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CHUONG 1: MO PAU

1.1 DPong co nghién ctru

Ontology c¢6 vai trd quan trong trong viéce to chirc va quan ly thong
tin tri thirc & cac linh vuc nghién ctru va ung dung khac nhau: trong
tich hgp co so dir liéu, thuong mai dién tir, cac dich vu web nglt
nghia, cac mang xa hoi... Dé phat trién cac hé théng tng dung nay,
bai toan tich hop ontology da duoc nhiéu cong trinh tap trung nghién
ctru. Cung véi cac két qua nghién ciru vé 1y thuyét cac cong cu tich
hop ontology di dwgc xdy dung va phat trién: Anchor-PROMPT
(Noy & Musen, 2001), RiMOM (J. Li, Tang, Li, & Luo, 2009), (Y.
Jean-Mary & Kabuka, 2007), FCA-Merge (Stumme & Maedche,
2001), Chimaera (McGuinness, Fikes, Rice, & Wilder, 2000), (M.
Seddiqui, Aono, M., 2008), Falcon-AO (Hu et al., 2007)...

Trong céac hé théng tri thitc dua trén ontology, cac khai ni¢m, mbi
quan hé va cac thuc thé cua cac d6i tugng [udn luén dugce thé hién
mdt cach chinh x4c. Didu nay khong hoan toan phi hop trong thé
gidi thyc thuong chira cac thong tin mo ho, khong chéic chin va
khong day du. Mt khéac, do sy phan tan thong tin dén tir nhiéu ngudn
khac nhau va ngdy cang gia ting vé sb luong cac ontology din dén
su khong nhat quan thong tin va dit liéu. Cac phuong phap va cong
cu tich hop ontology 16 khong con phu hop, dan dén sy ra doi cua
bai toan tich hop ontology mo.

Céc cong trinh nghién ctru vé tich hop ontology md hién nay duogc
thuc hién theo phuong phap so khép/lién két hodc anh xa trén
ontology m¢ dugc dinh nghia theo logic m6 ta mo hodc phi logic
bang cach md rong cac thanh phan ctia ontology truyén thong. Trong
s6 khong nhiéu céc nghién ctru dé cap dén bai toan xir Iy mau thuin
ontology mo, Abulaish & Dey (2006) da dé xuat do do khai niém

nhit quan giira hai ontology dé xac dinh mot khai niém nhat quan
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giita cac ontology bi mau thudn. Mot tiép can khac, Ferrara et al.,
(2008) d& xuat phuong phap giai quyét mau thuin ¢ mirc quan hé
trong anh xa ontology mo. Cac mo hinh ontology mo dugc xay dung
chu yéu phuc vu cho mot ing dung cu thé, chua co cac giai phap xtr
1y mau thuan trén ciu trac phirc tap clia ontology md trong bai toan
tich hop. Dé giai quyét bai toan nay, can phai dinh nghia mét mo
hinh ontology m¢ va céac thuét toan tich hop trén mé hinh tri thac da
xay dung. Tuy nhién tich hgp ontology md 1a bai toan phurc tap vi
tinh khong chac chian va khong diy dii cia thong tin, sy mau thuin
tri thirc va cdu triic da dang ctia n6. Nhitng khé khan thach thirc nay
thiic diy dong co nghién ctru cua luan an. Cac két qua nghién ciru
va thir nghiém duogc cong bd: [1-10]. CAc thir nghiém duoc tién hanh
theo tiéu chi danh gia cia OAEI va danh gia chit lugng tich hop dua
trén 1y thuyét dong thuan. Dir lidu thir nghiém 14 cac ontology cua
OAEI* va ontology mo thoi tiét? dwgc mo hoa theo chuan OWL2
(Bobillo & Straccia, 2011).

1.2 Théach thirc ciaa bai toan tich hop ontology mo

C4c kho khan thach thirc cho bai toan tich hgp ontology mo 1a: (1)
Can phai xac dinh mé hinh tri thirc ontology m& cho bai toan tich
hop, (2) Tim va xac dinh nhitng diém twong ddng va khac biét giita
cac ontology (so khép ontology). (3) Xt ly mau thuin giira cac
ontology mo trong qua trinh tich hgp. Xir Iy mau thuin ontology mo
can thoa cac diéu kién sau: Bao toan thong tin; bao toan cAu tric;
giai quyét dugc mau thuln va chat lugng cia cac phuong phap xu

1y méu thuan.

! http://oaei.ontologymatching.org/
2 http://www.sensormeasurement.appspot.com/?p=ontologies#weather;
http://paul.staroch.name/thesis/SmartHomeWeather.owl#
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1.3 Muc tiéu va pham vi nghién ciu

1.3.1 Muyc tiéu nghién cuu

Muc tiéu nghién ctru cia luédn 4n la xay dung mé hinh ontology mo
cho bai toan tich hgp va cac phuong phap tich hgp ontology mo dua
trén co so cua 1y thuyét dong thuan.

1.3.2  Phgm vi nghién cuu

— Xay dyng dinh nghia ontology m¢ cho bai toan tich hgp.

— XAy dung thuat todn so khdp khéi niém gitta cac ontology mo
dwa trén phan chung tiém nang.

— Xay dung cac thuat toan tich hop ontology mo dua trén ly thuyét
ddng thuan theo cac mirc khai niém, quan hé va thuc thé.

1.4 N¢i dung nghién ctru

— Xay dung dinh nghia ontology m¢ (Muc 3.1, Chuong 3).

— Bai toan PCP: Xay dung céc thuat toan so khép ontology mo dua
trén phan chung tiém ning (Muc 3.2, Chuong 3).

— Bai toan FOI-1: Dinh nghia bai toan mau thuan mirc khai niém;
Xay dung thuat toan tich hop ontology mo dua trén Iy thuyét dong
thuan mac khai niém (Muc 3.4, Chuong 4).

— Bai toan FOI-2.1, FOI-2.2: Pinh nghia bai toan mau thuan muc
guan hé; Xay dung thuat toan tich hop ontology mo dua trén ly
thuyét ¢dng thuan muc quan hé (Muc 3.5, Chuong 3).

— Bai toan FOI-3: Pinh nghia bai todan mau thuin muc thuc thé;
Xay dung thuat toan tich hop ontology mo dua trén Iy thuyét dong
thuan mac thyuc thé (Muc 3.6, Chirong 3).

— Thu nghiém (Chuong 4).

1.5 Cac dong gop chinh cia luan an

— Xay dyng mo hinh tri thirc ontology mo.

— Xay dung thuat toan so khép ontology mo.

— Xay dung cac thuat toan xir Iy mau thuan trong tich hop ontology
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mo & ba mirc khéi niém, quan hé va thyc thé dua trén ly thuyét dong
thuan.

— Thyc hién cai dat va danh gia cac thuat toan tich hop ontology
mo trén trén ontology mo thoi tiét va dir liéu ontology cua OAEI.
1.6 Phwong phap nghién ciru

Xay dung mo hinh tri thirc ontology mo trén co so 1y thuyét mo ciia
Zadeh (1965) va sir dung 1y thuyét dong thuan (Nguyen, 2008a)
trong céc thuat toan tich hop ontology mo.

1.7 B6 cuc cia luan an

Chirong 1. M6 ddu; Chwong 2. Tich hop ontology mo va cac nghién
ciru lién quan;, Chwong 3. Tich hop ontology mo trén co sé Iy thuyét
dong thudn; Chuwong 4. Thuc nghiém va danh gid; Chuong 5. Két
lugn va huong phat trién; Tai liéu tham khéao; Phu luc A, B va C.

