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Quantum Benchmarking

> Aim: assess the performance of implementations of quantum computers

> Associated to KPIs (Key Performance Indicators)

> Levels of benchmarking

Component —level  hardware implementation of individual

components

System - level hardware performance of entire

Implementations

Gate fidelity
« channel fidelity

« quantum volume
« |ayer fidelity

(Applico’rion — level User perspective Q-score 0
» willing to solve a concrete problem
« willing to compare the performance
9 on various hardware (QC, HPC,...) B
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Examples of KPIs

> Simulation of Quantum Physical Models
»  Q-Score Many-Body
»  Many-Body Fidelity

> Optimization

»  Q-Score of « Max-Cut »

»  Q-Score of « Max-Clique »

»  Max size of « Max Cardinality Matching » p

» Accuracy indexed by noise level

»  Compilation-dependant criteria

» Probability of obtaining the optimum

» Min case/Max case Gap wrt Optimum

v Size of problem in number of variables, number of
Qbits to solve the problem, Class of problem
addressed.

| Linear systems Solving
2 Accuracy indexed by noise level
» Compilation-dependant criteria

2 Probability of solving the Problem, Number of
variables and precision in Qbits.

2 Algorithm-dependant Energetic criteria

| Factorization
2 Probability to factorize
2 Size in Qubit of the calculated number

| Generic
2 Computation Time
2 Latency
» Throughput
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Multi-Criteria Decision Aiding for Quantum Benchmarking

>How to combine several KPIs in order to

» Assess globally each solution, or
» Compare several solutions to identify the most preferred one?¢

>Use of Multi-Criterion Decision Aiding (MCDA)

» Solution (Quantum Computer): x = \(xl, xnl

Y

Values on the KPIs

\'4

» We seek to construct the preference &+ of stakeholders on X

x>y If xispreferredtoy
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Notion of criterion

Notion of « criterion »: there exists a preference >; on KPIl i s.t.

x; = y; i x;is preferred to y; on KPl i

_ Q-Score MaxCut Q-Score MaxClique Largest size of MCM
| Moxmie | Moxmize | Modmize
X 40 25

145
y 70 20 10
145 3=, 70 40 =, 20 25 >3 10
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MCDA typology

Weighted Sum Choguet integral
(MACBETH) (MYRIAD-Q)

T~ Multi-linear
(Qpack) )

AddItIL]/_Ie_Autlhty ”., GAl model

Aggregation S

)
Outranking
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MCDA typology One can provide an
overall assessment of
each Quantum
Computer

O o
Choice x vs. th Ux) > U(y)

{x = (x4, ...,xn)J
Y = 01, 0 Yn) &2

~ Doy,

x preferred toy

(&

Not possible to provide
an overall assessment
of each Quantum
THALES Ths document may ot Com puter
THALES GRO
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| Separation between
MCDA typology normalization & aggregation

U(X) — F(ul(xl)l ...,un(xn))

U(X) = W ul(xl) Tt wy un(xn)

Aggregation
Normalization

{ |
/
| No normalization )

Ux) = vl(xl) + et vn(xn)

- /

-» Ll
{THALES GROUP LIMITED DISTRIBUTION} ’ -




/777

Normalization of the KPIs: type of scale of u;

> Normalization u; is not uniquely specified:
“if u; is admissible, then ¢; o u; is also admissible”

Type of scale | Input preference data Family of ¢

Ordinal Scale « Examples of preference Any strictly increasing Too Weak !
X; 7i Vi function ¢;
Interval Scale « Examples of preference Any positive affine Perfect when
X; 7i Vi transformation normalization are
* Intensity of preferences: ¢;(a) =a;a+ B; combined

arithmetically

5 NS k; 1
[xi = yil € {very wea (weighted sum,...)

..., extreme}

T H /\ L E 5 Thales Research & Technology France frip version 9.0.0 based on co rtA Ix
Wi

e can all trust This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part or disclosed to a third party without the prior written consent of Thales © 2023 THALES. All rights reserved. Lab
s

