An Experimental Approach to the Study of Banking Intermediation : the BankNet Simulator�





Economics and Financial Intermediation





  Capital markets aren’t the most important source of funding for firms�. The activity of financial intermediaries and in particular of banks  is of primary importance to describe the structure of financial systems, also in presence of securitization and globalization, which should tendentially reduce the role of the banking sector in determining the equilibrium of the financial systems.


  Setting aside an accurate analysis of the  diverse school contribution,  which is beyond the scope of this essays, we shall try to illustrate briefly in this first section the most important arguments proposed by  economic research to explain the existence of an institutional context similar to the one typical of the western economies. 


The credit market has been studied mainly as a market for intertemporal exchange.   The main reason of these exchanges  is the fact that individuals aren’t indifferent about their distribution of consumption and leisure over time. The notion of “time preference” , which comes from the classical analysis of Fisher (1930), has made it possible to study  the credit market  in an analytical way. Transactions between “surplus” units and “deficit’” ones can be viewed through  this  reading key as a mechanism to match flows of income desired and realized in every period. The presence of a credit market  should be an incentive toward an efficient allocation of the resources. It allows to discriminate between a plurality of investment opportunities and, in this way, it determines the real equilibrium of the system . At this stage of the analysis we can think of a direct financial circuit as showed in figure 1
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Figure 1: “Direct Finance”





The presence of financial intermediation could be represented by a scheme as in figure 2.  Figure 2 shows the presence of actors between surplus units and deficit ones,  realizing an indirect financial circuit�  
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Figure 2: “Indirect Finance”





 This essay  focuses on the explanation of the reason why the second scheme dominates  the first one in the real world and on the identification of the forces which push toward this second ideal model.


 In abstract terms the presence of intermediaries is a disadvantage, because the chain of transactions between demander and supplier of funds is lengthened  consequently leading to greater transaction costs in the economic system, ceteris paribus. The presence of intermediaries between demand  and supply side has to be explained in terms of benefits of intermediation compared to costs of transaction. Using Coase’s (1937) traditional analysis model, we can think that the firm emerges alternatively to the market when some processes are feasible in a more efficient  way through hierarchical procedures rather than through the price system. The firm is now viewed as a coordination system  which allows to internalize transactions, thus making feasible exchanges  that in a pure market economy would not be  feasible.   


 “Money in a Theory of Finance” by Gurley and Shaw (1960) is one of the most important work for financial intermediation  theory. The analysis of the two authors starts from the consideration of the subjective propensity of   the subjects to negotiate, making a distinction between risk and liquidity propensity. The exchange could not occur, even in absence of information problems, if the financial instruments and market’s organization are not adequate to reconcile the divergent agents preferences. In  market economies based on the use of money , the volume of desired financial transactions tend to be greater than the volume of feasible transactions using the circuit of direct finance. In other terms, it means that the volume  of directly realizable transactions under the conditions  hypothesized  is not sufficient to satisfy the total number of potential transactions: thus we can  argue that direct finance puts the system in a situation of “incomplete market”.


Gurley and Shaw results on the analysis of the role of intermediation show that primary bonds issued by  firms (funds demander) are transformed into derived financial activities  that embody the requirements of  the final investors (funds supplier). Therefore Financial intermediation may be assimilated to a technology for the production of transportation services, intended to reduce the problems that come from the differences in preferences toward liquidity among agents. Unlike  direct finance  which doesn’t use a sufficient degree of risk’s diversification for supplier and demander, the banking activity would transform illiquid activities  into  liquid loans. In Gurley’s and Shaw’s opinion, financial intermediation is useful when  the indivisibility problems and the  no convexity  affects the transaction’s technology� limiting the possibility of risk diversification realizable with direct financing operations. The liquidity function is for this approach one of the most important characteristic of the banking activity.  


