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Initial Comment
Free Logic 


Is interesting and relevant, sure, but there have been relatively

few attempts so far at implementation & automation, and

few concrete demonstrations of it's practical use; the danger of this is 

that it may be  considered as only theoretically interesting.

In this talk I demonstrate/report

• How free logic(s) can be easily implemented and automated

• How free logic(s) can used in concrete case studies to reveal 

interesting aspects

The key to all this is the LogiKEy methodology for 

logic-pluralistic knowledge representation and reasoning.



Talk Structure
Methodology


• Universal (Meta-)Logical Reasoning & Computational Metaphysics

• Logic-Pluralistic KR&R: LogiKEy

Free first-order logic in HOL

• Implementation in HOL using LogiKEy

• Application in Category Theory (with Dana Scott)

Conclusion

Free higher-order logic in HOL



Studies in 

Computational Metaphysics

Early attempts at

Universal (Meta-)Logical Reasoning

Methodological development



Universal (Meta-)Logical Reasoning



Logic-Pluralistic KR&R Methodology: LogiKEy



Metaphysics

Logic-Pluralistic KR&R Methodology: LogiKEy



Metaphysics

Logic-Pluralistic KR&R Methodology: LogiKEy



Law & Ethics

Logic-Pluralistic KR&R Methodology: LogiKEy



Category Theory

Logic-Pluralistic KR&R Methodology: LogiKEy



LogiKEy enables both: applications and meta-logical studies.

Highly useful and relevant for the exploration of logics.

Logic-Pluralistic KR&R Methodology: LogiKEy



Argument/theory 

Representing object (logical representation)

Experiment

Human-Computer 
Interaction

Logic-Pluralistic KR&R Methodology: LogiKEy



Argument/Theory Experiment

Argument/Theory  

This is not (yet) 
what we are doing!

Representing object (logical representation)
But maybe it's
doable to some
degree?

Logic-Pluralistic KR&R Methodology: LogiKEy



Experiments in Computational Metaphysics:
ECAI 2013, IJCAI & KI 2016, KI 2017


(with Bruno Woltzenlogel-Paleo)

???

…



Universal (Meta-)Logical Reasoning in HOL
via Shallow Embeddings in Higher-Order Logic (HOL)

defining equations are passed to HOL theorem prover(s)



Classical Higher-Order Logic (HOL)

Expressivity FOL HOL Example

Quantification over
- Individuals X X 8X p(f (X))
- Functions - X 8F p(F(a))
- Predicates/Sets/Rels - X 8P P(f (a))

Unnamed
- Functions - X �X X

- Predicates - X �X (X = X)

Statements about
- Funcs/Preds/Sets/Rels - X reflexive$
Powerful definitions - X reflexive := �R 8X (R X X)

Benzmüller, 2021 9
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Classical Higher-Order Logic (HOL)

Expressivity FOL HOL Example

Quantification over
- Individuals X X 8Xi pi�o(f i�i(Xi))
- Functions - X 8Fi�i pi�o(Fi�o(ai))
- Predicates/Sets/Rels - X 8Pi�o Pi�o(f i�i(ai))

Unnamed
- Functions - X �Xi Xi

- Predicates - X �Xi (X = X)i

Statements about
- Funcs/Preds/Sets/Rels - X reflexive(o�o�o)�o $o�o�o

Powerful definitions - X reflexive(↵�↵�o)�o :=
�R(↵�↵�o) 8X↵ (R X X)

Types: Prevent paradoxes and inconsistencies

Benzmüller, 2021 9



HOL: Simple Syntax
Simple Types: ↵, � ::= i | o | (↵ � �)

(we may add further base types; types are often not displayed)

Simply Typed �-Calculus (with constants):

s, t ::= p↵ | X↵ | (�X↵s�)↵�� | (s↵�� t↵)�

constants variables lambda abstraction application

abstraction and application interact, e.g.: ((�X (p X)) t)
��reduction�! (p t)

HOL defined on Top of Simply Typed �-Calculus
I add special constant symbols to signature, e.g.

¬o�o _o�o�o ⇧(↵�o)�o (or only =↵�↵�o)

I no binder besides � needed: 8X↵ so stands for ⇧(↵�o)�o(�X↵ so)
I ?,>,!,$,9,= can be defined: e.g., 9X↵ so stands for ¬8X↵ ¬so

HOL is a language of terms. Terms of type o are called formulas.

