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ABSTRACT

This paper proposes a hybrid recommendation model based on
statistical implicative measures to suggest a list of top N items to an
active user. The proposed model is built on two sub-models: the user-
based collaborative filtering model and the association rule based
model. The hybrid recommendation model is compared to its sub-
models and some existing models such as latent factor model, popular
model, and user-based collaborative filtering using Cosine on two
datasets MSWeb and DKHP. The experimental results show that the
performance of the proposed model is better than the compared
models.

TOM TAT

Bai bdo ndy dé xudt mét mé hinh tw van lai ghép dwa trén cdc dé do
ham ¥ thong ké nham goi ¥ cho nguoi dung danh sach cac muc di
liéu phit hop. M6 hinh dé xudt dwge xdy dyng trén hai mé hinh con:

tw van loc cong tac dyea trén k lang giéng (nguoi dung) gan nhat va ti
van diea trén tdp ludt két hop. Mé hinh tw van lai ghép dwoc danh gid
trén hai tap dir liéu MSWeb va DKHP khi so vi cdc mé hinh con cua
né va mot s6 mé hinh tw van hién c6 nhw: dwa trén nhan té tiém dn,

duwa trén cac muc dir liéu pho bién nhat, va loc cong tac dua trén
nguoi ding sir dung do do Cosine. Két qua thwc nghiém cho thd'y mo
hinh dé xudt cé hiéu sudt cao hon so véi cdc mé hinh do.

Trich dan: Phan Phuong Lan, Huynh Hiru Hung va Huynh Xuén Hiép, 2017. Tu V,f,ln lai ghep dua trén cac
d6 do ham y thong ké. Tap chi Khoa hoc Truong Pai hoc Can Tho. S6 chuyén dé: Cong nghé

thong tin: 25-33.

1 GIOI THIEU

Hé tu van

(recommendation

cude séng (Lu et al., 2015) nhu thwong mai dién
tir, dich vu dién tir... Cac k¥ thuét (phuong phap) tu

system/ van dugc chia thanh hai 16p chinh (Aggarwal,

recommender system - RS) (Ricci, 2011) 1a k§
thuat hay céng cu phan mém duoc nhung trong
mot ing dung hodc trang web dé dy doan so thich
clia mot ca nhan hodc mot nhom ngudi ding dbi
v6i mot san pham hodc dich vu cu thé; va/hodc gidi
thiéu cac san ph?im hodc dich vu thich hgp cho mot
ca nhan hodc mot nhém nguoi dung, qua dé giup
lam giam tinh trang qua tai thong tin. Vi vay, cac
hé tu van dugc 4p dung trong nhiéu linh vyc cua
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2016; Jannach et al., 2011; Ricci, 2011): 16p cac ky
thudt co ban nhu loc cong tac, loc ndi dung hay
dang lai ghép; va 16p cac ky thuat duge phat trién
trén nén nhimg k§ thuat co ban két hop véi cac
thong tin bo sung dua trén ngir canh hay mang xa
héi. Theo k¥ thuét tu van, cac hé tu van dugc phan
thanh nhiéu nhom khic nhau (Aggarwal, 2016;
Jannach et al, 2011; Ricci, 2011) dua trén: ndi
dung, loc cOng tic, nhan khdu hoc, tri thire, lai
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ghép, nglr canh, mang xa hdi va theo nhom. Trong
cac huéng nghién ctiru vé& hé tu vén, viée dé xuét
cac md hinh tu vAn moi hay cai tién cac phuong
phap tu vén hién c6 13 hudéng nghlen ctru cbt 161 va
nhan dugc nhidu quan tam nhét.

Hé tu van lai ghép (hybrid recommendation
system) 12 hé thong két hop hai hodc nhiéu ky thuat
tu van dé dat dugc hiéu sudt tt hon va dé khéc
phuc nhimg mit han ché cua timg k¥ thuat. Cac hé
tu van lai c6 thé dugc phan thanh bay bién thé:
trong s6, chuyén mach, tang, b6 sung dic trung, két
hop dic trung, siéu mic (meta-level), va hon hop
(Aggarwal, 2016; Burke, 2007); va dugc thiét ké
theo mot trong ba dang (Jannach et al., 2011):
nguyén khéi, song song va tudn tu. Trong do, thiét
ké song song ¢6 wu diém 1a it xAm 1an nhét d6i véi
nhitng thyc thi hién c6. Cu thé, cac hé tu van khac
nhau hoat dong doc 1ap voi nhau, va cac dy doan
clia tirng hé riéng 1¢ duoc két hop vao luc cubi.

Phan tich ham ¥ théng ké (Statistical
Implicative Analysis) (Gras et al., 2009) la phuong
phép phan tich dir liéu dua trén cac 4 do ham y
thong ké. Chung duogc sir dung dé phat hién cac
khuynh huéng gitra cac thudc tinh dir liu (nhing
moi quan h¢ ham y manh), hay do tinh dién hinh
clia mot dbi twong ddi voi su hinh thanh cia mot
mbi quan hé, hay do trach nhiém cta mot ddi
tuong ddi vé6i su ton tai cia mot mbi quan hé. Vi
vay, nhitng d6 do ham ¥ thdng ké co thé duogc sir
dung trong céac hé tu vén.

