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Development and Performance Evaluation of
a Car Assignment and Routing Algorithm for Reducing
Transportation Cost in a Logistics System
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Abstract |

This paper proposes an algorithm which reduces transportation cost while goods are
delivered in time in a logistics system. The logistics system assumed in this paper is the
system in which multiple cars moves various goods from spatially distributed warehouses to
stores. For reducing transportation cost, the car assignment algorithm which allocates goods to
minimal cars employs the BF method; routing of each car is modelled as the TSP and is solved
by using the genetic algorithm. For evaluating the proposed algorithm, the logistics system is
modelled and simulated by using the DEVS formalism. The DEVS formalism specifies discrete
event systems in a hierarchical, modular manner. During simulation, each car is modelled as a
message and traverses warehouses and stores. When a car arrives at a warehouse or a store,
predetermined amount of goods are loaded or unloaded. The arrival time and departure time of
cars are analyzed and eventually whether goods are delivered in the desired time bound is
verified.

o 8
e QATROREL 2048}
Hetm B

.
i



92 H=Algalols =2 Mg M3%, 1999. 9

1. MB

A2 B BA 8739 AW GUH 449 A
e BR U A¥HY £ToR ¥R
[ o= 7192Ee] 9%En 7d 27 BEY

o
= ok
9,
o
B
o
-z
a8
Lt
~
£
Sl
2
8
e
2
£
e
B

SUAH ), 2n=t
g A2E vE Jﬂi 233
e *% wAs zﬂ%— g9 5

'Fﬂt 9ol @ s, 54
& s ol wHE A 5

------- Best Fit
------- TSP +GA
Ss¥d e DEVSIm++

<ad 1> =E l8Y M=%

g =R 2% AsddM o v8e
A Fold A AEES 247 A
yrelEe Awdd adn ABeolde
Are dndFel A¥e AFUG <Y 1>e
£ ERol yee SR FAZ GEd slel,
B RN Ot 28 AA9e tie A

uolA thEe AEFES ‘4"4

HZ EH3he Aladeth 4FE A 3
AetE Wiz dn2lEe BF(Best Fit) Wi S AME
2tz ARE ’I‘SP(Travelmg

Salesman Problem)2 E@#sle #xa dug

& ol &3t ATk
Atd dneFe) H% 49 %4% st

DEVS g4 8& o|&3ld &F AlAy 5

alN

I AEdold stk DEVS ¥4 2 OI*J A
A2dE AFHoela RERE ﬁéﬁni 7lEdes
gt 2l dojo|th3]. Ztztel Fao A= B o)A
873 HEES ARt oA E Y= 4
FEE sttt A Al Wl wigEHExE
@%i‘lt}. BF Alzde ad dddolHE 2wA
AZ13 EEdoleE B4sls AEYA EF =Y
2, #olxge FAF SSET =29, FuE9 A
WSET 24, ZaE% #ox & A}OH E29s

el CONNECT R2d5z 744t #z9
2422 GENR, TRANSD 59 94 R4YE=R
Aoz Bigr

BdyE A2aqg AEYolMsly] 918 DEVS
im++Z o] &#ch DEVSim+++ DEVS #22&
C++ Aol2 ZE3I Fo|tH4lb). 7+HE A&z ol
Bl Al 2AEE /M A$e drxz A4

gt Fae] =astd P 4EES YA ¢
SR ARk, #eie] m=AsH A AEE
& Z4?‘511%1 dubd shApgth aelm AN &9
At 5& BoEta, JFHow Yaks Az Yo
H%El%i% | AE g
2+ =Y 4L g8y 2o 2%dME & =
o] o]23] 7]z7} Hl= DEVS 4239 #4
daefFo s hEFstAl AR 3%l A
2 oM A¢tats BF WA duedEe A

23l 5 A= 3 A AgtE
A gejolEjol H-gato] Al g ol dalm
RS

=i
4%ox= DEVS FHEE ol8dlo EF
2d
_g:

an,%z:oerr.zir-{n
o

HoE oD
ﬂ!iﬂlﬂt@l‘ﬂ

24T 6 B

ro
=
fﬂ.’
K]
4

o] ZelA= EF Aadeo ujx AlEHCHE
T&&7) ¢ate dedt DEVS 23 34
dujFo] st dotR Ak



ERALHN 2%

HIE F017] 918 A2t ¥ ¥ A2 HF JUEE MY ¥ 4=HIt 93

i DEVS "€AlE

Zeiglerel &34 #iet¥® DEVS(Discrete Event

System %pecification) YA E2 oAty AlAEE
7148k <ojolti3]. DEVS &4l2-& AlZ#o|u
HE3S ”‘Oi ojatAl AlxEle] RYES V)
%%}, &, DEVS d428& Aad % 22 AL
Za%% L}TCﬂ ‘}l%i},‘_ E}}i zddstn aRE
IS

a2 epit,
Ak RLe thg) gol Gelsrs]

AM = <X, S, Y, e, Bin, A, ta >
7] A,
X 9E AR JY, e
S oAby s 4, e
Y &Y el g%, fadd
Box t 9 o] FHQ % X — )
B 0 Ul Mol RS - 9)
Mo EY RS - V)
ta A7 AR TS > R )

da 2do] T 82 Tl A
R B SRR
aa o 479 3*‘“ el 3 8o Aok
N TAUTE E R T 0% TYW F A
9] Adlol Q& op\ el AMe A AEE o}
o) o] Hel},

