ABoX: AoaHHble U A€CKPUNLUMOHHAaA NIoOrmKa

Knowledge Base (KB)

TBox (terminological box, schema)

Man = Human 1 Male
HappyFather = Man M JhasChild

ABox (assertion box, data)

john: Man
(john, mary): hasChild

Inference System

Interface




Ba3bl 3HaAaHUM

Basa 3Hanuit IC = (7, A) coctout us Teopun 7 u ABox \A.

3aMeTuM, YTo JlaHHOe onpeaeneHne nokpeiBaeT ABox CO CNOXHbIMU yTBepxaeHusamu euaa a : C.

Ecnu cnoxHoe yteepxaenune Buaa a : C (t.e. C — cnoxHblii kKoHuenT) BxoauT 8 A, Mbl

e 3aMeHuM ero Ha a : A, roe A — HoBoe uMs;

e noaBum A = C k7.

Hasosem nonyuenHyto 6asy sHanuin (77, A’). Torma (7', A’) naer Te xe oTBeTbl Ha Bce

3anpocsl, He copepxawme A ytou (7, A).



Mpumep

PaccmoTpum TBox Uni:

e BritishUnivty [ University;

e University ' Student = | ;

o T L Vregistered_at.University;
o [ L Vstudent_at.University;

e Jstudent_at. T [ Student;

e Student [ dstudent_at. T;

¢ NonBritishUni = University [l —BritishUnivty.



Mpumep
mUnig:
¢ CMU : NonBritishUni
e Harvard : Inst, FUBerlin : Inst

e LU : BritishUnivty, MU : BritishUnivty;

e Tim : Student;

(Tim, LU) : registered_at, (Bob,MU) : registered_at;

(Tom, Harvard) : student_at.

0O6o3Haunm by Unig 6a3y gaHHbIX ¢ TON Xe nHdopmaumei.



OT1BeThbl

Query | Rel. DB Unig | Abox Unia | KB (Uni, Uniy)

University(CMU) | No Don’t know | Yes
University(Harvard) | No Don’t know | Yes
NonBritishUni(CMU) | Yes Yes Yes
Student(Tim) | Yes Yes Yes
Student(Tom) | No Don’t know | Yes
Jstudent_at. T (Tom) | Yes Yes Yes
Jstudent_at. T (Tim) | No Don’t know | Yes
(Student M —Univty) (Tim) | Yes Don’t know | Yes

(Inst M —Univty) (FUBerlin) | Yes Don’t know | Don’t know

BritishUnivty T University
University [ Student = |

T L Vregistered_at.University

T L Vstudent_at.University
dstudent_at. T [ Student
Student [ dstudent_at. T

NonBritishUni = University ['1 = BritishUnivty
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CMU : NonBritishUni
Harvard : Inst,

FUBerlin : Inst

LU : BritishUnivty

MU : BritishUnivty

Tim : Student

(Tim, LU) : registered_at
(Bob, MU) : registered_at
(Tom, Harvard) : student_at.



dopmMmanbHoOe onpeaesieHne oTBeTa Ha 3anpoc K 6a3e 3HaHUK

FoBopsAT, uTo MHTepnpeTauns Z asnsetca moaensto 6asbl 3Hanmii IC = (77, A) ecu
e T asnsetca moaensio 7 n

o T sBnsieTcs moaensio A: Bce umena a us A nntepnpetuposansl kak aZ B AZ, at € AT

kornaa : A € A, (a,b%) € RT korpa (a,b) : R € A.
Ans panHbix IC v @ = q(x1, ..., Tp) TOUHBIM OTBETOM Ha @ Mo OTHOWeHMIo K IC,

CertAnswer(IC, q),

ABNSIETCH MHOXECTBO BCeX (@1,...,a,) T.4. Z = q(a@1,...,ay,), Ans Bcex I — moaeneil

IC.

Ona 3anpocos 6e3 cB060AHbIX NEpPEMEHHbIX ¢ Mbl FOBOPUM, UTO
e oTBeT, 3aaasaembiin IC, "Aa”, ecnn T |: q ans scex Z — mopeneit IC;
« otsert, 3agaBaembit IC, "Het”, ecnu Z [~ q ans Bcex T — mogenen IC;

® MHaye, OTBET “He 3Hat".



f13bik 3anpocoB

Ona 3anpocos k Bl ncnonb3syetca SQL = norvka npeankaTos

Mcnonb3oBaHMe NpoM3BO/bHbBIX 3aMpoCcoB B ceMaHTUKe ABOX NPMBOAUT K HEPA3PELUMMOCTH:
q — NpousBo/bHas 3aMKHyTas hopMyJsia IOrMKK NpeanKaToB

CertAnswer((,q) = “Oa” 1. n.T.7., koraa ans nwéont Z: T |= q.

- TpoBepka NpUHAANEXHOCTH

(7, A) = C(a)
* O6blyHO, pellaeTcs TEMM Xe afropuTMamMmm, 4To n knaccudmnkauyms

- (ObbeanHeHne) KOHBIOHKTUBHbIX 3anpocoB

q(x1,...,xy) =y ... Yymo,

rae ¢ — koHbloHKumMs Bbipaxenun A(t) v r(t,t’).



EL

PaccmaTpuBaem 6onee 6oraTbiii 3bIK C HOMUHaNAMn:

e Bce uMeHa koHuentoB u 1 — ELO koHuenTbl

e Ecnn C n D ssnaotca £ELO-koHuenTaMm, a ¥ — UMs ponu, To
(cnD), Fr.C

asnaotca € L-koHuenTamu

e Ecnn a wms nuansuaa, 1o {a} — ELO-koHuenT.

Ca:= [] Fu(a}nc)n [] Fu.({a}n3r{d}),

C(a)eA r(a,b)€.A
(T,A) =C(a) . utT,xorma T = {a} 1 C4 C C.

rae u — HOBOE UMSA pPOJin.



