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Temperature-Parallel Simulated Annealing Programming (TPSAP) is an ef-
fective method that decides an appropriate temperature schedule. The tem-
perature range used in TPSAP is easy to be determined when the number of
parallel processes is large enough. But, the tuning of the temperature range is
necessary when the number of parallel processes is small, such as 8. We pro-
pose Temperature-Parallel Simulated Annealing Programming with Adaptive
Temperature Range (TPSAP/AT) that has a mechanism searching an effec-
tive temperature range. we compared TPSAP/AT with TPSAP in Santa Fe
trail and Simple Symbolic Regression problems which are benchmark problems.
From this result, TPSAP/AT shows higher performance than TPSAP with the
optimum temperature range.
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WIETIIAME TR T ZLDTELZ T u I 0L LT 5.

2. YEal—TFTyR7=—)r57Fa5332% (SAP)

SAPY LiZ, AJROEEX L 2B L LR TETH B SA ZAKERHZ 5
IR LT 0T A RETETHY, GP TR B RRERER—RIZREEIT).
SAP i, GP DZERER LIFARRIC, BIEDMD ORMEME AR TS, 2L T, HEL
PRI B A R T A —Z 2 Ko TRIMERI~ERICER T 5 Z LIk v, WTfia o
EICH L CO R ES 2 LB CE S, LTICRMZ RS
(1) Apksst
BIEDFIZR LTI U X AITHAREZRINL, MARERETIHOARZHIRTS.
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{ exp(—5E)  otherwise

(1)

(3) Z7—=Vv7
1E2MVIRLATHIZ LT =) VT LD, B —EHMT =—V 7 %1T-
=%z, X (2) ZHWTHEEZ T 5.
Trewt = Yleurrent (0.8 <y < 1) (2)

3. ¥RME

7 A MR, BB 02T I T ORENRANCF<— 7 ETH % Santa Fe trail i
WY 3 X O Simple Symbolic Regression RIEY &3 5. Santa Fe trail FISUI#RDFEAiIZ

Vol.2009-MPS-76 No.25
Vo0l.2009-BIO-19 No.25
2009/12/17

WEBERIESRN ) — FRATHMETHS. —J7, Symbolic Regression HEIZETHD
J — FBROFINCEEE RETHETH 5.

S
30
PR 20
10
0p ‘ x
-o 05 op 05 1D
B 2 Simple Symbolic Regression M

H MBS O
B 1 Santa Fe trail {8

Fig.1 Santa Fe trail problem regression problem

3.1 Santa Fe trail
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3.2 Simple Symbolic Regression

Simple Symbolic Regression & i, RHDOBEMK y = f(z) IR LT n HMOAH 1T —F
EHNTHEE f 2RET5METHS. FET D AMNEEIEK (4) 1TRT fo; THD. £
OREE K 2 1237

forj =2t +2° + 2 + 2 (4)

Z OB AW B KRB (+, -, *, %, sin, cos, exp, rlog}, #uEFlEIX {x}

L7, 728, %ITER, rlog THARMNETHS.
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Fig.2 The target function for the simple symbolic
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4.1 REAF SAP (TPSAP)
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S ML, Santa Fe trail f&3 X O Simple Symbolic Regression [ E 4 5. FEAfiE
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L, WAL AW BIEAES QL5 138, MAsHEZ 409 35, 72, AVbik
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K 1LIZRIT D - BRI OWERPAIZ DWW T ORHEE LRIk~ 3.
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® 1 FEORERHE
Table 1 Specific Temperature Range

(a) Santa Fe trail (b) Simple Symbolic Regression

type Trmaz Trmin type Trmax Trin
typeA 128.0 | 0.280 typeA 1579 | 0.008
typeB 104 | 1074 typeB 104 | 107%
typeC 4.050 | 3.950 typeC 0.552 | 0.452
typeD 4.531 | 3.531 typeD 1.207 | 0.207
typeE | 11.403 | 1.403 typeE | 10.024 | 0.024

o typeE : HEEIREFIRE PN 10T (= 10) OIRFERPH 2 RE Uiz « ISR,

7o, HEHEFEREIT-CREOHRRIZENT, kb BRIFRMEEZERTHIHETHY,
Santa Fe trail [T 4.0, Simple Symbolic Regression FETIX 0.5 R FHUH =59,
Eie, hemn. BARIEE A EEE 8 THLILMIC AT L7 D, s SRR E 725,

Santa Fe trail Fi#H3 X T Simple Symbolic Regression FIEEIZ BT, &5&IHTH L, 30
BIT LIRS/ DT & X 3 1R 7. 7288, X 31X, BUICIEERPAD & 1 7, Hitih
IR %R
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Fig.3 Search of Specific Temperature Range
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5. BEIGHRERE#EEZ D TPSAP (TPSAP/AT)

