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In recent years, logistics companies have been facing high competition due to
progressive growth of the logistics business. Therefore, strategies need to be
developed in order to reduce logistics costs. The reduction of transportation
cost is one of the key factors to increase company’s competitiveness. This
paper reports the examination of a vehicle routing problem of a company,
which has heterogeneous fleet and demand of some customers exceeding
the capacity of the largest truck. This so-called vehicle routing problem with
split delivery and heterogeneous fleet (VRPSDHF) is considered a complex
problem. Minimization of the transportation cost of the studied company
was conducted by applying the Branch-and-reduce method; the results were
compared with those of the differential evolution (DE) method, which is one
of the meta-heuristic algorithms. The results showed that the tested methods
can reduce the transportation cost of the company by 11.01% and 10.66%,
respectively. Both methods are therefore considered the efficiency methods
for transportation planning.
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Start
Set control parameter CR=0.8,F=2,V =5
and NP = number of trucks + number of customers
(=0, Generate population X; ; Vi,i = 1.....V, dimension each i = NP
Vi ¢= mutant vectors
U; ¢ = Trial vectors
While not met termination criterion (2000 loops)
Evaluate fitness function f(X; ) Vi,i = 1....V
Fori=1toV
r1,r2,r3 random vectors pick from X; ;
Vig=rl+F(r2-r3)
Forj=1to NP
Ifrand(0,1) < CR Ujj; = Xij 6
Else Ujj ¢ = Vij ¢
End
End
End
Evaluate fitness function f(U; ) Vi,i = 1....V
Fori=1toV
If f(X;c) betterthan orequal f(U;¢)
Xic+1=XiG
else
Xic+1=Uig
End
End
G=G+1
End While
End
UM 4 saifionvesisiiaunnstngldnasiig
nnaes and1 1 | and12 | L. and1 N m1 | K
1 0.26 0.05 0.55 0.16 0.13
2 0.65 0.03 0.74 0.64 0.02
3 0.64 0.21 0.47 0.98 0.11
NP 0.06 065 0.79 0.59 0.21 0.60

JUN 5 msadaussrnsisudy
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Wanldsnaun k anudreu ROV luwiniaas

AAA

mnaaummmmsniu

MILIINNVBITAAUALREN Cap <1

saRudlandmen | eudau ROV luaniaed

ATAROLANNG DINTT

& v A a
ﬂ\‘]laﬁﬂamadgﬂﬂ’]ﬂlaaaﬂ dm=0

daFudlwgnen

v

Cap =0,

dm = Cap
Cap=0, AWLANAMINA DINTTRUALR dm = ANNGBINT
a U 1 Qs
dm=0 m’mmmm‘[umimmﬂ FUANAWNITANLAN -
ANMNENITD NN

dm < Cap

dm = 0, Cap = AWAANIAIUNMILIINABUES - ANUGBINIRUANIWRE

v

dm > 0, Vi

ﬁuqm ] a%ﬂ”ﬂﬂ’]iﬁ’lﬂ’]%

ﬁweﬁwumunﬂnm@laimzﬂsmau (Iteration) Twn3vinanw

a Yy o Y
?Lh/' 6 N1IWITNALALDDATNE
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4. Han1saniuau
4.1 Yeyaildlunismnass
UsEnnsafinulisaussnaudedudn 2 wuin
Sunwiaun 15 fu Tnewdadusa 10 &0 Ysznausie
sofudl 1 fla 8 aunsaussnaumld 12 wian uawsa
6 &0 Uszneusmesaduil 9 fa 15 anansaussyAudile

A15199 1 ToyanIufedn I sAUAIYeIGNAY
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8 wian yinsdsduAlignd 9 518 Tnesveymalunis
dumnawesiavanuidusyezmeniaiiléann Goosle
maps A19819U3UANUABINITAUAITIETUTDIGNAN
usiazsrouandlunisnsd 1 uagdunulunmsvudandy
PN9197 2

anén (i) 1 2 3 4 5 6 7 8 9 | 10
YT mANUABINIIFUAT (WILaN) | O 14 6 | 27 | 16 | 20 | 12 4 8 24
*i =1 AoAaIanm
A51eR 2 FununsTuds
UszLnmneun 0 6 88 30 10 88
ATNUWLTALNES (LIN/NAL) 3.44 6.59
ANLFBNTIANYWIAUIIND (UIN/NA.) 0.22 0.48
ALDBLREIWINUILID (LIN/N3.) 1.00 1.20
AUNUMIUIINALA (LI LEN/NY.) 0.58 0.69

