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ABSTRACT

Recommender system is a decisive support tool to provide users the most
useful choice in the era of “information explosion”. When a recommender
system is built, the effectiveness of the system is usually more concerned.
However, evaluating the effectiveness of the recommender system depends a
lot on the purpose of building the systems, kind of data, and conditions to
evaluate the system. These conditions can be online or based on available data
(offline). In this article, we will focus on analyzing and introducing the
evaluation methods based on a system of qualitative criteria (diversity,
novelty, covers) as well as quantitative criteria (precision, recall, FI1, MSE,
RMSE). The process to evaluate a recommender system for each kind of
database is also mentioned in this article.

TOM TAT

Hé thong goi ¥ la mot cong cu hé tro- quyét dinh nham cung cdp cho ngudi
diing nhitng lwa chon hitu ich nhdt trong thoi dai bing né théng tin. Khi xdy
dung mét hé thong goi ¥, ngueoi ta thuong quan tam dén tinh hiéu qud cia né.
Tuy nhién, viéc danh gid tinh hiéu qua cia mot hé thong goi Y con tuy thugc
rdt nhiéu vao muc dich xdy dwng hé thong, logi dit liéu va dzeu kién d@é danh
gid hé thong. Diéu kién danh gid hé thong c6 thé la truc tuyén (online) hay
da vao dir liéu c6 san (offline). Trong bai bdo nay, ching téi sé tdp trung
phan tich va gici thiéu cdc phwong phép danh gid mot hé thong goi ¥ theo tiéu
chi dinh tinh (tinh da dang, tinh moi, tinh bao phu) ciing nhw dinh lmmg
(precision, recall, FI, MSE, RMSE). Pong thoi, cac nghi thire danh gid phi
hop d6i véi tirng logi co sé dit liéu ciing dirge dé cdp trong bai bdo nay.

Trich din: Tran Nguyén Minh Thu va Pham Xuan Hién, 2016. Cac phwong phap danh gia hé thong goi ¥.
Tap chi Khoa hoc Truong Pai hoc Can Tho. 42a: 18-27.

1 GIOI THIEU

¥ cac b phim, bai hat phu hgp ma ngudi str dung
khong phai mét nhidu cong sirc tim kiém nhu hé

Ngay nay, hé théng goi ¥ duoc nhidu nguoi biét
dén nhu mot cong cu hd tro hiru ich dé giup ngudi
dung tim dugc nhiéu thong tin lién quan va phu
hop trong mét co sd dir liu 16n mot cach nhanh
chong. Cac hé thong goi y dugc tng dung trong
nhiéu linh vuc nhu thuong mai dién tu, giai tri,
khoa hoc, tin tuc... Trong linh vuc thwong mai,
ngudi ding s& duoc hé thong goi v cic san phdm
phii hop véi nhu ciu cua timg ca nhan. Vi du nhu
hé thong goi ¥ ban hang cua Amazon, Ebay,...
Trong linh vyc giai tri, nguoi ding c6 thé dugc goi
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théng goi ¥ phim MovieLens’, last.fm?, Film-
Conseil. Trong linh vuc khoa hoc, hé théng goiy
hd trg nguoi ding tim kiém cac bai bao khoa hoc
nhu h¢ thong tim kiém Citeseer® hay sinh vién tim
kiém céc tai liéu hoc tap phu hgp vdi cad nhan nhu
hé thdng School e-Guide cua tic gia M. Almulla.
Trong linh vuc tin tire, ngudi doc dugce hé théng hd

! http ://www.movielens.org
2 http://www.last.fm
3 http://citeseerx.ist.psu.edu
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tro goi y cac bai bao phu hgp vai tirng nguoi doc
riéng biét vi du nhu netnews, yahoo news...

Mot hé thdng goi ¥ khong thé duogc trién khai
néu chua qua danh gia. Viéc danh gia mot hé thong
go1 v 1a mdt giai doan can thiét vi hiéu qua cia mot
hé thdng goi y khong chi phu thudc vao dic diém
di liéu ma con phu thuéc vao muc dich goi y
(Herlocker J.L et al, 2004). Nghia 1a mot h¢ thong
goi ¥ voi cing mot giai thuat thi két qua goi ¥ co
thé co hiéu qua khac nhau trén nhiing tap dit liéu
khac nhau. Lién quan dén muc dich cua hé thong,
mot vai hé théng goi ¥ chu trong dén tinh da dang
cua cac muc dir liéu trong danh sach goi y nhung
mot s6 khac lai cha trong dén tinh méi cia cac muc
di liéu. Tuy thudc vao dac trung dir liéu va muyc
dich cua hé théng goi ¥, cac phuong phap danh gia
khac nhau ¢ thé dugc sir dung. Ngoai ra, nd con
phu thudc vao diéu kién dé danh gid hé théng nhu
dwa vao dir lidu co sin dé danh gia (offline) hay
trién khai hé thdng va danh gia truc tuyén (online).

Trong phan hai, chiing t6i s& trinh bay khai quat
vé mot hé théng goi ¥. Tiép theo cac nghi thirc
kiém tra hé thdng, cac phuong phap danh gid mot
hé thong goi ¥ dugc trinh bay chi tiét trong phan ba
va bén. Cudi cing 1a phan két luan.

