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Partial-Order Planners
● POP – sound and complete partial planner

● UCPOP – extends POP by making it more powerful (conditional effects and 
universal quantifiers)

● What’s the next step?
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UCPOP
● Where do we make choices within the algorithm?

● Do these choices matter?

● Better choices can speed up the algorithm.
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Plan Selection Strategy
● All partial plans must be fully refined at some point.

● Objective is to have a smart way to estimate which 
plans it would be best to refine.
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A* - Greedy Best First Search
● A* gives a good estimate on the “best” 
partial plan to refine.

●f(p) = overall solution cost

●g(p) = cost of current partial plan

●h(p) = estimate of the additional cost of the 
best complete solution that extends partial 
plan p
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Partial Plan Costs
●Cost function g(p):

●S – the number of steps within a partial plan

●CL – the number of causal links within a partial plan

●Heuristic function h(p):

●OC – the number of open conditions (unsatisfied goals and preconditions)

●UC – the number of unsafe conditions (pairs that threaten causal link)



Heuristic Validity
● A* doesn’t guarantee an optimal solution

●If h(p) overestimates the remaining 
solution, then it risks not guaranteeing an 
optimal solution
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Heuristic Validity
●Cost Function Terms:

●S (step) is safe, less steps are generally good

●CL (causal link)

●Does a larger CL indicate a more complex 
plan? Is this bad?

●Large CL = more subgoals achieved by reuse 
of actions



Cargo Problem Example
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At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2,CVG) ∧ At(C1, CVG)

At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2,CVG) ∧ At(C1, CVG)



Cargo Problem Example
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At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2,CVG) ∧ At(C1, CVG)

At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2,CVG) ∧ At(C1, CVG)

At(p1,CVG) ∧ in(C1,p1)
Unload(C1,p1,CVG)

At(C1,CVG)

At(p1,CVG) ∧ in(C1,p1)
Unload(C1,p1,CVG)

At(C1,CVG)



Cargo Problem Example
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At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2,CVG) ∧ At(C1, CVG)

At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2,CVG) ∧ At(C1, CVG)

Fly(P1, CVG)
At(P1,CVG)

Fly(P2,CVG)
At(P2,CVG)

At(P1,CVG) ∧ in(C1,P1)
Unload(C1,P1,CVG)

At(C1,CVG)

At(P2,CVG) ∧ in(C1,P2)
Unload(C1,P2,CVG)

At(C1,CVG)



Heuristic Validity
●Heuristic Function Terms:

●OC – an open condition typically indicates the 
need for another step.

●However, it's possible to utilize existing steps to 
satisfy an open condition.

●UC – does more unsafe conditions imply the 
partial plan shouldn’t be refined?

●The final value of UC should be 0 for a complete
plan.



Final Heuristic
●f(p) = S+OC

●OC, despite shortcomings, is the best option for h(p).

●UC, is too volatile and also overestimates

●Paper suggests UC could still be used, but at an augmented level.

●Alternative f(p) = S+OC+0.1UC



Goal Selection Strategy
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●How do we choose what open condition to prioritize after selecting a partial plan? 

●Least Commitment Flaw Repair (LCFR)

●Least Commitment strategy selects an open condition that generates least number
of refined plans.

●Search Reductions + High Overhead



Goal Selection Strategy
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● Certain refinements to the partial plan can be seen as deterministic

 

● Case 1: Open conditions that cannot be achieved

● "Doomed plans"

● Case 2: Open conditions that can only be achieved in one way

● There's no guesswork, it's our only option so we can view it as "zero commitment"



Cargo Problem Example
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Case 1: No load action Case 2:

At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2,CVG) ∧ At(C1, CVG)

At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2, LEX)
Fly(P2,LEX,CVG)

At(P2,CVG)

At(P2,CVG) ∧ in(C1,P2)
Unload(C1,P2,CVG)

At(C1,CVG)

At(P2,CVG) ∧ At(C1, CVG)

At(P2, LEX)
Fly(P2,LEX,CVG)

At(P2,CVG)

At(P2,CVG) ∧ in(C1,P2)
Unload(C1,P2,CVG)

At(C1,CVG)



Cargo Problem Example
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Case 1: No load action Case 2: C1 moves w/ forklift load

At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2,CVG) ∧ At(C1, CVG)

At(P1, LEX) ∧ At(P2,LEX) ∧ At(C1, LEX)

At(P2, LEX)
Fly(P2,LEX,CVG)

At(P2,CVG)

At(P2,CVG) ∧ in(C1,P2)
Unload(C1,P2,CVG)

At(C1,CVG)

At(P2,CVG) ∧ At(C1, CVG)

At(P2, LEX)
Fly(P2,LEX,CVG)

At(P2,CVG)

At(P2,CVG) ∧ in(C1,P2)
Unload(C1,P2,CVG)

At(C1,CVG)

Unachievable open 
condition

At(C1, LEX) ∧ At(P2, LEX)
Forklift(C1, P2, LEX)

In(C1,P2)



Zero Commitment and LIFO
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● How to choose a goal once the deterministic 
options are gone?

● Paper suggests LIFO because it prioritizes 
one goal at a time.



Algorithm (ZLIFO)
1. A definite threat, utilize LIFO to pick among them.

2. An open condition that cannot be established in any way.

3. An open condition that can be resolved in only one way, with preference towards adding a 
new step rather than establishing through the *start* step.

4. An open condition, utilize LIFO to pick among them.



Experimental Results



Further Work: Domain Parameters
•Paper also discusses precomputing parameter domains.

•Basic idea is to precompute constraints on the search space to prune the search during planning.

•This algorithm can increase the number of zero commitment choices which can cause further 
speedups.
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Questions?
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