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We propose a Multi-Agent framework to analyze the dynamics of organizational survival in cooperation networks. Firms can decide to cooperate horizontally (in the same market) or vertically with other firms that belong to the supply chain. Cooperation decisions are based on cognitive and economic variables. We have defined a variant of the density dependence model to set up the dynamics of the survival in the simulation. To validate our model, we have used empirical outputs obtained in previous studies from the automobile manufacturing sector. We have observed that firms and networks proliferate in the regions with lower marginal costs, but new networks keep appearing and disappearing in regions with higher marginal costs.
1.  INTRODUCTION

According to economic evolutionary theories, firms innovate in order to increase their survival rates. We propose to analyze the dynamics of collective innovation, using a Multi-Agent framework, where firms (the agents) can cooperate for innovation purposes.  To explore the impact of cooperation on the survival of organizations, we have used a variation of density dependence model (Campos and Brazdil, 2005b). We examined the empirical evidences from automobile manufacturing to improve our Multi-Agent model. Our main conclusion is that there are more networks in regions with lower marginal costs, but nevertheless there are some firms and networks in richer regions, showing that the firms clustering helps to avoid negative results and abandon of the activity. In the following we provide details concerning this study: in section 2 we provide an economic perspective of cooperation models and introduce some important concepts, as technological distance and density dependence. In section 3, we present some concepts that are useful for the development of the model and in section 4 describe the Multi-Agent Simulation. Section 5 is devoted to the presentation of the results. We end this paper with conclusions and future work.  
2.  A NETWORK MODEL OF COOPERATION 
2.1  A perspective from economics: related work
Because innovation is a strategic factor of the regional development, regional theory proposes that “new activity motivate power”. Particularly and according to evolutionary theories, firms innovate in order to increase their survival rates.  Some authors have related the process of innovation with the creation of networks of firms: Carayol and Roux (2003) consider innovation as a collective and interactive process that generates the formation of networks of organizations. In this phenomenon, sometimes referred to as collective invention (Allen, 1983) social interactions lead to communication of knowledge between agents belonging to different firms which in turn stimulates innovation. Wersching (2005) uses an agent-based model to study the technological development, the economic performance of firms and the evolution of agglomerations in differentiated industry. The author concludes that there is an incentive to agglomerate firms in young industries and that the geographical distance between them enhances innovation. Moreover, innovation and cooperation networks, and, generally, the topic of firms’ dynamics and have been recently studied with the help of Multi-Agent Simulation models (Zhang, (2003), Gilbert et al., (2001), Cowan et al, (2004), Cortés, (2004)).
2.2  Distances and survival
One of the most important aspects related with cooperation networks and innovation is the distance between firms. Although the geographical distance is an important measure in literature from regional science, empirical evidence has shown that a non-physical distance between firms can also be useful. Some authors (Agata, 2003) call it cognitive or technological distance and it plays a major role in the effectiveness of knowledge diffusion that can be generated from inter-firm networks.  This technological distance measures the distance between firm’s know-how. 
Research in Organizational Ecology (Carroll and Hannan (1989, 1992), Hannan and Freeman (1984)) determined that density (the number of organizations in a population) affects rates of organizational founding and mortality. Therefore, some formal models of density dependence have been developed. In those models, vital rates of birth and death of firms are dependent on the density of firms, and the survival of a firm depends on the number of firms that are located in its neighborhood. In most situations, this neighborhood is not strictly geographic but it is an “industrial neighborhood”, where firms are considered nearby if they share the same market or resources.  

3.  AUTOMOBILE INDUSTRY: SOME EMPIRICAL EVIDENCES
To investigate how this model applies to reality, we have chosen to study the automobile manufacturing industry. In the following we present some concepts that are useful for the development of the model:

In automobile manufacturing, as car makers seek to cut costs, they outsource certain activities to the supply industry. Outsourcing also allows greater economies due to specialization, since suppliers are more experienced in certain functions and can supply several carmakers, achieving higher efficiency or productivity. Some manufacturers have sold off their in-house component companies in order to concentrate resources and raise funds: General Motors and Ford’s two component arms became Delphi and Visteon, respectively (EFILWC, 2004). Constructors promoted both the concentration process of component suppliers and room for creating important collaborations and alliances among suppliers and among suppliers and constructors (Rolo, 1998). In fact, most OEMs (Original Equipment Manufacturers) concentrate nowadays their efforts on the design and assembly phases and transferred other responsibilities to the suppliers, promoting the emergence of global suppliers (Selada, et al 1999). We are facing the migration of OEM to emergent markets of Asia and South America as a way to rationalize production, and capacity reduction. In addition, previous studies of Campos and Brazdil (2005b) have confirmed the existence of factors affecting organizational survival, the number of organizations that existed at the time of birth and at the time of death (referred to as contemporaneous density and density at founding): contemporaneous density has a negative impact on the mortality of organizations, while density at founding has a positive impact on the mortality of organizations.
In the next section, we will introduce the model and discuss the components and the decision making process. 
4.  MODEL DESCRIPTION

