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Automatic Determination of the Temperature Schedule
in Simulated Annealing Programming
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Simulated Annealing Programming(SAP) is a method of automatic programming, which extended Simulated Anneal-
ing(SA) so that a tree structure could be treated as a solution of optimization problem. Because of the mechanism of accepting
bad solutions probabilistically in the optimization process, SAP can generate the optimal solution without lapsing into local
solution. In order to obtain the global optimization solution, SAP needs appropriate temperature schedule, and it requires
much computational cost to determine the appropriate temperature schedule. In this research, we propose the method to
automatically determine a appropriate temperature schedule. In the proposed method, a temperature schedule is determined
based on a history of the acceptance rate. Through the numerical experiments, we found that the proposed method provided

an effective temperature schedule.

Key words : genetic programming, simulated annealing, program search, automatic

programming,temperature schedule

F—T—F ! BT IIIVY, YIal—Ty RV ==V, TalIS LR, g s s v Y, WE
AT a—)b

]l

YXal—7Ty k7= romssIv 7RIS

HEXTY a—)IVoO b
LB R HE EAAZ

1. FLsIc MU, GPICIiZ 7 a7 T LA THERZE M DORF
D (T a— )Y DFETZ L VS REMDHS. T
O— MOVRET % & 700 T LOBREDOBICIE, RO
{FHPFHME R ORI OBENFET S V. F£ie, 2L
TELNE AT I LY A ANKRELEEZT NS,
ARICHIBDH B/~ RANOEANKHEL 5%, DT
H— FDOFRAIE, GP OISO E 554 XL —4
THHIRIICLKBEDTHBEEINTVS.

—J7, BREYIaL—FTy R7=—=) 7 %) &H

Tuyg L HEERT 5FEE LT, Bz T M
Z 2% (Genetic Programming: GP) %% 1)2). GP
&, IWHEELTHETH BEI 7 )L Y X L (Genetic
Algorithm: GA)?) ZREEMN R EBDRZ 2 K S HEEL
ZBDT, 1Ry hOFTEIAE DS R, BT
E, AN THRBRUTICHEN, 2 OmEN
BENTHE Y. TOLSIC, GPREFH TSI TI
YIDFHEELT, ANEFETHL I EENTVS. L

* Department of Knowledge Engineering and Computer Sciences, Doshisha University, Kyoto
Telephone:+81-774-65-6930, Fax:+81-774-65-6930, E-mail:mmiki@mail.doshisha.ac.jp , tomo@is.doshisha.ac.jp

** Graduate Student, Department of Knowledge Engineering and Computer Sciences, Doshisha University, Kyoto
Telephone:+81-774-65-6921, Fax:481-774-65-6921, E-mail:mshibata@mikilab.doshisha.ac.jp

(77)



204

A
&

B0 s 5 I ICEA L TFEZRELTVWS. i
Z, PRIV IaL—Ty RV ==V T rSIvy
(Simulated Annealing Programming: SAP) &FERT),
INETOWMIEICKD, SAP IIRE & MHIN S HlE S
A— 2R 542 % 2 LT, Ta— MHVRERT,
GP LFAIFOMREMESEND T EDHLMICIZ> TS
7.

LML, SAP Tld, #EMICHELEDITA BIRERT
TV a—)VDOPREITIE, £ < DTARMINEHEORRERIT 7% KT
WRAETH %, £ T, AWSETIE, HRRICHENZIRE
A7V a—)IVeHERET BT e 2EZ 5. HFRRICERN
IRMEAR T Y 2 —)V e AEIET 5 2 & T, RAIDRME
IR LU TE SAP THIRINIC T 7S LWIRRNTE S X5
IZ7%%. iz, vRy bOTEHAIG EIcBNT, £t
TAHRRICGH LTI S L eH o UHERTET &
WEARATRRISEWVDS, PERICHE UTRER T Y 2 —)V 2 H
FCHRETENZE, ZORL DERBICHE U /=178 RHI 72
Ry FAEMMED T T L ERREICE B L EZ BNS.
TDEXIIC, SAPICHBI BZHRICHNFIMERT Y 2 —
IVOHERFEDERMENEZ N5, AETE, Dixwv
ATRETHRRICHELUREAT Y a— )bz HEIRE L,
ZTOMERT Y 2 —)VTHET % SAP 2187 5.

