n1suideninisdatduninisuudswuunain
Tael#A3nsdumeneulufuilndiBesuuuhdn
SOLVING THE DYNAMIC VEHICLE ROUTING PROBLEM
BY ITERATED LOCAL SEARCH

YNE1IASIUA LEAUNINA svid 54366140
UNAIEITNT AT sWd 54366188

@ o
Hovanuednanssumani

fuith...... 9.9 G, L58.....
wnadou,... 0% AB8D S

Lm;ﬁun:-fﬁaffa......................‘.".‘.\.ﬁl..'...
TSI A d AR% 4
269

ByeyriinusihludaunilavasnisinmmdngasSygrianssaaansudio

H1913YIIAINTINGNEINNIT NIATVIIAINTIUNETVNTG
AMEIAINTIUATGAAT AMINVABULTAIS
Unnsdnen 2557



Tuiussastiganiivug

A e ow L W x w iyt v

Fowrdelasanu msuitammssadumansvudauunainlagl$isnisauny
AmavluruilndiAsauuuyig

ganiiiulasaany WWaMATING Launewd 593 54366140
UNAIAINT  WANT0 sWa 54366188

e v aa o =

adinwlaseaanu as.edls  Adles

#1973 IMINTUNAMNIT

AR MINTUGNAVINTS

Un1sfnwn 2557

ApEIFNTSUAARS A Inedoulms eyiRbiuiyyinuseduiiludnmi

YBINSANINMUINGATIANTINAARTULTA  ENTININTINENAINNTS

= - / ='
/........_..z...........................wU‘%nm‘lmwwu

(A3 0 Anilay)

s NTTUNNT
(HALAT.ONIY HIBATEY)

M S
........................................... NSNS

(HA. AT INUANA)



Fovidelasenu nsuitgmnisdadummaintsaudauunainlaaldisnisaum
a A‘ = o g
Awouluiuiindifsssuuyhd

piufiutasenu UNAIATINA  LaUNIna SWa 54366140

UEANANINS  URa3eq 5%id 54366188
A « Y- [ o
AU nelasiu OPRTRTNIE ANdIDa
AUV IFINTIHYNAMNT
MY IINTIHGRAMNT
TmsdAnm 2557

[ 73
UNANL

Tassouiildinaueisnsudigminisdadumesmmmuzuvuwadalasléiangg
v o A’ Abl ] a g L2 + L J
AumdnautuRulnalAsswuuingt Jgwinisdaiduniseimuziuunainlianeued
wnnei991n Uy nInsTaLEun e TURILSLUUANAY fip TayaTisavidonuasgniy amnTnd

:‘ & 4 1 -3 s :u 4 L d"

nmswasuudadlailaraminuly vinldtguiddadulguiiianududoudvanlgviuuy
& o d o o ey e v Ao g v
andn TnelgwinvinisinuwiiiingUszasdifevidunaaseunvus v bimledsesndu

1 W R o R o W e ol
mMsuds FwsznoulufeaildTnd uasaliseuusiiluntsldouwmus wasaiui
- ) L4 1 L [] ﬂ 174 ar 4’ ] 2=l L | 3 ot 1 o
Wannnsdsaudand sukuumsvudanlidmivilgmil dwualidadduaniousiaae
annsndisalanangussinm waziinsoulimlunisvudessgnAnunasay

oo o A’ o H = o | 4 5 )
dmivisnstumdmouluftuitlndifsawuuindr Mhualdlunsudtgwninduis

ar

» a a o &4 d a 0 nﬁy ] bor 1 1u °
ﬂaﬁjlunf:lumﬂ']ﬁ'ﬁﬁmﬂ ﬁﬁll‘u’!aun’]i“’]ﬂ'lﬂﬂ‘uw ALIATIAL uf’ﬂnﬁu39§1'ﬁlﬂ nANaY

2/ o

|

3

prpgn| ad v ° P4 n!-l v o & o w ° ad wpe oA
Hinan Fonisauniaeavlududilnafeawuuvindt Wunisauvnainauinodslafnounf
= o - - ve A a v o X [T
figaud idmeuiunduuplilddmeulmi TnsiinmsdumdmevluiuilndiAswuy

o g =l 1 o ﬂ; L3 o < 1 4 1 = a
¥indh iAmslimedidesimunieiinanenunmusmadng laud Bn1sfumdmey
4 =y [
W uagdimITuniuAmey
= o 4’ o Y 4 LJ = o
Brsfudwevlufiuiindidsauuig Agdnilassenldinussandl e
° o - - | ' a =
nsihumageuiviigmiaieuia fe vundn nan uaslng emAmnsfiweda
1 Yo o = or oot o 134 1 ao -
wnzauvasusaslgm wavlalinstihluSeuiisunduisnsauq Taun 3EnsBefugnisy

< i a _=y 1 d d 1 =y =
FN15eUsRUTIADY ')%'mﬂmmmzﬁquﬂuuunquaqmﬂ wagisenniinuun



Project title Solving the Dynamic Vehicle Routing Problem By

Iterated Local Search

Author Ms. Siriwimon Saenkongplee ID 50363877
Ms. Sawitree Tangrueang ID 54366188

Project advisor Dr. Kwanniti Khammuang

Major Industrial Engineering

Department Industrial Engineering

Academic year 2014

Abstract

This project proposes a Iterated Local Search algorithm for a Dynamic Vehicle
Routing Problem (DVRP). DVRP differs from the traditional Vehicle Routing Problem
(VRP) in that the information pertaining to customers can vary as time progresses
which complicates the problem and increases its difficulty. Here, the objective of the
problem is to minimize total cost, consists of fixed and variable costs of issuing
vehicles and penalty cost of goods transported beyond customers’ time windows.
The problem considers single depot, heterogeneous fleet and time window is
specified for each customer.

