Dependence on the size of the subset of QPUs

Here we report the results of different split and merge strategies for a fixed
set of circuits and to different subsets of QPUs as a function of the subset size. In
Section 1 we report plots at fixed pair of split-merge policies, while in Section 2
we report results at fixed type of circuit.

1 Fixed policies

The pairs of policies considered are reported in Table 1, with links to the cor-
responding plots.

2 Fixed circuits

The types of circuits considered are reported in Table 1, with links to the cor-
responding plots. The specific benchmark circuits have been generated as qasm
code for 5 and 8 qubits using the MQT Bench library.

merge

fair Hell. | MISE
fair | Fig. 1 | Fig. 2 | Fig. 3
split | Hell. | Fig. 5 | Fig. 5 | Fig. 6
MISE | Fig. 7 | Fig. 8 | Fig. 9

Table 1: Table of redirection for comparisons between single QPU executions and
the ones obtained with subsets of QPUs for different pairs of policies.
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Figure 1: Hellinger distances between exact results and subsets of QPUs with
increasing size using a ‘fair-split’ and a ‘fair-merge’ policy.

circuit class
random dj ghz grover-noancilla qnn vqe
Fig. 10 | Fig. 11 | Fig. 12 Fig. 13 Fig. 14 | Fig. 15

Table 2: Table of redirection for comparisons between single QPU executions and
the ones obtained with subsets of QPUs for different types of benchmark circuits.
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increasing size using a ‘Hellinger-split’ and a ‘fair-merge’ policy.
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increasing size using a ‘Hellinger-split’ and a ‘Hellinger-merge’ policy.
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increasing size using a ‘MISE-split’ and a ‘fair-merge’ policy.
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increasing size using a ‘MISE-split’ and a ‘Hellinger-merge’ policy.



policies: mise-mise

random

grover-noancilla

v

A\

vge

v

A
v

WA wa
AV

L/ azis 19sqns
I 9 9zis 395qns
L G az1s 195qns
I ¥ 9zis 39sqns
I € azis 395qns

L ¢ azis 39sqns

F T-90) J01€|NWIS
+ T-ele"Jole|nwis

I Auow.ey iore|nwis
+ 9ooiquays wq!

I exeso-wq!

I aueqgsuq-wq!

I 0104y~ wq!

- souljeseq |je

0.4 1
0.0 1

0.8 1

0.6

0.4 1

0.2 1

0.1 4

5 data

ng =5 mean
g = 8 mean
ng =8 data

nq
nq

v
A

YY v ovow

A
<=

reS i s
Yvy v

a
v
T

J

qnn

L L 2215 195qns
L 9 azis j9sqns
L G az1s 19sqns
L ¢ 9215 195qns
L € azis j9sqns

F ¢ 9zis 195qns

F T-910) J01e|NWIS
- T-eUe-Jole|nwis

I Auow.ey-io1e|nwis
- 9xoouquays wq!

I exeso-wq

I aueqgsuq-wq

I 0304y~ wq1

- souljeseq |je

0.3
0.2
0.1

=
~

Hellinger distances between exact results and subsets of QPUs with

increasing size using a ‘MISE-split’ and a ‘MISE-merge’ policy.

Figure 9

10



circuit: random
fair-fair fair-hellinger fair-mise 1y = 5 mean
0.3 4 0.3 4 0.3 1 g = 8| mean
V  ng=5data
A n,=8data
0.2 1 0.2 1 0.2 1
T
=
014 014 014
lx—t D +%_T- i Ix—t ) AT T IA—t '—___¥ _______
YVyy v T YVyy v ?fV' YVyy v 3‘}*"
0.0 T T 0.0 —TT T T 0.0 —TTTT T T T T T
hellinger-fair hellinger—hellinger hellinger—mise
0.3 0.3 0.3 1
0.2 J 0.2 1 0.2 1
=
=
0.1 1 019 019
Ix_t By AT T T Ix_t By AT T :Z_t Ry —— A T T
Wyy v ¥vey ey v Vv Wyy v EXX2E
mise-fair mise—hellinger mise-mise
0.3 ¥ 0.3 0.3 ¥
0.2 1 0.2 1 0.2 1
o
=
01 ._ 1__._"____ ________ 01. 1__t "____$ ________ 01 -_ Aa L Lo L — L =
i i 7y i 7y
YVvey vV ‘;'}tvv YVvvy v yl}yvv vy v ¢Y?va
0.0 T T 0.0 7T T 0.0 —TTTT T T T T T
VN OVDY > AN OO~ VN OVDY > ANM S 0O~ VN OVDY >vir AN OO~
£0&s058d cccccc 20555548 cccccc E£8550508 cccecec
§opooERs 222999 §opooERs 22829989 G2088est 0885558
© SES@=1 © Pl © Pl
2505858y 2505858y 2505858y
= E 152 = E 152 = E 152
= Ewmgs = Ewmgs = Ewmgs
23aE 23aE 23aE
E® £75 £%%
£ £ £
Figure 10: Hellinger distances between exact results and subsets of QPUs with

increasing size using a random (Haar uniform) circuit.
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Figure 12: Hellinger distances between exact results and subsets of QPUs with
increasing size using a circuit preparing the GHZ state.
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Figure 13: Hellinger distances between exact results and subsets of QPUs with
increasing size using a circuit for a Grover search (without ancilla).
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Figure 14: Hellinger distances between exact results and subsets of QPUs with
increasing size using a generic Quantum Neural Network circuit.

15




circuit: vge

fair-fair fair-hellinger fair-mise 1y = 5 mean
v v v ng = 8 mean
0.4 1 0.4 1 0.4 4 V  ng=5data
: : : A n,=8data
A A A
= 7{ Aayy iy j Ay iy B i faayy s i B B
02 4+ INE J-2io2+4----- INE = f* Lo+ 444++1 INE 1-L
vV
vy v vy v vy v vyYV
0.0 T T 0.0 —TT T T 0.0 —TTTT T T T T T
hellinger-fair hellinger-hellinger hellinger-mise
v v v
0.4 A 0.4 A 0.4 4
A A A
5 f}aayy f) aayy faayy
0.2 +f-<==- v- ?'v 0.2 +f-<-=- v- =] 0.2 +J44++ v- I
vy v vy v vvw vy v vyvYyv
0.0 =TT 7 0.0 T 7 0.0 T — T
mise-fair mise-hellinger mise-mise
v v v
0.4 1 0.4 1 0.4
A A A
= f) aa 5y f} a5y f} a5,
0244--=-=- v- -——{ 02+ 4-=-==-- v- -——{ 024+ 4-=---- v- .-
vy v VYV vy v VYV vy v yvv
0.0 T T 0.0 7T T 0.0 —TTTT T T T T T
msﬂ)mwév—lﬁﬂ AN OO~ 8‘1){\!@;1—[«—1 ANM S 0O~ mgﬂ)mwé'—lﬁ—! AN OO~
c05me60d cccccec oSwo6ad cccccec CoGwe6nd cccccc
=32006gct 990330 =32006gct 900330 =32006gct 900330
$XBOFERS (RO SETS $X¥BOFERS
SESEGI5. SESEGI5. SESEGI5.
—2g95.82 225 k3 2295082
= 9535 1528 = 1528
© o £x35 E == ® 9 c535-
®ES ExEgS ExgS
23aE 23aE 23aE
E5 g@ ga
£ £ £

Figure 15: Hellinger distances between exact results and subsets of QPUs with
increasing size using a Variational Quantum FEigensolver (VQE) circuit.
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