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The term “instance based methods” (IBM) refers to a family of methods for first-
order logic theorem proving. IBMs share the principle of carrying out proof search by
maintaining a set of instances of input clauses and analyzing it for satisfiability until
completion. IBMs are conceptually essentially different to well established methods
like resolution or free-variable analytic tableaux. Also, IBMs exhibit a search space
and termination behaviour (in the satisfiable case) different from those methods, which
makes them attractive from a practical point of view as a complementary method.
This observation is also supported empirically by results obtained with the first serious
implementations available (carried out by Letz and Stenz, cf. the system competitions
(CASC) at CADE-18 and CADE-19).

The idea behind IBMs is already present in a rudimentary way in the work by
Davis, Putnam, Logemann and Loveland in the early sixties. The contemporary stream
of research on IBMs was initiated with the Plaisted’s Hyperlinking calculus in 1992.
Since then, other methods have been developed by Plaisted and his coworkers. Billon’s
disconnection calculus was picked up by Letz and Stenz and has been significantly
developed further since then. New methods have also been introduced by Hooker,
Baumgartner and Tinelli, and more recently by Ganzinger and Korovin. The stream
of publications over the last years demonstrates a growing interest in IBMs. The ideas
presented there show that research on IBMs still is in the middle of development, and
that there is high potential further improvements and extensions like equality and theory
handling, which is currently investigated.

Contents

In the tutorial, we will cover the following topics: Early IBMs, the common principle
behind IBMs; classification of IBMs (one-level vs. two-level calculi), comparison to res-
olution and free variable tableaux; selected IBMs in greater detail: ordered semantic
hyper linking, the disconnection method, the model evolution calculus; the complete-
ness proof of one selected method; extension to equality reasoning; implementation
techniques, particularly the disconnection method.
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Presenters

Peter Baumgartner has (co-)authored 13 journal articles, 32 conference or referred work-
shop papers, and five chapters in books. Most publications are concerned with calculi,
implementations and applications of first-order logic automated deduction systems. He
developed a First-Order version FDPLL of the propositional Davis-Putnam-Logemann-
Loveland procedure. This method, and its successor, the Model Evolution Calculus
(jointly developed with Cesare Tinelli) are his recent main contributions to instance
based methods.

Gernot Stenz has been directly involved in instance based theorem proving for sev-
eral years. He is the (co-)author of 12 scientific papers and system descriptions at
international conferences and some other publications in journals and books. Nearly all
of his more recent publications deal with instance based theorem proving in general and
the disconnection calculus in particular. The implementation of theorem prover systems
is among his principal matters of interest, he was a co-author of the e-SETHEO prover
system, where his work also included automated learning methods for theorem provers
and he has been developing and improving the DCTP theorem prover implementation
of the disconnection calculus. Both of these systems have won trophies at the annual
CADE theorem prover competitions.
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and Niklas Sörensson. New Techniques that Im-
prove MACE-style Finite Model Building. In Peter
Baumgartner and Christian G. Fermüller, editors,
CADE-19 Workshop: Model Computation –
Principles, Algorithms, Applications, 2003.

[Davis and Putnam, 1960] Martin Davis and Hilary
Putnam. A computing procedure for quantifica-
tion theory. Journal of the ACM, 7(3):201–215,
July 1960.

[Davis et al., 1962a] M. Davis, G. Logemann, and
D. Loveland. A Machine Program for Theorem
Proving. Communications of the ACM, 5(7),
1962.

106-4



[Davis et al., 1962b] Martin Davis, George Loge-
mann, and Donald Loveland. A machine pro-
gram for theorem proving. Communications of the
ACM, 5(7):394–397, July 1962.

[Davis, 1963] Martin Davis. Eliminating the Irrel-
evant from Mechanical Proofs. In Proceedings
of Symposia in Applied Amthematics – Experi-
mental Arithmetic, High Speed Computing and
Mathematics, volume XV, pages 15–30. Ameri-
can Mathematical Society, 1963.

[Digricoli and Harrison, 1986] Vincent J. Digricoli
and Malcolm C. Harrison. Equality-Based Binary
Resolution. Journal of the ACM, 33(2):253–289,
April 1986.

[Fermüller and Pichler, 2005] Christian G.
Fermüller and Reinhard Pichler. Model Repre-
sentation via Contexts and Implicit Generaliza-
tions. In Nieuwenhuis [2005], pages 409–423.

[Gallier and Snyder, 1989] Jean H. Gallier and
Wayne Snyder. Complete Sets of Transforma-
tions for General E-Unification. Theoretical Com-
puter Science, 67:203–260, 1989.

