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PLOYPAILIN PHUMKHOKRAK : THE DEVELOPMENT OF VEHICLE
ROUTING SYSTEM FOR FREEZING FOOD PRODUCT. THESIS

ADVISOR : NARA SAMATTAPAPONG, Ph.D., 130 PP.

VEHICLE ROUTING/SAVING ALGORITHM/GENETIC ALGORITHM

This research aims to develop vehicle routing system of freezing food products
by applying the saving algorithm method and genetic algorithm method to find out the
appropriate route of transportation that can reduce the transport distance by planning
transport route of freezing food of a case study factory to the distributor 54 areas
covered in the Bangkok Metropolitan Area by applying the saving algorithm to create
the initial questions and improve the initial answers by means of genetic programming
in planning the route for shipping freezing food products and processes the answers
using Visual Basic for Application (VBA) on Microsoft Excel to help the process of
finding the answer.

The method also applied to find the answer in the case study of the 8 case
studies and bring the results to compare between the saving algorithm method and
development on the answer by genetic algorithm method found that development on
the answer by genetic algorithm method can reduce the total transport distance more
than the saving algorithm. The saving algorithm had a total distance of 2,042 km. The
development of the answers by the genetic algorithm method had a total distance of
1,970 km. The difference of distance as a percentage 3.53 which you will see that to

create the initial questions by the saving algorithm method and to improve the initial



answer by the genetic algorithm method that can apply in planning the transportation

route of freezing food products with reduced transport distances.
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= o w 1 [ . 1 d‘ o 0 9 d' Y
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A o a K v U ti‘
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Y 1 Y g ~ . an o a =R o
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2.3 IBMIIBINUENTTY (Genetic Algorithm)
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a 4 a o a, a @ a g’/ 4
WUNT DUNTWYN (2548) ’J%fﬂﬁ‘H"Iﬂ"l@i’)‘]JIﬂﬂﬁl%!ﬂf\‘i‘wuﬁﬂiiﬂgﬂﬂﬂﬁ}UﬂiﬂuiﬂLﬁﬂ

2 Y
szanat) e, 1975 Tae John Holland HUIAAUSIITURSULUVIUADUNITIIAUINITNI
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= o JaA

a o 1 v Aa J 4 . [
5350819 (Natural Evolution) AMUMINA1IVNININIIMAAS N Charles Darwin “tH1AUTNY

Q
Ed

< A v A ° Aa N Y . . v &
ﬂ’.]”I‘JJLHNLLSWIQ‘@]WI”IUH‘VI?T”I%J”ISQ%3@115&%’3@]@Q@]E’J"lﬂ"lﬂ (Survival of The Fittest)” ANUYU

an a o ¥ 33 ax o v a @ A A A
ATNITPINUTNTTY (GA) uumﬂm‘ﬁmiﬁmmmJmmﬂiyﬁwmsmﬁu%fjuwmmaﬂmmu
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9
ANHUSUDINITIINUING (Evolutionary Algorithm) Tﬂfmq’aguuummmmmmﬂmﬁ’amm

@

Y

UNNFTTUYIH (Natural Selection) LLa%a%ﬂ']iVlNWU‘IjﬂﬁﬁiJ (Genetics) u@ﬂﬂ"lﬂﬁ 'J%ﬂ"lﬁLG]N
@ a2 S as FY ° A X .
H‘EﬂiﬁJﬂ'ﬁ]QﬂW%'l3ﬂ!'l'NL‘]Juﬂ‘ﬁﬂWﬁﬂuﬁTﬂWﬂﬂU‘ﬂuﬂﬂﬁJﬂa'lﬂiﬂﬂellu (Intelhgent Search)
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FmaFanugnssu lagnminnlszgnaldlumsmidineuvesdyimsdaaduland]

v o Y =y A I o = g Aax a a a o
ANVUFTAUN VYD ULALY mﬂmazuE)ullﬂlﬂlmﬂtymmummuum “]fﬂlﬂu']‘ﬁm@]']ﬂ'ﬁﬁﬂﬂﬁ
v & A ax . . axy ~ [
OUNUI HONIHUDIINIT Simulated Annealing (SA) 1taLI5N11Y (Tabu Search) IINNLTINTILNU

ata a A
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Avguai A aand laqzldmaeun Indinesmineunangamiiv dusluiawise
@ A A N Y1 o Ay vy o A A A Vo ¥ am a o ]
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ligunsadszaulanezamnsommaounanga ld
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1119991NIDMIFINUFNTTVRGUIVDITNMIHUFNTTUNFTTUIIA IADE19AB U1
A 1 9 1 A A ngd @ VR ] An A 9 1
augauna vreasudNguuFene 35U A uduiinAeud NI ez gn
o J o v a a '
i ldszgnaldlumsmdmaovvesdymimsaadulaluaenisgsnauazgaamnssuaieg
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WINWIE 01 NM31en DNA Tuaemsunng nMseentiuuIuasUMIANNANNINGAT1HNTTY
=1 Y a o a 4 9 1
n NsungriinuadiaaaasuazInermians msundymilugaaImnssumsyudd

a a Jd I Y Ao o oA A A ax o a o dyd
wazasdaand 1Wudu grandaydnlsznsniiane I50MIMIAINRUIBINUFNITUTN
] M1 v o Y ' L. * ° /9 ¥
Tassasei ldadududou tazlinudanguann (Generalisation) F9eunsnii sz gne 14

° v A 9 Y [ 7
lumsmmeevvesaymimsaadulalan lanui viemivwadaulauiissantioumniy

MI317 2.2 ANUMNBVDIMANT NI UFNT TN

o W d 1y
MANNMINUTNTIN AINTIINE
a [ o @ 1
1. Ta5 13 T953 (Chromosome) A039v0IHaa NS 13 uunvesdiunlsaeg
4 o [} % 1 a
2. BUA (Gene) MUMUY0IA T DUFAAAT
o . o v J o [ @ 1 { H
3. 91UIUL52$I05 (Population) NUIUHAANTAIMTUMIHANMIANAN YA
Tunaazgu
° J . o o 4 v J
4. 13 U529105 (Generation) UIUTBVYDIMINAUT NBAUNINABNT
dad
nange
[ A a a
5. MSAALEDN 1AIETTNIIA MsUszuaNurvzauvedlas lulay Tag
o J o Aa 4 ]
(Natural Selection) MSMHUANINFUNANAFITAT 1Y NI

AR NI Tournament, Roulette Wheel

. -
Selection, Elitise Wuau
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AT 2.2 ANUNUBVDINANTN NN UFNITTU (7D)

o d v
MANNMINUFNTIN ANUHINIY
{ P4 3 { o '
6. matanasusudiiuTag TuTay dumsuanasududinIas TuTeusz g
(Crossover) Tas Ty Teuwouazuy Tagmsninaugauiia

A 1 ~ o 1 ]
13092998 uad lulas TuTeunauazuuuay
o [ di 9 1
Mmsaau oasalas Ty Taugugn
{ o I~ { o
7. msuanlasuguanielulng Ty ey Wunsuannlasuduanieluvealas Tu Ty
A ' ' . ' A a A v Ja g oy A
130 NIWIHAT (Mutation) JUgn MoranaeInaansniun1neadu

(Local Optimal Solution)

=\

J A Y o o = 2}, ax a [ .
seNwus Uaine la (2554) hlﬂ%@‘I’VH?%L‘Uﬂﬂﬂlu@@u’l‘ﬁﬂ'ﬁls}f\i‘wuﬁﬂiﬁu (Genetic

9 v 9 4
Algorithm) JiupounanIaeniliisznoudie 6 Tuneundn aall
1. mseenuuy1as Iu TsuunufIney (Chromosome Encoding)
2. msmuualszannsEudy (Population Initialization)
3. AITUIUMIBINUEFNITY (Genetic Operation)
4. MsUszlumANNNIZ AN (Fitness Evaluation)

v A M
5. MaInaaen (Selection)

6. NINYANTLUIUNIT (Stop Criteria)

23.1 M3eantuulns Nl BsUINUAIABY (Chromosome Encoding)

o . I g
myoontuylas IuTeuunuA1noy (Chromosome  Encoding)  (uvuadUNS

a

ponuuylas Iulsy e Iidoandosnuilaguindiidesnswauisnisuddynidie GA

e

[

S aseenuuyTas TuTsuieunumaouivatsis fail
1. mseenuuvlnsluleuuuyluui3 (Binary Encoding)
ndJum'iaammuTﬂﬂﬂ%‘ﬁmmmnﬁm%’umiﬁwmmmmqqqﬂ (Maximum)
‘ﬁ%ﬂﬂ'w%ﬁjﬂ (Minimum) $ILNUMEID 0 W30 1 wintu dauaasluiedianised 2.3

(J 1

~ ] i 9 a Y
A135199 2.3 71981971 1A5 11 TsuueIAInNuADINITAUA

gnAgail 1 2 3 4 5 6

Taslalas 1 0 1 1 0 1




12

~ Al ' A A 9 a 9 A =
INATTNINN 2.3 FUNUAIWNUAT T ADNUANUABDINITAUA LAY 0 ﬂ@vliluﬂj']u

Foamsaud TasTulauildae 101101 Tasudazdrunelulas Tulyw Foni U (Gene)
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1 4 1
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Y
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=
!
-
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eD)
]
)
—
Do

2. mseanuuuIAsINlBNMVUEIAD (Permutation Encoding)

3 iq ¥ o & Y o '

WumseonuuyIag TuTsunlddluduasnalild wu dauav 1-100 Sou1NNN
1 Y
Fenuauuaazauendemauiulumsmnuniemune sy TyninsdaaaunsHan 1o

@ ] ] { ~ a 9

Yayri1 TSP onda0619 1wy w1 TSP Aliesideuaunildnsunndesluduniudon
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nanaluaI08190151990 2.4
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ANANTINN 2.4 Llﬁﬂ\jGlﬁlﬁu')’]ulﬂﬂﬁﬂ@@ﬁmuﬂ’mllﬂﬂ\jﬁllﬂ 7 U UDINAU
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manuudiduusnaedoan 7 danniwaunalingiesn 4,2, 1, 5, 6 uag 3 mMudaw
3. mysenuuulasiulaunuul¥nanIearsnegass (Value Encoding)
I ~ 9 o a A 9 o A & o
Wunsesnuuulas Tulsunlsavrsiuiuasainis l¥eonysnluaunuusg

Maovase q M lslumsunualulas sy daaasludiogisansie 2.5

d' (% 1 Y d‘ a
A1319N 2.5 Aree1amseanuun Ias Ty Tsuuuv l¥ainToaunesy
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INATTNN 2.5 fmu@’mﬂuﬂmﬁﬂums’muwumswamaﬂﬂwmmw diavin
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232 msmyualszrinsisudu (Population Initialization)
2 < 3 Y < 2

msafdsgnnssuduilumsadadsennsdunuuiun e lHilugasuduves
H] Ao H] e 3 H {a £ ] y A
VUADUNITIIANUINGT VUAB U UTUADUUTNNAAVUNOUNIZGF U INTZUVIUMITUDI GA
Tagilszrnsnguusnvsedszmnnsduniuiiaonnizimannmsgursonmsnszriilan e li1d

) . A, 1% 1 v o

UszrnsauuuUIIUIUKI 01195 mRenunsoaenun 1 Tagd1uruveslszsing
v A v X 2 g A Ay 22 ! A A an
Fuuuunad 1 uunE U Tmes A UNABUN LG UNTZVIUNTUD GA TBATHA