A Multi-Agent model has been used, because agents can be configured to be autonomous, and these seem to capture the dynamics (and the survival) in network formation.
4.1  Model components
The agents
We have developed a Multi Agent Model, NetOrg, where we have considered, for each market y, n firms (i=1, …, ny) and m consumers (j=1, …, my). There are three different markets defined by the products (or production process levels) Y=1, 2 and 3. Car makers, Carburetor suppliers and Clutches suppliers can be defined as examples of these types of markets or industries (as in Swaminathan, 2002).
Knowledge creation and diffusion

For every product or production process level (Y=1, 2, 3), we consider a different kind of knowledge (or stock of capital) represented by kti,Y (the stock of capital or knowledge owned by firm i in instant t that is necessary to produce the product Y). In every step there will be an accumulation of knowledge k given by 

Ki,Yt = ki,Yt-1 +ki,Yt
with,  Ai,Y t ki,Y t =  i,Y t+
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 is the transferability factor, (i.e., the parameter that measures the share of new knowledge which is effectively transmitted through each link). ti,,Y represents  the innovation of firm i that is related with product Y at moment t and it is a function of the knowledge previously owned by firm i with a certain probability, p, as following:  i,Yt = f(ki,Yt-1 , p) = ki,Yt-1 . P(Kt-1i,Y=kt-1i,Y), in which P(Kt-1i,Y=kt-1i,Y) is defined by a Normal distribution we have considered, (as in Carayol, 2003) that there is no knowledge diffusion (also known as knowledge spillover) between firms that do not share a network connection. Although each firm owns a value of the stock of capital for its particular level y, firms can also detain values for the stock of capital for other levels (Y=1,2,3) because they can manufacture more than one product or interfere in more than one production process. 
Technology space / geographical space 
As stated before, we followed literature and have considered two types of distances that have been combined into one only weighted distance: (i) dgeo(i,j) represents the geographical distance measured by a Euclidian metric. We defined 2 different regions with different marginal costs associated: region has higher marginal costs than region 2; (ii) dYtec, t(i,j) represents the technological (or cognitive) distance in instant t for the product Y. The final weighted distance was obtained by the formula: dyt(i,j)=[1- dytec, t(i,j)].dytec, t(i,j).[1- dgeo(i,j)], which gives more importance to the technological distance. Considering, for instance, that two firms (1 and 2) have technological distance of 0.5 and if the geographical distance beween them is, say, 0.1 (geographical distances are normalized to 1), then 
dyt(1,2)=[1- 0.5].0.5.[1- 0.1]=0.225.
Cooperation and Market demand 
Some firms are assumed to produce in different markets or work in several levels of the production process (as in the example of carmakers, carburettors and clutches). Therefore, for two firms to cooperate in two or more levels of the production process they must first meet, through a preferential meeting process that will be described later.  For the definition of the Market demand, we have considered three types of industries (as stated before), where, for each of the markets, consumers are assumed to have love-for-variety preferences (as in Wersching, 2005). Dealing with heterogeneity from demand side (different consumers), we can formulate the following utility function for each consumer in the market:
 utj (xt1, …,  xtn) = 
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The constant b is an indicator of the association of the products in the market: (b=1, indicates that products are perfect substitutes). The quantities for the demand of product i by consumer j at time t are represented by 
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 . Consumer j wants to maximize uj,t under a budget constraint: max utj (Xt1, …,  Xtn) such that: 
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 where Rjt is the income of consumer j in time t and 
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 is the price that consumer j pays for product i at time t. The demand function (price) for the market of the good i, is defined by 
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Production costs 
The profit of a firm is obtained multiplying the quantity sold by the difference between unitary price and unitary cost. g(wti) is the function of the effort needed to create knowledge. We have assumed that g(wti)= 0.5 (wti)2  and that cti is the cost function of firm i at time t and will be modelled as:  cti = c-kitwhere c is the marginal cost and cti is a function of the ith firms’ cost at time t; cti integrates the effects of both innovation and absorption which are reduction production costs. From this, we can obtain a final form of the profit function for firm i:  
ti=(Pti- c+kit).Xti-0.5 (wti)2
4.1  Decision making
Entry/Exit and Production quantities 
The entry and exit in the market (birth and death processes) were defined by a variant of the density dependence model (Campos and Brazdil, 2005): if the number of organizations in the neighbourhood of a specific firm belongs to the survival interval [DSl ; DSu], then the organization will have more probability to stay alive. Otherwise it will have more probability to die by the effect of “overcrowding” or “solitude”, depending on whether the number is greater than DSu or lower than DSl (where DSl and DSu are respectively the lower and upper bounds of the density survival interval). The same idea applies to the process of founding where DBl and DBu respectively are the lower and upper bounds of the density founding interval. 
Every firm i must also decide about the quantities 
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 that will produce at instant t, having in mind the maximization of the profit, i.e. max ti (xt1, tn) . But, as firms have limited information about the demand function and other competitor’s production costs, we have used a heuristic approximation to determine its output quantity: 
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. This heuristic is assuming that in the first step there is market equilibrium. In following steps, we admit that when the profit of firm i is positive the quantities will be increased by a factor greater than 1, otherwise, they will decrease:  t-1i > 0  ( > 1; 
t-1i ≤ 0  ( < 1

