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ABSTRACT

Nowadays, personalized systems are increasingly applied in diverse fields including
e-Learning. In general, Intelligent Tutoring Systems build learners’ profiles in order to
give them adaptive access to information and other learning resources. Recently, some
researchers propose using Collaborative Filtering as an alternative approach for person-
alizing information access in Intelligent Tutoring Systems. With this technique, a user
receives recommendations on the basis of the evaluation of his/her community.
In this paper, we present a new approach of multi-criteria communities for Collaborative
Filtering in Intelligent Tutoring Systems in which criteria can be extracted from features/

characteristics in learner profiles.
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I. MO PAU

Hién nay cac hé théng thich nghi
(Personalized Systems) dang phit trién rat
manh va dugc Gmg dung trong nhiéu lanh
vuc nhu: tim kiém thong tin (Information
Retrieval), thuong mai dién tor (e-
Commerce) hay dao tao tir xa (e-Learning).
Trong nhiing hé thong nay, mdi ngudi su
dung s¢ hitu mot thanh phan mé ta dic trung
(profile) ma tuy theo 1anh vyc ng dung sé
bao gdm nhiing thong tin khac nhau mo
ta vé minh nhu: thong tin ca nhan (ho tén,
tudi, nghé nghiép, ...), s& thich, nhu cau
hay muyc tiéu, trinh d¢ hay nén tang kién
thirc, ... va dic biét 1a qua trinh giao tiép
v6i hé thng (interaction history) (Amato &
Straccia, 1999; Brusilovski, 2001). Trong
lanh vuc e-Learning, cac h¢ théng dao tao
thong minh (Intelligent Tutoring Systems
— ITS, hay Adaptive Hypermedia Systems
— AHS) khai thac cac profiles dé xay dung
nhitng bai hoc va hd trg ngudi hoc trong
viéc khai thac thong tin cung vdi nhitng tai
nguyén hoc tap khac mdt cach phu hop véi
tung c4 nhan nguodi hoc (Brooks va cong
su, 2006; Brusilovsky, 2001; Madhour &
Forte, 2006). Vi du, hé thong s& xay dung

tap hop cac luat thich nghi (adaptation rule)
vé n6i dung, cach trinh bay va cach duyét
xem (navigation). Bén canh d6, nhiing
thong tin hay kién thirc vé mot khai niém
nao do6 trong mot mon hoc s& duoc phan
chia thanh nhiéu phan va mdi phan s& duoc
lién két voi mot diéu kién cu thé vé trinh
dd cia nguoi hoc. Sau do, tuy theo trinh
d6 duoc thé hién trong profile cta timg ca
nhan ma hé thong s& ap dung nhiing luat
thich nghi tuong g nham cung c4p nhiing
phan noi dung thong tin hay kién thirc vé
khai niém cung v6i cach trinh bay mot cach
phu hop nhét.

1.1. Thanh phin mé ta dic trung va sy
thich nghi ca nhan

Trong nhitng hé thdng thich nghi noi
chung va ITS noi riéng, su thich nghi duogc
thue hién moét cach truc tiép b?mg cach d6i
sanh gitra profile cua mot nguoi st dung
v6i cac tai nguyén san co cua hé thong, vi
du nhu thong tin, nhim dap Gng nhu cau
riéng bi¢t cua ca nhan nay. Chung t61 goi
day la su thich nghi ca nhan. Nhin chung,
chét lugng cua su thich nghi c4 nhan ¢ thé
duoc danh gia dya trén ba yéu t6 co ban la:
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mo hinh héa nhitng nguoi str dung qua céc
profiles, mé hinh t6 chirc cac tai nguyén va
cac phuong phap thich nghi gitra profiles
va tai nguyén (thuong dugc dua trén
cac k¥ thuat trong 1anh vuc tri tu¢ nhan
tao hay thong minh nhan tao — Artificial
Intelligence). Trong pham vi bai bao nay,
chung t6i quan tdm dic biét dén yéu t6 thir
nhit bao gdm nhiing van dé lién quan dén
ba tién trinh: khoi tao, cap nhat va khai thac
profiles (Montaner va cong su, 2003).

V& nguyén tic, cac hé thong thich nghi
c4 nhan hoan toan “khong c6 loi vé cong”,
ai lam ndy huong. Piéu d6 c6 nghia la
nguoi su dung khong chia sé cong stre cua
minh v6i bat ky ngudi nao khac trong hé
thong thich nghi c4 nhan. Trong subt qua
trinh khai thac, ngudi st dung s& giao tiép
v6i hé thdng, cung cap nhiing thong tin can
thiét cho viéc khoi tao va cap nhat profile
cua chinh minh, va sau d6 ho sé€ khai thac
va thu hudng nhiing gi xuét phat tir cong
sttc dd bo ra. Diéu nay din dén mot sb van
dé kho khan trong ba tién trinh ké trén lién
quan dén profile:

a) Chat luong cia profile ban dau: Khi
moi dang ky (registration), nguoi st dung
phai cung cdp mot s6 thong tin can thiét
gitip cho hé thdng c6 thé khoi tao profile.
Tuy nhién, nhitng thong tin ma nguoi su
dung cung cap thuong khong chinh xac
va khong day du, ngay ca khi dugc hd tro
bang nhitng giao dién va cong cy hiéu qua
(vi du: nguoi sir dung gip rat nhiéu kho
khan khi mé ta nén tang kién thtrc hay muic
d6 quan tdm dén céac chu dé).

b) Cap nhat profile: Trong qua trinh khai
thac, nguoi su dung s€ nhan dugc nhing
tai nguyén do hé thong cung cip duya trén
profile dang s hiru, va dong thoi phai cung
cap nguoc lai cho hé théng nhitng phan hoi
(feedback), danh gid nhiing gi ma minh
da nhan duoc dé hé théng c6 thé cap nhat
profile mot cach phu hgp. Nhu vay, nhiing
feedbacks cua nguoi st dung cling dugce
xem 13 mot thanh phan quan trong tich
hop trong profile. O day, ching ta c6 thé

nhén dién mot s6 van dé chinh s& ndy sinh
trong tién trinh cdp nhat profile dua trén
feedbacks.