A second and more modern approach to banking intermediation� considers intermediaries as institutions set to avoid the problems of imperfect and asymmetric information�. In   this vision, the problem of asymmetric information finds a solution  in the capacity of the intermediary to obtain, to elaborate and to  evaluate information for the agent.  


The screening pre-contractual activity of investment opportunities selection , is an important moment of banking activity to explain the existence of financial intermediaries. In absence of an adequate screening activity, adverse selection reduces the average credit operation probability of success if the intermediaries don’t use credit rationing solutions. A market solution to the problem of adverse selection is  private production of information. Given the existence of the free rider problem we can observe examples of private information production business on the main financial market worldwide  that are not fully sufficient to solve the problem.  The government regulation is also a partial solution of informational asymmetries. 


The huge role of banking intermediaries in the management of  nowadays monetary economies, shows without any doubt that  the two solutions described above are not sufficient to solve the difficulties on the ground�    


The banking system has developed an experience in the information production  which enables it to lower costs and to obtain in a more efficient way the huge amount of information necessary to discriminate among the projects to finance. Directly interposing between supplier and demander  and assuming  a relevant role in the exchanging process the intermediaries are able to solve the free rider problem.  They internalize in a single productive function the information- acquisition phase  and  the realization of profits by borrowing funds, using private loans instead of standardized market bonds. Bilateral loans are not in general available on marketplace, and, in this way,  consequently, the information,  that comes out of them, is not usable by the potential competitors of the banking firm. Banks maintain an advantage that justifies the existence of positive profits and  explain why expensive operations of screening and monitoring are realized.


The monitoring activity, unlike  the screening one, is a set of post-contractual verification operations  required  to obtain a good result from the financing transaction in presence of incomplete contracts. Diamond (1984) proposed an example of the effectiveness of the intermediation on the reduction of agency costs for external financing  in an environment with moral hazard conditions , through verification. The monitoring activity�  should be interpreted in a wide sense, considering any form of information collection on the financed agent, his investment perspectives and his strategy. The information collected are useful to punish deviating behaviors. For Diamond the monitoring activity shows natural economies of scale, because an intermediary would be able to control a firm with the same effectiveness of a group of shareholders, thus economizing on costs. Moreover, if the intermediary has a well diversified portfolio, its relationships with funds suppliers are not exposed to moral hazard, because the expected return is nearly risk free and financing operations, at fixed interest rate, are fully feasible.


One last aspect useful to explain the existence of banking firms can be linked to the idea of customer relationship. The previous concept  can be clarified thinking of the intermediation process as a mechanism  to stimulate in a long term commitments assumptions. In absence of complete contracts, the agreements among the counterparts are not just open  to the constraint that derives from the distribution of information, surmountable with the monitoring activity. If  long term commitments  are not feasible using contracts, then financial intermediation represents an alternative mechanism with its intense relation between bank and firm. Even in presence of a certain degree of competition between intermediaries in an intermediate phase, the informational advantage, built on past transactions gives the bank the bank the opportunity to defeat the rivals.  


The simulation based on artificial agents, which we have designed, tries to illustrate some of the phenomena briefly described in this first section. Adopting an experimental approach we have tried to verify the propositions about the importance of economies of scale and focalization (experience) in portfolio diversification and in transaction costs. Moreover we have tested the importance of the screening and monitoring activity to explain the existence of financial intermediation in a context with heterogeneous agents (while in traditional models the assumption of a representative agent is fundamental),  interacting in an environment with imperfect information where phenomena of bounded rationality are observable.


The intellectual charm of a similar operation comes out of the non deductive approach to  modeling, trying to enlighten the passage between scheme 1 of direct finance and scheme 2 of indirect finance. BankNet is useful because it provides a new vision on problems studied deeply by economic theory during the past years, but it is also interesting to explore fields not fully studied at this moment. For instance, our knowledge of the strategical interactions among intermediaries under imperfect information is really far from being fully satisfying. Studying the competitive dynamics inside the simulators could be useful to analyze this aspect, once  the study of the emergence of banking has been exhausted.


