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Abstract 

 
We propose an integrated decision model to aid the marketing team of a company.  The decision is based on 
customers’ satisfaction measures. The measures are related to the different services the company offers to its 
customers. Thus, they constitute a multi criteria (MC) evaluation of the company's performances. First, the service 
purification with respect to some criteria is performed. A stochastic multi-criteria acceptability analysis (SMAA) is 
employed to purify the services. Then, a nonlinear mathematical program is utilized to determine the services with 
more profits. The applicability and validity of the proposed model is illustrated in a case study.  
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1. Introduction 
Marketing has received extensive attention from both managers and experts in recent years. From a managerial 
viewpoint, top management increasingly calls for “marketing accountability” pressuring marketers to produce 
metrics that document marketing activities. From an academic perspective, the growing interest in marketing metrics 
can be attributable to five theoretical angles (Ambler, 2003). First, according to control theory suggesting the need 
for past information on marketing programs as an essential segment of the cycle of analysis, planning, 
implementation and control (Jaworski, 1988; Kotler, 2003), marketing metrics were utilized to evaluate past 
performance to improve future strategy and execution. Second, with respect to agency theory focusing on contract 
between a principle and an agent and the need for past data on the extent to which the principal's objectives have 
been met (Jensen and Meckling, 1976), marketing metrics could be used facilitate the contract between corporate 
and marketing management (Ambler et al., 2001). Third, reinforcing the broader quest for a balanced scorecard of 
performance (Kaplan and Norton, 1996) which puts emphasis on such intangible assets as brand equity that account 
for a large and increasing proportion of shareholder value, marketing metrics are used to measure its various 
dimensions. Fourth, consistent with the literature on market orientation (Jaworski and Kohli, 1993; Narver and 
Slater, 1990) that argues for the need of market sensing and appropriate cross-functional responsiveness to the 
resulting data, marketing metrics are part of ‘marketing sensing’. Finally, as marketing metrics become more 
widespread among firms, institutional theory (Meyer and Rowan, 1977) suggests that their use will become an 
institutional norm.  
 
Operationally, the present study focuses on how firms use marketing metrics as tools for customer relationship 
management (CRM). Stochastic multi-criteria acceptability analysis (SMAA) is a recently developed cluster of 
multiple criteria decision-aiding (MCDA) approaches. Different SMAA methods can be employed to work with the 
three fundamental MCDA problems (Figueira et al., 2005): choosing, ranking, and sorting. The methodology 
considers these problems in a broader sense. The approach is based on an inverse analysis of the space of feasible 
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parameter values. One of the advantages of SMAA rather other MCDA methodologies are that it can be used 
without any preference information.  
 
The dynamism was categorized into three subcategories: incompleteness, imprecision, and uncertainty (Smets, 
1991). Incomplete information is that a value is missing. Imprecise information is that we have a value for the 
variable but not with the required precision. Uncertainty, instead, is a form of dynamism appearing when the 
observer is taken into account. It means that the observer gives complete and precise information, but is unreliable 
itself. For information and references on approaches dealing with dynamism, see Stewart (2005). In some models, 
the decision makers (DMs) did not want to reveal their preference model, and therefore exact parameter values 
could not be obtained in others, the alternatives had uncertain or imprecise values for criteria measurements. 
Therefore, new advances seem necessary to preserve the usefulness of the approach. 
 
The remainder of our work is organized as follows. The problem is defined in Section 2. Section 3 models the 
problem. The efficiency and validity of the proposed model is illustrated in a case study in Section 4. We conclude 
in Section 5.    
 
2. Proposed Problem 
Here, a company is considered providing several services to customers. The services are assessable using some 
criteria depending on customers' satisfaction. Customers can express their views about the services based on the 
criteria. It is significant for the marketing team of the company to evaluate the customers' opinions on the received 
services to analyze them for obtaining the maximum profit. Therefore, consider c1, …, cm, for i=1, …, m, as criteria 
and s1, …, sn, for j=1, …, n, as services. We propose a mechanism to assess customers' satisfaction about the 
received services. The aim is to purify and determine the services providing the maximum profit for the company. 
All the services should be analyzed with respect to the given criteria. Thus, a multi-criteria decision model is 
configured. Due to dynamism exists in the market and uncertainty of the real world data, a stochastic multi-criteria 
decision model is employed namely stochastic multi-criteria acceptability analysis (SMAA). This way, some of the 
services are pointed out via acceptability threshold. Here, amongst those services pointed out via SMAA, the ones 
providing more profit are chosen applying a mathematical optimization. The objective is minimizing the service 
cost.   
 