Thr nhat, tién trinh cdp nhat dién ra
chdm (vong quay: hé théng tinh toan thich
nghi, nguoi st dung nhan va danh gia tai
nguyén, hé thdng cip nhat profile). Hon
nita, nguoi st dung thuong cé théi quen
chi chAm diém nhitng gi wa thich va d6i khi
13 nhitng diéu chan ghét (“diém s6” nam
gan khu vuc hai ddu mat). Do d6, hé thong
can phai tu b6 sung thém nhitng danh gia
“gian tiép” khong tuong minh (implicit
feedback) bang cach suy dién dya trén qua
trinh khai thac va giao tiép cua nguoi sir
dung (browse, print, delete, send, ...).

Ké dén, tién trinh cap nhat dugc thuc
hién dua trén gia thiét 1a chi véi feedbacks
(danh gia truc tiép hay suy dién gian tiép)
cua nguoi st dung thi cling hoan toan du
cho viéc cap nhat profile. Vi vay, tién trinh
cling chi chii yéu dua trén nguon dir liéu
nay. Trén thyc té, diéu nay khong phai lac
nao ciing ding. Vi du, profile hién thoi cua
nguoi stir dung dang thé hién méi quan tim
vé Tri tué nhan tao, va hé thong s& thuong
xuyén cung cap nhiing tai liéu lién quan
dén chu dé nay. Sau mot thoi gian, nhu cau
ciia nguoi st dung c6 thé thay doi, va hé
thdng lién tuc nhan duoc nhimng feedbacks
1a nhitng diém sé danh gia thap cta ngudi
su dung vé nhitng tai li¢u da nhan thudc
chi d& Tri tué nhéan tao. Néu chi dya trén
feedbacks, hé thong chi c6 thé doan biét
dugc rang ngudi st dung khong con quan
tam dén chu dé cii nhung gan nhu bét luc
trong viéc xac dinh cha dé moi dang dugc
quan tam ddc biét.

¢) “Loi mon” trong khai thac: Qua vi du
& trén, chiing ta ciing c6 thé thiy rang mot
khi profile d “on dinh” sau mot qué trinh
cap nhat thi ngudi st dung chi nhan toan
nhiing gi dugc mo ta trong profile cua minh
va khong c6 co hoi kham pha nhiing lanh
vuc hay chu dé tht vi méi.
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1.2. Sy thich nghi cong dong

Theo nhu cau thuc té, tir hon mot thap
ky nay ciing da xuét hién nhiéu cong trinh
nghién clru va ung dung cong ngh¢ thong
tin nham hd trg va khai thac su hop tac
giita cong dong trong cac hé thong thich
nghi. Trong lanh vuc e-Learning, d6 chinh
la nghién ctru ing dung nhiing k¥ thuat Tin
hoc hd trg su hop tac giita nhitng nguoi
hoc trong hoc tap (Computer-Supported
Collaborative Learning) (Kumar, 1996;
Stahl va cong su, 2006), hay trong lanh
vuc tim kiém thong tin, hudng nghién
ctru vé ky thuat tinh loc dua trén su hop
tac (Collaborative Filtering — CF) ciing
dang phat trién rat manh (Herlocker, 2002;
Resnick va cong su, 1994). Ching t61 goi
chung day la su thich nghi c4 nhan dya trén
cong dong, hay van tat hon 1a su thich nghi
cong dong. Tir ddy vé sau, cum tir thu gon
“su thich nghi” dung dé chi chung ca hai
loai thich nghi “ca nhan” va “cong dong”.

Gan day, nhiéu nhom nghién ctu da
cong bd nhitng cong trinh tng dung CF vao
trong cac ITS (Kiared va cong su, 2006;
Pintwart va cong su, 2006). Muc ti€u chinh
ctia bai bao nay ciing lién quan dén hudng
nghién ctru ing dung CF dé giai quyét mot
sO van dé ciia sy thich nghi c4 nhan trong
cac ITS. Diéu d6 co nghia la quan diém cia
chung t6i vé sy thich nghi cong dong chi
lién quan chu yéu dén nhu ciu chia sé tai
nguyén cua nhiing nguoi hoc trong cac ITS
hon 14 nhitng vin dé vé phuong phap su
pham hay giao tiép xa hoi gitra cac cong
ddng nguoi day va ngudi hoc.

Nguyén tic co ban ctua CF 13 ngudi su
dung c6 thé nhan dugc nhing tai nguyén
hay thong tin tht vi xuét phét tir cong dong
nhitng ngudi “gan giii” v6i minh (Resnick
va cong su, 1994), khong ké nhitng tai
nguyén da nhan dugc tir su thich nghi cé
nhan hoan toan dua trén profile cua minh.
Vi dy, trong mot khoa hoc, mdi sinh vién
sO hiru mot profile va nhan dugc nhirng tai
liéu thich hgp dua trén profile ciia minh.
Trong sd do6, c¢6 thé c6 mot tai liéu ma da
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) nhiting sinh vién nhén duoc déu danh
gi4 rat cao thi tai liéu nay ciing s& dugc hé
thdng goi ludn dén nhitng sinh vién con lai
(trude day ho chua nhan dugc tai li€u nay).
C6 thé néi rang ky thuat CF da mo phong
mot hién tugng kha phé bién trong thuc
té khi chiing ta thuong xuyén nhan duoc
nhiéu loai thong tin b ich tir nhitg nguoi
than trong gia dinh, ho hang, ddng nghiép,
ban b, ...

Nhu viy, vu diém dau tién cua k§y thuat
CF 1a sy chia sé tai nguyén gitra nhitng
nguoi str dung, va ¢ timg lac, hé thong co
thé bo qua cac cong doan phan tich ndi dung,
so khop gitra profiles va tai nguyén. Tur do,
CF da phan nao giai quyét duoc van dé 16i
mon trong su thich nghi ca nhan vi bay gio,
thong qua cong dong, ngudi sir dung sé& co
kha nang kham pha thém nhiing lanh vuc
hay chu dé méi, chua duge thé hién trong
profile ctia minh, ma c6 thé chung rét tha vi
va dang quan tam.