BankNet





In this section we will illustrate the simulating model based on artificial agents (BankNet) and the implementations, designed on it to incorporate some of the stylized facts described in the previous section: transaction costs, economies of scale, bounded rationality, heterogeneity and strategical interaction.


BankNet has been developed by Manor Askenazy as an example of graph-based model in Swarm without any particular interest in the economic relevance of the results�. The implementation realized in a second phase during our work is a trial to conduct the structured software,  prepared by Askenazy into an experiment of Artificial Life interesting for Economics.   We made a sequence of substantial changes to illustrate a set of aspects of reality, enlightened by the theoretical research.


Our goal, is to show the emergence of banking activity from the interaction of a continuum series of financial transactions between heterogeneous economics agents. This goal is finally reached varying the action scheme of the artificial actors and some characteristics of them. We use the graphical potential given by the Askenazy’s original framework, which enables the user to interpret the experiment in a direct and effective way.


The core idea of the BankNet experiment is that economic agents work in a financial network where operations of deposit and credit continually take place, in an environment characterized by great variance of the optimal capital and of cash flows for each agent (heterogeneity), imperfect information, which leads to positive transaction costs and limited exchanging opportunities.


To express the concept of limited transactional capability, which characterizes the imperfect information environment, a  network structure has been chosen, so that each agent is part of a well defined relational network. The traditional neoclassical abstraction of perfectly multilateral negotiation, based on the walrasian hypothesis of centralized auction markets, is in this way exceeded. With this choice we represent the time - space   dispersion of the operators which frequently makes centralized transactions unfeasible .


Each agent has a limited set� of  links that relate it with others artificial operators. Links are divided into two categories: borrow links, that represent the communication channels to send loan request for matching available capital with its optimal level ; Invest links that describe the channels for deposit relation. With the operation of deposit each agent has the possibility to entrust to other agents the cash flows generated in every cycle of the productive process, here considered as exogenous, waiting for a personal use of these resources. The investments that pass through investment links are similar to deposit operations of surplus units. The borrow operations, which go through borrow links, represent the resources demanded by units in deficit. The Financial Network composed of the entire set of borrow and invest link defines the development opportunities, the functioning and the limitations of this “in silico” system. 


In the experiment,  a series of parameters described in table 1, are freely changeable by the user.


Each agent receives every year an income� which derives from activities not described in the simulator, that limits its work to the representation of financial transactions. For the sake of simplicity we made the choice of a partial equilibrium, modeling of the economic system.  Income varies randomly, cycle after cycle under a uniform distribution� on an interval, from zero to two, the mean income which is a parameter exogenous under the control of the experimenter as illustrated in table 1.


We  now  describe the actions made by the agents and their order over time.


 At the initial stage, all the agents have the same capabilities. We will try to show  how a process of specialization and division of labor could take place, thinking about the forces that lead to an intermediaries creation, which gives life to a sequence of multilateral relations. These relations   realize with an indirect circuit what’s held in the initial circuit, by a set of diversified and fragmented direct transactions.











Population:�



 Number of Agents operating during  the experiment�
�
Average Income:�
Agent’s average income�
�
ProbIop:�
Agent’s probability to get an IOP during a cycle (Investment Opportunity)


�
�
ProbIopSuccess:�
Probability of a successful credit operation. The supplier of funds will be paid back only with a success.�
�
IopMultiplier:�
Multiplier associated to a successful investment. It represents the interest rate earned by the financier �
�
ProbEncounter:�
Probability of an encounter among two agents during every cycle�
�
 Initial Transaction Costs:�
Common initial level of  transaction costs. These costs are mainly related to the negotiation phase and to the redaction of the contractual agreements �
�
�
�
�
Table 1: “Model’s  Parameters”











Examining the time schedule of the model we can observe that every cycle is divided into four fundamental steps named: “Encounter”, “Deposit”, “IOP” and “Financing”.
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  At  first we suppose that each agent starts to look for counterparts , after having observed the realization of his income. Costs of information, transport and selection limit the relational capability and it is not possible to obtain contacts over a certain threshold fixed in the model.


