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A Design of Capacitated Hub-and-Spoke Networks with Direct
Shipment: Evolutionary Algorithm based Approach
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In this paper we address a design problem for hub-and-spoke networks and then consider a capacitated hub
locations problem with direct shipment (CHLPwD). We determine the location of hubs, the allocation of nodes
to hubs, and direct shipment paths in the network, with the objective of minimizing the total cost in the network.
In this paper, CHLPwD is formulated as 0-1 integer programming. We develop an evolutionary algorithm here
to solve the large sized CHLPwD. To do this, we present the representation and the genetic operators suitable for
the problem and propose a heuristic method for the allocation of nodes to hubs. To enhance the search capability,
problem-specific information is used in our evolutionary algorithm. The proposed algorithm is compared with
the heuristic method in terms of solution quality and computation time. The experimental results show that our

algorithm can provide better solutions than the heuristic.
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Figure 1. Hub-and-spoke network.
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283 B AHE FlA AR FEEE T AA, (L) A
A4 o2 A Este] SRRl F7kskeh <Figure 3>¢] (3) ©]
g B F1 9o

322 Z7] BRI A A o] 318 429} X 2H

27 BT Al A sjBe] o Y= 7 A -9 F 5}
EH T AFED) T 5189 &7l A HEE o] &3t
AAgt) o] Bt} 8807 3k 457 sA
ott.

Topcuoglu et al.(2005)-& 7] EH ol A & B9 49} 9%
& ARste vl Slol 4 A F sHE gl i FHE o] &
sttt £ AFdlAe 7)ol B & AXHEAHRE
7hgk o5 Al R ol] o8 27) RS T3 Tk
HA, R 30% ] MAES 7 AT e HR 5
[1,.n/4] el A Qo2 AR st 18jar, 7t 7jA1 ] sE
AA & s HFA A9 283 Wl e AHE FolA 3
59 A7)0 vl FES 7 AR Faste] AGH &
Ho] Fukd 852 07 Mgt} o 7|4 ne& A A 9] Fo]1

{e

P

SEY 25 BE A 449 F A2 e PR
02 JY3) $& BEolnk B, mYU 0% AAE



A Design of Capacitated Hub-and-Spoke Networks with Direct Shipment: Evolutionary Algorithm based Approach

o T3l 2 A7} 2 S8 S (L, 4] SN Q)2
A3, ol B Hng AXE AL MEEFAN P9
213 0ol Sk AHE FIA 2 4Gl thal o) §eke A
g i o] £ AYUSE Ao 439 48
A 8l s £02 4 ofr]q S vl gu s
B82S AXH§07 Ui gl ek max}foz &
#se 55016k o) 7 12 4% A& gl dlel o

8 592 33k57] Aol b o2, B 40%
slahs Aol thal 2 AAA7} 2 SR S l4,..002] B
91 el AL ool U sl AR AA A4
S9 AP Y2 AR o] YL ThF S A
stof 9] 7] 592 A7) sk Helth

tlo ﬂl

BL'

323 A&k Brtek A9
A3} EA N HLr s 53] ZAe<o) o ¥ }g_q‘
e £ A A B2 CHLPWD = theksh A o
3fat STk o wAY B LR Qlste] fH%
A A BE A0S vhEshe 3o gato] ofelf 497t
AN Aoks FoAA HAZEH}

&3] wAg 2 f
Adae] s 4 BEAL 5 9 A%S FFA )P
S5 28A) e Aok A AolE HEES Pk B 3

FANA AL st 22210 I3} AL Aol
WHAE B0 $FA I I AFE
BAG47E 2 HSwoh ek A Sfuel &
£ shg o] Huo] Ratse WA WS