Iterated Local Search algorithm is one of the metaheuristics method which
usually acquires fast computation time but does not guarantee optimal solution. The
lterated Local Search algorithm is inspired by is local search by have the best answer
and improve to get a new answer. Parameters, which are Local Search method and
Perturbation method, are important for Iterated Local Search application as they can
influence the quality of solution.

The experiments were performed on three problems of various sizes, namely
small, middle and large, in order to find suitable parameters and assesses the
algorithm’s performance. The results were compared with those obtained from
Genetic Algorithm, Simulated Annealing, Ant Colony Optimization, Particle Swarm

and Optimization.
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BT 2
LS 2
PT*LS 4

Error 36
Total 44

5 = 309.903

Factor Type
PT fixed 3 PL1, PT2, PI3
LS fixed 3 Lsz, LS53, LS4

Levels Values

Seq SS  Ad3) S5
226658 226658
29651 29651
394512 394512
3457435 3457435
4108257

R-S5q = 15.84%

Analysis of Variance for Total Cost,

Adj MS
113329
14826
28628
26040

General Linear Model; Total Cost versus PT, LS

using Adjusced 55 for Tesats

F P
1.1 0.319
0.15 0.85¢
1.03 0.407

R-Stg(adj) = 0.00%
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Factor Type Levels Values
PT tixed 3 PT1, PT2, PI3
LS fixed 3 LS2, LS3, LS4

Analysis of Variance for Total Coasrc,

Source DF Seq 55 Adj S5 Adj MS
PT 2 526922 526922 263461
LS 2 36743 36743 18372
PT*LS 4 76691 76691 19173

Error 36 1662779 1662779 46188
Toxal 44 2303135

S5 = 214.915 R-Sgq = 27.E€0%

General Linear Model: Total Cost versus PT, LS

using Adjusted 55 for Tescs

F P
5.70 0.007
0.40 0.675
0.42 O0.797

R-Sq{adj}) = 11,76%
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Generaf Linear Model: Total Cost versus PT, LS

Factor Type Levels Values
PT fixed 3 PTLl, PTZ2, PI3
LS fixed 3 LS2, L53, LS4

Analysis of Variance for Total Cost, using Adjusted 55 for Teats

Source DF Seq 55 Adj S5 Adj MS F P
PT 2 33184 £33184 416592 3.49 0.041
LS 2 1164306 1164306 S£2153 4.8 0.013
PT*LS 4 442516 442516 110629 0.93 0.459

Error 36 4293094 4293094 118253
Total 44 6733100

5 = 345.330 R~Sg = 36,24% R-Sg{adj) = 22.07\
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General Linear Model: Total Cost versus PT, LS
Factor Type Levels Values

PT fixed 3 PI1, PT2, PI3
LS fixed 3 LS2, Ls3, Ls54

Analysis of Variance for Total Cost, using Adjusted S5 for Teats

Source DF Seq S5 Adj SS Adj MS F P
BT 2 764960 764960 382480 5.85 0.006
LS 2 302297 302297 151149 2.31 0.113

PI*L5 4 308058 308056 77014 1.18 0.337
Error 36 2351922 2351922 65331
Total 44 3727235

S = 255.600 R-Sq = 36.90% R-Sg(adj) = 22.88%
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n. Source Code vaslusunsunsuitgymnmsiadunisnisvudauy

v o . ¥ . %
watalneldasnisdunsneuluiufilngidesiuuving

= | 1 | %3 + 1] a:l ot
LWBﬂSﬂ']ﬂLLﬂﬂ')’]NL‘U'ﬂi] ﬂg'UOI.lUQﬂ'ﬁl.LﬂﬁNﬂ'lﬂ\lVﬁa Source Code MINANBAULYD

1) as A‘
TUsunsy deszuvssail

n.1 Thansvineuvasiu OK

Private Sub CommandButiont ClickD

Unload ILS

Range{"E4").Value = TextBox1.Text

IFILS_OptLocalSearchl Then Range{"E5") = “Local Search 1
If ILS_OptlocalSearch2 Then Range{"E5") = "Local Search 2°
If ILS_OptLocalSearch3 Then Range{"E5") = "Local Search 3
If ILS_OptLocalSearchd Then Range("E5") = "Local Search 47
If OptionButtoné Then Range{"E6") = "Perturbation 1"

If OptionButton? Then Range{’E6) = "Perturbation 2°

If OptionButton8 Then Range(’E6”) = "Perturbation 3
TextBox1.Value = "100"

End Sub

suit n.1 wamedudlonan ok Wleiisnsmneulu Worksheet ILS



Private Sub UserForm_Initialize{)
TextBox1.Value = "100"
ILS_OptlocalSearch2.Value = True
OpticnButtoné Value = True

End Sub

U n.2 msfenAieslumih User form

n.2 Tan1svinemvaeda Cancel

Private Sub CommandButton2 Click(
Unload ILS

End Sub

d o y -:I ' d v L5
JUN n.3 uansmdudlonady OK walvimi User form waly
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n.3 Taan1s¥i191uvass Run ILS

Private Sub ILS_run_Click0

Dim StartTime As Double

Dim FinishTime As Double
StartTime = Timer

Range("E27") = 0
Application.ScreenUpdating = False
Application.Calculation = xiCalculationManual
Randomize {1111)

'Randomize (2222}

'Randomize (3333)

‘Randomize (4444)

‘Randomize (5555}

Call Event_Manager

UM 0.4 M3viautaatju Run ILS

Application.ScreenUpdating = True
Application.Calculation = xICalculationAutomatic
FinishTime = Timer - StartTime

MsgBox "Finishitlllil"

Range("E27"} = FinishTime

£nd Sub

3U# n.4 (si) meviewwesiu Run ILS
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Private Sub Worksheet_Activate()
ILS.Show
Worksheets("ILS").Range("E11") = 0"
Worksheets{"IL5").Range('E13") = 0"
Worksheets('ILS").Range{"E20") = *0"

