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Abstract

The research proposes the improvement made to the conventional adaptive tabu search
(ATS) to achieve the multipath ATS or MATS. The approach used is to incorporate some
management techniques to the ATS, and the new MATS can be effectively run on a single CPU
platform. The said management composes of 3 mechanisms namely partitioning mechanism
(PM), sequencing mechanism (SM) and discarding mechanism (DM). The PM subdivides the
entire search space into a number of sub-search-spaces, and assigns initial solutions to the ATS
paths belonging to those sub-search-spaces. The SM organizes all the paths to run on the time-
sharing basis. The DM identifies and discards the low-quality search paths such that the overall
search time could be decreased. The performance of the proposed MATS is assessed against 3
surface optimization problems including Bohachevsky’s, Rastrigin’s and Shekel’s foxholes
functions. As an average result obtained from 50 trials, the new algorithm performs faster than the
conventional ATS does in that the average search-time savings are about 26.26%. The developed
algorithm has been successfully applied to an engineering optimization problem namely the

dynamical system identification of the cart-plus-pendulum system.
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The generic TS algorithms can be summarized as follows:

STEP 0: Initialization
Generate an initial solution, neighbourhood; set best solution,
AC, TC, TL and iteration counter,

STEP 1: lteration
Generate search space and possible solutions. Evaluate cost
values for all solutions belonging to the neighbowrhood. If
the current best solution from the neighbourhood has a lower
cost than the best-solution, replace the best-solution by the
current best and update the TL by storing (tabuing) the
(previous) best-solution, otherwise the best-solution remains
unchanged and the current best solution becomes tabu
instead. If the search has not been able to improve the best-
solution for a certain time, go to STEP 3, Update counter.

STEP 2: Termination
Exit with the global optimtum solution if the TC is (are) met,
otherwise go to STEP I.

STEP 3: Aspiration
Perform algorithmically according to the AC. Update TL,
and counter. Go to STEP 1,

(m

The proposed ATS algorithms can be summarized as follows:

STEP @: Initialization
Generate an initial solution, neighbourhood; set best solution,
AC, TC, TL and iteration counter.

STEP 1: Iteration
Generate search space and possible solutions. Evaluate cost
values for all solutions belonging to the neighbourhood. If
the current best-solution from: the neighbourhood has 2 lower
cost than the best-solution, replace the best solution by the
current best and update the TE by storing (tabuing) the
{previous) best-solution, otherwise the best-solution remains
unchanged and the current best solution becomes tabu
iastead, If the search has not been able to improve the best-
solution for a certain time, go to STEP 3. Update counter,

STEP 2: Termination )
Exit with the global optimum solution if the TC is (are) met,
otherwise go to STEP 1.

STEP 3: Aspiration
Perforn algorithmically according to the AC. If deadlock
occurs, invoke the BT mechanism. If the cost value of the
current best solution is lower than the preset cost, invoke the
AR mechanism, Update TL, and counter. Go to STEP 1.

(V)

The proposed BT mechanism can be summarized as
follows:

STEP 1: Loading
Lead a solution in TL
STEP 2: Setting
Set the solution from STEP 1o be next solution of
ATS.
STEP 3: Retarn to ATS
Exit BT and return to ATS.

The proposed AR mechanism can be summarized as
follows:

STEP 1: Reduce search radius
Search radius is reduced by step of percentage of
the previous search radius with monitoring to the
cost function valee :

STEP 2: Exit AR, _
If value of the cost function is not under the AR
criterion, the current search radius is replaced by
the default search radius. It means ATS exit AR,

(7))

)
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2.4 patazondsie

é‘}’aﬂa?%‘nmsé’{uwumumyn%dﬁvﬁmﬁmf”lé’fgﬂ'lﬂmﬂiué’ha MATLAB™ ifia
Aryrawssauzmatum Taslifunmdmeuisninvesawileiduluilgmmsnsming
fadeiuio 18un HedduTuanavlan _ bohachevsky function (BF) HaAdusiaainu
— rastrigin function (RF) smzﬂ&ﬁ%u%maﬂaﬂﬁaa — shekel’s foxholes function (SF)

swasBsaguauidvesilsidunaaeunaasluasedi 2.1

= < o &v o dq g o g
ATINN 2.1 Wan%uwumﬂwﬂﬂanaaﬂmm

Surface names Surface functions Search spaces Sketches
Bohachevsky F(x,y) = 2% +2y° ~0.3c05(37x) ~ 0.4 cos(dmy) +0.7 [2.2)

