
Interna

Cuckoo
Hubs a

Mohamm

Mohammad
Nafiseh Sha
Seyed Ali To
 
KEYWOR
Hub location
Allocation,  
Reliable Pat
Fully Interco
COA. 

 
 

Public tra
problem in
countries. I
of teleco
networks b
controlling
in many-to
are used to 
a network. 
pair of o
located bet
distribute th
economies 
Hub locati
network d
                  

Correspondin
*

Email: mmnasi
Received 4 Ma
2017 

DOI: 1

Internation

ational Jour

o Optimi
among th

mad Mehd

d Mahdi Nasir
amsi Gamchi,

Torabi, School 

RDS 
n, 

th,  
onnection, 

1. In
ansportation 
n many de
In addition, 
ommunicatio
because they
 the traffic. 

o-many distr
connect the 
Therefore, i

rigin-destina
tween them 
he traffic in 

of scale o
ion problem

design prob
                   

ng author: Moha

iri@ut.ac.ir 
ay 2015; revised

10.22068/ijie

al Journal of Ind

nal of Indus

ization A
he Client

di Nasiri*, 

ri, School of I
, School of Ind
of Industrial 

 A

 

H
a
n
m
w
c
t
o
p
T
r
o
t
t

 ©

ntroduction
is a very

eveloped an
hubs are cri

on and 
y play an imp

Hubs are sp
ribution syst

origins and 
instead of co
ations direct
to consolida
order to tak

on inter-hub
ms arise in 
lems. The 
                 

ammad Mehdi N

d 4 March 2017;

epr.27.4.309 

dustrial Enginee

strial Engin

Decemb

htt

Algorith
ts 

Nafiseh S

Industrial Eng
dustrial Engin
Engineering, 

ABSTRACT
Hubs are cri
and allocati
network des
minimize the
which can in
center hub l
there are diff
of the model 
prior studies
This paper 
reliability to
of the deman
the proposed
the Cuckoo O

© 2016 IUST

n1 
y challengi
nd developi
itical elemen
transportati

portant role 
pecial faciliti
ems, and th
destinations 

onnecting ea
tly, hubs a
ate, route, a
e advantage 

b connection
most of t
hub locati

Nasiri 

; accepted 10 Ap

ering & Product

eering & Pr

er 2016, Volum
pp. 309-3

 
 

tp://IJIEPR.

m for a R

Shamsi Ga

gineering, Col
neering, Colle
College of En

T
itical elemen
ion of dema
sign. The m
e cost, but p
nfluence the 
location mod
fferent paths
is to determ

s, the numbe
presents a 

o determine t
nds to hubs, a
d model, a nu
Optimization

T Publication,

ng 
ng 
nts 
on 
in 

ies 
hey 

in 
ach 
are 
nd 
of 

ns. 
the 
on 

pril 

pr
an
ro
Th
of
di
se
m
in
co
ne
sp
ca
to
th
de
sp
C
ac
m
th

tion Research, D

roduction R

me 27, Number
320 

.iust.ac.ir/ 

Reliable

mchi & Se

llege of Engin
ege of Enginee
ngineering, U

nts of transpo
ands to them

most importa
path reliabili
location of h

del with full 
s between or
mine the relia

r of hubs in 
bi-objective

the best loca
and the most
umerical exa

n Algorithm.

, IJIEPR. Vol
roblem is co
nd allocating
oute the traff
his area is ri
f which are a
iffer in their
ervice level c

multiple alloc
n the mode
onsidering th
eglected and
poke network
ause degrada
o transfer flo
he current 
esigning mo
poke systems

Campbell [1]
ccording to

minimization 
he p-hub med

December 2016, V

esearch (201

r 4 

e Locatio

eyed Ali T

neering, Unive
ering, Univers

University of Te

ortation netw
m are of h

ant purpose 
ity is also an
hubs. In this 
interconnec
igins and de

able path wit
the path is n

e model wh
ations for hu
t efficient pa
ample is pres

l. 27, No. 4, A
oncerned with
g demand no
fic between 
ich and inclu
aimed to min
r constraints
constraints, 

cation, etc. a
els. Howeve
he reliability 
d few papers
ks, any malf
ation of the w
ows; moreov

networks 
ore reliable 
s is a critical 
 classified

o the opti
of the total

dian problem

Vol. 27, No. 4 

16) 

on-Alloc

Torabi 

ersity of Tehra
sity of Tehran

Tehran 

works. Locat
high importa

of these m
nother impo
paper, we p
tion among 

estinations. T
th lower cost
not limited t

hich include
ubs, the fines
ath. In order 
sented and s

All Rights Res
h locating hu

odes to hubs 
origin-destin
udes many m
nimize the co
s. Capacity 
delivery tim

are the main
er, the imp
of the netwo

s discuss it. 
function at th
whole netwo

ver, due to th
are quite 
networks i
issue.  
hub location

imization c
l transportat

m (which is 

ation of 

an  
n  

tion of hubs 
ance in the 

models is to 
rtant factor 
ropose a P-
hubs, while 

The purpose 
t. Unlike the 
to two hubs. 
es cost and 
st allocation 
to illustrate 

solved using 

served 
ub facilities 
in order to 

nation pairs. 
models most 
osts and just 
constraints, 

me, single or 
n constraints 
portance of 
orks is often 
In hub and 

he path may 
ork’s ability 
he fact that 
vulnerable, 

n hub-and-

n problems 
criteria: (i) 
tion cost in 
the original 



310 M. M. N
 

model prop
total transp
establishing
location p
maximum 
problem); 
hubs whi
predetermin

Alumu
hub locatio
possible t
considered 
which are 
location pro
service lev
Contreras, 
hub locati
connected 
combines 
design, and
Oktal and 
model of u
location p
considering
including d
cost, fixed
Alumur an
location p
facilities th
and sorting
systems, th
hub locatio
location m
problem, hu
hub center 
Kim and 
location 
networks. 
problem w
performanc
hubs for de
and Liu [8
allocation 
expected 
programmi
programmi
Their objec
cost. Melk
location/ne
the capacit
of demand 
designed a
strategic is
continuous
models. D

Nasiri, N. Sha

Internation

posed in [2]
portation co
g hubs (un-c
problem); (i

transportati
(iv) minimi

ile serving 
ned bound (h
ur, Nickel [3
on and netw
transportation

transportati
studied sep

oblems. The
vels for diff

Fernández 
ion problem

by means 
several aspe

d routing pro
Ozger [5] 

un-capacitate
problem. Th
g the value 
direct opera
d and vari

nd Kara [6] r
problems. S
hat serve as
g points in m
hey classifie
on models. 
models as 
ub location p
problem, an
O'Kelly [7] 
problems 

They presen
which focuse
ce in terms 
elivering flow
8] formulate

problem w
value mo

ing, an
ing accordin
ctive is to m

kote and Das
etwork desig
ty of facilitie

they can se
a distributio
ssue. In thi
 location mo
askin, Snyd

amsi Gamchi 

al Journal of Ind

); (ii) minim
ost and the 
capacitated/c
iii) minimiz
ion cost (
ization of th

each pa
hub covering
3] introduced
work design 
n modes. 
ion costs an
parately in 

ey also consid
ferent types 
[4] presented

m, where t
of a tree

ects of loca
blems. 
developed 

ed multiple 
he new co

and compo
ating cost, t
iable costs 
reviewed the
Since hubs 
s switching, 
many-to-man
ed and surv
They catego
follows: p

problem with
d hub coveri

discussed 
in telec

nted a new
s on maxim
of reliabilit

ws among cit
ed a capacit
with stocha
odel, chan
nd dep
ng to diffe

minimize the 
skin [9] com

gn problem. 
es is limited 
erve. Klose a
on network
is model, th
odels and ne
der [11] pre

& S. A. Tora

dustrial Enginee

mization of t
fixed cost 

apacitated hu
zation of t
(p-hub cent
he number 

air within 
g problem). 
d a multimod
with differe
They joint

nd travel tim
different hu

dered differe
of custome

d a model f
the hubs a

e. The mod
ation, netwo

the tradition
allocation hu
onstraints a
onents of co
total operati

for aircraf
e network hu

are spec
transshipme

ny distributi
veyed netwo
orized the hu
p-hub medi
h fixed cost, 
ing problem.
reliable p-hu

communicati
w hub locati
mizing netwo
ty by locati
ty nodes. Zh
tated locatio
astic deman
nce-constrain
pendent-chan
ferent criter

transportati
mbined facili
In this mod
to the amou

and Drexl [1
k which is 
hey develop
twork locati
sented facili

abi 

ering & Product

the 
of 
ub 
the 
ter 
of 
a 

dal 
ent 
tly 

mes 
ub 
ent 
rs. 
for 
are 
del 
ork 

nal 
ub 
are 
ost 
ng 

fts. 
ub 
ial 
ent 
on 

ork 
ub 
ian 
p-
 
ub 
on 
on 

ork 
ng 
ou 

on-
nds 
ned 
nce 
ria. 
on 
ity 

del, 
unt 
10] 

a 
ped 
on 
ity 

lo
re
tr
an
in
B
pa
hu
pa
tr
de
tim
hi
w
es
tim
M
co
pr
de
fr
de
re
re
th
pr
tr
de
hu
ed
ro
R
fo
pr
lin
co
an
co
w
A
m
m
lin
A
as
th
th
pr
H
co
de
es
Z
m

