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TOM TAT

CAac hé thong truy hoi i IIeu dang van ban hién nay gdp nhiéu thach thire trong viéc
kham phé& ngi nghia clia truy vin va tai liéu. Moz truy van ham y cac thong tin tuy khong
Xudt hién trong truy van nhung cdc tai liéu noi vé cdc thong tin nay cing nam trong mong
doi ciia nguwoi dat truy van. Nhweoc diém cia cae phiwong phdp kich hoat lan truyén trude
day la co thé co nhiéu khai niém khong lién quan dwoc thém vao truy van. Phwong phdp
mdi ma cdng trinh dé xuat 1a chi kich hoat va thém vao truy van cdc thuc thé cé tén co
quan hé vai cdc thuc thé xuat hién trong truy van theo cac quan hé tuong minh trong truy
van do.

Tir khéa: Ontology, kich hoat lan truyén, truy hoi tai liéu, mo rong truy van, tim
Kiém ngit nghia.

ABSTRACT
Semantic Search using Spreading Activation based on Ontology

Currently, the text document retrieval systems have many challenges in exploring the
semantics of queries and documents. Each query implies information which does not
appear in the query but the documents related with the information are also expected by
user. The disadvantage of the previous spreading activation algorithms could be many
irrelevant concepts added to the query. In this paper, a proposed novel algorithm is only
activate and add to the query named entities which are related with original entities in the
query and explicit relations in the query.

Keywords: Ontology, Spreading Activation, Document Retrieval, Query Expansion,
Semantic Search.

1. Giéithiéu

Ngay nay, nhiéu thong tin hitu ich duoc luu trir trén world wide web (www) va
theo ban bao cdo thang 12/2010 cua ITUY, ¢6 hon 2 ti ngudi sir dung Internet véi tan
Suét thuong xuyén. Vi thé, nhu cdu khai thac va sur dung thong tin trén www mot cach
hi¢u qua la rét 16n. Trong khi d6, mot truy vén thu(‘mg ngén gon, do6i khi dién dat khéng
chinh x&c v& mot nhu cau théng tin co ban [69 Pé truy van c6 ndi dung duoc dién dat
rd nghla hon, phuong phap mo rong truy van duoc st dung rong rdi trong cong dong
truy hdi théng tin. Mo rong truy van théng thuong 1a lam tang d¢ day du [66], [26] va
doi khi do chinh xac cling dugc cai thién. [46]

" TS, Trwdong Dai hoc Ton Birc Thang
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Theo [79], ¢6 hai nhém phurong phap mé rong truy van. Nhém mot 1a cac phuong
phép dua trén cac quan hé phi cau tric. Chung duge rat trich tir sy phan tich tap tai liéu
hodc nhat ki ciia nguoi dung. Nhom hai 1a cac phwong phap dua trén cac quan hé co
cau trdc. Chang duoc rat trich tir cac ngudn duge bién tap can than boi con ngudi.
Nhém mét bao gdm cic phuong phap nhu: (1) phan hoi sy lién quan (relevance
feedback) [61], [36]; (2) phan hdi su lién quan gia (pseudo-relevance feedback) [52],
[48]; (3) sir dung nhat ki ngudi dung [77], [14]; va (4) sir dung sy dong xuét hién [53],
[33].

Nhém hai bao gdm cac phuong phap nhu: (1) khai thac cac quan hé dong nghia,
nghia cha, nghia con trong WordNet [75] [38]; (2) khai thac cac quan hé bi danh, 16p
cha, 16p con trong ontology vé thuc thé co tén [51], [23]; (3) khai théc tat ca cac quan
hé trong ontology [59], [40]; va (4) khai théc quan hé dugc thé hién trong truy van [31].

M(y rong truy van 1a thém vao truy van cac khai niém tiém an khong xuit hién &
truy van nhung g6p phan thé hién rd nghia cta truy van, hay néi cach khac 1a lam rd
mong mudn cta ngudi ding. V6i nhan dinh bang tryc giac, viéc thém cac khai niém
ph hop véi muc dich ciia ngudi ding s& ting d¢ day du va do chinh xéac cua tim Kiém.
Nguoc lai, viée thém céac khéi niém khong phu hop s& lam giam hiéu qua truy hoi ctia
hé théng. Vi du véi cac truy van nhu: (1) tim kiém cac tai lidu vé “cities that are tourlst
destinations of Thailand”; (2) tim kiém cac tai liéu vé “tsunami in Southeast Asia”;
(3) tim kiém cac tai liéu vé “settlements are built in east Jerusalem”; O truy van thl'r
nhat, Chiang Mai va Phuket nén dugc thém vao truy van, boi vi chung thudc vé 16p
City va la tourist destinations of Thailand. O truy vén thi hai, cac qudc gia c6 quan hé

“Is part of” vdi Southeast Asia nén duoc thém vao truy véan nay, vi du nhu Indonesia
hoac Phlllpplne Tuy nhién, cac qubc gia dugc thém vao phai thuc su bi tan cong boi
song than it nhat mot lan. Do do, Laos khong dugc thém vao truy vén vi qudc gia nay
chua ting bi song than. O truy van thir ba, néu c6 sy kién thé hién cac vi tri ma & do
cac khu tai dinh cu dugc xay dung (settlements are built in) va ching ¢ phia dong cua
thanh phdng Jerusalem (east of Jerusalem) nhu Gilo, thi viing dat nay nén duoc thém
VA0 truy van.

