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CONDUCT, COOPERATION AND ALLIANCES: AN ANSLYSIS OF INTERACTION AMONG 

FIRMS USING AN ABS MODEL 

ABSTRACT 

It was modeled a market where alliances are fundamental for complementing competences and abilities. The 

firms need those alliances to exploiting new opportunities. The strategic enterprise behavior must affect the 

alliances and their intensity and fragility levels. Enterprises facing market opportunities which request strategic 

alliances can or cannot cooperate on the others according to their strategic behavior profiles and according to the 

historical cooperation evaluation of their potential partners. The model of agent-based simulation proposed 

for such essay, uses roles based on Sugarscape, on prisoner dilemma for n-players and concepts existents about 

cooperation, stakeholders and shareholders theories and enterprise alliances. It has been verified that the 

emergence of cooperation can occur, but depends on how fierce is the competition in terms 

on density and internal cost structures. 
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INTRODUCTION 

The companies that operate in technology-intensive markets have increasing specialization. In this context, 

strategic alliances for complementary competencies and skills are vital to explore new market opportunities and 

the long-term survival (PORTER, 1990; DOZ and HAMEL, 2000). The conduct of companies based on 

management turned toward meeting stakeholders or shareholders’ objectives should affect alliances and their 

levels of intensity and fragility. The reputation to cooperate or not cooperate, given the background of company 

cooperation in interactions or establishment of past alliances, interferes with the perception of a future advantage 

coming from help or granting of the present or, further, as a way of reciprocating something received in the past 

(AXELROD, 2010; BITEKTINE, 2011). 

Companies, faced with market opportunities that require alliances, can cooperate or not with the others, 

according to their profiles of strategic behavior and in accordance with the evaluation of background of 

cooperation of their potential partners (AXELROD, 2010). Thus, a study should be carried out to check how the 

background of cooperation or non-cooperation affects alliances required between companies having different 

conducts for the exploration of market opportunities.  

This article has as its central objective to check via agent-based simulation, if given certain circumstances in a 

market that requires many alliances, like a technology-intensive market, cooperation can occur between the 

companies inserted in it and whether the conduct of the companies, in relation to the theories of stakeholders and 

shareholders influences in the success and survival of these companies in the course of time. These 

circumstances are related to market competition, internal features of companies inserted in it, conduct of 

companies in the establishment of alliances and their background of cooperating or not over time. This model 

will uses certain rules for agents and the environment, devised by Epstein and Axtell (1996), incorporating other 

rules that are based on concepts of cooperation, strategic behavior of the companies and the prisoner's dilemma 

for n-people. 

AGENT-BASED SIMULATION (ABS) 

This article will use the nomenclature Agent-Based Simulation or its acronym - ABS -; however, other 

alternative terms can be found in the literature for the different branches of its application (SMITH, 

GOODCHILD and LONGLEY, 2007). ABS is usually related to the model of human behavior and individual 

decision-making process (EPSTEIN and AXTELL, 1996; SAMUELSON and MACAL, 2006). 

ABS is appropriate for studies where the importance is on the understanding of processes and their consequences. 

It enables the study of points that are not easy to study through other forms of simulation (GILBERT, 2008). 

Agents are individuals of the artificial society. Their main features relate to the degree of autonomy (SHOHAM, 

1993; SICHMAN, 1998; MACAL and NORTH, 2005). For the success of individual objectives, agents rely on 

the possibility of resorting to the support of others (CONTE and SICHMAN, 1995). The rules determining the 

characteristics of agents usually are simple and based on local information (ROSENSCHEIN and KAELBRING, 

1995; EPSTEIN, 1999; BONABEAU, 2002). Environment or space separating agents is the place where they 

operate and interact with each other. The environment also has rules that influence the way in which the agents 

will dislocate, operate and interact (EPSTEIN and AXTELL, 1996). 

Epstein and Axtell (1996) proposed an ABS environment where vital natural resource for the individuals 

contained therein is sugar. This sugar is distributed randomly throughout the environment and it is the basic 

motivation for the agents to move, interact and survive. Some basic configurations are initially established and 

certain supplementary rules are added with the increasing need for analysis and answers to be obtained. 
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The individual consumption of sugar of each agent for its survival is set by its metabolism. The search for an 

empty spot that contains sugar makes reaching the vision necessary for an agent to move. The bounded 

rationality can be verified through this configuration, since agents cannot visualize, at each cycle, the whole 

environment in search of sugar.  

At each round of simulation, each agent must identify the position under the rules already established for reach 

and direction, which has the largest amount of sugar. If more than one position that meets the rules exists, the 

agent should move to the closest position. Thus, the movement rules modeled on the established sugar 

environment establish movement toward the vacated position with the highest amount of sugar that is available 

and within the limits of reach vision of the agent. As he moves to a new position, each agent should accumulate 

all the sugar in there and use it up for its metabolism. If the agent has not accumulated enough sugar to its 

metabolism, he dies. After the agent’s movement, the level of sugar in the vacant position is restored. 

