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ABSTRACT

Recommender system is considered one of the most effective solutions
that can cope with information explosion due fto the rapid development
of Internet services and is widely applied in many fields. However, to
design a recommender system can meet the needs of users, the selection
of suitable models for the recommender system and choosing the
appropriate value of parameters for the model are always big
challenges of designers. This study proposes solutions to choose models
and value of parameters suitable for specific collaborative filtering
recommender systems. To evaluate the proposed solutions, experiments
on three standard datasets of MovieLens, MSWeb, and Jester5k are
conducted. Experimental results show that the proposed solutions can
assist designers and researchers to quickly identify model and the value
parameters model for their specific collaborative filtering recommender
systems.

TOM TAT

Hé tw vin dwoc xem la mot giai phap hiéu qua co thé vmg phé véi vin
dé bing né thong tin do s phdt trién qud nhanh cia cac dich vu
Internet va dwoc trng dung rong rdi trong nhiéu linh vuec. Tuy nhién, dé
thiét ké mot hé tw van c6 thé dap vmg dwoe nhu cau cia nguoi ding thi
viéc lwa chon mé hinh phu hop cho hé théng tw van va lua chon cdc gid
tri tham s6 thich hop cho mé hinh luén la mot thach thirc Iom cua nguoi
thiét ké. Trong nghién civu nay, ching téi dé xudt gidi phdp lwa chon mé
hinh va cac gia tri tham 56 phu hop cho bai toan tw van loc cong tdac cu
thé. Dé danh gid cdc gidi phap dé xudt, chiing t6i tién hanh thuc nghiém
trén ba tip dir liéu chuan gom: MovieLens, MSWeb va Jester5Sk. Két
qud thye nghiém cho thdy cdc gidi phdp ciia ching t6i dé xudt cé thé hé
tro nha thiét ké, nha nghién ciu xac dinh dwoc mé hinh cing nhw cdc
gia tri tham 56 ciia mé hinh cho bai todn tw van cu thé cua ho mot cach
nhanh chong.

Trich dan: Phan Qudc Nghia, Dang Hoai Phuong va Huynh Xuan Hiép, 2017. Lya chon m6 hinh va tham 5O
cho bai toan tu van loc cong tac dua trén dd thi danh gia. Tap chi Khoa hoc Trudng Pai hoc Can
Tho. S6 chuyén dé: Cong nghé thong tin: 171-178.

171



Tap chi Khoa hoc Truong Pai hoc Can Tho

1 GIOI THIEU

Hé tu van loc cong tac (collaborative filtering)
(Aggarwal, 2016; Schafer ef al., 2007; Nghe, 2016)
da dugc tng dung thanh cong trong linh vuce
thwong mai dién to nhu Amazon (Greg et al.,
2003), Netflix (Carlos and Neil, 2015) va Pandora
(Michael Howe, 2007). N6 la mét trong nhitng giai
phap hiéu qua dé giai quyét Van dé bung n6 thong
tin cho cac hé thong truc tuyén noi ma s6 luong
ngudi dung tang 1én rat nhanh. Hé tu van loc cong
tac giip nguoi dung co thé tim nhanh hon cdc san
pham ma ho can mua dya trén dit liéu xép hang cia
ngudi ding cho céc san phdm trong qua khir. Dé
du doan dugc cac san phim ma nguoi thich dwa
trén ma tran xép hang, nhidu mé hinh loc cong tac
dugce d& xuit nhu md hinh loc cong tac dwa trén
nguoi dung (User-based collaborative filtering)
(Martin et al., 2014; Michael et al., 2010; Nghia et
al., 2016), md hinh loc cong tac dua trén san phém
(Item-based collaborative filtering) (Martin et al.,
2014; Michael ef al., 2010), md hinh lpc cOng tac
dua trén luat két hop (Collaborative filtering based
on association rules) (Ahmed, 2015; Nghia ef al.,
2015) va nhiéu mo hinh khac. Bén canh do, dua
trén loai dir licu xép hang cua nguoi ding cua timg
bai toan tu Van cac md hinh loc cong tac tiép tuc
duogc phat trién sau hon dé xtr 1y cho timg loai dir
liéu nhu moé hinh loc cong tac dya trén nguoi dung
cho ma trin xép hang dang s6  thuc
(realRatingMatrix), m6 hinh loc cong tac dua trén
nguoi ding cho ma tran xép hang dang nhi phan
(binaryRatingMatrix) (Michael Hahsler, 2015).
Chinh vi sy da dang cua cac mo hinh loc cdng tac
va sy tuong thich dir liéu ddu vao ctia timg mo hinh
da gay sy kho khan cho viéc phat trién cac hé tu
véan. Thir nhét 1a lam thé nao dé chon dugc mé hinh
tu van loc cong tac phi hop cho bai toan tu vén cu
thé. Thir hai 1a 1am thé nao dé chon duoc cac tham
s6 phit hop cho mé hinh tu véan loc cong tac da
chon. Tir hai vin dé trén, trong nghién ciru nay,
chung t6i dé xuét phuong phap c6 thé hd trg nha
thiét ké, nha nghién ciru lya chon nhanh mo6 hinh
cling nhu céc tham s ctia mé hinh cho bai toan tu
vén cu thé.