C6 hai kiéu tim kiém trong truy hoi thong tin, d6 1 truy hdi tai liéu (Document
Retrieval) va hoi-dap (Question-and-Answering). Ching dwgc d& cap 1an luot nhu tim
kiém rong khip (Navigational Search) va tim kiém chuyén sau (Research Search) &
[35]. Hé thong hoi-dap 1a hé théng khi duoc ngudi dung cung cip mot cum tir hodc mot
cau thi nd tra vé cac dbi twong, 1a su tra 16i cho cac cau hoi ciia ngudoi dung, khdng phai
la céc tai lidu. Trong thyc té, cac tra 101 tir hé théng hoi—dap co thé duoc sir dung dé tim
kiém t6t hon cac tai lidu cho céac cau hoi nay [29] Cong viéc cua ching t6i 1a truy hoi
tai liéu, nghia 1a nguoi dung cung cap cho hé thong mot cum tur hodc mot cau dé tim
klem cac tai liéu mong mudn. Cac tai liéu tra vé khong can chua cac thuat nglr ¢ truy
van va ¢ thé dugc xép hang boi sy lién quan cta ching véi truy van.
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Cho dén nay, khong c6 mé hinh truy hoi tai liéu ndo mo 10ng truy vén trong tal
liéu tham khéo c6 sir dung quan hé dugc thé hién trong truy van dé mo rong truy van
mot cach tong quat nhu chung t6i. Trong cong trinh ndy, chung t6i dé xuat mot mo
hinh khdng gian vecto dya trén ontology. NO khai thac quan hé bi danh, 16p cha, 16p
con trén cac ontology vé khai niém, va kich hoat lan truyén trén ontology su kién theo
céc quan hé duoc thé hién trong truy van. Phan con lai ciia cong trinh dugce t6 chirc nhu
sau. Phan 2 trinh bay Co sO kién thirc va cong trinh lién quan. Phan 3 gi6i thiéu vé g1a1
thuat kich hoat lan truyén. Phan 4 mé ta kién tric va phuong phép m¢& rong truy van
bang giai thuat kich hoat lan truyén c6 rang budc quan hé. Phan 5 trinh bay sy danh gia
va thao luan trén céc két qua thi nghiém. Phan cudi cing 1a két luén.

2. Co st kién thire
2.1. Ontology
- Khéi nié¢m

Ontology bat ngudn tir triét hoc, dugc dan xudt tir tiéng Hi Lap 1a “onto” va
“logia”. Trong ngir canh triét hoc, ontology thuoc mot nhanh cua siéu hinh hoc, duoc
su dung dé nghién ciru vé ban chét cia sy ton tai, xac dinh cac su vat nao thuc sy ton
tai va cach thirc mo ta ching (2). Trong nhitng nim gan day, ontology dugc sir dung
nhiéu trong khoa hoc may tinh va duogc dinh nghia khac voi nghia ban dau. Theo d6
ontology la sy mo hinh hoda va dic ta cac cac khai niém mot cach hinh thire, rd rang va
chia sé duoc [34], [28]. Thém vao do, theo [24], ontology can co thém tinh théng nhat,
tinh mo rong va tinh suy luan.

Ontology dugc st dung trong cac linh vuc nhu biéu dién tri thirc, xtr Ii ngdn ngir
tu nhién, rat trich théng tin, co s& dir liéu, quan Ii tri thire, cac co so dir liéu trén mang,
thu vién dién tir, hé théng thong tin dia li. Cac ontology d6 co thé chia thinh ba nhom.
Nh6m thir nhét 1a cac ontology dugc xay dung thii cong boi mot nhom cac chuyén gia,
nhu WordNet hoac KIM [42]. Noi dung thong tin trong cac ontology nay duoc dau tu
bai ban va kiém duyét ki luong, do d6 c6 d9 tin cay cao. Tuy nhién kich thudc, mic d
bao phu va tan sudt cap nhat théng tin ciia ching bi gi¢i han. Nhém thir hai 1a cac
ontology dugc xay dung tu dong, vi du nhu YAGO [70], DBpedia (4). Cac ontology
duoc phat trién ty dong, khong tén nhiéu cong sirc, tuy nhién chung c6 do tin cay
khong bang cac ontology duoc tao bai cac chuyen gia. Nhdm thir ba 1a cac ontology
ndi dung md. O nhoém ndy, moi ngudi déu c6 thé tham gla doéng gop ndi dung thong tin.
Dién hinh 13 Wikipedia, tir dién duoc s dung rong rdi nhit hién nay trén Internet.

Hé théng KIM® (Knowledge and Information Management) c¢6 chita KIM
ontology va co so tri thirc (knowledge base — KB)([58]). KIM Ontology dinh nghia cac
I6p thyc thé 1a cac 16p nhu Person, Organization, Company, Location, va dinh nghia
cdy phan cip, cac thudc tinh cua cac 16p thuc thé va céc quan hé giira cac 16p thuc thé.
Ontology ciia KIM chtra khoang 300 16p thuc thé, va 100 thugc tinh va kiéu quan hé.
Co s6 tri thuc cia KIM chtra dung thong tin vé cac thuc thé cu thé thudc vé cac l6p
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thyc thé d4 duoc dinh nghia bai KIM ontology. Hién nay, KIM ¢ khoang 77.500 thuc
thé c6 tén véi hon 110.000 bi danh dugc luu trir trong co sé tri thirc ctia no.

YAGO (Yet Another Great Ontology) [70], [71] chira khoang 1,95 triéu thuc thé,
93 kiéu quan hé va 19 triéu su kién mo ta cac quan hé giira cac thuc thé. Cac su kién
nay dugc rat trich tir Wikipedia va két hgp véi WordNet bang cach str dung cac luat va
heuristic. Cac su kién méi duge kiém tra va thém vao cd sé tri thirc béi bd phéan kiém
tra cia YAGO. D6 chinh xéc cua cac su Kién ndy 1a khoang 95%. Tét ca cac dbi twong
(vi du nhu thanh phd, con ngudi, URLs) duoc thé hién nhu 1a cac thuc thé va ching
dugc lién két v6i nhau théng qua cac quan hé.

Wikipedia2 dugc xay dung vao nam 2001 v&i muyc dich tao ra cac bach khoa toan
thu gdm nhiéu ngdn ngir. Ngay nay, né la mot bach khoa toan thur 16n nhat va dugc sir
dung nhiéu nhét. Wikipedia d4 tro thanh mot hién tuong trong khoa hoc may tinh ciing
nhu trong céng ching, vdi hon 400 triéu luot truy cép hang thang. Chi riéng ¢ ngdn
ngir tiéng Anh, tinh dén nay 02 thang 08 nam 2011, wikipedia c6 xap xi 3,7 triéu dé
muc v6i hon 24 triéu trang®. Tuy duoc xay dung tir cac tinh nguyén vién, ndi dung trén
Wikipedia van co chét lugng va dd tin cay cao nhu céc bai viét tuong tu trén T dién
Béch khoa toan thu Britannica® [32]. Wikipedia c6 thé duoc xem nhu 12 mot Tur dién
Bach khoa toan thu, mot tir dién hodc mot ontology. [50]

2.2. Phwong phdp kich hoat lan truyén

Trong khoa hoc may tinh, phuong phap SA (Spreading Activation, kich hoat lan
truyén) [21] duoc sir dung 1an dau tién trong linh vyc tri tué nhan tao. Gan day, phuong
phéap nay da dugc st dung rong réi trong truy hoi tai liéu. Phuong phap SA su dung
mét ontology Va mot so Ki thuat ap dung trén ontology nay dé tim céc khai niém co lién
quan dén truy Van ctia ngudi ding. Y tudng co ban an bén duéi phuong phap SA 1a sy
khai thac cac mdi quan hé giira cac khai niém trong ontology. Trong do, cac quan hé
thuong duge danh nhén, danh trong sb, va c6 thé co hudng.

