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Parallel Simulated Annealing with Adaptive Neighborhood using
Different Target Acceptance Ratio
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This paper deals with a new approach in Simulated Annealing (SA), and proposes an adaptive neighborhood mechanism
for continuous optimization problems. When applying SA to continuous optimizing problems with numerous local optima, the
automatic control of the size of the neighborhood becomes necessary to obtain good performance. We have already proposed
the method called Simulated Annealing with Advanced Adaptive Neighborhood (SA/AAN). This method has an adaptive
neighborhood adjustment mechanism maintaining a given target acceptance ratio, and it shows very good performance for
continuous optimization problems. The target acceptance ratio in this method is determined experimentally. In order to
overcome this problem, SA/AAN is performed in parallel with different target acceptance ratios. The proposed methods are

applied to solve many continuous optimization problems, and it is found that the methods are very useful and effective.
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Fig. 1. Algorithm of Simulated Annealing.
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Fig. 2. Effect of the neighborhood range on the energy.

ZOMEL Y S/INSVEARITRIRCK Y <2 es
Zbhd.

4. BYLGRERZBERETSHSA

WY ez R A HAR L 95 S TR & R
SA(SA/AAN) iZ, #RE LIz RE RO X 5 1R
Z SIS T 2 A RBRTFIETH S,

T CRER LY, BRBEICAR L E RO YR E
DL UG ERT. B CILRRA/N Xl
EH5HEE, THMIEDZESWINT /2 0 ZERERRE 7R
5. —J7, WREKBETEHLRARZIEE 2551%, MK
RRBNRL L 2 0 ZARII/NEL 2D,

L7edoC, BREBPOZIRIZI S CIHIE % F
THZET, Hex RRRMEIC B TERRIRDUC S L
RIRE DN TELEEZ LD D).

4.1 SEGEREIA H=X L

SA/AAN o7 3 Y X8, K (5) ISR HEB %%
HAWTBREF OZHENGITHE m 2RETH. T4
bbb, ZEHENHEEO R E D EWSEAITEHEE H
FHTHIMEE, FRRE VARG AT 2 100 1 i/
ERD. ZorE, TMEROIEREH 2K (6) DL ST
FHRIICER L, ZEER TR W E EFIERER
EWEHMISES. bbb, JEREOFWMEE 2.0 & L,
AN HAEE O ERR X 0 HWGE IR E S 2 518
MEED. ZOAH=ALZEVIERFITNLS HTHR
efEE L V5.

m' =m x g(p)

g(p) =H if p>m (5)
g(p) =0.5 if p<p2

g(p) =1.0 otherwise

H=HxH(p'), (Initial setting :H = 2.0)

H(p') =20 if p>m ©6)
H(p')=0.5 if p<p2
H(p')=1.0 otherwise

(3)

67

Energy

—— Best energy

—— Neighborhood range | 4

abuel pooyloqybiaN

L L L L L L L L L
0 1 2 3 4 5 6 7 8
Annealing steps (% 10%)

Fig. 3.
SA/AAN.

History of energy and neighborhood range in

=L, T=—U 7O TIXREREWZD, ITHIE
DA M AR E TR U THIE Lis/h S 758l
RERBLICCW. 207, BEFHE T Corana
FIE ) ZHVTRZERN 0.5 12725 X 5 1STEHIR 2
T 5. TO%, FAEILHFIRCHREEZITY, ZHEEIEE
U7l E Tl Lictk, /NSl E HiET 742
PN S IRV

4.2 SA/AAN ORIESR

SA/AAN TiZZ< ORI RIRRRBREITZ D0, #
RIS N TERBMEM L CLES 2L b b D.

