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TOM TAT

Web ngit nghia la mét linh vuc nghién cizu phét trién rdt nhanh chéng trong nhiing thap
nién gdn day. Mgt 16p quan trong trong kién tric cia Web ngir nghia la ngén ngir Web
Ontology (OWL) duoc xay dung dua trén céc logic mé td. Ho cac logic md ta nay la cac
ngdn nga hinh thizc phu hop véi viéc biéu dién tri thizc khai niém. Vi vdy viéc nghién citu
cac ngdbn ngir quy lugt hiéu qua cho Web ngiz nghia la mét vdn dé dwoc nhiéu nha nghién
ciu quan tam. Bai b4o nham nghién cizu va danh gid Horn-DL trong quan hé so sanh véi
cac ngdn ngir c6 dé phirc tap twong dwong'. Dua trén cac phan tich ching i két lugn
dwoc rang, kha nang biéu dién tri thizc cia ngdn ngi Horn-DL mgnh hon han cac ngdn

ngit da dua ra so sanh.

Tar khda: Horn-DL, Logic md td, Ngon ngé quy ludt, Web ngi nghia.

1. MO PAU

Logic mé ta 1a ho cac ngdn ngir dung dé biéu dién tri thic va 1ap luan trén co sé tri thic
d6, n6 dugc wng dung rong rai trong nhiéu linh vuc khac nhau, trong d6 c6 Web ngit nghia. O
day, logic md ta dwoc &p dung vao trong cac ngdn ngir ontology dung dé biéu dién mién tng
dung. Ngon ngir Web ontology (OWL) 1a tiéu chuan dé viét ontology cho Web di dwoc xay
dung dua trén cac logic mé ta khac nhau.

Phién ban dau tién OWL 1 dua trén logic mé ta SHTQ, va phién ban thir hai OWL 2
duogc giGi thiéu boi W3C nam 2009 lai dua trén logic mé ta SROJIQ, Tuy nhién, mot van dé dat
ra d6 1a cac ngdn ngit md ta c6 y nghia, kha ning biéu dién tri thirc manh thi 6 phic tap trong
lap luan lai cao. Céac logic mo ta SHHIQ va SROIQ la cac ngdn ngit c6 kha ning biéu dién tri
thirc cao, nhung dbi vai cac bai toan 14ap luan co ban thi cac logic md ta ndy c6 do phuc tap to
hop ham mil va d6 phuc tap dit lidu thuoc 16p NP-kho. Vi vay, W3C di gidi thiéu cac hd so

! C4c ngdn ngir c6 do phuc tap twong duong & day 1a cac ngdn ngir c6 do phuc tap dit lidu thuoc 16p da
thuc theo thoi gian.



banh gia Horn-DL trong quan hé so sanh véi Horn SROIQ

OWL 2 EL, OWL 2 QL va OWL 2 RL d6 la cac ngdn ngit con thu duoc bang céch gidi han
OWL 2 day du dé c6 do phic tap dir liéu 1a PTime.

Céc ngbn ngtr quy luat trong logic md ta thu hat sy quan tdm ciaa cac nha nghién cau vi
cac tng dung cua no trong Web ngit nghia. Mot mit, cac logic mé ta co kha niang biéu dién cao
thi cac bai toan suy luan lai co d6 phuc tap 16n hoac tham chi la khong xac dinh dugc. Mat khéac,
cac Logic mo ta yéu (vai cac thu tuc lap luan hiéu qua) lai khong du kha niang biéu dién dé mo
ta cac khai niém quan trong ctia mot ng dung da cho. Vi vay, viéc nghién cuu su hai hoa gita
kha nang biéu dién cua Logic md ta va do phuc tap cua bai toan 1ap luan 1a mot van dé quan
trong trong nghién cuiru logic mé ta.

