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TOM TAT — So khép ontology (ontology matching) ld mét phan quan trong trong kj nghé ontology ciia Web ngit nghia voi
muc tiéu tim kiém cdc so khép (alignment) giita cdc thire thé ciia cdc ontology da cho. Trong nghién ciru ndy ching t6i dé xudt thudt
todn méi va mot cong cu dya trén thudt todn ndy dé tim sy twong dong giita cdc thire the ciia cdc ontology dau vao. Thudt todn dé
xudt ndy sit dung dé do moi vé s twong d‘ong cia fir vung va cing sir dung thong tin Vé cdu triic ciia cdc ontology dé xdc dinh thc
thé twong img ciia chiing. B6 do su twong dong vé tir ving tao ra -mot tap tir cho méi thiee thé diea trén nhén va thong tin mé ta cia
chung. Cach tzep cdn vé cau tric tao thanh mét mang ludi cho méi niit trong cdc ontology. Su két hop ciia Pphwong phap tiép cdn vé
fir vung va cdu triic tao thanh ma trdn dong dang giita ontology nguon va ontology dich. Thudt todn dé xudt ndy dd dugc thir
nghiém dua trén cdc chuén di dwoc cong nhdn va ciing dwoc so sanh voi cac thudt toan khdc hién nay. Két qua thuc nghiém cua
chiing t6i cho thzfy thudt todn dé xudt rat hiéu qua va nhanh hon so voi cdc thudt toan khac.

Tir khod — lexical similarity, ontology matching, similarity measure, structure similarity.

I. GIOI THIEU

Céc ontology la cac mé hinh khai niém chia sé v& mot mién tng dung, cho nhiéu ngudi tham gia. Cac ontology
cho Web ngir nghia dugc bleu dién boi RDFS hodc OWL, dong mot vai tro rit quan trong trong Web nglr nghia. So
khdp ontology duoc dé xuit nhu 1a mot giai phap tot cho viéce chia sé va tai st dung kién thirc, bang cach cung cap mot
co ché hinh thire dé x4c dinh ngir nghia cia di liéu. N6 dong mot vai trd quan trong trong viée mé rong va str dung cac
mg dung dya trén Web ngit nghia [1]. Nhitng nim gan day c6 rat nhiéu ontology dugc tao ra véi cac mién khac nhau.
So khép ontology cho phep dir liéu va tri thirc duoc biéu dién trong cac ngdn ngir khac nhau va cac dinh dang duoc
chia sé. Chang han, véi hai ontology & dau vao va tao ra cac so khdp (alignment) & dau ra. Cac so khop nay la mét tép
hop lién quan gitra cac thyc thé tuong tng vé ngir nghia, nhu 14 cac 16p duoc dit tén, cac thudc tinh dbi twong va cac
thudc tinh dir lidu cia cac ontology dau vao.

Trong bai bao nay ching t6i trinh bay phuong phap t6 hop dé tim sy twong Ung giita cac thuc thé (vidu: cac 16p
dugc dat ten, cac thude tinh dbi tugng va cac thudc tinh dir lidu) cia cac ontology, dua trén su tuong ddng vé tir vung
va cdu tric cua chung. Trudce tién, ching t6i x4c dinh sy tuong ddng vé tir vung trong sé cac 16p duge dit tén (cac nut
trong ontology), cac thudc tinh dbi twong (cac canh trong ontology) va cac thudc tinh dir liéu (cdc gia tri), su dung do
do khoang cach mdi, né tao ra mot tui tir (bag of words) cho moi thuc thé trong cac ontology da cho. Céc thi sau do,
dugc so sanh voi nhau dé tinh toan sy twong dong vé tir vung giita hai thuc thé véi kiéu gidng nhau (vi du nhu hai 16p
dugc dat tén) tir hai ontology. Vi vay, viéc st dung d6 do khoang cach nay, ching t6i dua ra ba ma trn khac nhau vé
tr vung, n6 tuong ng vdi cac dac diém gidng nhau cua cac 16p dugc dit tén, cac thude tinh ddi tuong va cac thude
tinh dir li€u cua ontology nguon va ontology dich. Thir hai, ching tdi tim kiém diém tuong ddng giita cac nut (cac 16p
dugc dat tén) cua ontology ngudn va ontology dich dya trén cac cau tric ontology cua ching. Noi cach khac, ching t61
tao ra mt mang lu6i gom nhiéu nat, véi moi nit sir dung cac nat 1an can cia né trong ontology ngudn va ontology
dich dé so sanh vé mat cau trac giira chung. Cudi cuing, trong giai doan nay, ba ma tran c¢6 dugc o cac giai doan trudc
d6 twong ddng vé tir vung va tuong dong vé céu triic s& dugc két hop va sir dung thém k¥ thuat dé tao ra ma tran tuong
ddng toan dién.

Chung ta biét rang so khdp ontology tao ra sy tuong tg giita céc thyc thé cta hai ontology. Trong bai bao nay
ching t6i trinh bay thém cong cu OMReasoner, no tao ra mt khung g dung c6 thé mé rong vé su két hop ciia nhiéu
cong cu so khép riéng 1& va tir dién WordNet ciing nhu logic md ta duge sir dung trong viéc phan tich so khép
ontology. N6 xtr Iy so khép ontology & ca hai cap do tir va ngit nghia, va n6 sir dung phan ngit nghia ciing nhu ciu trac
cia OWL-DL. Ching t6i trinh bay két qua dat duoc cia OMReasoner v6i OAEI 2014 theo ba phuong phap:
Benchmark, Conference va MultiFarm.

Bai bao dugc t6 chire nhu sau: Phan I gi6i thidu. Phan II khao sat cac nghién ctru lién quan. Phan III thao luén
v6i thuat toan dé xudt chi tiét. Phan IV dua ra mot vi du minh hoa. Phan V trinh bay cac két qua thyc nghiém va cong
cu dugc trién khai dya trén thuat toan d¢i mo ta. Phan VI trinh bay cong cu OMReasoner c6 thé mo rong vé sy két hop
nhiéu cong cu so khdp riéng 1é, Phan VII cac két luan va nhan xét.

II. CAC NGHIEN CUU LIEN QUAN

Trong phan nay ‘chung t61 khao sat cac phuong phap tiép can da duoc dé xuit cho viéc so khép ontology [3-10].
Nhirng phuong phap tiép can nay c6 thé dugc chia thanh bdn loai: tir vung, ngit nghia, ciu tric va to hop.
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Phuong phap tiép can vé tir vung 1a phuong phap dua trén chudi dé nhan dang céc thyuc thé twong dong nhau
trong cac ontology da cho. Phuong phép nay co the dugc dung dé nhan dang céac 16p tuong dong trong cac ontology
ngudn va ontology dich dya trén sy giong nhau vé nhin hodc vé viéc miéu ta ciia chung [3]. Cac ky thuat ndy xem cac
chudi c6 trinh ty ctia cic chit cai. Chung dya trén sy nhan biét sau day: cac chudi giong nhau nhiéu hon, nhleu kha
ning chung biéu thi cac khai niém giong nhau. Viéc so sanh cac ky thuét so khop chudi khéac nhau, tir cac van dé vé
khoang cach dén cac van d& duya trén token ¢ the tim thy trong [4]. Mot s6 vi du ctia cac ky thuat dua trén chudi duoc
sir dung rong rii trong cac hé thong so khép 1a tién t6, hau tb, chinh stra khoang cach va n-gram.

