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Tém tat. Viec st dung lai cac ontology tham chiéu khi xay dung cac co s6 tri thiic méi khong lam
gidm hoan toan kha ning c6 xung dot gitta cic co sd tri thitc. Trong qué trinh tich hgp ontology 6
miic khai niém, bén canh viéc xac dinh tap thudc tinh cho khai niém, chiing ta can phai xic dinh
mién cho thudc tinh tit cdc dic ta thudc tinh & cac ontology thanh phan. Bai bao nay trinh bay mot
thuat toan tich hop cac ontology c6 xung dot & cap do khai niem dya trén 1y thuyét dong thuan va
ham danh gid khodng cich ngit nghia clia cAc khai niém trén cay phan cip. Bai bao ching to, 1y
thuyét dong thuan la mot cong cu hitu ich trong viec xay dung tri thic téng hop tit nhidu ngudn
khac nhau.

T khéa. Ontology, tich hop, 1y thuyét dong thuan, khodng cich ngit nghia.

Abstract. Ontology reuse has been an important factor in developing shared knowledge in Semantic
Web. However, this cannot completely reduce conflict potentials in knowledge bases. In the ontology
integration process on the concept level, we need to determine domain and range from properties
of integrating ontologies. This paper presents an algorithm for ontology integration on concept level
based on the consensus theory and an evaluation function of similarity measure between concepts in
its hierarchical structure. This paper also proves that the consensus theory is a useful tool for building
collective knowledge from different sources.

Keywords. Ontology, integration, consensus theory, semantic distance.

1. GIOI THIEU

Su phét trién khong ngimg ctia cong nghé thong tin va truyén thong dan dén mot mat
trai: c6 qua nhiéu dit lieu, thong tin duge sinh ra. Nhu mot tat yéu, van dé quan 1y sit khong
dong nhat, khong nhat quan gitta cac nguon thong tin tré nén cyc ky quan trong. Ontology
cung cap cac bo tit ving dé mo t4 mot cach hinh thite tri thitc vé linh vige nao dé [9]. Viec st
dung ontology dé biéu dién cac co s tri thiic lam gidm thiéu dang ké sy khong dong nhét va
xung dot gitta cac cd sé tri thitc, ddng thai cho phép céc co s6 tri thitc ¢6 thé tham chiéu 1an
nhau. Ngudi ta c6 thé xay dung céc ontology ctia minh bang cach tham chiéu dén céc bo ti
vung san c¢6 nhu FOAF (www.foaf-project.org), Dublin Core (dublincore.org), ...

Tuy nhién, viéc tai st dung cac ontology sin ¢6 trong qué trinh xay dung ontology mdi
khong lam gidm hoan toan nguy cd tao ra cac cg sd tri thiic xung dot, bdi cac nha xay dung
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ontology khéc nhau cé nhitng cach nghi khac nhau dé st dung ontology tham chiéu. Chang
han, mot vi du don gidn, 4 nguoi khac nhau cling tham chiéu dén cay phan cap khai niém
Orer Trer (Hinh 1) dé dic ta thuoc tinh is TaughtBy ciia khai niem course theo nhitng céch
c6 thé 1a khéc nhau (Hinh 2). Cau héi dat ra la: tir cdc dic ta thuoce tinh isTaught By nhu

Person

T

AcademicStaffMember

Prof AssociateProf AssistantProf

Hinh 1: Cay phan cap khai niem Orgr TRE

thé, ching ta phai két luan dac td thuoc tinh tong hop phai 1a nhu thé nao dé phit hop véi
cac dac ta thanh phan da cho?

REF-TREE::Prof REF-TREE::AssociateProf REF-TREE::AssistantProf REF-TREE::Prof
+range +range +fange +range
isTaughtBy isTaughtBy isTaughtBy isTaughtBy
+domain +domain +domain +domain
Course Course Course Course

Hinh 2: Trich d&n cau tric ctia khai niem Course trong cic ontology

Bai béo nay sé trinh bay mot phuong phéap tich hgp ontology thudc truong hop nhu vay
dya trén cach tiép can ctia 1y thuyét dong thuan [2]. CAc phan tiép theo ctia bai bao duge
trinh bay theo trinh ty nhut sau: phan 2 mo ta bai toan tich hgp ontology, cac cap do xung
dot ontology cling véi mot s6 cach tiép can dé gidi quyét bai toan nay; phan 3 trinh bay mot
s6 khai niém co sé cua ly thuyét dong thuan; phan 4, sau khi phat biéu bai toan tich hop
ontology & cap do khai niem dudi dang phit hop véi mo hinh ¢6 thé ap dung duge 1y thuyét
dong thuan, ching toi sé trinh bay cach thic xay dung khong gian khodng cach duya trén cay
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phan cap khai niém va ham danh gia tuong dong ngit nghia, va — déng gép chinh ctia bai bao
— thuat toan tich hgp cac ontology; phan 5 trinh bay két luan va mot sd6 huéng mé rong cho
bai bao.

