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The challenge

—

Real-world optimization problems Near-term quantum computers
 Large scales (e.g., 1000+ assets) « Small scales (hundreds of qubits)
« Constraints (e.g., budget constraints) * Unconstrained Hamiltonian encoding
« Stringent time and quality requirements « Hardware noise and other imperfections
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The situation around 2022
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Realizing quantum speedup for practically relevant, computationally hard prob-
lems is a central challenge in quantum information science. Using Rydberg atom

arrays with up to 289 qubits in two spatial dimensions, we experimentally investi- o?

gate quantum algorithms for solving the maximum independent set problem. We :'/

use a hardware-efficient encoding associated with Rydberg blockade, realize :T’D

closed-loop optimization to test several variational algorithms, and subsequently B Experiment
apply them to systematically explore a class of graphs with programmable connec- IS ?A
tivity. We find that the problem hardness is controlled by the solution degeneracy 0.01 (irag’: o

and number of local minima, and we experimentally benchmark the quantum algo- A 65
rithm’s performance against classical simulated annealing. On the hardest graphs, : g;
we observe a superlinear quantum speedup in finding exact solutions in the deep

circuit regime and analyze its origins.
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We propase and implement a quantunv-informed reduction algorithm for the maximum indepen-
kernelization techniques with information extracted from
quantum devices. Our larger framework consists of dedicated application, algorithm, and hard-
ware layers, and casily generalizes to the maximum weight independent set problem. In this hybrid
quantum-classical framework, which we call aReduMIS, the quantum computer is used a5 a co-
processor to inform classical reduction logic about frozen vertices that are likely (or unlikely) to be
large independent. sets, thereby opening up the reduction space after removal of targeted sub-
tematically assess the performance of qReduMIS based on experiments with up to
531 tbits i on Fydber st hardwaro svailable through Amason Braket. Our experiments
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We propose and implement a comprehensive quantum compilation toolkit for solving the maxi-
‘mum independent set (MIS) problem on quantum hardwaze based on Rydberg ato ur
endto-end pipelne imvaves thiee core components to offcealy uap generc MIS nstancs onto
Rydberg arrays with unit-disk connectivity, with modules for graph reduction, hardware compat-
ity checks, and graph ombecing. Tho hrst mesdulo (cucar) provide hardwarc-agnostic an
eteeminiti eduction et eruily s the proles e v by g romovl We
find that real-world networks can typicall duced by orders of magnitude on sub-second time
acles, thus sgnificantly utting dowin vt o o quantum deviees. Morcover, we show
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Mo
by recent experiments with up to 289 qubits (Ebadi er al., Science 376, 1209 (2022)), we study the maximum-
independent-set problem on unit-disk graphs with  broader range of classical solvers heyond the scope of

FO . that mh..mu techmiques maybe an fmportant tool in the ongoing scarch for potential quantum
th oriinlpapr. W cary ot extensiv rumericl s and wses e ardcss,win bob exoct specdups o identify bard problem instances. In particular, for Rydberg-native show can performance 2 broad sct of
with Phelic higeng porfollo Dpuitoniad i fofalanci eoblini it onumslls) The blpelne deonupiies VIS ingtanees, we obeerve signaturcs of an sy hard.caey ramsiton anc. Quantly a critical dogree {quantum) solvers incuding Rydber quanium device. Wo ntlne implemertatins of RediMIS

solved to %
opimalty for p 0 oand of nodes i mimsen it bt oo ‘generic commercial solvers on
odity bndvare, ithotany intance specic i uing. We aso perform a scling anlyss, i
that by relaxing te clssia siled considered in Ebadi et al, our
competitive with the I Cnnvzndy. instances with, o
e s e shown 1 ey et slionporely oders o e e, B o e
cesults, we propose protocols to systematically tune problem hardness, motivating experiments with Rydberg.

