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This paper proposes a first version of a conceptual framework based on Social 
Actors Networks (SAN) to support the process of creation and configuration of 
Networked and Virtual Enterprises (NIVE). The concept of SAN is explained 
and applied in the context of NNE, highlighting the potential benefits in the 
analysis and specification of agent based information systems. This approach 
is partially being tested in a distributed Decision Support System, designed 
around a flexible and robust agent-based information system architecture. 

1. INTRODUCTION 

The set-up and configuration of virtual enterprises is undoubtedly a critical factor of 
success for companies to address new business opportunities. A lot of ideas and 
technologies are currently emerging, that will help companies to form different types 
of clusters, or temporary "virtual" enterprises when opportunities occur. However, in 
general we might say that current approaches are limited in terms of viewing these 
processes in a single perspective, usually too much biased to a strict analysis of the 
"formal" capabilities of the various entities and to their physical resources. 
Enterprise networks are however rich structures, where the plural facets of the actors 
should be considered, not only to fully exploit the opportunities of a specific 
business relationship, but also in order to construct more durable and rewarding 
links. This view asks for a broader, multiple perspective approach to VE set-up that 
takes into account several aspects of a business relationship, some of them not easy 
to quantify. These should involve issues that range from type and quantity of shared 
information, commercial and personal trust, subjective assessment of business 
transactions, etc. 

Most of the research work on the broad domain that encompasses "Supply Chain 
Management", "Networks of Enterprises", or "Virtual Enterprise", or related topics, 
has basically been concentrated on issues such as distributed information technology 
infra-structures and distributed information systems architectures, novel forms of 
organisational structures facilitated by those technological advances, new business 
processes based on inter-organisational relations, etc. However, much less attention 
has been paid to important issues related to inter-organisational co-operation, and to 
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the particular roles of the actors (individuals and groups). Nevertheless, relationships 
between enterprises will continue to involve people in key managing activities, 
taking operational, tactical and strategic decisions supported by conveniently 
distributed information systems. 

In this work we propose a first version of a conceptual framework to enable 
different entities (enterprises, groups, individuals) to establish a certain number of 
multi-attribute relationships (or links) that can be dynamically evaluated and 
updated, and that will be used as a basis for setting up "formal" and "informal" 
agreements in the process of VE creation. 

The concept of social actor's networks (SAN) (Lemieux, 1999) provides us with 
a tool for the modelling the NNE. It should form a good departure point for 
understanding which organisational elements (social actors) are involved, how these 
elements are related to each other, and what kind of relationships exist between 
elements. It should also help us in characterising social actors, and their 
relationships. This approach is intended to be a companion to a conventional 
business process analysis (including modelling). While a business process modelling 
method (e.g. UML with Erikson-Penker extensions, Erikson and Penker, 2000) 
provides a tool to analyse the distributed business processes structure in a NNE, it 
does not so for social actors and their relationships. 

SAN should also be an adequate approach for the design and implementation of 
loosely coupled information systems (to support NNE), based on the so-called 
software agents paradigm. Information systems designed according to this paradigm 
exhibit characteristics close to SAN: they are formed by software entities with some 
degree of autonomy, reactivity, pro-activeness and that co-operate in order to 
achieve common goals (Wooldridge and Jennings, 1995). We believe therefore that 
the SAN approach can be an effective approach in analysing and designing NNE, 
unifying the organisational and information technology aspects. 

2. PRINCIPLES OF SAN AS A MODELLING TOOL 

SAN are a way to highlight the structural relationships among social actors, enabling 
the contextualization of their actions in a systematic way (Lazega, 1997). Different 
physical infrastructures (phone networks, data networks) can be used to allow 
communication between any two social actors, and this contact is mediated by 
several kinds of artefacts, from phone sets to computer programs. Here our main 
interest is obviously computer-mediated communication, but in principle SAN can 
encompass almost any form of social contact. 

