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un'YI 1 

U'YIth 

UOJOJU'ULL 'U1LlhrlJ tl'Jf)l'JLL'li'J"ll'U'YIl'Jf)l'J~lijLL 'U1L 'I12J~OJ:: L'll2J'll'Ut'U el'U L ti tl'J2J1OJlnm::LL~ • 
Lt'lf)lnlvnJ (globalization) ~'Jl1l1 -Hijf)l'JLU~ L~~'YIl'Jf)l'J~l L ~2J2Jl nt'ULLt'l::ri'J ~,mm::'YlU 1 -Hill 1"1 

5'JnOJ~ tl'Jtlm::~uI"I112J~12J1'Jtl1 'Uf)l'Jvll L U'U5'JnOJ 1 'U'Ylni~'YIl'J~ L U'U 1 ul~ ..r'Jf)l'Jt'l~~'U'Yl'U 1 'U 
, 'II 'II 'II 

f)l'Jvil L U'U5'JnOJLLt'l::~-r1'J2Jt'l ~l L ~2J 1 lui 'l ~'U tl'J~ tlUml2J~ 1l'Jf)l'J'll tl'Jt'ln~l f)l'JU~'VI1'J~~f)l'J 
• ~ v 

m::ul'Uf)l'JtJlri'J~'U~l"Jln ~~aVl~'J~u~L.nI"lVlt'ltlVllb'J L'lf~U'Yll'U (supply chain) 'VI~tl 

Lt'l~~&l mf (logistics) ~'JL U'UL'Ul'V12Jlmh ~qJ~ ~u'J::n tlUf)l'J~12Jl'Jtl1'li'L yj tl"lfl'J:a'Jl"Ill2J lviL U~t1U 
1'U f)l'JLL'li'J"ll'U..r'J 1 'U'J::~U5'JnOJLLt'l::'J::vlUU'J::L 'YlA • 

'nn~illl::inq&l LA'J'\i~nOJ 1 'UuOJ~u'U UqJ'VI1~11"1'Jtl'J~h'4~L ~2J~'Jt'U 'J12J..r'J'JlI"11JlaJ'U 

1 'UVlt'll~ Lt'ln~L ~ 2J~'Jt'Uri'J ~ t'lvi tlf)l'JL&lU LVl'll tl'Jill 1"1 tlVl ~l'V1m'J2J tl~l'J2Jln L ti tl'JOJlnri'J ~ t'l1-H 
v • 

~'U'Yl'U 1 'U f)l'J~aVl~'U ~l L ~2J ~'Jt'U 1 'U'lltlJ::~~illl::LA'JwiinOJ~'lfU L 'lflt'l'Jri'J ~t'l1 -H rJu~L.nl"lijfll~'J 
'II '" ... 'U 

:fftl~t'l~ t'l'J 'Jl2J..r'Jf)l'Jij~ LL'li'J 1 'ULLvit'l::tlVl ~l'V1m'J2J~ L ~2J2Jlf1t'Uth'ULLvil1l1 -H~ tl'Jijf)l'J~ OOJ'Ul 
v • 

5'J n OJ'll tl'JVl'ULtl'J 1 -HVl tlU ~'U tl'Jvi tll"lll2J ~ tl'Jf)l'J'lltl'J rJU~L.n1"l miVl t'l tl~ Llt'll ~'J 1 'UUOJOJU'ULL 'Ul~~ 
'II '" '" 'II 

vil'U f)l'JU~'VI1'J~ ~ f)l'Jl11'J L 'lftlU'Yll'U lviL 'lll2Jl ijU'YlU1'Yl al ~ ill vi tl'Yl nilll"l tlVl ~l'V1m'J2J L l'4'Jl::f)l'J 
'II U 'II q 

~~f)l'Jl11'J L'lftlU'Yll'U~~~ tl2Jn tl1 -HLnVl ~ t'lvi tl..r'Jvi tlill 1"1 tlVl~l'V1m'J2J Ltl'J ~ tl "lfltl1 'Uf)l'Jt'l~ • • 
~'U'Yl'ULLt'l::Llt'l11 'U f)l'J'll'Uri'JVlt'ltlVl Liff'U tlU'YIl'U LLt'l::ri'J ~ t'l~vi tl rJU~L.n 1"1 ~ tl lvi-rul"Ill2J~'Jl'4tl h 

• • v 

1 'U U~f)l'J LLt'l:: ~'U ~l L ~2J ~'Jt'U ~'J ,1l'U LL,h LLvi L u'U ~ t'l ~l'4 5~'Yln ill 1"1 tlVl ~l 'VIm'J2J ~ tl'J f)l'J 
v • • 

Lritln~11~'JYh-;h "Lt'l~~&lmf" 1'UuOJOJu'U 'VI2Jlt1~'J nOJm'J2J'VI~tlf)l'Jm::l111~ 'l L yjtl1-H • 
hi2Jl~'J~'U~l LLt'l::U~f)l'J 'Jl2J~'Jf)l'JLI"I~ tl'UUlti ~~ dlu LLt'l::m::OJlt1 ~'U ~lOJlmL 'VI~'J~ ~aVl 
(source of origin) OJ'U~'U~11viijf)l'Jri'J2JtlU lU~'JLL'VI~'J~ijl"lll2J~tl'Jf)l'J (source of 

consu mption) L~ tI nOJm'J2J ~'Jn ~11OJ::~ tl'Jij ~ n'\itlJ:: L U'U m::Ul'U f)l'J LL UUU'JtlJl f)l'J L~ tI L '11 'U 
v 

U'J::~'YlBilll'4LL(;l::U'J::~'YlB~t'l L~t1ij L'Ul'V12Jlt11 'Uf)l'Jri'J2J tlU 1 -HYi''U Llml'4tl~ (Just I n Time) L yj tl 

t'l~~'U'Yl'ULLt'l::~'J 1 -HLn~ml2Jl'4tl hLLnt'ln~l (customer satisfaction) ~'J~~ LLt'l::ri'JL~~2JL yjtl1-H 
q, 'U "" q 

Ln~2Jt'l~l L ~2JLLn~'U ~lLLt'l::U~f)l'J ..r'Jifm::Ul'Uf)l'Jvil'J 'l'll tl'J'J::UU Lt'l~~&lmf OJ::~ tl'Jij ~n'\itlJ:: 
v 

U na2J~'U5~~tl~l"Ia tl'JU'J::~l'Ufl'U 1 'U el'U~OJ::U'J'Jt'llVltlU'J::~'Jy)-;il2J fl'U ':J • • 

f)l'J LI"I ~ tl'U Ult1 ~'U ~l~ iju'J:: ~'YlBilll'4 LLt'l::U 'J::~'YlB ~ t'l L~2J vr'J LLvi f)l'J'll'U Ul tIOJl n LL 'VI ~'J 
lVlq~U2Jl~'J~~-rulVlq~U'll tl'J h'J'Jl'U L yjtltJl2JltJl'Um::ul'Uf)l'Jvil'J 'lilltl1 'U h'J'Jl'U2J1LU'U 

~'U~lal L~OJ'JU LLt'l::tlnri'J tJl'U 1 U~'JA'U flm::OJlt1 ~'U~l L yj tlm::OJltil U~'J rJU~L.nI"l,f'U tJUilij 
'U \J 'U \J 
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'lb~l.mu 10% 'lJa~f.Ja~.nru.nl.r),r:illJl'Ulh~L'YIY1 (Gross Domestic ProductGDP) ..r~'YIlJ~ 
LLvi'Yllfl5'ln'l,T'U f.Ja~a'U ~laafllJl L ~£J~"lfU~ L~ m a~ al'U'lJ a~Yi''U'YI'U 1 'U fll'la~a'U ~l~ f.Ja~LL~lhJ • • 
iJ~ rru11il~,T'U m'lija~ al'Ua~~'U hHlfl 1~ £J'YIU1~'YI ~fl'lJ a~fll'l~~fll'l ... b~ 1 'limJ'YIl'U,T'U hi 

'U 'U • 

1) fll'l{;\~a'U 1'lll'l~f.Ja~a'U~ll~ ~1 'YI'ULLa~U1lJl~L 'Yh 1~ 
2) 'ill'Ul'U a'U~l~Yi' a~ij11L tJ'U~~~Gll'la~ l'U LLvi a~m~Ul'Ufll'l'lJ a~ ... b~ l'liau'Yll'U • 

'l~L~'U 1~llm~ul'Ufll'lvil~ '1'lJa~ la~a&imf,T'U'l~Lu'U 1 u~fll'lufialJ~'U51 'ULLUU~LtJ'U 
a~~hllJ'YI~aU'lrulfll'l~~'YIlJl£J~~ m~ul'Ufll'll 'Ufll'l~~fll'll-H'l~(l&1u (raw material) a'U~l 

'U • 

(goods) LLa~U1fll'l (service) ,T'UallJl'lm~~a'Urll£J'llflLLmi~f.Ja~ 1uiJ~rrU11il~Ual£J'YI1~ 
'U 

(consumer origin) 1~a~1~n'UL1al'V~a~LLa~ijU'l~a'YI5ill~ 1~£J la~a&iflif'l~ij~lllJ'YIlJl£J~~ 
LU'U 1U1'Um~Ul'Ufll'lL~~a'Urll£Ja'U~1 (cargo moving) ~~ijmllJ'YIlJlmllJ 1U~~fll'l'lJ'Ua~ 
:::. ... '" OJ :::.... :::. ... 

(;1'U ~l (cargo carriage) fll'lLflU'lflltl (;1'U~1 (warehousing) LLa~fll'lm~'ll£J (;1'U ~l (cargoes 
I I IV 

q.c:::t "cv QJ d qq " QJ 

d istri bution) m~Ul'U fll'l'YI Lflm'lJ a~flU fll'l'l~'lra LLa ~fl 'l~Ul'U fll'l'YI Lflm'lJ a~ flU fll'l~l ~ ~~ L 'U 

illl~fll'lcl'lJa~V1al~ ~~ m'll-H'mllJ'YIlJl£J~~~ L'l'ULLadl a L tJ'Uill'ln'l'YI~fl'lJ a~ la~a&imfl~ll 
"la~a&ifl if.. 'YIlJl£J~~ fll'l~~fll'l L~~a'Urll£J'lJ a~ a'U~l U1fll'l 'li' alJ;;'i'lillal'lLLa~fll'lL~'U'l~'YIll~ 

'U 

~ f.Ja~ LLa~ ~u11il~ (GllU fl~l'U~ru~m'llJfll'l~Wl'Ulfll'l LY1'llt~n'lLLt1~a~~lJ LL ";~'ln&i, 2551) 

L ~ a~'llfln'lm'llJ~ Lfim L ~ a~ 1 'U'l~UU la~a&ifl if,T'U ~ all L tJ'Ual'U GllYlfU'lJ a~'YIfl 
v • 

~~al'YIm'llJLLa~LtJ'Ual'U~afl~~h li~l£J l-H'nua~~mL tJ'U'ill'Ul'UlJlfl 1 'Uil'l~u'U~~ 1~ijfll'l1-H' 
mllJa'U 1'll'Ufll'lAflltlLLa~~Wl'Ul{;\l:gl~~GllYlfU 1 'U'l~UU la~a&iflif ~a Yl'U'YI'U la~a&iflif 'llfl 

v • 

fll'lAflltl L~a~fll'lYil'Ulrua~al'UYi''U'YI'U la~a&ifl ifvi a f.Ja~.nru.nlJla'lllJ 1 'UU'l~ L 'YIY1~ijfll'l'ill LL 'U fl • 
a~~U'l~flauYi''U'YI'U la~a&imfl 'U'l~vlUlJ'YIill~a aflLtJ'U 4 al'U (au~~ L n£J'Ul1l'Ua I 2551) 1~LLri 

• • 'U 

1) Yi''U'¥l'Ufll'l'lJ'Ua~a'U~lLLa~U1fll'l (transportation cost) LtJ'U~h li~l£J'lJa~ 

L~l'lJ a~n'lfll'l~l L U'Ufll'l L yja'lJ'Urll£Ja'U ~l'llflLL 'YI~~ f.Ja~ 1 uiJ~u al£J'YIl~ 'YI1a rru11il~.ff'Ua~'til£J 
'U • 

~~'l~~'ll'lrul LU~l~fll'l'lJ'Ua~a'U ~l L 'Yh,T'U hhllJ fll'l'lJ'Ua~ f.Jlvl£J al'l 
'U 

2) Yi''U'¥l'Ufll'lU1'Y1l'l~~~a'U~1 (warehousing cost) U'l~flaU~l£J Yi''U'¥l'U~ 
Ln~~'U'llfl n'lm'llJfll'l1-H'u1fll'lill£J 1 'U~~~ a'U~l fll'l~~ Lflua'U ~l fll'lL~aflam'U~vY~ 1 'l~~1'U 
LLa~~~~a'U~l 
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3) ~'Ull'Ufl1~~afl~a-:.l~h.JYh (inventory carrying cost) 1vi'LLn ~'Ull'Ul'Ufl1~~a 

fI~a-:.la'U~l 'H~a~lL~£J tafl1a~L~'U'YI'U hJOJlJa£J1'Ua'U~1 
• 'lJ 

4) ~ll'lf~l£Jfl1~U~'Hl~~~fl1~ (administration cost) ,h~nauvi'-l£J ~'Ull'Ufl1~ 

l,,;u~fl1~an ~l ~'U'YI'U fl1~~uYh~-:.I;ffa LLa~~'U'YI'Utl~lJltufl1~~-:.I;ffa 
'lJ' • 

'Vi.A. 2543-2549 'ViUl11'U'lfl-:.lU 2548-2549 J'U vllLa'll~'U'YI'Uta~a0imm~lL~lJa-:.l~'U~-:.Iau 
• 'lJ 

Ltia-:.llJ1OJln~'U1l'UJ1,j''U el~~l~anLd£J LLa~el~~lfl1~L0iu tl9l'YI1-:.lLA~~~nOJ 1vi'Ltl~£J'ULL tla-:.l1 tl 

a-:.l ~a l";ilOJOJu'U~'U'YI'U ta~a~mflvi'L-nllJlijU'YIU1'YIGilY)ru~ a fl1~tl~~n aU6~nOJlJln~-:.I~'U 
1 .. u 'I 

%L:J it Gl.flw'" 3-f"Ht'n:J..I t u 2543 2544 2545 2546 2547 2548 2549 

l.h:::L'YIA 

~U'YIU fl1~'llU a-:.lau ~l 9.5 • 9.2 7.8 7.6 7.1 10.3 12.7 

~U'YIU fl1~~ a fI~a-:.l au ~l • 10.3 9.4 8.8 7.5 6.9 7.3 9.0 

~U'YIU lufl1~U~'Hl~~~fl1~ • 2.0 1.9 1.7 1.5 1.4 1.8 2.2 

~llJ~U'YIU ta~a0imf • 21.8 20.53 18.3 16.6 i ~5.4 19.4 23.9 

vl-:.lJULL Ul'Yll-:.l'H~-:.Ilufl1~~OJ~a~~u'YIU ta~a0imfa-:.l1vi'Ju ~ a fl1~L ~lJtl~~a'YI5m'Vi'll a-:.l • 
fI a-:.l au ~l LLa~ AU fi' n ~~OJl £J au ~l L ti a-:.llJ1OJl n 'Hlrl~'H an'll a-:.l AU fi' m~OJl £J au ~l (d istribution 

'lJ 'lJ 

center) ~afl1~~UaU~lOJlmr~~l9IlJl~~LnU 11L'yja~afl1~~~oSl'HU1£Jl";LLnan~1~a 1tlvl-:.lLLa~-:.I 
'lJ 'lJ 

lu~tl~ 1.1 
'lJ 

~l LL 'H'ti-:.l~ ~-:.I'll a-:.l AUfi' m~OJl £J au ~l~&iOJ~'lfl £J a ~ ~u 'YIU fl1~'llU a-:.l au ~l U a nOJl nif 5-:.1 L tJu 
'lJ • 

fl1~L ~lJtl~~a'YI5m'Vi lufl1~l9Iauaua-:.l~aan~l ..f-:.lluvi'lU'lla-:.lLlallufl1~~lLilufl1~ LLa~ 
'lJ 

fltum'Vi lufl1~a-:.llJ auau ~11";fI~U19l1lJoS1U1ULLa~L tJu 1 tl19l1lJ~an~1~ a-:.lfl1~~ n vi'1£J 
• 'lJ 

-:.I1Ul~£Jif 5-:.11vi' yh U-:.I ~-:.I-n aoSl n ~'ll a-:.l LL UUoSl a a-:.l~l LL 'HU-:.I~~-:.I'll a-:.l AU fi' m~'ll £J au ~l 
'lJ 

Ln~~u Lrim,lllJl h1 u fl1~LLnilru'H1OJ~-:.Iluli~nOJ ~ a -n aoSln~ vi'lU'llUl~'lla-:.lAufi'm~'ll£JaU~l 
U • 'lJ 

LLa~-n aoSln~vi'lu fIlllJUl L~a ~ a Lri a l'lfGil'H~Ufl1~ll-:.lLL~U~~£J~ml 'H~afl1~ll-:.lLL~U lu~~vlu 
" nam16 • 



Supplier A 

SupplierS 

SupplierC 

.. 
• • • • • 

SuppJierY 

SuppJierZ 

4 

iJruvnvll LL 'YIll~~vf~'lJ f)~ YI'U rl'm::'ill £.I ill.! Al~iJ fl1 'lin'U J'U 'il::'Y11 fll 'j-W'ill'H\Jl'lJ'Ul~'lJ f)~ 
v ~ 

~'Url'm::'illt1il hiihr f).Jln~ ~1'U'lJ'U1~ (uncapacitated) ~~fll'j-W'ill'jfl.niJqJ'YI11 'Uirfl'l~ru::d'il:: 
L 'YIm::a~J(;ll'Y1-ruii'ilm'j~ L~~a&imf~il~'fl'liru::fll'j 1'lith:: LtI"lftf'illflYl'Url'm::'illt1a'U Al L Yltl~Af~ 

~ 

A'jll'YI~f) 1'lith:: LtI"lftfUf)t1flilml~a1~l'jtl (capacity) 'lJf)~YI'Url'm::'illt1a'UAlmfl L"li'U 1'Ufll'j 
~ 

vnYil U 'YIll~~vf~'lJ f)~ami1yj'u L ~a~ 'YIlllml.nmlflLu'U L u'Uvi'U ~~ii'ilm'j~.rfl'liru::m 'Uaml::ufl&i 
~ . 

'il::ijfll'j 1'liu'j:: LtI"lftf'illflYl'Url'm::'illt1a'UAlu f)t1flilml~al~1'jtl1 'U fll'j'jf)~-ruf)cimfl Uvial'Y1-ru 
~ ~ 

fll'j~~ vf~ YI'U rl' m::'illt1 a'U A1J 'U'il::ij fll'j 1 'liU'j:: LtI"lftf'ill fl YI'U rl'm::'ill £.I a'U Al Yl ~ f) ~ n ~1 U~:: 1'li 
~ ~ . ~ 

U'j:: LtI"lftfu f)t1flilAll~ alm'jtla~a~ 1 'Ufll'j'jf)~-rU l~~lfltifl L i1 f)~'illflfll'j~~yj'~YI'Url'm::'illti 
~ . ~ 

a'UA1J'U'il::L~f)'lJ'Ul~'lJf)~ml~al~1'jtl1 'Ufll'j 111'U~fll'j lIT 'U''j::yj'u'YI~~L'yhJ'U L yjf)~~vi'U'Yl'UA~~ • 

m::'illt1a'UA1~~~~ L U'U fll'jvi'~a'U 1'il1 'U'j::yj'Ufl~t1'Yl5~~ 111' ~~m::'YlU 1 'U'j::a:: till vi f) f)~~m • 
iJruvn'lJf)~~l'Ul~t1d-W'ill'jrul~l'ill fliJruvn~~U 1 'Uli'jii'ilA1Uafl'lJ'Ul~ 1 mu'lJ f)~U'j::L 'Yl Yll 'Yltl 

v V" v . . 
.Jl'Ul'U al'lJl.Jl'Ul'U ~1 fl LL~::All ~ vi f)~fll'j'lJ f)~ uvi~:: al'lJl ij aYl'jl fll'j'lJ til t1vi'1 f) cil~ vi f) L i1 f)~ :a~'YI1 fl 
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'Yllm~~·nHln l~£.I~llJ biel'U 1'lJYll'U~~£.I~blalbilflUllqJm~~'OJ1~Wlbbal 'OJ~'Yll111m~vl~~h.J 1'OJ 

1'Um~~~~~~nHrm~'OJ1£.1~hJYllihh~a'Yl5m'Wb~lJlJlf)~'U b~fl~lJl'OJlf)m~-W'OJ1~Wlbiel'U 1'lJYll'U 
" 

blal'OJ~'Yll111m~vl~ a'U l'OJtT'UallJl~f)tl-rUvll bilfluaml~mllJ b tl~£.I'Ubb tla~ 1Yl&i~'U ~~m~ 
~'OJ1~Wl'Wl~lij b~ fl{'lJ fl~ilqJm b'li'U mllJ~ fl~m~'lJ fl~~f) Yllijm~b tl~£.I'U bb tla~~llJ blal'OJ~ 
allJl~f)a~nfl'Um'W'OJ~~'lJfl~ilqJmvhbb'VItl~~~~ 1Yl&if)llm~~'Jl~Wl1l'Wl~lijb~fl{'lJfl~ilqJmtT'U . . .-
.::lIQJ q 4.o:::1rt...r::::iI q '" 

lJaf)'liW~~N'Yl~afl~~~£.I~blalm~ll~bb~'U 'Mllim~'UallJl~f)a~~'U'Yl'U~llJ~afl~~~£.I~blalm~ • 
11~bb~'Ua~ 1Ylbdflbtl~£.IUbli£.lUflUm~~'OJ1~Wl111ilqJ'VIlijaf)'liW~~~~ Bf)..r~m~vl~a'U l'OJ 1 'Um~ 
~~ YI'U rl' m~'OJl £.I a'U Yll 'VI al £.I'lil~ b lal'OJ~ b 'VIlJl~ alJ al 'VI-ruil rum ~l bb 'VItl~~ ~~~~~ fl~m~~~YI'Url' 

'U v 'U 

~ " • d • 1 "'" 1 ". I 'i .. .. ~" m~'OJ1£.1 ,,'U~l'V1a1mb 'VI~ b 'U fl~'OJlf)'Y11 'VIfl~~lm~ "lfu~~ LfJ"lf'U (utilization) 'OJlf)YI'U£.Im~'OJ1£.1"'U~1 
" 

1f)ab~£.I~flUmllJallJl~f)a~a~'lJfl~YI'Url'm~'OJ1£.1a'UYll~afl~blalbba~a~mllJarubtl,h1'Um~ 
"q " '\.IV 

b~flbba~~~YI'Url'm~'OJ1£.1a'UYll'lJ'Ul~ 1 'VIflj'OJ'Ubn'U 1 tl ~~bU'U~~'Yl'U'OJlJ'lJPJ~fl~Am 
" v • 

nl'V1'U~ b U'Ubb 'Ul'Y11~al'V1-rU~l'Ui~£.Iilrumvil bb 'VItl~~~~'lJ fl~YI'Url'm:;vl£.1a'U ril ~~ 1 'UU'Yl~ 3 'OJ~Ul 
v 'U 

il qJ'VIl bba~ bb 'Ul'Y11~m~~ Wl'Ul b mhi1'1 tl b uw;b'U tl~~f) flU ~llJ flU m ~'YlU'Yll'U~l'Ui~£.1 bba~'Yl q 'li~~ 
b~mifl~b.yj fl H1 'Um~ib~~l~l1bba~a~ b~~l~l1ilqJm al'V1-rui'YlmiJ'W'U5Uuud' 

b.yj fl~VlJ'Ul b~~fl~ij fl'lil£.lvl~ a'U l'OJ 1 'Um~m~l bb 'VI'U~~vt~'lJfl~YI'Url'm~'OJ1£.1a'UYll bb uu 
'U 

'Wal~~ijtl~~a'Yl5m'W b.yj fl'Yll111~'U'Yl'U~llJYll'U m~'lJ'U ri~bba~~'U'Yl'U~~~l 'U m~ri fl a{l~YI'Url' 
• • 'U 

m~'OJ1£.1a'UYllijy)lU fl£.l~a~ 1~£.1 flciu'Urfwiil'U'lJ fl~bb uu05lafl~vil bb 'VItl~~~~'W al~ bb uuijifl05lfl~ 
• 'U N 

Yll'U'lJ'Ul~ bba~~'OJlwl~'U'Yl'U 1 'U m~~~~~ l~£.Ifh'VI'U~ 111af)YllallJ1~f)-ruu~m~'OJlf)YI'Url'm~'OJ1£.1 
• 'U 'U 

a'UYll1Ylb ~ £.I~bb -H~ 1~ bb -H~'VI~~ b 'YhtT'U ~~ 1 'U~l'Ui~£.Iif'OJ~a{l~bb UU051 afl~'Y11~~ril~YI1a~{b.yj fl~~U • 

flU ~l~ flU~&i~ a~'lJ fl~il rum'Yl~ aflU bba~ flU ~l~a&i f) b tl~£.IU b li£.lu~~ ~l~ a~'OJl f)~l'Ui~£.I~ 
• v 

b~mifl~ 1~£.I1'U~1'Ui~£.Iif'OJ~ 1"li.ff'U~fl'Ui5~'Uqm~lJ (Genetic Algorithms)bU'U~l~a&if) 
b tl~£.IU b li£.lu 1 'Um~'Yl~ aflutl~~a'Yl5m'W 

~l'Ui~ £.I ifi1 rf'U ~1'U lJl'OJl f) m ~ A fl'\~nilru 'VIl vil bb 'VItl~~~~'lJ fl~ YI'U rl' f) ~~'OJl £.I a'U Yll'lJ fl~U~';'Yl 
.. v " 

vllflcil~~~vil b iJ'Uli~n'OJYlltlaf)'lJ'Ul~ 1 'VIlli 1~ £.Iml m.j~b U'U'lJfl~~l'Ui~£.I'OJ~~~b U'U 1 tl~m~~ Wl'Ul 
" V" Ii 

.ff'U~ fl'Ui51 'Um~bbnilqJ'VIlvilbb'VItl~~~~'lJ fl~~'Url'm~'OJ1£.1 a'U Yll (facility location problem) bb UU 

'Wal~al'V1-ruilqJml~£.I~11 tl~~ 1~bU'Wl~b'OJ1~'OJ~b.yjfl l'lf1.YlflUU~';'Ylvllflcil~b 'YhtT'U l~£.Im~ 



6 

l'l~(;leJ'IJ'\.h~al'lBfIl"""lJeJ~i11~(;l&ifl~~~'U1'l~l'l~(;leJ'IJ hw l"lfutyrn'HHfl~2J ~eJ Uty'YIl OR­

library "lJ eJ~ Beasley ~~L U'UUty'YI1~~1~tJ~l'Uv1l LL 'YItl~~vf-'lijtJ 2J l"lfL u'Uutyrnl'l ~ (;leJ'lJfl'U eJril~ 
LL .... 1mntJ LL(;I~uru'YIll'l~(;leJ'IJ~(;lfl~m'llflfll'la2J eJril~ 1 'lnti 'U~l'Ul~tJdti~Lt!'U 1 tl~fll'l~~'Ul 

v • • 

LL 'lJU'iil(;1eJ~ LL(;I~~'U~ eJ'U 1 'U fll'lLLnuty'YIl L U'U'YI~flL l'h'!'U ~~ hn~ij fll'l~ ~'Ul~l'U fll'lL~tJ'U 
1 tl'lLLm2J,hL~'l'ltlL yjeJ 111(;l12Jl'l(J&i~vieJfl'IJ~'"lf~1'U l~~~Li'U 1 tl'lLLm2Jc;llL~'l'ltl~l 1 tl ~~Lu'Ua1'U 

" " " 
~'U eJfl L 'YI'U eJ'll fllVl (Jtl'l~(;l~~"lJ eJ~~l'Ul~tJd • 

1) nl111L'll1 l'l~~Uty'YI1LL(;I~'lleJ.jlfl~vil~ 'l "lJeJ~fll'lLLfl1"lJuty'YIlv11LL 'YItl~~vf~"lJeJ~~'Ufi' 
~ " .... .,j .,j" ~ IV "I~IV 

m~'lltJ r:t'Urll LL 'IJ'IJ .... (;11 Vl L .... eJl'l'l~(;ll2Jl'l(J(;I~Vl'Ul'l'U'll2J"lJ eJ~'l~'IJ'lJfll'lm~'lltJ r:t'Urll(;1~ L 'YI L~ 2Jlfl • . " " 
.yj (;l~ 11~ ~'Ul'l'U fll'lO eJ ~~ LL(;I~ ~'U l'l'U fll 'l"lJ'U a~ 1 'U"lJ ru~ L&i m fl'U n (;l12J l'l (J Vl eJ'IJ (;l'U eJ~ fl 'IJ (;lfll1fll 'lru •• • 
~Ltl~tJ'ULLtl(;l~ ltll~ 

2) (;ll2Jl'l(J (;lfl~ LrI~eJ~ij eJmi!. 'Ufll'l~~ a'U l'lLLfl1"lJutyrnv1l LL 'YItl~~vf~"lJ eJ~~'Ufi'm~'lltJ 
a'U~1~ltJrleJ2JvbLVleJ1 LL(;I:;(;l12Jl'lmhLL'U1~~~1~dltltl'l~tJflVl1"lffl'IJ~1'Um~~1'Ufll'l1~tJfll'l • 

o .. .,j 1 " 
~lL'U'U~l'U (Operations Research) eJ'U 'l ~ 

~'UVleJ'U15 (algorith m) l'U fll'lLLnutyrnv11LL 'YItl~~vf~'V·mlVl LL 'IJ'IJij'll eJ.jlfl~~l'U"lJ'Ul~ LL(;I~ 
~'Ul'l'U rI~~~~ L u'U~'U Vl eJ'U15 i11~(;l&i fl LL(;I~ ~ (;I fll'll'l~ (;I eJ~~~ LL(;l~~tl'l~al'l BfIl .... "lJ eJ~~'U Vl eJ'U15~ • 

.... :f.,j"l IV "."1 cl ..... ltl 'f it tl" :; • 
.... ~'Ul"lJ'U L2JeJ L'lfLLflutyrnmLVlflVll~fl'U eJ eJfl L~mL(;l~~eJ~ 'U~ Vl'U'Yl'U'll2Jl'l~'YI2J~"lJeJ~ LLVl(;l~ 

ururn L tleJ1L:n'Uvl'mllJ LLVlflvil~'llfl Al~&i~(;l~ LL(;I~'l~tJ~ Ld(;li 1 'Ufll'lrn A1Vl eJ'IJ 
v • 

1 ) Am~n.ff'UVl eJ'Ufll'lLLnutyrnv1l LL 'YItl~~vf~~'Ufi'm~'lltJ a'U~l"lJ eJ~'IJ~';l'l~leJril~~~ 
v1l L -U'U li'ln'l~ltlafl"lJ'Ul~ 1 'YI(um"lfeJtJ1 'UU'l'lu'ULL(;I~nlfll'l'll'IJ'll2Jururn~ .... 'IJ L yj mjllJl1"lfL U'U 

CI v '" " u 

a1'U'YI~~ 1 'Ufll'lril'YI'U~LL 'U1m~LL(;I~i1~m~ 1 'U fll'l~ ~'U1LL 'IJ'IJ.jl(;1eJ~c;ll'YI~'IJ~l'Ul~tJ ~~ 1~mh1 
l~tJ(;l'ltlln 'U..r1'lleJfll'llLrI'l1~lfururn l'U'lJl'l~ 3 

• v 



2) AfllnnUl~rlLL~~'Ylfl~~~Lrlm'li'fl-:J lYlrlLLu-:JLthJ(;tfl-:J,hu ?ifl 

2.1) m~lLrl~l~l1~U LL UU'lJ fl-:Jut:y'Yllvh LL 'VItl-:J~~-:J~'Url' fl'J~"J1EJ~'U~11 'UU"J~U'U 
~laJ~-:J1Lrl~1~11~'UYlfl'U 1 'Um~LLfll'lJuru'VIThii'li'fluflvdfl-:J "JYlL~'U "JYliflEJfl~ hUl-:J lYlEJAfl~l 

u •• 

"Jlfl-:Jl'Ul~EJ 1 'U fl&iVl 
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2.2) tllUt:y'Yll 'li'm(;t'UmL'U~ ~laJ~-:J'li'fl"ihnYl'lJfl-:Jm-;;LLfll'lJut:y'Yll~lLL 'VItl-:J~~-:J 1 'U 

U"J"JU'UaJl L U'ULL 'Ul'Y11-:J 1 'Um~nl'V1'UYllVltlU~~(;t-:JA 'lJ flU L'lJVl LL~~~'UVl fl'U15m~~h L'U'U-:Jl'Ul~EJ • • 
lYlmhm~Afl~l"Jlfl-:Jl'Ul~EJ LL~~'Ylfl~~~i.laJ-W'U5LL~~ L u'Uu~~ lmftl'~ fl-:Jl'Ul~EJ ~-:J 1 'U ,b'Ud1i 

fl5U1EJ 11'LLGll1 'UU'Yl~ 2 L~fl-:J(;t~ULL'Ul~Yl"Jlflm~'YlU'Yll'U-:Jl'Ul~EJ~Lrlm'li'fl-:J • 

3) (;t{l-:J LL UU~l ~ fl-:J'Y11-:J rl ru Vl Al (;tVl1''lJ fl-:JU t:y'Yll ~l LL 'VItl-:J~ ~-:J ~'U rl' fl'J~O;)l EJ ~'U ~l LL uu 

V'4~lVl lVlEJ LL UU~l~fl-:J~(;t{l-:J"J~fl~U'Ui4''U~l'U'lJ fl-:Jm~l Lrl~1~l1Uru'VI1~1 LL 'VItl-:J~~-:J 1 'UU"J"JU'U 
\J'" v 'II 

LL 'Ul~Yl LL~~'li'fl L(;t'U fl LL 'U~'lJ fl-:Jlrfll~EJil'UUt:y'VI1~1 LL 'VItl-:J~~-:J~l-:J I 

4) lhm~-wVlJ'Ul~'UVl fl'U151 'Um~LLnUt:y'VIlilEJib~(;t&1fl L ~ fl-:J"JlflUt:y'Yll~lLL 'VItl-:J~~-:J 
LL UU V'4 ~lVltf 'U ii rlll aJ<8'Uifl'U'lJ fl-:JU t:y'YllaJl fl L V'4~1~~ fl-:J ~"Jl~tlnU t:y 'YIl~l'Ul'U 'VI ~l EJ rllU L 1 ~l LL~~ 
LL~~~rllU Ll~lii mlaJi.laJ-W'U5~~'VI-j1-:Jn'U ~-:J'YIlflL U'UUt:y'Yllii'lJ'U1Yl1 'VIqj"J~ hh 'VIaJl~(;taJ'YIlfl 1i 
15m~'YIl~lVlflU~&i~~Yl1 'Um~LLnUt:y'VIl LL~m~"J~ 1i~h~(;t&1fl~iiu~~~'Yl5mV'41 'ULLfll'lJut:y'Yll 

LL'Yl'U ~-:Jtf'U~-:J~lLU'U~fl-:JAfl~lih~(;t&1fl~l-:J lal'V1-rUm~LLfll'lJut:y'Yll'lJ'U1Yl1 'VIqj~-:J 1iii~L(;t'Ufl 11' 

~l'Ul'UaJlflLL~~ihm~-wVlJ'Ul L.yjfl 1-HL 'VIaJl~(;taJnuut:y'Yll~(;t{l-:J~'U 

5) (;t{l-:JUt:y'Yll'YlYl(;tflU L.yj fl 1i'YlYl(;tflUU~~~'Yl5mV'4'lJ fl-:Jib~(;t&in~ (;t{l-:J~'U lYlEJm~ 
'YlYl(;tflUU~~~'Yl5mV'4tf'U"J~ 1iuru'Yll(;tfl-:JflaaJ ?ifl Uru'VI1'YlYl(;tflU~-:Jtlfl 1iLU'UaJ1Vl~~1'U 1 'Um~ 

v 'ill v '" ... 

'YlYl(;tflU~i1'UUt:y'Yll~lLL'VItl-:J~~-:J ~-:JL~EJfl-jl OR-library 'lJfl-:J Beasley 1'Ufl~aJ'lJfl-:JUt:y'Yll 
rlrr-:J~'U~lLLuuii'li'fl~lnYlil'U'lJ'U1Yl (Capacitated Warehouse Location Problems) 'VI~fl 

CWL ~-:JiiV'4l~liJ LVl fl1''lJ fl-:J LL~~~Ut:y'VIl LLVlfl~l-:Jn'U LL~ L ~ fl-:J"JlflUt:y'Yll'YlYl(;tflU OR-Library tf'U 

L U'UU ru 'YIl LL UU (;t~ Vl~-:J~ fl-:Jih m ~(;t{l-:JU ru 'YIl fl aaJ~ (;tfl-:J ?i fl U ru'Yll ~l LL 'VItl-:J~~-:J LL UU V'4 ~lVl~'U 
v u" v 

6) lhm~l Lrl~l~l1LL~~L U~EJU LYiEJU C-J~~li"Jlflm~LLnUt:y'VI1'YlYl(;tau ~-:JU~~fl flU il EJ 

Ut:y'Yll(;tfl-:Jfl~aJ ?ia ut:y'Yll'lJa-:J Beasley LL~~Ut:y'Yll~(;t-rl-:J~'U lYlEJl'hm~Lu~EJULYiEJU~tlJmV'4 
., 

'lJfl-:J~lVlauilEJv1l~lYl(;taJ~~tl'U~~l-:J I 

7) Vl~l"J(;taUrlllaJ~fl~fl-:J'lJ a-:J~'UVl a'U15m~LLnUt:y'Yll~(;t-rl-:J~'U mlaJL 'VIaJl~(;taJ~laJ~-:J 
'li' a~lnYl'lJ fl-:Jih~(;t&1fl~(;t{l-:J~'UV'4-raaJ~-:J (;t~ULL~~ L(;t'U fl'li' fl LL 'U~tll L.yj fl L U'U LL 'Ul'Y11-:J 1 'U m~-wWJ'Ul1 'U 

• 
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L'd'a'Yl1'lJa~1'YImilvfu5uuucl'ij~l'Ul'U 6 U'YI t~UU'YI~ 2 Lu'ULifa'Yl1L~mnUf11'j'YIU'YI1'U 
~l'Ul~uLLa~ml'l:f~~L~ul'lia~ 1 'Uf11'jfh~,'U~i1qj'Yl1 LLa~ L U'ULL 'Ul'Yl1~ 1 'U f11'j~~'Ul m~Ul'Uf11'jL yj a 

f11'j'Yl1~l~aU alVi-ruU'YI~ 3 a5U1m~mnUf11'jAmni1ru'Yl1'lJa~'j~';'YI~la~1~~~vilLil'U5'jfi"J 
v • 

~lU~n'lJ'Ul~ 1 VlfliLLa~f11'jnlV1'U~i1qj'Yl1#l"lf1 'U~l'Ul~rJ'cl' U'YI~ 4 "J~nlf11'ja5ulu.ff'U~ a'U15f11'j 

LLni1ru'Yl1~lLLVltl~~vf~~l~ilmlJ In'Uu'YI~ 3 t~u1i15f11'j~'UVilLruU'Yl1U ~~~a'Uli'lu'lJa~u'YId 
v ~ 

"J~tll La'U a.ff'UVla'U15~'U5m'jlJ L yj a liL U'U ~h~a&in 1 'Uf11'j'YI~ aaualJ'j'jfJ'U~'lJa~i11~a&in~~~'Ul • , ~ 

~ Q.I " Q.I 0 4:iI ~ '" Q.I Q4 

U'YI'YI 5 LLaVl~ ~ af11'jl~alJ'j'jfJ'U~'lJ a~f11WI'U'YI1 LL UU'YI1UnUfllVi aU'YI~'YIa~ LLa~'lJ'UVla'U15 
'lJ • 

~'U5m'jlJ 1 'U~1'U~1~ 'l 'jllJ~~f11'ja.fiu'jlu ~af11'j'YI~ a a~~l~-ru LLa~U'YIa~li'lm u'Uf11'ja'ju~~ • • • 
~ L u'Uu'j~ tU"lf,r"Jln~l'Ul~u LLa~ La'U a'li a La'U a LL 'U~alVi-rUf11'jl~U 1 'U a'Ulf1V1 



..,l 
utln 2 

'lJfl-.:JA'Ufi'm~~il1f)~'U~lLLa~~~a'l'lYl11lJ-rU~~'lfflU1'Un1'l111U~n1'l (location-allocation) nu 
'U 

an~l L ~m;1111ijYi''U'Yl'U 1 'Un1'la'Ufl-.:J~fluviflmllJYi'fl-.:Jn1'l'lJfl-.:Jan~l~l~a~~lm~fl'U l'lJLLa~ 
'U" \J " 

'llmhn~'lJ fl-.:JUqJ'VIl LL umha fl-.:Jvil LL 'VIt1-.:J~~-.:Ji1lYi'ij n1'l'Wl1 uth~~n~1'lfn'U fl~1-.:Jnll-.:J'lJ11-.:J 1 'U 

'VIalm-.:Jn11 L'li'U n1'l~~~-.:JYla-.:J~'U~11 'U-H1-.:J l'lfflU'Yll'UL ~m;11 'VIll1'l~f)~'Yl1-.:JLil~f)'l1lJ 1 uri'-.:J • 
~al~~l~a~ n1'l'VI1~~-.:Jam'U~dlUl~m)'U~'l1f) L ~fl 111-Hl-.:JvlnLL 'VI~-.:J'lflJ'lf'UlJln~a~ 'VI~fl 

" 'II 'II" 

n1'l~-.:JA'Ufi'n~~iln L~'UL ~ m;1111'l~f)~ L1ala-.:Ja~'lJ fl-.:Jn1'la'U fl-.:J~ flU vi flam 'Un1'lruiln L~'U~l~a~ 
'-J 'U , 'U " "" 

~-.:Jv~L-H'Ulln1'lU'l~f)n~1'lfnUl~tl'lh~a-.:J~~LL~nvil-.:Jn'U 'til111n1'la-tl-.:J'llflUW.'VI1 (problem . . -
, .., ., 

formulation) LL~n~1-.:Jn'U~1f) 

LL 'U1'Yll-.:J 1 'Un1'lLLnuqJ'VIlvil LL 'VIt1-.:J~~-.:J 111ijU'l~~'Yl5m~ ?I fl n1'l'Wl Lfl1ma~f'Yl1-.:JYi'l'U 
n1'll~f)n1'lvhLil'U-.:Jl'U (Operations Research) L'llllJl'lh~~n~1'lfl'Um'lLLn1'lJuqJ'VI1 ~-.:JallJl'ltl 
LLu-.:J1Yi'Lu'U 2 LL'U1'Yl1-.:J1'V1rY" ?lfl 

1) 15'V11VJaLilaf)Yi~Hi~~ (exact solution method) LU'U15n1'l'Vl1Yh~flu~-.:J 
Yil~ flu~1Yi'v~ L uwih~ flu~~~a~ LLvi L ~ fl-.:JvlnmllJ~uifl'U'lJ fl-.:JU1-.:JUru'VI1 'VI~flUru'Vl1ij'lJ'Ul ~ 

• u u 

1 m\i L'li'U n1'l~~~-.:J~'Ufi'm~Vlf)~'U~l Ldfl~1'U1'UU~ (node) 'lJfl-.:J~n~lij~1'U1'UlJ1n 'til1 'VI15'V11 

VJaLilaf)~~~a~ hJallJl'ltl111Yil~flU'lJfl-.:JUru'VI11Yi' 'VI~fl 1'lfL1al1 'Un1'l'Vl1Yil~flU'Ul'ULn'U 1 U ~-.:J 
• u 

allJl'ltl1'lfLLn1'lJuqJ'VI11Yi'Lil~1~UqJ'VI1'lJ'U1~ L~n~ijYl11lJ~uifl'U'lr flf)'VI~flUqJ'VI1~ flf) ., 'lJ fl-.:J 

U qJ 'VI11'V1 rY L 'Yh J 'U 

2) 15~b~a&ln (heuristic solution method) liHb~a&lnLU'U15~~n'WllJl1'lfaU 
L ~ fl-.:JlJlvln'll fl~ln~'lJ fl-.:J1B'VI1 VJaLilaf)~~~~~ ~-.:J Ld flUqJ'VI1ijYl11lJ~uifl'UlJl n., 'VI~fl'lJ'Ul~'lJ fl-.:J 
Uru'Vl1ij'lJ'Ul~ 1 mu 15~b~a&lnallJl'ltl111Yil~flu~~1Yi'LLvir;b'U 1 muv~ llJ1'liYil~flu~~~a~ 

v v v q 

(optimal solution) LL~1'lfL1al1 'Un1'llLYl'll~"'LLnUqJ'VI1,r flmill15'V11 VJa Lilaf)~~~~~lJln 
lB~b~a&ln~ijf)lJ1'lf'1'Un1'lLLn1'lJuru'Vl1n1'l~~~-.:JA'Ufi'n'l~vlf)~'U~lij'VIr;n!.llB LLa~LLvia~15v~ 

u " 

'l.h~~'Yl5m~LL~nvil-.:Jn'U~llJamHlJ~'lJfl-.:JLLvia~uqJ'VI1 

a fl-.:J LL 'U TY11-.:J 1 m\i ., 

LLn1'lJuqJ'VIlvil LL 'VIt1-.:J~~-.:JJ'U 

., 
VJa'l1lJ'Uflf)~~ (minisum) 

'lJfl-.:JAla~fvi'l'Un1'l1~f)n1'lvilLij'U-.:Jl'Uvl-.:Jn~11'll1-.:JYi''Uih'lfl'Un1'l 
vln..r-.:Jafl-.:JLL'U1'Yl1-.:Jdri'-.:JallJl'ltlLLU-.:J~llJVJ"ln~'Ul~mh~a-.:J~ • 
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hUJ..tl1Ul'U~fl'lJfl .. ri1qJ'YI1~lJJ5t1~1'U (median problem) bba:;ilqJ'YIl~'Ufi'mn~ (center 

problem) ~llJ~l~U bbvif\u~iiVJ..:jn-a''Ul~t1u'j:;a..:jA~fl 2 U'j:;lil'Yl~l~..:j".l:; 1~-rUYll1lJa'U h l'U 
• 

'j:;tI:;'YI~~ Afl VJ~n-a''Uf.Ja'jllJa..:jMl (maxisum) bba:;VJ..:jn-a''U'j:;tI:;'Y11~tJfltl~a~a..:ja~ (maximin) 
~ , II ~ q 

~..:ji~flfl'U..tl1Ul'U~fl'lJfl~ilqJ'YIWlf~UflYl~lJ (set covering problem) lla:;ilqJ'YI1fll'jUflYl~lJ 
a..:ja~ (maximal covering problem) ~..:jVJ~n-a''Ul~t1u'j:;a~A bb 'jflt!'U~ fl..:jfll'j~".I:;~..:j A'Ufi'm:;".I1t1 
'U II Ii 'U 

~'UYl11 'U~l'Ul'UtJfltl~a~l yjfll-HUflYlalJm1lJ~fl..:jfll'j..r~'YIlJ~ 1 'U'lJtu:;~VJ..:jn-a''Ul~t1u'j:;a~A •• • 
a~111 tit! 'U ii Yll1lJ ~ fl~ fll'j~".I:;~..:j A'U fi' fl 'j:;".11 tI~'U Yl1~llJ~1'Ul'U~ 01'Y1'U ~ 11' . ~ 

~fl~fll'j 1 'YI1~lJ1fl~a~ • 

1 'Ufll'j'YlU'Yll'U..:j1'Ul~tI~ l~m'li'fl~ 1 'Uu'Ylift!'U ".I:;l~lJ~'U~ltlfll'jbb ti..:jlWfl~fl~tu:;'lJ fl..:j 
ilqJ'YIl~h bb 'YI'U~~~~ 1 'U~Ull UUvi1..:j 1 ~~bb ti..:jU'j:;lil'Yl~llJYl..:jn-a''Ul~ ~u'j:;a..:jAlla:;bb ti..:j~llJ'lflJ ~ 
'lJ fl~bb uU~lafl~'Yl1..:jYltU~A1a~f l~tll 'Ufll'j'YlU'Yll'U..:j1'Ul~tI bba:;bb 'Ul~V1'lJ fl~ilqJ'YIlvl1 bb 'YI'u..:j~~..:j 
t!'Ua1lJ1'jtlbbti~ l~lu'U 2 u'j:;lil'Yll my Afl ilqJ'YI1vl1bb'YItl..:j~~~bbuuafl~ (static facility location 

problems) bba:;ilqJ'YIlvl1bb'YItl..:j~~~lluU'v.al~ (dynamic facility location problems) ~..:jilqJ'YIl 
..r~ afl..:j'lflJ ~if".l:; ii..r..:j fll'j bbnilru'Yll ~ltl15'Y1l f.J a ma tI~~~a~ bba:;15 i11~a&i fl 1 W;il'U111 tI'lJ fl~U'Yl 

u • 

".I:; d;~ fl fl..:j1'Ul~tI bba:; bb 'Ul A ~ ~l~'Ylu'Yll'U lJ1'Y11 fll'jllYl'j1:;r1 bba:;'Y11 fll'ja'ju l yj fl 01 'YI'U ~ilru'Yll 
• u 

~1'Y1-rufll'jl~tlvifl1u 

1 w;b'Uif".l:;fl5U1t1 ~~fll'j~l bb 'Ufl ~fl~tu:;U'j:;li1'Yl'lJ fl~ilqJ'YI1vl1 bb 'YItl..:j~~~ ~..:jVJ..:jn-a'l~ ~ 
'I.h:; a..:j A".I:; bb~ fl vi1~n'U 1 U ~llJ fll'jU 'j:;tI fl ~1'lf 1~ tI ii fll'jtl fl ~l mh..:jVJ..:jn-a''Ul~ t1u'j:;a..:j Abba:; • • 
bb UU~la fl..:j~l flri1~'jllJ..r~Yl tua2J'\:r&i'YI~fl'lJ fl..:jbbvia:;ilru'Yll11'l U'U 3 u'j:; lil'Yl~llJfll'jbb ti~'lJ fl..:j 

• u 

Owen and Daskin (1998) Afl 

2.1.1 i1ty'YI1fl1".iUflYl~:tJ (Covering Problems) 

II uU~lafl..:jfll'juflYlalJ l 'YIlJ1:;~1'Y1-ruilru'Yll~ii'j:;tI~'Y11~ (fll".l".l:; l U'U na1 'YI~fl 
• u 

~'U'Yl'U) lflt]~U1..:jU'j:;fll'j ~..:jm1lJ~ fl..:jfll'j~flrimtll 'U'j:;tI:;'Yl1..:jlflt]~t!'Ua1lJ1'jtl~".I:;-rUU~fll'j . ~ 

".11 fl A'U fi' m:;".11 tI~'U Yl11~ 51'U Yll1lJ ~ fl..:jfll'j~ fl rimtl'U fl m:;tI:;'Y11~l fl fl ~".I:; hi1~-ruu ~fll'j 
~ ~"I 

ilru'Yllfll'jUflYlalJ 1~w..tl1u".I:;ii~fl~ru:;~~if l'lf'U fll'jYl'U'YIlA'Ufi'm:;".Iltl~'U~i~l'Ul'UtJfltl~a~~ 
U 'l 'U '1 

cv tI ~ 1 ., 1 ., .J '" 1 g".r:t.4:lld..:::ll , .. Gf 
a1lJ1'jtla'U f)..:j~ f)UU'v.Yll1lJ~fl..:jfll'j'Yl..:j'YIlJ ~ ~mtl ~'j:;tI:;'Yl1~'Ylti fllJ'jU ~'lf..:jlJ'lfm 'jtlfll1 uqJ'YIl 

l'lf~UflYl~lJ ~..:jla'Ufll~tI Toregas (1971) bbviilqJ'YI1~1~qJ'lJfl~ilqJ'YIll'lf~UflYl~lJ 2 U'j:;fll'j 

