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Abstract: Many applications in engineering and science rely on the optimization of 
computationally cost functions. A successful approach in such states is to couple an evolutionary 
algorithm with a mathematical model which replaces the cost function. By considering of 
importance of advertising in the business declaration, especially billboard advertising, in 
this paper we have formulated billboard selection decision making, by using network count 
location approach which determine informative links in a network, to optimize cost of 
advertising and billboard visiting. Then, opposition based colonial competitive algorithm, 
which originally inspired by imperialistic competition, is used to solve mathematical model. 
Also, we implement proposed model on Sioux Falls city network.
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1. Introduction

A basic description of advertising that 
Merr iam-Webster Dict ionar y (2011) 
presented is to “The action of cal l ing 
something to the attention of the public 
especially by paid announcements”. A 
more descriptive definition presented 
by Entrepreneur (2011) is “To call the 
publ ic’s at tent ion to you r busi ness, 
usually for the purpose of selling products 
or services, through the use of various 
forms of media, such as print or broadcast 
notices”. Advertising presents a direct 
line of statement to existing and potential 
customers with regards to a product or 
service. Advertising has its origin in Europe, 
although some of its forms, such as radio 
and television commercials, as well as 
advertising on the Internet, for example, are 

uniquely American. In the study of O’Barr 
(2010), a main factor in advertising history 
is in the technique used whereby there 
was a transition from face to face selling 
messages to the stilted, repetitive, printed 
advertisements of early newspapers, to the 
mass communication by radio and television, 
to the re-personalization of messages via 
direct mail, cable and internet.

Advertising is at the front of sending the 
good message to customers and potential 
customers. According to Taylor (1978), 
the purpose of advertising is to encourage 
customers that the company products 
are the best, improve the image of the 
company, point out and make a need for 
products or services, reveal new uses for 
established products, declare new products 
and programs, highlight the salespeople’s 
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individual messages, draw customers to the 
business, and to hold on hand customers.
Today, advertising plays a very important 
role in competition as below:

•	 Advertising plays a very important role 
in customers’ life. Customers are the 
people who buy the product only after 
they are made aware of the products 
available in the market. If the product 
is not advertised, no customer will come 
to know what products are available 
and will not buy the product even if 
the product was for their benefit. Also 
advertising helps people to obtain the 
best products because they are able 
to compare the products and buy. 
Thus, advertising is important for the 
customers.

•	 Advert ising plays ver y important 
role for the producers and the sellers 
of the products, because advertising 
helps increasing sales, identifies their 
competitors to adjust the level of 
competition, makes ground for a new 
product in the market, helps creating 
goodwill for the company and keeps 
demand. 

•	 Advertising helps educating people. 
There are some social issues also which 
advertising deals with l ike energy 
optimization, driving rules, smoking, 
family planning education, etc.

These days there are more ways than ever 
before to advertising. Most common of ways 
is to:

•	 Generally TV commercial is considered 
t he most e f fec t ive ma s s-ma rket 
advertising type, as is ref lected by 
the high prices TV networks fee for 
commercial airtime during popular 
TV programs. Radio advertising is a 

type of advertising via the medium of 
radio and broadcast as radio waves to 
the air. Airtime is bought from a station 
or network in switching for airing 
the commercials. Radio is a growing 
medium that can be found not only 
on air, but also online. According to 
Arbitron, radio has approximately 241.6 
million weekly listeners, or more than 
93 percent of the U.S. population.

•	 Billboards are big structures placed 
in publ ic posit ion which present 
advertisements to passing passerby. 
Most often, they are located on main 
roads with a large amount of passing 
motor and pedestrian traffic; however, 
they can be located in any location 
with large amounts of visitors, such 
as in stations, in shopping centers or 
buildings and in stadiums.

•	 On l i ne adver t i s i ng i s  a  t y pe of 
promotion that uses internet for 
the expressed purpose of delivering 
marketing messages to draw customers. 
Examples of online advertising include 
backg rou nd adver t isements t hat 
show on search engine results pages, 
social network advertising and e-mail 
marketing.

•	 Product placement is the purposeful 
incorporation of commercial content 
into non-commercial settings, that is, 
a product plug generated via the fusion 
of advertising and entertainment. 
In product placement, the involved 
audience gets exposed to the brands 
and products during the natural process 
of the movie, television program, or 
content vehicle. 

