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Abstract. Companies are facing growing challenges motivated by globalization. A
globalized market means that the number of companies with which they will need to
compete to maintain or enlarge their market share is increased. Additionally, it also
brings greater opportunities to conquer new markets and increase existing market
shares, since the geographical, political and economical boundaries are gradually being
removed. This paper proposes and illustrates the use of a platform prototype for ena-
bling the evaluation and selection of attractive members for being included as members
in a virtual organization. An extended simulation study is described and results obtained
presented which show advantage of a used dynamic evaluation and selection model,
based on a varying set of criteria.

Keywords: Simulation platform, dynamic evaluation model, virtual organization, sup-
pliers and partners selection.

1 Introduction

In this paper a multi-agent approach is presented to provide operational support for
virtual organizations and collaborative networks, along with a proposed platform pro-
totype that can be applied to multiple business areas, supporting the rapid integration
of new businesses and the community of the member with which they operate. The
proposed platform is particularly focused on the process of identification, evaluation
and selection of suppliers and businesses and integrates services based on the cloud to
increase its flexibility and scalability. In order to provide a contribution in this context,
besides the existence of some existing work in this area [1-5], our proposal is based on
previous contributions, which include [6-11].

Regarding the problem of selection and evaluation of suppliers, as a problem of
multi-criteria decision (MCDM), the main contribution of this work was the develop-
ment of an approach that, jointly, (1) supports, in a complete manner, the process of
decision based on multiple criteria in the identification, selection and evaluation of sup-
pliers, (2) using a dynamic model capable of integrating a variable number of criteria
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(spatial variation) and their associated values over time (temporal variation, including
past, present and future data), (3) supporting the inaccuracy and lack of confidence,
using fuzzy logic for evaluation criteria, allowing (4) applying different weights to dif-
ferent time stages or evaluation criteria, adapted from previous work in [6-11].

This paper aims at analyzing the ability of the proposed platform to identify, evaluate
and select a best suited partner and/or supplier, for acting as collaborating member in a
VO (Virtual Organization) context, according to its previous performance and present
ranking, by using the dynamic approach underlying to this work [6-11]. Therefore, we
present the results of a simulation carried out on the implementation of the proposed
approach regarding an illustrative example used. First is described the process through
which the simulation was performed. Then, the alternative application scenarios are
described and finally the obtained results are analyzed and its practical implications
explained.

2 Definition of the proposed platform

The work performed led to the definition of a proposed platform to support the life
cycle of collaborative networks (CN) and virtual organizations (VO), based on a com-
munity of software agents [11-18] that cooperate to support the operation of the net-
work. The platform is designed to promote high levels of scalability through its modular
approach based on autonomous and encapsulated components, supported by a flexible
and moldable infrastructure, based on a distributed approach, which integrates local
systems to companies, virtualized systems and cloud-based services. Besides support-
ing the creation, operation and dissolution of virtual enterprises in the context of col-
laborative network, the platform is designed to support the rapid identification and se-
lection of partners and suppliers that will consolidate the approach to a business oppor-
tunity identified and captured.

The work also resulted in the definition of a dynamic approach capable of supporting
decision-making processes that take into account not only the proposals received from
a number of suppliers or business partners, but also incorporate information relating to
historical performance and its future projection. This dynamic nature of the approach
allows reducing the risk inherent in the decision-making process, particularly when
various possible solutions must be evaluated in a balanced way in the context of a com-
prehensive set of evaluation criteria. To enable evaluation of different sets of criteria
for past, present and future data, the approach allows to evaluate, in a more balanced
way, different providers. By incorporating the treatment of uncertainty, it better sup-
ports its use even in scenarios where the completeness and quality of data is not guar-
anteed.

The research results have an enlarged spectrum of use as it was designed and based
on a dynamic multi-criteria decision model (DMCDM) [6-11] for evaluating alternative
proposals that are not restricted to a given business model or particular sector. On the
other hand, it can be highly beneficial regarding competitiveness of companies where
we want to apply it, by allowing the instantiation of collaborative networks that enable



the creation of synergies and sustain symbiotic relationships in order to expand the po-
tential market, promote a more agile response to market changes, and faster response
to changing competition.

