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YUWADEE PRAKAIPHETKUL : A GENERALIZED VEHICLE ROUTING PROBLEM WITH
MULTIPLE TRUCK SIZES AND MULTIPLE PRODUCTS. ADVISOR : ASSISTANCE
PROFESSOR DR. PISUT PONGCHAIRERKS, 111 PP.

In this study, goods distribution of a given retail business revealed that the
delivery from a given distribution center to each store was operated by a number of
types of trucks which had different standards of capacity. Furthermore, the sizes of
goods are also varied. The researcher, therefore, studied delivery route planning
which incurred lowest costs of transportation by taking into account various factors.
Adopting Heuristic to solve the problem with multiple local search by single
neighborhood search and double neighborhood search, this study compared three
routing improvement techniques-SWAP, INSERT, and REVERSE-as well as two delivery
methods-Full Truckload (FTL), and Less than Truckload (LTL) with business-as-usual
(unimproved) delivery. However, this paper classifies demand in to three levels,: High
Medium and Low. The results show that the delivery method for FTL is SWAP and
REVERSE-SWAP for high and medium volume. The delivery method for LTL is SWAP
and SWAP-INSERT for high and medium volume but the best for low volume is

business-as-usual (unimproved) delivery with 90% significant level.
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webg Ul Nauluunn vsaliawUsnindy F9875ANeulY Ao Branch and Bound

£

(Up to 100 Node) ag Branch and Cut 1usu

aa

b) A5NSIMAINBUNATNER

a

§823afnd 1Uuisnsmdimsuiifianluvausdu a1ely

D

Y] Y o A A o = ) =y Y a{'
5383L')a’]LLaﬁl@JsﬂﬂLLﬂ\?ﬂUNaubLsUV]ﬂ’]V]UW L‘WiqgLanﬁﬂﬂi‘UUqﬂﬂiQ{jﬁy’W’]N ')LLU?LLaSNE]uvLSU‘V]

Y = a { o

Fudounn lerndsulvieglusunuuitasmeadinaansle daisndesly wu Savings
Algorithm (Clarke; and Wright. 1963). Matching Based Hudu u@ﬂﬁ]’lﬂ‘ﬁll,l,ﬁ’; g93in15a319
rsaRnUssunmilefisendt wediialn Samnefemvesddudunsuitigm (Algorithm)
wuudsannuilandsfianunsatmadnnmsiesfululduddamildvarnnanedam iy
#a9tu F3nseonuuuBaiainlasodendnnisniaundidafndldiuanudemdudiy
dlesandmeuiilalinaiin uidamldduasldmuildirodusd

- wmdsannilsufeuitlunmsfumneuiinnelufiuiives
amouiiiululs

¢ A ° Aaa =
ﬁlqﬂizmﬂLWE]MWM@UV]@VIQG\W:?@W]WE]UVI

TnasResrmaunanannielussaziiadudu

q



v
a a g |

- ABnImamdtadnealvisuuudrelidudou 1wy n1s
Ududgsdmoulanizd (Local Search) u3owuufigasnnndy Aedfszuuun (Ant Syster)
BN51TiUgNIU (Genetic Algorithm) 38M1SAUMABINY (Tabu Search) 15n15IAgULUY
nseuseu (Simulated Annealing) tHugu

- wmndsanndudunounslszanadney

- WPBI3ARND1AAARINNTTIIVIAINVIATBWATA LaAuY
Fnouiiffignnieluiuiidaeuiifululs

- wmBsainilsedevduneunnsguiuivey

- wengaRndesannsalylanunainuate g

- wadnaaneralumsussene vislidndudesindnnismis
AEAAERS

fslutiagiu fA5wn s 3amnoguainmane 1 Ant System, Genetic Algorithm,

Tabu Search, Trajectory Method, Local Search Wumu

[ uAtgymlae ]
|
| 1 |

fad A Yo Aaa ) (Qd a [ Y] ) 4 a a _a )
Fnshilammneunanan Bnsnauseluidym WANEITARN

iz gty (sadalunmsiuan)
- J N\ J g J
T ' . . .
14 Branch & Bound, 19U Saving Heuristics, 19U Ant System,
Column Generation, Nearest Neighbor Genetic Algoritm,
Branch & Price tJudu Heuristics (1Bugauiy Tabu Search
\_ VRN Usgym TSP %39 VRP) i | )

JUT 2.2 unuda3snsnlduitgmndgaenouidululiuuueu

NN : seANUS Danazla. (2554). 35nswanE23a6n Metaheuristic LN oL b

TnIN139UNRMIHAALAZNNTIANSIAdEANE. i 16.



2.1.1.4 wdwmsun1suAtdmnsIaLEuNIeIunNIUY
2.1.1.4.1 M3IRNGNFUFUA N UL IIALEUNEUNIVIUY
Wunisdadunisiaedimuangugndineu 1y Petal
Algorithm, Sweep Algorithm WHudu
2.1.1.4.2 MsIALEUNIE UL O ULTIINAUTUR LA
Wumstadumadenfuiimnzaussninsgnnnou ué
Jaudadumadiladudumages a1ndeulusingg 1Wu miuguessa AudesNNsIsgNAn
sy wedaillddmsunsdlil Wy Saving Method, Nearest Neichbor Method tfugh
- Nearest Neighbor Method umsdadumsenunviug
MNMsITANIEETNTETIasiazge Tridensetulnefiszosmasgninagelndiumnilan
- Saving Method 310 Aan; Wawlsy (Clarke; and Wright.
1963 : 568-581) lddnwRuIfudum Tz aufigndiviusavudsiitinugsavuds
Aafuanguinszaeduilussaniuiisineg vannisie Mmuslvisadsseninsguédnszans

17 |

duAuazanAInsienkuUlundu uasinualisnIasenineaudnszaneduaiazgnen
wInndmiiage Fedanlaannisuitgniil aglassoenandunmansauandnidunis
gIUNVUE

%ﬂﬁﬁﬂimiﬁﬂﬁ Si»j = Copc t Cpcj — Gy

ANANNUTENTAUDITZHLLIA Y30 TTUENIY Y139 ALGINE S¥NIN4

Tagil S,
0 1 WAZYA |

Cipc = F8HZLIA1 Y38 J88¥N19 Y50 ALY 58131990 | wag DC

Cpcy = I¥EELIAT Y38 T88EN vi30 A1LET18 58WI19 DC UazA |

G = TBUBLIA Y39 SEEENIN Vv AYINY SEnINNYN | waKan |
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E‘U‘ﬁ 2.3 3UuuU Saving Algorithm

[
[

TPunaUNISATUNIS fenaluil

@519mmauLsusuy (nitial Solution)

(RN

ANUIUAIANUUTENINVDITLULLIAN Y50 SLULNT %158 ANLLaNe

BEsERuAIAINUIENER S, nuntUtie

=W

FANAUN9RR | wazqn | Wegluduniufien
5. yhgnaudaduniseiuninuglinseuaguiaianua Tnefideulunisussnn
Lfiuanuguesenuninug (03 Asidled. 2550)
2.1.1.5 UkuuMsvUASAUAIgE UL
msdndsaudnlutagtuiuinanssuiuy dususluuuiithandnu
A Less Than Truckload waz Full Truckload
2.1.1.5.1 Less than Truck Load (LTL)

£

Jumsdndeduiuuuliiudusa Tunsdiidunuazgs us

AsaiiunIsvudsieniesanlifesensesiusiuduan lifusu
2.1.1.5.2 Full Truck Load (FTL)
nsvudmsLuUinduse WuwwaRnrsonagnsiununly

anduunIsvuaduIffiniuiy waldiduideuuninilesainilienn deserde

nsrUIUNIsINULetesAnsiliusdfsauluiegnin defvesnisvudinsauuuiiug fe
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Faswmarddunusn usn1sfiasduyuiladu dudazdoududuse d1dualdifuduse

9

FunuudINaIrg sudesmilinnudlunsdweududiae (Logistics Cormer, 2553)

Y

dmsuadsed 16nas Nearest Neighbor Method #1UsENaU
nsany wagldinalinnsusuusadunie 3 35fe SWAP, INSERT way REVERSE

sULUUMS SWAP 1818 nswilslu Neighborhood Search Faidu
AsdFUAsUR UMY 2 furie i waz ) el 1 < 0 < j < n udled j Aesumdddu

ANSEULURLY kAT N AD FIUIUALAUININLA

1 4 ] =
DA S L&%n

SWAP

JUN 2.4 feg1eanuayn1s SWAP



[

Toeiinannisuinudussd

N = Amount of store
¥
Permutation S, by random
!
Decode S, (Solution of 5;)
\

Calculate distance S,

W

(Objective function value)

¥

Random 2 Stores
for SWAP method

S, =SWAP (S,)
t=0 v
Decode S, (Solution of S,)

V

Calculate distance S,
(Objective function value)

t=t+1

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of S,

JUT 2.5 UWRHUAWLAAIVANNT SWAP

12
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sULUUNS INSERT dfiumslagidangaiiaztiluunsn (Suseuiden) wazdadula
ihldunsnitdumiedslalysumiaiilnddu (Gupouunsn) wazanunsaudanis INSERT 14
Mm*&JgULLUUﬁa Nearest insertion, Cheapest Insertion, Arbitrary Insertion, Farthest insertion,
Quick Insertion, Convex Hull Insertion, Greatest Angle Insertion e Difference x Ratio

Insertion (L. Bodin; et al. 1983)

ak 3 i 3
DN DN Bo o 7,
INSER I £y éx/
B INSERT

ot

U7l 2.6 fhegrednuaznis INSERT
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[

Toeiinannisuinudussd

N = Amount of store /
¥
Permutation S, by random
v
Decode S, (Solution of S;)

=

Calculate distance S,
(Objective function value)

v

Random 2 Stores
for INSERT method

v

S, =INSERT (S,)
t=0 v
Decode S, (Solution of S,)
M

Calculate distance S,
(Objective function value)

t=t+1
w Yes
No
Best Result
- Amount of car and Amount of trip
- Total Cost
- Distance of S,

U 2.7 ununmiansdnnns INSERT
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JULUUN1S REVERSE 1 NARULANLAEANTUNINAURIAY Aale

ddddd

jlagf 1 < i <j < LULUINYINEUDINITNAUAIAU WA n AB

FIUTUANLAUIVIVUR



Toeiinannisuinudussd

N = Amount of store

v

Permutation S, by random

v

Decode S, (Solution of S;)

=

‘\.‘-‘

Calculate distance S,
(Objective function value)

v

Random 2 Stores
for REVERSE method

v

S, = REVERSE (S,)

t=0 \|/
Decode S, (Solution of S,)
v
Se=5;
Calculate distance S,
(Objective function value)

Distance S, < Distance S,
No

t=t+1

No

Best Result
- Amount of car and Amount of trip

- Total Cost
- Distance of S,

U7 2.9 UNUATWUARMENNNS REVERSE

Yes
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2.2 NMUNIUITIUNTIUNTIHAUY1AT VRP
a aa < ' aa v aNa . . .
fwau annsludin; Jeenun amsluddn; wavluld 2lad3n (Milan Stanojevic;
Bogdana Stanojevic; and Mirko Vujodevic. 2013) Anw1n15UsuUsan1sAIuIn Saving
dmsulaym CVRP Gediulungisnsifieulunisuntleym VRP avld Clarke-Wright Saving
Algorithm wailuiw3deil fIdelawugiinnsdiuaa Saving Tukuunis Merge 1unis wagld

78 Extended Saving Algorithm (ESA)

(a) Before Merging (b) After Merging
U7 2.10 wAdlansTasdune AeunsduIn Saving

fian : Milan Stanojevic; Bogdana Stanojevic; and Mirko Vujosevic. (2013).
Enhances Saving Calculation and its Applications for Solving Capacitated Vehicle
Routing Problem. p. 10,302-10,312.