Trude tién, phuong phap SA tao ra mot tdp khai niém khoi dong tir truy van va
gan trong sé cho cac khai niém nay Tlep theo, tir cac khai niém ban dau, mot tap cac
khai niém lién quan dugc tim kiém bang cach lan truyén theo cac quan hé trong
ontology. Sau khi cac khéi niém gan véi céc khai niém ban dau nhat duoc kich hoat, su
kich hoat s& truyén téi cac khai niém tiép theo trong ontology thong qua cac quan hé
trong d6. Su lan truyén s& ding lai khi mot trong cdac diéu kién ket thuc xady ra. Céc
khai niém duoc kich hoat s€ dugc gan trong s6 va thém vao truy van ban dau.

Phuong phép SA tu do 1a phuong phap kich hoat lan truyén co ban nhat. Phwong
phap nay kich hoat tit ca cac khai niém co lién quan dén khai niém ban dau cua truy
van, thong qua cac quan hé truc tiép hoac gian tiép v6i khai niém ban dau d6 trong
ontology dugc st dung. Vi sy lan truyén sau va rong nhu thé trén ontology, nhuoc
diém cua phuong phap SA tu do 1a céc khai niém dugc kich hoat phan 16n khong lién
quan dén ndi dung cua truy van. Diéu ndy lam cho phan 16n cac tai lidu tra vé boi
phuong phap SA tu do khong phll hgp véi truy van. [8]
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Nhuogc diém cta phuong phap SA tu do c¢6 thé dugc khic phuc mot phan bang
céch sir dung mot sé luat giéi han sy lan truyén. Trong phuong phap SA c6 rang budc
(Constrained Spreading Activation - CSA), sy lan truyén duoc giéi han bai mot sb rang
budc nhu rang budc theo khoang cach (distance), theo ) luong khai ni¢m dugc kich
hoat (fan- out), theo dudng dan (path), va theo su kich hoat (activation). Hinh 1 minh
hoa mot phan ciia mot ontology vé su kién, két hop YAGO vo¢i Wikipedia, co chira
khai niém Thailand. Vi truy van tim kiém cac tai Ileu vé “cities that are tourist
destinations of Thailand”, can cr vao noi dung cua truy vén va céc su kién duoc mo ta
& Hinh 1, chi c6 hai khai niém 1a Phuket va Chiang Mai can duoc kich hoat va thém
vao truy van. Trong khi d6, voi phuwong phép SA tu do, tir khai niém Thailand ban dau,
mudi khai niém la Phuket, Thaksin Shinawatra, Thai Rak Thai, Southeast Asia,
Vietnam, Hanoi, Chiang Mai, 1296, Wat Chiang Man, va Phang Nga Bay sé dugc kich
hoat va thém vao truy vén; tirc 1 ¢6 tam khéi niém khong phi hop duoc thém vao truy
van.

Trong khi d6, véi phuong phap SA c¢6 rang budc vé khoang cach 1a 1, tirc chi tinh
cac khai niém c6 quan hé tryc tiép véi khai niém ban dau, thi c6 nim khai niém Ia
Phuket, Thaksin Shinawatra, Southeast Asia, Chiang Mai, va Phang Nga Bay dugc
kich hoat va thém vao truy van. Trong d6, Thaksin Shinawatra va Southeast Asia 1
khong ph hop vi khdng phai 1a diém dén du lich cia Thai Lan, va Phang Nga Bay
ciing khong phl hop vi 1a mot diém dén du lich nhung khong phai 1a mot thanh phd caa
Théi Lan.

Thailand

isTouristDestinationOf

. istDestinati
isTouristDestinationOf foundedIn

Phang Nga Bay

Wat Chiang Man

Hinh 1. Vi du vé cdc khdi niém c6 lién quan Véi khdi niém Thailand
trong mot ontology vé sy kién
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3. Cac cong trinh lién quan

Tim kiém ngit nghia, mot img dung cia Web ngir nghia trong linh vyc truy hoi
thong tin, d4 thé hién nang lyc vuot trdi trong viée cai tlen hi¢u qua truy héi. So véi cac
dong co tim kiém truyén thong la tap trung vao dem tan sO xuét hién cia tir, cac dong
co tim Kiém ngit nghia c6 ging hiéu nghia tiém an bén trong cta cac yéu cau nguoi
ding va cia cac thong tin phan hdi. Qua khéo sat va dwa vao su phan loai & cc cong
trinh trude do nhu [49], [25], va [27], ching toi nhan thay tim kiém ngit nghia dugc
g dung phan 16n trong cac linh vire sau:

1. Tim kiém dya trén giao dién nguoi ding theo ngir nghia (Semantic user
interface based Search): day Ia hé thong tim kiém cac thong tin theo truy van ban déu,
ngudi ding dya vao cac thdng tin ndy va chon thong tin bd sung cho truy vén ban dau
cia minh. Hé thdng dya vao do6 s& tim kiém hodc sip xép lai cac thong tin tra vé cho
nguoi dung. Nhu cac cong trinh: [16], [1], [22] va [74].

2. Tim kiém hoi dap (Question Answering Search): 12 hé théng tim kiém cac tra
161 twrong tng cho mot cau hoi hon 1a céc tai liéu chira cau tra 161 [76]. CO cac cong
trinh: [73], [17], [62] va [15].

3. Xép hang thyc thé (Entity Ranking): 1a hé thong tim kiém danh sach cac thyc
thé thudc mot kiéu chinh xac va ¢ thé co cac tai liéu lién quan véi truy van thé hién
c4c thyc thé nay (5). O loai hinh nay, ngudi dung mudn tim kiém cac thuc thé dugc thé
hién truc tiép béng mot danh sach cac thuc thé dugc xép hang hon 1a mot danh sach céc
trang web khdng chi lién quan véi truy van ma con chira thong tin vé cac thuc thé nay.
C0 céc cong trinh [9], [10], [39] va [78].