The paper is organized as follows: Section 2 
introduces to billboard advertising, Section 3 
introduce to network count location problem 
and modeling of problem, Section 4 explains 
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a modified type of imperialist competitive 
algorithm, a numerical example is given 
in Section 5 and Section 6 presents the 
conclusion and future works.

2. Billboard Advertising

Taylor et al. (2006) explain billboards as the 
most common type of outdoor advertising. 
Over the years billboards have been build 
in all sorts of shapes and sizes, mostly along 
highways or major streets in cities in order 
to attract the attention of people. However 
there are advantages and disadvantages 
of using billboards. An obvious benefit is 
that they are very visible and can be easily 
observed and so their message is seen by 
passers. Also, advantages of billboards 
have been listed as including: potential 
assignment of the advertisement near the 
point of sale; 24-hour attendance; geographic 
f lexibility for local advertisers; visual effect 
f rom advertisement size and message 
creativity. A study of billboard users found 
that compared with other media, billboards 
were rated higher in terms of ability to attract 
new customers, communicate information 
affordably and to increase sales.

In today’s challenging recessionary economy, 
many companies are forced to shrink their 
advertising costs to meet the new realities of 
the marketplace, as are mentioned by Savitz 
and Shipp (2009). 

Murty (2003) i l lustrates that mak ing 
dec i s ion s on i s sues w it h i mpor t a nt 
consequences has become a highly complex 
problem due to the many competing forces 
under which the world is operating today, 
and the manual method very often leads to 
decisions quite far from being optimal. In 
fact many bad decisions are being made daily 
due to this. Many companies have become 

aware of this problem, and have made efforts 
to use mathematical models for decision 
making, and even spent considerable sums 
of money to acquire software systems to 
solve these models. However, often the 
software sits unused because the people 
who make the decisions are not trained in 
using it properly. Or, the results obtained 
by the software may not be practical due to 
an inappropriate mathematical model being 
used for the problem. Intelligent modeling 
is essential to get good results. 

Considering the importance of advertising, 
the purpose of the present paper is to use 
billboard medium purposefully through a 
Meta-heuristic algorithm and familiarizing 
the behavioral science with mathematical 
issues. Innovative a lgorithms are the 
algorithms which are designed for reaching to 
good answers not necessarily the optimized 
ones.

3. Network Count Location Problem

A n origin-destination (OD) matrix is 
essential for efficient traffic control and 
management. In the past two decades, 
we have witnessed the development of a 
fast growing body of research focused on 
methods of estimating OD matrices from 
traffic counts.

Generally, the quality of the estimated OD 
matrices is greatly dependent upon the 
accuracy of the input data (traffic counts 
and prior matrix and so on) and the number 
and locations of traffic counting points in the 
network. Conventionally, the impacts of the 
errors in input data have been investigated 
through numerical simulation with varying 
degrees of the accuracy of model input data. 
There has been, however, very limited 
attention that has been devoted to the key 
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problem of identifying a set of links for which 
f low information should be collected and 
used.

Most location models have been developed to 
determine the optimal locations of facilities 
so as to serve as much as possible customers, 
but without particular reference to OD matrix 
estimation. Hodgson (1990) discussed the 
f low-capturing location-allocation problem 
in a transportation network. He assumed that 
all f lows between each OD pair take the same 
minimum path. Based on Hodgson’s earlier 
work, Berman et al. (1992) presented a model 
for determining the optimal locations of a 
number of service facilities so as to intercept 
the maximum possible potential customer 
f low. However, studies of this issue in the 
past seem to ignore the fact that the facilities 
compete with each other regardless of whether 
they are of the same or a different chain. The 
competitive FCLAP is, thus, addressed in 
the Wu and Lin (2003) study. They have 
developed a mathematical model and a greedy-
based heuristic. Also, Yang et al. (2009) have 
constructed a bi-level programming static 
model and designed a heuristic based on a 
greedy search to solve model. Teodorović and 
Šelmić (2013) developed a model to determine 
the locations of the f low-capturing facilities 
in the transportation network. Berman et al. 
(1995) further studied the location problem 
without requirement of the knowledge of flows 
on all paths. The f low information required 
in their model is the fraction of customers 
travelling from a given node to all adjacent 
nodes (i.e. the turning probabilities at nodes) 
and the fraction of customers starting their 
travel from any origin node of the network.