Benzmüller, 2021 14
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HOL: Well Understood Semantics
HOL with standard semantics: incomplete
HOL with Henkin’s general semantics: semi-decidable & compact

more model structures . . . fewer valid formulas

Important principles are still valid in Henkin’s general models:
I Comprehension (type-restricted): 8G9F 8Xn FXn = G

I Boolean Extensionality: 8P8Q ((P$ Q)! P = Q)
I Functional Extensionality: 8F 8G ((8X F X = G X)! F = G)

Note: Any “Henkin-valid” formula is also valid in standard semantics!

Suggested Reading
I Origin [Church, JSL, 1940]
I Henkin’s general semantics: [Henkin, JSL, 1950] [Andrews, JSL, 1971, 1972]
I Extensionality&Intensionality: [BenzmüllerEtAl., JSL, 2004] [Muskens, JSL, 2007]

Benzmüller, 2021 16
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[PhD thesis by Steen]



LogiKEy



Universal Logical Reasoning
Approach: Shallow Semantic Embedding in HOL

L (target logic): s, t ::=
HOL (meta-logic): s, t ::=

Embedding of in

Signature of HOL (Constants and Logical Symbols):

:=
:=
:=
:=

Meta-logical notions:

:=

Formulas of L are directly identified with terms HOL

Benzmüller, 2021 26



Universal Logical Reasoning

Kripke Style Semantics (propositional modal logic K)

M, g, s |= P if and only if s 2 g(P)
M, g, s |= ¬ ' if and only if M, g, s 6|= '
M, g, s |= ' _  if and only if M, g, s |= ' or M, g, s |=  
M, g, s |= ⇤ ' if and only if for all t with sRt we have M, g, t |= '

Benzmüller, 2021 27



Universal Logical Reasoning

Kripke Style Semantics (propositional modal logic K)

M, g, s |= P if and only if s 2 g(P)
M, g, s |= ¬ ' if and only if M, g, s 6|= '
M, g, s |= ' _  if and only if M, g, s |= ' or M, g, s |=  
M, g, s |= ⇤ ' if and only if for all t with sRt we have M, g, t |= '

Standard Translation for Propositional Fragment (encoded in HOL)
I P = Pi�o

I ¬ = �'i�o �wi ¬('w)
I _ = �'i�o � i�o �wi 'w _  w

I ⇤ = �'i�o �wi 8vi Rwv! 'v

Validity
I ['i�o] = 8wi ' w

Modal Logic (in fact, Hybrid Logic) as a Fragment of HOL

Benzmüller, 2021 27



Universal Logical Reasoning

Kripke Style Semantics (adding quantifiers)

M, g, s |= 8x ' if and only if for all d 2 D we have M, ([d/x]g), s |= '

Standard Translation extended for Quantifiers (and encoded in HOL)
I remember: 8x↵ s is shorthand for ⇧(↵�o)�o(�x↵ s) —no binder needed!!!
I ⇧ = ��↵�(i�o) �wi ⇧(↵�o)�o(�x↵ �xw)

Example (compositionality and �-conversion at work; omitting types)

[⇤8x Px] ⌘ [⇤

8x Pxz    }|    {
⇧(�x Px) ] def. of 8

⌘ [⇤(

⇧z                   }|                   {
(�� �w ⇧(�x �xw))(�x Px))] def. of ⇧

⌘ [⇤(�w ⇧(�x Pxw))] �-reduction

⌘ [

⇤z                            }|                            {
(�' �w ⇧(�v Rwv! 'v))(�w ⇧(�x Pxw))] def. of ⇤

⌘ [�w 8v (Rwv! 8x Pxv)] �-reduction
⌘ 8w 8v (Rwv! 8x Pxv). def. of validity, �-reduction

Benzmüller, 2021 28
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(�� �w ⇧(�x �xw))(�x Px))] def. of ⇧

⌘ [⇤(�w ⇧(�x Pxw))] �-reduction

⌘ [

⇤z                            }|                            {
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Kurt Gödel's Ontological Argument (in higher-order modal logic)

Kurt Gödel

Dana Scott

Anthony C. Anderson

Melvin Fitting



Why is all this relevant for this talk?
Talk at Berkley where Dana Scott was present: 
A Success Story of Higher-Order Theorem Proving in Computational Metaphysics, 
Logic Colloquium, University of California, Berkeley, USA, 2016.

