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This paper presents an approach on how the cooperation among autonomous 
agents can be properly supported and enhanced by a federated database when 
supporting a distributed multi-agent scheduling scenario in a Virtual 
Enterprise, is envisaged. The innovative concept investigated in this paper 
considers that the data is not sent from one agent to the other via a high-level 
protocol, as is the case in the traditional push strategy, but rather through the 
pull strategy, via accessing the respective agents ' federated database. Thus, 
the high-level protocol is applied for coordination and activity control 
purposes only, separating the control from data, and preserving the privacy of 
each of them by means of the federated database-based approach. This work is 
partially developed in the context of the !NCO MASSYVE project and also uses 
some results produced in the ESPRIT PRODNET II project. 

1. INTRODUCTION 

The work described in this paper presents an approach on supporting the cooperation 
among autonomous agents, enhanced by federated databases, when a multi-agent 
scheduling scenario is envisaged in a Virtual Enterprise (VE). 

A system prototype is being developed and applied to a cluster of twelve mould 
and die enterprises placed in the south of Brazil. In this paper we will name this 
specific cluster the MDIC: Mould and Die Industries Cluster. A cluster or 
community of practice is seen as a group of enterprises that have the potential and 
the will to cooperate and therefore may become the partners in a VE. This cluster is 
created as a way to augment the business potentialities of several enterprises so that 
together they become stronger and more competitive in the global market -
comprising the sum of their individual capacities. Such a framework provides the 
improvement of its members in resources, processes, and skills leveraging (Bremer 
et al., 99). In this work, a VE is seen as a temporary alliance of enterprises that come 
together to share their skills, core competencies and resources, in order to better 
respond to business opportunities, and whose cooperation is supported by computer 
networks (Camarinha et al., 99). 

The original version of this chapter was revised: The copyright line was incorrect. This has been
corrected. The Erratum to this chapter is available at DOI: 

© IFIP International Federation for Information Processing 2001
L. M. Camarinha-Matos et al. (eds.), E-Business and Virtual Enterprises

10.1007/978-0-387-35399-9_52

http://dx.doi.org/10.1007/978-0-387-35399-9_52


146 E-Business and Virtual Enterprises 

The research described in this paper is supported by the MASSYVE INCO-DC 
KIT Project (Massyve, 98), whose ultimate goal is to investigate the use of multi
agent systems for agile scheduling, and their extension towards the operation in a 
virtual enterprise environment. This work also uses some results produced in 
ESPRIT PRODNET- II project (Afsarmanesh et al., 99), (Garita et al., 2000). 

The paper is organized as follows: Chapter 2 gives an overview of the problem 
in the MDIC context. Chapter 3 provides a general description of the approach, 
consisting of the HOLOS agents, the Massyve Kit, and the FIMS federated database 
system. Chapter 4 explains the demonstration case used in Chapter 5. Chapter 5 
shows some implemented results of the proposed approach. Finally, Chapter 6 
discusses the results and points to the next planned steps for this work. 

2. PROBLEM DESCRIPTION 

In the MDIC scenario, a client order received from one of its member enterprises, 
can comprise an individual or a "package" of moulds and/or dies. A usual problem 
happens when the (individual) enterprise that has received the order, due to some 
technical or time-dependent reasons, cannot provide enough capabilities to carry out 
the entire order by itself. Thus, it needs to subcontract some other enterprise(s) 
preferably from the cluster, either for manufacturing of a specific part of a mould or 
to manufacture an entire mould of the package. 

Applying the PRODNET-11 infrastructure to this work, aVE would be composed 
of two kind of nodes: one VE-Coordinator (VE-C) perhaps being the same as the 
enterprise that initially received the order from the client, and a number of VE
Members (VE-M), represented by the enterprises that receive orders from the VE-C, 
i.e. the subcontracted suppliers of services and products. A client order starts a 
business process (BP). Regarding that this BP is to be executed in several different 
enterprises, this BP is called a distributed business process (DBP) (Rabelo et al., 96). 
Figure 1 illustrates the described scenario. The VE is formed by four enterprises, 
which should accomplish a given DBP. The enterprise-12 (E12) is the VE-C, being 
responsible for the execution of the business process BPd. E12 has three VE-M 
subcontractors: E2, E3 and E8, responsible for the BPa, BPb and BPc respectively. 

