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TOM TAT

Tu van nhom 1a mét ki thuat trong hé tu van nham hudéng téi s¢ thich caa mot nhém
nguoi dung. Tir nghién ciru khai niém xap xi dudi va xap xi cua ly thuyét tap thd mo, bai béo
trinh bay mé hinh tu van nhém c6 str dung thuat toan tim kiém lang giéng gan nhit dva vao tap
thd mo dé cai thién két qua tu van. Muc dich ctiia nghién ciu nay nham thuc hién phan cum cac
tap muc va lua chon cac nhém tap muc duoc nhidu ngudi dung quan tam. Bé thuc hién muc
dich, tac gia tién hanh thuc nghiém trén tap di liéu phim cu thé va so sanh két qua vai viéc st
dung tim kiém lang giéng truyén thng, tir d6, chi ra hiéu qua ciia mé hinh dé xuét.

Tir khoa: hé s van, tdap thd — mo, fw van nhom

PROPOSING A NEW TECHNIQUE OF GROUP RECOMMENDATION FOR
MOVIE DATA BASED ON FUZZY ROUGH CLUSTERING

ABSTRACT

Group Recommendation is a technique in the Recommender Systems aiming at a group
of users’ preferences. Via the study results of the concept of lower approximation and
approximation of the fuzzy rough sets theory, the paper presents a Group Recommender Model
that uses the nearest neighbor search algorithm based on the fuzzy rough sets to improve the
recommender results. Also, the study is trying to perform clustering of items and select groups
of itemsets that are of interest to a wide range of users. We have experimented on a specific
movie data set and compared the results with the method based on searching traditional k-
neighbors, thereby showing the effectiveness of our proposed model.

Keywords: fuzzy rough sets, group recommendation, recommendation systems.

1. PAT VAN PE thong tu vin c6 mat khip moi noi va duoc
xac dinh nhu mét chién luoc ra quyét dinh
cho nguoi dung (user) trong cac mdi truong

Hé tr van (RS — Recommendation  théng tin phirc tap. Tir goc nhin cua kinh té,
Systems) 1& mot thanh phan quan trong trong N6 1a mot phuong tién tu dong cung cap cac
khai pha dir liéu (Koren & Bell, 2015). Hé tu van vé cac “muc tu van” (hay “muc”, goi

1.1. Hé tw van va tu vin nhom
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tat 1a items) ma ngudi dung quan tdm (hoic
thuoc sa thich riéng ctia nguoi diing) nhu san
pham (hang hda/ dich vu), bai viét, trang web,
ban nhac, bo phim, video, v.v.. Tuy nhién,
hau hét cac hé thong mang x& hoi chi tu van
cho timg ngudi cu thé.Thuc té, nhiéu hoat
dong hang ngay duoc thuc hién boi nhiéu
nguoi tir cac dia chi khac nhau nhu xem phim,
xem cac chuong trinh tivi, chon nha hang, di
du lich, Iya chon cac dich vu cong COng Do
vay, hé thdng can xem xét cac goi ¥ cho mot
so lwong ngudi dung nhét dinh, d6 chinh 1a tu
van nhom (GR — Group Recommendation).
Phuong phap nay c6 ¥ nghia dac bi¢t khi
pham vi s6 luong muc tu van can tim kiém
I6n (c6 thé 1a hang trim nghin, hang triéu
muc) ma viéc md ta cac muc can tim kiém la
mot viéc 1am kho khan d6i voi ngudi dang.
GR tim su lién quan vé so thich giira
nhitng ngudi ding tir cac danh gia cua ho vé
cac muc (items). Néi cach khac, muc dich cua
né dé goi ¥ c&c muc duoc yéu thich téi mot
nhom nguoi dung c6 cung so thich. Thyc
chat, GR la mot ky thuat trong RS nham
huéng t6i sé thich cia mét nhom nguoi dung.
S6 luong cua GR nham xac dinh cac phim
theo s¢ thich cia nhom nguoi dung da duoc
phét trién nhiéu trong nhitng nam trudc day
(Zhang va nnk., 2020). Mét sé thanh vién
trong nhom duoc tu vin ¢ so thich cing
nhau va anh hudéng véi nhau trong viéc ra
quyét dinh trén cac muc dugc tu van toi
nhom. Nhiéu chuyén gia, nha khoa hoc da
xem xét mot s6 yéu td nhém tir sy twong tac
x4 hoi giita cac ngudi dung dé lya chon thanh
vién trong nhom. Sy twrong dong vé céc y kién

Tinhtoandd
trrong tur

Tinhtoandd
tirong tur

Tinh toando
twong tw

B
l

va s¢ thich giira cac thanh vién trong nhom la
can cir dé tu van cac phim hap dan t¢i nhom
(Fang va nnk., 2018).