Worksheets{"IL5S").Range{"E22"} = "0"

End Sub

gﬂﬁ n.5 nsaenAnat 0 Tumih Worksheet ILS

n.4 Taan15919ulu ILS_Module
n.4.1 mssenldlusunsy

Option Explicit
n5UsENIARUUS

Dim ILS_CurSol() As Integer
Dim ILS_RndPos As Integer

Dim ILS_Temp As Integer

96
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Dim ILS_Cur5olObj() As Double
Dim ILS_NewSol() As Integer
Dim ILS_NewSolObj() As Double
Dim ILS_LSMethod As String
Dirm ILS_PTMethod As String
Dim ILS_Numit As Integer

Dirn ILS_MinObj As Double
Dim ILS_MinObjPos As Integer
Dim ILS_BestSolCbj As Double
Dim ILS_BestSol(} As Integer
Dim ILS_NumRes() As Integer
Dim ILS_Number() As Integer
Dim i As Integer

Dim j As Integer

Dim a As Integer

3Ufl 0.6 (s19) Msvhailu ILS_Module
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Public Sub {LS10)

LS_LSMethod = Worksheets("ILS").Range{’E5").Value
ILS_PTMethod = Worksheets("ILS") Range{"E6").Value
ILS_Numit = Int{2000 / {UBound{NowSal} + 1 -3)) + 1

ReDim ILS_CurSol{@ To UBound{Nowsol)
ReDim ILS_CurSolObj(1)

ReDim ILS BestSol{d To UBound{NowSol))
ReDim ILS_NumRes(0 To ILS_Nurnlt)
ReDim ILS_Number(1 To ILS_Numit}

Call Faint

A = .t | 4
3U% .7 wamamsSenlgeulang

‘MIETR R UITIRY

For ) = 0 To UBound{NowSol}
ILS_CurSol(j) = NowSol())
Worksheets('ILS".Range{"06™).Offset(0, j) = ILS_CurSol(j)
Next j

<l » [] a w
JUN n.8 LaRMINISEINAMBUEUAY

mahimoutegilvunmiludesiirouiidfin

For i = 0 To UBound(NowSol)
ILS_BestSol(i) = ILS_CurSol(i)
Worksheets("|L5").Range{"04").Offset(0, i} = ILS_BestSol(i) Next i
ILS_BestSolObj = ILS_CurSolObj(1)
Worksheets("ILS").Range("M4").Offset(0) = iLS_BestSolObj

ILS_LSMethod = Worksheets{"ILS").Range{"E5"}

ILS_PTMethod = Worksheets(iLS").Range("E6")

<l - J. ] at [ 2 PE
U 0.9 wanamstimeuthyduluunuludesrneuiddian
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Dim AllZero As Boolean
AllZero = True
For i = 0 To UBound(NowSol)
If NowSol(i) <> ¢ Then
AliZero = False
Exit For
End I
Next i

If AllZero = True Then Exit Sub

P 1o
3U# n.10 wamniInsIvasunIsleuAIfIney

erersered T LS
Fora =1To ILS_Numlt
ILS_Number{a) = a
Worksheets('ILS*) Range("E20°).0ffset{0) = ILS_Number(a} ‘nafuswiuioulunii Run
For j = 0 To UBound(NowSol) - 3
Worksheets("ILS").Range("M3"),Offset(j, 0).Interior.Color = 14281213
Next |
" \Buturoumaiden Local Search
Select Case ILS_LSMethod
Case "Local Search 1°
Calt ILS_LS1
Case "Local Search 2"
Call ILS_LS2
Case "Local Search 3"
Call ILS_LS3
Case "Local Search 4
CallILS LS4
Case Else
MsgBox "Please Enter Only Local Search 1, 2,3 or 4 and Start Again®
Exit For
End Select

- 1
Ui n.11 wamamsidenty Local Search
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Teisuanfmouiiadeens Ls
ILS_NumRes{a) = ILS_NumRes{a - 1) + UBound(ILS_CurSol) - 2
Worksheets("ILS").Range{“E22").Offset{0) = ILS_NumRes{a)

U n.12 uamanslaisnnummeuitlfannds Local Search

Call ILS_Best

o 4 (] |
JUN n.13 wammslgnumsidrarmneunange

Wutumeunisidien Perturbation
Select Case ILS_PTMethod
Case "Perturbation 1"
Call iLS_PT1
Case "Perturbation 2"
CaltILS_PT2
Case "Perturbation 3"
Call ILS_PT3
Case Else
MsgBox "Please Enter Only Perturbation 1, 2 or 3 and Start Agaln”
Exit For
End Select
For i = 0 To UBound(NowScl}
Worksheets("1L5").Range(*02%).Cffset(0, i} = ILS_BestSol(i) ‘mwaam‘ﬁau'hﬂﬁﬁﬂuqnv’a’mn‘s‘a‘hi
Next i
Next a
For i = 0 To UBound(MowSol) ‘Tauﬁﬂﬁ'ﬁﬁqn‘lﬁ'ﬁﬂu
NowSol(i} = ILS_BestSol(i)
Next i

Call Evaluate_count_vehicle

End Sub

d 27 oo .
U n.14 uanamsldauTs Perturbation
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Pubtic Sub its_L510

ReDim ILS_NewSol(0 To (UBound{ILS_CurSol} - 3}, 0 To {UBound(ILS_CurSol})}
ReDim ILS_NewSolOb){0 To (UBound(ILS_CurSol) - 3}

Dim IL5_MaxPair(0 To 1) As Integer

Dirn ILS_MaxPairPos(0 To 1) As integer

Dim Max As Double

Max = 0

Fori = 0 To UBound(iLS_CurSol} - 3
For ] = 0 To UBound({iLS CurSol}
ILS_NewsSol(, j) = ILS_CurSol(j)
Worksheets(*ILS").Range("09").0ffset(), j) = ILS_NewsSol(j, })
Next
Next i