Cuckoo

tion Research, D

ocation decis
eviewed cl
aditional fix
nd the conte
ncorporate ad
ashiri, Mirz
arameters wh
ubs in the
arameters, s
affic, enviro
evelopment,
me. Alumu
ierarchical m

which two typ
stablished. I
mer-definite 

Miranda [14]
ombined tw
roblem and 
evelop a ne
reight indust
esign. In th
esponsible fo
e-routing, dis
he final dest
resented a M
ansport. In 
ecisions are 
ub nodes; (
dges to have
outing the flo

Razmi, Zahed
or reliable 
resented a b
near program
osts of prod
nd capacity 
overage perc

within prefer
Abedzadeh [
model which 
minimization 

nks (betwee
Although the
ssured that t
han a specifie
he dynamic 
roblem was 

Hosseininasab
overing radi
ecision varia
stablishing 
arandi [19]

maximize the

o Optimization

December 2016, V

sions in a sup
lassical mo

xed charge fa
ext of facilit
dditional feat
zaei [12] di
hich have cr
e best plac
such as qua
onmental iss
in the future
ur, Yaman

multimodal h
pes of hubs 
n this mode

deliveries
] worked o

wo models: 
the single-h
w formulati
try in a pa
his problem
or assemblin
sassembling,
tinations. Ge
MIP hub loc

their mod
made simul

(2) choosin
e a connecte
ows through 
di-Anaraki [
warehouse 
i-objective s
ming model
duction, tran

extension 
cent of custo
rred delivery
[17] propos
consists of 
of the total 
en all orig
ey considere
the reliability
ed value. A 

single all
proposed b

b [18], w
ius of hub 
ables in ord

additional 
presented a

e reliability

n Algorithm f

Vol. 27, No. 4 

pply chain d
odels inclu
acility locati
ty location d
tures of a sup
scussed the 

ritical roles t
ces. They 
ality of ser

sues, and ca
e, in addition
n [13] pr
hub location 
and hub link
el, they con
s. de Cam
on the MM

the vehic
hub location 
ion for the 
arcel deliver
, several fa
ng flows fro
 and deliver
elareh and N
cation model
del, several 
ltaneously: (
g the conn
ed hub-level
the cheapest
[16] propose
network de

stochastic mi
l to minimi
nsportation, 
and to ma

omer deman
y lead tim
sed a mul
cost minim

number of i
gins and de
ed a constr
y of a route
mathematica
location hub
by Zare Me

which consi
nodes as o

er to save t
hub node

an HLP whi
 of the ro

for a Reliable

design. They 
uding the 
ion problem 
decisions to 
pply chain. 

qualitative 
o locate the 
considered

rvice, zone 
apability for 
n to cost and 
roposed a 
problem in 

ks are to be 
nsidered the 
margo, de 

MHLRP and 
cle routing 
problem to 
problem of 
ry network 
acilities are 
om origins, 
ring them to 
Nickel [15]
l for public 

levels of 
(1) locating 

necting hub 
l graph; (3) 
t paths. 
ed a model 
esign. They 
ixed-integer 
ize average 

relocation,
aximize the 
nd delivered 
e. Eghbali, 
lti-objective 

mization and 
intermediate 
estinations). 
raint which 
e is not less 
al model for 
b covering 

ehrjerdi and 
idered the 
one of the 
the costs of 
es. Davari, 
ich aims to
outes. They 

e … 



Cuckoo Opti
 

considered 
network of 
Kim [20] d
and surviva
the substan
systems su
their intera
links. Karim
capacitated
problem 
Mohammad
presented 
and two im
solve a cap
location p
Moghaddam
heuristics 
allocation 
multi-criter
criteria we
location. 
Kanani [
imperialist 
capacitated
problem. Z
multi-level
appropriate
network ed
correct op
allocation. 
proposed a
p-hub cove
intrinsic un
Cuckoo sea
developed 
objective c
formulated 
optimizatio
random we
to become 
randomly, 
points can
fronts. 
The signifi
scope is th
hubs betwe
there may b
situation ar
in a path is
non-Euclid
propose a P
interconnec
different pa
In this m
minimized 

imization Algo

Internation

the reliabi
f hub-and-spo
discussed a m
able hub netw
ntial aspects
uch as loca
actions, the r
mi, Eydi [21
d single a

with a 
di, Tavak
a mixed-int

mproved met
pacitated sing
problem. G
m [23] comp
to solve 

problem. Y
ria decision
ights uncerta
Tavakkoli-M

[25] propo
competitive

d single-al
Zarei, Mah
 capacity 

e link types
dges leading
ptimum hu

Tavakkoli-M
a new robust 
ering proble
ncertainty of 
arch (CS) is 
by Yang 

cuckoo sear
d to dea
on problem
eights to co
a single obje
Pareto fron

n be distrib

icant shortco
hat the resear
een the origi
be more than
rises when th
s less than u

dean TSP.  T
P-center hub
ction amon
aths between

model, we c
and the rel

orithm for a R

al Journal of Ind

ility of eac
oke as fuzzy 
model to de
work. Kim [
s of the cu
ations deman
role of hubs,
] presented a
allocation 

hierarchic
kkoli-Mogha
teger progra
ta-heuristic  
gle allocation
Ghodratnama
pared three p
a new p-h
ahyaei, Bash

n making m
ainty to solv
Moghaddam
osed a m
e algorithm f
llocation h
hdavi [26] 
approach to
s to be ins
g to detemin
ub location
Moghaddam
mathematic

em, which c
some param
an optimiza

and Deb [2
rch (MOCS)
al with 

ms. This ap
mbine multi
ective. As th
nts can be 
buted divers

oming of the
rchers consid
ins and desti
n two hubs in
he cost of us
sing two hub

Therefore, in 
b location m

ng hubs, an
n origins an
consider the
liability to b

Reliable ……

dustrial Enginee

ch arc in t
variables. 
sign a reliab
19] consider

urrent netwo
nding servic
, and inter-hu
a model for t
hub locati

cal approc
addam [2
amming mod

algorithms 
n hub coveri
a, Tavakko
proposed met
hub locatio
hiri [24] us

methods und
ve logistic hu
, Gholipou
multi-objecti
for solving t
hub locati
presented t

o specify t
stalled on t
nination of t
n and spo
m, Baboli [2
cal model for
oped with t

meters. 
ation algorith
28]. A mul
) method w

multi-criter
pproach us
iple objectiv
e weights va
found, so t
sely over t

 papers in th
der one or tw
inations, wh
n the path. T
sing three hu
bs, such as t
this paper, w

model with fu
nd there a
d destination
e cost to 
be maximize

 

ering & Product

the 

ble 
red 
ork 
ce, 
ub 
the 
on 
ch. 
22] 
del 
to 
ng 

oli-
ta-

on-
sed 
der 
ub 
ur-
ive 
the 
on 
the 
the 
the 
the 
oke 
27] 
r a 
the 

hm 
lti-

was 
ria 
ses 
ves 
ary 
the 
the 

his 
wo 
ile 

The 
ubs 
the 
we 
full 
are 
ns. 
be 

ed. 