A 9 A an o A
UszmnIBuduinaInma1sds aail

\J = \l [ 1T =
1. msgusuniinnaneziuiugnnsdl (Random)
a J A Y o Aa U a J 1w
nindaymmsmunamseanlunaazinou sdaaulainngwan @udminy 1)

A 9 [ S 1w [ % ] A
mam"lmam @J“L!ﬁl‘imﬂ“u 0) auaadlual0819915199 2.6

{ @ 1 1 ] I 1w
A13°97 2.6 AIPINMIFUIUBLANNITIMIAUNNNI Al

L AIaUgH Wam g
1 0.55 0
2 0.37 1
3 0.78 0
4 0.25 1

~ [ A ~ P Y A o o A 1 I [
INATITIN 2.6 Glutmazmauauamﬂu”lﬂ”lﬂ A0 0 N 1 Wﬂﬂﬂ??ﬂu?ﬂglﬂuLﬂWﬂu
' ' 9 ~ Y 1 A 1 o A a 1 [ P
i]'lﬂﬂTfi’(,:fllW'lﬂf,:fll]l@Laﬂlﬂu@ﬂﬂ31“ﬂiﬂlﬂ1ﬂﬂ 0.5 ITDNWAN LBU ﬁﬂﬂ'l‘ﬂ‘ﬂ 2188 4 1agun

U ~ ' ) Aa 1 o A <
quldmuininnit 0.5 sgldvhimanan wu dlanii 1 uag 3.0udu

U = v | L -4
2. msguuupinnuazilulitny (Greedy Random)
U ] I 1w ] I 1w J
Tumsguuuuiianuihgdumnu gamadensglinnuizdluminu diuluy
' ~ ' < Pl o A Aa 1 ! A =
msguuuuanuizilulinmiurseNiFend1 Greedy Random H@azn19@onIzlingy

Y 9
vzl limnuduegiuadinlsuneda Tudgmniug

233 NITUIUMSIFINUENTTN (Genetic Operation)

o

a I 4 a 1 o
ﬂﬁ%‘U’Juﬂﬁl‘NWH‘ljﬂiﬂJLﬂuﬂﬁ$U’Juﬂ1ﬁlﬁﬂﬁlﬁjlﬂﬂﬂﬁﬂiﬁmﬂﬂﬂiﬂwu‘ljﬂ'i'iiJEﬂiﬂ

'
U =<

1 % J g @ g { s
Uszrnsjunileldgdnjunilc Taslivuaoundan 2 Tuaou fie mMsuandasududain
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% { 4 e
105 Tu ey (Crossover) tazmsUsuasuauaniolulas lulay (Mutation) TunsguIUNITH
=\ Y @ o A ti'dda! = =) [ dy
imsAur A IRamao Lo INamasNaTuL laelisigazioen Adll
Y d
1. msuanasugiuavnulaslulasy (Crossover)
I 3/ ~ 3‘; 1 1 o Aa ~ ~ o 1
Wuvuaeunnalas luTsunwouaziy (Parents) andunIsuanilasuduasening
% 4 [l ) { 4
nuiead1alns TuTauyaln Ao TasTuTwugn (Offspring) Taea Tumsuanulaeududd
] I a a
Tas TuTauiinuu19213u (Crossover Probability) lumsinadszua 0.6 — 0.9 Tas5ns
~ ~ s 9Y R A a o dy
wanasuduayy Ias Tu lsudeaiiaieds aall
. , :
" mswanlaeuduadnalaslaulsunuuytiege (Single Point Crossover)
Tagnsiilas Ty Teuvesweuaz iy imMsguanuagaaasIuIu 1 49 49
@ ] ] o @ I 1 [
1adavedlng luTyunonazuidesasanuudateanlns nleuoomiu 2 diu dwaasly

$10819915197 2.7

~ @ v o @ ~ ~ < Y =
MITNN 2.7 @]’)@fJ’Nf‘l’]ﬁﬂ’]ﬂuﬂi}ﬂ@]ﬂﬂ’lillaﬂlﬂaEluﬂuﬁﬂl’]ﬂiﬂﬁiui%ul!ﬂﬂﬂuﬁ@ﬂ

a5 TuTsuveane (P) (34]12615)

Tas TuTauuoau (P,) (6 5]4132)

o 1 = o 1 dl o % 1 1
Mn1ao1eneadud s nmnaaainlas lu Tsuvyeane (P) uagiml
®,) lUdsTasTuTosuvesgnaun 1 (0) uazgnauf 2 (0,) AINEIAY LAZUNUAIAIY
A 1 v Ao ) Yo 1 =) d @ (Y] 1 A
A50911e X Tuaandanda lilasunsoeneasud awanidind1aa1s19n 2.8

@

d’ o 1 1 =\ c’td' ] @
M3 2.8 AII1NITAIENoATUANNAA TusILT NG Tas Ty Twugn

Q

Tas TuTsuvedgaaun 1 (0,) (34X XX X)

Tns TuTwuveagnaui 2 (0,) (6 5] XX X X)

A Y = A [ [~ 9 g’/ a = 4 ] ]
HJ’E'JVI&] 'IEIVI’EJ@]EJH’GTGI,H“D"J\‘]l,l,iﬂlﬁ'i%l,l,ﬁ'J’i]'lﬂuuWﬁ]'lim'lEJuﬁ%'lﬂW@L!ammJ Iﬂﬂ

(3 [

° A daa ¥ ' A Yo ' Y o ) ' ~
Vl'lﬂ'ﬁ@]@ﬂuﬁﬂﬂﬂ’l“ﬁ’]ﬂﬂﬁluﬁﬁuﬂgﬂﬂﬂﬁﬂﬂ’lﬁﬂ’lﬂﬂﬂ@llaﬂ@@ﬂqﬂ AL ANAIDYINAITINN 2.9

]
N

d' o 1 d' = < Y é o v
13190 2.9 mamqmmaﬂnJaEJuﬂuammiﬂﬂﬂcﬁmmuwmi}ﬂ TagiimsaaaIng1oon

T3 TuTsuvesno (P) (34 2X1X)

a3 T Tasuvea (P,) (65 X1 X2)
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o 1 =S 4 1 A Y o @ A z 9 v 1

mmsteneadudinouazuii laviimsdanngiesn luudalddsgugn
Tudrundslu'lasumsnitenoa Taglas lulaune (P) lUdilnsTulasugnaui 2 (0,) uaz
T3 Ta T (P,) TUdaTas TuTaugnaui 1 (0,) Auaaidiod19a15199 2.10

v @

A o 1 A = < 9 o 1 = P
AT NN 2.10 ﬁ?ﬂﬂ'l\‘lﬂWﬁLLaﬂHJale!fJuﬁGlJ'lﬂJTﬂﬁhJI“]ﬂJ Tﬂﬂﬂ'lﬂWﬁﬂWfJVl@ﬂfJuﬁ‘ﬂgﬂﬂﬂ 9

2 v
G
a3 Ty Tsuveagnaui 1(0,) (341651 2)
a3 Ty Tesuveagnaun 2 (0,) (6 513421)

~ % 1 ~ ~ < 9 =
MTNN 2.11 GI'J’E'JEJNf‘ﬂiLLaﬂlﬂﬁﬁlu&uﬁﬂﬂmiﬂiINI%NLL‘U‘U‘VIHQ@@

T3 TuTauveano (P,) (34 2615)
a3 TuTasuueaui (P,) (6.5 4132)
Tas TuTauvesgnawii 1 (0, (34 651 2)
Tﬂﬂﬂcﬁmmgﬂﬂu‘ﬁz(oz) (65 3 421)

! ¢
" mswanlasudvadnaulaslalsunuuasiga (Two Point Crossover)
TagmsiiIas T TsuuoaneuazuuuiinsguamigaaasIuIu 2 99 39

1daued I3 Tu TeunanazuideInsany ALEAIRI0E19A15 197 2.12

A o ] o @ A = g Y
ATNN 2.12 @qﬂﬂ]Qﬂ'ﬁﬂ’]ﬁuﬂﬁ]‘ﬂ@]ﬂﬂ']illaﬂlllaﬂuﬂuﬁm’luIﬂﬁINTWuLLUUﬁﬂQﬂqﬂ

T3 lulauvesno (P,) (21 6451]3)

a3 Ty Tasuwous (P,) (512613 4)

o [ = o 1 d' o Y ] [
MN1301eNATUT IUFILINNMINITAAIN 1AT Ty Teuveane (P) uagiml
®,) lUdsTasTuTeuvesgnaui 1 (0) uazgnAufl 2 (0,) MINEIAY LAZUNUAIAIY

A 1 v Ao ) Yo 1 = d o Y] 1 ~
INTDNTNNY X Gl,uﬁmwamm”lu”lmumimwamuﬁ ALLTANAIDYNAITINN 2.13

d' @ 1 1 = a'd' @ v @
M13°99 2.13 AI9819MInIenoatudngnaa lugandalas luTeugn

U

Tas Ty Tauvoagnaui 1 (0,) (2] XX XX]3)

Tas TuTruveegnaun 2 (0,) (5] XX XX|4)
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A Y = o 1 <3 Y g a = J ] 1
me"lﬂmﬂweﬂauﬁalumqmﬂmimmamﬂuuwmmwuﬁmﬂwauazuu Iﬂﬂ

[
3 H ! =

o =S AN b W Yo 1 9 [ @ ] ~
mmmﬂﬂuﬁwummﬂﬂumumﬂ"lmumﬁmwammeeﬂllﬂ AT AIAIDY AT NN

U

2.14
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- (Y] 1 A = < 9 o @ A %l
f1319N 2.14 ﬁ']f)fJ’l\‘]ﬂWﬁllaﬂlﬂafJuﬂuﬁﬂl’luiﬂﬁiui%ul!ﬂﬂﬁ@\iﬂﬂ TagimsaanINg100n

a3 Ty Tesuveane (P) (26 XX 13)

T3 TuTsuvou (P,) (55X 61X 4)

1 = 1 'd‘ o QU 1 d' %)I o 1!
Wimineneatudainietaziaii ldiinsdaaingresnliuda ludasgugn
Tudrundgslulasumsnienoa Taglas Tulaune (P) TUdslns Tulasugnaui 2 (0,) uaz

Tas Ta T ,) TUdaTas Ty Tamgnaui 1(0,) ALaAIiI0619015199 2.15

A % 1 = = < Y o 1 = P
137197 2.15 GI’J’E)EJNﬂﬁLmﬂlﬂafJLlEluﬁélﬂiﬂﬂihﬂ%mmﬂﬁﬂﬂﬂqﬂ Tagi NS0 1eNeasudan

GG REANGE!
T3 Ty Tesuveagnaun 1 (0,) (25 6143)
T3 TuTwuvoagnaui 2 (0,) (52 613 4)

A o 1 A = <
MTNN 2.16 ma&mmmamﬂaﬂuﬂuaeﬁ’miﬂﬂﬂmmmuamgﬂ

a3 Ty Tesuvoane (P) (26 451 3)
a5 TuTsuveoau (P,) (52 613 4)
Tas TuTaivesgnawdi 1 (0,) (25614 3)
Tas Tulauvesgnawdi 2 (0) (52 6134)

! ¢
" msuantdeuduainulnsIuleunuy Partial Mapping Crossover (PMX)
' 9 9
FUNMIFUIAONYAAALININUA 2 9 Tasgadavoanlas Ty Tsunonas

v
= v A Y [ @ ]

