
Interna

Discove
A Mult

Aghil Ha

Aghil Hami
Ali Papi, Ira
Ali Bonyadi
Armin Jaba
 
KEYWOR
Social netw
Influence M
Diffusion S
Multi-objec
optimizatio

 
 

In the era o
emerged as
areas[1,2]. 
perspective
different en
transformat
phenomena
network ca
and more 
objects, in
connection
snapshot o
analytical 
                  

Correspondin
*

Email: Bonyad
Received 1 Ma

DOI: 10.

Internatio

ational Jour

 

ering Gr
ti-Object

amidi He

idi Hesarsork
an University 
i Naeini, Iran
arzadeh, Iran 

RDS 
work analysis
Maximization
Speed, 
ctive 
on. 

1. In
of big data, 
s one of the 
It can be s

e is penetra
nvironments 
tional i
a, and bio
an be defined
formally, it

ndividuals) 
ns between th
of the studie
approach of
                   

ng author: Ali B

di@iust.ac.ir 
ay 2017; revised 2

22068/ijiepr

onal Journal of I

nal of Indus

roups of
tive Opt

sarsorkh,

kh, Iran Unive
of Science an
 University of
University of 

 A
s, 
n, 

 

N
h
O
m
w
m
b
w
i
i
t
e
a
i

 ©

ntroduction
“science of 
fastest grow

seen that a n
ated in a w

such as tech
infrastructure

ological sys
d as a set of
t is a a set 
and a map

he nodes (or
es in this ar
f the networ
                 

Bonyadi Naeini 

20 May 2017; acc

r.28.1.85 

Industrial Engin

strial Engin

March

htt

f key Po
timizatio

, Ali Papi

ersity of Scienc
nd Technology
f Science and 

f Science and T

ABSTRACT
Nowadays, 
has brough
One of th
maximizatio
within netw
many resea
business co
we propose
identify the
influential c
this model 
essential an
and dispers
is validated

© 2017 IUST

n1 
networks” h

wing academ
network -bas

wide array 
hnological an
es, soc
stems [3]. 
f relationship

of nodes (
pping of t
r edges) [4]. 
rea shows t
rks has draw

cepted 11 June 20

eering & Produ

eering & Pr

h 2017, Volume
pp. 85- 9

 
 

tp://IJIEPR.

otential C
on Mode

i, Ali Bon

ce and Techno
y, School of Pr
Technology, S
Technology, S

T
the popula
t a deal of 
he commo
on problem
works. Altho
archers, the
ontext. In th
e a multi-ob

location of
customers i
is that it de
nd realistic
sion cost. A
d by detectin

T Publication,

has 
mic 
sed 

of 
nd 
ial 
A 

ps, 
(or 
the 

A 
the 
wn 

017 

su
co
sp
fu
be
di
th
Th
in
B
m
no
in
th
op
w
co
se

ction Research, 

roduction Re

e 28, Number 1
95 

.iust.ac.ir/ 

Custome
l 

yadi Naei

ology, School
rogress Engin
School of Prog
School of Prog

arity of soci
attention to

on problem
m which is 
ough the p
e concept b
his paper, b
bjective opt
f the key no
n real socia
etermines th
c elements 
lso, the perf

ng key nodes

, IJIEPR. Vol

ubstantial 
ommunity. 
preaders in 
undamental r
elieved initia
iffusion sour
he large prop
he phenom

nvestigated b
ased on the 

maximization 
odes (as see
nfluence with
his problem 
pinions, atti

whom they 
olleagues, an
een in many

March 2017, Vo

esearch (201

1 

ers in So

ini*& Arm

l of Progress E
neering 
gress Enginee

gress Enginee

ial networks
o social netw
ms in this

related to
roblem has
behind has 
by using a c
timization m

odes,that are
al networks
he best nod
simultaneo

rformance o
s on a real s

l. 28, No. 1, A

attention 
Perhaps I
social ne

research pro
alizing these 
rces can diff

portion of the
menon, influ

by as an ep
literature, th
is determin

ds) that cou
hin a networ
is that peop

itudes, and 
are conn

nd family). 
y real-world 

ol. 28, No. 1 

17) 

ocial Net

min Jabar

Engineering 

ering 
ering 

ks as a mark
works analy
s field is 
 flow of in
s been cons

been used
cost-benefit
model whic
e symbols o
s. The main
des by comb
ously: diffus
of the propo
social netw

All Rights Res

from the 
Identifying 
etworks is 
oblem in this

influential s
ffuse the info
e network. M
uence maxim
pidemic-base
he problem o
ning a minim
ld maximize
rk [5]. The lo
ple are likely
behaviors o

nected (e.g
Such viewp
application

tworks: 

rzadeh 

keting tool 
ysis (SNA). 

influence 
nformation 
sidered by 

d less in a 
ts analysis, 
ch helps to 
of potential 
 novelty of 
bining two 
sion speed 
osed model 

work. 

served 

scientific 
influential 
the most 

s field. It is 
spreaders as 
formation to 
Motivated by 
mization is 
ed problem. 
of Influence
mum set of 
e the spread 
ogic behind 
y to follow 
of those to 
g. friends, 
oint can be 

ns like viral 

f



86 
Aghil
Bony

 

marketing 
process [9
those resea
social infl
Related lite
the social i
in a semin
Kempe et
threshold 
model whi
maximizati
researchers
term of gre
[12], a com
this study,
application
14] propo
improved 
previous m
[15] introd
networks f
Ma and M
greedy alg
compared t
al. [18] fo
maximizati
proposed a
sets with d
Lui [19] 
Maximizati
algorithmic
main contr
model can 
Zhang et a
that impro
models to
problem. T
and optima
an influen
aiming at 
initiating 
maximize 
information
networks. T
efficient 
campaign i
[22] inve
maximizati
motivated b
social netw
nodes may
[23]develop
problem i
acceptance
factors that

l Hamidi Hes
yadi Naeini*&

Internatio

[6-8] and 
9, 10].The f
archers who 
luence in 
erature show
influence con
nal research 
t al.[11]. T
model and 
ch are two b
ion proble
s have tried t
eedy algorith
mpetitive env
 viral mark

n of the mode
osed a new
influence sp

model by Kem
duced two d
for dynamic

Ma [17] imp
gorithm whic
to the static g

formulated t
ion in a he
a co-ranking 
different type

introduced 
ion problem
c framework
ribution of 
support diffe
al. [20] prop
oved the p
o solve an 
Their algorith
al solutions. 
nce blocking

finding a 
good info
the blocki

n propagat
To solve the 
heuristic a
independent 
estigated a
ion problem
by the reliab

works. They 
y not be as 
ped an 
in dynamic
 ratio, and b
t they consid

sarsorkh, Ali 
& Armin Jaba

onal Journal of I

new produ
following pa
focused on 
social netw

ws that the r
ncept have b
which was 

They propo
an indepen

basic models
em. There
to improve th

hmic framewo
vironment is

keting is intr
el outputs. C

w discount 
pread. They 
mpe et al. [1

diffusion mo
c influence 
proved a ca
ch has bette
greedy algor
he problem

eterogeneous
framework 

es simultaneo
a Competit

m and develo
k to solve the

this researc
ferent propag
posed a gen
performance 

influence 
hm ensured 
Wu and pan
g maximiza
set of influ

ormation pr
ing effect 
tion in o
model they 

algorithms 
cascade mod

an alternati
m which 

bility constra
emphasized 
they expect
influence 

c networks
breadth are th
dered in their 

Papi, Ali 
arzadeh 

Industrial Engin

ucts diffusi
arts deal wi
the concept

works contex
raw sprouts 
been cultivat

conducted b
osed a line
ndent casca
s for influen
eafter, man
hese models 
ork [12-16]. 
s simulated. 
roduced as 

