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Quantum computing is promising ...

= number of QPUs increases

= differ in hardware properties = influence execution results

= always choose the same QPU!?
= regular QPU re-calibration
= compilation changes circuit size

= quantum compilers differ

= regulated computing access
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» deep & versatile analysis
to choose between compilers, QPUs & compiled circuits
regarding, e.g., precise & fast executions




Approach of our previous work [1]

Symposium and Summer School on Service-Oriented Computing (SummerSOC 2021), Springer International Publishing, 2021

Algorithms. In: Proceedings of the 14th Symposium and Summer School on Service-Oriented Computing (SummerSOC 2020), Springer International Publishing, 2020
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Approach of our previous work [1]

Translated Compiled Circuit & QPU
Circuit Circuits Circuits Metrics
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Approach of our previous work [1]

Translated Compiled Circuit & QPU
Circuit Circuits Circuits Metrics
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QPU Multi-Criteria Decision Analysis (MCDA) methods
= ranking based on multiple metrics
QProv [3] = weights define importance of metrics

= e.g., set by user for their requirements
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Approach of our previous work [1]

Translated Compiled Circuit & QPU Ranking of Measurement
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RQ1

How can the determination of metric weights be automated
to prioritize compiled quantum circuits and
associated quantum computers
targeting precise results of future quantum circuit executions?



Extended approach

Circuit & QPU

Translated Compiled
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= optimizers
= Genetic Algorithm
= Evolution Strategy

= COBYLA

MCDA method:
= calculate rankings
based on weights

Prior Metric Values
& Measurement Results

Optimizer:
= compare rankings with
histogram intersection values

= adapt weights
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Extended approach

Compiled Circuit & QPU Weights Ranking of Weight
Metric Values & Metrics Compiled Circuits Analysis
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System architecture

Prioritization Service

Weighting Algo.
l MCDA Method

NISQ Analyzer

|dV 1S3d

NISQ Analyzer Ul

REST API

Connector

Sensitivity
Analyzer

Rule Handler

Translator Ul

REST API
Translator

Gate
Mappings

Selection
Rules

Algorithms,
Impl., SDKs

Selector

Comp. Selector

Impl. Selector

QPU Selector

il

A1dv 153y r[IdV lsaa} f[ldv isaa} v 1535

Forest Service

Quilc

Executor

Prioritizer

Performance
Extractor

Criteria,
Weights,
Rankings

pytket Service

t| ket)

Executor

Qiskit Service

Transpiler

Executor

AN

QProv

-~
~
~

©Marie Salm 11



RQ2

Which quantum computer and quantum circuit metrics
influence the execution results
of compiled quantum circuits the most?



Case study — setup

= |IBMQ 5-qubit QPUs & simulator
= Qiskit transpiler & t|ket) compiler
= > 50 input circuits
= 3 algorithmic circuits
= randomized circuits with Clifford gates

» > 220 compiled & executed circuits

= split circuits in 70 % training + 30 % test data
= randomly

= repeated 100 times
= (TOPSIS, PROMETHEE II) x (COBYLA, Genetic Algorithm, Evolution Strategy)
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Case study — performance of MCDA + ML combinations

— = 1: identical rankings
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= performance evaluation with Spearman rank correlation coefficient [5]

= best performance
= TOPSIS + COBYLA
= PROMETHEE Il + evolution strategy

[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 ©Marie Salm 14




Case study - avg. metric weights of TOPSIS + COBYLA
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= depth & number of multi-g-gates influence result precision most
= consider multiple metrics to estimate precision of execution results

= consider different compilers
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Case study — sensitivity analysis on weights of TOPSIS + COBYLA
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= disturbance factor y step-wise de-/increased by 1 %

= A:mean y that changed rankings on avg.; bar: ratio

= metrics with high weights are, in general, more sensitive
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Conclusion & future work

= |imitations
= not all shapes of circuits & existing QPUs covered

= other machine learning & MCDA methods may perform better

» 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 Thank you!
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