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 One of the primary concerns to market a product is to find appropriate channel to target 
customers. The recent advances on information technology have created new products with 
tremendous opportunities. This paper presents a mixed integer programming technique based 
on McCarthy's 4PS to locate suitable billboards for marketing newly introduced IPHONE 
product. The paper considers two types of information including age and income and tries to 
find the best places such that potential consumers aged 25-35 with high income visit the 
billboards and the cost of advertisement is minimized. The model is formulated in terms of 
mixed integer programming and it has been applied for potential customers who live in city of 
Tabriz, Iran. Using a typical software package, the model detects appropriate places in various 
parts of the city.     
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1. Introduction 

 

During the past few years, there have been substantial change on communication industry and many 
people could talk to each other using different techniques such as internet, mobile phone, etc. On the 
other hand, there has been growing competition among mobile service providers. People may prefer 
to change their mobile services based on the new services provided by a new rival. Mobile service 
providers compete with others using different advertisement methods including television 
advertisement, billboard exposure, etc. Apple has been one of the most successful firms for offering 
mobile phone in the world and it competes with its competitors through different types of products 
and services. One of the well-known methods for product development is to do market development 
through McCarthy's 4PS (McCarthy, 1960; Westervelt, 1999). Anderson and Taylor (1995), for 
instance, evaluated Jerome McCarthy's 4Ps paradigm from an historical and philosophical 



 

494

perspective. They reviewed criticisms of the 4Ps paradigm and explained that it had proven to be 
sufficiently robust for contemporary marketing applications.  
 
McCarthy's 4PS idea reduced the marketing mix to 4 elements: product, price, place and promotion. 
The product perspective of marketing is associated with the characteristics of the actual products or 
services, and how it is associated with the end-user's requirements and wishes. The scope of a product 
normally includes supporting elements such as branding, packaging, warranties, guarantees, and 
support. Pricing is associated with the process of setting a price for a product, including discounts. 
The price does need not have to be necessarily monetary; it can simply be what is exchanged for the 
product or services, e.g. time, energy, or attention. Place or distribution is associated with how the 
product receives to the customer; for instance, point-of-sale placement or retailing. Finally, promotion 
includes advertising, sales promotion, publicity, Direct Marketing, Digital Marketing, etc.  
 
Geographic information systems (GIS) (Peng & Tsou, 2003) play essential role for the management 
of urban disaster risk, periodic updating of building, more specifically in developing countries where 
urbanization rates relatively high. However, collecting data on the characteristics of buildings and 
lifelines through full ground surveys is normally time-consuming and frustrating (Pundt, 2002). 
Montoya (2003) performed an investigation on the use of an off-the-shelf low-cost and rapid 
technique of data collection for the development of a building inventory and GIS. They developed a 
method, which consists of a sequence of stages, where the first stage involves the implementation of 
RS and GIS for stratification and mission planning purposes. The second stage also includes usage of 
GPS and DV for the creation of spatially referenced images and the third stage incorporates the 
implementation of GIS for display and analysis.  
 
2. The propose method 
 
The proposed model of this paper uses McCarthy's 4PS idea to develop a method for marketing 
planning in one of Apple’s IPHONE device. Fig. 1 demonstrates the structure of the proposed 
method. In this paper, we present a mixed integer programming to determine the appropriate places 
for billboard advertisement. The proposed model minimizes the sum of advertisement by considering 
two primary constraints, which are associated with age and income. Let ijx be a binary variable, which 

is one if advertisement type j is located in region i, and zero, otherwise. In addition, ijc is the cost of 

having advertisement type j in region i. We assume there are n different regions and m types of 
billboard advertisements. Therefore, the objective function is defined as follows, 
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The first constraint is as follows, 
 

1

1,     1, ,      1, ,
n

ij
j

X i n j m


       
 

(2) 

which means there is at most one advertisement in each region.  The proposed model of this paper 

considers the constraints of age and income in fuzzy form (Zadeh, 1965). Let 1
ia and 2

ia be the 

percentage of people aged 25-35 and good income in region i, respectively. In addition, let   be the 
percentage of uncertainty. Therefore, we have,  
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There are m × n variables associated with the proposed study of this paper. In addition, there are m × 
n + 2 constraints with the proposed study of this paper. As we can observe from Eq. (3) and Eq. (4) 

are stated in fuzzy form. For the proposed study of this paper, 1
ia , 2

ia , and  , which are associated 

with age and income are obtained based on GIS technique as well as consulting with decision makers. 
 

 
Fig. 1. The proposed method 

 
3. Results and conclusion 
 
In this section, we present details of our findings on implementation of the proposed model. The 
study has been accomplished in city of Tabriz, located in west part of Iran. The city consists of 21 
different regions. In each region, we may have different types of advertisement depending on the size 
and the cost. The proposed study of this paper has been solved using mixed integer programming 
software package and four regions have been suggested as optimal solution strategy. In our survey, 
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GIS has been proven to an effective method for reducing the cost of advertisement. There is no doubt 
that firms spend more than before on advertising their products and services. IPHONE is one of the 
most popular devises for communication in the world and it the producer of this product, Apple, has 
been able to build the most expensive business unit in the world. The proposed study has used GIS 
system to determine the necessary information of the people who may be interested in many products 
and services. It can help us determine people’s personal characteristics such as age, gender, etc. 
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