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Abstract

Introduction

The network concept is a powerful metaphor in human thought, its essence being the faculty to show the idea of connection between entities in space, a space with an enlarged meaning (social, informational, ecological, etc.). Networks are not a consequence of a technological innovation, but a result of an arranging principle that establishes relations between the entities and the catered territory/system. Networks have been extensively studied, but from different perspectives, such as: graph theory, transport economics and location, systems thinking, cybernetics, and social sciences (Raicu et al. 1998). Kamann (1998, p. 279) classifies the research on networks into four domains: regional science; infrastructure and logistics; industrial marketing; and social science.

Despite the considerable interaction among these fields and the same representation and similar concepts in dealing with networks, each domain tended to apply its own method/approach in analyzing them.  It seems that the nature of the networks has lead to their very sectorial examination: some of them circulate physical flows and the behavior of the systems they serve involves infrastructures supporting the activity (transportation), others examine the interaction between the entities through relationships and the connectedness of relationships (IMP and Social Network Analysis).

A common theme running through all academic disciplines is the importance of network concepts and an examination of how to maximize opportunities, flows etc in which the network is embedded. Each discipline examines the network from their different perspectives, but each considers network position an important research topic for examination. For example within the social network analysis field examine network position in relation to access to social capital (Burt 1992), transportation considers node positioning important in relation to easiness to reach different locations, medical research examined network position in relation to the transmission of disease (Bell, Atkinson & Carlson 1999) and the IMP group of researchers examine network position in relation to the organisation’s role within the network and its overall connectedness within the network (Wilkinson & Young 2002). 

Another common theme related to network position is that of network structure. Network structure examines how the nodes/entities/actors are linked and from this research stream concepts such as clustering (Newman 2002), centrality (Freeman 1979), density (Scott 1991), and connectivity length (Marchiroi & Latora 2000). This paper examines the concept of centrality within a business network, and will discuss distribution of centrality as an important aspect of network strategy. The paper uses the mathematical models of connectivity and accessibility/centrality developed within transportation networks to study business networks and relationships. It recognizes that nodes (actors involved) and links (bonds,  links and ties) have different attributes and that some nodes/links are more ‘important’ than other, leading to a hierarchical structure within the network. The most ‘accessible’ nodes in the network correspond to ‘privileged’ positions in the business network.

The substance layers along with the functionality can be modeled as overlapping networks with same nodes, but different parameters of the links. The overall ‘accessibility’ can be summated and mismatches in the hierarchy can be considered as a managerial tool for smoothing the operation among partners. The different parameters correspond to the different aspects of each layer. For example: actor bonds use the parameters of trust, while resource ties utilize the parameter of skills of the actors. 

This study draws on the empirical work on engineering networks in Australia and uses these findings for simulating network of relationships in a B2B environment. Data was collected on the relationships developed within an engineering services network. Collected data pertains to network relationships that are divided into three components: actor bonds, activity links and resource ties. 

The paper ends with a discussion on how the model developed can be used by managers to assess their network positions and possible avenues in which they can improve their network position. Discussion also includes how the model can be further improved to increase both its functionality and effectiveness. 

Business Networks

Every business is embedded within a business network (Håkansson & Snehota 1995), yet networks are perceived differently by each network participant due to variations in relationship and industry characteristics used to describe networks (Wilkinson & Young 1997). Involvement within a business network will lead to opportunities for an organization to improve their overall performance as well as restrain their actions (Håkansson & Ford 2002). Yet, organizations need to develop the ability to obtain a network position such that they gain close access to the opportunities that arise and optimize those opportunities if they are to succeed in the longer term. Business success depends on an organisation’s ability to maximize opportunities and operate within their network. 