Jin(0,0)=0
Rastrigin Jlxp)=x"+)7 —10cos(27x) — 10 cos(2zy) + 20 2,2

Joia(0,0)=0

-1
I 2 1

Shekel 's foxholes  f(x,x,)= e > —— [40, 40}

= j+Z(xf _a._',')6

i=F

where
(msz -6 & 16 32 -32 .. 0 16 32]
a, =

-32 -32 -32 -32 -32 -16 .. 32 32 32
o (=32,-32) =]

HafduTususwad (Bohachevsky’s function) n3 e Hariau BE i uledsuf fguls
@03 A x uaz p sumsilidu BF dnngdmeuasnummzdus iounn ueiifmey

nnduniomney x uaz y Wl £(x, y) Iafosfigaiiegifisetmeuidos Ao x = y=0




13

PlAA f(x, ) =0 Fedduiaes Ae NadFusiaasiu (Rastrigin’s function) 30 Haf%u RF
Y

WuiedFunfidundsaoesdnas $uidvaduiledu BFuaziidiaouresndrsogh
c; 3

AMHUL x=y =0 uaz f(x,y)=0 uanar9nn Aeddu BF assdfudfinnudnuazdu

o A

wnnn Heanduiian 1duns feddudhnadend Tan (Shekel’s foxholes function) M50 Hardu

SF Whuilanduniidmlsoeda fie x uay x, uszlaileddu f(x,x,) Fanuniladdu s

Usingiweulaunuanizduinoumnsndssineeunnhimiedinoy x uaz x, i

W f(x,x,) iandesigalifoshmouienfio x = x, =-32 Feeeild fF(x,x,)= 0998

]
of i
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ATS parameters
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functions search  search  no. of BT AR TC
space radius neighbours Re,, k" stagel stagell stage Il count

max J.m."."r

t
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R=0.2 R=0.1
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MATS Li‘lumstﬁnmmwmﬂwmﬂumiﬁﬁwﬂ?gﬁmiﬁ’um suftaithunagnsiiddguuy
wﬁﬂum‘szﬁ'uiamamswnﬁman@mqua ARYNTAINANIUMTIZENYIUIINAGNTAIY
naNnay (diversification  strategy) n5e nagn SLEIF1599 (exploration strategy) UANISAI
19 MATS Wnmsdurnsuduni ATsunuiRe) $ufludnelinagnsmemsvintans
fif fefinz 1doBLnede I

sM imihdiddums dumldfuudazmisodun ildmsfumianuadesey
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The generic MATS algorithms can be summarized as follows:

STEP 0: Initialization (PM, SM and ATS)
Decompose the search domain, initialize alt ATS paths.
Release all search paths to perform freely on
the original search space.

STEP 1: feration. {SM and ATS)
For a parallel processing platform, arrange ATS paths in
multi-threading manner, otherwise in sequential
manner. Perform search using ATS.

STEP 2: Aspiration (DM)
if the discarding criterion (DC) is met, decease the
corresponding ATS path,

STEP 3: Termination (ATS)
Exit with the global optimum solution if the TC is
{are) met, otherwise go to STEP 1.
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PM procedures

STEP 1: Loading parameters
L.oad number of search paths, N, and original search space.
STEP 2: Partitioning
Partition the search space into N sub-search-spaces,
STEP 3: Initial solution generating
Generate initial solutions for each sub-search-space and remove partitions.
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% + STEP 1: Communicating
k-] Communicate with the DM to receive information
= £ .
48 ATS#H2 . concerming the discarded search paths.
= STEP 2: Organizing scarch
& H Laurch all existing search paths one-by-one
® for each trial in a sequential manner,
2 ATS#N STEP 3: Exitting,
Exit the search iff the TC is met, otherwise go to STEP 1.
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STEP 1: Initializing
Load cost values of the current best-sohutions of
all active search paths,
STEP 2: Sorting
Do min-max sorting of the cost values.
STEPF 3: Discarding,
Keep the search paths from the fop to the middle of
the soried list as active, terminate the rest of the search paths.
STEP 4: Transferring
Transfer information and search control to the SM.
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Average search rounds from 50 trials

Functions ATS MATS

1-path #2 #4 #8 #16 #32 # 64
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SF 108.22 79.84 72.96 64.62 30.62 54.04 36.16

= s d g o )
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Percent savings in search time

Functions ATS MATS

1-path #2 #4 #8 #16 #32 # 64
BF 0.6000 6.35 9.34 56.55 56.79 23.42 38.77
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WEIUANEUD 932 UY (Bloch, Leonard and Marden, 2000) @auerad lugunisf 4.1)