Bai bio nay dé xuat mot mo hinh tu van lai
ghép moi dya trén loc cong tac su dung k nguoi
dung gan nhét va dua trén tap luat két hop de goiy
top N muc dit liéu cho ngudi can duoc tu van. Dir
liéu d4u vao ciia mé hinh 1 cac danh gia & dang
nhi phan. Trong m6 hinh dé xuit, mot sé do do
ham ¥ théng ké dugc két hop thanh nhitng d6 do
dung dé xép hang va loc ra nhitng muc phu hop
nhat.

Phan con lai cta bai bao dugc té chic thanh
bbn ndi dung: trudce tién 1a sy md ta ngin gon cac
dd do cuong d6 ham y, tinh trach nhi€ém va tinh
tiéu biéu; tiép theo 1a phan dé& xuit mé hinh tu van
lai ghep dua trén cac d6 do da dé cap o trén; sau d6
1a phan trinh bay va thao luan cac két qua thuc
nghiém; cudi ciing 1a phan két luan.

2 CAC PO PO HAM Y THONG KE
2.1 Do do cuwdng do ham y

Goi E 1a mot tap gdm n ddi tugng duwoc mo ta
boi mot tap hitu han cac thude tinh nhi phan V. Goi
AcCE 1a mot tap con gom cac dbi tugng thoa
thudc tinh a (co thudc tinh a 1a ding); Goi B € E
1a mot tap con gém cac dbi tugng thoa thude tinh
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b; B 1a phan bu ciua B; n, = card(A) la sb phan
to cua tap A; n, = card(B) la sé phén tr cia tap
B,ny = n—n, = card(B) la so phan tu cua tap
B; va ng; = card(An B) 1a sb dbi tuong thoa
thudc tinh a nhung khong thoa thudce tinh b.

Goi X va Y 1a hai tdp ngdu nhién c6 sb phan tir
la n, va n,, twong mg. Bién ngau nhién card(X N
Y) tuan theo phén phoi Poisson véi tham s6 A =
2% Xac sudt cta card(X NY) < card(A N B)
duorc xac dinh béi (1).

Prlcard(X nY) < card(A n B)]

card(ANB)

(M

Vi np # 0, bién ngau nhién card(X ny)
dugc chuyén vé bién ngdu nhién duoc chudn héa
Q(a, b) nhu (2). Trong thuc nghiém, gid tri quan
sét ctia Q(a, b) dugc bicu dién béi q(a, b) va dugc
dinh nghia theo (3). q(a, E) duoc goi 1a chi s6 ham
v (Gras et al., 2009).

_ card(XnY) - nanb
Q(a,b) = e ?)
n
_ Nap — %
q(ab) = ——— 3)

ngNp
n

DPé do khuynh huéng ctia mbi quan hé a — b,
d6 do cuong do ham y (Gras et al., 2009) dugc xay
dung va c6 cong thirc tinh nhu (4).

1—Pr (Q(a, b) <q(a 5)) =

[oe]

T

tz
¢(a,b) = f e Zdt néun, #n 4

q(a,b)
0 nguoc lai

Méi quan hé a — b 1a ¢ thé chap nhan véi mot
ngudng a néu ¢(a,b) =1 —a.
2.2 Dy do trach nhiém

Pé do su dong 80p cua mot dbi twong i d6i véi
su ton tai cia mdi quan hé a — b, dé do trach
nhiém @; 5_,p(Gras et al., 2009) dugc phat trién va
xac dinh theo (5). Trong d6, a(i) (resp. b(i)) la gia
tri nhi phan cho biét c6 su hién dién hay khong co
su hién dién cua thudc tinh a (resp. b) trong dédi
tuong i.
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@iqp = 1 néu [a(i) = 1 hay
a(i)=0]vab(i) =1

@Qiqsp =0néua(i) =1vab@(i) =0

@ia-p =P €]01[néua(d) = b(i) =0

)

Trong thuc té, p duogc dat béng 0.5.

2.3 D do tinh tiéu biéu

Dé do tinh tidu biéu ctia mot ddi tuong i trong
sy hinh thanh moi quan hé a = b, do do tinh tiéu
biéu (Gras et al., 2009) dugc dé xuat va tinh nhu
cong thire (6).

y(@,a—-b)=1
d,(i,a > b)
maxjepd,(j,a - b)

(6)

Trong d6, d; (i,a — b) 1a khoang cach giita ddi
tuong i va mbi quan h¢ a—b. Gia tri cla
d,(i,a = b) dugc xac dinh theo (7) v6i ¢(a, b) la
cuong do ham y cia a > b va @;,,, 1a trach
nhiém cua dbi tuong i dbi voi su hinh thanh méi
quan h¢ a = b.

d,(i,a = b)
(@(a,h) = giap)?\ 2 ™
B 1—¢(a,b)

3 MO HINH TU VAN LAI GHEP DUA
TREN CAC PO PO HAM Y THONG KE

Mo hinh tu van (hay moé hinh hé tu véan) lai
ghép dé xuat c6 thé dugc hinh thirc hoa nhu sau:

- Goi U = {uy,u,, ..., u,} 1a mot tdp hitu han
nhiing nguoi dung.