Dana then pointed me to free logic and suggested joint exploration studies … 

Π = λϕ λw∀x (ExistsInW xw ⟶ ϕ xw)

Π = λϕ λw∀x (ϕ xw) (constant domain/possibilist quantifier)

(varying domain/actualist quantifier)

alternatively becomes

(For experiments on different quantifiers see the new AFP entry at: 
https://www.isa-afp.org/entries/Notes_On_Goedels_Ontological_Argument.html) 

https://www.isa-afp.org/entries/Notes_On_Goedels_Ontological_Argument.html


Free first-order logic in HOL



Free logic in HOL
Scott 1967

Scott 1977



Free Logic



Free Logic in HOL

• Free connectives  and  … as in HOL

• Free quantifier  relativized by E

• Free description constrained by E

¬ →
∀

As usual
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Case Study in 

      Axiomatic Category Theory






















Category Theory 
in Free Logic (in HOL)





















































Results of this study (using free logic in HOL) 
Axiom Systems for Category Theory 

• Connection depicted to generalised monoids

• Minimal axiom systems, dependencies

• Consistency, strictness assumptions 

• Mutual relationships explored

Methological Results

• Evidence for LogiKEy methodology when applied to free logic 

• High degree of automation: theorem proving & (counter-)model finding

• Required familiarity with Isabelle/HOL still (too) high for non-experts

Obvious Question

• How about digging deeper? 



Further  
Experiments

A modeloid abstracts from a structure 
to the set of its partial automorphisms. 

Using our axiomatisation of category 
theory we develop a generalization of a 
modeloid first to an inverse semigroup 
and then to an inverse category.

Formal framework to study relationship 
between structures of same vocabulary. 

Abstract representation of 
Ehrenfeucht-Fraisse games between 
two structures.

2021

Studies practicability/elegance of 
axiomatic category theory approach.

Studies infinite structures: category 
α-Set of functions between sets (with 
α-type elements); good automation. 

Categ. with products & coproducts; 
some limitations discussed.

Category of categories: proves that 
categories themselves form a 
category with functors as arrows.

jonas.bayer@fu-berlin.de

Focuses on fragment of linear logic: 
intuitionistic multiplicative LL (IMLL); 
further generalisation possible.

Using our axiomatisation of category 
theory an interpretation of IMLL 
formulas and rules in symmetric 
monoidal closed categories is 
presented.

Sound Modeling & Automation: IMLL 
modelled in Axiomatic Category Theory 
modelled in Free Logic modell. in HOL.

gonus.aleksey@gmail.com

lucca@tiemens.de
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Free Higher-Order Logic



https://github.com/stilleben/Free-Higher-Order-Logic

Free Higher-order Logic





Contributions of Irina
• Basic Notion of free HOL adapting prior work by (Farmer 1990, 1993, 2004)


• Definition & encoding of variants of positive free HOL, including different constraints regarding 
existence of Booleans and strictness                                                                                  
Positive:  atomic formulas with non-denoting terms may evaluate to true (Lambert 1963, 1967; 
Scott 1967)


• Definition & encoding of variants of negative free HOL, including …                              
Negative: atomic formulas with non-denoting terms evaluate to false (Schock 1964, 1968; 
Scales 1969; Burge 1974)


• Definition of variants of neutral free HOL                                                                           
Neutral: atomic formulas with non-denoting terms evaluate to indetermined truth value 
(Lehmann 1994, 2001, 2002)


• Definition of variants of free HOL with supervaluation semantics                       
Supervaluation: partial valuation function is extended to a total one by by considering all the 
values that the subformulas of a formula could have if their empty terms had referents.  
(Frassen 1966, Skryms 1968, Meyer and Lambert 1968, Bencivenga 1981, 1986)



Contributions of Irina (cont'd)
• Experiments in Isabelle/HOL using Prior's paradox as running example:


• Positive free HOL: True if (E True) and (E False) are assumed, False otherwise

• Negative free HOL: False


• Alternatives regarding base choices can be studied

• Experiments with supervaluation semantics (exploiting Barba Escriba's (2001) sound and 

complete translation into negative free modal logic S4.1)


• Irina's thesis and the Isabelle/HOL sources are available online: 


• https://www.mi.fu-berlin.de/inf/groups/ag-ki/Theses/Completed-theses/
Master_Diploma-theses/2020/Makarenko/MA-Makarenko.pdf 


• https://github.com/stilleben/Free-Higher-Order-Logic

https://www.mi.fu-berlin.de/inf/groups/ag-ki/Theses/Completed-theses/Master_Diploma-theses/2020/Makarenko/MA-Makarenko.pdf
https://www.mi.fu-berlin.de/inf/groups/ag-ki/Theses/Completed-theses/Master_Diploma-theses/2020/Makarenko/MA-Makarenko.pdf
https://github.com/stilleben/Free-Higher-Order-Logic


