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Abstract— Marketing is an integral part of any thriving business. It is no doubt that only successful marketing campaigns yield profit. The 
major problem faced by these marketing campaigns is the identification of prospective customers. Random advertisement can be very 
expensive hence, targeted advertising should be adopted in order to reduce advertisement cost which in turn maximizes profit. This 
research proposes and implements a rule-based inference engine which was built using Python to identify prospective customers for 
targeted advertising. To achieve this feat, the inference engine analyzes customers’ demographics, buying history, and commentaries. The 
commentary analysis mechanism of the inference engine was built using Python’s Natural Language Toolkit. The other programmable 
components of this system were built in C#.NET using Microsoft Visual Studio 2017. The knowledge base of the system was developed 
using Microsoft SQL Server 2012. 

Index Terms— Expert Systems, Natural Language Processing, Targeted Advertising, Stimulus-Response Consumer Behavior Model   

——————————      —————————— 

1 INTRODUCTION                                                                     

HE essence of marketing is to match the right offer with 
the right prospect [1]. The success of any marketing cam-

paign is largely affected by consumer behavior. Consumer 
behavior deals with people’s decision-making process regard-
ing what they want, need, buy, or even with how they act re-
garding a product, service, or company [2]. A consumer’s buy-
ing decision can be highly unpredictable because it is influ-
enced by a mix of psychological, personal, and/or social fac-
tors. These factors are mostly internal, that is personal-variable 
(consumer behavior model), making it difficult to analyze [3]. 
This research is based on the stimulus-response consumer be-
havior model. Its concentration is on external factors (stimu-
lus) that are likely to influence a customer’s buying decision 
(response). The major external factor in this case is an ad right-
ly targeted at a prospective customer. Ads are relatively ex-
pensive especially when an organization targets its entire cus-
tomer-base. Most ads return void because the customers being 
advertised to are not interested in such products and/or ser-
vices. Targeted advertising is most appropriate for any online 
advertisement platform. With targeted advertising, ads are 
placed based on customers’ demographic analysis, buying 
history analysis, and/or other behavioral analysis [4]. This 
means that not all customers are targeted and the overall cost 

of advertising is thus reduced [5] [6] [7]. 

This research proposes a rule-based inference engine [8] 
that is capable of identifying prospective customers [9] 
through the analysis of their demographics, buying history, 
and commentaries. The commentary analysis mechanism of 
the inference engine, as proposed, will be modelled using Py-
thon’s Natural Language Processing (NLP) Toolkit. 

Section 2 of this paper discusses ‘LITERATURE REVIEW’ 
while section 3 presents ‘SYSTEM ARCHITECTURE’. Section 
4 is ‘CASE STUDY’. Section 5 explains ‘IMPLEMENTATION’ 
while section 6 presents ‘DISCUSSION OF RESULTS’. Section 
7 presents ‘CONCLUSION’ while Section 8 outlines ‘REFER-
ENCES’. 

2 LITERATURE REVIEW 
The key to customer prospecting is to create a marketing 

strategy [10]. The prospects to which marketing campaigns are 
to be targeted at can be grouped into: existing customers; and 
potential customers [9]. For potential customers, the social 
media and other online platforms will serve as good source for 
mining information such as customer demographics. One 
common method of customer prospecting is customer profil-
ing. This requires that the customer population is grouped 
based on certain demographic characteristics such as gender 
and age bracket [11]. These groups, called clusters, are further 
analyzed using either of partitioning or hierarchical clustering 
techniques to get prospective customers for targeted advertis-
ing. One other method of customer prospecting is through the 
analysis of customer buying history [12]. This statistical meth-
od is for determining consumer buying behavior. Such statisti-
cal analysis is based on the assumption that if a customer has a 
satisfactory behavior towards a product/service or perhaps 
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patronized a product/service once, then such a customer is 
likely to buy again.  