2. TICH HGP ONTOLOGY

Tich hop 1 tién trinh xay dung mot ontology tit viéc két hop hai hay nhiéu ontology khac
nhau, cac ontology dugc két hgp khong nhat thiét cing mién tri thitc. Trong qua trinh tich
hop, céc ontology ban dau duge téng hop, lien két, 1dp ghép véi nhau dé tao thanh ontology
két qua, c6 kha ning tai sit dung sau khi chiu mot s6 thay doi chang han nhut mé rong ontology
két qua, hodc gia tang mién tri thiic, hodc ontology két qua c6 kha nang tuong thich tot hon.

A3
Al 4
Bl
Integration
- A2#B3
—
2
Al -
/ T‘ t
A4 AS B4 |
i

Hinh 3: Tich hgp hai ontology
Van dé tich hop ontology duge giai quyét véi nhieu ki thuat khac nhau [5):

e So khdp ontology (ontology matching): tim kiém céc mdi quan he hodc cac mdi tuong
ting gitta cac thic thé ciia cac ontology khac nhau. Cac thiyc thé trong mot ontology bao
gom 16p (class), ca thé (individual), quan he (relation), kiéu dit ligu (data type), gia tri
dit lieu (data value). Két qua clia qua trinh so khép 1a cac anh xa ontology (ontology
alignment).

e Tron ontology (ontology merging): tao ra mot ontology méi tir hai hodc nhiéu ontology
ngudn. Céc ontology nay c6 thé chdng nhau.

Mot dinh nghia cho qua trinh tich hop ontology duge mo té trong [13] la: Cho trude tap
cac ontology {0y, O, ..., Oy}, can xac dinh ontology O* t6t nhat, c6 kha nang dai dién céac
ontology da cho.

Diém méau chét ciia bai toan tich hop ontology dé 1a phai giai quyét su xung dot gitta céc
thuc thé trong cac ontology ngudn. Ngusi ta phan lam 3 caAp do xung dot gitta cac thiyc thé
ontology nhu sau [5 trang 247]:

e Xung dot & cdp do thé hien: mot thé hien duge mo ta theo nhing céch khac nhau trong
cac ontology khac nhau.



242 NGUYEN VAN TRUNG, PHAN BA TRI, HOANG HUU HANH

e Xung dot ¢ cap do khai niém: mot 16p, hay khai niém, c6 ciing tén nhung lai ¢6 cau tric
khéac nhau trong cac ontology khac nhau.

e Xung dot & cap do quan hé: cic ontology khac nhau chita cic moi quan hé khac nhau
gitta cing hai khéi niém.

Trong hon 10 nam trd lai day, bai toan giai quyét xung dot giita cac thuc thé ciia ontology
da duge cong dong khoa hoc quan tam nghién citu, trong dé, viec xit 1y xung dot & cap do
khai niém thuong dudc nghi dén trudc tién béi khi xay dung mot ontology, ngudi ta thuong
xay duyng cay phan cap khai niém trude. Bai bao nay chi dé cap dén van dé gidi quyét xung
dot gitta cac ontology & cap do khai niem. Phan duéi day sé diém qua cac nhom giai phap xi
I¥ xung dot ontology cho bai toan tich hgp tri thiic.

Nhom gidi phap thit nhit, chang han nhu MOMIS [3] (Fergnani, 2001), MLMA+ [1]
(Alasoud, 2010) danh gia do tuong tu cta cac thuc thé dua vao do tuong tu clia cac cip tén
thuc thé cling nhu cac thanh phan bo trg (nhu cac mo ta, ghi chi ctia thic té bing ngon ngit
tu nhién). Nhém phuong phép nay thuong st dung cac tai nguyén tit vung tham chiéu nhu
WordNet véi cac quan hé tit dong nghia, trai nghia dé hd trg trong qué trinh xit ly.

Nhoém gidi phap thit hai gom ONION [11] (Mitra va cong su, 2002), S-MATCH [8] (Giunchiglia
va Shvaiko, 2003), OLA [6] (Euzenat va Valtchev, 2004), H-Match [4] (Castano va cong su,
2003) duya vao viéc so sanh cau tric cac do thi thé hien mdi quan hé ctia cac thyc thé dé danh
gi4 do tuong dong clia cac thuc thé.

Mot sb téc gid khac nhu Li va cdc cong su [10] (2007), Umer va Mundy [14] (2012), dua
ra cc giai phap lai, st dung két hgp céc chién luge nhu dya vao khodng cach chinh sita (edit
distance), phuong phap hoc thong ké (statiscal learning), ... dé tao ra két qua cudi ciing.

