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Benchmarking in a nutshell

Benchmarking is a standardized comparison 
based on metrics such as time, quality, and 
other measures  

- Self-comparisons tracking 
movement against a set of metrics 
aligned with objectives

- Comparisons against peers for 
competitive analysis / positioning

Provides a quantitative means by which progress 
(or degradation) can be gauged 

Self-improvement over time
Comparis

on with
 others

Works as it should?

- Does it do what it should?
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Why focus on benchmarking now?

- Multiple HW vendors accessible via the cloud

- Governments purchasing multiple hardware modalities for 

evaluation

- Wide variety of software frameworks at level of quantum 

circuits

- Established computing firms looking to capture mindshare 

The quantum computing landscape has changed substantially in the last few 
years.

There are hardware and software performance claims almost daily

Never assume results hold true; always be data driven through open and transparent benchmarks 
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IBM Quantum

Near-term circuit scaling

Roadmaps show quantum hardware capable of 
executing millions of gates over thousands of 
qubits within 5 years

Quantum software needs to remain performant 
at these scales (and beyond) not to be a 
bottleneck

As algorithm and application complexity 
increases, the impact of quantum software on 
the results grows in tandem

© 2025 IBM Corporation

Nearly all quantum circuits need preprocessing 
by quantum software before execution



Software impact on abstract circuits

Multi-controlled circuit

Synthesize to Rx, Ry, Rz, CZ
BQSKit = Failed

Cirq    = 17, 414 CZ

Qiskit = 2,725 CZ

Tket   = 4,457 CZ

Quantum Volume 100 (square)

Synthesize + mapping 
+ gate optimization BQSKit = 82,345 CZ / depth = 12,094 

Qiskit    = 76,608 CZ / depth = 8,988

Tket      = 76,203 CZ / depth = 8,523

© 2025 IBM Corporation BQSkit 1.2.0, Cirq 1.5.0, Qiskit 2.0.2, Tket 2.6.0



Benchmarking quantum software

© 2025 IBM Corporation

Scale

Quality Speed

Scale: Software performance as a function of qubit count / 
number of operations

Quality: Output circuit properties such as 2Q gate count, 2Q 
gate depth, T-gate count, etc.

Speed: Wall clock time to perform operations

Nature Computational Science | Volume 5 | May 2025 | 427–435 428
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The breadth of functionality available in the tested SDKs varies 
widely and must be accounted for when benchmarking. In general, 
current quantum software packages can be categorized as having 
the ability to create and manipulate circuits and/or offering prede-
fined transpilation toolchains that map quantum circuits to quan-
tum hardware systems. This Venn diagram of functionality is shown  
in Fig. 1.

In what follows, we break the test suite into two components: 
grouping circuit creation and manipulation and evaluating circuit 
transpilation tests as a whole. All results presented here are generated 
using an AMD 7900 processor with 128 GB memory running Linux Mint 
21.3. SDKs were run on Python 3.12 with the version numbers presented 
in Table 1. Complete system information is recorded in the JavaScript 
Object Notation ( JSON) files output by Benchpress and is openly  
available (see ‘Data availability’).

Circuit construction and manipulation
Results for the circuit creation and manipulation tests, as defined in 
the Methods, are shown in Fig. 2. While there is no clear winner when 
looking at each test in isolation, the aggregate timing information and 
number of failed or skipped tests tell a different story. Qiskit is the only 
SDK that passes all of the circuit construction tests, and does so in a 
time of 2.0 s. The next closest competitor is Tket, which completes all 
but one test in 14.2 s. BQSKit fails two tests and clocks the slowest total 
completion time over successful tests at 50.9 s. Results worth highlight-
ing include Cirq’s performance at constructing a set of Hamiltonian 
simulation circuits (test_DTC100_set_build) in a time 55× faster than 
the nearest competitor Qiskit. Likewise, Qiskit outperforms the other 
SDKs in the parameter binding test (test_param_circSU2_100_bind), 
recording a time 13.5× faster than the next closest SDK.

The most notable feature in Fig. 2 is the number of skipped, fails or 
expected-fail tests. Here, we address those issues. Starting at the top of 
Fig. 2, the first XFAIL test is for BQSKit on multicontrolled circuit build-
ing. BQSKit heavily uses dense numerical linear algebra throughout its 
compilation pipeline, and the 16-qubit multicontrolled X-gate used in 
the test took more memory than the test machine had. A similar reason 
is behind the other XFAIL for BQSKit in the multicontrolled decomposi-
tion manipulation test (test_multi_control_decompose). Next, Braket 
failed the QV OpenQASM import test because there is no native support 
for the qelib1.inc file that is a standard include file in OpenQASM 2, for 
example, both the Feynman8 and QasmBench9 collections of circuits 

disparate feature sets and capabilities would help researchers, develop-
ers and end users alike to ascertain the relative value of quantum com-
puting software packages when targeting current and future quantum 
computing devices. With fault-tolerant computation out of reach in  
the near term, this initial version of Benchpress is focused on test  
cases and metrics compatible with execution on noisy quantum 
processors.