Van dé then chét ciia CF chinh 14 viéc tao
1ap va quan 1y cac cong dong nguoi sir dung
(xem phan 2). Duéi gbc nhin ctia nguoi sir
dung vé tinh hiéu qua thi nhitng phan viéc
lién quan dén van dé nay phai duoc day
chu yéu vé phia hé thong, va ngudi st dung
khong phai ton thém nhiéu cong strc ngoai
viéc cung cap nhiing feedbacks luén phai
can thiét cho sy thich nghi ca nhan.

1.3. Muc tiéu

Muc ti€u cua chung t61 trong bai bao
nay 1a d& xuat moét moé hinh quan 1y céac
cong dong, dung lam nén tang cho ky thuat
CF nhim da dang hoa tai nguyén phuc
vu nguoi hoc trong cac ITS. M6 hinh dé
xuat bao gdm ba phan chinh: a) mé hinh
cac khong gian cong dong da tiéu chuan,
b) phuong phap thich nghi dya trén cong
ddng da tiéu chuan, va c) cach tiép can suy
dién cong dong nham tich hop nhitng nguoi
str dung m&i vao trong cac cong dong dang
ton tai.

V& bd cuc cua bai bao, trong phan 2 ké
tiép, ching t6i s€ gidi thi¢u nhiing nét chinh
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vé hién trang nhiing nghién ciru ¢ lién
quan dén sy thich nghi cong dong. Phan 3
1a nd1 dung chinh cua bai bao, gidi thiéu dé
Xuét ctia chiing t6i vé mot mé hinh quan ly
cong dong da tiéu chuin cho cac hé thong
thich nghi nhu ITS. Cudi cung, nhimng két
ludn vé mo hinh dé xuét va nhimg hudng
nghién ciu mo rong s€ dugc trinh bay
trong phan 4.

II. HIEN TRANG CAC NGHIEN CUU
LIEN QUAN

Dudi goc do khai thac cac cong dong
trong mot hé théng thich nghi ¢ st dung
CF, khai niém cong déng dugc xem nhu
mot tap hop nhiing ca nhan gan gili véi
nhau theo mot tiéu chuan nao dé nhu: tudi
tac, nghé nghiép, trinh do, chu dé quan tam,

.. va chiing t6i tim hiéu nhiing nghién ctru
xoay quanh cac khia canh chinh vé sy thich
nghi cong dong nhu: tao 1ap cong dong,
dinh vi nguoi sir dung trong cac cong dong
da co, va cung cap tai nguyén thich nghi
dua trén cong dong.

2.1. Tao lap cong dong

Tao lap cong dong 13 mot tac vu co ban
ciia CF nham cung cap nhiing tai nguyén
hay thong tin thich hop cho nguoi stir dung.
Theo cach tiép can co dién va ciing rat phod
bién hién nay, hé thong s& khai thac mot
ma tran danh gid (ratings matrix) R nhu
trong Hinh 1, trong d6 cac dong va cdt sé
tuong Ung voi cac tap hop nguoi st dung
U va tai nguyén W (vi du: van ban, doan
phim video, ...), va mdi gia tri rij ctia ma
tran chinh 13 diém sé cua nguoi st dung ui
da danh gia, néu co, trén tai nguyén dj ma
trudc day hé théng da cung cap cho nguoi
nay. Luu y, moi dong R[1] cling dugc xem
nhu mot thanh phan nam trong proﬁle cua
ui. Hién nay, trong cach tiép can c6 dién
c¢6 hai phuwong phap chinh dé tao 1ap cong
dong: phuong phap lang giéng gan nhat va
phuong phap xac suét.

Phuong phép ling giéng gan nhat
(Neighborhood-based Method). Day la
phuong phap dugc st dung nhiéu nhat

(Breese va cong su, 1998; Herlocker, 2002;
Resnick va cong su, 1994). Trong phuong
phap nay, dé tao cong dong cho ui, trudc
tién hé thong s& tinh toan do twong dong
(hay khoang cach) giita dong R[i] véi tat ca
cac dong con lai, dya trén hé $6 tuong quan
Pearson (Pearson correlation) hodc cosin.
Sau do, hé théng s& chon loc va gidi han lai
nhiing nguoi st dung gan ui nhat, dva trén
mot ngudng vé khoang cach (ban kinh) hay
dua trén mot kich thude ¢ dinh cho cong
dong (N thanh vién). Phu:ong phap nay rat
don gian va hi¢u qua trong phan 16n truong
hop, ngoai trir nhuge diém vé thoi gian va
chi phi vi phdi tinh toan trén toan b ma
tran danh gia R.

wligl ~[a] - [a
U 1
u, r, rlj r,
u. T .
i il ij in
u T .
m ml mj mn

Hinh 4a: Bing ma Lq Tt:nh G2
cho chir cdi va so dém

T Phuong phap xéac suit. Phuong phap
nay it khi dugc st dung so voi phuong phap
trén. Theo qui trinh tim kiém tai nguyén
thich nghi, dau tién hé théng sé& ap dung céc
phuong phap may hoc trén mdot tap hop vi
du miu dugc rat trich tr ma tran R dé xay
dung mot mo hinh xéc suét, dung trong vi¢c
du doéan sy danh gid cua nhitng nguoi st
dung trén céc tai nguyén: prediction(u, d) =
? Néu gia tri du doan vuot qua mot ngudng
nao dé thi hé thong s& goi d dén cho u. Vé
nguyén tic, viéc tao 1ap cac cong dong da
dugc thuc hién mot cach gian tiép thong
qua quéa trinh xay dung mo hinh dy doan
bang xac suat néi trén. Vi du, (Miyahara
& Pazzani, 2000) da ap dung phuong phap
phan 16p nhi phan Bayes: prediction(u, d)
€ {like, dislike}, trong d6 nhirng nguoi su
dung khac sé dugc xem nhu cac thudc tinh
dung trong qua trinh phan 16p. Nhu vay,
viéc xac dinh tap hop nhiing thude tinh
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{ui} c6 y nghia trong qué trinh phan l6p
(Feature Selection) s€ tuong duong voi
viéc xac dinh cong dong cua u. Phuong
phép nay kha phtrc tap va hon nira, cong
dong ctia mot nguoi sir dung u s& phai phu
thudc vao mot tai nguyén d cu thé, trong
khi khai niém cong dong néi chung phai
turong ddi doc 1ap voi tai nguyén.

