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FACT++ 15.24 6.05 465.35 — 650.37
HERMIT 199.52 | 169.47 45.72 — —
PELLET 72.02 | 26.47 = — —
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FACT++ 15.24 6.05 465.35 — 650.37
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PELLET 72.02 | 26.47 — — —
CEL 1.84 5.76 — — | 1185.70
CB 1.17 32517 0.32 9.58 49.44
Speed-Up: | 1.57X| 1.61X 143X 00 13.15X

m The improvement is obtained using a novel
consequence-based reasoning procedure
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Excessive non-determinism from disjunctions T C —~C LI D
that appear from axioms C C D
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dependencies C C 3R.D

ONTOLOGY

Heart C JisPartOf.CirculatorySystem
CirculatorySystem C JhasPart.LeftLung
LeftLung C disPartOf.RespiratorySystem
RespiratorySystem C JhasPart.Trachea
andsoon...

Classification requires enumeration:

m Every subsumption A C B has to be checked separately
m Typically > 99% of subsumptions do not hold
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EL FAMILY OF DLS

m £L [Baader et al.,IJCAI 2003,2005] is a simple DL:

m concept constructors are C M D and IR.C
m axiomsareCC DandC=D

m Interesting due to its polynomial-time complexity
m Surprisingly useful:

GO | NCI | Galen v.0 | Galen v.7 | SNOMED
v x| X | v

EXAMPLE

KidneyExamination = ClinicalAct 11
JhasSubprocess.(ExaminingProcess M Jinvolves.Kidney)
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Consequence-Based Procedures

EL CLASSIFICATION PROCEDURE

Normalization to simple axioms of the forms:
ACB ANBLCLC ACLJRB JdRBLC

EXAMPLE
AC3R(BNC) ~ ALC3IRD DCB DLCC
Saturation under the inference rules:

ACB BCC ACB ACC Bncco
ACC ACD

ACJRB BCC JRCLCD
ACD

— Derives only polynomial-many new axioms

Yevgeny Kazakov Consequence-Driven Reasoning for Horn-SHIQ Ontologies 14/19



Consequence-Based Procedures

ADVANTAGES

m Performs the full classification “in one pass”

m Derives only subsumptions that are implied (< 1% of all)
= No non-determinism, no backtracking

= Computationally optimal

]

Existential dependencies C C dR.D alone do not trigger any
inferences

Easy to make incremental, add explanations, progress bar
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Consequence-Based Procedures

ADVANTAGES

Performs the full classification “in one pass”
Derives only subsumptions that are implied (< 1% of all)

Computationally optimal

Existential dependencies C C dR.D alone do not trigger any
inferences

u
]
= No non-determinism, no backtracking
]
]

Easy to make incremental, add explanations, progress bar

The only disadvantage:
m The ontology language is too restricted
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Consequence-Based Procedures

AN EXTENSION TO HORN SHZ Q

= Many new constructors: " .
positive |  negative

universal quantification: A CVRB | —
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Consequence-Based Procedures

AN EXTENSION TO HORN SHZ Q

= Many new constructors:

positive

negative

universal quantification:
at least restriction:

ACVRB

AC>nRB | >21RBCA

functionality restriction: A C <1R.B -
inverse roles: S=R"
functional roles: Fun(R)
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Consequence-Based Procedures

AN EXTENSION TO HORN SHZ Q

= Many new constructors:

positive negative
universal quantification: A C VR.B -
at least restriction: AC>nRB| >1RBLCA
functionality restriction: A C <1R.B -
inverse roles: S=R"
functional roles: Fun(R)

EXAMPLE (GALEN)

BasilarArtery C JisBranchOf.VertebalArtery \ Basilar artery

VertebalArtery C dhasBranch.BasilarArtery

Internal carotid a
External carotid &

isBranchOf = hasBranch™ ) External jugular v

Fun(isBranchOf)

Internal jugular v
Vertebral arteries

Yevgeny Kazakov
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Consequence-Based Procedures

AN EXTENSION TO HORN SHZ Q

= Many new constructors:

positive negative
universal quantification: A C VR.B -
at least restriction: AC>nRB| >1RBLCA
functionality restriction: A C <1R.B -
inverse roles: S=R"
functional roles: Fun(R)
= Many new inference rules:
CCJdRD DLCVSA S=R" CCJdRD CLCVRA
CCA CLC 3R.(DMA)
CC3RD CLCIRE Fun(R)
CC 3R.(DNE)

m The general form of derived axioms:

[]aics [1AC3R.[]B
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Consequence-Based Procedures

RESULTS

m A novel classification procedure for Horn SHZ Q ontologies
m Has several advantages over model-building procedures:

deterministic
1-pass classification
computationally optimal for Horn-SHZ Q and ELH.

m The implementation exhibits a significant speedup:
| GO| NCI|Galenv.0 | Galen v.7 | SNOMED

