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Motivation

Preserve as much as possible correct knowledge when removing wrong
axioms from the ontology/ontology network.

A domain expert (Oracle)
will validate the results

We propose an interactive repairing approach to mitigate these effects of
removing wrong axioms by, in addition to removing those axioms, also
adding correct knowledge.

Correctness:
Completeness: gebugglng
Weakening emoving
Completion
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Preliminaries

LINKOPINGS
IIQ" UNIVERSITET



Ontology network

Ontologies are represented using DL TBoxes. An alignment between two ontologies
IS a set of mappings between the

ontologies.

Definition 1. Let 7, *.,7, be TBoxes represénting ontologies Oy, ..., O,,, re-
spectively. For 7, j € [1..n| with i < j, let A;j be an alignment between ontology
O; and O;. The network of the ontologies and their alignments is then repre-

sented by TBoxj;: (Uizl_,n Ti) U (Ui,j:l..n,i<j Aij).
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Problem Formulation

An ontology/ontology network represented by TBox T
Domain expert

Definition 4. (Repair) Let TBox (Uiz1.n Ti) U (Ui j=1..n,i<; Aij) repre-
sent a network of ontologies O; represented by TBoxes 7;, and their alignments

be a finite set of TBox axioms in 7 such that V ¢» € W: Or(v) = false. Then,
repair for Debug-Problem DP(7,0r, W) is a tuple J(l/\]_)) where A and D ar
finite sets of TBox axioms such that
(i) V¢ € A: Or(v) = true;

(ii) D is a finite set of asserte

W is a set of the wrong axioms to
remove from the
ontology/ontology network.

A repair (A,D) is a tuple containing two sets:
A: a set of correct axioms to add to the TBox
D: a set of wrong asserted axioms to remove
from the Tbox.

When the axioms in D are removed and the
axioms in A are added, the wrong axioms in W
cannot be derived anymore.
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More complete TBoxes

Definition 2. TBox T is more complete than TBox Tz iff

1) all correct knowledge in T2 can also be derived in T:.

2)

there i1s correct knowledge in T: that cannot be derived in T-.

PathologicalPhenomenon <

RN

Fracture

-+ NonNormalProcess

T

PathologicalProcess
T

CardioVascularDisease

. . --- InflammationProcess
dhasAssociatedProcess.PathologicalProcess

JhasAssociatedProcess.InflammationProcess

Carditis /

\

Endocarditis

GranulomaProcess —

PathologicalPhenomenon NonNormalProcess <«

R

CardioVascularDisease Fracture PathologicalProcess

JdhasAssociatedProcess.PathologicalProcess

InflammationProcess
JhasAssociatedProcess.InflammationProcess

Carditis

\

Endocarditis

GranulomaProcess —

T1

Or(InflammationProcess E

T2

PathologicalProcess) = true

T1is more complete than T:

LINKOPING
UNIVERSITY




Less incorrect TBoxes

Definition 3. TBox Tz Is less incorrect than TBox Tz iff
1) all incorrect knowledge in T1 can also be derived in T-.
2) there is incorrect knowledge in T2 that cannot be derived in Ti.
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Debugging and Removing- dealing with wrong axioms

Debugging and removing lead to
\ / less incorrect ontologies.

A Many algorithms exist.

Justifications(AE C)={{AEB,BEC}, [AED,DEC}}
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Weakening - finding correct weaker axioms
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Weakening - finding correct weaker axioms

Replace wrong a E Weakening leads to
] more complete ontologies.
with correct sb, = spy

Some algorithms exist.
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Completing - finding correct stronger axioms

SPq
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Completing - finding correct stronger axioms

Completing leads to

-
REpIace correct a = B more complete ontologies.

with correct sp, £ sbg
Few algorithms exist.
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Ontologies
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Basic operations

:. Debugging: find the wrong asserted axioms in the ontology

! Remove
. |
| . wrong
'e Removing: remove the wrong asserted axioms from the ontology :
| !
' !
P -
* Weakening: Find correct weakened axioms of the wrong axioms
' (Mitigate the negative effect of removing wrong axioms) Add
|
! correct

i° Completing: Find correct completed axioms of the weakened axioms
: (Make the ontology more complete)
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Combinations of basic operations

Choices regarding

In which order to perform the operations

Performing computations for all axioms at once or one at the time

When to update the ontology (as soon as correct axioms are found or at the end)
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Combination operators