Nowadays, respecting the contract "delivery date" is one of the most important 
competitive aspects in the global market. Therefore, once a VE-C subcontracts some 
VE-M, the VE-M has to follow-up the involved BPs execution plan. Some examples 
of manufacturing-agent reasoning, based on contracts in VEs, are addressed in 
(Hanachi, 98). The execution of BPs becomes more challenging when considering 
that different BPs' operations are all interrelated and a delay in some can provoke 
delays in the entire mould manufacturing. Besides that, and especially in a just in 
time philosophy, the supply chain workload should be optimized. For instance, the 
VE-C E12 is only interested in receiving a given part produced by the supplier "E3", 
if meanwhile the supplier "E8" has also carried out its BP and produced his part. 

However, while today the cooperative behavior at a single-site, intra
organizational scheduling environment, can be supported at a complex level, the 
same cannot be easily achieved in multi-site scheduling environments. In this case, 
different nodes represent other enterprises within the supply-chain. Working 
cooperatively may be just one facet of a wider self-satisfying behavior, where every 
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node is essentially autonomous and interested in maximizing its own results. 
Naturally, also in the MDIC scenario, this situation sometimes happens. A given 
supplier will be typically participating in several VEs simultaneously, both as a VE
e or VE-M. What is generally observed is that the "behavior" of an enterprise is 
basically different when it plays the role of VE-M, than when it plays the role of a 
VE-C. In fact, considering the existing culture in the manufacturing sector, the 
enterprises (as VE-Ms) usually work with a certain overload. This means that every 
enterprise typically concentrates its efforts and capacities on those BPs for which it 
is currently acting as the VE-C, since both it has a more "natural" interest and the 
main responsibility towards its direct client. Given that all the MDIC enterprises are 
also aware of this fact, monitoring and coordination of the BPs by the VE-C is 
identified as an essential activity for its functionality and good performance. 

This work presents an approach towards a more efficient and adequate support of 
the collaboration among self-interested and autonomous supplier-agents in a 
distributed scheduling scenario. This approach primarily separates the scheduling
related control from the data, and preserves enterprises' information privacy through 
the application ofthe federated databases. 
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Figure 1 - A VE scenario within the MDI Cluster 

3. MULTI-AGENT SCHEDULING IN MASSYVE 

' 

' 
' ' ' ' 
' ' ' 

In this section we first briefly describe the HOLOS, MASSYVE-kit and FIMS 
systems. Unlike the classical scheduling systems, HOLOS is not a unique system, 
but rather a group of distributed scheduling processes - agents - with some 
autonomy, independence, and communication capabilities (Rabelo eta!., 99c). Some 
HOLOS agents in this environment represent the manufacturing resources, and thus 
supporting the dynamic scheduling. One of the most important classes of agents in 
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HOLOS is the Consortium. A Consortium represents a temporary agent created to 
supervise a cluster of manufacturing resource agents dynamically selected (via 
negotiation) to execute a given intra-organizational Business Process (BP). There 
will be as many consortia as there are planned BPs to be processed. In this paper, 
each enterprise of MDIC is represented by one agent. Thus, figure 1 can also be seen 
as an aggregation of enterprise-agents in a VE. 

Taking a component-technology approach, this work extends the HOLOS multi
agent scheduling reference architecture I system, with another component, the FIMS 
federated database system to support agent's required information exchange. This 
hybrid approach is called the MASSYVE framework. The FIMS system is strongly 
based on the DIMS module developed in the PRODNET II project (Afsarmanesh et 
al., 97), (Afsarmanesh et al., 98) (Afsarmanesh et al., 99). 

A federated database system is a multi-database system in which every node in 
the federation maintains its autonomy on the data and defmes a set of export 
schemas, that will be imported by other FIMSs, through which the data is made 
available to other specific nodes (Afsarmanesh et al., 94) (Wiedijk et al., 96) (Garita 
et al., 2000). The Federated Information Management System (FIMS) supports the 
sharing and exchange of information among cooperating autonomous and 
heterogeneous agents (or nodes) without the centralization and data-redundancy. 

In the MASSYVE approach, enhancing the capabilities of the multi-agent agile 
scheduling system involves the enhancement of every agent with its Federated 
Information Management System (FIMS). Consequently, each agent would have a 
FIMS layer, through which it would seamlessly intemperate and exchange 
information with other agents. However, the access to information of other 
autonomous agents is strongly enforced by the information visibility rights defmed 
among them, that in turn preserve their autonomy. Therefore, a MASSYVE Agent is 
seen as a tandem architecture composed of a HOLOS agent and its FIMS. Figure 2 
illustrates this architecture of a MASSYVE agent. 

