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Abstract

The aim of this research is to study and provide the implementation of Taguchi method and Shainin methods
by using a case of Aluminum Riveting Process. Then, comparative analysis of Taguchi, Shainin and classical factorial
experiment designs was carried out. Taguchi method uses the experiment of Orthogonal Array (L16) and Shainin
method operates in four processes. 2° Factorial Design is used as a classical experimental designs. Taguchi method
give the same result as the classical factorial experiment that provides high confidence with fewer number of
trials. The number of trials of Shainin method is less than those of Taguchi method and classical factorial
experiment. It is valuable to reduce cost and time of experiments. Therefore, applications of Taguchi and Shainin
methods are useful for the study when a number of trials cannot be performed on many experiments, especially
in case of the screening experiment. However, the approaches of Taguchi and Shainin methods require the
understanding of process parameters more than that of classical factorial design in order to select factors and to

set suitable levels of experimental conditions.

Keyword: Taguchi method, Shainin method, Orthogonal Array, Factorial Design, Classical factorial experiment
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Test Combination Result Median Decision Limits Conclusion
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A not significant
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B significant
4 BgRwm 1380 1230 1130.31 to 1329.69
5 CmRs 1390 1390 1290.31 to 1489.69
C not significant
6 CsRu 1160 1230 1130.31 to 1329.69
7 DumRs 1330 1390 1290.31 to 1489.69
D not significant
8 DsRm 1220 1230 1130.31 to 1329.69
9 EmRs 1410 1390 1290.31 to 1489.69
E not significant
10 EsRm 1240 1230 1130.31 to 1329.69
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BD not significant
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BE not significant
8 BumEmRs 1120 1230 1130.31 to 1329.69
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Analysis of Variance for Means

Source DF SeqSS AdjSS AdjMS F P
Force 1 42 42 a2 0.14 0.720
Size 1 156420 156420 156420 523.87 0.000
Thick 1 650 650 650 2.18 0.190
Length 1 0 0 0 0.00 0978
Time 1 2 2 2 0.01 0934
Force*Size 1 240 240 240 0.80 0.404
Size*Thick 1 4290 4290 4290 14.37 0.009
Size*Length 1 6 6 6 0.02 0.890
Size*Time 1 6 6 6 0.02 0.890

Residual Error 6 1792 1792 299

Total 15 163450
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Response Table for Signal to Noise Ratios
Larger is better

Level Force Size Thick Length Time
1 62.13 61.46 62.08 62.13 62.14
2 6214 6281 62.19 62.14 62.13
Delta 0.01 134 0.11 0.00 0.00
Rank 3 1 2 5 4

Response Table for Means

Level Force Size Thick Length Time
1 1282 1185 1277 1284 1284
2 1285 1383 1290 1284 1283
Delta 3 198 13 0 1
Rank 3 1 2 5 4

31J17i 2 Yaya Signal to Noise Ratios
lnedlaunsanaae Ao

Y = 1283.63 — 98.87B — 6.38C - 16.37B*C  (3)
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aaiiiloy warTnisvedlyiu aslatady A (Uuiauseng)
Uadd B (Wunngiane) uazdunsiserveslady B uay C 4
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Abstract

The main objective of this work is to develop high performance concrete for bulletproof application. The
bullet energy adsorption efficiency of four concrete categories including normal concrete (NC), high strength
concrete (HSC), polymer fiber reinforced concrete (PFRC) and steel fiber reinforced concrete (SFRC) were studied.
The dimensions of the panels are 40x40 cm with the thickness of 5, 7.5 and 10 cm for energy adsorption test. The
7.62-mm bullet was shot from the distance 200 m and perpendicular to the surface. The bullet speed before and
after impact through a plate were measured. This study suggested that the HSC specimens show highest energy
adsorption while they reveal a lot of damage. The 5 cm. thick specimens of HSC showed energy adsorb ability
equal to the NC or PFRC plate with 7.5 cm thick. Steel fiber reinforcement increased the concrete ductility and

bullet resistance ability of concrete.

