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A Study on a New Function Optimization Method Using Probabilistic Tabu Search Strategy
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(Hyung-Su Kim - Gi-Hyun Hwang + June Ho Park)

Abstract - In this paper, we propose a probabilistic tabu search strategy for function optimization. It is composed of
two procedures, one is Basic search procedure that plays a role in local search, and the other is Restarting procedure

that enables to diversify search region. In Basic search
neighbors. Belief space is made of high-rank neighbors
searching time and local or global searching capability.

procedure, we use Belief space and Near region to create
to effectively restrict searching space, so it can improve
When a solution is converged in a local area, Restarting

procedure works to search other regions. In this time, we use Probabilistic Tabu Strategy(PTS) to adjust parameters
such as a reducing rate, initial searching region etc., which makes enhance the performance of searching ability in
various problems. In order to show the usefulness of the proposed method, the PTS is applied to the minimization

problems such as De Jong functions, Ackley function, and
of GA or EP.

Griewank functions etc., the results are compared with those

Key Words : Probabilistic Tabu Search, Belief Space, Function Optimization
.M B A3z gnFEe did 49 BFEI 231 4F 3o
2 A% A #3798 B2 AMAG A8HT
HAHoz Aol sl 2L AXF EASL vAYE T 4AE A= i, B gaEe TR QA4 F
ol B& FRIFAZEO EAy] o] UutAHQ wye H DA A B3 EAld diF E&HA gMoz w
2y FF38F 27171 U ¥ AEAA o AHFy & FHEHEEE TEYE 5 Jon, 53 g HH3 d1dgF
AL #ds7] A o dYE] AAHAJLE, AFE  FH AV A 54 W GFT BoblM $uI a7
ALY Newton-Rapson® 3 & $£X3A #HAH, 8538 Hu JuH6-111 a3y 374 BF gayel =4 Fof
Ao gauel ABdolEl= od¥(simulated annealing), € FE olAHAA 2 HH}EA Y FeHI gled, 9%
283 HAZdE A4y AR L 2o HEAHA HH3 FH gE ZE A HALEy] AsAMe ol%d A4, BB
dre]ZE WA So] Hgdo vnd F& AN 9 A ¢ E©HE 22E Fo TFEYY Tol M=o} x|
2 eH1-5] a# Y olEd MEEL Y g @ wE A oldd Aol KolstA get AFAA HLH H eIt f s

AAZEE FAC BHEAIEE doldE g AgAes B =F AR
8z v, Exd wet 2 dee HA Aste dur ¥ =AM A48 ¢S e g EA dEAy 7Z
HAAg oz AFHA AL vehdch =2 gz EAY E4E mstEA ®E A del HE AHHE ¢
HeojA dol7 ARE FTEAHOFT TR REgozA gA AR £ e N2E HEH g HHAFE Fersigrh
gl e BAEZ z2rm itk old wra HZo| AAY g Ade FPL A F A #AHo2 FAE dHE@st=d, o
2 ogage A g wyoza dubEed £x17 g RAZFH w=A —r%ﬁ}ii & ERY 2
of wlaf ZHE AHaigtel wha fige] Hg RaelUg fd  IETHA OA FA9FS st AHAY AHPe2 U=
duEFolut AEUCEE ojdyy} e AE Ay gy 5 ok BE gA4#PL E}%" gy o2 A 2w
o] nis) A FAlol B AA 9L g Fo] doj F ATNAHE 2 HAoz AA S499E P9 F e
E agder o84g £ e HHI uhied 7Ee B FEY F, G FURoZRE AAMER oRHE YT
X, AAE ol zRE] AYFuHhill climbing) WHel 9
E & R 2k RRISH BLpE AR TTR A wues AL 2den ced €
) " ) . Aste t2A &3 XA FAF 0] HEFHo|n 7
IE & & Bilk KBk BRIEH BLHE RN A PHODZ o LNE ANFOZ 4UY B

Eoa BBk AFE R WEEERRT £0808 Lor ] SR SRAES ML RewSE AEv

HERF 20014 85 29H ;31’:}]‘5 A e3r} 7t a0l g -:l g% AA go} 7)
B#ET 20014 108 16H B e AdE netx W Q4R

