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Justifications

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

Entailment (consequence, query) T | o
Axiom (formula, rule, fact) that follows logically from the TBox

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

Minimal subset of 7 from which o follows
(Horridge, Parsia, and Sattler 2010; Horridge, Bail, Parsia, and Sattler 2013)
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Justifications are sometimes not enough for ...

complex reasoning novice users LLM-generated explanations

Explanation 135 +/ Display laconic explanation

Expl;

fon for: ‘positive regulation of unsaturated fa
'positive lation of L d fatty acid bic ic process by positive regulation of transcription from RNA polymerase Il promoter' SubClassOf ‘reﬁ,lla(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!

‘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

‘pasi@i\fe lation of L d fgﬂv acid bi ic process by positive regulation of transcription from RNA polymerase Il promater' SubClassOf h'ﬁv&)grcal,pmcess 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') Suhclmof ‘regulation of cellulz
ketone metabolic process by positive regulation of transcription from RNA polymerase Il promoter'

y acid biosynthetic process by positive regulation of transcription from RNA pelymerase || promoter’ SubClassOf ‘regulation of cellular ketone metabolic process by positive |

Justification in the ontology editor PROTEGE
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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 L d 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
0 '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 faty 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 If')
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): List of premises + conclusion
Proof: Acyclic, non-redundant hypergraph with sink o«
Hypergraph ©(T, «) of all admissible inference steps for T = «

Goal: Find optimal proofs in D(7T, o)

Measures: Size (5), tree size (6), depth (2), ...
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Complexity of finding proofs

“Is there a proof in (7, «) with measure < p?”
(Alrabbaa, Baader, B, Koopmann, and Kovtunova 2020, 2021)

polynomial | polynomial | exponential exponential
| unary | binary unary binary
Size [NP [NP [ NP [ NExpTime guess proof in (7, «)
g_ﬂ:;gﬂree;ecurs've <P <P < ExpTime | < ExpTime polynomial Dijkstra-like
Tree size B 5 NP PSpace algorithm for directed
Depth P P PSpace ExpTime hypergraphs
Logarithmic depth | P P ExpTime ExpTime
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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)

Conceptinterpolation: AC 7 C B
(Schlobach 2004; Peuter 2024)

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

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

To T T2 T3 Ta

—X; —X5 O —X3

© 6 6 60 ©
© 0 0 ©
© O
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Computing proofs

Elimination proofs based on forgetting (LETHE, FAME)

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

T T2

Yo

| -0

- @

T3

Ta

DRES!
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Computing proofs

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

domain(r) = B
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Size of proofs

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

e Prototypical proofs from ORE 2015 ontologies (ELH)
e Proof of minimal size = proof of minimal tree size

Tree Size Hypergraph Size
[ [ [ ] [ [ [
120 [ - 60 | .
50 [— -]
N ~
) 3 a0 .
Z -
m =
o —| T 30| —
= I
= =
A = 20| -
10 [— —
L | | | | | |
90 120 10 20 30 40 50 60
ELK (1087) ELK (1146)
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Size of proofs

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

e Prototypical proofs from ORE 2015 ontologies (ELH)
e Proof of minimal size = proof of minimal tree size

Tree Size Hypergraph Size Just. complexity (sum)
[ [ | | [ ] | I I
120 (— — 60 [ J &
50 [ -
~ 90 . 10K |- —
o ;\ )
b w40 |- — 3
al ) ol
T 60 —| T 30| — =
& = &
A a H 5K [ |
A = 20| B |
30 ]
10 |- I
0 | | ol | 0K > |
920 120 0 10 20 30 40 50 60 OK 5K 10K
ELK (1087) ELK (1146) ELK (669)

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

(B 2021)
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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: AE3Jr.B, BE3sA, 3sn3IrEE, Ir.EED
Query:

X, y.rix, y) Ar(x’, y) AD(X')
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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: AE3Jr.B, BE3sA, 3sn3IrEE, Ir.EED
Query:

X, y.rix, y) Ar(x’, y) AD(X')
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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: AC3r.B, BE3sA, Isn3ar=E, IrECD Proof:

Query:
X, y.rix, y) Ar(x’, y) AD(X')
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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: AE3Jr.B, BE3sA, 3sn3IrEE, Ir.EED

Query:
X, y.rix, y) Ar(x’, y) AD(X')

Proof:

B(x) > s(x,g(x)) AA(g(x))

B <

s(x,y) A r(z,x) > E(x) > B

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

DL-Lite & Horn-ALCHOZ
H ELQ| CQ | 1Q| cQ ‘ 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
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Proofs with concrete domains

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

[fuel level = 0.1 - fuel capacity] E LowFuel
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Proofs with concrete domains

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

[fuel level = 0.1 - fuel capacity] E LowFuel ~ A’ C LowFuel
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Proofs with concrete domains

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

[fuel level = 0.1 - fuel capacity] E LowFuel ~ A’ C LowFuel

CCA., CCA
CCALNAg A MAg A,
CCA,
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Proofs with concrete domains

[fuel level = 0.1 - fuel capacity] E LowFuel

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

~ A’ C LowFuel

CC Ay

CC A

CCALNAg A MAg A,

CCA,

4y =3

2x+3y=5 —-12y=-9

4x — 6y =1

-3l
[2,1]
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Proofs with concrete domains

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

[fuel level = 0.1 - fuel capacity] E LowFuel ~ A’ C LowFuel

CCA, CLCA =3
CCALMAg A MAZCA, 2x+3y=5 12y =-9 L_]]
1
CCA, 4x —by =1
CCw=3
= CC [2x+3y =5] CC[-12y = -9 -
CC[4x — 6y =1] ’
i ol B e CPEC &



Outlook: Proofs for rules
Proofs for DatalogMTL in METEOR (B, Demberg, Jobanputra, Kovtunova, and Nhu 2024)

[tempermure(d, 30)@[10, IO]) (53[0, w)drone(d)@[0, OD

: '

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

\ /

[hightemperature(d)@[ 10, lO]j [dmne(d)@[o, w)j

~\

EB[0, 10]ri d Y) :- hi

'

[E[O, 10]riskofinternaldamage(d)@[ 10, lO]j
I

Y), drone(Y)

Proofs for Datalog and existential rules in NEMO
(Ivliev, Ellmauthaler, Gerlach, Marx, Meif3ner, Meusel, and Krotzsch 2023)
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Explaining missing entailments

Missing entailment: T b~ o

Counterexample:

Model of 7 that does not satisfy o

(Bauer, Sattler, and Parsia 2009; Alrabbaa and Hieke 2022; Alrabbaa, B, Friese, Koopmann,
and Kotlov 2023)
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Explaining missing entailments

Missing entailment: T b~ o

Counterexample:

Model of 7 that does not satisfy o
(Bauer, Sattler, and Parsia 2009; Alrabbaa and Hieke 2022; Alrabbaa, B, Friese, Koopmann,
and Kotlov 2023)

Abductive hypothesis:
Hsuchthat T UH = « (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 Wei-
denbach 2022)
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Relevant counterexamples

Model of 7 that does not satisfy NeuromyelitisOptica = MultipleSclerosis
(Alrabbaa and Hieke 2022)

Aquaporin4, Protein @ @ CerebrospinalFluid

Pleocytosis,
GranulocyticPleocytosis

Pleocytosis,
LymphocyticPleocytosis

increases
o
Q,
C

Lymphocytes

'Q OpticNerve S @
mes/ \inflg 2 5
208 () Mg, 2 oot
NeuroDisease @ = T @ cie\ﬂ/‘ @

NMO, NeuroDisease MS, NeuroDisease Protein
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Relevant counterexamples

Part of a model of 7 that does not satisfy NeuromyelitisOptica C MultipleSclerosis

Aquaporin4, Protein @

Pleocytosis,
GranulocyticPleocytosis

NMO, NeuroDisease

(Alrabbaa and Hieke 2022)
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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 @ @ CerebrospinalFluid

Pleocytosis,
GranulocyticPleocytosis

Pleocytosis,
LymphocyticPleocytosis

increases
o
Q,
C

© )
3 CerebralLesion

es infl c)@
‘\(\w’ @ ‘a\m@s@; g e\Ie\oQ

MS, NeuroDisease

Lymphocytes

uid

NMO, NeuroDisease
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Relevant counterexamples