G

M2 AT 5, A9 B} A3} hehd

A8 L-9] & Qum o)z} T2} 18H, Qaum & 2] (1=
21, o 7)o s|B GgkA|oke] fjutol el wel WES Rt
sto] S E kgt B Aol AREEE A9 HS
= 371e4E evale o 2o

eval =Q,, ZPW" (10)

o} 7] A, HE & B9 Fgto] 3L PW, = max(HW - 1Ty, 0) ]tk

3, HWCE 312 koA A2islo} & Sk tehin 24
s} O SherlEolh o9 ¢ ASEE 1702 HolH o]

£ NP AN Feid T BRGNS FEHoT
Aegth deE RuE fAA0E Bale T A A
3 HSEE W TR NPy F MY Be SRS ke
T RA S WAAA Fok olH g o] 238} S o] -8}
FTaxdo] U5 YA wEdT: olFA % /Y AAE
HFEA o 2 A AFALSIA o] A S AL e A9
Ashs g el R sk ghs AR o] 8 QH A el X5}
M2 o g B85 wole sl ' A Qi

3.2.4 FAANA}

FAAR o= =LA wxKcrossover) 2t =<3 o)(mutation)

307
7S

1) 2zt

WARE F FRY FE& 5L AL A BH o G5

< 9lojok gt} CHLPWDOI A mxbe BR7} 2k 31 9]
Ao} 2¥ ) S Z*E:LFJL HosA 2 i3
Apeo| Al AR AEA A Folof s}, 3l AALL L
B} &7A ek “‘%j WAL ztert wehH o5k I
el F-ojof gk,

ozi
.
3; uu o

AA54o §Ho| SRS T o1—§ru} a2, AR
o ~xA9 FHEGe] JTFS T, AX A9 T 94|
w2t HBg AR FEulgo] DebAA Aok F, o] ZE

4 i@ el 5472 240 43 20k A CHLPWD

g402 s2al) A sue) SADY AU
—6‘01 Az dugol $48 &k nAAIAE 2o @
o). o] 98] 2 A TolA Aok wA e AR Thew
2t

o
o,
e
T
[
m
\:m
-p:

ol A AL, n]olA Yele] i

YA 2: 3 B2 3 TR i) dH wAS Sk
@A 3: ﬂx]—?ﬁ:;&ﬂ% o)A 3B} o}y Lo 3 o
X} 1 ekl o)1= OJXP—UIQW’X}() = R7 lf‘&t}.

= SRR S ﬂx}ﬁ Oi %PE}
A 5 AHFE RARE s € HwatE gk
@A 6: FH-2¥ 3T FHRE] v]dg Qxy*)Eol s

LEEEED wf‘fm

011

§H-2~¥ 3 REFEY A FE REFE
A Bk WA w19 29) B & B S E-AxF B
woll gle FRo YRS ARl A FEPT (e}, s1H7}
‘/}—:— fie AREo] A=W AEAl skt HAE o A

o= fHXﬂfﬂE}) DPﬁ] 30| S H7} o 2]3q & <

}a Fate hAlEL Hl7be ol B g, i 1Ak ghe Al A
3L A4 7he s 2 e S8 o5 PIeT AN E £

713 G 4o e AR R oig wA S A
g} ojm, AR pE RN WA #3]= 5B
2¥E FERE OM«] WA w2t 2, &, SH-2
23 TN AR Ak o AA)7F rooj ATk A



308
TE RERLAAMY WA AA e AHeE TR (),
oA i= -1 X3ste BFEVAE AP Z ARSI
ol S|H-AF A FEHFRA A Aol Al A& S H §1x] 9}
234 FHRE AHFE HHRENME o] A H 2
A5E ARE AL A FE5A717] oItk o]& EWE
A 5ol M e ARG5S BHARE tiste] wAE i
<Figure 4> A (1)} (2)= HolM e mapd kel 34 5
SA| 1914 5744 & Ve Aol Tt

A 6ollM= & RS t3f AT 7S o] 83t
of 3ol gFeit) oA AFFPKe] AL 7L v
g RARK*) ol tial, 7]13]ue-2 AdE o] gste] dAl FHS
+ AREY AH55 s B &S a8 stdA] Hgo] 7}