CHUONG 2: TICH HQP ONTOLOGY MO VA CAC
NGHIEN CUU LIEN QUAN

2.1. Ontology va tich hegp ontology

2.1.1. Ontology

Dinh nghia 2.1 (Ontology):

Theo (Gruber, 1993, 1995) (Nguyen, 2008), ontology 14 mét bd bon
duoc ¢ cac thanh ph?m nhu sau: O = (C, |, R, Z), trong d6:

— C la tap hop cac khai ni¢m;

- 11atap hop céc thuc thé;

- Rlatap hop cac quan hé dugc dinh nghia trén C,

- Z la tap hop cac tién dé biéu dién céc rang budc toan ven hoac
cac mdi quan hé giira cac thuc thé va cc khai niém.

2.1.2. Tich hop ontology

Tich hop tri thirc 1a mot qua trinh ma trong d6 sy khong nhat quan
clia tri thirc tir cic ngudn khac nhau dugc hop nhat nham mang lai

mdt su thong nhét cia tri thire (Nguyen, 2008a).
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Dinh nghia 2.2 (Nguyen, 2008a): Tich hop ontology la qua trinh X4c
dinh mét ontology O* tdt nhat dai dién cho cac ontology O;, i=1,...,n.
Tich hop ontology dugc thuc hién theo cac mirc khai niém, quan hé
va thyc thé (Hinh 2.1).

Miu thuin gita

r quan hé rva r’ .

cd cau tric
khic nhan
trong 0.0

Thurc thé i tmng Thuc théi trong
khai niém ¢ khii niém ¢’

Thwc thé

Hinh 2.1. Cac muc mau thuin ontology (Nguyen, 2008a)

Dinh nghia vé tich hop ontology va ciu triic phan cap vé xtr Iy mau
thuén theo ba muc (Nguyen, 2008a) 1a cach tiép cén ciia phuong
phép tich hop ontology mo cia luan an.

2.2. Ontology mo

Hién nay khai niém ontology rd khong du kha nang dé mo ta va biéu
dién céac thong tin mo hd, khong day du va khong chic chin. Lién
quan dén cac nghién ctru vé vin d& mo hoa ontology co thé chia
thanh theo hai nhém. Nhém thir nhdt: cac tac gia dé xuét cac hudng
tiép can dwa trén logic mo ta m&. Nhdm thir hai: cic tac gia dé xuat
mdt kién trac chung cho ontology mé trong d6 cac khai niém va cac
mbi quan hé dugc lam mo bﬁng cach sir dung cac ham thanh vién
mo Zadeh (1965). Khao sat cac cong trinh lién quan dén mé hinh
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ontology m& cho bai toan tich hop, c6 thé thay rang khong co dinh
nghia ontology m& duy nhat. Trong truong hop don gian, theo Dey
& Abulaish (2008) mdt ontology mo 1a mot cap (C, R), trong d6 C
1a tap khai niém md va R 1a mot tip quan hé mo. Hau hét cac dinh
nghia ontology mo phu thudc vao tmg dung cu thé. Dé xay dung mo
hinh ontology md cho bai toan tich hgp, cin phai xem xét cac van
dé sau:

— Mot s dinh nghia khéng mo hda cac khai niém, trong khi c6 dinh
nghia khac khong mo hoa cac quan hé. Hau hét cac dinh nghia khong
trinh bay y nghia ctia tap Z (thanh phan mé ta cac quy tdc, rang bugc
cua ontology).

— Céc dinh nghia ontology m& dugc xay dung chii yéu phuc vu cho
bai toén tich hop hop & cac mirc so khép, lién két hoic anh xa. Md
hinh ontology mo cho bai toan xt Iy mau thuin chua c6 nhiéu nghién
clru quan tam.

— Tuy theo tng dung va muc tiéu nghién ctiu bd (C, R) cd thé duoc
mé& rong theo nhiéu cach khéc nhau, can phdi ¢6 mét md hinh
ontology mo' chung dé c6 sw chia xé, twong tdc va tdi sir dung gitra
cac hé thaong tri thizc ontology mo.

— Trong tuong lai cac ngdn ngir ontology md s& cung cap kha ning
mo rong ma cac dinh nghia nay khong cho phép mo hoa ontology
theo yéu cau. Diéu nay dan dén han ché kha ning mé rong va tai sir
dung cua cac dinh nghia ontology mo.

2.3. Tich hgp ontology mo

Céc cong trinh lién quan dén tich hop ontology md hién nay chu yéu
thuc hién ¢ muc so khop, lién két, anh xa ontology mo, c6 rat it cong
trinh dé cap dén bai toan xir Iy mau thuin. Cac cong trinh nay chi dé

cap dén xir Iy mau thuan mirc khai niém hodc quan hé, khong dé cap



dén céc tiéu chi tich hop. Céc bai toan trong tich hgp ontology md

can phai giai quyét Ia:

1. So khép/ién két hodc danh xa ontology mo,

2. Xir Iy mdu thudn ontology mo trong bai toan tich hop.

Bdi todn thir nhat: So khop/lién két hodc anh xa ontology mo:

(Patrice Buche, 2008); (Xu et al., 2005); (Bahri, Bouaziz, &

Gargouri, 2007); (Ferrara et al., 2008); (Todorov, Hudelot, Popescu,

& Geibel, 2014); (Abulaish & Dey, 2006). Dic diém noi bat cta cac

cong trinh nay la:

— Xay dung d6 tuong ddng giita cac khai niém mo ciaa ontology
trén moé hinh logic md ta mo.

— Cac thuat toan anh xa ontology mo dugc thuc hién theo phuong
phép vét can.

Bai toan thi hai: Xtr Iy mau thuin ontology mo:

—  Phuong phép xtr Iy mau thuin ctua Abulaish & Dey (2006): Xay

dung dé do khdi niém nhat qudn giita hai ontology dé xac dinh mot

khdi niém nhdt qudn cia cac ontology c6 mau thuin, khong dé cap

dén mau thuin muc quan hé va thyuc thé.

— Phuong phap anh xa ontology mo theo cac quan hé twong duong

va bao ham (Ferrara et al., 2008) khong dé cap xir Iy mau thuin mirc

khai niém va thuc thé va cac tiéu chi tich hop.

Kho khan va thach thire: Theo Klein (2001), Mitra va Wiederhold

(2002) mot thuat toan tich hgp duge danh gia dua trén hai tiéu chi

chinh: chit lwong ciia phuong phap tich hop va do phuc tap cua

chuong trinh, trong d6 chét lwong cia phuong phép tich hop duoc

danh gia dya trén mirc d giai quyét mau thuin ontology.

2.4. Ly thuyét dong thuan

Phan nay trinh bay tong quan vé 1y thuyét dong thuan trong xur 1y

mau thuan tri thirc (Nguyen, 2008a).

7



Pinh nghia 2.4.1 (Ham khodng cdch): Goi U la tap biéu dién cac ddi
tuong xung dot, ham khoang cach d dugc dinh nghia nhu sau:
d: U x U — /0, 1], thoa cac diéu kién:
- Khéng am: vx,y € U: d(x,y) >0
~  Phanxa: Vx,ye U:d(x,y) =0néux=y
- Ddixing: Vx, ye U: d(x, y) = d(y, x)..
Dinh nghia 2.4.2 (Luoc td): Mot luoc ta X duge dinh nghia nhu sau:
X={r, € TUPLE(T;): ;S A, i=1,.., n}, voi Ala tap cac thudc
tinh, TUPLE( T;) 1a tap hop cac bo kiéu T;.
Pinh nghia 2.4.3 (Luwoc ta xung dét): Cho U 1a tap hiru han biéu dién
cac ddi trong cho su xung dot. Ky hiéu 77, (U) 14 tit ca cac tap con
k-phan tir cia U v6i k € N, N 1 tap s6 tu nhién. Ky hiéu: [J(V)
=Uren 1T, (U) 12 tap tat ca cac tip con khac rdng cta U, khi d6 mbi
phan tir cia [T(U)duogc goi 1a mot liwge td xung dot.
2.4.1. Pinh nghia sy ddng thuin
Pinh nghia 2.4.4 (Sw dong thudn): Cho vii tru U va d di dugc dinh
nghia (Pinh nghia 2.4.1) sy dong thuan dugc dinh nghia nhu sau:
Cho anh xa C: [[(U) —2Y, véi mdi luwoc td xung dot X e [[(U), mot
phan tir cuia C(X) duoc goi 1a mot dong thuén cua lroc td X.
2.4.2. Cac tiéu chi dong thuin
Ky hiéu Con (U) 1a tp hop tat ca cac ham lwa chon sy dong thuan
trong (U, d). Voi moi X, Y € II(U) va x € U, mot s6 cong thirc va
khai niém dugc dinh nghia nhu sau:
— A0 X) = Syex d(x,y)
d"(x,y) = Xyex(d(x,y))", n>1,n €N
— X dugc goi 1a dong déu néu tat ca cac phan tir cua X 12 dong
nhat, nghia 1a X={n*x}, x €U, n €N.
Cic tiéu chi ciia Iy thuyét dong thudn:
Vi C € Con(U)