532




AL g8 gadAe o3 7 o= A= FEF A
ARE d49¢ 24% & URE g4998 st 1A
o2 AU BE EBFAHFE o83 #5o FHEA
uel AfEA olFeo HHHFE WHAFLEA HHH g3
HEo WE Ao} HA 2o o] HFEE YL
Add FYE N2 g $¥E B4 € 2L ¥ HHY
e g Hrh g4 Hesod 2 FE4E AEHA
o, t2 HHEN v2ZE T AT e HESAL HE
27, AgT o] ohE PHE vlE HG HAH g
583 £¥ £x WoAq AA AAHAEE ¢ F AT
wg Mg PGP BFA e BFgg deveg A9y
dort glenz Ho dutsld g4 Wioz Al gl st
=

lo oo

2. b5 M X 2KTabu Search Strategy)

#4 ™% AL A DA JEE ANY FojR
Ao A e TaE EAZ AT £ AY. 971N
Xe B4FD ROIM ReHs, RS nage AAZYE
Jerd,

min{x),
X={(x,...,x)€R"| a;<x;<b;, i=1,...,n} (1

71&9 FAH WPog oHF EAE HAY A¢ AF
ME Aopze]l Frighel wal HAgd FH37 A
B A 28 HAY, B ZR AP FEE 7t
Aol ARk oz g FAFE MY A B PHEo|
AAN AR, A3 AFHY 45e Jehizn Aok A2
of AAE B HAYPe B SAe ©hE FPH A&
A ¢8% & o, B4 Fo doj7 Y E AFHo=
o] g% & g7l Wl e Eokd dg HEHT AT
gy d4HY g ZE A delME Aol o
ol7kx] HEE Atelst ol$ =&Y, R JHA] A& Aldle
AAME A3rt FE3] o] FoiAA] ol AT H5&
Yeldlz gich

A4 g HH3 FA HEE AHE Y FIEY
7l E o9 A3 FAE 287 g8 deA ey
gAY A F olxs R B HAE A <A
2 AAsdon, 4 gAe S¥3d HYd2EE /G
7t 9AE dAYFUE VET F, £AFez OLdAE
FYson, R GAE £ FolE O ASTAYH
PRt g £YRT. FREDE TEY 47A o
A% BAgL WHEFozs Ho We J99 gAY o
FEANE ERIEE gt FEHUBIY FSole WHES
Fol wetk F4g AT o)FAE FA A=A
Hgkol FHIEE st FAYES AL old EHF
H2EE AR @gFozAM HAAAYE HY SeHAR
onj 2 7 A sl FME T} £ AHAPE B
Ak FnEH[7-8]2) WHEL AL AFY AHGEA
o AAME elpgage] ARHoz HEE F UFE X
AFEAoY AL BAe BT vmAy wn, A3
galgodo] glo el gagle) o] A HdAUS 4%

SEN Elg B MY 0|8 ME2E B HXsh wio pE AR

Trans. KIEE. Vol. 50D, No. 11, NOV. 2001

o 288 HESA ol g B &7t W o
o getd 2o Qudeln By EAE ARHoz §2
7] AfAE d4d #4 9ede S48 T BIw gy
g4 Aol 27EYG B =RNE A &5 2 W @
A5 AT 2049 B g4 Age At

2.1 Motst ga2Ey +4o

2 =RAM AgT HEH R FAHTS 29 19 #
o] AMNHoz FRYNE FI3e gHY €4 AAHY JH
FET Ay N9 EE g §F3s= A H A (Restarting)
Aoz FASHY, ALdAYA G v &3 AGEA v g
€ HEHeog 2 ¢ BE g A (Probabilistic
Tabu Strategy : PTS)& AH&3gict A4 TRENE d&
By g A4E AduR| AHA FRorPE A FIH5)
€ HAY F AHFAY 2] P29 SHFLLERH
o2& A3 FAE APt G7)|M A3 T HBelief
Space)2 &Y HAE 7HFE=E &7 A =98
Rog FHEAYR wel o s A4 FHE ATWse Y
gt AAdE ol HY=E Hotstd A A4 &
#og FRIH(C,)E TAY, ¥ FAA N F
#e gL gHo AAHE HAS F E42 WA
"ot ol 2T AT Av|e HA FAEHA H
e, ASFRe AV|7t A AVl R FAEAY 4A
HHR Eol o] WFo] UL AFo ITRFHY A= UF
3o BlF gAY S FEIC B gAY o8 ZH
FEAT A4S AHA Ao o vhA g9 F S &3
5o, ol #}E elF Az o3 N2 @ AFEE MY
go Mg deko] o A gpwE e 2P F B
5 SAnA g wEsA g0, ojo Zt HdEke] MAFELS 3
9o AAAE uwet HEHoz 2APHEY, o= & Mo
AEgge] AUAA Ax FEE AGgozA F A
A% F FHY 7FAHE HASHUG. oy Yo T
;A 7 e oJHE FESAY A HEIAFE 2
g w7tA AA GARAHE HE g

