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What is planning as heuristic search?

Based on the ideas of heuristic search

BUT: In planning, the same code must be able to 
process problems from different domains. 
(General Problem Solver)

HSP: simple scheme for computing a heuristic 
from STRIPS encodings

Price for generality: inferior performance

Goal: Combine generality with efficiency



What are we searching on?

State space S
p
 defined by a Strips problem P

Strips: Set of atoms A, set of operators O, initial and 
goal situations

The operators are grounded – all variables are 
replaced by constants.

States s are collections of atoms

Actions a in a state s are operators op such that s 
includes all preconditions of op.



Heuristics (1)

Relax problem by removing the negative effects 
from operators.

Cost of achieving an atom p from the state s:
�

�

Forward chaining procedure:
�

�



Heuristics (2)

Use suitable combination of atom cost estimates 
as heuristic.

Two alternatives:

Additive costs

�

�

Maximum costs



Time for an example

Write (x)
Pre: At(Home), Assigned(x)

Post: Ready(x), -Assigned(x)

PrintOut(x)
Pre: At(CoC), Ready(x)

Post: Printed(x), -Ready(x)

Present(x)
Pre: At(AI), Printed(x)

Post: Presented(x), -Printed(x)

Go(x,y)
Pre: At(x)

Post: At(y), -At(x)

Start: At(Home), 
Assigned(AIPresentation)

End: 
Presented(AIPresentation)



At(CoC)
Assigned(AIPres)

At(AI)
Assigned(AIPres)

At(Home)
Ready(AIPres)

At(CoC)
Ready(AIPres)

At(AI)
Ready(AIPres)

At(CoC)
Printed(AIPres)

At(Home)
Printed(AIPres)

At(AI)
Printed(AIPres)

At(AI)
Presented(AIPres)

At(Home)
Assigned(AIPres)





Forward State Planning (1)

HSP – Hill Climbing Planner

Idea: Select in every step the best child for expansion.

Search is restarted after some unsuccessful moves.

AIPS98 Planning Contest

additive heuristic h
add

„HSP solved more problems than the other planners 
but it often took more time and produced longer 
plans.“

not optimal, search algorithm not complete



Forward State Planning (2)

HSP2 – Best-First Search Planner

replaces hill climbing by best-first search

f(n) = g(n) + W h(n)    with W=5

additive heuristic h
add

Superior in performance to HSP



Heuristic Regression Planning

Problem with HSP and HSP2: Heuristic must be 
computed „ from scratch“  in every new state.

Idea: performing the search backward

HSPr:

Compute the atom costs once from the initial state s
0
.

Use these atom costs to guide a regression search 
from the goal. 

Advantage: Computed costs can be reused for 
further states arising in the backward search.



HSPr: Example revisited

� Atom cost estimates:
g

s
(At(Home)) = 0

g
s
(At(CoC))= 1

g
s
(At(AI))= 1

g
s
(Assigned(AIPres)) = 0

g
s
(Ready(AIPres)) = 1

g
s
(Printed(AIPres)) = 2

g
s
(Presented(AIPres)) = 3

� Example heur istics:
� h(At(AI), Printed(AIPres))

� = g
s
(At(AI)) +  g

s
(Printed(AIPres))

� = 1 + 2 = 3

�

� h(At(AI), Ready(AIPres))

� = g
s
(At(AI)) + g

s
(Ready(AIPres))

� = 1 + 1 = 2



At(CoC)
Assigned(AIPres)

At(AI)
Assigned(AIPres)

At(Home)
Ready(AIPres)

At(CoC)
Ready(AIPres)

At(AI)
Ready(AIPres)

At(CoC)
Printed(AIPres)

At(Home)
Printed(AIPres)

At(AI)
Printed(AIPres)

At(AI)
Presented(AIPres)

At(Home)
Assigned(AIPres)



Mutexes in HSPr

Regression search can lead to unreachable states

Example (from the paper):
�

�

�

Would be nice if it was detected by the heuristic.

mechanism similiar to the idea used in Graphplan



Performance – HSP/HSP2

They compare the performance to the 
Graphplanners STAN and BLACKBOX

Considered domains: Blocks, Logistics, Gripper, 
8-Puzzle, Hanoi and Tire-world

HSP and HSP2 outperform STAN and 
BLACKBOX in most of these domains.

HSP2 is generally faster and creates better plans 
than HSP.



Performance – HSPr

HSPr versus HSP2

HSPr only performs better in some domains, in 
other domains HSP2 is superior.

Explanation:

Sometimes the recomputation of atom costs pays off.

Mutex mechanism can't always prevent the generation 
of spurious states.