Tém lai, ching ta thay cac phuong phap
tao 1ap cong dong trong cac hé thong thich
nghi déu dua trén mot tiéu chuan duy nhat
la nhirng feedbacks ctia nguo1i sir dung (tiéu
chuan Ratings). Tuy nhién, trong thuc té thi
moi ngudi thuong hay nhan dugc nhirng tai
nguyén hay thong tin b ich tir nhiéu cong
ddng khac nhau: ngudi than trong gia dinh,
ho hang, ban be, déng nghi¢p, ...

2.2. Dinh vi nguoi str dung mdéi trong cac
cong dong

Trong k¥ thuat thich nghi CF c¢6 dién,
nguoi st dung s€ nhan duoc tai nguyén
hay thong tin thii vi tir cong dong theo tiéu
chudn Ratings. Khi c6 mot ngudi moi dang
ky, hé thong phai d6i mat voi van dé kho
khan vé khoi dong (cold-start problem)
vi cong ddng theo tidu chuan Ratings ciia
nguodi méi ndy van con chua biét, va do
d6, hé thong khong thé cung cép nhiing
tai nguyén thich hop (Rashid va cong su,
2002). Hién nay c6 hai cach tiép can chinh
dé giai quyét van dé nay.

Khai thac thong tin tham do. Cac h¢
théng hién nay thuong van dung phuong
phap phd bién nay dé yéu cau nguodi méi
dang ky phai danh gia, chAm diém mot sb
luong t6i thiéu tai nguyén. Hé thong co thé
dua ra mot danh sach tai nguyén da duoc
chon mot cach ngau nhién tai moi thoi diém
hoic chon theo mot tiéu chi thong ké nao
d6 dé nguoi sir dung danh gia. Tuy nhién,
phuong phéap nay co thé gay khé khin cho
ngudi st dung néu co nhitng tai nguyén
ma nguoi st dung khong thé dua ra nhimg
danh gia cu thé vi nhiéu 1y do khac nhau.
Vi vay, nguoi su dung méi cling co thé tu
minh chon ldy nhiing tai nguyén dé chdm
diém.

Ung dung su thich nghi céng dong trong cdc hé thong dao tao théng minh

Cung cép profile mau. Trudc tién, hé
thong s& xdy dung sin nhimng profiles miu,
va sau d6 duya trén nhiing gia tri nhan khau
hoc (tudi, nghé nghiép, ...) hay tra 15i mot
s6 cau hoi ma nguoi st dung s€ dugc tu
dong gan cho mdt trong nhiing profiles
mau. Xut phat tir profile nay, hé thong s&
ap dung su thich nghi ca nhan nham cung
cap nhitng tai nguyén phu hop cho ngudi
sir dung, va qua trinh phan hoi feedbacks
da ¢6 thé duoc bit dau dé sau do duoge dung
trong viéc dinh vi.

Nhin chung, nhitng phuong phap néu
trén déu yéu cau ngudi sit dung phai tiéu
tdn kha nhiéu cong suc dé dinh vi vao mét
cong dong ban dau ma ciing chwa chic da
that su phu hop.

2.3. Cung cap tai nguyén thich nghi dua
trén cong dong

Vé nguyén tic, viéc cung cp nhitng tai
nguyén thich nghi cho mot nguoi sir dung
a chinh 1a dy doan sy danh gia hay diém s
clia nguoi nay doi véi mot tai nguyén d nao
do (Breese va cong su, 1998). Néu diém s
du doan prediction(a, d) do hé théng tinh
toan vugt qua mot ngudng nao do thi tai
nguyén d s& duge goi dén cho ngudi sir
dung a.

prediction(a,d) =7, +k z w(a,u)(r“’d -7)
ueC,

[1]

voi Tele: didm trung binh cua a va u
(gia tri trung binh cua cac dong R[a] va
R[u])

k : h¢ s6 chuan hoa thang diém
C, : cOng dong ctia ngudi st dung a
r . diém s6 ma u danh gia trén d
w(a, u): hé¢ s6 twong quan Pearson gitra
hai nguoi str dung a va u:
PRI

J€Duyu
—\2 —\2
> =T Y (T
JeDyy J€D,

Pearson _ correlation(a,u) =

Da, u: tap hop tai nguyén ma a va u déu
da cho diém
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Dua trén su phan tich hién trang céc
nghién ciru vé thich nghi cong dong, chiing
t61 nhan ra nhu cau that sy vé moét mo hinh
quéan 1y cac cong dong trong cac hé thong
thich nghi. Do d6, muc tiéu cta ching toi
trong bai bio nay la dé xuat mot mo hinh
quén 1y cong dong thé hién cac dic tinh sau
trong mot hé théng thich nghi: khai thac
cong dong da tiéu chudn nham ning cao
tinh da dang trong su thich nghi va cho
phép dinh vi hi¢u qua ngu:cn sir dung trong
cac cong dong da tiéu chuan.

II1. MO HINH QUAN LY CONG PONG
PA TIEU CHUAN

Mo hinh dé xuat bao gdm ba phan: mo
hinh cac khong gian cong dong da tiéu
chuan, phuong phap thich nghi, va phurong
phap suy dién cong dong dua trén mdi quan
hé gitra cac khong gian.

3.1. M hinh cic khéng gian cong dong
da tiéu chuian (e-Community Spaces
Model)

Dué1 goc nhin mang tinh chire ndng cta
viéc cung cép tai nguyén thich nghi, mot
cong dong trong moé hinh cua ching toi
dugc dinh nghia nhu mot tdp hop nhiing
nguoi str dung gan giii voi nhau dua trén
mot tiéu chuan so sanh nao d6. Tir d6, mdi
thudc tinh trong cac profiles (tudi tac, nghé
nghiép, noi cu tra, trinh do, chu dé quan
tam, feedbacks, ...) déu co thé duge su
dung nhu mot tiéu chuin dé thanh 1ap mot
khong gian hay mot tip hop cac cong dong
. Nhu vy, mot nguoi str dung c6 thé dong
thoi thude nhiéu cong dong khac nhau theo
ting tiéu chuan riéng biét.