Figure 2 - A Massyve Agent 

A particular MASSYVE multi-agent scheduling system is then composed of a set of 
MASSYVE agents configured for a target shop floor that may in turn process and 
exchange information about production orders in order to generate, execute, and 
supervise a production schedule. In principle, the control-related and data-related 
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information that needs to be exchanged among the agents can be carried out and 
coordinated by means of using the contract-net protocol (Davis, 80). 

Applying the federated information management approach to distributed 
scheduling has brought several new perspectives to the original MASSYVE 
framework. One perspective that is addressed in this paper is the extension of the 
Consortium agent capabilities for dealing with inter-organization schedules in the 
scenarios of virtual enterprises (Rabelo et al., 99c). Other related works with the 
application of the multi-agents system technology in scheduling and cooperative 
work in a virtual enterprise scenario can be also found in (Shen et al., 98), (Reis et 
al., 99) and (Rabelo et al., 99b). 

An essential concept described in this paper is that the data is not sent from one 
agent to the other via a high-level protocol, as in the traditional push strategy case, 
but rather through the pull strategy, via accessing to the respective agents' FIMSs. 
Thus, the high-level protocol is only used for control/coordination purposes. The 
main advantages of this approach follow: 

The inter-agent message's content becomes shorter and leaner; 
Agents will always access the necessary up-to-date data from its source, at the 
exact time they need it; 
Transparent and controlled access to distributed data is provided over the agents' 
network in an integrated method. In this way, the agents can concentrate their 
tasks on the reasoning and processing of information instead of the management 
of information; 
Data and control is separated from each other in multi-agent interaction 
environment; 
The information access rights and visibility levels can be defmed efficiently and 
evolve dynamically using the federated information management system 
functionalities; 
Scheduler agents can only access authorized data with respect to current access 
right defmitions so that desirable autonomy of each agent is preserved in terms 
of their data. 

Figure 3 illustrates this approach. Consider an example case where a given agent (B) 
processes some information and generates some results (for example the Mould-x's 
actual end of the production date) that is needed to be accessed by another agent (A) 
who is the VE Coordinator, due to the supervision clauses specified in the VE's 
contract (Rabelo et al., 99a). Then B sends a message to A (represented by "1" in 
this Figure), communicating that the data item on Mould-x's actual end of the 
production date is available in its local database. This control message sent from B 
to A informs A that now this data item is available and can be accessed by A, 
through its FIMS' import schema. Please notice that the access rights for the shared 
data among nodes are dynamically and bilaterally configured and preserved by their 
import/export schemas according to their roles and their needs. 
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Figure 3 -Exchange of data in a pull strategy. 

Once this message is received at A, (represented by "1 "), whenever it wishes A 
can retrieve this updated information. In fact, this access goes as follows: Agent_A 
queries this information from its own integrated schema in FIMS (represented by 
"2") requesting for the actual end of production date on Mould-x; an automatic 
access will occur from FIMS_A to FIMS_B (represented by "3") using the federated 
mechanisms for information access - that receives and returns this authorized 
information from B (represented by "4"). This information is in turn returned to 
Agent_ A for its internal processing (represented by "5"). 

4. DEMONSTRATION CASE FOR MASSYVE SCHEDULING 

In the test scenario, illustrated in Figure 4, there are three enterprises: Enterprise I, 
Enterprise 2 and Enterprise 4. Each enterprise is represented by a MASSYVE-agent, 
running on a different PC. A MASSYVE-agent is composed of a HOLOS agent and 
its FIMS (except for enterprise 4 that does not have an FIMS, just as an example) . 
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In this example, a client orders a certain mould to Enterprise 1. Then Enterprise 1 
fmds two companies (Enterprise 4 and 2) which can manufacture parts of this 
mould. Enterprise 1, Enterprise 4, and Enterprise 2 collaborate together to 
accomplish the mould. Let us assume that Enterprise 2 manufactures the first part of 
this Mould (Part1), and Enterprise 4 manufactures the second part (Part 2). The 
MASSYVE scheduling system generates a Consortium-Agent for Enterprise 1 
(Agentl) to supervise the execution of the intra-organizational business process for 
this product. The scheduling system also generates two Enterprise-Agents (Agent4 
and Agent2) respectively corresponding to Enterprises 4 and 2, in order to support 
the supervision of the execution of partial schedules at these enterprises for this 
product. The Consortium-Agent is the one responsible for coordinating the supply
chain of the order according to the VE contract of collaboration. 

In the scenario in Figure 4, Agent 4 needs to retrieve the actual "end of the 
production date for Part 1" in order to better plan its internal production of Part 2. 
However, Agent 4 at present does not even have an FIMS and may not even know 
(depending on its role within the VE) where this information should exist. But it 
certainly knows that by contract he can ask this information from the VE 
coordinator (Agent 1 ). Therefore he asks this information from Agent 1. 