The significances of this research include the followings: 

• Providing a mechanism as a decision aid for company's marketing team, 
• Considering and including customers' opinions to improve serviceability of the company, 
• Proposing a stochastic multi-criteria acceptability analysis to counteract the dynamism of customers' 

viewpoints, 
• Purification of the services via SMAA, 
• Obtaining the services provide the maximum profit to the company. 

 
3. Modeling the Problem 
The discrete decision-making problem refers to a set of n alternatives X={x1, ..., xj, ..., xn}, which are evaluated on 
the basis of m criteria {g1, ..., gi, ..., gm}. The evaluation of action xj on criterion gi is denoted gi(xj). 
The model considers multiple DMs, each having a preference structure representable through an individual weight 
vector w and a real-valued utility function u(xj;w) that has a commonly accepted shape. The most commonly used 
utility function is the linear one: 
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The SMAA methods are developed for situations where criteria values and/or weights or other model parameters are 
not precisely known. Uncertain or imprecise criteria values are represented by stochastic variables ijτ  

corresponding to the deterministic evaluations gi(xj) with density function )(τχf in the space nm×ℜ⊆χ . 
Similarly, the DMs unknown or partially known preferences are represented by a weight distribution with joint 
density function )(wfW  in the feasible weight space W.  
 
As for the utility function-based approaches, one should note that the weights are defined as scale factors: the 
weights rescale the values of partial utility functions in such a way that the full swing in the scaled function indicates 
the importance of the criterion (see Belton and Stewart, 2002). 
 
3.1. Stochastic multi-criteria acceptability analysis (SMAA) 
The fundamental idea of SMAA is to provide decision support through descriptive measures calculated as 
multidimensional integrals over stochastic parameter spaces. The original SMAA (Lahdelma et al., 1998) introduced 
an analysis measure entitled "acceptability index". For this purpose, 
the set of favorable weights )(τjW is defined as follows: 

( ) ( ){ }nkwuwuWwW kjj ,...,1,,,:)( =∀≥∈= τττ . (3) 
 
Any weight )(τjWw∈ makes the overall utility of xj greater than or equal to the utility of all other alternatives. 
The descriptive measures of SMAA are computed through Monte Carlo simulation. This means that they might 
contain errors, but the error margins are so small that usually they do not have to be taken into account (when the 
number of Monte Carlo iterations is large enough). 
 
3.1.1. Acceptability index.  
The acceptability index of an alternative describes the share of different valuations making an alternative the most 
preferred one. It is computed as a multidimensional integral over the criteria distributions and the favorable weight 
space as 
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Acceptability indices can be used to classify alternatives into stochastically efficient ( 0>>ja ) or inefficient ones 
(aj near zero, for example, <0.05). A zero acceptability index means that an alternative is never considered the best 
with the assumed preference model. For stochastically efficient alternatives, the index measures the strength of the 
efficiency considering simultaneously the dynamism on the criteria measurements and the DMs’ preferences. 
Scaling the criteria affects the acceptability indices. Therefore, scaling must not performed arbitrarily when trying to 
classify the alternatives on the basis of acceptability indices (Lahdelma and Salminen, 2001). For example, if the 
minimum and maximum criterion values are chosen as the corresponding scaling points, the possible introduction of 
a new alternative might change these values and, therefore, also the acceptability indices to a large extent (Bana e 
Costa, 1988). 
 
3.2. Optimization 
This way, a purification is performed on the services as alternatives and those attract customers' satisfaction more 
are determined. Here, the marketing team explores the more beneficial services optimizing the objectives of the 
company. The objective is minimizing the service cost.  
 