Another very complex study where 
Free Higher-Order Logic plays a role



Further Foundational Studies: Metaphysical Theory

(PhD of Daniel Kirchner, supervised by Ed Zalta and myself)




Further Foundational Studies: Metaphysical Theory

(PhD of Daniel Kirchner, supervised by Ed Zalta and myself)


Entire PhD 
thesis was 

written 
directly in 

Isabelle/HOL



Further Foundational Studies: Metaphysical Theory

(PhD of Daniel Kirchner, supervised by Ed Zalta and myself)


Foundational metaphysical theory (based on 
a hyperintensional relational HO modal logic) 

Formalised & studied in Isabelle/HOL  
• approx. 24000 loc

• using LogiKEy methodology

• paradox rediscovered & fixed

• derivation of natural numbers


Latest versions of this theory shifted towards 
free logic; strongly influenced (& verified) by 
computer-experiments



Isabelle/HOL Code (~24000 loc):

https://github.com/ekpyron/AOT

Further Foundational Studies: Metaphysical Theory

(PhD of Daniel Kirchner, supervised by Ed Zalta and myself)


daniel@ekpyron.org

https://github.com/ekpyron/AOT


Argument/Theory 

Representing object (logical representation)

Experiment

Conclusion I: Successful Application(s) of LogiKEy  

New insights 
(e.g. falsification)

Revision:

Revision (often small changes):

Modified 
experiments:

Human-Computer 
Interaction



Conclusion I: Logico-Pluralistic LogiKEy Approach    
  

LogiKEy successfully applied for

• a wide range of object logics

• various object logic combinations

• different application domains (with 

contribution of new insights)


LogiKEy in Isabelle/HOL

• good proof automation with 

Sledgehammer

• even more valuable is 

(counter-)model finding with Nitpick

• very good syntax representations

LogiKEy offers a uniform methodology 
and infrastructure where even object 
logics and their conbinations become 
negotiable and objects of study.



Conclusion II: Free Logic in LogiKEy
• Free logics can be explored as fragments of HOL


• Elegant shallow embeddings using the LogiKEy methodology enable …


• … intuitive user interaction within a proof assistant such as Isabelle/HOL


• … proof automation and (counter-)model finding in Isabelle/HOL


• Applications (also larger ones) are well supported and …


• … errors/issues can be detected

Let's end the wallflower existence of free logics and 
explore and foster its adoption in practical applications!



Reading              
Free Logic & Axiomatic Category Theory in Free Logic

• Scott (1967), Existence and description in formal logic. Reprinted in: Lambert (1991), Philosophical Application of Free Logic, OUP. 

(ISBN 0195061314)

• Scott (1977), Identity and existence in intuitionistic logic. Applications of Sheaves, Springer (https://doi.org/10.1007/BFb0061839) 

• Benzmüller & Scott (2016), Automating Free Logic in Isabelle/HOL. ICMS 2016 (https://doi.org/10.1007/978-3-319-42432-3_6)

• __ (2018), Axiom systems for category theory in free logic. Archive of Formal Proofs (https://www.isa-afp.org/entries/

AxiomaticCategoryTheory.html)

• __ (2020), Automating Free Logic in HOL, with an Experimental Application in Category Theory. JAR (http://doi.org/10.1007/

s10817-018-09507-7)

• Tiemens, Scott, Benzmüller & Benda (2020), Computer-supported Exploration of a Categorical Axiomatization of Modeloids. 

RAMiCS 2020 (https://doi.org/10.1007/978-3-030-43520-2_19)

• Makarenko & Benzmüller (2020), Positive Free Higher-Order Logic and its Automation via a Semantical Embedding. KI 2020 

(http://doi.org/10.1007/978-3-030-58285-2_9)

• Bayer (2021), Exploring categories, formally. BSc Thesis, Dep. of Maths and CS, FU Berlin. 
• Gonus (2021), Categorical semantics of Intuitionistic Multiplicative Linear Logic and its formalization in Isabelle/HOL. MSc 

Thesis, Dep. of Maths and CS, FU Berlin.