4. Truy hoi thong tin da ngon ngir (Cross-Language Information Retrieval): la h¢
thong truy ho1 thong tin dugc viét dudi dang mot ngon ngir khac véi ngon ngir dugc thé
hién ¢ truy van [64]. Mot sb cong trinh nhu [20], [68], [60], [80] va [18].

5. Truy hoi tai liéu ngdn ngir co cau trac (Structured Language Document Search):
la hé thong st dung cac ngdn ngit ¢ ciu trac dé thé hién truy van va tai liéu. Vi du nhu
sir dung ngoén ngir RDF: [41], [56], [30], [43] va [37]. Hoac st dung ngdn ngir XML:
[57], [44], [47], [67] va [72].

6. Truy hoi tai liéu ngdn ngir tw nhién (Natural Language Document Search): 1a hé
thong sir dung ngon ngit tw nhién dé thé hién truy van, va cac tai liéu truy hdi duoc viét
boi cac ngdn ngir ty nhién. Trong qué trinh tim kiém, cac truy van va tai ligu c6 thé
duogc cha giai ngir nghia, va cac tai liéu tra vé s& dugc xép hang theo d6 lién quan voi
truy van. Mot s6 cong trinh 1a: [51], [54] va [12]. M6 hinh ciia ching t6i trinh bay &
Cong trinh nay la truy hoi tai Ileu ngon ngit ty nhién bang phuong phap kich hoat lan
truyén c6 rang budc theo truy vén.

Cac h¢ thong s dung sir dung giai thuat kich hoat lan truyén (Spreading
Activation, SA) dé m& rong truy van nhu [59], [3], [65], [38] [40] va [45]. Tuy nhién,
céc hé thong nay khong sir dung cac quan hé trong mot truy van cho trude dé rang budce
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su lan truyén. Trong khi d6, phuong phéap kich hoat lan truyén rang budc quan hé
(relation and distance constrained spreading activation, R&D-CSA) cua chung t6i chi
kich hoat cac khai niém c6 lién quan dén cac khai niém va c&c quan hé trong truy van.

Trong [59], c4c tac gia dé xuat mot giai thuat kich hoat lan truyén lai (hybrid), nd
két hop giai thuat SA vai truy hoi thong tin dwa trén ontology. Giai thuat ndy cho phép
ngudi dung thé hién truy van cta ho dudi dang céc tir khoa va tim cac khai niém trong
ontology c6 cac tir khoa nay xuét hién trong sy mo ta cua cac khai niém d6. Cac khai
niém tim dugc s& duge xem nhu cac khai niém ban dau. Cac lién két giira cac khai
niém ndy vai cac khai niém khac trong ontology dugc gan trong sé va do 16n cia trong
s6 phu thudc vao kiéu cua mdi lién két. Sau do, giai thuat SA duoc sir dung dé tim cac
khai niém lién quan vai cac khai niém dugc khoi tao trong ontology. Trong [3], hé
théng str dung mot mang SA hai cép do dé kich hoat mot cach khéng dinh hoac phu
dinh cac khai niém ph hop hozc khong phil hop véi cac khai niém & truy van dua trén
céc két qua tim kiém theo tir khoa. Hé thong ndy ciing st dung tip dong nghia cua cac
khéi niém ciia truy van ban dau dé kich hoat lan truyén, va sir dung phuong phap may
hoc st dung vecto hd trg (Support Vector Machine) dé huan luyén va phan loai dir liéu
& cac tai lidu tra vé. Trong [65], hé thong tim cau tra 10i cho cau hoi va thém vao cau
hoi nay. Sau d6, hé théng sir dung giai thuat SA dé tim céc khai niém lién quan dén
truy van dugc mo rong nay.

Cong trinh [38], m& rong truy van bang cach sir dung giai thuat SA trén tat ca cac
quan hé & WordNet va chi chon cdc tir dugc kich hoat c6 b6 sung nghia cho ni dung
cua truy van théng qua mot sb luat Trong [40], céc tac gia khong yeu cau ngum dung
mO ta cac khai niém trong truy van ciia ho. Hé thong nh xa truy van ban dau thanh tap
tir khoa va tim kiém céc tai liéu lién quan vai tap tir khoa nay. Sau do, cac tai liéu nay
s€ dugc chu giai vai cac thong tin ctia ontology va cac khai niém khai tao dugc rat
trich tir chung. Mot giai thuat SA dwgc st dung dé tim céac khai niém lién quan voéi cac
khai niém duoc khoi tao trong ontology. Cudi cling, cac khai niém duoc kich hoat nay
sé dugc st dung dé Xép hang lai cac tai li¢u dé chting phu hgp hon véi tap tir khoa ban
dau. Trong [45], hé thong thiét 1ap mot mang két hop voi cac nit 14 cac trang web va
céc lién két giira cac nut 1a céc lién két giira cac trang web twong ng. Cac nut khoi tao
cua giai thuat SA 1a cac trang web c6 lién quan manh véi truy van cho trudc. Tiép theo,
cac nat khac (céc trang web) s& dugc kich hoat va tra vé cho ngudi duing.

Mot s6 hé thong cai thién hidu qua truy hoi tai liéu bang cich mé rong truy van
V&i sy tham gia ciia nguoi dung nhu [63], [6], [14], [52], va [1]. Trong [63], tir cac tai
liéu lién quan vai truy van ban dau, hé thong dwa ra mot cay phan cap cac khai niém dé
ngudi ding chon va dua vao truy van. Trong 6, c4c tac gia dé xudt mot phuong phap
chon cac thuat ngir thém vao truy van nhung doc 1ap véi truy van bang cach dya trén
cac tai lieu dugc mo ta boi nguoi dl]ng phan anh thong tin ho can nhung céc tai liéu
nay khong dugc truy hoi boi truy van nay. Trong [14], h¢ thdng khai thac nhit ki truy
van cua ngudi dung dé het k& c&c g vién dong nghia phu hop véi truy van ban dau.
Trong d6, nhat ki truy van ctia nguoi ding la cac truy van dang nhap, cac két qua tim
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kiém dugc xem va cac URL dugc nhap chudt. Tir danh sach Gng vién nay, ngudi ding
s& chon mg vién phl hop trong ngit canh ctia mot co s¢ tri thire. Trong [52], hé théng
Mo rong truy van bang cach chon thong tin trong tat ca tai liéu tra vé cho truy van ban
dau va thong tin cia cac tai liéu dugc nguoi dung danh gia dé thém vao truy van. Trong
[1], hé thong rat trich cac thuc thé co tén tir tap tai liéu tra vé cho truy van ban dau.
Tiép theo, ngudi ding s& chon céc thurc thé c6 tén phl hop dé thém vao truy véan. Bén
canh do6, [7] c6 dong ndi dung cua truy véan bang cach loai bo cac khai niém the hi¢n
thong tin khong quan trong trong truy van. Trong khi, hé thong ciia chung t6i tién hanh
Mo rong truy van mdt cach ty dong.

