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C,n..NnC,CD

iR.CC D
CC3R.D
CCLIR.D

Rlo...oRnES

R™CS
C(a)
R(a,b)



The DL Horn-SRZQ: Syntax

C,n..nC,CD — EnglishSpeaker nFrenchSpeaker C Bilingual,

JR.CCD
CC3R.D
CC<I1R.D
Rio...ocR CS

R™CS
C(a)
R(a,b)

Lol

!

!

!

Vehicle C Car, Vertebrate rn Invertebrate C L
JAttends . Course C Student

Director C 3Directs . Movie

PhDStudent C < 1HasThesisSupervisor . Faculty

HasAncestor - HasAncestor C HasAncestor, HasMother C HasParent,

HasParent - HasSister C HasAunt
HasChild™ C HasParent
Person(david)

HasFriend(stan, kyle)



The DL Horn-SRZQ: Semantics

cCin...NnC,ED — Vx.C{x)A...ANC(x)—= D)
dR.CCD +— Vx,y.R(x,y)AC(y) - D(x)
CCdR.D — Vx.Cx)— dy.R(x,y) AD(y)
CCELIR.D » Vx,y,2z.CxX)ARx, Y)Y ADY)AR(x,2)AD(z) > Yy~ 7
Rie...oR ES — Vxy..,x,.Ri(xpx) A ... AR (x,_1,x,) = R(xy,x,)
RTCS - Vx,y.Rx,y)— S(0,x)
Ala) ~ A(a)

R(a,b) — R(a,b)



The DL Horn-SRZQ: Semantics

cin..nC,ED - CxA...ANC(x)— D(x)
dR.CCD — R, y)AC(Yy) — D)
CCdR.D — C(C(x)— dy.Rx,y) AD(y)
CCE<IR.D » CxX)ARxXx,YADHY ARx,2)AD(2) > y=~z
Rio...oR ES » R/(xgx)A...AR(x,_{,x,) = R(xy,x,)
R"CS » R(xy) — S(,x)
Ala) ~» A(a)

R(a,b) — R(a,b)



The DL Horn-SRZQ: Semantics

Terminological axioms

Cix)AN...ANC,(x) = D(x)

R(x,y) A C(y) = D(x)

C(x) — dy.R(x,y) A D(y)

CxX)AR(x,y) ADOY) AR(x,2) AD(z) >y~ z
Ri(xg, x) A ... AR (x,_,X,) = R(xy, Xx,)
R(x,y) = 5(y, x)

A(a)

R(a,b)

A(a)
R(a, b)

11111 1 11
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The DL Horn-SRZQ: Semantics

Terminological axioms

Cix)AN...ANC,(x) = D(x)

R(x,y) A C(y) = D(x)

C(x) — dy.R(x,y) A D(y)

Cx) AR, Y) ADY) AR(X,2) AD(z) >y~ z
Ri(xg, x) A ... AR (x,_,X,) = R(xy, Xx,)
R(x,y) = S(y,x)

A(a)

R(a, b)

1111111

!

Assertions / Facts
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The DL Horn-SRZQO: Semantics

Terminological axioms

1111111

Cix)AN...ANC,(x) = D(x)

R(x,y) A C(y) — D(x)

C(x) — dy.R(x,y) A D(y)

Cx)ARX, Y ADOY)ARX, ) AD(Z) >y~ z

Ri(xg, x)) A ... AR (x,_1,X,) = R(xy,x,)

R(x,y) = S(y,x)

A(a) Set of terminological

—  R(a,b) Ontology axioms / TBox
Assertions / Facts @ < OZ, o~>
=(J , S
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Datalog

Features(x,y) — Actor(y)
ActsIn(x, y) — Features(y, x)
HasID(x, y) A HasID(x,z) - y~ z
Directs(x, y) A Features(y, z) — DirectsActor(x, z)

Reviews(x, y) A IsAuthorOf(z, y) A CollaboratesWith(x, y) — IllegalReviewer(x, y)
P(x,y,2) AS(y, w,v) AV(y,v) = D)



Datalog

Features(x,y) — Actor(y)
ActsIn(x, y) — Features(y, x)
HasID(x, y) A HasID(x,z) - y~ z
Directs(x, y) A Features(y, z) — DirectsActor(x, z)

Person(david)
HasFriend(stan, kyle)
R(a, b, )

Reviews(x, y) A IsAuthorOf(z, y) A CollaboratesWith(x, y) — IllegalReviewer(x, y)
P(x,y,2) AS(y, w,v) AV(y,v) = D)



Datalog

Features(x,y) — Actor(y)
ActsIn(x, y) — Features(y, x)
HasID(x, y) A HasID(x,z) - y~ z
Directs(x, y) A Features(y, z) — DirectsActor(x, z)

Person(david)
HasFriend(stan, kyle)
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Datalog

Features(x,y) — Actor(y)
ActsIn(x, y) — Features(y, x)
HasID(x, y) A HasID(x,z) - y~ z
Directs(x, y) A Features(y, z) — DirectsActor(x, z)