IMPORTANTE THEORIES 

Theories Stakeholders are the agents of society who have an interest in a given business, even if not the only 

ones or even the main stakeholders in this business (FREEMAN, 1994). Thus, the stakeholders’ theory is 

increasingly more aligned with the present reality of the companies, since, in a competitive market, the role of 

the stakeholder is of the essence to the perpetuation and performance of the companies (HART and MILSTEIN, 

2003). The companies’ activities are not limited to meeting the interests of their owners and controllers, but also 

all that have any kind of interest in their activities. An inside view, individualistic or protecting their interests, 

may not be feasible for companies and their managers, because there must be observed criteria external to them 

for achievement of success and greater profitability (FREEMAN, 1994). 

On the other hand, the shareholders’ theory highlights that managers should focus their efforts on behalf of the 

company so they can get the best possible results and consequently increase the value of the shares in the stock 

market, satisfying the needs of shareholders. The company's main objective is to add value to the company’s 

shareholders (JENSEN, 2001). The stakeholders’ theory defends that the company should meet the needs of all 

parties involved and the shareholders’ theory defends that the company should meet only the needs of the 

shareholder. 

Goals serve as guidelines for decision making by managers of a company. By the end of the last century, the 

theory of the firm and its developments had focus on the shareholders. More recently, the theory of stakeholders 

was established as an alternative and sharpened the focus from the shareholders to stakeholders. The initial 

concept of the term stakeholder was to designate all groups without which the company would cease to exist, 

including shareholders, employees, customers, suppliers, creditors and society (BOAVENTURA et al., 2009).  

According to Jensen (2001), there is no contradiction between the theory of the stakeholders and profit 

maximization. Usually a company seeks to maximize its value and, consequently, minimize costs. Activities 

required by the stakeholders demand increased costs and if this increase does not require increase in value, its 

adoption will be discarded from the company's strategy. As it is impossible for a company to succeed pursuing 

several goals, adopting what all stakeholders want is just a way to communicate that there is a participation of all 

in the process of conducting the business, only in order to add value to the company's image, aiming at meeting 

the maximization theory, since communication between managers, employees, customers, suppliers and the 

community is very difficult and costly because it relates with an extremely complex and delicate system. For 

Boaventura et al (2009), the stakeholders’ theory is also flawed in the moral aspect, since the fiduciary 

obligations are restricted to shareholders and only these should be entitled to benefits. For Hart and Milstein 

(2003), the company must add value to shareholders, following the line of the theory of shareholders, but such a 

company has the need to maintain its current performance without losing focus in the future.  

Currently, companies with a view to globalization, increased competition and uncertainty, can no longer compete 

separately in the market, having to join each other through the establishment of strategic alliances. In these 

partnerships, each partner, with their resources and specific skills, complement the other, increasing their 

competitive advantage (DOZ and HAMEL, 2000; GULATI, NOHRIA and ZAHEER, 2000). The special 

competences of a company, as proposed by Barney (1991) must be enhanced at each new conquest and 

appropriate to the exploration of new market opportunities that will allow it to survive. These special 

competences of the companies represent costs for the acquisition, development and maintenance. Companies 

have different capabilities of perceiving new market opportunities, called the firm's resources. Such a perception 

capacity varies depending on several factors and is limited, as proposal of limited rationality Simon (1991). Such 

resources are their own and characterize the companies.  

Especially in technology-intensive industries, alliances create value for businesses, allowing them to set new 

market standards, gain profits above the industry average and increase their powers of influence more than they 

could with their size and resources alone (PORTER, 1990). Some competences of a company, such as learning 
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and the relationship with other companies, take over a central role in the maintenance of the competitive 

advantage in the long term. The competencies and dynamic capabilities of firms are linked to their processes, 

molded into their position and paths. These skills can only generate competitive advantage and revenue if they 

are based on a set of routines, complementary skills and assets that are difficult to imitate (TEECE, Pisano and 

SHUEN, 1997). 

Alliances have the most varied motivations: services, product development, procurement of financial and 

technological resources, learning, skills development, among others. Organizations seek to satisfy their goals 

from strategic interactions with others (BRONZO and HONÓRIO, 2005). Strategies are established focused on a 

few competences. By mobilizing resources and capabilities to operate in a competitive environment thoroughly 

redesigned, companies would be seeking to establish and maintain more effective alliances with other companies, 

in order to ensure their own survival or enhance their competitiveness (DIMAGGIO and POWELL, 1983). 

Cunha and Melo (2006), through the study of companies in the biotechnology sector, ascertain that trust is vital 

for the achievement of more efficient and sincere partnerships and. Trust, still according to the authors, is even 

more important and necessary in sectors intensive in technology and innovation and present two domains: inter-

organizational relations and interpersonal relations. Confidence in the establishment of an alliance of resourceful 

partners that are complementary for exploration and development of market opportunities is critical and quite 

often depends on common interests, trial and may be influenced by the history of the strategies adopted by the 

companies in past alliances 

PRISONER’S DILEMMA 

The prisoner's dilemma originates from a known problem on cooperation (PRADO, 1999; PINTO, OSÓRIO and 

MUSSE, 2008). It has attracted the attention of investigators in social science because it portraits a paradoxical 

situation thoroughly. The search for the best result by each player produces a non-optimal result from the point 

of view of the set of the two players (PRADO, 1999). It is applicable to the development of cooperation 

strategies used in a wide range of situations that go from individual choice to corporate level. The cooperation 

seems impossible to achieve in an individualistic world, but yet it can still be found under certain circumstances. 