A fl ilru'YllifJJfl".l:;~..:jA'Ufi'm:;".I1t1~'U Yl1lJ1mn'U 1 U~1'Y1-rU~'U~?1'U1~ 1 'YIuhla:;ii fll'jm:;".I1t1'lJ fl~ 
u 'U u 

m1lJ~fl~fll'jlJ1fll lyjfll-HuflYlalJu'v.m1lJ~fl~fll'j..r..:j'YIlJ~ ~fl..r..:jilru'Ylll'lf~UflYlalJifu~ hi . u. 
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-W~l'HU1U'lml~ bbVln~l'l~~'Wh'lU~Ylll~vi fl'lm~'lJ'U1V11 'YIqJm~~'lJ'U1V1 b~n.yh 1l1' fl1~~~dlV1 m~ 

a~ b 'YI~1'lJfl'lA'U6m~~lfJa'UYll1vi ~ln'llfl'hnVl'lJfl'luru'Yll~tfVlUnYl~m;11l1'dlV1bb 'U1AVl1 'Um~ " v. 
~ fl'U Yl ~l fJ b~ fl'U 1 'lJ'll fl~l n VlU1'lU~~m ~ LVI ml1vi fl'l m ~~VI~l'Ul'U'lJ fl'l A'U 6 m~~l fJ a'U Yll~~vi fl'l 

" 
iilm~~fl'UYl~lm~fl'U l'lJm~unYl~~u~ml~vifl'lm~i'l'YI~VI~'l Church and ReVelle (1974) 

~'llvi'ba'U flU ru'YIl m~u n Yl ~~ a'l a VI~'U LVI fJuru 'YIlif~~'YIl ~l bb "'1t1'l~vr'l'lJ fl'lA'U 6 m:;~l fJ a'U Yll Vll ~ 
v 'II \J 'II U \J 

~l'Ul'U~ril'Y1'UVI LVlfJvi fl'lm~ ll1'unYl ~~u~ml~vi fl'lm~~l'Ul'U~l n~aVl b 'Y1l~~:; b tJ'U 1 ulvi~'l • • 
bbVl n ~l'lntJU ill 'YIl b'lfVlU n Yl ~ ~~u ~ ml ~ vi fl'l m~'YIn~ VI~:;vi fl'l fI n VI fltJ a'U fl'l 

v" " 'II '-' 

2.1.2 i1ty'Hlfh3ijjtJ~l'U (Median or Average Distance Problems) 

1 'U m~u~:;fJn~bb 'U1AVI'lJ fl'luru'Yll~lbb 'YIt1'l~vr'ltJl'l acil'l m~-W~l~fI.n bU~l:; 
• v 

':i:;fJ:;'YI1'la'laVl~:;'YI11'lA'U6m~~lfJa'UYllntJu~ ml~vi fl'lm~fl1~~~ hJ b 'YI~l:;a~~aVl ba~fl 1 U 
\J " " " 

~1~'lJ fl'lm~b~'U'Y11'l~:;'YIll'l h'l'll'U 1 Ufl'lYla'la'U Yll'Y1~fl 1 Ufl'l~nYll~:;ij ml~ b <H~l:;a~~lnnll 
" . 

m~-w~1~rulbY4fJ'l~:;fJ:;'YI1'la'laVl :n'l Church and ReVelle (1976) lvi'n~111l 15m~lVl " . 
U ':i:;a'YI6 ~ ~'lJ fl'l bb tJtJ~l ~ fl'l~l bb 'YIt1'l~ vr'l~al Yl'ty fl cil'l'YI~'l ~ fl m~'YIl~~fJ:;'Y11'l bU ~ fJ~l ~'lJ fl'lm~ 

, , '.J' 
b~'U'Y11'l~:;'YIll'lA'U 6 n ~:;~l fJ a'U Yll ntJu~ ml ~ vi fl'l m~ :n'l bij fl~~ fJ ~'Y11'l bua fJ~l ~ a'l'lJ'U 

" " 
'YI~lfJU'lA'U6m:;~lfJa'UYll~:;~VI ml~ al~1~fl1 'U m~ b'lll U'l~'l b tJ'U ~~ 1l1'u~:;a'YI6~~'lJ fl'lA'U6 

" " 
m:;~l fJ a'U YllJ 'U ~VI~'l al'Y1-!tJu ty'Yll ~l bb 'YIt1'l~vr'l a mtru:;if aJ n~:; b~ fJl'll fl'lntJ a fIl'U ~ vr'l'lJ fl'l 

L~'lb~fJ'U l1'fl'la~VI A'U6tJ1m~umu'U bb~:;Yla'la'UYll btJ'Uvi'U uru'Yllam~ru:;if~btJ'U~f~n "'U,, v 'U 

n'U~ ~fl Uty'YllaJlifJjl'UY4 (P-median Problem) (Hakimi.1964) 

2.1.3 i1ty .. n~'Utrmn~ (Center Problems) 

b~mtJ'Um~'YIam~fJ'l'llfl~lnVl'lJfl'luru'Yllb'lfVlunYl~)J~f)15m~'YI~'l ~fl m~ 
v • 

~fl'UYl~lfJ'll fl~lnVl'lJfl'luru'Yll b'lfVlUnYl ~~ LVlfJ1i'm~L ~~~~fJ:;'YI1'lUn Yl ~~'lJ fl'lA'U6m:;~lfJ 
v 'II 'II \J 

a'UYll ~'lL~fJnlluty'Yllt1'U6n~1'lY4 (P-center) (Hakimi. 1964, 1965) 'YI~fluty'YIlrh~'l~VltTflfJ 
(;{VI (minimax problem) LVlmhm~YI'U'YI1~lbb'YIt1'l~vr'l'lJfl'lA'U6m:;~lfJa'WYll~1'U1'U P bb~'l . " 
L~fliil1l1'~:;fJ~'YI1'lUnYl~~a'laVl~:;'YI11'lU~ml~vifl'lm~ntJA'U6m:;~lfJa'UYllmna~aVlijrh~l 

'II \J " 'U <II 

~aVl ~'l b U~fJtJ Laij fl'Ulluru'YllA'U6n~1'lY4hja'U h~:;~tJm~tJ1m~bb~a'U h LU~l:;m~un Yl~~ 
'I v 'U 'I 

" 'YIn~VlL'Y1l'U'U •• 

m~Amn L~fJlntJ bb tJtJ~l~ fl'l~l LL 'YIt1'l~vr'lJ'U lvi'ijm~Am~nn'U 1 'U'YI~lfJ~U bb tJmn L tJ'U 
" 

Llm'Ul'Ubbal bbtJtJ~1~fl'lU~~L.f)'YIi1Lvi'fln'll11U1il'Uafll'Um~ru~bbVln~1'ln'Uflfln lu bb~~dj 
" 
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oJ' ~ ~ 
YfU'YI (space) 'if.:) 

L~m.Jtl-'ln'Urn'll~'l~£J~ (metric) LLGl~~mi'l (customers) ~-'l'YI'l1'U~lLL'Htl-'l~~-'lLL'\.h.Jtl'Utl~1 'U 

~'U~J'U 1 LLGl~ Ylmrm~'OJ1£Ja'UYll L'lf'U ~Hr-'la'UYll dJ'Uvl'U ~-'lvltl-'lrn'l~'OJ~'YI'll'U~lLL'Htl-'l~~-'l 
'U 

'll tl-'l :W'U~-'l'OJ~(l fl ill 'H'U ~~'U 111ij A1llJ i:ftl ~ A ~ tl-'lVlllJ YJ-'lni'U1Vl m.h~ i:f-'l A 
'U • 

t~£J..t11 UI. 'Urn'l~~'HlJ1~'H~'ll tl-'lrn'lAfl'I~/lL~mn'ULL 'U'U~lGl8-'l~1 LL 'Htl-'l~~-'lJ'U 'OJ~ 
'U 

i:fllJl'lmLU-'l'\.h~Lfl'YI1~1~£JtllA£J'HaflLflw.nmin'U..t1 11.J Atl lVlm.h~i:f-'lA'lltl-'l~Y1lrn'l~~a'U h 
• 'U 

'H~mfil~'ll tl-'l~'U~ll-'l'll tl-'lLL 'U'U~lGltl-'l L U'ULflw.n'Hafl1 'U rn'l~l LL 'Ufl'\.h~ Lfl'YI t~£J ReVelle, 

Eiselt and Daskin (2008) lvl~lLL'Ufl'\.h~Lfl'YILL'U'U~lGltl-'l~lLL'Htl-'l~~-'l11 ~-'l'OJlflrn'lAfl'I~l 
-'ll'Ul~mLGl~'U'YImllJvil-'l 1 ~'Ulli:fllJl'l(l~'OJ~LLU-'l'\.h~Lfl'YI'lltl-'lLL'U'U~lmNrn'lm~~-'lt~£J1i 
'lfil~'lltl-'l~'U~LU'ULflW'n1vlLU'U 4 '\.h~Lfl'YI Atl 

o .Q, d' O.llClo, If'~ 
1) bb'UUOJlafl~fl1'l1 bf'l'll~'H (analytic models) LL 'U'U'OJ1Gltl-'lfll'l1LA'l1~'H'U 

L U'ULL 'U'U~lGltl-'l~-'ltllA£Jrn'l~-'l LflW.n (criteria) L ~ tl-W'OJl'1 Wl 'H~tlrn'l~-'li:flJlJ&i~l'UL umh'U 1 'HqJ 

L'lf'U LL'U'U~lGltl-'lrn'llLA'l1~l1LL'U'U..t1 11.J (typical analytic model) 'OJ~ijrn'l~-'li:flJlJ&i~l'Ull 
mllJvltl-'lrn'l (demand) ijrn'lLL'OJflLL'OJ-'lLtlmU (uniform distribution) ..t1~'Um~£JijA1llJ 

'U 

'H'U1LLtl'UL'Yhn'U p ..t1'U~L1Wrn'l111u~rn'l (service region) ~-'lij'll'Ul~L'Yhn'U a LL'U'U~lGltl-'l 
'OJ~i:flJlJ&i111Yh1i~l£JA-'l~ (fixed cost) 'lltl-'lrn'l~-'lAa-'la'UYl1L'yhn'U f al'H-r'U'YJfl~lLL'Htl-'l~'OJ~ 
Y1l rn'l~-'l YI'U rrm~'OJl £I a'U Yll LLGl~ Yil1 i~l £I vi tl 'Htl1 £I'll tl-'l fll'l'lli.! a-'lvi tl'H~-'l'Htl1 £J'l~£J~'YI1-'l L 'Yil n'U c 

'U 

L U'Uvl'U 'OJlflrn'l~LL 'U'U~lGl tl-'lU'l~Lfl'YIif tllA£J rn'l~-'l i:flJ lJ&i~1'Uvil-'l1~lJlfl'OJ'ULn'U 1 U a-'l t-JGl111 

Ln~.J tl~ln~'ll tl-'lLL 'U'U~lGltl-'lal'H-ru 1il 'Um~'U1'Urn'l~ ~a'U h'll tl-'luqJmrn'lm~l LL 'Htl-'l~~-'l 
1'U'YI1-'lU~U&i'OJ~-'l 

. , 
o I ~. 0 I odI 

2) bbUUOJlafl~GlflbUfl~ (contmuous models) LL'UlJ'OJ1Gltl-'lVlm'Utl-'l'OJ~ 

tl'UrulVl111Y1'Urrm~'OJ1£Ja'UYlli:flaJl'l(l~'OJ~~-'lmj~~1 LL 'Htl-'l1~fn~1 'U~'U~-W'OJ1'lWl 1 'UU1-'lAf-'l 
1 u 'U 'U 

mlaJvltl-'lrn'ltll'OJ(lflfil'H'U~ 111ijrn'lm~'OJlmu'ULL'U'Uvim~tl-'l1vi'~i1m'lf'UL&imn'U LLVll~£J..t11 U 
'U 

LL~1A1laJvl tl-'lrn'l:Wfl(lflfil'H'U~ 111L U'ULL 'U'U l~vi tl L ti tl-'l (discrate) LL U'U~lGl tl-'lvi tl L ti tl-'l~ L U'U~ 
'U 

i~fln'U&i Atl UqJm'lltl-'lL1L'Utl-i (Weber, 1929) ~-'lUqJm'lltl-'lL1L'Utl-i Atl rn'l~-'l~'Urr 
m~'OJ1£Ja'UYll'H~-'lLL ri-'lL~tl'ltl-'l-r'UmlaJvltl-'lrn'l m ~lLL'Htl-'l1 'U-wn~ (Xi' yJ t~£JijYilA1llJ 
vl tl-'lrn'l'H~tlYil'Jl'HiTfl L 'Yiln'U Wi 1~£J'l~£J~'YI1-'l1 'UUqJ'Hl'll tl-'lL1L 'U tl-iif \}fl-W'OJ1'lWl111L U'ULa'UVl'l-'l 

~ I ~ , 

'H~tl Euclidian distance t~£Jurumi1ijlVl (lU'l~i:f-'lA.yj'OJ~~-'lYl'Urr m~'OJ1£Ja'UYll'Hil-'l LL ri-'l1 'U-wn~ v. 'U 

(Xo, Yo) 1~ 1 LLGl~ 111ijJl'HiT flA1laJvl tl-'lrn'l'll tl-'l'l~£J~'YI1-'l'li tl£J~t!~ LL U'U~l Gl tl-'lvi m ti tl-'lif 

i:flaJl'lmh lU1.'lf1 'Ui:f.fl1~LL1~~tlaJ~~ln~ lvi'Ltitl-'l'OJlflLU'U lulvi'~'OJ~~-'lYl'Urrm~'OJ1£Ja'UYll1 'U'YIfl 1 
'U • 
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~lUl1'11~1J'U~'U~~fh~~~'.n':iun b'lf'U u1J1J'ih~eNl'Um':i&1~~~flrra~imal11a':i~1J1J~':ilO;)'H)1J 
lJ~~~b~am':i&1~~llJam~~~Ul~rrmJ bU'Uvi'U 

3) lb1J1J~l'H) ,nhtHl'U (network models) bL1J1J-;Jl~a~'lhtl~l'Uo;)~alJlJ&1il 

Utyl11~lUl1'11~~~~bumh'Ul1~~'lla~':i~1J1J'liltl~1'U~~'lh~fla1J hMltl ba'Ub~alJ (link) U~~U~ 
1~tlA'Url'm~O;)ltla'UA1U~~YllllJvia~m':iallJl':i(l~o;)~a~1J'Uba'Ub~alJl11aU~n1~ U~l~tI~l'U 

~ ~ 

1 mu UrrlO;)~ YllllJvi a~m':io;)~atl1 'U~lbb l1'11~'U'Uu~ uVl1 'U1Jl~~1'Ui~tl1~fl1l1'U~ilO;)~YllllJ 
v , '" , 

vi a~m':iallJl':i(l a~1 'U~lU l1'11~ 1~..t~1J'Uba'Ub~a lJ U~~u~ ~la~l~ 1 'U'YI1~unu&1~1l1'r1J 
u1J1J'ih~a~l'U~fl~ru~d~a YllllJvia~m':i1J~m':i\lflbU'U1J'U'YI1~l1~1~ bU'Uvi'U u~~iJ~ij~l'Ui~tI • 
oJl'Ul'UlJlflm l1YllllJa'U h 1 'U m':iA'Um lYl':i~a{l~~ bA~~allJl':i(ll'lf'~'UVI a'U'll a~~l1'UllJ el'U~1J~l • 
1 'U m':iUnutyl11m&b\l~1~ l~tI Goldman (1971) l'lf'~'UVI a'Ui6l 'U m':ibbnutym U 1J1J O( n) 1 'U 

m':iufll'llutyml!Litl~l'Ul1~~U-H~ (1-median) 1J'U~~nl'Ual'lll (tree) U~~~alJl Goldman 

(1972) 1~''lf'~'UVla'Ui6l 'Um':iUnutyl11U1J1J O(n) ih 'Um':ib~fll'llutym~'Url'fl~l~U1J1Jl1~~U-H~ 
(1-center) 

~lmlJ~~lY)UJ~dl~~'U ~a m':ioJln~m':iA'Um~lUl1'11~O;)~li1111Ylrum~'lla~ 
v . • 

~lVla1J~~~~l11a hi l~tI Hakimi (1964) 1~''lf'utymbYl1a'liltll!Litl:ll'U~ ~~~'Url'm~O;)ltla'UAl 
o;)~via~a~1J'UU~L'Yhtf'U u~~Ua~~ll1Ll1'UilYlrum~'lla~~lVla1J hn~~~~~LalJa 1u U~tl~Uarm':i 

~ . 

4) lb1J1J~laf)~lb1J1Jl:t.i~f)L~f)\I (discrete models) U1J1JoJl~a~l'Ufl~lJdo;)~ij 
O;)~YllllJvia~m':i LL~~~lUl1'11~'lla~am'U~~~LU'UO;)~LL1J1J hi~m~a~ ~~m':iunuUJl111~tI..t11uo;)~ 

• • v 

1'lfj5m':iUnutymU1J1Jnll1'U~m':ib:a~oJl'Ul'Ub~lJ (Integer Programming) l11am':iUnutym 

U1J1Jnll1'U~m':ib:a~oJl'Ul'UL~lJ~alJ (Mixed Integer Programming) ~~utyl111~tI~1'UlJlflO;)~ 
LU'UU':i~Li1'Y1La'U~U1J1JtI1fl (NP-hard) U1J1JoJl~a~~lLLl1'11~~~~U1J1J hi~m~a~d1~~mh 1Ul'lf' 

1 'U'YIl~unu&1 L U'U a~l~lJlfl afl..t~u 1J1JoJl~ a~ LYl1a'liltl~1'U ll1qjo;)~allJl':i(l~O;)l':irul L U'U 

LL1J1JoJl~a~ hi~m~a~ 1~ 

Utyl11~lU l1'11~~~~LL 1J1JauVl L U'UUtyl11~,:r fli~tI bL~~ ~unu&l~l'U ~1'U 1l1ty111YllllJa'U h 

~~u~a~V1b~atllJlo;)'Utl~UO;)O;)u'U l~tluUJm~lbLl1'11~~~~bL1J1JauVltf'Uo;)~ijalJlJ&1~l'Uilm':i 
• U N 

~~a'Uhl'Um':i~~A'Url'm~O;)ltla'UAl o;)~nlm':i~~a'Uhb~tI~Ylf~L~[Jl~blml~ <"] U~~~O;)l':irul 
~ 
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uuuaf:)~ril'Ul'HqJ3JflOJ::bu'UilqJmb:a..:JfhvI'U~ (deterministic) ~..:J Owen and Daskin (1998) 

l~mhT.h~eNb~lJalJlJ&1ll'Uafl 2 'lh::m~'h'H'ruilqJm~lU'Htl..:J~vt..:Juuuaf:)~b:a..:Jfil'H'U~ 
(static deterministic problems) ?itl 

1) 'lItllJ(;lb'lll (input) 'lJtl..:JUUu~Ti;itl..:JallJl~fI'Y1~lU,"h l~tl~l..:Jutl'Utl'U 
\J 

2) mllJ~tl..:Jm~U(;l::(;lflAlllJd)~m~~Vl~'UuuurilJbyjtl-ruu~m~ 
'U •• 

uaI-.h 1 'UilOJ~,:r'U l~ii~ba'Utl bb UU~l(;ltl..:J'VHrr~~'U ~..:J'lI tl\-!(;l~l..:J 'liiYllllJam~''U5nublm 
u~ u UU~l (;l tl..:J U uu af:) ~ n fl..:J YI..:J l~-ru mllJil tllJ tl ~1..:J flil..:J'lJll..:J U(;l:: b U'U ~mil'U'lJ tl..:J ~~OJ::A m~l 

.. \J 

1 'U m~'Y1U'Y1l'UU'Y1Y1lllJl~tll 'U b~lJdOJ:: llJ'lJ tl fl all U..:J U UU~l(;ltl..:J~'Ull'U~'Y1~lun'Ub U'U 

tl~l..:J~bb~l b"lf'U ilqJm3J5t1ll'UV4 'lJtl..:J Hakimi (1964) ~..:Jii~~~tltl~llJl~~llJ~'U'YJ'Um~vt..:J~'Url 
m::OJltla'UAl hMltl ilqJ'Hl~lU'Htl..:J~vt..:J~'Urlm::0J1tla'U·A1UUU~'U'YJ'UYI..:J~ (fixed-charge 

facility location problems) 'H~tlilqJm~..:JYI~ltlYl~..:JnuilqJm3J5t1ll'l.J-W b"lf'U ilqJm~lbb'Htl..:J 
~vt..:J~'Urlm:: • .ntla'UA1UUU llJii'lltl~lnVl~1'U'lJ'U1Vl (uncapacitated facility location problems) 

~..:Jba'UtlYlf..:Ju~fl L~tI Cornuejols, Fisher and Nemhauser (1990) ~..:Jbm'lltlnVl~l'U~l'Ul'U'lJtl..:J 

.". . 
2.3.1 flflOJVlfflH.If:l1-3 (Centre of Gravity) ~, \J 

l'Uu 1963 Healey (1963) 1~ba'Utl15m~1'Um~'Hl~lU'Htl..:J'lJtl..:JY!'Urlm::0J1tl 
'U 

a'UAl L~ltI mAtlfl~~Vl~'Url cll..:J ~..:J~ nVl'lJ tl..:J~l U 'Htl..:J~vt..:J~'Urlm::OJltla'UAl m l~OJlflalJm~ 
n 

LW)x) 
)=1 

Xo =-'--n--

LW) 
)=1 

n 

LVltl VJ..:Jni''U~'U'YJ'U (Cost function) C1 = L w j d oj 
j=1 

?i tl ~nVl~ b 'HlJl::alJ'lJ tl..:JY!'Urlm::OJltla'U Al 
\J 

(2.1 ) 

(2.2) 

(2.3) 
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" bb~~lnfll'JAmf1'llfl~ Virgin and Rogers (1967) vfl.r;hntl~YlA'\.Hrri1~i1~:; 

l"'~h~G'lLil'UJ 1aJ&hrmrimfitlunw;h~flu~~~aYl (optimal solution) lYltl1'Uu 1972 Watsan-• 
Gandy (1972) 1~ fl6U1tl ~~a1 L ViVl'll fl~Vl11~VI G'ilYl LVI~fl'U'll a~~h ~G'lmG'ltl'll fl~ntl~YI~'Ur.Jri1~-h 

. 
LflY1 L i1 fl~~l~ln~l bb Vit.i~'ll fl~ 

. 
:a~Y\1'U1ru~1~lna~fll'J (2 .1) 1aJ1~Lf1Y1~ln 

)=, 

fl~~'Uij (differentiate) 'llfl~VJ~n~'U~'U'Yl'U C, ~~rl'1 Xo LtJ'Ufl~~'U5'llfl~VJ~n~'U C, bba1 Xo 

~:;L tJ'U~lLL'Vit.i~~ij~'U'Yl'U~l~aYl bb~LL 'Yi'~~~bba1VJ~n~'U~'U'Yl'U'll fl~~l bb Vit.i~ Xo ~~Y\1'U1ru~1 • • • 
~lna~fll'J (2 .1) '!'ULf1Y1~lnfl~~'U5'llfl~VJ~n~'U~'U'Yl'Utlfiflia~afl~ ~~bbaYl~~fl hJif 

n 

C2 = Lw)dg) (2.4) 
J= ' 

n 

LW)x) 
Xo = J=~ (L'yhnUa~fll'J 2.1) (2.5) 

LW) 
)=, 

~~'!'U~ln'li'mr~Ln~'llfl~ Virgin and Rogers 1111.., Watsan - Gandy a1u-h 

n n~ YI A'U r.J ri1~'! 'U 1..,tl1 ViU n nu G'I n A1~~ ij'J:;tI:;'Yll~'J:;Vi",h~G'I n A1 nu A'U r.J m:;~l tI ~'U A1 ~1 n 
dJ 'i \J U 'U 'U 

Lf1'U 1 U Lrifl L U1t1U L fitiunuG'ln A1~~iju~~lru'll fl~Vl11~~ fl~fll'Ja~n11 bb~ fltl1n aA'Ur.Jm:;~ltl 
'U 'U 'U \J 

~'UA1~lnn11 

2.3.2 i1~ .. nm')ilfl,)l:::,"m'J:5'l1In~lI (Clustering Analysis Problems) 

fll'Jl LVI'J1:;l1fll'J~Yln~~ (cluster analysis) '!'U L tJ'Ubb 'U1AYI L~tI1nufll'J • 
bbu~n~~'li'fl~G'lVi1fll~tlan'\iru:;L'lf'UL~tI1n'UG'I~ 1 'U.a'u L'lf~Vi1fln~~ (cluster) ~bb~n~l~n'U ~~ 

II \J 'i q 

Anderberg (1973) 1~a1uil~'Vil'llfl~fll'J~Yln~~ 1111 .. fll'J~Yln~~ (clustering) ~fl fll'J 

'J1~n~~'li'fl~G'lVi1fll~tl1Y1 'l G'I~ 1 'Un~~ ~~an'\iru:;'llfl~1~tlVi1fl'li'fl~G'lilltl1 'Un~m~tl1n'U~dj 
q 'U q q q 'U " 

cv .J iI Q,I"i.<::lo. 1" 'J:::YlU'llfl~VI11~Lntl1'llfl~n'U bYltli'i'J'J~'lf1~ (natural association) ~Pilltl 'Un~~'llfl~~1Lfl~ bb~ 

1 'U 'Yll~n au n'U Lri fl L U1t1U L fi tlU n'U'J:;Vi11~n ~ ~~:;~U11~:; ij VI11 ~ bb~ n ~1~ tl'~~'Ylih:;Vi",h~ n ~ ~ 
• • 

a~" lYltl~u"hfll'Jl LVI'J1:;l1fll'J~YI n ~~if1~tlnti11 tJ1'l7fl~l~u V'j';h., G'l1tl1 'U ViG'lltl1~fll'J L'lf'U 'Yl1~ 
~ . ~ , 
~11'Ylm 'Yll~fll'JU ~'Ylr.J bbG'l:;fll'JU u~n~~ LoW flfll'Jl~tI'Yll~fll'J~G'l1Yl L tJ'U~'U • 
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m'll LrI'll ~-Hm'l<5'Vl n ~ lJ allJl'lfJLL U~ 1~ VlllJlVl ()'th~a~ A L u'U aa~'\.h~m'l~~ • • 
Mulvey and Crowder (1979) l~'t1lm'luU~~miW~'lla~Uqj'Vl1m'l<5'Vln~lJ aamu'Uaa~'\.h~m'l 

1'Y1tY 'lVlllJ~n'\.iW~'lla~lVlq'lh~a~A Aa 

lVlm.h~a~A U 'lnA a L ~ a't1lm'l~'U'VI1U~~ojlflVl'll a'\.J L'llVl'll a~n~lJli'l'llJ"lfl&i • • 
(natural cluster) LVltl ~n'\.iW~'ll a~Uqj'YIlm'l<5'Vln ~lJLL '\.J'\.Jifi 'Uuvi ~~n~lJJ'U 'O,)~ij ~n'\.iW~ L U'U 

n~lJna'Umtll 'Un~lJJ'U 'lLVltl14''U~'l~'YI-.h~n~lJ lVl 'l'O,) ~ ij~m:tW~LU'U'lia~ll~ •• • 
" . 

U~~'\.J~L1W~'Ul1 

'l~'YIll~n~lJ'O,)~ hjij'O,)Vl'YI~aijL~tI~dimratlL'YhJ'U 15m'l<5'Vln~lJu'\.J'\.Jif'O,)~via~mAtl15m'l'YI1~ • • • 
mlvJYJm'YhJ'U~~Lu'U'li'aojlflVll'Um'lLLn1'lluru'Vl1LL~~m'O,)'O,)~ 1l1~lVl8'\.J hjVl'l~fl'\.JlVlm.h~a~A~ 

v • 

a'Ul'OJ 

anlVlmh~a~A'YI~~ 1 'Um'l<5'Vln~lJ LVltl'O,)lmLc.J'Um'Wm'lm~'O,)lt1 (scatter • • 
diagram) vl~LLaVl~ 1 'U~tJ~ 2.1 ~Vll 'ULLc.J'Um'W'O,)~~nLLU~aamU'Un~lJojl'Ul'U m n~lJ LVltlij 

lVlqtJ'l~a~AL~a't1l111vll~lVlmllJLLVlnvil~ (proximity measure) LU'U ltJVlllJlVlqtJ'l~a~A 
~~m'O,)'O,)~L U'U'l~tI~'YI1~'lllJ'l~'YIll~U'W 1 'Un~lJfl'\.J'O,)VlvllLL 'YI'U'll a~f1 ~lJ 1l1U atl~aVl ~~m'l<5'Vln~lJ 'II' , 'I 'II 

" Q.I ,q ,q, Q..I, Q.I rI 

~n'\.iW~'UL 'ltln'1l m'l'O,)Vln~lJ Lan'W'Uq (homogeneous clustering) 

vil~ 'l'O,)~uaVl~ L tJ~tI'\.J L l1EJ'\.J 1 'U.fn'W 

•• . . 
• . .. 

•• .0 
• • •• •• .0· •• -• --. • e •• 

o· _ . -
X-Axis 

• .. 
• 

\I) \I) 

~ ~ .-
>- >-

X-Axis 

i'U Vl a'U1Bm 'lLLn1 'llUt)1'Y1l1l'YI ~1t1 U 'Ul ~ Vl ~l EJ fl'U ~~ ~n '\.iW~'ll a~i'U Vl a'U1B m'l<5' Vl milJ~{<5'n fl'U 
- • 'U 

LVltl..tll tJ L U'Ui'UVl a'U15~n'\.iW~l'U.gl (iterative algorith m) ~~ MacQueen (1967) 1~ 
La'U aLL 'Ul~Vlm'l<5'Vln~l-J ~n'\.iW~if~'UL U'UrI~~LL 'ln~~ L~tI nll i'UVl a'U15lJ"lfUl-J Lri (K-means) 

LL~~ l~ij~La'Umb'UL'~lJL&ilJmtl'YI~~ LVltl Hatigan and Wong (1979) ~~LL'Ul~Vlif'O,)~ 1-6' 

'li' alJ~~'\.J LVltlVl'l~ 1 'U m'l'Vl1~lVl a'\.J'll a~uru'Vl1 LVl EJ Lri a L~lJvi'Uvi a~ijm'lnl'Y1'UVl'O,)VlYl'Ufi''lllJ 
'U v 'II 'U 

(centroid) L~l-Jvi'U~~L U'Uvll U 'YI'U'll a~n~lJ LLvi~~ n~l-Jojl'Ul'U k n~lJ 't1lm'lnl'Y1'UVlU'W 1l1LLvi~~ •• • 
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n~tJ~a~ln~~a~ ua::lhm'lAl'UlW'l~Yl'UU'lltJ hni am~w::l'U.Jllu'l'Um::..t'l~hLLlnl'1'lJa'l 
'I ".. 'I q ,... 

'l~Yl'UU'lltJ hh U~fJ'Uu ua'l ~'I'l~Yl'Uu'lltJa~nlfJ~lvi~ aYil u 'Hll'l~~'I'lJ a'lYl'UUm::'llfJa'U Y1l 
'I '" 'I 'U 'I '" . 

tJ'ULa'l l~fJYl'ln-E''Ul~tlu'l::a'lA ~a , 

Minimize (2.6) 

. . 
~fl ~~tJ~Yll'rYl,rf)frY1(;{Vl~~l1il~anfil X (J) fiUI\)YlAlJffnal~ 

'I \J I 'I \J 

an'\iw::'lJa'lU'UlA~ MacQueen t1'UYfUll Uar'l::vilLiJ'Um'l'l'U~'Ua~'YIn , , 
m::Ul'Um'l~ltJ U 'UlA~if u~iL ti a'l'llnAl~ au~lvi'l:: L U'U ~a'l::'lln'HlllfJ:ffl~ (L'lf'U 'l::fJ::'YIl'l) 

L ~'ll:: ll.n~li'vll:ffl~mltJLL~nvil'l (proximity measure) 1 'Um'lAl'UlwYilU 'Hll'l ill 1 i 
Al~aU'llnu'UlA~ifiJn'ldjYlwm~'lJa'lAl~au hi~tJn ua:::ff'Unu'l~Yl'Uu'lltJ~'Ivi'ULU'U'Han 

, , "U 

V. V c:t" cv I 0 " cv" 0 ~ QJ' I 04 Q 

'l'l~ a'l til YlfJm'l~tJm'H'U~~~ ~'UfJ'lllJ~'I~'U'll'Ul'UtJln '1 L ~ a a~ t-J am::'YIu~'In all U 'UlYl~'U 

iJn'l::d)~ilrumLda'l::fJ::'YI1'l'l::'HlHU~nU'l~Yl'UU'lltJih::fJ::'YI1'lL'yhn'UtJlnnll 1 vi ill 1 im'l 
U 'I 'lJ 'U 

lviij ~ La'U a U UU;jl a a'l'YI1'lYi ru~ m a~ {Gll'H:ruil rum m 'll LYI'll::l1 m'l~~ n ~ tJ:ff'U 
\J u, 

l~fJ Rao (1971) ua:: Vinod (1969) lviLa'Uauuu'ihaa'l'YI1'lYlrilClAla~{Gll'H-ruil'Ymm'l 

.,J 
LtJa 

Minimize z = I Idt/x iJ 
I .J 

subject to; I XI} = Vi 

d iJ 

x I} 

m 

I 

J 

x
JJ 

.J 

Ix!/ = 
.! 

x I} :S 

x I} = 

v 

~a ~1'Ul'Un~tJ't1'1'HtJ~ , 

m 

Xjj 

{O,l } 

; Vi , Vj 

Vi , Vj 

~a L'lf~'lJa'lU~...r'l'HtJ~ l~fJ~ i E r. i = 1,2'00" n 

~a L'lf~'lJa'ln~tJ...r'l'HtJ~ l~fJ~ j E J. j = 1,2' 00" m 

(2 .7) 

(2.8) 

(2.9) 

(2.10) 

(2.11 ) 
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LL~ L ti eJ.:J'llflUty'YllifL ih,l'utyr11 La'UvhJ~\!'l~ (N P-Complete) [~'llfJ(;I~LafJ ~ 
L~lJL~lJl'U Cornuejols, Fisher and Nemhauser (1977)] ~.:Juty'Yllafl'l~ru~ifl~Lr1lJl~~'l~ 
LLfl1'lJurur11~'dfJ15'Y1l ~ (;I L\l(;lfJ~&l~a~ ~.:J~ eJ.:J eJ1AfJ15fll'lr11 ~(;I L\l(;lfJ~'dfJ ~b~a~fll 'Ufll'l~'U'YIl 

v • 

~.:J~hl9l eJu~l~ eJ1'l'l~ 1~~1 L U'U~ eJ.:J lflanu Y11191 eJu~&l~a~f\l~ • 
... . '" 

'11 fl'lJ eJ'll fl ~'lJ eJ.:J 
., 

o Q, <l' Q.I I q 

LLUU'll(;1eJ.:Jfll'l'dLYI'll~r1fll'l'l~fl(;llJ'lJeJ.:J Rao LL(;I~ Vinod 'U Mulvey and Crowder (1979) • 
~.:J 1~La'UmL'U'd~~~.:JeJ~u'Uvf'U~1'U~'Ul9leJ'U15fll'l'd'U.Jl t~mL'U'd~~'lJeJ.:J Mulvey and Crowder 

'l~ij~'d'U'l.h~fleJU~'h~tyeJ~ 3 ~'d'U ~'d'ULL'lfl ~eJ fll'l'Yll~(;IL\l(;lfJ~LU'U hJ1~L~lJ~'U (initial 

feasible solution) t~fJ'l~eJ1AfJ15fll'l'Yll~(;IL\l(;lmLUU~1~U.ff'U (hierarchical method) r1(;11fJ., 

15fll'lL.rJ eJ'YIlmllJ L~lJ~'Ufi eJ'ULLa'd~.:J't11fll'l~Vll'U1Y11191 eJU 1 'U~'Ul9l eJ'ULL 'lfl t~fJfll'ltilr1'U~'l~ • • 
(reassign) l-H'nufl~lJ 1 r1~ t~mu'U15fll'l~L~fJfl';huty'YlliJlifJ~1'ULYI (K-medians) ~.:J ~(;Ia'V'45 
'llfl~'Ul9leJ'UifL U'U'lJ eJU L'lJl9lU'UL~lJ~'U'lJ eJ.:Juru'Yll ~'d'U~ aeJ.:J ~ eJ fll'll"lffll'l'Yll~l L r1lJ1~alJ~al9l 

v • 

Lfl'lL&lfJ'UUeJfJ (subgradient optimization) 1 'Ufll'l~eJ'UYI(;IlfJU1.:JLieJ'U l'lJu.:J~uL .rJmU'U'lJeJuL'lJl9l 

~1.:J'lJ eJ.:Juty'Yll LL(;I~ 1 'U fll'l'd'U.J1LL~(;I~YI~.:J'l~ eJ1AfJ15fll'l~'U'YIlLL UU ~'ULL 'l.h'lJ eJ.:Juty'Yll L&llJ 

(primal variable search) 1 'Ufll'ltl-rU'\.h.:JLL(;I~'YIlY11191eJU~LL')1'l~.:J t~fJ fll'l'd'U.Jl'l~r1fJ~L~eJ • • 
~1'U'd'U YI~.:J 1 'U fll'l'd'U.Jl a.:J di 'U~1'U'd'U YI~.:J a.:Ja~r1~eJ mllJ ~1.:J'lJ eJ.:J'lJ ellJ L'lJ 19l ~1.:J LL(;I~'lJ eJ U L'lJ 19lU'U eJ U 

\J 'U q \J 

l'U'lI'd.:J~fhr1'U~ l'Ul9leJ'U't11fJ Mulvey and Crowder iJ'.:JLLa~.:J~(;Ifll'lLtl~fJULnfJUnu~h~a~fl'lJeJ.:J 
I' , I 

ad I Q,d 0 Q.I d " q 

Ward (1963) 'YI'lfeJ'11 'dlifll(;l.:JaeJ.:J'lJeJ.:JmllJYI(;I1~LYI(;IeJ'U'UeJfJ'YI,!v, (minimum squared error 

method) ~.:JLL'U'd~~'lJeJ.:J Mulvey and Crowder 'l~ l-H'~(;IL\l(;lfJ'lJeJ.:JY11191eJU~&lflil t~m\l'V'41~L~eJ 
."1 .. 1 ,J' 
uty'YlllJ'lJ'Ul~ r1ty'lJ'U 

'YillJfl(;ll.:Ja.fl1'd~'YI1.:Jfll'lLL'li.:J-n'U'lJ eJ.:Jli'ln'l~ij LL 'U'd t UlJ LL'li.:J-n'Un'UlJlfl:%'U 1 'UU'l'lU'U afl..r.:J • • 
iJ'.:J Ln~fll'lL tl~fJ'ULL tl(;l.:JeJU1.:J'l'd~ L~'dL~eJ'l~fJ~L'1(;11 L tl~fJ'U 1 tl 't111-H'U'YIYI'dllJ ~l'Uuty'Yllvh LL ml.:J 

~vr.:J~.:J~'d'U 1 r1qjiJfl'l~~Wl'Ul LL UU~l(;1eJ.:J 1 'Ufll'l'Yllvh LL r1'1l.:J~vr.:JLL Uua~l9l ~.:JeJ1'l'l~'t111-H'Y11191eJU 
dl" o:t 1'~ 0 ~ .J cl .ell 'YI ~'llflLL UU'll(;I eJ.:J'U'U eJ1'l'l~ m U'UYll191 eJU'YI L r1lJl~alJ'YIa~ LlJ eJ'l~fJ~ L'1(;11fll'l'dl.:JLL~'UlJ • 
'l~fJ~L'1(;11m'd'Ul'U ~.:J Daskin, Hopp and Madina (1992) 1~fl~1'dllil1911lJtlfl~fll'lvl~a'Ul'l 
l'U fll 'l'Yll am'U~vr.:J'lJ eJ.:J ~'U~ fl'l~'l1 fJ a'U ~lJ 'U t~ fJ afl'l~ru~'lJ eJ.:JU tyr11'l~ L u'U fll 'lvl ~ a'U 1'1 L :a.:Jfl (;I 

fJ'YI5LL(;I~ l-H' ~(;Ia'V'4li1 'U'l~fJ~m'd 'llflli'l'llJ'lfl~'lJ eJ.:Jafl'l~ru~'lJ eJ.:JUrur111h~L.fl'Ylif 't111-H' fll'lvl~ a'U 1'1 
• v 

t~fJ l"lfr1aflfll'lLL Uua~l9l (static approach) ~.:J'l~lJ eJ.:JLi eJ'U 1'lJ 1 'U eJ'W1Y1Vl YI.:J~LL(;I~ L U'U L'lI'UL&lfJ'dnU 

LieJ'U l'lJu'l'lu'UeJ1'l'l~ llJ1'l1Y11191eJu~&l~a~afl~eJ 1 tl • • 
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t~tl Current, Ratick and Revelle (1998) 1~'l1yJ1~ln~m1aJ'lla'rllqJ'Hl~lLL'YI'I1..:.1~~..:.1 
LLuU'rH:ll~ll(;l:;LLtJ..:.1th:;li1'Yl'lla..:.1LLUU~1(;la..:.1Vl,r1~ Hl1 LLUU~l(;la..:.1Vl(;ll~lU'WllUU~l(;la..:.1~ 
Vl111ih~ a {vi 1..:.1 'l ii Yll1aJaaJ~'W6nu ll(;ll~l tl~tl'WLL tl (;l..:.11 tl Yll1 aJ511OlqJ'll a..:.111(;llif'il:;vl a..:.1~n 
'Ill aJ1V4'il11(u1viltl ~..:.1Vl111lJ l~a{~~n'il:;'Il111maJ1~laJ 1 'Wn11V4'il11(u1 ~a m1aJvia..:.1n11'lla..:.1 

(;ln~l 'YI~am'il'il:;atl1 'W1tlllml 'Wn11'll'Wri..:.1 (travel time) 'YI~a<iJ:;l U'Wvl'W'Yl'W 1 'Wn11'll'Wri..:.1 (travel 
'U 'U \J Ii 

cost) filvi t~tlii~l5'WaLl'W1A~l~a..:.1ia~ln~'lla..:.1LLUU~1(;la..:.15t1~ ~..:.1V4'il11(u1UqJ'YI1lU'W 
'lfl..:.111(;lll~m (single period) LL(;l:; lvil5'W all 'W1A~LLUU~1(;la..:.1LLUUVl(;l1~'YI~aV4'il11(u1'Y1(;lltl 

'lfl..:.111m (multi-period) 'YI(;lltl LL 'W1A~viltln'W t~ml 'W1A~..t..:.1'Y1aJ~ 51 aJl'Hl~l LL 'Wn~laJ'YI~n'll a..:.1 

Current, Ratick and Revelle ~..:.11viLLtJ..:.1tl1:;li1'Yl'lla..:.1LLUU~1(;la..:.1Vl(;l1~ lU'W 2 tl1:;li1'Yl ~a 

1) LLUU~l~f)~Vl,rjt91 tt91tJi~HLi~ (explicitly dynamic models) 'il:;ii~nlf(u:; 

'lla~UqJ'YI1 ~a Yl~..:.1a'W~1'il:;iin11ltJ~ ('YI~f)tJ~) lvi~(;la~~:;tl:;1l(;l1n1111~LL~'Wl~a5'Wa..:.1~aU 
vi aVl111lJl~a{~ltl~tl'WLLtl(;l..:.11 tl~laJ llm lluu~1(;la..:.11 'W~nlf(u:;Li'Wti'il:;a'Wf;m~ 111iin11rJ1tl 

• v 

Yl~~a'W~11vitJatl 'l t~tl~(;l~Vl6~n'il:;atl1'W1tl'lla..:.1fh'YI'W~1l(;l11'Wn11ltJ~ / tJ~ Yl~..:.1a'W~l~ll(;ll 
" " 

1~ 'l ~..:.1m'il'il:;ii..t..:.1n11ltJ~Yl~..:.1a'W~lLL -H..:.11 'YI,jll(;l:;tJ~Yl~..:.1a'W~lLL -H~l~aJ 'YI~am'il'il:;Yl~Yl~~a'W~l 
LL -H..:.1l~aJ HLLUU 1~llUU'YI~..:.1'Y1~a'YI(;llmlUU~5aJn'W ~..:.1ll'W1A~LLUU~1(;la..:.1""(;l1~ t~tli~LLi~ t~tl 
ril'W 1 'YIflhf'W~n'il:;ii~'W~1'Wm'il1nn11yJ1'Wl(u 1 'WLLvi(;l:;Yl1UllmllUU5t1~ (U 'll(u:;1l(;l11~1l(;l1 

v .. 

'YI~..:.1 llvi~lll'YI'l1..:.1~~..:.1'lla..:.1Yl~..:.1a'W~l ~'W~-ru~~'lfau LL(;l:;Vl111lJ l~a{vi1..:.1 'l'il:;ltl~tl'WLL tl(;l~ 1 tl 

~laJ Yl1U llm~(;l a ~1:;tl:; llmn1111~ ll~'W 

2) LLUU~l~f)~'W~lt91 tt91tJtl~tJltJ (implicitly dynamic models) LLUU~l(;la~ 

~nlf(U:;if'il:;ii~nlf(u:;Yl~ltl nu LL UU~l(;l a..:.15t1~aJ1n l ti a..:.1'illnl1LL UU~l(;l a..:.1Vl(;ll~ t~tltl~mmf'W 
Yl~~a'W~l'il:;tln~..:.1~'W~ll(;ll'Y1~..:.1 'l LL(;l:;iJ..:.1Yl..:.1111u~n111 tl~(;la~'il'W'ilU1:;tl:;llmn1111..:.1LL~'W t~tl 

" 
1,jiin11a'4qJ1~ 111ltJ~ / tJ~ 'YI~arJltl~llL'YI'l1..:.1Yl~..:.1a'W~l'tJatl 'l ~..:.1l'lf'WLL UU~l(;la~Vl(;ll~ t~tli~ 

LLi~ llvi~..:.1~.yhll1lluU~1(;la..:.1'W(;l1~t~tltl1mml~nvi1..:.1nULLUU~1(;la..:.15t1~fi~a LLUU~l(;la~if'il:; 
V4'il11(u1'W111lJl~a{'lla..:.1uqJ'Hl (l'lf'W mlaJvla..:.1n11'lla..:.1~n~1 vl'W'1'W 1'Wn11'll'Wri..:.1 "1(;l"1) 

l tl~tl'WLL tl(;l~ lvi~laJ llmli1111yJ1~ au'll a~UqJ'YI1 LL~nvi1..:.1'il1 fill UU~l~ fl..:.1i;'lt1~ 

2.4.1 i1qJ .. nGhLL't'iti~~&t~ 1 LL";~LLUU'W~lt91 (Dynamic Zing Ie Facility Location 

Problems) 

Ballou (1968) ~~ lvi'WmmaJ'il:;'YI1~lll'YI'l1..:.1~~..:.1'lla~Yl~..:.1a'W~1 1 ll-H..:.1 t~tl~ii 
1~tltl1:;5..:.1yJ'~aL~al'Y11vi~(;ln1 h5..:.15~~(;la~1:;tl:;llmn1111..:.1LL~'W 5 tJ Ballou lvi'lllL5'Wa 

• 'U • 
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warehouse) VI~ flVl'j:;tI:;n~1f)l'j1l'lLL~'U lVltlOJ:;Yilf)l'jYil'U1ruL yj fl'Yllfh h~OJ:; l~-ru'll fl'lf)l'j 

~'lAa'la'UYlll 'ULL~~:;LLl1'l1 'UtJ~ 1 , 2 , 3 ,5 ~'lVJ'ln-a''UlVlmh:;a'lyj'~fl hJd LL~:;fllAtl151V1 • 
'UliJfl l-l.hLLmaJiJ'l (dynamic programming) LLUUYil'U1ruflfl'Uflau 1 'Uf)l'j'Hl~lLL rrU'l'llfl'l 

Aa'la'UYll~ L 'HaJl:;aaJ 1 'ULL~~:;A1U n~l 

.,J 
LaJ fl 

Maximize 

Pr 

P, 

X ;, Y; 

X' , y' 

X ,Y 

d; 

d ' 

to; 

t; 

Vo; 

a; 

R; 

R' 

b; 

P = "p.V:b.-a,r,i/o, -(Rd +Rld')V: .b-a,r,i/o, (2.12) 
r ~ I 01 I I I 0, I 

?lfl rh hOJlm:;UUf)l'jm:;OJltla'UYll 

?I fl 'jlAl'lllm\l~tI'll fl'la'U Yll ~l'H-rUVI~lVl 
..::!III 0 Q.I 0 1 • 

Afl mVlULLaVl'lVllLL'H'U'l'llfl'lVl~lVl 1 

?I fl ,h~u LLaVl'l~l LL 'HU'l'll fl'lafll'U~ ~~Vla'UYll 
?I fl al~ULLaVl'l~l LL 'HU'l'llfl'lAa'la1.JYll 

?lfl 'j:;tI:;'Y11'lOJlflAa'la'UYll hJ5'lVl~lVl 

?I fl 'j:;tI:;'Y11'lOJlflafll'U~~~Vla'UYll hJ5'lAa'la'U Yll 

?lfl nma'la'UYll hJ5'lVl~lVl i ~l'H-ruAa'la'UYllell'la'l 

?lfl n~la'la'UYll hJ5'lVl~lVl i ~1'H-ruAa'la'UYll~~0J1'jrul 
?lfl tl~aJlru'llfl'la'UYll~a'lltl~'lVl~lVl 
?I fl ~VI a1'U~lAru~1'H-rU LL~ ~:;VI~lVl 

" 
?lfl elVl'jl~1'll'Ua'l0J1flAa'la'UYllltl5'lVl~lVl i 

?I fl elVl'jl ~l'll'Ua'lOJlflafll'U~ ~~Vla'UYlll tl 5'1 A a'l a'U Yll 
, 

?lfl ~lA'lYi (~ 1) ~l'H-rULL~~:;VI~lVl 

~ , 
o 1..::!111 .o:::Irt..o::I.o:::Irt. .o:::Irt. .o::::I., 4 0 0 Q.J' 

f)l'j'Hl Al VI flU fl tlU'U l'l'U ~1'U'll fl'llDLL UU e1T~aVl fl 'If'l L'lfVl'll fl'l Al VI flUOJ:; f:l flOJl fl VI 
" .. " 

lVltlYilVlflU'llfl'lUqJ'HlLL uuaiiVll 'ULL~~:;AluL1m a'l~~ 111YilVl flUOJlfl LL'U1 A VldfllOJOJ:; hn~-ru 
~ ~L\l~tI'll fl'lfll h'j1aJ~~aVl 'j1aJt1'lijOJVI ei fl'U~ A a'l a'U YllalaJl'jf:lflltlafll'U~~'ll~VI~ fl VI • • 
'j:;tI:;nmf)l'j1l'lLL~'U~'lf:l fl fll'H'UVllVltl~'U'Y1'U'll fl'lf)l'jflltl~lLL 'HU'l'll fl'l Aa'l~'UYll~'lL u'U 1 tll~mfl " . 
1 'UuqJ'HlOJ~'l L ~ fl'lOJlfl hn~Yilf)l'j~0J1'jrul L 1m 1 'U f)l'jafl'lLL~:;~'U'¥l'U 1 'Uf)l'jn fl afl'lA a'la'UYll 

LLl1'llmj 

OJlflOJVI eimJ'll fl'lLb 'U1AVlf)l'jLLti'Uru'Hl~ Li;{'lHllVlfJ Ballou ~'1 L'lfYl'll fl'lYilYl flU L=8'1 
• v 

aiiVll 'ULb~a:;Alun~lOJ:;f:lmilfiVlL\ll'll:;YilVlflU~~~i;{VI LlhtT'U Yilll1'lf1'l'll fl'lYilVl flU (state " . 
space) ~mhfiVlaJlnLn'U ltl~'l'!'U Sweeney and Tatham (1976) ~'llV1i:~LLfl'lil 15n1~a&ifl 
'llfl'l Ballou '!'U l~YilVlflU~LU'U~lL 'HaJl:;aaJ~,!Vlrifltl (sub-optimal) ~'l1~La'UmL'U1AVll 'H~~il 
1 'ULL~a:;A1U n~l t f)l'j~OJ:;~OJ1'jrulYilVl flU L\ll'l1:;YilVlflu~~~aVl5'l hh Y4t1'll'l fl LL~A1'jOJ:;Yil • 
f)l'jL~tI'lal~u~ruml'l'llfl'lYilVlflUl'U~tl'llfl'lYilVlflU~~~,!VI R, al~U (R, Best Solution) ~'l 
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l'Ubbvit'l~l"llUnt'llJ·tr'hlr.l'Uel'Uvlu (rank) 'lJa~~lV1auii~ii,!~ R, alvlU hj~lblJ'U~a~ii~l'Ul'U 
bl'htl'Uba~a l~tI~l'Ul'Uel'UvlU'lJa~~lV1aUOJ~blJ'Ubl'h hJ'U~'UautlU'lJau b'lJVlU'U (upper bound) 

" 
Ut'l~'lJaUb'lJVI,h~ (lower bound) 'lJa~~lV1aU'lJa~ilty'H1V1t'llt1l"llUblt'll ~~ Sweeney and 

Tatham 1~ba'Uallt:Jt'lbUt'ltll'Uuvit'l~l"llUnt'l1~'il~a~1'Uel'UvlU'lJa~~lV1au~~~,!~ R, alvlU l~ 
J'U'il~~a~ atl1 'U'lh~ l~ dl'Ut:Jt'lvil~'lJ a~'lJ au b'lJVlU'UUt'l~'lJ au b'lJVlal~'lJ a~ilru'H1 U UUVlt'llt1l"llU nt'll 

" u 

J'U l~tlm'l'H1 t:Jt'l bUt'ltl'lJ a~~lV1 aU'il~mYlm 'Yll"l-U I"l m'lat'llt1vll'lJ a~b U'U b~ a1 (Bender's 

decomposition) l'Um'lVllt:Jt'lbUt'ltl ~~briab'\.J~tlUbiitlut:Jt'lbUt'ltl'lJa .. m'Ul~~dtlut:Jt'lbUt'ltl'illf) 
U'Ul~~'lJa~ Ballou mhv~ullU'Ul~~d'il~h1t:Jt'lbUt'ltl~~f)11'\.J'l~~lru 10% 

~f)~ru~b~mtl'Udaf)VI~~U'Ul~~~~blJ'UU'Ul~~~iivf'U~l'U~l'illf)U'Ul~~'lJa~ Ballou bbvil~.yh 
m'l'\.J-ru'\.J1~Uf)1'lJ~~tia'U'lJa"~~1~a&if)~ Ballou 1'li ~~u'Ul~~d~ma'Ua l~tI Wesolowsky 

(1973) l~tI b'lJll~ba'UaU'Ul~~'lJa~ilty'H1V1t'llt1l"llU nt'll 1 'U~f)~ru~'lJa~ilty'H1u'U'l~'U1U 

(plane) 1~tlm'la5Ulmb'Ul~~ 1~tlf)l'llaUl~ilty'H1'lJa~nbUa1 (Weber's Problem) ~'Ub~a 1'li 
1 'Um'la5U1t1 vl~VJ~n-8''U1V1f)'\.J'l~a~y)via l'\.Jd • 

Minimize I :=I I~~I fkl (xk , h) + I :=2 Ck Z k (2.13) 

subject to; Z k = {O,l } (2.14 ) 

Z k = ° 51' d k_l ,k = ° (2.15) 

~a l'llu'\.J'l'Yliml"lb ~a'l~Um'l~lt1~lU Vlu" l 'UfilUblt'll k • 
~a ~l'Ul'U'il~'\.Jt'llt1'Yll~~lV1-rUl"llUnt'll k • 
~a a.!t'l,"hil'il~u'U (present value) 'lJa~Al'lJ'Uri~~'UA1'illf)I"l~~~'U,"i11'U 

~lUVlU~ (Xk> Yk) l'\.JiJ~~~'\.Jt'llt1m~ i 

~a ~'U'Yl'Ul'Um'l~lt1~lUVlU~l'Ul"llUblt'll k • 
~a 'l~tI~'Yll~1'Um'l~1t11"l~~~'UA1'lJru~b~~~'Ul"llUblt'l1 k 

v v , 

bb'Ul~~'lJa~ Wesolowsky ir'U'il~bbYlf)vil~'illmb'Ul~~l1~aa~il~~'UVI'l~ii'il~ii 

m'llh~'U'Yl'U 1 'U m'l~lt1I"l~~~'UAl bill '\.J'll~ aul 'UVJ~n-8''U1Vi f)'\.J'l~a~y) aUl~-8'~ b'il'U 1 'U'lJru~~ . ". 
u'Ul~~'lJa~ Ballou Ut'l~ Sweeney and Tatham 'il~'I11l'\.Jt:J'Ulf)atl1'U~'U'Yl'Ul'Um'l'lJ'Uri~1~1~ 

" . 
u U~ Uti f) aUl~-8'~ b 'il'U~~ b lJ'U b Yl 'll~vf'U :ijl'U'lJ a~il ru 'H1 UVi f) vil~ tl'U b ti a~'ill f) u 'Ul ~ ~d au U'U vf'U :ijl'U 

.... v \J .... 

