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Temperature-Parallel Simulated Annealing Programming
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In this paper, we propose Temperature-Parallel Simulated Annealing Pro-
gramming(TPSAP), that is an extension of the Simulated Annealing Program-
ming(SAP) using the Temperature-Parallel concept. SAP is an automatic pro-
gramming method that expands the Simulated Annealing(SA) in order to han-
dle the tree structures, and the solution changes not only to the improvement
direction but also to the deterioration direction in probabilistic for temperature.
For SAP, the determination of the important temperature parameter for the ef-
fective searching of a solution is not easy. We applied the Temperature-Parallel
algorithm which was effective in the determination of temperature scheduling.
We compared TPSAP with Parallel SAP(PSAP) and SAP for some benchmark
problems of automatic programming. As a result, TPSAP is found to give the
best solution in the same numbers of evaluation. The time to obtain the the
optimum solution with TPSAP is shorter than SAP, and the optimum solution
obtained with TPSAP have as small node sizes as SAP.
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Fig.1 A generation method of a candidate solution in SAP
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Fig.2 temperature schedule with a cooling and a temperature-parallel
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4. =t R rE

7 A MEBE, BB RS T I T ORENBE T v — 7B TH 2 Santa Fe trail
IREY, Wall-following FIREY, 35X OEME &SRR % 2 5D Symbolic Regression [ifE
(Simple Symbolic Regression B, Complex Symbolic Regression ™)) L3 2.
Santa Fe trail i, &' Wall-following [BEIZARDOFEARIC B RIE I/ — R3SRAE
T5 (XA har 3347 5) METHD. —7F, Symbolic Regression REIZ 4T
D/ — FBROFHCEEL RET XA v brrBRELRY) BETHD.

4.1 Santa Fe trail®

Santa Fe trail L X, 1 TEOATIENSEK 3 12777 32 X 32 D<A H RICEE I
fH%, RONTEZRNF—NTTELILETELERT L0 T L5EMT2METHD.
ANTIRIZAE E2 @D Z LI K VAR BT 22 N TE, KR mN 1 OEfTShd I
CEFAF =TT HEET D, ATHROMI =R/ F—13 400 TH 5.

Z ORREIC A 2 3ERSEE B 1% {IFZFOOD_AHEAD, PROGN2, PROGN3}, #&iftat 5
i {MOVE, RIGHT, LEFT} & L7z. if food_ahead (35|13 % 2 fEfFH, ATHED 1<%
AIF RN HAVUEE 1 5138, ITAUTE 2 518E FITT 5. progaN 1E51%% N EFH,
BLBIE FE 2518, -, B N BROIAICETT 5.

FEAMREIER Buar 133K (4) £V, BEOBRILTH D Frax(= 89) 2B A THENERS L0
FZFIWEbDTHY, Euu=0 iiEfE s 3 25/MEBETH 2.

FEyal = Fraz — F (4)

4.2 Wall-following®

Wall-following FI&ED &%, mAy FBSE 4 ORT R EN R T, B
WO TBENTAZLEZAMET A a7 0 5ERTHRBETHS. HEDOREITEEDR
M8, 35 L ORI 27.6[feet], % A /LiZ—30 2.3[feet] DIEHFHTH Y, Koza DLHY & [
FBORETHL. nRy MI 12O BEE TCOEMZAL A Y) L 2EoR
ST A RED, A, %R, MRS LOAERIATE 5.

Z OMBEICHW A IEKERL F I {IFLTE, PROGN2} , #&imit5 1% {S00, S01, S02,
S03, ---, S11, MSD, EDG, SS, MF, MB, TR, TL} T&%. IFLTE (Z51%t% 4 OFF
H, BLIBIEEE 251 BOMEEIKL, 5 15IEOENNI, & LIIREOSEEIEE 3
FIEEFATL, 29 TRITNTHEAFIEEFATT D, 22T, F15138, 5H251HEB3MMT8%
BT LRSS (MF, MB, TR, TL) ®AE, S02 & S03 Z#g L, ZD/hSWED
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iz 4. PROGN2 (£51¥% 2 >F 6, #1515, &2 51%0IECHETT 5. S00~ S11
EERREE Y O AE, SS 1 12 EOEREE Y OFOR/METH . MSD (2.0) BEW
EDG (2.3) IZR2MHEMAR L T4, MF XaiE (1.0[feet]) , MB [%t4ik (1.3[feet]) ,
TR (ZAER (30[deg]) , TL IZ/AHER (30[deg]) ThhD. Z DORBIRETIL IFLTE OEHIC
XV, WA Fr U BEAET L.