The identification of informative links for a 
given number of stations in the road network 
is referred to as the NCLP2. For modeling 
2 Network Count Location Problem

of optimal decision making in billboard 
advertising, we have used network count 
location problem.

Recent approaches to solve the NCLP follow 
a number of selection rules. Yang and Zhou 
(1998) defined the most comprehensive set 
of rules:

Rule (1) OD covering rule: A certain 
minimum proportion of trips between each 
OD pair should be observable.

Rule (2) Maximal f low fraction rule: For a 
particular OD pair, links with the highest 
fraction of that OD flow should be selected.

Rule (3) Maximal flow interception rule: The 
set of links which intercept the maximum 
number of OD movements should be 
selected.

Rule (4) Link independence rule: Links 
with linearly independent f lows should be 
selected.

Yang and Zhou (1998) formulated a rigorous 
mathematical framework for the problem. 
The final objective is to find the set of link 
count locations and the minimum number 
that minimizes the Ma x imal Possible 
Relative Error (MPR E), i.e. a minmax-
risk averse methodology. The developed 
framework is founded on the above rules. 
Constraints can be assumed for the upper 
number of detectors for e.g. budget reasons.

Ehlert et al. (2006) started with the work 
of Yang and Zhou (1998) and developed 
a software tool, based on Mixed Integer 
Programming techniques, which solves 
the complex problem formulated only 
mathematically by the previous authors. In  
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this software also the extension of Chung’s 
budget constraint and a set of weight, for 
ranking OD pairs by importance were 
included.

So far, the sensor problem has been dealt 
with analytically, i.e. OD flows and vehicle 
counts have been interrelated in a system of 
equations. Yang and Zhou (1998) proposed 
a risk-averse solution in order to minimize 
the error in traffic count information while 
maximizing the information inference power. 
Their solution is strongly dependent on the 
assignment approach adopted, and, as said in 
the case of OD-matrix estimation problems, 
DTA-type of approaches are not yet fully 
developed. Fei et al. (2007) among other 
studies adopted a simulation approach to 
solve the problem. The simulation software 
used was Dynasmart. Adopting from Yang 
and Zhou (1998) the 4-rule criterion, they 
propose to solve the problem with the GLS 
approach as in and a Kalman filtering method 
to match real traffic counts and the ones 
simulated with the DTA.

Now, we explain two cases for modeling 
of Optimal Decision Making in Billboard 
Advertising.

1. To maximize number of billboards visits 
subject to fixed cost for billboard advertising.

According to the NCLP, we have a network 
that contains some nodes and links. So we 
assume there is a billboard in each link. 
Let us define X=(x1,…,xa,…,xnumber of links) as 
decision variables for network count location 
problem where xa=1 if link a is selected as a 
informative link, and 0 otherwise. Selection 
of link a means that billboard a is selected. 
The ma x imization problem takes the 
following form:

Where  is visit number of billboard a, C 
is a given billboard advertising cost and  
represents costs for placing an advertisement 
on billboard a.

2. To minimize cost of billboard advertising 
subject to fixed billboards visits.

The minimizat ion problem takes the 
following form:

Where  is visit number of billboard a, V is a 
given visit number for advertisement and  
represents costs for placing an advertisement 
on billboard a.

4. Opposition Based Colonial Competitive 
Algorithm

Fogel (1997) ex pla ins advantages of 
evolutionary computation. He illustrates 
that although the history of evolutionary 
computation dates back to the 1950s and 
1960s, only within the last decade have 
evolutionary algorithms become practicable 
for solving real-world problems on desktop 
computers. As computers continue to 
deliver accelerated performance, these 
applications will only become more routine. 
The f lexibility of evolutionary algorithms 
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to address general optimization problems 
using virtually any reasonable representation 
and performance index, with variation 
operators that can be tailored for the problem 
at hand, and selection mechanisms tuned 
for the appropriate level of stringency, 
gives these techniques an advantage over 
classic numerical optimization procedures. 
Moreover, the t wo-step procedure to 
self-adapt parameters that control the 
evolutionary search frees the human operator 
from having to handcraft solutions, which 
would often be time consuming or simply 
infeasible. Evolutionary algorithms offer 
a set of procedures that may be usefully 
applied to problems that have resisted 
solution by common techniques, and can 
be hybridized with such techniques when 
such combinations appear beneficial.