FACT++ 15.24 6.05 465.35 — 650.37
HERMIT 199.52 | 169.47 45.72 — —
PELLET 72.02 | 26.47 — — —
CEL 1.84 5.76 — —| 1185.70
CB 1.17 3.57 0.32 9.58 49.44
Speed-Up: | 1.57X| 1.61X 143X o0 13.15X

available at http://code.google.com/p/cb-reasoner/
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http://code.google.com/p/cb-reasoner/

THE INFERENCE RULES FOR HORN SHZ Q

MMACA MC T

MCIJRN NC L
MLC 1

MCZ3R.Ny N CB
MCZ 3R, N, N,CB
MC<LISB RiCopS
MCZ3R.(N\MNy) REoS

Where M, N = | A;

n

M C A, "'MEA”-HA-ECGO
. 1 =
i=1

MCC

MC3R,.N MLCVR,A
M T 3R,.(N M A)

R Cp Ry

MCJR.N NLCVR, A
MCA

‘R Eo Ry~

MC3R.Ny, MLCB

N C 3R2.(N2 |_|A)

N, C<1S.B N2|_|AEB.R1£@S_
MCA MC3R, Ny RCoS
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BLOCKING

ONTOLOGY

AC3RB
BC3R.(ANC)
7-ACC
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BLOCKING
A, -
"

TC-AU3RB
TC-BU3R(ANC)
7-ACC

Convert Axioms to
Negation Normal Form

Create an element that
violates the subsumption
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BLOCKING

e A,—-C
ONTOLOGY

» TC-AU3RB
TC-BU3R.(AMC)
2-ACC

Convert Axioms to
Negation Normal Form

Create an element that
violates the subsumption

Expand labels according to
the constructors
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BLOCKING

0 A, —C,—A
ONTOLOGY X= -

> T (-A)J 3R.B
TC-BU3R.(AMNC)
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Convert Axioms to
Negation Normal Form

Create an element that
violates the subsumption

Expand labels according to
the constructors

B Backtirack whenever
encounter a clash
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BLOCKING

A,—C,3R.B,—B

R
TC-AUJR.B

$ B,—A,3R.(A1C)
» TC-BL(IR.(ANC))

?-ACC

Convert Axioms to
Negation Normal Form

Create an element that
violates the subsumption

Expand labels according to
the constructors
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BLOCKING

A,—C,3R.B,—B

R
TC-AU3RB $B,-A(3R.(A 1 O))
TC-BU3IR.(AMNC) lR’
?2-ACC SAMC

Convert Axioms to
Negation Normal Form

Create an element that
violates the subsumption
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the constructors
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BLOCKING

A,—C,3R.B,—B

R
TC-AU3IRB 8 B,—A,IR.(AT1C)
TC-BU3R.(ANC) lR
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Convert Axioms to
Negation Normal Form
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BLOCKING

A,—C,3R.B,—B
S,

R

> T (-A)! 3R.B § B,~A,3R.(A1 C)
TC-BU3IR.(AMC) lR

2-ACC

SATCAC A
Convert Axioms to
Negation Normal Form

Create an element that
violates the subsumption

Expand labels according to
the constructors

B Backtirack whenever
encounter a clash
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BLOCKING
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R
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Convert Axioms to
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BLOCKING
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Convert Axioms to
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BLOCKING
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R
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Convert Axioms to lR
Negation Normal Form *B
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A,—C,3R.B,—B
S,

R
TLC-AU3JRB \B A IR(ARC
» T (-B)U3R.(A1C) lR’ 3R )
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Convert Axioms to R
Negation Normal Form $B,~A,2B

Create an element that
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BLOCKING

A,—C,3R.B,—B

R
TC-AU3JRB 8 B,—A,IR.(AT1C)
» TC-BL(3R.(ANC)) lR
?-ACC 8 AMC,A,C,3JR.B,—B
R

Convert Axioms to
Negation Normal Form

Create an element that
violates the subsumption

¢ B,—A, HR(A M C)

Expand labels according to
the constructors

Backtrack whenever
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BLOCKING

A,—C,3R.B,—B

R
TC-AU3IRB 8 B,—A,IR.(AT1C)
TC-BU3R.(ANC) lR

?-ACC

3AMC,A C,3R.B,—B
Convert Axioms to lR

Negation Normal Form $B,-A|IR.(ATTC)

Create an element that o
violates the subsumption

Expand labels according to
the constructors

Backtrack whenever
encounter a clash
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BLOCKING

ONTOLOGY

TC-AUZIR.B
TC-BUIR.(ATIC)
P-ALCC No

Convert Axioms to
Negation Normal Form

Create an element that
violates the subsumption

Expand labels according to
the constructors

Backtrack whenever
encounter a clash

Block to avoid cycles
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A,~C,3R.B, B
R

B,—-A,3R.(ANC)

R
AT C,A,C,3R.B, B
R

B,—A,3R.(ATC)
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