Chen et al. [1
heuristic th
enhanced t

11]. Hao et 
odels in soc
maximizatio

andidates-Ba
er performan
rithm. Wang 

m of influen
 network an
to select se

ously. Lin an
tive Influen
oped a gener
e problem. T
ch is that t
gations mode
netic algorith

of previo
maximizati
both diversi

n [21] model
ation proble
uential peop
ropagation 

on the b
online soc
developed tw
under mul

del. Zeng et 
ive influen

is natural
aint of nodes 

that some k
ed. Han et 
maximizati

. Timeline
hree importa

r model. 

Discover
Network

eering & Produ
 

on 
ith 
of 
xt. 
of 

ted 
by 
ear 
ade 
nce 
ny 
in 
In 
In 
an 

13, 
hat 
the 
al. 
ial 

on. 
ase 
nce 

et 
nce 
nd 

eed 
nd 

nce 
ral 

The 
the 
els. 
hm 
ous 
on 
ity 
led 
em 
ple 
to 

bad 
ial 
wo 
lti-
al. 

nce 
lly 
in 

key 
al. 
on 
ss, 
ant 

Th
re
ap
m
pa
so
su
an
by
pe
w
pl
im
in
pr
m
m
is
co
si
in
pl
di
co
fo




ring Groups o
ks: A Multi-Ob

ction Research, 

he literatur
esearchers h
pproximation

maximization 
aid enough a
ocial network
uch as pricin
nd so on. He
y Kermani 
eriod multi

which make o
lanning and
mportant con
ntegrated. W
roblem. Two

minimization 
maximization 
s natural be
ontradictory 
imultaneousl
n providing 
layers based
iffusion mod
ontributions 
ollow:  

We propo
problem t
maximizin
influenced
minimizin
which are
tradeoff b
that need 
final infl
Previous 
that mar
incentives
attitude 
communic
previous s
persuade 
spread t
previous 
diffusion 
considerin
addition, 
players w
speed of
maximiza
diffusion 
based m
influence 
We prop
maximize
network. 

of key Potentia
bjective Optim

March 2017, Vo

re review 
have focused
n algorithm 
problem In 

attention to t
ks’ problems

ng, marketing
ence, motiva
et al.[24], w
i-objective 

our model dif
d influence

ncepts related
We formulate 

o objectives 
of social m
of diffusion

ecause many
objective

ly. Generally
a new insig

d on the mar
dels. For fu
of this stu

ose a multi-
to optimize 
ng how muc
d by the 
ng the numb
e costly. In fa
between effor

to be influ
luence over 
conceptual 
rketers nee
s to overcom

toward 
cations [25
studies did n
the potenti

the informa
studies th
process, we

ng the cost 
we focus o

with a given b
f diffusion 
ation conce
speed maxim

model has m
maximizatio
pose a m
e the final in

Previous stu

al Customers 
mization Mode

ol. 28, No. 1 

revealed 
d only on h
to investigat
addition, the

the relationsh
s and busine
g planning, s
ated by prop
we formulat
mathematic

fferent. Here
e spreading
d to social n

it in a mul
of the prob

marketing ex
n speed. Thi
y real prob
s to be
y, our contr
ht on how t

rketing plan 
urther details
dy are sum

-objective m
the conflicti

ch the netwo
seed node

ber of such 
act, our mod
rt (the numb

uenced) and 
the whole

studies have
ed to offe
me customer

social 
5, 26]. N
not consider 
ial user to 
ation. Hen

hat focused
e develop a

of inducin
on how to c
budget to ac

under an
ept. Defin

mization in an
more challe
on.  

multi-period 
nfluence over
udies assum

 in Social 
del  

that most 
historic and 
te influence 
ey have not 
hip between 
ess concepts 
upply chain 
osed model 
te a multi-
cal model, 
e, marketing 
g as two 

networks are 
lti-objective
lem are the 

xpenses and 
s viewpoint 
blems have 
e fulfilled 
ribution lies 
to seed key 
in strategic 

s, the main 
mmarized as 

mathematical 
ng goals of 
rk has been 
s, and of 
seed nodes 

del depicts a
ber of nodes 

effect (the 
e network). 
e discussed 

fer various 
rs’ negative 

marketing 
Nevertheless, 
r the cost to 

adopt and 
nce, unlike 
d only on
a model by 
ng user. In 
choose key 

ccelerate the 
n influence 
nitely, the 
n epidemic-
enges than 

model to 
r the whole 

med that the 

 



Discovering
Networks: A
 

numbe
seed u
then 
market
players
based o
more r
identify
based 
periods

developing
nodes loca
special pri
a crucial f
create a n
[27]. The r
follows. Se
and underl
influence m
under con
presents a
influence 
solution ap
proposed m
collected 
provides a 
research. 
 

2
Consider a
product/ser
environmen
manufactur
strategy. R
that with 
technology
phone user
offer a gre
improve i
competitive
Also, studi
mobile ma
common ty
currently av
manufactur
millions of
customers 
meaning o
frequency 
without pr
attitude in
services [30
use of mot
other incen
and raising

g Groups of ke
A Multi-Objec

Internatio

r of the seed
users should 

diffusion 
ters in these 
s throughou
on their own
realistic app
y key play
on the inf

s.  
g an exact m
ations in so
ivilege. The 
factor becau
egative imp
remainder of
ection 2 pres
lying assum
maximization

nsideration. 
a mathemat
maximizatio

pproach is int
model is illu
by Kerman
conclusion 

2. Prob
a manufactu
rvice. Due t
nt and emerg
rer wants t

Recent studie
the rapid

y, and an ex
rs, the mobile
at opportuni
its marketin
e advantage.
ies indicate 

arketing is o
ypes of mob
vailable [28,
rer or retail
f potential c

might resp
of the messa

of message
rior permissi
n customer 
0]. Previous 
tivations suc
ntives as wa
g perceived 

ey Potential C
ctive Optimiza

onal Journal of I

d users is a pa
be determi

process be
models can 

ut the diffu
n utility. We 
proach that 
yers in diff
fected nodes

model to de
ocial networ
accurate id

use making 
pact on cust
f the paper i
ents the prob

mptions for d
n model for
Particularly,

tical formul
on model. 
troduced.  In
ustrated usin

ni et al. [1
and discuss

blem Definit
urer who pro
to changes 
ging new tec
to update 
es in this r
d evolution
xpanding ba
e devices an
ity for the m
ng capabili
 
