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Abstract - Supply involves complex decision processes: supplier selection, negotiation of contracts, purchase itself, etc. 
Decision making in suppliers’ selection is a complex multi-attribute process and requires to use a lot of criteria, sometimes 
conflicting. The paper presents a software application and a case study for suppliers’ selection by making use of MADM 
models. There are three stages: to determine the importance’s vector of the attributes associated with the attributes, to 
determine the characteristics of each decision variants in relation to each attribute, to evaluate the overall importance of each 
decision-making. By making use of the AHP method, the best supplier is selected. 
 
Index Terms - Analytic Hierarchy Process (AHP) method, Electronic-Business (e-Business), Multi-Attribute Decision 
Making (MADM), Supply Chain Management (SCM). 

I. INTRODUCTION 
 
Globalization of business is no longer limited to large 
multinational companies. Anyone can be a high-level 
player; just an idea, a computer, and a modem are 
needed to become partner in the e-business 
community that offers products and services around 
the world. Information and communication 
technologies (ICT) allow for the publication of 
information, cooperation and open up a multitude of 
business opportunities. E-business was designed on 
the principles of e-commerce, which was associated 
with product purchase sites. However, the e-business 
concept encompasses several concepts such as supply 
chain based systems. E-business systems shuffle data 
and information through open and closed networks, 
bringing together groups inside and outside 
companies, that were otherwise separate. Improving 
business performance by linking separate chains has 
allowed the development of new relationships. 
E-business is divided in two main categories: B2B 
(business-to-business) and B2C 
(business-to-consumer). In B2B, businesses use the 
Internet to integrate the value-adding chain, which 
can be expanded from the raw material bidder to the 
final consumer. 
The biggest impact of B2B applications is on small 
and medium-sized businesses as Internet accessibility 
of EDI (Electronic Data Interchange) systems opens 
up business opportunities without too much financial 
effort or using narrow traditional EDI systems. 
One of the economic challenges is stimulating the 
acquisition of goods and services that promote 
innovation. The enterprise, by its suppling activity, 
can remain competitive by reducing operating costs 
and can help increasing of the overall profits. 
 
II. MODEL OF THE OPTIMAL SELECTION  
Theoretically, at the level of current knowledge and 
practice, a mathematical model of MADM class [1], 

]2] involves the following entities: experts / 
decision-makers (persons involved in the process of 
defining and solving the mathematical model; being 
defined by code, name, CV, weight); states of nature 
(the totality of circumstances that cause, for model, 
variations in the formulation of its sub-models; being 
defined by code, name, weight), objects (items to be 
evaluated; being defined by code, name, short 
description, merit), characteristics (attributes on 
which the evaluation process is based; being defined 
by code, name, description, type, limits of variation, 
sense, absolute weight), the vectors of the absolute 
importance of the experts / decision-makers, the states 
of nature and attributes (quantifies the importance of 
the respective entities), matrix of characteristics 
(defines all attributes for each object, in each state of 
nature and in the opinion of each decision-maker). 
Corresponding to the mathematical model there are a 
number of solving methods that produce for the 
objects in the evaluation a so-called "merit" that 
allows comparisons, hierarchy, finding the optimum, 
etc. 
Suppliers evaluation and selection is a complex 
process that must be conducted in accordance with the 
methodology described above. Indeed, an economic 
agent is more than a wealth of assets in the patrimony, 
but it is a brand, a position in the economy, its 
technology, the professionalism of its employees, the 
ability to make profit, the ability to develop, etc., 
therefore the evaluation must be made in a 
multi-criteria manner. Also, the state of the 
environment (inflation, deflation, financial stability, 
economic crisis, etc.), the time horizon of the 
collaboration (short, medium, long), but also the 
opinion of several experts, must be taken into 
consideration. Thus, it is more than obvious that the 
MADM model is appropriate for the assessment and 
selection of suppliers, of course different model 
instance for different economic sectors are required. 
Business evaluation is also possible by making use of a 
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MADM model, of course different from the first. If the 
role of the experts / decision-makers and the 
state-of-nature remains the same, the characteristics 
that make up the assessment are different pursuing 
other purposes, according to the type of business [3]. 
For a better suppliers’ selection, it would be 
appropriate that MADM model should work in 
tandem with a model belonging to the risk assessment 
class that calculates at least for each business the sum 
of the products between the probability of an unwanted 
event occurring and the cost of the consequences of 
that event. This is one of the goals that is to be done in 
the very next future. 
 