An agent may contact another operator, chosen  randomly �, in every cycle with probability ProbEncounter. When one agent meets another one, it can decide to move its borrow or invest links from their previous positions, considering the new information acquired. New information  enables the agent to estimate, in an adaptive manner, the profitability of the new encounter through the ROI� of the previous period, revealed during the encounter.


To decide whether to move or not his borrow link, the agent needs to estimate the financing capacity of the encountered agent. This estimate is obtained  evaluating the amount of capital that the financing agent would have been able to give in the previous period, if, in that occasion, he had received an additional request of funds.


In the “Deposit” phase,  each operator deposits his income in the agent connected by his invest link, as in reality units in surplus invest their own cash flow in external activities to maximize their intertemporal utility. The agent, who receives funds from a depositing unit, uses the amount of resources received in the same period of the deposit operation�. Depositing, the agent delegates funds management, relying on the capacity of another agent to generate returns sufficient to repay the debts they contracted.


The third moment is named “IOP” in the temporal line of the model. At this stage each agent may try to augment his available funds, sending credit requests  to the other components of the financial network. In every period with probability ProbIop an agent will run into a new opportunity of Investment (IOP), which requires bigger funds than those available to the agent. If the agent is interested in financing the IOP, he can use the credit channels, looking for money through the borrow link, which connects him to other agents. For the financed agent the IOP is an impulse to go to the financial  market and ask for credit. The probability of success (ProIopSuccess) is  directly observable.   


For the unit that supplies funds, an Iop represents the occasion to invest capital in an external firm, with the goal of obtaining a positive flow of  interest on loans (Loan*IopMultiplier)� with probability ProbIopSucces.


In the fourth moment of every cycle the financing operations finally occur. Any time an agent   receives a funding request he  has to evaluate whether to supply or not the resource to the external demanding unit. The present version of BankNet doesn’t describe explicitly this process. The borrow link should be looked at as an open credit line freely usable by the agent connected. In other words the operations of evaluation   are not directly on the stage in the simulator because it is assumed that  credit-evaluation operations have occurred at the time when the credit relation starts. This is probably the major weakness of this example of artificial life. To analyze the procedures of credit analysis Beltratti, Margarita and Terna (1996) developed a simulation founded on the use of neural networks. The use of this kind of tools is supported by epistemological motivations and by the massive diffusion in the banking practice worldwide of virtual systems for credit analysis based on artificial intelligence as the ones employed in the essays quoted above. The next version of BankNet should internalize similar well tested connessionist devices for selecting the financing requests.


Focusing on the present characteristics of the simulator we have to describe the borrowing phases: an agent receiving a plurality of loan requests  will share his capital in equal parts among the agents demanding for funds. This strategy reaches the goal of minimizing the variance of the expected returns. While in the original specification, it was assumed that  profits from the financial operation were consumed before the end of the period, so excluding the phenomenon of capital accumulation, this factor is introduced in the present version because it is important to determine economies of scale and for his role of canvenant in asymmetric information contexts.


In the fourth period it is possible to observe the results of the IOP realized. Each agent may calculate the economic result of the period on the basis of return flows coming from credits and losses of capital deriving from faulted credit operations. Two innovations have been introduced in this particular phase. First of all,  transaction costs assume an explicit role in determining the final result. Second, experience is a relevant variable to evaluate the probability of success of a financing operation. Both  factors show the role of economies of scale in the intermediation activity in the spirit of Gurley and Shaw. The second factor underpins also how in a world with asymmetric information, the intermediaries having a more intensive activity  of monitoring and screening may reduce the moral hazard and adverse selection problem, raising consequently the probability of success of a financial operation�.
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Figure 3: “The Financial Network”
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Figure 4: “BankNet Probes”





The emergence of Banking





Using the simulating device described in the previous section we can finally devote our attention to some experiments for testing the most accredited theoretical propositions. Choosing a set of initial values� it is possible to “start” the artificial life in the financial network, observing, cycle after cycle, the repetition of the operations above described.