'lJa~ilruVll1'U'l~'U1U l~tll 'Um'l'H1~lV1aU~~~a~J'Ub'lJl hi'ba'UaVl~f)m'lm'lU'il~tiuuuu 1~.g1 
u • . 
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(non-duplication enumeration) ~~v:;Gl~~l'UTU'lJfl~fl1'lbbnihymbbuua~~1'\.Jbb~Gl:;ynUblGllGl~ 
hl1~fr:h 50% Lrim.yjrJunUfl1'lbbvtlLLv~bbUUU~U'ltul~rJYh~flu~l~v:;Lu'U~ih~flu~~~a~ 

~ . 
2.4.2 i1ty .. nGhu .. nl~~~~"Hnf.luli\luuu'Wa1~ (Dynamic Multiple Facility 

Location Problems) 

vlfl bb 'UdA~'lJ fl~bb UU~lGl fl~~h bb l1'11~~yf~LL UU'WGll~.;rl~~'U,f'U ~~ L U'Ubb 'UdA~~ 
fl~U'U~'U~l'U'lJ fl~i1tym~h bb l1'11~~yf~ L ~fJ~bb r;~ L~m bb~1 'Ui1tymv~~,f'U'Wui11 'UUl~Ylf~ 
Yla~~'UY)l fllvvd:j~l'Ud'UaJlfl flil 1 bb r;~ mfl~l'Ud'U'lJ fl~GlflY)l ~-rUU~fl1'l,f'Uij~l'Ud'U~~JltlLii'U 

~ ~ 

w:hmll-Jall-Jl'lO'lJ fl~Yla~~'UY)l L ~rJ~bb r;~ L~m 1 'U fl1'lbbni1tlJm~h LL l1'11~~yf~ bb uua~~,f'U 
i1rul1laJlirJ~l'U~ L u'Ui1rum~ L u'U~{~fln'U fl~l~bb 'W~l1GllrJ t~rJllrul1lifL u'U m&~ LYllf'lJ fl~i1rum 
u..a v 'U v u 

~l bb l1'11~~"f~bbGl:;fl1'l~~a'l'lYldll-J-rU ~Wll'flU (location-allocation problems) vlfli1tlJmifLfl~ 
Wesolowsky and Truscott (1975) l~fllAmL'UdA~~'U~l'Uvlfli1tlJm~lbbl1'11~~yf~LLuua~~if 
l-Jl L U'U~'U~l'U 1 'Ufl1'l~Vll'Ulbb UU~lGl fl~'W Gll~~~ijam'U~yf~l1mrJ bb r;~:ff'U t~rJ bb 'UdA~'lJ fl~ 
Wesolowsky and Truscott ,f'UYla~~'UY)l~~ij~l'Ud'Ul-Jlflflil 1 bb r;~v:;Oflyf~:ff'U tu ~bb r;~ 1~ 

~ 

bbGl:; L d Gl11~,f'U v:;~vl'ltulvl fl Yldll-J Nl-J~'U ih:;l1il~~'U 'Yl'U Al'lJ'U Gf~ nu ~'U 'Yl'U 1 'U fl1'l~lfJ 
• • 

Yla~~'UY)lmrJ 1~.;rfl~ln~ 2 'l.h:;fl1'l ~fl ~l'Ud'U'lJfl~Yla~~'UY)l~Ltl~rJ'UbbtlGl~ 1 'ULL~Gl:;YllUblGll 

il~a~vltlLL'UdA~'lJfl~ Revelle, Marks and Liebman (1970) ~.;jv:;:ff'Unu'U trJUlrJ'lJfl~fl~y)m 
l1~fl.;r fl~ln~ 1 'U~l'U~utl'l:;l-Jltufl1'lGl~'Yl'U t~rJijw~n-6'Ul~ otl'l:;a~y)~~if 

, 
Lij fl 

• • 

M · .. I K I N I M A I K I M (" "" ) lnzmzze .. x .. + c . . + c 
k=1 i=1 j=1 jlk jlk k=2 j =1 jk Y j k jk Y jk 

subject to; I : IXjik = 1 Vi, Vk 

I ;=I X j ik :-s: NXjjk Vj, Vk 

I : IXJjk = G Vk 

I M , 
j=1 Y jk :-s: mk Vk 

x Jjk - X Jjk- I + Y~k - Y;k = 0 Vj, Vk 

A j ik 

YllU k 

(2.16) 

(2.17) 

(2.18) 

(2.19) 

(2.20) 

(2.21 ) 

~fl l-JGlYhi1vvU'U'lJfl~~'U'Yl'U 1 'Ufl1'l~lrJ UGl:;rifla{1~Yla~~'UY)11 'UYllU 
~ . . 
k ~ll-J~l~U 

~fl ~l'Ud'UYla~~'UY)la~a~~Ltl~rJ'UbbtlGl~ l~l'UYllu k 
~ . 
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X
Jik 

~tl vl1LL'\.h'Y11illYl~~';j~'lrhUV'l i ~mJau'YIaJlrJll1tl~nuuV'l j lou 
YllU k 

~tl vl1LL'lhY11illYl~~';j~U-jlYla~a'U~h;;)~flmrlrJOJlnUV'l )0 l'UYllu k 
• \J 

~tl vl1LL'\.h'Yl1illYl~~';j~U-jlYla~a'U~10J~fln~~~UV'l }o l'UYllu k 
• \J 

...... 
15f11';j 

LLnilru'Yll LL UU~1'U1'UL~aJ ~aaJLL~~151~'UliJn t '\.hLLmaJiJ~ ~~LL 'U1~~ifOJ~tJll9l'U'Yl'U 1 'Uf11';ja{l~ 
u • 

Yla~a'U~l LL 11~ 1 'YIl-i 'H1tll9l'U'Yl'U 1 'U f11';jrJlrJOJln Yla~ a'U~l u 11~ L~aJaJl~laJ~0J1';jfU11 'UVJ~n~'U 
• 

OJln LL 'U1~~ 1 'U f11';jLLnilqJ'YIl~lU ml~~~~'H~lrJ LL l1~U UUV'l~l~?I tl~ 
Wesolowsky and Truscott ~ijvr'U~1'UaJ1OJlnilqJ'YIlaJ5rJ~1'U~ ~~~1'U1'U?Itl~Yla~a'U~lOJ~~n 
fil'H'U~~lrJvl1LL~~ L 'Yhn'Ul9l~ tl~';j~rJ~ L1~1f11';j1l~ LL~'U LLviij ~La'U tl LL 'U1~~ 1 'U f11';junilru'Hl~~ij 

• \J U 

vr'U~l'U aJ10Jl nil ru'Yll~h LL 'Hll~~ ~~V1'U cl' m~OJl rJa'U ~1 LL uu 1l-i ij'li' tl~l n ~ 19l1'U?I'Ul ~ ~~~1'U1'U LL~~ 
~ U \J 

~~~?I tl~Yla~a'U~l fi'~ 1l-i'Yl';jlU~1~'HU1~'UnUV'l1';jliJ Ll9l tl{vil~ ,?I tl~iJqJ'YIl t~rJ ~~1l9lLa'U tl 
LL'U1~~if~tl Van Roy and Erlenkotter (1982) U'U1~~?Itl~~~atl~tl~u'Uvr'U~1'U?Itl~ilqJ'H1 
~lLL'Hll~~~~V1'Ucl'm~OJlrJa'U~lLLUU 1~ij'li'tl~ln~l9l1'U?I'Ul~ ?Itl~ Roodman and Schwarz 

\J 

(1975) t~mL'U1~~?Itl~ Van Roy and Erlenkotter OJ~vl~LLtl~~OJlmLUU~l~tl~a~~?Itl~ilqJ'Hl 

~1 LL 'Hll~~~~V1'Ucl'm~OJlrJ a'U~l LL uu 1~ij'li' tl~ln~l9l1'U?I'Ul ~ t~rJ f11';j lr:ivlll1 tlrJ (subscript) Lvi tl 
\J 

LLa~~ 5~YllU Ld m?l tl~ f11';j1l~ LL~'U t~ rJOJ~ij f11';j LL U~ L 'lfl9l L~aJ 19l'U?I tl~ Yl a~ a'U ~1 ~ LU ~ 'H1tlU ~ fU 

?IfU~L 1m L~aJl9l'ULLrJnn ~aJ n'U tilijf11';jL tl~rJ'U LL tl~~f11';jLU~ /u~)Yla~a'U ~lOJ~ij ~~ 1 tll9l~tl~OJ'UOJU • 
';j~rJ~L1mf11';j1l~LL~'U t~rJ~'Ul9l tl'U 1 'Uf11';jLLnilqJ'Hl1l9lijf11';j~ ~'Ul151 'Uf11';jLLnilqJ'Hl L~rJn-jl 15 

~l~~'U?Itl~ilqJ'YIl~ (dual-ascent Method) LvitlLLtl~~OJlnilqJ'H1L~aJ (primal) LU'U ilqJ'YIl~ 
(dual) mu~1tlnum~U1'Uf11';jtl-ru?Itl~ilqJ'YIlmu~ (primal-dual adjustment procedure) . 

o 0 ".Q,.4 .Q, 

LL~~'Y11f11';j'YllYll191tlU~lm5f11';jLLl9lnn~al?11 (branch and bound method) 

U 'U1~~~~'HaJ ~'li'l~l9l'UOJ~fln~~ ll1tl rJ1 'Utl';j~ Lfl'Yl?l tl~ LL UU~l~tl~V'l~l191 t~rJ~~ 
\J \J 

LL~~ r:i1'ULL'U1~~?Itl~LLUU~1~tl~V'l~1191 t~m:rrJOJ~tl';j~ntlU~~mL'U1~~?Itl~ Drezner (1995) ~~ 
Lu'UamL'U1~~'H~~~ij~''U~1'UaJ1OJlnilqJ'HlaJ5rJ~1'U~ L?:i'UL~mntJU'U-J~~?Itl~ Wesolowsky 

and Truscott LLviijmlaJLLl9lnvil~n'U~LL'U1~~?Itl~ Drezner J'U 1~' l1Yl1laJr;tl~runUl9l'U'Yl'Uf11';j 
U • 

rJlrJYla~a'U~l ~~ij?l'Ul~~~aJlmrltlL'YirJunUl9l'U'YJ'UYil?1'Ur:i~ (transportation cost) vl~J'U~~LU'U 
f11';j 1l-iaaJL 'HYlaaJ~~,:rn'Hlnijf11';jrJlrJYla~a'U~lUtlrJ , vl~L?:i'ULL'U1~~?Itl~ Wesolowsky and 

Truscott t~rJ Drezner 1~La'UmL'U1~~1'Uf11';jLLnilru'YllaJ5rJ~1'U~UUUV'l~1191 ~~LL'U1~~~ 
U .. 

(relocation) 
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, ~ 

" 'iI d ClJ' 0 Q.I oet. 4~ I 

m1'V1tn (the progressive P-median problem) 'If'''VIt'ln51Y1qJ"lJfl~U'U1Y1~'UYlfl m'HLUWlfVl 

"lJfl~u~mlaJv1fl~m';i (demand node) flflmu'UL'lfVl"lJfl~uvit'l:;Yla~~'U~l~1-Hu~m';i 1 'Uuvit'l:; 

YllU L 1 t'l1 1~ fJ m';i'Vll ~1 VI fl U'!'U YJ~fii''U1Vi (l '\.h:;Gf~ A~:; UfJ n L U'U"lJ fl~ uvi t'l:; YI a~ ~'U ~1 ~~ YI rum~ • • 
"lJ fl~~lV1 flU~:;~'U flUm';iU U~ L 'lfVl"lJ fl~U~ mlaJv1 fl~m';i 1 'UUvit'l:;YllU L 1m l~fJ ~1V1 flU~~~Gf~~:; • 
aJl~lnm';i';i1aJ~lV1flu~1~~lnYJ~fii''U1Vl~'lh:;Gf~A"lJfl~'Y1n 1 Yla~~'U~l ~~u'U1~~iflaJ1'liuqJ'VIl 
L:a~La'UVI';i~ Drezner ~~ 1~mAfJm:;u1'Um';iunuqJ'VIlL:a~YI.ruVlYl1GfVlf~L~fJn-h AMPL ~~~:;'til 
m';iaaJ~t'lLUt'lm~aJv1'U.gll 'VIt'llfJ 1 YI~~ ~'U l~~t'lLut'lfJ~~~Gf~ • • 

~'U VI fl'U15~ (l mllaJl h1 'U m ';i unuru 'VIl ~1 LL 'VI'l1~~ ~~ iJ fl ~ ~1 fJ fl'U'VI m fJ15 uvi~'U VI fl 'U15 
" v " 

~ Daskin and Owen (1998) 1~LGf'UflllLU'U~'UVlfl'U15~~nl'lfmh~nll~"lJ11~1'Um';iLLnuqJ'VI1 
~lLL'VI'l1~~~~ LLt'l:;m';iunuqJ'VIlm';i1~fJm';i~hL'u'U~1'U~'U iJ 3 15 Afl 15m';i~fl'UYlt'llfJt'llml'U 

Z Q-Q ell q ~ .Q..Q " 

(Lagrangian relaxation), "lJ'UVlfl'U15m~VI (greedy algorithms) LLt'l:;"lJ'UVlfl'U15m';iYl'U'VIlLLUU 

'lil~LAfJ~ (neighborhood search algorithm) 

2.5.1 L'YIfI'UFllufil';il'ilt:HHiHifJ t6ltlfnAtJitifil';i~f)UFlalmnn';ilU 

15m';iLLnuqJ'VIlLL UUojl'U1UL~aJ'!UL UuuqJ'VI1~mn 1 Um';i'Vll~lV1 flU ~~m';i~ 
~:;mAfJ LWfJ~~UVlflu15~iJmj'!u 1 Um';i'Vll~lV1flU 1~LwfJ~~mh'VI-ruuru'Vll~iJ"lJU1~ 1 mu ~~ 

" v v 

lJn~:; 1'lfL1t'l11 Um';iLLnuru'VI1L UULLUULt'l"lJ~fha~ ~~ l~iJ ~LGfUm'YlYll1Y1L ~fl Hl 'Um';iLLnuru'Vll~iJ 
v " v 

5aJ-W'Yl5 (relative set of side constraints) LLt'l:;'til1-HLfi~L U'UUty'Yflt'llml'U (Lagrangian 

problem) ~'U ~~LLnuqJ'VIll~~lfJnlluqJ'VIl~~v1'U~~~l';irul LLt'l:;~lV1flu~l~~lnUqJ'VIlt'llml'U 
~:;L U'U"lJ flU L"lJVlal~Gtl'V1-rUUqJ'VIlm';i'Vlll"hu flfJ~~~ (minimization) "lJfl~UqJ'VIl ~~v1'U Ut'l:; 

GflaJl';i(l1'lfLL'Yl'Um';i~fl'UYlt'llmh'VI'U~m';iL:a~La'U (LP relaxation) 1~ 

lutl 1971 Held and Karp (1970,1971) 1~'Il1L'YlYll1Y1'Yl1~YlruYlmGfYl{~'li~n 
fl'U 1 'UUlaJ"lJ fl'luqJ'VIlt'llmlU 1 'l11.'lf1 Um';i'VI1"lJ flU L"lJYlal'l"lJ fl'lUqJ'VIl m';iL~'U'Yl1'l"lJ fl~~tin'll'U"lJlfJ 

(traveling salesman problem) LLt'l:;~lnm';i'\.h:;GfUmlaJGtlL~~"lJfl~ Held Ut'l:; Karp 'til1'V115 

t'llml'U (Lagrangian method) 1~~n'll11Ul'lffl~1~LL~~'VImti ~lfl~l~L'li'U l'UtI 1973 Fisher 

(1973) 1~'Il115mml'U hhh:;~nVl1'lf1'UuqJ'VIlm';i~~Yll';i1~ (scheduling problems) LLt'l:; l'UtI 

197 4 1~LGf'Ufl~flGtl'V1-rU15t'llml'Ull "m';i~fl'UYlt'llt1t'llml'U" ~~viflaJlmtl'VIa~m';i~fl'UYlt'llt1 
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~lwnu 1imnh h.h.h~tlf1Vl1'lffi\J'l1rurnm,)'VI10JVlL'VIaJl~(;faJ~(;fVl (optimization problem) n'U 
'" II v II q 

fl~l .. mll~'llll~~~fllY1t1~Vl L~'U'll fl~15if ~ fl (;flaJl,)flrnYilVl fl'U'll fl~t1qjrnOJ~~ 1iLL,rt1qjrntT'UOJ~ 
ii'll'U1Vl1 'VIqJ 

LL 'Ul~Vl'VI~f1'llfl~15m') t:J fl'UrI~ltl'll fl~~lml'U ~ fl m')(;f-rl~t1qjrn~lf1 

,)1'U~'U ~~aJ1OJlf1m')t:J fl'U rI~lm~ fl'U 1'llu~~'Uvf~LLYi'VI~~ L~~'U 1'll'li fl,iln Vl~'U hJ'll fl~t1qjrnm')rn 
~VlL'VIaJl~(;faJ~~Vlvf~l9i''ULL~~ 1'lfvll~rumml'U (Lagrange multipliers) ~ruL'liln'UL~fl'U 1'll 

'li flojlnVl~l9i' fl~m') t:J fl'U rI~ltl OJlf1tT'Ul11 L~fl'U 1'll'li flojlnVl~flf1 rlruLLrrltT'U hhlaJ fltl1 'UVJ~ni''U 
\J \J U 

lVl~l.h~(;f~A ,)ltl~~LatlVl~'UVl fl'U'll fl~m') hi5m')t:J fl'U rI~ltl ~lml'U 1 'Um,)LLfit1qjrn2Jlitl~l'UW 
G G.I.J' 

OJ~ L U'U Vl~'U 

n m 

t1qjrnm,)'VI1A1L'VIaJl~(;faJ~~Vl (P) vf~l9i''U Z = min L L ciJXl) (2.22) 

, 
"" Xl) LaJ fl 

Yj 

Ctj 

P 

N 

M 

subject to; 
j=1 

j=1 

Xl) ::; Yij 

Xl) , ~j E {O,l} 

;= 1 j=1 

; ViEN 

; ViEN,jEM 

; Vi EN,} E M 

(2.23) 

(2.24) 

(2.25) 

(2.26) 

~fl vllLLlhY11mrlLdfl~mil i 1i-r'Um,)'U~f1l,)OJlf1~'Uum~0J1tla'UYil j 

~fl vllLLlhY11mrlLdfl~'Uum~0J1tla'UYil j LtJYI1r1'U~m') 
~fl 19i''U'Y1'UA1'll'Uri~,)~'VIil~~f1Yil i n'UYl'UUfl,)~OJltla'UYil J. 

• U \J 

~fl ojl'Ul'UYl'Uum~0J1tla'UYil~~'VIaJVl~LtJVl1 r1'U~m') 
\J 

j EM, j = 1,2, ... , m 
, m 

1'Um,)~OJ1')rulOJ~'Yilm')t:Jfl'UrI(;'Ilm~m.J 1'lJ'liflojlnVl L X l) = 1 LL~~ 
J= I 

th hhlaJn'UVJ~ni''U1Vl~lh~(;f~rl1iLtJ'Ut1qjrn~lml'U (p;.. ) tVltl~~~L\l~tI~&i~~Vl'llfl~VJ~ni''U 
lVl~lh~(;f~A ~fl z ). 

n m n m 

Minimize LLcl)Xij + LA;CLXij -1) (2.27) 
1=1 j =1 ;=1 j=1 
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lYlfJ~ Ai = (A, I ~ I ••• • I Am) ~fl~l~rumn'nu LLa:; 1'Um'l 

LLnilqJl"lalml'U'OJ:;vifl ,nhm'lLLfJnilqj'Yilmml'UflflmU'Uilqj'Yil~ flfJ ( Pi ) f1fl'U lYlmu.nJ~111 

~l rI rum ml'U rI'I~ LLa:;nl m 'l LLnil ru'Yil~ fl fJ'll fl'l LL~ a:;~l rI ru al ml 'U~'1 ijVJ'In~'Ul Yl fJ lh:; 5'1 ~ ~ fl 
'" u '" , 

Zi = Imin~ij + ApO} (2.28) 
1=1 

~l r.J a Lua fJ'll fl'lil qj'Yil m ml'U ~ fl'll fl'U L'll 19H.h'l'll fl'lil qj 'Yil ar5fJ~1'U ~ 

al'YI-r'ULL~a:;~lrlrualml'U LLa:;vi fl'l fllAfJm'll'U.Jl L ~ m U ~fJ'U ~l~lrlrual ml'U 1 U'OJ'U 1Yi .... .... 

'll flU L'll191~~nll1YlfJm'l1'lfm:;'Ul'Um'lm'l1'lfm'l'Yil~1 L 'YI'J1:;5lJ~5Yl LmL~fJ'U~ flfJ LLa:;'llfl'U L'lll91 • 

max {z,J 
A 

(2.29) 

2.5.2 L't1f1Ufl1'Unl''i'YI1r.JaLm'lf.lvilf.11iin~~~ 

L U'U~'Ul91 fl'Ui5m'l'Yil~1191 fl'U~~lfJal'YI-r'Uilqj'YIlm'l'Yil5m'U~~'1 ~'11 'Ui5.Q'OJ:;nl m'l'YIl 

19i1 LL 'YIU'I~~'1A'Uum:;'OJlfJ ~'U~1~~~5Yll9il LL 'YIU'ILL 'In lYlfJm'lLL'OJ'Iir'U~l~ L U'U 1 u1Yi~'1'Y1lJYl (total .... . 
enumeration) mllJmn~lfJ'llfl'lm'l~l'UlruJ'U?f'Un'U~l'Ul'U'llfl'lA'Uum:;'OJlfJ~'U~l~LU'U 1u1vi .... 

~ fl'OJl nJ'Unl m'l'YIll9il LL 'YIU'I~~'1 A'U U m:;'OJl fJ ~'U ~l ,h ~'U ~ fllJl lYl fJ m'lrl'll9il LL 'YIU'I'll fl'l A'U U .... .... 

m:;'OJlfJ~'U~l~LL 'In H LLa:;nlm'l~l'Ulru'YIll9ilLL 'YIU'I~~'1rh~'U~5fl'l n1L"tf'U.QL~flfJ 1 u'OJ'Um:;i'l 

1Yi~1'Ul'U'll fl'lA'U U m:;'OJl fJ ~'U ~l rI'l'U 1911lJ~vi fl'lm 'l LL~i5m 'l.Qar n ihi ~ i.5fJ ~ fl ar n'OJ:; 1Yi ~1191 fl'U~ .... 

hj~irn lYlmil~'U~'Ul91fl'U'll fl'l~'Ul91fl'Ui5n~Yl~ (greedy algorithms) LU'U~'1LL5Yl'l1 'U~U~ 2.2 

dt: (i' Q.... 0 , 

Vl1'r1Cil-il"lJEl-ill!p,UJn~::,;)1[Jt'i'\.l,m (DC) Cil1LLVI'\.l,-iI 

LL~n1Cil[Jm~~1WJm1Cil[Jm~LL,;)-iI,rlJ 

1 
~1'\.l,1m'Vmi1LLVI'\.l.-iI~~-iI DC a1~lJ~ElhJ 

1Cil[JfI-iI DC 1ii1LLVI'\.l.-ilL~h,Ar 
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2.5.3 m'H ~3.j\.h~a't1 ti1l1'W 1 Utl1'l..,l f'l1 (:J tl Lw tltJtI ·fI\I.ffUl9IrlUlijtl1191~ 

~lfl'll fr<ihn~"lJ fI\I.ffUVI flulijfl1~~~\laJfl~:; 1~~lVl m,~laJ~tT flih 111Ln~.ffuVI flU 

15l~,aJ ,?1U:lJl L vJ fI~~~L'rhJ'\.h:;a't16m'W"lJ fI\I~lVl flu~1~~lfl15fl~~~ ~'1U\lA\lij LL Ul~~ fI~UU 
" 

~U~lU"lJ fI\lfl1~vn~l (:J~ Lu~tllV1t115fl~~~ l~tlij ~LGfU fI LL Ul~~~\lfl ~11ojlU1U:lJl fl LLVl1 u~if~~ .. " 

ij ~LGfU fILL Ul~ ~fl1~L ~:IJ'\.hd~'t16m'W"lJ fI\l15fl~~ ~ ~\lij~fIL~tln-h .ffUVI flU 
" 

15fl1~AuvnLL UU'lll\lL~tI\I?1U l~tI Maranzana (1964) ~\lmAtlfl1~tJ-rU\.h\l~lVlflu~ijfl~LLal 
"'~fI~lVl flu~1~:lJl~lfl.ffUVI flU15fl~~~ LL~:;nlfl1~oj'~~flA11-H't1 flVl flUGfU fI\lAl1:IJ~ fI\lfl1~ l~tI 

" " 
AUrJm:;~ltlaUA1~ fltl1fla~Gf~ LL~:;f11"'U~ L 'ZfVl"lJ fI\lU'W~ijAUrJ m:;~ltlaU Al L~ tllnU 1 it UL'ZfVl 
'U U. \J 

L~tI1nULLtl~L~tlflll L'ZfVl 'lll \I L~tI\I (neighborhood set) l~tIL~ fILL U\I L UU L'ZfVl LLal 1 ULLvi~:;L'ZfVl~~ 
nl fl1~~lUlt1Jvn~vf\l"lJ fI\I AUrJ m:;~l tI au A11.., aJ "'~\I AU rJ m~~l tI au Al vi fI"'~\I L 'ZfVl L~ fI AU rJ 

" " " 
m~~ltlaU Alt1fl f11..,u~~vf\l1..,aJ LLalA~U't1flL'ZfVl fi~~nlfl1~~lUlt1JLL UU LL~flLL~\I~\I"':IJ~ 1..,aJ afl 

\J • 

A {\I L vJ flf11..,U ~lltlfl Al~:;t1flVl flUGfU fI\lAl1:IJ~ fI\lfl1~ 1~ tlAUrJm:;~ltlaUA11V1 'h~u.ffuVI flU 
'U '" \J . 

15fl1~if~:;~u Gf~ L~ fI~lLL 'H'll\1"lJ eNAU rJm:;~ltlaUA11aJGfl:IJ1~m tJ~mJLL tJ~\l1~LLal ~\lJuml:IJ . " 
~ fI\lfl1~ - ~:;tI:;'t11\1~l:IJ (demand-weight total distance) ~:;~VI~\I'Ylml{\I~ijfl1~L tJ~tlU~lLL 'H'l1\1 • 
"lJ eNAUrJ m:;~ltlaU Al LLvi15fl1~ih ULLvi~:;A{\I"lJ fI'I fl1~TU~flu~:;nlfl1~L tJ~tlU~l LL 'H'll\1AurJ 

\J " 

m:;~ltlaUA1Vfffl:IJnU 1 U't1 fl L'Zf VI 'lll\l L~tI\I LL~:;~l LL 'H'll\1~:;~ fI\I fI~mtl1 U L'ZfVl 'lll \I L~tI\I L 'YhJu ~\I 
• \J 

n1111Ln~fl1~ojln~1\1"lJfI\I~lVlflU:lJlflLnU 1 tJ ~'1m~n1111~lVlfluJuA~1~LA~mJ~lfl~lVlflU~~ 
~Gf~ 1 tJ l~tlc;il~u.ffuVI flU"lJ fI\I.ffUVI flU15fl1~Auvn LL UU'lll\l L~ tI\I L UU~\I LLGf~\l1 u~tJ~ 2.3 

• \J 



, " 
L13J-n-"~CilElU~1m'hCilEllJ 

. " " n1~U~~113JCilEl~n1~El~~n~1 
'IJ 

i.tl£T~~1LL~li.~'lJEl~f'lu6m::~1£j 
'IJ 

~u~1~ln~~a'~ • 

o .d ~ f{ 

mu 1rn~TY1Cil~'lJEl~f'lU£j 
'IJ 

m::~1 £j~u~11 ~3Jm £j 1 ULL<1l 

~ " ... 
~::L'1fCil bn~L~£j~ 

(1 median site) 

£T~ a'13JT.Jmtl~ £jU 

~'hLL~li.~~i~ i.~ El ci 
'IJ 

~~Eli.3J 

Yes 

Yes 

£T~a'13JTH1Ltl~ £jUL'1fCil 

'lJ El~L'1fCilln~L~£j~i.~El ci 
'IJ 

~~Eli.3J 

n1~u~m13J~El~mTIJZl~~ml1 
'IJ 

i.tl £T"~1LL ~li.~'lJ El~f'lU6m::~1 £j 
'IJ 

~u~1~ln~~a'~LL~::a'f1~L'1fCil • 

28 

')t1~ 2.3 ~'U~a'Ui5A'U'VIlbLuu?i\~L~hJ'I (neighborhood search algorithm) 
" 

1 ) uru'Vll~'h LL Vl'U'l~vf'l~l'VI-rUUru'Vll m'lvf'lYl'\.Urm::'OJltl~h.!Yh~ L VI3.n::m.J ci'1'U 
u u" 

1'V1qJa~U'U~'U~1'U'lJa'lUqJ'VIl~lLL'VIt1'1~vf'l~'U~1'U 2 UqJ'VIl ~a UqJ'VI1~BtI~1'UV4 LLa::UqJ'VIl 

~l bL 'VIt1'1~vf'l Yl'UU m::'OJl tI a'U I'll LL uu hJ i1'li'm'h n ~ vll'U'lJ'Ul ~ u~ L ~ a'l'OJl nu ru 'VIl ~ Bmil'U V4i1'OJ~ 
'U v ... 't 



29 

~vl'U'Yl'U~~~1 'ULL~~~~l LL 'Htl~~~~'lJ fl~YI'U~m~'J1fJih'! Yll~ L til'! hJ1~L 'Yhn'U LL~~ hhhlJl . ~ 

~o:Jl'HU1~llJnUvl'U'YJ'UA1'lJ'Ua~ ih 1 \1~~~Y45'lJfl~Uqj'Hl1a.i~f)vla~1'U'Y11~t1~u&lo:J~~ Ltifl~o:Jlf) 1a.i 

~ . 
~o:Jl'HUll1~vl'U'Yl'U 1 'Uf)1'jn fl~{l~YI'U~m~o:JlfJ~'U Yll LL~~vl'U'Yl'U 1 'Uf)1'j'lJ'U a~~lfJ 

~ 

af)11~ojl'U1'U . ~ . 
'lJfl~YI'U~m~o:JlfJ~'UYll1a.i1~flf)fh'H'U~lJl~1~'HU1LL~~'Unuvl'U'Yl'U~'h~ru..r~~fl~ LL~Lyjfl1\1 

'U \J " v 

Uru'Hl~l LL 'Htl~~~~ 1 'U f)1'jl~fJif ~~li' fl'Unuuru'Hl1 'Uli'jno:Jo:J~~~~o:J~Ln~ L~fl'U 1'lJ~1'U'lJ'Ul ~'lJfl~YI'U~ 
v v q \J 

m~o:JlfJ~'UYll~'U Yl~,f'U~~ 1~L~lJL~fl'U 1'lJ-lrmi1n~~1'UmllJ~ (capacity) L'li'11t1nuuqj'Hl 

~1 LL 'Htl~~~~YI'U~m~o:JlrJ ~'U Yll LL uu 1a.i~-lr flojln~~l'U'lJ'Ul~ L&ilJ ~l~,f'U~l'Ul~rJifo:J~'Yilf)1'jl~fJ 
~ 

~~~ (capacitated fixed-charge facility location) ~~~~f)~UJ~Li'UL~fJ1nUUqj'Hl~lLL'Htl~ 
~~~YI'U ~ m~o:Jl rJ ~'U Yll LL UU ~ vl'U'Yl'U ~~~ LL~~ 1a.i i1-lr flojl n ~ ~l'U'lJ'Ul ~ LL~ LL~ f) ~l~n'U ~15f)1'j 1 'U f)1'j 

~ . 
IV IV , 

2) LL UUojl ~ fl~ al'H~U~l'Ul~rJii fl ~U'U ~'U ~1'U'lJ fl~ LL UUojl ~ fl~Y4 ~1~;a~ 

Y41'jlij L~ fl{U1~~1,f'UalJ~'U5nu L 1al LL~ L ti fl~o:Jlf) LL UUojl~ fl~Y4~l~,f'Uo:J~~'lJ'Ul~'lJ fl~Uqj'Hl 
(problem size) mmlJ 1~fJ~'Unuojl'U1'Ut1'U~m~o:JlfJ~'UYll, ojl'U1'U~f)Yll LL~~ojl'U1'U~lULl~1 
'lJfl~f)1'j1l~LL~'U (planning period) Yl~,f'ULL'U1~~~~ ~L~'Ufla1'U 1 mlJ~~fl1ArJ15f)1'j'HlYh~flu 
~lrJ ~b~~&if) ~~ ~ ~r;tY45'lJ fl~~l'Ul~fJifo:J~'\.h L~'U fl i11~~&l f)~ L 'HlJl~~lJ 1 'U f)1'j'HlYh~ flU 

3) ~lJlJ&i~l'U~~lJ L 'H~~lJ~~'lJfl~LLUUojl~fl~Y4~l~ ~fl la.ifl'4qjl~ 1 \1~f)1'jrjlfJ 
YI'U~m~o:JlfJ~'UYll1~1 'U'j~'H'-;h~~lU L1~1f)1'j1l~LL~'U Yl~,f'ULL UUojl~fl~Y4~l~~~ WJ'Ul~'U 1 'U 
~ 

~1'Ul~fJifo:J~LtJ'ULLUUojl~fl~Y4~1~1~mj'fJ ~~LL'U1~~~tll~li1v ~fl LL'U1~~'lJfl~ Drezner 

(1995) ~L~fJn-;h Uqj'HliJlifJ~l'UY4LL l1~LLUUnl1'HUl 



d 
UrI't1 3 

fll'Hll'Ylk!6lUty'YIl ua~1ijfll'l~1 L Uk! fll'l1~ [J 

f)l'l~VI~'lYl'Ufi'f)';j~OJltl~'U Al b u'U nOJf)';j'laJ~ijA'naJ alAUJ l 'U'l~tI~ml~ fl fl'l ~f)';j ~'l~ VI fl~ 
'U v 'U 

l 'Uth~ b.fl'Ylf)l'lll'lbb~'U l 'U'l~YlUmUJ'Y1ci'bb~~ b u'U al'UalyJUJ~~l 'U'l~u'tIL~~i;l'~mhlaJ~'lf)l'l~Vli;l''l'l 
• v 

'Yl1~mf)';j'll fl'l fl'l~f)';j (resource allocation) Yl'lJ'U l 'Uf)l'l~V1l'Ul~'WVI fl'U16al'H1Uf)l'lbbnuty'Yll 

vllbb 'Htl'l~~'l'll fl'lYl'Ufi'f)';j~OJltl~'U A1OJ~vi fl'l-WOJ1'lrulUOJ~tI'lflUvll'U'Hmm.h~f)l'l b yj flll1f)l'l 
'U 

vlVl~'U h l 'U'l~YlUf)~tI'Ylci'ifJ'UiJ'l ~m.h~ LtI'lfU i;l''li;l'VI~ fl fl'l~f)';j LVitlal'Ubb 'If)'lI fl'lU'YlifOJ~b U'Uf)l'l 
• 'U • 

t11'H'U VlU ty 'YIl~-WOJ1'lrul al'H1U'l1'Ul~tI ~uuif LVI tI fll Ati bb 'Ul ~ VI bb~~'Yl tj'li ~'Yll'l vll'U U ty'Yll 

vilbb 'Htl'l~~'l~'llvl'YlU'Yll'U'll'Ul~mb~~'Yltj'li~~ b~m'li' fl'l~ b u'U'thdtl'lf'U11bb~ll 'UU'Yl~ 2 bb~~ 
UlaJll'lfb yj fl b U'UbA~fl'lijfll 'U fll'll bml~l1Uty'Hl bb~~t11'H'UVibb 'Ul'Yll'l'll fl'l'll'Ul~tI LVitiUlaJl ~'Ulf) 
nu bb 'Ul~VI bb~~'li' flbi;l''U flbb 'U~~1'l1'l1 fl'll! f)l~tll 'U b~fl'lUty'Hlvil bb 'Mtl'l~~'l b yj fli;l'{l'l b U'U 

bb UU~l~ fl'lA ruVlYlli;l'VI{al'H1U fl6UltlUty'Yll~t11'H'UVI~'U bb~~ l 'Ual'U~i;l'fl'l b U'U f)l'lfl6U1t1 bb 'Ul 

'Yll'l f)l'l~ ~'Ul~'U VI fl'U16al 'H1U f)l'l bbnu ty'Yll~~'l~'U 

3.1 fll'lfll'Y1k!6lUW'YIl .... 

f)l'lt11'H'U VlUty'Hl b U'U al'U al A ty l 'U f)l'l~ ~'Ul'll'Ul~tI'Yll'l vll'U f)l 'll~tI f)l'lvil b il'U'll'U 

Yl'lJ'U l 'Uf)l'lt11'H'UVlUty'Yll bb~~bb 'Ul'Yll'l'll fl'l'll'Ul~tlif~'l bb U'l f) flm u'U i;l'fl'lal'U ~ fl l 'Ual'Ubb 'If) 
, " 

OJ~b~aJOJlf)f)l'lAf)'lil'li''UVi fl'U16'l1 fl'lU~';'Ylvll fl~l'll 'UuOJOJu'U LVitlOJ~lbCfI'l1::'H1 'Uvll'U'li' fl&i 'li' fl batl • 
l 'Uvll'U~1'l1 LVltlfll Amb 'Ul'Yll'lOJl f)f)l'l'YlU'Yll'U'll'Ul~mb~~'Yltj'li~~ b~ m'li'fl'll'U f)l'll bA'll~l1 
'H~'lOJlf)J'U l 'Ual'U uVil UOJ~ l 'If'lltl~~ b~tlVI~lvlOJl f) f)l'll bA'll~l1Uty'¥il ~'Ulf)nU bb 'Ul~VI bb~~ 

- .. ~ 3.1.1 nl":i1Lft":il:::'t'iuty't'il 

" .... 
'llaJ'Yl'l bb 'Ul'Yll'l'll fl'l 

OJl f) f)l'l A f)'lil i;l'.fll~UUJ 'YIl'll fl'l f)l'lvl VI ~'U l OJll'l bb~'U 'l:::Yl U f) ~ tI'Yl 51'U vll'U f)l 'l 
v • 

~ VI ~'l ~'U fi' f)';j~OJltl ~'U Al'll fl'lU~';'Ylvll fl ~l'l bb~~OJl f) f)l'l'YlU'Yll'U 'Yltj'li ~ bb~:::'ll'Ul~ tI~ b ~ tll'li' fl'l 
i;l'laJl'lf)i;l''lUbb~:::bbtlf)UUJ'YIlflflf) lvlbu'U 3 al'U Yl'l~flluif~fl 

• v 

1) Uty'Hl vll'U ~ru.fll~'lI fl'lA1Vi flU OJlf)f)l'lAf)'lil~'UVi fl'Ul~Hhm 'U f)l'l 

~ VI ~'l YI'U fi' f)';j~OJl tI ~'U Al'll fl'lU~';'Ylvll fl ~l'l~Ull l'U f)l 'l'Yll vil bb 'Htl'l~~'l'll fl'l A'U fi' f)';j~OJl tI ~'U Alll 
'U \J 

vilbb 'Htl'llVi b U'Uvilbb 'Htl'l~b 'HaJl~i;l'aJ~qVlJ'UOJ::: l'lfbb UU~l~fl'l · (model) fl~l'l~ltll 'Uf)l'l'l:::'4Uty'Yll 
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an..r-:J 1 'Un1'J'YIlyhVl flU~::lh l~rJ 1-lfi11~a~n~1a.i ihh::i~h'BtnYl ~-:J bL Uml1afl-:Jl11-:JYlWVlAlaVlf 

~l 'YI-ru n1'J'YIl ~l bL 'YI'u-:J~~-:J A'U ~ m::~l rJ a'U Al'Y1~-:J LL 11-:J'lJ fl-:Ju3,;''Ylvll fl ~l-:JYi1"ifL 'Uil~~u'U ~ fl 
'lJ , 

Minimize I Iduw;xu (3.1 ) 
jeN ;eD 

subject to; Ixu = 1 ViE N (3.2) 
jeD 

IY; = VjED (3.3) 
jeD 

Y; -XU 2:: ° VjED , ViEN (3.4) 

Yj , Xu E {O,l } (3.5) 

, .. 
dl) LlJ fl 

w; ~fl Y1lllJvlfl-:Jn1'J'llfl-:JanAl i 
'lJ 

Xu ~fl vllLL'\.h'YlltnYl~1'Y1-rUn1'Ja-:Ja'UA1~ln~'U~m::~lrJa'UAl j hJ~-:J 

anAl i 
'lJ 

Yj ~fl vllLL'lh'YlltnYl~l'Y1-rUn1'J~-:J~'U~m::~lrJa'UAl j 

D ~fl L'lrVl'll fl-:JA'U~m::~lrJa'UA1..r-:J'YIlJ~~ allJl'Jf.) 111u~n1'J l~l~rJ~ 
'lJ 

JED, j = 1,2, ... , m 

N ~fl L'lrVl'llfl-:JanAl..r-:J'YIlJ~ l~rJ~ i EN, i = 1,2, .. . , n 
'lJ 

VJ-:Jn~'U1Vlq'\.h::a-:Jyf (3.1) Lu'UVJ-:Jn~'U~-:JLLa~-:J~-:J~~'\.h::a-:Jyf"ltY'Ylld ~fl n1'J 

'YIl~lLL 'YI'I1-:J'llil-:JA'U~m::~lrJa'UA1~1'Ul'U 1 bLl1-:JL~fll;1111vl'U'Yl'U'JllJ 1 'Un1'J 111U~n1'JanAliiYil 
'lJ ' 'lJ 

tJmJ~,!~ l~rJiiLifl'U 1'llU-:JYlU (3.2) L ~f)fll'Y1'U~ 111~nAlvlfl-:J lvl-rUn1'JU~n1'J~ln~'U~m::~lrJ 
a'UA1LLl1-:Jl~LLl1-:J'YI~-:JL~rJ-:J 1 bLl1-:JL'Yh,T'U Lifl'Ul'llu-:JYlU (3.3) L~fl'J::'\.r:h,.ltY'YIldvlfl-:Jn1'Ja-rl-:J 
Yla-:Ja'UA1~1'Ul'U..r-:J'YIlJ~L ~rJ-:J 1 bLl1-:JL'Yh,T'U Lifl'U l'llu-:JYlU (3.4) ~nAl~:: lvl-rUU~n1'J~ln~'U~ 
m::~lrJa'UAl }. LdflA'U~m::~lrJa'UA1,T'Uvlfl-:Jf.)na-rl-:JL'Yh,T'U LLa::Lifl'U l'llu-:JYlU 'lJ 'lJ (3.5) 

fh'YI'U~ll1vllLL'lh Yj LLa:: Xu LU'UvllLL'lh'YlltnYl 

a'UA1~-:J'\.h::n flUvllrJ vl'U'Yl'U 1 'U n1'Jn fl afl-:JYla-:Ja'UAl 'J1Yll~&l'U mJmru ell'UlrJYllllJ a::mn , , 
1 'UYla-:Ja'UAl L1'U'Yl'U'YIlJ'ULirJ'U L U'Uvl'U ~-:Jvl'U'Yl'UL 11~l'diilJaYil~a-:JlJln~1 L U'U~~::vl fl-:J'l1llJl 

~ II II 'U 'U 

lvlL~rJ-:J 1 bLl1-:J ~-:Jn1'J~-:JA'U~m::~lrJa'UAllJlnn-h 1 bLl1-:Jfl1~'iI::allJl'Jf.)a~vl'U'Yl'U'JllJ lvl~-:J 
'lJ , 

~'U nu a'YlBYl a'll fl-:Jvl'U'Yl'U Yl-:J~ LLa::vl'U'Yl'U Yil'll'U a-:J 'li fl LarJ'll fl-:J LL UU~l a fl-:Jd a mb'U ~ flla.ilvl , , 
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~OJl'm.n L~fl'U 1'llU~~U~1'U"lJ'U1~"lJfl~A'UUm~OJ1fJa'U~1~~ L tJ'U'li' fl.j1fi~~1'U ml2Jal2JTH11 'U f)1'l 
'\J 

111u~f)1'lLLrian~1 t~mnnl~ljf)1'l~0J1'lW1L~fl'U l"lJu~~U'dmrl f.JaL\lafJ~1~OJ1nuru'H1OJ~ 
'U v 

LL~n~h~fiuuqJ111~hj~OJ1W1L~fl'U l"lJu~~umh~2J1n 
a'U ~1 LL uuljYi'U'Yl'U A~~ LLa~ hjlj'li' fl.j1fi~~1'U"lJ'U1~ 

LLa~ 1 'UUru'H1~hLL mj'1~~~A'Uum~OJ1fJ 
v '\J 

'H1n2Jfl~ 1 'ULL~"lJfl~ml2Jal2J1'lf) 1 'Uf)1'l 
• 

111U~f)1'l?Jfl~LL~a~A'Uum~OJ1fJa'U~lLLal n~fluru'H1~lLLmj~~~~A'Uum~OJ1fJ~'U~lLLuulj 
'U v '\J 

'li'fl.j1fi~~1'U?J'U1~LLa~Yi'U'Yl'UA~~ ~~fhl1'U~ 111All2Jal2Jl'lf)a~a~ 1 'Uf)1'l'lfl~-ruljAl2J1n ., 
• 'U • 

J'ULf.l~ ~~'!'U~~~fll~"huru'H1~lLLl1t1~~~~A'Uum~0J1fJa'U~lLLuuljYi'U'Yl'UA~~LLa~ hjlj'li'fl.j1fi~ 
v '\J • 

~1'U?J'U1~LtJ'Uuru'H1rJflfJ?Jfl~uru'H1~hLLl1t1~~~~A'Uum~OJ1fJa'U~lLLuulj'li'fl.j1fi~~1'U?J'U1~LLa~ 
v v 'U 

2) Lfi~All2JAa1~LA~fl'UL~mla1LU~fJ'U lu L~fl~OJ1n1'UuOJ~u'Uamw'Yl1~f)1'l 
~a1~ Lfi~ All2J L U~fJ'ULL ua~flrJ1~'l1~ L~l ljf)1'lLL?i~-ll'U~'l'ULL 'l~~'U 'fi1111f)1'l~OJ1'lWT:h • 
W1'l1i3 L~ fl{~l~" ljA1A~~hh U~fJ'U~l2J Llal,!'U f.l1OJOJ~ l2J1?i~1~ flU?J fl~UqJ111~ L 112J1~a2J~,!~ 
L~fl~OJ1'lW11 'U'l~fJ~ml L ~fl~OJ1nf)1'l~~a'U lOJaf1~A'Uum~OJ1fJa~~1 LtJ'Uf)1'lv1~a'U lOJ'l~~una 

'\J 

3) ~'fi1f)1'lv1~a'U lOJ 1~ljml2JL'li'11OJflrJ1~an;ff~ 1 'U~1'Uf)1'l1~rJn1'l~lLU'U~1'U an 

..f~?J1~ LA~fl~lj fl~?ilfJ1 'U f)1'lv1~a'U lOJ L ~ fl~OJ1nu~'li'Ylv11flrJ1~lj'l~UUlb~ t 'liflU'Yl1'U?J'U1~ 1 mu 
• v 

Q.I 0 ~ ct'.J 0 QJ 4 Q.I .J' q J' 
f)1'lW ~'U1 LL UUOJ1 a fl~'Yl1~ AW~ A1 a~'l'Yl L 112J1~ a2J a111'lU~1'U1OJ fJ'U 2JW'U~l'U 2J1 

OJ1mLuu.j1afl~~lLmt1~~~~LLuuwal~ t~mrfJ ?Jfl~ Drezner (1995) ~~lj~fli1 UqJ'H1~ilfJ~l'U 
WLLl"~LLUUn1111U1 LLa~?Jfl~ Ting, Chen and Hong (2003) t~mrf1'l~W~L~'U?Jfl~afl~LL'Ul~~d 
~fl 1~fl'Uru1~ 111ljf)1'lri'lfJ~lLLWU~?Jfl~A'Uum~OJ1fJa'U~1~LtJ~ 111u~f)1'lLLall~ ~~LtJ'U 

• v 'U 

a2J2J~~l'U~aml1~ a2Jf.JaLLa~Ll12J1~a2J 1'U'Yl1~U~u~OJ~~ . flrJ1~ hn&i~l'Ul~fJ..f~afl~ljLL'Ul'Yl1~ 
1 'U f)1'lLLnl?JuqJ'H1~l~fiu~l'Ul~fJ\luudA fl'U'li'1~2J1 n L ~ fl~OJ1 n~1'Ul~tJ\lUui1'1~ri111'U~ 111lj 

L~fl'U 1'llU~~U~l'UAll2J al2J1'lf)"lJfl~LL~a~A'Uum~OJ1fJa'U~lljmh->l~lfi~ 'fi1111uru111~~OJ1'lW1 
'U v 

.. J' d 1:; 0 _"1.....J' 0 .ell ....... ~I 
2Jml2Jmn?J'U2J1n L'Ufl~OJ1n 'U?J'U~fl'Uf)1'l'H1m~flU?Jfl~uqJ111afl"clW~'U A1~flU'Yl ~2JnOJ~L u'U 

~l~flU~LtJ'U 1 ul~l~ (infeasible) ~~'!'U 1 'U:'U~fl'Uf)1'lLLnuqJ'H1OJ~Yifl~ 1'lf11~nf)1'l~fl'UAa1fJ 
L~fl'U l?Ju~~u 111flfJ1 'U'lU?Jfl~A1U-rULL'Yl'U~~OJ~fl5u1m ~2J L~2J 1 'UU'Yl~ 4 n~111~fJa'lu~f1'I~W~~ 

'U 'U • 
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1) mlaH~·llJl,)f:l'llfl'm~a::~'\.Hrm::'J1fJ~h.J~lij"iilfl~ 

2) mllJ~fl-:Jm,)'llfl-:J~n~lbb~a::,)lmU'\..J-W-:Jn~'\..J'llfl-:JLlal 

3) 1aJfl'4qJ1Vl h1i1m,)UlfJ19l1bb 'YI'll-:J'llfl-:J~'\..Jrlm::'JlfJa'\..J~11~ b~fl-:J'Jln 
~'\..J'Y\'\..J 1 '\..Jm,)~{l-:JA'\..Jrlm::'JlfJ a'\..J~lii I'h~-:JlJln bba::~ fl-:J 1"lfb1al1 '\..J 

• 'U 'U 

v 0 I I 

m,)fllfJVllbb'YI'\..J-:J'UflfJ , 

4) an~l'J::-r'U'U~m,)'JlnA'\..Jrlm::'JlfJa'\..J ~1 b ~fJ-:J bb 11-:J 1~ bb 11-:J'YI~-:J b lh,!'\..J 
'U 'U 

5) m,)~~~-:JA'\..Jrlm::'JlfJa'\..J~1'J::m::'till"l~-:Jbb')n'llru::b1alb~lJ~'\..J (t =0) 
'U 

UqJ'YIl19l1 bb 'YI'll-:J~~-:Jbb 'U'U~ai'Vll '\..J-:Jl'\..Jl~fJif · iji'Vl ~th::~-:JAb vJ fl'tilm')nl'Y1'\..J~ 
1911 bb 'YI'll-:J~~-:Jbba::Llal~b 'YIm::~lJ 1 '\..J m,)~{l-:JA'\..Jrlm::'JlfJa'\..J~l bb~ a::bb l1'1 b vJ fl'til111~'\..J'Y\'\..J,)llJ 

'U • 

~-:J'YIlJ~~-:J~1'\..J~'\..J'Y\'\..JI"l-:J~bba::~'\..J'Y\'\..JA1'll'\..J a-:J 1 '\..Jm')~'\..J fl-:JVl fl'U1"l11lJ~ fl-:Jm')'ll fl-:Jan~lijAl~l 
•• 'U 