(a) NOUTWLAUNIN: 3 2 18N AB g = (0,...,ij,...,0) 48 r = (0.k,...,L.0)

(b) NAIFINAUNIL: & 1 1EUNE A s = (0,...,iK,...,Lj,...,0) IaeLdu (i) 1éfgmmuﬁ7i
W@UN9aae (k.. L) wagdmsu (0k) waz (1,0) sﬁaﬁlﬁgﬂumuﬁlﬁumﬁw (i,k) wag (1)
LU

Tusuidelananian W Clarke-Wright Saving Algorithm Wag Extended Saving
Algorithm Snsewnaiidudeumiioutu dm%u CW Algorithm fudad Saving ludune

WIN LAZAIAUNILIDES JUATUTOUYT WAAINTU ESA Algorithm U n15AUI Saving AiAn
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1&191nM3 Merge wazlagagy nanmsAdenudn fledsueanisAulauy ESA Sa1fidnii
TukuunsmuILAL

WU g, v @ J93eud eanaln; uazA1saed seAn3n e (Ran Liu; Xiaolan
Xie; Vincent Augusto; and Carlos Rodriguez. 2013) ﬁﬂmmiﬁﬂﬁuﬁﬂLLUUﬁﬁ;@%’ULLazﬁméﬂ
Jugadeniu Snvadifosindunan %u‘flugﬂLLUUfJaUJmﬁLﬁ'mLﬁaﬁU Vehicle Routing
Problem with Simultaneous Delivery and Pickup Cand Time Windows (VRPSDPTW)
oldAnwifugsia Home Health care Wasangiduiiuinduliymiidudou wazds
HullymdrdyAntufugsia nuszasdileliiifiunueumiusdigaiilomesioniny
Fosnsvosauld Tneldunzda3afind 2 1Sosfo Tabu Seaech (TS) waw Genetic Algorithm
G lumsudledagm §Adeliih 6A uUszneumsiasudfunazsuuesie Local
Search Lﬁaqé’hEJf\;Wumﬂul%’LﬁuLLUUﬂy’a%’U-dﬂ?luﬁh R uduisimunzau (Prins, 2004) 8

dntislunsuidam VRP §3duldiden Tab Search asniumaiiaimunzauiutgm

v
a

il (Cote and Potvin, 2009) Tnenstheauldarnidumesandsludnidumesadu ilelvls
dunsiafigamugalsyasd uagtiosandutlagmlmidedslifinasidmiuioudeu us
p1ftAnIUIBUTiEUAY VRPTW Tapaguanudde nuiislwifidetumnilduadind Snvads
aunsnunlUIwuNSULE

Fosum BaUunia; wavedud svimun (2556) Anwiedfulagminisauddly

'
a = 1 £ i

A0NUNITUIZI FIANAIDNTN DY TUA T WNUBUANWANA19TU IABNITINAIUU AU TN WELAY

Y Y Y

L% VYa v =

ANUTIUIYVRIFIANNT 19U FeuEIFeTalaimuwuuInaemneplinmansuaydaneasiy

Y

v wagyinsilSeuiigudanesiusuuinituazlua lavagun1sAnenided a1uisnan
AlgTen1svuadliUszan 5% wilitedeisesiainisidmearnauiiuiy
NoawH 913; wazAty (Mostepha R; and et al. 2011) wWisuiigunsAne)

Ugym Vehicle Routing Problem with Dynamic Requests @7t PSO (Particle Swam

Ya o

Optimization) waz Variable Neighborhood Search (VNS) §3delana1vin VRP tlullagm

1 d! dl U

o o & (% Y a o | aa < a1 <
drfgndlunuauainIdeuazgnainnssunisvudeniieg Fadunnsuiuadn VRP Wulamn

Y

' ]
o a

Tuniseenuuuidunmssaieliusnsuatenislagliaunumiagn s1uideidaindymiian

9 9

Anw1 Tunsalniianudesnisangnamliuiueu viseldnsiunsun1sdndunie fMegrauy

ANNABINITUATAILIIUIVDIGNANNAIRINNIALFUNITOSUTREUAD AeIBEslunIn qg

' i
a v o a

wiunnsnaudmfiuiduanudosnisvesgnénfidinunlu wastuludiuntafidesniunis

InLEUNI9Ta LV
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() Known request customer (static) — Plannad route

. New request customer (dynamic) —-- = New route seqment

JUN 2.11 Msasdun

fan Mostepha R; et al. (2011). A Comparative Study Between Dynamic
Adapted PSO and VNS for the Vehicle Routing Problem with Dynamic Requests.
p. 1,426-1,439.

lngaguudn WiaSouiiausewing PSO way VNS dnassiudntos lag PSO &

UsgANTAINNISAUIUAR vaued UNS  Arunauszegmaadeladunii wetanaluises

o '
a @

Usz@vBnmvad Algorithm tiunuin VNS fiannugnaesiinni PSO Tuvagi PSO vinadns

N A
NAIN

s = Y = a

AuuN f3gssnd; wagsiius Aivindela (2555) Anwineatumsuitaminisdn

D

Ya v v

\AUN9NITVUEIFI835N15 Ant Colony Optimization {33teanuuudanesfiulaeyUszans

u

31nAnt Colony Optimization wazUSuU3eA19OUAIEIS Crossover-Move N15aRUABY

ALY (2-Opt) wazn15818ulaslnL (One-Move) tiounUgyy VRP 983n3aiAneIll

] [ vYa U

19311NV8IAUILIUNINULAZI1UIUGNAT TIndadiaduseensliwiueu InegIdenn

Y

Auliudueusenlpenisldaadsnagguiioy laeasunisAneided nsusuldney

A8 Crossover-Move, 2-Opt ka One-Move l¥inaszesn19i9gn Lga1u1snansstenia

o ~

ndule 24.46% TedunaFesnudensgnimssidumniinesuilaniddey
YANS YULANS; uazasIve) lwadTsallye (2556) Waunlusunsunsdadunienis
usnIudsduAIInAasduat Ingltinaila Nearest Neighbor Heuristics (NNH) Tunas

uAteynn TSP uaz VRP 61875 2-Opt uag 3-Opt WUIINITIALEUNISAUTATURIFUAILUY
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TSP-NNH  @unsnansseznislunisdadunis tsosay 11.79 wagainn1susuugadunis

WUU VRP-NNH 1875 2-Opt  uag 3-Opt  @unsnansyeznslasesas 6.13 uag 12.89

v
= v

muaiu lagaguns@nyideil nswmunlusunsunmsindunam sinusavudsdunniels
AINA17 a1NNIAYILNUSEANSAINATIA NSl

)

Undsy uaynou (2554) Anwieafuizaisafnduuu Saving Algorithm a3 Clarke
and Wright #8735 2-Opt 1uﬂ'lsﬂ%’w<gmﬁummﬁamLmeaLLﬁ{]QJmmﬁmLé’umuﬁu
mvuzuuuidediindesanuausavosvivuglunsusnn Tasldldszosnaduiian
wialla 2-0pt Wunsuudsadunaneludumadies ldfinsusudssseninadunis 35ms
Foadu 2 SdugadafienSouiisunadwsmsdnidunsseninaieulfudmas dausudse
dieidenidunsilliinadnsiiniian lnsagunisinynided anusadiiuussansainnisldsn
yuadlfnntusemam e srgsiiduas

Syyan Wuilne; uavauUs duquwnd (Thanchuda Phannikul; and  Sombat
Sindhuchao. 2010) AnwnAgariuizuidymdmsulam VRP Tunsdfiinissuwasdsdudn
lugaLmeaii Fauvadu 2 phase Buannisadiesdineusudulagldis saving 1ntuy
‘LJ%JUUEWT’W]E]UI@EJW Neighborhood Search (Insertion, Two-Opt, Crossover Wag Reverse)
Tnwasnisnuideianunsoasradumensuaslsd

9@ U5uA13 (Jose Brandao. 2007) Anwin13ld Tabu Seaech d@usunsdl Fleet
Size and Mix Vehicle Routing Problem (FSMVRP) Taeilgauszasdiiteanduyusisliidias
Snvazvesdamitutsznoudisaudesnisvosgndt nadiiegndnfiomiaads,
muwmusL‘s"ué]’ul,l,az??uqmﬁﬁé’aﬁa@ wagidedrinnisussyn SamalaifiansaniGes Fixed
Costs wiidnunradiety VRP dunounisvhaueddusunsuiugideldiEuan denuszam
grun g ndaantiudsiunilumgnéilndfian uarausniiesq auveufuninuy
Fuppuitaeshnmaindssrunvugliuiazanelnsendomaia insert Iniudunouiaryii
NS¥UIUNNT Giant Tour NAIINVINTEUIUNTTINENY LUng Tabu Search Ineld Insert wae
Swap #1Usznaun1sUTuUT lagasy nansidenuiinanisaulnlangd lngiSeuiieuiu
KA vinudug

waaiu lniea; wazliAnes n3u (Asvin Goel; and Volker Gruhn. 2008) Ainw1
\Reaunudfayues Vehicle Routing Problem fisausanumainmans Sudeudndei

Fausannaialu General Vehicle Routing Problem (GVRP) 740881inA1uN15UINN, AU

1%
a

1A, AT, AINNABINITVBIGNAT, FIWUASHLALAUER, MurdgnAkaztedIinny

v
o aaa v o =

o % ~ NY o o 1% = & va
LU AIYLVRN GVRP 18371001810 %a1801U E]ﬂ‘VNMﬁmiLLﬂﬂilquuaqmﬂmEJ Q'JT\]EF\N
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'
o =l

WniieAny kAR L ILANUUNUEIUMIIAR Neighborhood  Structure agiiuseqsla

5319 Air-Cargo 7iinsivasunlamisesnidnarsindusseziiandu fatu Algorithm 14

q

ASENNITNLTINISUAsULUasdesldiatAnw sy

Algorithm filsdudnuae Reduced Variable Neighborhood Search (RVNS) 4

v
v

AN191n Hansen uwag Mladenovic (2003) lag RVNS Usznausie 5 n13aiiunis fsil

INSERT daidongnénfilalegluusunsns unsniddumasalaglidumuilifutus
fan

REMOVE duidongnnfleglutnunsiseonanniduyissa

RELOCATE duidengnénilegluusumsssenaindunissn amiuiudnlvilagli
Fuyuiiiatusiiian

REPLACE guidionandnvogluiauni151909na1ndunI1ese uazunuiaigdnanan

SWAP duidengnaniegluwnunisns 2 9a nuuaaun

Snnilsdnfedisutnauenisld Large  Neighborhood Search (LNS) lae

Y
(% o

Algorithm 1 Euumnaaidumusn mnduatadunsiidesanunangnéniilioglumsng
urusy ntuisuiiiey mndunidmignensuinfind Thugeudulddumdn uae
FuN19IUATUTIUILD] Tﬂaaqﬂmiﬁﬂwﬁ%’ﬂf‘: ANlRABYeIIAINTAUINTDIITUIA Fin
nuUUTiaes Fse1aavmnzautunisuwitamnsalliasd

a A = a v aa ° = |
N7 ASLUBY (2550) ﬁﬂ‘U’lLﬂEJ']ﬂ‘U'ﬂﬁﬂqiﬂqf\]qu?quWUSUiinﬂwLﬂll']gallsLUﬂqﬁsU'Uﬁﬂ

¥ a 1

duAilugsnamuan Branch and Bound wag Saving Algorithm w®9 Clark and Wright

9

(1964) lunmsui ey idunisvesduafineneiuly viensvudsduauuuladudu (LTL)

o

WaLNUTEANSNIMU098RIINTUTTVNIUEIUSHAS MSeLtedmitn BnTsdauaninisinasnu

a v

NUANMIAINTEFUALAETEUNTTIWBITE tgasumsAnu1idell anunsausendaavuds

16 4.22% #io

[ L3 a %

Foen usndia (2548) Anwiedtudunisnisvudsdudanaudnseaiedunly

[
[ %

anAsredegluiuiingaunnumuaskazUsuana laeidedninniuiiaiae 8 Talusly

nsvudIlsiasiiien fIdelmhnsdinwainiisle. 3. dunate wagldiBnisnedtaindly

o v g X A v v | Ao o A aa a a a scdvawv
N1FAALEUNIY WQUL‘W@imﬂLaucl/]’NﬂqimUﬁﬂwmigﬂgmqﬂiqmquﬁ;ﬁ ﬁﬁﬂ’liw’m‘é‘niamﬂaﬂa’m&l

Wunldfe Nearest Insertion Approach wag 2-Opt lagasunisAnwnidedauisalu

syggmaladuad



22

AADALE U; waru1sAad LSkaska @891 (Claudio B; and Marcos Roberto Silva.
2005) Anw1n1517 Genetic Algorithm @1%5UN1999NLUUNTSENEUAILUY Hub and Spoke

MEIBNITUTINNAUAIMUY Less than Truckload (LTL) wiielvisuyusiign (Usznaudae

% ~

Auvulngnsuazfunuiuwls) memgrandagiululssinausn@aiinisvudawuu Less than

v
| YA v =2 =

Truckload  Uudiulng §3dedslaindamiuninisdnun lagld Genetic  Algorithm

Heuristic d115UMAMUIULAETAIIOY Hubs $Au8LEUN1991n Spoke TU Hubs

Suanasinausudulaensdy ntuden 2 dmsuiluidsduainiuden

13

Wies 1 dmeunld Mdufneuniffiannugauszadfnfens unUiulssenienis Cross

Over ¥13889 AMUTIWIUTBUNMMUA lagasuanuITenudnnsaniun1susuuseie GA

a

okaf amnsagrenisaliunisvesgsiandnuiiile
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=
=b.
W

3

[®))]
cnb
J)

sudeu g

nsAiuanuideasisunaneinseuiun1svinnudagdu Ineddunousieg 6

SU# 3.1

Anwnszuiunsinautagdu

v

fruAraUANIAnwkazIiutoya

!

