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TITLE ; DEVEWPMENT OF META-HEURISTICS TO SOLVE TIlE LOCATION 
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In this research, we develop a heuristic called Ant Colony Optimization (ACO) that 

simulates a food seeking behaviors of ants to solve for a suitable location of a tapioca stareh plant 

and also constroct a vehicle route for delivering products and collecting raw material. ~ 

procedure ofACO can be divided into 2 parts. The first part is to find the solution of the location 

problem, the location ofthe tapioca stareh plant, and the second part is to solve the vehicle routing 

problem (VRP) whose solution is related to the location ofthe tapioca starch plant To improve the 

solution ofVRP. three local search methods that are One Move, Exchange and 2-Opt Move are 

applied. 

Six cases of the problem are studied with different conditions as follows: (1) The 

production capacity of the tapioca stareh plant is fully utilized with no travel distance constraint 

for a vehicle. The solution for this case is to locate the plate in Muang Det, District Det Udom, 

Ubonratchatbani Province. The total travel distance for a fleet ofvehicles is 26,092.1 kilometers. 

(2) The full production capacity of the plant is utilized with the maximum travel distance of 800 

kilometers per day for a vehicle. For this case, the best location of the plant is the same one as in 

the first case and the total travel distance for a fleet of vehicle is 24,319.2 kilometers. (3) 80 

percent ofthe production capacity of the tapioca stareh plant is utilized without the travel distance 

constraint for a vehicle. The best solution for this situation is the same one as in the first case and 

the total travel distance for a fleet of vehicles is 21,265.4ldlometers. (4) 80 percent of the 



production capacity of the tapioca starch plant is utilized with the maximum travel distance of 800 

kilometers per day for a vehicle. The best location of the plant for this case is to open the plant in 

Bu Pueai, District Nam Yuen, Ubonratchathani Province and the total travel distance for a fleet of 

vehicle is 17.168.9 kilometers. (5) A balf of the production capacity of the plant is utilized without 

the travel distance constraint for a vehicle. The best location of the plant for this case is to open 

the plant in Kao K.bam, District Nam Yuen, Ubomatcbathani Province and the total travel distance 

for a fleet of vehicles is 10,942 kilometers. (6) A half of the production capacity of the plant is 

utilized with the maximum travel distance of 800 kilometers per day for a vehicle. The best 

solution for this situation is the same one as in the fifth case and the total travel distance for a fleet 

ofvehicle is 8,832.26 kilometers. 
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ullli 1 

Ull\h 

.I,~ ~ ~ ~ i' .cI ~ W Q,
~1f1'r1 nlflflf111t1f1q9uffl11!f1~ M!l!lHlUUH IU!HlJnlf110q~tTmlJUf1111~U 'U 

tT1I1!m'::~ i 'itl ri~Fltll'lflii~II11::1oqPllffnJ!ii~u'l'df1':: ~1!l' tl1J~tl1::!flffl'h~'1 tY1'10lJJJf11f1 

.. _, , d '" _, .I ~~ 4 ~ ~ ,.I,
'IIIN ,tlO u1::lflff fltJm1J\lU1::lflffllU~fI flllJFltlm::'VIlJQ1010qPllff11lJOij~~Otl11 ij10 

•
I'Itlm::fllJ~~mh1'1hl'lfufitl::tmf011u'tJof11tlri1m11J'tl~uif~f11t1fl~tT1'I1011IJ,jH~U'Ulil'tJf1

• "Y Jf 

1ii'VI HlnO i 'If!l~tf011!lfl~U111f110q~'Utl1~ii iit1'li~1M'IIIH 110.f111'"1JJf1m;!IIlU1'tloth ~ 

n~I~' lt1tJlIl 'l'jl::oth~ii~f111'"1'U~tl'llO~ itlf11ii1I'1l'll'ilfm ~OtT11 i fllt1IJU1tllJtT11J11GSOtT11. , 
flU'~0~1~1f'l'j1IJU~U I~UllIl'J' 'lff111U,j~,rU'I'l1~lllt1!l~ tTll1 f111IJUll U lJ1U ii~.Z'VI1tl111J1 Uu, ~ 

lJlf1ii~~ll g.i~Jllf111tl~'tJUi llf11t1 !l9ltTllI0111JU~h~u~o~,"~mul'Umn!!'1 A',u mhmllJt161J 

nlJi~l\'!l~nf1111HUI'IU i~f111~f?lfJlJ 1?lIJllll'n:;ufll1 ~"IU~~fNfl1111~"IU1U fl1 ~ IUI'I ii~fl11111{) 

1,~~lU'lI1J I'" 1::~!l~,"~11t1nif~mllJlarJ~Utlttl'l11JIt'lU'tl1~'116~ itl Hfl11 m;~ ij1o,"~m1l1~~ 

tl'lllJl~U1 tl'A''II!l~ 11'1' ~f111UA'1,fll9l!lllild1fityth~lJtii'l' tlft6 fI1'~mtll1In6o"hull'li~iI;~ 
'IJ!l4 h~~lU idM~loi:h\lM10mB6f1tTmuili~h~~lU i~ui:lty1l1mf1Utl::l~ui:lty1l1h,qj'IJ!lHm 
" t .. .1:: i '" A ~ "'J!' ..tT,H H~lU f11l1tl!lOt'ltl1U'VI?l~ '1 H1UtlJUI'6~fI1HjO'l'jU1::tJ::tJl111101J"!ltJO'l'j' 6~.n6 

J! - '" ' .... '" :: ~ ~ '1".1 1"~ '1 ~. ,,,61'191'1'jtl11'1.::I'IlUfI11rJ10Pl6f111111l1'IJ Oflfl~II~lJfl'!Ifl'::'VIlJ9Itl'l!! 11'V1~::: 1'11tJ!'I1 ~.111 Uf111 
_,_w_ .I t,U!' ..: _l~ .. ":'::1 ,.. d., 
u glJ>lf111 'If4nlJ'VIUl1l'!rntJI'I~flUtl::lI1JlI'1U 111011.1 tlfltTfIlll 'VIlli ~ H HII 111111J1::: tTlJO 110 IJ t'l41'1n 

, , . 
,j!lffO rJilTW illO"!I,j~,rU 'lJtl~ tl~tf01ih,"lJq49111J'tlli'rJ aV141'1 ~1lI1IJ01'iiflPi4t, ~~1U ~11~u II\'O~ 

Ylm tlI1Uij i rJ11tl1rJlilU1U'll~::lt'lutTmuili~~~~tl~fi1u~if~m11J ~1JR1t1 Hlff1'tJ Jff1 t'l1Il f ~1IJif~ 
f11' nI'll U i'llifutlH i II 011'IJUri~ 'i'>ItJ~m lOlL11n~1i'1 q ~lJ IIItlOfl IlU 011 'II II ri~FliiPltiw 'l'I"I tl1J~ 
6tJnfll'l11jtl~nlJ{irJf1'h "01'1iIl101~fl'lU ltlut'lfimf" 
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451 

fl11"fl fl 11'rlH~llJ 1ftilffji mfii fl111J ttlfiqJYi fJflmilnj'IJ:p Iiv ~~IiIIfln1J 1,1 'lJfl" 

ld~1 "1A ~ 2i~.o:t. ...J.t t~
'II'lJff~muu ffTlJl1'IJ ~ 'IJ fl 11m11J11Ilfl'llfJH1U tl Hl'll'IJ Illlffflfl!'lfl 'II'~flllfl6f1'IJ fJ U 'UfJ~ff'IJfl1 

•i fltlfl H timi~jj!'lllfll:: tl utiUfI1111i'tnm, II 'II !J~~flli1 i U1,1U1 ::V::11Ill mHi~1J!JU ~i'UHfl'll61J 
J! W A W A 2 2, 1J1d W A •l' i
¥l6~?lfl!'l'IJ '111n:::llfl!'l'IJm'UfJ~~mn11tJ fl "lfl\1111U:::tlU flllll::flllHm1IflU'tl1~'U!J~\1l11'IJ:::UI'l 

~ A ,.. JI' 1 d. W w." .. A.' '" A d
ll:::tl'IJ ,:afl'IJ'nH u~flrnlLflll::ll!l fltJ1Jlllf1Ufl1HfI!'I~fJtJ1~ l\l~1I:::!flflul :::n'nTlll1\1Q ~tlilfl 

'lll:::ltlff''n!J!'IiiflU'IJ«1iI::l1n~1Jlm~u6'IJftu 3 'UfJ~ iIlfl16nlflUl:::ltlff'u,i'itlllll::: 

'lll:::!'nfftJll9i1l IIffiHft~m\1~ 1.1 UU dl'll:::'I1n~I~Ua'IJIil!fll!lfl'i~iitl111Jdlfity'!1ilfll1it~'Il6~1M 

""_I.q Q I 1! 0.> 1 d 1" .......:...r. .4I." A I ...
1JlJl1Jlt1lfl11!'1llflf111 200 nl'IJfI'lJflfJu fltJfl11flllfl1JII'lJ1 'lJ1I'UtlltJfl11\111'1l'IJ6!lHfl61U 6~ 'If~ 

flllflil flU Udl'll:: n ~lh'IJ111tllfl";h!fJVIl:: 80 Hu'iinfl ifltlflH'I116HitU1JfI!'Il'11fln1J fJ1'111'iIlIl::: 

fJ1 '11 myfl1 ~1'IJfl1'Ii1 1i U«1'll::'11a~I!Il:: !'Iiiflfltil<ri'i'IJfllllfi1M'11 nfl'1 'II::!J ~i UI 'll 'IIfJ'3f1ilfintil<ri' 

IIU 1,'ll'liU';'lJJ1'IJ ,I,!If) !!i'l~u'IJ«l'll:::mi~ 1I1l:::1i'IJ«1'll::: '11 n~I"u'I1~m)fll~fI 1f1tJ 1flH!'Irl~flllll'1 

'IlfJ~fliiflntil.,;'ui'l~1i'IJ dl'll:::'11 a~ ii~ri~fJfJfld1fiOJ ,l,lIri , 'nV 1I1l:::!1VfI U11J dl11i'U U 1:::ll1ff' 'nV 

1i'IJ dl'll::: 'I1n~\l'UI~'IJ';'lflffll!lJ li'I;~\1ltii'lf6~dlflqJ iiu;1Jlt1lm 1I'1ilfl1l1flfl"j, 20 f{l'IJ~U1'lJuYi 

ll::ilflflli'JU'lll::lIlt1l 12% 'IlfJ~'ll;1Jlt1ll'liiI'l7111,11i Ilfl lfltJi.rImvl'IJ'lln:lflffflAIi'J UU'::lI1til 

r mill:: 30 ri1U~!'I1f16ri~6fJfl''lliJ~fllllfl1Ilfl .;~''nUl6~I~U~th6fJfl1i'IJ dl'll:::l1n~IIIl:::l'Iiil'lfltll<ri' 
'i W ~ .l .J> ii' • ~ .J>.. , ... .l d .1.1 J! ,.

fJU 'lJfJUflUtl'l1U~ 'lJfllllfl Ilfl1J16Vl<il'lfJIUfJ~ 'IHu7::1'nf'f 'nVlI\1Ufll\11::u\jfllJl::1J1t1l 8 U1'IJ , 

1'IJ 45 "~'11 1f1 ld'tl~l\1l::UUflii'IJdl'll::'I1 n~iiflnf17::'lv6d,11'll1::1'nff (vm'lull1tliii) tlltl 

w ... .. ... .l oJ.. d d.l ,JI ' .. 
fl ::1UfJ 6 f1I~V~!'I1 'IJ 61J !'IJ fJ tll\11:: u ~fllLIl:: IflUtf1V11J1fltlllfl1fJ~ tH 1Jl 1'111flfl1fl flll H 1111::fl"l111 UfJ 

Pl11JthftU !I!'IfI~ft~ll1\1~ 1.2 l~lVihfll!lPlm'~'ll~fl1iu dl'll::'I1ii'~1Jlflfl"i1 5 II!'I'IJ t1;11;fJ'IJ,11 

'll'::ltlff 



• • 

3 

1\1f141~llm«~IIN!I 

53% 

.. ~..: .. .1 W.!l.1 ~ t .1 , .. '. ~ 
1l1'rnll.Z l'I~lI"lUI1UI'¥l'l'f1Zu\lflllUn1UZ111H Uul::l'flfl 'flO ('fIll1: flqll'¥lH1U"fUJ1U!'l~ 

11f111::H'8ufhfl'WPll Ul~ If1 'fIii' U d1UZl1 n~, 2554) 

f11nhii'u 191 U:: 11 n~, ut~Ul:;1II'!IU1'11 Ut 'HqjHlI H nPl ~z 13 mh, U U U11 Ul i'hmnPln!ll'" 

:'.l •• ..., '.Ii.... .... y W ..,.1 Al ,'" 4 A
'ljUl'fUj1UflflUU1 u1J1 flfl1111ltHPlfl u '!J IUflPlI!'111fllll1'tllf1ll1'111l~I!1HI1JUHMlfl!ll'fl 2 'lfUA 

11 tVflfl v (l) ii'u 191U::11 tV~ ,~u111miluilPl ,t'! U H n PIn !II"'"u11U191111'm111U,4i,jIl , U flPll!'ll1 f11HI 

,'liu 1ll1111tlPll111fl111 i UHa9lUfltlflfl ilfl nd1111'uul1flfl111fl'4i1t'!Ul'f tV~HIl 'fI ~1I'¥1U (UJ'fIl Ullll) 

,t'!uA'u (2) u'iI ~ii'uthu:: 11 n~ It'! UHaPlt1!11"'UUl iU19l111mi11uul1flfui'Ju Vl'l:f l11Vi !lPlH1111l 

\11 'u'.nUfjPlI'l111f11HI~I~1I1~1l~ 1~!lu~~,ju191u::l1n~UU~llflf1lt'!U 2 '!IilPli~Ufi 
1.1.1. 1l~~,juu::l1li~~U (Native Starch) fllll1~~~Lii~~lflf111IlUl1U111,jUl'hu::l1tV~ 

-UU liu11'10iliiif1111.gI'tlfll U 11.'lu-uuII~'i11J1 Ufll1HtiPl ,'liu f11nh111uu 1J11J~11f1~uu~~ 

1.1.2. m'hii'u191U::l1tV~UUliU (Modified Starch) flv uil~~'A"lflf111'l1u~~fiu'u 
r·hu fll ::1l1'IJ f111U 11J1uE IIU 1111~ l!'fH'¥I H IIJIl'lfJlIl~V' lfil fj!lll!'lIUAIIll'f 1:: ,'liu fj!lll!'lJUM 

'11 H~1UfnllJll1U!l1 d1Mi'ml1 , ul.fitUfjPlI'll l1fl "lIU~1.'I::'1h:: Ifl'l1 II~~I1U11UIt'!UHnfln!ll "'~ 
l!'~mJlIfll,ii1J'lfll~~1iu191U::'Hn~fl1J'l'fl1::'l'1fl1fJ~fl"hllil~ftUfl'hl'fhA1 

u i'I~ii'Uthu::l1 n~ 1'1111 mllIUlI~'u,i'JufjPlI!'111f1111J9l flIi1v~'~l1l11fll1l11!l ,'liu 1l11111, 

~ }JJ~ Ii!' .. ..( 

f11::~1'W, l!'~'tlll. 1!'111111111111U, !l1, 1l11111<l9l1Illl::l'fllH11J LlI'I9\UI~fl1l'f'tl 1.3 



4 

1.4 

(Native Starch) 

~II 
~III L\1lImD!l!l~ I 

LLtJ.lLLm~ 

(Modified Starcb) 

~~Mui'~~~ 
1611==11 1l1~'\llJmYlI1~ti!~ElDn 

rl--~I &u..i\MI\I.;".,1i1l1~'" 
1.h:'Ylmilu~n\'n L--J ft.m 1) I 

~I,--__r 

11l"~ 1.3 	 lfLHff~W~tIIfflMm11JU1'hii\Hil'LJ:a11i~ (~1Jl : n~1J"mlJffnlllUll::11fL11::MillJti'1 
Lnll\ll1'Lh::lfl'l1ii'IJ('hu::MIi~, 2554) 

•
'Lh::I'I1f1''I1vri~!l!lnu1'hii'1J dl'LJ::MIi~ "UV~\IIll"1111n ('!'I.fI. 2552) ,;~ 2 'IIW\II 111JnlJ 

U1::1J1IU 2.6 ~11J~IJ 1 ftvjjtlllllft ri ~ !l!ln~ dlfl11JU,j~tII11J'IIWft~!l~u1'h ii' IJ dlU:: M Ii ~uI1~Hft~fl1'!'1 ~ 
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Top 10 Importers of Thai Tapioca Starch il12009 

nl'l1~ 1.4 	'1h:;I'tlfl'~Wll',j'1U-n~iiuti1U:;11I;~~ln t'tltJ il2552 (mjlJliH1ufln'tJ1UIl:;ilfln:;,rffU~1 

Inll~'U1:anY1iiu!Tnl :;'Hli'~. 2554) 

III n;JtJ\j1l1 iftJ ~~'U~~i\'l'U'if'U~n un,,:;u~n U;1l1111In\l~n n, fI ,)llJ~tJ~ nlHI M 
• 	 ¥ ¥ 

~1J;lnfl tl'::mfl'hl!lfi~n'llJl1()!VllJ'lU1'UlH~1'UfJMn'1'Hfl1'ilJflii~Ul~hJu'lf1tl::'HiMi\'iin 'Ii~O 

tJ1n::~tJ~tJlf'itJi1'~tJ.h~'11l1n1l1tJ IYU U11l,~i9lQft1J fJlllfm'li~Qfi1J nmllJri~'H1tJ1Il1'fl1:;~~ 
• .lJ.: 1 41' 2 ''''M~'~ 
mlfl'tl~~ HHU 'lI~t1'lUIlt1'lIl~llllJU~~!ln'lflqf 

II 	 'JI ..I • 
~~u'U~llJiitJO,~flnllllfltJ1I'i'mJMn'1'Hn'inlll-n~ii'Ud1U:;'Hli'~fl1'1'11'llJlln'~wi~fl1'l'lii 

1.5 :b~I~V1'6~;~U~I~6~191q9i1J'tl'lJg~nml'uri~u;'l~JlJ~flil91 191tJl'i1n1'tJtJnU'll'llvnntJ;illJ 

A 1'M .. .l J: 1 4 .II ~ .... 1 ~ ~ ~ 
1'I'I!lUflUqf'H1nl'illltlnn'mlJ'I'l~~'IItJ~ H~llJflIl9lLlu~1JUn lu::'Htl~i11J (Native Stareh) UIl:::\lfl 

IAlJY1H fll' 'II 'U fh iflJA'lUll:: i9Ujfi 1J 'lf1'Hl''IlfJ9I n'1 'H n 11 lJfl1'i flil 91 II;'I~Ii'Hiltl::'tT li'~ IvitJ1'If~lJ 'IJ lJ 

)' ~4' ~.. .l '" ~.I 2'.. ~ •
I'll 'U 11'1'1 loJ! 1I'ln'9I'ilJt1l9llili1'H'i61'111l1::n'lJ 'I'l ili1 IIIl::i1J'U I U 9I1lJ'II tJ1I1 nft911 ~'1 
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1~f)fJtJnUuU1ifm~11'1lma1. '111. 'Ilm~Il~;]"Il111fl1~1~6n9hll'l1 U~~i4 t1 ~mJHn~ 
Jt .... .... ..l I!:'" :if ' ... 11 ...... 1Y"""_I .......


IIU41J'Ilth'll::'I1 11 ~ 'I'I1l11J1::11'1J 'WlfJlJ'I'I ~ \I~InU'I'I H m 1~ 'Il11'411'Utl11111 :Zlfl'l~U 111J1J ')" t 11''11 li fl11'l 

IJ1n~ IlR tnU1.A'1flQ'll1::11'4fi'i\'lUI1'I'111JI'I'Tl1'flf 

.. AI{.
1.3 'U8UI'Ufl'UfHnl1f1nlll1'UO 

_""J o ~ A 1'!1 4 d.: ... .JJ • 
1.3.1 41Ul~U'llmn"!'Inllll'W fJUI11J"Il111nn Ll1fJnl1'al'll '1'19HU I1t ~RItI'Il 'I'lHn".~u 11'~ 

dll1;1.Iflfll1'll1 n11IJm'miifluti4jj'Udl'llt 11 a4I'll TIl:: 1u tnflfl::'im)fJntiiU~ll1 i1fJ~fJ~'llm '11 I'll'nt! 

• 
I'l'hu'll 

.... .J: .:I 

26111lH ITlU~'I1U~uml'nl'll'll 

1.3.3 m1'n~ I1'fJ1.IIIt'!:::l1nU1.IIt;umnffIJ011t'1fHIIUU !ilt'!fJ4U'Iltfll'lllW ~lul'llmn11J 

~ "1 1 ,... ., ...d.
flfJIJTl11flfJ1 ~u IJIJ 011'n~11'6Un1.lt'lal'll'n II'Il:::IJl'llTlll1U::: \lH 

1.3.4 'll1tqn~rnih111'~n (Heuristics) 1I'1l:Z1lillJ~li11t'1~n (Meta-Heuristics) 1u 
011fJfJmIU1.I1iinml~ty1110111t1tJnt'lf.11ut;1'i4Ut'!t'fUffum~01~~url~ 

~:J! "~ ... 1'!)~1"~ ",Q1.3.5 m1\1~It1U'I'lHfl1'S~U t'l4 nl~Ut'I~\ItfltNI~'Ilm~ l1Jt'I' 4r>1U m l1n1.l~flf11fltJ U 

ull'11i4Iftu'Ym''ll;u lflQftU\lln'lllU jj'u 

J! .I .I ~ ~ A~ • J! 4' ~ ~ 
1.4.1 111.111IJ'UfJ\!l1'1'l1fl/J1~tHnum11\1U 1'lI'Il 'UfJl,I'Ilf111IJt'I'1ll11fJ I'll 01111'41111J'Il 

lH'iiu 'hHl'llllti4U'll~fJ4t'!1'llU'll f1111Jt\'tJ4m1~fJ4unIl1 fllllJ~~fJ~"'I1Jn'ln fi1L;~mlHii91~tJ4 

tH~1'1lllti4U'll 1::: at '11 H1:::l1'JHl11'1lliu 1I11111:::mi4 1:: IJ::: '1'1 H 1:::1111~~nIl11191l1 :::11/J 1Il1:::1 :::VZ'nH 

1:::1I114l11U Ii'll iiu~nif11"'Il~'Il 

1.4.2 fffTW141Ul'U~I~U1~tJ~ 
I' q"

1.4.3 11'1 Ht'lIJfl11'1'l1~fltll fl 1'I1t'1911 

1.4.4 fJfJmIU1.It'll1flfJ1iilJl~tJ"n'll01111~;]ty111 

1.4.5 1;j/J'IlIll1:::'n~l1'fJU1'll1Ufl1lJflfJlJilbl91tJf~lh:::qn911'A";JfJlmJ1 e++ 

1.4.6 fh'll1W '111 l'I'fJ1 U Yi9i4 ~ M 11 H1U TI rfJIJ'I14 '~liJ'Il 'nHfll1 ~'Il rl ~ II ti4liU 

d,'llzl1a ~nlJ~41!J'Il 'I'll~011i'Ul'fl q ft1.1 \lml1l'll iT'll 
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_I" .. 	 ~ 4" ~ 1-1 .I 1 .1.4.7 !unllJ!"tlm~tI~"NnlJ"VH)llOVHllJOlJ ummlJ Lingo 'H '1.11Y1U"V~ 

1ummlJ Lingo UU ~~u~ilty~1011 ~ft!~Um~"h~ i'lJtl1U"1~U::afi1UU 1fttl1~,rVl,jll,j1UM'll~ 

il~~1l~~1U ,j1U~'Ii~n ~ ffU ?llUll~9hu~ 'Ii~i'lJ191ljftlJil'~~10011~1ti 191VlJ"V~611OVliilJ 

1.4.8 rr~Ufll101l1~tI!l11~iltllJiltl~flll~lU'Ii~~lJft"!VlJ'Ii~~ft'li1'l:Ul~lJ1"tl1ij"Ui 

1.5.1 '~rrtl1uill'i~1l~~lUflii9lutI~jjUthu::;~li~1111~1~Um~Oll"Un~iliifl11lJ~lJ~1 

1UOllll~'rJUri1~i'lJ ~rru1~~~~ll~'rJU rr!l~1l~~1Uflii9l11t1~jjuri1U~~ li~ . 	 .. 
1.5.2 1~iJII OV1iilJil iiu l ~ ff" ~fl1" Iil~ i'lJ 0 11 U~il ty ~1 0 ll1iivorr(J 1Uii~~ 1111::; ~ft 

lffU" 1~0 mJU n ~ ri1~ i'lJm til~~V~1un~ffU?ll1,rnlJ~O?ll tivuu~1i~lftU"N'u i'lJ191 'lftlJ 

• 4" .1'.., ..11.1' 4w 	1_1 . A <If 11.5.3 rrllJ1l(JU111iOllUTlUty~1" i'I~lOOll1~tI ulfltll1"l 1"VllJUl1U1"H UOll 

w ...~.., .. .1:: W.1! • w A • ~-11,,\llJU 1~1V110Uty~ lOll III vorrtl1u "91~Ull~ ~ft1nU" 1~Oll"Urr~ 1lO~ 1l1~VU") 91V I U U VU 1f1ft 

1.5.4 ,rVI,!1l~'~~100ll1~tI rr1lJ1l(JI~UlllU..rVI,!1l h\'nlJ~91rr1~mllJ~~~1f1 l«V1,r 

w '" 	 4~_I 1'" 1..1 w t 1 _~ w
f;jUl~OVlJOll 'Ij LUOll9lftllU ~lOtl10lJOll9l~ l~~lUfl1l9lUU~lJU 

"Q '" i
1.6 fllUtJl"'f1'n"lt1'nl~ 

1.6.1 Facility Location Problem ~lJ1t1n~ ilty~10ll1iivorrtl1uil~~ 

1.6.2 Traveling Salesman Problem ~1Jltln~ ilty~10lllftUm~"V~"Um1U"1t1 

1.6.3 Vebicle Routing Problem ~lJ1t1n~ ilty~10l1~ftlffU"1~ri1~i'lJtl1U"1~U~ 

1.6.4 Location Routing Problem ~1Jltln~ ilty~lOllliivorrtl1uill'i~ull~~ftlffUm~ 

. . 
dI """.", " .........


1.6.5 Exact Optimization ~lJ1t1(J~ 11iOll~lf1191VlJ"ft"t'{ft 
4_ " 	 QQ"""

1.6.6 	 Heuristic Optimization ~lJ1t1(J~ 11iOll~lfl191VlJUlJlJII1lrr9l0 

.. 4"1.6.7 Ant System ~lJ1t1(J~ 11il~lJlJlJfI 
I:f.....". ..,; .... ..,;

1.6.8 	 Elitist Ant System ~lJ1t1(J~ 11il~lJlJlJft"ft"t'{ft 

d' .....", " ~ 
1.6.9 Max-Min Ant System ~lJ1t1(J~ 11il~lJlJlJftl1lJlJOl~UfI"VlJ!"91Il~t'{91-f11t'{f1 

dI """... ... 	 ,,~
1.6.10 Rank-Base Ant System ~lJ1t1M 11il::;lJlJlJftl1lJlJlltl~1l1ftlJ 

1.6.11 Ant Colony Optimization ~lJltln~ l~lJlJmll1lijfllJlJfI 

1.6.12 Meta-Heuristic ~lJ1t1n~ 1ihlJ~li11lT~O 



, 
un.,."" 2 

" ." 
1. '\..I 'lrnu 'il::1l1Lff'\..l 00~~n1:lw:: 'II 0 ~ilty'H1n11 LaOnfffl1'\..1 n~~ ilty'H 1011 Ltl'\..l Vl1~'U0.:J 

'VfUm1'\..1'U1U ilty'H1nni'~Hff'\..lVlHti1'Hi''UUl'\..l'Vf1'H'\..I:: ilty'H1011LaOnffm'\..l~i~lL);I::i'~Lff'\..lVl1.:J 
O11'U'\..Iti~ 1i011'H1fl1~fJ'U~tl~tl~LL);I::1i~b~ff~n 111J,f~~1'\..11i'U~L~U1,r0~n'UUty'H1011LaOn ." 
fffl1'\..1n~~LLm:;i'~Lff'\..lVl1~n11'U'\..Iri~ 

." 
ilty'H1m1laOnffm'\..ln~~LL);I::~~Lff'\..lVl1~011'U'\..Iri~ (Location Routing Problem) ~llJ 

." 
lfilHff!Hff11J11f1U,j~OfJm~tJ 2 Uty 'H 1. flO Ut:y'H1011laonffmtJn~~ (Facility Location 

Problem) U);l::ilty'Hlm1i'~Lff'\..lVl1~m1'U'\..Iri~ (Routing Problem) 

2.1 ifty'ttlm"nft8nO'OlU~,r~ (Facility Location Problem: LP) 

.. JI I JI I I 

ilty'H 1n11 LaOnfffl1tJ n~~'H1J1UO~n11 11~~ 1LL 'H'I1,:Jn~,:J 'II O,:J ff,:J'JJtt nff!1,:J Lflo 1.lf 

til f~.d 40111'" ,~ t t/ AfJl40,"J 

1::U~VI1~ L'\..Im1'U'\..Iff,:J'\..IOUVltl~'H10Vl1 mfill'UtJff~fl1tl~ L'JI'U O11f1,:J9jtJUm::'il1UfftJfillL'VfOVl1 'H 

fh'~~lU111J1.um1'U'\..Iri~fftJfYl~1~t!~ m1'H1~lU'H'I1~~i,:JffmtJ~L~'U1f1QtltJ~11m~oi..rog...t1.:J 
• .d"'!""d.. .A 'L~ 1 · 

~lflU'H 'CH1"l1J 'If1..l1Jlflfl"l~ 'H ·HlfllHI-:aU1..lUfJ'JI'1"H!nt~ 1..I1YHJ nfl:i u:: rnn 1..1 fllHlfJ'Uff1..ltNflO 

" A~~iI 
ffm'\..lm1W~mU'\..lfl1 L1J'\..IfI'\..I ." 

Owen and Daskin (1998) '~'lutJn~n1:lw::'U0~ilty'H1m1LaOnffm'\..ln~~fl11J~n1:lW:: 

'U0,:Jvhti'citJ1f1tJ'JJ1::ff,:Jfl'00mrltJ 3 'JJ1::LflVl flO uty'H1'JJnml1J (Covering Problems) Uty'H1 

1:;U:;VlHL'Q~U (Average Distance Problems) LL);I:;Uty1119jtJ~n);lH (Center Problems) ~,:JUty'H1011 
.. " ,JI , 

LaonffmtJn~,:JLL'U'U1::U:;Vl1,:JL'Qi:iU\ln1l1LfftJfJfili'~u1nl~u Hakimi (1964) iHloi~un11 P-median 
..:to tI !011 0I.r!

Problem 1'JJU'U'UVl1,:JfilW~ff1fffl1'U0,:Jilt:y'H1U'U'U P-median L'UU~~tJ 

~'JI'U (Indices) 

. " . 
j ~l~'U'UtH~~nii;rnuf11..,l'\..lml~,:J lH,:J 1 '\..I l~fJn j = 1,2, ... ,f 

http:m1'H1~lU'H'I1~~i,:JffmtJ~L~'U1f1QtltJ~11m~oi..rog...t1
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,j'1mh~'Vl·.n1Jfh (Parameter) 

p tfluhU1UlH~lu~~::d1" 
Dij ':i::6::VI1~':i::lrl1~l11u,,~ i hJiJ~l11tl"~ j 

Xij = 1,1I1ul1~.rlflQ~hJ i ri~1f1Q~ulH1H~lU j 
.s4O,mW6tl"l 

, II 

lj = 1, d'l~tiI'ii1iffflfJm...,ltlm':i,j'~h~~ltl j tiltiltfltll':i~~ltl 

rhti'itl1\flQth::ff~fl (Objective Function) 

(2.1) 

" 0 '"ff1Jfll':i'\ltnnfWI (Constraints) 

J 

LXij < 1 (2.2) 
j=l 

X'<Yj!) - V i=(1.2....,J).j=(1.2....]) (2.3) 

JLlj =P (2.4) 
j=l 

Xij€{O,l},lj€{O,l} V i=(1.2.....J),j=(1.2•.~J) (2.5) 

-n~ti'itl1f1qth::ff~fl (2.1) '~6mfhlf~lfJltlflln~tlm~~lfltil ffllflln16tlL"~ (2.2) 
II , 

tfltlfl1nh::ntl';h,t11~~1f1QflU'il::ri~1f1Q~uhfnu h~~ltltftfJ~U1i~!~f.l11Vh,rtl ff1Jfl1':i'ii (2.3) 

tflU fl1nh::ntl';hul1~~1f1QflU~::hjri~1f1q~uhfhHlu~hi'cKtil" ff1Jfl1':i~ (2.4) ~ltl1tl 

h~~ltl~!iI"l't;,nu P mi~ ffllfll':i,16tl'''''!'''''{,v (2.5) tfltlfll':ifinltl",j'1Uth,j'"ff'l.lhlUUU 

'Utl1i 
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'. 


Min = 

J

I Xij :::; 1 
j;:.l 

Xij :::; Yj 

J 

Llj=P 
j==l 

Xijc{O,l},ljE{O,l} 

I
1 

Xijat :::; Cj 

t=l 

I J J

IIDijXij +I rylj 
i==l ]=1 ]=1 

V{==1.2•..•1 

Vt=(1.2•...•I).}=(1,2•...]) 

vi=(1.2•...,l).]=(1,2•..•n 

Vj =1.2•..J 

(2.6) 

(2.7) 

(2.S) 

(2.9) 

(2.10) 

(2.11) 

ff1'lJ~,fllJ,9ilnl1fl~,jU'l.JtJl1HfltU~fl'lff~{'II{J~ Hakimi 'A'ufi 

~1u,j'~1I111mh (Parameter) 

ry fhlf~lfJl'lJfl11til~il~~l'lJ~ j 
c] fl11lJffllJl1(l~iH~1'U j ffllJ11(li'tJ1~Q~11'A';io1'U 

at ,j~lJ1W1~QAtJ~ii''lJu'l1rl{j1~QAtJ i 
fflJfl111\PlQ,jl~ff~fl'il~tJ1fll'lJff1'lJ'IItNfhlf~lfJt'Ufl11til~11~~1'U1,j'1',j~~fflJfl11~ (2.6) ui1:afllJ 

l:1'lJfl11!~(J'U L'II~ (2.ll) fl{JfflJfl11~,j'j~n'lJ·;hi H{jl'UffllJl1(li'tJ1~QAtJ'tbhii'lJfl11lJffllJl'j(l~ 
h~{jl'Ui'tJ1~QAtJLA';i(J1'U 
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2.2 Uf.Y'Hlfl111~hnlH"E1~Tt,rn"nu"no (Traveling Salesman Problem: TSP) 

nty111f1l'iL~hJl'IH'lJ6~rfirflnU'IJ1tJ (Tmveling Salesman Problem: TSP) li1unty111~ 
l~V1~6~ti1J flU111l ~'Ul'I1~ i 1..1 f1l1 '~'Ul'IH'Il6~'Vnrn,,:n 'U'Il 1V't1iJ~,ii6~ Ifh~'1 1 flvrn!n~ 11..1 'IJ 1tJ 

,ii6~~L'vilJ~'U ~~fi1i,rf1ll111 fhfh9161J'~'U l'I1~~i'U~qfl ij fl11lJ V1 flL~lJ~'U 911lJ ~1'U1'U,ii6~~,~11 

~ I QI QI r • 9J QI "Q , .. 1G1 " t AI QI QI

lJ1n'IJ'UL'lf'Unu vn9116Vl~l'lf'U m't't'Un~1'U'lJ1V\l:;Pl6~lfl'Ul'Il~ u L11fl'j1Jl'I~ 7 llJ6~Ut'l:;nt'l1JlJl{1~ 

~fll~lJp\''U 1f1{1ijl:;{I::l'Il~ 1f1V'i1lJi'U~qfl V::ijL~'U'VI1~~,i1'U 't1,~i~11lJfI (7-1)!l2 = 360 L~'Ul'IH 
..; p 0 4";"'" 1_ I ~ J ~ 4 ... " ..; ~ 1_ 111' ti 'U'lJW::l'Itl1\11'U1'U'lJ6~l'I\I::Pl6~'fI'Ul'IH uL't'tlJ'IJ'ULlJ'U 100 'lJ6~ \I::lJU;Y'UVll~V1LlJ'U u tll'l~11lJfI 

t.l~fi~ 4.67 x 10155 l~'U'VI1~ an'l!jWt'IJ6~nty111 TSP ffllJl'jm'fffl~1~~~.fl1Tt~ 2.1 

o 
o o 


oo -
o o o 
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:0:1 .. 01 <II A I ...,I "'" "..t, " I ~ 1'1~fl'lf'U1~fJlJ':i~tHfI't1 (2.12) flV ~W~fll':i1111tY'U't1Hl1 l1f1l':i~V:'t1HnUflltyfi tYUfll'l 
,. t " 

'Il'V~ltl~l'i1 (2.13) UtYfI~11'i1~flUftlV't11~1f1'l \l:ii~flL111~'Ul~V~~~U~V11,.h..r'U tYUfll':i (2.14) UtYfI\I 
• r 

a~fl1':ilA'U't11~ \llfl ~fll111~'U1f1'l \l~ii~fll1111VU"'lV't1HL~V~U1i~L~V1Ll'll'U'U tYUfll':i (2.15) 1~'U 
o GI Q.' OJ GI '1 3101 ... 1 ~ I 1 ~ f t

fll':i\llflflfll':iLfI'U't11~mW tYUfll':i (2.16) 1HfltJ mfl1UlJ':i Xu LU'UfIl tJ'Ul':iL't11'U'U 

2.3 U'Y'H1H11fiauVwrn,uht'lrUOl'U,"111't..::: (Vebicle Routing Problem: VRP) 

ilqJ111fll':i~flL~'U't11~tYl11i'1JV1'U'nl11'U: (Vehicle Routing Problem: VRP) L~'UilqJ111 

~L~V1'1l'tHtltJm':i'll'Uff~iY'U~1':i:::11'h~~flm:::'illt1iY'U~1 (Depot) 'UU~~fl~11f1v'f'nl11'U:::'1'Ufll'j 
" t ! A ,til , , .. I .d. 'II QI" d 1 '" 

'Il'Uff~ L'If'U fll'j'll'UtY~'U1f1U fll'.i'll'UtHUflff fll'jtY~ lJHltlW mnflltY'U't1Hfll'HfltJ'IlV::: '1"''1 fltllJ 

ifl fJU'.i::: tY ~ fl'1'U fll':i ~fI'~'U 't1Hm'j 'Il'U ff~~~m111 '1 ,fUU':i :::iY't1nfl1'n 1J1 fl~ tyfl fln ~fll~'U 't11~ fll 'j 

r .d it OJ ~" " , ... 1d .y. d.d..d 4.1 ' A " •

'Il'U ff~'t11'H111:::tYl1tYl11'.itJV1'U 'n111 'U:::'U 'U \l::: ~~1'U 'U lJ't1fll':i111ltT'U't11~'t1f1't1 tyfll 'U fll':i ff ~tY'U fIll1 'jt! 

iflfJAtJ1,ftltJ ~fl~llJm1V,l'dvVl'U'nl11 'U~~iifld fI1V1~L1fI'U' 'Il'll'fI~ltlfl '1 'Um'.i~ l1-U'U ~1'U l'1ftJ 

fl1111~'Ilfl'nf:ltJ'j'jlJfll1'ftl''Ufllnh~1'U'Ilfl~'n..rfHl'U l1ftl''Ufl1':iff~'Il£l~ '~'U~'U ilqJ111 VRP ~fit! 

m-TSP ,r'Utfl~ lf1V'il:::LrI'UilqJ111''Ufll'j~flLtf'U't11~ m liJ'U't11~ ~L~lJ'illfltY'U6fl':i~~l1viY'U~1't1U~~fI 
• r 

ff~ iY'U~l' 'U fi~h~'llflV~flff~U"ft:::1f1ffllJl'Hl , u'ft"~V~fli'~'ftV1ft'1VHlfl'U'~V1 U"':U11J1tufl1111 

" ..." I 1 I" ", I ... .,I" "1 I .ok " fl fI~fll':itY'Ufll'1l£l~~fltY~ 'UUfl"':::Lff'U 't11~\l:fl£l~ 111fl'Ufl11U~fI'Ilfl~'.if:l't1l 'If 'U fll':i'll'UtY~ C'}f~ LtY'U 't11~ 

~'~ul,f'U\l:~£I~lh';'1f~lV~1~tyflLl'l1~\l:::LrI'U 'u1~ nmltu:'Il£l~i1qJ111 VRP ffl111':if:lUfffH h"~\1 
.,I 

fiTvt't1 2.2 

o 
o o 


oo -
o o o 
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ft'l1U (Indices) 

""'1 12
Ii ftlA'U'UtVUlJ.. OJ 4 t)-.3't1 

. 
l AU't1d. 

. 
l = I ••• I 

N 

. .. .... 4..t·1..t· 12 N] fllA'U'Ilt)-.31lJt)-.3't1 ] AV't1 ] = I'"I I 

o , -dZ ,. t .doe:. 1..tV 10JfA'U t)-.3 AlU111N't1A-.3'Ut)-.31lJt)-.3't1-.311lJA't1VH)1 'itul AV't1 V ={1, 2, ... I N} 
." . 