Keywords: Bulletproof Wall Panel, Steel Fiber Reinforced Concrete, Polymer Fiber Reinforced Concrete, High
Strength Concrete, Bullet velocity
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Abstract
Biogeography-based Optimisation (BBO) introduced in 2008 is one of the metaheuristics methods and has been
continuously and successfully applied to solve optimisation problems especially in the field of engineering design.
This paper presents the survey of BBO-related articles indexed by the international academic databases including ISI
Web of Science, Scopus, and IEEE Xplore during 2008-2015. The BBO concept, basic application, classification,

critical analysis and synthesis are presented in order to foresee the directions of future research.
Keyword: Biogeography based Optimisation method, Metaheuristics, Literature review.
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nanvanglviiuiuied (Habitats) Tussuuling Fadunis
Walenialunisimuianuauysalvesduniedlviaiy
anvaevesviiniugay wasnivinaelidudliduil
A & ak . o XY
AMUMNNZENYRINUNBEATY (Higher HSI) NauvunaunIg
nareuslalanmuasusuulinnedl waghiiiundsuwuy
nsnangsiugAvianvate [10] [13] [16]

Jumauil 8 Ussilual HSI uazaneuauammaunIual HSI (19
AudunIiviouTunaud 3)

Fumauil 9 - 10 mnvseuiouias SaiusmaiIRi

Juduneunisieufisudmeuiidiignlunsazsey
(Local best) ﬁuﬁmauﬁaﬁqmmmiﬁwmﬂﬂsauﬁmum
(Best so far: BSF) waiiilenusmauiiint azvinisdudin
fnou BSF falusl unudneulduiiugnin

Funoudl 11 - 12 nrsindulaionganisina
lunnsouvesn1sduniAInouveaisnis BBO fu
Jgoslinisandulafenisnganisiuseunisaumi lag
Wisuifeudnnuseunsugfiiiuan () fudiuauseuves
NITIUTIGIEN (o) §1AT § HOEATY hor 1B IMTN N3
FummauiBnis BBO éiliiasu Tnunduluiitunoud 5

4. N155IUTINITTUNTTUNLNEIYR9NUATN1S BBO

I550unIIUMALITReiUITN1T BBO lignduduainaiy
FudeyadynnstuseAuuIuINF Ae ISI Web of Science,

Scopus wag IEEE Xplore Imaﬁuﬁuﬂ%qmﬁw o Judl 31
suAN 2558 waglanvuatasainisduaulutisssningd
wa. 2551 Fududiiisnig B8O gnAfuilunsannduads
wsn 897 w.a. 2558 waglaldardrdglunisduiu e
Biogeography-based Optimisation % 3 ® Biogeography
Based Optimisation walfszyliduduaindeises (Article
title) UNARNYD (Abstract) B39a1nA1d1AEY (Keywords)
KadwsTldanmsduduainiis 3 grutesa dgndasenasly
IUiLLﬂWﬁﬂL%ﬁ]gULﬁamﬁmmiLaﬂmaﬁN%ﬁﬁ%a’jw
EndNote Lilonsavaeuunanuiis deunazauunaiui
witousuiialy aavineTavusiuauunautmueiiiedes
FU3En13 BBO VaAw 414 unAa Fe9riintsviniTed
uansnsfusiadiudnuasdgm wagsuuuunsUszgndld
35013 BBO

Tugruruunaudings Wuunaaufidunuain
giudeoya Scopus Amdudndiuiesas 47 wWuunAuan
grudeya IEEE Xplore Annludndiusosay 35 uwazunaiy
ngudeya ISl Web of Science Amdudndiusosas 18
wanadslugud 3 el annnrsAnwiuualiuvessiuay
unaufiinsafuiweunsluwsard dauadusniiinns
Afisri35nn3 BBO auds U 2558 anwnsauanslénsgui 4 39
szt 3n1s BBO suanlaviiuanniuedasenitedluus
a2d Tnewamzvegnadalul ne. 2557 fsnauuneaniaty
Feuwhdudadeudieudud na. 2556 uidsdidedanndn
$ruanunawlud wa. 2558 f5auautesas ailons
ieaunan grudeyaimnisfigndudu u fudl 31 Sunay
2558 u 0193 dsldsudoyaunanuiinfiuiainasas
A199) lalasudau ImEJLa‘wwasha?ja%agawmmﬁgﬂﬁﬁuﬁ
wenglugaUanst w.e. 2558