The possibility of reunion between the two players in a future interaction, for example, can promote the 

propensity to cooperate, even in the absence of individual incentives for such action. Quite often, it is preferable 

to cooperate in the present with someone capable of reciprocal behavior in the future (AXELROD, 2010).  

Ohdaira and Terano (2009) present two points as important in studies of the prisoner's dilemma. The first refers 

to the choice of the best strategy to promote the emergence of cooperation. The second point concerns the 

assessment of how this cooperation is stable, after its emergence. The authors also highlight the emergence of 

cooperative behavior in negotiation situations involving multiple conflicts of interest. Part, if not all, of the 

participants in this negotiation generally cannot achieve full satisfaction of their desires, and in these cases, rules 

out the best individual option. Therefore, they can also choose the second best option so as to obtain positive 

results, even if they are not optimum, keep up good relationships and future possibilities of new negotiations and 

alliances. Cooperation between companies in a shared activity that creates value can generate competitive 

advantage for both. This is how such activity represents an important part of the operating costs of companies 

and sharing allows their reduction (PORTER, 1990). There may also occur if the sharing of activities contributes 

to a differentiation that increases the uniqueness of the product or reduces the cost of an existing uniqueness.  

Gotts, Polhill and Law (2003) and Arend (2009) discussed various rules, scenarios and action strategies of agents 

to carry out the prisoner's dilemma model in the ABS environment. This model requires that conditions be 

established and weights for each action (cooperate or not cooperate) and values of result or reward associated 

with each action chosen by the agents. The result of mutual cooperation between two agents in a simulation 

cycle establishes three points that will be accumulated for each agent. For the case of mutual non-cooperation, 

the result establishes only 1 point to be accumulated for each agent. For case of divergence of practice between 

the two agents of the prisoner's dilemma model during a round of simulation, there will be an accumulation of 5 

points for the agent that did not cooperate and the agent that cooperated does not accumulate any points. A 

player can recognize and remember the conduct of its opponent in previous interactions; thus, the history of 

interactions may lead to the choice of a strategy of action with respect to cooperating or not with its opponent.  

Inside the Theory of the Games, there is a tendency called n-players that studies the disputes, involving, at the 

same time, more than two players. With regard to the prisoner's dilemma for n-players, such a model is used to 

study populations where there are multiple individuals interacting with each other simultaneously (more than 

two players on each iteration) (ERIKSSON and LINDGREN, 2005). Thus, the prisoner’s dilemma for n-players 

gains a higher level of complexity in the calculations relative to the gains of each individual during the disputes. 

The model of n-players makes the gain matrix of the prisoner's dilemma complex and closer to what occurs in 

nature (DIAS, PINHEIRO and FRANCO, 2010). 
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Keeping the values of imprisonment convictions in case of non-cooperation and cooperation, as per the original 

model of the prisoner's dilemma (for two players), detailed earlier in this study, it is possible to generalize in the 

case of n-players, as per equations below (MANHART and DIEKMANN, 1989). 

Gc = (3 * (Nc – 1)) / (N – 1)                       ...(1) 

Gn = ((5 * Nc) + (1 * (N – Nc – 1))) / (N – 1)    ...(2) 

Equation (1) represents the gain "Gc" of a player when its strategy is cooperation in a given interaction and 

equation (2) represents the gain "Gn" when the strategy of the player is non-cooperation. The variable "Nc" 

represents the number of players that cooperated during the interaction in question and "N" represents the total 

number of players that participated in the dispute. Both equations represent the generalization of the model for 

two players. If there is mutual cooperation, the result of "Gc" is 3. For mutual non-cooperation, the result of 

“Gn” is 1. In case of divergence in strategy, the result of “Gc” (relative to the player that cooperated) is zero and 

the result of “Gn” (relative to the player that did not cooperate) is 5. 

THE MODEL PROPOSED 

The resources available in the various positions of the artificial environment represent new market opportunities 

that are latent and may be appropriate for companies as they move into such positions and follow certain 

interaction rules with others that are around them. The amount of resources in each position varies, as in a real 

market where the fruits of the exploitation of new opportunities will vary according to the return provided by 

each of these opportunities. Agents are created and distributed randomly in the simulation setup. The agents 

represent companies operating in market and have increasing specialization, requiring complementary skills 

through training alliances, as proposed by Doz and Hamel (2000), to explore new market opportunities or, in the 

case of this ABS project, to get hold of vital resources available in the artificial environment. 

Following the proposal by Epstein and Axtell (1996), the individual consumption of resources of each agent for 

its survival is set by its metabolism and is its primary motivation for moving to another position. As they move 

to a new position through the use of the vision reach and the concept of Von Neumann’s neighborhood, each 

agent must meet certain interaction rules, based on the prisoner's dilemma, to accumulate all the resources 

available there and consume their metabolism. From the first round of the simulation is that the agents move and 

interact with their neighbors, following the rules of the prisoner's dilemma to cooperate or not cooperate (this 

subject will be discussed below), to appropriate the resources of this new position.  