Th
or
Th
fo
as
bo
in
de
di
Fi
pr

Th
fo
de
as
 
2-
va
In
po
no
on
w
ܰ
cu
ܰ
no
ܰ
de
In
in
al
tr
ar
ሚ௜ܥ
ሙ௜ܥ
௜ܥ
௞ܥ
an
E
an
ݓ
Th
am
ca
ܿܽ
Si
su
ne
ܲ
In
or
di

M. M. Nasi
Torabi 

tion Research, D

he model fin
rigins and de
he remaind

ollows. We 
ssumptions o
ody and form
n Section 3
escription o
iscussed in 
inally, Sect
resents the p

2. Not
his section

ormulations
ecision var
ssumptions u

-1. Input 
ariables 
n this paper, 
otential hubs
odes potentia
ne is a subse

we define the 
 

ܰ: Set of Cl
ustomers in t
௉ܰ: Set of pot
odes ( ௉ܰ ⊆ ܰ
௉ܰ
ᇱ : Set of p

emand nodes
n this mod
ncluding fixe
llocating the 
ansportation
re as follows

௜: Fixed cost

௜: Fixed cost
௜௝: The cost o

௞௟௔: Unit cos
nd l via path 
ach demand
nd the amoun
 ௞௟: Demandݓ

he capacity 
mount of d
apacity. 
௜: Capacity݌ܽ
ince a P-c
upposed, it i
etwork and a
: Number of

n this model
rigins and d
ifferent reliab

iri, N. Sham

December 2016, V

nds the best 
estinations. 
er of the p

would ha
of the model 
mulation of t
3. Section 
of COA. N
Section 5 t

tion 6 conc
otential area

 

tations and
n introduces

of our m
riables, inp

underlying ou

parameter

we introduc
s. One of them
al for consti
et of non-dem
following se

lients; This 
the problem. 
tential hub l
ܰ) 

potential hub
s ( ௉ܰ

ᇱ ∩ ܰ ൌ
del, we con
ed cost of es

customers t
n. The notat

: 
t of installing
t of installing
of allocating 
st of transpo
a 

d node has a
nt of this flow
flow betwee
of each hub

demand cann

y of hub i 
center hub 
s necessary 

allocate the c
f hubs 
l, there are d

destinations,
bility as follo

msi Gamchi, 

Vol. 27, No. 4 

path for flow

paper is or
ve the not
 in Section 2
he problem i
4 discusse

Numerical e
to illustrate 
cludes the 

a for further s

d Assumpti
s the nota

model. Here,
put parame
ur models. 

rs and de

ce two diffe
m is a subset
ituting a hub
mand nodes
ets: 
set includes

ocations wit

b locations w
∅) 

nsider diffe
stablishing hu
to the hubs, 
tions of diff

g hub at node
g hub at node
 node i to hu

ortation amon

a flow to an
w is an input
en nodes k an
b is distincti
not be more

location p
to locate P 

customers to 

different pat
and also eac
ows: 

311
S. A. 

ws between 

rganized as 
tations and 
2. The main 
is presented 
es a short 
example is 
the model. 
paper and 

studies.  

ions 
ations and 
, we state 
eters, and 

ecision 

erent sets of
t of demand 

b. The other 
. Therefore, 

s all of the 

hin demand 

within non-

erent costs,
ubs, cost of 
and cost of 

ferent costs 

e ݅ ∈ ௉ܰ 
e ݅ ∈ ௉ܰ

ᇱ  
ub j. 
ng clients k

nother node 
t parameter.
nd l 
ive and the 
e than this 

problem is 
hubs in the 
these hubs.

ths between 
ch path has 

 



312 M. M. N
 

ܴ௞௟௔: Relia
We conside
one hub in 
௞௟௔: Set ofܨ
In addition
follows. 
௞௟௔ݔ
ൌ ቄ 1 ܽ݌	݂݅

0 ݄ݐ݋				
௜ݕ ൌ ቄ1 ݂݅	݊

0 ݄ݐ݋
௜௝ݖ ൌ ቄ1 ݂݅	

0 ݐ݋
 
2-2. Assum
The propos
following a
1. Th
2. Eac
(single allo
3. Th
4. Th
clients bas
determined
follows: 

| |

        

pN
TNP

P

 
 


 
and then, w
5. Th
than the tot
௞௟௔ܨ ൌ ሼ݆	|	
ܽ, ݏ݅	ݐ݅	݀݊ܽ
where |ܨ௞௟௔
	

There are 
allocation 
these mod
number of
consider th
the reliabi
minimizing
cost of tran
Here, we 
consists of
the reliabili
 

 1
pi N

Min OB


 

 
 2

k

Max OB 

'
p p

i
i N N

y P





 

'

1,  
p p

ij
i N N

z


 


0,  ij iz y  

Nasiri, N. Sha

Internation

ability of path
er that it is p
a path betwe
f hubs in path

n, the decisio

݁ݐ݈ܿ݁݁ݏ	ݏ݅	ܽ	݄ݐܽ
														݁ݏ݅ݓݎ݄݁
݈ܿ݁݁ݏ	ݏ݅	݅	݁݀݋݊
													݁ݏ݅ݓݎ݄݁
݅ݏݏܽ	ݏ݅	݆	݁݀݋݊
											݁ݏ݅ݓݎ݄݁ݐ

mptions 
sed model in
assumptions:

here are P hub
ch client is 

ocation). 
he hubs are fu
here are diff
sed on the 
d path. The t

'

1

| |
!

P
p

i

N
i

P 






 

we would hav
he number of
tal number o
݆ ∈
ݓݐܾ݁	ܾݑ݄	ܽ	ݏ
௔| ൏ ܲ. 

3. The Pro
many paper
models. Th

els is that t
f hubs in e
he cost, but 
ility of the 
g the cost of
nsportation b

have a bi-
f minimizing
ity. 

'
p p

i i i i
i N

C y C y


  


kla kla
l a

R x  

j N 
 

' ,  p pi N N  

amsi Gamchi 

al Journal of Ind

h a among cl
possible to h
een two dem
h a between 

on variables 

݋݊	݊݁݁ݓݐܾ݁	݀݁
																											
ܾݑ݄	ܽ	ݏܽ	݀݁ݐܿ
																									

 
݅	ܾݑ݄	݋ݐ	݀݁݊݃݅
																											

n this paper i
: 
bs to be loca
just allocate

ully interconn
ferent paths 

number of
total number

ve: ܽ ൌ ሼ1, 2
f hubs in eac
f hubs. 

ݏ݁݀݋݊	݊݁݁ݓ

oposed Mod
rs, including 
he main sh
they determ
each path, 
as in reality
path is as 

f establishing
etween two c

-objective fu
g the cost an

ij ij
i j k

C z  

j N   

& S. A. Tora

dustrial Enginee

lient k and l
have more th

mand nodes. 
clients k and
are defined 

݈	݀݊ܽ	݇	ݏ݁݀݋
																								

 

  

is based on t

ated. 
ed to one hu

nected. 
between tw

f hubs in t
r of paths is 

(

2,… , ܶܰܲሽ. 
ch path is le

݀݊ܽ	݇	ݏ ݈ሽ,
(

del 
hub locatio

hortcoming 
mine a specif

and they ju
y, maximizi

important 
g hubs and t
clients. 
unction whi
nd maximizi

kla
l a

C w
(3)

(4)

(5)

(6)

(7)

abi 

ering & Product

han 

d l 
as 

the 

ub 

wo 
the 
as 

(1)

ess 

(2)

on-
of 
fic 
ust 
ng 
as 

the 

ich 
ng 

)

)

)

)

)

kx

kx

w

kx

 
Th
in
no
th
Th
pa
C
m
i.e
on
co
al
C
an
C
l
hu
ca
its
 

Th
al
no
ad
m
ac
gl
w
ob
eg
as
so
so
ge
va
la
de
fl
 
4-
Th
en
ru
ob

Cuckoo

tion Research, D

y 0,  kla i i   

'
p p

kla i
k N N N

z
 

 


,  kl kla iw x cap i 
, , {0,1}kla i ijy z 

he first objec
nstalling hub
odes, the cos
he cost of flo
he second o
ath, which i

Constraint (1)
model. We ha

e., each dem
nly one hu
onstraint (2).
llocated to a

Constraints (4
nd l include

Constraints (5
can exist if 
ubs in that p
apacity, the a
s capacity. T

4. Cucko
he model is 
lgorithm (CO
onlinear opti
dvantages in

methods suc
ccuracy, and 
lobal search.

weights to co
bjective. In 
ggs are initia
s the initia
olutions (eg
olutions, an
eneration of 
alues and in
ast, the be
etermined a
owchart of th

-1. Solution
he random 
ncryption an
ule is appli
bjective func

o Optimization

December 2016, V

klaF

0,  ik klai F  

klaF

ctive functio
s in demand 
st of allocatin
ow between 

one maximiz
is selected 
) shows the 
ave a single a
mand node 
ub. This c
. Constraints
a hub only i
4) guarantee 
es hub i if t
5) show that 
k and l are 
path. Since 
amount of flo

This constrain

oo Optimiz
solved by t

OA) which is
imization pro

n comparison
h as rapid
ability of lo

. Applying M
ombine two 
this algorith

alized and loc
al solution. 
ggs) are d
nd thus rem

cuckoos is p
nfeasible sol
est places 
as the op
his algorithm

n represent
key repre

nd the smalle
ied to decr
ctions. 