AnvvgufwasulTenineites

v

A519lUSHATULUUTIADY

!

A UlUIHSY

v

AT

v

asuia

'
[

JUA 3.1 WHUANULARAINTYUIUNTYINITY

3.1 Anwinszurunisdagiu

3.1.1 msmadunasatdluiagiu

(%

81983970 Master Route 7idsbilunauisududaldgudnsyaedun uwaluwsay iy
1 fganan1sasdumniuaniigudnsyanedudlinan dnviansandsiuanvdalvailuiy
Wuq gUtavdnuaganiunsiasiuiudlvluusaziduniese sevinee augiuigy

LarUszauni1salvaIndnauLed tHe9 s 1wl iy Uty tuiluduniesaaendna
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v

Uszaanaunanisunsudnsagy edududediinuisusznsveslusunsudnsaguil vinli

Talanunsainun s uLdun sz ILasUsEaIule

3.1.2 @nwuaginusausaudam

nlusunsudnsaguiilddmsuria Master Route Jsnuindidgwisesveianty
Asanduns tegldanlunisadunisintdunissannarasabuninin 4 370ue wagly

aunsaAuIukenUszansala

3.1.3 Anwilusunsududagudug

mﬂmﬁﬂwﬂﬂmﬂiuﬁﬂL%ﬁ]g‘ﬁ'm e Transportation Management Wu11
Tsunsud§asuiiiog anansasesiumsieuld uidesialddeiia wazdsliansa
Ussiunamsvhauediusunsulunsalneills Sae auanuisavesiusunsudug i

voulwanaein1sluvaeil (Hesnmsldnudug meuseniszuusessvegluldagi)

3.2 MuuAYaUlANSANY waznudaya

fvuaveulnnsAnwLaziuTsmdadefiisites lunsuuidumaesousias
Yu wuhieyaildfuiunig il

- wondsdudilututy 9195 (e : Cube) usnUsziandudn Full Case uay
Break Case

- spEEINYNEUIe I uLAsAUdN S AL

- Uselansa I1UINTD Uag AUTBITINsTUTELAY

- S1AAVUES

3.3 Anwmguiuazuideiinendes

Nndnwadgmiiling Wethidnwsamiunged wuinduguuuutaym VR
Uszuam CVRP Liesaniinisfinnsaniiednnuquesse wazanmsAnsnisnstyminisda
un1sdmsueunviue a3 Variable Neighborhood Search laesgyn1susuuss
wdunelagly SWAP, INSERT wag REVERSE 119aelunisdadunig sauludisdnnisussyn

dumdn 2 UkUY WelSeuiisudnuyniznsvudein Ninaduinuiusenly

SULUUNISUTINNAUAT ALiun1g 2 JUlUU eeil
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331 Uiinﬂﬁuﬁﬂajlﬁuﬁum (Less Than Truckload)

Tisaussnndum audrdui Wieslufesulauds ussyndnlald Tussyniuiu

& b4 v
Wusuaane

f1eusiu  Uszanauan

ANUABINTS | Full case 52 | 20 | 20 1.2
Aumn
(Cube)

Break case 1.4 1.8 0.8 2.0

T 6.6 3.8 28 3.2

1

UTIYNAUAT = 6.6 cube UsTYAAUAT = 9.8 cube

JUN 3.2 gUuuunsAuInnsidsauuu Less than Truckload

&

332 ussvnduAfuduse (Full Truckload)

Iisaussnndud auddui waganunsatuluiudaldle indsanunsaussmn

Iy Inedrinveuiunssagn1aliiinu 50 nu. nsruneunii



26

aeusiy  Uszanduaa

ANURBINS | Full case g2 | 20 (| 20 | 12
Aum
(Cube)

Break case 1.4 1.8 0.8 2.0

et 6.6 3.8 28 32

UTINNAUAT = 9.4 cube UTINNAUA = 7.0 cube

Ui 3.3 sULuuNsAWINMsIYIaLUY Full Truckload

@aN

3.4 &@5191USHNTUBUUIIaDY waznadaulusunsy

Tuaudded AafiunisasranisAruiarIulysensy Microsoft  Visual — Studio

Express for Desktop lngudndeyasseznis vaadsduivesinu uazsiaauds sudy

Excel File 9NUUNAANSALENT AB A10USIU SLELNIT AYUAS LATITUIUTOMARLUTELAN

Excel

3.4.1 P5e%lenty

- 8130u% : Wnda (Windows 8, 1.75 GHz AMD E2-2000 APU Processor)

- g : Microsoft Visual Studio Express for Desktop, Microsoft

¢

3.4.2 ANSIATIY

1Y

WiguiiguANadyaINA1IAUINNG 16 35 AunrsAuinuuulagiu lusu

srggnarAldIng Faasumsuiailana
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1599 3.1 JURUUNISAUIR
35 USuugardumig AuIuNsldsa
1 SWAP LTL
2 SWAP FTL
3 INSERT LTL
4 INSERT FTL
5 REVERSE LTL
6 REVERSE FTL
7 SWAP-INSERT LTL
8 SWAP-INSERT FTL
9 INSERT-SWAP LTL
10 INSERT-SWAP FTL
11 SWAP-REVERSE LTL
12 SWAP-REVERSE FTL
13 REVERSE-SWAP LTL
14 REVERSE-SWAP FTL
15 INSERT-REVERSE LTL
16 INSERT-REVERSE FTL
3.4.3 foyailtlunisiuan
M3971 3.2 Foyauazgunuuteyaily
taya sUnuutaya
Ui sdsaumueaiy gondsAuAn dese Ty (wadu 3 szdu)

- gandeAuAge

- gandsdufUILnaNs

- gondsdush

ﬁ?ﬂ’iﬂiﬂLLﬁ%ﬂU’]ﬂUﬁif\]‘

WUNANUUTELANTD A0 LALYNAD

PH2dA NN

#1379 Metric S¥88N19

ANYUA

LUNMUUTELANSTD FAD LAZUNAD

LEAMNULTUTDIA AU Y




3.4.3.1 YSunaunmsdsdurnvesii (oyamdesaiu)

A157197 3.3 ANRAYYDAAIALAN HBSIU AU

28

oy 4 ANLRABEBAEY ARSI FaTU (MUIEA7)
YANHIAUAARYFRDIY
Full Case Break Case Total
YDA &9 5.4 1.4 6.8
F9ands Uunand 2.8 1.4 5.2
4290001 # 2.0 29 4.9

3.4.3.2 ?5’114’JU§QLLa&SSZJ‘u'I®U‘J§ﬁ]I

M15197 3.4 TIUIUTAUALVUIAUTTY

Uszanen 119331UAUY (Cube) I1UUTH (AL)
6 7o 10 80
449 Sk 65

3.4.3.3 YaUATYYLNN

U

v o

FaviluULuUmTIuNesng mudnusungudng

A5 3.5 JULUUTRLATEEENS

& v ITYINN
VBITUY
DCKK A B C D E F G H | J

DCKK 0 183.25 | 182.83 | 268.97 | 228.89 | 185.11 | 120.72 | 183.12 | 95.8 | 192.93 | 244.17
A 183.25 0 1.72 | 101.77 | 54.49 3 1152 | 0.64 | 2327 | 9.99 |218.71
B 182.83| 1.4 0 103.01 | 55.84 | 4.48 | 11598 | 1.07 |231.57 | 10.13 | 219.41
C 268.97 | 86.12 | 103.01 0 51.96 | 99.24 | 167.91 | 102.22 | 318.73 | 95.83 | 225.01
D 228.89 | 46.02 | 55.84 | 51.96 0 51.7 | 13514 | 5497 | 276.71 | 47.97 | 215.5
E 185.11| 2.2 4.48 | 99.24 | 51.7 0 11501 | 3.54 | 23498 | 8.36 |218.54
F 120.72 | 118.52 | 115.98 | 167.91 | 135.14 | 115.01 0 11551 207.03 | 121.24 | 138.36
G 183.12 | 0.49 1.07 | 102.22| 54.97 | 354 | 11551 0 232.3 | 10.02 | 218.99
H 95.8 | 233.7 |231.57 | 318.73 | 276.71 | 234.98 | 207.03 | 232.3 0 238.09 | 308.05
| 19293 | 10.04 | 10.13 | 95.83 | 47.97 | 836 |121.24 | 10.02 | 238.09 0 224.17
J 244.17 | 270.37 | 219.41 | 225.01 | 215.5 | 218.54 | 138.36 | 218.99 | 308.05 | 224.17 0
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3.4.3.4 ANUURS

A5 3.6 JULUUTOLAR1ULAS

$u AYuEe 4 1uds 6 do Ty




3.4.4 Flowchart

3.4.4.1 MSUSUUTAAUNIUY SWAP wagruansldsawuy LTL

N = Amount of store

v
Permutation S, by random
v
Decode S, (Solution of S;)
V2

Calculate distance S,
(Objective function value)

v

Random 2 Stores
for SWAP method

v

S, =SWAP (S,)
t=0 \|/
Decode S, (Solution of S,)
v

Calculate distance S,
(Objective function value)

Distance 5, < Distance S,

No

t=t+1

w Yes

No

Best Solution of 5,

O

JUN 3.4 ¥aNN1INTUTUUTAFUNNIALUU SWAP wavAuininsldsawuu LTL
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/ Store order S,(i) = L(i) /

'3

Number of truck
6W =280, 4W =65

[

| Truck turn = 1
¥

| Choose car 8Wjcar)
03

—

| LoadingCar = 0

I Truck turn = Truckturn+1 |

LozdingCar = LoadingCar + L{i) |

Choose car 4W/car)

LoadingCar=0

car<B5

car=car+1

LoadingCar = LoadingCar + L{i)

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

JUN 3.4 vinNINITUSUUTUAUNALUY SWAP wagauinimsidsauuu LTL (de)



3.4.4.2 MIUTUUTAAUNIUUY SWAP wazawiainsldsowuy FTL

N = Amount of store

v

Permutation S, by random

Vi

Decode S, (Solution of S;)

Vi

Calculate distance S;
(Objective function value)

V.

Random 2 Stores
for SWAP method

v

S, = SWAP (S,)

! t=0 ; \I/
Decode S, (Solution of S,)

V!