Network position has been described as a component of the organizations resource base and is important for the organization to gain access to critical resources and knowledge (Wilkinson & Young 2002). To get better access to resources and knowledge that flows through the network linkages, an organizations needs to gain a central network position. For example in Figure 1 (Network Architectures) it can be visually seen that in certain architectures there are network positions where resources flowing through the network are ‘channeled’ through a small group of actors or single actor. This group holds a position where they have greater access to the opportunities that flow through the network then actors on the periphery of the architecture and thus can be considered to be in a position of ‘power’ (Wilkinson & Young 2002). Being able to position your organization in these privileged positions within the network is an important network strategy that companies need to try to achieve (Håkansson & Ford 2002). Such a position within the network is often called ‘network centrality’ or ‘network accessibility’. Network centrality has been shown to be an important position in the diffusion of knowledge within business networks, those organizations tended to be earlier adopters giving them a technical edge (Freeman 1979).

Network position is changed through managing relationships, direct and indirect, such that the focal actor gains a strong relationship with other actors close to the core of the network architecture. By managing their relationships, an organization, can attempt to position themselves in a strategic location within the network. But, their ability to change network position is also constrained by the existing network structure making such positioning strategies difficult to achieve (Håkansson & Ford 2002). Network structure is not static, but rather fluid, as other network actors are also trying to reposition themselves within the network ensuring that network relationships are constantly being changed. 

As network position is defined through an organizations relationships, complete control of your network position is not necessarily desirable, although has been shown to be a ‘key force in developing networks’ (Håkansson & Ford 2002: 137). Connectedness to other relationships ensures that an organization’s network position is also be changed by network effects outside their immediate control, but when an organization obtains complete control of their network it becomes a hierarchy rather then a network, and described as a network paradox (Håkansson & Ford 2002). So while an organization will attempt to determine their own position, there is also an element of indeterminism which emerges from the randomness of network effects. 

Network centrality is an important concept when discussing positioning strategies and power within the network. Although, it is not desirable for organization to obtain positions of complete power and control over their total network, many organizations do attempt to obtain positions in which they can exert some power and control over their network. Therefore, organizations need to be able to determine their network architecture and those positions of network centrality / network accessibility which will give them some control and power within the network. This paper will examine this concept in greater depth within an engineering services network in Australia. 

Network Centrality / Network Accessibility 

Network centrality is predictable given the organizations existing relationships, its own characteristics and the properties of the business network (Freeman 1979). Central actors are those actors who are linked directly or indirectly to a greater number of actors then more peripheral actors (Mizruchi & Potts 1998). Central actors due to their extensive connections are contingent in the information flow within the network and are likely to have the ability to access and pass on important information within the network. Such actors will gain important insights to new advances, scarce resources, and changes within the network structure giving them an advantage over other more peripheral network actors. 

Modeling network structure

Network structures have been modeled using a number of different approaches including: neural networks; linear programming (Hicks 1997), Boolean simulation (Easton, Wilkinson and Geogieva 1998), network models (LP_IP), optimization (Hicks 1997) and graph theory (Johansson 1998). Modeling network problems is a difficult task and each alternative offers advantages and disadvantages to the researcher. Each alternative does offer insights into the ways into the ways in which network structures evolve. The evolution of networks and determining the factors driving evolution is considered an important research topic within the business marketing discipline (Easton et al 1998). Simulation modeling has been also a favorite in the study of networks due to its benefits: closer resembling of the structure and behaviour of the studied actors, exploring rare or unobserved in reality behaviour of the components, newer possibilities of embedding optimization, easy sensitivity analysis. 

Simulation also allows for dynamical behaviour which is an important when analyzing changes in network structure or at the organizational level network position consequences. Networks are constructed of both dynamic and stable elements, which interact when the network structure changes. The dynamic aspects have been shown to be critical in inter-firm alliances and are an important element in network development (Koch 2003). Watts (1999: 494) pointed out that “networks can affect a system’s dynamical behaviour in what might be termed an active and a passive sense; active implies that the network is a device to be manipulated consciously for an actor’s own ends; passive implies that the network connections themselves, in concert with blind dynamical rules, determine the global behaviour of the system.” These phases are also called active and inactive phases (Hummon 2000) with an active phase described as an actor changing their network position through adding a link, deleting a link or leaving the network. An inactive phase is where the actor does not change their surrounding links. The dynamical behaviours are best analysed through network simulation which this paper attempts to highlight. By simulating network evolution through randomising changes in the network structure, changes in network parameters are indicated and discussed. 