Céc phuong phap tiép can tién t6 va hau t6 cua hai chudi déu vao va kiém tra xem chudi thir nhat c6 bit dau (ket
thic) so v6i chu01 thir hai hay khong. Phuong phép tiép can nay hiéu qua trong viéc so khdp cac chudi c6 cliing nguon
gbc va cac tir viét tat twong tu nhau (vi du int va integer). Cac phuong phap tiép can chinh stra khoang cach cua hai
chudi dau vao dugc tinh toan dé chinh sira khoang cach giita chung. Chinh stra khoang cach 1a sb cac ky tu dugc chén
vao, x6a di hay thay thé dé chuyén d6i mot chudi nay thanh mot chudi khac, duoc chudn héa theo chiéu dai cua chudi
dai hon. Vi du MLMA-talgorithm [9] st dung khoang cach Levenshtein [6] dé chinh sira khoang cach va tinh toan su
tuong dong vé tir vung gitra hai thuc thé. Phuong phép tiép can dua trén N-gram cua hai chudi dau vao va tinh toan sd
lugng n-grams (tic 1a trinh ty cla n ky tw) gitra ching. Vi du, 3-grams ctia chudi ‘nikon’ 1a ‘nik’, ‘iko’, ‘kon’. Vay,
khoang cach gitra ‘nkon’ va ‘nikon’ dya trén 3-grams s€ 1a 1/3.

Véi phuong phap tiép can ngir nghia theo cich thong thuong 1a mot hodc nhiéu tai nguyén vé ngdn ngir nhur tir
vung va tir dién chuyén nganh dugc st dung dé xac dinh cac thue thé dong nghia [3]. Nhitng phuong phap tiép can nay
thuong sir dung kién thirc phd thong hodc tir dién thuoc mién cy thé dé so khép céc tir dua trén cac mdi quan hé ngon
ngir gitta chung (vi dy: cac tur ddng nghia, cac tir ¢6 nghia hep so voi tir khai quat). Trong trudng hop nay, tén cac thuc
thé cua ontology duoc xem nhu cdc tir ciia ngdn ngir ty nhién. Mot sd phuong phap tiép can sir dung tir dién kién thire
phé thong dé co dugc ¥ nghia cua cac thuat ngir st dung trong cac ontology. Vi du, WordNet [7] la mét co s¢ dir liéu
dién tir vé tir vung tiéng Anh (va cac - ngdn ngir khac), trong do cdc tir c6 nghia riéng biét duoc dat vao cac bo tur ddng
nghia. Cac quan h¢ gilta cac thuc the ontology c6 thé dugc tinh toan lién quan dén cac cac rang budc Ve nghia trong
WordNet [8-9]. Cac phuong phap tiép can khac sir dung tur dién vé tén mién cuy thé thudng luu trir mot sd kién thirc vé
mién cy thé, nd khong c6 sin trong bo tir dién kién thire phé thong (vi du nhu tén riéng), nhu truy cap voi tir dong
nghia, cac tir ¢6 nghia hep so v6i tir khai quéat va cac mbi quan hé khéc.

Céc phuong phap tiép can vé cau trac nhan dang cac 16p gidng nhau (cac niit) bang cach quan sat cac ddi sanh
cua ching vdi cac 16p khac dwa vao ontology duoc de cap va cac thude tinh cua chung nira. Y tuong chinh voi hai l6p
cua ontology ngudn va ontology dich la twong dong neu .ching c6 nhiing 1an cén giéng nhau (cdc cau trac) va cac thude
tinh gidong nhau [2]. Vi du, GMO la m¢t thuat toan Ve cau trac, né st dung db thi hai bén tach biét (bipartite graphs) dé
miéu ta cac ontology. N6 do cac dd thi twong ddng vé cu truc bdi mot phép do mai. Tuy nhién, GMO c¢b mét tap cac
cap ddi sanh, chiing thuong duoc tim thiy trude boi cac phuong phép tiép can khac, véi dir liéu nhap vao tir bén ngoai
trong qua trinh so khép ctia n6. Mot s6 so khop khac vé cau tric duoc sir dung dé so sanh cac ontology, chung so khép
dua trén cac nut con, cac nit 14 va cac mdi quan hé. Trong trudng hop dbi sanh, hai thuc thé khong phai nit 14 duogc
xem 1a tuong ddng néu ching c6 cac nit con hodc cac nit 14 1an luot twong ddng nhau. Trong quan hé ddi sanh, viéc
tinh toan giira cac nit twong dong ciing c¢6 thé dwa vao cac mdi quan hé (thudc tinh ddi twong) cia chung [10].

Cac phuong phap tiép can vé t6 hop, chung két hop hai hodc nhiéu cac phuong phap tiép can noi trén (tuc 1a sy
két hop vé tir vung, ngl nghia va phuong phap tiép can vé cau trac) dé co duoc két qua tot hon. MLMA-talgorithm [5]
va phién ban cai tién clia no 1a t6 hop cac phuong phap tlep can, n6 str dung mot k¥ thuat tim kiém 1an can, né thuc
hién & hai cap d6. O cép do6 dau tién, do su twong ddng vé hai tir vung cia hai ontology dau vao. Truong hop nay la do
su tuong dong theo tén, n6 s dung khoang cach Levenshtein [6] va do su twong dong vé tir vung, nd su dung
WordNet [7]. O cip d thr hai, cac thuat toan duoc ap dung do sy twong dong vé cau tric dé tim cac giai phap so khép
tot nhat.

IIIl. PHUONG PHAP TO HQP PE POI SANH CAC ONTOLOGY

Trong phan nay ching t6i mi€u ta phuong phap t6 hop cua ching toi trong so khop cac ontology dua trén su
tuong ddng vé tir vung va su tuong ddng vé ciu tric ciia chiing. Phuong phap dé xuat nay bao gdm ba giai doan dé tim
céc ddi sanh gitra ontology ngudn va ontology dich. O giai doan thtr nhit va giai doan thtr hai, cac ontology dau vao duoc
so khop tuong tmg ve tir vung va vé céu tric. Sau do, ¢ giai doan thir ba cac két qua tiép nhan tir hai giai doan trude dugce
két hop lai dé tao ra két qua tong thé. Céc chi tiét ciia ba giai doan nay dugc giai thich trong cac muc tiép theo.

A. Cdc thuce thé so khép vé tir vung giiva hai ontology

Céc phuong phép tiép can so khép tuong dong vé tir vung 1a cac phuong phap dua trén chudi cua cac thyc thé
twong ddng duge xac dinh trong cac ontology di cho. O ddy, ching t6i tim kiém sy twong dong vé tir vung duoc tach biét
gitta cac thuc thé (cé&c 16p dugc dat tén, cac thudc tinh dbi tugng va cac thudc tinh dir liéu) cia ontology nguon va
ontology dich. Vi vay, giai doan niy chung toi s& dwa ra ba ma tran riéng biét twong déng vé tir viung nhu 1a dau ra ctia né.