 

1. Find available positions to move according  the vision 
reach of the agent

2. Choice the best position to move

3. Move to the new position **

4. Interact its immediate neighbors

5. Accumulate the resources obtained

6. Consume the metabolism value * 

***

Activities 
performed 
for each 
simulation 
cycle

* If the stock is less zero, the agent die

** The available resources of the position is recovered after the agent consumes them

*** Start a new simulation cycle
 

Figure 1 – Flow of activities of an agent. 
Source: Author 

Figure 1 shows the basic flow of activities performed by an agent shortly after and during the setup of each 

simulation cycle. The interactions of the agent with its immediate neighbors (activity 4) represent the business 

alliances to explore new opportunities. The immediate neighbors are the ones immediately next to the agent in 

question, after its movement, respecting Von Neumann’s neighborhood concept, as shown in Figure 2. These 

neighbors represent the companies, which because they are near the new opportunity, have additional 

competences required to their exploration. Only the establishment of an alliance (interaction based on the 

prisoner's dilemma) between the company (agent from the artificial environment) and the near others (immediate 

neighbors) can ensure the successful exploitation of new market opportunity. The complementary skills 

necessary to exploit a new market opportunity require alliances with other companies. 
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Figure 2 – Immediate neighbors of an agent. 

Source: Author 

This project imposes certain rules of interaction between the agent and its immediate neighbors to determine the 

position of resources to be acquired by this agent. There is weakness in establishing alliances, since they involve 

risks and require trust between the parties, as suggested by Cunha and Melo (2006), Doz and Hamel (2000) and 

Bronzo and Honório (2005). The interaction in question is based on the models of the prisoner’s dilemma 

discussed and published by Gotts, Polhill and Law (2003).  

The features of the new position of the agent shall be apportioned between the latter and its immediate neighbors. 

If the item of the position in question has no immediate neighbors, the agent, when moving, can take ownership 

of all resources available. In the example illustrated in Figure 2, the agent "A0" has two immediate neighbors. 

The features of the position must be shared among three agents (two immediate neighbors and the agent "A0”). 

“A0” should perform an interaction with its neighbors, through the model based on the prisoner’s dilemma for n-

players that will be discussed below, to determine the amount of resources that will get hold of the new position 

that it occupies.  

The equations presented by Manhart and Diekmann (1989), discussed earlier, to model the prisoner's dilemma 

for n-players based on the original model designed for two players and their gains in cases of cooperation and 

non-cooperation. Keeping the same principles used, this project will determine the gains in case of interaction 

between two players and only from these, the gains will be conceived in case of interaction between n-players. 

Being "AD" the amount of resources available in one position, the result of mutual cooperation between the 

agent and its immediate neighbor in a round of simulation (prisoner's dilemma for two players) establishes that 

60% of the amount of resources available (0.6 of the value of “AD”) is accumulated by each one of two agents.  

Sixty percent of the amount available for each player represent the intermediary gain resulting from the mutual 

cooperation between the agents. It is worth remembering that, in the original model detailed by Gotts, Polhill, 

Law (2003), number 3 (intermediate gain) represents 60% of number 5 (maximum gain). The sum of the gains in 

case of mutual cooperation exceeds 100%, but the surplus produced by this practice, 20%, can be seen as an 

extra gain by the synergy promoted by cooperation in the establishment of alliances to exploit new market 

opportunities among all parties involved, in addition to characterizing the intermediary gain having adherence 

with the theory discussed previously. 

 Strategy  Result  

 Agent Neighbor Agent Neighbor 

Situation 1 Cooperate Cooperate 0.6 * AD 0.6 * AD 

Situation 2 Cooperate Not cooperate Zero AD 

Situation 3 Not cooperate Cooperate AD Zero 

Situation 4 Not cooperate Not cooperate 0.2 * AD 0.2 * AD 

Chart 1 – Relation of gains between two agents interacting by the resources available. 
Source: Author 

For the case of mutual non-cooperation, the result establishes only 20% of the amount of resources in dispute 

(0.2 of the value of "AD") to be accumulated for each agent. This gain value for each player represents the 

minimum gain in case of mutual non-cooperation and respects the logics discussed by Eriksson and Lindgren 

(2005) and Manhart and Diekmann (1989) that the gain for failing to cooperate in case of mutual non-

cooperation should be lower when cooperating in case of mutual cooperation. In the original model detailed by 

Gotts, Polhill, Law (2003), number 1 (gain with the mutual non-cooperation) represents 20% of number 5 

(maximum gain). Chart 1 shows the relation of gains between the agent and its neighbor interacting through the 

resources available of the position. 
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Once established the gains in the case of interaction by resources involving cooperation and non-cooperation for 

two agents, the determination of the equations that will represent the gains of the players will become possible in 

case interaction between n-players. The gain equations of each agent in an interaction based on the prisoner's 

dilemma for n-players, where what is in dispute are the resources available, based on the equations presented by 

Manhart and Diekmann (1989), are: 