Anroput™ gna ELO
(simpleR) If A’ € S(A)and A’ C B € T and B ¢ S(A), then
S(A) := S(A) U {B}.
(conjR) If A;, Ax € S(A)and A; M A, C B € Tand B & S(A), then
S(A) := S(A) U {B}.
(rightR) If A’ € S(A)and A’ C Ir.B € T and (A, B) € R(r), then
R(r) := R(r) U {(A, B)}.
(leftR) If (A, B) € R(r)and B’ € S(B)and 3r.B’'C A’ € T and A’ ¢ S(A), then
S(A) :=S(A)u {A’}.
(nom) If {a} € S(A) N S(B), R*(A, B) and S(B) € S(A), then

S(A) := S(A) U S(B)



JNornuecknii ananus ABox B ALC: npumep

Given: CsmM xuBeT B l'epmMaHun. Cam nbeT NnBO U cuap. baBapey 3TO YeNOBEK, XUBYLLUUIA B
FepMaHun, NbET NMBO U TONIBKO MUBO.

Q: basapeun nn Cam?

ABox A TBox T’
sam: Person Bavarian = Person 1 dlivesin.Germany
sam: dlivesin.Germany M ddrinks.Beer M Vdrinks.Beer

sam: Jdrinks.Beer
(sam, cider): drinks

~J

flBnsetcs nm | sam | npumepom | Bavarian

1. CBepeHue K peanusyemoctu ABox

Cam siBnsieTcs 6asapuem T. u T.T., koraa A U { sam: —Bavarian } He peanusyercs

2. MNpepBapeHHas dopma —Bavarian:

—Person U Vlivesln.—Germany LI Vdrinks.—Beer LI ddrinks.—Beer
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JNlornyeckmii ananus ABox B ALC: npumep

So

= { sam: Person, sam: JlivesIn.Germany,

sam: Jdrinks.Beer, (sam, cider): drinks,

sam: —Person LI Vlivesin.~Germany

So —u 811 = SoU {sam: —Person }  clash

U Vdrinks.—Beer LI Jdrinks.—Beer }
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Normnueckuii aHanus ABox B ALC: npumep

So = { sam: Person, sam: JlivesIn.Germany,
sam: Jdrinks.Beer, (sam, cider): drinks,

sam: —Person LI Vlivesin.~Germany
U Vdrinks.—Beer LI Jdrinks.—Beer }

So — S1.1 = So U { sam: —Person } clash

So — 1 S1.2 = So U { sam: VlivesIn.—Germany }

S1.2 —3 S2.2= S1.2 U { (sam, x): livesln, x: Germany }
Soo —v Sgo= S22 U { x: Germany } clash

So —u S1.3 = So U { sam: Vdrinks.—Beer }

S1.3 —3 S2.3= S1.3 U { (sam, x): drinks, x: Beer }
Sa3 —ry Sg3= S2.3U { x: -Beer } clash

So —u S1.4 = So U { sam: Idrinks.—Beer } (... cM. cnen. cnaiin)




JNornuecknii ananus ABox B ALC: npumep

So = { sam: Person, sam: JlivesIn.Germany,
sam: Jdrinks.Beer, (sam, cider): drinks,

sam: —Person LI Vlivesin.~Germany
U Vdrinks.—Beer LI Jdrinks.—Beer }

So —u S1.4 = So U { sam: Idrinks.—Beer }
51.4 —3 52.4: 51,4 U { (sam, (D)Z drinks, . —|Beer}

S2.4 —3 S3.4= S2.4 U { (sam, y): drinks, y: Beer }

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010 12



Normnueckuii aHanus ABox B ALC: npumep

So = { sam: Person, sam: JlivesIn.Germany,
sam: Jdrinks.Beer, (sam, cider): drinks,

sam: —Person LI Vlivesin.~Germany
U Vdrinks.—Beer LI Jdrinks.—Beer }

So —u S1.4 = So U { sam: Idrinks.—Beer }
51.4 —3 52_4: 51,4 U { (sam, (D)Z drinks, . —|Beer}

S2.4 —3 S3.4= S2.4 U { (sam, y): drinks, y: Beer }

S3.4 —3 S1.4= Ss5.4 U { (sam, z): livesIn, z: Germany }

S4.4 NONHas HenpoTMBOpeumnsas Tabnuua. T.o0.,
A U {sam: —Bavarian}

peanusyeM un CsM He He siBnsieTcs 6aBapueM.



Cno>XHOCTb 3anpocos k 6azam 3HaHvuit (7, A)

Onsa npocToThl, paccMOTpMM 3anpocbl 6e3 cBob6OAHbIX MepeMeHHbIX. Tpu cnocoba M3MepuTb

C/TOXHOCTb.

e CNIOXHOCTb OTHOCUTENbHO AaHHbIX: 3adukcmpoBaTb TBox 7 u 3anpoc . CroXHOCTb

oLeHMBaeTcs kak dyHKUMa oT pasmepa JA.

e CNOXHOCTb OTHOCUTESIbHO OHTOIOMMMN U AAHHbIX: 3aCbVIKCI/IpOBaTb 3anpoc q n oueHnBaTb

CNOXHOCTb Kak dyHKuMio oT pasmepa 7 un A.

o KOMBMHMpOBaAHHasA CNOXHOCTb: C/IOXHOCTb OLIEHMBAETCS KakK MYHKUMS OT pa3Mepa 3anpoca
q, TBox 7T, n ABox \A.

Bo MHorux cnyuvasix, pasmep 7 v g MHoro MeHblue pasmepa JA. TeMm He MeHee, uHoraa 7 moxeT

6bITb O4eHb 60/bLLIKMM N ero pa3MepoM Henb3s npeHebperats.



CNO>KHOCTb KOHBIOHKTUBHbIX 3anpocos k (7, .A)

e Ina ALC n SHOZQ cnoxHoCTb OTHOCUTENBbHO AaHHbIX: coNP-nonHas 3agauva.

CNOXXHOCTb OTHOCUTENIbHO OHTOMOMMU U AAHHbIX, @ TakKXXe KOMOMHMPOBaHHAsA CNOXHOCTb:

(N)ExpTime-nonHasa 3agava.

e Ina EL: cNOXHOCTb OTHOCUTENBHO AAaHHbBIX U OTHOCUTENIbHO OHTOMOMMU M AaHHbIX: PTime.

KoMbuHupoBaHHas CroXHOCTb (C y4yeToM 3anpocos): NP-nonHas 3agava.

Kak ynyywnTtb?