ISI Web of

Science, 18%4

Scopus, 47%

IEEE, 35%

JUN 3 Tnuunanaluudazgiuteya

HaTMUNANUTELANNSANU NN N TVDIUNAIIUNUIN
Tunanumeunstun15UsE Y InINITIEAUUILEIA 11U
136 unAY vieAndudndliudevar 32.77 ¥8331UIU
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UNAATTILA YausTiTfunanudRulunsasIvns sy
UIUNYH 310U 279 unaad wieAmdudndiudevay
67.23 TnensansfisuauunaudseRRun e desiv
bhiagr: BBO mamﬂuaummmﬂa Applied Soft Computing
i uautedy 75 UnAI1Y 89aINNAe Evolutionary
Computation, Mathematical Problems in Engineering,
Electric Power Components and Systems W @ ¢
of Artificial
AINEIRU F9r5ansTiTinsRuRunauITeiAedesiu

Engineering  Applications Intelligence

'
d

35015 BBO 10 suAULSH LLamLﬂué’mdaué’agUw 5

140

119

100

80 76
72
65
60
41
40

24

2551 2552 2553 2554 2555 2556 2557 2558

)

FUN 4 Suruunanuiiiedtesiuisnig BBO luusday

Applied Mathematics and

Computation, 7%

Applied Soft C tin,
Swarm and Evolutionary PP MEECOmputn g,

. 16%
Computation, 8%

Computers and Operations

Evolutionary
Research , 8%
Computation ,

12%
Systems, Man, and

Cybernetics , 9%

Mathematical Problems
Information Sciences, 9% in Engineening, 12%

Engincering Applications of Artificial Electric Power Components and Systems

Intelligence, 9% in Engineering, 10%

3UR 5 M3ansiifilinunisiifiuiunauiiesdesiuisnns BBO wn
71gm 10 SuFUUIN

5. NISIHUNANWULNITNNIVYVBII5NTS BBO

ynALITeMngliuIsn1s BBO au1sasnwunliaeld

v
1Y =]

12 ° A o Py & ° o
Lﬂm‘miuﬂ’]i"\ﬂLLuﬂVIaqﬂﬁUbLmﬂ\?u A8 ﬁ]ﬂLLuﬂIﬂ&I‘U‘UaUme

<
A

ilom (Subject areas) finamasluunau wazgUluUrad
n13UseenAlg3sn1s BBO lunsuadeymn TngunAue
414 UnAY LANTUUNATUNUINAINGT Fan5197 1 uay
o3un wiesnieg1aUseney fil

5.1 voussilon (Subject areas)

youLmLion (Subject areas) fiuszyndld33ns BBO
wiadu 4 ngugos mun1sduunangrudeya Scopus 49
Usgnounieg naudlainermians (Life Sciences) nqu
IeAansgunIn (Health Sciences) nqudspuatansuag
uywe (Social Sciences & Humanities) kagnguIneAIans
n18AIN (Physical Sciences) Imamwmmmﬁgﬂﬁuwu
Wwnzgudeua IS wag IEEE Xplore azgniundaidigngy
gopfenantuiu lnedseasdondaseluil

5.1.1 I3 3Inenenans (Life Sciences)

v
I Aaa o

wmm%ﬁﬂuﬂquummu 12 UnAy Meieuise
Fudiinermansaziisatestunisnuilaseadiamia
Fne1vesddldia (Biological) [17] $aulUF e umIas1u
WN8AINTIU (Agricultural) FuAll (Biochemistry) HilAuAY
e (Immunology) Ln&¥INe1 (Pharmacology) fiwiNeN
(Toxicology) 1Uusu eﬁ”sashawmmﬁﬂszqﬂﬁﬁﬁ%mi BBO
LLﬁ{]zymmaéf'm%ﬁwmmam‘ WU 91498989 Liu et al.
[18] Uszgndl#35n1s BBO tilenissimunyszdnsamnis
Adade wazdnnmanylsauzifeiionisiiasiesideyadis
Aududoun1atainet el ldung sy dnedann
(Biomarker) 9InN15AUNIUAL TEYFULIATBIB UTATTAY