H Y H
Tas TuTasuuinhmsguaiuindesigadaiaganudie AaaaIRI0e19015199 2.17

A @ 1 ° @ >~ = g9
AT NN 2.17 mamdmimwu@fg@mmmamﬂaﬂuﬂuﬁmmiﬂﬂﬂmmmu PMX

T3 TuTsuvesno (P) (53 16141]2)

T3 TuTsuvoan (P,) (42]16513)
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342 nsadelasTulmnmuinouiia (Create Chromosome) iorilunlszrnsdady
m3at1aTas T TaumumasuidinluanGsoiyi lasmsaduiudmoluudas
fuseumsrenanua Taefieulvlumsadududmeluudazseunisia fo Huaazya
voagnm ludidusoumsis immsadududmelusennisiaudoadu wmsaduaudonly
IUATUNANTDL Wioriihinlszannsaadu uaaasansei 3.7
A15197 3.7 uaasiiegumsadududadialns Ty Tsuumumaeii
Taslalasu UM
1 41 21 24 22 23 42 11 12 13 31 14 33 32
2 41 | 21 | 24 | 22 | 23 | 42 | 12 | 11 | 13 | 31 | 14 | 33 | 32
3 41 21 24 22 23 42 13 12 11 31 14 33 32
4 41 | 21 | 24 | 22| 23 | 42 | 14 | 12 | 13 | 31 | 11 | 33 | 32
5 41 21 24 22 23 42 11 13 12 31 14 33 32
6 41 21 24 22 23 42 11 14 13 31 12 33 32
7 41 | 21 | 24 | 22 | 23 | 42 | 11 | 12 | 14 | 31 | 13 | 33 | 32
8 41 22 24 21 23 42 11 12 13 31 14 33 32
9 41 | 2324 | 22 | 21 | 42 | 11| 12 | 13 | 31 | 14 | 33 | 32
10 41 24 21 22 23 42 11 12 13 31 14 33 32
11 41 21 24 23 22 42 11 12 13 31 14 33 32
12 41 21 22 24 23 42 11 12 13 31 14 33 32
13 41 21 23 22 24 42 11 12 13 31 14 33 32
14 41 | 21 | 24 | 22 | 23 | 42 | 11 | 12 | 13 | 32 | 14 | 33 | 31
15 41 21 24 22 23 42 11 12 13 33 14 31 32
16 41 | 21 | 24 | 22 | 23 | 42 | 11 | 12 | 13 | 31 | 14 | 32 | 33
17 42 21 24 22 23 41 11 12 13 31 14 33 32
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3.43 msuszdiumanumiangay (Fitness Evaluation) Y93U52¥1n503901
9
ﬂ15°lJ5$Lll‘L!f’ﬂﬂ'J'lllL‘Vilﬂ%ﬁll"’l]’i]ﬂﬂﬁ3Glﬂﬂﬁﬁﬂgf‘uﬁlgﬁ1ﬂ1§Wﬁ]15ﬂ!1ﬂ1ﬂﬁﬂJﬂ1§
[ J 2 2 o ° !
']ﬂflﬂﬁ%ﬁﬂﬂ IﬂElig83‘VINﬁ']ll‘VIQﬂllﬂellﬁlﬂwﬂiﬁl‘ﬂﬂ'li?ﬂua31/]1ﬂ'l§ﬂ'l‘ﬂuﬂﬂ'lﬂfﬂllLWil'lgﬁﬂJ"’U’EN

TasTuTlxy Taeldlns TuTeunfszeznuswdesNgalimanumng auunniganuaiay

H S
A15199 3.8 L!ﬁﬂ\i@]?ﬁ]EJNﬂ'IﬁJi%LlI‘LlﬂW]]1ﬂlﬁﬂ1zﬁnm®ﬂﬂ§$%1ﬂiﬁﬂgﬁl

Taslalasu STETNINSIN | ARz ay
1 286 7
2 285 8
3 291 6
4 294 5
5 294 5
6 306 1
7 302 3
8 297 4
9 285 8
10 284 9
11 284 9
12 297 4
13 286 7
14 286 7
15 286 7
16 303 2
17 286 7

344 msnaaeniaslulen laanslia980318n (Roulette Wheel Selection)
o A F Y I Y o 1
msaaaenlas IuTay Tagn1slereaegan 1911013 MIHATINYBI AIAIN
9
v o 1 I v g .
mzaunanuandiimsmanuieziiulunmsgndaaaen (Probability of Selection : p,)

o o 1 I o . Jo .
u,az1/1”|msﬂm’;mmmunztﬂu“lumsgﬂﬂmﬁaﬂﬁzﬁu (Cumulative Probability of Selection :
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9 Y )
q,) voslas luTsuasaunavua ievmsnadenIns lsuwenas Ias Iulsuui Tagdaoe1s

9 Y I @ ~ ~
NMIAITNNADIAN muﬁmﬁlumﬁm 3.9 Llﬁzgﬂﬂ 34

A ' < v A ' <
AT NN 3.9 mewamﬁmmmuwmﬂuiumigﬂﬂmaeﬂuazmmmfﬂmﬂuiumigﬂ

Y
Aamenazauvodlas IuTsuasdu

Taslulay | szagmasin | manuvanzan | p | q
1 286 7 0.071 | 0.071
2 285 8 0.081 | 0.152
3 291 6 0.061 | 0.213
4 294 5 0.051 | 0.264
5 294 5 0.051 | 0315
6 306 1 0.010 | 0.325
7 302 3 0.030 | 0.355
8 297 4 0.040 | 0.395
9 285 8 0.081 | 0.476
10 284 9 0.091 | 0.567
1 284 9 0.091 | 0.658
12 297 4 0.040 | 0.698
13 286 7 0.071 | 0.769
14 286 7 0.071 | 0.840
15 286 7 0.071 | 0.911
16 303 2 0.020 | 0.931
17 286 7 0.071| 1

99
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16

15

14

511 3.4 uanIMIa31929803187 (Roulette Wheel Selection)

9
@ o 1 Il < [ . o
nnumhmanuiziulumsgnaa@endsdy (Cumulative  Probability of
<3 o v ! (3 !
Selection : q,) M 1Flumsasiredegian wazshimsnamon Ias TuTsuTasmsgy () anavi
=S 1 1 = d’ A 1 a @ 9 [ 31/ A
UMz 0 D9 1ivedonas TuTeuwe duydgquadayla r, = 0.150 aeriu @onTas TuTawy
A 3 1 A = ' I v A 1 1
1 2 dulasTulsuwie weosninumanuizilulumsgaaa@endsaupgszning 0.072 -

0.152

{ ] { @ <
M13199 3.10 udaslas lulsunwed lannmsaaden Iagrsdosan

TasTalas UMY

2 ‘V‘ii’)(Pl) 12 | 11 13 | 14 | 21 | 22| 23 | 24 | 31 | 32 | 33 | 41 | 42

Y
Y o (4

3’, 1 A 1 49! = 1 A I
NNTUNNUUINMIFUAIAY () NRAITEHIN0 — 1 JUNIDN 1 A el

1 a § v g v <
Tas Ty Tauud quyd quldr, = 0850 Taglaslulaufimaomniuvazgnuianuuiieziu
Y v 9 M b4
yuziilas TuTeud 2 gnidenluudy aniusziiIas Inlsuimaeoiios 16 Tas Ty Taumniu
3 ' <3| v A 1 <3| v A '
mmamanuiziulunsgaaa@enuazanuiiazdulumsgnaaenasaulni

dl o v A 1
WipnMsAaaen 1as 1y Tl




A ' < v A ' <
AT NN 3.11 mewamﬁmmmuwmﬂuiumigﬂﬂmaemmzmmuwmﬂu“lmwm

[ = Id‘ [ =} ]
faenazay lvumsaaon s 1y Tasu)

41

Taslalay STETNNTIN | MAINHINZEN
1 286 7 0.077 0.077
3 291 6 0.066 0.143
4 294 5 0.055 0.198
5 294 5 0.055 0.253
6 306 1 0.011 0.264
7 302 3 0.033 0.297
8 297 4 0.044 0.341
9 285 8 0.088 0.429
10 284 9 0.099 0.528
11 284 9 0.099 0.627
12 297 4 0.044 0.671
13 286 7 0.077 0.748
14 286 7 0.077 0.825
15 286 7 0.077 0.902
16 303 2 0.022 0.924
17 286 7 0.077
91
s denTas Tulwud 15 fluTas u el diosnniimanuiagdiuly

MIYNARIGINAZANDYIZHIN 0.826 — 0.902

A Ay ¥ o A Y <
A15199 3.12 udaalas TuTauui ldnnmsdadaen Tagasdogian

Taslulay

Y
LTHNIN

15

ua (P,)

11

12

13

14

21 | 22

24

23

33

32

31

41

42




42

3.4.5 DITUIUMIFINUENTIN (Genetic Operation)
a ) I 3/ 1 Y a o ~
nszuaIuMIFIRugnIsiuvuaoulumsmenealinawugnisy Tagl
] o e H ¢ o {
VuUAUNAN 2 AuaeY Ao nsuan)asududyiuIas TuTwy (Crossover) azmsllsunlasy
4 o P
Buanielulas TuTay (Mutation) laelisieaziden A1l
{ o
1. msuanlasududiuTag Tu sy (Crossover)
{ P ao 2o 1 P
msuanasududiulas Tulsulunuidsisivualiumstanaasusud
o = =~ s o oA o ~ 4
w199 Taeviimstantlasuauan dumuan = uusud
=132

4 A o oA
=6.5 UUABDBALUUIN 7

A1319% 3.13 vaasurua lumsuanaasudiuTag TuTaw

Taslulay UM

2 ‘V‘i?)(P]) 12 | 11 | 13 | 14 | 21 [ 22 | 23 | 24 | 31 | 32 | 33 | 41 | 42

15 !!SJ'(PZ) 11|12 | 13 | 14 | 21 | 22 | 24 | 23 | 33 | 32 | 31 | 41 | 42

Murivan 123|456 7]|8 |9 /1011|1213

1218 Tas TuTaugiugn dannsiad X TaelasTulsugnaui 1 Tuddumiai 1-7
wnnlas Tulawwe uagdudi 8 -13 Wududhuning Tz vazTns InTaugnaud 2

== d o VoA [ = P I A s [
Heuaausiuan 1-7 1190 1as I lauus tazduan 8 -13 tluguanuiainlag Iy layne

4 4
A13197 3.14 uaaaravednsuanilasu Ins Ty ey

Tasiulagy UM

2 an1(0) | 12 | 11 | 13 | 14 | 21 | 22 | 23 | 23 | 33 | 32 | 31 | 41 | 42

15 an2(0,) | 11 | 12 | 13 | 14 | 21 | 22 | 24 | 23 | 33 | 32 | 31 | 41 | 42

Murivan 1 23| 4|56 |78 /|9 /10]11]12]13

2. mstSunlasududnielulas TuTey (Mutation)
1 Y
msdSulaeududnielulasuley dmsunudseidiviualiinis

Ysuuldeududaelulas Tulew 2 dwmis i lasmsgudmmtsiozmsdfunlasutud
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a

