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Planning in Labeled Transition Systems
Planning task

S: finite set of states
s0 ∈ S: initial state
S∗ ⊆ S: goal states
A: finite set of actions
cost : A 7→ R0+: action cost
T ⊆ S × A × S: deterministic transition relation

(s,a, t) ∈ T : a is applicable in s and t is the resulting state

Plan: a sequence of actions consecutively applicable in s0 and leading to s∗ ∈ S∗

Cost-optimal planning: find a plan minimizing summed action cost

Shortest cost-optimal planning: find a cost-optimal plan minimizing its length
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Overview

Present State of Affairs
À Need for shortest cost-optimal planners (e.g. Katz et. al., AAAI 2020)
 Existing work on cost-optimal planning, multi-objective search
 Cost-algebraic heuristic search (Edelkamp et. al., AAAI 2005)
⌢ No implementation for shortest cost-optimal planning

Our Contribution
Instantiation of cost-algebraic approach for shortest cost-optimal planning
Alternative: cost-transformation approach
Formal equivalence between the two in particular settings
Empirical evaluation of these approaches
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Cost-Algebraic Approach (AAAI 2005)
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Cost-Algebraic Approach

Definition

Heuristic for cost-algebraic planning problem: h(s) = ⟨hc ,hd⟩ ∈ R0+ × R0+

Admissibility
h is admissible if for a shortest cost-optimal plan π from s,
we have hc ≤ cost(π) and hd ≤ |π|.

Cost-Algebraic A∗

1 Open list prioritizes by ⟨fc , fd⟩, where fc = gc + hc and fd = gd + hd ,
using the lexicographical order.

2 Reopen if gc < g′
c or if gc = g′

c and gd < g′
d .
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Cost-Algebraic Heuristic

Computation
hc : Any admissible heuristic for Π
hd : Any admissible heuristic for Π transformed to unit costs
Might be lower than necessary
Not clear whether it will pay off. Also possible to use hd = 0.
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Does the Distance Estimation Effort Pay Off?
Coverage LMcut M&S CEGAR hmax iPDB
data-network18 (20)
elevators08 (30)
elevators11 (20)
floortile11 (20)
floortile14 (20)
openstacks08 (30)
openstacks11 (20)
openstacks14 (20)
organic-s-sp18 (20)
pegsol08 (30)
pegsol11 (20)
petri-net-align18 (20)
scanalyzer-08 (30)
scanalyzer11 (20)
sokoban08 (30)
sokoban11 (20)
spider18 (20)
tetris14 (17)
transport11 (20)
transport14 (20)
woodworking08 (30)
woodworking11 (20)

green = informed distance
estimate performs better
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Zoom into LMcut: Expansions

100 102 104 106

100

102

104

106

u
n
s.

uns.

ca0-LMcut (lower for 10 tasks)

ca
-L
M
cu
t
(l
ow

er
fo
r
26
8
ta
sk
s)

expansions

8 / 16



Introduction Cost-Algebraic Approach Cost Transformation Approach Search Order Equivalence Summary

Zoom into LMcut: Time
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Cost Transformation Approach

Theorem
We can transform the action costs of task Π so that
cost-optimal plans of the resulting task are shortest cost-optimal plans of Π.

Idea
Increase the cost of every action by a small ϵ.
(cf. Richter & Westphal JAIR 2010, Corrêa et. al., IJCAI 2018)

Choose ϵ small enough so that for any relevant action sequences π and π′,
if cost(π) < cost(π′), then cost ′(π) < cost ′(π′).
Large enough M: equivalent integer cost function costM(a) = M · cost(a) + 1.
Cost transformed task denoted by ΠM .
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Cost Transformation Heuristics

Heuristic on cost transformed task (may slow down heuristic computation)
Heuristic on original task, scaled

Theorem
If h is an admissible estimate for state s in Π then Mh is admissible for s in ΠM .
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Heuristic: To Transform, or Not to Transform

Coverage blind LMcut M&S CEGAR hmax iPDB

data-network18 (20)
elevators08 (30)
elevators11 (20)
floortile11 (20)
openstacks08 (30)
openstacks11 (20)
openstacks14 (20)
organic-s-sp18 (20)
pegsol08 (30)
pegsol11 (20)
petri-net-align18 (20)
scanalyzer-08 (30)
scanalyzer11 (20)
sokoban08 (30)
spider18 (20)
woodworking08 (30)
woodworking11 (20)

green = scaled heuristic computed on original task performs better
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Zoom into LMcut
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Equivalent Configurations

Theorem
With large enough M, two approaches will expand nodes in the same order on
tasks with integer costs:

wct: standard A∗ on ΠM with heuristic Mhc ,
ca0: cost-algebraic A∗ on Π with heuristics hc and hd = 0.

LMcut M&S CEGAR hmax iPDB
Coverage ca0 wct ca0 wct ca0 wct ca0 wct ca0 wct
Sum (587) 320 319 301 302 293 294 313 317 316 316
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Equivalent Configurations: LMcut
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Summary and Future Work

Consider new interesting and useful computational problem
Implement planner based on cost-algebraic A∗

Propose (and implement) transformation based approaches
Theoretical and practical comparison

Efficient cost-algebraic heuristic computation
What’s the right M?
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