At the beginning each agent borrows and lends with the other operators in the system, as we  can imagine in a primitive society where every agent tries to reallocate his resources to match them efficiently  with his needs.


No institution exists in this phase and the efficiency of the transaction is only derived from the random encounters among individuals that cannot use information channels powerful enough to conclude multilateral transactions.  Each agent, as we stressed, does not make his decision using a maximization  scheme, typical of the orthodox microeconomic  model. He  uses simple rules of  thumb to decide where, when and  with who is to conclude a financial transaction. The heterogeneity among individuals is guaranteed not only  by the difference in their income, but also by the randomness of their encounters.  Encountering good or bad debtors, having the possibility to deposit resources with agents with heterogeneous ROI,  determine the level of transaction costs and the capability to select investments (Experience) for each individual. In the model it is present a great path dependence that relates  deeply the individual’s action with his  personal history and with that of the entire system.


Using the instruments of analysis provided in the simulation, it is possible to observe the emergence of banking institutions. These are not  introduced a-priori by the programmer, but they are derived by the dynamic interaction among agents which leads to an interesting phenomenon of chaos reduction  (entropy) in the system, related to the specialization of  work. As a consequence of the specialization of  work, a few units collect the deposits from the population and lend resources as in the modern capitalistic economies.


In its implemented version, BankNet enables the user  to observe the creation of  contemporary economies  key institutions. The artificial world simulates reality. It develops a non intentional  credit system in an absolutely decentralized way,  excluding any form of conjecturable constructive programmes. The process which realizes this specialization is described with an accuracy difficult to realize by an analytical model that has to face important difficulties to represent chaotic movements and disequilibrium dynamics as in BankNet.


We need to stress how the selection mechanism does not work in the strictly deterministic way, which comes from the hypothesis of perfect information and of representative maximizing individuals . Even if  ”efficient” agents� are in general   “rewarded”,  expanding their financial activity, the system does not identify the most efficient ones by far. In the first phases of the experiment an interesting phenomenon is observable. It is the existence of successful individuals that are absolutely not the best in the population, even though they all belong to the  upper middle  class of the efficiency distribution. Figure 5 shows the fast decrease, cycle after cycle, of the number of “active banks”, that is the number of agents that, receive deposits and lend loans.
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Figure 5: “Active Banks”











Even if initially all the individuals perform credit and deposit operations after a certain number of repetitions the quantity of intermediaries is sensibly reduced. As  it is possible to observe in figure 6, after six hundred cycles “the banks” are consistently less than twenty, that is just one fifth of the initial amount. After almost two thousand cycles, the system reaches its level of stationary equilibrium with just six active financial operators. After having reached this equilibrium point the graph of figure 5 stops its fluctuations in absence of exogenous shocks, that are reproducible varying the parameters of the simulation.


Figure 6 shows the entropy  of the financial network during the experiment. We can observe   how, with the proceeding  of the experiments and the progression of the division of labor the value of the entropy declines constantly, both for financing and deposit operation.
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Figure 6: “ System Entropy”





As soon as  the banking institution emerges, the “disorder” of the system is reduced for the stabilizing and regulating effect of the banking firm. The financial network generates spontaneously behavioral rules sufficient to govern complexity more efficiently, thus reducing environmental disorder,  also in presence of bounded rational agents. Furthermore  in the case of limited computational capability of the agents, which leads to the adoptions of rules of  thumb instead of the sophisticated schemes of maximizing interaction, and of imperfect information, the individual units may coordinate themselves in  time to solve the problem of credit allocation, or to approximate a solution.


