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1 Track Record

1.1 The Proposer
After studying Mathematics and Computer
Science at the JWG-Universität in Frankfurt
(a.M.) I was visiting researcher at the CWI
in Amsterdam in the group led by Prof. Jan
Friso Groote and at the Technical University of
Delft in the Operations Research group. This
was followed by a postdoctoral fellowship at the
University of Toronto in the research group of
Prof. Stephen A. Cook. I was appointed lec-
turer in the Computer Science Department at
the University of Wales Swansea in March 2001.

1.2 Contributions
The propositional satisfiability problem (“SAT”
for short) is to decide, given a set of boolean
variables (which can be either “true” or “false”)
and a set of constraints on these variables, for-
mulated using propositional logic (i.e., using
connectives “and”, “or” and “not”), whether an
assignment of truth values to the variables ex-
ists satisfying all constraints. Citing the popu-
lar science article [2] from the New York Times,
SAT problems are about solving a “tangled web
of conflicting demands,” and “arise in thou-
sands of situations, from staffing companies and
scheduling airline flights to planning a wedding
dinner that won’t devolve into a food fight.”

As the first “NP-complete problem” the SAT
problem was introduced in the seminal paper
[1], showing that every decision problem for
which there is an “efficient” way of verifying
that a given solution is correct, and for which
always a “short” solution exists, can be reduced
“efficiently” to the SAT problem. We can dis-
tinguish three streams as the core part of re-
search on SAT: Lower bounds, upper bounds,
and random formulas.

Lower bounds are concerned with the prob-
lem of proving that a certain amount of re-
sources are needed to solve a certain problem, at
least for some class of algorithms. The study of
upper bounds for the SAT problem (and its vari-
ations and generalisations) is concerned with
providing algorithms together with a certain
performance guarantee. Random formulas pro-
vide a rich source for hard formulas and, espe-
cially due to the influence of Statistical Physics,
non-trivial insights into the nature of hard prob-
lems have been gained, which are also practi-

cally relevant.
The last few years have seen a growing in-

terest also in the applications of SAT. Three
driving forces behind this development may be
identified:
• The integration of efficient data structures

and heuristics into a diversity of SAT
solvers (at the recent SAT 2002 compe-
tition more than 20 SAT solvers partici-
pated).

• The theory of NP-completeness (and re-
lated fields) becomes a source of transla-
tions into SAT. Applying the range of ex-
isting solvers on the translated problems
has solved various practical problems.

• Many concrete applications have been
found. For applications in hardware verifi-
cation see for example CADE-18 (Confer-
ence on Automated Deduction) with many
SAT related talks, or [19].

The applicant has contributed to all three
streams. Relevant for the proposed program are
the following (introducing abbreviations used in
the second part of this document):

Lower bounds for proof systems In [5] a
general framework for resolution lower bounds
in connection with various forms of automa-
tisation of proof systems has been developed,
further generalised to Constraint Satisfaction
Problems and beyond in [16]. A funda-
mental technique is relativised and generalised
unit propagation (RAGUP), automatising rel-
ativised and generalised tree resolution.

Theory of autarkies As a new link between
combinatorics and SAT the theory of autarkies
(TOA) has been introduced and developed in
[7, 8, 9, 13, 14, 15], opening a wide field
of possibilities for searching for satisfying as-
signments as well as for redundancy elimina-
tion. Autarky systems constitute a unifying
new theme for special methods for SAT de-
cision. Linear autarkies, for example, extend
and strengthen many developments in general-
isations of Horn formulas (especially in the in-
terplay with RAGUP; see [5]).