Theo quan diém ctlia ching toi, cac cach tiép can trén c6 mot sé6 nhuge diém. Viéc can ci
vao phép so sanh chudi trén cac tén thuc thé, hodc tham chi chi tiét hon, so sanh chudi tren
cac tap thuat ngit dugc trich rit tit cac ghi chi kém theo mo ta thuc thé (thong qua cac ki
thuat xit Iy ngon ngit ty nhien) 1a chwa di dé danh gia toan dién miic do tuong dong ciia hai
thuc thé. Ly do 1a ¢6 thé c6 nhiéu cip tit dong am — khac nghia, hodc dong nghia — khéc am,
hodc phu thudc vio quan diém doc lap ciia ngudi xay dung co sé tri thitie. Mau thuin trong
dic t4 moéi quan hé isTaughtBy 6 phan dau ctia bai bao nay 14 mot vi du. So khép theo tén
thuc thé chi nén déng vai tro tién xit Iy cho céc budc tiép theo ctia bai toan tich hgp tri thiic.
Cén cit vao cau tric ciia do thi c6 thé cho két qua chinh xac hon, nhung ciing dong nghia véi
viéc lam gia tang do phic tap ctia bai toan, dac biet 1a doi véi s6 lugng 16n cac ontology ciing
nhu s6 lugng 16n cac thyce thé trong méi ontology thanh phan. Mot khé khan nita, sau khi xac
dinh dugc cac do tuong dong giita cac thuc thé (véi mot miic do chinh xéc nao do), can phai
c6 chién luge cu thé dé dua ra thiyc thé tong hop cudi ciing. Khé khian nay khién hau hét cac
giai phap hién nay chi dua ra dugce 16i giai cho mot s6 tng dung cu thé.

3. TICH HOP ONTOLOGY MUC KHAI NIEM THEO LY THUYET DONG
THUAN

3.1. Ly thuyét dong thuan

Ly thuyét dong thuan (consensus theory) [2] 1a mot cong cu thich hgp dé xay dung tri tue
tong hop (collective intelligence). Mot s6 két qua va hudng ap dung ctia Iy thuyét dong thuan
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cho bai toan xii 1y tri thitc duge trinh bay trong [13]. Trong phan nay ctia bai béo, ching toi
gidi thieu mot s6 khai niém co ban ctia Iy thuyét dong thuan dugde sit dung cho bai toan tich
hop ontology.

Goi U la tap hop hitu han cac déi tugng, bidu dién cac gia tri c6 thé ¢6 cho mot trang thai
tri thic (knowledge state). Ngudi ta ky hiéu:

e 2V 1a tap hop tit ca cac tap hop con lap dugc tit U.

e [J(U) 1a tap hop tat ca cac bo c6 lap gom k phan tit lap duge tiw U (k 1a mot s6 tu
Ifhién).

o [[(U) =Uken 1;[ (U) duogce goi 1a tap hop tat ca cac bo co lap khac rong lap duge tit U.

Moi phan tit thuoe [[(U) duge goi 1a mot ho so xung dot, hodc goi ngén gon 1a mot ho
SO.

Mot ho so xung dot c6 thé duge xem 1a mot tap hgp céc ¥ kién clia cac chuyén gia vé mot
chti dé nao d6. Cac y kién ctia cac chuyeén gia c6 thé gidng nhau hodc khong giong nhau. Vi
du: Tap cac y kién ctia chuyeén gia vé dit bao thai tiét theo cac tiéu chi nhu ma viung, ngay du
bao, nhiet do (°C), c6 mua, c6 ndng nhu sau:

X = {{HU,12.07.2013,25°C = 35°C, ¢6, c6}, { HU, 12.07.2013,29°C + 34°C, c6, khong} }

Tt cac ¥ kién clia cac chuyén gia, ngudi ta can xac dinh phuong an Iyga chon phit hop nhat
c6 thé dai dien cho cac phuong an clia cac chuyén gia.

Khi xtt I§ cac bo c6 ldp, ta thuong sit dung cidc phép toan va ky hieu thuoc dai s6 tap hop
¢6 lap nhu cac vi du sau:

o X ={x,7,9,9,y,2} 1a ho so gom 6 phan tit, trong d6 c6 2 phan t1t c6 gia tri x, 3 phan
tt ¢6 gia triy, 1 phan ti ¢6 gia tri z. Ta viét | X| = 6.
o Ngudi ta c6 thé viét tuong duong X = {2 x z,3 x y, 2}.

e Ho so X duge goi la boi cia ho so Y, ky hicu X =n+Y néu Y = {z1,22,...,25} V2
X ={n*z1,n*xx9,...,n% Tk}

e Ho6 so X dudc goi 1a dong nhat néu moi phan tit clia n6é déu gidong nhau, titc la X =
{nxz}véin e N, z € U. Nguge lai n, ta n6i X 1a khong dong nhat.

e 1o so X dudc goi 1a phan biét duge néu cac phan tit ciia né la khac nhau ting doi mot.

