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TOM TAT

Ontology biéu dién tri thitc cia mot linh v cu thé va déng vai trd quan trong trong
cac ting dung Web ngtr nghia. Khi c6 su thay d6i vé tri thikc ctia linh vuc thi ontology
ciing phai duoc thay déi — goi la tién hoa ontology - theo thong qua viéc bd sung,
chinh stra hodc xoa cac tién dé d€ phan anh tri thttc méi. Thach thitc 16n nhat trong
qua trinh tién hoa ontology d6 la, ngoai viéc phan anh tri thttc méi, ontology con
phai bao dam tinh nhat quan. Bai bao nay dé xudt phuong phap dua trén khoang

cach nglr nghia d€ xay dung tap tién dé nhat quan trong qua trinh tién hoa ontology.

Tw khéa: tién hod ontology, xt ly tri thitc khong nhat quan, khoang cach ngtt nghia.

1. MO PAU

Nam 2001, Tim Berners Lee cung cong sit da dua ra phac thao cho mét “dang
thitc moi vé ndi dung web ma dang thitc nay c6 y nghia doi v6i may tinh” [2]. Thé hé
web st dung dang thitc noi dung nay -- goi la Web ngit nghia (Semantic Web) -- cho
phép may tinh c6 thé “hiéu” tri thitc dugc luu tri, theo do o thé chia sé va tai st dung
cac co so tri thiee trong cac hé thong thong tin thudc nhiéu linh vye khac nhau.

Web nglt nghia la mot linh viec nghién cttu dang phat trién nhanh va nhan duoc
su quan tam ctia cong dong nghién cttu trong thap nién vira qua. Cong nghé Web ng
nghia dang duoc ap dung vao nhiéu linh viee khac nhau trong thuc t€ nhu tin-sinh hoc,
tin hoc trong y t€, quan trj tri thic, cdng nghé phan mém, ... Thanh phan quan trong
trong cac tng dung web ngit nghia la ontology.

Trong mot ontology nguoi ta dinh nghia cac thuc thé (bao gom khai niém, thudc
tinh, ca thé) va moi quan hé gitra cac thuc thé nay theo ngl nghia duwoc quy dinh tuong
minh bdi mot ngdén ngir logic xac dinh. Ngdn ngit ontology dugc stt dung phd bién va
chudn hoa boi td chirc tiéu chuan qudc t&€ W3C (World Wide Web Consortium) la OWL2,
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duoc xay dung dua trén logic mo ta SROIQ(D). St dung cac bo lap luan, nguoi ta co thé
truy van cac thong tin ngay ca khi khong duoc phat biéu twong minh trong ontology.
bay 1a 1oi ich logic ctia ontology so vdi cac giai phdp luu trit thong tin thé hé trude.

Céc ontology biéu dién tri thitc cho mot linh virc cu thé twong tmg voi the gisi
thuc thuwong c6 nhu cau thay doi theo thoi gian dé€ phan anh ding véi thé gidi thuc. Qua
trinh thay d6i nay thuong duoc biét dén trong linh vuc ky nghé ontology véi tén goi tién
hod ontology. Thach thitc quan trong cta qua trinh tién hoa ontology d6 la phai bao dam
tinh nhat quan. Diéu nay duoc giai thich bdi, néu ontology khong nhat quan thi moi tién
dé déu la hé qua logic ctia nd. No6i cach khac ontology khong nhat quan lam mat di ich
loi biéu dién va truy van thong tin.

Nguoi ta da dua ra nhiéu giai phdp d€ dam bao tinh nhat quan cua ontology
trong qua trinh tién hoa. Cac giai phap nay tuu trung lai déu dwgc can ctt trén cac quy
tac [1] nham dam bao tinh hop 1& vé ¢t phép cua ontology theo rang budc ngdn ngi da
duoc xac dinh (vi du ngdn ngirt OWL 2 DL, OWL 2 Full, ...) va/hodc dam bao quy tac
dam bao khong mau thuan vé mit logic ctia cac tién de.

