0.0

0.4
0.4
0.4

0.4
0.4
0.4
0.4

WT(MxN) P(MxM)

Hinh 2. Ma trén trong $ biéu dién db thi hai phia.
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Véi @6 thi G =<V,E> biéu dién dudi dang ma tan
trong $ C xacdinh theo (4),dc odng tac cé th duoc
xem xét nlr bai toan tim Kim tréndd thi. Trongdo,
muac do tuong tr gitta cac &p ngroi dung dugc tinh
toan dra vao tong $ cac duong di tir dinh ngroi
dungdén dinh ngroi dung, mirc d6 twong tr gitra cac
cip s$in phim duoc tinh toan da vao tong $ céac
duong di tir dinh sin phim dén dén dinh sin pham,
mic do phd hyp cia ngroi dung déi voi san pham
dugc tinh toan da vao tong $ cacduong di tir dinh
nguoi dungdén dinh sin pHim. Muac d6 tuong tr gitra
cac @p ngroi diung § duoc dién gia ti vao ma tin
U(NXN), mac d6 tuong tr gita cac gp sin ptim <
duogc dién gia ti vao ma tin P(MxM), mic do phu
hop cia ngroi dungddi véi san phim duoc dién gia ti
vao ma tin W(NxM) va W'(MxN). Trong dé,
UNXN), P(MxM), WINxM) va WI(MN) duoc Xac
dinh theo (4). Ni dung @ thé mdi phuong phéap ép
can s duoc trinh bay trong cac me tiép theo da bai
b4o.

[ll.2. L oc 0dng tac gr dung dd twong tw giira Gip
ngwoi dung trén do thi
Do do twong tw cho ngroi dung dua trén dé thi

Nhu d& dé cap trong Muc Il, cacdo do trong quan
tinh todn nic d¢ tuwong tr gitta cac @p ngroi dung
i0U, jOU dya trén fip P; 1a ip cac én pram ci hai
nguoi dung cungtanh gia. Véc lam nay d dangduoc
thuc hién trén dod thi biéu dién cho bc odng tacG
=<V, E> bang cach tinh toarbhg trong $ cia tit ca
cacduong di ¢6 do dai 2 tir dinh iU dén dinh jU.
Trong $ caa mbi duong di do dai 2 tir dinh i/ U d&én
dinh j£U duogc tinh king tich tong $ ciaa cac anh
teong tng. Vi di dé tinh todn nic do twong tr gitra
nguoi dungu, vau, Hinh 1, ta tinhdng trong $ cac
duongdi do dai 2 tr dinh u, dén dinh u,. Gitau, vau,
chi 6 duy nlat mot duongdi d6 dai 2:us-ps-Up. Trong
sb cia duong di nay duoc tinh la 0.8*0.8 = 0.64.
Twong tr nhr vay, mac d6 twong tr gitta ngroi dung
U, vaug la 0.6*0.6 = 0.36. Nin vay, phrong phéap tinh
toan nmirc do twong tr gita cac @p ngroi dung dra
trén cacdo do twong quandugc xem nhr viéc tinh

-27 -



Ca4c cong trinh nghiénu, phat trén vaing cung CNTT-TT

toan bng triong $ cacduong di do dai2 tir dinh ngroi
dungdén dinh sin phim tréndd thi G = <V, E>.

Khi tap cac gn pHim ci hai ngroi dung cuingianh
gia Py = 0, cacdd do twong quan & khong xaadinh
dugc mic d6 tuong tr gitta ngroi dungi va ngroi
dungj [1, 7]. Vi du véi nguoi dungu, Us trén Hinh 1
s8 khéng xaadinh duoc gia ti bing cacds do twong
quan. Nguyén nhania vin dé nay la do ma én d¢anh
gia qua tira Wi phan lon cac pln tir c6 gia ti rong.
Céac gia tr danh giar; = 0 chiém 98.7% trén & dit
licu MovieLens va 99.1% trén ob dir liéu
BookCrossing. Tuy nhién, quan satinl mbi quan
hé khac gira cac @p ngroi dung tréndd thi ta c6 tie
thiy ho Van ©n tai mot mic do trong tr tiém 4n nao
dé. Vi du, giita u, va us déu trong tr vai up (Hinh 1).
Khai thacduoc nhing mbi quan & nay $ cai thién
dang K chit lugng dr doan @a cac phong phap
UserBased vadm ché dugc van dé dit liéu thea aia
loc odng tac.