problem into constrained subproblems, which are then solved separately and aggregated to
give 2 final result. Our pipeline includes three main components: preprocessing of correlation matrices based
s g

with »l . such rapped ions, and we discuss potential
future extensions.

indicating the onseh of a hard problom regime. The second module (compatibiliy chocker) .
‘ments a hardware compatibility checker that quickly determines whether or not a given input graph

be compatible with the restrictions imposed by Rydberg quantum hardware. The third mod-
ule (embedder) describes hardware-cficient graph embedding routines to generate (approximate)
encodings with controllable overhead and optimized ancilla place We exemplify our pipeline
ith cxperiments run on the Qubra Aquila device avilabic on Amason Braket. In aggregats, our
work provides a set of tools that extends the class of problems that can be tackled with near-term.

I INTRODUCTION makes use of an evolutionary approach to identify and re-
move ertices that s lkly pct of o lugo indopendent

set, thereby opening up yet again the reduction space

p-.»m drasicallyroducesthe ot ompuaion e for stat-of-eat solvers. Morever, by dscomposing
lrge problems, near-term quantum devices as

atom arrays on

DOL: 10.1103/PhysRevResearch.5.043277

L INTRODUCTION

Combinatorial npllmwz'.mn problems are pervasive across
science and indusry, with prominent applications in ar-
eas such as uanspomnon and logistis, telecommunications,

tically relevant, computationally hard problems (such as
combinatorial optimization problems) has emerged as one of
the greatest milestones in quantum information science.

Over the past few years, programmable Rydberg atom
arrays have emerged as a promising platform for the imple-
mentation of quantum information protocols [1-7] and (in
particular) quantum optimization algorithms [8-14]. Some of
the exquisite and experimentally demonsrated capabilities of
these devices include the deterministic positioning of indi-
vidual neuteal atoms in highly scalable arrays with arbitrary
amangements [15,16], the coherent manipulation of the inter-
nal states of these atoms (including excitation into strongly
excited Rydberg states) [17-19], the ability to coherently
shutde around individual atoms [20], and strong interactions
‘mediated by the Rydberg blockade mechanism [12,21-23].

‘The physics of the Rydberg blockade mechanism has been
shown (o be intimately related to the canonical (NP-hard)
Published by the American Physical Society under the terms o the
Creative Commons Attribuiion 4.0 Inieraional license. Further

distribution of this work must maintain aitribution to the author(s)
and the published articles title, journal citation, and DOL

2643-15642023/5($/043277(12) 0432771

imum-independent-set (MIS) problem (8], in particular
for unit-disk graphs. The MIS problem involves finding the
largest independent set of vertices in a graph, i.e., the largest
subset of vertices such that no edges connect any pair in the.
set; compare Fig. 1 for a schematic illustration. As shown
in Ref. [8], MIS problems can be encoded with (effectively
two-level) Rydberg atoms placed at the vertices of the target
(problem) rah.Srong Rdergntcrctons betweensoms
then preven: two neighboring atoms from being simulare-
ously in the excited Rydberg state, provided they arc within
the Rydberg blockade radius, thereby effectivly implement-
-ndence constraint underlying the MIS pr
By virtue of this Rydberg blockade mechanism, Rydbevg atom
arrays allow for a hardware-cflicient encoding of
problem on unit-disk graphs, with the (tunable) ik rin
Ry ~ 1-10 um setting the relevant length-scale [6],

Overview of the main results

Recently, a potential (superlinear) quantum speedup over
classical simulated annealing was reported for the MIS prob-
lem [12], based on variational quantum algorithms run on

‘quantum variational algorithms against simulated anncaling
by viewing it as a classical analog of the adiabatic algorithm,
yet left open the question of benchmarking against other
State-of-the-art classical solvers. Motivated by this experi-
ment, we perform a detailed analysis of the MIS problem
on unit-disk graphs and assess problem hardness using both

Published by the American Physical Socicty

«.\»m,

DOL: 10.1103/PhysRevResearch.7.023142

L INTRODUCTION

Portfolio optimization (PO) plays a vital role in manag-
ing vast amounts of global financial assefs, requiring rapid
and robust algorithms to effectively make decisions about
investing capital, while managing risks. Often, PO problems
include integer decision variables, which arise when the un-
derlying assets are traded in discrete quantities. Morcover,
such optimization problems impose constraints on the deci-
sion variables, such as having a fixed

imber of sclected s, o & maximum (o sk exposure
of the portfoio.