Atashpaz-Ga rga r i a nd Lucas (20 07) 
proposed a new evolutionary algorithm in the 
Evolutionary Computation field based on the 
human’s socio-political evolution that called 
Colonial Competitive Algorithm (CCA). 
Colonial Competitive Algorithm (CCA) 
and its extended version by opposition-based 
concept (OCCA) have been briefly reviewed 
in following subsections.

4.1. Colonial Competitive Algorithm (CCA)

This algorithm starts with an initial random 
population called countries. Some of the best 
countries in the population selected to be the 
imperialists and the rest form the colonies 
of these imperialists. In an N dimensional 
optimization problem, a country is a 1× n 
array. This array is defined as below (Eq. 
(1)):

1 2 3[ , , ,..., ]
varNcountry p p p p=  (1)

The algorithm starts with N initial countries 
and the best of them (countr ies w ith 
minimum cost) chosen as the imperialists. 
The remaining countries are colonies that 
each belong to an empire. 

The initial colonies belong to imperialists 
in convenience with their powers. To 
distribute the colonies among imperialists 
proportionally, the normalized cost of an 
imperialist is defined as follow (Eq. (2)):

max{ }n i ni
C c c= −  (2)

Where, cn is the cost of n-th imperialist and Cn 
is its normalized cost. Each imperialist that 
has more cost value, will have less normalized 
cost value. 

Having the normalized cost, the power of 
each imperialist is calculated as Eq. (3) and 
based on that the colonies distributed among 
the imperialist countries.

1

imp

n
n N

i
i

Cp
C

=

=

∑
 

(3)

Fig. 1 shows the initial empires. As shown 
in this figure, bigger empires have greater 
number of colonies while weaker ones have 
less. In this figure imperialist 1 has formed 
the most powerful empire and consequently 
has the greatest number of colonies.
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The more colonies an imperialist possess, the bigger 
is its relevant ★ mark.

Fig. 1.
Generating the Initial Empires

To distribute the colonies among imperialist, 
of the colonies is selected randomly and 
assigned to their imperialist. The imperialist 
countries absorb the colonies towards 
themselves using the absorption policy. The 
absorption policy shown in Fig. 2 makes the 
main core of this algorithm and causes the 

countries move towards to their minimum 
optima. The imperialists absorb these 
colonies towards themselves with respect 
to their power. The total power of each 
imperialist is determined by the power of 
its both parts, the empire power plus percents 
of its average colonies power (Eq. (4)).

. . ( ) { ( )}n n nT C Cost imperialist mean Cost colonies of empireξ= +  (4)

Where T.C.n is total cost of the n-th empire and ξ is a positive number which is considered 
to be less than one.

Fig. 2.
Movement of Colonies toward their Relevant Imperialist
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I n t h is a lgor it h m, t he i mper ia l i s t ic 
competition has an important role. During 
the imperialistic competition, the weak 
empires will lose their power and their 
colonies. To model this competition, firstly 
we calculate the probability of possessing all 
the colonies by each empire considering the 
total cost of empire (Eq. (5)).

. . . max{ . . } . .n i ni
N T C T C T C= −  (5)

Where T.C.n is the total cost of n-th empire 
and N.T.C.n is the normalized total cost of 
n-th empire. Having the normalized total 
cost, the possession probability of each 
empire is calculated as Eq. (6):

1

. . .

. . .
n imp

n
p N

i
i

N T Cp
N T C

=

=

∑
 

(6)

After a while all the empires except the 
most powerful one will collapse and all the 
colonies will be under the control of this 
unique empire.

Fig. 3 shows a big picture of the modeled 
imperialistic competition.

 
The more powerful an empire is, the more likely it will possess 
the weakest colony of the weakest empire.

Fig. 3.
Imperialistic Competition

4.2. Opposition Based Learning (OBL)

The concept of opposition-based learning 
(OBL) was introduced by Tizhoosh (2005) 
and has thus far been applied to accelerate 
reinforcement learning and back propagation 
learning in neural networks. The main 

idea behind OBL is the simultaneous 
considerat ion of an est imate and its 
corresponding opposite estimate (i.e., guess 
and opposite guess) in order to achieve a 
better approx imation for the current 
candidate solution.

