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Action Theories: Introduction

A Action theories are logical languages devised to expresdythamicsof the
world

A ¢ KSeé IHormallytehéracterizing the relationship between the
knowledge the perceptionand theactionof autonomous agents

(Levesque, Reiter [17])

Artificial Intelligence

A Action theories model (explicitly or
implicitly) the general notions of

Knowledge Representation and
Reasoning

time, changeand causality

Cognitive Robotics, Reasoning
about Change and Causality

A During the 1990's the attention in
action theories revolved around

cognitive robotics
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Action Theoriest Introduction

A Action Theories are formal tools that aim to automate the process of
commonsense reasonimg dynamicallychanging worlds, in order to

A predict the outcome of a given action sequence
A explain observations
A find a situation in which certain goal conditions are met.

A Actiontheories have much in common with general purptsgcs
A In the general case theyre based orpredicatecalculus

A State transition and plan generation is donelbgicaldeduction rather
than by statespace or plarspace search
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Action Theoriest
Commonsense phenomena

A Related issues

Representation

Effects of Events and Causal relations

Indirect Effects of Events (Ramificationproblem)
Contextdependent Effects

Non-deterministic Effects

Concurrent Events

Preconditions

Inertia (Frameproblem)
Actions with duration

Physical and Triggered events

Delayed Effects and Continuous Change
Default Reasoning (Qualificationproblem)
X
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Fundamental Issues
The Frame Problem

A Example (definitions of sorts are missing):
Happeng§?e, 2t) Dinitiateg?e, 2f, 2) Y HoldsA{, 2+1)
Initiate TurnO1?x), O(?X), 1)

x HoldsA{On(Light1),0)
x HoldsA{ON(Light2),0)
HappengTurnOriLight?),0)

A Ok aboutLight2 but what can we say abouight1??
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Fundamental Issues
The Frame Problem

A Theframe problenrefers to the task of
A expressing the effects of a world changing action

A without having to explicitly specify all the aspects that are not affected
by this action.

A Different solutions have been proposed

A A popular one is thexiomatizationof the commonsenskaw of Inertia
A d&hings tend to persist unless affected by some eant
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Fundamental Issues
Ramification Problem

A An action can cause a series of direct effects, but can also have dramatic
sideeffects

A The problem of representing and reasoning about the indirect effects of
events is known as themification problem

A A multitude of solutions have been proposed, but still this is an open and

very challenging issue.
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Fundamental Issues
Qualification Problem

A Whenever we intend to execute some plan we know that mtiinmygs may
go wrong i.e.,

A in order to drive to the university the car must have gas,

A its engine must not be broken,

A its tailpipe must not be blocked by a potato or other object,
A the roads must not be blocked

A X X X X

A If welack evidence to the contrargommonsense instructs to proceed
assuming that none of the potential problematic cases holds.

A Itis impossible to list all contingencies! This is thealkedqualification
problem

A dan agent needs not consider unexpected qualifications for an action,
unless there is evidence to justify their existenge
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Fundamental Issues
Challenging research topics

A Incorporating auniform solutiorfor all three problems is a challenging
task

A For instance, while many existing approaches to the frame problem
are monotonic, the qualification problem inherently requires a fion
monotonic solution

A Additionally, ramifications in real world ateo complexdelayed
effects, unknown parameters) and require a combination of different
reasoning types, e.g., temporal reasoning.
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Prominent Calculg
Languages and implementations

A Situation Calculus [1,2,3]
A Firstorder language with some secofader features

A Defines disjoinsortsfor actions fluents, situations (history of actions)

A ldea Reachable states are definable in terms of the actions required to
reach them

A Branchingime structure (all actions are hypothetical)
A Solutions to most problems in the area (not unified solutions)

A Highlevel Robot Programming Languag@siog IndiGologetc

A
A
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Prominent Calculg
Languages and implementations

A

A Event Calculus [4,5]

A Firstorder non-monotoniclanguage, augmented with an explicit
representation ottime

A ldea Representation of causal and narrative information
A Lineartime structure, discrete or continuous time (actual actions)

A Supports the modeling of a wide variety of phenomena for
commonsense reasoning

A SATand ASPhased solvers

A
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Prominent Calculg
Languages and implementations

To o o

Action Language&, C, C+, K [6,7]

A Define independensemanticgo distinguish between a claim that a
formula is true and the stronger claim thidere is a cause for it to be
true

A Concise syntax, parts of natural language

A Developed originally as a meansttanslatethe different action
languages in a common formalism for correctness assessment;
but significantly extended since.

A Close relation wittAnswer Set Programmingfficient ASP solvers,
Causal Calculator (CCALC) etc
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