1 o ] o 1 { @ v & o @ < 1 J
ﬁum 2 AU ﬁuwﬁu‘lﬁ’ AUHUIN 3 AU 7 AU IS10SMMISTaVIUTTZHINEUT

q

o oA [ o =
MuUnUan 3 vag 7 voalas Ty Tsugnna 2 Tas Tu ey LaaaninIs1en 3.15

M1319% 3.15 uaaeaeeamItsunasududnielulas Tu sy

Taslalasn UM

2 an1(0) | 12 | I1 | 23 | 14 | 21 | 22 | 13 | 23 | 33 | 32 | 31 | 41 | 42

15 an2(0, | 11 | 12 | 24 | 14 | 21 | 22 | 13 | 23 | 33 | 32 | 31 | 41 | 42

AMurivan 1213|4567 ]|8|9|10|11]|12]13

g’./ o 1 A A an < 90} [
nnuuinsseuusnIas In ey as 1as lulyugnaun 1 Nuda1 23 4inu
] o ] == Ll [ %’, o ] d‘d Ll 9 =y 4
og 2 MurtazNaudn 24 vive ) aaiu insgeuusy Tagnsununoudan 23 dredud

1 ° 1 { %,’ [y} {
a1 24 lududsgamona a2 18 Tas TuToulmi daas1ei 3.16

A13197 3.16 LAAINAVDINTFONLYY TAT 13y oy

Tasiulay UM

2 an1(O) | 12 | 11 | 23 | 14 | 21 | 22 | 13 | 24 | 33 | 32 | 31 | 41 | 42

15 an2(0,) | 11 | 12 | 24 | 14 | 21 | 22 | 13 | 23 | 33 | 32 | 31 | 41 | 42

MUK 1213456789 |10|11]|12]13

3.4.6 MU (Replacement)
maunuii ldlaensunuin Ias TuTsugune-uudreTas Ty Tsugugni ldvin

NIZUIUMIFATUFNTTVL 1AU529NTFUgN U 1 AeA15190 3.17

M15199 3.17 udaamsunui Ins luTsuguno-uidie Ins Ty Teugugn

Tasiulay UM

1 11 12 13 14 | 21 22 | 23 24 | 31 32 33 41 42

2 new 12 11 23 14 | 21 22 13 24 | 33 32 31 41 42

3 13 12 11 14 | 21 22 | 23 24 | 31 32 33 41 42

4 14 12 13 11 21 22 | 23 24 | 31 32 33 41 42

5 11 13 12 14 | 21 22 | 23 24 | 31 32 33 41 42




44

M135199 3.17 udaamsunui Ing luTsuguno-widae Ins luTsugugn (do)

Taslala UMY
6 11| 14| 13| 12|21 |22 ] 23|24 |31 |32]33 ]| 41| 4
7 11 | 12| 14| 13 |21 |22 ] 23| 24|31 |32 ]33 |41 | 42
8 11| 12| 13| 14 | 22|21 ] 23| 24|31 |32 ]33] 41| 42
9 11 | 12| 13| 14 | 23 |22 ] 21 | 24|31 |32 33|41 | 42
10 11 | 12| 13| 14 |24 |22 ] 23|21 |31 |32 ]33] 41 | 42
11 11| 12| 13| 14 |20 23] 22| 24|31 |32]33] 41| 4
12 11 | 12| 13| 14 |21 |24 ] 23| 22|31 |32]33 ]| 41 | 42
13 11| 12| 13| 14 |21 |22 ] 24| 23|31 |32]33 ] 41| 4
14 11 | 12| 13| 14 |21 |22 ] 24|23 | 32|31 ]33] 41 | 42
15mew | 11 | 12 | 24 | 14 | 21 22 | 13 | 23 | 33 | 32 | 31 | 41 | 4
16 11| 12| 13| 14 |21 |22 ] 24| 23|31 |33 32|41 | 4
17 11 | 12| 13| 14 |21 |22 ] 24|23 |31 |33 3| 492]4
anM 708 9 11| 3|2 |45 ]10]|13|12|1]F%6

3.4.7 MsUszRiumaNIINZay (Fitness Evaluation) ¥a3)ns)ulasngugnlval
msdsziumanumuizauvesszains las luloujugnlvulagaziiinis
finsananaumsiaguszasd Tavszezmesuiamuavesnseumsauazimsimuan
anuminzanvedlas oy Taeldlas Ty Teuiidszor masudosiigaiannuminzau

WINNFAMUAIAULAAIAIATIN 3.18

M13°99 3.18 taaIIpg M slszsiiumanuminzauilszsns las TuTasugugn gui |

Taslulay | 2aznasiIn | manumnzay

1 286 8
2 314 2
3 291 7
4 294 6

5 294 6
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ti' L 1 a \ J J ti' 1
M1319N 3.18 Llﬁﬂ\W]3fJEJ'I\‘lfﬂi‘ﬂ3$Luuﬂ1ﬂ31hlﬁu1$ﬁuﬂ3$%1ﬂﬁIﬂiIilicﬁi]?ugﬂ TUN 1 (D)

Taslaley | s2eemesin | manumInzay
6 306 2
7 302 4
8 297 5
9 285 9
10 284 10
11 284 10
12 297 5
13 286 8
14 286 8
15 330 1
16 303 3
17 286 8

3.4.8 mmsvunnalasiulasunanaa

J =~ A ]

E]
o v K ' d‘dd’ 1
mnmstunna lns Ty lsunangavetszans Tas Tu Tsugugn gun 1 iern

Q

wimsnfFouieuduailas lulyuiaigaveslng Tulaugugniuee lil iieflusidneuind

nge vz 1dnTas I Taunangavesdsemnsgugn jui 1 Ao TasTulyud 10 uaz 11 nsaind
oot o . <

TasluTaunangaminnin 1 TasluTauldiinsqunulas luTeundigalfifies 1

Q
an

H Y H H v
Tas T ey auydaqgu1dTas Tulauh 10 awiu Tasiulsunangaveadsznnsgugn jui 1

Q

Ao Tas TuTwun 10

3.49 MsHygANISUIUNS (Stop Criteria)

A Y 1 o

ﬂﬁ@]ifﬁ]ﬁ@ﬂﬁi’)u%ﬂlﬂﬁﬂﬁﬁfalﬂﬂiz‘]J’Juﬂ"liiJN@ulléll ﬁ’f) ﬂ?ﬂ”lﬂW]i’)‘]JflLLu’JIﬁ}ﬁJ

A

P T ? o 1 I Y o

Nzginunielaidiaeusinuuinni 20 seu minibuldawSoululdiinisvga
1Y o) 1@ 4 oA 2 4 3

nszuaums uage luduldawSeulumsvga Iidutiumsiunoun 30 a1 Tagly

Y
UszannsgugnIniiiulszmnsasdulundazseu
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3.4.10 M3fAAENAINBUNANA (Selection)

Y
9 [ av A Y

v A o A A Y o Y
N1TIAALADNAIABUNANT A ﬁmimmnﬂu"l@ﬂmu@flmﬂumumuiumi

A A

AaraendinouinIas luTauluigugniliszeznesiumnganselmanuming auuin

Q

H 1 ' ' E
ngaviinsasrsaeuiteu lulunmssaduniensi@use Wude Tuudazsounisiaiu

P L= o w 1A 1 1 I
soouan IFusInnvuasduminnuasalumsussnsnasgn 60 naos Aoy

=

Tagvhmssa@andinouainlas luTsunanaan lammstunnailas luTsuna

Q

=

A 1 J J A A o [ A A
nga 1 lundaz juvealszanijugn Allszeznisiuminganiinisassvdousou lv Ae
] A o w 1A ' 1w Aa
Tusagseumstauuiianuansalumsussnnanaegn 60 nassgenan ¥iinlas IuTsuna
d U | s d o4
gavesszanng lns lwlwugugn sulanlimdaonszoznesmmngataziiuou luns

o W 1A ' T W o ES < °
UIINNINABYN 60 NOBDINOAU mm“uuu%gmﬁaﬂL‘]Juﬂma‘iJﬂJmﬂiz‘U’mmi

A1519% 3.19 Llﬁﬂ\‘lNﬁﬁ'lﬁ@ll“ll@\iﬂi%‘U’JuﬂﬁL%ﬂﬁlMﬁﬂﬁill

190 UM STETMI (PN.) A21MY (NABY)
1 0-7-8-9-11-0 94 60
2 0-5-2-4-3-0 93 55
3 0-10-13-12-0 65 48
4 0-1-6-0 32 28
3N 284 191

9 9
Tagauaoun snaul5ulyafinouaIdua 1035 NISITINUFNTTY (Genetic
9
o 1T A @ I [V
Algorithm) Gllf]\‘]ﬂﬂ]uw’]ﬂ'ﬁﬂﬂléjuvl’]\iﬂ’]ﬁﬂlu/ﬁ\‘]ﬁuﬁ}’]mﬁﬂmﬂa']u15ﬂllaﬂ\1lﬂullwuﬂ1w AL AN

Tugin 3.5
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MADUAIALIN Saving

)

° Y 9
oo 1n3 Ty TauunumaoUAIA Y

'

a$137a5 Tu Touunusao Uiy

'

o ¥ v
ﬂqﬂuﬂﬂig%qﬂﬁﬂ\iﬂu

'

5RUMANUHICTNYD

¥ v
Jszansneau

>
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«

A 4

faaenlas luTwuIae Roulette Wheel

!

NTLUIUMTIBINUFNITY

o A o Ao A
AALADNAINDUNANGA

\ 4

=i+l

=
NITUNUN

!

52U NUMNIZ FUUD9

Tas Ty Tangugn i

o

uinmlas uTsunanga

A
A3 EP VDU 1y

AMINYANTZUIUNST
Tadeinu

A g 9 @ o Y Yy 9 ax a o
gﬂﬂ 3.5 uamuwumwmumumiwwmﬂiuﬂ;ﬂﬂmaumﬁumm‘ﬁmiwewu‘gﬂﬁn
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3.5 mseenuuuawIlsunsu Visual Basic for Application (VBA) U#

Microsoft Excel

9
Y

WUIZNING

@

Y

mMyoonuuUNaLT 115unsy Visual Basic for Application §1%5U91U29eH

Waru 0o nuuUfITId280181900 Iunsvidiasulun1s 1R UM sdad un1an1suua

A Y Aa o v & H At Y o Y v ¥ ax

AUAHWAANUNDINITUFUVY TAIDDNLULAINUTUABUITNITVDINITAI 1A N UAIAUAIST
Y

sanesnunuulszndauaziidmaeuasduialSulTsmno uAA183T MSITIRUENT T

Tael411511n53 Visual Basic for Application 14m3iszauanasaazyinld lamaeundoans

Y]

I A 2 . o v o . . . .
15252891 Fa3Hamaaveanseentuuwm U1 115105y Visual Basic for Application 11

[

Y
MIMIAADUYBINITIVBULTAIAT MANUIN A



UNN 4

NaNMIVBAZNTNATIZHNG

[

a e o ] 1A a Y] I'd [~
qma%fJﬁu1muamiaNu,wummmﬁumqmﬁmuﬁmuﬁﬁwammmmmmwm Tag

Yo o

o L a R @ . . Y o ¥ 9
ﬂTﬂWiﬂﬁ%Qﬂﬂqﬂﬂ‘ﬁ anesnuLuUYsErida (Saving Algorithm) Gluﬂ']iﬁi"lﬁﬂ']ﬂﬂﬂﬂﬁﬁuuﬁg

o o v o Y v axy a o . . = 2
1/]1ﬂT§‘VWJJ‘L!TIJ3Uﬂ?ﬂﬂW]@U@Q@UI@EJ’J‘ﬁﬂﬁL“NWU‘EﬂiiM (Genetic Algorithm) Fluuniay