2 MO HINH TU VAN LQC CONG TAC

Mo hinh tu véan loc cong tac sir dung dir li¢u
xép hang cua nguoi dung cho cac san pham dé du
doan cac gia tri xep hang cho cac san phim ma
nguoi dung chua xép hang hodc tao ra danh sach
c4c san pham can tu van cho ngudi dung (Martin ez
al., 2014; Michael Hahsler, 2015; Nghe, 2016). M6
hinh dugc mo ta nhu sau: U = {uy, Uy, ..., Uy} 12
tp cdc nguoi dung; I = {iy, i iz ., in} 12 tAp céc san
pham; R = { k} 1a ma trén xép hang clia m nguoi
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dung cho n san pham. Trong d6, mdi dong cia ma
tran chira cac gia tri cia mot ngudi ding, mdi cot
clia ma trin chtra cac gia tri xép hang cho mot san
pham, Ty, 1a gia tri xép hang cta ngudi ding u ; cho
san pham i, (Michael Hahsler, 2011). Do tinh dac
trung cua dir liéu x&p hang, ma trén xép hang chi
chira mét so rat nho cac gia tri xép hang cia nguoi
dung va rat nhiéu 6 ctia ma trin cé gia tri rong.
Muc ti€u ctia md hinh loc cdng tac 1a tim cach du
doan cac gia tri con rong clia ma tran tir cAc gid tri
xép hang di co; tir d6 xac dinh danh sach cac san
pham can tr van cho ngudi dung cy thé.
2.1 M0 hinh tw vén loc cong tic dya trén

nguoi dung

M6 hinh loc cong tac dua trén ngudi dung
(UBCF) 1a mo6 hinh loc cong tac thudc nhom giai
phap tur vin dya trén bd nhé (memory-based
approach) (Martin et al., 2014; Michael Hahsler,
2011; Nghia et al., 2016). Mo h1nh nay tim ra két
qua tu van theo quy tic truyen miéng (word of
mouth) da trén ma tran x&p hang cua nguoi dung.
Quy tic nay cho rang nhiing ngudi dung c6 cung
s¢ thich s& xép hang cac san pham O muc tuong tu
nhau. Vi vay, cac gia tri chua x¢ép hang ctia nguoi
ding u, c6 thé duoc du doan bang cach két hop
chc gia tri xép hang cua nhitng nguoi ding c6 s&
thich tuong dong véi ngudi dung u,. Khi d6, hai
ngudi ding ¢ sé thich twong ddng dugce xem nhu
1a lang giéng ciia nhau va sé luong lang giéng duoc
x4c dinh boi mot tham sé cho trude (k nearest
neighbors) hodc dua trén ngudng gia tri tuong
ddng cho truéc. Thong thuong, gié tri tuong df)ng
gitra hai nguoi dung duoc do bang hai d9 do pho
bién: hé s twong quan Pearson (Pearson
correlation coefficient) va do do twong ddng
Cosine (Cosine similarity). Vi du, gia tri tuong
ddng gitra hai nguoi dung u va v duge xac dinh
nhu sau (Martin et al., 2014):

Zie[(rv,i_Fv) (ry,i—Tu)