n Algorithm f

Vol. 27, No. 4 

a
 

on minimizes
nodes and n

ng a node to
origin and 

es the reliab
to transport 
number of 

allocation in 
should be a

concept is 
s (3) allow a
if that hub 
that the path

that hub is 
the path bet
assigned to t
each hub ha
ow cannot b
nt is shown i

zation Algo
the cuckoo o
s suitable for
oblems. COA
n to other m
d convergen
ocal search in
MOCS, we u

objectives 
hm, cuckoos
cated in diffe

Some of 
detected as 
moved. The
produced an
utions are d
for the cu

ptimum solu
m is as in Fig

tation  
sentation is

est position v
rypt and ca

for a Reliable

(8)

(9)

(10)
(11)

s the cost of 
non-demand 
o a hub, and 
destination. 

bility of the 
the flows. 

hubs in the 
this model, 

allocated to 
shown by 

a node to be 
is installed. 
h between k
established. 
tween k and 
the existing 
as a limited 
e more than 
n (6). 

orithm 
optimization 
r continuous 
A has some 

metaheuristic 
nce, higher 
n addition to 
use random 
to a single 

s with their 
ferent places 

the initial 
infeasible 

en, a new 
nd the profit 
detected. At 
uckoos are 
ution. The 

g. 1 [29]. 

s used for 
value (SPV) 
alculate the 

e … 



Cuckoo Opti
 

 

 
4-2. Param
We design
important f
cuckoos, t
maximum 
clusters, 
maximum n
parameters
design of 
factors are 
shown in F

Tab. 1. L

No. of 
Cucko

os 

M
x

N
o
E
g

10 
20 

4
6
8
1

 
We have 
probability
150 and ௔ܲ
simulations
sufficient fo

imization Algo

Internation

Fig. 1. Flow

meter tuning
n different e
factors of CO
the maximu
number of 
the motion
number of c
, the Taguch
experiments
shown in T

Fig. 2. 

Levels for di
Ma
x 
o. 

of 
Eg
gs 

Max 
Iterati

on 

4 
6 
8 
0 

100 
120 
140 
160 

also varied
y ௔ܲ. We hav

 = 0, 0.1, 0.1
s show that 
for this optim

orithm for a R

al Journal of Ind

wchart of CO

g 
experiments 
OA such as 

um number 
iterations, t

n coefficien
uckoos. In o
hi method i
s. The level

Table 1, and 

ifferent fact

No. 
of 

Clust
ers 

M
Co

1 
2 
3 
4 

d population
e used n = 1

15, 0.2, 0.25,
n = 20 and 

mization prob

Reliable ……

dustrial Enginee

OA [29] 

based on t
the number 
of eggs, t

the number 
nt, and t

order to set t
s used for t
ls of differe
the results a

tors of COA

otion 
oeffici
ent 

Ma
No. 
Cuck

os

5 
6 
7 
8 

10
12
14
16

n size n a
5, 20, 50, 10
, 0.3, 0.35. T
௔ܲ = 0.25 a

blem. 

 

ering & Product

the 
of 

the 
of 

the 
the 
the 
ent 
are 

A 

ax 
of 
ko

s 

0 
2 
4 
6 

nd 
00, 

The 
are 

 

Su
th
de
5-
w
tw
lo
(s
an
m
Th
al

T

Hu

 
B
th

M. M. Nasi
Torabi 

tion Research, D

1

2.5000E+14

2.4800E+14

2.4600E+14

2.4400E+14

2.4200E+14

21

2.5000E+14

2.4800E+14

2.4600E+14

2.4400E+14

2.4200E+14

No.

M
ea

n 
of

 M
ea

ns

No

Fig. 2. R


5.
uppose that

hem are pote
emand and d
-center hub 

would be at m
wo clients, a
ocation of hu
see Appendix
nd destinat

maximize the
he model is 
lgorithm (CO

Tab. 2. H

B
Tehra

Tab. 3. Alloc

ub 

Tehran 

Mashhad 

Isfahan 

Kerman 

Tabriz 

y solving th
heir allocated

iri, N. Sham

December 2016, V

2 1

432 1

 of cuckkos M

 of Clusters Mot

Main Effects Plo
Data Me

Result of the

. Numerica
a country w
ntial location

demand node
location-allo

most 5 hubs
and the purp
ubs and alloc
x A). Then, t
tions would
e reliability 

solved by t
OA), and the 

Hubs selecte
algori

Best location
an, Mashhad,

Tabr

 

cation of citi

he model, the
d cities are d

msi Gamchi, 

Vol. 27, No. 4 

432 1

432 1

axNo of Eggs

tion Coefficient Ma

ot for Means
eans

e Taguchi m

al Example 
with 24 cities
ns for hubs a
es. Also, sup
ocation prob
s in each pa

pose is to de
cate the clie
the path betw
d be dete
and minimiz
the cuckoo o
results are a

ed by the pro
thm 
ns for hubs 
, Isfahan, Ke
riz 

ies to the sel

Allocated C
Mazanda

Ghazvin, Z
Hamedan, 

Golestan
Khorasan_

Ghom, M
ChaharMah
iari, Yazd 

Hormozg
SistanVaB
Khorasan_

Urmia, K
Ardabil 

e locations o
determined a

313
S. A. 

432

432

MaxIter

axNo of cuckoos

method 

s and all of 
among non-
ppose that a 
blem. There 
ath between 
etermine the 
ents to them
ween origins 
ermined to 
ze the cost. 
optimization 
as follows: 

oposed 

erman, 

ected hubs

City 
aran, Gilan, 

Zanjan, 
Karaj 

n, Semnan, 
_N 
MarKazi, 
halVaBakht

gan, 
aluchestan, 

_S 
Kordestan, 

of hubs and 
as in Tables

3 



314 M. M. N
 

2 and 3. 
minimized 
paths are 
consider th
Urmia. Usi
path: 
“Yazd- Isfa
reliability o
the path “Y
reliability o
The paths 
since we h
have lots o
model. 

 

Fig.

Fig

	

Public tra
problem in
countries. I
of teleco
networks, b
controlling

Nasiri, N. Sha

Internation

They show
by using 
determined

hat someone 
ing this mod

ahan- Tehran
of 0.9234 w

Yazd- Isfahan
of 0.7302. 

between th
have 20 cities
of paths whi

. 3. Iran map

g. 4. Converg
algorith

6. Co
ansportation 
n many de
In addition, 
ommunicatio
because they
 the traffic. I

amsi Gamchi 

al Journal of Ind

 that the c
these hubs.

d as well. 
in Yazd wan
del leads to 

n- Tabriz- Ur
which is more
n- Tabriz- Ur

he hubs are 
s and five hu
ich are deter

p by determ
 

gence of the 
hm (ൈ ૚૙૞ሻ 

nclusion 
is a very

eveloped an
hubs are cri

on and 
y play an im
In this paper

& S. A. Tora

dustrial Enginee

cost would 
 The reliab
For examp
nts to travel 
the followi

Urmia” with t
e reliable th

Urmia” with t

different, a
ubs, we wou
rmined by t

mined hubs

proposed 

y challengi
nd developi
itical elemen
transportati

mportant role 
r, we propos

abi 

ering & Product

be 
ble 
le, 
to 
ng 

the 
han 
the 

nd 
uld 
the 

 

 

ng 
ng 
nts 
on 
in 

sed 

a 
fo
no
be
an
by
w
de
st
lo
ap
st
ne
	

[1

 
[2

 
[3

 
[4

 
[5

 
[6

 
[7

Cuckoo

tion Research, D

bi-objective
or establishin
odes to the h
etween two c
nd maximize
y Cuckoo Op

with 31 citie
etermined be
tochastic dem
ocation-alloca
pproach can 
tudies. Furth
etwork instea

1] Camp
formu
proble
Opera
(1994

2] O'kell
progr
hub 
Opera
(1987

3] Alum
Gama
uncer
B: M
(2012

4] Contr
The 
Europ
Resea
390-4

5] Oktal
cargo
Journ
Vol. 2

6] Alum
locati
Europ
Resea
21. 

7] Kim, 
Locat
Teleco
Geogr
(2009

o Optimization

December 2016, V

 model to fi
ng the hubs,
hubs, and de
clients in ord
e the reliabili
ptimization A

es and diffe
etween origi
mand for the
ation proble

be conside
hermore, one
ad of fully in

Refere
pbell, J.F., 
ulations of 
ems. Eur
ational Rese
4), pp. 387-40

ly, M.E., 
ram for the 

facilities.
ational Rese
7), pp. 393-40

mur, S.A., N
a, F., H
rtainty. Trans
Methodologic
2), pp. 529-54

reras, I., Fe
tree of hu

pean Journ
arch. Vol. 2
400. 