& ?ﬂ?ﬂﬂ & Ho] date Aot & AFTrES 52 &
FA S ST o] wETF QA7) o FHE Fof
A B 2 A sHo &FE 5 e 7|3 E AFe
of| 2 <Figure 4>2] (2)o| A A} 01 9] m]d =)H 1~ S1H 2
of shst u), <Figure 4>2] (3)9 FHFE FIARE (1,3),
(15), 3.1), (4.1), (5.2)= 1B 29| &35 4°1T°1 s
g AA 10] 3H 29 FH= Ag ELE} o714 (1,3),
(1,5), (3,1), (4,1)& &G A H 19 3}= o] 1 (5,2)€ 3B 2

l

o} ml

>
r (
<>
(2
o,

X
-8
9
ry

o e A1 PARP
o) () oIk, 444 82 o
chiaAH1%»4%@%}%M4Eimﬂaiﬂ
Astel B B350l 5ESel A§T 5 slek Wby o=
A5} BAL HDE AR 550 8L Tale] vl
o
o2 B g B

g A(RA 304 MY AAF) S el 1 ARES B
sol S0l W BE £$7325 F S8g A48 ¢
ol vis) 4845 vgel o e Adgel A 154

TR 2713 TH<Figure 4>9) (5)).
2) o]

st 5ol =
I BB 27]
2} CHLPWD YA &
HSIAIZ 4= Qlofof $F
A= *\:—34 2t

%ﬂ 3}

Step 1 ~ & crossover in hub-spoke part and direct shipment part

1 234i56 7 8 9
pi[6 0 222062 2] s)(%l)(% ﬁ](411(s 3545971007, 8)(3 9)(9,3)(9,4)(9.8)]
) __..-"':"*.‘.‘f‘“"“ gt R . Dire ¢hipment pars
12341567 8.9 ;
p».{__\ 30 717 303 -,;,|(L4)£_1-5){233](4.1)iS,Z)C5‘9)(6,3){S,4)(9,5)|

S 3@ 456 7,809
*

o= 0227 =0

(2) 3.
123456 7,/809

GG IEIEIEAES] |

Y [
0:[3 3 0 % x 0 6 * =|(1LA(1,52,6)(4,1)(5.3)(5.4)(5.9(7, 1(7.8)B,9(9.3)(.4)(9.8)|

Step 6 realocate unassigned genes.

123456789
1|2 0227

7 0 7 2| L5I0D00 D066 RENE.5)

&

6 7 9

L | e

345
066

| oo

1
0:[3 06

3 [ [(L (L5200, D 506N, S)EIH0, 005

Step 7¢ remove bad genes in the direct shipment part

1 8 9

|
=1

N
27

=3 I &)
[ AV

U'1|2r

07 2 {130,500, D@ DG,A0.9EA)

“

1 T8 9

| 1

L= R0
| =
|
(=1 =2}
L=

0,3

3 3 [ (2O DGG NG DEIOHED |

Slep 8 add good genes 1o the direct shipment parl

1 234567829

or[2 02 27 2 0 7 2 —ef13)(15(1,8)0E,1)3,6)(4,1)(5.2)(5.9)(6,3)E8.10,8)|

®

1 9

i | b
o
=
e |

i | oo

f?2|3

3 [ (1,7)(2,6)(3,4)(4,1)(5.,3)(5,1)(5.9)(6,5)(7,1)(8.9)(9,3)(%.4)]

Figure 4. Crossover.