3U# n.15 uamamsnaenfneuGLAuYeddd Local Search 1

Fori = 1 To UBound(ILS CuiSol) - 2
If Cust_Distance{lLS CurSol{i}, ILS_CurSol{i + 1)} > Max Then
Max = Cust_Distance(ILS_CurSol(i), ILS_CurSol(i + 1)}
ILS_MaxPair(0) = ILS_CurSol(i)
ILS_MaxPair(1) = ILS_CurSol(i + 1)
ILS_MaxPairPos{0) = i
LS _MaxPairPos(1) = i + 1
End if
Next i

d al d oy .t (=2
JUR n.16 uammInsIvaeUssEsN 2 fvedfnuesds Local Search 1
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'ngaduiumis
For i = 0 To UBound{ILS_CurSal) - 3
Ifi < ILS_MaxPairPos(0) - 1 Then
ILS Temp = LS MNewSol(, i + 1)
ILS_NewsSolli, i + 1) = ILS_NewScl(i, ILS_MaxPairPos(0))
ILS_NewSolfi, ILS_MaxPairPos{0)) = ILS_Temp
Else
ILS_Temp = ILS_NewSol, i + 2}
ILS NewSolfi, i + 2) = ILS_NewSol{j, ILS_MaxPairPos{0))
ILS_NewSol(, ILS_MaxPairPos(0)) = ILS_Temp
End If
Next i

l=| “ a [ |
;i;lhfl N1.17 LEAINIaauMIVUeYD95 Local Search 1

Teddnsadu
For i = 0 To UBound{ILS_CurSol} - 3
For j = 0 To UBound(iLS_CurSol)
Worksheets("ILS").Range{"09").0ffsetli, ]} = ILS_NewSol{i, )
Next j
Next i

d 1 L d ) = el
JUN n.18 uansnslydAmsaduiiuviiaeesids Local Search 1

Fori = 0 To UBound{NowSol) - 3

For j = 0 To UBound(NowSal)

NowSol(f} = ILS NewsSol, j)

Next j

Call Evaluate_count_vehicle

ILS_NewSolObj(i) = Objective

Worksheets("'ILS").Range{"M9").Offset(j, 0) = ILS_NewSolObj(i}
Next i

End Sub

IJ = 1 ] = |
3U# n.19 uansimsUssiunAneuYedls Local Search 1
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A BRIEOEING 3 F2fRAY TEMIANTIgR shiananalUaduRumARTUm ...
Public Sub ILS_LS20
'Frnumaoulng auniu ILS_Cursol-2 Aoliiuv waz viwlunsadu
ReDim ILS_NewSol(C To (UBound(iLS_CurSol) - 3), 0 To (UBound{ILS_CurScl)))
ReDim ILS_NewSotObj{0 To (UBound(ILS_CurSol} - 3))
Dim ILS_TreePairf0 To 2) As Integer "fiuggniilszuzmannga
Dim ILS_TreePairPos(0 To 2} As integer 'iulasiimisggnAiszosmannas
Dim Max As Double
Dim ILS_Keep As Double
Max =0
‘AsfiousmeuEudy
For i = 0 To UBound(iLS CurSol) - 3
For j = 0 To UBound(ILS_CurSol)
ILS_NewSolli, j) = ILS_CurSol(j)
Worksheets("|LS").Ranga("03").Offset(l, J) = ILS_NewSol{j, j}
Next j
Next i

] o o - v =
JUT 0.20 uamsmIrnaenAMBuUIENAUYeTIS Local Search 2

For i = 1 To UBound(ILS_CurSol) - 3
If Cust_Distance(ILS_CurSol{i}, ILS_CurSol(i + 1)) + Cust_Distance{lLS_CurSol(i + 1), ILS_CurSol(i + 23} >
Max Then
Max = Cust_DistancedLS_CurSol(®, ILS_CurSolli + 1)} + Cust_Distance{lLS_CurSol(i + 1), IS _CurSotl
+2)
ILS_TreePair(0) = ILS_CurSol{i)
ILS_TreePaid(1} = ILS_CurSolfi + 1)
ILS_TreePair(2) = ILS_CurSol{i + 2)
ILS TreePairPos(0) = i
ILS TreePairPos(1) =i + 1
ILS_TreePairPos(2) =i + 2
End If
Next |

A ar d 1o @ st
31]'" N1.21 UERNTIATIFADVUISYTNN 3 AIVOYIRNUYDIIG Local Search 2
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'mahAnanaduiunnd
For i = 0 To UBound{ILS_CurSol} - 3
If i < ILS_TreePairPos(1) - 1 Then
ILS Temp = LS NewSol(, i + 1)
ILS NewSol(i, i + 1) = ILS_NewScl(i, ILS_TreePairPos{1)}
ILS NewScl(i, ILS_TreePairPos{1)) = ILS_Temp
Else
ILS Temp = ILS NewSolli, i + 2)
ILS_NewsSolfi, i + 2) = ILS_NewsSol(i, ILS_TreePairPos{1))
ILS_Newsol(i, LS TreePairPos(1)) = ILS Temp
End If
Next i

d L4 L] ) =y
;51J1n .22 KAMINTTARUAUVLIYBIID Local Search 2

For i = 0 To UBound(ILS_CurSol} - 3
For j = 0 To UBound(ILS_CurSol)
Worksheets{"ILS").Range("09").0ffset(j, j) = ILS_NewSol{, j)
Next ]
Next i

P £ [ Y] 1 o
3UN .23 uansnnslydrnsadusiumiavesds Local Search 2

For I = 0 To UBound{NowSol) - 3

For j = 0 To UBound(NowSot}

NowsSol{j) = ILS_NewsSoli, )