Cost of service is the cost of providing a service. It can also be used as an adjective (cost-of-service or simply COS) 
to denote rate structures, analysis and expenses among other things. Cost-of-service pricing is the setting of a price 
for a service based on the costs incurred in providing it. COS pricing can be applied to an individual customer based 
on the costs of serving that customer, or as an average cost of service for a group of similar customers.  
Since we want to minimize the service cost, therefore we consider,  
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Mathematical notations: 
j Counter for services;     j=1,2,…,n. 
ej Amount of investment for the jth service.  
sj 1, If  service j is selected, 0, otherwise. 
Fj Service transformation function of  nss ,...,1 .  
B Fixed cost 
 
Then, the mathematical model for cost is: 

besZMin
n
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where ),...,( 1 ni ssF is a mathematical function for relating the sj and s0 is an iso-service level being the locus of the 
services having same service level.  
This model is a constrained nonlinear one. To solve the cost minimization problem, we set the lagrangian integrated 
function (L) as equation (7) and set the partial derivatives equations (8) and (9) equal to zero (first order conditions): 
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where fj is the marginal cost for each service, 
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To investigate whether the obtained service is optimal or not, we check the second order conditions. The second 
order conditions for the minimization of cost require that the relevant Hessian of L  be positive semi-definite (if the 
Hessian of L  is not positive semi-definite, then we are sure that the obtained service is not a minimizer). Here, the 
Hessian of L  is: 
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To be positive semi-definite, the eigenvalues of  L2∇ , the iλ , must satisfy: 

ii ∀≥ ,0λ ,       (11) 

If the solution point is so that L2∇  is positive definite, that is, 
ii ∀> ,0λ ,       (12) 

 
then the point is a local minimizer of L . 
 
The complete mathematical model is presented below:  
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s.t. 
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We illustrate the applicability and validity of our model in a case study. 
 
4. Case Study 
Here, a case study is conducted in a car company in Iran to illustrate the applicability and effectiveness of the 
proposed mechanism. In this car company several services are offered to the customers. These services support 
customers before, during and after purchase process. The services are listed in Table 1, chronologically. 
 

Table 1. Different services offered to the customers 
Before purchase During purchase After purchase 

Product information provision Monitoring purchase process Parts provision 
News teller Online purchase process Periodic maintenance 

Product information update Online user error correction Free checkups 
  Guarantee of repair 

  After sale services 
 
As shown in Table 1, there are eleven services that the company offers to the customers in different time periods. 
The services are evaluated using the following criteria: 

• Ease of data access 
• User friendly applications 
• Online information sharing 
• Information comprehensiveness 
• Responsiveness 
• Rapidness in service delivery 

 
Thus, j=1,…,11 and i=1,…,6. The result of the evaluation is expressed via a density function )(τχf due to 
uncertainty and dynamism with respect to the time factor. Also, the customers’ uncertain preferences are presented 
by )(wfW . The density functions for all services evaluation are given by uniform density functions having 
different parameters, 
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Also, the consumer preferences are shown by exponential density functions having various parameters in different 
situations, 
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We are now able to make use of SMAA technique to determine the most effective services. To facilitate the 
computations Monte Carlo simulation was employed. The results of SMAA computations are summarized in Table 
2. 
 

Table 2. Computations for SMAA 
 Numerical value of aj 

Product information provision 0.67 
News teller 0.72 
Product information update 0.83 
Monitoring purchase process 0.57 
Online purchase process 0.69 
Online user error correction 0.44 
Parts provision 0.91 
Periodic maintenance 0.52 
Free checkups 0.93 
Guarantee of repair 0.85 
After sale services 0.62 

 
We consider 0.65 as the threshold to accept a service, i.e. if a value is lower than 0.65, then the related service is 
considered to be not effective for the customers. Therefore, product information provision, news teller, product 
information update, online purchase process, parts provision, free checkups, guarantee of repair are chosen as the 
services customers consider significant. Now, using the selected services, we configure the proposed mathematical 
model. 
As stated, seven services are qualified to be considered for cost optimization. The amount of investment for the 
seven services are 75,68,34,82,56,49,63, respectively. Also the service transformation function 

is .
3
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s
sss

ssss +++=  The fixed cost is 1500 unit of money. Optimizing the above nonlinear program 

in MATLAB 7.0, we obtain s2, s5, and s6 that minimize the cost of the company. 
 
5. Conclusions 
We proposed an integrated mathematical decision model to aid the marketing team of a company based on 
customers’ satisfaction measures. These measures were related to the different services the company offers to its 
customers. The company’s performance was evaluated via stochastic multi-criteria acceptability analysis as a 
purification tool of services with respect to the criteria. Then a mathematical model was utilized to determine the 
services with more profits considering the objective of minimizing the service cost. We illustrated all aspects of our 
model in a case study conducted at a car company.   
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