106-5

[Ganzinger and Korovin, 2003] Harald Ganzinger
and Konstantin Korovin. New Directions in
Instance-Based Theorem Proving. In LICS -
Logics in Computer Science, 2003.

[Ganzinger and Korovin, 2004] H. Ganzinger and
K. Korovin. Integrating equational reasoning into
instantiation-based theorem proving. In Com-
puter Science Logic (CSL’04), volume 3210 of
Lecture Notes in Computer Science, pages 71–
84. Springer, 2004.

[Giese, 2001] Martin Giese. Incremental Closure
of Free Variable Tableaux. In Proc. International
Joint Conference on Automated Reasoning, vol-
ume 2083 of Lecture Notes in Artificial Intelli-
gence. Springer Verlag, Berlin, Heidelberg, New-
York, 2001.

[Ginsberg and Parkes, 2000] Matthew L. Ginsberg
and Andrew J. Parkes. Satisfiability Algo-
rithms and Finite Quantification. In Anthony G.
Cohn, Fausto Giunchiglia, and Bart Selman, edi-
tors, Principles of Knowledge Representation and
Reasoning: Proceedings of the Seventh Inter-

106-6

national Conference (KR’2000), pages 690–701.
Morgan Kauffman, 2000.

[Gottlob and Pichler, 1998] Georg Gottlob and
Reinhard Pichler. Working with Arms: Com-
plexity Results on Atomic Representations of
Herbrand Models. In Proceedings of the 14th
Symposium on Logic in Computer Science.
IEEE, 1998.

[Hooker et al., 2002] J.N. Hooker, G. Rago,
V. Chandru, and A. Shrivastava. Partial Instanti-
ation Methods for Inference in First Order Logic.
Journal of Automated Reasoning, 28(4):371–
396, 2002.

[Jacobs and Waldmann, 2005] Swen Jacobs and
Uwe Waldmann. Comparing Instance Genera-
tion Methods for Automated Reasoning. In Bern-
hard Beckert, editor, Proc. of TABLEAUX 2005.
Springer, 2005.

[Lee and Plaisted, 1989] Shie-Jue Lee and David
A. Plaisted. Reasoning with Predicate Replace-
ment, 1989.

106-7

[Lee and Plaisted, 1992] S.-J. Lee and D. Plaisted.
Eliminating Duplicates with the Hyper-Linking
Strategy. Journal of Automated Reasoning, 9:25–
42, 1992.

[Letz and Stenz, 2001] Reinhold Letz and Gernot
Stenz. Proof and Model Generation with Discon-
nection Tableaux. In Robert Nieuwenhuis and
Andrei Voronkov, editors, LPAR, volume 2250 of
Lecture Notes in Computer Science. Springer,
2001.

[McCune, 1994] William McCune. A Davis-Putnam
Program and its Application to Finite First-Order
Model Search: Qusigroup Existence Problems.
Technical report, Argonne National Laboratory,
1994.

[Nieuwenhuis, 2005] Robert Nieuwenhuis, editor.
Automated Deduction – CADE-20, volume
3632 of Lecture Notes in Artificial Intelligence.
Springer, 2005.

[Plaisted and Zhu, 1997] David A. Plaisted and
Yunshan Zhu. Ordered Semantic Hyper Link-

106-8



ing. In Proceedings of Fourteenth National Con-
ference on Artificial Intelligence (AAAI-97), 1997.

[Plaisted and Zhu, 2000] David A. Plaisted and
Yunshan Zhu. Ordered Semantic Hyper Link-
ing. Journal of Automated Reasoning, 25(3):167–
217, 2000.

[Plaisted, 1994] David Plaisted. The Search Effi-
ciency of Theorem Proving Strategies. In Bundy
[1994].

[Stenz, 2005] Gernot Stenz. Unit Propagation in a
Tableau Framework. In Bernhard Beckert, editor,
Proceedings of TABLEAUX-2002, Koblenz, Ger-
many, volume 3702 of Lecture Notes in Artificial
Intelligence, pages 338–342. Springer, Berlin,
September 2005.

[Tinelli, 2002] Cesare Tinelli. A DPLL-based Calcu-
lus for Ground Satisfiability Modulo Theories. In
Giovambattista Ianni and Sergio Flesca, editors,
Proceedings of the 8th European Conference on
Logics in Artificial Intelligence (Cosenza, Italy),
volume 2424 of Lecture Notes in Artificial Intel-
ligence. Springer, 2002.

106-9

[Yahya and Plaisted, 2002] Adnan Yahya and David
Plaisted. Ordered Semantic Hyper-Tableaux.
Journal of Automated Reasoning, 29(1):17–57,
2002.

106-10


