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ABSTRACT

This chapter introduces planning and knowledge representation in the declarative
action language K. Rooted in the area of Knowledge Representation & Reasoning,
action languages like K allow the formalization of complex planning problems
involving non-determinism and incomplete knowledge in a very flexible manner. By
giving an overview of existing planning languages and comparing these against our
language, we aim on further promoting the applicability and useful ness of high-level
action languages in the area of planning. As opposed to previously existing languages
for modeling actions and change, K adopts a logic programming view where fluents
representing the epistemic state of an agent might be true, false or undefined in each
state. Wewill show that thisview of knowledge states can befruitfully applied to several
well-known planning domains from the literature as well as novel planning domains.
Remarkably, K often allows to model problems more concisely than previous action
languages. All the examples given can be tested in an available implementation, the
DLVX planning system.
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INTRODUCTION

While most existing planning systemsrely on “classical” planning languageslike
STRIPS(Fikes& Nilsson, 1971) and PDDL (Ghallabetal., 1998; Fox & Long, 2003), the
last few years have seen the devel opment of action languageswhich provide expressive
and flexible tools for describing the relation between fluents and actions. Action
languages have received considerable attention in the Knowledge Representation &
Reasoning community and their formal properties (complexity, etc.) have been studied
in depth. Less effort has been spent on how to use the constructs offered by these
languages for problem solving.

In this chapter, we tackle this shortcoming and elaborate on knowledge represen-
tation & reasoning with actionlanguages, whicharesignificantly different fromthestrict
operator-based frameworksof STRIPSand PDDL.

To that end, we present the planning language K (Eiter, Faber, Leone, Pfeifer &
Polleres, 2004) viaitsrealizationintheDL VK planning system (Eiter, Faber, L eone, Pfeifer
& Polleres, 2003a), available at http://www.dbai.tuwien.ac.at/proj/dIv/K/. We discuss
knowledge representation issues and provide both general guidelines for encoding
action domains and detailed examplesfor illustration.

ThelanguageK significantly standsout from other actionlanguagesinthat it offers
proven concepts from logic programming to represent knowledge about the action
domain. Thisincludes the distinction between negation as failure (or default negation)
and strong negation. In K, it is possible to reason about states of knowledge, in which
afluent might betrue, fal se or unknown, and statesof theworld, inwhichafluentiseither
trueor false. Inthisway, wecan deal with uncertainty intheplanningworld at aqualitative
level, inwhich default and plausibility principles might comeinto play when reasoning
about the current or next state of the world, the effects of actions, etcetera. Thisallows
different approachesto planning, including traditional planning (with information and
knowledgetreated in aclassical way) and planning with default assumptions or forget-
ting.

STATES, TRANSITIONS, AND PLANS

Intuitively, a planning problem consists of the following task: given an initial
state, several actions, their preconditions and effects, find a sequence of actions (viz.
aplan) to achieve a state in which a particular goal holds. In the following, we will
describe and discuss these concepts in more detail.

Fluents and States

Fluentsrepresent basic properties of theworld, which can change over time. They
are comparable to first-order predicates or propositional assertions. States are collec-
tions (usually sets) of fluents, each of which is associated with atruth-value.

We distinguish between so called world states and knowledge states: The current
stateof theworld, withrespecttoaset of fluentsF = {f , ..., f }, can bedefined asafunction
s: F — {true, false}, that is, aset of literalswhich contains either f or —f for any fe F .
From an agent’s point of view, states can also be seen as partial functions s, that is,
consistent sets of fluent literals, where for aparticular fluent fe F neither f nor —=f may
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