L(¢,.6,3)2 K(¢,y.6,5)—V (¢) (4.1)

de L() flo mnsulen K() Ao wisnuad V() e wdsudng wisomaad k() Hu

a k4 o ¢ 9/ ! =)
HASINUDINAIOUIAUYDIID (K, ) usswAMImdYeNgnan (K, ) N@1afe
K (¢7y7¢!y) = Kcurr + Kpund (4'2)
» 1 21 J
K (ffb?)” Cb, y) - E M (vcur.' ) + 5 m (Vpund ) (43)
) . uaj £ e e o A A !1 F
tND vmr.' =¥ VSN vpund = [vpem.'wf.lw'.v:rm.'m'9Vpcm.’_vw'nca.f] TITLAVINTITUAIN LUBMIHUA LN

gnduundslniegdiuanuessny,,, =[y+/cos(g)d,/ sin(g)d] uaziadmualiandu

q
¢
& e

uniilnoegdmuuvessa v, =[5 +/cos(d)d,—/sin(g)g] Fuiuaunsf (4.3) muisa

=5 oo C!'. é a4 ¢‘:l¢$’ F 1 I
Ao ldlmidsaumsh (4.4) woz 4.5) Faannsaldddunsiiignduundialniegdiuaiauas

ATUBUYBITD
K(¢..6.9)= %M ) —!—%m{( 5 +2ycos(6)+1(3) (4.4)
coy L I Icos ()|
K(¢.7.6.5)==[¢ ] m[::)s( ) n;;fi?) . “.5)

o o ar a o o w w o [% @ o 9/
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agfuvuneesn witnudnderauaaslddeaunishi (4.6) uaz (4.7) dwmsunsdifigndueg
NNAUAD95D
V{(¢)=—mglcos(e) (4.6)

V(qb): mglcos(gﬁ) 4.7
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dwuald a=m®, B=ml, y=(M+m) uaz D=mgl iingndimniainieg
2 1 d' k2 ] "y r=1
ATUDNVBITOUAY D = —mgl Lnﬂgnﬁqumﬂm@gmu‘ﬁusum:m 2Ly L{:) 819

Wounaaslddsauns (4.8)
L($,y,6:3)= %[a(cé)z +2fcos (¢)<ﬁy+y(y)2]ibcos(¢) 4.8)

dnfuend@oumat luuudiBap p, waslnwdiFudy p, Wi 4.9 g @.10)

AT
P, =g—gma¢+ﬁws(¢)y 49)
aL . :
p,= % = yy + Peos(p)¢ (4.10)

AUMIMIAGeUNVeIRINT NS TS U I CPP dszneufeaesauns Ae (4.11) uaz (4.12)

_d_?i__?,{f.:o (4.11)
dt 8¢ ¢

d oL

e 4.12
dt Oy 4 12

Faewsodounaalvd 1ddeaunsf 4.13) was (4.14) mugisy
ag + B cos(d) ¥+Dsin(@) = 0 4.13)

7+ B cos()d-B(d)’ sin(¢) = f (4.14)

Wisunue a g yuaz D asluaumisii (4.13) uay (4.14) uagHMTANIAAGDRY

undslmegdmdrmesdasn sglduuudassmendiamanivesszuy cpp luguvesaums

5
g =

ayWus iFadudsil
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b= 7 cos(d) + 0.5ml sin(2p) ) + (M + m)g sin(p)
B I[mcos®(¢) - (M + m)]

(4.15)

. [ +0.5mgsin(2¢) + misin(g)($)’
[(M + m)— mcos® ()]

(4.16)
@ ¢
4.3 MIzPananyUITUY CPP
¥
ﬂ’|'§§$u$@ﬂﬁﬂyﬂiﬁ$ﬂﬂ CPP d U 1uIT ?J']fgflﬁwu‘uiiTﬁﬂﬂWWQﬂmﬁﬁWﬂﬂquﬂq

SYUU CPP MINEUAITA (4.15) Uoz (4.16) uazmsUszuainss 7 asoendu ludwdudy

& o

1:1 ?A':' ‘.:%" 1 U o o ym':::
AINTUNITN (4.17) UM 9,y,¢ Hag u ﬁ']ﬂﬂiE]EWN\lﬁWﬂﬁl3@53%3%@]@@]3%%?@%@?183“

HEPIAIYLNUN WA TN (4.1)

FO,y,0,u)=AG+BO+CO+ Dy + Ep+ Fy+ G+ Hp+ I+
o Je™ e Lt + Mu+ Nu™'+ O @447)