Typically, PO _problems can be formulated as mixed-
integer programming (MIP) problems, for which a wide range
of methods have been proposed. In particular, various local
search methods have been proposed and successfully applicd
[1-3]. However, these methods often have several drawbacks
when applied to MIP problems, such as scalability,the risk of
getting trapped in local optima, and difficulty handling com-
plex constraints. On the other hand, exact methods, such as
those based on the branch-and-bound [4,5) search method, of-
ten perform better in these aspects, and are, thercfore, among
the most widely used tools for many hard MIP problems.

Published by the American Physical Society under the terms of the
Creative Commons Atiribution 4.0 International license. Purther
distribuion of this work must mainiain attribution to the authorfs)
and the published aricle'sste. journal citasion, and DOL.

2643-156412025/1(2)023142(17) 0231421

Notably, eommwz.l.ly available branch-and-bound based
by

y
adopted in the md\lstry for optimization problems, such as
traveling salesman, graph partitioning, and quadratic assign-
ment problems [8]. e s employ the branch-and-cut
procedure, which effectively combines branch-and-bound

Despite their widespread success in solving practical prob-
lems of small and intermediate sizes, MIP problems are
NP-hard in the worst case. Therefore, given the generic ex-
ponential runtime scaling and cver-increasing problem sizes
for real-world PO problems, it s crucial to develop techniques

can handle.
PO with near-term quantum computing. In parallel to the
development of classical optimizers, quantum computing has
shown promise for providing computational specdups for
Some optimization problems of relevance to science and in-
dustry [9-11], particularly in portfolio optimization problems
[12,13]. A variety of quantum algorithms have been proposed,
including well-studied quantum heuristics like the quantum
approximate optimization algorithm (QAOA) [14,15], which
has been executed on quantum hardware for small-scale opti-
mization problems (16-19), including portfolio optimization
(20,23}, it sppeosimisly 10D il
ch 1o quantum optimization is quantum
annu.hng 3], which solves optimization problems by finding
the ground state of a classical Ising Hamiltonian, clevated to
the quantum domain by describing a collection of interacting

Published by the American Physical Socicty
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arXiv.

Rydberg atom arrays.
L INTRODUCTION

The field of combinatorial optimization (CO) involves
the search for the extremum of an objective function
(such as a cost or profit value) within a finite (but nsu-
ally large) set of candidate solutions. Despite often being
simple Lo conceptualize, many CO problems are hard to
solve and even NP-hard, representing some of the most
exquisite, yet challenging computational problems known
[1, 2] Given its close ties to the maximum clique, min-
imum vertex cover, and set packing problems [3], Lhe
i, independent set, (MIS) problem represents
Tmportant paradigmatic CO probiom, with practial ap.
phmtmns i virtually any indstey seetor. Those inlude
metwork design [4], vehicle routing [3], and quantitative
finance [6-8], to name a few,

Quantum optimization. Over the last few decades,
quantum optimization (QO) has emerged as a

for solving such discrete optinization problems

[9], in pursuit of quantum speedups over the best-known
classical algorithms for practically relevant problems,
Prominent QO algorithms include quantum annealing
slgoritims (QA4) [10-14] as well as hybrid (quantum-
Jassical) algorithms such as the quantum approximate

“These authors contributed cqually
These authors acted as Co-Pls

optimization algorithm (QAOA) [15, 16], among others.