This paper will use the graph theory approach to analyse a business network. Graph theory offers the following advantages when examining network structure: 

· Represents a system;

· Mathematically simple representations can be obtained on complex networks;

· Includes flows and changes in network dynamics (Casti 1998 ).

Graph theory allows researchers to analyse network structure and position through the actors/ vertices/nodes and the links/edges/arcs (relationships) which exist. Interactions between actors and the dynamics of the network can be illustrated through the use of graph theory.

Networks - Graph Theory

This paper uses the graph theory to represent the pattern of interaction between actors in business networks and illustrates how changes in the network morphology impact on the hierarchical structure of the actors in engineering networks. 

The common representation for a network is the graph where: 

· the nodes/vertices (set N) represent actors involved in different activities and they summarise characteristics of the business (size, type of activities, “philosophies” that underlie its actions and reactions);

· the links/arcs/edges
  (set K) are materialised by connections between the businesses that organise activities (flows of materials, cash, information, social relations, etc.).

The graphs are considered non-directed, therefore reciprocal (and with identical characteristics). The greater the number of links within the graph (network) the greater stability within network structures as increased links brings increased rigidity to the network.

Regardless the flows they circulate, networks can be described by several quantitative measures that indicate the continuity of the network, multiplicity of links, and hierarchical structure within the system. Some of them illustrate how strongly connected is the network, others reflect the spatial arrangement and identify polarities in the network. 

Parameters/characteristics of networks

All those involved in territorial networks after Lalanne
, have considered the following network properties as fundamental in ensuring cohesion and structure of the space:

· ‘Connexity’/continuity - allows the evaluation of the cohesiveness of the network; a strongly connected graph is one for which there is at least one simple path between each pair of nodes. Total connexity is unlikely to occur as this implies that each business within the network will be connected to every other business, such a structure would place a high degree of rigidity on the network and not allow for flexibility to change network position. Total connexity also would require business to expend a high level of resources on maintaining each of the network links, such a high resource investment would not necessarily be efficient;

· Connectivity - estimates the multiplicity of the links (direct and alternatives) in the network; there are three indices of connectivity: ( – the ratio between the number of circuits in the network, and the maximum number of circuits, ( – the number of arcs reported to the number of nodes, and ( – the ratio of arcs and maximum of circuits on the network (Hagget et al. 1977, Casti 1998); indices ( and ( are sub-unitary, values higher than 0.7-0.8 indicating strong connected networks with numerous alternative “routes” between the nodes of the network. 

· Homogeneity and isotropy - define the equivalence of the network links; e.g., the transport network links have different speeds, capacities that have strong influences in the structure of the network; ;for business networks this would include the different strengths of the bonds, links and ties within the relationship;

· Nodality, centrality and accessibility - characterise the hierarchical organization of the system; the polarities underlined by these indicators are privileged points in the network and space (a high degree of accessibility implies that many actors are ‘close’ to each other because resource ties and activity connections are good); 

There are several methods for calculating nodality and topological accessibility and they use:

· Adjacency matrix (encapsulation of the most basic connective structure of the net) – including the direct links between nodes; represented by matrix {aij}, where aij is 1 if there is a link between nodes i and j, and 0 otherwise;

· Reachability matrix – {rij}, indicating whether there is a path between any two nodes i and j in the network;

· Distance/cost matrix – {lij}, containing distances/costs between different nodes of the network determined using the shortest path; if all distances are equal to 1, the shortest path gives the diameter of the network. This method will be used in this research project as it allows the researcher to change the distance between actors thus varying the strength of the links. 

The nodality/degree of a node represents the number of direct connections/arcs linked to that node. The average degree of a network is the arithmetic average of the direct connections that each node in the network has. For personal relations an individual may have on average 11-12  strong links (Dunbar & Spoor 1995), but at the organisational level the degree of a node could be extremely high. 

The diameter/geodesic (or characteristic path length) is a measure of efficiency in the network; the shorter the diameter, the easier and quicker the communication, exchange between the elements of the network (Scott 1991).