= ¥ w oo d o =] [
Tao% 4 B ung C aeNBUANNTURUTUBINIIVIA ADIMTI UATAIINIT AT INLDI 13
& 1 e 1
IMDINDITINIZNIADID [
o e o Qs o ' =y 1
D Euag F gziouanuduiusvesmsuia A28 ez nus uFuduaunisone
WIenTEINeIe £
o w ar I~ 1o o
G Huaz I azfouanuduiuiveinsuta aAusd 1azanus adauueawugay
ADLIINTZYRDID f
gt Qs o o G e o Y i
JK L Mung N aziiouanuduiuivoiusssudunavemoned Iinszuansiie
wsanszhnesa f
O UNUAINEA191R 9 (arbitary residual) ABUTINTEARID [
- aé‘ cisf < = = = 4 o a s
juuvveuss £ AouyRiul dwdmgudaiunisionsaiuudomiaosainge £
Yas 1 1 T o & & & e w o ' 1
lasunsarenearmiumomuseunl TabUfduiusnuaudsznousia q lussuy duvy
£y
Aendafl annsanaunuuuudiaeslunguaynsuIuA (infinite series) 10
as o af P e = 3 <3 2
MIszyeNdnEElss Uy CPP daunisilsznase / #lmiludadu Hamdeyann
v = o a & &
FRIEIU A0 DINNITNABBITLUUDTIUAZIINATIATUIDUTIAUAY TIAMWNUIZTUYD
A o ¥ oA D w S e o o <4 @ ¥ Ay @
w30 SSE) il uday dalian SSEf uutiavsdanzavnniudeyan ldenns

Nane
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4.3.1 MR TOYAINNANMITNIINABDIDI
o [y '3 T a =
aumanmsszyenanyalszuy Aemihdeyah Idninmenaasudinssusumsssy

[ td o 9 T b4 ' YA x o ar
FNANHEH mmmrmgamuﬁusmzmuﬂawa@ﬂ Glﬁma@ﬁmwmuﬂmmmnwaﬁww

o =

Y o o 5 = &
AUUNIISZYONANY AL AITATIVHOUAINGNABIVB VLTI (validation) T Tauiia )

¥ =

Toyanvzdszyendnualizldsainuiooas 60 - 80 daufimbe duszfiunumingves

o

BIRIERAGLE
¥ ) @ ar L4 g cf 9 aa ’
ajazgaﬁmwmsszumﬂaﬂymﬂsm ‘lﬁmﬂmsmaawuqmm’sﬁmmm

anay ¢ <+0.7 151dou foyaduiniufinldgndadmiauaziwsenanmdnmamiondoya

s

]
=1 I =

nieadd udrhdeyadui ldudazyauiseenifiumugas $29ay 250 A1 uiaz g9l

9 o [

sveyvievesdeya 50 A1 Arednsiquindieie Ts=0.15 Suift ae 1 #0813 Tl 1800

£l

af 3
g 6 29 ¥29az 250 1 Aasun N Ugadoy g 4.2

#1 #3

#4 #6 ¢ <20.7 rad

U 4.2 mawSoudeyadudmsumsseyendnvelyeuy

1
1 =t

3t 3
doya¥a9i 2-5 191 4929 vnvianua 6 921 Sadmiiudovas 66.67 vosdeya

¥
2

2 v ¥ ]
vianun galditemsszyiendnual (identification) daudoyafimie 18unsheft 1 uag 6 Sefin
gt 9} usf a) A = i % o 1 o
iufevas 3333 vesdoyaianua gnldifonisuseiiiu (validation) ATt ud1ves

uuuirassaeandesiundnmsudeyaifionsszyendnyel

43.2 mIssyendnyeiszuunwainues CPP daa MATS
msseyendnualssuuduiunisdiosanesty MATS Junisdsziiusifleda
Janiseasddnsmuaanfionssianmaseuy CPP msudaunts (4.15) uaz (4.16) 91fy
ssflouTjuegamsudy 4 dalsng Ty Mathew, TH. and Fink, K.D., (2004) $anfudeyadi
"lsc'i’fmﬂmsmamﬁrhumm?ﬂuﬁ’qgﬂﬁ' 42 filomsund 8,6,6,0,6,6,v,7,9,u lag
mstszuianauunosneuiunedi i Tusunsuianniudas MATLAB™ delyidiy
nseBods myaduilaiiuiagUssaefimymsdems Hine s funves MATS

as

5! & ar ¢ o o
MTATNINATHINQUsEaAT MY MATS

HedduTaguseasdgnifioudie MATLAB™ uiReady MATS Tasfiarsanitnasay

MANYANAATOURIGITES (sum  square of error 38 SSE) G018 mmslSoufisusy
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3

) fuguundsinivesgnduildein

I

! ' ¥ Ay o
531’731@3}!33ilﬂ?ﬁllﬂqsl}'@‘ﬂ@,ﬂﬂllw‘lﬂ%1ﬂﬂ15ﬂ’|u'§ﬂ! (¢

q comp

A58 (@ ) HEASIASTUNIT (4.18)

meas

k
SSE = Z (¢comp,f - ¢meas,i )2 (4 I 8)

i=]