T Z T, SA/AAN @ HiEZ##% 0.1 & LT Rastrigin
BABUCEN LTz & & ORI Fig. 31277

Fig. 3 Ci¥, fxEENEH I TITHRBHBMER LT
5. PRBHMECIXREIC X 2 CES M~ DOBEBZZE L
W2 K e, SZHEIRA TN B 72 IS 25 /IMEl Iz 72
5. 2O, KPR TOD5EAEIC S TR A
PIRRESETHERLARY. &biT, —ERIRERIC
fa v BB T L, YORIEABCEF AR I N D56
DL I2D. ZHICFRNZHRITIK S 72 5 7o DR D3
EHITHNL, R DHRHLT Z X X W e 72
5.

—5T, ROEMEBICREE LI bbb, Bk
MRBPFONRVGARD D, ZHILEHFIREOIEREN
KREENSED A D =R BT, B
FEERICIGR LW RetE 2 B el d ThH L B2 b D,

5. RRARERZHFLT S SA

SA/AAN IZRBWTIE, RERMIC HIESZERRE 53,
RPCZOMEEE LAFEEZFATG LWz, Lal,
)72 BRI R Lo TR B 7280, EE L=



68

target acceptance ratio

Synchronization

i—SA—

<« @
X
: e :
‘@-SA—j . e A —
0.1 : 5 :
i & :
: © :
@-SA—] 2 e
0.2 : . : =3 :
. . : i !
04 @-SA—{ e ° )

Fig. 4. Concept of ARPSA.

HAESZELRDOIIL T L O AR L ITE 2220,

— I, BRARFAE CIIRIRAIERER AT 9 7o DI HEER
HRPRL LEFIRZ LR S8, B CIIRETHIE
REAT O Te DI AR iR 2 < LEfFiRZ M/ S8 5
TEBEELW. L, RIS TV DI
#1637 AR RSN EOGER, RN R A
B U2 b #Hb b HARS R PMERW AT IR R
EEKAETTLES.

ZZT, BEOT a2z, BERRDLUTE U THAR
ZHREILEELTNTY ANE LT [R5 MR
HAE & 9 2R HEEE 2 £ o5 SA (Parallel Simulated
Annealing with Advanced Adaptive Neighborhood us-
ing Different Target Acceptance Ratio : ARPSA)] %
RETH. RFEOHAN % Fig. 4 1IT7-7.

REBEFEOTNTY ANT, WHI TR LTE
NENER D AEZIHEL G2, —ERAHI LIt n
E2ADREE LY oORKREHED D, RHIFHITIE, KR
ERRGF 2T ANLIRICEV BESZHEEL 52 5.
772U, BRERIRDLICE CIo i RIR RS 24T 51213, BB
RUBZE L RICFEE L D0NERDHD. TDZD,
7=V TR ERRFCRBZ LY, HEESZIROEE
DYTEITHIZ L LT D.

THNC LY I BRAED B AR T e e 2, mV HEE
BRANEN Y 2T B AR IR S/ IMBEIIZ 22 v, Z OfRft
EDRFTHIREEZ S HIZED D Z B T&E 5. —4,
I BES BAFCROWT ' RITIE, KU HAESZ BESRH3E|
D YT BRI A TERBINC 2 Y, RFTRICH > T
T2l LTh, ZORFTRD BB U i g fikic 23
LW END.

6. 73 XLOE

BREZERORZG

AAESZHRA 0.1 & 0.4 D7t RTRT 5 IEEED
JEiHE % Fig. 5 121

6.1

FREM - EHHE - - = AROBE -

(4)

& %2

Neighborhood range

L
10

. . ) . .
0 2 4 6 8
Annealing steps (X 10%)

Fig. 5.

target acceptance ratio.

History of the neighborhood range with differnt

Fig. 5 £V, HEZHEN 0105 041D L,
L V/NEREFIRERBTE DL RS, Lizho
T, RFR7 o RC@WAEZHAREE2 52 ik
D, BWMEBEIMIORZEEZDNS.

UL, Slffiik~OBERITIT L A R 2L,
YERBIR D DRI Z L B TE R o7z, ZHITRER
AN T, HARSZEISR % H 372 OIERRIRE A/
BIcdh 272, —ERRRESH/INT S &, RFfEik
T 72D ERRE SETHERTERNWEDTHD
EEZLND.

