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Semantic Incongruity
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Example: Two different aspects of ontologies

Axioms
(Formal Semantics)

Class: CHEBI:27732
SubClass0f: CHEBI:27134
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Example Semantic Incongruity
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Semantic Incongruity

Two semantics
® Formal semantics: axioms in logic

® Informal semantics: 'speaking IRIs" + annotations (labels, definitions etc.)

Both complement each other to specify intended interpretations
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Research Question 1

How do we check for semantic incongruity in ontologies (automatically)?
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Semantic Incongruity: Challenge

Lungless Salamander
Salamander
Amphibian

Vertebrate
Respiratory Organ

M

Salamander

Amphibian

Vertebrate

dhas part. Respiratory Organ
Lung U Gill U Trachea
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Semantic Incongruity: Challenge

Lungless Salamander £  Salamander

Salamander C  Amphibian

Amphibian C  Vertebrate

Vertebrate C  Jhas part.Respiratory Organ

Respiratory Organ = Lung U Gill U Trachea
Consequence

Lungless Salamander T Jhas part.(Lung U Gill U Trachea)

Logically consistent but incongruous with intended semantics
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Semantic Dependency



Implicit Hypothesis

The semantics of some terms depends on the semantics of some others
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Semantic dependency in ontologies

Entity
| Some changes have consequences for

r Living Inanimate other terms

Fish Mammal Vehicle
Cat Dog
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Semantic dependency in ontologies

Entity Some changes have consequences for
other terms

l_ Living | Inammate e change of Mammal may affect Cat
\ ® e.g., disjointness is inherited

Fish Mammal Vehlcle

Cat Dog

A new axiom for Mammal might have unintended consequences for Cat.
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Additional Research Question

® Question 1: How do we check for semantic incongruity
(automatically)?

® QObservation: Incongruity may result from semantic dependency

® Question 2: When are two terms semantically dependent?
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Intuitions about Dependency



Collecting intuitions

Does the semantics of A depend on the
semantics of B,

l_ Entity W e if AC B?

Living Inanimate
l_ Disjoint 1 I

Fish < Mammal Vehicle
Cat Dog
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Collecting intuitions

I_____- Entity %—-——1
Living Inanlmate
r Disjoint 1

Fish < Mammal Vehlcle
Cat Dog

Does the semantics of A depend on the
semantics of B,

o if AC B?
o if BC A7

® if A depends on C' and C depends
on B?
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Collecting intuitions

l— Entity

Living Inanimate
r Disjoint 1 I

Fish % Mammal Vehicle
Cat Dog

Does the semantics of A depend on the
semantics of B,

e if AC B?
e if BC A7
e if A depends on C' and C depends

on B?

If we answer 'yes’ to all,
it follows logically:
Cat depends on Vehicle
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Collecting intuitions

I_____- Entity %—-——1
Living Inanlmate
r Disjoint 1

Fish < Mammal Vehlcle
Cat Dog

Does the semantics of A depend on the
semantics of B,

if AC B?
if BC A?

if A depends on C' and C depends
on B?

if AC —-B?
IfAC BuC?
If AC 3r.B?
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Approach 1: Error propagation (Emptiness)

Idea: If any change that ‘breaks’ term B, automat-
ically ‘breaks’ term A, A depends on B.

‘Breaks': term has no instances
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Approach 1: Error propagation (Emptiness)

Idea: If any change that ‘breaks’ term B, automat-
ically ‘breaks’ term A, A depends on B.

Entity
‘Breaks’: term has no instances |

Living Inanimate
A emptiness-depends (&) on B in ontolog){ O: l_ Disjoint | T

any change that renders B empty, entails the Fish

) Mammal Vehicle
emptiness of A. I
® Cat emptiness-depends on Mammal Cat Dog

® Mammal does not emptiness-depend on Cat

® Mammal does not emptiness-depend on Fish
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Approach 2: Error propagation (Everything)

A term that denotes everything isn't very useful.

A everything-depends (.4) on B in ontology O:
any change that renders A equivalent to everything or the universal role, entails the
same for B.
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Approach 3: Growth propagation

If a new cat is born, a new mammal is born. Thus, there is a strong connection between
the both.

A growth-depends (.) on B in ontology O:
adding new entities to the extension of A necessitates a growth of the extension of B.
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Example 1

Emptiness Dep. .2, Everything Dep. & Growth Dep.

AW B
A
A C

ACBMar.CeO

AxaB

A B

Assr
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Example 2

Emptiness Dep. .2, Everything Dep. & Growth Dep.