— Goi I ={iy,iy,...,0n} 1a tdp hitu han cac
muc dit liéu (muc, item). Muc c6 thé 1a bai hat, bo
phim, mat hang...

- GoiR=(ry)voij = L.nvak = 1L.m
1a mot ma tran danh gia (ma tran xép hang, rating
matrix) luu trit thong tin phan hoi ciia nguoi dung
vé cac muc dir lidu. Ti = 0 néu muc dir liéu i
khong duoc thich (khong dugc can hay khong
dugc biét) boi nguoi ding up; T =1 néu muc dir
li¢u i; duoc thich bdi nguoi dung u;.

— Goi f:U X I - R 1a mot ham anh xa t
nhiing két hop ciia ngudi ding va cac myc vao cac
danh gia r.

Muc tiéu ciia md hinh dé xuét 1a tim mot ham
iU x I - R'sao cho ham &(r,r") dat hiéu sut
cao hon (qua cac d6 do precision, recall va
accuracy) trong viéc goi y top N muc dit liéu phu
hop cho nguoi dung.
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il i2 coe im
w|l|[1]...]0
w|0|[1]...]0
Un 1 0 v 1
Ua 1

Tu vin dwa trén tdp y  Tu van loc cong tac dva
ludt ket hop trén k lang giéng gan
\
i
1 Yoy Uis ur.
&
. VI'1473 . U9
14 13
»
. qi\\b‘/ Uy

finia) ——— S

Céc do do cuong do
vrlis k

ham ¥, tinh tiéu biéu,
Knn dugc st dyng.
Trong d9, cac danh
gia rating dugc du

vrli j : gia tri cua luat
i—j theo cac d6 do
cuong do ham y, ho
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A doan qua
trg, tin cay, ArlR. N
> T EAYs d6 do KnnIR.
i | B2 im i1 | iz im
Ua 1771 (17722 ... [[’am Ua [a1 | a2 ’am
Két hop cac danh gia duoc du

doadn theo dé do IR
11 i2 im

599 599

Ua (I a1l | T

a2 T

Loc, sdp xép | va goi y top N muc

Danh sach N muc dwoc xé'p hang cao nhat

Ua {i1, ...,i13}

Hinh 1: Bin phac thio mé hinh tw vén lai ghép
dua trén cac do do ham y thong ké

Hinh 1 13 ban phéac thao mé hinh tu véan lai
ghép dugc dé xuét. Trong d6, mo hinh tu vin con
dua trén tap luat Kkét hop st dung d6 do ArIR dugc
két hop tir cuong d6 ham y (¢ (rule)) va do tin cay
(Conf) & du doan cac danh gia; mo hinh tu van
con dya trén k nguoi ding gan nhat sir dung d6 do
KnnIR duoc xay dung tir do do tinh tiéu biéu y dé
dy doan cac danh gia. M6 hinh tu van lai ghép sau
d6 s& két hop cac danh gia dugc dy doan tir hai md
hinh con theo d§ do IR. Cong thirc tinh cua ArIR,
KnniR, IR dugc lan luot trinh bay trong (8), (10)
va (12).
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ArIR(w. ) = AIR (ug, i) g
TR (Ua, ) = max;e AIR (ug, ) ®)
voi
-
AIR (ug, i) = Z Conf(rulej)
= ©)

* @(rule;)
néu u, da danh gia cic muc & bén vé trai cia luat
rule; va i ndm bén vé phai cua lut rule;. r la sd
luat cua tap luat.

KnniR N KIR (ug, i) 10
nnlR (g, 0) = max;e KIR (ug, ) (10)
Vol
K
KIR(ug,i) = Z y(iug = ) (11)

j=1
néu u; ’dé danh gia cac muc i. k 1a so lang giéng
gan nhat cta u,.

1
IR(u,, i) = >* (ATIR(ug, i)

(12)
+ KnnlR (ug,, 1))
Mé hinh lai ghép sé& sir dung Giai thuat 1 dé goi
y top N muyc dir liéu cho nguoi dung. Trong qua
trinh tu van, mo hinh s€ st dung thém cac Giai
thuat 2, Giai thuat 3 va Giai thuat 4.
31 Tu vén lai ghép dua trén cac do do ham
y thong ké

Giai thuat 1 (tu van lai ghép dwa trén cac do do
ham y théng ké HybridImplicativeRS) co:

— Input gdm ma tran danh gia R voi tap
nguoi dung U va tdp muc dir liéu I; vector A c6 m
phan tir voi given danh gia da blet cua ngudi can
duge tr van ug; sb lang giéng gin nhét k; cac
ngudng cia d6 hd tro s, do tin cay ¢ va cuong do
ham y ii.

—  Output 1a mot danh sach gdbm N muc dit
liéu c6 xép hang cao nhét duoc goi y cho u,.