A. Criteria for Supplier Selection 
The general situation of a supplier is appreciated by 
making use of a number of features [4], [5]. For some, 
qualitative estimates are made, while others can be 
quantified. One consider: the legal form of the 
enterprise; the size of the share capital; the market 
share held and its evolution; costs level; technology; 
structure and quality of the management; research and 
development opportunities; prestige and position 
among competitors; cooperation with other 
companies; the customers; flexible in satisfying 
customer requirements. 
Potential and evolution of a business are largely 
influenced by the environment in which it operates. 
From this perspective, suppliers must be appreciated 
by: population within the range; considerations of the 
natural environment and its protection; national 
economic context; 
competitive environment; staff of the enterprise; 
possibilities of supply; financing opportunities. 
Depending on the application area, there are criteria 
relative to: economic performance (prices, commerce, 
investments, etc.); efficiency (finances, policies, 
business, etc.); efficiency in business (finance, 
management, attitude and values, etc.); infrastructure 
(technological, scientific, etc.). 
Some relevant criteria in the assessment and selection 
of the suppliers are: price of the products, costs of the 
materials, costs of the transport, costs of the orders, 
delays in production, in delivery, quality, packaging 
and delivery, reputation, flexibility, adaptability, 
capability, use of technology, management, services 
available, environmental issues, green procurement, 
guarantee period [6]. 
 
B. Methods for Supplier Selection 
To solve the problem of supplier selection supposes to 
apply a method in one of the following classes: linear 
weighting models, statistics, mathematical 
programming. Solving an optimal choice problem 
involves model validation, mathematical orientation 
to solving the problem, choosing the solution method. 
The MADM problem solving methods used to treat 

the models defined in the project are: Technique for 
Order Preference by Similarity to Ideal Solution 
(TOPSIS), Analytic Hierarchy Process (AHP), 
Analytic Network Process (ANP). 
 
III. SOFTWARE APPLICATION  
 
The developed business-to-business portal has been 
designed to represent an electronic market for 
organizing business and operations across different 
companies, offering a variety of electronic business 
mechanisms (auctions, sales, purchases, etc.). With a 
database structured by economic sectors, business 
types and business environment, the portal allows 
users to register in the system; to model the 
multi-criteria evaluation of economic agents; to model 
multi-criteria business evaluation; to characterize 
business environment; to calculate statistical 
indicators, by time horizons, prognoses, automatic 
hierarchy of economic agents and businesses 
presented in the portal, by economic sectors and 
businesses; discussion forum. 
 
It is obvious that there are several types of users, 
and economic sectors, several types of business and 
business environment. That is why the economic 
agents have to find: 
 
 Complex information about the economic 

environment in which they operate, the possibility 
to describe and evaluate the business;  

 Access to economic information at micro- and 
macro-economic level;  

 Statistical, current and forecast information on 
economic developments;  

 Managerial guidelines scientifically based on 
improving the economic climate;  

 Knowledge of the need to promote economic 
agents; decision support in business support 
activities. 

 The specific functions of the portal allow:  
 To monitor and control users access (public users, 

users with specific rights);  
 To manage resources (information like links, 

documents, procedures, calendar of events, 
collaboration tools, etc.);  

 To maintain and manage (adding, deleting or 
modifying resources, metadata, users, archiving 
information / documents, importing and 
exporting information / documents, etc.);  

 To search / retrieve resources (based on multiple 
criteria: keywords, title, themes, people, periods, 
etc.);  

 To launch modeling and mathematical modeling 
functions (economical agents and businesses 
evaluation, business environment 
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characterization, statistical calculation, 
automatic hierarchy of economic agents). 

