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Marek Sergot’s technical contributions range over different subjects. He has
developed a series of novel ideas and formal methods bridging different research
domains, such as artificial intelligence, computational logic, philosophical logic,
legal theory, artificial intelligence and law, multi-agent systems and bioinformat-
ics.

By combining his background in logic and computing, with his interest for
the law and his capacity to understand the subtleties of social interactions and
normative reasoning, Marek has been able to open new directions of research,
and has been a reference, an inspiration, and a model for many researchers in
logic, computing and law.

1 Early work in Logic Programming

Marek’s early research focused on logic programming, deductive databases and
legal reasoning. This led to his development of the query-the-user extension
of logic programming [29], in which the user provides information during the
execution of a logic program, if and when the program requires it. With query-
the-user, interaction between the computer and the user is symmetric — each
can ask questions and provide answers to the other.

Marek collaborated with Peter Hammond to augment Prolog with query-the-
user and explanation facilities, developing the expert system shell APES [13],
which was marketed by their small company, Logic Based Systems Ltd. He col-
laborated in many applications of APES, including the implementation of the
British Nationality Act [34] and the Indian central government pension rules [37].
APES was also used to develop GLIMPSE [40], a front-end for the statistics pack-
age GLIM. To address some of the limitations of GLIMPSE, Marek and Kostas
Stathis developed an alternative model of computer interaction viewed in terms
of games [38]. Marek also made important contributions to the theory of logic
programming in his work with Dov Gabbay on negation as inconsistency [11].

Although Marek later turned his attention to many other areas of logic and
computation, he never abandoned his roots in logic programming. In recent
years, he has built upon logic programming in such areas as activity recogni-
tion [3] with Alexander Artikis and argumentation [39] with Francesca Toni.
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2 Temporal Reasoning and Action Languages

In 1986 Marek and Bob Kowalski produced a seminal contribution to Artificial
Intelligence with their proposal of the Event Calculus for temporal reasoning
[21]. This framework, naturally realizable as a logic program, provided an al-
ternative to the Situation Calculus that arguably avoided some aspects of the
frame problem, and allowed a more straightforward representation of dynamic
domain features such as simultaneous and partially ordered events. Over the
years the Event Calculus has become a standard formalism for reasoning about
actions and change, and is often used as the foundational “database layer” for
Artificial Intelligence applications. Its importance is illustrated by the fact that
many researchers from all over the world have worked in clarifying and refining
its basic concepts and continue to this date on its further development.

Marek, in his true pioneering spirit, has since been interested in both practical
and theoretical frameworks for temporal reasoning. With Nihan Kesim they
developed a logic programming framework for modelling temporal objects [20],
motivated by problems of schema evolution and versioning of objects in deductive
databases. More recently, he has looked at the larger question for action theories
of what brings about actions and how this is regulated in a multi-agent system.
For example, together with Rob Craven he has developed an extension of the
action Language C+ [12] called nC+ [33,7,32] that combines action, agency
and normative systems. This work shows how formalisms can be developed that
are applicable in realistic multi-agent systems where the actions to be performed
by the agents are governed by norms such as agent permissions, obligations and
prohibitions, and other normative relations between agents.

3 Artificial Intelligence & Law

We can distinguish two main directions of Marek’s initial contributions to Ar-
tificial Intelligence & Law: on the one hand he has provided a theoretical and
conceptual background for representing laws as logic programs [35], and on the
other hand he has stimulated the use of logic in the development of knowledge-
based systems in the legal domain. In particular, the paper entitled “The British
Nationality Act as a Logic Program” [34] was hugely influential on the develop-
ment of Artificial Intelligence & Law. This paper has defined the paradigm of
a declarative and isomorphic representation of legal knowledge, to be achieved
by modelling legislation as an axiomatic theory (in Prolog), while delegating
inference to the corresponding theorem prover. Moreover it has provided clues
for future research, anticipating various attempts to provide richer logical frame-
works for legal reasoning. In particular, it includes a discussion on the advantages
and limitations of negation as failure, and provides pointers to nonmontonic rea-
soning in the law (later to be addressed in particular through defeasible argu-
mentation), as well as developments such as the coupling of negation by failure
and classical negation in logic programs. The paper also addresses the treatment
of counterfactual conditionals within legal norms, an issue still to be adequately
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addressed within legal logic. Marek, in collaboration with Robert Kowalski and
others, has published a number of further influential contributions on logic pro-
gramming and the law, where theoretical foundations were discussed (see, for
instance, [22] and [5]) and various applications were presented (see, for instance,
[6], [37], [9]). This research had a pervasive impact on Artificial Intelligence &
Law. It laid the foundation for the use of computational logic in the legal do-
main, and provided the inspiration for some successful knowledge-based systems
[10].

Marek’s contributions to Artificial Intelligence & Law are not limited to
the legal applications of logic programming strictly understood. He has indeed
viewed the relationship between law and computing as a two way learning pro-
cess: not only the application of the law can be supported by computerised
tools and lawyers can use (computational) logic for analysing legal contents, but
also computing can learn from the ways in which the law structures normative
knowledge and governs social systems. This view is expressed in a number of
technical contributions that also address fundamental aspects of the law, such
as normative systems [16], normative positions involving a plurality of agents
[36], contrary to duty obligations [28,27], legal-institutional powers (in partic-
ular [1] and [25]). An important domain for Marek’s analysis of powers and
institutions concerns the definition of open norm-governed agent systems, and
the idea that is developed in [2], where the analysis of powers and institutions
is complemented with the causal logic of [31].