Céc hd so OWL 2 EL, OWL 2 QL va OWL 2 RL la cac ngén ngir quy luat don diéu co
d6 phuc tap dir liéu PTime, ching 1a cac doan Horn duoc xay dung bang cach b sung cac gioi
han thich hop dé khtr tinh khong tién dinh cua céc ho logic mé ta EL [1], DL-Lite [3] va DLP
[4]. Nhiéu doan Horn cua céc logic md ta co6 do phirc tap dit liéu PTime da duoc phat trién theo
cach nay. Trong d6 déng chu y 1a cac doan Horn-SHIOQ [6] va Horn-SROIQ [9], duoc biét dén
VGi C&C tap céu trac va ddc trung phong phi cho phép trong cac doan Horn nay. Clung véi su
phét trién trong linh vic ngdn ngir quy luat, logic mé ta Horn-DL [7] dugc dé xuat véi do phirc
tap d@t li¢u 1a PTime. Trong bai b4o nay sé danh gia kha nang mo ta khai niém cua logic mo ta
Horn-DL cung vai cac logic mo ta c6 cung do phuc tap di liéu PTime.

2. SO SANH HORN-DL VOI HORN-SROIQ
Phan nay cho biét cii phap va ngit nghia ciia co sé tri thicc Horn-DL ciing nhu co so tri
thic Horn-SROJIQ. Mbi co sé tri thire déu bao gdom cac khing dinh va cac tién dé thudc cac
dang twong wng caa mdi ngdn ngit.

2.1. Logic m6 ta Horn-DL

Logic md ta Horn-DL gigi thiéu trong [7] duoc phat trién tir Logic md ta Horn-Reg [8]
bang cach ma rong tap cac khai niém va bé sung thém cac khang dinh.

Goi C, R, va | 1a c4c tap hop hiru han lan luot 12 tap cac tén khai niém, tap cac tén vai
trd (bao ham tap con chira C4c ¢én vai tro dom) va tap céc tén cé thé. Ta ky hiéu a, b 13 cac tén ca
thé; A, B 1a cac tén khai niém; var, s 1a cac tén vai tro.

Véi mdi r € Ry, ta ky hiéu 7 1a ddo ngwoc ciar. Pat R_={F |r e R,}vaR =R, UR_.
Vé6i R =7, ta dit R dai dién cho r. Ta goi cac phan tir cua tap R & cac vai tro co bdn va sit dung

céc chir cai R, S dé ky hiéu cho cac phan tir ndy.

Mot tién dé bao ham vai tro (viét tat 1a RIA) 1a mot biéu thic ¢d dang S,°S,°...°SER,
v6i k>0. Truong hop k = 0, vé tréi cua tién dé bao ham duoc ky hiéu bang mot tir rdng &. Mot
khang dinh vai tro 1a mot biéu dién c6 dang Irr(S) hoic Disj(S,S”), véi S va S’ 1a cac vai tro don,
Irr viét tit ciia “phan phan xa” va Disj viét tat cia “roi nhau”.
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MGt hé viét lgi phi ngiz canh s trén R 12 mot tap hitu han c&c luat san xuat phi ngir canh
trén bang chir R. Hé goi 1a ddi xitng néu luat R—S;S,...S thudc s, thi luat R — Sy ...5,5; ciing
thuoc s. Hé goi 1a chinh quy néu véi mdi R e R, thi tap hop cac xau nhan duoc tir R khi sir dung
hé 1a mot ngbn ngt chinh quy trén R.

Mot box chinh quy cac RIA la mét tap hitu han R, goém cac RIA thoa mén

{R—>81828k| (Sl ° Sz °...° Sk C R) € Rﬁ}
1a mot hé viét lai chinh quy di xting s trén bang chit R sao cho néu R € R 1a mét vai tro don thi
chi ¢6 cac xau d6 dai 1 hoac 0 nhan duoc tir R khi str dung hé s.

Mot RBox chinh quy la mét tap R = R U R, trong d6 R _la mot tap hiru han cac
khang dinh vai tro va R _1a mot box chinh quy cac RIA.

Vi AeC, ReR, ael, n 1a mot sb tu nhién va S 1a mét vai trd don, cac khai niém duoc
xac dinh bai van pham dang BNF nhu dudi day:

C:=T|L|A|-C|CnC|CuUC|VR.C|3R.C{a}| YU.C [AU.C|IR.Self | >nS.C | <nS.C

Taky hiéu U ¢ R la vai trd pho quat; C, D 1a cac khai niém.