e H0 so X dugc goi 1a chinh quy néu n6 1a khong phan biét duge hoiic 1a boi ciia mot ho
sd khong phan biét duge.

e Tong (U) ctia hai ho so 1a mot ho so duge thanh lap theo quy tic sau: Néu o xuat hieén
trong ho so X va hd so Y tuong ting n va n’ lan thi trong ho so tong, x xuat hien n +n’
lan.

e Hicu (-) ctia hai ho so 1a mot ho so duge thanh lap theo quy téc sau: Néu x xuat hien
trong ho s6 X va ho so Y tuong ting va n’ lan thi trong ho so hiéu, x xuat hien n — n/
lan néu n > n’, xuat hien 0 lan néu nguoc lai.
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e Ho6 so X dudc goi 1a con ctia ho s6 Y, ky hieu X C Y néu méi phan tit trong X c6 s
lan xuat hién khong 16n hon s6 1an xuét hién trong ho so Y.

3.1.1. Ham khoang cach va mét sé biéu thic trén ham khoang cach
Ham khoang cach d : U x U — [0, 1] duge dinh nghia dé ddm bdo cac tinh chat sau:
e Tinh khong am: Va,y € U : d (z,y) > 0,
e Tinh phan xa: Vz,y € U : d(z,y) =0z =y,
e Tinh ddi xting: Va,y € U : d(z,y) = d(y, x).

Ngusi ta goi (U, d) 1a mot khong gian khodng cach va dinh nghia mot sé bicu thic véi
ham khodng cach nhu sau:
Véi X € [[(U),i=1,2:

o d(x,X)= 3 di(z,y), véix € U.

yeX
d diimean (X) = m > d’ (z,y), voi k = | X].
T, yeX
o di . (X)=min{d (z,X):z €U}

o !

max

(X) = max{d’ (z,X): 2z € U}

Trong trusng hgp i = 1, chi s6 i ¢6 thé duge bd qua, chang han ta c6 thé viét d(z, X)
thay cho d!(z, X).

3.1.2. Ham chon ddng thuan va cac tiéu chuan cho ham chon dong thuan

Ham chon dong thuan C : [[(U) — 2Y dugc dinh nghia trong khong gian khoéng cach
(U, d) bi¢u dién Iya chon dong thuan cho mot ho so xung dot.

Nhu vay, véi mot ho so xung dot X € [[(U), C(X) la mot tap hop (khong lap) chita céc
phuong an dong thuan dong thuan ctia ho so xung dot X'; mdi phan tit ctia C(X) duge goi la
mot phan tit dong thuan ctia ho so X.

Ngudi ta ky hieu Con(U) la tap tat cd ham chon dong thuan trong khong gian khoang
cach (U,d). Mot ham chon dong thuan C' € Con(U) duge danh gia qua cac tinh chat sau:

1) Tin cay (Reliability), ky hiéu la Re, néu va chi néu C (X) # 0.

2) Dong nhat (Unanimity), ky hiéu la Un, néu va chi néu C ({n * z}) = {z} v6i mdin € N
vax eU.

3) Don gian (Simplification), ky hieéu la Si, néu va chi néu

(X 1 boi ciiaY) = (C (X) = C(Y)).
4) Gan-nhat quan (Quasi-unanimity), ky hiéu la Qu, néu va chi néu

(x¢C(X)=GneN:xzeC(XU{n"z})).
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5) Nhat quan (Consistency), ky hi¢u 14 Coo, néu va chi néu
(x € C(X)) =z € C(XU{z})
6) Nhat quan Condorcet (Condorcet consistency), ky hi¢u 1a C'c, néu va chi néu
(C(X1)NC (Xa) #0) = (C(X10Xp) = C (X1) N C (Xp)) véi moi X1, Xz € [J(U).
7) Nhat quan tong quat (General consistency), ky hiéu 14 Gc néu va chi néu
C (X1)NC(X3) € C(X1UX,) € C(X1) UC (Xp) véi moi X1, X5 € [[(U)
8) Dong bién (Proporiton), ky hi¢u 1a Pr, néu va chi néu
(X1 CXo Az €C (X)) Ay € C(X2)) = (d(z,X1) <d(y, X)) véi moi X1, X5 € [[(V).
9) Téi wu-1 (1-Optimality), ky hieu Oy, néu va chi néu
reC(X)=d(z,X)=minyeyd(y, X) v6i moi X € H(U)
10) T6i wu-2 (2-Optimality), ky hieu O, néu va chi néu
r€C(X)= d*(z,X) = mingeyd® (y, X) vé6i moi X € H(U)

Tuy theo tinh chat ctia ting bai toan lya chon dong thuan, ngudi ta sé xay dung ham
chon dong thuan cu thé nhim thod méan céc tieu chuan trén. Haim chon dong thuan cang thoa
méan nhiéu tieu chuan thi cang c6 gia tri. Trong |13] d& ching minh ring khong cé ham chon
dong thuan nao thod man ca 10 tieu chuan néi trén. Tuy nhién [13] ciing da chi ra mot s6 phu
thuoc 1an nhau ctia céc tiéu chuan nay. Nhing phu thuoc quan trong nhét la:

a) (O A Re) < (PrAQuA ReACoASi)

b) (Pr A QuA Re) = Un.