1. Tiéuchi (Re): C(X) =&

2. Tiéuchi (Un): C{n*x}) ={x} Vvh e N,x e U

3. Tiéu chi (Si):

(Luoc ta X la boi cia Luoc ta Y) = C(X) = C(Y)

4. Tiéu chi (Qu):

x 2C(X)) = (IneN:x e CXu{n#x}), Vx eU

5. Tiéu chi (Co):

x eC(X)) =xeCX u{x}) Vx eU

6. Tiéu chi (Cc):

(C(X1) N C(X2) =) = (C(X1 LX2) = C(X1) NC(X2)) V' Xy,

X2€ [1(U)

7. Tiéu chi (Gc):

C(X1) N C(X2) c C(X1 UX2) cC(X1) L C(X2), VX1, Xoe [I(U)

8. Tiéu chi (Pr):

(X1 Xan xe C(X)Ay eC(X2)) = (d(x,X1) <d(y,X2))

9. Tiéu chi Cy:

(x € C(X)) = (d(x, X) = min,cyd(y, X)), VX € [[(V)

10.Tiéu chi Cy:

(x € C(X)) = (d?(x,X) = ryneilr} d?(y,X)),vX e [1(V)

2.4.3. Ly thuyét dong thudn va xung dét lwoc ta mo

2.4.3.1. Cac khdi niém co ban

Dinh nghia 2.4.5 (Xung dot luoc ta mo):

Cho U la tép vii try hitu han, mot tap vii tru mo ky hiéu Ug dugc dinh
nghia nhu sau: Ur =U x [0, 1]. Mdi phan tir cia [J(Ur) dugc goi la
mot xung dot lugc ta mo.

Ding nghia 2.4.6 (Ham khodng cach):

Khoang cach giita cac phan tir md ctia Ur duoc dinh nghia nhu sau:
— dp(X,y) >0, v&i moi X, y € Ug (tinh khéng am)

— dg(x, y) = 0 khi va chi khi x =y (tinh phan xa)
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— dp(x,y) = dg(y, X), v6i moi X, y € U (tinh ddi ximg)

- dp((x, 1), (y, 1)) = d(x, y)

= dp((X, v1), (X, v2)) = vy —v,|, VX, Yy €U, v, v, €]0, 1]
2.4.3.2. Cac tiéu chi dong thugn mo

Dinh nghia 2.4.7.

Cho anh xa C: [[ Ur —2UF, véi mdi lwoc ta mo X € [[Ug
Pinh nghia cac ham dg(z, X) va dz(x, X):

- dp(z X)) =Xyexdr(2,y),2€ Up

- dI% x X = ZyEX(dF(Z' }’))2, ze Up

Pinh nghia cdc tdp Sy, X(X) va X:

- Sy ={x€ U:xcb trong X}

- Xx)={(xVv): (x v) EXvaxESy}.

- X={x:(x,v) eXvav €[0, 1]}, X la luoc ta rd la mot trudng
hop ciia lugc ta mo X e [1(Ug), trong dé: X 13 lugc ta dong déu néu
X 1a dong déu.

Cac tiéu chi déng thuén cho cac xung dot luoc ta mo:

1. Tiéu chi (Pr):

XicXonxe C(X)nye C(X2)) = (dr(X,X1) <dg(Y,X2))

2. Tiéu chi Cy:

(x e C(X) = (dr(x, X) = ;gg'f;dp(y. X)), VX e [1(Ur)

3. Tiéu chi Cy:

(x €C(X)) = (df (x, X) = min dF (v, X)), X € 1(Ur)

4. Tiéu chi (Cl): S¢(xy < Sx

5. Tiéu chi (TLC):

X la lugc ta mo chinh quy = C(X) = C(Uyes, € (X (x))

6. Tiéu chi (Fa): X la heoc td mo dong déu =

— ke — Z(x,v)eXV
CX)={(x, v*):v*= ara (%), }

7. Tiéuchi (Fs) : (Vx, v), (x', V) EX:v=v"=v¥)
= C(X) = {(x, v¥): x € C'(X)} véi C'€ Con(V).
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2.4.4. Nhan xét

— Céc tiéu chi (Re, Co, Qu, Cl, TLC) ddc lap véi cau tric caa U va
Ug, cac tiéu chi Pr, C1, C; phu thudc cac ham khoang céch d va de.
— Theo dinh nghia, céc tiéu chi C1, C, trong khdng gian (U, d) va
(Ur, de) ¢6 su twong duong nhu sau:

e Tiéu chi Ci: tong cé&c khodng cach tir mot ddng thuan dén céc
phan tir caa luoc ta [J(U)1a nho nhit.

e Tiéu chi Cy: tong binh phwong cac khoang céch tir mot dong
thuan dén cac phan tur cia luoc ta [J(U) 1a nho nhat.

2.4.5. Lwgc dd lua chon tiéu chi dong thuin

Luoc d6 lya chon tiéu chi dong thuan C; va Cz nhu sau:

Tap hop cac xung dot |
:thanh vién: Can xdc|
' dlnh giai phap tot nhat.

Gidi phdp phy thugc cac y i Gidi phdp doc ldp véi cac y I

kién ciia xung dot thanh vién { kién ciia xung dot thanh vién i

Su dﬁng thudn can thé hién tot Su d&ng thudn la mot thoa hiép
nhat cua cac luoc ta xung dot Voi cdc luogc ta xung dot

Str dung tiéu chi C; Sii dung tiéu chi C,

Hinh 2.2. Luoc d6 lua chon tiéu chi ddng thuan (Nguyen, 2008a)
2.5. Tong két chwong
Chuong 2 trinh bay cac nghién ciru lién quan dén noi dung va co sé
ly thuyét cho nghién ctiru caa luan &n, bao gém céc khéi niém vé
ontology va tich hop ontology; téng quan nghién ciru vé ontology
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mo va tich hop ontology mo va co sé Iy thuyét dong thuan cho bai
toan tich hop ontology mo.

CHUONG 3: TICH HQP ONTOLOGY MO TREN CO SO LY
THUYET PONG THUAN

Trong qué trinh thyc hién tich hop ontology mo can phai giai quyét
hai bai toan quan trong: Bai toan thiz nhdt 1a tim va xac dinh nhing
diém tuong ddng va khac biét giira cac ontology (so khap/ lién két
ontology). Bai toan th: hai 1a phuong phap xir Iy mau thuan giira
cac ontology mo trong qua trinh tich hgp. Chuong 3 trinh bay cac
noi dung dong gop mai cua luan an: (1) xay dung mé hinh tri thac
ontology mo cho bai toan tich hgp, (2) phuong phap so khop
ontology mo duya trén phan chung tiém ning va (3) cac thuat toan
tich hop ontology mo dua trén céc tiéu chi cua ly thuyét dong thuan.
Cac két qua nghién ctiru va thuc nghiém duoc cdng b tai [1, 3, 4, 5,
9, 10].