Calculate distance S,
(Objective function value)

Distance S, < Distance S,

No
t=t+1
m Yes
No

Best Solution of S,

O

JUN 3.5 vdnNINTUTUUTUAUNILUY SWAP uagAwininsidsauuu FTL
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/ Store order 5,(i) = L{i} /

¥

Number of truck
BW =80, 4W =65

3

l Truckturn=1 |
v

I Choose car 6\W{car) I"
0

[ LoadingCar =0 |

car = 80

Mo

No
oadingCar + L{i) > Car capacity Truck turn = Truckturn+1
car=car+1
T e

LoadingCar = LoadingCar + L[] |

1=

Choose car 4\W(car)
LoadingCar=0

car=car+1

LoadingCar = LoadingCar + L{i}) I

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of S,

JUN 3.5 vannIMIUTUUTUHAUNILUY SWAP wagdwaninsidsauuy FTL (si)



3.4.4.3 MIUTUUTEUNIWUY INSERT wagAwinnsldsawuu LTL

N = Amount of store
v
Permutation S, by random
v
Decode 5, (Solution of Sy)
V2

Calculate distance S,
(Objective function value)

v

Random 2 Stores
for INSERT method

v

S, = INSERT (S,)

! t=0 i ‘l’
Decode S, (Solution of S,)

\:

Calculate distance S,
(Objective function value)

Distance S, < Distance S,

No
t=t+1
w Yes
No

Best Solution of 5,

JUN 3.6 MNNSMITUTUUTHAUNIWUU INSERT uazAwainsldsaiuy LTL

34



35

/ Store order 5,(i) = L{i} /

v

Number of truck
BW =80, 4W =65

[\

[ Truckturn=1 I
¥

[ Choase car 6W(car) l|<
¥

l LoadingCar = 0 |

No

Truck turn = Truckturn+1
car=car+1

LoadingCar = LoadingCar + L{i} |

Yes
Choose car 4Wicar)
LoadingCar=0
LoadingCar > Car capacity
Yes
car <65
LoadingCar = LoadingCar + L{i}
Best Result
- Amount of car and Amount of trip
- Total Cost
- Distance of 5,

JUN 3.6 winn1sMIUTUUTHAUN1LUL INSERT wazauwininisidsauuu LTL (sie)



3.4.4.4 MIUTUUTEUNIWUY INSERT wagAwinnsldsawuu FTL

N = Amount of store

v
Permutation S, by random
2
> Decode S, (Solution of S;)

v

Calculate distance S,
(Objective function value)

v

Random 2 Stores
for INSERT method

v

S, = INSERT (S,)

! t=0 ’ \Il
N Decode S, (Solution of S,)

v

Calculate distance S,
(Objective function value)

Distance S, < Distance S,

No
t=t+1
m Yes
No

Best Solution of 5,

O

JUN 3.7 venn3nsuSuUTIdumaLUY INSERT wagAuannisldsawuu FTL

36
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/ Store order 5,(i) = L{i} /
¥

Number of truck
BW =80, dW =65

']

l Truckturn =1 I
&

l Choose car BW(car) I‘
¥

[ LoadingCar=0 |

car = 80

oadingCar + L{i) > Car capacity — Truck turn = Truckturn+1
a® =3
|

LoadingCar = LoadingCar + L{i) |

Yes

car=car+1

LoadingCar = LoadingCar + L{i) I

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

JUN 3.7 winnsMsUTuUTadUNn1aLUU INSERT wagauwininisidsauuu FTL (sig)



3.4.4.5 MIUTUUTAUNIWUY REVERSE wagAuannsldsawuu LTL

"‘\.‘_“-

/ N = Amount of store
v
Permutation S, by random
v
> Decode S, (Solution of S,)

v

Calculate distance S,
(Objective function value)

v

Random 2 Stores
for REVERSE method

v

S, = REVERSE (S,)

! t=0 ; \l/
Decode S, (Solution of S,)

V

Calculate distance S,
(Objective function value)

Distance S, < Distance S,

No
t=t+1
w Yes
No

Best Solution of S,

$

JUN 3.8 1inMINUTUUTUAUNIAWUY REVERSE wasAamsldsawuu LTL
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/ Store order 5.(i) = L{i) /

¥

Number of truck
BW =80, dW =65

v

I Truckturn=1 I
¥

| Choose car 6Wicar) I[\
¥

| LoadingCar = 0 |

| Truck turn = Truckturn+1

LoadingCar = LoadingCar + L{i) I

Choose car 4W(car)

LoadingCar=0

car=car+1

LoadingCar = LoadingCar + L{i]

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

JUN 3.8 winn1sMIUTUUTHEUN1aWUY REVERSE wagAuaninisldsauuu LTL (se)



3.4.4.6 MIUTUUTEUNINWUY REVERSE wagauinnsldsawuu FTL

N = Amount of store

v
Permutation S, by random
v
Decode S, (Solution of S;)
]

Calculate distance S,
(Objective function value)

V2

Random 2 Stores
for REVERSE method

v

S, = REVERSE (S,)

t=0 ; \L
Decode S, (Solution of S,)

v

Calculate distance S,
(Objective function value)

Distance S, < Distance S,

No
t=t+1
w Yes
No

Best Solution of 5,

g

SUN 3.9 winnINsUTUUTIAUNIaLUY REVERSE uasAuamsldsauuu FTL

40
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/ Store order 5,(i) = L{i) /

v

Number of truck
BW =80, 4W =65

[

I Truck turn =1 I
v

I Choose car 8W{car) }’
R

I LoadingCar=0 l

No

‘oadingCar + L(i) = Car capacity

‘ ! Truck turn = Truckturn+1

LoadingCar = LoadingCar + L{}) |

I=kHl

Choose car 4Wcar)
LoadingCar=0

car=car+1

LoadingCar = LoadingCar + L{i}

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

JUN 3.9 winn1sMIUTUUTHEUN1aWUY REVERSE wagAuininisldsauuu FTL (se)



a2

3.4.4.7 MIUTUUTAUNIWUY SWAP-INSERT wazAuinnIsidsanuy LTL

[

A
N = Amount of store
v
Permutation S, by random
v
> Decode S, (Solution of 5;)

v

Calculate distance S, r
(Objective function value)

!

Random 2 Stores
for SWAP method

v

S, = SWAP (S,) and INSERT (S,)

! t=0 ; \l/
& Decode S, (Solution of S,)

!

Calculate distance S,
(Objective function value)

Distance S, < Distance S,

No
t=t+1
m Yes
No

Best Solution of S,

JUN 3.10 #aNN15NTUTUUTHAUNIMUY SWAP-INSERT uazAuanisldsauuy LTL
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/ Store order 5,(i) = L{i} /

v

Number of truck
BW =80, 4W =85

v

| Truckturn=1 ]
¥

I Choose car 8W(car) }\
¥

[ LoadingCar=0 l

I Truck turn = Truckturn+1 |

Choose car 4W(car)

car=car+1

LoadingCar = LoadingCar + L{i)

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

U7 3.10 n&NA3NFUFUUTAAUILUY SWAP-INSERT wagaunansldsauuu LTL (o)



a4

3.4.4.8 MIUTUUTAUNIWUY SWAP-INSERT wazA1uinnIsidsanuy FTL

——

v
N = Amount of store /
v
Permutation S, by random
WV
Decode S, (Solution of S;)
v

Calculate distance S,
(Objective function value)

\

Random 2 Stores
for SWAP method

v

S, = SWAP (S,) and INSERT (S,)

t t=0 ; M
N Decode S, (Solution of S,)

v

Calculate distance S,
(Objective function value)

Distance S, < Distance S,

H

No
t=t+1
w Yes
No

Best Solution of S,

.

SUT 3.11 ¥8nMsMSUFUUTUAUMALUY SWAP-INSERT wazAnaumsldsauuy FTL
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/ Store order 5,(i} = L(i) /

v

Number of truck
6W =80, 4W =85

v

| Truckturn=1 I
v

| Choose car 8W(car) }\
¥

I LoadingCar=0 I

car>80

No

I, No
oadingCar + L(i) > Car capacity Truck turn = Truckturn+1
- -

car=car+1

LoadingCar = LoadingCar + L{i)

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

SUT 3.1 w8nsMSUFUUTUAUMALUY SWAP-INSERT uazAaimslésauuu FTL (de)
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3.4.4.9 MIUTUUTAUNIWUY INSERT-SWAP uagA1uinnIsidsanuy LTL

N = Amount of store /
\
Permutation S, by random
v
> Decode S, (Solution of 5,)

V2

Calculate distance S,
(Objective function value)

v

Random 2 Stores
for INSERT method

)

S, = INSERT (S,) and SWAP (S,)

[T :

N Decode S, (Solution of S,)
M

Calculate distance S,
(Objective function value)

Distance S, < Distance S,

No
t=t+1
w Yes
No

Best Solution of S,

3

SUTl 3.12 wdnmsmsUTUUTIAUMALUY INSERT-SWAP uazAwaimsldsauuy LTL




ar

/ Store order 5,i) = L{i) /

¥

Number of truck
BW =80, 4W =65

¥

[ Truckturn =1 |
¥

I Choose car 6Wcar) I[\
¥

I LoadingCar = 0 |

Truck turn = |

LoadingCar = LoadingCar + L(i) |

Yes
Choose car 4W(car)
LoadingCar=0
LoadingCar > Car capacity
Yes
car<B5
LoadingCar = LoadingCar + L{i)

Best Result
- Amount of car and Amount of trip
- Total Cost
- Distance of 5,

SUT 3.12 dnN3MsUFUUTAFUNILUL INSERT-SWAP wagannansldsauuu LTL (de)
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3.4.4.10 MIUFUUTUAUNIWUY INSERT-SWAP  uazdA1uiainisidsanuy

FTL

t=0

v

N = Amount of store

v

Permutation S, by random

Vi

Decode S, (Solution of S;)

W

Calculate distance S,
(Objective function value)

\

Random 2 Stores
for INSERT method

v

S, = INSERT (S,) and SWAP (S,)

\

Decode S, (Solution of S,)

v

Calculate distance S,
(Objective function value)

No

Distance S, < Distance S,

t=t+1

w Yes

No

Best Solution of S,

JUN 3.13 #aNNsNTUTUUTHAUNIMUY INSERT-SWAP wazAuanisldsanuy FTL

O
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/ Store order 5,(i) = L{i} /

¥

Number of truck
BW =80, 4W =65

')

I Truck turn = 1 I
¥

| Choose car 6W(car) I’
¥

[ LoadingCar=0 |

car = 80

No
oadingCar + L{i) > Car capacity Truck turn = Truckturn+1
- = =
| |

LoadingCar = LoadingCar + L{i} |

Yes
Choose car 4W(car)
LoadingCar=0
car <65
LeadingCar = LoadingCar + L{i} I

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

U7 3.13 dnn3NsUSUUTAAUNILUL INSERT-SWAP wagnansldsauuu FTL (de)
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3.4.4.11 M3UTUUFHAUNIMUY SWAP-REVERSE  tagAuann1sldsanwuy

LTL

N = Amount of store

‘-..._“

¥

Permutation S, by random

v

Decode S, (Solution of S;)

7

Calculate distance S,
(Objective function value)

Vi

Random 2 Stores
for INSERT method

!

S, = SWAP (S,) and REVERSE (S,)

t=0 N

Decode S, (Solution of S,)

2

Calculate distance S,
(Objective function value)

Best Solution of S,

O

SUT 3.14 wdnn3nsUTuUT AU SWAP-REVERSE waguammsldsauuy LTL
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/ Store order 5,(i} = L{i} /

¥

Number of truck
BW =80, 4W =65

[

| Truckturn=1 I
i

| Choose car 6W(car) |L
P

| LoadingCar =0 |

| Truck turn = Truckturn+1 |

LoadingCar = LoadingCar + L{i) |

Yes
Choose car 4W(car)
LoadingCar =0

LoadingCar = LoadingCar + L{i)
Best Result
- Amount of car and Amount of trip
- Total Cost
- Distance of 5,

U7 3.14 ndnn13MsUFUUTIEUNIIUUY SWAP-REVERSE uagdunumsldsauuy LTL (o)
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3.4.4.12 M3UTUUFHAUNIMUY SWAP-REVERSE  tagAuann1sldsanuu
FTL

.

/ N = Amount of store /

)2

Permutation S, by random

v
Decode S, (Solution of S)
N

Calculate distance S,
(Objective function value)

!