AIfEL Y, TPSAP B\ THREDILERIP COWRKIE, MERBICKRE S EEHXD L
Bbhofe, UL, FEOWERMHORRY, EEREFEROR RS L O ERAORE
EITHIMERDHDZ 0D, THERCAMORBRAVHBNERIND &V EEAR D
5. D7, TPSAP BT, HEPICHEISHWIREDIERHEMEG§oZ LT, &
22 VEREDIN ERRIAD S, B EDZ & XY, WRICAZZRMERINZ FAHRAICERE T D A
B = A b AR A TEEIS I IR RE 2 FF DWW ST R 2 v —T v R T == v 77
175 I (Temperature-Parallel Simulated Annealing Programming with Adaptive
Temperature Range : TPSAP/AT) %% 7 5.
TPSAP/AT i%, fEOFHIE L 1T, BEREREE VI EEZHVWDSZ LIk, B
HEFEIRERRT D AT =X b EFD. LITFIZ TPSAP/AT IZ oW THEMZ R
(1) #IHIRRE
K7 RZRRAWEERET D, KR, KRR & BARRAR X ORRmIEE
ERIGIREOM ZHEAT 5 7 a e A CHEILIZ ORI LR L T 5.

(2) WHEARE L SAP (ERAH, SHHE, RIEEE)
K7 AR, BZOoNTCRER I —ERELHER YV a—nE Lz SAP Tfif
DOWRBHEITH. 728, SAP OfFORFRIT 2 TR LicAREl, SZAHE, RiaE
B LR AT S .

(3) EEREREEOFR
R ERE (Index) &IIMROFHIE L 13BN, MHRIRIC & 2M0E) X 2 37FHli5 5
THhb. 27 R [[A—OHELEWE (Baseline) #REL, £7rERA T LICZIS
NP EEE L Y BAFR = RVX—CEBR LT2RG6, OGN & EEEOZEE —
EF RARHR) OBME LT 5T 5. EEREHRKOHERE R (7)Y
AT, 22T, nidREEHERST

n

Index = Z(Baseline — Energy) (7)

k=1

73E, EEOMIIFHAHEICLET 0 X OFHEOEHEE AV 5.
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(4) ZHRHE, fRESH:
T ==Y 7k R (R k) TR LR, MORBEITY. Bk
T30 ARFFOMOFME £ & B & DEN AE BIOBET S 70 208K
SWEET & T LDEN AT LY, Fuk AR CHRATHEIT D 2 E 5 hOHES
175, Z#uEzE, X (8)YY WS,

1 if AT -AE <0

cap(—SF)

f%ATpAE)—{ (8)

otherwise

(5) WAHOWEEERIY YT
WA DR - BARIREETE, EHERB L OMRESMENORD D, UTIZEHMEZRT.
STEP1 A¥ROIEER
JE4E ST (Basepoint) &%, i - BAKIREE &2 F LI FI LB PR TH S,
WA ORI, EEREREZEICK 9) 2AVTERTS. 28, v 1T
I—VTRETS.

Basepointy+1 =4 Basepoint, X (1.0/v) elseif fitness =0 9)

{ Basepointy if fitness >0
Basepointy x v

otherwise

STEP2 G4k
REEAREIE, B RRRE L 7 a2 2 O BT 3EEThHD. K
JAHOERESRIZIE, K (10) ZAVD. 22T, RIFHESME (0 < R < 1.0),
plEF e A gERT

(10)

Risa _{ (%05'0)% if AT < Basepoint x 1.0
otherwise

Ry, x (1.0/7)

o8, WESMARIIMEHIREWVZIEER - RIRBEDOEN/ NSRS, £z, &
& AR D B/ NEFE ZE1X Basepoint OED 1.0 &3 5.
Dbk, K1) 2HOTES « RIKREZRD 5.

) (p—1)
( maxzTy+1 = Basepoint x (1.0/R)™ 2

(p—1) (11)
minTy41 = Basepoint x R™ 2
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6. BEXE

61 ERHE

RBTFIEOAIMEELRIET 272012, REFIETHD TPSAP/AT BL O TPSAP % 3
TEOAMBICHMA L, WIREREITS. A REIL, Santa Fe trail W& 20 JiH],
Simple Symbolic Regression [F#43 10 HRI & L, MV 2IERIX 8, MacH)s
BiZ40® 295, £, TPSAP/AT ifivbhs s —Y o 78iE 32 & L.