B A

A=BUvr.C €0

BaA
CaA

B . A
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Preliminary Summary

Incongruence between formal and informal semantics indicates mistakes

® Incongruity may result from semantic dependency

Dependency as a semantically justified relation between symbols

We test for semantic dependencies by considering inheritable logical properties
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Preliminary Summary

Incongruence between formal and informal semantics indicates mistakes

® Incongruity may result from semantic dependency

Dependency as a semantically justified relation between symbols

We test for semantic dependencies by considering inheritable logical properties

Next: From theoretical considerations to applications
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Dependencies in Practice

21/42



Dependencies with IRIs

OEO0:0000005)
OEO0:00000446
OEO0:00020043
OE0:00000139

® From these axioms it follows that

IRNInRInIn

JR0O:0000086.0E0:00000446

JOEO0:00020183.0E0:00020043
JOEO0:00010235.0E0:00000139
JOE0:00020182.0E0:00020208

OEQ:00000054 2, OEQ:00020208

® |s this good? Is this bad?
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Dependencies with Labels

Jhas quality.wind energy

dis energy input into.wind enerqgy transformation
Jhas energy output.electrical energy

dis energy participant of .electricity export

air

wind energy

wind energy transformation
electrical energy

MF e

® From these axioms it follows that
air 2, electricity export

® In other words: If there is no electricity export, there is no air.
® The last axiom should likely be replaced by

electricity export C Jhas energy participant.electrical energy.
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Deriving dependencies

We need

1. A mechanism to derive semantic dependencies
2. A way to evaluate these dependencies based on annotations

24 /42



Calculating Semantic Dependency

® Naive idea for .%:

1. For a given class A, introduce A = L into ontology
2. For each class B such that B = L follows from extended ontology: B .%, A

® Problem: Computationally expensive

® Complete semantic calculation of .2, is 2-NExpTime-complete
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Calculating Semantic Dependency, with Syntax

Turn rules into syntax-based calculus:

1

2.
3.
4,

Compute all dependencies that can be derived from an axiom
Collate dependencies into dependency graph

Compute transitive closure

Remove "uninteresting” dependencies
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strix-roost — a dependency extraction tool

e A commandline tool developed in Rust
® Based on horned-ow!

® Parses a given ontology and produced dependencies (optionally with justifications)

https://github.com/scientific-ontology-network/strix-roost
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https://github.com/scientific-ontology-network/strix-roost

Case Study

® \We investigated two ontologies

® Using a consumer-level notebook

® Open Energy Ontology (OEO)

® Mid-level ontology for energy science

OWL DL
Axioms: > 14,000
Calculated Dependencies: > 32,000
Time: <1s
® Systematized Nomenclature of Medicine — Clinical Terms (SNOMED CT)

® (Clinical healthcare terminology

OWL EL

Axioms: > 1,700,000

Calculated Dependencies: > 6,000,000
Time: 92s

® That's a bit much for manual investigation

28/42



Filtering Dependencies with Al



Filtering dependencies with Al

Which of these dependencies is

correct?
IRI1 d_eI%(?I;ds on electrical energy (defined as ...)
JIRI3 depends on

- participant_of (defined as ...)
- electricity export (defined as ...)

- participant_of:

yes

- electricity export:

A

Enrichment
with labels >
and definitions

LLM

h
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Example: bug identified via semantic dependency (OEQO)

The class Air empty-depends on the class Electricity Export.

Jhas quality.wind energy

dis energy input into.wind enerqgy transformation
Jhas energy output.electrical energy

dis energy participant of .electricity export

air

wind energy

wind energy transformation
electrical energy

M e

Last axiom should likely be replaced by

electricity export T Jhas energy participant.electrical energy
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Example: bug identified via semantic dependency (SNOMED)

The class Structure of male urethral crest empty-depends on the class Struc. of lymphatic
vessel of female pelvis.

Struc. of male urethral crest C Struc. of soft tissue within abdominopelvic cavity
M Struc. of lymphatic vessel of female pelvis
M Struc. of crista of urethra
M Prostatic urethra structure

female pelvis should likely be replaced by male pelvis
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Filtering dependencies with Al — Limitations

LLM was run on two 12 GB GPUs

Requests were limited to 10 dependencies at a time

® A single request takes 1-2 seconds

® Total runtime

OEO 90 minutes
SNOMED 10 days

Still not practical for ongoing development
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Dependencies Across Versions
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Dependency Across Versions

® Problem: Many dependencies for large ontologies

® |dea: Only consider changes of dependencies across versions

Dependencies
of V1

Removed

Ontology V1

| evolves o

Compare }

Dependencies

Added

Dependencies
of V2

Ontology V2

Dependencies

35/42



Strix - a dependency viewer

® \We developed an additional viewer on top of strix-roost
® View dependencies for a given class

® \iew dependencies across versions

https://github.com/scientific-ontology-network/strix
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https://github.com/scientific-ontology-network/strix

Strix - OEO v2.10.0 vs v2.9.0

Strix
Onolagy Edio

Search classes

Classes

entity' @en
~ continuant' @en
» “generically dependent conti
» ‘good'@en
» “independent continuant @en
» ‘model @en
“model uncertainty location'@en
“product @en
» “specifically dependent cont.