OdeCKpUNUMUOHHbIE JIOFMKU CeMeUucTBa
DL-Lite: TepMUHONIOrMyeckas 4yacTtb



DL-Lite

CeMeNncTBO AECKPUMUMOHHbLIX Nnormk DL-Lite 66110 BBeAeHO 4TOObI

e OnNuMcaTb CBOWCTBA CTaHAAPTHbIX KOHLENTYyaslbHbIX MoAenen Takmx kak ER- n UML-gnarpammsl;

e npuaaTb UM opMasibHY0 CEMAHTUKY;

e obecneunTb 3quJEKTMBHbII71 AOCTyn K AaHHbIM C NCNOJIb3OBaHNEM KOHLI,eI'ITyaﬂbHOﬁ moaenun

onncaHHomn kak DL-Lite-TBox.

Mbl paccMoTpuM Tpu a3bika: DL-Liteporn, DL-Litepoor 1 DL-Litecore -



[y
*

worksOn
1..% \

UML-gunarpaMmmMa

Staff

P

disj

Research || Visiting Academic

Project

* manages

| cov |

1..2 ProjectManager




CunTtakcuc DL-Litey,

® SA3bik DL-Lite;,,,,~KOHLUENTOB (KJ/1aCcCOB)

- uMeHa koHuenTtoB Ag, Aq, ...
— UVMeHa ponen Tg, T1, ...
- koHuenT [ (“thing”)

— koHuenT _L (nycrton knacc, “nothing”)

— cBsA3ka [l (nepeceyeHmne, KOHbIOHKLMSA MM NpocTo “un”).

- kBaHTOp d.
- cBs3ka > n, rae n > 0 — HaTypanbHoe uucso.

— cBg3Kka -~ (obpaTHas ponb).
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DL-Litehorn

PoJsib 370 MMA ponun unu obpaTHoe MMs ponu

BasoBbie DL-Lite koHLenTbl onpeaensioTcsa cneayowmm obpasom:

e uMMeHa koHuenTtos, | u L asnatwoTca 6a3osbiMu DL-Lite KoHUenTamu;
e dr. T aBnsetca 6a3oBbiM DL-Lite KoHLENTOM Ana BCex ponew 7;

e (> n r.T) saensercs 6a30BbIM DL-Lite KOHLENTOM ANs BCEX ponei 7.
Mmnnukauyua DL-Lite;, ,,.,, KOHUENTOB MUMEET BUA
B,n-.--NB, C B,

rae By,..., B,,, B 6asosble DL-Lite koHuenTbI.

DL-Litey oy, TBOX 3TO KOHEUHOE MHOXECTBO MMNAnKaumii DL-Litey, o4.q KOHLENTOB.

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010 19



Mpumep

Person [ (> 5 hasChild. T) (4enoBsek, y KOTOpOro no kpaiHei Mepe 5 aeteit);

Person [] (2 7 hasChiId_.T) (4yenoBek, y KOTOPOro no KpamHenh mepe 7 poautenen
(?));

Chair " Table [ | (cTonbl 1 CTyNbA AM3BIOHKTHBI);

&€ L-xoHuenTt Person N JhasChild.Person He BbipasuM B DL-Lites, oprn,

&€ L-xoHuenTt Person M JhasChild.JhasChild. T He Bbipaszum DL-Litey,orn;

Jr. T akeusanentHo (> 1 r.T).

20



Mopenuposanue UML-anarpammsbl B DL-Lite; ., (NMOUTH)

| Staff |

disj

5171"*| Research || Visiting || Academic |

§ manages 1,,2| ProjectManager |
dmanages. T L ProjectManager, 3 worksOn. T L Research,
Jmanages™. T C Project, JworksOn™. T L Project,
Project L dmanages™. T, Research C dworksOn. T,
(> 3 manages—.T) [C 1, Project C JworksOn~.T,
Research L Staff, Visiting L Staff,
Research M Visiting C 1, Academic L Staff,
Visiting L ProjectManager, Academic L ProjectManager.

He Mo)xeM BblipasuTb

“every Projectmanager is VistingStaff or AcademicStaff”

21



CemaHTuka DL-Litey o),

® WHTepnpetayus 3TO CTPYKTYypa I — (Al,. 'I) B KOTOpOW

- A7 isthe HocuTenb (HenycToe MHOXECTBO)

- T gBnsercs untepnperupytoueii yHKumMei KoTopas oTobpaxaer:
*  kaxaoe ums koHuenTta A B noamHoxectso AT of AT (AT C AT
*  Kaxk4oe WMst ponu T B 6uHapHoe oTHoweHne 1L Hag AT (rf C AT x AT

® WHTepnpeTaumsa obpaTHoOMN ponu ('r_)I o6paTtHa Kk 77

(r7)* ={(d,e) | (e;d) € r'}

® WHTepnpeTauus B7Z 6azo0Boro DL-Lite koHuenta B onpepenserca cneayowmnm o6pasom:
- (MF=ATu(L)? =

(> n r.T)% 310 MmHOXecTBO & € AT T.u. uncno y 8 AZ ¢ (x,y) € rT He mMeHbwe

n

- (3rT)% = {x € AT | Jy € A7 such that (z, y) € 17}
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JNlornuecknun aHanus DL-Liteyorn,

e MNornowenne. 7 — TBox a B; M --- M B,, C B uMna“kaums KoHUenToB. FOBOPAT,
uto By M ---M B,, C B cneayer uz 7 1. n T.T., Koraa kaxaas mogens 7 sasnsetcs
mogensio By M ... M B,, L B. 0603HayeHue:

-TEB;n---MB,, C Bor
- B,M-.--MNB, Cs B.

e BbinonHumoctsb TBox . TBox 7 BbINOAHMM T. U T.T., KOrAa cywectsyet moaens 7 .

Teopema. CyllecTBYET NOMMHOMUASbHbBIV anNropuTM, pellaoLmii 3a4ady NorfoweHns KOHLENTOB

OTHOCUTeNbHO DL-Litep orn-TBOX.
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DL-Litepoor 2TO pacwimpenue DL-Litep oppn, NONyUYeHHOE A06aBNEHNEM
e cBA3kM | (obbeanHeHne, AN3BIOHKLMS UK NPOCTo “mnnn”

Kk DL-Liteporn.

