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EXPLOITING CODING TECHNIQUES 
FOR LOGIC SYNTHESIS OF 
REVERSIBLE CIRCUITS



MOTIVATION: REVERSIBLE COMPUTATION

 Perform computations from inputs to outputs and vice versa
 Not possible in conventional logic

 Required for Boolean components of quantum circuits
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FUNCTIONAL SYNTHESIS FLOW
𝑓𝑓:𝐵𝐵𝑛𝑛 → 𝐵𝐵𝑚𝑚

𝑓𝑓:𝐵𝐵𝑘𝑘 → 𝐵𝐵𝑘𝑘

Embedding: make output 
patterns distinguishable

Synthesis
Idea: 𝑓𝑓 ∘ 𝑓𝑓−1 = 𝐼𝐼

Reversible Circuit
(cascade of reversibe gates)
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BOTTLENECK: THE EMBEDDING PROCESS

 Make output pattern distinguishable
 Add log2 𝜇𝜇(𝑝𝑝1) = 2 garbage outputs

 Drawbacks:
 More variables  more complex synthesis
 No degree of freedom in synthesis
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KEY OBSERVATION AND IDEA

 Not all patterns require all log2 𝜇𝜇(𝑝𝑝1) = 2 garbage outputs

 Use variable-length encoding
 Frequent patterns: short code and many garbage outputs
 Infrequent patterns: longer code but fewer garbage outptus

 Synthesis with fewer variables and degree of freedom

 Note: A decoder is required
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VARIABLE-LENGTH ENCODING: HUFFMAN CODE
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SYNTHESIS OF THE ENCODED FUNCTION
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 Use a permutation matrix
 Model degree of freedom

 Transform to identity variable-wise
 Swap columns

 Exploit degree of freedom
 Fewer control lines required



DECODE THE FUNCTION

 Circuit has log2 𝜇𝜇(𝑝𝑝1) = 2 garbage outputs 

 Easy for majority of the decoder

 Use synthesis for remaining outputs
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COMPARISON TO THE STATE OF THE ART

 Comparison to the state of the art
 Symbolic TBS
 QMDD-based synthesis

 Coded function is more compact

 Much more scalable
 Magnitudes fewer runtime

 Magnitudes fewer cost
 66.3% and 92.6% on average
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CONCLUSIONS
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Exploiting coding techinques:
Better scalability and significantly smaller 

circuits
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