» “occurrent @en

Object Properties

“covers'@en
has characteristic' @en

“has contributor' @en

“has energy participant @en

has objective’@en

“has occurrent part @en

“has resolution' @en
“hitp://www.w3.0rg/2002/07 [owlitopC
‘is energy participant of @en

‘is subject of @en

occurrent part of @en

‘uses'@en

Open.

‘good’'@en
E0_00010116

A good is a continuant that has the good role.
ANNOTATIONS

“definition’ @en

‘Agood is a continuant that has the good role.

Compare

p:/

good @en

“alternative label' @en
Gut @de

“term tracker annotation ©

issue: https:/github com/OpenEnergyPlatformontologylissue:
pullrequest:hitps://github.com/OpenEnergyPlatform/ontology/
move to 0eo-shared

pullrequest: itps://github.com/OpenEnergyPlatform/ontology/pull/869
make good a continuant

pullrequest comi( 7
rework module structure

issue: https://github com/OpenEnergyPlatform/ontologyissues/1592
pullrequest: https//github.com/OpenEnergyPlatform/ontologypull1652

AXIOMS

Depends On:
v Show dependency differences

Added Dependencies Click to
open
Deleted Dependencies Click to
close

v “monetary value'@en
v “physical unit @en

v “eurrency @en

purl.obolibrary.org/obo/U0_0000000 *

v “has unit @en
v “obsolete has economic value' @en

v “obsol i value of @en

Equivalent To,
“continuant @en and (has role'@en some ‘good role’@en )

SubClass Of. “continuant @en

v ‘obsolete economic value’@en
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Dependencies on GitHub

Many ontologies are publicly developed in GitHub repositories

Allows external contributors to propose changes via Pull Requests

Idea: Calculate dependency diffs for each pull request

We developed a GitHub workflow that can be integrated in any ontology repositories

e Automatically comments on new pull requests with dependency diff

‘ ’ github-actions Bot commented 15

[1 Ontology dependency diff

The full dependency diff is available in the workflow run summary:
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Dependencies on GitHub

® We create a toy repository

e Contains the pizza ontology and a PR that fixes a bug
IceCream T JhasTopping. Fruit Topping
® Auto-generated diff shows that unwanted dependencies have been removed:

dependency-diff summary

Removed

¥ IceCream
« FruitTopping

« Pizza

« PizzaBase

https://github.com/scientific-ontology-network/dependency-workflow
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Current research

® A case study with ontology developers (participants welcome)
® Evaluate the usefulness of dependency in active development
® Generalisation of dependency

® | ogic-agnostic definition of dependency
® Using category-theoretical generalisation of logics
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Conclusion

® [ncongruence between formal and informal semantics indicates mistakes
® Dependency as a semantically justified relation between symbols

® \We test for semantic dependencies by considering inheritable logical properties
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Conclusion

® Incongruence between formal and informal semantics indicates mistakes

Dependency as a semantically justified relation between symbols

We test for semantic dependencies by considering inheritable logical properties

® Pure semantic dependency calculation is too computationally expensive

We developed and implemented a syntactic calculus

Al can help filter dependencies

Inter-version dependency is a useful debugging and review tool

Thanks also to our collaborators:
Lilly Gerlach, Colin Heidfeld, Benedikt Marschner and Till Mossakowski
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The End



Desiderata

ok N =

Logical equivalent ontologies = same dependencies

Logical equivalent terms = same dependencies

Not everything depends on everything (semantic holism)

Dependency is transitive and reflexive

Axiom based-dependencies

if OFACB: then
if O AC3r.B: then
if OFErCs: then
if OFr=s1 then

A~ B
A~ B, A~r
T~ 8
T A S, ST
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~

o~ o (reflexivity)
7T (inverses)

01~ 02, 02 ~* 03 01~ 03 (transitivity)

o1~ 02 n.a. (no symmetry)

X1 EXo X1~ X2

X=A X ~~A A~ X

X=1 X~ C e

X=Cnb X~C, X~D

X=Ccub C~X,D~X

X = Disj(C U D) C X, D X

X=-C n.a.

X =3ar.C X~r, X ~C

X = 3r.Self X ~r

X=(>nr0) X ~r, X~ C

domain(r) = X <= X =3Ir.T X ~wr

range(r) = X <= X =3Ir".T X ~r

rCs TS

r=s TS, ST

r=s T~ S, ST

Ic for any concept C'
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