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Module Outline (To be discussed) ATP in FOL and HOL

� Propositional Logic and First-Order Logic (FOL)
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Pre-Test ATP in FOL and HOL

Take a sheet of paper and try to answer the following questions:

1. Encode the following statement in a set of propositional logic
formulas S:

the
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History (Cont’d) ATP in FOL and HOL

� Hilbert’s progr



c
Benzmüller 2004

History (Cont’d)
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History (Cont’
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History HOL ATP in FOL and HOL

� Higher-order logic: any simply typed logical system that allows
quantification over function and predicate variables.

�
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History HOL (Cont’d) ATP in FOL and HOL

� Idea was also taken up by Alonzo Church in 1940, who
invented the simply typed λ-calculus [Church40] in order to
prevent such paradoxes in the untyped λ-calculus, which he
devel18 0
(orto)Tj
-9m(which)TjTd
(v)Tj9u8in
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History HOL (Cont’d)
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Propositional Logic (P): Syntax

(Propositional
�925126. .82t2at:¤
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P: Syntax (Cont’d)
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Our Pre-Test: Solution ATP in FOL and HOL

If the unicorn is mythical, then it is immortal, but if it is not mythical,
then it is a mortal mammal. If the unicorn is either immortal or a
mammal, then it is horned. The unicorn is mammal if it is horned.

� Signature S = fmo,my,ma, hog.

my) :mo(1)

:my) (mo ^ma)(2)

(:mo _ma)) ho(3)

ho) ma(4)

� Reduction to primitive logical connectives : and _:
(1):my _ :mo, (2a)::my _ :(:mo _ :ma),

(3):(:mo _ma) _ ho, (4):ho _ma

Lecture II – -8.47131 3/T:
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P: Structural Induction
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P: Semantics (Cont’d) ATP in
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P: Semantics (Cont’d) ATP in FOL and HOL

Remark 1.11 Iv is a total, terminating, and wd
(tot 32 44 0 Td
ell-de�ned,)Tj
4885659 0 Td
function.v
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P: Semantics (Cont’d) ATP in FOL and HOL

De�nition 1.13 (Satis�ability and Validity) A formula
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P: Semantics (Cont’d) A
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P: Resolution (Cont’d)
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P: Resolution (Cont’d)
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P: Resolution (Cont’d) ATP in FOL and HOL
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Sidetrack: Kurt Gödel ATP in FOL and HOL

Kurt Gödel and Albert Einstein, Princeton 1950

Lecture III – p.43
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Gödels Theorem’s: Links ATP in FOL and HOL

� www.ltn.lv/~podnieks/

� kilby.stanford.edu/~rvg/154/handouts/incompleteness.html

� en.wikipedia.org/wiki/Talk:

www.ltn.lv/~podnieks/
kilby.stanford.edu/~rvg/154/handouts/incompleteness.html
en.wikipedia.org/wiki/Talk:Godel's_incompleteness_theorem
http://www.sdsc.edu/~jeff/Godel_vs_AI.html
www-gap.dcs.st-and.ac.uk/~history/Mathematicians/Godel.html
kgs.logic.at/
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P: Resolution (Cont’d) A
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P: Resolution (Cont’d) ATP in FOL and HOL

Resolution is a refutation approach: In order to prove a forHO(B)Tj
0.821392 0 Td
(ula)Tj
/R115  9y/(Be  92‘0/R115  9y/(Be  92‘0/R115  9ym
BI
/I7,49.6215 0 T.5311 1 Tf
.HO(B)Tj
4.99563 0 Td33.06 - -22.6254.uti85148 0 Td,
(TP)Tj
ETR115  9y/w
(TP)T.24/R115  9y/d
(a)Tj
26TR115  9y/3679 e(d))Tj221121 0 Tdits(v)Tj
2651121 0 Tdneg0 Td
(app,49.6215 0 4.24/1121 0 Td:  92‘0/R115  9ysolh:)on)Tj
4.4Q3.06 - -22.6254.u36)onTPand



c
Benzmüller 2004

P:
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Ex

ercise Sheet I

ATP

in

FOL and

HOL

Please pro

vide the

proofs f
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Sidetrack: Saturate ATP in FOL and HOL

Presentation by Ruzica Piskac

The Saturate System
See extra slides

Lecture IV – p.60
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Abstract Consistency: History ATP in FOL and HOL
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Abstract Consistency
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Abstract Consistency (Cont’d) ATP in FOL and HOL

We
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Abstract Consistency (Cont’d) ATP in FOL and HOL

We now introduce the notion of a Hintikka set. Hintikka
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Abstract Consistenc
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Abstract Consistency (Cont’d) ATP in FOL and HOL

Lemma 1.66 (Hintikka Extension Lemma) Let � be a compact abstract

consistency class and let φ 2 � an element of this class. Then there exists a

Hintikka set H for �, such that φ � H.

Proof: For a given � we construct H according to the following de�nition:

H
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Abstract Consistency (Cont’d) ATP in FOL and HOL

Theorem 1.67 (Model Existence Theorem) Let � be a saturated propositional

abstract consistency class and
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Abstract Consistency (Cont’d) ATP in FOL and HOL
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Abstract Consistency (Cont’d)
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Sidetrack: Isabelle/HOL ATP in FOL and HOL

Presentation by Andrey Shadrin

Isabelle-HOL

See extra slides

Lecture VII – p.84
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