Chung t6i gi6i thiéu do do méi twong ddng vé khoang cach dé xac dinh su twong dong vé tir vung cua cac
ontology dau vao. Gia str chiing t6i muon tinh toan sy twong dong vé tir vung gitra chuoi s va chuoi t. Cac chuoi nay cod
thé 1a mot tr hodc mdt van ban chita mdt s6 cac phat bi€u (statements). Lic dau, chung t6i chuyén moi chuoi ky ty
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thanh chudi cac token bang cach sir dung cac dau phan cach, sau khi chuyén d6i thanh céc token s& dwa vao mot tui tir.
Bét ky ky tu trong chudi da cho khong thudc bang chir cai s& duoc xem nhu 1a mot diu phan cach. Vi dy, néu chudi ky
tu s chira hai ky tu khong thu¢c bang chir cai thi ching t61 xem hai ky tw nhu 14 hai dau phéan cach va loai bo ching ra
khoi chudi s. Két qua 1a, chu01 s s& chuyén d6i thanh ba token tirc la ba tur. Madi chudi s va t sau khi duoc chuyén d01
thanh cac token s& cho vao mdi tii tir trong ng, mdi tir ma chung cho hai tai s& bi loai bé khoi hai ti. Sau do, néu
khong con gi trong thi thir nhat va tai thir hai, khoang cach giita hai chudi ddu vao s& 1a zero. Mit khac, tat ca cac tir
con lai trong mdi thi s& duge két ndi va dan dén khoang cach twong dong Levenshtein [6] duoc tinh toan giita hai tir.
Sau khi tinh toan khoang cach giita chudi s va t, thi sy trong dong cuia chung s& 1a phwong trinh sau day:

Lexical_Similarity(s,t) = 1—distance(s,t)/max_len(s,t) (N
trong d6 distance 1a khoang cach giita chudi s va t, va max_len 1a d¢ dai ti da ctia chudi s va t.
Hay xét vi du sau day:
s = “Part Of”
t=“is_part_of”

bag_of words(s) = {“Part”, “Of”}
bag of words(t) = {“is”, “part”, “of”’}

Sau khi tao cac tui tir, chiing t6i loai bo hai tir “part” va “of”” ra khoi hai tai tir. Pén day, chung toi s& ¢6 cac tii
sau:

bags_of words(s) = {}
bags_of words(t) = {“is”}

Cubi cing, su trong dong giita chudi s va t s& 1a: Levenshtein_distance(*”, “is”) = 2
Lexical_similarity(s,t) = 1 distance(s,t)] _ [Levenshtem distance("","i ] 1 2/ — 0.80
exteatstmrarityts,t) = max _len(s,t)] ~ max(7,10) - 10~ Y

Chung t6i tinh toan riéng biét sy twong dong vé tir vung trong sb cac 16p dugc dit tén, cac thude tinh dbi tugng
va cac thudc tinh dir liéu cia hai ontology dau vao, st dung d6 do néi trén va sau d6 tao ra ba ma tran riéng biét twong
dong ve tir vung.

B. Cic thuc thé so khdp vé mdt ciu triic giita hai ontology

‘Trong ph?m nay, chiing t6i dua ra phuong phap so khép vé mit cau tric giita hai ontology dau vao, trong Hinh 1
cho thay so do ciia phuong phap nay (c6 do phirc tap thuét toan O(n?)). Sau day 1a cac budc dé tao ra cau tric ma tran
tuong ddng giira ontology ngudn va ontology dich:

1. Tao mot ma tran 1an can d6i véi mdi ontology.
2. Tao mot ddy cac danh sach lién két doi véi mdi ontology dya trén ma tran lan can cia no.

3. Tinh toan sy tuong ddng vé cau truc trong s cac nut cua ontology nguon va ontology dich béang cach sir dung
danh sach lién két ciia chung va tao ra ma tran khdi tao (ban dau) twong dong vé cau trac.

4. Cai thién ma tran khoi tao twong dong vé cdu tric bang cach sir dung ba thao tac bd sung (budc 4, Hinh 1).

Cac budc trén sau day duoc m6 ta mot cach chi tiét. Dé so sanh cau trac hai ontology dau vao, chiing toi tao ra
mot mang ludi gdm cac niit ciia moi ontology. Nhirng nit nay s€ dugc so sanh voi moi nat cua ontology khac dya trén
mang ludi cua ching. Lu6i nay dugc mod phong bang cach sir dung mot ddy cac danh sach lién két (tirc 13 mot diy hai
chiéu). Piém quan trong ciia phuong phap nay 14 sé nut 1an can ciia mot nit, cach thirc chung lién quan véi nhau va véi
nut nay (Hinh 2).

Chung t6i xem hai nat trong mot ontology 14 1an c4n nhau néu ching c6 lién quan véi nhau thong qua quan hé
‘is-a” (16p con hodc 16p cha), ‘equivalent to’ hodc “disjoint with’ hodc thong qua quan hé vé thudc tinh d6i tugng. Vi
duy, néu 16p A 1a mét 16p con ctia 16p A’, thi A va A’ 1a 1an can nhau. Mot vi du khac, mot dédi tuwgng c6 p thudce tinh,
cac nut mién va vung cua no s€ 1a lan can nhau (vi du nit A ¢6 hai thudc tinh D va C, hai thudc tinh nay cé quan h¢
vung mién, nén D va C 1a lan can nhau). Dya trén gia dinh nay, ching t6i tinh toan ma trén lan can cho mot ontology
bat ky. Mdi phan tir ctia ma tran lan can 14 1 hodc 0, n6 cho thay cac nut tvong img vé hang va cot cia ma trén 1a c6 lan
can hay khong (Hinh 3).
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Hinh 1. So dd thuit toan tinh toan sy twong ddng vé ciu triic.

Tir ontology ngudn hodc ontology dich, _chiing t6i tinh toan mang ludi cua mdi nat bang cach sir dung mét ma
trén 1an cén cua ontology do. Mang ludi ciia moi nit duge miéu ta boi mot day cac danh sach lién Két. M01 hang trong
ma trdn lan c4n cia mot ontology twong ng vi mot nit cia ontology do. S6 1 trong mdi hang cho biét s6 aat 1an can
v6i n6. Trudong hop néu nit A trong ma tran 1an can cé n niit 1an can thi ddy cac danh sach lién két twong tng cta né s&
¢6 n hang (theo Hinh 2, ntt A ¢6 3 nat 1an can do6 1a nat B, niit C va nat D, nén diy cac danh sach lién két trong tmg
ctia nlit A s& c¢6 3 hang, hang 1 1a cia nat B, hang 2 1a ctia nit C va hang 3 14 ctia nut D, xem Hinh 3b). Mdi hang trong
day céac danh sach lién két nay miéu ta cac lan can cia nut do.

Hinh 2. Vi du ontology cho théy cach thirc so khép su twong ddng vé cu tric

Cot dau tién cua day céc danh sach lién két ctia nat A cho biét s6 1an can cua nat 1an can véi A (vidu cot dau
tién ctia ma tran trong Hinh 3b gdm 3 3 5 nghia 1a nat B ¢6 3 1an can, nat C ¢6 3 14n can va ntt D ¢6 5 1an ¢an). Cot 2
trd di cho biét s 1an can ciia mdi 1an can twong tmg véi 1an can & hang tha j (voij = 1,2, ..., n) cua diy cac danh sach
lién két ctianat A (vidu cot2 3 4 cuahang 1 tuong ing 1a 1 1 3 nghia Ia 14n can tht nhat cua B 1a B1 va B1 nay ¢6 1
1an can véi no, 1an can thur hai cua B 1a B2 va B2 nay ¢6 1 1an can vdi no, cudi cung lan cén thir ba cia B 1a A va A nay
¢6 3 1an can voi no).

Trong budc thir ba ciia muc nay, chiing t6i tinh toan ma tran khoi tao twong ddng vé cdu truc giita cic ontology
dAu vao bang cach st dung day cac danh sach lién két cua chung. Mdi phan tir ciia ma tran khoi tao tuong tmg véi murc
d6 twong dong vé cau truc gitta mot nut cua ontology ngudn va mot nat cia ontology dich. Chiing t6i so sanh nut A cua
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ontology ngudn vdi tit ca cac niit A’ cia ontology dich véi num_of neighbors(A) — num_of neighbors(A’) < 1. Véi
giai phap thay thé, ching t6i c¢6 thé so sanh tit ca cac nut clia ontology ngudn véi tit ca cac nut ciia ontology dich.

