Toward an agent-controlled simulation of the US economy

W. T. Powers

A macroeconomic model that incorporates control by active agents requires two kinds of elements, passive and active. Passive elements will be the same for any model of the economy; active elements reflect the psychology of buying and selling, with different economic theories proposing different ways in which active participants use the available physical arrangements. 

The passive elements are the “natural laws” of the system established by custom, rule, law,  or physical and logical necessity. For example, when a good is purchased for cash, the purchaser’s holdings of money are reduced by a specific amount, and the seller’s holdings of money are increased by the same amount. This rule is simply a statement that money does not appear from thin air or disappear into the same place. No matter what the proposed psychology of the buyer or the seller, this rule will remain as part of any model. The passive properties of an economic system do not by themselves initiate any events. They describe how actions by agents or influences from natural phenomena affect the system and interact with it..

 The active agents are people playing one particular role or performing a particular task among several they can be involved with. Each role or task entails control of some perceived aspect of the economic environment, and reflects not so much an individual participant but the class of all individuals who consistently act in the same way. An example from the model of a manager to be used here is the task of controlling the level of inventory of manufactured goods. The manager, when controlling inventory, must perceive the level of inventory that exists, compare its magnitude with a reference magnitude defining the desired level of inventory, and use the difference as the basis for acting in a way that affects inventory in the appropriate direction. The particular action chosen in the present model is that of raising and lowering the (average) price of goods. This is, if not a universal method for controlling inventory, at least a widespread one. 

In the simulation to be discussed here, there are five control systems representing tasks carried out by three active agents: the manager of a plant and two consumers, one a w-consumer who obtains income from a wage, and the other a k-consumer who receives income from capital (“kapital”) distributions of any kind. Each agent is associated with two primary variables, an inventory and a cash reserve. 

The manager controls inventory by raising and lowering prices, and controls cash reserves by varying the fraction of income (as a multiple of wages) devoted to capital distributions (to the k-consumer). If cash reserves run low, the manager reduces capital distributions until the reserve is brought back to the specified reference level. If reserves show a surplus, distributions are increased.

The w-consumer and k-consumer both control their inventories of possessions by varying the rate at which they purchase goods from the plant. Both use goods at a specific, and for now constant, rate, so at equilibrium they must purchase goods at the same rate that goods are used. Goods can also deteriorate at a rate proportional to inventory, which requires another increase in the purchase rate (for now the deterioration constant is zero)..

Purchasing goods requires spending money at a rate equal to the consumption rate times the average price per good. The w-consumer, but not the k-consumer, can compensate for the drain on cash reserves by varying the hours worked. In a macro model, this can also be interpreted as the composite wage-consumer varying the number of worker-hours at a constant number of hours per day – that is, varying employment. In this version, the w-consumer can manipulate hours worked. 

THE ENVIRONMENT

The k-consumer’s income is determined as a multiplier times the income of the wage-consumer. This might alternatively be expressed as an independently adjusted fraction of the plant income.  Since total money in this system is constant, if both the plant manager and the w-consumer keep their cash reserves fixed at desired levels, the cash reserve of the k-consumer is determined and cannot be controlled without conflict. Therefore, in this version of the model, the k-consumer does not, for the present, control his cash reserve.

Figure 1 on the next page shows the five active control systems in a row across the top, and the passive elements of the model below the control systems. The passive elements consist of cumulative variables (the inventories and cash reserves) and rate or flow variables which represent transfers of money or goods from one place to another. For example, the topmost rate variable is Cw, the rate of consumption of goods by the wage-consumer. This arrow comes from Vp, the inventory of the plant, and it goes to Vw, the inventory of the wage consumer. If the wage-consumer is buying goods at the rate Cw, goods are being subtracted from Vp at that rate, and are being added to the inventory Vw at the same rate. On the right side of Vw is shown the rate of use by the w-consumer, or Uw. Goods are subtracted from Vw at the rate Uw. 

The final rate variable associated with Vp is labeled Ep*Nw, where Nw is the number of worker-hours per day  produced by the w-consumer, and Ep is the plant (or worker) efficiency in goods per worker-hour . This arrow enters Vp, increasing plant inventory. Plant output Op is therefore equal to Ep*Nw. Not shown is an assumed stock of raw materials depleted while making the goods. In a macro model the cost of raw matertials can be absorbed into the Wage paid to W-consumers. Fig,. 1 follows:
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Fig. 1. Macroeconomic model with active agents and passive environment.

