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Introduction Generation Validation Experiments Comparison Conclusion

Definition
A STRIPS planning task I is defined as M = (V1 AT /1 G™M) where
VM is a finite set of propositional variables
A is a finite set of actions
I" C VM is the initial state
G C VM is the goal
A subset s C V' is called a state of . The set of all states of I is denoted by S™.
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Inductive Certificates

"cannot be left”

Definition
An inductive certificate for planning task 1 is
given by a set S C S™ of states, such that

"es S @ 0
SNS =0

S is inductive in 1 @
Theorem @

Planning task [T is unsolvable iff there exists an
inductive certificate for 1
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A finite conjunction of clauses is a formula in conjunctive normal form (CNF).
= /\ \/ lit

Widely studied and commonly used in Computer Science

Testing a CNF formula for satisfiability is NP-complete
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Why CNF?

~ STRIPS problem descriptions are very close to propositional logic

> e.g. state s = {v, w} over variables V' = {q, v, w}
described by ps = v Aw A g

> SAT-solver allow certified verification
But: SAT-solving is NP-complete

> However: SAT-solvers are often much more efficient for "real” problems

Thesis investigates feasibility of CNF formalism
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Generate Inductive Certificate Formulas

Formula s should represent the set of reachable states S

In blind search: all reachable states are expanded

Start with g := L

During search: append each expanded state s

ps=wsV(Ava /\-v)

VES V¢S

Ps
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Blind Search

s =(gAvA-w)
V(WA =g A=) ()
V(vAwA~gq) @

V(g A-vA-—w)

s describes the inductive certificate since Vs € S : s = ¢s
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Heuristic Search

Infinite heuristic values may prune the
search space

— We don't expand all reachable states
— Sexp Is Not inductive

How to regain inductivity?

Assume we have an inductive set Rs,
for each dead-end sy

Expanded states lead to expanded
states and dead-ends
— S5 = Sexp U Ry, is inductive
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Validation Formula

Idea: Represent the properties of the inductive certificate in a single formula ¢y,
The planner found a valid inductive certificate iff oy, unsatisfiable

@v = QDinit V Pgoal \ Pinductive Pgoal ‘—¥G A ¥s

v is unsatisfiable iff subformulas are _ /\ VA \/
= Ps

unsatisfiable veG seS

However: ¢y is not in CNF — We cannot use SAT-solver on ¢y
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Experiments
Transform
Circuit CNF
Split up FDBC =25 TransBC — VerBC
Task & s bcZenf
FDSP =279y \feroP
incremental SAT-solver CNF
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direct transformation

Comparison of blind and h™3
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Conclusion

Inductive Certificates capture unsolvability

Splitting the SAT-calls avoids inefficiency of SAT

Tseitin Encoding allows equisatisfiable transformation to CNF
CNF representation of certificates is practically viable

Exponential scaling of SAT

Certifying Unsolvability using CNF Formulas

22



Questions?

fabian.kruse@unibas.ch




Introduction Generation Validation Experiments Comparison Conclusion

Failures

blind hmax
memory time | memory time
FDSP 0 0 5 32
FDBC 0 37 25 34
TransBC 96 1 77 3
FDP 1 53 21 40

Table: Reason for failures during generation in tasks where FD generated a certificate
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Failures

blind hmax
memory time | memory time
VERSP | 144 4 121 7
VERB¢ 4 0 10 0
VERP 50 0 45 0

Table: Reason for failures during verification in tasks where a certificate was generated
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Failures

blind pmax
memory time | memory time
FDP 1 53 21 40
FDBDD 54 0 21 35
VERP 50 0 45 0
VERBDD 0 5 0 17

Table: Reasons for failure in tasks that FD solved

Certifying Unsolvability using CNF Formulas

26



	Introduction
	Generation
	Validation
	Experiments
	Comparison
	Conclusion