The general architecture is based on a multi-level 
general framework used to describe web-based 
applications: 
 
 The level of client, which refers to the user 

environment of the services provided through the 
portal; a web browser allows the access to 
services; 

 The level of web access services, which is the 
place of entry into the system, the system 
functions are implemented and presented as a set 
of services on a dedicated website; 

 The level of application services, with functional 
components related to resource management, 
search, retrieval and provision of on-demand 
detailed content in accordance with the user's 
profile, providing of statistics related to the 
operation and use of resources, discussion forum 
management, collaboration tools management; 

 The level of data management services, which 
implements services to retrieve, add, change or 
delete database information. 

 The database has two sections corresponding to 
the function categories, namely:  

 Information resources (links, documents, events, 
multi-criteria evaluation methods, etc.) and  

 Administration (nomenclatures, glossaries, users, 
metering, etc.).  

 
The technical solution uses open source software 
resources: Linux operating system, Apache web 
server software, MySQL SGBD, PHP 
programming languages, JavaScript, HTML and 
XML. 
The portal meets the following requirements:  
 Accessibility - easily using by as many users as 

possible, placed in different locations;  
 Availability - running 24 hours a day and 7 days 

out of 7, callable at any time;  
 Reliability - operating in both normal 

circumstances and those that involve the 
occurrence of unexpected events such as 
hardware and software incidents;  

 Scalability - working with variable work capacity, 
satisfying an increased load volume: large 
number of users, diversified resources, new 
documents created, etc.;  

 Security - with protection against loss / 
degradation of information or dangers 
(unauthorized access); 

 Usability - easy using by visitors without 
advanced ICT training. 

 
Portal capabilities allow:  

 Classification and description of resources / 
information recorded in the portal database that 
are delivered to the user in the required context;  

 Access / search of the necessary information in 
the desired context, by resource types, by theme, 
periods, etc. in restricted / detailed form, in the 
conditions established by the owner, according to 
the user profile;  

 Security by providing the necessary information, 
based on authorized access rights;  

 Collaboration, ensuring, based on a specific 
procedure, users’ participation to complete 
content regardless of geographical location;  

 Expertise, meaning to include collaborative 
facilities between the group members or between 
user groups based on profile depending on 
experience, skills, etc.  

 
IV. CASE STUDY 
 
Assisted by IT systems [7], the management activity 
has proven to be able to contribute substantially, along 
with the managers' professionalism, to ensure the 
quality of decisions and, implicitly, to increase the 
performance of the organizations. Managers are a 
highly demanding category of system’s users to assist 
with the decision. For them are attractive systems that 
can help to identify and understand the decisional 
issues and then to solve them in real time. 
 
Managers can use multi-attribute analysis in order to 
compare different suppliers and choose the most 
appropriate one. Next, in this study are considered 
three providers that will be called decisional variants: 
Supplier S1, Supplier S2, Supplier S3. 
 
The comparison of the variants will be based on 
characteristics that represent the suppliers’ attributes, 
namely: Attribute a1: trust; Attribute a2: consistency; 
Attribute a3: time savings achieved; Attribute a4: 
adaptability to the new; Attribute a5: flexibility. 
 
In the terminology of multi-attribute decision 
problems, the attributes a1, a2, a3, a4, a5 form the set 
of criteria or attributes A, where Card A = 5. Elements 
S1, S2, S3 form the set of objects S, where Card S = 3. 
In order to select the most appropriate decisional 
variant, it is necessary to construct the imp vector with 
the imp1, imp2, ..., imp5 elements representing the 
coefficients of importance associated with the 
attributes and the matrix of the decisional 
characteristics SA of size 3x5, with saij elements - the 
characteristic of the decisional variant si for the 
attribute aj. 
 
To obtain the vector imp and the matrix SA and to 
select the most appropriate supplier, the decision 
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maker can use the Analytic Hierarchy Process method, 
the version proposed by Saaty, and known as the AHP 
method [8].AHP is a method that consists in few steps:  
 Ranking of multiple choice criteria; 
 Assessing the relative importance of the criteria; 
 Comparing suppliers; 
 Determining the suppliers ranking. 
 