fo o do

22 ety =4 3ty

By g HAL &S Y gaue 95 ¥y A4
3 A HYHES WY Ao o2 P PEH =
% b ool 2 AolWe] Atk WA olgaHE FAE

Hg BE, AA SA73E A oA 49, & 23T
B3 AgFRer FEY F, A4y g2y dQuE
o2& AASA ok =HTNL AANE FHe=
e wiglel F3HE Yehdin], AEFRe ojd SR
g8 HgHeor ARHE @4 FH9E dedd. 19 28
F A S¥€dSx yE I A5l dd dEd Reg,
I EXe]l AAMCPIE FH22 & 23H7HAG
Ag#2HB), 282 4 Bl HE G T AASHA
HE EYTIHAB, BALE FEFEH, o/ EFFIS E
ANZEE SHTLY oA Bet NF 7Y vwy 2
B3tE Aol ZtFe2A EF WS o g4 A
e que o

Lo



RESTIRLE S00H 114 2001%F 118

Function TabuSearch( s°, Ny, a@ )

Set k = 0
Initialize BCR"
Set '=s"

Do

Identify Nofs")e N,
Identify Ng(sHeB
Identify C,{s" < Ng\UN,,
b Min (A9)

seCuy
I AsH<ASY) then, set s° = s*
Update B= Range(C,,)
Update Nyp= a*Ne
k=k+1
Repeat As"+ALs*T) and B>Threshold
return best solution s*
End
(a) 712 ErMzpy

Procedure ProbabilisticTabuStrategy
Sett=20
Initialize N, ZR"
Select initial $%eR*, asR°
Select initial s%R"
Do
sih! = BasicSearch( sty Ny, @)
If AsSY is better than Afs') then,
P(s!) is increasing, others are decreasing
P(a) is increasing, others are decreasing
Identify N{s{)CR, NS sH)CR®
Select strategy s&'eN, in proportion to P(sy)
Select reducing rate a<N, in proportion to Pla)
Update N, by s&i!
t=1t+1
Repeat f(sk)>e and k<IterationCriterion
End

A7IM k- RS, She T kKA WEE A 0] HA 3

R" : AA &8 99, Ny, 8T ol&3 3%
Np @ AT el 28] F7, Co: FEI A
Nyt 23T 27, B : AHF 27]

t @ ALY g, sty tAR AP FAE

sy - vAAe] AN @A AT

R BE JteA=E, N, ol% AF JY

(b) && EtF M=t

a9 1 Moreh ety BN Feko| 2nzlE
Fig. 1 Algorithm of the proposed Tabu Search Strategy
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Fig 5 Changing probabilities of selection when A strategy is selected
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Table 3 Convergence features according to the types of functions

g o R AANGY SHTL T2 (a)
¥ A | BTENI[ Fd4% | a97
A N, 15, fe fa 1 100 s 0.32
B Sa. Fio S 100 acg 0.99
C fun ks e 100 =3 0.68
D f e 100 2t} 0.32
E | fifu.fi. fu fu| OF 0 - -