JZieI(rv,i—fv)zJZiel(ru,i—fu)z

(1

Spearson(W, V) =

Véi S(u,v) 1a gia tri tuong dong gitra ngudi
dung u va nguoi dung v; I la tdp cdc san pham
duoc xép hang boi ca hai ngudi dung; Ty,i la gid tri
xép hang cua nguoi dung v cho san pham i; 7, 1a
gia tri xép hang trung binh cua nguoi dung v; Tui
1a gia tri xép hang ctia ngudi dung u cho san pham
i; 7, 1a gia tri xép hang trung binh cuia nguoi dung
u;

Tu. Ty Z:rzll Tu,i’v,i
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Véi S(u,v) 1a gia tri tuong dong gitra ngudi
dung u va ngudi dung v; m la s6 chiéu cua vector

)

Scosine(U, V) =
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(s6 san pham); T 1a gia tri xép hang cua ngudi
dung u cho san pham i; To,i 1a gia tri xép hang cua
ngudi dung v cho san pham i;

Sau khi xac dinh duoc danh sach lang gleng cua
ngudi ding can tu van (ug), cac gia tri xEp hang
ctia ho duoc tich hop lai dé tinh ra gia tri xép hang
du doan nguoi dung u, dbi voi san pham i. Thong
thuong, két ‘qua xép hang dy doan duoc tinh dya
trén trong sO trung binh ctia gia tri xep hang cua k
lang giéng nguoi dung va dugc biéu didn bang
cong thuc sau:
ren Sy =70

T enlS@un) (3)

2.2 M5 hinh tw van loc cdng tic dwa trén
san pham

P(u,i) =7, +

M6 hinh loc cong tac dya trén san phim (IBCF)
1a m6 hinh loc cong tac thuoc nhom giai phap tu
van dya trén mo hinh (Model-based approach)
(Martin et al., 2014; Michael Hahsler, 2011; Nghia
et al., 2017). Mo hinh nay tim ra cac san pham can
tu van dya trén mdi quan h¢ gitra cac san pham
dugc suy ra tir ma tran x€p hang cua nguoi dung.
Gia thuyet cua mo hinh 13 nguoi dung s€ thich cac
san phdm c6 sy twong dong v6i cac san phdm khac
ma ho da mua hodc xép hang cao trong qua khir.
Budc dau tién ciia mo hinh 1a xdy dung ma trin
tuong dong S vdi kich ¢& n x n cho tat ca cac cip
san pham tuong dong dwa trén cac do do tuong
déng nhu Pearson, Jaccard, Cosine. Sau d6, mod
hinh dya trén ma trén tuong dong nay dé tinh tong
trong s6 cac gia tri xép hang cta ngudi dung cho
cac san pham lién quan. Tir d6, md hinh s€ du doan
ra san pham nao ma nguoi dung xép hang cao nhét.
Tuy nhién, dé tiét kiém khong gian luu trit va thoi
gian tinh toan, m6 hinh loc cong tac dua trén san
phim dua ra giai phap giam kich thuéc cia mod
hinh bang cach xiy dung ma tran twong dong kich
¢ n x k thay vi kich ¢& n x n. Trong d6, k 14 s6 san
pham tuong dong nhat véi san pham i dang xét va
k rit nho so voi n. Khi d6 gia tri xép hang trung
binh ctia ngudi dung u cho san pham i duoc xac
dinh nhu sau (Michael Hahsler, 2011):

— >
T e—— S. T .
Xjes) Sij v

jes®

Tui

4)

Vi S(i) 1a tap k san pham turong dong véi san
pham i; s;; ; 1a gid tri twong dong clia san pham i voi

san pham j; r,,; j la gia tri xép hang ctia nguoi ding
u cho san pham j.