S UmOJfA'ACOJ .yhrh..l'tJ'~';-.311lJA'Ut)-.310Jf\91 V: S c V lAvn S =F 0, S =F V 

lSI ~11..l11..1fflJl;rfl'Ut)-.310JfA S 

~1UtJ'i~'t1'i11J1ih (Parameter) 

~111'l.h'l.1..Ifl1'i~AiY1..I'l.1I (Decision Variables) 

Xu = 1, ~liifl1'ilA1..I't11-.3111fl1ilt)-.3 i ''Lhilt)-.3 j 
.ot..\ 


0, fllft.!t)1..ICOJ 


!':1 ...... '" AI .. 
Tt-.3fl'Jj'1..I1\91QlJ'i~ff-.3fl (Objective Function) 

(2.12) 

" 0 ..,fflJfl1'i'Ut)~lflA (Constraints) 

N

LXu == 1 Vj::::l,2,..,N (2.13) 
t::::l 

N

LXij = 1 V t=(1,2,...,N) (2.14) 
j::::l 

(2.15) 

V t=(1,2, ...,N),j=(1,2,..,N) (2.16) 
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ilty1'11 VRP L~~ilty1'11,J-:i::LflVl NP-hard lf1Vij~fll~1l~~\11fl1.JVlfl1111'UfN Dantzig and 

Ramser (1959) U~::&Ufl1ivomrl~~1~1~1'1d~~frWl~1fio'1 n~1l11~OV'111111~V~na1i~u~nft~ 
,,~ihil \1 ,ut.,uffn1.J 50 iJll1U~1 fJfl~10d1~,:rfll~v~ij 1.JVl1.J1V1 d1flty1~ fl11frWl~ H1~VlH~1\.J 

ilty1'11 VRP 1'lf~ Golden et al. (1977), Christofides et aI. (1979), Laporte et al. (2000), Toth and 

Vigo (2002) 11ft:: Kytojoki et al. (2007) ;l1flflUflmn~l~l~V~fh~lll't'f1.J·h ~mH.u~'Ufl~ilty1'11 
II 

VRP Ufffl~~1VU1.J1.J~lftO~VlHflW~tl1ff~{1l1~'j!1~l~~~il 

~'lfil (Indices) 

o G.I "~.1..1,i fI1f11.J'UO~~flfl1V1 l flVVI l = 1,2, ... , N 

j ii1~1.J'UO~\lflfl'1~ j lf1v~ j = 1,2, ... , N 

k V1~"'11'1~:::~1.rt~flu'Umi~ff~fl'1~ k lf1v~ k = 1,2, ... , K 

Di fl1111~tl~fl1'jff~fl'1'UO~~flfl'1~ i 1~Wti11'1~fI',r D1 = 0 

Cij ':i::U::Vl1~':i::wh~\lflfl'1~ i hJiJ.:j~flfl'l~ j 
Qk fl 1111ff1 11l'Hl1~fl1'j'U~ff~ff~fl'1'UO~"'11'1~::'U~ff~~ k 

. ... "" 0, mWtl~'1 

Ui = ~1mJ-:iff,:r1.Jff'4U (Auxiliary variable) ~ijfi1111flfrh1'11m')'hti1.J 0 

:rhti'.u~1~q'l.h:::ff~fi' (Objective Function) 

N N K 

Min = III CijX~ (2.17) 

i=l j=l /(:=1 
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N K 


IIX~=l (2.18)Vj=(2, ..,N) 

i=l k=l 


N K 

IIX~=l Vi=(2, ...,N) (2.19) 
j=l k=l 

I
N 

xrr, - I
N 

X:j =0 Vk=(1,2,..,K),p=(1,2,..,N) (2.20) 
i=l j=l 

Vk=(1,2,. ..,K) (2.21) 

N 

IXfj < 1 Vk=(1,2, ...,K) (2.22) 
j=2 

N

IXIi ~ 1 Vk=(1,2,...,K) (2.23) 
i=2 

K 

u·t - U·J + N L'" X!'.tJ-< N - 1 Vi,j=(2,...,N) and i*j (2.24) 
k=l 

Vi,j=(1,2,...,N),k=(1.2 .... ,K) (225) 

. , 
f1111nfill~U't1HdmJ tYllf111 U(1::tYllf111116U 1'Uq'filli'ltJ (2.25) ,j..'lflU'..f911U1.h Xij dj'Uflli.UU1~ 

" 1'.hJu 

Tuk
Rectangle

Tuk
Rectangle
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4 ... '" .., "" 	 ~ , • 
2.4 	ift'Y'Hltl1'nQt)flD'Dl'UYl9I~UQ~'flIU'UYlHtl11'U'UD'~ (Location Routing Problem: LRP) 

.... ..; ~ IV" I ~.e1 ..;'" J .. A 4
tlqj111fll'HfI Oflfffl1'Ul'l9l~Ufl:: ~~Lff'Ul'lHfl1'.i'll'U ff ~ 11J'U lJ qJ111l'l1J ~~, 1::ff ~fU'VWLaOfl 

..; ~ '''I ... IV d"'.1 .. A".e1 ..." , 1IJ.1 ~ .1 
fffl1'Ul'l9l~U9I L'U'IIW::l~eJ1fl'Ufl1J ~fllJ'.i:: tHfll'YU)UfllJty111flll 'OIPlLff'Ul'lHflll'11'U ff~ &lJ~1eJ llJU1J1J 

." 
'II O~ tl qJ111fllll ~Ofl fffl1'U Vi ~~Ua:: i IPl 1ff'U l'l1~ fll '.i 'II 'U ri~ '0:: ihn11J f1 a1Uf1 a~ ti1J tl qj111fl1'.i 1 ~0 fl 

eA! 1 dA ".r!i Q.I ~ q.I" (" ~cf. 41
fffl1'U l'l9l~ L1a:: 'U 'IIW:: 191tJ1fl'U fl1Jfl111Jf1f11tJf1 a~fl1JlJqj111flll 'OlPllff'Ul'lH fll'.i 'II'U ff ~1Pl1U l ~U111 fl 

1"" A, ... 'I' "".. """.e1 .:: d ~.e1 ""In 11 ~flfl1l'.lm 1tJL"1f01J91 Ofl1J lH~ 1'U11 '.i oi!f'Uum n1Uff'U f11 lJty111'U'Ufl 'O::l11'U lJqj111flll1aOfl 
I " 	 IN" , 

fffl1'U Vi ~~U1J11 1J 191 '.i! 1 'U U~111flfi111 'U fl.yj~~ 'UO~ i H~1'U111o tT'U Ofl 1 :: 'il1Uff'U ~1~,m~L;1J~'U 
.e1 :: d ".1 	 ~.e1 ...." ,.....;
lJ qJ111'U 'U fl 'il::1J1lJLL1J1J L11'U lJqj111fl1 1 'ilVllff'U l'l1~ fl11 'II'U ff ~~~f11'Vtl'l 2.3 

Candidate Depots

•
0 

Open Depots 

CustomersGJ [EJ 	 0 
Vehicle Routes ~ 

, 	 ." 
m'ftn 2.3 1ULt1J1J'IIO~tlty111fl11L~Oflfffl1'U.yj~~Ufl::ifllff'Ul'l1~ fl11'11'U ri~ 

_1!1 4 d! Q.I ~ , ~4 Q.I".:A
'il1fl1lJ LL 1J1J lJ qj111 fll '.i La Oflfffl1'U l'l91 ~ua:: 'ilVlL'C! 'U l'lHflll 'II'U ff ~l'l1J f1111JCJf1JCJfO'U CJf ~ 

" tlqJ111ijt;Jfliflod''Umi1JtlqJ111U'.i~Lfll'l Nondetenninistic Polynomial-Time Hard (NP-hard) 

1'Vt'.i1d1!~Ufl11n1Jtlty111 NP-Hard .,f~ffo~tlqj111fio (1) tlqJ111flll!~Oflfffl1'U~i~ ua:: (2) 

tlqJ111fl11iIPlLff'Ul'lHflll'11'Uri~'U0~tJ1'U'Vtl11'U::n1J!.u'1~1uti'U Wu et aI. (2002) 'lfihlff'U0fl11 

ui'1JU1~Lt1J1J~laO~m~flW9lfflff~f'U~N Perl and Daskin (1985) lUlm1Jl'll~flW~fflff~f'llo~ 
" tlqj111 LRP LiI'U¥l~ij 

... .. 
VI"1f'U (Indices) 

" .
~fltT'UVflfl1~fl11m:: 'illUiY'Uti'lil~l11J~Vi!i1'U'U'~ 

"" ...j ~fl fIll'l ~111Jfl 

k 

http:flfl1l'.lm
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i1U1h~'VIn1Jth (Parameter) 

o II ~ 

N ~1'\.J'l'\.J'\I6~\'lnfl1'V1~1111f1 


~lt~~ltJ~tf\'\.Jm'H~'\.J'VIH~ln~fI i hJJ~~fl j 
tI ..; tI tI ""''Y. 
~'\.JlJ'\.JfH'VI'\I6~m'lff'l1~tT'\.JtJm::~ltJff'\.J1'n l 

tI t Yo
~'\.JlJ'\.JM.;i'\lfHnnt'JJVil11'\.J:: k 

fl1111ffl111'l fI '1 '\.J mn6~i'u ff'\.Jlll'\16~tT'\.J 6m::~ltJff'\.Jlll i 

fl'l111~fHm'l'\l6~\'lnlll j 

fl'l111ffl111'lfl "l'\.Jm'l'\l'\.Jri~ff'\.Jti'1'\l6~Vill1'\.J::'\I'\.J ri~ (11161~'\.J'VI1~) k 

i'lU'l.h"l'\.Jm'liflff'\.J"l~ (Decision Variables) 

... .4 

0, mW6'\.J'l 


tI tI .."tI. tI.l

li= 1, mtT'\.JtJm::"lflff'\.JfI1 l Qnffn~'\I'\.J 


4.4 

0, mW6'\.J'l 


1, ~l\'lnti'l j \lnthl1'\.JfI"l1flA'i'um'lU1m'l"lnf!1'\.J6m::"ltJff'\.J1I1 i 
t 

... 4 
0, mW6'\.J'l 

Ulk = i1mhff,rUfI''4'\.J (Auxiliary variable) 

::1 tlOJ IV _I tI 
n~n')f'\.J1~ql1'l::ff~fl (Objective Function) 

(2.26) 

tI 0 IV 

ff11m'l'\l6~lnfl (Constraints) 

~~J Xifk =1 jE} (2.27) 

Ldj L Xijk ~ Qk kEK (2.28)
jE! iE/Uj 

i,jE}, kEK (2.29) 
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I Xijk - I Xjik =0 kEK (2.30) 
JEIU] jElU] 

IIXijk:S; 1 kEK (2.31)
ieI je] 

I djZij - VtYi :s; 0 
iE/ (2.32)

jE] 

-zij + I (XtUk + X Ujk ) < 1 
iEl,jEI, kEK (2.33)

UEIU] 

Xijk =0,1 iE/,jEI, kEK (2.34) 

~ =0,1 iE/ (2.35) 

Zij =0,1 iE/,jEI (2.36) 

Ulk ;;::: 0 lEI, kEK (2.37) 

"Q,I Q,I _ r tI 4 ~ ,d ".di"~.:Jfl'ifU 'J~QlJ'.i:; ff.:JfI (2.26) flONfI '.i 111~1'VI ty~'HllflNfltl1fl 'UtN ~U 'WlU fI.:J 'VI \,! O1'.i ff'.iH 

.. ..."" · ~ dl i " · A 1 dt!\,! vm:: \l1 vffU fl1 , ~ \,! 'r] \,! Ol '.i 'U \,! ff .:J Uf1:: ~U 'r] \,! fI.:J 'VI U fll'~ 'ifV1\,! Yf 111\,!:: 'U \,! ff{l ffl1 Ol'm0 \,! 'U'VI 

~ 0 i " " , ....... 1'J1 • .. ~ (2.27) tlJ\,! flU0111UfI 11\lflfl1U~f1:;flU ff1111'.ifl'jtlO1'.itl'.i Ol'.i fI \llflYf111\,!:; 'UU ff .:J1YfV.:J f1 \,!f1::11\,!.:J 

fl\'! 11~011'd.:Jltfum,uvh'!\'! ffl1Ol'.i~ (2.28) lr! \,! O1'.itil11 \,! f1'~0\'!1 'U'hlll111W 'UO.:Jff\,!t1'1~Yf111U:; 
v • 

fl\,!UWl i'tlNfI'ifOtl\l:;~O{l hhn\,!fl1111 ff11J1 '.ifl 'l\,! Ol'.itl'.i'.i'Wlflff\,!t1'lffl1Ol'.i Vi (2.29) ,r!\,!ffl1Ol'.i 

4 ~ _Sf" ~ d ~ A "J .JQlQ,fi" I "i"~ dQ.I QI,/
'{lO\'! l 'UlJO~fl\'!01'.ilflflt]ftl'VI1'.i ffl101'.i'VI (2.30) tlJw.:JO\,! l 'U'VItI-3f1 tI 11Yf111 \'!:;'U\'! ff .:Jl'Ul MtI'.i O1'.i'YI 

tJ , 

~fI1f1fM 0':100fl \l1 fl1f1'11\'!t ff110 ffl1fl1'.iVi (2.31) Yf 1M \,! :;'U\'! ri-3U~ t'I:;fl\,! ffl11 1'l fI 111 n\,! , flfitl 
v • • 

t!\,! 6flm.:J01'.i~flri-3iff~,i1V-3mf-31~V1LVhu\,! ffl1Ol'.i Vi (2.32) ,r!\,!110\,!''UA'1\,!fl1111ff1111'.ifl'UO1'.i 

...." 2" " d ~ .... "'"''<0>'.i0-3'.i tlfl1111~0 .:J01'.i 'UO-3\lflY'I1'UO-3t!\'! Vm:;'iI1VffUfI1 ffl101'.i'VI (2.33) tlJ\'! O1'.i 'ilf1ffn\lOfl1 Ml'U 1 

, ~tI1fl1'.i i \,! t!U 60 '.i:; \llVff\,! t1'1 1 ~l i1 V.:J U11-31~V1 M 1 fl ii, tfu 'VI H ~ '~011 ~0'.i:;W1H \l 0t1' lltfl:; 

t!\,!6m:;\llVff\,!t1'1 ri1\'! ffl101'.i~ (2.34), (2.35) UfI:: (2.36) lr!\,! O1'.iti1M\'!fI~hUll'.i~flff\'!' \lUtltl 
, t .)1 , 

, tI\'! 11 ffl1 Ol'.i 110 \,!, 'Utyflfl1V (2.37) ,r!\'!~1"tI '.i ffUtiff'!.! \,! Vi iO-3iifi 11r!U tI 1flL,h'l1 \,! ri1\'! Vi 

'~11'~11\llfllllutltl'VI1{lflW~fYlff~{'U0-3 Perl and Daskin (1985) '~url 
~ ... ..4, d "" .... .... ...1 i .'11".'11 0

(1) 'Yf111~11 ffl1fll'.i 1-30U 'U'YI ff1111'.i flUOlJ ty111fll'.i 1flflt]ftl'VI1'.i'U\'! \,! fl1~Otl'U ~{llJtyM1 . 
ffl1Ol'.iVi (2.29) 

(2) 1,jiiO1'.ilhfi1'l~~lmr\'! 11t1'.i~om.bv'U0.:Jt!\,! 6flfll-30l'.im:; \llVff\,!t1'l1J1Vi \ll'.itu 1 i U 

ffl1fll'.i'~lM111V , \,! 'UW:; ~ij01'.i,;il1fil'~~lV' \,! O1'.i ~flri.:J'U0.:JYf111\,!:;'U\,! ri.:Jt'I-!I' t1U'VIU 

http:6flfll-30l'.im
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(3) I~ fll~lJfl11lJti~ 'H ~'U' 'U f11'i' f.:ll'U~.:IfI'4 tyl~111'1 f .:Il'U 'Wl'H 'U ~ltJ'U ri~~ iJ 
fl11lJt'1'lm'itl , 'U f1l'lU'i 'i'lf1U~f1~l.:1n'U'~ 

2.51innuoil't'!!'t11 (Solution Approach) 

" ." 
'l'Uf11nnfh~flUltJfI.:IiJty'Hl LRP U'U ''UfI~~\l~'ffl'Ul~'U~fil'H'U~t'1'm'UVifi.:luft:i~ 

" i .... 1 '" ... '" ",oJ, I ... "'l ... , t. !:Ii " ...1t'1''U\'11~ ~tJfllf1tJlJ'i~t'1'Uf11'itu'H'ifl 'If1ftQ\'1li\'1 lJ9fUClffl'U 'Uf11'iLftflf1 Uft: lJ\llll1'U~fI~lJf1n 

iil'U1tu~~~tJ1mrf1 Idfl~ \llf1iJty'H lii'U'Ul~ '1i'lmli'i1lJO~ iifl11lJiU~fI'U '1ilJlf1Uf1 ~,:jFfft n'Wn~'f{ 
d " ... oJ ..., " I I "'... '" i .1 ~ "" '" 0 , " 
f1\l:fI~ 'U'i~~U\'1tJfllJ'iU ~ U~~flm~'jf1\llJf11'iI~U ~mf1'U'U 'i"llJmlJf11'i'i"llJf1\lf11'i\'11 'H'i:UU 

"" """ ... " J I ''''''!1 , <III "f1'i~ \lltJt'1''UfIllJfl11lJC)fUC)ffl'U mf1'U'U t'1'~~ft 'H ~1lJty'Hl 'Ut'1'1'U 'UfI.:j'U fI~ f11'i \l~1t'1''U\'11.:j tJl'U 'W 1'H'U ~ 

"" 'I ",,,.1 l' 4 <II" oJ ,... y. ,I 

lJltJ'U 1~ l'H tyUft:C)fUC)ffl'U 'U'U 9>11(1 C)f.:j f11 'i \l~It'1''U \'11.:1 'Y1l'Hm~t'1'lJ \l~ t'1'lm'itl'l1tJft~ fl11lJC)fU"D fI'U 'U 

f11nllli1'U.:j 1'U 'i"llJO~ t'1'llJl'itlft~~'U 'l'U ft~'~lrJ 'U ~1'U1'U lJlf1 1Umju'UfI~ilty'Hl~'W1J' 'U 'i:W:'H n.:l 

,jfl\l:iifl11lJiU~fI'U 'i1lJo.:jii'U'Ul~''H'limflln'Ufl11~\l:'ffl11lJt'1'llJl'i tl'UfI.:IfI'U' 'Uf11'i itUff'U \'11.:1 

A , ",1" oJ "" "'.1 """ !:Ii t ..1 "<II 0 4 0 'I1'W6 'H 9>1f11~ 61J\'1l'Hm:t'1'lJ f11'i'WIIiI'U 1'U ll61fl6lJ'W11~fl'imlJ'i~Qfl~ 'I1lI'U t'1'1'U 'H'U.:j\'1\'11 mI'il 
, , . . 

t'1'llJ 1'itluO'ilty 'H 1\1iifl11lJi1J~6'U'II'Ul1ft 1\1 tY'U1H t'1'lm'i tlll1'61111 f11 'i'Hliil~6uVi Lri 'U 'i :U1J 

Uft~fl11lJiu~6'U 'i1lJo~111f11'i~iiu'i:ff\'1~fl1'Wmu'i:~ml'lfnuilt'!!'Hn~~,~ f11nnfh~61J 

ffl'Hi'uilty'Hl LRP t'1'llJl'itlIWfl66fl1~'U 2 U'U1\'1Hflfl (1) fl1'i'Hliil~flULl1J1J Exact Optimization 

o .d ! :.Q' "d
Uft: (2) f11'i'Hlf1l~6UU1JU Heuristic Optimization C)f.:j\'1.:j 2 U'U1\'11~'U'U\l:lJ~~I~'UUft~~~~6tJ\'1 

• .....eI ,11 0 'I. I ... ",.oJ""..1 40 

lI~fl~1~fl'Ufl6 f11'i111fll~6UUUU Exact Optimization \l: 9>1f11~6U l'UIlJ'U6.:j~ftft'Wli'Y1~\'1tl~ C)f.:j 

~ltrluJi't1~ff!l>1lVrmlh·V11./1f1tYRfflffR1dl1111Jfl11ut'i'i1ty1111~fJ11if11'i~.:jmh1\l:1.ff'i:tJ~n"'11'U 
o .J 4!1 A ,.,~.e::S 0 

f11 'ifll'U 1tu'Y1 'i;! ~mflllJ6lJty111lJ'IJ'Ul~ 11ty t'1'1'U 1lifl1'i111fll~tl1JII1JU Heuristic Optimization 

• ..1, " ''1.1 ",.oJ, 11 ""... ... ",..1... ..1 i , " , . "QI
fIl~flU\'1 ~\l~6~ l'UIlJ'lJ6.:j~ft"''V4li'YI flt1lf1tJ.:jflU~ft"''Wli'YI~'Y1 tl~ fltJ\l~ 'J1l1ftl 'Uf11'ifll'U1tu'U 6tJ . 

I QI 0".r:S. 
fl11mflllJfll'Y1tJ1JflUf11'i111f1l~61JUUU Exact Optimization 

, t 

q~ 0 .ctct..cI *. . 
2.5.1 lfinl'f't11f11flOU'fIR'fI1{R (Exact OptimIZation) 

f11'i'H1iil~6U~l'Hm:fflJ~"l~,;f.:jf11'ii~ (Combinatorial Optimization) fl6f11'i 

• ..1 ... ..1 0: ..1 !:Ii !1 i ..1'.1'"
'H1f11~61J'Y1~'YItlfl'illfl1C)f~fll~61J'Y1.:j'HlJ~'Y1I1J'U 1J fI'lJtl.:juty111 Dorigo and Stutzle (2004) fltJ'YI 

ii1~61J~~~tlfl'IJ6.:jilty111 61\l1~'UIUUUU'U6.:jiil~fl1J~;Y6.:jf11Hh~lJlf1~tl~ (Maximization 

Problem) fi16~1.:jl 'If'U ~6.:jfl1'i111fil''i'i;!.:j"l~'H l661 ,u~'UIUUU1J'lJ6.:jiil~tlU~;Y6.:jf11'i~1~..r611 

~ tl fI (Minimization problem) fi16dH 1 'f1 'U ;Y6 .:j fl1'i 'H 1 ;Y'U 'tJ 'U ~ ~ 1 ~ "l ~ il ty 11 1,j 'i : ,tl 'Y1 
J1, • " 

Combinatorial Optimization Ut'1'llJ1'itl'WU'~"'11 'ui'Uilty111ift\lt'1'~mf 11iVi'f'l 'U f11mt'i'ilty'H1U'U 

•4!/ '" "'44"'4..1,,,.., "" I "I'" 
lJ~1tJfl'U11ft1fl'H ftl111li C)f.:j1li\'1 ~'iUfl11lJ'UtJlJfltJl.:jU'W'i'H ft 1tJ t~llfl 
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O1'S l11'SumlJl;$,:u(1um~ (Linear Progranuning: LP) Lrluflll11'S::~mi'l~1~01l 

utfl~ilqJ1'Ilfl1'i~~ff'j'j"'1..,mm~liafllJtu:::mllJtflJ\iu;~6~~111111~1~'1 ~1~lJ1~tHL~UUtJtJ';$-:I 

l(1UIJI'S ~ ;~1'IlJfl 1fllJli ~A~~1'IlJ llJl~6uti'ilty11111n::~~nu' '0'lf1l(fil~6~i4~n'.jUIiJ l'HlJl V~fl~tyA 
'II M QI '" ....1 ...Jt.d'l "''' "'M 1.1 '" ~ ... '" I ... '" lUlJ'O~tJUlJII]f6'S111n'i'HU~'" l'i111101'SllfllJty111 lJ'Hlfl'SlJl'lmnUIJIH lJ'i1611 LINGO QflflAflU 

II 

l~lJtJ~l1.., LINDO System 11'S:::I"'fI'ff111!6LlJ~01 'HaflO1n'h~lu~6~l1J'SUmlJilffllJl'Hl!~OU 

fflJ01'SfltU9IfI'lffA1~6~ilty'Hl'~AlJ9I'S ~'H~6'~lJU'Ul11utJtJfflJ01 'SfltU9IfI'lff9l1..t1 '11'''' 111mrl'U 

fflJ O1'Sl11u tJtJ..t 1111 'il:::l~lJ~U '"1lJ01'Sti1'HUfl9i1u11'S un:::..,1'S lij~IJI6!~ 1~'1 ~l~lJ1~6~titJilty'H1 

,nmrUl~lJU fflJ f111l.fjl1'1lJllJtm::fflJf111l16U'~'U 111UtJtJ~6~111'S umlJ LINGO 

1l101'S1l9lflfi~un:::~ltifl~6tJ!~91 (The Branch-and-Bound Algorithm) L~U1l1f11'i 
t ~ ~ , 

111~m;flO1'S~fl ~f11'S~A"'611f11m'O~UtJ 1l1f11'Sil11'S::fl6tJ'11~1lJ 2 'lilllJlflUflfl f11'S U9lflO~ 

(Branching) flflfl'S:::tJ1'Uf11'SUu~thU~fl~ilty'H1~li~U1A'mY'~lrluilty'H1fhw 2 ilty'H111~fl 
" 0 QoI .. "lJ1flfl11 ff111f11'i'OlflAL~IJI (Bounding) fl6m:::tJ1U01'i'H1fll~fltJ!~IJInl~ (Lower Bound) ~fl~ 

• , , JI , , 

fh9lfltJ-nfll1 tyflth 'H1tJil ty111VfllJl1 til'H UA , ~ , II 'S::'H':h~ 'liu 91 flU ~ fl~ f11'S U9IflO~ '0::: li flll11.., U11 
t .""

ilty1'l11~lJ~U ft'1lJlII]f9l~ 6:J ilty111 L 'H,jl1liafllJ tu:::~~ il flth~u'Sflilty'H1~~I~lJ'il::: QflU9Iflfl6m~1l 

'HnllJiltlJ111tifllJ~' ,j!Ofl;f1l11lJtlU un::: li f11'S 11 'il~m tU..r~ 1'IlJfl~L ~U , 11''" 6 VH~ff6~ ilty111amJ 

1,1 !It .:I d !1 A ~ l J1 y • " I,;r d0 

mnl'U 'il:::1lJU m tu 'Hll~ ~6~lJ ty'Hl1~lJ"''Hlfll91fltJ tI 11n1tJ1~ff1U ty~ "'10ilty'HllJflfJ!'H n lU 'O:::lJ 

c:I 'M'"
~U1flmflfl11lJty'Hl1~lJ 

f11'i l11'iumlJutJtJ'flUl1Jfl (Dynamic Programming) !rI'U111fl1'J'H1fil~fl~tyfl 
I I "'.d '" .., ~ ~ 1.<11 l.d ..,!II ,_ t '"1~fJ!!tJ~flqlJ~6~~fl!'i16lJ"''Yi'Olnlll'ilA!nll'''1~6flm1JU 2 flqlJ fl6 flqlJ"''OflltYU'YI1~ lJUn1Ul:l:: 

milJ~U~hi'~~~I(1U"'H '01mrU,"'01'Stu11(1U"'1~~fi~tyfl'tJflflf~~!nflfl~~1~6lJ'Hd:J'~191'1 1~1 
ti'tJmllJ~6~'fll~6lJ~~fl!(111"'1~'111ld'1 

4ct 0 A __ 

2.5.2 'lliftl'i111fllfltl'lJU'lJ'lJet'l'Urfl" (Heuristic Optimization) 

ih~ff~fl!~u111f11'S~1l'H1NnmnlJ~6~iltlJ'H1f11lJ'M'S:::lJ::11m~ l'HlJl::: fflJ 11 n::: hi 

.., 1!.... '" 1 "',.d • "Q, ,. t.......... ... ... ",.l '" 'I ~ 0 
~AWJ~fltJl~611 ~'tJflHflll ~..,f11'HU~ lfllJ..,1 lJ1Ii~1'Sff9l"Qflffn~~'UlJlt"'fll'lJ tl101'S'Hlf11916tJ 

II II. .Jt 
~fl~u~n:::ilty'H l!'thU'U fl~U11111~h~ff~fl-n ffllJ1'SfI'Hltll91flmfl'H rtJi'lty'H 1'H ll.:j~~ ,,jffllJl'Sfi 

,h111L~'Hltll91fltJ~6~6fli'lty'Hl'Hd:J'~ Uflfl'illflif,UtJl~flf~ilty'Hlf11'i~flnU1'il~tila~ft'Ol'itu1 
II II 

flgiru fln hiffllJ1'JfI!~tJu'~6gi11l11utJtJ~lnfl~'"HfltU9IfI'lff9l!1'" ''Yin::: 'hilty'Hl-U U ii~1u11'i 

un:a1flu'~'llf11'j~~nu' 'O~lifl11lJci'tJ~flUlJlfl ~1flfh~~fl~11181~u~fl~ijtJlJ i ~i 'U~lU1~O 
l ~q~lA.ct 44 q<l:l q,ct Q.c:t 

mlff9lflff !'i1U 1Ii Saving, 1Ii Matching Based, 1Ii Nearest Insertion, 1Ii Nearest Neighbor un::1Ii 
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~ Sol QI ~ Q,4Q Q Q d Gf "4 ... I d 4. Q Q 

Local Search lUUllU ,HUU1'D 81'H"llfH)~\1fl'nWlUl1'I111f11111fJ~'I1~U '.i1r11'.i1U":::lItl'.i:iffYl'Dfl1V4 

~ ~ Q • ", Q ,Q, .tel 

1Jlflll.:J'UU L'HJfl1111l1l181'.iffllfl (Meta-Heuristic) 

" Blum C, and Roli A. (2003) '~tl1tl'l1~flm'HUEHA',.,1'Utl-lLlI~1811ff~fl'~11 (1) 

LlI~1811tl~ fl;j 'i:i Iii ll'Ulii 1U f)1'i ~U 'I11fllll tl 'U~ ~fl1tJ1U lCJ1ll 'U tl ~fllll tl 'U~ L fl U, tl'~ (2) 

LlI~1811tl~fl;j ~ fltl'i ~ff-lfi'L~tl'l11fllll tl'U ~~~q'~'111tlfllll tl'U~1 fli\'Lfi tJ~~~~~rI .f11fJ'U 'i:W:i11t'1 1~ 
JI 

l'I1111~tlll (3) liiLlI~1811tl~fltl1,;j";.:JU'U'Ucjf'U~tlUUt'l~'licjf'U~tlU L,fU liilt'lfltlt'l LciflCJ1 (Local 

Search), lD'1::'U'UlIfI (Ant System), lDm'iYll.:JnU1!fl'.i'ill (Genetic Algoritlun), lD~U'I11~tl.:JH'l1j 

(Tabu Search) ut'l:::lDL~fJuu'U'Um'1tlmitlu (Simulated Annealing) lflu~u (4) 11J~lih1ff~fltl1" 
... ..... .. A" • .,; .. .,; ".l .,;. ";!:It 'tl,"
mfl~lflm'i'1 111'11 t'llfl'l1t'1 ltl1TilYlflU f1L'ntlflU'I11f111ltl'UYlflYI q'fI.f11tl L U~U Y1fl11l tl'U Y1LU 'U fI (5) 

LlI~1811tl~fl;j'1:aihm~U lltlU ~U\h.J tlU u~ ffl111'1 0 tl1mtl~tJu'U '.i1tlt'!:::16tJfllrltl'l.ll1tl, ~"l 'U u~ 
!'1 " ......... tl .. "".':" .1" o ....

t'I::1Jty'l11 (6) 11I1l181'itlfl fl'U H 'i~UlYlllm'1 L'tffl1111'1'tf1f1111111fl'UU LUfl1'i'~~lfllf1 tl'ULrllJ 

A"" ~ 0 ,It.,; ... 
t~tl L'I1m'itlU'I11f111ltl'U 1ICJ11Y1LfllI 

.I .... ,,' ," '" ...... " 
Utlfl'lflU Blum C. and Roli A. (2003) tJ.:J'~ltlUtlm'iU'U-lLlIfl181'.itl11fl'1 

" . 
6 tl'1:::UlYl~-l\l (1) LlI~1811tl~flliLn"'nmLH,jUfllt'1h~lfln'ill'tfl~ '~uri lD'1~'U'UlIfI (Ant 

System), lDm1 Y11.:JnU 1!fl'.i '111 (Genetic Algoritlun), lDm1l~tJUU 'U'Ufl1 '1tl'U 6tlU (Simulated 

Annealing) "t'I:ilDm'iLfl1:imllltl'i:::'tflfl'.iU'U'U PSO (Particle Swarm Optimization) L;jU~U (2) 

LlI~lih1tl~fl~ 'li'~lnfl "lflUHUUrll" hHl1flTi'.i'.i lI'tfl~ '~"ri 1D ml~U'I11~tl-lH'111 (Tabu 

Search) l;jU~U (3) 11IA'1811 tl9lflU 'U'U' ~tl1 ~'tflfl'.i titl1U'I1it .:Jltl'U'Utl-lfl1'ifl' U 'I11flllltl 'U ~~,~ 
.0 , .It 0 ,,,. '4d ~d. G.I 

flllltl'U1I1flfl11'11U-lfl1lltl'U 'I1L"tlfl l'tfU 1Ti1:i'U'U1J~ (Ant System), 1Tim'iYll-l'nU1!fl'.i'i1l (Genetic 

Algoritlun), liim'it'ltlflu'U'U (Memetic Algoritlun) llt'l:::liifl1'.ilfl1::n~lItl1:::'tfln1u'U'U pso 
• !:It " " '" ... ... 1 I" "tl <9,..6(PartIcle Swarm Optimization) LUUllU (4) 11lm811tlllflll'U'U 11 L'tf 1:::'tflfl'.i fltl U'I1U-l'.itl1J'Utl-l 

". , " 0 .d -s 0 ,:, Q.d.c:t f

m'.i flU 'I11f111ltl1J~::: ~f111ltl'Utltlfl1l11~fI-l'l1U -lflUl tl'ULYI lUU l'tfU 1Tifl1'.i lCItJUU1J1J fll'.itl'U tltlU 

. ...... " "" ...... ~ ,,l.,;. .,;(SImulated Annealmg), 11ifl11f1U'I111ltl.:J'I1111 (Tabu Search) Ut'I:::11ifl11tlU'I11 U~UY1f111ltl1JYI 

lflu 'tl'~U1.J'U1Utti'1 (Iterated Local Search) LfluA'u (5) 11lA'1811ff~flU1J'UffllflT:n;'ll'11111fJfI-l~ 
"" '1..6 tl"; JII A ,,,... 0 , I .,..10 

fltl tU'I1U.:J'itl'U'Utl.:Jfl11fllU1Wm"lIm11 "fJUtlllm'illJl'11111111~tl 'I11fl~flllltl1J 'I1l1"1lfl~'UU 

l,fU ii Guided Local Search lflu~u (6) 11lA'1811tl~flU'U1J'liiim'.iltl~tlUtlllm'il{jl'1111111 l,fU 

lii1:::'U'U1I~ (Ant System), iim1Y1HTtU1!fl'.i11J (Genetic Algoritlun), liifl1'.iL~llUU'U'Ufl11 

tlmltl'U (Simulated Annealing) Ut'l~1iiflTH'tlflU'U'U (Memetic Algoritlun) lfluA'u 

http:i1tlt'!:::16tJfllrltl'l.ll
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o ... 
2.6 nl'nmUNfulfl01'UJnl11110l1111'UO.:ltJ" 

" .
fl1':i~1"H.H'Viq~m':ilJfl1n11m111':i~~~lJAt~'U;r'U~m'U1ifl'I("'U1fiAlJTillfl'Viq~mnJ 

.J ,~"'" ,'" " " '::J ,fl1':i111ml1n~0~lJA C]f~ Beckers et al. (1992) i'I~1i1J1tl 111lJA":fl'U111ta''Um-1ff'UflqA':i:111H 
" . 

1111"'~01111':intJi'~ lJA 1'Ufl1':itA'Ufl1~'tim;tJ':i ttr:iHtm"'~m111':intJ i'-1 lJA,,:n~11afli l'Uflilmrh 
411 '" ,: A4 .... "'" 1" .. '" .. " ";:4"'11W':i lJ'U (Pheromone) 1tJ'U'Vi'U 'lJOlJfl1':i~Aff'U "trlOflm-1tA'UlJAfl":tn~flta''Um-1f1lJ~ 'J' lJ\.I 

" 	 " 11'U1U11'UlJ1flfl'h ;r'U~~'U1i ACO \lml1tff'Uofli'-1U':ifl1AtJ Dorigo et al. (1996) l~Wt~l 
o 	 ~ 0'" .I. '" , ...'" 
mfl1':i"fl'l!l1fl1':i"ln~~'Viq~m':ilJfl1'J'111m111':i~0~lJA~'UlJ1t':itlfl1111i'J':tJtJlJA (Ant System: AS) 

.J 1 .:, '_I"" ..:. ~ 0 	 ,.... ~'1 1 1"'''' .110 	 '" 0.-1fl1':ifll-11'U Atlfl1 lJflO t':ilJ~'Ufl1':iflHl'U"::lJfl1':ifl111'UAfl1':i::AtJn ':i lJ'U 11tmfl'U'VJfltn'UflH 

1AtJnti1t~lJlI'Ut1''Ufh~1'1 til11it~ (ph > 0) lJflVJfl~1\1:ff!1-1f1ntuntJ1fltlfl1H~lJth'Utl1:flV1J 
'JI lL I'" • i _I .... "I_I "... • 1 '_I
t~11lJflntff1'U 'UllJutJtJ~0-1fl11tA'UflHfll'U l1Jfl1lJ1ff'U''If~lJ~01t111H l1'Ufl ff1'UlJ1tfl~tJ 

.... ,..;: ..:. "'''I ?t I.J i i'" d .J .. '" " 
(lfl tlfI"::\lflt'VilJt~11tltlJ'Uff1'U11'U-1~0-1f1ntuntJ 'U AS 'Ot 'lfflfJttlntJ'Ufftll'Ut °IH\ltlJ'Vil11lJlflO':i 

o GI .d" '1'" i .r:::t. .. , 	 'i '" fflflqJfI~~-1 L'If'j1lJ 'Ufl1':i'Vi"11Wlfl~ fl1 Pheromone un: Heuristic Information t'lf'U 'Ufl':iWfl1':i 

Ufii]ty111 TSP ti1~111lJ'U~"tt~'U1t~tJ~1 '.i llJ'U':it111HtijO.:J 2 ,ijO-1 CJ1-11IllJl"lflfl11t1i'tJtl1-1 

· ~111 0 1 ..;: ., . d"" • '" flln ':i lJ'U"lflfl1'.ifll-11'U 'U'.iOtJflN1'UlJl ff1'U Heuristic InformatIOn flflO'J'ttJtmn::1111-1tlJ0-1 

'" .. .... "I l' '" '" " l' d '" _I QI _I • ~'1 1 1 ...2 LlJO~UnttlJOlJfl'VJflfl11~lffn-1NntUntJLff':i"fflJ\l1ru11n1fl"tlJfl11lJ':itJlJ~-1flln 1 lJ'U fltJlJ 

191QtI':i tff-1fl'ti4VL~lJtil~1':i llJ'Ul,fnmh'U tI 1tfl~tJ~0.:JNn mntJ~'VitJ11nfJru f11'Vifl "lfl1f'U~,,::ij 
JI ,t , 

fll':i1'U'.iOtJfl1'.iiiHl'UcJfl"'Wmtvr~t10'W'~flfl111W;11..rl1 ~fl 1'Wi] ,,~,j'W1ifll':i ACO 11li'tJfl1UJ 
, J/ 

ijl.llJn'W~dl-1lJ1fl''W11~t!fl1itlunt 1I(fiA~'WiWl'Wl1ifll':ilJl~dH,j~LaO~ ~~,:r'W~-1 ff~tl1iflllfifl 

lfW'WU1J1J"'q1lfl111Jfl11111611111'\16~1Jflflflfl fI 5 U1J1JfI~U
'" '" 	 '" Q;" J 

""....2.6.1 	 11i1tUUUA (Ant System: AS) 

, ~ 0 ?t':: 1 ~I 1 "I !II ..." .... .I. 1
~1\lfl'W1tff'WOllJ'WflHU':ifl 'UlJ fl.fI'. 1991 fltJ Lfl\lflflflfl'Uun::'ViWl'Ul~'U AV 

.::IA .. " Ad" .1' cv4
Marco Dorigo nntmu: C]f-1f1'ilHUn1'.ittJtJlJAlfllJlJO~ 3 UtJtJi'l1tJfl'Ufl~ Ant-density, Ant-quantity 

J/
o Q,oP 	 .Q#d ~4 Q,I 4 GI 

un:: Ant-cycle 911lJn1fltJ 11i':i:tJtJ Ant-density un:11i1ttJtJ Ant-quantity 'U'U "tlJfll'.iO'Vitflfl 

'" 1 1 OJ.t:I d .Q 1 .J 1 .... '" i 	 !dAdff1':i~ '.i lJ'UfI'U'VI~ru:f1'fl'UflH"lfl l1'Ufl11'U-1 tltl~'lJ~.:J A'1 ~ru:f111i'.i:tJtJ Ant-cycle 'U'U'il: 

tintfl 'VI ff1'J'~1':i llJ 'UHa~" 1fl~lJfll~ 'UflHflltJ'lmij0-1,,111 1 AtJ~tl1lJ1W~0-1 ff1':i~1 'J' llJ'U~": 
tinl~'VI,f'U ~'Uf)dntJtim1ff1'U':i:111Hti1fl.:J~,j0':i~tJtfl1-1 (Distance) 1110fJ ru.fl1'Vi~~-1 flntu nl.l~'I( 

. '" d " "'''' . "'''' 	 "" "~'"(Quality solution) 'VI1tlflqflun111i':i:tJtJ Ant-density Un~11i'.i::tJtJ Ant-quantity fl lJ i'I':itJfll':i 

tl1'tJ tl1-1"n :.aiWl'U 1~01 tlVfl lito -1 'illflntl ':i : ff'VI i.fl1'Vi1'Ufll 1 111 flam fltl111 ou:f'U f1H~Udfl11trl~ 
A CI 	 ~ GI ! 1!1 GI .. J c!I dd:l A.ct ~ 

1'V1l.1tJfltJ11i':i:tJtJ Ant-cycle fl-3'U'U 'UlJ"~tJ'U 'lJ~flal1(1-1':i::tJtJlJfltlfl011i':ittJtJ Ant-cycle 'U'UtO-1 

Dorigo and Stutzle (2004) 
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"'... ......... .
1.6.1 	 11i1::;UUlJ~'fI~'H{~ (Elitist Ant System: ES) 
q4 d.cs,d 41 til' ,,"4 ... t.Q.Q e:t~ e:t OJ 

'l1i 'jtUU1J~V1~V1"l~IO~ 'illfl1 'jft9JJlJl AS 1111J lJ1:aYVlli fI1ftA'\llJ l1 flflfl11'nWJ lJ 1 - " " 	 .ilh Elitist Strategy 11llUlJV1~lJfl;,m1flllJtl1992 	 l~tl Dorigo (1992) fl1nh:jllJl11J~lJ'il::; 
4 ~ l..c:t <¢Io" • d J.d~.d • G 

l'I11JVlJflU AS LlVl'il::lft1JLVl1J LlJU'llJ'\lV,m1'jlflUfllV1~V1"lfl'\lV.:jUVla::;1VUfl11fl1'W'lW (Best so far 

,4 ~. .d 1 1 	 1 d f..:loCi.d
tour) 	 LftVfl111ft1J'.iVUVtl~ 1 1JlJ (Update pheromone trail) fltl'il:::lflUfllV1f1V1"l~'\lV.:j1VUfl1'j 

o ..I..t:JI'" ';;Ill 1 ..t.1! ..I c::It 	 ...1 '" ..I '" .1'" ';;Ill 1 · 
flllJ'lWVl11lJ.:jUn'lVftl~V1n 'j 1JlJ !i]f.:jlnlJVlHVllUlJfllV1f1V1"lfl 'il:::1JlJ'j1J1Wn 'j 1JlJlIlflfl'll 

1~lJVll.:j~1JflNllJtJfl~i'l1tJ 
, 

.JIIl( a 	 o.
1.6.3 	 11i1:::UUlJAUUUnlHUA'U8U1'UfI\l.:tqA-fllQA (Max-MIn Ant System: MMAS) . 	 " 

11l'.i:::UU1JfI UUU0111lJfI'\lVU1'\lV1"l.:j"lfl-Pi1"lfl \lflll l1UlJ Vt~lJfl;.:jUmllJtI 1997 

l~tl Stutzle and Hoos (1997) e~lll'UlJv1~tr9JJ1.n11i MMAS 1Jl'illfl11i AS lf1V1~tr9JJlJ14 V~l~ 
" ... ....! 0 • 'II ~Il 1 ..:" ..I 0 'II "1 0~'ltlfllJfI.:jlJ (1) fl111lJfI'ti''l.:j'\lV.:jfl1'j L'ti'n 'j 1JlJl'j1JV1lJ (Initial pheromone) V1lJl1Jl L'ti' flVfl111lJi'l 

'If'l.:j [1'Maxl 1'Min] L~lJffflri'llJ'\lV.:jfl'l11J'l11'il:::L;jlJ'\lV.:j Pijffl11i'Ufl1'jlavmi1v.:j j '\lW:::~1J~V~~ 
4 .QI~ '1"'.dl10

11JV.:j l fI.:jlJlJ [PMaxl PMtn] ~ 0 < Pmin = Pij = Pmax = 1 (2) fl111lJflfl1'j L'ti'fl1~ 'j lit.! 

l~1J~lJ TO = 1'max (3) lffltlfl1'.iltJ~tllJtYmlJ::: (State Transition Rule) (4) fltlfl1'jtJi'UltJ~Vt.! 
m1Jlw~l '.i l1JlJ (Pheromone Trial Update Rule) 

.... ... • u
1.6.4 	 11i1:::UUlJAUUUI'Ul.:ttllAU (Rank-Base Ant System: RBS) 

" 11i'.i::UU1J~"UUL;V.:jth¥lU1~~mhLfflJV1;jlJfl;.:jmfll~v Bullnheimer et al. 