= o o Y o

PIEATHINM ¢, FUAURIAI0MsHIMUAm £ muaumsi (4.17) udwmnuasly

comp
3

AN (4.15) wag (4.16) nianmtuiwdaunisdrozidon i sa1nan (RungeKutta

method) ife IR InBUVBIHUUS MBS Wufem ¢

comp

dud1 ¢, IAvINMIHaNISNaaeL

153 fumeumsmindr SSE ansoouagyIadegli 43

The procedures to calculate SSE can be summarized as follows:

STEP 1: Loading of arguments
Load 15 parameters of f s input arguments.
STEP 2: Simulating the CPP system
Substitute the 15 parameter to fand selve dynamic equations via RK4 method.

Return the solution, somp

STEP 3: Qutputting and exitting

and then calculate SSE( ¢

Load measured data, ¢m comp ¢meas }

eds *
as output argument and then exit.

37
ot

711 4.3 Funsumsduandt SSE

a o & I - 2 ! A
ﬂ’!iﬁ313lﬂﬂﬁﬂymﬁ’m&mu@ﬂuﬂQﬂﬁ??iﬁ?\?ﬂu LTUAHRIY ¢m (EU@EQ‘D"NVE 2 IWBN13

eas,2{

o o, 5 @ o woow 1 =
sgyendnuel) 9318 ¢ uay SSE,, sté”muuumimuamﬁﬁnﬂuﬂu%gamw 3 4unz

comp, i

5 Wawdrdueslaa SSE, SSE, uay SSE,, dauveimsasindeuanuuiuives
wup$raeerdeIEmsRedudumsseyendnye uauandniuiisadeya Tavezlddeya
Y290 1 uazaaafl 5 Aedi 1ANAe SSE,, unz SSE,, mudridy nszuiumsdgUil 4.3 axgn

¥ ¥ 5
Sonldnanua 6 a5 F9921d SSE asufiavn

5w
oA [

Whninsvesmsudilgminisssyendnualaseil As nsmidineuiiduya

o d ot o o = fw ar Y 4 o
W15WABIVBIUTS £ Anmeauiuuyuiiaeawiniige uaa1ia (measures) Ta1don 14
1 SSE Falidefunnd Sedaduilgmimsmawmngiigauuuvatsiaglszasd uazyn

o ' 6 A o o oo ]
JaqUszaadndeenisar SSE afige Seduilumsadaileiduiaglssasdifoly MaTs

3 -~ a af ] g L = LY roy g af ]
AAUUNIAUNT AFINITAUINAL SSE NSHIMNKIGTUNTITHAT INATAUMTUTU 182029

4 o 3 v

Wndneea o, , i =1,...,6 AIUNSA (4.19)
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J = {a,SSE,, + @, SSEy; +a,SSE,,; + a,SSEg}  +{a,SSE,, +a,SSE;,} . (4.19)

o Y 1 : o v oa -~ IS = =L ot ar L]
fAvualvaroraiimineindy fe o, =1/6 , i=1,..,6 Danunuretderduduii