2.3 M0 hinh loc cng tic dua trén luat két
hop

M6 hinh loc cong tac dua trén luzfit' két hqp
(AR) 1a2 m6 hinh tu van st dung luat ket hop dé
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sinh ra két qua tur van cho ngudi dung (JinHyun et
al., 2016; Nghia et al., 2015). M6 hinh chi ap dung
trén dir liéu xép hang dang nhj phan. Céc san phim
dugc du doan phu thudc vao tap luat két hop dugc
sinh ra dua trén ma tran xép hang ciia ngudi ding.
Trong d6, mdi nguoi ding duge xem nhur mot giao
dich bao gdm céc san pham dugc ho xép hang bang
1. Khi d6, mot giao dich k dugc dinh nghia T}, =
{ij € Ilrj, = 1} va ma tran xép hang tr¢ thanh co
so dir liéu giao dich D = {T}, T, ..., T,,} v6i u la s6
ngudi dung. Dé xay dung mé hinh, cac luat két hop
duogc sinh ra tir co s& dir liu giao dich vdi dinh
dang X > Y v6i X, Y SIvaXNY=0@ Michael
Hahsler, 2011, 2015). Do s6 luat két hop duogc sinh
ra rt 16n nén mé hinh nay chi chon cac luat két
hop theo hai yéu cau sau: cac luat c6 vé phai chira
1 phan tir (sO phan tir cia Y bang 1) va dat trén
ngudng cia cic do do hap dan (vi du: Support,
Confidence va Implication Index). Dya trén tap
luét két hop da chon, m6 hinh tim ra cac san pham
can tu van cho nguoi ding u, gdbm hai budc sau:
Dau tién, tim tat ca cac luat két hop co vé trai chua
cac san pham ma nguoi ding u, da xép hang bing
1 trong co sO dir liéu giao dich. Sau dd, chon N san
pham tir v& phai cua cac luat c6 gia tri hip dan cao
nhét trong danh sach cac luat da chon dé tu vin cho
nguoi dung u,.
2.4 Céac m6 hinh lgc cfng tac khac

Ngoai ba mé hinh phé bién di trinh bay & trén,
trong thyc té, cac hé tu vén loc cong tac con su
dung nhiéu mé hinh khéc tiry thudc vao bai toan tu
vén (dir liéu dau vao) nhu mo hinh dya vao phuong
phap phan tich gitip giam sb chiéu cua dir licu PCA
(Principal Component Analysis) (Michael Hahsler,
2015; Manolis and Konstantinos, 2008), m6 hinh
dua trén san phiam pho bién (Recommender based
on item popularity) (Harald Steek, 2011; Michael
Hahsler, 2015), md hinh sinh két qua tu van ngau
nhién  (Produce random recommendations)
(Michael Hahsler, 2015), m6 hinh dya trén phuong
phap trién khai phan tich ma tran SVD (Singular
Value Decomposition) (Nghe and Hiep, 2012;
Nghe and Phong, 2014; Xun Zhou et al., 2015).

3 PANH GIA MO HINH LQC CONG TAC

Panh gia mo6 hinh tu vén loc cong tac dugc dya
trén gia thuyét néu mo hinh chay tot trén dir liéu
kiém tra (cac san pham dugc nguoi ding xép hang)
thi n6 s& cho két qua du doan tét cho dir liéu méi
(cic san pham chua dugc ngudi ding xép hang)
(Isinkaye et al., 2015; Feng Zhang et al., 2016).
Trong d6, ma tran xép hang ciia ngudi dung duoc
chia 1am hai phan dya trén dong (users): phan duoc
ding dé mé hinh hoc goi 1a tap hudn luyén va phan
dugc dung dé kiém tra két qua du doan cia mod
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hinh goi 1a tap kiém tra. M6t md hinh duoc danh
gia la t6t néu no dua ra cac gia tri xép hang gin
giong voi cdc gia tri xep hang ma ngudi dung da
xép hang cho cac san pham trong tap kiém tra hoic
cac san phim dugc mo hinh chon lam két qua tu
van cho ngudi dung la cac san pham duoc ngudi
dung d6 mua hoidc xép hang cao trong tap kiém tra
(Herlocker et al., 2004; Michael Hahsler, 2011).
Dé danh gia do chinh xac ctia mo hinh tur van loc
cong tac, nguoi ta st dung mét trong hai phuong
phap sau: danh gia dwa trén gia tri xép hang du
doan va danh gia dua trén két qua du doan.

Trong bai viét nay, chung t6i sir dung phuong
phap danh gia dua trén két qua du doan cia mod
hinh. Phuong phap nay danh gia d6 chinh xac ctua
mod hinh bing cach so sanh cac san phim ctia md
hinh dua ra vé6i cac san phim dugc ngudi dung xép
hang cao. P9 chinh xac cia mé hinh dugc xac dinh
thong qua céc chi sb: o chinh xac (Precision), do
bao phu (Recall) va trung binh diéu hoa giita do
chinh xac va d¢ bao phu (F-measure) (Michael
Hahsler, 2011; Suresh and Michele, 2015). Gia tri
cta céac chi sd nay dugc tinh dwa trén ma tran hon
don 2x2 (Confusion matrix). M6 hinh dugc danh
gia 1a tot khi cac chi sb trén co gia tri cao.