Dé khai thacduoc nhing mbi quan & gian tép
tréndd thi, chdng tdi thrc hién mo rong do dai duong
di tr dinh ngroi dungdén dinh ngroi dung tréndd thi.
Vi du giita u, vaus ton tai duong di do dai4: uy-ps-uy-
P>-Us, trong $ caa duong di nay & 0.8*0.8%0.6*0.6 =
0.2304. ViG la d6 thi hai phia nértuong di tir dinh
nguoi dungdén dinh ngroi dung ludn la mt sb chin
(2, 4, 6, 8,...). Nt khéac, tong $ mdi canh aia do thi
la mot sb dwong nhd hon 1 nén caaluong di cé d6 dai
lén & dugc danh tong $ thip, duong di c6 do dai
nho s& dugc danh tong $ cao. Mic d6 twong ty giira
nguoi dungi/J va ngroi dungj/ U duoc wdéc heong
bing ©ng cac tong $ cua tt ca cacduong di do dai
L di tir dinhi dén dinhj tréndo thi. Bang cach @ip cin
nay mic d¢ twong tr gitra cac @p ngroi dung dugc
xacdinh dra trén fit ca cac ndi quan I truc tiép haic
gian tép.

Mot cach éng quat, gi U-(NxN) Ia tng tong
sb cacduongdi c6 do dail tir dinhi /U dén dinhj U
tréndo thi G (i=1, 2,.., N; j=1, 2, .., N. Vi tong trong
sb mdi duong di do dai L duoc tinh king tich @a
trong $ cac anh, nén éng tong $ cacduong di do

4T V-1, $ 10 (30), thang 12/2013

dai L tir dinh ngroi dungdén dinh ngroi ding tréndd
thi G dugc xacdinh theo cong tirc (5).
n _{W.WT if

L=2
- T L2 : ()
WW' U if

L= 468..

Muc d6 tuong tr gitta cac @p ngroi dung dugc

xéacdinh theo (5) ph thuoc vaods dai duongdi L tur
dinh ngroi dungdén dinh ngroi dung tréndd thi. Do
vay, mot van dé dat ra 1a i mdi nguoi dangi/ZU gia
tri cua L duoc ldy bing bao nhiéu chot. Nguoc lai
dd thi G = <V,E> phai c6 tinh clit gi dé ta c6 ti xac
dinh dugc L sao cho mic d6 twong tr gitra cac ép
nguoi dung u;z0. binh ly 1 dr6i day € cho ta njt
cach xaatinh L trong trong hop d6 thi biéu dién cia
loc odng tacG = <V,E> lién théngbdi vai cac 1 loc
cong tac c6 Wiu dién dd thi G = <V, E> khéng lién
thdng ching tdi & trinh bay trong nimg Kt qua
nghién &u tiép theo @a bai bao.
binh ly 1. Néu d thi biéu dién cho cac & loc odng
tac G = <V, E> lién théng thi ludn ludénon tai s6 tu
nhién cfin L dé uj #0 voéi moi i, jU . Trongdo, uj
dugc xacdinh theo (5).
Chitng minh.  Gia sir d6 thi biéu dién cho céac & loc
cong tacG = < V,E> lién théng. Khidd luén ludn én
tai duong di tir dinhi U dén moi jOU tréndd thi. Vi
G = < V,E> la db thi hai phiaduoc biéu dién theo
(4), nén ludndn tai s6 chin L sao choit iU dénj U
dugc ndi bang ding L canh. Do uj duoc Xacdinh
theo (5) 1a éng trong $ cac duong di c6 do dai L;
Trong $ mdi dudngdi c6 do dail 1a tich @a tong $
cac @nh co wy # Q vi Vviy nén u; # 0 diéu cin
chirng minh.