~~~ 1~fJ"iil'\..J1'\..J'll fl-:JA'\..Jrlm::'JlfJa'\..J ~l~-:J'YIlJ~~'J::~-:J 1 '\..Jbb~a::i1-:J Llal b u'\..J A1Vl fl'U~l~'Jlnm') 
• 'U 

bbrl'UqJ'YIl~-:J 1 '\..Jbb 'U'U"iilafl-:Jif'J:: 1aJ1~nl'Y1'\..J~"iil'\..J1'\..JlJT~1-:J'YI,r1~-:J bi'\..J-:Jl'\..Jl~fJ'll fl-:J Drezner 

(1995) bba:: Ting et al. (2003) an~-:Jl'\..Jbb~a::1"l1'Ub1alciflfJ.fl1fJl'\..J,)::fJ::b1alm,)11-:Jbb~'\..J 
~llJl,)f:l~{l-:JA'\..Jrlm::'JlfJa'\..J ~11~lJlnn1l'Y1~-:Jbb l1-:J~-:J-:Jl'\..Jl~fJ~-:J ~fl-:J'J::nl'Y1'\..J~ 111~{1-:J 1~~-:J~~ 

'U 'U • 

b ~fJ-:J'YI~-:Jbb 11-:J b .. h,!'\..J fl~-:J'Jln~1~nal1lJl b dfl-:J~'\..Jb~mfl'U')::m~b1alm,)11-:Jbb~'\..J~-:Jij a'Y\5~a~ fl 
A1Vlfl'U'll fl-:JUqJ'YIl19l1 bb 'YI'll-:J~~-:Jbb 'U'U~ai'Vl flcil-:JlJln 1 '\..Ja1'\..J~ fl lU'J::fl5'1J1fJAl'UflllJ'll fl-:J 

')::fJ:: b 1al m,)11-:J bb~'\..J 1 '\..J')U mllJ ~lJ-W'\..J Bfl'U Al Vl fl'U 1~ fJ-:Jl'\..Jl~ fJ ~fl-:J~'\..J'Jl m1 nl~fJ~ ij mllJ 
'U 

b~m'lflqJ 1 '\..J~1'\..JUqJ'YI11911bb 'YI'll-:J~~-:J 

b ~ fl-:J'Jl m::fJ:: b 1 al m,)11-:J bb~'\..J ij 1"l11lJ i.lll'i'qJ fl'U Al Vl fl'U'll fl-:JU qJ 'YIl ~ ai' Vl ~-:J'!'\..J 
m')nl'Y1'\..J ~,)::fJ:: b 1 al m,)11-:J bb~'\..J~ bbVl n ~l-:Jfl'\..J fl fl n1 u n'J::ij ~ an ')::'Y\'U fl'U A1Vl fl'U'll fl-:JUqJ'YIl~'J:: 
1~ ~-:J'!'\..J,)::fJ::Llalm,)11-:Jbb~'\..J~-:J~fl-:Jf:lnnl'Y1'\..J~flcil-:Jf:ln~fl-:J ~-:J l~ijl1nl~fJ~fl-:JnalJ ~fl 

'U 'U • 

Daskin, Hopp and Medina (1992) bba:: Bean and Smith (1984) l~ll1Al'UflllJ'llfl-:J,)::fJ::Llal 

m,)11-:Jbb~'\..J 11'11 "')::fJ::Llal'll fl-:Jm,)11-:Jbb~'\..J ~ fl ,)::fJ::b1al~llflfJ~~~~-:JA1Vl fl'U~b 'YIlJl::~lJ • 
'Jlni1-:JLlalm,)11-:Jbb~'\..Jif 'J:: 1aJ1~-r'Um,)bu~fJ'\..Jbbua-:J 'YI~fl ~ ·am::'Y\'Ul~ ,an 'YIln'tilm') 

do 1 " .r .J 1'" 1 "'-~ ",... , b~lJ,)::fJ::Llalm,)11-:Jbb~'\..J 'YIfll1'll'\..J" 'If-:J~lm,)f:l'llfllfJI"l11lJ Vl11 '\..Jm,)~fllmrun-:Jn'lf'\..JVll-:J' 

~-:Jbbl.h~'\..JVlllJb1al'!'\..Jm'J'J::bn~mllJl"lal~bl"l~fl'\..J?1'\..J 1~ 'YIlm::fJ::Llal'llfl..Jm,)11-:Jbb~'\..Jfll1'\..Jl'\..J 
lJln?1'\..J 1~ fJ 1 '\..J m')nl'Y1'\..J~,)::fJ::Llalm,)11-:Jbb~'\..J'!'\..Ji1-:J Llal lmf ,fl'U'J~ b~lJ~'\..J'J::ijA1Jl'Y1l1 nn • 
'll fl-:JmllJ bbaJ'\..JiillJln~~~ bba::'J::A flfJ ,aVla-:Jbd fl')::fJ:: Llalm,)11-:Jbb~'\..Jfll1 fl fln1 U l~fJ'YIln • 
')::fJ:: b 1al'll fl-:J m,)11-:J bb~'\..J fll1lJl n?1'\..J b lh 1~ ~ a m::'Y\'U fl'U A1Vl fl'U'll fl-:JU qJ'YIl n'J::a~,r fl fJ a-:JlJl n?1'\..J 

b lh'!'\..J'J'\..J ~-:J,):: fJ:: Llal'YI~-:J~ mllJ i.lll'i' qJ'll fl-:J,):: fJ:: Ll al m,)11-:J bb~'\..J ~ fl 1~111aJ ij ~ a m::'Y\'U fl'U 

A1Vlfl'U l'\..J')::~'U~~'tilm,)~Vla'\..J hnl'Y1'\..J~ 
'U 
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1 'l.Nl'1.i'j..j'rJ'Q1vlf1THlJVl1..1YllllJvl fl .. ml~?J fl'l (;inYllijf)1~ b U~tllJbb U(;i'lVlllJ bl(;il 
'U 

'H1mnlJl~m~tllJ ~lJf)1~YlruVl Al~VI';h ih.JYJ'In.a'lJ?J fl'lbl(;illvl ~'Ilvlih.rb~lJ flbb lJl~Vliflu~u~lJf)1~ 
'U 'U 

YlruVlAl~VI~1nlJuf1:!miTlitl~llJ-Wm"'IbbtJtJnll'H,rl?Jfl'l Drezner (1995) ~'IbtJlJUf1:!'Hl bUV41:; 

bb tJtJ 'H~'I?J fl'lU rum iT litillillJ -Will uLVI tI'IllJ1..j'tlif~:;tll ~lJ f)1~ Yl ru VI A1 ~Vlf~'I fl6tJ1 tI r;rmiw:;?J fl'l 
u .. 

f)1~b U~tllJ 1 U?J fl'lYllllJvl fl'lf)1~ bd fl~:;tI:;blmiif)1~b U~tllJbb U(;i'llJlu~:;tlnVl1'; LVltI til'H'UVl1..1 • 
~:;tI:;blmf)1~ll'1bb~lJ..r'l'HlJVlij~lb'Yht1tJ P 'Hlbml(;il ~'I.fl1t11lJU~:;nfltJ lUvlltlYlltJbl(;il~fltl 
k 1'Ub'lfVl {k E T I k = 1,2, ... ,p} bb(;i:;~llJl~tlbb~VI'IYJ'In.a'lJ?Jfl'lYllllJvlfl'lf)1~1lJYlltJbl(;i1 k 

1V1 'l ~'Iii'lil'lbl(;il~fl tk_l:S t :S tk lvlvi''Iif 

It 

Wik = fWi(t)dt (3.6) 

LVI tlYJ'In.a'lJ1Vl tlU~:;~'I~?J fl'lUru'Hl ~1 bb 'Ht1'1~ ~'I AlJ rr m:;~l tI alJ Yll bb tJtJ ii 
• u 'U 

'li' floSlt1V1vlllJ?JlJ1V1bb(;i:;vllJ'YllJ Yl'l~1lJ'lil'l bl~l?JW:; 1V1?Jw:;'H~'ILVltlii~ VlU~:;~'I~ b YJmil1..1 F ij 

Minimize 

subject to; 

, .. 
F blJ fl 

X ijk 

~k 

~ 
dij 

• • 

(3.7) 

m p m p m n 

F = Ifj~ + IIajYjk + IIIc*w1k (dij * X ijk ) (3.8) 
)=1 k=1 j=1 k=1 j=1 i=1 

m 

IXijk 1 ; Vi,Vk (3.9) 
)=1 

~k - Yjk +1 :S Vj, k =1,2, .. .. ,p-l (3.10) 

n 

IW1kXijk :S S jk Vj, 'Ilk (3.11 ) 
1=1 

X uk -~k :<:; ° Vi , Vj , 'Ilk (3.12) 

Yjk :<:; ~ Vj , 'Ilk (3.13) 

X ijk ' ~. , Yjk E {O,l } (3.14 ) 

<dI ')I :: 

Yl fl VllJ'YllJ ~llJ 'Yl'l'H lJ VI VI ~ fl VI ~:;tI:; bl m f)1 ~ll'1 bb~lJ • 
~ fl Yllbb U~'Yl1.fl1Yl51'H~tJ f)1~a'la'U Yll~ln~lJrrm:;~lt1 alJYll j 1 uri''I 

(;inYll i 1lJYlltJbl~1~ k 
'U 

~fl YllbbU~'Yl1.fl1Ylbdfl~lJrrm:;~1t1alJYll j btJVl1lJYlltJblm~ k 

~fl YllbbU~'Yl1.fl1Ylbdfliif)1~~{1'1~lJrrm:;~1t1alJYll j 1lJYlltJbl~11V1 'l 
~fl ~:;tI:;'Yll'1~:;'H'"h'l~nYll i t1tJ~lbt,'Ht1'1AlJrrm:;~lt1alJYll J' 

'U 'U 
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W ik ~a mlaJvia\1tll'j'lJa\1~f1~l i 1'UAluLla1~ k 

S jk ~a U~aJ1UA'~\1,!Vl1'Utll'j1l1u~tll'j'lJa\1~'Ufi'm:;-;;)lua'U~1 j 1'UA1ULla1~ k 

Ij ~a vi'U'Yl'UA\1~1'Utll'ja{l\1~'Ufi'm:;-;;)lUa'U~l j 

c 

I 

J 

T 

4:!JI"" , " , iJ 

Aa Vl'U'Yl'UA1'lJ'Ua\1VlaVl'Ulm:;U:;'YI1\1 • mlaJVla\1tll'j • 
~a L'lfVl'lJa\1af1~l..r\1V1aJVl LVlu~ i E I, i = 1,2, .. . , n 

'U 

~ a L'lfVl'lJ a\1Yl'Ufi'm:;-;;)lua'U~1..r\1V1aJVl~alaJl'jtl1l1u~tll'j 1VllVlu~ 
'U 

j E J, j = 1,2, ... , m 

~a L'lfVl'lJa\1A1ULlal~au1'U'j:;u:;Lla1tll'jll\1LL~'ULVlU~ k E T , 

k = 1,2, ... , p 

a'.J 4"" ~ 
Vll L 'U'U\11'U'jl aJ LLa:;¥-4-;;)'U 'Yl al aJ LLaVl\1 tl\1Vl'U'Yl'U Al'lJ'U a\1'jlaJ'Yl\1V1 aJ Vl Vl a a Vl'j:;U:; L 1 al tll'jll\1 LL~'U • 
LVluijLia'U 1'lJU\1~U (3.9) ~\1nlV1'UVl1l1af1~1~UU~tll'j-;;)1f1A'Ufi'm:;-;;)lU 1viL ~U\1LL -H\1 L&lUl (single 

'U 'U 

source) Lia'U 1'lJU\1~U (3.10) L yjanlV1'UVl1l1Yl'Ufi'm:;-;;)lua'U~11.Vl~LtJVl1l1U~tll'jLL~11~ 
'U 

a1aJl'jtl~-;;):;tJVlVl~mrluYilLLVlll\11vi Lia'U 1'lJU\1~U (3.11) LU'ULirl'U 1'lJLyjanlV1'UVlalaJl'jtl~\1,!Vl 
(maximum capacity) 1 'Utll'j 1l1u~tll'j'lJa\1LLvia:;Yl'Ufi'm:;-;;)lua'U~l Lia'U 1'lJU\1~U (3.12) Lyja 

'U 

nlV1'UVl1l1af1~1-;;):; 1vi~Utll'ju~tll'j-;;)1f1Yl'Ufi'm:;-;;)lua'U~1~LtJVl1l1U~tll'jL'yh'!'U Lia'U 1'lJU\1~U 'v 
'U 'U 

(3.13) L yj a 1m 'Utll'jAl'Ultuvi'U'Yl'UA\1m 'Utll'jn aa{l\1~\1 L u'Uvi'U'Yl'UL ~U\1A~\1 L&lm L 'Yh,!'U LLa:; 

Lia'U 1'lJU\1~U (3.14) LU'Utll'j'j:;U'lftJVl'lJa\1vllLLU'j'hLU'UvllLLU'j'YlltnA • 

L ~ a\1-;;)lf1vi'U'Yl'U 1 'UW\1ni'u1Vltlu'j:;a\1A''lJ a\1urJVllifij 3 U'j:; Lil'Yl ~ a vi'U'Yl'Utll'j 
, 1 v 'II 

I 'iI" 0 CIt. ",' ~.c::t, I Q.I, 1)1 

f1 a a'll \1 Vl'U'Yl'U tll'jVll L 'U'U\11'U LLa:;Vl'U'Yl'U Al'lJ'U a\1 'If\1 'VIl f1¥-4-;;)1 'jtul-;;):;¥-4Ull a Vl'jl al'U'lJ a\1Vl'U'Yl'U •• • 
tll 'j~1 L tJ'U\11'U vi avi'U'Yl'U tll'jn a a{l\1 ij ~ a a ~l\1aJl f1 vi aLl al~ LVI m:; aaJ 1 'U tll 'j~\1 Yl'U fi'm:;-;;)lU 

• 'U 

a'U ~lLLvia:;LL -H\1 LVlUVIl f11~ijvi'U'Yl'Utll'j~1 L tJ'U\11'U 1 'UW\1ni''UlVl tlu'j:;a\1 A' LL~l-;;):;yh 1l1uWVll 
• • u 

LL UU¥-4alVlf1alU L u'UUW'VIl LL uuaoVl1 U L ~ 8\1-;;)1 n'Yln A'Ufi'm:;-;;)lua'U ~l-;;):;ij LL 'Ul L UaJ~-;;):;~Vl~\1 tu 
u • 'U 

LlalL~aJvi'U (t = 0) LU'UI:b'U 1 my vl\1'!'U~\1via\1"';ltll'jL~aJ¥-4-;;)uifL"lil1U1 'UW\1ni''UlVlqu'j:;a\1A' 

L ~ a\1-;;)lmrf1'litu:;UWVll LL UU¥-4alVl LVl u..r11 u-;;):;vi a\1"';ltll'jnlVl'UVl Lla11 'Utll'ja{l\1Yl'Ufi'm:;-;;)lU 
u 'U 

a'U~l Hal\1VI Ul LLVl1'U\11'Ul~uif-;;):; 1'lfvi'U'Yl'Utll'j~lLtJ'U\11'U 1'Uf1 ' I'j,}:;uLla1~L VlaJl:;aaJ 1 'Utll'j • • 
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o ~~ 4~ 

3.2 fll'Hll't'1U~ bb U1't11-:Jfll~1;o,)tI"lJ eN-:J1U1;o,) tI 

1'Ual'\.J'd'-;)::e:J5U1t10 ,m'Ul'Yl1~1'Um~LLnilunn~hLLl1'11~~~~r1'Uflm::-;)ltla'U~i'1LLuu~~l~ 
v \J 

~~ 1~e:J5U1mrf)~(u::'lJe:J~ilru1111'U~ULLUUaaJm~l"1rll~ma~{llLL~1'l'U111'lie:J 3.1 1'Ua1'Um~ 
v \J 

afl~ L tJ'U 11 ~f) 1~ tI~'U ~ e:J'Ui5~-;)::-W WJ'U1J 'U-;):: L~aJ ~'U aJ1-;)1 f)il rum ~h LL 11'11~~~~ A'Ufl m::-;)ltl 
v \J 

a'U~l LL uuiM'U'YI'U 1"1~~LL~:: hlil'lie:J~ln~~1'U'lJ'U1 ~ LL~:: la.J~-;)1~(u1 B'YI5~~'lJ e:J~L1~1 L tJ'Uilrum~~ 
• v 

~'U ~~LL,r-;)::LtJ'Uilt1!m~hlilL1~laJ1L~tIl'lie:J~LL~n~~LtJ'Uilt1!mb~'U~LLUUtllf) Bf)i~~l'Ui~tlt1 
1~b~aJ'lie:J~ln~~1'Um1aJa1aJ1~f1 (capacity) 'lJe:J~~'Uflm::-;)ltla'U~l 'lie:J~ln~~l'Um~~uu~m~ 
l~-;)lf)A'Uflm::-;)ltla'U~lL ~tI~LL r1~L~tIlLL~::m~~-;)1~(u1 b~e:J'U 1'lJ'lJe:J~ Lla1aJ1L~tl1'lie:J~ 1111 rr 

\J 

ilrum~~~'U~~ L tJ'Uilrum L~'U~ LL UUtllf) e:Jri LL~lL ~aJ m1aJi'U'lfe:J'U 1 'U m::ul'Um~LLnilrum~'U 1 u 
OJ u U .... 

Bf) 1~tlilqJ111i~ae:J~i~ilt1!m~~~'ULL~::ilt1!111~~-;)1~(u1J'U Lla11 'Um~LLf)1'lJilt1!111 L tJ'Uvhfi'-6'U 

LLUUL~'lJ~fh~~nU'lJ'U1~'lJe:J~ilt1!Vl1 1~tlmf)ilt1!mil'lJ'U1~ t my (large-scale problem) vl~Li'U 
ilt1!m'lJe:J~u~';'YI~1e:Jri1~~111m~Af)~1~~LtJ'UU~';'YI~lUam1tl1V1qJ'iJe:J~U~::L'YIALL~::ila1'lJ1 
~1'U1'UaJ1f) Ll~11 'Um~mYh~e:Ju-;):: la.JL VI aJ1:: aaJ 1 'U'YI1~U~u&i ~~J'U~~b VlaJ1::aaJf)-)lVl1f) 

~'U~e:J'Um~m¢h~e:Ju-;)::h15~h~a&if)1'Um~Vl1~1~e:Ju 1~tl1'U~'U~e:J'Um~~-;)1~(u1LL'U1'Yl1~m~ 
i~tI-;)::LL,j~LtJ'U 2 a1'U ~e:J 

1 ) m~Amn b YltlU L~tI~~'U~ e:J'Ui5l 'U m~LLnilt1!m~h LL Vl'\.l~~~~~'Uflm::-;)ltl 
a'U ~1-;)1f)m~'YIU'YI1'U~1'Ui~tI L~tl1nuilrum~h LL VI'I1~~~~~~l~~~ la.Jilm~e:J'Uru1~ 1 rrU1tl 

v • v 

vi1LL VI'I1~'lJe:J~A'Uflm::-;)ltla'U~ll~ 
\J 

2) m~Amn b YltlU b~tI~~'U~ e:J'Ui5l 'U m~LLnilt1!m-;)1f)ilt1!Vl1vi1 LL VI'I1~~~~~'Ufl 
m::-;)ltla'U~l LL uuafl~~il~f)~(U:: b~tIln'U 

-;)1f)m~'YIU'YI1'U~1'Ui~tlilrumvi1LLVI'I1~~~~A'Uflm::-;)ltla'U~l1'UaJaJaJe:J~'lJe:J~~'U~e:J'Ui5 
v \J • 

1 'Um~LLnilrumvi1LL VI'I1~~~~~~l~ ~f)~(u::L~tIln'U l~il r.JLa'U e:Jm~ 1'lf'~'U~ e:J'Ui5-W'Ulim~aJ 
v \J' 

(genetic algorithms) 1'Um~LLnilt1!m~~1~~'U l~tI Ting et al. (2003) 1~1'lf'~'U~e:J'Ui5 
-W'Ulim~aJ 1 'U m~LLnilrumvi1 LL VI'I1~~~~A'Uflm::-;)ltla'U ~1 LL uu hlil'li e:J~ln~~1'U'lJ'U1~~~~h~a&i f) 

• v \J 

t1~f)~~ 1 rre:J~1 'UU~::Lf)'YI'lJe:J~~'U~e:J'Ui5ilWJ'U1m~ (evolutionary algorithms) VI~e:J51~a&if)~il 
vf'U~1'UaJ1-;)1f)U~::'lnm (population-based heuristic) ~~ 51~a&if)~ e:J~1 'UU~:: bf)'YIt1UtlaJ 1'lf'n'U 

e:Jri1~LL 'VdVl~ltl L ~ e:J~-;)1f) L tJ'U51~a&if)~ilu~::a'YI5m~ a~ 1 'U m~LLnuruVl1'lJ'U1~ 1 mu Bf)i~ 
\J v v 

L~e:J~-;)lf)~l'Ui~tI'lJe:J~ Ting et al. (2003) LtJ'U~l'Ui~tI'lJe:J~ilt1!m~~il~f)~(u::I"1~ltll"1a~n'U LLaJl'U 

1"111aJ L tJ'U-;)~~ LL~lilt1!111 ~ ~l~~il'li e:Jih n~ ~1'U'lJ'U1 ~ nu la.J il'li e:J~1 n ~ ~1'U'lJ'U1 ~-;)::ili5m~LLf)1 'lJ 
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uru'H1~hHl'U a~"nn LL~ L ti a,ronn L tI'U':n'Ui~U~L tI'UUru'YllLL UUYlalVl L'lf'U L~Uln'U~ 'nll~'UVI a'Uilj 
u ~ u 

~'Ulim'j2J2Jltl'j~UnVl1'lfnuuru'Yll~V4~1'HUl L ~ a L tI'U ~l~a'&in L tl~uu L nuu 1 'Um)lVla'2J'j'jf!'U~'ll a~ 
• • u , ... 

..:::.. .Q ..:::.. d Q.I 4 

fll'ja'VI n'YIYl VlJ'Ul'll'U 

a'UYll LL UUa'i)VI~~ihrm~ru~ L~mn'U YlU',h LL 'Ul'Yl1~ 1 'Um';ji.Lnuru'Yll~hLL wl1~~vt~ A'U6n'j~~lU 
u ~ 

a'UYll LL UUiivl'U'YI'U~H~LLa~ 1~ii'li' aolln Vlvll'U'll'U1VllVlU 1'lf~1~a'&imr'U ii ~La''U a~l'Ui~u~~ L tI'U~ . ~ 

-r~nn'U1Vlu..t11tl 2 ~'U~~al'ULLalLLVl1'lf~1~a'&inm)Yl'U'YIlLLUUYnU (tabu search) ~~~'U Aa 
~ ~ 

~l'Ui~u'lla~ Saltan and Fawzan (1999) LLa~ Martin Hoefer (2003) ~~ 1vlLLa'Vl~~am'j 
Ltl~uuLnUU'j~lrh~~l~a'&inm'jYl'U'YIlLLUU'YI1U nU~l~a'&in~'U., Aa m'jYl'U'YIlL\lYll~~ (local 

'U 

search) LLa~iljtl~2J1V1'jLLa~m'juVlLLUU~2J (volume & randomized rounding) ~~YlUil 
~l~a'&inm)Yl'U'YIl LL UUY11U lVlu L\l~U~~ 1-H~rumYl'll a~1'11V1 ~U 1naL~hNnUI'11V1au~~~a'Vl 

'U. • 

'llru~m'lfLla11 'Um)l'1l'Ulruu aunil a~l~ L -H'U 1vi'-a'Vl ~~ L l12Jl~a'2JnuilqJ'YI1'll a~U~";'YI~la~l~~~ii 
'll'U1Vl1 mY~~vla~L~an~1~a'&inm'lfLlal1'Um'jl'1l'UlruuaU2Jl1'lfall1-rU~1'Ui~u 

~~J'U~l n~1'Ui~u~1vi'mhl2Jl LLal'li'l~vl'U a'12Jl'jf!a''jtl LL 'Ul'Yl1~ 1 'Um)L~an ~l~a'&in L ~ a • 
1'lfLtI'ULL'Ul'Yl1~1'Um)~VlJ'Ul~'UVla'Uim'Um)LLnuqJ'YIl~lLLwl1~~vt~YlalVl 1vlLtI'U 2 'li'a Aa 

1) 1'lf~1~a'&inm'jYl'U111LLUU'YI1U 1'Um'j~VlJ'Ul~'UVla'Uilj'lla~~1'Ui~u 
'U 

2) 1'lf~1~a'&in~'UVI a'Uilj~'Ulim'j2J L tI'U ~l~a'&in L tl~uu L nuu • 



cl 
Ut'l'YI 4 

fll')\.h~afW1I-A'ib~~Glfllufll')Uni1W't'ilGhn't'iu~~~~uuuwaiGl 
, v 

"J1fHdel'VIl l'Uu'YI~ 3 ~..:.J lvlLLr;l~..:.Jfil'lihnlJLLa::fil'lfi1'H'U~ilfYvn'lla..:.J,n'Ui~ml1j'tJ'd' l~fl 
LLr;l~..:.J 1 i afl1 'U'lU LL uu'41aa..:.J'YI1..:.Jl"lru~YIlr;l~{LLa"'Jlf'U 1 'U,b'Uvl a 1 Jl 'UU'YIif"J::1l1 LL uu'41aa..:.J'YI1..:.J 

'U " 

I"lru~A1Ml'l1'Uu'YI~ 3 ~..:.Jafl1'U'lULLUU'ii1aa..:.J'YI1..:.Jl"lrul9lA1r;l19l{~..:.Ja5U1fl~m~ru::'lla..:.Jilru 'H1 
" 'U u 

a~l..:.Jni'l..:.J lJ1 a5u1fll~fla:: Lafl~ 1 ir;la~ l"laa..:.Jnum::ul'Un~'l'll a..:.J~l~r;l&in~..:.J lil 'U fil'lvn All9l au 

'll a..:.JilfY'H1~W"J1'lru1 l~mh fil'lLLr;l~..:.J 1 ialJ~'U 5nULLvl a::~'Ul9I a'U'll a~m::Ul'Ufil'lI"i'UvnAll9l au 

Ldavn 1 'Uu'YIifu'l::nau 1 Uvllfl ,b'U~ 1 LLr;l~..:.J'llfla::Lafl~'ll a..:.J~'Ul9Ia'Uvl1..:.J I 1 'Um::Ul'U 

fil'lI"i'UvnAll9laU'lla..:.J~l~r;l&in~~~'U1~'U ~..:.Jr;lllJ1'lfloS1LL'Un lvlLu'U 2 fl'l:::ul'Ufil'l~afl ~a 
m::Ul'Ufil'lL~lJ~'U (initialization) ~..:.J"J:: li~l~r;l&in Reactive GRASP method ~..:.J~fHr;l'Ual"l{..:.J 
LL'ln l~fl Feo and Resende (Feo and Resende, 1995) 1 'Ufil'lr;l{l..:.JAll9laUL~lJ~'U~L U'U 1 ulvl 

(initial feasible solution) LvJa1l11JliLu'UAll9laUL~lJ~'Ul'Um::Ul'Ufil'lI"i'Uvnl'U,b'U~ 2 ~..:.J 
LU'Um::Ul'Ufil'l'H~n 'H~mb'U~l~r;l&in'H~n (main heuristic) ~..:.J..:.J1'Ui~flif"J:: h15fil'lI"i'Uvn 

LLUU'YI1\! (tabu search) LU'U~l~r;l&in'H~nl'Ufil'lvnAll9laU Ldavn,b'U~ 2 'lla..:.JU'YIif"J::LU'Ufil'l 

a5tJlfl ~..:.J~l~r;l&in L U~flU L 11 flU ~..:.J h1 'Ufil'l'YI~ r;laUr;llJ'l'lfl'U::'ll a..:.J ~l~r;l&in~~WJ'U1~'U l~fl 
~l~r;l&inmiLU~flULl1flUa1'H-rU..:.J1'Ui~fliftf'U"J:: li~'Ul9Ia'Ui5~'Ulim'llJ (genetic algorithms) • 
1 'Ufil'lL U~fltJL l1flUr;llJ'l'lfl'U:: 1 'Uvl1'Uvl1..:.J I ,r..:.Jvl1'U I"lrufll~'ll a..:.JAll9l au LLa::'l::fl:: na1m?f1 'Ufil'l . . 

y , 
o ," d 0 CIrt. 4 rI , CIrt. CIrt. CIrt. 4.q Q.I 

'H11"l119l au LLa::r;ll'U~~'YI1fl'll a..:.JU'YI'U"J::'YIlfil'laliU1fl~1'lllJ Ll9I a'l19l1~ I'll a..:.J e11'lr;ll9ln 'lI'~lJ ~anu 

U'l::a'YI5fll~ 1 'U fil'lvnAll9l au'll a..:.J~l~r;l&in~~ ~'U1~'U 

a ci1..:.J ri a~ LL ...1LLa:: L vJ a ~"J::a ~ 'l::~U 1"ll1lJcliu'lfa'U'll a..:.Ju fY 'H1 a..:.J 

1"i'U'H1All9laU'lla~ilfY'H1l 'HqjaafHu'UilfY'H1ciaflr;la~ril'U ~a 

1) ril'UilfY'H1l9i1LL 'H1l~~~~ (location phase) 

2) ril'UUfYvnfil'l~~ (assignment phase) 
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., 
4.1.1 fl1~fI'U'YilbbUU't11U (Tabu Search) 

'U 

m~~'U'YI1bbUU'Y11Ubth"!b'Y1YI'UYlm';iVilYh~tlU~-.31~-rum';i~~'U1~1'il1f1 15m';i 
" 

~'U'YI1b~'Vn~~ (Local Search) ~-.3btJ'Ub 'Y1YlijYlm';iVilAl~tlU~ijtl~ l"lf'n'Umil-.3bb 'W~m:mmarll 
Al~tlu~1~-rU'illf115m';i~'UVilb~'Wl~~m'il'il~ hn'liAl~tlu~~~a~ bbvitl~l-.3 hn~l~YlfUm'W'lJtI-.3 • • 
Al~ tlun~~ tltl1 'U bf1fU.n~ 'lJ fU~~ blm~li1. 'Um';i'Yl1Al~ tlU b~ tI b u~t;'U b YitlunU15m';i'Yl1 Al~ tlU~ 

" 
~a~ bb';1'il~ l"lf'blaltJ tltlf111~1f1 t~tI'il~el tI'U~ihAru,hVi-ru15m';i~'U'YI1 b~'Wl~~~-.3lh 111Al~ tlU 

• • u 

~l~-rum'il'il~ 1~1'liAl~tlu~~~a~ ~tI 'il~~~~a~b~'Wl~~ (local optima) ~-.315m';i~'U'YI1 • • • 
b~'Wl~~:Wf1'il~ hjal~l';it1 bYl~ tI'Um l1Via~vr'U'illf1'il~ b Vi~l'd1 u1~ • • 
Al~tlUbbUU 1 Vi~~-.3t1~U'U~'U~1'U'lJtI-.315m';i~'U'YI1b~'Wl~~ ~tI 15m';i~'U'YI1bbUU'Yl1U ~-.3t1ma'UtI 

'U -.II '" 'U 

Yl{-.3bb~f1 t~tI Fred Glover (1986) ~-.315m';i;j''il~ h15m';i~'U'YI1Vi~m'li'Ub~mnU15m';i~'U'YI1 
b~'Wl~~bbvililm';ibvj~ Vitl1t1ml~"ill~~Vi~'U (flexible memory) ~-.3lilVitJl~btJ'U~l'Ul'Yl1-.31'U 
m~U1'Um';i~'U'YI1 t~tlVitl1t1Yl11~"ill;j'U';i~f1t1U~1t1 

1) Vitl1t1ml~"ill';i~tI~~'U (short-term memory) lilVitJl~tJtI-.3n'U 1~111 
dl~m';i~'U'YI1Al~tlU'lhl'Uu~b1fU~1~lilm';i~'U'YI1bb';1 t~tlm';i 
U'Ul1f1U~blfU~bYltl~'U'YI1Al~tlU~lbb';11n'U';ilt1m';i'li'tl111~ (tabu 

t ..." ~I • .J1 " list) ~tI~';i~tI~blal'Y11~ (tabu. tenure) bu'U'ill'U1'U1-.3';itlU~1~'Y1 ~ 

filVi'U~ 11 . 
2) Vitl1t1ml~"ill';i~tI~m1 (long-term memory) lilVitJlii'l11'Y11-.3m';i 

~'UVil1uriu~blfU~~-.3~~ 111lilm';i~'U~lb vj~ b&l~ ~-.3btJ'Uu~b1fU~1~ 
" " 

Yitltl1~i1m';i~'U'YI1Al~tlU~lritl'U (U~blfU~am'U~'lJtI-.3~'U6m~'illt1 
a'U ~11~Yi tltli1m';ib U~tI'Ubb ua-.3) t~tI'il~U'Ul1f1f1l'H u~tI'Uam'U~'lJ tI-.3 

~'U6m~'illt1a'U~1 bbvia~bb ~-.31 n 'UVitl1t1 ml~"illYl11~ rl (frequency 

memory) 

m';i~'UVilbbUU'Yl1u,f'Ufi'-.3LLn'li'tldltl'lJtI-.3m';i~'U'YI1b~'Wl~~~-.31~al~1';it1~'il~Via~ 
" . 

vr'U'illf1'il~~~~a~ b~'Wl~~l~ t~tlm';i~'UtltI~ 111£i'tI'Uf1~U 1u~'UVil1'Uu~blfU~~ tI-.3111~ l~l~tI • • 
m';ifilVi'U~bf1fU.n Aspiration criteria Hbba~m';i l"lf'm';i~'UVilAl~tlU t~mvj~ml~Vialf1Vialt1 
(diversification) l'Um';i'li'1~~1'U'il~~~~a~L~'Wl~~lu1~ ~-.3.ff'U~tI'U15m';i~'UVilbbuuYnum?fl'U . . " 
-.31'Ul~tI;j'al~1';it1a';iU b tJ'U.ff'U~ tI'U 1~~-.3;j' • 



ff11"fi1!i1 ilU-n1" L~ tJ" (4~lil~ ~ LU~ 
hJ1lilLLL'!:L'1f!il Sbest = S initial 

Add/drop Move 

Swap Move 

---------- ----------

Location phase 

,----------"---------,: Allocation phase 
I 

Shift Swap Allocation I 
I 

L-_____ -. ______ ~I 
L ____________________ J 

NO 

Sbest := Sdiversification 

40 

Diversification 
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Add/drop Move 

--------------~ ---------------------------------------------------, 

~fl,'l~!h~El1J'IhlL~!hl'1Hhl Sbest 

W1~~1Jn1~L~~ml.~l~El1JLL1J1J 
Add/drop Move 

lh::Lihl.~l~El1J,jl,'lL~!J,'lLLOI::L~Eln 

~l~El1J,jl,'lL~!J,'l~~~~~ 2 ~l~El , 
Stabu LLOI:: Snontabu 

Sbest := Snontabu 

non improve = 0 

NO Aspiration criteria 

NO 

NO 

non improve := non improve + 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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4.1.2 't'iGlnm';jlun';j:::'U1um';j~\ft'llf'l1191f1'U (Searching Process) 

uUU~laa~'Y11~AtU~Yna~{'lla~ilqJ't'il~~ 1~ua~~ In'U'U'Y1~ 3 J'U 1'Uu~a::: 
1~'laU (iteration) 'lla~f11'lYl'Uvmh~au til'Y1'lluYlfUan~fU:::'lla~~'U~m:::"illt1i;l'UYll (facilities 

config uration) -h~a a~'l:::tI::: nalf11'l11~U~'UJ'Ui1~'U~m:::"illt1i;l'U Yll1~ LU ~ 1..1'u~f11'lua1 
ilru't'il1 't'iru~-W"ill'lfUl"il:::a~'lU'll a~ilru't'ila~ L l1a m U'Uilru111f11'l~~..t11 U (generalized 

v v .... v v 

assignment problem) ~~'Yh 1..1'ilqJ111~-W"ill'lfUla~mlaJ.n'U'lfa'U 1'Uf11'l't'ilYh~aua~ 1 ULL~fJ~A~ 
Lu'UilqJ't'il La'UvhLu'Umn (NP-hard) a~ "illnLL 'U1A~·lh:.1~'U~~alaJl'lmLti~ilqJ't'il111qjaanLtJ'U 

ilf1j't'ilri atl aa~ ,i1'U ?i a ,b'Uilf1j't'ilv11 u 1'1'1l~~~~ ua:::ri1'UilqJ't'ilf11'l~~ ~~"il:::a5'U1mL UU~laa~ 
'Y11~AtU~A1a~{'lla~ilqJ't'ila~~U~laJaaJf11'l (4.1) 

1 'Uf11'lYl'U't'il Al~ au'll a~ilqJ't'ilJ'U tilYilf11'lnll1'U~ ~1U U'lv11 LL 1'1'1l~ (location 

variable) ~k 1..1'Lu'U~1UU'l'Y11mAA~m~ 11~my.jav11Ul1'1l~~~~ua1 "il:::Yil1..1'ilqJ't'il~-W"ill'lfUl 
1'Uu'Y1~ 3 nalmu'UilqJ't'ila~~u FC~k ) Lria ~k ?im'lf~'lla~~1uu'lv11ul1'1l~'Y11mA1~ 1 ua::: 

Yil1..1'ilqJ't'il~1~ijmaJ1'Uu'Y1~ 3 Ll1amu'UilqJ't'ilf11'l'll'Uri~ (transportation problem) U'Y1'Uu~ 

Ltia~"illnilf1j111GtlWrU~1'Ul~tld1~L~aJLia'U 1'llU~Yi'u (4.2) ~~U'¥lmlaJ~a~f11'l hialaJl'lfl 

uti~utlnf11'l-ruU~f11'l"illnA'U~m:::"illt1i;l'UYllaJlflfr".h 1 LLl1~ 1~ ~~J'Uilru't'ila~'lU~~LU'Uilru't'il 
\J v \J v 

f11'l~~..t11u (GAP) 1~mLuU~laa~'Y11~AtU~Yl1a~{'lla~ilqJ111a~~uLrianll1'U~Yh ~k 1~ 1"il::: 

Lu'Uvi'~d 
p m n 

Minimize FC~k) = IIIc*WikCdij * X Uk ) (4.1 ) 
h i j=1 i=1 

m 

subject to; IXUk ; Vi E I, 'Ilk E T (4.2) 
j=1 
n 

IW,kYjk ~ SJk ; Vj E J ,'Ilk E T (4.3) 
i=1 

X ljk ~ ~k ; ViE I, Vj E J, 'likE T (4.4) 

X jlk ' Yjk E {O,l} (4.5) 

Lria F(Yjk ) ?if) VJ~n-a''Ul~qU'l:::a~Y)'llf)~ilqJ't'ila~~uLriarill1'U~~1U U'lv11Ul1'1l~ 1..1' 

LU'UAl ~k 

X ljk ?ia ~1UU'l'Y11mAGtll1-rUf11'lri~i;l'UYll"illfl~'U~m:::"illt1i;l'UYll j 1ufJ~ 

aflYll i 1'UAlunal~ k 
" 

~k ?ia ~1UU'l'Y11mALria~'U~m:::"illt1i;l'UYll j Lu~l'U~nunal~ k 

Yjk ?ia L'lf~'lla~~1UU'l'Y11mA Y;k ..r~l1aJ~ 
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Aa 'J~tI~'Yl1~'J~'Yrh·:mmh i n'twhLL'YItl~~'Ufi'm~'Jltl~hJ~l j 
OJ OJ 

Aa ml~~a~m'J'lla~''In~l i l'UfIlUl"JGn~ k 
OJ 

Aa 'lF~~lru~~~~l'Um'Jl-H'u~m'J'lla~~'Ufi'm~'Jltla'U~l j l'Ufllul")Gn~ k 
OJ • OJ 

c 

J 

J 

T 

~ V I I I , iI 

fla ~'Uf1'Ufll'll'U~~~a'YI'Ultl'J~tI~'Yl1~ • ml~~a~m'J • 
Aa L'lf~'lla~~n~li~'YI~~l~tI~ i E J, i = 1,2, ... ,n 

OJ 

Aa L'lf~'lla~~'Ufi'm~'Jltla'U~li~'YI~~~~1~1'JfJl-H'u~m'J1~1~tI~ j E J , 
OJ 

j = 1,2, ... ,m 

Aa L'lf~'lla~fllULlm~atll'U'J~tI~Ll~lm'Jll~LL~'Ul~tI~ k E T , 

k = 1,2, ... , p 

~~~'U~a'Um'J'YIl~l~lLL'lh Yk ~&i~~~~ll1-rU'llru'Yll~~'Jl'JrulJ'U'J~m~l'h J . u 

l~m yJ~vilLL 'YItl~~~~ ~~'J~ 1via5Ultl'Jltl~~Latl~ l'Ul11-lJa 4.1.4 A1ViaU?j'1~LAtI~LL~~m'J 
'lh~Lil'U LL~~Lrim'lm'J'YIl~l~lLL'lhvilLL'YItl~~~~~&i~~~ 1viLLalJ'U 'J~a~via l-H'al'Uuru'Yllm'J 

• u 

~~~~'J~~hL'u'Um'JLLnUfY'YIl~~~t1 F(~k ) via 1t1 

4.1.3 fl'J~u11ml'H~3Jc;j''U (Initialization) 

1 'U m~ul'Um'JL~~~'U'lla~15~h~~&ln~ul L~'U a 1 'U~l'Ul~tlifJ'U 1viwWJ'Ul LL~~ 
t1'J~tlnvi'~l'Jln'YI~nm'J~'U'YIlAl~auviltlVJ~n-a''Un~~&i~ij~ail m~Ul'Um'J~'U'YIlLLuutl-rU~l • 
l~tI~~n~~&i (Greedy Randomized Adaptive Search Procedures 'YI~a GRASP) ~~~n 
ulL~'Uaflf~LL'Jnl~tI Feo and Resende (1995) l~tlvia~l Delmaire et al. (1999) LL~~ 
Contrevas and Diaz (2007) 1viul L~'U a~l'Ul~tI~l'YI-rUUfY'YIlvil LL 'YItl~~~~~~ a~u'Uvr'U~l'U'll a~ 
m~Ul'Um'J GRASP ~'U ~~15ifij-lJa&i Aa Lu'U~'U~a'U15~1~iiml~.a'U'lfa'U~lmrn~~1"lfLl~1 
l'U m'J'YIl Al~ auu atl 'llru~L&itlln'Ufi'~fI~ l-H'flrum'V4'll a~Al~ au atl1 'U LnrucMtI a~-ru 1viLL~~ 