that text m

one of the m
bile marketin
, 29]. Any pr
ler can send
customers in 
pond to th
age. Howeve
es from unk
ion can crea
toward the
studies have

ch as gifts, 
ays of reduc
value [25, 2

Customers in S
ation Model 

Industrial Engin

arameter or t
ined first, an
egins. Wh
determine k
usion proce
 believe it is
a marketer 
ferent perio
s in previo

etermine se
rks can be 

dentification
mistake m

omer attitu
s organized 

blem stateme
developing t
r the proble
, Section 2
lation of t
In section 

n section 4, t
ng data whi
1]. Section 
sion for futu

tion 
oduces a ne
in the mark

chnologies, t
its marketi
egard indica
n of mob
ase of mob

nd smartphon
manufacturer 
ity and ta

message (SM
most basic a
ng approach
roduct/ servi
d messages

the hope th
he designat
er, the exce
known parti
ate a negati
e products 
e suggested t
discounts, a

cing negativi
26]. It can 

Social 

eering & Produ

the 
nd 
ile 

key 
ess 
s a 
to 

ods 
ous 

ed 
a 

 is 
ay 
de 
as 

ent 
the 
em 
2.2 
the 
3, 

the 
ich 

5 
ure 

ew 
ket 
the 
ng 
ate 
ile 
ile 

nes 
to 

ake 

MS) 
nd 

hes 
ice 
to 

hat 
ted 
ess 
ies 
ive 
or 

the 
nd 
ity 
be 

in
ne
de
by
to
in
m
in
th
ap
m
se
m
m
co
m
on
m
m
ot
a 
fr
pr
id
ne
In
m
be
la
cu
ef
th
ef
m
ke
ex
ke
cu
pr
ke
co
se
tim
m
co
ne
an
w
 

In
no
ob

Aghil Ham
Bonyadi Na

ction Research, 

nferred that 
etworks a 
epends on th
y the firm. 
ogether can 
ndividuals co

mobile phone
n order to av
he customers
pply direct

marketing. D
elect the cus

market only
manufacturer
onnected ne

members of t
ne of the co

marketing. Ac
might change 
thers [33]. In
product is o

riends, retai
roblem that t
dentify the m
etwork.  
n another w

manufacturer
eginning pr
argest numb
ustomer netw
ffective bec
hemselves to
ffort [32]. Ne

manufacturer
ey players i
xample, a fin
ey retailers, 
ustomers 
roduct/servic
ey players 
ommunicate 
ending the S
me. Consequ

multi-objectiv
onflicting go
etwork has b
nd of minimi

which are cost

3. Th

n this part, 
omenclature,
bjectives and

midi Hesarsor
aeini*& Armi

March 2017, Vo

success of
tool of ma
he strategies

Noteworthy
create a rea

ommunicate 
s [31]. There
void creating
s and reduc
t marketing

Direct marke
stomers likel
y to thos

can count
etwork that
the network 
oncepts that 
ccording to 
her behavio

n reality, a p
often power
lers, other 
the manufact

most influent

word, the m
is finding

romoters th
ber of poten
work. It can 
cause it lev
o carry out m
evertheless, i
needs to sp

into influenc
nancial incen
who can rec
to purch

ce. Especially
are the 

with many 
SMS messa
uently, the m
ve problem
oals of max
been influen
izing the num
tly. 

he Multi-Per
Probl

the model d
, and assump
d constraints

rkh, Ali Pap
n Jabarzadeh

ol. 28, No. 1 

f marketing
arketing and
s that can be
y is that m
al social netw

with one an
efore, the ma
g a negative
ce marketing
g instead 
eting attemp
ly to be pro
e[32]. In 

t them as 
t can influ

[32]. Peer i
are behind t
this concep

or under the i
person’s deci
fully influen
users, etc. 

turer is facin
tial player in

main proble
g a small 
hat can inf
ntial custom
be beneficia

verages the 
most of the p
it is self-evid
pend for pers
cing other in
ntive can be 
commend mo
hase the 
y, in a mobi

active pe
potential cu

ages in each
manufacturer
m to opt
imizing how

nced by the 
mber of such

riod Multi-O
lem 
development
ptions are st
s of the mo

87 
pi, Ali 
h 

g in social 
d branding 
e employed 

mobile users 
work where 
nother using 
anufacturer, 

e attitude in 
g cost, can 

of mass 
pts to first 
ofitable, and 

fact, the 
part of a 

uence other 
influence is 
this type of 

pt, a person 
influence of 
ision to buy 
nced by her 

The main 
ng is how to 
n the social 

em of the 
subset of 

fluence the 
mers in the 
al and cost-

customers 
promotional 
dent that the 
suading the 
ntently. For 
allocated to

ost potential 
specific 

ile network, 
eople who 
ustomers by 
h period of 
r is facing a 
timize the 
w much the 
seed nodes, 

h seed nodes 

Objective 

t procedure, 
tated. Also, 

odel defined 



88 
Aghil
Bony

 

and formu
explained i
3-1. Nomen
The nom
parameters
proposed m
 

Tab. 1
Notations 

  , V Q R

  
N  The n

,i j
 

The s

ic  The 

,i jt  The L
i to

T  Tota
horiz

M   Big n
B  Tota
Mc  The m

manu
time 

Mn  The m
poten
forw

1

,
0

b i j




 



 
Decision v

1

( )
0

y ti




 



,
( )

i j
tx




 



( )tiz



 



fi  Th
ha

 
3-2. Assum
 The c

networ
 Each 

compan

l Hamidi Hes
yadi Naeini*&

Internatio

ulated. The
in detail. 
nclature  

menclature 
, and dec

model (Table

1. Notations
 
Social netw
and edges R

number of n

source and d

cost of choo

Lag Time in
o j  
al number of 
zon consider
number 

al budget  
maximum m
ufacturer is a

maximum m
ntial custome

ward per unit 

The propagat

directed edge

Otherwise

ariables: 

If node r

 the manufac

1

Otherw si e0

i th

If node

toward 

1

0 Otherwise

i th

j  th







If node

at perio

1

0 Otherwise

i th

t th


he first perio
as been infect

mptions 
connection 
rk is direction
node may 
ny or other n

sarsorkh, Ali 
& Armin Jaba

onal Journal of I

e solution 

presents th
cision varia
 1). 

s used for t

work, its set o
R   
odes in V   

destination no

sing i  as a s

n sending  me

time periods
ed in the pro

message that t
allowable to 

message that e
er (active no
time 

tion possibilit

e <i,j>at  pt  th

received a me

cturer at  pt  th

 forward mess

 node at perio

eisinfected 

d

.

of time.  

od of time t
ted 

between n
nal. 
influence b

nodes. 