Nhu vy, d&é xacdinh mic d6 twong tr giita ngroi
dungiduU véi nguoi dangjO{U \ i}, ta chi cin clpn
gia t L nho nhit dé uy # 0véi moi jAU.

Thuat toan lgc odng tac

Dya trénbinh ly 1, ching téidé xuat thuit toan
UserBased-Graph chad ong tac nlr trinh hiy
trong Hinh 3.
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Pau vao:

- Matran trong $ C la biéu dién dd thi G =
<V, E> cho bc oing tac .

- i0U la ngroi dung @n duoc tr van.

- K la $ lugng ngroi ding a@ia éip lang
giéng.

Pau ra:
- Dy doan x: ry | x/P\P.( quandiém cia
nguoi dung i dbi véi cAc &n phim moi
xOP).
Céc hwéc tién hanh:
Bwéc 1. Tinh toan mxc d6 twong tr gitra cac @p
nguoi dung:

L — 2://Khoi tao d6 daiduongdi bandau

Repeat
n :{WWT if L=2
WWTUY? if L= 468..
L-L+2

Until (uj #0vsi moi jO (U \i));
Bwéc 2 Xac dinh #ip lang géng cho ngoi dung
i .
* Sip xép uy # 0 theo thir ty giam cin ( # ).
« Chon K nguoi dingjZU dau tién lam &p
lang géng aia ngroi dungi (Ky hiéu tip
lang géng aia ngroi dungidu 12 K)).
Buwéc 3 Du doan quardiém cia ngroi dungi di
V6i cAc sin phim xOP \ P,
1
lx =77 Fix s
K| JDZK ]
Buwécd. Chon N sin phim c6 mirc d6 twong tir cao
nhat tw vin cho ngoi dungi.

Hinh 3. Thuit toan UserBased-Graph.

Tai buéc 1, thdt toan thrc hién tinh toan mc d6
twong tr gitta cac &p ngroi dung dra vaobinh ly 1.
Két qua thyc hign cia hréc 1 1a ma tin US(NxN)
phan &nh nirc d6 tuwong tr gitra ngroi dungi va ngroi
dungj tréndd thi. Tai budc 2, thit toan tén hanh &p
xép cac gia tru; (1) theo thir tw giam din cia trong

sb. Saudé chon K ngudi dung dau tién 1am 4p lang
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giéng aia ngroi dungi. Tai buéc 3, thut toan dr
doan quandiém cia ngroi dungi déi véi cac @n
pham msi xOP\P, bang cach dy gia ti trung binh cac
danh gia éa nhiing ngroi dungj trong #p lang géng.
Budc 4 clon K san phim dau tién tr van cho ngoi
dungi.

Vi du véi h¢ loc odng tacduoc bicu dién bing ma
tran trong © C trén Hinh 1, ta tinh toamuoc
U 2(3%x 3),U*(3x 3),U ¢(3x3) theo cong thc (5). Dra
vaodo ta xaadinh dugc L=2 cho ngroi dungu,, L=4
cho ngroi dungu; va u; va khéng én thuc hién voi
gia tri L=6.

164 064 000

064 100 036

000 036 052

[3.0992 1.6896 0.2304
1.6896 15392 0.5472
102304 05472 0.4000
6.164032 3.756032 0.72806
3.756032 2.817536 0.83865
| 0.728064 0.838656 0.40499

u?=

l11.3. L gc 0hng tac gr dung df twong tw gira cip
san pham trén do thi

Do vai trd gia ngroi dung va n phim trong ma
tran danh gia 1adéi xtng, ta c6 th xay drng phién
ban loc odng tac & dung do twong tr gitta cac &n
phdm, trongdd d6 twong tr duoc tinh toan da tréndd
thi theo cachuong tr nhu trinh by ¢ trén.

