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§ QPUs will solve problems faster
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©Marie Salm 2

Q



Re
se
ar
ch

§ QPUs will solve problems faster

§ currently: prone to errors & small qubit counts

Ø determine executable circuit sizes, i.e., width & depth

Ø design quantum circuits as resource efficient as possible

Future vs. today
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Influencing circuit size

§ true size of circuit depends on

§ qubit topology

§ implemented gate set 

§ mapping & op9miza9on by quantum compiler

§ variety of quantum compilers exists

§ given a circuit: which compiler delivers “best” compila4on result? 

§ comparison is required ...
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Usage of quantum compilers

§ most compilers accessible via SDKs differing in

§ gate sets

§ programming languages

§ vendors of QPUs
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Analysis of quantum compilers and their SDKs [1]
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§ not every SDK 
supports OpenQASM

§ many vendor-specific SDKs 
only support own QPUs

§ many SDKs support custom QPUs 
but not custom target gate sets

§ formats for defining custom QPUs differ

Ø SDK has to support the target QPU na9vely

*Python libraries

[1] Marie Salm, Johanna Barzen, Frank Leymann, Benjamin Weder, Karoline Wild. 2021. AutomaBng the Comparison of Quantum Compilers for Quantum Circuits. In: Proceedings of the 15th 
Symposium and Summer School on Service-Oriented CompuBng (SummerSOC 2021), Springer InternaBonal Publishing, 2021
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§ QPUs are regularly re-calibrated

§ changes in error rates

§ cloud providers regulate compuJng access

§ resul9ng in wai9ng 9mes

§ implementaJon & execuJon of circuit

Ø QPU

Ø compiler

Ø SDK

Ø access regula9ons

Q

In addiCon ...
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In addiCon ...
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deep technical knowledge & huge manual effort required
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Approach – NISQ Analyzer

Circuit Circuits
Translated

Circuits
Compiled

QPU

QProv [2]

Circuit & QPU
Analysis

C

[1] Marie Salm, Johanna Barzen, Frank Leymann, Benjamin Weder, Karoline Wild. 2021. AutomaBng the Comparison of Quantum Compilers for Quantum Circuits. In: Proceedings of the 15th 
Symposium and Summer School on Service-Oriented CompuBng (SummerSOC 2021), Springer InternaBonal Publishing, 2021
[2] Benjamin Weder, Johanna Barzen, Frank Leymann, Marie Salm, Karoline Wild. 2021. QProv: A provenance system for quantum compuBng. In: IET Quantum CommunicaBons, Wiley, 2021 
[3] Marie Salm, Johanna Barzen, Uwe Breitenbücher, Frank Leymann, Benjamin Weder, et al. 2020. The NISQ Analyzer: AutomaBng the SelecBon of Quantum Computers for Quantum Algorithms. 
In: Proceedings of the 14th Symposium and Summer School on Service-Oriented CompuBng (SummerSOC 2020), Springer InternaBonal Publishing, 2020
[4] Eyob A. Sete, William J. Zeng, and Chad T. Rige_. 2016. A funcBonal architecture for scalable quantum compuBng. In 2016 IEEE InternaBonal Conference on RebooBng CompuBng(ICRC).1–6.
[5] Marie Salm, Johanna Barzen, Frank Leymann, Benjamin Weder: PrioriBzaBon of Compiled Quantum Circuits for Different Quantum Computers. In: The 1st InternaBonal Workshop on Quantum 
Sodware Analysis, EvoluBon and Reengineering (Q-SANER 2022) co-located with IEEE InternaBonal Conference on Sodware Analysis, EvoluBon and Reengineering (SANER), 2022.
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maximum depth
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Approach – NISQ Analyzer
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Metrics
Circuit & QPU

Depth    7
Width    3
T1          0.02
...           ...

T2          0.04...           ...

Depth    7
Width    3
T1           0.02
...           ...

T2           0.04...           ...

Depth    5
Width    3
T1          0.02
...           ...

T2          0.04...           ...

[1] Marie Salm, Johanna Barzen, Frank Leymann, Benjamin Weder, Karoline Wild. 2021. AutomaBng the Comparison of Quantum Compilers for Quantum Circuits. In: Proceedings of the 15th 
Symposium and Summer School on Service-Oriented CompuBng (SummerSOC 2021), Springer InternaBonal Publishing, 2021
[2] Benjamin Weder, Johanna Barzen, Frank Leymann, Marie Salm, Karoline Wild. 2021. QProv: A provenance system for quantum compuBng. In: IET Quantum CommunicaBons, Wiley, 2021 
[3] Marie Salm, Johanna Barzen, Uwe Breitenbücher, Frank Leymann, Benjamin Weder, et al. 2020. The NISQ Analyzer: AutomaBng the SelecBon of Quantum Computers for Quantum Algorithms. 
In: Proceedings of the 14th Symposium and Summer School on Service-Oriented CompuBng (SummerSOC 2020), Springer InternaBonal Publishing, 2020
[4] Eyob A. Sete, William J. Zeng, and Chad T. Rige_. 2016. A funcBonal architecture for scalable quantum compuBng. In 2016 IEEE InternaBonal Conference on RebooBng CompuBng(ICRC).1–6.
[5] Marie Salm, Johanna Barzen, Frank Leymann, Benjamin Weder: PrioriBzaBon of Compiled Quantum Circuits for Different Quantum Computers. In: The 1st InternaBonal Workshop on Quantum 
Sodware Analysis, EvoluBon and Reengineering (Q-SANER 2022) co-located with IEEE InternaBonal Conference on Sodware Analysis, EvoluBon and Reengineering (SANER), 2022.
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Approach – NISQ Analyzer
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Metrics
Circuit & QPU
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T1          0.02
...           ...

