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1. Introduction

The main goals of automated reasoning are understanding different aspects of reason-
ing and development of algorithms and computer programs that solve problems requiring
reasoning. Some subareas of automated reasoning are automated theorem proving, inter-
active (or formal) theorem proving, automated proof checking, etc. Automated reasoning
typically combines results and techniques of mathematical logic, theoretical computer sci-
ence, algorithmics and artificial intelligence. Logics of interest for automated reasoning
include propositional, first-order, equational, higher-order, description, modal, temporal,
many-valued, intuitionistic logic, etc. Some of the methods used in automated reasoning
are resolution, tableaux, term rewriting, decision procedures, model checking, induction,
unification, proof checking, etc. Automated reasoning has applications in software and
hardware verification, circuit design, logic programming, ontology reasoning, deductive
databases, mathematical software, educational software, robotics, planning and other ar-
eas of artificial intelligence. The key modern international forum for automated reasoning
is Association for Automated Reasoning (AAR)." The major conferences for automated
reasoning are Conference on Automated Deduction (CADE),*> and International Joint
Conference on Automated Reasoning (IJCAR).? The major journal for automated reason-
ing is Journal of Automated Reasoning (JAR).* Outstanding contributions in the field are
honored by Herbrand Award for Distinguished Contributions to Automated Reasoning.

The history of automated reasoning in Serbia is more than twenty years long. Like
in the rest of the world, research in this area is mainly carried out by mathematicians
and informaticians, especially those involved in mathematical logic. Most of this research
focuses on uniform proof procedures (such as tableaux and resolution methods), decision
procedures in automated theorem proving, automated theorem proving in geometry, prob-
abilistic and fuzzy reasoning, and interactive theorem proving. In the rest of this paper,
we briefly summarize results achieved in this field in Serbia. There are several PhD and
MSc theses in the area of automated reasoning defended in Serbia, but this overview does

'http://www.aarinc.org/
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not list them and, instead, focuses on results presented at research conferences and on
papers published in research journals (visible by Internet services such as DBLP®). The
overview is by no means exhaustive and omissions are possible. In the following text,
only publications by Serbian authors are cited (and not the other relevant publications).
The home institutions are given for all mentioned authors (either from Serbia or not).
The following abbreviations are used for Serbian institutions: EEUBg — School of Elec-
trical Engineering, University of Belgrade; MIBg — Mathematical Institute, Belgrade;
MathUBg — Faculty of Mathematics, University of Belgrade; TFZUNS— Technical Fac-
ulty ,,Mihajlo Pupin® Zrenjanin, University of Novi Sad; FSUKg — Faculty of Science,
University of Kragujevac.

2. Uniform Proof Procedures

During 1980’s, a team led by Dragos Cvetkovi¢ (EEUBg, MIBg) developed an inter-
active system GRAPH for graph theory. The system consisted of several components,
including a theorem prover. The theorem prover (working in first order logic) provided
support for interactive theorem proving (in natural deduction) and for automated theorem
proving (based on the resolution method) [3].

Aleksandar Krapez, Miodrag Kapetanovi¢, Zoran Ognjanovi¢ and Tatjana Petrovié
(all from MIBg), developed a parallel theorem prover PROVER91, based on the tableaux
method [18]. Zoran Ognjanovié¢, Dragan Urosevi¢, Tatjana Petrovi¢ and Zorana Ristovié
(all from MIBg) developed a tableaux-based method for modal theorem proving [35], later
extended by Zoran Ognjanovi¢ [31].

Slavisa Presi¢ (MathUBg) showed how logic programming could be implemented over
arbitrary (not necessarily Horn) clauses [36]. Far beyond this paper, Slavisa Presi¢, with
his seminal role in development of mathematical logic in Serbia and his broad interests
in artificial intelligence, influenced a lot of research and many researches working in the
area of automated reasoning.