3.1.1. Khéng gian céng dong

Cho U Ia tap hop nhiing nguoi st dung
(JUl = m) va A la tap hop cac thudc tinh
hay tiéu chuan (JA] = n). Véi moi a € A,
ta dinh nghia mgt quan h¢ tuong duong R
nhu sau:

Vu,w€U,uR v < a(u)=a(’)

Vi du:u R

Location

u’ < Location(u) =

Location(u’) (u va u’ cu ngu cung thanh
pho).

Mot cong dong thanh 1ap dua trén o (a-
community), ky hi¢u Ga, , 1a mot 1op tuong
duong cua R . Khong gian cong dong a (a-
community space) ky hi¢u Q , chinh 1a tdp
hop thuong cua R :

Q =UR ={Ga,...,Ga}

Mot tiéu chuan phtrc hop 1a mot tap hop
P S A va c6 it nhat hai tiéu chuan. Khong
gian cong dong phirc hop Q, cing dugc
dinh nghia dya trén mot quan hé tuong
duong R, twong tu nhu ¢ trén:

Vu,weU,uR, " < Y (a€P, au) =
a(u’) [2]

Trong pham vi bai bdo nay, ching toi
khao sat chu yeu cac khong gian cong dong
6Gd0,n57 Qa.

3.1.2. Vecto dinh vi

Véi mdi tiéu chuan 0, €A, mot nguoi
st dung u s€ thudc mot cong dong nao
doé trong khong gian Qo,. Vecto dinh vi
(position Vector) cuau, ky hi¢u P , 1a danh
sach n cong dong cua u trong cac khong
gian tuong Ung:

P:U ™ Va, x...xVa,

P(w) =P, = (pu,. .... pu,)

voi Vo, la mién gia tri cia o,
3.1.3. Bang céng dong

Bang cong dong (a-community table)
Tmxn (xem Hinh 2) biéu dién toan bd cac
khong gian cong dong cua hé thdng, va
dugc dac trung boi hai tap Uva A: - T[u,,
o] = aj(ui)

Vé nguyén tic, bang T s& dugc hé thong
lap day theo timg cot, qua viéc phan 1op
hay phan hoach nhitng nguoi st dung theo
ting tiéu chuan twong ung. Tuy theo ciu
tric ndi dung cua cac profiles trong céc
lanh vyuc tng dung ma c6 thé c6 nhiing tiéu
chuan don gian cho sy phan hoach: hé thong
s& phan nhém nhimng ngudi str dung bang
cach so sanh truc tiép cac gia tri trong cac
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profiles ctia ho (ciing tudi hay nhom tudi,
cting nghé nghiép hay nhom nghé nghiép,
cung dia ban cu trq, ...). Nguoc lai, cling
c6 nhiing tiéu chuan phirc tap cho sy phan
hoach (vi du nén tang kién thuc, cac chu
dé quan tam hay tiéu chuan Ratings), va
hé théng c6 thé phai van dung dén nhiing
phuong phép da trinh bay trong phan 2.1
hay nhiing phuong phap khac ma ching toi
s& khong di sau vao chi tiét trong pham vi
bai bao nay (Jain va cong su, 1999; Nguyen
va cong su, 2005).

\BK al : Y

Tu] [ v, T[u, aj]

Ta.
J

Hinh 2. Bing cjng dong T, _,
3.2. Phuong phap thich nghi dua trén
cOng dong da tiéu chuan

Trong phan 2.3, ching ta di tim hiéu
phuong phap cung cip tai nguyén thich
nghi dua trén nhitng cong dong duoc tao 1ap
theo tiéu chuan Ratings. Phuong phap nay
s€ khong ap dung duoc trong nhirng truong
hop khong ton tai khoang cach giita nhimg
thanh vién trong cong dong (w(a, u) trong
[1]) hoic tat ca cac khoang cach, néu cé, déu
nhu nhau (vi du cong dong nhing sinh vién
trung nién). Do d6, chiing t6i dé xuat phuong
phap thich nghi méi dya trén sy dong thuan
ciia cong dong (level of agreement) nhu
sau.

Cho trude hai ngudng gia tri tScore’ t pgreement
Giastru €U, d€W, va G, la cong dong clia
u, theo tleu chuan a€A. Nguorl su dung u,
s& nhan duoc d néu hai diéu kién sau dong
tho1 duoc thoa:

Ung dung su thich nghi céng dong trong cdc hé thong dao tao théng minh

Z d) = tScore

ueGa

|G

|{ru,d |(u€ G) va (ru,d # null})| >

‘Agreement
v6ir,, : danh gia (diém s0) clia u ddi voi
d
Phuong phap nay ciing c¢6 thé duoc cai
bién bang cach thu hep G, chi xét nhiing
“lang giéng gan nhat” cta u, hoac chi xét tap
hop nhiing thanh vién tleu biéu/dic trung
(trong tdm) cta G,

Phuong phap cta chiing t6i s& gop phan
lam gia tang tinh da dang cua tai nguyén
trong sy thich nghi cong dong. Ban dau,
qua trinh thich nghi riéng 1¢ theo tirmg cong
dong Ga, s€ tao ran tap hop tai nguyen Va
cac tai nguyen d nam trong tap két qua cudi
cung s€ duoc tinh toan nhu sau:

prediction(u,d) = Z w,.prediction (u,d)

j=1

Vé’i‘ w,: trong ) cﬁg oL, ban dau s& duoc
gan bang nhau cho tat ca va s€ duoc tinh
chinh theo mot phuong phap may hoc nao
do (Claypool va cong su, 1999)

predictionj(u, d) : danh gia ctia cong dong
cua u theo o, doivéid
3.3. Phwong phap suy dién cong dong

Trong sudt qua trinh khai thac, vecto dinh
vi cia mot nguodi st dung thuong khong
hoan hao, dac biét 1a vao khoang thoi gian
dau méi vira dang ky hodc khi co su tién
héa dot bién trong nhu cau. Khi do, vecto
van con c6 thé thiéu mot sé cong dong chua
xac dinh duogc hodc chtra nhitng cong déng
khong chinh xac. Nguyén nhan chu yéu cua
su khong hoan hao nay 13 do su thiéu sot hay
do chét luong kém cua dit liéu trong profile.
Nhu véy, hé théng can phai c6 mot phuong
phéap hiéu qua dé hiéu chinh vecto dinh vi
nham nang cao chit lugng cta sy thich nghi
cong dong.