3.1. M6 hinh ontology meo cho bai toan tich hop

Dinh nghia 3.1.1 (Ontology mo):

Cho (A, V) 1a mot thé gidi thuc, trong d6 A 1a tap hitu han céac thude
tinh, V mién gia trj ctia A. Ontology md dugc dinh nghia 13 bd bdn
(C,R, I, 2), trong do:

- C la tap hitu han cac khai niém. Mot khai niém c ciaa ontology
mo dugc dinh nghia 1a mot bo ta: (c, A, VE, f€), vai ¢ la tén duy
nhét cua khai niém, A°c A 13 tap cac thudc tinh mo ta khai niém, V¢
< V la mién gia tri cua thugc tinh: V¢ = Ugea Vo (V, 12 mién gia tri
cua thugc tinh a) va £€1a ham thanh vién mo: £¢: A°— [0,1] biéu
dién mac do cua thuoc tinh dugc md ta trong khai niém c. Bo
(A°,V¢, £€) dugc goi la cau tric mo caa c. Minh hoa (Hinh 3.1).

- Rlatap cac quan h¢ mo gitra cac khai niém, R={Ry, R,,..., R,y },
R; = C xC x [0,1],i = 1,..,m. M6t quan hé 1a mot tap bao gébm mot
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cap khai niém va gia tri mo biéu dién mirc 6 quan hé gitra ching.
M&i quan hé R; giita hai khai niém trong ontology ¢ dugc biéu dién
bang mat gia tri mo duy nhat, nghia 1a néu (¢, ¢’ v) € R; Va (¢, ¢,
v’) € R; thi v =v". Vi du (Hinh 3.2).
— llatdp cac thuc the mo caa khai niém ¢ duoc mo ta bai cac thudc
tinh cua tap A€. 1a mét cap (i, v), véi i 1a dinh danh coa thyc thé, v Ia
tap cac gia tri mo cua thuc thé. (Bang 3.1).
— Z latap hop cac quy tac, cac rang budc toan ven dé xac dinh cac
khéi niém C cac quan hé R.
1
i

Temperature 1 r-'--'--l
_________ 1 1 Visibility

r———————l _____ g [ ——— '|
: Cloudy ‘| / : Precipitation
-
T X e
( Location . g 0.2 Humidity |

~

LN
Semm=—" ~ -_ _______
N
—-——= = B T £ Yy ——
~ . - ‘

-

( Time - S ! i
= Wind
S~ 05 Weather \ ’0‘7”/!_ _____
"—— ~~\\ 96 Phenomenon / ' ——————
\ -~
4 - Report ”, - ~-:,'\:.:' 0.5 \= Pressure
L p—— e Ps N el mg o ——————
. A5 o S
demmm—— o7 T T
o'\ Livine )’ e 0.2 N Storm _J
~-_..-:__..—-"-.__~ “__—‘——__~ Semmm=
- S ~
’ . .
‘ Qceanic \' " Atmospheric \|
~ Phenomenon ’ \ Phenomenon /
~o P ~ ’
i - \~~ —"

Hinh 3.1. Vi du vé khai niém mo thoi tiét

Vidu 3.1.1. (Khdi niém mo): Theo dinh nghia mdt khai ni€m (c,
A€ V¢, £€) cua ontology thoi tiét dwoc mé ta nhu sau (Hinh 3.2):
Khai niém ¢ m6 ta hién tuong thoi tiét WeatherPhenomenon véi cac
thudc tinh: Nhiét do, ap sudt khi quyén, lwong mua, pressure, do am,
gi6, tam nhin, tuyét, dugc ky hiéu nhu sau: Weather Phenomenon
(temperature, pressure, precipitation, humidity, wind, visibility,
snow), trong do:
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— TapA°¢= {temperature,precipitation, pressure, humidity, wind,
visibility, snow}.

—  V°latap cic mién gia tri cua cac thudc tinh twong g véi cac
thudc tinh thudc tap A°= {temperature,precipitation, pressure,
humidity, wind, visibility, snow}.

— Cac gia tri mo cta thudc tinh twong Gng cua tap A€ [a f€: A°—>
[0,1] biéu dién mirc d6 cuia cac thudc tinh duge mé ta trong khai

niém Weather Phenomenon.

is source of: 0.7

Weather
report

Weather
report source

has source: 0.1
belongs to report: 0.8

has weather state: 0.3
Weather

condition

has next weather state: 0.7

has condition: 0.4

Weather state

Weondi atLocation: 0.7 has previous weather state:0.3

belong to state’: 0.5

Wstate atLocatin: 0.6. has weather phenomenon: 0.9

Wphenom atLocation: 0.5 Weather

Hinh 3.2. Vi du vé quan hé md thoi tiét
Vi dy 3.1.2. (Quan hé mo). Quan hé mo gitra khai niém Weather
Phenomenon va cac khai niém C = {Report, Location, Time,
WeatherState, WeatherReport,...} (Hinh 3.2). Cac quan hé¢ mo R =
{R1,R,,...,R12}, R; cC x C x[0,1]: Ry=issource of: 0.7; R,=has
weather state: 0.3, ...;Ry,= Wphenom atLocation: 0.5
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Vi du 3.1.3. (Thuc thé mo). Khai niém Location(temperature,
precipitation, humidity, wind) c6 cac thuc thé mo: Hanoi,
QuangBinh, HCMC, Paris nhu sau (Bang 3.1):

Bang 3.1. Vi du vé thuc thé mo thoi tiét

Thuec thé—
Thuéc tinh 1 Hanoi QuangBinh HCMC Paris
temperature 0.4 0.3 0.3 0.3
precipitation 0.4 0.6 0.7 0.7
pressure 0.2 0.5 0.2 0.4
humidity 0.7 0.5 0.5 0.4
Wind 0.3 0.8 0.3 0.2
visibility 0.6 0.4 0.3 0.5
snow 1.0 1.0 1.0 0.6

3.2. So khép ontology mé dwa trén phan chung tiém ning
Thuat toan so khdp ontology mo dya trén phan chung tiém ning
duogc phat trién tir d¢ quan trong khdi niém trén ontology ré (Duong
et al., 2012) va khai niém phan chung tiém nang (Xu et al., 2005).
Céc két qua nghién ciru va thir nghiém duge cong bo tai [1, 4, 9, 10].
3.2.1. Khai ni¢m phén chung tiém ning:
Khai niém phan chung tiém ning PCP(Potentially Common Parts)
duogc dé xuét boi Xu, Kang, Lu, Li, & Jiang (2005) 14 phan chung
ctia hai ontology cuing linh vuc véi da s6 cac khai niém c6 kha ning
tuong dong v4i nhau.
Gia st Py = {cy,¢3,..,cn} VA P, ={cq,¢3,..,¢n} 12 tap cac khai
niém cua cac PCP thudc hai ontology twong (tng O,va 0, Khoang
cach ban déu giita cac PCP duoc dinh nghia nhu sau:

Do(P1, P2) = Xciep, Zc]'-EK |CI(c;) — CI(C]") | (3.1)
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Néu Dy (P;, P,) 1a minimum, suy ra cip khdi niém (ci, ¢;) c6 kha ning

twong duong.

- Vi K < P, la tap hop cac phan tir duoc xac dinh bai khoang
cach gitra cac khai niém trén P; va P, phu thudc vao khoang
cach Dy (P, Py): K = {cjeP,| d(ci, ¢j) <n, Ci € P;, nla mot
ngudng cho trudc}.