Mot s6 hé théng khac mé rong truy van bang cach sir dung thong tin dugc luu trix
trong ontology nhu [73], [17] va [13]. Trong [73], céc tac gia anh xa cac khai niém cua
truy véan vao trong ontology dé tim cac khai niém lién quan phd hop. Trong [17] muc
tiéu ciia hé thong 1a tlm kiém cac thyuc thé co tén thudc cac 16p dugc mo ta két hop voi
tor khoa trong truy véan. Tuy nhién, hai Cong trinh nay khéng khao sat téi cac quan hé
trong truy van va Chung ung dung cho h¢ thong hoi-dap chir khong phai cho truy hoi tai
liéu. Trong [13] hé thong tim cac thuc thé c6 tén xac dinh thudc mét 16p thuc thé c6
tén trong truy vén, sau do vecto cia truy vén s& dugc khoi tao tir cac thuc thé co tén
nay. Budc ndy lam tén thoi gian khong can thiét. Hon nita, mot co s tri thirc thuong
khong day du, nén céc tai liéu phd hop chira cac thuc thé ¢ tén khong ton tai trong co
s tri thire s& khong dugc tra vé. Trong md hinh cua chiing t6i, cac vecto truy van va tai
liéu co chira 16p thuc thé co tén nay s& dugc khoi tao va so khép ngay. Bén canh do,
C4C truy van cta cong trinh trén phai duge mo ta & dang RDQL.

O [55], hé théng chuyén truy van thanh cum danh tir bao gdm dbi tugng, thanh
phan cua ddi twong va tinh chét caa thanh phan. Tac gia d& xuat hai phuong phap mo
rong truy van. Phuong phap thir nhat 1a tim Kiém céc cum danh tir twong ty v6i cum
danh tir ban dau trong ontology vé cum danh tir ciia tic gia tw xay dung. O phwong
phép thir hai, tac gia co s dung thém ki thuat phan hoi lién quan. Giai thudt phan hoi
lién quan gia mo rong truy van bang cach str dung cac thuat nglr trong cac tai liu co
thur hang cao trong lan truy ho6i voi truy van ban dau. Giai thuat nay lam tiéu ton thoi
glan do phai truy van hai lan, diéu nay Iam gidi han rng dung ctia n6 trong thuc té. Cu
thé 12 tir cac tal liéu lién quan vai truy Van ban déu, hé thong ndy sé& tim kiém cac cum
danh tir c6 moi quan h¢ trong ontololy vé cum danh tir ctia tac gia voi cum danh tir ban
dau trong truy van de thém vao truy van. Ca hai phuong phap déu khong su dung mdi
quan hé trong truy van va tac gla chi gi6i han & cac truy van chuyén dugc vé danh cum
danh tir gdm di tuong, tinh chat va thanh phan.

Cong trinh [31], cAc tac gia c6 sir dung cac quan hé trong truy van dé mo rong no.
Tuy nhién, cdng trinh nay chi khai thac cac quan hé khong gian (vi du: near, inside,
north of). Nguoc lai, ching t6i dé xut cac luat tong quat hon cho mé rong truy van.
Bén canh d6, trong [77], hé thong st dung cic quan hé dong nghia hodc dong xuét hién
trong nhat ki truy van ciia nguoi ding dé chinh stra hoic mé rong truy van. Trong [41],
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c4c truy van phai dugc viét dudi dang SPARQL. Cac khai niém va quan hé phai duoc
mo ta 1 rang bai nguoi ding. Piéu ndy s& gdy kho khin cho ngudi st dung. Hon nita,
cong trinh nay danh cho h¢ thong hoi- -dap chir khong danh cho truy hoi tai liéu. Trong
[48], h¢ thong két hop giai thuat phan hoi lién quan gia voi Ki thuat phan tich noi dung
cuc by dé mo rong truy vén.
4. Mé rong truy vin

Phuong phap kich hoat lan truyén dé mo rong truy van ma chung to6i dé& xuét
trong cdng trinh nay 1a phuong phép rang budc theo quan hé, dugc goi 1a R+CSA. Kién
tric hé thdng sir dung R+CSA duoc trinh bay trong Hinh 2. Truy véan ban déu dugc mé
rong thong qua mé dun Phuwong phdp R+CSA. Tiép theo céc tai lidu va truy van mo
rong s& dugc biéu dién boi cac khong gian vecto dua trén tir khoa. Cubi cling, viée loc
va Xép hang tai liéu duoc thuc hién nhu véi mé hinh khong gian vec to truyén thong
(Vector Space Model, VSM) thong qua mo dun VSM dua trén tur khéa, trong do trong
sd clia céc tir khoa dugc tinh theo tf.idf.

Hinh 3 trinh bay ndm buéc chinh cia phuong phap R+CSA dé xac dinh thong tin
tiém an lién quan vai truy van. Chi tiét cia phuong phap R+CSA gom cac bude sau:

1. Nhdn dién quan hé: nhan dién cic cum tir quan hé trong truy van va anh xa
chdng thanh c&c quan hé tuong tng trong ontology dugc str dung.

2. Nhdn dién cdc khdi niém khoi dong: nhan dién va chi giai cac thuc thé xuat
hién trong truy van.

3. Thiét ldp cic bo quan hé: biéu dién truy van ban dau thanh cac bo quan hé I-
R-C (hoic C-R-I) cho mdi quan hé R dugc xac dinh & bude 1, véi | va C lan luot 12 mot
thuc thé co tén xac dinh va mot 16p thuc thé dugce nhan dién & budc 2.