Cac budc thuc hién gém: (1) - Dy doan danh
gi4/xép hang ciia ngudi ding u, cho timg muc dit
liéu i; € I dya trén k lang giéng gan nhat; (2) - Dy
doan danh gia cia nguoi dung u, cho tirng muc dir
liéu i; € I dya trén tap lut két hop; (3) - Tong hop
gia tri danh gia cua nguoi dung u, cho tirng muc
dit liu i; € I theo (12); (4) - Loai bé given myc
dir liéu da biét trude cua u, ra khoi danh sach cac
muc dugc du doan danh gia; (5) - Sap xép va goi y
N muc dit liéu duoc xép hang cao nhat cho u,,.
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HybridIlmplicativeRS(vector A; ratingmatrix R; int
k; float s,c,ii){

KnnIR = KnnlmplicativeRS(A,R,k);

ArIR = ArlmplicativeRS(A,R,s,c,ii);

IR = f(KnnIR,ArIR);

Ratings = RemoveKnownGiven(A, IR);

TopNItems(Ratings);  }

3.2 Tu van loc cong tic dua trén k nguoi
dung gan nhat

Giai thuat 2 (tr van loc cong tac dua trén
k nguoi dung gan nhat KnnimplicativeRS) c6:

— Input gdm ma tran d4nh gia R véi tap nguoi
dung U va tap muyc dir liéu I; vector A c6 m phan
tor voi given danh gia da bict ciia nguoi can dugc
tu van ug; soO lang giéng gan nhat k.

—  Output gdbm cac danh gia cia nguoi diung
Ug cho cac myc dit ligu i; € 1.

— Cac bude thye hién gdm: (1) - Po cudng do
ham y cua moi quan hé gira hai nguoi dung
(ug, u;) voi u; € U theo giai thudt dd dugc ching
toi trinh bay trong (Phan et al., 2016b); (2) - Tim k
lang giéng gan nhat cua u, c6 cuong do ham y cao
nhat; (3) - Tinh gia tri ti€u bieu Typicality ciia moi
muc dit li¢u i; € I doi v6i sy hinh thanh moi quan
hé (ug,u;) voi u; 1a mot trong k lang giéng gan
nhat cua u, theo Giai thuat 3; (4) - Du doan danh
gia ctia ngudi dung u, cho trng muc dit liu i; € 1.
KnnlmplicativeRS (vector A; ratingmatrix R; int
k) {

IIntensity = CalculateImplicativelntensity(A,R);
Neighbors = KNearestNeighbors(IIntensity, k);

Typic = Typicality(A,Neighbors,R, IIntensity);

for each i; € Ido

KIR[u, ij] = colSum(Typic * R[Neighbors, i]-]);

KnnlR[u,, ] = KIR[u,, ]/max(KIR[u,, ];

return KnnlR; }

3.3 Do tinh tiéu biéu ciia mét muc dir liéu
doi véi sw hinh thanh ciia mét quan hé

Giai thudt 3 (do tinh tiéu biéu ciia mot myc dit
liéu do6i voi sy hinh thanh cia mdt quan hé -
Typicality) co:

— Input gdm ma trdn danh gia R véi tap ngug‘ri
dung U va tap muyc dir liéu I; vector A c6 m phan
tor voi given danh gia da bict ciia nguoi can dugc
tu van u,; vector Neighbors chua k lang giéng
gan nhat cta u,; va vector IIntensity chlra cuong
dd ham y cua moi quan hé (ug,u;) véi u; €
Neighbors.
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— Output gdm céc gié tri tiéu biéu cia myc dir
liéu i; € 1d6i véi su hinh thanh moi quan h¢
(Ug,Up), U; € Neighbors.

— Céc budc thyc hién g@)mg (1)-bo Finh trach
nhiém ctia muc dit liéu i; € I doi véi su ton tai clia
moi quan hé (ug,w;) voi u; € Neighbors theo
c6ng thirc (5); (2) - Tinh khodng cach tir muc i; dén
mdi quan hé (ua,ul) theo (7); (3) - Tim gid tri tiéu
biéu cua muyc i; f d6i v6i sy hinh thanh mdi quan hé
(ugq, uy) theo (6).

Typicality(vector A,vector Neighbors, ratingmatrix
R, vector IIntensity){
for each u; € Neighbors do
for each item i; € I do
if (R[uy, i;]=1) Contribution[u, ij]=1;
else if (A[ij]=1 and R[uj, §]=0)
Contribution[uy, ij]=0;
else if (A[i;]=0 and R[uj, §;]=0)
Contribution[uy, ij]=0.5;
ua_intensity = IIntensity [Neighbors];
for each item i; € I do {
ua_contribution = Contribution[Neighbors, ij];
Dist[Neighbors, i;] = sqrt((ua_intensity-
ua_contr1but10n)"2/ (1-ua_intensity));
"}pricality = Null;
for each u; € Neighbors do {

Rowmax = max(Dist[ u;, ]);

Typic = 1 — Dist[ u;, ] / Rowmax;

Typicality = rowbind(Typicality, Typic); }

return Typicality; }

34 Tu vén lgc cong tac dua trén tap luat
két hop

Giai thuat 4 (tu vén loc cong tac dya trén tap
luat két hop ArimplicativeRS) cé:

— Input gdm ma tran dénh gia R v&i tap nguoi
dung U va tap muyc dix li€u I; vector A c6 m phan
tor voi given danh gia da biét ciia ngudi can duoc
tu van u,; cic ngudng cia do hd tro s, do tin ciy ¢
va cuong d6 ham y ii.