¢) (Oa ANRe) < (CoNQuAUn A Si).

Két qua nay duge ding lam co s6 dé xay dung cac ham dong thuan cho hai 16p bai toan
chinh sau day. Gia sit can dua ra phuong 4n hgp 1y tit mot bo cac gidi phap dugde cho béi cac
thanh vien (ttc 1a can chon ra phuong an dong thuan tit mot ho so xung dot):

- Néu phuong an hgp 1y phai phu thuoc vao cidc phuong an clia cac thanh vién, theo nghia,
phuong an dong thuan phai I dai dién t6t nhat cho cac phuong an da duge dé xuat
trong hd so, chiing ta phai diing tiéu chuan O; dé xay dung ham chon dong thuan.

- Néu phuong an hgp Iy 1a doc lap véi cac phuong an dude dua ra bdi cac thanh vién,
theo nghia, phuong 4n dong thuan phai phan anh tat cd cac khia canh ciia cac phuong
4n da dugc dé xuat trong ho so (6 miic ¢ thé thoa hieép duge), ching ta phai ding tieu
chuan O, dé xay dyng ham chon dong thuan.
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3.1.3. Tinh kha dong thuan ctia hé so xung dét

Ham chon dong thuan thod man tiéu chuan Oy (tuong ting, Os) dudc goi 1a ham-O; (tuong
ting, ham- 0;). Phuong an dong thuan duge xac dinh biang ham-O1 (tuong ting, ham-0,) duge
goi 1a dong thuan- O; (tuong ting, dong thuan Os).

Khong phai tit ho so xung dot ndo ciing chon ra duge phuong 4n dong thuan néi chung
va dong thuan O; hay O néi rieng. Ngudi ta da chi ra tinh kha dong thuan déi v6i cac ham
dong thuan duge xay dung theo tidu chuan O; va O nhu sau: Trong khong gian khoang cach
(U,d), ho so X € [[(U) la kha dong thuan theo tieu chuan O; (i = 1,2) néu va chi néu
‘ (X)=>d . (X).

7
t _mean min

3.2. Tich hdp ontology miic khai niém theo tiép can 1y thuyét dong thuan
Dinh nghia 3.1 (Ontology) Ontology 14 mot bo bén (C, I, R, Z), trong do6:

e (' la tap hgp céac khéi niem (16p).

e [ 1a tap hop cic thé hien (instance) ciia céc 16p.

e R 1a tap hgp cac quan hé nhi phan dinh nghia trén C.

e 7 la tap cac tien dé, 1a cac cong thitc logic bac nhat va c6 thé duge dién giadi dudi
dang rang buoc toan ven hodc cadc mdi quan hé giita cac thé hién va cac khai niem, ma
khong thé duge biéu dién duge bang cac quan hé trong R.

Dinh nghia 3.2 (Thé giéi thuc) Goi A 1a mot tap hitu han cac thuoce tinh. M&i thude
tinh @ € A c6 mot mién V.

V6i V = UgeaVa, ta noéi (A, V) mo td mot thé gidi thyc.

Mot ontology tham chiéu dén thé gisi thuc (A, V) duge goi 1a ontology dua trén (A4, V).

Dinh nghia 3.3 (Cau triic khai niém trong ontology) Mot khai niém ciia ontology
dua trén (A, V) duge dinh nghia du6i dang bo ba (¢, A€, V¢), trong do:

e ¢ la tén cua khai niém,

e A° C A la tap thudc tinh mo té khai niém c,

o V¢ =UscacV, la mién cta cac thugc tinh (V¢ C V).
Cap (A, V¢) dugdc goi 1a cau tric clia khai niem c.

Dinh nghia 3.4 (Quan hé giita cac thudc tinh) Cap thuodc tinh a, b trong dinh nghia
cau trac ctia mot khai niem cé thé c6 quan hé sau:

e tuong duong: thuoc tinh a dude goi 1a tuwong duong véi thude tinh b, viét 14 a <+ b, néu
a va b cing phan anh mot dic trung cho cac thé hien ctia khai niem. N6i cach khac,
ching 1a cac tén khéc nhau clia mot déc trung ctia khéi niém. Vi du: ngheNghiep <> job.

e tong quat hon: thuoc tinh a dude goi la tong quat hon thuodc tinh b, viét 1a, a — b,
khi thong tin dugc cho bdi thudc tinh a ¢6 chita thong tin duge cho béi thude tinh b.
Vi du: dayOfBirth — age.
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e trai ngugc: thuoc tinh a duge goi 1a trai nguge v6i thudc tinh b, viét 1a a | b, néu mién
cia chung cung la tap hgp 2 gia tri va gia tri mo ta ctia hai thudc tinh nay cho ciing maot
thé hien 1a trai ngude nhau. Vi du: isFree | isLent, v6i Vispree = VisLent = {true, false}
gitip mo ta, chdng han, cac thyc thé thuoc khai niém sach 1a con ranh (isFree) hay da
duge cho ai d6 mugn roi (isLent).