The methods for calculating the accessibility include:

· direct accessibility using the sum of power series method
The T sum of the adjacency matrix series Am is used to obtain the generalised nodal vector tij whose elements are ranked/standardised to the [0,1] interval.

The problems with this method regard the net’s diameter, m, and the redundancy of the network; as the power increase, the number of redundant connections is amplified, so T matrix keeps implicitly both shortest and superfluous paths;

· generalised accessibility using inverse power method 

This method mitigates the redundancy weighting the Am matrices with (m, ( being a scalar
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, where(l represents the largest eigenvalue of matrix A;

· accessibility using method of the principal eigenvector - PEM (Mackawietz and Ratajczak 1996) - the method has the disadvantage that cannot be used when all vertices have the same number of incident arcs;

· Shimble index – this indicator removes the redundancy of the sum of power series by changing the Am matrices; it represents the numerical measure of a vertex links with all the others, using the shortest path;

· Marchand index – represents the average speed in the network.

Except Marchand index, the accessibility indices are relative measures of accessibility, with value 1 indicating the ‘best located’ node in the network (most privileged node) and 0 the ‘most peripheral’ node.

The reader can readily note that the complexity of the topological measures increases from ‘connexity’ towards accessibility. If the connectivity indices are easily computable, however they do not take into consideration the parameters of the network links and are not able to discriminate between networks of identical size. Accessibility is a more complete measure, because of its capability of evaluating the performance of the business network, defining the power structure of the system. 

The above measures have been introduced and used in the study of transport networks for many decades. Analogous measures were proposed in other disciplines, and in the following we present some of them:

· connectance – a “measure of intensity of the relationships between the enterprises” described by Mistri and Solari 2001, p. 229 is a connectivity index (Co) similar to (, (, (, but regarding the dyadic relations and not triads or bigger circuits;

· nodality/degree of a vertex (Newman 2002) is what (Wilkinson 2001) calls degree of interconnection;

· characteristics path length – is the geodesic, diameter of the network ();
· centrality – is analogous to the transport accessibility (Freeman 1979);

Marsden (2000) described three types of centrality: degree centrality (degree of a vertex/node), closeness centrality (equivalent to distance accessibility based on shortest path), and betweenness centrality (capacity to facilitate or limit interaction between the nodes it links); the latter defines the position of a node on the shortest paths between other nodes and it is defined as ( of the ratios of total number of paths that link two nodes j and k and go through node i over total number of paths between j and k).

Wasserman and Faust (1994) proposed also an information centrality measure that describes the node’s connection to the other nodes along all paths.

Social networks, particularly the small world networks theory, introduced the concepts of clustering and shortcuts.. The clustering index is defined as the proportion of the arcs in the neighborhood of a node i (ki) and the maximum number of arcs in the neighborhood –
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The shortcuts are arcs that complete triads, and their ir number is denoted as (.

These quantitative measures are relevant for our study and they their have been increasingly used in modeling strategic technology alliances (Verspagen and Duysters 2003), and social processes (Watts 1999). The quantitative measures illustrate benefits for business networks through) exchange process and more specifically: learning, smoothing the operation, enhancing the efficiency, trust development; and political, illustrating n’s benefits for business worldetc.

Håkansson et al. (1999) value the multiplicity of connections (connectivity) that a relationship has for its potential to learn. They mention: “There are reasons to believe that the more connections a relationship has, the greater are the possibilities to learn. The argument for this is that if a relationship has a number of connections there are also a number of interfaces where learning could appear: between products, between production facilities, and between people with different backgrounds and competencies. A large number of interfaces increase the variation, which is one basic condition for learning [24]”.
Yamaguchi (2002) shows that the small- and large-diameter networks raise different considerations regarding the relevant network properties for characterising communication/contact in the network.

Jackson and Watts (2002) state that the individual actors receive a payoff or net benefit (utility) based on the network configuration. They used this utility in modelling the evolution of networks.