— Output 1a cac danh gia cua nguoi dung u,
cho cac myc dir ligu i; € I.

— Céc bude thyc hién gdm: (1) - Sinh tap luat
két hop bang giai thuat Apriorio, st dung cac
ngudng hd trg, tin cdy dé cat tap luat; (2) - Tinh
cuong do ham y cho tirng ludt trong tap lut theo
giai thuat dugc chiing toi trinh bay trong (Phan et
al., 2016a) va loc lai tap luat dya vao ngudng
cuong d6 ham y; (3) - Du doan danh gia cua nguoi
dung u, cho timg muc dit lidu dya trén tap luat két
hop da duogc loc.

29

86 chuyén dé: Cong nghé thong tin (2017): 25-33

ArlmplicativeRS (vector A; ratingmatrix R; float
$,C,11) {
Ruleset = Apriorio(R,s,¢);
Ruleset = Implicativelntensity(Ruleset,R,ii);
Ruleuserleft = Subset(LeftHandSide(Ruleset),A);
Rules = NULL;
for each item i € I
for each rule r € Ruleset
if (Ruleuserleft[r, u,] = 1) and
(Righthandsidefi;,r]=1)
AIR[u,, ij]= AIR[uy, ij]+
Ruleset[r,Conf]* Ruleset[r,IIntensity];
ArIR[u,, ] = AIR[u,, ]/max(AIR[uy, ]
return ArlR; }

4 THUC NGHIEM
4.1 Thiét 1ap thye nghi¢m
4.1.1 Dir liéu thuc nghiém

Hai tap dir liéu duoc st dung la MSWeb
(Asuncion and Newman, 2007) va DKHP. Tap dir
lidu MSWeb duoc tao ra bang cach lay mau va xir
ly cac nhat ky (log) cuia www.microsoft. com trong
khoang thoi gian mét tuan. V6i timg nguoi dung
trong s0 nhitng nguoi dung an danh va dugc chon
ngiu nhién, tap dit liéu nay luu tit ca cic muc cua
trang web (Vroots) duoc truy cap bdi nguoi do.
MSWeb gom: 32710 nguoi dung, 285 Vroot va
98653 danh gia voi gia tri TRUE. Tép dir li¢u
DKHP duogc thu thap thong qua website dang ky
hoc phin cua truong Dai hoc Cin Tho
(https:/htql.ctu.edu.vn). Tap dir lidu nay luu két
qua ding ky hoc phan cho hoc ky thir ba (trong
chin hoc ky') cua sinh vién khoa 40 va 41 thudc
Khoa Cong nghé thong tin va Truyén thong. Tap
dir liéu chtra: 1.172 sinh vién, 81 hoc phan va
5.705 danh gia (dang ky) voi gia tri TRUE.

Bang 1: Thong tin chung cia hai tip dir li€u
MSWeb va DKHP sau khi dwoc loc

Tap dit SO ngwoi S6 muc S6 danh S given

lidu dung dir li¢u gia  toi da?
MSWeb 875 135 10.487 7
DKHP 779 36 4.095 3

Dé tang tinh chinh xé4c trong viéc dua ra goi ¥,
céc tap dir lidu thuc nghiém can dugc tién xir ly.
Néu ta giit cac muc chi dugc danh gia vai lan va
nhitng nguoi chi danh gia mot vai muc thi cac danh
gia co thé bi thién vi. Bén canh d¢, khi thuc hién tu
van trén tap dit liéu DKHP, ta ciing can luu y dén

! Chuong trinh hoc trong 4.5 nam (9 hoc ky).

2 S8 lugng muc dit liéu t6i da duoc chon ngdu nhién trén
mdi ngudi dung trong tap kiém thir duoc sir dung dé xay
dung cac goi ¥ va danh gia mé hinh dé xuét; sé luong
nay duogc xac dinh dua trén phan vi.
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nhitng rang budc trong quy dinh dang ky hoc
phan®. Két qua, véi tap dir liéu MSWeb, sb ngudi
dung dd xem it nhit 10 muc website (s6 Vroot) va
s6 muc website duoc xem béi it nhat 50 nguoi
dugc chon dé trich xudt dir liéu. Vé6i tap dir liéu
DKHP, s6 sinh vién di ding ky tir 5 hoc phan tré
1én va sé hoc phan dugc ding ky béi it nhit 25 sinh
vién dugc chon dé trich xuat dir liéu. Thong tin
chung v& hai tap dir lieu MSWeb va DKHP sau khi
loc duogc trinh bay trong Bang 1.

4.1.2 Cébng cu thuc nghiém

Mb hinh tu vin dé xuit dwoc cai dit bang ngon
ngit R va cac ham cua cong cu Interestingnesslab
(da dugc ching toi phat trién trong (Phan ef al.,
2017a)). Bén canh d6, ching t6i sir dung mot sd
mo hinh tu van cta géi recommenderlab (Hahsler,
2011) dé so sanh véi mo hinh dé xuit nhu: mé hinh
tu van dua trén nhan t6 tiém 4n, md hinh tu van
dwa trén cac muc dir liéu phé bién nhit, va mé hinh
tu vin loc cong tac dua trén nguoi dung st dung do
do Cosine.