To clarify, see the Fig. 4 below.
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Fig. 4.
Solving a One-Dimensional Equation via Recursive Halving of the Search Interval with Respect to 
Optimality of the Estimate x and Opposite-Estimate xo

Considering the unite interval [a1, b1] in 
Fig. 4, the solution for a given problem can 
be found by repeated examination of guess 
and counter-guess. The opposite number xo 
of the initial guess x will be generated. Based 
on which of the estimate or counter-estimate 
is closer to the solution, the search interval 
can be recursively halved until either the 
estimate or the counter-estimate is close 
enough to an existing solution.

Any population-based optimization algorithm 
has two main phases, namely, population 
initialization and evolutionary generating 
of the new population. Rahnamayan (2007) 
introduces three possible stages to employ 
opposition-based optimization to accelerate 
the parent algorithm.

These three stages are:
1. During population initialization,
2. During population evolution, and
3. After population evolution.

4.3. Opposition Based Colonial 
Competitive Algorithm (OCCA)

Concept of opposition has been employed 
to accelerate CCA. Opposition concept 

was utilized to introduce opposition-based 
population initialization and opposition-
based generation jumping. Azad et al. (2012) 
have proposed OCCA by embedding these 
two steps within CCA.

To solve proposed models in the previous 
section, first, we defined a coverage matrix 

 with rows corresponding to paths 
in R, and columns corresponding to links in 
A, where  if link a is on path r, and 
0 otherwise. With a given prior OD matrix, 
the coverage matrix can be obtained using 
a proper assignment model. If path f lows 
between OD pairs are known, link f lows  
can be obtained below:

Where  is a row vector of all 
path f lows and  is the a-th column vector 
of the coverage matrix B.

Let us define  
as decision variables where  if link a is 
selected as an informative link, and 0 otherwise. 
By changing mentioned models with  as we 
defined, OCCA is ready to solve models.
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Now, we employed opposition based colonial 
competitive algorithm to determine the 
desirable number and locations of billboards. 
In OCCA, countries are defined as below:

Where  if billboard a is selected, and 
0 otherwise. OCCA begins with N initial 
countries and the best of them (countries 
with maximum visit for first model and with 
minimum cost for second model) selected 
as the imperialists. Empires creation and 
evolutionary processes continue and OCCA 
obtain best solution for two models.

5. Results

We now employ opposition based colonial 
competitive algorithm to solve above cases 
for Sioux Falls city. 

Sioux Falls is the largest city in the U.S. state 
of South Dakota. This network includes 24 
centroids and 76 links. There are links input 
data and prior origin – destination (OD) 
matrix. 

Also, it is assumed that there is a billboard in 
the each link and Table 1 shows rent cost of 
each billboard. Network is shown in Fig. 5. 

Table 1
Rent Cost of Billboards
Billboard Number Rent Cost Billboard Number Rent Cost Billboard Number Rent Cost

C1 $400 C27 $450 C52 $550
C2 $850 C28 $800 C53 $800
C3 $650 C29 $650 C54 $700
C4 $850 C30 $400 C55 $550
C5 $850 C31 $600 C56 $600
C6 $550 C32 $400 C57 $550
C7 $1,000 C33 $500 C58 $450
C8 $900 C34 $850 C59 $850
C9 $800 C35 $950 C60 $1,000
C10 $750 C36 $850 C61 $750
C11 $500 C37 $700 C62 $450
C12 $850 C38 $800 C63 $600
C13 $600 C39 $700 C64 $500
C14 $650 C40 $650 C65 $800
C15 $950 C41 $850 C66 $650
C16 $450 C42 $650 C67 $850
C17 $750 C43 $750 C68 $1,000
C18 $650 C44 $950 C69 $700
C19 $1,000 C45 $800 C70 $650
C20 $850 C46 $500 C71 $400
C21 $750 C47 $400 C72 $950
C22 $800 C48 $500 C73 $950
C23 $800 C49 $900 C74 $600
C24 $1,000 C50 $400 C75 $450
C25 $500 C51 $600 C76 $450
C26 $800

Total Rent cost of billboard advertising = 52900 $
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Fig. 5.
Sioux Falls City Network

To solving above models, let us define 
a coverage matrix  with rows 
corresponding to paths in R, and columns 
corresponding to links in A, where  
if link a is on path r, and 0 otherwise. With 
a given prior OD matrix, the coverage 
matrix can be obtained using an appropriate 
assignment model. If path f lows between 
OD pairs are known, link f lows  can be 
obtained using Eq. (7):

 (7)

Where  are to a row vector 
of all paths f lows and  is the a-th column 
vector of the coverage matrix B.

