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Constructive processes (i.e., derivations which gradu-
ally build up a model of the world) play an important
role in the area of knowledge representation. We study
such processes in an algebraic way, which proves to be
a convenient way of deriving general theorems about
different knowledge representation languages. More-
ove, we also investigate the relation between construc-
tive processes and causality. We observe that causal
statements are essentially dynamic statements, which
makes it natural to formalize their meaning in terms
of constructive processes. Based on this observation,
we develop the formal language of CP-logic as a new
way of representing causal probabilistic knowledge.
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1. Introduction

The focus of this dissertation is on constructive
processes in knowledge representation. In the area
of non-monotonic reasoning, we find many logics
whose semantics can be defined in terms of fixpoint
constructs that simulate, e.g., human thought pro-
cesses or actual physical processes.

2. Algebraic study of constructive processes

Many salient properties of constructive pro-
cesses can be elegantly described in the frame-
work of approximation theory [1]. This is an al-
gebraic fixpoint theory, which naturally captures
certain families of semantics for knowledge rep-
resentation languages such as logic programming,
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default logic, and autoepistemic logic. The alge-
braic nature of this theory allows general results to
be proven in a clean, compact, and elegant man-
ner, without getting bogged down in syntactical
details. Moreover, by proving a single theorem in
approximation theory, one immediately obtains re-
sults for a number of different logics and, typically,
also for an entire family of semantics for these log-
ics. As such, the tedious task of reproving essen-
tially the same property in slightly different cir-
cumstances can be avoided. In the first part of this
dissertation, we study two important knowledge
representation properties in approximation theory.

The first is that of modularity [3], i.e., we ad-
dress the question of how to split a theory in such
a way that the set of its components is, in some
sense, equivalent to the theory as a whole. Such
results are important for a variety of theoretical
and practical purposes. For instance, they can be
used to speed up computational tasks, to reduce
the problem of analyzing a theory to the easier
problem of analyzing its parts, or to show that up-
dates of an existing knowledge base do not affect
some already established property. We study this
topic at the abstract, algebraic level of lattice op-
erators in approximation theory and examine con-
ditions under which it is possible to split such an
operator into a number of smaller operators, while
preserving certain of its fixpoints. We apply this
result to logic programming, default logic, and au-
toepistemic logic, showing that, in each of these
cases, our results extend existing theorems.

The second topic is that of predicate introduc-
tion [4], i.e., the common transformation of intro-
ducing a new symbol to abbreviate some complex
formula. One might do this, for instance, to make
a theory more readable and compact by singling
out a subformula that appears in a number of dif-
ferent locations, or to transform it into some use-
ful normal form. Once again, we study this topic
at the level of approximation theory, by examining
conditions under which it is possible to extend a
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lattice operator to a larger lattice, in such a way
that certain of its fixpoints are preserved. We then
show how this result applies to autoepistemic logic
and to logic programming, where it significantly
generalizes existing results, by also allowing the
new symbols to be defined recursively.

In both of these cases, approximation theory
makes it possible to define natural algebraic coun-
terparts to the relevant logical concepts, which
then allows concrete results for different languages
and different semantics to be derived in a uniform
way. The emerging picture is one of approxima-
tion theory as a general, abstract framework for
the study of knowledge representation properties
of logics with a fixpoint semantics.

3. A causal probabilistic logic

The second part of this dissertation concerns
the role of causality in probabilistic modelling.
Here, too, constructive processes are important.
Let us consider, for instance, the statement “smok-
ing causes cancer.” Intuitively, this means that the
act of having a cigarette will initiate some sequence
of events within the human body and that this
process might eventually lead to the development
of cancer. One of our central observations is that
whenever we make such a causal statement, we are,
at least implicitly, doing so in the context of the
dynamic evolution of a domain. This motivates us
to view such statements as describing the causes
and effects of an event, of something that happens.
We also consider events that are non-deterministic,
which allows us to represent knowledge such as:
“Smoking might cause cancer and the probability
of this is 0.2.” We then develop the knowledge rep-
resentation language of CP-logic, in which a do-
main can be modeled by a set of such statements.

Our analysis of the intuitive meaning of these
statements leads in a natural way to a formal se-
mantics that is based on probabilistic processes.
One of our key technical results is that, even
though a single theory may generate any one of
a number of different possible probabilistic pro-
cesses, all of these will induce precisely the same
probability distribution over their final states. Our
study of causality in this explicitly dynamic con-
text offers more insight into Pearl’s work [2]. We
identify the CP-event as a more basic unit of
causal information than the parents-child relation

of causal Bayesian networks. This yields a more
flexible and fine-grained representation of causal
events, which allows more straightforward and
elaboration tolerant models of causal knowledge.

We also compare these causal probabilistic pro-
cesses to processes used to define various fixpoint
semantics for logic programs. To this end, we de-
fine a probabilistic extension of logic programs,
called logic programs with annotated disjunctions,
and prove that it is essentially equivalent to CP-
logic. This result makes explicit the connection
between causal reasoning and logic programming
that has long been implicitly present in this field
and shows that, under certain semantics, a rule of
a normal or disjunctive logic program can be in-
terpreted as a description of a causal event. More-
over, it also clarifies the position of our logic among
related work on probabilistic logic programming.

4. Conclusion

In summary, the main contributions of this dis-
sertation are as follows. First, we have shown that
the methodology of studying constructive pro-
cesses in the algebraic framework of approxima-
tion theory offers a viable way of deriving inter-
esting properties of different logics in a general
and uniform way. Second, we have also shown
that constructive processes are important for a
correct understanding of a certain kind of causal
statements, because they offer a natural way of
formalizing their inherent dynamic aspect. This
dissertation is available at the following url:

http://hdl.handle.net/1979/849
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