B Evar 3N (5) 1%, BEPRICREINTZF A NVOKETH D Nuaz (= 56) 22512 HR
h23 @I L7 BERR D X A VDKL N 25102 b DTH Y, Euq=0 &EiEE &3 55Mb
METHD.

Eval = Nmaz — N (5)

4.3 Simple Symbolic Regressionl)

Simple Symbolic Regression &%, KRHOBEM y = f(z) X LT n lOAHTIT—#
ERWCE f 2RETL2METH D, RET 2 BIBEEIEK (6) ITR-T fo; THD. £
O ZBE 5 12T

fooj =2 +2° +2° + (6)

Z ORIV B IEKIREEEIE {+, -, %, %, sin, cos, exp, rlog), #&MEEEEIL {(x)
E Lz 2B, BITEER, rlog ITHEAMEKTHD.

FEMBIEL Eua 123K (7) £V, -1 205 1 OF% 0.1 A2 Lz 21 O ADIZxT 57
REORE L, FE<0.01 25 & 3 58/MEBIETH D, 22T, prog 3K SN
27T LERT.

{ Buat = 22 |prog(a:) — foss(w0) -
z; =012 —1

4.4 Complex Symbolic Regressionll)

Complex Symbolic Regression BIRE'Y 1%, Symbolic Regression SR80 o C & #4728
BARETHHETHY, RFERTIEIX (8) IRTEEE BB f; & T2, HEBEK
Jovj DEIEEE 6 12777

fobj () = 2 cos(z)sin(z)e” " (sin’ (x)cos(z) — 1) (8)

ZOMEIZHWIERETE ST {+, X, —, %, sin, cos, exp, rlog}, ML I%
{z, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0} TH5.

MRS Eya 133X (9) £V, 0205 10 ©f1% 0.1 ZIAIZ L7z 101 O AN T 2 H T
HEDHEIHEDORIITH Y, Eyu <2 ZilfRE T 55/MEBETHSH. 22T, prog i
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£ 1 FWHFECHNDNNT A—H
Table 1 Parameters for Santa Fe trail
Problem
Santa Fe trail
Wall-following

Total steps Tmax Tmin
200,000 128.4 | 0.271
400,000 80.8 | 0.271
100,000 888.2 | 0.008
400,000 | 1684.6 | 0.021

Simple Symbolic Regression

Complex Symbolic Regression

5. BREIFEICK 2EMMEDIREE

51 EBRME
SAP 2B} DR SHL O H B2 e 5720
R L&t R E @A L, HiRERE1T S
o IRJEWS SAP (LLF, TPSAP)
n BEDOEEWF| SAP %, Fuv X n TEITT L. MSBITMAHREY k8217
I. b, B rERICAVWERER, REEE, RIKREERLID, ZOMEZEHIC
SEELT-IBECTHD.
o FRAZHAZATIHOIRWIRENS] SAP (LLF, TPSAP-NoExchange)
nREDREWS] SAP %, riEx n TIFEITTH. MZRIITHRV. vk, &7
2 RTHWREL, REiRE, RRBEB XY, FOMZELAIHEL L RET
H5.
e U5 SAP (LL'F, Parallel SAP : PSAP)
=V T DREAT Y a—NEHNTZEK SAP %, a2 n CRRICETS
D, RAEIIITHORW. BB, £t ACBAVEREIIRESEETHD.
BRRBEIZANZ/NT A =5 %R LIORT., 22 TO, Total steps (FHeFEMEH R BIE,
Tmax BEO Tin 135HE - KIKREEZRT. Tz, FFRECBOTHW - 2k 23513 16,
FRAZHE L RNV BN AETH S 40'Y & L, PSAP ICAVWBNE 27—V > 7 ¥
32 & L7, ok, BB IR NI R KUCEL 50%RH DR, R/NREITMHFR
BRI ISR/ NEE 1 EERD DIRE L Lz,
5.2 #MiFIFRICH T B HERELLE
Rt BEBEIC BT, £FEL 50 31T L0 TROBRELRE 71273, ok, ®7
AR SRR [ (=RFHMIE SRR / 7 e 2K, MR (= Bl 457 mIT K