Bang 1: Ma tran hén don (Confusion matrix)

Xép hang ciia Két qua ciia md hinh
nguwoi dung Gidi thiéu Khong gidi thi¢u
Xé:p hang cao TP FN

Xe&p hang thap FP TN
Trong do:

TP: Nhiing san pham duoc mo hinh gidi thiéu
da duoc nguoi dung xép hang cao.

FP: Nhing san pham dugc mé hinh giéi thiéu
d3 duge ngudi dung xép hang thap.

FN: Nhitng san pham khéng dugc mo hinh gidi
thiéu da dugc ngudi dung xép hang cao.

TN: Nhimng san pham khéng dwoc mé hinh
khuyén nghi di duoc nguoi ding xép hang thap.

Precision = _TP Q)
TP + FP
TP
= (6)
Recall TP L FN
2 * Precision * Recall
F — measure = 7

Precision + Recall

4 LUA CHON MO HINH DUA TREN PO
THI PANH GIA

Pé x4c dinh dugc mé hinh phu hop cho bai
toan tu van loc cong tac nguoi thiét ké hé thong
thuong phai mat nhiéu thoi gian cho viée lua chon
mé hinh. Do mdi mé hinh chi phit hop véi mét sb
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bai toan cu thé. Dé giup nguoi thiét ké hé théng
chon dugc mé hinh nhanh hon, chung t6i dé& xuét
giai thuat lya chon md hinh tu van loc cong tac dua
trén dd thi danh gia nhu sau:

Gidi thuit: Chon md hinh lgc cong tac

Input: Ma tran dir liu xép hang; Danh sach
cac mo hinh;

Output: D4 thi danh gia;
Begin

<Dit liéu dénh gia> = Xulydulieu(<Ma tran xép
hang>, <Phuong phap xur ly dit li¢u>);

<Danh sach mé hinh>= <cac mé hinh loc cong
tac can kiém tra>;

<Két qua danh gid> = Danhgiamohinh(<Di
liéu danh gia>, <Danh sach mé hinh>);

<P thi danh gid> = Vedothi(<Két qua dénh
gia>, <Kiéu do thi>);

Return(<P0 thi danh gia>);
End;

Trong giai thuat trén, dau tién, nguoi thiét ké hé
thdng xac dinh cach thic xay dung dir liéu cho bai
toan tu van nhu cit tap dit liéu thanh hai phan theo
ty 16 cho tru6e (Splitting), cit tap dir liéu nglu
nhién nhiéu 1dn (Bootstrap sampling), cét tap dir
liéu thanh k phan twong tu nhau (K-fold cross-
validation) (Michael Hahsler, 2011; Suresh and
Michele, 2015); tiép theo, nguoi thiét ké hé théng
chon danh sach cac mo hinh loc cdng tac can thu
nghiém trén dir li€u clia bai toan; tiép dén, thue
hién dénh gia dong thoi ciac mo hinh va v& do thi
danh gi4 dé so sanh do chinh xé4c ctia cac mo hinh.
Budc nay gitp nguoi thiét ké hé thong rat ngin
thoi gian chon mé hinh. Thay vi phai thir nghiém
trén timg mo hinh rdi so sanh két qua thi chi can
thir nghiém mot 1an duy nhat s& nhan duoc két qua
so sanh; cudi cung, doc Kkét qua tir dd thi danh gia
dé xé4c dinh md hinh higu qua nhét cho bai toan tu
van.

5 LUA CHON THAM SO DUA TREN PO
THI PANH GIA

Lam thé nao dé xac dinh duogc gia tri phi hop
cho céc tham sb khi thue thi cdc mé hinh tu vén loc
cong tac 1a mot khau quan trong trong qua trinh
thiét ké hé tu van. Vi du, dé 4p dung moé hinh lgc
cong tac dua trén nguoi dung trén tap dir li¢u
MovieLens ta nén chon d¢ do twong dong nao thi
md hinh s& cho két qua chinh xac cao hodc mé hinh
s& cho két qua cao nhét vdi bao nhiéu nguoi ding
tuong dong. Tir md hinh tu vén loc cong tac da
chon, chiing t6i dé& xuét giai thuat xac dinh gid tri
phit hop cho cac tham sb ciia mé hinh loc cong tac
dwa trén do thi danh gia nhu sau:
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Giai thuat: Chon gia trji tham s6 cho mé hinh loc
cong tac