In general, a network is a set of nodes (entities) and edges linking pairs of nodes. 
Edges can be directed or not, depending on the type of relationship being modelled. 
Both nodes and edges may have several attributes that may for example quantify the 
average amount of exchanged information, the level of trust between partners, or the 
degree of ownership between companies. This "open" view of a network should 
allow us to model quite different situations and problems, such as client/supplier or 
co-operative planning environments, technical co-operation, informal information 
exchange, interest groups, etc. Social actors are represented as nodes, while the 
relationships are represented as arcs or edges. Usually social actors are viewed as 
individuals or groups capable of performing activities and of interacting in order to 
pursue some specific goals, but in our work we will view software agents as a class 
of actors in a SAN. 
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We will consider three general classes of relationships in a SAN: 
i) Transactions. Every kind of exchange between two social actors (from well 

defined transactions such as exchange of data to ill defined transactions such as the 
exchange of influence). Transactions can be symmetric if both actors can establish 
similar types of transactions or asymmetric, if not. 

ii) Control. The capacity of a social actor to decide on performing a given 
transaction with other social actor. It can be unilateral or shared (this can be further 
characterised by a level of control over a given transaction). 

iii) Link. Relationships not falling into the previous categories. Examples of 
links can be attitudes such as "awareness", "hostility", "trust". Links can be positive, 
negative or neutral (i.e. identification, differentiation or indifference links). 

In the context of NNE an additional concept is of major importance, that of 
resource. Resources are both the object and the instrument of a control relationship, 
and may for example be the objects of a transaction relationship. Resources can 
naturally be of quite different types, being therefore represented through various link 
type relationships. SAN can be defined at different abstraction levels, allowing 
therefore various levels of analysis. This is probably one of the major benefits of 
using this type of generic approach, as the particular choice of a representation level 
can be tuned to take into account the particular purpose of the analysis. Here we 
consider three general levels (inspired in Lazega, 1997) as follows: 

i) The structural level tries to globally describe and analyse a given network, 
requiring complete data about the different actors and types of relationships. In the 
case of a complete supply chain, all the participating companies should be known, as 
well as all their client-supplier relations. Such analysis would for example be able to 
identify companies with common features (types of products, delivery performance, 
supply chain tier, etc.). 

ii) The relational level concerns the description of the relationships between 
the social actors. A large number of attributes may be used to characterise these 
relationships (e.g. distance, accessibility) allowing an analysis that may be both 
qualitative and quantitative. Examples of this are the set-up and study of indicators 
for the logistic performance in operations involving two supply chain partners (such 
as delivery lead times, quality performance), the degree of trust between partners, 
the level of information exchange (such as production plans, informal data on 
production status). 

iii) At the individual level, social actors are studied based on the relationships 
in which they participate (this characterisation should be complemented by other 
analysis methods). Examples are issues such as the importance of an actor (e.g., 
measured by the centrality of his position in terms of information exchange), or his 
potential for establishing relationships in the network. 

3. SAN FOR THE (RE)CONFIGURA TION OF NNE 

In a first and simple approach, social actors considered in the SAN are constrained 
to one role in the organisation. Elementary roles are e.g. production manager, 
product line manager, sales manager, logistics department, financial manager, sales 
office, etc. Although stated in individual terms, the very same roles can be 
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considered to be played by collective actors, such as a production department, sales 
force, etc. These actors may form several distinct networks according to the type of 
social interaction being considered: client-supplier network (sales office-A, 
production manager-B. logistics department-B), information exchange network 
(possibly all), influence network (sales office-A, financial manager-B), etc. These 
SAN form complementary perspectives on the inter-organisational relationships, 
giving a valuable insight in understanding the virtual enterprise. The scope and 
granularity of these models can be easily scaled to different kinds of analysis. In our 
work we will only consider the main phases of the life cycle of virtuaVnetwork 
enterprises (creation and operation) and try to understand how to apply the SAN 
approach to support decision-making in some stages of these phases. 

3.1 Phases in the creation of NNE 

According to Camarinha-Matos et al. (2000), the major steps in creating a VE or 
network of enterprises are: (1) setup infra-structure resources, (2) manifestation, (3) 
creation/evolution, (4) contract negotiation/re-negotiation, and (5) enterprise 
configuration/re-configuration. The SAN approach seems to have a considerable 
potential, specially for phases 2, 3, and 5. 

In NNE operation we are concerned with the execution of the distributed 
business processes. One main issue in this phase is to guarantee that the appropriate 
infrastructure (or execution system) is deployed to fully satisfy the design and 
configuration arising from the creation phase. Nevertheless, during the operation of 
a NNE it might be necessary to do some adjustments (due to either operational or 
tactical reasons) such as change partners, include a new partner, change a partner 
role, etc. This originates a reconfiguration of the NNE. This is a (re)design activity 
similar to the one in the creation phase. In the creation of NNE, the role of SAN 
may be particularly interesting in the phase of network configuration. Furthermore, 
support can be provided for reconfiguration activities in the operation phase. Our 
research has shown that for these purposes, the use of SAN at the structural and 
relational levels of analysis may be particularly useful. 