‘An Intelligent Marketing Expert System for Identifying Pro-
spective Customers for Targeted Advertising so as to Enhance Prof-
itability’ varies from a lot of expert systems in its genre includ-
ing the ones that are based on techniques mentioned in this 
literature because it doesn’t only analyze customers’ de-
mographics and buying history. It adopts AI’s Natural Lan-
guage Processing [13] [14] technique for the analysis of cus-
tomer commentaries in order to identify prospective custom-
ers to whom ads are to be targeted. The commentary analysis 
mechanism is based on a proposed novel method which shall 
be discussed in section 5. 

3 SYSTEM ARCHITECTURE 

A hybrid architecture (Layered and N-Tier architectures) is 
ideal for the development of the system. The layered architec-
ture was used in the developmental stage to separate concerns 
[15]. These concerns are codes organized in separate files. The 
layered architecture (see Fig. 1) enhances clarity and organiza-
tion of codes – no spaghetti codes. The layered architecture 
organizes dependencies in a top-down approach. The cross-
cutting layer handles security, operational management, and 
communication within the system. Users and Data Sources are 

external entities interacting with codes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CR
O

SS
CU

TT
IN

G

SE
CU

RI
TY

O
PE

RA
TI

O
NA

L
M

AN
AG

EM
EN

T

CO
M

M
UN

IC
AT

IO
N

PRESENTATION LAYER

USERS

BUSINESS LAYER

APPLICATION FACADE

INTELLIGENCE FAÇADE
(INFERENCE ENGINE)

UI PROCESS COMPONENTSUI COMPONENTS

DATA LAYER

DATA ACCESS COMPONENTS

DATA SOURCES

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 9, Issue 7, July-2018                                                                                           1573 
ISSN 2229-5518  
 

IJSER © 2018 
http://www.ijser.org  

 

 
 

Fig. 1: Layered Architecture 
 

The functional process logic, data access, data storage, and 
user interface are developed and maintained on 3 deferent 
physical servers as independent modules. These 3 different 
servers/tiers are both platform and performance isolated (see 
Fig. 2). This is so that the client, application, and data tiers will 
provide optimum performance. Each tier is supposed to por-
tray a physical server but the client tier is a virtual one. It is 
there to show how handhelds, PCs, desktops, and so on make 
use of web browsers to access the system (application tier and 
data tier). The application tier consists of ActiveX Data Object 
(ADO).NET and the inference engine. ADO.NET is responsi-
ble for sending and retrieving information to and fro the data 
tier as a client request necessitates. The inference engine con-
sists of three mechanisms to handle Customer Profiling, Cus-
tomer 
Buy-
ing 
His-

tory Analysis, and Commentary Analysis. The Data Tier hous-
es the knowledge-base and database of the system. The 
knowledge base consist of the rule-base which stores the rules 
guiding the operations of the inference engine. This rules are 
looked-up and executed by the inference engine via a tech-
nique called forward chaining. The database serves as a repos-
itory of products, records of stock, demographics of custom-
ers, financial transactions, and commentaries posted by cus-
tomers especially with regards to products. The database also 
maintains a list of registered users, their roles, and permis-
sions as regarding modules of the application to which access 
rights are granted to such users. 

 

 

 

 

 
 

Fig. 2: 3-Tier Architecture 

4 CASE STUDY 
For better experimentation and interaction with the system, 

a case study was carefully chosen. M. A. Onigbinde Stores are 
located in all major cities in Nigeria. They deal in varieties of 
consumables including food items, toiletries, household essen-
tials, personal care products, fruits & vegetables, bed & bath, 
luggage, clothing, beverages, liquor & cigarettes, and lots 
more. Their services include retail and wholesale. Their Plat-
eau State branch is located on #26, Ahmadu Bello Way, Jos 