=

1 Aa o a 4 1 [ a o
AAIDIHANSIVBLAEMIAATIZHHAN JAD1AMT NN UMTtAdUNIImsausa i 1avims
Y
UszuranarIfmneUA18n5 19 Visual Basic for Application 1UMIMIsAeY NUITeHIZI
9
MsnaaeuLazlsTuIaNaMINLHUMITAFUNIIMSVUEITUMNIMYA 8 n3dlAnyT Taei]

[

a &
J1YASIDYAANIU

v
Vv [ v Y v

41 msadumnevunsaumeIsoanasnuuuulsevida (Saving Algorithm)

Y
Aov A

Y o 9 o & Y ax o Aa R o
Tunudei ldihmsaindineuasau laeisoanesnuuuuilszvda mindayminisan
1A 9 S K 2}, ~ R =\
urunsvuasduaveslsanunsaan ludyninmsnageounivua 8 nsaiAny1 lasill
o 1A Yy = 9 a Y d' 1 v J ~ R é
Puuga lumsvudaduaazlsnannuasansaumnuanaanulugaasnsaany 1%
= ° 1A Y Y a Y ' =R
HaaIsIwazPeauINIAadIaUAazsaaNUABIMIdumvealym luuaaz sty
auaaslumanuin n Tasriinsdszunanisaeualenis 1y Visual Basic for Application 11
v J ) = v J = T 3 ~ 2
MINHAANTUBIMINDVFINAANTIINNTUszunanaIzuaaITIvazideaualu 8 nTUANK

[

J

=le

411 nsaANEIN 1

[ 9y VoA Y A =R
%”Iﬂﬂﬂ]uﬁ”lﬂ”li’JNLLNHi]mﬁu‘VlNﬂ”lislluﬁﬁﬁuﬂ”lsllﬂﬁiﬂQWHﬂimﬂﬂH”lﬂlu‘ﬂﬂJuW”l

A R d‘ dl? = d's} o 1T A 9 [ Aa o % o 1 3’/
AIUANEIN 1 clmjwmm)Q°mmswmﬁum"lﬂmmymmzmmmmﬂ MHUA 13 99 Tag

q

uerass1eazideaga lumsvudsdudazdsuannudosmsdudivesusindumuiimiie

uaaslumanuIn n uazﬁwma:muwumﬁ{fﬂLéﬁmwmimudqﬁuﬁﬁﬁ’wiﬁﬁaﬂﬁﬁmmu

[ [ 4 o [ {
1lsznda Taglinaansanmslszulana lunsriimaeuLanand a15199 4.1
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~ o o Y v an o A= o ~ = ~
AT NN 4.1 L!ﬁﬂ\‘lwaaWﬁsllﬂ\‘]ﬂ']ﬂﬂﬂﬁ\iﬂuiﬂﬂ?ﬁ@ﬁﬂ@ﬁﬂuuﬂﬂﬂﬁg‘ﬂﬂﬂ NTUANEYIN 1

190 UM AT (PN.) A21MQ (PABY)
1 0-7-8-9-11 -0 94 60
2 0-3-2-4-5-0 95 55
3 0-10-13-12-0 65 48
4 0-6-1-0 32 28
52 286 191

d' 1 [ 1T Aa Y
NATNN 4.1 WUN ﬂtgmmnwuwumai]mﬁ’umﬂmimumaum ﬂiiﬁﬁﬂ}ﬂ

H Y E
7 1 vinTsenunsaiane s snaumusmiine nanua 13 90 Taslisoumsvuaanavrug

4 59U 3OUMIYUAIN 1 FHIMTVUAITUA 4 99 T202N 1950 94 N lawAT UTINNAUM 60
NAY IOUMIVUAIN 2 IMTVUAIAUA 4 99 T202NTIV 95 N lawAT UTINNAURT 55
NAOY TOUMTUUAIN 3 IMTVUAITUA 3 98 5202019591 65 N laNAT UITNNTUAT 48

9

3 S

NADY JOUMIVUAIN 4 TINIVUAIAUAT 2 A T2ESN9IIN 32 N IAWAT VITNNTUA 28

9 9
NAvY ﬁ?ﬂig8$W1Q§3N1Uﬂ1§ﬂluﬁﬁﬂﬁﬁuﬂ 286 ﬂIﬁLN@IﬁLLﬁZﬁQﬁMﬁJWNﬁNﬂ 191 Nav9

412 N3AANYITN 2
[ Y 1T A Y A KR
0y 1ININURUIAIFUN NN TVUAITUAIVDI Tsanunsaany Tulym
~ = P~ =2 A Ay o 1 A Y @ A o W o v [
nIWANEIN 2 Felgandeuihmasvudsgum T)daussnaumuiivite Navue 10 9a Tag
uaaswazidenge lumsyudeduduazlSunanudeinsguivesus snaumusivie
paaslumaruan nuazmINITINEEUNM I UN 1N IUANTUAAI8TT AN NULDIY

@ @ J o [ d'
sznda Taslinaansanmitlszalanalumsmmasunanina a13199 4.2

A o o o ) an o A= o ~ R A
N13 1NN 4.2 L!ﬁﬂﬁWﬁaW‘ﬁm@\iﬂ']ﬁf]U@QQUIﬂﬂjﬁ@aﬂaiﬂullﬂﬂﬂigﬁﬂﬂ NIUANEIN 2

AT TRT UM STETMI (PN.) AMY (NA9)
1 0-18-20-21-19-0 67 57
2 0-11-16-22-15-0 91 57
3 0-14-17-0 61 28
33U 219 142
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5. YUMIVHY 0 1 1 0 0 1 1 1 1 0
6. 1172089101 1 0 0 0 1 1 1 0 1 0
7. doitlez s 1 0 0 0 1 1 0 1 0 0
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. SHAMAINIMNUNIHNAVDINTZUIUM T AT 1IMAUAIAUMILIToanes nuuuUszvida

(Saving Algorithm)

Dim Sij As Variant
Dim NumberCustomer As Integer
Sub minimizeDist()

Dim CheckDate As Date

Dim ArraySize As Integer

Sheet1.Activate
NumberCustomer = Sheet1.Range("B16", Range("B16").End(xIDown)).Count
ArraySize = ((NumberCustomer * NumberCustomer) - NumberCustomer) / 2

ReDim Sij(ArraySize, 3)

k=0
For i =0 To NumberCustomer - 1
For j = 0 To NumberCustomer - 1
Ifi<j Then
indexRow = WorksheetFunction.Match(Sheet1.Cells(16 + i, 2), Sheet2.Columns(2), 0)
'Sheet2. Activate
'Sheet2.Rows("1:1").Select
indexCol = WorksheetFunction.Match(Sheet1.Cells(16 + j, 2), Sheet2.Rows("4:4"), 0)
Sij(k, 0) = Sheet2.Cells(10, indexCol).Value + Sheet2.Cells(indexRow, 5).Value -
Sheet2.Cells(indexRow, indexCol).Value
Sij(k, 1) = Sheet2.Cells(indexRow, 2).Value

Sij(k, 2) = Sheet2.Cells(4, indexCol).Value
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k=k+1
End If
Next

Next

'Sij = sortSij(Sij)
"PrepareTruck (Sij)
"TotalDis

theend:

End Sub

Function sortSij(Sij As Variant)
Dim Temp(1, 3)
For m = 0 To UBound(Sij, 1) - 1
For 1= 1 To UBound(Sij, 1)
If Sij(1, 0) < Sij(m, 0) Then
Temp(0, 0) = Sij(m, 0)
Temp(0, 1) = Sij(m, 1)

Temp(0, 2) = Sij(m, 2)

Sij(m, 0) = Sii(1, 0)
Sij(m, 1) = Sii(1, 1)

Sij(m, 2) = Sij(1, 2)

Sij(1, 0) = Temp(0, 0)
Sij(1, 1) = Temp(0, 1)
Sij(1, 2) = Temp(0, 2)

End If
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Next |
Next m
'Sij(0).Sort
'For I = 0 To UBound(Sij, 1)
" Sheet4.Cells(10 + 1, 15) = Sij(1, 0)
" Sheet4.Cells(10 + 1, 16) = Sij(1, 1)

" Sheet4.Cells(10 + I, 17) = Sij(1, 2)

=i+1
"Next
sortSij = Sij

End Function

Sub prePTruck()
GroupNumber = 0
CountCustomer = 0
SumData = 0
Sheet4.Activate
Sheet4.Range("B10:K19").ClearContents
Do
If SumData > 60 Then
Sheet4.Cells(9 + GroupNumber, 2) = "Route " & GroupNumber
Sheet4.Cells(9 + GroupNumber, 10) = SumData - Boxes(Sheet4.Cells(9 +
GroupNumber, Col_index - 1))
Sheet4.Cells(9 + GroupNumber, Col index - 1) =""
Col_index = 4
SumData = 0

GroupNumber = 1 + GroupNumber
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Elself SumData = 0 Then

Col index = 4

SumData = 0

GroupNumber = 1 + GroupNumber
End If

For i=1 To UBound(Sij, 1)

If Sheet4.Cells(9 + GroupNumber, Col_index - 1) <> Sij(i, 1) And Sheet4.Cells(9 +
GroupNumber, Col_index - 1) = Sij(i, 2) Then
If CheckDupli(Sij(i, 1)) Then
Sheet4.Cells(9 + GroupNumber, Col index) = Sij(i, 1)
SumData = SumData + Boxes(Sij(i, 1))
Col index = Col_index + 1
Exit For
End If
Elself Sheet4.Cells(9 + GroupNumber, Col index - 1) <> Sij(i, 2) And Sheet4.Cells(9 +
GroupNumber, Col_index - 1) = Sij(i, 1) Then
If CheckDupli(Sij(i, 2)) Then
Sheet4.Cells(9 + GroupNumber, Col_index) = Sij(i, 2)
SumData = SumData + Boxes(Sij(i, 2))
Col_index = Col _index + 1
Exit For
End If
Elself Sheet4.Cells(9 + GroupNumber, 3) = "" Then
If CheckDupli(Sij(i, 1)) Then
Sheet4.Cells(9 + GroupNumber, 3) = Sij(i, 1)
SumData = SumData + Boxes(Sij(i, 1))

'Col_index = Col_index + 1




96

Exit For
End If
End If
Next
CountCustomer = CountCustomer + 1

Loop While CountCustomer <= NumberCustomer + 2

For i = 1 To UBound(Sij, 1)
If Sheet4.Cells(9 + GroupNumber, Col index - 1) <> Sij(i, 1) And Sheet4.Cells(9 +
GroupNumber, Col index - 1) = Sij(i, 2) Then
If CheckDupli(Sij(i, 1)) Then
Sheet4.Cells(9 + GroupNumber, Col_index) = Sij(i, 1)
SumData = SumData + Boxes(Sij(i, 1))
Col index = Col_index + 1
Exit For
End If
Elself Sheet4.Cells(9 + GroupNumber, Col index - 1) <> Sij(i, 2) And Sheet4.Cells(9 +
GroupNumber, Col_index - 1) = Sij(i, 1) Then
If CheckDupli(Sij(i, 2)) Then
Sheet4.Cells(9 + GroupNumber, Col_index) = Sij(i, 2)
SumData = SumData + Boxes(Sij(i, 2))
Col_index = Col _index + 1
Exit For
End If

End If
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Next
Sheet4.Cells(9 + GroupNumber, 2) = "Route " & GroupNumber
Sheet4.Cells(9 + GroupNumber, 10) = SumData

