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Introduction (1/4) 

• A quantum circuit consists of quantum gates and logical qubits.
• In layout synthesis, we need to map the logical qubits of a quantum circuit 

to the physical qubits on a quantum computer.
• A coupling graph specifies which pairs of physical qubits are connected in 

a quantum computer.
• In order to execute a two-qubit gate, its two logical qubits must be mapped 

to physical qubits which are connected in the coupling graph.
• If the two logical qubits of a two-qubit gate are mapped to unconnected 

physical qubits, SWAP gate(s) can be inserted at some additional cost to 
exchange the mapping such that the two logical qubits can reach two 
connected physical qubits. 
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Introduction (2/4)

• Layout synthesis can be divided into two parts: initial mapping and 
insertion of SWAP gates.
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Introduction (3/4) 

• In Ref. [22], two SMT-based layout synthesis approaches, OLSQ and TB-
OLSQ, were proposed.  

• OLSQ finds an optimal solution in a specified depth, while TB-OLSQ employs a 
transition-based SMT formulation to speed up OLSQ but may sacrifice the solution 
quality.

• In Ref. [18], a SMT-based approach, OLSQ-GA, which considers gate 
absorption to reduce the number of explicit SWAP gates, was proposed.
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Introduction (4/4)

• In this paper, our focus is on minimizing the number of SWAP 
gates for layout synthesis.

• We present how to modify TB-OLSQ to obtain an accelerated 
version for runtime reduction. 

• In addition, we extend the accelerated version by considering 
gate absorption for better solution quality.  
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Overall Flow
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Accelerated Version

• Differences from TB-OLSQ
• Difference mapping
• Mapping implied by time coordinates

• No space variables
• Dependencies
• Swap gate insertion
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• Mapping implied by time coordiates
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Accelerated Version

• Differences from TB-OLSQ
• Difference mapping
• Mapping implied by time coordinates

• No space variables
• Dependencies
• Swap gate insertion
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Dependency list

Accelerated Version

• Differences from TB-OLSQ
• Difference mapping
• Mapping implied by time coordinates

• No space variables
• Dependencies
• Swap gate insertion
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Accelerated Version

• Differences from TB-OLSQ
• Difference mapping
• Mapping implied by time coordinates

• No space variables
• Dependencies
• Swap gate insertion
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Gate Absorption Version

• Constraints in Gate Absorption 
Version 

• Difference mapping
• Mapping implied by space and time 

coordinates
• Dependencies
• Swap gate insertion

• Explicit Swap gate insertion
• Absorption SWAP gate insertion

• Mapping transformation
• Mapping transformation
• Update 𝑐ℎ𝑎𝑛𝑔𝑒"#
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• Constraints in Accelerated 
Version

• Difference mapping
• Mapping implied by time 

coordinates
• Dependencies
• Swap gate insertion
• Mapping transformation



Gate Absorption Version

• Constraints
• Mapping implied by space and time coordinates
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Gate Absorption Version

• Constraints
• Absorption SWAP gate insertion
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Gate Absorption Version

• Constraints
• Update 𝑐ℎ𝑎𝑛𝑔𝑒!"
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Experimental Results: 
Comparison among [25], TB-OLSQ, and TB-OLSQ-ACC
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Experimental Results:
Comparison among [25], TB-OLSQ, and TB-OLSQ-ACC
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Experimental Results:
Comparison among OLSQ-GA, TB-OLSQ, and TB-OLSQ-GA
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Conclusion

• We accelerated the prior work TB-OLSQ through removing redundant 
constraints, modifying constraints, reducing the dependency list, and 
identifying the specific subgraph.

• We extended the accelerated version to develop a transition-based SMT 
formulation for considering gate absorption. 

• Encouraging experimental results were shown to support our approaches.
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