1.2. Ly thuyét tap thd — mé vaing dung

Ly thuyét tap thé — mo da duoc cong bd
va tng dung nhiéu trong phan lép, khai pha
dir liéu va nhiéu linh vuc khac. Ly thuyét tap
thd — ma, su két hop giira ly thuyét tap tho va
ly thuyét tap ma, 1a mot trong nhitng mé rong
¥ nghia cho tap thd tong quat. Thuc té, cac
nha nghién ctu tin rang hai ly thuyét nay cé
thé bd sung cho nhau khi xtu 1y voi cac loai
thong tin khéng chac chan (Sarkar, 2007;
Kumar & Yadav, 2015). Hon nita, m6 hinh
thd — mo va cdng cu hoc may thuc té co két
néi manh véi nhau (Vluymans va nnk., 2015).
Nhiéu mé rong cua phan hoach hoic quan hé
twong duong trén tap thd — mo lién tuc dugc
dé xuat bai cac nha nghién ciru. Cac toan tir
Xap xi thd — mo co ban dwoc dwa vao mot
guan hé twong tu va c6 lién quan véi cac
phuong phap lang giéng gan nhat.

St dung ly thuyét tap tho trong xu ly cac
bai hé tur van con nhiéu tiém ning (Zhang va
nnk., 2020). Hon nira, viéc itng dung cac mo
rong cua tap thoé nhu tap thd — mo, tap thod
phu, tap thé — mo buc tranh .v.v. vao céc bai
toan khai pha di li¢u n6i chung, bai toan phan
Iép va bai toan tu van néi riéng con nhiéu
viing trong (Sudha & Kumaravel, 2017). V6i
cac k¥ thuat cua hé tu van, cac nha nghién
ctru 6 sir dung thuat toan 1ang giéng gan nhat
k-NN (k-Nearest Neighbour) trong thuc hién
phan cum muc (ngudi dung) (Park va nnk.,
2014; Zhang va nnk., 2020).

o Thue h@én tiqhtoz’tpdc} twongtirtrong sdcac
lang giéng gan nhat cua ngudidungdichu

e Lwa chon k lang giéng gan nhat cho
ngwdi dung dich fu

Hinh 1. Mé hinh tu van loc cdng tac dwa vao lang giéng gan
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Viéc khai thac mo rong Iy thuyét tap tho
nhu tap thd — mo, tap thd phi, v.v. nham cai
thién chat luong phan cum, nang cao chat
luong két qua tu van van can tiép tuc duogc
nghién ctru (Zhang va nnk., 2020). Tac gia da
mé hinh hoa cac budc tim kiém tu van loc
cong tac va thuat toan phan cum lang giéng
gan nhat (Jensen & Cornelis, 2011) nhu Hinh
1; tir d6 tién hanh nghién ciu va thyc nghiém
lang giéng gan nhat dua vao tap thd — mo
(FRNN — Fuzzy Rough Nearest Neighbour)
trong hé tu van, so sanh véi két qua thuc

nghiém k-NN trong hé tur van.

1.3. Lang giéng gin nhat dya vao tap
tho — mo

Trong khong gian xap xi (U,A,R), U =
{uy, Uy, ..., uy } 12 Mot tap hitu han khac réng,
cac thuoc tinh A=CuUD trén U, C la tap
thudc tinh diéu kién, D 1 tap thudc tinh quyét
dinh va R = {Ry, Ry, ..., R;n} 12 mot tap cua
cac quan h¢ tuong du’ong Gia str rang c6 mot
tap huan luyén X (X € U) va mot thé hién
muc tiéu un dugc duy doan trong mot 16p.