2, UTIORTHFIFEICH LT, 45
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> TPSAP-NoExchange ;
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% J ; % TPSAP-NoExchange
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(a) Santa Fe trail (b) Wall-following
1.0 0.10
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o s} r
3 06 TPSAP @ 0.06}
o TPSAP-NoExchange \ ks TPSAP
2 2
£ 04 £ 004t
% et E | TPSAP-NoExchange  PSAP
I —_— ——d
§ 02 7~ psap == S 002} \ \
Y \ r - [
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: 3
Annealing steps (X 10°) Annealing steps (x 10 )

(c¢) Simple Symbolic Regression (d) Complex Symbolic Regression

7 WHIFREICEIT S TPSAP O
Fig.7 Effectiveness of TPSAP in Parallel-Methods

J BRATHE) 2R L, BEENE T EFRREENEWI LE2KT. I TOREFEICBIT
DIRBIRIT, &7 nt AR OHEBICB T BRIFRFEH (KEME) 2#BL0ffL 5.

X7 L9, (a)~ (d) OEFRBBEICB T, TPSAP 3o i3 FiETH D TPSAP-
NoExchange 3 X O PSAP X W BWRIERMERENEOND Z EBNboo7-. F7z, Santa
Fe trail {1, Wall-following f#E35 & U Simple Symbolic Regression BIREIZIW T, &
ARG D 2 & 3T & T ERFR AT TPSAP # L O' TPSAP-NoExchange (ZHE5R 0D Z
%L, PSAP TIIRROKBETHDLZ LA D,

7-(d) IZ7”r L7z Complex Symbolic Regression IREIZIWT, SAP LR L7-&ToD
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WHNFIEIZ B TERRMERENIEF ITIRWER L 22572, 2@ Complex Symbolic Regression
ML, 2TO/— FPROFHEICEEL RIFT (WESTA > Fr U BNIE L) BED
FTHRICHEMERBETH Y, SAP OfFRRTIE, RIGRERVITARVEBELIZLY
WED ShTwbd., ZoZehb, SAP #ME L-FETHS TPSAP b SAP L REIC,
WSTHOA > b OB LR WO T O RHCEMERBEIC W T, RIGRMRIERN T
RN ERbhot.

5.3 BERICHSTLHEREEBICHTLIER

X 71ZR L= & 912, TPSAP 1% TPSAP-NoExchange 38 & TN PSAP & H~, fREZRD
PERES BN T E oo T2, Tt TPSAP MWROEBER 2 HIET 2IREAY ¥ 2—/zBW»
T, BRICEYRBEAY Va2 — VREHIPWDLEEZDBND. £ T, LLTIZ TPSAP
TG B DRI L ONEEDBERIZ OV TDELRLZITH. BEXIBEEIRNT, H5D
BATICHIT D TPSAP TH7- R OFFMIES L OMRE OERERE AR 8 1277, K83,
BRI PRER B, S HERhICATARAE, ARERhICIREE 2R T

B8 LV, SxBEBEIZINT, FolffiIiRE TR CIRREN IS EROME AT &K
THZET, KIEPIZIER L TV D Z L vbnd. BRI, BEFEEEKA Santa Fe trail
MIRETiX 2 ~ 5 x 10?[step], Wall-following FIfE Ti% 0 ~ 9 x 10®[step], Simple Sym-
bolic Regression [ Ti% 0 ~ 3 x 10%[step], Complex Symbolic Regression [ T %
0 ~ 2 x 10%[step] D#iPH & 72 5.

BRI TN, HERFBOERIC L > THRMICBIFRENERINZZ LICLY, RE
MERIZES LD, o Fre Xk, BEFRENRERINTZZEEZERL
Tk, ¥EREEE)S Santa Fe trail BB TiX 5 ~ 6 x 10%[step], Wall-following B T
9 ~ 13 x 10%[step], Simple Symbolic Regression [Tl 3 ~ 5 x 10*[step], Complex
Symbolic Regression FIETIE 2 ~ 5 x 10®[step] DO#iFA & 72 5.