Umnnukaums DL-Litepoo; KOHUENTOB 3TO BblpaXeHue
B:n---MB,CE;U---UE,p,,

rae B1,...,B,,, E,..., FE,, asnaotca 6a3osbiMu DL-Lite koHUeNTaMu.
DL-Litepoor TBOX 3TO KOHEYHOE MHOXECTBO UMMNMKauun DL-Litepoo; KOHLENTOB.
WNHtepnpetauns I:

(BiU---uB)*=BfuU...uBZ

n

(octanbHoe kak B DL-Litep grpn)-
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Jlornuecknu aHanms B DL-Litey,;

B DL-Liteppo; MOXHO Bblpa3nTb
every Projectmanager is VistingStaff or AcademicStaff
MCMNosIb3ya MMMNINKaLMIO
ProjectManager [ Academic LI Visiting.

NpuxXoanTCa NAaTUTb BbICOKYHO LIEHY:

TeopemMa. 3agaya NpoBepkUn BbINOHUMOCTU DL-Litepooi-TBOX siBnseTcs NP-nonHoM.

MpoBepka nornoweHusa aensercsa coNP-nonHom 3agaven.
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ABOX n DL'Litecore



N cHoBa b

p
g —— ™ Perfect Tq, T
| reformulation
|
7 1™ (under OWA)
! Query
A evaluation
I
| (under CWA) |

e [lepenuncbiBaeM 3anpoc B HOBbI S3bIK
e Mcnonb3yeM 6a3bl AaHHbIX AN MOMCKA BCEX TOYHbIX OTBETOB

e [lpegnonaraem, 4Tto T BbLINOMHUM

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

cert(q, (7, A))
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D L- Litecore

BblpaxkeHns Buga

Mono>xutenbHble BKJIIOYEHUSA

OTpVILl,aTeﬂbele BKJTIIOYE€HHnsA

CLC-D

roe C v D sbipaxenus sBuaa B, 3s. T, ds™. T

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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Mpumep

n3 npeseHtauymm Diego Calvanese

q(x) < Professor(x)

AssistantProfessor L Professor

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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Mpumep

q(x) < Professor(x)

AssistantProfessor L Professor

Professor(x) < AssistantProfessor ()
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Mpumep

n3 npeseHtauymm Diego Calvanese

q(x) < Professor(x)

AssistantProfessor L Professor

Professor(x) < AssistantProfessor ()

Ecnu aTtom B 3anpoce yHuduumpyercs C ronioBoi npaswsa To

3aMEeHUTb roJioBy Ha Teno

q'(x) < AssistantProfessor(x)
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Mpumep

qg(x) <« teaches(x,y), Course(y)

Jdteaches. T [ Course
Course(z3) < teaches(z1, 22)
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Mpumep

qg(x) <« teaches(x,y), Course(y)

Jdteaches. T [ Course
Course(z3) < teaches(z1, 22)

q'(x) < teaches(z,y), teaches(z1, y)
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Mpumep

qg(x) <« teaches(x,y), Course(y)

Jdteaches. T [ Course
Course(z3) < teaches(z1, 22)

q'(x) < teaches(z,y), teaches(z1, y)

Ckonemusaumsa 3
qg(x) < teaches(x,y)

Professor [_ Jdteaches. T
teaches(z, f(z)) < Professor(z)

q' () < Professor(x)

30



OpaHako...

He yHuduumnpyetcs!

Mpumep

qg(x) < teaches(x, databases)

Professor [_ Jteaches. T
teaches(z, f(z)) < Professor(z)

31



Mpumep

OaHako...
qg(x) < teaches(x, databases)

Professor [_ Jteaches. T
teaches(z, f(z)) < Professor(z)
He yHuduumnpyetcs!

C BblaeneHHbIMmn nepeMeHHbIMn 06pau.|,aeMC$| KaK C KOHCTaHTaMu

q(z,y) < teaches(z,y)
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Mpumep

OaHako...
qg(x) < teaches(x, databases)

Professor [_ Jteaches. T
teaches(z, f(z)) < Professor(z)
He yHuduumnpyetcs!

C BblaeneHHbIMmn nepeMeHHbIMn 06pau.|,aeMC$| KaK C KOHCTaHTaMu

q(z,y) < teaches(z,y)

Kak 1 c nepeMeHHbIMU, BXOAALWNMN B ApYrhe aTOMbl

g(x) « teaches(x,y), (z,v),
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Peaykuus

(yHndnumpys aTtomebl)

Mpumep

q(w) — teaChes(wa Y)a (za Y)9

q' () < teaches(z,y)
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Peaykuus

(yHndnumpys aTtomebl)

M Torga C noMmouwbto

nosiy4yaem

Mpumep

q(w) — teaChes(wa Y)a (za Y)9

q' () < teaches(z,y)

Professor [_ Jdteaches. T
teaches(z, f(z)) < Professor(z)

q'(x) < Professor(x)
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Anroputm

PR :={q};
repeat
PR’ := PR;
forallg € PR’ do
forall g € g do
forallCIIinTdo
if I is applicable to g then
PR := PRU{qlg/(g9, )]}
end if
end for
for all g1,g92 € q do
if g1 and g2 unify then
PR := PRU {(Reduce(q,g1,92))};
end if
end for
end for
end for
until PR’ = PR

return PR
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Mpumep

TBox: Person C JhasFather ABox: Person(mary)
JdhasFather™ C Person

Query: q(x) < Person(x), hasFather(x, y1), hasFather(y1, y2), hasFather(y2, y3)

q(z) <« Person(x), hasFather(z, y1), hasFather(y1, y2), hasFather(y2, —)

Il Apply Person C JhasFather to the atom hasFather(y2, )
q(z) « Person(x), hasFather(z, y1), hasFather(y1, y2), Person(y2)

Il Apply 3hasFather™ C Person to the atom Person(y2)
q(z) < Person(z), hasFather(x, y1), hasFather(y1,y2), hasFather(_, y2)

Il Unify atoms hasFather(y1,y2) and hasFather(_, y2)
q(z) < Person(z), hasFather(x, y1), hasFather(y1, y2)