1 3 » 1 )
A1 J Ao Aundenives SSE enumives milaar J faleudenuaasiTaondoudae

3
ot oS

@
SSE fanwaiinides o day dadumsyeduniadr J dou q densiil¥nszuiunisszy
1 3 4
endnyel lnafifaw ldetues msw J dudumuvesisduvesmsszymndnval
UDUSIRBY - ident AT AINVBINTIATIVADVANINYNABWVUI1A04 - valid Ar8lurman
wvafiu e TdfadiduTngulsead feaunish @.19) uda SeilumsdofioyIeglugiialy
veosdaymmsmianuneige nuuma1dige - minJ
=5 4w 2 ¥ ' -~ a Ay
ninmsayndesdu imeudilgnimsmanvuzigasiaiidae ATS
] 3
(Puangdownreong and Sujitjorn, 2006) wmvﬁ'agaﬁmmzaut%m%’vmsmﬂwn'smmaffﬂma
b 1
ATStoy 1ilufefl search radius = 0.1, Number neight = 5 nalndeusesnisfumidg
-4 3
Wi mpiAall Kk backward =5, N_re_max = 5 na lndfuiefinsdumaamisitined ey
Ed P
52961900 1T (AR_1) if J < 20 search_radius =0.01, (AR_2) if ] < 8 search_radius = 0.001 (@
(AR_3) if J < 3.5 radius = 0.0001 ey lvgAmsaumdmuald max_count = 10000 #5e
o o 1 ar yq dé
J < 31895 mydmuadmaumiedumIiny MATS asaiiiRvsansnunaresilym &
wuduiluilg oy 15 38 Sufeniuauntisdunives MATS mifusuufifues
Ty MeilifoanuazainuazTh MATS Temadseaseunauyniidvesilgmi udetels
=1 E a:; &4 o ' 3/ 3 & g | SAgn Y 19 o_ & 2
Amude sy lumadeniumibedumbinaniedeonhiiin 1a fourdsefilsda
duwd o o Y o Aun wy A o o
wad lanadveanaildlunisduninazquainvesdaoniilddv ifodadule
3 ¥ i 14 3
aenld MATS#IS taudflavifiudrSesuuamaenmsitanld pM fefl ideen1nd
= ¥ =Y & o 1 1 a
BunA 15 A1 Ao Wiailmes A 81 0 Tadmuald ATSdoo uAaziFuMaSudumsdumaay
o  : o & ¥ o Sy :? e . a
AneunguuazAaaenunnudazifvesilamnil Taslddmouuniy (core solution, S,)
3 1 L
wihiduunuiiemsuial3gi wennimiu hudazidumemsfumves ATS ATS azgn
o et o 4 g 1 8 o a ced ¥ 3 a o
fmualdidmenisuduainnmsquarlifunisifiinesidesnisdunftoeda
2 ' s g ]
Ao Amsiliiaesou o maeldm S, WeduluninSudu iu ATS# mis1fimes A T
o o ] T oar a t o a =
MaviFuAURINMTgUIIAY -0.3268 Wislimed B-O aslimdweududuin 5 =01 &
E £
TINMINATBUA18N15%1 “pre-search” 1ALdpA S, uazdmualsglinrsdumianua &9
Usngluasedt 4.1 Wennudunisdus Usplinsaumsin uasdineuunuuds
=] o a =@ o 1 A w o a o Y o 4 4 kY 1 3
PM Aansaimuadigimsdundesesamdmonauanldniuudasmitesumdes’ld

I ar =

t 1 3
uda dreenanisuialFplimsfumdesdmsy MATS#15 wioudwmevs udufiqudadoniu

<

lAnnurazilSgiides uanseglumsied 4.2
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a34F 4.1 AwanunuuazlSgin1sAunIUes MATSHIS