Thresholds and phase transitions In [12]
the presently most thorough experimental
study of a SAT solver is given, and several new
conjectures of relevance for understanding ran-
dom formulas are derived. As a major theo-
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retical result, it is shown that assuming a con-
jecture about the “Thermodynamical limit” the
existence of thresholds follows under very gen-
eral circumstances. A general program has been
outlined for developing adaptive meta-heuristics
(AMH).
SAT solver OKsolver has been implemented
(current version 1.2), and its theoretical basis
is explained in [4, 12]. OKsolver has won first
prices in two categories at the SAT 2002 com-
petition.
CSP and beyond Introducing an algebraic
framework for the process of substituting par-
tial potential solutions into problem instances,
the theory of autarkies and the theory of au-
tomatisation of resolution has been generalised
to an axiomatic level in [16, 13].
Upper bounds for SAT algorithms For 3-
SAT upper bounds are given in [3, 6], while
for other classes (and other performance mea-
sures) [17, 18] are often cited sources. Based
on the methods developed in these articles, an
approach towards a general theory of heuristics
has been developed in [4, 11].
1.3 Host Organisation
The department has been rated 5 in the most
recent research assessment exercise (RAE 2001)
and received the rating excellent for its teach-
ing. The department will support the research
of the applicant by making available its existing
Sun cluster (40 nodes), while in February 2003 a
Linux cluster with 60 processors and 1 terabyte
will be added, and September 2003 another 80
processors, so that a strong basis for large scale
experimentation will be available.
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2 Research Proposal

The proposed research will develop the theory
of autarkies (TOA) and the theory of relativised
and generalised unit propagation (RAGUP) to
gain fundamental insights into the efficiency of
specialised methods for SAT, and to create a
wide range of highly flexible novel algorithms.
Based on the experience accumulated in the
SAT solver OKsolver, these new algorithms will
be integrated into the library OKlibrary for
generalised SAT solving. Due to the novel the-
oretical tools, as well as due to exploitation of
recent developments in library software tech-
nology, enabling a new level of flexibility and
efficiency, OKlibrary will play a fundamental
role for the theory and praxis of solvers for
SAT and generalised satisfiability problems. In
parallel development, large scale experimenta-
tion with random formulas, as well as investi-
gations into Statistical Physics, will deliver new
strong adaptive heuristics (AMH) and insights
into random as well as non-random satisfiability
problems. All developed software shall be inte-
grated into OKplatform, which will make the
software accessible for a wide audience.

2.1 Background

The proposed research project is centred around
the development of OKlibrary, which shall
evolve from OKsolver and will enable easy and
fast implementation of a large variety of efficient
SAT solvers, and will support, for the first time,
two main algorithmic frameworks developed by
the applicant:

• autarky systems (via generic “hooks” as
well as via concrete examples);

• generalised unit clause propagation with
oracles (again via generic “hooks” as well
as via concrete examples).

Both methods are already available in OKsolver
(as unique features), but only in a very basic
form. All main components of OKlibrary will
support the most abstract form of generalised
satisfiability problems given by “systems with
partial instantiation”, while specialisations, for
example to ordinary boolean conjunctive nor-
mal forms or to different forms of Constraint
Satisfaction problems, shall be as efficient as
hand-crafted code for these specialisations. The
library will enable flexible experimentation in

a supportive environment as well as the im-
plementation of industrial-strength SAT solvers
with a drastically reduced effort.
OKsolver has been developed by the appli-

cant over the last five years, and demonstrated
its strength in the recent SAT 2002 solver com-
petition [28]. OKsolver won both categories for
“random benchmarks” (“only satisfiable formu-
las” and “all formulas”), while being third in
both categories for “handmade benchmarks”.
In parallel, the applicant has developed a very
general set of methods for SAT decision.

One research path (RAGUP) extends the res-
olution mechanism (see [22, 20]) for detection
of unsatisfiability and of enforced assignments.
Automatisation of generalised forms of (tree)
resolution are considered, investigating general-
isations of unit propagation (with oracles) and
Horn formulas; this theory can also be consid-
ered as the true foundation of the (commer-
cially successful) St̊almarck solver, but with a
much larger scope, since arbitrary special meth-
ods for (fast) satisfiability and unsatisfiability
detection can be “plugged in”. The theory is
applicable to any domain of problem instances,
where solutions are provided by partial assign-
ments of values to variables.

The other direction (TOA) develops the the-
ory of autarkies (see [11, 10, 21, 12, 20]) for
decomposition of satisfying assignments and for
detecting redundancies. Autarky systems espe-
cially build a new link between SAT and com-
binatorial optimisation; for example the system
of linear autarkies, based on a most natural
application of Linear Programming, generalises
many known and important classes of quickly
decidable formulas, including q-Horn formulas.

