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Abstract. Collaboration represents an increasing tendency among Small and
Medium Enterprises (SMEs), since the possibility of being a cooperative
partner of a network allows the achievement of development strategies, either to
improve production processes or to increase competitiveness. The objective of
the paper is to propose and apply a new methodology to model manufacturing
SME networks in terms of graph matrices, in order to identify some conditions
that can foster an effective collaboration among partners of a SME network. A
classification of SME networks in four typologies named “Marshallian
Network”, “Supply chain network”, “Hub and Spoke network™ and “Scientific
Park” will be introduced. For each typology a graph-based model will be used
to find out limits and critical points that can hinder the SME collaboration, or
focal points for the interaction reinforcing.
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1 Introduction

Collaboration represents an increasing tendency among Small and Medium
Enterprises (SMEs). It is considered an effective solution allowing the achievement of
development strategies [1,2,3,4,5], either to improve production processes or to
increase competitiveness based on innovation and quality [6,7,8,9,10].

SME managers usually show a traditional individualistic attitude [11].
Unfortunately, small businesses often suffer in globalized markets from fierce
competition in terms of products, labor and finance. On the contrary, being an
independent but cooperative partner of a network could be a real possibility to obtain
advantages for the SME. For example, by integrating skills of all the network partners
the realization of more complex products it's possible; by cumulating SMEs
capabilities, manufacturing volumes can increase; by sharing workers and resources,
the effects of fluctuations of market demand can be reduced [12,13,14,15].

In the authors’ experience (based on the development of the EU-funded project
“Collaborative demand and supply networks — CODESNET [16]), to complete the
huge amount of papers and books published on the collaboration among SMEs, a
simple and easily usable model of SME networks is required. It also represents, for
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the manager, an instrument for the analysis of convenience of collaborative relations
in the SMEs network

This paper aims at developing a model of a SME network in terms of a graph-
based scheme. The graph model provides a representation of the structure of
connections among SMEs and the basic information that any manager has at disposal.
Based on this simple approach, four graphs of different network types will be
identified. The introduced classification is able to characterize a very large number of
different SME aggregations: from industrial districts, to clusters, to poles of
competitiveness, up to scientific parks.

The main goal of this paper is that, by considering the configuration of an
industrial network to which a manager of a SME could be interested to participate,
he/she can assess whether the network is able to support its own activities and its own
business, by assuring further profit.

The paper is organized as follows. Section 2 describes the SME network
classifications deriving from the experience gained from the CODESNET project.
Section 3 introduces the graph-based SME network models and analyzes the four
typologies of SME networks in terms of matrices derived from graphs. Finally,
Section 4 draws some concluding remarks.

2 Classification of Network Types

The utilization of a graph formulation appears to be an important tool in order to
provide a layout of a SME network. It also offers a starting point for modeling and
analyzing flows and connections between the companies belonging to the network
itself. To obtain a graph representation of a SME network, each enterprise (or a group
of enterprises grouped according to appropriate criteria and to the desired level of
detail) can be modeled by a node of the graph. The arcs between nodes correspond to
possible links connecting SMEs; the connections can be either physical (i.e. exchange
of materials, resources) or informative (i.e. exchange of information and know-how,
transfer of orders).

The classification of the SME network structures has been obtained by using both
the available literature on the topic and the concrete examples derived from the
CODESNET database. For the derivation of the model, data of 160 industrial
networks from 11 different European countries have been used. The classification
consists of four graph-based configurations, illustrated in the following figures. In
each figure, the network boundaries are represented by a rectangle, the small and
medium enterprises belonging to the network, by the numbered circles and
connections between SMEs by arcs. For formal issues without a loss of generality, a
source node (named S) and a destination node (named D), if not belonging to the
network, are introduced as external nodes.

The most common configuration is denoted as Marshallian-Italianate network [17].
A simple topological representation is given in Fig.1. This network is characterized
by a set of SMEs, each of them can both provide and receive products / services /
information from the others; this can be easily seen by the high number of arcs
connecting the nodes. The node n.1 can be considered as a source node belonging to
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the network. Thus, the main characteristic of this topology is that it allows the
presence of cycles.

Two examples of networks with this topological structure can be found in Europe.
The first example is the Gold District of Valenza (“Distretto Orafo di Valenza”), an
industrial district of the North-West Italy specialized in the jewelry production with
an important role in the international market. The second district is the ShannonSoft, a
network of Software activity in the Shannon Region in Ireland. In both these
examples and in all the networks of the first type of configuration, the geographical
proximity and the similarity in producing play an important role for the growth of the
network.