AaUnRA a1nduududiegefiuinianun

5.1.2 Ingmansavnn (Health Sciences)

uneuidelunguiifisiuu 6 unanu sAfedudas
\Redasfumansnianisunmg nsneuna sunaunmd &
mans wagenanmaduguAIndug snfegiaty e
999 Srivastava et al. [19] Uszyndld3ignis BBO Tunns
asvasuAugnaesvanlUlng lunisseyluanaves
asusEnoundnngy 1 fanunsaviliidededifuld (Major
Histocompatibility Complex Class 1) Fansmsrvaeua
gndesvandUlnd udsdrdydimiunisnaniaduid
Usgansnmsensinulsafiieidestussuugiiduiues
329018
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A19°9% 1 anssasumsuununanuiladuaulugag 8 Yamumn (w.e. 2551 83 w.. 2558)

Wl S1UazLdun U NUNYLAYDDIUNAIY
YOULUA I inenenans (Life Sciences) 12 | 1829
Lﬁam ai/]&ﬂﬂ’]ﬁ@]%éj“uﬂ’lw (Health Sciences) 6 19, 22, 23, 25, 27, 28
(Subject | daumanswazuywd (Social Sciences & | 40 | 15, 19, 21-23, 27, 28, 30-62
areas) Humanities)

IgAansNIBAIN (Physical Sciences) 367 10, 13, 14, 16, 63-253, 288, 286-431, 254-425

sUuuums | msvszgndldsnis BBO uuuuu 164 | 13, 14, 21, 24, 25, 27-29, 31, 36, 39, 48, 49, 53, 57-
Ui%QﬂGﬂ% (Conventional BBO) 60, 62, 63, 66, 74-76, 79-81, 83, 84, 87, 92-95, 97-
38115 BBO 102, 109-111, 118, 122, 124, 128, 132, 135, 137,

140, 142-144, 147, 149-151, 153, 156-158, 162,
164-167, 171-173, 175, 177-179, 182-188, 193-195,
197, 198, 200, 202, 203, 205, 211-214, 217, 220,
223, 224, 226-228, 231, 234, 236, 238, 240, 242,
243, 248, 249, 254, 256, 259, 263, 266, 268, 269,
274, 282, 285, 290, 295, 297, 299, 300, 303, 308,
313, 315, 318, 323-325, 337, 339, 340, 342, 356-
358, 363, 366, 375, 377, 378, 380, 382, 386, 389,
393, 395, 396, 399, 404-409, 411, 414, 416, 418,
426

n15U5UU5EIn15 BBO lnumsusuusia 99

(Modification) ns¥UIUN1T

16, 18, 20, 30, 34, 37, 43, 46, 67, 68, 71, 89-91, 105,
112, 114, 115, 119, 120, 123, 126, 130, 133, 136,
145, 148, 155, 160, 176, 189-191, 206, 207, 215,
222, 225, 229, 230, 235, 237, 247, 250-252, 255,
257, 262, 265, 270-273, 278, 279, 284, 286, 288,
289, 291, 293, 294, 298, 309, 316, 317, 319, 333-
335, 346-348, 353, 355, 359, 362, 365, 371, 373,
374, 384, 390, 392, 398, 400, 401, 403, 410, 412,
413,415, 417, 421-425