F-none, AB-one/ ) ) _ _
O R-none, AB-all/ () 1::.":. DnE,E ”“":f O C-one,U-now
R-none, AB-none -one,U-end_one

() R-one, AB-one/

R-one AB-all () C-one,U-end_one
] § W-all, U-now/
(o one: ARene W-all,U-end_all C-all, U-now
' — C-all,U-end_allf
H‘ﬂ”, AE'”G"E‘.‘I D W—E",U-EI'I['_*]I'IE'-" |:::| ':'ﬂ”, |_.|_|_'_'|._|'||::|_.|::|r'||_'_'|._I|I
O R-all, AB-one/ W-one_ U-end_all C-one,U-end_all
F-all, AB-all
R: remove wrong axioms W: weaken (one at a C: complete (one at a
(one at a time/ all at time/all at once) time/all at once)
once/none) U: update the ontology U: update the ontology

AB: add back wrong
axioms (none/one/all)

Using operators higher up in the diagrams leads to more complete ontologies and more validation work.

Il. HNKOPING Li Y, Lambrix P, Repairing EL Ontologies Using Weakening and Completing, ESWC 2023.
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Compare algorithms using the Hasse diagrams

Alg 1: Weaken one at a time, remove all wrong, complete one at a
time, then add completed axiom sets at end

C-one, U-end_ all

Alg 2: Weaken one at a time, remove all wrong, complete/add

completed axiom sets one at a time O C-one,U-now

C-one, U-now

(3 C-one,U-end_one

— Alg 2 leads to more complete ontologies than Alg 1

C-all U-now!
C-all, U-end_allf

C-all, U-end one/

~ C-one U-end_all
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Compare algorithms using the Hasse diagrams

R-none, AB-one/
_ W- -now!
OJR-none. AB-all/ o-one,U-noywl
B-none. AB-none W-one U-end_one
() R-one, AB-one/
R-one AB-all
L_R-one, AB-none W-all,U-now/
. W-all,U-end_all/
R-all, AB-none/ () W-all,U-end_one/
O R-all, AB-one/ W-one, U-end_all
F-all, AB-all
R: remove wrong axioms ~ W: weaken (one at a
(one at a time/ all at time/all at once)
once/none) U: update the ontology

AB: add back wrong
axioms (none/one/all)

() C-one,U-now

3 C-one,U-end_one

Yy

C-all, U-now/
C-all,U-end_allf
C-all, U-end one/

D@HE,U—EH d_all >

C: complete (one at a
time/all at once)
U: update the ontology

Using operators higher up in the diagrams leads to more complete ontologies and more validation work.
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Compare algorithms using the Hasse diagrams

S-one,D*-one-v S-all.D*-one-v O E:ggﬂg' ‘;Lﬁ"EE_;ﬁl?E'F O W-one,U-now/ O C-one,U-now
) W-one,Ul-end_one

R-none, AB-none

() R-one, AB-one/

R-one AB-all (> C-one,U-end_one
R-one, AB-none W-all, U-now!
S-one,D-v-allD-allv Q W-all,U-end_all e oo
' - -all,U-end_allf
S-all, D-v-allD-all-v R-all, AB-none/ () W-all,U-end_one/ C-all, U-end_one/
: — A , _
O R-all, AB-onef W-one_ U-end_all C-one,U-end_all
R-all, AB-all
S: Compute the R: remove wrong axioms W: weaken (one at a C: complete (one at a
justifications for (one at  (gne at a time/ all at time/all at once) time/all at once)
a time/ all at once) once/none) U: update the ontology U: update the ontology
(all asserted axioms/one  axjoms (none/one/all)
hitting set)
Using operators higher up in the diagrams leads to more complete, more incorrect ontologies.
Higher up | more (| validation work for weakin mpletin In
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Compare algorithms using the Hasse diagrams
C

D*-one-v S-all D*-one-v R
sl D HEeD O TN
D B

S-one D-v-al/D-all-v A
S-all D-v-all/D-all-v

e

justifications for (one at
a time/ all at once) Justifications(AE C)={{AEB,BEC}, [AED,DEC}}

D: Validate the axioms
(all asserted axioms/one

hitting set)
Using operators higher up in the diagrams leads to more complete, more incorrect ontologies.
Higher up | more (] validation work for weakin mpletin in
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Compare algorithms using the Hasse diagrams
C