'" .l:JI'" 'II SI .1' ';;Ill 1 1 " , ... 'II ..t(1999) 11aflfl1'.iLUV.:j~lJflVfl1'.iV'4tylV1 L111JflUl1J1HllJaVVn '.i 1JlJ fl1Jlflfl'll 1 V1'lllJ11lJ.:j'jV'U 

" 	 t" . 
fl1'j'lWMl fl1'jL; v.:jihRU1JflllJ"~a::'jvu1»',;V.:jt;'RU'\lV.:j1JlfiViih:::v:::VI1.:j n1JfflJVi"lfl 

.... '" 
2.6.5 	 11i1::UU81f.U1Uft'U'U~ (Ant Colony System: ACS) 

.,... ... 'J!.l A .101.1 .1 ... "" 1
'l1i'j:::UUt11WllJ fl1J1J~\lflUl1.:j'\llJ1Jll'nVlJ1UlJ1.:jlJ '.i::: UVl1ifl1ft'\l V.:j AS fltlfl1'j 

"" fI, 	 JlJI JI 

tJ;U tJ1.:jfl;.:sij ~H'illfl1'Jflfl;.:jVi NllJ 1Jlflrll'lflV fl1'j tJ;utJ1.:sfli'.:jij1li1~V~UlJ-nlJ !llJ'\l~H AS tifl 

~v1tJ ~.:sUfl.:jfla1afl1niHllJ111lirrtvl~1JtJ1::aVlnfl1ftfl1'.i111.:s1lJ ACS \lflllllulJtlflr.:ju'.ifllflv 

" 
Dorigo and Gambardell (1996) ijfl'll1JUVlfl~l.:j'illfl AS ffl1J11~flfl1'.il'l1t1i~ R.:jij (1) lffltlfl1'j 

ltJ~tllJffmlJ::: (State Transition Rule) (2) fltlfl11tJ;mtJ~tllJtJ11J1W~l'.i l1JlJ (Pheromone Trial 

Update Rule) (3) ,rlV1J~1'JflPi''lufl.:s l~lJVll.:sl~lJ'illJfl'.iU111JflUil'l 'il:::111fl11lft1JtJ1mwwl 'j l1JlJ 

1»'uril~lJVll.:j~~~"lfllvilJlJ ti4fll~lJ fl11tU11JL~lJVI1.:sJlJ1»'t~lJ cifl ~lJ fl1'.itJ'.i:::~fl ~t-Hfll'J ~lav.:s 
'Vtq~fl'.i'.i1Jfl11111t11111'.i'\lV.:j1Jflli4Vlln'ilty1111fl''lfl'.i11JU11Jl'J (Jff1tJ1~¥l.:s llJ V11'.il.:j~ 2.1 
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UW'Hl 
" 

.., ... ..,
Ut11{Jn 

...... 
l1it111 

Traveling Salesman Problem Dorigo et aI. (1991) AS 

Colomi et at. (1994) AS 

Dorigo and Gamardella (1997) AS 

Dorigo and Gamardella (1997) ACS 

Stutzle and Hoos (2000) MMAS 

Randall and Lewis (2002) ACS 

Cmus and Rudeanu (2004) ACO 

Craus and Rudeanu (2004) ACO 

Delisle et al. (2005) ACS 

Delisle et aI. (2005) ACS 

Lv et aI. (2006) MMAS,ACS 

Bai et al. (2009) MMAS 

Tsutsui and Fujimoto (2010) cAS 

Li et aI. (2010) ACO 

Fu et al. (2010) MMAS 

Vehicle Routing Problem Bullnheimer et al. (1997) AS 

Rizzoli et al. (2002) ACS 

Bianchi et al. (2004) ACS 

Wade and Salhi (2004) AS 

Doerner et al. (2004) AS 

Doerner et al. (2005) D-Ant 

Doerner et aL (2006) D-Ant 

Assignment Problem Gambardella et al. (1999) ACO 

Stutzle and Haas (2000) MMAS 

Quadratic Assignment Problem TaIbi et al. (2001) ANTabu 

Tsutsui (2007) cAS 

Tsutsui (2008) cAS 



2S 


.. 

....... ...... :II 


2.7 ~l1n\Ul'nmtll'U6~ (Literature Review) 

." 
Balakrishnan at el. (1987) mhl';hiJtylf1fll·Hfioflffm'UVi~~uft~iful1'UVl1.:jfll'i'll'\.Jti ~ 

d" 0 !'1 .1"1'" ""AI""'" "'" "IAI'J! '" i "I'"fll'j'1'I ~::fl 'U lflfll~ fJ1.HI1 flIJtylfl'U lflOtJl~UlJ'j'~ ff1'l1itlTYifl1'iUfllJtylf 1 m'Vi dOU"! fl'U fltJ lU~O ~ . " 
UtJfllltylf100fl~lflti'U laO~~lfl'hi1tylflilijflllUtlUrr'U.fi~oti'UUft~ijr-lft 1fltJ~'j'~~oih~01.Jttf1~1t1 

" ~11rJ'UIIO~\!'.itu lfll'j'11ifll'ilflfh~01.Jl-i11111tJti'U ~01J1 Laporte (1992) 1l11tY'UOfll'j'ifl~~ ." 
U1.JU ~1ft O~1'I Hfl W~ff1 tY~ ftillf 11J11 qJlf 11fiofl ff(l1'U Vi~.:I Uft~ iflll1'U I'll ~fll '.i'll'U ti~1rJ'Unl'UU'j' fl 

" . . 
fll mn'iJqJlf 1 1'U'1f1~ ir'U 1l1if1l'U l11i fll'j'Un'lltylflU U1.Jfl'U lfltil~0 1.JVi~Vi ttfl 1,f'U 11i fll'j' Ur-I'UfJ ii 

fll'.i~f1iY'U1~uuulI'U'~ (Decision Thee), l1i Branch and Bound algorithm, l1i Gomory Cut Uft~ 

l1i Graph Transfonnation Uft::1'UU1'Ifl11U~~fl~l1U~UtJfl'j'~~Ufl11Ud1fity'llo~l1tylfl00mrJ'lJ 