Céc quy tac vé cti phép hoan toan cé thé dwoc kiém tra va goi y d& nguoi dung
tuan tht trong cac hé théng soan thao ontology. Trong khi d6, cac quy tic vé logic rat
khé duoge dam bao thue hién: Cac quy tac nay hudng dén giai phap do tim tap tién dé 1a
nguyén nhan gay 16i trong ontology (lam cho ontology 1a khong nhat quan) va sau dé
goi y nguoi dung chinh stra va/hodc xoa mot hodc nhiéu tién dé nay khoi ontology. Tuy
vay, nguoi dung rat kho st dung cac goi y nay trong truwong hop ho phai xoa/chinh stra
nhiéu tién dé, do ho khong biét nén 4p dung bao nhiéu lan, theo thit tw nao. Pay chinh
la dong luc nghién cttu cta bai bao.

Bai bao nay dé xuat phuong phap sit dung khoang cach ngtt nghia dé€ xac dinh
mtc do vu tién khi chon lya tap tién dé trong qua trinh tién hod ontology. Cac phan tiép
theo ctia bai bdo dwgc trinh bay nhw sau: Phén 2 gidi thiéu cach x4c dinh khoang cach
ngit nghia gitra hai tién dé ctia ontology. Phan 3 phan tich va trinh bay thuét todn chon
tap tién dé ti vu trong qua trinh tién hoa ontology dua theo tiéu chuan vé khoang cach
ngt nghia gitra hai tién dé. Phan 4 thao luan vé dong gdp ctia bai béo va cadc huéng mo
rong két qua.

2. KHOANG CACH NGU NGHIiA GIUA HAI TIEN PE TRONG ONTOLOGY

Mot ontology O duoc thanh 1ap tir hai thanh phan 0 = < §, 4 >, trong d6, S 1a bo
tir vung la tap hop tén cac thuc thé (go6m tén khai niém N, tén thudc tinh Np , tén kiéu
dir liéu Npr, tén ca thé N;), A 1a tap tién dé cua ontology. Ontology 0 duoc goi la nhat
quan khi tap tién dé ctia né, 4, 1a nhat quén, tizc khong chira mau thuan [5].
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Cac tién dé trong tap hop A ctia ontology O dinh ra cac rang budc cling nhu méi
quan hé gitra cac thyc thé trong S. Moi quan hé thuong duoc xét dén nhiéu nhat gitra
cac thyce thé trong mét ontology chinh la md&i quan hé phéan cap, theo do, cac thuc thé
trong ontology dwoc x€p trén cac cay phan cap: cay phan cap khai niém va cay phan cap
thudc tinh. Vi tri twong d6i ctia cac thye thé trén cay phan cap cho phép xac dinh khoang
cach ngt nghia gitra ching. Do tién dé dwgc thanh 1ap tir cac thuc thé nén khoang cach
nglt nghia gitta hai tién dé c6 thé duoc xay dung tir khoang cach ngtt nghia gitta cac
thuc thé cdu tao nén chang.

Trén thuc t&€ mdi quan hé phan cap gitta cac khdi niém va mdi quan hé phan cap
gitta cac thudc tinh (thudc tinh ddi twong, thudc tinh dit liéu) c6 ban chat tuong ty. Do
d6, khdng mat tinh tong quat, bai bao chi trinh bay cach tinh khoang cach ngt nghia
gitra hai khai niém va sau d6 mo rdng cho viéc tinh khoang cach gitra hai biéu thirc khai
niém. Phan nay cta bai bao sé trinh bay Ian luot khoang cach ngt nghia gitra hai khai
niém trong ontology, khoang cach ngtt nghia gitra hai biéu thitc khai niém va cudi cung
la khoang cach ngit nghia gitra hai tién dé.