R 2 B FIHECAWCRENRT A—F %285, 728, TPSAP/AT, TPSAP1 23
ILEE T — MR ZRIELRERR E, TPSAP21X 428V, kb RUVERZ R LZRERE LT 5.
&2 RENSTA-X
Table 2 Temperature parameter

(a) Santa Fe trail (b) Simple Symbolic Regression

name Trmaz Tonin name Trmax Tonin
TPSAP/AT 128.0 | 0.280 TPSAP/AT | 1579.0 | 0.008
TPSAP1 128.0 | 0.280 TPSAP1 1579.0 | 0.008
TPSAP2 10.024 | 0.024 TPSAP2 0.552 | 0.452

62 ERE\ER

Santa Fe trail R3S X T Simple Symbolic Regression FIEEIZIBWT, #&FE% 30 34T
T RO ROMEREZ K 41277 T. 728, K 41%, BUHCRRER (= FHGEHR RS /
AR, MR E RT. 2721, SFECBITHRBMEX, 27X PoRERIC
BOTRI I RAFRMEOFHIE L 5%,

B 4-(a) &V, Santa Fe trail [ TIiZ TPSAP/AT 2% TPSAP1 (fERDIEREE LT
TPSAP) &V 2%IRE, %7, TPSAP2 (WERIH%ZF=—=27 L7 TPSAP) LV 1%
BEOMRIN EE2T 22 En3bhotz. —J, K 4-(b) £V, Simple Symbolic Regression
M TIZ TPSAP/AT 28 TPSAP1 &Y 4 BIRREE, F7z, TPSAP2 XY 1 BIFREEDOYEREM
EEFTBHZENOPoT. BLEDOZ & D, Santa Fe trail I L U Simple Symbolic
Regression [MED WHEEIZR LT TPSAP/AT I30ERDOMEERR E % L7z TPSAP B XN
ERPEAOF 2 —= 7 %1757 TPSAP LR, BWERERR LN D Z & ibhotz

6.3 & =®

X 4 X9, TPSAP/AT iZREHFADF 2 —=2 7 %1T- 7= TPSAP LV EHETH B
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Fig.4 Possibility of success

TENbhrote. ZiE, TPSAP/AT BP¥RICA BRI T T3, £hlist
DI b BEISANCIRIEHETT 5 Z & T, XY RMNBRBERMTON TV EEDEELD.
Z T, UTICKEROWEERIONTELZIT . Santa Fe trail B L O Simple
Symbolic Regression MEHIZFIVNT, TPSAP/AT, TPSAP1, TPSAP2 O %747 CTHH-
B OWREOBBEREEZX 5, K612 n57. 2B, K5 RBLOK 6%, HilllciRER$k,
ez L 2 g
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Fig.5 Transition history of the best solution(Santa Fe trail)
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L 1L TPsap 10° 7
| L/ TPSAPAT 102+ TPSAP/AT
i1 Il \ ) TPSAP2
AL (UL | / 210"+ /
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e 2 100 W\ W\, o A
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(a) comparison of TPSAP/AT and TPSAP1  (b) comparison of TPSAP/AT and TPSAP2

B 6 KEMOEBIERE (Simple Symbolic Regression)
Fig.6 Transition history of the best solution(Simple Symbolic Regression)

¥ 5-(b) &Y, TPSAP/AT iXEHiIA%Z F = —=12 L7z TPSAP (TPSAP2) &I[rlkk
DORERPFAEZBE L CNDZ Ldbhd. £, K5-(a) £V, TPSAP/AT IHRIZHE)
RULERPALSMC BB LB, —RINREERETH D TPSAP (TPSAPL) 1ZEH
I - ARERIIEER L TN Z s, BRI A BRI 5 Z & T, ZIERmIICHRER
MTbhTna. ¥/, K6-(b) &Y, Santa Fe trail RIEIZ I, BRFRITH LR IRFERIIHL
FERITRNZ L2305, TPSAP/AT I3RFRICAZN R ULEE R 2 BAMICHRRITTE TV
Linl, K6-(a) &V, —OREERE TH Dl - REHOWERMAL Y, TPSAP/AT
DER LT DIERIAIE 0ok, EYRRERHEZRH L TCVWD L5215,
UEDZ E0n, TPSAP/AT I3HRICA R R Z A iB T 54, Thiit
DIEZ BB THZ LIZE > T, RMWRERIMTOIATWS. £D7®, TPSAP/AT
BT DMER TV 2 —VOREIIHEFCAEDTHDLF2 5.

7. F & O

AT, WSS 2 2 —TFT v RT ==V 7 7us 5 I (TPSAP) I8\ T
BFCARRIBIERPE 2R T B A B = X A Z AR A T2 RO E AR % FFoiRiE
FIvIalb—Fy R7=—=Y s 7us53I 7 (TPSAP/AT) %2R L7=. TPSAP/AT
VR OFEME & XA BERERE E WO HEAWD Z L T, HEEREERARE T AL
=R LEROTFETHD. TPSAP/AT L RRITA 2R 2 v iz TPSAP &~
F~v—7 TR L2458, TPSAP/AT OFiRBIFefERE2H(ONDZ L l3bhotz
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Zhid, TPSAP/AT BMRFRICAZRMERPAZT TR, TRUADBREICHLERT S Z
LI X > THHEMITBEPITA TN IO TH 5.
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