Random 2 Stores
for INSERT method

v

S,= SWAP (S,) and REVERSE (S,)

t=0 v
Decode S, (Solution of S,)
So=5; -
Calculate distance S,

(Objective function value)

Distance S, < Distance S,

No
t=t+1
@ Yes
No

Best Solution of S,

SUN 3.15 winn1sMIUTuUTadun1awuy SWAP-REVERSE uagwinnsldsaiuy FTL
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Store order S,(i} = L{i)

/

&

Number of truck
BW =80, 4W =65

1

Truckturn=1

L

Choose car 6W|car)

53

0]

LoadingCar =0

oadingCar + L{i) > Car capacity
Choose car 4W(car)
LoadingCar=0

car >80
Mo

car=car+1

| Truck turn =

LoadingCar = LoadingCar + L{i) |

Truckturn+1

LoadingCar = LoadingCar + L{i)

Best Result
- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

U7l 3.15 %dnn13MsUUUTIEUNIIUUY SWAP-REVERSE uagduiumsldsauuy FTL (o)
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3.4.4.13 MIUSUUTHAUNIUY REVERSE-SWAP  wagA1uianisldsauuy

LTL

S —

N = Amount of store

‘--.__.-_

Vi

Permutation S, by random

v

Decode S, (Solution of S;)

v

Calculate distance S,
(Objective function value)

Vi

Random 2 Stores
for INSERT method

v

S, = REVERSE (S,) and SWAP (S,)

v

Decode S, (Solution of S,)

)

Calculate distance S,
(Objective function value)

Best Solution of S,

.

SUT 3.16 vdnn3nsUUUTUAUNILUY REVERSE-SWAP waguamumsldsauuy LTL
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/ Store order 5,ii) = L{i) /

¥

Number of truck
BW =80, 4W =65

v

| Truckturn=1 |
[

| Choose car 6W(car) I\
A

| LoadingCar =0 I

| Truck tun

LoadingCar = LoadingCar + L{i} I

Yes
Choose car 4Wcar)
LoadingCar =0
LoadingCar = LoadingCar + L{i}

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

U7 3.16 dnN13MIUTUUTIEUNIILUY REVERSE-SWAP uagdunumsldsauuy LTL (o)
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3.4.4.14 M3UTUUFHEUNIMUY REVERSE-SWAP  wagAuinn1sldsanuy

[ 7

Vi

N = Amount of store /
v

Permutation S, by random
]

Decode S, (Solution of Sy)
W

Calculate distance S,
(Objective function value)

\;

Random 2 Stores
for INSERT method

v

S, = REVERSE (S,) and SWAP (S,)

! t=0 ? v
/ Decode S, (Solution of S,)

v

Calculate distance S,
(Objective function value)

Distance S, < Distance S,

No

FTL

t=t+1

w Yes

No

Best Solution of S,

JUN 3.17 winnsMIUTuUTadun1awuy REVERSE-SWAP uagfwininsidsaiuy FTL
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U

U

7

57

/ Store order 5,(i) = L{i} /
1

Number of truck
BW =80, dW =65

)

l Truckturn =1 I
¥

[ Choase car 8W(car) E’
07

[ LoadingCar=0 |

ho

oadingCar + L{i} > Car capacity

i | Truck turn = Truckturn+1

LoadingCar = LoadingCar + L{i} |

car=car+1

LoadingCar = LoadingCar + L{i)

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of S,

3.17 wnn1sN13UTUUTHEUN19WUU REVERSE-SWAP uagfwinn1sldsaiuy FTL (sia)



LTL

3

U

=
]

58

3.4.4.15 MIUTUUTUAUNIMUY INSERT-REVERSE UazAruinn1sldsauuy

N = Amount of store

---'"h-

2

Permutation S, by random

v

Decode S, (Solution of S;)

i

Calculate distance S,
(Objective function value)

v

Random 2 Stores
for INSERT method

v

S, = INSERT (S,) and REVERSE (S,)

t=0 Y
Decode S, (Solution of 5,)
S0=5; -

Calculate distance S,
(Objective function value)

t=t+1

Best Solution of 5,

O

3.18 #anN13115UFUUTLAUMAUUY INSERT-REVERSE wagawinn1slgsawuu LTL



/ Store order S,(i} = L{i) /

&

Number of truck
BW =80, 4W =65

59

[\

I Truckturn=1 I
[

| Choose car BW(car] Ir
&

| LoadingCar = 0 |

| Truck turn =

LoadingCar = LoadingCar + L{i) ]

Truckturn+1 |

Yes
LoadingCar = LoadingCar + L{i)
Best Result
- Amount of car and Amount of trip
- Total Cost
- Distance of 5,

U 3.18 #énN1315USUYTIEUMMILUY INSERT-REVERSE  wazAuaunisldsanuy LTL
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3.4.4.16 MIUTUUTUAUNIMUY INSERT-REVERSE Uazaruinn1sldsauuuy
FTL

"'h-.‘_‘-

/ N = Amount of store
v
Permutation S, by random
Vi
Decode S, (Solution of S)
v

Calculate distance S,
(Objective function value)

Vi

Random 2 Stores
for INSERT method

v

S, = INSERT (S,) and REVERSE(S,)

t t=0 i ¢
Decode S, (Solution of S;)
=5

v

Calculate distance S,
(Objective function value)

Distance S, < Distance S

No

t=t+1

w Yes

No

Best Solution of S,

O

U7 3.19 ménn3MsUSUUTAFMILUY INSERT-REVERSE uazduaaunisldsauuy FTL
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/ Store order S,(i) = L{i) /

¥

Number of truck
BW =80, 4W =65

v

| Truckturn =1 I
i

| Choose car 6W(car) }
0

| LoadingCar =0 I

oadingCar + L{i) > Car capacity

Choose car 4W(car)
LoadingCar =0

LoadingCar > Car capacity
Yes

car < 65

car=car+1

| Truck turn = Truckturn+1

LoadingCar = LoadingCar + L{i) |

LoadingCar = LoadingCar + L{i)

Best Result

- Amount of car and Amount of trip
- Total Cost

- Distance of 5,

U 3.19 wdnn1snsUFulsadumanuy INSERT-REVERSE wagdunanisidsauuy FTL

(m1D)
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3.4.5 M3YuYedlUskagi

2.4.5.1 M aNlUIHATY

Trdszuzmaisum: [ Eenlwi |
Tvdooimnd: | ssanlud |
Tudrouas | manlwd |

swsmasm(an). | L i ® FTL loadfle | | swomsduma |

awudemm): | O LTL | Rendom | | EwpottoBrcel |
T | -
. N ——— i il

U7 3.20 vthaevan
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Tdszusmatomn: | C © i
Tudoomnd: — =
Tudrouds el

susmenmnn): | ) o @ zl.udne | [ ol

audess(im). | e lowm Tonion | [Eosinbed
v lddua(iud): | i l — =
0100 %

| edumie ,

Uﬁ 3.21 85U18dIUUTTNDUVDINLINIBVAN

3091 1 dwmsuidentndszeznia (csv)

ﬂ'ﬁ 2 @ nsudantnd Order ¥30ANUABINITAUAIVDIS U (XLS)

D

091 3 dmsuidentng ArvuEs (xls)
907 ¢ dvduidenguiuunmsA
- Swap f® dUlFeN 2 31U WAKVININTASUAIMILS [BANMINNILEUNIY

'
o

NYUFIAAIT

Tvide
- Insert Ao guiden 1 3w wagdwvsdimiunisunsn Wileduiam

Wunslysififianaudeinga
- Reverse fio duiden 2 $1u wagndumumis iemuaumdunislming

ANYURIAINTN



v A

9091 5 dMFURENFULUUNSAILINNISUTIN

q

- FTL #® Full Truck Load (Ussnvaufiusa)
- LTL @@ Less than Truck Load (ussvnladifiuse)
ﬁ;mﬁ 6 dmSUSUAAEUNNAILIETIREN

o

AN 7 dusu Export mauamsmmm‘vﬂm E‘l@ﬂLUUi‘ULL‘UUﬁU@Q Excel File

-

o

AN 8 dmsusananlusunsu

-

091 9 LAAINATEEENTITLE 1 NNSAN e Alawns
@ﬁ 10 LaRHAALAITINTLEINANSAILIN WidIe U
091 11 wananaldUsyanana e Sund

a
991 12 ULoULdULANIENIUENTUSENIaNE

a

999 13 dmsudsugUluumMSaLandHa

D

N 14 13NN

D

907 15 dmuna Load lrldtayaiidenty (navdsainidenlweusasass)

'
a

9091 16 dmsunslfeINIsInanewuUay Tnd

64
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3.4.5.2 MsEulUsHASY

—_

\donlnaszegnie (csv)

\donlwa Order M3aANUADINSAUAIVBITIU (XlS)
Fonlwd Amuds (xls)

nAYY "Load File"

ldguuuun13AUInL (SWAP/INSERT/REVERSE)

= o I Y
WdoNngULUUNTSAINNTUSIYN (Fanldliies 1)

N bR LD

nAUY "ANWILEUNNG" lieANIEUN19RINTB RN

sU# 3.22 o5uremsldanlusunse 3UT 1
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7. 59n15Us2U8NE

|D:\Data for program\szusii.csv [ sdontwd |
Tvidomaet | D'\Data for program\Order_Low.xis | donlwd |
Tuderuss | D\Data for programiammdaxis [ateaind_|
ssuzem(nn). | ] swap ®FTL| | loadFle || swomsdurn |
(). | | oL | Rendom | | Ewotiofed |
naofldiwmed) | i [ e |
— iy Swap 37.77100%
e B e ]

JUN 3.23 aFuremsldaulusunsy Ui 2
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8. MUY




68

9. LANINE! TN

Ve Export Teyasanunluguiuy Excel

SHEREEEECE




11. uanwanis Export dayalumsnadu Excel

12. \ile Export douatasa linan anad

Tudszuzmaisma; | D:\Data for program\szusyi.csv
Ividiooiand. | D'\Data for program\Order xis
Tulisuss  [D)\Data for program\mmuit xis
SEUSTHTIH(RM.): | mﬁzoﬂ SWAP @iEn__‘] LoadFie drmamiduni
susssi(um): (36790625 oLt Random Bt to Excel
nnfildiuam(ind): (338863 Bt
=l Why« . 56/100%
R T O B W - ;
W [ss0 Tes T T T [swT T [z [sars0 61500
ADL 26445

s
10 .
1 s aw 550 La [200 500 18555 475,00 Imoi:
2 | | vr 300 | R o050 WA
s B aw 1550 GL 500 500 13593 47500 | |475.00
e s aw 550 ™ 500 500 31321 670.75 e
s s aw 550 xR 300 500 28623 677.50 o750
[16 J 200 26989 61500 [
7 e w 550 au 300 500 26593 61500 [si500
|18 |8y [1.00 5593 26875
|18 i |10 20853 56750 [
| < I — T > |
JUN 3.26 a5uremsldaulusunsu Ui 5
3.4.5.3 A1sL@nenag

sunuuteyarignuansualusUvesivld excel daiinsuansuavoniu
il 1 @odn ehauds) Ussneusne deyadsil

- SEEINeTI (N4L) uanswamsAwlnsrezeTlumeAlawns

- ANUUENTIN (UN) wansRan sAWAIYUdsTINluREUIM

- andildduan Guafl) wanmanaildlumsinalumedui

- MIAMUWINTTYENII UARIFULUUNISAUITILGDN
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- MIAMWIUTA UAAIFULUUNNTUTINNEUA

- S78NSAINUANSIUAININUA

[

AU

REIRE
VNI
4 v

Yo
AINYVI0BLADT
AN
FTYLNN
ATUAS

a

ANVUEINAR

A1AUNITUUAS

FOUMTIWDI50

RUNYLAVUD I3

UszLnnsa (4 o 39 6 @)
Fodupuasunsuuds
AINUABINITEUAIVDIIU

AINNRTINUVBITD
sTgEaTAAT ST U LAz Uaneng
Anudsmuituiive swinuladu
AaudsidunAnvosduniese Tnadenain