U

q(z) < Person(z), hasFather(x, _)
Il Apply Person C JhasFather to the atom hasFather(z, )
q(z) < Person(z)

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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CNO>KHOCTb KOHBIOHKTUBHbIX 3anpocos k (7, .A)

e 1ns DL-Litecore, DL-Liteporn Y HEKOTOPLIX APYrMX NOrnK cemencrsa DL-Lite, cnoxHOCTb

OTHOCUTENbHO AaHHbIX LogSpace-nosHa

Mpu ycnoBMn yHUKaJIbHOCTU UMEH

Anst nobbix a, b € A mbl umeem at # bt

e be3 ycnoBus YHUKaNIbHOCTU UMEH: co-NP
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A3bIK onucaHumsa oHTonormm OWL



OWL (AA3bik onucauma Web-oHTonormnn)

OWL 3TO A3blKk ONMCaHWSA OHTONOMMN, MNPUHSATBLIN B KayecTBe cTaHaapTa ans Web (TouHee, Se-

mantic Web). UcnonbayeTtca un ansa apyrmx NpunoxXeHuin.

e OWL 1 pekomeHaoBaH W3C ¢ ¢eBpansa 2004 roaa.

e OWL 2 HOBbIN CTaHAApPT, peKOMeHA0BaH ¢ okTabps 2009.
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OnucaHue

M3 onuncanma OWL1: The OWL Web Ontology Language is designed for use by applications that
need to process the content of information instead of just presenting information to humans.
OWL facilitates greater machine interpretability of Web content than that supported by XML, RDF,

and RDF Schema (RDF-S) by providing additional vocabulary along with a formal semantics.

OWL has three increasingly-expressive sublanguages: OWL Lite, OWL DL, and OWL Full.

N3 onucanus OWL2: The OWL 2 Web Ontology Language, informally OWL 2, is an ontology
language for the Semantic Web with formally defined meaning. OWL 2 ontologies provide classes,
properties, individuals, and data values and are stored as Semantic Web documents. OWL 2
ontologies can be used along with information written in RDF, and OWL 2 ontologies themselves

are primarily exchanged as RDF documents.
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Tpu Buapa OWL

OWL Full

OueHb Bblpa3nTENEH

HectaHpapTHasa cemaHTmka (Hacneame RDF)

MonHocTbio coBMecTnM ¢ RDF (CUHTAKCUYECKMN N CEMAHTUYECKN):

® nobori RDF-gokymeHT aBnsetca OWL Full-pokymeHTOM

® nboe nctmHHoe RDF/S-yTBepxaeHue asnsietca MCTMHHbIM OWL Full-yTBepxaeHvnem

- (HeT nonHbIX (M 3 dEKTUBHBLIX) NpoLeayp aBTOMAaTMYECKOro aHanmsa)
OWL DL

- ToamHoxectBo OWL Full, cooTBeTcTBYET SHOIN c XML Tunamm OaHHbIX;

* OWL 2 DL cooteetcteyer SROZ QO

- 3ddekTuBHbIE (HO HE MONMHOMMUASbHBbIE) NpoLeaYypbl aHann3a;

OWL Lite

- MoamHoxectBo OWL 1 DL, cooTBeTcTBYlOLLEE SHIN (6e3 HomunHanos) n 6e3 XML

TUMOB AAHHbIX;
— Bbicokas BbluMcnuTENbHAs COXHOCTb
— He Tak BaxeH (2009) kak B 2004.
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Tpu Bnpga OWL

CoBMecTuMocTb Mexay Bnaamm OWL n RDF/S

OWL Full

RDF/S

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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Tpu Bnpga OWL

CoBMecTuMocTb Mexay Bnaamm OWL n RDF/S

OWL Full

OWL DL

RDF/S

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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Tpu Bnpga OWL

CoBMecTuMocTb Mexay Bnaamm OWL n RDF/S

OWL Full

OWL DL

OWL Lite

RDF/S

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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Tpyu Buapa OWL

CoBMecTuMocTb Mexay emaamm OWL n RDF/S

OWL Full

OWL DL

OWL Lite

RDF/S

® B kakom-To cMmbicne, OWL 3710 HaacTporika Hag RDF/S:

- Bce Buabl OWL noaaep>XXnBaroT CMHTAaKCUC Ha ocHoBe RDF

- OWL-koHCcTpYyKUuumn, Takne kak owl:Class, owl:DatatypeProperty and

owl:ObjectProperty ssnswoTca cneunanusaumen RDF/S-aHanoros

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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Mpocdwvnn OWL 2

Mpodunn OWL 2 310 nogmHoxecTtBa OWL 2, nMmerwme onpeaeneHHble npemmyLiectsa Ans

KOHKPETHbIX I'IpMJ'IO)KeHMﬁ.

e OWL 2 EL ocHoBaH Ha £ L. MNMoNNMHOMMaNbHbIA anropuTM IOrMYECKOro aHanunsa.
e OWL 2 QL 2ddekTuBHbIE 3anpockl K B[], ocHoBaH Ha cemencTee DL-Lite

e OWL 2 RL Mpaeuna (npoaykuunmn) ana RDF
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CuHTakcuc aA3bika OWL

Heckonbko cMHTakcuyecknx hopm

® OcHoBaHHbIA Ha RDF (XML) cuHTakcuc (OCHOBHOIA)

® OcHoBaHHbI Ha XML cuHTakcuc, He cneayeT cornawenunam RDF

(nerye noHumatb) http://www.w3.org/TR/owl-xmlsyntax/

® AGCTpaKTHbIN CUMHTaKCUC

(ropasao nerye noHumatb cM. http://www.w3.org/TR/owl-semantics/

® [padunueckoe npeacraBseHme, ocHoBaHHoe Ha UML
(Unified Modelling Language)

o ... (7

42
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3aronosok XML/RDF

<rdf:RDF xmins:owl='"http://www.w3.0rg/2002/07/owl#’’
xmins:rdf=""http:/ /www.w3.0rg/1999/02/22-rdf-syntax-ns#’’
xmins:rdfs=""http:/ /www.w3.0rg/2000/01/rdf-schema#’’
xmins:xsd=""http:/ /www.w3.0rg/2001/XMLSchema#’’
xmli:base=""http:/ /www.dcs.bbk.ac.uk/’' >

