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Justifications

TBox (ontology, knowledge base, logical theory) T
Collection of axioms (formulae, rules, facts)

Entailment (consequence, query) T k a:

Axiom (formula, rule, fact) that follows logically from the
TBox

Justification (MUS, minimal conflict set, why-provenance):

Minimal subset of 7 from which a follows
(Horridge, Bail, Parsia, and Sattler 2013; Pefialoza and Ricca 2022)

¢ TUD
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Justifications are sometimes not enough for ...

complex reasoning novice users LLM-generated explanations

Explanation 135 +/ Display laconic explanation

of cellular ketone metabolic process by positive |

r:'positive regulation of unsaturated fatty a ynthetic process by positive regulation of transcription from RNA polymerase || prometer' SubClassOf ‘reg
'positive lation of L d fatty acid bic ic process by positive regulation of transcription from RNA polymerase Il promoter' SubClassOf ‘refyla(ion of fatty acid
biosynthetic process by regulation of transcription from RNA polymerase Il promoter'

"regulation of fatty acid biosynthetic process by regulation of transcription from RNA polymerase Il promoter' SubClassOf regulates some ‘regula(iuné)ffam‘ acid biosynthetic
process by transcription from RNA polymerase |l promoter'
‘reqgulation of fatty acid biosynthetic process by transcription from RNA polymerase Il promoter' SubClassOf 'regulation of fatty acid biosynthatoprocess!

Expl;

‘regulation of fatty acid biosynthetic process’ SubClassOf regulates some 'fatty acid biosynthetic process’ 16
‘fatty acid biosynthetic process' SubClassOf 'fatty acid metabolic process' 65
Transitive: regulates 18

‘positive lation of ¢ d fatty acid bis ic process by positive regulation of transcription from RNA polymerase Il promoter' SubClassOf bjglogical process and

(‘positively regulates’ some 'transcription by RNA polymerase II)

‘regulation of cellular ketone metabolic process' SubClassOf regulates some "cellular ketone metabolic process’ 67
‘regulation of fatty acid metabolic process' SubClassOf 'regulation of cellular ketone metabolic process’ 135
biological_process and (regulates some 'fatty acid metabolic process') SubClassOf 'regulation of fatty acid metabolic process’ NO

biological_process and (regulates some 'cellular ketone metabolic process’) and (‘positively regulates' some 'transcription by RNA polymerase II') Suhclmuf ‘regulation of cellulz
ketone metabolic process by positive regulation of transcription from RNA polymerase Il promoter'

Justification in the ontology editor PROTEGE

Explaining Description Logic Reasoning
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Justifications are sometimes not enough for ...
complex reasoning novice users LLM-generated explanations

Proof tree for entailment
"positive regulation of unsaturated fatty acid biosynthetic process by positive regulation of transcription from RNA polymerase |1
promoter' SubClassOf 'regulation of cellular ketone metabolic process by positive regulation of transcription from RNA polymerase 11
promoter'
Class Hierarchy
‘positive regulation of unsaturated fatty acid biosynthetic process by positive regulation of transcription from RNA polymerase Il promoter' SubClassOf
biological_process and (regulates some 'cellular ketone metabolic process’) and ('positively regulates' some 'transcription by RNA polymerase II')
Intersection Composition
'positive regulation of unsaturated fatty acid biosynthetic process by positive regulation of transcription from RNA polymerase Il promoter'
SubClassOf biological_process
'positive regulation of unsaturated fatty acid biosynthetic process by positive regulation of transcription from RNA polymerase Il promoter'
SubClassOf regulates some 'cellular ketone metabolic process'
'positive regulation of unsaturated fatty acid biosynthetic process by positive regulation of transcription from RNA polymerase Il promoter'
SubClassOf "positively regulates' some "transcription by RNA polymerase II'
biological_process and (regulates some 'cellular ketone metabolic process’) and ('positively regulates' some 'transcription by RNA polymerase II')
SubClassOf 'regulation of cellular ketone metabolic process by positive regulation of transcription from RNA polymerase Il promoter'

Proof in the ontology editor PROTEGE
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Proofs are hypergraphs

Inference step (hyperedge) (S, d): List of premises S + con-
clusion d

Proof: acyclic, non-redundant hypergraph with sink a

Derivation structure (T, a): Hypergraph of all admissible
inference steps for 7k a

Goal: Find optimal proofs in (T, a)

Measures: Size (5), tree size (6), depth (2),
justification size (3), ...

o TUD Explaining Description Logic Reasoning
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Complexity of finding proofs

“Is there a proof in (T, a) with measure < p?”