Papi, Ali 
arzadeh 

Industrial Engin

technique 

he notation
ables of t

the model

f vertices Q

odes 

seed node 

essage from 

s in the time 
oblem 

the 
send per uni

each 
de) can 

ty through 

period of ti em

essage from

period of time

sage 

od .t  

that i th nod

nodes of t

by either t

Discover
Network

eering & Produ
 

is 

ns, 
the 

it 

e

e

de 

the 

the 





3-
A
m
si
m
in
ob
cu
Th
 


M

M
in

 
3-
Th
co
z


iz


x

M


f

f

f




t

ring Groups o
ks: A Multi-Ob

ction Research, 

Time is tr
set perio

defined as

a  is the p
Each node
not  (inact

-3. Objectiv
As mentioned
multi-objectiv
imultaneousl

minimize the
nducing the
bjective max
ustomer netw
he objectives

Minimize

cos
t

Min t

Maximize th
nfected in eac

Max speed

 

Spead of diffu

-4. Constrai
he manufa
onsideration 

 ( ) (i iz t z t
  ,i N t P

 ( ) (i it z t 1

  ,i N t P
, ,( ) .i j i jx t b z

 ,.( ( )i jM 1 x t

  , ,i j N t
 min{if t

 i N  

  (if t 1 z



 ( (i
t P

f t 1

 i N  

 ( )i
t

k t 1;

of key Potentia
bjective Optim

March 2017, Vo

reated as di
od of time

s a function 

period length
e either has 
tive). 
es 

d above the m
ve model h
y. The fir
e total cost
e seed use
ximizes the 
work.  
s are formula

 total social m

 
 (i i
t P i N

c y t

he average 
ch period of 


 ( )

.

i
i N

z m
d

T N

usion =
(Passing

ints  
acturer mu
some side co
 )1 ;     

{ }P 0  

  ) ( )iy t 1

{ }P 0  

( )iz t ; ,i j
 )) ( ).it f

P  

( ( )).i1 z t M

( )).iz t M t
 ( )).i1 z t M

 i N  

al Customers 
mization Mode

ol. 28, No. 1 

screte interv
es (  , ,P 0 1 2

of a  (



m

h.  
infected (ac

model is form
having two 
st objective
t for conv

ers while t
social influe

ated as follow

marketing ex

)  

number of 
time. 

)
 

Influenced netw
g time×Network

ust also 
onstraints: 

  , ( )j i
j

x t 1

 ,N t P  

  ,. i jt ;

; }M t P ;

 ,t P i N

). ( )iM k t ;

 in Social 
del  

vals and the 
, ,...,2 3 m ) is 





T  ). Here, 

ctive) or has 

mulated as a 
objectives 

e helps to 
vincing and 
the second 
ence in the 

w: 

xpenses.  

(1)

nodes are 

(2)

(3)

work
k cardinality)

take into 

(4) 

;
(5) 

(6) 

(7) 

(8) 

 (8-1) 

(8-2) 

(8-3) 



Discovering
Networks: A
 



 ( )i
i N

y t



 , ( )i j
j N

x t

 
 i i
t P i N

c y

( )iz 0 0 ;

( ), ( ),i iz t y t

 , ,i j N
 
Constraint 
nodes whi
should not 
which will
shows that 
cannot be m
by the man
period of ti
Constraint 
information

( )iz t 1) 

,i jb 1 ). C

that i th no
j th node 
authenticity
time lags. 
calculating
infected. B
constraint (
1, 8-2 and 
manufactur
message is 
states that m
information
pertains to 
Constraint 
idea that th
network is
network 
information
non-negativ
 

The abov
mathematic
the optima
concept wh
is used (se
the followi

g Groups of ke
A Multi-Objec

Internatio

cM ; t P

 nM ; i

( )t B ;  i

i  

,, ( ), ( )i j ix t k t

t P  

(4) implies
ich are acte

be less than
l at t+1th ti
the active n

more than a
nufacturer a
ime. 
(6) indicate

n to j th n
and also ha

Constraint (7)

ode does not 
until he/sh

y of the info
The constr

 the first p
Because of no
(8), it can be

8-3. Constr
rer’s plan 
limited in ea

members of 
n propagation
the manufa
(12) shows

he manufactu
s novel. So
members 

n. Finally, 
ve and 0-1 d

4. Soluti
ve model 
cal program.
al solution t
hich is embed
ee [34]). Con
ng form:  

ey Potential C
ctive Optimiza

onal Journal of I

P  

,N t P  

 ,i N t P  

 { , }, i0 1 f

s that the n
d at t th p
n the numbe
ime period. 
nodes at t th 
ll nodes whi

and another 

es that i th n
node when 
as a link wit

) take into ac

forward the 
he makes su
rmation, so t
raint (8) is 
period that 
onlinear rela
e replaced by
raint (9) ind

for sendin
ach period. C
the network 
n capacity. C
cturer’s mar
s that the i
urer wants to

o, in the fir
are unaw
constraint 

decision varia

ion Method
is a mu

 Therefore, i
to the probl
dded in the m
nsider a mul

Customers in S
ation Model 

Industrial Engin

(9)

(10)

(11)

(12)
 ; 

(13)

number of t
period of tim
er of the nod
Constraint (
period of tim
ich were act
node at t-1 

node can se
it is active
th j th node

ccount the fa

information 
ure about t
there are som
 included f
i th node 

ationship in t
y constraints 
dicates that t
ng advertis
Constraint (1
have a limit

Constraint (1
rketing budg
information 
o spread in t
rst period, 

ware of t
(13) indicat
ables. 

d 
lti- objecti
in order to fin
em the utili

multi-objecti
lti-objective 

Social 

eering & Produ

) 

) 

) 

) 

the 
me 
des 
(5) 
me 
ted 
th 

nd 
e (
e (

act 

to 
the 
me 
for 
is 

the 
8-

the 
sed 
10) 
ted 
11) 
et. 
or 

the 
all 
the 
tes 

ive 
nd 
ity 
ive 
of 






i

 

W

is
x

va
In
w
fu

Th
n
fu

W

O
op
pr
ex
th
M
be
ex
 

Th
fo

Aghil Ham
Bonyadi Na

ction Research, 

  



max

.s t

x S

F x

 , ,...,i 1 2 n

Where  F x i

s the nu
 1 2

 ,  ,x x

ariables, and
n this form pr

worst values 
unction: 

 


 

max

.
if f

s t

x S




 

min

.

if f

s t

x S

hen, accordi
objectives 

unction of Ui


(

( ) i
i

i

f x
U x

f

Where  (
i

0 U

Obviously, t
ptimal solut
roblem lies 
xist between
he separate o

Max-Min app
etween con
xpression of 




 

{

.

Max Min

s t

x S

 , ,...,i 1 2 n

he equation
ollowing form

midi Hesarsor
aeini*& Armi

March 2017, Vo

 ( ( ), (1 2f x f

is the vector

mber of 
,  . . . ,  

r
x   i

d S is the feas
roblem, we c
for each obj

( )if x

  

( )if x

 

ng to Eq. (17
function uti

i: 




) i

i

x f

f
 

( )x 1  for al

the difficult
tion for a m
in the poss

n the optima
objectives. A
proach is us
nflict utiliti
Max-Min fu

{ ( );iU x i 1

n  

n of (18) ca
m: 

rkh, Ali Pap
n Jabarzadeh

ol. 28, No. 1 

( ),... ( ))nx f x

r of objectiv

objective 
s the vector 

sible solution
can find the b
jective as th

 
 , ,i 1 2

 
 , ,i 1 2

7), we evalua
ility by the 

 
 , , ..i 1 2

l x S  

ty of iden
multi-objectiv
ible conflict

al solutions 
According to 
sed to create
es. Followi

unction: 

, ,..., }1 2 n

 

an be conve

89 
pi, Ali 
h 

(14) 
 
 

)

 

ves;  2n 
functions; 

of decision 

n space. 
best and the 
e following

(15)...,n  

(16)...,n  

ate all these 
normalized

(17)..,n  

ntifying an 
ve decision 
ts that may 
(utility) for 
this fact, a 

e a balance 
ing is an 

(18)

erted to the 



90 
Aghil
Bony

 








 
 

.