We model our networks as a superposition of layers: relationships between actors, activities and resources. The nodes are represented by the actors which conduct activities and use resources in these activities. Between nodes there are links, associated to the direct relations between actors, which have different parameters corresponding to the strength of linkage between actors – social, activities and resources. The network therefore makes possible the contact of all actors (indirectly, if the network is fully connected) and the access of everyone to the activities and resources of the others. Noteboom (1999) – cited by Verspagen and Duysters (2003), called this indirect access  coining a term from transportation networks.  Each actor can be involved in many activities (primary, external, …) and for each activity there are many resources involved.

The first network – of actor bonds (and organizational bonds) – investigates the strength of relationships in terms of duration (including continuity and number of projects), trust, commitment, social bonding, interaction/communication, and atmosphere;

The second one – the activity links includes the meetings, joint activities, on-site activities.

The third one corresponds to the resources ties – knowledge, skills brought together, as well as technology and information disseminated. 

The network constraints, discussed by Purchase & Olaru (forthcoming), is embedded in the organizational bonds. The three networks will exhibit different pictures of the distribution of “centrality/accessibility” in the network in the three dimensions, but when aggregated (weighted sum) they will show the overall networking. Their union – actor bonds, activity links, resource ties – matters at the end of the day.

The focus will be on the structure of a business network with 100 actors and how changes in connectivity and architecture impact on the pattern of centrality/accessibility (C/A hereafter) of the actors. The hierarchy will identify the “privileged” actor in the network and can determine changes in C/A due to transformation of the relations between actors (changes in all three layers); it can also illustrate the evolution of the relationships. The weak relations will highlight probably the interimistic relations (Lambe, Spekman & Hunt 2000), whereas the strong ones are expected to represent the enduring relations.

The study has two parts:

1) C/A - we simulated various structures and functions of actors, activities and resource networks; all networks have the same number of nodes (100) and different number of links (between 94 and 180 links); six of them have the same dimension (100,180) – see Figure 1 Appendix 1, which helps compare the diameter/characteristics, path length and the clustering coefficient for equally connected networks. Matrix algebra methods and shortest path algorithm are used to assess the distribution of C/A in the network.

We started with Euclidean distances (identical for the grid network), and then we randomized the distances in the network to represent real actor bonds, activities links or resource ties (propose several scenarios). Small distances mean smooth relations (e.g., stronger group membership, just-in-time logistics for project), whereas large distances highlight difficulties, constraints on the networks (e.g., worsening the atmosphere, retirement of one project manager that can challenge the trust relation, etc.) Changes in accessibility have shown which the winners/losers are in a given scenario. We appreciate that this approach tells more than modeling the behaviour of the network in binary terms.

2) Sensitivity analysis on the weights for the three dimensions

When summing the actors, activities and resources we use different weights depending on the nature of the links between actors: for enduring relations actors are of paramount significance, for interimistic probably the resources. The weights were developed from previous research which indicated that actor bonds (0.6) had a direct affect on relationship strength, while resource ties (0.2) and activity links(0.2) tended to have in-direct affects (Purchase & Olaru forthcoming). 

Table 1 presents for the 10 architectures displayed in Appendix 1 several connectivity, centrality, and accessibility indicators. Clearly there are relations between the accessibility and clustering, and they become more visible if the distribution of them over the actors/nodes is analysed.

Table 1 Comparison of the architectures (100 nodes)