Observing through the probe  the characteristics of every operator, in all the agents the phenomena of transaction cost reduction and of financing capacity growth is relevant. The emerging institutional structure allows many evolutive occasions that expand the financial capital circulating in the system, and increase the average ROI of the agents and finally increase their probability to obtain a loan.


If at the beginning  each individual was in a situation close to that of a primitive or high medieval man who was forced to work in autarchic conditions , in an economy of self consume, after less than one thousand cycles the scenario is completely revolutionized. For every activity it is possible to find  amounts of capital many times large than at time zero, using credit lines enforced through time. For a fund supplier,  the opportunities of investment get much larger  and easy for the acquired experience in the monitoring and screening the activity of the intermediaries. The growth in experience increases the mean probability of success of the credit operations provided by the bank agents.


At the beginning of the selection process not all of the emerging intermediaries  are the most  efficient of the population. However the exchanges make possible an improvement in the evolutive selection process, which makes the system really efficient in the medium - long term. The  stationary state intermediaries are the agents that operate with the lowest  transaction cost, that have the greatest experience coefficient, and that generate the largest ROI.


Using BankNet it is possible to analyze not only the evolutive process  which helps intermediaries to emerge, but  also credit market’s trends, once that the banks has emerged. According to what we said in the first section,  the simulator is useful not only to show the emergence of the intermediation phenomenon, but also to provide  interesting points for the study of the performance and the strategy of  banks.


Varying the mean income of the individuals and the average propensity  to use the credit channel for financing entrepreneurial activities (ProbIop), and the probability of success of these activities (ProbIopSuccess) we can analyze a large sequence of phenomenona. For instance, the recessive phases of the economic cycle, are  representable  with a decrease in the level of the mean income, deriving from exogenous shocks (we can think of  real  causes such as the oil crises), or with a reduction in the propensity to assume debts coming from negative expectations about the future results of the economic activity, and finally with an increase in the banking sufferance’s, reflected in a decrease of ProbIopSuccess. Obviously expansionary phases of the cycle are analyzable  with changes of opposite sign in the variables indicated above. 


One of the most surprising conclusions of this kinds of experiments is about the relation between the frequency of loaning requests of the agents and the speed, of banking intermediaries emersion required by the process, and the number of these ones. Counterintuitively  great  run ups in the number of active banks are observable when the credit propensity of the population goes down. It should appear paradoxical that, with a smaller request of financing activity, the number of agents, ready  to provide  financial services, multiplies. However, if we consider that a fall in the ProbIop generates a substantial decrement in the effort toward division of labor, which is the fundamental engine of the emergence of banking mechanism, we can clearly understand how the phenomenon observed is perfectly coherent with the economic logic. It is a sort of return to the origins of the system  which does not maintain its institutions forever  once it developed them, but it adapts institutions to the demand of the environment where agents operate.


An increase in the initial level of  transaction costs or in the imperfections of the information available  (a lower ProbEncounter) generates, as  is intuitive, an acceleration in the selecting process and  leads to a faster emergence of the intermediaries. However it is important that the steady state number of banks is not much different in the  benchmark experiment for any values of these two  parameters. This fact seems to suggest that the structure of the economies of scale in the transaction costs and in the information process are more important than the initial conditions of the system. While the initial conditions appear relevant in determining the shape and speed of the adjustment path , the structure of the economies of scale should determine almost univocally  the long term characteristics of the financial system.


A detached analysis is required for ProbIopSuccess. If we examine the perverse case of economies in a deep state of recession (figure 7)�, as those registered during the great Depression, the success probability of the investments is particularly low. In this case we can observe the emergence of the phenomenon of “rush on the counters”, which hits pathologically the financial system, causing the sharp interruption of the dynamic path of adjustment and sensibly reducing the degree of specialization
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Figure 7:  “Banking Crisis ”











Conclusions





During this brief essay we tried to pursue two main goals:  illustrating a research method and  exploring a fundamental aspect of financial economics.