151135715 BBO lunaunany

(Hybridisation) AUBN1TMIAIMBUDU

94

19, 22, 23, 26, 32, 33, 35, 41, 45, 52, 54, 55, 61, 72,
78, 85, 86, 88, 96, 103, 104, 106-108, 113, 117, 121,
129, 131, 134, 138, 141, 146, 152, 154, 159, 161,
163, 170, 199, 204, 208-210, 216, 218, 219, 221,
232, 241, 246, 253, 258, 260, 264, 276, 277, 280,
281, 292, 296, 301, 302, 305, 306, 310-312, 314,
322, 326, 328-331, 338, 341, 343-345, 350-352, 361,
367, 369, 379, 387, 388, 391, 394, 397, 419, 420
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513 depuAtanduasuywe (Social Sciences &
Humanities)

unauifelunguilfsiuiu 40 unaau egay
Chatterjee et al. [59] thiauemATANITLUIAMULALEY
YDUAULUIAINTEAU (Three-level thresholding based
image segmentation technique) dusulduusninaunnu
druuyudildainiadesdfiaunu (CT-Scan) Tngldin
38015 BBO W uUsduvean mawnuii enduua
(Three-level thresholding) ﬁmewzamﬁqm uannildamy
MAdeiuszgndli38ns BBO LitensysaizgUnw (Image
restoration) [87] it lduAtyn1n153UATUAM (Image
matching problem) [249] Wewmuiuszaniainnis
Usgiiudaadsuluilunisidrswaimvad (Motion

estimation in video encoding) [132, 193]

5.1.4 Angransnienin (Physical Sciences)

n13Uszenaldisnis BBO flvsuadominieadosiu
IngraraninisnwuIniigaia 367 unAN FaRsed 1
nuitelunguiasidunisnunlumansiiieadostu
39lf1730 W denssuaans adiamans Hand vl Tain
Awanden wd1u Tan A1AsIzi waznan1 wierdu
mam%ﬁlLﬁmmmimamNmuaqﬁmmiﬁﬂénﬁﬁwﬁu
(Multidisciplinary) fairegrasieluil

n3UszenAldisnig BBO Tusnulwih-Bidnwseiing wu
n15Useendldisnis BBO widgyninisinelnanegis
Uszudaluszuulninnngs (37, 63-66] n3oluszuuluiin
ﬁﬂﬁqﬁﬁwﬁaﬁammqulﬁamﬂmsaiaﬂhuluiswlw% [133,
135] M3UszgnAldIsnig BBO Aulymeuszuulaseng
1¥an1e wu Ygynilugunsalnsiaduuuulians (Wireless
sensor networks) [156, 157] dayninasUseiiiy
AMN155L0asTUSTUULIA1S MIMO (Parameter Estimation
in MIMO Radar) [223] Ysynnluszuuing (Radio system)
[101] n5Useen@ldian1s BBO funiseeniuuuemeasiu
szuulniinszuanss (DC motor) [136] N1580NWUUY
\n3esdnina [361] nsUszyndldisnag BBO Audym
MIAUEI881NA (Antenna) ﬁﬁmamﬁqmiﬁmmgmwu
N3¥918ARUTRIEIDINA (Antenna radiation patterns)
[70, 71] AMseenuuUaBaIn1ATaly [25, 28] MIDNLUY
awmmmmumﬁ—gm (Yagi-Uda) [97, 98] n1988NLUU
awmmﬂﬁlﬁﬁmiﬁmuﬂgﬂqumaéfa (Non-uniform
circular antenna) [124, 128]

nsUszenaldisnis BBO fulymlussuumuayu [300,
393] WU nsUszendldlussuuAiuauuuy dadiu -

USWuS - ey us (Proportional - Integral - Derivative
Controller: PID Controller) Saifuszuunuausalus@iily
UBEUNINATY FIRIVANITNENINAARAIRANAIALTLNED
ﬁaaﬁqm AENSUTUAR QU IUVNTIVBINTZUIUNTT AR
wUsee9 PID ﬁi%sﬂ%mﬂﬁaumuﬁﬁumamaasswﬁ%uagi
s 3 A1 fie AdREIN USIHUS wageuiius Ardadiu
ArunlnraveInuRanaInludagdu n1sivuaean
Uituseguuiugiuremasiuaufianarniifieiiuiuly
mmzﬁmsﬁmummaqﬁuéagjuu‘ﬁugmmaaé’mwms
WasuuUaswesrauRnwata dmiiniinainnnssaaiu
veunaud arldlunmsusunsyuaunislimanaamion
Yioeiian