(preprints: http://christoph-benzmueller.de/publications.html)

https://doi.org/10.1007/BFb0061839
https://doi.org/10.1007/978-3-319-42432-3_6
https://www.isa-afp.org/entries/AxiomaticCategoryTheory.html
https://www.isa-afp.org/entries/AxiomaticCategoryTheory.html
http://doi.org/10.1007/s10817-018-09507-7
http://doi.org/10.1007/s10817-018-09507-7
https://www.springerprofessional.de/computer-supported-exploration-of-a-categorical-axiomatization-o/17853766
https://doi.org/10.1007/978-3-030-43520-2_19
http://doi.org/10.1007/978-3-030-58285-2_9
http://christoph-benzmueller.de/publications.html


Reading             
HOL (see also the papers of Church, Henkin, Andrews and Muskens in JSL as mentioned before)

• Benzmüller, Brown, Kohlhase (2004), Higher-Order Semantics and Extensionality, J. Symb. Log., http://doi.org/10.2178/jsl/

1102022211

• Benzmüller & Miller (2014), Automation of Higher-Order Logic, Handbook of the History of Logic, http://doi.org/10.1016/

B978-0-444-51624-4.50005-8

• Benzmüller & Andrews (2019), Church's Type Theory, SEP, https://plato.stanford.edu/entries/type-theory-church/

Leo Provers

• Steen & Benzmüller (2021), Extensional Higher-Order Paramodulation in Leo-III, J. Autom. Reason., http://doi.org/10.1007/

s10817-021-09588-x

• Benzmüller, Sultana, Paulson (2015), Thhe Higher-Order Prover Leo-II, J. Autom. Reason., http://doi.org/10.1007/s10817-015-9348-y

• Benzmüller & Kohlhase (1998), LEO – A Higher-Order Theorem Prover, CADE, http://doi.org/10.1007/BFb0054256


(preprints: http://christoph-benzmueller.de/publications.html)

LogiKEy & Universal (Meta-)Logical Reasoning

• Benzmüller (2019), Universal (meta-)logical reasoning: Recent successes. Sci. Comp. Progr. (http://doi.org/10.1016/

j.scico.2018.10.008)

• __, Parent & van der Torre (2020), Designing normative theories for ethical and legal reasoning: LogiKEy framework, 

methodology, and tool support. Artificial Intelligence. (https://doi.org/10.1016/j.artint.2020.103348)

• Benzmüller et.al. (2020), LogiKEy Workbench: Deontic Logics, Logic Combinations and Expressive Ethical and Legal Reasoning 

(Isabelle/HOL Dataset). Data in Brief (https://doi.org/10.1016/j.dib.2020.106409) 
• Bibel (2022), Computer Kreiert Wissenschaft. Informatik Spektrum. (https://doi.org/10.1007/s00287-022-01456-1)

http://doi.org/10.1007/s10817-015-9348-y
http://doi.org/10.1007/BFb0054256
http://christoph-benzmueller.de/publications.html
http://doi.org/10.1016/j.scico.2018.10.008
http://doi.org/10.1016/j.scico.2018.10.008
https://doi.org/10.1016/j.artint.2020.103348
https://doi.org/10.1016/j.dib.2020.106409
https://doi.org/10.1007/s00287-022-01456-1


Foundational Studies in Metaphysics

• Kirchner, Benzmüller & Zalta (2019), Computer Science and Metaphysics: A Cross-Fertilization. Open Philosophy (http://doi.org/

10.1515/opphil-2019-0015) 
• __ (2020), Mechanizing Principia Logico-Metaphysica in Functional Type Theory. Review of Symbolic Logic (https://doi.org/

10.1017/S1755020319000297)

• Kirchner (2021). Embedding of Abstract Object Theory in Isabelle/HOL. Full sources. (https://github.com/ekpyron/AOT/tree/

dissertation)

• __ (2022), Computer-Verified Foundations of Metaphysics and an Ontology of Natural Numbers in Isabelle/HOL. PhD thesis, 

Dep. of Maths and CS, FU Berlin.

Foundational Studies in Ethics & Law

• Fuenmayor & Benzmüller (2018), Formalisation and Evaluation of Alan Gewirth's Proof for the Principle of Generic Consistency 

in Isabelle/HOL. (https://www.isa-afp.org/entries/GewirthPGCProof.html)

• __ (2019), Harnessing Higher-Order (Meta-)Logic to Represent and Reason with Complex Ethical Theories. PRICAI 2019 

(https://doi.org/10.1007/978-3-030-29908-8_34) 
• Benzmüller & Fuenmayor (2021), Value-oriented Legal Argumentation in Isabelle/HOL. ITP 2021 (https://doi.org/10.4230/

LIPIcs.ITP.2021.7)

