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A Method for Improving the Accuracy of Quantum Annealing
by Keeping Temporally Optimum Solution
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Abstract: Quantum annealing is a new algorithm to solve combinatorial optimization problems where the
original problem is converted to the energy minimization of Ising model or the equivalent QUBO (Quadratic
Unconstrained Binary Optimization). Speeding up quantum annealing is important to obtain the solutions of
combinatorial optimization problems in short time. In this manuscript, an acceleration method of simulated
quantum annealing (SQA) based on the quantum Monte Carlo method is discussed and a new method is
introduced to improve the quality of the solution under the same amount of computation time. The method
keeps a temporally minimum solution during the computation and renews the temporally minimum solution
when a better solution can be found. Its effectiveness is shown by applying maxcut problems and traveling

salesman problems.
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BHUZZIVF—ZBILAHZNBET 2428 572, 2
&Y, bayROTA VX —2E8M0L5HETIO
IZHARTZ 32V F -G % RIEIZHIR L 72, &by
RDITAINF—FHHFIIZ, THINVF 2T 255121
BREEL PO 2 VF - REX 2L, KELE
bEY ZDZANF—=DHREFEDO TR ILF— K D/INI W

ZiE, PRMBOEHREITO LDITL .
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5.1 fiTlk, Y0 o AOFEEFHMIZOWTIHRS, 5.2
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5.1 EEBIEESNRSX—%

AT — X & LT 2319spin D AKA v bT#E (max-
cut_2319) & 1024 spin32 # i D KE £ — )L A < v [
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Algorithm 1 fREFEDEM T BT T A,

Define: num_T=number_trotter, num_S=number_spin,
num_O=number_outer_loop, num_I=number_inner_loop
Variable: s[num_T][num_S], TRO_E[num_T],
min_E, bests[num_S]

1: for k =0,n <NUM_T do

2:  caluclate TRO_E[K]

3: end for

4: for m = 0,m <NUM_O do

5: for n =0,n <NUM._I do

6: caluclate AH

7 if AH <0 then

8: toggle spin

9: TRO_Ek] += AH
10: if TRO_E[k]<min_E then
11: update min_E, bests
12: end if
13: else if probability exp(-8A H) is TRUE then
14: toggle spin
15: TRO_Ek] += AH
16: end if
17: end for
18: end for

19: output min_E, bests

K1 NI A—&

INTA—X il 18
3 41
r 1.0
I 24b 0.99
by & 32
7R —=)N—7 maxcut 1200
TSP 1000
A4 >F—=N—7 maxcut 1000000
TSP 100000
RFNVT 4 {ZE maxcut U

TSP # M A KRR 2 £%

L, SLBOAERIZIZA LV R - V1 AR ERHWE. &
B L TRV T A =R %2R 1ITRT. TUR—I—
7, AV F = =TI U CTIREERENDER KD S
EO Bt REIITHE L.

5.2 ALIBRFRE & EEX
REFEEHCEZELHE T =) Y TOEMRIZ L 20
BRI & AR DREE 2 1AM L 7=, JLBERSRICBI L T, 3.2
i 2, ~8. MORERKME Uk, fBOREIZEL T,
T=—VYZAKNR L 2=V AT v 2 RT7NITY ALY
Z, BELELD seed PG PIREZF DT A — X
WLV EHBEDOT I L F—DNREL LTS, Lids
T, 72—V VI IBVWTHEL2TERT DI LI i
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L7280, MGG RREEDNRT A =R E2EE L, BLUELE
D seed % 0~50 OBHPETE(LIETCT =) V7%
Tolz. Hseed ETCOREFEDD, HLOZXNLF—%
WELE, 22T, HERRZREFIEDVOTXINF—
i H,, BEFELLOTXNVF—E H, 2T

H, - H,
==
DEIIZEREL, 2R TOUERDLE - SEEROTKA
MEEEUZ. PEEOFEIERER, FHOMRRE, &
H LU 7-WEROFE, WERORAER 2I1TRT.