To address these needs, we have developed Benchpress, an 
open-source collection of tests explicitly designed to measure the 
performance of quantum computing software for quantum circuit 
creation and transformation. Benchpress stands out for its common 
framework that allows testing across three key areas: quantum circuit 
construction, manipulation and optimization. Although the intersec-
tion of functionality varies dramatically across the quantum com-
puting software landscape, Benchpress utilizes notional collections 
of tests called workouts that allow the full test suite to be executed 
across any quantum SDK with tests defaulting to being skipped if they 
are not explicitly overwritten with an SDK-specific implementation. 
Benchpress is thus able to quantify not only relative performance 
metrics among SDKs but also the breadth of functionality in a given 
software package.

To supplement functionality missing in other SDKs, Benchpress 
uses Qiskit4 throughout its infrastructure, particularly its compatibility 
with other SDKs and OpenQASM import and export capabilities. In 
addition, Qiskit allows the generation of reference implementations 
for constructs such as abstract backend coupling maps that can, with 
minimal effort, be consumable by the other SDKs. This yields a uniform, 
less error-prone testing environment that simplifies benchmarking. 
Moreover, in making Benchpress open-source we endeavor to cre-
ate an open and transparent platform by which progress in quantum 
computing software can be faithfully evaluated.

In this Article, we present results running the initial version of 
Benchpress, evaluating 1,066 tests for each of seven different quan-
tum SDKs considered. We give a detailed analysis of these results, 
present the test selection criteria and highlight the key takeaways from  
the findings.

Results
Results are presented covering the seven SDKs listed in Table 1. Other 
packages, such as Nvidia CUDA-Q36, are not included in this study as 
their feature sets at the time of testing were insufficient to accommo-
date the test cases. Benchpress is designed to be modular, and other 
SDKs beyond those considered here can be added straightforwardly. 
Unlike other SDKs, the QTS augments the transpilation tools of Qiskit 
with reinforcement learning methods for Clifford synthesis and qubit 
routing and, thus, is better viewed as an extension to Qiskit rather than 
a competing package.

Table 1 | SDK and corresponding version numbers used in 
generating the reported sample results

SDK Version number

Amazon-braket-sdk (Braket) 1.86.1

BQSKit 1.1.2

Cirq 1.4.1

Pytket (Tket) 1.31.0

Qiskit 1.2.0

QTS 0.4.8

Staq 3.5
Each version represents the latest release with pertinent functionality as of 30 August 2024. 
Tket version 1.31.1, which was released while testing was in progress, includes only cosmetic 
changes to documentation. In addition, after testing was completed, the qiskit_transpiler_
service changed names to qiskit_ibm_transpiler.

Braket

Cirq

BQSKit

Qiskit

Tket
Staq

Circuit creation and 
manipulation

Circuit 
transpilation

a

b PASSED SKIPPED FAILED XFAIL
BQSKit 841 22 201 2
Braket 7 1,057 2 0
Cirq 10 1,054 2 0

Qiskit 1,044 22 0 0
QTS 1,013 34 19 0
Staq 549 515 2 0
Tket 957 22 87 0

QTS

SDK functionality

Fig. 1 | SDK functionality and corresponding test results. a, Venn diagram 
of SDK functionality. b, Status of all 1,066 tests for each SDK based on the 
definitions given in the Methods. Twenty-two tests are universally skipped due 
to insufficient qubit count for the target used in device transpilation (see the 
Methods for details).

Not all quantum software is alike; can loosely be 
partitioned into three categories



Benchpress
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Benchmarking quantum software for quantum circuit 
creation, manipulation, and optimization

1000+ tests from ourselves, Feynman, QasmBench, and Hamlib 
libraries Repo: https://github.com/Qiskit/benchpress

Paper: Nat. Comput. Sci. 5, 427 (2025)

Up to 930 qubits and 𝑶(𝟏𝟎𝟔) two-qubit gates

Designed to probe a wide range of SDK functionality across 
software with disparate feature sets

Leverages Qiskit’s wide-ranging compatibility to define 
tests over snapshots of real systems (IBM Torino), as well 
as abstract topologies (all-to-all, square, heavy-hex, linear)