AvUAIUNUNS LTl NaNan vaudunIasn

o

v
UUY
MIAIETEENN | Swap
AEIIND {Full Truck Load
A1, sauf wiuawse | slevasn | aawgadso | Tty | erwaiiaawead | erwgsm SN Aroudy | dwmaaiida
1 "3 1 oW _ | 10 AGI 4 10 1,373.00
R S SR S B . I — —
3 ET 3
B 0 [, | TR . ; SRR, (S
DCKK

TITEHEN T

1,027.75

TITELEN T

15
e s o movw 9D

1 — 10 XE

JUT 3.27 JULUUYDINIUARINAYRY Export File gﬂﬁll
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N9 2 (oI s8EEN1) Lansaiduiunmualanaunisuiuls

LVEUNNG

No. i Shop Name: Distance | Total Order
1 DCKK 0 0
2 AGL 245.28 4
3 JH 71.08 2
4 BT 8.6 3
5 EX 367.27 3
6 ADH 44,14 3
7 BF 338.74 4
8 7 387.74 2
9 ACU 32.44 7
10 RH 89.25 1
11 AFT 177.87 5
12 ML 360.11 4
13 Q] 116.22 3
14 *E 321.26 4
15 HR. 40.92 4
16 W 290.31 3
17 SH 192.98 2
18 WK 331.12 4
19 B 9.46 4
20 AFO 58.73 6
21 EB 48.1 4
22 GE 351.92 2
23 AFE 239.17 3
24 MG 25.79 2
25 QG 22.67 5
26 ADM 175.73 1

M dauda | szazve o H0

g‘dﬁ?‘i 3.28 JULUUYDINTUAAINATDY Export File gﬂﬁ 2



uni 4

NANISIVULAZNITIATIEANANITNAAD

4.1 Wan1339y
WiguiguA1vuAaZIaINISAINIM AARIINN1SUTUUTIEUN I ImLe 9 35
Aunsldusuusadunie (Normal)

[

4.1.1 uARINAAYUAILAZIIAINTTAININ YBINITUTINNAUAILUY FTL N5y

YOARIAUAIAS

a 4 a

M19199 4.1 WiguiguAvuds (Um) vedseauyendiduAIeas uaglin1sussynuuy FTL

Y

Algorithm | wapssii 1 | wanseii 2 | waAsed wanssdi 4 | Anfiadign
Normal 255,390 255,390 255,390 255,390 255,390
S 230,765 231,557 230,118 248,022 230,118

I 246,953 247,880 247,260 246,023 246,023

R 245,388 246,005 246,794 246,774 245,388
S 234,853 235,073 234,482 233,939 233,939
I-S 234,774 234,203 235,402 233,872 233,872
S-R 233,612 234,894 233,428 235,584 233,428
R-S 233,137 234,453 232,662 234,190 232,662
I-R 247,661 246,730 245,183 246,097 245,183
R-I 244,525 244,664 246,118 244,639 244,525

9119197971 4.1 WUITUSUUT AU aFI875 SWAP LAy REVERSE-SWAP i

YUAIPNIGAMUAFU
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M5 4.2 WIBUgUNaINIATIIN (UN91) YesseaugondsduAge USTYNWUL FTL

Algorithm | wanssdi 1 | wanssii2 | wandedi 3 | wanssdi 4 AfiAniga

Normal a8 48 a8 48 48
S 28 21 23 23 21

| 28 26 26 25 25

R 27 24 25 25 24
S-l 23 23 23 21 21
I-S 25 24 25 23 23
S-R 24 25 25 22 22
R-S 24 25 25 23 23
I-R 25 25 29 24 24
R-I 28 26 25 25 25

INANTIN 4.2 KAAIIAINITAILIN NFUTUUTHAUNIMUY SWAP  Uae REVERSE-

SWAP T7a1n115A U388 21 wae 23 W19 AUaIfu

4.1.2 LAAIHAAIYUAILAZIIAINITAILIN YBIN1TUTIYNFUAILUY FTL Nilsedy

v

YDAAIAUAIUIUNANY

a{' = P ! \ Y] o o v =
A19199 4.3 LI UNUANYUES (UN) U9958AUERAAIdUANIUIUNANY ATUNITUIIVIALUU

FTL
Algorithm | waassfl 1 | wanssdl 2 | waniedi 3 | mansedi4 | dndindige
Normal 238,832 238,832 238,832 238,832 238,832
S 204,576 204,368 204,313 205,540 204,313
| 221,863 222,546 221,840 223513 221,840
R 219,670 219,925 220,164 221,110 219,670
S 208,464 210,020 210,009 208,146 208,146
I-S 209,823 208,489 208,989 209,132 208,489
S-R 207,358 206,863 209,732 208,539 206,863
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M13197 4.3 WIguguAvuEs (U1m) YeesEAugandsduaUiunas wasin1sussyniuy

FTL (519)
Algorithm KAAST 1 KanSad 2 KaRSil 3 KAASTl 4 mﬁﬁﬁqﬂ
R-S 206,535 208,101 206,651 207,588 206,535
I-R 221,699 221,061 222,125 219,877 219,877
R-| 216,506 222,035 219,287 220,574 216,506

9119197991 4.3 WUIMSUSUUTAdUNIFE3S SWAP LAy REVERSE-SWAP il

YUAIITER M1UFITY

AN5199 4.4 WisuigunaINsAuLIN (W9) vesszAugendsdua1uIunas uagin1sussmn

wuu FTL
Algorithm | wanSsii1 | wanfeii2 | wansedi 3 | weessfia | endiddige

Normal 48 a8 48 a8 a8
S 22 21 26 21 21
| 30 25 27 24 24
R 28 28 26 24 24
S 21 22 22 21 21
I-S 27 23 23 23 23
S-R 27 26 27 22 22
R-S 24 24 27 24 24
I-R 26 28 26 25 25
R-I 27 28 27 27 27

NPT 44 UEAWIAINTAILIN NMFUSUUTHAUNIUUY SWAP  Uai REVERSE-

SWAP Ti3a1n115A U288 21 way 24 W19 AUaIfu
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4.1.3 UAAINAAIYUAILATIIAINITAIUNIN UBINTTUTIYNEUAIMUY FTL Nilseay

YDARIFUAIAN

M15199 4.5 WS uLfiguAuuad (UIM) Y89seAUgandadunai waglin1sussynkuy FTL

Algorithm | wanssfl 1 | wamssdl 2 | wamssdi 3 | wansedi 4 AiiAgn
Normal 163,984 163,984 163,984 163,984 163,984
S 166,747 167,617 166,214 167,400 166,214

I 180,383 180,517 180,128 180,385 180,128

R 176,589 178,095 178,801 179,078 176,589

SH 169,910 171,739 170,840 169,809 169,809
I-S 170,362 169,838 169,395 170,732 169,395
S-R 169,236 171,460 169,450 169,711 169,236
R-S 169,361 170,387 169,020 167,790 167,790
I-R 180,834 179,832 179,424 180,573 179,424
R-I 178,763 177,701 177,613 178,937 177,613

31NA15199 4.5 NUIINLIUTUUTEEUNIS (Normal) uae SWAP danyudasniian

ANUAIAY

=

q

= = = o = ) U a v o =
M990 4.6 LUIIUNEULIAINITATUIN (U1N) VBNTLAULDAFIAUAIND LLATHNITUIINNLUY

FTL

Algorithm Nﬁﬂ%\iﬁ 1 Nﬁﬂ%\?ﬁ 2 Nﬁﬂ%ﬁﬁ 3 Naﬂ%"\iﬁ q ﬂ'lﬁaﬁf!ﬂ

Normal 48 a8 48 a8 a8

S 21 22 21 26 21

| 23 25 25 25 23

R 25 25 27 26 25

S 22 22 22 25 22

S 23 23 24 24 23

SR 22 22 20 30 20
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M13199 4.6 WIBUEUIaINTAWIM (W191) VBITEAULDAFIFUANT UATINITUTIVNLUY

FTL (519)
Algorithm KAAST 1 KanSad 2 KaRSil 3 KAASTl 4 mﬁﬁﬁqﬂ
R-S 25 22 25 24 22
I-R 25 26 25 25 25
R-| 25 26 26 26 25

31NA1519% 4.6 aneIaInIsAILIn kuuliusuuadunis (Normal)  way
N13USUUTREUMUY SWAP T6aa1n1sAIuans 48 wag 21 Uil auaau asunaddedle

FIUANYUAIRINANGIN 4.1, 4.3 wag 4.5 Wunanns199 4.7

15199 4.7 agunaddenla dwsunsdinisussndudwuu Full Truck Load

stiunnsdedudn Algorithm fifidnuugsdndign 2 Sususn Aasrfy
G SWAP ez REVERSE-SWAP
Urunang SWAP ez REVERSE-SWAP
i Normal wag SWAP

NnagUransITe nsdiszdunsddudiganazuiunanenuin msUsulgadumis
#8738 SWAP uay REVERSE-SWAP LTuis#ilsimudewin uaziilevihmsmageu T test v
n3USUUTLEUN 99873 SWAP uae REVERSE-SWAP lanisaunfigiudn navessvudsdiin
INMsUFVUTHEUMNIETS SWAP wag REVERSE-SWAP lsiunnsinafy fsssiuananiesiu
0.10 WuI1An p-value Wiy 0.406 wansiIHavesAvuATlFa1NNTUSUUTIEUaLUY
SWAP waznavosruudilsainnsuiuugaudunisiuu REVERSE-SWAP laiunnsnadiu Tu

sEAUNSHIduMaarUUNang

'
Y o

dmfunsdlseiunisdedudien FBlduiuusadums uagyiulsuduniefeis
SWAP (s Tildeaudwin uazidiovhmaneaey T test Tnefsaunfigiuii navesAvudsd
\Ainnnnsliuiuusadunis uag maUsulgadumaiieds SWAP liunnsefu Assduanna
\Wosiu 0.10 Wud1A1 p-value AU 0.001 wanaiwavesAwudsildannsliuiuyse

LAUNN AN NMSUSUUTBEUNILUY SWAP



T

4.1.4 UAAINAAIYUAILATIIAINITAIUIN UBINTTUTINEUAMUY LTL Nilseay

YDARIFUAAS

M15797 4.8 WIguguAUds (VM) Ve9seauEendadunias uaziin1sussynuuy LTL

Algorithm | wanssfl 1 | wamssdl 2 | wamssdi 3 | wansedi 4 AiiAngn
Normal 255,390 255,390 255,390 255,390 255,390
S 236,506 235,323 236,344 234,511 234,511

I 249,683 252,034 252,879 250,850 249,683

R 257,451 256,687 259,253 256,564 256,564
S8 234,971 236,380 235,734 238,926 234,971
I-S 236,503 236,229 239,344 237,263 236,229
S-R 238,991 240,172 238,196 240,739 238,796
R-S 239,073 238,667 238,593 238,059 238,059
I-R 249,469 250,823 250,453 250,581 249,469
R-I 249,863 249,442 253,360 252,257 249,442

9119197197 4.8 WUIINFUTUUTUAUN9MTT SWAP uaz SWAP-INSERT  dlein

YUAWINGN Ay

d' = = o = o U a v =
15199 4.9 lWUIIULNEULIAIN1TATUIN (U1N) maﬂﬁzﬂu&a@aﬂﬁUﬁqQQ asNNIIUTININLUU

LTL
Algorithm Nﬁﬂ%\iﬁ 1 Nﬁﬂ%\iﬁ 2 Nﬁﬂ%ﬁﬁ 3 Nﬁﬂ%\i‘ﬁ q mﬁﬁﬁqm

Normal 48 a8 48 48 48
S 18 19 20 20 18
| 21 20 21 22 20
R 22 22 24 25 22
= 20 21 21 24 20
I-S 21 25 21 20 20
S-R 20 19 21 21 19
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M19099 4.9 WU IAILIN (W9) Y8458AUgondIduA1Ee Lagiin1TuITNALUY

LTL (s9)
Algorithm KAAST 1 KanSad 2 KaRSil 3 KAASTl 4 mﬁﬁﬁqﬂ
R-S 21 22 23 22 21
I-R 21 21 23 21 21
R-| 22 22 21 21 21