Input: Ma tran dir liéu xép hang, m6 hinh tu
vén va danh sach gia tri ciia tham sd;

Output: Do thi danh gia;
Begin

<Dir lidu danh gia> = Xulydulieu(<Ma tran xép
hang>, <Phuong phap xu ly dir liéu>);

<Danh sach gia tri tham s6> = <Céac gia tri
tham s6 can kiém tra>;

<Két qua danh gi4> = Danhgiamohinh(<Di
liéu danh gia>, <Mo6 hinh tu van>, <Danh sach gia
tri tham s&>);

<P thi danh gia> = Vedothi(<Két qua danh
gia>, <Kiéu do thi>);

Return(<P0 thi dénh gia>);
End;

Trong giai thut nay, dau tién, dir liéu danh gia
duogc xur ly tuong tu nhu trong gidi thudt chon md
hinh tu vén; tiép theo, nguoi thiét ké hé théng chon
danh sach gia tri ciia tham sb can kiém tra trén dir
lidu cta bai toan; tiép dén, thuc hién danh gia mo
hinh trén tit ca gia tri cua tham sb va v& do thi
danh gi4 dé so sanh do chinh xac ciia m6 hinh trén
ting gia tri cua tham s0. Budc nay gitp nguoi thlet
ke hé thong riit ngén thoi gian chon gid tri tham sb
t6t nhat cho mé hinh. Thay vi phai thir nghiém trén
ting gi4 tri tham sd rdi so sanh két qua thi chi can
danh gia mot 1an duy nhét s& nhan duoc két qua so
sanh trén tat ca gia tri tham s6; cudi cung, doc két
qua tir @b thi danh gia dé xac dinh gia tri tham sb
t6t nhat cho mé hinh.

6 THUC NGHIEM

6.1 Dir liéu thue nghiém

Trong phan thyc nghiém, chung ti sir dung cac
tap dit liéu MovieLens (Maxwell and Joseph,
2015), MSWeb (Jack et al., 1998) va JesterSk (Ken
Goldberg et al., 2001). Pau tién, MovieLens 1a tap
dir liéu dugc thu thap tir két qua xép hang cia 943
nguoi dung cho 1.664 bd phim thong qua trang
web MovieLens (movielens.umn.edu) trong thoi
gian 7 thang (trr 19/9/1997 dén 22/4/1998). Tap dr
lidu nay dugc to chirc theo dinh dang ma tran gom
943 hang, 1.664 cot va 1.569.152 6 chura gia tri xep
hang. Trong d6, c6 hon 93 phin tram gia tri xép
hang c6 gia tri bang 0 va hon 6 phan tram con lai
c6 gia tri xép hang c6 gia trj tir 1 dén 5. Tiép theo,
MSWeb 1a tap dit liéu vé& ngudi dung Microsoft
truy cap cic trang web trong thoi gian mot tudn
trong thang 2 nam 1998 duoc ldy mau va xur 1y tir
file log cua dia chi www.microsoft.com. Tap dit
liéu nay bao gom 38.000 nguoi dung khong dinh
danh truy cap trén 285 dia chi web gdc va duoc xir
1y va to chirc thanh ma tran nhi phan véi 32.710
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hang, 285 cot va 98.653 gia tri xép hang. Cudi
cung, JesterSk la tap dir liéu dugc thu thap tir Kkét
qua xép hang cua 5.000 nguoi ding théng qua hé
tr vin vé truyén cudi (Jester Online Joke
Recommender System) trong khoang thoi gian tur
thang 4 nam 1999 dén thang 5 nam 2003. Tap dur
liéu nay dugc t6 chirc theo dinh dang ma trén gom
5.000 hang, 100 cot va 362.106 gia tri xép hang.
Trong d6, mdi nguoi dung xép hang it nhat cho 36
truyén cuoi. Céac gid tri xep hang cua nguoi dung
cho truyén cudi nam trong khoang tir -10 dén 10.