3.2 Structural analysis 

Structural analysis basically involves three steps: identification of the social actors, 
definition of the type(s) of SAN, and the modelling of the SAN. As social actors 
here we consider the individuals or groups that are relevant in operational terms, i.e., 
the personnel, departments, etc., involved in the execution of the distributed 
business processes. To support the configuration I reconfiguration of a NNE, 
several types of networks can be considered. Modelling of the SAN first involves 
the identification and characterisation of relationships that should be then classified 
as controls, transactions or links. The distributed business processes previously 
defined, set a first set of possible SAN. For example, if the NIVE under study is 
viewed as a supply chain, a logistic analysis (in a broad sense) is an obvious type of 
SAN to be considered (see figure 1). A more elaborated approach would be a SAN 
depicting a "co-operative planning" process, involving several actors co-operating in 
responding to customer demands in the supply chain (see figure 1 ). 
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3.3 Relational Analysis 

The main goal of relational analysis is to characterise how two particular social 
actors interact. By classifying the links in any of the types referred above, and by 
assigning attributes to those links and "measuring" them (either in qualitative or 
quantitative terms), it is possible to evaluate relationships against some pre-defined 
criteria. Examples are "degree-of-interaction", "degree-of-control", "degree-of
dependency", "connection potential", "distance", etc. In the example of figure 1, the 
relationship between the logistic department of Ent-A and the logistic department of 
Ent-C is quite obvious in terms of co-operative planning for the supply chain. In the 
design of a co-operative planning business process for the NNE, several relational 
issues between the two social actors should be analysed for an optimised 
configuration of these processes. For example, operational issues (imposed by the 
models proposed for the business process) may imply the exchange of production 
plans by the two departments. Accordingly, both partners should be able to have 
access to this information timely and easily, and, in terms of configuring the NNE, 
this should be guaranteed. On the other side, "co-operative planning" requires an 
attitude of trust between social actors (in particular, concerning information 
sharing). Therefore the links in figure 1 should model this attitude, e.g. by assigning 
to each link a "degree-of-trust". 

3.4 Supporting the analysis of requirements of distributed information systems 

If a network of enterprises is to be supported by a distributed information system, it 
is obviously necessary that the system adhere closely to a set of organisational 
needs. On the other hand, changes in the partners and network arrangements tend to 
be more and more frequent: the rate of introduction of new products increases, 
demand is very unstable, etc. Therefore, it is also of utmost importance to cope with 
the network (re)configuration. SAN can be a valuable tool for this purpose. First, 
technical SAN models (e.g. client/supplier) form a first specification of requirements 
for an eventual distributed information system (DIS). 
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Figure l -Structural analysis: an extract of a "logistic" (black connections) and a 
"co-operative planning" (gray connections) SAN's 

Second, by deploying several perspectives of social interaction in the network 
(with the required level of detail), it is also possible to "experiment" various 



278 Collaborative Business Ecosystems and Virtual Enterprises 

scenarios. In the particular case of agent based DIS, a new and challenging 
requirements analysis and specification approach will be possible. Some interaction 
features and other attributes of a community (or society) of software agents can also 
be modelled by SAN, leading to a coherent and uniform analysis method, and 
opening some analysis possibilities not normally considered in the field of agent
oriented software engineering (Wooldridge and Ciancarini, 2001 ). 

For the specification of an information system from a SAN point of view, the 
key question is how the agents are conceptually integrated in the network. Two 
options can be considered: 

i) agents are social actors, i.e., they are considered as behaving minimally as the 
human counterparts; this implies that agents establish relationships with human 
social actors and among themselves; ii) agents are extensions of the human social 
actors, modifying the characteristics and behaviour of these actors; this leads to the 
modification of the types of relationships among social actors. 

We decided for the first option because it is easier to carry out the conceptual 
integration. Nevertheless, further research is needed in order to validate this choice. 