Goi P-(M xM) Ia tng tlong $ cacduong di c6
d6 daiL tir dinh xP dén dinh y/P tréndd thi G (x=1,
2,.., M: j=1, 2, .., N. Vi téng trong © mdi duong di
d6 dai L dugc tinh king tich @a tong $ cac anh,
nén bng trong $ cacduong di do daiL tir dinh sin
phim dén dinh sin pHim tréndd thi G duoc xacdinh
theo cong thc (11).

L=2

. .
ot _{W W i @)
L= 468..

ClwTw.ptz i
Muc do twong tr giita cAc @p sin phim xacdinh
theo (6) @éng phu thujc vaodo daiduongdi L tir dinh
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san phim dén dinh sin phim tréndo thi. Do Ay, voi

moi san phim x/P ta ding cin xacdinh gia ti caa L

dé thuc hién tinh toanPinh Iy 3 drsi day € cho ta
mot cach xaatinh L trong trong hyp db thi bicu dién

cua loc odng tacG = <V,E> lién théng.Di véi cac
hé loc adng tac co kiu dién d6 thi G = <V, E> khéng
lién théng chang téidstrinh bay trong ning két qua

nghién cu tiép theo @a bai béo.

Pinh

ly 2. Néu @b thi biéu dién cho cac & loc odng

tac G = <V, E> lién théng thi luén luéndn tai sd tu

nhién cfin L dé¢ pg, #0 véi moi X, yP . Trongdo,

P, dugc xacdinh theo (6).

binh ly 2 duwgc ching minh trong tr nhr Binh ly
1. Két qua nay cho phép ta xatinh gia ti L nhé nhat

dé p,, #0vsi moi X, yIP. Vi du véi hé loc aong tac

duoc

biéu dién bing ma tén trong $ C trén Hinh 1, ta

tinh toandugc P?(4x 4), P*(4x 4), P (4% 4) theo (6).
Dya vaodé ta xaadinh dwoc L=4 d6i véi san phim p,

vaps

P2

Pt =

P =

, L=6 d6i v6i san phim p, vap..

100 000 080 000

000 072 048 024

080 048 128 000

000 024 000 016

[1.6400 0.3840 1.8240 0.0000

0.3840 0.8064 0.9600 0.2112

1.8240 0.9600 25088 0.1152
100000 0.2112 0.1152 0.0832
[3.099200 1.152000 3.831040 0.092160
1.152000 1.092096 1.923072 0.227328
3.831040 1.923072 5.131265 0.248832

10.092160 0.227328 0.248832 0.06400

Dya trén Kt qua cia Binh ly 2, ching toité xuat
thuat toan ItemBased-Graph checloong tAcdugc mo
ta chi tiét trong Hinh 4. Fi budc 1, thit toan thrc
hién tinh toan nic d6 twong tr giita cac @p sin phim
da vaobinh ly 2. Két qua thyc hién cia brdc 1 1a ma
tran P-(MxM) phan anh nic do twong tr gitta sin

pham

X va sin ptim y tréndd thi. Tai budc 2, thut
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toan tén hanh 8p xép céc gia tr p,, (j4) theo thr ty
giam din cia tong $. Saudé chon K san phim dau
tién lam &p lang géng aia sin phim x. Tai budc 3,
thuat toan dr doan quantiém cia ngroi dingi déi véi
cac @n phim moi xOP\P; bang cach dy gia ti trung
binh caalanh gia @éa nHing sin phim x trong #p lang
giéng. Tai buéc 4, thit toan clon K san phim c6 mic
d6 tuong tr cao nlat tu van cho ngoi dungi.