Q = {(se) | s€S and 0<e=<ta(s)}
4 muel 4918 Gehle Wy 2y

% rﬁ
)}:

2
oo o
g FlO
ol

Nt
oy u

ceb %
Aol v 4¥ wdEE
Auct & R AY v
STk DEVS %40

A% 6 1 ELE
é}ﬁL DEIE]L &k

oX oXx

by

¢ 2
o—r‘r’?('l‘rio

e

Lo b
ﬂ,._t—h-zim

-

i

o 2

& e

= o

., o
.:OL_',

o

rir
o
o
&5
e

£
Pj

=y
ok

O
o
4>
o)
=
i
=
iih)
Tx
ta

i)

o

o e gy o - 4§ lo
-+
ox.
to
Ot

I EIC, EOC, IC, SELECT >

X 9 Abel WY, Hes
v

sk
=
9 Aol ZE, /e

M DEVS #4824
EIC : 9751 A7 #A
(EIC & CMIN x M.IN)
EOC: #|7-%8 A48
(EOC & MOUT x CM.OUT)
IC WiF dzdA IC & MOUT X
M.IN)
SELECT : subset of M — M, 8] #4484
Rdgol 2 Ajzfe Zﬁ‘ﬂ%% o
& o 1 FolA g n2v FF

vl 4, KeUY

T2 Az i ”Lﬂﬂ‘jlg‘
3}]0}; %L Ur:-ﬂo] 03120'_:1 7:] 1 o1
RNES ¢AHR *1"46PL Ry
& oo

]%5& *1 Beo)4
of P& sAs ‘4 DI:Vb 48t AlEd ol
= 94 249S 93 Simulatorst A% 22 9
3t Coordinator, A4 2718 #a& 3k Root
coordinator2 Yhgtl. DEVS Al E#o]4& DEVS
2B Holg oY &S Fgozs 2
DEVb g8k A

Pz, ol 18 2l o] E{ ol A
AR QI RARS Ao d uf 3 &
DEVSim++[5]& 01& A A2 AlgelelAd

ab7) flef wdEa) st AEYolHE AAAZ

AdelX DEVS @488 4Add sy

DEVSim++§~:— URIE A 2 gl C++ dolE

7o g pE s} AbgAtel A EHE At whE

Bl 458 AF 8

22 wUA €1a2lE

1975 Hollandell o3l A7ig 14 das
S AA AEAY HgolE S o] &% gMugolet
& o vk #HA dnEEL gAFzidA
2keke dle] $18 vYehdle 993 (chromosome)
o} AMAE Afole] HARWEE 3 dibabga}
Azl AgtAde VehE 34 (fitness function)



94 HIAIZ2fo| MBS =2 H8A H3E, 1999. 9

Procedure simpleGeneticAlgorithm()
begin
// Population: a pool of chromosomes
Population P, M;
initialize P;
for each chromosome of P
evaluate fitness of the chromosome;
while termination condition is not satisfied do
M = apply crossover operator to chromosomes of P
with a selection rule using a roulette wheel
with slots sized according to fitness;
P = apply mutation operator to chromosomes of M;
for each chromosome of P
evaluate fitness of the chromosome;
endwhile
end
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Function chromosome crossover(chromosome M, chromosome F)

// chromosome: a sequence of cities to be visited

begin
chromosome C;
generate edge lists from M and F;
cTity = select a city randomly;
C.visit(city);
while C is not filled do

if city.edgelist contains only one negative city then

city = the negative city;

else if city.edgelist contains two negative cities then

city = one of the two negative cities which has a shorter edge list;

else then

// all cities are positive

city = one of cities in the ¢ity.edgelist which has the shortest edge 1ist;

endif
C.visit(c7ty);
endwhile
return C;
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X = {input}
Y = {output, report, done}
S = {phase(={busy, idle}), queue, name}
Beye (S, €, X)
begin
car = x.Getvalue();
tc = GetTime(); .
if (car.crtbest() == s.name) then
car.CrtArrival(tc);
car.load();
tgo = CalcNextTravelTime(car);
car.NextSchedule(tc + tload + tgo);
s.qgueue.Add(car);
if (s.phase == idle) s.phase = busy;
endif
end
Sint(s)
begin
if (s.phase == busy) then
if (s.queue.Length() > 0) then
for each car in s.queue
if (car.NextScheule() == GetTime())
X.queue.Remove(car);
endfor
endif
if (s.queuve.Length() == 0)
s.phase = idle;
endif
end
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if (s.phase == busy) then

end

ta(s)
begin

tc = GetTime();
for each car in s.queue
if (car.NextSchedulie() == ta) then

send(car, “"output”);
send(car, “report”):
endif
endfor

if (s.phase == busy) then

ta = oo;
tCc = GetTime();
for each car 1in s.queue
if (ta > car.NextSchedule() - tc)
ta = car.NextSchedule() - tc;
endfor
return ta;

else

return «;

endif

end
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