2.1. Khoang cach ngit nghia giita hai khai niém trong ontology

Trong ontology 0, véi hai khai niém ¢y, ¢, € N¢, chang ta ky hiéu:

—  DPy(cy) la tap cac khai niém cha truc tiép cta c; trén 0.
— DCp(cy) la tap cac khai niém con tryc ti€p cua ¢, trén 0.
— LCPy(cy,cy) la tap cac khéi niém cha chung nho nhat ctia c;va c; trén 0.
Chung ta dinh nghia s6 canh ndi gitra hai khai niém trén cay phan cap khai niém
ctia ontology O nhu sau:
Pinh nghia 1. (S6 canh ndi gitra hai khéi niém trén cay phan cap ctia ontology)
Goi O la mgt ontology. Ta néi k € N la s6 canh noi gitka hai khdi nigm cq,c, € N¢, ky hiéu la
Uo(c1, c2) = k néu ton tai dq, d,, ..., dy la ddy ngcfn nhdt cdc khdi niém cd tén trong O sao cho:
c1=d,
c, =d,
di € DCO(di+1) Vi= 1,2, ,k -1
Ta quy woc:
— up(c,c) =0wv0iVc € N¢;
- pp(cy, c3) = 400 néu c; =1 hodc ¢y khong phai la khdi niém con cua c,.
—  Trong trieong hop ontology O di dwgc xic dinh 16, chiing ta c6 thé’bo qua chi s6'O dé
viét y thay vi pg .
||
Khoang cach nglt nghia gitra hai khai niém trén cay phan cap duoc dinh nghia
dua trén thong s6 s6 canh n6i da duoc dinh nghia ¢ trén nhu sau.
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Pinh nghia 2. (Khoang cach ngtt nghia gitra hai khai niém trén cay phan cap cua
ontology) Goi O la mot ontology. Khoang cich ngir nghia gitta hai khdi niém cq, ¢, € N¢ ky hiéu
la 6¢(cq, c2) dwoc xdc dinh theo cong thikc:

to(cy, o) + po(cz, o)
Uo(c1,co) + po(ca,co) + 2. 1p(co, T)

80 (cy, €2) = min{ | co € LCPy(cy,c2)}

Trong truong hop ontology O di dwoc xdic dinh 16, chiing ta ¢ thé’bé qua chi s6°0 dé'viét § thay
vi 50.

Chuang ta c6 mot sd nhan xét rut ra truc ti€p tit Pinh nghia 1 va Pinh nghia 2
nhu ménh dé dudi day:

Ménh deé 1. Goi O la mot ontology. V6i moi khdi ni¢m ¢y, ¢, € N, ta co:

o 8(cy,c0) =68(cz,01)

e 0 < 8(cq,6)<1

o 6(ci,c) =0khicy =cy

e 8(cq1,¢3) = 1khi LCPy(cq,c3) ={T} hodccy = Lhodcc, =L

2.2. Khoang cach ngir nghia giira hai hai biéu thirc khai niém bat ky

Vi 0 la mot ontology, ching ta mo rong khai niém khoang cach ngit nghia gitra
hai khai niém trong ontology thanh “khoang cach nglt nghia gitta hai biéu thirc khai
niém theo ontology 0” nhw sau: Khoang cach ngt nghia gitra hai biéu thirc khai niém
CE,, CE, theo ontology O dwoc hiéu la khoang cach ngir nghia cta hai biéu thirc khai niém
nay khi dét trén cay phan cdp khai niém ctia ontology 0.

Theo cong thitc 6 Dinh nghia 2, khoang cach ngit nghia gitta hai khai niém
CE;, CE, theo ontology O la:

to(CEy, CEy) + po(CE;, CEy)
to(CEy, CEy) + po(CEy, CEy) + 2. uo(CE,,

80(CE,, CE,) = min CE, € LCP,(CE,,CE,)
D)

Chung ta cé thé tinh s6 cung ndi gitra hai biéu thirc khai niém bat ky CE,va CE,
dua theo s6 cung n6i gitra hai khai niém c6 tén ctia ontology O theo 3 truong hop nhu
sau:

- Treong hop 1) 3¢; € Cp: c; = CE;. Khi do:
u(CEy, CE,) = min{ u,(cy,¢) | ¢ € DC,(CE,)}
- Treong hop 2) 3¢, € Cy:c, = CE,. Khi dé:

14, (CE;, CE;) = min{ p1,(c,c;) | c € DPy(CE;)}
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- Truong hop 3) Khong c6 khai niém co tén trén O tuwong duwong véi CE; hodc
CE,. Khi do:

1o (CE;, CEy) = min{ 2 + p,(c,c") | c € DPy(CEy), ¢’ € DCy(CE,)}

Nhu vay, bang cach tinh s&n cac thong sd p gitra cac cap khai niém cta ontology
0 (c6 thé duing thuat toan tim duong di ngan nhat gitta cac cdp dinh nhu Floyd [3] chang
han), ching ta c6 thé tinh nhanh khoang cach ngtt nghia & cho cdp biéu thic khéi niém
bat ky.
2.3. Khoang cach ngit nghia giira hai tién dé

Theo tai liéu d4c ta cdu trac OWL 2, chung ta ludn xac dinh dwgc tap biéu thikc
khai niém (cting nhu tap biéu thitc thudc tinh d6i twong, tap biéu thirc thudc tinh div
liéu) cua mot tién dé bat ky ctia ontology OWL 2. Biéu twong tw cling ¢6 thé thuc hién
duoc voi cac ngdn ngir ontology khac. Khoang cach ngit nghia gitra hai tién dé theo
ontology tham chiéu c6 thé duoc tinh bang trung binh cong cua tat ca cdc khoang cach
ngl nghia gitta hai biéu thitc khai niém cd trong hai tién dé dé. Cu thé nhu sau:

Pinh nghia 3 (Khoang cach nglt nghia gitra hai tién dé). Goi 0 = < S, A > la mjt
ontology. Khoang cich ngir nghia giiva hai tién dé @, € A, ky hi¢u la do(P,v), dwoc dinh
nghia nhw sau:

ZCE1€CE(CI)),CE2€CE(1/)) 50 (CEL CEZ)
2.card(CE(®)).card(CE(Y))

d0 (q); ll)) =

trong do:

— CE(®) la tap cac biéu thiic khai niém xuat hién trong tién dé &.
— card(X) la luc lwong caa tap hop X.
Khi da r6 ontology O, chiing ta c6 thé viét d thay vi d.
Nhu vay, chung ta ludén ludn xac dinh dugc khoang cach ngtt nghia gitra hai tién

dé bang cach dua vao s6 cung ndi gitra hai khai niém bat ky ctia ontology.

3. XAY DUNG TAP TIEN PE NHAT QUAN TRONG QUA TRINH TIEN HOA
ONTOLOGY

Tién hoa ontology dwoc hiéu la qua trinh diéu chinh (b6 sung, chinh stra, x04)
mot hodc nhiéu tién dé trong ontology dé€ dap ung su thay doi cua thé gidi thuc ma
ontology nay biéu dién. Diéu kién c8t 16i nhat ctia qua trinh tién hoa ontology la phai
gitt cho ontology tinh nhat quan.

Thao tac chinh stta tién dé trong qua trinh tién hoa ontology c6 thé dugc xem la
tong hop ctia hai thao tac tuan tw 1a xoa va bo sung tién dé. Mt khéac, néu ontology dang
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la nhat quan thi viéc xoa mot hodc nhiéu tién dé khoi ontology sé khong lam mat di tinh
nhét quan ctia n6. Nhu vay, van dé bao dam tinh nhat quan trong qua trinh tién hoa
ontology c6 thé quy vé bai toan “bao dam tinh nhét quan cua ontology khi b6 sung maoi
mot hodc nhiéu tién dé”. Co thé phat biéu mot cach hinh thitc cho bai toan nay nhu sau:

Goi O = < S, A > la ontology nhit qudn (A la tdp tién dé nhit quan). Agqq la tdp tién dé
cin bé'sung trong qud trinh tién hod ontology 0. Trong truwong hop AU Agqq khong nhit qudn,
hay tim ra tdp con A* € AU Agqq sao cho A™ la tdp tién dé nhat quan.

3.1. Phén tich yéu ciu tién hoa

Qua trinh tién hod ontology thuong dwoc thuc hién dé€ dam bao ontology phan
anh dang thé gioi thuc. Theo d6, cac tién dé can bo sung vao duoc xem nhw ¢6 gia tri
hon nhung tién dé da co trong ontology hién tai. No6i cach khac, chiing ta vu tién git lai
nhitng tién dé nay trong qua trinh tién hod. Mt khéc, ching ta ciing gia thiét rang, tap
tién dé can b6 sung 4,44 12 khdng chira mau thuan. Chién lwoc chon tap tién dé tién hoa
la xay dung tap tién dé A’ bang cach xod mét so'it nhit cac tién dé trong A sao cho A’ U
Agaq 1a nhat quan.