Pau vao:
- Ma tran trong © C 1a biu dién d thi G
=<V, E> cho bc oing tac
- x0OP la sin phm cn dr doan
- Kla s luong sin phim cia tp lang géng.
Piu ra:
- Du doanx: ry | xZU \ U.(quandiém aia
nguoi dung idéi véi pham msi xP).
CAc bwérc tién hanh:
Bwéc 1. Tinh toan nmxc d6 twong tr gitra cac @p
nguoi dung:
L — 2;//Khoi tao d6 daiduongdi bandau
Repeat

Bl = w'.w if L=2
WT W.P-2 if L= 468..
L-L+2

Until ( p, # 0 v6i moi yAP\ ) );
Buwéc 2 Xéac dinh #ip lang géng cho &n phim
XLP.

* Sip Xép p,, theo thir tyr giam can (x=y).

+ Chon K san phim y/P dau tién lam &p lang
giéng aia sin pham x (Ky hiéu tap lang
giéng aia ngroi dungx P 1aK,).

Buwéc 3 Dy doan quardiém cia ngroi dungi di
Vv6i cAc sin phim xOP\P,.
1
rIX |KX| );Xrlx 1
Buwéc4d. Chon K sin phim cé mirc do tuong tir cao
nhat tw vin cho ngoi dungi.

Hinh 4. Thuit toan ltemBased-Graph.
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Trong @& hai trong hyp tinh toand6 tuong tr gitta
nguoi dung vado twong tr gitra sin phim déu co thé
xuit hién tredng hop giita hai ngoi ding hdc hai gn
phim khéng én tai duongdi tréndd thi. Viéc xacdinh
cac tirong hpp dé ton tai duong di, tic lado tuong tr
gitta hai ddi tuong khac khéngduoc thec hién dra
tréndinh ly sau.

Pinh Iy 3. Pidu kién cin vadu @& U"“(Nx N)xac
dinh theo (5),P*(M xM) xé&c dinh theo (6),dwoc
dién dy du gia ti khac 0 khi va chkhi dd thi biéu
dién cho céac &loc oong tac G = <V, E> lién thong.
Ching minh (Piéu kién cin). Gia st U-(NxN),
P (M xM), W-(NxM) duoc dién ddy du cac gia
tri khac 0. Khidé ta én ching © G lién théng. Thc
vy, vi U"(N x N) duoc dién day du gié ti khac 0 nén
v6i moi i, jU déu tOn tai it nhit mot duong di c6 do
dai L. P-(M xM) duoc dién ddy du gia ti khac O
nén \&i moi x, yP déu ton tai it nhat mot duong di co
d6 daiL. W' (N xM) duoc dién day du gia ti khac 0
nén \&i moi i U, xP déu tn tai it nhit mot duong di
c6 do daiL. Tu day ta suy ra dia haidinh bit ky caa
dd thi déu tn tai duongdi. Do vay db thi G = <V, E>
lién thong.

Ngwoc lai (diéu kién du): Gia st G = <V, E> lién
théng, thedinh Iy 3U " (N x N) s3 duoc dién diy du
cac gia trkhac 0, the®inh Iy 2 P-(M x M) s5 duoc
dién ddy du cac gia tr khac 0, theobinh ly 1
W" (N xM) ciing $ duoc dién ddy du cac gi trkhac
0.

Trong trong hop db thi khéng lién théng, cadinh
ly trén cho phép xadinh duong di gita hai ngoi
dung kit ky néu hai ngroi d6 cung théc mot thanh
phan lién thong trémtd thi danh gia. Kt luan twong tr
dbi véi cac @p sin pham.

IV. TH U NGHIEM VA PANH GIA
Pé¢ danh gia hdu qua cia phrong phapdé xuit,
ching toi thee hién tién hanh tik nghiém trén ko dir

4T V-1, $ 10 (30), thang 12/2013

liéu danh gia phim va so sankivmot s phuong phap
khac. PAn nay § trinh By chi tiét vé the nghiém va
két qua.