We choose a syncretic way to express simultaneously these two aspects to enlighten qualities and limitations of the artificial life project applied to the economic science. The implementation of a simulator like BankNet allows to show the full potential of experiments with artificial agents in the study of economic problems.


In the model the existence of banking intermediation is displayed in presence of bounded rationality, highly imperfect information and high transaction costs. The non coordinated agents choose on the basis of simple rules of  thumb and unintentionally  create institutions useful to reduce the complexity of the environment. The perspective is dynamic, and the adjustment processes are in great evidence. This aspect is more effective than in the traditional analytical models of differential equations employed in orthodox dynamic analysis.  The continuing interaction among the agents is the evolutive engine which, “from the bottom-up” makes it possible for the system to evolve over time through a selecting mechanism.


The analysis can fairly go beyond the simple identification of the evolutive path of the banking institutions. It is possible to observe the strategical behavior  of the agents when they have to face a wide range of exogenous shocks. 


BankNet’s future version will try to introduce in the model neural networks functions, or similar devices, provided by the study on artificial intelligence. Similar implementations would be useful to represent, in a more interesting way, the learning processes of the agents, thus improving greatly the esplicative power of the experiment.


Examining the results obtained, we can conclude that artificial experiments are a good research tool for dynamic contexts, non linear and stochastic. As it was usefully applied to the study of banking intermediation, it can be extended in many other fields. It could be considered an alternative to the traditional deductive - analytical method, combined with econometric empirical testing.


The artificial life program is a device provided to lead economic science along lines different from the canonical paradigm. As in the experimental economics approach, which designs experiments using real agents, there is the goal of making economic analysis using test and experiments “in vitro” , focusing at the same time on a set of elements of reality systematically underrepresented by the mainstream literature. As we underlined in the second section, there are obviously great differences between the experiments performed with real and artificial agents. However, we would like to use the concluding part of this work to stress the fact that these two research areas should not to be considered rival and antagonistic, but they have to develop along a dimension of complementary and continuous exchange.
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� For  U.S. firms its share is just of 2.1% between 1970 and 1985


� Between the two schemes presented in the text, it should be necessary to add the direct and assisted scheme, to represent the great variety of organizational  forms empirically observable. This last scheme of exchange is operative when the agents of the demand and supply side are direct counterparts, but they don’t negotiate with autonomy, because they are assisted in a lot of different ways by financial operators. Without the work of this operators, not merely technical, the meeting between the counterparts could not be realized 


� As transaction cost we mean the set of costs  that the agent has to pay to  make and manage the exchange : in a context  with no zero transaction costs the feasibility of the exchange should be evaluated,  having in mind these factors  that modify the desirability of the operations for the counterparts. As we will underline during the essay, speaking of the implementation of this aspect on BankNet, in the second paragraph, also the volume of resources exchanged is relevant if we assume the existence of scale economies.


� In the simulation we will not use the insights that come from a third theoretical position, even if it is interesting. For this reason in this introductive paragraph we don’t talk about the works on the choice of external financing by firms as a device of signaling. Fama (1985), Stiglitz and Weiss (1988).


� Heffernan (1996) indicates four kinds of information costs : Research, Verification, Monitoring and Enforcement Costs


� Contractual canvenants and more in general wealth of funds demander are mechanism to reduce the adverse selection problem that plays actually a great role in the credit policy of the banking companies.


� Similarly to what said about adverse selection, it is possible to identify a free rider problem also for monitoring. If in the first case it was caused by the concurrence among intermediaries on financial markets, in this case it is more correct to think of the presence of a plurality of stockholders for each bonds issue. Each creditor would be incentivated to try to take upon the other the economic burden of verification activity  


�  Askenazy  in the presentation paper  declared in the initial Caveat that his work should not be considered as a contribution to economic science


� In the present version of BankNet the number of links is limited to two (a borrow and an invest link), but it is probably a too restrictive assumption. To modify this assumption would be desirable, also considering the empirical evidence  which shows, with a certain importance the phenomenon of credit fractionating among a plurality of financiers. To modify this aspect of the simulation it will be necessary to change the simple behavioral rule, described in the paragraph,  utilized by the agents to choose how to direct their links. We don’t work in this area, because we have in mind a future implementation of the model based on neural networks, more interesting for their capability to reproduce learning behavior in selection problems, than the simple deterministic rules employed in this version. In the conclusive section this project will be presented with more emphasis and in much detail.