Mot ontology la khong nhat quan khi trong ontology ¢ tao ra ca thé ctia mot khii
ni¢m khong thoa dwgc (unsatisfiable concept) (hodc thudc tinh d6i twgng khong thoa duoc,
hoac thudc tinh dit liéu khong thoa dwoc). Do su twong tur ciia khai niém va thudc tinh
ddi twong, thudc tinh dit liéu, bai bao nay chi xét dén viéc xtt ly tri thizc khong nhat quan
voi khai niém khong thoa dwoc.

Trén thuyec t€, véi mot khai niém khong thoa duoc trong ontology, nguoi ta ¢ thé
tinh ra dwoc tdp tién dé nhd nhit sao cho khdi ni¢m dé vin khong thod dwgc trong tip tién dé
nay, goi 1a MUPS (Minimal unsatisfiability-preserving sub-ontology) [6]. Bang cach xo04
di mot tién dé khoi tap tién dé MUPS, ching ta sé thu dwgc tap tién dé nhat quan. Day
chinh la y twong cta viéc xday dung tap tién dé nhat quan trong qua trinh tién hoa [4].
Tuy vay, chon tién dé nao d€ xoa clng la mot van dé dang gay kho khan cho nguoi
dung. Bai bdo nay dé xuat lya chon tién dé cd khoang cach ngir nghia nhé nhat dén tién
dé trong A,44 d€ xo0a. Ly do cho lya chon nay la: Tién dé c6 khoang cach ngtt nghia nho
nhét dén tap tién dé mudn thém vao thi sé ¢d “nglr nghia” gan giong voi cac tién dé
chudn bi thém vao. Do d¢, viéc xoa nd di sé lam mét it ngtr nghia hon.

3.2. Chién lwgc chon tap tién dé cho ontology tién hoa

Goi 0 = < S, A > la ontology nhat quan ban dau. 4,44 la tap tién dé can bd sung
trong qua trinh tién hod ontology 0. Gia thi€t A U 4,44 la khong nhat quan, trong do cy
la khai niém khong thoa duoc trén tap tién dé A U 4,44. Theo phan tich ¢ phan trudc,
chién lugc xay dung tap tién dé nhat quan trong qua trinh tién hoda ontology 0 sé duoc
thurc hién theo hai giai doan:
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Giai doan 1: Tim mot tap tién dé A, = MUPS(cys, A U Agqq) sao cho khai niém
cys 1a khong thoa duoc trong A, dong thoi Ay, 1a toi thiéu theo nghia:

Apmin € AU Aggq vaVa € Apin: Cys 1a thod duoc trong A, \ {a}.
Giai doan 2: Tim tién dé a* € A;;, sao cho khoang cach ttr n6 dén cac tién dé can
thém la cuc tiéu:
Va € Apin, B € Agaa: do(a”,B) < do(a,B)
Hién nhién rang, c6 thé c6 nhiéu khai niém khong thoa trong tap tién dé A U
Agaq- Trong tinh hudng nay, véi moi khai niém khong thoa, chiing ta 4p dung lan luot
hai giai doan xt ly ¢ trén dé€ thu duoc tap tién dé t6i wu.

Dudi day la md ta ma gia cho toan bo qua trinh chon tap tién dé dé thyc hién tién
hoa ontology:
Dau vao:
- Ontology 0 =< S, 4 >;
- Tap tién dé can thém vao: A,44 vOi A U 4,44 18 khong nhat quan.
Pau ra:
Tap tién dé mai A’ nhat quén, sao cho A’ = A* U Aggq, A © A VA |A*| 16n nhat c6 thé
duoc.
Thu tuc:
Xac dinh: A* := A;
Tinh CUS := {cys € S | cys khOng thod dwgc trong AU Agqa}s
for ¢, € CUS

Tinh Ain == MUPS(cys, A" U Agaa);

Tim a* € A” sao cho:

Va € A", B € Agaa: do(a”,B) < do(a,B)

Thwec hién gan A* == A" \ {a"}.