Str dung ky hiéu V3R.C dé viét tat cho YR.CN3IR.C. Vé6i AeC, ReR, acl va S 1a mot
vai tro don, céc khai niém ¢ vé trai Horn-DL (goi tit 1a khai niém vé trai), dugc xac dinh boi
van pham dang BNF nhu sau:

C:=T|A|CnC|CuC| V3IR.C|3R.C {a}| YU.C |FU.C| 3S.Self

Véi AcC, D 1a mot khai niém vé tréi, ReR, ael va S 1a mot vai trd don, cac khai nigm
¢ vé phai Horn-DL (goi tat khai niém vé phdi), duoc xac dinh bai van pham dang BNF nhu sau:

C:=T|Ll|A|-D|CnC|-DuC | VR.C|3R.C {a}| VU.C [3U.C| 3R.Self| >nS.C | <nS.C
MOt tién dé thugt ngiz Horn-DL, con goi 1a tién dé (bao ham) TBox la mét biéu thuc cé
dang C = D, véi C 1a khai niém vé trai va D 1a khai niém vé phai.
TBox Horn-DL la mét tap hitu han céc tién dé thudt ngi Horn-DL.

ABox Horn-DL Ia mét tap hitu han cac khiang dinh c6 dang C(a), r(a, b), -s(a, b), a=b
hoic a # b, v&i C 1a khai niém vé trai, reR, va s 1a tén vai tro don.

M6t co 56 tri thic Horn-DL la mot bo (R, T, A), véi R 1a mot RBox chinh quy, 7T 1a
mot TBox Horn-DL va A la mot ABox Horn-DL.

Ngir nghia cua co s¢ tri thirc Horn-DL 12 mot dién giai = (A', -"), trong d6 A' 1a mot tap
khong rdng goi la mién cia I va -' 1a ham dién gidi cia I twong tng mdi cé thé a e | véi mot
phan tr a' eA', mdi vai trd reR. véi mot quan hé nhi phan r' cA' xA'.
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Dinh nghia &' = {(x, x) | xeA'}, U' = A' xA'va (7)'= () = {(y, X) | (x, y)e r'} véi reR..
Ham dién giai dugc mé rong ddi véi tat ca cac khang dinh va céc tién dé nhu trong Bang 1 va
ddi vai cac khai niém phtic nhu sau:
T'=A", 1'=9, {a} = {a'}, GR.Self) = {xeA' | (x, x)e R'}, (-C)'=A"\C', (Cn D)'=C'n D!,
(CubD)=Cc'uD', (VRC)'={x e A"| Wy (x, y)eR' =y e C"}, (VU.C)' = {x e A'|A'c C'},
(AR.C)' ={x e A'|Fy ((x, y)eR' Ay e C"}, (2 nS.C)' = {x € A'| #{y | (x, y)eS' vay € C'} > n},
(£nS.C)'={x e A'|#{y | (x,y)eS'vay € C'} <n}, (AU.C)' = {x € A'| C' = 0}.

Bdng 1. CU phép va ngir nghia cta Horn-DL.

Cu phap Ngir nghia
(1 5:°S,°...°S,ER S/ 0S)o...0S CR! RBox
(1) Irr(S) S' phan phan xa
() Disj(S,S") 3'~S'=9
(1V) CCcD c'cD TBox
(V) C(a) a'eC ABOX
(V1) r(a, b) @,p'yer
W) —s(a, b) @,b'yegsd
(V1) a=h a'=bp
(1X) a#b a#b

Trong bang nay, a, b € I, reR, va s la tén vai tro don, S, R € R, va S, S’ la céc vai tro
don, k > 0, C la khai niém vé trai, D 1a khai niém vé phai. Nhu vay, cac tién dé bao ham TBox
1a mot ho cac tién d& bao ham dang (1V).

2.2. Logic m6 ta Horn-SROIQ va Horn-SHOIQ

Logic mo ta Horn-SROIQ [9] duoc dinh nghia 1a mot doan cua SROJIQ day du [5]
nhung trong d6 khong cho phép sur dung phép hop.

