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Networks of SMEs can be seen as particular instantiations of the virtual 
enterprise concept. Due to the reactivity and flexibility abilities required by 
this emerging organisation, modelling frameworks need to be adapted. For this 
purpose, a diagnostic-based framework, able to capture the organisational 
evolutions is proposed and connected to traditional modelling approaches so 
that configuration models and strategic scenarii can be integrated. 

1. INTRODUCTION 

The industrial context is nowadays characterised by the development of new modes 
of organisation and cooperation between firms. The virtual enterprise (or distributed, 
extended or even networked) is deeply changing organisational issues of industrial 
activity. We present in that paper a research work focused on cooperation between 
SMEs. Indeed, SMEs' cooperation is strongly necessary in various activity fields, 
and the specific context of small firms requires to defme a particular approach for 
the management of coordination mechanisms. Our proposal, developed for the 
GRECOPME 111 regional project, is focused on Networks of SMEs2 and it is based 
on an organisational diagnosis taking into account the evolving potential of the 
network. 

The project aims at building methods and tools for the diagnosis of mature 
Networks of SMEs, in order to guide the implementation of new organisational 
modes. Modelling tools are essential in that perspective, and one of our objectives is 
to develop an integrative modelling framework. The main function of such a 
framework is to ensure the coherence between various diagnosis tools oriented 
according to distinct organisational points of view. 

We develop first a state of the art on modelling methods, in order to position our 
work in nowadays context of enterprise modelling (section 2). In section 3 we 
develop the modelling approach of GRECOPME project, and in the last section we 
will study the potential connection between the method we propose and the generic 
modelling framework presented in GERAM methodology. 
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2. MODELLING A VIRTUAL ENTERPRISE 

Modelling a virtual enterprise involves to take into account specificities of this 
organisation: designed either for a project or for a longer period, the virtual 
enterprise adds its organisation in superposition to the partners own organisation. 
Consequently, modelling a virtual enterprise leads to two different frameworks: 

• the virtual enterprise is considered as a "standard" enterprise: in this case, 
the modelling activity must fit the virtual enterprise planned duration and be lean 
enough to protect each enterprise autonomy; 

• the virtual enterprise is seen as a set of co-operating organisations: in this 
case the modelling activity must capture the collaborative organisation, which may 
involve an interdisciplinary approach (Camarbina-Matos et Pantoja-Lima 2001). 

In order to provide a modelling framework adapted to the virtual enterprise 
context, different tracks are considered in the literature: 

• Reusing abilities can be developed in order to reduce the engineering duration. 
Such ability is already provided by generic models definition in CIMOSA or 
GERAM but it still requires a more precise definition of partial models 
documentation and interface to provide global consistency. In this case, the 
modelling methodology must integrate several consistency controls (unambiguous 
object identification, semantic consistency, referential consistency ... ) as described 
in the VICTOR environment (Reithofer and Naeger 1997). 

• Inter-enterprise co-ordination can be partly captured with dedicated Business 
Process models: such workflow-based descriptions can be built thanks to various 
methods as IDEFxx as proposed in (Presley et al. 2001) or CIMOSA (Bruno et 
Torchiano 1999). Nevertheless, these workflow descriptions must take into account 
each partner autonomy. Consequently workflow hierarchies and "events 
management system" must be defined to provide several levels of description of the 
different activities as proposed by (Casati et Discenza 2001). 

• Informal collaboration can not be formalised and modelled directly but 
required a flexible and open framework. This feature can be set by providing an 
open information space where the different actors can freely access or exchange the 
information they need. For this purpose, CORBA based architecture (Zhang et al. 
2000) or dedicated distributed frameworks(Sandakly et al. 2001) can be used. 

• Distributed collaborative architecture can couple formal and informal co
operation providing that each node integrates formal exchanges (as in an EDI 
framework) and offers security and co-ordination features as in the PRODNET 
architecture (Camarinba-Matos et al. 1998). 