Vi du véi truy van “Where is the actress, Marion Davies, buried?”, cum tir quan
hé dugc xac dinh boi hai tir “where” va “buried” dugc anh xa thanh quan hé R la
buriedln, Marion Davies dwgc nhan dién 1a thuc thé c6 tén c6 dinh danh | 13
#Marion_Davies va cO lop 1a Woman, va tir “where” dugc anh xa thanh lop C la
Location. Vi vay bo quan h¢ duoc thiét 1ap trong truy van nay la [I: #Marion_Davies]-
(R: buriedIn)-[C: Location].

4. Kich hoat lan truyén ¢6 rang bugc theo quan hé tirong minh trong truy van:
v6i mdi bd quan hé I-R-C, tim cac thuc thé c6 tén tiém 4n I, c6 quan hé R véi | va I, co
16p 1a C hodc 1a I6p con cua C trong ontology. Vi dy, trong ontology dugc sur dung co
quan hé:

[I: #Marion_Davies]-(R: buriedIn)-[l,: #Hollywood_Cemetery]

va #Hollywood Cemetery 1a thie thé ¢6 16p 14 16p con cua Location, nén dé la
mot thue thé co t&n tiém 4n can tim cho bd quan hé vi dy thiét 1ap & bude 3.

5. Md réng truy van: thém vao truy van tén chinh cia mdi |, tiém an duoc tim
thay. O vi du trén, “Hollywood Cemetery” dugc thém vao truy van.
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Hinh 3. Cdc buéc cua phwong phdap R+CSA

Nhu véy, so voi phuong phap SA tu do, phuong phap R+CSA ¢6 ba rang buge.
Thir nhét 1a rang budc vé khoang cach. Tuc 13, dya trén Ontology vé su kién duogc su
dung, chi cac thuc thé c6 quan h¢ truc tlep v01 cac thuc thé ban dau xuit hién trong truy
van méi duoc kich hoat. Thtr hai 1a rang budc vé quan h¢; tuc 13, trén ontology vé su
Kién, sy lan truyén chi dugc thuc hién trén cac quan hé xuét hién tuong minh trong truy
van. Tht ba 1a vé 16p thyc thé; tirc 13, 16p ciia mdi thuc thé dugc kich hoat phai giéng
v6i, hodc 1a 16p con cua, 16p theo quan hé twong tng trong truy van.
5. Danh gia thuc nghi¢m

Pé tién hanh thyc nghiém mé hinh R+CSA, ching tdi chon tap tai lieu L.A,
Times va tap truy van caa QA-Track-99, gdm 124 truy van co tai liéu lién quan thudc
tap tai liéu nady. M6 hinh R+CSA can st dung mot ontology c6 cac dic diém 1a: (1) sb
luong 16n thuc thé co tén; (2) sb lwong 16n 16p; (3) hé théng phéan cp cho cac 16p; (4)
s6 luong 16n quan hg; (5) cac quan hé hai ngoi c6 rang budc vé mién xac dinh va mién
gia tri; va (6) s6 lugng 16n sy kién. Tuy nhién, khdng c6 mot ontology don du lon aé
bao phu tit ca cac mién va tng dung, noi chung, hodc dé dap tng yéu cau vé 6 dic
diém & trén, noi riéng. Vi vay, két hop nhiéu ontology lai v6i nhau 1a mot giai phap.
[19]
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KIM 1a mot ontology t6t vé cac dic diém thir 1, 2 va 3, tuong ddi tt vé hai dac
diém thir 4 va 5, nhung khong c6 dic diém thir 6. Trong khi d6, YAGO 1a mot ontology
t6t vé hai dic diém tha 1 va 6, tuong dbi t6t vé dac diém thu 4, nhung khong tt vé dac
diém thtr 2 va khong c6 hai dic diém thir 3 va 5. Do d6, dé 1am thi nghiém, ching toi
két hop ontology vé thuc thé ¢6 tén cua KIM véi ontology vé su kién ciia YAGO.

Mic du vay, trong 124 truy van ciia QA-Track-99, YAGO chi bao phii dugc cac
quan hé va su kién cho 16 truy van. Do d6, ching toi phai 1am giau thém YAGO bang
cach: (1) bd sung thém 57 quan h¢ co trong tép truy van nhung khéng co trong YAGO,
nang tong s6 quan hé trong YAGO 1én thanh 150 quan h¢; va (2) tlm trong Wikipedia
c4c su kién lién quan dén céac thyc thé va quan hé trong tap truy van va bd sung chung
vao YAGO. Mit khac, chung t6i ciing phéi bo sung vao KIM ontology cac rang budc
vé mién xac dinh va mién gia tri cho cac quan hé c6 trong YAGO nhung khong cé
trong KIM ontology. Véi YAGO va KIM ontology dugc 1am giau nhu vy, c6 tat ca 92
truy van mé rong dugc theo phwong phap R+CSA, 26 truy van khong ¢ bo quan hé I-
R-C, va 6 truy van khong c6 duge sy kién twong Gmg trong YAGO d4 lam giau.

Bdng 1. Cac d¢ chinh xac va dé F trung binh tai muwoi mot diém ddy di chudn
cua cac mé hinh Lexical, CSA va R+CSA

P diy dii (%)
0 10 20 30 40 50 60 70 80 90 100

Lexical | 66,0 65,8 63,4 60,3 56,6 55,0 458 40,4 38,0 375 37,2
PO chinh [~ T T T T