AGc = ((0,6 * AD) * (Nc – 1)) / (N – 1) …(3) 

AGn = ((AD * Nc) + ((0,2 * AD) * (N – Nc – 1))) / (N – 1) …(4) 

Variable "AGc" represents the gain of resources after the interaction, for the agents who cooperated and variable 

"AGn" represents the gain of resources after the interaction, for the agents who did not cooperate. Both variables 

are functions of "AD" (available resources), "Nc" (number of cooperating agents) and "N" (total number of 

agents in the dispute). Equation (3) is analogous to (1), where "(0.6 * AD)" takes the place of number 3 and 

represents the gains in case of mutual cooperation for the case of only two players. On the other hand, equation 

(4) is analogous to (2), where "AD" takes the place of number 5, representing maximum gain achieved in case of 

divergence in the strategies adopted for the case of only two players, and "(0.2 * AD)” takes the place of number 

1, representing the gains in case of mutual non-cooperation also for the case of only two players.  

The history of cooperation of an agent in a given simulation cycle, is a value obtained from the average of the 

last 25 strategies adopted by this agent at the time of its movement, and value zero is always assigned for the 

case of non-cooperation and value 1 for the case of cooperation. The value obtained in this calculation represents 

the agent's history of cooperation, a number that varies between zero and 1, at that particular simulation cycle. 

Such a value represents the degree of cooperation of the agent to a certain time. 

An agent, when in a certain interaction is playing the role of immediate neighbor, will adopt the strategy of non-

cooperation in a given simulation cycle, if its history of calculated cooperation is a number between zero and 

50%. The strategy adopted for cooperation prevails if the agent, also playing the role of immediate neighbor, has 

its history of cooperation in a number from 50%. For a reputation of exactly 50%, his conduct will be determined 

at random with a 50% chance for cooperation and non-cooperation. 

The strategy adopted by an agent, which has just moved to a new position, when interaction with its neighbors, 

will depend on its conduct profile (a subject to be addressed later in this study). The strategies adopted by 

neighboring agents (representing partners with complementary skills in an alliance for new market opportunity) 

when interacting with the agent in motion are the values of their cooperation histories calculated, that is, if a 

neighbor agent has a history of cooperating agent, it will cooperate. If a neighbor agent has a history of non-

cooperation, it will not cooperate.  

Unlike the history of cooperation, built on the models of the prisoner's dilemma addressed by Gotts, Polhill and 

Law (2003), Arend (2009) and Axelrod (2010), this simulation project builds the cooperation history considering 

the strategy adopted by the moving agents independently of their opponents. A moving agent does not evaluate 

only the history of cooperation of an opponent neighbor considering its past interactions with it, but rather 

considering the entire conduct of this neighbor with all the agents with which it has interacted. This decision is 

based on the idea that the search for new market opportunities by a company and its strategies for cooperation in 

alliances established to exploit these opportunities have repercussions throughout the market and affect the 

behavior of other companies when interacting with it. 

This project defines three different profiles of conduct that are assigned to each agent in its creation to determine 

the strategy to be adopted by it, at the time of their dislocations. The first profile is the one that represents the 

approach dealt by the theory of shareholders. For the agent who owns this profile (called a profile of maximizing 

behavior), the strategy is not always cooperate with their immediate neighbors, maximizing their gain in the 

interaction. The profile of maximizing behavior can also represent opportunistic company profiles, since they 

derive maximum results from the interaction, without concern for the perpetuation of long-term alliances.  

The second and third profiles of conduct are more aligned with the concept of bounded rationality, representing 

aspects related to the equalization of result with other agents, prudence in decision making and strategies 

established by chance. The second profile, called Profile of Conduct equalizer, represents the approach dealt 

with by the theory of the stakeholders. With this profile, companies that prioritize relationships, image and 

alliances in his conduct are represented.  They are conservative and so they are aware and protect themselves 

from others that have a history of non-cooperation. For the third, called the profile of unpredictable behavior, the 

strategy is adopted randomly with a weight of 50% for each behavior, regardless of the history of cooperation of 

opponent neighbors. The randomness of conduct is always present, even in a small proportion in corporate 

decision making.  
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If: 
(N – 1)

2
≤ Oc -> The agent will adopt the cooperation 

strategy

If: 
(N – 1)

2

Oc› -> The agent will adopt the non-
cooperation strategy

 

Figure 3 – Rule to establish the strategy adopted for an equalizing agent. 

Source: Author 

During the movement of an agent, this may come across more than one immediate neighbor, and if so, the 

increased gains of resources available in the new position will depend on its profile of conduct and the conduct 

of its immediate neighbors (value calculated from the historical cooperation of each one of the neighbors). For 

the case of the agent in motion with a profile of maximizing behavior, the strategy adopted by him will always 

be of non-cooperation and its gains in resources will depend on the value of "AGN" calculated through equation 

(4). The gains of the other agents in the interaction (immediate neighbors) will depend on their behavior, 

established by their histories of cooperation, and equations (3) or (4). For the moving agents having equalizing 

conduct profile, the strategy adopted by them will be given through the rule presented by Figure 3 and their 

resource gain and that of their immediate neighbors will depend on the results of “AGc” or “AGn”, calculated 

through equations (3) or (4). “Oc” represents the number of immediate neighbor agents that cooperate (having a 

history value of cooperation higher than 50%). For the type of unpredictable agent, the strategy adopted is 

established randomly with a weight of 50% for each behavior, at the moment of the dispute, irrespective of the 

history of cooperation of immediate neighbors. Their gains in resources and that of their immediate neighbors 

will depend on the outcome of "AGc" or "AGn", calculated using equations (3) or (4). 