  


� It would be more correct to speak of a financial flow  in excess of its consumption needs, but being all the non financial activities out of the goals of the simulation, to make things simpler we prefer to speak of the measure as income, in consideration of the fact that consumption choices should not modify the conclusions of the experiment. 


� The original scheme, even if it incorporated this element of heterogeneity, attributed  the same income to all the agents in the system. In the present version of BankNet the income varies from an agent to another one and, cycle after cycle. It could be interesting in the future to analyze the effects of the introduction of income distributions different from the uniform case chosen for simplicity in the simulation (we can think for instance to a Pareto distribution or other similar better approximations of the reality).


� The encounters are established through a uniform probability distribution.


� We maintained the original nomenclature by Askenazy, even if in the model this variable measures X  the amount of returns realized in the precedent period  rather than a rate of profitability


� The modeling of complex multiperiod structures of investment and financing has been omitted because it would not be probably a real advantage for the experiment in excess of the costs deriving from the difficulties related such structures.


� The financial transaction is modeled in the following way: with probability ProbIopSuccess the supplier will receive Loan*IopMultiplier-transaction costs ; where Loan is the amount lent. With probability 1-ProbIopSuccess the agent will receive 0. The transaction costs are decreasing in the number of the credit operations performed because it is assumed that the operators acquire through experience the capability to negotiate in a standardized manner. The transaction costs are (2*TranCostIni)N*-(10*TranCostIni)/Capital. N* is the number of credit operation successfully executed.


The possibility to vary the interest rate is unfortunately not available inside the present contraction scheme. Consequently is not possible to match different risk profiles with different levels of the interest rates. In other words we are supposing something like that the Iop are all of the same riskyness  and  that so they all pay than identical interest rate (IopMultiplier). It is evident how a similar structure is not interesting for studying phenomena like credit rationing or adverse selection. A set of modifications will be required on the present model to represent the heterogeneity in the investment opportunities. Once these modifications are implementated the negotiations scheme between supplier and demander would become crucial. From different contracting powers of the counterparts may result different solution with effects not only directly on the level of the interest rate, but more in general with indirect effects on the system. For modeling this kind of relations the use of connessionst tools of artificial intelligence should be an important advance, as noted also in the text and in the footnote  10. Beltratti, Margarita and Terna (1996) provide a good example of neural network modeling of banking activity.


� The result of a credit operation is determined in the model in the following way: if the realization of a random variable uniformly distributed in the interval [0,1]  less a quantity named “experience factor” is minor than ProbIopSuccess than the investment is “good” and the supplier of funds 


� The values utilized in the simulation examined in the text are: Population 100; Mean Income 100; ProbIop 0,7; ProbIopSucces 0,8; IopMultiplier 1,1; ProbEncounter 1 ; TranCostIni 5. The values have been chosen relying on a general criterion of plausibility. Obviously a sequence of tests has been performed with different starting values to test if the results obtained depend crucially on a particular set of initial conditions. All the tests we ran, 


led to similar  results as the ones presented in the text. Ample space will be devoted in the section to the analysis of the exceptions founded. The number of agents is limited by the hardware resources available ; working with high level workstations it will be possible to run experiments with a larger number of  agents .  


� The efficiency terms, we are referring to are: the level of transaction cost, the experience coefficient, the generated ROI and the credit capacity.





� The arrow in the figure shows the cycle where the shocks has been introduced varying the parameter ProbIopSuccess from the original value 0,8 to the really small 0,1. In this way it is represented an economic crises that generate the default of a great part of the activities financed by banks.
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