n15Uszenaldisnis BBO Aulgymilunguinetmans
AEAMBUY WU N158AR1519EmMSUR U N1SHAARUY
gangu (Flexible flow shop) [210] Ugym1n153An1919n13
wannuudangudmiunsruaunawdnnuuliiseidos (The
flexible job shop scheduling problem) [14] Ugy11n1539
Aussnnluszuusesaliuwuuanidu (Emergency railway
wagon scheduling) [32] n15Usgendld3En15 BBO v
Junin1sdanisnanisuda en1sdanistaseineluda
99a38¥(Smart grid scheduling) [137, 143] Ugyn1n139m
LEUNINSAUNI9BINTNILYIe (TSP) [13] Jgyninsdn
MNauraesesdnsiiteuszansamnisldndsau (Enerey
efficient virtual machine placement) [254] Ugy ¥ 1115
FamsiBeindman (Core fuel management) [298] Jgyn
MMsIALEUNISEIUNIUY (Vehicle Routing Problem) [359]
Yaymsnunassudaedes (Nuclear research) [236] Ygymn
mimﬂ'wﬁmmzamﬁ'qmimzwﬁnu (Circulating water
system) [343] (Judu

5.2 sUuuunIsUszendleasnTs BBO

sUsuun1sUszendldisnis BBO a1unsauvald 4
sULUU Ao n13Uszyn@iBnas BBO LU UG
(Conventional BBO) N 15U U & ¢ ¢ (Modification)
N3ZUIUNITVBII5NIT BBO N13ANEIAIMI91EILMeS BBO
uarN15UI3BN1T BBO lUnauWau (Hybridisation) AU38n13
miimeusy Falleandondil

5.2.1 MaUszandldi§nns BBO wuumuAu

nMsuddymnismaniimnzauiigaduanunsaviale
naned’s arsiiiunduisnsmdmeuiimang audiaauuy
Fafin (Conventional optimisation algorithms: COA) ngu
WBnrsmAneusuuiualassaislunisadisdmey
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(Constructive approaches) kaznguisnsiudd3asnd
(Metaheuristics) fatfu nsUszgnildi8n1s BBO wuudaiy
FanasifeadestunisnaaeuainuaiunsalunisAum
A1moUBeIEN15 BBO AUdSn soue dudgwiiisuiies
(Benchmarking problems) [198, 283] w3aLflennasuns
LLﬁ‘i’]zymmsmﬂ"]ﬁmmsawf]agm’lmiﬁl,ﬁagﬂﬁ%auaﬁm

st FsaRngd [290, 375]

5.2.2 M3UFuLITa$I5N15 BBO (BBO modification)

AunwTaIRneUldnIsnsiuddsandtuegiu
AMuaNgaveInIsdrnieninaaasiiiululflng
(Exploration %38 Diversification) kagn1siaannataaslng
mﬁammiﬁﬁmﬁﬁagdauuﬁa (Exploitation %#3®
Intensification) [435, 436] fiviu NMsUFuANLANAATEWIS
Exploration g Exploitation Fadunuanieniswaun
AaAmMAInoU A susndildlunisuuaugaszning
Exploration was Exploitation 49935015 BBO Ao N3
YFudselaenisusuudansguliunisAniondiney
NIPUIUNITNITONEN KALNTEUINNINATLTUTVRITINS
BBO feiaessialuil

3MU3F8v09 Sooncharoen [11] laUsuumanalnns
dndendmaulingtumeunsonenuasisnis BBO ¢enis
dutumeunaiieudioummeusenindnoudinan (Best
solution) Al#anseunisrumagtu uagdneudiafian
INNTAUNINNY 59UTIHIUIN (Best 5o far: BSF) MAUNMN
vosdnouInTeumsfumdagtiulifidumelusiuauseu
n97utfitvue asdsugUuuumsindonfineuainms
Aadenniuadudrsziluliillunisdadenuuudu
(Random selection) a#i LiteLiiun15d1334 (Exploration)
Tunsnuaiaasfidulldlnduesinng B8O 18w
uaﬂﬁ]’mﬁg&ﬁ’mﬁﬂﬁ’lgﬂLLUUﬂW'ﬁﬂ%JUUEJFTW]E]Ugus] fliag

