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Motivation

What is Classical Planning?

Given: State and a Goal

Objective: find a plan
(a sequence of operators)

A B C D

ù
A B D

C

Today’s Limitations

Focus on single plan, single preferred/optimal plan

Counting plans, partial enumeration

Understanding plan space fairly unstudied
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Motivation (cont.)

Aim

Bridge the gap between counting and classical planning

More fine grained perspective on plan space

Main Contributions (tldr)

Framework for reasoning and analyzing plan space (more fine grained reasoning)

Taxonomy of counting and reasoning problems for classical planning

Practical tool: Planalyst
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Related Works
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+ Works in Knowledge Representation and Reasoning
(Probabilistic Planning, Sampling, ASP Navigation, SAT/ASP Enumeration,
Model Counters)
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Counting and Reasoning with Plans 2. Related Works & Background

Background

Planning Task

Task Π “ xA,O, I,Gy where
A: finite set of propositional state variables.
O finite set of operators (preconditions and effects)
I: initial state of Π
G: goal condition

State s is a mapping s : AÑ t0, 1u and Goal state if s˚ |ù G.

Plan

Sequence π “ xo0, . . . , on´1y is a of applicable operators

Generates a sequence of states s0, . . . , sn, where s0 “ I, sn is a goal state

Assumption: Poly-bounded plan length
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Background (cont.)

Example 1 (Chaotic Researcher giving AAAI Talk)

s0 s1

s2

s3 s∗

s⊥

wake-up

ge
t-
re
ad
y

go-to-AAAI

go-to-A
A
A
I

give-talk

sl
ee
p

State space. The initial state s0; the goal state s˚.
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Decision Reasoning Modes

Definition

Planning task Π and an length ℓ

Brave operators: used by at least one plan BOℓpΠq :“
Ť

πPPlansℓpΠq

`
pπq

Cautious operators: used in all plans (landmark) COℓpΠq :“
Ş

πPPlansℓpΠq

`
pπq

(c.f., (Zhu and Givan2003))
`
p¨q: pv1, . . . , vnq ù tv1, . . . , vnu

Example 2

BOℓpΠ1q “ twake-up, get-ready, go-to-AAAI, give-talku,

COℓpΠ1q “ twake-up, go-to-AAAI, give-talku.
s0 s1

s2

s3 s∗

s⊥

wake-up
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Faceted Reasoning

Operators that allow for flexibility / uncertainty

Inclusive facets: F`
ℓ pΠq :“ BOℓpΠqz COℓpΠq (enforce on plan)

Excluding facets: F´
ℓ :“ t␣o | o P F`pΠq u (forbid from plan)

Significance of operator o:

SℓpΠ, oq :“
|FℓpΠq| ´ |FℓpΠrosq|

|FℓpΠq|
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Quantitative Reasoning Modes

Probability Reasoning

Conditional probability:
PℓrΠ, os :“

|PlansℓpΠ, oq|

maxp1, |PlansℓpΠq|q

Query Q: states, operators, states and operators in position i
PlansℓpΠ,Qq :“ tπ | π P PlansℓpΠq, π |ù Q u.

Exact Probability Reasoning: asks if PℓrΠ,Qs “ p

brave

0 < p ≤ 1

probability

p ∈ [0, 1]

cautious

p = 1
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Quantitative Reasoning Modes (cont.)

Example 3 (Queries)

s0 s1
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s3 s∗

s⊥
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go-to-A
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Simple Queries:
(i) PℓrΠ1,wake-ups “ 1, (ii) PℓrΠ1, get-readys “ 0.5, (iii) PℓrΠ1, sleeps “ 0.

Complex Queries:
(i) PℓrΠ1,wake-up^ sleeps “ 0, (ii) PℓrΠ1,wake-up_ sleeps “ 1.
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Computational Complexity

Background

#P: counting counter part of NP, i.e., problems solved by counting accepting
paths of a nondeterministic TM (Valiant1979)

DP: (independent) combination of an NP and a coNP problem, i.e.,
DP :“ t L1 X L2 | L1 P NP, L2 P coNP u (Papadimitriou and Yannakakis1982)

PP: decision problems solved by nondeterministic TM, s.t. positive instances are
those where at least 1{2 of the machine’s paths are accepting (Gill1977)

CP
“: decision problems solved by nondeterministic TM where positive instances are

those with the same number of accepting and rejecting paths (Fenner et al.1999)
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Comprehensive Complexity Classification

Name Task Compl.

Poly-Bounded-Plan-Exist π P PlansℓpΠq NP-c
#Poly-Bounded-Plan |Plansℓ| #P-c
Poly-Bounded-Top-k-Exist |Plansℓ| ě k PP-h

Poly-Brave-Plan-Exist Dπ P PlansℓpΠq : o P π NP-c
Poly-Cautious-Plan-Exist @π P PlansℓpΠq : o P π coNP-c

Poly-Probabilistic-Reason PℓrΠ,Qs “ p CP
“-c

FacetReason o P FℓpΠq NP-c
AtLeast-k-Facets |FℓpΠq| ě k NP-c
AtMost-k-Facets |FℓpΠq| ď k coNP-c
Exact-k-Facets |FℓpΠq| “ k DP-c
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Empirical Evaluation

Planalyst: Counting using KC (d4) (Lagniez and Marquis2017)
Competitive: with top-k planners; instance sets: 31
Outperforms: large space (ą10 Mio)

Bound: ˆ1 Bound: ˆ1.5

Domains K
˚

S
y
m
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u
m
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n
t

K
˚

S
y
m
K
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n
u
m

C
o
u
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t

airport (49) 7 7 7 11 7 7 6 11
blocks (35) 28 31 29 33 9 8 7 15
logistics (63) 9 6 4 13 1 1 0 3
miconic (150) 39 35 31 39 14 13 10 24
mystery (19) 16 14 14 15 11 8 7 9
psr-small (50) 46 44 41 48 14 14 8 24
... ... ... ... ... ... ... ... ...

Sum (1094) 351 309 253 335 112 91 61 170
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Summary and Future Works

Conclusion

Orthogonal to previous works in planning

Reason about plan space (queries, facets, significance)

Reasoning tool Planalyst

Future Works

Practical reasoning with facets

Integrate Planalyst into existing pipelines (goal recognition, rewriting)

Explaining decisions, inconsistencies, certifying results
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Summary and Future Works

Conclusion

Orthogonal to previous works in planning

Reason about plan space (queries, facets, significance)

Reasoning tool Planalyst

Future Works

Practical reasoning with facets

Integrate Planalyst into existing pipelines (goal recognition, rewriting)

Explaining decisions, inconsistencies, certifying results

Thanks for listening. Qs?
Research supported by FWF, ÖAW, WWTF, ELLIIT.
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