/{ Khéitao T va Class

// Xacdinh N la tap k lang giéng cua doitugng
N = getNearestNeighbours(y, k)

Tt=0; Class={}

2

R + R ;

// Xacdinht

// Thém {d} cho Class
Class=Classw{d}

_ 2@ () + R

7

Classchoy

¥ 3

Hinh 2. Thuat toan FRNN
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Phuong phap k-NN Ia mét trong nhitng k§
thuat cu thé dé xac dinh k thé hién trong mot
tap X gan véi un va gin un véi 16p dai dién
trong sé k lang giéng. Thuc té, k-NN dugc sir
dung trong nhiéu (ng dung dé phat trién cac
phuong phap hién dai bai n6 khong can tham
s6 va dic biét n6 khong dua ra gia dinh nao
trén dir liéu. Vi viéc lya chon mot quan hé
dung sai mo, Jensen va cong su dé xuat
FRNN bang str dung cac xap xi trén — xap xi
dudi cua cac 16p quyét dinh nham ting hiéu
qgua phan 16p (Jensen & Cornelis, 2011).
Thuat toan FRNN duoc biéu dién béi luu d6
Hinh 2. Tuy nhién, Jensen va cong su chua dé
XUt cu thé trong bai toan tu van.

R0 rang, FRNN c6 kha ning hon dé @ng
dung trong mot sé dix liéu hién dai. Trong
nghién ctu ndy, tac gia thuc hién két hop

FRNN d thyc hién phan cum cac tap muc va
lwa chon cac nhém tap muc duoc nhiéu nguoi
dung quan tam bang viéc sir dung GR. Viéc
nghién ctu nay la mot dé xuat méi, mong
muén thu duoc hiéu qua tich cuc cho khai pha
dir lieu phim MovieLens' trong tim kiém
danh sach phim tu van phi hop.

1.4. Rat gon phu

Véi bai toan hé tu van bang s dung ky
thuat loc cong tac va dua vao két qua thuc
nghiém, Zhang va cong su di cho thay thuat
toan CRA (CRA - Covering Reduction
Algorithm) 1a mét thuat toan rdt gon phu tot
(Zhang va nnk., 2020). N6 dugc xdy dung
da vao viéc xay dung thu tuc tim tap quyét
dinh phu, tir d6, thu nhan két qua tap pha diéu
kién tot nhat. Cac budc chi tiét cua thuat toan
CRA m0 ta nhu trong Hinh 3.

reduct(C)=C,n = card(C)

(Nguon: Zhang va nnk., 2020)

Hinh 3. Thuat toAn CRA

! https://grouplens.org/datasets/movielens/10m/
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Dé xuat tim tap quyét dinh phu trong ly
thuyét tap tho la Mot can cur quan trong dé xéc
dinh cé&c phan tir xap xi dudi duoc rd rang.
Vi viéc str dung thuat toan CRA, Zhang va
cdng su di cb gang loai bo cang nhiéu lang
giéng du thira cang tt cho nguoi ding méi,
dong thoi van dam bao cac tu van phim cho
nguoi dung méi phai chinh xac va da dang.

2. PHUONG PHAP NGHIEN CcUU

M hinh d& xuat dua ra goi y cac phim hay
tai c&c thanh vién trong mét nhom. Y tuong
dé xuét sir dung tu van nhom dya vao phan
cum thd — md nham dy doan mot tap cac
phim ¢6 ngudi ding quan tam. Tu vin nhém
xem xét riéng moi phim trong m phim tir mot
danh sach phim M cho trudc dua vao danh gia
da dang cua nguoi dung. Tu van nhém muc
dich 1a du doan mdt nhém cac phim c6 nguoi
dung quan tam.

DBé minh hoa sitc manh caa phuong phap
lang giéng mo thé, hai thuc nghiém phan 16p
dugc xay dung. Dau tién, tac gia xay dung mo

hinh tu van nhém boi k-lang giéng theo trinh
tu cho hé thong tu Vén Sau do, thuc nghiém
thuat toan tim lang gleng gan nhat (FRNN)
trong lya chon, tim kiém nhom phim dé phan
I6p cho m phim cho truéc. Cac dé xuat xir ly
trén cta tu vin nhoém duoc minh hoa.