SFA S AR50l i+ hub-and-spoke MIEH 2 AA: ALz 5 7] H 2 ol 28

SHSwapNode): = 7} 9] S| H oA 7} 5B &
AE YR s Qdlste] S HE w kst

—
N
—

boomin g r fu gu x|y oact oft
Mo K [m oo ]u: )

A U‘“(ReallocateNode) Yo7 s} AXIE
o g2 3B I,
LA (RelocateHub): 9 ¢]9] 234 s& Aj20] 5B
31, 0] 22 A 57} AZH 3B} o] §Ho| A2
2335 A2 S| B dHAE) AT
(NeWHub) dojo] ~x A sE A Zo] HHZ Tt
F3 57t AAE 7)€ FBe FFHo| Sl=
A5S 7€ S BG AZE 5B A SFgrt
258 9] 719 S AHER.
(DeIeteHub) FHE T Y= st 3
0}04 AAS L 1 S Ee] EEo] Y 2%
g SHE0 S ET 32589 7]

thrsh

—
w
g

—
o~
~

Iy o o= dn

fo 1 N

g

G
=
i)
2 0;1
X

2 (R | A
i T
=

>~
-

o
rlo
) J;“:
Fl

=

A E A ol&ol w2t A o) w0l RS A stal
919] 5744 B o] A F Y92 ShiE Hesiel e
3}, 571R] S o] AXAE BE S H.- AT FHEE
AL, ol DR AL Baishe o) 0] 495
S & FAA F7] Eolt o714 &
Ho] A2bAl AT AN T} AT AN YL 5B o) 9179}
l

HAeole Wshe F4] g W, S BaAl, B, 3
BAA A 8.9 A 5 ASAAN A2E 8
T} A= E R

AEAA A ug 5 A3 A%S 2 TA O A8
735, Aty 5o WA | ool ofsf R g ss
B 4= ltiFalkenauer, 1994). o]}t FEA|o A L] E2
ST S Asl TA AR BHA 7ol £3] A
S EHEiben et al., 1995). & AT XE Aetets dads
ol CHLPWD7} Zt= 2719 545 o] &3 24 7|Hs 2
grate] AHEsith A E o] AMHE 715 F oot 1 Hate

T3 2o

<% Aop

H 4393
us :mggd =
AS EFE 2¥TE9
HSy : 3B kol e 2
HW, : o] & H kol] &=
DWi: A i9] AR5 =

(DW= (wigs; + wiz; )
je Eﬁ ; i#Lij 7 i

Wi AR S BE et EEe ST

I P
l_,
N o

309

(W: (wi-erx,-)—DW;)
;@E7#1 / !

E}%E’_E—XVS ji%‘a Lﬁ}%

H|-&

Faj, 213 el A
Fol w7 E

A(‘L—Ezw +wy
T =

£ 5B &staa & o, 7P A2
£H] 8o WAlEHE HH. 2, k; = arg min ACj,
€

<A g Az
SA 1: HS, HWi k € HE %lfﬂt} I TS « USE E}
B 2: TSl A Qo2 ~¥ 3" Melsi),
2188k k €H ol thal| ACiy = AlXHaIth o] W), TSI A i
M Uz 22352 7P 717k §Hof dE 9l
ohar 7HA gk

2.2 kl=arg m|n AC “’]’ k2=arg min Aci*k = ?‘6‘}-_1—:’_
keH, k=k;

ki* -k o2 ¥}y O =AC, —AC-

@A 3: TS TS - {i }& FTh. TS = oA 22 7heh
A 4: UA= o2 T
4.1 "=arg max i o i g gkt

Nody, + By +~dy) Ty + Y, Atwdd; )z ;) .
52

(i
d,
I">'
(ot
K

ZO]

4.2 HWI;., +W; SHQH O] Eq__l HSQ <~ HSQ U{ll} ,
HW, «HW, +w, 2 FiL, oA god
UA«UAU{iIT & Th

@A 5:US < US - {i12 Tt} US = oo]d v 412 7h),

&7 6: US = gold £ g3}
6.1 UASIA Wi, iIEUAZ} 7H8 2 223 (8 Helsta A%
A9 F=FWiE 8L F de 7P 7R 5B

ghaie)