4. CO-OPERATIVE "ORDER PROMISING" IN NNE 

To demonstrate how the SAN approach can be put into practice we use a case study 
based on the 1ST project Co-OPERATE. The main deliverable of this project is an 
advanced information and communication infrastructure to support co-operation in 
dynamic enterprise networks, as well as a methodology for co-operative planning, 
and a set of mechanisms to enable real-time monitoring of the supply-chain. 
Moreover, tools to support a fast and effective reconfiguration of manufacturing 
networks will be made available. 

In this work, a particular "business solution" was analysed: ReFS - "feasibility 
studies for new order or change requests across the network". This business solution 
should provide functionality to support the request for new orders or large order 
changes across the network and co-ordinate the feasibility checks at the individual 
companies within the shortest possible time. This includes checking of capacity and 
materials from suppliers. SAN models covering several perspectives have been built 
for this organisational reality (involving three companies in a supply-chain). The 
analysis of these models, together with technical UML based business models, led to 
a first specification of a community of agents. In terms of functionality, the 
identified requirements were reflected in a set of roles, and a limited set of agents 
was designed in order to implement those roles (see Table 1). 

For preliminary experimental purposes, we have only considered the "co
operative planner" and the "monitor" agents. The resulting SAN is depicted in figure 
2 (agents are represented by rounded rectangles). This SAN shows clearly (in 
qualitative terms) the new relationships between the human social actors. For 
example, it can be observed that the planning department of Ent-A could be able to 
better know what is happening at the suppliers, e.g. Ent-B would be potentially 
"more accessible" (planning department A linked to planning department B through 
monitor_B co-operating with monitor_A). On the other side, Ent-C does not want 
(or cannot) make available the information about the production plans and status 
(monitor_C is only connected to the manufacturing department_C and to the agent 
co-operative planner_C). The Monitor agents of each network node establish 
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"conversations" in order to support the propagation of events detected locally. 
Similarly, the insertion of a new order in the system is accomplished by negotiations 
carried on between planner agents. Facilitator agents, located in particular sites of 
the system, provide support for the negotiation processes between the Planner and 
the Monitor Agents. 

_ Table 1 - Basic 

B 
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A ent Role 

Ent.S 
planning clop 
IOCialactor 

Acts as an organisational agent and is responsible for providing-support to 
other agents; it provides, for example, services to find the location of 
external a ents of a iven t or havin certains ecific skills or ro erties. 
Co-operates with other planners in other nodes, in order to develop plans that 
achieve the network goals; Interacts with the local Capacity Agent; 
Acquires and aggregates the network or supply-chain state variables; 
compares current state variables with target values; identifies deviations or 
disruptions, e.g. resource failure (loss of production capacity), logistics 
problems (transport delays), quality issues; propagates warnings to other 
a ent t s. 
Dynamically evaluates the availability of the business unit for order requests; 
integrates a local Capacity Model with tailored algorithms; interacts with th 
Co-o erative Planner and the Le ac Information lnte ator. 
Provides an information service; collects and aggregates information 
supplied from different legacy sources; propagates information to other 
re uired a ent t es. 
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Figure 2 -Logistic SAN (enterprises A, B, C and D) including the support of an 

agent based information system (inside the gray rectangle) 
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S. CONCLUSIONS AND FURTHER WORK 

This is a preliminary report of on-going work. Although the conceptual tools 
provided by the approach revealed useful in complementing a distributed business 
process analysis and supporting information systems specification, there are more 
interesting possibilities open by a further sophistication of the network models. 

In particular, the use of graph theory can provide a set of quantitative results that 
can support the analysis even knowing that it is basically qualitative. Measures such 
as the "connection capital", "centrality", "groupability", can be calculated from the 
graph, if appropriate values are assigned to the connections. These measures will 
help to perform a more detailed analysis of the social actors and their relationships. 

The example focused exclusively in the structural analysis. Current research 
work will result in a future paper describing how to fine tune the relationship 
between two social actors, using a relational analysis. In the same way, social 
interaction analysis is object of current research. 

Contributions from Graph Theory are being incorporated in "quantifying" and 
propagating relationships through the network, and in assessing business 
opportunities. This will hopefully form a sound framework for designing an 
innovative approach based on techniques from Multiple Criteria Decision Making 
(MCDM) as a way to keep the intrinsic multi-perspective flavour of decisions in this 
context, assuming that complex, difficult to evaluate trade-offs have to be computed. 
These techniques and algorithms are partially being tested in a distributed Decision 
Support System, designed around an agent-based architecture that seems to be a 
flexible and robust infrastructure for this purpose. 
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