Chung t61 dé xuat cach tiép can suy dien



Tap chi Khoa hoc Gido duc Ky thudt - S6 1(4)2007
Dai hoc Su pham Ky thudt Thanh pho Ho Chi Minh 21

mot cong dong khong hoan chinh (thiéu
hodc sai) trong mot vecto P dua trén céc
mdi quan hé cu tric (cac cot) trong bang
cong dong T (Nguyen va cong su, 2007).
No61 mot cach cu thé hon, ching t6i mudn
giai d4p loai cau hoi: “C6 thé dinh vi hay
khong mdt nguoi str dung trong Q sings bang
cach su dung nhiing dir liéu don gian da c6
trong profile ma khong can yéu cau nguoi
ndy cung cip nhiing feedbacks ?”. Néu tra
10i dugc cau hoi nay thi s& gop phan giai
quyét van dé da néu trong 2.2.

Vé mat Iy thuyét, ching toi st dung
cac khai niém co ban cua 1y thuyét tap tho
(Rough Sets Theory) (Pawlak, 1982, 2004)
va dé xuat mot sb mo rong dé giai quyét bai
toan suy dién cong dong.

3.3.1. Khdi niém co bdn cua ly thuyét tdp
tho

Trude hét, tap thudc tinh A duogc chia
thanh hai phan roi nhau: A = C Y D, véi
D chira duy nhat mét thudc tinh quyét dinh
(decision attribute) d, va C chira cac thudc
tinh diéu kién (condition attributes) con lai.
Béng cong dong T s& duoc goi 1a bang quyét
dinh (decision table), va mdi dong c6 thé
duoc xem nhu mot luat (decision rule). Vi
du, trong Bang 1 vé1 D = {Ratings}, ta co
luat u7:

(Occupation = “Cong chtc”, Location =
“TPHCM”, Topic = “WEB”) — (Ratings =
“Nhom R5”)

Trong mat luat, vé trai chtra cac diéu kién
(conditions) va vé phai duoc goi 1a quyét
dinh (decision). Tur day vé sau, mot luat co
thé duoc biéu dién dudi cac dang nhu: C —
D hay C — d. Xét vé tinh hiéu qua, nguoi ta
thudng ¢ gang tim kiém tap con thudc tinh
diéukién P < Csaocho:P— D

Mot ludt u : P— D duogc goi 1a nhat quan
hay chac chan (certain decision rule) néu:

[ul, <ul,

trong do, [u,] va [u,] 1a cac 16p twong
duong cua u theo cac quan h¢ R, vaR | (xem
[2] trong 3.1).

Troqg Bang 1, taco u,, u,, u, vau, la cac
luat nhat quan.

Cho truée P va D, ta dinh nghia mién
khang dinh hay mién dwong (positive
region) tuong (rng voi R, ky hiéq POS, (D),
la tap hop chura tat ca cac luat nhat quan, va

P 13 mot tap rut gon (reduction) cta C néu:
POS, (D) =POS (D) [3]

3.3.2. Khdi niém co ban cia Iy thuyét tip
tho

Gia st vecto P, chira mot cong dong

U o = Occupation ao=Location a=Topic o=Rating
u, Doanh nhan TPHCM CNPM Nhom R1
u, Cong churc TPHCM CNPM Nhom R4
u, Cong chuc TPHCM CSDL Nhom R2
u, Cong chuc TPHCM CNTT Nhom R1
u, Cong chuc TPHCM CNTT Nhom R4
u, Cong chuce TPHCM CNTT Nhom R3
u, Cong chuc TPHCM WEB Nhom RS
u, Cong chure Ha Noi CSDL Nhém R5
u, Doanh nhan Ha Noi CSDL Nhom R5
u, |Doanhnhén Hué CSDL Nhom R3
u, |Doanhnhan Hué CSDL Nhém R2
u, |Doanh nhan Hué CSDL Nhom R3

Bing 1. Vi du bing quyét dinh véi D = {Ratings}.
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khong hoan chinh (thiéu hodc sai) thudc
Q . Khi do, h¢ thong s& chon D = {o} va
C A\ D, va tim mot luat nhat quan trong
POS (D) dé suy dlen ra cong dong phai tim
trong P . Céch tiép can nay s& lam giam
nhe rat nhleu cong suc cia nguodi su dung
trong qua trinh dinh vi.

Gia su, nguoi su dung mai 1a mot cong
chtc ¢ “TPHCM”, thudng quan tim dén
chu dé& “CSDL” va cong dong cua ngudi
nay theo tiéu chudn Ratings van chwa duoc
xac dinh:

P =(“Coéng chuc”, “TPHCM”, “CSDL”, _)

Khi d6, ta c6 thé ap dung luat nhat quan
u, trong Bang 1:

(Occupation = “Cong chuc”», Location
=“TPHCM?”, Topic =“CSDL”) — (Ratings
= “Nhoém R2”)

va thu dugc: P = (“Cong chuc”,
“TPHCM”, “CSDL”, “Nhom R2”)

Trong trudng hop hé théng khong tim
thiy bat ky ludt nhat quan nao ma thay vao
d6 1a nhirng luat mau thuan véi nhau (cung
cac diéu kien & vé trai nhung khac quyét
dinh bén vé phai) thi phwong phap thuong
dung dé g1a1 quyét 1a chon quyét dinh
phd bién nhét trong cac luat nay (Clark &

Ung dung su thich nghi céng dong trong cdc hé thong dao tao théng minh

Niblett, 1989). Mot sé phuwong phép suy
dién gia tri khic ciing dd duogc nghién ctru
va de xuat (Grzymala-Busse & Hu, 2000).