Neither of these solutions can bring a sufficient view on the virtual enterprise. 
Other factors, as human relationships take an important part in the organisation 
evolution (Weaver et Dickson 1998). Morevover, as each of the existing methods 
emphases a particular point of view, the modelling activity can be enriched by an 
integrating process aiming at capturing the best of the different views (Kosanke et 
Nell, 1999). Such a modelling framework can be provided by GERAM (IFAC-IFIP, 
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1999) which organises the enterprise modelling activity according to several facets 
and allows the use of different modelling methods and tools to fit the best modelling 
requirements. Unfortunately, this approach provides only a limited framework to 
capture the "human facet" of the enterprise model. 

We consider Networks of SMEs as a particular "instance" of a virtual enterprise. 
Such organisations are set up according to a mid-term or long-term duration. They 
require a lean and evolving structure, able to protect the flexibility and reactivity of 
each partner. Moreover, enterprise engineering projects are rather long and their cost 
can be a bar for SMEs. In such cases, SME engineering is often reduced to provide 
standard solutions, mostly as far as IT is concerned (Taylor et al. 2001 ). This can be 
overcome by connecting engineering processes to more efficient diagnostic process 
to guide the way standard solutions are chosen. 

In a Network of SMEs, the organisation of a distributed control system relies 
mainly on "operational tools" used to co-ordinate the activity of each partner as 
proposed in the PLENT network (Mallidi et al. 1999). As in the other kinds of 
virtual enterprise, the "human facet" is also taken into account mostly as a 
''perceived behaviour" (Weaver and Dickson 1998). Diagnosis tools as the 
transaction analysis (Tuma 1998) or ontologies (Soares et al. 2000) bring a more 
objective point of view on the network. Moreover, due to the organisational 
reactivity , the modelling activity can not be reduced to a snapshot point of view. 
Contrary, the way the organisation evolves and the change is driven must be 
integrated as a complementary direction for the modelling process as in the ARDIN 
project (Chalmeta et al. 2001). 

3. TOWARDS A DIAGNOSIS ORIENTED MODELLING FRAME 

3.1 Context and requirements 

As we showed previously, the organisational issue for a network of SMEs is not any 
more only a question of mobilising in a flexible way a preset corpus of resources 
and competencies, but the corpus in itself becomes entirely evolutionary, and its 
dynamic construction becomes the basis of a new reactivity of the firms. The 
difficulty emerging from that dynamic construction makes necessary a structured 
method of diagnosis to support the evolution of the organisations. In GRECOPME, 
this diagnosis is based on various models of enterprises. In fact, in our study context, 
we must manage the articulation between a global and collective management of the 
Network of SMEs on the one side, and local managements specific to each company 
on the other side. Consequently, the diagnosis is based on models relating to the 
companies, and also on a global model of the Network. The comparative analysis of 
the various local models of companies is necessary at various stages of the life cycle 
of the organisation and such analysis requires a unified modelling language. 

The diagnosis method recommended in GRECOPME is structured according to 
four points of view: the information system, the competencies system, the operative 
system, and relations between customers, Networks of SMEs and providers. In the 
models used, each of these points of view will handle concepts which could be 
redundant and dependent from each other. Thus, a major issue is to ensure the 
consistency and the integration of these concepts and contiguous models. 
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At last, the modelling framework we develop aims at taking into account the 
evolutionary nature of the modelled object in the whole diagnosis method. We have 
not only to ensure models traceability and updating, but furthermore the 
organisational trajectory of the Network of SMEs constitutes the entrance point of 
the whole of modelling and diagnosis method, as we specify below. 

3.2. Overview of the modelling method 

The modelling method adopted in GRECOPME project is synthesised in figure 1. 
We respect the traditional principles of enterprise modelling. Thus we use various 
types of models according to their generality level: in figure 1, the horizontal 
relations represent the transition from the generic models towards models used for 
specific implementation of a given application. In addition, we classify the models 
according to their abstraction level, with vertical relations ensuring the transition 
from the abstract models (conceptual) towards the concrete models (operational). 
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Figure 1 - Modelling method 

Generic Motkb 

The specificity of our method is based on two major points. First, in our multi
points of view approach of the diagnosis and the modelling, we use libraries of 
conceptual and operational models. For example, we can use models from GRAI
GIM for the analysis of the performances system and models from CIMOSA for the 
diagnosis of the information system. Our objective is thus to build specific libraries 
of models adapted to the coordination of Networks of SMEs. Our state of the art 
shows the weakness of partial models within this application field. 

