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Abstract

Temporal reasoning has always been a major test case foldagavrepresentation for-
malisms. In this paper, we develop an inductive variant efdituation calculus using the
Logic for Non-Monotone Inductive Definitions (NMID). This ian extension of classi-
cal logic that allows for uniform representation of varidaems of definitions, including
monotone inductive definitions and non-monotone forms dfidtive definitions such as
iterated induction and induction over well-founded po$&ls

Here, we demonstrate an application of NMID-logic. The asntwo-fold. First, we
illustrate the role of NMID-logic and non-monotone indwetidefinitions for knowledge
representation by presenting a variant of the situatiooubaé which we calinductive
situation calculus. We show that ramification rules can be naturally modeledutn a
non-monotone iterated inductive definition. Second, wesiliate the use of our recently
developed modularity techniques for NMID-logic in orderttanslate a theory of the
inductive situation calculus into a classical logic theofyReiter’s situation calculus [3].

There are several points of interest in this experiment. fiise one is our obser-
vation that complex non-monotone inductive definitions lly occur in mathematics,
but also in common sense reasoning. In particular, we keelieat the original Reiter-
style situation calculus contains hidden forms of defingiavhich we explicitate in the
inductive situation calculus. The second point is the fhat tifferent forms of induc-
tive definitions, which have a uniform representation in NIMbgic, can be formalised
in classical (first- or second-order) logic as well, but notai uniform way: different
sorts of definitions require different formalisation. As@sequence, our formalisation
is simpler, more uniform and more modular than Reiter-stitleation calculus. The third
point is that NMID-logic is closely connected to logic pragiming. In particular, it for-
mally extends logic programming (LP) and abductive logiogpamming (ALP) under
the well-founded semantics. The strong connection withhdPAl P can be exploited to
build implementations of NMID-logic and of inductive sitien calculus theories. More-
over, NMID-logic has an important advantage as a knowle@geesentation language
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— contrary to logic programming, it does not automaticathpbse the domain closure
assumption (although the domain closure axiom can be esguiébneeded).

To illustrate the above ideas, let us describe a simple imdhimechanical system
of two connected gear wheels. Suppose fluditsT, represent the fact that the first
(respectively, the second) wheel is turning. The externahts that make a wheel start or
stop turning is denoted by actidftarty, Start,, Stops, or Stop,, respectively.

The core of the representation of this example is a simuttas@efinition defining
the fluents and causation predicates. Each of the two fluentdedined by the following

rules: Vavs (Ti(So) — Ir,),
VaVs (T1(do(a,s)) < Cr,(a,s)),
VaVs (T1(do(a,s)) «— Ti(s) A=C-r (a,s))
VaV's (Tz(So) — IT2),
VaVs (Tz(do(a,s)) < Cr,(a,s)),
VaVs (Tz(do(a,s)) «— Ta(s) A—=C-r,(a,s))

In this, T; is the fluent symbollr, representd; in the initial stateC'r, (a, s) represents
that actiona makesT; to become true in stateandC_r, (a, s) represents that actian

makesT’; to become false in state The first rule of this subdefinition simply associates
the fluent in the initial situation with its initial situatiopredicate. The second rule says
that if a fluent is caused to hold in a situation, then it holdhat situation. The third rule
models the inertia law.

The following rules specify direct and indirect effects ofians:

VaVs (Cr,(a,s) — a = Starty), VaVs (Cr,(a, s) < a = Starty),
VaV¥s (C-r, (a,s) < a = Stop1), VaVs (Cor,(a, s) «— a = Stopy),
VaVs (CTI (av S) — OTQ ((LL, S))) Vavs (CTz (a7 S) — CTl ((l, 3))a

Va¥s (C-r, (a, s) «— C-1,(a, s)), Va¥s (C-1,(a, s) «— C-1,(a,s))

Each rule represents a local property of the system, nanmeigdavidual causal effect.
By combining them we obtain a modular description of therergystem. Notice that the
causal dependencies form a positive cycle.

All fluents are defined by simultaneous induction on the wedlered set of situa-
tions. Ramifications describing propagation of effectsaifoms are modeled as mono-
tone inductions at the level of situations. The result isarated inductive definition with
alternating phases of monotone and non-monotone induction
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