End Sub

Sub PrepareTruck(Sij As Variant)
Dim confirm As Boolean
SumData = 0
collndex = 5
GroupNumber = 1
Sheet4.Activate

Sheet4.Range("B10:K19").ClearContents

Sheet4.Cells(10, 3) = Sij(1, 1)
Sheet4.Cells(10, 4) = Sij(1, 2)
SumData = SumData + Boxes(Sheet4.Cells(10, 3))

SumData = SumData + Boxes(Sheet4.Cells(10, 4))

For i = 1 To UBound(Sij, 1)
If SumData > 60 Then
Sheet4.Cells(9 + GroupNumber, 2) = "Route " & GroupNumber
Sheet4.Cells(9 + GroupNumber, 10) = SumData - Boxes(Sheet4.Cells(9 +
GroupNumber, collndex - 1))
Sheet4.Cells(9 + GroupNumber, collndex - 1) =""
confirm = False
GroupNumber = GroupNumber + 1
collndex =5

SumData =0
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For iCheck = 1 To UBound(Sij, 1)
For Each Data In Sheet4.Range("C10:119")
If Sij(iCheck, 1) <> Data And Sij(iCheck, 2) <> Data Then

confirm = True

Else
confirm = False
Exit For
End If
Next
If confirm Then
Sheet4.Cells(9 + GroupNumber, 3) = Sij(iCheck, 1)
Sheet4.Cells(9 + GroupNumber, 4) = Sij(iCheck, 2)
SumData = SumData + Boxes(Sheet4.Cells(9 + GroupNumber, 3))
SumData = SumData + Boxes(Sheet4.Cells(9 + GroupNumber, 4))
Exit For

End If

Next

Else
If (Sheet4.Cells(9 + GroupNumber, collndex - 1) = Sij(i, 1)) And i <> 1 Then

'Sheet20.Cells(3 + GroupNumber, 2 * (collndex + 1) + 1) = Sij(i, 1)

'For iCheck = 3 To collndex - 1
For Each Data In Sheet4.Range("C10:119")
'If Sij(i, 2) <> Cells(2 + GroupNumber, iCheck) Then

If Data <> "" Then
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If Sij(i, 2) <> Data Then
confirm = True
Else
confirm = False
Exit For
End If
End If
Next
If confirm Then
Sheet4.Cells(9 + GroupNumber, collndex) = Sij(i, 2)
SumData = SumData + Boxes(Sheet4.Cells(9 + GroupNumber, collndex))
collndex = collndex + 1

End If

Elself (Sheet4.Cells(9 + GroupNumber, collndex - 1) = Sij(i, 2)) And i <> 1 Then
'For iCheck = 3 To collndex - 1
For Each Data In Sheet4.Range("C10:119")
"If Sij(i, 1) <> Cells(2 + GroupNumber, iCheck) Then
If Data <> "" Then
If Sij(i, 1) <> Data Then
confirm = True
Else
confirm = False
Exit For
End If
End If
Next

If confirm Then
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Sheet4.Cells(9 + GroupNumber, collndex) = Sij(i, 1)
SumData = SumData + Boxes(Sheet4.Cells(9 + GroupNumber, collndex))
collndex = collndex + 1

End If

End If

End If
Next
Sheet4.Cells(9 + GroupNumber, 2) = "Route " & GroupNumber

Sheet4.Cells(9 + GroupNumber, 10) = SumData

End Sub
Function CheckDupli(Customer) As Boolean
For Each Data In Sheet4.Range("C10:119")
If Data <> Customer Then
CheckDupli = True
Else
CheckDupli = False
Exit For
End If
Next
End Function

Function Boxes(Data As Variant) As Double

matchRow = WorksheetFunction.Match(Data, Sheet1.Columns(2), 0)

Boxes = Sheet1.Cells(matchRow, 28)
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End Function

Sub TotalDis()

Dim iCol As Integer
Dim iRow As Integer
Dim iRowEnd As Integer
Dim Dist As Double
Dist=0
'Sheet2.Activate
Fori=10 To 20

Forj=3To9

If Sheet4.Cells(i, j) <> "" Then

iCol = WorksheetFunction.Match(Sheet4.Cells(i, j), Sheet2. Rows("4:4"), 0)

Ifj=3 Then
'Sheet2.Cells(10, iCol).Select

Dist = Sheet2.Cells(10, iCol)

Else
iRow = WorksheetFunction.Match(Sheet4.Cells(i, j - 1), Sheet2.Columns(2), 0)
'Sheet2.Cells(iRow, iCol).Select
Dist = Dist + Sheet2.Cells(iRow, iCol)
End If
Elself Sheet4.Cells(i, j) = "" Then
'Sheet2.Cells(iRowEnd, 6).Select
If Sheet4.Cells(i, 2) = "" Then
Exit For

Else
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iRowEnd = WorksheetFunction.Match(Sheet4.Cells(i, j - 1), Sheet2.Columns(2), 0)
Dist = Dist + Sheet2.Cells(iRowEnd, 5)
Sheet4.Cells(i, 11) = Dist
Exit For
End If
End If
Next
Next
End Sub
Sub Saving()

minimizeDist

Fori= 15 To NumberCustomer + 15
Sheet3.Cells(i, 2).Value = Sheet1.Cells(i + 1, 2).Value
For j = 4 To NumberCustomer + 4
Sheet3.Cells(9, j).Value = Sheet1.Cells(j + 12, 2).Value
For N =0 To UBound(Sij, 1)
If Sij(N, 1) = Sheet3.Cells(i, 2).Value And Sij(N, 2) = Sheet3.Cells(9, j).Value Then
Sheet3.Cells(i, j).Value = Sij(N, 0)
End If
Next
Next

Next

Sheet3.Activate
Sheet3.Cells(1, 1).Select

End Sub
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Sub Result()
minimizeDist
Sij = sortSij(Sij)
prePTruck
"PrepareTruck (Sij)
TotalDis

End Sub

Sub RoundedRectangle3 Click()

Sheet4.Range("B10:K19").ClearContents
Sheet3.Activate
If Sheet3.Range("B15") <> "" Then

N = Sheet3.Range("B15", Range("B15").End(xIDown)).Count
Elself Sheet3.Range("D9") <> "" Then

N = Sheet3.Range("B15", Range("D9").End(xIRight)).Count
Else

MsgBox ("No customer data")

GoTo Noclear

End If

Sheet3.Range(Cells(15, 4), Cells(N + 15, N + 4)).ClearContents
Sheet3.Range(Cells(15, 2), Cells(N + 15, 3)).ClearContents

Sheet3.Range(Cells(9, 4), Cells(14, N + 4)).ClearContents

Noclear:
Sheet1.Activate
N = Sheet1.Range("B16", Range("B16").End(xIDown)).Count

Sheet1.Range(Rows(16), Rows(N + 16)).ClearContents
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Sheet1.Range("A1").Select

End Sub

Sub OpenForm()
Addcustomer.Show

End Sub

Sub DelForm()
DeleteOrder.Show

End Sub

v
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HENITN (Genetic Algorithm)

Dim TRange() As Range
Dim CArr() As Variant

Dim GArr() As Variant

Sub GA_Master()
Dim SA As Worksheet, GA As Worksheet
Dim ArrSize As Integer
Dim DataArr() As Variant

Dim Count As Integer

Set SA = Sheets("Result SA")
Set GA = Sheets("GA")

ArrSize = SA.Range("C10:119").SpecialCells(xICell TypeConstants).Count
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ReDim DataArr(2, ArrSize)

Count=10

Fori=10To 19
If SA.Range("B" & i) <> "" Then
Forj=3To9
If SA.Cells(i, j) <> "" Then
DataArr(0, Count) = Split(SA.Cells(, j), ".")(0)
DataArr(1, Count) =i-9 & j-2
Count = Count + 1
Else
Exit For
End If
Next
Else
Exit For
End If
Next
GA.Range(GA.Cells(8, 3), GA.Cells(9, ArrSize + 2)) = DataArr
GA Range(GA.Cells(8, 3), GA.Cells(9, ArrSize + 2)).Borders.LineStyle = x1Solid
End Sub
Sub GA()
Dim ro As Long
Dim co As Long
Sheets("GA").Select
With Sheets("GA")
.Rows("8:9").Clear

.Rows("14:" & .Rows.Count).Clear
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.Range("B8") = "Customer"
.Range("B9") = "Genetic"
.Range("B8:B9").Borders.LineStyle = xISolid
.Range("B8:B9").Interior.Color = RGB(200, 200, 200)
End With
SAGroup
Genetic
Chromosome
Selection.Copy Destination:=Sheets("GA").Cells(14, Selection.Columns.Count + 5)
Fori=1 To 20
Child
Next

End Sub

Sub SAGroup()
Dim SA As Worksheet, GA As Worksheet
Dim TRange As Range

Dim Endcol As Integer

Set SA = Sheets("Result SA")

Set GA = Sheets("GA")

Fori=10To 19

If SA.Range("B" & 1) <> "" Then
Endcol = SA.Cells(i, "C").End(xIToRight).Column
If Endcol > Columns("I").Column Then
Endcol = Columns("I").Column

End If

Set TRange = SA.Range(SA.Cells(i, "C"), SA.Cells(i, Endcol))
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ThisWorkbook.Names.Add Name:="Route" & i - 9, RefersTo:=TRange
Else
Exit For
End If
Next
End Sub
Sub Genetic()
Dim SA As Worksheet, GA As Worksheet
Dim NRoute As Integer, DCount As Integer, NData As Integer
Dim CRange() As Range

Dim GRange() As Variant

Set SA = Sheets("Result SA")

Set GA = Sheets("GA")

DCount = 3
NRoute = SA.Range("B10:B19").SpecialCells(x1Cell TypeConstants).Count
NData = SA.Range("C10:119").SpecialCells(xICell TypeConstants).Count

GA.Range(GA.Cells(8, 3), GA.Cells(9, NData + 2)).Clear

ReDim CRange(1 To NRoute)
ReDim CArr(1 To NRoute, 1 To NData)

ReDim GArr(1 To NRoute, 1 To NData)

Fori=1 To NRoute
Set CRange(i) = ThisWorkbook.Names("Route" & i).RefersToRange
For j =1 To CRange(i).Count

CArr(i, j) = Split(CRange(i).Cells(1, j), ".")(0)
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GArr(i,j) =1 &]j

GA.Cells(8, DCount) = CArr(i, j)
GA.Cells(9, DCount) = GArr(i, j)
DCount = DCount + 1

Next

Next
GA.Range(GA.Cells(8, 3), GA.Cells(9, NData + 2)).Borders.LineStyle = xISolid
" GA.Range(GA.Cells(8, "C"), GA.Cells(8, DCount + 2)) = CRange

' Chromosome (GArr)

End Sub

'Sub Chromosome(GArr As Variant)
Sub Chromosome()
Dim SA As Worksheet, GA As Worksheet
Dim Chro() As Variant
Dim CountGA As Integer
Dim StartRow As Long
Dim StartCol As Long

'Dim TRange() As Range

Set SA = Sheets("Result SA")
Set GA = Sheets("GA")

'Dim MaxG As Integer
GA.Select

StartRow = 15

StartCol = 3
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ReDim TRange(1 To UBound(GAur, 1))
Fori=1 To UBound(GArr, 1)
For j =1 To UBound(GArr, 2)