4.1.3 Pdnh gid mé hinh tw vén

Pé danh gia md hinh tu van, tap dir liéu dau
vao dugc phan tach thanh tap di li¢u huan luyén va
tap dir lidu kiém ther. Tap dir liéu kiém thir lai dugc
chia thanh tap dir lidu truy van va tap dir liéu dich
c6 cung kich thudc. Trong d6, voi mdi nguoi ding,
tap dir lidu truy vén chi c6 given danh gia dugc
chon ng?lu nhién; tap dir liéu dich gém nhitng danh
gid con lai. Tap dir liéu truy van clng véi tap dir
ligu huén luyén dugc sir dung dé du doan céc gia
tri xép hang trong khi tap dir liu dich dugc st
dung dé danh gia két qua goi ¥. Phuong phap k-
fold cross validation dugc ap dung dé phan tach tap
dir liéu thanh k tap con c6 kich thudc bang nhau va
thuc hién k 1an danh gia sau do lay két qua trung
binh. G mdi 1an danh gia, (k — 1) tap con dugc sir
dung lam tap huén luyén va 1 tap con con lai dugc
sir dung 1am tap kiém thir. Trong thuc nghiém nay,
k duoc chon 1a 4.

Do mé hinh d& xuit sir dung dir liéu dau vao &
dang nhi phan va xuét ra (goi y) cho nguoi dung
danh sach cac muc dir liéu phu hop nén cac do do
ding dé danh gia sy du doan rating nhu RMSE,
MAE khong thuc sy phu hgp (Gunawardana and
Shani, 2009).

Khi s6 lugng cac myc dit ligu (46 dai cia danh
sach goi y) can dugc gidi thi€u dén nguoi dung

3 Sinh vién duoc ding ky hoc t6i da 20 tin chi trong mot
hoc ky, trir hoc ky cudi cung (t6i da: 25 tin chi). Trung
binh, mdi hoc phan khoang 3 tin chi. Diéu kién dé mo
16p hoc phin: sb sinh vién ding ky >= 25. Diéu kién dé
xét cAp hoc bdng: sinh vién phai dang ky >= 15 tin chi.

30

86 chuyén dé: Cong nghé thong tin (2017): 25-33

khong dugc xdc dinh trudc, viéc danh gia thuat
toan trén mot dai cac do dai ciia danh sach goi y sé
thich hop hon 1a sit dung mét do dai ¢ dinh. Vi
vay, cac duong cong Precision - Recall va ROC
(Receiver Operating Characteristic) thuong duogc
str dung (Gunawardana and Shani, 2009). Ngoai ra,
dudng cong ROC thudng dugc sir dung dé so sanh
hiéu sudt ciia nhiéu giai thuat tu van. Pudng cong
ROC cua giai thuat nao nam trén hoan toan céc
duong cong ROC cua nhiing giai thuat khac thi
hiéu suit cia giai thuat do 1a tot hon. Puong cong
Precision - Recall dugc xay dung theo: do chinh
xac (precision) va do bao phu (recall). Puong cong
ROC dugc xiy dung theo: dd nhay va phan bu cia
do dac hiéu. PO nhay (con goi 1a True Positive
Rate - TPR) dugc tinh nhu d6 bao phi. Phan bu
cua do dac hiéu con c6 tén la False Positive Rate
(FPR). Nhitng phép do nay dugc xay dung dua vao
ma trin nham 1an nhu Bang 2 va c¢6 cong thirc tinh
nhu (13), (14) va (15). Ngoai ra, do do chuan xéac
accuracy ciing dugc st dung khi danh gia cac mé
hinh tu vin va duoc tinh theo cong thirc (16).

Bang 2: Ma tran nhim lin

Thuc té/Goiy Khong duoc goiy  Puoc goi ¥
Khong duge True—Nagative False—Positive
thich ™N FP
. False—Nagative True—Positive
DPuogc thich FN TP
TP
isi =— 13
precision TP + FP (13)
ll/TPR = ——— 14
recall/ TP + FN 19
FPR = ki (15)
TNTE F PTP
+
(16)

ACCUracy =N ¥ FP+ FN + TP

4.2 Két qua thue nghiém

4.2.1 Ddnh gid mé hinh tw vin dé xudt voi
cdc mo hinh con ciua no

Trong md hinh tu van dua trén tap luat, dé
khong bo sot cac luat két hop véi chét lwong cao,
ngudng hd trg va ngudng tin cdy nén dugc gan cac
gi4 tri nho. Tuy nhién, ta can chon cac ngudng phu
hop dé giam kich thudc cua tap ludt (qua d6 lam
giam thoi gian tu vin) ma van dam bao hiéu suat
(nhu tinh chinh x4c va bao phu) khi dua ra goi y.
Viéc chon cac ngudng nay da duoc trinh bay trong
(Phan et al., 2017b).

Bang 3 trinh bay két qua goi ¥ trung binh cua
50 lan thuc thi bang phuong phap k-fold cross
validation trén tap dir liéu MSWeb; s6 danh gia (sb
Vroot) biét trudc cua m01 nguoi dung trong tap
klem thir given = 7; sb lang giéng gan nhat cta
mdi ngudi ding trong tap kiém thir k = 30; cac
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ngudng cia do do hd tro, tin cay va cuong do ham
¥ lan luot 1a: s = 0.01, ¢ = 0.1 va ii = 0.5. Mo
hinh lai ghép va hai m6 hinh con cta n6 (dva trén
nhitng ngudi dung gan nhat va dya trén tip luat)
can goiy 1,3,6,9,12, 15 Vroot cho nguoi dung.