<owl:Ontology rdf:about="""">
<rdfs:comment >An example OWL ontology </rdfs:comment>
<owl:priorVersion rdf:resource=""http://www.dcs.bbk.ac.uk/uni-old-ns’’/ >
<owl:imports rdf:resource=""http://www.dcs.bbk.ac.uk/person’’/ >
<rdfs:label >SCSIS Ontology</rdfs:label >

< /owl:Ontology >

< /rdf:RDF>

OHTONOrMM ¥ NpeacTasneHne 3HaHui, 2010
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Knaccbl B XML/RDF

Knaccel (koHuUenTbl) onpeaenstoTca npu nomown owl:Class
(owl:Class noaknacc rdfs:Class)

professor

academicStaff

<owl:Class rdf:ID=""professor’’ >
<rdfs:subClassOf rdf:resource='"'#academicstaff’/ >
</owl:Class>

<owl:Class rdf:about=""#professor’’>

<owl:disjointWith rdf:resource=""#lecturer’’/ >
< /owl:Class> professor

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010 44



OWL: ab6CTpaKTHbIN CUMHTAKCUC

MoapobHocTn:  http://www.w3.org/TR/owl-semantics/syntax.html#2.3.2.1

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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Knaccbl: npuMuUTUBHbIE WM onpeaensieMmble

onuncaHumnga

Class(name partial ...)

‘all name ...

rNpuMNTUBHbBIE KOHLETNTbI

C

MpumMep:

onpepeneHnn

Class(name complete ...)

‘a name is anything that ...

oripefesiaemMmble KOHUErNThI

Class(MargheritaPizza partial
Pizza
restriction(hasTopping
someValuesFrom(Mozzarella))
restriction(hasTopping
someValuesFrom(Tomato)))

Class(CheesyPizza complete
Pizza

restriction(hasTopping
someValuesFrom(Cheese)))

‘All Margherita pizzas have, amongst
other things, some mozzarella topping
and also some tomato topping’

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

‘A cheesy pizza is any pizza that has,
amongst other things,
some cheese topping’

46



Knaccbl: AM3BIOHKTHOCTb

B OWL knaccbl MOryT nepecekaTbCs eC/in TONbKO
He 06bsABNIEeHbl AN3bIOHKTHbIMMU:

DisjointClasses(class; ... class,,)

MpumMep:

DisjointClasses(
Vegetable Meat Seafood Cheese)

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

PizzaTopping

- Vegetable
- Tomato
- Pepper
- Mushroom

- Meat
— SpicyBeef
— Pepperoni

- Seafood
- Tuna
- Prawn
- Anchovy

- Cheese
- Mozzarella
— Parmesan

47



KBaHTOpBI

3K3UCTEHLUMaNIbHbIN

restriction(prop
someValuesFrom(class))

‘some’, ‘at least one’

MpumMep:

Class(DogOwner complete
Person

restriction(hasPet
someValuesFrom(Dog)))

‘A dog owner is any person who
has as a pet some dog’

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

YHUBepCaJibHbIN

restriction(prop
allValuesFrom(class))

‘only’, 'no value except’

Class(FirstClassLounge complete
Lounge

restriction(hasOccupants
allValuesFrom(FirstCPassenger)))

‘A first class lounge is any lounge where
the occupants are
only first class passengers’

‘A first class lounge is any lounge where
there are no occupants except
first class passengers’

48



3K3UCTEHLUMaNIbHbIN

Mpumep:

Class(DogOwner partial
Person

restriction(hasPet
someValuesFrom(Dog)))

‘Dog owners are people
and have as a pet some dog’

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

KBaHTOpBI

YHUBeEpCaJibHbIN

Class(FirstClassLounge partial
Lounge

restriction(hasOccupants
allvaluesFrom(FirstCPassenger)))

*All first class lounges have
only occupants who are
first class passengers’

*All first class lounges
have no occupants except
first class passengers’

‘All first class lounges
have no occupants who are
not first class passengers’
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Jlornueckue cCBfAAI3KM

obbeaAnHeHMne (an3bIoHKLMSA)

unionOf(class; ...class,,)

‘class1 and/or classy’

U

MpumMmep:

Class(VegetarianPizza complete
Pizza
restriction(hasTopping
allValuesFrom(
unionOf(Vegetable Cheese))))

‘A vegetarian pizza is any pizza which,
amongst other things, has
only vegetable and/or cheese top-

pings’

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

nepecevyeHune (KOHbIOHKUUA)

intersectionOf(class; ...class,,)

‘both class; and also classs’

@)

Class(ProteinLoversPizza complete
Pizza

restriction(hasTopping
allValuesFrom(
intersectionOf(Meat Seafood))))

‘A protein lover’s pizza is any pizza that,
amongst other things, has only toppings
that are both meat and also seafood’

NO topping is
PPing both meat and also seafood !

(therefore, the intersection is empty)
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OTpuuyaHue

complementOf(class) @

complementOf(intersectionOf(class; class2))
— ‘not all of’ / '‘not both class; and also classs’

complementOf(unionOf(class; class-)) — ‘neither classy nor classy’

restriction(prop someValuesFrom(complementOf(cl/ass)))
— ‘has some prop that are not class’

complementOf(restriction(prop someValuesFrom(class))))
— ‘does not have any prop that are class’

restriction(prop allValuesFrom(complementOf(class)))
— *has prop no class’ / *has only prop that are not class’

complementOf(restriction(prop allValuesFrom(class))))
— ‘does not have only prop that are class’
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MoOLWHOCTHbIE OrpaHuYeHus

restriction(prop restriction(prop
minCardinality(n)) maxCardinality(n))
‘at least n (distinct) prop’ ‘at most n (distinct) prop’
Mpumep:
Class(InterestingPizza complete Class(Pizza partial
Pizza restriction(hasBase
restriction(hasTopping maxCardinality(1)))

minCardinality(3)))

‘Any pizza, amongst other things,

‘An interesting pizza is any pizza that, has at most1 pizza base

amongst other things, has
at least 3 (distinct) toppings’
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AomeH / o6nacTtb 3Ha4YEeHUM