1
m

2. ab—=Fy R7=Z—=025770533>7

2.1 HER7IVIV XL

LN RETFEO - TH S IaL—T v R 7 =—
1 > (Simulated Annealing: SA) ZH\WT7 17 Z L
DHENERRZTTD Fitze, B3 Ial—Ty 7 =—
V> 7715 227 (Simulated Annealing Program-
ming: SAP) &FEER. SAP IE, BEDMICXH LT, GP
DZIRZEERE L [FARRDILIEZ1T 5 T & TROfA 2 Ak
9%. ZTLT, ROEHIDIETmNERE NG
ISR CZ DER 238D, SCERMANERE NI
BICIFME LRI N B I ST X — 212 X D RIS T
DEBZRD D AN A L2RiD. ThUckb, JRifiE
KRG 72 a T, R Sk i U RIS Eadfi
FETEEHLEWRTES.

= AR

(78)

R

SAP D7 )3V X L&D IR
STEP 1 IR DK
WA E S > X LSRR L, ZFOHEZTTS.
STEP 2 A BB
BUEDRRICBNT, AR Z T V2 LGEY, 28
PARLZIE T DI ARZHIRT 2. Z2LT, UK
LR U T R 28 8 BRICH AT 5 T &I &k D,
ROl 2 LT % (Fig. 1) .

Mutation point Insertion of the subtree

—_—>

Delection of the subtree

The present candidate The new candidate of solution

Fig. 1. Generation method of a candidate solution in
SAP.
STEP 3  =ZHUHE, IKAEER

BUEDRROFHIE E & ROMUEHOFHIE B! & D7
73 AE(= E' — E) BXUIREI ST A—2 T Z2Hic, XD
A B T B Eh OHIE GZRIHE) 2175, %
PRI (1) 1279 Metropolis FE4E6) ZHVW 5. /&
B, Paccppr EZPERTHS.

1 if AEZ0

eap(—5F)

ROFIZREDE EL TN B & N B A T2 8
TN, SCEHANERE NG A TEMER Pacorpr ICIE
WHERINICZIRE NS, SCEMNOHERIES Pacorpr
&, SCEIEAEDNEWIEEEL, £z, HEST A—
2T HRENMNEE @O LW A D,
STEP 4 VA INA7A

STEP2 BXKU 3 ZAiEDmE (Thzr—V VI
HEMES) #0RUTtg, RERTA—2 T Z/NELT
H0—=)2T%75. 7=V THDEE T 13, X
(2) I K> THRET S Y.

Piccerr —{ (1)

otherwise

Tiv1 =Tk (08 <v< 1)

(2)



VIalb—TF v RTZ=Urr7ar s Iy SICBIAREATY Y a— Vo HEL

CCT, yBWHRTHD, T, FBUEDORETH 5.
=V F%iTH T ICKD, S TANOBBIHERD
K< 7%x%.

STEP 5 &7 H&E

STEP2~4 ZEH LN RBITAR, HRZK T2

Z 95 TN STEP2~4 ZHED RS

3. BFERMBEEEBRERTVa1—Ib

BEATI a1

SAPICKZHETO TSIV I T, BEAFYa—
KD EREIND T 7T LOMWREDY A AW 5.
ZDI, BUfEHRRZ1TS L THEYIRIRER T Y 12—
IWVORRENIFFICHETHS.

MH, SA TIE, 7=V Y7 eMENs toEians
MR E CIRACEIC S B ZIREAT Y a—)LE
% T &T, SCEITIANOIRAEER OZIHERZ IR 2T/
TLLTWL. ThIc kD, BERFBRTIEREIN TR
MTZ, BREBCTIRRINGHREMTA S L ENh T
%. —J7, BREBED DT ETHZ—EDIME L T S
JERT Y a—)VERWS T & T, S IANOIRIERER
DZ R Z( S B TITHFREITS FTiEDH B )
D—EREDIRE R V2 —)V Tl &b, —fRiixs7—
VYTV BIRERT Y 2 — )V TOBRRICEDELN
ZEX D E RIFCHBMIEND LWV HENEINT
V5.

—EWERT Y 21— VT K BHRICDONTIE, SAPIC
BWT, TNETOWIZHIC X DIERITHEL TV 2 IEEH
BOMFEL, ZTORETOWRERT Y 2 —)UIC K DRI
(NIRIRMNTE BT > T3 1. ARITIE, D
RN HRROIT 2 BIRERHZ, A R & 5.
3.2 WRHEE

GP THWHN TV AR Y FI—F D 5 B Santa
Fe trail f D & 6 € h=)VF T L7 - D 1I2D0
THEERZ1T9. Santa Fe trail BEIE, TRy FOITEHR
AEALRT BHETHD, 6 Cy hIVFTL7YRIE
&, FRZRGHT ARETH 5.

DIFC, ZNENORMBEICDOWTEIAT %.

3.1

-

(@

(79)

205

1 ® food
€ ant

@]

o]

o]

o]

o

[ IE1o]e]

NN

[

[0/ [ lele@le] Tq

[ ool

. 2. Santa Fe trail.