As a result of these developments, in combi-
nation with the theory of generalised satisfia-
bility problems developed in [22, 20], the scope
of application has been drastically broadened.
More general problems than boolean satisfiabil-
ity can be handled, and the means for solving
these problems have been largely extended.

However, OKsolver in its present form poorly
supports the adaption of these extensions
and generalisations, since OKsolver has not
been designed to enable the extreme flexibility
needed here, and re-design is necessary. Using
the traditional object-oriented approach for de-
sign is not suitable in our environment. On the
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one hand it lacks efficiency, since OOP methods
mostly rely on dynamic polymorphism. And
on the other hand it is not flexible enough due
to its restriction to interfaces, while structural
changes are not well supported. In recent years
the paradigm of Generative Programming [5]
has become a major player especially for the
development of highly efficient and highly flexi-
ble libraries, exploring static polymorphism and
code generators within the programming lan-
guage. The main programming language sup-
porting these features is C++. A special tech-
nique for highly efficient and flexible libraries is
given by the policy-based design as introduced
in [2], combining multiple inheritance and tem-
plates (the origin can be seen in the Strategy
Pattern from [6]).

We thus want to evolve OKsolver into
OKlibrary, exploiting the DEMRAL method-
ology for domain engineering [5], which is es-
pecially suited for the development of efficient
libraries. The library should support manual
assembly, like the STL, as well as fully auto-
mated assembly. OKlibrary shall cover the
whole range from boolean satisfiability, encoded
via conjunctive normal forms, to “systems with
partial instantiation” as developed in [22, 20],
which are based on an algebraic axiomatisa-
tion of satisfiability problems. Furthermore
OKlibrary shall support the integration of the
resolution mechanisms mentioned above as well
as the integration of autarkies in a wide vari-
ety of patterns, besides delivering implemen-
tations of concrete autarky systems. Finally,
OKlibrary shall make it possibly to (relatively)
easily change data structures (from using 2-byte
integers instead of 4-byte integers in case the
number of variables is small, to fundamental
changes in the presentation of problems), to
change supporting infrastructure (like memory
allocation), and to plug in many different kinds
of monitoring. All this can be achieved without
a performance penalty due to the methods of
Generative Programming (especially the use of
templates and template meta-programming).

The methodology for SAT decision men-
tioned above is mainly concerned with reduc-
tions and special methods, which leaves open
the heuristics governing the branching process.
In recent years the importance of the contribu-
tion of Statistical Physics has grown consider-

ably, and now time has come where practical
applications are also possible. In [17] the ap-
plicant formulated a program to develop new
“adaptive” (or “intelligent”) heuristics (AMH),
based on large-scale experimentation with ran-
dom formulas and extracting patterns from this
large database. It is proposed to pursue this
program here in combination with building up
OKdatabase, a large database for the satisfia-
bility and for the running time of SAT solvers
on random formulas. This will result in im-
proved heuristics as well as in better theoretical
understanding. The database built up should
become also an invaluable resource for exper-
imental studies on the nature of phase transi-
tions. Via “data mining” new adaptive heuris-
tics for SAT solvers shall be extracted from this
database.

Finally, all these tools can only show their
real power when used by many researchers and
many applications. So the software will be
Open Source, and efforts will be invested to
integrate the software into OKplatform, which
shall make the software available for a wide au-
dience, including for example university aca-
demics, teachers of computer science and indus-
trial researchers.

2.2 Related approaches

To our knowledge, the only existing library de-
voted to SAT is SIMO [7], written in C++.
SIMO does not employ Generative Program-
ming, and more importantly, is based on a much
narrower algorithmic approach. SIMO will be a
valuable source for study, and will be useful due
to its relatively wide scope. However, the ap-
plicant expects OKlibrary of having greater in-
fluence due to its better theoretical foundation
and its use of more recent software technology.

2.3 Previous Work

The theoretical foundation for the theory of au-
tarkies has been developed in a series of articles
[11, 12, 21, 20], while the theory of generalised
unit propagation with oracles has been devel-
oped in [9, 22].