, H. , Ozger,
o transporta
al of Air T
27, No. (2013

mur, S. , Ka
ion problems
pean Journ
arch. Vol. 19

H. , O'Kelly
tion 
ommunicatio
raphical Ana

9), pp. 283-30

n Algorithm f

Vol. 27, No. 4 

nd out the b
, allocating t
etermining th
der to minim
ity. The mod
Algorithm fo

erent reliable
in and destin
e customers 
em with re

ered for futu
e can study 
nterconnected

ences 
Integer pr
discrete hu

ropean Jo
earch. Vol. 
05. 

A quadrat
location of 
European J

earch. Vol. 
04. 

Nickel, S.,S
Hub locatio
sportation Re
cal. Vol. 4
43. 

rnández, E.
ubs location
nal of 
02, No. 2, 

, A., Hub loc
ation: A c
Transport M
3), pp. 1-4. 

ra, B.Y., N
s: The state 
nal of 

90, No. 1, (20

y, M.E., Reli
Problems 

on 
alysis. Vol. 
06. 

for a Reliable

best strategy 
the demand 
he best path 

mize the cost 
del is solved 
or a country 
e paths are 
nation. The 
or different 

eliable path 
ure research

a hub-tree 
d hubs. 

rogramming 
ub location 
ournal of 
72, No. 2, 

tic integer 
f interacting 
Journal of 
32, No. 3, 

aldanha-da-
on under 
esearch Part 
46, No. 4, 

,Marín, A., 
n problem.
Operational 
(2010), pp. 

cation in air 
case study.

Management. 

Network hub 
 of the art.
Operational 
008), pp. 1-

iable p‐Hub 
in 

Networks.
41, No. 3, 

e … 



Cuckoo Opti
 

 
[8] Zh

for
pro
eng
11

 
[9] Me

fac
pro
ope
(20

 
[10] Klo

mo
Eu
Re
29.

 
[11] Da

Fa
in 
opt

 
[12] Ba

Mo
pro
sol
Mo
35

 
[13] Alu

Hie
pro
Tra
and
6, (

 
[14] de 

G.,
and
ma
Ap
37,

 
[15] Ge

pro
Tra
and
6, (

 
[16] Ra

M.
mo
red

imization Algo

Internation

hou, J. , Liu, 
r capacita
oblem. Co
gineering. V
1-125. 

elkote, S. , D
cility loc
oblems. E
erational res
001), pp. 481

ose, A. , Dr
odels for di
uropean Jo

search. Vol. 
. 

askin, M.S., 
cility locatio

Logistics 
timization. (2

ashiri, M., M
odeling fuzzy
oblem and
lution. A
odelling. Vo
13-3525. 

umur, S.A.,
erarchical m
oblem with 
ansportation 
d Transporta
(2012), pp. 1

Camargo
,Løkketangen
d an exact a

any hub lo
pplied Math
, No. 12, (20

elareh, S. , 
oblems in 
ansportation 
d Transporta
(2011), pp. 1

azmi, J., Zah
, A bi-object

odel for rel
design. Mat

orithm for a R

al Journal of Ind

B., New stoc
ated locat
omputers &

Vol. 45, No. 

Daskin, M.S
cation/netwo
European 
search. Vol.
1-495. 

rexl, A., Fa
istribution s
ournal of 

162, No. 1, 

Snyder, L.V
on in supply

systems: 
2005), Sprin

Mirzaei, M
y capacitated

d a genet
Applied 
ol. 37, No. 

, Yaman, H
multimodal 

time-defini
Research Pa

ation Review
1107-1120. 

, R.S., d
n, A., A ne
approach for
ocation-rout
ematical M

013), pp. 746

Nickel, S., 
transportati
Research Pa

ation Review
1092-1111. 

hedi-Anaraki
tive stochasti
iable wareh
thematical a

Reliable ……

dustrial Enginee

chastic mode
tion-allocati
& industr
1, (2003), p

S., Capacitat
ork desig

journal 
. 129, No. 

acility locati
system desig

Operation
(2005), pp. 

V.,Berger, R.T
y chain desig

Design a
ger. p. 39-65

.,Randall, M
d p-hub cent
tic algorith

Mathematic
5, (2013), p

H.,Kara, B.Y
hub locati

ite deliverie
art E: Logisti

w. Vol. 48, N

de Mirand
w formulati
r the many-t
ting proble
odelling. Vo
5-7480. 

Hub locati
ion network
art E: Logisti

w. Vol. 47, N

, A.,Zakerin
ic optimizati
house netwo
and Comput

 

ering & Product

els 
on 
ial 

pp. 

ted 
gn 
of 
3, 

on 
gn. 
nal 
4-

T., 
gn, 
nd 

5. 

M., 
ter 
hm 
cal 
pp. 

Y., 
on 
es. 
ics 

No. 

da, 
on 
to-
m. 
ol. 

on 
ks. 
ics 

No. 

nia, 
on 

ork 
ter 

[1

 
[1

 
[1

 
[2

 
[2

 
[2

 
[2

 
[2

M. M. Nasi
Torabi 

tion Research, D

Mode
1804-

17] Eghba
Multi-
locati
conve
Journ
Engin
No. 3

18] Zare 
Dynam
Flexib
Journ
Produ
(2015

19] Davar
fuzzy 
Fuzzy
(NAFI
North

20] Kim, 
proble
netwo
Unive

21] Karim
Mode
Alloca
Hiera
Journ
27, N

22] Moha
impro
algori
cover
Journ
Produ
(2011

23] Ghodr
Mogh
three p
new p
Intern
Trans
(2013

24] Yahya
multi-
netwo
weigh
Intern

iri, N. Sham

December 2016, V

elling. Vol. 5
-1813. 
ali, M., Abe
-objective r
ion con
enience using
al of 

neering and 
, (2014), pp.

Mehrjerdi, Y
mic Hub C
ble Covering
al of Industr

uction Resea
5), pp. 175-19

ri, S., Zarand
reliable hu

y Informatio
FIPS), 2010 A
h American. (

H., Reli
ems and pro

ork design. (
ersity. 

mi, M., E
eling of th
ation Hub L

archical Ap
al of Engine
o. 4, (2014).

ammadi, M.
oved shuff
ithms for a 2
ing location
al of Indu

uction Resea
), pp. 179-18

ratnama, 
haddam, R.,B
proposed me
p-hub locati
national Jou
actions C: A

3), pp. 1043.

aei, M., Ba
-criteria log
ork segmen
hts uncerta
national Jou

msi Gamchi, 

Vol. 27, No. 4 

58, No. 11, 

edzadeh, M.
reliable hub
nsidering 
g NSGA-II. In

System 
Managemen

 450-460. 

Y. , Hossein
Covering Pro
g Radius. In
rial Engineer
arch. Vol. 2
92. 

di, M.F.,Turk
b location p
on Processi
Annual Mee
(2010). IEEE

able p-hub
otection mod
(2008), The 

Eydi, A.,K
e Capacita
ocation Prob
pproch. In
ering (1025-
 

, et al., G
ffled frog
2-stage mod

n network. In
ustrial Engi
arch. Vol. 2
87. 

A., 
Baboli, A., 
eta-heuristic
ion-allocatio
urnal of E
Aspects. Vol

ashiri, M.,Ga
gistic hub l
tation unde
inty (resea
urnal of E

315
S. A. 

(2013), pp. 

.,Setak, M., 
b covering 

customer 
nternational 

Assurance 
nt. Vol. 5, 

ninasab, H., 
oblem with 
nternational 
ring &amp; 
26, No. 3, 

ksen, I. The 
problem. in 
ing Society 
eting of the 
E. 

b location 
dels for hub 

Ohio State 

Korani, E., 
ated Single 
blem with a 
nternational 
-2495). Vol. 

Genetic and 
g leaping 
del of a hub 
nternational 
ineering & 
22, No. 3, 

Tavakkoli-
Comparing 

cs to solve a 
on problem.
Engineering-
. 26, No. 9, 

armeyi, Y., 
location by 
er criteria 

arch note).
Engineering-

5 



316 M. M. N
 

Tra
No

[25] Tav
Ka
obj
alg
allo
Int
Tra
(20

 
[26] Zar

App
Int
En
24,

 
[27] Tav

A.,
App
wit
Ho
Jou
25,

 
[28] Ya

Lév
Ins
Wo

 
[29] Raj

alg
11,

 

Nasiri, N. Sha

Internation

ansactions B
o. 8, (2013), p
vakkoli-Mog

anani, Y.,Sh
jective i
gorithm for
ocation h
ternational 
ansactions C
013), pp. 605

rei, V., et al
pproach to th
ternational 
ngineering & 
, No. 1, (201

vakkoli-Mog
,Vahdani, B

pproach for a
th Produc
orizons and 
urnal of Ind
, No. 4, (201

ang, X.-S. , D
vy flights. i
spired Comp
orld Congres

ajabioun, R
gorithm. App
, No. 8, (201

amsi Gamchi 

al Journal of Ind

B: Applicati
pp. 1205. 
ghaddam, R
hahramifar, 
imperialist 
r a capaci
ub locatio
Journal of 

C: Aspects. V
5-612. 

l., A Multi-L
e Hub and Sp
Journal o

Production R
3), pp. 1-15.

ghaddam, 
B., A Robust
a p-Hub Cov
ction Faci
Transporter

dustrial Eng
4). 