Next |

Call Evaluate_count_vehicle

ILS_NewsolObj(i) = Objective

Worksheets("ILS").Range{"M%").Offset(i, 0) = ILS_NewSolObjli)
Next i

End Sub

r.‘ =y L o =
gﬂ'w .24 uansnnsusadiuAiAmautedia Local Search 2
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Public Sub ILS_LS3()

ReDim ILS_NewSol0 To (UBound(ILS_CurSol) - 3), 0 To (UBound{LS_CurSol))
ReDim IL5_NewSolCbj(0 To (UBound(LS_CurSol) - 3))

Dirn ILS_TwoPair(0 To 1) As Integer

Dim ILS_TwoPairPos(0 To 1) As Integer

Dim Max As Double

Dim ILS_Rnd As Double

Max = 0

For i = 0 To UBound(ILS_CurSol) - 3
For j = 0 To UBound{ILS CurSol)
ILS_Newsolli, j) = ILS.CurSolj)
Worksheets(ILS").Range("09").0ffset(l, j) = ILS_NewsSol(, )
Next }
Next i

= o o o o
U n.25 uann1sAnaenAmeuliNiuYesds Local Search 3

Fori =1 To UBound{ILS_CurSol) - 2
If Cust_Distance(LS_CurSol{i), ILS_CurSol(i + 1)} > Max Then
Max = Cust_Distanca{lLS_CurSol{i), ILS_CurSol{i + 1))
ILS_TwoPair(0} = ILS_CurSol(i)
ILS TwoPair1) = ILS_CurSol{i + 1)
ILS_TwoPairPos(0) = i
ILS_TwoPairPos{1) = i + 1
End if
Next i

P e o e w ol
g‘d‘n N.26 UWARINIINTIVADUILELNE 2 ANVRERANUYDIIE Local Search 3
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For i = 0 To UBound{ILS_CurSol) - 3
If i < ILS_TreePairPos(1) - 1 Then
LS Temp = ILS_NewSol(i, i + 1)
ILS_NewSol(i, 1 + 1) = ILS_NewSol(j, ILS_TreePairPos(1))
ILS_NewSolli, ILS TreePairPos(1)) = ILS Temp
Else
ILS Temp = ILS _NewSol(i, i+ 2)
LS NewsSollf, | + 2) = ILS_NewSol{i, ILS_TreePairPos(1))
ILS_NewsSol(i, 1LS_TreePairPos(1)) = ILS_Temp
End if
Next i

A L2 L. 1 oot
UM n.27 uanamsaduaumisvesis Local Search 3

For i = 0 To UBound{ILS_CurSol) - 3
For j = 0 To UBound(iLS CurSol}
Worksheets("iLS").Range(*09").0ffsetfi, j) = ILS_NewSolj, j)
Next j
Next i

4 a1 [ 3] o ] =,
JUT n.28 uamsnslydsmsadusinumiseeds Local Search 3

For | = 0 To UBound{NowSol} - 3

For j = 0 To UBound{NowSol)

Nowsol(j) = ILS_NewSol(i, J)

Next

Calt Fvatuate_count_vehicle

ILS_NewSolObj(i) = Objective

Worksheets("LS").Range{"M9").Offsetli, 0} = ILS_NewSolObj(i)
Next i

End Sub

“ - 1 a e
3U% n.29 uanansUssdiuenAnouesds Local Search 3
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Public Sub ILS_LS4()

ReDim IL.5_NewSol{0 To (UBound(iLS_CurSol) - 3), 0 To {UBound(iLS_CurSol)))
ReDin ILS_NewSolObj(0 To (UBound(ILS_CurSol) - 3)

Dim ILS_TreePair(0 To 2) As Integer

Dim ILS_TreePairPos(C To 2) As Integer

Dim Max As Double

Dim ILS_Keep As Double

Dim ILS_Rnd As Double

Max = 0

Fori = 0 Te UBound(ILS_CurSol)- 3
For | = & To UBound(ILS_CurSol)
ILS_NewSolfi, J) = ILS_CurSol(j}
Worksheets("ILS").Range(*09").0ffset(;, j) = ILS_NewsSol(i, j}
Next j
Next i

< w o a o
JUM n.30 uannisAnaenAmeuaURLYEdIS Local Search 4

For i = t To UBound(ILS_CurSol} - 3
If Cust_Distance(ILS_CurSol(i), ILS_CurSolli + 1)) + Cust_Distance(lLS_CurSolfi + 1}, ILS_CurSolti + 2)) >
Max Then
Max = Cust_Distance(ILS_CurSol(i}, ILS_CurSol(i + 1)) + Cust_DistancefiL5_CurSol(i + 1), ILS_CurSol{|

+2)
ILS_TreePair(0) = IL'S_CurSol(})
ILS_TreePair(1) = ILS_CurSol{i + 1)
LS TreePair(2) = ILS_Cussolii + 2}
ILS_TreePairPos(0} = i
ILS_TreePairPos(1) = i + 1
ILS TreePairPos(2) = i + 2

End If
Next i

« v o ) L% =
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For i = 0 To UBound{ILS_CurSol) - 3
ILS_Rnd = Int{UBound(NowSol) - 1 - 1 + 1) * Rna()) + 1
ILS_ Temp = ILS_NewSol(, ILS_Rnd)
ILS_NewSolli, ILS_Rnd) = ILS_NewsSol{i, ILS_TreePairPos(1))
ILS NewSol(i, ILS_TreePalrPos(1)} = ILS Temp

Next i

o & a ] oyl
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For i = 0 To UBound(ILS CurSol) - 3
For j = 0 To UBound{ILS_CurSol}
Worksheets("ILS").Range{"097).Offset{f, J) = ILS NewSol{j, j}
Next j
Next |

“ i 14 o 1 =l
U n.33 uamanslyimnsaduriumisnesidd Local Search 4

For i = 0 To UBound({NowScl) - 3

For ] = 1 To UBound({NowSol)