3.2.1 Santa Fe trail f&

Santa Fe trail i/ & 1%, Fig. 2 IC7R9 Santa Fe trail
EMHIN B ASFERE FICHEL L TV 5 872 N DR S
NIEZXIVF—NT, TEERIZIERTZ TS
LO%RZBENE LTOAETHS V. Al A T
il F2l5 T LICK D HZGT 2 ENTE, AT
DI R)VF—IImLZN 1 DFATENB T LI 1 1HE
5. NTHEOYM T 3 )VF—13 400 TH %

C ORFEICHW 2 IFmRE =13 {if food_ahead, prog2,
progdl , #Umsd & & {move, right, left} T»H 5.
if food_ahead X51#(7z 2 D& D, NTHEO—< Wi/
WEERBHIUXEE 1550z, RN 25 80294719 5.
prog2 3518z 2 & D, B1 51, 52 5 BDNAICHE
17U, prog3 &587%z 3L D, prog2 &IAKEICH 1 5]
B, H29l8, W35 IBOIAICHITT B.

FHIREEL Buar 1, X (3) TR KD IC, HORETH
% 89 W DI LICEHOR Foprained 2510 2EDEL, 0
7 it &9 i METETH 5.

Eval =89 — Fobt(zined (3)

3.22 6EvYMIIVFILIVYREE

6 € FILVFTLITREEE, 2 DOHIEES (ao,
a) WKECT, 4DDAIES (o, di, do, d3) DI B
WINA 1 DN 2 EREIT SMETHD V.
ANES, HEESIE0, 1 TREND.

C DRTEEIC V2 IEREE=1E {and, or, not, if},



jiz=)

206 ES

M

1% -

sl = {ag, a1, do, di, do, d3} THB. and
58 2D, TNTROGIEMN 1 ORFC 1 &KL,
FNLSOIFL 0 ZIKT. or d51EE 2D, TNFE
NOFED 0 DERFIC 0 23K L, ZNLAORHE 1 21K 9
not 351872 1DLD, FIOMZKIZEE5. ifld5]
Ba3oOLh, B 155N 1 ORI 2 518K L, 0
DIFIEE 3 518z d.

MRS Byor 1, X (4) TRT KD, IXRTOES
DINZ—=2TH5 64 (=20 N2—=2DH5H, ELVH
$172 U283 Neopreer Z510VEEDE L, 0 ZEEHEE
T 5RIMEETH S.

Eval =64 — Ncorrect (4)

3.3 BIWMEREMBESE

NSO 2R T 2 72D, FNThOR
REIC SAP ZiiEH LIz 72, FHRE, IRE T &2 276
M5 20 FTCOMEZEMIC/HEIL 13 IREICDNT
fTolz. 7=—=V V7 A7 v 7HZ Santa Fe trail [
T 2077, 6 v bxLFTLIYRETIE 10 7& L
o, 2B, REMOFIACEL T, FHEENFEEFOL
BETaT S LY A XN W rREEE Lz, 2T
T, 0TI LA REIFEREINT 0T LD/ —
R THS.

FROFER, HRTORBMBOFES X7 0 s S
LY A ZDWT 50 ifTOFEfEZE ED, Try ML
726 D% Fig. 3 & Fig. 419, BlcikE, e
filifl, AEhic 70 7S LY A A%2Rd. sHilifEik, fEh
INEVIZFERWETH S.

Fig. 3 &, Santa Fe trail S TIZIRED 22 (35T
FHEA K K, TBTT LY A RN WRMES T
BTehahd. Fiz, Fig. 4Xb0, 68w h<ILFT L
YR TE, 20 LUF ORI CRMBED AR 0 x>
TWB DT XTOT CRIEMRZF TS T EDTH
D, HE 20 TIEMDOREX D E/NEWY A XD T TS
LIMEENTWAR T EWh5d. ERdDT &h b, SAP
BN TEHRICHMNCE REFEDFET T e
R T &z,

(80)

=Rt E - R

40

—— Evaluation value
—O— Program size

3

3
Program size

Evaluation value

3

o

2° 2% 2% 2® 2% 2" QP 2 P 2 2t 2P 2°

Temperature

Fig. 3. Evaluation value and program size in each tem-

perature (Santa Fe trail).

N

o o o

;.
Program size

—4— Evaluation value
—O— Program size

Evaluation value

N}

o

2 3 4 5 6

2° 2% 2% 2% 2?7 2" 2 2 2P 2 2 D 2

Temperature

Fig. 4. Evaluation value and program size in each tem-

perature (6bit Multiplexer).
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Fig. 5. Relationship between the temperature and the

acceptance rate in SAP with cooling(Santa Fe trail).
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