4 Deontic Logic & Norm-Governed Systems

Marek Sergot’s work in deontic logic, and in the broader area of the theory of
norm-governed systems, began with his collaboration with Andrew J. I. Jones
in the 1990’s. Their first paper took up issues regarding the potential role of
deontic logic in the representation of legal knowledge [17], which in part led
to their interest in the theory of normative positions, which they developed
in the tradition deriving from the Kanger-Lindahl formal characterisations of
the Hohfeldian rights-relations [18]. (See also [16].) Marek later generalised the
Kanger-Lindahl theory, and developed methods for its automation and practical
application, including implementation in the computer program Norman-G [30].
His collaboration with Jones culminated in their widely-cited paper on the formal
characterisation of institutionalised power [19], which provided the first modal-
logical analysis of ‘counts-as’ conditionals: conditionals of the form ‘A counts as
B in institution X’.

Another issue discussed in [17] concerned so-called ‘contrary-to-duty’ con-
ditionals (CTDs): conditionals that describe those obligations that come into
force when some other, more primary obligation has been violated. It has long
been recognised that CTDs constitute a central challenge for Standard Deontic
Logic. In joint work with Henry Prakken [28,27], Marek attempted to address
the analysis of CTDs, and produced a set of benchmark examples of problematic
scenarios in which CTDs play a prominent part.
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The theme of norm-violation also figured prominently in research Marek
carried out with Alessio Lomuscio (see, in particular, [23,24]). The focus there
was on the development of the formal machinery of deontic interpreted systems,
and its application to the analysis of agents’ behaviour, both when it conforms
to norm, and when it fails to conform — either because of failure to do what
was supposed to be done, or because something was done that is not permitted.
Variations of the bit-transmission problem were used to illustrate the analyses.

In some of his more recent work, in part carried out in collaboration with Rob
Craven, with Alexander Artikis, and with Jeremy Pitt, Marek has focused on
formal-logical theories of action and agency, and on the development of compu-
tational frameworks for norm-governed open agent societies — see, for instance,
the research reported in [33,2,32]. These are issues of central importance to
current work in the field of multi-agent systems.

5 Logical Approaches to Policies and Authorization

Marek Sergot’s work on logic applied to aspects of computer security reflects the
wide-ranging nature of his contributions to other branches of computer science.
His work on security ranges over advanced forms of novel authorisation frame-
works, calculi for specifying policy administration requirements (for delegation
for example) and frameworks that go beyond “traditional” requirements and
approaches (e.g., to consider empowerment, power in institutional contexts, and
its relation to permission). Moreover, his contributions to the computer science
literature (notably the event calculus), more generally, have often resulted in the
exploitation of these ideas in specific computer security contexts.

In early work, Sergot sketches out a rich access control framework that ad-
dresses traditional concerns about the effective representation of core security
concepts like permissions and prohibitions but also highlights the importance of
obligations in practical contexts. Later work with Jones (see, for example, [19])
was to result in a description of a rich framework of access control in which
the powers that agents might exercise (often in an institutional context) was
a key point of focus for security researchers; that institutional powers are dis-
tinct from the notion of permission. For example, a priest may be empowered
to marry a couple but not be permitted to do so. The importance of the notion
of empowerment has a number of important applications in access control. For
instance, in work with Sadighi, Sergot applied the concept of ability to override
in the context of distributed policy administration to generate yet another ac-
cess control model, the privilege calculus. The shortcomings of existing access
control approaches (for novel forms of virtual organisational structure) is also
considered by Sergot and Sadighi in the context of contractual access control
in which the notion of entitlement is used to refer to a strong form of permis-
sion. Some of Marek’s work (e.g., that on the notion of empowerment and that
on the privilege calculus) is more obviously directed towards computer security
than others. However, it is worth noting that his work has had wide-ranging im-
pact beyond the scope for which the work was perhaps originally intended. This
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observation is supported when considering the event calculus in relation to re-
search on computer security. Specifically, various temporal security systems have
been described in the literature: the work by Craven et al. [8] on obligations has
been influenced by the event calculus and a novel form of access control model,
status-based access control [4], has been influenced by the event calculus.

6 Bioinformatics

Marek has made a number of important contributions in the demonstration
and application of computational techniques to biological modelling problems.
In particular, in [26] it was demonstrated that the Abductive Logic Program-
ming provided a powerful framework for interpreting high-throughput data from
biological experiements. The input data consisted of regulation patterns in mi-
croarray data, which were used to generate candidate gene interactions which
explained the observations.

In later work [15] Marek showed that another logic-based Artificial Intelli-
gence reasoning technique, that of argumentation, also provided a powerful tool
for reasoning about alternative interpretations of biological data. In this case,
argumentation was used to represent expert reasoning within the context of 3D-
PSSM analysis of protein structure. Increased accuracy was demonstated and
the technique was made publicly available on a server.

Lastly, Marek contributed to the development of the SEAN system [14], which
predicts single necleotide polymorphisms (SNPs) based on expressed sequence
tags (ESTSs). The algorithm uses SNP abundance and sequence identity to make
its predictions. SEAN provides a Java viewer which supports presentation of the
results.
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