Gia str N¢, Ng, N, la cac tap hiru han, twong ung la tap tén cac khai niém, tén céc vai tro
va cac ca thé; Gia sirrang {T, L} © Nc. Néu r € Ng, thirvar™ la céac vai tro, lac do céac vai tro
dao nguoc cua ching twrong tmg s€ la7 =r~var— =r.

Trong ngdn ngit SROJIQ day du, mot tién dé bao ham vai tro tong quat (RIA) c6 dang
$1°5,°...°s 1, véi rvas; la cac vai tro. Mot tap cac RIA R I chinh quy néu c6 mét thir tu
cuc bd nghiém ngat < trén cac vai trd sao cho s < r néu va chi néu § < r, va mdi RIA trong R
phai c6 dang (1) hoac (V) trong Bang 2. Cac vai tro don trong R dugc dinh nghia mot cach dé

quy nhu sau: (a) r eNg 12 vai trd don néu r & vé phai cua cac RIA dang SEr va s 14 vai tro don;
va (b) 7~ la vai tro don néu r |2 vai tro don.

Mot TBox 7 c6 dang RUT, trong d6 R 1a mot tip chinh quy chua cac RIA va T° la
mdt tap cac tién d& c6 cac dang tir (VI) dén (XII) trong Bang 2. Co sd tri thire Horn-SROIQ 14
mot bo K = (T, Ay, véi T 1a mot TBox va ABox A la mot tap khdng rdng céc khang dinh cé
dang (XII) va (X1V).
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Logic mé ta Horn-SHOIQ thu dwoc bang cach gidi han Horn-SROJIQ nhu sau: chi
cho phép cac RIA dang (1), (II") va (V) trong Bdng 2; khong cho phép cac tién dé roi nhau nhu
dang (V1) 6 Bang 2, cac khai niém dang 3r.Self ciing khong cho phép.

Ciing nhu cac logic mé ta khac, ngit nghia cua co s tri thic & day dwoc cho bai dién
giai T=(A', -"Y. Dién giai ndy anh xa mdi cé thé acN, tuong tng véi mdi phan tir a' €A', mi
khéi niém A € Nc véi mdi A' = A' va mdi vai tro reNg véi mot quan hé nhi phan r' < A' xA',
sao cho T'= A", 1'= @. Anh xa -' dugc mo rong dén tat ca cac khai niém va céc vai tro nhu dugc
giai thiéu trong Bang 2.

Bdng 2. CU phép va ngir nghia cia Horn-SROJIQ,

Cu phap Ngir nghia
0 rYCr r~1 <t TBox
(m wCr acr
() S;Cr sicr
(1 r°scr r'eaicr
(V) @rcr @ °r'cr
V) rercr rercr!
(V) Disj(s,s ) sns''=0
(vh) ANBEC A'nB'cC
(Vi) AC VR.B Alc {x € A'| Vy.(x, y)eR' =y € B'}
(1X) Ac 3RB A'c{x e A'|3y.(x,y)eR' Ay € B}
(X) JRACB {x e A'|3y.(x,y)eR' Ay € B} c A
(XI) AL <Is.B Alc{x e A'|NJ5(d) <1}
(X1 AC >ms.B A'c {x e A'|N/5(d) > m}
(X11) aA a'e A ABoOXx
(XIV) (a, b):r @,b'yer

Trong bang nay, m>0, a, b € N, r € Ng, R 1a mot vai tro va s, s’ 1a cac vai tro don.
Ngoai ra, @=s$; °S, °... °Sy, k>1 va voi mdi 1<i<k thi s; 1a mot vai trd thoa man's; < r. A, B va
C la céc tén khai niém, cac dinh danh dang {a} hoic c6 thé 1a cac dang 3r.Self.

2.3. Bai toan théa dwec caa co sé tri thic

Mot dién giai J1a mot md hinh cua co so tri thae KB, néu n6 thoa man tat ca cac tién
dé trong TBox va tit ca cac khiang dinh trong ABox, ky hiéu J =CB. Bai toan thoa dugc cua
co so tri thire 12 bai toan quyét dinh xem d6i voi mét co so tri thirc KB da cho, lidu cd ton tai
mot mo hinh I dé cho I &= KB hay khong.