2 HE THONG GOI Y

Heé thdng goi ¥ 1a hé théng hd tro ra quyét dinh
nhim goi ¥ cac thong tin lién quan dén ngudi dung
mot cach dé dang va nhanh chéng, phu hop véi
tung nguoi dung (Adomavicius, G. and A.
Tuzhilin, 2005). Vi du véi trang web Amazon, mot
trong nhiing trang web thwong mai dién tir ndi
tiéng nhat, khi ngudi dung truy cp vao trang web
nay ho s& duge goi y nhimg san phim tiém ning
nhat tir hang triéu san phim trong hé thong Hé
thong goi y nhu mot cong cu cung cép nhing

HO so ngudi dung

Tén: Lan a
Gidi tinh: nir =9 -

Tudi: 42 €3 Ty <
- Mua?
Tén: Tudn ﬂa: Panh gid?
Gigi tinh: nam |-~ ¥ YL«  Luachon?

Tudi: 59 _‘! Xem?

r Nghe?
Tén: Minh . y Dg _e',
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Tudi: 9
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thong tin hiru ich va riéng biét theo tirng ca nhan
trén mot hé théng chira dung mot lugng 16n thong
tin. Cac hé thong goi y duogc thiét ké nhim cung
cap cho nguoi dung nhitng dé nghi lién quan,
nhitng dé nghi hiéu qua nhat c6 thé tir thong tin cia
cac muc dit lidu, tir hd so ngudi st dung va tir mbi
lién h¢ giira nhitng dbi tuong nay.

Céu triic cia mot hé thong goi ¥ gdm c6 ba
thanh phan chinh (Adomavicius, G. and A.
Tuzhilin, 2005): tap hop cac ngudi dung U =
{uy, ..., up } bao gdm cac thong tin cua ngudi ding
duoc lvu trén hé théng; tap hop cac muc dir liéu 7
= {ij,...,ip} bao gdm dinh danh va cac thudc tinh
cua muc dir li¢u; tap hop cac “mbi quan hé” R =
(U;, I) gitta “nguoi dung” va “muc dit ligu”, day la
tap hop cac giao dich lién két giira tdp hop nguoi
dung U va tap hop muc dir liéu I va nhitng mo ta
ctia mbi lién két nay (Schafer J.B., et al, 2007).

Cu thé mot hé thong goi v ¢6 thé dwoc miéu ta
nhu trong Hinh 1 (Trdn Nguyén Minh Thu, 2011).
Tap hop ngudi dung c6 thé 1a mot ngudi phu nir,
mdt nguoi dan 6ng hay 1a mét daa tré. Nguoi dung
nay co thé mua, xem, chon lya, doc hay danh gia
muc dir liéu. “Nguoi dung” duge xem nhu 1a tac
nhan cua hé théng tac dong 1én cac “muc dir liéu”.
“Muc dit liéu” c6 thé 1 quan 4o, phim anh, sach
vo, bai bao, bai hat, cd, trang web, ruou... Mbi
quan hé gitra ngudi dung va muc dir liéu c6 thé 1a
quan hé yéu thich, mong mudn, mua, doc... Sau
do, hé théng s€ cung cép mot danh sach cac muc
dir liéu d& nghi cho ngudi ding. Nhitng muc dir
liu d& nghi phai dya trén tiéu chi phu hop vdi so
thich, théi quen cua ngudi dung. Muc tiéu cudi
cing ciia mot hé thong goi ¥ 1a dwa ra mot danh
sach cac muyc dir lidu tiém ning phu hop vé6i nhu
cdu, mong mudn ciia ngudi dung.

Md ta muc di¥ lidu

L4~ Iénphim. . ... . Nhin hidu
Thé loal Gid tién
| e il | 1__Pao dién Mau sic
Nam san xudt
k » i — Tya sich
D) % | Tén'cakhdc "7 Thé loai
\AL Casi Tée gid
77777777 |17 Thé loai Nha xudt ban
»
1_1 0 kbl Noisinxuft . Tiéu de biibso
- Y Nim Téc gia
@ Cm==mmmm 1 Gl tidn Linh vy
Muc dir liéu

Hinh 1: So d6 tdng quat ciia mt hé thong goi y

19



Tap chi Khoa hoc Truong Pai hoc Can Tho

Hé thong goi ¥ thong thuong duoc xdy dung
dya trén 3 budc tuan tu (Sarwar B., et al, 2001;
Sarwar, B and G. Karypis, 2000; Breese, J.S. and
D. Heckerman, 1998). Budc thtr nhat chinh 13 buéce
trinh bay /td chite/ chon loc lai dit liéu sé& su dung
dé xay dung hé thong dua trén dit liéu c6 sin trong
hé thong (representation). Nhitng dit liéu c6 sin
nay (cac muc dir li€u, danh sach cac nguoi dung,
moi lién hé gitra cac ngudi dung) duoc thé hién lai
duéi nhiéu dang khac nhau nhu véc to cac tir khoa
hay cac mdi quan hé, ... Tiép dén, mdi twong quan
hodc su tuong ty gilta nhitng nguoi dung, gilra
nhitng muc dit lidu s& dwoc tinh toan. Céac chi sd
Pearson, véc to twong tu, cic phuong phap gom
nhém,... duge sir dung & budc nay. Cudi cung, hé
théng s& dwa ra mot danh sach cac muc dir lidu dé
nghi hodc gia tri danh gia du doan ciia muc dir li¢u
(vi du nhu gid tri danh gia du doan clia mdt bd
phim hay mot quyén sach).