INAITNT 4.9 UAAIAINITAILIN MIUTUUTUEUNIUUY SWAP Uaz SWAP-

INSERT 1917a1n15AU38 18 wae 20 W19 AUaInU

4.15 UAAINAAIYUAILAZIIAINITAILIN YBINITUIIYNFUAILUY LTL Pilsgdy

(%)

gandIauAUIUNA1d

= = = ° = o U a v =
M15199 4.10 WIgUmeuLIaIN1gAUIN (U1N) ﬂJaQi%ﬂUﬂaﬂaQaUﬂqQQ LLagllﬂ']i‘Uii‘Vq]ﬂLLU‘U

LTL

Algorithm | wapseii 1 | wansefi 2 | waAssdi 3 | waesedi 4 Afifgn
Normal 238,832 238,832 238,832 238,832 238,832
S 211,722 208,525 211,998 210,131 208,525

| 222,018 221,375 222,409 221,081 221,081

R 226,077 223,399 227,947 229,226 223,399
S 211,885 212917 210,638 211,706 210,638
I-S 212,008 215,902 212,934 212,491 212,008
S-R 210,799 212,863 211,990 210,642 210,642
R-S 212,408 211,920 211,508 212,727 211,508
I-R 221,452 220,237 224,127 226,545 220,237
R-I 224,631 220,944 223,627 223,847 220,944

9113797 4.10 WuinsUTuUsadun1eieIE SWAP LAy SWAP-INSERT 41

YUANgR MUFIY
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A15719% 4.11  WSgULguLIaNn1IsAILIN (W19) V09seaveandIduaIuIunale wasiinig

UITVINLUY LTL

Algorithm | waAssd 1 NAASIT 2 | WARSIT 3 | wWanssil 4 ﬁﬁﬁﬁ‘ﬁ@ﬂ

Normal 48 a8 a8 48 48
S 18 20 20 21 18

I 23 24 22 22 22

R 22 23 23 26 22
S 20 21 20 21 20
I-S 21 22 21 22 21
S-R 26 20 21 20 20
R-S 23 22 18 22 18
I-R 22 23 21 21 21
R-I 26 25 27 26 25

INANTNN 4.11 LEAIIAINITAILIN N1SUFUUTHAUNGUUY SWAP Lag SWAP-

INSERT T9a1n15A1uwans 18 wag 20 U9 suanau

19

4.1.6_UAAINAAIYUAILAYIIAINITAILIN YOINITUTTYNFUAIMUY LTL Nilsesiy

HONFIAUAIND

4' = ~ ! ] o Y a Y |a s =
15199 4.12 WU UAIYUE (v ) YDITLAULDAAIFUAIUINIUAN LLagllﬂ'ﬁ'Ui?VlﬂLL‘UU

LTL
Algorithm | wanSsii 1 | wanfefi 2 | wansedi 3 | waededia | endiddige
Normal 163,984 163,984 163,984 163,984 163,984
S 172,085 173,959 172,063 169,328 169,328
I 183,735 184,267 183,486 184,846 183,486
R 187,550 183,892 185,833 185,582 183,892
S 172,129 169,274 173,278 174,098 169,274
ES 174,441 173,593 175,206 172,548 172,548
S-R 173,877 173,706 177,081 172,681 172,681
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M15199 4.12 Wiguiieuavuds (UIn) vesseugandaduaUiunmm waziin1sussynkuy

LTL (m0)
Algorithm | waassdl 1 | wamssdl 2 | waessdi 3 | waesedi 4 | endiniige
R-S 172,312 173,362 175,171 172,954 172,312
I-R 185,967 183,945 185,864 182,916 182,916
R-l 182,705 180,952 182,141 182,601 180,952
91919797 4,12 wumslivuusaduns wagn1sUTuUTIEUNISLUY SWAP-

INSERT ffnuuaasiign aiudau

A5 4.13 Wisuiiigulamseuin (u1i) vesseaugendadunm wagin1sussyawuy

LTL
Algorithm | wanSsii1 | wanfeii2 | wansedi 3 | weessfia | endiddige

Normal 48 a8 48 a8 48
S 22 18 23 23 18
I 22 24 23 21 21
R 28 23 21 24 21
S 20 21 21 20 20
I-S 19 24 21 24 19
S-R 20 22 22 20 20
R-S 20 20 24 21 20
I-R 19 21 21 22 19
R-I 18 21 21 21 18

91NM15199 4.13 wananiainisatwias wuuldusuugadunis (Normal) wagnas

UFUUTBdUnIuy SWAP-INSERT Tdhaannisauant 48 wag 20 Uil audnu asunadaed

1¢ dmFunsdinisussnnauAiuuu Less than Truck Load udismsnsii 4.14
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a3Unaidedls dmsunsdinisussnnduAuuy Less than Truck Load du

A9 4.14

A5 4.14 agunaidenle SmTunstinIusInNAUALUU Less than Truck Load

sAunsdFudn Algorithm #ifiAnvugdesniign 2 Sufuusn Awandy
6N SWAP gy SWAP-INSERT
Urunans SWAP tiag SWAP-INSERT
#in Normal waz SWAP-INSERT

NNATUNANITITY ﬂiﬁﬁzéfWﬁﬁﬁ%ﬂgqLLazUmﬂaNWU'jﬂ REHTIENGTVRR
Fe38 SWAP Lay SWAP-INSERT 1{13571devudeh wazidlevnsnaaeu T test U033
USUUTuAUTNIRIETE SWAP oz SWAP-INSERT Tnesivausfigiudn wavessvuasiingin
n5UTUUTIAUNI9AETE SWAP wag SWAP-INSERT lalunnsraiu fisefuanundesiu 0.10
WA p-value WU 0.132 uansitravesavudsiiliainnisusuysadunauuy SWAP
LAY HaYBIANUATLFINNTUFUUTIEUMALUY SWAPINSERT laiuandneiu Tusedunis

'
[

AvduAauazlIuna

dmsunsdsziunisdedud ASliusvusadums wazufuusaduniesieds
SWAP-INSERT 1S illéenumuassin wagiilevihnsnageu T test Tnsssauufigiuin navesdn
yudsiiAnanmsliuuUsaduns uay nMsUTuUsadun1eineds SWAP-INSERT luumnsing
fissdupnudediu 0.10 wuinen p-value Wiy 0.002 wandinravesAvUETiliannsh

UFUUTaEuUN1e AN MsUSUUTBEUNIaLUY SWAP

4.2 AATIHNA

(%

NATURANITITY WU N13VREUU Full Truck Load nsdlseaumsasdunias

Y
[

wazU1unan 3nsUsulsuduneimanga ielvliaivudsinfianaiunsaldlanadsnig
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AuIBgendUszana 50% Balunisaidunismnlunsaisuissanaldnsmurniuuysuls

wumnslunsaiun1suny uisvudRegiuysEann 1-3%
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using Microsoft.Office.Interop.Excel;
using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Globalization;

using System.lO;

using System.Text;

using System.Threading;

using System.Windows.Forms;
using System.Configuration;

using System.Data.OleDb;

namespace PathRouting
{
public partial class frmRouting : Form
{
private const int CP_NOCLOSE BUTTON = 0x200;
protected override CreateParams CreateParams
public frmRouting()
private class Shop
private class Order
private class TruckDetails

private class calResult

int[] LastSequence;
int[] Sequence;
int OrderNum = 0;
bool flagFileLoad;
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Shop shop = new Shop();
Order order = new Order();

TruckDetails truck = new TruckDetails();

private void frmRouting_Load(object sender, EventArgs e)

private void btnBrowseAllDistance Click(object sender, EventArgs e)

string strFile = browseCsvFile();

if (strFile.ToUpper().Endswith(".CSV"))

{
this.lblAllDistancePath.Text = strFile;
putConfig("AllDistancePath", strFile);

}
private void btnBrowseOrderPath Click(object sender, EventArgs e)

{
string strFile = browseXIsFile();
if (strFile.ToUpper().EndsWith(".XLS") || strFile.ToUpper().EndsWith(".XLSX"))
{
this.lblOrderPath.Text = strFile;
putConfig("OrderPath", strFile);

}
private void btnBrowseTransport_Click(object sender, EventArgs e)
{
string strFile = browseXlsFile();
if (strFile.ToUpper().EndsWith(".XLS") || strFile.ToUpper().EndsWith(".XLSX"))
{
this.blTransportFeePath.Text = strFile;
putConfig("TransportFeePath", strFile);



private void btnRoute Click(object sender, EventArgs e)
{
if (tflagFileLoad)
{
MessageBox.Show("gslaildluanlua nyannata Load File fiau");
return;
}
int[] Sequence?;

EnableAllButton(false);

this.dataGridView1.Rows.Clear();
this.dataGridView1.Columns.Clear();
this.lblTotalDistance. Text = "";
this.lblTotalTransportFee. Text = "";
this.blSpendTime. Text = "

this.progressBarl.Value = 0;

this.lblProgress. Text = "0/100 %",

this.\blStatus. Text = "Maslvandayadinlndseegna’;

System.Windows.Forms.Application.DoEvents();

int calMethod;

if (this.radioFTL.Checked)
calMethod = 1;

else

calMethod = 2;

Sequence = new int[LastSequence.Length];

Sequence = LastSequence;
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double TransportFee = sportFeeCal2(Sequence, shop, order,
truck, calMethod);

bool isNewSequence

int divider = 0;

if (this.textBox1. r

if (this.textBox2
is.textBo
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case "insert":
this.lblStatus. Text = "AMMAIAIWINLUU Insert”;
break;

case "reverse":

v

this.\blStatus. Text = "AM8IAIUIULUU Reverse";
break;
case "swap":

[

this.\blStatus. Text = "M&FIUIULUY Swap';

break;
default:
continue;
}
for (int i = 0; i < (OrderNum * (OrderNum - 1) / divider); i++)
{

Sequence2 = new int[order.ShopName.Count];
switch (this.panell.Controls["textBox" + jl.Text.ToLower())
{
case "insert":
Sequence2 = newSequenceFrominsert(order.Distance, Sequence,
out isNewSequence);
break;
case "reverse":
Sequence2 = newSequenceFromReverse(order.Distance,
Sequence, out isNewSequence);
break;
case "swap":
Sequence2 = newSequenceFromSwap(order.Distance, Sequence,
out isNewSequence);

break;
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if (isNewSequence)
{
double newTransportFee = TruckAndTransportFeeCal2(Sequence?2,
shop, order, truck, calMethod);
if (newTransportFee < TransportFee)
{
TransportFee = newTransportFee;

Sequence = Sequence2;

}

this.progressBarl.Value = i;

this.lblProgress.Text = ((double)i++ / ((OrderNum * (OrderNum - 1) /
divider) - 1) * 100).ToString("0.0") + "/100 %";

System.Windows.Forms.Application.DoEvents();

}
calResult result = TruckAndTransportFeeCal(Sequence, shop, order, truck,
calMethod);

DateTime endTime = System.DateTime.Now;

this.dataGridView2.Columns.Clear();

this.dataGridView2.Columns.Add("Col1", "No.");

this.dataGridView2.Columns.Add("Col2", "Shop Name");

this.dataGridView2.Columns.Add("Col3", "Distance");

this.dataGridView2.Columns.Add("Cold", "Total Order");

this.dataGridView2.Rows.Add(new string[] { "1",order.ShopName[Sequence[0]],
order.Distance[Sequence[0],Sequence[0]]. ToString(),order.Volume[Sequence[0]]. ToStri
ngOD);

for (inti = 1; i < Sequence.Length; i++)