PRBRHAETIL, IREMRIROEALTICEE S, RAREENMTOI TN D Z &8
bz, PlEFE CORRTRBZMERER SN TR Wall-following <> Complex
Symbolic Regression B TiZ, KIR TORPTHIRRIZE > T, RaIZBIFRMEEZFERL,
BN IR 2 bz Z L dbhr b,

ZDOE DI, TPSAP CRMAMNBEIIEL T rtA (BE) 2B LIckoT,
fREAENAHENICIREZEB L, MIFERIGELZBEAY Y a— L E2ER LTS, UEoD
Z &nn, TPSAP (X TPSAP-NoExchange 1 J UV PSAP & X, fREEZRICHE L7ZIRE A
TP a—VEERTDZLICRY, DRORRENPATRETHDILEERD.
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10° 60 - - 102 & 2 TPSAP BLO SAP WD /T A—H
80 Evaluation value L] !“\“ ““ ‘”‘!“ Table 2 Parameters for TPSAP and SAP
© L 10° © ‘”‘J‘ I (a) Santa Fe trail (b) Wall-following
3 60 ® 3 40 oo L10' 2
- ; 2 c | ® Parameter SAP | TPSAP Parameter SAP | TPSAP
2 10 © 2 ‘ I Snmd Temperature ]
g 407, Temperature g ] IR i g Total steps 200,000 Total steps 400,000
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Table 4 Average evaluation time
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&Y, Complex Symbolic Regression i Ti%, SAP, TPSAP-8, TPSAP-16 ®& ik
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Problem SAP[sec] | TPSAP-8[sec] | TPSAP-16[sec] | TPSAP-32[sec]
Santa Fe trail 37.950 4.020 2.034 1.235
Wall-following 1029.726 150.644 72.265 37.190
Simple Symbolic Regression 6.965 2.075 0.951 0.455
Complex Symbolic Regression 318.074 69.943 33.764 12.210
35
3
c 30r
£
£ o W s
g 20+ [] TPsAP-8
©
§ 15¢ Bl TPSAP-16
©
3 101 B TPsAP-32
§ st
(@]
0

Wall-following

Santa Fe trail

Simple Symbolic  Complex Symbolic
Regression Regression

10 TPSAP (Z31) DRI o MR m 1

Fig.10 Computational performance

VU boMEZEONDZ ER¥bhot-. £, RBEIZL Y, TPSAP IXHWA 2t X
¥ GRER) DREBEOMRICEELZ G2 ENbhoT.

6.3 fRIFREFMHE

BFIECBWT, MROBRICHEL L 1 RITOEHERER 2K 4 12, FEREMOM
mEm ERAR 10 1R, i, K10 IR REEOREE, fitlhic TPSAP 1281 %

PRIRIEM OPERE M) B3R (=SAP ORI/ TPSAP DO¥RER PEREM _ERH
WIE EERERFE N ERE S - 2 2R T
F 4 XV, SAP TR 5 1 3T OPRRIFMIT Santa Fe trail [ TI3K) 40[sec], Wall-

following [ TI3K) 1030[sec] (=17[min]), Simple Symbolic Regression [ T3 7[sec],

R 2R L,

Complex Symbolic Regression & TI3K) 320[sec](=5[min]) %FEE L=, —JF, @K~
7 ATz TPSAP T, 1 3TICRT DEREIFIL SAP Ll RIRICAEHETE 52

Lot

X110 £ 9, TPSAP (HWA 7 atA%k (REE) Ob U BRI OEESTTHhILTWn
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x5 WRfED /) — MK
Table 5 Parameters for Santa Fe trail

(a) Santa Fe trail (b) Wall-following

Method Nmin Nmia Nmax Method Nmin Ninid Nmax
SAP 15 20 35 SAP 13 25 53
TPSAP-8 14 21 37 TPSAP-8 11 25 47
TPSAP-16 14 21 39 TPSAP-16 11 23 47
TPSAP-32 11 21 42 TPSAP-32 11 23 47

(c) Simple Symbolic Regression (d) Complex Symbolic Regression

Method Nmin Niia Nmax Method Nmin Ninid Nmax
SAP 13 17 26 SAP 20 39 66
TPSAP-8 13 25 70 TPSAP-8 7 56 115
TPSAP-16 13 22 63 TPSAP-16 11 55 106
TPSAP-32 13 20 41 TPSAP-32 9 40 81