Mot hé théng goi ¥ dwoc danh gia bang cach
phan tich trén tap dir liéu di ton tai (off-line
evalution), hodc 14y thong tin truc tiép tir nguoi sir
dung hé thdng (on-line evalution), hoic két hop ca
hai cach trén (Herlocker J.L et al, 2004; Mortensen
M., 2007).

Trong cach danh gi4 off-line, tap dit liéu c6 sin
duoc chia thanh 2 phan, mot phan dung dé huin
luyén, mot phan ding dé kiém tra (Fouss, F. and
M. Saerens, 2008). Trong cach danh gia nay, nguoi
ta thuong sir dung nghi thire k-fold, hold-out. BDanh
gia off-line dugc thyc hién nhanh chong, it ton kém
va c6 thé thyc hién trén tap dit liéu 16n tham chi co
kha nang 1ap lai cac sy tuwong tac ciia hé théng goi

Bang 1: Cic nghi thirc kiém tra
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y. Tuy nhién, n6 chi du doan véi ti 1€ nguoi dung
nhét dinh va khéng do dugc sy hai long cua nguoi
dung thyc va d6 chinh xac s€ khong cao nhu danh
gia online.

Trong cach danh gia on-line, nguoi dung tuong
tac voi hé théng va nhén dugc nhiing goi ¥ thuc su.
Hé thong hoi va thu nhéan cac cau tra 10i tir d6 dua
ra nhimng goi y phu hop thuc té dbi véi nguoi sir
dung, do duogc sy hai long cua ngudi dung thuc.
Tuy nhién, cich nay mét nhidu thoi gian va khé co
diéu kién trién khai vi can phai c6 su hop tac cla
ngudi sir dung.

3 NGHI THUC KIEM TRA

Nghi thirc kiém tra kha phé bién dugc dé cap
dén 1a hold-out va k-fold. Trong ca 2 nghi thirc
kiém tra, tap dir licu déu duoc phéan thanh mot tap
hoc va méot tap kiém tra. Tuy nhién, nghi thuc
hold-out chia tach tap dir liéu thanh hai phan, mot
phan ding dé hoc va mot phan ding dé kiém tra.
Thong thudng, 1dy ngdu nhién 2/3 tap dir lidu dé
hoc va 1/3 tap dit liéu con lai ding dé kiém tra, co
thé 13p lai qua trinh nay k 1an rdi tinh gi4 trj trung
binh (Adomavicius, G. And Y. Kwon, 2008). Nghi
thirc k-fold chia tap dir liéu ban dau thanh k phan
(fold) bang nhau, qua trinh hoc va kiém tra duoc
thuc hién k 1an, mdi 1an sir dung k-1 folds dé hoc
va 1 fold dé kiém tra, sau d6 tinh trung binh ciia k
lan kiém tra (Adomavicius, G. And Y. Kwon,
2008; Herlocker J.L et al, 2004). Cac nghi thirc
kiém tra thong dung 4p dung trong hé thong cac
nghién clru voi céc tap dir li¢u dugce trinh bay trong
Béng 1.

STT Hé th(")ng ap dung Tap dir liéu Nghi thirec ddnh gia

1. Sarwar B., et al, 2001 MovieLens Holdout 20% - 80%

2. Park, Y. and A. Tuzhilin, 2008 MovieLens, BookCrossing 10 fold cross validation

3. Hsu, C. and H. Chung, 2004 TaFeng, B&Q Holdout P1.7% - 93.3%
Koren.Y, 2009;

4. Takacs G., et al, 2007; Netflix Holdout 2.9% - 97.1%
Kozma, L and T. Raiko, 2009

5. Dias et al, 2008 Leshop Leave One Out

Ming Li, 2007

Viéc luya chon mdt nghi thic kiém tra cho hé
théng goi v con phu thudc sau sdc vao dic diém
clia co s dir liéu. Mot bién thé cia phuong phap
hold-out thuong dugc st dung trong linh vuc
thwong mai dién tir ctia cac hé thong goi y chinh 13
phuong thirc Given-N va AllButOne. Hai phuong
thirc nay dwoc dé xuat boi Hsu va cac cong sy khi
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danh gia hé thong goi y trong linh vyc thuong mai
dién tr (Hsu, C. and H. Chung, 2004).