BQSKit (LBNL)

Braket (AWS)

Cirq (Google)

Qiskit (IBM)

Qiskit Transpiler Service (QTS)

Staq (Waterloo)

Tket (Quantinuum)

Tested SDKs:

https://github.com/Qiskit/benchpress
https://doi.org/10.1038/s43588-025-00792-y


Benchpress
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Extended Data Fig. 1 | Organization of the Benchpress data set. The entry point 
is the benchpress directory, and SDK specific flags and options are set in the 
default.conf file. Optionally, tests taking longer than a specified timeout can be 
automatically included in the skipfile.txt. Abstract test definitions are included 
in the workouts directory, and test inputs in the form of OpenQASM files or 

Hamiltonians are included in the qasm and hamiltonian folders, respectively. 
Tests specific to each SDK are located in the corresponding “*_gym” directories. 
Inside each “gym”, tests are organized in groups based on the target functionality 
to be tested.Benchpress defines a single suite of tests; all 

tests are processed regardless of if they are 
supported by the target SDK

Simple validations of inputs and outputs, 
and these have caught several hidden SDK 
issues
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use this include file. Finally, three out of five SDKs could not load an 
OpenQASM file with an integer larger than 64 bits. Here, BQSKit failed 
because of the lack of dynamic circuit support, Braket failed in the same 

manner as the previous QASM test, and the C++ JSON library used in 
Tket lacks support for these ‘BigInt’ numbers.

For circuit manipulation, both Qiskit and Tket complete all tests, 
with Qiskit completing all four tests in 5.5 s versus 7.1 s for Tket. The 
large number of skipped tests for Braket is due to the lack of basis 
transformation capabilities. However, add-on packages such as the 
Qiskit Braket Provider37 allow this to be done in other SDKs and then 
passed back to Braket. The two failed tests for Cirq are due to using the 
basis set of gates: RZ, X, √X  and CZ, which, despite being supported 
gates, hits a recursion limit. In addition to timing information, the 
multicontrolled decomposition test allows one to examine the quality 
of the synthesis algorithms in each SDK via the number of 2Q gates in 
the output circuit. Here, Tket produced the circuit with the fewest 2Q 
gates, 4,457, versus 7,349 and 17,414 for Qiskit and Cirq, respectively. 
The relative gate counts and depth for the circuit manipulation tests 
are shown in the Supplementary Information.

Device and abstract transpilation
Figure 3 shows the results for the five SDKs that support transpilation 
(Fig. 1) over the combined set of device and abstract tests defined in 
the Methods. Out of 1,054 total tests, 22 are device transpilation tests 
larger than the target Heron device and are SKIPPED regardless of the 
SDK. In addition, the Staq compiler takes OpenQASM files as input and, 
thus, is unable to execute the Hamiltonian simulation tests, defaulting 
to those tests being skipped. Only passing tests are shown in Fig. 3. As 
Qiskit is the only SDK that passes the entire set of transpilation tests, 
we use those values as a baseline when presenting results. Here, we 
focus on the statistics of ensembles of circuits as a whole, as opposed 
to looking at individual tests cases. A lower-level analysis can be done 
using the published results (see ‘Data availability’). A breakdown of 
the test results per open-source test library is presented in the Sup-
plementary Information.

Figure 3 breaks the results apart by target topology for each of the 
three reported metrics. The dashed diagonal line represents the Qiskit 
baseline above which any data points indicate that the specified SDK 
test result is worse than the corresponding Qiskit value. The markers 
below this line highlight an SDK performing better than Qiskit. Table 2 
numerically quantifies these results, tabulating the statistical values 
of results across each SDK and topology.

From Fig. 3 and Table 2, we see a few trends emerge. First, we see 
that, as a whole, Qiskit outperforms BQSKit, Staq and Tket in terms of 
2Q gate count, a trend clearly seen in the BQSKit and Tket data. This is 
particularly true when targeting topologies with limited connectivity. 
By contrast, while the 2Q gate depth is worse than Qiskit for BQSKit and 
Staq, Tket outperforms Qiskit overall, with prominent gains for more 
connected topologies. In particular, there is a collection of Hamiltonian 
simulation tests on which Tket yields substantial 2Q depth reduction 
relative to Qiskit. This set is the largest for ‘all-to-all’ coupling topolo-
gies, suggesting that this improvement comes from the synthesis 
steps performed by Tket. This is corroborated by the synthesis results 
in ‘Circuit construction and manipulation’. Data for other topologies 
indicate that this improved synthesis becomes less critical as the con-
nectivity decreases and circuit routing becomes dominant. Note that, 
for transpilation pipelines that include stochastic components, such 
as the Sabre-based routing routine in Qiskit, both the number and 
depth of 2Q gates can vary across different transpilations of the same 
circuit. When looking at a single test case, this randomness can have a 
large impact on relative performance numbers. However, when looking 
across large collections of tests, as done here, the fluctuations between 
runs approximately average out. We have confirmed that this is the 
case, running multiple instances of Benchpress for Qiskit and noting 
that the results do not change appreciably between runs.