In these approaches, typically the optimal solution to the

classical optimization problem at hand is encoded in the

ground state of quantum many-body systems that can be

implemented and controlled with (special-purpose) quan-
hardware [17, 18].

Optimization with Rydberg arrays. Over the
last few years, analog neutral-stom quantum machines
in the form of Rydberg atom arrays have emerged as a
novel class of programmable and scalable special-purpose
quantum devices geared towards optimization workloads
[16, 19-27]. In particular, recent cxperiments with up
potential super-
linear quantum speedup over classical simulated anncal-
ing for the MIS problem, with pioneering implementa-
tions of both QAA and QAOA within the same exper-
imental setup [22, 25]. Because of the isotropic nature
of the Rydberg blockade mechanism [20-31], these first-

eneration experiments were inherently limited to max-
imum independent set (MIS) problem instances on a
restricted class of geometric graphs known as unit-disk
(UD) grapbs [19, 20, 32]. Ultimately, however, the use-
fulness of these devices will depend on the scape of prob-
lems they can tackle beyond the hardware-native MIS-
UD problem sct.

Embedding schemes. Embedding techniques are de-
signed to expand the scope of problems supported by a
given quantum device by mapping logical input problems
to physical representations compatible with connectivity-

2503.12551v1 [quant-ph] 16 Mar 2025

arXiv.

The meximum independent set (MIS) problem is a
NP-hard prob-

lem with close ties to the well-known, complementary
‘maximum clique and minimum vertex cover problems [1].
Practical applications can be found in virtually every in-
dustry, including computer vision (2], map labeling [3],
network design [1], vehicle routing [5], and quantitative
finance [6-8], Lo name a few. Given an undirected graph
= (V,€) with nodes V and cdges €, an independent set
is a subset T C V), such that 1o two vertices in the set
share an edge. The goal of the MIS problem s to find an
independent st Z with maximum cardinality. Such a set
i called a mazimum independent sel of size |MIS| =
Similarly, for a weighted graph G = (V, £,w) with vertex
weight function w : 1 — R, the generalized maximum
woight mdcpvndvnt set (MWIS) problcm asks for an indo-
pendent set T wi =% crwle).
Classical mdumls, One of mdayx lcadmg ‘heuris-
tics for the MIS problem is the ReduMIS slgorithm [9],
which intermixes a suite of reduction (or kernelization)
techniques with a heuristic evolutionary algorithm. Re-
duction techniques are polynomial time procedures that
can shrink a given input graph to an irreducible kernel
by removing well-defined subgraphs. These subgraphs
are removed through targeted sclection of exposed vor-
tices that are provably part of some m:
independent; sct, hence maintaining optimality [10-16]
Whenever an irreducible kernel is identified, ReduMIS

“These authors contributed cqually
These authors acted as Co-Pls

for farther Kernelization.  Ulimtel, a solation f0 the
MIS or MWIS problem on the original input graph can
be found by undoing previously applied reductions, with
mimerical experiments reporting state-of-the-art results
for both large MIS and MWIS problem instances [9, 17].
Quantum optimization. Over the last few decmdes‘
quantum optimization algorithms have emerged as
novel paradigm for solving combinatorial opnmumon
problems, such as the MIS problem [18].  Prominent
examples include quantum annealing algorithms (QAA)
[19-23] and the quantum approximate optimization al-
sorithm "(QAOA) o1, 5] T particulr, amalog noutral
m quantum machines in the form of Rydberg atom
arrays have attracted broad interest as a novel class of
rogrammable and scalable special-purpose quantum de-
vices that can natively encode and (approximately) solve
the MIS (and MWIS) problem on unit-disk (UD) graphs
[26-34). Recent QAA-based experiments report on a po-
tential super-linear quantum speedup over classical sim-
ulated annealing [29, 35]. However, for a broad set of
Markov-chain Monte Carlo algorithms, the same experi-
‘ments also show that the algorithmic performance is sup-
pressed exponentially in the conductance-like hardness
paraneter B, defined a5 B = Diyisy_1/(MIS| - D),
where D, denotes the degeneracy of the independent scts
of size . Specifically, the success probability to find the
MIS in a single algorithmic run (shot), denoted as Pys,
is shown to follow the form Pyyis =~ 1—cxp(~CH~?) [29],
where 8 depends on details of the given algorithm, and
C refers to a positive (fitted) constant.
Quantum ReduMIS (qReduMIS). In this work we
propose and implement a novel quantum-informed algo-