XAC (%) |----tn e e S T

Po do M6 hinh

DO F [ e e
(%) |2 P 222 20,0 99 ST B9, M09 OO 292 92 900

Vé céc bude xir Ii cia phuong phap R+CSA, & bude 1 dé nhan dién va anh xa
quan hé, mot tir dién anh xa cac cum tir quan hé vao cac quan hé trong ontology dugc
xay dung trude. Vi dy, “actress in” dugc anh xa thanh quan hé actedIn va “nationality
is” duoc anh xa thanh quan hé citizenOf trong YAGO va KIM ontology. O budc 2, viéc
nhan dién céc thuc thé khoi dong trong truy van duoc thuc hién boi dong co nhan dién
thuc thé c6 tén ciia KIM c¢6 d6 chinh xac va d6 dy du lan luot vao khoang 90% va
86%°. Viéc anh xa tir dé hoi dén 16p cua thuc thé co tén, trong pham vi bai bao dé tién
hanh thi nghiém, duoc hién thyc thong qua mot tap luat don gian bao phu tap du liu
kiém tra. O budc 3, phuong phap sinh d6 thi khai niém trong [11] dugc ap dung dé két
ndi mdi quan h¢ nhén dién dugc & budc 1 véi cac thuc thé twong ung nhan di¢n duoc &
budc 2, tao thanh mot bd ba quan hé. O budc 4, voi ki thuat danh chi muc cho céc dbi
tuong trong mdt ontology nhu hién nay, tim trong ontology d¢6 mét thuc thé co quan hé
cho trude v6i mot thuc thé cho trude 1a mot tac vu co ban, duge thuc thi dé dang va
nhanh.
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Cac dudng cong P-R trung binh Cac dudng cong F-R trung binh
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Hinh 4. Duong cong trung binh P-R va F-R cua cdac mé hinh Lexical, CSA va R+CSA

Chung t6i so sanh hiéu qua truy hdi tai liéu gitra mo hinh R+CSA dé xuét véi hai
mo hinh sau:

1. Lexical: 1a md hinh khéng gian vecto dua trén tir khoa truyén thong dugc hién
thuc trong Lucene.

2. CSA: la mé hinh st dung phuong phap kich hoat lan truyén ¢ rang budc theo
khoang cach. N6 m& rong truy van bang cach lan truyen trén YAGO (da lam glau) theo
tat ca cac quan h¢ tryc tlep v6i cac thuc thé ban dau trong truy van. Céc truy van mo
rong va cac tai liéu sau d6 ciing duoc biéu dién theo mé hinh khéng gian vecto dua trén
tur khoa.

Bdng 2. Cac do chinh xdc trung binh nhdm cua cdc mé hinh Lexical, CSA va R+CSA

M©6 hinh R+CSA Lexical CSA
MAP 0,6451 0,5099 0,5474
Do cai thién 26,5% 17.8%

Cac gia tri trong bang 1 va cac duong cong trong hinh 4 trinh bay cac d6 chinh
xac va do F trung binh cta ba mé hinh Lexical, CSA va R+CSA tai mdi cip do day du
chuan. Chung cho thay mé hinh R+CSA hiéu qua hon hai mé hinh con lai & d6 chinh
xac va do F. Cac do MAP trong Bang 2 va céc tri s6 p hai chiéu trong bang 3 cho thay
viéc mo rong truy van mot cach hop Ii s& 1am ting hiéu qua cta truy hdi van ban. O do
MAP, m6 hinh R+CSA cua chung t6i hiéu qua hon lan luot 12 26,5% va 17,8% so voi
hai m6 hinh Lexical va CSA. Trong khi do6, s cac truy van ma md hinh R+CSA c¢6 do
chinh xac trung binh 16n hon, bang va nho hon so voi md hinh Lexical lan luot 12 61,
37 va 26; con so v&i mé hinh CSA lan lugt 12 57, 49 va 18.
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Béng 3. Tri s6 p hai chiéu cia phwong phdp kiém dinh ngau nhién Fisher giita mé hinh
R+CSA vdi hai mé hinh Lexical va CSA

A s As IMAP(A) - _ . Trisop
M6 hinh A | M6 hinh B MAP(B)| N N hai chidu
Lexical 0,1352 1.691 | 1.630 0,03321

R+CSA
CSA 0,0977 2.207 | 2.268 0,04475

Dudi day, ching toi trinh bay va phan tich mot s truy van dién hinh trong tap
QA-Track-99 cho thdy mé hinh R+CSA hiéu qua hon hodc thua hai mé hinh Lexical va
CSA, nhu dugc trinh bay trong Bang 4. Do mé hinh R+CSA Ia md hinh CSA ¢6 rang
budc thém méi quan hé tuong minh trong truy van, nén céc thuat ngir dugce thém vao
truy van theo mé hinh R+CSA ciing duoc thém vao truy véan theo mo hinh CSA. Sau
day la cac truy van va sy phan tich cila chiing toi.

Truy van a. “What is the capital of Italy?”
Lexical: capital OR Italy

CSA: capital OR Italy OR Rome OR A.S. Roma OR A.C. Milan OR ACF
Fiorentina OR Berlusconi OR Italian Republic OR G8 OR European Union

R+CSA: capital OR Italy OR Rome

B6 quan hé trong truy van nay la [C: Capital]-(R: capitalOf)-[I: #Italy]. Trong
ontology V& sy kién c6 bo quan hé twong tmg 1a [I,: #Rome]-(R: capitalOf)-[I: #ltaly].
Ontology vé thuc thé c6 tén xéac dinh [l,: #Rome] c6 16p 1a [C: Capital]. Do d6 md hinh
R+CSA thém tir khoa “Rome” vao truy van. Trong khi ¢6 mo hinh CSA thém vao truy
van céc tir khoa biéu dién bt ky thuc thé nao ¢ quan hé véi Italy trong ontology Vé su
Kién. Hai mé hinh R+CSA va CSA hiéu qua hon mé hinh Lexical vi c6 mot sé tai liéu
lién quan dén truy van c6 chira Rome ma md hinh Lexical khong truy hoi. M6 hinh
R+CSA hiéu qua hon mo hinh CSA vi md hinh CSA thém vao truy van nhiéu tir khoa
khéng phi hop véi ndi dung cua truy vén.