Five years of development have been in-
vested into OKsolver (see [16, 8, 17]). First
experiments with developing OKsolver into
OKlibrary are given by the library used in
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the undergraduate module CS 342. Efficient
generic implementations for unit propagation
are studied in the final year project [23].

Much effort has been invested into prepar-
ing the infrastructure for OKdatabase: The
strong pseudo-random formula generator
OKgenerator has been developed [15, 13]
together with a prototype of the database and
the experimental system, and a first explo-
ration phase of extensive experimentation has
been performed [17]. In the final year project
[25] software for statistical evaluation has been
explored, and in [1] (exploiting a Linux cluster
for SAT experimentation) as well as in [26]
(Internet computing for SAT experimentation)
the first steps have been taken to expand to
system the a truly large-scale experimentation
platform.

For OKplatform the XML-standard [19] for
communication of SAT standards (see also [17])
as well as the final year projects [3] (a graphical
user interface for SAT solvers) and [29, 24] (vi-
sualisation of the run time behaviour of a SAT
solver) are first steps.

2.4 Timeliness and Novelty

The basis of OKlibrary, the SAT solver
OKsolver, demonstrated its strength in the re-
cent SAT 2002 competition.

The theory of autarkies and the theory of
generalised unit clause propagation (with or-
acles), the new algorithmic techniques which
will enhance OKsolver, as well as the notion
of an (axiomatic) system with partial instantia-
tion, the basis for a far-reaching generalisation,
have been developed by the applicant in the last
years, but have yet not been implemented.

The applicant is not aware of any database
for the behaviour of SAT solvers on random
formula. The adaptive heuristics proposed by
the applicant, the result of “data mining” in
OKdatabase, is also a new theoretical approach.
Furthermore, the application of methods of Sta-
tistical Physics have only in the last two years
reached the level of actually guiding the design
and execution of SAT solvers.

The methods of Generative Programming
and Generic Programming and their combina-
tion with C++, which will be exploited for
OKlibrary, are also recent developments, and
to my knowledge have not been exploited for

SAT solvers.
It is proposed to develop an algorithmic plat-

form for generalised SAT solving, based on
novel theoretical insights and approved experi-
ence, exploiting sound and ground-breaking de-
velopments in library technology. The platform
will deliver high-performance for SAT solving,
and will establish a framework for powerful and
seamless experimentation, for fast prototyping
as well as for implementing industrial strength
(generalised) SAT solvers.

2.5 Programme and Methodology

OKdatabase In months 1–6 the existing soft-
ware for experimentation will be extended to
exploit the existing Linux/Unix clusters (and
possibly Internet computing). Then continuous
experimentation starts (open ended), controlled
interactively according to the results gained.

The first milestone Exploring Models is
reached in month 12: First prototypical models
for the behaviour of a range of SAT solvers on
mixed random formulas, and a first model for
the satisfiability probability of mixed random
formulas will be established, and presented at
workshops and conferences. These models shall
be used for improved heuristics.

The second milestone Models and Inte-

gration is in month 24, where now experimen-
tation with different models (theoretical as well
as numerical models) has to be closed. The fi-
nal results will be established in the remaining
12 months. Furthermore, the integration into
OKplatform is an important goal for this final
phase.

OKlibrary We will follow closely the DEM-
RAL (“Domain Engineering Method for
Reusable Algorithmic Libraries”) methodology,
a specialised Domain Engineering method for
developing generative algorithmic libraries
(see [5], especially Chapter 5). In months
1–6 the activities will concentrate on Domain
Analysis (what shall the library achieve),
and in months 7–12 Domain Design will
take place (identification and specification
of the overall implementation architecture,
the domain-specific languages and the con-
figuration knowledge). During this time also
extensive prototyping will be undertaken in
order to explore the vast field of possible
designs.
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At the basis of Domain Engineering lies the
fundamental insight that high flexibility and
reusability can only be achieved by an extensive
preparation. Generative Programming in gen-
eral, and the DEMRAL program for our case,
provide an extremely useful framework for per-
forming this preparation (as well as for the im-
plementation).