« Study the hardness of .
the MIS-UD problem

« Problem native for

Quantum-informed
gReduMIS algorithm

Integration of exact

Decomposition pipeline -
for large portfolio
optimization problems

Compilation toolkit for .
Rydberg atom arrays

- Hardware-efficient .
Rydberg quantum - Reduction by ~80% for embedding with classical reduction with
devices real-world instances optimized overhead QPU as co-processor
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The solution: gReduMIS algorithm
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The MIS problem and
Rydberg atom arrays
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The MIS problem

- Problem statement: Given an undirected graph, find largest independent
set of vertices (i.e., the largest subset of vertices such that no edges connect

any pair in the set).

« MIS problem dual to maximum clique and minimum vertex cover problems.

 Practical applications: Map labeling, network design, vehicle routing,
qguantitative finance, ...
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Portfolio selection

- Problem statement: Given a (large) universe of assets, find the largest set of
uncorrelated assets.

« Solution: Invest in 3 uncorrelated assets {A, C, G}, out of 7 assets.
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Rydberg atom arrays in a nutshell
Effective spin Hamiltonian:

arXiv:1707.04334

% arXiv:2205.08500

« Customizable geometry of Rydberg atoms via
« Strong Rydberg interactions lead to a unit disk (UD) graph connectivity

« Dynamical control of the Hamiltonian parameters

aws professional
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Rydberg atom arrays in a nutshell
Quantum optimization:

0By, ey & H =Y Qof — Ac? + Y Vynin,

arXiv:1707.04334

% arXiv:2205.08500

« Customizable geometry of Rydberg atoms via
« Strong Rydberg interactions lead to a unit disk (UD) graph connectivity

« Dynamical control of the Hamiltonian parameters
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Quantum optimization for MIS on random UJ graphs

Encoding Quantum evolution Readout
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«— MIS on random
union-jack (UJ) graph

Optimization =~ ¢

R &(ClosedLoop _A ‘]

Ebadi et al., arXiv:2202.09372 [Science 376, 1209 (2022)]
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Performance on random UJ graphs

L) « Quantum algorithm reported to
e 2095019 outperform classical simulated
annealing (SA).

S foP—O.63(13)

« Performance scaling:

XY
i P 1 CH™103
S Mis ~ 1 —exp (— ) SA
| Bl Experiment PMIS ~ 1 — exp (—CH_O°63) QA
B MIS SA o
0.011 Graph size
o 8 « Hardness parameter:
A 65
| 51
@& 39 H — DMIS—l
10 100 1000 -
Hardness parameter #P ’MIS| - D MIS

Ebadi et al., arXiv:2202.09372 [Science 376, 1209 (2022)]

. . @ size |[MIS|-1
Configuration graph of @ size |MIS|
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Results for native SA solver

: ;Hb:(‘).%‘ R
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101 | oy e

Paper Data

— log(l — PMIS)
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10~ |
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arXiv:2307.09442

10! 102 103 104 10° 106 107 108
Hardness Parameter HP

Challenge: Performance suppressed exponentially in hardness parameter.
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Preliminary summary — part |
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=

I Experiment
I MIS SA

® 80
A 65
| 51
& 39

10 100 1000
Hardness parameter HP

- Rydberg atom arrays provide native solver for the maximum independent
set (MIS) problem on unit-disk (UD) graphs (MIS-UD problem).