The QTS utilizes much of the Qiskit transpilation pipeline inter-
nally, differing only in the use of a routing method based on rein-
forcement learning5. Therefore, we expect to see identical results for  

10–4 10–3 10–2 10–1

Time (s)

Benchmark performance (shorter is better)

Circuit construction

Circuit manipulation

Test_QV100_build

Test_DTC100_set_build

Test_multi_control_circuit

Test_clifford_build

Test_param_circSU2_100_build

Test_param_circSU2_100_bind

Test_QV100_qasm2_import

Test_bigint_qasm2_import

Test_DTC100_twirling

Test_multi_control_decompose

Test_QV100_basis_change

Test_random_clifford_decompose

XFAIL

FAILED

FAILED
FAILED

SKIPPED

SKIPPED
XFAIL

FAILED

SKIPPED
FAILED

FAILED

1 m
in

1 s

100 101 102

Qiskit
Bqskit
Braket
Cirq
Tket

Fig. 2 | Benchmark results for the circuit construction and manipulation 
portions of Benchpress. Benchpress was used to measure the performance of five 
SDKs for quantum circuit creation and transformation. Shorter times are better. 
Tests that are SKIPPED or marked as FAILED or XFAIL are labeled accordingly.
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use this include file. Finally, three out of five SDKs could not load an 
OpenQASM file with an integer larger than 64 bits. Here, BQSKit failed 
because of the lack of dynamic circuit support, Braket failed in the same 

manner as the previous QASM test, and the C++ JSON library used in 
Tket lacks support for these ‘BigInt’ numbers.

For circuit manipulation, both Qiskit and Tket complete all tests, 
with Qiskit completing all four tests in 5.5 s versus 7.1 s for Tket. The 
large number of skipped tests for Braket is due to the lack of basis 
transformation capabilities. However, add-on packages such as the 
Qiskit Braket Provider37 allow this to be done in other SDKs and then 
passed back to Braket. The two failed tests for Cirq are due to using the 
basis set of gates: RZ, X, √X  and CZ, which, despite being supported 
gates, hits a recursion limit. In addition to timing information, the 
multicontrolled decomposition test allows one to examine the quality 
of the synthesis algorithms in each SDK via the number of 2Q gates in 
the output circuit. Here, Tket produced the circuit with the fewest 2Q 
gates, 4,457, versus 7,349 and 17,414 for Qiskit and Cirq, respectively. 
The relative gate counts and depth for the circuit manipulation tests 
are shown in the Supplementary Information.

Device and abstract transpilation
Figure 3 shows the results for the five SDKs that support transpilation 
(Fig. 1) over the combined set of device and abstract tests defined in 
the Methods. Out of 1,054 total tests, 22 are device transpilation tests 
larger than the target Heron device and are SKIPPED regardless of the 
SDK. In addition, the Staq compiler takes OpenQASM files as input and, 
thus, is unable to execute the Hamiltonian simulation tests, defaulting 
to those tests being skipped. Only passing tests are shown in Fig. 3. As 
Qiskit is the only SDK that passes the entire set of transpilation tests, 
we use those values as a baseline when presenting results. Here, we 
focus on the statistics of ensembles of circuits as a whole, as opposed 
to looking at individual tests cases. A lower-level analysis can be done 
using the published results (see ‘Data availability’). A breakdown of 
the test results per open-source test library is presented in the Sup-
plementary Information.

Figure 3 breaks the results apart by target topology for each of the 
three reported metrics. The dashed diagonal line represents the Qiskit 
baseline above which any data points indicate that the specified SDK 
test result is worse than the corresponding Qiskit value. The markers 
below this line highlight an SDK performing better than Qiskit. Table 2 
numerically quantifies these results, tabulating the statistical values 
of results across each SDK and topology.