( )i

Max

s t

U x

x S
In the abov
objectives 
different vi
for each ob

(
i

1
). 

4-1. Soluti
As mentio
objective o
above sol
should be t
Step 1, De
value of th
second obje

 Maxim

 Minimu

Step 2, De
value of th
the first obj

Maximum 

 Minimu
Step 3, Def
objective (S

 (U

Step 4, Def
objective (C

 (U

Step 5, Co
to Max-M
utility): 

 






 
 




.

(

(

Max

s t

U

U

Eqs

Eq 8
 
Finally, So
model obta

l Hamidi Hes
yadi Naeini*&

Internatio

) , ,...,i 1 2 n

ve equations
are equally 

iew, we mus
bjective by d

on to the pr
oned above 
optimization
ution metho

taken to solv
etermine the
he first object
ective (Cost)

mum speed = 

um speed = S

etermine the
he second o
jective (Spee

cost = Cost

um cost = C
finition of the
Speed) based

( )
Sp

Speed
Sp



finition of the
Cost) based o

( )
Cos

Cost
Cos



nvert the pro
Min Model 






( )

( )

( ) ( ) ,

), (

U Speed

U Cost

4 7 Eq

8 3 Eqs 9

olve the singl
ained from “S

sarsorkh, Ali 
& Armin Jaba

onal Journal of I

i 1

n
 

s, it is assum
important. 

st consider d
definition di

roblem  
our model

n problem. B
od, the fo
e the model. 

e maximum 
tive (Speed) 
): 

Speed   

Speed   

e maximum 
objective (Co
ed): 

 

Cost  

e utility func
d on the Eq. 

Speed Spee

Speed Spee





e utility func
on the Eq. (2

st Cost

st Cost




   

oposed bi-ob
(maximize 



( ), (

) ( )

q 8 1 Eq

9 13

le objective o
Step 5” in wh

Papi, Ali 
arzadeh 

Industrial Engin

(1

, ,...,1 2 n  

med that all t
If we have

different utili
ifferent weig

l is a mul
Based on t
llowing ste
 
and minimu
regardless t

and minimu
ost) regardle

ction of first 
(3):  

ed

ed
  

ction of secon
2):  

bjective mod
the minimu

( ),8 2

 

optimization 
hich the 

Discover
Network

eering & Produ
 

19) 

the 
e a 
ity 
ght  

lti-
the 
eps 

um 
the 

um 
ess 

nd 

del 
um 

m

an
 

In
pr
pr
pr
ex
da
w
T
th
m
 

 
T
In
u

N

c

bi

M



 
A
m
of
 

S

 

ring Groups o
ks: A Multi-Ob

ction Research, 

minimum utili

nd second ob

n this sectio
roposed mo
roposed solu
resented. Fo
xperiment o
ataset created

was collected
ehran, Iran 

he other requ
marketing dep

Fig. 1. 

Tab. 2. Data
Vnp

ut 

163 N  

1 ci  

Fig. 1 
,i j

 
3  Mc  

2   

According t
mentioned abo
f both object

Tab
Max 

Speed 

Cost 

of key Potentia
bjective Optim

March 2017, Vo

ity of first ob

bjective ( (U C

5- Exp
on, to illustr
odel and th
ution method
or this pur
on a real-w
d by Kerman

d from Abrar
(fig.1.) Mor

uired informa
partment (Ta

Abrar Uni

a Associate
Value 

,ti j  

T  

B  

Mn  


    

T
m  

to the sol
ove, Table 3 
tives. 

b. 3. Utility 
Miximum 

0.1  

20  

al Customers 
mization Mode

ol. 28, No. 1 

bjective ( (U S
)Cost ) is ma

periment 
rate the vali
he usefulne

d, a simple ex
rpose, we c
world mobil
ni et al.[1]. T
r University 
reover, we su
ation is obta

able 2). 

iversity Da

d with the 
Input 

_Random Un

1

2

5

5

lution appr
 illustrates u

of objectiv
inimum 

0  

0 

 in Social 
del  

)Speed ) 

aximized.  

idity of the 
ess of the 
xperiment is 
conduct an 
le network 
This dataset 
students in 

uppose that 
ained by the 

ataset 

network 
Value 

( , )niform 0 4  

0  

20  

5  

5  

roach that 
utility values 

ves 
Utility 

.
Speed
0 1

 

 os20 C t
20

   



Discovering
Networks: A
 

Using thes
CPLEX s
implementi
network are
In additio
information
scenario. T
Gephi softw
2, seed no
nodes are h
Fig. 3 show
period. 

 

Fig. 3. T

 
 
 

g Groups of ke
A Multi-Objec

Internatio

6. Result
se data, the
solver 24.1
ing the prop
e shown in T

on, Fig. 2 
n of the n
The results 
ware[35]. A

odes, infecte
highlighted w
ws how many

Fig

The numbe
different

ey Potential C
ctive Optimiza

onal Journal of I

ts and Discu
e problem 
.2 version.
osed model 

Table 4. 
represents 

network in 
were illustr
s it can be s
d nodes and
with differen
y nodes is in

g. 2. repres

er of infecte
t periods of

Customers in S
ation Model 

Industrial Engin

ussion 
is solved b

. Results 
on the samp

demograph
the optim

ated by usin
seen from Fi
d non-infect
nt colors. Als
nfected in ea

ents demog

ed nodes in
f time 

Social 

eering & Produ

by 
of 

ple 

hic 
mal 

ng 
ig. 
ted 
so, 

ach 

D
if

fu
si

on

 

 

graphic inf

 
n 

 
T
th
pe
re
th
fo
co
sp
fo
po
fin
m
al
 
 

Aghil Ham
Bonyadi Na

ction Research, 

Ta

D
if

fu
si

on
 

sp
ee

d 

N
um

be
r 

of
 

S
ee

d 
no

de
s 

b
f

0.
08

6 

6 

formation o

o give a mo
he distributio
eriods is sh
esults are als
he achieveme
ound as  0
ompany can 
pending 6 fr
or selecting 6
oint, the com
ndings also 

more to info
lthough may 

midi Hesarsor
aeini*& Armi

March 2017, Vo

ab. 4. Solut

N
um

be
r 

of
 

in
fe

ct
ed

 
no

de
s

C
on

su
m

ed
 

t

14
0 6 

of the netw

ore qualitativ
on of infec

hown in Fig
so listed in T
ent level of 
.85. The so
inform 140 

ractions of th
6 key players
mpany obtai
indicate that

orm all mem
reduces its u

rkh, Ali Pap
n Jabarzadeh

ol. 28, No. 1 

tion results

co
st

 

S
pe

ed
  

ut
il

it
y 

0.
85

9 

ork 

ve sense of 
cted nodes a
g. 4. The o
Table.5. From
f the single o
olution show

potential cu
he total defi
s in the netw
ns the best 
t the compan
mbers of th
utility.  