{THALES GROUP LIMITED DISTRIBUTION}



/777

Normalization of the KPIs: different assumptions on commensurateness

Complete
commensurateness

/Weak commensurater&\

ﬂo commensurateness\

| Definition |

All ¢; are similar

$1(a) = =¢p(a) =aa+p
Infroduce 2 reference levels:
« &, : Good level

- 4, :Bad level

| Definition |

« All ¢; are similar up to @
dilafion: ¢y (uy) = ay uy
» Introduce 1 reference level:
- 1, :Bad level

|  Definition |

« The u;s can move
independently on all KPIs:
$1(a) =a;a+ By, ...,

Pn(a) = aya+ py
« No constraint among the ¢;s

\

THALES

| lllustration |

Reference levels:

Q-Score Max cut 0 1000
Q-Score Max Cligue 0 1000
Largest size of MCM 0 723

| lllustration |

« B, =0 for many performance
KPlIs:
« Q-Score
» Largest size of MCM

\_ /
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Normalization of the KPlIs: different assumptions on commensurateness

Complete
commensurateness

~

/Weak commensurater&\

ﬂo commensuratenesﬁ

| Definition |

« All ¢; are similar

¢i(a) = =pp(a) =aa+p

Infroduce 2 reference levels:

« &, : Good level
- 4, :Bad level

| Definition |

« All ¢; are similar up to @
dilafion: ¢y (uy) = ay uy
» Introduce 1 reference level:
- 1, :Bad level

Definition

« The u;s can move
independently on all KPIs:
¢1(a) = a;a+ By, ..,

$n(a) = aya+ By
« No constraint among the ¢;s

Which aggregation function F is such that if “x is preferred to y" with ufilities u4, ...,u, , then “xis also preferred

to y" with utilities ¢4 o uq, ..., ¢, o u, @

Invariance problem

| Consequence on F |

Many F are OK: weighted

sum, Choquet integral,
\Iineor model,...

THALES

we can all trust

| Consequence on F |

* Only one model.

Conseguence on F

e Thereisno F !

\ F(u) = f(ug* X -+ X u,‘i’")/
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Elicitation with MYRIAD-Q

1Very Stro
Strong

Strong
Weak

N

ng

Building a future we can all trust

Size Max Cardinality Matching \

- o o o o o o o =

IVery Strong
_IWeok

Q-score MaxCut

067t---
04 }-
0.13] xl
00 b ; 0.13

0‘:70 140 1000 1200 0.0

Q-score MaxClique

10 pmmmm == mmmmm oo

N

1Very Strong
« Strong
70~ Strong

Weak

\_"  Q-score MaxCut Y, Qf”io

1000

Q-score Mchhque

9
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Elicitation with MYRIAD-Q GCBG

A

T BGG
T GGB ~ BBG~GBB

T BGB
BB

Very Weak

Strong

Very Weak

Weak

/—QComplementarity between "Norm Q-score MaxCut' and "Norm Size Max Cardinality Matching'
2 Weighting of : "Norm Size Max Cardinality Matching'
O Weighting of : "Norm Q-score MaxCut'

—@ Substitutability between "Norm Q-score MaxCut' and "Norm Q-score MaxClique'

——— Complementarity between "Norm Q-scare MaxClique' and “Norm Size Max Cardinality Matching'

u=0.3 UpcMm + 0.1 Upcut + 0.2 min(uMCM, uMCut)
THALEES +0.2 min(uMCMJ uMCli) + 0.2 maX(uMCutJ uMCli) Alx

e can all trus.
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Y/
Output of MCDA

_ Q-score MaxCut Q-score MaxCllque Max size MaxCardMatchlng

D-Wave 2000Q
D-Wave Advantage 140 110 116

Aggregation Q-scores

Norm Q-score MaxCut

Norm Q-score MaxClique

Norm Size Max Cardinality Matching

U Explanation of D-Wave Advantage in comparison to the best possible alternative
Aggregation Q-scores

Norm Q-score MaxCut

Norm Q-score MaxClique

Norm Size Max Cardinality Matching
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Take-away

> Multi-Criteria Decision Analysis
»  Many models & elicitation techniques

» Focus on weighted utility methods

> Notion of reference element

v # reference elements depends on the invariance property

# reference | Invariance condition Elicitation
ENERE

0 Invariance condition too strong: NO MODEL
| Strong invariance condition: only the geometric
mean
2 Standard Invariance condifion: many lllustration of the elicitation
compensatory modeles process
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