623 EFWE T& © s8I} EA8kA] ko, 7}
2 7Pk s Bl &3t} 28] UA < UA-{i}E F
I, GA 607 7

o M

ShA AFR0] WG 2xF9] I 7L 7] 3)H] 49
AdS AHEE Aolth v Y AF 0 e, o] AXAES 7}
&8l dgste] 74 AL vl (1) FdHE v 2
U AL v 89 A5 DA 29 ©A 3) v 8-& &
o 02 W3 223w 7P 7Pk B S Aoz B
o} o] & A7} 71 & 2 ARE A 2 SFA S 1)
T S| Hol Esiar 18R] RO UAS] =TT 491 5).

UASl Q& AXETE(SH §3JAFS THE381A] £3 2%
AE) EFo] /Mg & AREH AH R o] S-S 78
& e 7H 7Pk s Bl Sl (HA 6.1). Tk 3k
S 54T 5 e F BT 28R god 71 7k §
Hol ggeitHA) 6.2). 919 2 F4 L g TG Azt
Fro] 25 3 uj7hx] wkE-gioh



310 Hyun Soo Lee -

4, g3 A3

41 Ag94A

& A7AAM tFe EAE A7) sl AHE ElolE =

OR-Library(Beasley, 1990)2] AP datac]t}. AP data= Australia
Poste] A 3B YA EA o Bk 2=, 200749 A4
2 FAH Stk A ARE A 27(AH F)
n=10, 20, 25, 40, 50, 100, 200> & <] Hlo|g] FFo TR

Qg % glom, o5 2Azte] FAE 2 Ao R 45
W43} ou e Teeln Ik Ed, H1 AAH 83 3
BEe A7 T 492 Jroldlth HE AR gL ve

(low(L))Z E=-&(high(H)) 2.2, B4 Aok ==3(loose

i 2 Ry 88 Axu g7} §ng
F2LL, LT, HL, HT Ul 7k & 728
o} 28al S8 A ﬁ.‘—% ol A1 4= (collection), <=%(transfer),

H-ull(distribution) B]-8-o] #AE AFEL 47t a=3, £=0.75,
y= 22 FoiA 9)\13}
£ Aol A AgksEAS EarlE TS T SH
/‘1 Hhﬁ”ﬂr EhE RS I A e= i L 22 Aol A AA g 2
ol ofsf 3k HA s vlaatn 3k oA HrHE 9
SH A 71 3 W] gkt
H-A A 71 H-E Klincewicz(1991) ] A|<HsE 7] %S CHLPwD

Table 1. Comparison of CPLEX and the proposed EA: n=10
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o) g-3fe] 73 A3} wlwakirh. o714 52 R R S
CPLEX 758 AH&-8}o] 8}t

<Table 1>& EAS} A Z3)9] vlwg 913 A Asolch. v
WA AL 2719 FAo|Aw 2t QG #1Geka} 4 ul &
o W Alke] JoFe BAY 5 QRS AP AN

Problem Solution CPLEX Proposed EA
10LL Opt Sol 206456.6 206456.6
Opt hubs 4, 7 4, 7
Opt allocate 4, 4,4, 4 7,4, 7,7, 7,7 4, 4,4, 4,7, 4,7, 7,7, 7)
Opt DS pairs (L, 2) (1, 3) (3, 1) (3, 5) (8, 6) (8, 10) (10, 8) (1, 2) (1, 3) (3, 1) (3, 5) (8, 6) (8, 10) (10, 8)
Time 13.52 sec 0.84 sec
10LT Opt Sol 223190.1 223190.1
Opt hubs 5 6 5 6
Opt allocate (5, 6,5, 6,5 6,5, 6,5, 6) (5, 6,5, 6,5 6,5, 6,5, 6)
Opt DS pairs (7, 10), (8, 7), (8, 10), (10, 7) (7, 10), (8, 7), (8, 10), (10, 7)
Time 150.05 sec 1.11 sec
10HL Opt sol 223462.0 223462.0
Opt hubs 4,5 4,5
Opt allocate (5, 4,5, 4,5 4,5,/5,5,5) (5, 4,5 4,5 4,5,5,5, 5)
Opt DS pairs (7, 10), (8, 7), (8, 10), (10, 7) (7, 10), (8, 7), (8, 10), (10, 7)
Time 106.14 sec 1.48 sec
10HT Opt sol 223462.0 223462.0
Opt hubs 4,5 4,5
Opt allocate (5, 4,5 4,5 4,5,/5,5,5) (5,4,5 4,5, 4,5,/ 5,5, 5)
Opt DS pairs (7, 10), (8, 7), (8, 10), (10, 7) (7, 10), (8, 7), (8, 10), (10, 7)