Investment in R&D/innovation and Cooperation
As stated before, innovation at instant t (it,y) depends on the accumulated knowledge by the firm. In each iteration, we consider that, if ti>0, then the innovation it must be not null. We have considered three Normal distributions for the innovations in each of the three markets. For the cooperation between two firms, we have defined the following steps: (i) preferential meeting process, where we have defined a meeting probability, mti,j, between two firms where firm i chooses the firm j that maximizes the value mti,j=[1-dt(i,j)]. (ii) Negotiation: a simple process was defined, in which two firms cooperate if they are able to reciprocally compensate some lack of profitability in the stock of capital (measured by ti / Kti,Y ) in some different phases of the production process. For example, if firm i has higher profitability in the stock of capital than firm j, considering the product Y=1, but firm j has higher profitability in the stock of capital than firm i considering the product Y=2, than they can cooperate to invent a new kind of process that may increase the quantities they both produce. This process can be defined by the following condition:  if (ti / Kti,Y=1)> (tj / Kti,Y=1) and (ti / Kti,Y=2)< (tj / Kti,Y=2) then => cooperation (see example in table 1).
Cognitive Model 
We have implemented a very simple cognitive model of entrepreneurship to endow agents (firms) to respond to external stimuli. Following Shumpeter, Leibenstein (1998), distinguishes two kinds of entrepreneurship: routine and “new type”. New type entrepreneurs establish new connections with other markets, create and expand activities and are attracted to make risky decisions. For that reason, we have randomly defined a discrete attribute named Risk, to balance the decisions of the agents involved in the simulation.

5. RESULTS from NetOrg
5.1  Setting up initial parameters
Results presented in this paper are the outcome of more than 100 different runs of the simulation
, from where we have taken one representative output. We have defined a set of initial parameters considering that industry 1 could represent an OEM manufacturer and industries 2 and 3 could be its suppliers.  The price of the capital (Pk) was set to the same value in all of the industries. The marginal cost was defined differently for the 3 types of industries, and marginal costs in region 2 were half of the corresponding values in the region 1. We maintained the same parameters of the density dependence model in all the experiments (DSu =5; DSl =1; DBu =3; DBl =1). The number of initial firms was defined by: 
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  where R is the average income of the consumers of each market (a different n was computed for the three different markets, where, in average n1=3, n2= 20, n3=20). 
5.2  The emergence of networks
In all the combination of parameters, firms started cooperating with other firms in order to increase their profit. Firms (and networks) proliferate in region 2 (region with lower marginal costs). Some of the risky firms that migrate (from region 1 to region 2) were able to overcome negative profits. Some of them increased considerably their profits and become top success firms. Although it seems that firms with higher values of risk are in general more profitable, it appears that there is no direct association between the profit of the firm and its level of risk (Pearson correlation coefficient revealed a weak value of -0.067).  Table 1 shows the negotiation results for the cooperation between the first 3 pairs of firms in the simulation, based on the indicator ti / Kti,Y. Figure 1 shows the networks after some generations of the simulation. Figure 2 shows the geographical space and the representation of the networks in the 15th generation. 

Table 1: First three cooperations (over 98 in total) from one of the runs of NetOrg. 

	 
	Cooperating firms
	Production

process
	Profit / Knowledge Stock


	Region



	#
	1st
	2nd
	1st
	2nd
	ti / Kti,Y=1
	tj / Kti,Y=1
	ti / Kti,Y=2
	tj / Kti,Y=2
	1st
	2nd

	1
	1
	24
	1
	3
	25,73
	40,56
	44,83
	35,62
	2
	1

	2
	2
	24
	1
	3
	16,31
	22,32
	28,05
	19,56
	2
	1
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Generation 14
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Generation 15