NowSol(j) = ILS_NewsSol(i, j}

Next j

Call Evaluate_count_vehicle

ILS_NewSolObj(i) = Objective

Worksheets{"IL5").Range("M9").Offsetli, 0) = ILS_NewSclOhjfi}
Next i

IJ - 1 o =
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Public Sub ILS_PT1()
ReDim ILS_NewSol(0 To (UBound(ILS_CurSol}))
ReDirm ILS_NewSolObj{0 To (UBound(iLS_CurSol) - 3)}
Dim ILS_ThirdPair(0 To 2} As Integer
Dim ILS_ThirdPairPos(0 To 2} As Integer
Dim Max As Double
Dim ILS_Keep As Double
Dim ILS_Rnd As Double
Max =0
For i =1 To UBound(ILS_CurSol) - 3
If Cust_Distance(lLS_CurSol(i), ILS_CurSol(i + 1)) + Cust_Distance{iLS_CurSol(i + 1), ILS_CurSol(i + 2))
> Max Then
Max = Cust_Distance{ILS_CurSol{#}, ILS_CurSol(i + 1)} + Cust_Distance{ILS_CurSolli + 1),
ILS_CurSoli + 2))
ILS_ThirdPair(0) = ILS_CurSol(i)
ILS_ThirdPair(1} = ILS_CurSol{i + 1}
ILS_ThirdPain(2) = ILS_CurSol(i + 2)
ILS_ThirdPairPos(0) = i
LS ThirdPairPos{1) =i + 1
ILS_ThirdPairPos(2) = i + 2
End If
Next i

<l N A .
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ILS_Rnd = Int{{UBound(NowsSol) - 1 - 1 + 1)} * And()) + 1 {OAEBEA
ILS Temp = ILS_CurSolliLS_Rnd)

ILS_CurSol{ILS_Rnd} = ILS_CurSol(ILS_ThirdPairPos(0})
ILS_CurSol{ILS_ThirdPalrPos{0)) = ILS_Temp
10uNGEARSEARReuOaE 165-OckpeA

ILS_Rnd = Int{{UBound{NowScol) - 1 - 1 + 1) * Rnd(}) + 1

ILS Temp = ILS_CurSol{ILS Rnd)

ILS_CurSoliLS_Rnd) = ILS_CurSol(li S_ThirdPairPos(2})
ILS_CurSol(iL5_ThirdPairPos(2)) = ILS_Temp

o [T ) 1 a, .
Ui n.35 LanIN1SAaURIMMLIYesIS Perturbation 1
3
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For j = 0 To UBound(ILS_CurSol)
Waorksheets("ll.S").Range("08").0ffset(UBound{ILS_CurSol} + 1, j) = ILS_CurSol{j)
Next j

=l & ¥ v o [ o] N
3UN n.36 wanan1sladrnsadusiiumiswesds Perturbation 1

For j = 0 To UBound{NowSol)
NowSol(j) = ILS_CurSol(j)
Next j
Call Evatuate count_vehicle
ILS_CurSolObj{1} = Objective
Worksheets("lL 5™).Range("MB8").0ffset{UBound(ILS CurSol) + 1, 0) = ILS_CurSolObj(1)

End Sub

d =5 1 L ol .
gﬂw N.37 waaan1sussdiuamAnimeauyedln Perturbation 1

n.4.6 A8ns Perturbation 2

Public Sub ILS_PT2()

ReDim ILS_NewSol{0 To UBound(ILS CurSol})

ReDim ILS_NewSolOb[{0 To (UBound(ILS_CurSol) - 3))
Dim ILS_SecendPair(0 To 1) As Integer

Dirm ILS_SecondPairPos(0 To 1) As Integer

Dim Max As Double

Dim iLS_Rnd As Double

Max =0

o w d 1o e o .
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For i = 1 To UBound{ILS_CurSol) - 2
If Cust_Distance{lLS_CurSol(}, ILS_CurSol(i + 1)) > Max Then
Max = Cust_Distance{ILS_CurSol(i}, ILS_CurSol{i + 1))
ILS_SecondPair(0) = ILS_CurSol(i)
IL'S_SecondPair(1) = ILS_CurSol(i + 1)
ILS_SecondPairPos(0) = i
ILS SecondPairPos(1) =i + 1
End If
Next i

“ ] -t A ey s ccl .
JUN n.38 (919) UAMINMIATINEDUTIOENN 3 HINEYARNUIDIIS Perturbation 2

ILS_Rnd = Int{{UBound{NowSol) - 1- 1 + 1) * Rnd(}} + 1
ILS Temp = ILS_CurSol{ILS_Rnd)

LS CurSol(iLS_Rnd) = ILS_CurSol(flS_SecondPairPos(1))
ILS_CurSol{ILS_SecondPairPos(1)} = ILS_Temp

P (YR ) 1 = .
JUN .39 uaninsadusiumisussds Perturbation 2

For j = 0 To UBound(ILS_CurSol)
Worksheets('ILS").Range(*087).0ffset{UBound{iLS_CurSol) + 1, j) = ILS_CurSol(})
Next j

o £ ot a ] = .
JUT .40 uwamensleimmsaauaimiawedds Perturbation 2

For j = 0 To UBound({NowSol)
NowSol(]) = ILS_CurSol(j)
Next |
Call Evaluate_count_vehicle
ILS_CurSolObj(1) = Objective
Worksheets{"IL5").Range{"M8").0ffset{UBound(ILS CurSol) + 1, 0) = ILS_CurSolObj{1)

End Sub

] o 18 = .
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n.4.7 A5n13 Perturbation 3

112

Public Sub ILS_PT30

ReDim ILS_NewScl(0 To (UBound(ILS_CurSol)))
ReDim IL5S_NewSolObj(0 To (UBound(ILS_CurSol) - 3))
Dim IS ThirdPair{0 To 2) As Integer