~  CI(c) 1a do do tam quan trong ctia mot khai niém duoc thé hién
su dong gop cua cac thugc tinh cua khai niém ¢ so vai cac khai
niém khéac trong ontology mo dugc dinh nghia nhu sau:

Cl(c) = Al(c) + RI(c) (3.2)
Al(C) = Xaeac f© (@) (3.3)
RI(C) = Xerer f€ (R) * CI(c") (3.4)

Trong do6 f€(a) la gia tri mo cta cac thude tinh, f¢(R) 1a gia trj mo
cua quan hé gitra cac khai niémcva c’.
3.2.2. Thuat toan so khép ontology mo PCP
Phat biéu bai toan (So khép hai ontology mo):
Cho cap khai niém (ci, cj) € (04, 0,) va do sau DepthLevel, cin xac
dinh tap cac khai niém twong dong giita cac ontology 0, va 0,.
Y tudng chinh cua thuat toan 12 bit dau tir viée so khop mot cip khai
niém ban dau (cap medoids) dé xac dinh phan chung tiém ning ban
dau giita cac ontology mo. Qua trinh so khdp duoc thyuc hién tir cac
PCP va két qua thu duoc 12 mét tap hop cac cip khai niém tuong
ddng. Pé tim ra cac cip khai niém c6 kha ning twong ddng moi, sir
dung cong thirc dé quy sau:

Diy1 (P, P,) = Dp(Py, Py) + E(Py, P,),k =0,1,2..  (3.5)
trong do:
—  Dyy1 — Dy > 1 (vugt mot ngudng cho trudce)
—  E(P;, P,) 1a gia tri sai khac bai sy sip xép lai P; hoic P,.

Thudt todn so khop ontology mo diea trén phan chung tiem nang:
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Céc bién sir dung trong thuat toan:

- 1" la ngudng thap nhét thoa sy twong dong gitra hai khai niém;
- 71 langudng sao cho Dy, 1—Dgy >7n;

- RealMatch 14 tap hop céc cap khai niém c6 do tuong dong:
Similarity (c;, ¢;) >=n"

INPUT: Cdp kh&i niém Medoids (¢,c;) va dd séau
DepthLevel

OUTPUT: Tap cac khai niém tuong ddng RealMatch
BEGIN

1. T cdp khai niém (c¢y,c;) x4y dung cac PCP P, P,

thudc céc ontology 04, 0,;

2. Khdi tao bang MinTable tu cac PCP Py, P,

3. k = 0;

4. Drs1= Doi

5. while Dy4y1-Dy 2 1 & MinTable!= Null do

6. if tén tai cycle-cross cell (c;,c¢j)trong MinTable

7. if Similarity (c,¢) = n°

8. Inserts (c¢;,¢;) to RealMatch;

9. Loai bo dong va cét tuong ung (c;,¢);

10. Tinh lai Dy;

11. k = 0;

12. Dyyr1= Dy;

13. else

14. Marks (q,q);

15. Di chuyén dong va cdbt dén gid tri nhod
nh&t trong MinTable;

16. Tinh lai Dx+1s

17. else

18. Chon cell (q,q)cé gid tri nhé nhét

19. if similarity (c.¢) = 7

20. Inserts (q,q)to RealMatch;

21. Loail bd dong va cdt chta (q,q)

22. Updates MinTable;

23. Tinh lai Dy;

24. k = 0;
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25. Dyy1= Do

26. else

27. Marks (c;,¢);

28. Di chuyén dong va cét dén gid tri nho
nh&t trong MinTable;

29. Tinh lai Dx1;

30. Return (RealMatch):;

END.

Do phurc tap cua thuat toan 1a O(n*logn). Bang 3.1.50 sdnh d6 phuc
tap cta thuat toan so khdp PCP véi cac phuong phap khac.
Béng 3.1. B§ phtic tap cua phuong phap PCP

Phuong phap Do phuc tap
PROMPT o(n?)
Anchor-PROMPT O(n?*log?n)
Glue 0o(n?)

PCP O(n*logn)

3.3. Chét lwgng caa tri thirc ddng thuan trong tich hep
ontology mo
Chat lugng cua mét thuat toan tich hop tri thue dugc hiéu 1a su khéc
biét gitta tri thirc nhom (Collective Knowledge) va tri thirc
dung(Real State of Knowledge). Cho cac xung dot luogc ta Xy, ..., X,
ky hiéu d( X*,r) 1a khoang cach tir r dén X*, trong d6 r 1a tri thirc
dung va X* 1a tri thirc nhom.
Dinh nghia 3.3.1. (Chdl lwong cua su déng thudn)
Véi cac ky hiéu Con(U), 77(U) va C(X) dugc trinh bay tai muc 2.4.
Chat lugng cta sy dong thuan X trong lugc ta X dwoc dinh nghia nhu
sau (Nguyen, 2008a):

d* (6, X)=1- d(l’;l") (3.6)
Trong d6: X € I1(U), Ce Con(U) vax € C(X),
Céc thuat toan tich hop tri thirc theo cac tiéu chi dong thuan C; va

C. dugc xay dung dua trén cac Pinh [y (Nguyen, 2008a) sau day:
Dinh Iy 3.1 (Sur dung tiéu chi C):
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Cho luge ta X = {x® =x, 2P, .., xD): i=1, 2,..., n}. Vector x =
(X1, X2,.., Xm) thoa ti€u chi déng thuan C, khi va chi khi: X;
==y P j=12.m
Dinh Iy 3.2 (Str dung tiéu chi C1):
Cho luge ta X = {x@ =x, 2P, .., xD): i=1, 2,..., n} Vector x =
(X1, X2,..., Xm) thoa tiéu chi dong thuin C; néu khong ton tai bat ky
vector y nao sao cho: d(y, x) > d(y, x¥), vi=1, 2,..., n.
Nhan xét
Dé xac dinh tiéu chi dong thuan cho cac thuat toan tich hop ontology
mo, can phai thyc hién céc budc nhu sau:
— Xem xét ciu tric cua cac xung dot lugc ta dé lwa chon cac tiéu
chi dong thuan C; va C; theo luge d6 & muyc 2.4.5.
— St dung céc tiéu chi C; va Cy:

*  Doi véi tidu chi Ci: Str dung dinh 1y 3.2

«  Doi véi tidu chi Co: Sik dung dinh Iy 3.1.
3.4. Tich hgp ontology mo 6 mirc Khai niém
3.4.1. Mau thuin ontology m& mirc khai ni¢ém
Pinh nghia 3.4.1 (Mdu thudn ontology mo mikc khdi niém):
Cho hai ontology m¢ 0;Va 0,, khai niém (c1, A1, V1, f1) thude 04
va khai niém (C, A2, V2, £2) thudc 0,. Mau thuan khai niém xay
ra néu A1 # A% hodc V° # V2 hodc fl+f2.
3.4.2. Thuat toan tich hgp ontology mé mirc khai niém
Phat biéu bai todn FOI-1:
Cho tap X = {(AL,VE £H| (ALVE £ }1a chu triic mo cta khai niém
¢ trong ontology 0;, i=1,...,n}, can x4c dinh bd ba: ¢* = (A*,V*, f*)
t6t nhat thoa tidu chi cua 1y thuyét dong thuan.

Thudt toan FOI-1:
INPUT: X = { (A, Vi, fY | (4%, VLY 11a tap cac céu truc

md cua khé&i niém ¢ trong ontology 0;,i=1,..,n}
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OUTPUT: c* = (A", V*f*) biéu dién tét nhét ti X thoa

cidc tiéu chi d&éng thuan.