In research of Azad (2014), NCLP is solved 
by opposition based colonial competitive 
algorithm and the main steps in the algorithms 
that have been modified to solve above cases 
are summarized and shown in Fig. 6.
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Main Step Case 1 - maximize number of billboards visits Case 2 - Minimize cost of billboard advertising

Step 1

Creation of initial empires: in this step, first, we 
have generated initial random countries and initial 
opposite countries subject to billboard advertising 
cost restriction and then, we have selected fittest 
countries.

Creation of initial empires: in this step, first, 
we have generated initial random countries and 
initial opposite countries subject to billboard 
visits restriction and then, we have selected fittest 
countries.

Step 2 Evolutionary process according to the objective function. This step includes assimilation, revolution 
and imperialistic competition.

Step 3

Creation of new generation: in this step, opposite 
colonies generate for produced colonies from 
evolutionary process and evaluate by billboard 
visits function.

Creation of new generation: in this step, opposite 
colonies generate for produced colonies from 
evolutionary process and evaluate by billboard 
advertising cost function.

Fig. 6.
Modified Steps of OCCA for Solving Proposed Model

According to the above descriptions, we 
have solved first model and maximized 
billboard visits subject to fixed billboard 
advertising cost. To perform OCCA 

for f irst model, billboard advertising 
cost parameter has varied from 1000$ 
to 50000$ and results are shown in the 
Table 2.

Table 2
Results for Model 1
Given Billboard Ads 
Cost ($)

Maximum Percentage of 
Visits (%)

Real Billboard Ads Cost 
($) Number of Billboard

1000 10.81 1000 2

2000 20.97 2000 4

5000 31.88 4900 8

10000 53.31 9600 16

20000 73.38 19900 30

30000 87.78 29750 45

40000 95.22 39700 58

50000 99.45 49650 72

Now, we have solved second model and 
minimized billboard advertising cost subject 
to fixed billboard visits. To perform OCCA 

for second model, billboard visits parameter 
has varied from 10% to 99% and results are 
shown in the Table 3.
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Table 3
Result for Model 2

Given Percentage of 
Visits (%)

Minimum Billboard 
Ads Cost ($)

Real Percentage of 
Visits (%) Number of Billboard

10 900 9.93 2

20 2700 19.99 5

30 4150 30.03 8

40 7600 39.60 11

50 10350 49.98 16

60 13400 59.52 20

70 18700 69.83 27

80 23850 79.37 39

90 32650 90.26 48

99 46450 97.93 68

In this paper, we studied network which 
include 24 nodes and 76 links. Total number 
of solutions for models can be calculated as 
follows:

In fact, large number of solutions for 
mentioned problem show the importance of 
proposed model and coverage of opposition 
based colonial competitive algorithm imply 
the validation of results. Now, according to 
the proposed model, companies can plan 
with having necessary information.

6. Conclusion

To minimize the cost of billboard advertising 
and maximize the observations of billboards, 
selecting a suitable billboard location has 
become one of the most important issues for 
companies. This paper aims at designing an 

optimization model for making optimized 
decision in this case, for a billboard location 
problem. For this purpose, network count 
location is employed, which identif ies 
informative links in a network. Afterward, 
the opposition based colonial competitive 
algorithm was used to solve optimization 
model. Finally, an application example, 
Sioux Falls city network case, is presented 
to show the applicability and suitability of 
the proposed model.

Although the proposed model is introduced 
for using in billboard selection problem, it 
can also be used with slight modifications in 
other decision making problems in different 
field. For further research, we may work on 
the topic that considers the network with 
different circumstances or restrictions. 
Also, we can formulate our model by using 
multi objective programming and merge two 
mentioned models.
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