3.3.3. Suy dién nhiéu céng dong khong
hoan chinh trong vecto dinh vi

Trong mot hé thong thich nghi cong
ddng da tiéu chuén, vecto dinh vi P cua
mot nguodi st dung thuong chira cung luc
nhiéu gia tri khong hoan chinh. Trong khi
d6, theo 1y thuyét tap tho ciing nhu hau
hét cac phuong phép suy dién theo luat thi
thudc tinh quyét dinh d phai duoc xac dinh
trude, va hé thong chi co thé suy dién duoc
gia tri cua thudc tinh nay. Khi c6 nhiéu cong
ddng can suy dién trong vecto P thi cach
giai quyét ty nhién nhat la lan 1u0't chon
cac thude tinh c6 van dé lam thudc tinh
quyét dinh trong cac qua trinh suy dién va
cac thudc tinh s& dugc chon lya dé suy dién
theo mot thtr ty hoan toan ngau nhién. Nhu
Véy, chat luong suy dién cc cong dong cd
véan dé trong P, khong phai luc nao cling
duoc bao dam. Vén dé dat ra la: “Co phal
tat ca cac cong dong theo nhiing tiéu chuan
khac nhau déu c6 thé duoc suy dién ?” va
“C6 hay khéng mét thir tu t0i wu (cuc bo)
trong vi¢c suy dlen céc gia tri tiéu chuan o
?2”. Chiing ta can phai xay dung mot chlen
luge suy dién hay thay thé cac gié tri c6 van

U a “” o = Topic “” POS.C PO.SC
Occupation | Location Rating (Topic) (Ratings)

u, | Doanh nhin | TPHCM CNPM Nhom R1 X

u, | Cong chirc | TPHCM CNPM Nhém R4

u, | Cong chirc | TPHCM CSDL Nhom R2

u, | Cong chirc | TPHCM CNTT Nhom R1

u, | Cong chirc | TPHCM CNTT Nhom R4

u, [ Cong chirc | TPHCM CNTT Nhom R3 X

u, | Cong chirc | TPHCM WEB Nhom RS X

u, | Cong chirc | Ha Noi CSDL Nhom RS X

u, | Doanh nhén | Ha Noi CSDL Nhom R5 X

u . [ Doanh nhin Hué CSDL Nhom R3 X

u [ Doanh nhin Hué CSDL Nhom R2

u,, | Doanh nhan | Hué CSDL Nhém R3

Bang 2. Vi dy tinh todn dj do M,
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dé trong vecto dinh vi.

Tom lai, muc ti€u cua chung t6i trong
phan nay 1a dinh nghia mét s6 do do giup
cho viéc danh gia chét luong cua mot tieu
chuan trong qua trinh suy dién cong dong.
Trude hét, cac do do sé& cho phép hé théng
xac dinh tap hop nhung tiéu chuan o, Nao
c6 thé duoc suy dién va hon nita, co thé
xac dinh mot do uu tién (suy dién) trén tap

hop nay.
M,. Dg do dua trén chét lugng suy dién.

Ta dlnh nghia tiéu chuan D, wu tién hon D,
nhu sau:

DI < D2 < | POSA\ DI(DI) | < |
POSA\D2(D2)|  [4]

Gia su vecto cua mot nguoi su dung
moi nhu sau: P, = (“Doanh nhan”, “Hué”,

, ). Bang?2 cho ching ta thay Topic c6 do
uu tién cao hon Ratings, va dé hiéu chinh
P, h¢ thng s& bat dau bang cach chon D
= {Topic}. Cac ludtu ,u, vau, cho phep
suy dién gia tri “CSDL” cho Topic:

P, = (“Doanh nhan”, “Hué”, “CSDL”,
)

Sau cung, céc luatu, u,, u,, u, u, vau,
trong POS (Ratings) khong the dung cho
P, va “Nhom R3”, 1a gia tri thong tri trong
cac luat Uy Uy, vau,, co thé duoc gan cho
tiéu chuan Ratlngs.

Vi du trén ciing cho thiy rang viéc suy
dién khong phai lic nao ciling co thé thyc
hién duoc do kich thudc han ché cua cac
POS.(D). Vi vy, trén thuc té, viéc van
dung thém cac phuong phap suy dién khac
dua trén luat 1a hét sic can thiét. Thong
thudng, trong cic phuong phap nay, chat
lugng ctiia mot luat suy diénr: C — D
duoc thé hién bang hai yéu td certain va
support nhu sau:

Certain(r) = #Hoccurences(r)
#occurences(C)
Support(r) = #Occu|r(e];|1ces(r)

23

Nhu vay, do do M, s€ dugc cai bién nhu
sau.

Cho (, la mot tap hop cac luat suy dién.
Chét luong cta €, dugc dinh nghia boi:

o(C,)=0D)= Z Support(r).Certain(r)

r€p

K¢é dén, ta dinh nghia d6 uu tién giira D,
vaD, € Anhu sau:

D, <D, < |oD)[=<|oD,)|I[5]

Pay 1a su tong quat hoa ctiia cong thirc
[4] vi v&i cac ludt nhat quan, ta co:

|POS..(D)
o) ="

M.. b do huong dén sy thuan tién cho
nguoi st dung Vé phia nguoi su dung,
chung toi dé xuat mot do do hudng dén
su thuan tién va dé dang trong viéc cung
cép dit liéu can thiét cho su dinh vi trong
cac cong dong. Trude tién, dinh nghia vé
tap rat gon cua C (xem [3]) 1a kha ngat va
trén thuc té thi cac tap rat gon P thué)’ng
gan bang C trong khi hé thong khong thé
yéu cau ngudi su dung cung cap qua nhiéu
thong tin. Do d6, qua trinh suy dién cac
cong ddng 6 thé khong thuc hién duoc néu
thong tin do nguoi sir dung cung cp khong
phti hét nhimg thudc tinh diéu kién trong
cac tap rut gon cua C. Vi vay, chiing toi sir
dung céc tap rt gon xap xi (approximative
reduction) cua C nhim muc dich thu hep
tdi da vé trai P cua cac ludtr: P— D ma
van bao dam duoc chit luong suy dién &
mot muac d6 nhét dinh.