In months 13–24 then the third stage, the
Domain Implementation will take place, while
in the remaining 12 months the library shall
be used to produce a variety of different SAT
solver combinations. This will be applied to
random formulas as well as to as many appli-
cation problems as possible. In this final phase
the integration of the library into OKplatform
will be emphasised.

As a first milestone Prototype at around
month 18 a prototype of the library shall be
presented at workshops, and made available to
interested parties. The second milestone Re-

lease at around month 30 will be the release
of version 1.0 of the library as Open Source.

2.6 Collaboration

In September 2002 the applicant visited Hans
Kleine Büning and Theodor Lettmann in
Paderborn, and agreed on close contact in par-
allel development streams. While the applicant
evolves OKsolver into OKlibrary, the group in
Paderborn will re-design and extend the cur-
rent version of ILFA (“Integrated Logical Func-
tions for Advanced Applications”) [4], exploit-
ing Generative Programming. Finally both de-
velopments shall be integrated into SatTL, the
“SAT Template Library”.

To obtain access to the most advanced meth-
ods in library design for C++, collaborations
with leading C++ developers (like Andrew
Lumsdaine, responsible for the Boost Graph Li-
brary, the most advanced generic graph library,
and an excellent source for OKlibrary) have
been initiated.

In development is the library OpenSAT
by Joao Marques-Silva (Lisbon) and Daniel
LeBerre (Lens). This library will em-
ploy traditional object-oriented techniques (in
Java), while its algorithmic focus is more on
backtracking-techniques. The applicant is in
contact with this group, and will try to incor-
porate the most interesting forms of “intelligent

backtracking” into his library.
I started discussions with Simon Hands

from the Physics Department of the Univer-
sity of Wales Swansea and with Rémi Monas-
son (Paris) on the connection of SAT and Sta-
tistical Physics, which provided important help
with the 119 pages report [14], which is the ba-
sis for the planning on OKdatabase as well as
the theoretical basis for the adaptive heuristics.

To guide the use of the abstract framework
of systems with partial instantiation for gener-
alisations beyond SAT, the author seeks con-
tact with the strong research in the UK on
algorithms and implementations for the Con-
straint Satisfaction Problem. Special emphasise
is to be devoted on the exploitation of symme-
tries (Fox and Long, Durham; Gent and Linton,
St Andrews; Walsh, York). The two algorith-
mic frameworks investigated in the proposed re-
search, RAGUP and TOA, provide methods for
exploitation of special structure in problem in-
stances, which are in a sense orthogonal to the
exploitation of symmetries. Now for many prac-
tical applications exploitation of symmetry is
very desirable, so integration of RAGUP, TOA
and symmetries is of importance. Due to its
abstract nature, the framework of systems with
partial instantiation provides a suitable envi-
ronment for such integrations.

2.7 Relevance to Beneficiaries

The research is of direct relevance to both
academia and industry, investigating theoret-
ical approaches as well as delivering versatile
software.

Developing and implementing the tool set
of autarkies and generalised unit propagation
(with oracles) will demonstrate the usefulness
of these ideas (which have attracted some at-
tention), and will open a wide window of op-
portunities for efficient SAT solving.
OKdatabase, publicly available, will be a

unique source for data on random formulas
for researchers in statistical physics, probabil-
ity theory and computer science. The developed
models will provide stimuli for both theory and
practice.
OKlibrary, available as Open Source, will en-

able researchers and practitioners (in academia
and industry) to implement a vast variety of
SAT solvers, and to exploit advanced tools
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not provided elsewhere. Investigations into
Generative Programming (especially the use of
templates in C++, and the integration with
OOP) will be of interest for developers of high-
performance libraries.

The integration of the software into
OKplatform will enable access to the soft-
ware for non-technical users, and will also be
useful for teaching purposes.

Altogether, the research will help to widen
the scope of research in the UK with respect to
algorithms as recommended on page 18 of [27].
Furthermore, it will be the basis for a research
platform (for generalised SAT problems) as dis-
cussed on page 10: the research will be “cat-
alytic and integrative for a research community,
leveraging an investment so that all can profit
and so that technology transfer is facilitated.”