91 
pi, Ali 
h 

s 

C
os

t-
ut

il
it

y 

M
in

-M
ax

 
ut

il
it

y 
(



 
)

0.
85

0 

0.
85

0 

 

the results, 
at different 

optimization 
m the table, 
objective is 

ws that the 
ustomers by 
ined budget 

work. In this 
utility. The 
ny can cost 

he network, 

)



92 
Aghil
Bony

 

Fig

Tab

Consumed
Budget 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
 
Altogether,
contributio
focus on so
in order to 
focus on c
scientific k
that cons
diffusion s
planning i
above, the 
allowed co
their ow
relationship

l Hamidi Hes
yadi Naeini*&

Internatio

g.4. Custom

b. 5. Effects
consum

Diffusio
speed 

-

0.054 
0.060 
0.066 
0.073 
0.082 
0.086 
0.089 
0.093 
0.096 

0.1 

, as opp
ns in comp
ocial network
achieve a pr
onnections b

knowledge. H
idered two

speed maxim
in social n

proliferatio
ompanies to 

wn custome
ps. They get 

(b)Time=2, 

(d)Time=

sarsorkh, Ali 
& Armin Jaba

onal Journal of I

mers netwo
 

s of changes
med- budget

Infecte
nodes

on 

88 
98 

108 
119 
133 
140 
146 
152 
157 
163 

pose to 
puter science
ks, we believ
ractical know
between diff
Hence, we de
o problems 
mization and 
networks.  A
on of social 

collect info
ers and 
to focus on p

exposure 

=4, exposure 

Papi, Ali 
arzadeh 

Industrial Engin

ork exposur

s in the 
t 

Max-
Min 

utility

ed 
s 

0.54
0.60
0.66
0.73
0.82
0.85

0.825
0.800
0.775
0.75

some rece
e, which on
ve researche
wledge, shou
ferent fields 
evelop a mod

together: (
(2) marketi

As mention
networks h

ormation abo
their soc

profitable  

(E)Tim

Discover
Network

eering & Produ
 

re to the pr

-

y
 
 
 
 
 
 

5 
0 
5 
 

ent 
nly 
rs,  

uld 
of 

del 
(1) 
ng 

ned 
has 
out 
ial 

 
cu
so
ha
th
at
be
cu
ta
th
36
pe
Fu
on
m
co
se
im
in
R
a 
ke
m
co
co
is
cu
m
pe
pe

me=5, expos

ring Groups o
ks: A Multi-Ob

ction Research, 

roduct/ serv

ustomers and
o, they can re
armful side 
hey should 
ttracting cus
ecause it m
ustomer’s a
arget more e
heir motivati
6]. It can 
ersuading ke
urthermore, 
n what has 

multi-period 
oncern. They
eed in each p
mpact on rem
nformed.  

Regarding the
multi-period

ey players 
model is then 
ollected from
ommunicate 
s a networ
ustomers. 

manufacturer
eriod marke
ersonal netw

sure

of key Potentia
bjective Optim

March 2017, Vo

vice for the

d markets o
educe their o
effects of so

be aware 
stomer’s attr

may create 
attitude. So, 
exactly and 
on and hedo

be deduce
ey players is 
they should 
happened i
marketing 

y can select
period that w

maining custo

ese facts, in t
d multi-objec
in social ne
applied to ty

m Abrar un
with each o

rk of a m
In addition
have a limit

eting plan. 
work in the 

(a)Time=1

(c)Time=3

al Customers 
mization Mode

ol. 28, No. 1 

e manufactu

nly to those
own expense
ocial marketi

that any 
raction is n
a negative 
they have 
pay more a

onic enjoyme
ed that sel
costly for co
make a dec

in the past.
plan can 

t those cust
would have 
omers who st

this paper, w
ctive model 
etworks. Th
ypical person
niversity stu

other. We ass
manufacture’
n, we as
ted budget a

Fig.4 (a) 
first period

1, exposure

3, exposure 

 in Social 
del  

 
ure 

e. By doing 
es and avoid 
ing. In fact, 
attempt at

not suitable 
impact on 
to choose 

attention to 
ent [25, 27, 
lecting and 
ompanies.  
cision based 
 Having a 
satisfy the 

tomers as a 
the greatest 
till have not 

we proposed 
to discover 

he proposed 
nal network 
udents who 
sume that it 
s potential 
ssume the 
and a multi-

shows the 
d when the 



Discovering
Networks: A
 

three key p
the membe
manufactur
exposed to
personal n
exposure is
exposure, 3
163. There
product/ser
at time-per
are infected
potential 
provided b
trustable th
no wonder
network be
first 2 per
exposure is
number of 
periods.  A
rate would 
in the per
information
As seen in
effort (the
influenced)
the whole 
during 5 pe
period, two
of them in
mentioned 
analyze inf
nodes again
 

In this pap
for diffusio
relies on 
networks. O
summarize
insight that
with influe
this fact, w
multi-perio
suggested t
nodes and
information
issue, we 
mathematic
seed users 
solution pr
with maxim
world data
the present
the network

g Groups of ke
A Multi-Objec

Internatio

players who h
ers of the ne
re. Now the
o the prod
network me
s computed 
3, by total siz
efore, the d
rvice is 0.018
iod 1. In Fig
d in the first 

customers. 
by friends 

han that from
r that in th
ecome infect
riods. In th
s 0.086. Fig
informed po

As it is seen 
increase exp

rsonal netwo
n related to 
n Figs. 2 an
e number of
) and effect 
network) res
eriods which
o of them in 
n the third 
above, in ea

fected nodes
n.  

7. 
per, we deve
on speed ma

finding st
Our main co
d in two par
t marketing 
ence spreadi

we model the 
od process. 
that spreadin
d persuadin
n is costly. 

propose an
cal model to
 exactly. Th

rocedure that
mum utility 
set. There is
t work. For e
k is large, ou

ey Potential C
ctive Optimiza

onal Journal of I

have the grea
etwork are ta
e potential 

duct/service 
embers. Th
by dividing 

ze of the per
degree of ex
84 for this sa

g.4 (d), the ke
two periods 

Clearly, 
is more ac

m marketers [
his time me
ted at a faste
his period t
g.4 (E) repre
otential custo

from Fig.4 
ponentially a
ork are act
the product/

nd 4, the tra
f nodes tha

(the final i
sults in 6 se
h three of th
the second p

period are
ach period th
, and then se

Conclusion 
elop a mathe
aximization p
trategic nod
ontribution in
rts: (1) we in
plan should

ing concept. 
influence pr
(2) Several

ng informatio
ng them t
So, as a new
n exact mu
o identify th
he model is
t ensures a P
and examin

s much scop
example, wh
ur model has

Customers in S
ation Model 

Industrial Engin

atest impact 
argeted by t
customers a
through the

he degree 
the degree 

sonal networ
xposure to t
ample netwo
ey players w
start to infor

informati
cceptable a
37]. Thus, it

embers of t
er rate than t
the degree 

esents the tot
mers after fi
(E), exposu

as more peop
tive to spre
/service. Als

adeoff betwe
at need to 
influence ov
eeds custome
hem in the fir
period, and o
e selected. A
e marketer c
elect new se

ematical mod
problem whi
des in soc
n this paper 

ntroduce a ne
d be integrat

According 
ropagation as
l studies ha
on among se
to adopt t
w view on t
ulti- objecti
he location t
s solved by
Pareto soluti
ned on a rea
e in extendin
hen the size 
s not a suitab

