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In this research, we present applied multi-location selection and multi-depot vehicle

routing problems (MDVRP) to solve infectious waste collection of community hospitals in the

upper part of North-East Thailand that consists of Khon kaen, Kalasin, Maha sarakham, Sakon

nakhon, Udon thani, Nong khai, Nong bua lam phu and Loei . There are total 107 hospitals by

considering only community hospitals. We divide the problem as two phases. First phase, we

select sizes and locations where are infectious waste incinerators by using mathematical model.

The objective function is lowest total cost that comprises transportation cost and operating cost

and the solution is found by using Lingo. In the second phase, Ant Colony System (ACS) is

applied to solve vehicle routing problem in a reasonable computation time.

In this problem case, the incinerators are selected to be central more than one that the

routing problem is categorized to be MDVRP and the problem complexity is NP-hard.The

solution that we found the total distance is 3,804 km and consists of 3 central incinerators located

on the Chiang Yun hospital serving 44 hospitals by 2 vehicles, Phang Khon hospital serving 40

hospitals by 2 vehicles and Erwan hospital serving 20 hospitals by single vehicle and the

computation time is 3.44 minutes.
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dt F 4 I 4 a 9Ao
rtl u rJT ru t nr du rir rT o l3 n I : x o { e n rir fi air ur ri I fi i
dt t I A rs t i.- q 13 ri--lg- ' i.
r[Ju:suemr{:silat{enritYt0qgilttfiu{Ylinuflo'1u [fiu:n]:vl0gsllttl'lu{Yl j

rfl u { er n r r ru d r u r : o 1 u n r : h?u3 n r : I o { cT 0 I u d }?ui n r : fi o qi afl r rtu ri.r fr .;

tua s fi st-'luil : d'er ?u lt 6o

*, : t dr ta' o n srel a o t u fi }?ui n r : fi eir r rr ri l fi 1 flr hl hi x, :o
)

gt v Ao, i.ttY- 6 -.---.sq-y-.e^---i^g--.---l-A. c'
v,,: I 6taftfl]yl9i'lrlfiu{yl i t9t:uu:n1:0'rnd0luvr tl{u:nl:Yl0l1tn4u.lYl; 01rt) s

hltriy,,:o

dil n I : rfl Ifl u I u (2. I ) r{i u n r : n rri 1 : c ue fl r.r : ?u : s n'jt.: Q n r1t ua s an r u d

a, A 9 o v .- -, dt I o v q 4 o o t iY ..-t-q-9 o
lfuEnr:arun1:{o,iltnn (2.2) rilu,[oiirnnlunr:rrl0n0ru?uel'lttl'tu.:Ylel{fl0{ttila{ tfiu:fl1:

h{rvirri'lrflrueuurciltr{13n1:dririluer (p uri.:) arunt:r7o'fitrin (2.3) flrJ:sri'u'irqnrir4nnu

rs'lrtirnr:hflu3nr:ornunri.:l#uin1:6yiln1:{o,frrin (2.a) ttanl6.:'itqnrirfisirtrril{ i 0ufu

rBnr:rrnanrufil#u3nr:fiairuurj'r i 'kifidouriosiruuri.:fi : nao',uii1#u3ni:slsto{trav

aorufi}flrinr:rvl#u3nr:ldhjrfiufisrnarruarilr:olunr:1#u3nr:fifioqjtirrrnantufi
o 9 A io J U ,o I o q I d -^-^q--^^-q i' a . --i.y^^.tl.nj:fl'l:ytilnt:onuu tuulJo0tnnntuflgn?tucYlut:olun'l:1fu5n1:0cttYludufll:il6?u

dlJfll: !u 3x,;Yi,V7 d':ual n11fr Q.5-2.0) tran.:rloritd'nt8.rsr-rraflflo{fr?ttil:lunt:rdon
orAe-oaao---f-e-&-.(l---:-oXe

9llrrl,tu{yt9t{rrayn'l:0fid::u:n1:fi1n?r01:flr19i'rrruilrfrsr-lrijuvrri'nler1uufiu:cururlqrrfi

riluiifo'nri'udlufiorIqurr?ruof (weber problems) lno:vuvmx:erir{rYnrufihflu3nr:rit

Q 
n rfi (dtj) 0 B 

Q 
n fi 0 I : ot r riJ u fl .r ri#u I 0 { : v u s Yt 1.:

A o , iS ar i - a J 9 ,A.-+-o-- ----.- t

illny{-o1:illtsiruuu.ryrsnriluqnvlQnfintdonrultilo{stu (crniliilu?uil1nn?1 P

1n) firvrflucfrrtrrirfisre.rro':d0rufihfluinr:,fru?u p uli{:euvyn{r d,, t&dllJt:0rirr,runrir'ld
U

0rfl:euem1{03.:d.:r{Jurirn,:fi f hihifl.:ri.fi'ul rlqHr{if ,ilnriulufio{lryil1 p-Median duqn

nisrurdulnu Hakimi lufln.s. tso+ Inu'[rivr^or:nrtlun:fifiaorufitrir3nr:hifirTorirrirrdru

flnn:rruaur:ntunr:h?uinr:rfi0.:0rfl:suuvrr':dvt^or:urr{lurirn.:firirl#rlqnr (r) rf,lu
o o a o d , - 3 

=e --o- ---!a'i..aflqmrrirruonr:rB.:riru?u16u (Integer Programming Problem) st-qtiulGnr:nrritsroufr6fiqnfi,,
fioiGnr:rrsrnfisunv'frrinroilrl,sr (Branch-and-Bound Algorithm) fivrisruriGn'l:t'ttllolJtlgluu

runurorJrflsrrirrtorrlruurdoudrunt:riouil:uflqlntuu:tatn:1ut6uu (Lagrangean

Relaxation) rionr:rnJa'rrilurlqnr{fl?u (Dual Formulation) ttavffint:ttnnfi{ttasfiol:Rll

w.
I

d
U

sj

ri r st-:t til : (Branchand-Price)
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. 2.2.2 {Iqrnrn:ounqun?lufiosnr:toqnfll (covering Problem)

dt - i v t tAqgt I 9u 3 l'ly-!---{-a ct-
liluilrUiltytutinqil:s d.lntilo tfi Qnfildlul:CItfl 1: uu:n'l: ta0ul{Yl?o.:el2u

a j u U, t - dq a S d ''
:uuefl1{il:o:uuut?a1TUoil:1J tettrudotusturilas t:{ilutr1otilud'ulnutufifinr:l#ffinr:

s ed, j ----.eq-y^.e---^-!-I --y^q-.----.-.-.io0en:ounqilfl?tileio{n1:1o{Qnf{'rnfl0rri06lfiluYr t14u:n1:0qil1{01nQnn1 tu:uuemfllfluel

timSoanrirdrill:flrAumr{ilriilil3nr:'lst1u:suvt?arfirilt4unrTqItr:.1:vrnvrdtrrjqoontfJu{

z rJ:vrnvr'ldltri

z.z.z.t fl q r r n : o I n q u n ? 1 r do { n I : I o { 
Q 

n ril 4 n n u d': u du r1 u rlo u fi qn

dr a o ,;L iqro s qe,o 4 I
(Set Covering Problem) rilUn1:rdoneirrrru.:vtst.:1o.tflo1uYl t14u:n1: tou lT0'lu?ul'l:o9lu4u

lunr:aflr.:aorufib?u3nr:firloufiqnryriob?n:ounqrnduenr1rrYwttJet d.:fitt:tudrao{vt'l{
A l&nt.l

fiolgrfl]d9r:vl? tun{u

Minimize

subject to

Zr,*,
j

I', =ljeN,

x, e {0,1}

;Vi

tvj

(2.7)

(2.8)

(2.e)

< dc, o I A a 4
tnuilxo{nultljltT{lJtfl u n0

drc ruurirldiirolunr:rioaflr.:arrrufi }fluinr:
J

d, irn i 4 i i ; q UY -, is rilu:uueil1{yt'[nayrqnili0:euur?a'rYruluYlqnmu0u:u t9101fl d0luYl

}flu3nr:hlti.rqnrlr
dr o 'i&i rr Y4 li.Y-- -^^^iNi tijurryflflo{$i1rrl,tu{ylgt{yloqil1{0]nQnn'lvl9rltr?tu.:Yl i 9l?u:euem1.g7l

UoUilki(riudo Ni: {r ld, < s})

cru fl 1 : (2.7) udn { rflJ r r ru r u n r : 16 o n sfl r ur il r fi s''.: rfi o 1 #du 4 u ri o af x rS o'f ru : u

an r u fi l #uB n r : rlo u fi q n 6yu n r : {o iir rin (2. s ) fu il : c ri'u'j r q n ril q n n u o s'l df:r u3 n r : 0 t n

aorufi}flrinr:fioqjnrulu:yucmrqfirirrusrodttriouildur?i{druaunr:do,frrisrfi (2.9) tfJu

9ovas
uo0'lnnts{n?tafl

2.2.2.2 fl q r r n : o u n q ru fl ? 1 il eto { n 1 : fl o { Q n rir t#kiru r n fi qn (Maximal

covering probtem) rilunr:ra'oncirrrrri.rfi#.:l#riuanrufihflu3nr:riru?u P tni.: rfio1#
9 ,tqyttl i .l a o a ay^4.

d'lu'l: n n : oil -n q iln ?tu6o': n r: t or q n fl 1 tfi tn il r nm qn cr{r t tu u 0 1 a o { Yt 1 {nilnfl 1 dgl : o {lu



Maximize

subject to

Jor ufi ra"'r t nJ : ri'q ?u 1 n rfi il rn^ ru 6o

1',',
Z*,, ,,
jeN'

Z*, -- P

x, e {0,1}

z, e {0,1\

;Vi

8

(2.10)

(2.1 1)

(2.12)

(2.13)

(2.t4)

;Vj

;Vi

1*,',
lx, +2,>l
jeN,

Z*,=P

x, e {0,1}

z, e{0)\

;Vf

(2.1s)

(2.16)

(2.t7)

(2.18)

(2.1e)

;Vj

;Vi

, et yAe -f-e.z : I 6-rn'l'uJ9{0{n1: I 0.: ann 1il9l1ttl4 u.tYl i Qfl n: oljnau
-l -'fu { q

,,: o drhihi

aru n r : fi (2. 1 0) r{l u n r : n : o u n q ru n a rl o{o{ n r : t o{ Q 
n rirhflru r n fi qrr In ufi aru n t :

{orirrYer (z.r r) iurJ:vri'u'jrgnrirfiqnn:ounqruovld'ilnr:hfluinr:o',nao''ufilt{uin',:iic#.:
I o io 9--o--@-,- .-. 4 I o.Y o o t jg

oqjnru'[u:vusrrsfrririlun arunr:riodrnn (2.12) tlde{fi{lJo01flellJo{01u?u10.:91'ltt}lu{Ylel{

firvnn16onosfiiiru:urvirri':t p uri{ryir#u uaudilnt:( 2.13-2.14) rflu{ot'rrin tfi{d'rrat
tr

ru^0.:rrnrliy u't (2.7)rrae (2.10) r{!urlignrrirxunnr:rfil'ilru':urdru ffint:utritnoufi6fiarrfi

ldniu ih lil fi noo ii n r : un n fi r un v,fl r risr fl o u rn er uci dr il iu fl fl il r (2. 1 0) #u kitau oa; n', r d n

:J:s?vrGnrnfi'lrlrurornnt:d.:tnn'jtmrnn-n ;ilarunl: (2.10) luril#oqitu::Jarunr: (2'15)

Minimize

subject to

ln uriru un ri':u:J : sr-n fr u 1t1u ri 6o

i, : t tirn :t rudo{ n r : t o.: q nril fi al'rrtn rl.: fi i Q 
nn : o u fl q u

2, : o d'rlilld

7etufi7, : r -2, un v fi r{l rn l r ol#rir u ?ux o { 
Q 

nrirfi hi q n n : ou n q ru fi dr u ru fio u

fiano.,n#uriou:J:urtou'ltfi e:l-z.ts) d.rosr{r1#rlrgnrrilurirnuqnr:rfittdu (tinear
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A stn , < q v...cl_.. o ^ LfnU,jf
programming problems) ttasrilottrilcUulri'lu?rn1:d114:UlJiUilln1Hunnl:try{tdutto

n.ir sox flo{fl€U?n0elti'rirrirnoufi6iiqnrilu,frururdrurtsiHlnrirerouu-.1'hjriJu,ilrurut6rufiov

t,flrvrnfinnr:n:?0doudr,fru':urdru (Method of Inspection) rfrl#sr-artil:rrrir#urflu'fturutdl

domdtr{Alsroufi 6fi ao'[rt:':nrB an'irnr: 1ffi nr: trnnfi lttos drn-ntourtnru tn
",

z.z.s {lqtrr:suuytl{'1nafi gorioufi go (Minimax Facility Location Problems)

rfl u n r : rf, o n sir uu rj': fi sre.: fi ru r r s a ru l #ri'u a n r fi fi h?ui n r : p uri l rfi o t #q n rir

iioqilnaiiqerlr?oqjlndaorufil#rinr:rurnfiqnIeum"?1il0ut1rnrIryn',d'jrrltyrr p-center dr
4 o a f - I
ilttuil dlao{Yl'l{ft0t9lfl]dgl5fl.:u

Minimize

subject to

D

Z*,=P

Lv, =l

!a3x,
o>ld,t,
x, e {0,1}

l, e {0,1}

;Vi

;Y i,YJ

;Vi

;Vj

;Yi,YJ

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)

(2.2s)

(2.26)

In u rir fl u fl n"'r r trJ : n"'n ? u 1 o tn^ ru 6 o o tfJ u : r u r vt x fi 'l n n fi q n : r rj r': q n rfi riu

anru fih?u3nr:fioqjtnd'iiqor f,'rrifu:-orqrJ:varri luarnt: (z.zo) rfJunr:rirt#:sovvtl{fi

lna fiqnfirirrioufiqn drufll: (2.21)-(2.23),,ano ,iou'[t16urriuri'ldttfll: (2.2)-(2.4)1un:fi

dhifi ,?ut',ri'nshufinn:lildrrur:CI1unr:1#u3nr: nu.,ao',rdhi'u3nr: dilflt: (z.z+) r{lunr:
o s .irn A Y .. dl ,t o u ^ @

drri'or:vucyrt.:fr"tnafrqn1o.:Qnfilrtasdilfl'l: (2.25)-(2.26) rllulJ00'lflatr.:fl?tat

fl q n', drfn n, lu n : fi fi do': n t : il : v riu n': t I tfr o.: lu n t : tr7r 6.: a n r u fi }flu3 n r :

flo{Qnr1rfioqjrir.:lnaornarrrufil#rinr:lrnfiqnlun:fifitfiern'rqqnrfiu6.rns'[rinrn'ouniu

n:fififitr:iutrdonairuyrj.:firi.:to.:ar',rrfii,er;.',:lnuyt-r'liltriuo;uar,illgutinr:rirtiludu

tnfiouturJ:srnmfi 2.2.1rraurrr1rvfirflrururufindrunf;.:riurTq;nrrJ:vtRYt z.z.zudni:u
a q s I a ; -o-. 

j c, U9-4---^-9--.-- ' i&
frtt:ort'luryrilo.:sl:.:n]-u{rrufrorrytuyrovritrun:vuun:ounqilmuou:u tfitflol'11911[tl'lu.:Yl0l.1

uay dru:ut olanrufil#ui nr:ut o'truruqnrirfi qnn: ounqun?lildo.:n r: nii'ur{lunr:
crA ,

riruusrriru':uaorufihflrinr:ruirfioutsl'trrrdr{ist'.:{iotti',1#:susn:olnqilto.:Qnnliloq



l0

rirs'[naornanrufil#u3nr:filndfiqerfirirrirfiqndrrfuiGnr:urrirs,old6fiqrrtirrfurlqrr

,Jr",ondfioqj1u;rJuurr,ihlrJotfi,fruaur?ourrniGnr:urrirnoufi6fiqorirutrqiosrilu

Tinr:urrirsrouriruYurTiyrrrnnrvfisrfrntrnnr:rirmunaruru69rutn-rutfirurdu M.Jaeger rto&

J.Goldberg lstnleruriirntorjruulud'uh? (Tree Networts) lunr:trrirlqnrdou (sub-problem)

to.:flrgur p-center nruldalruogrufi'jranrufih{u3nr:urinvuvitarur:ners.:oqiluairurril

r6urnlu'lritrnvqnrilrtoiavnufinrrldo'rnr:?urlrrvirriu ( w, = l, vi ) d'rsiorur T'Ilhan and M'c'
lnes a4 i q9|ll|2)v---al- --^ ^ ^i^t'l^ldl'l-:f,9^:^:^9 dpinar tetuefiul?rnr:yrarrur:o tr'tnnurJG[fi1 p-center yr%trtdtr;nrlorirrindruto

n?rudrilr:0lunr:}?uinr:,rsirdorornu-r'[riaonnd'o.:nlurTryrrtilfianrufi}{uinr:t-ntsfi

ftnnrrruarttr:nlunr:h{l3nr:,frrin ozsoy ttou Pinar 6':ld'rJflrJgqffinr:tol T.Ilhan ttos

M.c. pinar lrrodrrauonr:,fi'ngrJrrurrliynrtioo4'rr{lurlqnr s., covering dururluritrdrtrri

riroryor,{riu'ridrrirgrJuvrudrfil#rirnoufi6fiqeroonrut'klodr.rfirJ:vfivrBnrndtsiorur M.A.

Sambola lraenfus Ozsoy rr0u Pinar lrirduorltyrltdSU (Auxiliary Problems) rtavl#lvrofin
a{ A s a 9q j I

Lagrangean Dual rfiorfl'uflnuntulunt:trri:JryutB{r{anl:filu?itlll0.: Ozsoy ttOu Pinar T{lJ?1

d Xogto iai hrrd r34
ffi nr:fr lfritstoufr 6fr an 16t5'ln :r'fi n1: fl 0{ M.A. Sambola u1fl

z.z.t ilqntuo 1rr#l#r3 o't t fil*ifi o tJ : s o.r r{ (obnoxio us Facility Location

Problems)

ctn r u fi hflu3 n r : fi n ri m 6.1 lu rlry n r {r.r du #r,tl u a o',, fi 1 #r3 n r : fi fi a-n u ot s

n-a'hJ6o6rqnri'roqjlnd6{rden?nuas6uoi{lqurlurJ:vrnmdtfindun:fifiacrrufil#uinr:'hi

rflufifiuJ:carr{}?fid#.roqilndnlun{uqn,i'',,fiuurrnortttluti'un:rurioqtourriur3oafad
jo 9a rd dr iid r S-.---{-.^-.^y-- -rrl^!-y^^^^-q^?^-:-:^^^- - r).

RprlJoirGyCIlum tnarnu{unnrilud0ruvrvrfirJ:;lumftravf.:nulrioi'u.rnrrh?o{rir.:nrnQnnl

rurfiu'l:Jrfio{0'rnrflqfladrudu4unr:ruri.:uiul: rlturitd'ntusl:ttrulv'Iflrfi:tnAuiilo

rjrl-nrirr?ur{ludurlnrn',rJ: rtordfif,{ri.fi'u:-erQ:J:c aqrilu nr:rdonal"rrtflri.:fist'{aotu fi

1r?r3nr:ndruoao;rr:rur;rr,;; 21.2.1 2.2.3,,rr*u,i*u:-nq:J:;arrilufiamr':er:rriuriur
h, I

tfittfl

2.2.4. t rJal r r n r : rd o n of r t rr ri I fi ,'., n u u o o',, fi l#u3 n r : rfr o 1 #: c u s Yl 1 { : ? u

r jo g a @ I d I j t !---.q-
:yu.jxaorufrhiuTnr:d'uqnrirfirirrutnfiqertroioqjnrulutotLttnfiritfiuet (Maxisum Facility

Location Problems)

2.2.4.2 rlq r r n r : rfi o n ei r ur ri.r fi #u, u u o o',, fi h?13 n r : tni o l#fi q n rir o qi 1 u

l; ioy-
fi u fi : o u a n r u fr 

'lriui 
n r : rio ufi qn (Minimum covering Problems)



ll

2.2.4.3 rJarurnr:ra'onsirurri.rfiei,nuuoo',rfi1rtr3nr:t$iol#enri'riioqilnd

fr dfl il : s uy r 1 { n tn fl o tu yt lt{ui n r : u t nvt dpt (Maximin Facility Location Problem) tU u gl u"-{"--- 
2'.2ts rlqnr6ul 

q

fl iur rfi x ur u fi nil r 0 rnfl q il r ?Y{ +il : s rn vr{t.: du fi n': t ru il a 1 nr n tuer I u

a A a e q I I dd 4q-?-.a---e-e^----^61-?-.e-^-^a
:'ru6srouerry{urauro{fliuilruner"'rod.t,,uiunrfif,ianrufi}?u3nt:fiu^ot:tttrh?u3nr:n5orlru

fiur1rfifin'rrill.rn1nfinruirru, commodity) nton:fififinr:riqruol?urilluuartl:caliil (Ivluti-

level) rduorrfifiuri'rlr.:riruqnri.rruoulnuot:srrnl:.:.rru'lilu-lgnrltttavortfilr.:d:uqnri.r

ornl:ssru'l:Ju-.rgudn:voru?urYrriouudr6rn:srru?urYrtrngu,itilrl,ioqnrfi6nn9.:ufiw3o

lun:fififir{lrrrrutunr:rirrusrsiruilriqficru{anrufihi'u3nr:urnn'irndl (Multi-objective)

Ad4o'j&iqYoriqYY---tY1.9
uSoilrUrrnr:ra-.oneiruuulyrsxroraoruyrltlu:nr:[1'to tl4stu4u:?utsu9t'lun]:fl0d:1{fl'l:

dr9
oi'',u u n', r,,u s n r : t u ri.: oird qn 1ri^"a Charged Facility Location Problems) rll u du

y ii e o v 4r iL . {-23 srunuiltfiu?,tto.tGilil:unl:la0Rnfl {tgl1t$lll,uugl9llroq

z.s.t duqu{o{nr:{ud{ (Cost of Transportation)
y io J I o dl I v
6u 4u fr rn n{u 0 I fl fl I : fl u d{ 6nu I : 0 d]t ru fl 0 0 n ril u il o'r ulj : s tfl Yl 9l 1 il n fl u 6ll s

j o t q 9^ I - I
{o{n0n5:rJfl rnnd{lfla tHtnnnu4u n{u

2.3.1 . 1 du 4 u n r fi (Fixed cost) tfl u du q u r'rt o ri rl#ii r ofi 'hi fi n r : trJ6 u u urJ n.:

trrlorrunr:H6sr hi'irrcrirnr:r.rfrnu3ohir.rfisrHn',, dr4udovrfindur{luiiru'lufinlfi du4u
i4 9 a a dr o 4 e 9 4..-q- 4-..-?,- 4 I qrt 6l u .^,,^.;-.
frdlufociln'l:r{aflriludtu?uutnilSodtu?uuoutr{u{ t9r nn&elo{tcrunl tT0lu tuo0l:1tYllt9ltJ

r r r t jo I | @ @ I d ' 4.------- -e 4
odnaonr?at tuu ntrst ytgruornt: flril:ef'ruRU fityrgtuuuuluvl11,luv n1tdolJ:lfi1 t{utfi0u

s

:J : s,ir ri r lu o q q r n r,ilr an r u fi r{J u d'u lu r x n 9r du rl u rJ : u m il do 1 0 G o n fi o ldo ti r s 6u 6 n miu

etu4un.:fi (Consrant cost) rtoolu4unirldiiru (overhead Cost) duquryfir,d rtritvh?uinr:

ru r n rlo o rfi u.: 1 sr r3 o hi 1 ri}?r3 n r : ta u fi do { t3 u r{l u iit u a u rvi r riu tfj u du

2.3.1.2 du 4u niu urJ : (variable cost) riludu4uni ori rl#ii rufi tvfi nr :

nl6uurriln,rhJnruilSu'riuro{flr:,.rfigt oroGunfiorfjuodrr6uld'6n nr^od'u4urittfiusruq

.9E9 a t 9' o la 9t y a a t- I y I
(operation Cost) 6tlt{l5nr:tuasrurn6uqusununulflgl?u nlr{nnu:nl:flud'lu0uglu4uu

firiou d'rhild}{uinr:rnofihido.:iirodu4udrau duquniuurl: kirtri rirrirriur#otn6.r
r r t t - , i I q rt q I dt ,)

rir.ioruuryru nrillfuHaoou nr lryolu tunl:flud{ lljuslu

2.3.1.3 durlu:rru (Total cost u6o Joint cosO tfludu4untorirldiirarir.rl
s , A Y u I q d dt e) .^ l=^^-^P^^^^.^
letu:rrurorstuuun{yirrayduuur.ljuuil:rur:arriu 6otfludu4uflo{nt:u5fl1:1i'{?ltJrl lunr:
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rueis6o'irr{ludu4uuSorirlddrufirfindurirniunt:crudr?urir lnu'[riarur:CI0uttufloon1d
I

'jrdu4uto.:nr:turi.rfiur1ru6orinr:rrsiasodrsusiosil:stnmriut{Jurvirln tdu nr:tud.:mr't

:n'h{ Inu:aru?uilfi{orofirir{Tnuar:?urituovu3nr:oqilutururdtl':ri'u rirldlirudtfir,du
drIt

ocrilueruuu:?unu nr:rs'hiarrur:o0euonoon1d'irrfludurlulunr:tucit{lntlar: miortlu

oiluauA',r;unr:turi,:frurlrunvuinr: riluoiu ri'.r#uoiu4ufirfindulunt:turilrfiur#u fi

o'r:oyuri.:a::hJo1?urflrusiasryfinfiturirlutfiur#u nr:fidolttriqa::du4urriudfitr,{lu
< / r a al fn I t a ,, r I io ---l-'r-"r--------^^.":y tuyuunq:n0 [T{ons'[d'm:rurrdurfrrrsiovil:vrnvrfrrirrfrun]:oquuilelul"4uttau hi'rirl:

rfia.rtn duvruierufiGylrr1:nuunrruc'leI.fi'nrou rsiu rirtirfudsorofinta6tlrirrirniurrsiacrfiur'1il
q

Z-a/dt,)
$tluu ]fi unu: 5 1"1ndufl1 tuu9lu

vaE
2.33 fiUtrUnr:mttUyfiOttO (Cost of the Infectious Waste Incinerators)

q

ty
il:efl0il9r?u

2.3.3.1 du4urirrr:{ (Labor cost) ililtu6.: rirtiutfiou riiri'xt':at rir
v 9 yAA- a I a-4^ ^2t---- I ulI ta a
inurnoruraro.r rftilfrfrfrfunnryourr.n{orl0usrertso gtuTurtltt:.:.1lu tnttn t{utelou

(wage and Salary) fiiirurilurdounrfi (r*) uavriru:{6u1friiru rsiu rir6i:sr'lnt fl30 or d.rttsi

A q tn r r q 9) t t t I q I 4 .A dd a I v

ae16ou0eiu'[nrvttnu rrd?rrst?t0uoqutnilouluttfla&tnou ?l:ou1{fln01tnnttil:r.luslltJ
{ o dhs
TU.:'lU ttylu 0 1u?u [?n'1fl t9l

2.3.3.2 du 4uri rriaQ (Material coso r ru rodr du rluri rfaqri rlllfl r rirqiot

rir;.: riri'aqrJ:vnous1ru ,i',rirr-r,durnfi.r rirh,lflr rirdorurirg{tet'ltfl'lxusrya,'lou

2.3.3.3 du uuri rrirrfi u nr: (operating cos$ ri'rutr qj o v riludu4un':dtra c

rn9 r r r 9 | r -.-- --^ rl-- -^^.4^-l 4. -----. d 4
nn"ldurn rru nra{Tu rirflr.:sir{1 rirarrr:qrJTnn :arud.:rirrfrou:trtlflo.tngniruri u5o

A t I @ | dr ar q9 I t A < dl
?.rrioaft.t srlnijtorilulflttJ0lqnl:1f.:tu 6u4ufilttiolJ:lnlfiotilu Operating Cost

tv9, I
z.l ilalm r n t:d'otftunl {il lfl uvl,uci{ (vehicle Routing Problem : VRP)

n r :,fi'or n t : I ni aO^ n d 6 o'j r t{i u ri : u r d I t o I n : y il ? u n I : I d q rJ vr r u : r l #'r rtsi

fl : s 1J ?u n t : ? t{ ultu nt : rittfi u n t: n 1 : n ?u n u rJ : v ?vrG R lfl tta u il : u ?vrt^ r.r n n r : rn d o u dt u

v d a 9 a . 4 .-Y-.rl-l-::--^r!
n'r:0nrnudunrnr:uinr:rros6y'r:durvretrnlniiruoiuhltftlerfifinr:ldsru Jerufiaoondo.l

v I 96s u q j 
-rtrnarru6osnr:to't{ui [nn astten{ lunlv{rq 2.1
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llttt
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r7|lia
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nrild 2.1 R'ryr:?uttu?6nrfi{:euuxo{n'l:f,nnr:loia6nd tgn::n qaduf, 2s5 l)

u t o.: I a 6 a 6 n d ( Logistics) u ru r o 6 I n r :'1"'n n r : ri r 16 u.: ? u rir rfr o 1 #rfi rr

duuulsru:rrulunr:n:voro?urtrfiairqn16urrlo.r#rrtrin:sl?unr:t-erfi1i'nqrllhJduqq ol
aa

iaasddtqqqa9-
onmiln1:u: tnnr:otfjufl:yu?uflt:lunr:onnr:?'l{ltr.tu ofidlu{tuttnen?uniln0n::ilYl{
q"-q

lucirufifinr:rnf,oudrouos'hifinr:rn6outhu n1:dru?un?trifYva?ntun:vu?unr:'lra
A9{tauttaja
fl u fi'l et { r ret r9t r9 1.r 1 ?9r fi nu [u 0 u 6r { 0 n fl il n 1 : u; ]fl n "qaa

s ru ]aia6n dil : c no u dx z fi t n: : ru 6o fi o n : : l n ii'n rra s fi o n : : u dliu du u
A u 9 o - ia q o 4----- -. t Q9 a -P- 4--non::rurnn 6Umun0fl::UfianYlilft?lUcilnEIJltneilr{nn:uYlUn0n1: t14il:n1:0nfl1 cf.l

t y 9) | I v^ I I drj q t I
r l:snoldru 6umufl t:tu cy{ 6umunarriur{r unsnuuun:uil?un1: ct{cuo tud?ufiiuUu

----- -''-'q -_ - __''-c---''- a q

A jd r o9 ^ i q s a -a I a q t- 9, '-
n= o n : : ru fr il ru a n : u yt u ei o n r : hilS n r : il r n fr qa lu : c u u l ai aer n d 6 o niu 4 u n t : t u ri.r ri'.: rIu
d A q i - I t iaj a< v @ ol ---- 

t'-

Tinr:u5xr5d'nnt:tnU?mr{u4unt:tud{fr6Ytqnnf[0 fl1:0nn1:nUilfUfi1 VRP uut0{0100s

nrirrlnua:rJld''ir n1:utlflflHr vRp 6o nr:fierri'uffiiGnr:oonuurrdouri.:ndrutowruus"-----"--'a- -4" -- " q

r dr o 9 9 s, aqrdo t v 9l I d d
l,ud{oonrilutIlu?urduyn.:flaru1rduyn.: t9ru6luuer t14u0'ru?utYrlflu m tduYl1.114:0t:ufl

nr:rnisrduvrxnrrir#u'jr "drudr (Routes) tdonrtrasn?flttns:?nrB'l1unt:srouduo{ttas

nr:l#nr:13nr:?urirqnrir Isrur{irrJ:va.:rinii'novrirfi.:6tnr:lddu4uiiti'.ldqt to.:y{1l'tuu

riAutyrqlaYAYX-4-.--d
fl u d{ yt i{'til fl 'l rJ rdu m 1 { a'1.1 1 [u n r : I u d{ du n r 0 1 n 1 n r: u er u rta u 1 9r du qn n 0 fl u u n : e 0 1 u

^9tsaaelr4A9ovrrdurfrnnrI lflrly'trr:ilrnInou-[trio.[odrnnn]{1 tsu t?a1 0lu?uto':v{luueflud{ttac

: u u u yr r.: ril d r drfl u du riJ u o': eiil : u n o :L 1 u n r : n^ o t : iu r e1? u
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Rtiln 2.2 nnu0{uljiu},11Vne Inufigutin:strudurirnaxril.:tt?i{ (qv{::fl qnduG,2551)

dnuarcdrurlufliUfir vRp d'rur:orrder{ua&ofiurudrtlii'nuil&1,o{n:tr{dtoqilu

grlto,rn:rv,l G (V,A) lnod v{vr,..vn} n{rutosl?run (Vertices) #uru, drrrn'ulnungu,i

n:vnrusur{rnaxrrarlrunqnril rirun{rto.r a 6o n{lto.rrlrutdoru (arcs) lto.:Iuunoirs 1

lnufi n:{(Vl,Vj):if j,Vl,vje v}luf,lriupr-.:ndr: vt 6o nii'.r?urtrnar.rd.rtflufirfiufl'lfiuu

turir,fruru - riu rrasfifinarru1?urir 6o q rirulnunfinr6o n'o qnrYrtteiav:rutvfiurrus

turiroon'[rJci,rfiurirn':rldornr:fi'hiooaudru,fl]u?u 4 duqut6uvrrttunr:turi.rtfiuuoqi

lu;ilro,:rrusr!ndc:(c,,) nv:vqoqjlurser A uoiavqn (vl,vj) ostfiolrl:o:vuem1.: (Distances)

,;;*;;.rruou ,."u1 du,ri,r;, c,j 01n:Iu.:tunt:io-utuo6srrniofl'ldfinr:rirrauod':

rlonrrruunnsir.:il3oiioii'nuilcrenruroqflqur vnp firtll#fin':ttltrnnsir{ i1"'.:ttanslunr:xfi

2.1
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a j s at v 9. -r.-
9r r : r{fi 2. I ahu ile tar{ 1 u x o { fl iuu 1 n 1 :'i'fl tdu Yl 1 {1, u fl {

a

d'ngatvtourv (Characteristics) nrs16onfi rfl u\iltd (Possible options)

I .1'U',t9l1 0{ UrUVrrU U V fi fi h?

(Size of available vehicle)

t) tutnr6u? (One vehicle)

2) ?1nlutulrt (Multiple vehicle)

z. rJ: vmmt o': utur{rfi ue dfi lfi'

(Type of available fleet)

I ) rr ru'o u ri'u (fi uruv{ t il u c t tu u t6 u?) (Homogeneous)

z) ri r.:6'u (fi uruntr us u aluttuu) (Heterogeneous)

:) 'hjtttso.: (Special vehicle Upes)

3. Ytrofiu'lu?,{'lfiue

(Housing of vehicle)

r) nd'.rfiurirna1{ I ttt'is (Single depot)

z) nalfrurirnnl{iltnn'jr I ttfi{ (Multiple depost)

+. g rJurrt o{n?tildo{n1:

(Nature of demand)

t) n:ruo{osR1:uuuAtmofi fi a6nd

z) n r rru do.: n I : tlu r dl n ttn d gl^fl (Stochastic demand)

r ) du ri'l n': 111 tl{ u 1 s 6Yu (Partial satisfaction of demand)

orI
5. 9t1[rfi U{10{fi?1U910.:n1:

(Location of demand)

r) fiIrun (At nodes)

zl fidrurfioil ( At arcs) e y i
touaYr0{CIu

3) ,{flufldlu (Mixed) "\,y\ 4 r\bE
<iaoq

6. n?1iltfl o{v{1llusuYll,9l 0]fl a
q

(Vehicle capacity restrictions)

t) riruunr ltvirriu4ntdumt{)

z) rirnun (sirqnhnrutduvrx)

s)'lilririlun ('hi,frrinn?rilT)

<rX
7. [n5{1]UflUglU

(Underlying network)

t) vrxdoru (Undirected)

2) Ytl.tgt:.l (Directed)

3) ildUr.l6t'lu (Mixed)

+) rl:srutnrflr::vuvyn{0rnfid'n x rtou y (Euclidean)

8. r?alq{qnlurduvn.r

(Maximum route times)

t ) rirrun lrvirriu4nr#uil r{)

z) rirrun (sir{riuntiltduvrr.:)

:) 'hirirnua (Not imposed)

S. nl:rJfr u5{lu (Operation) t) u::qnodt{tAu? (Pick-up only)

z) ri'rodr':[6u? (Drop-offs (delivery) only)

3) Hdil,.rd'ru 1#.:r: : 4nunv ril)

User
Rectangle

User
Rectangle



d'nu a& tqil r v (Characteristics) ,lo,6uodtfl u'hflfr (Possible options)

t o. r?o,f rn-nlu rhu trn rlu n t :

tudl (time windows)

truudrut6oa (Single-sided)

ttu U do {e1'l u (Double-sided)

1)

2)

tt. du4u (Cost) r ; du4u niuurl: ui odurlurdumx
.iliay

2) sru4un{mil:oelu4uuluv{'llfuB

:) durluturis::ru (Common carrier cost)

tz. e-nqil:;atri (objective) ' e 
Yumtll) anflurlu:?ulJo{tc

. e Av
2) Afl 9tU1"1UYlgl0{n1:10{U'.luY{114U g

r) an fl'r dfu i,i o, l#ii du riu nr: ni n t: ut on?1 r
,ia

u'ltuo00

4) a n f, .: rifu ii o r 1 dii du ri'u ii t n"'r n e r ru ri r rYql t o.r q n rfi

t6

i @ q y 91. -------t, A -..t
sn:l{n 2.1 anufl etqiltgxo{fli}Ifi 'lnt: 0-eltdumr.:tu ri{ (qYI::Rl qfl du;, 255 1 : 31 1oio)

t h, r t q, q 9l - --t.- ,
qfl : : Rl qa d u; (2551 : s) ldn 6i r :'j t fl ry r t n r : d'n tdu vt t.: n 1 : I u d': (vehicle

& 4 ia q- -u-'- -! --.-nlug:fit]aiao'nd InutfluRouting Problem: VRP) tilufl1:flflu1mlJn?ludlniuou1':u11

nr:finurdrffinr:n-nrdumr{nr:d{?uri'rrl3ou3nr:1#riluhJntrunlrudo{nt:fl0{Qnrflrtu
o jo t a ---...-!-{14!4. o- t dq99

na ruav,ilru?u fr fi'lfl un 01fl Depot 1 rn4 {fis 0 r n 1 uttl{ { n t9l cr{ il?n ql,J : e d{n lil gluuu n] :
r io J .a .cttD i

rud{ytrfletltu (r{u :uuem1{ r?ar) tr.ruouvrqnuoilurltquTukirfrnrtou'ltlunr:turi.rfiurndu

rirl#fi;rJuuunr:flud{rfiru6nunrug:Juuu riu nr:tudlfifin'lrruhiuriuourrhruttiur{o':

(Stochastic VRP: SVRP) nt:flu6i{fi:nturi':hiiirriJud'0.:na'lrutd Depot (Open VRP : OVRP)

nr:turillntrfiqnrfiarrur:nirSurtr'[dtrn:oturi{rirnn'jr 1 ri'u (Split delivery vRP:

, ia r t j t u - dl -rt-.
SDVRP) n1:xuri{frfrntir01u0{il:crRyr:otud'lvltrnnfll{nu (Site-dependent VRP) [lJuslu

dr -q s ! 
I

vnr ril u rfty u r fi o qjlu n { il Np-hard lu n r : r r n a ii'n ft o': rlty fi 1 vRP riu ar ru r : n

rirld z iG6o rl nr:ilrrfleroulnal# Exact algoritn* drr{lui6nt:rrrirsroufrl#rirsroufid

fiqer urirfio{0rnnr5?rlfirnorLrhuiidl#,ra',1un'r:r.nrilerouuluutfl rirl#hiriou'lriftnrrl
6 o . i< r o . o t q r-- -{l--ad d
uuu tullrurltytxqetxuril,firu':ururn z) nt:rrritsro:L]sruldHeuristics algorithm rtluiGnr:fi

hirJ:yri'u'irrirnoufi'ldr{lurirsroufi6iiqor uririJui6nr:rrr[tnoudl#t:nrlunr:nlritetoil

r?oun'jra;ilrrirsroudtuffi E^u"t atgorithm rlrynrnr:o"nrduvrrsturi.rfifigudn:voru?uril

iltn'jt t tpi.: (Multi-Depot Vehicle Routing Problem: MDVRP) r{lurlqrrnr:1uri.:6nfld.:
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;iluuufirirei'srflufiauloro{:suu Logistics ,dounrntunr:n:soro?urflrlur1o1riu#u rint,

rUunt:n:u0Iur.nuflutin:e0Iudufi1frilrurnn'jr I ttil{ nl:filrirflouIo{flcg?l1 MDVRP liu

fi Z iG n'onr:ld Exact algorithm ttas ffi Two-phase solution techniques ds ffi two-phase

2 h9/d -dr d e4^. ^ 
d

solution techniques fi arrur:ortunlffin Z iidoudo iG Cluster first-route second ttd& Ti Route

first-cluster second

z.s flnsilvnEugrutosrlqmrnrrffotffunr{flnrucflud{ (Traveling salesman Problem:

TSP)

rliyxrnr:,fi'nrduyrxr6unfn.:rutru (Traveling Salesman Problem: rsp) nrirrlnu

aqrJudr 6o rlqilrdu$ruxo{nr:,ir'nrdumr{?{114u&lturi.r Inufirliyur TSP fifllri'fi'u
@ t t a A gt er iJ ai .=rr^^^^^
r-ncril:vatri no nr:frrstlrdumt{?{rilfl (Closed tour) vlduYlqnm ta0lnnl::?u:suulll'1fl'l:

.=-.".^^--.^oo.,.-^o-.,o11e16-61161-qra.rr"[orrar - azl u !r "- v g 
" r.:'[rjfu?reiuyt'l{ro{T{ufl.uu1,tua-fluillsro{{liufir TSP fir.r-ou'[toql'jr " flrin{tuxlueio{taum'

n:rmnrfio{rrash{rrsiovrfiornrinrrut'ruGI'ru'r: nrirnr: 16ur.iru'ldtfioln9.rt6urrvirtir,fiu

-..--^:^-,-,^-..:.,"^-.. 4 ')qv u a 
nluhjulrfio.:Grdu"uii'nluT{ lIn { 1 U I 1 Utgr U Yl 1.: 0 U n : U T n tU 0 { t t6 ? t14 v{ u n { ]u lJ 1 U tn u m l.: n

a9
fl't:y{01:rutetulturo{nt:r6umt{ (cost tunction) tl3o:vuvvrxfil#tvriturnrduUu0lnnl:

r6umx:sr.r'ir.: z eirrrrrir lnuhiduri'ufiaflrslunr:r6uvrt{ttoeri'Iflo.::uusYtr{:cu'ixao.:
o r Uu, u dr t a o I I d t

sirrrilillm-l"t:Jrrnsnnjufrrirrvirriu nr:riru?flrduUunt:teiuvtl'1tlll1Ju0&t:ufl']1 "TSP ttuu

drJrJra:" ruidr:voyyn{:uH'il{ z qirrruri.:d nr:r6uvrt.:'lrjtrosndtL'hirvirri'uosGun'it "TSP

ruuu'fuiduurn:" dqrJsuu'l TSP d tfrld''j.r,ilur]qilrfifitutnlnqirtnvdudouodxrutn6n
- A u au 

'""':" -"- 
; - '-; 

- 
:-^- :,^ (r

ilaJil'll.tu{ ufl?nuilaluynua{n?rilrrunu'jlflq1fi1 TSP OhtilUttUtL NP-hard dnUustOl

,lrUrlr TSp drri 1: orran.r k1n"'slu nlv{d 2.3

aa

aa

ata

a

o!' 1

o
aaaa

t ta o o

i v q u 9. a o A --
n tilfi z.l ii'nu ors rfty r rr o l n r : oln rdu m r s rd u d t r fl vt tin l r u t r u(qv{ : : tll dfl du li, 25 5 1 )
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rlryr r rsp oGr r u'ldornn: rv,l G: (v,A) tfJu n : rv'lfi hifi rf,':q na:dfi am x rt un'ir

.'o1u'lgrt3nrfinn:rv,l (Undirected graph)" ,r'u v: 1,...,N fiorrygrtol]iluoJqufi e fiotrygrt#u

rfiolfiGundr "or{n (Arc)" rrsinvor{novrJ:vnol'hJdlu cutfluri'rya-nuaitrrurrorr',ud

nrin.:rutrur6umrstrnrfio.: i lilfl{rfio.r; ds (ii) eelqufi (i i ) ev lif 3a'nunrvtolfliyr'rr
9 o a I vl 1t---4

tsp uan r 6e u t tt t :L dr a o { Yt 1 { n oI 9t fl 1 dst : }J'l 9l 5 g 1 u to 91.1 u

fi'aurJ:6'ofru1o (Decision variable)

vi e{2,,..,N\

vi e {t,....,1rr}

YS c.V

Yi, j e{2,....,t'l\

(2.27)

(2.28)

(2.2e)

(2.30)

(2.31)

4 qqr d .-.. jil @<
x,,: I firruo.: tl4ot:nflo{ ( ij ) firfroruriulerufi ile {1,2,....N}

U

*,: o 6u1 ovtvirri'tqud

oae
uuusi raosnt{fl dfl fl 'l 

GIgl i (Mathematical model)

Minz = Lru*u
(i,i)eA

Griln1:lloilritu (Subject to)

Z*r:r
i=1

Z*, =l
j=l
NN

II,, =ls-tlies l€.i

,, e {o,t}

o du u t tA 4 I et ^r ;& i irly,---
fl.:rifuTorq:J:valnyr (2.27)oto sro':nr:urrauml{?{lJfiYlfluflqn Yl tfl0lnfl1:5?tJ

:yu;yt1{nt:16umxrolyrrinlrutroarunr:torrirofi (z.za) uav (2.29)6o rtsinslrunosdol
t 9 v , tr el el a < - 1).-. -.-.-- ' A ,- -^.4-il:ynoud:urduflxrcirHulrdurrnsrdumr{00fl0nilu{tdu rrunl:fl0lJfl1uvl (2.30) fl0 d}Jn1:
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rJn{lornlunr:rfinrdumr.:nrmuyrudrdouailnr:tourirofi (2.:t) 6o arunr:tourjrugnrtrun^o

oi'rurj:ri'pr?u1o

rrui'il'ufirfiur{osri'ur1qflr TSp luodnfirini,il'unaruviru'lsirirnr:finurdliinr:

rurfilqur rsp lnufioq 2 a-nucuvn^o ffinr:uri'rlqurrtuuffiiiaiiq, (Exact method) rrasiGtfiq

6ria6n (Heuristic method) nr::J:vqneiffinr:tuirlryrt TSP ttuuiirfr.:6'l3ast^n unst-rodx

iodaaaao--!qldl-oureqo--iA
rdu nr:,ilrrrunfrrB.ru'l:asrndrr5unr:rrnilryrr TSP ?1uoq 3 a'lrluel?uflu no alnrmilu{

fio nr:aflr.rnr:r6umx (Tour Construction Procedures) iirn"'ufiao{6onr:rJfurJ;.:nr:t6umr.t

(Tour Improvement procedures) rtnvdrri'uqnriru6o nr:l#ffirnLUr{dilrldlu (Composite

Procedures)

{ v v t ai< -1.-' - ^--1-.Y, - d r d
2.6 ilqmrnl:dflrfunt{?niluulru6r{ nroariilguun?v0luctunlnal{trlu{t[?t{lelu?

(ffr" S"ir,S"FDepot Vehicle Routing Problem: SDVRP)

rTq r r vRr fi : r n g r u ru r n r n fl iU fl 'r TSp sr-r n d r r'l ilu ri'r {o d z.+ ru r t tda t rn v fi n r r ru

rrflnei1{1tnrlryur rsp si'.:d " fiundorrmuutinrrutru'jr nrruvtuci.t (vehicle) r3o aturis

- d A Y q 
^ d -4 q 4 d a I a I

(Route) rrovfr1n15ru6ulunr:rnuytl.ryrrl,ru=ounurilu.tleltnu? n0 lnqluun:s01udufl1fla1':

(Depot) - riruo.rrirJ:vnol6u1 fi16ur{0.:riurlqur vRr tsil:vnoulrJrl':uqudn:vtrufiurlr

' o e4 t v I do 
umniu:gugYll{il:gri1iln1:flal{ I rrti.: tituruqnritntmrnu n :lu ttnsfllllu&ljud.lu01u?:

: s rir r o n fi ns.: ln u n lu : s u u rnt o ri r u fi n r : rit u ?at : v uu vt r l il : s r r il nt : tlu u : & ue m l{ t8.1
q

fi n-n (Euclidean distances)

I tue@.h..W.

o-rrrd Z.l riro.:runt:,fi'errduyrrsnt:ruds leufifludn:ynrtl?uri'rnarlndstr?iu{
J((u::u qnflur,2551)

,5

{----fi,, c,, \

A:"/x /
\t]\ vra

\,* ()\/./v 16
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nr:u::r"4naudr1unr:ruri.:usiovn$rrtosrtriastdumxdo.r'[rirfiufisr,flrri'nIo{ Q

qnrtr4n:rur{Juarurfincrol i e {t,...,n\ rtavfinrrrudo.:nr:?uriltu:sFriutol q, dnuuvnr:
9q d i t I 9) | t dl o

uriilcy il t u5 o fl 'l : o o fl r ru u nr o ul l n q ru rdu m x t o { vI l fi u c t u d{ 0 u ttu.l o o fl []J u t 1 u ?u m cY'l u

rirrfiol#arud{arur:nruri.:frurfioonhJh{uinr:tr?riuqnrirldodx:rnrE': 6nne'rdoll#
, q9a il j v | ,----al-.----.-^^@-.--
du U u n r : hilS n r : vr sir fi qn a-n u fu y li r u { r u x o { fl iU ?t r V RP rt-l t ta e { 1 u n r n fi Z.+

" 
o o- i, | 4 -g o a I

ttnnl:frnu'l.iluiduytr.nullt0&flu?1iln'l:d:1.:ttuu0lao{vtl.tftgltslflld9l:u191:S 1u
,t

uo{flqilr vnp lfld'nifi

a aii ,t
il 1 : 1 iltgt O: ll IRU 21' 0.1

N iirurutorqnrir#lnrunr

K,flrurutorvtrHuscJudqYlStililFr

a fl?'rilqflo.:iltfiuetud{ (k)

D r?a rflt o: e u& yt r{ q{qafi v{ 1t't usfl ud.: atlr: olflunr: t6uml{

9 o v 9, '. iqY..+-----E-q t It, rioiirnn6tutrntqlqnxo,lillfi uctud{ k yl t14U:n1:efl tll tuttelo&tduYll{

F I I s i.. t-a- fii..gi rJSrrarnrtu6o.:nr:tolqnnl [iluam i (lelcl{6Iun1m i)

,*u r':ntlunt:tfiumr{iirilfuv{tluutu'd{ k 0tnlilun i hJutlilun j ftur: o)

c,j ri rt#Ei r olu n r : t6u il t.: 0 I n ln u n i hJ ti.: 1n u er.;

fraurj:sYo?ul0 (Decision variable)

xt = I trflr^rrnusturi.rriufi t< rirnr:turil?uritotnonrtr:rufi i hju-.:anrir*u e {

:lufijlnofiqnrir i,7e{1,2..N\li* ittae f e {1,2,..K}
, o aixi = 0 tUn:ilOUdlU'

^dK'x = rua : nctrro.: x, = L *i rr6tn {n1i tdoulu{d'utor Jnunr{lutdum'l{1lo{
k --l

1r r fi u s I u d r usi a s niu d.: hi :'t ru t o fi ru du n al fi u rYr n n t I



2t

uuu6$1ao{n1{nfinfl rdfl *(u"tt 
"."tical 

model)

lr'N(
Minz =ZZZr,*i,

i=0 l=0 k=l

.i+o

arunr:toldlU (Subject to)

NK

IIr,l =t
i=0 k=l
NKII'f =t

t=0 k=l

NN

Z*!'-Z*L =o
,=0 j=o

N/V
lt,r,l*i,l<O
j=o t=0

NN

l\t"xi<o
,=0 l=0

Z*f,'t
t=l

Z*l,r
xj e {o,t}

v7 e {t,....,1tr}

vi e {t,....,1tr}

Yp e$,....,4r),r e {t,...,r}

v/r e {t,....,r}

vf e {t,....,r<}

vf e {t,....,r}

vtc e{t,....,x\

Y i, j e{1,....,1r}, r e {t,....,r}

(2.32)

(2.33)

(2.34)

(2.3s)

(2.36)

(2.37)

( 2.38)

(2.3e)

(2.40)

e lq q I d .. 4 t.
fl.rn{uinqil:sa.rri (2.32) n-.o nr:rr:vuuYn.t [etu:'ttlltolv{11{uelucl{4nnu

:'rnri'ufi#ufiqn arunr:touritufi Q$)-(2.34) :J:vriu'jrqnrltrtrins:rudo':fulSnt:orn

uruusnurirrfiurniu16ur,rir#u arnr:tourjrufi (z.rs) rJ:vn-u'irdtilrnilt?tu&uurillntdrlil

fiqnlnfiorrrudosoonrurornqr,#uriru arnr:toudrofi (2.:o) rJ:s6'u'irvrriluvcrucil?urirqn

-" , a l ' -^.^-.^:^, 
a ,- --- lt o----.-!

fliu0sero{u::qnauni'ld"lrirfiurio,ilrri'nfirirrun arunr:tolri:uufi Q.lt) riorituuerdlut?41

a i , j- qgrq o. ----.i r. a. Y-ul 2t

flto:vucilr.:qlqnfinrruvrutisfr k arrur:olflunr:tnumr.:tnont:tud.ldurll tel diln]:

rordrufi 12.3s)-(2.3e) rJ:vriu'irnrHusrudsurinvri'uqn1dkitfiu.:rduln,duvrr.rndltrirri,

arunr:torrirofi (2.+o) arunt:'luuti (Binary)

uui,i'uluo6srfirirururrinio-u'ldrauoh?r#u'jrrlcynr vnr t{lurliyurfido.:ld

Tinr:rrrfi}yurlur8.:tolnr:d'nuruenr{fitr,rrurvau (Combinatorial optimization) rtav'ir'nrllqrr
v ^^,-- X'- d I

fr o {1u rJ : v rl yt Np-hard n r : 1#i6 n r : rfu r r rir sr o u fi 6 fi qn ri'u n r : rlq u r fi riu t v fr n e u { l u t n

odrqrrnlunr:urlflqrrrn:rv'jrfliyr''rJ:r,ovrdfinarru#udoulutBlto.:n:rrufirJfrdrrvflufriu
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:sfl'ir{do{ri'urryfl1urfirnr:d'ourrnur,j 6o ruortorqnrilttourcrflto{gutin:;tru?urirnnt.:
-{ErGaa^adr4rdo---.----e<ri^,^o@ii'.lriunr:'lfTGrBsEriasrnrlurosnn?1iln4rrsduu'1flfl?t?!RlsnlnouttlllJmnmqn 6Y1fi:u

uuif,uto.: qn::iu qnduf (25s1) ldnrirr6.:i6nr:f,nilil?nn{dtrflnr:trrirlryr,r vRP li
t9q4

3il:emmn?ununo

z.o.r if;BaSafinodr{.irs, (simple heuristic) 6o nr:orri'ura-ndugruEesa6nodr.:
ro99'-,--.-". ----l:r-.-l-^^^.^^^..J^-^----U-4-iru 1 lunr:airlrduml{?{t4u&rudsunvsioorntiunouritnr:ilflrJg':Eilntilfi1etou'i'l6n
e- A &^- e

n:,rr?ru.r cr{?rflr:GT:r.:rdumr'rl#riraruri.rd o-u'[rltui iG s*""p dsriluffifirrirtrrittavfinr:ld

.1lUrJ'lU lUn',ir oo-zo fl il rudr

2.6.2 ?i nr :lff nflnn 1 {nfi fl fl r fl ni 6 o iG n r : ait t uu u ii'r a o { yt r q n fi sr sr asr $fi td

rirniunr:rJ:silrilrirlunr:ruirlqrrodr.:fir?unou (Step-by-Step) miu i6ruouflu1u{1u

(General assignment) nr:rtri.rn{tlc[fl (Set partitioning) i6 Ctart and Wrigth ffi Hierarchical

drI
Approach ffi Multi-Route Improvement Heuristics tilu du

2.6.3 iGnr:mrriroroufifidgo (Exact Sotutions) ttaviirTrgryril:v6uf, (Artificial

rntelligence Method: AIM) und'rotjr.rrirmYui6nr:rrrirnoufi6fiqntriui6 K-tree ttne

Lagrangean Relaxation luriruiGrJqqrrJ:vGufusoorotv,lunfiu6nutjr.rrd.r'jriGtfi.:8':3
adrhgqrrddd

dflnn?t tauflgl?out{tduTB Simulated Annealing: SA ?- Tabu Search: TS ?5Ant System: AS

d , jar I
tt0efi Genetic algorithm: GA tfiAlUtlJUSlU

z.z r'lalnrnr:fforffunrsnnrusllud{ Ioufifir.r'ou'ltvn.rdtut?a]'luRt:ttudt (vetricte

Routing Problem with Time Windows: VRPTW)

q' u et - ei': lnofifirtou'ltvrrsd'ru finrtrundrundlri'urililiufi 1nl5 ofitGlu Yl1 {11 114 Uefl U'

- ,<j rn q I -4-.^^9 - ---t-- h I t. a. I t I

flarrrvRpusifrrsou'trro{r?orlurreiasfion::ruuirurtnu?{o': tuu nt:"lilrildurirttsiosrrl4.t0&
,; h r r q v o u 3 ----..d1. o. c @ q ..v-.. e) .

ldr':or'[lryrrriu nr:ohritailro{n0n::xriJud{tirniU tunl:0rl9ll:1{t?a]n1:1ud{ttaso1illn

rir'[rJrJ:vqnoild.:ru13.r1 fir;firtoultoir.r1 u?rrur16u'r{ot6ntflu'fru'lurutnfiosriural#rfin
e g q u q l,l t I ?t y '-d--..---.-'.--.^.^^=^4.n?tucrucrou tua?iliUt4t ttJ?10&filunr:rhflr:'r.:t?atflt:tud.tfrov'i'udoururntll{u'[r]6n

9 . Jt , -! o I a 9)

ii'nunr;rotritu{rufliuilr vRPTw firJ:vnourl'luo.:f{il:snolrir': 1 nifi fiqudn:e0luAufil

nnxrfiulrril.r16url#nrrusru6i.:fififlu1nt,t3orfinfirrfiouri'u4nr.l:vnr: (Identicl vehicles)

rirmirnr:ruirlqur vRprw rflunr:mrrirdtrrursaruto{tfr{nr:'fi'nflx?etl'til:sn'irsaoldua,

rryn 60 rcuerflo{nr:ldilrilucrurir?uri'ruvrudeurryn v ttautcretc fiotrysrto.:qnrYrfivrrruv



r u ri.r o c do s o o n hJ l#ui n r : l n o aru ru fi 'i rn r u u v t u ri.r #u n l r' fi 1 #n'u n u, t tm u s1r utvn t ln u

fr v = {0,1,2,...,,K - U travn{ruqnri'rdn',rrrruri{oon1il1#u3 nr:6o N I U0}
-{g^qtuaqyd'sriu trynuo.:Qnf1t g ={0,1,2,...,,4f1 d'rrr:J:cl-nfrulnlurlcynrfiorfioqi Z gilttul

do x,,rlnufii, j =0,1,2,...,N;i +j ttae k : 0,1,2"',rrtastltl# xu1,:l 
'1'o'nrlludl'jrhi

?rlr4uurudrniufit rirnr:turi.:?urilnrnqnr1r:rofi ihJf'rqnrir:rufii 6u t rirr'runh?

oi'r x,1o:o turieuror t, fio raarGruduto,rvtlr4u&tuci.rrrsinvriuh?l3nr:qnrtrfi i lpru

firr=cintcnjaLuvtij 1t,n*thjVh,i, je Nii'nUnrsrlqnr VRPTW rr-StranllUnrnd 2.5

riruilnr:aflrsrru:t,ilrao{yt1{ntielflran$ (uatnematical Model) fYlil1:ilttdfilld'rriciolilii

Cuato,tg

V.htcl. C1

mczca

c.
ca

c6

c,

ca

ce

j .i n I q t. A ---
n r?{fi z.s r.:- o u'[t vr x rtr u r': o r lu n 1 : 1 u d.: (Qn : : ar qol auG' zs s t ;

a ajj v
il1: tritnoifr tfr ga'[o{ (Parameters)

N 6o,f,iu'ruto.:anrtrvte.trruet

K fiodtuautuui',rurnrci.r#'rmrun

ci qnri'rii i Jnufi i:012,..,N

co gudn:rtru?urlr(oepoO
yqtr t 9A- 9.1cij rYrlsidru:sfl'jxqnrYrfi i uavqnri'rfi i

q r. , y-A. ttA.tij :susraarlunt:flud{:errxqnr{rvtittaYQnnlmj

' ?urfilunr:turisflo{anr11imi n?1iln0{fl'l:flUnllUfl1:1,Ufl{1u{1{

lunr:l: :vtnto{il11'tuucxufi{ ker fl?1UdlUl:n q

iti t?almillflusxuti{ilrfi1 (Arrival time) fignrir i

:.:inrrynrydi:--::- -:, :*;:;r-i'E,
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ei

li

q

wi

rk

,ru',d n'' n u v t u dl ar ru r : n ru r 6.r q ndrd i Li'rE ld qfl (Earliest arrival time)

i o gtt t 4 
"r.rrro

r? n r fi oU EU tn 1#: o I u 6i.: x 1 il { e n rir i 
"tdf 

t fr qn (Latest Arrival Time)

o o < a ltA 9.
:curr?a1 [un1:n1tau{dun]mQnnl i

iocro u r. a- L---.. .'i--l'-
: u us r?41fr lflu nr: : onou n'l: iu -d.: tiur{1 (waiting time) mqnnl i

rr a r ri.: r l n fi o q q r or 1#u I u rt 1 t't u c I u ei': t< tit n r : t u ri s ?u rfi (vt*i*u.

route time)

fraurj:flsr?ulo (Decision variable)

x 
u r = | til}flr r r n u s tu ri.r fi t rir nr : tu ris fi u rirt or q n rir ilil f.: q nrir .;

ai
x,ip =0 n:iloul

rtuuci lao{nl{nfi nfl ldsl* (u"tt 
"-"tical 

model)

l/ i{ K-l
Minz =ZZZrr*ur Q.4r)

,=O "/=0 [=0

flilnrrxourilu (subject to)

K-I N

II'* =1
k4 i=l
KN

ll*6=r
k=0 l=0

j+i
tr'N

L*,oo-l*rr =o
i=0 j=0
i*h j*h

ili-il1+Nxr<N-1
t/N

Z*,(\*,r )<to
,=0 j=o

j*i
NN

tt *,oQu + f,+w,)<ro
i=0 i=o

j+i

/o= 0

t,*xrir<Qu*f,+r,).t,

e,3t,31,

Vi=0

Y i =1,2,3,.., N

vhel,..,Nlr.[o,r-t]

Y i =1,2,.., N; j =1,2,.., N;i * j

vr e {t,..,r -t}

vr e {t,..,r -t}

i, j eU,N\i * i;k elo, r -tl
t e [o,r -t]

(2.42)

(2.43)

(2.44)

(2.4s)

(2.46)

(2.47)

(2.48)

(2.49)

(2.50)

I
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e Jv @ t I . A --- -l----
fl I ri.i'u r;n q il : v ar ri (2.4 I ) fl 0 fl r : r.r 1 : v u e m r { [ a u : ? rJ fl o { fl 1 l't u & x u cI { 4 n n u

- A!, i ' t v ' -o--. --..L^-^^ 
t '

:?unumflumqn6run1:Iouli1ufi (2.42) rJ:srYu'j}iru?urdilm1{fil#lunr:turilvt-luunfi

,frururvirdu r rduyrx dunl:florldlufi (2.43)-( z.u) ilzvilu'irfirnrrrusturi.:'ituaurfitl.t t

riurvir#uhJfr?urirfiqnrir arnr:toudrufi (2.4s) rJ:sri'u'irhifr Sub-tour tfindulurirsro:t

dunr:floud 'rufr e.+O y{r?iuufludsdorr::tXn?urirlrirfiufl?Ild'ttJ'l:nfiriruuer dufl1:

rorrirufi (z.qT ilzafru'irraarfi1#ro.rv{rnusturirusiavri'udoq'lrirfiuranroqqrn

(Maximum route time) arunr:rouli'rufiQ.+g)-(2.49) ttau (z.so) rJ:cniu'jrnr:luri{?urirto.:

u r r u v t u tir d'o.r'[ri rin uds ei o tto u'h m r s Flt u t: a r (Time windows)

rlq r,r r vRprw fi n r r l d r ricg l u q n a i r n : : l rl o l uiu J n u rn fl r s u ri {ri s ru o u ? u rir h?

I:.:rruonrirfi6r:cuunr:r.r6sruurniunarno6 (Just in time: JIT) :lryurnr:'i'nei.:fiurirfifi
q

s o v dr 4 A r,r A o-.^.----.-^-^"1^.-^^"^^t^-.-Y^vl^l^ol^.."^.,-' d
ro0rflerllo.:[?a1 rruflr:[fluurrou'tflrflilrer'rJ{uru0rnfliUillvnplprurihl:Jrlqrr vRPTw fr

n?'rilulflrJrRn'jr:kgrr vnr Ina1rril:sarritorrTryrr vRPTw 6o nr:on'itu?u:rtxuGi.:l4io

nr:anrilxurirlno::ruuoeil-n0cfidruru6grurJ:vrd.:'irfr,flru'lu:n'hl'fltn-nr rtsilumr.:ilfr1G

rrdruEuivrsirrl fi,f ru':u:nruri.riirri'rr lu:turruio-u'ldrirfi.:6.:r7o'ftn-qdru'ilruau:nlunr:

rurY{kyur vRprw usilunr:finr',0#u#rutligrnhflr?oiirri'nrf o.:rrnrrflu{o,ilrriniiu^nrnriuld'

(Soft consraint) nrir16o mrn'hjarrut:nr.lflnGnrruttou'lttotn:olr:ar'ldovhJrn^llvru

(penalty) luarunr:rflhfiu'rurryru nr:rJ:vqnr{;iltruuflqrr vRprw rnooaodu4unr:tud.t

Inuriruriurqflr;rrorr6umr{0rnenrirnfi.:hlfl':6nqnrirn-n'hJlutfiu':llurilrdrl ,virrfu ,,4,

ruuflr?a1:onourirrrnrtfl:L3nr:uriovqnrirr{lutrnrnu:Jvqnrirlntlhildrirrurnnt{ludurlu
!- qrr a 9tq9t - A o UY t-4

uofl0'lnuu.tuou tilfI.lGIufl1 [nnourra&ila{lr?a1mn1flun tnttgrtflilImulua:Jnr:rfl''nr',u,,ru

lu:rulrunr:?,t'u6uldfinr:rJ:vqnrigrJulurftyfil VRPTw tr{oaafluUunl:xu'd':ttuu

" i u o l t r{: n l:J d'r #r n'ir n : o I tr a r #r q n fi a r l r : n ri rPickup and Deliver Time Windows [t9l [t
Alytlt9tll4t9.t4i--l--.----t'-9t--!---.----e-d
durfr"[6rrci6rrurdlnout:ar6o{:o0un?1fr{r?at?r0&d{ruoulYt'luu 9l?ou1'1flo.1{1u?luvl

o 4 4 dl I o v Aa r U rl,l 1,a o - j A U Y. I

rirfr.:fr.:n:ounarriJulio,ilrrinfrSnuqu'[ru'tdnont:fl]ilun:uust?a1m:0cY'1il1:fl?.: trt4.:qnao

A 9 v dr i r,l A a a 14 I -----.i-- t q 4 o -- -4----
r.ril.trdumrl4n1 rlurilurrou-[trtnfirrsllju0ntfiuo tiln1flfl1:vl:otlaasnuiln?1u001nnt?Io1'11

dr.:t'rarfirilrrsarufiovrirl#rirl#iirunr:rurirsitasdrufu rlcynr vRPTw rflu:Itynr

Np-hard ua v lu oG sr fi r^i t u ru t fi n r : fi nu r r rii r t rit n o u I n u lffii 6 r3 a6n ri r.: 1
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o v y o v r 4i --.-d.-- -^^.a,^-?-^^-^e-.-^^f-^^i t

2.8 rlririltnt:dotfrufl-t.ldrmfuurrnuutuflrr R:iun!!uun:v0luflun1na1{ilillnn?l?lu{ll?l{g

(The MuttFDepot Multiple Vehicle Routing Problems: MDVRP)

rfty r r vRp n: fi fi fi gu dn : v r r u?u r1r n n r.r ru tn n'iril ds uri s il tJ t u6.: n : fi o.: rin :

t:frofiautin:ytru?urirnar.rfildrirtfiu.:rrurnn'irufi,rtpi.: niuu#0fin1:?1.:ttflunr:1#

rdumrsyrrrurtudrryr'*ooonhJt#u3nr:qnril furtoris?uril (pi.t-up or Deliceries) Gun
,t

{ftymrfi'jr *rftyrr MDVRr" f,.:ri#ui'nqrJ:va'rrf fio nr:rrfruqulnu:rrutotnt:ldtanrr3o
il t @ q a? 3a.5--- .a v g-. e --l

:eusmt{fr9i1qqflo.lflt14usflud{1"4nnu:'lrunu iliytttutltn?ludoucrury0u[1IUlJ1fl1lufl']1

rliynr vRp lnuyi')'l:J,:ruir-ufir6urr?orrirrlqlrr MDVRP luo6nfir.irultfirin?t-tld'ltcYuo
< o v eat 4y^-^ : ^ ^^^^^-.^i^- . --.--i<d^.- d
Tinr:drmfunr:rrdilqut MDVRP udrunarrurarflra'luYl{?rnl:rlfllel0uYlflmqottou?i

rfr{6r3a6n 6svrofiova;:Jlno:rrr'lsili'.rlusrr:r.:fi 2.2 uavrlol:iurin{5'u"'urirulnqifirtual#ru
i or<aaa o o" - 9,q---- :J s j<a.+-+-.=--{-.- 4
frrclfTirBsErSastn tirmiunr:rrrlrJtyrr MDVRP ilrnu{flu [etuYt?rts{u?:dfln uuillJ'luo.l

d o d ioY^ o 4 q I . -- 4 4 d
TGnr:'[or1 frsrrnfrlfTvrutritiln (Heuristics) lunr:nurrrilel0u14:o14ulun?1il:?tJfl'1?fl1:?11

rflrnoud:uffirlqqrrJ:rfiufdro (Artificial Intelligence Method: AIM) ffifliytyrrJ:rfiuf o-u

ln, r<
tnun ?rnt:ouoouritet0u(Simulated Annealing: sa) iGsrruraitd(rauu Search: rs) iGnr:

iiraolvrqfin::Ufll:fi101?11:fl0':ufl (Ant System: AS) rraviGr8':ri'uqn::il (Genetic algorithm:

' id, I
GA) rflAlUI]JU9IU

,l

ffirfi.:E'tSaGnrirrflnr:urirlqnr MDVRP vroova;rJlr1ii'.:fi i6,fraolvrqn^n::ru

n'l:u1O1l4'l:to,:tlfl (ACS) n-{:fUCrUii'Uflo.l Gambardella.,et al. (1999) ttnUU0n0lne;tfr{

6,1! ao^nfifo-nlufio{r.:pi'ufild'nrilr'hJudau-tffinr:6ut fiGun'irr{JuEe3aontriuri'u triu
o- j d r r ct 4,:ruTf,ufrrauoiGnr:rril{nquennr oonuJun{ru1flriliil'rutugudn:vtttl?urir Jnuttun'ir

9- 
" 

9q jo I @

"Disjoint-Clusters"0lftuumtn'r:ttflUcUilr VRP frda:ssiod'uxo.lttsiaun{I (Independent

. s d , o vQl I a. I t I q9d
VRPS) IpruGrud'unlnritilunCndrh{gutln:errudurllnnr{fl0':rtglautn4.: t'f?rn1l Sweep

A qt o 61 riu t a. y .4 - {r-.e.+ -.^.t- ^- ^^'^^^-^?^.( o

Method riloqnrfrqnrirrunlfinuquun:e0ludunltd:0[lJuYlt:ull:ou el001fluuflm1n1:

:litrJg.:rirnoulounr:16onqnrirfiriluhlldlfiorirnr:rJililg.:n{l (Reassingnments) :erjl{

fl u tin : s o r u ?u rYr z r ril s rir'hJ o u n'i r'hi a u r : n rJ fu du 4 u fi 6 n'i r 16 l fi tJ,iu n o u qn vir o 6 o
q

nr:afr.:rduyrrrrirnirn'rfiuerud{rfio':ornflryff1 MDVRP osil:snold?ucYo{fliU?troqjlu
@dd4dtqar<9Y!----- -o

oi'ailorrrnu?0{un?lilu{uln [un]:nnflu?nn1: cl114:unI:nufl "lrl'l9l01J
o 

- { n rto o- i o d 9 -u---al- - o g Q g r I
er{uu trrrjlruT,u,ufrrirrauoiGn'r:1.r'rfirerotri'lrlqrrnr:ritl'tunQnrirh{ttriqud

A YA t A t u 9l t- I 4 t I dt I

n:s0'luAurirfrrurnnirrilttnilrrasohrdumr{il114ue1ud{ 9l?u?rn1:ltu{Qnnl0ontuunqul

il:stru z-: n{1 lffirfit8eiao^ntunr:rl:uil16rlri1xo'::susYtt{:cm'jr':qnrir (customer) rill
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gudn:vnru?udr (oepoD Inonr:ldrn*oiruutirrfn (weighted) rtontrrudo'rnr:fiurir

" 1- ' dr /a < 
Method drmfuaSr{tdumx(Demand) fl o{Qnrflttsias : lutil u lniucli]itl: iul lta c ?r Saving I

fltflu&fludlsiorur Srivastava uo& Benton (1990) driG Cluster-Routingflsfiiirir p > l lourir
d / ay 4 A ro v 9. rd lo t..a -.g I

nt:rilnfludn:ettUdufitflat(ltfrU,q14usttl,l':drHiUQnf{1 I nqU?rn1:ut:Ufl?1 '1:Ufld:1{nqU

lun{uurn,rnyaflr,rr#umt{illilueturirlurirri'ufiaol (Cluster-first Route-second)" l'f,aG

Sweep Method drr fl nr:,fi'n rdu mrqu rr u st u d{ l rui'i'tlto.t Pathumnakul ( 1 996) drtau o

ffinr:uriilqfi1 MDVRr ri'rn:fifinur1:r.r':ru1'lrytn^nn:vntutos'lolortrtrilr?usrount:

rrdrlqrnr 6o o-nuunqnrtroonr{lun{ru1Inut#na-nnr:trfiorhulndt6u.: (Nearest neighborhood)

aflr.:rduvrr,:nr:ruri{e1?uiG ctarke and wright algorithm travrJfurJqlqilnlilfflfl0u]nuiG
A t - -' o iu v- < ilsinarilufirirnolo 

luriau.:rui,r"'ufirirrauoiGnr:erl:Jlcl:ns (TS) n]noilYl t9l:utln?rn1:u

rurirlqmrlnunr:rirmunqnri'r}i'ri'ugurin:vntu?urirhJufloul lunr:afrltduilr{flrflus

turil rriu Sodsoon and Sindhuchao (2007) rirrauoiG MMAS Inuurisoontflu z :sus 6o nr:

,il'na::onrftuforurirnr:air.:rdumr.:nt:turi.:lur':att6utd'uo''ntiufiri',nr::Jflr.lg'rqilR-tvt

rirsrord':o 2-opt dano3firu iGnr:uuirarrur:nrlurtn'rflouldfiilruolouavl#t':ar

:J:vruranatflil1udu

i o- ii I v ar --- - i 9q a.-^--^. 
-^-"1stl:1{fi Z.Z IruT't''t frrfrurrio.:nluilqut MDVRP tn-ottri:Jqrtif,?fl::il ({n::u qnduI,

2sst)

2.9 nr:.i1ao{ilqfi n:rilR1:t{1orfi 1:1,o{1lo

49, o a a .a . dt I o

?! guil ln1stouuur6?3 d6n (Heuristic Search Approaches) tiJu n r: riu r lr{1 n o u

d.:uitln t finrilfir{u1ulilflrild'nrnnr.}irfiodrrutldlutu'lunt:riul'ttttasan:J3rurilto{:o1J

A vav
xouR2ou ir nr:rJ:vqndlf;.rru

a4l
2finl:

Chao., et al. 1993 Composite

heuristics/refi nements.

N/A

USA/Canada cluster second

Klot, Gal and Harpaz 1992 Dairy products in the Haifa Combination of LP/ Heuristics

Chao., et.al. t993 N/A Composite

Heuristics/refinements
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nr:rilu?rul#riouas oun:sri.:vrrvrrtu6'rlrynrfiriruoln rlolriuffir8l6rBa6nrt:L:Ln{ru

Artificial rntelligence terl rirailldfunarruuoruniuodxtrnlun{lrinio-tl dsaGrfilEriaan

- 
ja, yq 4 o 4 | a 4 q I

ryfrnfrrilun1:rrtiiliUl.t'luurdnuldrunurunrttaa'letttuunQlJ14:ot:uflflu?lttuurl?1ilq4'le

rrilundil (Swarm rntelligence) d.:,{Jrarar$uru{Hfislun{ruto.:rlqqrrl:vFufttavr{lutttul

ruting rfl u fl r a sr $fi 'j r rir u n 1 : tA u u t tr u iG n r : m x
r::ust9lrduiiln:lriruil:carilrfiuil (Artificial Neural Netvrorks) rtavffit8srt'uqn:5u

d a d .4 o a

(Genetic Algorithm: Ge)ernt:ltdin$ (Tabu Search: TS) ?5n1:0140{?{qfln::iln1:il1o11'l'l:

flO{IA (Ant colony optimization: ACO)

n r : urilIq r r rir u n { r ar riri r fi {06 6 o a r ru t : o rir l drYr uriilq r'r r fi fi t u r n tn qj 1

rrac6ildour[munr:lrriflfufirrruu conventionat Approach dlurnrtrint:rtrirsrol'ld n{rutol

fl?ruflarouuundil 0sQnuil{oonrfluzn{llnqj 6o fl?tilqa'lnttlrLn{rufitflunt:'fl140{

v{qqn::unr:?no14r:l.rordruasnr'rilearnltuun{lfirfJunr:il'raoluqo^n::ilfl't:141olfi15

flo{ila rirnfun'lrruqo'rnuuufldrufir{lunr:,fl'''uuunqon::ut4t:14'lo1t11:To{tJrt#, ,origo

M., v. Maniezzo & A. colorni (1991) riluf,6nri'udunY.:u:n lnuttrlirnr:finurnt:iiraol

v{qAn::iln1:ilrolri'r:lrs,rrundulrrfiortri'rlqn1 TSp rtvrunt:ttri'rliu?t'lttuu conventional

Approach unvlurlopiulrifrLnerrufiuiltiuotitsurnlur{rinii'utravlsifinriunirrruriGfll:tJ1
r t A - 

t- A t< 6 4 a Ur'
odrssiorfrol d'.:riu 6.:uoa;illEnr:nnrduuttuuilqstn::rnl:il10'1141:fl0{urt 0ofl trl 5 ttuu

,
ft{u

d
2.9.1 Ti:uuilrua (Ant system: AS)

<
2.9.2 ffizvvufi6fiqn (Elitist ant system: ES)

2. g. I ffi : g u u lJfl ttu u ttu n-ru'u (tvtax-min ant system: MMAS)

ds o v o v
2.9.+ Ti'1"'n rf rnil n r rru dr ri'cy: v u u ru n (Rank-base ant system: RBS)

2.g.s iB:sluorotrfiorurun (Ant colony system: ACS)

lud':trt:n 6l :vuuuafioqjri:urYu 3 ttllU 6o Ant-d"nsity Ant-quantity tlae Ant-
' d l' 4 9-. ----.--4li-l- .-.^-@^.t i

cycle iG:rtu Ant-densityune:euu Ant-quantity riu tvfinr:olutovrar:$ll:fuun1ufr1alefr
o A tn lq a q q 9- @ .--a1

lnurt{01n tr,runr,rris'lrJdsrfioltn 1 lutarvfi:euil Ant-cycle fu ovontorvrar:flJ:fuu

- j a 4 r, s ' s i - '- 4 te
nri'tornfrrunrdumt{n:uUnril^o{lrdr ]prufirJ3ru1i]llJo{crt:$lJ:Trrufitvolrrrervrriufruoqiril
e I r r .^-4- ---.-itlS

o st : t d?u 5 s 14 ? t { n t n { fi si o : v uv yr l { (Distances) nt o E ar n trl t o { fl a tn a ufr '[d' (Quality

solutions) vtrufiqnrrdr:uilu Ant-density rrav:&uu Ant-quantiry fililldiunr:rJfl:Jglrtav

a
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ortrdjaraaq4gAtrjdQ
r{elu.leto tuon tuo{nrnfi:J:sfrvrin1y'llun1:fi1r{ornaufls0tGIuYl'l{frtttin'irrrorfruum:vuu

Ant-cycle

-Z,"qsAtddani riu lu rJo lriu rfi onri r rfi I : s u u ru n fi 6o : c u u Ant-cycle tiu to I Dorigo M and

Sttzle (2004; nr::J:vqnril#nr:rira0{r{qAn::iln1:il1011'l'l:lJ0{ilatfliorrri:Iqurifl?n::il

diil 1: o d? il'lrtri'.:1usr r: 1{fi 2.3

nrfiorr#rJrunriarn::n
3({u::u qndur,255l)

ael
2tr

Avav
,OUR?OU fl f;om.r{lqrr

Ant system Dorigo., et al. 1991 Traveling salesman problem

AntNet-FA Di Caro and Dorigo 1997 Connectionless network routing

AntNet-FS

ants

Di Caro and Dorigo

Heusse.,et al.

1998

1998

Connection-oriented network routing

Routing network

ACO Roli., et al.

Gamez and Puerta

Eggers.,et al.

Sheloker.,et al.

Gandibleux.,et al.

Reimann and

Laumanns

Lim., et al.

2001

2002

2003

2004

2004

2005

2005

Constraint satisfaction

Best elimination sequence

Keyborad arrangement problem

Clustering

Set packing problem

Capacitated minimum spanning tree

problem

Bandwidth minimization

MACS-

VRPTW

ACS

Gambardella.,et al.

Bianchi., et al.

1999

2004

Networks

Vehicle routing problem

AnTTDVRP

ACS-DVRP

ACO-B

Rizzoli., et al.

Montemanni., et al.

De Campos.,et al.

2002

2002

2002

Vehicle routing problem

Dynamic Vehicle routing problem

Learning Bayesian networks
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z.r o ?inr:rlYurl g.rm?ooflu ffunJdsu fl mprovement or Exchange Procedure)

riluryrnfinnr:aaird'unJ6ou:Jrururdumxttu:LBriasr^ndsl#Harqoufitrirlnflrirfi
j d r u , ti I r d .- . & dt a

rl.riltedrifiqnGun'jr "fl1:da'uduttJhuuttuuooS-0ov'lvl (Or-opt Exchange) cu.:tlJulmnunnl:

v u ,i I - 4 ^ I i --. - --4---^^{^t4^t^ 9. ^ ..+-q-..9,,
da u du rll o uu uu lJ u la t, z ui o: rJ ru In un t : uyr : fl fit o er-n d': hJ o r n tau m t { t6 ru il5 o lu tdu m r s

j jA a d ttdt o ot 1j --r-.e-e - 2/-.--- -d.--^-.' -
6ut fr 16onn 01:RnTB nt: 2 oor,hirilun'l: dolJ tiutil auu 2 ililmtnn 0ln 2 tduYll{Ylttn nn l{fl u

nmd 2.6 nr:rJfu:JgIqilnIilri1gtorLshtlii 2-Opt (S'st'uuri atq'l::o16 rtav:cfifliu#

flnrnvIa, zotz)

2 -opt

ll
tl
tl
'- - - - - - - - - - - - - - -Frip(a 1 8;' - - - - - - - - - - - - - -.1

j s a4 I
nlilti 2.7 2-opt ohno5frru ((u::u qnelur,255l)

. 0rRrruio-udru?uulnudn{l#uiu'irii8:3ao'nd':n.rrtluffinr:fidrilt:ot#lun1:

ruYrlcyrr vnp lsiotjxfirJ:s?vrGnrn6.:ur?rltlriur1qur vRP 0uQnr1,ntrilntrfitrn^ru1:Jorn
I u q a d J 

" 
d e d a a a u t49@

:rlrrurrJarurri'r16runrrrufrudou6.rfiu1nflu tut0{etnu?nurinr:6':5a6ntl-':n.:'[dilnr:
{u

ulnrurrJfur.lg.:1#rrrure duenu'lrJ drudrn fuiin r: vr rrEri ast'ntrrlllu rifii rouas fi

rJ:v?vrGnrrrdrmfunr:urirkgur vRp uuufi:oturilrfitltniut6trrrtorlqnr TSP ttuufi

ri:rr:ar6oiinr:6i3asr^nurJU 2-rr,lddrnfrurirltuilr vRP ltrilfin1:turi.r?urirnar-uuttitna-t
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rfilgavfin:our?a'l (VRP with Backhauls and Time Windows) ]nrutv'lart:nGruornnr:aixara

raaoGldu (Initial Solution) nrrur?usrouffi6':3ao^nttuufinlsttYl:n'l:J{r{rfll (Push-Forward

Insertion Heuristic) (Solomon, l98z) travtr,lafi Z rirnt:ilfl:Jgsr.rntaaulnuRl:adudlnJduuqi

ri'uniu 2 uasnr:aii'rf,uril6uuuuu 2-oor{d rfiol#ldnrarnaufi6duffi6l3a6nrfiuiifi

vrinrurdurfioil'r,{aranudrufrrlqurnr:ri'q?uloluuriavrliymrriu6o ffi8t3a6nfildlunr:

rrflarqouflo.:rlcyurnd{orr'hidr:Jr:61l,n,{nrflaulurlryrr6ur kin3otrrin:vyi.:rir1:J1#lu
q' a aaq ?d' - t t al u 

r.rrJalnrril6uuu:Ja.:'hjn-l#un1:?r1p{aranUtoltJigttttnruvtttt{lnruinqil:valflttns[{ou [11Jf u

u <a ^ a o i,4 4 I J ^q^..^l- ti q r'q
nr:ylmurTi at5 astnlfilnrrruSnrquilrniuuaucYllll:nnnttlJo.lrvt0 tY [ufl]:H1r^lataauto.t

rlcynrlolkiodrq:rnrEruavfirJ:sfivrinrnd.:luri'r{od'nhlld'nrim6{r?unouffint:trusrt8':3
- 

j dr <ju daa
dernqi{rilu ?r YrY{Br u lu'l 01n?r a?: da n

2.11 U1rfl:il
I

0rnmquArravrrui,u"'ufi16urrio.rfirioaq:Jfior:rriu'jr":lryr,rr vRP" ttav"tlcyut

MDVRn" ,il'err{lurliyrr Np-hard rilurliyrrfifin':rru.fi'rdouuacfiuurnlnqirtavffinr:fidtrur

ruirlqlrrfinarflilatu yrtliEnr:mrrirnolfi6fiqfl (Exact methods) rravi6tfi.:6r3dst^n (Heuristic

-.tnoal usinvffiovfir?odunvrlor?ufiunnsit.:n1u nt:rf,oni6fiovrirrurttri'rIqr16.:iirriJufi

rvdo.rtfionl#finarlnrrursarunlunr:rirrurrJ:vqndldruiilqilroSr 1 Inun'ot:iutrlo'fi'tlfidrri'ry

6o narfil*lunr:riru:ur$io1#Li'hi6qrirsroufirrxrsdtJUrfldqt,,uror,ruorn.irumson?tu

rtl u hJ 161u n r : rir 1 :l :l : v 0 n dlf1 u.: r u t u rir rE r
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ad o a Av
?fin1lo1luunl:?ou

i er6sh9l r 4 fl, ^' o---a--^--=-u-.4.-,4-y-g-..^.-.^q-.-^^.-.
1tmfr 3 riT'il'u"[6nor']flwuflou?in'r:r{truunl:?tu crt tnvntlflutua0u?rfl1:n1:

q

A j, d a a a q v ll e u < , a- 4^ - di<
rfronfrd'{uasiBrrunr6a5asr=nlunr:onrdum'r{urutIl14u&dl11:ufl1:tnuflucalntso fl:sllYltJ

gutln:vorufiurirnar.:rurnn'irrd.rrrvir rran'r'[rln"'.:nrilfi 3.1 {5'fi'orirnuotri':ultudotloofllJ'l
I

tAarmu s r?unoulrqj 1 rY.::ruast6unn"'leio1ild

s. r f, nu r g rJ uu u {lq fl 't nu n ?u't I ua fi'u fi r6u a{o.l

4r
rrflu'r:rJrruuflonr mum?urondr:.rruif,ufirior{oItunt:rrri'rIq1rrnr:t-nrdumr.t

{ ----6'- -'-

I o 9q - oid -9--.^,.---ol- -- 4---e^ --:-AV^^-
fltl.tuurud{uautiln?tilriil10ilii'nmquflyrtRu?'[0{ tryu ilsUil1n1:ta0fla1ttl4u{vlel{1o.1

a
aotufi}?u3nt: (Facility Location Problems):lcyrrnr:tudl (Transportation Problem) frnur

lruir-ufi16grr?ot (Literarure Review.) finuriGnr:riuiltnntqauttuue;fi6fiqotrovitrfi.:
au J t | | a i

6:3afin (Exact-Heuristic Algorithm) 0rntofld'l:{tuit-utt"'.:luttausil{il:etmfl:lunetdunfr

rl:rnglulvrfi z

l.z drmuon:oil nttaffu

- i vo- o o' ^- rlufi:rIofi 3.1 ffio-ufiil'tnr:uatttnvt{?0ufi]n1:cT'l:?0YllJYl?utondl:.1'lu?0u--- ---,qi-

riruunanruero{fliU?nfirvrirnr:finur rirHunfnqr.l:va.rri toutflel n-.::tunst6onfirJ:rng

luri'rriofi 1.3 uae t.+ luuvrfi t
4 Ae- v 9 q---g- -- 4 o d s---

n t : td o n fr r4-"{ tta s n n rdu yn { u 1 u y{ t4 u e d 1 il : u n t : tn u fl u e n n tso 1 o { t : { il u'l u l a

qilsulunrnnB?iuoonrfiorrmfiosrouuu rrdn{"lr1d'.:nrvrfi r. t firiusroulnqir o"'l: tuast6tln
Iu I h rA

a{ao tilu

a

t
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I

I

I

i

I

I

I

L

A c au d d I
flnu1uflrfi 1{1u?0um[nu?10{

o 6q
n1ilu9rfl:oun1:?0u

I

oh sl"'r : rJ uu u,ilt a o s vt t r ofi sr at afl i
rltyrr nr-e

irnr:rv#rJruurlnuld}J :rrn:u LINGo

I

d'sr srtq : il t tu u,u'r a o s m r I n fi n gr an $

rlqur MDVRP

ornruarirnortosrliyrr rr-p lnol#

}J:rrn::r LrNGo

:J :v qndldnrsr 16'13 afi nrJ : v mmorru rfi nru

a /9 s I

u9l?rfl :]eiln?u [u:ttfl :u c#

rJ6^rat

rJfrrJq.rnui^tt

H4
rll : uurll uu nilR lvt fl 0.:fl tn 0u nu

a /q
o'rsr o1r fl o { nr:'rtn: ruH u alt rlnr ul#

}l:un:ru ,,*oo

a: il p{arrac f,nrir:rlrriru : to': tunt:in-uq{

UOII:U

j o q '- o a aq
Rtiln 3.1 ntnuxugr0urrflufll:altuunl:?0u
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s q d i y- ----<-.^----4^-^^.^.^.--i-t----4-^.--a!1-.3.3 l:.nt{UlU"lOTtJTUlUtXSlTlUriRlnnciilOOntQU{ll'lUOglOUUUYlfllnl:flnU1?OU

dufiarrr:a,Edrrrn o rJ:snou'[rJsieo g ilrue-n lurrsiasf,.rmr-nil:vnourYauHaru

drrno uasluuriavdrrnori':ulrqjudrosfil:.rnururail:udrdrrnoodxrlou t tni{lerudidr'trld
:,

od9)
virnt:rRUtoUa:yuemr{ eirodrlrranllunrnruu:n n ttaetfiu{oryarJBrurorcruv6nrdofitfiolriu

'p""''^'^^"'"'..^'"- s j t @ as v 'l - :tuayt6tlnlunrnnu?nnvr-.r r.r ru n 4 n rrr.i I : ? u n u I n utq a u tYl 1 n u 1,93 I n I a n : u n o ?u

I : w u r r r a t r,, u r,,ri u, d, fi 1 sin ci r r 1 u : r o a v 16 u n ri'.t ci o 1 il d

(n) (n)

i;ZA.oia.3Fnrilii 3.2 rtg.tuYl [1gtv!u vl ( nuntnry cl1Jf,1, 2554)

u44uq
(n) nlnfle?uoontfluilt?lu0 I 9 0{1'l?fl

(fl ) nransi'uoontfi oltufi o fl ouuu 8'd'lrl-ot

I:luurutafildlunr:i,il'u6ol:{y{ururalu:ualuUruryufifiturotGuln&lttsi l0-120

d s o C i ,^ v----u-' ^.^^^- u 4 4
rGu{ roll:lr{ututalufl^ufiarrr:iuvqrrrn 6 (8 o-lrl-n) to{Rtnne?iuoontilu.ttt'tfroflouuu
a \ny r t ^ 4 4 q o a
olu'ld'rrri rourrriu ntwdut Qn:rril iluo{nru rau fiuo{ll1cilR dnaun: trau il?lld]:n]il cr.l

fi I : r vr oru r o : e !i'u Tru sun"q m ru n iir u':u I 07 t tl'i {

qrasrrr-r

>-^\-
nrvtriu{

E
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y o A to ..q'---{ 4 o t d-t.--.----.-..3-.4^
3.4 GISt{uuu6irao{nr{nfrnqtogtiii.tr,tirilqrulnl:taoRsllltllu{Yl9l{ltglltr.lllJUsgl9llro

(The Formulation of Mathematical Model for Facility Location Problems)

fl ry r r n r : rf, o n si r r rr ri .r fi #r d r u iu n r : r f, o n ry fi n tn t r,.t't t t o & e{r t nnj { fi ri{ rfl t t fl t 1, u &

^ I o- ' 'd"'1#oi.1#ol*rlrrnrscru'ds rdsr.rrtra:erf o tlunt:erftrsolJ?nqil:ua{nrfri01#rirt#iirulunt:turi{ (d{Hilru:'1rufi1 :vuvvt'l{ H5o t?a-

ruri.: d.:ornfinr:rixrlrrinrlril,{a:?ulro.:duquriurt:J:trasduTunr:rittfiun1:rt?'ltJ

r{ornr:ro.: I:rilururafici,:rusrurrir,l"'nfiairrtru{tel'tt,{T tueslnr#o) :vr'r'ir.:fi#':,q,rm,rttlv6o

,doriu niul:rnurrraqrurufirirr?oofiqn figrJrrulrl''r'liltolrtlldrao.:mrlnfisrsrasr$
-rr,i

9t.:9lo tlju

a ajj y
?fl :liltnoinlnu?{o{ (Parameters)

d'sfi (Inaices)

i rrYru eiufitoll:{ilururaTUUu
v

j rrru n"'ryfi sirtturj{nt:tilntfl ltfl rtucGnt6o

k rrmu sr-vfi r o.rrruurslrtfl rn o, o^r,do 1 = {+00,800,1 200}

si':rtil : rirr u n ri t (Parameters)

c,, i&UUyt1.1n'l:Iud{tInI:.:natLraqritu i hJutrirn"'ueirttflrjItflrtr'llIUsAn
I

rso j (nu.)

q rirldiirulunr:rirtfiun15to.:tgl'tt,'trnors,^rdo,el1t,'llttilud k (il1m76n.)

AX
sk n ? ]u lx o { tgl'l tHlfl uu gl=n tfr o tgl 1 tr.llt tu u k (n n.)

d, il3r ruto.:, orEodofi rfi ndututrsi acl: lfl urura i (nn./ft )

u oflurlurirfl u ri{ 2 ulm/nil.0 1n1: lnururaliltu i ri.rtussl^nr#o

ln tq o I'tilu{giltt14u.:[9t1 j

d,a t til : sl-n ?u 1 o (Decision Variables)

t v e a I s ;. r. l[1 
-.i.9-..--^:-.x,, rVirdl t drtusnntroto{ l:{?IUlil1aTilryUm i Qnd{ tlltslltr.llvlrllttl4u{ j

I
r @ o u oi

tYllfl u 0 d'114 t ufl : ilt0u"l
t q I ^t ^ i io I

y, lvi rfiu I fl rtil ntfl rtr.lrt uvsigltuoYl cl-lttfi u { j
Jl

ov
rvtlflu o aru:un:fi6u1.1
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t u I A q9 a
z. tYl]flu I oltnon tTlglltr.llluunfi(t

o v dzi
tvltnu 0 611fi:un:ilou6l

ttuu6ilao{n 1{4fi nfl l dgl * Gu"tt "."tical 
model)

Aunr: r{lrr llu (objective function)

Min z =ifor,*, *ff foro,
i=l t=l .t=l k=l

diln]:1ou{10 (Subject to)

i, ='
j=l

f'0,=v,
k=l

*ra/,
nk

Zd,*r.Ztrro,
,=l k=l

,, e {o,t}

.y/ € {0,1}

'0, 
e{o,l\

I j io , a I
lBo lru u yt k vt cirt tu u.t tgt 1 [r.l'l lJ us 9l n tryo j

V i (i=1...m)

v i (i=|.l)

V ij (i=1...m),(i =1...n)

V i (i=1...n)

(3. t)

(t.z)

(3.3)

(r.+)

(3.s)

(3.6)

(3.7)

(3.8)

erLJnr:fi (3.1) dunr:rflhurruotuTugilqn r{Junn:':ruto.:du4uniutril:ttavdu4u

nr:rirrfiunr: diln'l:fi (3.2) r{luarnr:rtou'[tri':nill#J:.rnorutaTUru i dlil'l:od{xueAel

r#ohJo-.rtsrr; lnut#13flr:0lntatt,.trtfitllrrri{16r.,rilriu oun',rd (:.:) I:{flururnfi'ldfl

rdonrilnrnrrHrosdo,rl#rfltt,'ltttilulntrlrLufi.rrvirr?u arunr:fi (:.+) l:.:nululaUntt?i{ i

'[jar1r:nrirtus'hJmrrfirnr j ld'tYrrnr i d.rhirfln alnr:fi (3.s) il3il10.rrorrr,,#ur?rito{1"1n
o ju rr- a - i q 9j 9 ---! I I t d I q
I:.:rnroruraUilsuiyt"tr{iuuinr:01ntn1 tluu k YlQn['fmsllttl'lu.: j 0uslo{u0un?l?t:otYllnu

o q ior i,--,^.-1.-,- .!t^.y^..r h a i,--.
n1a{fl1:rp.t]ljo.rretlrrulj k ytril9t dunl:yr (3.6) si'rrrrj: * rijus'l"',err:J:tluuluufi drinl:fi (3.7)

$t-? r ril : y rfJ u n-r t r:J : t uL l'lu u ti dil n t : fi ( 3. 8 ) st-a t ril : z rfl u st-rt ril : t ttl l'lu u t3

a o ' A!, ^ { -o^--^^ i,lv a - - -4-.^2--.
n t : tCI o n git tnl u { yt gt.t rql t t,.n t u s gl o [9to r.l a fl o { n l q o u Yl t fi 0 l n n 1 : ? tfl : 1 c fi ru a n ? u

l:J:rrn:ru LINGo tr ffifutsldnrir:luuvrn-n'lil :roasr6on]r]:rtfl:ti tta&flattda{ ri'{lu

fitfir.lu?n I
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Y o a ls 91- --{ u I o v 6
3.5 Grit{uuu6irao{fl-t,tnfrnsranidrmiuilrymtnt:dotcrunl{u1u?{ltluyctlllluR'l:tnilrluv
6 3 < "ri.r t i | .--
fi orfi o roili{ilUrUtoTxtTu n:fr iiritnrt?{ rillRnil?lu{ttn{ (The F ormulation of

Mathematical Model for The MultFDepot Multiple Vehicle Routing Problems: MDVRP)

fl 'l: 0 et rcyufl l{ u'tufl 'l?t u s drr fu n r : rfi r t u v fi n rdo x o { l : {T,l u1u 1a Eil5u n: fi fi fi

reprr.llutnfl'irrdtrpillu{tua,il'unr:ttri'rlrgnr'fi'n'jrrflua-nuiuvrliynr (Multi-Depot vehicle

ued^&F.^.4^e.=^{
Routing problem: MDVRP) n1:0hldumt{:fl[nutueflntT0 01nil:ultlllu&aatryomtfl9llJuttvlu

oi.:tr a, ro.:]:{TrururaEUsurreirisrrilrrravluri'lutolnr:rfruril:vtlcYtl{:sil'i1{l:{ilu1u'lo

grurui'l:Jo-lI:woruraqrusuj ruriru?frrrrn:euemt{nt:tud{ ttmud'?ud'flii'nuai trusr3n# c..

,tru,:unrrusruri{fil#fidtu'ruryirriu tniu rtasfiryfr,niotu'r;t;;;;tfirrU, a. q:

rros:vusyn{nr:rud{rrsiayrfiur'hirfiurirto.: Tk nr:rfiutor6r,dunu.:ndsilrflitstrtsd'os'[ri
A " -' q t 

rJatmr MDVRP 1o{n1:'fi'qtduml{:otfiutu;fr9''tdolnun?]il1 tlmua'lu wL nfluilsll]u{lu10{ o

lu rrui,fi'uoiudq{lunrr{fi 3.3

O Depots O customers

n tild t.s ri r ol r u r o { fl iU fi r n t: d'n tdu m t.: u lu Y{'1 1{ u e drr iu n r : rfi l t or s' r' rdo

s aia t A I

fl o { I : { Tt u'l u 1 a Til su fl : ilt Yl tJ tgl 1 tr'l 1 u'l fl fl ? 1 14 u'1 t tl'l'1

a

a



, a d{ dq lv u t da
nr:,fi'nsr-.:rruuiitoolmrlnrfrnAraniiliul4l MDVRP ttfhnryuistqil:ecl{n fio nl:

fi'r:susyr1.r:?uuo{ilr.ruvturir4nn-u:,lrtn1ufiti',d#udqu nt:ri'lfiuetvtr:rursroicirl 1 fi

rfiu:{ol (parameters) sirrrrJ:sr-rr?uln (Decision variable) rfiuair.:rrulriraosmxnfingran$

(Mathematical model) ti'ni d

^addrnuour: rntgloi (Parameters)

n"'ryfi (Inaices)

drq4s
i j,priluet-tux o{ [: {T{ulu laTxsu i j : 1,2,. . .,N

l rfiuri'sfitorl:sflururafistg.:tflrmltor6nr#u z e ,S,s C i,s: {sa,to,toz}

ri":t rrj : rirn u n ri t (Parameters)

u iir u':u eitt tn ri.: fi srst rfl ',,0, tn o, fi n,do

N iiru'ruto.:]:lttuuraqlltu

r,f,ru':uurufl 11'tuuxud{

s rf,lurryvrto.:l:{iluruta1lrufi rfl nrnr

v rtlutrymtotl:siluru',uqurrfi riu,r',
!dusd

ci : s us yt 1 { : e fl 'j t I 
-l 

:.ttnt ur u t a 1l tu vl in u [: lrnt u tu r a Tx su Yl j
o i s j.

d, ilSrututuvstettvoto.: [:silurutnTilYuYl j
I

Q* t u t n n r t il 1 q.: qn 1 u n 1 : u : : 4 n fl u s ri' n tfi o 1 o I tll u r{'l H u e k
o 3 * jq

wlfi ?lu uJ o.: tgl ltr.ll fl uv 9l n ttso il u [ :.1T{ u tu r n m til9l t$l I L, L e J

Tk : u u s yt I { ql qn Yt't u ru o fi o q q r n l#u r u u t tl u v t tit n r : t u ri': t u v n' n rdo

(Maximum Route Distance)

ol"'rr trj : d'n ?u 1 n (Decision variable)

xli = dt t }flvr rm u s riu fi t t u t tls 6r,,#u o rn l r.,r{ u lu 1 n Til su i'i ihj ul

1:tnurltaEilsufi j
or ai
6'10 n:floul
erstal'is

2,, = d1t I:ltnturlroTilTu j ri':tluvotntryotrurvt t:lutlruraqilTu L

tir o n:fi6u1



UIu1I'lfiuutrsirivfl"'ulil:ur1nGrudurJru t (eittrr.ru'rfi#lrsrrmrrIusslnr#o)

s=k), li-/i+Nxu3ar-tdrnfu M =l<i+ i <NttavdruruoS'rln1 v'

rluu6i rao{nr{fl fi fl fl -lGIgl { 0u"ttr.-"tical model)

diln]:tfl lHtJlu (objective function)

NNK
Minz =ZZZ"r*l

i=t i=t k=t

dInl:1oUd10 (Subject to)

NK

II *!i =t
i=l k=l

.NK

II *i =l
j=t k=l

N

ld,z', <w''
j=l
M
St :1L'r.t
1,eS

Nil

Z*!,-Z*0, =o
,=l J =l

Nil

Z a;lx!;<Qo
7el,'\S iel'l.S

NN

\\cp!, <ro
i=l j=l

li-!i+Nx!,<N-l
,,f . {o,t}

" ' 
{O't}

du n 1 : fi (3.9) du n r: r{l ru ru r ur r : c uu m r { I n u : ?u x o.: u r u r{'r fl u e I u ri.: q n riu

:':tri'ufi#ufiqt diln1:d (3.10) ttae(:.tt) J:luu'lulaTttsurtsiavrt?ilfulSnr:otn
q

39

x: nrnSndtoir xr= lrf ,,arunr:tfiorululto{Iuuer s rflurduvrr':tol
k=l

(3.e)

vj, j e{st,so,toz}

vi,i e{st,to,toz}

VL , Le S,S = {St,tO,tOZ}

vj

Vp,k

YK

VK

Yi, j,k,i * j
v i, j,k
vi, j,

(3.10)

(3.1 1)

(3.12)

(3. I 3)

(3.14)

(3. I s)

(3. l6)

(3.1 7)

(3. I 8)

(3. le)

a
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urun'rfiusflurirrfiu,rniu16ue arunr:fi (:.rz) ,.ro:?uflo{ltusfis,tdonrnl:lvturura 3 ovqnrir

1rrir,fi'nfirsrrrnrtuvst^nrdofisirtrilul I 'hitfiun?1ilUro.:tellaunltd (3.13) qnrir.; orlriil

rBnr:rrn rnrrflrruver^nr#oeiruuu{ L rfiurrt?irt6ur arunr:fi (:.r+) ?ttnutuvtlfiuvturilt{r

lrJdlnlnfiorrudo{oonu',o,nqurl, arnr:fi (3.15) ururlrnuvturilrlnniul::4ntuv6r,rdo

ld'ftjrfiuriorirrYn arunr:fi (3.16) :eucmr{fildto{u'lunrl'tuvturilttsinsn"'udo.r'hjrfiu

:eusyt1.:oUry',, aun',rfi (3.t2) rJ:yriu'jrhjfirdumr{dou Sub-Tour tFnduturirru, arn',rd

13. 1 gy-(3. r 9) r{lud":tril:tuLl'luurt
v g e v d --. =^ 4-- --^^l-^^^...^" 

oia
fl 1 : r q rfl u yp { u 1 u n r fi u s dl 14 : u n r : rfr :L t u v sr=n rBo t o t l : s vt u t lJ'l a TU su n : tu fr ru

, E r I I I I h I o h 9Q ;

renrr^r'rilrnfl?r4u.rrn1.r il:surar'radrolil:trn:u LING0'[riarrur:nrtrirsrou"[d'lu:cust']arfr
i o ^- Aa dr o o r e'asd oed " l]nUilfrltlnsdU rfiottrnlultuT'il'ufrdnuttiluilqm'l1u'la tilq ry?0u0'1tt?Inl:fi1n1flo1.

i6 n r : vr r.r 6 rB a o^ n t {r ru r qi a u d.: o, n ri r I 1 u ri'r rio ti'n hJ

s.o nt:ffotffunt{il1?tuvqrudlri'rnYunt:rfiutsvfio,#o ,u.rI:{rIUlulaqilru nrddfi,mr,-,q

urnodrnd{rpi.r loslf;ii:vuuorutfi nuruo (Ant colonv svstem: ACS)

r.o.t iG:cuuorotrfinruilo (Ant colony system: ACS)
o o 9, o au d

nr:1#ifi:suuororrfintuo Ant Colony System (ACS) titufu {tit-'ilun
'-r-rtnli

lJU9rOU911.16"1 9l {9lO tljU

nqnr:nldoudrrtus (State Transition Rule) iln oufi nt: t6uvrxvtt orilduu

d0lue0rntn'o.rndthl6ntn'0.:rfit lnroorri'unqnr:ril6uueolu, n6drJ:Ynou'lildludo':

vrr{rf,onfiriluhJld'riu6o nr:rfiondr:loryriourruarqaufir{lu'hJld1xri (exploration) rionr:

16onnarqaolnuordun'rrrufr6lfifioqjriouud'r (exploitation) t#run t oqjfitru'os , 16onfios

rrJ 6 u u an r u v 1 :J o qj d rfi o I s I et u I n o v ra' o n tn^o I n r u a ru n r : fi o .20),(3 -2 l)

r 
max ['(,, D\ lryQ,DYI ,f Q3Qo

if e>Qo

S=
ueJ 1Q)

,s

(3.20)

iarutia...l,--.-qr.14i
rno q rilun1ra t {ru vtn n r: fl : s 0'ruttuudrl]tduo tu5?{fluu0 {1'l u { uns q0

r{lunrrruurrsrilufios160fl0lnn?rilft6ru{ifioqi (0 < q, < t)Br{luratunrira-ldrrflriturruna

gar:vu'jr.:fl1:Jluri'un'r'wlndt(r,u) uasr.:6.:rl3rurnr$ll:huuutdumxtGu:vm'irsrn^ol r
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rrne z ilof ryQ,u\=tt5b,u) r{lurirunduro{:vusyrl.t:cr'it{ttl^o{rttas , dtuTo(r) rilu
a i qh t a tl I I s a - 'j 4 ^+- +--i

rcraflo.rnJo{yrrJerk us'lrirnur6uvrrr'hJruiriou Inurlolriurunoqifirflo.: r ttau ,s n-orfro':fros0n

ifS e 7o (r)

otherwise

rdontirln r oin?utnfirvrirnr:tir:?0n?rilil1ovrilufiln t d.roqjfirfiol 'os16onrGuvrrl'[:Ju-s

rfi o.r s(p* (r, s) gnrirruprlnu

po(r,s)= [r(,,s)].l,r|,s)l' (3.21)

Iu.,^ (,) b Q, u)l' l't?, ")l'

A e 4 j qY 9,4 jqv- 
--i - -

ornarunr:fr (3.20) 6tiln k ta=onYl0s ttnrrrugtnrum ta:uu'l0lnlJrlgl?oul ruel

t ry16onr6umr.:0rflur^os r'hJrfior , d':rirrun'ldornrduvrr,:fil#nnqar:vH'jr{$ll:fuunlu

n:rrutndfirurnfiqn tun:fifirun ufionfiovrir:att#umxlnri ntnalnr:fi (r.zt) rduvrrsfifi

r{aear:sr{'ir.:$lJ:fuunlunlrtndrurnrvir'l: fifilonrafiovqntfionrurndu,ri''tiu nii":nrndln

rirnr:tilf, uudfl Iue u, o,dofl l, Iruuiitururfi .ruutduvr''':fi rGuriru

n q r l fu nJd u u$l I : I il u tq n,, d (Lo"ul Updating Rule) u a'l n r n fi I n'ldr6u m r':

0tflrrJ^o.t , hJdsur^ol s:vrrluflll:llJuuutdurt'::vn'jt':tfi0.: s ttau0vqnrJfulnaarunr:

r(r,r)<- (l - p).r(r,t)+ p. L,c(r,s) G.22)

*io p 6ori'cr:rnr:rjfurildouflll:l,u,onrrfi (o 
= 

p < l) ttav lr(r, s) = ro t{iurtv'lntno$nr:

rJiutrJ6ouilJ:llud.:riruunlnu ro = @. L,,)-t urio r 6o,ilruru,u'our'utlrur,turliyrrdtrav
dt I A j j o Q.9- a 6 .a A gt--.q- YS-.-I,, rilunItruorrto,:rdumrIfrrrrurvvrqnvrritrun01flnI: trnqar:anntr{0uu'lu tnnmqfi

yrorirr:nto{dunr:yr1{drutrrrranr6.rrJBrurnrfll:hufifioqjuutduvrr.:ld:vruo'l:J'ilrutu
j , /j f,,,r,y-.-..L-.^--- a q,

ilu.:d?un0uyrdo.:fl'oil3urarfll:lruufirunvr.:"[duurduvttluontrfionrnnr:ldnqnr:

rJfumjduuflI:1ilurqv{rsfiu#tl3rurarfill:Iruururdumt.:u-.:atrut:nt:J6uuttilatlnonAnt:

rJ ir r:J fi o u fl 1 : I ru u a s n {r.: d'r t c 1 Fio G u r u t u ri'a {o d'n'hJ

nq :J fu nJd uufl I: ll u r.: n {r.: (Global Updating nute) ni fi ldn ri t':ru t rrd:

rir.rdu ,duur4nr-rluornrrfinr'lstr6uvrr':n:u:oulnur.itun:u4ntru^0.:ttdt rdumr.:fitrrumtl

ld'#ufiqnosld'frrJErurarfll:fuurn^rurfiru6n fisritrusrotnnqnr:rJfltrJ6uuill:luu:ln{rl

d":arunr:
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r(r,")<- (1 - a).r(r,t)+ a. Lc(r,s) (3.23)

Jnu o 6oo-n:rnr:ililrrJ6uufll:fuu:.rn{t{ (0 < d <l) trav Ar(r,s) qnrirnunorn

Ar(r,s)=

(tro)' ,f (r, t). globat - best - tour

0 otherwise

(3.24)

I n ofi I*, 6o n.: r ru u ll t o I rdu m r I fi 6 fi qn r r n #u n u r,# u ld#n'j rn q n r :
e A Y 4 I 4 q --r'u r d r d 4

ilfufrll:]luvl-.trn_rurermvfruacrsnfitiln:rrundrunnlnuttstrl'[ottnnnl{tv{u{ou1{tnu?n0

nruila"{trnfifll:fuutorrduvrrr4nrdufil#nr:tGuvrrlfi#ufiqnfinr::sn'ru'hJ'ilrurunfiu",
rduyrrsrrrirdrcld'fu$llrh,u,n*r,du6nsrtlri':unii'tttto.:ntrruurrto{rdumr.rfi6fiqntrn4n

9
tduYll{

q ad '- ^^ q a - ut:ctd::Jr{Ju:rt'atfiulkiri"rR111:?X10.:OAnOAvtrurluglou?t ACS [u{1U?0Ufll: q

i h , ' -^- - ..^tv^.*tt-t^.^ A - Y--
n1r{yt 3.4 BltJ:snorLsl':unqnr:til6uudil'lu& nqnr:rJiufrll:fuurautsfrttnvr':nfil

Initialize

Loop /* at this level each loop is called an iteralion * I

Loop /* at this level each loop is called a internal iteration */

Each ant is positioned on a starting node

Loop /* at this levet each loop is called a step *l

Each ant applies a state transition rule to incrementally build a

solution and a local pheromone updating rule

Untit all ants have built a complete solution

Improvement the solution

Until number of internal iterations reach maximum internal loop

Find best solution from all internal iterations

A global pheromone updating rule is applied

Until End condition

ju4U*a
n 1ilYt 3.4 : il dtYl Uu l 0.: I U A 0 U ? r : e U il 0 1 tll 1 u n il il 9l
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s.6.2 lo:sa{rqiG:suuorarrfi nuuo drmYunr:fforffunr.rnrnustueildtnYu
6 a e s , ---.rir --r-^-i -r-

nr:rfiurss0iorio to$:{?lu"lu1aqil.uu n:diifr lnlmrillnRdlilfr {ltri{

1 u.: r u i o-u ffi 6'u kirJ : v q n oil di6 o r su r fi n ru ru n d t H f u n t : f,q rdu m r lvr r u u v

r o v d o { l---.---^- <ia t } t

ruri.rdtnfunt:rfruxuustnrto ro{ [:'rilururaT]JTu fl:olYlutst'ltr.l'lru1nn?1flu{t[1'l{

'[{ +:sus6o
qld99<a

n 1 : d f 1 { H a [a n u tT il d'u d? uTi : u u u o I 611 1 u n il il et (AC S)

nr : rJ fl n]d ou$l I : lru u rar{ lY fi (Local Updating Rule)

nr:rJ furJ g.:qilnril r^latq a od'luffi lalnnraS td

n r : rJ fu til6 uufi{ l: 1tt u'l q n{r q (Global Updating Rule)

I
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I

nr:niqru1613ast^nrraerIInuntu:aIrt-.t,,anutunrnd:.s

dlno,l:.tnunradriulillC}i oepot i, lor t

n:rraorl:uuura.i fi
& .,.r. r t

Lrlll t1J tail:0 l!

iea::I:r'nururni Dcpoti,Antk

n:rrao!I:{nuiuta

nioti,; <N

llnqiliunl6uu# I:Illtnfi .t

Global Updare phwmne

- , )1, ^ I
i = tiIlllulnt{lnlafl rt urnntnoi=1,..,M

j = I:lrrorlrnflru j:1,...,N

k =fl ]fl usxuri'r k=1,...,K

Q = xUlnnl: U: : q ntOln rr'r U gtu ril

T =:cr,rr1{fl rtInfi Yrrvuctludll#'lC

-- ) ^ '
n rfl ii 3.5 : y u u o l iu t u n t u gt rir r Sl n r : dq rdu vn {Y{ r l.r u e l u cl i dl il : u n 1 : tn u l u u 91 9l tsO

1 o { I : { fl u tu I a Tx su n : fi fi fi rfl r rilr ru I n n'jr r fi I t tr'i I
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3.6.2.1 n 1 : dfl 1{ fl a tq o uG ri 9{u (Initial Solutions)
I 

'@ r a lt j j 9 -4 o

t ) th sr o u n I 5 st-{ ri 1 lJ o { T{ 1 : 1 il rel o i ri t s 1 fr th tl ? lio { fl o ri r r u pt

n'rirfirflo$fi16ur{o.: drufrurrirnouro{ i6:vurorrurfinruruqfilovlriot^uruluuvriier'l:J

z) r?u n o u n r : a?r s ru a rqd u G r d'u (Solutions generation) il d's o r n

riruusr,f ruruile r{rlilluusiassiruuurfinsttnrtrurtav6errdon"'lttrln{1un'1ilfi :.0 orn#u1#

r.r pr r rsi a v sr-arir n r : a ix tdu m 1 { fl I fi u s t u dl d'l r rael s t u n r yl fi :. z

-1

I

I

L

i o e I o --=i.e-..-^^t-A{- ^-.--.^.^.=^.4.^
n til ii 3. 6 fi't il u 9l u 9t t1i 1 il 5 u it 1 n I : Yl 9i I I t?1 u.1 Yl 9l { tfl 1 t ru ] x u v 9l n [ryo

ooo.
o @'t o

ooo I oo

______t
Yr;)

E------- Y

Candidate

fry
&@tu

oL,/ o

oo
l-@ o

o\JO

i t, y e 9-.-4q.,- E----..2i---rl^-
nrnii s.z rIust ourun a5 rl fl ntq o ut: tJslu Yl lull 9l [[u{nut{ 0u tfl

cinrilil.rfi z G-r.drl duu50r
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1 #i6 n r : a Yr s,{ a rq o u G rL oiu fi hi rin t tdl d'u rt o u'[cr ] n u n r : 1 de6

:vuuororrfiflruuailnrsrirnr:rirurur rrirnrrrurjrosr{JucJoll:sr{urura4n4nuri.:doqilu
u 4 t , j uh rura l,l I Y -- 'u o 4---l 4

u il sn ur { yr u er u.r r rJ l dr6 u vr r {'lil n u d: u a u n r : fi (s. zo) o r n ulu il el o v rit n r : tfi o n (ru td o n

o' 
' 

, o F .i a , & q 'o l,t r^ |

J:lflur:Jrarrderirurarrrr[Slrorruvfrrnrtrnttm{uu'lil[nun']1ilW0{:CIttau tiltnufl?ltJlttsl

, A!, j q urr ot -q i q rq/a i qYuY'
auyrer.rrgnyrdrur:6r:u'ld ua&:uuuyn.:rltnriurfio'[rihirfru:cuvvl't{fl'tdnfrouEu1fllfi"[6elo

t r du m x t r a v hi hfl n r : a fl r I t du m r.: t-sr r t dt nll rt o u'l t
ii nr: airttdumrlu rm uvfl u d{ 0e fi d':uriu z ?G 6o uuli6

{ruru (parallel method)ilurfl6{ nr:aYrrrdumr.: Jsrofildnr:aniurrJduuruotfi:J:v'ilroqidgwi
a lt, r t A .ct ,1... ' d 4 q A -9.-.-- -".=^-n:s0tuAuritnnt{rrstasrril.: rfroa5t{rdurr{y{tiluetud{td:0du tu14u{tduvll{ ttas0fl?r

< j gi^u 6r gq I 1l 
=- 

a a4 o '
14U{mr4?rU [Ulunl:d:-t{tduytl{ nr:rnu1o.:run fro trluTBrirrYu#u (sequential method)

.' e e , o t-4{------.------..^ -4^..:^^...^:- |

ilil1ufr{ n1:fl51{rdumt{T{1?tustuGi{1,o'rcirttmu.:vtst.ttgl1t,.l11u&919llrottnaYltl4{tufl?1

?,11iluerud{0smrrero{udr6.rovbflrusrd'rrl:J16ofioqjqurin:;oru?urirnar.:n-n'lilafrstdumrl

'ld n"'stunrnfi :.s

.l do e e

n n'{ii 3.8 t [u uTG drri'u'fi'u (Sequential method)



nr : rJ fuuj6 ou$l l: lrL u tqr{ t v fi (Local Updating Rule) r a'l o rnfi

run'[d'r6umrsornrru^o{ r'hJu-rrfio.: s:yn"'u fil]:huuutdumrl:vt't'jrqtfio{ r tlas s ovqn:Jf:l

lnuailnr:

,0,')<- (l - p). r(r, t) + p. Lr(r,s)

rfi opdoo-n:rnr:rJflfl I: l:lurqr{rsii (o a p < 1)

A r(r, s) = ro tflurtv'lntsro$nr:rlflfl l: Jlu

rirr,runlnu ro = @' L,,,)-t
Aoae-q{1

r no,ilrurutilo':vtlYrun tuiliU14lu

r,, rflunrtru ulrt ol rdu m i.rfi rrru rvfi qn

a oe a a o i Y q-,Yi d t49'-...--4..-.
rirrun o tnnt: lfnq aa5 asintvtouuru [fl amdntH u to?111 tu It: n

uo$dunr:yrrsd'ruraruan.:6.rrJ3rurnrfill:lruufifioqjlurduvrx'[d':vruu']rliiru:uildsGi?u

norffiao.:6orjilrarfll:Juufirunvf,rliuurfiuvn{uontfifio0rnnr:l#aqnr:rJf:LflJ:lruu

rqilryfirrdr:J3rurarfll:lruururdumr{fl{drtJr:ot:JduurrrJn.:lounqnr:rJfuflll:lruursn{rl

d.r o s'l rioG u r u 1 u r,r rio d'rr'hJ

,h r', n r?u, o u m I { n o il n^ r tn o f n : r o a o u'l d'i r'il t u r u t o t I n fi

riruuprl,fl.:ru'lilouulnrr#r rrsiu-.:fi1:':iluru1oTruryufitilhir{rbJrfiutuvnaqtxf,ooqinrulu

rirgfi{trdltiu drrfuiGnr:rrm:nl:.:vtu',r',ulrJtrtdumrtrit.:1 st-.:rrdnllunrvrfi :.q nr:lffi
I

outAi ory (lnsertion algorithm)

D 4 ,Ix
Route I

l4

9r\_--,/it2

6

(3.2s)

olttd s.g nr:1#a66uta3od (Insertion algorithm)

Route 2
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3 .6.2.2 n r : rJ fu :J ;.r q il R 1 Y{ fl a ta n u r1r u ei I a Jnr a ra3 o #

n r : rJ fu il q r q il R r 1 t,{ a ta a u nt o o r o 11 u n'l d'i r til u ii r r rir sr o u t rl u

rugo$ g9 (Neighborhood search) mSoiilanoarffiod (Local Search) iinr:rJilrJ!.:qfln1n

Ha ra a u o s G ru du o r n ru a tq o u fi ril u 1 il'kifi 3 o r'r o tq a u fi 6 n'i r r'r o rq n u

{5,u"'u rir n r : rJ : v q n oin r : rJ f u rJ g I q ar R I T{,{ n tn a u dr u iG rvr n fi n 6 ri
asr' n n r : riu r r ( Search algorithm) t u ; il ul l ri r l t l n tlld iG n r : dr u sir ur rl l q n rll (Move

Exchanges) uaviG 2-opt 6ria6nrfiorirnr:rJfurJI{qfl{nrilHatqaulnunr:aii'lrrJ6ou
o I 9q 9) t 4 s t I t @ i y

eirrrurisnnrirlurdumxrlt14uvrud.rrdu:riuttav:sutxtduYl'l'lvtl?luurud{14CI.t0'lflYl6Y:1{

^t 
,, d o -'-- t s j 

- -^
ruorna ut3 ru6u 0 tnm : cilUo1iu1ilnililn rlustOUfl r{1 ttdn{a{R1?{Yl 3. 1 0

!
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a

a

a

drul: cn ur!ra:sn'irr2rdumr.t

(Move-Exchanges)

nrild 3.1 0 tmau^n nr:rj fu il ; I nilR lil ruolao u (lmprovement solutions)

n: 1t tloll'llR:ull tou{
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4 6 | o- -- -.rl g^-^3
: 1 U A e [O U9l I O': A? : dfl n n ] { dl cllLl 1: tl o r u 1 u tn n { u

t ) ii n r : drtleirrrn rj I q nrYr (uou" Exchanges) iG n r: drul: {n ulu la

rran{#ufloulosiGnr:lunrnfi:.rt lprul#drrirtfiunr:nr:druei'rttnilll:lrttllula (1,0)

a9o
r,rrJru0{nr:uruelruuil{I:ruurrra I :1u !rntdumt{?,t'll4uvturi':ilfislilfl.:6nrdumr{il1fius

tuci,:nd.rInufifinr:drurduyrrs ad'uuJ6uuairrtilrisl:tv{ururnlutdum'l.tulHuetuti.tsl'rtol

ruae:eil.ir{rdumxurrusflud{ n"'srran.:lunrnfi :. tz tnjorirnr:til6uuttrlolnarqaufidllil
qd --.---4-^^-'c t a - iohflarur:odufllruarqnofi6dun'irnarqaufi6dud{6nfl ntq nuruqn rulututu o: grl relu?nu t?

!

n'i t fl n tq a ufi fi lu r1o 1 uiu

dlrfl ri.tu:n'uo.ttdunrld . : I

ritrtrriut: nto.ttduvrtld r = I + t

ad'lrJ6uu]:lttrrrtn i,ir;il'il'l r =l'r =l+l

n:rttornrrlriulilC
rn'rnr:dro

n: r o cor rira'u I: r r url ralu

rdumtrvt&rnrnu-l?

nmd 3.1 1 rmn fi fl nr: rJ fuil :.1fl iun 1ilri19l ou Move Exchanges
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a

a

-l

@*o-o-o*o*o5o*@

juoa
nrflti 3.12 n'lritttjufl 1l Move Exchanges

\ ffi z - opu r a c ffi E r3 a sl^ n : r u o v 16 u o fl o { o'a n oi Yr' l d o v ri r n r : a du

,i6rs
rilauuepgl4u.t t:{flu1u'la (Swap) ntolurdumt{il11{u&fluril16urriurtnv:ufi'jl{tduvrtl

, j jar u rrngs e ----.- td-.-..p^.---^:^!v^. o --34 v
il1.rusfluGr{ou1 mriluhJldlnunsrirnr:aii'uuJhuusirtruu.:tiuflount:rirlrutolrrnl: el{

rrdq{lunrflfi :.tr ttnvnrfld 3.14

n"ruvr.irfi ilostdumr{ r e R

ciruildrfi i+t ro.rrdunrr r € R

edluJduul:rtuura i,igtoltdumr.r r e R

nlurfl u}J1#lunr:rJilil1r

r: :rtraujrt$udlmilrqarfi ur

nmd 3.13 tmnfi nnr: rJfil il1.:fl ilnl?Irilet o1J 2-opt
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t

D5-7-l-6-4-3-2-D5

iuoa
n]ilfr 3.14 gllfiltuUf'115 2-opt

D5-7-l-3-4-6-2-D5

3.6.2.3 n r : :J fu rr-Jd u u$l l: fu u r.: n {x (Global Update Rule)

o Z & gras t4ya -.q-y-- aa .9 --- -a^--U-
: o u n : e dr di I fi il { "l ffi 'o"'tl 1 d'fi u r ru t r?o-o n oT fr ru a i t I : o u n : s lil di 1

nrutu (Max rntemal loop) durur,ilruauild{fililrrnrfiubJtfiotr?lnairlrvor{ttrilliuilntqau

drflu}lld'(candidate solutions) oonilllTnloul#rdnnr:rdurd'uri'rliGtos Elitist ant rvtiot'tt

ja 6hu t9 i+i .:--.-A^{-.q ii,+s/-.e-.--.q-y^q^ ^4
,{nraaufi6rlnvrir'[:J{'nr:Quirurnnrqauyrervrtl,rrtedil{'luu.:llu tuvlu4?tuuultl tl{0nno:Yl:'J

air,:ilaraau oonilr to qn donoBrufiruovrirnt:riuHtp{atqnufi6fiqnttnqnflntqaurf,': ro qo

lnunr:Gurciril"'uto,:rirflaruafisirfiqn'hJoun:vri'.:rirflaruafirurnfiqnrirflatuafi6fiqn 6o

ruarqnufrl#drflaruafiairfiqnovoqjlurirri'rfird.:uacGunfirnouo'ud'it"Iteration-Be.t" d.:fi

6oflarqaufi6fiqnr ol:oufn:fitu?flunuritnt: riur tritstoud6n'jr'rteration-Best"G un'jr
vt-ddott"a"a

.,Global-Best,, eyriu lunr:rJfuril6oufll:lruu?':n{1{ lu:oln:vrirf rrfi.:1 tsrirnr:tn'n

rJSrurar$ll:llul#urirdumr,:fi6fiqnryirriu lnoaunr:tnaril;lrnrflJ:lruuflluGIiln1:fi (3.6)

r(r,r)<- (l - a).r(r,t)+ a' a,r(r,s) (3.26)

ralo: flrr{r:1iltelo:flo{ dsr:rnr:rJfu fl]:llul.:n{r': (O < d <l)
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Iprufi

I @r,l' ,f(r,r). globat -best -tour

Ar(r,r)='{

[ 
, otherwise

(3.27)

;"- a
L*o: t&uuYll{Yldumqa

lu n r : rJ fu vG J : I U u t rsi ri v n 9.r ri'u rdu vr r.: fi 6 fi q n ri r r(r, r) I n o d hi'
r dr rd'lrt'uf:su'ir.r Iteration-Best ttau Globat-eest fil#:eusYllllljo{rduvrr':nlflo.: Lsb tuunlfl?]tu -. -- , . .-a - - . .

10rfil#rir:cusvrxfi#ufiqnrvirfir,rr'ld'ririloshi't{lu L*o rtastltrfluvrlrirlrriiihi'ri',rrorr,ufi
!' rd o rj ,i o '3 --.q- v d
du n': r fr r v tir n 1 : til a uu n I YllI lJ [1{ u u t tvl u tu Lro Yl u Yl

v , L 1)*-,- v Y .------ t o u 6 a
l.o.t d'aotir{iiuflounr:u6rfqurnr:dorfrunr{flI?tusttufl{ctlfllun1:lRU'uuYslo

,du 1u.rI:.rrurura{iluu n:ddfi,r't,mrurnnirud.tt,ri.l Ioslf;ii:suuolillfinililel (Ant

colony system: ACS)
ut,-q

el ? o u t.r l, u et o u t u n'l : t trfiliu fl r t-n tdu m t { Yt l il u e t u ri q d r n f l n t : 16 l t u s E n

I aja , & !q ----a^uivo- -..-.v---l^.1-6or..,-6,^^no'ilo,c I

sofl:ruyrrJrsnrr.nu'rnn'irilfi.:u?is"[urruTtiufiffi'fi'utslJounsl-?odtl]:lvrurulnTilsu 8 tttl.t

snr14u{ma{rflrrflrtluveiorfro z rrri.r firioryn:suvyt-l{ ttae ilSiltiutusfrtfrflf,uusiasrrilssioiu

rniol#finrrllndr6ulrilrJi!,ilrfidri'ir'tllrnfiqn ffi'fi'utvrranlrlusrou n"'sdtg
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nrrl{d 3.1 tunin:vuuyt'I.:To{l:{iluturorusuiilu?u 10 tt?i'1

iunounr: ri turotdtnYl?i o rsnfi nuilel (Ant colony svstem)

G U du t r n n r : rir u u n n r : r n^ tsr o $rJ : v n o u rll u rir u'l u il n fi 1 4 z dt
o d"- -l

a =0.1,0 =2, P = 0.1 n1:n1U?tlltJflUql0UFl':U

LJ
llunouri t nr:a#r':fl1:IluGldu Ar(r's)= roilrnlrlorfl 7o = (n'L")-t

et. n: to (,ftu'tul:sr{ututnYl-lnrunlurltuxrfi)

1,, tr{l u n r r ru u r r t o q rdu m r { : u fl 'j r { ei'r t rr ri r fi #': tsr t ril I : I n u r u t a d u t r r n

fi gn In tll#n q rfi o u r?r u ln dr6 u I Nearest Neighborhood Heuristic)

LLs:90

ro =(1o.9of' :o.oolrl
L i 4 s i e ------'-l'l^ll^ "- -e-- '9
i,uerouyr 2 ra0n t:{fluru'ramrunovr6umr':ciolil Jnuruervt-laotst-r tctirnr:dit.t

9 v dr o A s) o----.-^t-q-?.^:^^Y^. a^/-^ . .{-. ---{
rfluyn{ljo{et2to{tuuntnout:Uelu nrxunrirl#rvirril rn: l0 (:oiln:sriTfr) sr-1fr

:orn:rrirqilrfi r nr:airrrirnouro.: ecS fiarunr:r{rlr16orrlo.:lunr:tn^onlnuer

. j A .e rl ,l- e e ?-4-.q-.^---"^J^-^",,s^""",^.y^,^",^:.#.,o,"o,j-- rsorJryrod5r{rduwr{ tnuryoonrruuonnoorillunr:rrrirflourill4urln"'rrotoitdurut rfiqsl-r

Hos. Hl* H2* H3 H4 H5 H6 H7 H8 H9 Ht0

Hl*(Depotl) 0 40 40 6l 53 62 30 90 42 20

H2*(Depot2) 40 0 63 47 16 5l 62 l8 66 32

H3 40 63 0 55 l3 21 33 54 54 31

H4 61 47 55 0 56 l3 82 6'7 l0 65

H5 53 76 l3 56 0 2t 46 58 67 31

H6 62 5l 2l l3 2l 0 42 34 64 5l

H7 30 62 33 82 46 42 0 62 2l 30

H8 90 l8 54 67 58 34 62 0 79 90

H9 42 66 54 t0 67 64 2t 79 0 49

H10 20 32 3l 65 3l 5l 30 90 49 0

A
il:ltl6ltxuE9lR

AU
lilonn./1u

0 0 t2 14 t7 20 20 21 l9 19

rriu o.s ttmud?uqo lnufinr:n:vorunr:{ru 0 < 0.5 < I ilnel'?rt:nrfionl:.ruulu1a rirnr:{l

rfionn-rrnt,firurroiudururnfi.rr,r"'roqi:efi'it.: q<0.s l#runsr-r#utdnqto.: Arg max lunr:
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a

I

A s .e)-. q e1...--2'---a^A. 4 t I I qe 
i#Ulrflrfionl:lnururot{rrurlutdumrl drn:atdu1 flotntqrunnoq:efl?1{ 4 > Qo tilUael

nqnr:nJduudorus :1uCIu16unFl'{dIroffio-oond'?odrsn:fi fisirrrfirisfi#.:trril16ur

(r) n:fifi q <o.strion"'rtnt{rufildnnoqi:uil'j1{ o 6{ o.s

s = ofg muueJl1rl bQ'u)Y 'hQ'dY )urjo l'tr): {3'4's,6,7,8,9,10}

** ['(,, ")Y 
'lqQ,")lo I

max [r(t,r)]o ' ' [ry(r,r)]', [r(t,+)]o ' '[ryQ,+)1', [r(t,s)]o ' '[ry(t,s)]'

k[,ol''.[rl0,ol',["(1,7)I''lq(t,t\l',lr(t,a)]'''fur(,s)]"k(t,qlo''h(,q)]',['0,10)]o''[ry(t,to)]'

max [o.o+++ ]' '[o.ozsoo | ,lo.oottt ]' '[o.otorl ]

[o.osrs:f ' .[o.ot ttz]',[o.oottzf ' .[o.or or r]', [o.or:r]' '[o.or:::f ,[o.oee{' '[o.ot t t t]'

fo.o+eazf' . [o.oz: t t f , lo.ozzzf '' [o.osooo f
max(g.000458, 0.000205, 0.000268, 0.000199, 0.000791, 0'000098,

0.000417,0.007789)

n\rfu s = 1o uto m,.,0: lo

ai 4 q ' iu, I I -4
(z) n:fr6u1 Q > Qo rSon'ltatqruvl trlonoq:efl?1{ 0.5 il{ 1

po (r, s) = rfi o r,( t ): \3,4,s,6,7,8,9,10\

ttou L..,, (, 1 bQ,")Y'l't\'")lo

=[(F)F 'l,lts)]' *[(t+)]" 'W1)lo *[dt,s)]"'['i(t sI'.

t(d| tr{r,o)I +[dtz)" .['{tz)'*1,113y [a(r,01'. p6,q)]" ' [,/(r,q)]r + [r(t,t o)]" ' [ry(t,t o)]'

= [o.o++nf ' 
. [o.ozsof ,[o .oan f '' [o.o r o:f

[o.osraf,' .[o.or stf ,[o.ootsf ' .[o.or or f,, [o.o:r:] ' '[o.o::::], [o.oeeef ' '[o.ot t t t ]'

[o.o+oozf ' . [o.ozrt tf , fo.ozzzf' . [o.osooof

[r(r,s)f 'h(,,sX
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:(0.00045 8+0.000205+0.000268+0.000 I 99+0.00079 I +0.000098+0.0004 I 7+0.0 07 7 89)

:0.010225

rir po (r, S)=

P,:( 1,3): 0.000458/0.0 10225 : 0. 1 1044

Pr:( I ,4): 0.000205/0.010225 : 0-04954

P,:( 1,5): 0.000268/0.0 10225 : 0.0647 0

Pr:( 1,6): 0.000 1 99/0.0 10225 : 0.04803

Pr:( 1,7): 0.00079 1/0.0 10225 : 0. 19078

P,:( 1,8): 0.000098/0.0 10225 : 0.02366

P,:(1,9): 0.000417/0.0 10225 : 0. 10067

P,:(1,10): 0.007789/0.0 10225 : o.4l2l9

riru : u u r n t rl ri r o v r{l u eE etu (Accumulation of probability) 1 0.: l : {v{ u r u 1 CI t tei 6i e

, j o I 4 s ja 
' 

r dt @ i - '-
r rri.: rfi o tit n r : (ru rfi o n I : lvt tl t u r a fr il n ru t o v til u de dU ttdel { fl { n 1r{ Yl 3. I 5

n1ild 3.1 5 ?{ n nrinllri tosrflu du diltdotfi onl:.rvrururalunt: rdoru lr un

H{ 0.04954

5%

Htr 0.064?o

1%

H6,0.04803

5%

s\0.02366 2%

u
H9! 0. 1006?

1096
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' I e a -A<' ' t q ''nnotilu'dr{1n1o{:lnnurirnr:{rud'rtaxulilfr {ei'?6llntoq:vfi ?1.: {0, 1 } rrnnatnt quu(..' - i -'- -
d o 4 s '- at S o q o o I ; U -d . ^ a t

:nrfifl osrirnr:rfron l:rnurlrnl riurilu l:luururarilnurtn0lng{1tt14u{vlrl{tsllm I dil{91?1

,-r,un4u,flu o.t724fisri'ararsrnoqjlurir.rfidosritnr:rf,onl:tuurura nq d'.:#u rdumrlfi'ld
e ^ o jv

turo,rfi6o D1-H9 iirn-utin'hJrvrirnr:{rrrl:sy{ururnfrdo.rrGuvrrssiotrnl:svrulula H9

i o io ''^1r,rYo,fiq,as ct o?,,cisql-ru (Cendidate list :CL) n'rf,orfiU.: 7[t?i.: 60cr{ tu{ilsu t:{Ttu'llj
Ardta

l:lilurUraH3, H4, H5, H6, H7, H8, Hl0 B{d1ll:tll't1 n?1ruu10stilU1o':n1:0&tnufl]':nlfl

l:silururo uq lil1u6n zrtvi.:firmfio

irrrurfi s rir nr: iliurj r.:fl l: ]rtu ra fl ls fi (Local Pheromone Updating) fi o-{ 0 1 n

ilnUnri'? afr.:rduvrr.:n1:xuri{tu:oufi t raitarurl:ni (rlro6{t6umr.:n:ilqn1nunfir{lu

l:.:ilurura) lprosrirnr:rlfiLrJqtfll:lruutnnrsfi (Local Pheromone Updating) el'llJdufl'15

I

9r{u

,b,t)=(t- p).r(r,r)+ p.Lr(r,s),o < p <!

tJ9l9l-?tt:fl

r(t,e) = (o.o). r(r,l) + o. t . ro(t,e)

r(o.r).o.oor t (0. roooz)+0.1. 0.001 r (0. toooz)

: 0.00011

ti r n f ufl I : Iru u u u dr u rfi o ru ( t,q) I n a td o n n n t I n el-? ta 1 {l fi rir n r : rd o n

l:.:uurrra Hgornff rfloulunr:riru?olfirn?1ililr0vtfludud, duu, t6ur'irururttaeritnl:

rJfurJ;.:$11:fuurirudurirrirrlrurfior.,yY.:nlntflu r, ri'triu lu:olltt:nfloilfl1:lffiJ:Jruu

rqr{rsfi (Local pheromone Updating) ov'hjfinr:nJ6uurrilnl rrsidrflI:Jruur1ru,fiorunsl?luet0s

r:J6 uu u:l a'r t J fi si orfi o fi nr : rJ fu rJ ;.r$l l : fu u r': n {t': (Global Pheromone)

L i o q q dv L A ^!l-t--.-- "- Y i -- '{uflouti 4 oytit{tudililutinUlusrouvt 3 tiloun:cm{n:U n flSil YlljfiouYl'lfl'l:

,n"'na::l:rnuturaHsodirlrdumr.:nrrtu6i.:fidilr;:oi (complete Tour) dlrirsroufild'futrn
.i o Z \Y-l

ugttliofl:lJ:oun:um1crl n ttd9l.l tnn{u

Solution I

Depot 1 Ant I : Dl-Hl0-H7-H9-H3-Dl

Depot 2 Ant I : D2-H8-H5-H6-H4-D2

a
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Solution 2

Depotl Ant2 : Dl-H6-H3-H5-H8-Dl

DePot2 Ant2 : D2-HI0-H7'H9-H4-D2

orn#u rJ:srurarnr:rfiomyir:su&yr1{:?rJtoqrdumrsylusr'rrun'ldfut{Jurvirln ttas

rirri'uto,:qnrYrmii'tnr::JfurJq.:1r.rrir{luotjrq'l: 'k1:vuavrr.:lunr:rirurorn-ld

Solution 1

Depotl Antl : Dt-Hl0-H7-H9-H3-Dl :eusml{fi'kirYirniu tOS filanrsr:

Depot2 Antt :D2-H8-H5- H6-H4-D2 :&ueml{fi 'lsirvirri'u tSZ filanrsr:

Solution 2

Depotl Ant2 : Dl-H6-H3-H5-H8-DI :yuufl1{fi'lrirYirniu ZZ+ filanrsr:

Depot2 Ant2 : D2-Hl0-H7 -Hg-H4-D2:euefl1{fi'lritvirri'u t+O filnt1n:
Y ! I -- . , s h 9
fiunoufi s liunounr:rJfurJq.rqarnrflriterou (Local Search) tlii'ltrnrunqnsl?-te{

d o A 9) . .,--u d d y 2) -r)' ^9^r--^-.=l'l -y
rdumrsdrflolrTrud'u (Initial Solution ) to.:st]-?tolta5otiuu5oult6? orslo{ulnlflouYl t91il1

i
rirnr:rJYl:J?{qilnryrrirflou lfluldryrnfinmr.:6:3ast^nsirst 6o z-opt ttou Move exchange fr'l

n:sdr'lilnun'jrrirqrolfi'[d1rarrur:nrfrnr:rJflrJgslffin (Non-Improving Solution) rirsrolfi

lrin a''r n r : rJ fr rJ q r q nr n ru rirsr o u ld'rY.r d

2[ Move exchange

"Ayzcrirnoltittdu taoflolfl Solution I

Depotl Antl

Depot2 Antl

Solution ME.l

Depotl Antl

Depot2 Antl

Solution ME.2

Depotl Ant I

Depot2 Ant I

D I -H I 0-H7-H9-H3-D I : ; ueml{fi 'lsirvi rri'u t os fi la rlsr :

D2-H8-H5-H 6-H4-D2 : suuvl ].:fi 'lrirvirriu t sz fi ]nrrusr :

Dl-H7-H9-H3-Hl0-Dl

D2-H5-H6-H4-H8-D2

D1-H3-Hl0-H7-H9-Dl

D2-H4-H8-H5-H6-D2

:vusmrsfi 'ld'rvirri'u t sz fi Jaurfl :

:uuvmr{fi "kirvirrYu tqs fi lnuJst:

ihc, t -
:susYrl.rYr lnrm]flu ro+ fi]arusr:

:e uemr{fi 
r'kitvirri'u 

z++ fi larusr:
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?[ 2-opt

d o jaiuY d
tdonrirnolvtnvl-lottn ?t Move exchange

Solution ME.1

Depotl Antl

Depot2 Antl

Solution 2o.1

Depotl Antl

Depot2 Antl

Solution 2o.2

Depotl Antl

Depot2 Antl

D I -H7-H9-H3-H I 0-D I : e uvml{fi 'lsirvirril t sz fi Jarlsr :

D2-Hs-H6-H4-H8-D2 :euvml{fi "lsitvirrYu tgs fiIarun:

D I -H I 0-H9-H3-H7-D I : u uefl l{fi 'lsirvi rri'u t so fi lanin:

D2-Hs-HS-H 4-H6-D2 : e usmr {fi 'lr1rvi rri'u zos fi ]nnrsr:

Dl-H7-HrO-H3-He-Dl :vUcmr.:d'ldlvirrYl tsz fi]orun:

D2-H4-H6-H5-H8-D2 : suvvr t.:fi 'lritvi rri'u t sz fi larun:

fus, o u fi 6 tuu fl o u n r : rJ f u rJ ; .r$l I : I I u ? { n {t { (Global Pheromone updating)

fia'{ornilfu:Jgrqnrnrvrrirsrouuoc'lririrsroufi6 lndo':ritnr:rJfl$ll:fuurirnfltduvrr.:6
vl

rvirriu (Globally Best Tour) l#arunr: o-sfi

r(r,s) = (t - "). 
r(r,s) + a .lr(r,s)o < a 4

rn'o Ar(r, s) = II Lrn r/\r,s\e gtobal-best-tour li":rfurduvrr{?':flel

daiiqn(Global Best Tour):Depotl: D1-H7-HI0-H3-H9-DI, Depot2: D2-H4-H6-H5-H8-D2
' i^ 3 t v ^s: uu&Yrl{: ?tJvttnniutmrn:U 344 n talilg]:

r(t,t o)= (o.e). r(r,r o) + o.r'(t tt++),a

= (o.e). o.oo t I l+ 0. I'(t t t++\a = o-t

:0.00129

ri r or o u q o ri'r u 1 u riu sr o u : y u u o r 6rr r fi n ru ru n ri r sr o u fi 6 fi q er 1 er u G u s d r d'u

]:rvrururalunr:turdum'l':nt:rfiutorO^r,du (Global Best Route) Depot l: D1-H5-H3-H6-H8-

i^ i t u
D t, Depot 2: D2-HIO-H7-H9-H4-D2 : u UyYt't{: rrufr tilnilu tyi lnu 35 I fi larusr:

a:rj#ufloun't:t4tritsloilxo{:Gotiurfinrurun (Ant Colony optimization: ACo) lnu

agrJ il:vnoror'.u o #rru, l'to-fl"1 6o nr:afttn'rnouGrudunr:ilil$ll:.:lruutnnwd



nr:r-lfurJ;.rqarnrnniroror rrovnr:ilfufill:lruur.rn{rl lnurt:otlnr:rirurulos :oun:slir
f ^ et o q y ei ra --.^--.^-o^ a^,^ /1,
dr (tterations) lunr:riurrrirqroulr{n:uentJr{-ou'[tmrru:oun:vlirql(fl (Maxrmum

Iterations) firirmuot'li,duorrr,urtou'[tfirqotnr:rirlruto.ro''nnofim*il rrnyila-{orfl

o-anofifiru'lrllirnrutou'[rn:urrdl o-ano6firuosdurirsrouoonrurrflurduvr.rturisfi6fiqn

r.z nr:rlYurlq.ruffltiGnl:ntdrnou

aio ll d o -----^--^-,:114r/ 
t 9ol

n:frfrritnr:rrliulrfruuqilnrilTo{rirsrour{alaauYl [a:ur?1.:n1:ttnuqil1fl1:091

rdumrsilrHuexuii{drnfrnr:rfirroro^r,#o to{l:{nututaqilsu n:fififirnrriril1nn'i1

nd{rr?irlqunr:il:sunpildrrusrr6riao^n:l:vtnmoriutfinruufl ri'unr:irn:rv#rliynrleruld

lil:rrn:1 LrNGo r r nr:nrrirnouornffiurrirsrolfi6fiqet'hlarrur:nirn:rs#r'raoon'ldlu

naroiu#unr:il:vruranoilrrirflouetortdnnruruodr':iltnrfio{0rn{tuef,utflurliyntturer

lrqi
- 

9- l,laq h 9' o 4--.-n.^-- d o

nsuuryrou'ld'rirnr:finurirn:rvdnrrirflouorn-Gttriuots.:nrnriliyrrtutntHnar

lnuld}J:un:il LrNGo t t fi,:riluflqrrrfiorri'rrruio-ufirir lorudrrotrmnfiniG Branch-and-

Bound rur1#1unr:nr:ruilJqurnr:,r"'orrdumr{ilr'ruuturi':drrfunr:tfiutuvsr^r,,do nu.:

1:ruorrlraEruryu n:fififi,r',,^-,urnn'irrd.:rnir rfiontrirqrorfilol'trtilSourfiauri'li6nr:r:l

sr16.:3a6nfinImru',durnool#lsirirsrouuavdutnGuurfiolritnt:url"[ti6nt:ttasilfurhll#
tte ia iaA t ,,r I-[6Harq 

auytuEilnlT'tYl9tu{1 lJu tll

3.8 uYrfl:il

0rflrrruufl'r:rirtfiunr:nr:i'fi'ufinrir?rurrir.:d'u?Y.: z r?uflou lunr:ttans14attav

" 
jLny 

^vvtv q - t4-trhu vu19 ...q-e!--t---4.-4!-^,d^o -
rirfloufr'tdornnr:l,r-'u'ldrranrluryrn-nhJffio'utir'[drr.:ttp.runr:ldqrJn:ni rn5o.:fiodtnf:l

o a o- j t a I d I - a /
ftt5ri'tlilu.lru-d'udu1 r.iu norufr'rraoiariFrtt?i (Computer Hardware) tlaunouil?tqlo:

ry o yl drr e i (computer Software) I sr u fi : r u n v 16 u n sr-l si o 
ul 

rJ d n o ru fi a tor o $ri a u q n n a fi il ? u

il:vruraruanri'lrl Core i3 CPU Processer 2.3 GHzRam8G ttavfinrrruqlO{ Hard ,,rU ,OO OU

rrnuuofl0rnrf'r,iufilrllrn:il LINGo tt rfJu}l:un:rufiriurldrnioud'[trJiUfirrirfluetnr:tfi{

rdu (Linear Programming) ttnv vr-erur]il:rrn5:J C++ lJU visual studio 2012



,rd ,
r^ranr:ifi'tl

r vr fi + r,?i o-u ra u o ru a fl 1 : m n a o.: o r n i6 uri u sr : s rra v i6 rfr I rru n r 6 :3 a 6 n 1 u n t :
q

s)o v e r q <-.^--.-"^.4. -.^^1- oio
gfllJnJ14'rflri0firfluyn{yt'muyflud{6n14:un1:tfrltusdprrBo tol]:sutlluloTtJsu n:4rfril

,r',,^'.1u',nn'jrrdsrni.: #uruuri'.rut tosatnr:et'l:tuost6uqluuvrfi : 1nuffi'fi'u tdhJ:rtn:l

LrNGo r r rflul:J:un:lfirirrurtdrdor,rrrirsrorfi6fiqn uuno',n#uurlri'luirn:ut{nr
!aaAo

Fnvr:'rrJrero: rnour'hJl#luiGnrsrr6aiafinldlrl:rrn:ru Minitab ttaslil:rtn:rurirrBo;ilg

visualize c++ v zotz 1unr:rrrirliynri6:vuroratrfinu:Jet acS rirnr:fleldoueGnrsd'u

4 Jr I 
^ 

d

noruu^:rnofriruqnna f u Core i3 CPU Processer 2.3 GHzRam 8 G tlautJn?lil110{ Hard Disk

5OO GB

' 4 o , iL e-{-- Y o---- a I
4.1 nr:taondtrrflristidstst-lrsttt svsrottioolRnl:dil.lltuuo'160{nl{nol9lfl1fl9l:

eq a o t jY 
--- 

q---u a g-.---^t^^+i^
nr:rrriilqmrnt:rdongilrniulyrsr': FLP iit14:ufl1:tn0nsu9ttrl1t,.l'lttnvnlttllu{vl9l{
a I o - nil:ad{rirnjoh{rirldiirulunr:rurir :ar6.: :uuuyn{ tratlunt:turittgt'lrr.llfl uvgl9lt$o lJ?sl 

"
o i, o-io I e-d-----' e ---!--i&--^--^.- a

closl:ly'lutil1afrd{rustrrirohvrsir[lfiu{rqntr.r'rtusstFrtuo :u1{?1{911t[14u.1YI91{tgl1t9.l'llt ssl9l

t @ u s d I Y i .- s o - 4
rBonu nu [:ruurl]aEilsu]Jrllu0umqn tnuttdfi{:luastoufifl{ u

d d o gavulg)o d I 
e

tunr:finur{lrynr{Td'u'[dlirnr:rfiu{orya:vuvvn{:ufi'jr{]:(lytutrrnr-.t14tJntav
et$oij-

rji rururosfi ntfr ofi tfi nfi uuda{lu n1 : t.:fr 4. I ttnefl 1: 1.:fi 4.2

jalso
et r: 1{?r 4. I ru a : n $: & us Yl'l { fl o { ] :.: u or u I o ryru su ii'l u ? u 1 07 t t14 {

Hos. HI H2 H3 H4 H5 Hl07

HI 0 t64 74 l3l t22 r00

H2 164 0 169 176 160 190

H3 74 169 0 76 63 29

H4 t3l 176 76 0 35 106

H5 t22 r60 63 35 0 97

0

Hl07 100 190 29 106 97 0
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i il F a C-ee^4-.-.^^t- t

fl trt{ii l.Z {oryarJE rulilt uefr ntfiofr tfr q{ut o.: l:.:u urulaTUsu I 07 ttli {

durXuriurrrl:m3odu4urirturis (Transportation Cost; a) tvirnlu 2 u'lm/nn./nr.

(Ieru6prorn:rnrrirrulurdorilA{) rravd'u4urirrittfiunr: (operating cos0 t'iu riral4u rirflr':

oir.r1 rirarrr:qrJlnn :aru6.:rirtfiou:ln1to.:n?risu'vi riodlrioair{ rfJudu

d5 6's'lririr n r : fi nu r un v : : u : ?il {o U n du 4 u t o { tn l tfl r lJ u v rln rdo rtsi a s ul u dt fi

dn:rnr:nr:rilil'n :rnr rirrfiou:rnrcirrfiu fllun-flurusto{tgl1 lud'lutolorqni:l#trufirir
t @ 4 v g o a e-.4.^-{ - .-l- ---.Y^ 

t I

rvirriufio 3,650 i'u durlunr:rirrfrunr:to.ttnttflttuestnttsovtl 3 ttulJil:eflourl?url1t1{
eY

rrrinrru rirrirruunr:u^rr rirdrqrrnr rirarrr:rgr.llnn rirritru-ur{otvtdl rtavrirrf,oru:tnr Inufi

durlurirl#drutounrrnlruler +oo filonfrul:lu soo filanfrulfu uoe 1,200 fiJanfirliurvirri'l

3,569 utyt/iu 4,5ig tnnliurra& 5,543 uryr/i'u nrrudrrYln-qlusrt:rlfi 4.3 tlnunl:l1fi +.+

j 4 q a 4- :^-..-.^ a u / oo

ep:t{fi 43 :ruasrdunflo{dnuruvl,o.:rer1rr.r'ltuvdntBottciasttllU (oUTl f,:U:uu ttac dursl

?ugrtt':f, zsso;

u'or*rruu,* -, 
rn ttur6n rio tri a s truu rruufi t ruuufi z urrd r

-r
fl utnlntrfl truy nnrio (nn.liu) 400 800 r,200

^t: rnrrnln'rtlU&6alto (urfl ) r,200,000 1,800,000 2,200,000

orqnr:ldrru {iu) 3,650 3,650 3,650

i r Err a l- ) - 4 v I 6 a- ?

ntrt{fi l.l rirlf,drrlro.lrsnrr^nfluvdnrBousrnettilu (0UT1 rl:q::.JU ttae druol duqtsl?u,

2556\

:#oI:tuarura HI H2 H3 H4 H5 H6 H7 H8 H9 Hl07

-crlirurutosdnttso (nn./au) 2l 20 t9 17 21 2l 21 l4 t7 20

ri rlf, ri rs.rlo{ rn r m tuu 
"6o 

t#o IIUUYI I rruufi z rruunj 3

rirrdou: rnr (urvrli'u)* 329 493 603

rirarrr: rgrJ Inn (utvtliu) 660 '130 800

rirrirl.:rnr (urvrliu) 280 350 420

rirf,r.rnrin.:ru (2 flu/iu/ tnr)+* 700 700 700

rirrirrfiunr:rnr (2 urm/ nn.) 800 860 920

,z.l
nlullJutl0lila{ (u17li?u) 800 1,500 2,1 00

:?u(u1il/{u) 3,569 4,579 5,543

a



* il u'r u r?r q ri r rfi o ru : r n r fi o o r n : 1 n 1 tet 1 (u r m )/o'l q n r : 1#'r r u (riu )

* * ri r dr r vt fn.r r u 6 n o r n ri I t t:.1 3 5 0 I r m leh /n u t t u-n I t u 2 n u

I

_Dl.H1"B-191
Glob6l cD;181
Ob-lecElvc caluci
ObJectlvc bound:
:nlc!slb11!t1c! :

Errcadld tclv.t sE.Pl:
:oEal solci 1Ee!at1c[5:

variablc
a

Dl 1,
Dt 2)
D( 3)
DI 

')D{ S'
Dr 6,
Dt ?)
D( 8)
D( 9)

Dt 19)
D( 11)
B( 12)
Dr 13)
D( 1!'
Dt 151
D( t6!
Dt 1?)

2.900too
21.08090
20.ooooo
19.€0000
1?,OCOOO
21. OCOOO

21.90000
2i -o0000
1a.ooo09
1".05000
21.9eC00
1{.OSOOO
21.90000
t?.ogooo
19. OCOOO
17.00900
19. O?OOO

20.oooo0
21.OgOOO

298r-3. oo
298?3.00
o. oooooo

2l
ESOI3

Rcd[cd ColE
o.ooo000
o.ooogoo
o.000000
o. oooooo
o.oooooo
0.oootoo
o.oooooo
o. oo0600
o.oooo00
o-oooooo
0. ooo000
0.ooocoo
0.000600
o. ooooo0
o.oooco0
o.oooooo
o,oooooo
o,oo0000
o-oooooo
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il

i o j l^r--.^-^. .. Jl^.""^^^-,^4^^-.",^^,, ' u

Rriln 4.r ,{anrg1o:Lvi'lrlornnr:il:sru':arua lil:rtn:l LINGo t t flqlrtnr:ra'onturnttosfist-l
AJ

1JO.1tflltfi11Uyflntso

j r s d-'.--.-.,.^.4-q-9-e-..---r--.^-.-.-
nr:rsri 4.5 e,toritetounr:rtriln{ruI:rnurrroprrufiri.rflucfrntfio'lfieirttmrjltnrtnr

lno}l:rrn:il LINGo 1I

Sl& Globrl Opt

otirtw: 29A73

ld...tly O

lldh: 83023

Ei*d Sdvr Se
S&Tr E{nd-B

SdOU 295?3

0Hgud 29873

Sl@: 2L

Ac[E] 1

upda.rm*f- "'.'',' "" 1f o" I

o lS
9nltfiu{ l:{TIUlula

io,
nrilolgnt9,n

raoonlf;tflrmr

l'utfl (nn./iu)

I:rnsruradci.tl,ur6ordol#rnrrHrunu

I:{flurura gf oir.r1

H58 800

4,7,8,10,1 l,l 2,1 3,1 4,1 5,1 6,17,18,19,20,21,27,5 5,5 6,

57,59,60,6 1,62,63,64,65,66,67,68,69,7 0,7 1,7 4,7 5,7 6

,95,97,101,102, I 03, 1 04, I 05

H80 800

2,23,24,2 5,26,28,29,3 0,3 1,32,3 3,44,4 5,4 6,47,5 0,5 l,

52,5 4,7 2,7 3,7 7,7 8,7 9,80,8 l, 82, 8 3, 84,8 5, 86, 8 7, 8 8,89

,90,9 1,92,9 4,96,98, 1 00

Hl07 400
1,3,5,6,9,22,3 4,3 5,3 6,37,3 8,39,40,4 1,42,43,48,49,5 3

,99,106

pfittco tro. sa'u *.p"4 -
,:i ts- r:; ,

I
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j o jhe, sl - a d&--
R lT{ yt 4. l H n n lfl o u m k?o r n }J : r rn : il LINGO 1 l n 1: tao n { U ln tta s fr d{ll 0{ tgl ltr'| 1

t 6 u s rflr'ri'laqrr6r{ufl'r6rors'- 4 a uuxo{il:gtyrglvrtlil:gnol1Ussrnrfr orirfl fu I:':vtu1u1aTUTun1nfl s?u0 0nteu{t14u09l0u

'l:Jrt'luotri'nxouttriu nrw?u{ ufildltnlu dflaun: qn:r1fi iluo{filu fluo{il-?d14 rtau
I

tno lnovr-nr:i[lreilrcI:{v{uluraTruyufifiturert6u.:'lrirfiu t2o 16u.: il'rueurilrtln 107 tt?i'1

a e o a ... 1*.-+- t ..-/q-Y.Y-.-- o I i
ln U n r : air { t tU U,ill a o { Yl 1 { n tI n fl 1 GYet 5 ts.: il in q il : v d { n l f ei u T u tn u : ?il fl 1 fl qn n ? 1 u ? 1 0 {

ralrflrru&Anr#ofifior:ilrfi 3 flurfl fio nrrruq#trtri aoo, 800 ttau t,zoo filnnfiJ ttaeril

sirrfiunr:srerrrei 3,169, 4,683 rrns 5,593 lllvrdoiu nturitd''u nrnnr:urritnoudaulil:rrn:u

LrNGo 1l nil.irnarirsrorfidfiqnfidurlu::ruoirqorrvir frtt zg,ltt utvtdorh lntlfinr:t6on

fisr'r,ro.:rnrrrurtus6nrdo I eirrruri.:nunrrrfi +.2 rYld sirttnilltt:noqjfi1:lnur:Lrat6uldu

ra^onrnrrnrtusonrdofififl?ruq soo filanfru sl'rrrrrl.:fi40.: 6ol:.:rrututavt-llnu lnufirntre{r

fluton?rul goo filanfu uaysirufiilsqnrirufil:.:?IUlutato:'ti'tu rf,onrnrt,'lrtulnn?lul

+oo fi I a n il n t I rit n"'l n t tr n r 16 u n ffi o-tl 1 6'ri r ra u o t u R 1 rl,'l u ? fl I

i o q u , { -4--^.-.-^..^-.A-l' =-.4-r---nlflfr 4.2 flarftnollunr: nhnqruto.::Jrynrnr:ra=0ntutattaemfl(ltet1tfl11ueflntsorl114:1J

I:ruoruralruuu

" irr yE a ;t' ,.-, -. : ^ 4.- t.
fi a n tn ou yl ta tu n I : ta o n I u tn tto & Yt fi { I o.: tgt 1 tHlfl 0s a o tuo cr r fl J:.rn ulu 1 a

TrJTuRrnflyrhoonrfio{rfifionouiluroqrJ:ytvta'lvrutagnrilulfr-01:sltldlunr:n-ntduvrt.t

?

t
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rirmfuruirJtynrnr:o''rrtdumrqurunrmusdrrflnr:rfiutussl-r,du ,u'rlr{?1u1u16qutu n:fi
oAt, ' A t ' vl I

uvtgrIrfl rtr{ril'1fl fl ?11'lu{[t14 { 9lo tlj

v j,, o v 6 a 3 ..- -S---.-- oaS--
4.2 nt:ilorfiun1.quluyrlliusitril;unlirdulle,sstfltto 'uo{l:{Ylt lulaTilnu nsollllll9l'llsll

t i t 1) --o--^^---- a 1

u'r n n?'rlru{ ufi { o 1 nn I : fl ? t slluu'i r a o { n'l {n fr n fl r Grfl i

eq s e ..itl:h- -.^-.^i-e^^.^
nt:lrriflEurlnl:,D''nrduml{ 0tnr{6lri'rqrouyt-tfttun]:ta0fl1u'lflttnsmfl{lo.ltelltr'l'l

' J q s"t--vr*rlrlaq{rcr{uR'l6lo:v 4 4 -'luuuo{il:grvrglvrulnufi#l
I rJ v 9r- n rfr o d I il f u I :.: Yl u 1 u 1 n Tru su R'l fl fl e ? u o o fl tQ u { tl{ u o 0l 0 u

o J r rr t 4 ^ C - i.
rfr nfi u 3 trfi I trcidyttr.i I fr n rtru qto{tn ltfl lfl uvelel tlioel{ 9l'l: l{vl 4.5

gp:r{d 4.6 flafi'terou0'lnflil,fitnt:tfiontulettellttnufiel'{1o{lel'ltr'l]lueO^r,t#o

" iu ,t et 4 ,.- - - ^ 5 l' - ^.^^--.^.:^.{^ .o q

0tnr..toxo{ritstotLfr'[d'nrnilqurnr:ra=ontu'lFttlacYtsl.:trt-ltr.l'lflu&antsO d]14:u

sirrnru.:firfionrflnrfjuai'ruilil{rAu?nlurirl:'rnutulamu{14trqtu toz rtri.:ldfir#l: urisd"r

i d r r qt, ^ d-i
vr +. s ry.: t tn n v t tr n ['r1 u'l 9l tgl ] lru 1 I u& 9l o tso Yl

eYvFa
cr{ d0 n fl n 0.: nu il : il 1il fl ue fl 9l:l{Yt 4.5 cX.:

J j r u A
$oYt[[nnn1{nu Gtrgl'l:'l{yl 4.5 cx.:Itnnytn4{ [Tlulnta'llr^l'l1JUU919l['xuYl[[i,lIlel l{Ilu 'Ir!ouPlflrIU!IrufrJN rLl.t-rr

I * U -u-.:-^a 
j - Ufrq d o o u

tfiotoll:lrtututn?risuri'.:yun:unusroiuvtdltJl:0:u [9] tunl:tnutuuulYllfll:fl10el
9,rroh9o -9 o------ a . lA y-c o. q.. 4---. 

"-{-riT'o=u"tddrn1:d5t{rruu,ilraolmrrnoisrflldet:tyloItRlJiUl{ 1dl1'l:u:6ltflu1,u&slotso

a du : 
" 

s r - - ;'t- i .-
tnurixmqu:&d{nil1:euem1.:-[nu:?uflo{u1ufl'rfiuc1,ud.lr1nniu:ilrriufidufiqn n1u1d
j n s I I q a d cl I - -- t d

13ou"[t]:.:nututn1ilyulrsiasrril': d'tut:oirlUinr:trntnttnu? [tou t'ru1u1111'luul,ucY(ltilu{

a 4 , !, o i s i r. o ---d.,-- .^^-^-:^.4.-l
niu16orrvirriur.t6:?ul,o.:flueetn[To0rn [:.tnurutoqusumQnrY{ru1n]09tYltsl'ltr.l'l{ueflntsoYl

o , jq , h I o 9- 
---{-.-y^l^gl- o -s--.- -^4eirrrr,li.:frrilo0ydo{"[rirnuntuQro{rgr1uu"lu0nttfluuu.:lJl.t00'lnn10'::0vldlu1:6lu::1n

I U s gl=n rfr o 
"[ 

6r ra v : c us Yl 1.1 Yl ?{'t 91 4 { qn gl o tYl u ? t ]J : t tn : u m 
ry 

1 0 u i

rn vj
rrd9r{ t?Ytfrlnflu?fl n

0rnnt:nrrfrsrou letul# I:J:rrn:ru LINGo I I t?arfil#il:srurnruautu 'hiatrut:a

o heq L a dr uu. -21?v-.4-ttlE---:d--. i
tutrirelou tn tu:suurxoldu rfioqornrilurftyurturnluqj niriu{Tn-uil'[dnriGnl:tfror'l

old
9nrtflu{ll si runri$: {fl u ru rofi tfl sr tn r uuutgt-rr9.n.tjuron2lilq(nn./iu)

58 I:ruururatfioldu 800

80 I:rnoruraYt-r]nu 800

t07 I:.:nururnto:-rim 400
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rirnou Inoil:vqnoil#nrsrrBrSaon ii:cuuoratrfinruruotfiott6'rlaturnr:'l''prrduvrrsdrfifu:o
d a & s r:luri'rc?osio1il

rfr utuvgtottryolos [:.1fl ululaEUYu 0ufl n'l'

+.s nr:rJ:vqndlfinrnrBa?efiniG:yuuotattfinruruorrffrlqnrnr:6'otff'unxsruurrnuvtfiu
aAousdddtdl

rtryfr srttoeiruiUl:sYttltU'lo.pMu Rsoln1tgl-llsllUlnn?l?lu{llfi .l
q

n r : urfiIry u r I n o 1 dffi : s I u o r ot r fi n u u el eCs d r r fu fl r fl a tq o u lu n r : t r rirlcg u r

duotirir{ln,ifunaruodrr rdu rirri:.:rirurinto.:rJBruriu$ll:luu dn:rnr::vrnutolrGl:Jlu
: " "" - '- 1E----4--g^^^ u q-il-'-- a t

rrnsrirulu:oun:vrir"frn"'lfu{T,il'u6.:drnr:oontluufll:mnao{tlio141:srlunl: tTlIl:lurelo:
i o, q
yt crltJl: n t14,{araa u ru nt: ttr{flqn rfi 6fi qo

U g,,o- o o . { --=.--- !'.
nt:ooflrnlUnl:mnao{niurr:n,ildulitf'n:d'lilurt5?{rt1el.:Tt1:1tJtfl0:noufia{

rrnrlurirrrr:rfirno$'hJlddrrfuruirJiuilr i6nt:oonttuufl'l:maao{'ldrir?tuetrJod'unr:

mnao{'l{3 rlro-o rfrnr:finurrrciosfloir'ufi z:sn"'u 6orirq.: rtovriroir'ilr.:lrosnr:#ud',rruuu

o- !
u9r{lu

.-irtf,-ralq-g!-'o----y----^o@tq
rJro-ufr t rirrir.rrirmfnriryrr:rnrfl05lf iltflunn':rrurTrniU:eil?1{fl1:uuYYll{flu

rir$ll:fuu t/I ldrirnr:rfitno$oqi:v?r'irs 2-s (qil::ot dnduf, 25sI)

rloir'ufi 2 o"n:rnr::etfluto{fill:llu (p) nr:tfirnoih?rirrrinfl?lutilfl"'iu:vrjx
A v t@ 4ts s

0.10-0.99 ((n::ar qflclu;, ZSSt) o"'fl:rnr:rJfufill:lruutav,tr;fi (Local Updating Rule)

(o<p<t)
n - A q 4lS + o lC at .-q--q-. t

rloo-ufr 3 ti'm:rnt::Utl,lUtJo{il l: lttu (a ) nr:rrutfl0: t14ulfiunn?1ildlnru:U?1?1{

0. 1 0-0.99 o-n : r nr: il fu$l l: lru u'1.: n {x (Global updating nule) (0 < o < 1)

ddcuA4o3qgo
ltasruonilI0u14u{no :oun:syrlcxl tufl]:nUfilfi'l9lou Max Internal Loop ( I'*)

drrfrrJo,l"'unr:flqno{d{50-urirnundur',,nouorrut?ruluduto{t?arlun1:il:vri?aflo lnu

riruuerdt,:ro{,ftu?u:orn:rri.rrilrolrsirfi too :ou ttnuq{qnfi soo :ol n:vrirof,r 1u4n1

: or n:srir#tr,r a-n osl#: oln: rrit#rn lulu Internal Loop 6n t o : oun: rrit#t

n1:firfiunflot-utrau:ruay16uertord':rnr:srr.:ritflo,l"'usirsl ttdn'tn"'{tuat:t{d 4.6
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a

sp r r {d 4.7 n r : rit il u n rJo o-u r to s : r u a v 16 uo t o.r sir u n'.l r #{ ri r rJo'fi'usi r': t

glas tn 9, o

t^t? 0 U t9t yt'l fl I : o ofl t tU U fl I : m n a o{ I n utdn r: o o n ttilU fl 1 : m n a o { t tU U Box-

Behnnken ;rtluru : rJo,i't nt:Ytaao{ lnUYletao.:lu]il:ttfl:tJ Minitab iirurunt:mnao':

he1p.

EicEors: 3 RePllcares:
Base runs: 15 Total runs:
Base blocLs: 1 13ta1 b1ockS:

Center points: 9

1 i,.i

ntild 4.3 nt:oonrluuflt:mnao{ttllu Box-Behnnken nludruru I rJoir'unr:mnao.:

firur, (}J:rrn:u Minitab )

3

45
1

o u e, v 1) o u O S--{-
4.3.1 n1:YrO60.l6illi5UilA!il',|R1:09ltflUnl{uluil114uvflltl:uR1:lRUtluv9lolu0

rod:{Trulura1ilTu ro7 uri.l
j o ad Y o A Y o /i

nt:iloao{tlto141fl't9lou14'l1rn1:cY:'1.:ft19l0ut:u9lutta&y'l1:'lut9l0: Yl

nrurudillunr:urlfliuilr d.:fi,truru I:lrtururaTilsu 104 ttl.i{uavairttrri{fier'.rterl 3 ttti{

{[ofi'u(ractor)
: vffutolrlloi'u (Levels)

rit (t ow) g.t (High)

rirr rinnrrru rirrity: vu'jrtri r: v uv vrr.: ( / ) 0.10 2

o'n:rnr::srruto.:fl I:]ilu ( p ) 0.10 I

ti'n:tnr::vurutosfrll:luu ( a ) 0.10 1

e.{d{rA
yroqilruq l5 nt:ytnoo.t rreidsnt:yrqao{ rirl4uqiiru'lun:sriyft (Replicate) 6n I nfl riorill

tnero YX .---!'---^^^-.d
n 1: m q n o{ [9t 0'l u ?u 0 lfl ,{n n I : il : u u?o fl om"'{ au 45 n i{ 9l-{ n]fl fr 4.2

71912$L3 L7=42;tl2

IielcoDe Eo Hi[icab, press f]. for

Box-Behnken [le{1n

ffii'uldrirnr:madouri'uffirfirrrusrrBriao'nfia#rrdu drr.ranr:ilnao{Gy'rur:nrrdn{ukiri'rlu
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sr1:r{fi 4.7 gasg6tqslunrnruuan ! ,.rofl'r:yraao.:ltaun:su?un]iYt1.ra6o^fiurIqr'rrtdiGnr:

aixrirnolfiuduurLliGdrn"'l#u (Sequential Method) lnufirir p firloon'jr o.os firiudrrity

ooi - j ;, ^-^.qyt -..-- a lA -. c rt c o 4 I I

yrr.:aa6fi:sri'lnarlrfio rtu gsy,lfnrnr:riltsroivttnxlsdtJYlqnx0{ttflaeil00u n0n'lo?{

rirnrin$ll:luu 1p) d,nrlraru{ii:vd'l 2 dn:inr::st14uno.:$ll:lruurnnrv 6i (pltfirrlcdrr

oqlfi:rri'u 0.10 o-n:lnt::utl4uto{flI:lruur.rn{rl (a): 0.10 ttav'flru:u:oun:vtir#rlunr:

r1u r rrirsr ou (t"*) dtr l t v al oqifi : v ri'l t oo : ol n:, r{r#r

i .e o ---.+ rl -a -14 -A-.--Y^-nl:r{fi 4.8 r{nnt: Yla dOU n1: d5 1{f[lfl 0U[: tJsluttaUT{1: lUt$lo:Yl [fl U?10{

o', n r', r''. d +. 2 {5 6'o 1 d'rir n r : o 0 fl t tu u n r : m n a 0 { rJ : s n o :L'hJ r?': o dr u e u n r : m n a o.1

3 rJno-urrasrirrundr.:nr:srs.:rirflrf,r,eix1:runv16unn-rrtdnrlu srr:xfi 4.6 LLav nrnfi +.2 '[d

?nnt:mnno.:il:snoud'lu g floi'u riruau 45 qnnt:mnao.:rt-l{orya rran':lu srr:tlfi 4.7 ,nou

Run Alfr Beta Rho Yield Run Alfa Beta Rho Yi€ld

I 1.00 2.00 0.55 4618 24 0. l0 1.05 1.00 4709

2 l.00 1.05 1.00 4649 25 0.5s 2.00 1.00 4276

3 0.55 2.00 1.00 4249 26 t.00 2.00 0.55 4092

4 0. r0 0.10 0.55 4778 0.55 2.00 0. l0 4397

5 0. l0 1.05 0.10 4t 16 28 1.00 1.05 1.00 5235

6 0.10 2.00 0.55 4221 29 0. l0 2.00 0.55 4221

7 0.55 2.00 0. l0 396s 30 0.55 1.05 0.55 4398

8 0. l0 1.05 0. l0 4093 3l 0.55 1.05 0.55 4469

9 1.00 1.05 0. l0 4298 32 0.55 2.00 1.00 ,1006.1

l0 0.55 1.05 0.55 4445 JJ 1.00 1.05 0. l0 4622

ll 0.55 1.05 0.55 4617 34 1.00 1.05 1.00 4403

l2 0.55 0. l0 1.00 4253 35 0.55 0. l0 1.00 41 89. l

t3 1.00 0.10 0.55 4659 36 0. l0 2.00 0.55 4395

l4 0. l0 1.05 1.00 4497 37 0.55 0.10 0. l0 4265

l5 0.10 0.10 0.55 4577 38 0. t0 0. l0 0.55 4643

l6 1.00 2.00 0.55 502s 39 0. l0 1.05 1.00 4889

t7 0. t0 1.05 0. r0 3975 40 1.00 0.l0 0.55 4160

l8 0.55 0.l0 0. l0 4539 4l 1.00 1.05 0.10 4425

t9 0.55 1.05 0.55 4630 42 0.55 1.05 0.55 4933

20 0.55 1.05 0.55 4069 43 0.55 0. t0 1.00 4555

2l 0.55 1.05 0.55 4s20 44 0.55 2.00 0. r0 3793

22 0.55 L05 0.5s 4744 45 1.00 0. l0 0.5s 436s

z) 0.55 0. t0 0. r0 4463

rrriryrr:rfirnogfirflilrudxrrasdrHnfi'[d ornnr:irn:rsftu]il:un:ru MINITAB rurl#lilurir
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tunr:irn:rr#r.ra6nn9srdomrrirsrou Ifluaruavt6uont:irn:ts#rrrirnr:rn^rflo$drnfuii

" rnllunln ,{u?n oo'tfil'lunuufl fl o{alte

dSf,gldrirnl:mnoo{fl'r:urflrliyur ,il'nrdunrsuruttruustirnflnt:tfilluscl^ntdo

nuolrunu-laquflu toz rnisehuiinr:afr.:rirnotlGtduttt-tutttt:tiGrirrT"l#u (Sequential

method) finr:rJfr:J;rr{rerorirrudau lur?usrounr::Jfurl;lqornrvrrf tflo:Jlugrlrtlu rriu

Move Exchange tto & 2-opt no fi 'ldrtan': : r ua s r6unlu glid

,.,r",udl.g rirur.lirfi s8 I:rvrorurarfiurdutnt$rttusct-e'rdofifin':ruq t,ooo filaniu tziu

-

I:{flururafioflutffuvrrs :sscilNiftfi rJBurot{uc

s8-57 -69-66-67 -65-9 s-68-7 5-7 6-7 t -30-7 2-96-7 3 - r0l -29-28-2s-26-27 -

2l-10-105-74-7G58

617 89s

s8-l 03-7-8- I 9 -20-t s-r6-t4-17 -13-60-&-61 -63-62-55-97-59-s6-58 525 673

,1r1odl.ro sirttr.lilfi ao l:luurltnvt-llnurnt,o,,nurr^r,,dofiflnrrru1 t,ooo filaniru lziu

ior,'^v-
ep:1{14.11 nrrrilusfi t0z l:silurilrnro:riattstltftlltulrtnt?1xq 800 n lanirul z 'l.u

I: { ilu ru t a d o g1u rfi un r.r rcscnr{ifld il?rrortsv

l 07-43-5-9- l 0 4-22-41-42-40-3 8- I 06-37-39 -35-36-49-48-99-l -34-3'

107

915 726

0 r n,{ a fl 'r : ?i r rir n o u dr u iG n r : m r r n 0 ru fi ': rsr o $l n o n t : il : v q n eil#tu sr r S:3 afi n

:surororrfinlJiln r.rafi'[riri'.:uanslusrr:t.:t?ttd'u lunt:rrrirorol{oryafitirnr:irn:ts#nn

Inul#uluururr#ltrllrgmrnr:flnrdumrs:r,rfiutuso^nrdol#aouoduuriroornriluo3corndtA'

finur lounr:rrrirnou d.r:J:cnou'h]dru :JErurr,,,luvO'r,tdofi,firdur'u, rlet 3,732 ffi.l 2 iu

InuilSurgrro.rrur6n,dufirfinduuueiruurirtnrtnrhirirrrrldtunr:o-ntdumr.: dru:cuvmr.:
j oy d qirltyl,t ra t @ F ^ d j.'....--o----i
yrouaner rfl:nrnuruyl#1d'hirfiu 960 nru.tarudrr z :lu rJErurortuvsrntfiofrri'rrurrirdsrfr

I: { ils ru r a d o {'lu r&un r'r :vusnrsiltfi il?rurottsv

80-83-84-45-85- I 00-3 I -4- I I - I 2- I 02- I 8-6 -23 -24-33 -87 -80 915 565

so-zg-gz-s t -s 2-94-7 8-7 7 -g r-89-88-86-50- s2-54-s3 -44-s t -47 -98-46-

32-2-90-93-80

722 873
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eiirrurirrnrd sg, so rray 107 nrrurirsl"'u ldkirfiu 1,600, 1,600 ttau 800 nfl.12 iu srrrurird'u

n?rilq{o.t:n t riuarrur:orfirLtuv'lsfhitfiu +,ooo nfl. I 2;u

,',r1ud+.r, a;rJnanr:,u"'nr#umxoruurrruvdrriunt:rfiuttls6.,dunoulrunututarusu

9nilflu{tgr'l?l dtufl.rYl

:vuvYlr{g.tgo I

crrud.rlrirfiu soo

n.ru.lz iu

:vsvvrr.rfirfiofiulu

n1:o9ll6t1tYl1{llorl

9tlll?lu{l9lll}11

rJ?rureutuvdii.rurfr.r

9nlr?rll{lnlm1

58 I 677
1.202 r,568

2 525

80 I 915
1,687 I,438

2 772

107 I 915 915 726

:?il 3,804 3,804 3,732

o q 9q @ I q s .-.{- o J--15---.--o^^^ o @

drrflnr:trriilryuttintduTl{dlffiU:ntnuttlvsta[5ory?0UYl1nl: ?1{ttr'lunl:n]0el

roynrulur .)a12iru lunr:'lr.:rrr^rurnaol#frn?'rutril-tudu ornfildrirnr:dr:rotravfinur

ol*d 4.4 ,{arirerouflarrrnr:f,qrduilr{uruilrruvdrrfunt:tfiucJuvGr,,du ,uulr':fluturGtu- 

d d I tn

5lJ ryU n I n n v iu o o n tq u I tl'l u o 91 0 u u u I 0 .: il : & [Yl fl t Yl u
q

rlqu r ua v ril u'lrJ lrIl#ru r nfi qn1u an rvr rlo piu

,



7l

5s00

5300

5100

4900

4700

4500

4300

4100

3900

3700

3500

02040

i 1< d | -.-- ^.9 o o .r-'"--Y-.--.
ntflii 4.5 n'l:riliulrfiuunt:il:&il?nr.ranr:riulttrfisroutorliilu?u:oiln:ulilqrlflu:suuYll'1

i I /qt'44 6
fr a n a s I o { n 1 : il : e tl n n t5 ? t : u u u o ltll lu fi tJ tJ 9l

lunr:r1unrrirnou{5,fi'old,truau:oun:vrir#rduil1fi'lelou (1"*) dtfiillsduoqifi

:eeiu 100:oufl:crirdr r.rafiuder{uunrfld 4.3 ovrfiu'irlunt:il:eil?afla?l1tilelouflo{

Iil:rrn:t lunr:t-ntdumt{ tdumt.::?ilGxdufi :J:srutu s,zoo filatrusr: ana{r1tu6{

:eUUyt'l{ :,go+ fiIatrun: :oUn:utir#tlunt:rtrirsro:Ltfiruu,ndu,,urduqnfi Ot :ou
e o yq r 

- 
o ---o-r-.---^-.^i-.^ ao

lunr:st".:tiru?u:oUn:stirof rlunr:rJ:UU?ar{arln'tslou nr:"ldiiruaufrrutnfrIna

o r o rirl#rirn or6 du fi r{l u 1:J ld

4.4 n1:nfiiuurfiuuqornrilllo.rrirerounr:ilrvqndlfrnrnrBatafinii:cuuoratrfinrtruoffu

ri rfl ourosnr:irn: rvrl{fqmrloulffhJ:tln:il LINGo I 1

n r : r rJi u u rfi u u q 0l n r u ri r n o u {i,fi'o 1 d',ri r n r : :J : y u ? n ru o d'l t u r n rJEu il r t z

l:{vrururn airrrilrl.rfisrs.: : uvi{d{:?iloqidrtlriu:rtlact6unttan.: n"'lluntne{u?fl a

uluuru rirlruntu rerrkyr rl:.:iluru rn t7 uri.: aittrrri.rfi #.rrsrrrnrr : rril l
rj:vnorsl':u sirrtmri.r fi tg, tg uns 20 srrrurirsriud{arrur:ofl turfintdold'hirfiu 184, 202

rrns 165 nn. ltriu srrrurirniu lunr:rirrunrltyrrldlunt:il:cru?ar.rnritnoud.:'[dnaritslouvts.:
aA o j - 

j.
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sp:t.ld 4.13 floarn:rv#rJqfirlnoldlrJ:rtn:u LINGo tt lunr:d'nrdumrlurunrruv

g1-,r',ud 4.14 p{on'r:irn:ry#lunr:rJ:vqnoildrrusrr8,l? afin'fi'nr#umxuruilriluvlquld c**

i I '" 4 I .d e-- -'- nfur.rolil:rtn:il LING0 11n r: r{fr l. t s a1 rl ru n n r: til : tlu tvt uu : & l't ?'l { ?r : u 1l u 0 1 ill lu n u il a

ty
o t alv

9t1tlilu{ilshl
I

fltud{
9'A

rcruml{nl:lou:o
rJ?ilriltuvii

I
nn./flrufl.l

tvugn'l{

nil.

18 I I 8-2- I -14-3- I 8 89 t79

2 l8-5-4- 18 4l 42

19 I t9-r7 -15-12- I 6- 10- I I - I 3-9-8-7-19 150 432

20 I 20-6-20 l6 9

:?TJ 296 662

t9
o t .lv

9l-ulmu{nfl.1
t

dluct.t
9A

lcrumt{nl:l9lu:cl
r9

o t elv
n?liloslluflu{Yl9l{q

:vgsn1{

nil.

l8 I t8-2- | - t7 -4- s - 6-7 - I 5 - 13 - t2- 18 178 400
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H45 l:.:vturrrnu:to3q l6

IJ{6 l:{flururalnufidu 2l

H47 l:{ilr,tutnlqifidu 18

H48 l:.:noruta#16ollrri t7

H49 I:sr{urrrad'snil 17

H50 ]:snur:rrarrynr t7

H51 l:rvrururailrnnlel t'7

H52 l:.:uotutafi.:htiln'l t7

H53 I:rnurura#i'la t7

H54 1:svrurrrarj.rndr t7

a
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i ' s q e d 4 
ouuu'f,rurutozuris(9io)nr:rrti n.r liorya [:lttururaqusu lunlnfls?uoofllou{ll{uoai

:rYcrl:susrttra
A<
TOI:.lilUlUlA ilirurortuvlnn./iu ?riltutilE

H55 ]:.:nurrrattnrir l6

H56 J:.:uurrralnqrufidtr t9

H57 l:ruurrra6'uvr:i'i'u 16

H58 l:lr,rururo16ordu 20
olul,lu{116{tn1

H59 l:':nurutau:fi0 l4

H60 l:ruururaut16on l6

H6l
< g AA q

[:ruutrtauun!il8ur{du 2l

H62 1:rnururarriJrl4ru 2l

H63 1:.tvtururnurqu l4

IJ64 I:ruututnur.rdq:rr t7

H65 l:.:nururourttu 19

H66 ]:sY{ururanlat'lao l9

H67 l:rnurura*o{tir t7

H68 l:.:nurtLrattrr.: t7

H69 ]:uouraur{flatn t9

H70
<rd
t:{1IU'lU',lnfl?utun t2

IJ7t
ul

[:.:nuturaafldxun l4

H72 1:{vrututaritrias t2

H73 l:{Yrrrturavirniulvr l8

IJ74 l:.:uoruraruo.:q.:ai t7

H75 I:.:vrotrraarut6o 2t

It76
sr&
t:.:flu1il1ar?ur.l{ t7

IJ77 I:.:nurrroqqrurad 20

H78 1:uorurnqnurn t9

H79 I:.:nurrrouru u', o'.r: tIfiu o rorl: 2l

H80 l:{ilururafl-slnu 2l n]tlltrtnnlli I

H8l l:ruururoeriu4l^ 20

a
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n r: rsfi n. t rio rya T: {1 t UtU I o ErJ ru lu n r n n s aTu o on tfr ol ttt fr on r

:rYaI:{ilurura dolr.ttnoru'tu rJ?rurortsvlnn./iu ilil'tut?t9lc

H82
,

l:{r{ururafinrurirqu r6

H83 l:rvturrra:ru:fi,lra l0

H84
I

[:{ilutu'lnn1fl1na1 19

H85
arl
t:{vtulu'lail'luu?.1 19

H86 l:snort-traornlfldlu?u t7

H87 l:sr,tururado{rtt? t6

H88 I:ruarrratsixou t7

H89 l:wrururnlnnfl1qil::cu l5

H90 l:suurrratnicgfiafl 19

H9l
-<9[:svtutlra lfluu1t[fl? t9

IJg2 I:sv{ururail::atrfrnru 20

H93 l: sr{ uru r n a'it s ttn u 6u 21

IJg4 1:tnuurnqnru t6

H95 1:rnururnqfiur:runi 20

H96 l:sr{ururnaru#u t6

IJ97 1:rnuuroqnf.: t7

H98 l:sY{ururnr',Jr'li t4

H99
-oJl:{flutura [v{rfl1n 18

H100
Jel

[:.:flurutaflUou:nu t7

Hl0l I:rvrurrra#trq 19

Hl02 ]:ruut:lrnruo.:Go 19

Hl03 1:.:vrorrra'frql t7

Hl04 T:.:norrraqltrn 2l

Hl05 l:.:norrron:uu?u 20

H106
srrl
t:.tT{u1ulan1uGrlu 20

Hl07 l:rnorrrnto:rfat 19
n1ttl{u{1ln{]n1

:?U 1,931
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:ea
hj:un:ru LrNGo iirrYunr:r6oRturouavcirffi{dsiifistnrmrrlucfi otBo

' MODEL:

SETS:

HOSPITAL/I.,IO7I:d;

INCINERATOR/ 1.. I 07l:Y;

OPERATINGCOST/1.'3l:f,s;

LINK 1 (HOSPITAL,INCINERATOR) : c,x ;

LINK2(OPERATINGCOST,INCINERATOR) :Z;

LINK3 (HOSPITAL,OPERATINGCOST) : ;

ENDSETS

DATA:
al

c : 0lsr5n'i:euuYtl{ loTxloT)

d :(rjirurnrtuvo^nr#o fi lanirusio{u I07 tt?i':)

. a C i- 4 +i- -q 'e

. rflttflltuUgtorfloytflot:filrfi : turn n?'luq 400 800 ttnul,200 nlaniultnrliu

s:400 800 1200;

e{u 4 u ri r rir ru u n r : (operating cost) I o { tsl 1 tr'l 1 I u e 9l^ 9l tdo,,si u r,,tl u

r- 3,569 4,5795,543;

du4uniutnl:utodu4urirturi.: (Transportation Cost; a) trirriu 2 lllvt/nn./Ril'

a:2;

ENDDATA

dil n I : r{h il ru r udu 4 u el't qn tfl u ru a : ? ru I o { du 1 u nh r til : r ta s du 4 u n 1 : fi 1 tfi u n 1 :

-

a

MIN :@SUM(LINKI (ii):a*C(ii)*X(ii))+@SUM(LINK2(kJ):(k)*z(ki));

alnr:riou'ltri.rrir}fl]:{ilulu1a1ilru id1rr1:nriltuvo^nr#o}Jtitrsrr ; Inul#l3n'l:0ln
d t a 4 -1--9--

rgt 1 tfl 1 tfl u{lttl,l {ta u?ttau tlu utn u?tyllu u

@FoR(HoSPITAL(i):@SUM(LINK 1 (ii ) :x(ii)): 1 );
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l: lytoruradlriilrf, onrfl n rnrrfl rosdo{1#tnrtHrrtuulnul:Lr du,ri,#u

@FoR(INCINERATOR( ): @SUM(LINK2(ki) :z(ki )):v());

1 :': n u r r r o q n r n'i'r i'hi a r u t : n d 1 fl u e'[ :J rn r fi rn r ; ld tir rn r i u-':'l ru ril n

@FoR(LINK 1 (ii ) :x(ii )<:Y( ));

rJBlrarrusGr,rdoro.rI:rilu'rulaTUruifilriiuuSflr:0rfltgn 3 tvr{o.rrloun'jtiliorvirrirdta-s

n]:rr.rlfl o.:tgl1ttilu k fi lfl n

@F0R(INCINERATOR( ) : @SLM(HOSPITAL(i) : d(i) * x(i i ))<:

@SUM(OPERATINGCOST(k) : s(k) * z(ti ))) ;

n"":urj: * rfjud'aurj:sl"'n3u1o'iroyrisr,rto'hiristuvO^nt#o}flri'11#ri'uI:{11u1il14

@FoR(LINK 1 (ii ) :@BIN(x(ii )));

sr-: u:J : y rfl u er-r uil : sfi',rr fi u 1 t,ir r y rfl n rn r ut o hi rfl n u u I : { il u 1 rt 1 a TU ru

@FoR(INCINERAToR(| ) : @BIN(Y( ))) ;

rua v sr"'r uil :, ril u d': r uJ : el"'n 3u 1 r.j r 16 0 n 1 #rsr r r tl l ln u u l : s n o l u l a TU 5u

@FoR(LINK2(ki ) :@BIN(z(ki)));

END
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29873.00

29873.00

0.000000

24

89534

Variable

x( 1, 107)

x( 2,80)

x( 3, lo7)

x( 4,58)

x( 5, 107)

x( 6, 107)

x( 7,58)

x( 8,58)

x( 9, 107)

x( 10,58)

x( 11,58)

x( 12,58)

x( 13,58)

x( 14,58)

x( 15,58)

x( 16,58)

x( 17,58)

x( 18,58)

x( 19,58)

Value

1.000000

1.000000

1.000000

1.000000

r.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

Reduced Cost

200.0000

146.0000

58.00000

210.0000

194.0000

166.0000

116.0000

116.0000

232.0000

124.0000

1s6.0000

106.0000

174.0000

214.0000

212.0000

264.0000

208.0000

204.0000

174.0000

t, v

araftJ:un:r.r LrNGo drmiunr:rdoR{urfluaveiruflu{fif,{tnrmttuvfiorf;ofrrurj: t fio?ulo

Global optimal solution found.

Objective value:

Objective bound:

Infeasibilities:

Extended solver stePs:

Total solver iterations:
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x( 20,58)

x( 21,58)

x(22,107)

x( 23,80)

x(24,107)

x( 25,80)

x( 26,58)

x(27,58)

x( 28,80)

x( 29,80)

x( 30,80)

x( 31,80)

x( 32,80)

x( 33,58)

x( 34, 107)

x( 35, 107)

x( 36, 107)

x( 37, 107)

x( 38, 107)

x( 39, 107)

x( 40, 107)

x( 41, 107)

x(42,107)

x( 43, 107)

x( 44,80)

x( 45,80)

x( 46, 80)

x( 47, 80)

x( 48, 107)

x( 49, 107)

1.000000

1.000000

1.000000

r.000000

1.000000

1.000000

1.000000

r.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

r.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

172.0000

156.0000

204.0000

264.0000

160.0000

214.0000

206.0000

180.0000

140.0000

126.0000

148.0000

232.0000

234.0000

248.0000

66.00000

184.0000

224.0000

268.0000

1s0.0000

174.0000

42.00000

122.0000

94.00000

74.00000

262.0000

166.0000

254.0000

238.0000

270.0000

344.0000
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x( 50,80)

x( 51,80)

x( 52,80)

x( 53,80)

x( 54,80)

x( 55,58)

x( 56,58)

x( 57,58)

x( 58,58)

x( 59,58)

x( 60,58)

x( 61,58)

x( 62, 58)

x( 63,58)

x( 64,58)

x( 65,58)

x( 66,58)

x( 67,58)

x( 68, 80)

x( 69,58)

x( 70,58)

x( 71,58)

x( 72,80)

x( 73,58)

x( 74,58)

x( 75, 80)

x( 76,58)

x( 77,80)

x( 78, 80)

x( 79, 80)

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

r.000000

1.000000

1.000000

1.000000

172.0000

296.0000

196.0000

210.0000

292.0000

130.0000

42.00000

60.00000

0.000000

94.00000

158.0000

234.0000

174.0000

176.0000

192.0000

184.0000

124.0000

156.0000

238.0000

60.00000

66.00000

164.0000

194.0000

170.0000

92.00000

266.0000

220.0000

160.0000

168.0000

34.00000
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x( 80,80)

x( 81,80)

x( 82,80)

x( 83,80)

x( 84,80)

x( 85,80)

x( 86,80)

x( 87,80)

x( 88,80)

x( 89,80)

x( 90,80)

x( 91,80)

x( 92,80)

x( 93, 80)

x( 94, 80)

x( 95,58)

x( 96,80)

x( 97,58)

x( 98, 80)

x(99, r07)

x( 100,80)

x( 101,58)

x( 102,58)

x( 103,58)

x( 104,58)

x( 105,58)

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

r.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

0.000000

44.00000

64.00000

60.00000

118.0000

136.0000

102.0000

74.00000

1s0.0000

154.0000

90.00000

156.0000

34.00000

54.00000

168.0000

256.0000

148.0000

94.00000

254.0000

306.0000

196.0000

162.0000

152.0000

38.00000

226.0000

84.00000
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29873.00

29873.00

0.000000

22

89028

Variable

Y( 58)

Y( 80)

Y( 107)

Value

1.000000

1.000000

1.000000

Reduced Cost

0.000000

0.000000

0.000000

29873.00

29873.00

0.000000

22

89028

Variable

z( t,107)

z(2,58)

z(2,80)

Value Reduced Cost

1.000000 3569.000

r.000000 4579.000

1.000000 4579.000

plalil:un:ru LrNGo cirnYunrrrdontulouaveiruilil{dfi{tnrmtuuvfi orf; o6'lurJ: y 6'o?u1o

dr rfl orfl ruul:{fl u'tuto{ilTl{

Global optimal solution found'

Objective value:

Objective bound:

Infeasibilities:

Extended solver stePs:

Total solver iterations:

Halil:un:u LINGo ii'rvr5unr:rdonrurnuavsirumri{dfi{tnrmttsvfi or$06'rurj: z tilufra

fio?ulo dr16onlf, rnlruulfl uul:wtulu laTiluu

Global optimal solution found.

Objective value:

Objective bound:

Infeasibilities:

Extended solver steps:

Total solver iterations:
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a

I

ftJ:rm:u LINGS nr:6'or&unr{u'n{?r"muvdruYunr:rdutsvfiordo tosltlnslula1ilxu
.ri.r t i !

n: oiriiltfl r tfl '1il 1 n n? 1?lu{ttl'hl

MODEL:

SETS:

VEHICLE/1..9/:Q;

HOSPITAL/1..1071:.

DEPOT(HOSPITALYI 05 106 107/:W;

CUSTOMER(HOSPITALYI 2 3 4 6l t04/:D;

LINK I (HOSPITAL,HOSPITAL):C ;

LINK2(HOSPITAL,HOSPITAL,VEHICLE):X;

LINK3 (HOSPITAL,VEHICLE):Y;

LINK4(DEPOT,CUSTOMER):Z;

ENDSETS

DATA:

Q: 2000,2000,2000,2000 ,2000,2000,2000,2000,2000;(iiruruvrrnuvfildlunl:tfiil

tuvsl^nrdom&{ililn)

o: (rjSrurnrtusfior#o filnnfrusio z fu riucru{ueicl'rtruri.:fit 6.r to+ uril)

w: I 600, I 600, 800 ;(il3 il lal n ?]il W o{ tsl'ltH11']'': 3 ttlj u fi ]a niusi o z aiu )

i q, - e r.--.-..-.4^
T: e60; (:vuvmr.: qlqnfi orlqrnl#urunrnue k dln1:xurilttlvdnrfio

lu t rduvrrt)

M:r ; (dtu rusirrtr rj.:fi #.:tnlmlxuugrntdo)

N: r oz ;(,fltu ?ux o{l:.:fl ululaTUsurY.rnut)

c : (nrsr3nd:&usYtt'i lo7x1o7)

ENDDATA

!OBJECITIVI FUNCTI0NI

y11r,1=@SUM(LINK2(I,J,K) :C(I,J)*X(I,J,K)); I 1 I

!AT,t, CUSTOMER ARE \4STED EXACTLY ONCEI

@FOR(CUSTOMER(J):@SUM(LINK3 (I,K) :X(I,J,K)): t ;); t z ;

@FOR(CUSTOMER(I):@SUM(LINK3(J,K) :X(I,J,K)): t ;);
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!3;!DEPOT;

@FOR(DEPOT(L):@SUM(CUSTOMER(J):D(J)*Z(L,J))<:W(L)); !4;

@FOR(CUSToMER(J):@SUM(DEPOT(L):Z(L,J)): I ); ! 5 :

@F0R(DEPoT(L) : @FoR(CUSTOMER(J) : @FoR(VEHICLE(K) :

@SUM(HOSPITAL(A):X(L,A,K)+X(A,J,K))<:1+Z(L,J)))); ! 5 ;

IROUTE CONTTUITY;

@FoR(HoSPITAL(P) :@FoR(VEHICLE(K) :@SUM(HoSPITAL(I):X(I,P,K)):

@SUM(HOSPITAL(J) :X(P,J,K)))); ! 7 
'

!VEHICLE CAPACITY;

@FSR(VEHICLE(K):@SUM(CUSTOMER(J) :@SUM(HOSPITAL(I) :D(J)

*X(I,J,K)))<:Q);!8;

IMAXIMUM DRIVING DISTANCE;

@FOR(VEHICLE(K):@SUM(LINKI (I,J):C(I,J)*X(I,J,K))<:T;);' 9'

lNO LINK BETWEEN SAME HOSPITAL:

@FoR(VEHICLE(K):@FoR(DEPOT(I):@FOR(DEPOT(J):X(I,J,K):0;););); ! I 0:

@FOR(VEHICLE(K):@SUM(HOSPITAL(I):@SUM(HOSPITAL(J):X(I,I,K))):0); ! I

!SUB.TOUR BREAKING;

@FOR(VEHICLE(K): @FOR(CUSTOMER(J):@FOR(HOSPITAL(I)IJ#NE#I :

(Y(I,K)-Y(J,K)+n*X(I,J,K))<:n- I )));! I 2;

@FoR(CUSToMER(J) :@FOR(VEHICLE(K):Y(J,K)>:0)); ! I 3 ;

IBIN.ARY CONSTRAINTS;

@FOR(LINK2:@BIN(X)); ! 1a;

@FOR(LINK4:@BIN(Z)); ! I 6;

END

t
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ie
r{nn1:il:sil?arilerou nr:fnrduyrl{u'runrfiusdrrflnr:rHltuv6nrfio tosl:lnurlrn

t r <id , A !' TUsu 107 ttril n:ilfriltslltH1u'lfln?1ru{tt1't{ 01n C++

Problem file : o2-1.o<t

Release method : Serial

Best of total length : 3804.00000000

Number of Ants : 5

Total duration : 3804.00000000

Found at loop : 6l

Local search method :2-Opt->Move Exchanges

Max Internal loop : l0

Increased ants :0

Depot: l, ant: I

Distance :677.00000000

Service duration :0'00000000

Load of vehicle :895.00000000

. Duration of route :677.00000000

SV:Sevice,DM:Demand,eTime:Earliest,ITimrlastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

I s8l -l -l -l -l 0.001 -l -l -l 7:301

I s7l -l 311 8:0124:01 30.001 8:01 -l 8:01 8:01

I 6el -l 371 8:0124:01 9.001 8:el -l 8:el 8:el

I 661 -l 371 8:01 2a:0132.001 8:4ll -l 8:all 8:4ll

I 671 -l 3al 8:01 24:0127.001 e:81 -l e:81 9:81

I 6sl -l 371 8:01 2a:0143.001 e:511 -l e:5ll e:5ll

I esl -l aOl 8:01 24:0132.001 t0:231 -l 10:231 t0:231



l0l
a

I 6sl -l 3al 8:01 24:0122.001 t0:451

I 7sl -l all 8:01 24:0122.001 rr:11

l76l -l 3al 8:01 24:0122.001 tt:291

I 711 -l 281 8:01 24:014e.001 l2:l8l

I 301 -l 3al 8:01 24:01 5e.001 13:l7l

I 721 -l 2al 8:0124:0123.001 13:401

I 961 -l 3ll 8:01 24:0123.0Q A:31

I 731 -l 361 8:01 24:0124.001 14:271

| 1011 -l 391 8:0124:01 4.001 14:311

I 291 -l 371 8:01 24:0147.001 15:181

I 281 -l a3l 8:0124:01 17.001 15:351

lzsl -l aol 8:0124:0136'001 16:1ll

I 261 -l 3al 8:0124:01 13.001 16:241

| 271 -l a0 8:01 24:01 15.001 16:391

I ztl -l a3l 8:0124:01 13.001 16:521

I l0l -l a3l 8:0124:01 14.001 17:61

I l05l -l aOl 8:0124:0134.001 17:401

I 741 -l 3al 8:0124:0121.001 l8:ll

I 701 -l 2al 8:01 24:01 13.001 l8:141

I s8l -l -l -l -133.001 18:a7l -l

-l 10:451 10:451

-l 11:71 11:71

-l tr:291 tr:291

-l 12:181 12:181

-l l3:171 13:l7l

-l l3:a0l l3:401

-l 14:31 14:31

-l t4:271 t4:271

-l la:311 14:311

-l 15:l8l 15:181

-l 15:351 15:351

-l 16:111 16:111

-l K:2al fi:241

-l 16:391 16:391

-l 16:521 t6:521

-l l7:61 17:61

-l 17:401 17:401

-l 18:11 18:11

-l 18:lal l8:141

18:471 0:01

Depot: l,ant:2

Distance : 525.00

Service duration : 0.00

Load of vehicle : 673.00

Duration of route : 525.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure
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lNo I SVI DMleTimellTimel Distl Atrl Waitl Startl Depl

I 581 -l -l -l -l 0.001 -l -l -l 7:4tl

I l03l -l 3al 8:0124:01 1e.001 8:01 -l 8:01 8:01

I 7l -l a3l 8:012a:01 5a.001 8:541 -l 8:541 8:541

I 8l -l 281 8:01 24:012t.001 e:l5l -l e:lsl e:l5l

I 191 -l a3l 8:0124:0128.001 9:431 -l e:431 e:431

| 2Ol -l 3al 8:0124:01 1a.001 9:571 -l 9:571 9:571

I lsl -l 3al 8:01 2a:0lal.00l 10:381 -l l0:381 l0:381

I 161 -l 371 8:01 24:0126.001 tt41 -l l1:41 ll:41

I 141 -l 371 8:01 24:0125.001 1t:2el -l tr:2el tt:2el

I 171 -l aQ 8:01 24:0123.001 rt:521 -l l1:521 ll:521

I l3l -l 3al 8:01 24:Ol3r.Ool t2:231 -l t2:231 t2:231

I 601 -l 311 8:01 24:012r.001 r2:4al -l 12:441 12:441

I 641 -l 3al 8:0124:01 16.001 13:01 -l 13:01 13:01

I 611 -l all 8:01 24:0123.001 t3:231 -l 13:231 t3:231

I 631 -l 281 8:012a:0128.001 l3:511 -l 13:511 l3:511

I 621 -l a3l 8:01 24:0125.0Q A:16l -l 14:161 14:161

I 551 -l 331 8:01 24:013r.001 A:471 -l t4:471 14:471

I 971 -l 3al 8:01 24:0145.001 15:321 -l ls:321 15:321

I s9l -l 281 8:01 24:01 6.001 15:381 -l 15:381 15:381

I s6l -l 371 8:01 24:0127.001 t6:51 -l 16:51 16:51

I s8l -l -l -l -121.001 16:261 -l t6:261 0:01

Depot: 1, ant: 3

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00
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SV:Sevice,DM:Demand,eTime:Earliest'ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Ar| Waitl Startl Depl

Depot: 1, ant:4

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

Depot: 2, ant: I

Distance : 915.00

Service duration : 0.00

Load of vehicle : 565.00

Duration of route : 915.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

I 801 -l -l -l -l 0.001 -l -l -l 7:301
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I 831 -l 201 8:012a:Q 30.001 8:01 -l 8:01 8:01

I 841 -l 371 8:0124:01 28.001 8:281 -l 8:281 8:281

I 4sl -l 311 8:0124:012s.001 8:561 -l 8:s6l 8:561

I 8sl -l 371 8:01 24:0132.001 9:281 -l e:281 9:281

| 1001 -l 3al 8:0124:01 82.001 10:501 -l 10:s0l 10:501

I 3ll -l 3al 8:01 24:0127.001 rr:t1l -l 11:171 11:171

I 4l -l 3al 8:012a:01 80.001 12:371 ) t2:371 t2:371

l11l -l 281 8:012a:Q26.001 13:31 -l 13:31 13:31

I t2l -l a3l 8:01 2a:01e7.001 A:a}l -l 14:401 14:401

I 1021 -l 371 8:01 24:0162.001 15:421 -l t5:421 15:421

I 181 -l a3l 8:0124:0123.001 16:51 -l 16:sl 16:51

I 6l -l a3l 8:0124:0112e.001 18:141 -l 18:l41 18:141

I 231 -l 3al 8:0124:01 51.001 1e:51 -l le:sl 1e:51

I 241 -l 3al 8:01 24:0132.001 te:371 -l 1e:371 te:371

I 331 -l a3l 8:01 24:0143.001 20:201 -l 20:201 20:201

I 871 -l 331 8:0124:01108.001 22:81 -l 22:81 22:81

I 801 -l -l ) -137.001 22:asl -l 22:a5l 0:01

Depot: 2, ant:-2

Distance : 772.00

Service duration : 0.00

Load of vehicle : 873.00

Duration of route : 772.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

| 801 -l -l -l -l 0.001 -l -l -l 7:a3l
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t

I 1el -l

I e2l -l

l81l -l

I 821 -l

I e4l -l

I 781 -l

I 771 -l

I etl -l

I 8el -l

I 881 -l

I 861 -l

I sol -l

I szl -l

I s4l -l

I s3l -l

lAl -l

I 5ll -l

I 471 -l

I e8l -l

I 461 -l

I 321 -l

t2l-l
I eol -l

I e3l -l

I 801 -l

a3l 8:0124:01 17.001 8:01

aOl 8:0124:01 1.001 8:11

aQ 8:0124:01 17.001 8:181

311 8:01 24:01 14.001 8:321

311 8:01 24:01 39.001 9:111

371 8:012a:01 0.001 9:111

aOl 8:01 24:01 65.001 10:161

371 8:0124:01 24.001 10:401

311 8:01 24:0124.001 tt:41

3al 8:012a:01 15.001 l1:l9l

3al S:01 24:0178.001 12:371

341 8:01 24:0146.001 13:231

3al 8:012a:01 15.001 13:381

3al 8:01 24:0148.001 t4:261

3al 8:01 24:0142.001 l5:81

401 8:01 24.0127.001 15:351

341 8:01 24:0148.001 16:231

361 8:0124:0135.001 16:s8l

291 8:01 24:01M.001 t7:421

a3l 8:0124:01 10.001 17:521

371 8:01 24:01 33.001 l8:251

401 8:01 2a:01 29.001 l8:541

371 8:01 24:01 56.001 19:501

a3l 8:012a:01 18.001 20:81

-l -l 127.001 20:351

-l 8:01 8:01

-l 8:11 8:11

-l 8:181 8:181

-l 8:321 8:321

-l 9:l1l 9:111

-l 9:l1l 9:111

-l 10:161 10:161

-l 10:401 10:401

-l 11:al 11:41

-l 11:191 1l:191

-l t2:311 t2:371

-l 13:231 13:231

-l 13:381 13:381

-l 14:261 t4:261

-l 15:81 l5:81

-l 1s:351 l5:351

-l 16:231 16:231

-l 16:581 16:581

) fi:azl fi:421

) 17:521 t7:521

-l 18:251 18:251

-l l8:5al l8:541

-l l9:s0l 19:501

-l 20:81 20:81

-l 20:3sl 0:01

Depot: 2, ant:3

Distance

Service duration

: 0.00

: 0.00
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a

I

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

Depot: 2, ant:4

Distance :

Service duration

Load of vehicle

Duration of route

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl D"pl

Depot: 3, ant: I

Distance : 915.00

Service duration : 0.00

Load of vehicle : 726.00

Duration of route : 915.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

0.00

: 0.00

: 0.00

: 0.00

I
a

lNo I SVI DMleTimellTimel Distl Ar| Waitl Startl Depl
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a

| 1071 -l -l -l -l 0.001 -l -l

I 431 -l 301 8:0124:01 37.001 8:01

I sl -l a3l 8:01 2a:01 3e.001 8:3el

I el -l 3al 8:01 24:0125.001 9:41

| 1041 -l a3l 8:01 2a:0132.001 e:361

I 221 -l aOl 8:0124:0128.001 10:41

I 4ll -l 3al 8:01 24:0145.001 l0:4el

I 421 -l 3al 8:0124:0152'001 ll:411

I 401 -l a3l 8:01 24:0126.001 12:71

I 381 -l aQ 8:01 24:01 55.001 13:21

| 1061 -l aol 8:0124:01 31.001 13:331

I 371 -l 311 8:0124:0133.001 1a:61

I 3el -l 281 8:0124:01 66.001 l5:l2l

I 351 -l 3al 8:01 24:0170.001 t6:221

l36l -l 3al 8:0124:014e.001 l7:111

I 491 -l 3al 8:012a:0166.001 18:171

I 481 -l 3al 8:01 24:0141.001 18:581

I e9l -l 361 8:0124:01 17.001 le:l5l

I 1l -l a3l 8:01 24:0170.001 20:251

I 341 -l 3al 8:012a:0168.001 21:331

I 3l -l 371 8:01 24:0136.001 22:el

| 1071 -l -l -l -12e.001 22:381

) 7:231

-l 8:01 8:01

-l 8:391 8:391

-l 9:al 9:41

-l 9:361 9:361

-l 10:41 10:41

-l 10:491 10:491

-l 11:a1l 11:411

-l 12:71 t2:71

) 13:21 13:21

-l l3:331 13:331

-l 1a:61 14:61

-l 15:121 15:l2l

-l 16:221 16:221

-l 17:1ll l7:1ll

-l 18:l7l 18:171

-l 18:s8l 18:581

-l 19:151 19:151

-l 20:251 20:251

-l 2l:331 2l:331

) 22:91 22:91

) 22:381 0:01

Depot:3,ant:2

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

a
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SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

Depot: 3, ant: 3

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Ar{ Waitl Startl Depl

Depot: 3, ant:4

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl
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Depot: I Load of vehicle:

Depot: 2 Loadof vehicle:

Depot: 3 Load of vehicle:

1s68.00 89s.00 673.00 0.00 0.00

1438.00 s65.00 873.00 0.00 0.00

726.00 726.00 0.00 0.00 0.00



ll0

Rlfi9.luln o

}J:un:ru MINITAB irn:tyt{ruamrrirur:rfi rsro*drmSuiGoronfi nuruo

,

a



!

{oryaruant:?rn:ryttnrniryrr:rfi rfl o*itrmYuiGoratrfi auuoornftJ:un:ru MINITAB

Welcome to Minitab, press Fl for help.

Box-Behnken Design

Factors:

Base runs:

Base blocks:

Center Points:

Term

Constant

Alpha

Bata

Rho

Alpha*Alpha

Bata*Bata

Rho*Rho

Alpha*Bata

Alpha*Rho

Bata*Rho

Response Surface Regression: Yield versus Alpha, Bata, Rho

The analysis was done using coded units.

Estimated Regression Coefficients for Yield

P

0.000

0.010

0.006

0.499

0.05 8

0.333

0.001

0.1 l9

0.207

0.361

111

3 Replicates: 3

15 Total runs: 45

I Total blocks: I

9

s:205.670 PRESS :2434866

R-Sq: s3.6sYo R-Sq(pred) :23.78Yo

T

65.176

2.732

-2.937

0.683

1.958

-0.981

-3.621

1.599

-1.286

0.926

CoefSE

4468.22

I14.7 I

-123.29

28.67

l2l.0l

-60.6s

-223.74

94.92

-76.33

5s.00

Coef

68.56

41.98

41.98

41.98

61.80

61.80

61.80

59.37

59.37

59.37

R-Sq(adj) -- 4r.74Yo
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Analysis of Variance for Yield

Source

Regression

Linear

Alpha

Bata

Rho

Square

Alpha*Alpha

Bata*Bata

Rho*Rho

Interaction

Alpha*Bata

Alpha*Rho

Bata*Rho

Residual Error

Lack-oFFit

Pure Error

Total

DF Seq SS

9 713885

3 700335

I 31s792

I 364820

I t9723

3 799219

| 223702

I 21029

I 554487

3 214331

l l08l l0

t 6992r

l 36300

35 1480509

3 I 52985

32 t327524

44 3194394

AdjMS F P

190432 4.50 0.001

233445 5.52 0.003

31s792 7 .47 0.010

364820 8.62 0.006

19723 0.47 0.499

266406 6.30 0.002

162214 3.83 0.058

407 49 0.96 0.333

554487 l3.ll 0.001

71444 1.69 0.187

l08l l0 2.56 0.1 l9

6992t 1.65 0.207

36300 0.86 0.361

42300

s099s 1.23 0.315

41485

Adj ss

1713885

700335

315792

364820

19723

799219

162214

407 49

554487

214331

l08l l0

69921

36300

I 480509

l 5298s

1327 524

Unusual Observations for Yield

ObsStd Order Yield

l6

20

26

Fit SE Fit Residual

l9 5025.000 4614.917 102.835 410.083

30 4069.000 4468.222 68.557 -399.222

34 4254.000 4614.917 102.835 -360.917

StResid

2.30 R

-2.06 R

-2.03 R

R denotes an observation with a large standardized residual.
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Estimated Regression Coefficients for Yield using data in uncoded units

Term Coef

Constant 4290.20

Alpha -428.2s6

Bata - 181.525

Rho 1351.30

Alpha*Alpha 597.599

Bata*Bata

Rho*Rho

-67.2053

-l I 04.87

Alpha*Bata 222.027

Alpha*Rho -376.95s

Bata*Rho 128.655

Response Optimization

Parameters

Goal Lower Target Upper Weight Import

Yield Minimum3800 3800 s000 I I

Global Solution

Alpha : 0.1

Bata 2

Rho 0.1

Predicted Responses

Yield : 381 1.93 , desirability : 0.990058

Composite Desirability : 0.990058
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Optimization Plot

Welcome to Minitab, press Fl for help.

Retrieving project from file: 'D:\I\4DVRPTW KALASIN&UBONRATCHATANI V3\IVIINITAB

PARAMETER\IvIINITAB 7 -9 - 5 6. MPJ'

Ootimal -.. .
Hron

o.eioo6 l*
Alpha

1.0
[0.10]
0.10

Bata
2.0

[2.0]
0.10

Rho
1.0

lCI.10]
0.10

C.omposite
Desirability

0.99006

Yield
Minimum

t/ = 3811'930(
d = 0.99006
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Feasible solution found.

Objective value:

Objective bound:

Infeasibilities:

Extended solver steps:

Total solver iterations:

662.0000

584.0000

0.000000

88137

149063 1 8

Variable

x( 1,14,2)

x(2,1,2)

x( 3, 18,2)

x( 4, 18,5)

x( 5,4,5)

x( 6,20,6)

x( 7, 19, l)

x( 8,7, 1)

x( 9,8, 1)

x( 10, 11, 1)

x( 11, 13, 1)

x( 12, 16, 1)

x( 13,9, l)

x(14,3,2)

x( 15, 12, 1)

x( 16, 10, 1)

x( 17, 15, l)

x( 18,2,2)

x( 18,5,5)

x( 19, 17, 1)

x( 20,6,6)

Value

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

Reduced Cost

26.00000

21.00000

23.00000

14.00000

13.00000

9.000000

27.00000

67.00000

27.00000

55.00000

68.00000

21.00000

56.00000

52.00000

28.00000

21.00000

19.00000

57.00000

28.00000

21.00000

9.000000
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Feasible solution found.

Objective value:

Objective bound:

Infeasibilities:

Extended solver steps:

Total solver iterations:

Variable

z( t8, t)

z(t8,2)

z(18,3)

z(18,4)

z( 18,5)

z(t8,14)

z( 19,7)

z(t9,8)

z(19,9)

z( 19, l0)

z( 19, ll)
z( t9,12)

z( 19, t3)

z( 19,15)

z( 19,16)

z(t9, t7)

z(20,6)

Reduced Cost

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

662.0000

584.0000

0.000000

88 137

14906318

Value

r.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000
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e{aR'r:rhyilaori-rerou nr:flor#unr{ulurlr?ruvcirmYunr:r6ufluv6orf;olou?irilnrBa?cr6:

:cuiloronfinuruolos cr+

Problem file : o2-l.txt

Release method : Serial

Best of total length : 771.00000000

Number of Ants :2

Totalduration :771.00000000

Found at loop : l0

Local search method :2-Opt Exchange

Max Internal loop : l0

Increased ants :0

Depot: 1, ant: 1

Distance :400.00000000

Service duration :0.00000000

Loadofvehicle :178.00000000

Duration of route :400.00000000

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Ar| Waitl Startl Depl

!

a.

I 3l -l -l -l -l 0.001 -l -l ) 7:31

I 2l -l lal 8:01 16:0157.001 8:01 -l 8:01 8:01

I ll -l 2ll 8:01 16:0121.001 8:211 -l 8:211 8:21

I r7l -l l9l 8:01 16:0126.001 8:471 ) 8:471 8:47

I 4l -l lal 8:01 16:01s2.001 9:3el -l e:3el e:39

I 5l -l 2ll 8:01 16:0143.001 10:221 -l t0:221 t0:22

I 6l -l 201 8:01 16:01 13.001 10:351 -l 10:3sl 10:35



T2L

l9l -l 201 8:01 l6:0159.001 ll:341

l5l -l 171 8:01 16:0121.001 11:551

l3l -l l2l 8:01 l6:01 13.001 l2:81

201 -l 201 8:01 16:01 33.001 12:4ll

3l -l -l -l -l 62.001 13:a3l -l

-l 11:3al rl:34

-l 1l:551 ll:55

-l 12:81 12:81

) l2:4ll 12:41

13:431 0:01

I

I

I

Depot: l,ant:2

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

Depot: 1, ant: 3

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

'l
I

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl
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Depot: 1, ant:4

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

Depot: 2, ant: I

Distance : 371.00

'_ -. Service duration : 0.00

Load of vehicle : 118.00

Duration of route : 371.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Ar{ Waitl Startl Depl

I 7l -l -l -l -l 0.001 -l -l ) 7:20

I l8l -l 171 8:01 16:0140.001 8:01 -l 8:01 8:01

I 101 -l 191 8:01 16:0147.001 8:471 ) 8:471 8:47

I 111 -l 171 8:01 16:0127.001 9:141 -l e:lal 9:t4

I 16l -l 211 8:01 16:01 56.001 10:101 -l l0:l0l l0:10

' I 141 -l lal 8:01 16:0168.001 11:181 -l ll:l8l 11:18

I 8l -l 161 8:01 16:01 61.001 12:1el -l l2:lel t2:te

I 9l -l lal 8:01 16:0145.001 13:41 -l l3:al B:41
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!

I 7l -l -l -l -l 27.001 13:3ll -l 13:311 0:01

Depot:2,ant:2

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

Depot: 2, arrt:3

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Ar| Waitl Startl Depl

I Depot: 2, ant:.4

Distance

Service duration

: 0.00

: 0.00
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'
Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl

Depot: 3, ant: 1

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Ar| Waitl Startl D"pl

Depot:3,ant:2

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:S evice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

:

I

a

lNo I SVI DMleTimellTimel Distl Arrl Waitl Startl Depl
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4

*

Depot: 3, ant: 3

Distance

Service duration

Load of vehicle

Duration of route

: 0.00

: 0.00

: 0.00

: 0.00

)-
l

SV:Sevice,DM:Demand,eTime:Earliest, ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Arrl Waitl Starti Depl

Depot:3,ant:4

Distance : 0.00

Service duration : 0.00

Load of vehicle : 0.00

Duration of route : 0.00

SV:Sevice,DM:Demand,eTime:Earliest,ITime:Lastest,Dep:Departure

lNo I SVI DMleTimellTimel Distl Ar| Waitl Startl Depl

I Depot: I Load of vehicle:

Depot: 2 Load of vehicle:

Depot: 3 Load of vehicle:

178.00 178.00 0.00 0.00 0.00

118.00 118.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00
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