BEGIN

1. A*=UiL  A;;

2. vr=Ui, Vi/

3. foreach pair a4, a, € A*do

4. if R(ay,©,a;) then A" \ {a,} and X, = X, U
{fi(ay)};/*eg., job © occupation */

5. if R(ai1, *, az) then A" \ {aq} and X, = X, U
{fi(a)}; /* eg., age *+ birthday */

6. if R(a;, ¥, az) then A" \ {aq} and X, = X, U
{(fi(a)}; /* eg., sex + female */

7. if R(a;, L, az) then A"\ {a;} and X, = X, U
{fi(ap)}; /* eg., single L married */

8. end

9. foreach attribute a from set A*do

10. if the number of occurrences of a in triple
(c;, AL, V€, f%) is smaller than nj/2
then set A":= A"\ {a};

11. end

12. foreach attribute a from set A*do

13. Determine multi-setX,={f'(a):if fi(a) exists
and i = 1,...,n};

14. Calculate f*(a): =m206){av"

15. end

16. Return (c*,A%V*, f");

END.

3.4.3. Danh gia thuat toan

Trong bai toan tich hop murc khai niém, mau thuan gitra cac lwoc ta
mo' thude tinh 1a phu thude, vi vay theo lugc dd Iwa chon tiéu chi
ddng thuan (muc 2.4), tiéu chi Cz2 dwoc st dung. T viéc phan tich
céc tiéu chi dong thuan va dinh Iy 3.1, chimg minh dugc rang thuat
toan FOI-1 thoa min cac tiéu chi déng thuan sau: Un, Si, Qu, Co,
C2.Thuat toan c6 do phirc tap 1a O(n?).
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3.5. Tich hegp ontology mo ¢ mirc quan hé

3.5.1. Méu thuin ontology m& mirc quan h¢

Pinh nghia 3.5.1(Mdu thudn ontology mo mirc quan hé):

Cho hai ontology m& 0;Va 0,c6 cac khai niém ¢ va ¢’. Mau thuan
mirc quan hé xay ra néu Ri(c,c’) #Rio(c,c’), i €{1,...m}.

3.5.2. Thuit toan tich hgp ontology mo mirc quan hé

Phat biéu bai toan FOI-2.1:

Choi € {1,...,m} va tap cac quan h¢ X = {Rj(c,c): i=1,...m; j =
1,...,n} gitra 2 khai niém ¢ va c“trong n ontology, can xac dinh Ri(c,
¢’) - quan hé tt nhét giira ¢ va ¢’ trong tap cic quan hé da cho thoa
tiéu chi dong thuan.

Thudt toan FOI-2.1:
INPUT: Cho tédp céc quan hé gita 2 khai niém c va
c’ trong n ontology:
X = {Rij(c,c’): 7 =1,...,n}
OUTPUT: Quan hé Ri(c,c’) = (¢, ¢/, v) tbt nhit trong
tap cadc quan hé X thoéa tiéu chi déng thuan.
BEGIN
1. Order set X in increasing order giving X= {xi,
X2, 44.,Xn};
2. Set interval (XFi%XFEP
2 2

3. Set v as a value belonging to the above defined
interval: (XIEJXITL_HP

2 2
END.
Phat biéu bai toan FOI-2.2. (Tich hop quan hé bdc cau).
Choi=1,.., mva tip cac quan hé gitra hai khai niém ¢ va ¢’ trong
nontology: X ={Rij cC xC x (0, 1]:j = 1,...,n}. Can xé4c dinh Ri(c,
¢ quan hé Ri c C x C x (0, 1] tét nhit trong tap cac quan hé X da

cho.
Thuadt toan FOI-2.2:
INPUT: - Té&p quan hé cung loai gifta cac khédi niém

trong n ontology X = {Rijc C x C x (0, 1]: 7 =
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1,...,n}
- Quan hé cé tinh bic cau.
OUTPUT: Quan hé Ric C x C x (0, 1] tbt nhit cua X
théa tiéu chi ddng thuéan.
BEGIN
1. Set R; = ¢;
2. for each pair (¢c¢') € C x C do
3. Determine multi-set X(c,c) = {v:i<cc,v>€
R:j;i=1,..,m;j= 1,..,n};
4. Order set X(cc) in increasing order giving X =
{x1,%2,...,%xx} 7
5. Set interval(ﬁggqugﬁ;
6. Set v as a value belonging to the above defined
interval;
7. Set Ri= R:VU {<c,v>};
8. end
9. for each (¢c,c) € C xC xC do
10. if < c,vi>€ Ri<c, ", v2>€ Riand<c,c”,v3>€ R:
then change vs = min(vi, vz2);
11. if only <¢,c,vi>€ R; and <c,c",vo>€ R; then Set
Ri= R;VU {<cc",v5>} where vs = min(vi, vz2);
12. end
13. Return(Ri);
END.

3.5.3. banh gia thuat toan

Trong bai toan tich hop mic quan hé, mau thuan giira cac lugc ta
md& quan hé 1a doc 1ap, vi vay theo luge do lya chon tiéu chi dong
thuan (muc 2.4), tiéu chi C1duoc stir dung. Tt viéc phan tich cac tiéu
chi ddng thuan, dinh ly 3.2 va thudt toan 3.1, ching minh dwoc ring
c4c thuat toan FOI-2.1 va FOI-2.2 thoa cac tiéu chi déng thuan sau:
Un, Si, Qu, Co, Pr, Cu1.

» Thugt toan FOI-2.1c6 do phuc tap 1a O(n?).

» Thugt toan FOI-2.2 c¢6 do phirc tap 1a O(n®).
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3.6. Tich hgp ontology mé & mikc thuc thé

3.6.1. Mau thuin ontology m& mirc thye thé

Pinh nghia 3.6.1 (Thuc thé mo): Mot thuc thé mo cia khai niém ¢
dugc mo ta boi cac thude tinh cua tap AC c6 cac gia tri thudce tap 2Vx
(X =A%) 1a cap (i, v), trong do:

— ila dinh danh cua thuc thé, v 1a gi tri cia thuc thé,

~ v1amdt bd c6 kiéu A° dugc biéu dién 1a mot ham v: A—»24véi
v(a)e2"a,Va €AC.

Pinh nghia 3.6.2 (Mdu thudn ontology mo mirc thire thé):

Cho hai ontology 0,va 0, va cac khai niém (c;, A,V 1, f1) thuoc
01, (cp, A% V2, £2) thudc 0,. Cho cac thuc thé (i, v;)e (04, ¢;) Va
(i, v,)e (0,,c;). Mau thudn thyc thé xay ra néu v(a) =v'(a),
ac A°n A,

3.6.2. Tiéu chi dong thuin cho tich hop ontology mo mirc thue
thé mo

Céc tiéu chi dong thuan cho xir Iy mau thudn tri thirc (Nguyen, 2008)
duoc sir dung cho bai toan tich hop ontology md & mure thuc thé nhu
sau:

P1. Thuec thé dong: t* < U, t;

P2. Thuc thé nhat quan: Ny t; < t*

Ps. Thuc thé wu viét: Néu tap cac thudc tinh T; (i = 1, 2,...,n) la roi
nhau thi:t* = [U™, t;]7+, v6i [U™, t;] 7~ 1a tong U™, t; thu hep vé
cac thudc tinh cta T*.

P4. Bé twong dong toi da: Goi da 1a ham khoang céch giira cac thudc
tinh a € A, su khac biét giita tich hop t* va cac phan tir cia lugc ta
can duoc t0i tiéu: Va € T* thi Y,ez, d(t;,7) 12 nho nhét, véi Za =
{ria:rieZ,i=1,2,...,n}.

3.6.3. Thuit toan tich hop ontology md mirc thue thé

Phat biéu bai toin FOI-3:
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Cho tap hop céc thue thé X = {(i, Vo), .., (i, Vn)}, v6i v; EAICA, v;:
A= Vi(i=1,.,n),V;=Uiera, Vo can xac dinh cap (i, v) tot nhat
trong tap X thoa cac tiéu chi cia 1y thuyét dong thuan.

