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Introduction

• Fabrication challenges limit the scalability of a single QPU.
• Congestion in qubit control wiring
• Increased crosstalk among qubits

• Modular quantum system
• Multiple QPUs are integrated into an interconnected quantum system.
• Individual QPUs are connected through communication links.

• Compilation problem
• Placement stage: map each logical qubit to a physical qubit.
• Routing stage: insert inter- and intra-QPU operations to execute all the 

gates.



Preliminary

• Operations to move qubits
• Intra-QPU operation: Swap

• A Swap exchanges the mappings of two logical qubits within a QPU.
• Inter-QPU operations: TeleData and TeleGate

• A TeleData moves a logical qubit from one QPU to another via a communication 
link.

• A TeleGate emulates the execution of a two-qubit gate via a communication link.
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Proposed Framework

• Overall flow
1. Placement Stage

• Each logical qubit is first assigned to a 
QPU, and then mapped to a data qubit.

2. Routing Stage
• We iteratively select a TeleData or 

TeleGate for insertion and insert multiple 
Swap operations.

• We repeat this process until all the gates 
in the logical circuit are executed.
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• Placement Stage
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Proposed Framework

• Routing Stage
2) Local Gate Execution

• In this step, we iteratively select a Swap operation for insertion until no local gates 
remain in the front layer.

• Local gates: single-qubit gates and two-qubit gates whose operands reside on the 
same QPU.

a) Identify all helpful Swap operations.
b) Compute the latency overhead and benefit of each helpful Swap.
c) Select the Swap with minimal latency overhead and maximal benefit for 

insertion.



Proposed Framework

• Routing Stage



Experimental Results

• A realistic modular quantum system consisting of three Flamingo-class 
QPUs.

• Each Flamingo-class QPU contains 156 physical qubits.
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Experimental Results

• A realistic modular quantum system consisting of four Flamingo-class 
QPUs.

• Each Flamingo-class QPU contains 156 physical qubits.



Experimental Results



Conclusion

• In the placement stage, we propose a dependency- and interaction-aware 
assignment method to assign logical qubits that interact early in the circuit 
and frequently with each other to nearby QPUs in the system.

• In the routing stage, the selection of both inter- and intra-QPU operations 
is based on their circuit latency overhead as well as their benefit to 
subsequent gates.

• Improvement over [19] and [28]
• Our approach outperformed the [19] with over 73.8% and 46.9% reduction in 

compiled circuit latency and number of inserted inter-QPU operations, respectively.
• A similar advantage is also observed compared to [28].

• The advantage of our approach over [19] and [28] is preserved on a realistic modular 
quantum system with 4 QPUs.