East, Jos, Plateau State, Nigeria. It is the biggest single super-
market in Plateau State, Nigeria. And it is located on the busi-
est street in Plateau State, Nigeria. They attract an estimated 
unregistered 2,000 customers weekly. They do not have a web-
site where they advertise their products nor perform online 
transactions. They incur a lot of cost in advertisement cam-
paigns, usually on local television and radio. They strategical-
ly place billboards in order to create awareness to prospective 
customers. They periodically organize trade fares causing 
them to subsidize prices of commodities in order to attract 
more customers. Some of these campaigns are successful while 
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most of them are not. They run on an estimated advertisement 
budget of N5,000,000.00 a year (for Plateau State alone). These 
scenarios and several other ones make M. A. Onigbinde a suit-
able case study for this research. 

5 IMPLEMENTATION 
The inference engine identifies prospective customers us-

ing three disjointed mechanisms: Customer Profiling; Buying 
History Analysis; and Commentary Analysis mechanisms. 
They all address different prospecting needs and their imple-
mentation details are shown in the following subsections. 

5.1 Customer Profiling Mechanism 

For every new ad, the customer profiling mechanism catego-
rizes customers into clusters based on some shared customer 
demographic characteristics. Such characteristics include gen-
der and age range. Targeted ads are then placed on customers’ 
wall and also sent to their email accounts based on the cluster 
in which they belong. These feature also help marketers make 
decisions on the products that should be made available and 
by how much. For example, when there are more males that 
patronize a business than females, it will only be wise to deal 
more in products that appeal to the male gender. The same 
thing applies to the age cluster and perhaps, other clusters. 
Fig. 3 is a flowchart showing the workability of the customer 
profiling 
mecha-
nism. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Customer Profiling Mechanism 

5.2 Buying Behaviour Analysis Mechanism 

This mechanism uses a threshold value (between 0 and 1) 
which is given by the following equations: 

𝑇(𝑐) = ∑ 𝑏∞
𝑛=1 (𝑐); . . (1) 

𝑇(𝑐, 𝑝) = ∑ 𝑏∞
𝑛=1 (𝑐, 𝑝);  . (2)       

TV = 𝑇(𝑐,𝑝)
𝑇(𝑐)

;  . . . (3)    

Equation 1 represents the total purchases ever made by a 
customer. It is a summation of all b(c) where b(c) is the buying 
history of such a customer. Equation 2 represents the total pur-
chases of the product (whose ad is to be placed) made by a 
customer. It is a summation of all b(c,p) where b(c,p) is the buy-
ing history of such a customer in relation to that product. TV is 
calculated using Equation 3. A benchmark value of 0.05 is 
therefore taken because percentage error of less than or equal 
to 0.05 is ignorable unless when otherwise stated. If the 
threshold value is less than or equal to the benchmark value, 
then the customer is most likely to be uninterested in the 
product otherwise, an ad is placed on the customer’s wall and 
also sent to the customer’s email account (see Table 1). 

 

 
Table 1: Buying History Analysis Algorithm  
Algorithm: BuyingHistoryAnalysis(CustomerID) 
INPUT: vector X of overall purchases made by customer; and 
product p to be advertised 
OUTPUT: An ad placed on customer’s wall and also sent to 
customer’s email account 
 
<*Computer T(c), T(c,p)*>    

 
T(c):=0 
T(c,p):=0 
Benchmark=0.05 

 
for each x in X 

T(c):= T(c)+1 
 

if x = p then 
       T(c,p):= T(c,p)+1 
fi; 

rof; 
 
       TV = T(c,p)/T(c) 
 

if TV > Benchmark then 
return p; 

fi; 
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return null; 

end; 