Dir ligu: Dr liéu thr nghém la B dix liéu
MovieLens [13]. Bp di liéu MovieLens ¢m 1682
nguoi dung, 942 phim &i trén 100.00Qianh gia, cac
mic danh gidduogc thiét 1ap tir 1 d&én 5, mic do thua
thét dir liéu danh gia la 98,7%. Cacto danh gia 1,
2, 3, 4, 5dugc chuyén déi thanh 0.2, 0.4, 0.6, 0.8, 1.0.

Phwong phap thir nghiém: Sai $ du doan @ia cac
phuong phapdugc woc lwong hing do chinh xac
(precision, @6 nhay (recall) vadé do F (F-Measure.
b6 chinh xacdo nhay, vado do F co gia trlon phan
anh mirc 46 chinh x4c @a thuit todn cang cao [7]. 900
nguoi dung trong 4p MovieLensdugc lya cton ngiu
nhién lam @ liéu huin luyén, 400ngudi dung dugc
lya chon ndiu nhién trong & con hi dé l1am #ép kiém
tra. Bé thir nghiém kha ning aia phrong phap nai dé
Xuit so i nhitng phrong phap khéac trongudng hop
dir liéu thra, chang toi thaddi sb lwong danh gia éa
mdi nguoi dung trong 4p kiém tra $ luong danh gia
da bit 1an luot 1 5, 10, 15,20 sao chodd thi biéu
dién cia loc odng tac @n lién théng, cadanh gia con
lai dwoc 4n di va duoc dungdé so sanh &i két qua du
doan. Plrong phépduoc sr dung dé dua ra dr doan
v6i nhitng danh giada ki an. Két qua du doan @a cac
phuong phapdugc liy tir trung binh qua 10ih thi
nghiém, trong ndi 1an, tip huin luyén va p kiém tra
duoc lya chon ndiu nhién nkx trén.

So sanh Két qua du doan @a phrong phéap
UserBased-Graph, lemBased-Graptoc so sanh &
pheong phap KNN-UserBased [6,7], Top-N-ltem
Based [3,4,5] da trén do tuong quan Pearson va
phuong phap GraphBased [10]. Haiyaing phapdau
la phrong phap k-lang @ng din nhit trong khi
phuong phap thr ba la plrong phap than tly dra
tréndo thi.

Két qua: Két qua thir nghigm duoc tom &t trong
Bang 3. Cac & qua cho thy phrong phap Top-N-
ltemBased cdo6 do F cao bn so \6i KNN-UserBased
trong mdt sd truong hyp nhrng lai thap hon trong not
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so truong hpp khac tdy thac vao tinh cht dir liéu.
Két qua nay nlit quan so i cac thr nghiém da coéng
bé truéc day.

Phrong phép da tréndd thi do Huang vaéng sr
dé xuat cho Kt qua tot hon hai phrong phap k-lang
giéng din nht trong @& bdn truong hyp, dac biét khi
dit liéu thea. Gy thé, véi chi 5 danh gia cho @t nguoi
dung, GraphBasedat d6 do F hing 0.178 trong khi
khéng cé plrong phap da trén 16 nhy nao caié do F
vuot qué 0.139.