M6 hinh trong Hinh 4 thé hién 3 budc gom
tao nhdm cac phim, tinh toan va phéan 1p cac
phim tgi c&c nhom phim, lya chon k phim tu
van tir nhom cac phim. Phuong phép st dung
GR nay van tuan thu quy trinh thyc hién cua
ky thuat loc cong tac dua vao lang gleng gan
Do vay, dé lya chon cac phim tu van duoc tét
nhét, & budc thi hai, thyc hién tinh toan va
phan 16p cac phim dya vao cac thuat toan tim
lang giéng gan nhat. Trong cai dat thuat toén
theo mé hinh nay, tac gia lua chon kiém thir
lan luot cac thuat todn phan cum k-NN va
FRNN dé kiém tra két qua thu nhan bo tu van
tdt hon. Vi viéc sir dung loi thé cia FRNN,
nghién ctu mong mudn thu nhan két qua
phan cum pht hop va tét hon, dem lai két qua
tu van phim cao.

Cho mét phim
Vao tevan

Danh sach phim

trong tép dit hidu

Tao nhém ciia
cac phim

Tinh todn vi phin
lép cdc phim t3i

cde nhim

(+]

k—cac phim tw vin
trong nhém cac phim

GR - T vin nhom

Hinh 4. P& xuat tw vin nhém cho dir liéu phim MovieLens

Cho mit phim
vao e vin

J

B e

Rt zon Calulate and classity
CRA the mavie input to
—] “ group ol movies
Danh sach phim Riit gon CRA Tao nhém ciia GR - T vén nhém
trong tip di cic phim
liéu

k- cac phim tevin
trong nhém cic phim

Hinh 5. Pé xuit tich hgp CRA cho tu vidn nhém dya FRNN
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Thém nira, dé nang cao hiéu qua caa nhém
phim tu van tir danh sach phim cho trudc, tac
gia dé xuat tich hop thuat toan rt gon phu
CRA cuta Zhang va cong su vao md hinh &
Hinh 4. Tich hgp CRA vao mo6 hinh di dwoc
dé xuat nhu Hinh 5 1a mot ¥ tuong cai tién
mai. CRA hiéu qua vai viéc loai bo cac nguoi
dung lang giéng du thira cho nguoi ding méi,
trudc khi thuc hién tao nhom phim dé dwa vao
tinh toan va phan 16p tét hon. Phuong phap
CRA di dugc minh chiing hiéu qua déi voi
dir liéu thua thé hién rd trong thuat toan loc
cong tac dua trén pha (Zhang va nnk., 2020).

Mb hinh d& xuat méi nay dam bao tinh
chinh x4c va da dang cua c&c muc can tu van.
3. KET QUA VA THAO LUAN
3.1. Dir ligu

Dé danh gia tu van nhom trong tap phim
can duogc tu van, trong bai bao nay, tac gia
xem xét tap dit liéu MovieLens 10M? cong b
trong hoi thao ACM HetRec nim 2011. Pay
la tap dir liéu xép hang cac phim duogc thu
thap tir mot website® goi y cac bo phim hay
va nhiéu nguoi ua thich. Cac thong tin cua dit
liéu duoc cap nhat trong nhiéu khoang thoi
gian khac nhau. Mt s thong tin vé tap di
liéu nay dugc mo ta trong Bang 1.

Bang 1. Thong tin tap dix ligu

MovieLens
Ratings ~10,000,000
Tags ~100,000
Movies ~10,000
Users ~72,000

Tap dix liéu nay la mot ma tran véi cot (cac
thugc tinh) 1a do danh gia (rating) vé mdi bo
phim cua cua nguoi dung (users) va dong la
madi bo phim. Mot b phim chua duge danh
gid boi nguoi dung sé dugc dat mot gia tri
Null.