A second type of SME aggregation has been identified as “supply chain” or, more
generally, “multi-stage supply chain” [8]. At the right, in the previous Fig.1, a
structure of a Multi-stage supply chain is represented: arrows represent links typically
with an exchange of material or components. In the figure, the node n.8 can be
considered as a destination node belonging to the network. An example of this
organization is the Footwear District (“Distretto delle Calzature di Fermo”), located in
the Center of Italy, specialized in the production of shoes.

Fig. 1. Graphs of a Marshallian-Italianate network on the left and Multi-stage Supply chain
network on the right, where S is the source node and D is the Destination node.

Products are differentiated in order to cover different market stratification (shoes
for man, women and child): to this aim, the chain is composed by stages with a
number of parallel SMEs. Unlike the previous configuration, in this network cycles
are not allowed.

Some SME aggregations can be described in terms of Hub-and-spoke
configuration [17], owing to the presence of a leader in the network that will affect
the decisions of all other partners. A simplified graph representation of the hub and
spoke type with one leader and five SMEs is given in the next Fig.2. This
configuration does not allow cycles and the lead node has a number of entering edges
very higher that the other nodes, so it can be considered as a destination node
belonging to the network.

The Eyewear District (“Distretto dell’Occhiale di Belluno”) in North Italy has a
similar configuration: there are 5 leading firms corresponding to important brands of
international fame, and around them a network of 1.500 small and medium enterprises
specialized in the production of components or in particular production processes. In
addition to these three models that represent very fixed and ruled interactions among
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SMEs, there is another kind of aggregation, mainly exploited by high-tech production
and/or service supply. Since the nature of such aggregation is mainly oriented to
R&D, this configuration is named Scientific Park (or “pole of competitiveness” in
France) [11].

In terms of graph representation (Fig.2 on the right), the nodes can be considered
as inserted in a pre-existing network (light gray in the picture) of services and
experience that can create contacts between enterprises that join the Scientific Park. In
this configuration, connections are very flexible and more informal than in the other
configurations. The typical feature of a Scientific Park is that each node is connected
directly with the source and the destination nodes (due to the pre-existing network)
and all the possible edges between nodes can be activated or interrupted at any time.

\
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Fig. 2. Graphs of a Hub and Spoke network on the left and of a Scientific Park on the right.

The exchanges between such companies does not concern materials or components
but is an exchange of information (knowledge, data, models, ideas) and services,
thanks to the underlying network of partners specialized in ICT and support to the
innovative activities. The pole EMC2 in the “Pays de la Loire” in France, is an
example of Scientific Park specialized in the sector of naval construction, aeronautics,
yachting and the automotive industry. Another example is the Patras Science Park in
Greece which strategic objective is to establish an Innovative Business Area in the
Region of West Greece.

3 Recognizing Conditions for Effective Collaboration from Graph-
Based Network Model

The modeling of a SME network requires to take into account two main aspects:

e the type of connecting structure, that means the organization of links among
SMEs and the definition of types of flows on those links; the model of the
connection structure is called “structural model” of the network;

® main functionalities to be performed in order to assure an efficient, effective and
convenient management of operations of all SMEs in the network: that can be
done through a “functional scheme”.
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3.1 Functional Scheme

The main functionalities that characterizes the SME network management
organization can be modeled with a “functional scheme” [5]. The model is useful to
give a visual representation of activities such as contribution of partners to the
network management committee (if it exists); generation of production and financial
strategies by the network committee; translation of strategies into activity plans to
satisfy customers orders.

For the evaluation of the network performance, the basic element that should be
recognized through the “functional scheme” is the network management committee
in terms of its composition and its management tasks. The presence of a committee in
a SME aggregation assures a coordination potential; its lack requires existence of a
reciprocal trust among SME managers and, possibly, a coordination agreement.

3.2 Structural Scheme

From the structural point of view, a SME network can be represented in terms of a
graph G=(V,E), where V is the set of vertices and E is the set of edges or arcs.
Typically, a vertex can be referred to a component SME, while an edge can represent
a SME-to-SME connection.

For the scope of the present analysis concerning network of manufacturing SMEs,
the graph under consideration is referred to the physical part flows (i.e., the logistic
connections among SMEs).

The following different types of matrix representations could be identified for a
graph G [19, 20] modeling of a considered real SME network,

the incidence matrix M [nodes vs edges] that identifies the links outgoing from
each node, i.e. the existence of output flows from a given SME;

- the adjacency matrix R [nodes vs nodes] that specifies the existence of all the
connections among the nodes, i.e. the existence of flows from a SMEs towards
another SME;

- the path matrix P [paths vs edges], that specifies the flows of products between
two SMEs operating as suppliers and customers for the production of a specific
product; the matrix P, for a particular product, is obtained by placing, for each
path, a mark in correspondence with the edges (i.e., column) that belong to the
working sequence of the product itself;;

- the distance matrix L [nodes vs nodes], where each element is a certain
“magnitude” associated to each edge. The value associated to the edge can be,
for example, the geographic distance between the two connected SMEs, the
economic cost or the time associated to the transfer of products between the two
enterprises. The modified distance matrix L” [paths vs nodes is obtained by
placing, for each path associated to a particular product, the average production
flow in correspondence with the SMEs (i.e. column) involved in the production.
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This set of matrices can support the analysis of any type of SME networks and
allows to recognize some conditions of either strong or weak collaboration among
SMEs.