Dé so sanh mot nut A ciia ontology ngudn c6 n lan can véi mot nat A’ cua ontology dich, ching téi tinh toan
kha nang so sanh c6 thé xay ra lan + 1. Kha nang déu tién, duoc goi 1a po, dugc tinh toan dya trén sy so sanh cac lan
cén clia hai nit nay (cot dau tién ciia mdi day nut). Kha nang p; (véii=1, 2, ..., n) dugc tinh bang cach so sinh cac lan
can cta nhitng lan can nay. M01 hang i cua day dau tién (nut A) dugc so sanh Vi tit ca cac hang cua day tar hai (nat
A”) va theo d6 hang so khop tot nhat co kha ning cao nhat duogc xem 1a kha nang p;. Trong thuc té, p; cho biét so khép
¢6 1an can t6t nhat véi nat A’ 1a 1an can thtr i cua nat A. Khi tat ca cac kha nang dugc tinh toan, trung bina cong cua
kha ning so sanh n + 1 nay hinh thanh sw tvong dong vé cau triic ciia hai nut.

Sau khi tit ca cac phan tir ctia ma tran twong dong dugc tinh toan, ba thao tac dudi day duoc sir dung dé tinh
toan cai thién ma tran khaoi tao:

e Néu hai nut tir ontology ngudn va ontology dich 1a twong dong, thi sy twong dong vé 1an cin cua ching s&
duogc tang 1én boi d6 sai 1éch (bias) dugc xac dinh trude.

e Néu hai nut tir ontology ngudn va ontology dich c6 n nut lan can duwgc ddi sanh, thi sy twong ddng cua ching
ddi vé6i do sai 1éch duge xac dinh trude s& duge tang 1én boi n % d6 sai 1éch.

e Néu hai niit tir ontology ngudn va ontology dich ¢6 n thudc tinh v&i kiéu dit liéu phd bién, thi sy twong dong
cua chung dbi voi do sai 1éch duoc xac dinh trude s& duoc tang 1én boi n x d6 sai 1éch.

Sau khi tién hanh mét s6 thi nghiém chung t6i tim dwoc gia tri thich hop cho yéu té d6 1éch 13 0.1. Vi vay chung
t61 sir dung gia tri ndy trong cac thi nghiém cua chung t61. Viéc ap dung gia tri ngudng (threshold) trén ma trén khoi
tao twong dong vé cau tric, ching t6i xac dinh dugce cac nit cua ontology nguén so khdp véi cac nit cua ontology
dich. Noi chung, trong qua trinh tao ma trdn cu01 cung tuong dong vé cdu trac, bon ma tran tuong dong khéc nhau
duogc tao ra. Ma tran khéi tao tuong dong vé cAu tric 1a ma tran dAu tién va ba ma tran khac dugc tao ra bang cach ap
dung ba thao tac dugc xac dinh trén tirng budc dé cai thién ma tran khai tao. Ma tran duoc tao ra cudi cung s€ duogc
xem 12 ma tran cudi clng turong dong vé ciu tric.
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Hinh 3 (a) Ma tran lan can, va (b) déy cac danh sach lién két cua nut A cua ontology
C. Su két hop vé tir vung va cdc két qua twong dong vé ciu triic

Trong myc 3.1 va 3.2 cac chi tiét ctia phuong phap dé xuét cho viéc tinh toan nhiing diém twong dong vé tir
vung va cdu tric giita cac thuc thé cua ontology ngudn va ontology dich di dwogc ban dén.

Nhu di trinh bay, phuong phap dé xuét dua ra ba ma tran tuong dong vé tir vung cua cac 16p dugc dat tén, cac
thudc tinh doi tugng va cac thugce tinh dit li€u va ma trdn tuong dong veé cau trac cho cac 16p dugc dat tén. Bay gio,
chung ta tim hi€u viéc tiép nhan tat ca cac két qua twong dong cuia cac ma tran két hop nay.

De xac dinh céac 16p tuong dong dugc dat tén cia ontology nguon va ontology dich, ching t61 liy trung binh c6
trong sd clia ma tran dau tién twong dong vé tir vung va ma tran twong ddng vé cAu trac (tirc 1a ma trén twrong dong cua
cac 16p duogc dat tén) nhu sau:

NamedClasses_Similarity = a X Lexical NC_Matrix + B X Structural_Matri

X
fa+s @
trong d6 NamedClasses_Similarity 13 tat ca su trong ddng trong sb cac 16p dugc dit tén cua ontology ngudn va
ontology dich, Lexical NC_Matrix la ma trn tuong dong vé tir vung cua céc 16p duorc dat tén, Structural _ Matrlx la ma
tran twong dong vé ciu tric, a va P 1a cac trong s6 dugc gan twong tmg cho ma tran vé tir vung va ma trin xe cau trac.
Trong thi nghiém cua chung t6i, néu hai ontology da cho véi tuong ddng vé tir vung nhiéu hon twong ddng vé ciu tric
thi hé s6 o va B s& c6 gia tri tuong tmg 13 0.6 va 0.4, trudng hop con lai thi a=p = 0.6.

Ma tran thir hai va thi ba twong dong vé tir vung tuong tmg véi cac thude tinh ddi tuong va thudc tinh dir liéu.
V61 moi cap thuge tinh doi twgng hodce thude tinh dir li¢u cua ontology ngudn va ontology dich, néu chung c6 gia tri
tuong dong vé tir vung bang hodc 16n hon 0.50 thi cac thao tic dudi day duogc st dung dé cdi thién hai ma trén nay:
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e Néu chung c6 cac mién dugc dbi sanh, su tuong df“)ng cua chung sé duoc tang 1én bdi do sai 1éch dugc xac
dinh trudc.
e Néu chiing co6 cac ving dugc ddi sanh (hodc tuong duong vdi cac thudc tinh dir lidu), sy twong dong cia
chung s€ dugc tang 1én bdi do sai 1éch duge xac dinh trudec.
Sau tac vu ndy, cac ma tran s& phan 4nh moi su tuong dong tuong ng trong sd cac thudc tinh dbi twong va cac
thudc tinh dir liéu. Chung toi dwa vao ma tran NamedClasses_Similarity dé quyét dinh cac mién va viing ctia thudc tinh
déi tugng va thudc tinh dit ligu dugc ddi sanh.

IV. Vi DU MINH HQOA

Vi du minh hoa trinh bay trong phan nay dé 1am rd hon phuong phap so khép tuong dong vé cau trac voi thuat
toan dugc d€ xuat. Hay xem xét ontology mau trong Hinh 2.