Néu A* U Agqq khong con chita khai niém khong thoa duoc thi cham dut 1ap;
Két luan tap tién dé tiénhoda A’ = A" U Agqq.

3.3. Vi du minh hoa

Chuing ta két thtic phan nay bang mét vi du minh hoa cach lam viéc theo chién
lwgc chon tap tién dé tién hoa dua vao khoang cach ngit nghia. Chang han, cho ontology
0 véi tap tién dé A = {Employee C Person,Student C Person, PhDStudent =
Student, Staff & Employee, Staff N Student = 1, PhDStudent(X)}. Tap tién dé A hién
tai khong chira mau thuan. Gia s, trong qua trinh tién hod, nguoi ta mudn bs sung thém
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tién dé @ = PhDStudent € Staff. Hién nhién rang A U {a} c6 chtta mau thuan. Ap dung
chién lwgc da néu ¢ Phan 3.2, chung ta tim cach loai ra khoi A mot so tién dé d€ viéc bo

sung a tao nén tap tién dé nhat quan nhu dudi day.
Trudce hét, xac dinh A* = A.
Khai niém khong thoa xuat hién trong tap tién dé A U {a} la PhDStudent. Tap

tien dé MUPS cho khadi niém nay chinh la {PhDStudent E Student, a,Staff &
Employee, Staff N Student = 1}.

Can phai tim ra mot trong ba tién dé khac a trong MUPS d€'loai trir. Tiéu chi dé
lwa chon la khoang cach ngr nghia gitra cac tién dé nay véi a.
Ta co:

1

1
§(PhDStudent, Student) = ——— = =
( udent, Student) = 37— => ==

§(PhDStudent, Staff) = T-—~— =

W g -

1+2

8(Staff,Student) = -——-—-7 =%

6(PhDStudent, Empl ) = 2t 1 _3
waent, Emproyee) = 1+ 2x1 5

1 1
5(Staff, Employee) = m = g
Nhu vay:
d(a, PhDStudent S Student)
1
4

x (§(PhDStudent, Student) + §(Staf f, PhDStudent)
S(Staff, Student —1><(1 L 3)—1x33
+ ( lef: uen))—Z §+7+§ —Z %

d(a,Staff = Employee)

1
"3
x (§(PhDStudent, Staf f) + §(PhDStudent, Employee)
1 1 3 1 1 33
+ 8(Staff, Employee)) = 1 X (; + 3 + g) =1 X 3
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d(a,Staff N Student = 1)

1

4
X (6 (PhDStudent, Staff) + 6(PhDStudent, Student)
1 3 3) 1 47

1
+ §(Staftt, Student)) =2 X (7 + 3 + ) =1 X 3E

Vay can phai loai bd tién dé PhDStudent € Student hodc tién dé Staff &

Employee ra khoi A trude khi bo sung tién dé a trong qua trinh tién hoa.

4. KET LUAN

Bai bao trinh bay phwong phap stt dung khoang cach ngtt nghia dé€ xay dung tap

tién dé trong qua trinh tién hoa. Day la dong gdp c6 y nghia boi no sé€ gitip nguoi dung

c6 duoc tiéu chi dinh luong cu thé khi xét duyét cac tién deé.

Trong mét s6 treong hop, viéc dua trén khoang cach ngtt nghia cling khong dinh

ra dugc duy nhat tién dé can loai bo. Hudng phat trién ti€p theo ctia bai béo la xét thém

mot sO tiéu chi nira, Chéng han quy tic duoc dé xuat boi [1] dé thu gon lai tap hop tién

dé goi y loai bo.

(1]

(2]

[3]

[4]

[5]

[6]
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ABSTRACT

Ontology captures domain knowledge and play an important role in Semantic Web
applications. When domain knowledge change, ontology should adapt to change by
adding, editing or deleting its axioms. The big challenge of this process — which
called as ontology evolution — is how to guarantee the consistency state of the
ontology. This paper proposes a novel method based on semantic distance to

formulate consistent set of axioms in ontology evolution process.

Keywords: inconsistency handling, ontology evolution, , semantic distance
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