During 2000s, Petar Hotomski (TFZUNS) and his collaborators have been developing
an automated theorem prover ATP based on ordered linear resolution and its extension
BASELOG, a system for the deductive databases. These systems were used in practical
problems like program verification and scheduling [2, 26, 38].

3. Decision Procedures, SAT and SMT

Zarko Mijajlovi¢ (MathUBg) constructed a decision procedure for monadic calculus
[27] that was later implemented by a team led by Aleksandar Jovanovi¢ (MathUBg) [25].

Predrag Janici¢ (MathUBg), lan Green (University of Edinburgh) and Alan Bundy
(University of Edinburgh) developed a generic framework Gs that facilitates implementing,
combining, augmenting decision procedures and using them in theorem provers [11, 9].
Portions of this system were used in CLAM and LAMBDACLAM proof planning systems.
Along this line of research, Mateja Jamnik (University of Cambridge), Predrag Janic¢i¢ and
Alan Bundy developed approaches for automated synthesis of certain classes of decision
procedures [5, 6, 10].

Filip Mari¢ (MathUBg) and Predrag Jani¢i¢ implemented a solver ARGOLIB for the
satisfiability modulo theory problem (SMT), based on the DPLL(T) scheme and with sup-
port for several decidable theories and their combinations [21]. The ARGOLIB system
successfully took part in the 2007 SMT competition and is used by research groups in

*http://www.informatik.uni-trier.de/~ley/db/



P. JANICIC 55

several countries. Filip Mari¢ has also been developing a solver for the propositional sat-
isfiability problem (SAT) ARGOSAT, with a flexible architecture. Both ARGOLIB and
ARGOSAT are under constant development and publicly available.® Within a project of
developing a successor of ARGOLIB — a system ARGOSMT — Milan Bankovié¢ (Math-
UBg) and Filip Mari¢ constructed and implemented a new SMT solver for the theory
all-different [1].

Mladen Nikoli¢ (MathUBg), Filip Mari¢ and Predrag Janici¢ developed a methodology
for instance-based selection of policies for SAT solvers (as an alternative to fixed policies
used for all input instances) and implemented a corresponding SAT solver ARGOSMART
[30]. Mladen Nikoli¢ developed a statistically founded methodology for comparison of SAT
solvers, as an alternative to the methodology currently used at SAT competitions [29].

There are applications of SAT and SMT solvers in a range of domains: Dejan Jovanovié¢
(MathUBg) and Predrag Janic¢i¢ used a SAT solver for solving a class of cryptographic
problems [17], Milena Vujosevi¢-Janici¢ (MathUBg), Filip Mari¢ and Dusan Tosi¢ (Math-
UBg) used SMT solvers in software verification [42, 43|, while Filip Mari¢ and Predrag
Janici¢ developed a system for uniform reduction of a wide class of constraint satisfaction
problems to the theory of bitvector arithmetic [24].

4. Automated Reasoning in Geometry

Predrag Janici¢ and Stevan Kordi¢ (MathUBg) developed a first automated geometry
theorem prover (EUCLID) based on coherent logic [12]. The prover generates human-
readable, traditional proofs of conjectures in Euclidean geometry. Sana Stojanovié¢ (Math-
UBg), Vesna Pavlovi¢ (MathUBg) and Predrag Janici¢ later reimplemented and improved
this prover, so the new version (ARGOCLP) can be used for any coherent theory and can
export machine-verifiable proofs [41].

Since 1996 Predrag Janici¢ has been developing, in some parts with his collaborators,
a geometry system GCLC’ — a tool for visualizing geometrical objects and reasoning
about them [7, 8]. There are three geometry theorem provers built in GcLc, all capable
of efficiently proving hundreds of complex geometry theorems: a theorem prover based
on the area method, implemented by Predrag Jani¢i¢ and Pedro Quaresma (University
of Coimbra) [14, 15, 37] and theorem provers based on the Grobner bases method and
on Wu’s method, implemented by Goran Predovi¢ (MathUBg) within his master thesis
supervised by Predrag Janic¢i¢. The tool GCLC has thousands of users and is taught in a
number of high-school and university courses worldwide.