Second, we propose to use an additional modelling layer in the decomposition 
conceptual/operational, the "reference scenarii" layer. A reference scenario is a set 
of information and rules allowing the use of a model (conceptual or operational), 
either to represent an operating mode characteristic of the modelled organisation or 
to represent its evolution mode. Indeed, the conceptual and operational models we 
work on aim at representing organisations by taking into account their organisational 
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flexibility potential. This flexibility implies that a model of the same organisation 
can lead to several evolution and operating modes. The characteristic modes of 
operating or of evolution will be modelled by reference scenarii. 

Using reference scenarii, our objective is to develop a generic reference library 
of organisational solutions adapted to Networks of SMEs' context. Indeed, (Weston 
99) underlines the need of reference frames formalising known solutions to manage 
the evolution of industrial systems. Typically, the multiple coordination mechanisms 
to be set up, or the competencies management mechanisms to be founded within a 
Network of SMEs can be the subject of a generic reference library which will be 
used as a basis to build an operational decision-making aid for decision makers. 

We already stressed that the evolutionary nature of the modelled organisations 
constitutes the entrance point of the modelling method. According to this aim, we 
distinguish two types of reference scenarii: (i) "configuration scenarii" and (ii) " 
evolution scenarii". The configuration scenarii are intended to use models to 
represent a stable organisational configuration of a network of SMEs. The models 
dealing with these scenarii could be static (structural aspects) or dynamic (in 
operation). But in both cases, the organisation and the internal structure of the 
modelled network of SMEs are supposed stable. On the contrary, evolution 
scenarii are intended to use models to represent the temporal evolution of both the 
organisation and the internal structure of a network of SMEs. An evolution scenario 
is designed to represent and to evaluate possible evolution processes of the network, 
i.e. the transition from an initial configuration towards a target configuration. 

3.3 Taking into account organisational trajectories 

By using jointly " configuration scenarii" and " evolution scenarii", our 
modelling framework provides capabilities to model the evolution process of a 
network of SME (systemic ontogenesis concept), called " organisational trajectory ". 
A trajectory can be described by a chronological succession of organisational 
configurations. Thus, we will be able to describe a reference trajectory as an ordered 
set of configuration and evolution scenarii. The analysis of " organisational 
trajectories " will be based both on best practices observations and on elements from 
industrial organisation theories. Thus, we presented in (Burlat et al., 01) a three 
dimensions reference frame to describe trajectories: two axes result from the 
industrial organisation theories, and the third one results from concrete observations. 

The first two axes of this reference frame are based on a differentiation of 
networks of SMEs according to activity and competencies. The first axis qualifies " 
the inter-firms relations " with a scale going from a market co-ordination towards a 
total integration of the companies within a same firm. The second axis qualifies " the 
value-chain orientation " with a scale going from defensive networks (vertical 
networks which nodes act with some successive stages of value chain ) to pro-active 
networks which nodes are competitors who have decided to collaborate to reach a 
common goal. The networks evolution according to these 2 dimensions can be 
analysed as a transformation of the couple { competence/activity } within the 
companies: for example a made up pro-active network will disperse in independent 
firms if activities become not complementary. 
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Figure 2 - Representation of evolution trajectory 

The third axis (vertical dimension) takes into account that the Networks of SMEs 
evolution can be descnbed according to a model comparable with the Maslow 
pyramid. On this axis, the evolution of a network is described in six successive 
levels by which the network of SME is likely to evolve from a simple reaction of 
regrouping facing a disturbance of their environment (loss of customers for 
example), up to the realization of a collective innovation (jointly creation of an 
owner product). 

By integrating these three dimensions, we obtain a reference frame which 
permits to model the evolution of networks ofSMEs and also to draw up a typology. 
These organisational trajectories will be used as starting point for the diagnosis 
method. An illustrative example is represented in figure 2: it corresponds to a 
concrete case clarified in (Burlat and al., 01). 