Bang 3.D¢ chinh xacdd nhay va ty 1€ Fing wi cac
danh gia hdt truéc

Sb danh gia bt truoc trong
Phuong P do tap kiém tra
phap 5 | 10 ] 1520

Top-N- Do nhay 0.108] 0.118]| 0.124|0.251

temBased [P0 chinh xac | 0.1640.178[0.211]0.244

F-Measure 0.1300.142| 0.156|0.247

Do nhay 0.112 0.131|0.142|0.149

KNN- D6 chinh xac | 0.1840.194] 0.214]0.265
UserBased

F-Measure 0.13P0.156|0.171|0.191

Graoh Do nhay 0.173] 0.192| 0.213|0.256

B;zg d (107 |29 chinh xéc | 0.1840.246| 0.259]0.326

F-Measure 0.1780.212|0.234|0.287

ltemBased bo nhg}y i 0.212| 0.238| 0.275(0.288

Graph Do chinh xac 0.28}70.256|0.284|0.473

F-Measure 0.1990.245| 0.279|0.358

UserBased bo nh‘g}y i 0.225| 0.244|0.287|0.295

Graph Do chinh xac 0.2880.308| 0.284(0.477

F-Measure 0.2530.272| 0.290|0.365

Phrong phapdé xuit, theodd do twong tr tréndd
thi duoc sr dung dé xacdinh k lang ging din nhit,
cho Kt qua tét hon hin cac plrong phapdugc so
sanh. @ hai phién bn ar dung d6 teong tr theo an
phim hay theo ngoi dungdéu c6dd do F kn hon so
v6i phuong phap 6 dungdd thi thuan tay. Gi thé, véi

5 d¢anh gia cho @i nguoi ding, UserBased-Graph va

ltemBased-Graph chdo do F kn luot 1& 0.253 va
0.199, so ¥i 0.178 @a phrong phap GraphBased.
Két qua nay ding nHit quan khi ing $ lugng danh
gia (gm do thua thot dix ligu). Vaoi 20 danh gia cho

mot nguoi dung, UserBased-Graph, ItemBased-Graph,

va GraphBased chd do F Bn luot 1 0.365, 0.358,

4T V-1, $ 10 (30), thang 12/2013

va 0.287.D6 chinh xac caodn aia phrong phapdé
XUit so \6i phuong phap da tréndé thi thuan tay co
thé 1a k&t qua cia viéc ar dung k lang ging d& to
hiéu wng lam ton nhy ldy trung binhdanh gia éa
nguoi dung hdc sin phm teong tr. Mot yéu t6 khac
anh hréng ©t t6i do chinh xac 1a vic xacdinh hop ly
d6 dai duong di sao chodo duogc d6 lién théng lop ly
dong thyi khdng gay nhiu khi chpn duong di qua dai.

V. KET LUAN VA HUONG PHAT TRIEN

Bai baoda trinh bay rat pheong phap ép cin cho
loc odng tac Bng mé hinhdd thi. Trongdd, phrong
phéap béu dién d6 thi phu hkyp woi tat ca cac B dit liéu
hé thong loc adng tac hén nay. Ora vao béu dién nay,
cac phrong phap dc adng tacdéu duoc trién khai &
dang trénid thi. Phrong phap éc dya vao ngoi ding
dugc xem xét niy bai toan tim Kdm vadanh gia teng
sb cacduong di tir dinh ngroi dung dén dinh ngroi
dung. Plrong phap éc dra vao $n phim dugc xem
xét nhr bai toan tim Km va danh gia tong $ céac
duong di tir dinh gin phim dén dinh sin pram. Cac
duong di saudé dugc ar dung nhr d6 do twong tr va
duogc két hop voi phuong phép k — 1ang g din nhit
dé dua ra dr doan. K&t qua thir nghigm cho thy,
phurong phapdé xuit déu cho hi két qua du doan bt
hon cac plrong phap éc dra tréndd twong quan
trong trong hyp cé diy du dir liéu hién luyén cing
nhu truong hpp dir ligu thra. Piéu d6 ching ©,
phuong phap #p cin cho bc ong tac ing md hinh
dd thi cho phép ta khai thadwoc cac néi quan k&
gian tép gitta tip ngroi dung va dp sin phim vao quéa
trinh dr doan. Véc két hop quan B gian tép Vi
phuong phép da trén b nhé truyén thong cho Kt
qua tot hon khi gr dung trng phrong phap riéngé:
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