Deb, S. Cuck
in Nature &
puting, 2009.
ss on. (2009)

R., Cuckoo 
plied soft co
1), pp. 5508

& S. A. Tora

dustrial Enginee

ions. Vol. 2

R., Gholipou
M., A mul

competiti
itated singl
on proble

Engineerin
Vol. 26, No. 

Level Capac
Spoke Networ
of Industr
Research. Vo
. 

R., Babo
t Optimizati

vering Proble
ilities, Tim
r. Internation
gineering. Vo

koo search v
& Biologica
. NaBIC 200
). IEEE. 

optimizati
omputing. Vo
-5518. 

abi 

ering & Product

27, 

ur-
lti-
ive 
le-
m. 

ng-
6, 

ity 
rk. 
ial 
ol. 

oli, 
on 
em 
me 
nal 
ol. 

via 
lly 

09. 

on 
ol. 

Cuckoo

tion Research, D

o Optimization

December 2016, V

n Algorithm f

Vol. 27, No. 4 

for a Reliablee … 



 

A

City Tehran 

Tehran 100000 

Mashhad 883 

Isfahan 446 

Karaj 51 

Tabriz 626 

Shiraz 939 

Ahvaz 967 

Ghom 151 

Kermanshah 502 

Rasht 333 

Kerman 1,047 

Urmia 768 

Zahedan 1,579 

Arak 288 

Hamedan 321 

Yazd 626 

Ghazvin 152 

Ardabil 592 
Bandar e 
Abbas 1,530 

Zanjan 334 
Khoram 
Abad 629 

Sanandaj 492 

Gorgan 414 

Sari 280 

Shahrekord 538 

Bushehr 1,068 

Bojnurd 825 

Appendix A- Da

Mashhad Isfahan Karaj 

883 446 51 

100000 1,252 940 

1,252 100000 462 

940 462 100000 

1,514 901 579 

1,344 570 944 

1,762 522 1,004 

953 316 187 

1,378 641 524 

1,222 645 287 

909 734 1,084 

1,657 1,079 722 

943 1,275 1,631 

1,087 333 309 

1,198 530 343 

917 313 662 

1,042 471 106 

1,482 904 546 

1,634 1,078 1,567 

1,222 608 287 

1,505 768 651 

1,369 702 514 

567 852 423 

730 718 319 

1,333 123 574 

1,645 615 1,104 

262 1,190 879 

Cuckoo O

ata Gathering 

Tabriz Shiraz Ahvaz 

626 939 967 

1,514 1,344 1,762 

936 480 522 

579 944 1,004 

100000 1384 1,097 

1,384 100000 527 

1,097 527 100000 

766 798 831 

778 1,021 638 

492 1,127 1,160 

1,662 595 1,170 

152 1,561 1,272 

2,210 1,102 1,677 

726 815 753 

597 1,012 797 

1,241 439 812 

471 953 987 

277 1,386 1,358 

1,981 670 1,245 

296 1,091 972 

905 909 550 

455 1,183 866 

1,032 1,333 1,367 

898 1,200 1,233 

989 523 478 

1,518 287 436 

1,452 1,349 1,701 

Optimization Algor

International

Tab.

Ghom Kermanshah Rash

151 502 3

953 1,378 1,2

316 641 6

187 524 2

766 778 4

798 1,021 1,1

831 638 1,1

100000 443 4

443 100000 5

472 549 1000

906 1,364 1,3

907 636 6

1,447 1,904 1,9

135 313 4

321 199 3

484 942 9

291 418 1

731 660 2

1,389 1,620 1,7

474 486 2

570 193 6

492 229 4

544 911 5

410 777 3

397 527 7

926 906 1,2

892 1,317 8

rithm for a Reliab

l Journal of Industrial

. A. 1. Cost of t

ht Kerman Urmia Zahe

333 1,047 768 1,

222 909 1,657

645 734 1,079 1,

287 1,084 722 1,

492 1,662 152 2,

127 595 1,561 1,

160 1,170 1,272 1,

472 906 907 1,

549 1,364 636 1,

000 1,368 633 1,

368 100000 1,806

633 1,806 100000 2,

915 537 2,348 100

493 1,049 719 1,

384 1,180 533 1,

946 419 1,380

178 1,190 610 1,

247 1,631 2,030 2,

726 496 2,119

200 1,370 436 1,

692 1,487 769 2,

483 1,351 411 1,

500 1,141 1,171 1,

366 1,128 1,037 1,

735 879 1,128 1,

263 850 1,657 1,

806 1,008 1,596 1,

le …… 

l Engineering & Prod

transshipment 

edan Arak Hamedan Y

,579 288 321

943 1,087 1,198

,275 333 530

,631 309 343

,210 726 597

,102 815 1,012

,677 753 797

,447 135 321

,904 313 199

,915 493 384

537 1,049 1,180

,348 719 533

0000 1,590 1,722

,590 100000 188

,722 188 100000

960 628 764 10

,735 317 242

,175 690 566

710 1,416 1,595

,917 434 305

,026 437 312

,893 362 175

,300 698 735

,423 564 601

,375 309 464

,346 953 1,132

,108 1,025 1,136

M. M. Nasiri
Torabi 

uction Research, Dece

from hub k to 

azd Ghazvin Ardabil 

B
e 
A

626 152 592 

917 1,042 1,482 

313 471 904 

662 106 546 

1,241 471 277 

439 953 1,386 

812 987 1,358 

484 291 731 

942 418 660 

946 178 247 

419 1,190 1,631 

1,380 610 2,030 

960 1,735 2,175 

628 317 690 

764 242 566 

00000 766 1,206 

766 100000 435 

1,206 435 100000 

916 1,550 1,982 10

949 179 261 

1,060 545 811 

927 409 538 

752 558 746 

740 424 612 

463 560 954 

730 1,089 1,483 

938 980 1,053 

i, N. Shamsi Ga

ember 2016, Vol. 27, N

 hub l 
Bandar 

Abbas Zanjan 
Khoram 
Abad S

1,530 334 629

1,634 1,222 1,505

988 651 768

1,567 287 651

1,891 295 905

580 1,133 909

1,245 972 550

1,389 474 570

1,620 486 193

1,726 200 692

496 1,370 1,487

2,119 436 769

710 1,917 2,026

1,416 434 437

1,595 305 312

916 949 1,060

1,550 179 545

1,982 261 811

00000 1,730 1,574

1,599 100000 613

1,574 613 100000

1,780 285 357

1,555 740 905

1,543 606 771

1,120 697 354

952 1,226 818

1,513 1,160 1,444

31
amchi, S. A. 

No. 4 

anandaj Gorgan Sari S

492 414 280

1,369 567 730

702 852 718

514 423 319

455 1,032 898

1,183 1,333 1,200

866 1,367 1,233

492 544 410

229 911 777

483 500 366

1,351 1,141 1,128

411 1,171 1,037

1,893 1,300 1,423

362 698 564

175 735 601

927 752 740

409 558 424

538 746 612

1,780 1,555 1,543

285 740 606

357 905 771

100000 898 764

898 100000 132

764 132 100000

647 935 804

1,062 1,464 1,334

1,307 305 436

17 

Shahrekord Bushehr Bojnu

538 1,068 82

1,333 1,645 26

123 615 1,19

574 1,104 87

989 1,518 1,45

523 287 1,34

478 436 1,70

397 926 89

527 906 1,31

735 1,263 80

879 850 1,00

1,128 1,657 1,59

1,375 1,346 1,10

309 953 1,02

464 1,132 1,13

463 730 93

560 1,089 98

954 1,483 1,05

1,120 952 1,71

697 1,226 1,16

354 818 1,44

647 1,062 1,30

935 1,464 30

804 1,334 43

100000 554 1,27

554 100000 1,80

1,271 1,801 10000

urd Birjand Ilam Semna

25 1,120 670 21

62 1,645 1,547 66

90 900 810 58

79 1,172 692 27

52 1,751 757 84

49 1,071 960 1,06

01 1,429 601 1,09

92 1,184 612 28

17 1,607 167 70

06 1,456 734 55

08 581 1,525 97

96 1,890 713 98

08 453 2,067 1,36

25 1,323 479 41

36 1,431 353 52

38 638 1,101 58

80 1,277 587 37

53 1,715 911 81

19 1,174 1,162 1,38

60 1,459 654 55

44 1,297 292 83

07 1,593 303 69

05 850 1,071 30

36 968 940 19

71 1,017 697 66

01 1,478 914 1,19

00 650 1,485 60

an Yasuj 

17 783 

68 1,303 

86 330 

71 819 

48 1,233 

68 252 

93 425 

84 641 

08 833 

52 979 

74 815 

88 1,372 

64 1,311 

17 668 

28 847 

81 388 

72 804 

12 1,198 

88 932 

56 941 

35 660 

99 1,010 

05 1,180 

97 1,049 

63 269 

93 454 

06 1,516 



 