A sufficient analysis of a real SME network, based on above matrices, can be done
by knowing the following “basic data’:

a) for each product type manufactured by the network,

o the average flows to be produced per unit time (i.e., production
volumes);

o the working sequence (i.e., the sequence of SMEs involved to apply the
required manufacturing activities);

b) for each component SME, the actual production capacity value, expressed
in terms of the global volume of products per unit time that can be
processed by the SME, in the average.

The analysis steps to be applied to a given SME network can be illustrated as
follows:
™ step: Compile the following matrices M, R, P, and L";

2" step: Compute the production capacity of each SME, by summing all production
flows reported in the same column of the modified distance matrix L7,
associated with the considered SME.

3" step: Apply a cutset recognition procedure to the path matrix P in order to identify
any group of paths (i.e., groups of products that can belong to a same “product
family”) and the related set of SMEs (that could belong to a same ‘“supply
chain”).

4" step: Compute the following indicators:

- network connectivity index (NCO), i.e. the number of non-null elements in
matrix R, corresponding to the number of connections among SMEs;

- network utilization balance (NUB), in terms of the percentage number of SMEs
for which the difference between the computed production capacity (at step 2)
and the actual capacity value (type b data) is greater than a given “sufficient
utilization” lower bound;

- network separation into chains (NSC), i.e. percentage number of recognized
independent supply chains, if any, referred to the number of component SMEs;

- network chains independence (NCH), in terms of the percentage number of links
(i.e., cutsets dimensions) connecting the recognized supply chains, if any;

- number of network bottlenecks.

1-2 1-3 2-4 3-2 4-2 4-3 2-D 3-D 4-D

1-2-D 1 1

1-3-D 1 1

1-3-2-D 1 1 1

1-2-4-D 1 1 1
1-3-2-4-D 1 1 1 1
1-2-4-2-D 1 1 1 1

1-2-4-3-D 1 1 1 1
1-2-4-3-2-D 1 1 1 1 1

Fig. 3. Paths Matrix of a Marshallian-Italianate network
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Referring to the Marshallian-Italianate network type, an evident measure of
potential strong collaboration among SMEs is the high number of connections, then
high value of NCO. A significant number of non-null element in the path matrix P in
Fig.3 makes evidence of several loops, then another indication of good collaboration.

In a Multi-Stage network (see Fig. 1), each stage is a set of “paralle]” SMEs, and
each SME in a same stage could implement different work phases. Then, different
parallel supply chains could exist, thus corresponding to low value of the NCH
indicator and high value of the NSC one.

In any type of SME network, existence of independent supply chains can be a
cause of a network subdivision into potentially competing and conflicting parts,
mainly if the separations between any two supply chains is strong (low NCI).

A different situation occurs in case of a Hub-and-Spoke network, where partial
chains could exist, but all converging on a same hub SME. Then, the NSC indicator
will be low.

Specific considerations are required by the Scientific-Park type network, where
two graphs exist: one composed by the SMEs already operating, and the other
defining the set of all links that the park management committee can make at disposal
of other new SMEs (i.e. an underlying network whose links can be activated in the
future). The former network can have small NCO and almost null NSC. The
underlying network, on the contrary, must be characterized by high NCO. Whilst no
indicators can be computed for “empty” nodes.

4 Conclusions

In this work a bottom-up approach has been used to develop models for SMEs
networks analysis. Thanks to the huge experience of analysis gained during the
CODESNET project, a classification of different type of SME network has been
derived from practices and formally modeled by two models. As shown, the different
types of SME networks can be described by a set of matrices (adjacency matrix R,
incidence matrix M, path matrix P, distance matrix L and modified distance matrix
L™, in structural terms, and by the functional scheme, in terms of management. A
procedure of analysis is also introduced in order to give a guide to conduct the SMEs
network analysis and evaluation by the definition of a list of indicators. This
represents a significant result of the paper since both the structure and the
functionality of a SME network can be associated with few but significant indicators.
The two models introduced constitute an important instrument to answer to SME
manager requirement: to be able to decide having knowledge of the most critical
conditions and information affecting the decision. So, in case a SME manager would
like to estimate if its SME could have a profitable return becoming a partner in a
network, this approach can give him/her preliminary approximated but significant
criteria for taking a decision: whether trying to find an agreement with the network
partners or the committee, or not. The type of network and its management, as
currently operating, can give him/her the answer.
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