Predrag Janic¢i¢, Julien Narboux (University of Strasbourg) and Pedro Quaresma made
a rational reconstruction of the area method (one of the most significant methods for
automated deduction in geometry) and formally proved its properties within the Coq
proof assistant [13].

5. Probabilistic and Fuzzy Reasoning

Miodrag Raskovi¢ (FSUKg, MIBg), Zoran Markovi¢ (MIBg) and Zoran Ognjanovié
with their collaborators have been working on probabilistic logics and probabilistic tem-
poral logics and on their applications in default reasoning and in reasoning about evidence
[40, 39, 4].

Zoran Ognjanovi¢ and his collaborators used genetic algorithms [32, 33] and ap-
proaches based on the variable neighborhood search metaheuristic [16, 34] for solving

Shttp://argo.matf.bg.ac.rs
"http://www.matf.bg.ac.rs/~janicic/gclc
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the probabilistic satisfiability problem (PSAT). The approaches used were able to solve
largest PSAT problem instances reported in the literature at that time.

Branka Nikoli¢ (TFZUNS) and Petar Hotomski analyzed and compared fuzzy reason-
ing using H-logical norms and some t-norms [28].

6. Interactive Theorem Proving

Filip Mari¢ has been working (in some parts with Predrag Janici¢) on formal verifica-
tion (using interactive, formal theorem proving) of SAT solvers with a goal of producing
solvers that are both efficient and fully trusted, which is critical in many applications
[22]. This work includes proving correctness of the classical DPLL procedure [23] and
verification of modern SAT solvers using three paradigms: Hoare-style verification of an
imperative implementation of a solver [19], verification of a solver defined as a set of re-
cursive functions within higher order logic [20] and verification of abstract state transition
systems describing a SAT solver. These verification tasks are accompanied with the solver
ARGOSAT, with a trusted, automatically generated solver implemented in a functional
language and with formal, machine-verifiable proofs constructed by Filip Mari¢ within
the Isabelle proof assistant. Given the complexity of SAT solvers and the level of algo-
rithmic details considered, these proofs are major contributions not only in verification of
SAT solvers, but also in the wider area of interactive theorem proving and in the area of
software verification.

7. Activities Related to Automated Reasoning

There is a number of conferences and seminars in Serbia that often host lectures related
to automated reasoning, but here we briefly mention only those focused on this research
field. Since 2008, the Automated Reasoning GrOup® (ARGO) (MathUBg) organizes and
hosts annual international workshop on interactive and automated theorem proving with
applications. The same research group organizes a regular seminar on automated reason-
ing since October 2007.

8. Automated Reasoning in Serbian Diaspora

There is a number of researchers originating from Serbia involved in research in auto-
mated reasoning in other countries. Most of them obtained their first university degree in
Serbia and higher degrees abroad. Here we list some of the researchers (with doctorates)
from Serbia actively involved in automated reasoning (without details about their publica-
tions): Sava Krsti¢ (Intel Corporation, USA; area: SMT solving), Viktor Kuncak (EPFL,
Switzerland; area: SMT solving, program analysis and verification), Ranko Lazi¢ (Uni-
versity of Warwick, UK; area: automata, games, software model checking, infinite-state
systems), Maja Mili¢i¢ (Dresden University of Technology, Germany; area: description
logics), Dejan Nickovié (Institute of Science and Technology, Austria; area: timed au-
tomata and real-time logics).

9. Conclusions

Automated reasoning has been attracting a lot of research efforts in Serbia over the
last decades and with increasing trends. There are tens of publications in the areas
of automated reasoning, including papers presented at leading international conferences
and papers published in leading international journals. Apart from researchers working in

®http://argo.matf.bg.ac.rs
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Serbia, there is also a number of researchers originating from Serbia involved in automated
reasoning. Maintaining their mutual links gives further promising prospects for the future
of automated reasoning in Serbia.
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