Dbi voi phuong thirc Given-N, nguyén tic cia
n6 1a xét tat ca cac giao dich co it nhat N+1 muc dit
lidu. Danh sach cac san phdm trong giao dich duoc
chia thanh 2 tép, tap duoc goi la Given (N san
phim) va mot tap kiém tra (phan con lai cua giao
dich). Sau khi hé thong goi ¥ dé nghi nhiing san
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phim, ta so sanh ching véi cac goi ¥ thuc té (san
phim nidm trong phan kiém tra), d6 chinh xac cua
hé thong s& ting 1én 1 don vi khi san pham goi y
tring v6i san pham trong tap kiém tra va bang 0

Ggi ¥ mong muon
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khi san phém goi y khong tring voi san phdm
trong tap kiém tra. Hinh 2 minh hoa nghi thitc danh
gia Given-N.

r N

F ™

P chinh xic I
LY ting 1

Danh sach
cdc gUi ¥

D¢ chinh xac
" bang 0

Hinh 2: Nghi thirc danh gia Given-N

D6i voi phuong thic AllButOne, nd c6 thé
trién khai cho cac giao dich c6 it nhat 1 san pham.
Tuwong ty nhu Given-N, danh sach cac san phém
trong giao dich ciing dugc chia thanh 2 tap, tap
duoc goi la Given va mot tap kiém tra. Trong do,
tap Given c6 s6 lugng bang “tong sd giao dich cia
cac mit hang -17, tap kiém tra thi luon ludn bang 1.
Sau khi hé thong goi y d& nghi nhiing san pham,
chung ta so sanh chung véi goi ¥ thuc té (san phdm
trong tap kiém tra), d0 chinh xac cua hé théng s€
tang 1én 1 don vi khi san phdm goi y tring véi san
pham trong tdp kiém tra va bang 0 khi san phdm
goi ¥ khong tring véi san phdm trong tap kiém tra.

4 CAC PHUONG PHAP PANH GIA

Cé hai nhom tiéu chi danh gia: cdc tiéu chi dinh
lwong va tiéu chi dinh tinh. Céc ti€u chi dinh lugng
dugc danh riéng cho viéc danh gia s6 lugng cac goi
y lién quan, ching tuong tng voi d6 chinh xac
(Tran Nguyén Minh Thu, 2011). Véi sy phat trién
khong ngtrng, bén canh cac ti€u chi dinh luong thi
ngudi ta nghién ciru thém céc ti€u chi danh gia méi
(tiéu chi dinh tinh) nhdm c6 nhitng danh gia chinh
xac hon dé cai thién hé thong goi y. Céc tiéu chi
dinh tinh dugc sir dung dé danh gia chung vé chat
luong cia hé thong goi ¥.

4.1 Tiéu chi dinh lwong

4.1.1 Danh gia do chinh xdc cua cac dy doan

Viéc danh gia tinh chinh xdc cdc du doan c6 thé

sir dung sai s6 binh phuong trung binh (MSE -
Mean Square Error), can cua sai sO binh phuong
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trung binh (RMSE - Root Mean Square Error), sai
s6 tuyét dbi trung binh (MAE - Mean Absolute
Error) (Herlocker J.L et al, 2004; Koren.Y, 2009;
Tran Nguyén Minh Thu, 2011). Tinh chinh xé4c cua
cac du doan duogc do trén n quan sat, trong do p;la
gia tri du doan déanh gia ciia muc i va r; 1a gia tri
danh gia thuc té ctia muc i.

1 n
MSE=—3 (5, =1)’
i=1
RMSE =/MSE = lZ(pi —1)?
s

1 n
MAE:—§ -
ppa (p;—1)

Céc chi sb nay thich hop cho mot co so dit li€u
khong phai nhi phan va cho mot gia tri du doan la
s6. No gitip do luong mirc d6 sai s6 cua cac du
doan. Cac gia tri do luong nay bang 0 khi hé thong
dat dugc hiéu qua tdt nhat. Gia tri nay cang cao thi
hiéu qua ctia hé théng cang thap.

Tai cudc thi nham cai thién do chinh xac cua hé
thong goi ¥ do Netflix* to chirc, cac hé théng goi y
dd dwoc danh gid boi chi s RMSE. Cac chi s6
MAE, MSE va RMSE di duoc sit dung dé danh
gia hé thong goi y ma két qua 1a gi4 tri du doan cac
danh gia nhu hé théng MovieLens, BookCrossing.
Nhimng chi s6 nay rat dé sir dung dé danh gi4, tuy

4 http://www .netflixprize.com/
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nhién MAE 12 bién phap st dung nhiéu nhat vi kha
nang giai thich truc ti€p cua no.
4.1.2 Panh gia viéc sir dung cdc duw dodn

Ngoai viéc danh gia tinh chinh x4c cta cac du
doan, mot sb chi sb khac nhu precision, recall va
F_score, Rycore dugc ding dé danh gia viéc sir dung
cua cac du doan trong truong hop co sé dir liu nhi
phan (Herlocker J.L et al, 2004; Sarwar, B and G.
Karypis, 2000; Breese, J.S. and D. Heckerman,
1998). Céc chi sO nay danh gia cac goi y phu hop
cho mdi nguoi dung thay vi danh gia s6 diém lién
quan dén timg d& nghi. Dé nghi dwoc coi la phu
hop khi nguoi dung chon muc dit li¢u tir danh sach
nhiing d& nghi di dwoc goi y cho ngudi dung.

Precision 1a ty 1¢ gitra s6 luong cac goi y phu
hop va tong s6 cac goi y da cung cap (da tao ra).
Precision bang 100% c6 nghia 1a tat ca cac kién
nghi d&u phu hop.