4. OUR APPROACH WITH REGARD TO GERAM METHODOLOGY 

To start such comparison we have frrst to underline that, contrary to a virtual 
enterprise built around only one project with limited duration, a network of SMEs is 
built around 11 founding principles 11 and rules which must ensure their respect. Thus, 
the genesis phase of networks refers to the strategic management theory known as 
theory of the design (Mintzberg, 1999). Nevertheless, in essence, the network of 
SME is a reactive and evolutionary structure resulting at the same time from 
economic and human constraints and imposing permanent organisational and 
technical transfers. Continued management of evolution refers this time to the 
configuration theories (Mintzberg, 1999). Thus, our work aims at integrating these 
two families of theories to build a coherent and consistent diagnosis method and a 
modelling framework taking into account these constraints. The diagnosis method 
will thus come within the scope of these double problems: 
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- The concept of " configuration scenarii" will integrate this constraint of " 
foundling principles ". Diagnosis tools are used to defme which library of models 
can be used, kinds of guidelines to choose standard configurations. Hence, the 
models appearing in these scenarii can constitute as many partial models in the 
meaning of " Partial Enterprise Models " defined in GERAM: " For example, the 
modem paradigms of extended and virtual enterprises could be represented as partial 
models guiding interested left in defming to their specific forms of co-operation ". 

- The successive phases of diagnosis that it is in a static dimension (increasing of 
the diagnosis) or in a dynamic dimension (evolution) allow to work out the " life 
history " of the entity (IFAC-IFIP 1999, pp12), i.e. the management of the change 
processes in a " life cycle " approach. To guide in a more precise way the 
development of the diagnosis phases, in particular for the dynamic diagnosis phases, 
we introduce the concept of evolution trajectories. Compared to the life cycle, this 
trajectories concept, defmed in the reference frame of figure 2, integrates phases 1,2, 
partially 3 and 7 of the GERAM life cycle. Moreover we are defining a model, 
called ACIRA, which takes into account the phases 3 to 6. 

- The " evolution scenarii ", related to the trajectories, can be seen as the rules of 
model's evolution: they could be defmed, within the framework of " recursive 
entities " suggested by GERAM. Hence, we will be brought to defme an evolution 
methodology (entity n°5) specific to the networks of SMEs. This methodology will 
have to be simple and compatible with the capacities and the decision horizon, often 
limited, of the aimed target that is SME. It is a matter of evaluating the trajectory of 
the network, proposing models corresponding to a state t and t+x to anticipate the 
organisational updates. In that way, the built model will correspond more closely to 
the modelled object (by integrating its modification). 

Finally the difficulty of modelling, at the level of the evolution mechanisms or of 
the construction of the " PEMS " resides in the necessary taking into account of the 
local /global connection, i.e. in coherence between the framework components used 
for modelling partners' entities and for modelling network entity. 

S. CONCLUSION 

Due to the unifying and integrative approach, the GERAM general framework 
provides a well structured and consistent enterprise modelling framework. Moreover 
the openness of GERAM allows us to develop our specificity (diagnosis and 
networks of SMEs) while respecting the general framework. Our modelling 
approach can be seen as a « companion » modelling process: built as a set of 
diagnostic processes used depending on an organisational trajectory, it can first 
capture « snapshot » models of the alliance and then be used as a guideline for the 
enterprise modelling process. We have shown several compatibility points between 
the concepts of GERAM and our modelling framework. 

Thus our framework tries to come up with some limitations of GERAM 
underlined in the literature namely to deal with enterprise evolution and to develop 
models for transaction management fitted to virtual enterprises (Kosanke &al, 99) 
However, in the future, progresses must be realised in modelling relationship 
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between the various actors. Networks of SMEs require a cooperative behaviour of 
the actors and this cooperative dimension must be taken in account in the modelling 
process. It is necessary to integrate in GERAM additional concepts representing 
finest components of the relationship and behaviour. 

6. NOTES 
1 GRECOPME II: Groupernents d'Entreprises Cooperantes : potentialites, Moyens, Evolutions, with funds 
from the "region RhOne Alpes (France)". Cooperation between four regional laboratories: OMSI -
ENSM.SE, LASPI- J. Monnet University, CREUSET- J. Monnet University, PRISMa- INSA de Lyon. 

2 We call Network of Firms (NF) distributed industrial structures linked with horizontal agreements 
(unlike the "firm network" managed by a mainspring firm) 
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