Contrary to a common custom, the inventories are measured in number of goods rather than in terms of their value. The transfers are also in units of goods per unit time rather than dollars per unit time. This allows for consumers (in future versions) to have different preferences for different goods, and for goods to depreciate at different rates; it also allows for prices to change for some goods but not others, and for different plants to charge different amounts for the same goods,. again in future versions. The basis can easily be changed to dollars by dividing number or rate of goods by price per good.

The k-consumer does not work or contribute visibly to production, but does consume (purchase) goods at the rate Ck.  Goods are subtracted from plant inventory Vp at the rate Ck and added to the k-consumer’s inventory Vk at the same rate. Goods are used out of the k-consumer’s inventory at the rate Uk goods per day.

In parallel with the goods transfers there are money transfers, which take place between the various cash reserves. When the wage-consumer purchases goods at the rate Cw goods per day, money is transferred from the wage-consumer’s reserve Rw to the plant’s reserve Rp at the rate Cw*P dollars per day, where P is the price per good. At the same time, when the w-consumer works Nw man-hours per day at wage W, money is transferred from the plant reserve Rp to the w-consumer’s reserve Rw at the rate Nw*W dollars per day, which is Yw, the wage-consumer’s income and at the same time a contributor to the plant’s cost of production.

Because of the way determination of capital distributions is carried out in this version of the model, when the wage-consumer earns Yw dollars per day, the K-consumer recieves Kmul*Yw dollars per day.

The k-consumer does not control his cash reserve, but  uses it, neverthelessm to buy goods. 

THE CONTROL SYSTEMS

The five control systems are all simple proportional controllers, in the absence of any data indicating more complex dynamic characteristics. Each control system senses some variable, which is named below the arrow going into each control system. If there is a difference between the state of the sensed variable and the internally-specified reference value, the difference is converted into an adjustment of the variable named below the output arrow in each system.  Thus the first system on the left senses Rp, the plant cash reserve, and acts to raise or lower it by adjusting Kmul, which sets the capital distribution amount as a multiplier times the wage-cost amount.  The second system senses the size of the plant inventory, Vp, and raises or lowers it by raising or lowering the price charged per good. Those two systems describe the plant manager.

The third system controls w-consumer inventory Vw by varying the rate at which goods are consumed or purchased, Cw. The fourth system controls w-consumer cash reserves  Rw (which are depleted by the continuous purchasing of goods) by varying the man-hours worked per day, Nw.

And finally, the fifth system controls the k-consumer’s inventory by varying the rate at which goods are bought. This disturbs the k-consumer’s cash reserves, but there is no control system for those reserves.

HOW THE SIMULATION WORKS


In effect, all of the flows of goods and money from one reservoir to another, and all the input and output variables of the control systems, vary in parallel, simultaneously. This is accomplished by computing all the transfers of goods and money for a brief interval of time, then computing all the states of the control systems, and at the end of one iteration of the simulation, finally letting the output actions of the control systems affect the five variables shown at their outputs and in the diagram below the control systems. One iteration of the program is scaled to represent 1/1000 of a day, or something like 15 minutes. A thousand times per simulated day, all these computations are done and all the variables are updated, ready to start the next iteration, the next 1/1000 of a day. The size of the time-slices can be changed just by changing one variable, dt. This is the standard procedure for simulating systems in physics, physiology, engineering, and system dynamics studies. In fact, the operations contained in this program can easily be translated into the language of commercial simulation programs like Stella and Vensim.


COMPARISON WITH OTHER KINDS OF MODELS

This approach to simulating an economic system differs radically from other kinds of modeling. In other approaches, an attempt is made to deduce the relationships between variables by solving systems of equations, many of the relationships being abstract and theoretical in nature. The simulation approach described here is an attempt to reproduce the fundamental relationships in as theory-free a manner as possible, the theory being restricted to a description – a proposed description – of human beings carrying out classes of specific control tasks. There is no need to compute analytically the solutions of the differential equations underlying the model; instead the simulation “acts out” the solutions, time-slice by time-slice.

This model is only a beginning. Major entities are missing from it, such as banks and government. While a crude form of borrowing is allowed (cash reserves can go negative), there is no interest. Productivity (called Efficiency, E, since P is already used for price). is set by the user of the program, whereas in reality it should be a function of investment. These details need to be added, checking the program for internal consistency after each step.

Eventually, it may prove feasible to start multiplying the entities, both plants and consumers, to provide a range of properties and interactions. But now is not the time to be concerned with that.
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