S8 luong goi y phu hop

Precision = —
S6 luong ggiy taora

Recall duoc dinh nghia boi ti 1¢ giita sb lwong
cac goi ¥ phi hop va sb luong cac muc di liéu ma
nguoi dung dd chon lya (xem, nghe, mua, doc).
Recall dugc sir dung dé do kha nang hé thong tim
duoc nhitng muc dit liéu phu hop so véi nhitng gi
ma ngudi dung can.

S6 lugng goiy phu hop

Recall = — - -
S8 lugng san pham mua bdi ngudi ding

Precision va Recall dugc xem la hitu ich trong
viéc danh gia mot goi y. Tuy nhién, trong mot sb
tredong hop thi precision va recall c6 gia tri ti 1¢
nghich v¢i nhau. Vi du nhu $6 luong goi y ma hé
théng tao ra la 10, sb lugng goi y phu hop 1a 3, $6
lwong san pham mua boi nguoi ding 1a 3 thi do
chinh xac thip (30%), tuy nhién gi4 tri recall lai
cao (100%) nghia 1a d6 chinh xac thip nhung
ngudi dung lai hai long boi vi ho mua ¢ 3 san
pham va hé thong goi y dung ca 3 san pham do.
Trong tinh hudng d6, chi s6 F-score dugc sir dung
dé danh gia hiéu qua tong thé ciia hé thong bang
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cach két hop hai hoa hai chi s6 Recall va Precision.

2 x Precison X Recall
F-score=

Precison + Recall

Rscore hay Breese score (Breese, J.S. and D.
Heckerman, 1998) ciing 1a mot trong nhiing chi s6
danh gia kha nang st dung du doan nhung chi sb
nay chinh xac dén thir ty cua cac goi ¥ duge xdy
dung. Recore danh gid vi tri ctia san pham duoc chon
boi nguoi dung trong danh sach san pham goi y
dugc tao ra boi hé thong. Vi dy, mot hé thong goi ¥
cho nguoi ding 10 san pham sip xép theo thir tur
uu tién tir cao dén thip. Néu nguoi dung chon san
phidm dau tién trong danh sach thi hé théng goi y
hiéu qua hon khi ngudi dung chon san pham cé thir
tw th 10. Chi sb Rscore dugc tinh dya vao ti 18
gitta thtr ty cua muc goi y dung (Rankscore,) va
thir tw ciia muc goi ¥ ding tot nhit (Rankscoremay)
nhu cong thirc sau:

Rankscore ,

Rankscore=

Rankscore,,,

_ Rank(i)-1

Rankscore :z 2 a
p ich

Z\T\ o

Rankscore,,,

Trong d6:

— hlatap cac san pham goi y ding.

— Rank tra vé thtr ty sip xép clia mot san
pham trong danh sach goi y

— T la tap tit ca cac san phim ngudi ding
quan tam

— & 1a chu ky nita phan ky (xac sudt ma muc
dir liéu trong danh sach goi y dugc chon 1a 50%).

Céc chi sb Precision, Recall va F_score, Rycore
thuong dugc sir dung ddi véi cac hé thdng goi ¥
trong linh vyc thuwong mai dién tir. Céc chi s6 danh
gi4, cong thie tuong tmg va mot s hé thong goi y/
nghién ctru dd ap dung cac chi sé twong tmg dé
dugc tong hop trong Bang 2.
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Bang 2: Cac phuwong phap danh gia
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STT _ Chi s6 Cong thirc

Hé théng da ap dung

1 n
1. MAE —Z( D= 1) MovieLens
n
i=1
RN 2 .
2. MSE = (1) Netflix
o
3. RMSE RMSE =~/MSE = %Z( pi—1)? BookCrossing
i=1
4. Precision so I’qung gty phuhop EachMovie
36 luong goiy taora
S8 luong goiy pht hop
5 Recall - g ) . — Yeong, et al, 2005
S6 luang san pham mua bai ngudi dung
2 x Precison x Recall
6. Fscore F-score= X MovieLens
Precison + Recall
8 Rankscore
Rankscore= Rankscore, TaFeng, B&Q
; Rucore hay Breese  Rank(i)-1 (Breese, J.S. and D.

score Rankscorep :Zieh 2
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i-1

N, e
Rankscore ,, = E 2
i=

Heckerman, 1998, Hsu, C.
and H. Chung, 2004)

4.2 Tiéu chi dinh tinh

Trong nhimng giai doan dau phat trién thi hé
thng goi ¥ chi sir dung cac d6 do chinh x4c dinh
lugng nhu da de cap. Tuy nhién, nguoi ding ngay
cang ¢6 yéu ciu cao hon va nhiéu hon vé chat
luong cia cac goi y. Néu chi xét do chinh xac thi
khong du dé danh gia hiéu qua ciia mot hé thong
goi ¥ nén can dua thém thudc tinh chét lugng cac
goi y thay vi chi str dung d¢ chinh xac cua cac goi
¥. Céc chi sé danh gia chat luong c6 thé 1a tinh da
dang, tinh mdi la, kha nang cAu may (mét goi y
khong mong doi boi nguoi dung nhung cudi cing
lai phu hop cho nguoi dung), pham vi bao phu cua
goi v (d6 bao phu cua du béo hay goi ¥). Mot sd
chi sd dinh tinh s& dugc phan tich chi tiét trong ndi
dung tiép theo (Herlocker I.L et al, 2004;
Slaney.M, 2006; Takacs G., et al, 2007; Yu, C and
L. Lakshmanan, 2009).