Trén thuc té, bo dit liéu MovieLens khdng

2 https://grouplens.org/datasets/movielens/10m/
3 https://movielens.org
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duoc phat trién dé danh gia hiéu qua phuong
phéap tu vn nhém vi cac nhém ngudi ding
truée khong dugc cung cap trong bo dir lisu
nay. Do vay, tac gia thuc hién tao cdc nhom
ngudi ding cua minh dé hd tro danh gia. Ti
I& dit lieu huan luyén va dir liéu thir nghiém
1a7/3.

3.2. Nh6m phim

Pau vao cua md hinh nhém phim 13 tén
cia phim va dau ra 1a mot tap bo phim gan
v6i phim ban dau nhat. Viéc xac dinh nay,
dua co ban vao sy danh gia cia nguoi dung
trén moi phim.

Dé thu duoc cac nhom ngudi ding 13 tét
nhét, thuc hién chién luoc s dung phuong
phap phan cum k-means?. Day la thuat toan
phd bién trong hoc may khong giam sat dé
tao cac nhom ngudi dung. Tir d6, xac dinh s6
lwong nhom tdi thiéu dé danh gia chat lwong
cum. Dva vao viéc xac dinh sé lugng nhom
khac nhau, tac gia cd thé danh gia murc do kho
trong tim kiém su dong quan diém giira cac
thanh vién cuia mot nhém nho trong cac
nhém. T&c gia da thuc hién phan chia cac
phim thanh 10 hay 20 nhém. Trinh tu tién
hanh phwong phap dé xuat duoc thuc hién
nhu trong mé ta Hinh 4 va Hinh 5. C6 ba kich
ban dugc tién hanh, cu thé:

Kich ban 1 la kich ban cé sir dung k-NN
thuc hién phan cum cac phim can tu van.

- Budc 1. Thuc hién nhan danh sach phim
da dugc danh gid dé tao nhom cac phim.

- Buéc 2. Tao GR, trong d6 thuc chét 1a
tinh toan va phan I6p cac phim vé cac nhom
phim.

- Budc 3. Sir dung phuong phap k-NN dé
Iya chon K phim tu van tir nhom céc phim.

Kich ban 2 la kich ban cé sir dung FRNN
thay cho k-NN nhu & kich ban 1. Theo kich
ban nay, tac gia thuc hién tuwong tu budc 1 va
budc 2 cua kich ban 1. O budc 3, st dung
phuong phap FRNN thay cho k-NN nham lya

4 https://scikit-
learn.org/stable/modules/generated/sklearn.cluster.K
Means.html
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Hinh 6. Chit lwgng phan cum

chon ¢6 can nhic tai cac dit liéu mo, tic quan
tam xét dén cac phim c6 danh gia cta nguoi
dung la gia tri mo.

Kich ban 3 1a kich ban két hop phuong
phap rat gon phu CRA + FRNN. Muc dich
cua tac gia la thyc hién cai thién thém phuong
phép & kich ban 2 bang viéc bé sung mot
budc rdt gon phit bang phuong phap CRA tai
budc 1. Tue 1a, dé dam bao viéc lua chon céac
phim dugc da dang, khéng chi chon cac phim
c6 tinh phd bién, rat gon phu CRA s& cho mot
tap cac phim c6 thé c6 it ngudi dung danh gia
nhung c6 muc do lién quan gan voi nhém
phim tu van. Do vay, sau khi nhan danh séach
phim dau vao, phuong phap CRA thyc hién
rat gon phu va cho ra mét phis téi wu phu hop,
hiéu qua cho qua trinh tao nhdém phim khong
bi bo st thude tinh. Bidu nay gidp cho viéc
phan cum, lya chon cac phim can tu vin duoc
da dang.

Ngoai s6 lwong nhém, su lién két nhém
ciing 1a mét tiéu chi quan trong tir hau hét cac
phim dugc danh gi4 boi nhiéu nguoi ding
khac nhau. Trong qué trinh tién hanh, tac gia
nhan thay, b dit liéu thyc nghiém cé nhing
van dé sau: “thién 1éch vé nhiing phim c6 tinh
phd bién”, phat sinh “van dé khoi diu nguoi
muc phim (Item cold-start problem)”. Pay la