Lép do phie tap dir liéu caa Horn-DL dugc dinh nghia 1a 16p do phuc tap cua bai toan
thoa duoc cua co s tri thic Horn-DL theo kich thuéc cia ABox A, gia dinh ring RBox R va
TBox T la ¢6 dinh va A la mot ABox Horn-DL rit gon [7]. Luc dé do phirc tap dit liéu cua
Horn-DL thugc 16p PTime.
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Bai toan thoa duogc cua co so tri thuc Horn-SROIQ thudc 16p ExpTime [9], va néu cb
dinh TBox 7 thi d6 phuc tap dir liéu caa Horn-SROIQ thude 16p PTime.

3. KET QUA VA THAO LUAN

Mic du d6 phirc tap dir liéu caa co so tri thirc Horn-SROIQ va Horn-DL déu thuoc 16p
PTime, tuy nhién kha nang biéu dién tri thirc cua cac ngdn ngir ndy khong hoan toan nhu nhau.

3.1. Panh gia RBox cia Horn-DL va tap cac RIA caa Horn-SROIQ

Gia sir R’ 1a tap cac RIA cua Horn-SROJIQ va R 1a mot RBox caa Horn-DL. Dya trén
cli phéap va ngir nghia cua Horn-SROJIQ va Horn-DL, chiing ta thiy rang moi biéu dién trén R’
déu c6 thé duoc biéu didn bing cach sir dung cac khing dinh vai trd hoic céc tién d& bao ham
vai tro trong R.

- Néu R’ ¢6 chtra khang dinh vai tro dang Disj(s,s') thi trong R chira khing dinh vai
tro Disj(S,S").

- Néu R’ chura tién dé bao ham vai trd dang v~  r thi trong R chta S E R, day 1a
truong hop dac biét cua tién dé bao ham vai trd dang $:°S,°...°S,ER, véi k = 1 va S 1a nghich
dao cua mét tén vai tro don (tuc la SeR.);

- Néu R’ chira tién dé bao ham vai tro dang s; & r thi trong R chira SE R, ¢ day S 1a
mét vai tro con cua R;

- Néu R’ chtra c4c tién dé bao ham vai trd dang @S r,r °@Cr, @ °r 1,1 °r 1, thi
trong R chira cac tién d& bao ham vai tro c6 dang $;°S,°...°SER, & day gia tri cia k > 1;

Nhu vay ta c¢d thé thay ring moi tap chira cac RIA caa Horn-SROIQ ciing c6 thé la
mét RBox trong Horn-DL, nhung diéu nguoc lai khong ding. Cu thé, néu trong RBox cua
Horn-DL chira khiang dinh vai trd Irr(S) thi kha niang biéu dién tinh phan phan xa ciia mot vai trd
trong R’ cia Horn-SROJIQ khdng thuc hién duoc. Ngoai ra, RBox trong Horn-DL con c6 thé
chtra céc tién dé bao ham vai trd dang £ E R (truong hop dac biét cua S;°S,°...°SiER, véi k = 0),
nhung trong cac RIA cta Horn-SROIQ dang nay khéng cho phép.

3.2. Panh gia TBox cia Horn-DL va TBox cia Horn-SROIQ

Céc tién dé bao ham khéi niém cua Horn-SROJIQ gdm cac tién dé tir dang (VII) dén
dang (XII) trong bang 2. Cac tién d& bao ham TBox cua Horn-DL 1a céc tién dé dang C £ D,
trong d6 C la khéi niém vé tréi, D Ia khai niém vé phai. Ta nhan thay rang moi vé tréi cua quan
hé bao ham £ trong cac tién dé tir (VII) dén (XII) cua Horn-SROJIQ thi déu duoc chip nhan
boi cac khai niém vé trai C, va vé phai ciia moi quan hé bao ham £ trong cac tién dé nay ciing
déu duoc chip nhan béi cac khai niém vé phai D. Tuy nhién nguoc lai khong dung.
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Trong Horn-SROJIQ khéi niém 3r.Self chi c6 thé xuat hién & vé phai cia quan hé bao
ham = khi r 1a mot vai trd don, trong khi & Horn-DL thi chap nhan 3R.Self voi R 1a mot vai tro
bat ky.