4.2.1 Tinh mdi cua cdc goi y

Viéc danh gia tinh méi cua goi y 1a hién nhién
dé dép ung nhu cdu cia ngudi st dung cac san
pham mdéi duge tao ra lién tuc. Khai niém "san
phiam méi" c¢6 thé co nhidu y nghia khi dé cap dén
hé théng goi ¥ (Herlocker J.L et al, 2004;
Karypis.g, 2001). Tinh méi ctia muc dir li€u theo
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quan diém thoi gian (trong truong hop xuét hién
mdt san phadm méi) hodc lién quan dén lich sir cua
ngudi st dung (mdt san phdm ma chua bao gio
dugc mua). Piéu nay xay ra nhu mot truong hop
dac bi¢t ma muyc dir li¢u trong hé théng chua co
thong tin lién quan dén nguoi st dung, nhu thé
hién “san phim moi” trong Hinh 3. Van d& nay
cing dugc xac dinh nhu la mot trong nhimg kho
khin cua hé thong goi ¥ — van dé “thiéu thong tin”
(cold start problem).

g
- 3
e =
= o
2@ s
= ‘E o
= = 2
= [=8 =
- [ = ot
w -m
B v E
E.
-
73] : 2
e ———— Sinphim
Phin d3u Phan dudi [\ong tail)
(head)

Hinh 3: Sy phd bién ciia sin phim

Mot sé hé théng cung cép réat chinh xdc goi y
nhung khong hiru dung trong thuc té vi khong quan
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tam dén cac tiéu chi dinh tinh trong qua trinh xay
dung hé théng. Vi du nhu hé thong goi y “sita
tuoi” cho khach hang trong mot siéu thi & chau Au.
Dé nghi nay 14 chinh xac boi vi hiu nhu tat ca cac
khach hang déu mua sita, nhung n6 khong phai 1a
hiru ich cho tit ca nguoi ding da quen thudc véi
san pham nay. Cac nha cung cép nhan thirc dugc
didu nay trong mot thoi gian dai va to chirc cac ké
dung hang hoa cho phu hgp. Do d6, viéc gidi thi¢u
cho ngudi mua mot thue phdm méi c6 kha ning dé
lam hai long nguoi mua ma ho khong bao gio nght
1a can thiét. Vi du tht hai, lién quan dén su cén
thiét phai c6 thudc tinh méi trong cac goi y. Gia sir
mdt nguoi dung mua qua tang truede Giang sinh hai
tudn. Trong trudng hop nay, viéc xdy dung danh
sach cac goi ¥ can ctr vao mat hang phd bién cua
cac nam trudc thi khong phu hgp boi vi nguoi
ding thuong tim cach tang cac san phim méi cho
nguoi than.

Thudc tinh méi dwoc nhin manh nhu 12 mot chi
s6 can thiét d& danh gi4 tinh hiéu qua cua hé thong
g0i y. G. Shani va ctv cung v6i nhitng nghién ctru
ctia minh da chi ra 3 diém quan trong lién quan dén
hiéu qua ctia hé théng goi y. Thir nhat, tinh chinh
xac va tinh méi la phai dugc tinh dén dé xay dung
dugc cac goi ¥ hiéu qua. Thir hai, yéu t6 thoi gian
la diéu can thiét trong viéc danh gia tinh méi cua
muc dit liéu. Thir ba, danh sach goi y phi hop nhét
phai két hop mot ti 1& cac muc dir liéu méi va cac
201 y phu hop khac.

4.2.2 Tinh da dang (Diversity) cua cac goi y

Sy da dang cua hé¢ théng goi y do luong kha
nang cung cép mot danh sach cac muc dir liéu dugc
phan phdi tir nhidu loai khac nhau. C6 thé phan
chia sy da dang cua cac goi y thanh hai loai da
dang: su da dang ca nhan va da dang tong thé. Loai
da dang c4 nhan quan tdm dén cac khai niém ve da
dang tir quan diém cta ngudi sir dung. Chi s6 nay
duoc tinh toan dya trén trung binh sy khac nhau
giita tAt ca cac cap muc dir liéu da goi y. Nguoc lai,
su da dang téng thé 1a quan tam dén cac muc dir
liéu da goi y hon 1a quan tam dén nguoi ding. Néu
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su da dang téng thé ctua hé théng gidi thiéu 1a 16n,
thi sy da dang cta cic goi ¥ c nhéan ciing la rat
16n, nhung diéu nay khong ding cho chidu nguoc
lai. Vi dy, hé théng cung cap 3 goi ¥ khac nhau cho
tat ca nguoi dung, thi su da dang c4 nhéan la
tuong d6i cao nhung sy da dang tong thé 1a rat
th?ip (Adomavicius, G. And Y. Kwon, 2008;
Adomavicius, G. and Y. Kwon, 2010; Bradley,
2001; Takacs G., et al, 2007; Ziegler C., et al,
2005).