• OJ 

L 'YI~1~~~nil15n~~ &i5'J'J~~1 L ~ a~'Jlnijm'JL ~~m~ul'Um'Ja~ Li~lam-lJ11 t1ih l-H'Al ~au~1vi-ru • 
ijml~'YI~ln'YI~ltl~l n nil15n~~&itln&l ~~J'U~~ L 'YI~l~~l~-rU L u'U m~Ul'Um'J 1 'U m'J'YI1Al~ au 

~~~'U'll a~ufY'YIl'll'Ul~ 1 'YIqj viltl L 'YIVlif~l'Ul~tlif~~ulmtl'J~~nil"lffj'um~ul'Um'J L~~~'U'll a~ 

., 
~~a~'J~tI~Ll~l'lla~m'Jll~LL~'UYi'~'YI~~ (planning horizon) 'J~ijflluLlm~atl~l'Y1-rum'J 

~~a'UhL'~tI~flluLlmL&imL'YhJ'U 'YI~a T = {k I k = I} Lria TAm'lf~'lla~fllULl~l~atli~'YI~~ 
., , 

~~a~'J~tI~Ll~lm'Jll~LL~'U ~~,:r'U'lfl~Ll~l'lla~fllULl~l~amija k = 1 'J~ij~lL'Yhnu'J~tI~Ll~l 

m'Jll~LL~'Ui~'YI~~ (P) LLvii~ifi~J'UVJ~n-a''U flll~~ a~m'Jfi'~fI~ L u'UVJ~n-a''U'll a~ Ll~l L'lf'U L&l~ 
L ~tI~LLvi~'Jl'JruliliifllU Llm~ atl L ~tI~fllU L&imL'vhJ'U ~~1111-H'UfY'YIlvilLL 'YItl~~~~LL UU'YI~ltl 
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fl1U LlG'll b tl~rJ'u b U'UUqJ'YIlvi1bb 'YIt.i~~vf':m UUfl1U LlG'll b~rn~~,n)JTH) bbn"buqJ'YI11~~lrJn-j1 bbG'l~ 
1'lfb'JG'l11'U m'l'YI1 ~lYl flUt! mJG'l~)J1n lYlrJ~'UYl fl'U'll fl~b yJm~)JYi'U-d'ij~~~ fll tl-d' 

~ d II ~ d-v 
'll'UYlfl'U'Yl 1 : i:f'l1~b'lfYl'Yl~'YI)JYl'llfl~n'l~U1'Um'lb'l)JYl'U 

o b'lfYl'llfl~~'Uffn'l~0J1rJa'UY11~btJVlU~n1'llVlm~)J0J1n 0:= ¢ 

C b'lfYl'llfl~YI'Uffn'l~0J1rJa'UY11~rJ~ hjbtJVl1-H'u~m'llVlm~)JOJ1n 
'U 

'" :: d 0,.I.Q, ~ 
b 'lfYl'll fl~ G'ln fl1 m'YI)J Vl'Yl i:f1)J1 'lmUU'lm'lOJ1 n YI'U rJ n 'l~OJ1rJ 

'U 'U 

a'UY11 i lVllVlm~)JOJln A
J 

:= ¢, Vi 

u b'lfYl'll fl~G'lnY11~rJ~ 1,jl~-ruu~n1'FnnYl'Uffn'l~0J1rJa'U Y111Vl 
'U 'U 

., , 
~'UYlfl'U.yj 2 : y'hm'l~l'UlruYhYi'U'YJ'Um'l'll'Ua~ hI) 'llfl~bb~G'l~~'Uffn'l~OJ1rJ 

a'UY111'Ub'lfYl C 1 tlrJ~G'lnY11bb~G'l~'llrJ~rJ~ hn~-ruu~m'lOJ1n 
'U 

YI'Uffn'l~OJ1rJa'UY111Vl bG'lrJ 1 'Ub'lfYl U 'YI~~OJ1mT'Uy'hm'lb~rJ~ih~u 
'U 

., , 
~'UYlfl'U.yj 3 : 'YlVli:fflU~VlG'lnY111'Ub'lfYl 

~ IV 0,.1 Q.. I rI 

U b~m'll1'lUU'lm'l0J1mbYlG'l~YI'UrJ 

., , 
~'UYlfl'U.yj 4 : 

'U 'U 

n'l~OJ1rJa'UY111 'Ub'lfYl C lVlrJ~0J1'lru10J1mh'llfl~ hi} ~1~ 

b~rJ~a1~U llbb,h ~~OJ~b~fln~nY11~ijYh hi; t!flrJ~,!Vlb'li1-rU 
u~m'ln fl'U bbG'l~y'hm'lb~fln~ fll tlOJ'Un'l~..t~fll1 )JOJ'll fl~YI'Uff 

• 'U 

n'l~OJ1rJa'UY11b~)JOJ'U hji:f1)J1'ltl'rU 1~ bbr;fl~~U'UYinG'lnY11~YI'Uff 
'U 'U 

n'l~OJ1rJa'UY11 i i:f1)J1'l()1-H'u~m'l1~G'l~1m'lfYl Aj OJ'Un'l~..t~ 

fI'lU'YlnYl'Uffn'l~OJ1rJa'UY111 'Ub'lfYl C bbG'ldhm'l~l'UlruYh'llfl~ 
• 'U 

... ~ fiG-' ~ oCI( 1 rI ~ V 

n~n'lf'Un'lVlVl rp j 'll fl~ bbYlG'l~~'U rJn'l~OJ1rJ (;1'Ufl1 

f11Yi1'llfl~VJ~n~'Un~Vl~ m 'llfl~YI'\.dm~OJ1rJa'UY111Vl1'Ub'lfYl C 't' J 'U 

mh~'YI-j1~Yi1'll flU b'll Yl,h~bbG'l~Yi1'll flU b'llYlU'U'lJ fl~l~'lflUJ'U 1-H''ti1 
'U 

m'lb ~)JYI'Uff n'l~OJ1rJa'U Y11J'U G'l~ 1 'Ub 'lfYl'llrJ~fl Yi bb~~~'41nVl 
'U 'U 

.. '1.,J • 
(Restricted Candidate List 'YI'lfl RCL ) LVlm)Jfl'Yl1n1'l 

Yl'llOJi:fflUYi1'll fl~VJ~n~'Un~Vl~OJ'UfI'lU'Yln bb 11~bbr;fl1-H''ti1 m'lri)J • • 
<dI rI ~ 'if .J I 

bG'l flnYl'UrJn'l~OJ1rJ (;1'U fl1)J1'YI'U~bb 'YI~OJ1n b'lfYl RCL 
'U 

1-H'u~m'l bbG'l~'ti1m'lB~bVl'Ylb'lfYl U lVlm'lfYl RCL i:f1)J1'l() 

bbi:fVl~ l~~~~flltl-d' 

(4.6) 
, 

bijfl fJrpmax Afl 'llflUb'llYlU'U'llfl~b'lfYl RCL 



.ff'UVlfl'U~ 5 : rl'lu~iiaflY)l~U~ hn~.:rUIJ~f)TjOJlf)A'Ur1m~0J1fl~'Uyj'11VlLafl 
~ ~ 

L'YI~flflfl1'UL'lfVl U h1f)trU hh1l.ff'UVlfl'U~ 2 LL~rl'laf)yj'l'Y1f)'jlfl 
~ ~ . 

lVlflf)1'jAl'U1ru'Yllvi'U'1'UYil'll'Uci~ hi} ~~OJ~vi fl~Al'U1ru 1 'U.ff'UVl fl'U~ 2 alaJl'jfl 

LLaVl~ 1~Yl~~fl hJif 
p 
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hi} = c*di} * fw;(t)d(t) (4.7) 
/=0 

L~fl hi} ~fl vi'U'1'UYil'll'Uci~'j~'YI-;h~~f)yj'l i nu~'Ur1n'j~OJlfl~'Uyj'l j 

1 'U.ff'UVl fl'U~ 3 OJ~vi fl~lilf)1'jAl'U1ru'YllYil'll fl~VJ~n~'U f)~Vl~'ll fl~LL~ a~A'Ur1 
~ 

m~OJlfl~'Uyj'l~U~ hn~LtJVl111u~f)1'j 1 'UL'lfVl C ~~alm'jflAl'U1ru 1~Yl~aaJf)1'j~fl1 uif 

!+(P*a)+" h 
rpj = 

) } ~;EAJI Ij 

lAp I 
(4.8) 

~~ Yil'll fl~VJ~n~'U f)~Vl ~ 'YI aJlfl ~~vi'U 'Yl'U 'j1 aJ..r~'YI aJ Vl L\l~ fl ~ fl af) yj'l'Y1ti~'jlfl'll fl~ . ~ 

~'Ur1m~OJlfl~'Uyj'l j 'YIlf) 1 'U1~'jfluJ'UL~flf)~'Ur1m~OJlfl~'Uyj'1 j L ~flLtJVl111u~f)1'j~~vi'U'1'Uif 
U'j~f)flU 1 U~lflvi'U'Yl'U~N~ vi'U'Yl'UYil1'li~lfl 1 'Uf)1'j~1L'U'U~l'U LLa~vi'U'Yl'UYil'll'Uci~ ~~OJ~ 1'liYil'llfl~ •• • 
VJ~n~'Uf)~Vl~ifL u'ULf)ruon1 'U f)1'jL~ flf)A'Ur1m~OJlfl~'Uyj'l L ~ flL ~ aJ L'll11 1.11 'UL'lfVl RCL 

~ 

4.1.4 fil191flU-n\u~hJ 'ma~f11'jU'j~Lij'U (Neighborhood and Evaluation) 
, , , 

Q.I ..:::.I o Q.l .o::::rr..o:::lI " 4 0 d 4.t::11 

'YIaf) f)1'j'Yl 51 AqJ'll fl~llif)1'jA'U 'YIl LL UU'Yll \! LLa~ L'Yl A'U y! m 'j'Yll Al Vl flU fl'U '1'lf~aJ 

~'U~1'UaJ1OJlf)15f)1'jyj''U'YI1 L\l~1~~ ~fl f)1'j~ Wl'U1A1Vl flU lVlflf)1'j LA ~ fl'U A1Vl flUOJlf)A1Vl flU~~ 
~,!Vl1 'UuOJ~u'U 1 UU~A1VlflU'll1~ L~fl~ 8f)A1Vl flU'YIti~~~ L U'U A1Vl flU~~f)ll 'YI~fl1 'U'Yll~'Ylq'\i~ 
L~flf)ll m~U1'Uf)1'j 1~L~1 (Hill Climbing) ~1'Y1.:rUf)1'jL~flf)11OJ~LA~fl'UA1VlflUOJlf)~VlUOJ~U'U 
1UU~A1VlflU 1VlJ'U OJ~iif)1'jU'j~LiJ'UA1VlflU'll1~L~fl~ (neighborhood evaluation) 11m'jOJ~L~flf) 
LA~ fl'UA1Vl flU 1 uU~OJVl1Vl~iif)1'j~ Wl'U1Aru.f)1~'ll fl~Al Vl flu~~aVl LLa~lil Li'UilL uOJ'Um~..t~ • • • 
~'UaVl.ff'UVl fl'U15 L U~flU Lai1 fl'U f)1'j 1~ L'lll1 UOJ'U ~~OJVlfl fl Vl'll fl~m'lJ1,r'U Lfl~ lVlflA1Vl flU'lll~L~fl~ . . " 

, " o 'JI ct 0 • .oo:::tQl 

4.1.4.1 fll VlflU"l.Il'J Lfltl'J19l1 LL'YI'U'J'Yll9l'J (Location Neighborhood) 

~l'Y1.:rU L vJa~lLL 'YIt1~~yf~OJ~ 1'lf15f)1'jLA~fl'U A1Vl flUOJlf)A1Vl flu~~~aVl • 
UOJOJU'U 1 UU~A1VlflU'll1~L~m lVlmLu~Lu'U 3 U'j~L.f)'Yl~fl f)1'jLA~fl'U lVlflf)1'jL ~aJA'Ur1m~OJlfl . ~ 

~'Uyj'1 (add move) f)1'jLA~fl'U1Vlflf)1'jaVlA'Ur1m~OJlfl~'Uyj'1 (drop move) LLa~f)1'jLA~fl'U1Vlfl 
~ 
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fil1aULU~tJlJYllHrm::OJltJ5lJYi'1 (swap move) ~~ 1lJfil1U1::dJlJY)1~au'livlL~tJ~"lJa~fil1 
" 

LI"l~alJy)1~aU~~51:JJ'ifil~llf),".J1OJ :: LI"l~alJy)1~au luu~Y)l~au'lil~L~tJ~ 1~l'lflJ OJ :: 1'lf16fil1 

U1:::JJlru~1:JJVI~fl"lJa~ Jacobsen (1983) LL'Y1lJfil1'V1lY)1~au~&i~~~LvJmUlJfil1G'l~1::tJ::LlG'l11lJ 
fil1U1::Li1lJ Y)1~ au'lil~ L~tJ~alV1-rU'uryVll"lJlJl~ 1 Vlq! l~tJ~lJ~ alJ fil1LI"l~ alJY)l~ au 1 UU~ Y)1~ au 

'lil~ L~tJ~'lJ a~ L vJ5~h LL Vl'U~~vf~51 :JJl1tl a5U1tJ l~~~if 

Location neighborhood 

Let S is the current solution 

Let obi s is the objective function value of the current solution 

Let Sneighbor is the best neighborhood of current solution and set Sneighhor := S 

Let obi s . is the objective function value of the best neighborhood and set obi <; . := obi '\ 
neighbor .... neighbor '--

while stopping criteria is not met do 

end 

Randomly select a period to be changed 

Generate the neighborhood N(S) of S according to the type of move 

Evaluate the neighborhood N(S) and calculate objective function value obi N(S ) 

if obi N( <;) is better than obi s . 
. neighbor 

Sneighbor := N(S ) 

obi S"eighbor := obi N(S) 

end 

Update current solution S , S:= S neighbor and new objective function ob}.,:= obi <; 
. . neighbor 

fil1 LI"l~alJY)l~ au 1~tJfil1 L ~:JJ11:JJ~~fil1G'l~ YllJflm::OJltJ5lJYi'lJlJL UlJ 
" 

m::UllJfil1~al~ru 1lJfil1LI"l~ alJ Y)1~ aUOJlflY)l~ au~&i~5~UOJOJUlJ 1 UU~Y)l~ au'lil~L~ tJ~~ 
v • • 

&iflll 1~tJ'VIlflLu~tJuLlitJunufil1LI"l~alJY)1~aul~tJfil1aulu~tJlJ (swap move) LLalOJ::'WUll 

fil1LI"l~alJ Y)1~ au 1~tJfil1L ~:JJ-G'l~ OJ:: 1 rf el~11fil1L U~tJlJLL UG'l'! I"lrum'WY)l~ aU:JJlflflllfil1 • 
LI"l~alJY)l~au 1~tJfil1auLu~tJlJ~~l"lrum'WY)1~auOJ:: 1~ LU~tJlJLLUG-': '1:JJlfl'lTfl ~~JlJ 1lJ~llJl~tJif • 
OJ:: 1'lf16fil1LI"l~alJY)1~au 1~tJfil1L ~:JJ-G'l~LUlJ16fil1V1~fl1lJfil1~~'lJlY)1~ClULLG'l:: 1'lf16fil1 

LI"l~alJ Y)1~ au 1~tJfil1au L U~tJlJL vJ milfil1Yi'lJ'VIlG'l::LBtJ ~ LLG'l::U-rUU1~Y)1~ au~&i a~ LLa11 rf&i . " 
~~~lJ LLG'l ::al'VI-rUfil1a5UltJ16fil1LI"l ~alJ Y)1~ au~~ 3 16'lJ a~ L vJ 5~h LL VI'Il~~~~ LLG'l :: fil1U1:: Li1lJ 

Y)l~au'lil~L~tJ~JlJ LvJa 1 rf~ltJt9iafil1a5U1mLG'l::fil1L'lil1OJOJ::lilfil1rilV1lJ~arymru (notation) 
.,J1~ .. ..,.: 

L'Wa 'if blJfil1aliU1tJ~~lJ 



S 

J open,k 

J close,k 

I 

~fl ~l~flUl1'il~U'U ~.:Jlh:;nflu hJvi'-;)fJ S = {Jopen,1 ,Jopen,2 ,··· ·,Jopen,k } 

~fl b'lf~'llfl.:JA'U~m:;'ill~~'UYi'1~btJ~ll1u~m'll'UYlluLdm~ k b~fl~l~flU 
'U 

U'il'ilU'U~fl S , 
~fl b'lf~'llfl.:JA'U~m:;'ill~~'UyJl~tJ~ 111u~m'l1'UYllUblGil~ k b~fl~l~flU 

'U 

U'il'ilU'U~fl S , 

~fl b'lf~'llfl.:JGinyJl'tf.:JVllJ~l~~~ i E I, i = 1,2, ... ,n 
'U 
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~fl b'lf~'llfl.:JGinyJl~.:J-ruu~m'l'illnA'U~m:;'ill~~'UyJl }. l'UYllULdGil~ k b~fl 
'U 'U 

1) m';ilfl~f)'u~h~f1uT~tlnT'Hvi:IJff'Uan~~'illtl~'U~l (Add Move) 
" 

m'la{l.:J~l~ flU'li'l.:J b~~.:J'll fl.:Jm'lbfl~fl1.J ~l~flU l~~m'lb ~lJ 
A'U~m:;'ill~~'UyJ1J'U 'il:;b~lJ 1~mhm'lalJYllUb1Gil k 1~ 1~'UlJ1UGi~bb'Yl'UYllUb1Gil~alJ lvi'bu'U 
'U , , 

r ~.:JYllUb1m~lJif'il:;bU'UYllUb1Gilbb'ln~t1'U~m:;'ill~~'UyJl j' ~.:J j' E J c{ose,k btJ~ll1u~m'l 
b ~m&ilJbbGi:;'il:;btJ~ 111u~m'l1 U'il'U~'Ua~'l:;~:;Ldmm'l11.:Jbbt:J'U~llJ'U 1~Ul~m'l111mhmbGi:;tJ~ , 

t1'U~m:;'ill~~'UyJl~llJbifl'U l'llu.:J~u (3.1 0) bbGi:;mlJl'lmb'Yl'U~l~flu'li'l.:Jl~~.:J N (S) add lvi'vl.:Jif 

N (S) add = {J~pen ,k I(J~pen,k =Jopen,k, k<r) V (J~pel1 , k c=Jopen,k u{j'}, kzr)} (4.9) 

l~fl j' ~fl t1'U~m:;'ill~~'UyJll~ ,1'Ul'lf~ J close,k ~~m~flnll1ltJ~u~m'll~lJ 
r ~fl YllUl1mbb'ln~.:Jt1'U~m:;'ill~~'UyJl j' btJ~ll1u~m'l 

1 'U m'lU'l:;dj'UllviGi:;~l~ flU'li'l.:Jl~ ~.:JJ'U'il:; l'lf'm'lu'l~lJlru'll fl.:J 
Jacobsen ~.:J'il:;U'l:;lJlru~l~flu'li'l.:Jb~~.:J 1~~ 1'lf'~'U'Yl'U'l1lJ~lu~~'UbbUGi.:J 1 U'illnU'il'ilU'U II 'Yl'U , , 

m'lVll~1~flu~&i~~~~.:J'il:;~fl.:JlltiutyVllm'l~~..t11uvlWli'U'UtyVllGi~~U F(~k ) l~~Vlln 
utyVllii'll'Ul~ 1 VlqJm'lU'l:;lij'Ul'lf~'li'l.:Jb~m'il:; l'lf'Ldm'Ul'UlJln vl.:J..1'U 1 'U.:Jl'Ui~~if~.:J l'lf'm'l 

U 'l:;1J1 ru ~l ~ flU'li'l.:J l~~.:J II 'Yl'U m'lVil ~l~ flU~ &i~a ~ llGi:; l ~ fl.:J'ill n uru VIl ~~'ill'lrull U'Uu ru Vll~ 
, u u 

iiVlGil~ r11U Ldm~.:J~ fl.:J ... hm'lu'l:;lJlru~'U'YJ'U'l1lJ~ l u~~'U 1 U I1Z k .yjGi~YllU LdGil ~.:JVlanm'l'll fl.:J 
m'lU'l:;lJlru'llfl.:J Jacobsen J'U'il:;""lm'lUl~GinyJ1U1.:JU'Vj i E I ~.:JU'il'ilu'U-ruu~m'l'illnA'U~ 

'U , 'U 

m:;'ill~~'UyJl j 1~ ,1'Ul'lf~ J open,k lUf1.:Jt1'U~m:;'ill~~'UyJllll1.:J1V1aJ j' rl'l~'U'YJ'UYil'll'Ua.:J'llfl.:J 

GinyJl i fiUA'U~m:;'ill~~'UyJllll1.:J 1 mj~.:Jll 'Yl'Uvi'1~ h,h'k ,rfl~nl1~'U'Yl'UYil'll'Ua.:JU'il'ilU'U'llfl.:J 
~ u ~ q q 

~nyJl i ~.:Jll'Yl'Uvi'1~ hik l~~YJ.:Jn~'Um'lU'l:;lJlru~l~flu'li'l.:Jl~~N N(S)add lU'Uvl.:Jif 

Minimize I1Zk = 1;. + I (hi)'k - hik )xi)' (4.10) 
iEl 
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n 

subject to; LWtk xU' ~ (4,11 ) 
i=1 

tl)::-;;)lu~hJA1LL~~lrnj j' 

1;, ~f) ~'U'YI'UA~~l'Um'Hfrl~Yl'UrJtl)::o;nU~'UAl j' . ~ 

~f) mlaJ~f)~m'l'lJf)~G'lflAl i l'UA1ULlG'l1~ k 
~ 

~f) tJ~muJ'~~,!Vll 'Um'll rfu~m'l'lJf)~~'UrJtl)~ • .nU~'UAl j' 1 'UA1UL1G'l1~ k 

L1f)'U 1'lJU~yj'u (4,11) Lyjf)f)ll1'UVllrfAllaJ~f)~m'l'llaJ..r~l1aJVl 
'lJf)~G'lflAl~rJ1UL·lha.Jl-ruu~m'l-;;)lflYl'UrJtl)::-;;)lU~'UA1LL ~~ 1 mJ J" -;;)::~f)~ hJd)'UmlaJala.Jl'ltl 

~ ~ 

a~aVl~lrfu~m'l hi LLG'l::Lriml1m'l~1'UltlJl"h !J.Zk -;;)'UA'lU'YIflA1ULlmLLal-;;)::lilm'l'llaJ~'U'YI'U \J 11 11 II 

p , ~ 

f."Z = L!J.Zk ~~mflij~huf)Uflll 0 LLaVl~ll~lVlf)U'ljl~L~u~i1 
k=1 

2) fll"HfI~f)\J~hGlf)U tl'lLlfll"Htl'lA\JaW')~OJ1L1~\J~11 (Drop Move) 
'U 

m 'l LA ~ f)'U ~l GI f)U LVl U m 'lG'l Vl Yl'U rJ tl)::-;;)l U ~'U Al J'U ihrfl'l~tlJ:: 
~ 

L'li'U L&imnUm'lLA~f)'U~lVl f)U LVlum'lL ~aJYl'UrJtl)::-;;)lU~'UAl LLvl LLVlflvll~n'U~m'lL ~aJYl'UrJ 
~ ~ 

tl)~-;;)lU~'UA1-;;)lfl~lGlf)uil-;;)-;;)u'U~LU'U 1 tJ1vi' (feasible solution) alaJl'ltltl)::li11vi'..r'UiiL~'l1:: • 
L U'Um'lL ~aJ mlaJalaJl'ltll 'Um'll rfu~m'l'llaJ'lJ f)~Yl'UrJtl)::-;;)lU~'U Allill rf ~lGl f)u'lil~L~U~-;;)lfl 

~ 

m'lL ~aJ~'UrJtl)::-;;)lU~'UA1J'ULU'U~lVlf)U~LU'U 1 tJ1vi' (feasible) LaaJf) LLGl1 'Um'lG'lVl~'UrJtl)::-;;)lU 
~'UA1J'UmflmlaJalaJl'ltl'lJf)~Yl'UrJtl)~-;;)lU~'UAl J" ~tJVl1tJ~~ J" E J lillrfAllaJ ~ open,k 

alaJl'ltl'llaJ 1 'Um'll rfu~m'l'lJ f)~'YIflYl'UrJtl)::-;;)lU ~'U Alij,r f)UflllATlaJ~ f)~m'l'llaJ..r~l1aJVl'lJf)~ . ~ 
G'lflAl-;;)::lill rf~lVlf)U'lh~L~u~J'UflG'llmu'U~lVlf)U~LU'U 1 tJhi1vi' (:nfeasible) ~~J'U 1 'U~'UGlf)'U 
~ 

m'la-rl~~lVl f)u'lh~L~u~~~tl)::lill 'U~fl~tlJ::L&iulnUm'l L ~aJ Yl'UrJ tl)::-;;)lU~'U Al -;;)::~ f)~ijm'l 
~ 

Vl'll-;;)af)U AllaJalaJl'ltll 'U m'll rfu~m'l'lJ f)~Yl'UrJtl)::-;;)lU~'U Al~ L 11~ f) mjnumlaJ~ f)~m'l'llaJ 
~ ~ 

~~ 1 'U~l'Ui~ud-;;):: liL 'YIAiJAm'l~f)'UAG'llm1f)'U 1'lJU~yj'uvi'l'UmlaJala.Jl'ltll 'Um'l 

1 rfu~m'l (L1f)'U 1'llu~yj'u 3.11) LLalliVJ~n-a''Ul"htJ-rULLG'l::a-rl~Yl'UrJtl)::-;;)lU~'UAl LYlUaJ 
~ 

.r 'i' 1 l " e, .. (dummy facility) 'lJ'UaJl bVlumflAllaJ(;{laJl'ltl'llaJa~aVl 'Um'l l1U'lm'l'lJf)~'YIflYl'UUtl)::-;;)lU 
\J q q \J 

~'UAlijhhV4U~~f) G'lflAl-;;)::-ruu~m'l-;;)lflYl'UrJtl)::-;;)lU~'UA1LiiuaJd LVlU~VlLu'UYhtJ-ru'lJf)~m'l 
~ ~ 

G'l:: Li)Vl LL 'YI'U LVluVJ~n-a''U alaJl'lmLaVl~ 1vi'~~d 

p = IIpwik Xijk ; j = dummy facility (4,12) 
k=1 i=1 
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j~1 k~ 1 j~ 1 k~ 1 j~ 1 i~ 1 

. 
Lilf) Af) ~1bLtJ'l'YlimA~'Iii~lL'Yhn'U 1 LrimHwll i -'r'U'U~fn'lOJlfWI'U6 

~ ~ 

m~OJlt1a'UAl j 1'UA1'UL11:11~ k 

A f) ~ltJ-'r'Ul9i m,t11t11 'U fn'l'lJ'U ri'la'U A1OJlfwl'W6m~0J1t1 a'U Al L YimJ 1 tJri''I 
" 

p 

1'U fn'l5{1'1Y11V1 f)'U'lIl'1 LA tI'I'lJ f)'I fn'll:l VI A'U 6 m~OJl tI a'U Al,f'U OJ~ 
~ 

't11fn'lrilJA1'UL1m k 1V1 '1~'UlJlbLl:I~bL'Yl'UA1'UL11:11~rilJ 1vlvl1t1 r Via'lOJln,f'U't11fn'lLaf)nA'U6 . . ~ 

m~OJlt1a'UAl J" ~LtJVlf)tl1'UL'ZfVl J k Lrlf) k = r Lyjf)tJVI~11:1'1~'IbLl9iAl'UL11:11,f'U0J'U~'U5V1 
'U open, • 

'l~tI~L1mfn'l11'1bLW'U LLl9i~'Iif~'I,f'U~'U6m~OJlt1a'UAl j' ~Laf)n,f'UOJ~~ntJVl1vlnl9imrlf) 1 'U 

Al'UL11:11 k < r ,f'Uvlf)'I hjiiA'U6m~OJlt1a'UAlifLtJVl111'U~fn'lf)~nf)'UL'Yh,f'U 1 'Ufn'ltJ'l~LiJ'U 
" " 

Y11 VI f)'U'lIl'1 LA tI'I~5{1'1ifOJ~tJ'l~ LiJ'U Yi I:I~Al'U L1 m L 'If'U L~ tI1 n'Ui6 bL'l n tVl tlOJ~'t11 fn'lf11 tI I:In Al i 
" 

1'UL'ZfVl l 'k ~'IUOJOJu'U-'r'U'U~fn'lOJlnA'U6m~0J1t1a'UA1~fha'l0J~tJVI J" 1tJri''IA'U6m~OJlt1a'UAl 
J q '" 'U 

~LtJVlf)~bLl:I~iiA11lJ51lJl'ltl1'Ufn'lh''U~fn'lLViaf)f)~ S jk avatlable ~ 0 Lrlf) j E J open,k - {j'} 
tVl tlOJ~'t11 fn'lf11 tll:ln Al L Vi ~l'uL tJ ri''IA'U 6 m~OJl tI a'U Al~ L tJ VI f) ~~ ii ~'U 'Yl'U ~1'lJ'U ri'l ~1 ~5V1 tVl tI fn 'l 

'U 'U '" q q 

Laf)nill:1nAl~t1nf11t1OJ~ 1 tJf)~n'UA'U6m~OJlt1a'UA11V1,f'U0J~Vi11vlOJlnYJ'In~'Ul9i f) 1 tJif 
'U 'U 'U 'U 

Minimize I1Zk = L L (hijk - h ij'k ~ij -- Ii' + P (4.14) 
IE/}'k jEJopenk-V' } 

subject to; LXij = Vi E 1 j'k (4.15) . 
JEJopenrV } 

n 

Lw,k x ij ~ S jk _ available ; Vj E J open ,k - V} (4.16) 
i~ 1 

YJ'In~'UlVlqtJ'l~5'1A (4.14) Af)YJ'In~'UlVlqtJ'l~5'1A~LU'Ufn'l 
tJ'l~ LiJ'U ~'U 'Yl'U'l1lJ~ L tJ ~tI'U bL tJ 1:1'1 Lrl f) ii fn'lf11 tI Y11 VI f)'U 1 tJ ri''I Y11V1 f)'U'lIl'1 LA tI'I51 Vi-'r'U Al'U L1m~ • 
k tVltliifn'l'l1lJ~ltJ-'r'U 1 'Um&l:I~ LiJVI L~f)'U 1'lJU'II"l'Uvll'UA11lJ51lJl'ltl 5'1 5V1'l1lJ 1 'Ufn'l111'U~fn'l " . 
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Move) 

1 'Uf)l';iLA~fl'U~ll9lflU lVltJf)l';iau LU~tJ'U,T'U o .-

"ill 'Ul 'U"lJ fl'lA'UtJ 
\J 

m~"illtJa'U All 'UA1U Llr;mT'U 'l"il~ii~l L fil L&1aJ hi L U ~tJ'U LL Ur:I'lLL~"il~iinl'H'laU ~m'U~';i~'Yrh'lA'Ucl' 
\J 

m~"illtJ a'UA1~ LtJVlll1u~f)l';i~'lfl~1 'UL'lfl9l J open ,k nu ~'Ucl'm~"illtJa'U Al~tJVl fl~~'lfl~1 'UL'lfl9l 

J clo1e,k ~'lLLl1"il~'lLL~lf)l';iaULu~tJ'U~'Ucl'm~"illtJa'UAl (swap move) Afl f)l';i~iif)l';iL~t1LLr:I~r:lVl 
A'Ucl'm~"illtJa'UAll 'ULlr:ll L&imn'U'!'ULfl'l ~'l,T'U 51'VI-!U f)l';i~{l'l~lVl flU'lll'l LAtJ'llVltJf)l';i 
\J 

au L U ~tJ'U A'U cl' m~"ill tJ a'U Al';il aJ~'lf)l ';iU';i~ Ljj'U ~119l flU'lll'l LA tJ'l,T 'U ~-I m ';ifl'YIl lVllVltJ til rltJ 
\J 

'VIaflf)l';i"lJ fl'lf)l';iLA ~fl'U~lVl flU lVltJf)l';iL ~aJ LLr:I~f)l';ir:lVlA'Ucl'm~"illtJa'UA1';ilaJn'U LLr:I~L ~fl 
\J 

'VI~flL~tJ'l~ll9l flU'lll'l LAtJ'l~ L u'U 1 uhn~ (infeasible) "il~~ fl'l'til f)l';i L ~aJ ~'Ucl'm~"illtJ a'UAlri fl'U 

4.1.4.2 ftll9lflU'li\\lLflfJ-3"l.1fl'U Vhlfl1,,)~l9l (assignment phase neighborhood) 

LvJ~f)l';i~VlLU'Uf)l';iLLnilqJ'VIlr:lVl~U F(Y;k) Lrlm'l';ilU~lL'lfl9l~ll9lflU"lJfl'l 

vllLLU';i~lLL 'VI11'l'Y11mA Y;k LL~T;h'!1'Ucl'm~"illtJa'UA1LL -H'llVlLtJVlll1U~f)l';iUl'lLLr:I~LtJVlll1U~f)l';i 

UI Llr:lllVll 'U';i~tJ~Llr:llf)l';ill'lLL~'U ~'lLvJ~f)l';i~Vlii~VlU';i~~'lyfL~flaJflU'VIaJltJ (assign) ~flAl 
111nUA'Ucl'm~"illtJa'UA1~LtJVlll1U~f)l';i lVltJ l'lf~'U'Y1'U~l"lJ'Uri~~l~~Vl ~'lf)l';iLA~fl'U~ll9lflU"lJfl'l 

\J •• 

LvJ~t1"il~1'lfi5f)l';iLA~fl'U~119lflU 2 15 Afl f)l';iaULu~tJ'U (swap move) LLr:I~f)l';iiltJ (shift 

move) ~'l15f)l';iLA~ fl'U~lVl flU~'l~fl'l'lfiJ Vl L U'U ~'lt1 

1) fl1,,)LfI~fl'Uftl191flutl9lfJfl1,,)"ULU~m .. !atl~l (Swap move) 
\J 

f)l';iLA~fl'U~ll9l flU lVltJf)l';iau L U~tJ'U r:lflAl,T'U "il~'tilf)l';iL~ flfl 
\J 

r:lflAl~"il~'tilf)l';i~aU~'UaJl 2 UYl ~'lil"il"ilU'U-!UU~f)l';i"illflA'Ucl'm~"illtJa'UA1~LLl9lfl~1'ln'U aJl 
\J • \J 

~aUA'Ucl'm~"illtJa'UA1~-!U iJVl'lfflun'U lVltJ 1 'U f)l';i~au,T'U"il~~ fl'lW"ill';iUllf1'lmlaJ ~laJl")t:ll 'Uf)l';i 
\J 

111U~f)l';i"lJ fl'lA'Ucl'm~"illtJa'UA1'VIa'l~aUr:lflAln'U LL~l~ltJ L ~ fl 1 aJ1 11m 1 aJ~ fl'lf)l';i';iltl"lJ fl'lr:lflAl 
\J \J \J 

"lJfl'lA'Ucl'm~"illtJa'UA1,T'ULn'UmlaJ~laJl';it:l~'l~Vll 'Uf)l';i 111u~f)l';i ~'l"il~'tilll1~ll9lflU'lll'lLAtJ'l,T'U 
\J \J • 

LU'U~ll9lflU~LU'U luhn~ 

2) fl1,,)LfI~mlftl191flU tl9lfJfl1")thfJr:ltl~l (Shift move) 
\J 

f)l';i LA ~fl'U~ll9l flu15t1L U'Uf)l';iiltJ r:lflAl 1 ';iltJ"illflA'Ucl' 
\J \J 

m~"illtJa'UA1'VI~'l1 uiJ'lBfl A'Ucl'm~"illtJa'U Al'VI~'l 'VI~flf)l';i L U~tJ'U A'Ucl'm~"illtJ a'UA1~-!U iJVl'lfflU 
\J \J 

"lJ fl'lr:lfl Al~ L~flfl'!'ULfl'l lVltJf)l';iiltJ 1 uiJ'lA'Ucl'm~"illtJ a'UAl LL -H"l 1 mJ,T'U mlaJ~ fl'lf)l';i"lJ fl'l 
\J \J 

r:lflAl~iltJ 1 uLrlmlll U';ilaJnumlaJ~fl'lf)l';i';ilaJL&1aJ,T'U"il~~fl'l hJ Ln'Umltl~laJl';it:l~'l~l9ll 'Uf)l';i 
\J \J • 

111U~f)l';i"lJfl'lA'Ucl'm~"illtJa'UAll 'VI~~iltJ 1 UL ~fliJfl'ln'Uf)l';iLnVl~lVl flU~LtJ'U 1 ul~l~ 
\J 



4.1.4 "';iltJfl1"';iifl'.h:J.lUa~"';i~tJ~L1al&i'fl'l .. h3J (Tabu List and Tabu Tenure) 

'llfl&1'\.h~mTYI~'l'llfl'lm"';iA'U'YI1LLuuYIluLriflLu~tlUi.fit.:utlu16m"';iA'Uln 
'lJ 
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LU'V41~~ Afl m"';iA'U'YI1LLUUYIl\J 1viafl'l16m"';iiJfl'ltl'Um"';i1'Ufl~UaJl~~VlL~aJ (cycling) 'lIfl'lm"';i 

L~~fl'UA1~flU LVltlm"';iafl'l"';iltlm"';i'llm11aJ (tabu list) ~'l"il~U'Ul1flAl~flU~~1'UaJ1LL~111~laJ 
"';i~tI~Ll(;llvifl'l-HlaJ~fil'H'UVi (tabu tenure) LVitlAl~flUL'YI~1'd't11fl~1'Uam'U~'Yl1\J (tabu active) 

m"';iL~~ fl'U~h~flU"iIlflAl~ flUU"iI"iIU'Ul.J1£l'lAl~ flud"il~t1fl-HlaJ 11 ~'ll 'U ri1'U~ fl1 U"il~L~tlfl 
, 'lJ 

m~U1'Um"';i'Yl1Al~flU'YI~fld .. .h short-term tabu search LVI til 'U'll'Ul~tld"il~fil'Y1'UVI"';i~tI~Ll(;ll 
vi fl'l-Hl aJ L tJ'U ~l ~'l~"iIl fl m"';i'Yl VI (;l fl'l'Yl1 ~l 'V41"';il ij L~ fl{~ L 'YI aJl~aaJ 
LLU'lLtJ'U 2 "';iltlm"';i Afl 

1) "';iltlm"';i'llfl-HlaJ'lIfl'lri1'UUfY'YI1~lLL'YItl'l~~'l (add drop LL(;l~ swap) 

~'lfil'YI'UVI",ht11A'Ucl'm~"iIltli;l'UAllV1()flLUVI UVI 'YI~mlUL U~tI'U 
'lJ 'lJ 

A'U cl' m~"iIl tI i;l'U Al'!'U"iI~vi fl'l111 m"';i ~'l am'U~ L~ aJ 11L tJ'U~1'U1'U 
'lJ 

I Q.,f tI" 
L 'YllflU"';i~tI~Ll(;ll~ fl'l'Yl1aJ 

2) "';iltlm"';i'llfl-HlaJ'lIfl'lri1'UUfY'YI1nl"';i~VI (swap LL(;l~ shift) ~'lfil'YI'UVi 
ilt11(;lflAl"';iltllV1()mlULU~tI'U 'YI~fl()mrlrJ 1 U£l'lA'Ucl'm~"iIltli;l'UAl 

'\J 'U '\J 'U 

lVi (;l fl Al"il~vi fl'l~'l a m'U~ fl ~ tl U A'U cl' m~"iIl tI i;l'U Al,! 'U L tJ'U "';i~tI~ L 1m 
\J 'lJ 'lJ 

" 4.1.5 LflW"fl1"';i~~flflfl (Aspiration Criteria) 
'U 

l'Um"';iL~~fl'UA1~flUU1'l1'l"';iflU'!'U"iI~'V4uilAl~flU'll1'lLAtI'l~W~'U1"illflAl~flU 
U"iI"iIU'U fl1"i1"i1~ijam'U~()fl-HlaJ111l 'YI1a.i alaJl"';im~~ fl'UA1~ flU 1 U£l'lAl~ flU'lll'lLA tI'l~'lfl~lllvi ~'l 

, 'lJ 

m"';i(;l~ L 1'U"';il tI m"';i'll fl-Hl aJ'lI fl'lAl ~ flU'lll'l LA tI'lih 'U mru~ Al ~ flU'lll'l LA tI'l~'l 'YIaJ VI~la.i &l VI am'U~ 
vi fl'l-HlaJ ij~lVJ'ln~'Ul~~U"';i~a'l~aJl fl flilAl~ flUU"iI~U'U (al'YI-rUUfY'YI1m"';i'Yl1~l~l~,!VI) LVltI"iI~ 
111m"';iL~~fl'UA1~ flU 1 U£l'lAl~ flU'lll'l LAtI'l~ijam'U~()fl-HlaJ LL~ L tJ'U Al ~ flU~&1flil Al~ flUU"iI"iIU'U 

'U , 

LL'Yl'U 

4.1.6 fl1"';i"'I1~h~fl'U T~m~3Jf'l113J'YIalfl'YIaltJ (Diversification) 

1 'U'Ul'lmru'!'U m"';iA'U'YIl LL 'U'U'Yll\J LVltll"lf'LU'V41~'YItl -ltl~11aJ~1"';i~tI~~'U (short­

term memory) 'YI~flm"';i l"lf'"';iltlm"';i'llfl-HlaJL ~tI'lfl~1'lL&1t11'!'U fl1"i1"i1~111l-Hm"';iA'U'YI1Al~fl'U~ltlVl 
fl~ LU'V41~ 1 'U'U~ Llfll lV1'U~Llfll'YI~'l L 'vh,!'U ~'lfl1"i1"i1~ 1aJ1i'U~ L 1fll~ L U'U Al~ fl'U~&1~aVl~"';ifl'U~a aJ 

\J , , 

(global optima) 'lIfl'lUfY'YI1 ~'l'!'UL vim ~aJU"';i~i;l'Yl5.fll'V4l 'Um"';i'Yl1Al~flU~'lvifl'l111m"';iA'U'YI1 
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~lVlfl'U 1 lJ'H~ln'H~lt1'U~n(\Unn~lJ LVltlfil'ja'h~'H'Illtlm1aJ~1'j~fJ~tI11 (long-term memory) 

~lJ~'11 lJ'I1lJl~tlif'J~ 1'lf'H'IlltlYll1aJ~lm1aJ~ (frequency memory) 1 lJfil'jUlJYin~llJllJYl~'1'lJfl'l 
fil 'j L tl ~tllJ LL tl ~'1 amlJ~'lJ fl'l AlJ rr m~'J1 tlalJ 1"11 LLvi ~~ LL 11'1 LVl tim n AlJ rrm~'J1 tlalJ Yl1 ii fil'j L tl ~tllJ 

~ ~ 

amlJ~'J1nfil'j LUVl L UlJUVl 'H~fl'J1nuVl L UlJLUVl 'j~'Hl1'1m~'UllJfil'j LYl~BlJ~lVl fl'U'J1n~lVl fl'U 

'H~'11 tlu'Ian ~lVl fl'U'H~'1 'H'IlltlYll1aJ~1 m1 aJ~'J~Yi1fil'jiT'U~llJllJ Yl~'1~iifil'j L tl~tllJ amlJ~ 
L 'H~lif1l ~'1'H1nAlJrrm~'J1t1alJI"11LL 11'11Vlii~llJllJ Yl~'1~iifil'jL tl~tllJ amlJ~'H~flii m1aJ~t! fltl 

~ 

LLaVl'lll~lVl fl'U 1 lJ'U~n(\.!lrlJ L UlJ'U~ nru~aaJ m'j'J~Yi1 fil'jl"1lJ'H1 L ~aJ L&iaJ ~'1Vl1'j1'1vi fl 1 tlifL UlJ 

19i'lflri1'1'lJfl'lfil'j~llJlru~'lfi1m1aJ~lAqJ L~flilqJmtl'j~nfl'U~ltl~lJrrm~'J1t1alJI"11~llJllJ 6 
, 

LL'H'I 

. 
f>lll3.JO"l.JrNfll,) 

QI ~ 0 QI 

~"lfU f>l113.J al f>lty 

btl~m.Hf(\lU~ (Priority index) 

1 23 0.201 4 

2 10 0.087 2 

3 15 0.130 3 

4 3 0.026 1 

5 35 0.304 6 

6 29 0.252 5 

(priority index) ~l'H'~''ULLvi ~~AlJrrm~'J1t1alJI"11 L yj fl fil'ja{l'1~lVl fl'U L~aJ~lJ'lJ fl'l Diversification 
~ 

'" , 
phase ;g'lb~tlm 'YIYlilYli1L~tI nl1 restart diversification 'H~flfil'jL ~aJ mlaJ'Hmn'Hmtl'lJfl'lfil'j 

I"1lJm LVltlfil'jL~aJ 1 mJ ~'1'J~ 1'lf~'lfi1m1aJ~lAruLUlJLnru'n1 lJfil'jL~flnAlJrrm~'J1t1alJI"11'lJfl'lL rJa 
v ~ 

ifLb~~ 1'lf~lJVl fllJ15n~Vlm lJ fil'ja{l'1~lVl fl'U b~aJ~lJii~~Yl1'U n~lLVltl fl rimtl1~L~ fllJ 1'lJU'IA'U L~fl'l 
~ 

m1aJa1aJ1'j(\'lJfl'lAlJrrm~'J1t1alJYl1 (capacity) LL~~ L1 fllJ l'lJU'IA'U ~~fl'lAlJrrm~'J1t1alJI"11~ LUVl 
~ ~ 

1-H'U~fil'jLL~1 hJa1aJ1'j(\~OJ~UVl'H~mhm.hLL'H'Il'l1~ ~'1~lJVlfllJvi1~ l'lJeNLrJaifa1aJ1'jmLaVl'l1~ 
~'1vifl 1tlif 



Diversification phase 

while stopping criteria is not met do 

Apply short-term tabu search 

Record frequency of status changes of each facility 

Record the best found solution so far, Shest 

end 

for k = 1 to the number of all periods 

Let I is a set of unassigned customers 

Let J is a set of all candidate facilities 

for j =1 to m and j E J 

Calculate the priority index of facility j 

end 

while 1:1; ¢ do 

end 

end 

Choose the lowest priority index facility from J 

Calculate transportation costs between all customers and selected facility 

Sort all transportation costs in ascending order 

Assign unassigned customer in I to the selected facility by sorted transportation 

cost with subject to capacity constraints and no relocation policy 

Delete assigned customers from set I 

Delete opened facility j from set J 

Clear all short-term memories 

while stopping criteria is not met do 

Apply short-term tabu search 

Record the best found solution of diversification phase, S be.lt _ diversification 

end 

if S hest _ diversification is better than S hest 

end 

4.1. 7 fl1'l..,a~f'l'U"'lfh6lflU (Termination) , 
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Lm\JoMm'll'1~~ (stopping criteria) LthJ''iil'U1'U1'1'lflU (iteration) &i~viflfi'U~'1~~~YllV1flU hili 
m'l'lH'ul.h'l LLa::L.Q fl'l'illn~'UVI fl'Ui5i. 'U'Il'Ui-.5'aiftT'Ui;nlJl'lfILL U'I fl fln lvi'L u'Uafl'l L yJ a ~ fl L yJa • 
~lLLl1t1'1~~'1 (location phase) LLa::LyJam'l-.5'~ (assignment phase) ~'1'il::1iLnruoMnl'll1~~if 
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n\J..r'J ,HN L yJ a t~tI U~~:; L yJ a'il:;fil f1l'lYi't.J'YIl Yl1 ~ tlU'il'U m:;tt'J~l'Ul'Ul'J'l tlU &i ~ ~ ml'U a'J a~~ " . 
y'h~tlu hJiif1l'lu-!ul.h'J'lltl'JL yJa,f'ULyhnuYh~nll1'U~ lil 'UUvl~:;LyJa~'JiiYil hhyhn'U U~:;f1l'l • 
Yl'UmYh~ f)u,f'U'il:;m:;fill1~:; L yJa'il'Um:;tt'J La~'il~'U..r'Jl1:I.J ~n tl'U ~'J'il:; 1 Ufi11 'UL yJa~ tll ul~ 

1 'Uf1l'l'Yl~atlUu'l:;a'Yl5m~'lltl'J1Bf1l'li1l~a&ifl~1~~WJ'U11 mil'li' tl 4.1 ,f'U~lLtJ'U~tl'Jii 
f1l'lnll1'U~vll~l~a:I.J'l'lfI'U:;~l'J "1 mil 'Uf1l'l'Yl~atlu~'J t~tlttll U'il:; 1';Y1rum~'lltl'JYil~tlULtJ'U 
vll~l~a:I.J'l'lfI'U:;'ll tl'Ji1l~a&ifl~~WJ'Ul~'U ~'J tll'il'il:;tl~1 'U'l'\.hL UU~l'J"1 Lozf'U ~'U'Yl'U'll:I.J..r'Jl1:I.J~ 

" " . 
'll tl'JVJ'Jfii''Ul~ flu'l:;a'J A ~l'Ul'U Yl1 ~ tlu~~~a ~..r'Jl1:I.J ~ l1~ tl i. U f) {L ~'U vi Ylll:I.J U~ fl ~1'J'll tl'J • • 
Yil~tlUnuYil~tlU~~~a~ LtJ'U~'U 1 'UUl'Jmrutll'ilL~:l.Jvll~l~~1'Un~11'Uf1l'lYil'UlruL'li'11uL ~a • 
'Yl~aaUYlll:I.Jal:I.Jl'lfl1 'U f1l'lmYil~ au L~ a'll'Ul~'ll a'Jihymiif1l'lL U ~tI'Uu U~'J ~'J,f'U 1 'U'Jl'Ul~tlif 
~'J L~afl1';aa'Jvll~l~l1~flif ~ll1-!Uf1l'l'Yl~aaUa:I.J'l'lfI'U:;'ll a'Ji1l~a&ifl~~ WJ'Ul~'U tl~l'J 1 'lfi~f1l'l 
l~a:I.J'l'lfI'U:;~ tl'Jiif1l'lnll1'U~llvll~l~m.;,f'Ufil f1l'lL U~tlU L l1t1U nu~'J 1~ t~ tl1 'U'Jl'Ul~tlif'il:; 
filf1l'l'Yl~~a'JL ~a~l~a:I.J'l'lfI'U:; t~mu~tluLl1t1unuYil~l~ 2 U'l:;Lil'Yl Aa 

1) filf1l'lLU~tlULl1t1UnuYil~~~~~'lla'Jihym OR-library 

2) filf1l'lL U~tlU L l1t1Uvll~l~~l'J"1 'l:;l11l'Ji1l~a&ifl~~WJ'Ulnui1l~a&ifl 
L U~tlU L l1t1U 

'illflf1l'l'YlU'Yll'U'Jl'Ul~tI~ LM tIl'li' a'J 1 'UU'Yl~ 2 U~:;f1l'll LYl'll:;r;' u~:;nll1'U~ihym 1 'UU'Yl~ 
1'Uu'Yl~ 3 ,f'U ~Ull'Jl'Ul~tI~Ll1:I.Jl:;aiJ~ll1-!uLtJ'U'Jl'Ul~mU~tlULl1t1U Aa 'Jl'Ul~tI'lla'J Ting 

et al. (2003) ~'J l~La'Ua'Jl'Ul~m~a'J f1l'l 1.;.ff'U~tl'U1B~'Uqm'l:I.J 1 'Uf1l'lLLnihym~hu l1ti'J~~'J 
UUU~~l~ (On the Use of Genetic Algorithms to Solve the Dynamic Location Problem) 

t~tI Ting, Chen and Hong 1~La'UmLuU~1~tl'J'Yll'JYlru~ma~1'lJa'JUqjm~lUl1ti'J~~'J~'Ufl 
m:;'illtla'U YllU uu~ ~l~ t~tlnll1'U~ 1-H'A'Uflm:;'illti a'U Yll U~~:;U -H'J hJ ii'li' a~ln~~l'U'll'Ul~ 

" 
(uncapacitated) t~tl1 'U'Jl'Ul~tI'lla'JYlru:;l~tlif'il:;nll1'U ~ 1-H'~1'Ul'Ua'Ja~'ll a'JA'Uflm:;'illtla'UYll~ ". " 
'il:;a-rl'J Atl P U-H'JU~:;'il:;al:I.Jl'lfia-rl'J l~a'Ja~mun~l~:;l1~'JU -H'JL yhJ'W ~'JLtJ'Uf1l'l~ln~ " . 
~mfru:;'ll a'JYil~aU:l.Jl fHn'U 1 U U~ tl~l'J hfi ~ al:I.Jl'lmjl.ff'U~ tl'U1Bf1l'lLLnUqjl1l~'J 1';.ff'U~ a'U1B 

~'Uj)m'l:I.J :l.J1U'l:;tlflvlL'li'lnuurum~~'ill'lrulL ~a 1';LtJ'Ui1l~a&ifHU~tlUL l1t1U 1~ 
• • v 

" 
4.2.1 -n'UGlfl'U1tloW'Ulifl"J"J3.J • 

'V 'V 

i'U ~ a'U1B~'U j)fl 'l'l:I.J ii l1 ~ fl f1l'lY4'U ~1'U :l.Jl'ill fl fl 'l:;Ul'U f1l'l'Yll'J~ll'Yl til'll a'Jf1l'l . ~ 

~~a'l'l~l:I.Jj)'l'l:I.J'lfl&i~l:I.J'YlqM~'lla'J 'lf11~ ~1'f-j'U t~tI~fHalJtlYl{'JU'lfl1 'U'Jl'Ul~tI'lltl'J Holland 

(1975) ~'J 1';'YlqM~~'Jflcilla5Ultll1~flf1l'll4''U~1'U'll a'J.ff'U~a'U1B~'Uqm'l:l.Jifil L tJ'U1Bf1l'll1l 
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Yl1~e:Ju~nl'VI'W~111~-:J)j~1~ (individual) ";;J:::r;{llJl'Hl~11-:Je:Jci1~";;J1fl~mH'W";;J:::~e:J-:J)jYll1lJLL~-:JLL1-:J 
'U q \J q 

~";;J:::e:Jci1e:J~ (survival of the fittest) LLa:::)j1:::UUfl11U-'rUvll (self-adaptive systems) 111L?J1tlU 
" 

r;{.fll~ LLl~~e:J lJe:Jci1-:J L ~tI-:J~ e:J 1 'W fl11 Le:J1~1~1e:J~ ;J L'lf'W,!'W";;J:::()flm:::ul'Wfl11A~r;{11~llJLi11lJ"lf1&i 
'U 

n1~~~-:J)j~1~~e:ie:J'WLLe:Je:Je:Jfl1u (Yl1~e:JU~Ylru.fll~ hj~) L'VI~m~tI-:J~-:J)j~1~~LL~-:JLL1-:J (Yl1~e:JU~ • 
~ru.fll~~) 'VIa-:J L 'VI~e:Je:J ~ L 'yh,!'W L~tI m:::Ul'W fl11 L U~tI'WLL ua-:J";;J1fli'W ~i'W";;J:; 1'lfvll~lL'U'Wfl11'Y11-:J 
-W'WLim1lJ 2 U1:::LfI'YI Ae:J fl11Yl1e:Jr;{Le:JLle:J{ (crossover) ua:::fl11;J1L'YI-a-'W (mutation) L~tl1'W • 
~'W~ e:J'W15-W'WLim1lJ";;J:::n1'VI'W~ 111LL~~-:J)j~1~'VImtlt1-:J LL~a:::Yl1~ e:JU'll 8-:JUfiI'VIl LLa:::L'lf~'lle:J-:J 

• v 

~-:J)j~1~~-:J'VIlJ~";;J:::L~tlfl'hu1:::"lf1m (population) L~tI";;J:::LL U-:JU1:::"lf I fl1e:J e:J flL tJ'Wi'W (generation) 
, v 

~-:J LL~ ad'W";;J:::'VIlJ1 tI t1-:J LL~ a:::l-:J1e:JU'll e:J-:J fl11'V1l Yl1 ~ e:JU'll e:J-:J-n'W ~ e:J'W1E LLa::: 1 'WLL~a:::~'W";;J:::)jfl11 
• • 

L~e:Jfl~-:J)j~l~ 1 'WU1:::"lf1mL ~ e:Jlh'VI-U1~L tJ'Wvi e:J mj (parents) 1'Wfl11111nlL'u~'4~11'Wi'Wu~ 1u 