2 llqJlf1 flO lltylf1lftifl (Master Problem) Uft::llqJlf1'.iO~ (Sub Problem) lltylflfll'.ilfiofltYm'lJ 

~~~QfliflOd1'Ulltylf1lftifl1f1tJ1~11i Tree Search Algorithm lfti~~lfl'l1til~01J1tY~~llfJU~OtJU~1 
~ ~Un'iJtylf 1'iO~~mr'UflO iJtylflfll'iiflll1'UVl1~ fll'.i'll'U ti -3 1 fltJ 1cN11ifl1'iun'iJtylnI11tJl1i Branch 

, y , , 

and Bound tl1\9lOuVi'I1~lfll1ifl1'iillrJ'Util~ouVi~Vi'lfl (Optimal Solution) u~11ifll'i~':Ifl~l1U.:jij 
"0"'1" !'1..6 ~ ='t!'1 c:f ""1 .....
'Il0~lflfl 'Ufll'U'Il'Ulfl'llO.:llJtylflC)f.:l'll'U1fl'llO.:llJtylf11lJ'UlJtylfl'll'UlfllftfltlflflllUlfl'U 40 l1tJ 

Nagy and Salhi (1996) '\.hlff'U011ii11ff~flti~OUO'lltylfl-i10~ltifl'llO~'Il'U1fllltylfl1fltl 
ni'J1ff~n~1l1JJ1'~lrl'U11ifll'ilh:;lJ1Wfll'Ju1i~Ufl/(,oomrl'Ufl~lJ"!11tJfl';h "Cluster-Based" 1'U 

'" "1"01 t/ 4:l JI ~ : ~ ~J! "~4
fll'i ~ fl ff'i'.i tl nfl1 If flU 1!l''U tJfl'j':; ~ ltJff'UfllUft :;'Il'U ~o'U ~ 

I 
O~1fl'U 'U ~ ~l1J 'U fll 'j' ffd 1.:11 n'U V11~fl1tJ11i 

Clarke and Wright Saving Heuristic fin 3 iJ~01J1 Tuzun and Burke (1999) '111l11ff'U011ifll'.i 

~ " " A.! ..\ 1"1 "!'1 '" d ~ ...tl'Ulf1~O.:jlfllJ (Tabu Search) UUUffO~lnffl"'O 'l1 'Ufll'iUfllJtylf1fll'j'U'lOflffm'UVI~.:IUft:;~fl 

111'UVl1~fll'j''Il'U ri~~ij'll'Ulf1'1l0~iJtylfl 200 ~flfll1f1tJl1nfJU1VitJutll\9l flu~'l1uft~nftl~'~tiUl1i 
4 A A ~ d"l"_1 'AQ ~ "" ~ ,~o dA. AA
81'iff\9lnuuu Saving C)f.:lr-lft1'llfllJ'i1fl{)1111ifll'itl'Ulf1\9l0-3lf1U V1flOflUUUU1 ~fl1~OUVlflfl1111i 

Saving U~1~nftl i'Unntll'U1tulJlflfl'h 

1" <!/ _I '" ... " "t'l~'Wu et al. (2002) fl'i::'4fl-311JlL1JU'Il0-3\9l1UUUfltu~fflff\9l'i'llO~i1tylfl'U11 fltJVl1 tJ~:: 
_I , ... 1"0 .J ~ " A" " 0 .d ~ .J t

lJ'i:;nou lJf11tJ ~1'U 1'U ffm'UVI~.:I fJ11U~O~fll'j'ff'U fll '11M tlflfl1 ~1'U1'Uffm'UVI~~'Il0~~f1V1'Un~ 

~" "" ,,"" ..6 " , .1 '" \9l ~1!l''UtJfl'j':; ~ltJ ff'U fll I9lftOfl ~ 'U 'l1'U flUft:;'Il'Ulfl'llO-3tJl 'U'Vi llf 'U:; C)f ~'Il0\t ftllf ft l'U~:: ffllJl'i fllfllf 'i 0 

o ,~ t " GI fJJ I ~ 2 ,"....flll1'U fl ~l ff1'U fllnH Ur-I'U fll'j'fl'i:;~lflff'UfJ1Uft:: ~fl' ff'U V1H fl1'j''IJ'U ff.:j'U 'U ~:;~O.:l ~'j'1.Jfll'j' 

http:Uft::llqJlf1'.iO
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..! '" " "l,':I! "", ""1f1VV1U'Vtl'HU~'HU.:tfilUtJVHUU'lH)U fil111191tJ'I011 ~W1111 UU911:1~Lt1U'VIH~~91tJ"'lJVV011'HHl 
, ., , 

lvhfi'U fil1111 ~ 'UV"V1U'Vtl 'H 'lJ ~fi'~l'UlIV'U'H1I1V',n1.1,'lJ ltJU 'VIHir'lJ '1 U1:I ~u9i fl ~ ltJU'VIl"~::~V"L1ll 

d.. ... p'" <II dlil P iii " iii " 0 1!II ... ",
1Lfl~~'U'VIf!JUV01::'illVffUfJ1LFlV10U 91111'V1ltltJVOIt'U'U L1 Wu et al. LfI'VI10Tn1f1G'ltJ" "lf11i 

t 44 91 31" QI.<Qd d. '.

NffllNffl'lJ'.i:::'H11'11ti011filU'H191V'I'Hll1 (Tabu Search) 0'U1ti01'.i1G'ltl'lJU'U'U011V'UVtJ'lJ (Simulated 
, , ., ~ .a iI~ ., d IfU OJ J! 1 1 ' 0

Annealing) L'VtVUOlJt"\!'H 10111flVOtYfIlU 'VI91'1lLfl::'ilFlltY'lJ 'VI 1'1 011'U'lJ tY'I fI till'U'I 011 'VIVn'lJtJ tJn1 t.I 
, ., 

tYV'Il-ntYftV (1) l-nff'UV'I0111iivotYfIlUfi~'I (2) l-n tY'U tJ '1011 oO\oUtJU'VIH 011 'U'lJ ff" U"'Tt;,01':i 

lmtl'Ulfiu'Ufll91tJ'U~'~U't'l::l1fll~''''U01Hhu1WO''U'Il'lJ'UV'' Perl and Daskin (1985) ~'I'~mh 
onufl't1f.l.f'H 1V V n1~U tYl111-n tY N't'I 01':i'VI fI 't'I tJ'I'Vt 'U'hiii0 11 lavuu'U 'U 01 1 tJ 'UtltJU tYl111Hl,..rfl 191tJ'U.. , . ., 
Ad r'::"4 QI '" , 0 " 4. A QI ,..c:t"'VIFln111ti Saving Method lm::V'l 'lU1't'11 U01UI1U1W'lJVtl011VOFl1tJ1UtJ'I'ill01ln11flFl'U'lJ91VU t.I 

n1':ifllU1W't'I'I'illn1ftll 

Jitimar (2003) ll11ff'lJViiin11'UV'I Ant Colony Optimization (ACO) 'UOTULfl't1t"\!'Hl 

onliivOfffll'lJ~i'l11'I'Il'lJ Nft;lIilCJ1,hfl1'Vt~10\lflq'm l~V'of'U onufl't1 t"\!'H 10~'lJ ~10\l 't'I "lmo'u 
II • II 

l'U91'l1l1'1fUOnufl't1t"\!'Hlil '~ijonutl'ltlt"\!'H lVtJnt~U 2 t1t"\!'HlfttJ ilt"\!'HltYfIlU fi~'I1H'Il'lJU't'I:: 

i1qJ'H1011i'FlltJU'VI1'1"Tl'Hl'UtllU'Vt1'HU::'UUff'l U1:I::' "iii ACO l~Ulfil~V'I;jV'U011ufl't1t"\!'Hl 

4 tI 0 • ..ell ... "',2. r .aJ
tYl1111 tl1lfl11:: 'H 'H 191111'H U "'VI 1H1UN't'I91 'lf1f11'VtUfl::: 'IJ1:::tI:: 'VI 1'10 n'U 'lJ tY" 'VIL'H1I 1:: tYlI 

'" "''''' ... .. iii PAl .......,. 0 1 .....,.
q''Vt1':iW "lWNUti U1:I::tYmHI tY'lJlll'lfl1U (2549) ItllJ':i::Q0911ti011'Hlfll91tJ'U Fltl1ti 

.11 

t1't'10V1Villl;'I';'lJllm111 (Genetic algorithm: GA) fTl'Hl'Uilt"\!'H1011~Flff'lJ1'ilLii tJotYt:l1'lJ fi~'I 
.. ...." .., "" " , !II..," ....!II !II ... P'!l'U tl01:: 'illt1tYU fllU 't'I:: 011flFl1G'lV n\10fill 'H O'U'!l'UtlO':i:: ~lt1tY'lJ fl1U 'U'U ffll ~ 't'Ifl111191tJ '101 1 tY'lJ fll 

• II • 

'Vt1J'h811tYft 0 fi';\¥JI'lJ l;iu1I1tYll111 tlfl'lJ 'H1N't'I trwi~10ilt"\!'Hl'~1.U1~ ~'U fith'Vtv 1. 'il .."l11jU t1t"\!'H 1 

P iii ' .... QI .. ~ 0 d.,.d ." :1 .,. , •.1 t 

'U'lJ1F1'UtJ'I\10tl1 LlIlO'lJ 20 11tl ~:::'Vt'UN't'Ifl'VttillJUfll91V'U'VIFI'VI"lFl U91f1llJt"\!'Hll1'U'lJlf1 'Ht"\!'U'lJfl1 

AI .. <l...... .1 G <II QI ......, 0 .ld.1.... OJ.I 
llJV 'Wlf'lJ 91 fl1111 NfI'Vt 't'Il FI 'il:: 111 O'U 'lJ 91111 fllFlU 1 ~f1U'Vtnl11191V ':i 911f11lU U 011 'il::l lJ 't'ItI'lJ II lJ 't'I'I IlJ 

91111'U 'lJ1FI 'UV'Itlt"\!'H 111fl:::ij~m1fI U91 1'IO'Ul1fll~1."1.11::111 't'I N't'Ilif1111104'lJ 

Nagy and Salhi (2007) '~tYl1.1l1.111U'U'UV'Itlt"\!'H10111iivotYfIlU~11't'1:::i'~Hff'lJ'VI1'10n 
'UU ff"'UV'I tll'lJ'Vtl'H u::: 1fI till tl"VtJn11j'lJ mjll'1 91111 1flHtY~H'UV'Iilt"\!'Hl 'lfijf1'U V'I ~V\I fl 'li1'111't'11 

....,. d 1. "'1 !II:1 ~ .. QI '" • I .. 0 .. ...."

1. 'lJ01nHUN'lJ 1ti011V1 'If l'lJ011UOlJt"\!'Hl Tt"0'lfU191QlJ1::tY'Ifl 'ill'lJ1U'!l'UUO':i::'illt1tYUfl1 
• II 

1fl1 'I tY~H 'UV'I 1 ffU'VIH <1 fl<1 ~ffmni i'tltI 'il ~ UU ff1UlI 10~::: v~lU 11.1uU'U 'UV 'I 011 'H 1 fi,r'l 'UV 'I 

.. ... 'JJ Ad ..... 'JJ OJ.I41 po..! 1 "'<11 !II ~ 
'!l''lJ tlO ':i:: ~ lfJ tY'lJ fill1'Vt V 'VI ~ ~ tY'I tY 'lJ fill IlJ tJ'I \1 0 tIl 'ill 'lJ 1 'lJ 'H U 'I fI till 't'I 011 W~'UV 'I 'U V \I flllJ U llU'U 

flt-n tJ fii il tY 9l ntlfl::: ff1 'lJ' 'H t1l ~:::,"iii0 1'1 U U U 811tY9l 0 1. U on11 fl'il t"\! 'H 1 , U ff1'lJ 'U tJ'I iii 0 n 

U~t1t"\!'H1UUU'VI1'191H (Exact Method) 'il:::ij~tJ~lO'Fl 'Ul~tJ'I'UV"'U'lJ1F1'Utl'ltlt"\!'Hl lf1fJtYl1111tl 

Ufl't1qj111~'UJlii Exact Method 'il:::;L'H1Jl:::;O'uilqJ111~ij'UUlf11~0'H~Vij~1'lJ1'lJ\lOAlLl.i!nu 40 11U 
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'" :, ....01... ... ....09 • i !II'I .!':1 ..I. '1',1 .01 '" Y. ,I,.
~~UU1ti~1'H,."mH\lflUllJ1 'II' LUfl11LmlJty111'Y1lJ'UU1~ L11ty'UULLt'I::lJfl11lJ'lf1J"IJeUlJlfl'UU L~V 

IJ/ 

111~h;u~mi111 l1Jfllmti'Uty111fll1LS eflUt:l1U Yi~~LLt'I::fl11.o~LtVU 'YI 1'3 fl11'UU U~'Ue~V1U 'Vi 111U::: 
J/ 

U1lJntlLL,j~lft'LriU 4 1fiflnm;fl'l fie (1) fl1mti'Uty111U1.1m;,~1J'tju (Sequential methods) LrI'U 

1fifl11~unilty111~llJe~fl'tJl:::fle1.1'Ue~Uty111 ~~11lJ1tJil~ fl11 .ofULtJflilty111'UU 1fl i 11qjeemn'U 

c:I '" 1 .:" lq d Q.I • ... .. j/4G1 0 2-f
i1ty111'UU1flmfl111e flV'YI11tlLltJflflU11 "Cluster ftrst and route second" 'lf~lJFj1~tJ'YI1'31U"llU'U 

e~11t'11vl'huft":WflU L';'U Webb (1968), Watson-Gandy and Dohm (1973), Christoftdes and Elilon 

(1979), Baliliishan et al. (1987) Ut:l:: Srtivastava and Benton (1990) ,hLU'Uefllli,r,fi Sequential 
• J/ 

Solution fl1.1fllmti'i1ty111Um'UYi~~fJ'U6m::~ltJff'Uti'lUt:l::fl11.o~LtV'U'YI1~th1111.1'Vi111'U::'U'Ufi~, (2) 

fluunilty111LL1.11J.o~milJ (Cluster-based method) L';U LC)f~~ 1 LnUI'lf~'Ue~~flti'lfl1JtlU 6fll::~lV 
ff'Uti'l~\lflLSefl'M'tilfl~hlu'U~1'U e 1tYVm; flflll UU ~fl~lJ ~lfl11t:rflflll'l'rie'U TI'1'Ui fl~LflV~ (Nearest 

Neighborhood Search) L'lf~~ 2 ~::UU~fl~lJL'lf~~lflLC)f~~ 1 eeflLrI'UfftlLC)f~Lgfl'l fieLC)f"~flti'l~~fl 
J/ 

ih11'Ufl111eLaefli,n~'Vi111'U::'U'U ff~'U'Ulff'U'YI 1'3L~ tJ1fl'U ~e~nmr'U~ ~::Vhflnuti'i1 ty111U9it:l::fl~1J 

LC)f\>l1fiflll'Ue~ Clustering-based ",::iit:rfl1:lW::f1~lVflS~fl'U1fi Sequential Methods fieLliiiflll 

Yf"'lHU 1j)n:lt:r'Vi1i'~e'Uflt:r1.1 i 'UflUUti'i1ru1111:: 11':h~ue~i1ru111dev(;h~e'U~L~'" 1flilru111U 1 fl 'i)::: Lli 
u .. .. . . " 

~ml1ltJ'1.~fl'UUty111liue~) 'O::ijflLLti'lit:l::ilty111,r'Ule~, (3) fl1mti'i1ty111U'U1Jlhcif1 (Iterative 

method) I n'U 111 fllmti'uty111u 1.1 1.1fllmVfldevi1ty111'U'U lfl , 11 qjeemn 'U iI ty111'U'U lfllgfl i1ty111 
• " JI 

Ut11'U li~~fJ'U 6 fll::: 'i) 1 tJff'Uti'lUt:l :::i1ty111fl 11.ofl L ff'U'YI 1'3 ffl11 11J'Vil11 'U:: 'U 'U ff~U'i)::: UVfl i1ty111 

!"t :1 ' :, c:I 0 ""... !II.....6 0 ... ~ " eeflLlJ'U 2 lJty111vev 'i)lfl'U'Ufl'Ul11iflll'Ue~ Iterative lJ1ILfli1ty111'Y1t:l::i1ty111 C)f~f11~e1J'YI L~'i)lfl 
" I JI 

'Il'U~e'Um fl "'::: ff~Nt:lil~flll II ti'i1ty111'Ue~L'tiuv'U 'l ~1V ~flff1fity'Ue~ fl1 'iUti'i1qj111U fl1.1 1fiflu 

2:1 """... ". ~ "..I " A,.", • &.1 "" 11TllJty111fl1V1ti 'Ue~ Iterative 'i)::~e~'YI11'U11~~ 111 U1J1~'YI",::~e~L 'll'elJ LV~fl'Ul::1111'3LllUlllflfl1J 

Lvl u§u 'l t14efi ~Nt:lfi l\>le1J~~~'U' 'UlJfl'l 'ie'Ufll::a"ci1 tlt:l::: (4) fllluti'i1ty111U'U'U iblu~fl 
I JI 

(Hierarchical method) fie1fiflll'Ue~i11U~fllii.rt'Ufllluti'i1ty111U'U'Uth~'Ui'U L,fU fl1'mti'i1ty111 

QI!1 : ~ 4 ~ ~ GI Q,f 1 " ~:
11t:lflUt:l:::lJtyl1 ue~ 'YI~Ue~lJty111'il ::lJNt:lu1.1 'YIeflC)f~fl'UUt:l:::m..1 I'II''U fl11LLfli1ty11 U\'t11'U'YI~ ~ 

f!J'Uum:::'i)lVff'Uti'l (Location Problem) ltJ"''U'i)'Ufl'i:::1J1'Ufllnffvrie'UU~1fievVi1fl11uti'i1ty111flll 
"'" • "" ..I ~fj !1 "..,..:. :f, .... '::..6 ..:." 'I ''I'i),Uf'l''U'YI 1'3U1111'U'Vi 111 'U::'YIL1.1U lJty1111e~ Ut:l1flt:l1J1J111lJ,,'U l1lJefltlH11'U ~ fl1111lJ~'U L11lJ L'U 

'Hl1.1fl 'i::Vi1ci1if'O:::\lflUOl'Ufi1~e1.1'l1li',r~~'UUt:l::Vil1tJ 'i)'Ufll::..r~f11'U1~eU l'U '1. 'Ufl1111 Qfl~;~1~ 
2 ~. • .., ..J~2 ..6 ... "....., ,A, !"t .",,'" J .., G 'I " 

Ut11'i).:JfleVU.:J Nt'lt:l'Viti 'YI L'fIeefllJ1 'If.:J lJFj111V111:11V'YI1'U t'll'e11l1J'U1tiflll'Y1 U1lJ TH1'Vi9'lJ'U lf11~ e'U L11 

... .1 IIJ A • '" J _I _I ......" 2 ......
fl'U'U LtJl'ieV'l ~llJt:llfl1.1 ~UH'YI 2.2 UllJllJ1L1.1'U'U6~i1qj111Ut:l::1tifl1mfli1ty111'f11V11i'YI1~~H 

(Exact Optimization) Llt:l:::1fii1~u~fl (Heuristic Optimization) 'i)lflfluultJ'Ue.:J Nagy and Salhi 

(2007) 

http:U::'YIL1.1U


28 

. J 
tJ1ZIntl 91'U1'Utl'UU \111-'1'U 

""" OJlfim1u~ifty'Hl ~19fJ ... " "'Mifty'Hl fl1::91fJiI'Ufll \1f1fl1" 
General Cutting planes Laporte et aI. (I983) 40 40 

deterministic LRP Branch-and-bound Laporte et al. (1988) 40 40 

Clustering-based Barreto et al. (in press) 15 318 

Iterative Salhi and Fraser (1996) 199 199 

Hierarchical Nagy and Salhi (1996) 400 400 

Hierarchical Albareda-Sambola et a1. (2005) 10 30 

Hierarchical Melechovsky et al. (2005) 20 240 

Round-trip location Numerical optimization Dremer (1982) 3 

Eulerian location Brand-and-cut Ghiani and Laporte (1999) 50 200 

Minimax TS location Graph theoretical Averbakh and Berman (2002) 'U';i:::'!J 

Plant cycle location Branch-and-cut Labbe et al. (2004) 30 120 

Clustering-based Billionnet et al. (2005) 6 70 

PlanarLRP Iterative Salhi and Nagy (in review) 'U1:::'!J 

Sodsoon and Sindhuchao (2007) lffU61'YIflUflnl'iunilqpl1Ii1fJ Max-Min ant System 

t1uil fU i11fl''U vmZ'i.lltJff'U 1I1~iji1 r1lfm11-1 1pHJff'U IIl~ i tl ff -11~ 'U ff'U 1I11fUpH;itJ1utlZ'YI mh-111tll 
u .. • 

,51 ,st, 'II 

fI-1ii ~ lflU'U Vi lfl1'jl1l1~'U 'YI Hfll'i'IJ'U ff{liiffUii "'lfl~ lfl'nli1 'U Z'tJflfiu .u'U 1916'U 1ufll' llnilqJ111u,j{l 

~ ... d 4 'I " ~....... ". .!. P •

66flLlJ'Uff6-11::fJ::fl6 1::fJZ'YI11'U-1 L1f Max-Min ant System llJ'U11ifll'HY1HfIlI9l6tJl'.i1J,,'U ~lU1'U 

I QI C ¥I ~ ~ d I QI " ... 1 o.J 0' c::. ~. ,
'IJ 6{11JfI L'YIlfl1.1 ~ lU1'Ufj''U fJfl1Z 'illVff'U I'll CJf-11JfI U9ItlZ1911L'lJlu1Z ~1'YIfj''U fJfl1 Z ~ lVff'U I'llUl9ltl::U '11 ~ 

"0 ... I .........
i" 1 Pi....... • " 
Utl1'Y1lnl1111;!'Ul1fJ'U 111J9IUl9ltlZI9I1V11flTntl6fl l1'Ufltlfll'l1 'U1.1t:y'lf (Candidate List) 1'n6ff1H 

'J/ •• P'I"" "" "i- I 11 ., d .....Lff'U'YI1{l'nl11'UZ'lI'U ff -1UtlZ nll1'U fI tlfll'Jl L 11fj''U vmZ~lVffU fll u'n ·H.J1J<I'j fl'U '.i::::v::::'YIff6~fl6 'YIlnl 1 

tli'lJ1.I~ -1flJtUfll'ntil9161.1/hV1i 2-opt 'n1.1'htilI9l61.1~ ili6gl 'UlfltU ct1~tll'n6 '1.~Utl:: loNntl16vN 

ll11Jl::fflJ '1. Unl1til'U1tUl1l~tlm tw 

~ ­ff'n 11W ffflff'U iUtl::fltU:::: (2550) lllLffU61i61tUlUfllJlJflLLtl::.u'U9I6Ufll1tli'1.1tlH 
q • q 

o " QI A .,J 0 r" " I'JtUfll'nfllfl61.1fl1Vnl1ffatJlutlVU9I1LLl1U~ (Swap), nl1VlfJ (Move), 2-opt Utl:: 3-opt llfliltyl1l 

c1~; Q" . a.I Jl ,
fffll'U 'YI19I-1 fj''Uvm ::::'illVffUfIlU1.1 1.1 '11 tll VLLl1-1U a::fll'i'ilfl L ff'U 'YIN fll1 'lJ1HH (Multi Depot Vehicle 

Routing Problem: MDVRP) lfiVVilnl1'Y1tl1ff61.1t11.1ilt:yi11'illfl OR-Library 'n1.1';h1ifll1~1l1Lff'U6 

80 

199 
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• 11 

Luarent et al. (2009) 'lI";lfll'j'YIAmN'.f11ifll'.ifl"'nl1fh~61.mrvn::Viu'IJ'lJ1U~ln'U 

i1fU1:11iAlf{U'YI Hfl1';; '\IU ff-1IU'IJ'lJ1:1t11tJU1:1a-1lfl'j:: \lltJffUfl1 :i-1l' llii flULm tJ'ULVitJ'lJHt1LU t1U~ 'IIn'U 
u 

Q,I ~tt:i ~4 " "" Q4 A. 	 . .
6t1fl6'j'YIJJU'IJ'lJ1Tifll'iflU1:11~6-111:11JJUt1::1Ti'Yll-1l~H6U'1 1'J1U Column Generation ua:: Lagranglan 

Relaxation 1fltJHa~ '1I'Vt 'IJ';il11i fll'iflU 111ti1fl6'IJL~'Vt1::~U'IJ 'IJ 'lWi11~1 'ltl1i Ufll,;;ti 1U 'lwU' 6 ufl'h 

Ua::ff1JJUn''I1'Htl1UatJ~UI¥lfl9h~\J1flti11¥l6'IJ~;}~tlfl L,sUL;}tJ'lflUn'IJ Houda et at. (2010) 'lIiifll1 

1mtJ'lJLVitJ'l.Jtla fl6iitJJ'\I6-1111ifll';;flU 1:11L~'Vt1::~U'IJtJ 'lU J'lfl'IJ 11fll';;flU 111116-11 'I1'lJJff11:1 i''lJilty1:11 ." 	 .A 4. Q,I Q,I" 	 .. 1' "0 .::41 ~4
flU Lt16flffn 1U'YII¥l-1lUa::\JflLffU'YI1~ fll';;'\IUff ~ Hall';; 1fl{)'l1'lTiflUflU 1:11fll~6 'lJL~ 'Vt 1::'YI ff1JJ1 ':it') 

l1fHtlLU tltJ~;}fl';il lfltJ'~na1 lUfll'iti1U 'lW6d1~L1:1JJ1::ffJJ 

ir'YITi'Vt-1lfl irU'YI"hLi~ ua::,;;::;vh;Ut1 il~lfl::1ff (2553) lh'ffU611fll'iLJJll1ihiff~fllfltJ 

115flU1:11L UL'lJ6!UANUU1.1,;; ff11:1 i''IJ i1ty1:11fll';; Lr;6flffmU~~-1IU'IJ 'IJ 1:1 a 1U~U1¥l6UUtl::;1:1mui~6U1'tI 

... .A "I .1 "" !I 'l!l!l 1 0'" !I, • !I ""1fltJJJL-1I6U 1'\1 3 1I';;::fll';;fl6 (1) ~6~ 'J1~U'lU Ufll'iA1LUUfll,;;ua::~u'lu Ufll'i'\lUff-1l'lJ6tJfltlA 

", I~" "4 " .. !:i, QlC\(2) 	 ~6-11ff~Hafl'j::'YI'IJ~6ff ~U'lfla6JJU6tJ'YItlA ua::; (3) ~6~JJfl'llJJI'" tJoII~6'JjJJ'J1U6ULflA\J1flfll1 

1! 1 · "" ~ , "'" 1 !I!I 	 ..... !I .1 """I'ffnoll 1H1uua::fll1'\1Uff~U6tJ'YItlA Htlfll';;rrfl1:l1'Vt'IJ'l1'lTiflU1:11LU1'IJ6'i Ufl HUUlI'i flHffn~f1 UJ 

.,!I i !I .:l,.., "I iI.A... '" j/!1 l ' iI •.1" ". d .1'11'IJ'116Uua:: 1:1HaLUtltJfltJ6m'IJ IfllJJ€U'YItJ'lJfl'IJfll'iUtlllty1:1-1 fltJ 'J1'116n'YIU'l1ff11nll1 LINGO 
• 'JI 

ff1tl U~'lti ty1:11fll'i 1 r; 6fl ffn 1U Vi~oil ua:: i A 1 f{u f11011 flU '\I U ff ~ ii flU fffl 1:11tlU mi loll 

I ., i" '... .1" ., !1 ... ... iI ,!1U'Vt 11:1 a1tJu a ::;'Vt\\lU1UtJflllty111 Ua fl1:lW::1¥l1~'1 6fl1:1 mtJlllU'IJ'U'11011~ 'lllty111JJ fl11JJ'11'U '116U U 

.., III ... " 	 "", iI 0 QI 1'!1 "".1 " <!I ......1::fl'UL6U'Vt81'iA (NP-Hard) UU'l'YIH'YI 'lIff11:1'i'Ufllmnllty1:11JJ6g 2 lI'i::ltlfl 1:1ty'1 fl6 'lTifll11:11 

til~ 6'IJ ~~~ tlfl (Exact Optimization) Utl:: fll11:11ti 19'16'U1I'ltJ11fll 'i U 'IJ 'U ~ 'l i ff91 fl (Heuristic
" 	 , , 

Optimization) 9lfllJ1irfl1itJ1¢Ivt(I>lJU 111l ~'liff~flU 'IJ 'U ~~LtlJJ ua::~'li ff91 flVi' ¢Ii' 'IJ fll1vt(l>lJU lii'iffl 

... , 1 '4' " iI- .. - 4 !l1_... .,. "I '''Ij/..... 1 QI I ,iI
"tJfl U~fl 1:1JJU111JJ~18'l';;ff~fl (Meta-Heuristic) nollUJJ111Tiflollfltl11\J:: IJJ 1~'i'IJ1I1::;fl'U'll\J::; 1:1 

o.:l, "".d , ilo "". , 1 iii 1 •fll~6'U'YI'l1JJ1::ffJJ'YItlA U~flffllJl'i(1 1:1fll~fl'IJflUl'Vtfl \I AtJ 'J1na1 Ufll';;fllU'lWffJJI1:1l'.1ffJJHtl 

;-11";1'1fL1:1JJ1::ffJJ~\J::Ul11illJ~1~'liff91fl~vr(l>lJUlmi ~lfluuu 'lflH 1Ufll';; ufltity1:11fll1,r; a flffmu 

~t GJ.1! ' Ad., Q.I kJSlOI' fI
f1~011Utl:: \IflLnU 'YIl ~fll';;'UUff ~ 1'Vt flfl \l:: fflJJ1'.i n \Jfl fll';; fl1Jtity1:11 LA 'YI U~6L1:1 '.!fll1 W 



,... 

U"" 3 

~ r 4 ~ 0 4 4~.d oQ, : , " A~ 
LU 'U'VIU ~:':fl~l1fWlJU~tlU1Ufll1~1LUU{l1U1~tI CJj'{I ~:.:tl1i'U1t1~{lU~'lJtl\l~flHIU'lfl1l1 

f .. 

fll1t~tlfl ft'mu;l~{lu~:::'~'~t~'U 'VIHfll1'lJUri{ln1'H i''Ut~~ft'l'Hm nJfll1Nil~U ..a {I iJu n1,j~'Htl{I L'U fllfl 

... • "" "!1 <!I .d :: """ • "" #II
tl1W lU fl1J1J~ ft'1'HHJfll1 U fl1J\l!'H lfl11L~ tlfl ft'tnU'VI ~{lU~ ~ ~~ tft''U 'VI H ft'1'H 1'Utl1U'V41'HU:': 11lJ tI {I 

~tllJ~ntl~:.: L~ tI~'lJ fHfl tllJ-W1'~tl{U~:':1,j1UmlJ~LenUfll 'J,j'J:': lJ1~N~... 

.. 
OJ • ... 

3.1 'lfUvteUft11A1IUU.:J1U 

.. ... 
'liu ~tl'U fll'j~1I'UU ~1U1U fll'J u~;j \l!'H1fll'J tatlfl ft'tnU;l ~{lUfl~ i~'~U'VI1{1fll1'IJUri {I 

W A" A," "_,,tltlflllUUtlllOtlH11JLfltl 'II 'lJfllmfllJtyMl 

L;;II'IJLLa:;~f1ntlU ltlmfl'uJfltl).fihL9Itli' 

~tI~;qfl~~A1I1nltilC++ 

rimi'uutyMl VRP No 
Lff'IJ~l~~'Atl~''IJ~;ftU~lItl1JfU'A 

Ldmfillutiu Lingo 

Yes 

fl'jtlHl\fl1'i1iIlLLl\;~6'Il~II~Hl\~1'IJJ~M1J?I 

fI!tllJyf~;ifl1illtllft1J1~fniIfI'lJl 


, 51 
.c:t 0 QI QI 0 Q QOJ' 

IIU'fn 3.1 ~1\911J'lJU~tlUfll1~1''UU~1U1~tI 
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, .. 

3.2 n1Wftfl'Hlnl1I3tlflcrtll'Uiii,ma:iAII'UnHnl1'U'Ua,uhH1tJ~Vlcrl11n1nlm1NDVlu-llnl,.. 

tht.l:11a~''U.nlflVl:1'Uf)f)miirJ~I11Uf) 

~f)\!{tmwfffl'~n~1.fl'lJ~1'lJ1~tI'lJ1:flf)uA'111 

3.2.1 ~ f) \l (t U'wri ~ 1 ~ fJ AU' A' LL n ~ f) \l (t 'lJ f) -3 {t 1 'lJ Jj'lJ th,j:: 'w~-31 'lJ L'lJ ~.n 1 fI 

~:1'U f)f)flIn fHI'I1 i16'lJ6-3'1h:1nfl" 'YIV~llfl'YI:I1iV'lJ 11Hl'Utl'Ufl1 lJ ~~ ffl'H fl11lJ~-3'111flij ~1'lJ1'W 
504 1H-31'U (fIlflH'lJ1fl fl) 1i4f)1'If41V~f)fl11til'U1W'YI1-3flW::~1~1I'~1,*~lU{tlrl'U'flt1'l-3U-3 ~-3"'h 

, " 
fl11':i1lJ 1-an'UVi~-36dl'U~-3'111fl tlllflf) U{t:~1'U{t'~1I1tl'U , n'lJ 'flt1'1-36-3L~1I1tl'lJ 1 flllVllfl11111l 

L~'lJ l'J'lJ 'I1~'lJIill'U~6i1'lJ f)~ 1H~l'Ul'I1~h,j'UH1'U 'flt1'T~6~ ~1m';'Utl'lJ Irt6Vllfl111 1lJ 1 H~l'U~ll1 
lflwcntl-3m;l1ua'Twh 1 'lfij~lU'I1U~'lJ6'Ul'l1rl~1~fJA'U~1'U1'U 261 IIM-3 ffl'11i'Ufl11lJffllJ1HI1'Ufl11 

,'j6'U 1~fJAU1 'lftlU 1 1 ~~1'lJU,'j-3Jj'Ufflt1::11~-3'lJ6-3U11rl-31~fJAUU~{t:UM ~til'lJ1W1l1flfflJfl11~ 3.1 

(3.1) 

1fl1l11fl1M1Jj'lJffflL'vhtiu 2.58 Ul'Y1~f)fll{tfli'lJ (~1~6~ : 1111-31'Ufftn'lJfl11W'a'lJ1i'1 

Iflll~1ffltlty li'lJ lfl11 LIM ~t11::''YIfl'''YIlIffl,rnn'lJfIlfl~:1'Uf)f)flIUm'11i1f), 'YUlllfllfllJ 2554) 

3 .2.2 ~m.rCl\1flli'l ''''un ~6\!{t'lJf)-311-3-31'lJ~1,*uofJ-3 Jj'Uffl'J.l:11 ~-3Au,rI'U1~fJAU1'lJfl11 

Hn~a'lJ 1i'1~llfl'YI:11j1l'lJ11Hl'Uti'Ufl1lJ~~ffl11fl11lJi-3111flij~1'U1'U 29 1 H-31'lJ (mflH'U1fl 'lJ) . , " 
"rt6' 'lfLrI'lJ11U 1m~1I1tl'lJtlU'L11rl-31~fJA'U ~-3Vllfl1':i':i1U1 H-31'U Vi~-3fJdl'lJ ~-3111fl ihlfl6 ua: 

~lU{tl~1I1fi'lJ Hl'lJllfl~1~V~'~1I1ti'U LrttlVllfl1':i':i1UU~1Vll''lfij~lU11'l1~'lJf)-3aflIi'1~1'lJ1'lJ 22 mi-3 
• Q 

" 
3.2.3 ~f)\! m::V:'YIl-31:wh-3 \1fl1i'1ti'UL111 rl-31~ QAU";~11lJfl fl11lJ~f)~fl11 'lJ6~ ~ flli' 1 

ua:fl11lJffllJl1f11'lJfl11 ,'j6'lJ1~QAU'lJf)-3{tl'U Jj'U (fIlflH'lJ1fl fl) 

3.2.4 fl11lJffllJl1f11 'lJfl11U':i':il'Jflff'U1i'1'lJtl~1f1U11l'Jfl hhfl'U 15 ~'lJ~f)tl'lJ . ." 
3 .2.5 ~f)\!{t1H·n'UuofJ -3 Jj'lJffl,j:: 11~~Vill::Vllfl11111';lU11 U~Vi~-3 ijfil~-3 fl11Hn~hi 

Lfl'U 300 ~'lJU,'j-3~fJ1'U'I1~fJ ',*1~fJA1J 011Jj'Ufffl) ,,j'fl'lJ 900 ~'lJ~61'lJ 
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• ... J 
3.3 U1J1HmUl-1f1HtlW9IflliJ9I"l 

.. 
~mIW:'IJfHU'U'U~lafl~l'IHflW91fflff911ij~fl'tlW:'IJfl~i1qfI11~~,jfl 't1ti .. 

3.3.1 11'U'U ~lafl.:tl'lHflW91ffl ff911tilrh.m'U 'U ~lafl.:t'IJ fl.:ti1qJ'I11fl1'l ~fU~U l'Il.:t fll '.l 'IIU ff~ 

• • JI 

ffl'11 i''U fl91 ffl1f fl'j '.l tlll~.:t1JU fflt1:'I1~.:t 1 ,wVi l'I'.l l'U~lll1fll.:tVi i ~ 'lJfl.:t h H1U 11 ~.:t1JU fflt1:: '11 ~~ • 
, ".d., • A " , QI do ,t1 QI QI Q d Jl.' Q,I' 1 , !P 

flQtlt}flflll'1 'iI::l'Ilfll'.l ff .:tffUfI1 ua::flqtlalutlul'I'iI:: '.l'U191Qfl 'U 1IJ1~'\J fl2q!afl.:tflal1 ~l 'illflfll'.l1f1 

"!1 " 'IV ...dI.cl III " fll'.lUfluqJ1flfl1(lf)aflfl'.ll'ltll'l flflflU'U'U L1 

, "0 ",.t "'1 " 43.3.3 U fll'.lff'.lHU'U'U'illa fl~l'IHflW91fflff91'.l 'iI::fftltl91 11 1f U flfl 11t1 91 fl~fll'.l 'I1U~ 

.. 1 "4 4 .. !P .M QI tI QI 'QI t1"" .cl0 I11fUflfl fl 1fUfl'IJfl.:tt}flfll1fU nltJlIJ1.:ttlfl11t1~fl.:tfll'.l U1J~tlU ffl ::'Ha.:tll'llfl'U '.l tllWl'IHI'IJUff.:J 

lAUl'Il.:t't1ff.:t',nU1~tJ1,fU ~.:tl'l'.l1'Utllt11Wrl"$l'illflfllmft'i1ty1fl$l1tJtlaflflliitl~flflflu'U'UL~ 
3.3.4 t11lJ1W..r11JU~alU1Jt.l119ia:an1.:tijfld 'iI:~m1 tl.:tflflmrlu I'll t.lfl1111JU (Supply 

• JI • 

Node) 'HaltJ'l 1 'HUfl lfltJVi ~lU1U 1'11Ufl111iJU'lJfl.:talU1JUu9ia::u'I1.:J'iI:l'vhn'U~lu1ufli'.:Jli'.lf'l 
I "'" IIItI'IV QI ....,; QI Z 4 III !P !P!1!P QI '" dI .cl III !P

'lJU ff~lflUl'Il~ L '.l'U 'H1t1U"'alUlJ1.JU U G]1~l'In'U LPl 'il1flfll'.lUtluty1fltl1tJfla flfl'.ll'ltll'lflflfl11'U'U n 

". "'" .t' ""1 QI'IV 41 '" 3.3.5 1Ufll'.l ffn~ll'U'U'illafl~l'Il~flWflfflff91'.l 'iI~fftltl9111 'H Ufl'l1 1t1U1fU.:J 'I1Uflflfl 

l'HU flalU 1JU'Hd.:tU'l1.:t~~ijtllt11W1111Juni1n'UtlllJ1W~'.lf'l'IJU ff.:JtAUl'IH L t1i''Ul Ul~tJ1,fU ~~ 
., . 

l'I '.l1'UUllJ1Wil'~'ill flfll'.l U n'ilty'Hl~dO ~Clflf)l-ntln~flfl"'U 'U'1 

... .1! I." "'" 't1 • "'" "'" .., "3.3.6 fll'j' 'iI fl1 t1 U l'I H fll'j' 'IJU ff.:J HI'IJ U ff ~ 'iI:91 fl.:J 1fl U l'I H ff .:tffU fl1 '11 fl'U \l flfll 
I'" 

'ilUm:l1.:JffU~lVi'U'j''j' 'rJfl L t1'Uu HI'IJU ff ~1l'U 'Htlfla.:J 'j'f'l'IJUff.:t V~ 'iI~fflt11'.l f'ltAUl'IH' tI i''U191Q A'lJ'Vi 
t 

alU1JUi~ 
""'!p Z .cl" ollltl'QI !p I Z" .1 I

3.3.7 ffUtnl'l.:t'l1t1fll'l91fl~U1 L ff~tJ.:tafltl1U91a:ntJuU 'iI:91 fl.:t'U'j' 'j'l'Ifl'IJU HI'IJU ff .:t'il1fl 
OJ • 

JI 

1 'j' ~.:t1UU~~1JU ff1t1:: '11 ft.:tLvh1l'u 

3.3.8 Lllij.fif)fh'HUflL~fl.:tna1~~fl~i''U-ff.:J (No Time Windows) 'I17m;'~'Urif)U'I1~.:t 
, Ufll'.l i''U-ff .:tffU~l 

3.3.9 ij ~lU1U ':i(l'IJUff.:JL~tJ,:rVifl9iflfll'j''lJU ff~Lfftl m1a:':i(I'll Uff.:Jijfl11t1ffllJ1'.lolU fll 'j' 

'Un'rJ flffU ~l'U t11lJ1W~tvhnu 
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Ai ... , .. 91 191 91 1~1.!'It 91 '191
3.3.10'lJa 	'.iHltHnafHHfI''Ufll 11t!flfl1'.ilt1 ~ LlJ~lnJ'U~UHfI'.:J 11fl'.ilJ~llJfl111J 

II • II 	 •" "Q),. P I ,,!V JI OJ 	 QI .c::IA 4 	 OJ "I ... 14 
~ tJ.:J fl11 'U fH Qflfl1'.il tI'U 'U ,~tJ fl'u Y'l1 fI fI'.:J ,11 Qflfll n:l.l flU f1.:J 111J~ '"' ~~ tJ.:J If11 fllJu 11J 1WVI 

iH.:Jl'UN~~ 
.,j,. <011 .... .,., .",IO!'lt" "'1"

3.3.11l1JtJ L'.iHl'UU'ltJfl'.ilJ111lJ'U~lflnl'UlJ'U ~ lJ,",ll1J'U~tJ.:J'.ilJ L11fl'.ilJ~nl 
• N 	 N 

fl11lJfI'l1J11(lfinl'UU'Ut1'Uff.:Jl,flH.:Jl'Ul~ l~tIiH.:Jl'U,",::i'lJ1~q~mnm'l1'UU'U'.i1lJti'U'ti.:J11lJ~ 

l't'htilJtll1J1w'U'Ulf1fl1'.iN~~'UtJ.:J lH.:Jl'U 

"'''''(1 • )3.3.1 A'ifU ndlces 

i,j 	 ',*Ufl'Ui.h~lJ'U'tHl11u~ l~tI~lH.:Jlu~~ij i,j = 1 

l11l1f1t\fllll i,j EM un:l11'Uflnluuuthtl~11n.:J i,j E N 

'I" 0" '" "'kk 	 L'JfUfI'Unlf1lJ'UtH'.i(llfltl1f1 = 1,2, ... , K 

1 
Q..f ... 1 CI ,

3.3.2 lilIU1J1Y1Y11l1Jfl1 (parameter) 

.. 
W ~1111'U l11'UfI'ti.:J11lJfI 


M lCJl'R'UtJ.:J l11'Uflt!fl/(,~\lmHtJfl (Demand Node) 


N ICJl'~'Ua.:J l11Uflnl'Uu'U"htl::11n.:J~QmHtJfl (Supply Node) 


" S 	 tCJl'R'UtJ.:J l11'UfI'ti.:J11lJfI (S = 1 u M U N) 

l~tI~fI1.:J1::1111.:J 111'UfI~ i lt1iJ.:J l'HufI~ j 

t11lJ1W'l11U'U~111'Uflnl'Uu'U i ~ft'llJl'.i(lff.:J',ftilJ lH.:Jl'U'~ 
fl11lJ~tJ.:Jfl1lu!l.:JUuihtl::m'.:J'UtH 111u~nfllll i.. 

Q fl11lJ1'UtJ.:Jl(llJ'.i'.il'lfl 


MnN=(/J 


1, ~1111'Ufl i '~tJlJti1J111'Ufl j lJ'Ulff'Ufll.:J'UtJ.:J'.i(ll~tl1~ k 
{ 

0, tJ'U'1 

http:flfl1'.il
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3.3.4 if,:ult\"l"Ql.h=a~" (Objective Function) 

(3.2) 

'II • ...,
3.3.5 at.lm,,,SillftA (Constraints) 

K

L L Xijk :::: 1 (3.3) 
iES k=l 


K 


LLXijk = 1 (3.4)'ViEMUN 
jES k=l 

LXtlk $1 (3.5)'Vk=1,2,..•,K
iES 

LXljk < 1 (3.6)'Vk=1.2,...,K
jES 

LXijk - LXjik = 0 (3.7)'VjES,k=1,2, ....K 
iES iES 

(3.8)'Vk;;;;1,2, ...,K 

'Vk;;;;1,2, ...,K (3.9) 

Xijk = 0 'ViEN,jEM,k=1.2,...,K (3.10) 

LLXijk $1 (3.11)'Vk=1,2....,K
iEM jEN 


X Uk = 0 'ViES,k=1,2, ...,K (3.12) 


(W - 3)Xjik + (W - l)Xijk + Ut $ Uj + (W - 2) 'VtiEMUN;i::I:j,k=1,2, ...,K (3.13) 


Xijk = {Oil} 'V

iES.jES,k=1,2,...,K (3.14) 

d ~ ..... 1 "1 "'_'1" d ItUJfl1':i VI (3.2) tlJ'U ff1Jf11':i1~qu ':i=ff,:jfq m.llUlJl'l1lJltH'Vif)'I11':i~ U~Vll~ 'l"l1JVI ':i(1'U'Uff~ 

QI ~ "I ... t I .q 'jJ QI .c:.,,"Q," ~.d .~ ~,QI 

'l1flfl'U1~ luff~ff'Ufl1H~~':i1J1~q~1J L'I11Jfl1'U8t.lVltl~ ff1Jfl1':iVl (3.3) U~~ (3.4) tlJUff1Jf11':il~8U 'U 

" ih'l1 'U ~h1'\lm'hUti:: til 'U U'U tL9i tI ~111 'U ~ ffl1J l'I t)i''I.J1Bfl1'Hll f)'HV\J 'U ri ~ , tA'l-n tH 1 fl'U l'Vhtl''U 
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tf1lO1':i~ (3.5) ua: (3.6) lriUtf1lO1':il~OU ''U~fh1fu,rh 1flmfl'Uuti~ij01':ilftU'l11~ 'UU~a:l~rJ'J 

'UUff.:l ':iflil:~0~lftU'l11~06mnfllH~lUUa:~O~'ftU'l11~fltrUffh~~lU tf1lO1':i~ (3.7) cU.:Iflu-h..
". .

1flfl'Hl'UUff~lAU'l11~,.u'111fUflil:~6'UAU'l11~OOflillfl11fUfl,rU tf1lO1111 (3.8) t111J1wiYUthiihl 

ff~',r~fl~11fllJ1fluPia:titHl::~6~ 'hiLflUfl1111''UtN1a'Uuti~ tf1lO1':i~ (3.9) tl1lJ1W";1lJU~1t1i'u 

lfltl':ia'Uuti~uPia::flu il::~6~ hhflUfl11lJ''Ut)~Hl'UUff~ tflJ01':i~ (3.10) U~:: (3.11) -u~fluh~Hl 

'UU ti .:I~0'UftU'l11.:1' -uti.:l ffU ~11..¥~fl~lrlOUU~1;.:I,ftU 'l11.:1 1 tli'U1flQ ftU illf1alU lJU tflJ01':i~ 

(3.12) lriUtflJ01':il~OU ''U-U.:lflU1..¥1,jtfl111,al~OlJl~U 'l1H~l;jUl11Ufll~tl1tiu'~ tf1lO1'~ (3.13) 

tflJ01,-r10~tiU O1"flfll~U'l11~dOtl (Subtour Elimination Constraint) U~::tflJ01'~ (3.14) lriU01'j 

nl11Ufli1U-U'PlflffU1\1UUU1uu1~ 

3.4 1::UUOUanUfll.ll.lA (Ant Colony Optimization: ACO) 

1n01WlfifllJlJfl 1 ~u ':i ~cUUflla1\1lJn lfl,.t{I~ f1nlJ01':i00fl111011111'UO~lJfl 1Ifl il:: . ,.. . 
lftU'l1Htllfll.:1 1-U~ul1"~0111nlm:mrUlJliil~ilflfll~l1tl.:lillfl 1~0111nU~1 ~~.fl1"ii 3.2 lfltl 

, r JI r 

i1lJmfl'U0~01'lilOf1l~U 'l1 1.:1 ,woil:aftU1,J ~Ul1".:IOll1n'UO.:llJfliru il::lllJ illflO1':iaO~ Hfl'i.'lO.:l\l fl 

I I"J ~ 0 • .c:s.J Q 'Q 1 A 1SIoQ .,
Ufl':i::1111.:1'l1lJfllflU'l11.:1UUlJ~Hl:'l1101,-U'i.'lOtltfl':ilfllJ'l11':ilJf111 ~ ':i llJU (Pheromone) '''0 l1lJflfl1 

8uII'j lftUflllJf1~Ul1l0l0.:l':iOlJ'UO.:l~1, llJuJulI'j ~1,llJuijfJWtflJ,jA~ffllJl'fl';j:111rJ1-u1~,rto
" . . 

':lJ:n~l~lU1-U ~.:Iirudlo,::U::Y11.:1l1Ul1ilUlflU 1 -U\l:vh 1..f-nl,llJU,:111 Ul1lm~ml1.:1':11'h:J 

lftU Y1H1U'UW:l~tl1tiU 111m::U::Y1Hiu il::Vll 1 ..¥ijl Ofl1ffl~lJ~l, llJulil1..ml':i llJUijfl11lJ 

'~lJ~'U~'U \l1f1 fI1'j~mlTn1J~llJfl'lf6mft'IJfl1lJ'H)tJ~1 'j llJ'IJ~ljfl~'lJm ~~~rl ~PH1' 'tl'iH6f11ffLlilJ 

.I d '" A...." d", d :: • A 1'1 '" • 
lJlfl'UU'l1lJflfl10UII'j il::'flUflllJltfU'l1HYllJ':U:Y11.:1Y1ffUfl111"O L-UU~Ul1a~Ol'l1" 

Food 

Nesl Food Neet Food 

oc 

. 
... QQ.. 

.tllWn 3.2 liH1I'lflflO1':ilflUYlH'UO~lJfl (Dongo, Dl Caro and Gambardella., 1997) 

http:1::UUOUanUfll.ll.lA
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II 

1~'1J'1JlJA (Ant System: AS) '~fJntJllJll~UU'l'tlfli"m1n lifw Macro Dorico "1..1 
II 

111tJ1U'l't'\.J'rr1:A'1JU;qJqpI6n'IJ6~1'\J1hiil fl.fl'. 1992 ua:iI,m~lI fl.fl'. 1995 IrlU~UlJl Dorico 

11lJJj6t1'1J Gambardella ua: Stutzle -n9llUl1nm1 AS Irlu1nm161tlnUfllJlJA liflfJtJf'1JtJ~-3 
4 4 !II , 0 , SlAJ Q,~ A ,,! QI J

tJ1~ffl11im'l'th''jf1fJ111fllIf16'1J IfIIf1'IJU 11i61W1UfllJlJifltJ1~n6'1J1fI1fJ'lJUIfI6UIfI~U 
o 4 cf,J ~ " '0 ~ " : 0

3.4.1 m1ml1UA'l'tl11lJI1fI6HlIn1l1'IJ6~ l'lI'U 1l1U1U161.1l1If16~m11UCJfl, 1l1U1U 

il1~'jflO1lJlfI, nll1Ulflfh~h llJU (r) l~lJ~U~ IIVht1ul1lJiflllm1'u0111~6lJLJj6~I~tJ1tiu I,rU 1-1 

4 "" I ~ " ~ , I 0....' 'JI I~'l 1 .tOJ11162-2 ll:lJfllL1JUij'UfJ IU6~1l1n lJffllJl1tlifllLUU011 ifl 61f1110111:Ll111'IJ6~fl"n 1 lJU (p) CJf'l 

o< p < 1 tlTrnnullfl6{ (a) lim~ a > 0 ua:::ynnULIfI6{ ((3) llf1t1~ P> 0 

3.4.2 lJlfltffl~tl1~61.11l1n'l'tlnUI1fI6{~;~'1' nll1UIfI'1flJIfI6d~LJj6~ i ua:::nl~~~'Il::: 
lii6n11'1l~L~U 'ilLij6~'1fI ua:::nll1Uifl'1flij6~~lJiiHii6n'illll1U~1V j 

. ') [-r(i,j)]a [11 (i,J)]P 
(3.15)pel,] =LjE)[-r(i,j)]a[l1(i,J)]P 

cumpop(i,j) = 'L{=lP(i,k) (3.16) 

r(i,j) fl6 fhYJ1111J\J'lJ6~I-NuVlH1l1mJj6~ i 'tJIJj6~ j 
' ') 1 4 QII11 ( t,] = li(i,j) fl6 tf1Unfl1.1'IJtN1:::V:::VI1~ 

8(i,j) fl6 1:::V:::V11~1:::l1';h~lJj6.:a i ua:::IJj6~ j 

J fl6 Ictflfl'IJ6.:alij6~~6~ hifJmii6m<i111il6d'Ul-N'\.JVll~ '1fI'l 

p(i,j) fl6 fl11lJ1l1'll:a~U'lJ6~0111ii6mJj6.:a j lrl6lJIfI6d~lij6~ i 

cumpop(i,j) fl6 fl11lJlln~I~Utf:::tflJ'lJ6.:am1lii6fuijm j Irl6lJIfI6d~liiu~ i 

, . 
"" ~ ~" "" I ""1 4I 41l1ntflJ011V1 (3.15) IlJ'\.JtflJ011111fl11lJ'\.J1'1l:::llJ'\.J '\.J011V1UlflfI:::llJ6.:alJ 601tffJmfl6n 

I~Ulij6.:a~1l:::l~UVl1.:a1illlfltJlij6.:a~iifh~fltlw1:::111Hfh ~111lJ'\.Jvnn1~.:au6f1l'ht1'1Jfhff1'\.Jn~'1J 
o I ~ d 4 b'J .. 1 4 ~ d • IQI" .4, d 