(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2020, 2021)

polynomial | polynomial | exponential exponential
unary binary unary binary .
P-measures < NP < NP < NExpTime | < NExpTime guess PrOOf in Q(T, a)
Justification size NP NP ExpTime ExpTime
Size NP NP NP NExpTime
Monotone recursive | <P <P < ExpTime < ExpTime polynomial Dij kstra-like
®-measures H R
Trog oios 5 5 NP Pspace algorithm for directed
Depth P P PSpace ExpTime hyperg raphS
o TUD Explaining Description Logic Reasoning Slide 6of25
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Computing proofs

Consequence-based reasoners (ELK, CLIPPER, SEQUOIA)
(Kazakov, Krotzsch, and Simancik 2014; Eiter, Ortiz, Simkus, Tran, and Xiao 2012;
Tena Cucala, Cuenca Grau, and Horrocks 2021)

Justification-oriented proofs
(Horridge, Parsia, and Sattler 2010)

Concept interpolation: AC?C B
(Schlobach 2004; Peuter 2024)

Elimination proofs based on forgetting (LETHE, FAME)
(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2020)

o TUD Explaining Description Logic Reasoning Slide 7of 25
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Computing proofs

Elimination proofs based on forgetting (LETHE, FAME)
(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2020)

To

© 0 ©0 0 O

Y

© 0 0 O

T

T2 T3
O
> O > O >
O

Ta
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Computing proofs

Elimination proofs based on forgetting (LETHE, FAME)
(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2020)

To T 72 73 Ta
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Computing proofs

Elimination proofs based on forgetting (LETHE, FAME)
(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2020)

domain(r) = B

Explaining Description Logic Reasoning .
o TUD © Stefan Borgwardt Slide 7 of 25



Size of proofs

Tree Size

(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2020)

Prototypical proofs from ORE 2015 ontologies (££LH)
Proof of minimal size = proof of minimal tree size

Hypergraph Size

©
o

LETHE (142)
(=2}
o

30

- 60 |- . -
50
40

30

LETHE (54)

20

10

ELK (1087)

ol
120 0 10 20 30 40 50 60

ELK (1146)
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Size of proofs

(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2020)

Prototypical proofs from ORE 2015 ontologies (££LH)
Proof of minimal size = proof of minimal tree size

Tree Size Hypergraph Size Just. complexity (sum)
[ [ T T T T T T T
120 [— — 60 |— g —
~ - - _ 10K |- ’ —
Q 90 . 5
= 3 | o gy
Z L o . § e
] g o) VT
T 60 o A=z [
B B & ? .
m = A 5K |- S |
A A 13 .
30 [ —
o L& L L L P oK EEE |
0 30 60 90 120 0 10 20 30 40 50 60 0K 5K 10K
ELK (1087) ELK (1146) ELK (669)

(Horridge, Bail, Parsia, and Sattler 2013)
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Proofs vs. justifications

(B 2021)

« justifications of average size 10.7 (max. 25), average complexity 495 (max. 1470)

el 480)

g

e
8
=]

= L
ey
48 % 360 e
H < 4 9
0 H g i e | ©
g 115 £ 300 ] r{i i
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& I g dE R gﬁ (I
4 i i & 180 F: | E i
H g il
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Justification size Justification complexity
ELK LETHE FAME ELK 'LETHE FAME
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Proofs for ontology-mediated queries

(Borgida, Calvanese, and Rodriguez-Muro 2008; Alrabbaa, B, Koopmann, and Kovtunova 2022)

TBox: AE3r.B, BE3sA, 3Isn3IrEE, IrEED

‘ ABox: A(a)

Query:
X, y. r(x, y) Ar(x’, y) AD(X)

¢ TUD

Explaining Description Logic Reasoning
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Proofs for ontology-mediated queries

(Borgida, Calvanese, and Rodriguez-Muro 2008; Alrabbaa, B, Koopmann, and Kovtunova 2022)

TBox: AE3r.B, BE3sA, 3Isn3IrEE, IrEED

‘ ABox: A(a)
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Proofs for ontology-mediated queries

(Borgida, Calvanese, and Rodriguez-Muro 2008; Alrabbaa, B, Koopmann, and Kovtunova 2022)