2.8 Dissemination and Exploitation

Results will be disseminated through the usual
academic channels of (high profile) journal pub-
lication, and through conference and workshop
presentation in the fields of algorithms, exper-
imental systems, complexity theory, constraint
satisfaction problems and SAT, theory of phase
transitions (in Statistical Physics and computa-
tional complexity), as well as in the field of Gen-
erative Programming and software engineering
in general.

Software will be made available as Open
Source, and efforts will be taken to provide suffi-
cient documentation. The database will be ac-
cessible via the Internet, and will possibly be
distributed over several sites.

2.9 Justification of Resources

One post doctoral research assistant (RA) for
the duration of 24 months is required. Together
with the applicant, the design and implemen-
tation of the OKlibrary, the OKdatabase, the
needed support software, and the overall plat-
form OKplatform will be developed. As made
clear above, there are many research-oriented
problems associated with the design of this soft-
ware, so the RA will need to have a solid re-
search and programming competence. Further-
more, depending on the interests of the RA, we
can collaborate on the development of new algo-
rithms for autarkies and generalised Unit prop-
agation, and/or on developing models of Statis-

tical Physics for satisfiability and the behaviour
of SAT solvers.

The RA will require a powerful (Linux) work-
station with large memory (especially needed
for “learning” algorithms) and at least dual pro-
cessors. The team will need a powerful laptop
to pursue the development of the software in
international collaboration, for conference de-
mos and for cross-platform development. For
the OKdatabase a (Linux) data server with fast
large hard disks is needed. Exact purchase will
be decided according to market and needs at
time

The small amount allocated to consumables
covers the necessary incidental expenses for
hardware such as peripherals during the life-
time of the project, as well as hardware main-
tenance; software costs are not expected, since
the project will use Open Source software.

Finally, I seek travel funds for the RA and
myself for conferences, workshops and local
trips, in order to present the results of the re-
search and to establish and enhance collabora-
tion:

• the annual SAT conference;

• major AI conferences (ECAI, AAAI, IJ-
CAI);

• major CS conferences (CSL, LICS, CC);

• the Logic Colloquium;

• conferences for experimental systems, Gen-
erative programming and C++ (the yearly
ACCU conference; GPCE, and work-
shops);

• local trips within the UK to visit other
groups working on CSP and SAT.
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[4] Hans Kleine Büning and Theodor Lettmann.

Perspektiven für die Logikprogram-

mierung. In G. Rahmstorf, editor, Pro-

ceedings Workshop Wissensrepräsentation

in Expertensystemen, volume 172 of In-

formatik Fachberichte. Springer-Verlag,

1987. Presentation of the library ILFA;

the present version can be downloaded

from http://www.uni-paderborn.de/cs/

ag-klbue/staff/lettmann/research.html

under the name LogicAL (Logic Algorithms

Library).

[5] Krzysztof Czarnecki and Ulrich W. Eisenecker.

Generative Programming. Addison Wesley,

2000.

[6] Erich Gamma, Richard Helm, Ralph Johnson,

and John Vlissides. Design Patterns: Ele-

ments of Reusable Object-Oriented Software.

Addison-Wesley, 1994.

[7] Enrico Giunchiglia, Massimo Narizzano, Ar-

mando Tacchella, and Moshe Y. Vardi. To-

wards an efficient library for SAT: a manifesto.

In Electronic Notes in Discrete Mathematics

(ENDM), Volume 9, 2001.

[8] O. Kullmann. Heuristics for SAT algorithms:

Searching for some foundations. Manuscript,

1999. 23 pages, previous version in SAT’98.

[9] O. Kullmann. Investigating a general hierar-

chy of polynomially decidable classes of CNF’s

based on short tree-like resolution proofs.

Technical Report TR99-041, ECCC, 1999.

[10] O. Kullmann. An application of matroid the-

ory to the SAT problem. In CoCo2000, pages

116–124, 2000.

[11] O. Kullmann. Investigations on autark assign-

ments. DAM, 107:99–137, 2000.

[12] O. Kullmann. On the use of autarkies for sat-

isfiability decision. In LICS Workshop SAT

2001, volume 9 of ENDM, June 2001.