Birjand 1,120 

Ilam 670 

Semnan 217 

Yasuj 783 

City 

Tehran 

Mashha

Isfahan 

Karaj 

Tabriz 

Shiraz 

Ahvaz 

Ghom 

Kerman

Rasht 

Kerman

Urmia 

Zahedan

Arak 

Hameda

Yazd 

Ghazvin

Ardabil 
Bandar 
Abbas 

Zanjan 
Khoram
Abad 

Sananda

Gorgan 

Sari 

1,645 900 1,172 

1,547 810 692 

668 575 271 

1,303 330 819 

Tehran 
Mashh
ad 

Isfa
n 

10000
00 8830 44

ad 8830 
10000

00 12,5

4460 12,520 
100

510 9400 46

6260 15,140 90

9390 13,440 57

9670 17,620 5,2

1510 9,530 3,1

nshah 5020 13,780 64

3330 12,220 6,4

n 10,470 9,090 7,3

7680 16,570 10,7

n 15,790 9,430 12,7

2880 10,870 3,3

an 3,210 11,980 5,3

6260 9,170 3,1

n 1,520 10,420 4,7

5920 14,820 9,0
e 

15,300 16,340 10,7

3340 12,220 60
m 

6,290 15,050 7,6

aj 4920 13,690 7,0

4,140 5,670 8,5

2800 7,300 7,1

318 M. M

1,751 1,071 1,429 

757 960 601 

847 1,058 1,093 

1,233 252 425 

aha
Karaj Tabriz Shiraz

460 510 6260 939

520 9400 15,140 13,44
000
00 4620 9,360 4,80

620 
10000

00 5790 944

010 5790 
10000

00 1384

700 9440 13,840 
1000

0

220 10,040 10,970 527

160 1870 7660 798

410 5240 7,780 10,21

450 2870 4,920 11,27

340 10,840 16,620 595

790 7220 1,520 15,61

750 16,310 22,100 11,02

330 3090 7,260 8,15

300 3,430 5,970 10,12

130 6620 12,410 4,39

710 1,060 4,710 9,53

040 5460 2,770 13,86

780 15,670 19,810 6,70

080 2870 2,960 10,91

680 6,510 9,050 9,09

020 5140 4,550 11,83

520 4,230 10,320 13,33

180 3190 8,980 12,00

M. Nasiri, N. Sham

International

1,184 1,607 1,4

612 167 7

284 708 5

641 833 9

Tab. A. 2. 