ObjectProperty(name ... domain(classD) range(classR))

range domain
Class(owl:Thing partial SubClassOf(restriction(name
restriction(name someValuesFrom(owl:Thing))
allValuesFrom(classR))) classD)
‘All things have no name except classR’ ‘Having a name implies being classD’
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Mpumep

ObjectProperty(hasTopping
domain(Pizza))

POXXKM A1 MOPOXEHHOrO:

Class(IceCreamCone partial

restriction(hasTopping
someValuesFrom(IceCream)))

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

‘Having a topping implies being pizza’

‘All ice-cream cones,
amongst other things,
have some ice-cream topping’
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A
owl:Thing
owl:Nothing

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

OWL kak AJ1: Knacchbl

-
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OWL kak OJ1: Knaccbl

A
owl:Thing
owl:Nothing

intersectionof(C; C, ..C,)
unionof(C; Cs ..C,))
complementOf(C)

A
T
1

c,ncC,n...Nc,
cC,ucC,U...uc,
-C
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OWL kak OJ1: Knaccbl

A
owl:Thing
owl:Nothing

intersectionof(C; C, ..C,)
unionof(C; Cs ..C,))
complementOf(C)

oneOf(a; as ...a,)

A
T
1

c,ncC,n...Nc,
cC,ucC,U...uc,
-C

{a:} U{ax} U...U{a,}
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OWL kak OJ1: Knaccbl

A A

owl:Thing T

owl:Nothing 1

intersectionof(C; C, ..C},) cincyn...nc,
unionof(C; Cs ..C,)) c,ucu...uc,
complementOf(C) -C

oneOf(a; a; ..a,) {a:} U {a}U...U{a,}

restriction(R ...)

allvaluesFrom(C) VR.C
someValuesFrom(C) JR.C
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OWL kak OJ1: Knaccbl

A A

owl:Thing T

owl:Nothing 1

intersectionof(C; C, ..C},) cincyn...nc,
unionof(C; Cs ..C,)) c,ucu...uc,
complementOf(C) -C

oneOf(a; a; ..a,) {a:} U {a}U...U{a,}

restriction(R ...)

allvaluesFrom(C) VR.C
someValuesFrom(C) JR.C
minCardinality(n) >nR

maxCardinality(n) <nR
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OWL kak OJ1: Knaccbl

A A

owl:Thing T

owl:Nothing 1

intersectionof(C; C, ..C},) cincyn...nc,
unionof(C; Cs ..C,)) c,ucu...uc,
complementOf(C) -C

oneOf(a; a; ..a,) {a:} U {a}U...U{a,}

restriction(R ...)

allvaluesFrom(C) VR.C
someValuesFrom(C) JR.C
minCardinality(n) >nR
maxCardinality(n) <nR

value(a) JdR.{a}
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OWL kak OJ1: Knaccbl

Class(A partial C; C, ..C,,)
Class(A complete C; C5 ..C,)

ACC,NC,M...NC,
A=C,NC,M...NC,
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OWL kak OJ1: Knaccbl

Class(A partial C, C; ..C,) ACCinCyn...ncC,
Class(A complete C; C5 ..C,) A=CinCyn...NncC,
SubClassOof(C' D) CLCD
EquivalentClasses(C; C, ..C,) Ci=Cy; Cy=0C5, ...,

Cn—l = C"n,
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OWL kak AJ1: Knacchbl

Class(A partial C, C; ..C,) ACCinCyn...NncC,

Class(A complete C; C, ..C,) A=C,nC,n...ncC,

SubClassOf(C D) CLCD

EquivalentClasses(C; C, ..C,) Ci=Cy; Cy=0C5, ...,
C,...=0C,

DisjointClasses(C C, ...C,,) C,C-C, C,CCs ., C; CE-C,

CZ E _|C3I e C2 E _'Cn

MNpumep: C7 n C5 AN3BIOHKTHDI: Cn_1 L C,

@@= o=

Cl E _‘C2 TO Xe 4To CZ |: _‘Cl

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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OWL kak O4J1: cBoucrea

SubPropertyOf(R S) RLC S

EquivalentProperty(R S) R=S

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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OWL kak O4J1: cBoucrea

SubPropertyOf(R S)
EquivalentProperty(R S)

ObjectProperty(R ...)
super(S) RLCS
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OWL kak O4J1: cBoucrea

SubPropertyOf(R S) RLC S

EquivalentProperty(R S) R=S

ObjectProperty(R ...)
super(S) RLC S

inverseOf(S) R=S"

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

ceoictBo R o6patHo k

N
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OWL kak O4J1: cBoucrea

S csoiictBo R o6patHo Kk

SubPropertyOf(R S) RLC

EquivalentProperty(R S) R=S .‘\[>1. /o

ObjectProperty(R ...)
super(S) RLCS

inverseOf(S) R=S—

Transitive transitive( R)
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SubPropertyOf(R S)

EquivalentProperty(R S)

ObjectProperty(R ...)
super(S)

inverseOf(S)
Transitive

Functional

InverseFunctional

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

OWL kak O4J1: cBoucrea

R E S ceoictBo R o6patHo k

R=S \ . °

RLC S

R=S" R ¢dyHkumoHanbHo

transitive( R) " e
AN X

TLC<1R :

T C <1R-

R o6paTHas dyHkums
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OWL kak O4J1: cBoucrea

7 R 06
SubPropertyOf(R S) RLC S CROMICTBO Tt 0BpaTHO K

EquivalentProperty(R S) R=S . o\ \\e

N

ObjectProperty(R ...)

super(S) RLC S
inverseOf(S) R=S" R dyHKuMoHanLHo
Transitive transitive( R) o % e
4[N ¥
Functional TC<1R
InverseFunctional T LC <1R™
R o6

Symmetric R- |; R obpaTHasa dyHKUMSA

[} ? ) @

X
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OWL kak O4J1: cBoucrea

ceoictBo R o6patHo k

SubPropertyOf(R S) RLC S

EquivalentProperty(R S) R=S .\W

ObjectProperty(R ...)