Trong Hinh 2 miii tén lién tuc hién thi cic mdi quan hé ‘is-a’, ‘equivalent’ hay ‘disjoint’ va cdc miii tén khong
lién tuc hién thi cac quan hé vé thudc tinh dbi twong. Khi ontology c6 10 nut, ma trn l4n can cua ontology nay s¢ la
mot ma tran 10 x 10, xem Hinh 3(a). Viéc sir dung ma tran 1an can dé tinh toan, mot diy cac danh sach lién két dwoc
tao ra d6i voi mdi nut dé chi ra cac lan can véi nd va nhimg lan cén cua cac lan cén do va cac két ndi cua ching. Véi
ma tran lan can trinh bay trong Hinh 3(a), vi du, hang dau tién trong Gng v&i nat A cua ontology. N6 cho thdy nit A c6
ba nut lan cén B, C va D tuong Gmg v6i ba hang trong day danh sach lién két. Hinh 3(b) cho thdy day la diy danh sach
lién két dugc tinh toan dbi voi nit A. Cot dAu tién cua diy danh sach lién két nay ham y ¥y rang ba nit B, C va D twong
{mg c6 s6 nat 1an can 1a 3 3 va 5. Hang dau tién ctia ddy danh sach lién két nay ham y rang lan can dau tién clia nat A
d6 1 nit B, nut B nay c6 ba lan can d6 1a nat B1, B2 va A, voi mdi niit nay, c6 so nit 14n can twong tng 1a 1 1 va 3.
Twong ty cho hang thtr hai va thir ba ciia ddy danh sach lién két nay.

Bay gio, néu dem so sanh cu tric nlit A cta ontology ngudn véi mot nut A’ ciia ontology dich, ching t6i can
phai tinh toan bdn kha ning so sanh p; c6 thé xay ra (véii=0, 1, 2, 3). Dé tinh toan py, cot dau tién cua diy danh sach
lién két cua nit A dugce so sanh voi cot dau tién cua diy danh sach lién két cua nat A’ ctia ontology dich. V& co ban
day la sy so sanh vé cAu tric cua hai nat dya trén cac l4n can cia ching. Dé tinh p; (voi1=1, 2, 3), hang thir i (khong
bao gom phén tir dau tién) cua diy danh sach lién két ciia A dwoc so sanh voi tat ca cac hang (khong bao gbm cac phan
ttr dau tién) cta day danh sach lién két cua nat A”, hang so khdp t6t nhat v6i diy danh sach lién két cua nut A’ s& xéac
dinh gia tri cua p;. Cubi cing, véi mirc trung binh cua bdn kha ning so sanh duoc tinh toan dé xac dinh su twong dong
vé clu tric giira nit A ctia ontology ngudn va nut A’ ciia ontology dich.

Su twong dong vé ciu trac trong sO tit ca cac nat cua ontology ngudn va tit ca cac nut cia ontology dich tao
thanh ma tran khoi tao tuong dong ve€ cau tric. Sau khi t1nh toan ma tran nay, ba thao tac dwoc gidi thiéu trong muc 3.2
duogc ap dung dé tao ra ma tran cudi cung tuong dong vé ciu tric.

V. CAC THi NGHIEM VA KET QUA

Viéc danh gia hiéu suét ciia cac thuat toan so khép ontology ddi véi cac ontology thir nghiém va cac két qua so
sanh, nguoi ta dua ra hai d do precision and recall ¢c6 nguon goc tir truy hoi thong tin [2].

Pinh nghia 1 (P6i sanh - Alignment)

Cho hai ontology O va O’, mét dbi sanh giita O va O’ 1a mot tap cac bo twong tng (gdm 4 phan tir): <e, e’, r, n>
voie € Ovae’ € O’ cta hai thyc thé so khdp nhau, r 1a moi quan hé rang budce giita e va ¢’ va n la do tin cay [0..1]
tuong ung.

Thuat toan so khop tra vé ddi sanh A, n6 dugce so sanh voi ddi sanh ton tai R.

~ Vidu trong Hinh 4 trinh bay hai ontology cung véi hai dbi sanh A va R. Vi muc dich cta viéc don gian hoa,
moi quan hé ludn luén 1a ‘=" va @6 tin cay ludn luén la 1.0.

ddi sanh A duoc xé4c dinh nhu sau:

<ol:Vehicle,02:Thing,=,1.0>
<ol:Car,02:Porsche,=,1.0>
<ol:hasSpeed,02:hasProperty,=,1.0>
<ol:MotorKA1,02:MarcsPorsche,=,1.0>
<01:250kmh,02:fast,=,1.0>

d6i sanh ton tai (R) duoc xac dinh nhu sau:

<ol:Object,02:Thing,=,1.0>
<o1:Car,02:Automobile,=,1.0>
<ol:Speed,o02:Characteristic,=,1.0>
<01:250kmh,02:fast,=,1.0>
<ol:PorscheKA123,02:MarcsPorsche,=,1.0>
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Dinh nghia 2 (precision, recall)

Vi doi sanh ton tai R, d6 do precision ctia doi sanh A cho bai:

PAR) = R N Al
|A]
va do do recall cho boi:
ROAR) = R N Al
[R|

2 ""'_--6ntology 2

s 7
"'-, ol [ \1," 2 hea Mok llun rwum
\ [ esnnncninanns 23] BT e
\ [Porsene vb 123 250 baeen __,_.-.--....- —
o, ..,.;J:f}_ Y - Trv } Khii niém
\\\ e // B Quan hé
Rz - [...} Thé hién
—— - I.1L"|1ki:r ton ta1 R
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Hinh 4. Hai ontology d6i sanh nhau

Chung toi danh gi4 hiéu sut thuat toan do chiing t6i dé xuat bang viéc sir dung hé sb dic trung. Vé cac két qua
d6i sanh, chung t6i so sanh cac két qua ciia chung t6i v6i sau thuat todn dugc trinh bay trong Ontology Alignment
Evaluation Initiative 2008 (OAEI-08) va cung vdi MLMA + algorithm. OAEI 1a mt hoat dong thudng nién cho cac
hé thdng so khdp ontology dé xac dinh diém manh va diém yéu cua chung. Pay 1a mot sang kién qubc té phdi hop t6
chtre danh gia vé qua trinh phat trién cua cac hé thdng so khép ontology. Muc tiéu chinh ctia né 1a so sanh céc hé thong
va cac thuat todn trén co s twong ddng va cho phép bat ky ai dwa ra két luan vé cac chién lugc so khop tot nhit. Sy
danh gia cua cac t6 chirc dwa ra bo thir nghiém chudn c6 hé thong véi cip ontology dbi sanh ciing nhu cac két qua du
kién. Cac ontology nay dugc md ta boi OWL-DL va duoc dinh dang béng RDF/XML. Cac ddi sanh du kién dua ra
dinh dang chuin dugc dién ta bang RDE/XML. Chung toi dd phat trién mot cong cu dua trén thuét toan dugc dé xuat
va 4p dung nod vao b thir nghiém chuan OAEI-08. Chung ti sir dung cac sb lidu théng ké chuan vé truy hdi thong tin
dé danh gia cac két qua thir nghiém:

[R NA| 58 b6 twong tmg gitta R va A
T s6 b6 ctia Lién két A

precision =

3
IR NA|l 56 b6 twong tng gitia R va A

recall = Y e e— -
[R] 50 b0 cua Lién két ton tai R

2 X precision X recall

f —measure = —
precision + recall

Chung t6i phén loai cac truong hop thir nghiém vao ndm nhom: do la cac nhoém sau #101-104, #201-210, #221-
247, #248-266 va #301-304. Cac gié tr,i trung binh vé d§ do cua precision, recall va f-measure nhan dugc tir moi nhém
bang cach sir dung thuit todn da d¢ xuat thé hién trong Bang 1.

