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BlocksWorld Example

P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

P: HOLDING(B)
    CLEAR(A)
-: CLEAR(A)
    HOLDING(B)
+: ON(B,A)
     CLEAR(B)
     HANDEMPTY

Stack(B,A)

The plan is incomplete

Open preconditions



   PlanSpace Planning                                                                                        Taken from Slides by L. Getoor          ©  J. Fürnkranz3

   TU Darmstadt, SS 2007                                                                                                                                                       Einführung in die Künstliche Intelligenz

P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

P: HOLDING(B)
    CLEAR(A)
-: CLEAR(A)
    HOLDING(B)
+: ON(B,A)
     CLEAR(B)
     HANDEMPTY

Stack(B,A)

P: HOLDING(C)
    CLEAR(B)
-: CLEAR(B)
    HOLDING(C)
+: ON(C,B)
     CLEAR(C)
     HANDEMPTY

Stack(C,B)
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

P: CLEAR(B)

     Causal Link

Conflict

Other possible
causal link
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

P: CLEAR(B)

P: CLEAR(B)
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

A conflict can be eliminated
by constraining the ordering
among the actions or by 
adding new actions
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

P: HANDEMPTY
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

P: HANDEMPTY

P: HANDEMPTY
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

P: HANDEMPTY
    CLEAR(C)
    ON(C,TABLE)

P: HOLDING(C)
    CLEAR(B)

P: HOLDING(B)
    CLEAR(A)

P: HANDEMPTY
    CLEAR(B)
    ON(B,TABLE)

~ Most-constrained-variable
heuristic in CSP
 choose the unachieved
     precondition that can be
     satisfied in the fewest
     number of ways
 ON(C,TABLE)
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

Putdown(C)
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

Putdown(C)

Unstack(C,A)
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

Putdown(C)

Unstack(C,A)

P: HANDEMPTY
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

Putdown(C)

Unstack(C,A)
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

Putdown(C)

Unstack(C,A)

P: HANDEMPTY
    CLEAR(C)
    ON(C,TABLE)

P: HOLDING(C)
    CLEAR(B)

P: HOLDING(B)
    CLEAR(A)

P: HANDEMPTY
    CLEAR(B)
    ON(B,TABLE)

P: HOLDING(C)

P: HANDEMPTY
    CLEAR(C)
    ON(C,A)
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P:
-:
+: ON(A,TABLE)
     ON(B,TABLE)
     ON(C,A)
     CLEAR(B)
     CLEAR(C)
     HANDEMPTY 

P: ON(B,A)
     ON(C,B)
-:
+:

Stack(B,A)

Stack(C,B)

Pickup(C)

Pickup(B)

Putdown(C)

Unstack(C,A)

P: HANDEMPTY
    CLEAR(C)
    ON(C,TABLE)

P: HOLDING(C)
    CLEAR(B)

P: HOLDING(B)
    CLEAR(A)

P: HANDEMPTY
    CLEAR(B)
    ON(B,TABLE)

P: HOLDING(C)

P: HANDEMPTY
    CLEAR(C)
    ON(C,A)

The plan is complete because every 
precondition of every step is added
by some previous step, and no
intermediate step deletes it