6.2 Xirly dir liéu thue nghiém

Trong thuc nghiém nay, ching téi sir dung k¥
thuat k-fold cross-validation (véi k=5) dé xtr Iy céc
tap dir liéu thyc nghiém. Ky thuat nay dam bao moi
nguoi ding it nhat mot 1an xuat hién trong tap kiém
tra tvong tng véi k 1an danh gia mé hinh. Trong
mdi 1an danh gi4, mé hinh sir dung mot tap con lam
tap kiém tra va k-1 tdp con con lai dung lam tap
huén luyén dé cdc mo hinh hoc. Két qua danh gia
cac mo hinh 1 két qua trung binh ciia k 1an danh
gia.

6.3 Cong cu thuc nghiém

Dé trién khai thyc nghiém, ching toi sir dung
cong cu ARQAT duoc trién khai trén ngén ngit R.
bay la goi cong cu dugc nhom nghién ciru phat
trién tir nén tang cua cong cu ARQAT phat trién
trén Java (Hiep et al., 2005). Trong d6, chung toi
tich hop ciac md hinh trr van loc cong tac tir goi
cong cu recommenderlab (Michael Hahsler, 2011,
2015) va cai dat thém cac chic nang: xu ly dit lidu;
tich hgp cac mo6 hinh lgc cong tac can danh gia;
tich hop cac gia tri tham sb can danh gia vao mo
hinh loc cong tac; danh gid cac mo hinh tich hgp va
xdy dung do thi danh gia.

6.4 Luwa chon mé hinh va tham s6 trén tip
dir liéu MovieLenese

Pé chon dugc mé hinh tu van loc cOng tac nao
cho két qua tét nhit trén tap dir litu MovieLens,
chung t6i xdy dung danh sach cic md hinh cén
danh gia gdm: md hinh loc cong tac dya trén san
pham (IBCF), mé hinh loc cong tac dya trén nguoi
dung (UBCF), md hinh dya phuong phap phan tich
gitp giam s chiéu ciia dir liéu (PCA), mo hinh dya
trén phuong phap trién khai phan tich ma tran
(SVD), moé hinh dya trén san pham pho blen
(POPULAR), m6 hinh sinh ket qua tu van ngiu
nhién (RANDOM). Sau d6, tién hanh danh gia cac
mo hinh (v6i mdi nguoi dung dugc gidi thidu tir 1
dén 40) va xay dung dd thi danh gia dé so sanh do
chinh xac ciia cic md hinh can khao sat. Trong
phan xay dung do thi so sanh, ching t6i v& biéu do
ROC cuia cdp chi sd Precision va Recall. Hinh 1
cho thdy mo hinh UBCF cho két qua cao nhit trén
tdp MovieLens so v6i 5 mo hinh con lai.
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Hinh 1: Biéu d6 so sanh d chinh xéc cac md
hinh trén tip dir li€u MovieLens

Dua trén két qua chon mé hinh, chiing t6i chon
mé hinh UBCF dé tién hanh thyc nghiém phfin Iva
chon céc gi tri tham s6 cho mo hinh. Trong phan
nay, thuc nghiém dugc tién hanh trén hai tham sb
dé Iya chon do do twong ddng giira cac nguoi dung
(method) va s6 lugng ngudi dung twong dong cho
mdi ngudi ding can tu van (nn).

DPéi voi tham sd method, mé hinh duge danh
gi4 trén cac do do twong dong sau: vector method
c("jaccard", "dice", "cosine", "euclidean",
"pearson"). Tir két qua so sanh trinh bay trong
Hinh 2 cho thiy mé hinh tu UBCF c6 d6 chinh xéac
cao nhat khi st dung d6 do tuong ddng "jaccard"
trén tap dir liéu MovieLens.
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Hinh 2: Biéu db so sanh d¢ chinh xac cia md
hinh UBCF theo cac d¢ do twong dong
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Hinh 3: Biéu d6 so sanh d chinh xéc ciia mé
hinh UBCF theo s0 ngwoi diung twong dong
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Déi véi tham sé nn, mo hinh duge danh gia trén
cac gia tri sau: vector_nn = ¢(5, 10, 20, 30, 40, 50,
60). Hinh 3 cho thiy md hinh UBCF ¢6 d¢ chinh
xé4c cao nhét khi tham s6 nn = 40 (so nguoi dung
tuong ddng cho mdi ngudi can tu van) trén tap dir
liéu MovieLens.