If GArr(i, j) <> 0 Then CountGA = CountGA + 1
Next

Set TRange(i) = GA.Range(GA.Cells(StartRow, StartCol), GA.Cells(StartRow, CountGA

+ StartCol - 1))

StartCol = CountGA + StartCol

CountGA =0

TRange(i).Borders.LineStyle = x1Solid

TRange(i).Interior.Color = RGB(200, 200, 200)
Next

GA.Cells(15, StartCol) = WorksheetFunction.Sum(SA.Range("K 10:K19"))

Fori=1 To UBound(GArr, 1)
For j=1 To UBound(GArr, 2)
If GArr(i, j) <> 0 Then
TRange(i).Columns(j) = GArr(i, j)
Else: Exit For
End If
Next

Next

Dim Rowi As Integer
Dim Coli As Integer
Dim Rangei As Integer
Dim RowMax As Integer

Dim NewRange As Range, SADist As Range
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Dim colChange As Integer
Dim Tdist As Double
GA.Range("B15") =1

Rowi = GA.Range("B15")

For Rangei = 1 To UBound(TRange)
'RowMax = WorksheetFunction.Fact(TRange(Rangei).Count - 1)
ColR =2
Coli=1
colChange = 1
'Rowmin = Rowi
'Rowi =1
Do
'For Rowi = 1 To RowMax
Tdist=0
Set NewRange = TRange(Rangei).Range(Cells(Rowi + 1, 1), Cells(Rowi + 1,
TRange(Rangei).Count))
Add = NewRange.Address
GA.Range("B" & Rowi + 15) = GA.Range("B" & 15+ Rowi- 1)+ 1
'Do
For Coli = 1 To TRange(Rangei).Count 'UBound(GArr, 2) '
If Coli = colChange Then
NewRange.Columns(Coli) = TRange(Rangei).Columns(ColR)
NewRange.Columns(ColR) = TRange(Rangei).Columns(Coli)
Elself ColR <> Coli Then: NewRange.Columns(Coli) =

TRange(Rangei).Columns(Coli)

End If




111

'Coli=Coli+ 1
Next
'NewRange.Borders.LineStyle = x1Solid

NewRange.Interior.Color = RGB(120, 200, 120)

ColR = ColR + 1

If ColR > TRange(Rangei).Count Then
colChange = colChange + |
ColR = colChange + 1

End If

Fori= 1 To UBound(GArr, 2)
If GA.Cells(Rowi + 15,1+ 2) ="" Then GA.Cells(Rowi + 15,1+ 2) =
TRange(1).Columns(i)

Next

' ***************Calculate sum Ofdistance*************
Set SADist = Sheets("Result SA").Range("K10:K19")
Tdist = CalDist(NewRange)
Fori=1 To SADist.Count

If i <> Rangei Then

Tdist = Tdist + SADist(i)

End If

Next

GA.Cells(Rowi + 15, UBound(GArr, 2) + 3) = Tdist

V***************Change to new ROW*****************

Rowi=Rowi + 1
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Loop While (colChange < TRange(Rangei).Count)
Next
B R R Prepare Table® kR ko
GA Range("B14") = "Chromosome"
GA.Cells(14, 3 + UBound(GArr, 2)) = "Sum"
GA.Cells(14, 4 + UBound(GAur, 2)) = "Feasibility"
GA.Cells(14, 5 + UBound(GArr, 2)) = "Pi"
GA.Cells(14, 6 + UBound(GArr, 2)) = "Qi"
GA.Range("B14").Select
Range(Selection, Selection.End(xIDown)).Select
Range(Selection, Selection.End(x1ToRight)).Select
Selection.Borders.LineStyle = xISolid
GA.Range(Cells(14, "C"), Cells(14, 2 + UBound(GAurr, 2))).Select
Selection.Merge
Selection = "Route"
With GA Range(Cells(14, "B"), Cells(14, 6 + UBound(GArr, 2)))
.Horizontal Alignment = xICenter
.Font.Bold = True

End With

Call FeaPro(GA.Range(Cells(14, "B"), Cells(14 + Rowi, 3 + UBound(GAur, 2))))

End Sub

Sub FeaPro(SortRange As Range)

1 sk sk ok ok ok ok ok ok ok sk sk sk sk sk ok ok FeaSIblllty and probablllty Select skoskeoskosk sk skoskosk sk sk skoskoskoskoskokoskokokokokokokokok ok

Call SortSum(SortRange)
Dim GA As Worksheet

Dim SortRSum As Range
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Dim Total Fea As Double

Dim Addr As Variant

Dim Rstr As String

Set GA = Sheets("GA")

Addr = Split(SortRange. Rows(2).Address, "$")

Rstr="8%" & Addr(3) & "$" & Addr(2) & "$" & Addr(3) & "$" & Addr(4)
Set SortRSum = SortRange.Range(Cells(2, SortRange.Columns.Count),

Cells(SortRange.Rows.Count, SortRange.Columns.Count))

Fori=1 To SortRSum.Count
Ifi=1 Then
SortRSum.Cells(1, 2) =1
Elself SortRSum(i, 1) = SortRSum(i - 1, 1) Then
SortRSum(i, 2) = SortRSum(i - 1, 2)
Else: SortRSum(i, 2) = SortRSum(i- 1, 2) + 1
End If
Total Fea = Total Fea + SortRSum(i, 2)
Next
Set SortRange = Range(SortRange, SortRange.Cells(SortRange.Rows.Count,
SortRange.Columns.Count + 1))
aa = SortRange.Address

Call SortChro(SortRange)

Fori=1 To SortRSum.Count
SortRSum.Cells(i, 3) = SortRSum.Cells(i, 2) / Total Fea
Ifi=1 Then
SortRSum.Cells(i, 4) = SortRSum.Cells(i, 3)

Else
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SortRSum.Cells(i, 4) = SortRSum.Cells(i, 3) + SortRSum.Cells(i - 1, 4)
End If
SortRSum.Cells(i, 3) = Format(SortRSum.Cells(i, 3), "0.###")
SortRSum.Cells(i, 4) = Format(SortRSum.Cells(i, 4), "0.###")

Next

End Sub
Function CalDist(CalRange As Range)

Dim SA As Worksheet, GA As Worksheet

Dim Dist As Double

Dim Ri As Integer, Rj As Integer
Dim Ci As Integer, Cj As Integer
Dim SARange As Range

Dim DistRef As Range

Set SA = Sheets("Result SA")
Set GA = Sheets("GA")
Set SARange = SA.Range("C10:119")

Set DistRef = Sheets("Distance").Range("B4:BG64")

Dist=0
Fori=1 To CalRange.Count
Ri = CalRange(i) / 10
Ci = CalRange(i) Mod 10
Ifi=1 Then
Dist = WorksheetFunction. Index(DistRef, 7,

WorksheetFunction.Match(SARange.Cells(Ri, Ci), DistRef.Rows(1), 0))
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Else
Rj = CalRange(i- 1)/ 10
Cj = CalRange(i - 1) Mod 10
Dist = Dist + WorksheetFunction.Index(DistRef,
WorksheetFunction.Match(SARange.Cells(Rj, Cj), DistRef.Columns(1), 0),
WorksheetFunction.Match(SARange.Cells(Ri, Ci), DistRef.Rows(1), 0))

End If

Next
Ri= CalRange(i- 1)/ 10
Ci = CalRange(i - 1) Mod 10
Dist = Dist + WorksheetFunction.Index(DistRef, 7,
WorksheetFunction.Match(SARange.Cells(Ri, Ci), DistRef.Rows(1), 0))
CalDist = Dist

End Function

Sub Child()
Dim GA As Worksheet
Dim TBrange As Range
Dim Rvalue As Double
Dim LastRow As Long
Dim LastCol As Long
Dim Count As Integer
Dim NumGen As Integer

Dim MaxFea As Integer

Set GA = Sheets("GA")
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Count = 3

LastRow = GA.Cells(15, "B").End(xIDown).Row

LastCol = GA.Cells(15, "B").End(xIToRight).Column

'***************Find best route from table*********************

MaxFea = WorksheetFunction.Max(GA.Range(Cells(14, LastCol - 2), Cells(LastRow,
LastCol - 2)))

GA.Cells(LastRow + Count, "B") = "Parents to Childs"

GA.Cells(LastRow + Count + 5, "B") = "Best Solution"

GA.Cells(LastRow + Count + 5, "B").Font.Bold = True

GA.Cells(LastRow + Count, "B").Font.Bold = True

r=1
Fori= 14 To LastRow
BSrow = LastRow + Count +r+ 5
If GA.Cells(i, LastCol - 2) = MaxFea Then
If GA.Cells(BSrow, LastCol - 3) ="" Or GA.Cells(BSrow, LastCol - 3) > GA.Cells(j,
LastCol - 3) Then
GA.Range(Cells(i, "B"), Cells(i, LastCol - 3)).Copy Destination:=GA.Cells(BSrow,
"B")
r=r+1
End If
End If

Next

'************************Random Parents***********>l<************************

Count = Count + 1
Randomize

Rvalue = Rnd
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If GA.Cells(i, LastCol) < Rvalue And GA.Cells(i + 1, LastCol) > Rvalue _

And GA.Cells(i + 1, LastCol) <> GA.Cells(LastRow + Count - 1, "B") Then

GA Range(Cells(i + 1, "B"), Cells(i + 1, LastCol - 3)).Copy _
Destination:=GA.Range(Cells(LastRow + Count, "B"), Cells(LastRow + Count,
LastCol - 3))

Count = Count + 1

Randomize
Rvalue = Rnd
End If

If Rvalue < GA.Cells(15, LastCol) Then Rvalue = Rnd
i=i+1
Ifi> LastRow Theni= 15

Loop While (Count <= 5)

'**************************Parent to Chllds**************************

NumGen = WorksheetFunction.RoundUp(GA.Range(Cells(LastRow + Count, "C"),
Cells(LastRow + Count, LastCol - 4)).Count/ 2, 0) + 2

GA Range(Cells(LastRow + Count - 1, "C"), Cells(LastRow + Count - 1, NumGen)).Copy

Destination:=GA.Range(Cells(LastRow + Count, "C"), Cells(LastRow + Count, NumGen))

GA.Range(Cells(LastRow + Count - 2, "C"), Cells(LastRow + Count - 2, NumGen)).Copy

Destination:=GA.Range(Cells(LastRow + Count - 1, "C"), Cells(LastRow + Count - 1,
NumGen))

GA .Range(Cells(LastRow + Count, "C"), Cells(LastRow + Count, NumGen)).Copy _
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Destination:=GA.Range(Cells(LastRow + Count - 2, "C"), Cells(LastRow + Count - 2,
NumGen))

GA .Range(Cells(LastRow + Count, "C"), Cells(LastRow + Count, NumGen)).Clear

'*******************************Swap to pair**************************

Childrow = LastRow + Count - 2

GA.Range(Cells(Childrow, 5), Cells(Childrow + 1, 5)).Copy
Destination:=GA.Cells(Childrow + 2, 5)

GA .Range(Cells(Childrow, NumGen), Cells(Childrow + 1, NumGen)).Copy
Destination:=GA.Cells(Childrow, 5)

GA Range(Cells(Childrow + 2, 5), Cells(Childrow + 3, 5)).Copy
Destination:=GA.Cells(Childrow, NumGen)