ABox: A(a)
TBox: AE3r.B, BE3sA, 3Isn3IrEE, IrEED

Query:
X, y.rix, y) Ar(x’, y) AD(X')

Proof:
B(x) > s(x,g(x)) A A(g(x))

sy Arizx) SE() > > B

A(x) > r(x,f(x)) A B(f(x))

r(xy) AE(y)>D() ~—> D

¢ TUD
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Proofs for ontology-mediated queries

(Borgida, Calvanese, and Rodriguez-Muro 2008; Alrabbaa, B, Koopmann, and Kovtunova 2022)

TBox: AE3r.B, BE3sA, 3Isn3IrEE, IrEED

ABox: A(a)
Proof:

Query:

B(X) > s(x,g(x)) A Ag(x))
X, y.rix, y) Ar(x’, y) AD(X') e

sy Arizx) SE() > > B

r(x,y) AE(y) > D(x)

DL-Lite & Horn-ALCHOT
H ELQ| €Q | 1Q| €Q ‘ cQ
Domain size NP-c in ExpTime in NExpTime
Tree size inP | NP-c [ P-c| NP-c in PSpace
Proof size NP-c in ExpTime
Proof size bound || polynomial | exponential ‘ double exponential

Explaining Description Logic Reasoning
o TUD © Stefan Borgwardt Slide 10 of 25



Proofs with concrete domains

(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2023)

[fuel_level = 0.1 - fuel_capacity] C LowFuel

o TUD Explaining Description Logic Reasoning Slide 11 of 25
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Proofs with concrete domains

(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2023)

[fuel_level = 0.1 - fuel_capacity] C LowFuel s A’ € LowFuel
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Proofs with concrete domains

(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2023)

[fuel_level = 0.1 - fuel_capacity] C LowFuel s A’ € LowFuel

CCA, CCA
CEAGI_IAB AGI_IAB EAV
CCA

4
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Proofs with concrete domains

(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2023)

[fuel_level = 0.1 - fuel_capacity] C LowFuel s A’ € LowFuel

CCA, CCAg 4y =3
CCA,MA;  AnAgCA, 2x+3y=5 —12y=—9
CCA, ax—6y =1 o
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Proofs with concrete domains

(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2023)

[fuel_level = 0.1 - fuel_capacity] C LowFuel ~ A’ C LowFuel
CCA, CCAg 4y =3
CCA,MA;  AnAgCA, 2x+3y=5 —12y=—9
(2,11
CC 4y =3I 5
— CC[2x+3y=5 CC[-12y=-9] ';1'
CC[4x—-6y=1] =1

o TUD Explaining Description Logic Reasoning Slide 11 of 25
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Proofs for rules

« Proofs for fact entailment from Datalog and existential rules (NEMO)
(Ivliev, Gerlach, Meusel, Steinberg, and Krotzsch 2024)
- Even with (stratified) negation and aggregation
(Dachselt, Gerlach, Hanisch, Ivliev, Krotzsch, Marx, and Méndez 2026)

o TUD Explaining Description Logic Reasoning Slide 12 of 25
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Proofs for rules

Proofs for fact entailment from Datalog and existential rules (NEMO)
(Ivliev, Gerlach, Meusel, Steinberg, and Krotzsch 2024)
- Even with (stratified) negation and aggregation
(Dachselt, Gerlach, Hanisch, Ivliev, Krotzsch, Marx, and Méndez 2026)
Can be used to implement consequence-based DL calculi
(Alrabbaa, B, Herrmann, and Krotzsch 2025)

: Depth
Average step complexi
san—AAVerage step complexity 3 : :
$ % o
. 32
.
360 .
. 28
300 . 24
3
X
8 200~ R S »f- N
a
a 3]
2 1s0f- g 5 e
= =
12
120
8
60 A .
| | | | olZ L L
60 120 180 240 300 360 420 4 8 12 16 20 24 28 32 36
ELk ELK
‘ Explaining Description Logic Reasoning
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Proofs for temporal rules

Proofs for DatalogMTL based on materialization in METEOR
(B, Demberg, Jobanputra, Kovtunova, and Nhu 2024)
L ¥

[tempemture(d, 30)@[10, IOJ] (E‘H[O, »)drone(d)@[0, OJ)

l '

hightemperature(X) :- temperature(X, S), #[1,>, 25](S) reverse_boxplus

Gightemperature(d)@[ 10, IOD (dmne(d)@[(), OCD

E8(0, 10]ri 1d Y) :- high Y), drone(Y)