The profile of conduct of an agent is assigned at its creation at random, following the rule: 45% of agents are 

maximizers, equalizers are 45% and 10% are unpredictable. The reduced proportion of the number of agents 

with the unpredictable profile is due to the purpose of this ABS project being the study of cooperation through 

the ABS. Strategies adopted at random hinder the study and the analyses of the influence of the history of 

cooperation and profile of agents' conduct in relation to survival and success at the end of the simulation/ 

however, they cannot be neglected in the model because they represent a possible conduct. 

Object of the study Corresponding in the artificial environment 

Technology-intensive market Artificial environment 

New market opportunities Resources available in the positions of the environment 

Companies that detect new opportunities Moving agents 

Companies owning additional competences required for the 

exploration of new opportunities detected 

Immediate neighboring agents 

Internal characteristics that make up the companies Physiological characteristics of agents (metabolism and vision 

reach) 

Companies’ conduct in an alliance for the exploration of new 

opportunities 

Interactions between the agents based on the prisoner’s dilemma 

Gain appropriate derived from the new opportunity explored through 

the alliance established 

Resource gain after an interaction 

Profiles of the strategic conduct of the companies based on the 

shareholders and stakeholders’ theories. 

Agents’ conduct profile 

Competences, skills and knowledge accrued by a company Agent’s resource stock 

Disappearance of a company from the market. Death of an agent. 

Chart 2 – Correspondence between the artificial environment built and the theories studied. 
Source: Author. 

As already discussed, the history of cooperation of an agent is given by a calculated number based on the history 

of the 25 strategies adopted by it in the past. This calculation can only be executed or makes sense after at least 

25 cycles of simulation have passed. Only from the twenty-sixth cycle of simulation the value of the history of 

cooperation makes sense and represents the image of the agent built from its strategies adopted in the past. Thus, 

all agents in motion behave as if they had the unpredictable behavior profile during the first 25 interactions they 

have and the immediate neighbors in those disputes behave as if they had a history of cooperation of 50%. This 

decision of the simulation project represents in some ways the situation of lack of information of a firm or 

manager for decision making in the face of another firm, still new and without a built reputation. This would be a 

market situation still under construction. 
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Chart 2 shows the artificial environment in a synthesized way, its resources available, agents and rules that 

represent a hypothetical technology-intensive market with its new business opportunities, containing companies 

capable of identifying such opportunities.  

It was found during preliminary tests of the model built that the number of live agents moving and interacting 

stabilizes after a certain number of cycles; however, one of the output variables for the analyses of results, called 

average cumulative resource of the agents, does not stabilize, keeping at continuing growth. Anyway, it was 

possible to verify that this second variable, after a long run, is replaced by a much reduced growth rate. 

Therefore, it was determined that, for this ABS project, the number of 850 cycles be adopted as limit for 

completion of each simulation performed. With high numbers of interactions, it is possible to see the trends and 

developments of the population.  

ANALYSIS OF THE PROPOSED SIMULATION MODEL 

Software used for project development was NetLogo©, version 4.1.1 of August 2010. To handle and analyze the 

data obtained from the simulations performed, statistical software SPSS Statistics©, version 17.0 of August 2008 

was used. Basically, averages and standard variations of some variables were calculated and dependences were 

verified among variables through multiple linear regression and graphic analysis. Some categorical data 

transformations were performed so that the analyses were made possible. The confidence index used in all tests 

was 95%. 

All observer’s variables were tabulated of 238 simulation runs, which were carried out with several changes in 

each of the existing input parameters. The analysis primarily focused on obtaining dependency relationships 

between the input parameters and output variables DIFRECACUM (average difference between the resources 

accumulated by the agents and the average co-survivors of resources accumulated by the agents did not co-

survivors), representing the possibility of a higher average accumulation of resources by the companies with a 

history of cooperation, and %NEMPRCOOP (number of surviving non-cooperating agents) representing the 

percentage amount of surviving companies with a history of cooperation at the end of the simulation.  

Calculation performed Value obtained 

Average of DIFRECACUM 78.32 

Standard deviation of DIFRECACUM 103.20 

Average of %NEMPRCOOP 42.6% 

Average of %NEMPRNCOOP 57.4% 

Chart 3 – Result of the variables analyzed in the preliminary tests 

Source: Author. 

Chart 3 presents the results of the calculation of some averages of data from the output variables of 238 

simulation runs. On average more companies survived percentage-wise that have a history of non-cooperation. 

Percentage values are used for the number of surviving companies cooperating and non-cooperating due to the 

initial number of firms not being constant for all runs, making the absolute values of surviving companies not 

comparable. 