Trong cac hé théng goi y truyén théng, su da
dang cua cac goi y chua dugc quan tm den mac
dii chi s6 nay rat quan trong. Trong mdt sO truong
hop, su da dang s& tré thanh mot didu can thiét. Vi
du nhu sy dang dang cia cac diém tham quan cho
cac ky nghi 18 trong hé thong goi y cac dia diém du
lich. Vi thuc té d6, di c6 nhiéu nghién ciru cai
thién hiéu qua ctia hé thng goi y hudéng dén su da
dang va cac nghién ctru nay ciing di khing dinh
“Néu chi tinh dén d6 chinh xac cua cac goi y dé
danh gia chit luong cua mot hé théng 1a khong du
dé dam bao sy phu hop, hiéu qua cua nhiing goi y
cho nguoi dung” G. Adomavicius.

Hai yéu td ¢ tac dong truc tiép dén su da dang
cua goi y la cac thudt toan st dung dé xay dung hé
théng va cic dac tinh cia co so dor liéu. G.
Adomavicius va Y. Kwon da nghién ciru sy anh
hudng cia hai yéu t6 nay d&én sy da dang cua cac
goi ¥ (Adomavicius, G. and Y. Kwon, 2010). M&i
quan hé nay duogc biéu dién trong Bang 3: Bang
nay cho thiy két qua ctia hai truong hop riéng biét:
cac goi y duoc tao ra, hodc tir cac mat hang phé
bién nhat (i), hodc tir dudi dai (long tail) (ii). Theo
thong tin trong bang nay, su da dang 16n hon nhiéu
khi cac goi v dugc tao ra tir cac mat hang thude
duoi dai (695 san pham khac nhau). Trong truong
hop nay, nguoi ta ciing c6 thé nhan thy rang do
chinh xac giam. Diéu d6 chimg to rang sy da dang
cua cac goi y sé tap trung vao cac muc dit liéu nam
thudc phan dudi dai, tuy nhién can phai c6 mot ti 18
hop ly dé khong lam giam qua nhidu do chinh xéac
ctia hé thdng.

Bang 3: Su twong quan giira d§ chinh xac va tinh da dang

Do chinh xac (precision)

Su da dang

San phé}m nez“lm o ph&?ll’l dau (head)
San pham nam & phan dudi (tail)

82%
68%

49 sén phérp khac nhau
695 san pham khac nhau

V6i nhitng thong tin trén, tim quan trong vé su
da dang cua cac goi ¥ di dugc khing dinh. Tuy
nhién, sy da dang khong phai 1a chi tiéu quan trong
nhét, d9 chinh xac ciing phai dugc tinh dén. Do do,
phai c6 mot su thoa hi¢p gitta d6 chinh xac va su
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da dang (nghia la gitta dinh luong va dinh tinh).
Tinh da dang c6 thé dwoc quan tam truc tiép khi
xay dung danh sach céc ggi y hodc danh sach ggi y
nay s€ dugc tinh lai thir tu sép xép. Mot vai chi sé
dé tinh lai thr tu cta cac muc dit liéu nhu su phé
bién cta cac muc dit liéu, trung binh cac danh gia
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cho mdi muc dit liéu, phﬁn tram nguoi dung da co
cung mdt danh gia cho mot muc dir liéu. Cac giai
thudt nay chirng t6 dugc tinh hi€u qua ¢ sy da dang
nhung khong lam giam dang ké d¢ chinh xac cua
hé théng. Vi dy, giai thuat dé nghi cula
Adomavicius va Y. Kwon(Adomavicius, G. and Y.
Kwon, 2010) danh gid trén co s& dir licu
MovieLens, thi hé thong ting thém 20% tinh da
dang nhung chi 1am mit di 1% d6 chinh xac. Ngoai
ra, mot s6 k¥ thuat khac ciing tinh dén khai niém
“da dang”, vi du nhu sy da dang cuia cac ddi tuong
hoac da dang vé 4m nhac.

4.2.3 D¢ bao phu (coverage) cua cac goi y

Do bao phu ciia hé thdng goi y 1a thude do sb
lwong linh viuc ma danh sach cac san phdm goi y
duoc tao ra thudc vé chung, s6 linh vuc nay c6 bao
trum duoc hé thong hay khong (Herlocker J.L et al,
2004, Takacs G., et al, 2007). D6 bao phu cua cac
goi ¥ thip thi thuong it dwoc dénh gia cao bai
ngudi ding bi gioi han thong tin vé cac linh vuc
cua hé théng vé ho can dugce tu van da linh vuc. Do
bao phu di duoc st dung trong dénh gia hé thong
goi y boi mot s6 nha nghién ciru nhu Good et al.
1999, Herlocker et al. 1999, Sarwar et al. 1998.