Hrun1seasnndgyniludanvusadaiendsiu waali

HadwsNATUTUTEAUIBNT BBO [11] 1wy n1sudaguuuy
NFUTUUTIAIMOURUY 2PECX Uag 20RS [437] Tilvinadns

'
a‘

ningalun1susrgndundgminisdniseuaissdnsiiuy

TN9BeRUgNTTU (Genetic Algorithm: GA ) [438] lagld

o

vUszyndldluisnig BBO fe Fanan1snaassnudi
annsolinadnsintuliegaiiteddymeadi
NUITBYed Li et al. [112] driauediuvunisengngy
91 (Sinusoidal migration model) dioldludunounis
AaldenAmeuliignIzuIun1senen wagldnszuiunis
NaeUSKUULINAGYY (Gaussian mutation operator) lag
fignuszasAionauianuauisalumsdrisaiionina

wasdulylalmi (Exploration) ¥8935n13 BBO 19zt
VLU SEANSAINANSANMAINBUTBIoNNS BBO

5.2.3 nM3AnYIAINISIENOS BBO

M5U5UU3938M3 BBO ssmsnuifedmisifiaesi
wingay Wudnisnsmiedililunisuivaugasening
Exploration W&y Exploitation A1sAMuAAINI T E R e $i
g ALz ilsaz 09AUsE NaUTR TN SAUYmaIIsa
vhauswiuldetnaasi daazthlugnalnnisiumuaznis
U¥uugsdmouiidiuszaniaingaga [439] Tneialuda
29AUITNOUTDIIDNTUANTITARNAAZUTZNOUAIY AIUNU
A1MOU (Representations) hazAs1Liiun13s (Operators)
F199 LU FIATUNITANEDNFILNUAINDU AIALTEUNT
UiuugeaAmey Fadudunisifiensivasudeulasieg &
foehwioluil

Aev0d Attar et al. [199] Nd1331 ANNINYDIIZNS
méﬁ%ﬁaaﬂéﬁfuaggﬁumﬁwumﬂ'wwniwﬁma%asjwﬁ
Todrdyneadn Savihnisdumeanisfiwesfimaneanly
nsUszgnAlHAsN1s BBO Lleudtgyminisianisnedvu
miv‘hmulmaﬁauuw%mju (Hybrid flexible flowshop
scheduling problem) fe3an13uanINanDUAUDILUUIAT
EARTOTR (Response surface methodology) Uaus7e3de
284 Sooncharoen [11] L§¥1n15@unIAImIsfnesi
winzan Aagdsn1suanelSealfuguwuu (Full factorial
design)

v

9113w ve9 Dutta et al. [367] T¥n15MAaaILUUaBIAN

a99gn (Trial and error method) WiaLdenAIMISTMaIV
8013 BBO fianunsalinadnsiiniigndmsuiymnisiva

q
'
:4

maammiﬂﬁmmmvauwam (Optimal power flow
problem) Lummﬂmaauuaawmn UszdnSnmwuesisnis
BBO muaanumwwsmmaswmmm

9139889 Berghida and Boukra [359] na13l331 A1g
fmuaf1nisifmesimunzanldfuisnsuddgnd
(Algorithm) finasgnaunsonadnsgnyinedld Tasuray
Haymaefiamsdinesfmunzauuandisiuly mu%ﬁﬂf‘j
wwenld3gn15Uutvn (Hill Climbing Approach) Lwaﬂum
ﬂ’]‘W’]'ﬁ’]llLG]@'W]LM%J%&&JIMF]U’JSM'S BBO mﬂwwuwumn
SEIUCIRITAEH sLumi‘LJsuqnm‘lmmﬂmmﬂmmmam
Wdum1eeIunInue (Vehicle routing problem) 7t3en3
785119 An Enhanced Biogeography-based Optimisation
(EBBO)
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