GA.Range(Cells(Childrow + 2, 5), Cells(Childrow + 3, 5)).Clear

'*******************************Repair Duplicate************************

Dim Dup1 As Boolean, Dup2 As Boolean
Dim Datal As Integer, Data2 As Integer
Dup! = False
Dup2 = False
Fori=3 To LastCol - 4
Forj =3 To LastCol - 4
GA .Cells(Childrow, 1).Select
If GA.Cells(Childrow, i) = GA.Cells(Childrow, j) And i <> j Then
GA .Cells(Childrow, j).Interior.Color = vbRed
add1 = GA.Cells(Childrow, j).Address
Datal = GA.Cells(Childrow, j)
Dup1 = True

End If
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If GA.Cells(Childrow + 1, i) = GA.Cells(Childrow + 1, j) And i <> j Then
GA.Cells(Childrow + 1, j).Interior.Color = vbRed
Add2 = GA.Cells(Childrow + 1, j).Address
Data2 = GA.Cells(Childrow + 1, j)

Dup2 = True

End If
Next
If Dupl And Dup2 Then
GA.Range(add1) = Data2
GA Range(Add2) = Datal
Exit For
End If

Next

Forro=0To 1
B = Columns("B").Column
GA.Cells(Childrow + ro, LastCol - 3) =0
For i =1 To UBound(TRange)
Set TRange(i) = GA.Range(Cells(Childrow + ro, B + 1), Cells(Childrow + ro,
TRange(i).Count + B))
aa = TRange(i).Address
GA.Cells(Childrow + ro, LastCol - 3) = GA.Cells(Childrow + ro, LastCol - 3) +
CalDist(TRange(i))
B = B + TRange(i).Count

Next

If GA.Cells(Childrow + ro, LastCol - 3) < GA.Cells(Childrow + ro + 5, LastCol - 3)

Then
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GA Range(Cells(Childrow + ro, "B"), Cells(Childrow + ro, LastCol - 3)).Copy
Destination:=GA.Cells(Childrow + ro + 5, "B")

End If

'********************Replace table****************************

Fori=15 To LastRow
If GA.Cells(i, "B") = GA.Cells(Childrow + ro, "B") Then
GA.Range(Cells(Childrow + ro, "B"), Cells(Childrow + ro, LastCol - 3)).Copy _
Destination:=GA.Cells(i, "B")
Exit For
End If
Next

Next

Call FeaPro(GA.Range(Cells(14, "B"), Cells(LastRow, LastCol - 3)))
End Sub
Sub ResultGA()
Dim g As Integer
Dim ro As Integer
Dim co As Integer
Dim GA As Worksheet
Set GA = Sheets("GA")
Sheets("Result GA").Select
Sheets("Result GA").Range("B10:K19").ClearContents
Fori=15 To GA.Rows.Count
If GA.Cells(i, "B") = "Best Solution" Then
co = GA.Cells(i, "B").Column + 1

ro = GA.Cells(i, "B").Row + 1
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For g = 1 To UBound(TRange)
Set TRange(g) = GA.Range(GA.Cells(ro, co), GA.Cells(ro, co + TRange(g).Count - 1))
co = co + TRange(g).Count
Call MapResultGA(g, TRange(g))

Next
Exit For

End If

Next

End Sub

Sub MapResultGA(route As Integer, NRange As Range)
Dim SARange As Range
Dim GARange As Range
Dim Mains As Worksheet
Dim Ri As Integer
Dim Ci As Integer

Set Mains = Sheets("Main")

Set SARange = Sheets("Result SA").Range("C10:119")
Set GARange = Sheets("Result GA").Range("C10:119")
GARange.Cells(route, 0) = "Route" & Format(route, "0#")
For i=1 To NRange.Count
Ri =NRange(i) / 10
Ci=NRange(i) Mod 10
GARange(route, i) = SARange(Ri, Ci)
For j =16 To Mains.Cells(16, "B").End(xIDown).Row

If (GARange(route, i) = Mains.Cells(j, "B")) Then

GARange(route, 8) = GARange(route, 8) + Mains.Cells(j, "AB")
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End If
Next
Next
GARange(route, 9) = CalDist(NRange)
End Sub
Sub ClearResultGA()
Range("B10:K19").ClearContents
Sheets("GA").Select
With Sheets("GA")
.Rows("8:9").Clear
Rows("14:" & Rows.Count).Clear
.Range("B8") = "Customer"
.Range("B9") = "Genetic"
.Range("B8:B9").Borders.LineStyle = x1Solid
.Range("B8:B9").Interior.Color = RGB(200, 200, 200)
End With
RoundedRectangle3 Click
'Sheets("Main").Select

End Sub
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Abstract

The purpose of this research is to study the problem of the logistic entrepreneur who
transports different type of goods from different customers distributed from various location.
He has to decide to deliver them in the proper transportation lines to minimize the cost with
the same goods distribution point. In this study, we also consider the goods transportation
problem and that the transportation has to keep non-confirming goods. In addition , we use
saving algorithm to help solving problem and a VBA program in Excel can help in the
process to find an even more convenient alternative. This study is the scope of the study.
Under limit capacity of vehicle less than or equal to sixty boxes. Applying algorism to solve
the problem and to design a solution by the VBA program in Excel.

Keywords: Vehicle Routing, Saving Algorithm, VBA, Transportation

1. Background/ Objectives and Goals
Factory is now a case study of the business that produces frozen food products and is
currently operating logistical shipments for a group of customers that include 49 locations all
over Bangkok and its metropolis. Initial study has revealed that the factory’s logistical
management system lacks efficiency in route planning of the merchandise deliverance which
can result in delays of shipments. Considering today’s ascending fuel price, it essentially
increases the overall cost as well. In additions, the factory has a limited truckload of only 60
boxes per delivering truck with only one type of freight truck and of four are available to
operate. To increase the company’s overall efficiency in logistical management system, the
Saving Algorithm could be applied. The examples will demonstrate the cost-effective method
leveraging customer’s location on Google Map and comparing the results between CVRP1,
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Runvrp2, and calculate by worker. This is expected to improve logistical process and its
efficiency by any means.

There are multiple ways to send the shipments. Those depend on the very details and
limitations of varying problems. The distinctive purpose of each organized route is
considered for the possible best route. Therefore, the followings has been studied in order to
achieve that. Khanittha (2012) Comparing the distances displaced by fork lifter delivery
using Heuristic methodology which improve 32.04% on the busy day and 15.59% on the
slow day. Pimchanok (2009) The samples of routes used from the company that optimizes
Heuristic method demonstrate one consolidated point of distribution and segmentation of
zones when delivering products. It applies Nearest Neighbor methodology in managing
transportation routes from different areas as well as the comparison to Genetic methodology.
Apichit (2013) The case study of logistic company where improving route selection process
is leveraged in which this company performs continuous back-to-back delivery for different
kinds of goods. As a result of mulfiple researches in optimizing the transportation routes,
there present quite a few moderators who put these method into use. Given different
limitations but a single goal to reducing the cost, the method is very practical. In order to find
the very right result, we have compared both new and old methods.

2. Methods
The research is aimed to be the study to improve route optimization with the lowest
transportation cost. The study samples have to meet requirements of maximum loads being
able to transport for each trip, considering whatever exceeds the truck load will essentially be
put on the next shipment.

2.1 Samples Population

The samples used to study are based on product preferences information from each customer,
time spent on delivery, the distances covered in delivering products in under 8 tests (8
business days). Then study the method saving algorithm routing and writing the VBA code to
use for solving routing.

2.2 Saving Method Procedure

It is the method used to find the most saving route for every i and j shipment paring parties by
calculating saving value from the equation (1). Once saving value is calculated, it is used in
the next process of finding the route as it is shown in Fig.1. When applying Saving value in
ascending order while verifying the condition of the product preference, we are able to
arrange the shipment as Shown in Tables 1.
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From inspection the condition, we have found that new load of shipment will be required for
the next trip when the quantity need from the customer nearly meets or not exceeding the
capacity. Therefore, we have been able to calculate the total cost for transportation of the
goods by considering the depreciation value of the truck, labor cost, and gas price as
followed.

The depreciation value of the vehicle is 0.5708 baht per minute. Eight-hour labor cost will be
200 baht which is 0.4167 per minute. Additionally, The gas price costs 3.10 baht per minute.
Hence, the total cost can be consolidated by the number of employee x (0.4167 x the times
spent in transporting the goods that is not over 8 hours + 0.8234 x times spent in transporting
goods that is over 8 hours). Route 1: Bang Phli factory — BigC Bang Phli — BigC Samut
Prakarn — Carrefour Suwintawong — Carrefour Lad Prao — Bang Phli factory - Total Cost:
1541.35 baht. The total cost of all 8 experimental tests conclude 38,118 baht.

3. Results

In this research, we emphasize in maximizing the efficiency in selecting the transportation
route and to reduce expense in transportation. Our aim is to find the solution to optimize the
best route while meeting the capacity requirement. We have presented 8 product preference
categories into the test and the results are as followed. Result comparison by route
optimization leveraging Saving, CVRP1, Runvip2, and Sales persons calculations. CVRP1
essentially utilizes Nearest Insertion criteria. For examples, from the starting point is Bang
Phli factory will generate result in the next nearest place next to Bang Phli factory. This is to
be done in repeating manner. Runvrp2 utilizes All-Optimal and the calculation from sales
persons only relies on the worker’s experience alone in determining the route. The result of
the research hence effectively displays expenses of shipment correlating to its distances
covered (in Kilometers), and the number of truck used in transporting as shown in Table 2.

From overall look of the sample data and information experimented with given limit
condition on truckload capacity, it is apparent that the cost is obviously lowered. Considering
the gas cost, depreciation value of the vehicle and the labor cost factors, CVRP1 yields
38,134 baht, Runvrp2 yields 38,358, while calculation from the sales persons yields 41,500
baht. Significantly. The saving method yields the most cost-effective result of 38,118. In
conclusion, saving method is the most comprehensive way to optimize the best route.

3.1 Formula and Equation
Find the most saving route for every i and j shipment paring parties by calculating saving
value from the equation.
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S@j) = C@EL0)-C(04)+C () ()

Where S (i, j) represent saving value between party i and party j.
C (i,j) represents distance covered from i to j.
0 represents the warehouse. For instance, C (i,0) represents the distance
from i to the warehouse.

3.2 Figures and Tables

START

Calculate Saving
Algorithm

l

Ranking Saving Above
Max to Min

3

Sclect the first saving
i ranking

A

Caleulate total capacity Select next saving
of truck in ranking

Capacity exceed
60 boxes?

Add Routing Vehicle

Is the last
saving?

Calculate total distance
and total cost

End

Fig. 1: Shown Vehicle Routing
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Table 1: Vehicle Routing 1.

Capacity is 28 boxes.
2 6,5 12 Capacity is 43 boxes.
3 54 42 Total Capacity is 56 boxes,
Total Distance is 84 Km. And
Total time is 340 minutes.
Table 2: Representing the result of different methods.
The Result of difference methods.
Saving Program Program Calculate
Method Cvrpl Runvrp2 | by Worker
No.
Total Cost | Total Cost | Total Cost | Total Cost
(Baht) (Baht) (Baht) (Baht)
1 5,750.11 5,008 5,323 6,289
2 4,213.72 4,618 4,573 4,616
3 3,373.00 3,823 3417 3,777
4 4,849.27 4,443 4,488 4,685
5 7,336.50 7,470 7,964 8,414
6 4,258.76 3,762 4,123 4,101
7 4,784:18 4,828 4,648 5,546
8 3,553.16 4,002 3,822 4,072
Total 38,1187 38,134 38,358 41,500
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