T2          0.04...           ...

Depth    7
Width    3
T1           0.02
...           ...

T2           0.04...           ...

Depth    5
Width    3
T1          0.02
...           ...

T2          0.04...           ... 1. 3.2.

[1] Marie Salm, Johanna Barzen, Frank Leymann, Benjamin Weder, Karoline Wild. 2021. AutomaBng the Comparison of Quantum Compilers for Quantum Circuits. In: Proceedings of the 15th 
Symposium and Summer School on Service-Oriented CompuBng (SummerSOC 2021), Springer InternaBonal Publishing, 2021
[2] Benjamin Weder, Johanna Barzen, Frank Leymann, Marie Salm, Karoline Wild. 2021. QProv: A provenance system for quantum compuBng. In: IET Quantum CommunicaBons, Wiley, 2021 
[3] Marie Salm, Johanna Barzen, Uwe Breitenbücher, Frank Leymann, Benjamin Weder, et al. 2020. The NISQ Analyzer: AutomaBng the SelecBon of Quantum Computers for Quantum Algorithms. 
In: Proceedings of the 14th Symposium and Summer School on Service-Oriented CompuBng (SummerSOC 2020), Springer InternaBonal Publishing, 2020
[4] Eyob A. Sete, William J. Zeng, and Chad T. Rige_. 2016. A funcBonal architecture for scalable quantum compuBng. In 2016 IEEE InternaBonal Conference on RebooBng CompuBng(ICRC).1–6.
[5] Marie Salm, Johanna Barzen, Frank Leymann, Benjamin Weder: PrioriBzaBon of Compiled Quantum Circuits for Different Quantum Computers. In: The 1st InternaBonal Workshop on Quantum 
Sodware Analysis, EvoluBon and Reengineering (Q-SANER 2022) co-located with IEEE InternaBonal Conference on Sodware Analysis, EvoluBon and Reengineering (SANER), 2022.
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List of algorithms
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heps://quanBl.readthedocs.io/en/latest/
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ImplementaCon of an algorithm
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NISQ Analyzer
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Start analysis

©Marie Salm 17heps://github.com/UST-QuAnBL/quanBl-docker 
heps://quanBl.readthedocs.io/en/latest/



Re
se
ar
ch

ImplementaCon in Quil for IBMQ
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CompilaCon results
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PrioriCzaCon of compiled circuits
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Ranked list of compilaCon results
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ExecuCon
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Input-sensi-ve implementa-on selec-on
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How to find implementaCons that can execute the input data?

24

Impl-X

Impl-HImpl-F
Impl-A

Factorizing

immense effort & knowledge needed!

Q Q
Q Q

Q
Q

Q

Shor!

N = 255 +
255 ok? enough qubits, coherence 2me, ...?
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NISQ Analyzer – ImplementaCon & QPU SelecCon [1]
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Algorithm SelecDon Analysis & SelecDon ExecuDon

Shor

ImplementaBon 
Selector

Algorithm Repository

Shor

N = 255

Shor-G-
Forest

Input: N
Output: F
SDK: Qiskit

Quantum Computer 
Selector

ImplementaBon Repository QProv [2]

Shor-Qiskit
Input: N : Int
Output: F : Int[]
SDK: Qiskit
Selec2on Rules:
0 ≤ N ≤ 1024 ∧ …

N <= 15?0 ≤ 255 ≤ 1024 ?

N = 255, 
QPU = IBMQ_16, 
Vendor = IBM

Executor

Shor-
Qiskit

Input: N
Output: F
SDK: Qiskit

IBMQ
RigeR

…

Shor-
Qiskit

Input: N
Output: F
SDK: Qiskit

IBMQ

Shor-
Qiskit

1 4

IBMQ_16 
Qubits: 15
SDK: Qiskit
Vendor: IBM
maxDepth = 564

Quantum ComputerAlgorithm ImplementaDon2 3

NISQ Analyzer

15 ≥ Width(Shor-Qiskit) 
∧ 564 ≥ Depth(Shor-Qiskit)
∧ SDK = Qiskit ?

[1] Marie Salm, Johanna Barzen, Uwe Breitenbücher, Frank Leymann, Benjamin Weder, et al. 2020. The NISQ Analyzer: AutomaBng the SelecBon of Quantum Computers for Quantum 
Algorithms. In: Proceedings of the 14th Symposium and Summer School on Service-Oriented CompuBng (SummerSOC 2020), Springer InternaBonal Publishing, 2020
[2] Weder, Benjamin; Barzen, Johanna; Leymann, Frank; Salm, Marie; Wild, Karoline: QProv: A Provenance System for Quantum CompuBng. In: IET Quantum CommunicaBons, Wiley, 2021
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Analysis based on input data
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CompilaCon results of different implementaCons
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Conclusion

§ to select/design & execute a circuit 

§ QPU, compiler, SDK & access must be considered

§ for precise & fast execu9ons

Ø automated selecJon, translaJon, compilaJon, prioriJzaJon & execuJon

§ plug-in based, supports extensibility

§ in the future

§ further SDKs

§ deeper analyzes

§ integra9on into QHAna
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Thank you!