Ka =)V A~ VREIZ B W T, WEERE 2N ¢
5Zrm<, BEEORMENR SN, HAh Yy MBI
BWTIE, 0.4 8 (0.57%) FRE OB OB R &
7o Tk, FRMOERREIENL Y, hifEOEE
B Z TS o 2D S 8 B R 5. B oo B [E 5
NEL o FHNE LT, {liEE2RHET S22 F
BABIRL TL 5. 2.2.1, 222 Hi Tl R722%, KEE—
AR VEBIZBWT, & ENG Lz izks R
FUT A EHPEENDD, BAHY MNUETIERF VT 1
X, 23Uz &b, Kialt — )b A [ RE s A T o B
BENEL D, FErfolfEs S OFENHEL 25729
B R - 7-DE e EZ 5. KAz, &KkAy MEHE
Tk, BEENKL, BABEMOBHPRES LD, B
RPN 2D EZ 5.

F7z, PHEHREER - ERWHERIZ LB ICKE -V AT
VITEDIED BRI Y MEEIZERTREWHERE o
2. INEHKEL =LA VEEORFIVT ¢ HIZER L
THBH, ACVIREBOOLTHhARE{TRELRTANVF —fE
DENRETEZN SR EZS.

F72, % seed [ETOMOUERZHMEEIZ L v, FHOTH
THRUZDBDER 4177, FHO P iz hzhis 1
PUSNEER, 23 Ui E RS, ok REE R L
<N ERT. SHOUTKO Bz d 5 sk, st

R (10)



IPSJ SIG Technical Report

Vol1.2022-QS-5 No.13
2022/3/24

R 2 LI & R ORER.

fril o ] g 5E R [ (1]

SEARLBR IR (73 L)]s)

TIIERREE (5 D )[s]  PIIRGER (%] BREER (%)

maxcut_2319 763 76.02 76.45 0.17 0.63
TSP_1024 81 38.33 38.25 0.33 1.27
:'pvewous"
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5 BRIy MEHEOR/NT X LF—ER.

V7 hO#HEEANEELTTEY FLTS. KEE—L
A VBEIE T ANV - RFVT 1 HER DD,
BOHERAE DD E WD T 1 EIREE AR X 5 & RN
FL7mB., LL, BEZBXZ2DNTERVE, W
BRENFEFT=—V IR TLTLES. AKAY b
MBI T RV F—BBIIRF VT 1 HEZ & R\ D Thg#
FRADE DBEBEAMEN, U7zdS o T, B\ OlEsR TREEE 2 i X
5ZEMTESL. ZhoDHERIZIELY, KRE—IVATY
MEIETARNZ AR E L, BAF Yy MEEIZRLNETS
WHBPNS K R BFERIZR 722 FEZ NS,

5.3 IRILF—DBEBRE

WREFEDY - BLUTOTIR—NV—THBTDIRIL
F—OB/MEEZ TRy bLZEDEKX S5, 6 1ITRT. 6 M
5, REIREBADBEBR IR T UMEICH L TH @
DYENRR SNz, /2, BRIy MEIEIZBWTIE, 7
7 X —)L—7 1000 BFHETHRAELTVWSE, TRLF—0D
—W 7 ERBEI > TWE., DL RIGEID, KR
FHERBRRMBEERETLZ2T, 72—V v T2kl
BAETH, TNECORRMBEERTCEIMTHARL LS
ZB.
6. BbHYIC
AWTIR, BF7=—V 2T HEMEOGR %
W EDREE N ERERREL, RSy MUEEE K
VAR VEETHEHAZT>72. MRE LT, mEEC

BWTUEBMOEM2ZMZ -EOREEHER L. )
VT 4 HERFFOKE 2 — VA~ VREITE A Y MREI
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HARTEERERVBE DI - 720, WERO DI K Z Wi
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MR SR TR SRR BRIIED 5 7208, BEHEERDO T
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TR T UM U TR oREP R o=, 7z,
T==) Vv ITRBEO T RN F—D N LRI 57z
BEH, REEFRIEREEHRFTE2T, 7=—
VY Tkl LGEaTH, MERSRRMEENTES
HCTHMZEWZ 3.

S, MoMAEEREMRENDEH Z1TV, AFiE
OAERAMEHRTVL.

BiEE RRRHEKY - B AT AR ORI A,
SEEHRE, EMEZEBIRII U A VN — DO ERRIZIEHE
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FAFSIEAH T 2V ¥ — - R A BN (NEDO)
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