Figure 4 represents this entire procedure. In the first step, Agent4 asks Agentl to 
provide the required information of Part 1, using the agent-to-agent message 
exchange mechanism (1). Then, Agent! queries this information from its own 
FIMS-1 (2). FIMS-1 generates the necessary sub-query, identifies the location of 
this data, and sends it directly to FIMS-2 (3). This sub-query is sent from FIMS-1 to 
FIMS-2 using the communication mechanism developed within the PRODNET II 
project (Prodnet-II, 99). FIMS-2 processes the external sub-query while executing it 
against the export schema defined for Agentl. The result of this sub-query execution 
is then sent back to FIMS-1 (4), which will be returned to Agent! (5), that in turn 
sends a message back to Agent4, including the answer to its data request, on the 
"actual end ofthe production date for Part 1" (6). 

5. IMPLEMENTATION EXAMPLE 

This chapter depicts some snapshots of the sequences described in chapter 4 I figure 
4. Besides the FIMS-to-FIMS communication mechanism that is developed within 
the PRODNET II project, the other communication mechanisms for this case 
scenario are developed within the MASSYVE project. 

The developed prototype has been implemented on a PC/Windows-NT/ 
C++/Oracle platform. The target multi-agent system was derived using the 
MASSYVE KIT (Rabelo et al., 00). 

Figure 5 shows the three implemented agents for this scenario: Agentl, Agent2 
and Agent4. The relationships between them are set when they are defmed with the 
MASSYVE Kit and indicate that they can interact with each other via a high-level 
multi-agent protocol. Agentl and Agent2 run on different PCs in the same network, 
interacting with each other and with Agent4. Agentl and Agent2 have their own 
FIMS, which enables them to access their local data and/or the remote data of the 
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other agents transparently through their FIMSs. Agent4 does not have a FIMS to use 
it for storage of its local data and I or to have seamless integrated to access to other 
agents' remote data. 

Figure 6 shows the arrived query at Agent! as well as the internal query arrived 
at FIMS-1 window, showing their interaction, and the request asked by Agent4. It 
also represents the deduced sub-query at the FIMS-1 that will be sent to FIMS-2. 

Figure 7 shows the sub-query arrived at FIMS-2 and processing of the query 
against the export schema defmed for Agent 1. 

Figure 8 shows the result of the sub-query execution that is returned from FIMS-
2 to FIMS-1. It also partially shows the processing of this query and sending of the 
fmal results back to Agent!. 
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Figure 5 - Agents defmition implemented in the scenario 
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6. CONCLUSIONS 

This paper presented an approach on how the cooperation among autonomous 
agents can be properly supported and enhanced by federated databases when a 
multi-agent scheduling scenario is envisaged in a Virtual Enterprise (VE). The work 
reflects some results from the INCO KIT MASSYVE and the ESPRIT PRODNET II 
projects. The system prototype that is developed addresses a cluster of twelve 
"mould and die" enterprises placed in the south of Brazil, called as "Mould and Die 
Industries Cluster" (MDIC) in this paper. A simple demonstration that is described 
in this paper represents an interaction among three enterprises in this cluster. 

This work presented an approach supporting more efficient and adequate way for 
communication and information exchange between self-interested and autonomous 
supplier-agents in a distributed scheduling scenario. This approach separates the 
exchange of control from data, and represents the proper preservation of the privacy 
of each agent in a multi-agent system, using federated databases. 

The novel concept suggested in this paper is that the data is not sent from one 
agent to the other via a high-level protocol, as it is the case in the traditional push 
strategy, but rather through the pull strategy, via accessing to the respective agents' 
FIMSs. Thus, the high-level protocol is only used for coordination and control 
purposes. The main advantages achieved by this approach include: i) the inter-agent 
message's content becomes shorter and leaner; ii) the agents will access the 
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necessary up-to-date data at the exact time they need it; iii) transparent and 
controlled access to distributed data over the agents' network in an integrated 
method, allowing the agents to concentrate their tasks on the reasoning and 
processing of information instead of the information management; iv) data and 
control is separated from each other in multi-agent interaction environment; v) the 
information access rights and visibility levels are carefully defmed and may 
dynamically evolve using the developed federated information management system 
functionalities; vi) scheduler agents can only access authorized data with respect to 
current access right definitions so that desirable autonomy of each agent is achieved 
with respect to its data. 
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