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We address the problem of LTL realizability and synthesis. State of the art techniques rely on so-called bounded synthesis methods,
which reduce the problem to a safety game. Realizability is determined by solving synthesis in a dual game. We provide a unified
view of duality, and introduce novel bounded realizability methods via reductions to reachability games. Further, we introduce
algorithms, based on AI automated planning, to solve these safety and reachability games. This is the the first complete approach
to LTL realizability and synthesis via automated planning. Experiments illustrate that reductions to reachability games are an
alternative to reductions to safety games, and show that planning can be a competitive approach to LTL realizability and synthesis.
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LTL Realizability and Synthesis

Environment Player
Controls X variables

vs.

System Player
Controls Y variables

LTL Synthesis is usually interpreted as a 2-player game be-
tween the Environment and System.
In each turn:
• Environment selects Xk ⊆ X
• Agent selects Yk ⊆ Y
A play is an infinite sequence of turns

w = (X1 ∪ Y1)(X2 ∪ Y2) · · ·
w is winning iff w satisfies a given LTL specification.

Realizability: Does there exist a winning strategy?
Synthesis: Compute a winning strategy

Linear Temporal Logic (LTL)

ϕ := p | ¬ϕ | ϕ1 ∧ ϕ2 | ϕ | ϕ | ϕ1Uϕ2

Atomic propositions p ∈ AP
Logic connectives: ∧,∨,¬
Basic operators:
Next: ϕ
Weak Next: ϕ
Until: ψUχ

Other operators:
Eventually: ϕ ≡ trueUϕ
Always: �ϕ ≡ ¬♦¬ϕ
Release: ψχ ≡ ¬(¬ψU¬χ)

LTL and Infinite Word Automata
Satisfaction of an LTL formula can be checked with automata.
UCW: all runs must be accepting
NBW: some run must be accepting

Bounded Synthesis and Safety Games

• 1959: Circuit Synthesis introduced by Alonzo Church

• 1989: LTL synthesis introduced by Pnueli and Rosner

• . . .

• . . . Big gap where no practical tools existed . . .

• . . .

• 2006: Bounded synthesis introduced by Kupferman &
Vardi

• Practical LTL synthesis tools Acacia, Lily, Unbeast,. . .

• 2016: SYNTCOMP Annual LTL synthesis competition

vs.

Compute Winning strategy
Step 1: Transform LTL formula ϕ into an UCW Aϕ.
Step 2: Find winning strategy to UkCW games over Aϕ for
k = 0, 1, . . .

• Specification is realizable iff some UkCW game is winning

vs.

Compute Unrealizability Certificate
Step 1: Transform ¬ϕ into an UCW A¬ϕ.
Step 2: Find winning strategy to UkCW games over A¬ϕ
for k = 0, 1, . . .

• Specification unrealizable iff some UkCW game is winning

Bounded Realizability and Reachability Games

Example: ϕ = �(x→ ♦y)

S0 S1

¬ x ∨ y

x ∧ ¬ y
¬ y

y

NBW for ϕ

S0 S1

>
x ∧ ¬ y

¬ y

NBW for ¬ϕ

NkBW accepts a word if there exists a run that hits k or
more accepting states.

vs.

Proof the specification is not realizable
Step 1: Transform LTL formula ϕ into an NBW Aϕ.
Step 2: Find winning strategy to NkBW games over Aϕ for
k = 0, 1, . . .

• Spec. unrealizable iff some NkBW game not winning

vs.

Proof the specification is realizable
Step 1: Transform ¬ϕ into an NBW A¬ϕ.
Step 2: Find winning strategy to NkBW games over A¬ϕ
for k = 0, 1, . . .

• Specification is realizable iff some NkBW game not winning

Experimental Results

Real. Unreal.
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Amba Decomposed (23) 15 14 – – 15 14 18 22 22 22
Detector (6) 1 2 – – 2 4 3 4 3 6
Detector Unreal (6) – – 4 5 5 0 4 6 3 6
Full Arbiter (6) 1 2 – – 2 4 2 2 5 6
Full Arbiter Unreal (12) – – 9 9 9 0 8 12 12 12
Genbuf (5) 0 0 – – 0 4 0 0 0 3
Generalized Buffer (5) 0 0 – – 0 5 0 0 0 3
Lilydemo (24) 16 16 5 5 21 19 24 24 23 24
Load Balancer (5) 1 2 – – 2 2 2 2 3 4
Load Balancer Unreal (12) – – 11 11 11 0 7 11 11 11
Loadcomp (4) 1 2 – – 2 4 4 4 4 4
Loadfull (4) 1 2 – – 2 3 4 4 4 4
LTL2DBA (27) 18 23 – – 23 26 24 24 27 27
LTL2DPA (24) 17 23 – – 23 23 24 24 23 24
Prio Arbitrer (6) 1 1 – – 1 5 3 3 4 5
Prio Arbitrer Unreal (4) – – 1 1 1 0 3 3 3 3
RR Arbiter (6) 1 1 – – 1 3 3 3 5 2
RR Arbiter Unreal (4) – – 1 2 2 0 3 2 3 3
Simple Arbiter (6) 1 2 – – 2 4 3 4 4 5
Simple Arbiter Unreal (11) – – 2 2 2 0 6 8 9 8

Realizability and Synthesis via

Automated AI Planning

Specification

〈X ,Y , ϕ〉 Automata Planning Problem
Solve Plan-

ning Problem

EXP POLY EXP

Summary

• Introduced bounded realizability via NkBW
reachability games

• Exploited planning to address LTL realizability
and synthesis

• Algorithms and empirical evaluation

• Stepping stone towards synthesizing programs
for IoT

References

[1] Orna Kupferman, Moshe Y. Vardi. Safraless Decision
Procedures. FOCS 2005, pp 531-542.
[2] Sven Schewe, Bernd Finkbeiner. Bounded Synthesis.
ATVA 2007, pp 474-488.