	Configuration
	Connectivity
	Diameter/path length/

geodesic
	Clustering

Average

Range
	Accessibility/Centrality

Average

Range
	Nodality (degree & max. eigenvalue)
	Density

	Grid

(180 links)
	(=0.406; (=1.8; (=0.606
	18
	0.573

[0.5-1]
	6.6

[5-9]
	4.6

4.838
	2.22

	Radial

(187 links)
	(=0.441; (=1.87; (=0.629
	12
	0.88

[0.4-2]
	6.16

[4.1-7.99]
	3.67

4.45
	2.65

	Diagonal

(184 links)
	(=0.426; (=1.84; (=0.619
	12
	0.593

[0.5-2]
	7.89

[6.28-13.03]
	4.6

4.88
	2.68

	Ring

(172 links)
	(=0.365; (=1.72; (=0.579
	12
	0.562

[0.33-1]
	6.49

[4.9-8.14]
	4.74

5.33
	2.26

	Orbitals

(157 links)
	(=0.289; (=1.57; (=0.528
	7
	1.33

[0.11-2]
	5.31

[4.35-6.93]
	3.11

5.276
	2.53

	Caveman1

(140 links)
	(=0.203; (=1.4; (=0.471
	15
	1.347

[0.5-2]
	6.94

[4.81-9.62]
	2.91

3.697
	1.81

	Caveman2

(116 links)
	(=0.081; (=1.16; (=0.39
	14
	1.58

[0.5-2]
	7.57

[5.39-10.52]
	2.32

2.829
	1.72

	Clusters

(128 links)
	(=0.142; (=1.28; (=0.431
	15
	1.25

[0.66-2]
	7.47

[5.38-10.62]
	2.56

3.281
	1.71

	Small-world

(140 links)
	(=0.203; (=1.4; (=0.471
	11
	1.07

[0.4-2]
	7.19

[4.87-9.09]
	2.78

3.762
	1.99

	Wheel

(100 links)
	(=0; (=1; (=0.336
	8
	1.663

[0.11-2]
	8.76

[4.61-8.95]
	1.98

4.593
	1.51


The distributions for the nodes degree (Freeman 1979) are all non-normal with one notable exception - for the small world. The orbital and wheel network configurations tend to have high peaks (outstanding poles); grid and diagonal architectures are rightly skewed, whereas the caveman and wheel are skewed towards small number of direct connections.

Table 2 Changes in C/A when strength of the relationships (distance between nodes) changes

	Configuration
	Accessibility/Centrality 

	Grid

(180 links)
	1) Doubling the friction between the nine poles: all actors lose in their access (in average 7.4%), but in relative terms the peripheral points are more attracted to the centre of the network

	Radial

(187 links)
	1) Doubling the friction between the four poles and their ‘clusters’ and halving the friction between peripheral actors: most actors gain in their access (6.1%), except the four poles which lose their centrality, transferring it to the cluster connections; spectacular improvements in access for the peripheral nodes

	Diagonal

(184 links)
	1) Doubling the friction between the nodes on the three main diagonals: all actors experience a higher ‘impedance’ (6.2%); in relative terms the three external lines of actors are strongly attracted to the new pole, but all the nodes on the main diagonals are set apart from the pole

	Ring

(172 links)
	1) Doubling the friction between the four nodes of the middle ring and their direct connections: the average distance to reach the network for all actors increases by 7%; the pole in moved towards the third ring, which represents the new locus of the central actors

2) Doubling the friction between the nodes of the exterior ring: all networks have a deteriorated access (12.7%), but the distribution of accessibility is similar; the poles of the network are now located in the second ring

	Orbitals

(157 links)
	1) Doubling the friction between pole and clients: most actors lose in terms of access (in average 10.6%), but the pole actor witnesses the worsening of his/her access by 74%; the actors on the middle orbital improve their centrality position (6.8%)

2) Doubling the friction between clients: dramatic changes for all actors, in average the distance to reach one actor is higher with 57%, but again the pole is the most affected node (68%)

	Caveman1

(140 links)
	1) Doubling the friction between the nodes in middle ring: the average distance to reach the network increases with 24.9%; the pattern of accessibility does not change, but in relative terms the four N, S, W, and E clusters are even more remote from the pole

2) Doubling the friction between the middle ring and the clusters: the average distance to reach the network increases with 18.3%; the pattern of accessibility is the same, but in relative terms the connection nodes of the four clusters with the middle ring have lower access

	Caveman2

(116 links)
	1) Doubling the friction between the nodes in middle ring and links with the diagonal clusters: the average distance to reach the network’s nodes increases considerably (56%); the pattern of accessibility does not change, and there are no winners in this scenario

2) Halving the friction between the middle ring and the clusters: the average distance accessibility improves by 16.6%; the same distribution of decreasing accessibility when departing from the middle ring is present, but the most extreme nodes of the network have now a better access (15-20% improvement)