Applying the method involves to build the 
hierarchical structure of the decision-making 
problem. The hierarchy must be constructed in such a 
way that elements of the same level are in the same 
class and may be in relation to some elements in the 
immediately higher level. In a hierarchy of this type, 
the highest level reflects the overall objective of the 
decision-making issue. The criteria, factors or 
attributes of which the ultimate goal is dependent are 
presented at the intermediate levels of this hierarchy. 
The lowest level of the hierarchy contains the 
competing variants through which the ultimate goal 
can be achieved. 
 
The overall objective of the decision-making process 
is to select the most appropriate supplier [9]. 
The hierarchical structure is presented in Fig. 1. 
After the hierarchy is done, the decident will perform 
pairwise comparisons at each level to determine the 
relative importance of each element on that level 
relative to each element on the immediate upper level 
of the hierarchy. 
Pairwise comparisons are made by their subjective 
assessment by decision-makers. In [8], a scale of 1 to 9 
is proposed to assess the importance of pairwise 
comparisons. 
Generally, numbers indicating the relative importance 
in pairwise comparisons can be obtained with the 
following rules: 
 
 of equal importance: Grade = 1 
 If A is as important as B, then the value of A’s 

importance relative to B is 1; 
 Slightly more important: Grade = 3 
 
if A is slightly more important than B, then the value 
of A’s importance relative to B is 3; 
- much more important: Grade = 5 
 
if A is much more important than B, then the value of 
A’s importance relative to B is 5; 
- very important: Grade = 7 
if A is very important than B, then the value of A’s 
importance relative to B is 7; 
- absolutely more important: Grade = 9 
if A is absolutely more important than B, then the 
value of A’s importance relative to B is 9. 
Intermediate levels of importance are designated 
using intermediate values. 

When reversing the comparison between two 
attributes, then the value of importance is equal to the 
inverse of the direct comparison value. For example, if 
the value of A’s importance relative to B is 9, then the 
value of B relative to A is 1/9. 

 
Fig. 1. The hierarchical structure. 

 
 
V. SOLVING THE PROBLEM  
 
Solving the problem includes the following steps: 
1. Determine the imp vector of the attributes 
associated with the attributes 
- The decision maker makes pairwise comparisons 
between attributes. 
Table I shows the results of pairwise comparisons 
between the five attributes. Each attribute on each line 
of the table is compared to each attribute in each 
column of the table. 
- Normalizing the degrees of importance 
Normalization is obtained by dividing each number 
with the total of the elements of the column it belongs 
to.  
Table II contains the normalized results of pairwise 
comparisons between attributes. For example, the sum 
of the elements in column 1 is 4.567 and the number in 
the first cell of the table was obtained by dividing: 1 / 
4.567 = 0.219. It is to notice that the sum of 
normalized values in each column is equal to 1. 
- Attributes of relative importance associated with 
attributes are obtained 
The coefficients of relative importance associated with 
the attributes are obtained as averaged levels of 
normalized importance degrees. They were calculated 
in the last column of the Table II. 
For example, the attribute a2 (consistency) has the 
highest weight = 0.489. So, consistency is considered 
the most important factor in this selection process. 
These coefficients of attributes importances 
correspond to the purpose specified by the 
decision-maker for this issue. If another purpose is 
specified, then the attributes will be reassessed in 
relation to the new purpose. 
The relative importance vector of attributes is: imp = 
(0.288; 0.489; 0.086; 0.041; 0.096). 
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2. Determine the characteristics of each of the 
decision variants saij in relation to each attribute 
Pairwise comparisons are made between the decision 
variants in relation to each attribute using the scale of 
importance ranges from 1 to 9, the degrees of 
importance are normalized, and oaij elements are 
calculated as normalized importance degrees’ 
averages. 
- The decisional characteristics of the variants in 
relation to attribute a1 - trust are obtained 
In Table III - the results of the pairwise comparisons 
between the three variants in relation to the attribute 
a1 - trust. 
In Table IV - normalization by dividing each number 
by the total column it belongs to. Characteristics 
associated with decisional variants in relation to 
attribute a1: trust is obtained as averages of 
normalized characteristics. 
It is to notice that variant S2 is of the highest 
importance in relation to attribute a1: trust. Thus, the 
first column nsai1 = (0.24, 0.55, 0.21)T of the 
normalized matrix of NSA decision features was 
obtained. The same goes for the attributes a2 - a5. 
In Table V - the normalized matrix of decision 
characteristics in relation to each attribute obtained on 
the basis of the subjective assessments of the 
decision-maker. 
 