Thudt toan FOI-3:

INPUT: tdp cdc mdé tad cuha cac thuc thé: X = (rie
TUPLE(T:): T:c A, 1 =1, 2,.., n}

va ham khoang cédch ds cho céc thudc tinh a €A,
da: 2V x 2V - [0, 1]

d, 1a ham duogc x&c dinh nhu sau dg: 2V2x2%—>[0,1]
OUTPUT: bd t* € T* < A 1a dai dién tbét nhét theo
cidc tiéu chi dbéng thuan.

BEGIN

1. A =ULT;;

2. For each a € A determine a set with repetitions
X2 = {tia: tieX for i =1, 2,., n};

3. For each a €A wusing distance function da

determine a value va C Va such that

Z dq(Vq,Tia) = vr’nclil} Z de(V'a,Tia)

Tia€Xa Tia€Xa
4. Create tuple t* consisting of values vafor all

a €A;
END

3.6.4. Panh gia thuéat toan

Tai budc 3, cho thiy thoa mén céac tidu chi C1va Pa. Theo két qua
tich hop & bude 4: t* bao gdm cac gia tri Vavoi moi aeA, chimg to
rang thudt toan thoa P1, P2va P3.Tir viéc phén tich cac tidu chi dong
thuan chimg minh dugc rang thudt toan FOI-3 thoa cac tiéu chi dong
thuan sau: Ci, P1, P2, P3, P4, Un, Si, Qu, Co, Pr.

— Thuat toan c6 do phuc tap O(n?).

3.7. Tong két chwong

Chuong 3 trinh bay cac két qua nghién ctiru dong gbp mdi cua luan

an, bao gom: phan tich céc tiéu chi dong thuan lién quan dén bai toan
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tich hop ontology m¢; xay dung mo hinh tri thuc ontology mo cho
bai toan tich hgp; xay dung phuong phap so khdp ontology mo dua
trén phan chung tiém niang va cac thuat toan tich hop ontology mo
theo ba mutc khai niém, quan hé va thuc thé trén co s cla ly thuyét

ddng thuén.

CHUONG 4: THU'C NGHIEM VA PANH GIA
4.1. Thir nghiém 1
Thuét toan so khép ontology mo dua trén phan chung tiém ning
dugc thir nghiém theo tiéu chi va dir liéu ciia hé théng OAEI duoc
mo hoa theo 1y thuyét mo (Zadel, 1965) va ngon ngit OWL2
(Bobillo & Straccia, 2011) cac két qua thir nghiém cong b tai [1,
9,10].
4.1.1. Dir liéu thir nghiém
4.1.1.1. Dit liéu theo chudn OAEI
Tap dit liéu thir nghiém sir dung dé danh gia phuong phéap so khép
PCP theo chuan OAEI 2013 nhu sau:
#101 - # 104 (data set 1) gdm 33 16p, 24 quan hé, 40 thudc tinh, 56
thuc thé.
# 201- # 264 (data set 2) gdm 36 16p, 26 quan hé, 46 thudc tinh, 32
thuc thé.
# 301 - # 304 (data set 3) gdm 56 16p, 72 quan hé, 25 thudc tinh
4.1.1.2. Dit liéu ontology mo thoi tiét
Céc dir liéu ontology dugc mo hoa theo chuan OWL2 (Bobillo &
Straccia, 2011). Bang 3.1 thong ké cac thanh phan cta cic ontology
mo thoi tiét da xay dung.
Bang 4.1. Thong ké cac thanh phan ctia ontololy md thoi tiét
FuzzyOntology ~ #Concept #DataPro #ObjectPro  #lInstance

Weatherl.owl 153 36 56 103
Weather2.owl 146 45 46 79
Weather3.owl 138 40 48 80
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4.1.2. Phuwong phap danh gia
Cac do do danh gia trong thir nghiém la precision, recall va f-
measure nhuw sau:

.. N,

Precision = rofredl (4.1)
NCOTT’ECt +Nincorrer:t
N
Recall = —sorreet (4.2)
total

2xPrecision *Recall

F= (4.3)

Precision + Recall
4.1.3. Két qua va nhin xét
4.1.3.1. Két qua thir nghiém trén dit liéu OAEI

1.20
1.00

0.80
0.60
0.40
0.20
0.00

RiMOM = ASMOV  Falcon BLOOMS  PCP

H f-measure 0.89 0.85 0.67 0.83 0.86
M Precision 0.98 0.88 0.73 0.95 0.87
Recall 0.82 0.83 0.62 0.73 0.84

Hinh 4.1. So sanh két qua so khép cua PCP v&i 4 hé thong khac trén dit
liéu thir nghiém cua OAEI

Céc quan sat trong Hinh 4.1 cho thiy két qua so khop cua PCP véi
4 h¢ thong so khop tham gia OAEI nam 2010 1a ASMOV, RiMOM,
BLOOMS va Falcon-AO. Quan sat trén db thi, két qua so khép cia
RiMOM la tt nhat. Phuong phap PCP t6t hon so v6i Falcon-AO vé
ca ba d¢ do, trong d6 d6 do F-measure cua PCP cao hon so véi
RIMOM , ASMOV, BLOOMS va Falcon-AO.

Két qua danh gia cho thiy do do precision caa PCP t6t hon ba hé
thong ngoai trir RIMOM trong khi d6 vin dam bao dugc Recall. Ly

do 1a thay vi phai kiém tra trén toan bo cac cap khai niém, thuét toan
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PCP da thu giam khong gian tim kiém bang cach xac dinh phan
chung tiém ning véi cach tinh khoang cach nho nhét dé tim ra PCP
vi vy gidm thiéu do phurc tap va tang do chinh xéc cia thuat toan.
4.13.2. Két qua thir nghiém trén ontology mo thoi tiét

Quan st trén hinh 4.2 cho thiy két qua danh gia cho thdy do do
precision ctia PCP t6t hon ba hé thong ngoai trir RIMOM trong khi
d6 van dam bao dugc Recall. Ly do 1a thay vi phai kiém tra trén toan
bd cac cap khai niém, thuat toan PCP da thu giam khong gian tim
kiém bang cach xac dinh phan chung tiém ning dé so khop, vi vy

giam d¢ phuc cua thuét toan.

c = L c = L c = L
S g > S g > S g >
K 9] B 2 9] H K] 9] H]
Q — O Q — O (%] — O
g £ g £ g £
a 7 o T a ;

w w w
FuzzyOntoWeatherl FuzzyOntoWeather2 FuzzyOntoWeather3

mBLOOMS mASMOV BRIMOM PCP

Hinh 4.2.So sanh phuong phap PCP va cac hé théng khéc trén ontology
mo thoi tiet

4.2. Thir nghiém 2
Phan nay trinh bay cai dat thuc thi qua trinh tich hop va phan tich dé
danh gia chét luong xtr Iy mau thuin cua cac thuat toan tich hop
ontology md dua trén 1y thuyét dong thuan.
Hé thdng tich hop ontology mo FOIS dugc xdy dung dé danh gia
thir nghiém cac thuét toan FOI-1, FOI-2 FOI-3 ¢6 cac dic diém sau:
— Dang di liéu input: File RDF hoac OWL
— Thao tac so khap sé& thuc hién trudce khi thuc hién xtr Iy mau thuan

— Tich hop hoan toan tu déng
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— C6 thé tich hop duoc nhiéu ontology tai mét thoi diém
— Xir Iy mau thuin theo cac mic khai niém, quan hé va thuc thé.

— Giao dién than thién, dé sir dung

Céc chirc ning tich hop cta hé théng FOIS dugc trinh bay trong Phu

Iuc C ctia ludn an voi cac két qua thir nghiém da cong bd [1, 9, 10].