Béng 1. Hi¢u suét trung binh thuat toan dwoc dé xudt trén bg thir nghiém chuin OAEI-08

#101-104  #201-210 #221-247 #248-266 #301-304 Trung binh

Precision 0.98 0.96 0.93 0.46 0.87 0.84
Recall 0.95 0.92 0.88 0.41 0.84 0.80
F-measure 0.96 0.93 0.90 0.43 0.85 0.81

Chung t6i sir dung cong cu Jena dé phan tich cac ontology cua bo thir nghiém chuin OAEI- 08 va xét gia tri
ngudng th = 0.70 cling nhur d6 sai 1éch bias = 0.1. Trong truong hop thir nghiém #101-104, di liéu vé tir vimg va cau
trac phu hop, vi vay ching toi da nhén dugc két qua tdt nhat. Trong truong hop thir nghiém #201-210 ontology ngudn
va ontology dich c6 cau tric tuong ddng va trong trudong ‘hop thu nghiém #221-247 dir liu vé tir vung phl hop gitra
ontology ngudn va ontology dich. Vi vay, chung t6i c6 két qua tbt trong truong hop thir nghiém nay. Véi trudng hop
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thir nghiém #248-266 dir liéu vé tir vung va ciu tric khong day di, ching toi da thu dugc cac ket qua khong thich hop.
Trong trudng hop thur nghiém #301-304 voi bbn ontology, cung véi thuét toan dugc dé xuat, no cho ra két qua t6t.
Chung toi so sanh nhiéu cép do va cach tiép can so khop ontology t6 hop cua ching t6i v6i mot sb hé thong nhur
CIDER, DSSim, GeRoMe, MapPSO, SPIDER, TaxoMap, gom nhitng ngudi tham gia bg thir nghiém chuan OAEI-08
cing v6i MLMA + algorithm [5]. Cac két qua cuia sdu thudt toan trén b thir nghiém chuan OAEI-08. Két qua so sanh
dugc trinh bay trong Bang 2.

Bang 2. So sanh cac gia tri trung binh cua precision va recall béi phuong phap tiép can cia chung t6i v6i mot s6 hé thong
da tham gia vao t6 chuc OAEI-08

Our
TaxoMap MapPSO GeRoMe SPIDER CIDER DSSim MLMA+ approach
System
test Prec Rec. Prec Re. Prec Rec. Prec Rec. Pre. Rec Prec Rec. Pre. Rec. Pre. Rec.
Ixx 1.0 034 092 1.0 096 0.79 099 099 099 099 1.0 1.0 0.91 0.89 098 0095
2xx 095 0.21 048 053 056 052 097 057 097 057 097 064 057 052 078 074
3xx 092 021 049 025 061 040 015 081 090 075 09 071 0.68 0.65 087 0.84

Average 091 022 051 054 060 058 081 063 097 062 097 067 069 065 086 0.83

F-measure  0.35 0.52 0.58 0.70 0.75 0.79 0.66 0.84

Céc thir nghiém chuan trén hé thong dugc phan thanh ba loai: 1xx, 2xx va 3xx. Bang 2 cho thiy gia tri trung
binh precision va recall cta tirng loai, trung binh tong (hay trung binh diéu hoa) va f-measure cua ba loai nay. Xem
phuong trinh (3).

Khi tham khao tir cac két qua duoc trinh bay trong Bang 2, thuét toan dé xudt ciia ching t6i c6 do do f-measure
t6t hon cac hé thong khac va ham ¥ rang n6 hiéu qua hon cac hé théng khac. Thuat toan dé xuat cling da dat dugc do
do recall tot hon so véi cac hé thong khac. Nhung, nd c6 d do precision thap hon cac hé théng TaxoMap, CIDER va
DSSim. Tuy nhién, cac hé thong niy gan nhu dat téi d6 do recall va do do f-measure khong thich hop trong tat ca cac
thuat toan. Trong thuc té chung da loai bo do do recall dé c6 duge do do precision tt hon.

. ) VL. CONG CU OMREASONER
A. Trinh bay vé hé thong

So khép ontology tim kiém su tuong Umg gilta cac thuc thé lién quan dén ngit nghia ciia cac ontology. N6 dong
mdt vai trd quan trong trong nhiéu mién tmg dung.

Céc phuong phap so khép ontology di dwoc dé xuat: viée thue hién so khop co thé sir dung nhiéu thuat toan so
khdp hodc cac cong cu dbi sanh, va cac tiéu chi phan loai chu yéu sau day duoc xem xét [11-13].

Nhiéu phuong phép tap trung vao cac khia canh ct phap thay thé cho ngtr nghia. OMReasoner thuce hién viéc so
kh6p boi quy trinh sir dung mét o tir dién bén ngoai va cac ky thuat suy dien. Tuy nhién, phuong phap nay bao gom
chién lugc cua viée phoi hop (chi yéu ct phap) nhiéu cong cu so khdp (vi du, cong cu so khdp EditDistance).

1. Dinh nghia va phan tich hé théng
Qua trinh so khdp co thé duoc dinh nghia la mét ham f.
= f(O], 029 A> p, r)

Trong d6 O; va O la mot cdp cua cac ontology nhu la dau vao dé ddi sanh, A 1a déi sanh dau vao gitta cac
ontology va A’ la doi sanh méi ¢ dau ra giira cac ontology, p 1a mot tap cac thong so (vi dy, trong s6 w va ngudng 1) va
r la mdt tap cac nguodn tai nguyén.

Céc dbi sanh biéu thi su twong ng gitra hai thuc thé. Mot twong tmg phai thé hién hai thuc thé va mbi quan hé
gitta chung. Cho hai ontology, mdt sy twong rng 1a bg 5 phan ti: <id, ey, e, R, n>, trong do:

e id 1a mot dinh danh duy nhét cua sy twong img;
e ¢l vae2 la cac thyc thé cua ontology thir nhat va ontology thir hai tvong tng; i
e R 1a mdt quan h¢ (vi dy, twong dong (=), 16n hon (>), nhd hon (<), khong twong dong (1)) gitia el va e2. Theo
OAEI, quan hé twong dong 1a cbt 15i;
e nla d6 tin cdy (thuong trong khoang [0 1]) véi su tuong ing gitra el va e2.
OMReasoner thuc hién d6i sanh ontology véi ba budc nhur sau (Hinh 5):

1. Phan tich ct phéap: chung t6i ¢6 thé thu duoc cac 16p va cac thudc tinh ciia cic ontology bang cach sir dung
API ontology: Jena.

2. Két hop giita cac cong cu so khép riéng 1é: tuong ddng vé tir c6 thé duge sinh ra bang cach st dung nhiéu

thuét toan so khop hodc cac cong cu dbi sanh, vi du phuong phap twong dong vé chudi (tién td, hau t6, chinh stra
khoang céach) bang cach dua trén chuoi, cac k¥ thudt dua trén rang budc. Trong khi d6, mot s6 ngir nghia twong ing co



Huynh Nhut Phat, Hoang Hiru Hanh, Phan Céng Vinh 703

thé thuc hién béqg cach st dung tir dién bén ngoai nhu WordNet. Sau d6, nhiéu két qua so khép duoc két hop bang
cach str dung chién lugc cu thé.

Khung mg dung s& hd tro vé vide két hop cac cong cu ddi sanh, tao diéu kién thuan loi cho cac cong cu so khédp
riéng 1é.

3. Qua trinh suy dién: ngit nghia tuong Ung co6 thé dugc suy dién bang cach sir dung logic mo ta DL
(Description Logic), trong d6 cac twong dong vé tir duoc sinh ra & budc 2 duoc xem la dau vao.

Cubi cung, ching t6i dénh gia cac két qua dua vao cac ddi sanh lién quan, va tinh toan hai d¢ do: precision va
recall.