From Fig. 3 and Table 2, we see a few trends emerge. First, we see 
that, as a whole, Qiskit outperforms BQSKit, Staq and Tket in terms of 
2Q gate count, a trend clearly seen in the BQSKit and Tket data. This is 
particularly true when targeting topologies with limited connectivity. 
By contrast, while the 2Q gate depth is worse than Qiskit for BQSKit and 
Staq, Tket outperforms Qiskit overall, with prominent gains for more 
connected topologies. In particular, there is a collection of Hamiltonian 
simulation tests on which Tket yields substantial 2Q depth reduction 
relative to Qiskit. This set is the largest for ‘all-to-all’ coupling topolo-
gies, suggesting that this improvement comes from the synthesis 
steps performed by Tket. This is corroborated by the synthesis results 
in ‘Circuit construction and manipulation’. Data for other topologies 
indicate that this improved synthesis becomes less critical as the con-
nectivity decreases and circuit routing becomes dominant. Note that, 
for transpilation pipelines that include stochastic components, such 
as the Sabre-based routing routine in Qiskit, both the number and 
depth of 2Q gates can vary across different transpilations of the same 
circuit. When looking at a single test case, this randomness can have a 
large impact on relative performance numbers. However, when looking 
across large collections of tests, as done here, the fluctuations between 
runs approximately average out. We have confirmed that this is the 
case, running multiple instances of Benchpress for Qiskit and noting 
that the results do not change appreciably between runs.

The QTS utilizes much of the Qiskit transpilation pipeline inter-
nally, differing only in the use of a routing method based on rein-
forcement learning5. Therefore, we expect to see identical results for  
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Fig. 2 | Benchmark results for the circuit construction and manipulation 
portions of Benchpress. Benchpress was used to measure the performance of five 
SDKs for quantum circuit creation and transformation. Shorter times are better. 
Tests that are SKIPPED or marked as FAILED or XFAIL are labeled accordingly.

Benchpress: Circuit creation and manipulation

SKIPPED - SDK does not have the required
functionality to execute the test, or the test 
does not satisfy the problem’s constraints

FAILED - SDK has the necessary functionality, 
but the test failed or was not completed within 
the set time limit, if any

XFAIL - The test fails irrecoverably; tagged as 
“expected fail" rather than being executed.

Construction and manipulation of 
quantum circuits are core routines 

Individually not a lot of time, but often 
need repeat calls

- e.g., binding parameters, gate 
insertion / removal, etc…

Tests need to be written in their own SDK 
language

Begin to see the disparate functionality 
between SDKs 



Benchpress: Transpilation

24% 13x
Mean reduction in 

2Q-gate count
Mean transpilation 
time improvement 

Qiskit 1.2 vs Tket 1.31

Latest results:

Qiskit 2.0.2 vs Tket 2.6.0:

28% 63x
Mean reduction in 

2Q-gate count
Mean transpilation 
time improvement 

[Qiskit vs BQSKit: 18% and 514x]
© 2025 IBM Corporation

Paper results:



Qiskit is the only software to not fail a single test

Braket

Cirq

BQSKit

Qiskit

Tket
Staq

Circuit creation & 
manipulation

Circuit 
transpilation

a)

b)

PASSED SKIPPED FAILED XFAIL
BQSKit 841 22 201 2
Braket 7 1057 2 0
Cirq 10 1054 2 0
Qiskit 1044 22 0 0
QTS 1013 34 19 0
Staq 549 515 2 0
Tket 957 22 87 0

Qiskit 
Transpiler 
Service

Benchpress results

Vast majority of FAILED due to imposed timeout of 
1 hour / test 

Which tests pass or fail can vary across SDK version 
numbers

© 2025 IBM Corporation

Tket passing tests only:

All tests:

9min 19hrs
Qiskit 2.0.2 Tket 2.6.0

33min >65hrs
Can only give lower-bound on Tket time due to failed tests

Results from paper



Benchpress

Do not assume I am telling the truth; find out for yourself:

https://github.com/Qiskit/benchpress

- All tests and execution framework are open-source

- All raw data associated with published results available as JSON

- Open an issue or make a PR if you want to contribute to the process 

Or take it and use it in your own work:

“It's quite easy to use, and we are benchmarking other SDKs with this collection.”
- Referee #1

© 2025 IBM Corporation

https://github.com/CQCL/pytket-benchmarking-store

https://github.com/Qiskit/benchpress
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Take aways
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The impact of quantum software performance 
only grows with hardware improvements

Quantum SDKs differ markedly in their feature 
sets, capabilities, and robustness

Benchpress aims to ascertain software 
performance over multiple frameworks at 
scales achievable in the next few years 

Qiskit outperforms other SDKs in terms of both 
overall runtime and output 2Q gate counts, and is 
the only SDK not to fail any tests

SDK performance varies between versions; 
version information needs to be presented when 
benchmarking software and hardware

No way to decouple quantum hardware 
performance from that of software for most tests

There is no one SDK / recipe that yields best 
performance across all benchmarks and 
hardware platforms