Héau hét do bao phu dugc do b?mg s6 cac mit
hang ma du doan co thé duoc hinh thanh nhu 1a
mot ty 1€ phﬁn tram cua téng sd cic mit hang.
Céch d& nhit dé do loai nay 1a chon mét cach ngiu
nhién cip user/item, yéu cau mot dy doan cho mdi
cap, va do ty 1¢ phan tram ma du doan dugc cung
cap. Glong nhu chi s6 precision va recall phai dwoc
xem xét dong thoi, dd bao phu (Coverage) thuong
dugc két hop voi chi s6 “accuracy”, vi khong thé
tang gid do bao phi ma khong quan tim dén viéc
tao ra nhiing goi y khong thudc hé théng. Mot cach
khac dé tinh do bao phu 1a chi xem xét d6 bao phu
trén nhirng mat hang ma ngudi dung quan tam. Do
bao phu tinh theo cach nay khong dugc do trén
toan bo cac san pham ma chi quan tim dén nhiing
san pham ma khach hang da biét hay da timg xem
qua. Uu diém cua cach tinh nay la no dap ung tot
nhu ciu ctia nguoi dung.

D6 bao phit duoc do bang sy phong pha cta hd
so ngudi dung dé dua ra goi ¥. Vi du trong loc
cOng tac, nguoi dung phai danh gia cac item trudc
khi nhan céac goi y. Viéc do luong nay la mot loai
hinh déc trung trong nghi thirc danh gia off-line.

4.2.4 Sw hai long cua nguoi sur dung

Su hai long cua nguoi sir dung 14 mot khia canh
hoi mo h6 va phu thuge vao timg ca nhén khac
nhau va do d6 rat kho dé do luong. Theo dinh
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nghia cia (Herlocker J.L et al, 2004) thi sy hai
long cua nguoi dung dugc dinh nghia 1a mic do
ma mot ngudi ding dwoc hd tro trong viée ddi phd
v6i cac van dé qua tai thong tin. Herlocker et al da
phan loai mot s6 phuong phap danh gia sy hai long
cua nguoi su dung.

Phuong phép danh gia “ré rang” (Explicit) va
“ngdm hiéu” (Implicit): phuong phap danh gid mot
cach rd rang nghia 1a hé thdng do d6 hai long cua
ngudi sir dung bang cach yéu cau truc tiép; phuong
phap danh gia ngdm hiéu thi cin phai dit ra
nhiing gia dinh va dich nhiing quan sat dugc thanh
nhitng gia dinh, vi du nhu sy gia ting doanh s cua
mot ctra hang chirng to sy hai long cua khach hang
tang 1én.

— Két qua so vdi qué trinh: viéc danh gia c6
thé chi tap trung vao két qua, nhung né ciing c6 thé
tap trung vao qua trinh 4p dung hé thong goi y.

Panh gia trong khoang thoi gian ngén (Short
term) va khoang thoi gian dai (Long term): danh
gi4 nguoi sir dung trong mot khoang thoi gian ngén
c6 thé sé& thiéu st thong tin ma no s& tré nén chinh
xac hon sau mot khoang thoi gian nhat dinh. S&
thich clia ngudi dung can phai xem xét danh gia
cua nguoi dung qua mot khoang thoi gian dai. Cac
nghién ciru diéu tra sy hai 1ong ciia nguoi ding ddi
v6i hé théng goi ¥ 1a rt hiém va nghién ctu tap
trung trén sy hai 1ong cia cac goi y thi cang hiém
hon. Tiéu chi danh gia nay dugc su dung trong
nghién ctru cua Cosley (Cosley D., et al., 2003) va
Herlocker (Herlocker J. L., et al., 2000).

5 KET LUAN

Bai bao dua ra cai nhin tong ‘quan Vé hé théng
goi y clng nhu phén tich chi tiét cac van dé lién
quan dén viéc danh gid mot hé thong goi y. Cac
nghi thirc danh gia, cac chi s danh gia cho timg
muc dich hay tap dir li€u khac nhau cling dugc
trinh bay chi tiét. Cic phuong phap danh gia ciing
duoc hé théng theo dinh lugng dua trén cac cong
thite MSE, RMSE, MAE, Precision, Recall, F-
score va theo dinh tinh dua trén tinh méi, tinh da
dang cua cac ggi y. PJ bao phu cua cac goi y va su
hai long ctia nguoi sir dung ciing dugc phan tich rd
rang. Tu d6 gitp viéc chon lya cac phuong phap
danh gia dé trién khai hé thong dwoc phi hop va
hiéu qua ddi véi timg dit liéu cu thé. Tom lai, dé
xdy dung hé thong goi ¥ chinh xac va hiru dung,
ching ta can quan tam den cach thuc danh gia h¢
thong ciing nhu cac chi sb danh gia phu hop.

Tuy nhién, bai béo nay chi tong hop két qua
nghién ctru cac phuong phap danh gia hé thong goi
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y trong khoang thoi gian tir nam 2000- 2010, chua
tong hop cac phuong phap danh gia méi nhat. Bén
canh d6, chiing t6i ciing chi quan tdm dén cac chi
sO danh gia tinh hiéu qua ctia hé thong mang lai ma
chua quan tim dén tiéu chi vé thoi gian xay dung
hay thoi gian dap tmg cta hé thong. Ching toi s&
tiép tuc phat trién thém & cac nghién ciru khac.
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