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Representing Actions
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Representing Changep g g

• Sentences of first order logic are either true or false in an 
interpretation and stay that way, eg:
– boy(john), student(john), etc.

• Two kinds of changeg
– Change in our beliefs about the world

• From ``earth is flat’’ to ``earth is round’’
– Belief revision

– Beliefs are about a changing world
• Initially ¬student(john), but later on, student(john)

– Different from default reasoning in which might have initially believed 
¬student(john) and now we believe student(john)(j ) (j )

– Here, we believe in both ¬ student(john) and student(john) but at different points 
in time













Solution to Frame Problem

• Precondition axioms (one per action)
– Normal form  for axioms

• Successor state axioms (one per fluent)
• Unique name axioms for actionsUnique name axioms for actions









Summary of Solution to Frame Problem                              
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Relationship to Description Logicsp p g

• Situation calculus uses first order logic to describe the state of the 
world
– The reasoning tasks are undecidable

• Recent work to combine description logics with situation calculusp g
– DL concepts can be used for describing the state of the world and pre 

and post conditions
– For the ALCQIO description logic, decidability and upper complexity 

bounds can be derived

Integrating Description Logics and Action Formalisms: First Results 
Baader, Lutz, Milicic, Sattler, Wolter
AAAI-2005
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Cell Cycley

In a dividing cell, the mitotic (M) phase g , ( ) p
alternates with interphase, a growth 
period. The first part of interphase (G1) 
is followed by the S phase, when the 
chromosomes duplicate; G2 is the lastchromosomes duplicate; G2 is the last 
part of interphase. In the M phase, 
mitosis distributes the daughter 
chromosomes to daughter nuclei, and 
cytokinesis divides the cytoplasm, 
producing two daughter cells. 

Sample Question:

In some organisms mitosis occurs without cytokinesis 
occurring. This will result inoccurring. This will result in _____________



Sample Representation of Cell Cyclep p y

has-part(cell chromosome s)

number(chromosome, N, s)  number(daughter-chromosome,2*N,
do(duplicate(chromosome,s)))

has-part(cell, chromosome, s)

has-part(cell, chromosome,s) ¬has-part (cell, chromosome
do(duplicate(chromosome,s)))

has-part(cell, chromosome,s) has-part (cell, daughter-chromosome

number(chromosome, N, s)  number(chromosome,0,
do(duplicate(chromosome,s)))

do(duplicate(chromosome,s)))

number(cell, 1, s)  Number (cell,2,
do(cytokinesis(cell,s)))

Projection shows that the in the final state, the cell has twice the number 
of daughter chromosomes!



Family of Action Reasoning Questionsy g

• What happens when one of the steps in the action sequence is 
missing?
– Is the resulting sequence still legal?
– What is the result of projection of such a sequence?

• Suppose, we observe a specific effect as a result of a certain action 
sequence, which part of the sequence might be at fault?
– Do a projection into all possible states and see which one corresponds 

to the observed state?
– Reason abductively from the observation to possible causes



Other Ways of Representing Changey p g g

• In many applications, one simply needs to state a specific time when 
a specific predicate holds true
– Temporal Logic

• Associate a time argument with a predicate
– Green (Frog1, T1)  ie, Frog1 was green at time T1 where T1 is a time point
– SunRise(T1, T2)   ie, Sun Rise happened between time points T1 and T2

• An orthogonal issue is how to provide the extra argument
Time Point (1:00:00 Now Midnight Today)– Time Point  (1:00:00, Now, Midnight Today)

– Time Interval  (2-3, This Week, etc)
– Duration  (1 hour, one day, etc)

B hi ti ( t ibl ld )– Branching time  (past, possible worlds, …)



Summaryy

• Situation calculus as a mechanism to represent change using 
actions, situations and fluents

• Frame problem is to represent complete effects of actions
– Pre-conditions and effects
– Successor State Axioms
– Unique action axioms

• Golog: a programming language to implement situation calculusGo og a p og a g a guage to p e e t s tuat o ca cu us
• Different ways to incorporate situation calculus into logic 

programming and description logics



Readingg

• Chapter 14 of B&L Textbook