'

(EB[O, 10]riskofinternaldamage(d)@[ 10, IOD
I

o TUD Explaining Description Logic Reasoning Slide 13 of 25
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Explaining missing entailments

Missing entailment: 7 ¥ a

Counterexample:

Model of T that does not satisfy a
(Bauer, Sattler, and Parsia 2009; Alrabbaa and Hieke 2022; Alrabbaa, B, Friese, Koop-
mann, and Kotlov 2023)

Explaining Description Logic Reasoning
o TUD © Stefan Borgwardt Slide 14 of 25



Explaining missing entailments

Missing entailment: 7 ¥ a

Counterexample:

Model of T that does not satisfy a

(Bauer, Sattler, and Parsia 2009; Alrabbaa and Hieke 2022; Alrabbaa, B, Friese, Koop-
mann, and Kotlov 2023)

Abductive hypothesis:

Hsuchthat TUH Fa (TUH ¥ Land H # {a})

(Calvanese, Ortiz, Simkus, and Stefanoni 2013; Wei-Kleiner, Dragisic, and Lambrix 2014;
Koopmann, Del-Pinto, Tourret, and Schmidt 2020; Haifani, Koopmann, Tourret, and
Weidenbach 2022)

o TUD Explaining Description Logic Reasoning Slide 14 of 25
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(Alrabbaa and Hieke 2022)

Relevant counterexamples
Model of 7 that does not satisfy NeuromyelitisOptica C MultipleSclerosis

@ @ CerebrospinalFluid
o

C
: \Z
Pleocytosis, 3
% Lymphocytes

ymphocyticPleocytosis
increases @

@’5@
Qe
CerebrallLesion

&
&
o

Aquaporin4, Protein

OpticNerve =3
@ \99/')0' \ (\w S@i nfla\n?e g— \oQo)
\ S
NeuroDisease @ @ d_e@/‘ @
Protein

NMO, NeuroDisease

Explaining Description Logic Reasoning
© Stefan Borgwardt
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Relevant counterexamples

Part of a model of 7 that does not satisfy NeuromyelitisOptica C MultipleSclerosis
(Alrabbaa and Hieke 2022)

Aquaporin4, Protein @

NMO, NeuroDisease

o TUD Explaining Description Logic Reasoning Slide 15 of 25
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Relevant counterexamples
Part of a model of 7 that does not satisfy NeuromyelitisOptica C MultipleSclerosis
(Alrabbaa and Hieke 2022)

@ @ CerebrospinalFluid
o

C
: \Z
Pleocytosis, 3
% Lymphocytes

ymphocyticPleocytosis
increases @

Aquaporin4, Protein

( : ) 5
o
2 @”s
3 g 3G
5 3 &
54:, o 5 CerebrallLesion
% 5 OpticNerve =3
0'9/';'0 mes/ \inflg 5
a
v “"\/'@ Tes 2 oS

NMO, NeuroDisease M5, NeuroDisease
Slide 15 of 25
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Relevant counterexamples
Part of a model of 7 that does not satisfy NeuromyelitisOptica C MultipleSclerosis

(Alrabbaa and Hieke 2022)

CerebrospinalFluid

o
c
; 2
Pleocytosis, 3
LymphocyticPleocytosis  \? | ymphocytes

@ increases
j&
S
G
e
O

Pleocytosis

=

%

54:, CerebrallLesion
% OpticNerve =3

\QK;,-)O, Qlames infla,77 g_ QfoC
@ e

NMO, NeuroDisease M5, NeuroDisease
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Relevant counterexamples

Part of a model of 7 that does not satisfy NeuromyelitisOptica C MultipleSclerosis
(Alrabbaa and Hieke 2022)

Pl i
eocytosis Pleocytosis,
LymphocyticPleocytosis Lymphocytes
@ increases
S
=3 \S‘(\
3 &
% 5 CerebrallLesion
% OpticNerve m

\%"70 Qames Vinflame 12 Q":
@ e

NMO, NeuroDisease MS, NeuroDisease
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Abduction

Hsuchthat TUH ka (TUHK¥Land H £ {a})
Complete signature-based abduction (Koopmann, Del-Pinto, Tourret, and Schmidt 2020)
« Restrict # to a signature X