z Ahvaz Ghom 
Kerma
nshah 

90 9670 1510 5020

40 17,620 9,530 13,780

00 5,220 3,160 6410

40 10,040 1870 5240

40 10,970 7660 7,780
00
00 5270 7980 10,210

70 
10000

00 8,310 6,380

80 8,310 
10000

00 4,430

0 6,380 4,430
10000

00

70 11,600 4,720 5,490

50 11,700 9,060 13,640

0 12,720 9,070 6,360

20 16,770 14,470 19,040

50 7,530 1,350 3,130

20 7,970 3,210 1,990

90 8,120 4,840 9,420

30 9,870 2,910 4,180

60 13,580 7,310 6,600

00 12,450 13,890 16,200

0 9,720 4,740 4,860

90 5,500 5,700 1,930

30 8,660 4,920 2,290

30 13,670 5,440 9,110

00 12,330 4,100 7,770

msi Gamchi & S. A

l Journal of Industrial

456 581 1,890

734 1,525 713 2,

552 974 988 1,

979 815 1,372 1,

Cost of transp

Rasht 
Kerma
n Urmia 

3330 10,470 7680

12,220 9,090 16,570

6,450 7,340 10,790

2870 10,840 7220

4,920 16,620 1,520

11,270 5950 15,610

11,600 11,700 12,720

4,720 9,060 9,070

5,490 13,640 6,360
10000

00 13,680 6,330

13,680
10000

00 18,060

6,330 18,060
10000

00

19,150 5,370 23,480

4,930 10,490 7,190

3,840 11,800 5,330

9,460 4,190 13,800

1,780 11,900 6,100

2,470 16,310 20,300

17,260 4,960 21,190

2,000 13,700 4,360

6,920 14,870 7,690

4,830 13,510 4,110

5,000 11,410 11,710

3,660 11,280 10,370

A. Torabi 

l Engineering & Prod

453 1,323 1,431

,067 479 353

,364 417 528

,311 668 847

 
portation betwe

Zahed
an Arak 

Hame
dan Ya

15,790 288 3,210

9,430 1,087 11,980 9

12,750 333 5,300 3

16,310 309 3,430

22,100 726 5,970 12

11,020 815 10,120 4

16,770 753 7,970 8

14,470 135 3,210 4

19,040 313 1,990 9

19,150 493 3,840 9

5,370 1,049 11,800 4

23,480 719 5,330 13
10000

00 1,590 17,220 9

15,900
10000

0 1,880 6

17,220 188
10000

00 7

9,600 628 7,640
1

17,350 317 2,420 7

21,750 690 5,660 12

7,100 1,416 15,950 9

19,170 434 3,050 9

20,260 437 3,120 10

18,930 362 1,750 9

13,000 698 7,350 7

14,230 564 6,010 7

Cuckoo O

uction Research, Dece

638 1,277 1,715 

1,101 587 911 

581 372 812 

388 804 1,198 

een origin and 

azd 
Ghazv
in 

Ardabi
l 

Ban
r 
Abb

6260 1,520 5920 15,3

9,170 10,420 14,820 16,3

3,130 4,710 9,040 9,8

6620 1,060 5460 15,6

2,410 4,710 2,770 18,9

4,390 9,530 13,860 5,8

8,120 9,870 13,580 12,4

4,840 2,910 7,310 13,8

9,420 4,180 6,600 16,2

9,460 1,780 2,470 17,2

4,190 11,900 16,310 4,9

3,800 6,100 20,300 21,1

9,600 17,350 21,750 7,1

6,280 3,170 6,900 14,1

7,640 2,420 5,660 15,9
0000

00 7,660 12,060 9,1

7,660
10000

00 4,350 15,5

2,060 4,350
10000

00 19,8

9,160 15,500 19,820 
100

9,490 1,790 2,610 15,9

0,600 5,450 8,110 15,7

9,270 4,090 5,380 17,8

7,520 5,580 7,460 15,5

7,400 4,240 6,120 15,4

Optimization Algor

ember 2016, Vol. 27, N

1,174 1,459 1,297

1,162 654 292

1,566 560 835

932 941 660

destination 
nda

e 
bas Zanjan 

Khora
m 
Abad 

Sanan
daj 

300 3340 6,290 492

340 12,220 15,050 13,69

880 6,510 7,680 7,02

670 2870 6,510 514

910 2,950 9,050 4,55

800 11,330 9,090 11,83

450 9,720 5,500 8,66

890 4,740 5,700 4,92

200 4,860 1,930 2,29

260 2,000 6,920 4,83

960 13,700 14,870 13,51

190 4,360 7,690 4,11

100 19,170 20,260 18,93

160 4,340 4,370 3,62

950 3,050 3,120 1,75

160 9,490 10,600 9,27

500 1,790 5,450 4,09

820 2,610 8,110 5,38
000
00 17,300 15,740 17,80

990 
10000

00 6,130 2,85

740 6,130
10000

00 3,57

800 2,850 3,570
1000

0

550 7,400 9,050 8,98

430 6,060 7,710 7,64

rithm for a Reliab

No. 4 

1,593 850 968

303 1,071 940

699 305 197

1,010 1,180 1,049

n Gorga
n Sari 

Shahre
kord 

0 4,140 2800 5,380

0 5,670 7,300 13,330

0 8,520 7,180 1,230

0 4,230 3190 5,740

0 10,320 8,980 9,890

0 13,330 12,000 5,230

0 13,670 12,330 4,780

0 5,440 4,100 3,970

0 9,110 7,770 5,270

0 5,000 3,660 7,350

0 11,410 11,280 8,790

0 11,710 10,370 11,280

0 13,000 14,230 13,750

0 6,980 5,640 3,090

0 7,350 6,010 4,640

0 7,520 7,400 4,630

0 5,580 4,240 5,600

0 7,460 6,120 9,540

0 15,550 15,430 11,200

0 7,400 6,060 6,970

0 9,050 7,710 3,540
0
0 8,980 7,640 6,470

0
10000

00 1,320 9,350

0 1,320
10000

00 8,040

ble … 

1,017 1,478 65

697 914 1,48

663 1,193 60

269 454 1,51

Bushe
hr 

Bojnur
d 

Birjan
d I

10,680 8250 11,200

16,450 2,620 16,450

6,150 11,900 9,000

11,040 8790 11,720

15,180 14,520 17,510

2,870 13,490 10,710

4,360 17,010 14,290

9,260 8,920 11,840

9,060 13,170 16,070

12,630 8,060 14,560

8,500 10,080 5,810

16,570 15,960 18,900

13,460 11,080 4,530

9,530 10,250 13,230

11,320 11,360 14,310

7,300 9,380 6,380

10,890 9,800 12,770

14,830 10,530 17,150

9,520 17,190 11,740

12,260 11,600 14,590

8,180 14,440 12,970

10,620 13,070 15,930

14,640 3,050 8,500

13,340 4,360 9,680

50 100000 1,781 90

85 1,781 100000 87

06 905 877 10000

16 1,146 858 90

Ilam 
Semna
n Yasuj 

6,700 2170 7,830 

15,470 6,680 13,030 

8,100 5,860 3,300 

6,920 2710 8,190 

7,570 8,480 12,330 

9,600 10,680 2,520 

6,010 10,930 4,250 

6,120 2,840 6,410 

1,670 7,080 8,330 

7,340 5,520 9,790 

15,250 9,740 8,150 

7,130 9,880 13,720 

20,670 13,640 13,110 

4,790 4,170 6,680 

3,530 5,280 8,470 

11,010 5,810 3,880 

5,870 3,720 8,040 

9,110 8,120 11,980 

11,620 13,880 9,320 

6,540 5,560 9,410 

2,920 8,350 6,600 

3,030 6,990 10,100 

10,710 3,050 11,800 

9,400 1,970 10,490 

05 1,146 

77 858 

00 908 

08 100000 



 

Shahrek

Bushehr

Bojnurd

Birjand 

Ilam 

Semnan

Yasuj 

kord 5,380 13,330 1,2

r 10,680 16,450 6,1

d 8250 2,620 11,9

11,200 16,450 9,0

6,700 15,470 8,1

n 2170 6,680 57

7,830 13,030 3,3

Cuckoo O

230 5,740 9,890 5,23

150 11,040 15,180 2,87

900 8790 14,520 13,49

000 11,720 17,510 10,71

100 6,920 7,570 9,60

750 2710 8,470 10,58

300 8,190 12,330 2,52

Optimization Algor

International

30 4,780 3,970 5,270

70 4,360 9,260 9,060

90 17,010 8,920 13,170

0 14,290 11,840 16,070

00 6,010 6,120 1,670

80 10,930 2,840 7,080

20 4,250 6,410 8,330

Path 

M-Te-I 

M-Sh-I 

M-Te-Sh-I

M-Sh-Te-I

M-Te-k 

M-Sh-k 

M-Te-Sh-k

M-Sh-Te-k

M-Te-Ta

M-Sh-Ta

M-Te-Sh-Ta

M-Sh-Te-Ta

I-Te-M 

I-Sh-M 

I-Te-Sh-M

I-Sh-Te-M

I-Te-k 

I-Sh-k 

I-Te-Sh-k

I-Sh-Te-k

I-Te-Ta 

I-Sh-Ta 

rithm for a Reliab

l Journal of Industrial

7,350 8,790 11,280

12,630 8,500 16,570

8,060 10,080 15,960

14,560 5,810 18,900

7,340 15,250 7,130

5,520 9,740 9,880

9,790 8,150 13,720

Tab. A.3. Reli
a 

1 

2 

I 3 

I 4 

1 

2 

k 3 

k 4 

1 

2 

a 3 

a 4 

1 

2 

M 3 

M 4 

1 

2 

3 

4 

1 

2 

le …… 

l Engineering & Prod

13,750 309 4,640 4

13,460 953 11,320 7

11,080 1,025 11,360 9

4,530 1,323 14,310 6

20,670 479 3,530 11

13,640 417 5,280 5

13,110 668 8,470 3
 

ability and cos
Cos

1329

1914

2392

2729

934

228

2766

2334

1509

272

3206

2909

1329

1914

2729

2392

497

1424

2329

1560

1072

1954

M. M. Nasiri
Torabi 

uction Research, Dece

4,630 5,600 9,540 11,2

7,300 10,890 14,830 9,5

9,380 9,800 10,530 15,1

6,380 12,770 17,150 11,7

1,010 5,870 9,110 11,6

5,810 3,720 8,120 15,6

3,880 8,040 11,980 9,3

st of some path
st 

9 

4 

2 

9 

4 

8 

6 

4 

9 

8 

6 

9 

9 

4 

9 

2 

7 

4 

9 

0 

2 

4 

i, N. Shamsi Ga

ember 2016, Vol. 27, N

200 6,970 3,540 6,47

520 12,260 8,180 10,62

130 11,600 14,440 13,07

740 14,590 12,970 15,93

620 6,540 2,920 3,03

660 5,600 8,350 6,99

320 9,410 6,600 10,10

hs 
Reliability 

0.805 

0.812 

0.733 

0.698 

0.777 

0.856 

0.818 

0.674 

0.932 

0.733 

0.701 

0.808 

0.805 

0.812 

0.698 

0.734 

0.717 

0.876 

0.754 

0.690 

0.859 

0.751 

31
amchi, S. A. 

No. 4 

0 9,350 8,040
10000

00

0 14,640 13,340 5,540

0 3,050 4,360 12,710

0 8,500 9,680 10,170

0 10,710 9,400 6,970

0 3,050 1,970 6,630

0 11,800 10,490 2,690

19 

5,540 12,710 10,170
10000

00 18,010 14,780

18,010
10000

00 6,500

14,780 6,500
10000

00

9,140 14,850 17,810

11,930 6,060 9,050

4,540 15,160 11,460

6,970 6,630 2,690 

9,140 11,930 4,540 

14,850 6,060 15,160 

17,810 9,050 11,460 
10000

00 8,770 8,580 

8,770
10000

00 9,080 

8,580 9,080
10000

00 



 

 
 

320 M. M

Follow
 
Nasiri 
Reliab
320 UR

M. Nasiri, N. Sham

International

I-Te-Sh-Ta

I-Sh-Te-Ta

K-Te-M

K-Sh-M

K-Te-Sh-M

K-Sh-Te-M

K-Te-I 

K-Sh-I 

K-Te-Sh-I

K-Sh-Te-I

K-Te-Ta

K-Sh-Ta

K-Te-Sh-Ta

K-Sh-Te-Ta

Ta-Te-M

Ta-Sh-M

Ta-Te-Sh-M

Ta-Sh-Te-M

Ta-Te-I 

Ta-Sh-I 

Ta-Te-Sh-I

Ta-Sh-Te-I

Ta-Te-k

Ta-Sh-k

Ta-Te-Sh-k

Ta-Sh-Te-k

w This Article at T

M M, Shamsi G
le Location-Allo
RL: http://ijiepr.i

msi Gamchi & S. A

l Journal of Industrial

a 3 

a 4 

1 

2 

M 3 

M 4 

1 

2 

3 

4 

1 

2 

a 3 

a 4 

1 

2 

M 3 

M 4 

1 

2 

I 3 

I 4 

1 

2 

k 3 

k 4 

The Following S

Gamchi N, Torab
ocation of Hubs a
iust.ac.ir/article-1

A. Torabi 

l Engineering & Prod

2769

213

934

228

2334

2766

497

1424

1560

2329

677

232

2374

2509

1509

272

2909

3206

1072

1954

213

2769

677

232

2509

2374

ite 

bi S A. Cuckoo O
among the Client
1-644-en.html 

Cuckoo O

uction Research, Dece

9 

5 

4 

8 

4 

6 

7 

4 

0 

9 

7 

8 

4 

9 

9 

8 

9 

6 

2 

4 

5 

9 

7 

8 

9 

4 

Optimization Alg
ts. IJIEPR. 2016;

Optimization Algor

ember 2016, Vol. 27, N

0.646 

0.827 

0.777 

0.856 

0.674 

0.818 

0.717 

0.876 

0.690 

0.754 

0.829 

0.791 

0.623 

0.872 

0.932 

0.733 

0.808 

0.701 

0.859 

0.751 

0.827 

0.646 

0.829 

0.791 

0.872 

0.623 

gorithm for a 
; 27 (4) :309-

rithm for a Reliab

No. 4 

 
 

ble … 