3.2.1. Phéat biéu bai toan tich hgp ontology & cip d6 khai niém

Goi Oy, Oa, ..., O, (n € N) la cac ontology dua trén (A, V). Khai niém ¢ duge mo ta trong
Oi la (¢, A", V'), i=1,2,...,n. Ta phét biéu bai toan tich hop ontology mifc khéi niém nhu
sau:

Cho mot bo cac cap: X = {(Ai,Vi) i=1,2,... ,n} trong do (Ai,Vi) 14 cau tric cia
khéi niém ¢ trong ontology O;. Can tim bo tich hop (A*, V*) dai dién t6t nhat cac cip da cho
dé mo té ciu tric cta khai niem c.

3.2.2. Cac quy tac dé xac dinh bo tich hgp t6i vu (A%, V*)

[13] dé xuat cac tiu chuan R1-R7 dudi day dé xay dung thuat toan tim bo tich hop toi
wu (A%, V*):

R1. V6i moi a,b € A = U?:lAi, a < b thuyc hien thay thé thuoc tinh a trong moi tap hop
A? béi thuoc tinh b hodc ngudc lai.

R2. Néu trong tap thuoc tinh bat ky A® xuat hien dong thsi @ va b ma a — b thi c¢6 thé loai
bo thuoce tinh b.

R3. V6i moi a,b € A= LJ?ZlAi7 a | b, thuc hién thay thé thuoc tinh @ trong moi tap hop A°
béi thudce tinh b hodc ngugce lai.

R4. Sy xuat hién ctia mot thuoc tinh trong A* phai chi phu thuoc vao sit xuat hién ctia thuoc
tinh nay trong cac tap hop A°.

R5. Mot thudc tinh a xuat hién trong A* néu né xuat hién trong qua nita tong sb lan xuat
hién trong tap hgp cac A*.

R6. Tap A* 1a bang v6i tap A sau khi ap dung cac quy tac R1-R3.
R7. V6i méi thuoce tinh @ € A*, mién ctia né 1a V,, (tr thé gisi thuc (A, V)).

Tuy theo tiéu chi chon lya tap thuoc tinh ctia khai niém tich hgp 1a “cang nhieu thuoc
tinh cang tot” hay “chi gom nhitng thuoc tinh zudt hién qud nita”, ching ta sé c¢6 cic thuat
toan tuong iing thod céc tieu chuan {R1-R4, R6, R7}, {R1-R5, R7}.

Chiing toi nhan thay: trén thuyc té, khong phai ltic ndo mién clia thuoc tinh a trong cac
ontology Oy, Os,...,0, cing la gibng nhau. Do d6, can phai xac dinh mot cdch tuong minh
mién cho thudc tinh nay. Tieu chuan R7 & trén c6 thé duge diéu chinh lai nhu sau:

V6i mot thuoc tinh a € A*, mién V,* duge xac dinh bing cach tim dong thuan tit ho so
X, ={VLVZ .. VFL O day, X, 1a hd so xung dot thanh lap tit cAc midn ctia thuoe tinh
a trong cac ontology O1, O, ..., O,.

Phan con lai ctia bai béo sé mo ta cach thiic xay dyng khong gian khoang cach (U,d) va
thuat toan dé tim ciu trdc tich hop thoa cac tieu chuan {R1-R4, R6, R7}.



248 NGUYEN VAN TRUNG, PHAN BA TRI, HOANG HUU HANH
3.2.3. Ham khoang cach ngit nghia giita hai khai niém trén cay phan cap

St dung v tudng tit |7] (Jike Ge va Yuhui Qiu, 2008), ta c6 thé tinh khodng cach ngit nghia
gitta hai khéai niem ¢, ¢y trén cay phan cap. Y tudng bit dau tit viec gan trong sé cho céc
canh néi thé hién quan hé ké thita tric tiép trén cay phan cap:

w (parent, children) =1 + m
trong do, depth(child) biéu thi do sau tit khai niem child dén khai niem gbc clia cay phan
cap. V6i hai khai niem bat ky ¢, co trén cay phan cap, ta tinh khodng cach ngit nghia gifta
ching theo thuat toan sau [7]:
Dau vao: hai khai niem c1, ¢ thuoc cay phan cap.
Dau ra: gia tri khoang cach ngit nghia Sem_ Dis (cy, c3).
Thu tuc:
if (¢1, co 1& cuing mot khai niém)
Sem__Disc(cy,cz) := 0 else if (ton tai duong di truc tiép tit ¢; dén co trén cay phan cap)
Sem_ Disc(cy, c2) == w(cy, c2);
else if (ton tai duong di gian tiép tit ¢; dén co trén cay phan cap)
{