- Performance suppressed exponentially in hardness parameter, for broad set
of (classical and quantum) MCMC solvers.
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Reduction techniques fo
the MIS problem
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Reduction/kernelization for the MIS problem

Basic property of the MIS problem:

Any clique can host at most one
excitation (selected node).

24
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Reduction/kernelization for the MIS problem

Basic property of the MIS problem:

Any clique can host at most one
excitation (selected node).

Key idea:

Reduce problem by removing
exposed corner nodes.
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Reduction/kernelization for the MIS problem

List nodes by degree
O: @
1 (2) ()03

2 @ “———— Degree 2, valid candidate for
3- @ an exposed 3-clique corner

FOIOID)
20100,

\ Candidate for, but not

a valid 6-clique corner

exposed corner nodes
(not independent)
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Reduction/kernelization for the MIS problem MR LY

List nodes by degree
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Reduction/kernelization for the MIS problem

List nodes by degree
O:

HOIOIOIE)
2:@

3:@
HOIOID
20l010
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Reduction/kernelization for the MIS problem

List nodes by degree
HOLE

2: @
HOIOIE)

4 (6)(@)
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Reduction/kernelization for the MIS problem

List nodes by degree
O:

‘I:@@
2:@@

: WOW
4:

5:
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Reduction/kernelization for the MIS problem

List nodes by degree
O:

e ‘I:@@
‘o Jololole
e :

AT A N

o
@ &
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Reduction/kernelization for the MIS problem

List nodes by degree

O:@

e 1:
‘o Jololo
e :

AT A N
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Reduction/kernelization for the MIS problem

List nodes by degree
O:

e 1
‘o Jololo
e :
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Reduction/kernelization for the MIS problem

Observations:

« Graph fully reducible, with
reduction factor & = 100%.

» Reduction factor ¢ € [0,1] for input
graphs with N nodes and output
with n nodes:

N —n

$=—x
« Optimal MIS solution found by
mere (clique-based) reduction.

professional
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Optimality by cut-and-paste

7

 Since v has no neighbors outside of the clique, by a cut-and-paste argument,
it must be in some maximum independent set.

- Therefore, we can add v to the maximum independent set we are
computing, and remove v and C from the graph.

~_\ ~_\ ~_\ ~_\
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Reduction for real-world networks

network input graph G kernel IC of input graph G run time |reduction
nodes edges average degree|nodes edges components largest component| [ms] &
Florentine 15 20 2.67 0 0 — — 0.38 100%
Zachary Karate 34 78 4.59 4 4 1 4 0.97 88.2%
Dolphins 62 159 5.13 20 30 2 12 1.51 67.7%
Les Miserables 77 254 6.60 0 0 — — 2.21 100%
Jazz 198 2742 27.70 83 580 1 83 17.74 58.1%
C. Elegans 438 1519 6.94 19 26 1 19 14.32 95.7%
Email 1133 5451 9.62 315 818 1 315 44.05 72.2%
Cora 2708 5278 3.90 79 94 16 9 116.93 | 97.1%
Citeseer 3264 4536 2.78 217 341 26 83 67.30 93.4%
PubMed 19714 44281 4.49 16 23 2 11 665.06 | 99.9%
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Preliminary summary — part Il

 Classical reduction (kernelization) is a powerful tool for MIS/MWIS problems.
« Reduction methods are provably optimal.
- Reduction methods are fast (e.g., linear-time for sparse graphs).

« Reduction methods insensitive to the hardness parameter.
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gReduMIS algorithm
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Motivation for gReduMIS

<[>

& J

Classical computer
Exact reduction
(in poly time)

gReduMIS solver

Reduced kernel

Selection of vertices

¥,

A
000 ] .
-1 @ c
S ‘9 s
—| @ =
2 -
Quantum computer § uoo
Approximate solution o ©
for graph kernel 1 2 3 4

- Exploit (exact and fast) reduction as much as possible, akin to classical SOTA

heuristics.