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

Pleocytosis )
Pleocytosis,
LymphocyticPleocytosis

increases
o
Q,
C

© )
3 CerebralLesion

Lymphocytes

OpticNerve S
 qames infla 2 5
@m/' () Mlame 1= ot

NMO, NeuroDisease MS, NeuroDisease
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Relevant counterexamples

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

Pleocytosis )
Pleocytosis,
LymphocyticPleocytosis Lymphocytes

increases
o
Q,
C

© )
3 CerebralLesion

OpticNerve S
 qames infla 2 5
@m/' () Mlame 1= ot

NMO, NeuroDisease MS, NeuroDisease
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Abduction

Hsuchthat TUH = o (TUH = Land H # {a})

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

e Restrict H to a signature *

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

e Implementation based on LETHE
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Abduction
Hsuchthat TUH = o (TUH = Land H # {a})

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

e Restrict H to a signature *

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

e Implementation based on LETHE

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

e 7 is“connected” to o

e Low expressivity: 7 in £L£, H only conjunctions of concept names
e Implementation (CAPI) based on SpAss
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EVEE - a collection of PROTEGE plugins

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

< Explanation for lceCream EquivalentToowliNothing A v A X | |4 # Explanation for IceCream EquivalentTo owliNothing A v ~ X | [ # Explanation for IceCream EquivalentTo owlNothing A v ~ X

Proots - Proats < | proots

ELK Proof, optimized for weighted size -

Proofvee for enaiment

¥ @ lceCream EquivalentTo owl Nothing

¥ @ lceCream SubClassOf owi Nothing
Class Hierarchy
. ceCream SubClassOf lcsCream and Pizza

n Composiion
¥ @ lceCream SubClassOf Pizza
Class Hierarchy
¥ @ lceCream SubClassOf hasTopping some owThing
Hierarchy

® kceCream SubClassOf hasTopping some
FruitTopping

¥ @ nasTopping some FruilTapping SubClassOf hasTopping
ome owl Thing
Exisential Filer Expansion
¥ @ FruitTopping SubClassOf owtThing
Top Superciass
¥ @ hasTopping some owlThing SubClassOf Pizza

Elimination Proof (LETHE)

Froof iee or entailment

¥ @ lcaCream EquivalentTo ow:Nothing
die

¥ @ lceCream SubClassOf owi Nothing
eliminate “FruiTopping”,

pping

eliminate Pizza

¥ ® DisjointClasses: lceCream, Pizza, PizzaBase, PizzaTopping
erted

v mmhasTopping Domain Pizza
eried
¥ @ lceCream SubClassOf hasTopping some FruitTopping

serted

Detalled Proof (LETHE)

Proof ree I

entaiment
v @ lceCream EquivalentTo owNothing
definiion of equival
@ iceCream SubClassOf owtNothing
ome- elimination

v .\cecveam SubClassOf hasTopping only owiNothing

v -M:Tnpplgnnmzm Piza

v .\cecreammmPmasubclassmnwmnmmg
nomali

¥ ® DisjolntClasses: lceCream, Plzza, PlzzaBase,
Topping

serted
¥ @ IceCream SubClassOf hasTopping some FruitTopping

assertea
¥ @ FuitTopping and ou Nothing SubClassOf owtNothing
omain Transalior subsumption weakening
= hasTopping Domain Pizza v @ ovitNothing SubClassOf owiNothing
V. @ lceCream SubClassOf kceCream sutology
son Tauology @ owiNothing SubClassOf ceCream
@ ceCream and Pizza SubClassOf owl Nothing tauoiogy
Oispor Transiaton
® DisjonClasses: leCrean, lzza PizaBase, PzaTopping

¥ @ owiNothing SubClassOf ceCream
Bottom Subcas:

oK

oK

oK

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

Number of displayed classes:
sspicir

github.com/
10 de-tu-dresden-inf-lat/evee

i T
o 2 4 &

Mild PeperonisausageTopping
Spiciness MeatTopping

Refresh example

Classes of selected element:

© TomatoTopping
© MozzarellaTopping

hasTopping

Disjointnesses:

TomatoTopping SpicyAmerican ® CheeseTopping DisjointWith

MozzarellaTopping Meatypizza VegetableTopping

Recompute example

Remove disjointnesses

pizzabase Add all to ontology

Food

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

github.com/
de-tu-dresden-inf-lat/evee
Missing entailment | Vocabulary Hypotheses:
EeTnitiedfocantlaryd Explain Forbid vocabulary Add to ontology
| Classes | Object properties | Individuals
Hypothesis 1
American Mild SubClassOf Hot
CheeseTopping
ChilliTopping
Country
DeepPanBase
DomainThing
Food
HamTopping
v A
v A& Explain Forbid vocabulary Add to ontology
Forbidden vocabulary: Hypothesis 2 ) . o . . o
SubClassOf (hasTopping some Cl or (hasTopping some SpicySalamiTopping)
Classes: | Object properties | Individuals |
© SpicyPizza
(Alrabbaa, B, Friese, Hirsch, Knieriemen, Koopmann, Kovtunova, Kriiger, Popovi¢, and Siahaan 2024)
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github.com/de-tu-dresden-inf-lat/evee
github.com/de-tu-dresden-inf-lat/evee

EVONNE - EVEE's bigger sister Ol
[=]

imld.de/evonne

General Settings -

Asserted Conclusion Shortening
SebumSecretion € SecretionBylysis Noshortening .
i Proof Settings -

Asserted Conclusion Existential Filler Expansion

: Stortening

1 F—— »
SebaceousGland & 3agent in SebumSecretion 3agent_in SebumSecretion € 3agent in SecretionByLysis

Compactness

.=
A X

X
SebaceousGland & Gland Jagent_in. = (Gland 1 Jagent_in o
= 2 = .
Intersection Composition Equivalent Classes Decomposition
Behavior
X X
3agent
(@iandn3 o = Lett Bottom Corner
Unewr »
T—— »
g Hode »

SebaceousGland & HolocrineGland ontoloay Sett
ntology Settings -
[+1-X0]

(Méndez, Alrabbaa, Koopmann, Langner, Baader, and Dachselt 2023)
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imld.de/evonne

EVONNE - EVEE's bigger sister lRAAE]
=

imld.de/evonne

Asserted Conclusion Asserted Conclusion Asserted Conclusion
SebaceousGland C GlandOfEpidermis GlandOfEpidermis C SubdivisionOfEpidermis SubdivisionOfEpidermis C CardinalTissuePart
Magic Rule Asserted Conclusion
X
SebaceousGland C CardinalTissuePart CardinalTissuePart C AnatomicalStructure
-

Class Hierarchy

SebaceousGland C AnatomicalStructure

(Méndez, Alrabbaa, Koopmann, Langner, Baader, and Dachselt 2023)
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imld.de/evonne

Outline

oo Missing entailments

=~ @)
Proofs T~o

User studies

Verbalization
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User studies
Proof format

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

e Many prefer shorter, tree-shaped, interactive proofs

Magic Rule

e Preferences are subjective
¢ |Q test (ICAR16) predicts performance on proofs

X
SebaceousGland € CardinalTissuePart
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User studies
_— - Proof format
b (Alrabbaa, B, Hirsch, Knieriemen, Kovtunova, Rothermel, and Wiehr 2022)

e Many prefer shorter, tree-shaped, interactive proofs

e Preferences are subjective
¢ |Q test (ICAR16) predicts performance on proofs

Magic Rule.

SebaceousGland & CardinalTissuePart
- °0

Usability of EVEE

! (Alrabbaa, B, Friese, Hirsch, Knieriemen, Koopmann, Kovtunova, Kruger,

Popovi¢, and Siahaan 2024)

e Preferred explanation methods depend on users
and use cases
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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.
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Designing user studies

domain-specific / abstract

performance / preferences

experts / students / laypeople

CClt C MaObj MaObj C Jct.At CLC Cmp
CClt C Jet.C M Vet.C CCIt C Jet.At At CC At Cmp AtMCmpC L
CClt C Fet.(At N C) AtNCC L
CCtC L
A U verSiot Drescen s © Sesfan Borgwards Siide 19 0f 22
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Designing user studies

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

Every Aisa B. Every EisaD.