Figure 1 – Networks formation in three different generations of NetOrg

Figure 2 – Representation of the networks in the 15th generation

5.3 Validation of the Model
To explore the strength of the model, we have considered some affirmations made in relation to the Automobile Industry: (1) Constructors promoted both a concentration process of component suppliers (…);. (2) OEMs migrate to emergent markets of Asia and South America as a way to rationalize production; (3) Contemporaneous density has a negative impact on the mortality of organizations; (4) Density at founding has a positive impact on the mortality of organizations 
Statistical measures can be used to evaluate the pertinence of these affirmations based on simulated data, but facts (1) and (2) are easy to confirm. In fact, in every iterations, NetOrg has produced tens of networks, most of them concentrated in one ore more OEM, (i.e., industries of type 1) and firms keep migrating to markets with lower marginal costs to increase their profits. To confirm the affirmations (3) and (4), we have analyzed the Regression coefficients from a Cox proportional Hazard Model, to estimate the impact of the covariates Contemporaneous density and Density at founding on the survival of organizations. 
Table 2: Coefficients of some covariates obtained from Cox Regression.

	Covariate 
	Predicted Sign
	Coef
	se(coef)
	P

	Contemporaneous Density
	-
	-0.04648
	0.00992
	0.0033

	Density at Founding 
	+
	213.765
	0.0567
	0.0000

	Size
	-
	-0.02112
	0.0013
	0.0022


We have compared the sign of the coefficients with those obtained in other works (Mata and Portugal, 1994; Mata, Portugal and Guimarães, 1995; Carroll and Hannan 1989; Carroll and Hannan, 1992). The second column in Table 2 shows the predicted signs (obtained from literature; the same signs have been predicted in all studies) of the association between firm survival and the covariates. All the variables have a significant impact on the survival of firms, which can be seen from the p-values in last column (the standard error of the coefficients are represented as se(coef)). Carroll and Hannan (1989) explain that the density at founding has substantive implications on the survival of organizations. As we can see in Table 2, density at the time of a firm founding has a positive impact on the mortality of organizations while contemporaneous density (the number of firms existing at the moment of the death) has a corresponding negative effect. As expected, the effect of the size on firm survival is also negative, confirming what was said before and helping to validate the simulation model. Since the system seems to perform consistently when compared to reality (for comparable data), we tried to extract other useful information from the simulation using a calibration process.
5.4 Evolution of Networks

We have also analyzed the evolution of networks to understand their behavior and change. Therefore, we have performed a Multiple Factorial Analysis (Dazy, 2001), which is suitable for evolutionary data, followed by a clustering step to group networks with similar behavior. Input data matrix contains some variables that describe the networks (profit, marginal cost, stock of capital and form of the network). Each observation in this matrix corresponds to a network in a total of 57 netwroks found in 20 runs of the simulation. Groups of variables have been considered (one for each period of time) in a total of 15 generations. In the global analysis of the Multiple Factorial Analysis (MFA), we kept 7 factors that represent more than 80% of the total model variance. Cluster analysis suggest that we group the networks as shown in the dendogram of figure 3. 
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 Figure 3 – Dendogram of the cluster analysis representing groups of networks

If we choose to accept a partition, say, in 2 classes, we must get a clear description of what that clustering discriminates, in terms of the main variables that are being characterized. In this partition we find a first group composed by 32 individuals and another group of 25. For the most important variables that motivate this partition (pvalue<0.01) the mean in the class 1 is always lower than the general mean. One immediate conclusion that we can take from this partition is that no variable belonging to the first group (1st generation) is relevant to the clustering. Looking to the networks (observations) that belong to each one of those classes, it is now clear that the clustering method has separated the networks with lower levels of the Stock of capital from those with higher values for the same variables. Knowing that the same networks have been analyzed in 15 time steps or generations, and that the clustering has this feature in consideration, we conclude that the networks are clustered considering their dimension (number of organizations that belong to the network). 

6. CONCLUSIONS AND FUTURE WORK
We have analysed the networks that have emerged from a process driven by  agglomeration and collective innovation, using a Multi-Agent framework. We have concluded that there are more networks in regions with lower marginal costs. However, there are some firms and networks in richer regions, showing that the creation of networks helps to avoid negative results and abandon of the activity. This is related to the phenomenon of firm relocation that is apparent nowadays in the era of globalization. Although it seems that firms with higher values of risk are in general more profitable, it appears that there is no direct association between the profit of the firm and its level of risk. Clustering methods have found two different groups in the evolution of networks, according to their dimension. Small networks can clearly be distinguished from big networks, although there seems to be no association between the size of the networks and geographical location. 
In the future, our goal is to continue endowing agents with the capacity of learning and trust and introducing strategies of cooperation. We will also analyze the stochastic stability of the model. 
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� Different runs of 10, 15 and 20 generations were experienced. This paper presents one representative run of 15 generations.






_1195306618.unknown

_1195392244.unknown

_1203901423.unknown

_1209798306.bin

_1198597621.unknown

_1195309764.unknown

_1195307173.unknown

_1195306332.unknown

_1195306346.unknown

_1195289896.unknown