S6 02 (2022): 70— 77

thach thirc dién hinh cua tu van loc cong téc.
Phan 16n cac phim nhan duoc it hoic khéng
c6 danh gia nao tur nhirng nguoi dung. Do
vay, bo dir liéu MovieLens la mot ma tran
“thua” v6i hon 99% la gia tri chua danh gia.
Dé xir ly van dé nay, cé thé str dung phuong
phap PCA (Principal Component Analysis)
thé hién dit liéu trong khong gian chiéu lén
v6i mot khdng gian chiéu nhé hon. Sé luong
cac nhan t4 tiém an xac dinh duoc tir s6 lugng
cac thong tin ngin, day 1a diéu mong muébn
chon duoc khdng khdng gian chiéu nho. Téac
gia chon thanh phan trong PCA 1a 32, 64 va
128 vi su tang 1én ctia s6 lugng cac nhan té
tiém 4an s& cai thién ca nhan hoa, nhung néu
sb lugng nhan té qua co thi md hinh bat dau
bi overfitting.

Hinh 6 cho ching ta thay mot sé thuc
nghiém trong nhém. Sé lugng tdi thiéu cia
cac nhém Ia 10 dya vao phuong phap bong
trung binh va cac thanh phan trong PCA la
32. Tiép tuc thuc hién phuong phap dé xuét,
tac gia c6 thé danh gia k-NN va FRNN trong
phan 16p nhém phim tu van.

3.3. Panh gia thuit toan

Dé danh gia hiéu ning cia GR, tac gia
thuc hién tinh d6 chinh xéac & do do k (acc@k)
dé danh gia phan 16p dua vao k-NN va do
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chinh xé&c (Accuracy) cua phéan l6p dua vao
FRNN. Trong phan 16p k-NN, luat quyét dinh
duoc dya vao k-NN, 16p ciia mau tha nghiém
1a mot tap c6 sé luong bang véi tat ca cac 16p
trong k mau huan luyén. Bbi véi FRNN, k 1a
d6 dai hiéu qua cua cac vector trong sb trén
va dudi (sd luong cac lang giéng gan nhat
dugc xem xeét). Cong thirc tinh d6 chinh xac
duoc xac dinh nhu sau:

S6 lwong ciia cdc di dodn diing

Do chinh xac =—; -
Tong so luwong cia cac dy doan
Két qua thuc hién thuc nghiém duoc thé
hién ¢ Bang 2, trong do, do chinh x&c phéan
I6p & mdi phuong phap dugc chi tiét nhu sau:

Bang 2. P§ chinh xac phén lop dua vao
k-NN va FRNN

KNN FRNN CRA+FRNN

Acc@10 0.748
Acc@20 0.716

0.787 0.857

0.775 0.810

Theo két qua nay, tiép can dua vao FRNN
cho két qua tét hon tiép can k-NN trong ca
truong hop 10 va 20 lang giéng gan nhat. Vi
FRNN, tac gia phan tich dugc vi tri du doan
ctia ddi twong c6 mire d6 thanh vién mo va k
lang giéng cua ddi tuong, do vdy, nd co do
chinh xac cao hon phan 16p dya vao k-NN.
Ngoai ra, rd rang viéc két hop CRA trong lya
chon thudc tinh (bang rat gon phu) va FRNN
trong phan cum phim vé cac nhom phim tu
van 1a hoan toan phu hop véi dit liéu nay.
Cung véi viéc nhing PCA da kiém soat
khong gian dit li¢u khi phan cum trong truong
hop dir liéu thua chiém sé lugng 16n (tuc 1a
s6 lugng danh gid ciia nguoi ding vé cac
phim la rat it). Do vay, dé xuét két hop CRA
+ FRNN c6 su dung ky thuat nhiing PCA vao
phan cum FRNN cho két qua cao hon hai
phuong phap trudc.

4. KET LUAN

Phuong phap GR dya vao phéan 16p FRNN
dam bao thu nhan két qua c6 d6 chinh xac cao
hon phan 16p k-NN. Nhu vay, ¢6 thé mé rong
ly thuyét tap tho dé xu ly tot bai toan hé tu
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van. Trong thoi gian tiép theo, tac gia sé tiép
tuc nghién ciu céc van d& ma rong cua ly
thuyét tap thé dé cai thién tinh chinh xéac va
da dang cua dir liéu tu van.
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