(offspring) ~-:J";;J:::W1'Wvll~lL-U'Wfl11'Y11-:J-W'Wqfl1'~lJ~1-:J "1 LLa:::";;J:::flalmtJ'Wu1:::"lf1m 1 'Wi'Wu~ 1 U 

LL'YI'W~~-:J)j~l~~e:ie:J'WLLe:J (~ru.fll~Yl1~e:JU hj~) 1'Wi'WLn1~-:J~fln1~~e:Je:Jfl1u L~tlr;{llJ11()r;{1u 
m:::ul'Wfl11'V1lYl1~e:JU'lle:J-:J~'W~e:J'W15-w'WLim1lJ 1~~-:Jd • 

Genetic Algorithms (GA) 

Generate an initial population containing pre-specified number of individuals 

Evaluate fitness function of the initial population 

while a stopping criteria is not met do 

end 

Select parents from the population 

Apply crossover operation 

Apply mutation operation 

Evaluate fitness function of individuals in the population 

Replace some of the population by the offspring using selection operator 

4.2.2 nl"Hl'YI'W1";r;{fh~f)U (Representation) 

~'W ~ e:J'W~,h A fiI LLa::: L tJ'W~'W ~ e:J'W LL 'ifl'll e:J-:J fl1'iU1:::tI fl ~1 'lf~'W ~ e:J'W15-w'W Li m'ilJ 
v •• 

51'VI-'rUfl11LLnUqj'Vll'Yll-:J~1'Wfl111~tlfl1'i~1 L -U'W-:J1'W Ae:J fl1'iLL 'YI'W1...rr;{Yl1~ e:Ju~-:J L tJ'W m:::Ul'Wfl1'i 

L U~tI'W trfllfru:::LLa:::11tla::: Latl~'ll e:J-:JYl1~ e:JU'll e:J-:Juqj'Vll111 e:J~1 'W~umtl afl'll1::: (string) 'VI~a e:J1";;J";;J::: 

L~tlfl ';h LYl'i LlJ 1'lflJ (chromosome) fi1~ L~mL~a:::r;{ltlafl'll1:::'VI~e:J LYl'i LlJ 1'lflJ";;J:::'VIlJ1tlt1-:JLL~a::: 

Yl1 ~ au'll a-:Ju qj'VI1~~";;J11ru1 ~-:J e:J1";;J";;J::: 1 'lf~ll La'll'VI1 avll a fllf'i LL 'YI'W trfllfru:::~ LL~ fl ~l-:Jtl'W'll a-:J r;{1 tI 

amI1:::fi1~ LL~1 'W~'W~ a'W fl1'iLL 'YI'W'i...rr;{Yl1~ au'!'W tl1trfllfru:::'ll a-:Juqj'Vll L tJ'WUqj'Vll~)j b~a'W 1'll 

u-:JAun1'VI'W~a~ 'i...rr;{Yl1~au~1~";;J1flUqj'VI1 (r;{ltlafl'll1:::) e:J1";;J";;J:::LtJ'WYl1~au~LtJ'W 1uhn~ 
~-:J'!'WLtia-:J";;J1flUqj'VI1~~";;J1ru11'W-:J1'W1~tldLtJ'WUqj'Vll~lLL'VIt1-:J~vf-:J~)j?Jmhn~~1'W'll'W1~'lla-:J 
A'W fi'm:::";;J1 tI a'W ~1 ~-:J~ a-:J)j fl11'lh'VI tr fl fl11fl11~";;J1'iru1 Li au 1 'llU-:J Atl 51 'VI-'ruu fiI 'VIl~~";;J1'iru1 L?J1 
" v 
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~n liL~3J L~3J l~tI hN1'Ui~rJ'd'Lafln linmJ'Y15fllTlH'u (Penalizing strategy) 'llfl~ • 
Michalevichz (1996) ~~ 1~'Il1La'Uflm~Ul'Ufll':lfll'l~fl'UYlmm~fl'Ul'llu'\1~u'llfl~Ut1Jmml3J 
L 'H3J1~a3J~ a~~1'H-rU~'U~fl'Ui5~'U5m':l3J 1~ tI fll'lL tI~tI'U'll'U1~'ll fl~fll':l~~LiJ~ L~fl'Ul'llU'\1~U L U'U • • 
~h'lH'u 1 'UVJ~ni''\..I'1~fJ'lh~a'\1l"f LL 'I'I'ULL~~~1'H-rU~1'Ui~tld-;;)~'Il1'H~nfll'l'll fl'\1 Michalevichz 3J1 L yjfl • 
hl'Ufll'l~fl'UYI~lm~fl'Ul'llu'\1~u (relax) ~1'UYlll3Jal3J1':lfJ~'\1~~'llil'\1~'Url'm~-;;)ltla'U~1 (3.11) 

p 

n 

I WikXijk ::; S jk 

i=1 

; Vj, 't; k 

Ln'U~~ml3Jal3J1':lfJ~'\1~~ 1 'Ufll'l hrU~fll'l S jk 1 'UYl1ULl~1 k 

(4.17) 

Ld fll'hfll'l~fl'UYI~ltl L~ fl'Ul 'llU'\1~U'llfl'\1Ut1J'H1~13J~1~ n~ll3J1LL~lJ'U l'U Gil'U 

~ fll tI-;;)~L U'Ufll':lLL 'I'I'U'll1a~h~ flU'll fl'\1uruml 'U':ItI'll fl'\1a1m)n'll'l~~~mtll 'U LL~~~a1tl eln'll'l~-;;)~ 
OJ 'U 

U'l'l-;;)~lL~'lll'U'H'lhm~n '1 ~L~tln-,h bit ~'\1l'U~d-;;)~LU'U'H3Jim~'ll'llfl'\1A'Url'm~-;;)ltla'U~l'H~mu'U 
• 'U 

Yl1U Llm~LtJ~ l-HU~fll'lYl.f~LL 'ln~'\1LLa~~ 1 'U~1'U~1'\1 1~tla1tleln'll':I~~hl 'U'\11'Ui~tI-;;)~LU'Ufll'l 
LL'I'I'U':Il1a~h~flULLUU Non-binary string LL~~tI':I~nflU~ltla1tleln'll':I~ 2 tI':I~Lil'l'l Afl 

1) a1tleln'll'l~vl1LL'H't1~~~~ (location string) ~'\1LL~~~ bit mtll'Ua1tleln'lJ'l~d 
-;;)~U'l'l~'H3J1m~'ll'llfl~~'Url'm~-;;)ltla'U~1~Lu'Ult11~ (candidate facilities) 

H..f~'H3J~ l~mh~u'llfl~L~'llJ'U-;;)~LL~n~l'\1n'Ul til 'ULL~~~a1tleln'll':I~ l~tI 
~lL~'lll'U bit ~fltl1'Ua1tleln'll':I~L&imn'U-;;)~ hi'Zhn'U LL~~'ll'U1~'llfl'\1a1tl 

'U 

eln'll'l~'H~mh'Ul'U bit -;;)~iJ~l'Ul'UL'Yhnu~l'Ul'UA'Url'm~-;;)ltla'U~l~Lu'Ult1 
'U 

1~..f'\1'H3J~ l~tlfll':lLL tI~ml3J'H3J1 tI'll fl'\1a1tl el n'll'l~vl1 LL 'H'Il'\1~~'\1J'U-;;)~vi' fl~ 
.yhfll':lL~fl3J lt1'\1nUana1tleln'll'l~'H~'\1Afla1tleln'll':I~Llm 1~tllivl1LL'H'Il'\1l 'U 

a1tleln'll':I~ 1 'Ufll':lL~fl3J lt1'\1 
cv ~ cv .J .oJ d' 

2) a1tlfln'll':I~Ll~1 (time string) L1:J'Ua1tlfln'll':I~'I'ILLa~~Yl1ULlmLL':In'l'l~'Uti 

m~-;;)ltla'U~l~~fl~U'U bit vl1LL'H'Il~L&imn'Uu'Ua1tleln'll':I~vl1LL'H'Il~~~~-;;)~ 
'U 

LtJ~ l-HU~fll':l ~'\1'll'U1~'ll fl~a1tl eln'll'li Llm-;;)~iJ~l'Ul'U L 'Yh nU'll'U1~'ll fl~a1 tI 
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~'lc;fl~l'Hl UMI'll 'U~,j U uu an'll~:;~"'lbL 'Yl'U'll eN~llVi flU'll fl'lUrul11 brl fl'ill'Ul'UA'U rl' 
~ u ~ 

m:;.;nfJa'U~l~b'LJ'U l,jhl~'l'YI~~ b'Yilfiu 12 ua:;~:;fJ:;bdmm~ll'lUt:-J'Uij 3 YllUbdm l~~'l~fl 1,jl1 

1 2 3 4 5 6 7 8 9 10 11 12 

Location string 2 10 1 8 4 1 7 9 3 12 6 11 5 

Time string 1011221031010 

l'Um~eil'U~-Hc;ff'11V1flU~'l,j~:;nflU~lfJc;f1fJan'll~:; 2 c;flfJ'li'l'l~'U,r'U"J:;b~~"Jln 
m~eil'U~l ba'llU'Uc;flfJ anm:;bdmn fl'U~'l'YImfJ O'l YllU bdm U ~n~A'Url'm:;"JlfJa'U~11 'Uvllu ml'l 

~ 

b&imfi'Uu'Uc;flfJan'll~:;vilU'YI'll'l~vt'lbtJ~ 1 iu~m~Yl{'lbb~mba:;"J:;btJ~ 1 iu~m~ 1,j"J'U~'Uc;f~ • 
~:;fJ:;bdalm~ll'lbbt:-J'U ~lfl~l'lb'li'U l'Uvilu'YI'll'l~ 1 yjl~eil'U l~"Jlr.c;flfJan'll~:;bdal ~fl 1 ua:; 

yjl~eil'U l~"Jlnc;flfJan'll~:;vilu'YI'll'l~vt'l ~fl 2 ~'l'YI~lfJO'lA'Url'm:;~'ma'U~l'Y1~lma'll 2 "J:;btJ~ 
~ 

1 iu~m~vt'lU~YllU blal~ 1 1,j"J'U O'lYllU bdalc;f~111fJ'll fl'l~:;fJ:;bdm m~ll'l bbt:-J'U~'l~ flYllU bdal~ • 
3 b tJ'U~'U l~fJ~l ba'llU'Uc;flfJ an'll~:;vilU 'YI'll'l~vt'l'YI~lfJ O'l 'YI~lma'll'll fl'lA'Url'm:;"JlfJa'U~l ua:; 

~ 

~lba'llU'Uc;flfJan'll~:;bdal'Y1~lfJO'l YllUbdmU~n~A'Url'm:;"JlfJa'U~lbtJ~liu~m~ l~fJl11neil'U 
~ 

yjl1~~lba'll 0 'YImfJO'lA'Url'm:; ';;nfJa'U~11'UvilU 'YI'll'l,r'U"J:; hhtJ~ 1 iu~m~ 1 'UYllUbdal1~bafJ 
~ 

~'l"Jln 1 'U~,j~ 4.2 c;fl~l~(m ,ja~-Hc;ff'11V1 flU~ln c;fl fJ a n'll~:;~'lc;ffl'lfl fln~l b tJ'U f'11V1 flU'll fl'lUtyl11 

1~~'ll1 ~fl 

ua:; 3 

4) A'UtJm:;"JlfJa'U~l~hhtJ~ 1 iu~m~Vlafl~~:;fJ:;bdalm~ll'lbbt:-J'U ~fl 
~ 

5-6-9-10 

4.2.3 ,j~:;"lflfi"H~3JGl'U (Initial Population) 

m~c;f-rl'l,j~:;'lnmb~~Gl'UbtJ'Um:;Ul'Um~l'Um~c;f{l'l~-Hc;f~lV1flUb~~vi'U'llfl'l 
Uru'YIl ~'lmfJ 1 'UU~~"Jc;flfJan'll~:;f'11V1flU 1i ~'ll~fJ..tl 1,jc;f1fJan'll~:;f'11V1fluua:;~-Hc;ff'11V1flU2Jn"J:; 

u • 
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b tJ'U~l b~tIln'U bbvl b ~ fl.:J'Jl fl1 'U.:Jl'U1~rJ'd'bbvl ~:;'ll1a~hVl fltJ'J:;~ fl.:Jth:;fl fltJ 1 U~hfJalfJ elfl'll'l:; 

vil bb 'H'l1.:J~~.:Jbb~:;mfJelfl'll'l:;blm~.:JJ'U 1 'Ufll'lfl~115.:J'll1aYilVl fltJ'H~fl lYl'l 13..11 'lfll 'J:;'HlllfJ 5.:JalfJ 

elfl'll'l:;~.:Jafl.:JalfJ~.:J flUfllfJ 1 'U'll1aYilVlfltJ b~tIln'U lVl fJ 1 'U fl'l:;tJl'U fll'lafl.:JU'l:;'lflfl'lb~ll~'U'll fl.:J 
" 

~'U Vl fl'U15-W'U lifl'l'lllJ'U '.I:; h15fll'l rill afl.:J bbvl ~:;'l11 a Yil Vl fltJ'J'U fl'l:;..t.:Jij~l'Ul'U Yl 'ltJ Vllll'll'Ul V1 • • 
'llfl.:JU'l:;'lflfl'l (population size) vlfli'UVllll~fh'H'UVl1nVlfJ'll'U1Vl'llfl.:JU'l:;'lflfl'l'J:;ij~1'Ul'Ub' .. h 1V1 

J'Uij ~~ flUl.:Jlllflvl fl Ylf.)U11Yl'll fl.:JYilVl fltJ bb~:;'l:;fJ:;b l~l~H1. 'U fll'lYil'Ultu ~.:J'Jl fl.:Jl'U1~fJ'll fl.:J 
• 

Ting et al. (2003) 1~ba'Umb'U:;'ll'U1V1'llfl.:JU'l:;'lflfl'l~b'Hlll:;all';hij~hU'l:;llltu 30 'll1aYilVlfltJ 

1 'Ubbvl~d'U • 

4.2.4 -w 'lIfl"l1'U~1113Hb-2j-3Lb'l-3 (Fitness Function) 

1 'Ufll'lU'l:;dhA'll1aYilVlfltJ'llfl.:JU'l:;'lflfl'l 1 'Ubb~~d'UJ'U '.I:; 1i~T1V1~b~fJflll Yil • 
Ylllllbb~.:Jbb'l.:J (fitness value) ~.:JYil'Ulrulll'Jlfl-w.:Jn~'Umlllbb~.:JLL 'l.:JVllllallfll'l (4, 19) ~.:J 
all-W'U 5ntJ-W.:J n~'U1Vl f.)u'l:;a.:J Y)'ll fl.:J'll1 aYil Vl fltJ lVl fJ'll1 a YilVl fltJ 1V1~ij Yil VIllll bb~.:J bb 'l.:J3J1 fl n'J:; • 
'HlllfJ5.:Jll'll1aYilVl fltJJ'Uijlflflla~.:J~'J:;auY1 flV1 alfJ-wwf (reproduce) b ~ fl 1-H'f11 b UVlU'l:;'lflfl'l 

1 'Ui'Uvl fl 1 U 'H~fl'Hlfl'll1aYilVl fltJ 1Vl~ijYilmlll bb~.:Jbb 'l.:JU flfJn ijlflfll!;l~'J:; ~flLL 'YI'U~ (replace) 

lV1fJ'll1aYilVlfltJ~fl~~'ULnVl1 'Ha.i b~flflmmtJ'UU'l:;'lflfl'l 1 'U1'Uvlfl 1 Ubb'YI'U lV1fJ-w.:Jn~'Umlll " . 
LL~.:J bb 'l.:J ~1 'H-rtJ~'U Vl fl'U15-W'U li fl'l'lll allll'lf.) bbaVl.:J 1~ ~.:Jif • 

;i = 1,2, .... ,N (4.19) 

z, ~ fl Yil-W.:Jn~'U1Vl f.)U'l:;a.:JY)'ll fl.:J'll1aYilVl fltJ i • 
N ~fl 'll'U1V1'llfl.:JU'l:;'lflfl'l 

afl.:JA'Urrfl'l:;'JlfJ~'U~11Vl ru 'llru:;Ll~11Vl1 'U'lh.:J'l:;fJ:;n~lfll'lll.:Jbb~'U 'H~flfl ~11 afllrfJ'H~.:J~ fl 
" 

'YI'lltJ ~k bb~lnVllll bbVll 'U fll'l'H1Yil-W.:Jn~'U1Vl ~u'l:;a.:Jy)'H~fl~'U'Yl'U'llll~.:J 'HllVlVl~ flVl'l:;fJ:;n~l 

fll'lll.:JLL~'U (Z) 5.:J~fl.:Jl'llfll'lbbfll'llilfl:!'Hl~V1~u F(~k)' b~llb~'J~.:JbtJ'Uilfl:!'HlLa'U-wmflbb~:; 
'Hlfl b tJ'Uilfl:!'Hl~)j'll'U1Vl1 'HqJ'J:;~ eN 1i'l:;fJ:; n~11 'U fll'lYil'UlruYil Ylllll L~~.:Jbb 'l.:J'Ul'Ulllfl 

L ~ fl.:J'Jlfl~ fl.:Jl'llfll'lYil'Ulru'YIfl'll1aYilVl fltJ'll fl.:JU'l:;'lflfl'l1 'U'YIflI1'U ~.:JJ'U'Jlflal L 'HVl'li'l.:J~'U~.:J 1i 
" " Of III 

15fll 'lU'l:; lllru-W.:Jn~'Ul Vl f.)U 'l:;a.:J y) bb 'YI'U15fll 'l'Hl YilVl fl tJ~ ~~ aVl lVl fJ 1 i-w.:Jn~'U Reactive • • 
GRASP 1'U fll'lU'l:;lllruL ~ m ~llU'l:;~'YI5fllYl~1'U'l:;fJ:; nm 1 'U fll'l'HlYilVl fltJ 1-H'~~'U 
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4.2.5 fl1')f>i~Laflfl')";afhlPHlU (Selection) 

fll'jA~L~aml1a~h~au,h'H-!u~'U~a'Ui5W'U6m'j~ • 
'fl'U ~a fll'j1l1nlLij~ (reproduction) ~'UtJ'Ufll'jA~L~aflYhlLL2J (parents) 'H~a'jl1aAl~au1'U 
~'U 1'Uil'J'Ju'ULvJaa~\~'jl1aA'1~aUamh'H-!U\.h~'lflm 1 'U~'Uvia hJ LLa~fll'jLL'Yl'U~ ~~LtJ'U II' ", , 

m~ul'Ufll'jA~L~aml1aAl~au~'J~al~1'jtlaci'ja~LvJmtJ'U'lh~'lflm1'U~'Uvia hJ1~ l~u 
" . 

'jl U a~ dj u ~ ~1 'H-!U fll 'j A ~ L~ a fl LLvi a~~'U ~ a'U L tJ'U ~~if 

4.2.5.1 fl1')f>i~Laflmh.,.i'ufl1')l..rfhLij~ (Reproduction Selection) 

fll'j1l1nlLij~ ~a m~Ul'Ufll'j1'Ufll'ja-rl~'jl1aAl~aUafl 'H~a 
" 

offspring ~~tlfla-rl~~1'Jlml1aAl~au~aLL~1'U'th~'lflm~ (mating population) ~~A~L~afl~l 
" " 

'Jlfl'lh~'lflm 1 'U~'Uil'J'Ju'U l~ufll'jA ~ L~ aml1aAl~ au L vJ f}a-rl~'lh~'lfl m~~l'H-!Ufll'j 1l1nl L ij~ . . " 
'jl1aAl~aU~fl1 'U~l'Ui-ruif'!'U'J~ 1'lffll'jA~L~aflLLUUel~'jl,b'U (proportional selection) ~l'H-!U 
~'U~a'Ui5W'U6m'j~~~LtJ'Umrflfll'j'lJa~ Holland 1~U'J~ijfll'jy.il'Ulruml~'l11'J~LtJ'U1'Ufll'j • 
A~L~afl (selection probability) Pi ~1'H-!U't'lml1aAl~au1'U'lh~'lflm !.vJm'li'l~m~Ul'Ufll'j 
A~L~afl~~LtJ'Um~Ul'Ufll'j stochastic ~~ l~u..tl hJ'J~ijaci 2 i5~ijU~~1'H-!Ufll'jA~L~aflLLUU 

'U 

el~'jl,b'U ~a Roulette Wheel Selection LLa~ Stochastic Universal Sampling Method 

(SUS) ~~ 1 'U~l'Ui-ruif'J~ h15 sus ~~LtJ'Um~ul'Ufll'jA~ L~afl~ijAl1~LL'lh'lhl'Uuaufllli5 
, ., 

<dI ~q cv 0 d Q.I 

Roulette Wheel Selection L'Ua~'Jlm6 Roulette Wheel Selection 'U'Um'J'J~'Yl1fll'jLaam'Ha 

Al~au..f~~ij~lml~LL~~LL'j~~lfl LLa~~lLL~~LL'j~uamJ~u'UtlU~lUlaflla~L'Yhfl'U LLvi~1'H-!ui5 
SUS '!'U'J~L~aml1aAl~au~ij~lAl1~LL~~LL'j~a~LtJ'U'Hafl 1~UA11~'l11'J~LtJ'U1'Ufll'jA~L~afl 

" 
Pi r;{1~l'jmLa~~ l~~~a~fll'jvia 1 uif 

= (4.20) 

1=1 
, 

Lija 

(pointer) ~~ii~l'Ul'U'lJ a~~l:gAl~ au L 'YhflU~l'Ul'U'lJ a~'j";aAl~au~ a LL~1 'Uu'j~'lflm~~~ a~fll'j 
'U 

LLa~'j~U~lh~'j~'Hll~~l:gAl~ flu'J~ii'j~U~'Yl1~~ L 'Yh fl'U ~~ 1 'Ufll'jL~ am";aAl~ au'!'U'J~lllTHa 
Al ~ au'Yl fl~11 'UU 'j~'lfl fl 'j~1 L~U~ vi a fl'U L tJ'U L5'U ~'j~U'U L5'U~1'Ul'U~~ LLfl'UU'U L5'U~1'Ul'ULLa~~ ti~ • 
ml~'l11'J~LtJ'Ua~a~'lJa~'jl1aAl~aU 1~UA11~fl'h~ (span) 'lJa~'jl1aAl~au'J~a~w'U61~u~'j~ 

fluml~'l11'J~ L tJ'U'lJ a~'j";aAl~ au'!'U l~u'Hl ml1aAl~ au l~ij ml~'l11'J~ L tJ'U 1 'U fll'jA~ L~afl 
~lfl 'jl1aAl~au'!'Un'J~ijAl1~flll~'lJa~'jl1aAl~auu'UL5'U~'j~~lfl ~~'H~luti~maflla~~l:g 
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~1 ~ a U'i):; lJl ~ f1 a £11 'W'lil~"lJ a~'lr1a ~1 ~ autf'W ~~ ~1 LL rnl~ l~lJvi'W"lJ a~ a'W f1'llJv11~ ~1 ~ au~:; fl f1 
~ . ~ 

ril'H'W~ t~£Jv11ltl"lJ~lJl~a~ (random offset) ~~lU'Wv11ltl"lJ~lJf11'lf1'l:;~l£JLL UU,"NlTI 'W'lil~ 
[0, 'l:;£J:;'l :;rr;h~v11~~1~ au] ~~~:; a6U1£Jv1~v11 a~l~~ a ltJiflri avi a~f11'lla af1'lr1a~l~ au 

.Jl'Wl'W 6 'lr1a~l~aU~lf1.Jl'Wl'W'lh:;'lflf1'l..r~'YIlJ~ l'Yilfiu 10 

., . cl 
9 10 "'HafllU1f1U'Yl 1 2 3 4 5 6 7 8 

Pi 0.15 0.25 0.1 0.05 0.03 0.20 0 0.07 0.05 0.1 

1 2 3 4 5 6 

~ 

1 I 2 I 3 4 5 I 6 9 10 

o 0.15 0.4 0.5 0.55 0.58 0.78 0.85 0.9 1 

,.tl~ 4.415f11·H·1~laaf1LLUU Stochastic Universal Sampling Method (SUS) 
~ 

~l~aU~lf1tl":;'lflf1'l..r~'YIlJVI 1 0 'lr1a~lU1aUv1~'ltl~ .4.4 tf'W~ :; lvil'lfUl"lJa~tl'l:;'lflf1'l~~~ 
~ ~ 

tl'l:;f1aUvil£J'lr1a~l~aU 1, 2, 3, 4, 6 LLtI:; 8 tVl£J'l :; £J :;'l:;'YI';h~~1~~1~aULL~tI :; v11allJl'lfl 
~l'Wlru lvi~lf1alJf11'lv1~~a 1 tlif 

N 

N selected 

i=1 

Nselected 

~ a .Jl'Wl'W'lr1a~l~aU"lJ a~tl'l:;'lflf1'l..r~'YIlJ VI 

~ a .Jl'Wl'W'lr1a~l~aU"lJa~tl'l:;'lflf1'l~ 
~ 

(4.21 ) 

4.2.5.2 fl1,.i'iI1lLaflmh"~ufl1,,u'Yl'Wn (Replacement Selection) 

f11'l~Vllaaf1'lr1a~l~ au 1 'W al'W"lJ a~f11'lLL 'Y1'W~tf'W l U'Wf1'l:;Ul'Wf11'l 

~Vlla af1'lr1a~l~aU l yj el't;1f11'llaaf111'lr1a~1~ au lV1alJ~l'l~~ a~'la~ l yj a l u'W'lr1a~l~aU"lJ a~ 
~ 
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th:;'lflm 1 'U~'U~fl 1 U ~~'l11~yJ1VlflU~lilnl'lb~flfl':h'J:;,uJYrl'l'J:;fl~'lflVl'YI~fl hitT'Uu'l:;flflU 1 U . ... 
~lrJ'l11~yJ1Vl flU'lJf)~U'l:;'lflm 1 'U~'Uil'J'JU'Ubb~:;'l11~yJ1Vl flU~fl~ bnVl~'U 1 'YIlJ1VlrJnl'lYlVl b~flflb ~ fl . . ... 
nl'lbb'Y1'U~tT'U'J:; 1'lf'U LrJU1rJ~b~rJfl'.h "Elitist policy" ~~'J:;lilnl'lb~flml1~yJ1Vlflu~ijAlmllJ 
bb~~ bb 'l~~~~~VlVlllJ~l ~U b ~ fl~U'Y1 flVl bb~:;fl ~'lflVl b U'UU'l:;'lfl m 1 'U~'U~ fl 1 U LVlml1~yJ1Vl flu~hi 

'U q 'U q 

tlflb~flfl1 'U~'UVl fl'U;j''J:;tlflril~Vl~~ 1 U b 'YI~ fl b Y4rJ~'l11~yJ1Vl flU~tlflb~ flfl b 'YhtT'U~'J:;fl~lm u'U 
...... \J 

U'l:;'lflm 1 'U~'U5Vll U • 

4.2.6 fll'lA'lflaLm1fl{ (Crossover) 

nlWI'lfl~ Lfl bl fl{b u'Um:;ul'Unl'l1 'Unl'l~1'l~'ll1~Y~ lVl flU~fl 'Jlml1~yJ1Vl flU 
\J 

-Wfl bblJ1 'Ub'lfVlU'l:;'lflmA~~tl fl b~flfllJl'JlflU'l:;'lflm 1 'U~'Uil'J'Ju'U LVl~vll~l b tJ'Unl'lnl'lYlVl b~flfl 
'U 'U q q 

(selection operator) ~~ 1~fl5U1mb~11 'U111-nfl 4.2.5.1 LVlrJ 1 'U~U~fl 1 U;j''J:;fl5U1rJYll1lJalJ~'Uif 
'l:;'YI'"h~'l11~yJ1Vl flU'll fl~U'l:;'lflm 1 'U~'Uil'J'Ju'U nU'l11~yJ1Vl flU~fl~ bnVl1 'YIlJ 1Vl ~ 1'lfvllfl~1~'Jlfl 

I I 1 __________ _ 

/\ 
BE] 

•• \J 

U'l:;'lflm 

~'Uil'J'Ju'U • • 

1 1 m'.~Laan.,";um,h'fi'L;;. 
o ·0 
\ ___ -1- :~fm~~Laan 
00: 

I I 
(parents) 

1 ______ -----

/\ 
BB (offspring) 
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nTH;I'ltlaLtlLltl1JtJLtJtJm~ultJfil'l~~lAru~avlm~ultJfil'l'YI~>3'lJtl>3~tJ~tltJ 
v • 

15wtJLim'llJ L ~ tl>3OJ1n L tJtJ~tJ~ tltJ 1 tJ fil'lWWJtJ1'll1aYi1~tlU'lJ tl>3'1.h~'lf1mOJ1n~tJa~tJ 111~~tJ 
q, q 'U" 

~llJ~l~U ~-31 tJ>31tJl~tli1L~tln 1'lfJ5fil'lY'l'ltlaLmltl1LL UU~l~U 'YI1tl order crossover (OX) ~-3 
lJtllJ 1'lf'ntJ tl~l>3LL ~~'YI~lt1 L~tli1~tJ~ tltJL~lJOJ1 n fil'lalJ L~tlml1aYi1~ tlU 1 tJth~'lf1 m~ L ~ tl1'lf'L tJtJ 

• u 

'll1aYi1 ~ tlU~ tl LL~ ~l'Y1-rU fil 'laf1>3'll1aYi1 ~ tlU ~ n OJ1 nJtJ vb fil'lalJ 19i1 LL 'YIu>3~OJdh fil'l Y'I'ltl a Ltl 
~ . 

Ll tl1~>3L tJtJl9i1 LL 'YIU>3 L~lJ~tJLL~~l9i1 LL 'YIU>3 avl't11 tI'lJ tl>3altJ Y'I'ltla Ltl Ll tli' (crossover section) • 
OJ1nJtJ'Ij1a1m)n'lJ'l~~tltl (substring) 'lJtl>3~tlLL~~l~ 2 LL~~~1~ 1 ~>3tl~1tJaltJY'I'ltlaLtlLltl1 
hb1>3utJa1m)n'lJ'l~'lJtl>3~n~l~ 1 LL~~~1~ 2 ~llJ~l~U Ldtlli1fil'lA~~tlna1m)n'lJ'l~~tltl hJiJ>3 

u 

~n..f>3atl>3~l LLGfl 'YIa>3OJ1nJtJ~>3'ti1fil'l1a~l L~'lJutJa1m)n'lJ'l~'lJ tl>3~n~l~ 1 1 'Ul9i1 LL'YIU>3~iJ>311>3 
u ~ 

tl~OJ1n19i1LL 'YIU>3LL'ln hJiJ>3l9i1 LL'YIU>3a~li'lt1 L~tlfil'l'W1~1L~'lJutJa1m)n'lJ'l~'lJtl>3~mL~~l~ 1 ~-31~ 
u • 

'lhnu~l L~'lJ 1 tJaltJYI'ltla Ltl Lltl1'lJ tl>3~n~l~ 1 Ula-Yl ~~~1OJ1n19i1 LL 'YIU>3'lf1t1 hJ 19i1LL 'YIU>3'lJ'11 
u 

1 2 

~mL~ 1 4 8 

~tlLb~ 2 5 7 

, 
~n~l-Yl l' 
~ 

, 
~n~l-Yl 2' 
u 

, 
... co 

~n~l'Yl 1 2 1 
u 

, 
~n~l-Yl 2 5 8 
u 

4.2.7 nl'lijlL'Yliu (Mutation) 

3 4 5 678 

~ altJY'I'ltlaLtlLltl1 ~ 
--j--.---r--
1 17 1'6 I 9 2 I I 

! --... --........ --1,.-- ! 
8 : 4 : 3 110 __ .I. __ ..J ___ .L __ 

6 I 
! 

I 

! 

I 
! 
I 
! 

--.. --.....---.. --
8 : 4 : 3 110 --... --...... --1---

I 7 ! 
I 
! 

1:7:6;9 
__ .L __ ..J.=. __ .L __ 

I 4 ! 
I 
! 

5 

1 

6 

3 

9 10 

3 10 

9 2 

9 5 

10 2 

fil 'liil L 'Yli'tJ L tJtJ ~lvh L lJ tJ fil'l'YI~>3'lJ tl>3 ~ll9il L lJtJ fil'l Lb'l.h wtJ (variation 

operators) ~>3i1~ll9i1 LlJtJfil'l'YIan ~tl ~ll9i1LlJtJfil'lYl'ltlaLmltl{~>31vitl5U1t1 hJLLGf11 tJ111'litl 
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, , , 
Q.lo~ odIQ.104 Q, QJ' .:So '1I~.f:!:It. 

4.2.6 LLG'I::\9l1\9l1 L 'U'Uf)1'l'Hl\1r1 a\9l1\9l1 L 'U'Uf)1'l2J1L 'Yl'lf'U 'If\1'Yl1'V1'U1'Yl L W2J r1112J'VIG'l1n'VImrJ'll a\1 
, , 

A1\9l au t~rJ L\lW1::VIl n A1\9l auril'Ul 'VIrumrJ 1 'U'th::'lf1marJ1mrnu~~a\1a~ 'VI~a~~.yj~.yja~ 
v 'U ~ \J CI 'II III 

" , 
L\lW1::.yj (local optima) :a\1~l~hL'u'U f)1'li31 L 'Yl-a''U~::'lbm ~2J r1112J'VIG'l1n'VIG'll£J'll a\1A1\9l au LLG'I::";l 

1l1'f)1'lA'UVIlA1\9l aUal2J1'ltl'VIG'l~vr'U~lnU~L1ru~~~~~a~ L\lW1::~1;' t~£J 1 'U\11'Ul~£Jd~:: 1'lf'f)1'l • •• , , 
~lLU'Uf)1'li31L'Yl-a''ULLuua~u (swap mutation) :a\1~::";lf)1'la~uvilLG'I'll.yjaciu'U bit 'l::W-.i1\1 2 

'U 

~1 LL 'VItl\1u'Ua1mln'll'l::L~mn'U~\1LLa~\11 'U'lUvl a 1 'lid 
'U 

, ...... 
G'ln\9l1'Yl 1 
'U 

2 1 
I 

J 7 

6 

I 
8 4 3 10 I ~ ~~~ 

7~ 
, 

I 
G'ln~l.yj l' 2 1 ~ " 

I 
8 4 3 

I 

~ 1 0 ~ 

.. 
4.2.8 LnW'Hm,,)'HfJ~ (Termination Criteria) 

q 

t 'I " .. • 'u !"I .. oJ!"1 .. 
~£Jf)1'l L'lfLnruon~1'Ul'U'lla\11'U'lla\1 'l::'lf1m (number of generations) Lu'ULnruon 'If\1Lu'ULnruon 

f)1'l'VI£J~~\1tln l'lf'n'U aci1\1LL W~'VIG'l1£J 'U an L 'VIii a~ln Lnru?1 L1G'11f)1'lA"l'Ulrua\1a~'ll a\1 r1 a2J~l L\9la{ 
III \J 'U 'II 

(maximum CPU time) 

4.3 i.'f'i'lhhtl'U'tl , 

U£J2J l'lf'n'U aci1\1 LL W~'VIG'l1£J LLG'I::f)1'lL~ annl~a&in..r\1 aa\1~mhl2J1J'UL iJ'UU'l:: t£J'lftJ aci1\12J1 n 1 'U 

f)1'l~~:: L ~2J r1112J L-n1 h 1 'Um::ul'Uf)1'lLLnihYVll~l£J nl~a&in L ~ a\1~ln nl~a&in..r\1aa\1ij 
tm\1a{1\11 'Um::Ul'Uf)1'l~W-I'U1 A1\9l aU~LL\9lnvl1\1n'U t~£Jf)1'lA'UVIl LL UU'Yl1u~::ij~n'liru:: 

'U 

L'lf'U L~mnUf)1'lA'UVIl L\lW1::~~\1A1\9l au~::~ W-I'U1~ln~~'VI~\11 U a n~~'VI~\1 L iJ'U ~n'liru::LL uu • • "" , 1 Q,I Clrr,q Q,I QJ q CV CV 0 ct 0 Q,I 

a'U m2J LL\9l'll'U \9l a'Ul 6W'U 6n 'l'l2J'U 'U~::2J G'I n'liru::f)1'lW W-I 'U1 r11 \9l au LL UU'll'U1'U'lf\1~::'Yl1 f)1'lW W-I'U1 • • 
'VIm£J '1 A1\9l au 1 uw{a2J '1 n'Ul 'ULLvl G'I::l\1'laU LLG'I::A a £J '1 aL-n1 riA1\9l au~~~a\9l L~ a'l::£J::L1G'11 rJ1'U 

,,'U • 

1 U t~£J m A£Jm::Ul'U f)1'lI"i'~ L~ anLLG'I::m::ul'Uf)1'la{1\1r1112J'VIm n'VIG'll£J LLG'I::~::";l f)1'l'Yl~G'la\1 

L .yje)'1~a2J'l'ltl'U::'lla\1nl~a&in~~W-I'U1LLG'I::nl~a&inL U~£JUL.yj£JU 1 'U~l'U~h\1 '11 'UU'Ylvla 1 U 
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.d 
'U'tl'tl 5 

~~nl''tl~~B~"~~nl'B~~'la 

OJln~'U~ fl'U16f11';iLLnthyrn~h LL VI'll~~~~ 1 'U~l'Ul~m:l1:rtJif ~~ 1~1oz5'i11~a~nf11';iYl'UVil 
LL tJUYlltJ L u'U L u'U i11~a~ nVi an L yj fl f11';i LLnu ruVil ~l LL VI'll~~~~'lJ fl~ VI'Ufl f1':i~OJ 1 tI 5'U Yll LL tJtJ\~ al' ~ 

~ u ~ 

LLa~ 1oz5'i11~a~ n~'U~ fl'U16W'U5f1':i';i)JL U'U16L tJ~tltJ L 'VitltJ LLa~t-Jl~tI l~LLa~~';iltla~La tI~'lJ fl~ . ~ 

~'U~ fl'U16L mhifLLa11 'UtJ'Y1~ 4 f11';i'lhi11~a~n~W~'Ul~'U),ntJ';i~tln~1oz5'OJ~~ fl~l11f11';i'Y1~afl~ • 
L yj flVll~lYll';ilij L~ fl1~ L Vlm~a)Jn fl'U L yjfll111 ial)Jl';itl LLn1'lJuruVlll~ flril~iitJ';i~5'Y15mYla~a~ 

u ~ • 

~~ Lri flfhVl'U~~lYll';ilij L~ fl1~L VI)Jl~a)J,hVl'rtJf11';iYl'UVIlLL tJtJ'YlltJ LLa~16~'U~ fl'UW'Ullf1':i';i)J 1~ 
~ . 

LLal,!'U OJ~'lh i11~a~ n~~ afl~ifl tJl11 f11';i'Y1~ afltJntJU ru VIl'Y1 ~ afltJ)Jl ~';i~1'U~ tl n1 oz5' L U'U)Jl ~';i~1'U 
v ... \J .... 

'lJfl~irnl~tI~l'UUtyVll~lLLVI'll~~~~~L~tln-;h OR-library 'lJfl~ Beasley 051'Ul'U 16 UtyVllLLa~ 
'Y1 ~ afltJ ntJu ru VllYl al' ~ a)J~ a{l~~'U L yj fl L U'U f11';i'Y1~ afltJ a)J';i';i tl'U~'lJ fl~ i11~a~n~w ~'Ul 

u • 

5.1 L~BU 1"lHL~~afll1~nl''tl~aB'U (Experimental Conditions) 

1 'Uf11';iL~tI'U 1 tJ';iLLf1':i)JtJ'UYlfl)Jvh L~ fl1L yj fla{l~~'U~ fl'Ulhl 'U f11';iLLnutyVll~l LL VI'll~~~~ 
v v v 

LL tJtJYlal'~n~16f11';iYl'UVIl LL tJtJ'YlltJ LLa~~'U~fl'U16W'Ullf1':i';i)Jir'U OJ~ L~ tI'U 1~ tI 1m tJ';iLLf1':i)J 
~ . 

MATLAB 7.0 LLa~l11f11';i'Y1~afltJa)J';i';itl'U~'lJfl~i11~a~n~W~'Ull~tI 1oz5'LYl~fl~Ylfl)J~lL~fl1~~ 1oz5' 

';i~tJtJtJ';i~)Jlat-Ja Core 2 Duo 1.66 GHz iiVl'llltlYlll)J051 2.5 GB LLa~'Y1~afltJtJ'U 

';i~tJtJtJllU~f11';i Microsoft Windows XP Service Pack 2 

OJlnf11';ia{l~~'U~fl'Ulhl 'Uf11';iLLnUtyVll~hLL VI'll~~~~~'Uflf1':i~OJltl5'UYll l~tI Lafl n1oz5' 