LT ENDMND. KT, Santa Fe trail B & O Wall-following [ TiE, &K SAP O
KRRV 7 e 280 (REH) fEOBRRIEH OFEMNEBR S TkY, £72, Simple
Symbolic Regression [} & 1" Complex Symbolic Regression BIEIZEB W TH, +47
PRERIFE O MR B35 B AT,

6.4 JRBMICHITEH/— FRICETHER

B 9 3 LOM 10 (2R L7 & 512 TPSAP [$78K SAP &, fROBREMREN & < JEH
(CERWERRIE CREDIRR DT A 5 T ENbinofe. 22T, TPSAP % SAP L FICA
RWNT 0T T BY AR () — FH) TRREER TE TE MY 20 0MRETH. &
SBEICRB N T, &FEE 50 RIT LERORREMRO ) — FEE2&R 51T, 22T0
Nmin &/ — FEDOKR/AME, Nmia 1/ — FEOFIAE, Npax 13/ — FEORKEEZ RS

# 5-(a) BLV (b) £V, Santa Fe trail I LU Wall-following fiBIZI VT, &
RARZHT 5/ — FEOR/ME, FRIE, RREPFRETHLZ L06, TPSAP [3EK
SAP LRIEEICHR — RECRA AR SN TVNA Z L2ibms. Lal, £5-(c) £V,
Simple Symbolic Regression BEIZI W T, REMFIZBIT D/ — FEOR/IMEIZRZETH
Z0Zxt L, HRER L ORAESZER SAP LY TPSAP OF NS NERE k-T2, Fiz,
# 5-(d) £, Complex Symbolic Regression BREIT, HBMD / — FEDF/ ML
TPSAP 73 SAP L VD720 dizxt L, Hlfiids & UK B TPSAP O AKIGIZE W2
EWDOMND.
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* 6 Jifigo ) — N
Table 6 Parameters for Santa Fe trail

(c¢) Simple Symbolic Regression (d) Complex Symbolic Regression

Method | Numin | Nmid | Nmax Method Nmin | Nmid | Nmax
SAP 13 17 25 SAP 35
TPSAP-8 13 17 27 TPSAP-8 88
TPSAP-16 13 14 26 TPSAP-16 73
TPSAP-32 13 | 16.5 29 TPSAP-32 -

Z Z T, Simple Symbolic Regression 5 2 U Complex Symbolic Regression fH#EIZ
BT 5E2h L7=fi# (Simple Symbolic Regression [#7E : §EfifE < 0.01, Complex Symbolic
Regression [ : 7HlifE < 2.0) TH DEGHEED / — N OR/IME, FRE, HRELZ2R 6
IZ7R7. 7238, Complex Symbolic Regression [REIZIWT, 50 34T L7 H Chdfif 2 15
72#ATIL SAP BL U TPSAP & HIC 13170710, /— NEOE/NME, FRE, HKRED
EIZR—DEE /5.

# 6-(c) £V, Simple Symbolic Regression B#IZI T, SAP B LU TPSAP THDL
N RGEfRD 7 — N OR/AME, HRE, RKREPRFETHL ZLBDns. 2O Lhb,
2 5-(c) IZB\W T, TPSAP [FZIR SAP £V / — RS W EAKT2ERNE LT, &K
R/ LTV (P L Tuhiewy) BITTHRONTZMD ) — REBRZ W=D, i RfE
D7 — FEOFRAER L ORKENEM L EXbND. £, £6-(d) &Y, Complex
Symbolic Regression BEIZIVNT, HEED / — RS TPSAP 23 SAP L VW2 &M
Db, ZOZEND, F5-(d) BELUFE 6-(d) 225, Complex Symbolic Regression [
JEIZIBWT, TPSAP (X SAP LY /— FDLZWREEKT 2EM1HD EEX 5.