1:::fJ:::'I'l1~fJnmfl~I1.11fl1lJ1n fl11lJU1'Il:::llJ'\.J'I'llJiil'll~lfl6n 1ullJ6~'\.JU'Il~lJfl1tf~ LlJ6~ iilVlfl1~flflW.. .. 
1:::1111~Vll ':I" l1J'\.J n1~~116 flvht11Jfhff1'\.J m;1.11:::V::: VI1~ rJOn1~~I1.1~1~1 fl11lJ1l1 'Il:::L~'\.J ~ lJiil 'Il:::Lii6n 

JI. " "" " ". 
, tJLi'i6~U'\.J n9h~1V lLy;j";~ ihl'.:auu ~fl11lJ'IJ 6~fl11lJ1l11l:::1~u";~ l1lJlfI 'lJ6~lij6{j.yj lJ1fI6~ l1j1~' ilii~1 

...110'1.1 Ilrl6'~fl11lJlln~I~'\.JU-n'1'1l:::'.fl1an011'IJ6{j1"1nflmfll~1fI1f1 (Roulette Wheel) lJ1,.flu... 

nn~lJ111ljj6"1~ 'Il:::l~UVlHy;j6'illiilll111fl11lJ1l1'll~I~Utf~tflJFi"l tflJ 011 (3.16) fl11lJ1l1'1l:::I~'\.J 

tl::: tliJ1~'II1f1 Nt'l'i11J'lJfHtl111J1l1'11~lrlu'IJfHLjja~"Uih~'1JU '1 fI'lJa~a 1Fi'1J'lJa'l~u,j ~-iJu (Candidate 

http:lJ6~lij6{j.yj
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~A4 -i. ~I" 4"~~1 w'f I

list: CL) m.Jm::YI~(Hlll6~YI } mnuuttll9l11a'Ull111U~911Clf~llf116~':i:111H {O,l} 111n9l11a'Ut"!1J 

" .
91n6d'u,b~'91\l::lil6mi1tl~irul~U~lftlJti~Hnmi16~Yi i.. 

t"hu~lil'M' ACO ~1.:n)1fl1ntu"1 ft6 n1':i111fl11mh\l::l~U lu1ntwl fflllTHllfl11l 

" ....." d 1!11 I !II"" '.. :.;, .. "'" , .. .,Q9l1tJ11in1':iYl 9lflt'll1ll1Ut'l1'Ul.:J91U 1191 LU ACO UU\l:aYUJl'tl':il1Jl916'.i6n 1 fllflO qo Clf.:J 0 < 
qo < 1 ~)1mfU~ll q fin11d.:Jfh~6~'u,b~ 0 < q < ll'lfUOU 

~1 q < qo \l:filU1tufl11llU1\l::l~U\llnfflln1':i~ 3.17 191tJ~ q fl69T11t'l'U~ll~6d 
lu'lf1.:J 0 ii~ 1 

p(i,j) = {I, if j = a:gmaxjE]UT(i,j)]a[l1(i,j)]P} (3.17)
0, otherWlse 

\llntYlln1':i (3.17) 11ll1tJO~ fl11ll\h\l:lrlU~\l::lilomi16.:J j lii61~UYlH~O\llmi'16~ i 
. " 

\l:n';'OlJ 1 li101i'1fH j UU 'lM'fhHt'lt1tu1::11·h~thW111llUtJflfha.:JuOt'l,"10'lJfht"11UflalJ1::tJ::YlH 
0...." , ... • ....: 1 .." d 'l.."..A 1", " tJnmMl'U911ll1fltt91 UlJ1':i9111ll0.:Jt1U'U.:J'UUYI.:J11ll91 umtuYl q :::;; qo Ut'l::: umtutlu"1 11 'if 

...." ... .J. 1'~" .. .J .. ~II 

11in1':il91llYlflm1ll1Ut11'1l1~91Ufl6fflln11Y1 (3.15) Ut'l:: (3.16) LUn1':i111f11U1\l:::l1JU 
. " 

ll91U~t'l::~1\l:ll1Jl~UYlH06n\llfl Depot \llnirwil:ln6n~nti'1':iltJti911th)1nuty;~ 
..... 1 ... "' ..,j ... !11 ,,'"

U'U.:J'UU911llntl UtYlln11 (3.15), (3.16) Ut'l: (3.17) \l:l91UYlHnt'llJ Depot 1ll6tYUf1111ll91 Ut'l1\l.:J 

06m~UYlH\lln Depot '1mj\lUn11\l:l~UYll.:J hJu~~nti'lfl':ilJ'tJfll1tJ~.:J \l:iitl':h '~fil916lJl~ll~U 
.,Q OJ 

'U6.:Jll9111U~911 

tI "" 1~1't 't "" d!ll" .J.."d ,: '" ti' "''t3.4.3 01'7 '7'Uflln L'7 UJ'U l1fl91'lYla".n:Sla''U'VI1~YlA'VI~AI'VI1'U'W'il~ 'il:::a'1111'itl fletJVJ L'i . " 
1llU1~ lVhJtY!1.:Jfl11ll1~Ui911M'OlJl'NUYll.:JirU 

T(i,j) = (1- p) (T(i,j)) (3.18) 

T(i,j) = (1- p) (T(i,j)) + 9 (3.19) 

QI • ~111 .,Q.." IP = Ol'lnn11':i::::1'tftJ'U6.:Jf1111 1 1JUClf.:Jllf11 (0 :::;; P :::;; 1) 
,If • JI 

9 t"11UnalJ 'U O.:J':i:tJ:::Yll~':i1ll'UO.:Jl"'UYlHYiffuYit!91'lU16lJUU "1 

fl1wh1llU \l::::fJnl1i'lJ\lllllffllm':i~ (3.18) ~lll91~tY!Hl~UYlH~~~tt91 'ti1~l~U 
Yll.:Jphu,911;16m!u Ut'l:;;~l~h 1llU\l:gfll1;lJl'lllltYlln1':i~ (3.19) ~lll91~1J'U!~UYlHFhu 
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1'...... , .. 
'I' ... ~.... v_Of .. ... .... .... ~ 

3.5 Ifl1~iI1H'UfHl1i1~tJtJ01Wl'UIU.ltlfliIl111tJm1Un1J'Y111m1IQOniI01'UnVl~UQ~;}fI,g'UnH 

dl11;tJr.n'U'Wl11'U~ (Structure of Ant Colony Optimization for LRP) 

1~61tu ,.Uf11J1JPI ~1.~' 'U tl1'm~i1\y11101 'I ~PlLtf'U 'rlH1 PltJ..:r11UU~1Lrl6L'l.J; tJUI\1 mJtiu 

Q 4 t,Q 4 1:&.::1 I t 4 4 0 "dGJ 
1in1J'lfl;J'II6~1JPI \1~t:l6111J1JPlL'VW~'If'UPlIPltJ11'rl1'U 'Uf16 1JPI~1'UC)j'~'rl111 'U 1'rl LlHl1'I66fl11 161111'l 

JI • I JI f • 

LVitJ~mh~1;ltJ1L'thJ'U lP1tJ1J;J~1'U111J1~'U'rl1~\11flfft:l1'U\1i~'116~1~\11JPl61ffV6d lijmmVUI\1VutiU 

i1\Y111011~PlLtf'U'rll~U~1 6nm;111~·;h 1 ~'116~1JPI~~61H~1'U~1t:lL~1J66fll~'U'rl1~1'l.Jfi~ff'Uf11 

~~'rl11'U~11111tl~~i~'116~1 H~1'UU~1 U~1~61tu 1iif11J1JPI~'~' 'U O11U~i1\Y111011Iil6flfft:l1'U~;-:.t 
"!OI.J! I~ ~.Q ~ Q.4.::1 .4 Q#_44 

't't 161J'rl~\1P11t1 'U'rll~011'll'U ff~~1fIUt11 \1::1Jf1111J't'tlfl'lIfl11f161J1JPI 2 ''If'U PI C)j'~\1::1J1JM1'U l'H 1J 6U flU 
•• tJ 

i1\Y111tl11~Plltf'U 'rl1~ 1L~\1::~Hti'U\1ihl;1U1JPll-t;1Jl'IY11J11't't11::'hil€y111 LRP U'U V~ '~'rl11U 
,J/ .". JI ., 

lihl'H tl~fii~1H~l'U flrl11fi6V~'~'rlnufii~'116~1~1JPlU'U 16~ ~~U'Uf~ij ';i1;1U 1JPlL-t;1J1'IY11J11~m;, 
", .d~ .. .d t ., .:l QA 0'" ..J t 0I.d ''1 20/ t 

11 'U 1'rl L'U fllllfl6flfft:l1'U 'rl;J ~'11 6~H1JPI C)j' ~11'1f'U1JPI \1::'rl101'I Ifl6 flfft:l1'U'rl;J ~H'rl6 ~ Lflnfl'UU11f1~ 

61111l1J 1 fl~ tIPI 1 PlV61ffV'IYmJ fI \11fltl111~'U 'rl1 ~ , U111611111'll6 ~ 1JPI~1'U1~6'1hv't 'U O1HiPl ff'U' \1 

.. .d t tv ~QI QA Y ... .d01 ~Q"
lf16flfft:l1'U'rl;J~'116n~ 1'11\1V't'tIlll'U11n::'U'U61tu1'Ufl1J 1JPlL't't6unil ru1110111f16flfft:l1'U 'rl ;J~Ufl::flU

~ u 

QI~ 01 ~. ~ ~ OI~ 
\1P11t1'U 'rll~dl111UV1l,1't't111l,1::C)j'~mH66fll1Jl,I 6 'II'U;J 6'UPI~'U 

o • Q.tf d.d " 
3.5.1 tl11tl111 'UPlf11'Vt1111J1;J61;J1~" 'rllflV1'116~ 

~ ~"!J!~,Q Q. iI ...
3.5.2 tl1'UY";! N NflnUWl11JIPIl,I ~ 1tJ11il::1J1J61tu ll,1f11J1JfI'II6'1 \y111011lflflflfftl1l,1 

3.5.3 O1lff~HNfIm fI VL~1J~'U 1l1V1~1::UU 61tu liif11J1J PI'll 6~i1ru11101 'I i'Pll tfl,l'rlH
u 

dl111'UV1l1't't l11l,1:: 

3.5.4 01 'IU1U'l.J1 ~tll~l 'I l1Jl,I'II6~i1\y11101'I i'Pllil'U 'rl1~dl111UV1'U't't111'U:: 

3.5;5 011 'l.J 1'U'l.J!~fJtu fl1't't ti1~VU 'IIV~i1\Y11101'I i'Plltfl,l 'rll-1 dl11 1'UV1l,1't't111 'U:: 
• tJ 

3.5.6 O1'I'l.J1'U'l.J1-1th~1'I l1Jl,I'II6-1i1\y1110111il6flfft:l1'Ufii~ 



39 

ri1t!1".jlD,,'1If11Uil"1"lflUiirill1lH1l1~l!lit!v',i", iiri"flQ'Hl1qftn1l1v.jlfillil"nllft"~ 
d .!! ... .I. & t ~ , . .!! .I. & ',J!
IlltJlJ1UJUllftIDtJfl1ftl1Unll~'~illUJUJflUI1l111lJ1llJllnflU!1 'J 

II. .."... "":1t'l'1Htl1f1tlU12llflU (ltlf)Ot'I't'llUnfl~ 1H1U) 

Irltnwill{~ lUflHnhuJu,tluflrbl1 'Htll1j tllttlU 1 'IIty 'l ~d"FlR'",l1qf! onlwiltiJLuuoui,,;I 
,D&iltnlUJflifll1'U,n;v-II1lituu;lllJu~i-llH 

Url-11t'hfltlUI~llt\'U {iftUl'\lOtl'lllll:all1 0-11 iflQfiu1ll'flU 11 H lU'nftlllyJ-IIift,tfUflJ"'IIUtY"> .. 
iillqf!murfHftl11tllJlll01lftutia;;fi"l 

ui'mJ1'lIfhlth11lUIIIl:::Yl111iiI9ltlf9i1"'l luomiftUll\l0A'1I1tl:::II'Hih1flQftulll'flu 1mlulIll::: 

OniftldunH 
~ [~
ilyqflfIJl"lwnl11fIJ111fl ldurm 

Ui'lJU1-1113G1 fl1Y1thfltllJ~"lfJ1tI 
... ...I.,j • I

1. 011UIlUllJllfJU9I111'HU" (Exchange: Ex) 

2. fl11&ltJftll1'HU" (One Move: OM) 

3. flJ1UalJUtl"9iJlI'HU" (Two-opt Move: 2-opt) .: tI., 14 .d:1 . ~ 
tUlqflOlur1Hfll9\tllJ llfIJ1ItltlOt'l't'llUJ!9I"Hi!111111flllflll9!tl;;9I"l 

_I~ _I • ~1 1 .. ~. ~ ... d! 1
lJ1UlJ1-11f1111 1 llUlltI:::Yl111lJI9Iflum'l IUflJJltltJOUtnU1l9H 1H1U 

¥ .. 

m..qflOl1l'U'iJ 

tdt!1'H.jlD,,'sifllUillnH'tmiitiU1ufl11~llti8U',3u, ~q"flJ,'Ilm,qfln"lH<illiiltilHfll'ft,,;i 
Idtlj1YJlllJflitlltfYJll-lv,'j'li"'lJjlYJu~i"H 

trfHfilfltllJl~lIt\'U (iftUll\lOA'1Iltl:::ll1ui-li9lQilulll'ou 11H1UYlffllJyJi!iftltfunH'IIUff") 

U;uu1i!13GI tIlYl til91tJlJ~"ltJ1tI 

1. fI11ualJlugouthU'HUi! (Exchange: Ex) 

2. onDltJftll1'HU" (One Move: OM) 

3. 011UalJtltJ"ftll1'HUi! (Two-opt Move: 2-opt) ..
"'" " . . ....fIYlltJfIl1U11-1f!l9!tlU1)1011 flll'U!::flJ 

U!UU1"fi;wh11lUlltl:::Yl1l1UlfltlftiH'l lUfmiftill1\loA'll1ll:::lI'Iui"iflQftulll'tiu hmUIIIl::m"t'UtfUflJ-II 

aVqBmllu<i,1unllWlI!fuDU 

'iJ1flflTVf~ 3.3 ~:a"hrhij 2 ff1U~thtlqJ fltJff1U'\ltJ~fl1'j'l11Nm'iHW'\ltHi1qJ'I11fl1'j 
." .. ~Q.I r ~ Q.I ~ I,. 1 

l~tJfI ffmu 'VI \9l ~u~:: ff1U '\ItHfl1 'j'l11N~l'il ~[J'\ItJ ~ lJqJ'I11fl1'j ~~H ffU 'VI1~fl1'j'\lU ff ~ L'fWff1U'\ItJ~flU 

lntJflffmU~~~~~lrlumtJ1JL'11 qJ~flll1JLU ff1U'\ItJ~fl1'ji\9l'~U'VI1~11 fI~11fltJ flui~H~U 'VI1~~:: 
,rlu ff1 Uwi!~'\ItJ~ fl1'j IntJ fI ffmu ~~~ ldtJ~ ~lf1N~lll~ [J'\ItJ~ fl1'j i fll~U 'VI1~ ~::1rlu fh~tJ1J'\ItJ~1Jfl ~ 

, " , " 
'I11N~l'il 'W'\ltJ~flnlgtJflffmun~~ wn.:j~lfl'VI'j11J9hu'l1'lkVi~~1'j ~~lU~1f1N~11l~[J'\ItJ~6~fltJ~fi:u 

y 0 ... IGI ... I 0 ~ ill 'j/ 0 GI A t A 
U~1 ~:::'VIlfll'jlJ 'j 1JlJ~~fJwm'Vffl1~ tJ1J'\ItJ~lJqJ'I11 fll'j ~fll!;YU 'VIH ff1'11 'j 1J [J1U 'n I'll U:: tJflfl 'j ~ l'ntJ 

,ji'1J,j1~~1~ tJ1Ji ,fij,j'j:::ff'VIifl1'n 
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Input • 
t'l11111f1l'11'I1UlflV{,luI1I 

nf1~tilf1fl1JljuI1l LP 

'1111l1'J1WUfI = '11111111iUUfI + 1 

No 

lJfHll1t11'IJ .. ? 

tJi''IJtJ~~ti''il111lJlI''V~lJfI~111 

'111111'1V'IJ VRP = '11111.11tl'IJ VRP +1 

No 

VRP fI'Ill? 

No 

tJi''IJtJ~ ~ti1ljl'11lJ1.I,.vmwlJfI 

.11.111.11V'IJ = .11.11111V'IJ LP +l 

Il1Tf~ 3.4 Flow Chart 'U6~11imflnilmJ1J~1.hHi''Uilty111 LRP 
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nlmiul'fl1JlllJ.ru VRP 

~lU,)'UlJil~l'U = ~l'U,)'UlJ'm'U +l 

No 
lJfl~l'UftnJ..? 

t1i'mJl-3tiiYlh llJ'U'UfHlJfl~l'U 
~l'U,)'UlflU VRP '" i1'U,)'U1611 VRP +1 

N 

Output 
~ ..... 

Ffal~atl'U6-a8afl8H'lJ 

SI • , ", 
(V f" "0 A" ~ ..:t ~ 1 A~ (I 4.. 
'U'U~O'U~O)Jlfl0 fl1'.ifl''.il'''fll~0'IJ1'.i)J~'U'U0>11Jty111fl1'.imOflfl'fl1'U 'VI~'" ~tl'.il'l1''U )J~~:::'VI1fl1'.i 1(;1 Ofl 

~lUl1,j >1 ~lflUl1rl",01111'.i11 rl"'UlinlflU11 rl>1 01111'.i-i"'11)J~lm tI'lJflO ~:a;, fl1 '.i 1~OflUl1rl>11~ t1•~'IJ 
.4. • ...... ! 4:J! djl 4,"0 .eA! ... "ddj "eA 

11'U"'Ul1"'~1fl1L11(;1"'1~Q~'IJ'VI"'11)J~lYtofl'lHl1J'U H"'l'U 1)J0 9II~lUl1'U"''VI~'''H)J~lm1fl11J'U11'U1'V1 

'U0>1)J~>11'U~ ~:::Vhfl1'.i i'~1"'U 'VI1'" fl1'.i'U'Uff>111'U ~fl0 ~'U~O'U fl1'.ifl'rl>1fll~ 0'lJ1~)J'"'U'\l0'" iJW111fl1'.i 
" 
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• ." 	 .:, d.r .1"'.1' ~I'I' 'I' 4 ..t
fl1flt)1JLnJfl'U'\l~HllJ~.:J l'U 'il'U m:::YI.:J LfI"HI fI''U fll'llJ'l1JlJl.:Jflln L'l LlJ'U '\It).:JlJ~.:Jl'U f1fl111NHJ1Jfll ':i 

III 	 III 

l1Hl'U'\lfl.:Jm:::1J1'Ufll'lUfi'110J111fll'l ~~L~'UYll.:Jfll'l'\l'Uff.:J 'illmr'U 'il:::fl':i:::l11ct11'il'Um1J~nJ 1tJ'lt)1J
u 

,,~ I d. 'I "QI 'I" " t 1'~ ..."
flnUfllJf\l111fln'\l'U tHYlfl1l1'U~ n 11 tl.:J \llfl '~La''UYlH'illfl'\l'UflO'Ufl1l UTllJf\l111flln~u."'UYlN 

flll'\l'U ff.:JU~1Nt'lLU t'lfJA.:Jflftl1'il::\1fltli'1Jtll.:Jf'ltufllvttilfl01J~1[J1i Exchange, One-Move Ut'l: 

2-()pt Nt'I~L~'illflfllltli'1Jtll.:Jf'ltufllvttilflO1JflO L~'UYIHfll'l'\l'Uff.:J'\lfl.:Jl.:JlJ~~\1flLaOfl1P1[Jll;il 
II , 	 , II II 
QI 	 "0 ~ ~" .. A"'" A '1" ~4 

lJ~ 'illfl'\ltJ flfl'U flll fl'll.:Jfllflfl1Jl'llJ '1I'U'\lO.:JlJty'H lfll'l lflt)flfl'f.l1'WYlfl.:J \l\HHflH\J'il:: LfI'j 1'11'W lJ PI 

.d 44 dQ ~ , ,J ~ at d 1 1" ... IQI 44Q,I .. I'.cl 
'H'W ~fl1 'l l'11'UlJPlYlllU:r'UYll.:Jflll'\l'U fI'.:JYlfI''U YI ~fl 'il::\1flLfl1Jfl1 11Lt'!::: 'II:: \1fllJl1J lJl ~fl1 111fllJ n'11'U 

QI d" " " .d ~ '~4 J! ~ • Q,I 0 d 0 "1 ~ t ,.d" J
llfl fl1Y1 L'H lfI''U YlHYlfI''W fl11 11'11'W lJ fl \l::\1flfl'lH'\l 'WlYllfl1J 'ill'U 1'W Ylflll1 'W fl nfl~l1flllllfl'U LlJ t) 

ll;UlJflfll1Jfllll~l'W 1'WLl~1\i~ 'il::l11flntli'1Jtll~fh~ 1l1ll'W'\lt)~11;Ullfl 1flfJl1;Ullfl~fffl.:J 
." 	 II, 

tilflt)1Jfifi 1 'W.:Jl'W1~[JU'1.f 16* V'WA1JUlfl'\lfJ~l1;UlJfl";.:Jl1lJfl '11fl1111U'lfitlrifl[J~h 1lJ'W 'illfl 
II , 	 , II 

'Ii'W fl t)'U fll'l fl'fl.:Jtilfl fl1Jl~llA'U '\It)~11f\l111flll1iioflfl'm 'Ufi~~ 'il'U O~flll t1i'1Jtll~ fh~1l1ll'U'\l fl ~ 
...... o4..t. "M 4 dt t • ~ 

n'11'U lJ flflfl 11'U~l fl1JflllYll.:J l'U '\l fl~m::1J1'Uflll UfllJf\l111flll Iflfl fl fl'm'U YI fl.:J 'ill fl'U 'U 'II::m:::YllCJ11 
III 	 • 

'Ii'Wfl fl'U A~flri	l1'il'Ufl11'il::m1J~ l'U 1'U lO1Jfinll1 'Ufl 1 ~ 
Q,I d II "~4 J. ~ 1}J ., • d. ~ 1l1t'1~ 'illflLfI'l'ilff'Um:::1J1'Uflll UfllJty111fllllt'lflflfl'm'UYI~HI 'il:: 9'lfllU11 'W ~YI~H Hn'U 

~ 0 Q,f" I:. t , ,Q, 0 ., 	 0 
'illfl'W 'U 'il::YI1fl1 'j 'II flLfI''WYlHf11'j'\l'UfI'~ 'l11flflm~ Ufl'il:::Lvtll'ill'W 1'Ullfl~1'Wllt'1::'ill'U 1'U 'j t)1Jflll fl'j:::Yll 

: 1 ~ .d "0 ~" d Q,I' _I'" _I
CJfl fl U'\l'U fl fl'U 1'jII'illflfl'l1~ fIlfl fl1Jllllfl'U '\l fl.:J lJ fl~ l'U CJf ~llfl.:J l'UIIflfl1'il::: Nl 'U fl1'j lJ'j1JlJl ~fl tufllvt 

tlilflt)1J~1[J1i Exchange, One-Move LLt'I::: 2-()pt ll'Hl'U~1~fh'Ufll1t1i'1Jtll~f'ltufl1vttilflfl1JU~d 
'I " I "d AI ,1' '" I' "d" •QIL11 f!1'j::: U:::YI N 'W t)[JYI~fl '11:::\1 fl1J'W Ylfl -J III t) fl'1 Hllfl ~1 'W f1'j1Jfllll 'ill'U 1'U Ylnl'H 'W Plllt'11Y11fl1 'j 

t1i'1Jtll ~fh~1l1lJ'U'\ltNlJ fl.:Jl'U 1fl[JlJfl~1'U~1~1 1ffil1::fJ:::Yll~U't)U~~fll'VhJ'W 'il:::L~'Wi1t1rit)[J 

~11 1 ~ .1.....t 1'~ " ! " d11 1 lJ 'U 'il1J'\l'U flt) 'W'U f1t)11'U~ l t)1J fl1'j U t1lJty111'\lt)~lJ PI~ l'U fll:::YllCJf1'il 'Ufll1J fllll 'ill'U1'U lfl1JVI 

nll1'UPI \i~'il:: '~N"H~f1U'\lO~Vt'lflt)~YilJ 

* l11J1fJll1~ ~1J1'\lfl.:Jfl1l1iiflfl'I1;Ullfl~fffl~tilflfl1J~fi~~fl 16 V'UA1JUlflL~t)t1ftmJ 
~h1lJ'Wflfl lrtt)lJt)~11f\l111 TSP \l:::ijfil~h 1lJ'Ul,hn1J~1'U1'W11it)~~tu~1[J~"U1'Ul1itN LLt'I:anfl 

.1' ~11 1 , l' ... ..t., d • ~11 1 .,,, ... ..tI I
llPlfl'llllHllJf1t)Ul1 l lJ'W 9'lLvtU.:J11'U~fl1'flYl'il::\1flLvtlJf!111 'j ll'W'il:::1Y11fl1J'ill'U1'UllJt)~ CJf.:J 

III • 

~1'W1'Wl1ifl~ijfilA~fI'lJfl1'j (3.20) lfiu1Jn1Jllt)l111 LP 'il:::ijfil~1 'j 1ll'Ul'Viln1J ~1'W 1'Ul1it)~A~t.!'U~flfi 
• 	 III 

\lflLfilJfil~h 1lJ'U'\lfl~11f\l111 LP ijfilA.:JfI'lJfl1l (3.21) '1'W~1'W1~uuiiul1ri~1flfi1~1J 261 Ul1ri~'il:::1~ 

-j, VZ61 ~ 	16 

~1'U1'UL1it)~ = .J~1'W1'W~1l1lJ'U..f~'Hllfl (3.20) 

~fl~\lflL~lJfll~l'j lll'W'\lt).:Ji1ty'Hl LP = -J~1'W1'Wl1ifl~ (3.21) 
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• , 4" •• II 
3.5.1 m'ml't1'U~fll'Wl1UJlPlt}1P11{1' tlmOl'Ut}{I 

r JI. JI 

'Yil'nijl~fJ{nA'fJ-1~-1fh11flfJ'W fl11l;1Jfl1~lJ1'W fl11ii~-1~tJ1 t1il 

o dll ! d 1 ~ l,c!!t 0 

3.5.1.1 '1'U1'U'HJU'YI~fJ,:jfl111'U1l!i1 (Iteration) II!i,:jU1HllJ'W 2 tY1'WfltJ ~1'W1U 
II • • JI JI , 

1tJU''Ufl111'UcM1Lff6'H ltll'fl tJU'U tJ,:ji1qJ'H1011lii6fltYfl1'W .yj~,:jU~~~1'W1'U1tJU''U0111 'WcMl L";mn 

tll'fltJU'UtJ{li1qJ'Hlfl11.g~U«'W'YI1,:j 

3.5.1.2 ~1'U1'Wtl1::')flm1Jfl (Ant Population) 1flV~::ii1Jfl{ld 2 ')f-U'fl"'1VnU 
• • II 

1 "'uri 11;fil1J 'fl ~::Lri 'W1J 'flVi'411 'U fll1'H 1 H~t\l ~V'UtJ{I i1qJ'H 1 fl11 LiitJfl tYfl 1'U.yj 1II{1 H~::1J 'fl .:jl'W ~::Lrlu 

lJ'fl~'4fl 'U fl11'H1Hnl~ '/:'W, 'U fl11 ~flL«'UYI1{lfl11'U'Uff{I 

3.5.1.3 fh~h llJ'U (Pheromone) mh,ri'U 2 ff1'U''''Uri Lri fltJfh~111lJ'U'UtJ~ 
• III 

U'Hti,:j1'flQAU i ''Ufl11,iitJfl~lLl'H1l,:jtYfl1'U.yj~,:j U~:; Rrij fltJfh~h llJ'U''Ufl11LA'UYll{1~lflLl'Hti~ 

1P1f,}AU i 't1iJ{I-afl~l j l'flVf'h~hllJ'Uif';l'Ht!l~l'HjjtJ'Wnu~h11JwutJ,:jlJ'fl Un::ii'Ht!lvi 

l'HjjtJ'Un'U fl tJ'; 1'Ht!1~ L~lJfl111J1l1tY'U' ~'UtJ,:j~lU'Hll{l~,f{l~11;rillJ'fl~1~tJ1 t1l1:aiitJfll'j,i' {I un:: 

~111lJ'W1'Ufl11LA'U'YI1{1'~1~1Jfl11lJ1l1tY'U1''UtJ{lL~'WYlH~lJ'fl,:jl'U1II1~tJ1t1,:aiitJflLA'UYll{1 

3.5.1.4 tl9l'.ilfl1n::I'HV'UtJ{lfh~h11J'U (Evaporation Rate) ~U,j{lLrl'U 2 ff1'U 

" ... "" '" ~'1 1 d1 "1 "" 0 ,d t ...fl1Vfl'UfltJ Lp tJ9I11fl1n:L'HV'UtJ{ll1 1 lJ'UYi 'Jf 'Ufl111~tJflPllU'H'U{lYl9I{I U~:: Rp 691'.ilfl1'.i'.i::L'HtI 

'UtJ.:Iyj1l1lJ'W~'fl'Ufl1'j.g'fll«'U'YI1.:1dl'Hi'mJ1'U'Yil'H'W~ 1flV~ 0 < Lp < 1 U~:: 0 < Rp < 1 

3.5.1.5 fl1Vnl1ijL9ItJ{1"'uri La lri'Ufllfl11,,rJl'HUfl'UtJ,:ayjh llJ'W1'Ufl1'niiml 
, JI SI JI 

tYfl1'Wnlll,:a, Ra lri'Ufllfl11'4f\l1'HUfl'U6,:a~li 11J'W''Wfl11i'flId''WYll~, Lp lri'Wfl10111,r\l1'HUfl'U6~ 
I ... d ""!'It dt 1 !'It ,,,t '"I

tY1'U flnU1::V::YlHl1lJ'UtJ{lLlPln: ''flYlll::ln6flLlJ'U tYfl1'WYl9I{I '.i Hl'W un: RP llJ'U011 'I1'Ul'11'Ufl 

'''' , ... " '1 d'UtJ{ltY1'Wfl~lJn:v:'YI1,:a 'Wfl11~'flLtY'W'YI1{1fl11'U'UtY,:a .,WYI La, Ra, LP, RP > 0 
II ..l1l,P...... 4 _<If "" 

3.5.2 mUf1HNaltlaOl111P1'Utl101f.i1::1J1Jt}lWl'UfllIlIR'Ut}~lJW't11f1111at)f1iHll'"
u 

...I ..,• 

tlPI{I 

• [Lc:(m La[L17(i)]L/1
( (3.22)Lp l) = Lf=1[Lc:CO]La[L17(i)]L/1 


Lcumpop(i) ::;: LJ=l LPU) (3.23) 


L1](i) = M+~D fltJ ff1'UflftU'UtJ,:a'j::V::Yll{111lJ'UtJ{llJfl1'fllJliJ,:j~'fl i 
Lj=l ij 

Dij fltJ 1:W::Yll.:j1l1flLl'Hti{l1P1f,}AlJ i 1t1iJ,nl'Hti{l1P1f,}AlJUn::-afl~1 j 
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I ft tl I~" '\l tl.:J lI'I'1'n,rl"q ~ 'U 

Lp(i) fttl fl111J\.hll:d~I'Ui'Um·Hatlfin'Hfi.:J1"q~'U i liI~lrI'Uh-:J-:Jl'U 

Lcumpop(i) fio fll11J'll111:lfJ'Ua':a'1J'\ltl~m'HatJnn'Ha~1"qA'U i IUfllr1'U lH-:Jl'U 

11lfia'1Jm':i~ (3,22) ,rI'Ua'1Jf11':i'Hlfl111J1ln:,rI'Ui 'Uf11'l~U11fi-:J1flq~'U11~a~u1in~Qfi 

laomi4o,iI~LrI'U l':i -:J-:J l'U ;-:JNa':il1J'\l0-:Jfll11J'll1\l ~,rI 'U i 'U f11':i ,atlfi fftl1'U~~-:J':i 11J'1fi'~U~liVilo'U 

1 ,do1~fll11J1l1\l:arl'Uud'1\l:: i,*11~fif11':i'\l~Nl-:Jfia1Jlmgflla (Roulette Wheel) 1Jl i ,*i'U f11'l~1J 
r ...... .d i"iI cIj 1 1 'cIj '" .d111U11a-:J1flq~'UVI\l:: ~, ~11J'U H-:Jl'U ~U111fl111J'Un::'1J'Uff::ff1J~-:Jff1Jm'lVl (3.23) 

fll11J1l n::lrI'U ff:: ff1J'\l o-:J,ilo-:J i 111 1~1I'nNa'l11J'\l tl-:Jfl111J 1l1\l::IrI'U '\lo-:J,ilo-:J i 'U ih~1J 
l' QI J.,A A • !, Q,I dell" Q.I' 

U'lfi'\l tl.:J~U'\l~'\l'U ll'Uf1'l::VI.:JfHl1Jtl.:J l ll,n'U'U q1Jfl11t'l'\l1Jl111..HIPl1tl~'l::1111.:J 0-1 111fiPlllt'l '\l f{1Jfl fi 
SI 

odi'U'Jfl-:Ji~lI::,atlmiltl-:Jir'U,iI~,rI'U1H-:Jl'U 

~ ... . ""....... ... if ..,~

3.5.3 nUD'1HHf,UiUUW.i1JfI'UYllrllB1::tJtJ81Wl'Ufl1J1JYI'VtH 'Y111f'11'U1Yllu'U'nl-:J 

tTl111tJrIl'U'VHH'UZ 

11~~1I1n~1~~1'm1l-:J~~-:J'\l0-:Ji'~1Jfl1l1n~0 3.5.2 ud'l~fl-:J11,rl~'\lO-:J1Jfln'U~ 
" 1 )! 0 .....d!lIt"o i" ,.dod!!

1I::flO~00fi111tll111'l ~fJfflHfllflO'U\llnvtl'll1JlflO'lVlfl~ n f11'H'Ufl 111J~~l'Utl~VI'1JO-:J i ua:: 

th~~1I:aatlfi1111:a~'U'u,ilo~i~ ua::{h11'Ufli..r,i'jtl.:J~1J~.:j1'U,aOfi'U Hl'ItI~1fJ j 

R (. ') [Rt-(i,i)]RI%[Rl1(t,i)]R/1 
(3.24)P l,) = LJ=t[Rt"(i,j)]RI%[Rl1(i,i)]R/1 

Rcumpop(i,j) = r.{=1 Rp(i,j) (3.25) 

R ( ..) 1 od!! • ....
11 t,} = D(i,j) flO ff1'Ufia'U'\l0.:J'l::V::l'IH 

D(i,j) fitl 'l::V::l'IH'l::WlH,ilo.:J i 'lhilO~j 

] fio '~fl'\l O-:J ,ilO-:J~iJ-:Jl1iQmaom~-11 uuod''U ,iJ'Ul'IHi~&-J 
Rp(i,j) fio fll11J1l111:arltli'UnTnaomilo-:J j ldo1Jfl~l'Uod~liltl-:J i 

Rcumpop(i,j) fio fll11J1l111::lrI'Uff::ff1J'\l0-:Jf11'llaOmilo-:J j Ido1J~~l'Utld~li'jO-:J i 

t JI r II 

CII •... od!! '_1 od!! , '" CII 11..... od!! 0 ... CII
, 
'Uf11':il'l1J~~lt1 lI::lt'ltln 1J11J0~ ~'U'U 11:: ~'Hanf11'lfl n1fJfla~fi'U f11'l mOfifllU'Htl ~'Yl fl~ 

1H-:J-:Jl'U u~lI::i,*ff1Jf11'l~ (3.24) ua:: (3.25) ''Uf11':i'H'fll11J'll1\l::lrltlUa~fll'1J1l111::,rI'Uff::ff1J 
U'Yl'U 
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o 

o 

CJ 

L:::.. \1n~l 

~ QJ ,l I I QJ ~ "I I " 1 "QI " ~"d "It!1U'I1U 1~tlU'Hl'UU 11''IU~tl::fI'\.H)::1~UVl1'1 L1111''I ffUfIl 'Hn'lJtlnfll~U11'UfIlVl'lJ11V1n L 
~ . 

, U Hn!U 'Hll~ r16U;)'I ~::l~UVI 1'11111'lJ1~q~'lJ~1nu'Htl'l1~q~'lJ ld6 1~ q~'lJ l~111 t)'lJ11'Vl nllil1;)'I~::; 
. " 

m;'lJ11 1V'I h'l'llU Utl::l~1l1~UVl1'1tH)n~ln1 H'I1Ul'H1jtjnfl1'1 ~u n':h~::liiuti1n'lfilnln~'U6-3 
. " 

1H'I1U U n'1;)'1 ~::'H ~~ fil'j l~U 'jt) fil'jiil~UVl1'1'11 ri'l ffU ti'1r16U 11 n'1;)'Il~UVIl'l'111'lJ lf1q ~'Ul1hi 

d'iu fil'jtl~fil'j l~UVl1'1nn'lJ 11'1'11U ~1t1'jt)1~tl1111rl1 ;)'IlriU n l'j'Jhtltl~fl11~~1t1'H~6tl~'j::tI::VlN 

.., ... 
"'~'11UVl1'Y1 2 

o 

hm'U 

o = "'Hti~1"CJ~1J 

3.5.4 ftl1t.11tJfhWi11",uf.il'tt1tJif'!!'tt1ft11~~laU'YINft11"Ut.i 'I 

" 1U 11~tl::'j6'lJfil'jm::Vi1CJf1'Ufl'lilty111fil1 ~~ltfU VI 1'1 fil1'UU ff 'I ~ ::ijfil1111'lJfl 1 

R-c(i,j) = (1- Rp) (R-c(i,j)) (3.26) 

R-c(i,j) = (1 - Rp) (R-c(i,j)) + Rg (3.27) 

Rr(i,j) = Vlhl11U'Unl'H~UVIl'l~lmijfl'l i 111 U'I lijfl'l j 


Rp = tlVl11fil11::1'HtI'Ufl'lfl1Vlhl11u~l~lum1~~1ffU Vl1'1tfl'H1'lJtl1UVi1'HU:: 

,,, I JI 

Rg = ri1unn'lJ'U6'1'j::tI::VlH'j111'U6'11ffUVl1'1nffUlhr~1U1fl'Ul1u'1 'U6'111~'I1U 
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"I 	 • : !!'l 1 ... '" "" 'UlJ nHllJ'\l V~fl11n1Z'YI1CJfll1 1 JJU '\lV~lJn'l 1fl1'l1VJJ":::JJfl1nzrtHJ11HJ 
I • r 	 t 

l~V"l~a~1I ';IVOfll1 Rp Ua:::JJfl~lU911lil'1'~1~1~U'YI1~li~liq'flluLl9iaz1VlJ"Zl~U911LnJJ~111JJ'U 
• II til. 	, 

, lft1lJl-NU'YI1~V1ffUV1q'flUU fldl1;hJth~l '.i lJJU ":::gn11i'lJfllJJl'1'JJnnV1 (3.26) 111flJJfl~lU91TYi 

l'1'~l~L~U'VI1~~~~l'1'fl hi1I1L~U'YI1~~lU "flL~VJJ\jU in11JJU ~'il:::1:::L'tI tJ 111vth~L~tJ1 u9i~lJJfln'U 
~1~l'1'~1~L~U'YI1{1~~~q'flL~U'YI1~~lU~fl1~VJJJuth~h lJJU,,:::gfl11i'lJfllJJl'1'JJfll1 (3.27) flviifll'.i 

• 	 ,'II • 

1::: I'H tJua:::~iifll1LnJJ~11 lJJU 1 fltJfll1lJ1flfllff1U fl~lJ1:::tJ:::'YI1~11JJ'\lV{lL~U'YIH ;lffu;lq'A1 U 1VlJ 

JU'l 1'111111111tJ 

3.5.5 nl1t.1r1J'lJl~~flImfttllfl8'lJ'UtHifty'Hlfll'fvuHU'f1H 
• 	 'I/J • 

4"11! "!1 Q.t" 0 Q,t • 41 4 t 

Na1l1 atJ'YI L.,."1nfll1U nlJty111fll1 "ALl'1'U 'YIl~ l'1'1111lJ tllU111'H U:::l'YI1U U'YI 'il :::Nl'U 

flU 11 i'lJ11 1~t.lWm11tllflVlJ ;{llU~lUiitJrl'~iitJ1iivflHfflU11 i'lJ11 1~tllflVlJl1l 111:::~ (Local 
'I/J 'I/J 

Search) ";~ffU 3i1i1l1tJt1U 'linn 
3.5.5.1 	 fll,l{UJfilU'H';~ (One Move: OM) 

" ••• ~ • "" "11 if · nUtJltJfllU11U~U1Nl1JU 2 l'1'1U flVfl11tJltJllnl'l1Ua:::flll lt1U11a~ 

'" .....t if 1 I':. "1 '" .J oS '" "" ~ if 11 •1flQfllJ CJf~flll ltJ U l'1'tNl'1'1U1.nZ'YIlfllltlltJ U afl1:lWZ'YIL'tIJJtJunUfltJ L1JUfln 1 tJllflt'l1/U'H a~ 

'" .....t .J! ..9 ~_I"'''''' ..t 1 ~ ,... if 1.J! "" .JIII1flQfllJ'HU{llltJ 'illmnU'YI1.:J11U~ LlJtJ.:JtJml'1'U'YI1.:J11U~ fltJ LJJJJnn ltJUlJlJl'1'alJ WnU'YI1.:JlflJJ'YI 

11 I..,... ~. "J! Wi Ie., if "'... Wi I "" .... if 11
llntn/U'Ha.:J1flQfllJ11tJUUtJY uaZfll1tJltJ'ilZtltJ.:J LJJ'\lflU ~nlJL~VU L'\l nal1fltJ 1JJtJ'VI1fll1 ltJUn1 

.J! 1 r.J ",,J J! '" ~ _I • 1 " ". "4... ,_IOJ OJ '" '" lnU'YI1.:J 'H JJ'YIlnfl'UU 'il:::tltJ.:J1flU 'YIH LlJl'1'.:J'\ltJ~ 1111nmfltJUUa1'il ~lflU'YI1~ lJ1 lJ 1flQfllJfllJJ1fl1J 

" , '''' 1_1'" ~ ... _I 11 '" l'.J '" ~_I' ~ • J '" " ,I'il:::fltJ~ JJJJfll1 lJ1lJ LlJl'1'~l'1'alJ LlJJJ11Z'H11~llntl1uaZU11a{l1flQfllJ ua:::Ll'1'U'YI1~ 'HJJ'YIlnfl'UUUU 

J!... " .:5 1! .., ",..lJ! OJ,I , J'" 	 OJ ..l
'il:::tltJ.:J JJfl11 JJfltJ.:J fll 1ll Url1l1flQfllJ'YI tltJ.:J1 lJ'\lU 1f) JJlnUfl111J1'\ltJ.:J1 f)lJ 1n:!nul'1'fl.:Jfl.:J m11'Y1 3.6 

"...,.: ~ """ "" ""11U{llU 1'iltJU ,,::: 11 JJ 'illflfll1tJltJllnm llflfll'il:::gmatJnUa:::tllti L11 U'YI 1 n 

lu L~U'YI1.:JtU~'1i1'1iL~U 'YIH1~JJ'\ltJ.:JllnflnltJJutJd 1ulJn'l ~lul11.h~L~U '11111 Ull1-UU Vin 

~ Q ,~ A A c r ~if ~.ct td "Z 0

l:::tJ::: 'YIl~11JJ'YIlflA'U 
'" 

U .dl11matJ flfllU 'H U.:J'YI lt1Un1fl'YIq'fl(1::: tJ:::'YI1~ ':i11JU tJtJq'fl) 'illflU U 'YIlfll1 

" I QI Q 1,4 Q.I QJ " " "" I QI ~ .. r=" QItllVl1'H a.:J 191 QA lJ 1')fU1AtJ1flU fllJ fll 1 tlltJll flfll fll 1 tJltJllflfllU a::: U'H a .:J1flQ AlJ"::: g m lJ1tJtl1'YI tJlJ fl U 
I , II JI 	 • 

ull11iitJnifltJ~lU'H 11 ~;lifltmll1~ ;lq'fl 'ill flUu'tilfll1clf1nTj ifltJ lJ flfl'.i iiilil~U1111 ~'ilU ninzhi 
'I/J 

l'1'1 JJl':i f) aA':iZtI:::'VI1.:J11JJ 'IIv.:Jll QA fll1 'til~l 
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3.7 

Before 

After 

Before , ... ---- ---- ~ --- ----------- ---- ----_........................... -- ---------- ----­

After 
,----------, 

3.5.5.2 m'HJDmtJ~tluViul'tnl~ (Exchange: Ex) 

fl1'l'ff~lJltJ~fl'U,;,ml1J~uti'HH)fl1i1'U 2 ff1'Uflfl fl1'l'ff~lJ~flti'lU~~fl1'l' 

'il~ 1,jijfl1'l'ff~lJ'l'~ 'W;h~~flti'1t11J11'Hri~ 1~Q~lJ fln ff~lJ 'il ~ ~fl~1,j'Ii~u~~ t1lJ lifl'U 1'\J U ff~~~~flWI~ 

" , , 
1 'U ~1'U1~flij 'il ~ 11lJ 'ill fl Vilfll1ff~lJl tJii V'U ~ 1 U'H 11 ~\1 fl./( 11 'U l'J fl "l 

old QI 1" ~ .£i d.ct..l A.. QI 1 0 d "QQI I QI 

~111 'H 'U ~Vlffl111'l'flff~lJ ~ U"C11lJ'U Vlm~fl~Vll~'l'1lJVllfl~'\J 'U 1'Vi flm flflff~U 'U mu'H 'U ~ Vlff~ lJU~1~ 
,tJ. • 

Vit!~ 'illflU'Uiilfl1'l' ff~lJltJiifl'U~111'H1J ~l1'Hri~ 1~Q~lJ1'Ul'Jfl"l ~lU'H1J~Viffl111'l'flff~lJ i~ U-n'1 

'I1'U Vim~fl~'YI1~ 'l' 111~ln~~'U 1~mtiflflff~lJ1'U ~111 'Hll ~~ff~uu1I1~~ t!~ ~111'H 11 ~~~ Vi t!~ '\J fl~ fl1 'l' 

fjJ" " 'QI.ct. _t:!.cI QI "I!!I QI 1 0 I d Q.I "Qd
mfl~flfl111~~fl1'l' fllflU 'H~~ 1~Q~lJ'il~\! fl11J'l' flUlVI fllJfl'UU~ 1mflflff~lJ 'U ~lU'H 'U ~VI ff~lJU~1~VI t!~ 

JI JI. I • , 

'ill flU'U ii lcHl fl1 'l' ff~lJltJiifl'U ~lU 'H1J ~ fl1 'l' ff~lJ 1 tJii fl'U ~111'H 11 ~ 'il ~ 'H ~~ljjfll'J fl"l ,; lU'H U~Vi ffllJ1'l' fl 

.... _I"; 1JI ' 1 " ,;,..1 ... , ... 
ff~lJ1 HtW'U ~l ff~ fI~ 'H'l'~fl~Vll~'l'1111VilJ'\J'U 'H'l'fllV111~11 
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( ... ,~ ~ ....-~--------- ~ -_ .. --_ ........ -- .. --~ --_ .... ---- -""- ... -..
Before 

After 

After 

..., 0 , 

3.5.5.3 n11uaUUtNVlllI'H'U.... (Two-opt Move: 2-0pt) 
.oQ,Q "QI~.::l

111 2-Opt flllltJntl111 One move Ull~ Exchange 
4:.a.c:t I 

flt:J 111 2-Opt Utl-3 

fHJfHi'J'IJ 2 tY1'IJ Ull~11i 2-Opt ~::~t:J-3',jyhhf!'~'lJl11-3hnj~Ln~~'lJijnl':ihJ;1.J't1tY-3ff~1.J't1lJ1 
'J:;'tdl-3~nti'lull ::U'H ri-319lqiiil.J U~~l-3 n'IJ ~m'J ~ltJLLl.J'J 2-0pt Li'J 'IJ n1'J ff~l.J ~nti'l/LL'H ri-:l19lqiiil.J 

fl1tJ'1'IJL tf'IJl11-:1 Liii1J~-anti'1/LL'Hri-319lq~tI'JltJlr'IJ t:JdL,.,h,f'IJ 11i 2-0pt '~1J ~lnm'J Lilt:JfHtfW~t:J1J 2 
f "".. ,JI II , 

,tf'IJ-n ',jt:J~~~n'IJ ~ln,:r'IJyhm'Jff~1JLtf'IJl11-3m'J L;ft:J1J't1-3 2 Ltf'IJl1HtT 'IJ 1,w~nti'1/Lm ri-319lqiiitl~ 
, ~ tJ .11.4 QI ,t1 Ai QI " t QI .d t ~" "...d4 

t:J~~ Fl L'J1J9l'IJ 'I.lt:J-3Ln'IJ L'lft:J1JU 'J n~:;fflll.J L'lft:J1Jnl.J -anfl1/U'H 11-319lq~1.Jl1t:J~~ ~I'J1J9l 'IJ 'I.lt:J-3lff'IJI'lft:J1Jl1 

fft:J-3 ~-:I "::...11'..rih~tI'I.lt:J-:I~nti'l/U'H ri-319lqiiitlfft:J-3~~~\lfHilt:Jn,f'IJ \lfH~ tJ-:lm;tI i 'lJflf\'9l'J -:In'IJ'li'l1J 

Ull:: ~'IJ 9l {)'IJ "l~ "'1eJ -a nti'l/U'H ri-319lq iiitI~t:Jd~ ~t1111 tJ'I.lt:J-3 ,d''IJ I~t:J1J U'J n ~:; \l m~t:J1J ntl-a nti' l/U 'H ri-3 
G.I>C\.::t, .1!Ad dOJ

19lq~1.Jl1t:J~~ ~t1111tJ'I.lt:J-3'n 'IJ 1'lft:J1Jl1fft:J -:ILLff~-3~-3tll't'tl1 3.8 .. . 

''IJ-31'IJ1~tJUil:a;1J~lnn1'J '1of11i 2-opt nuanti'lflt:J'IJ l'W~::ffl1J1'Jtl 'of . .. 


11i 2-0pt nl.J~nti'l '1"'~9it:J'iit:Jld''lJl11-:1,:r'IJij-anti'1t:J~1~U't:JtJffl1J'JltJ 'Hlt:Jij-anr\'lmh~U't:JtJfft:J-3'.i1tJu9i 
~.. ,

ihL'Hri~19lqiiil.Jt:JU1-:1U't:JeJ'H'IJ,:j"ti -3 i'IJltf'IJl1HtT'IJ mn;, 2-Qpt il::vh '1 'IJ'VJn'l ~1"'H,j~-nLrI'IJ11n", 
jJ QI .tel ..l 11' .4 QI" • i ,.C:I "a d. ~ i".......g 4 0 G.I 

U1l11.J'lJl1m~tJ:;l11~Vl1fl~'I.l'IJ "J III t:Jnfflll.J Lff'IJl11~''lft:J1J 'lJ9l1 U'H 'IJ ~l1fflll.J U1l1~l1 "l~ illn'IJ'IJ 'lf11! 

2-Qpt n1.J1L'Hri~1~qtiti l,rW~tJ1n'IJnl.Jnlt.U~nti'1 tit:J ,,:;fi"1'Jtu1't'Jn'l ~lLL'H,j~~Ii'J'IJ't1'~L1~1 
... ~ ~ ... "I ~jI 2.o!1 ... 'JI ..; 'I ,~... 'JI ... ~ 

1J'IJ 'VI m:; tJ:; 'VIH l11 n~'I.l 'IJ n Ufl1 III t:Jn fflltl' ff'IJl1 H ''lft:J 1J l 'IJ ~ 
0 

111'H 'IJ ~ 'VI fflltl U111~l1 "l~ U ll:: il:; . .. 
ffl1Jl'Jtl ,.fi1i 2-0pt nUU'Hri~1~q~tI ,~~~t:J,iit:J,d''lJl11-:1,:r'IJijLL'Hri~1\91 Qiiil.Jt:JU1-:1U't:JtJffl1JUti~ 'Hlt:J 

iju11 ri~ 1\91Q iiiu t:J ~1-:1 U't:J~ fft:J~ u..i ~u9iijU nti'lt:J~l -:lU'{lfJ'H d~ 'J ltJ '1 til tf'IJVll~,f'IJ ft1'J ff~uunti'1 
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~lU 't1 oW ~~~~tl~~: \J fl LtI~ fJULVi fJUOU ~lll 't1 oW ~ fll'.fffa U u 't1 rl~ 1;JQ~U~~~tl~U«1 LnOflffflU L ~lJ 
L~01l1'U~lt1't1oW~~ffaUU«1~~tl~ l1a~~lflJ'U,yilJ11ii 2-Opt 'tJflfl'.fW~t~'U't1'I~'Ufl1n:',j 
n11l1~~n~~~U~~1~~11l'1 

Before After 

~10d1~fll'.fl~11i 2-opt OUUl1ri-31;JQ~UUff~-3~~fll'Yf~ 3.8 LiJ'U~l-3~ 
.. 51 4.114' " • .d .4j1,4 ,

\lflLnOflLfI''UU'.ifl (0 flfllU'UL'lfOm:::1111-3111l1tJ1'CI'lI 3-4 un:::LfI''U1'lfflll~fffl-3 (j) flmff'UL'lffllln:111N 
.!o G.lj! ",,:!t j}! IQ,I~.d.r

111l1tJ1n'll 5-Depot ~lfl'U'U~lfll'.fff'flULu'U~l~fll'.iL'lfOll~-3 2 Lff'U~H'U'U 1~tJUl1M1~Q~U~O~ 

'~L~ll~'U'lIfl-3tiJ'Ul~flllU'.ffl (111l1tJ1n'll 3) ~:::ffau't1L~01l0ULL11ri~1;JQ~U~fld'~1~1l~'U'lIO~LiJu 
L~Oll~ffO~ (111l1tJ1'f1'l1 5) ci~~:::fh1Mth~u'lIO~Ul1ri-31;JQ~Uff0-3'~~\lflLnflflJ'U\lflL~tJ-3flaU1'UViff 

;JHflU.ft'lll flri11flO \llflL~llL~'U~ln1fll11l1f.1ltl1J 4 't1111l1tJL'fI1J 5 ffaULfl'U1~U~1~1l1fll11l1tJ1'f1'l1 
" . . 

5 't1111l1tJL'fI'lI 4 U'fl:::;r'U;JO'Utl~";ltJUl1rl~1;JQ~1J'iiod,~t1n1tJ'lIO.:uiJ'UlYOllU'.ifl (111l1mn'll 4) ~::: 
A .., 1 oJ '.1 J! A oJ .. , JI J! ...

\lflL'lfOllflU 't1'U~~Oy'~1Jn1tJ'lIO~LU'UL'lfOll~ffO~ (Depot) 1l~ fUu'U~l~~lm~ll Depot-1-2-3-4-5­

Depot Lfl'U Depot-1-2-3-5-4- Depot 

3.5.6 m1t111Jtilm111J...n.h111uifty111m1Iaf)m:rtll'U~Pi'-:J 
tI • tI 

1'U u~ 'fI::: '.f flUfll '.f m :::,yilCJ11'l10 ~UqJ111fll'.f Ln Oflfffll 'U Vi ~~ fin: fJ::m ~'.f11J ~lfl 

fln111N'fI m'fI tI'lIO~ i1qJ111 fll'.f i~LiJ'Um~ fll'j'll'U ri~flofl1~~ncif'U ff111 i'uti '.f::di 'U fllfl1UH1111 1:::ff 11 

(Fitness function) l'Ufln~'U111fh~Ou'lIO~'.fl;rilll~u~'fI::~1 
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LT(i) = (1- Lp) (LT(i)) (3.28) 


LT(i) = (1- Lp) (LT(i)) + Lg (3.29) 


." 
LT(i) = vH111l'U'\J6~!!'VIn,rr~Q~1J i l'Ufll1!ii6mllL1'V111~fi~~ 

, ." 
Lp = t1~11fll'j'j::1'11 [J'\J6~fll~11 11l'Ufil ~'Ufll1!ii6fl~1!1'I111~fi~~ 

." , " 