Social 

eering & Produ

on 
the 
are 
eir 
of 
of 

rk, 
the 
ork 
ho 
rm 
on 
nd 
t is 
the 
the 
of 
tal 
ive 
ure 
ple 
ead 
so,  
een 
be 

ver 
ers 
rst 

one 
As 

can 
eed 

del 
ich 
ial 
is 

ew 
ted 
to 

s a 
ave 
eed 
the 
the 
ive 
the 
 a 
on 
al-
ng 
of 

ble 

pe
th
al
co

[1

 
[2

 
[3

 
[4

 
[5

 
[6

 
[7

 
[8

 
[9

 
[1

 

Aghil Ham
Bonyadi Na

ction Research, 

erformance. 
he current re
lgorithm wi
onsiders othe

1] Agha M
Aliahmad
the choic
on a soci
Commun

2] Felmlee, 
networks
Springer.

3] Barrat, 
complex 
the Natio
United S
(2004), p

4] Kadushin
Network 
Copy by 

5] Li, H., e
maximiza
VLDB Jo
117-141.

6] Leskovec
Huberma
ACM Tr
Vol. 1, N

7] Naik, S
Influence
in Recom
Networks

8] Granovet
collective
sociology

9] Rogers, 
diffusion.
(1976), p

10] Guardiol
diffusion 
Physical 
pp. 02612

midi Hesarsor
aeini*& Armi

March 2017, Vo

Therefore, o
esearch is de
ith large- s
er factor s su

Refere
Mohammad A

di, and R. 
ce of influen
ial network.

nication Syst

D.H., In
, in Handbo
. (2006), pp. 

A., et al., 
weighted ne
onal Academ
tates of Ame

pp. 3747-375

n, C., Int
Theory: Ba
Charles Kad

et al., Conf
ation in onlin
ournal, Vol. 

c, J., L.A.
an, The dynam
ransactions 

No. 1, (2007).

S.A. and Q
e Maximizati
mmendation 
s Springer. (2

tter, M., 
e behavior. 
y, (1978),pp.

E.M., New 
. Journal o

pp. 290-301.

a Martínez, 
of innovatio
Review e, V

21-1-026121

rkh, Ali Pap
n Jabarzadeh

ol. 28, No. 1 

one logical e
eveloping a 
scale netwo

uch as produc

ence 
Ali Kerman
Hanneman, 

ntial nodes fo
Internationa
ems, (2015).

Interaction 
ok of social 
389-409. 

The arch
etworks. Pro
my of Scien
erica, Vol. 1
2. 

troduction 
asic Network
dushin, (2004

formity-awar
ne social net

24, No. 1, 

. Adamic, 
mics of viral
on the Web
. 

Q. Yu, E
ion in Viral 

and Search
2015), pp. 21

Threshold 
American 

 1420-1443.

product ad
of consumer

X., et al.,
ons in a soci
Vol. 66, No
1-4, 

93 
pi, Ali 
h 

extension of
compatible 

orks which 
ct price. 

ni, M., A. 
Optimizing 

for diffusion 
al Journal of 
. 

in social 
psychology

hitecture of 
ceedings of 
nces of the 
01, No. 11,

to Social 
k Concepts.
4). 

re influence 
tworks. The 
(2015), pp. 

and B.A. 
l marketing.
b (TWEB), 

Evolutionary 
Marketing, 

h in Social 
17-247. 

models of 
journal of 

 

doption and 
r Research, 

 Modelling 
ial network.
. 2, (2002), 

f

f



94 
Aghil
Bony

 

[11] Kemp
Maxim
a socia
ACM 
Knowl
(2003)

 
[12] Bharat

Compe
networ
Econo

 
[13] Chen, 

influen
in Pro
interna
discov

 
[14] Chen, 

influen
under 
Mining
Intern

 
[15] Hao, 

diffusi
maxim
of 
Intern
Intern
and So

 
[16] Chen, 

Castill
propag
Lectur
4, (20

 
[17] Ma, Q

maxim
influen
Inform
pp. 11

 
[18] Wang

to Sel
Maxim
Web 
Spring

 
[19] Lin, Y

influen
partia
algori
Evalua

l Hamidi Hes
yadi Naeini*&

Internatio

e, D., J. K
mizing the sp
al network. i
SIGKDD in
ledge disco
). ACM. 

thi, S., D. 
etitive influe
rks, in I

omics Spring

W., Y. Wan
nce maximiz
oceedings of
ational con

very and data

W., Y. Yua
nce maximiz

the linear 
g (ICDM)
ational Conf

F., et al. I
ion models 

mization in so
Things (i
ational Co
ational Conf
ocial Compu

W., L.V
lo, Inform
gation in so
res on Data 
13), pp. 1-17

Q. and J. M
mization a
ntial users in

mation Mana
3-124. 

, Y., et al., 
lect Optima

mization in H
Technolog

ger. (2015), p

Y. and J.C. L
nce maxim
l informati

ithmic fra
ation, Vol. 9

sarsorkh, Ali 
& Armin Jaba

onal Journal of I

Kleinberg, an
pread of infl
in Proceedin

nternational 
overy and 

Kempe, an
ence maximiz
Internet a
er. (2007), p

ng, and S. Y
zation in so
f the 15th A
nference on
a mining. (20

an, and L. Zh
zation in so
threshold m
), 2010 
ference on. (

Influence st
for dynam

ocial networ
Things/CPSC
onference o
ference on C

uting. (2011),

. Lakshman
mation an
ocial netwo
Managemen

77. 

Ma, An effic
algorithm 
n micro-blog
agement Spr

A Co-rankin
al Seed Set 
Heterogeneou
gies and 
pp. 141-153. 

Lui, Analyzin
mization pr
ion: An 
amework. 
1, (2015), pp

Papi, Ali 
arzadeh 

Industrial Engin

nd É. Tardo
luence throug
ngs of the nin
conference 
data minin

nd M. Sale
zation in soci
and Netwo
pp. 306-311.

Yang. Efficie
cial network

ACM SIGKD
n Knowled
009), ACM.

hang. Scalab
ocial networ

model. in Da
IEEE 10

2010), IEEE

trength awa
mic influen
rks. in Intern
Com), 20
on and 4

Cyber, Physic
, IEEE. 

nan, and 
nd influen
rks. Synthes

nt, Vol. 5, N

cient influen
to discov

g, in Web-A
ringer. (2014

ng Framewo
for Influen

us Network, 
Applicatio

ng competiti
roblems wi
approximati

Performan
p. 187-204. 

