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§ number of QPUs increases

§ differ in hardware proper-es à influence execu-on results

§ always choose the same QPU!?

§ regular QPU re-calibra-on

§ compila-on changes circuit size

§ quantum compilers differ

§ regulated compu-ng access

Ø deep & versa#le analysis 
to choose between compilers, QPUs & compiled circuits
regarding, e.g., precise & fast execu#ons

Q4Q2
Compiler Q

Quantum compu.ng is promising ...
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Mul8-Criteria Decision Analysis (MCDA) methods
§ ranking based on mul$ple metrics
§ weights define importance of metrics 
§ e.g., set by user for their requirements
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RQ1

How can the determina/on of metric weights be automated
to priori1ze compiled quantum circuits and 

associated quantum computers 
targe/ng precise results of future quantum circuit execu/ons?



Re
se
a
rc
h

Extended approach

Q
uil

…

Transla'on

Q
ASM

1
Circuit&QPU

Analysis

3

Circuits
Translated

Circuits
Compiled

Metric Values
Circuit & QPU

Compiled Circuits
Ranking of

QPU

QProv

Circuit

Q
iskit

…

2

t|ket⟩

Compila'on

Prior Metric Values
& Measurement Results

Depth    13
Width    5
T1          0.05
...           ...

T2          0.08...           ...

Depth    32
Width    5
T1          0.05
...           ...

T2          0.08...           ...

1. 3.2.

Weigh'ng
4

CO
BYLA

...

G
enePc

Analysis
Weight

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

T2           0.04...           ...

Depth    5
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...           ...

§ op8mizers
§ Gene8c Algorithm
§ Evolu8on Strategy
§ COBYLA

Op4mizer:
§ compare rankings with 

histogram intersec8on values
§ adapt weights

MCDA method:
§ calculate rankings

based on weights
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System architecture
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RQ2

Which quantum computer and quantum circuit metrics
influence the execu,on results 

of compiled quantum circuits the most?
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Case study – setup
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§ IBMQ 5-qubit QPUs & simulator

§ Qiskit transpiler & t|ket⟩ compiler

§ > 50 input circuits 

§ 3 algorithmic circuits 

§ randomized circuits with Clifford gates

Ø > 220 compiled & executed circuits

§ split circuits in 70 % training + 30 % test data

§ randomly

§ repeated 100 -mes

§ (TOPSIS, PROMETHEE II) x (COBYLA, Gene#c Algorithm, Evolu#on Strategy)
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§ performance evalua#on with Spearman rank correla-on coefficient [5]

§ best performance

§ TOPSIS + COBYLA

§ PROMETHEE II + evolu-on strategy

Case study – performance of MCDA + ML combina.ons
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= 0: don’t correlate

= 1: idenEcal rankings

[5] Spearman, C.: The Proof and Measurement of Association Between Two Things. Studies in individual differences: The search for intelligence. pp. 45–58 (1961). 
https://doi.org/10.1037/11491-005 
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Case study - avg. metric weights of TOPSIS + COBYLA
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§ depth & number of mul--q-gates influence result precision most

§ consider mul-ple metrics to es-mate precision of execu-on results

§ consider different compilers
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Case study – sensi.vity analysis on weights of TOPSIS + COBYLA
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§ disturbance factor 𝞬 step-wise de-/increased by 1 %

§ ▲: mean 𝞬 that changed rankings on avg.; bar: ra-o

§ metrics with high weights are, in general, more sensi#ve

1 > 𝞬 ≥ 0.99500

: change always found

: no change

1 < 𝞬 ≤ 1.01500
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Conclusion & future work

§ limitations

§ not all shapes of circuits & existing QPUs covered

§ other machine learning & MCDA methods may perform better

Ø results show importance of multi-qubit gates

§ automated prioritization based on user’s requirements

§ plug-in based, supports extensibility

§ estimates precise execution results

§ multiple metrics, different compilers & QPUs

§ in the future

§ additional circuits, QPUs & metrics, e.g., monetary metrics

§ further MCDA & ML methods
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Thank you!