6.5 Lua chon md hinh va tham so trén tip
dir licu MSWeb

Twong ty phan thyc nghiém trén tap dir liéu
MovieLens, ching t6i chon cac md hinh dé danh
gia trén tap dir li(u MSWeb gom: IBCF, UBCEF,
AR, POPULAR, RANDOM. Sau dé, tién hanh
danh gia cac mé hinh va xay dung dd thi danh gia
trong tu nhu phin thuc nghiém trén tap dir liéu
MovieLens. Tir két qua so sanh trong Hinh 4 cho
thiy mé hinh UBCF c6 d6 chinh xéac cao nhét trong
c4c md hinh dwoc danh gia khi sb luong trang web
gidi thidu cho ngudi ding nho hon hoic bang 20.
Tuy nhién, khi ting s6 luong trang web gidi thigu
cho nguoi dung 16n hon 20 thi mé hinh IBCF c6 d6
chinh x4c cao nhét trong cdc mo hinh duge danh
gia. Do d0, viéc lya chon m6 hinh nao dé ung dung
cho hé théng con phu thudc vao sé lwong trang
web can gidi thiéu cho khach hang.
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Hinh 4: Bi¢u dd so sanh d chinh xic cac md
hinh trén tip dir lifu MSWeb
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Hinh 5: Biéu dd so sanh d¢ chinh x4c ciia mé
hinh IBCF theo so san pham twong dong

Trong phan thuc nghiém chon gi4 tri tham s6
trén tap dir liéu MSWeb, chung t6i chon mo6 hinh
IBCF d¢ tién hanh thuc nghiém phan Iya chon gia
tri cho tham s dung dé xac dinh s luong san
phim twong ddng cho mdi nguoi dung can tu van
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(k). M6 hinh dugc danh gia v6i tham s6 k gdm cac
gia tri sau: vector k = ¢(5, 10, 20, 30, 40, 50, 60).
Hinh 5 cho thdy mé hinh IBCF c6 d6 chinh x4c cao
nhat khi tham sé k = 60 (s san phdm tuong ddng
cho mdi ngudi can tu van) trén tp dir liéu
MSWeb.
6.6 Lua chon mé hinh va tham so trén tip

dir liéu JesterSk

Tuong ty nhu hai tap dir li¢u trén, dé chon duoc
moé hinh nao cho két qua t6t nhit trén tap dir lidu
JesterSk, ching t6i xay duyng danh sach cac mod
hinh c4n danh gia gém: IBCF, UBCF, PCA, SVD,
POPULAR, RANDOM. Két qua danh gia ciac md
hinh dugc trinh bay trong Hinh 6. Két qua nay cho
thiy mo hinh UBCF cho két qua cao nhat trén tap
dir liéu Jester5k so véi 5 mo hinh con lai.
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Hinh 6: Biéu dd so sanh dé chinh x4c cic md
hinh trén tip dir liéu JesterSk

Tir két qua chon md hinh, ching t6i chon md
hinh UBCF dé tién hanh thuc nghiém phan lya
chon céc gia tri tham s6 cho mé hinh. Trong phan
nay, thyc nghiém dugc tién hanh trén tham s6 dung
dé xac dinh d6 do twong dong giita cac nguoi dung
gom: vector method = c("jaccard", "dice",
"cosine", "euclidean", "pearson"). Tir két qua so
sanh trinh bay trong Hinh 7 cho thdy mé hinh
UBCEF c¢6 dd chinh xac cao nhat khi sir dung do do
tuong dong "jaccard" trén tap dir lidu Jestersk.
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Hinh 7: Biéu d6 so sanh d chinh xac cia mod
hinh UBCF theo cic d§ do twong dong
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7 KET LUAN

Trong nghién ctru ndy, chung toi d& xuit cac
giai phap lwa chon mé hinh va cac gia tri tham sb
phit hop cho bai toan tu vén loc cong tac cu thé.
Qua két qua thyc nghiém trén ba tap dir liéu
MovieLens, MSWeb va JesterSk, giai phap ma
ching t6i d& xuét ¢ thé hd trg nha thiét ké, nha
nghién cuu xac dinh dugc chinh xac mo hinh cling
nhu céc gi tri tham s6 ciia mé hinh cho bai toan tu
vén cu thé cua ho mot cach nhanh chong.
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