Xac dinh shortestPath (c1,cz) 1a duong di ngdn nhat tit ¢; dén ¢y trén cay phan cap;

Sem Disc(cq,c ::E w(c;, ¢i);
- ( b 2) (ci,cj)€shortestPath(cy,c2) (“ ])’

}

else

{

X4c dinh cpp 1a khai niém cha chung gan nhat clia ¢1, co trén cay phan cap;
Sem__Disc(cy,c2) := min{Sem_ Disc(ci,cpp)} + min {Sem_ Disc(ca, cpp)};

}
Ro rang, ham Sem_ Disc la chua duge chuan hoa. Chiing ta c6 thé chuan hod n6 dé dinh
nghia mot khong gian khoang cach (U, d) dya trén cay phan cap khai niem nhu sau:
- U: tap cac khai niém ctia cay phan cap khai niém.
-d: U xU—10,1]
1
~ Sem_ Disc(er, ca) + 1

d(Cl, 02) — 1

3.2.4. Thuat toan tich hdp ontology mic khai niém duwa trén ly thuyét dong
thuan

Trén co s 1y thuyét dong thuan, ching toi dé xuat thuat toan xac dinh cau tric tich hgp
cho khai niém c tit cic ontology thanh phan Oq, Os, ..., O, nhu sau.
Dau vao:

-Hoso X = {(A", V") ,i=1,...,n}, vii (A", V) la cau trac mo ta khéi niem ¢ trong
ontology O;.
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- Cay phan cap khai niem REF-TREE diing dé tham chiéu. Crer_rreE 12 tap cac khai
niém ctlia cay phan cap nay.

- Khong gian khoang cach (U, d) duge dinh nghia theo cay phan cap khéi niem REF-TREE
nhu moé ta ¢ phan 3.2.3.
Dau ra: Cip (A*,V*) dai dién t6t nhat 1lay tit X dé mo ta khai niem c.
Thu tuc:
Bude 1: Dat A* == U A
Buéc 2: V6i moi cap thudce tinh a,b € A*

e Néu (a <> b) thi A* := A*\{a} v6i diéu kién a khong xuat hién trong cac mo6i quan he
v6i cac thudc tinh khac ctia A*;

e Néu (a | b) thi A* := A*\ {b} v6i dicu kien khong xuat hién trong cdc mdi quan he véi
cac thuoc tinh khac cia A*;

e Néu (a — b) thi A* := A*\ {b} v6i diéu kien b khong xuat hién trong cic mdi quan he

v6i cac thudc tinh khac cia A*;

Buéc 3: Véi méi thuoc tinh a € A*

{

e Dit X, = {Val, V2 ..., Vak} 14 ho so chita cac mién clia thuoc tinh a duge dic ta trong
cac cap va V{ 1a cac khai niem trén cay phan cap REF-TREE (i = 1,...,n; j =
1,...,k);

e Néu X, la kha dong thuan theo tiéu chuan téi uu O; thi

{ - Xac dinh V 1a lya chon dong thuan theo tiéu chuan t6i wu O; trén khong gian
khoang cach (U, d);

— Gan V} 1a mién cho thuoc tinh a trong tap A*;

}
Nguoc lai thi gan A* := A*\ {a};

}

Budc 4: V6i mdi thude tinh a tit A*, bd sung trd lai cac thuoc tinh b néu cé mdi quan hé a < b
hoac a | b;

Nhan xét:

- Do phiic tap ctia thuat toan trén 1a O m3) véi m = }U?ZlAi‘ (m 1a s6 lugng thuoc tinh
khéac nhau 1ay tir cac tap hop A%, i = 1..n).

- Thuat toan trén chi mo ta viéc thue hien tich hgp cac thudc tinh c6 mién 1a cic khai
niém thuoc cay phan cap tham chiéu REF-TREE. Déi véi cac thuoc tinh c6 mién khong
phéi la khai niem ma 1a cic gia tri so cap (s, chudi), hoic céc khodng gia tri, theo [12]
chiing ta van c6 thé xac dinh mién tich hop phit hgp cho thuoc tinh bang phuong phép
dong thuan.
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- Thuat toan xac dinh cau tric dong thuan cho khai niem & ca 2 thanh phan: thuoc tinh
va mién ctia thuoc tinh. Tap thudc tinh nay thoa cac tieu chuan R1-R4, R6, R7 ¢ phan
3.2.2.