Truy vén b. “How many moons does Jupiter have?”
Lexical: moon OR Jupiter

CSA: moon OR Jupiter OR four OR Jupiter Hammerheads OR Jupiter Hammon
OR Jupiter One OR Maya Jupiter OR Sailor Jupiter OR Florida

R+CSA: moon OR Jupiter OR four

O truy van nay, bd quan hé 1a [I: #Jupiter]-(R: moonQuantity)-[C: Number].
Trong ontology Vvé su kién c6 bo quan hé tuong tmg 1a [I: #Jupiter]-(R: moonQuantity)-
[1a: #four]. Ontology vé thyc thé c6 tén xac dinh [l,: #four] co lop 1a [C: Number]. Do
d6 mo hinh R+CSA thém tir khoa “four” vao truy van. Pay la tir khéa phu hop vaéi ndi
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dung cia truy van. Do dé, trong ty nhu & truy van a, & truy van ndy md hinh R+CSA
hiéu qua hon m6 hinh CSA va ca hai m6 hinh nay déu hiéu qua hon mé hinh Lexical.
Bdng 4. Cac do chinh xdc trung binh cua cdic mé hinh Lexical, CSA va R+CSA
trén cac truy van dién hinh

R D¢ chinh x&c trung binh
M6 hinh
a b C d
Lexical | 0,3929 | 0,1956 0,75
CSA 0,5071 | 0,4542 | 0,5889 0,5
R+CSA | 0,8333 | 0,6496 1 0,3333

Truy van c. “Where is the actress, Marion Davies, buried?”
Lexical: actress OR Marion Davies OR bury

CSA: actress OR Marion Davies OR bury OR Hollywood Cemetery OR Blondie
of the Follies OR Going Hollywood OR Janice Meredith OR Lights of Old Broadway
OR Zander the Great OR Patricia Lake OR Ziegfeld Girls

R+CSA: actress OR Marion Davies OR bury OR Hollywood Cemetery

O truy van ndy, md hinh R+CSA khai thac duoc cac bd quan hé trong truy van va
trong ontology vé su kién 1an luot 12 [I: #Marion Davies]-(R: buriedIn)-[C: Location],
[I: #Marion_Davies]-(R: buriedIn)-[l,: #Hollywood_Cemetery]. Theo ontology vé thuc
thé co tén, [l,: #Hollywood_Cemetery] c6 16p 1a 16p con cuia [C: Location]. Do do, tir
“Hollywood Cemetery” duoc thém vao truy van theo md hinh R+CSA. Do day that su
la hai tir khoa xuét hién trong cac tai lidu lién quan dén truy van nén md hinh R+CSA
hiéu qua hon mé hinh Lexical. Trong khi d6 mé hinh CSA c6 hiéu qua truy hoi thap
hon mé hinh Lexical, do thém vao truy van qua nhiéu tir khoa khong phil hgp véi ndi
dung caa truy van nén cé nhiéu tai liéu khong lién quan dén truy van duoc tra vé.

Truy van d. “What famous communist leader died in Mexico City?”
Lexical: famous OR communist OR leader OR die OR Mexico OR city

CSA: famous OR communist OR leader OR die OR Mexico OR city OR Adolfo
Ruiz Cortines OR Adolfo de la Huerta OR North America OR Adolfo Aguilar Zinser
OR Agustin Carstens OR Alejandro Gonzalez Alcocer OR Bernardo Gomez Martinez
OR Alvaro Obregon OR Andres Eloy Blanco

R+CSA: famous OR communist OR leader OR die OR Mexico OR city OR
Adolfo Ruiz Cortines OR Adolfo de la Huerta

O truy van ndy, md hinh R+CSA khai thac duoc bo quan hé [C: Leader]-(R:
diedIn)-[I:  #Mexico_City] trong truy vén, va céc bdo quan hé [l
#Adolfo_Ruiz_Cortines]-(R: diedIn)-[I: #Mexico_City] va [l,: #Adolfo_de_la_Huerta]-
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(R: diedIn)-[I: #Mexico_City] trong ontology vé sy kién. Theo ontology vé thuc thé co
tén, [l.: #Adolfo_Ruiz_Cortines] va [l,: #Adolfo_de_la_Huerta] c6 lop 1a [C: Leader].
Do d6, cac tu “Adolfo Ruiz Cortines” va “Adolfo de la Huerta” dugc thém vao truy van
theo mé hinh R+CSA. Tuy nhién, céc tai liéu lién quan dén truy van cha yéu chira thuc
thé Leon Trotsky nhung ontology su kién duoc st dung khéng c6 quan hé [l
#Leon Trotsky] (R: diedIn)-[I: #Mexico_City]. Do d6 “Leon Trotsky” khong dugc thém
Va0 truy van theo hai md hinh R+CSA va CSA, nén hai mo hinh nay c6 hiéu qua thap
hon mé hinh Lexical. Ngoai ra, mé hinh R+CSA ¢6 hiéu qua thap hon mé hinh CSA
boi vi ¢6 céc thuc thé xuét hién trong céc tai lidu lién quan dén truy van nhung khong
duge md hinh R+CSA thém vao truy vén; d6 1a cac thuc thé c6 quan hé voi cac thuc
thé trong truy van nhung khong phai theo cac quan hé twong minh trong truy van.

6. Kétluan

Cong trinh d& phan tich Céc nhuoc diém cua cac phuong phap SA tu do va co
rang bugc trude day, va dé xuét phuong phap SA CO rang buoc theo quan hé tudng
minh trong truy van. Cu thé 13, véi mbi truy véan, mdi thuc thé tiém 4n duoc thém vao
phai 1ién quan v&i mot thyc thé trong truy van theo mot quan hé twdng minh xuét hién
trong d6, va thudc 16p cua thuc thé twong tmg v4i n6 trong truy van. M6 hinh mé rong
truy van theo phuong phap SA dé xuét ¢4 dugc so sanh vé hiéu qua truy hoi tai liéu véi
mo hinh Lexical va md hinh st dung phuong phap SA c6 rang budc theo khoang cach.
Két qua thuc nghiém cho théy mo hinh R+CSA ¢0 hiéu qua cao hon ¢ do chinh xac, do
day du, d6 F va do MAP.

Trong c6ng trinh ndy, vé viéc khai thac cac thuc thé c6 tén tiém 4n, truy van chi
dugc mo rong voi céac thuc thé co dinh danh va thudc 16p thuc thé tham gia truc tiép
vao cac quan hé xuét hién twdng minh trong truy van. Mot hudng nghién ciu dang
quan tam tiép theo 1a khai thac cac thyc thé tiém 4n c6 quan hé bic cau voi cac thuc thé
trong truy van thong qua céc quan hé tuong minh trong do.

! International Telecommunication Union, 14 co quan chuyén mon ctia Lién Hop Qudc vé cong nghé thong
tin va truyén thong. http://www.itu.int/net/itunews/issues/2010/10/04.aspx

2 http://www.ontotext.com/kim/

® http://www.wikipedia.org/

* http://en.wikipedia.org/wiki/Wikipedia:About (accessed on 01-Aug-2011)
® http://www.britannica.com/

® http://www.ontotext.com/kim/performance.html.
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