super(S) RLC S

inverseOf(S) R=S" R dyHKuMoHanLHo

Transitive transitive( R) o L e

+I+ X

Functional TC<1R

InverseFunctional T LC <1R™

Symmetric R- |; R R o6paTHas dyHkums
Qo ? ) @

range(C) T C VR.C X

domain(D) dR. T C D

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010
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OWL kak O4J1: orpaHnyeHus goMeHa u 06,1acTn 3HaueHun

ObjectProperty(R range(C)) ObjectProperty(R domain(D))

T C VR.C JR.T C D

OHTONOrMN 1 NpeacrasneHne 3HaxHmi, 2010 58



OWL kak O4J1: orpaHnyeHus goMeHa u 06,1acTn 3HaueHun

ObjectProperty(R range(C))

T C VR.C

crnocob 3anucaTb

orpaHnyeHus obnacTy 3Ha4YeHun:

JR-.T C C

OHTOMOrMM 1 NpeacrasneHve 3HaHmn, 2010

ObjectProperty(R domain(D))

JR.T C D

orpaHM4eHnsa goMeHa:

T C VR-.D
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OWL kak OJ1: mHamBuAabI

DifferentIndividuals(a; as ...a,)

Samelndividuals(aq a3 ...a,)

ai: ~{az,as,...,a,}
az: —{as,...,a,}

Ap—1: _'{a'n}

aq: {0,2}
as: {Cl,3}

an—1:{a,}
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OWL kak AAJ1: vmHanBuAabl

DifferentIndividuals(a; a; ...a,,) ai: ~{az,as,...,a,}

az: —{as,...,a,}

ap1:{an}

Samelndividuals(a; as ...a,,) a;:{az2}

as: {CL3}
an—1:{a,}

MpepnonoxxeHue 06 yHukanbHoctu umeH (UNA) yTBepxapaeT uTo

nobble gBa HanBMAaa C pa3HbIMM UMEHAMUN UHTEPNPETUPYIOTCA NO-Pa3HOMY
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OWL kak AAJ1: vmHanBuAabl
DifferentIndividuals(a; a; ...a,,) ai: ~{az,as,...,a,}

az: —{as,...,a,}

ap1:{an}
Samelndividuals(a; as ...a,,) a;:{az2}

as: {CL3}

an—1:{a,}

MpepnonoxxeHue 06 yHukanbHoctu umeH (UNA) yTBepxapaeT uTo

nobble ABa UHAMBKUAA C Pa3HbIMU MMEHAMM UHTEPNPETUPYIOTCA NO-PasHOMY
OWL v DL He aenatotr UNA
Npumep: T={T C <1R} v A={(a,b):R, (a,c): R}

CosmecteH i A ¢ 7?2
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OWL kak OJ1: mHamBuAabI

DifferentIndividuals(a; as ..a,,) ai: ~{az,as,...,a,}
az: —{as,...,a,}
an_1:{a,}
Samelndividuals(a; as ...a,,) a;:{az2}
as: {Cl,3}
an—1:{a,}
MpepnonoxxeHue 06 yHukanbHoctu umeH (UNA) yTBepxapaeT uTo
nobble gBa MHAMBMAA C Pa3HbIMW MMEHaMWN MHTEPNPETUPYIOTCS NO-pPasHOMY
OWL u DL He penarot UNA
Npumep: T={T C <1R} v A={(a,b):R, (a,c): R}

CosmecteH i A ¢ 7?2

paccmotpum Z = (AZ,.T), rpe AT = {z,y}, RT = {(=,y)},

T

at =z, bT =y u cf =

Yy
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OT A1 Kk OWL

A1 akcnMoMbl MOTYT 6bITb MpefCTaBNeHbl pa3HbIMK CNocobaMu
A ; B (A v B nMmeHa KoHLEeNToB)
MOXeT ObITb 3anMncaHo

1. Class(A partial B)
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OT A1 Kk OWL

OJ1 akcMoMbl MOTyT 6bITb MPEeACTaBNEHbl Pa3HbIMK Cnocobamu
A ; B (A v B nMmeHa KoHLEeNToB)
MoXeT 6bITb 3annMcaHo
1. Class(A partial B)
2. SubClassOf(A B)
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OT A1 Kk OWL

OJ1 akcMoMbl MOTyT 6bITb MPEeACTaBNEHbl Pa3HbIMK Cnocobamu
A ; B (A v B nMmeHa KoHLEeNToB)
MoXeT 6bITb 3annMcaHo
1. Class(A partial B)
2. SubClassOf(A B)

3. DisjointClasses(A complementOf(B))
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OT A1 Kk OWL

OJ1 akcMoMbl MOTyT 6bITb MPEeACTaBNEHbl Pa3HbIMK Cnocobamu
A ; B (A v B nMmeHa KoHLEeNToB)
MOXeT 6bITb 3anncaHo
1. Class(A partial B)
2. SubClassOf(A B)

3. DisjointClasses(A complementOf(B))

TLC<1R (R — vms ponn)
MOXET ObITb 3aNMCaHo

1. ObjectProperty(R functional)
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OT A1 Kk OWL

OJ1 akcMoMbl MOTyT 6bITb MPEeACTaBNEHbl Pa3HbIMK Cnocobamu
A ; B (A v B nMmeHa KoHLEeNToB)
MOXeT 6bITb 3anncaHo
1. Class(A partial B)
2. SubClassOf(A B)

3. DisjointClasses(A complementOf(B))

TLC<1R (R — vms ponn)
MoxeT 6bITb 3annMcaHo
1. ObjectProperty(R functional)
2. SubClassOf(owl:Thing restriction(R maxCardinality(1)))
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OT A1 Kk OWL

OJ1 akcMoMbl MOTyT 6bITb MPEeACTaBNEHbl Pa3HbIMK Cnocobamu
A ; B (A v B nMmeHa KoHLEeNToB)
MOXeT 6bITb 3anncaHo
1. Class(A partial B)
2. SubClassOf(A B)

3. DisjointClasses(A complementOf(B))

TLC<1R (R — vms ponn)
MoxeT 6bITb 3annMcaHo
1. ObjectProperty(R functional)
2. SubClassOf(owl:Thing restriction(R maxCardinality(1)))

3. DisjointClasses(owl:Thing

complementOf(restriction(R maxCardinality(1))))

60