5.3 Commentary Analysis Mechanism 

The goal is to identify nouns from commentaries such that 
they are marked as candidate products to be advertised. This 
mechanism uses Natural Language Processing (NLP) tech-
niques to analyze commentaries posted by customers. The 
basic assumption here is that all customers are knowledgeable 
in English. For every potential advertisement, the CA mecha-
nism looks up commentaries posted by a customer. It does a 
lexical analysis and divides these commentaries into para-
graphs, sentences, and words. The next step is syntactic analy-
sis. It parses sentences using context free grammar (CFG) in 
accordance to the English grammar. If the text being examined 
was deemed correct by the syntactic analyzer, it passes it to 
the semantic analyzer. In the semantic analysis stage, it ana-
lyzes the meaning of texts and discards the ones that make no 
sense. The implementation and usage of Disclosure Integra-
tion and Pragmatic Analysis steps of NLP are deemed as un-
necessary since the goal is just to identify nouns within a giv-
en text. The nouns identified are matched against the product 
name to be advertised. If a match is found, an ad is place on 
such a customer’s wall and also sent to the customer’s email 
account. Fig. 4 is a flowchart showing the workability of the 
CA mechanism. 
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Fig. 4: Commentary Analysis Mechanism 

 
The application has modules for products setup and stock 

management. Modules also exist for customer/user account 
creation and ad display. Fig. 5, Fig. 6, Fig. 7, Fig. 8, Fig. 9, and 
Fig. 10 in Appendix I are screenshots showing the product 
setup, stock management, user account, post, comment, and 
ad display modules respectively. 

6 DISCUSSION OF RESULTS 
6.1 Experimental Setup 

For proper evaluation of the system, a beta-test was per-
formed by both management and regular cadre employees of 
M. A. Onigbinde Stores, Jos, Plateau State. Questionnaires 
were administered to both management and regular cadre to 
evaluate their experience of the system. Each question in the 
questionnaire has options based on Rensis Linkert’s scale 
(Strongly Disagree=1; Disagree=2; Neutral=3; Agree=4; 
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Strongly Agree=5). 

6.2 Experimental Results 

The findings of this system’s evaluation (as described in Ta-
ble 2) is a comparison of means – with its dependent and inde-
pendent variables coded (CP=Customer Profiling; 
CBH=Customer Buying History; CA=Commentary Analysis; 
MC=Management Cadre; RC=Regular Cadre). 

TABLE 2: RESULTS OF THE SYSTEM EVALUATION 

GROUP CP CBH CA 
MC 5.00 4.00 4.50 
RC 5.00 4.20 4.00 
AVERAGE OF MEANS 5.00 4.10 4.25 

The result of this analysis shows how the management and 
regular cadre rate the system. The average rating shows that 
the customer profiling mechanism’s accuracy of the system is 
rated 100.0% while the customers buying history mechanism 
is rated at 80.20% accuracy. The commentary analysis mecha-
nism scored 80.50% rating. 

7 CONCLUSION 
The Customer Profiling, Buying History, and Commentary 

Analysis mechanisms were successfully implemented and 
experimental results of their ratings were favorable. However, 
further research is recommended. A modification of the infer-
ence engine will be necessary for three reasons. Firstly, the 
inference engine, as implemented, is rule-based. A hybrid, that 
is, a combination of rule-base and case-base will ensure ro-
bustness of the system. Secondly, the inference engine, as im-
plemented is based on the stimulus-response consumer behav-
ior model. Customer demographics, buying history, and 
commentaries were key for customer prospecting. A key as-
sumption in this research is that the external environment 
(such as ads) influences a customer’s buying decision but in 
reality, internal factors or personal-variables have greater in-
fluence on a customer’s buying decision, hence an inference 
engine that successfully implements the complex model of 
consumer behavior will outperform this system. Lastly, the 
commentary analysis mechanism was built on the assumption 
that all customers have vivid understanding of the English 
Language. A multi-lingual commentary analysis mechanism 
will ensure that non-English speaking customers’ needs are 
equally attended to.  
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APPENDIX 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: User Account 
 
 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Product Setup 
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Fig. 7: Stock Management 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8: Post 
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Fig. 9: Comment 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10: Ad Display 
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