V61 OMReasoner, khung tmg dung rat linh hoat d6i v6i cac cong cu so khop riéng 1é. Hién nay, nhiu cong cu
so khop riéng 1€ bao gom EditDistance va WordNet (Hinh 5).

quan hé twong img
c2=C2"
' C2=C3"
1
1|R2=R2
: (=R
; :
; ; v
i i
'
L ! danh gia
i '
i '
)
i ;
: turemg tmg vé tir - |két luan twong img
' '
! ic1=CI’ IC2=C2" : =
; » - " " cac
! ICR1 IC22C3 ' két qua
: R2MR2’ '
: 7 ~ |

IC1.C2, L S O S T T o e B
R1.R2 :cac cong ey doi V :
IC1°,C2)] ' '

R1I'R2Z— TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

Hinh 6. Minh hoa vé cac cong cu so khdp trong OMReasoner
2. Cac k¥ thuat sir dung cu thé
a) Nguong . . .

Ngudng rat can thiét doi véi nhicu cong cu so khop (ddc biét la ci php) vé sy twong dong. Vi dy, khoang cach
chinh stra cua “book” va “booklet” 1a 3/7 (tirc 1a, cac do do tin cdy twong dong 1a 1-3/7=0.57). Néu ngudngla 0.55, thi
hai thyc the 1a trong dong (voi do do tin cdy 0.57); nguoc lai néu ngudng la 0.6, thi chung khong twong dong. Vi vay,
chung t6i phai diéu chinh cong cu so khdp thong qua ngudng.

b) Két hop do do tin cdy i )
~ Moi cong cu so khdp riéng le co the tao ra cac do do tin cdy twong Ung. Tat ca cac d6 do tin cdy ndy s€ dugc
chuan hoa trudc khi két hop. OMReasoner bao gom cac chién luge linh hoat sau day dé ket hgp cac két qua doi sanh:

e Thuat toan téng hop trong s6 (WeightSum)

Do tin cay co thé duoc tong hop bang thuit todn tuong dong vé trong sd (cong thuc 1), trong d6 wy 1a trong s6
cho mét cong cu so khdp k cu thé va simy(el, e2) 1a d6 tin ciy cua sy twong dong.

sim(eq, €;) = Yg=q Wi X simy(eq, e,), trong d6 Yp_; wy = 1.0 )

o Phuong phap cyc dai (Max)
Do do tin cay cuc dai dugc chon trong s6 n cong cu so khop (cong thire 2).
sim(el, e2) = max(siml(el, €2),..., simn(el, e2)) 2)
¢) So khop ngit nghia

OMReasoner sir dung cac phuong phap so khdp ngit nghia nhu céng cu so khép WordNet va viée suy dién boi
logic mo ta (DL - Description Logic).
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WordNet 12 mot co s& dit liéu dién tir vé tir vung tiéng Anh, trong d6 cac nghia khac nhau (cac nghia cé thé 1a
mot tir hay cum tir) ciia cac tir dwoc sép xép tao thanh cac bd tir ddng nghia. Cac quan hé giita cac thyc thé ontology
dugc tinh toan véi cac thuat ngit rang budc vé nghia cia WordNet. Cong cu so khop riéng 1é nay sir dung mot tir dién
bén ngoai nhu WordNet dé dat duogc su twong ng vé ngit nghia.

OMReasoner st dung logic m6 ta DL dugc cung qép boi Jena. OMReasoner bao‘g(‘“)m céc luat suy dién vé viéc
so khdp ontology. Tuy nhién, kha nang suy dién mat nhi€u thoi gian va chi géop mét phan nho cho cac két qua. Trong
phién ban nay, kha nang suy dién dugc bd qua.

B. Két qud ciia OMReasoner theo tirng phwong phdp thuee hién

Trong phan nay, chung t6i trinh bay cac két qua dat duogc tir OMReasoner v6i OAEI 2014. N6 thuc hién theo ba
phuong phéap: Benchmark, Conference va MultiFarm. Céc thur nghiém duogc tién hanh trén mot may tinh dang chay
Windows Server 2008 R2 Standard véi b vi xu ly Intel Core i5 chay ¢ 2.8 Ghz va 16 GB RAM.

1. Phuong phap Benchmark

V6i phuong phép nay, cac ontology c6 thé dugc chia thanh 3 loai (Bang 3). Trong nhém 1, thong tin tir vyng da
dugc thay doi dé thay thé cac nhin hodc dinh danh vé chung. Sy thay dm nay bao gom viéc thay the cac nhan hodc cac
dinh danh véi cac tén khac theo mot quy udc dat tén cu thé, mot ten ngau nhién, mot tén sai chinh ta hoac mot tr nude
ngoai. Trong nhém 2 ¢6 cac ontology thu hep hé thong phan cdp, mo rong hé thong phan cap hoic tat ca déu khong co
phan cap. Trong nhom 3 cac ontology dugc thach thic 16n nhat vé d6i sanh ontology. O ddy cac nhan duoc tron sao
cho phép hoan vi ctia cac tir c6 chiéu dai cu thé. Ching t6i didu chinh cong cu bang cach sir dung nguing T (Tyg:
ngudng ciia WordNet, 1.4 ngudng ciia EditDitance) va két hop chién luge S, sau d6 nhan dugc cac két qua tot hon (Tyq
=0.95, 1,4 = 0.9; S = Max). Céc két qua dat dugc ttr OMReasoner theo Benchmark dugc tom tat trong Bang 4.

Bang 3. Phan loai theo chuén 2014

phan loai khai niém hé thong phan loai ontology ontology thuc té
cac thir nghiém| 101-104 | 201-210 | 221-247 | 248-266 301-304

Bing 4. Cac két qua dat dugc theo Benchmark 2014

101-104 201-210 210-247 248-266 301-304 H-mean

precision 0.898 0.675 0.820 0.637 0.925 0.791
recall 1.000 0.414 1.000 0.517 0.437 0.647
F-measure 0.946 0.491 0.898 0.555 0.574 0.694

2. Phuong phap Conference

 Téap dur li€u tin cdy bao gdm cac ontology thuyc té. Chung t0i sir dung chién lugc két hop dé thyc thi cong cu hé
thong cua chung t6i theo phuwong phap Conference. Cac két qua dat dugc tr OMReasoner dugc tom tat trong Bang 5
(twa = 0.9, 1.4 = 0.8; S = Max).

Bang 5. Két qua dat duoc theo Conference 2014

thu nghiém | precision recall F-measure
Conference 0.778 0.518 0.647

3. Phuong phap MultiFarm

Phuong phap MultiFarm bao gom mot tap con cua tap dir liu két hop, duoc dich vOi tam ngdn ngilr khac nhau.
V6i phuong phap ndy, cac ontology c6 thé duge chia thanh 2 loai. Trong nhom 1 céc doi sanh ontology déu giong
nhau. Trong nhom 2 cac doi sanh ontology déu khac nhau.

Trude hét, chung toi sir dung tir dién dé dich cac ngdn ngit khac nhau sang tiéng Anh. Sau do6, tiéng Anh da
duogc dich s€ dua vao cac cong cu so khop bﬁng cach st dung chién lugc Max. Cubi cung chung t6i nhan dvgc cac Kkét
qua. Chung t6i diéu chinh cong cu ciia chiing t6i bang cach sir dung ngudng va cac két qua c6 thé hién thi trong Bang 6
(twa = 0.8, Tog = 0.6; S = Max), trong d6 cho thiy cac do do F- Measures cua cac dbi sanh ontology & nhém 2 1a r rang
kém hon so véi cac dbi sanh ontology trong nhém 1. Chung toi thay rang nhing 1y do ma OMReasoner khong dugc
thiét ké tot dé so khdp véi cac ontology khac 1a vi chiing dugc viét bang cac ngdn ngir hoan toan khéac nhau.