Dim ILS_ThirdPairPos{0 To 2) As Integer

Dim Max As Double

Dim ILS_Keep As Double

Dim ILS_Rnd As Doubte

Max = 0

Fori =1 To UBound{iLS_CurSol) - 3
If Cust_Distance(ILS_CurSol{i), ILS_CurSol(i + 1)) + Cust_Distance(ILS CurSol(i + 1), ILS CurSol(i + 2)) >
Max Then
Max = Cust_Distance(ILS_CurSol(i), ILS CurSol(i + 1)) + Cust Distance(lLS_CurSol{i + 1), ILS_CurSol(i
+2)

=l o len o = .
JUN 1.42 wansNsnTINABUTEBYNNS 3 daviegfiafuvesds Perturbation 3

ILS_ThirdPair{0) = ILS_CurSol(i)
ILS_ThirdPair(1) = ILS_CurSol{i + 1)
ILS_ThirdPair(2) = ILS_CurSol(i + 2}
ILS_ThirdPairPos{0) = i
ILS_ThirdPairPos(1) = i + 1
ILS ThirdPairPos(2) =i + 2

End If
Next i

d 1 b 4=l ey ar =y -
3UT n.42 (D) uamaminsvapvsEezv 3 slieefiniuvedds Perturbation 3

U

ILS_Rnd = Int{(UBound(NowSol) - 1 - 1 + 1) " Rnd0) + 1 {OAE@eA
ILS_Temp = ILS_CurSol(iLS_Rnd)

ILS_CurSol(ILS_Rnd) = ILS_CurSol(LS_ThirdPairPos(o)
ILS_CurSol{iLS_ThirdPairPos(0)) = ILS Temp

A ot o ) aa| .
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For j = 0 To UBound{ILS_CurSol}
Worksheets("|LS").Range{"08").0ffset{UBound(ILS_CurSol} + 1, j) = ILS_CurSol(j)
Next j

< ' YRS ' ad .
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For j = 0 To UBcund(NowSol)
NowSot()) = ILS_CurSol(j)
Next j
Call Evaluate_count_vehicle
ILS_CurSolObj{1) = Objective
Worksheets("IL5").Range{"M8").Offset{UBound(ILS_CurSol} + 1, 0) = ILS_CurSolObj(1)

End Sub

| - 19 =y .
g'dw n.45 wansnsussEiuAAMaUTeII0 Perturbation 3
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Public Sub ILS_Bast()

ILS_MinObj = ILS_Newsolobj(0) Tidmoulminnawsnifiudmauiiioudign
LS_MinObjPos = 0 IasulmiunausmBusumiad 0

WA mouhdIlwuiosfigaluninh LS
For i = 1 To UBound(ILS_CurSol} - 3
I ALS_NewSolObjli} < ILS_MinObj Then
ILS_MinObj = ILS_NewSolObj(i)
ILS_MinObjPos =i
End If
Next i

Worksheets("ILS").Range{"M9").Offset{iLS_MinObjPos).Interior.Color = 6737151
Worksheets("ILS").Range("E13").0ffset{0) = ILS_MinObj ‘Anaulwi

| S o =
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Winuifinusmeulmifiissfigaiudmeutiogi
IF ILS_MinObj <= ILS_CurSolObj(1) Then
For i = 0 To UBound(lLS_CurSol)
ILS_CurSol(i) = ILS_NewSol(ILS_MinObjPos, i}
Next i
ILS_CurSolObj(1) = ILS_MinOb)

Ui 0.47 wanamsnouifioudmeulmifusneuin

Touranfusarinsludy Best Answer
For i = 0 To UBound(ILS_CurSol)
Worksheets{"ILS").Range{"06").0ffset(0, i} = ILS_CurSol(i)
Next i
Worksheets(’|LS").Range("M6”).Value = ILS_CurSolObj(1}

{FILS_CurSolObj(1) <= iLS_BestSolObj Then
For i = 0 To UBound{NowSol}
ILS_Bestsol(i) = ILS_CurSol(i)
Worksheets('ILS").Range({"04").0ffset{0, i) = ILS_BestSolli)
Next i
ILS_BestSolObj = ILS CurSolObj(1)
End If
Worksheets("ILS").Range{"Ma7).Offset(0) = ILS_BestSolObj
End If
Worksheets{"ILS™).Range(°E117).0ffset{0) = ILS_MInOb) ‘Amuiii

End Sub

< o a o ala
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veeen VAR e

Public Sub Paint()

ReDim ILS_NewSol(0 To UBound(iLS_CurSol)

ReDim ILS_NewSolOb}{0 To (UBound(ILS_CurSol) - 3))

Worksheets(ILS").Range{"M4:BY1000".ClearContents
Worksheets("ILS"),Range("L2:BY1000").Clear
Worksheets(*ILS").Range(*J10:K500").Clear

5UT n.50 wamaldinnasing



116

..... nrlddRumEdde....
With Worksheets("ILS").Range{"L2")
Worksheets("ILS").Range(.Offset(0, 1), .Offset{(UBound(iLS_CurSol) + 50), {(UBound({ILS_CurSol) +
50)).Select
End With
Wwith Selection.Interior
Pattern = x(Solid
PatternColorindex = xlAutomatic
LColor = 15853276
JintAndShade = 0
PatternTintAndShade =
End With

...... astdrus ...
Worksheets("ILS").Range(")10:K5007).Select
With Selecticn.Interior

.Pattern = xl5olid

PatternColofindex = xtAutomatic

.Color = 14277081

JintAndShade = 0

PatternTintAndShade = 0

End With
..\t amoVTATIaN. ...

