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1 Introduction

Givenanactiontheory
���������

, weareofteninterestin thefollowing questions/problems:

	 Projection: Whatwill betrue/falseafter theexecutionof thesequenceof action 
�� �
���
��� 
��
from theinitial state?Or, whetherthefluentformula � will betrueaftertheexecutionof the
sequenceof action 
�� ���
�
��� 
�� ? In otherwords,we areinterestedin answeringthequestion
whether ������������ � after 
�� �
���
��� 
�� (1)

for a given fluent formula � . Sincethe truth valueof a fluent formula canbe determined
from thetruthvalueof fluentliteral, thequestioncanbeansweredby determiningwhether

��������������
after 
�� �
�
�
��� 
�� (2)

for eachfluentliteral
�
. For this reason,wewill only talk aboutqueriesof theform (2).

	 Planning: Which sequenceof actionswill changesthe world from the initial stateinto a
statethat satisfiesa given fluent formula (a formula over the setof fluents) � ? Or, find a
sequenceof action 
�� �
�
����� 
�� suchthat � will betrueaftertheexecutionof thesequenceof
action 
�� �
�
����� 
�� from theinitial state.In thisnote,wewill only considerthecase� is fluent
literal. A planningproblemis givenby a triple � ������� �! where

���"�����
is anactiontheory

and � is a fluentformula. Similar to theprojectionproblem,we will concentrateon finding
aplanin which � is a fluentliteral only.

	 Wehaveseenthatprojectioncanbeansweredusinganswersetprogramming.Thestepsfor this
taskare:

	 Representingtheactiontheory
���������

by acorrespondingprogram# ��������� ,
	 Adding theactionoccurrencesto # ��������� . That is, we add $&%(')' � 
�� �+*��,�
�
�
�)� %&'�' � 
�� ��-/.102�,3

to # ���"����� . Let # betheobtainedprogram.

	 Computingthestablemodelsof # . If afluentliteral
�

is truein everystablemodelof # then
wecanconcludethat ������������4�

after 
�� ���
�
��� 
�� �
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	 We want to seeif we cansolve theplanningproblemusinglogic programming.By a planning
problemwe meana triple � �����5��6  where

���������
is an action theoryand

6
is a fluent formula

(or goal), representingthe goal state. Solving a planningproblemusinglogic programis often
referredasanswersetplanning.

2 Answer Set Planning

Answersetplanning[?, ?] refersto answersetprogrammingin planning.A planningproblemis
specifiedby a triple � ������� �! where

���������
is anactiontheoryand � is a fluentformula(or goal),

representingthegoalstate.A sequenceof actions
�� �
�
�
��� 
�� is aplan for � if

������������ � after 
�� �
���
��� 
�� �
Given a planningproblem � �����5� �7 , answersetplanningsolves it by translatingit into a logic
program8 ���"����� � � thathastwo components:

	 onedescribestheactiontheory
���������

, this meansthatonethatcancomputetheentailment
relationof

���������
.

	 the othercomponentdescribesthe goal andgeneratesactionoccurrences,i.e., we needto
make surethat the goal is satisfiedin the final stateandwe alsoneedto generateaction
occurrences.

Sincewealreadyhaveaprogramthatcanbeusedto computetheentailmentrelation
� �

of
���������

,
namely # ��������� , we will continueto useit. Thefirst item is solved. Now, we needto make sure
that the goalmustbesatisfiedin thefinal state,i.e., in the time moment

-
, if we want to have a

planof length
-
. Let assumethat � is afluentliteral

�
. Thiscanbeachievedby addingtherule

9 - %;:=<�%&>@?BA ���5��-C�)� (3)

to # ��������� . This rule saysthat if a setof literals D doesnot contain <�%&>@?BA ���5��-C� then D violates
theconstraint(3), i.e., D cannotbethestablemodelof theprogram.Thinkhowwecanhandlethe
casewhen � is a general formula,say � �E�F�HGI-KJ�LC�ML����CN < .

Generating Action Occurrences. To createaplanusing # ��������� , weneedto generatetheaction
occurrences.Thismeansthatweneedto haverulesthatwill make %(')' �@OP��QR� where

O
is anaction

and
Q

is a time momentbecometrue/false. The methodof adding %(')' �@OP��QR� as fact into the
programusedin the projectiontask is no longergoodsincewe do not know in advancewhich
actionoccurs/when.To solve this,wewill addtherule

0 $&%&'�' ��OS��QR�UT 
V',:XWF% -7��OY�+3V0 9 :XWFZ JV�MQR�)��Q\[ > J
-]L :^< � (4)

to # ���"����� . This rule statesthatat any momentof time, oneandonly oneactionmustoccur. We
addthecondition

Q4[ > J
-]L :^< to not allow actionsto occurat thetime > J
-]L :^< .
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3 Example

RecalltheYaleshootingproblem?

initially _=>�%&
V? J ?
initially _=? J 
V?
A;<`%(%2: causes ? J 
V? if >@%(
V? J ?
A;<`%(%2: causes _a>@%&
V? J ? if >@%(
V? J ?
>@%&
B? causes > J 
V? J ?

Wehave thefollowing programfor it:

% Defining the time constants
time(0..length).

% Representing action effects

holds(dead, T+1):- time(T),
occ(shoot, T),
holds(loaded, T).

holds(neg(loaded), T+1):-
time(T), occ(shoot, T).

holds(loaded, T+1) :- time(T), occ(load, T).

% The initial state
holds(neg(loaded), 0).
holds(neg(dead), 0).

% Defining fluents
fluent(loaded).
fluent(dead).

% Defining actions
action(load).
action(shoot).

% Defining fluent literals
literal(F):- fluent(F).
literal(neg(F)):- fluent(F).

% Contrary literals
contrary(F, neg(F)):- fluent(F).
contrary(neg(F), F):- fluent(F).
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% The inertial rule
holds(F, T+1) :- literal(F), time(T),

holds(F, T), contrary(G, F),
not holds(G, T+1).

hide.
show holds(_,_).

If wewantto haveaplanthatachieved ? J 
V? , weneedto addthefollowingrulesto thisprogram:

:- not holds(dead, length).

1{occ(A,T) : action(A)} 1 :- time(T), T < length.

Whatshouldweaddto theprogramif wewantto haveaplanthatachieved ? J 
V? G >@%&
B? J ? ?
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