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Abstract—Quantum synthesis presents an effective
method of circuit optimization, but scales exponen-
tially with the number of qubits in the circuit. This
problem can be addressed by partitioning the circuit
into blocks with a limited number of qubits. Existing
partitioning algorithms make large trade-offs to achieve
either high speed or quality. We propose a method of
circuit partitioning which is competitive with existing
algorithms for both metrics. The proposed method is
compared with two existing methods across common
circuit architectures, matching an exhaustive solution
in performance and a fast solution on time.

I. INTRODUCTION

The unitary matrix representation of a quantum oper-
ation is the basis of many quantum synthesis techniques
[1] [2] [3]. These techniques may be used to optimize a
quantum circuit by performing synthesis on the circuit
unitary. However, because matrix size is exponential in
the number of qubits on which the operation acts, the time
and space required by these quantum synthesis techniques
also scales exponentially with the number of qubits [4].

An alternative technique for circuit optimization has
been proposed [5] which splits a circuit with n qubits into
partitions containing k£ qubits, then uses a conventional
synthesis tool on the partitions. This reduces the complex-
ity from exponential in n to exponential in k. A similar
technique has also been used to synthesize approximate
versions of a given circuit [6].

The optimality of the circuit partitioning algorithm used
in these processes significantly affects run time and the
quality of the final result. The ideal algorithm should
partition the circuit into blocks containing no more than k
qubits, with each block maximizing some scoring function.
Since multi-qubit gates are noisier than single-qubit gates
on Noisy Intermediate-Scale Quantum (NISQ) systems,
the chosen scoring function will maximize the number
of multi-qubit gates per block. The circuit partitioning
algorithm proposed in QGo [5] uses a greedy solution
with exhaustive search to partition a circuit into blocks
of at most k qubits. This method was later incorporated
into the Berkeley Quantum Synthesis Toolkit (BQSKit)
[7] as ScanPartitioner, and is also used by QEst [6].
QuickPartitioner, also included in BQSKit, partitions a
circuit by iterating over the gates in topological order and
greedily grouping them into partitions. QuickPartitioner is
faster than ScanPartitioner for most circuits, but produces
partitions with fewer multi-qubit gates.

In this work we propose a method for partitioning
quantum circuits which has a run time comparable to

the faster partitioning algorithm while producing results
comparable in quality to the exhaustive solution. The
method is also compared with the other two partitioning
algorithms by applying all three algorithms to a series of
common test circuits, such as Quantum Fourier Transform
or quantum adders and multipliers.

This paper is organized as follows: Section II describes
the proposed partitioning method. Section III discusses
how the methods were evaluated and results. Section IV
concludes the article.

II. PROPOSED METHOD

The proposed method is based on the ScanPartitioner
method included in BQSKit, with several major modifi-
cations to improve time complexity. ScanPartitioner splits
a circuit with g gates and n qubits into blocks with at
most k qubits, and is composed primarily of two steps.
The first step calculates all possible sets of k qubits which
can interact on the target hardware. For a system in which
all qubits can interact, this step results in approximately
n* groups of qubits. The second step creates the largest
possible group of gates acting on each group of qubits from
the first step. Given that approximately n* groups are
found in the first step, this step has a time complexity of
O(gn*). The region with the largest number of multi-qubit
gates is transformed into a partition, and removed from
the active portion of the circuit. Step 2 is repeated until
the active portion is empty. ScanPartitioner is therefore
inefficient due to the method used to enumerate qubit
interactions. The proposed method improves the time
complexity of this step by generating qubit groups based
on the topology of the circuit, rather than that of the
target hardware.

The proposed qubit group enumeration algorithm takes
the circuit to be partitioned and a map from each gate
to the qubit dependencies of each gate as input, and
returns the set of possible qubit groups. The map of qubit
dependencies is calculated by traversing the circuit in
topological order and accumulating the dependencies of
each gate when the gate is encountered. The enumeration
algorithm works by finding all possible combinations of
connections along each individual qubit, making recursive
calls to enumerate the available connections for the "other”
qubit in each two-qubit gate. The recursive calls begin
with the first gate for each qubit as the target and a set
containing that qubit as the input set. The dependencies
for the target gate are then added to each set of qubits
in the input. The new set of qubit sets are passed to
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Fig. 1: Performance of Partitioning Methods Across a
Variety of Circuits

another recursive call, this time with the other side of
the gate as the target. In order to prevent unnecessary
branching, input sets are only included in the output if the
dependencies include new qubits. Values returned from the
recursive call are merged into the return set, then passed
as the input for a recursive call targeting the next gate
which interacts with the target qubit. This process repeats
until the end of the circuit is reached or the return set
contains no partially complete sets. The return values from
the original function call are merged and returned as the
set of possible qubits. The remaining steps are identical to
ScanPartitioner.

III. RESULTS

In order to compare the proposed method with the
existing methods, a set of test circuits were partitioned
using each method, and the run time and average num-
ber of gates per partition were measured for partitioner
run. The test circuits include quantum adders, quantum
multipliers, Quantum Fourier Transform (QFT) circuits,
and transverse-field Ising Model (TFIM) circuits, among
others. The circuits cover a variety of gate counts, qubit
counts, and overall circuit structures. The analysis was
performed with k fixed at 4.

From Figure 1 it may be seen that the proposed method
has a similar run time to QuickPartitioner across the
tested circuits, and is faster than ScanPartitioner in all
non-trivial cases. The difference in run time is especially
noticeable for the 32 qubit TFIM circuit, wherein Quick-
Partitioner and the proposed method ran in 1.5 and 4.0
seconds, respectively, but ScanPartitioner took 10.4 hours.

In order to compare the quality of the result of each
method, the average number of gates per block was
measured for each partitioned circuit. The percentage
difference in gates per block between the proposed method
and the other methods for each circuit was calculated and
averaged. Circuits with a qubit count of 4 were excluded
from this part of the analysis, since all methods are
guaranteed to create only one partition given n < k. The
results show that circuits partitioned using the proposed
method have an average of 1% fewer gates per block than
those from ScanPartitioner, but 35% more than those
from QuickPartitioner. Additionally, the proposed method
performed the same as or better than QuickPartitioner
for all circuits, and performed worse than ScanPartitioner
only on the 16 and 32 qubit TFIM circuits.

IV. CONCLUSION

Partition-based optimization is a promising method to
address the exponential scaling of conventional synthesis-
based optimization techniques. The performance of the
partitioning algorithm used by this method significantly
affects the quality of the resulting circuit. The proposed
partitioning method addresses limitations of existing tech-
niques, achieving speed comparable to faster partitioning
methods and result quality comparable to exhaustive solu-
tions. In a comparison of the performance of the proposed
solution with one fast and one high-performing partition-
ing algorithm, the proposed method scales significantly
better than the high-performing method on larger circuits,
and shows results similar to the fast method. The quality
of result produced by the proposed method are identical
to the high-performing method in most cases, and show
an average 34% improvement against the fast method.
We also discuss the possibility of further improving the
performance of the proposed method by reducing the
number of repetitive circuit traversals.
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