A-C D-F G-I J-L M -0 SSE(/)
cored solution or S,
A 0.1 D: 0.1 G: 0.1 J: 0.1 M: 0.1 41,4846
B: 0.1 E: 0.1 H: 0.1 K: 0.1 N: 0.1
C: 0.1 F:0.1 I. O.1 L: 0.1 O: 01
search space of 15 parameters
A5 -5] D:f2 -2] G:[6 -61 F[1-1] M1 -1] A
B:[5 -5] E:[2 -2] H:[5 -5] K1 -1] N:f1-1]
C:[5-1] Faj2 -2] 1:[10 -10} L2 -2} 0145 -53
M1 4.2 fetnelSplindunidoued ATS#E #2 #4 #14 103 #15
A-C D-F G-l I-L M -0 SSE{J)}
ATS#1 sub-search-space
A:f5-5] D:[0.1 0.1] G:[0.1 0.1] J:[0.1 0.1] M:(0.1 0.1] .
B:{G.1 0.1] E:f0.1 0.1] H:{G.1 6.1] K:[0.1 0.1] N:{0.1 0.1]
C:[0.1 0.1} F:[0.1 6.1] I: [0.1 C.1] L:[0.1 0.1] 0:f0.1 0.1]
initial solution randomly obtained
Ar-0.3268 D: 9.1 G:0.1 I od M: 0.1 28.9233
B: 0.1 E: 0.1 H:0.1 K: 0.1 N: 0.1
C: 01 F: 0.1 L 01 r 01 O 0.1
ATSH2 sub-search-space
A:[0.1 0.1} D:f0.1 0.1] G:{0.1 0.1] J:[0.1 0.1} M:[0.1 0.1] -
B:[5-5] E:[0.1 0.1] H:[0.1 0.1} K:[0.10.1] N:[0.1 0.1]
C:[0.1 0.1] F:[0.1 0.1] 1: [0.1 0.1] L:[0.1 0.1] 0:{0.1 0.1]
initial solution randomly obtained
A 01 D: 0.1 G: 0.1 X 0.1 M: 0.1 77.5293
EB: 0.3011 E: 0.1 H: 0.1 K: 0.1 N: 01
C: 01 F: 0.1 E 0l L: 0.1 O: 0.
ATSH4 sub-search-space '
A:{0.1 0.1} D:f2-2f G031 0.1 1[0.1 013 M:[0.1 0.1} -
B:{0.1 0.1] E:[0.1 0.1} H:{0.10.1] K:[0.1 0.1] N:{0.10.1]
C:[0.1 0.1} F:10.1 0.1 1: [0.1 0.1} L:j0.10.1] 0101 0.1)
initial selution randomly obtained
A Q] D:-1.2395 G: 0.1 J: 0.1 M: 0.1 39.1685
B: 0.1 E: 0.1 H: 0.1 K:0.1 N: 0.1
C: 0.1 F: 0.1 I: 0.1 L: ¢.1 O: 6.1
ATSHI4 sub-search-space
A:0.10.1] D:[0.16.1] G:[0.1 0.1] 1{0.1 0.1] M:{0.1 0.1] s
B:[0.1 0.1} E:[0.1 0.1] H:[0.1 0.1] K:[0.1 0.1} NI -1}
C:f0.10.1] F:[0.1 0.1] I: [0.1 0.1] L:f0.10.1] O:0.1 0.1]
initial solution randomly obtained
Az 0.1 D 0.1 G: 0.1 J. 0 M: 0.1 19.8972
B: 0.1 E: 0.1 H: 0.1 Kidd N: 0.0152
C: 0.1 F: 0.1 I 0.1 L: 0.1 O: 0.1
ATSHIS sub-search-space
A[0.10.1] D:[0.1 0.1] G:[0.1 0.1] E[0.10.1] M:[0.1 0.1] -
B:[0.1 0.1} E:{0.1 0.1} H:f0.10.1] K:f0.1 0.1] N:f0.10.1)
C:[0.1 0.1} F:f0.1 0.1] 1: [0.1 0.1] L:[0.1 0.1] O:f5 -5
initial solution randomly obtained
A0l D: 0.1 G: 0.1 i 0.1 M: 0.1 42.7764
B: 0.1 E: 0.1 H: 0.1 K: 0.1 N: 0.1
C:0.1 F: 0.1 I 01 L: 0.1 O: -0.0121
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R = ¥4 o 4 o ; Y 1 @ o
DM C"Nﬂ"!cl‘ﬁliﬂ']'iﬁ‘(’Jﬂcl‘ifﬁﬂ'iﬁl’l’iﬂ'ﬂﬂi]Tuﬁuﬂuﬂﬂﬂuﬂ'm"lﬂ 15 HUFEAUNT UKD
=4 1 o ar = ot ¥ = i e
HUINUIOAUNT ﬂ'&?1ﬂﬁ$mﬂﬂllﬁﬂ\ﬁuﬁﬁ'}ﬂﬂ 43 ‘U'E‘)Hﬁ“ﬂ'l‘ﬂ 1 iﬂﬂ7§1ﬁllﬁﬁ33@1}ﬂ'ﬁﬂuﬁ1ﬂ
= = g/ 1 = o ' a = = 3 T 3
Mﬂ?iiﬁﬂﬂul%' DM @149 HDIN 2 !LﬂﬁQ%TuﬂuﬂuﬂfjﬂUWTWQﬂﬁlﬂlﬁﬂﬂ'l?ﬂﬂ‘i’f’!uﬂﬁ$ﬂ5\‘l

ed o ¥ @ = 24 or = 8 uij os.:
V94 DM UaziaIn 3 LLﬁ'ﬂ\‘t’ﬂ'm’3‘1—!1‘?1!’Jﬂﬂuﬂ‘m&'ﬂﬁ@ﬂ?ﬂﬁﬁ\?ﬂ?i%‘iﬂﬂi‘ﬁ DM ATIUU 9

A5 4.3 MIRIAWNIT DS DM

DM
Ttems
1 st 21'ld 3]’d 4!h
iteration™ which DM invoked 10 20 30 40
number of discarded search paths 7 4 2 I
number of remained search paths 8 4 2 1

4.3.3 HaMIsZYRNANHLITTUY CPP 1IAMIAUMAIE MATS 15 iduma
desmuadnsfinesusaia ATS Haz MATS suns BeduumsRumineu
Afumufidesnts Tnamsfumues MATS#S uaaseylugnsmmsgdimanennaniie
Sagldi 4.4 Taull ATSO00R 14 dhugmusmsunio1fitou lugdmsdumaien < 3.1395 1y
SBUMSAUMTA 655 Aaoraamsfum 53.9983 177 fameuaen il 18 HaAITWasdeneg
Tumsnfi 4.4 wioudaee J uag SSE vinswsifinedf 18 ¥ awsofoundauss

£ 1afsaumsh (4.20)