Du6i day 1a vi du don gidn minh hoa cho thuat toan nay.
Cho thé gi6i thuc (A4, V) duge dinh nghia nhu sau:

o A ={cid,isTaughtBy,isFinish,isActive, sched,tkb}.

Viia = [1,1000].

VisTaughtBy = {AscProf, Prof, AssiProf, AcademicStaf f Member}.

VisFinish = {Yes, NO}

‘/isActive = {YGS, NO}

Vsched = {Mon, Tue, Wed, Thurs, Fri, Sat, Sun}.
e Viwy = {Hai, Ba,Tu, Nam, Sau, Bay, CN }.

Mbi quan hé gitta cic thugce tinh nay 1a: {thoiK hoaBieu <> sched,isFinish | isActive}.
Cac khai niém ctia cac ontology c¢6 tham chiéu dén cay phan cip Orgr_7rEr ¢ Hinh 1.

Trude hét, ta xay dung khong gian khoang cach (U, d) tit cay phan cap khai niem nay:
Trong s clia cac canh ndi trén cay phan cap:

o w [Person,AcademicStaffMember] = 1 + % =15
e w [AcademicStaffMember,AscProf] = 1 + 2% =1.25
o w [AcademicStaffMember, Prof] = 1 + 2% =1.25

o w [AcademicStaffMember,AssiProf] = 1+ 55 = 1.25.

Bang mo ta ciu tric clia khéi niém course tit 5 ontology:

Ontology Cau tric clia khai niém course

O1 {(cid, [1,1000]), (isActive, VisActive) , (sched, Vsehea) , (isTaught By, AssiProf)}
cid, [1,1000]) , (isFinish, Vispinisn) }

0 {(

03 {(’iSACtiUC, VvisActive) s (tk?b, ‘/z'sFim'sh) s (Cid, [17 1000])}
Oy {(cid, [1,1000]), (isTaughtBy, Prof)}

Os {(cid, [1,1000]) , (isT'aught By, AssiProf)}

Két qua thiic hién thuat toan theo timg budc 1a nhu sau:

- Buée 1:
Khéi gan bo cau tric tich hgp cho khai niém course:

A* = {cid,isActive, sched, isTaughtBy,isFinish, tkb}
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- Buée 2:
Loai b6 2 thudc tinh isFinish va tkb. Sau budc nay, ta co:

A* ={cid, isActive, sched, isTaught By}

- Budce 3:
Xét thuoc tinh cid: Mién clia cid duge xac dinh theo [12] 1a V%, = [1,1000].
Xét thuoc tinh isActive: Mién clia isActive sé 1a V;* = {Yes, No}.
Xét thuoc tinh sched: Mién ciia sched sé 1a

isActive —

Vsched = {Mon, Tue, Wed, Thurs, Fri, Sat, Sun} .

Xét thuoc tinh isTaughtBy. Thuoc tinh nay c6 cac mién duge tham chiéu tit cay phan
cap OREF-TREE.
Lap ho so xung dot Xisraughty = {2 * AssiProf, Prof}.

d (Person, Prof) = 1t =0.73

d (Academch’taffMember, AscProf) =

d (AcademicStaf f Member, Prof) =

d (AcademicStaf f Member, AssiProf) = g = 0.56
— d(Prof, AssiProf) = % =0.71

d(

d(

d(

Person,X) = 3£ =0.55

Prof,X) =2 = 0.36

AssiProf,X) = 22 = 0.18 d (AssocProf, X) = 2 = 0.238

— di mean (XisTaughtBy) = 27 = 0.238

dmin(XisnghtBy) = min {d(Person, X), d(AcademicStaf fmember, X)},

— d(Prof,X),d(AssiProf,X),d(AscProf,X)} = 0.18 = d(AssiProf, X).

Nhu vay ta co dt mean (XstaughtBy) > dimin (XstaughtBy) Do d6 ho so X 1a kha d@ng
thuan theo ticu chuén t6i wu O;. Ta ciing xac dinh duoc, stTaughtBy AssiProf.

- Buéc 4:
B6 sung tré lai A*cac thudc tinh isFinish va tkb. Két qua cudi cling, ta c6 cau tric
tich hop dé mo ta khai niem course 1a nhu sau:

(shed,{Mon,Tue, Wed, Thurs, Fri, Sat, Sun}), (isTaughtBy, AssiProf)}.

4. KET LUAN

Bai béo da trinh bay mot cach sit dung 1y thuyét dong thuan két hgp véi do do tuong tu
ngit nghia giita cac khai niém trén cay phan cap khai niém cho trudc dé tich hgp cac ontology
c6 xung dot ¢ cap do khai niem.

Trong nhitng cong trinh tiép theo, chiing t6i sé phan tich kha nang 4p dung tiéu chuan toi
uu Oy trong bude 3 clia thuat toan cling nhu 4p dung két qua ctia bai bao cho viéc tich hop
cac ontology c6 xung dot & cac cap do khac.
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