Even with the lower average number of cooperating companies, the value of the difference between the average 

of resources accumulated by the surviving cooperating agents and the average resources accumulated by 

surviving non-cooperative agents is positive, indicating that on average the cooperating agents accumulate more 

resources at the end of the simulation. The standard deviation found for this variable suggests that there are many 

situations where this difference between the averages of accumulated resources is negative. In these simulations 

performed, the negative value occurred in 50 cases, approximately 21% of all executions.  

Through linear regression it was found for the output variable DIFRECACUM, with NEMPRESAS parameters 

(initial number of companies) and METABMAX (maximum metabolism to be assigned to the agents during the 

setup); the other variables did not obtain the alpha value (p-value) below 5%. The residues obtained were close 

to normally distributed behavior; however, the value found for the variable "adjusted R-square," which indicates, 

in this case, how much the variation of the initial number of companies and maximum metabolism assigned to 

the agents explain the variation of the difference of the averages of accumulated resources, was very low, less 

than 5%. From this analysis it was not possible to obtain any conclusive results. Still, it was possible to observe 

the sensitivity of the model to the parameters of the initial number of companies and metabolism. In situations 

where the range of metabolism was closer, the survival rate was very low. 

For the output variable %NEMPRCOOP it was also found a significant relationship with the parameters 

NEMPRESAS and METABMAX; the other variables did not obtain the alpha value (p-value) below 5%. The 

residues obtained did not have a behavior as close as to the normally distributed behavior, containing a few 
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points quite far from the average; however, the value found for the variable "adjusted R-square," which indicates, 

in this case, how much the variation of the initial number of companies and maximum metabolism assigned to 

the agents explain the variation of the percentage of surviving cooperating companies was higher, next to 40%. 

From this analysis performed we were able to observe a strong dependence of the survival of cooperating 

companies with the established range of metabolism in the execution of the simulation and a less strong and 

negative relation and of negative survival sign of cooperating companies with the initial number of companies, 

that is, the more agents start the competition (the more the market is competitive in terms of number of 

companies), less cooperating companies in percentage terms survive.  

The maximum parameters range of vision, relevant period for calculating of the history of cooperation and 

maximum initial inventory showed no significance for both the variation obtained with the accumulation of 

resources for cooperating companies as for percentage number variation of  surviving cooperating companies of 

the 238 preliminary runs performed. 

After the analyses of the simulation runs performed preliminarily, through the observer’s variables, it was found 

that some parameters could not directly influence the emergence of cooperation, both with regard to the survival 

of cooperating companies and in their wealth (accumulated resources of resources). Along with this, there was a 

strong dependence of the model on parameter metabolism and a dependence slightly lower to the parameter 

initial amount of companies.  

Considering that metabolism and initial number of firms may be prominent on the model proposed by this ABS 

project, nine scenarios were created by varying these two parameters, as can be seen in Chart 4. The other 

parameters were kept constant, with the exception of the proportion of behavior profiles to be assigned to the 

agents during the setup. In the analyses of these nine scenarios it was evaluated by multiple linear regression, the 

dependence of the accumulated wealth of each company and the variables assigned to each agent during the 

setup of the simulation. These scenario analyses do not focus on the perspective of observer but rather provide 

details on the emerging artificial society. 

Scenario NEMPRESAS METABMAX Random Profile 

1 850 4 Yes 

2 1450 4 Yes 

3 2100 4 Yes 

4 850 4 No 

5 1450 4 No 

6 2100 4 No 

7 850 2 No 

8 1450 2 No 

9 2100 2 No 

Chart 4 – Result of the variables analyzed in the preliminary tests. 

Source: Author. 

Scenarios with low initial number of firms were discarded as they do not a large amount of interactions between 

companies, weakening the analyses of cooperation and business conduct in the formation of alliances. Thus, the 

scenarios basically evaluate markets with medium (850 agents), high (1450 agents) and very high (2100 agents) 

company concentration. From the 4th scenario run and analyzed, it was discarded the random profile, because 

we realized that this led to some disturbance in the simulation result (it distributes random behavior of 

cooperation and non-cooperation with 50% weighting) and created noise in the analyses. The interval in the 

vision reach, as noted in the preliminary analyses from the observer’s perspective, did not significantly affect the 

outcome of the simulations.  

For each scenario 3 identical simulations were performed and the information obtained from surviving agents on 

each one of them were gathered for analyses of the multiple linear regressions made.  

Internal resources, special skills and efficiency of companies represented by the metabolism of agents, proved to 

be essential for survival and success in terms of increasing wealth, represented by the accumulation of resources 

at the end of the simulation, the market characterized by this study. The capacity of perception of new 

opportunities existing in the market, represented by the range of vision of the agents, again was not important for 

the companies’ survival and success. Even with the vision reach having seemed to be as significant in scenarios 

7, 8 and 9, the values obtained from "B" (coefficients resulting from linear regressions performed) do not make 

this feature essential. 
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Companies lacking or difficult to obtain information about the history of cooperation or non-cooperation of 

others (or with many unpredictable companies in relation to cooperation strategies) are more influenced by their 

own internal conduct than by the evaluation of the strategy history adopted by the partners during the 

establishment of alliances. This phenomenon was seen during the analyses of scenarios 1, 2 and 3, since the 

random profile inserted noise in the analyses related to the variable history of cooperation. The profile of 

maximizing behavior influenced more the stock variable of resources (accumulated resources) than the 

equalizing profile, as can be seen in the values of "B" obtained in the first 3 scenarios analyzed. Anyway, 

cooperation emerged since companies with a history of cooperation survived. Companies that represent the 

theory of shareholders led some advantage over those that represent the theory of stakeholders. 