Khéi niém vé trai C c6 thé c6 dang V3R.C, tuy nhién Horn-SROIQ khdng cho phép
cau triic V3R.C & Vé tréi cua tién dé bao ham TBox.

Ngoai ra, Horn-DL con chira vai trd phd quét trong khi Horn-SROIQ khong chap nhan
vai tro nay.

Nhu vay moi TBox cua Horn-SROJIQ ciing ¢o thé 1a mot TBox trong Horn-DL, nhung
diéu nguoc lai khong diing.

3.3. Panh gia ABox cia Horn-DL va ABox ciia Horn-SROIQ

Tir bang 1 va bang 2, ta thiy moi ABox cua Horn-SROIQ déu cb thé 1a ABox cua
Horn-DL, tuy nhién diéu nguoc lai khong ding. Trong ABox cua Horn-DL chtra cac khang dinh
dang Irr(S), —s(a, b), a # b nhung ABox ciia Horn-SROJIQ khong chap nhan cac dang nay.

3.4. Bai toan minh hea va danh gia

Ching ta md ta quan hé trong gia dinh tur khai niém nguyén tir I2 Human nhu sau.

bit R = {hasChild & hasParent, hasChild = hasParent, hasChild = hasDescendant,
hasChild °hasChild = hasDescendant, hasChild = hasDescendant, hasDescendant °
hasChild = hasDescendant }.

7T = {Man £ Human, Woman = Human, Man 1 Woman E 1, 3hasChild.Human = Parent,
JhasChild.Parent = GrandParent, Parent 1 Man E Father, Parent m Woman = Mother,
VvdhasChild.Woman = ParentHasNoSon, Y3hasChild.Man = ParentHasNoDaughter}.

A = {Man(Tom), Woman(Helen), ParentHasNoDaughter(Peter), hasChild(Olga, Peter),

hasChild(Peter, Bill), hasChild(Peter, Win), hasChild(Helen, Win), hasDescendant(Tom, Win),
Bill # Win, —hasChild(Tom, Helen)}.

Luc d6 KB = <R, T, A> 1a co sé tri thuc Horn-DL. Ta c6 thé thiy rang Tom, Peter Ia
cac thé hién cua khai niém Father twong tng voi KB va Tom, Peter, Bill, Win la cc thé hién
cuia khai niém Man tuong tng voi KB, déng thoi KB & hasChild(Tom, Peter).

Néu dung céc cau trdc caa Horn-SROJIQ dé mo ta co s tri thic trén, khi d6 ching ta
khong thé md ta cadc bao ham khai niém Vv3hasChild.Woman = ParentHasNoSon,
v3hasChild.Man & ParentHasNoDaughter thi chung ta chua du co so dé suy ra Bill, Win la céc
thé hién ciia Man dwoc. Ngoai ra, cau tric cia Horn-SROJIQ ciing khong thé mo ta Bill # Win,
—hasChild(Tom, Helen) va do d6 cac md hinh cua co so tri thirc ciing chua chic thoa
hasChild(Tom, Peter).
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luan

4. KET LUAN

Bai bao da danh gia kha nang biéu dién tri thic cia cac ngdn ngir quy luat, tir do két
duogc rang Horn-DL vé co ban hoan toan manh hon Horn-SROJIQ. Nhu vy, Horn-DL la

mot ngdn ngit c6 kha ning biéu dién tri thic cao va viéc nghién ciru dé phat trién Horn-DL 14
mot nghién ciu ¢6 nhiéu trién vong. Hudng phat trién trong tuong lai 1a tim kiém cac thuat toan

hiéu

qua dé tra 1oi truy van trong co s tri thac Horn-DL.
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ABSTRACT

Semantic Web is a research area which has been rapidly growing in the last decades. One
of the important layers of Semantic Web is Web Ontology Language (OWL), which is based
on the description logics (DLs). These logics are formal languages suitable for
representing terminological knowledge. Thus, effective rule languages are a research
problem received much attention from researchers. In this article, we have researched and
evaluated Horn-DL in comparison with languages of same complexity. Basing on the
analysis we concluded that the ability of knowledge representation of Horn-DL fragments
is stronger than the languages compared.
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