	Clusters

(128 links)
	1) Doubling the friction between the nodes linking the clusters: the average distance accessibility  increases by 26.5%; the pattern of accessibility changes, the N and S nodes lose in their relative position with respect to the pole, but the W and E nodes gain 

	Small-world

(140 links)
	1) Doubling the friction between the nodes linking the clusters: the average distance accessibility  increases by 23.3%; there is no particular pattern of accessibility noticed, few nodes in the S gain in their relative position with respect to the pole, but more N node lose  their access  

	Wheel

(100 links)
	1) Doubling the friction between the pole and the 19 clusters: the distance accessibility is higher with 88%, with no changes in the pattern of access

2) Doubling the friction within the small clusters: the average distance is less affected by this change, only 3.67% decrease in the accessibility


Note: Details of the calculation are available from the authors upon request.

Table 2 illustrates that changes in distance between the pole(s) and the immediate neighbours substantially affect the C/A of the network structure with significant clustering: orbitals, wheel, clusters, caveman, small-world. In the more regular network structures, the stability ensures a constant pattern of C/A. Therefore, more regular network structures with increased redundancy in the network provide more stability then structures with less redundancy built in. This has implications for networking strategy, for Burt (1992) networks with a high level of redundancy tends to provide smaller informational benefits for the resources required to maintain the relationships and are not necessarily desirable due to the opportunity cost component. But by developing sparse networks, as recommended by Burt (1992), the organisation is creating an unstable network that will not survive a significant disruption to the relationships close to the poles.

Clustering in business projects occurs frequently with companies tending to use the same sub-consultants with which they have developed long term trusting relationships. These actions do not necessarily lead to a dense network unless the consultant purposely maintains relationships with a large number of sub-consultants. Any severe disruption in the relationships between central actors and their activities, is more difficult to restore (in the sparse network) as their effect is quickly propagating through the network disrupting a large number of relationships throughout the network. 

This contradiction also has implications for information costs. Dense networks would resist the changes close to the poles, through increased stability, but limits the opportunity cost of information within the network. Sparse networks could not resist the changes close to the poles, but increase the opportunity cost of information within the network. Therefore, there must be a optimum network structure that offers enough density to ensure stability but not too dense to limit information cost. 
2) Weights and sensitivity

For the second part of the study we selected the orbital network for modeling our three-layer network. We used the simulated orbitals network for actors (100 nodes, 157 links) where we improved the distance between the pole and the adjacent nodes (half). For the activities network we removed few links corresponding to actors in the network who are not involved in joint activities. The strength of the activity link (more activities) is expressed as a lower distance/friction between actors. The activities were intensified between the company pole and the direct collaborators (half distance). For the resources network we used the same topology of the activities network assuming that each activity implies allocation, distribution, transfer of at least one type of resources. This time we kept the same level of resources (The high values for distances alert for prompt and efficient management measures in order to re-establish the harmony and stability of the network).

Two conclusions developed from the simulation:

Firstly, for equal or lower weightings of actor bonds the pole transfers from the centre of the network towards periphery with the company losing it’s position of power. Losing the ability to maximize opportunities due to poor network position will limit future company growth and ability to take advantage of new knowledge that may pass through the network. 

Secondly, for higher weightings of actor bonds or activity links the pole stayed similar. This result minimizes the affect of the resource tie within the network. As the resource tie is aligned to information and knowledge this is an important aspect. In order to maintain pole position within the network organizations must ensure that their immediate actor bonds to other organizations in pole position are strong. 

Future research

This on-going research will address future issues such as: use of directed multi-graphs (for the three networks); more detailed treatment of the clustering and a statistical analysis of the properties of the networks. New directions: embed more detailed measures of reliability and explore and develop quantitative measures of stability for business networks. 
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Figure 1 Architectures of networks with similar size
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Figure 2 Different architectures for networks with the same number of nodes (100)
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� We use interchangeably node, vertex and actor; similarly arc, link, edge. 
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