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Course Info.

• Course Website: joosm.github.io/RIP2014

- Lecture slides

- Project examples

• Email me(sungmoon.joo@cc.gatech.edu) 

- Introduce yourself

- Project ideas

• Git
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What is Planning?

Planning:

“devising a plan of action to achieve one’s goal” (Russel & Norvig)

Given:

States

Actions

Initial State and Goal State

Constraints

Task 1: Find a sequence of actions that take you from Init. to Goal

Task 2: Find actions that take you from any state to Goal

Task 3: Decide the best action to take now in order to improve your

odds of reaching Goal

Task 4: Find a continuous path (in state space) that takes you 

from Init. to Goal

…
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First Representation: Predicate Logic

Unless, some how, we can describe the world, we cannot devise a plan.

Statement  Predicate

(Unary) Predicate: P(x)

Introduce a (functional) symbol(P) for the predicate, and put 

the subject(x) as an argument to the functional symbol.

N-ary predicate is defined similarly

Examples:

• x is happy  Happy(x): Unary predicate

• The suitcase contains a bomb  Contains(Suitcase, Bomb): Binary predicate

• X is less than Y  LessThan(x,y):Binary predicate

• P(x1,x2,…,xn): n-ary predicate

*Proposition can be considered as a 0-nary predicate.

*Predicate Logic ~ First Order Logic(FOL)
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First Representation: Predicate Logic

S. Joo (sungmoon.joo@cc.gatech.edu)
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Truth Table

S. Joo (sungmoon.joo@cc.gatech.edu)
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Situation Calculus*

S. Joo (sungmoon.joo@cc.gatech.edu)

To represent and reason about dynamical worlds

*Modern version is different from the original for clarity. Calculus = study about ‘change’. 

To represent ‘change’, ‘state (implicitly time)’ is introduced.

Aspects of the world that change
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Situation Calculus

S. Joo (sungmoon.joo@cc.gatech.edu)

: Specify the outcome of an action

•  Effect axioms describe how a world changes by an action
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Situation Calculus: Frame Problem*

*First recognized by McCarthy & Hayes (1969)

Specifying only which 
conditions are changed by 
the actions do not allow, in 
logic, to conclude that all 
other conditions are not 
changed.
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Frame Axioms

Explicitly specify that all conditions not affected by actions are not changed while 
executing that action
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• (Representational) Frame Problem

Significant because the real world has very many fluents

Size of axioms: O(mn)

• Inferential Frame Problem

Problem of projecting forward the results of a t step of actions in time O(nt)

• Ramification Problem

Deals with the indirect consequences of an action

The frame problem in the context of actions with indirect effects
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Frame Problem
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STRIPS (Fikes & Nilson 1971)
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STRIPS: Blocks World
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STRIPS: Blocks World
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STRIPS: Blocks World
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Planning as Search



9

8/26/2014S. Joo (sungmoon.joo@cc.gatech.edu) 17

Linear Planning: How STRIPS Works
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Based on General Problem Solver (GPS)

means-ends analysis
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Means – Ends Analysis

• Means-Ends Analysis

- Search only relevant aspect of problem

- What means (operators) are available to achieve 

the desired ends(goal)

- Find difference between goal and current state

- Find operator to reduce the difference

- Perform means-ends analysis on new subgoals
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STRIPS Solves Blocks World
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STRIPS Solves Blocks World
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STRIPS Solves Blocks World
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STRIPS Solves Blocks World

Clear(Table)
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STRIPS Solves Blocks World
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STRIPS Solves Blocks World
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STRIPS Solves Blocks World
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STRIPS Solves Blocks World

Move(A,C,Table)

C

A

B B

C

A

B

A

C C AB

Move(B,A,Table) Move(C,Table,B)

Init Goal
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Did STRIPS Solve Our Problems?
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Back to Basics
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How would STRIPS solve this?
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Blocks World II
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Blocks World II
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Blocks World II
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Blocks World II
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Sussman Anomaly
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Sussman Anomaly (Order Change)

*Called ‘anomaly’ because it seemed to make sense for a conjunctive goals
to first achieve one goal and then achieve another goal, and then the
complete goal would be achieved.
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Properties of a Planner