4.2 \W3suiiisunaans

wé’ﬂmﬂﬁlé’%’agasluﬂﬁmaaqLLﬁ:J A3 A
ANBUNMILUUIIAINAENAIERS tnetdonly AMPL
syntax BARON solver Tunsuszuanaliiomemeutes
Jaymil Falusunsusana17l433 Branch-and-reduce
Tunsmmneu lagUseulanauu@niiosyas neos-
servers.org kaglaldlusunsy MATLAB lunisusyanana
mnouieITTaunnslaglduasine noufinmesiilday

i5 gen7th HQ (@2.50GHz) RAM 16GB Usgaiaa 2,000
59U M3EMeIAIUANTRINTEUIUMTI IR Tlagld
Al 2 Afie CR = 0.8 Wag F = 2 Ldun1an1vues
waznslisnusmnitlaan 2 lduandlumsed 3 uay
4 gudiu anmulddgndrunseazgnadudmuinnd
1 pdy ifosmnUiinuenudoansduddinndeay
ansalunisussynvessanisdu uazfimsidenldsn 2
yualumsvudaitelinisvudedifumusi
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A15799 3 EuneanleannsIadunslagldfwuUIIaRIRtindEns

sausnn | dsmanan a“wmuﬁuﬁwﬁ'minﬂ ALLFUNIINTUUES ﬁ‘hmuﬁuﬁﬂﬁdﬂﬁ@jﬂﬁw
(Fud) DONINARITUAN (W1Lan)
(WLaN)
1 10 88 12 1-2-8-1 10, 2
2 10 88 12 1-7-1 12
3 10 88 12 1-10-1 12
4 10 88 12 1-6-1 12
5 10 88 3 1-2-1 3
7 10 88 12 1-10 -1 12
8 10 88 12 1-4-1 12
9 6 80 8 1-4-1 8
10 6 80 8 1-3-8-1 6,2
11 6 88 8 1-2-4-1 1,7
12 6 80 8 1-5-1 8
13 6 80 8 1-6-1 8
14 6 80 8 1-5-1 8
15 6 80 8 1-9-1 8

AN5199 4 EunnanlaannnisaadunsleesiTaunnistagldnanng

souswn | dezianan ﬁwmuﬁuﬁwﬁ'mmﬂ LRUNINTUWES a"m’mﬁuﬁﬂ‘ﬁ'm‘lﬁgﬂﬁw
(@ufl) 2ONIIMNARIFHAN (WILan)
(WLaN)
5 10 88 12 1-7-1 12
10 6 88 8 1-6-1 8
8 10 88 12 1-6-1 12
1 10 88 12 1-10-1 12
4 10 88 12 1-10-1 12
14 6 88 8 1-5-1 8
12 6 88 8 1-5-1 8
11 6 88 8 1-9-1 8
6 10 88 12 1-4-1 12
9 6 80 8 1-4-1 8
15 6 88 7 1-4-1 7
13 6 88 8 1-3-8-1 6, 2
3 10 88 12 1-8-2-1 2,10
2 10 88 4 1-2-1 4
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A157199 5 WSHUgUNaaNENNSAILI
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AFNTIALFUNIVUE

v a =
AunNw (UN) 1287 (AwN)

dagui 14,136 978.00
BARON 12,580 1,716.00
Differential Evolution 12,629 20.32

5197 5 wanansSeuifisunadnsanmsmmney
Wioufdamnisdmdumenisvudsvesenunvuglagld
Winaueats 2 Tseuiieuivislaguvesu3ennsd
Anunildd i disadumadagldussaunsaivesies
duiiulddnisnsly BARON solver wagdsiimunnistog
TinasinsanunsoanduunsuNdIveIUsEnnsdlfnula
Wiaeds Tnganunsaandunulisesay 11 waziovay
10.66 Ay FedednisaesiBansnandunuld
TndiAsaniu wain1sly BARON solver ldhanlunismeneu
uuniiEdagiufeiosay 75.46 Tuvneiiisiimunns
Tneldnan1sausaanantun1sdndunisnisyudsla
Spuay 97.92

5. @3UNaAN133Y
NnNaaNSIaRuaziulA NS IREUNIITIRES
f18A1518 BARON solver #1835 Branch-and-reduce
Tﬁﬁunﬂumwuﬁnswﬁﬂﬁqm Wwithileawnan solver
mmsamﬁmauﬁaﬁqmaqﬁaLLUUﬁwaaammﬁmmam%
Fdunuu Mixed-Integer Nonlinear Programing le
unilvaneefaaradldnaruIulunsmmney @1uls
3’5@;114'1ﬂ'1ﬂmai%lmamnﬁ?ﬂﬁﬁmauﬁaﬂ’jwﬂwﬁuuas
TndiAeanudd Branch-and-reduce ualthiantieaninuin
Faumnzdmunsnaumusserdutasianuudsusiu
vostoyaiu ndnnudusaussnnliinyiauviegnm
FaAuR ALV 19N auTdAuAlUugY Sumany
dwsuusennsaldnulutagduuazsassunisidulaves
qiﬁﬁ]ﬁﬁﬁmaugﬂﬁﬂLﬁumm‘iﬁw,l,azé"ﬁuﬁwLﬁmmﬂ‘*ﬁyuﬁa&J
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