The platform proposal supports the creation, operation and dissolution of collabora-
tive networks. One of its main pillars is its ability to decide which are the best partners
to establish the network, which are the most suitable companies to integrate VEs (Vir-
tual Enterprises) created on its context and which are the best companies to implement
the provision of services or components required to meet the requests about received
orders, as illustrated next through Figure 1.
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ORDER PROCESSING AGENT (OPA)

The businesses evaluation and selection process start with the submission of a re-
quest for qualification (RFQ) from a order agent (OA) to the order processing agents
(OPAs), according to the agreed protocol, stating which values it wants to receive (for
example, price, delivery time and lead time). Additionally, the OA may highlight the
evaluation criteria it will use, if appropriate. After receiving an RFQ, each of the OPAs
starts a budgeting process. They calculate the price and may also interact with produc-
tion agents (PA), associated with their Company, in order to obtain the delivery and
lead times it can propose, according to the current production schedule.

Additionally, the production agents may report the production capacity during the
period, if that parameter is part of the negotiation protocol. Finally, the OPA will issue
the proposal to the OA, according to the defined protocol (Figure 1).

The Order Agent which submitted the initial RFQ will evaluate all proposals/ quotes
it received, comparing the criteria it established for evaluation. It may include criteria
associated with the proposal (price, delivery time, lead time) and criteria associated



with the business performance (On Time Delivery Performance, Defect Free delivery,
Delivery delay mitigation, Defect Mitigation). The evaluation will be performed using
historical information, information contained in the received quotes and also forecast-
ing data.

To evaluate the potential associated to our proposed platform we decided to analyze
to which extend the underlying dynamic approach really supports the process of eval-
uation and selection of the best proposals on a given context of application.

Confirmed to obtain good results for some scenarios tested, progress was made to-
wards the creation of an interactive prototype that supports the generation of multiple
requests for proposals through successive iterations, submitted to an arbitrary set of
businesses. To allow for simulations based on realistic scenarios, the prototype was
extended to allow partners (suppliers and/or businesses) consulted to be associated with
a matrix of rankings about their profile, in order to introduce a random component,
based on known performance of these suppliers/businesses and standards associated to
their evolution. This extension of the prototype was used to generate multiple simula-
tions with different configuration parameters for analysis of results and assessment of
the dynamic model performance.

To facilitate the execution of multiple analyzes and it’s viewing by multiple stake-
holders, the prototype was developed using web technologies (PHP, Javascript, CSS,
HTML) and on a database MySQL, and focused on the application of the underlying
dynamic approach.

The prototype supports the viewing of the main application steps of the dynamic
selection and evaluation approach, which in this work was applied to a given scenario
of application. Additionally, it allows the execution of various types of simulations,
implemented as described next.

To evaluate the performance of the dynamic evaluation approach, it was decided to
carry out simulations of its application using the dynamic generation of proposed ap-
plications and the evaluation of the answers received. The evaluation was based on
three different approaches: (1) a dynamic evaluation, covering the use of historical ma-
trices, present data (resulting from proposals received) and forecasts; (2) assessment
regarding historical and present information; (3) evaluation exclusively based on the
proposals received.

Table 1. Simulation parameters definition

Parameter Meaning Value

n Number of iterations 10, 100, 200
m Number of approaches used 3

w Number of suppliers consulted 6

h Number of historical evaluation criteria 4

q Number of present evaluation criteria 2

f Number of future evaluation criteria 2

p Number of proposal requests made on each iteration 10, 20, 50

To analyze the results obtained by applying our underlying dynamic model we pro-
ceeded to its application on an illustrative scenario about the selection of a business,
among a set of 6 available for the production of a particular product and knowing some



additional features, which will be described in more detail below, to allow clearly illus-
trate the potential of the deployed prototype.

The simulation process begins with its preparation. The first set of simulation of the
preparation process of the tasks consists on defining the parameters that will condition
its implementation. This set includes the number of iterations to be performed, the num-
ber of queries to simulate by iteration, the group of suppliers to be consulted, the num-
ber of evaluation criteria to be used and the approaches on which they are used. Addi-
tionally, matrices are configured for historical data view and associated future data pre-
diction, along with histograms that are used to simulate the behavior of businesses.
Table 1 shows the chosen parameters.

