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Limiting the Search Space in 
Optimal Quantum Circuit Mapping 



The Quantum Circuit Compilation Flow
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Quantum Circuit Mapping

Target Device
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Decomposed Circuit

§ Different approaches for mapping offer trade-off between runtime vs quality of result 

Naive Approach Heuristic Approach Optimal Approach 



Optimal Quantum Circuit Mapping

§ Different Objectives: gate-count, depth, fidelity

Target Device
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§ Valid mapping makes every gate executable
§ Each permutation layer consists of 𝑛! possible choices
§ Permutations are eventually realized as sequences of swaps
§ Goal: minimize the number of swaps



Visualizing the Search Space
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Limiting the Search Space

(0123)

(13)

(0231)

(0132)

(0321)

(02)

(013)

(023)

(02)(13)

(031)

(032)

(123)

(01)(23)

(132)

(021)

(012)

(23)

(01)

(12)

(0213)

(03)

(0312)

(03)(12)()

Target Device

20 1 3

If 𝐾 is the longest, direct path on the architecture, then only those permutations with up to 𝐾 − 1 swaps need to be considered!



Limiting the Search Space II

§ Considering subsets of qubits

§ Permutations not affecting the qubits of a gate can be ignored

Target Device
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or Apply search space 

limitation on each subset

() and (12) can be ignored



Experimental Results



JKQ QMAP

from qiskit import *
from jkq import qmap

q = QuantumRegister(4, 'q')
circ = QuantumCircuit(q)
circ.cx(q[0], q[3])
circ.cx(q[1], q[3])
circ.cx(q[0], q[2])
circ.cx(q[0], q[1])
print(circ.draw())

results = qmap.compile(circ, arch='IBMQ_Bogota', method='exact')

m_circ = QuantumCircuit.from_qasm_str(result.mapped_circuit)
print(m_circ.draw())

$ python3 map.py

q_0: ──■─────────■────■──
│         │  ┌─┴─┐

q_1: ──┼────■────┼──┤ X ├
│    │  ┌─┴─┐└───┘

q_2: ──┼────┼──┤ X ├─────
┌─┴─┐┌─┴─┐└───┘     

q_3: ┤ X ├┤ X ├──────────
└───┘└───┘ 

┌───┐
q_0: ───────■─────┤ X ├

┌───┐┌─┴─┐   └─┬─┘
q_1: ┤ X ├┤ X ├─X───■──

└─┬─┘└───┘ │      
q_2: ──■────■───X──────

┌─┴─┐        
q_3: ─────┤ X ├────────

└───┘        
q_4: ──────────────────

map.py

Terminal

https://github.com/iic-jku/qmap or pip install jkq.qmap
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Conclusion
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