Assertions / Facts

Person(david)
HasFriend(stan, kyle)

From Horn-SRZQ to Datalog David Carral, Larry Gonzalez, and Patrick Koopmann 5/15



Datalog

Features(x,y) — Actor(y)
ActsIn(x, y) — Features(y, x)
HasID(x, y) A HasID(x,z) - y~ z
Directs(x, y) A Features(y, z) — DirectsActor(x, z)

Assertions / Facts

Person(david)
HasFriend(stan, kyle)

Program /Set of rules

P =(R,F
.7),

Set of facts
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Datalog

Assertions / Facts

Features(x,y) — Actor(y)
ActsIn(x, y) — Features(y, x)
HasID(x, y) A HasID(x,z) - y~ z
Directs(x, y) A Features(y, z) — DirectsActor(x, z)

Person(david)
HasFriend(stan, kyle)

Remark: Existential quantification
Is not allowed Iin Datalog.

Set of facts
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Datalog

Assertions / Facts

Features(x,y) — Actor(y)
ActsIn(x, y) — Features(y, x)
HasID(x, y) A HasID(x,z) - y~ z
Directs(x, y) A Features(y, z) — DirectsActor(x, z)

Person(david)
HasFriend(stan, kyle)

Remark: Existential quantification
Is not allowed Iin Datalog.

Director C 3Directs . Movie
Director(x) — 3y.Directs(x, y) A Movie(y)
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Solving Assertion Retrieval with Datalog Rewritings

DL Reasoner
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Solving Assertion Retrieval with Datalog Rewritings

DL Reasoner

Entailed ABox
Assertions

(i.e., facts over named individuals)
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Solving Assertion Retrieval with Datalog Rewritings

Data-Independent Translation Datalog
Rule Set

DL Reasoner

Entailed ABox
Assertions

(i.e., facts over named individuals)
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Data-Independent Translation Datalog
Rule Set

DL Reasoner Rule Engine

Entailed ABox
Assertions
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Solving Assertion Retrieval with Datalog Rewritings

Data-Independent Translation Datalog

Rule Set Motivation
* Research expressivity
* Performance improvements

DL Reasoner Rule Engine

Entailed ABox
Assertions

(i.e., facts over named individuals)
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Solving Assertion Retrieval with Datalog Rewritings

Data-Independent Translation Datalog

Rule Set Motivation
* Research expressivity
* Performance improvements

DL Reasoner Rule Engine
. J! Challenges

* Correctness and complexity
* Implement translation and
Entailed ABox evaluate performance

Assertions

(i.e., facts over named individuals)
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Evaluation



Reasoning with Rewritings

¢/ Reactome 10° Uniprot
102 | 10% 1
B RDFox
10! | 10% I I ] Konclude
10° 10° |
2.8M 5.1IM 6.7M 8.1M oM 17.8M 26.2M 33.9M
TBox size: 485 TBox size: 304
Rewriting size: 549 Rewriting size: 367
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Size of Rewritings

- MOWLCorpus: TBoxes with
less 1000 axioms and
containing role chain axioms

- 187 TBoxes

- 121 computed rewritings w/o
OOM errors



Size of Rewritings

- MOWLCorpus: TBoxes with
less 1000 axioms and
containing role chain axioms

- 187 TBoxes

- 121 computed rewritings w/o
OOM errors
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From Horn-ALCHZIOQ to Datalog

Rlo...oR ;S —> R;S

n




-orest Model Property

¢cin..nC,ED
CC3R.D
dR.CE D
CCLIR.D
RCS
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-orest Model Property
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-orest Model Property
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-orest Model Property

o o—>%" "0
C,M..nC,CD

\/ CC 3R.D

: JR.CC D

>~ CC<IR.D
RCES
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-orest Model Property

\/ c,n..nC,CD

CCdR.D
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-orest Model Property

\/ c,n..nC,CD

CC3IR.D
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-orest Model Property

\\z/ C,n..nC,CED

CC3IR.D
~_ JR.CCD
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-orest Model Property

C,n..NC,C D
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CCdR.D
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-orest Model Property

e ¢;n..nC,ED
CCdR.D

N/
. A\' . ;EEIR.D
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-orest Model Property
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor



‘Unnamed-to-Named” Consequences

Successor-to-predecessor

CCdR.D
DC3S.E

1S.EC F
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor

CC3IR.D

DC3S.E

IS . ECF en:D
R
.a:C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor

n:FE
CCdR.D XS
DCdS.E
as.ecr P
R
%¢:C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor

n:FE
CCdR.D XS
DCdS.E
s ecr pUbrE
R
%¢:C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor

n:FE
CCdR.D XS
DCdS.E
s ecr pUbrE
R
%¢:C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor

n:E
cciRp |
DC3S.E >
s.ecr @ §EOF

R

C(x) - G(x) % - C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor Folding
n:E
2
CCdR.D S
DCJdS.E
3S.ECF 2 DF
R