Next, it is needed to define the criteria to be used for historical, present and future
evaluations. To make the clearest illustration in terms of prototyping, it was selected a
representative set of criteria used, related to different kind of cost, as expressed in Table
2, and this data was jointly used with the information provided through the criteria used
for historical and future evaluation of businesses delivery times in order to better sup-
port decision making regarding the these underlying criteria.

Table 2. Criteria definition

Moment Criterion Description
Past Cost practiced in the past (CPP) costs charged by the supplier to supply the product in the last 12 months.
Past Total time for delivery (TTD)  Total time elapsed between the award and the delivery of products from the
award date in the past, for orders of the same product.
Past Delivery performance (DPE)  Previous performance of the supplier in terms of timely delivery of orders
(0-100%)
Past Quality performance (DP) Previous performance of the supplier in terms of delivery of orders without
defects (0-100%)
Present Cost per unit (CPU) Cost proposed by the supplier for the execution of one unit (€).
Present Total time for delivery, for pre- Total time elapsed between the award and the delivery of products from
sent (TTD) the award of the contract.
Future Estimated unit cost (EUC) Estimated cost per unit of the same product in the future, according to the
evolution of the in supplier’s prices
Future Total time for delivery, for fu-  Total delivery time estimated per product unit.

ture (FTTD)

For the implementation of the dynamic model, the various evaluation criteria were
mapped on their type (“higher is better" or "lower is better"), uncertainty, confidence
level. In addition, the a values were defined and  for each criterion and A = 1 [6-11].
The values used as a reference are shown in Table 3.

To evaluate the criteria were used three approaches related to dynamic evaluation
model underlying to this work, which were the following: 1. Historical, present and
future evaluations (HPF); 2. Historical and present evaluations (HP), and 3. Only pre-
sent evaluation (P). Therefore, these three approaches require the use of one up to three
evaluation matrices, which express the total cost underlying each candidate supplier or
business ranking through an underlying data fusion approach used within our dynamic
decision model [6-11].

In practice it is considered the same reference time for all repetitions of query re-
quest, performing successive simulations of the application of the evaluation ap-
proaches at this reference time, and next the results are compared.



Each of the consulted businesses submits a proposal for providing a unit of product,
randomly generating values proposed for the unit cost and for the total time of delivery
(corresponding to the sum of the production time and the order preparation time).

Table 3. Criteria parameters associated with the selected criteria

Moment Criteria Type Uncertainty Confidence o B A
Past CPP Lower is better 0 100% 1 0.67 1
Past TTD Lower is better 0 90% 0.8 0.67 1
Past DPE H'ghet;r's bet- 2% 80% 0.8 0.67 1
Past DP H'gh‘;gr's bet- 2% 80% 0.8 0.67 1

Present CPU Lower is better 0 100% 1 1 1

Present TTD Lower is better 0 100% 0.8 0.67 1

Future EUC Lower is better 5% 80% 0.6 0.67 1
Future FTTD Lower is better 5% 60% 0.6 0.67 1

To support the randomness in terms of generation of proposals, each business has
been classified according to four main areas: (1) delivery optimization potential, em-
phasizing the efforts the business has done, namely to reduce the delivery time; (2)
potential changes in prices, reflecting the trend observed by the business to increase,
decrease or maintain the prices offered; (3) risk of late delivery, reflecting businesses’
performance in terms of delivery and the potential of further delays; (4) the risk of
defects, reflecting the likelihood of defects in future deliveries.

The classification of the businesses on the areas mentioned allowed introducing ran-
dom behavior in terms of proposals submitted by them. To generate a new value for
each area were used random number between zero and ninety-nine, generated by com-
puter. The random numbers were used as the input key to a histogram that maps each
of the areas aforementioned for each business.

The presentation of data is done in order to permit adequate visualization of each
type of data analysis and matching results, allowing different views, with more or less
detailed information.