4.2.1. Dir ligu

Dit liéu thir nghiém 1a cac ontology mo thoi tiét duoc xay dung theo

phuong phap trinh bay Muc 4.1 dugc mo ta theo cac bang sau:

Bang 4.2. Mo ta thudc tinh cta cac ontology mo thoi tiét

Cac Ontology »  FuzzyOntol FuzzyOnto2 FuzzyOntor5
Cac Thugc tinh |

hasAltitude 0.71 0.81 0.67
hasAtoms 0.82 0.62 0.48
hasDegree 0.45 0.25 0.11
hasHumidity 0.34 0.44 0.33
hasPressure 0.37 0.37 0.23
hasProtons 0.56 0.47 0.33
hasRain 0.72 0.54 0.36
hasSaltPercent 0.55 0.89 0.75

Bang 4.3. M6 ta quan hé cta cac ontology mo thoi tiét

Cac quan h¢ —» belongs has has weather weather
Céc ontology | to state source phenomenon  state

FuzzyOntoWeatherl 0.71 0.88 0.80 0.91
FuzzyOntoWeather?2 0.82 0.51 0.20 0.19
FuzzyOntoWeather3 0.68 0.53 0.70 0.83
FuzzyOntoWeather4 0.90 0.64 0.30 0.29
FuzzyOntoWeather5 0.37 0.15 0.60 0.40
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Bang 4.4. M6 ta thuc thé ctia cac ontology mo thoi tiét

Cac Thugc tinh—>  Wind ...  Temperature Pressure Rain
C4c Thuc thé |

PARIS 0.42 0.63 0.50 0.58
HANOI 0.83 0.48 0.75 0.55
HCMC 0.78 0.58 0.58 0.89
KOREA 0.66 0.56 0.73  0.68
HUE 0.63 0.49 047 0.89

4.2.2. Phuwong phap danh gia

Theo Pinh nghia 3.3.1(Muc 3.3) chéat lugng cua sy dong thuan X

trong lugc tad X dugc dinh nghia theo cong thic sau:
d*(x,X) =1— % (4.4)

Trong d6: X € II(U), Ce Con(U), x € C(X) vad(x,X) =

i=1 d(x, x;).

Theo (Nguyen, 2008a), chét lugng déng thuén dugc st dung dé so

sanh chét lugng cua su déng thuén trong cac lugc ta khac nhau.

4.2.3. Két qua va thao luan

=& FuzzyOntoWeatherl = FuzzyOntoWeather2
FuzzyOntoWeather3 FuzzyOntoWeather4
== FuzzyOntoWeather5 =-@ =-Consensus Knowledge

cooaeee Quality Consensus

0.8
0.6
0.4
0.2

Hinh 4.3. Chét lugng tich hop mirc Khai niém
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= FuzzyOntoWeath

0.8
0.6 —— FuzzyOntoWeath
0.4
0 =—h— FuzzyOntoWeath
0 . . . . FuzzyOntoWeath
o’ o7 0 2 G
e o g\' Q&C’ o P == FuzzyOntoWeath
oo o0 0
@\o z\e 2 o eule o Consensus
0 0 A
Knowledge
Hinh 4.4. Két qua tich hop mirc quan hé
1.0
0.9 ——PARIS
0.8
0.7 ' ——HANOI
0.6
82 == HCMC
0.3
0.2 KOREA
0.1
0.0 =3j¢=HUE
O N QK0 &
QRS N SO & N
& @\Q ?’.\0 N Q:,)“J\} ¥ —@— Consensus
RN ‘Q%Q‘ & Knowledge

Hinh 4.5. Chat luong tich hop murc thuc thé

Tir két quéa thir nghiém st dung cac bo dir liéu ontology mo thoi tiét
v6i cac mirc d6 mau thuin khac nhau ¢6 dugc cac nhan xét sau day:
—  Céc luoc ta xung dot c6 mirc mau thudn cao s& co chét lugng
tich hop s& t6t hon cac luoc ta xung dot c6 mirc mau thudn thap.
~  Chit luong tich hop ty 1é thuan véi sé lwong thanh vién xung
dot tham gia tich hop.
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~  Hai luge ta xung d6t c6 mirc mau thuan nhu nhau thi chét lugng
tri thire tich hop phu thudc vao téng cac khoang cach tir cic xung
dot luoc ta dén tri thie tich hop.

- Khoang cach tir cac lugc ta xung dot dén tri thirc dong thuan
khong vugt qua muc trung binh cia khoang cach tir lugc ta xung dot
dén tri thirc dong thuan.

Céc két qua nhan xét néu trén di dugc chimg minh va cong b tai:
(Nguyen, 2008a), (Nguyen, Du & Truong, 2015) va (Nguyen & Du,
20153, 2015b).

Bang 4.1 cho thdy hiéu qua ciia phuong phap dong thuan trong tich
hop ontology mo.

Bang 4.1. Chat lwong xir Iy mau thuin cua cac hé thong

Cong cu Recall Precision
PROMPT 0.5 0.7
Chimaera 0.6 0.33
FOIS 0.8 1

4.3. Tong két chwong

Chuong 4 trinh bay hai thir nghiém vé cac thuat todn so khdp va tich
hop ontology md, trong d6 hé théng tich hop ontology md FOIS
duogc xdy dung dé thyuc hién cac thir nghiém cac thuét toan tich hop
ontology mo. Cac thir nghiém sir dung dir liéu ontology ctia OAEI
dugc mod hoa va cac ontology mo thoi tiét. Thir nghiém I cho thuat
toan so khdp ontology md dua trén phan chung tiém ning PCP sir
dung d¢ do precision, recall va F-measure cho két qua tuong dbi tot
so voi cac phuong phap so khdp ontology khac. Thir nghiém 2
Phuong phap ciia thir nghiém 2 dua trén dinh nghia vé chét lugng
ctia tri thirc ddng thuan (Nguyen, 2008a) dé xay dung phwong phap
thir nghiém. Viéc danh gia chat luong tich hop tri thic dwa trén 1y
thuyét ddng thusn di dugc cong bd tai (Nguyen, Du & Truong 2015)
va (Nguyen & Du 2015a, 2015b). Str dung cac Kkét qua thtr nghiém
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cua (Lambrix & Edberg, 2003; Lambrix & Tan, 2007) (Noy &
Musen, 2000): PROMPT, Chimaera cho thiy hé thdng tich hop
ontology md FOIS ¢ két qua t6t hon.

KET LUAN VA KIEN NGHI

4.4. Két luan

Cac két qua dat dwoc cua lugn an duoc tom tit nhie sau:

— Pé xuat dinh nghia ontology m¢ cho bai toan tich hop.

— Xay dung thuat toan so khép khai niém giita cadc ontology mo
dwa trén phan chung tiém nang.

— Xay dung cac thuit toan tich hop ontology md dua trén 1y thuyét
ddng thuan theo ba murc.

— Cai dat va thir nghi€m cac thuat toan tich hop trén ontology mo
thoi tiét va OAEL.

4.5. Hwéng phat trién

Cdc van dé can dwoc tiép tuc nghién ciru la:

— Phat trién ngdn ngit md ta md theo md hinh ontology mo da dé
xudt dé cai dat cac img dung tich hop tri thirc ontology md phan tan.
— Xay dung cac co so tri thirc ontology mo trong cac linh vye khac
nhau dé phuc vu cho cac thir nghiém va tng dung cac thuat toan tich
hop ontology mo.

— Xay dung cac cong cu mo hoa ontology rd stt dung ham thanh
vién phu hop cho cac ing dung lién quan.

— Phat trién cac tmg dung tich hop cac hé thong tri thirc ontology
mo trén cac két qua nghién ciru cua luén an.

— Phat trién img dung cuia cac thuat toan tich hop tri thirc ontology
mo trén cAc hé thong tri thirc phan tan: hé théng da tac tir, cac hé

thdng mang xa hoi,...trén co so 1y thuyét dong thuan.
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