Cho trude ngudng chat luong 0. Cac tap
rut gon xap xi P cua C dugc dinh nghia nhu
sau:

R @ ={P < C|o(P)>0}
POS,» (D)

oo =105 1)

Vol
Mot tap rit gon xdp xi PER @ chinh
1a tap hop nhiing tiéu chuan c6 the ‘chap
nhan duoc” va hitu dung trong truong hop
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hé thong quan tim nhiéu dén tinh hién thyc
cua cac diéu kién & vé trai cua cac luat hon
14 sy chinh xéac tuyét doi ctia ching. Vi dy,
néu 0 = 0, 8, thi Riings | S€ chira 2 tap rat
gon xap xi ctia C la P = {Location, Topic}
vaP, = {Occupation, Locatlon} trong khi
néu 9 =1 thi s€ khong c6 tap rut gon nao
that su bé hon C.

Xuét phat tir R, ta co thé dinh nghia
cac do uu tién tren cac thudc tinh quyét
dinh, hoac bang cach a) gidi han kich thudce
cac tAp rut gon xap xi, hodc b) xac dinh
danh sach céc thudc tinh dleu kién C, phai
chira trong cac tap rit gon xap xi:

Dl < DZ < |{PE]KDl(e) | |P| SXH S |{Q
S RLO1IQI=A  [6]

D, < D, € |{P€ R, |C, S P}| <
{Q€ R, C, = Q} [7]

Cong thic [6] vu tién cho tiéu chudn nao
tao ra nhiéu tap rat gon xap xi c6 kich thudc
nho (can it thong tin ciia nguoi sir dung cho
qué trinh suy dién), trong khi cong thurc [7]
quan tim nhiéu dén nodi dung cua cac tip
rt gon xap xi hon 1a kich thudc cua chung
(1ru tién nhimg tiéu chuan co thé duoc suy
dién bang nhu’ng diéu kién don gian nhu
noi cu tra, tudi tac, nghé nghiép, ...). Trong
moi truong hop, day la nhiing do do hudng
vé su thudn tién cho nguoi su dung.

Trén thuc té, vi bai toan xéac dinh tat ca
céc tap rt gon ciia C, can thiét cho viéc tinh
toan cac cong thic [6] va [7], 1a mot bai
toan NP-kho (Skowron & Rauszer, 1992),
cho nén ta c6 thé gidi han trudc kich thude
cia R @ nham lam giam do phuc tap cia
tinh todn hodc tim cach xac dinh ngudng 0
sao cho trong phan 16n truong hop thi cac
tap rat gon xap xi déu chua C,.

Toém lai, vé nguyén tic thi ciu tric (cac
cOt) cua bang T phu thudc vao mot hé
thng tmg dung cu thé vi thudc tinh quyét
dinh phai duoc xac dinh ngay tir ban déu,
trong khi cach tiép can suy dién cong dong
da tiéu chuan cta chung t6i cho phép bo
qua sy xac dinh nay va nhu vay da tao ra
su da dang trong goc nhin “cu trac” ddi

Ung dung su thich nghi cong dong trong cdc hé thong dao tao théng minh

v6i bang T ma ching t6i da d& cap trong
phan 3.1.

IV. KET LUAN

Trong bai bao nay, chung toi di dé xuat
mot mo hinh quan 1y cong dong da tiéu
chuan nhim khai théc tri¢t dé cac thudc
tinh trong céac profiles cua mdt ITS (thong
tin c4 nhan, muc tiéu, trinh do, nén tang
kién thtrc, cha dé quan tam, ...), va qua
d6 c6 thé cung cip nhiing tai nguyén thich
nghi mot cach da dang cho nguoi hoc.
Nhin chung, mé hinh dé xuat da gop phan
giai quyét nhitng van dé trong sy thich nghi
duoc dé cap trong nhimg phan dau.

Trudce hét, cach tiép can cua ching toi
hd tro su tao 1ap cong déng theo moi tiéu
chuan trong profiles, khi can thiét, ma
khong bi gi6i han & tiéu chuan Ratings nhu
trong k¥ thuat CF c6 dién. Hon nira, cac
cong dong trong cach tiép can ciia ching
t6i khong con chi 1a nhiing két qua trung
gian tam thoi trong qué trinh tim kiém tai
nguyén thich nghi ma that su tr¢ thanh maot
thyc thé hién hitu bén ving trong hé thong
thich nghi va 1a mot phuong thirc giao tiép
moi bén canh feedbacks. Ngoai ra, cach
tiép can suy dién cong dong ciing da gop
phan lam giam nhe cong sic cua nguoi
su dung trong qua trinh dinh vi, ddc biét
db6i v6i nhiing tiéu chuan kho tao lap cong
dong nhu nén tang kién thuec, ...

Mt khac, trén thuc té, cac hé théng sur
dung CF phai d6i mat véi van dé vé mat do
thua thét cua ma tran R (sparsity problem)
dan dén chat lugng kém trong tinh ton hé
s6 tuong quan Pearson giita hai nguoi st
dung. Nguoc lai, cach tiép can suy dién
cong dong theo tiéu chuan Ratings hoan
toan khong gip phai van dé quan trong nay
cling nhu khong dya vao gia thiét khong
vitng chic vé tinh day du cta feedbacks
(xem 1.1.b).

Trudc mit, chiing t6i mong mudn nghién
ctru khai thac mé rong cic cong dong
nhu mot phuong thire giao tiép méi giita
ngudi st dung va hé thong, ngoai nhiing
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feedbacks. Trén co s& nay, ngoai qua trinh
suy dién cong dong cta hé thong, ngudi st
dung cling c6 thé quan sat, nhan di¢n va tu
chon cho minh nhiing cong ddng thich hop,
dwa trén mot mo hinh giao tiép tryc quan
v6i hé thong qua cac cong dong (Nguyen
va cong su, 2005).

Xahonnita, chiing t6i mong mudn nghién
ctru khai thac cac cong dong dé cap nhat
nguoc lai profile cia nguoi st dung. Vi du,
vao thoi diém tién hoa dot bién cua profile
ma qua trinh cap nhat dya trén feedbacks
lai dién ra qua cham va khong phai luon
day du (xem 1.1.b), ngudi sir dung co thé
dugc dinh vi vao mot cong déng moi (br:ing
su suy dién hay tu chon qua giao tiép véi
hé théng), va sau d6 s& duoc ké thira profile
dic trung cua cong dong méi nay. Piéu nay
doi hoi phai tién hanh nhimg nghién ciru vé
khai niém profile ctia cong dong va sy tich
hop nhirng profiles lai véi nhau.
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