D*-one-v S-all D*-one-v R
sl D HEeD O TN
D B

S-one,D-v-all/D-all-v A

S-all, D-v-al/D-all-v
S: Compute the l 1
justifications for (one at
a time/ all at once) Justificationsl(AE C)={{AEB,BEC}, [AED,DEC}}

D: Validate the axioms
(all asserted axioms/one

hitting set)
Using operators higher up in the diagrams leads to more complete, more incorrect ontologies.
Higher up | more (] validation work for weakin mpletin in
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Compare algorithms using the Hasse diagrams
C

D*-one-v S-all D*-one-v R
sl D HEeD O TN
D B

S-one D-v-al/D-all-v A
S-all D-v-all/D-all-v

S: Compute the % l l

justifications for (one at
a time/ all at once) Justifications(AE C)={{AEB,BEC}, [AED,DEC}}

D: Validate the axioms
(all asserted axioms/one

hitting set)
Using operators higher up in the diagrams leads to more complete, more incorrect ontologies.
Higher up | more (] validation work for weakin mpletin in
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Ontology networks

LINKOPINGS
IIQ" UNIVERSITET



Ontology vs. Ontology network

There are also choices regarding the autonomy level of the ontologies and alignments
in the ontology network, which reflects the policies of the ontology and alignment
owners regarding updating and computing for their ontologies and alignments.

» 0 (ontology) / M(mappings)

» MO (materialized ontology) / MM(materialized mappings)
»ON (ontology network)
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Ontology network

During the repairing process different levels of autonomy can be used at different stages:

More complete

KBown A ASown
KBymo KBym
KBo KBy ASm ASo
Choices regarding computation Choices regarding final answer

Using as much knowledge as possible may lead to more complete networks, but also more validation work.
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Extreme case 1

»Ontology is completely autonomous
* The set of wrong axioms W contains only axioms in the ontology (O).

* Only the axioms within the ontology can be used for the computation of repairs.

—> KBo

* Solutions only include axioms in the ontology.

—  ASo

LINKOPING
Il.“ UNIVERSITY




Extreme case 2

»ON (ontology network) --- ontologies and alignments as integral parts of the network
* The set of wrong axioms W contain ontology axioms and mappings.

* The whole network is used for the computation of repairs.

—_—> KBon

* Solutions contain ontology axioms and mappings.

—> ASon
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Example

Asserted axioms in Ontologies O1 and O: 0, i | S

—» Wrong axioms

Oi:BEADEB, CEADEB,FEC — Correct axioms

Ooxdccdzaech fse | L= Disjointness
Mappings between O: and O2
aCADCbECe FCf
ACa,bED,eCEfCEF

We have used 'ON’ in the debugging step where we validate all axioms in the justifications.
This results in a wrong axiom e = b and a wrong mapping b = D.
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Weakening

2, 4, 20 candidates for ‘O’, ‘MO’ and 'ON’

= =» Correct mappings

BFLCkgI'OllIId KB(\ K 9] KBON KBM KBMM KBON
knowledge base e CbNelEb\|eLl ba bCD |bLCD LD
|Sub(er,7)| 2 W 4 2 6 6
|Sup(8.,7)| 1 2 5 / 2 5 5
Weakened fCb [fLC b |fLC/b, S LC B |bL B,
celLa |e a, cl a
ELC A

’'ON’ leads to the most complete network
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Completing

= =» Correct mappings Ba,ckground KBM(’) KB()N KBM KBMM KB()N
= =» Wrong mappings
i i e knowledge base eCb |eCb bCD |[bCD |bCD
""" e |Sub(a,7T)| 2 1 2 6 6
|Sup(3,7)] 2 5 2 5 5
Weakened fC b, [l L b, bCL B |bLC B,
cla |e L a, cla
ELCA
|Sup(a,7T)] 43 1077 5 57
|Sub(3,7)] 35 61111 7 711
Completed fC b, |fLC b, bLC B,|bL B,
eCd |e L d, BCb [BLb

’'ON’ leads to the most complete network

The network is repaired by removing the wrong axioms and adding the completed axioms.
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Conclusion
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Conclusion

* Interactive approach to mitigate the negative effects of removing
unwanted axioms from an ontology network.

 Combination operators reflecting choices and policies.

* Trade-offs for different combination strategies involving correctness,
completeness and validation work.

* Implemented system.

* Our framework provides a blueprint for extending previous work
and systems.
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