Worksheets(*ILS").Range{"M4").Offset{0, 0).interior.Color = 13434879

With Worksheets("ILS").Range("04")
Worksheets{"LS*).Range{.Offset{0, 0), .Offset(0, (UBound(ILS_CurSol))).Select
End With

With Selection.Borders{xlEdgelLeft)
LineStyle = xlContinucus
ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin

End With

U .50 (si0) uanalinnaing
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With Selection.Borders(x{EdgeTop)
.LineStyte = xlContinuous
ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = xiThin

End With

With Selection.Borders{x|EdgeBottom)
LineStyle = x{Continuous
ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin

End With

With Selection.Borders(x\EdgeRight}
LineStyle = xlContinuous
.ThemeCotor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin

End With

With Setection.BordersixlinsideVertical)
LineStyle = xiContinuous
ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin

End With

Wwith Selection.Borders(xlinsideHorizontal)
LineStyle = xlContinuous
ThemeCotor = 1
JintAndShade = -0.349986266670736
Weight = x{Thin

End With

With Selection.interior
Pattemn = x(5olid
PattemColorindex = xlAutomatic
{Color = 13434879

End With

g‘dﬁ .50 (#2) wamlAnmsnad
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Worksheets("ILS").Range{"M6").Offset{0, 0).interior.Color = 6737151

With Worksheets(*ILS").Range{"06")
Worksheets("lLS").Range{ Offset(0, 0}, .Offset{0, (UBound{ILS CurSoU)).Select
End With
With Selectlon.Borders{xtEdgeLeft)
LineStyle = xiContinuous
.ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin
End With
With Selection.Borders(x{EdgeTop)
LineStyle = xlContinuous
ThemeColor =1
TJintAndShade = -0.349986266670736
Weight = x(Thin
End With
With Selection.Borders(x|{EdeeBottom)
LineStyle = xlContinuous
.Th;-:meColor =1
TintAndShade = -0.349986266670736
Weight = x{Thin
End With
With Selection.Borders{x\EdgeRight)
LineStyle = xlContinuous
.ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x[Thin
End With
With Selection.Borders{xlinsideVertical)
.LineStyle = xlContinuous
.-ThermeColor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin
End With

gﬂﬁ n.50 (Ad) uanalArnsind
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With Selection.Borders(xlinsideHorizontal)
LineStyle = xlContinuous
ThemeColor = 1
JintAndShade = -0.349986266670736
Weight = x(Thin

End With

With Selection.Interior
Pattem = x{Solid
PatternColorindex = xtAutomatic
.Color = 6737151

End With

For j = 0 To UBound(NowSol) + 2 ... 2&isc¢ oot ECrAnL
Worksheets{'ILS").Range{"N8").Offset{0, j).Interior.Color = 16751103
Worksheets{'|LS").Range(*N8").Offset{UBound(itS_CurSol) - 1, jlinterior.Color = 16751103

Next j

For j = G To UBound{NowSol} - 3 + 2 28l§C[eCeOsECPARY
Worksheets("it 5”).Ranee{"N8").0ffset{j, 0).Interior.Color = 16751103
Worksheets{'IL5").Range{"N8").Offset(j, UBound(ILS_CurSol) + 2).Interior.Color = 16751103
Next |
..... w104 Local Search.....
With Worksheets(*ILS").Range{"09")
Range(.Offset{0, 0), .Offset{{UBound(ILS_CurSol) - 3), (UBound(ILS CurSot))).Select
End With

With Selection.Borders(x|Edgel eft)
LineStyle = xiContinuous
.ThemeColor = 1
TJintAndShade = -0.349986266670736
Weight = x{Thin

End With

With Setaction.Borders(x|EdgeTop)
LineStyle = xlContinuous
ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin

14 ] p24 o
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End With

With Selection Borders(x|EdgeBottom)
LineStyle = xtContinuous
.ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x(Thin

End With

With Selection.Borders(xlEdgeRight)
LineStyle = xIContinuous
.ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x(Thin

End With

With Selection.Borders(xlinsideVerticat)
LineStyle = xtContinuous
ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x(Thin

End With

With Selection.Borders(xiinsideHorizontal)
LineStyle = xIContinuous
.ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin

End With

With Selection.Interior
.Pattern = x{Solid
.PatternCotorindex = xtAutomatic
Cotor = 14281213
End With
...... w1 Perturbation.......
Worksheets("IL.5").Range("J8").Offset(UBound(iLS CurSol) + 1, 0) = "Perturbation”
Worksheets("ILS") Range{"J8:K8".Offse{UBound{ILS_CurSol} + 1, Q)Interior.Color = 14281213
Worksheets(*ILS").Range("J8").Offse{UBound{ILS_CurSol) + 1, 0).Select
Selection.Font.Bold = True
Worksheets("IL5").Range{"M8").Offset{UBound{ILS_CurSol} + 1, O}Interior.Color = 16764159
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With Worksheets("ILS").Range{"08")

Range{ Offset{UBound(iLS_CurScl) + 1, 0), .Offset{UBound{ILS CurSol) + 1,
UBound{ILS_CurSob)).Select
End With

With Selection.Borders(x|Edgel eft)
LineStyte = xlContinuous
ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = xiThin

End With

With Selection.Borders(xlEdgeTop)
LineStyle = xlContinuous
ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin

End With

With Selection.Borders(xlEdeeBottom)
LineStyle = xlContinuous
ThemeColer = 1
JTintAndShade = -0.309986266670736
Weight = x(Thin

End With

With Selection.Borders{xlEdgeRight}
.LineStyle = xlContinuous
.ThereColor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin

End With

with Selection.Borders(xlinsideVertical)
LineStyle = xlContinucus
.ThemeCotor = 1
TintAndShade = -0.349986266670736
Weight = x{Thin

3Uil n.50 (die) uanalianisind
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End With

With Selection.Borders(xlInsideHorizontal}
LineStyle = xlContinuous
ThemeColor = 1
TintAndShade = -0.349986266670736
Weight = xIThin

End With

With Selection.Interior
.Pattern = xSolid
-PattemColorindex = dAutomatic
Color = 16764159
End With

End Sub

3Ui n.50 (si0) wandlianaind
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