Companies with a history of cooperation, both on average and in high competition (scenarios 4 and 5), showed 

more success, if compared with those with a history of non-cooperation in markets with greater diversity of 

businesses, as to their characteristics, internal resources (agents created with a higher range of metabolisms) and 

clarity of corporate conduct (without the effect of the random conduct profile). Already in markets of very high 

competition, the conduct that represents the theory of shareholders appears to place a difference in business 

success. A highly competitive technology-intensive market (scenario 6) seems to make the history of cooperation 

of the companies not a determining factor in the accumulation of internal resources.  

Companies with the profile of conduct that represents the shareholders’ theory, both on average and in high 

competition, and with less diversity of companies as to their characteristics, internal resources (agents created 

with a small range of metabolisms) and clarity of conduct (without the effect of the random behavior conduct) 

presented most success in terms of accumulation of resources. This phenomenon could be seen in scenarios 7 

and 8. In markets of very high competitiveness, the conduct that represents the shareholders’ theory also seems 

to be the determining factor in the companies’ success. A highly competitive technology-intensive market 

(scenario 9) also seems to make the history of cooperation of the companies not significant in the accumulation 

of internal resources. 

It is possible to check that the number of emerging companies – cooperative and non-cooperative – is quite 

balanced in scenarios 1 and 4, where there is a median concentration of companies inserted in the technology-

intensive market and a higher range of metabolisms distributed among such companies. In scenarios 2, 3, 5 and 6 

it is possible to see that the number of cooperative companies is less than the number of non-cooperative 

companies. In the case of scenario 7, the initial number of firms is median, but the range of metabolism is 

narrower, causing a relative reduction in the number of cooperating emerging companies. All these results 

confirm the analysis performed during the run of the preliminary tests, from the observer’s perspective, who 

introduced the variable %NEMPRCOOP as having a significant relationship with the parameters NEMPRESAS 

and METABMAX. 

In markets of high and very high competition in terms of number of companies and homogeneity and in terms of 

internal characteristics and resources of the companies, cooperation virtually did not emerge. The strategy of 

non-cooperation, even by companies that represent the theory of stakeholders, ensured the survival and 

accumulation of internal resources. 

After cycle 25, moment when the history of cooperation or non-cooperation starts to influence the companies’ 

strategy during the interactions in the alliances established, the number of cooperation companies drops almost 

to extinction. For the case of scenario 9, this phenomenon is even more pronounced.  

CONCLUSION 

In most scenarios analyzed and simulated by the model proposed by this ABS project, cooperation between 

companies in the establishment of alliances emerged. In markets with greater diversity of firms in terms of 

efficiency and internal resources and average concentration of firms competing in the market, cooperation 

emerged and the number of survivors that cooperate and do not cooperate was balanced. This result may indicate 

that cooperation is possible in those markets, especially when there is heterogeneity of firms competing and a 

balanced number of competitors. Such evidence supports Axelrod (2010) who proposes that cooperation can be 

found under the right circumstances, even among opponents or in this case, competitors. We also noticed that the 

agents for the achievement of individual goals (accumulation of resources available in the environment), rely, in 

fact, on the possibility of resorting to the support of others, in this case through cooperation, as proposed by 

Conte and Sichman (1995). 

Cooperation did not emerge only in markets where differentiation between companies in terms of efficiency and 

internal resources was lower and the number of existing competitors was large or very large. Such evidence 

supports to an extent the proposal made by Doz and Hamel (2000), since, in a tight market and with difficulty in 

terms of finding new resources, given the high competition, incompatibility of objectives can arise that weaken 
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the basis of cooperation required for the companies to complement their competences in developing and tapping 

into market opportunities. 

This work of ABS seems to reveal that cooperation can exist in situations of less competition. In situations where 

there is intense competition, cooperation emerges insipidly or not emerges. The change of behavior in these 

extreme situations, such as the imminence of death, has not been modeled and tested. The modeling of this rule 

of conduct could support analyzes of issues related to the emergence of cooperation also in very extreme 

situations of competition, as presented by Axelrod (2010) in the chapter of his book dealing with cases on 

cooperation between adversaries in the battle fronts during the Second World War. 

The accumulation of resources over time, achieved through the appropriation of existing market opportunities 

and the establishment of alliances, seems to indicate that the profile that represents the theory of shareholders is 

more efficient than the profile that represents the theory of stakeholders. In most simulated and analyzed 

scenarios, the model of representation of shareholders was most efficient in terms of accumulation of resources. 

This evidence corroborates the proposal made by Jensen (2001) that there is contradiction between the theory of 

stakeholders and maximizing profit. 
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