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At every time step: if control requests data then either grant now or grant 
at the next time

?
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env r r ¬ r ¬ r ...

sys g ¬ g g ¬ g ...
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Reactive Synthesis Flow
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Dependency in LTL
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Dependency in LTL
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Why bother?
• 300 out of 1141 SYNTCOMP (2023) benchmarks have at least 1 dependent output

– Average of 41%  dependent outputs in the 300 benchmarks

– 26 benchmarks where all outputs are dependent
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Why bother?
• 300 out of 1141 SYNTCOMP (2023) benchmarks have at least 1 dependent output

– Average of 41%  dependent outputs in the 300 benchmarks

– 26 benchmarks where all outputs are dependent

• Dependency in Boolean Functional Synthesis

– [Akshay et al '18, '19, '20, '23; Golia et al'20, '21, '23; Mengel and Slivovsky'21; Peitl et al'19]

– Tools: Manthan, BFSS
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Why bother?
• 300 out of 1141 SYNTCOMP (2023) benchmarks have at least 1 dependent output

– Average of 41%  dependent outputs in the 300 benchmarks

– 26 benchmarks where all outputs are dependent

• Dependency significantly helps Boolean Functional Synthesis

– [Akshay et al '18, '19, '20, '23; Golia et al'20, '21, '23; Mengel and Slivovsky'21; Peitl et al'19]

– Tools: Manthan, BFSS
• Can we lift ideas from Boolean Functional Synthesis to Reactive Synthesis ?

– Boolean Synthesis by I/O Separation [CFTY’21]  LTL/LTLf synthesis [ABFTYW’21, DFPZ’23]
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Research Questions:

• How do we formally define dependency in reactive synthesis?

• How do we find dependent variables?

• How do we exploit dependency in reactive synthesis?

• Do experiments confirm the dependency benefits?
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Dependency in Boolean Formulas
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Dependencies can exist even without syntactic equivalences
 
                (y1 ˅ ¬x2) ˄ (x2 ˅ ¬y1) ˄ ((x1 ˄ x2) ˅ (¬x1 ˄ ¬y1)):    x2 dependent on x1 
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Non-Dependent Variables
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Dependency in LTL - Example
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Example of not-dependent variable
•  

Start
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Finding Dependent Variables
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Finding Dependent Variables
•  

• Gives a subset-maximal set of 

dependent variables.

• Order of variables in Step 2 is 

important.

(See paper for details)
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Utilizing dependency in synthesis
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Step 3: Project dependent variables
  

On Dependent Variables in Reactive Synthesis

   
 

   
 

Projection



49

Synthesis Pipeline

On Dependent Variables in Reactive Synthesis

1. LTL to 
NBA

3. Project 
dependent 

outputs

4. Synthesize 
strategy for 

non-
dependents

5. 
Synthesize a 
strategy for 
dependents

6. Merge 
strategies

 

 

 

 

 

 

2. Find
Dependent 

outputs

 

 

Previous Work
We just showed

Previous Work



50

Synthesis Pipeline

On Dependent Variables in Reactive Synthesis

1. LTL to 
NBA

3. Project 
dependent 

outputs

4. Synthesize 
strategy for 

non-
dependents

5. 
Synthesize a 
strategy for 
dependents

6. Merge 
strategies

 

 

 

 

 

 

2. Find
Dependent 

outputs

 

 

Previous Work
We just showed

Previous Work



51

Step 5: Dependent variables synthesis

On Dependent Variables in Reactive Synthesis

Inputs: original inputs and non-dependent output variables
Outputs: Symbolic Mealy machine for dependent output variables



52

Step 5: Dependent variables synthesis
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Step 5: Dependent variables synthesis
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Our Flow

Based on implicit subset-construction
(See details in the paper)
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Step 6: Merge Transducers
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Step 6: Merge Transducers
• Merge is simply connecting outputs and inputs.
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DepSynt Overview

• We implemented the synthesis pipeline in a tool called DepSynt.

• DepSynt is developed in C++ using Spot [Duret-Lutz. ’14] and our own implementation.

• Time for dependency-check is limited to 12 seconds.

• Decided based on empirical results.

• We compared DepSynt with Ltlsynt (Spot) [Michaud,Colange, 2018] and Strix [Meyer, Sickert, 

Luttenberger 2018].
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Non-dependent vars ≤ 3
• In benchmarks with at most 3 non-dependent variables.
• DepSynt outperforms state-of-the-art tools.
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Non-dependent vars > 3
• In benchmarks with at more than 3 non-dependent variables.
• DepSynt is comparable with the other tools.
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DepSynt - Time distribution
• How long DepSynt is spending on each phase - normalized.
• The benchmarks are sorted by total duration.
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Search for dependent variables
Build NBA
Synthesis non-dependent variables
Synthesis dependent variables



Conclusion

• Formal definition of LTL dependency.

• Algorithm to find dependent variables.

• Framework that utilizes dependency for Reactive Synthesis.

• DepSynt confirms the dependency benefits.
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Conclusion

• Formal definition of LTL dependency

• Algorithm to find dependent variables.

• Framework that utilizes dependency for Reactive Synthesis.

• DepSynt confirms the dependency benefits.

• Future work: exploring more general notions of dependency.
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