[13] O. Kullmann. First report on an adap-

tive density based branching rule for DLL-

like SAT solvers, using a database for mixed

random conjunctive normal forms created us-

ing the advanced encryption standard (AES).

Technical Report CSR 19-2002, UW Swansea,

Comp. Sc. Report Series, March 2002. Ex-

tended version of [18].

[14] O. Kullmann. Investigating the behaviour

of a SAT solver on random formulas. Tech-

nical Report CSR 23-2002, UW Swansea,

Comp. Sc. Report Series, October 2002. 119

pages.

[15] O. Kullmann. The random formula generator

OKgenerator. Available at http://cs-svr1.

swan.ac.uk/~csoliver/OKgenerator.html,

February 2002.

[16] O. Kullmann. The SAT solver OKsolver.

Available at http://cs-svr1.swan.ac.uk/

~csoliver/OKsolver.html, March 2002.

[17] O. Kullmann. Studying and exploiting the be-

haviour of a SAT solver on random formulas.

Submitted; journal version of [14], September

2002.

[18] O. Kullmann. Towards an adaptive density

based branching rule for SAT solvers, using a

database for mixed random conjunctive nor-

mal forms built upon the advanced encryption

standard (AES). In 5th Int. Symp. on The-

ory and Applications of Satisfiability Testing,

2002.

[19] O. Kullmann. An XML standard for

SAT. Available at http://cs-svr1.swan.ac.

uk/~csoliver/OKxml2002.html, August 2002.

[20] O. Kullmann. Autarkies — a tool kit for gen-

eralised satisfiability decision. Journal version

of [12]; invited issue for Annals of Mathematics

and Artificial Intelligence, submitted, January

2003.

[21] O. Kullmann. Lean clause-sets: Generaliza-

tions of minimally unsatisfiable clause-sets.

DAM, 2003. To appear.

[22] O. Kullmann. Upper and lower bounds on the

complexity of generalized resolution and con-

straint satisfaction problems. Annals of Math-

ematics and Artificial Intelligence, 2003. To

appear.

[23] Zhi Lin. Efficient unit propagation. Master’s

thesis, UW Swansea, Comp. Sc. Dep., 2003. In

prep., supervisor O. Kullmann.

[24] Kevin Lippiat. Visualising the behaviour

of solvers for the propositional satisfiabil-

ity problem. Master’s thesis, UW Swansea,

Comp. Sc. Dep., 2003. In prep., supervisor

O. Kullmann.

[25] Ioannis Magkafosis. Modelling the running

time of a SAT solver. Dissertation for the BSc,

UW Swansea, Comp. Sc. Dep., April 2002. Su-

pervisor O. Kullmann.

[26] Daniel Payne. SETI for SAT. Master’s thesis,

UW Swansea, Comp. Sc. Dep., 2003. In prep.,

supervisor O. Kullmann.

[27] Fred B. Schneider and Mike Rodd, editors. In-

ternational Review of UK research in Com-

puter Science, June 2001. EPSRC IEE BCS.

[28] Laurent Simon, Daniel Le Berre, and Ed-

ward A. Hirsch. The SAT2002 competition.

Available at http://www.satlive.org/hits.

jsp?id=253, August 2002.

[29] David Todd. SATViz: A visualisation sys-

tem. Dissertation for the BSc, UW Swansea,

Comp. Sc. Dep., May 2002. Supervisor

O. Kullmann.

http://www.uni-paderborn.de/cs/ag-klbue/staff/lettmann/research.html�
http://www.uni-paderborn.de/cs/ag-klbue/staff/lettmann/research.html�
http://cs-svr1.swan.ac.uk/~csoliver/OKgenerator.html�
http://cs-svr1.swan.ac.uk/~csoliver/OKgenerator.html�
http://cs-svr1.swan.ac.uk/~csoliver/OKsolver.html�
http://cs-svr1.swan.ac.uk/~csoliver/OKsolver.html�
http://cs-svr1.swan.ac.uk/~csoliver/OKxml2002.html�
http://cs-svr1.swan.ac.uk/~csoliver/OKxml2002.html�
http://www.satlive.org/hits.jsp?id=253�
http://www.satlive.org/hits.jsp?id=253�

