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ABSTRACT

TITLE : DEVELOPMENT OF META-HEURISTICS TO SOLVE THE LOCATION
ROUTING PROBLEM FOR THE TAPIOCA INDUSTRY IN NORTHEAST

THAILAND
BY : THITTWORADA KHUMHAN
DEGREE : MASTER OF ENGINEERING
MAIJOR : INDUSTRIAL ENGINEERING
CHAIR : ASST. PROF. SOMBAT SINDHUCHAO, Ph.D.

KEYWORDS : LOCATION ROUTING PROBLEM / ANT COLONY OPTIMIZATION

In this research, we develop a heuristic called Ant Colony Optimization (ACO) that
simulates a food secking behaviors of ants to solve for a suitable location of a tapioca starch plant
and also construct a vehicle route for delivering products and collecting raw material. The
procedure of ACO can be divided into 2 parts. The first part is to find the solution of the location
problem, the location of the tapioca starch plant, and the second part is to solve the vehicle routing
problem (VRP) whose solution is related to the location of the tapioca starch plant. To improve the
solution of VRP, three local search methods that are One Move, Exchange and 2-Opt Move are
applied.

Six cases of the problem are studied with different conditions as follows: (1) The
production capacity of the tapioca starch plant is fully utilized with no travel distance constraint
for a vehicle. The solution for this case is to locate the plate in Muang Det, District Det Udom,
Ubonratchathani Province. The total travel distance for a flect of vehicles is 26,092.1 kilometers.
(2) The full production capacity of the plant is utilized with the maximum travel distance of 800
kilometers per day for a vehicle. For this case, the best location of the plant is the same one as in
the first case and the total travel distance for a fleet of vehicle is 24,319.2 kilometers. (3) 80
percent of the production capacity of the tapioca starch plant is utilized without the travel distance
constraint for a vehicle. The best solution for ﬂns situation is the same one as in the first case and
the total travel distance for a fleet of vehicles is 21,265.4 kilometers. (4) 80 percent of the



production capacity of the tapioca starch plant is utilized with the maximum travel distance of 800
kilometers per day for a vehicle. The best location of the plant for this case is to open the plant in
Bu Pucai, District Nam Yuen, Ubonratchathani Province and the total travel distance for a fleet of
vehicle is 17,168.9 kilometers. (5) A half of the production capacity of the plant is utilized without
the travel distance constraint for a vehicle. The best location of the plant for this case is to open
the plant in Kao Kham, District Nam Yuen, Ubonratchathani Province and the total travel distance
for a fleet of vehicles is 10,942 kilometers. (6) A half of the production capacity of the plant is
utilized with the maximum travel distance of 800 kilometers per day for a vehicle. The best
solution for this situation is the same one as in the fifth case and the total travel distance for a fleet
of vehicle is 8,832.26 kilometers.
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Tumsasqudmivdaulsivzasquaalsaomndaudaiudnlznds

1.5.2 'lﬁé’ana?ﬁu'ﬁﬁﬂszﬁnﬁmwﬁm%’umsuﬁﬂtmnmsLﬁanﬁﬂmﬁﬁ’:mnzﬂﬂ

Wumantsuuaidmivnsdideslilds@udIddugnddeund Sadumalilfuiagay
1.5.3 aunsoiisnsufilywiin ienmsise llmeuns doduuamalums

Faumieudilgmmsidenaondguasfadummswdsdnuuzaug o'l luewina
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1.6.2 Traveling Salesman Problem 1w flgyvinisidunisvesminauny

1.6.3 Vehicle Routing Problem v flyminisdardunnadimsusiuninue
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1.6.5 Exact Optimization nawite 33n1smifmeviianqa

1.6.6 Heuristic Optimization #4084 FEMsmidmouuuvEITadn

1.6.7 Ant System M09 B5zUvNA
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+ ¥
ﬂﬂTuﬁﬁlegﬁﬂtﬁuﬂ']Qﬂ'ﬁﬂufN

y ¥
‘ﬂfgwm1sgﬁaﬂamunﬁmazﬁ’mﬁumamwuiN (Location Routing Problem) @114
v ¥
Taseadreansoutiseamiiu 2 Hgn fe Jayninisifenaniufds (Facility Location
Problem) uazﬁagmms Fardunmsvuaa (Routing Problem)
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2.1 lymmsi@ena01uiifia (Facility Location Problem: LP)
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¥ 9 ¥ 1oy o o o 3 d‘z “d o [ - L L ]
aldswswlumsvudiduidifiga msmdumisidiaomiiduiagduasiaieltegvis
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anumsalgn@ud fudu
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Owen and Daskin (1998) 1aswundnvazvesilymimafenaamidimudnyas
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vosfladdFuiagilszasdoandlu 3 dszian fe Tamlanqu (Covering Problems) Hlayma
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Al (Indices)

o W 1

i Mevvewmasingay Taen i = 1,2,...,1

v ¥ 1
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0, nsdiduq

] ¥
1, Sygafilifnonmlumsdslssnu j dadiuTsenu
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I

aA
0, NTUDUA

Waﬁi’r’u’iﬂqﬂﬁszf (Objective Function)

1 ]
Min = ZZDU‘XU 2.1
i=1 j=1

aumsteiia (Constraints)

]
ZXU =1 Vi=12,.1 2.2)
=1
X”. =Y Vie(1,2,.D).j=(1,2]) 2.3)

]
Z V=P 2.4)
j=1
X;;€{0,1},Y;€{0,1} Viz(12,.0) =120 2.5)
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Uncapacitated Facility Location Problem Tas@unusaunanuaszilsznoulidsdunuaanly
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Hardu fﬂqﬂﬁ ] {Objective Function)

TUM YDA (Constraints)

J

ZX*‘:J' =1 Vi=12,.1

=

Xij S Vi=(1,2,..0),j=(12])
]

Q="

=

X ij€ {0,1},Y;€{0,1} Vi=(1,2,..D. j=(1.2,.0
14

Z-Xijai < ¢ Vi=12,.g

ot

daufiuAuenlnmadamansye Hakimi Taud

anlsNns1ua (Parameter)

‘q s 4

F mldelumsidialsanunj

C; ANNEINION 1590 j annsoiuiaghy lddeTu
- v o da -

a; suaiagaunliuuvasingay i

(2.6)

2.7

(2.8)

(2.9)

(2.10)

.11

Qs 13 T \J ol ‘i Q‘
auns Fagilszasnazunnludinvesmlfwlunmsdlalsanudh ideauns 2.6) uaziy
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A%l (Indices)
i §fuveudlesiii Tavfi i = 1,2,...,N
j drvuveudlesd jTaefij = 1,2, N
|4 n«mumﬁnmu'qﬁ#‘?waqsﬁaq*ﬁ"'aﬂnﬂﬁﬁmsnn Tawit Vv={12,..,N}
S Futalaq Ash 18 amuaveusa V: S c v Taoit s = Q,S+V
IS| NUMTNTNVOUTA S

A1 sNNI10A1 (Parameter)

Cij seogn NIz Iiiesh i Tdudied j

aunlslumsandule (Decision Variables)
Xy= 1, dimadunanndes i lilifles j

0, nsalouq

do ot 4 . . .
WanduIngisyeen (Objective Function)

N N
Min = Zz C{inj

i=1j=1

gumsdesifia (Constraints)

NE
&
H
-

V} =1,2,.,N
i

ZX” =1 Vi=(1,2...N)
=1

D ) xysisi-1 g
ies jes Scv

= I

S,

X;;¢{0,1} Vi=(1,2,..N),j=(12,.N)

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)
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Hlgr vRe Wuilagmmliszian Np-hard TasfigniTudun1nunna1uved Dantzig and

M
Gt ¥

L3 A o % QyJ ¥
Ramser (1959) uagihindiodniludnunilsivanndeq funiSesq sausssznatnudeda

1
=y

wisilegiiuifiou 50 Fwwds sadredrninfeniiunumdrdglumsiannaumed
flyn1 VRP 19U Golden et al. (1977), Christofides et al. (1979), Laporte et al. (2000), Toth and

Vigo (2002) Uag Kytojoki et al. (2007) 91AMSANHIMITERRUNINLT dnyazuoeilgmn,

° - o as y
VRP ugasfaouuuiiasanundiasnaasinasgiu il

fasti (Indices)

i fduvesgndi i Tasn i = 1,2,...,N
j dvuvegadi j Taeh j = 1,2,...,N
k sz I lumsvudefudi k Taoh k = 1,2, ..., K

autlsNingum (Parameter)

D; anuApamsdudiuesgnd i i Tassmuald D, = 0
Cij szuznsenegndf i lildsgnéad j
0y anuannsa lumsvudedufvesmruzvuded k

aulslumsdadule (Decision Variables)

X;= 1, dfimsdumaningnd i lilgnd j
0, NFHOUY
U= swtlsendfuayy (Auxiliary variable) AliAmNATIMTomiiu 0

HarFudngilszaest (Objective Function)

K
Z CyXE (2.17)

N N
=1 j=1k=1

Min= Z

i
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aun1599918A (Constraints)

N K
k _
PR A Vi @19
i=1 k=1
N K
K _
Z z Xij=1 Vi=(2,..N) (2.19)
J=1k=1
N N
K _ kK _
in” ZXW - Yi=(1,2,.K),0=(1,2,.N) (2.20)
i=1 =1
N N
Z D; ZX{} <@ Vi=(12,.,K) 2.21)
=1 \Jj=1
K
ZXU =1 Vie=(1,2,.K) (2.22)
j=2
N
Xp<1 Viem(1,2,0.8) (2.23)
i=2
K
K
Ui—Ui+N Z Xj=N-1 Vi j=(2...N) and i#j (2.24)
k=1
xfe(0,1} ' Vi j=(1.2,. M) k=(1,2,...K) (2.25)

aunsidhvinouaasiagilszasanan 2.17) deamsnudumanldaszozniasy

M A = A oy A Y o o .
drge aumsdeului 2.18) uamsiiigalatemalan sefigaduduisaga@oariniu auais

q
[

1 4
(2.19) uaasdamsiaunianngasudulag sxligavanulawmaisaradouiniu aums

A : t 4 L4 ¥ 4 4 ar L 4 Bl
JFou'lafi (2.20) varmnnudeiiosvesdumisi@oniuey lundaziduma iWesmmuzidy
o - > & < w W
madndagalan udrdesdims@uniesnaingatiu aumsdoulvil 2.21) fsduidaau
¥ ¥ ' ¥ v ' = A =t
dsamssawvesgnim luudazidunisszdes iduaruguessunivus aunisioului

as A ¥ 4 o A { e _ ¥
(222) uaz (2.23) Buduhifienmmuz 19 1dmfdmua aumsieuled 2.24) dumsdida
msifiadunisdes auns uazaunisidou lugae 2.25) Tedvlddunls X;; durluund

. @
MUY
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24 dgwimsdenasiifuasdadunianisvuds (Location Routing Problem: LRP)

W

$ 3 ¥ - oA
Hgymimsidenaauiduazdadunnsuduiiuilgmindyalssasiweden

1S T o o o A o U

aowidwdluvasdnduniiyalsasdmoudilygrinms Sadumamssuds il guuuy
A 43 v ¥ \ o & W -

yoslgmimsdenaauiinwaziadunnmsvudszinnuadiwadeduilgminsiden

Ao s o da Y A W w ¥ 1w
aaufias uaz luvais@orduniinnundrendsfudlgmmsdadunianissudaday Tasvnin

A T J o & o

midgndniudeudedulssnumioquinszandud Jamniudduilagminsden

{ 5 T ° 4 3 « = o v e
aoAduuuIasgIu uanindimuandsveslssnunSeguinsearedudidaudisudy

¥ ]
flgmmiufedipluuduilogmms fadunanmssudadanini 2.3

D : Candidate Depots
- : Open Depots
O : Customers
—=4¢ : Vehicle Routes

¥
o

amd 23 pluuuvesilymimsifendaufinauasdadunansvuds

mngﬂuuu’ﬂmumﬂ1ssﬁenﬂamﬁﬁ’ymazﬁ'ﬂdumqmwudaﬁﬁmmvﬁ’neﬁ’fau i
ﬂq;mffgﬂﬁ'ﬂagi“luﬂ'c}'ﬂﬂﬂgﬁﬂi:!ﬂﬂ Nondeterministic Polynomial-Time Hard (NP-hard)
g duumssanilemt Np-Hard %ﬂﬁmﬂiyﬂ'lﬁﬂ(l) ﬂtgmnmﬁﬂﬂﬁmuﬁga waz (2)
Paymnmsiadunansoudavesurnmuesudndieiy wWu et al. (2002) diuauens
iulgumudrasanendamanived Perdl and Daskin (1985) jiuuumnnadamaasves

Paym1 LrP Hludasil

Al (Indices)

b 1
i gaguinanmInszedudmianuafiiulalld
1 4

j gnATanuA

¥ *
k WUz HInyan 9l umsvuaidum


http:flfl1l'.lm

AnlsAins1ue (Parameter)

N il"m’zwmgﬂﬁﬁ,mna

Cij mlgsreilFlunsdumaeninga i Talega j

G; Fununaiivesmsaduguinszawdud i

Fy Funuasiiveamsidwmus k

Vi anwemuselumsseafudufivesgudnsznedui i

d; audBInIseegn j

O anuannso lumsvudaduiuosmuzvuds (nSoduni) k

aulslumsandule (Decision Variables)

Xi;= 1, Simsiunennga i lldea j vudune k
0, 3G
Y= 1 dgudnssaedud i gnadiiy
0, n3ditun
Z; = 1,8gefj gndmualddSunmsuimsninguinsenedud i
0, nsdidue
Up =  dnsdsoriuayu (Auxiliary variable)

o o
?‘hmmmqﬂs:mf‘\' (Objective Function)

Min = ZG(Y}"" Z Z Zcijxijk'{"ZFkZZXijk

iel ielU] jelV] keK keK i€l jeJ

AuNI5V0919A (Constraints)

Z X =1 .
;{iduj il

PRI
JjeJ ielvy

Ulk = Ujk +NXijk < N=1 iljejlkel{

17

(2.26)

(2.27)

(2.28)

(2.29)
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Kijre — Z Xjue =0

o P keK (2.30)
X1
Zz Wk keK 2.31)
iel jel
Zio— Vv <0
Z dzy =~ Vive < iel 232)
Jel
—z X; <1
z; + Z (Kot + Xuji) iel, je], keK (233)
uelvj
Xy = 0,1 iel, jeJ, keK 2.34)
Y, = 0,1 iel 2.35)
z; = 0,1 iel, jeJ (2.36)
Um =0 lG], keK (2.37)

HaFuTaquszaed 2.26) Aemasaudifigaainsauanvesdunuasiilumsaing
gudnszaredud, dununisuudesasdunuasiilumsdoummuzsuds qumsdonlvd
.27 tﬂunﬁf‘imuﬂ'lﬁqﬂﬁ'nwiazﬂummm%’umsn%‘m:i'lﬁ'-n nMuzsuduisanoznil
sunbenitadumaninfy munisit 228) dumsdmuadeulvinSinuvesdudiinmuz
fufun Sufinvouszdes liiduanuaunsalumsussyndufaunsd 2200 dluaums
dowlutlosfumsaduial aumsii 2.30) fudew Tefidsuliwmugsudadiiiuinsi
qa‘lﬂﬁé’famaﬂmnquumua aumsi 2.31) Mnuzvudawdasduaun e iy
quﬁ'ﬂzmmsi’faﬁqﬁ’ﬁmﬁmuﬁ«ﬁmmt‘f"u aums 2.32) dudouludmmnumunsolums
seedunnudeensvesgnivesguinszaisdud aunsii 233) Wumsdaassgndaldidh
Huinisluguinszaeduddifoaiader minfidunisiiFoudeszniragniuiaz
quinszaw@ud dauaunsii 234), (235 uaz 2.36) dunstmuadanlsdadulomy
Tuwd aumsifeulvgaihe 37 udulsaiumyuidedisuduuinmniy doud
A ngUiuumendinfaaues Perl and Daskin (1985) AU

¢)) tﬁmauﬁumn‘?au'1%117;mmsm:,f’1’i’]cgmﬂmﬁﬂﬁi’f'uﬁ";i”'i{uluﬁmammﬂsgm
aumsdi (2.29)

@ hifimathe 4 wiunlsdemisvesguinatenisnsznedufwifivisaily

aumsithvue Tusseisinmsiua 16slunsdadsvesnimuzvudsas Iuny
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@) wemuanutangulunislfaudeygialdldaunimuzauddii

anuannse lumsussguandeiula

2.5 "‘x'ﬁmmﬁﬂmum (Solution Approach)

e

Y

° > = 4 9 o P
Tunsmmmevvesilgm LRP U lueRnezldnuidluddmuaaaiuiiduasd
FunnTaverdurlszaumssinTe 1¥nagnia lidudoulunisiden uag liduiludostins
o a @ A =t [ ] ] o [ a4 o dan Y
furaiganmin iesmndymiivualiingswdsdianududeulinin Fmadwinld
o ' o o @ 14 Ve -] < J < o < o S/
nezegluszavuioeniu'ld uadengstsiimsdu Taundu saudalimissafsmsidszuy
£y (4 Ag ¥ o 1 -
asgnwdufiinnududeuinniiu dwwalddrilgmlvdiuvesvesmsiadunnunmug
=t t LA 4 43’ & o ¥ P t 87
fvalvguazdudeouiiudie Finrstardumefimzaussamnsotisaannududouly
o A 2 v o P o
asAuiTueustimusoasdunuasidifludaung sluouvedtlgmiinuluszoends
o el o 2 o (] ey 1 ci 3 o
Tneglinududou sauddivinaluginnfuaiinegldanuannsovesnu lunmsdadums
& 3 < o & L) o ] &4 Ao
el lddmsuiivinzay msvmuninemesuRunesunlszynd I udun s lfin
] ;1 ]
awsaudiyvnmdanududen 1dlunafiduas sunsainedimsmdweuniduszuy
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waranududeu saudeitarshiidse@niamundssgad1fduilgnieie1d msmdney
dmvilym LRP aansausneeniiy 2 uuamsfe (1) MsMIAIaBLLUL Exact Optimization
° . e . 4 & < = s ¥
Az (2) MINIAMIABULLY Heuristic Optimization #IM3 2 uuamauziijamunazyadoon
3 - ° .. . ° o dadeta &
HANAIAUAB N15MIRIMOUILY Exact Optimization 93 1dfmeulugilvewmadwinanga ¥
futludesadredualinandamanidmiunisudilgm Tasdsasdendie Mszeznaly
hd 4 A ' ] 1 = hod
msaanguanmieiigiivuialug d1uisn1snifimeunu Heuristic  Optimization
fmouii 1dezeylugivewadniilndiRvedunadninanga Tavsgldarlumsdmautoy
anies LA UM INIAIAB UL Exact Optimization
251 FEmimdmeunianga (Exact Optimization)
nsmIRne UMz aufigaidan1sin (Combinatorial Optimization) fiBN13
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o 1 : Q : ‘; i
mimasunangannmasmeuanuaiiiulaldvesilamr Dorigo and Stutzle (2004) Taof

:
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o ottt @ o w " o s .
fmeuiadgavesilgn endlugilunuvesdmeufideenisriuinfiqa (Maximization

o

Problem) #20d11%U Aosmsmid lsgaganseornilugiinuvessineufidesnisminilee

1o

b

#1qA (Minimization  problem) A708191¥1 Aean1smiAUNUAAIga Tgnidssian

o oot o

» + Ll
Combinatorial Optimization fiunsawylam I luilymlavadnd 33A14 unsudilguniv
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Iy Fq gien
s TlsunsunFaduns (Linear Programming: LP) iumsilseygnd 1435 ms

@ o ot oo w e o o v PP 9/ )
uf lailgmmsiaasminnnsitidnyazanuduiuivesdunlsang MnvadeuiiuuumFe
& A o = ; Y fa ol
Wuasananua Tasfigaysninoieudilymuazdadule I Iddvesfledduthmineidnga
o ¢ A4 o P Al =
Tuilvgtiuiiresnuaini 1 FlumsudilgmTdsunsuFuduass i¥od LINGO gnfinfdu
B t d
{auuSEN LINDO System iszimaamigewisn ndnmsiinvuves llsunsutioninsadsuy
- ¢ - @
aumsndamensvasdlgmldTasasmiodouluglwuaunisadamanssia il 18 ninidhy
aumszthonmaldweSududremssmuadunlsuazwisfiinesaeg Mneadosduilgm
»
2 4
nnmiudouaumsithwinouazaunsitou lvlugluuuvedddsunsy LINGO
JEnsuannanazd1inveuva (The Branch-and-Bound Algorithm) (435013
PR 3 e o et dy z - a
Aldndnmsvesnisdaneunisusaiy Iimsiidsznenlidin 2 dunsufe nisuanis
(Branching) Aonszurumsuiauvesilymiitvnalnaldduilymiden 2 fgumse
11PN A1UN1591AAWA Bounding) ABNTZLIUNITHIAIUOLYAEN (Lower Bound) U84
o ot ™ [ As 1Y ¥ 4 a = -
fmaounangad mivilgmdesnimuald lussnindunsuvesnisuania sziimsunun
4 9 rdaw - S a
Hgmusududruravesilyminififidnuazdeil edrusnilymduduzgruaneeniilu
¥ ﬂ‘ L) l; r W Q’I H ] £
wawilymidesh liifaduswuiu uazlimsusensdivanuaiidiu 14 ediiaesilywides
e ﬂ | a A o Y ' ¥ : L
marilvzilunsdinilvedlgnuauimdmenldudrnediu qganioilgmideumariiesd
wnadnaiilanudy
a3 Tulsunsuuulauniin (Dynamic Programming) (Hu3smamsiiianga
v L & AQ b ¥ 1 'U
Tassisnguussgaioriifinsaniaduniesndiu 2 nqu fe nguiidadumialiluduas
i o M Y v = {1 > 4 o4
aquid lilddadume mimfufvsaidunsiidiqgaynasifidenyarouniisgala
a 1 A Ao 3
funguuesgaouiidadunisluds
252 IEmIniRinevuyudiiafn (Heuristic Optimization)
#3aantuitmsdumnamavvesilymmeldszoznaiminsan ez i
e @ 5 4 $ -] a'/ R I T ‘g A e
Faudarudou lunndouleiidmua Taena 13585 a@ngnafreduanune 14lunsuidiaey
4 4 0’: e 6’: ADogen £ - 4 -d o A 1
vosaazilgrunniu Aniudtasadniicunsomimaeudimiuilguimiedaluanse
-] o é b ﬂ’l’ o = : o & S
il ldmidmenvesdnilyninila1d uennniiluvensilyminisdadulenmasfinsan
4 ¥
agriven himwsadoufeglugiluuudraemndamansld sz Iilgmuiuiidaunls

-~ A d‘d o k4 o U e e a;m B = g
wazidou lvlunisdadulsftiinnududeunin dred19veadsdsadnniouldluaudse

LA -, - “,
Tavadnd v 33 Saving, 7 Matching Based, 3% Nearest Insertion, 7% Nearest Neighbor i18g 38
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Local Search 1iiudu daviuitg3aantegnitannldinaubandu saadwasiilse@ninm
ynBedu Bonth w83 aRn (Meta-Heuristic)

Blum C. and Roli A. (2003) WWagtndnmiiiiesduvesmdidsadnlih a)
widsaaniiszdionstlunsdumdineuiianieluwavesdrmeuiilu1l1g @
wihdsaRndyalszaediommeeuiiiiqaniesneufilndifuiiatiqa melussoznmi
mngey (3) Snudidasarneninuuusudeunas lududeu wu 33 Tanen 39 (Local
Search), 3852U1LA (Ant System), 35A1SNIAUFATTU (Genetic Algorithm), F5AUNIABIR L
(Tabu Search) 1A 33130 UHULNITBUSOU (Simulated Annealing) (HudY (4) WA1FFaRAne1
tf‘iﬂmnmss1msa1nnaw’i%mﬂﬁﬂiﬁeﬁumﬁmauﬁﬁﬁqm1v'luv‘%uﬁﬁmau?;ﬁ‘lu‘1ﬂ"l¢’f (5)
wiEsaAnisafudussuiutiveundamnsoiunlan lus oz Boadorn 9 e
azilan (6) mﬁ'ﬁ'ﬁaﬁnmqﬂ?xmﬂﬁmﬂi’f’mmﬁ1§'uﬂ'snmmfu luniseadidinoudy
e lmsdumdmon Lid i@y ’

1BAVING Blum C. and Roli A. (2003) & ldiruemsutiaudaBaans
6 ssianasii (1) wddaAnfiFavInuseiumalennsssuna Rus 3551uNa (Ant
System), 35A1INIARUENTTY (Genetic  Algorithm), ITNITRGUUVUNITOVBOY (Simulated
Annealing) #a£33M31MEAqUsEYINTULL PSO (Particle Swarm Optimization) (Hudu (2)
wag S annii 1 18iRasnusatuataleninsssued 18un 33msdunideaiie (Tabu
Search) (fudu 3) WS adnuuuldszmnsdeluniliseuvesnisdumsineussé
fmeunnnimitaminenT¥iden wu S33zuuun (Ant System), TEA1INIIRUEATIN (Genetic
Algorithm), 35n1500NULY (Memetic Algorithm) Lz IBAsIMIzAgUIIzFINTULL PSO
(Particle Swarm Optimization) (@ (4) widrSadnuuulildalszans Aelunilssouves
mIgumidiaouse 1dfmeuasnufsanilamiasuminiy wu Emsdeunuumssusen
(Simulated Anncaling), 35M3AUMIABa (Tabu Search) uazTimstumluiufidinoud
Sl R uuuaud (Iterated Local Search) 15lud (5) wéd s adnuuuaumsithmnened
aolunitasouvesmssnnassumsnlouaunsdhmne deliifasiaeulviq iRadu
(%U 3% Guided Local Search (iludu (6) g Sadnuunlifimalasuaumsdimue Wy
I552UUNA (Ant System), IBNITNNAUGNTIY (Genetic  Algorithm), IDAITIDOUULUMNS

91U80U (Simulated Annealing) 1182 I5A15ABALULY (Memetic Algorithm) Hudu
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2.6 MITIABINGANTIUNTHIOINITVOING

¥ [
mstamgAnssumsmemsvesvaiiutunoudti lduuafamnnwganssy
4 a 9y ¥ 'y ¥ o '
AITUIBIMITYBINA 9 Beckers et al. (1992) TeFine IiNuaszAumudunmedungasgniig
b d v
unasemiInuia lumadumsllpdusenhaunatemsduds uasenandngunGond
-4 4 o~ - o i
W15 Tuu (Pheromone) uuiu disfimsdaduludenmuduuanszidondunaniiiisTuu
} A t 4
HuWUANd1 Yunouds ACO gaunaueniwsnlag Dorigo et al. (1996) Tauyn
b3 o = z 4 1 “red
MMIAnYINI1aeIMgANTIUNINIOMITYOINATUIIT 8N FTTT VLA (Ant System: AS)
A o o’/ A ° o ¥ hd LI 4
FamanamTaoialilfe Sudumsiamesiinsfmuasseduil s TuuIdvduyaduma
i oA Ve 4 o a1
Tasfissuduiludidg Amils h > 0) wayndnzadwamaslasnmsiivdulsznel
~ 1 ~ L] A 1 T 1
wh ez du luzduouvesmadumedim lamdwsouaoszninTnua daulszneu
o 4 - ' P o & ~ a
dalufiszgaiudr liliffudumilsvesnamanlu As w2 1¥ngulfouaous Gevzlimaiines
deayfidoal99ulumsfe1sanAo A1 Pheromone 1az Heuristic Information 15U Tunsdins
] a w ' = o
udtloymy Tsp A Ts TuudeeduseduM s Tuusgndadios 2 dies Faldmnnmslfulys
A 15 Tuuninas e luseudfirua @9y Heuristic Information ARBszuzNTz il
2 dleanaziiouannda 18adnamanadeauysaiudfoziinsdFuljeail T Tuu Taodl
y ¥ ] b4
Tqilszasdmomua il ls Tuuifududszneuveswamasfinuiiguamd sinmiufieed
¥ 3 * x
msmseumsnidunsziadonlafisimualdngs uilegpiudioms aco 1dsuanu
) Ed
touiuediannluniiindSouaz ladaduimnnitnisuedudeiies Auiuleaga/itmsia
1 4
AoumgAnssunisniemIvesuaoenld 5 Luudsil
2.6.1 IBszunuA (Ant System: AS)
o z -y o 3
TRgminaueiiuniusnluil a.n. 1991 Tagldgniadunazianniulae
R A A - o oM ar . .
Marco Dorigo tazAniz FaMvTwdssuuumaniiog 3 nuuaufiufie Ant-density, Ant-quantity
L4
Uag Ant-cycle AMUAIAY 55UV Ant-density 102IFILUY Ant-quantity UU viimsdwan
= G4 1) 3:; =y é bl 'Q o’:
a1 15 TuuAufvasniduniann Inuanita lddadealag vaei3552uy Ant-cycle Wue
swana13 i s Tuundannfivaduninsuyadiowds TaeidTuavesasW s Tuudiee
[ oy; J tar o 1 X ¥ 1 sz; i3 N -~ -
gnianiu Auegiudaiidauseninmneiidessuzn e (Distance) nToRUAMYBINARALT 14
. i i - R - . dy 1 o
(Quality solution) MeNgANAIITTZUY Ant-density 1az3IB52UY Ant-quantity 71Ty 1ATuns
WviljanazWannde ldn tiesnniidsz@niamlunrsmnamasnIaduniudniuile
- P v & o A v S48 an o
MoUfuI32UY Ant-cycle Aaruluilvgiiu ienadeszuuuANABIBI2UY Ant-cycle WUl

Dorigo and Stutzle (2004)
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2.6.2 IB3TUUNANANYA (Elitist Ant System: ES)
TrsrunuaianqaIRanMsRaLT AS Wilszaninmaay Gonniaian
41 Etitist Strategy vnavedunfusaludl 1992 Tag Dorigo (1992) MG udue
miloufu As udssRuduludanvemsifumiaiqavesdazs0uN13A I (Best so far
tour) (ieA15LHNT09306W 3 111y (Update pheromone trail) Tﬂﬂ%zuﬁuﬁﬁﬁﬁqmmsanmi
srnfinidwdrsnenil s Tuy Fuduneidudiainga sefusuad TsTuuuinnds
dumsituasuiladaly |
2.6.3 ’iﬁsz‘uuummuﬁmumauwmq«qﬂ&hqﬂ {Max-Min Ant System: MMAS)
I szULLALULATHUAYBUIATIgA-A1qA Qﬂﬁuﬁumi’!uﬂ%ausn“luﬂ 1997
1A Stutzle and Hoos (1997) &l uaue IéWann3s MMAS 1191035 As TaoldWann 4 ed1e
dufudail (1) Amuat19v09m3s 199 15 TuuSudu (nitial pheromone) fivinnleTasAmua
¥ [Tagaxs Tuin] Hindadnvesninitezdluves pjdmsumsidendes j vmsﬁmagﬁ
doai Fafu [Prax: Puin] = 0 < Pmin = Pij = Pmax =1 2 fmuamis idamilIsTuu
G Ty = Tmgx @) 1¥ngnisnlfounaiug (State Transition Rule) (4) ngnisyfunliou
i TsTuu (Pheromone Trial Update Rule)
2.6.4 B3TVVNAUVVIGE981AY (Rank-Base Ant System: RBS)
’i‘ﬁs:uuuﬂuum‘%‘mé1&’n'lv"1'qr1ﬁ’uﬂumﬂuﬂ?«usniﬂﬂ Bullnheimer et al.
(1999) né’nms1'ﬁ"mé‘fuﬁamsmgmm"lﬁnﬂmmsﬂﬂdﬂUWTsTnu'lﬁ'mnni'x 1 falunitesey
M3 msGmﬁ’;ﬁ'unﬂiusm'a::san“lﬁfs'ma"'lﬁ'mamﬂﬁﬁnaz*ma's'mf%uﬁqw
2.6.5 B3zvUUeI1aNIiANUA (Ant Colony System: ACS)
3%sxu‘umm1ﬁﬂnnﬂgﬂﬁ§'m'fumtﬁaﬂsﬁ“uﬂ§aﬂszﬁﬂ‘fs‘mwmEN AS Tagns
ﬂ%’uﬂiaﬂ%f:ﬁhemnnﬂﬂ%Eﬁiphumna’nﬁa msﬂ%’nﬂ;m&f‘lﬂﬁ’aéuuﬁugmvm AS Bn
ae'll Feadrnalamsiion Indiderdudsy@niammstinu Acs gnﬁuauaﬂ%usﬂm
Dorigo and Gambardell (1996) HANMUANAIIIN AS aundnms g fail () ldngns
wldouanuz (State Transiton Rule) (2) ngnisdiunl@ousSana® 15 Tuu (Pheromone Trial
Update Rule) (3) tiisuanndradradunisdusunsumuauda ssinisiiuSunails Tuy
1ﬁs1ﬁzﬁuw1aﬁﬁﬁq¢uﬁ1€u wedumsnaiudumaiulfisusai nsilszyndldmssiasa

wpAnssumMsmemsvevaieudilaniininssuannsoagd 1dasluased 2.1
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tym W3S 35m3

Traveling Salesman Problem Dorigo et al. (1991) AS
Colomi et al. (1994) AS
Dorigo and Gamardella (1997) | AS
Dorigo and Gamardella (1997) | ACS
Stutzle and Hoos (2000) MMAS
Randall and Lewis (2002) ACS
Craus and Rudeanu (2004) ACO
Craus and Rudeanu (2004) ACO
Delisle et al. (2005) ACS
Delisle et al, (2005) ACS
Lv et al. (2006) MMAS, ACS
Bai et al. (2009) MMAS
Tsutsui and Fujimoto (2010) cAS
Lietal. (2010) ACO
Fuetal. (2010) MMAS

Vehicle Routing Problem Bullnheimer et al. (1997) AS
Rizzoli et al. (2002) ACS
Bianchi et al. (2004) ACS
Wade and Salhi (2004) AS
Doerner et al. (2004) AS
Doerner et al. (2005) D-Ant

‘ Doerner ¢t al. (2006) D-Ant

Assignment Problem Gambardella et al. (1999) ACO
Stutzle and Hoos (2000) MMAS

Quadratic Assignment Problem Talbi et al. (2001) ANTabu
Tsutsui (2007) cAS
Tsutsui (2008) cAS
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2.7 OWIdeNINEIUeY (Literature Review)

as s/ w “ a

wennna3SefiRuadesiu LRP  udansinmauisefifedeotuilaming
@onaauiidaasSadumantsvudeludnuas sufifoadu Lre famnsalfuuafalums
udtlam 1adluediafiudu

Balakrishnan at el. (1987) nénhﬂtynmmﬁaﬂﬁmuﬁﬁy’quﬁs%ﬂtﬁ’umamﬁmdq
msﬁiJzé’umé‘maumﬂﬂmnw5‘1?’\'@61@11538?1%1%'sz’fﬂtgmTﬂw‘}'am fu Tao'lide s
uenilymiesnviniu u‘fm'umﬁwﬂmm*ﬁﬁmmﬁ’uﬁ’uﬁdﬂﬁuuazﬁwa‘lﬂmswiaﬂ‘mauqgﬁ'w
sufudesysuimsitmmdmeudidaefu den Laporte  (1992) tiauemsian
Lmui}"me»mNﬂa‘iﬂmmi"ﬁ"m%”suﬂtgnnﬁanﬂmuﬁféfquaﬁmf’fwwautquf!uvimusﬂ
msudtlamlugaedu I@mudtnsudilymuuufumdneviiaiiga wu Smsusugd
myaadulauuvduld (Decision Thee), 7% Branch and Bound algorithm, BT Gomory Cut {10g
35 Graph Transformation wagluunanudenanduenszdunnuddavesilynieonilu
2 ilgyn Ao flynmdn (Master Problem) tazileyn1509 (Sub Problem) ilgninisidensaaiu
fidagninogluilynmanTasl#38 Tree Scarch Algorithm n&ein&dmeuiatavuennda
wwuddgmisesdeiude Yyminmstadunensvudalaeld33nsudilynid1097 Branch
and Bound ﬁmauﬁ'lé’mn‘i%msf‘iﬂuﬁmeuﬁ%‘ﬁqﬂ (Optimal Solution) #@3EN1IAINAITI
fosrvaludruvinavesilgmBsvavesilgmiduilymvinadngnd lifiv 40 s

Nagy and Salhi (1996) naue3i8 5 aanmeudilymidesiiavesuuailaynm Ta
e saanihunififhuiinslszinumauigafeenilunguq Fond1 “Cluster-Based” Tu
nssaassgnintifuguinszandutuasduneusenmiusaiiuntsatradunisdeis
Clarke and Wright Saving Heuristic 80 3 /#0111 Tuzun and Burke (1999) l81inausifims
Aumdoari (Tabu Search) wunaeunmieldlumsudigminisidonaaufiduassa
Wumamsvudaiiivinavesilyn 200 gafilasnSouisudneuilduazinmitldfuss
Fa3adnuuy Saving Feraii 1815 ng IS dumdesi feenuuuinldfmevianias
Saving ua 191 lumssusinnah

Wa et al. 2002) IszyfagtivuvesiuuuadamanivesilgiinTasia e
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Usznevl&ae Swavaauiids anudeams@ufiveagndt S e uiidavesgaiiies
§Q§u6ﬂ5$ﬂ1tjﬁuﬁ1 ARBATNTTIALAT V1YW IMUE éq%y‘amﬁﬁwmmmum?a
fmuald daumsnawunisnssnefufuazfadunamsvudaiuzdedldsums
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.& g s [ f 13 * g 4 LY 1 &
Taruwimuzniliusdiaiueu awdsnts laesuluudasidumezasaisunimie
4 y ] -
mvuamguessumnuzii s useunuo i T hudumaiug uosudasidumassfeasu
P = o { o S/
wazsudfiguinszowdudifeaiu awilfeenuuuli wu et al 1Adiniananeldas
HEUHATUITEHIIITNMIAUNIABIN Y (Tabu Search) AUATMTIREWLVLNITBUBEY (Simulated
1 y ¥ ' o
Annealing) teufilgmnisidenaamnduazsaduniemsvuds Taoutimsiaueeniiu
. ¥
asavlafio (1) Waveamadenaaiuiidy @) avesmssadumansvude udainms
o H] H ° a N 4 H
nSeufvusimoui Iduaziari 14 lun1sfuanfuauves Perl and Daskin (1985) Falduia
maudilgmeenifiuaa namsmaaswuniims@osunuumssuseuanseif e
' g = o
7AN13F Saving Method tazdaldnailumssuisniesndnduiiesnniinsanduneulu
MSAIUIUAININAY
Jitimar (2003) 11@U83TNIYBY Ant Colony Optimization (ACO) TunsuAilamn
A ::13 -4 s A 9 A o
m3denaouiialssnundafnadinmonyagns e ldlumsudlgvinduninyagnsfu
b4 ¥
wagurumsudtymil MWiamsuidlgmeendiu 2 Tynife Tymanundilssnuuas
fynimstaduntadmivonmuzvuds uaz143% aco  dunTesilelunisudilan
- 4 o v oA - v
Awsadnzimaumii Issnusdadinmuaz 19ssosmemsvudaiimng e
o e o ey o a
qwsTa qaaud uazauiid Fupesd 2549) 18lszgnditaisnimaoulaeis
y ¥
8ano3INMTINUGATIY (Genetic algorithm: GA) dmiuilgninsdadulufonaniuiias
I'4 ooy ar A ¥ ¥ ar o o g st -
guinszaduduasmsnaengni ldfiuguinszneduduuuauganinudesnisdui
] ¥ »
wuhEsaaninenntumansodunmadwinnilam i@ lusedunumele duluilaymn
o bl L3 § { 1 llg 1
yuavesgndliifiu 20 310 sznuwadniiilusmmeuniaige uad lymitivuialngduan
3 o a J o o s ~ dw o - :a'
wesiruaanuAanmIaIzLINYUMNBIRY sTAUWITIImesAIduTiTunIsezldounlasly
v 4 R |
anavesilgnuaziing Tasasstunaii igdssuanaiuuniiy
. - d‘ at 54
Nagy and Sathi (2007) Tdaqilgtuvuvesilgimsifenaauiiuazsadumams
yudsvessummuy Taouiseemilungug awTnssadrsvesilym vilavesdeoya ¥ram
a P S @ o ]
Tunisaunu Emsildlunisudfigur Asdduiaguszeaed S1uruguinszaodud
T4
Tnssadravoudunie aaq gAnurdseilgiudrvuinezeglugluunvesnmsmndsves

1 e ) 4

o - § o o ° A @
guinsznwduduneiissdadud lddignfdiuiunils Taslidnyazvesdoyadunuy
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amestfiadnuazdiuing ez 1935 nsuundsadnlumsudiant ludiuvediiang
uAtly Iy UN1anse (Bxact Method) sziidodiialuFesvesvuinvesilyut Tasawmise

ufilyyn1A783% Exact Method ssmunzfudgminifivunadaniefidiuaugndtliiu 40 31
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ﬁ’qi‘i”ﬁ%@ﬁﬂﬁﬂ%’qgnﬁmﬂ%”lummﬁﬂtyw1°7"|ﬁwm’lnq,h‘fuuazﬁmwﬁwﬁ’auu'mi‘fu Tao
"i?i‘ﬁa%ﬁﬂﬁm%"nﬂmlﬁ'ﬂtyn1ﬂmﬁaﬂffmuﬁ¢°¥mﬂzmsiTm%f'umqmwuﬂ'wmmuwmux
annsausi @iy 4 3Fmandng e (1) mmf’fﬂq;munuﬁm"mfu (Sequential methods) 111u
FEnsuddaymanesisznovvesilym Famnsdimssauonilymvinalngesndiy
HywnadanieTauitaluiGenffiud “Cluster first and route second” e“ﬁaﬁé‘is‘i’uﬁmuﬁ'wf‘;
8YMAINIUA LN 15U Webb (1968), Watson-Gandy and Dohrn (1973), Christofides and Elilon
(1979), Balakrishan et al. (1987) 48 Sttivastava and Benton (1990) Huauemi 1438 Sequential
Solution ﬁumsuﬁﬂﬂgmamuﬁé«qué’nsxmuﬁuﬁ'mazms%ﬂlﬁ'umaﬁm%'umnu:wdm )
nsudlamauuuiandy (Cluster-based method) 14 1wad 1 Huwavesgniifuguinszang
Futiignidenidaduiiuay erfondnmsuisnguuinndnmsiieushnlndfios (Nearest
Neighborhood Search) (@i 2 szttanguiavinead 1 seniluduwaing fewagndiign
AmuandedenTilimmuzudiudumadaiu dennifufssimsudilynudazngu
(¥ F8N15909 Clustering-based ziidnvazad1oadanuiT Sequential Methods fieluiinig
fonawadnieundulunsudilgmissninassilymies@meuii o nilamusnez i
gt 9 suilgmiiaes sxgudasilgnniues, () maudlgminuuring (erative
method) Huitmsudlymuuunisuondesilgmvualugeenduilamvuadn Jaym
ﬁmuﬁ&gué’nszmuﬁuﬁmaz’ﬂmn1ms§'mﬁumqf‘hu%’umnuwudqfrﬂsuoﬂﬂfym
senifiu 2 Teymoes Mnufi3imsves terative widTlymiiazilym Sedrmeuildun
Fuaouusn srdmadensudayniveunadua fay Qﬂf‘f'\ﬁ'ﬁg*\mqﬂ'lmﬁi]mn15f‘1"n53§ms
ufilayn 12035404 Iterative vef09ns1WI1g9a Inuthafivsdoadon Tuafusznhamausndiy
wedun Lﬁﬂémﬁm&ﬂﬁﬁ%u‘lunm soUNTEI9 uag (4) msudilginuuglsadn
(Hierarchical method) 833 n15vesd3aani 19 umsudamuuudrdusdu wu msudilyn
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Planar LRP Iterative Salhi and Nagy (in review) Tiszy 199

Sodsoon and Sindhuchao (2007) (@UBMALANT uf’i'ﬂtgms%"w Max-Min ant System
fuilgmiquinszneduiitinatuds Taodudi ldeilufudeiadeuasgnsaanm
Al mm‘fuﬁmﬁmtf’funwaudaﬁﬁ""uﬁqﬂmnwmuznnﬁu ifumu‘lumsuﬁﬂagmuﬁa
poniifudesssuziie svuzdinilald Max-Min ant System HudSnserdrafneududu 1o
yoauanhifu wuguinsznedud Fuwaudozdadnlsehiiguinsznsfufudazura
wdrihmsnyuioulfuaudordniimsiden Tnuagnd1lut® (Candidate Lisy teadns
dumanmuzsudanzimuagnd ifgudnssnedui lundewn fu ssesiiaesiie iims
Usinlzanunminoudo3s 2-opt wuhdhireudieghunasifiviinelouaz 19aed1s
mngeulumssauninaman

awsia gaauSunsay (2550) 131mua?‘ﬁ‘mmﬁﬂnmuazsi”umaumsﬂ%'uﬂgq
qunmineudsnisadunloudumis Swap), n13810 (Move), 2-opt az 3-opt uAilgym
amuﬁgagmt‘fﬂsmwﬁuﬁ'muunmvuﬁaua::ms%’m&’umqmwuda (Multi Depot Vehicle

Routing Problem: MDVRP) 1agviimsnageunuilyni9vin OR-Library Wuh3dn1sinaue



29

'3 4 o - 1 ¥
Tdmeulunmswifinlesidudnnufanainegsznine 0.00%743% uazldiarlums
AumsmeustamINz ey

1 ¥
Luarent et al. (2009) lédvimsnaaeslditmsdumdmeummiznuuuiugny
b 14 1 3 A 4 o
Tymidardunnisvuduuuvatsurasnszssiedum ¥ lalinsnfoudounamash 1aduy
o LoV et 1 4 ¥ v Qcy A ' . .
ganesuuuIEnsAumdssiuuns 3N 19039819 19U Column Generation 1A Lagrangian
. o T el 9 L3 - : 94 o 9 +
Relaxation Tagraf lanua13EmsAumidmeumwizituuaugiigna lumsdnaniosnids
{ 1 > < { ¥ e g 3
wazesalinamasiiuandenindineuiianiga isuiRuINURY Houda et al. (2010) 1Aiin1s
= o = R ) b 4 P ) :’ o et ¥ ¥ td o v
nlSsufisudanes invesdimsfunuswignuuuaudifuisnisdumdssindmsuilym
. ¥ ]
msdenaaiunaanazaldunianissuds vadsing3insfumsmeumwizianse
14 A 4 ¥
Wramashdnnlasldanlunsdunedumngay
o & ar o o o 9 & ° et g o e oo
NN HUNTUT 9 uazseAnus Uang a (2553) WuaueIiniswaidsaan ey
P ¢ 4 o s 1Y &4 - : : &
Aaunuuesgasiuuilsdmiuilgminsdenanuidsuuunatsiunsutaznaivilou v
Taulidouly 3 dszmsde (1) dealddunulunsdutiuvnsuazduyulunsvudalesiiqe
94 ¥ A v 3/ P L - | § 1 @
@) AosdnansznudeduradoutiosNga uaz (3) AsalinNuiesnoUFUSUAAIINNTS
[ 4 ~ 1 et 3 L4 o ¥ A '
afrulssuuaznisvuduleosiiga vansfnywu 135 funuumesgadunls Tnsadei
Fudounaz inamasfiveusuldiofiousumsudilyni Taslfsewiinsduiegl LINGO
r ¥
asludrlgmimsidenaaiuiduazSaduninsvuddinisdnyfuedie

] @ o/ J L) A s ey o 9/
unsnatsuazauuenilymludnyazaieg snnawgduvuddrilymisinnududoulu

o o o { ) o + ] -,
szAudufigIsa (NP-Hard) uuamisitlgdmsumsudilynaiiog 2 dszinningiq fie 35a15m
f1AOUNANGA (Exact Optimization) HAZNINIRIAOUAWITNISULUEIT AN (Heuristic

3 [] ]
Optimization) asuNinINY IdWaITETaRnuusuRazd s adni IdTumswauriive
1 4
Fonlugalmifin wddSadn (Meta-Heuristic) faniIFdanarnez li'ldsulszdune: I
-] ﬂ! { \ o $ ] L
fpeufimnzauiiqa uafawisaldmmeufiwels Tasldnar lunsdnnumumaauna
el minzafsnihdsuddsaanivannnldiumamalunsudilyminisdenaniu

¥
ar

- Y A A Y o @
fraasTadumansvudyieissannsadansiuilym idudemanisel



Uni 3

FEmsautiumaIoe

g i e & s & a4 a S aw =
Tuunilsgnandeduneulunisaniiuauite FszeFurdwddoyansdifnun
nmﬁaﬂﬁmuﬁ&?«mz%’mﬁuvmmwudqﬁm%’nqmmnﬂssun1sn8ﬂm’]aﬁuﬁ1ﬂzﬂﬁ'\ﬂumﬂ
azTussnioamile uuusiasanundamans szuuetaniinuua Tassadavedisszuy
mmﬁﬂnnﬂf?mﬁ"umiLLﬁﬂt};ﬂmmﬁanﬁmuﬁg\mas§’mf’r'umaf?m%”nmuwmuz s7uda

doyaswazdvavesnauiiuaesuas Tilsunsuilflumsilszanana

3.1 YHABUNIANHUIIY

¥

¥ ]
Juaoumsauiuamlumsudilgmmsifenaniufiduaz faduniamsvuds

Taoilsaz@uananInm 3.1

¥ w4 ot Y -
smsmwgamnmsfmnumswu
- e o o
ua:ﬁnm»nunumﬂmsfm

v
-~ rd
wiumununendineaad
v

¢ aa 4
eonuyusanes e ¥ unsudilym

!

e s '
wounaznamey lsunsunenfunei
o
lszyadlddonmn

dmiuilyw vRP
s v o %
i ideglussaunisensuld
& .
diadioudy Lingo

s z
apluanisdisunsi sulSomaaunoue
¥
nounsdaiigdidsinedinug

1 ¥
MAA 3.1 $rutuaeumIa vy



31

o] ok - AS o LY o ) &
32 ﬂﬁamnu1mﬁmanamunmuﬁsﬁmé‘unNm'nmmmwmqﬂarmﬂssumswanuﬂwu

5 o ar =) i)
aulz'nae“lumﬂwz'maamﬁmmua

doyansdinnuii ldluanifelsznouday

321 deyaundaTaqduliun deyavesarududidenddluivania
az TueoniRsunilovesdlsuma InensansidivuTssnudunsugaamnssudandalidu
504 T334 (manun n) e I dwrenismramenazfise 18 1dduaiiugadieds fai

(4

msswTssnunaseglusmia dune uazduaderdu 1lugadeBadeaiu Tassinissu
s 8 ¥ e J n’;’ Y =a g i o & o
Fununyudeudsilves Tssamaniu B3 lugadededroguiu dohmasmlsanua
wamnsnaud i idlisumisveumasingausiuau 261 uvs dAmduanuaunselums

flouTagdu Idiu Tssnuutladiudlendavemasiagauusazur st namnindunisi 3.1

Aunumpudiou (um /i)

awansalunntleudagiu (fu/H) = (3.1)

365« rmuwiniumn (1m /&)

Tassniaiuaamiity 2.58 umasd lanfy 31981 : swamaaumssidum
inyasdiy sumsudalszmd insduinnunaaz Tuesniuumiie, nouniny 2554)
3.2.2 Yoyagafldun foyaveslssamilfudlaiudnlzndduiiuiagauiuns

ey

naaduMnvanziioulssaudunsugaamnassusandalidiuau 29 Tseau (makuan v)
& b4 1 <t o @ t W = P o’; i o “ o
welfiilumiin@uvidufuundaiagiy ToimssuTssnuiidegludima sune uas
° @ a . | o @ v ° s
davadriu Blugaddadordu diehmssaudai diidumisvesgadidmon 22 uva
¥

3.2.3 deyasseznuszningnmivunasiagaunanue anudesnisveignii
uazavannsalumstlouingAvvesansiu (manuan )

3.2.4 anuannsalumsussyn@udvessoussynlifu 15 Audedu

1 T ¥
32,5 doyalsaanutlaiudilzndaiszdiimanidmiaiiae isrdenswia il

i 300 auntlsdeTunie 1945agau (iauiuaa) Taidiu 900 Auredu



32

4 = é
3.3 B INIINMIAMITAT

[ 4
ar o ) o8 o a1 =4
danyazvsuuuhasmuadamansianuuzusdilgmaielili
¥
g P o et o [ i
3.3.1 uuudoemmuadamans idiuuuudiassweilgmmsiadumensuuds
] + ¥
dmFvgaamassuutluiudnlznds TasinsudwmisidsvesTssnuudlaiudnlends
¥ ¥ A o a9 1 o e » W = & @ 1
agquanffissinsdeduim uagnguanniuies liuiagdu dedeyadenandeinnism
fmouAudanos Nufiveniuy
332 anudeanisufhaiudilendavesgndudaz seezgauiisesniiuTnua
AMUABINTT (Demand Node) Ma1we) Inua Tasfismau Inuanimdesnisvesgniiudas sy
L. g { H 5 \ ¥ 3 L hod g ¢=§
wimduswauadisovududums hldadlaiudnlendaitdugndisiniu dmswlden
b4 b d o s A 9t
amsudilymidledanesnuneonuuu 13
o = o “ 4 £
333 lumsahaupusiasanendamani ssauuadi Tnuannudsimsnile
-~ 9 & & o Y a [ @ -5 a 1
Tnuafie InuavesgndmilanedalinnudesmsutlaiudlenduiifudSnaiisovuds
a . 4 4 - & v  as d
wumalddadnlumoniu Fammulfnail ldnnmsudilymddansiiuhesnuuu 13
3.3.4 dSinaniaiufiowiuudazuvatieg segautieeanifiu Tnunsiiy (Supply
] L A
Node) a9 Inua lasfidruiu Tvuariniuvesauiuunazudsszinuduaunifise
M fd @ o o i a z A o =5 A
yudadune llfuiaiuRasiniy s ldnnmsudilgmidsdanedinfieenuuu 13
¥ o = 4 - ot W o <&
335 lumsadawuiassnnndamand szauudn InuaiaiuniaTvuade
v A A oaa v o e s d L A v 4 o 4
TruaamuiuniisudadadylsuaiaiumidudSnaisovudaaunialdSulufeniu &
¥ 1
nuSnaildnnmsudilyguidsdaneifuneonuund

33.6 mssadunnamsvuds sovudiszdesuduniahldedudriddugnda

f
a o

1 13 »
wnseisdudiussgn hluusovudaiunuaas sovudsSzawisaduma lUfuiagaui
o 3/
anaiu'la
o q‘/’ Asl Y 1w t q’:’ 9 -! 1
337 dudniimuanasahlidfigndudazsniussdesussyniusavudann
v
Tsemutlaiudilzndavini
18 o A = 9 o 1 . . 4 o @ as
33.8 luiidedmuaisourn1ndesu-a9 (No Time Windows) H38818UAOUNES
Tumsfu-dedum
33.9 wusavudufisanoremsvuaduaveuassovudaianueuisalums

ussnndumlulSuahiviiu



33

33.10 e TssnuBends@uignisolalusuiudesdeifnsuauna
#eantzvesgnimeiy Tavdufitda i gadrfunimuasdeanfulFunmi
T5991uKan

33.11de Tsaauidenfuiatuvinaufulaliduiludesfuldasuan
anwasefawiud i s 14 Tﬂakwmw%’u’fﬁzqﬁm']ﬂmuﬁumuﬁu?‘?wuﬂ

wnuSunavuamsnasves Iseay

3.3.1 d¥il (Indices)

i,j dunudrduvesTnua Taosnlseamesii i, j=1
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Q oFf & 4
k Humudduvessadion k = 1,2, ..., K

3.3.2 unlsAnsua (Parameter)

w i Tnuananua

M iwaves TnuagnAiigniden (Demand Node)
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3.3.4 WantuTngiszaen (Objective Function)

win= Y'Y i - (3.2)

ieS jeS k=1

3.3.5 aumMIvesIna (Constraints)

. ,
Z Z Xije =1 YjeMun (3.3)

{eS k=1
K
Z Z Xipe =1 Viemun (3.4)
JES k=1
Xy <1
; ik VYi=12,.K (3.5)
X <1
; Hk Yi=12,.K (3.6)
; v i€s T Vjes.k=1,2,...,K : 3.7
D. Z X ik < Q
iZM ; 3 N Vi=12,..K (3.8
{GZN l Jes 7 vk:l,?.,...,f( 3.9
Xijie =0 VieN jeMk=12,..K (3.10)
X <1
wZM};r N Vik=12,.K (.11)
Xigw = 0 Viesk=12,.K (3.12)
w - B)Xf‘:" +W - DX +Up = Uj + Ww-2) Vi jeMUN;i#j k=1,2,..K (3.13)
Kije = 013 Vies,jesk=1.2,..K (3.149)
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Lt(i) = (1 - Lp) (L=(D)) (3.28)
Lr()) = (1 - Lp) (Lx()) + Lg (3.29)
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. AT 4.2 szoznawEzHan IdInmMImAaeudeTlsunsy Lingo N3l 7
N M9 4.10 HadnEi IdnnslseunadaeTalsunsy Lingo n3din 7
. No Routes Sum_H (ton) | Sum_D (ton) | Distance (km.)
1 | 40-13-163-38-40 13.856 15 769.369
2 | 40-153-165-90-76-84-112-40 14.934 0 1111.44
3| 40-13-113-40 15 15 731.926
4 40-13-129-114-145-155-132-78-199-98-40 14.734 15 1451.85
5 | 40-13-113-111-146-162-159-160-40 14.966 15 845.177
Total_sum 180 60 4909.76
M3 4.11 ﬂaﬁwﬁﬁ‘lﬁ%jﬂﬁ'ﬁﬂﬂ?ﬁuﬁaammu 37
No Routes Sum_H (ton) | Sum_D {ton) | Distance (knv)
1| 40-13-113-40 15 15 731.926
2| 40-13-113-111-114-145-146-153-155-199-98-40 14.994 15 1387.91
. 3| 40-13-129-78-76-90-84-165-132-40 14.986 15 981.297
‘ 4 | 40-13-112-162-163-159-160-40 14.973 15 781.144
- 5 | 40-38-40 13.537 0 29.064
Total_sum 180 180 3911.34
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Solution

Number of Vehicle = 62
Beat Distance = 26082.5
Runtime = 9026.44 Second
Open Factory = 30

Best Routes:

111

Routes Sum H Sum D Distance
30-3-60-59-62-61-55-271-269-266-97~96~53-30 13.306 15 791.308
30-3-91-100-103-101-102-104-99~-105-125-163-159~-30 14.764 15 $90.701
30-3-52-56-54~-57-270-211-212-267-264-265-107-108-92~
67-66-79-75-72-71-74-166-170-168-181-30 14.06 5 1284.87
30-3-180-176-174-183-123-121-120-119~122-182-184-177~
178-179-241-235-240-30 13.22 15 1151.5
30-3-205-203-248-254-204-251-252-253-29-25-24-30 14.912 15 814.851
gg—3~171~169—142—140—162-161—128-125-127-115-124-1?2— 14.305 15 1010.61
30-3-244-237-242-30 14.83 15 703.793
30-3-86-229-197-196-200-195-187-185-189-190-188-186~
191-193-194-192-198-199-230-227-274-260-262-268-206-30 14.977 15 1533.15
30-3-106-70-68-69-164-137-46-30 15 18 971.651
30-3-202-201-250-249-30 14.3972 15 588.396
30-3-87-89-130-131-155-1563-150-136-167~-141-30 14.723 15 1116.98
30-3-213-64-63-263-255-261~259-257-258-272-223-224~
214-221-222-217-220~219-215-216-218-210-65-209-208-30 14.101 18 1508.5
30-3-27-30 14.92 15 548.954
22;?;g0-85-83-84—81—82-90-77—73-157~158—152-154-143— 14.907 15 1331.91
32:3858—2?3—275-276-282-281-283—278—280—2?7-279—228- 14.605 15 1190.28
30-43-42-35-39-41-30 15 15 207.32
30-3-129-138-117-118-116-173-30 9.664 0 981.911
30-233-238-239-232-231-234-30 15 15 224.81
30-23-44-26-27-30 14.914 15 294.708
30-3-76-133-165-135-134-132~147-148-146-145-175-245~
246-247-30 14.76 15 1155.22
30-33-30 15 Q 54 .05
30-33-30 14.988 15 54.05
30-48-47-30 15 0 145,201
30-36-30 1s 0 80.53
30-51-30 14.974 0 105.248
30-36-50-30 15 0 136.539
30-38-30 13.436 0 90.238
30-38-30 15 0 90.238
30-47-30 18 0 136.198
30-38-30 15 0 90,238
30-38-30 15 0 90.238
30-47-30 15 0 136.198
30-38-30 14.863 0 90.238
30-38-30 15 Q 90.238
30-40-30 15 Q 118.434
30-32-38-243-30 15 0 143.34
30-49-30 14.811 0 105.824
30-48-30 12.743 Q 63.318
30-459-30 15 [ 105.824
30-40-30 15 0 118.434
30-40-30 15 0 118.434
30-47-30 15 Q 136.198
30-40-30 14.962 0 118.434
30-39-30 15 0 148.2
30-47-30 15 0 136.158
30-31-33-30 15 9 103.284
30-40-30 15 0 118.434
30-40-30 15 0 118.434
30-40-30 15 0 118.434
30-3-207-110-111-114-144-156-151-139~236-30 15 0 1146.58
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Routea Sum H Sum D Digtance
30-47-30 14.203 0 136.198
30-41-30 15 0 142 .42
30-3~94-226-225-93-95-108-30 15 1] 956 .863
30-41-30 15 0 142.42
30-3-27-30 15 0 548,954
30-27-30 15 ] 166.928
30-34-40-37-30 15 0 134
30-45-30 15 O 26092.1
30-44-30 14.951 0 245 .352
30-44-30 15 0 245,352
30-45-30 14,943 (1] 249,016
30-27-30 13.306 15 166.928

Total Sum 900 300 24706.3
d‘:i ar o G o £ -4 o W L 6 W
fiaan 2 Tsumuﬂauumﬂzwmmmmamnummmswamsammmzﬂzmq
Solution
Number of Vehicle = §7
Best Distance = 24319.2
Runtime = €235,53 Second
Open Factory = 30
Best Routes:

Routes Sum H Sum D Distance
30-14-161-128-126~127-115-124~173-30 11.601 15 701,606
30-14-163-159-175-174-183-123-172-30 6.913 15 693,593
30-~14-112-144-114-170-141-236-30 14,548 15 773.217
30-14-27-30 15 15 707 .428
30-14-146-148-145-113-30 12,79 15 791.637
30-14-237-243-30 6.372 15 635.542
30-14-143-138-139-238~233-242-30 11.841 15 790.873
30-14-117-118-116-119~120-121-122-182-30 14.124 18 793.043
30-14-162-125-140-142-168-169-171-181-180-30 3.471 15 778.149
30~-14-154-152-30 1.062 15 799.013
30-14-147-111-129-30 7.008 15 799.084
30-14-176-184-177-178-179-234-30 6§.127 15 735.854
30-14-149-30 15 15 778,791
30-14-149-153-30 3.106 15 796.865
30-14-160-231-49-30 14,096 15 699,546
30-14-26-27-30 7.304 15 719,885
30-14-244-245-246-247-241-235-240-239-232-30 14.122 15 786,469
30-14-27-30 15 15 707.428
30-31-43-50-30 14.548 0 121.795
30-14-10-113-30 15 15 729.03

©30-38-30 15 0 90.238
30-33-30 15 4] 54.05
30-33-30 15 0 54.05
30~33~45-253-252-251~204-254-30 14,4358 0 433,885
30~-36-30 15 0 80.53
30-48-30 15 0 6€3.318
30~23-44-25-28-208-209-65-210-213-206-30 14.434 0 763,592
30-51-30 12.743 0 105,248
30-40-30 15 Q0 118.434
30-49-30 15 0 105,824
30-46-202-52-56-54-55-57-61-62-60-63-64-205-203-48-30 14.212 4] 777.277
30-38-30 15 0 90.238
30-38-30 15 0 90.238
30-47-30 15 0 136.198
30-245%-30 10.619 Q 238.178
30-38-30 15 Q0 90.238
30-38-30 15 0 90.238
30-38-30 15 0 90.238
30-38-42-40-34-30 11.649 0 118.264
30-47-30 15 0 136,198
30-41-30 15 0 142.42
30-24-25-47-30 11.015 [1] 281.178
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Routes Sum H Sum D Distance
30-41-30 15 0 142 .42
30-39-30 15 0 148.2
30-40-30 15 0 118.434
30-47-30 15 Q 136,198
30-14-27-30 15 15 707.428
30-47-30 15 0 136.198
30-27-30 15 4] 166,928
30-40-30 15 0 118.434
30-47-30 15 0 136,198
30-40-30 15 0 118.434
30-40-30 15 Q 118.434
30-~40-30 18 ] 118.434
30-36-35-39~32-30 14.494 0 168.778
30-40-30 15 Q 118.434
30-37-41-30 14.226 0 156,72
30-44-30 15 4] 245.352
30-28-30 15 [¢] 331.154
30-44-30 15 g 245,352
30-45-30 15 0 249.016
30-28-30 15 0 331.154
30-45-30 15 [ 249,016
30-91-104-101-103-207-201-250-248-30 14.95 0 747.587
30-44-30 15 0 245.352
30-44-30 15 0 245,352
3J0-28-30 15 0 331.154

Total Sum 900 300 24319.2
o ed at o ar o - 4 o 4 o & -

nsain 3 Tssnuutlaiudnlzndaihmsnaa 80 nlesidudvesmdamanaa
Selution
Number of Vehicle = 49
Best Distance = 21265.4
Runtime = 6858.92 Second
Open Factory = 30
Best Routes:

Routes Sum H Sum D Distance
30-14~161-162~278-280-283-281-276~-273-257-262-263~57~
205-206-203-201-30 14.774 15 1417.57
33-14—128—126-127-115—117—118-116—119-120—121—124-173- 14.76 15 792.281
30-14-175-~174-183-123-122-182-184-177-178-179-172-176~
170-168~-142-169-171~181-30 14.686 15 1028.61
30-14-112-160~-30 13.38 15 702,789
30-14~-129-78-90-76-166-30 14,923 15 878.51
30-14-113-30 15 15 700.569
30-14-154-152-157-135-79-75-72-71-74-130~131-155-150~
153-163-159-30 14.947 15 1099.48
30-14-113~111-141-236-237-30 13.7%7 15 735.481
30-14-145-148-136-132-133-165-81-77-73-89-66-30 14,809 15 1018.64
30-14-149-30 15 15 778.791
30-14-156-158-149-151-134-82-84-85-80-30 14.975 15 1163 .89
30-14~136-139-143-144-146-147-167-164-67-68~70-86-107~-
265-58-53-202-26-30 14.06 15 1357.14
30-231~234~233-242-243-30 11.756 0 143.8
30-14-245-246-247-241-235-240-238~239-232-43-30 13,984 15 782.053
30-14-140-100~101-102~180~244-30 14.951 15 944,846
30-14-125-103-104-106-197-193-186-188-190-185-187-198-
196-230-229-30 14,869 15 1499.09
30-33-30 15 0 54.05
30-48~30 15 0 63.318
30-33-30 15 [1] 54.05
30~34-42-39-35-48-30 14.282 0 220.829
30-49-30 15 0 105.824
30-36-30 15 0 80.53
30-40-30 15 0 118.434
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Routen Sum H Sum D Diatance
30-33-24-29-253-252-251-204-254-23-46-30 14,865 0 509.085
30-39-30 15 0 148.2
30-38-30 15 0 90.238
30-50-36-30 13.671 0 136.53%
30-40-130 15 0 118,434
30-51-30 12,743 0 105,248
30-38-30 15 0 90.238
30-38-30 15 0 90.238
30-38-30 15 0 50.238 -
30-38-30 15 0 90,238
30-38-30 15 0 90.238
30-32-38-64-63-59-62-61-55-54-56-52-30 14.97 0 738.356
30-14-114-137-110-99-91-95-98-266-267-268-269-270-212-
223-216-211-213-210-65-209-250-30 14.774 15 1578.78
30-47-30 15 0 136.198
30-47-30 12,431 0 136.198
30-40-30 15 0 118.434
30-47-30 15 ) 136.198
30-40-30 15 [} 118,434
30-47-30 15 0 136.198
30-40-30 15 0 118,434
30-41-30 15 0 142.42
30-47-30 15 0 136.198
30-40-30 15 0 118.434
30-40-30 15 o 118.434
30-49-30 13.353 [ 105.824
30-31-37-30 14.994 0 127.219
Total Sum 720 240 21265 .4

o %/ o ar @ Py d o o o s -~ o, ot
NN 4 Tﬁaamm’]auumdmmmmmaﬂ 80 uJaswumeamaamﬁNammzmﬂﬂswzma

Solution

Number of Vehicle = 45
Best Distance = 17168.9
Runtime = 4332.41 Second
Open Factory = 40

Best Routes:

Routaes Sum H Sum D Distance
40-9-123-122-172-41-40 14,494 15 780.431
40-9-121-120-119-116-118-40 12.689 15 780,593
40-9-183-174-175-125-141-244-236~-40 12.796 15 774,618
40~-9-184~177-178-179-245-246~24"7-241-235-240-40 10.034 1s 799.512
40-9-117-138-139-161-159-40 8.054 15 795.301
40-9-237-233-33-40 15 15 694.916
40-9-124-163~162-170-168-169-171-239-40 8.998 15 794 .83
40-9-128-129-111-238-40 14.493 15 775
40-5-113-40 15 15 694.916
40-9-115-127-126-112~160-40 13.593 0 112,738
40-9-182~173-140-232-43-40 15 15 784,911
40-9-113-176~-234-231-40 15 15 784,911
40-9-142-181-180-37-40 12.339 15 739,012
40-50-243-242-40 11.581 Q 198.6085
40-49-40 15 15 694,916
40-42~-51-40 1% 15 694.916
40-38-40 15 Q 38.5
40-41-40 15 0 29.064
40-38-40 15 0 46,534
40-38-40 15 0 29,064
40-38-40 15 0 29.064
40-38-40 15 0 29.064
40-38-40 15 0 29,064
40-38-31-32-26-201-202-203-250-46~40 15 g 29,064
40-49-40 15 15 785.406
40-39~-40 15 0 38.5
40-41-4Q 13.353 0 46.534
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40-36-40 14 . 472 0 741 .448

40-39-35-36-40 12.123 0 476.36

40-48-248-23-30-40 15 0 122.624

40-47-40 15 0 122.624

40-33-40 12.838 0 765.393

40-33-40 15 0 226.78

40-48-40 15 0 226.78

40-34-47-24-25-29-253-252-251-204-206~205-254~-40 €.663 0 74.128

40-44-209-65-210-208-40 15 0 226.78

40-~47-40 15 0 226.78

40-45-40 15 0 226.78

40-47-40 15 0 40,778

40-47~40 15 Q0 167.456

40-9-27-40 15 15 785 .406

40-47-40 15 0 327,158

40-27-40 15 0 327.158

40-9-27-40 15 0 54 .44

40-9-27-40 15 0 54 .44
Total Sum 720 240 17168.9

oy o o wr o o ¢ a & o ar o

n36if 5 Tanundlaiudnlendahmiswndn so nlesidudveshidamsuan

Solution

Number of Vehicle = 30

Best Distance = 10942

Runtime = 4012.5% Second

Open Factory = 43

Best Routes:

Rout.es Sum H Sum D Distance
43-14-161-162-163-158~115-124-174-175-160~-173-43 14.903 15 796 .306
43-14-128-126~127-117-118~116-120-121~123-236-43 14.984 15 771.342
43-14~129-78-90~76-74~-89-43 14.587 15 941.309
43-14-138-139-143-154-152-1583-150-155-131-132-133-130-

147-169-43 14.994 15 1067.04
43-14-113-43 15 15 732.3%
43-14-113-111-114-~144-146-~166~101-100-199-58-268-43 14.898 15 1520.26
43-14-112-145-165-84~83~75-72~170-43 14.983 15 1069.55
43-14-141-176-183-~122-182-172-184~-177-178~175-~-246-247~

241-235-238-239-43 14.994 1S 876.704
43-14-149-43 15 15 810.604
43-14-125-140-69-66~67~164-137-142~168-171~181-180-43 14.993 15 1051.95
43-38-43 15 0 16.926
43-38-43 15 0 16.926
43-38-43 15 0 16.926
43-38~-43 15 0 16.926
43-38-43 15 0 16.926
43-38-43 15 Q 16.926
43-42-35-38-43 13.856 o] 82,424
43-41-40-34-31-43 13.289 1Y 95,028
43-40-43 15 0 28.312
43-40-43 15 0 28.312
43-40-43 15 0 28.312
43-40-43 15 0 2§.312
43-40-43 15 0 28,312
43-40-43 15 0 28.312
43-40-43 15 Q 28.312
43-32~30-23-26-233-237~-240-231-50-43 14.282 Q 443.396
43-49-43 15 0 37.948
43-37-234~-43 14.431 Q 154.373
43-41-43 15 0 53.738
43-49-43 13.353 3} 37.948

Total Sum 450 150 10942
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nsaif 6 Tssnunlaiudnzndninmanan 50 wesidudvesmdimndanazsiaszazma

Solution

Number of Vehicle = 25
Best Distance = 8832.26
Runtime = 2745.77 Second
Open Factory = 40

Best Routes:

Routes Sum H Sum D Distance
40-14-161~163-159-236-240-40 9.488 15 695.824
32»14-160—175-1?4-124-129—121—123*183c1?2—24?—241-235- 10.204 15 797 .13
40-14-126-127-115-116-177-234-50-40 11.543 15 799.991
40-14~-162-125-140~141-239-49-40 14.601 15 793.027
40-14-112~145-231-40 13.752 15 796.976
40-14-113-40 15 15 735.029
40-14-129-176-246-233-242-30-34-40 13.646 15 799,715
40-14-139-138-117-118-173-238-40 14.654 15 780.776
40-14-170-168-169-171-181-244-237-232-40 13.666 15 786.408
40-14-128-144-114-111-113-40 13.628 15 799.551
40-38-40 15 0 29,064
40-43-31-40 8.177 0 58.334
40-38~-40 15 0 29.064
40-38-40 15 0 29.064
40-38-40 15 o] 29,064
40-38-40 15 ¢} 29,064
40-36-40 15 0 40.778
40-38-40 15 L] 29,064
40-38-42-35-40 13.8586 0 74,603
40-37-40 12.87 [4] 35.32
40-36-46-23-253-248-250-26-32-40 13.40Q5 0 485,862
40-39-40 15 4] 54 .44
40-41-40 15 0 38.5
40~-49-40 15 0 46.534
40-41-40 15 0 38.5

Total Sum 450 150 8832.26

asam 7 ssanudl wiudilendaiimsnan 20 wedidudussmdnmnan

Solution

Number of Vehicle = §
Best Distance = 3911.34
Runtime = 500.995 Second
Open Factory = 40

Best Routes:

Routes Sum H Sum D Distance

40-13-113-40 15 15 731.926
40-13-113-111-114-145-146-153-155-199-98-40 14.994 15 1387.91
40-13-129-78~-76-90-84-165-132-40 14.986 18 981.297
40-13-112-162-163-159-160-40 14.973 15 781.144
40-38-40 13.537 Q 29,064
Total Sum 180 60 3911.34

MU
sum_H = Sinasaduseit IS unnasiudwends Taosoussynudasiu )
sum_D = 5snamdlaiudud hldaddgndiTnosousmnudasiiu ()
Distance = 7305 N RYRTOUITYAUARLAU (7 Tauns)
Total_Sum_H = tnafafuaedhifiomn ferwfnfinenfaumn o yafidladhy

Trarmuthsiudnlznds Gu)
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MARUIN

Source code 11)sunsu Lingo
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MODEL:
SETS:
CITY / 1..28/:D,U;
ROUTE/1..5/;
CXC{ CITY, CITY):R;
CXK({ CITY,ROUTE):;
LINK( CITY, CITY,ROUTE):X;
ENDSETS
DATA:
W = 28; !sinnuinumﬁ:muﬁ;
M = 5; iddugahisveshiuagnds;
Q = 15; lanuguosousign;
D = @FILE({'Demand20.txt'}); larwdesmsTwun 1i;
R = @FILE('Distance20.txt'); !seesownmzvininua 1 Whnw 5;
ENDDATA

MIN = @SUM(LINK(I,J,K):R{I,J)*X(I,J,K})};

@FOR(CITY(J) | (T #GT# 1) :@SUM(CXK(I,K):X(I,J,K))=1);
@FOR(CITY(I) | (I #GT# 1) :@SUM(CXK(J,K):X(I,J,K))=1);
@FOR {ROUTE (K) : @SUM(CITY (I) :X(I,1,K))<=1);
@FOR (ROUTE (K) : @SUM (CITY(J) : X(1,J,K))<=1);
@FOR (CXK(J,K) :@SUM(CITY(I) :X(I,J,K))-
@SUM (CITY(I):X{J,I,K))}=0);
@FOR (ROUTE (K) : @SUM(CITY(I) | (I #GT# 1) H#AND# (I #LE#
M) :D(I)*@SUM(CITY(J) :X(I,J,K)) )<= Q);

@FOR (ROUTE (K) :@SUM(CITY (I) | (I #GT#
M) :D(I) *@SUM(CITY(J) :X(I,J,K)) )<= Q);

@FOR(LINK(I,J,K) | (I #GT# M) #AND# (J #GTH# 1) HAND# (J HLE#
M):X{(I,J,K)= 0);

@FOR (ROUTE (K) :@SUM(CXC(I,J) [ (T #GT# M) #AND# (I #GT# 1) #AND#
(I #LE# M) :X(I,J,K)}<=1);

@FOR (LINK(I,I,K):X(I,I,K)= 0);

@FOR (LINK:@BIN(X));

@FOR (LINK(I,J,K) | (I #GT# 1) #AND# (J #GT# 1):
((W-3)*X{(J,I,K))+((W-1)*X(I,J,K))+U(I) <= U(J)+(W-2) );

END



119

AARNUIN N

Source Code Y9IAIH1 C++ NIEAIUIN



120

#includeciostream>»
#includecfgtream>
#includecstring>
#include<stdlib.h>
#includectime.h>
#includecmath. h>
#inolude<conio.h>
#include<climite>
#include<limits>

using namespace std;

double Random{int&No);

int CalPop(int Start,int Pinish,double* Attractiveness,double SumAttractiveness,
int& No,bool Test);

void AntLRP{(int AntPopulationLl,int AntPopulationR,int MaxLoopL,int MaxLoopR,
int Alpha L,int Beta L,int Alpha R,int Beta R,double EvaporationRate_ L,
double EvaporationRate R,int AntFinal,int MaxLoopFinal);:

int OpenFactory{double* Pheromone L,int Alpha L,int Beta_ L,double* SumDistance L,
int& No);:

void SelectM(bool&Possible,int Pactory,int**& Route,doubler*g DSent,
double*k DofRoute,int*g MofRoute, int& TotalRoute,double*iSumbisgRoute,
double** Pheromone R,int Alpha R,int Beta R, int& No,bool Test):

void SelectN{bool&Possible,int Factory,int**& Route,double**& HSent,
double*s HofRoute,int+*s MofRoute, int*& NofRoute,
intg& TotalRoute,double*gSumDisRoute,double** Pheromone R,int Alpha R,
int Beta R,int& No.bool Test):

vold Update{int FactoryModel,ints Factory,int** RouteModel,int**& Route,
double** DSentModel,double**s DSent,doublev* HSentModel,
double*+*s HSent,double* DofRouteModel,double*& DofRoute,
double* BofRouteModel,double*& HofRoute,
int* MofRouteModel,int*s MofRoute,int* NofRouteModel, int*& NofRoute,
int TotalRouteModel, ints TotalRoute,
double*SumbigRouteModel, double*&SumbDiaRoute) ;

double CallDigtance{bool Show,int TotalRoute,int** Route,int* MofRoute,int+ NofRoute);

void OneMove ({int Factory,int**& Route,double**& DSent,double**& HSent,
double*& DofRoute,double*& HofRoute,int*& MofRoute, intv& NofRoute,
int& TotalRoute,double*sSumDisRoute, double&TotalDistance);

void Show{int Factory,int** Route,double** DSent,double*#* HSent,
double* DofRoute,double* HofRoute, int* MofRoute, int* NofRoute,
int TotalRoute,double*SumDisRoute,double TotalDiatance);

void Exchage (int**& Route, double**& DSent,double**& HSent,double*s& DofRoute,
double*& HofRoute, int*& MofRoute, int*& NofRoute,int& TotalRoute,
double+*&SumbDi sRoute, double&TotalDistance,bool Test) ;

vold TwoOptMove (int+*+& Route,double**s DSent,double**& HSent,intw& MofRoute,
intv& NofRoute,int& TotalRoute,double*&SumDisRoute, double&TotalDistance);

void Reget {(int*%& Route,double**s DSent,double**& HSent,double*& DofRoute,
double*& HofRoute, int*s MofRoute,int*s NofRoute,int& TotalRoute,
double*&SumDisRoute, double&TotalDistance) ;

ofstream myfile;

FFAA AT A A e e e T Set Parameter D Ty R Y s e

int V = 720;:

int Capa = 240;

double MaxDigtance = 100000;

int M = 22,N = 261;

int Total Nod = M+N;

int 0k = 15;

double**Digtance ={(double**)calloc{Total Nod+l,sizeof{double*)});
double*H = mnew double [Total Nod+l};

double*D = new double [Total Nod+l];

int NoRandom = 1;

//t***ﬁ*ﬁ****Q******ﬂ&&**‘*i***** main (A A 2 A X 222X SR X2 2R R d i il sds]

int main{){

int TTT;

clock t starttime, endtime;
double Time;

int i=0,4=0;
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for (i=1l;ic=Total Nod;i++){
Distance[i] = {(double*)calloc(Total Nod+l,sizecf(double));

f

P2 AR N Open File---------~ e mmmmmmamm e m——————

fastream file;
file.open ("DATA.txt",los::4in);

if(file.fail()){
cout<<"Error opening DATA.txt\n";
getchi);
return 1;

}//check Error
myfile.open {(“AntLRP.txt",ios::out);
P AR Add Demand and Distence ~--w-me-----

for(i=l;ic=M;i++){
file>>DI[i]
}

for (i=M+1;ic=Total Nod;i++){
file>>HI[1];
}

for(i=1;ic=(Total_Nod) ;i++){
for(j=1;j<=(Total Nod);sj++){
file »>» Distancelil]l [j]:
}

}

for(ixljic=(Total Nod) ji++){
for (j=1;j<=(Total_Nod);J++}{
if(pistence[i] [j] i= Distancel3} [i1){
cout<<*Brror Distance([®<<i<«<®] ["ccjcc®] Im
Distance[*<<cj<<®] ["<ecicc®]\n";
coutc<*Distance [*ccicc®] [*<<jcc®*]= "<<Distance{i] [{]l«<endl;
cout<<*Digtance[*<<jcc®] ["ccic<®*] = "<<Digtance(j] [1]«<endl;

}

file.close();

//==============ne=-. - Ant LRP m=e PRy

starttime = clock{);
AntLRP(50,5,100,5,1,5,1,5,0.02,0.02,50,50);

endtime = clock():

Time = ({double) (endtime-starttime))/CLOCKS_ PER_SEC;
cout<<*\n\nTotal Time = *“<«<Tlme<<'\n';
myfile<<®*\n\nTotal Time = “<«<Time«<<'\n';

//------la==== ————— - O T SN 0 T TS N KN R RS RO

//geteh();
/*End mainw/}

//****************************** Ant LRP L2222 22322222222 2 A i 22t 2]
void AntLRP(int AntPopulationlL,int AntPopulationR,int MaxLoopL, int MaxLoopR,
int Alpha L,int Beta L,int Alpha R,int Beta R,double EvaporationRate_ L,
double EvaporationRate R,int AntFinal,int MaxlLoopFinal){

int i=0,j=0,3j=0;

int Factory,FactoryQueen, Factoryl,Factory2, Factoryd;

int TotalRoute, TotalRouteQueen,TotalRoutel, TotalRoute2,TotalRoutel;
double* Pheromone_L= new double [Total Nod+l];

double* SumbDistance L = new double [Total Nod+l};

double** Pheromone R = (double**)calloc(Total Nod+l,sizeof (double*));
double Z,ZQueen,Zl,22,23;

int** 8§ = (int**)calloc(Total Nod+l,sizeof({int+));
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int#»e
intww
intws
intes
doubl
doubl
doubl
doubl
doubl
doubl
doubl
doubl
doubl
doubl
intw

intw

intw

intw

int*

doubl
doubl
doubl
doubl
doubl
doubl
doubl
doubl
doubl
doubl
int*

int#*

intw

intw

intw

doubl
doubl
doubl
doubl
doubl
bool

SQueen = (int*+*)calloc(Total Nod+l,sizeof(int¥));

81 = (int**)calloc(Total Nod+l,sizeof (intw));

82 = (int**)calloc(Total Nod+l,sizeof(intw®));

83 = (int*+*)calleoc(Total Nod+l,sizeof (int*));

e** DSent » (double*¥)calloc(Total Nod+l,sizeof(doublew));
e** DSentQueen = (double**}calloc(Total Nod+l,sizeof (double*));
e** DSentl = (double**)calloc{Total Nod+l,sizeof{double%)};
e** DSent2 = (double**)calloc(Total Nod+l,sizeof(doublev));
e** DSent3 = (doubler*)calloc(Total Nod+l,sizeof (double*));
e* DofRoute = new double [Total Nod+ll;

e* DofRouteQueen = new double [Total Nod+l];

e* DofRoutel = new double [Total Nod+l]l;

e* DofRoute2 = new double [Total Nod+l];

e* DofRoute3 = new double [Total Nod+l};
MofRoute = new int [Total Nod+l];
MofRouteQueen = new int [Total Nod+l];
MofRoutel = new int [Total Nod+ll;
MofRoute2 = new int [Total Nod+l];
MofRoute3 = new int [Total Nod+l]:;

e*+ Hgent = (doublew*)calloc(Total Nod+l,sizeof {(double+});
e** HsentQueen = (doublew+*)calloc(Total Nod+l,sizeof (double*));
es* Hfentl = (double**)}calloc(Total Nod+l,sizeof (double*));
e*% HSent2 = {(double*+*)calloc (Total Nod+l,sizeof (double*)});
e*+ HSent3d = (double**)calloc(Total Nod+l,sizeof (doublev+));
e% HofRoute = new double [Total Nod+l];

e* HofRouteQueen = new double [Total Nod+l];

e* HofRoutel = new double [Total Nod+l];

e* HofRoute2 = new double [Total Nod+l];

e* HofRoute3 = new double [Total Nod+ll:
NofRoute = new int [Total Nod+l]l:
NofRouteQueen = mew int ([Total Nod+ll;
NofRoutel = new int [Total Rod+l];
NofRoute2 = new int [Total Nod+l];
NHofRoute3 = new int [Total Nod+ll;

e*SumDisRoute = new double [Total Nod+l];
e*SumDisRouteQueen = new double [Total Nod+l];
ev*SumDisRoutel = new double [Total Nod+ll;

e*SumbisRoute2 = new double [Total Nod+lls

e*SumbDisRoute3 = new double [Total Nod+l]:
PossibleM, PosaibleN;

int NoloopNImpossible;

doubl
doubl

e* SumDisQueen = new double [N+1];
e* DummySumDisQueen = new double [N+1];

int *UpdatePhel: = new int [17];

doubl
int

e CheckDisL;
NoUpdate = new int [N+1];

int TIT = 0;

doubl
doubl

for(i

}

e¥ Attractiveness L = new double [Total Nod+l]l;
e SumAttractiveness L = (;

=0;ic=Total Nodji++){
Pheromone R[i]=(double*)calloc(Total Nod+l,sizeof(double)});
S{i] = (int+*)calloc(Total Nod+l,sizeof{int)):
SQueen[i] = (int*)calloc(Total Nod+l,sizeof(int));
81[i] = (int*)calloc(Total_ Nod+l,sizeof(int));
82(1]) = (intw)calloc(Total Nod+l,sizeof{int));
§3[i] = {(int¥)calloc(Total_ Nod+l,sizeof(int)),
DSent [1]= (double*)calloc(5,sizeof (double));
DsentQueen[i]= (double*)calloc(S,sizeof (double));
DSentl[i]= (double%)calloc(5,sizeof(double});
DSent2[i]= (double*)calloc(5,sizeof{double));
DSent3[i]= (double*)calloc(5,sizeocf(double));
HSent [1l1= {(double¥)calloc{Total Nod+l,sizeof (double));
HSentQueen[il= (double¥)calloc{(Total Nod+l,sizeocf{double));
ESentl[il= (double*)calloc(Total_ Nod+l,sizeof{double));
HSent2[il= {double*)calloc(Total Nod+l,sizecf (double))};
HSent3[i]= (double*)calloc(Total Nod+l,sizeof (double));

int Ant_F, loopF;
int loopl, loopR,Ant L,Ant R;
int No = 1;
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for (im1l;ic=Total Nod;i++){
Pheromone L[i] = 1;
}

for (i=M+1;i<=Total Nod;i++){
Sumbistance L{i] = 0;
for(3=l;j<=Total Nod;j++){
SumDistance L([i] = SumDistance Lfi]l+Distanceli]l[j]l:
}

SumDistance L[i] = 100.0/sumDistance L[i]:
SumbDistance L{i] = pow(SumbDistance L[i],Beta L):

}

Zz = 500000;

for {loopL=1; loopL<mMaxLoopL; loopL++) {
ZQueen = 600000;
For (Ant_L=1lj;Ant L<=AntPopulationl;Ant L++){
cout<<®loopl: *<clooplcc<'\t?;
cout<<®Ant_L: "<<Ant L<<'\n';

New: Factoryl = OpenFactory(Pheromone L,Alpha L,Beta L,SumbDistance_ L, No);

for {i=1;i<=Total Nodsi++){
for(j=1;j<=Total_Nod;j++){
1= {
Pheromone RI[i] [4] = 1.0;
}elase{ -

}

Pheromone_R([i] [j] = 0.0;

1
Z3 = 700000;
for (1oopR=1; 100pR<=MaxLoopR; LoopR++) {
Z2 = 800000;
for (Ant_Rw=1l;Ant R<=AntPopulationR;Ant R++}{

Reset (S1,DSentl,HSentl, DofRoutel, HofRoutel ,MofRoutel , NofRoutel, TotalRoutel,
SumbDisRoutel, Z1);

SelectM({PossibleM, Factoryl, S1.DSentl,DofRoutel, MofRoutel, TotalRoutel, SumDisRoutel,
Pheromone R, Alpha R,Beta R,No,false);

if(PossibleM == false}{
goto Mew;
}

NoLoopMImpossible = 0;
do{

SelectN{PossibleN, Pactoryl, 51,HSentl, HofRoutel, MofRoutel, NofRoutel, TotalRoutel,
SumDisRoutel, Pheromone_ R,Alpha_R,Beta R,No,false);

if (PossibleN == 1) {
break;
}

NoLoopNImpossible += 1;

}while (NoLoopNImpossible <= 10);
if(PosgibleN == false){

Z1l = 9000000¢

goto New;

Zl = CallDistance(falae,TotalRoutel,S51,¥ofRoutel, RofRoutel);

i£4(21 < 22){
%2 = Z1;

Update (Factoryl,Factoryz,81,82,D5entl,DSent2,HSentl, HSent2,DofRoutel ,DofRoute2,
HofRoutel,HofRouteZ, MofRoutel , MofRoute2, NofRoutel, NofRoute2, TotalRoutel,
TotalRoute2, SumDisRoutel, SunDisRoute2) ;
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}
}//ant_R//

1£(22<23) {
Z3 = 72;

Update (Factory2, Factory3,S2,53,DSent2,DSent3,HSent2, HSent3,DofRoute2, DofRoute3,
HofRoute2,HofRoute3, MofRoute2,MofRoute3, NofRoute2, NofRoute3, TotalRoute2,
TotalRoute3, SumDisRoute2, SumDisRoutel);

for(i=1;i<=Total_Nod;i++){
for (j=1;Jj<=Total Nod; j++){
Pheromone_R[i] []]1= Pheromone_ R[i] [j]*(1l.0-EvaporationRate_R);
}

for (i=1;i<=TotalRoute2;i++){
for (j=1; j<=MofRoute2 [i] +NofRoute2 [1]1+1; J++) {
Pheromone_R[S2([i]1[§1]1[S2[i]1[J+1]] += 100.0/2Z2;
}

}
}//End loopr//

Exchage (S3,DSent3,HSent3,DofRoutel, HofRoute3, MofRoute3,NofRoute3, TotalRoute3,
SumDisRoute3, z3, true);
OneMove (Factory3, S3,DSent3,HSent3, DofRoute3, HofRoute3d,MofRoute3,NofRoute3, TotalRoute3,

SumDisRoute3, z3);
TwoOptMove (83, DSent3, HSent3,MofRoute3,NofRoute3, TotalRoute3, SumDigRoute3, 23);

if(Z3<ZQueen) {
ZQueen = Z3;

Update (Factory3, FactoryQueen, S3, SQueen, DSent3, DSentQueen, HSent 3, HSentQueen, DofRoute3,
DofRouteQueen, HofRoute3, HofRouteQueen, MofRoute3, MofRouteQueen, NofRoute3,
NofRouteQueen, TotalRoute3, TotalRouteQueen, SumDisRoute3, SumDisRouteQueen) ;

}

SumDisQueen [Ant_L] = 23;
DummySumDisQueen[Ant L]l= Z3;
NoUpdate [Ant L] = Factory3;

}//End Ant_L//

if(ZQueen < Z){
: Z = ZQueen;

Update (FactoryQueen, Factory, SQueen, S,DSentQueen, DSent, HSentQueen,HSent, DofRouteQueen,
DofRoute, HofRouteQueen, HofRoute, MofRouteQueen, MofRoute, NofRouteQueen,
NofRoute,TotalRouteQueen, TotalRoute, SumDisRouteQueen, SumDisRoute) ;

}

for (§=1; J<=16; J++) {
CheckDisL = 500000;
for(i=1;i<=AntPopulationL;i++){
i f (DummySumDisQueen [i) < CheckDiaL) {
CheckDisL = DummySumDisQueen[i];
UpdatePheL[]j] = i;

}

DummySumDisQueen [UpdatePheL[{]]1= 500000;

}

for (i=1;i<=Total_ Nod;i++){
Pheromone_L{i]=Pheromone_ L[i]*(l-EvaporationRate_L);
}

for(j=1; j<=l6; j++) {
Pheromone L [NoUpdate[UpdatePheL[j]l]] += 100.0/SumDisQueen[UpdatePheL[jl];
}

}//End loopL//
cout<<"Total Distance = "<<Z<<endl;

Show (Factory, S,DSent ,HSent,DofRoute, HofRoute,MofRoute, NofRoute, TotalRoute, SumDisRoute,
Z);


http:DSent.HSent.DofRoute.HofRoute.MofRoute.No
http:te3.SumDisRoute3.Z3
http:SumDisRoute3.Z3
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for (i=1l;i<=Total Nodji++)(
for (j=1; j<=Total Nod;j++){
1€(11=1){
Pheromone RI[i] [j] = 1.0;
}else{

}

Pheromone R[i] [j] = 0.0;

}

}

Z3 = 500000;

for (loopF=1;loopF<= MaxLoopFinal;loopF++) {
cout<<"loopF: "<<loopF<<endl;
Z2 = 600000;
for(Ant_F=1;Ant_ F<=AntFinal;Ant F++){

New2: Reset(S51,DSentl,HSentl,DofRoutel,HofRoutel,MofRoutel,NofRoutel, TotalRoutel,
SumDisRoutel, Z1) ;

SelectM(PossibleM, Factory, S1,DSentl,DofRoutel, MofRoutel, TotalRoutel, SumDisRoutel,
Pheromone R,Alpha_ R,Beta_R,No, false);

if(PossibleM == false){
Z1l = 700000;
cout<<"Error: Factory = "<<Factory<<®" *#*Impossible**]|1!!!!\n";
cout<<"Infeasible Customer\n";
goto New2;

}

NoLoopNImpossible = 0;
do{

SelectN(PossibleN, Factory, S1,HSentl,HofRoutel, MofRoutel, NofRoutel, TotalRoutel,
SumDisRoutel,Pheromone R,Alpha R,Beta R,No,false);

if(PossibleN == 1){
break;
}

NoLoopNImpossible += 1;
}while (NoLoopNImpossible <= 10);
if(PossibleN == falsge){
Z1l =« 7000000;
cout<<"Error: Factory = "<<Factory<<" +#+*Impossible**!iil!!l\n";
cout<<"Infeasible Supply\n";
goto New2;

}

Z1l = CallDistance(false,TotalRoutel, S1l,MofRoutel,NofRoutel);

Exchage (S1,DSentl,HSentl,DofRoutel, HofRoutel, MofRoutel,NofRoutel, TotalRoutel,
SumDisRoutel, Z1, true);

OneMove (Factory, S1,DSent1,ESentl, DofRoutel, HofRoutel,MofRoutel,NofRoutel, TotalRoutel,
SumDisRoutel, Z1);

TwoOptMove (S1,DSentl, HSentl,MofRoutel, NofRoutel, TotalRoutel, SumDisRoutel, Z1) ;

1£(21 < 22){
Z2 = Z1;

Update (Factory,Factory2,S1,52,DSentl,DSent2,HSentl,ESent2, DofRoutel, DofRoute2,
HofRoutel, HofRoute2,MofRoutel, MofRoute2,NofRoutel, NofRoute2, TotalRoutel,
TotalRoute2, SumDisRoutel, SumDisRoute2) ;

}
}//ant_¥//

if(22<23){
23 = 22;

Update (Factory, Factory3,S2,S83,DSent2,DSent3, HSent2,HSent3,DofRoute2, DofRoute3,
HofRoute2, HofRoute3, MofRoute2,MofRoute3, NofRoute2, NofRoute3, TotalRoute2,
TotalRoute3, SumDisRoute2, SumDisRoute3) ;

for(i=l;i<=Total Nod;i++){
for(j=1; j<=Total_Nod; j++) {
Pheromone R[i] [j]= Pheromone R([i] [j]*(1.0-EvaporationRate R);
}
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for(i=1;i<=TotalRoute2;i++){
for(j=1;j<=MofRoute2 [1] +NofRoute2 [1]+1; j++) {
Pheromone R([S2([11[411(82[1]1[3j+1]] += 100.0/22;
}

}//End loop¥//

if(23<2){
Z = Z3;

Update (Factory,Factory,S3,5,DSent3,DSent,HSent3,HSent, DofRoute3, DofRoute, HofRoute3,
HofRoute,MofRoute3,MofRoute,NofRoute3,NofRoute, TotalRoute3, TotalRoute,
SumDisRoute3, SumDisRoute) ;

}

my£ile<<"\n########EEHEFRHHRRERAEES And FHEEEEEH SRR EEER SRR R RH \n " ;
Show(Factory,S5,DSent,HSent, DofRoute, HofRoute, MofRoute, NofRoute, TotalRoute, SumDisRoute,
z);

/*End AntLRP*/}

//I'I'&I'I'I'I'I'I'I'I'I'iiiiii&&&&&&&&&&&&&&& 2-°pt Move LA AR X222 22 2 XXX 2 222Xy}

void TwoOptMove (int**& Route,double**& DSent,double**& HSent,int*& MofRoute,
int*& NofRoute,int& TotalRoute,double*sSumDisRoute,double&TotalDistance){

int 1=0, =0, m=0,n=0;

double MinDisImprove;

bool CheckImprove;

double NTD = TotalDistance;

int PositionoOld,PositionNew;

int Dummy;

double DummyDH;

m=0;

int loop:

int* DummyRoute = new int ([Total Nod+1]:
double* DummyD = new double [Total Nod+l];
double* DummyH = new double [Total Nod+l];
double CheckTotal;

for (loope=l;loop<=TotalRoute; loop++) {

do{
CheckImprove = false;
MinDisImprove = TotalDistance;

if (MofRoute[loop] >= 2){

for (j=1; j<= MofRoute[loopl +1-2;j++){

for (n=j+2;n<= MofRoute [loopl +1;n++) {
NTD = TotalDistance+Distance[Route[loop] []]1] [Route [loopl [n]l]+
Distance[Route[loop] [J+1]] [Route[loop] [n+1]1]-
Distance[Route [loop] [j]1] [Route[loop]l [§+1]1] -
Distance [Route [loop] [n]] [Route [loop] [n+1]];

if (NTD<MinDisImprove) {
MinDisImprove = NTD;
PositionOld = j;
PositionNew = n;
CheckImprove = true;

}

}

}//if (MofRoute [loop]l >= 2)

if (NofRoute [loop] >= 2){
for (j=MofRoute [loop] +1; j<= MofRoute [loop] +NofRoute [loop] +1-2; J++) {
for (n=3j+2;n<= MofRoute[loop] +NofRoute [loop] +1;n++) {
NTD = TotalDistance+Distance[Route[loop] [§]1] [Route[loop] [n]]+
Distance (Route[loopl [§+1]] [Route [1loop] [(n+1]1] -
Distance [Route [loopl] [§]] [Route[loop] [§+1]] -
Distance [Route [loop] [n]] [Routelloopl] (n+1]1];
1 £ (NTD<MinDisImprove)
MinDisImprove = NTD;
Positionold = j;
PositionNew = n;
CheckImprove = true;
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i€ (CheckImprove) {
for (i=1;i<=MofRoute [loop] +NofRoute [loop]l +2;i++) {
DummyRoute [1] = Route[loopl [i];
DummyH [i] = HSent[loopl [il];
1€ (i<=4) {
DummyD([i] = DSent[loop] [i];
}

}

SumbDisRoute [loop] += MinDisImprove-TotalDistance;
TotalDistance = MinDisImprove;
Dummy = Route[loopl] [PositionNew];

1f (Dummy<=M) {
DummyDH = DSent [loop] [PositionNew] ;
for(j=PositionOld+2; j<= PositionNew; j++){
Route [loop] [§] = DummyRoute [PositionNew-1-m];

1f(J<=4){

DSent [loop] [J] = DummyD[PositionNew-1-m];
}
m += 1;
}

Route [loop] [Position0ld+1l] = Dummy;

DSent [1oop] [Position0ld+l] = DummyDH;
}else{

DummyDH = HSent [loop] [PositionNew];

for (j=Position0ld+2; j<= PositionNew; j++) {
Route [loop] [j] = DummyRoute [PositionNew-1-m];
HSent [loop] [J] = DummyH[PositionNew-1-m];

m += 1;
}
Route [loop] [Position01ld+1l] = Dummy;
HSent [1loop] [Position0ld+l] = DummyDH;
}

m = 0y

}while (CheckImprove) ;
delete []DummyRoute;
delete []DummyD;
delete []DummyH;

}
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//********************************* Bxchage Move EAR AL RS RS RL R X R RRR XX 2222 X2 2]

vold Exchage(int**& Route,double**& DSent,double**& HSent,double*& DofRoute,
double*& HofRoute,int*& MofRoute, int*& NofRoute, int& TotalRoute,

double*&SumbisRoute, double&TotalDistance,bool Test) {

int i=0, j-o,m=0,n-0;

double CheckDigl, CheckDis2;
double CheckCapal,CheckCapa2;
double NewDisRoutel, NewDisRoute2;
double MinDisImprove;

bool CheckImprove;

double NTD = TotalDistance;
int Route0ld, RouteNew;

int Positiono0ld, PoeitionNew;
int Dummy;

double DummyDH;

double CheckTotalDistance;
int TTT;

do{
CheckImprove = false;
MinDisImprove = TotalDistance;
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for (1wl;i<=TotalRoute-1;4i++){
for (J=2; j<mMofRoute (1] +2;9++) {
for (mei+1;mc=TotalRoute;m++) {
for (n=2;n<«MofRoute [m] +2;n++) {
if (Routel[il [J]1<= M) {
if(Route [m] [n] <=M) {
CheckCapal = DofRoute[i]-DSent [1] [j] +DSent [m] [n];
CheckCapa2 = DofRoute [m] -DSent (m] [n] +DSent [i] []];
}else if((j==MofRoute[i]+1)&& (MofRoutel[il>=1)&&
{Route [m] [n] 1= Route[1] [11)){
CheckCapal = HofRoute[i] +HSent[m] [n];
CheckCapa2 = DofRoute [m] +D8ent il [1];
Jelse{
CheckCapal = 5000; CheckCapa2 = 5000;}
}elae if{(n == MofRoute[m]+1)&&(MofRoute [m]>=l)&&
(Route[i1[j] 1= Route(11(11)){
CheckCapal = DofRoute[i]+DSent [m] [nl;
CheckCapa2 = HofRoute[m] +ESent[i] [{];
Yelse{
CheckCapal = 5000; CheckCapa2 = 5000;

CheckDisl = SumDisRoute[il+Distance[Route[i][3j-11][Route(m] [nll+
Digtance[Route[m] [n]] [Route[i] [§+1]] -Distance[Route{i]l [§-11] [Route[i] [41]-
Distance[Route[i]l [§1] [Route[di] [§+11];

CheckDis2 = SumDisRoute[m]+Digtance[Route[m] [n-11]1[Routeli] [{11+
Disgtance[Route[i] [4]] [Route[m] [n+1]]-Distance [Route[m] [n-1]] [Route[m] [n] ]~
pistance[Route[m] [n]] [Route[m] [n+1]];

if ((CheckDigl<=MaxDistance) && (CheckDis2<sMaxDistance) && (CheckCapal<=0k) &&
(CheckCapa2<=Qk) ) {

NTD = TotalDistance+Distance[Routeli]l [§-1]] [Route [m] [n]}]+
Distance[Route[m] [n]] [Route[i] [j+1]] +Digtance[Route[m] [n-1]1] [Route[i] [§1]+
Distance[Routel[i] [{]] [Route [m] [n+1]] -Diatance [Route([i] [§-11] [Route[il[]]]~
Digtance[Route[i] [§]] [Route[i] [§+1]] -Distance [Route[m] [n-11] [Route [m] [n]] -~
Distance [Route [m] [n]] [Route [m] [n+1]];

1£ (NTD<MinDisImprove) {
MinDisImprove = NTD;
RouteOld = i;
RouteNew = m;
PogitionOld = j;
PositionNew = n;
NewDisRoutel = CheckDisl;
NewDigRoute2 = CheckDis2;
CheckImprove = true;

A et Kl Sl Vet

}//Bnd for(i=1;i<=TotalRoute;i++) and 1if(MofRoute[il>=1)//

for{iel;ic<=TotalRoute-1l;i++){
if (NofRoute [i]>=1){
for (i=MofRoute[1] +2; je=MofRoute [1] +NofRoute [1]+1; j++) {
for (m=1+1;mc=TotalRoute;m++) {
1f (NofRoute [m] >=1) {
for (n=MofRoute [m] +2;n<=MofRoute [m] +NofRoute [m] +1;n++) {
CheckCapal = HofRoute[i]-HSent[i] [j] +HSent [m] [n];
CheckCapa2 = HofRoute [m] -HSent [m] [n] +HSent [1] [j];

CheckDisl = SumbDisRoute[i] +Distance[Route([i] [§-1]1] [Routem] [n]]+
Distance [Route [m] [n]] [Route[i] [§+1]]-Digtance [Route([i] [§-11] [Route[i]l [j]]~
Distance [Route[i] [1]] [Route[i] [4+1]];

CheckDis2 = SumDisRoute([m]+Distance[Route(m] [n-111 [Routel(i] [j1]1+
Distance[Route([i) ({]] [Route [m] [n+1]]-Distance [Route[m] [n-1]1] [Route(m} [n]]-
Distance [Route [m] [n]] [Route [m] [n+1]1];

1f((CheckDigl<=MaxDistance) s& {(CheckDig2<=MaxDiatance) && (CheckCapal<=0Qk) &&
{CheckCapa2<=0k) } {
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NTD = TotalDistance+Distance [Route[i] [j-1]] [Route[m] (n]]+

Distance [Route[m] [n]] [Route{i] [j+1])]+Distance[Route[m] [n-1]] [Route[d] [j1]1+
Distance[Route[i] [{]1] [Route[m] [n+1]]-Distance[Route[i] [1-1]] [Routeldi] [j1]-
Distance[Route[i] [j]] [Route[i] [j+1]]-Distance[Route[m] [n-1]] [Route[m] [n]]~
Distance [Route [m] [n]] [Route [m] [n+1]];

1£ (NTD<MinDisImprove) {

MinDisImprove = NTD;
RouteOld = i;

RouteNew » m;

PositionOld = j;
PositionNew = n)
NewDisRoutel = CheckDisl;
NewDisRoute2 = CheckDias2;:
CheckImprove = true;

}}//End for(iml;i<=TotalRoute;i++) and 1f (NofRoutelil>=1)//

if (CheckImprove) {

TotalDigtance = MinDisImprove;

SumDisRoute [Route0ld] « NewDisRoutel;

SunDigRoute [RouteNew] = NewDisRoute2;
= Route[Route0ld] [Position0ld];

if ({(Dummy<«M)} | | (Route [RouteNew] [PositionNew] <=M} ) {

1£ ¢ (Dummy <=M} } {
if (Route [RouteNew] [PositionNew] <=M) {
DummyDH = DSent [RouteOld] [Position0ld];
DofRoute [Route0ld] +« DSent [RouteNew] [PositionNew] -~
DSent [Route0ld] [Position0l1d];
DofRoute [RouteNew] += DSent [Route0ld] [Position0Old]-
DSent [RouteNew] [PositionNew] ;
DSent [Route0ld] [Position0ld] = DSent [RouteNew] [PositionNew];
DSent [RouteNew] [PositionNew] = DummyDH;

}elae{
HofRoute [Route0ld] += HSent [RouteNew] [PositionNew];
HofRoute [RouteNew] -= HSent [RouteNew] [PositionNew];
DofRoute [RouteNew] += DSent [Route0ld] [Position0ld];
bPofRoute [Route(0ld] -= DSent [Route0ld] [Poaition0l1d]:;
HEent [Route0ld] [Position0ld] = HSent [RouteNew] [PositionNew] ;
HSent [RouteNew] [PositionNew]l = 0;
DSent [RouteNew)] [PositionNew] = DSent [Route0ld] [PositionoOld]:
DSent [Route0ld] [Position0ld]l = 0;
NofRoute [Route0ld] += 1,
NofRoute [RouteNew]l -= 1;
MofRoute [RouteNew]l += 1;
MofRoute [RouteOld] -= 1;
}
}else{
DofRoute [Route0ld] += DSent [RouteNew] [PositionNew];
DofRoute [RouteNew] -= DSent [RouteNew] [PositionNew];
HofRoute [RouteNew] += HSent [RouteOld] [Position0ld];
HofRoute [Route0ld] -= HSent [RouteOld] [Position0Old];
DSent [Route0ld] [Position0ld] = DSent [RouteNew] [PositionNewl] ;
DSent [RouteNew] [FogitionNew] = 0;
HSent [RouteNew] [PositionNew] = HSent [Route0ld] [PositionOld];
HSent [Route0ld] [Position0ld] = 0;
NofRoute [RouteDld] -= 1;
NofRoute [RouteNew] += 1;
MofRoute [RouteNew] -= 1;
MofRoute [Route0ld] += 1;
}
Yelse{

HofRoute [Route0ld] +« HSent [RouteNew] [PositionNew] -
HSent [Route01d] [Position0ld];

HofRoute [RouteNew] += HSeut [RouteOld] [PositionOld] -
HSent [RouteNew] [PositionNew] ;

DummyDHE = HSent [RouteOld] [Position0ld];
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HSent [Route01d] [Position0ld] = HSent [RouteNew] [PositionNewl] ;
HSent [RouteNew] [PositionNew]l = DummyDH;

}

Route [Route0ld] [Position0ld] = Route[RouteNew] [PositionNew];

Route [RouteNew] [PositionNew] = Dummy;

}while (CheckImprove) ;

/*End Exchage*/}

//l‘l‘tl‘tttt*tl‘ttl‘ttttttttttttttttttt One Move 1332332132323 23 3221222222222 2222 221]]

void OneMove (int Factory,int*#*& Route,double**& DSent,double**& HSent,
double*& DofRoute,double*& HofRoute,int*& MofRoute, int*& NofRoute,
int& TotalRoute,double*&SumDisRoute,double&TotalDistance) {

:I.nt i=0, j-O,m:O,n:O;

double NewDisRoutel,NewDisRoute2;

double CheckDisl, CheckDis2;

double CheckCapa;

double MinDisImprove:;

bool CheckImprove;

double NTD = TotalDistance;

int RouteOld, RouteNew;

int Position0ld,PositionNew;

int Dummy;

double DummyDH;

int TTT=0;

TotalRoute += 1;

Route [TotalRoute] [1] =Factory;

Route [TotalRoute] [2] =Factory;

SumDisRoute [TotalRoute] =0;

MofRoute [TotalRoute] =0;

NofRoute [TotalRoute] =0;

DofRoute [TotalRoute] =0;

HofRoute [TotalRoute] =0;

do{
CheckImprove = falsge;
MinDisImprove = TotalDistance;
for(i=1;i<=TotalRoute;i++){
if (MofRoute [1] >=1) {
for(j=2; j<=MofRoute[i] +1;j++) {
for (m=1;m<=TotalRoute;m++) {
1f((m==l) && (MofRoute [m] >1) ) {
for (n=2;n<=MofRoute[m] +1;n++) {
1£(jt= n){
1£(j<n){

NTD = TotalDistance+Distance[Routeli] [j-11] [Routel[di] [j+1]]+
Distance{Route [m] [n]] [Route[i] []]1] +Distance[Route[i] [§]1] [Route[m] [n+1]]-
Distance [Route[i] [j-1]] [Routel[i] [j]] -Distance [Route (1] [j]] [Route[i] [§+1]]-
Distance [Route[m] [n]] [Route [m] [n+1]];

}else{

NTD = TotalDistance+Distance[Route[m] [n-1]] [Route[4i] [§1]+
Distance [Route[i] [§]] [Route [m] [n]] +Distance[Route[i] [§-11] [Route[i] [§+1]]-
Distance [Route[i] [J-1]] [Route[i] [{]] -Distance[Route[i] [j1] [Route[i] [j+1]]-
Distance{Route[m] [n-1]] [Route[m] [n]];

}

i £ (NTD<MinDisImprove) {
MinDisImprove = NTD;
Route0ld = i;
RouteNew = m;
PositionOld =3j;
PositionNew =n;
CheckImprove = true;

L SIS

elge if(m 1= 1)
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for (ne2;n<=MofRoute [m] +2;n++) {

CheckDisl =« SumDigRoute[i] +Distance [Routeli] [j-1]1] [Routeli] [j+1]]~
pistance[Route[1] [§-11]1 [Route[i] [j]1]-Digtance[Route(i]l [§]1] [Routeldi] [j+1]]:

CheckDig2 « SumDisRoute[m]+Distance [Route[m] [n~1]1] [Route[i] [1]+
pistance [Route[i] [§1] [Route[m] [n]]-Diastance [Route([m] [n-1]] [Route(m] (n]ll;

CheckCapa = DofRoute[m]+DSent [1] []];
1£((CheckDigl<wMaxDistance) && (CheckDig2<=MaxDigtance) && (CheckCapa<=Qk) ) {

NTD = TotalDigtance+Distance{Route([m] [n-1]] [Route(i] [31]+
Distance [Route[1] [§]] [Route [m] [n]]+Distance [Route{i] [§-11] [Route[di] [§+1)]~
Distance[Route{i]l [j-11] [Route([1]) [§]]-Distance [Route(i] [§1] [Routeldi] [+11]~
Distance [Route[m] [(n-1]1] [Route[m) [n)];

}

if (NTD<MinDisImprove) {
MinDigImprove = NTD;
Route0ld = i;
RouteNew = m;
Positionold =j3;
PogitionNew =n;
NewDigRoutel = CheckDigl;
NewDisRoute2 = CheckDis2;
CheckImprove = true;

St gt gt gt S

}}//Bnd for{is=l;i<sTotalRoute;i++) and if{(MofRoute([i]>=1)//

for(iwl;ic=TotalRoute;i++) {

1f(NofRoute[i] »=1) {

for (jwMofRoute [1] +2; j<=MofRoute [1] +NofRoute [1]1+1;§++)
for (m=1;me=TotalRoute;m++) {

1£( (m=ai) && (NofRoute [1]>1)){

for (n=MofRoute [m] +2; nc<=MofRoute [m] +NofRoute [m] +1;n++) {
1£(ji= n){

1£(jen) {

NTD = TotalDistance+Distance[Routeli] [§-1]1] [Routeli] [§+1]]1+
pistance [Route [m] [n]] [Route (1] [j1]+Distance[Route[i1] [§1] [Route[m] [n+1]]-
Digtance [Route[i]1[1-1]1]1[Routeli) [1]]-Distance(Route(i] [j]] [Route[di] [j+1]]~
Digtance [Route [m] [n]] [Route [m] [n+1]1];

}elne{

NID = TotalDistances+Distance[Route[l] [§-1]] [Route[i] [§+1]1]+
Distance [Route [m] [n-1]1] [Route (1] [j]] +Distance [Route{i] [§]] [Route[m] [n]]-
Distance [Route([i] [j-1]] [Route[i] [jl]-Distance [Route{i] [§]] [Route[i] [+1]]-
Distance [Route [m] [n-1]1 [Route(m] [n]];

}

1f (RTD<MinDisImprove) {
MinDigImprove = NTD;
RouteOld = i;
RouteNew = m;
PogitionOld =j; PogitionNew =n;
CheckImprove = true; .
}
1}
Jelse 1£(m 1= 1)
for (n=MofRoute [m] +2;n<=MofRoute [m] +NofRoute [m] +2;n++) {

CheckDisl = SumDisRoute[i] +Distance[Route[i] [§-1]] [Route[i] [J+1]]-

Distance [Route[i] [§-11] [Route[i] []]-Distance[Route(i] [j]1] [Route[i] [§+11];
CheckDig2 = SumDisRoute[m]+Distance[Route[m] [n-1]] [Routeli] [§1]1+

Digtance[Route(i]l [{]1] [Routem] [n}]-Distance [Route[m] [n-1]] [Route[m] [n]];
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CheckCapa = HofRoute [ml+HSent (1] {4];
if{(CheckDigl<eMaxDistance) && (ChackDig2<=MaxDistance) &k {(CheckCapac=gk) ) {

NTD » TotalbDistance+Distance[Route[m] [n-1]] [Route[dl]l 4§11+
Distance [Routeli]l [§1]1 [Route{m] [n]]l+Distance{Route(i] [j-11] [Route[d] [J+1]1]-
pigtance[Route[1] [§-1]] [Route[i] [{]1]-Distance[Route[i] [§1] [Routeldi] [§+11]-
Distance [Route[m] (n-1]1] [Routem] [n]]:

}

1f (NTD<MinDisImprove) {
MinDigImprove = NTD:
Routelld = 1;
RouteNew = m;
Pogltionold =j;
PomritionNew =n;
NewDisRoutel = CheckDisl;
NewDisRoute2 = CheckDis2;
CheckImprove = true;

[T

i}
}}//End for(i=l;ic=TotalRoute;i++) and if(NofRoutel[ils>=1)//

if(CheckImprove == true){
1f(RouteOld == RouteNew){
1f(Pomition0ld<PositionNew) {

Dummy = Route[Route0Old] [Positiono0ld]:
if{(Dummy <= M) {

DummyDH = DSent [Route0ld] [Positionold];
for (1=Position0ld;ic=PositionNew-1;i++){

Route [Route0l1d] [1] = Route[Route0ld] [i+1];

1£(1<=3){
DSent [Route0ld] [1]1= DSent [Route0ld] [1+1];
}
}
DSent [RouteNew] [FositionNew] « DummyDH;
Route [RouteNew] [PositionNew] = Dummy;
Yelse{ -

DunmyDH = HSent [Route01d] [Position0ld];
for (i=Position0ld;i<=PositionNew-1;i++){
Route[Route0ld] [1] = Route[Route0ld] [i+1]);
HSent [Route0ld] [i]= HSent [Route0ld] [i+1];

HSent [RouteNew] [PoaltionNew] = DunmyDH;
Route [RouteNew] [PositionNew] = Dummy;

}
Yelse{
Dummy = Route [Route0ld] [Position01d];
if (Dummy <= M) {
DummyDH = DSent [Route0ld] [Position0ld];
for (1=Position0ld;i>= PositionNew+ljsi--){
Route [Route0ld] [i] = Route[Routeold] [i-1];

1f(iemd){
DSent [Route0ld] [i] = DSent [Route0Old] [i-1];
}
}
DSent [RouteNew] [PositionNew] = DummyDX;
Route [RouteNew] [PositionNew] = Dummy;
}elne{

DunmyDH = HSent [Route0ld] [Position0ld];

for (1=Pogition0ld;i>= PositionNew+1l;i--){
~ Route[Route0ld] [1] = Route[RouteOld] [i-1];
HSent [Route01d] [1] = HSent [RouteOld] [1-1];

HSent [RouteNew] [PositionNew] = DummyDH;
Route [RouteNew] [PositionNew] = Dummy;

Yo gt

SumDigRoute [Route0ld] += MinDigImprove-TotalDistance;
TotalDistance = MinDisImprove;
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Jelee{
Dummy = Route[Route0ld] [Position0ld];

1 (Dummy <= M) {
DofRoute [Route0ld] -= DSent[Route0ld] [Position0Old];
DofRoute[RouteNew] += DSent [Route0ld] [Position0Old];
DummyDH = DSent [Route0ld] [PositionOld];
MofRoute [RouteOld] -=1;
MofRoute [RouteNew] +=1;

for (1=Position0ld; i<=MofRoute [Route0ld] +NofRoute [Route0ld] +2;1++) {
Route [RouteOld] [i] = Route [Route0ld] [1+1];
HSent [Route0ld] [i] = HEent [Route0ld] [1+1];

1f(4<=3){

}

HSent [Route0ld] [MofRoute [Route0ld] +NofRoute [Route0ld] +2]=0;

DSent [RouteOld] [i] = DSent [Route0ld] [1+1];

for (i=MofRoute [RouteNew] +NofRoute [RouteNew] +2; i >=PogitionNew;1i--) {
Route [RouteNew] [1] = Route [RouteRew] [1-1];:
HSent [RouteNew] [1] = HSent [RouteNew] [1-11;

if(ic=4}{
DSent [RouteNew] [1] = DSent [RouteNew] [1-1];
}
}
Route [RouteNew] [PositionNew] = Dunmy;
DSent [RouteNew] [PositionNew] = DummyDH;
HSent [RouteNew] [MofRoute [RouteNew] +1] = 0;
lelse{

HofRoute [RouteOld] -« HSent [Route0ld] [Position0ld];
HofRoute [RouteNew] += HSent [RouteOld] [Position0ld]:
DummyDH = HSent [RouteOld] [PositionOldl;

NofRoute [Routedld] -=1;

NofRoute [RouteNew] +=1;

for (i=pPosition0ld;i<=MofRoute [Routeold] +NofRoute [Route0ld] +2;1i++) {
Route [Route0ld] [1] = Route[RouteOld] [1+1];
HSent [Route0ld] [i] = HSent [RouteOld] [1+1];

}

for (i=MofRoute [RouteNew] +NofRoute [RouteNew] +2; i>=PositionNew;i--) {
Route [RouteNew] [i] = Route[RouteNew) [1-1];
HSent [RouteNew] [1] = HSent [RouteNew] [i-1];

}
Route [RouteNew] [PositionNew] = Dummy;
HSent [RouteNew] [PositionNew] = DummyDH;
}
SumbDisRoute [RouteQld] = NewDisRoutel;
SumDisRoute [RouteNew] = NewDisRoute2;
TotalDistance = MinbisImprove:;
}

}while {CheckImprove) ;

int 01d=1,New=TotalRoute;

do{

while (MofRoute [New] +NofRoute [New] =«=0) {
New ~=1;
TotalRoute -= 1;

}

if (MofRoute [01d] +NofRoute [01d] ==0} {
TotalRoute -= 1;
MofRoute [01d] = MofRoute [Newl] ;
NofRoute [01d] = NofRoute [New];
DofRoute [01d] = DofRoute[New];
HofRoute [01d] = HofRoute [New];
SumDisRoute [01d] = SumDisRoute [Newl;

for {i=1;i<=MofRoute[New] +NofRoute [New] +2;1++){
Route [01d] [1] = Route[New] [i];
HSent [01d] [1] = HSent[New] [1]:
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tor(i=l;ic=d;i++) {
DSent [01d] [1] = DSent [Newl [1i]:
}

}
0ld += 1;
Jwhile (New > 01d);

New -= 1;

[/ uhhhhhhhhhhhhhnkanhhhhannsssr Calculate Didtance #Sesdhbshbhhdrrttadvbrdbidds
double CallDistance (bool Show, int TotalRoute, int*+ Route,int* MofRoute, int* NofRoute) {

int 1«0, J=0;
double TotalDistance = 0;
double*SumDisgRoute = new double [TotalRoute+l];

for(i=1l;i<=TotalRoutesi++){
SumDisRoute[i] = 0;
for({=1;{<=MofRoute [1] +NofRoute [i]+1s4++) {
SumDisRoute [i] += Digtance[Route([1][j]] [Route([4i] [§+11];
TotalDigtance += Distance[Route[i][J]] [Route[i] [J+1]1];

}
}
if(8how) {
for(iml;icwTotalRoute;i++){
cout<<"SumDisRoute [*<<ic«®] =\t*<<SumDisRoute[i]<<endl;
myfile<<*SumDisRoute["<<i<<®] w=\t¥<<SumDisRoute[i]<<endl;
}
1

delete []SumDiaRoute;
return TotalDistance;

}

/Z***Q****t*****tt******ttttttt update EE 2223 S22 2222222222222 R XXX 2222
void Update{int FPactoryModel,int& Factory,int** RouteModel,int**& Route,
double** DSentModel,double**& DSent, double+* HSentModel,
double**s HSent,double* DofRoutgModel,double*s DofRoute,
double* HofRouteModel,double*& HofRoute, int* MofRouteModel,
int*& MofRoute, int* NofRouteModel, int*& NofRoute,int TotalRouteModel,
int& TotalRoute,double*SumbisRouteModel, double*&SumbisRoute)

int 1=0,4=0;
Factory = FactoryModel;
TotalRoute = TotalRouteModel;

for (iel;i«=TotalRouteModel;i++){
MofRoute[i] = MofRouteModell[il;
NofRoutel[i]l = NofRouteModelli];
SumbDisRoute[i] = SumDisRouteModel[i];
DofRoute[i] = DofRouteModellil:
HofRoute [1] « HofRouteModel([il;
for{j=1;j<= MofRouteModel [i1]+NofRouteModel [1]1+2;:++}{
Routeli] [{] = RouteModel{i] [j];:
HSent [1] [1] = HSentModel[1i] [{];

for (J=l;j<nd; j++}{
DSent[i] [§] = DSentModel {i] [4];:
}

}
}

//*************tﬂﬁﬁ************ Selection N FA A2 222222 L 2222222222222 222 X33
void SelectN(bool&Possible, int Factory,int++& Route,double**& HSent,
double*k HofRoute,int*s MofRoute, int+*g NofRoute, int& TotalRoute,
double*&SumblgRoute,double** Pheromone R,int Alpha R, int Beta R,int& No,
bool Test){

int 1-0,1003
int NumberN;



int Number = 0;

int* NRemaining = new int [N];

int* NPossible = new int [N+l1];

int NoNPossible = 0;

double* Attractiveness = new double [N+1];

double SumAttractiveness = 0;

double *HRemaining = new double [M+N+1]:

double SumSupply = H[Pactoryl;

int NoRouteN « 1;

int NoPointN = 3;

int ReferencePoint;

double CheckDigtance;

double CheckSupply;

double HTruck;

int NEqualM([9] = {0,78,113,117,123,127,149,154,161};
int MEqualNI[9] = {0,7,13,15,9,10,12,11,14};

int** RouteBegin = (int**)calloc(Total Nod+l,sizeof (int+*));
int* MofRouteBegin = new int [Total Nod+ll;

int TotalRouteBegin;

double* SumDiegRouteBegin = new double ([Total Nod+l]l;

for (iel;i<eTotal Nod;i++){
RouteBegin[i] = (int*)calloc(Total Nod+l,sizeof(int));

TotalRouteBegin = TotalRoute;

for(i=1;i<=TotalRoute;i++}{
MofRouteBegin{i] = MofRoute(i];
SumDisRouteBegin[i] = SumbDisRoutel[i];

for(j=1; j<= MofRouteBegin[i)+1;3++){
RouteBegin[il [{] = Routelil [4]:

}

}

int TIT = §;
ReferencePoint = Route[1l][2];
Posgible = true;

for(i=l;ic=150;1++){
HofRoutel[i]l = 0y
NofRoute{i] = 0;

for(3=1;3<=150;3++) {

y HSent [1]1 [{] = ©;

}

for (i=M+1;i< Factory si++){
Number += 1;
NRemaining [Number] = i;
HRemaining{il= H{1i];

}

for(i = Factory+l;icm M+N;i++){
Number +w» 1;
NRemaining [Number] = 1i;
HRemaining([i]l= H[i];

do{

NumberN = (;
if(ReferencePoint <= M){
for(i=1;i<=8;i++){
if (ReferencePoint == MEqualN[i]l){
1f (HRemaining [NEqualM{1]1]>0) {

NumberN = NEqualM[i];

break;

}
}
-}
}

if (NumberN == 0){
NoNPossible = 0;
for(i=1;i<=Number;i++){
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if (ERemaining [NRemaining[i]ll< Qk){
HTruck = HRemaining[NRemaininglil];
}elae{

}

HTruck = Qk;

CheckDigtance = SumDisRoute[NoRouteN]+Diastance[ReferencePoint] [NRemaining[ill+

pistance [NRemaining[i]] [Factoryl;
CheckSupply = HofRoute [NoRouteN] +HTruck;

if{({CheckDistance <= MaxDistance)&& (CheckSupply <= Qk}){
NoNPossible += 1;
NPossible [NoNPogsible] = NRemaining(il;

}

}

SumAttractiveness = 0;
if (NoRPossible > 0)({

for(iml;icwNoNPossible;i++){

Attractiveness[i] = pow(Pheromone R[ReferencePoint] [NPossible(i]],Alpha R)*
pow(l.0/Distance [ReferencePoint] [NPogsible[i]],Beta R);
SumAttractiveness += Attractiveness({i]:

}

NumberN « CalPop(l,NoNPossible,Attractivenessa,SumAttractiveneas,No, false);
NumberN = NPossible[NumberN]:;

}else{

if (NoRouteN < TotalRoute){
SumbDisRoute [NoRouteN] +w Distance[ReferencePoint] [Factoryl;
Route [NoRouteN] [NoPointN] = Pactory:
NoRouteN +=1;
goto Update;
}else{

1f (NoPointN > 2){
SumDisRoute [NoRouteN] += Disgtance[ReferencePoint] [Factoryl;
Route [NoRouteN] [NoPointN] = Pactory;
NoRouteN +=1;
goto Update;
}else{
Fossible = false;
goto Faill;

gt Mg S

}/74f (NumberN == 0)//
if(HRemaining [NumberNl< Qk) {

HTfruck = HRemaining(NumberN]:;
}elee{

}

i£( v-SumSupply < HTruck){
HTruck = V-SumSupply;
}

HTruck = Qk;

HRemaining [NumberN] -= HTruck;

if (HRemaining [NumberNl<s 0} {
for (i=1;i<=Number;i++){
if (NRemaining[i]== NumberN) {
for (J=1; je=Number-1;j++){
NRemaining {§] = NRemaining[j+1];
}

Number -= 1;
break;
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SumDiaRoute [NoRouteN] += Distance[ReferencePoint] [NumberN];
Route [NoRouteN] [NoPointN] = NumberN;

NofRoute [NoRouteN] += 1;

HofRoute [NoRouteN] += HTruck;

HEent [NoRouteN] [NoPointN] = HTruck;

SumSupply += HTruck;

Update:
if (NoRouteN <= TotalRoute){
NoPointN = l+MofRoute [NoRouteN] +NofRoute [NoRouteN] +1;
ReferencePoint = Route [NoRouteN] [NoPointN-1];
Yelae{
TotalRoute += 1;
NoPointN = 2;
Route [NoRouteN] [1] = Factory;
SumbDisRoute [NoRouteN] = 0;
ReferencePoint = Factory:
MofRoute [NoRouteN] = 07
HofRoute [NoRouteN] = 0;
NofRoute [NoRouteN] = 0;

}

Fail:
if{Possible == false){
TotalRoute = TotalRouteBegin;
for (i=1l;i<«TotalRouteri++}{
HofRoute[i] = 0;
SumDigRoute [i] = SumDisRouteBeginli];
for{j=1l;j<= MofRoute [1]+1s4++){
HSent [1] []] = 0O
Route [i] [j] = RouteBegin{il] [4];

}
MofRoute[i] = MofRouteBegin[i];
NofRoute[i] = 0;

}

break;

}

Jwhile (SumSupply < V);

1f (NofRoute [TotalRoute] <=0} {
TotalRoute -= 1;

}

if (Routel[TotalRoutel [MofRoute [TotalRoutel +HofRoute [TotalRoute]l+2] <= 0){
Route [TotalRoute] [MofRoute [TotalRoute] +HofRoute [TotalRoutel +2] =Factory;
SumDisRoute [TotalRoute] += Distance[Route[TotalRoute] [MofRoute[TotalRoutel +
NofRoute [TotalRoute]l +1]1] [Factoryl;

delete [lNRemaining;
delete []NPossible;

delete [JAttractiveness;
delete []1HRemaining;

for (im=1;i<=Total Nod;i++){
deletel]l RouteBeginl[i];

delete[] RouteBegin;
delete [IMofRouteBegin;
delete []SumDisRouteBegin;

/*End Selection N*/)

//************tt'ﬁt*ttl‘***i*t*l- Selgction M LA R AL AL Rt A2 R X X L}

vold SelectM{bool&Posaible, int Factory,int**g Route,double**s DSent,double*s DofRoute,
int*& MofRoute,ints TotalRoute,double*&SumDisRoute,double** Pheromone R,
int Alpha R,int Beta R,int& No,bool Test)(

int i=0,4=0;
int*NEBqualM = new int [9]1;
NEqualM[l] = 78;
NEqualM[2] = 113;
NEqualM[3] = 117;
NEqualM[4] = 123;
REqualM[5] = 127;
NEqualM[6] = 149;



NEqualM{7] = 154;

NEqualM[8] = 161;

int*MEqualN = new int [9];
MEqualN(1]=7;

MBqualN{2]=13;

MEqualN{[3]=15;

MEqualN[4]=3;

HEqualN[5]1=10;

MEqualN[6]l=12;

MEqualN({7)=11;

MEqualN[8]=14;

int NumberM;

int NoTruck;

double DRemaining:;

double SumDemand;

double* Attractiveness = new double [M+l];
double SumAttractiveness;

int* MPogsible = mnew int [M+1];
int NoMPossible;

AAA:
TotalRoute = O;
NumberM = 0;
NoMPogsible =« 0;
SumAttractivenesa = 0;

for(i=1;i<=(Capa/Qk) +2;1++){
Route [i] [1] = PFactory;
}

//**tttt*t*t* Check M Poggible *rkxdkdxdddssn

NoMPoggible a 0;

for(i=1;ic=M;i++){

if (Digtance [Factory] [1]+2<~ MaxDistance){
NoMPoasible += 1;
MPogsible [NoMPosgible] = 1i;

}

}

1f(Test == true){
myfile<<*NoMPossible: *<<NoMPossible<<endl:
}

if (NoMPoesible == 0){
Possible = false;
Yelse{
Possgible = true;
NumberM = 0:
for(i=l;ic=8;1++){
if (Factory == NEqualM([i]){
RumberM = MEqualN[i];
DRemaining = D{MEqualN[i]];
break;

}

if(Test == true){
myfilec<*NumberM: *<<NumberM<<endl;
}

1f (NumberM == 0){
SumAttractiveness = 0;
for(i=1;i<=NoMPogaible;i++){

Attractivenesa(l] = pow(Pheromone R{Factory] [MPossible{il].,Alpha_R)*
pow(100.0/Distance [Factory] [MPossible[i]],Beta_R);

SumAttractiveness += Attractiveness(i];

NumberM = CalPop (1,NoMPoasible,Attractiveness, SumAttractiveness,No, false);

NumberM = MPossible [NumberM] ;
DRemaining = D[NumberM];
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if(Test == true){
myfile<<"NumberM=0, NumberM: "<<NumberM<<endl;
}

}

if (Test == true){
myfile<<"DRemaining:*<<DRemaining<<endl;
}

AdaM:
if{DRemaining »>= Capa){
TotalRoute = Capa/Qk;:
SumDemand = TotalRoute*Qk;
for(iel;i<= TotalRoute;i++){
SumDigRoute[i] = Distance[Factory] [NumberM];
Route[i] [2] = NumberM;
MofRoute([i] = 1;
DofRoute(i] = Qk;
DSent [i] [2] = Qk:

}

if(Sumbemand < Capa) {
TotalRoute += 1;
SumDisRoute [TotalRoute]l « Distance[Pactory] [NumberM];
Route [TotalRoute] [2] = NumberM;
MofRoute [TotalRoute] = 1;
DofRoute [TotalRoute] = (apa-SumDemand;
DSent [TotalRoutel [2] = Capa-SumDemand;
SumbDemand += Capa-SumDemand;

}

1f({Test == true){
myfile<<"DRemaining>=Capa,SumDemand: *<<SumbDemand«<<endl;

}

}else{
TotalRoute = DRemaining/Qk;
SumDemand = TotalRoute*Qk;

for{l=l;i<e TotalRoute;i++){
SumDigRoute[1] = Distance[Factory} [NumberM];
Route[i] [2] = NumberM;
MofRoute([i] = 1; ’
DofRoute[i] = Qk:
DSent [1] [2] = Qk:

}

if(SumDemand < DRemaining){
TotalRoute += 1;
SumDisRoute [TotalRoute]l = Distance [Factory] [NumberM]I;
Route [TotalRoute] [2] = NumberM;
HofRoute [TotalRoute] = 1;
DofRoute [TotalRoute] = DRemaining-SumDemand;
DSent [TotalRoute] [2] = DRemaining-SumDemand;
SumDemand += DRemaining-SumDemand;

}

if(Test == true){
myfilec<"else DRemaining>=Capa, SumDemand: "<<SumDemand<«<endl;
}

SumAttractiveness = 0;

for({i=1;i<=NoMPossible;i++){
if(MPossible[i] 1= NumberM){
Attractiveness([i] = pow(Pheromone R[Factory] [MPossible[i]].,Alpha R)*
pow(100.0/Distance[Factory] [MPossible[i]}],Beta R};
SumAttractivenesg += Attractiveness[i]:
}else{ Attractivenesslil = 0;

}

Numberd = CalPop(l,NoMPossible, Attractivenesas, SumAttractiveness,VNo, false);
NumberM = MPosaible [NumberM] ;
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if(Test == true}{
myfile<<*NumberM2: ®"<<NumberM«<<endl;
}

if(Test == true){
myfile<<*(k-DofRoute[TotalRoute] : "<<Qk-DofRoute [TotalRoute]«<«<

"\tCapa-SumDemand: "<<Capa-SumDemand«<<endl;

}

1f {Qk-DofRoute [TotalRoutel <= Capa-SumDemand) {
if(Teat == true){

myfile<<*"Qk-DofRoute [TotalRoute] <= Capa-~SumDemand®<<endl;
}

if (Ok-DofRoute [TotalRoute] »0) {
if(Digtance [Factory] [Route [TotalRoute] [2] I4Distance[Route[TotalRoute] [2]] [NumberM] +
pistance [NumberM] [Factory] <= MaxDistance){
Route[TotalRoute] [3] = NumberM;
MofRoute [TotalRoute] = 2;
SumDemand += Qk-DofRoute [TotalRoutel];
DSent [TotalRoutel [3] = Qk-DofRoute(TotalRoutel:
DofRoute [TotalRoutel += Qk-DofRoute [TotalRoutel;
sumDigRoute [TotalRoute] = Distance [Factory] [Route [TotalRoute] [2]1]1+
Digtance [Route [TotalRoutel] [2]] [NumberM] ;
1f (Test == true){
myfile<<*Dis<=MaxDistance, SumDemand: “<<SumDemand<<endl;
}

3

if(Capa-SumDemand > 0}{

NoTruck = (Capa-SumDemand) /Qk;
i€(Test == true){

myfile<«<"Capa-SumDemand!=0, 6 NoTruck: "<<NoTruck«<<endl;
}

for{i=1;ic=NoTruck;i++){
TotalRoute += 1;
SumDisRoute [TotalRoutel = Distance [Factoryl [NumberM];
Route [TotalRoute] [2] = NumberM;
MofRoute [TotalRoute] = 1;
DofRoute [TotalRoute] = (k;
DSent [TotalRoute] (2] = Qk;
SumDemand += Qk;

}

if (Sumbemand < Capa) {
TotalRoute += 1;
SumDisRoute [TotalRoute] = Distance [Factory] (NumberM];
Route [TotalRoute] [2] = NumberN;
MofRoute [TotalRoute] = 1;
DofRoute [TotalRoute] = Capa-SumbDemand;
DSent {TotalRoute] [2] = Capa-SumDemand;
SumbDemand += Capa-SumbDenand;

if(Test == true)({
myfilec<*SumDemand < Capa,TotalRoute: "<<TotalRoute<<endl;
}

}

}else{
if(Tegt == true){

myfile<<®else Qk-DofRoute[TotalRoute]<= Capa-SumDemand®<<endl;
}

if (Distance[Pactory] {Route[TotalRoute] [2]) ) +Distance[Route(TotalRoute] [2]] [NumberM] +
Distance [NumberM] [Factory] <= MaxDistance}{

Route [TotalRoute] [3] = NumberM;

MofRoute [TotalRoute] « 2;

DofRoute [TotalRoute] += Capa-SumDemand;

Dgent [TotalRoute] [3] = Capa-SumDemand;

SumbDemand += Capa-SumDemand;
SumDisRoute [TotalRoute] = Distance[Factoryl] [Route[TotalRoute] [2]1]1+
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Distance [Route [TotalRoute] [2]] [NumberM] ;

1f{Teat == true){
myfile<<"Dig<=MaxDistance, SumDemand: "<<SumDemand<<endl;

Yelse{
TotalRoute += 1}
SumDisRoute [TotalRoute] = Distance[Factory] [NumberM];
Route [TotalRoute] [2] = NumberM;
MofRoute [TotalRoute] = 1;
DofRoute [TotalRoute] += Capa-SumDemand;
Dfent [TotalRoute] [2] = Capa-SumDemand;
SumDemand += Capa-SumDemand;
if(Test == true){
myfilec<*elge Dig<«MaxDistance,SumDemand: "«<SumbDemand<<endl;
}

}
}

}//7End else if(NoMPossible == 0)

1E(Tont wum true){
MyFileccmohsnnakhrasn EnD *uswakrannnwrbhwwnhnwnsrnwnson\nrocendl;

if (SumDemand < Capa){ goto AAA;}
delete [INEqualM;
delete [IMEqualN;
delete [lAttractiveness;
delete []MPossible;

/*End SelectM+/}
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int OpenFactory{double* Pheromone L,int Alpha L,int Beta L,double* SumDistance L,
inteNo) {

double* Attractiveness L = new double [Total Nod+ll:
double SumAttractiveness L = 0;

int Factory:;

int i=0;

SumAttractiveness_L = 0;

for (i=M+1;i¢=Total Nod;i++){
Attractiveness L[i] = pow(Pheromone_ L[i],Alpha L) *SumDistance LI[il;
SumAttractiveness L +« Attractiveness_IL[il;

}

Factory = CalPop(M+l,Total_ Nod,Attractiveness_ L, SumAttractiveneas L,No, false);
delete [JAttractiveness_L;
return Factory:

/*End OpenFactory=*/}

J/Ewnsdhhndinhninaihksnksyr  Caloculate Pop & Selection ##wakadwawaddasrhddadhhbshns
int CalPop{int Start,int Pinigh,double* Attractiveness,double SumAttractiveness,
int& No,bool Test){

int TIT =« 4;

double* Cumpop = new double [284];
double* Pop = new double [284];
double NoRand;

int i=0;

int Number;

for (i=Start;ic<=Finigh;i+4+) {
Popli]l] = Attractiveness({i]/SumAttractiveness;
Cumpop[Start-1] = 0;

}

for{i=Start;i<=Finish;i++){

} Cumpop{i] = Cumpop(i-1]+Poplil};

dof{
TTT += 1;
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NoRand = Random(No);
if (NoRand == 1 }{

Number = Finish;
}else{

for (i=Start;iceFinish;i++}{

if(Cumpop[i-1] « Cumpoplil){
i1f{{Cumpop [1-1] < RoRand) && (NoRand<=Cumpop[1])){

Number <« i;
break;

1

}

}

LE(TTT > 2){

cout«<<"Eror CalPop()TTT: "<<TTT<<endl;
myfile<<®Eror CalPop()TTT: ®"<<TIT<<endl;

if( (Number<Start} || (Number>Finish)){
cout<<®Start: "<«<Start<«<*\tFinigh: *"<<Finigh<<*\tNumber: "«<Number<<endl;

cout<<"NoRand: "<«<NoRand<<endl;
for (i=Start;i<eFinish;i++}{
cout«<<Cumpop [il<<'\t';

cout<<endl;
cin»>TTT;

}while ( (Number<Start) | | (Number>Finish));
delete &NoRand;

delete {]Cumpop;

delete {1Pop;

return Number;

/*End CalPop*/}

//i**************f*********ﬁ**** Random i3 2222223222 222222222t s ittt stds )
double Random(int&No){

int 1=0;

srand (time (NULL) +NoRandom) ;
int range = 100-1+1;
double R;

for(i=l;ic=No;i++){
R = (rand()/100%range+l)/100,0;
}

No += 1;

if (No>=200) {
No=1;
}

NoRandom +=1;

if (NoRandom >=500) {
NoRandom = 1;

}

return R;

f/******t*********tt****t******t* Reeet L2222 22222222222 242222232 222222223

vold Reset (int**& Route,double*¥s DSent,double**& HSent,double*s DofRoute,
double*s HofRoute,int*& MofRoute,int*s NofRoute,ints TotalRoute,
double*&SumDisRoute, doublegTotalDistance) {

int 1=0,j=0;
TotalDistance = 0;
for(i=l;ic=Total Nod;i++){
for(j=l;j<= Total Nod;j++){
Route[i] [j] = ©;
HSent 1] {§]1 = 0;
1£(Je=s){
Dsent (i) [j] = 0;
}

}
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SumDigRoute[l] = 0;
MofRoute[i] =0;
NofRoute[l] =0;
DofRoute(l] =0;
HofRoute([i] =0;

TotalRoute = 0;
[/ TR AR AR AR AR R A AR TSR AR NARN AR TR Show LI e e R R I e 2l )

void Show(int Factory,int+** Route,double** DSent,double** HSent,
double* DofRoute,double* HofRoute,int* MofRoute,int* NofRoute,
int TotalRoute,double*SumDisRoute,double TotalDistance) (

int i=0, j=0;

myfllec<*Factory : “<<Factory<<endl;
myfile<<"TotalRoute : "<<TotalRoute<«<endl;
myfile<<"TotalDigtance : "<<TotalDistance<<endl;

for{i=l;ic=TotalRoute;i++}{
myfilec<"MofRoute["<cicc™] 1\t ccMofRoute [1] <<\t '<<"NofRoute ["ccicc ] t\L"
<<NofRoute [1] <<endl;

}

for(iml;ic=TotalRoute;i++){
myfilec<*SumDiaRoute ["<<ice"] : \t"<<SumDisRoute[i] <cendl;
}

for(iel;ic=TotalRouteyi++){
myfilec<"DofRoute"ccicc®] :\t*<<DofRoute[i] <<endl;
}

for{iel;i<=TotalRoute;1l++){
myfilec<"HofRoute ["«<cicc®] :\t"<<HofRoute[1] <cendl;
}

my£ile<<"H[Factory] :\t"<<H[Factoryl<<endl;

for(is1;i<=TotalRoute;i++){
myfile<<®*Rout {"<<icc"] :\t";
for (J=1; jc=MofRoute[i] +NofRoute [1]+2;3++) {
myfilec<Route(i] [jl«<<u\t";
Jjmyfileccendl;

for(iel;i<=TotalRoute;i++) {
myfile<<®*DSent ["<cic<c®*]: ";
for (§=1;j<=d;3++){
myfile<<DSent {i] [jle<'\t*;
Jmyfile<<endl;

for (i=1;i<=TotalRoute;i++} {
myflle<<"HSent ["<<ic<"]: ";
for (j=1; jxmMofRoute [1] +NofRoute [1]+2; J++) {

myfile<<HSent [1] [{]<<?\t";
}myfile<<endl;

}
}
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