Time 98.36 sec

3.77 sec
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Problem & nABell Al n& A &) 5, A9t B= 27} 6] B A3
H]-§-7} 5] B8 t gk A& & 7-5 UERHTE <Table 1> 9]
ARFGEL Boh fA olalE  AEE R AHE 4
skl B9 9X](Opt hubs)e} 2~XEZ9 FHH FHOpt
allocate) .= o] ERAATE ofm, 3 H.Ql A 2419
& Bo| ddgch 183 Fol| A Opt DS pairse A TFEHE
T ARES UETh

<Table 1> 4 CPLEX ¥ EAS] ZH e B E A okS =
ShallEolal, EAY AR 103) vHE A st S 7 £
< 3 Uepd Zlojth A3 A3 EAE E_‘E 5 l oA A3
o} Y3 5 2o ALATEE A3 A L0HS
18 4= Qlt}, o] ZEE A|9HsEAV} thR= Ao A s}
A AAEDNSS ST 4= Ak n > 1291 ASole AFE
AAAZEO 2 Q) A& & 4 ST

Table 2. Performance comparison of heuristic and the
proposed EA: n=20, 25, 40

Problem Solution Heuristic Proposed EA
20LL Cost 230908.3 220447.7
Hubs 10, 14 7, 14
20HL Cost 265788.6 251549.1
Hubs 10, 19 10
20LT Cost 274850.0 259481.6
Hubs 6, 9, 14, 15 9, 10, 14
20HT Cost 340480.4 311468.1
Hubs 1, 5, 10, 12 6, 8, 10
25LL Cost 2456415 233090.8
Hubs 8, 14, 19 8, 23
25HL Cost 297779.8 292132.5
Hubs 9, 23 14
25LT Cost 306768.7 284672.0
Hubs 4,6, 9, 13 6, 9, 12, 14
25HT Cost 379831.9 363418.1
Hubs 9, 10, 12 6, 9, 14, 25
40LL Cost 265362.6 233630.1
Hubs 12, 15, 36 14, 29
40HL Cost 319770.0 297437.4
Hubs 14, 29 14, 36
40LT Cost 368056.9 316490.3
Hubs 6, 9, 10, 25, 33, 40 10, 12, 14, 40
40HT Cost 549567.3 422587.9
Hubs 10, 12, 13, 25, 40 6, 14, 19, 25, 40

FEZFZ EA O tsf] AlHEAY] AT B ATl &
gate] AEA whe B 7HEF-E 3x) 3 Hlaste] 37t
5}tk <Table 2>3} <Table 3> ©] 29= Hof F1 9)th A
AT, BE TA A AQHSHEAE heuristic 7] E T} g o) 4
o2 22 AHNE Bt} 53], TAY R/ 23 S H &5
A ¢ko] &5 AMZHEA] 5ol -t dnh T HE
AxH o] #S W 5|H 7} HojA e AHE KA At
& EAQ] AIRAIZEE n=20, 25, 409 ), 22} o 8, 15, 8027}

28 531, n=100, 2009 ), Z+2} <F 500, 18007} &8 = =H)
&8 &eFA|oFo] 73 wf ThA T B2 A|7ko] 28 F U o
E 43 58 SFAFS Ax 59 58 dFE H) o]FA
3}7) W& 0 2 B Olt) <Table 1>, <Table 2> Z12] 2L <Table 3>
o] 23 B2 CHLPWDE &) 23k o 1o g7t =2

71 EA1Y ERE 9 dglo] AQFSEAT el Al Azt
Yol 2 39 s ES 71A 2 ok & 4 Qitk

Table 3. Performance comparison of heuristic and the
proposed EA: n=100, 200

Problem Solution Heuristic Proposed EA
100LL_ Cost 257038 1 228419.9
Hubs 29, 95 28, 92
100HL  Cost 340264.2 286095.1
Hubs 23, 28, 76 28, 92
100LT  Cost 398218.7 315377.8
b 12, 28, 30, 32, 21, 30, 51, 59,
ubs 33, 41, 96 64, 76, 91
100HT  Cost 726535.2 509023.0
Hubs 8, 19, 41, 43, 82 26, 30, 40, 76
200LL  Cost 267182.7 2337935
Hubs 9, 104, 125, 141 53, 145
200HL  Cost 316339.1 280778.4
Hubs 53, 91, 141, 191 91, 145
200LT  Cost 438373.2 285708.8
dups & 56 109, 132, 141, 26, 59, 109, 130,
ubs 143, 170 140, 191
200HT  Cost 915013.7 2478231
Jups 19 69, 88,102, 106, 9, 91, 109, 126,
S 169, 171, 182 180, 191, 198
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] Mean - UsedInfo2] Mean) / Random 2] Mean} x 100(%) = A|
APZANA =

Wsgnk 48 A, B
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Figure 5. Evolution speed of the proposed EA.
Table 4. Comparison of methods for generating initial population
Random UsedlInfo Improved
Problem
Best Mean Std Best Mean Std rate(%)
20LL 2215720 225051.9 1739.96 220447.7 222507.9 1030.12 1.13
20HT 313028.5 323703.6 5337.56 311468.1 319167.0 3849.45 1.40
25LL 233090.8 234304.7 606.97 233090.8 233493.6 201.41 0.34
25HT 381780.0 405008.3 11614.19 363418.1 371925.5 4253.64 8.17
40LL 236545.7 240864.6 2159.49 233630.1 235621.8 995.86 2.17
40HT 558095.8 607608.6 24756.39 422587.9 439128.4 8270.25 21.72
100LL 262762.8 273943.3 5590.26 228419.9 229961.7 770.91 16.05
100HT 608265.4 624315.8 8025.16 509022.9 526359.4 8668.23 15.69
200LL 243275.3 254647.4 5686.08 2337935 238463.7 2335.11 6.35
200HT 711543.2 769449.9 28953.31 447823.1 469344.5 3760.71 39.00
Table 5. Comparison of rearrangement methods
Problem H&V Method Proposed Method Improved
Best Mean Std Best Mean Std rate(%)
20LL 221572.0 224084.9 1256.43 220447.7 222507.9 1030.12 0.70
20HT 320140.4 326464.8 3162.20 311468.1 319167.0 3849.45 2.24
25LL 233090.8 234149.5 529.38 233090.8 233493.6 201.41 0.28
25HT 370343.2 376210.1 2933.46 363418.1 371925.5 4253.64 1.14
40LL 233630.1 240980.7 3675.31 233630.1 235621.8 995.86 2.22
40HT 531796.3 549247.9 8725.84 422587.9 439128.4 8270.25 20.45
100LL 228914.3 233823.8 245478 228419.9 229961.7 770.91 1.65
100HT 515966.9 542572.7 13302.93 509022.9 526359.4 8668.23 2.99
200LL 243275.3 246796.6 1760.67 233793.5 238463.7 2335.11 3.38
200HT 609610.8 645820.6 18104.82 447823.1 469344.5 3760.71 29.49