Lg = t'h'Ufln1J'\J6~1::[J::l'l1~111l'\J6~!tf'U'm~fiff'Ufiq~l'U161J11'U<I') '\J6~11';ijll~ 

". ,
l'UU~a::161Jfll1m::fh.l 11;rijll~~1fill1'fll Fitness function ~lq~ 16 t1'U~U 

U1fl'il:::!fl'U~1~un6fl~h11l'U 'VI1l1Ufl111l11~1':i1';ijll~~1~ll1'fll Fitness function ~lq~ 16 

.,.... 1 '1"· .: 0" 4 1 '1" 4 q.r 4 t A ~f6'U~1JU1fl 11 ~m6m1l6~'U'Ul'Ufll1l'llH'VI16 11 ~m6ml'l1an~Q~1J'U'U!l't6!iI~m'UlH~l'U 'il~ 

nlfll1ui'1Jfll~11 11l'U~11la'llfll1 (3.28) !v16nll~11 11l'U1:: I'I1fl1u U~'VIlfl':i1';ijll~~1~ll1'fll 
I " " • 

Fitness function ~lq~ 16 t1'Ufl1JU1fl !ii6mi'i6~u'Ul'Ufl1':inli'~'VI16In6ml'l1n~1~Q~1J11'Ulitl6tij~ 
" 

!fl'U11~~1'U 'il::fhfllnJi'1Jfll~l ':i 11l'U~11la'llfll':i (3.29)l~fl'il::iiflln;,l~l ':i 11l'U1::l'I1fll'tr61J'}1~ 
• ." I 

!"'1l~1111l'U~1[Jfll':i1J1flfll"h'Ufln1J'\J6~fl-1 Fitness function ~lq~1'U!!~a::161Ju'U!,j'11 U !YftJ 

" """ " a'rHtl111l1~~!¥l'Ull1'n1J!i'i6~u'U f4a!~ fHJ'\J6~t1afl61Villij'il:: 1~'illflfll':inl.l'ti~ 6 ,j'U~6'U~11l 

'" 1 """ 0 "'..I 0 1"!~tJ'U 'U'VI16'U6fll'VI'U~6'U<I') l'lfll'VI'U~ 1 
." 

'VI n~'illfll'l':i11J~lU'VIll~fi~~11~~1'U 'illflf4am afl'U6~t1afl61Villu~1 'il:nlfll1 
" . 

61J '\J 6 ~l1tlJ'VIlfln i ~ ~ui'1J U1 
q 
~fI 

ct 
iU Illl'ttlh ~ 

CI 
uJ'U l'l1 Ul'V1 i'1J fll 'Ul't 1'VI 'U::6flfli'~ 'Yf6 U i'1J U 1 

q 
~fh~6 U 

~ ".«1 _ 4 ~ .:. ,I 1: ~ , q.t OJ: cIf 4A 0 A m1111 ':i::1.1'l'l1i Illl't 1l1flfl~'U'U ~ fl'U'U ~ tJ'U 11ifll1 'U'U l'l1!'lf'U!~ fl1fl'Ufl1J'U'U ~6'Ul'l 3.5.3, 3.5.4 ua:: 
" ". 

3 .5.5 U~Ul'V1i'1J,j'U~6'U 3.5.4 fl1':iUi'1JUHfliU.f)ll'tf'h~ 61J\!'U 'illm~llf4a,~ avfi 1~'illflfll':i 
" . . 

ufi'l1t1J'VI1fll':ii~ Itf'Um~Ul'V1 i'1Jfll'U l'tl'V1'U::!'VllU'Ufi 'il::Fh'U fll1Ui'1JU1~fJwml't fi1~61J 'U~ fl'U ,fl'U 

f4am au~1~'illflll~ -31'U 'VJfl~1'il::Fh'Ufl1':iui'1JUl-3 fJ iUml'tfh~61J Ill'l 'U 
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'" 	 ... "1-1 dill ,,'" ,_ l..fI'tItI.:Jf.)Wtlfl'lJW:::(Specification) 'tItI.:JfltlU'Vt1LfltllUtl:: lJlUfl':iUVI t'tirl.:JfltI u'W 

.... ... ..~ II 
3.6.1 	 f.)tlUlfl'YW::1JtI-3f1tlSJ'ft1lfltl'l'YUI 


'tiUrI(Type) :PC 

dy
tJ'I1 tI (Brand) : HPCompaq 

l'IJ (Model) : dx2710MT 

CPU : Intel(R) Core™2 Duo CPU E8400@ 3.0 GHz 

RAM : 2.00GB 

3.6.2 	 ltJ-mfl1SJm., 
11 

1'IJf11'JVlrltltl.ril~lim~t1fl1·ntJ',mfl':iU Dev C++ (Version 4.9.9.2) 1'Wflll 

f'h'IJ1tuLLtl:::lh:::U1tlNtl 



, .... 
U'fI'fI 4 

.... 4 ........ 

1lfll1~l1NOfll11GU 

" ,: t 4 0 , d'~ d}l! q rIQ .Q QI

L'U 1.1 'VI 'W ~ ~fl~ n~HfI1'.i fI111'U ~f11'W n111l~V'.i 'VI LnV1'UV ~U~~ fI111lfl '.i1 ~11 Il-I~ fI1'.i1 ~ tJ 
~ t ~ , ~ 

~1'W1ivil~~Vi1f11'.i'VI~~V~111"lUl1tl~ViA~'UV~ l'.i~~l'UuihJj'Udl'lJ::::1fa~~lfl"lUl1tl~ViA~'UV~~l'U 
II 

Jj'Wd1t1~l1a~ 1~V~~l~'U'VIH'tlff~ff'Ufl1 (uihJj'Ud1t1~l1a~~1.1) 1rfn1.1\lflfl1tlV'U l1a~~lflir'U~~ 
'" "1.1'" '" .... '" ...s.1 '" '" ...s.1 "'.A 0 ... .A '1OJl~'U'VI1~ L1J'.i1.11~Q~1.1 (11111'Un11J~11~~t1~) ~lfl~l'UlI'Unl1J~l1M C]f~'VIlf11'.i'VI~~V~ 7 fl1W C)f~ 'U 

II II II 

u~~:::mWVilf111'V1~~V~i1..1~1111~ 5 f1i'~ l~vmw"l~,;'lv h~~1'UHi.I~Jj'Ud1t1~l1a~Vi1f111Il-1ii\PI 

20 ,tlv1'~'U~'UV~fha~fI11Il-1ii~ Vi1f111'V1~~V~'~vttllV1.1,Vitltm~fi1\P1V1.1d111i'1.1ilt.1J111flni~ 
,-N'W 'VI1~fI11'U'Uff~ d111 i'm.l1'U'W 111'U~'UV~tJ~ flvliilln1.11l-I~'Uv~1tl111fl111 Lingo '~vlm{J1.11Vi{J1.1 

tI'.i~ff'VIifil'W'UV~tJ~flVlnll 

, . 
• , '" .... ... SI

4.1 m1m't'i'lj~fll't1111tUflfJ1'flUltll'UfJ.:J 

~.Q Q ~ d'd .J ,., OJ J • 
11i'.i:::1.11.1V1W1'Uflllll~ (Ant Colony Optimization) 1I'W11111191V'.i'VILn{J1'UV~~~'VIfl~11 

.J .d ~QI .. i/o • A tI r Q,.f .J 
111'1'U1.1'VI'VI 3.5.1 C]f~~l~V L91f1111'U~f11'W111111~V'.i~1~1I'j ~~~nH'VI 4.1 

,. '" m't'iU~'t111u.UflfJ1 

Location 

Problem (LP) 

Vehicle Routing 

Problem (VRP) 

Final Vehicle 

Routing Problem 

o d SI : 
1. ~1'Ul'U'.it:l1J'VI~V~fI1'.i1'WC]f1 100 5 50 

2. ~1'Wl'Utl1:::')nmll~ 50 5 50 

3. vH'j 111'W ( 't ) 
~ SI d 
1'.i1l~'W'VI 1 

~ 9J d 
1'.i1l91'U'VI 1 

~ ,., d 
lnJ~'W'VI 1 

4. tJ~nf)1'j'j~l11tJ'Uv~~h llJ'W ( P ) 0.02 0.02 0.02 

5. tJ~vh (a) 1 1 1 

6.l1.1~1( ~) 5 5 5 

• 
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. " 
1':i Hl14U,'I'I ,j14nl'IJ:an;'1fi \1::tif)~ni lfll':i Hii~L~ 1It11~'1fll':i Hii ~'U f)'11 ':i '1'1114 fit) 

300 vi'Uu,'I'Ivlf)1'U 'H~mn1l1Hli''U1Y1q~'U'~ 900 ~'U vlfl1'UUCI::'11 ~lfi~':i::ll::'V1H\l '11:l~114fll'l 

" .....,.-.
flHn • , '-'i1 1

f11U'H'U~nl A 1~~1'U 9nnU1tl1J11'fJfl (A'U) 1::o::nH11U (flU.) 

1. 30 62 26519.4 

30 62 26351.4 

3 30 61 26399.6 

4 30 61 26269.6 

5 30 62 26092.1 

.. 
\11fl~1':i1'1~ 4.2 \1::n'l'U'h~lU'Htl'l~lt1~Hi'J1411Hl14U,'I'I,j'U nl'u::'H~'1~fhhf1::11::'V11'1 

1111114 fll1'U'U ff Hi'U ~1:l~ tlf) ~lll'Htl'lCll14,j14 nlll::'H~'1~ 30 (~llJCll1Jf)'1l~'tf thlflm~'tf~~1J 
.ij'l'H1~~'UCi11'tf1l1.u) oU'f)1qJCllff14'V11'1fll':i'U14ff'1Ufl'~'1 '1.'UfI1tlH141fl 'I 

, 

, " 11 ~ '11'U u,'l '1,j'U fflt1~'H~'Iii \1:: tif)~'I Vi lfll 1 Hii~ L~1J t11 ~~ fll':i Hii ~'U f) '111'1'1114 tl fl 

300 vi14u,'I'Ivlf)114 'H~f)fI'11111tli'lJ1~q~'U'~ 900 ~'U~f)1WlCl::~lfi~':i~1l::'V11'1\l~1:l~'14fll'iL~'U'V11 ~ 

'\If)~1 tl'U'j'j't'JflLl~CI::ti14lfhfilJ 800 01t'lL1I~ 1~f)114 

.. •... .-. 
flHn ;hu'Hu'l~,ilAh~~l'U 91'Ul'U1tl1J11'fJfl(A'U) 1::0::flH11U (flU.) 

1 30 66 24468.5 

2 30 66 24415.1 

3 30 67 24400.3 

4 30 67 24319.2 

5 30 66 24405.5 
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!II • • 

'j1lJhlfl1'j'IJ\HY~ff\'l'riq~ ~v ~lLL'HU~~1\.n:r'UdltJ~'H~~li 30 (~l1J~djv~L~GJr ihLtHll~GJrfJ~lJ 
QI QI ..."" I 1~~'H1~fJ1JmlGJr'fil'U) 'IJV\I~nY'UV11~f111'IJ'UiHUff~~ 'Utl1flfl'U1fl ~ 

• !II 

i ':i ~~l'UUil~1J'UdltJ::'H~~\1'i1::fiv~~l11f11milm~lJth~~f11':iJ:-lil~'IIv~11 ~~l'U~V 240 

~'UUil~~V1'U 'H 1VffllJl':itli'1J1~Q~1J'~ 720 ~'U~V1'UU":: 'lJ~lti~':i::V:V1Hq~q~ i'U f11':il~'Ufl1~ 

.. 


...,'"
fl1~n . , "'iI 1fllU'l1U~nl YI 1~~lU .lU1U10U11~n(AU) 1::o::nH111.l (n1.l.) 

1 30 49 21265.4 

2 30 50 21470.1 

3 30 49 21685.4 

4 231 49 21631 

5 30 49 21314.6 

" . 

'illn~l'jl~~ 4.4 'iI::n1\J';h~11L'HU~~,iI~,n'U i H~l'UU il.:J1J'U d1tJ:'H~~~l1'l i ll'':i:V::V1H 

':i1lJl'Ufl1'j'IJ'Uri~i'U~q~ fiv ~lU'Ht.i~m'U1J'Ud1tJ::'H~~~ 30 (~l1J"li1V~l~GJr ii11flm~'lffJ~lJ 
~~'H'!~ f,!1J"'j 1'1f'Ii1ih ,rv\I"lff'U 'YI1~f11'j 'II'U ff~uff~~ i 'UfI1fl J:-l'U 1fl ~ 

• !II 

1':i H 1'U 11il~1J'UdltJ:'H~~\1'i1::fiv~~l11fl1':iJ:-lil~1~lJfhn~f11'j J:-lil~'11 v-31 ':i -3-31'Ufiv 240 

i'Uuil-3~V1'U 'H1t1ff1lJTmi'1J1~fl~1J'~ 720 i'U~V1'UU"::~lti~1:fJ:'YI1~ff-3ff~''Ufl111A'U'YI1~'IJt1~"d ... • 
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. . 
... .dI.dI 

fll11-!1'f1 4.5 N~m'j'YIPl~tHf1'.iW'YI 4 

.. . 
u..s 
A1-!1'f1 filU't1'tl.:l~liJ"''['-!1-!11'U il'Ul'U10U11~fl(A'U) 1~tI~'fIl 

1 40 44 17572.2 

I 2 30 51 17684.6 

3 40 44 17168.9 

4 30 52 17524 

5 30 51 17584.1 

JI t , II 

'jlll''Unn~'Uff-!lff'U'''LlPl flfJ ~lU'PIll'l~l'U~'U'''ltJ:;'PIit'l''' 40 (~l1Ji'11JliJfJtJ tl1UlfJlh6'U i'l'PI1~ 

4~ fl ~ tV 0.... 4.1 0 4. _I 4 a 4 0 fIJ ~ 
4.6 fl1W'fI 5 11-!1-!11'UUlJ-!l1J'Ul.TllJ::111H'fI1fl11FUlfi 50 IlJ81l'1f'UfI'U8-!1fllD-!lfl11NDfi 

... •u..s 
A1.:t'fl 

• , .dIiJ '[fllU11'U-!I'fI1 ... 'H-!ll'U il'Ul'U10U11~fl(A'U) 1::tI::'fIH111J (fl1J.) 

1 41 28 11736 

2 43 30 10m 

3 41 28 11896.1 

4 42 30 12174.5 

5 41 28 12316.2 

JI • , " 

'j11l''Um'j~'Uff'lff'U'''"'lPl flfJ ~lU'PIll'l'f'll'UiJ'Uf:htJ::'Hit'l'" 43 (~l'U~1fh~lll i)'lf1fl'1.hvu rO'I'PI1P1 

.dI 51 51 ., 
~1J~'jl')j'1il'U) ~fJlJ~lff'U'YI1.:tm'j~mHUffPl'l 'UfI1ftN'U1n 'I 
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300 ..,~,. I.., "" ..,.., "" "I" ... I.., .... GJ""'2 = 150 ~1..IUlJ-!l~a11..1 M'Hlffl1Jnt:l'nJ1~q~1J tA 450 ~1..I~a11..1Uft:::~lnA':i:::tJ:::'VI1-!l\l-!lilA t'U 

nl'H~1..I'V1H'Ua-!l'jfl1J'j',i'tJnU~ ft:::tl1..lnho1J 800 nl ft'1J~'j~al1..1 ,via1~ffl1Jnt:ll~1..I'V1H hJuft:: 

n~1J1J1U-!l l'j-!j 'n1..l Lft'flltJl1..l 111..1 

, , 
~ AA 

fll1H'fI 4.7 Nftfiln1Afta-!lfi'jW'VI 6 

.. , 
oJ~

A'un 
, 

o , 4U 1
fI1Ul1U~nl A 1~~lU ~lU1U101J11~n(flU) 1:::U~'fIH111l (nll.) 

1 41 30 9372.92 

2 41 30 9423.01 

3 41 30 9264.4 

4 41 30 9415.38 

5 40 25 8832.26 

. 

• 

" • t S' 

'j11Jl1..lfil'j'U1..Iff-!lff1..lnilA fit) ;ilUMU-!lftl1..1iJl.I1:htJ:::Mti-!ln 40 (;il1Jft1JliJatJ tllLflat;'V1..l ~-!lM1A 

Q1Jft'n'll'Tnih "'t)lJm~1..I'V11,ml'i'U1Jff-!lUffA~'1JfllflN1J'Jfl .:J 

. .'" ..,~ 
A';i~n gjlU'HY~"iiIAh~nu ~1U1U';i01J';i1'Jn (flU) ';i:::u:::nH111l (nll.) 

1 40 5 3911.34 
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~1t191111~~ 4.8 ~:alhrh9hu,.nl~~ltl~ufl'lJ11~~l'lJU'lI~,j'lJ dlU::'H-n~~'.;, 'I...rl:V:tl1-'l 

11~'lUt111'UUrl~i'u~fffl fio ~lU'Hll~~l1J,jUfflUZ'Htr~~ 40 (~l1J~1JltlOV 611tlOJ'lV1J ~~'H1f1. . 
JJ 

~1Jfl114Jf1il'ih ~tl\lflltf'lJVlHt11nl'lJri.:JL1ff~.:J''lJtnflr.l'lJ1t1.:J r.lflt111L1nilty'l11n~ 7 mw UtYM~~ 
..; 

9l1n~V1 4.9 

• JJ 

"111~," 4.9 ffl1JNflt111Uni1t1l'Hl LRP 'UfHn'.it1lfft1E11n~ 7 mw
• u 

... ..d 
fl1WtI Ufl'HW::: liJPI~ 1:::0:::'t1H (km.) 

....­

run (s) 

1 
... d o .., ... 

Nfl91191~t11fl~t111Nfl91 30 26,092.5 9,026.44 

2 
.c:a.doG.l Q OQJ' 

Nfl91191 ~t11fl.:J t111 Nft91 Uft Z~1t1f11:::V:::tll~11~tlfl 30 24,319.2 6,235.53 

3 

4 

Nnl¥! 80 luofl~ul'l''UfNnl'Hn.:Jt111Hn91 
... u.I"'.I .... ...

Hfl91 80 1 OllCJf'lJ91'UO~t11'Hft~t111Hfll¥!"fl::: 

1htlfl1:::v:::m.:J11~tlfl 

30 

40 

21,265.4 

17,168.9 

6,858.92 

4,332.41 

5 Hii91 50 luofl.!Mul'l''UfHnl'Hn.:Jt111Hiifl 43 10,942 4,012.59 

6 
Hnfl 50 lU011cUU.1'UO.:Jnl'Ha.:Jt111r.1ii91UflZ 

"tlfllzv:::m.:J11-3 tlfl 
40 8,832.26 2,745.77 

7 Hn91 20 lUo1,.!Mul'l''UO.:Jnl'Ha-3t111Hiifl 40 3,911.34 500.99 

d I 4d .cSd Sl: .d 

",'t1r.1ftt111t1f1ftO.:J"':::1'HU11t1HUtI 1, 3 Uft:::t1HUVI 5 1ZVZVll-31J1.:JtffUVll.:JU1J ~l:::V::: 

V1H't1ftlnUt111~":::1~UVl'-3 'Ulm:::t1nm.l1iJ~ lH.:Jl'lJU'll~,j'lJdlU:::'H1i.:J 'lmv'lu 1 1'lJ n1fHVlt1'li 

lit111' ltlfll::: v::: tll.:J "l.:J qfl 'I. Ut1Ul~UV11.:J'UO.:Jl Clnn lJt1 "gjfl:::tiU f1~v~.:JVi lt111nl'H Ufl1:::v:::m ~ 

11~tlfl'lUt1111~UtlH'UO~1C11J'.i'iY.lt1UPifl:::tiU A~t1nll~ 2, 4 Ufl:::t11f,U~ 6 ff~~~111C11Jlnlt1 
I t 1" II 'II , 

L~UtlHm~vVi 60 nlfll~fllPiocK11~~ ~~uu 800 nlmlJl¥!l ~~'l.rftL1fll1~UtlHn.:JaU 13.3 i111H 

• 'I " ... 111.1 .... .... 1 PI .... -S.I .... '2 'I. A 'I.'" IQIm l'HffllJllCl1f1Um~ L1JUfl:::t1ft1J~lV~ H~lUU1J.:JlJUrll1J:::'Hfl~ Plmv u l1U n~o 'H-31V910t111 

1HUHU'Ui'1J191Q~1J Ufl:::'Url.:JaU~l 
q.e:l o Q,I ~ d 'QI d r q~O Q,I 'I. '" 

mwtlt11ft ~t111 r.lft91t11mt1U v:::mU11mw tim t1 fI1:::v::: tlH"l.:J q91 Ut1111f1Utll.:J'UO~ 
JJ • 

lC11J11lJt1ugj ft:::tiu UU ",dh:::vZtll.:J11lJ1!OVt111n'.iWVi'lhhtlfll:::v:::m-3~ .:Jtlfl 'I. 1..1 t1111~Utll~'UO ~ 
, Go' ~ d.d ", .4d oCId "I

1C11J'I'IlJt1Uflfl:::flU flOt1'JWtl 2 'J:::tI:::V1H11~UOVt111mWVl 1, t1'JWtl 4 ':i:::V:::tll-311lJUOVt111 

fl'Hli~ 3 Ufl:fl'jtli~ 6 'j::tJ:;111~'j11Jt!8tJfl"hnnu~ 5 Ld8.:J~lf,..ht11~fhrnJfI~:::v:::'Vll.:jq .:j"lrlhHll'.i 

http:alhrh9hu,.nl


~~I1G~L!?UiUNUtrt::!.f1.l)!.LrtL.uft~ULrtM.tM.L~U!.f1.11t~M.tM.L~ S !:H!1Wt-L~Qt~ rt \!M.lll 
I I 

01'17 ~t-L!.L~t-~l1l1nUQG~rt~:'QUU~llt~UNUtrt::!.f1.!.WULt\~~~I1Q~L!?I1~ 
I I • 

I1U~mll~tLrt 6'17 ~H!.L~M.lt-~.u1tt-~ f:LUU In oiiU'!'l rt!.UI1!.f1.1 ULt\~~~ ~lAH~arqO lsaa l1a~L!? 
." I 

Jl31 QM.' 'l'v IA.M.Lllt-~ oiiun rtWn!.f1.1t-Qn.M.LHIA.!.W~rHi.t-t\tUn t-rtltJl. v'l InLrt::!.f1.LutmrUM.LM. IGbf po ~ o~" 'r tp 

UNUtrt::!.f1.rtwll!.f1.1»l~M."L\;J::un t\ ~UtM.N~Lllt-~ oiiun rtWl1!.f1.1 .,.,00 a:unos !lU~l oiiU'!'l 
I . 

rtWmf1.1Ilt~t-~M.n.!.WHIA.M.~l~~!.wL"IhUJtlla~1UNutrt::!.f1.Lrt L ~!l\ Wt-QU~IA.!.WUNULt\~~ 

IA. M.rtM.LUrttW::UllL~UljrthU HU1M.Lt-Hlt-~IA.t-M."nL~uIiQn.LM.t-t\Ilt\tHM.M.N~ IlQM.!.flnt~M.tM.Lt\ p I'D t is I It" :p to" 0 P" tD'WfC ;: /I) "'-I'D 0 

!l L ~t!1WI1!"LP ~~UNUtrt::!.f1.::t\ ~l)!.LrtL.uft~t-~ oiiU'!'l rt!.U1t!.f1.1 QM.t-Ilt:Pft~M.Lll!IA.~::!.f1. 

IUGU ~IA.!.WM.lJl.' IA.!'Q ~'tM.rtQ~t-Jb 1'17 IA.M.LlIt-~ ULrt M.t M.L t\ M. f11L~I1L!.lA.rt1 IA.!. f1.nt ~M.tM. Lt\ 1:7 " hp, 'C'I f' P 1'0 0 tp t t .., f" 1'1) 0 

It 9 -1 IA.lnWM.lULt\t-am oiiU'!'l rtWmfLlI1Ul1lllA.tI1ll!.fllf1.' ~, 1A.!LM.UUNLM.::t\IA.QU,t ~UN!.Wt-UW ]::Ir pl:" Y I=" j;lW LtliLaP';1) 0 F r·"C;tI' 0 /I) /I) 

.. t-an.~M.jbl!.Qflt O'l ~UN!.WLIA.t-U"::flL.Lmrtt-nl1M.LH!.l L IA.lnWt-QU~IA.!.WLIA.~l llt\tM , ~I I'" v 0 I'D 1"'0 I'D t{ f'1=t' O""'fO~ 

M.~::L1 !611UiA.!. !.11l)!.t-Gn.t-L IA. M.~,!.WM.l~.bt-:u t-L U.l:Il::!.~~L~~Lft~~!l\!.U 
I 

LtUIlQM. ~1 IA.rtt!.HU.::U:: !."lLIA.t-t\ M.Ut-Il~lUUllntt!.I1UQum.u t-.u-I1!.rL1 t-LIA.M. ~tt-Q~IA.L~UIjrthu t I'tfihp " 00 P' 1'0 r:tIK ~ K ~ I I'OI¥Lt 'C:If Kp" I I 

::UnM.!'M.LL1rt ~Un:!U~ t-U11~,,»lI1Q~L!?t-Q n.~n., I1Q n.~U!,WM.~m~:m!6"UlU!.11l)!' t-a n.HIA.M.~' 
" 

8S 

http:f11L~I1L!.lA.rt
http:M.Lll!IA.~::!.f1
http:IlQM.!.flnt~M.tM.Lt
http:InLrt::!.f1.LutmrUM.LM
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·S~ 

o~ 

'F~~blie 

,(g~~';7b 
. . ·'f:oIat 3965 I 

r 
-CilnSIJ.· .. *". -..,--­....­....... 

i ... N~u•..<tj 

, 
• 

No Routes Sum_H(too) Sum_D (too) Distaoce (km.) 

1 40-13-163-38-40 13.856 15 769.369 

2 40-153-165-90-76-84-112~0 14.934 0 1111.44 

3 40-13-113-40 15 15 731.926 

4 40-13-129-114-145-155-132-78-199-98-40 14.734 15 1451.85 

5 40-13-113-111-146-162-1S9-160~0 14.966 15 845.177 

Total_sum 180 60 4909.76 

No Routes Sum_H(too) Sum_D (too) Distance (km.) 

1 40-13-1 13-40 15 15 731.926 

2 40-13-113-111-114-145-146-153-1S5-199-98-40 14.994 15 1387.91 

3 40-13-129-78-76-90-84-165-132-40 14.986 IS 981.297 

4 40-13-112-162-163-159-160-40 14.973 IS 781.144 

5 40-38-40 13.537 0 29.064 

Total_sum 180 180 3911.34 
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11111tlLl1'l 

Sum H = Ul1J1Wl11,j'UtYfI~hlrml1mlTiI,j'Udlll::111;~ lfluHItJ'i'.i1'1flu,ja::ti'U (i'U)- . 
Sum_D "'" ul111wu-ll~,j'Ufi1J~'Uthl1f\lfl~11f1u'.it11J'i'.il'Jflu,ja::ti'U (i'U) 


Distance = '.i::U::1'11~'UfN'.it11J'I'I'lflU,ja::ti'U (fila 11191 '.i) 


Total_Sum_H = Ul111W'l11,j'UtYfI~'Urutr~1111f1 ~~'.i111n1JUl111w111,j'UtYfi W ~~~ 

til~urJ'U1H~l'UUtl~,j'UdlU::l1~~ (~'U) 


'Illfl9lnH~ 4.9 \l::1'I1'U'hi~ Exact Method un:111aF-IaIl1u lu'I Ufl'I 11 Lingo ~ 

ullilty111t'i1'Vn::fll'.ii~lff'U1'1Hfll'.i'U'Uff~ (Vehicle Routing Problem) i.j'nalU'I::111aHafi6'U~H 
44.Q IV ~.01!:9 d ,~ A OJ' Q~ d Z ",JI:tV 

'U l'UI11611'1U1Jfl1J6afl6'.i 1'1111'166flU1J1J 1 CJH6afl6'.i1'1111'166flUtJtJ'U'U tYl11nmmilty111 ",1'1-3 
Itl 

i1ty111fll'.ilft6fltYm'Uli~~ua::i~lff'U1'1Hfll'.i'U'Uff-3 (Location Routing Problem) 'U-nf6W! nu 

'" ....;, ~ '" ... 4 'L!II' ..; : '" ....;, ~ 1I ~ 
ua::Haa-n'.61'1 fi'lllfl6afl6'.i1'111 L11f1n::U::1'1H'.i1111'1tY'Ufl11HaCl'Vt'.61'1 ~ \llfl ,hUfl'.i11 Lingo 1I)j'-3 

utYfI-3ii-3U'.i::ff1'1ifll'Vt i 'U fll'.i111fllfl6tJ 'U6-36afl6l.yj11~66mt1J1J1flU'.j'11a 1~11111 l::tY11 



ct.• 
1JJIJI 5 

., 
~lU iitJihrJuflnu 11ffUfliitl11ufi'1JqJ'Hltl111~flmi1u 'H U~11 ~ nu J:ialilU iI-.1iTu . ., 

1'htJ ::'Hn~Vimlll~ffll'Uf11fllil~1UflfltllillJ~ milfl 'W f fllltl-.1 i tiu-Nu '11~ fln 'tJ Uri~ ffu/;'Ufld'lJ 

.., "" 'I"'"_I ...... ..: 'I ".., _I <f jI <f I 1 d .!1
11i1Qflll ''HlllJ1~ffVlIif11'WlllflVl"'lftf11tJ LIiI1Ii1QlJ1~ff-.1fltllUlff114ifflffIil1 fltn-.1 1tllill11lJqJ'Hl LRP 
.., ?! ..:... • ..,,, .Ji OJ?!.!1 d... <f :: 

UlltuU1JqJ111V111fl1111~-.1tJ1flC)fllC)fflU1JqJ111'HU -.1tU'l~ 'ilfttuu lJqJ'HltflU'W ~11'i'1 (NP-Hard) ~~uU 
I J/ J/, • 

iiflnViUl11 1 ufi'1JfU'Hlt 'H ri 10 ~~ijfl1111 'Hfllfll1 flllJii tl1l t1~ii fln 'H lfll1i1 flll Vi~ Vi ffft (Exact
u • • 

.e:u::,.e.. .e.. .ea, 1 <Q4 .. " Q ,,~ 'QI 1_ I
Method) Ufl~11i~11fflilfl (Heuristic Method) Uliln~11i'il~1l'UflftUn::::'Ufl9'lfllJUlilfllil1-.1flllflflfl u 

L'dfl~ 'illflmWfffl141ij'UUlft'Ufl-.11JqJ111~'mlj flflij ~lU1U\lfl~lun:amri-.11Ii1Q~ll111JOU 283 u'Ii-.1 

vh''lftnftVl1~t~flfl~tfju' tJ'l1~lU1UlJ'H lfflfl ~-.1 'JJffllJ1Hl,.uiitl11fllU1WUllllfll'HU fltl11t;f-.1 

l~U (Linear Programming) 11~flffllJl1tl'Hlfil~~~"'lfi (Optimal Solution) ll1'i11flii Exact Method 

lfllJ..r11tJ ~~,fu~iilJ\h '11,"9IJUliitlJ~li1~ff~fl~ij~flt1lJtl'h "iil::::llllfllWl'Wfl1JlJfl (Ant. ., 
Colony Optimization)" t~flttfi'1JqJ'H1 LRP 'Ufl-.1mWfffl1410 

J:in'illfltl11V1ti'lffflllffllJ1Hlffltl'113 mwI11lJOU (1) 'Hlfl'il::::liltl1lfffl~ lH-.11UUil~ 

iJl..uil1J~'I1"'~~Yilfl1 'S fli191l~2Jfil"'~fl1'Sfli191"6~1H~11..1~6 300 ~1..Ill{1ui611..1 fl1'Stfi 6milfl 

_Sf .., 0 _I .., d '" ....Ji ?! d'l "1H~lUUU~lJUffllJ::l1MVI liI.llJfl-.1tft'ti' flJft'ti'~ftlJ 'il.~llnll'ti'1ilU C)f-.1'il::::mu,ftVl L111::V::::Vll~111J .. ., 
, U tl1l'UU ri~Vi~i1flfl 24,319.2 nlnl1Jlill U fl::::fl1lt~flflmill\l fl~lUfl::::fl~1J fllU iTU..,1f) 1JtI~ if! 

'~UVll~tl1l'UU ri~liIllJJ:iflm fllJ'Ufl-.1fl'n.u ~~10ftl::::fI::VlH'Utl1l'Uuri~ ldfl-.1 'illfl , 'Ifrln::fI::::VI H~~1 

fl11fllW ~hj~ lOti'll:::: lJ::::VlHUfl::::~1f1~fltl111HUNU1uflnlll-ri~ ffU ~lUn ~ 1Ii1Q~ll'l1f11V i U 

1~tJ::::nfll 1 1'IJ VU'il::::ri~Nfl''H''11~-.11Uuil-.1iT'lJthtJ~11 n~ffl11ntlNalilflth~~flLdfl~'11 (2) lntl'il:::: 

liltl11ff11~11Hl'IJuil~iT'lJthtJ~'Hn~~'Vi1tl11Nillil 80 ttJfl{1~'IJ~'Umflln-.1tl11Nalil'Ufl~lH~lU 
If-I '" !"I 1 _Sf '" 0 _I '" d ~ '! '" ....Ji ?!I;;llJl::tlfllltl11fl11tflfltllu ft H-.11'IJUu~1J'IJ ffllJ~'Hn~VI 1iI.1JtlJfllJ fl. 'lJlf1'IJ 'iI. ~ll l:I11'ti'Iill1 9f~ ruu 

fl 1 iii fllJ'U fl~ fl 1 tii ~ ~10fl1 ~ fI ~ VI H'U tl11 'UU ri -.1 1 fI fI n1 ::::lJ::VlH 11lJ' 'IJ tl1l 'tJ U ri -.1 fl fJ 17,168.9 

nlflllJIiI1 (3) 'Hltl'il::::'Viltl11ff11-.1lH-.'llUHiI~iJ'lJti1tJ~m;-.1~liltl11Nillil 50 ttJfl{'~'IJ~'Ufl~flln~tl11 
. " 

Nalil'tJfl~ 11~~l'IJflfl 150 ~'lJUil~~fl1U fl111~flmilfllH~l'IJuil~iTU1:htJ::::'Hn-.1.yj 1iI.'lJ,ilew fJ. th~u 
"" 1 "" 'I <!I "'1 II <!I !II'il.~lJn11'ti'1ilU ti'lfllJ1::tJ::Vll~111J LUtl11'tJuff-.'lflfl 8,832.26 fl nL1J1iI'i Ufl::fl11tflflflfl'l1J\ltlfllLLfl:: 

http:8,832.26
http:H~l'IJuil~iTU1:htJ::::'Hn-.1.yj
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II , 

n~1H"'u ,ju-"~mJ";.:J ~~l~U'YlHn":i'tlU th~llJN~l\'l ~tJ'tIfHn':itlHi ~ 1n~ ':i::tJ:: 'YlH 1U m':i'tlU ff.:J 

1dV.:J ~1 n l,rfh ':i::tJ::'Yl1.:J~~ln'hmw~1,j~ 1n~':i::tJ::'Y11.:J ll~::~ltJ~vn1':i 11.:J llNU1Um ':i 11J-ff.:J ffU fI' 

1l~::1~(l~1Jhi'mtJlU l::tJ::l1~l 1 1U VU'l::ff.:JN~ l,rlH.:J1Ullil.:J,jUti1U::l1tl.:Jff1lJn(lNii~v~H• 
~v1dv.:Jhi' 

II II • 

.:J1U 1~tJihriu iJty'H l't1U 1~1'H~~lU1U ':ivt,lUn1':im::Vi1~1~.:JfflJfl1':iijti1lJ1n 1Vlv l..¥ 

1~fh~V1J ~'H ~lnl1~ltJ CJ1.:J-"1 ':i1ij1~ vf~ H'1~tJ1oM'm 'liT.:J 1,j~1'Yi1~ f11 ':i 1-" ':i 1:: 1 d V.:J~1tJfl11lJ~ln~.. 
~lU11mll~::f111lJff1lJ11 (l'tlV.:JfI VlJVi11~v{~loM'lUm ':itihU 1W 

ff1'H11J1~mw1ijfllJlJ~ij-"1':i1ij1~vf~1.:J"1 ~1~tJ1,rV.:Jvd'HmtJti1~1tJnu~ijN~~Vm':i 

flU 'H1fh~V1J'tI V.:J ll~~::iJ ty'H 1 i A tJti1-"1 ':i1ij 1~V f ~ 1'H lJ 1:: fflJ ff1'H 11Ji.1 ty 'H 1~ ll~ n~l.:Jnum ~ ijti1~ 
• Q,I" .di .A 4 ,d QI ~ ~QI 'I J/.qQl 1!li

1l~n~1.:JnU~1tJ 'l.:Jfl1':i'YlA ffV1J1-"v1~Vnfl1'YlmlJ1::fflJn1JiJty'H1uu"1 .:J1U 1~tJ tUVUlfl~ ~1'ltJ~:: ~ 
QI! ... IQI ... 1 0 'I " .Q .Q .d. J cfGl "Q.cI

-"WlUl'tlU ~Vum':iU':i1Ju~.:JfJwm-"f11~V1J t 'H'YlH,h::ff'Yl1i m-"lJ1ntJ.:J'tIU l1~::th::Qn~ 1'lf11imW' 
• II • 

ijfllJlJ~n1Jmw ffnlnVU "1 -"~VlJ";.:J11m1::,"'H 1ti1-"1':i1ijl~V flim lJ1:: fflJ~V1tl 

'I d" ".d 'I "'I "" ....d " ...
5.3.1 f111lJtJ1n tUn1':i1n1J'tIVlqj~ 1-"':i1::'tIV1q!~'Yl t'lf lum':i1~tJlntJ1't1V.:Jn1J'H~ltJ 

, 
'HU1tJ.:J1U 

".d o I ,,~ QI'''' "QI I
5.3.2 'tIVlqj~'Yl'V11m':i'tlVn1J'HU1tJ.:J1U~1.:J"11J1.:J'tIV1q!~11JUfl11lJ~1J l'lfU 'tIV1q!~~nfl1 

'tIV.:J i ':i .:J.:J1Ullil.:J,jUff1tl::'Htl.:J 1riut1lu 

d " ln1J':i11J':i1lJ'tIVlJ~.. 
5.3.4 'tI1~f111lJ'JhUltylum':i1~tJum'hl1 c++ ~.:J1~l1mtivu ,r1.:JUlU1U m':iffn'hl111~:: 

l~tJU ltl':illmlJ 
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., "'" 0'" .... ..,,,~ 1 -" " ... t1..s 01,., 41J'YltilHf11J1J'YliY1LH U~~1:'Vi'VilJti 11911f1: 11'. "dtif11J'H1LlJL'Ufl1 ~91NlJU 1{11'H1'U11'lrHlfl11taflO 
, JI JI , 

11'(l1lJVi,j-!Ju'U'U'H~1(J;r1J9IfllJU~:'H~1(J1~fllJ ''''', 11..1 fl11t11:~lJ1'J1'lml,h(J-!JllJ 
'" .... l.t::\t! 4. 4.GI 

df1d01·UJ~fl11'l'Hfl11. 1..1.420. f,I'U~n'Jl'tillJ: H'VilJ'VilJ'HldVl(Jl~(Jf,I'U~n'Jl'tillJ, 2553. 
,J OIQ jQ tI 1.1 ,,- 0 l.oC!l.cl QI' ~ .cf ~ 
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Solution 
Number of Vehicle = 62 
Best Distance = 26092.5 
Runtime = 9026.44 Second 
Open Factory = 30 
Best Routes: 

Routes Sum H Sum D Distance 
30-3-60-59-62-61-55-271-269-266-97-96-53-30 13.306 15 791.308 
30-3-91-100-103-101-102-104-99-105-125-163-159-30 14.764 15 990.701 
30-3-52-56-54-57-270-211-212-267-264-265-107-108-92­
67-66-79-75-72-71-74-166-170-168-181-30 14.06 15 1284.87 

30-3-180-176-174-183-123-121-120-119-122-182-184-177­
178-179-241-235-240-30 

13.22 15 1151. 5 

30-3-205-203-248-254-204-251-252-253-29-25-24-30 14.912 15 814.851 
30-3-171-169-142-140-162-161-128-126-127-115-124-172­
30 

14.305 15 1010.61 

30-3-244-237-242-30 14 .83 15 703.793 
30-3-86-229-197-196-200-195-187-185-189-190-188-186­
191-193-194-192-198-199-230-227-274-260-262-268-206-30 

14 .977 15 1533.15 

30-3-106-70-68-69-164-137-46-30 15 15 971.651 
30-3-202-201-250-249-30 14.972 15 588.396 
30-3-87-89-130-131-155-153-150-136-167-141-30 14.723 15 1116.98 
30-3-213-64-63-263-255-261-259-257-258-272-223-224­
214-221-222-217-220-219-215-216-218-210-65-209-208-30 

14 .101 15 1508.5 

30-3-27-30 14.92 15 548.954 
30-3-80-85-83-84-81-82-90-77-73-157-158-152-154-143­
160-30 

14.907 15 1331. 91 

30-3-58-273-275-276-282-281-283-278-280-277-279-228­
98-30 

14.605 15 1190.28 

30-43-42-35-39-41-30 15 15 207.32 
30-3-129-138-117-118-116-173-30 9.664 0 981.911 
30-233-238-239-232-231-234-30 15 15 224.81 
30-23-44-26-27-30 14.914 15 294.708 
30-3-76-133-165-135-134-132-147-148-146-145-175-245­
246-247-30 14.76 15 1155.22 

30-33-30 15 0 54.05 
30-33-30 14.988 15 54.05 
30-48-47-30 15 0 145.201 
30-36-30 15 0 80.53 
30-51-30 14.974 0 105.248 
30-36-50-30 15 0 136.539 
30-38-30 13.436 0 90.238 
30-38-30 15 0 90.238 
30-47-30 15 0 136.198 
30-38-30 15 0 90.238 
30-38-30 15 0 90.238 
30-47-30 15 0 136.198 
30-38-30 14.863 0 90.238 
30-38-30 15 0 90.238 
30-40-30 15 0 118.434 
30-32-38-243-30 15 0 143.34 
30-49-30 14.811 0 105.824 
30-48-30 12.743 0 63.318 
30-49-30 15 0 105.824 
30-40-30 15 0 118.434 
30-40-30 15 0 118.434 
30-47-30 15 0 136.198 
30-40-30 14.962 0 118.434 
30-39-30 15 0 148.2 
30-47-30 15 0 136.198 
30-31-33-30 15 0 103.284 
30-40-30 15 0 118.434 
30-40-30 15 0 118.434 
30-40-30 15 0 118.434 
30-3-207-110-111-114-144-156-151-139-236-30 15 0 1146.58 



112 

R.outes Sum H Sum D Distance 
30-47-30 14.203 0 136.198 
30-41-30 15 0 142.42 
30-3-94-226-225-93-95-109-30 15 0 956.863 
30-41-30 15 0 142.42 
30-3-27-30 15 0 548.954 
30-27-30 15 0 166.928 
30-34-40-37-30 15 0 134 
30-45-30 15 0 26092.1 
30-44-30 14.951 0 245.352 
30-44-30 15 0 245.352 
30-45-30 14.943 0 249.016 
30-27-30 13.306 15 166.928 

Total=Sum 900 300 24706.3 

Solution 
Number of Vehicle = 67 
Best Distance = 24319.2 
Runtime = 6235.53 Second 
Open Factory = 30 
Best Routes: 

R.outes Sum H Sum D Distance 
30-14-161-128-126-127-115-124-173-30 11.601 15 701. 606 
30-14-163-159-175-174-183-123-172-30 6.913 15 693.593 
30-14-112-144-114-170-141-236-30 14.548 15 773.217 
30-14-27-30 15 15 707.428 
30-14-146-148-145-113-30 12.79 15 791.637 
30-14-237-243-30 6.372 15 635.542 
30-14-143-138-139-238-233-242-30 11.841 15 790.873 
30-14-117-118-116-119-120-121-122-182-30 14.124 15 793.043 
30-14-162-125-140-142-168-169-171-181-180-30 3.471 15 778.149 
30-14-154-152-30 1.062 15 799.013 
30-14-147-111-129-30 7.008 15 799.084 
30-14-176-184-177-178-179-234-30 6.127 15 735.854 
30-14-149-30 15 15 778.791 
30-14 149-153-30 3.106 15 796.865 
30-14-160-231-49-30 14.096 15 699.546 
30-14-26-27-30 7.304 15 719.885 
30-14-244-245-246-247-241-235-240-239-232-30 14.122 15 786.469 
30-14-27-30 15 15 707.428 
30-31-43-50-30 14.548 0 121. 795 
30-14-10-113-30 15 15 729.03 

·30-38-30 15 0 90.238 
30-33-30 15 0 54.05 
30-33-30 15 0 54.05 
30-33-45-253-252-251-204-254-30 14.439 0 433.995 
30-36-30 15 0 80.53 
30-48-30 15 0 63.318 
30-23-44-29-28-208-209-65-210-213-206-30 14.434 0 763.592 
30-51-30 12.743 0 105.248 
30-40-30 15 0 118.434 
30-49-30 15 0 105.824 
30-46-202-52 56-54-55-57-61-62-60-63-64-205-203-48-30 14.212 0 777.277 
30-38-30 15 0 90.238 
30-38-30 15 0 90.238 
30-47-30 15 0 136.198 
30-249-30 10.619 0 238.178 
30-38-30 15 0 90.238 
30-38-30 15 0 90.238 
30-38-30 15 0 90.238 
30-38-42-40-34-30 11.649 0 118.264 
30-47-30 15 0 136.198 
30-41-30 15 0 142.42 
30-24-25-47-30 11.015 0 281.178 
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Routes Sum H Sum D Distance 
30-41-30 15 0 142.42 
30-39-30 15 0 148.2 
30-40-30 15 0 US.434 
30-47-30 1S 0 136.198 
30-14-27-30 1S 15 707.428 
30-47-30 15 0 136.198 
30-27-30 15 0 166.928 
30-40-30 15 0 118.434 
30-47-30 15 0 136.198 
30-40-30 15 0 118.434 
30-40-30 1.5 0 1.18.434 
30-40-30 15 0 118.434 
30-36-35-39-32-30 14.494 0 168.778 
30-40-30 15 0 118.434 
30-37-41.-30 14.226 0 1.56.72 
30-44-30 15 0 245.352 
30-28-30 1.5 0 331.154 
30-44-30 15 0 245.352 
30-45-30 1.5 0 249.016 
30-28-30 15 0 331.1.54 
30-45-30 15 0 249.016 
30-91-104-1.01-103-207-201.-250-248-30 14.95 0 747.587 
30-44-30 15 0 245.352 
30-44-30 15 0 245.352 
30-28-30 15 0 331.154 

Tota1. Sum 900 300 24319.2 

Solution 
Number of Vehicle ~ 49 
Best Distance = 21265.4 
Runtime - 6858.92 Second 
Open Factory = 30 
Best Routes: 

Routes 
30-14-161.-162-279-280-283-281-276-273-257-262-2
205-206-203-201.-30 

Sum H 
63-57­

14.774 

Sum D 

1.5 

Distance 

1417.57 

30-1.4-128-126-127-115-117-118-116-119-120-121-124-173­
30 

14.76 1.5 792.281 

30-14-175-174-1.83-123-1.22-182-184-177-178-179-172-176­
170-168-142-169-171-181-30 14.686 1.5 1028.61. 

30-14-112-160-30 1.3.38 1.5 702.789 
30-14-129-78-90-76-166-30 14.923 15 878.51 
30-14-113-30 15 15 700.569 
30-1.4-154-152-157-1.35-79-75-72-71-74-130-131.-155-150­
153-163-159-30 

14.947 15 1099.48 

30-14-1.1.3-1.11-141-236-237-30 13.757 15 735.481 
30-14-145-148-1.36-132 133-165-81-77-73-89-66-30 14.909 15 1018.64 
30-14-1.49-30 15 15 778.791 
30-14-156-158-149-151-134-82-84-85-80-30 14.975 15 1163.89 
30-14-138-139-143-1.44-1.46-147 
265-58-53-202-26-30 

167-164-67-68-70-86-107­
14.06 15 1357.14 

30-231.-234-233-242-243-30 1.1.756 0 143.8 
30-14-245-246-247-241.-235-240-238-239-232-43-30 13.984 15 782.053 
30-14-1.40-1.00-101-102 180-244-30 14.951 15 944.846 
30-14-125-103-104-106-197-193-186-188-190-189-187-198­
1.99-230-229-30 

14.869 15 1499.09 

30-33-30 15 0 54.05 
30-48-30 15 0 63.318 
30-33-30 1.5 0 54.05 
30-34-42-39-35-48-30 14.282 0 220.929 
30-49-30 15 0 105.824 
30-36-30 15 0 80.53 
30-40-30 15 0 118.434 
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Routes 
30-33-24-29-253-252-251-204-254-23-46-30 
30-39-30 
30-38-30 
30-50-36-30 
30-40-30 
30-51-30 
30-38-30 
30-38-30 
30-38-30 
30-38-30 
30-38-30 
30-32-38-64-63-59-62-61-55-54-56-52-30 
30-14-114-137-110-99-91-95-98-266-267-268-269-270-212­
223-216-211-213-210-65-209-250-30 
30-47-30 
30-47-30 
30-40-30 
30-47-30 
30-40-30 
30-47-30 
30-40-30 
30-41-30 
30-47-30 
30-40-30 
30-40-30 
30-49-30 
30-31-37-30 
Total Sum 

Sum H 
14 .865 


15 

15 


13.671 

15 


12.743 

15 

15 

15 

15 

15 


14.97 


14.774 


15 

12.431 


15 

15 

15 

15 

15 

15 

15 

15 

15 


13.353 

14.994 


720 


Sum=D Di/lltance 
0 509.085 
0 148.2 
0 90.238 
0 136.539 
0 118.434 
0 105.248 
0 90.238 
0 90.238 
0 90.238 
0 90.238 
0 90.238 
0 738.356 

15 1578.78 

0 136.198 
0 136.198 
0 118.434 
0 136.198 
0 118.434 
0 136.198 
0 118.434 
0 142.42 
0 136.198 
0 118.434 
0 118.434 
0 105.824 
0 127.219 

240 21265.4 

Solution 
Number of Vehicle = 45 

Best Distance 17168.9 

Runtime - 4332.41 Second 

Open Factory = 40 

Best Routes: 


Routes 
40-9-123-122-172-41-40 
40-9-121-120-119-116-118-40 
40 9-183-174-175-125-141-244-236-40 
40-9-184-177-178-179-245-246-247-241-235-240-40 
40-9-117-138-139-161-159-40 
40-9-237-233-33-40 
40-9-124-163-162-170-168-169-171-239-40 
40-9-128-129-111-238-40 
40-9-113-40 
40-9-115-127-126-112-160-40 
40-9-182-173-140-232-43-40 
40-9-113-176-234-231-40 
40-9-142-181-180-37-40 
40-50-243-242-40 
40-49-40 
40-42-51-40 
40-38-40 
40-41-40 
40-38-40 
40-38-40 
40-38-40 