7 Convergence Curves of
- MATS for CPP system
s 50 ;
@ i 3.tBoa i
3 P '
g 4 :
g 403 11395: ‘
,E_ii 3 81T was mel at the {3
= 30% | ;|855th iteration within I
| 21981539883 minutes by TC, (<3,1895); |
] {|the search Path#14. J=3,1891 Ly
20 R s e R SR
36 0 50 651 652 BS3 6% 655 66 65 55|

o 100 Zo0 300 400 UEGo seo T 7oo
lterations

i 44 nswimsgdinnamasves MATS fuflgminmsszuendnysiszuumnasa cop
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15199 4.4 A1ReUR 1A INMIAUNIAIE MATSHI 5

SSE
AL D & H M-0 J ident  valid
A-0.4425  D:-13226 G:-3.7936 ). 0.3684  M:-0.0996 3.1891  1.9564 1.3529°
B:0.5408  E: 0.6382 H:-0.6304 K:-02778 N:-0.0069 2.2980°  4.35207
C:0.0466  F: 02141 I. -7.6637 L: 0.1446  ©O:-0.3913 3.1300°

6.0454"

Those SSEvwith superscripts, @ 1o £, vre from data loth2 W3 #4 B B and §6 respectively.

Wieiaums i (4.20) unuasluaumsi (4.15) uag (4.16) udafmrnmyuundalag

3/ @ A o =y o I3 4:? =L 4 o =y v
vesgndu 14 uaziliothwadi A inmsdnaiinan S oudonfuraildanmsnaey

aunsouaad lddeg Ui 4.5 mwizanedanarfinsatulnody o Tdnnansia uasdu -

TdninmssuumunuusiaemindamansAins iime o s 7 dunnnms

AU LB

[(6,y,¢,u) = ~0.44256 +0.54086 + 0.04666 —1.3226 5 + 0.63825 + 0.2141y ~3.79364

-0.

Pendulum angular in radian

63049 —7.6637¢ + 03684777 4+ 0.14464% — 0.0996y — 0.0069%7"' —-0.3913
(4.20)

Identification stage#2 ldentification stage#3

R TR TR 04 s oy & .
' i~ measured i : ‘ 3i=2.298cg
. —r—searched oL2 - 19564 0.2 . ARG &
0 o "'\‘:5;:.‘ \ : 0 | g
SSEav= 3.1891 i -0.2* i
0 16 18 20 16 18 20
identification stage#5

Validation stage#1

. SSE

1v=1 .3529

B -

(jI 3 -:-e‘._-,f"
0.2] [
R =
Time (sec) Time (sec)

i 4.5 mansszyendnwel fish SSE = 3.1891
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Y
o o

. ¥ ‘ o .
awmdggnasiei ldnnmsTauazninnsssyendnyslianngisgnnasuiuiite

= o

anwazandmivmsnivuiioy Tiumsuand13lugld 4.6 Fufiuldnmsseyendnel

= 3

o ar = = S oA {
Tdszun cep Arem1sdszynddanaTty MATS IWuafinn uasfindmanuisuduime

1ls m;]mfieuué"a (Puangdownreong and Sujitjorn, 2006)

B - :
L o= Measured

SSE1v = 1.3529 —— Searched

= o
BN n

Pendulum angular in radian
=
—
il

0 5 10 15 20 25 30 35
Time (sec)

(n)

e SSE2i=10564 - . ¢

S —

| o~ Measured |

| ~t Searched ]'

Pendulum angufar in radian

B

- (P

0 T 15 20 25 30 35
Time (sec)

()
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'~ Searched i |

—e—Measured | |

35

30

= Searched :

25
25

20
Time (sec)

()

-éd g W g
Time (sec)

)

G

5

1

0

10

1

ueipes uj seinbue winjnpuag

uelped uj Jejnbue wninpuad
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—o—Measured
~+—Searched |

SSESi = 6.0454 |

Pendulum angular in radian

g . G R - g C I
Time (sec)

(@)

Pendulum angular in radian

- —e—Measured
; —+— Searched

Al one e s,

Time (sec)

(R)
3 Lo
U1 4.6 nfivuievdyguvinmsSanaznamsszyendnuel AnoANITIdoy 37.5 Tuni

T 250 3@ unzAr1eii 0.15 3w (n) Fredeyad 1 (v) dadeyadi 2

H
1

() Fdoyaii 3 (9) Faedoynii 4 (9) Faedoyndi s uaz (2) Frsdoyadi 6

Taotasdeyai 2 8 s dmsumsszyendnuel dwdndeyaii 1 ez 6 dmsvms

Usziliuanugnies




5.1 agiwanisivg
34
sanesiumIturmuuapFalfudvaisia vse MATS 18FumsRandunield
mnnalnimolfulyssaneTTunsduvuwuaySaliog (ats) lusedunszuiums

[ ¥
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