3. Evaluate the overall importance of each 
decision-making variant 
With the imp vector of the importance coefficients 
associated with the attributes and the NSA matrix of 
the normalized decisional characteristics, the vector 
V* of the global importance coefficients associated 
with the decisional variants can be determined with: 
V*  =  NSA* . impT       (1) 
 

 
where impT is the transposed vector imp. 
In Table VI - the final results of the multi-attribute 
analysis are done. 
 

Table I - Pairwise comparisons 
Attribute a1 a2 a3 a4 a5 
a1 1 1/3 5 6 5 
a2 3 1 6 7 6 
a3 1/5 1/6 1 3 1 
a4 1/6 1/7 1/3 1 1/4 
a5 1/5 1/6 1 4 1 

 
Table II – Determining the coefficients of relative importance 

Attribute a1 a2 a3 a4 a5 Sum 
on line 

Average 
on line 

a1 0.219 0.184 0.375 0.286 0.377 1.441 0.288 
a2 0.656 0.551 0.450 0.333 0.454 2.444 0.489 
a3 0.044 0.094 0.075 0.143 0.075 0.431 0.086 

a4 0.037 0.077 0.025 0.048 0.019 0.206 0.041 
A5 0.044 0.094 0.075 0.190 0.075 0.478 0.096 
Sum on 
column 1.000 1.000 1.000 1.000 1.000  1.000 
 
Table III - Results of pairwise comparisons between the variants 
Variants S1 S2 S3 
S1 1 ½ 1 
S2 3 1 2 
S3 1 1/3 1 
Total 5 11/6=1,83 4 
 

Table IV – Normalization 

 
 

Table V - Normalized matrix of decision characteristics 

 
 

Table VI - Final results 
Variants Global imp. 
S1 0.268 
S2 0.484 
S3 0.248 

 
Based on the subjective assessments of the decision 
maker, it may be advisable to select the S2 supplier.  
 
CONCLUSION 
 
An electronic tool to assist the decision only helps to 
improve the activity and to perform it optimally. The 
paper refers to one of the SCM field’s problem, the 
suppliers’ ranking and selection. This research and 
the experiments were done in order to analyze how 
Supply Department people (without a special training 
in mathematics and informatics) can work by making 
use of a dedicated software. The conclusion was that 
supply activities can be well done and this is the 
solution for the future.  
 
The novelty of the research results from the fact that 
through the creation of a specialized portal, for the 
first time in Romania, a lot of structured information 
can be gathered with the highest level mathematical 
methods and techniques.  
Complexity results from the large amount of 
integrated information, the difficulty of making 
effective evaluations through mathematical modeling, 
the integrating character (conceptual, methodological, 
technological), the multiple competences and 
knowledge necessary for the fulfillment of 
organizational and managerial and technical 
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objectives. 
The main direct benefits for the small and 
medium-sized businesses performing the suppliers’ 
selection service are: 
- Facilitating the investment / supplying activity, 

by ensuring fast access to local and national 
markets; 

- Possibility to easily model the supply activity in 
accordance with the needs of the moment; 

- A considerably reducing of the communication 
costs; 

- Lower costs, in the case of electronic business, by 
using automated computer solutions. 

 
The advantages of the service selection are numerous, 
the most important ones being: 
- The possibility of making transactions 24h / day, 

all year round from almost any location; 
- Competition is facilitated, leading to lower prices 

and improved quality of service; 
- Relevant information is provided in a short time, 
- Permanent dialogue with service administrators 

is ensured. 
As in any area, besides advantages, there are also a 
number of limitations. The most significant 
drawbacks are: 
- The lack of universally accepted standards for 

quality, security and trust; 
- Software development tools for supply activities 

are in full swing; 

- Some difficulties may arise in integrating 
software applications with existing applications 
and databases. 

 
In the future it is our intention to extend the research 
area by introducing green criteria in supplier’s 
selection and also to consider the orders allocation, in 
the current context of sustainable development. 
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