« High expressivity: 7 in ALC, H with disjunction of axioms, inverse roles,
nominals, fixpoint concepts

« Implementation based on LETHE

o TUD Explaining Description Logic Reasoning
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Abduction

Hsuchthat TUH ka (TUHK¥Land H £ {a})

Complete signature-based abduction (Koopmann, Del-Pinto, Tourret, and Schmidt 2020)

« Restrict # to a signature X

« High expressivity: 7 in ALC, H with disjunction of axioms, inverse roles,
nominals, fixpoint concepts

« Implementation based on LETHE

Connection-minimal abduction (Haifani, Koopmann, Tourret, and Weidenbach 2022)

o 71 is“connected” to a

« Low expressivity: 7 in £L£, H only conjunctions of concept names
« Implementation (CAPI) based on SPAsS

o TUD Explaining Description Logic Reasoning
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youtu.be/DUDWp2YmhaY

(Non-)commercial break

Atool for explaining the mysteries
of Pizza

» Explaining Description Logic Reasoning
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youtu.be/DUDWp2YmhaY

EVEE - a collection of PROTEGE plugins

4 Explanation for IceCream EquivalentTo owiNothing A v

Proots.
ELK Proof, optimized for weighted size
Proof e for entailment
v @ ceCrea EquivalentTo owiNothing
¥ @ lcaCream SubClassOf owlNothing
Hiera
v @

SUbClassOf lcaCream and Pizza
¥ @ lceCream SubClassOf Pizza.
Tass Hierarchy
¥ @ lceCream SubClassOf hasTopping some owlThing
Tass Hierarchy
IceCream SubClassOf hasTopping some
FrutTopping

hasTopping some FruifTopping SubClassOf hasTopping
some owiThing
tental Filer Expan:

v Fm\\TuppmgSuhc\msmnw\mmg

v nasTuppmq Some owLThing SUbCIassOf Pizza
Property Domain Transaltor
= hasTopping Domain Pizza

eam SubClassOf ceCream

¥~ @lceCream and muas.mcwassomwuuuw
Oisjoin tion
msmumasses IceCream, Pizza, PlzzaBase, PizzaTopping
¥ @owiNothing SubClassOf lceCream
et

ok

~Ax| [k Explanation for IceCream EquivalentTo owlNothing A
- Proots
E Elmination Proof (LETHE)
Proof uee for entaiment
¥ @ ceCream EquivalentTo awi Nathing

e
v \zcEvzm*vSuhc\assmaw\r\anmg
eliminate “FrutTopping’, hasToppi
v Crea and (esTopping some owI Thing) SubCiassOf owiNoing
Jiminate "Pizz:
v

DisjointClasses: lceCream, Pizza, PizzaBase, PizzaTopping
ed
v mmhasTopping Domain Pizza.
¥ ®ceCream SubClassof hasTopping some FrultTopping
ted

4 Explanation for IceCream Equiv
Proats
Detailed Proof (LETHE)

github.com/de-tu-

dresden-inf-lat/evee

v @ ceCream EquivalentTo owiNothing
definton of equivalence
¥ @ lcaCream SubClassOf owlNothing

inator
am SubClassOf hasTopping only
esoluion

¥ ® owiThing SubClassOf Pizza or (ha

v mmhasTopping Domain Pizza.
ed
¥ @ lceCream and Pizza SUbCIassOf o1
DisjolntClasses: lceCream, P....
PizzaTopping

1
¥ ®iceCream SubClassof hasTopping some FrultTopping
ted
¥~ @ FitTopping and v Nothing SubClassOf ow Nothing
ubsumpt
¥ @ owiNoing SubClassOf owtNothng

oWl Nothing SubClassOf lceCream
folog)

+

ok

(Alrabbaa, B, Friese, Hirsch, Knieriemen, Koopmann, Kovtunova, Krliger, Popovic, and Siahaan 2024)

®TUD
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github.com/de-tu-dresden-inf-lat/evee
github.com/de-tu-dresden-inf-lat/evee

. - . ithub.com/de-tu-
EVEE - a collection of PROTEGE plugins : .

dresden-inf-lat/evee

Number of displayed classes:
O B — — 0

Q o 2 4 6 8 10
Mid PeperonisausageTopping

MeatTopping

\ Refresh example

Classes of selected element:

TomatoTopping
MozzarellaTopping

\ (@ CheeseTopping
\ @ VegetableTopping

\ VegetarianTopping

Add disjointness

T Disjointnesses:

CheeseTopping DisjointWith
VegetableTopping

TomatoTopping
MozzarellaTopping

Recompute example

Remove disjointnesses

Add all to ontology

(Alrabbaa, B, Friese, Hirsch, Knieriemen, Koopmann, Kovtunova, Kriiger, Popovic, and Siahaan 2024)

o TUD Explaining Description Logic Reasoning
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github.com/de-tu-dresden-inf-lat/evee
github.com/de-tu-dresden-inf-lat/evee

EVEE - a collection of PROTEGE plugins

Missing entailment | Vocabulary
Permitted vocabulary:
Classes | Object properties | Individuals

American
CheeseTopping
ChilliTopping
Country
DeepPanBase
DomainThing
Food
HamTopping

v A

Forbidden vocabulary:
Classes: | Object properties | Individuals
SpicyPizza

Hypotheses:

github.com/de-tu-

dresden-inf-lat/evee

Hypo!

Explain

Mild SubClassOf Hot

Forbid vocabulary

Hypo!

Explain

esis 2

SpicyAmerican SubClassOf (hasTopping some ChilliTopping) or (hasTopping some SpicySalamiTopping)

Forbid vocabulary Add to ontology

(Alrabbaa, B, Friese, Hirsch, Knieriemen, Koopmann, Kovtunova, Kriiger, Popovic, and Siahaan 2024)

¢ TUD
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github.com/de-tu-dresden-inf-lat/evee
github.com/de-tu-dresden-inf-lat/evee

imld.de/evonne

EVONNE - EVEE's bigger sister

B evonne ~
General Settings
Shortening
" .
SebumSecretion € SecretionByLysis No shortening
Proof Settings .
ted Conc Existential Filler Expansion
Shortening
SebaceousGland € 3agent_in.SebumSecretion 3agent. € 3agent.in
- Compactness
Known Class Hierai o ! fime]
- .
SebaceousGland & Gland SebaceousGland € 3agent_in SecretionByLysis HolocrineGland = (Gland n 3agent_in SecretionByLysis) [eo )
- ~ .
Intersection Compos Equivalent Classes Decomposition
Behavior
SebaceousGland & (Gland n 3agent_in SecretionByLysis) (Gland n Jagent_in SecretionBylysis) € HolocrineGland Lt sotom Come
p— »
Class Hierarchy
y wise ode »
»
SebaceousGland € HolocrineGland ontology S
ntology Settings -
(+ X
(Alrabbaa, Baader, Dachselt, Kovtunova, and Méndez 2025)
Explaining Description Logic Reasoning Slide 18 of 25
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imld.de/evonne

EVONNE - EVEE's bigger sister

x1 + x4 =5
x1 + x3 = -10
2x1 + 6x2 + 4x3 = -4

Plot Axes:
X-axis:
X1 v
Y-axis:
X2 M

Free Variables:
xa: 0
x4
°

[J center at solution

=(5-1x4) / (1) =5

= (14 - (4x3 + -2x4)) / (6) = 23/3
= (-15 - -1x4) / (1) = -15

g o

5 3

14

12

10

8 x2=2303

xt-axis

% 4 2 0 2 4 6 8 10 12

Premises:
x4 + 0 = x5
x3 -2 =x2
x2 - 1=x1
x4 + 5 =x3
Conclusion:
x5 +2=x1
Negated:

x5 - x1 = -2.0 - €
x1 - x5=2.0-E€

Cycle Value: -€

imld.de/evonne

[=]

5
X4 <= -2
5
0
0
X5 <=.-2
2 -€ x2x= 1 -€
1
2 - €
=1
x1 %= 0 -€

(Alrabbaa, Baader, Dachselt, Kovtunova, and Méndez 2025)
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imld.de/evonne

github.com/

N EMO a nd N EV knowsys/nemo

| mC(?x) :- parCount(?c, ?X), 2 <=

Nemo Examples @ Help ~

Groph Rule Engine

parCount(2, d)

1 par(a, b). par(b, c). sp(c, d). |parcaunt(#count(?y),?x):-par(?z

2 par(e, d). par(f, d). I

3

4 kin(?x, ?y) :- par(?x, ?y). par(?y, ?x)

5 kin(?x, ?y) :- par(?x, ?z), 2y 2x

6 sp(?z, ?z2), par(?y, 7z2). e d Q
7 kin(?x, ?y) :- kin(?y, 7x). p Q
8 kin(?x, ?y) :- kin(?x, ?z), kin(?z, ?y).