16f11';i Yl'U Vll LL tJtJ'YlltJ L U'Ulhl 'U f1l';iVll ~l ~ fltJ LLa~16~'U ~ fl'U16W'U llf1':i';i)J L U'U16 L tJ~tltJ L'Vi tltJ t-Ja 
~ . 

~~~n ~111 'UtJ'Y1~ 3 LLa~ 4 OJln,!'U'l11 i11~a~n~w ~'Ul~'U)J1l11 f11';if11Vl'U ~~lYll';ilij L~ fl1~ 
LVI)Jl~a)Jl~tI'Y1~afltJntJUtyVll'Y1~afl~'lJ'Ul~nal~051'Ul'U 5 UtyVll ~fl UtyVll cap121 cap131 

cap132 cap133 LLa~ cap134 ~~OJ~l11f11';i'Y1~afl~LtJ~tI'U~·lYll';ilijl~fl1~h~ "LLa~U'U.yjnt-Jaf11';i 
'Y1~afl~L yj fl1'lfl 'U f11';il LYl';il~rf)lYll';ilij L~ fl';i1~ a~ t-J aYi fltJ';i~5'Y15m'W'lJ a~~'U~fl'U16f11';iLLnutyVll 
1 'U a~';ilal'U Llh 1~ L yj fl h1 'U f11';iLafln~lYll';ilij L~ fl1~ L VI)Jl~a)J~ a~ alVl-rtJ~'U~ fl'U f11';i'Y1~afltJ • 
a)J';i';itl'U~Yi fll tJ l~tI 1 'U f11';if11Vl'U~Yll';ilij L~ fl1'lJ fl~ i11~a~ nf11';i~''UVil LL tJtJ'YlltJ LLa~~'U~ fl'U16 

~ 

W'Ullf1':i';i)J'!'Ual)Jl';imLa~~ l~~~if • 
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f11'H;),..tm'Vll'";ilij LVI a{~ L lnJ1~a)J,h\1-ru 51~a~ nf11'";i~'Um LL UUY11U~~ ~1~t1 
\J \J 

~Wl'Ul~'U~~a~'Yhf11'";itH'ULtJ~t1'Ul"il'Vll'";ilijLVla{~ijt-J~vim.h~al'16m'Vlf11'";i~'Umri1V1aU~1'U1'U 
4 'Vll'";ilijLVla'";i1'Uaa~a1'UUqJm ~a 

1) a1'UUqJ\11GilLL\1'U~~vr~ (Location phase) 

~1'U1'U1~'";iaUa~aVl~rhVlau hJijf11'";i~Wl'Ul (maximum non-
\J • 

improvement iteration) ~a LnUl"'~l\1-rUf11'";i\1t1V1~'Umri1V1au 1 'UL'lfVl-nl..:.1LAtI..:.1'lJa~L rJa • 
GilLL\1'U..:.1~vr..:.1 L~arlUlm'Vl'lJa..:.1rhVlaU 1~ijf11'";i~Wl'Ul~1'U1'U non-improve Yl~~ ~~'Vll'";ilijLVla{~ • 
l.h~naU~1t1f11'";il'1V1~a~f11'";iLtJ~tI'Ul"il~1'U1'U 4 l"il ~a 5, 20, 100, 120 

" II d" 'V 0 
- '";i~tI~L1~1V1a..:.1\11)J (tabu tenture) rla '";i ::, t1~b1~lV1a~m)J'lJa~rllV1aU 

1 'UL'lfVl-nl~ LAtI~'lJa~L rJaGilLL \1'U~~vr..:.1 L ~aila..:.1fl'U 1~111LnVlf11'";i1'UJ 
'lJ a..:.1f11'";i~'Um~..:.1'Vll'";ilij LVI a{~tJ'";i~n aUv1'Wf11'";il'1V1~ a~ f11'";iL tJ~tI'U l"il 
. . .. 

"iIl'U1'U 3 rll rla 5, 10, 20 

2) a1'UUqJ\11f11'";i~VI (Allocation phase) 

- ~i'U1'U1~'";iaU~~,!VI~rhVlau l~ijf11'";i~Wl'Ul (maximum non­

improvement iteration) ~a LnUl"'(hwruf11'";i\1t1V1~'U\11rhVlau1'U • 
L 'lfVl-nl~ LA tI~'lJ a..:.1 L rJaf11'";iLL tl..:.1ml:IJ-ru~VI'lfaU L~ a rl Ulm'Vl'lJ a~ri1V1 au • 
1~ijf11'";i-WWl'Ul~1'U1'U non-improve rl~..:.1 ~~'Vll'";ilijLVla{~ 
tJ'";i~naU~1t1f11'";il'1V1~a..:.1f11'";iLtJ~tI'U\"·h~1'U1'U 3 l"il Yilf11'";iLtJatl'Ul"il~ 

10, 20, 40 

"" odI "" 0 - '";i~tI~b1mVla~m)J (tabu tentur~) rla )~tI~b1~1V1a~\11)J'lJa~rllV1aU 

1'U L 'lfVl-nl~ LAtI~'lJ a~ L rJaGilLL mj~~~~L ~ aiJ a~ fl'U 1~111Ln VI f11'";i1'UJ1'lJ a 

f11)~'Um~~'Vll'";ilij LVI a{~tJ)~n aU~1t1n 11l'1V1 ~ a..:.1f11'";iL tJ~t1'Ul"il 
~1'U1'U 3 l"il ~a 5, 10, 15 

L~ a'Yhf11'";itJ-ru L tJ~ tI'Ul"il'Vll)lij LVI a{Vll)J~ nl\1'UVlllLL~~Yilf11'";il'1V1~ eN LL'~1~..:.1 
Ult-J~f11)l'1V1~a..:.1m~)Jlml"ilL'i1~tI'lJa~-w..:.1ni'U1V1tltJ)~a..:.1rl1~~..:.1LLaVl..:.11'UVll)1~~ 1 mrlt-J'U1n . 
n. 
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YilLU~£J'llfl'rVJ~n-6'Ul~flth::Gi~A~l~Gi~ 2 a'U~ULL'm Afl 884,514 LLG'!:: 885,912 ~laJal~U , , 
LLG'!:: 1'lfLlG'!11 'Uf)1';i'Hl~h~flU 13.28 LLG'!:: 13.67 l'Ulii~laJal~U~~~~Gifl~YilJ'ULU'UYilLU~mrifl 
Wl';ilijL~fl{ non-improve 'llfl~al'U,.ltY'HlvhLL'VIt1~~~~LU'U 120 ~~J'U~~L~flfH'lI'~'llfl~ 
Wl';ilij L~ fl{ffi l1Yil LU~£J'll fl~w~n-6'Ul~m.h::Gi~A~l~ Gi~ L ~ fl~'JlnWl';ilij L~ fl{ifiJ~ 1 'lfLlG'l11 'Uf)1';i , , 

... .. 
'Wl,)l:1Ht9If)') 

Non-improve 120 ';iflU 
Location phase 

Tabu tenure 10 ';iflU 

Non-improve 20 ';iflU 
Allocation phase 

Tabu tenure 10 ';iflU 

'11 Q..,..J 0 IV Q. Q. Q.:t Q.~ Q.I' '11 0 

f)1';ifI'U'HlWl';ilaJ L~ m'YI L 'VI m:: GiaJ Gil 'VI';iU e11';iGi~ n'll'U ~ fl'Ul liW'U lif1';j';iaJ'J::~ fl~'YI1 , 
f)1';i1.Hu L U~£J'UYilWl';ilij L~ fl{~ij t:JG'!vi flU';i::il'YI5IllW 1 'U f)1';i'VI1 ~h~ flU ~~if 

1) ,jl'Ul'U'llfl~U';i::'lI'lf1';j (number of population) Afl ,jl'Ul'U';il1Gi~l~flU'llfl~ 

U';i::'lI'lf1';j l'ULLviG'!d'U~~'YI~G'!fl~'t1lf)1';iLU~£J'UYil~ 10, 20, 30 , 

2) ,jl'Ul'U'llfl~i'U (number of generations) Afl Lnru.nf)1';i'VI~~~'U'Hl~l~flU 

l~£Jf)1';ifh'VI'U~,jl'Ul'Ul~';iflU 1 'U f)1';i'Hl~1~ flU 1lL U'U Yil1~ Yil'V1~~~~,jl'Ul'U 

l~';iflUif'VIaJl£JU~,jl'Ul'U~'U'll fl~U';i::'lI'lf1';j~~'t1lf)1';iL U~£J'U Yil~ 40, 60, 80, , 
100, 120, 140, 160 

1 'U f)1'l'YI~ G'! fl~ f)1';iu-ru L U~£J'U YilWl'll ij L~ fl{~l aJ~ rh lfU ~if f1';j::'t1l1~ £J f)1'l-r'U 

u ru'Hl'YI ~ GiflU,jl'Ul'U 5 uru'Hl L 'If'U L~ £JltlU ih1Gi~ n f)1';i ~'U 'Hl U UU 'YI1U u,hl.h Yil'll fl~W~ n-6'U 
v v \J 

l~flU';i::Gi~A LLG'!::LlG'!11 'Uf)1';i'Hl~1~ flu~1~'Jlnf)1';i'YI~ G'! fl~aJl'V1l Yil L\.A~£J~~ LLGi~~ 1 'U ~l';il~~ 2 , 

LLG'!:: 3 IllYlt:J'Uln n. LLG'!::thaJ1LLGi~~1'U';iUf1';jl'v.n~~~if 
\J 
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Lriml11911'il-:J~ 2 LLa~ 3 ~l'rHH)l91mlVh~'Ydl-:J~hVJ-:Jn-a''\.J':rl91(l'\.h~G'f-:JALLa~Llal • 
fiu'ihul'U'\.h~"lflfl'iLLa~ml'rh~ldl-:Jril'VJ-:Jn-a''Ull91m.h~G'f-:JAfiu~l'Ul'U~'UbtJ'U~-:Jif 

910,000 

905,000 

... ~ 900,000 
(r; .. .. 
~ ". 
,~ 895,000 
,~ 
"'c 

:i 
r 
-(;: 890,000 -1------

... ~ 
(r; 

885,000 

880,000 

940,000 

930,000 

920,000 

~ 910,000 
~ ". 
,~ 900,000 
,;< 
... ~ 
z;: 890,000 
r 

-(;: 

880,000 

870,000 

860,000 

10 

40 60 80 

• • 

20 
;i1"""''1J~~lh:'ll1m 

100 120 

30 

140 160 180 

1t1~ 5.2 f1'HrJ L t1~fJU L -nfJU ~hVJ-:Jn-a''Ull91 (ltl1~ G'f-:J A"lJ rN.ff'U 191 tl'U15oW'U Lim'i~ 
'U • • , 

~o I.CiII ,QJ 

L~ tl'ill'Ul'U1'U ~ Yll LLl91 fl1911-:J fl'U • 
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'illn~am'l'Y1~afl 'ma~m'liLY1'lll1'illmU~ 5.1 LLa~ 5.2 y.jUll~l'VJ~n-a-'U 
" 

l~tlU'l~~~~'il~ij~lY1~~h.iLu~fJ'ULLUa~L~fl't'lm'lL~lJojl'Ul'U~'U lu'il'Um~..t~dl'U 120 ~'ULLa~ l'U • •• 
m'l~'ill'ltlJl'lU.yj 5.1 LLa~~l'll~~ 2 mY1~'Uln n. y.jUll~l~U~fJ'lJfl~VJ~n-a-'Ul~ltlU'l~~~~L~fl 

" . 
ojl'Ul'U'll1~¢h~flU'llfl~U'l~'lflmLtJ'U 20 LLa~ 30 ijY11llJLL~n~1~n'UL~flojl'Ul'U~'ULtJ'U 80 LLa~ • 
120 n~llAm~flojl'Ul'U~'ULtJ'U 120 LiN'UmlvJ'il~L~lJLtJ'ULiN'U~'l~L~flojl'Ul'U'll1~¢h~flU lmr 30 • 
LL~ Gll W!U mruojl'Ul'U ~'U L tJ'U 80 J'U LiN'U mlvJ'll fl~~l'll fl~VJ~n-a-'Ul ~ tlU'l~ ~~ ~'il~ L~lJ-a-'U~'U~~ • • 
'I1l'il~Ln~mllJY1al~ LY1~fl'U'illnm'lril'H'U~~ly.jl'llil L~ fl·fL ti fl~'illn tlJ 'il~if~h~ flU fll'illvi-!u • 
a'Y15y.ja'illnojl'Ul'U~'U~~fl'U?i'1~tJflfJvilfJ~~fll'il'rlll-H'm'lL~lJojl'Ul'UU'l~'lflmLtJ'U 30 nhi'rlll-H' • 
U'l~a'Y15my.j~~'UL ti fl~'illnojl'Ul'Ui'U L .wfJ~ 80 J'U~~ hit Y;fJ~y.j fl amt~~llJ'Y1qlf~LL~lojl'Ul'U 
'll1~Al~flU~~lJln~'UL'yh 1 'l U'l~a'Y15my.j 1 'Um'lmAl~flU'il~~~~~'lJL 'YhJ'ULL~1"lfLlall'Um'lm 
Al~flU'Ul'U~'U ~~J'U~~~'lUlvillojl'Ul'U'll1~Al~flU~~LL~ 30 LtJ'Ul91'U luhiij~a~flY1tlJmy.j • • 
Al~ flU'll fl~~'U~ fl'Ui5~'ULim'llJif LLa~~llJl'ltl~'lU L'lf~'ll fl~y.jl'll ~ L~ flf~ L 'HlJl~~lJ~~~Gll'H-!U • 
~'U~fl'Ui5~'ULim'llJ lvi~~~l'll~~ 5.2 • 

30 

120 

L~ fl'Y1'llU~l'llfl~y.jl'llil L~ flf~ L 'HlJl~~lJ Gll'H-!U~'U~ fl'Ui5L 'Um'lLLnUfY'Hl..t~ 2 i5LL~1 
lh~'U~fl'Ui5~lvilJ1U'l~fJn~1"lfL.vJflLLnurum~hLL'H'I1~~~~LL~U~~~nuurumlJl~'l~1'U OR-

~ v u .. 

library 'll'Ul~nal~'llfl~ Beasley ojl'Ul'U 16 UfYm ~LtJ'UUfY'Hl~l'I.JU~~~~~Y111lJl91fl~m'l'llfl~ 
anAl hj~'UnuLlal l~fJY1tlJanlftlJ~'llfl~..t~ 16 urumLL~~~l'U~l'll~~ 5.3 ~am'lA'UmAl~flU 
" • v 

vilfJi5~h~~&lnm'lA'U'H1LLUU'Y11ULLa~~'U~fl'Ui5~'ULim'llJL~flLU~fJUL.yjfJUnUAl~flU~~~~~ ". . 
'llfl~urumlJl~'l~l'ULL~~~ 1 'U~l'll~~ 5.4 

v .. 



Uty'Hl . .. 
OJl\flUAUtlO'l::OJl tl 

" 
au~htf~'H:I.IGl 

(m) 

cap91 25 

cap92 25 

cap93 25 

cap94 25 

cap101 25 

cap102 25 

cap103 25 

cap104 25 

cap121 50 

cap122 50 

cap123 50 

cap124 50 

cap131 50 . 

cap132 50 

cap133 50 

cap134 50 

(n) 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

., .. fl11:1.1i'fl:1.1nn 

'lJiHfla~aUAl 
GlU'YIUfI~'YI • 

7,500 15,000 

12,500 15,000 

17,500 15,000 

25,000 15,000 

7,500 58,268 

12,500 58,268 

17,500 58,268 

25,000 58,268 

7,500 15,000 

12,500 15,000 

17,500 15,000 

25,000 15,000 

. 7,500 58,268 
----+------~ 

12,500 58,268 
--4-----~ 

17,500 58,268 

25,000 58,268 
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(;Jl'll~~ 5.4 ~am'l'YI1Yh(i1 fluUUJ'YI1~hLL 'YI'l1..:j~vf..:jLL uuai1(i1'l1'Ul(i1fla1..:j~htl ii'1~a&ifl m~yj''U'YI1 LL UU'YI1U LLa:;.ff'U(i1 fl'U15w'U5m~:IJ 

UqJ\11 

v " • 

~hw~ntiu1~m.h::a~A 

~hn~Hi~~ I liin17AU\11LL\J\J 

't11\J 
" 

• 
iU~ilulii 

iUiin773J • 

Ltlr)'fL'lfU&fA113m~nGh~ 
..... ... QI .Qo~ 

1 iin17AU\11U\J\J '2JU~ilU1ii 

't11\J iUiin773J 
" • 

ni'tlihti~lU1W (luln) 

..... ... ., ..... 
1iin17AU\11U\J\J '2JU~ilU1ii 

't11\J iUiin773J 
'II • 

cap91 I 796,648.44 I 798,350 802,393 0.214 0.721 21 .55 35.05 

cap92 I 855,733.50 I 859,720 862,743 0.466 0.819 21 .28 34.08 

cap93 I 896,617.54 I 906,680 912,360 1.122 1.756 21.69 33.38 

cap94 I 946,051.33 I 954,520 969,590 0.895 2.488 20.08 33.12 

cap101 I 796,648.44 I 797,510 800,693 0.108 0.508 12.51 34.52 

cap102 I 854,704.20 I 855,970 857,127 0.148 0.283 12.47 32.54 

cap103 I 893,782.11 I 895,030 897,013 0.140 0.362 13.09 31 .17 

cap104 I 928,941.75 I 928,940 930,823 0.000 0.203 13.12 30.86 

cap121 1793,439.56 I 794,560 808,007 0.141 1.836 11.37 37.11 

cap122 I 852,,524.63 856,520 871,860 I' 0.469 2.268 12.21 . 35.77 

cap123 895,302.33 900,870 921,277 0.622 2.901 12.92 35.82 

cap124 946,051.33 962,510 966,337 1.740 2.144 14.52 33.84 

cap131 793,439.56 796,150 ~3,093 0.342 1.217 10.47 35.81 

cap132 851,495.33 852,760 T860,530 0.149 1.061 10.24 33.34 

cap133 I 893,076.71 I 894,750 897,230 0.187 0.465 10.29 33.27 

cap134 I 928,941.75 I 928,940 931,843 0.000 0.312 9.60 33.15 

~hL\li'itJ 873,986.25 880,807.50 0.42 1.21 14.21 33.93 

-...J 
o 

nkam
Typewritten Text
70



a.. 
« 
C> 
~ 0 

71 

3.000 

2.500 

2.000 f-----� :1--1 f--~ · :f-----l · - --------jl 
1.500 

1.000 

0.500 

I 0.000 •• 

-----------11 • TABU 
IOGA 

I----------j:::~-I f---t::I-__ ::: f-- l - -f.:+----ii 

I 
:1-1.:+- . i--""--------t::I---;;;;;I: r-. • . ·r __ ··· - l--t:J- =---i 

j !!1 .a JJ R. I ::: I • ~ n 

")U~ 5.3 fl'HrJLU1UULiiuuYhLua{L~'U~mlaJLL~fl~1~YhVJ~n~'Ul~f1U):;'HyJ'iJa~i1ru'Yl1LLUU 
~ • u 

" , , 
ail ~'iJ'Ul ~ fl ~1~'iJ a~15fl1)Y)'U 'YI1 LL UUYll U -rr'U ~ a'U15~'U lifl))aJ LL~:;Y)l~ auii &i iia~ 

~ . . 
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")U~ 5.4 fl)l'rhu1uuLiiuULl~1~liy)1'U'1ru'iJa~i1ru'Yl1LLuuail~'iJ'U1~flm~~"'JU15fl1)y)'lJ'I.·n 
~ u 

" LLUUYI1ULL~:;-rr'U~a'U15~'Ulifl))aJ 
\J • 
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1.21 % ~laHh~u U~:;brl el't11f11'llbVl'l1:;-HVl11aJUU'lU'l1'U (AN OVA) b ~el'Y1~~tlU~aJaJ~~l'U 
11 ~h1~~ n..r~ ~tl~15~~ ~'U1~'U'd111 Yi1 bU ~fJ'lJ tl~VJ~ ni''Ul ~ (lU'l:; ~~ vi' b 'Vh nu ~h~ tlU~~~ ~~ • • 
'VI1tll~ t~fJn1'VI'U~'l:;~UUm11I"i'ru~ 95% 'V4U11Yi1bU~fJ·lJtl~VJ~ni''Ul~(lU'l:;~~yf'lJtl~..r~ 2 15J'U 

v • 

ii~h l~u~n~h~nu~hbu~fJ'lJtl~~h~tlU~~~~~ • 

., 
o 91 4d 'V QJ oICIrt.Q Q.I , Q,.I 4 d 

'VIlVl1~ tlU~1mlif11'lVl'U'VIl U UU'YI1U U~:;'lJ'U~ tl'U1li'V4'Ulim'laJ b 'Yl1nU 14.21 U~:; 33.93 1'U1'YI 
~ . 

~laJ,h~u t~ fJ ih1~~n.ff'U~ tl'U15~'Ulim'laJJ'U l'lfnm 1 'Uf11'l'Vll ~h~tlU t~mU~fJaJ1nn11i111 • 
~~n15f11'lI"l'U'VIlbbUU'YI1U~~ 138.8% U~:; l'U'lU~ 5.4 iJ~ 111';.)~~,j1~'U h'l:;'VI11~f11'lI"l'U'VIlUUU 

~ " . 
'YI1UU~:;.ff'U~ tl'U15~'Ulim'laJ t~mrl tlbb ti~naaJ'lJ tl~ilru'Vll'YI~~tlU b U'U 2 naaJ~ tlnaaJ U 'lnilru'Vll~ 

\J II II U II II v 

" , q I d 4 I 0 Q,.I" .dI 

aJ'lJ'U1~ m X n = 25x50 bb~:;n~aJ'YI~tl~'lJ'U1~ 50x50 'lf~'V4U11~1'VI'lUf11'lVl'U'VI1UUU'YI1UbaJtl . " 
~1'U1'UA'UUm:;';.)lfJa'U1"l1~ b u'U 1 ul~b ~aJaJ1n.ff'U'l:;fJ:; nm 1 'Uf11'l'Vll ¢h~tlu';.):;~~~~ bb~n~un'U 

~ 

a1'VI-ru.ff'U~ tl'U15~'Ulim'laJ brltl~1'U1'U A'UU m:;';.)lfJa'Ul"ll~ b tJ'U 1 ul~b ~aJaJ1n~'UmrU l'lfb 1~11 'U . ~ 

f 'V I ' "'' 

f11'l'VI1¢h~ tlU b ~aJ~'U :a~~1 b 'VI~aJ1';.)lmrmHl.I:; tVl'l~~{l~nu~n~h~ntJ'll tl~-lJ'U~ tl'U15n~~tl~ ~ tl • 
f11'lI"l'U'VIl U UU'YI1U b U'Ubb UU bVl ~tl'U~h~ tlU 1 un~:;';.)~ t~ mr1~ a~nu~h~ tlun tl'U'VIU1 bbYi.ff'U~ tl'U " . 
15~'Ulim'laJ 1'lff11'l~~aJn'U'l:;'VI11~'l11~¢h~ tlU~ijm1aJ'VI~ln'VI ~ltll 'U~ tl'Uu 'In U~:;b~aJ~~ m1aJ • 
'VImfJ~~ lub~tlfJ 'llu~f11'lab'li'l¢h~tlu~~~~~ ~~J'Uf;h~1'U1'UA'Uum:;';.)lfJa'U1"l1~bu'U lul~ii 

\J 'U .. 'U , 
o I Q.J o oICIrt. tld 

';.)1'U1'UaJ1n 'l U~~~11'l'VI~Vl1~ tlU b 'laJ~'UaJVl11aJ'H~ln'VI~lfJaJ1n 

U'l:;'lf1maJ1n 'l ~~ 1'lfn~1'U1'U l'Uf11'lab'li'l~¢h~tlu~~~~~ 
~ ~ . 

U~:; 1 'U~1'UYi tll u';.)nJ115f11'lI"l'U'VIl U UU'YI1U u~:;.ff'U~ tl 'w15~'Ulim'laJ 1 uy'hf11'l'YI~~tlU 
~ . 

nuilty'Vll'lJ'U1~ 1 'VIqJ~1'U1'U 3 ilty'Vll t~fJuYi~:;ilty'Vll';.):;n1'VI'U~Yi1m1aJ~laJ1'l(l~~,!~ 1 'Uf11'l 

111U1f11'lilty'VI1~:; 3 ~h~u~nYi1~n'U ~~an~ru:;'lJ tl~ilty'Vll'lJ'U1~ 1 'VIqJ..r~~laJ U~:; ~ ~f11'l'YI~~tl~ 
~laJ1'l(l~'lul~~~if • 

o oJ' o ., 

lillU1UAU8m~lil18 lillU1uaflfll 
~ 'U 

au~htf-3'H~61 (m ) (n) 

capa 100 1000 1,365,939 - 2,253,906 10,000, 12,000, 14,000 

capb 100 1000 558,666 - 916,003 5,000, 6,000, 7,000 

cape 100 1000 397,560 - 658,443 5,000, 5,750, 6,500 



~l'iVJ~ 5.6 f.J ~ fll'iVi1 Yh~ fl'UihYrl1vh LL 'YI'Il-:j~vf-:j LL 'U'U ~~ ~"lJ'Ul VlL 'YIqJ ~1t1 ijl~~&i f) fll'JI"l'U Vi1 LL 'U'U'Y11'1d LL~:;.ff'U VI fl'Ui5~'U qm"HJ 

fil~~nti'lli~ou".i~a~~ • 
thy.." I Capacity filfi~fia~ • 

..... '" 
'l jjnl".i~'ll'Ml LLUU 

ciI .0::10...::1 

'lJ'll~f)'ll'ljj 

't11U ~'lljjn".i".i:U 
" • 

cap a1 10,000 18,438,046.5 19,374,296 19,192,800 

cap a2 12,000 17,765,201.5 18,278,626 17,981,800 

cap a3 14,000 17,765,201.9 18,508,421 17,841,300 

cap b1 5,000 13,656,379.5 14,520,056 14,755,100 

cap b2 6,000 13,361,927.4 14,171,782 13,760,300 

cap b3 7,000 13,1 98,556.4 14,118,068 13,532,100 

cap c1 5,000 11,646,596.9 12,362,889 12,275,600 

cap c2 5,750 11 ,570,340.2 12,314,188 12,344,100 

cap c3 6,500 11,518,743.7 12,198,062 12,051,100 

filmih; 15,094,043.63 14,859,355.56 

LUe)'fL'il''llGi'~'ll:ULL~nGh~ 
..... '" 
'ljjnl".i~'ll'M1LLUU 

't11U 
" 

5.078 

2.890 

4.184 

6.324 

6.061 

6.967 

6.150 

6.429 

5.898 

5.55 

i'll~f)'lliii 

~'lljjn".i".i:U • 
4.093 

1.219 

0.428 

8.045 

2.981 

2.527 

5.401 

6.687 

4.622 

4.00 

mnfi'l ti fOil'll'l f.U (iulfi ) 

" 
iiinnfl'll'YIlLLUU i'll~f)'lliii 

't11U ~'lljjm".i:U 
" • 

295.08 2,294.78 

196.81 2,021.44 

212.94 1,533.80 

271.45 2,281 .17 

248.94 2,054.98 

443.29 1,976.53 

186.54 2,161.11 

222.11 1,981.98 

178.84 1,933.12 

250.67 2,026.55 

-..J 
c..v 

nkam
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Cap a Cap a Cap a Cap b Cap b Cap b Cap c Cap c Cap c 

74 

I_TABU ! 
E:lGA 

UUUl11\l 

o ';,.,w,.'ii 

~,.~n'mJ 

'ltl~ 5.6 f)'Jl'vh t11t1U L fitlu ~h L'il~tI'lJ f)~ Ll~lm'lfY}l'UlruUru'Yl1 LL uu aUVI'lJ'U1V11 'YIW'lJ f)~15m';i 
'U v v 
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Vlrum~'lJa-:J~lVlaULLua-:JLriflLU~tlUL.yifJUflUoff'UVle),\.Ji5~'Ulif)'j'd~ Aa '.nn %GAP 0.42 % LU'U • • 
5.55 % LLa::off'UVla'Ui5~'Uqm'i~'lln 1.21 % LU'U 4 % ~-:JLLi;'{Vl-:J'.h LriauqJ'VIlii'lJ'Ul~ 111qj~ln , 
J'U off'UVl a'Ui5~'Ulim'i~'l:: 111Vlrum~'lJ a-:J~lVl au~&inil L ~ a-:Jm'llnoff'UVl a'Ui5~'Ulim'i~ii • • • . 
Q.I 1 IjI IjI Q.I 0 f 'iI dl Q.I Q.I 

am~ru::L~'U~l'Um'ii;'{'il-:JVlll~l1alnl1altl'lJa-:J'il1i;'{VllVlaU'i::l1ll~m'iVl'U'VIl 'If-:JalY'ltll1anm'i 

Vl'iai;'{ La Lla1LLa::m'iijlL 'YIi''U L~tll 'Um'iLLnuru'Vll'lJ'Ul~ 1 muJ'U'l~~&i~i;'{~ Lil~l::~ (local 
u u 'II 'II 

• V 
.q 0 Q.I Q.I 0 d 'V I q IjI Q.I 

optima) ~ml~i;'{lVlqJnu~rum~'lJa-:JVllVlaU~lmLa::m'i'YI'l::l1~~~'U'lln~~Ll1al'UVla-:JalY'lti 

m::Ul'Um'ii;'{{l~ml~l1alnl1altlll1 ~lVl au L u'Umrn ~~LL,rm'i~'U'VIl LL UU'YIlu'l::iim::Ul'Um'i ... 
ih 'U5l'U'lJ a-:J Diversification LLVl1 'Uoff'UVl a'Um'i~'U'VIl nu~l'i a~""l nl'i lVl~ a'U ~lVl aU'lln ~lVl au 

U'l'lU'U luu-:J~lVlalJ"ljl~LAtI-:J ln~ ,au ~-:Ji;'{{1-:Jml~l1alnl1altll~tJatiniloff'UVla'Ui5~'Ulim'i~ .... . . 
oet Q.lo oQ Q.I I ~ f Q.lo 1 II 

'If-:J'i11 i;'{ VllVl auan Ln ~'ll n m'i ~ i;'{~ n'U a tIl-:J a i;'{'i::'i::l1ll-:J 'il1i;'{Vll Vl au w a LL~ ~1'U m::Ul'U m'iVl'i a i;'{ ... 
La Lla1LLa::ijlL 'YIi''U~-:JL U'Uoff'UVl a'U~~l~ru 1 'Um'il1a~~'U'l~~&i~ i;'{~ Lil~l::~lvi&inil Lriauru'Vllii 

U II 'II II U 

'lJ'Ul~ 111qj LLVl1 'UL~a~'lJa-:JLlall 'Um'i'Vll~lVlauJ'U off'UVla'Ui5~'Uqm'i~ l'ifLlal~lnnllm'i 
~'U111LL UU'YJlUU-:JU'i::~lru 10 L 1'1l L ~ a-:J~1'llni5m'i~'U'VIlLL uU~'Ulim'i~J'U'l::iim'ii;'{{l-:JLLa:: 

... . 
hJna::'l~LLUUm'i~'U'VIl'YJlU ~-:J 1 'Ul-:J'iaULL 'in ,al'l'l:: l'ifLlall 'Um'i'VllnY'l'YI1~ (~lVlau . ... 
'lil-:JLAtI~) ~lVlaU~lnLLYl'l::tJatla~ 1 UL~atl, Lria~lVlau L'lilln~~lVlau~&i~,!~'llnm'i l'ifLnru.n 

m'il1 tI ~ LL uu'iil'Ul'U 'i au i;'{-:J i;'{~~ ~l Vl a U 1~ iim 'i~ WJ'Ul LLYl ~ll1-ruoff'U Vl a'Ui5~'U lim'i~ L 1 al#l 'if 
'II \J 'II 'II 

l'U LLYl a::'iau'l:: L'rll fl'U Vl a a ~ vY-:J LLYl L~~ l'i'U'l'U 11 tI ~ m'i~'U 'VIl • 

~am'i'YI~aa-:Jvi'·mi;'{~~ 1 'U'iU~ 5.5 LLa:: 5.6 U~ill1L -H'Ull1 'UUru'VllL&itllfl'U L?i'ULria 
... u 

~'ll'irulUqJl1l capa LLYlml~i;'{l~l'ifl~~ ,!~'lJ a~~'Utfm::'lltla'U~l LLVlnYll-:Jfl'U Lri a 

tI 11 .q I J 0 1 v 1 .. ~ tI Q.I Q.I rI.d 1 .J' 
Vlll ~ i;'{l ~l'ifl'lJ a~Y'I'U tI m::'lltl a'U Vll ~ Vll ~l n'lJ'U'l::'YJl 11 Vll n~ n'lf'Ul~ flU'j::i;'{~ Vl a ~ a-:J'lf~ 'U'l~'U ... ,. 
La-:J lviVlanJlllLLUu'ihaa-:J~-:J l~lvinll1'U~ml~i;'{l~l'ifli;'{-:Ji;'{~'lJa~LLYla::Y'I'Utfm::'lltla'U~l ... . ... 

(Vlll~i;'{l~l'ifliiYil~ln ,1~'ihfl~) 'l:: 111~lVlaU~LLVlnYll~'lln LriaTlll1'U~Vlll~i;'{lm'ifl~~,!~ 1 'U 

m'ill1u~m'i~ln 

m'i'YI~i;'{aUi;'{~'i'ifl'U:: 1 'Um'iLLnuqJ'VIlvh LL l'1'1l-:J~vY-:JLL u1J~alVlJ'U'l::m::""ll~tli;'{fl-:J 
uqJ'VIl~alVl~ii~'U~l'U~l'llnuqJ'VIl~lVl'i~l'U OR-library 'lJa~ Beasley 'ill'Ul'U 16 uqJ'VIl~~ 
L U'U Urul1l LL UU i;'{~ Vl~~Vlll ~ l'i a~m 'i'lJ a~ an ~l hj~'U flU Ll al L~ tI m'ii;'{{l-:JU rul1l ~alVlJ'U'l::ii 

u ... u 
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~'UVlfl\{J5vr'Ulim'llJ'lJfl'luru'Yi1Yl,r1Vl~ i;{1\~~'U i;{llJl'HHLi;{Vl'll 'UVll'll'1~ 4 bba:; Vll'll'1 5 
• v 

.tl1YltJ'Uln n LLa:;'lU~ 5.7 ~'1 5.12 l'U-Hl'llfl 5.4.2 
'U 

5.4.1 fll"H'fi'1'1tlqJ'Hl&11U 'Hll\l~~\I'YI~i;{f)u'WaiG1 

Ut1J'Hl'YlVli;{flU bb UUYlalVl#l?f1 'U nl'llVli;{lJ'l'lf1'U:;'lJ fl'l'll'Ul~~if i;{i'1'1~'U lVl~ 1'lf' 

~'U'YJ'U~fl'Htll~mllJ~fl'lnl'l1'Unl'l-ruU~nl'l0J1n~'Ufi'm:;0J1~a'UAl j 1Uf1'1~nAl i ~'11vi' 
Y4OJ1'lrul'l:;~:;'YI1'1'lllJ 1 uvi'lfILL,bOJlnUt1J'Yi1lJ1Vl'l~1'U OR-library 'lJ fl'l Beasley lVltlUt1J'Yi1~ 

, 
v 0 ~ , ~ 

1) Vl'U'YJ'Unl'lVllL'U'U'Il'UVlflYllULlal (Annual Cost: a j ) 'If'lOJ:;bbi;{Vl'l 

'llt1a:;L~tlVll'UVll'll'1~ 4 .tl1YltJ'Uln n. lVltl~'U'Yl'UifOJ:;fil'YI'UVlLu'U • 
aVl'llal'U'lJfl'l~'U'YJ'UYl'l#l'Unl'lvf'l~'Ufi'm:;OJlt1a'UAl j (fj ) lVltl 

bb~a:;Ut1J'H1OJ:;ijaVl'llal'U'lJfl'l a j / f j Afl 1% 10% 40% bba:; 

80% 

2) YllllJ~fl'lnl'l'lJ fl'lan Al LL U'lir'UVlllJ Llal (Time-dependent 
'U 

Demand) ~'1mllJ~fl'lnl'lc;ll'Y1-rUUt1J'Yi1'YlVli;{fluJ'Uij 3 ?flJVl Afl 

YllllJ~ fl'lnl'lYl'l~ YllllJ~ fl'lnl'lL ~lJ L U'ULJ'UVl'l'l bba:;YllllJ 
, , 

tV Q.. 0 cv d d V 

Vl fl'lnl'l L YllJLL UU nl a'li;{fl'l 'If'lOJ:;LLi;{Vl'l'llt1a:; LfltlVl mllJVl fl'lnl'l 

LL UUYl'l~ OJ:;lilnl'lalJ lVl tll'lf'nl'lm:;OJlf1LL UUi;{Jl Li;{lJ fl . . ... 
U[100 2000] bba:;ij-;jl'Ul'U 20% 'lJfl,rt1'1'Y1lJVl mllJ~fl'lnl'lbbUU 
~ .¥ ~ " V I LA , ~ , 

L YllJ'lJ'UL U'U Li;{'UVl'l'lU'l:;n flU Vlltli;{fl'l i;{JWY1 fl i;{1'U Yl'l'Ylbba:;i;{l'U 

YJ'In-a''ULJ'UVl'l'lnU Llal ~'1i\1 nl'lalJ lVl~ l'lf'nl'lm:;OJlf1LL UU • , 
i;{ajlLi;{lJfl U[100 2000] + U[114 200]1 bba:;ij-;jl'Ul'U 65% 

~ .... -d.J'o<v 1)1 

'lJ fl'l'Yl'l'YIlJ Vl bba:; mllJ Vl fl'l nl 'l LL UU L YllJ'lJ'U nl a'la'fl'l U'l:; n flU Vlltl 
, 

i;{llJal'U Afl al'UYl'lYi al'UYJ'In-a''ULJ'UVl'l'lnULlal al'UYJ'In-a''U 

fil~'1i;{fl'l'lJfl'lLlal ~'1i\lnl'lalJ lVltll'lf'nl'lm:;OJlt1i;{Jl L5lJfl • 
U[100 380] + U[38 200]1 + U[15 16](2 



1,000,000 

1o(i: 
." 800,000 reo .. 
V" 

-;l 
600 ,000 c:;r r-

l~ 
I;\: 400,000 10~ 

1-
: 

." 
T;!: 

200,000 r 
-(i: 

: 

0 

Number of periods = 1 

. r- r-

r- r- r-

f- f-

I 

[:': 

r- r-

f- f-

f- f-

77 

~ ~ 

'i'U~ 5.7 n'HvJ L U~t1U L ntluyh L\l~t1'l.1 fl -rW'lni''U1Vl f)U'l~a'lYl'l.l fl'lilruvnLL Uu~alVl'l.l fl'l15n1'i' 
'U • u 

., 1 
V CV ..::.. CiI Q.I ~ do 

Yl'U'YIl LL UU'Yl1ULLa~'l.I'UVI fl'U15~'U5m'nJ L~ fl'i'~t1 ~ L1al n1'l11'lLL~'U~'ill'U1'U 1 YllU 
\J • 

Number of periods = 3 

3,000,000 ,----------------------------------------------------

1o(i: 2,500,000 
." 
reo .. 2,000,000 : f- f-V" 

-;l 
c:;r 

:::f-l~ 1,500,000 r- r- f- r-
I;\: 

10~ 1,000,000 r- r- .' - r r-
0;> : T;!: 
r 

500 ,000 f- :.r- f--(i: 

0 " 

'lU~ 5.8 ml'W L U~t1U L ntlu Yil L\l~ t1'l.1 fl'l-W'lni''U1Vl f)U 'l~ a'lYl'l.l fl'lUruvn LL UU l'l alVl'l.l fl'l15n1'l 
'U • u 

" :;"::".or:::!I Q.I d q 0 

Yl'U'YIl LL UU'Y11ULLa~'l.I'UVI fl'U15~'U5m'l~ L~ fl'l~t1~L1a1 n1'l11'lLL~'U~'ill'U1'U 3 YllU 
\J • 
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Number of periods = 5 

5,000,000 

"co: 
." 4,000,000 !'to 

I-.. ... 
-;:I 3,000,000 ~. 

lr 
l~ 
,,~ 2,000,000 

I- I- I-

I- I- l- I- l-
." 
~ 
r 1,000,000 -co: I- l- I- l-

0 I 

'jtl~ 5.9 ml'rhtl~fJuLiifJu~1L'i1~mJf)'n~~n~l.rr~()tl'l:;5~A'lJfl~i1rurnuuU'r~~l~'lJfl~16f11'l 
" • u 

'" , iI Q.I Q,q CV 4 q 0 

A'UVIlLL UU'YllU U~:;'lJ'U~ fl'UltiYfWtim'llJ LlJ m:;fJ:; Lla1f11'jll~ LLL:J'UlJ'ill'Ul'U 5 A1U 
" . 

Number of periods = 1 

60 

~~ 50 
~ 

+--------------~-----------------------------------

Gr 
40 't 

r 
~ 30 r 

0(i: 
~~ 
..-" 20 I-
,~ 

r 
reo 
~ 10 

0 

2>" 
~ 

2>'1.- 2>":.> 
~ ~ 

~tl~ 5.10 ml'Vhtl~mJLiifJULl~lLU~fJ1'Uf11'l"'lYh~flU'lJfl~i1qjVllUUU~~l~vh~., lvW16f11'l 
'" , IV CV.Q.q CV.QI q 0 

A'UVil U UU'YllUU~:;'lJ'U~ fl'Ulti~'Utim'llJ LlJ fl'l:;fJ:;Ll~lf11'jll'lLb~J'UlJ'ill'Ul'U 1 A1U 
" . 
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Number of periods = 3 

200 

1~ 

~ 150 «r 
~ 
~ 100 r 

: 
- r-- : :- .: :.1--

"CO: 
~f' 
..-" 
,~ 

r 50 a:; 

~ 

0 

: 

-- r-- ._ . :1--

i I I I I I I r I Ii [ I I I I t: I 

Number of peiods = 5 

300 

1~ 250 
~ 

«r 
200 ~ 

r 
;! 150 r 

"CO: 
~f' 
..-" 100 ,~ 

r 
a:; 

~ 50 

0 

r--

- ~ - 1 ::~u1 
~nll,ririnlllllJlll 

Jtl~ 5.12 mTvhtl~mJLiiutJLl~lLU~ul'Un1';i'VI1Al{9lf.)tJ"llf.)~UqP"lUtJtJ'YH;"i1{9lvh~ ,1{9lU15n1';i 

v ~ Q,a QJ cJ d 0 

VI'U'VIl LL tJtJ'Yl1tJU~:;"ll'U{9l f.)'U'15'V'1'U5m';i~ L~f.)';i:;U:;L'1~1n1';i'11~Ut:-J'U~"Jl'U'1'U 5 VlltJ 
~ . 
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v , 
C)I 0 '" ~4:iI -ClIo .Q. ~ ~ QJ.Q,~ Q.I d 

~ a fn1Yl'U 'VI1 Yll VI au m £115 e111c;{VI n fn1Yl'U 'VI1 bb UUYllU bba~'lJ'U VI a 'Ul5~'U 5m13J'Yl 
~ . 

YllUblal~h\1 '1 bbC;{VI\1l'UVl11l\1~ 4 .mYl~'Uln n bba~Y4'OJ11tu11U~ 5.7 fi\1 5.10 ~UllYilb'il~fJ 
~ 

'lJ a\1 YilVJ\1n~'U1Vi flU1~c;{\1 V)'OJl n..r\1c;{a\115'OJ~ b~3J bbVl n ~1\1 n'U 3Jl n~'U bd a-oJl'Ul'U YllU b 1 all 'U • 
1~fJ~blalfn11l\1bb~'Ub~3J~'U LVlmda-oJl'Ul'UYllUblal bU'U 1 YllU fn1Yl'U'VI1bbUU'YllU'OJ~ hr 

~ 

YilVlau~~nll~'UVla'U15~'U5m13Jaci 0.1 % bb~bda-oJl'Ul'UYllUblalb~3JbU'U 5 YllU15fn1 . ~ 

Yl'U'VI1bbUU'YllU'OJ~ l-HYilVlau~~nll~'UVla'U15~'U5m13Jb~3JbU'U 2.1 % bb~bdmh lUlbYl1l~r1 
~ . 

ANOVA ~ulli11~c;{~n..r\1c;{a\1,f'U l-H,"hVJ\1n~'U1Vlflu1~C;{\1Yl1aJbb~n~1\1n'U~1~~u • 

, 
bii a-oJl'Ul'U YllU blalfn11l\1 bb~'U 

b ~3J~'Ui11~c;{~n..r\1c;{a\1'OJ~ l"lfblall 'U fn1vnYilVi au'U1'U~'U bb~ bd aY4'OJ '11tulamiW~fn1b ~3J~'U'lJ a\1 

15..r\1 c;{a\1 ~Ull fn1Yl'U 'VI1 bb UU'YllU'OJ~ij elVl1l fn1 b ~ 3J'lJ a\1 b 1 al~1 i1 'U fn1'V11 Yil VI aut! a £I nll 
~ 

~ .c:rr.oIIC:III QJ .J, 0 ~ :; Q,q Q.I d 

'lJ'U VI a'Ul5~'U qm13J bba~'Yl'Yl n '1 Yll'lJ a\1'OJ1'Ul'U YllU bl al fn11l\1 bb~'U 'U 'U 'lJ'U VI a'Ul5~'U qm13J 3J 

Yil b'il~ fJ'lJ a\1 blal'm"if' 'U fnTHl Yil VI au 3Jl n nll15fn1Yl'U 'VI1 bb UU'YllU LVI £I bd a ~ VI b u'U b U a1" b ~'U ~ 
~ 

v , 
I Q.I .c:II. Q QJ .Q,q C)I d O l QJ 

1~Vill\1'lJ'UVi a'Ul5~'U5m13J bba~l5fn1Yl'U'VI1bb UU'YllU'Yl'OJ1'Ul'U YllUfn11l\1bb~'U b 'Yllnu 1, 3 bba~ . ~ 

5 bl'hnu 127.09%, 310.80% bba~ 366.49% Vll3J~l~U ~\1bbC;{VI\1l'UVl11l\1~ 5.7 'OJln"lia3Ja~\1 
~ 

C;{1Ull~\1-oJl'Ul'U YllU fn11l\1 bb~'U b ~ 3J~'U ~'U VI a'U15~'U 5m13J'OJ~~\1l"lfb 1 all 'U fn1Yl'U 'VI1 YilVi au~ • • 
3Jl n nll i11~C;{~ n fn1Yl'U 'VI1 bb UU'YllU 3Jl n ~\1~'U LVI £I c;{l3J11f1 bbC;{VI\1~ ~\1if 

~ 

~1'Ul'U~lunl'11~bb~'U fl113Jbbl9lnGil~"lleNblalm~fJ'mil'Um''t'ilfhl9leJu 

(Number of periods) 

1 127.09% 

3 310.80% 

5 366.49% 
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5.5 a~'\.hhaU't1 , 

1 '\.nJ'Ylii'hhhm~'YlVi ~ e:J..:J\11Yhrn~liJ LVI e:J{~ L \1~1~~~'lJ e:J..:J 51~~&if11Bm~Yl'U\11 LL UU'YllU 
" 

LL~~~'UVle:J'U1B~\J5m~~1'U-Hl'li'e:J 5.2 ~lmr'U'lh51~~&if1~Yilm~u-ru~hrn~liJLVle:J~1-H • 
L\1~l~~~LLGfl~l'YlVl~e:JU~~~~(l'U~nuurum'YlVl~e:JU 3 f1~~\1af1~ht!n'U ~e:J urum19hLL\1U..:J~~..:J 

v • v 
IV ,~ 

LL UU~UVl'lJ'U1V1f1~1..:J Uqjml9ilLL \1U..:JYll9l..:JLL UU~u VI'lJ'U1V11 my LL~~Uqj\11Uqjml9ilLL \1U..:JYll9l..:J 

LLUU .... ~lV1 ~..:J~1f1t:J~m~'YlVl~e:J..:JLL~~m~lLYl~1~l1a1~1~(l~~u1vi'··h51~~&if11Bm~Yl'U\11LLUU • 
'Y11U~~ 1 -Hu~~~'Yl5m .... 1 'Uvi'l'ULlm 1 'Um~mA1V1e:Ju&if1":h~'U'Vle:J'U1B~'U5m~~~lmil\1-rU'Ylf1 " . . 
1flJVI'lJe:J..:Juqjm LL~~Gil\1-ruUqjm'lJ'U1V1f1~1..:J..f..:JUqjmLLUU~uVlLm~LL'\.lu",,~lV1 en~~Vlf1m~ 
Yl'Um LL UU'Y11U~~ 1 -HYlUJm .... 'lJ e:J..:JA1Vi e:Ju&if1-jl~'UVi e:J'U1B~'U5m~~ L~mr e:Jt! LLl9l L~ e:Juqjm)j 

'U " 'II ... 

'lJ'U1V11 \1qj~1f11 ~'UVle:J'U1B..f..:J~e:J..:J~~ 1 -HYlrum .... 'lJe:J..:JA1V1e:JU~VI LN lV1t!51~~&if1m~Yl'UmLL uu 

'Y11U~~ 1 -HYlUJm .... A1Vi e:JU LL~f1-jl~'UVi e:J'U1B~'U5m~~ Lam! e:Jt! LL 'Yl'U " . . 



, 
"" 'UfIfI 6 

a~tl e.J (;Hn~i~tI bb(;t~i f) batlf) bb tI~ , 
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'Jlfl t:-J~fl1~'YlVl~el":)fl1~lVlC;{lJ~'H)'U~'lJel":)~'UVi f)'ui5fl1<HLnUfY'Hl~":) lYiuc;{VI":) lIT 'UU'Yl~ 5 

~~l'Util ~llJ~":) b if el'Hll 'UU'Yl~'U 'l~..:) u~fl1~i bVl~l~l1 u~~fli~nll'1'U VlUfY1'11 ~llJ ~":)~ltl~~b~ tlVI 

'lJ el":)~'UVi el'Ui5~~WJ'Ul~":) lYi fl~lltil ual,f'U 1 'UU'Y1'd'il~fl~ll~":)VllllJ{~lYi'illfl..:)l'Ui~tI bb~~ 
" 

c;{~U t:-J~~l":) 'l~..:) hi1U'illfl":)1'Ui~tli'Uif~ b tJ'U'lh~ Lmf'l1 LVI til 'U ril'U'Yiltl'lJ el":)U'Yl'il~'Ill bc;{'U el • 
'll el bc;{'U el U 'U~b 'iii el b tJ'U'lh~ Lmf'l1al1'11u r,j'~C;{'U hAfl'I~l u~~vi' el":)fl1~~WI'Ul~'UVi el'Ui5al1'11Ufl1~ .... 

bbnuru'Hl~l u l'1u":)~~":)'lJel":)A'U~m~'illtl~'UAll 'U el'Ul VlVI~ ell u 
u .... 

1 'U5~n'ilfl1~m~'illtl~'U All 'UU~~b 'YlA 1 'Yltl,f'U 'illflfl1~~f),t:tlmruAfl'I~l'lJ el..:)U1';'Ylvll el~l":) • 
'V'julll 'Ufl1~vlVl~'U l'i11 'U~~vi'Ufl~tI'Yl5vi''':)b'lf'Ufl1~vlVl ~'U hC;{{l..:)A'Ufi'm~'illtl~'UAl U~~~U l1":),f'U a..:) . .... 

'lJl VI bVl~ el..:)il el~":) 1-lfl 'U fl1 ~i bVi ~1~11 U~~ unu ru 1'11 ~l u l'1U":)~ ~":)ll Vll~'iI~ C;{{l..:)A'U fi' m~'ill tI ~'U Al~ 
u .... 

~lU l'1U..:) lVi u~~n~l~b l'1m~c;{lJ 1 'Ufl1~C;{{1":)A'U~m~'illtl~'UA1U~~~Ul1..:)m~btJ'UbriellVi bb,j'll 
'U 

fl1~1'lf~~uUfl1~m~'illtl~'UA1~1'UA'U~m~'illtl~'UA1,f'UbtJ'Ufl1~~Vlvi''U'Yl'UL~~C;{~fl5'lJel":)el..:)~m .... . 
lYiel~l":)lJ'HlAl~ l'Uu~~~tJnVllti ~":)"';11 "'el..:)~mc;{rub~tlLelfl1c;{l 'Ufl1~"';lnl h hJel~l":)Ulb~tlVllti 

.... u 

vi'..:),f'UU1';'Yl~1":) 'l~~l dJ'Uq~n'ilYil'Ufl1~m~'illtl~'U A1Vll~ 1 l1V1l1lJal AfYtlUfl1~vlVl~'U 1'111 'U 

~~vi'Ufl ~tI'Yl5vi'..:) b'lf'U uru'Hl~lbbl1U":)~~":)'lJ el..:)A'U~m~'illtl~'U Al b'lf'U b~tlltlU fl1~vlVl~'U I'll 1 'U~~vi'u 
• u .... 

1 'U":)l'Ui~tlifil'ilVl'lh~c;{..:)~'lJ el":)fl1~~WJ'Ul~'UVi el'Ui51 'Ufl1~ufl1'lJuru'Hl~1 u l'1u":)~~":)'lJ el":) 
• u 

'!1'U~m~'illtl~'UA1~":)C;{lm~tlc;{1ulYi 2 U~~b~'Ul'1~fl Ael 1.~'UVlel'Ui5vi'el":)C;{1:!Jl~tl'll1 hhJnu~lYi 
'il1":) u~~ 2.~'UVlel'Ui5~~WJ'Ulvi'el":)C;{llJl~tl~Vlvi''U'Yl'U~llJ lYibtJ'Uel~l":)~ ~":)'illfl'ilVlU~~c;{":)~ 2 'llelif • • 
~..:) b tJ'Ub Ull'1lJltl'lJ el":)fl1~~WJ'Uli5fl1~unufY'Hll 'U":)l'Ui~tlif LVI tI'ill fl t:-J ~'lJ el":)":)l'Ui~tI'V'jUll~'UVi el'U 

i5~~WJ'Ul,f'U 1 "''lh~~'Yl5m'V'j 1 'U fl1~'Hll"ilVi elU lflabAtI..:)tlU I"ilVi elU~~~c;{Vll'1~ell "'l"ilVi elU~~ • 
~ c;{VI al1'11uuru'Hl'lJ'U1Vi fl ~l":) LVI tlil Vllltl UVifl ~l":) bOil ~tI'lJ el":) I"ilVi elU tlU I"ilVi elU~ ~ ~ c;{ VI b ~ tI..:) 

• u • 

0.42 0;0 ~..:)~ elllU eltllJlfl U~~ bri el nJ1t1U b iitlu'lh~~'Yl5m'V'jYil'Umlm~h 1 'U fl1~1'11I"ilVi elUtlU 

~'UVI el'Ui5~'U5m~lJ 'V'jUll ~b1C;{~fl~~WJ'Ull 'U":)1'Ui~tlifihh~~'Yl5m'V'jYil'U mllJ b~ll 'U fl1~'Hl • 
I"ilVi elU~flll~'UVlel'Ui5b U1t1U b iitlu~":) 1380;0 al1'11uuru'Hl'YlVlc;{elU u UUc;{f)Vlfl ~l":) U~~c;{":)c;{VI~":) 

u .... • 

3660;0 al1'11UUfY1'11'Yl VI c;{elU U UU'V'j ~lVl ~":)'ill fl t:-J ~fl1~'Yl VI c;{elU c;{lJ~~ tl'U~~lYiuC;{VI..:)vi'..:)if ,f'U~":) 
c;{llJl~tlc;{~ulYill~'UVlel'Ui5~~WJ'Ulilu~~~'Yl5m'V'j~~..f..:)1'U~1'UVlU.t.fn'V'j'lJel..:)l"ilVielU~":)l'1lJltl~..:) • • 
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~'W'Yl'W1111"ll eJ-3m1m:;'J1fl~hJ~1 LL~:;'\.h:;a'Yl5m~ 1 'W vi'1'Wbd~11 'Wm1vnr11~ eJu~-31111"'.ff'W~ eJ'W • 
15~~~'W1tT'Wa11111tl'\.h 1 '\.h.h:;fln~1'lfnu1:;uum1m:;'J1fla'W ~1"ll'W1~ 1 'HW1vi'L u'W mh-3&i 

• u 

. 
1.55% ~-3 

6.2 fll'nh lth.lfiu~ 

1 'Wm1'\.h:;flnvl-31'Wl~fldr;l1'H-rUUflJ'H1'J1-31 'WU1,;''Yl~1't.l~n"ll'W1~ 1 'HwtT'W .ff'W~ eJ'WLL 1n 

"ll eJ-3 m 1'1111 Ul'lf'J :;~ eJ-3111m1L~~flll'll eJll ~ L'lllr;ll'H-rUUflJvn l~ mrlll11tla1'\.JL U'W'll eJll~~~l L U'W 
\J v • '" 

2) 1:;fl:;bdmm111-3LL~'W ~-31 'Wm1ri1'H'W~1:;fl:;bd~lm111-3LL~'WtT'W Nll~'W5 
nUU'J~fl'H~1m.h:;m1 ~-31vi'LLri . Yll111tln~eJ-3"lleJ-3m1~mmruYll111 

" 
~ eJ-3m1"ll eJ-3-i'l'Wal"ll1 'W lflU1fl"ll eJ-3U1,;''Yl "ll'W1~ LL~:;~'W'Yl'W m1m1ri eJa-i'l-3 • 
Y1'WUm:;'J1fla'W~1 a'Yl5~~"ll eJ-31:;fl:;bd~lm111 ·m~'W nUr11~ eJU 1 'W m&~ 
" 
1:;fl:;bd~lm111-3LL~'Wll1n L u'W~'W ~-31111"'1:;fl:;bdmm111-3LL~'W~ 

. "'1- 1 _"1.J .J L 'Hll1:;all'J:;LL~n~1-3n'W u~l11am~"ll eJ-3uf)J'H1 'l!-31:;fl:; bd~lm111-3LL~'W'Yl 

nu~h~eJuan~eJ 1u 

3) el~11~~ (discount rate) 1'Wm&~1:;fl:;Ll~lm111-3LL~'Wij~1'Wl'W'HmfltJ 
L vJ ell U'W m1L ~llYll111tln~ eJ-3"ll eJ-3~h~ eJU m"i'J:;~'J11W1~'W'Yl'W~1-3 '1 l~fl " . 
'I11el~11~~1l11111vi'lfl ~-3~'Wl'J'WL'H~ld ?leJ ~'Wl'J'Wl'Wm1rieJa-i'1-3 (Ij ) 

~'Wl'J'W~1~lLil'W-31'W11fltJ (a j ) LL~:;~'Wl'J'Wm1"ll'Wr;i-3 ~-31 'Wm1u1:;~n~1'lf 
1 'WUflJ'H1'J1-3tT'W L ~ eJ-3'J1n 1 'WLL UU~l~eJ-3'lJ eJ-3UflJvn~'W'Yl'W L 'H~ld'J:;eJfl1 'W1U 

v v. '" 'U 

~lYl-3~ 'H~eJ ~~YlW"lleJ-3~lYl-3~ m1~'J11W1el~11~~~-31111vi'~lfl 
'U 

4) ~'W'Yl'W~1-3'1 ~-3a11111mLti-31vi'Lu'WaeJ-3r;il'W ?leJ • 
4.1) ~'W'Yl'WYl-3~ ~-31'W-31'Wl~fldu1:;neJu 1 uvi'lfl~'W'Yl'Wm1rieJa-i'1-3Y1'WU 

• • 'U 

m:;'J1fla'W ~1 LL~:;~'W'Yl'Wm1~1 L il'W-31'W':i1t1Yl1U • 
4.2) ~'W'Yl'WLL U1~'W 1 'W m1L~~flll'll eJll~'J:;~ eJ-3111m1ri1'H'W~~'W'Yl'Wm1 

• 'U • 

"ll'Wr;i-3~eJ'H'Ulflm111~eJ-3m1 L vJeJ'I111 Ul'lfl 'Wm1r11'W1W 
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5) Ylll~~l~l'H'''~~~~ 1 'lmTll ri''lJ~fil'j'llfl~uvla::YI'\.Jrrm::'nrJ~h.JYll1 'lmvla:: 
" . " 

Yll'lJLlal (S )k ) ~~rhiffllOJOJ::ijA1L~~~''U~~fla~a~ l~Lrifl'j::rJ::L1al 
LU~rJ'U 1u ~~iffllOJLn~ l~OJlnfil'j'llmrJ'll'Ul~'llfl~YI'Urrm::OJlrJa'UYllJ'U 'l1'U 

'U 

~I '" 
a~ Lu'U~'U 

6) ;;jl'Ul'UYll'lJ L1alU flrJ 1 'U'j::rJ:: L1al fil'jll~U~'U ~~;;jl'Ul'UYll'lJ LlalU flrJOJ:: 

L tJ'U L l'h l~J'U~'Ufl'lJ li'j'j~'lfl &I'll fl~ilqJ 'Hl~ ~OJ1'jfUl 1~ rJ 'Hl mlnlifU:: ml~ 
~fl~fil'j'llfl~~l'lllijfil'j'llmrJ~lflul~vlflL~tl~ua::ijel~'jlfil'jLu~rJ'Uuua~ 
~ln ;;jl'Ul'UYll'lJL1aluflrJOJ::~fl~ij;;jl'Ul'U~ln~~ij ~a l~rJ~'j~ 1 ri'uvla:: 

Yll'lJ L 1 al ij'j::rJ:: L 1 alU fl rJ a~ nll Lri fl L U~rJ'lJ L.yj rJ'lJ n'lJ r;l nlifU::'ll fl~il qJl1l~ 

l'Ufil'jL~~rJ~'li'fl~aml~~fl~fil'j'llfl~~l'llTrl'UJ'U 'Hln;;jl'Ul'U'llfl~~l'lllij;;jl'Ul'U~lnfllOJ 
'U 

l'ilfi1'j'jl~ (aggregate) ~1'll1-rl'U~fl~1'U'lJ~L1fUL~mn'UL'li':LtJ'U~~L~mn'U l~rJl'lf'~~~'Urrnal~ 
centroid ~~'j::~'lJ'll fl~fi1'j'jl~J'U fllOJOJ:: L tJ'U'j::~'lJvf'U~vh'lJa ell Lil fl L tJ'U~'U ~~'ll'Ul~'llfl~vf'U~ 
OJ:: LtJ'U L l'il1~J'UOJ::~ fl~~OJ1'jfUl'j::~'lJ ml~l1'U1U 'Il'U'll fl~-rl'U Yllvl ml'1l1fJvf'U~ ~~l1~lrJii~'Hln 1 'U 

'lJ~LlfU l~ij;;jl'Ul'U'll fl~~1'lllm::OJn~lflrJ1 'U'lJ~L1fU lmf'l n'Um n ('j::rJ::'Y11~~~~~'j::l1ll~~l'lll 
It '" '" " 

umJ) l'Uvf'U~J'U~lm'jtl~OJ::l'ilfi1'j'jl~~l'lll-rl'UL'li'lLtJ'UOJ~ L~mn'U 1~ Uvl'Hln 1 'U'lJ~LlfU l~ij • 
~l'lllL'lJ1'lJl~~ln fihj~~m'j~OJ::'jl~~l'lllL'li'l~lrJn'UL~'jl::fil'j'jl~~l'lll-rl'Uualu'YI'U~lrJOJ~ • 

d' :; ~ .d c:I' Q.I 1 '" 1'" '" 1 ....J 1 Q.I '11 d' , 
~'UrJnal~ centroid 'U'UOJ::~fil'jYlal~LYlafl'U'll'U~~ ~LL~~~ lual 'U'lJ'YI'YI 2 'U111'llfln!l~'UrJm~ 

(Center of Gravity) 

~1'Ul~rJif1~l'il fil'j'YI~ ~fl'lJ ~~'j'jtl'U::'ll fl~~'U ~ fl'U15~-W Wl'U11~ rJ l'lf'il qJ'Hl 'YI ~ ~fl'lJ'll'Ul ~ 
nal~ua::'ll'Ul~ ll1qj ~~LtJ'UilqJ'Hlm'lf''YI~~fl'lJ 1~mrnl~rJ~1'Uif1~rJ..tl1 U u~1 'U~l'Ul~rJifJ'Uri'~ 
'11l~fi1'j'YI~~fl'lJ~~'j'jtl'U:: l~rJ 1'lf'ilqJl11OJ~~ 1 'U~1'U fi1'j'lJ~'Hl'j'j::'lJ'lJfil'jm::OJlrJa'U Yll'll'Ul~ 111qj 

~~'Hln~l~l'jmh~'U~ fl'U15~1~-wWl'Ul1 'U~1'Ul~rJif1 ul'ilfil'jU'j::rJ n~1'lf'n'lJilru'Hll 'U'j::'lJ'lJfi1'j 
• u 

m::OJlrJa'UYllOJ~~OJ::~l~l'jtl'YI'jl'lJ'li'fl;;jln~'jl~~~'li'aL~'U aLL U::OJl n ~U~U&ll1Ul~ L ~ fll'il1 ri'fil'j 