4.2 MMF ol o3 BN BB &

B B4 sAvtoz @AY B¢ IHgke] #2 EAE
F@)el AoiXe HAA IHGA FH3d o o M=
Fde] Mo W FEoiTh ol T A FHIAE o
A AER B g3 Mz 99E B48 F Qi B
HellAe By 43y & IRFHEY A2 ddd B¢
dAB & A NFHFNFH IHFLE AMELE HoE2 YA
Aate WEE AMEs AEAS FHY R 48
oldf AL AlEHold sEtvHE dElY RoE, 97N
Fre(Pe AEAA 2HTE 27129 F2E&E e
o BE A4l el 4 CDF FIE WEoE AEASF
o3 TG 29 9E Griewank FolA LA el
g% ¥ 54¢& vehz A9 38 a)e ARG 2
F7e A717 AAR #@Aasnrt ALY FA6 o o
A #gFHE AE HoFa glen, a¥ 9b)ddEe dATF
el A o] Aol gk Aot HAHs e FHFONE B
2. 29N EE vt o] AHA o] o3 Az
d9¥3=2 FE3e AL ¢ F A

39 102 ¥ ¥l wE ALY Wy AAE HAF
o 19 10(a)olA B uig o]l A B, C, D £389 4
o dsiMe 718 BAFRR AA Aot ¥A de RS
& & e E f¥e el dalMe 4TEC] S ¥

aA MAsEE AE & F g 2 A RO56~1.0)e=2
A AL AEAAN e ZHTDZR7IA 228 F)S vEd
2, g9 4 21& ol&3o FI Aelth ¥ 1022

o
4
o,
>

(o] 255 AAHAH FP 7ML =
AF7 g2 Frteke AE ¢ F itk a9 11e
FE vigd mE @Y AdF WHE HEY HAon. o
doziy FEI vge] UF HAY aAyud Fas
(gl BaM A& e vAE e ¢ F U0

FE 4 MY gHolM ALES Algelo|d m2loE
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Table 6 Performance comparison of each method
e PN PRy A T E(%)
T STAT Aew | BYE | BYR Bi% C Agn B)% | BYR | BiY% C
f1, Sphere 30 135 113 113 208 135 100 100 100 100 100
{2, Rosenbrock 2 105 168 153 79 100 100 100 100 100 100
3, Quadratic 30 - 304 409 - 326 0 100 100 0 100
{4, Davis 2 47 134 134 83 95 79 100 100 100 100
{5, Bohachevsky 2 23 15 15 24 18 100 100 100 100 100
6, Matyas 2 28 19 19 27 22 100 100 100 100 100
7. Box 3 22 16 15 31 20 99 100 100 100 100
8, Beale 2 40 30 27 41 31 100 100 100 100 100
9, Floudas 5 59 64 73 85 78 92 100 100 100 100
{10, Colville 4 - 1335 1035 1577 1054 0 100 100 96 100
f11, Griewank 30 - 740 1325 - 1140 0 45 59 0 100
f12, Rastrigin 20 - 739 723 836 758 0 100 100 100 100
{13, Ackley 30 - 1098 2351 - 1615 0 100 100 0 100
f14, Schwefel 10 - 1098 1327 1447 1391 0 39 98 100 100
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Table 7 Performance comparison of EP[4), RGA and PTS when convergence criterion is 107°

a2 W &) HEA NS A F&(%) ¥ 7 Al Xtsec]

EP RGA PTS EP RGA PTS EP RGA PTS
1, Sphere 30 500 5807 135 100 100 100 8.58 13.34 0.14
{2, Rosenbrock 2 500 6259 100 100 100 100 1.59 10.55 0.04
3, Quadratic 30 800 731 326 100 100 100 476 3.15 0.74
4, Davis 2 - 263 95 - 100 100 - 0.53 0.05
5, Bohachevsky 2 200 38 18 100 100 100 0.31 0.10 0.01
{6, Matyas 2 500 59 22 100 100 100 0.30 0.14 0.01
{7, Box 3 500 36 20 100 100 100 1.40 0.16 0.05
8, Beale 2 500 1090 31 100 100 100 0.45 1.73 0.01
9, Floudas 5 400 1563 78 100 100 100 0.73 3.08 0.05
10, Colville 4 2000 18864 1054 100 4 100 20.31 32.02 0.48
{11, Griewank 30 1000 15461 1140 70 61 100 28.70 66.24 1.81
12, Rastrigin 20 2000 1138 758 10 100 100 50.39 3.23 0.88
13, Ackley 30 800 22954 1615 100 100 100 17.24 69.95 2.97
f14, Schwefel 10 ~ 7344 1391 - 100 100 - 18.42 1.31
ST Ber 2 0 12 10 12 14 - 0 14
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