9 parCount (#count(?y), ?x) :- par(?y, ?x). fects 1102 ®
10 mC(?x) :- parCount(?c, ?x), 2 <= ?c. Reasoning for the visible facts took 0 milliseconds.

(Ivliev, Gerlach, Meusel, Steinberg, and Krétzsch 2024; Dachselt, Gerlach, Hanisch, Ivliev, Krétzsch, Marx, and
Méndez 2026)
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github.com/knowsys/nemo
github.com/knowsys/nemo

Proofs for DatalogMTL and DLs with concrete domains

github.com/de-

tu-dresden-inf- doi.org/10.5281/
lat/meteor-proofs zenodo . 8208780

[=]3
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github.com/de-tu-dresden-inf-lat/meteor-proofs
github.com/de-tu-dresden-inf-lat/meteor-proofs
github.com/de-tu-dresden-inf-lat/meteor-proofs
doi.org/10.5281/zenodo.8208780
doi.org/10.5281/zenodo.8208780
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Proofs

User studies

Verbalization
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User studies

Proof format
erted Conclusior psserted (Alrabbaa, B, Hirsch, Knieriemen, Kovtunova, Rothermel, and Wiehr 2022)

« Prefer shorter, tree-shaped, interactive proofs
gl o Preferences are subjective
 IQ test (ICAR16) predicts performance on proofs
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User studies

Magic Rule.

SebaceousGland & CardinalTissuePart

0

Proof format

(Alrabbaa, B, Hirsch, Knieriemen, Kovtunova, Rothermel, and Wiehr 2022)

« Prefer shorter, tree-shaped, interactive proofs
« Preferences are subjective
« IQ test (ICAR16) predicts performance on proofs

Usability of EVEE
(Alrabbaa, B, Friese, Hirsch, Knieriemen, Koopmann, Kovtunova, Krlger,
Popovic, and Siahaan 2024)

» Preferred explanation methods depend on users
and use cases

¢ TUD

Explaining Description Logic Reasoning
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Designing user studies

domain-specific / abstract performance / preferences experts / students / laypeople

Since every cell culture is a material object and every material object contains an
atom, every cell culture contains an atom. From the facts that every cell culture
contains an atom and that every cell culture contains a cell and contains only cells, it

follows that every cell culture contains something which is both an atom and a cell.

Every cell is a compound. Thus, any object which is an atom and a cell at the same
time is also an atom and a compound. There is no object which is an atom and a
compound at the same time. Therefore, there is no object which is both an atom
and a cell.

Furthermore, since every cell culture contains something which is both an atom and

a cell and there is no object which is both an atom and a cell, there is no cell culture.

¢ TUD
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Designing user studies

domain-specific / abstract performance / preferences experts / students / laypeople

CClt C MaObj MaObj C Fct.At CC Cmp
CClt C Jet.C N Vet.C CClt C Jet.At At CC AtMCmp At CmpC L
CClt C Fet.(AtNC) AtMCC L
CCitC L

Explaining Description Logic Reasoning
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Designing user studies

domain-specific / abstract performance / preferences experts / students / laypeople

Every AisaB. Every A has an X which is an E. |

Every EisaD.

‘ Every A only has Xs that are Cs.

Every A has an X whichisa D. ‘

o TUD Explaining Description Logic Reasoning
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Designing user studies

domain-specific / abstract performance / preferences experts / students / laypeople

Since every woal is a luxi that is munted with a xylo,
every woal is a luxi.

Since every luxi is a kake,

every woal is a kake.

Moreover, every kake is only munted with kakes,
and thus every woal is only munted with kakes,

Every xylo is a pire

and every pire is an atis,

which means that every xylo is an atis.

Since every woal is a luxi that is munted with a xylo,
every woal is munted with a xylo.

Since every xylo is an atis,

we know that every woal is munted with an atis.

We have inferred that every woal is only munted with kakes

and that every woal is munted with an atis.

Therefore, every woal is munted with something which is both an atis and a kake
However, nothing can be an atis and a kake at the same time

which lets us conclude that woals cannot exist.