Simple Symbolic Regression f#5 J U' Complex Symbolic Regression BIREIZF T,
TPSAP (2 X W BTff0> 7 — A SAP KV ZVERIZOWT, BELEITH. SAP TiI, fi#
D — N LRENFERZICEBRLTOD LRSS TOEY . BAERICIE, RENSRD
Ba, RO — RER DRy, F, REMUROSHEE, Mo/ — FERE LR HH
mMRHDL. ZOT LB, TPSAP BT D MOIREERICEH %3 5. Simple Symbolic
Regression 35 . U' Complex Symbolic Regression BIREIZE VT, HAHARITIZEBITD
TPSAP THRRBMD 7 — Rk LOREOERBREAR 11 1OR7. ek, BlilciE®R
B, ZEAENC 2 — N, At IRE 2R

11 £ Y, Simple Symbolic Regression [i#35 & U Complex Symbolic Regression ]
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Fig.11 History of evaluation value and temperature for the best solution in TPSAP

FOWMEICKE VT, H%EF (Simple Symbolic Regression fi# : 0 ~ 1 x 103[step],
Complex Symbolic Regression B : 0 ~ 1.2 x 10%[step]) T B IRE M HERAIEHIR DB

B, = FERD RN b1 D. LiL, BEPENOEEIZOT T, RRELE
RARIREE 2 HEBET, /— FEPMEML TV D2 eibrd. Zhik, thormeATR
FRENAER SNV, EMERT 2 ANLEBE TE RV EBILNS. £,
10 & v, Santa Fe trail f#¥ L O Wall-following RIREIZH~, SAP (Zx19 2 HRIFRIR
DEMENER SN TORWERE LT, KI1LIORLEL D ICBRRICBT D 7 — FEosEmn
NEZHND.

PlbDZ &hh, TPSAP 3SR TR /RMATRRT 5 Z L3[RETH Y, #WHD, SAP
LRERIZD NI 1 7T A A X (/) — F) TREMFAZAERTE TEOREERFSLE

Z 5.
7. EbH Y I
AT ClE, BWEIRIREA Y U a—LE BEIIICIRET A2 FIETH DIREIS] SA

DTN Y X L% SAP ITHEA LIZBEIES] SAP 2#RE L, ZOHEMEIC OV THRIEEZ{T-
7o BEEBRORER LY, XoFv—J7BBEICBWT, BEFIETHD TPSAP 2B S
iﬂﬁiﬁﬂﬂ:@ﬁw&%f L7, Zhix TPSAP 2B\ C, gt AMzgihdsZ &

TR TRBENEURREA YV a— ) VA ABINICRET 52 LIk Y, HERMIC
ﬁ%ﬁ%b\ﬁbnt LEZNGD., Fo, EEREFEEAE AWV —ERE COZIK SAP &t
B LSRR, MY T a2tk (REL) &V TPSAP 73 BT RMaE 2R LT,
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TPSAP 1% SAP &b, fiFORRFRIFR 2 KIS FIEETH VY, £/, SAP L[FEERIC

— DDV REfEEZ AR TE D2 ENbhoTz.

%?‘ﬁ ARG A58 L C, SAP B LU SAP O R FETH 2D TPSAP (%, Complex Sym-
bolic Regression BREIZKT LT, BAFRAFHRRERIEONRNT ENbholz., ZD720,
WESTHOA > b B3R LR WIBRBEO H T b FRCHEME R RIS W T, SAP B L UVSAP @
URFEETTFMETHLEBZZOLND.

723, TPSAP X SAP othfem L4 BRI & L7z ??ﬁf“ii‘bé 728, SAP T3 L 7= %5

ﬂ%u\é LNRTES. GPRSAP ALY OHEE 1Y JERFEIE, ERENRRD
R H 0, BBEICS U CTHRBEFEEEN DT 2 LN %i LV, BERFIEOHENFITFIZD
WU, Fllﬁfﬁs) EBRLCHEE.

2 F X MW

1) Koza, J.R.: Genetic Programming: On the Programming of Computers by Means
of Natural Selection, MIT Press (1992).

2) Goldberg, D.E.: Genetic Algorithms in Search, Optimization, and Machine Learn-
ing, Addison-Wesley Professional (1989).

3) Nordin, P. and Banzhaf, W.: Genetic Programming Controlling a Miniature Robot,
Working Notes for the AAAI Symposium on Genetic Programming (Siegel, E.V.
and Koza, J.R., eds.), MIT, Cambridge, MA, USA, AAAI pp.61-67 (1995).