Figure 2 below illustrates the prototype’s interface regarding the simulation results
obtained after 20 iterations, each of which covering the evaluation of 20 proposals about
each of the 6 analyzed businesses. For each iteration were added costs generated by
each of the approaches according to the data provided by them, taking into account the
profile associated with each business concerning the occurrence of faults or delays. In
the generated results table presented, we can see the green and underlined values, which
correspond to the lower costs (corresponding to the best solution), and in red the highest
costs. For example, from a quick look at the data in this figure, it is clear that the dy-
namic evaluation approach (HPF) enabled to provide the best results in all of the itera-
tions for the scenario under study, by comparison with the other simpler alternative
approaches (HP and P).

The prototype allows alternative views of results, along the detailed simulation pro-
cess. Namely, allowing following the evaluation process of winning proposals for each
of the alternative approaches considered, and consultation of the respective total costs.



The prototype also provides an additional mode of simulation, to facilitate the gen-
eration of a large number of records and their subsequent analysis. Supporting the def-
inition of the number of iterations (n) and consultations (m), and the same are associated
with the 6 businesses considered in this example.

Prototipo
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Fig. 2. Simulation results visualization.

In this case, the prototype generates x*m*6 random proposals and evaluates them
using each of the three approaches considered for this purpose in this study. Once the
evaluation, the prototype selects the most advantageous solution, considering the pro-
file of each business (regarding their tendency to deliver orders late or defective), and
the resulting costs. At the end we can see a graph comparing the performance of the
three approaches used.

The Figure 3 below illustrates the execution of the simulation process for 100 itera-
tions, each of which includes 20 proposal requests (resulting in a total of 2,000 consul-
tations, which generated 12,000 proposals, and these have been evaluated in the context



of each of the three approaches under consideration, resulting in a total of 36000 rat-

ings). According to defined profiles, the dynamic (HPF) approach was the only one that

did enable to generate the best solution in 1071 consultations. Moreover, in 1808 cases

it reached the best solution in conjunction with one or both alternative approaches.
Prototipo
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Fig. 3. Visualization of the results of the evaluation process for 2000 consultations and
12,000 proposals analyzed.

The diverse records execution results were recorded in databases, enabling to further
make queries and export data and results for further analysis, namely through external
tools such as SPSS and Microsoft Excel.

Comparing the cost of each of the solutions generated by each of the three ap-
proaches considered we can realize that the dynamic approach was the one that did
produce the economically most advantageous solution, as we can see through Figure 4,
which expresses the cost of each solution and the cost of the best one.

In practice, since the dynamic approach is responsible for the largest number of best
proposals in economic terms, its value is always closest to the best solution value.
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Fig. 4. Evolution of the difference in cost between the three approaches and the best solution
obtained on each iteration.

3 Conclusion

In a collaborative network, relations between integrating members generate infor-
mation that is highly valuable to support a useful decision-making process, minimizing
the costs associated to its operation and thus contributing to the maximization of poten-
tially associated income opportunities. In order to provide a contribution in this context,
besides interesting existing work in this area, such as [1-5], our proposal is based on
previous work, such as [6-11]. Moreover, we did not come across any proposal that
jointly considers the application of a dynamic multi-criteria decision approach, inte-
grating a data fusion model for improving collaboration and better supporting busi-
nesses integration within a virtual enterprise context, not being restricted to a given
business model or particular industrial sector. Therefore, in intended to contribute for
properly supporting the operation of collaborative networked organizations, and en-
hancing their continuous reconfiguration process, based on market evolution, Com-
pany’s members or business partners performance, network size and associated require-
ments, along with a varying set of parameters for evaluating and selecting appropriate
business partners in a dynamic and flexible way. In this study it became clear, through
the simulations results obtained, that there are big differences in terms of costs regard-
ing the application of different approaches for alternative businesses’ of partners’ eval-
uation and subsequent selection. In all the simulations performed, our proposed dy-
namic evaluation model, which includes not just present and past data, but also future
predictions, produced the best results in the majority of the evaluations carried out.
There are several factors that affect the greater or lesser efficiency of each evaluation
approach. For the analysis carried out in this work we used a representative set of busi-
nesses, through an industrial example. The quality and scope of existing historical data
affects the results produced. Moreover, the approaches can be used in environments
with more or less amount of uncertainty, and enable the use of distinct sets of parame-
ters (e.g. confidence, accuracy, weights), which enable filtering of uncertainty and pro-
ducing a final rating according to the importance of the various evaluation criteria used
by each Company.
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