{
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this.dataGridView2.Rows.Add(new string[] { (i + 1).ToString(),
order.ShopName[Sequencelil], order.Distance[Sequenceli - 1], Sequenceli]l. ToString(),
order.Volume[Sequencelil]l. ToStringO});
}

this.dataGridView1.Columns.Clear();
this.dataGridView1.Columns.Add("Col1", "dduii.");
this.dataGridView1.Columns.Add("Col2", "3@U17‘i");
this.dataGridView1.Columns.Add("Col3", "wunetaasa");
this.dataGridView1.Columns.Add("Cold", "viinuaisn");
this.dataGridView1.Columns.Add("Col5", "m1139v8370");
this.dataGridView1.Columns.Add("Col6", "%a%’m");
this.dataGridView1.Columns.Add("Col7", "mmgﬁaama%“);
this.dataGridView1.Columns.Add("Col8", "m11939u");
this.dataGridView1.Columns.Add("Col9", "szazn19a1n DC");
this.dataGridView1.Columns.Add("Col10", "Anuuas");

this.dataGridView1.Columns.Add("Col11", "Araudsiipn®);

int ShopNo = 0;
var iRound = 0;
double TotalTransportFee = 0;
double TotalDistance = 0;
foreach (var t in result. TruckéCal)
{
int truckNo = 0;
var truckFee = result.Truck6FeeCal.ToArray();
var truckTotalVol = result. Truck6TotalVol. ToArray();
foreach (intf] trin t)
{
double subDistance = 0;

if (tr.Length == 0) continue;
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int lastShop = 0;
for (inti = 0;i < trLength; i++)

{
ShopNo++;
if (i ==0)
{

this.dataGridView1.Rows.Add(new string[] { ShopNo.ToString(),
(iRound + 1).ToString(), (truckNo + 1).ToString(), "6W",
truck.Truck6MaxVolume.ToString("0.00"), order.ShopNamel[tr{il],
order.Volumel[tr[i]]. ToString("0.00"), truckTotalVol[iRound][truckNo].ToString("0.00"),
shop.Distancel0, tr[il].ToString(), truck. Trucké6Feeltr[il].ToString("0.00"),
truckFee[iRound][truckNo]. ToString("0.00") 1);
TotalTransportFee += truckFee[iRound][truckNo];
subDistance += shop.Distance[O, tr[ill;
}
else
{
this.dataGridView1.Rows.Add(new string[] { ShopNo.ToString(), "

il )

wmeeonnonn

, ", " order.ShopNamel[tr[i]l, order.Volumel[tr[i]]. ToString("0.00"), ", shop.Distance[tr[i
- 1], tr[ill. ToString(), truck. TruckéFeel[tr[i]]. ToString("0.00"), "™ });
subDistance += shop.Distance[tr[i - 1], tr[ill;
}
lastShop = i;

this.dataGridView1.Rows.Add(new string(] { ", ", ", ", "

’ il ) ) ’

order.ShopNamel[0], ", ", shop.Distance[0, tr{lastShop]].ToString(), ", ™ 1)

) )

subDistance += shop.Distance[0, trllastShopl];

)

this.dataGridView1.Rows.Add(new string[] { ", ™, ™, ", ", "379528gN14"

)

" " subDistance.ToString(), "', " });
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TotalDistance += subDistance;

truckNo++;

truckNo = 0;
truckFee = result.Truck4FeeCal.ToArray();
truckTotalVol = result.TruckdTotalVol. ToArray();
foreach (int[] tr in result.Truck4Cal[iRound])
{

double subDistance = 0;

if (tr.Length == 0) continue;

int lastShop = 0;

for (inti = 0;i< trLength; i++)

{
ShopNo++;
if (i == 0)
{

this.dataGridView1.Rows.Add(new string[] { ShopNo.ToString(),
(iRound + 1).ToString(), (truckNo + 1).ToString(), "awW",
truck. TruckdMaxVolume.ToString("0.00"), order.ShopNameltr[il],
order.Volume[tr[i]]. ToString("0.00"), truckTotalVol[iRound][truckNo].ToString("0.00"),
shop.Distancel0, tr[i]]. ToString(), truck. TruckdFeeltr[i]]. ToString("0.00"),
truckFee[iRound][truckNo]. ToString("0.00") 3);
TotalTransportFee += truckFee[iRound][truckNo];
subDistance += shop.Distancel0, tr[ill;
}
else
{
this.dataGridView1.Rows.Add(new string[] { ShopNo.ToString(), ",
ot order.ShopNamel[tr[ill, order.Volume[tr[il]. ToString("0.00"), ", shop.Distanceltr[i
- 11, tr[il]. ToString(), truck.TruckdFeeltr[il]. ToString("0.00"), "™ });
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subDistance += shop.Distance[tr[i - 1], tr[ill;

}

lastShop = i;
}
this.dataGridView1.Rows.Add(new string[] { ", ", "', ", ",

order.ShopNamel[0], ", ", shop.Distance[0, tr{lastShop]].ToString(), ", " });

subDistance += shop.Distance[0, tr[lastShopll;
this.dataGridView1.Rows.Add(new string[] { ", ", ", "', ™", "37U358zN1Y",

, ", subDistance.ToString(), ", " });

TotalDistance += subDistance;
truckNo++;
}

iRound++;

dataGridView1.AutoSizeColumnsMode =
DataGridViewAutoSizeColumnsMode.AllCells;

this.lblTotalDistance.Text = TotalDistance.ToString();

this.lblTotalTransportFee.Text = TotalTransportFee. ToString();

this.lblSpendTime.Text = (endTime -
beginTime).TotalMinutes.ToString("0.00");

this.IblStatus Text = "AUMETATIUSDUULAD",

System.Windows.Forms.Application.DoEvents();

MessageBox.Show("A1uanuasaseusoaundl”, annus", MessageBoxButtons.OK,
MessageBoxIcon.Information);

EnableAllButton();
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private void btnExportToExcel Click(object sender, EventArgs e)
private double computeTotalDistance(double[,] dblDistance, int[] Sequence)
private int[] newSequenceFromRandom(int ShopNum)
private int[] newSequenceFromSwap(double[,] dblDistance, int[] Sequence, out bool
IsNewSequence)
{
int random1, random2;
int[] Sequence2 = new int[Sequence.Lengthl;
Sequence.CopyTo(Sequence2, 0);
Random rnd = new Random();
do
{
random1 = rnd.Next(2, Sequence.Length + 1) - 1;
random2 = rnd.Next(2, Sequence.Length + 1) - 1;
} while (random1 == random2);
Sequence2[random1] = Sequence[random?2];

Sequence2[random?2] = Sequence[random1];

if (computeTotalDistance(dblDistance, Sequence) <=
computeTotalDistance(dblDistance, Sequence?2))
{
IsNewSequence = false;
return Sequence;
}
else
{
IsNewSequence = true;

return Sequencez;
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private int[] newSequenceFromSwap(double[,] dblDistance, int[] Sequence, out

double calDistance)

{

int random1, random2;
int[] Sequence2 = new int[Sequence.Length];
Sequence.CopyTo(Sequence2, 0);
Random rnd = new Random();
do
{
random1 = rnd.Next(2, Sequence.Length + 1) - 1;
random2 = rnd.Next(2, Sequence.Length + 1) - 1;
} while (random1 == random?2);
Sequence2[random1] = Sequence[random?2];

Sequence2[random?2] = Sequence[random1];

double distl = computeTotalDistance(dblDistance, Sequence);
double dist2 = computeTotalDistance(dblDistance, Sequence?);
if (dist1 <= dist2)
{
calDistance = dist1;
return Sequence;
}
else
{
calDistance = dist2;

return Sequencez;

private int[] newSequenceFromSwap(double[,] dblDistance, int[] Sequence, int

posl, int pos2)
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int[] Sequence?2 = new int[Sequence.Lengthl];
Sequence.CopyTo(Sequence2, 0);
Sequence2[posl] = Sequence[pos2];

Sequence2[pos2] = Sequence[posl];

if (computeTotalDistance(dblDistance, Sequence) <=
computeTotalDistance(dblDistance, Sequence2))

{

return Sequence;

else

{

return Sequencez;

}
private int[] newSequenceFrominsert(double[,] dblDistance, int[] Sequence, out
bool IsNewSequence)
{
int random1, random2;
int[] Sequence2 = new int[Sequence.Length];
Sequence.CopyTo(Sequence2, 0);
Random rnd = new Random();
do
{
random1 = rnd.Next(2, Sequence.Length + 1) - 1;
random2 = rnd.Next(2, Sequence.Length + 1) - 1;

} while (random1 == random?2);

Sequence2[random?2] = Sequence[random1];

if (random1 > random?2)
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for (int i = random1;
{

Sequence?2[i]

Distance(dblDistance, Seque

enceFrominsert(double[,] dbl ce, int[] Se
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Random rnd = new Ranc
do
{
random1 = rnd.Ng
random2 = nd
} while (random |
Sequence2[ran

ndom1 >

ce2[i] = Sequenceli + 1];
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return Sequencez;
}
}

private int[] newSeq ] dblDistance, int[] Sequence, int
posl, int pos2)

{

A

equen
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{

return Sequence?;
}
}

private int[] newSec dblDistance, int[] Sequence,

out bool IsNewSequenc

> random?2)
(int i = random1; i >= random2; i--)

il = Seque

- Seque
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}
if (computeTotalDistance(dblDistance, Sequence) <=
computeTotalDistance(dblDistance, Sequence?2))
{
IsNewSequence = false;
return Sequence;
}
else
{
IsNewSequence = true;

return Sequencez;

}

private int[] newSequenceFromReverse(double[,] dblDistance, intf] Sequence,
out double calDistance)
{
int random1, random2;
int[] Sequence2 = new int[Sequence.Lengthl];
Sequence.CopyTo(Sequence2, 0);
Random rnd = new Random();
do
{
random1 = rnd.Next(2, Sequence.Length + 1) - 1;
random2 = rnd.Next(2, Sequence.Length + 1) - 1;
} while (random1 == random?2);
int j = random2;
if (random1 > random?2)
{
for (int i = random1; i >= random?2; i--)

{

SequenceZ2[i] = Sequence[j++];
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else
{
for (int i = rand
{

Sequence
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Sequence2[i] = Se

}

else

{

for (inti=p

‘Sequence2;
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while (lisAllCal(CalFlag))
{
double[] truckTotalVol;
r.Truck6Cal.Add(TruckCal(method, Sequence, CalFlag,
order.Volume.ToArray(), truck.Truck6MaxVolume, truck.Truck6Num, out
truckTotalVol));
r.Trucké TotalVol Add(truckTotalVol);
r.TruckdCal.Add(TruckCal(method, Sequence, CalFlag,
order.Volume.ToArray(), truck.TruckdMaxVolume, truck.TruckdNum, out
truckTotalVol));
r.TruckdTotalVol. Add(truckTotalVol);

r.TransportFee = 0;
double tempFee = 0,
// AnnaAlganenuU 48
foreach (var t in r.TruckdCal)
{
r.TruckdFeeCal. Add(TransportFeeCal(t, shop.Distance,
truck. TruckdFee.ToArray(), out tempFee, 2));
r.TransportFee += tempfFee;
}
foreach (var t in r.Truck6Cal)
{
r.Truck6FeeCal.Add(TransportFeeCal(t, shop.Distance,
truck. Truck6Fee. ToArray(), out tempFee, 2));

r.TransportFee += tempFee;

return r;
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private double TruckAndTransportFeeCal2(int[] Sequence, Shop shop, Order order,
TruckDetails truck, int method = 1)

private List<int[]> TruckCal(int method, int[] Sequence, bool[] CalFlag, double[] Order,

double MaxVolume, int numTruck, out double[] TotalVolume)

private List<double> TransportFeeCal(List<int[]> TruckCal, double[,] dblDistance,
double[] TransportFee, out double TotalTransportFee, int method = 1)

private bool isAllCal(bool[] CalFlag)

private string getConfig(string key)

private void putConfig(string key, string value)

private string browseX(sFile()

private string browseCsvFile()

private static bool SequenceEqual(intl] seql, int[] seq2)

private static string XlsConnection(string path)

private static string XlsxConnection(string path)

private void EnableAllButton(bool btnState = true)

private void btnSwapTable Click(object sender, EventArgs e)

private void btnExit Click(object sender, EventArgs e)

private void btnRandom_Click(object sender, EventArgs e)

private void radioRandom_Click(object sender, EventArgs e)

private void radioFix_Click(object sender, EventArgs e)

private void btnLoadFile Click(object sender, EventArgs e)
}
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