-W Wl'Ul~'U ~ fl'U15fi1'j ufiil ru'HlJ'U iju'j:: a'YI5m~ ua:: Ln ~U 'j:: lrJ'lf'l1 ~~ ~l"1 
u " • 

J'UfllOJ 1?1i5fi1'j~~~~~1'U'j::l1ll~~h~~&ln'lfij~vll~ 'l 'jl~L'li'lLtJ'U~'U~fl'U15L~rJln'U ~~fllOJ 
~OJ1'jfU11~mll'li' fl~ 'li'fl L~rJ'll fl~i11~~&ln Uvl a::u'j:: L.n'YI~11 LYl'jl::~ L ~ fl L tJ'Uu 'Ul'Y11~ 1 'Ufil'j-WWl'Ul 

vlfl1u 
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Location phase Allocation phase Objective function value ( Z ) Run time 

Non-improve Tabu tenure Non-improve Tabu tenure cap124 cap131 cap132 cap133 cap134 Average (second) 

5 960,020 802,600 858,660 895,680 928,940 889,180 1.62 

10 10 961,620 794,300 860,360 897,370 935,120 889,754 1.68 

15 960,400 799,960 856,040 895,640 972,270 896,862 1.66 

5 980,040 803,190 859,430 906,660 976,400 905,144 1.95 

5 20 10 953,710 805,230 852,330 942,580 944,010 899,572 1.93 

15 980,620 799,700 861,460 897,550 944,010 896,668 2.10 

5 964,900 802,810 867,210 897,370 949,650 896,388 2.87 

40 10 974,810 801,510 861,360 893,080 941,790 894,510 2.58 

15 989,000 801,590 870,500 899,490 937,180 899,552 2.89 
5 

5 963,220 797,640 863,940 894,100 934,590 890,698 3.40 

10 10 970,230 801 ,730 854,350 900,760 944,010 894,216 3.30 

15 972,750 , 797,570 851,670 901,810 948,840 894,528 3.33 

5 990,140 801 ,930 866,520 898,1 60 935,420 898,434 3.66 

10 20 10 965,250 797,450 856,270 910,090 935,110 892,834 3.55 

15 971,490 802,600 865,300 917,610 934,590 898,31 8 3.48 

5 965,480 793,440 862,570 897,550 950,660 893,940 4.30 

40 10 970,780 800,590 859,590 899,190 946,630 895,356 4.63 

15 965,440 802,570 863,770 894,750 934,590 892,224 4.51 
<D 
-->. 
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Gll'n\l~ 1 (~f)) I"ilVJ'Hl~kl'lGlfl1.h::a'l1"l1'UnT'jl1~aa'l'Vl1l"il'V41"JlijLGle),!~1'11 "l.Ia'li5~l1~a~nfi1"J~'U'VI1LL uum\J 

Location phase Allocation phase Objective function value ( Z ) 

Non-improve Tabu tenure Non-improve Tabu tenure cap124 cap131 cap132 cap133 cap134 

5 964,440 799,360 852,430 899,600 937,180 

10 10 974,110 803,560 857,560 931,330 939,760 

15 965,590 798,290 853,420 897,520 957,640 

5 961,020 797,530 858,410 897,010 945,420 

5 20 20 10 964,420 798,390 852,150 899,780 931,510 

15 951,230 798,720 854,060 903,540 939,760 

5 958,480 805,860 866,520 893,250 944,010 

40 10 962,800 800,620 868,030 898,830 937,150 

15 973,941 804,700 852,260 898,170 934,110 

5 975,350 795,290 863,940 894,560 929,480 

10 10 958,500 796,800 852,150 899,780 934,590 

15 962,940 799,210 859,350 896,660 931,510 

5 972,000 796,150 860,250 898,830 931,510 

40 5 20 10 963,960 796,870 852,760 894,100 935,120 

15 964,940 799,360 852,760 894,750 935,120 

5 955,550 796,150 855,330 895,640 934,590 

40 10 966,740 797,210 853,420 894,800 939,760 

15 962,480 794,160 855,010 894,750 934,590 

Average 

890,602 

901,264 

894,492 

891,878 

889,250 

889,462 

893,624 

893,486 

892,636 

891,724 

888,364 

889,934 

891,748 

888,562 

889,386 

887,452 

890,386 

888,198 

Runtime 

(second) 

3.39 

3.44 

3.38 

3.57 

3.80 

3.62 

4.76 

4.67 

4.41 

4.69 

4.72 

4.65 

5.09 

5.13 

5.25 

6.48 

8.47 

6.34 
<D 
N 
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l'IT'n-l~ 1 (Gifl) ~l~'lff-a''Ull'1 (l'l.h::a-lYl1 'U f)1';j'YI~Hi tl~'YI1Yhvnnij Ll'I fl'fvil~"1 'lJ tl~ltHi'1~a~f)f)1';jyj''U'YIl LL UU'YI1U . ~ 

Location phase Allocation phase Objective function value ( Z ) 

Non-improve Tabu tenure Non-improve Tabu tenure cap124 cap131 cap132 cap133 cap134 

5 963,880 800,140 855,330 894,100 928,940 

10 10 966,740 796,010 856,630 898,830 928,940 

15 971 ,730 796,490 853,420 905,280 929,480 

5 957,400 796,150 853,420 895,410 944,010 

10 20 10 966,300 797,510 854,240 897,370 931 ,510 

15 973,020 794,300 856,880 894,750 934,110 

5 961,900 793,440 859,440 898,270 929,480 

40 10 965,550 797,450 851,500 896,660 934,590 

15 963,440 795,610 855,790 894,100 934,590 
40 

5 966,940 800,950 852,330 893,780 934,11 0 

10 10 965,520 796,1 50 856,1 00 900,510 934,590 

15 961,610 796,150 851 ,670 904,880 929,480 

5 959,560 796,800 853,420 894,800 929,480 

20 
I 

20 10 · 960,180 801 ,930 856,630 900,110 935,120 

15 958,680 794,300 855,010 900,620 931,510 

5 959,620 794,300 851,670 894,100 939,760 

40 10 962,910 795,880 855,330 894,100 931,510 

15 965,510 796,870 851 ,500 893,960 934,110 

Average 

888,478 

889,430 

891,280 

889,278 

889,386 

890,612 

888,506 

889,150 

888,706 

889,622 

090,574 

888,758 

886,812 

890,794 

888,024 

887,890 

887,946 

888,390 

Runtime 

(second) 

4.89 

4.81 

4.74 

5.72 

5.40 

5.16 

6.09 

6.92 

6.34 

4.82 

5.02 

4.87 

5.46 

5.66 

5.44 

6.03 

6.02 

6.04 
<0 
(..oJ 
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11I1'n~~ 1 (@if)) ~1~-3n-a''Ull1ltl'\.h~a'-3rl1 'Um'j'YI~nifl .. nn~hVjl'niJLl1Ifl{@il-3 '1 'lJfl-315nl~a'&iflm'j~'U'H1UUU'YI1U . ~ 

Location phase Allocation phase Objective function value ( Z ) 

Non-improve Tabu-tenure Non-improve Tabu tenure cap124 cap131 cap132 cap133 cap134 

5 968,380 794,300 852,760 894,560 928,940 

10 10 963,120 794,300 852,760 894,750 949,650 

15 959,640 794,160 855,970 894,100 928,940 

5 964,840 794,300 851,500 894,100 928,940 

5 20 10 968,420 796,650 852,760 893,080 928,940 

15 963,270 794,300 852,760 894,800 928,940 

5 965,880 796,870 852,760 893,250 928,940 

40 10 961,830 795,880 852,760 893,250 949,650 

15 967,740 793,440 855,330 894,100 931,510 
100 

5 955,920 799,950 852,750 894,100 928,940 

10 10 959,740 796,150 852,760 895,640 934,590 

15 965,720 794,300 851,500 898,270 931 ,510 

ti 960,090 796,010 852,760 894,750 934,.!10 

10 20 10 968,740 · 797,740 856,880 894,100 928,940 

15 960,700 796,800 851,500 894,800 929,480 

5 962,655 796,870 862,050 894,100 928,940 

40 10 951,260 794,960 854,060 893,730 944,010 

15 963,150 794,300 855,330 894,100 934,590 
'------ - -_ . _-- ---

Average 

887,788 

890,916 

886,562 

886,736 

887,970 

886,814 

887,540 

890,674 

888,424 

886,332 

887,776 

888,260 

887,544 

889,280 

886,656 

888,923 

887,604 

888,294 

Runtime 

(second) 

10.57 

10.86 

10.70 

12.72 

12.62 

10.91 

17.50 

12.39 

13.49 

10.48 

10.88 

10.81 

11.22 

11 .19 

10.02 

11.45 

13.34 

12.35 
<D 
~ 
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~l'n:J~ 1 (~f1) yjlVJ"Hl~'Ul~t1'lh~il~Yl1'Uf)l';i'Yl~Hifl-:J'YIlyjl~1';iliJL~flfvh-:J '1 "lJfl-:JiiH111a&inf)l';iYl'U'YI1LLUU'YllU . ~ 

Location phase Allocation phase Objective function value ( Z ) 

Non-improve Tabu tenure Non-improve Tabu tenure cap124 cap131 cap132 cap133 cap134 

5 963,170 794,960 856,270 893,080 928,940 

10 10 966,650 794,300 854,060 894,800 928,940 

15 963,240 794,300 852,760 893,080 929,480 

5 960,180 797,510 853,420 894,750 929,480 

100 20 20 10 963,900 794,300 852,330 893,730 928,940 

15 968,450 796,810 853,420 900,030 929,480 

5 968,640 794,300 856,270 893,250 929,480 

40 10 965,050 794,300 852,330 893,080 928,940 

15 964,320 799,360 852,760 893,080 934,590 

5 963,150 794,960 852,760 894,100 928,940 

10 10 964,470 794,300 853,420 893,080 928,940 

15 957,180 795,880 852,760 894,800 928,940 
-

5 961,960 793,440 851,670 897,550 -928,940 

120 5 20 10 968,020 794,300 - 852,760 894,100 928,940 

15 963,150 794,300 852,760 894,800 934,590 

5 972,900 795,880 852,740 894,100 931,510 

40 10 965,690 794,300 852,760 894,100 929,480 

15 970,060 794,300 851,670 894,100 928,940 

Average 

887,284 

887,750 

886,572 

887,068 

886,640 

889,638 

888,388 

886,740 

888,822 

886,782 

886,842 

885,912 
-

886,712 

887,624 

887,920 

889,426 

887,266 

887,814 

Runtime 

(second) 

10.77 

10.67 

11.17 

9.82 

9.57 

9.39 

11.49 

10.83 

10.59 

13.81 

13.71 

13.67 

13.34 

13.30 

13.54 

14.16 

14.27 

13.72 
c.o 
(J1 
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t911'l1~~ 1 (~f1) yjlw~n-6'Ult91~'\.h:;a~A1 'Ufl1'l't1YHHN'VIlyjl'Wl'llihVlEl{vh~ '1 'lJ E1~iiH111a&iflfl1'lY)'U'VI1LLUU't11\! 

Location phase Allocation phase Objective function value ( Z ) 

Non_improve Tabu tenure Non improve Tabu tenure cap124 cap131 cap132 cap133 cap134 

5 964,740 794,960 852,760 894,100 929,480 

10 10 968,760 794,300 852,760 893,080 928,940 

15 962,820 794,300 852,760 894,100 928,940 

5 964,900 794,300 852,760 893,080 929,480 

10 20 10 951,230 794,300 852,760 894,800 929,480 

15 966,710 794,300 855,970 894,800 929,480 

5 964,410 795,880 852,760 893,080 928,940 

40 10 970,280 794,300 853,420 894,100 928,940 

15 965,880 794,300 851 ,500 894,100 928,940 
120 

5 966,210 794,300 851,500 894,750 929,480 

10 10 965,880 794,300 852,760 894,100 928,940 

15 962,290 794,300 853,420 894,100 928,940 

5 960,180 794,300 852,760 894,100 928,940 

20 20 10 966,490 796,150 852,760 894,100 928,940 

15 964,410 794,300 852,760 894,100 928,940 

5 960,960 794,300 852,760 894,100 928,940 

40 10 968,730 794,300 852,760 894,100 928,940 

15 964,460 794,300 852,760 894,100 928,940 
---- - - ------

Average 

887,208 

887,568 

886,584 

886,904 

884,514 

888,252 

887,014 

888,208 

886,944 

887,248 

887,196 

886,610 

886,056 

887,688 

886,902 

886,212 

887,766 

886,912 

Runtime 

(second) 

14.29 

13.55 

14.08 

14.21 

13.28 

12.90 

12.77 

12.84 

12.57 

12.95 

12.96 

13.25 
----
12.84 

13.48 

12.70 

12.73 

12.12 

12.02 
(!) 
0) 
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Ull":il~~ 2 Yilw'Hl-6'U1U1 f'I'lh:; a~ Yl1'U nlTYl ~ ~ tl~ 'VI1''i11 'Ul'UU "J:;'lI'1 fi'i~ L m.n:; alJ ~l 'VI-r'lJ~'U UI tl'U15-W'U 5fi'i"JlJ • • 

:51'U1U"l.lMU":i::"lflfl":i (Number of population) 
U€y'VIl 

:51U1Uiu . Vt""'''' U .. n~11.'Ufll":i't'ilfllU18'lJ (lUln) ~1"l.l8~ ~fl"lfU1U1U ":i::a~~ 
't1~~8~ 

, , 

10 20 30 10 20 30 

80 988,877 988,907 1,008,373 10.27 17.27 24.83 
cap124 

120 1,001,540 967,507 966,337 13.20 23.49 33.84 

80 814,910 809,257 813,377 11.06 18.38 25.18 
cap131 

120 806,990 808,233 803,093 14.35 25.17 35.81 

80 864,500 866,470 870,220 11.10 18.06 24.16 
cap132 

120 861,353 860,690 860,530 14.28 24.01 33.34 

80 910,823 896,390 902,683 10.58 16.96 24.65 
cap133 

120 897,510 896,070 897,230 13.32 22.81 33.27 

80 951,263 940,137 943,293 10.43 17.62 24.18 
cap134 

120 938,180 929,300 931,843 13.41 23.51 33.15 

. oJ 
YllL~~tI 903,595 896,296 899,698 12.20 20.73 29.24 

-

'VIlJltIL'VIV1: lilnl"J't1~~tl~l~tll'lf'ill'Ul'Ui'U (Number of generations) 2 Yil Atl 80 LL~:; 120 i'U 

<0 
-.j 
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1911,)1'11~ 3 vilYJ'Ini'Ull91 tllh~a'l~n 'U fl1~'YlvH'ltl'l'Hl'ill'Ul'l.d'U ~h~l'l 'l~L 'HlJl~alJ'lJ tl'l.ff'Ul91 tl'Ui5W'Uljfi~~lJ • • • 

Uty'YI1't161Gttl'l1 I ~1'U1'U"lJtl'l1i'U (Number of generations) 
I 

cap124 

cap131 

cap132 

cap133 

cap134 
, , .. 

A1L\laU 

40 

1,043,800 

823,960 

898,170 

934,680 

980,557 

936,233 

60 80 

1,018,830 1,008,373 

821,433 813,377 

876,377 870,220 

902,180 902,683 

958,160 943,293 

915,396 907,589 

'HlJlm 'H191: 't11fl1~'YlVlatl'l~vil'V'l1~lij Ll91tl{'ill'Ul'Ulh~'lflmL l'hnu 30 • 

100 120 140 

971,967 966,337 968,713 

805,917 803,093 802,790 

868,053 860,530 857,197 

904,083 897,230 896,517 

932,357 931 ,843 930,470 

896,475 891 ,807 891,137 

160 

973,033 

804,250 

854,977 

897,427 

928,940 

891,725 

180 

969,657 

801,780 

859,053 

894,723 

928,940 

890,831 

CD 
(Xl 
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G1Tn3~ 4 t-Jam';j'Yll~h~ atJUfY'YIl~lLL 'YIl1-3~t#-3LL tJtJ'VHllG1~lt1nl~a~nm';jYi''U'YIl LL tJtJ'YIl\j (Tabu) LLa~~'Uvlfl'Ui5~'Uqn';j';j)J (GA) 

Number of periods 

aj 1 3 5 
\lonn 

u 

Ij Objective function Runtime Objective function Runtime Objective function 

Tabu GA Tabu GA Tabu GA Tabu GA Tabu GA 

0.01 671,960 674,880 20.09 48.74 2,096,400 2,097,800 35.34 154.20 3,948,500 3,893,700 

0.1 678,810 676,930 21.66 47.24 2,140,000 2,135,500 43.04 146.59 4,013,700 3,963,500 
P91 

0.4 699,920 703,930 23.69 48.27 2,235,600 2,281,800 39.06 147.57 4,223,800 4,188,500 

0.8 727,870 732,130 22.06 47.47 2,379,000 2,441,300 33.56 147.08 4,434,000 4,473,700 

0.01 719,240 714,990 21.56 47.24 2,174,300 2,193,800 32.46 147.15 4,040,200 3,999,200 

0.1 725,120 727,420 22.44 48.18 2,224,900 2,247,700 35.18 151.39 4,157,600 4,115,600 
P92 

0.4 767,260 760,250 22.12 31 .73 2,386,000 2,398,800 38.12 98.39 4,430,000 4,446,900 

0.8 797,230 804,690 23.13 47.01 2,538,100 2,600,500 33.44 143.26 4,787,500 4,746,100 

0.01 766,210 754,830 20.76 46.64 2,253,800 2,266,100 34.71 149.79 4,138,700 4,099,600 

0.1 775,540 773,540 21.85 46.32 2,329,000 2,330,500 33.51 147.25 4,258,200 4,246,400 
P93 

0.4 804,250 809,630 21.05 46.83 2,511,400 2,552,900 33.99 142.21 4,508,300 4,650,400 

. 0.8 876,490 848,150 19.41 46.63 2,697,900 2,706,400 33.07 142.31 4,976,400 5,113,400 

P94 0.01 802,000 805,880 21.78 46.59 2,361,100 2,359,100 33.23 148.25 4,293,600 4,230,200 

0.1 817,750 821,490 21.52 46.91 2,443,900 2,473,200 32.40 146.31 4,470,300 4,442,900 

0.4 889,550 854,650 18.97 48.19 2,664,400 2,665,200 32.76 143.35 4,859,600 4,864,800 

0.8 932,770 894,650 17.66 47.50 2,966,000 2,865,300 33.63 141 .17 5,341,600 5,402,100 

'VI~lm'VI~: tl~'mhu~t)'1 aj fl'lJ I j fit) a~ril'U'lJt)'1~h~lLihNl'U~t)tJ~t)~'U'Yl'UI'l'lfi1'Um·Himt{1'l~'U6m::~ltJa'Ufil j 

Run time 

Tabu GA 

70.71 250.69 

52.06 256.80 

51.60 239.85 

49.22 246.94 

55.68 252.53 

54.77 260.97 

48.46 164.77 

47.92 244.38 

58.32 260.46 

49.92 248.22 

47.71 247.08 

45.30 240.10 

50.04 256.96 

50.28 247.91 

45.96 244.73 

45.83 238.45 
<0 
<0 
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@ll"n~~ 4 (Glf) ~am'lvn~1@lfluuqJll1~lbL'YIt1~~vt'mUUYli;r1@l~lt1i11~(;l~f)m'l~'U'YI1LLUU'Yl1\! (Tabu) LLa~.ff'Uvlfl'Ui5~'Uqm'l2J (GA) 

Number of periods 

aj 1 3 5 uru ... n 
u 

Ij Objective function Run time Objective function Runtime Objective function Run time 

Tabu GA Tabu GA Tabu GA Tabu GA Tabu GA Tabu GA 

0.01 667,710 672,870 15.35 51 .79 2,094,600 2,096,000 35.56 i58.75 3,888,000 3,893,700 64.43 272.92 

0.1 676,000 676,930 15.26 51.86 2,129,700 2,138,900 33.19 156.29 3,968,300 3,977,400 58.27 262.96 
P101 

0.4 699,920 701,190 14.81 49.60 2,231,900 2,250,400 32.99 154.48 4,158,400 4,185,600 50.11 264.37 

0.8 727,870 731,430 14.73 50.49 2,355,100 2,392,200 32.10 154.25 4,380,100 4,444,100 47.64 264.91 

0.01 714,990 720,530 14.70 48.03 2,172,500 2,190,100 34.11 111.32 3,990,800 3,999,200 54.01 190.34 

0.1 725,120 732,450 14.94 34.94 2,223,100 2,240,731 33.37 106.53 4,092,100 4,103,300 53.14 188.32 
P102 

0.4 765,250 771,770 14.54 32.82 2,375,800 2,392,900 32.53 106.23 4,375,100 4,426,800 50.93 193.81 

0.8 801,820 798,120 14.82 33.36 2,529!300 2,529,300 31.56 99.90 4,711,500 4,808 .. 300 48.20 167.65 

0.01 761,650 756,470 15.33 33.79 2,243,300 2,252,500 34.98 106.14 4,080,300 4,146,200 55.39 226.58 

0.1 774,070 767,430 14.79 33.64 2,309,400 2,354,700 34.71 109.16 4,205,500 I 4,251,000 51.74 216.62 
P103 

0.4 810,820 804,250 14.72 33.17 2,487,900 2,510,600 32.12 103.51 4,574,500 4,728,200 51.70 202.50 

0.8 845,310 842,940 15.69 32.78 2,692,900 2,730,800 30.76 98.66 4,948,300 5,101,100 46.35 170.02 

0.01 808,570 805,770 14.43 51.00 2,340,900 2,363,300 34.62 155.31 4,198,000 4,216,300 50.54 184.30 

0.1 820,040 817,390 14.94 33.37 2,420,400 2,452,300 31.41 103.83 4,362,600 4,498,400 49.34 186.32 
P104 

0.4 849,440 848,900 14.62 33.14 2,649,400 2,635,400 31.48 97.96 4,801,995 4,882,100 50.36 160.50 

0.8 880,880 885,510 15.42 31.60 2,865,300 2,877,900 31.58 90.50 5,241,500 5,398,400 50.23 152.83 
....>. 

o 
o 

100



till';il.:j~ 4 (toifl) j;Jam'l'VI1YiltilBui1qjl11~lbL'VI,j.:j~~~bLUU'VH'lltil~'1t1i1'1~a~f)m'l~'Ul11bLUU'Y11\! (Tabu) LLa~~'UtilB'Ui5~'Uqm';iaJ (GA) 

Number of periods 

aj 1 3 5 
uonn 

u 

Ij Objective function Run time Objective function Runtime Objective function Run time 

Tabu GA Tabu GA Tabu GA Tabu GA Tabu GA Tabu GA 

0.01 648,360 658,260 14.48 39.38 1,923,100 1,945,400 30.45 140.18 3,432,800 3,449,500 54.74 248.24 

0.1 660,560 675,350 14.20 39.31 1,989,100 2,031,100 32.34 137.04 3,585,100 3,605,200 49.49 254.98 
P121 

0.4 682,980 691,300 14.13 37.06 2,168,800 2,226,500 30.57 122.97 3,950,700 4,033,000 41.24 243.83 

0.8 711 ,790 732,080 13.56 37.16 2,282,000 2,359,000 31.49 114.60 4,262,500 4,447,1 00 40.45 199.15 

0.01 699,560 698,040 14.96 36.83 2,074,900 2,108,100 27.88 123.20 3,654,600 3,723,600 49.74 229.90 I 

0.1 708,410 732,200 25.35 37.36 2,164,900 2,201,900 28.14 124.96 3,838,100 3,943,000 44.24 227.13 
P122 

0.4 743,190 749,970 26.79 35.01 2,327,900 2,430,100 27.76 115.34 4,332,800 4,381 ,600 40.06 203.36 

0.8 779,220 781,750 27.11 35.14 2,480,900 2,~90 ,600 27.04 108.66 4,580,000 4,744,600 39.25 178.22 

0.01 747,820 740,440 26.65 48.37 2,190,000 2,207,500 26.88 153.21 3,804,300 3,931,200 43.86 266.24 

0.1 751,470 781,190 28.04 43.15 2,2:9,800 2,324,200 26.12 155.56 4,028,200 4,138,100 42.23 278.63 
P123 

0.4 788,220 797,800 27.87 47.73 2,434,400 2,529,800 25.80 150.19 4,446,400 4,601 ,000 42.31 260.1 8 

0.8 828,520 843,270 29.03 35.19 2,646,100 2,759,400 27.60 103.58 4,815,000 5,128,000 41.49 177.04 

0.01 787,030 793,780 27.72 34.18 2,317,500 2,338,600 27.43 114.32 4,066,400 4,171,000 45.51 214.24 

0.1 803,060 814,270 26.63 35.04 2,360,200 2,457,000 25.87 108.42 4,296,900 4,407,700 42.23 202.84 
P124 

0.4 842,530 855,680 14.39 34.20 2,620,200 2,742,900 25.05 103.33 4,673,600 4,967,200 38.19 186.38 

0.8 950,640 887,090 23.86 35.09 2,818,900 2,836,800 26.13 101.07 5,195,900 5,382,300 41.02 181.65 
-- ....>. 

o 
....>. 

101



~1,,)1\1~ 4 (~f) ~t'lm"J'H1¢il~flUUqJ'H1~lbL'H'Il\l~~\lbLUUaUlil~1t1~11a&inm"J~'U'H1LLUU'YI1\! (Tabu) bLt'I~.ff'UliIfl'U15.w'Uqm")~ (GA) 

UqJ't11 

P131 

P132 

P133 

P134 

Number of periods 

aj 1 3 5 

I j Objective function Run time Objective function Runtime Objective function Run time 

0.01 

0.1 

0.4 

0.8 

0.01 

0.1 

0.4 

0.8 

0.01 

0.1 

0.4 

0.8 

0.01 

0.1 

0.4 

0.8 

Tabu GA Tabu GA Tabu 

646,600 1,923,100 

655,560 1,979,400 

682,230 I 691,000 I 12.23 I 36.91 I 2,136,000 

716,450 I 730,860 I 12.17 I 37.54 I 2,277,400 

700,600 I 709,590 I 12.34 I 37.39 I 2,049,500 

712,980 I 722,490 I 12.40 I 36.39 I 2,115,800 

751,250 I 750,500 I 11.74 I 36.12 I 2,298,000 

788,260 I 792,210 I 12.36 I 35.67 I 2,501,400 

748,670 I 740,660 I 11.97 I 34.89 I 2,159,200 

762,290 I 751,680 I 11 .78 I 36.04 I 2,222,500 

795,260 I 795,260 I 11 .67 I 34.52 I 2,440,300 

835,030 I 836,810 I 11 .96 I 33.49 I 2,621,300 

792,260 I 787,030 I 12.13 ! 35.71 I 2,267,300 

805,760 I 812,320 I 12.07 I 33.75 I 2,377,300 

843,310 I 841,360 I 11.36 I 32.81 I 2,586,900 

876,330 I 871,360 I 11 .74 I 33.64 I 2,829,900 

rilLilila I 766,057 I 766,829 I 17.61 I 39.99 I 2,349,802 

GA Tabu GA 

1,966,200 141.34 

2,042,500 137.26 

2,224,100 I 28.26 I 123.70 

2,348,800 I 28.34 I 110.51 

2,105,600 I 29.28 I 130.80 

2,192,300 I 29.78 I 124.24 

2,411,500 I 26.41 I 112.36 

2,535,000 I 25.03 I 103.88 

2,198,700 I 27.58 I 120.26 

2,323,500 I 26.41 I 121.92 

Tabu 

3,431,900 

3,565,000 

3,899,600 

4,191,300 

3,627,300 

3,797,500 

4,204,900 

4,566,900 

3,790,600 

3,980,100 

2,568,300 I 25.82 I 109.27 I 4,408,600 

2,693,800 I 26.60 I 101.80 I 4,806,900 

2,401,200 I 26.22 I 150.18 I 3,995,800 

2,440,100 I 26.47 I 110.47 4,175,100 

2,604,100 I 24.56 I 102.35 4,705,000 

2,871,500 I 25.32 I 101.08 5,158,000 

2,391,250 I 30.76 I 126.36 4,284,794 

GA Tabu GA 

3,460,600 258.23 

3,609,300 246.83 

4,036,700 I 45.64 I 224.86 

4,454,100 I 44.51 I 219.75 

3,695,600 I 51 .09 I 242.42 

3,904,700 I 44.44 I 218.76 

4,381,800 I 39.86 I 195.69 

4,844,500 I 37.59 I 192.74 

3,913,000 I 44.51 I 238.26 

4,091,000 I 40.81 I 230.19 

4,752,600 I 42.99 I 193.97 

5,001 ,200 I 38.87 I 176.38 

4,193,200 I 42.95 I 273.29 

4,431,400 I 41.14 I 218.66 

4,929,100 I 38.39 I 175.99 

5,274,200 I 37.32 I 165.49 

4,374,441 47.66 I 222.33 ->. 

o 
N 
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Ull,)l-3~ 5 051'UTUA'UUfm:'illf.1~hAA1~ltJVlll1u1m';i~1~'illflfll'mni1ru'Yl1~";lf.Iih1a&iflm';iA'U'YI1llUU'Yl1Um'l::.ff'UUla'U15~'U5m';i:IJ 
'U v 'U I) 

Number of periods 

aj 1 3 5 
ihu ... n 

v 

I j Number of facilities Number of facilities Number of facilities 

TABU GA TABU GA TABU GA 

0.01 13 14 18-18-18 20-20-20 23-23-23-23-23 25-25-25-25-25 

0.1 12 12 16-16-16 16-16-17 20-20-20-20-20 21-22-22-22-22 
p91 

0.4 10 12 15-15-15 15-17-20 16-17 -17-17 -17 16-18-19-20-20 

0.8 9 10 13-13-13 16-18-20 14-14-14-14-14 13-17 -20-20-20 

0.01 9 9 15-15-15 15-16-17 19-19-19-19-19 22-22-22-22-22 

0.1 9 10 15-15-15 15-17-17 19-19-19-19-19 19-21-21-21-21 
p92 

0.4 8 7 12-12-12 13-14-14 14-14-14-14-14 14-15-15-15-19 

0.8 7 6 9-9-9 9-11-12 11-12-12-12-12 12-12-14-14-14 

0.01 8 8 14-14-14 14-14-14 19-19-19-19-19 20-20-20-20-20 

0.1 7 7 13-13-13 15-15-15 16-16-16-16-16 16-18-18-18-18 
p9::l 

0.4 7 5 10-10-10 10-10-11 13-13-13-13-13 10-12-14-14-15 

0.8 6 4 8-8-8 10-10-10 9-9-9-9-9 8-8-9-9-13 

0.01 7 5 13-13-13 13-13-13 17-17-17-17-17 18-18-18-18-18 

0.1 7 5 10-10-10 11-12-12 16-16-16-16-16 12-16-17-17-17 
p94 

0.4 5 4 8-8-8 10-10-10 9-9-9-9-9 9-11-12-12-12 

0.8 4 4 7-7-7 7-7-7 9-9-9-9-9 8-8-8-8-9 
- - -

-'" 
o 
(JJ 
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L911,)1~~ 5 (Gi f) ~l'Ul'U~'Ufi' m~o,)lfJa'Uyj'l~LtJ~ 111'U~nl''j~1~o,)lnnl''HLnil~'VI1~lfJih~a~nfl1')yj''Um LL 'U'Ul'11\lLLa~.ff'UL91 El'Ui5~'Uqm')tl 
Number of periods 

aj 1 3 5 
ihym 

Ij Number of facilities Number of facilities Number of facilities 

TABU GA TABU GA TABU GA 

0.01 13 15 18-18-18 19-19-19 23-23-23-23-23 25-25-25-25-25 

0.1 12 12 16-16-16 18-19-19 20-20-20-20-20 23-25-25-25-25 
p101 

0.4 10 11 15-15-15 16-16-17 15-16-16-16-16 18-20-20-20-20 

0.8 9 8 13-13-13 14-14-16 14-14-14-14-14 17-17-17-17-18 

0.01 9 10 15-15-15 17-18-18 18-18-18-18-18 22-22-22-22-22 

0.1 9 10 15-15-15 15-15-15 18-18-18-18-18 17 -18-18-18-18 
p102 

0.4 8 6 12-12-12 11-11-12 14-14-14-14-14 15-15-17 -18-18 

0.8 7 6 9-9-9 9-9-9 10-10-10-10-10 10-11-13-14-16 

0.01 8 7 14-14-14 14-14-14 18-18-18-18-18 25-25-25-25-25 

0.1 7 8 13-13-13 15-16-17 15-15-15-15-15 20-20-20-20-20 
p103 

0.4 7 7 10-10-10 9-10-10 12-12-12-12-12 16-17 -17 -18-19 

0.8 4 4 8-8-8 7-8-8 9-9-9-9-9 7-9-10-11-11 

0.01 7 6 13-13-13 15-15-15 15-15-15-15-15 17-17-17-17-17 

0.1 5 5 10-10-10 14-14-14 14-14-14-14-14 16-19-20-20-20 
p104 

0.4 4 4 8-8-8 8-8-8 9-9-9-9-9 7-10-10-11-12 

0.8 3 3 7-7-7 5-6-6 7-7-7-7-7 6-7-7-7-8 

-" 
o 
~ 
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(;l1':i1-3~ 5 (~f1) "ill'Ul'U~'Ufi'm:;vlfJ~hJYi1~Ll1~ 111u1m':i~1~vlnm'mnilfY'YIl~lfJ i111a&inm'lYi'U'YIlLL UU'Yl1\!LL~:;.ff'U(;l fl'U15~'Uqm':i'" 
Number of periods 

aj 1 3 5 
thy.." 

Ij Number of facilities Number of facilities Number of facilities 

TABU GA TABU GA TABU GA 

0.01 15 14 30-30-30 37-38-38 42-42-42-42-42 45-45-47-48-48 

0.1 13 15 25-25-25 31-35-36 39-39-39-39-39 36-40-42-44-44 
p121 

0.4 10 12 21-21-21 20-24-28 24-24-24-24-24 21-31-37-37-40 

0.8 10 13 14-14-14 14-15-18 16-17-17 -17-17 13-17 -24-30-35 

0.01 10 10 25-25-25 26-26-28 37 -37 -37 -37 -37 36-43-45-46-46 

0.1 10 9 23-23-23 22-27-27 28-28-28-28-28 26-39-39-43-43 
p122 

0.4 8 8 15-15-15 15-15-22 20-20-20-20-20 17 -20-22-24-25 

0.8 7 6 11-11-11 9-12-14 12-13-13-13-13 1 0-11-13-15-15 

0.01 9 7 20-20-20 16-17-17 27-27-27 -27 -27 32-36-38-39-41 

I 
0.1 7 6 18-18-18 14-18-20 22-22-22-22-22 22-26-29-29-29 

p123 
0.4 7 6 10-10-10 10-14-15 15-15-15-15-15 11-12-14-14-17 

0.8 5 5 8-8-8 6-9-9 1 0-1 0-1 0-1 0-1 0 9-10-10-11-17 

0.01 7 5 17-17-17 15-16-16 24-24-24-24-24 24-32-32-34-34 

0.1 6 7 13-13-13 14-16-16 19-19-19-19-19 15-18-21-24-24 
p124 

0.4 5 6 9-9-9 8-9-11 11-11-11-11-11 9-10-12-16-19 

0.8 4 4 6-6-6 6-7-7 7-8-8-8-8 6-9-9-9-11 

a 
(}1 
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G11~1-3~ 5 (Gifl) 'iil'Ud'U~'UUm:;~lfl~hJl"il~ Ltl ~ l-Hu1m~~li~lnnl'HLnilqJl·nidflib1a&lnm~I"i'UvnLL UU'Yll\JLLa:;~'UGI f)'U15~'Uqm~tI 
Number of periods 

aj 1 3 5 
tlqJ't'Il 

I j Number of facilities Number of facilities Number of facilities 

TABU GA TABU GA TABU GA 

0.01 14 16 30-30-30 39-42-42 42-42-42-42-42 38-43-47-47 -4 7 

0.1 13 15 24-24-24 34-39-39 37-37-37-37-37 36-43-45-45-46 
p131 

0.4 11 12 19-19-19 19-29-29 22-22-22-22-22 20-24-30-36-37 

0.8 11 11 15-15-15 12-12-14 16-16-17-17 -17 17-18-27-32-34 

0.01 11 10 23-23-23 27-31-31 35-35-35-35-35 37-43-45-45-45 

0.1 11 10 20-20-20 25-27-27 26-26-26-26-26 30-40-40-40-40 
p132 

0.4 9 7 14-14-14 14-17-20 17-17-17-17-17 16-20-25-25-28 

0.8 6 6 10-10-10 9-11-11 11-12-12-12-12 7-10-14-17-20 

0.01 9 7 19-19-19 18-20-21 29-29-29-29-29 26-37-38-38-38 

0.1 8 7 16-16-16 18-21-22 20-20-20-20-20 23-23-26-1929 
p133 

0.4 6 6 11-11-11 10-1~-14 14-14-14-14-14 17-18-20-22-27 

0.8 5 4 7-7-7 7-7-8 1 0-1 0-1 0-1 0-1 0 7-9-11-12-13 

0.01 6 7 14-14-14 17-21-22 22-22-22-22-22 22-30-34-34-35 

0.1 6 6 12-12-12 12-15-15 16-16-16-16-16 17 -23-24-25-26 
p134 

0.4 4 3 9-9-9 7-8-8 10-10-10-10-10 6-8-8-11-14 

0.8 3 3 7-7-7 3-4-4 7-7-7-7-7 6-6-6-7-7 

->. 

o 
0) 
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1 'Ufll'mnilqjl1lvilu'YI'Il~~~~at)~llf'U nl'YI'U~ 111~hil'il~fJ~1~ I 1 'Ufll1'Yl~~fl~L tJ'ULLUUfN~ 
~~'Yilfll1LU~fJUL.yjfJU f.J~'llfl~itH11~a&in~~lijJ'Ul~'U-;ha~f.J~~fl f.J~fll1'Yl~~fl~flril~ 1 1 l~fJ 1i' 

iBfll1i LYl11::l1AlllJ LL U1U11'UU UU 1 il'il~fJ 1 'U fll1i LYl11::l1f.J~ ~..:.lil'il~fJ ~ fl U1:: L.f1'Yl'll fl~iBfll1 
'" 0 Yl'Ul1lYllVlflU 

... .. .1 .1 '.":f "OJ OJ.I .. 1.1. nl'i1LfI'il::'t'ifl113JU u'iu'n'Utiflilfll'W~n"lf'U1G1fJu'i::a~fI , 

U~::~'UVlfl'UiB~'Ui'in11lJ ~fl~fll1'Yl11U -.hVJ~n~'UlVlt1U1::a~yj'~hi'illn~~afl~iBifijAlllJ • • 
LLVln~l~'illn~l~~~a~'llfl~ilrul1l~lflril~'YI~fl hi l~fJ 1'lfJBfll1iLYl11::l1AlllJLLU1U11'UUUU 1 

• v 

, , , 

JLoPI 

4 1 ~ 0 qqq 

Yl fl Yll LU~fJ'll fl~YllVl flU'Yl~'Yl a~ • 

JLTabu ~fl ~lLU~fJ'llfl~~lGlflU~hi'illniB~h~a&infll1~'Ul1lLLUU'YllU 

JLCA 

atUJ&i~l'U 

~fl ~lLU~fJ'llfl~~lVlflU~1~'illn~'UVlfl'UiB~'Ui'in11aJ • 

H 0: JLOPI = JL 1'abu = JLCA 

HI : at least one mean is difference 

\J 

, 
fllAfJ'lifllJ~'illnf.J~fll1'Yl~~fl~~1'il~.yj 5.4 LLGfTul'lifl~~ 1 UiLYl'il::l1~lfJ 1 U';iUn1lJ 

\J \J 

Source of Degrees of 
Sum of Squares Mean Square Fo P-value 

Variation Freedom 

Algorithm 2 922800879 461400439 0.15 0.864 

Error 45 1.41533X10
11 

3145185642 

Total 47 1.42456x 1 0
11 

, 
4 f .r::f' ~ 1"" 

U'U'llfl~fll';iU'ilnLL'il~ F2,45 U~::L~flnYll a =0.05 'lf~WUll F005 ,2,45 =3.204 L'YI'U ml 

Fo =0.15 < 3.204 'il::~fl~fJfllJ-rU Ho LW';il::u::,f'UalaJl';it1a1U1~il~lLU~fJ'llfl~~1~flU'illn 
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.!I:!:\ .4:1,. oQ, 1)1 1.d 0 l: Q.d Q,.I I .d 
e1l'lal9l n nl'lfl'U 'YIl bb UU'YllU fll bU~ £.I'll a'l flll9l aUOJl n'll'U 19I a'U15'W'U 5n'l'laJ bb~~ fll bU~ £.I'll a'l ... . 
All9laU~~~a~llf'U 1:Wbbl9lnvil'ln'U~'l~~U'umh~ru 95% aal9lflaa'lnU'lU~ 1 ~bbal9l'lh1b-H'Ull 

• v ... 
, iii IV I 

1 d 0 Q.f QJ.oClI I d Q.I 

fll bU~ £.I'll a'lflll9l aU'tN al aJ'U'U aJ fll fllU bn til n'U 

Individual 95% Cis For Mean Based on 

Pooled StDev 

Level N Mean StDev ---------+---------+---------+---------+ 

16 870212 54486 (-------------*-------------) 

2 16 873986 56714 (-------------*-------------) 

3 16 880807 57011 ( -------------* ------- -------) 

---------+---------+---------+---------+ 

860000 880000 900000 920000 

Pooled StDev = 56082 

nl'll9l'llOJaau aaJaJ&l~l'U'll a'l fill aJ b tJ'Uun&l (normality) 'll a'l'li ei ~~ al'VI-runl'libfl'll~r1 

fIllaJbbU'lU'll'U 'til 11911191 £.I nl'lafl'l Normal Probability Plot 'lla'lril'Ul9Imll'l ~'lbbMI'll'U~u~ 2 

'WUll'li aaJ~ijnl'ln'l~OJltll 'Ubb 'Ul ba'Ul9I'l'l li'U~ a'li aaJ~ij nl'ln'l~OJlmb uuun&l 
... ... 



Normal Probability Plot of the Residuals 
(response is Z) 
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5 

I I I I I I 
. '.: I I I I I I 

1~r----4----_r--~~----+' ----~----~'----~----~'----~----_r----~'~~ 

-150000 -100000 -50000 o 
Residual 

50000 

'jtl~ 2 Normal Probability Plot 'lJfl~~"'l1..tl9lf)y)\~ 
'U 

100000 

110 

f)1'jt91'i'd-;;)aflUalJlJ&ljl'UmllJbYhfl'U'lJfl~fI'dllJUU'iU'iTU (equality of variance) lil1~ 

tt91£Jf)1'i~aflt91~'d'Ut91f)Yh~flU~h~(lf)wt91 (residual versus fit plot) vl~ua~~l'U'iu~ 3 bl1'U l~"'h~ 
'U 'U ., 

Uvl ~:;'i:; vlU'll fl~i1-;;)~m:r'U Yil'll fl~ ~'d'U t91 f) Yh~ ii f)1'im:;-;;)l£J ~'d'i flU Yil 0 Uat91~il ii fI'dllJ b'til fl'U'll fl~ 

mllJ bb U'iU'i'd'U 
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Residuals Versus the Fitted Val ues 
(response is Z) 

100000 

• • • • 
• • 50000 • • • I • 

IV • ::s 
:g 0 
III • ~ • I I 

-50000 

• • I 
-100000 

870000 872000 874000 876000 878000 880000 882000 
Fitted Value 

al'YI-rum'lLLnilqJ'YI1~lLL 'YI'll~~~~l'j ,rr~ifi1 2 ilOJ~fJ~OJ~'WOJ1'lruT;hilOJ~mf'U"1 i1 ~(;"i~f) ~(;"i 
mTYI~(;"if)~'YI~f) 134 ~f) th~L.n'YI?Jf)~~'U~f)Ul5 LL(;"i~'ill'Ul'UA1U vl~J'U~~L~f)n 1'lfl5m'llLA'l1~11 
AlllJLLththl'ULLUU 2 ilOJ~fJl'Um'llLA'll~l1~(;"i 

OJln ~(;"im'l'YI~(;"i f)~m'lLLnilru'Yll~l LL 'YI'll~~~~l'j (;"il~ LvW li'~h~Gi&inm'lY)'U'YIl LL UU'YI1U 
v y 

LL(;"i~~'U~f)'U15~'U5m'llJ LL(;"i~lilm'l'YIVl(;"if)~vilfJ hhLLn'llJ MATLAB ~tHULl..l~fJ'U'ill'Ul'UA1U • 
l'Um'lll~LL~'U 3 foil ~f) 1, 3 LL(;"i~ 5 A1U ~~vif)~lilm'llLA'l1~11-.hth~L.n'YI?Jf)~15~h~Gi&inmi' 

(A) LL(;"i~'ill'Ul'UA1Um'l11~LL~'U (B) a~~(;"i~f)YJ~n~'Ul~flth~Gi~~'YI~f) 134 • 

Jl ij 

~3,l3J&i~1'U 

~f) foilLU~fJ?Jf)~~1~f)u~lviOJlmL~(;"i~t..I'l~L.n'YI?Jf)~.ff'U~f)'U15; i E A 

~f) foilLU~fJ?Jf)~~1~f)u~lviOJlmL~(;"i~A1U; j E B 

- ~(;"i?Jf)~el'U~'ln~m (Interaction:AB) 

Ho : Jlij =0 for all i,j 



Source of 

Variation 

Algorithm 

Period 

Interaction 

Error 

Total 

HI : at least one I'ij is difference 

- t:Ja'llfl~'lh~Lil'YI'llfl~15n11,,&in (A) 

H o : 1'1 =1'2 

HI : 1'1 =F- 1'2 

- t:Ja'lleWhUTUrilU (8) 

H 0 : 1'1 = 1'3 = 1'5 

HI : at least one I' j is difference 

Degrees of 
Sum of Squares Mean Square 

Freedom 

1 1.85484x10
11 

1.85484x10 
11 

2 8.15246x10
14 

4.07623x 1 0
14 

2 1.26682x 1 0
11 

6.33409x 1 0
10 

378 3.46111x10
13 

9.15637x10
1O 

383 8.50169x10
14 

112 

Fo P-value 

2.03 0.155 

4451 .80 0.000 

0.69 0.501 

'illnt:Janl'llLrI'll~l1 nll1'UVlll1 a =0.05 ~Ull F AB =0.69 1Vltl~ Fo05 ,2,378 = 3.0196 

~~ F AB =0.69 < 3.0196 'iI~~fl~mn.J'ru Ho ,t'UAm)'UVl'ln1m'l~1111~th~Lil'YI'llfl~~'UVlfl'U15 
LLa~ojl'Ul'UrilU hjij t:J a~ flvh LU~tI'lI fl~~lVl flU 

W'ill'lrult:Ja'llfl~'lh~Lil'YI'llfl~~'UVlfl'U15 F A = 2.03 1Vltl~ F00~ , 1 ,378 = 3.866 ~~ F A = 

2.03 < 3.866 'iI~~fl~tlfllJ-rU Ho ,t'UAfl'lh~Lil'YI'llfl~~'UVlfl'U151~ri~~flfhLU~tI'lIfl~~lVlflU~ 
1~ l1~fl ~lLU~tI'lIfl~~lVlflU~1~'illnn11,,&inm'lA'Ul11LLUUti1U l~LLVlnvh~nU~lLU~tI'lIfl~ 

\J 

W'ill'lrult:Ja'llfl~ojl'Ul'UrllUm'lll~LLt:J'U FB = 4451.80 1Vltl~ F, = 3.0196 ~~ 0.05,2 ,378 

FB = 4451.80 > 3.0196 'iI~~fl~tJfiUH:i Ho ,t'UAflt:Ja'llfl~ojl'U1'UrllUm'l11~LLt:J'Uri~t:Ja~fl 
~lLU~tI'lIfl~~lVlflU~l~ l1~fl ~lLU~tI'lIfl~~lVlflU~ojl'U1'UrllUm'l11~LLt:J'U'l~~U~1~ ., ij~l 
LLVln~l~n'U 
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f)1'iVl'il'il'H)'llalJlJ&l~l'U'll fl'lYllllJ L tJ'UUf)&l (normality) 'll fl'l'li m~Gi LVltlf)1'ia-fl'1 Normal 

Probability Plot 'llfl'lril'UVlf)~l'1 ~'1LLaVl'l1'U'iu~ 4 'Vi'll'.h'lifllJGiiJf)1'im:::'illt11'ULL'U1LGl'UVl'i'l ,j''U 
'U 'U 

... c 
cu u a.. 

l. 

99.9 

99 

95 
90 

00 
70 
60 
so 
40 
30 
20 

10 
5 

1 

Normal Probability Plot of the Residuals 
(response is Z) 
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-1000000 -500000 o 
Residual 

500000 

~U~ 4 Normal Probability Plot 'llfl'lril'UVlf)~l'1 
'U 

1000000 

f)1'iVl'il'il afl'll alJ lJ&l ~1'U YllllJ L'Vb n'U'll fl'l YllllJ LL U'iU 'il'U'Yh 1VllVl tI f)1'i'Vi a fl Vl ril'U Vl f) ~1'1 

n'll~h~flf)YJVl~'1LLaVl'l1'U'iu~ 5 Ll1'U l~,.hyjl'llfl'lril'UVlf)~l'1iJf)1'im:::'illt1y]l'ifl'll~h 0 LLaVl'llliJ 
'U 'U 
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Residuals Versus the Fitted Values 
(response is Z) 

-, 
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-, 
I-.' II I, 
II 

I 
I' t -, 

1000000 1500000 2000000 2500000 3000000 3500000 4000000 4500000 
fitted Value 
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, , , 
'U1ffl(;liU) -r~'Ut)T1'l di~Lijerl'UYi 3 5'U11f1~ W.A. 2526 Yi~ .. n·rl~m\1L'YlW~vn'UfI'l , 

,h L~OJf)1'l~h),~1'l~~U'lJ~tyty11 A1 f) 'l'l~ A1 l:l~'l,:r ruii ~ l:l1'lJ11'lf11 A1f)'l'l~ m'U fJ'U ~ ,m fll'lf1 

lA1m'lmfl~a..:jf)(;l OJ1f)OJW1(;l..:jmcl~vnl'Ylm~fJ1'UtJf)1'lAm~1 2549 LL(;l~ 1~L?J1Am~1~a1'U , 
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