40-38-40 
40-38-40 
40-38-31-32-26-201-202-203-250-46-40 
40-49-40 
40-39-40 
40-41-40 

Sum B 
14.494 

12.689 

12.796 

10.034 

8.054 


15 

8.998 

14.493 


15 

13.593 


15 

15 


12.339 

11.551 


15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 


13.353 


Sum D Distance 
15 780.431 
15 780.593 
15 774.618 
15 799.512 
15 795.301 
15 694.916 
15 794.83 
15 775 
15 694.916 
0 112.738 

15 784.911 
15 784.911 
15 739.012 
0 198.605 

15 694.916 
15 694.916 
0 38.5 
0 29.064 
0 46.534 
0 29.064 
0 29.064 
0 29.064 
0 29.064 
0 29.064 

15 785.406 
0 38.5 
0 46.534 
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40-36-40 14.472 0 741.448 
40-39-35-36-40 12.123 0 476.36 
40-48-248-23-30-40 15 0 122.624 
40-47-40 15 0 122.624 
40-33-40 12.838 0 765.393 
40-33-40 15 0 226.78 
40-48-40 15 0 226.78 
40-34-47-24-25-29-253-252-251-204-206-205-254-40 6.663 0 74.128 
40-44-209-65-210-208-40 15 0 226.78 
40-47-40 15 0 226.78 
40-45-40 15 0 226.78 
40-47-40 15 0 40.778 
40-47-40 15 0 167.456 
40-9-27-40 15 15 785.406 
40-47-40 15 0 327.158 
40-27-40 15 0 327.158 
40-9-27-40 15 0 54.44 
40-9-27-40 15 0 54.44 

Total Sum 720 240 1716B.9 

Solution 
Number of Vehicle 30 
Best Distance = 10942 
Runtime 4012.59 Second 
Open Factory 43 
Best Routes: 

43-14-1.61.-162-1.63-1
Routes 

59-115-124-174-175-160-1.73-43 
Sum H 

14.903 
sum D 

15 
Distance 
796.306 

43-14-128-126-1.27-117-1.1.8-116-120-121-123-236-43 14.984 15 771.342 
43-1.4-129-78-90-76-74-89-43 14.987 15 941.309 
43-14-1.38-139-143-154-152-1.53-150-1.55-1.31-132-133-130­
1.47-169-43 

14.994 15 1067.04 

43-14-113-43 15 15 732.39 
43-1.4-1.1.3-11.1.-114-1.44-1.46-1.66-101-1.00-199-98-268-43 14.898 15 1520.26 
43-14-11.2-145-165-84-83-75-72-1.70-43 14.983 15 1069.55 
43-14 141-1.76-183-122-1.82-172-184-177-1.78-1.79-246-247­
241-235-238-239-43 

14.994 15 976.704 

43-1A-1A9-43 15 15 810.604 
43-14-1.25-1.40-69-66-67-164-137-142-1.68-171.-1.81-180-43 14.993 15 1051.95 
43-38-43 15 0 16.926 
43-38-43 15 0 16.926 
43-38-43 15 0 16.926 
43-38-43 15 0 16.926 
43-38-43 15 0 16.926 
43-38-43 1.5 0 16.926 
43-42-35-38-43 13.856 0 82.424 
43-41-40-34-31-43 13.289 0 95.028 
43-40-43 15 0 28.312 
43-40-43 15 0 28.312 
43-40-43 1.5 0 28.31.2 
43-40-43 15 0 28.31.2 
43-40-43 15 0 28.31.2 
43-40-43 1.5 0 28.312 
43-40-43 1.5 0 28.31.2 
43-32-30-23-26-233-237-240-231-50-43 14.282 0 443.396 
43-49-43 15 0 37.948 
43-37-234-43 14.431. 0 1.54.379 
43-41.-43 15 0 53.738 
43-49-43 13.353 0 37.948 

Total Sum 450 150 1.0942 
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solution 
Number of Vehicle = 25 
Best Distance = 8832.26 
Runtime = 2745.77 Second 
Open Factory = 40 
Best Routes: 

Routes Sum 11 Sum D Distance 
40-14-161-163-159-236-240-40 9.488 15 695.824 
40-14-160-175-174-124-120-121-123-183-172-247-241-235­
40 10.204 15 797.713 

40-14-126-127-115-116-177-234-50-40 11.543 15 799.991 
40-14-162-125-140-141-239-49-40 14 .601 15 793.027 
40-14-112-145-231-40 13.752 15 796.976 
40-14-113-40 15 15 735.029 
40-14-129-176-246-233-242-30-34-40 13.646 15 799.715 
40-14-139-138-117-118-173-238-40 14.654 15 780.776 
40-14-170-168-169-171-181-244-237-232-40 13.666 15 786.408 
40-14-128-144-114-111-113-40 13.628 15 799.551 
40-38-40 15 0 29.064 
40-43-31-40 8.177 0 58.334 
40-38-40 15 0 29.064 
40-38-40 15 0 29.064 
40-38-40 15 0 29.064 
40-38-40 15 0 29.064 
40-36-40 15 0 40.778 
40-38-40 15 0 29.064 
40-38-42-35-40 13.856 0 74.603 
40-37-40 12.87 0 35.32 
40-36-46-23-253-248-250-26-32-40 13.405 0 485.862 
40-39-40 15 0 54.44 
40-41-40 15 0 38.5 
40-49-40 15 0 46.534 
40-41-40 15 0 38.5 

450 150 8832.26 

Solution 
Number of Vehicle 5 
Best Distance = 3911.34 
Runtime = 500.995 Second 
Open Factory 40 
Best Routes: 

Routes Sum 11 Sum D Distance 
40-13-113-40 15 15 731. 926 
40-13-113-111-114-145-146-153-155-199-98-40 14.994 15 1387.91 
40-13-129-78-76-90-84-165-132-40 14.986 15 981. 297 
40-13-112-162-163-159-160-40 14.973 15 781.144 
40-38-40 13.537 0 29.064 

Total Sum 180 60 3911.34 

Sum_H = 'l111J1W..r1~tlfffl~i1.H'mnflnlt1lT'Udl'l1~lnT~ lflV'H:l'U"i'IfJflurin:::fitl (~tI) 

Sum_D 'l11lJ1Wu;'l'l~tI~u~i'l1r1~'..rQfl~11flV'I(J'U"i'I't'JflHrin~fi'U (~tI) 
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MODEL: 
SETS: 

CITY / 1 .. 28/:D,U; 
ROUTE/1 .. 5/ i 
CXC( CITY, CITY) :R; 
CXK( CITY,ROUTE); 
LINK ( CITY, CITY,ROUTE) :Xi 

ENDSETS 
DATA: 

W 28; ! ~1\1?1Jl'HU~llf~'HlJ'il i 
M 5; ! li'I"'U'I{YlnlV1JIH11fWAan~1; 

Q 15; ! 11 J1lJl1J(l4hllJ1l'llfl i 

D @FILE ( I Demand2 0 . txt' ) i ! flnlJA'o~fmllf1lA i i 

R @F1LE ( 1 Di'atance2 0 . txt' ) ; ! 1::fI::m4md1l11111fl i ttll1l1,11l j; 
ENDDATA 

MIN = @SUM(LINK(I,J,K):R(I,J)*X(I,J,K»; 

@FOR(CITY(J)I(J #GT# 1) :@SUM(CXK(I,K):X(1,J,K»=l); 
@FOR(CITY(I) I (I #GT# 1) :@SUM(CXK(J,K) :X(I,J,K»=l); 
@FOR(ROUTE(K) :@SUM(CITY(I) :X (I,l, K) ) <=1) ; 
@FOR(ROUTE(K) :@SUM(CITY(J) :X(l,J,K»<=l); 
@FOR(CXK(J,K) :@SUM(CITY(I) :X(I,J,K»­

@SUM(CITY(I):X(J,I,K»=O); 
@FOR(ROUTE(K) :@SUM(CITY(I) I (I #GT# 1) #AND# (I #LE# 

M) :D(I)*@SUM(CITY(J) :X(I,J,K»)<= QJ; 

@FOR{ROUTE(K) :@SUM{CITY(I) I (I #GT# 
M) :D(I)*@SUM(CITY{J):X{I,J,K»)<= Q); 

@FOR(LINK(I,J,K) I (I #GT# M) #AND# (J #GT# 1) #AND# (J #LE# 
M) : X (I, J, K) = 0); 

@FOR(ROUTE{K) :@SUM{CXC(I,J) I (J #GT# M) #AND# (I #GT# 1) #AND# 
(I #LE# M) :X(I,J,K) )<=1); 

@FOR(LINK(I,I,K):X(I,I,K)= 0); 

@FOR(LINK:@BIN(X»; 

@FOR(LINK{I,J,K) I (I #GT# 1) #AND# (J #GT# 1): 

«W-3)*X(J,I,K»+«W-1)*X(I,J,KJ)+U(I) <= U(J)+(W-2) ); 

END 
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#include<iostream> 
#include<fstream> 
#include<string> 
#include<stdlib.h> 
#include<time.h> 
#include<math.h> 
#include<conio.h> 
#include<climits> 
#include<limits> 

using namespace std; 

double Random(int&No); 
int CalPop(int Start,int Finish,double* Attractiveness,double SumAttractiveness, 

int& No,bool Test); 
void AntLRP(int AntPopulationL.int AntPopulationR.int NaxLoopL,int NaxLoopR, 

int Alpha_L,int Beta_L,int Alpha_R,int Beta_R,double BvaporationRate_L, 
double BvaporationRate_R,int AntFinal,int NaxLoopFinal); 

int OpenFactory(double* Pheromone_L,int Alpha_L,int Beta_L,double* SumDistance_L, 
int& No); 

void SelectK(bool&Possible,int Factory,int**& Route,double**& DSent, 
dOuble*& DofRoute,int*& NofRoute,int& TotalRoute,double*&SumDisRoute, 
double** Pheromone_R,int Alpha_R,int Beta_R,int& No,bool Test); 

void SelectN(bool&Possible,int Factory,int**& Route,double**& HSent, 
dOuble*& HofRoute,int*& KofRoute,int*& NofRoute, 
int& TotalRoute,double*&SumDiSRoute,double** Pheromone_R,int Alpha_R, 
int Beta R,int& No,bool Test); 

void update(int FactoryMOdel,int& Factory,int** RouteNodel,int**& Route, 
double** DSentNodel,double**& DSent,double** HSentKodel, 
double**& HSent,double* DofRouteKodel,double*& DofRoute, 
double* HofRouteNodel,double*& BofRoute, 
int* KofRouteNodel,int*& KofRoute,int* NofRouteKodel,int*& NofRoute, 
int TotalRouteNodel,int& TotalRoute, 
double*SumDisRouteKodel.double*&SumDisRoute); 

double CallDistance(bool Show,int TotalRoute.int** Route,int* NofRoute,int* NofRoute); 
void OneKove(int Factory,int**& Route,dOuble**& DSent,double**& HSent, 

double*& DofRoute,double*& HofRoute.int*& NofRoute,int*& NofRoute, 
int& TotalRoute.double*&SumDisRoute,double&TotalDistance); 

void Show(int Factory,int** Route,double** DSent,double** HSent. 
double* DofRoute,double* HofRoute,int* MofRoute,int* NofRoute, 
int TotalRoute,double*SumDisRoute,double TotalDistance); 

void Exchage(int**& Route.double**& DSent,double**& BSent,double*& DofRoute, 
double*& BofRoute,int*& NofRoute,int*& NofRoute,int& TotalRoute. 
double*&SumDisRoute,double&TotalDistance,bool Test); 

void TwoOptMove(int**& Route,double**& DSent,double**& BSent,int*& NofRoute, 
int*& NofRoute,int& TotalRoute,double*&SumDisRoute,double&TotalDistance); 

void Reset(int**& Route,double**& DSent,double**& HSent,double*& DofRoute, 
double*& BofRoute,int*& MofRoute,int*& NofRoute,int& TotalRoute, 
double*&SumDisRoute,double&TotalDistance); 

ofstream myfile; 

11*************************** Set Parameter *********••••••••••••••****••• 

int V • 720; 

int Capa - 240; 

double MaxDistance 100000; 

int N = 22,N _ 261; 

int Total_Nod - N+N; 

int Ok - 15; 

double**Distance -(double**)calloc(Total_Nod+l.sizeof(double*»; 

double*H • new double [Total_Nod+l]; 

double*D _ new double [Total_Nod+ll; 

int NoRandom - 1; 


11******************************* main ****************.***************.*. 

int main() { 
int TTT; 
clock t starttime, endtime; 
double Time; 
int imO,j.O; 
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for (i-l;i<eTotal_Nod;i++){ 
Distance [i) • (double-)calloc(Total_Nod+l,sizeof(double»; 

} 

II----------------------Open File------------------------------ ­

fstream file; 
file.open(WDATA.txtW,iosllin); 

if (file. fail () { 
cout«WError opening DATA.txt\n"; 
getchO 1 

return 1; 

}llcheck Error 

myfile.open (wAntLRP.txtW,ios::out); 

11-------------------- Add Demand and Distance ----------- ­

for(i-l;i<-M;i++){ 
file»D[i], 

} 

for(i=M+l;i<-Total_Nod;i++){ 
file»H[i); 

} 

for(i=l;i<~(Total_Nod);i++){ 
for(j-l;j<=(Total_Nod);j++){ 

file » Distance [i) [j] ; 
} 

} 

for(i_l;i<=(Total_Nodl;i++){ 
for(j-l;j<-(Total_Nod);j++){ 

if (Distance [i] [j] 1- Distance [j) [i] ) { 
cout«WError Distance [-«i«·] ["«j«"l 1­
Distance [·«j«-l ["«i«"]\n", 
cout«"Distance["«i«W] [.«j«"]- "«Distance[il [j]«endl; 
cout«·Distance[w«j«.] [w«i«W]_ w«Distance[j] [i]«endl; 
} 

} 
} 

file. close (J 1 

starttime = clock(); 

AntLRP(50,5,lOO,5,1,5,1,5,O.02,O.02,50,50); 

endtime = clock(); 

Time a «double) (endtime-starttime»/CLOCKS PER SEC; 

cout«"\n\nTotal Time - ·«Time«'\n'; ­
myfile«W\n\nTotal Time - ·«Time«'\n', 


//getch() ; 

/*End main*/} 


1/************************-***** Ant LRP **************-****************** 
void AntLRP(int AntPopulationL,int AntPopulationR,int MaxLoopL,int MaxLoopR, 

int Alpha L,int Beta L,int Alpha R,int Beta R,double EvaporationRate L, 
double EvaporationRate_R,int AntFinal,int MixLoopFinal){ ­

int i-O,j-O,jj=O; 

int Factory,FactoryQueen,Factoryl,Factory2,Factory3; 

int TotalRoute, TotalRouteQueen, TotalRoutel, TotalRoute2, TotalRoute3; 

double* Pheromone_La new double [Total_Nod+ll; 

double* SumDistance_L _ new double [Total_Nod+l]; 

double·· Pheromone R. (double**)calloc(Total_Nod+l,Bizeof(double*»; 

double Z,ZQueen,Zl,Z2,Z3; 

int** S - (int**)calloc(Total_Nod+l,sizeof(int*»; 
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int** SOUeen - (int**)calloc(Total_Nod+l.sizeof(int*»; 
int** Sl • (int**)calloc(Total_Nod+l.sizeof(int*»; 
int** 82 • (int**)calloc(Total_Nod+l.sizeof(int*»; 
int** 83 • (int**)calloc(Total_Nod+l.sizeof(int*»; 
double** DSent • (double**)calloc(Total_Nod+l.sizeof(double*»; 
double** DSentQueen • (double**)calloc(Total_Nod+l.sizeof(double*»; 
double** DSentl - (double**)calloc(Total_Nod+l.sizeof(double*»; 
double** DSent2 - (double**)calloc(Total_Nod+l.sizeof(double*»; 
double** D8ent3 - (double**)calloc(Total_Nod+l,aizeof(double*»; 
doublet DofRoute - new double [Total No4+l]; 
doublet DofRouteOUeen. new double [Total_Nod+I]1 
doublet DofRoutel - new double [Total_Nod+l]; 
doublet DofRoute2 - new double [Total_Nod+l]; 
double* DofRoute3 - new double [Total Nod+l]; 
int* MofRoute - new int [Total_Nod+l]; 
int* MofRouteQueen - new int [Total Nod+l]; 
int* MofRoutel • new int [Total_Nod+l]; 
int* MofRoute2 - new int [Total Nod+l]; 
int* MofRoute3 - new int [Total=No4+l]; 
dOuble** BSent • (double**)calloc(Total Nod+l.aizeof(double*»; 
double** ESentQueen • (double**)calloc(Total Nod+l.aizeof(double*»; 
double** BSentl _ (double**)calloc(Total Nod+l,sizeof(double*»; 
double** BSent2 = (double**)calloc(Total=Nod+l.sizeof(double*»; 
double** ESent3 - (double**)calloc(Total_Nod+l,sizeof(double*»; 
doublet BofRoute _ new double [Total_Nod+l]; 
doublet BofRouteQueen - new double [Total_Nod+l); 
doublet EofRoutel - new double [Total_Nod+l], 
doublet EofRoute2 = new double [Total_Nod+l], 
doublet BofRoute3 - new double [Total_Nod+l]; 
int* NofRoute - new int [Total Nod+l]; 
int* NofRouteQueen - new int [Total_Nod+l); 
int* NofRoutel - new int [Total_Nod+l]; 
int* NofRoute2 - new int [Total_Nod+l]; 
int* NofRoute3 - new int [Total Nod+l]; 
double*SumDisRoute = new double-[Total_Nod+l]; 
double*SumDisRouteQueen = new double [Total Nod+l]; 
double*SumDisRoutel • new double [Total Nod+l]; 
double*SumDisRoute2 - new double [Total=Nod+l]; 
double*SumDisRoute3 - new double [Total_No4+l]; 
bool PosaibleM,possibleN; 
int NoLoopNlmpossible; 
doublet SumDisQueen - new double [N+ll; 
doublet DummySumDisOUeen - new double [N+l]; 

int *updatePheL = new int [17]; 

double CheckDisL; 

int * Noupdate _ new int [N+l]; 

int TTT - 0, 

doublet Attractiveness L. new double [Total_Nod+l]; 

double SumAttractivene;s_L - 0; 


for(i-O;i<aTotal_Nod;i++){ 
Pheromone_R[i]-(double*)calloc(Total_Nod+l,sizeof(double»; 
Sri] a (int*)calloc(Total Nod+l,sizeof(int»; 
SQueen[i] = (int*)calloc(Total_Nod+l.aizeof(int»; 
Sl[i] - (int*)calloc(Total Nod+l,sizeof(int»; 
82[i] - (int*)calloc(Total-Nod+l,sizeof(int»; 
S3[i] - (int*)calloc(Total=Nod+l,sizeof(int»; 
DSent[i]. (double*)calloc(S,sizeof(double»; 
DSentQueen[il- (double*)calloc(S,sizeof(double»; 
DSentl[il= (double*)calloc(S,sizeof(double», 
DSent2[i]= (double*)calloc(S,sizeof(double»; 
DSent3[i]- (double*)calloc(S,aizeof(double»; 
BSent[i]. (double*)calloc(Total_Nod+l.sizeof(double»; 
HSentQueen[i]- (double*)calloc(Total_Nod+l.sizeof(double»; 
ESentl[i]= (double*)calloc(Total_Nod+l.sizeof(double»; 
HSent2[i]. (double*)calloc(Total Nod+l,sizeof(double»; 
HSent3[i]= (double*)calloc(Total=No4+l,sizeof(double»; 

} 

int Ant_F.loopF; 
int loopL,loopR,Ant_L.Ant_R; 
int No • I; 
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for(i-l;i<-Total_Nod;i++){ 

Pheromone_Lei] • 11 


} 


for(ieM+l;i<-Total_Nod;i++){ 

SumDistance L[i] • 0; 

for(j-l;j<-Total_Nod;j++){ 


SumDistance_L[i] - SumDistance_L[i] +Distance [i] [j]; 
} 
SumDistance L[i] - 100.0/SumDistance_L[i]; 
SumDistance=L[i] - pow(SumDistance_L[i],Beta_L); 

} 

Z 500000; 

for (loopL-I;loopL<-MaxLoopL;loopL++){ 

ZOueen - 600000; 


For (Ant_L-l;Ant_L<-AntPopulationL;Ant_L++){ 

cout«-loopLI "«loopL«'\t'; 

cout«wAnt_L: w«Ant_L«'\n'; 


for(i-l;i<-Total_Nod;i++){ 

for(j-l;j<-Total_Nod;j++){ 


if(il-jl{ 

Pheromone_R[i] [j] 1.0; 


}else{ • 

Pheromone_R[i] [j] - 0.0; 


} 

}} 

Z3 = 700000; 

for(loopR-I;loopR<-MaXLoopR;loopR++l{ 

Z2 = 800000; 

Reset (SI,DSentl,BSentl,DofRoutel,BofRoutel,MofRoutel,NofRoutel,TotalRoutel, 
SumDisRoutel,Zl); 

SelectM(PossibleM,Factoryl,Sl,DSentl,DofRoutel,MOfRoutel,TotalRoutel,SumDisRoutel, 
Pheromone_R,Alpha_R,Beta_R,No,false); 

if(PossibleN -- falsel{ 
goto New; 

} 

NoLOOpNImpossible • 0; 

do{ 

SelectN(PossibleN,Pactoryl,Sl,HSentl,BofRoutel,MofRoute1,NofRoutel ,TotalRoutel , 
SumDisRoutel,Pheromone_R,Alpha_R,Beta_R,No,false); 

if(PossibleN aa l){ 
break; 

} 

NoLoopNImpossible +- 1; 

}while(NoLoopNImpossible <- lOl, 
if(PossibleN -- falsel{ 

ZI - 9000000; 
goto New; 

} 
Zl = CallDistance(false,TotalRoutel,Sl,MofRoutel,NofRoutel) I 
if(Zl < Z2l{ 

Z2 - ZI; 
Update (Factoryl,Factory2,SI,S2,DSentl,DSent2,HSentl,HSent2 , Do fRoute1 ,DofRoute2, 

BofRoutel,BofRoute2, NofRoutel,NofRoute2 ,NofRoutel, NofRoute2,TotalRoutel, 
TotaIRoute2,SumDisRoutel,SumDisRoute2); 
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if(Z2<z3){ 

Z3 - Z2; 


Update(Factory2.Factory3.S2.S3.DSent2.DSent3.HSent2.HSent3.DofRoute2.DofRoute3. 

HofRoute2.HofRoute3.MofRoute2.MofRoute3.NofRoute2.NofRoute3.TotalRoute2. 

TotalRoute3.SumDisRoute2.SumDisRoute3); 


} 

for(i=l,i<=Total Nod;i++){ 


for(j-l;j<-Total_Nod;j++){ 

Pheromone_R[i] [j]= Pheromone_R[i] [j]*(l.O-EvaporationRate_R); 


} 

} 

for(i=1;i<zTotalRoute2;i++){ 


for(jsl;j<sMofRoute2 [i]+NofRoute2 [i]+l;j++){ 

Pheromone_R[S2 [i] [jll [S2 [i] [j+lll += 100.0/Z2; 


} 

} 

}//End loopR// 


Exchage(S3.DSent3.HSent3.DofRoute3.HofRoute3.MofRoute3.NofRoute3.TotalRoute3. 
SumDisRoute3.Z3.true) , 

OneMove (Factory3. S3.DSent3.HSent3.DofRoute3.HofRoute3.MofRoute3.NofRoute3.TotalRoute3. 
SumDisRoute3.Z3), 

TwoOptMove (S3.DSent3. HSent3.MofRoute3.NofRoute3.TotalRoute3.SumDisRoute3.Z3); 

if (Z3<ZQueen){ 

ZQueen - Z3; 


Update (Factory3. FactoryQueen. S3. SQueen. DSent3. DSentQueen. HSent3.HSentQueen.DofRoute3. 
DofRouteQueen.HofRoute3.HofRouteQueen.MofRoute3.MofRouteQueen.NofRoute3. 
NofRouteQueen.TotalRoute3.TotalRouteQueen.SumDisRoute3.SumDisRouteQueen), 

} 

SumDisQueen[Ant L] - z3; 
DummySumDisQueen[Ant_L]- Z3; 
NoUpdate[Ant_L] = Factory3; 

if(ZQueen < Z){ 
Z = ZQueen; 

Update (FactoryQueen. Factory. SQueen. S. DSentQueen.DSent. HSentQueen. HSent. DofRouteQueen. 
DofRoute. HofRouteQueen. HofRoute. MofRouteQueen. MofRoute. NofRouteQueen. 
NofRoute.TotalRouteQueen.TotalRoute.SumDisRouteQueen.SumDisRoute); 

} 

for(j=1;j<a16;j++){ 
CheckDisL = 500000; 
for(i=l;i<=AntPopulationL;i++){ 

if(DummySumDisQueen[i]< CheckDisL){ 
CheckDisL - DummySumDisQueen[i]; 
UpdatePheL[j] - i; 

} 

} 


DummySumDisQueen[UpdatePheL[j]]- 500000, 
} 

for(i=l;i<=Total_Nod;i++){ 
Pheromone_L[i]=Pheromone_L[i] * (l-EvaporationRate L); 

} 

for(j=1;j<a16;j++){ 
Pheromone_L[NoUpdate[UpdatePheL[j]]] += 100.0/SumDisQueen[UpdatePheL[j]]; 

} 

}//End loopL// 


cout«-Tot«l DiatAnce • -«Z«endli 

Show (Factory. S. DSent.HSent.DofRoute.HofRoute.MofRoute.NofRoute.TotalRoute.SumDisRoute. 


Z) ; 

http:DSent.HSent.DofRoute.HofRoute.MofRoute.No
http:te3.SumDisRoute3.Z3
http:SumDisRoute3.Z3
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for(i-1,i<-Tota1_Nod,i++){ 

for(j-1;j<-Tota1_Nod,j++){ 


if(il"j){ 

Pheromone_R[i] [j] .. 1.0; 


}else{ 

Pheromone_R[i] [j] .. 0.0; 


} 

} 


} 

Z3 .. 500000; 


for(loopF-1;loopF<- MaxLoopFina1;loopF++){ 

cout«ft1oopF: w«loopF«end1; 

Z2 - 600000, 

for (Ant_F_1;Ant_F<=AntFina1;Ant_F++){ 


New2: Reset(Sl,DSent1,HSent1,DofRoute1,HofRoute1,MofRoute1,NofRoute1, Tota1Route1, 

SumDisRoute1,Zl); 


Se1ectM(Possib1eM,Factory,Sl,DSent1,DofRoute1,MofRoute1,Tota1Route1,SumDisRoute1, 

Pheromone_R,Alpha_R,Beta_R,No,fa1se); 


if(Possib1eM .. = fa1se){ 

Zl - 700000; 

cout«"Error: Factory - ·«Factory«- **Impossib1e**IIIIIII\nwl 


cout«·Infeasib1e CUstomer\n·; 
goto New2; 
} 
NoLoopNlmpossib1e .. 0; 

dO{ 

Se1ectN(Possib1eN,Factory,Sl,HSent1,HofRoute1,MofRoute1,NofRoute1 ,Tota1Route1 , 

SumDisRoute1,Pheromone_R,A1pha_R,Beta_R,No,fa1se); 


if(Possib1eN == 1){ 
break; 

} 

NOLoOpNlmpossib1e += 1; 
}whi1e(NoLoopNlmpossib1e <- 10); 
if(Possib1eN -- fa1se){ 

Zl • 70000001 

cout«·Error: Factory - w«Factory«· **Impossib1e**IIIIIII\n·; 

cout«·Infeasib1e Supp1y\n·; 

goto New2; 


} 

Zl = Ca11Distance(fa1se,Tota1Route1,Sl,MofRoute1,NofRoute1); 
Bxchage(Sl,DSent1,HSent1,DofRoute1,HofRoute1,MofRoute1,NofRoute1, Tota1Route1, 

SumDisRoute1,Zl,true); 
OneMove(Factory,Sl,DSent1,HSent1,DofRoute1,HofRoute1,MofRoute1,NofRoute1, Tota1Route1, 

SumDisRoute1,Zl); 
TwoOptMove(Sl,DSent1,HSent1,MofRoute1,NofRoute1,TotalRoUte1,SumDisRoute1,Zl); 

if(Zl < Z2){ 
Z2 - Zl; 

Update (Factory,Factory2,Sl,S2,DSent1,DSent2,HSent1,HSent2 ,DofRoute1,DofRoute2 , 
HofRoute1,HofRoute2,MofRoute1,MofRoute2,NofRoute1,NofRoute2,Tota1Route1, 
Tota1Route2,SumDisRoute1,SumDisRoute2) 1 

if(Z2<Z3){ 
Z3 - Z2; 

Update (Factory, Factory3,S2 ,S3,DSent2,DSent3,HSent2,HSent3 ,DofRoute2,DofRoute3, 
HofRoute2,HofRoute3,MofRoute2,MofRoute3,NofRoute2,NofRoute3,Tota1Route2, 
Tota1Route3,SumDisRoute2,SumDisRoute3); 

} 
for (i-1;i<..Tota1_Nod;i++){ 

for(j=1;j<=Tota1_Nod;j++){ 
Pheromone_R[i] [j]- Pheromone_R[i] [j]*(1.0-EvaporationRate_R); 

} 
} 
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for(i=1;i<_Tota1Route2;i++){ 

for(j_1,j<_MofRoute2[i]+NofRoute2[i]+1;j++){ 


Pheromone_R[S2 [i] [j]] [S2 [i] [j+1]] +_ 100.0/Z2; 

} 


} 

}//End loopF// 


if(Z3<Z){ 

Z .. Z3; 


Update (Factory,Factory,S3,S,DSent3,DSent,HSent3,HSent,DofRoute3 ,DofRoute, HofRoute3 , 
HofRoute, MofRoute3 ,MofRoute , NofRoute3 ,NofRoute , Tota1Route3,Tota1Route, 
SumDisRoute3,SumDisRoute), 

} 

myfi1e«-\n######################## And #############################\n-; 
Show(Factory,S,DSent,HSent,DofRoute,HofRoute,MofRoute,NofRoute,Tota1Route,SumDisRoute, 

Z); 

/*End AntLRP* /} 

II................................. 2-Opt Move ******************************* 

void TwoOptMove(int**& Route,doub1e**& DSent,doub1e**& HSent,int*& MofRoute, 

int*& NofRoute,int& Tota1Route,doub1e*&SumDisRoute,doub1e&Tota1Distance){ 

int i-O,j-O,m-O,n-O, 

double MinDisImprove, 

boo1 CheckImprove, 

double NTD = Tota1Distance; 

int Position01d,PositionNew; 

int Dummy; 

double DummyDH; 

m=O; 
int loop; 

int* DummyRoute = new int [Total Nod+1]; 

doub1e* DummyD a new double [Tota1_Nod+1], 

doub1e* DummyH a new double [Tota1_Nod+1]; 

double CheckTota1; 


for (loop-I; loop<-Tota1Route;loop++){ 

dO{ 

CheckImprove - false; 
MinDisImprove - Tota1Distance; 

if (MofRoute [loop] >- 2){ 

for(j_1;j<a MofRoute[loop]+1-2;j++){ 
for(na j+2;n<- MofRoute[loop]+l;n++){ 

NTD - Tota1Distance+Distance [Route [loop] [j]] [Route [loop] [n]]+ 
Distance [Route [loop] [j+1]] [Route [loop] [n+1]]­
Distance [Route [loop] [j]] [Route [loop] [j+1]] ­
Distance [Route [loop] [n]] [Route [loop] [n+1]] ; 

if (NTD<MinDisImprove){ 

MinDisImprove = NTD; 

Position01d = j; 

PositionNew = n; 

CheckImprove = true; 


} 
} 

} 
}//if (MofRoute [loop] >- 2) 

if (NofRoute [loop] >_ 2){ 
for(j=MofRoute[loop]+l;j<- MofRoute[loop]+NofRoute[loop]+1-2;j++){ 

for(n=j+2;n<a MofRoute[loop]+NofRoute[loop]+l;n++){ 
NTD - Tota1Distance+Distance[Route[loop] [j]] [Route [loop] [n]]+ 
Distance [Route [loop] [j+1]] [Route [loop] [n+1]] ­
Distance [Route [loop] [j]] [Route [loop] [j+1]] ­
Distance [Route [loop] [n]] [Route [loop] [n+1]]1 

if (NTD<MinDisImprove){ 

MinDisImprove = NTD; 

pOliition01d = j; 

PositionNew a n; 

CheckImprove = true, 
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}
} 


}

} 


if (Checklmprove){ 
for(iKl;i<-MofRoute[loop) +NofRoute[loop)+2;i++){ 


DummyRoute[i) - Route [loop) [il, 

DummyH[i) - HSent[loop) [i); 


if(i<-4){ 

DummyD[i) K DSent[loop) [il, 


}

} 


SumDisRoute[loop) +_ MinDislmprove-TotalDistancel 
TotalDistance - MinDislmprovel 
Dummy ~ Route [loop) [PositionNew) I 

if (Dummy<-M){ 

DummyDH = DSent[loop) [PositionNew); 

for(jKPositionOld+2Ij<- PositionNewlj++){ 


Route [loop) [j) - DummyRoute[PositionNew-l-m); 
if(j<=4){ 

DSent[loop) [j) K DummyD[PositionNew-l-m); 
} 
m += 1; 
} 


Route [loop) [PositionOld+l) Dummy; 

DSent[loop) [PositionOld+l) - DummyDH; 


}else{ 

DummyDH - HSent[loop) [PositionNew); 


for(j-PositionOld+2Ij<- PositionNew;j++){ 
Route [loop) [j) - DummyRoute[PositionNew-l-m); 
HSent[loop) [j) K DummyH[PositiOnNew-l-m); 
m += 11 

} 

Route [loop) [PositionOld+l) - Dummy I 

HSent[loop) [PositionOld+l) - DummyDHI 


} 

m c 0, 
} 
}while(Checklmprove); 
} 
delete [)DummyRoute; 
delete [)DummyD; 
delete [)DummyH; 

} 

II................................. Exchage Move ********************************* 

void Exchage(int**& Route,double**& DSent,double**& HSent,double*& DofRoute, 

double*& HofRoute,int*& MofRoute,int*& NofRoute,int& TotalRoute, 
double*&SumDisRoute,double&TotalDistance,bool Test) { 

int i=O,j_O,m=O,n.O; 

double CheckDisl,CheckDis2, 

double CheckCapal,Checkcapa2; 

double NewDisRoutel,NewDisRoute2; 

double MinDislmprove; 

bool Checklmprove; 

double NTD * TotalDistance; 

int RouteOld,RouteNew; 

int PositionOld,PositionNew; 

int Dummy; 

double DummyDH; 

double CheckTotalDistance; 

int TTT; 


do{ 
CheckImprove = false; 
MinDisImprove ~ TotalDistance; 
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for(i.l;i<-TotalRoute-l;i++){ 
for(j-2;j<-MofRoute[il+2;j++){ 


for (m.i+l;m<aTotalRoute;m++){ 

for(n-2;n<-MofRoute[ml+2/n++){ 

if (Route til [jl <- H) { 


if (Route [ml [nl <_H) { 
CheckCapal - DofRoute[i]-DSent[i] [j]+DSent[m] en]; 
CheckCapa2 a DofRoute em] -DSent [ml [nl +DSent til [jl ; 

}else if«j••HofRoute[il+l) •• {HofRoute[il>=l) •• 
(Route [ml [nl I- Route [11 [1] ) ) { 

CheckCapal • HofRoute[i]+HSent[ml en]; 
CheckCapa2 • DofRoute[ml+DSent[il [jl; 

}else{ 
CheckCapal • 5000, CheckCapa2 a 5000;} 

}else if«n aa HofRoute[m]+l) •• (HofRoute[mJ>-l) •• 
(Route [il [jl 1- Route [11 [1]) I{ 

CheckCapal - DofRoute[il+DSent[m] [n]; 

CheckCapa2 - HofRoute[m)+HSent[i] [j); 


}else{ 

CheckCapal - 5000; CheckCapa2 - 5000; 


} 

CheckDisl 	a SumDisRoute [i) +Oistance [Route [i) [j-l)) [Route[m) [n])+ 

Distance [Route [m] [nll [Route til [j+1JJ -Distance [Route [i] [j-l]J [Route til [jll ­
Distance [Route til [jll [Route til [j+ll] ; 

CheckDis2 	- SumDisRoute[m] +Distance[Route [ml [n-ll) [Route[i] [jll+ 
Distance [Route til [jl] [Route [ml [n+lll -Distance [Route [mJ [n-lll [Route [ml en) 1 ­
Distance [Route [mJ [n)) [Route em) [n+l]] ; 

if{{CheckDisl<aHaxDistance) •• {CheckDis2<aMaxDistance) •• {CheckCapal<-Ok) •• 

(CheckCapa2<aOk»{ 


RTD - TotalDistance+Oistance [Route [i] [j-l)) [Route[m) [n))+ 
Distance [Route [ml en)) [Route til [j+lll +Distance [Route [ml [n-ll] [Route til [j] ) + 
Distance[Route[il [jl) [Route [m] [n+l) I-Distance [Route [i) [j-ll) [Route[il [j) 1­
Distance [Route [i) [j)) [Route til [j+lll-Distance [Route [m) [n-ll) [Route [ml [n)) ­
Distance [Route [ml [nll [Route em) [n+l)) I 

if (RTD<HinDisImprove){ 
HinDisImprove • RTD; 
RouteOld - i; 
RouteN_ a m; 
PositionOld - j; 
positionNew a n; 
NewDisRoutel - CheckDisl; 
NewDisRoute2 _ CheckDis2; 
CheckImprove = true; 

} 
} 
} 
} 
} 
}//End for{i=l;i<-TOtaIRoute;i++) and if(HofRoute[i»-I)// 

for{i-l;i<-TotaIRoute-l;i++){ 
if(NofRoute[i»_I){ 
for(j-HofRoute[iJ+2;j<=HofRoute[i)+NofRoute[i]+I;j++){ 
for (m=i+l;m<=TotalRoutetm++){ 

if (NofRoute [m) >=1) { 
for(n=HofRoute[m)+2;n<=HofRoute[m)+NofRoute[m)+I;n++){ 

CheckCapal • HofRoute til -BSent [i) [j) +BSent em) en) I 

CheckCapa2 - BofRoute em) -BSent em) en) +HSent [i] [j) ; 

CheckDisl 	- SumDisRoute[i) +Distance [Route [il [j-l)) [Route[m) [nl)+ 
Distance [Route [ml [n]] [Route [i) [j+l]J -Distance [Route [i] [j -1]] [Route [i] [j)) ­
Distance [Route til [j)) [Route til [j+ll] ; 

CheckDis2 	a SumDisRoute[mJ +Oistance [Route[m] [n-l)) [Route [i) [j])+ 
Distance [Route [i] [j)) [Route [ml [n+l]] -Distance [Route [m] [n-l)) [Route em] [n))­
Distance [Route [m) [n)) [Route em) [n+ll) ; 

if«CheekDisl<-HaxDistanee)&.{CheekDis2<-MaxDistanee) •• {CheekCapal<-Qk).& 
(CheckCapa2<-Qk»{ 
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NTD • TotaiDistance+Distance[Route[i] [jell] [Route[m] [n]]+ 
Distance [Route [m] [n]] [Route [i] [j+1l] +Distance [Route em] [n-l]] [Route [i] [j]] + 
Distance [Route [i] [j]] [Route em] [n+l]] -Distance [Route [i] [j-l]] [Route [i] [j]] ­
Distance [Route [1] [j]] [Route [i] [j+ll] -Distance [Route em] [n-l]] [Route [m] [n]] ­
Distance[Route[m] [nIl [Route[m] [n+l]]; 

if (NTD<MinDisXmprove){ 
MinDisXmprove - NTD; 
RouteOid - i; 
RouteHew • m; 
positionOid • j; 
positionNew • n; 
NewDisRoutel • CheckDisl; 
NewDisRoute2 • CheckDis2; 
CheckImprove • true; 

} 
} 
} 
} 
} 
} 
}}//End for(i-i;i<-TotaiRoute;i++) and if(NofRoute[i]>-l)// 

if (CheckImprove){ 
TotaiDistance - MinDisImprove; 
SumDisRoute[RouteOid] _ NewDisRoutel; 
SumDisRoute[RouteHew] _ NewDisRoute2; 
Dummy. Route [RouteOid] [PositionOid]; 

if«D~<.M) I I (Route [RouteHew] [PositionNew]<-M»{ 
if ( (Dummy<_M) ) { 
if (Route [RouteHew] [PositionNew]<-M){ 

DummyDK _ DSent[RouteOid] [PositionOid]; 
DofRoute[RouteOld] +- DSent[RouteNew] [positionNew]­

DSent[RouteOid] [PositionOid]; 
DofRoute[RouteHew] +_ DSent[RouteOid] [PositionOid]­

DSent[RouteHew] [PositionNew]; 
DSent[RouteOid] [PositionOid] = DSent[RouteHew] [PositionNew]; 
DSent[RouteHew] [PositionNew] ~ DummyDK; 

}eise{ 
BofRoute[RouteOid] +- KSent[RouteHew] [PositionNew]; 
BofRoute[RouteNew] KSent[RouteHew] [PositionNew]; 
DofRoute[RouteNew] +- DSent[RouteOid] [PositionOid]; 