£33} A A5 o] = hub-and-spoke MIEY 2 AA: A3t gae] E 7)4ke] A2 ol 23 313

T2 AL 719l gk E4olk A48T 7ol
Hl = 3.25% 004 Ak A8 7'M 7 Helm and Venka-
taramanan(1998) ] A<tk ¥ CHLPwD ol BHAl 4 & 7]
BH&Y 718)3} wlmabeh, 54 HaY 71 e mee 2%
FoIM gairol 7HE 2 AFH Ad 2 s1H S3Ads
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<Table 5>= A&T 71l thgh dFdolth A2},
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Table 6. Effect of mutation operators on performance

HIAE 3,247 9] 2)ol] AAE EAH o] ANAE 7}y

51 A9l Aolx Berar) v
78] 2 2ol 2 Kol A g

R

o
I

o AT wsh 544 A4S EFdte] AET B

(‘Mixed’ & ¥ 7))l th3h

2 T H

Aolt)

<Table 6>l A B= n}s} o] BA4)¢) 7] 9} 3] 5 &84 oF

SwapNode ReallocateNode RelocateHub

NewHub

DeleteHub

Mixed

Problem

Best Mean Best Mean Best Mean

Best Mean

Best Mean

Best Mean

20LL 220447.7 228567.8 220587.9 229541.8 220447.7 224360.4 220447.7 230055.3
20HT 333041.9 350842.2 330072.6 348920.6 333541.8 352884.8 339143.8 359922.5
40LL 238509.5 250263.0 233630.1 248515.6 234919.9 251159.2 240517.1 254783.4
40HT 445687.8 458395.4 454134.8 461109.6 439586.0 441255.9 459124.9 488255.1
100LL 265668.9 276778.8 228942.7 234155.6 228855.0 232233.3 249915.8 251238.9
100HT 571844.4 599666.7 579350.1 610008.7 555237.1 575779.4 604147.3 633574.7
200LL 341565.5 379994.2 234002.0 251583.4 246529.6 249282.4 265097.2 2714455
200HT 557358.7 610441.5 510958.6 553224.3 461513.9 498117.6 542071.5 590003.8

220447.7 231584.2
321604.3 349022.3
242424.8 255513.2
457975.5 485988.5
237009.7 244484.5
623440.1 647724.4
270644.7 276988.9
563171.9 621110.7

220447.7 222507.9
311468.1 319167.0
233630.1 235621.8
438478.6 439128.4
228419.9 229961.7
509022.9 526359.4
233793.5 238463.7
447823.1 469344.5

Table 7. Effect of direct shipment

Not considered directshipment

Problem

Considered direct shipment

Improved rate(%)

Best Mean Best Mean
20LL 222278.2 239925.1 220447.7 222107.9 7.43
20HL 259985.7 270008.3 251549.1 255213.6 5.48
20LT 267852.6 2941425 259481.6 265330.7 9.80
20HT 331139.7 347241.3 311468.1 319167.0 8.08
40LL 242603.8 253586.3 233630.1 235621.8 7.08
40HL 312546.3 324975.1 297437.4 301116.2 7.34
40LT 348219.3 370083.4 316490.3 328237.1 11.31
40HT 496658.6 511001.2 422587.9 439128.4 14.07
100LL 234297.1 235792.7 228419.9 229961.7 247
100HL 3132445 310082.4 286095.1 290027.3 6.47
100LT 457660.9 471167.8 315377.8 333116.0 29.30
100HT 745708.3 760211.3 509022.9 526359.4 30.76
200LL 242858.9 247703.6 2337935 238463.7 3.73
200HL 302112.1 308331.0 280778.4 289727.9 6.03
200LT 377989.6 389721.0 285708.8 3141775 19.38
200HT 547428.4 562077.7 447823.1 469344.5 16.50
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