Bang 3: Két qua so sanh ba mé hinh tu vin trén
tap dir licu MSWeb

Sb Recall/
muc Precision TPR FPR  Accuracy
gory

M@ hinh tw vin dwa trén 30 nguoi ditng gan nhit
(UBCFllIntensity RS)

1 0,563824  0,130065 0,003523  0,961970
3 0,462436 0309841 0,013038  0,959212
6 0364491 0,474111 0,030860  0,948269
9  0,296350 0,567219 0,051297  0,932335
12 0248971  0,629189 0,073049  0,913905
15 0214884  0,674067 0,095501  0,894149
M@ hinh tw vin duwa tip lugt két hop (ARIIntensity RS)
1 0,560837  0,129018  0,003548  0,961923
30457700 0,304850 0,013151  0,958990
6 0355121 0,458077 0,031313  0,947390
9  0,290573 0,552236 0,051714  0,931522
12 0245807 0,616188 0,073349  0,913312
15 0212706 0,661517 0,095757  0,893638
M@ hinh tw vin lai ghép (UBCFARIIntensity RS)
1 0,575385  0,132997  0,003429  0,962151
30470965 0315472 0,012828  0,959612
6  0,365735 0473481 0,030794  0,948386
9  0,297878 0,567486 0,051178  0,932549
12 0250997 0,630861 0,072842  0,914285
15 0216968 0,676788 0,095236  0,894637

Két qua thyc nghiém cho thdy mé hinh lai ghép
6 gia tri chinh xdc precision, bao phu recall cao
hon cling nhu c6 ty 1€ s6 Vroot dugc hé thong goi
¥ nhung khong duoc nguoi dung xem trén tong sb
Vroot duoc goi y (FPR) 1a thap hon so véi hai m6
hinh con cua n6. Ngoai ra, ty 1¢ s6 goi y chinh xéc
trén tong sb go1 y o thé c6 (gia tri accuracy) cia
mé hinh dé xuét ciing cao hon hai mé hinh con.
Khi thay ddi cac thong s6: s6 lan thyc thi, sb given
va s6 lang giéng k, ta ciing nhan duoc két qua: hiéu
sudt ctia mo hinh lai ghép cao hon so véi hai md
hinh con cta né.

Hinh 2 va Hinh 3 hién thi duong cong ROC va
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duong cong Precision - Recall cua ba mé hinh tu
van trén tap dir liéu DKHP trong 30 lan thyc thi
v6i s6 hoc phin can goi ¥ cho sinh vién 1an luot 1a
1, 2, 3, 4, 5. Cac thdong s6 duoc su dung trong
nhitng mo hinh nay 1a: given = 3 va k = 30. Hinh
2 va Hinh 3 cho thiy khi s6 hoc phan can goi y cho
sinh vién 1a 1, md hinh lai ghép c6 gia tri chinh xac
va bao phi x4p xi céc gia tri ctia m6 hinh loc cong
tac dua trén nguoi dung va cao hon ciia mo6 hinh
dua trén tap luat. Khi can goi y tr 2 hoc phﬁn tré
1én, hiéu suat ctia mo hinh lai ghép tSt hon hai md
hinh con ctia n6. Khi thay ddi cac théng sb given
va k, ta cling nhan dugc két qua tuong ty nhu Hinh
2 va Hinh 3.

ROC curve

o~ UBCFintensity RS
—2— ARlIntensity RS

= —— uBcFAanensnw RS

T T
0.02 0.04 0.08 0.08 0.10 0.12

FPR

Hinh 2: Pudng cong ROC ciia ba md hinh tw
van trén tap dir liéu DKHP

Precision - Recall

/

Precision

—=— UBCFlintensity RS

—— ARlintensity RS

2 -+ UBCFARIIntensity RS

T T T T T T T

0.0 0.1 0.2 0.3 0.4 05 0.6

Recall

Hinh 3: Pudng cong Precision — Recall ciia ba
mo hinh tu van trén tap dir liéu DKHP

4.2.2 Pdnh gid mé hinh dé xudt véi mét s6 mé
hinh tw van hién co

Mo hinh tu van lai ghép dua trén cac do do ham
¥ théng ké (UBCFAR RS) dugc so sanh v6i ba mod
hinh tr vin tich hop sdn trong goi
recommenderlab: dua trén nhan t6 tiém 4n
(LatentFactor RS), dua trén cac muc dit liu phé
bién nhét (Popular RS), va loc cong tac dya trén
nguoi dung st dung d§ do Cosine (UBCFCosine
RS).
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Hinh 4: Puong cong ROC cia b6n mé hinh tw
van trén tap dir liéu MSWeb
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Hinh 5: Pudng cong ROC ciia bén mé hinh tw
van trén tap dir lifu MSWeb