6.2 AEERIERA H=XL

AT O 2 R 5 72 012is, A ERICBER e
EBIRZEIER ST DMNERHD. £ 72 RTBNT
AR I BLAR D ST A3 72 U AR R T B » T B &
FIWT L, SZEERICER R K &7 v R DU & R A
BEHEERORE SETHEREIES. EHFESIER L
BRI TR DD, HIEZHEEHIET A =X
LD, EHRIESR A IZHiNT 5. T, BB
BT 5 2 7o R OFHIE & TR DR % Fig. 612
RY

Fig. 6 £V, &7 0¥ 228\ CEERES LR E Tk
KL%, ML TV B CREENEFIN TS,
Thebb, IFEEZIERT S Z & T, RFfE» ST
LTWaEEXbNS.

- >
— —

6.3 RHARDIERBHEA

PEFIRIER A 1 = X BT &0 o fRaikic BlEE Lz
LD LT, RO TLEIZ L0 DD, BKIK
IR R S 5720121, ZhETIE-R]
R RBR RO RERTLERDH D, 2T, RE%IT
HT O A TR RN D RREZIGTS. Zhick



Rrp 2R AR L 2 BISHEHE 2 FHOEY Y I 2L —Ty F7=—) v 7

Best energy (P1)| 4 10
=== Best energy (P2)

MLy

Neighborhood range (P1)
gl range (P2)

" ebues ﬁooujoqu!eN

1]

n n L
1.90 1.95 2.00

Annealing steps (x 104)

1.85

Fig. 6. History of energy and neighborhood ranges.

0, —ETHEREMERICEET L, TREA R I
i/ URPTRBRE 21T 5 2 & C, BmWMRKEZ b5
TEBPRRESND.

7. BUERER

7.1 BEFEEDOLEE

PERTFIE L ERTFIEOMRRE IR L7245 R % Fig. 71
A~ Fig, 71%, FBICBWTLLTOLFIET 100 3
TTo17, HRMEZAIECY B2 260 THY, #HE
T A, BCRITREEZ R LTS, B, /T
A —2& % Table 1 (Z/87.

T 22 [ B VTEEIE &2 AV 55 SA . PSA/FN
WY 7p 2 Bl A HEE L35 WF] SA : PSA/AAN
Wb iR E HfE L9 5% SA : ARPSA

%7z, PSA/FNIZIIT 2 E @RI Tl SRR & -
TROEMEEREEANTWS. ZL T, PSA/AAN D
AR BRI RER AT & ShTWVW5 0.1 & L3, ARPSA
® BHEZBEHT 0.05, 0.1, 0.2, 0.4 D4 D>DfEE Li-.

Fig. 7 X v, IOV TIE, WThoBEKicRsny
Th, ARPSA 23cd BAFRFEREM TS, Fie,
TR~ RERT, (a)Rastrigin B TiX PSA/FN
550D, (b)Griewank BA$TiX PSA/FN & [F]%
DOEVFEREZHG TS, 1271, PSA/FN ORI
DPLHEAR N EBET DL, REFEIANTHD
LEZBND. LoT, MEFEDPMRTIEL Y BAF2
MREHTCVNDHEEZS.

7.2 RAZROZRERFAKRRDKRE

6.3 i, BOEMREIRA~DOBURMEZRAET 5729, [[
B OBERIEEE{A T ADKERSE L O
Type A LIES) . 22T, EFEOT VY LK
FHE LT, FA#%OERIRARE ST 0¥ 2DE R RIC
L7254 (LM, Type B &FES) & OVEREHER 1T .

(5)

69
Table 1. Parameters in each method.

Function Rastirigin Griewank
Total steps 25600 x 4 | 76800 x 4
Cooling steps 32
Max.(Initial) temperature 10 20
Min.(Final) temperature 0.01 0.001
Initial neighborhood range 1.0 | 512 | 6.0 512
Neighborhood adjustment interval 50
Neighborhood range’s parameter

adjustment interval 200
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