- Reuse reduction to boost performance at the expense of (small) overhead.

 Periodically leverage QPU’s native sampling capabilities (in the form of
sample persistence) to unblock reduction whenever necessary.
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The gqReduMIS framework

aws professional
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Input MIS (MWIS) Output
Problem parameters MIS on problem graph Independent set
Expected returns i > PSP for asset graph Diversified portfolio >
Correlation matrix o
Threshold 1
Y t
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gReduMIS - High-level (pseudo-code) structure

Input graph G = (V, E), RCL size K;, selection parameter A # default K,;, =1 =1
Global W =@, S = @, R = @ # best solution, set of selected nodes, set of removed nodes
Procedure gReduMIs(G)

if G empty return

(K,s,r) < ClassicalReduce(G) # get kernel, selected and removed nodes

Append s to S, append r to R

if K is empty then update and return W

{[,} <— QuantumMIS(K) # get intermediate independent sizes for kernel (incl. postprocessing) for
#alln=1 ..., Ny, Shots

if |S| + max{|,|} > |W| then update W # update incumbent
Q,S,R < Select ({I,,}, strategy = "in”) # select A frozen (fixed) degrees with “in"/"out” strategy
# update sets S and R accordingly
K’ <« K[Vg\Q] # get inexact kernel
gReduMIS(K’) # recurse on inexact kernel
Return W/

professional
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Quantum-informed identification of frozen nodes
(3) (4
Iveés

In-set strategy

MIS={2, 3}
MIS={3, 4}
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Snapshots of the gReduMIS algorithm
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Problem input: Site-
diluted union-jack graph
with 137 nodes.

Hard instance with
hardness ~1435.
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Classical reduction
removes 100 nodes.

Irreducible kernel (grey)
found with 37 kernel
nodes.

QPU is called to unblock
reduction.

Node in pink identified
as frozen node with high
in-set probability.
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Remaining kernel fully
reducible.

MIS solution found with
two classical reduction
steps and one QPU call.
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gReduMIS performance for example instances
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QAA 352%  0.8%  0.7% 0%
QAA (Ref. [34]) 47.8%  04%  1.9% 0%
qReduMIS 100%  100%  100%  100%

Average success probabilities P achieved with QAA and gqReduMIS (with in-

set selection strategy) using the QuEra Aquila QPU for four test instances (all
with n = 137 vertices).
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gReduMIS performance across larger testbed
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hardness parameter H/

Systematic experiments:

« Testbed with 39 random UJ
instances with hardness
ranging from ~ 1.03 up to ~
9717.

« gReduMIS solves most
instances to optimality with
Pyiis = 1 and maintains a non-
zero success rate with average
Pyis = 89% throughout the
testbed.
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gReduMIS is hardware agnostic

« The qReduMIS hardware layer can involve analog or digital quantum devices.

- Task: To unblock reduction, solve MIS problem on (kernel) graph:

- > ni+U Y nny, S Hcost_ZJwZZ +thz,

1€V (2,5)€€k

« Approach: Prepare low-energy state via optimized control parameters 9:

(W (0)) = U(0)|Vinitia1),
Gate-based QAOA (SC qubits, trapped ions, ...).

Ising machines, including SC annealers (D-Wave).
AHS with Rydberg annealers (neutral atoms).

« Impact beyond Rydberg community...
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Summary and outlook

« Novel quantum-informed gReduMIS algorithm.

« Kernelization is applied in tandem with a quantum
coprocessor that helps guide the repeated
reduction process through the identification of
frozen variables.

 Successful experiments with up to 231 qubits on
QuEra, showing that gqReduMIS can tackle
fundamental performance limitations.

« Outlook: Future experiments based on alternative
hardware platforms (such as superconducting
qubits or trapped ions).
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Thank you.

Martin Schuetz
Global Practice Lead
Amazon Advanced Solutions Lab

maschuet@amazon.com
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