• __, Fuenmayor & Lomfeld (2022), Modelling Value-oriented Legal Reasoning in LogiKEy. (https://arxiv.org/abs/2006.12789)

Reading (cont'd)             (preprints: http://christoph-benzmueller.de/publications.html)

Studies on the Ontological Argument

• Benzmüller & Woltzenlogel Paleo (2014), Automating Gödel's Ontological Proof of God's Existence with Higher-order Automated 

Theorem Provers. ECAI 2014 (http://doi.org/10.3233/978-1-61499-419-0-93)

• __ (2016), The Inconsistency in Gödel's Ontological Argument: A Success Story for AI in Metaphysics. IJCAI 2016 (http://

www.ijcai.org/Proceedings/16/Papers/137.pdf) 

http://doi.org/10.1515/opphil-2019-0015
http://doi.org/10.1515/opphil-2019-0015
https://doi.org/10.1017/S1755020319000297
https://doi.org/10.1017/S1755020319000297
https://github.com/ekpyron/AOT/tree/dissertation
https://github.com/ekpyron/AOT/tree/dissertation
https://www.isa-afp.org/entries/GewirthPGCProof.html
https://doi.org/10.1007/978-3-030-29908-8_34
https://doi.org/10.4230/LIPIcs.ITP.2021.7
https://doi.org/10.4230/LIPIcs.ITP.2021.7
https://arxiv.org/abs/2006.12789
http://christoph-benzmueller.de/publications.html
http://doi.org/10.3233/978-1-61499-419-0-93
http://www.ijcai.org/Proceedings/16/Papers/137.pdf
http://www.ijcai.org/Proceedings/16/Papers/137.pdf


Studies on the Ontological Argument (cont'd)

• Benzmüller & Woltzenlogel Paleo (2016), An Object-Logic Explanation for the Inconsistency in Gödel's Ontological Theory 

(Extended Abstract, Sister Conferences). KI 2016 (http://doi.org/10.1007/978-3-319-46073-4)

• __ (2017). Computer-Assisted Analysis of the Anderson-Hájek Controversy. Logica Universalis (http://doi.org/10.1007/

s11787-017-0160-9) 
• Fuenmayor & Benzmüller (2017), Automating Emendations of the Ontological Argument in Intensional Higher-Order Modal 

Logic. KI 2017 (http://doi.org/10.1007/978-3-319-67190-1_9)

• __ (2018). A Case Study On Computational Hermeneutics: E. J. Lowe's Modal Ontological Argument. IfCoLoG Journal of Logics 

and their Applications (https://www.researchgate.net/publication/333804824)

• Benzmüller & Fuenmayor (2020), Computer-supported Analysis of Positive Properties, Ultrafilters and Modal Collapse in 

Variants of Gödel's Ontological Argument. Bulletin of the Section of Logic (http://doi.org/10.18778/0138-0680.2020.08)

• Benzmüller (2020), A (Simplified) Supreme Being Necessarily Exists, says the Computer: Computationally Explored Variants of 

Gödel's Ontological Argument. KR 2020 (https://doi.org/10.24963/kr.2020/80)

• __ (2022), A Simplified Variant of Gödel's Ontological Argument.  To appear (https://www.researchgate.net/publication/

358607847)

Reading (cont'd)             (preprints: http://christoph-benzmueller.de/publications.html)

Isabelle/HOL: 

• Website: https://isabelle.in.tum.de

• Documentation: https://isabelle.in.tum.de/documentation.html 

• Nipkow, Paulson & Wenzel (2002), Isabelle/HOL: A Proof Assistant for Higher-Order Logic. Springer (https://doi.org/

10.1007/3-540-45949-9)

• Blanchette, Bulwahn & Tobias Nipkow (2011), Automatic Proof and Disproof in Isabelle/HOL. FroCoS 2011 (https://doi.org/

10.1007/978-3-642-24364-6_2)


http://doi.org/10.1007/978-3-319-46073-4
https://www.researchgate.net/publication/333804824
https://www.researchgate.net/publication/358607847
https://www.researchgate.net/publication/358607847
http://christoph-benzmueller.de/publications.html
https://isabelle.in.tum.de
https://isabelle.in.tum.de/documentation.html
https://people.mpi-inf.mpg.de/~jblanche/frocos2011-dis-proof.pdf
https://books.google.com/books?id=TT18o_HohVwC&dq=
https://doi.org/10.1007/978-3-642-24364-6_2
https://doi.org/10.1007/978-3-642-24364-6_2