¢ TUD

Explaining Description Logic Reasoning .
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Designing user studies

domain-specific / abstract performance / preferences experts / students / laypeople

y waal is only munted with kekes Every woal is munted with an atis

N an be an atis and a kake at the same time Every woal is munted with something which is an atis and a kake at the same time

Explaining Description Logic Reasoning
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Designing user studies

domain-specific / abstract performance / preferences experts / students / laypeople

Hear more from Alisa in 45 minutes:

In the Heart of the Beholder:
User-Tailored Explanations for Description Logics

Explaining Description Logic Reasoning
o TUD © Stefan Borgwardt Slide 22 of 25
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Drone handover scenario

Handover from autonomous drone to human operator
requires timely, short warning of a critical situation
(Wiehr, Hirsch, Schmitz, Knieriemen, Kriger, Kovtunova, B, Chang, Demberg, Steinmetz, and Hoffmann 2021)
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Drone handover scenario

Handover from autonomous drone to human operator
requires timely, short warning of a critical situation
(Wiehr, Hirsch, Schmitz, Knieriemen, Kriger, Kovtunova, B, Chang, Demberg, Steinmetz, and Hoffmann 2021)

Verbalization of entailments and explanations:

« controlled natural language (Power 2012)

template-based verbalization (schiller, Schiller, and Glimm 2017)

transformer models (Chang, Kovtunova, B, Demberg, Chapman, and Yeh 2022)

Iarge Ianguage models (Jobanputra, Kovtunova, Balthes, Pogulskiy, Wang, B, and Demberg 2025)
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Proof verbalization with LLMs

‘T" “"“-““"‘"1"""“”“ (Jobanputra, Kovtunova, Balthes, Pogulskiy, Wang, B, and Demberg 2025)
(lj @ l) Proofs provide more information than justifications

hightemperaure(X) - temperstureX., §), 41, 2515)  reverse_boxplus

reverse_bosplus

iskofinemaldamage@)@[10, 20]

FSkCX) - riskofnternldamage(X)

inclusion
Explaining Description Logic Reasoning
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Proof verbalization with LLMs

‘T" “““-”“"‘"1""’"“”“ (Jobanputra, Kovtunova, Balthes, Pogulskiy, Wang, B, and Demberg 2025)
(lj @ l) Proofs provide more information than justifications

hightemperaure(X) - temperstureX., §), 41, 2515)  reverse_boxplus

Challenge: Find the important parts of the proof

EBI0, 10Jiskofntermaldamage(Y) - hightemperatue(Y), drone(Y)

reverse_bosplus

iskofinemaldamage@)@[10, 20]

FSkCX) - riskofnternldamage(X)

fisk@@l10, 201

nclusion

rsk@@li, 1)
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Proof verbalization with LLMs

‘T" E““-”“"‘"‘l"'m" (Jobanputra, Kovtunova, Balthes, Pogulskiy, Wang, B, and Demberg 2025)
= l DR l) Proofs provide more information than justifications

hightemperaure(X) - temperstureX., §), 41, 2515)  reverse_boxplus

Challenge: Find the important parts of the proof

EBI0, 10Jiskofntermaldamage(Y) - hightemperatue(Y), drone(Y)

“Attime 10, thereis arisk of internal damage to your
drone (d) because it has a high temperature of 30

et degrees Celsius. This is likely because the drone is
kotmermaidanage(@)@110,20] f |y| n g _"
f% Inconsistent outputs, hallucinations
OTUD Exp\almng@DSe}secfralglé%r;ngggj?easonmg Slide 24 of 25



Proof verbalization with LLMs

Hear more from Alisa in 60 minutes:

ProofTeller: Exposing Recency Bias in LLM
Reasoning and Its Side Effects on
Communication (Extended Abstract)

KO - riskofinternaldamage )

Explaining Description Logic Reasoning
o TUD © Stefan Borgwardt Slide 24 of 25



Summary

« Justifications are often enough, but sometimes proofs are needed
« Missing entailments also require explanations

Computing explanations can take a long time

« Formal explanations are mainly useful for experts

o TUD Explaining Description Logic Reasoning
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Summary

Justifications are often enough, but sometimes proofs are needed
Missing entailments also require explanations

Computing explanations can take a long time

« Formal explanations are mainly useful for experts

Future work:

« Protégé proofs with concrete domains
« Explain description logics to laypeople

o TUD Explaining Description Logic Reasoning
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Thank you!
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