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PRL 101, 147204 (2008) PHYSICAL REVIEW LETTERS 3 OCTORER So08

Simple Glass Models and Their Quantum Annealing

Thomas Jorg,' Florent Krzakala,” Jorge Kurchan,” and A. C. Maggs®
'LPTMS, Université Paris-Sud, CNRS UMR 8626, 91405 Orsay Cedex, France
*PCT. ESPCI ParisTech, 10 rue Vauguelin, CNRS UMR 7083 Gulliver. 75005 Paris, France
*PMMH, ESPCI ParisTech, 10 rue Vauguelin, CNRS UMR 7636, 75005 Paris, France
(Received 3 July 2008; published 2 October 2008)

We study first-order quantum phase transitions in mean-field spin glasses. We mlve the quantum
random energy model using elementary methods and show that at the ition the ddenly
projects onto the unperturbed ground state and that the gap between the lowest states is exponentially
small in the system size. We argue that this is a generic feature of all “*random first-order” models, which
includes benchmarks such as random satisfiability. We introduce a two-time instanton to calculate this gap
in general, and discuss the conseq es for g li

gbooooooooooooooogooooooboooooboobono
gbooooooooooooooon

Koji Hukushima (U. of Tokyo)

oooooooao 22/34



QAU UIIDDDOODO

> 000000000 M, 0000 QAOOOOOODODODOO

My (y) = {(9|M;lg) (ODDODO |gp0OOD)

~
Y / 7"

M. 1 M1

X X

No transition (continuous) First-order transition

> 000000000 Db0O0OO NOOOOoobooboooo
> JO00000ObO00obOOoobooboobooo

Koji Hukushima (U. of Tokyo) 0000000000000 22/34



goboooboooooood

QADODOO0ODDOOOOOUODOO:

> OO0bOooboobobooobooboog ..
(Young-Knysh-Smelyanskiy, 2010; Knysh,
2016)
> ODO000000O00OoOoOoooo
(Takahashi-KH,2019)

» 0000 (Laumann et al., 2014)
> OJoooooon
> 0oo..

good

NPODOOODOOOO QAODOOODOOODOOOODOO

L R r r. rau)

Figure 1 | Scaling of the gap in various reglons. Skelch of the
o

Koji Hukushima (U. of Tokyo) 0000000000000 23/34



goood

QA-AFF: QAO DO Seki-Nishimori (2012)

oooooooooooooooooooo:

~ ~ ~ ~ 2
E(osv,0) = U — 98t + + (M)

Ub0pOO000D0O0D0O0ODODOODOODOODODODODOODOD

Yamaguchi-Shiraishi-KH(2024)

oboooooooooooooooooobooboonoono
QA-AFFO0O M, O00O0DOOCOOOO

Barahona O O O

300000ooooooooboooooOooo NPOO

» M, 0000000 QADOOOOOOoOoOoOoOoOoOoOoOoOoooOoOOo

Koji Hukushima (U. of Tokyo) 0000000000000 24 /34



0d

|
Q 3000000000000 000000QQAIOOOOOOOO

oogd

> JO000O00O0oo0ooOoboooboooooboobooooooboo

T

Koji Hukushima (U. of Tokyo)

Spin glass

phase

‘ Spin Glass Transition ‘

If any, second-order transition

Y.0

If still hard, small energy gap here
or many body localization??

0000000000000 25 /34



0d

Q 300000D00C000DOO0O0DOOO0O0QACODOODDOOOD
ood

> 000000000 DOO0bO0O0oOOobOO0obOoOonOO

3 dimensional
Ising spin glasses

~ ©

problem

ocycle of maxlmum
d

Typical EA
model

@ \

v
\ 2 layer models

S~ _—

Koji Hukushima (U. of Tokyo) 0000000000000 25 /34



gooooogad

ubobooobooobooboooo
gbooooboobbooboobbooboobbooboo

> JO00OO0O0OCOOOUOOUOOOQA-AFFOCD M, ODODOOOOODO

googooon
» M, 0000000 QAODOCOCOCOCOCOOOODODODOODOODOOO

goog
ubobooboobbooooboan..

Home > Journal of Statistical Physics > Article
J
Proof of Avoidability of the Quantum First- %hysicscal

Order Transition in Transverse
Magnetization in Quantum Annealing of —

Finite-Dimensional Spin Glasses
. ournal of Statistical Physics

Aims and scope >
Submit manuscript >

Download PDF & @ You have full access lis openaccess article

Useour pri bmission checklist -

Mizuki Yamaguchi 59, Naoto Shiraishi & Koji Hukushil
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Realizing the classical XY Hamiltonianin
polariton simulators
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9836 Accesses | 261 Citations | 185 Altmetric | Metrics

Koji Hukushima (U. of Tokyo) 0oo0DO00o00O0o0oOoa0 28 /34



4\i % SPECIAL REPORTS

BFAVAINAT—RZILIVZXLZRAWT
HAShERECEEZERICESIEHTEL .
YZab—FTYRBIEYI
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arXiv:2409.02135

Optimization by Parallel Quasi-Quantum Annealing
with Gradient-Based Sampling

Yuma Ichikawa Yamato Arai
Fujitsu Limited, Fujitsu Limited,
Department of Basic Science Department of Basic Science
— University of Tokyo University of Tokyo
(o
—
-
™~ Abstract
Q
@) Learning-based methods have gained attention as general-purpose solvers due
to their ability to automatically learn problem-specific heuristics, reducing the
™ need for manually crafted heuristics. However, these methods often face scala-
bility challenges. To address these issues, the improved Sampling algorithm for
,.\.-_} Combinatorial Optimization (iSCO), using discrete Langevin dynamics, has been

proposed, demonstrating better performance than several learning-based solvers.

00000000 (Ichikawa,2024) 0000000000
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Table 2: ApR and runtime are evaluated using five different seeds. ApR is measured relative to
the asymptotic theoretical result [Barbier et al., 2013]. Runtime is reported as the total clock time
per instance in seconds (s/g) or minutes (m/g). The baselines include solvers such as the random
greedy algorithm (GREEDY) [Angelini and Ricci-Tersenghi, 2019], CRA-GNN [Ichikawa, 2023],
SA. Methods that failed to produce results on V100 GPU are marked as N/A.

Method RRG (d = 20) RRG (d = 100)
# nodes 10* 10° 106 104 10° 106
GREEDY 0.715 0717 0.717 0.666 0.667 0.664
(0.06s/g) (9.76s/g) (18.96m/g) (0.02s/g) (3.51s/g) (5.16m/g)
0.922 0.911
CRA-GNN Gasamig VA N/A G2omg VA N/A
SA fewer | 0949 0.840 0.296 0.894 0.719 0.190
(3.00m/g) (3.00m/g) (3.00m/g) | (3.00m/g) (3.00m/g) (3.00m/g)
0.971 0.943 0.695 0.926 0.887 0.194
MO 1 (30.00m/g) (30.00m/g) (30.00m/g) (30.00m/g) (30.00m/g) (30.00m/g)
tewer | 0967 0.971 0.971 0.946 0.955 0.956
PQQA (Ours) (1.32s/g) (1.35s/g) (5.59s/g) | (1.34s/g) (2.36s/g) (18.47s/g)
more | 0:976 0.980 0.980 0.957 0.966 0.966
(3.77slz)  (5.82s/g) (47.99s/g) | (3.70s/g) (15.69s/z) (2.94m/g)
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