Hinh 4 va Hinh 5 hién thi duong cong ROC va
duong cong Precision - Recall cia bon mé hinh tu
vén trén tap dit liéu MSWeb trong 20 lan thyc thi,
given =6,k =30,5s=0.01,c=0.1vaii=0.5
v6i s6 Vroot can goi ¥ cho ngudi dung 1an luot 1a
1,3, 6,9, 12 va 15. Khi thay d6i cac thong sb: sb
lan thyec thi, given va k, ta cling nhan duoc cac Kkét
qua tuong ty nhu hai hinh trén. Hinh 4 cho thiy
duong cong ROC cua md hinh dé xuit hoan toan
nam trén cac duong cong ROC con lai. Bén canh
d6, Hinh 5 cho thdy gi4 tri chinh x4c va bao phu
clia mo hinh dé xuat ciing cao hon so véi ba mo
hinh con lai trén timg sé luong Vroot can goi y cho
ngudi dung. Nhu véy, hiéu sudt ciia mé hinh tu van
lai ghép la cao hon.

Bang 4 trinh bay két qua goi ¥ trung binh cta
20 lan thuc thi trén tip dit lieu DKHP véi
given = 2, k = 30. Két qua thyc nghiém cho thay
khi can goi ¥ 1 hoc phan cho sinh vién, mé hinh tu
van lai ghép cho gia tri chinh xac va chudn xac
thip hon mot chit so véi mé hinh tu véan loc cong
tac dya trén nguoi dung st dung d¢ do Cosine va
md hinh tu van dua trén cac muc phd bién nhat.
Tuy nhién, khi can goi y tir 2 hoc phan trg 1én, mo
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hinh lai ghép cho két qua t6t hon. Khi thay déi cac
thong s6: sb 1an thuc thi, given va k, ta cling nhan
dugc cac két qua twong tu. Ngoai ra, do quy dinh
vé sb tin chi dugc dang ky, hé tu véan s& hitu ich
hon néu goi ¥ cho sinh vién nhiéu hon 1 hoc phan.
Vi vdy, hiéu suit cia md hinh lai ghép 1a tét hon so
vGi ba md hinh con lai.

Bing 4: Két qui so sainh bén mé hinh tw véin
trén tap dir liéu DKHP

S6 muc
goiy

Precision

Recall/
TPR

FPR

Accuracy

M@ hinh tw vin lpc cong tic dwa trén nguwéi ding siv
dung dp do Cosine (UBCFCosine RS)

1 0,645114  0,200794  0,011496 0,912836
2 0,522430  0,325782  0,030997 0,906939
3 0,453025  0,423452  0,053283 0,896010
4 0,400746  0,498849  0,077858 0,880946
5 0,361244  0,561906  0,103760 0,863489

M@ hinh tw vin dwa trén cdc muc phé bién nhit

(Popular RS)
1 0,649619  0,201156  0,011339 0,913101
2 0,50514  0,310889  0,032094 0,904904
3 0,43805  0,404541  0,054711 0,893367
4 0,386374  0,476901  0,079706 0,877564
5 0,34448  0,533092  0,106480 0,858559

M@ hinh tw vin dwa trén nhén t6 tiém én

(LatentFactor RS)
1 0,373033  0,118329  0,020384 0,896831
2 0,339689  0,214064  0,042930 0,885440
3 0,311337  0,293334  0,067159 0,871006
4 0,286818  0,359365  0,092734 0,854139
5 0,266701  0,417058  0,119189 0,835682

M@ hinh tw vin lai ghép (UBCFAR RS)
1 0,625761  0,195686  0,012133  0,911698
2 0,525412  0,327471  0,030802 0,907289
3 0,460258  0,429969  0,052569 0,897287
4 0,406551  0,506183  0,077098 0,882312
5 0,365089  0,567467  0,103127 0,864620
5 KET LUAN

Bai béo dd d& xuit mot mo hinh tu van lai ghép
dugc phat trién trén hai mo hinh tur van con (loc
cong tac dua trén nguodi dung, tap luat Kkét hop) va
mot sé dd do ham y thdng ké quan trong nham goi
y cho ngudi dung cac muc dir li€u phu hop. Mo
hinh d& xuét sir dung: (1) - dit liéu ddu vao & dang
nhi phan; (2) - d6 do cudng d6 ham ¥ dé tim nhiing
lang giéng gan nhét cua ngudi can dugc tu van va
loc tap ludt; (3) - do do ArIR dugc két hop tir
cuong do ham y va do tin cdy, do0 do KnnlR duogc
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xdy dung dua trén tinh tiéu biéu, va do do IR dugc
hinh thanh tir ArIR va KnnIR dé du doan cac gia
tri danh gia/xép hang cta nguoi can dugc tu van
cho cac myc di li¢u trong tirng mo hinh con va mé
hinh lai ghép. Cac két qua thuc nghiém trén tap dir
liéu chuan MSWeb va tap di liéu thyc DKHP cho
thidy mo hinh lai ghép d& xuét co hiéu suat tot hon
s0 vo1 cac md hinh con cua nd cling nhu so véi cac
md hinh tu vén duoc tich hop trong goi
recommenderlab nhu: nhan t tiém 4n, dya trén cac
muc dir liéu pho bién nhét, va loc cOng tac dua trén
ngudi dung st dung d6 do Cosine.
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