Discover
Network

eering & Produ
 

os. 
gh 

nth 
on 

ng. 

ek, 
ial 

ork 

ent 
ks. 

DD 
dge 

ble 
rks 
ata 
0th 
E. 

are 
nce 
net 
11 

4th 
cal 

C. 
nce 
sis 

No. 

nce 
ver 
ge 
4), 

ork 
nce 

in 
ons 

ive 
ith 
on 

nce 

 
[2

 
[2

 
[2

 
[2

 
[2

 
[2

 
[2

 
[2

 
[2

 

ring Groups o
ks: A Multi-Ob

ction Research, 

20] Zhang, K
Maximizi
Improved
Physica 
Applicati

21] Wu, P. 
blocking 
under c
models. C

22] Zeng, Y.
influence
Expert S
(2016), p

23] Han, M.,
influence
networks
Journal 
Applicati

24] Agha Mo
and R. H
influentia
network.
Commun

25] Watson, 
Consume
marketing
Internatio
Managem
840-849.

26] Billore, A
A review
Review, V

27] Shareef, 
advertise
Mobile m
service. I
Managem
257-268.

28] Maduku, 
Understa
intention 
perspecti
of Inform
(2016), p

of key Potentia
bjective Optim

March 2017, Vo

K., H. Du,
ing influence
d results usin
A: Statistic

ions, Vol. 47

and L. Pa
maximizati

competitive 
Computer Ne

, et al., Max
e loss constra
ystems with

pp. 255-267.

, et al., An 
e maximiza
 with op

of Netw
ions, Vol. 63

o Ali Kerm
Hanneman, O
al nodes for

Internat
nication Syst

C., J. McC
er attitude
g in the 
onal Journ
ment, Vol. 3

A. and A. Sa
w of the lite
Vol. 15, No.

M.A., et a
ement for 
marketing th
International
ment, Vol. 3

D.K., M. M
anding mobi

by South A
ive framewor
mation Mana
pp. 711-723.

al Customers 
mization Mode

ol. 28, No. 1 

, and M.W
e in a socia
ng a genetic
cal Mechani
78, (2017), pp

an, Scalable
on in socia

independen
etworks, (20

ximizing influ
aint in socia

h Application

exploration 
ation in 
pportunistic 

work and 
3, (2016), pp.

ani, M., A. 
Optimizing th
r diffusion o
tional Jou
ems, (2015).

Carthy, and 
es toward

smart p
nal of I
33, No. 5, 

adh, Mobile A
erature. The
 2, (2015), p

al., Content
consumer 

hrough short
l Journal of I
37, No. 4, 

Mpinganjira, a
ile marketin
African SME
rk. Internatio
gement, Vol

 in Social 
del  

W. Feldman, 
al network: 
c algorithm.
ics and its 
p. 20-30. 

e influence 
al networks 
nt cascade 
17). 

uence under 
al networks.
ns, Vol. 55,

of broader 
timeliness 
selection.
Computer 

. 39-49. 

Aliahmadi, 
he choice of 
on a social 
urnal of 
. 

J. Rowley, 
ds mobile 
phone era.
Information 
(2013), pp. 

Advertising: 
e Marketing 
pp. 161-183.

t design of 
exposure: 

t messaging 
Information 
(2017), pp. 

and H. Duh, 
ng adoption 
Es: A multi-
onal Journal 
l. 36, No. 5, 

f

f



Discovering
Networks: A
 

[29] Rau, P
deliver
Interna
Comm
19-38.

 
[30] Pihlstr

Compa
inform
service
Use an

 
[31] Wang

algori
in mob
the 1
confer
data m

 
[32] Domin

the n
Procee
interna
discov

 
 
 

Follow Th
 
Hamidihe
of key po
IJIEPR. 2
URL: http
DOI: 10.2

 

g Groups of ke
A Multi-Objec

Internatio

P.-L.P., et a
ry time 
ational J

munications, 
. 

röm17, M
aring the 

mation and
es. Perceived
nd Its Conseq

, Y., et al. 
ithm for min
bile social n
16th ACM 
rence on K
mining. (2010

ngos, P. and
network va
edings of th
ational con

very and data

his Article at

esarsorkh A, 
otential custo
2017; 28 (1) :
p://ijiepr.iust
22068/ijiepr.2

ey Potential C
ctive Optimiza

onal Journal of I

al., Content 
of SMS 

Journal 
Vol. 9, No. 

. and G
perceived

d entertain
d Value of M
quences, (20

Community
ing top-k inf
etworks. in P

SIGKDD 
Knowledge d
0). ACM. 

d M. Richa
alue of c
he seventh A
nference on
a mining. (20

t The Follow

Papi A, Bon
omers in soci
:85-94 
.ac.ir/article-
28.1.85 

Customers in S
ation Model 

Industrial Engin

relevance a
advertisin

of Mob
1, (2011), p

G.J. Brush1
d value 
ment mob

Mobile Servi
008). 

-based gree
fluential nod
Proceedings 

internation
discovery a

ardson. Mini
customers. 
ACM SIGKD
n Knowled
001). ACM.

wing Site 

nyadi Naein
ial networks:

-1-744-en.htm

Social 

eering & Produ

nd 
ng. 
ile 
pp. 

18, 
of 
ile 
ice 

edy 
des 

of 
nal 
nd 

ng 
in 

DD 
dge 

[3

 
[3

 
[3

 
[3

 
[3

 
.

i A, Jabarza
: A multi-obj

ml 

Aghil Ham
Bonyadi Na

ction Research, 

33] Data, B
Survey. M
Vol. 19, N

34] Ehrgott, 
Springer 

35] Bastian, 
Gephi: 
exploring
ICWSM,

36] Ström, R
Mobile m
value for
Retailing
No. 6, (2

37] Yu, Z., e
content 
networks
(2015), p

adeh A. Disc
bjective optim

midi Hesarsor
aeini*& Armi

March 2017, Vo

. and T.M
Mobile Netw
No. 2, (2014

M., Multicri
Science & B

M., S. Heym
an open 

g and ma
 Vol. 8, (200

R., M. Ven
marketing: A 
r consumers a
g and Consu
014), pp. 100

et al., Friend
spread en

. Informatio
pp. 102-118.

covering grou
mization mod

rkh, Ali Pap
n Jabarzadeh

ol. 28, No. 1 

M.I.D. Coun
works and A
4), pp. 171-20

iteria optimiz
Business Med

mann, and M
source sof

anipulating 
09), pp. 361-

ndel, and J
literature re

and retailers
umer Service
01-1012. 

d recommen
nhancement 
on Sciences,

ups 
del. 

95 
pi, Ali 
h 

ntries–A, A 
Applications, 
09. 

ization2006: 
dia. 

M. Jacomy, 
ftware for 

networks.
362. 

. Bredican, 
eview on its 
s. Journal of 
es, Vol. 21, 

ndation with 
in social 

, Vol. 309,

 

 
 