4) bR, [J-lﬂﬁifc: “‘Fﬁi)ﬂﬁgﬂlﬁkﬁbfcfiﬂﬁliZ)iE{KHﬂ‘i?% 7 A DR
b, ANTHEESERCEE, Vol.16, No.4, pp.392-399 (2001).

5) Iba, H. and leolaev, N.: Genetic Programming Polynomial Models of Finan-
cial Data Series, Proceedings of the 2000 Congress on Evolutionary Computation
CEC00, La Jolla Marriott Hotel La Jolla, California, USA, IEEE Press, pp.1459—
1466 (2000).

6) Daida, J.M., Bersano-Begey, T.F., Ross, S.J. and Vesecky, J.F.: Computer-Assisted
Design of Image Classification Algorithms: Dynamic and Static Fitness Evaluations
in a Scaffolded Genetic Programming Environment, Genetic Programming 1996:
Proceedings of the First Annual Conference (Koza, J.R., Goldberg, D.E., Fogel,
D.B. and Riolo, R.L., eds.), Stanford University, CA, USA, MIT Press, pp.279-284
(1996).

7) Metropolis, N., Rosenbluth, A., Rosenbluth, M., Teller, A., Teller, E. : Equa-
tion of State Calculation by Fast Computing Machines, Journ. of Chemical Physics,
Vol.21, pp.1087-1092 (1953).

8) BRHI(EA, =AGHEL, WAL, MEHMZ v Ialb—Ty R7V=—Ur7%Hn

© 2010 Information Processing Society of Japan



1244 ¥R 2lb—Fy N7=—0 077 ar3 I 7OREISHE

BB v 7o 7, [FEROAETSFRIGE,  Vol48, No.SIG15, pp.88-102 (2007).
9) /hFERE=, B B, ANE— BEWHCIab—Ty N7 =0 7L ZOFF
fili, 1EWMALBEFESFICEE,  Vol.36, No.4, pp.797-807 (1995).

10) =Av#, BE&Enz, SR ERE LR~ OIRELY S I 2 L —T v R 7 =—
U I OEA, BHIOAEEARSGE,  Vol.4l, No.5, pp.1607-1616 (2000).

11) Salustowicz, R.P. and Schmidhuber, J.: Probabilistic Incremental Program Evo-
lution: Stochastic Search Through Program Space, Machine Learning: ECML-97
(van Someren, M. and Widmer, G., eds.), Vol.1224, Springer-Verlag, pp.213-220
(1997).

(FRE 21 £ 12 A 16 AZA)
(ERc 224 4 A 5 BEER)

=K KhE (ExB)

1950 E4. 1978 HERPRHTSE R ERF I LA ARHE LR E T, T%
. KBRS R T2 TR Bh#dz 72 E AR T, 1994 4£[FH
AR TS, LA EFE L 20WFHE, B I OHB RS AT
LAOBRFHIET BRI IEE. FEIE T TEMEE RS St - b

b« Bk (BEEHR) %%4k IEEE, [HHRAEYS, N THEES
SEELR LT 4 AR VLT AAE.

wH B

1985 44, 2008 RGP LERMR LR 2. M4, FELR
ERFERE LHIERME RN, 2 al—T v F7r ==Y v 7 7us
F I ORFRIZIEE. 2010 4EI2 NEC P 2T 45 7 7 v o—fstt
IZ At

TP R SCGRE Vol 51 No. 7 1234-1244 (July 2010)

IME - $Rt
1985 #4E. 2008 FEREMRKFE TN THEREE. v Ialb—T >
N7 ==V 7 7aso 307 OMFEICEE. BE TIS SRS ric 8.

BR f#z (ERR)
1997 4FFAR HAREE TER e R R M LARE T, LT, RSt
R TR MERR 248 T 2008 S REHERFAMBER FHMEEE. AIZEAE

B, RomEREr, WIS ORI iESE. [EEE, FHRARY R, ER
HaEEEs, FHIBEHEYS, AR, BIFEHRIZES, B
FEtRIYRERE

HR EiR (ExB)

2009 £EBE R EFE L ToE P se R S i LR T, 2006 2L 0, A&
T REL A AIAFZER (DCL). 2009 £ LY, RE-LKRFEIAHE. Y
AT XY T TN AT A, WHLE, P AT AOWFRICHEF. &

FRHERERFEYR, HROHETER, ATHREFREREA.

© 2010 Information Processing Society of Japan