Every A has an X which is an E. |

‘ Every A only has Xs that are Cs. ‘ Every A has an X whichisa D. ‘

TECHNISCHE " Explaining Description Logic Reasoning CenteRFOR
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Designing user studies

domain-specific / abstract  performance / preferences

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.

experts / students / laypeople

Therefore, every woal is munted with something which is both an atis and a kake.

However, nothing can he an atis and a kake at the same time

which lets us conclude that woals cannot exist.
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Designing user studies
experts / students / laypeople

domain-specific / abstract  performance / preferences

‘ Every woal s a luxi munted with a xylo
Every woal is a luxi munted with a xylo ‘ Every xylo is a pire Every pire is an atis

4K

Every woal is a kake Every kake is only munted with kakes ‘ Every woal is munted with a xylo ‘ Every xylo s an atis
Every woal is only munted with ery woal is munted with an atis

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

Nothing can be an atis and a kake at the same time

v BV

No woal can exist

Slide 19 of 22 CPEC
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Outline

oo Missing entailments

=~ @)
Proofs T~o

User studies

Verbalization
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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, Kriiger, 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, Kriiger, Kovtunova, B, Chang, Demberg, Steinmetz, and Hoffmann 2021)

Verbalization of entailments and explanations:

e controlled natural language (Power 2012)

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

e transformer models (Chang, Kovtunova, B, Demberg, Chapman, and Yeh 2022)
[ Iarge Ianguage models (B, Demberg, Jobanputra, Kovtunova, and Nhu 2024)
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Proof verbalization with LLMs

rone(@)@[0.0]

Asseried EBI0, =Kirone(X) - drone(X)

(o) (0 onna)

hightemperaure(X) - temperstureX., 5), 41, 2515)  reverse_boxplus

hightemperaure(@)@ (10, 10] rone(@)@(0. %)

EBI0. 0)iskofintermaldamsge(Y) i hightemperature(Y). drone(Y)

(0, 10)iskontemaldamage(d) @10, 10]

(B, Demberg, Jobanputra, Kovtunova, and Nhu 2024)
Proofs provide more information than justifications
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Proof verbalization with LLMs

Asseried

Asseried EBI0, =Kirone(X) - drone(X)

(o) (0 onna)

hightemperaure(X) - temperstureX., 5), 41, 2515)  reverse_boxplus

hightemperaure(@)@ (10, 10] rone(@)@(0. %)

EBI0, 10}iskofntermadamage(Y) - hightemperatue(Y). drone(Y)

(0, 10)iskontemaldamage(d) @10, 10]

FSkCX) - riskofnternldamage()

nclusion

(B, Demberg, Jobanputra, Kovtunova, and Nhu 2024)
Proofs provide more information than justifications

Challenge: Find the important parts of the proof
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Proof verbalization with LLMs

-
- e
! !
D R G )
] ]

hightemperaure(X) - temperstureX., 5), 41, 2515)  reverse_boxplus

hightemperaure(@)@ (10, 10] rone(@)@[0. %)

EBI0. 0)iskofntermaldamsge(Y) - hightemperature(Y). drone(Y)

reverse_bosplus

FSkCX) - riskofnternldamage()

fisk(@@l10,20]

nclusion

(B, Demberg, Jobanputra, Kovtunova, and Nhu 2024)
Proofs provide more information than justifications

Challenge: Find the important parts of the proof

“At time 10, there is a risk of internal damage to your
drone (d) because it has a high temperature of 30 de-
grees Celsius. This is likely because the drone is flying.”

Inconsistent outputs, hallucinations
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Summary

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

e Computing explanations can take a long time

e Formal explanations are mainly useful for experts
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Summary

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

e Computing explanations can take a long time

e Formal explanations are mainly useful for experts

Future work:

e Find the most important steps in a proof
e Explain proofs to laypeople
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Summary

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

e Computing explanations can take a long time

e Formal explanations are mainly useful for experts

Future work:

e Find the most important steps in a proof
e Explain proofs to laypeople

Thank youl!
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