DofRoute[RouteOid] DSent[RouteOid] [positionOid]; 
KSent[RouteOid] [PositionOid] KSent[RouteNew] [PositionNew]; 
KSent[RouteHew] [PositionNew] = 0; 
DSent(RouteHew] [PositionNew] a DSent[RouteOid] [PositionOld]; 
DSent[RouteOld] [PositionOld] = 0; 
NofRoute(RouteOid] +- 1; 
NofRout e [RouteNew] 1; 
MofRoute[RouteNew] +- 1; 
MofRoute[RouteOld] 1; 

} 
}eise{ 

DofRoute[RouteOid] += DSent[RouteNew] [PositionNew]; 
DofRoute[RouteNew] DSent[RouteHew] [PositiOnNew]; 
BofRoute[RouteNew] +- BSent[RouteOld] [PositionOid]; 
KofRoute[RouteOid] KSent[RouteOid] [PositionOid]; 
DSent[RouteOid] [PositionOid] = DSent[RouteNew] [PositionNew]; 
DSent[RouteNew] [PositiOnNew] - 0; 
KSent[RouteHew] [PositionNew] BSent[RouteOid] [PositionOid]; 
KSent[RouteOid] [PositionOid] = 0; 
NofRoute[RouteOid] 1; 
NofRoute[RouteHew] +- 1; 
MofRoute[RouteHew] 1; 
MofRoute[RouteOid] += 1; 

} 
}e1se{ 

KofRoute[RouteOld] += KSent[RouteHew] [PositionNew]­
BSent[RouteOld] [PositionOld]; 

BofRoute[RouteHew] +- BDent[RouteOld] (PositionOid]­
KSent[RouteHew] [PositiOnNew]; 

DummyDK - BSent[RouteOld] [PositionOid]; 
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RSent[RouteOld] [PositionOld] _ RSent[RouteNew] [PositionNew]; 
RSent[RouteNew] [PositionNew] a DummyDR/ 

} 
Route [RouteOld] [PositionOld] a Route [RouteNew] [PositionNew]; 
Route [RouteNew] [PositionNew] • Dummy; 

} 

}while(Checklmprovel; 


/*End Exchage*/} 

11********.************************ One Move ********************************* 
void OneMove(int Factory.int**& Route.double**& DSent.double**& RSent. 

double*& DofRoute.double*& RofRoute.int*& MofRoute.int*& NofRoute. 
int& TotalRoute.double*&SumDisRoute.double&TotalDistancel{ 

int ieO.j_O.maO.naO; 

double NewDisRoutel.NewDisRoute2; 

double CheckDisl.CheckDis2; 

double CheckCapal 

double MinDislmprove; 

bool Checklmprove; 

double NTD - TotalDistance; 

int RouteOld.RouteNew; 

int PositionOld.PositionNeWI 

int Dummy; 

double DummyDR; 

int TTT-O, 

TotalRoute +a 1; 

Route [TotalRoute] [l]=Factory; 

Route [TotalRoute] [2]eFactory; 

SumDisRoute[TotalRoute].O; 

MofRoute[TotalRoute] eO; 

NofRoute[TotalRoute]mO; 

DofRoute[TotalRoute]aO, 

RofRoute[TotalRoute] cO; 


do{ 
Checklmprove m false; 
MinDislmprove m TotalDistancel 

for(i=l;i<mTotalRoute;i++l{ 

if(MofRoute[i]>all{ 

for(j-2;j<-MofRoute[i]+1,j++l{ 

for (mal,m<-TotalRoute;m++l{ 

if«ma-il&&(MofRoute[m]>lll{ 

for(n=2;n<-MofRoute[m]+1;n++l{ 

if(jl= nl{ 

if(j<nl{ 


NTD - TotalDistance+Distance [Route [i] [j-l]] [Route[i] [j+l]]+ 
Distance [Route [m] [n]] [Route Ii] [j]] +Distance [Route Ii] [j]] [Route [m] [n+l] ] ­
Distance [Route Ii] [j-l]] [Route Ii] [j]] -Distance [Route Ii] [j]] [Route Ii] [j+l] ] ­
Distance [Route [m] [n] ] [Route [m] [n+l]] ; 

}else{ 

NTD a TotalDistance+Distance [Route [m] [n-l]] [Route[i] [j]]+ 
Distance [Route Ii] [j]] [Route [m] [n]] +Distance [Route Ii] [j-l]] [Route Ii] [j+l]]­
Distance [Route Ii] [j-l]] [Route Ii] [j]] -Distance [Route til [j]] [Route Ii] [j+l]] ­
Distance [Route [m] [n-l]] [Route [m] [n]] ; 

} 

if (NTD<MinDislmprovel{ 
MinDislmprove NTD; 
RouteOld = i; 
RouteNew = m; 
positionOld =j; 
PositionNew =0; 
Checklmprove = true; 

} 
} 
} 
}else if(m Ie il{ 
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for(n-2;n<-MofRoute[m]+2;n++){ 

CheckOisl 	- SumDisRoute [i] +Distance [Route [i) [j-l]] [Route [i) [j+l]]­
Distance [Route U] [j-lJl [Route [I] [j]J -Distance [Route [1] [jll [Route [I] [j+ll] ; 

CheckOis2 	- SumDisRoute[m] +Distance [Route[m] [n-l]] [Route [i) [j]]+ 

Distance [Route [i] [j]] [Route [m] [nl] -Distance [Route [m] [n-l] ] [Route [m] [n]] ; 


CheckCapa 	- DofRoute[m]+DSent[i] [j]; 

if«CheckOisl<-MaxDistance)&&(CheckOis2<-MaxDistance)&&(CheckCapa<-Qk»{ 

NTD. TotalDistance+Distance [Route [m] [n-l]] [Route [I] [j]] + 
Distance [Route [I] [j]] [Route [m] [nl I +Distance [Route [I] [j-ll I [Route [I] [j+l]]­
Distance [Route [I] [j-ll] [Route til [jll-Distance [Route [I] [jlJ [Route [I] [j+l]]­
Distance[Route[m] [n-l]] [Route[m] [n]]; 

} 

if (NTD<MinDisimprove){ 
MinDisimprove - NTD; 
RouteOld '" i; 
RouteNew '" m; 
PositionOld -j; 
PositionNew an; 
NewDisRoutel _ CheckOisl; 

NewDisRoute2 '" CheckOis21 

CheckImprove '" true; 


} 

} 

} 

} 

} 

}}//Bnd for(i-lsi<-TotaIRoute;i++) and if(MofRoute[i]>-l)// 


for(i.lsi<-TotalRoute;i++){ 

if(NofRoute[i]>-l){ 

for(j_NofRoute[i]+2;j<_MofRoute[il+NofRoute[il+l;j++){ 

for (m_l;m<_TotalRoute;m++){ 

if«m••i)&&(NofRoute[il>l»{ 

for(n-MofRoute[m]+2;n<-NofRoute[m] +NofRoute [ml+l;n++) { 

1f(jl- n){ 

if (j<n>{ 


NTD • TotaIDistance+Distance[Route[i] [j-l]] [Route[i] [j+l]l+ 

Distance [Route [m] [nl] [ROute [il [j]] +Distance [Route [il [jl I [Route [ml [n+lll ­
Distance [ROute [I] [j-l]] [Route [1] [j]J -Distance [Route [I] [j]] [Route [1] [j+lll ­
Distance [Route [m] [n]] [Route[m] [n+I]l; 

}else{ 

NTD - TotalDistance+Distance [Route [il [j-l]] [Route[i] [j+l]]+ 
Distance [Route [ml [n-Ill [Route [i] [j]] +Distance [Route [I] [j] I [Route [ml [nl] ­
Distance [Route [I] [j-lll [Route [I] [j]] -Distance [Route [I] [j]] [Route [I] [j+1]] ­
Distance [Route [m] [n-1] I [Route [m] [n]] ; 

} 

if (NTD<MinDisimprove){ 
MinDislmprove - NTD; 
RouteOld • i; 
RouteNew - m; 
PositionOld -j; PositionNew an; 
Checkimprove - true; 

} 
}} 
}else if(m I- i){ 

for (n-MofRoute [m] +2; n<-MofRoute [m] +NofRoute [m] +2; n++) { 

CheckOisl '" SumDisRoute[i]+Distance[Route[i] [j-I]] [Route[i] [j+l]l-
Distance [Route [i] [j-1]] [Route[i] [j]]-Distance[Route[i] [j]] [Route[i] [j+l]]; 

Check01s2 - SumDisRoute[m] +D1stance [Route [m] [n-l]] [Route[i] [j]]+ 
Distance [Route [I] [j] I [Route [m] en] ]-Distance [Route [m] [n-I]] [Route [m] [nIl; 
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Checkcapa a HofRoute[m] +HSent [i] [j]; 

if«CheckDisl<aMaxDistance)&&{CheckDis2c-MaxDistance)&&(CheckCapac-Ok»{ 

NTD. TotalDistance+Distance[Route[m] [n·l]] [Route[i] [j]]+ 
Distance [Route[i] [j]] [Route[m] [n]] +Distance [Route [1] [j.1]] [Route[i] [j+l]]­
Distance [Route [i] [j-l]] [Route [i] [j]] -Distance [Route til [j]] [Route [1] [j+l]] ­
Distance [Route [m] [n-l]] [Route [m] [n]] I 

} 

if (NTD<MinDisImprove){ 
MinDisImprove • NTD; 
RouteOld • i; 
RouteHew • m; 
PositionOld aj; 
PositionHew ..n; 
HewDisRoutel a CheckDisl.; 
HewDisP.oute2 - CheckDis2; 
CheckImprove • true; 

} 
} 
}} 
} 
}}//End for(i.l.;i<-TotalRoute;i++) and if(HofRoute[i]>..I)// 

if(CheckImprove -- true){ 
if(RouteOla -- RouteHew){ 
if (positionOl.d<PositionHew){ 

Dummy _ Route [RouteOl.d] [PositionOl.d]; 
if (Dummy <- M) { 

DummyDH _ DSent(RouteOl.d] [PositionOld]; 
for{i-PositionOl.d;i<-PositionHew-l;i++){ 

Route [RouteOl.d] [i] • Route [RouteOl.d] [i+l]; 
U{ic",3){ 

DSent[RouteOl.d] [i]_ DSent[RouteOld] [i+l]; 
} 
} 

DSent[RouteHew] [positionHew] .. DummyDH; 
Route[RouteHew] [PositionHew] - Dummy; 

}el.se{ 
DummyDH • HSent[RouteOl.d] [PositionOld]; 

for(i~PositionOld;i<.PositiOnHew-l.;i++){ 
Route[Routeold] [i] - Route [RouteOl.d] [i+l]; 

HSent[RouteOld] [i]- BSent[RouteOld] [i+l]; 


} 
HSent[RouteHew] [PositionHew] - DummyDH; 

Route [RouteHew] [PositionHew] • Dummy; 


} 
}el.se{ 

Dummy .. Route [RouteOld] [PositionOld]; 
if (Dummy <_ M) { 

DummyDB. DSent[RouteOld] [PositionOld]; 
for(i-PositionOld;i>- PositionHew+l;i--){ 

Route [RouteOld] [i] m Route [RouteOld] [i-l], 
if (i<-4) { 

DSent[RouteOld] [i] - DSent[RouteOld] [i-I]; 
} 
} 

DSent[RouteHew] [PositionHew] .. DummyDH; 
Route [RouteHew] [PositionHew] .. Dummy; 

}else{ 
DummyDB _ BSent[RouteOld] [PositionOld]; 

for(i",PositionOld;i>- PositionHew+l;i--){ 
Route [RouteOld] [i] .. Route [RouteOld] [i-I]; 
HSent[RouteOld] [i] - BSent[RouteOld] [i-I]; 

} 
HSent[RouteHew] [PositionHew] DummyDH; 
Route (RouteHew] [positionHew] .. Dummy; 

} 
} 

SumDisRoute(RouteOld] +_ MinDislmprove-TotalDistance; 
TotalDistance" MinDisImprove; 
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}elae{ 
Dummy - Route [RouteOld] [PositionOld] I 

if (Dummy <_ H) { 
DofRoute[RouteOld] -. DSent[RouteOld] [PositionOld] I 
DofRout e [RouteNew] +- DSent[RouteOld] [PositionOld]1 
DummyDB - DSent[RouteOld] [PositionOld], 
MofRoute[RouteOld] --1, 
HofRoute[RouteNew] +-1, 

for(i-PositionOld,i<-HofRoute[Route01d]+NofRoute[RouteOld]+21i++){ 
Route[RouteOld] [i] - Route [RouteOld] [i+1], 
HSent[RouteOld] [i] - HSent[RouteOld] [i+1]; 

DSent[RouteOld] [i] - DSent[RouteOld] [1+1]; 
} 
} 
HSent[RouteOld] [HofRoute [RouteOld] +NofRoute [RouteOld] +2] =0; 

for(i.HofRoute[RouteNew]+NofRoute[RouteNew]+2;i>-PositiOnNew;i--){ 
Route [RouteNew] [i] .. Route [RouteNew] [i-l], 
HSent[RouteNew] [i] - HSent[RouteNew] [i-l]1 

1f(i<-4){ 
DSent[RouteNew] [i] - DSent[RouteNew] [i-1], 

} 
} 

Route [RouteNew] [PositionNew] - Dummy; 
DSent [RouteNew] [PositionNew] - DummyDHI 
HSent[RouteNew] [HofRoute[RouteNew]+lJ - 0, 

}else{ 
HofRoute[RouteOldl -e HSent[RouteOld] [PositionOld]; 
HofRoute[RouteNew] +- HSent[RouteOld] [PositionOld]; 
DummyDH HSent[RouteOldJ [PositionOld],R 

NofRoute[RouteOld] -_1; 

NofRoute[RouteNew] +-1; 


for(i-PositionOld,i<=HofRoute[RouteOld]+NofRoute[RouteOld]+2,i++){ 
Route [RouteOld] [i] - Route [RouteOld] [i+l]; 
HSent[RouteOld] [i] .. Hsent[RouteOld] [i+l]; 

} 

for (i-MofRoute [RouteNew] +NofRoute [RouteNew] +2;i>-PositionNew;i--){ 
Route [RouteNew] [i] - Route [RouteNew] [i-1J; 
HSent[RouteNew] [i] - HSent[RouteNew] [i-l]; 

} 
Route [RouteNew] [PositionNew] • Dummy, 
HSent[RouteNew] [PositionNew] - DummyDH1 

} 
SumDisRoute[RouteOld] .. NewDisRoutel1 
SumDisRoute[RouteNew] - NewDisRoute2; 
TotalDistance - HinDisImprove1 

} 
} 
}while(Check~mprove); 
int Old",l,New-TotalRoute; 
do{ 
while (HofRoute [New] +NofRoute[New]-_O) { 

New --1; 
TotalRoute -- 1; 

} 

if (HofRoute [Old] +NofRoute [Old]--O) { 
TotalRoute -'" 1; 
HofRoute[Old] - HofRoute[New]; 
NofRoute[Old] NofRoute[New] I 
DofRoute[OldJ DofRoute[New], 
HofRoute[Old] - HofRoute[NewJ; 
SumDisRoute[Old] - SumDisRoute[New]; 

for(i-l,i<-MofRoute[New]+NofRoute[New]+2,i++){ 
Route [Old] [i] • Route [New] [il, 
HSent[OldJ [i] - HSent[New] [iI, 

} 
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for(i~l'i<.4'i++){ 
DSent [Old] til • DSent [New] [iI, 

} 
New 1; 


} 

Old +- 1/ 


}while(New > Old); 

} 


II............................. Calculate Didtance ••••••••••••****••••••••••• 
double CallDistance(bool Show,int TotalRoute,int** Route,int* MofRoute,int. NofRoute){ 

int i.O,j.O; 

double TotalDistance - 0; 

double.SumDisRoute • new double [TotalRoute+l]; 


for(iel;i<eTOtalRoute;i++){ 

SumDisRoute[i] - 0; 

for(j-l;j<-MofRoute[i]+NofRoute[i]+l,j++){ 


SumDisRoute[i] +- Distance[Route[il [jll [Route[i] [j+l]]; 
TotalDistance +- Distance [Route [il [j]] [Route[i] [j+l]]; 

} 

} 


if (Show) { 

for(i-l;i<-TotalRoute;i++){ 


cout«-SumDisRoute[-«i«-1 _\t-«SumDisRoute[i] «endl; 

myfile«-SumDisRoute[-«i«-] .\t-«SumDisRoute[i]«endl; 


} 

} 


delete [ISumDisRoute; 
return TotalDistance; 

} 

11*********************•••***** Update *************••••***.****••••••••***** 
void update(intPactoryModel,int& Factory,int•• RouteModel,int.*& Route, 

double.* DSentModel,double**& DSent,double•• HSentModel, 
double**& BSent,double* DofRout~odel,double.& DofRoute, 
double* HofRouteModel,double*& HofRoute,int* HofRouteModel, 
int*& MofRoute,int* NofRouteModel,int.& NofRoute,int TotalRouteModel, 
int& TotalRoute,double*SumDisRouteModel,double.&SumDisRoute){ 

int i.O,j.O; 
Factory - PactOryModel; 
TotalRoute • TotalRouteModel; 

for(i-l;i<-TotalRouteModel;i++){ 
HofRoute[il - HofRouteModel[il; 
NofRoute[i] - NofRouteModel[i]; 
SumDisRoute[i] • SumDisRouteModel[i]; 
DofRoute[i] - DofRouteModel[i]; 
HofRoute[i] - HofRouteModel[i]; 

for(j-l;j<_ MofRouteModel[i]+NOfRouteModel[i]+2;j++'{ 
Route til [j] - RouteModel [i] [j] ; 
HSent [i] [j] = HSentModel [i] [j] ; 

} 
for(j a l;j<_4;j++){ 

DSent [i] [j] - DSentModeUi] [j] 1 
} 
} 
} 

11•••••••***·****************** Selection N ********************************** 
void SelectN(bool&Possible,int Pactory,int**& Route,double**& aSent, 

double*& RofRoute,int*& MofRoute,int*& NofRoute,int& TotalRoute, 
double*&SumDisRoute,double** Pheromone R,int Alpha R,int Beta R,int& No, 
bool Test){ - - ­

int i.O,j.O; 
int NumberNI 
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int Number • 0; 

int* NRemaining • new int [N]; 

int* NPossible • new int [N+l], 

int NoNPossible • 0; 

double* Attraotiveness. new double [N+ll; 

double SumAttractiveness • 0; 

double *BRemaining - new double [M+N+l]; 

double SumSupply - B[Pactory]; 

int NoRouteN • 1; 

int NoPointN • 3; 

int ReferenoePoint; 

double CheokDistance, 

double CheckSupply; 

double STruok; 

int NEqualM[9] _ {0,78,113,117,123,127,149,154,161}; 

int MEqualN[9] • {0,7,13,15,9,10,12,11,14}; 

int** RouteBegin - (int**)calloo(Total_Nod+l,sizeof(int*», 

int* MOfRouteBegin - new int [Total_Nod+l], 

int TotalRouteBegin; 

double* SumDisRouteBegin - new double [Total_Nod+l]; 


for(i-l;i<-Total_Nod;i++){ 

RouteBegin[i]. (int*)calloc(Total_Nod+l,sizeof(int»; 

} 
TotalRouteBegin ~ TotalRoute; 

for(i-l;i<-TotalRoute;i++){ 
MOfRouteBegin[i] - MofRoute[i]; 
SumDisRouteBegin[i] • SumDisRoute[i]; 

for(j-l;j<- MofRouteBegin[il+l;j++){ 
RouteBegin[i] [j] • Route[i] [j]; 

} 
} 

int TTT - 0; 

ReferencePoint _ Route [1] [2]; 

Possible - true; 


for(i-l;i<-150;i++){ 
BofRoute[i] _ 0; 
NofRoute[i] - 0; 

for(j-l;j<_150;j++){ 
BSent[i] [j] - 0; 

} 
} 

for(i_M+l;i< Factory li++'{ 
Number +- 1; 
NRemaining[Number] - i; 
HRemaining[i]_ B[i]; 

} 

forti - Factory+l;i<- M+N;i++){ 
Number +- 1; 
NRemaining[Number] - i; 
BRemaining[i]- B[i]; 

} 
do{ 

NumberN - 0; 
if(ReferencePoint <_ MI{ 
for(i-l;i<c8;i++){ 
if(ReferencePoint -- MEqualN[i]){ 
if(HRemaining[NEqualM[i]l>O){ 

NumberN - NEqualM[i]; 

break; 


} 
} 
} 

If(NUmDerN •• O){ 
NoNPossible _ 0 I 

for{i.l;i<-Number;i++){ 
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if{HRemaining[NRemaining[i]]< Okl{ 

ST~ck - HRemaining[NRemaining[i)); 


}elae{ 

STruck * Ok; 


} 


CheckDiatance • SumDiaRoute[HoRouteN]+Diatance[ReferencePoint] [HRemaining[i]]+ 
Oistance[HRemaining[i]) [Pactory], 

CheckSupply • HofRoute[HoRouteH]+ST~ckl 

if«CheckDistance <- KaxDistance)&&(CheckSupply <- Qk»{ 

HoRPossible +- 11 

RPossible[NoRPoasible] - HRemaining[i]; 


} 
} 

SumAttractiveness = 0; 

if(NoNPossible> O){ 


for(i-l;i<-NoRPossible;i++){ 

Attractiveness[i] • pow(Pheromone_R[ReferencePoint] [NPossible[i)) ,Alpha_R) * 
pow(l.O/Oiatance[ReferencePoint] [NPossible[i]] ,Beta R), 

SumAttractiveness +- Attractiveness[i); 
} 

NumberN. CalPop(l,NoNPossible,Attractiveness,SumAttractiveness,No,false); 
NumberN - NPossible[NumberN]; 

}else{ 

if(NORouteN < TotalRoute){ 
SumDisRoute[NoRouteN] +- Oistance[ReferencePoint] [Pactory]; 
Route [NoRouteN] [NoPointH] Pactory; 
NoRouteN +=1; 
goto Update; 

}else{ 

if(NoPointN > 2){ 
SumoisRoute[NoRouteN] +- Distance [ReferencePoint] [Factory]; 
Route [NoRouteN] [NoPointN] • Factoryl 
NoRouteN + .. 11 
goto Update; 

}else{ 
Possible - false 1 
goto Fail; 

} 
} 
} 
}llif(NumberN -= 0)11 

if{BRemaining [NumberN] < Qk>{ 
HTruck - BRemaining[NumberN]; 

}else{ 
HTruck .. Qk; 

} 

if( v-SumSupply < HTruck){ 
HT~ck = v-SumSupply; 

} 
HRemaining[NumberN] STruck; 

if(HRemaining[NumberN]<= O){ 
for(i-l;i<-Number;i++){ 

if(HRemaining[i]== NumberHI{ 
for(j-i;j<-Number-l;j++){ 

NRemaining[j). HRemaining[j+l]; 
} 

Number -. 1; 

break; 


} 
} 
} 
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SumDisRoute[HoRouteN] +_ Distance [ReferencePoint] [HumberH]; 

Route [HoRouteN] [HoPointH] _ HumberH; 

HofRoute[HoRouteH] +- I; 

HofRoute[HoRouteN] += STruck; 

HSent[NoRouteN] [NoPointN] • &Truck; 

SumSuppIy +_ &Truck; 


Update: 
if{NoRouteN <- TotaIRoute){ 

NoPointN - I+MofRoute[NoRouteN]+NofRoute[NoRouteN]+I; 
ReferencePoint .. Route [NoRouteN) [NoPointN-l); 

}e18e{ 
TotalRoute + .. 1; 
NoPointN .. 2; 
Route [NoRouteN] [1] = Factory; 
SumDisRoute[NoRouteN] • 0; 
ReferencePoint _ Factory; 
MofRoute[NoRouteN) .. 0; 
HofRoute[NoRouteN] .. 0; 
HofRoute[HoRouteH] .. 0; 

} 

Fail: 
if{Possible -- faIse){ 

TotaiRoute .. TotalRouteBegin~ 
for(i-l;i<-TotaIRoute;i++){ 

HofRoute[i] _ 0; 
SumDisRoute[i] - SumDisRouteBegin[i]; 

for(j-l;j<- MofRoute[i)+l;j++){ 
HSent[U [j) - 0; 
Route[i] [j) .. RouteBegin[i] [j]; 

} 
MofRoute[i] _ MofRouteSegin[i); 
HofRoute[i] .. 0; 

} 
break; 
} 
}whiIe(sumSupp1y < V); 
if {NofRoute [TotaIRoute] <_0) { 

TotalRoute -. 1; 
} 

if(Route[TotaIRoute] [MofRoute [TotalRoute] +NofRoute[TotaiRouteJ +2] <m O){ 
Route [TotaIRoute] [MofRoute[TotaIRoute]+HofRoute[Tota1Route]+2]~Factory; 
SumDisRoute[TotaIRoute] +- Distance [Route [TotaIRoute) [MofRoute[Tota1Route]+ 

HofRoute[TotaIRoute] +1]] [Factory]; 
} 
delete []NRemaining; 
delete []MPossib1e; 
delete [)Attractiveness; 
delete []HRemaining; 
for(i-1;i<-Total_Hod;i++){ 
delete[] RouteBegin[i]; 
} 
delete[] RouteSegin; 
delete []MofRouteBegin; 
delete []SumDisRouteSegin; 

I*End Selection H*/} 

11***************************** Selection M ********************************** 
void BeIectM(boo1&Possible,int Factory,int**& Route,double**& DSent,doub1e*& DofRoute, 

int·& MofRoute,int& Tota1Route,doubIe*&SumDisRoute,doub1e** Pheromone_R, 
int Alpha_R,int Seta_R,int& Ho,bool Test){ 

int i-O,j-O; 

int*NEquaiM - new int [9]; 

NEqualM[l) .. 78; 

NEquaIM[2] - 113; 

NEquaIM[3] - 117; 

NBquaIM[4] • 123, 

NEquaIM[5] .. 127; 

NEquaIM[61 .. 149; 
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NEqua1M[7] - 154; 

NEqua1M[8] • 161; 

int*MEqua1N. new int [9]; 

MEqua1N[1]-7, 

MEqua1N[2]-13; 

MEqua1N[3]-15; 

MEqua1N[4]-9; 

MEqua1N[5] -10; 

MEqua1N[6]-12; 

MEqua1N[7]-11; 

MEqua1N[8]-14 1 

int NumberM; 

int NoTruok; 

double DRemainingl 

double SumDemand; 

doub1e* Attraotiveness _ new double [M+1]; 

double SumAttraotivenessl 

int* MPossib1e. new int [M+1]; 

int NoMPossib1e; 


AAA: 
Tota1Route - 0; 
NumberM .. 0, 
NoMPossib1e .. 0; 
SumAttraotiveness - 0, 

for(i-1;i<-(Capa/Qk)+2;i++){ 

Route[i] [1] - Factory; 


} 

11*********** Check H Possible ************ 

NoMPossib1e .. 0; 

for(i-l;i<-H;i++){ 

if (Distance [Factory] [i]*2<- HaxDistance){ 


NoMPossible +- 11 

MPossible[NoMPossible] .. i; 


} 

} 


if(Test __ true){ 
myfile«wNoMPossible: w«NoMPossible«endl; 

} 

if(NoMPossib1e __ O){ 
Possible - false; 

}e1se{ 
Possible .. true; 
NumberH .. 0; 

for(i~1Ii<-8Ii++){ 
if(Faotory .= NEqua1M[i]){ 

NumberH .. MEqua1N[i]; 
DRemaining .. D[KEqua1N[i]]; 
break, 

} 
} 
if(Test .= true){ 

myfile«-NumberH: -«NumberM«end1; 
} 

if(NumberH -. O){ 
SumAttraotiveness .. 0; 

for(i-l;i< ..NoMPossible,i++){ 
Attraotiveness[i] .. pow(Pheromone_R[Faotory] [MPossible[i]] ,Alpha_R) * 

pow(lOO.O/Distanoe[Faotory] [MPossible[i]],Beta_R); 
SumAttraotiveness + .. Attraotiveness[iJ; 
} 

NumberM .. CalPop(l,NOMPOSSible,Attraotiveness,SumAttractiveness,No,false); 

HumberH .. MPossible[NumberH], 

DRemaining .. o [NumberH], 
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if(Test =D true' { 
myfi1e«"NumberM-O,NumberM:-«NumberM«end1, 


} 

} 


if(Test true'{aa 

myfi1e«"DRemaining:-«DRemaining«end1; 
} 

AddM: 
if(DRemaining >_ Capa){ 


Tota1Route - Capa/Qk; 

SumDemand - Tota1Route*Qkl 


for(ie1;i<a Tota1Route;i++){ 

SumDisRoute[i] • Distance [Factory] [NumberM]; 

Route[i] [2] - NumberM; 

MofRoute[i] • 1; 

DofRoute[i] • Qkl 

DSent Ii] [2] • Qkl 


} 

if(SumDemand < capa'{ 

Tota1Route +- 1; 

SumDisRoute[Tota1Route] • Distance [Factory] [NumberM]; 

Route [Tota1Route] [2] • NumberM; 

MofRoute[Tota1Route] - 11 

OofRoute[Tota1Route] - Capa-SumDemand; 

DSent[Tota1Route] [2] • Capa-SumDemand; 

SumDemand +- Capa-SumDemand; 


} 

if(Test .- true){ 
myfi1e«"DRemaining>-Capa,SumDemand:·«SumDemand«end1; 

} 
}e1se{ 


Tota1Route - DRemaining/Qk; 

SumDemand - Tota1Route*Qk; 


for(ie1;i<- Tota1Route;i++'{ 
SumDisRoute[i] • Distance [Factoryl [NumberM]; 
Route[i] [2] • NumberM; 
MofRoute Ii] - 1; 
OofRoute[il • Qk; 
DSent [i] [2] - Qk; 

} 

if(SumDemand < DRemaining){ 
Tota1Route +- 1; 
SumDisRoute[Tota1Route] • Distance [Factoryl [NumberMl; 
Route [Tota1Route] [2] - NumberM; 
MofRoute[Tota1Route] - 1; 
DofRoute[Tota1Route] • DRemaining-SumDemand; 
DSent[Tota1Route] [2] _ DRemaining-SumDemand; 
SumDemand +- DRemaining-SumDemand; 

} 

if(Test __ truel{ 
myfi1e«"e1se DRemaining>~Capa,SumDemand:·«SumDemand«end1; 

} 
SumAttractiveness _ 0; 

for(i-1;i<-NoMPossib1e;i++){ 
if(MPossib1e[i] J. NumberM'{ 

Attractiveness[i] - pow(Pheromone_R[Factory] [MPossib1e[i]l,A1pha_R'* 
pow(lOO. O/Distance [Factory] [MPossib1e[ill,Beta R); 

SumAttractiveness +_ Attractiveness[l); ­
}e1se{ Attractiveness[i] • 0; 
} 
} 

NumberM CalPop (l,NoMPossible,Attraetiveneee, SumAttraetiveneee,No, false); 
NumberM • MPossib1e[NumberM]; 
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if(Test -- true){ 

myfile«·NumberM2: "«NumberM«en41; 


} 


if(Test -- true) { 

myfile«·Ok-DofRoute[TotalRoute]: -«Qk-DofRoute[TotalRoute]« 

"\tCapa-SumDeman4: "«Capa-SumDeman4«en41; 


} 


if(Ok-DofRoute[TotalRoute]<~ Capa-SumDeman41{ 

if(Test -- true){ 


myfile«·Ok-DofRoute[TotalRoute]<- Capa-SumDemandft«endl; 

} 


if(Ok-DofRoute[TotalRoute]>OI{ 

if (Distance [Factory] [Route [TotalRoute] [2]]~Distance[Route[TotalRoute] [2]] [NumberM]+ 


DiBtance[NumberM] [Factory]<- MaxDiBtance){ 
Route [TotalRoute] [3] • NumberM; 
MofRoute[TotalRoute] • 2; 
SumDemand +- Ok-DofRoute[TotalRoute]; 
DSent[TotalRoute] [3] - Ok-DofRoute[TotalRoute]; 
DofRoute[TotalRoute] +- Qk-DofRoute[TotalRoute]; 
SumDisRoute[TotalRoute] _ Distance [Factory] [Route [TotalRoute] [2]]+ 

Distance [Route [TotalRoute] [2]] [NumberM]; 

if(Test -- trueI { 


myfile«·Dis<-MaxDistance,SumDeman4: "«SumDemand«endl; 

} 


}} 

if(Capa-SumDeman4 > O){ 
NoTruck a (Capa-SumDeman4)/Ok; 

if(Test __ true){ 
myfile«·Capa-SumDemandl~O,NoTruck: -«NoTruck«endl; 

} 

for (i-I; i<-NOTruck;i++){ 
TotalRoute +_ 1; 
SumDisRoute[TotalRoute] - Distance [Factory] [NumberM], 
Route [TotalRoute] [2] - NumberM; 
MofRoute[TotalRoute] - 1; 
DofRoute[TotalRoute] - Ok; 
DSent[TotalRoute] (2] Ok; 
SumDemand +- Ok; 

} 

if(SumDeman4 < Capal{ 
TotalRoute +- 1; 
SumDiBRoute[TotalRoute] - Distance [Factory] [NumberM]; 
Route [TotalRoute] [2] _ NumberM; 
MofRoute[TotalRoute] - 1; 
DofRoute[TotalRoute] & Capa-SumDemand; 
DSent[TotalRoute] [2] - Capa-SumDemand; 
SumDeman4 +- Capa-SumDemand; 

if(TeBt -- true){ 
myfile«"SumDeman4 < Capa,TotalRoute: ·«TotalRoute«endl, 

}
}
} 
}else{ 
if(Test -- true){ 

myfile«·else Ok-DofRoute[TotalRoute]<_ Capa-SumDeman4"«endl; 
} 

if (Distance [Pactory] [Route [TotalRoute] [2JJ+Distance[Route[TotalRoute] [2]] [NumberMJ+ 
Distance [NumberM] [FactoryJ<- MaxDistance){ 

Route [TotalRoute] [3] - NumberM; 
MofRoute[TotalRoute] & 2; 
DofRoute[TotalRoute] +- Capa-SumDemand; 
DS.nt[TotalRout.J [3J - Capa-SumDemand, 
SumDemand +- Capa-SumDemand; 

SumDisRoute[TotalRoute] ~ Distance [Factory] [Route [TotalRoute] [2]]+ 
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Distance [Route [TotalRoute] [2]] [NumberM]; 

if(Test -_ true){ 
myfile«·Dis<-MaxDistance,SumDemand: • «SumOemand«endl; 


} 

}else{ 


TotalRoute +- 11 
SumDisRoute[TotalRoute] ~ Distance [Factory] [NumberM]; 

Route [TotalRoute] [2] - NumberM; 

MofRoute[TotalRoute] - I; 

OofRoute[TotalRoute] +- Capa-SumOemand; 

DSent[TotalRoute] [2] • Capa-SumOemand; 

SumOemand +- Capa-SumDemand; 


if(Test -- true){ 

myfile«·else Dis<_MaxDistance,SumDemand: ·«SumOemand«endl; 


}

}

}

} 

}IIEnd else_if(NoMPossible a. 0) 


if(Test •• true){ 
myfile«-************ EnD ******************************\n"«endl; 


} 

if(SumDemand < Capa){ goto AAA;} 


delete []HEqualM; 

delete []MEqualN; 

delete []Attractiveness; 

delete []MPossible; 


I*End SelectM*/} 

11****************************** Open Factory ********************************** 
int OpenFactory(double* Pheromone_L,int A1pha_L,int Beta_L,double* SumDistance_L. 

int«No){ 

double* Attractiveness_L a new double [Total_Nod+l]; 

double SumAttractiveness_L - 0; 

int Factory; 

int i-OJ 

SumAttractiveness_L = 0; 


for (i-M+l;i<=Total_Nod;i++){ 

Attractiveness_L[i] - pow(Pheromone_L[i],Alpha_L)*SumDistance_L[i]; 

sumAttractiveness_L +_ Attractiveness_L[i];


} 

Factory = CalPop(M+l,Total Nod.Attractiveness L.SumAttractiveness L.No.false); 
delete []Attractiveness_L;- - ­
return Factory; 

I*Bnd OpenFactory*/} 

11*********************** Calculate Pop & Selection *************************** 
int CalPop(int Start.int Finish.double* Attractiveness , double SumAttractiveness. 

int& No,bool Test){ 

int TTT - 0; 

double* ~op - new double [284]; 

double* Pop - new double [284]; 

double NoRand; 

int i.O; 

int Number; 


for Ci=Start;i<-Finish;i++){ 
Pop[i] • Attractiveness[i]/SumAttractiveness; 
~op[Start-l] • 0; 

} 
for(i-Start;i<_Finish;i++){ 

cumpop[i] - CUmpop[i-l]+Pop[i];
} 
do{ 

TTT +- 1; 
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NoRand .. Random(No); 

if(NoRand •• 1 ){ 


Number • Pinish; 

}else{ 


for (i.Start;i<aPinish;i++){ 

if(Cumpop[i-ll < Cumpop[il){ 

if«Cumpop[i-ll< NORand)&&(NORand<-CUmpop[il»{ 


Number .. i; 

break; 


}} 
} 
} 
if(TTT > 2) { 

cout«wEror CalPop()TTT: ·«TTT«endl; 
myfile«wEror CalPop()TTT: -«TTT«endl; 

} 
if«Number<Start) I I (Number>Pinish»{ 

cout«-Start: -«Start«-\tPinish: -«pinish«w\tNumber: R«Number«endl; 
cout«·NoRand: R«NoRand«endl; 

for (i-Start; i<_Pinish;i++){ 

cout«CUmpop[il«'\t'; 


} 
cout«endl; 

cin»TTT; 

} 

}while«Number<Start) I I (Number>Pinish»; 

delete &NoRand; 

delete {lCUmpoPI 

delete {] Pop; 

return Number; 


I*End CalPop*/} 

11****************************** Random ***********************.********** 
double Random (int&No){• 
int i .. O; 

srand(time(NOLL)+NoRandom); 

int range - 100-1+1; 

double R; 


for(i-l;i<cNo;i++){ 

R - (rand()/100\range+l)/100.0; 


) 

No +- 1; 

if(NO>-200){ 
No-l; 


} 

NoRandom +_1; 

if(NoRandom >-500){ 


NoRandom .. 1; 
} 
return R; 

} 


11******************************* Reset *********************************** 
void Reset(int**& Route,double**& DSant,double**& HSent,double*& DofRoute, 

double*& HofRoute,int*& MofRoute,int*& NofRoute,int& TotalRoute, 
double*&SumDisRoute,double&TotalDistance){ 

int i-O,j=O; 

TotalDistance - 0; 

for(i_l;i<=Total_Nod;i++){ 

for(j-l;j<- Total_Nod;j++){ 


Route til [jl - 0; 

RSent til [jl - 0; 


DSent Ul [jl .. 0; 
} 
} 
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.. 


S'I1IIIDisRoute til . 0, 

MofRoute [i] .0; 

NofRoute[i] .0; 

DofRoute [i] .0; 

HofRoute[i] _0; 


} 

Total.Route • 0; 


} 

11******************************* Show ************************************ 
void Show(int Factory,int** Route,doubl.e** DSent,doubl.e** HSent, 

doubl.e* DofRoute,doubl.e* HofRoute,int* MofRoute,int* NofRoute, 
int Total.Route,doubl.e*S'I1IIIDisRoute,double TotalDistance){ 

myfile«"Factory : "«Factory«endl; 
myfile«"TotalRoute I "«TotalRoute«endl; 
myfile«"TotalDistance : "«TotalDistance«endl; 

for(i.l;i<=TotalRoute;i++){ 
myfile«"MOfRoute["«i«"]:\t"«MofRoute[i]«'\t'«"NofRoute ["«i«"] :\to 

< <No fRoute [i) «endl; 
} 

for(i-l;i<-Total.Route;i++){ 
mYfil.e«"S'I1IIIDi sRoute ["«i«"] :\t"«S'I1IIIDisRoute [i] «endl; 

} 

for(i~l;i<-TotalRouteli++){ 
myfile«"DOfRoute["«i«"]:\t"«DofRoute[i]«endl; 

} 

for(i=l;i<-TotalRoute;i++){ 
myfile«"HofRoute["«i«"]:\t"«HofRoute[i]«endl; 

} 

myfile«"H[Factory] :\t"«B[Factory] «endl; 

for(i=l;i<-TotalRoute;i++){ 
myfile«"Rout["«i«"]:\t"; 

for(j-l;j<-MofRoute[i)+NofRoute[i]+2;j++){ 
myfile«Route [i] [j] «"\t"; 

}myfile«endl; 
} 

for(i-l;i<-TotalRoute;i++){ 
myfile«"DSent["«i«"]: ", 

for(j-l;j<-4;j++){ 
myfile«DSent [i] {j]«' \t '; 

}myfile«endl; 
} 

for(i-l;i<-TotalRoute;i++){ 
myfile«"HSent["«i«"]: "I 

for(j=1;j<_MofRoute[i]+NofRoute[i)+2;j++){ 
myfile«HSent[i] [j]«"\t"; 

}myfile«endl; 
} 
} 
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