C(x) - G(x) % - C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor Folding
xn’  E CC3S.E
CCdR.D S SCR
DCEJdS.E ECD
1S.ECF D F R
@- >0
R a:C b:D

C(x) - G(x) % - C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor Folding
xn’iE CC3S.E S
CCdR.D SCR
DC3S.E > ECD 5
1S.ECF D F R
R a:C ”b : D

C(x) - G(x) % - C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor Folding
xn’iE CC3S.E S
CCdR.D SER
DC3S.E 5 ECD S, R
3S.ECF an: D R
R a:C ”b : D

C(x) - G(x) % - C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor Folding

n':E CC3S.E et
CCdR.D XS SER
DLC3S.E ECD S, R
1S.ECF D F R

R a:C b:D

C(x) - G(x) % - C
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor Folding

n':E CC3S.E it
CCdR.D XS SER
DLC3S.E ECD S, R
1S.ECF D F R .

R a:C b:D

C(x) - G(x) % - C

From Horn-SRZQ to Datalog David Carral, Larry Gonzélez, and Patrick Koopmann 12/15



‘Unnamed-to-Named” Consequences

Successor-to-predecessor Folding
xn’  E CC3S.E
CCdR.D S SCR
DCEJdS.E ECD
1S.ECF D F R
@- >0
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‘Unnamed-to-Named” Consequences

Successor-to-predecessor Folding

JUE CC3S.E

N
CCdR.D S SCR
DCEJdS.E ECD
1S.ECF gn:DE R

@- >0
R a:C b:D

° Clx) A R(x,y) A D(y) = S(x,y)
Coo = CLO C09) ARG, y) A D(y) — E()
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Computing 1Q Rewritings for Horn-ALCHIQ

Consider some Horn-ALCHIQ TBox & .
Then, the rule set %, defined as follows is an IQ-preserving rewriting for 7 .

ForallCCVR.D e T,
Cx) AR(x,y) > D(y) € R

ForallRC Se T,
R(X,y) - S(X,y) S ‘%97



Computing 1Q Rewritings for Horn-ALCHIQ

Consider some Horn-ALCHIQ TBox & .
Then, the rule set %, defined as follows is an IQ-preserving rewriting for 7 .

ForallCCVR.D e T,
C(x) AR(x,y) > D(y) € B4

ForallRC Se T,
R(x,y) = S(x,y) € Ro

ForallC,n...mnC,CDeQ9)
ClOAN...ANC(x) = D(x) € Ao



Computing 1Q Rewritings for Horn-ALCHIQ

Consider some Horn-ALCHIQ TBox & .
Then, the rule set %, defined as follows is an IQ-preserving rewriting for 7 .

ForalCCVR.De T, Q(9) is the set of all axioms of one of the
C(x) AR(x,y) > D(y) € £ 4 following forms entailed by 7 .

C,n..NnC,CD

ForallRC Se T,
R(X,y) - S(X,y) S ‘%97

C;n..nC,C3R,N...0R).(D;M...MD))

n —

ForallC,n...mnC,CDeQ9)
ClOAN...ANC(x) = D(x) € Ao



Computing 1Q Rewritings for Horn-ALCHIQ

Consider some Horn-ALCHIQ TBox & .
Then, the rule set %, defined as follows is an IQ-preserving rewriting for 7 .

ForalCCVR.D e 7, Q(9) is the set of all axioms of one of the
C(x) AR(x,y) = D(y) € R following forms entailed by 7.

c,n..nC,CD

¢,n..nC,C3IR,N...OR,).(D;MN...MND,)

ForallRC Se T,
R(X,y) - S(X,y) S ‘%97

n —

ForallC,n...mnC,CDeQ9) Consequence-based Reasoning Calculi
C{)A...AC,(x) > D(x) € R [IJCAI 2017] Yevgeny
[AAAI 2012] Eiter et al.




Computing 1Q Rewritings for Horn-ALCHIQ

Consider some Horn-ALCHIQ TBox & .
Then, the rule set %, defined as follows is an IQ-preserving rewriting for 7 .

ForalCCVR.D e 7, Q(9) is the set of all axioms of one of the
C(x) AR(x,y) = D(y) € R following forms entailed by 7.

c,n..nC,CD

¢,n..nC,C3IR,N...OR,).(D;MN...MND,)

ForallRC Se T,
R(X,y) - S(X,y) S ‘%97

n —

ForallC,n...mnC,CDeQ9) Consequence-based Reasoning Calculi
C{)A...AC,(x) > D(x) € R [IJCAI 2017] Yevgeny

Foral CC<1R.D e 7. [AAAI 2012] Eiter et al.
CX)ARX, VYADYARX, DD AD() > y=xz€E€ Rg,
COOACI(X)A...ANC (X)) AR(x,y) AD(y) = E(y) € Z4if C;n...NC,C3AR.(DNE) e QTI), and
C)ACI(x)A ... ANC(x) AR(x,y) AD(y) > S(x,y) € Z4if C;n...NC,CI(RNS).D € QI)
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Check out our poster!
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