Bang 6. Cac két qua ddi véi MultiFarm 2014

Truong hop thir nghiém precision recall F-measure
Nhom 1: Céc ontology gidng nhau 0.955 0.800 0.853
Nhom 2: Cac ontology khac nhau 0.584 0.438 0.471

Pé chon ngudng tot hon, chung toi so sanh cac ké‘t qua (Bang 7) trén mot s ngudng theo phwong phap
Conference. Tuy nhién, ching t6i van str dung chién lugc vé phuong phap Max dé thuc hién cong cu cua ching toi.
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Tir cac két qua, chung t6i thiy rang khi ngudng Twe = 0.9, T = 0.8, cong cu cua ching t6i thuc hién tét nhat (F-
measure = 0.647). Vi vdy ma chung toi st dung ngudng twa = 0.9, Teq = 0.8 theo phuong phap Conference. Viée sur
dung phuong phap Conference, chiing t6i nhin dugc cac ngudng tot hon so véi phuong phap Benchmark va
MultiFarm.

Bang 7. So sanh két qua vdi cac ngudng khac nhau cta Conference 2014

Ngwong
o 7 precision recall F-measure
0.8 0.8 0.782 0.508 0.599
0.95 0.8 0.787 0.466 0.580
0.9 0.8 0.778 0.518 0.647
0.9 0.9 0.796 0.476 0.580

C. Nhin xét chung )
1. Thao luan vé cach thirc dé cai thién hé thong dé xuat

Thuc hién viéc suy dién dya trén cac twong ung vé tir 1a rat kho khin, vi vay cac két qua chinh xac dugc dua ra
tr cac cong cu so khop riéng 1€ s€ ning cao cac két qua cua chiing t6i. Mot s6 cach dé cai thién cong cu cua chiing toi
duoc liét ké nhu sau:

a) Ap dung nh}éu chién lugc linh hoat hon trong viéc két hop nhiéu cong cu so khdp thay vi chi tong hop dua
trén trong soO.

b) Thém mét sb tién xir Iy (Hinh 6), ché“ing han nhu loai bo dic tinh cu thé (vi dy, '-', ' ') hodc tach cac tir ghép,
trude khi dua vao cac cong cu doi sanh.

¢) Lay cac nhan xét va thong tin vé nhin cia ontology dé tinh toan, ca biét khi tén ciia khai niém nay la vo nghia.
d) Xem xét lai viéc str dung gia tri ngudng thich hop dé tdi wu hoa d6 chinh xac.

e) Mot vin dé khéac trong cong cu cua chiing t6i 1a bo qua thong tin vé ciu tric bao gdm ontology ¢ giai doan
hién nay. Va chiing t6i s€ cai thién n6 trong tuvong lai.

2. Dé xuat cac bién phap méi
Chung t6i thiy ring OMReasoner c6 thé cai tién rat nhiéu. Mot sb cach mai duoce dé xuat nhu sau:

a) Lam phong phu céc tir dién ngir nghia vi WordNet khong phai 1a mot tir dién chuyén nghiép, n6 khong thé co
duoc cac khai niém ngilr nghia toan dién.

b) Tinh dén sy phin cip cac khai niém ngit nghia thay vi chi tinh dén tat ca cac khai niém va thudc tinh.
¢) Tim cac tir ddng nghia theo phwong phap két hop.

d) Tim cac tir dién ngdn ngit khac nhau cho MultiFarm.

e) Cai thién thuat toan cia mot sb cong cu ddi sanh.

f) Bao gém nhiéu cong cu so khép khac nhau.

VII. KET LUAN

Trong bai bao nay chung téi trinh bay thuét toan so khdp ontology tim ra su tuong ddng trong sb cic thuc thé
cua cac ontology da cho dua trén thong tin vé tir vung va ciu trac cua ching. Thuat toan nay thyc hién ¢ ba g1a1 doan:
tr vung, cau truc, va t6 hop. bdi véi viee xac dinh sy tuong dong vé tir vung giira cac thuc thé, chung t61 gidi thiéu
mot phép do mai vé su tuong dong, trong do6 cac thong tin veé tir vung clia mdi thuc thé, chéng han nhu nhin hodc su
miéu ta, duogc chuyén ddi va cho vao mot tai tir, sau do chung dugc sir dung cho viée tim kiém su tuong dong cua cac
thyc thé. Trong giai doan dau tién, ching t6i thu dugc ba ma tran twong dong vé tir vung bang cach so sanh cac 16p
dugc dat tén, cac thude tinh dbi tugng va cac thudc tinh dir liéu cua hai ontology. Trong giai doan thir hai, dé so sanh
céu trac cac ontology, chiing ti tao ra mot mang ludi cho mdi nut trong ontology ngu6n va ontology dich va sau do so
sanh chung véi nhau dya trén mang ludi ciia chiing. Mdi mang ludi ciia mdi nut duoc tao ra bang cach sir dung céac lan
can cua nut d6 va cac lan céan cua cac lan can do dong thoi duge thé hién boi mot mang hai chiéu. Ma trén khoi tao
twong dong vé cau triic duge tinh bang cach so sanh cac mang nay. Sau khi tao ra ma tran nay, no dugc cai thién bang
cach ap dung ba thao tac dwoc mo ta trong phén III muc B. Cudi cuing, trong giai doan thtr ba, chung t6i tinh toan gia tri
trung binh c6 trong s6 cua cac két qua vé tir vung va cau triic. Chiing t6i di thyc hién thudt toan cua ching toi trén b
thir nghiém chuin ciia OAEI-08 va c6 cac két qua kha quan. Ngoai ra chung t6i so sanh thudt toan cta ching toi véi
mot s6 hé théng da tham gia vao t6 chuc OAEI-08 va nhu trong Bang 2 cho thiy thuit toan cua ching toi ¢6 do do f-
measre t6t hon. Ngoai ra, ching toi trinh bay thém cac két qua cua hé théng OMReasoner cho viée déi sanh céac
ontology theo ba phuong phap: Benchmark, Conference va MultiFarm. Chién lugc két hop ciia nhiéu cong cu so khép
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riéng 1& va su suy dién logic mé ta DL bao ham ca trong cach tiép cin cua chung t6i. Cac két qua dat dugc ching toi
thay van chua thda man va s€ tiép tuc cai tién no trong tuong lai.
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A NEW ALGORITHM FOR ONTOLOGY MATCHING
Huynh Nhut Phat, Hoang Huu Hanh, Phan Cong Vinh

ABSTRACT — Ontology matching is an importance in ontology technology of the Semantic Web with a goal of finding alignments
among the entities of given ontologies. Ontology matching is a necessary step for establishing interoperation and knowledge sharing
among Semantic Web applications. In this study we present an algorithm and a tool developed based on this algorithm to find
correspondences among entities of input ontologies. The proposed algorithm uses a new lexical similarity measure and also utilizes
structural information of ontologies to determine their corresponding entities. The lexical similarity measure generates a bag of
words for each entity based on its label and description information. The structural approach creates a grid for each node in the
ontologies. The combination of lexical and structural approaches creates the similarity matrix between the source and target
ontologies. The proposed algorithm was tested on a well known benchmark and also compared to other algorithms presented in the
literature. Our experimental results show the proposed algorithm is effective and outperforms other algorithms.



