Stock Exchange Game Model, Nash Equilibrium

The aim of the Stock Exchange Game Model (SEGM) is to explain the RW model as a Nash equilibrium. Stock rate prediction models are based on the analysis of the past data in the form of time series, as usual. Here a different model is investigated. The scientific objective of this model is to test the hypothesis, that stock exchange can be approximately described as a game of many players using strategies based on the Nash equilibrium. Stock rates are results of the game of major stock holders plus the random variable representing the wide family of small ones. Investment decisions depend on players predictions of the future stock rates and expected dividends. The purpose of this model is to investigate what could be learned about basics of game and market theories by this simple stock exchange model as an example.

It is assumed that each player predicts stock rates by Auto Regressive model. Parameters a of the AR model are estimated by standard least squares algorithm at different p. A new approach is applied to estimate parameters p: they are obtained by minimization of mean deviations from Nash equilibrium conditions.

The equilibrium is often achieved when all the major players are predicting stock rates by Wiener models where p=1 and a=1. That means average profit cannot be increased by AR models using greater memory parameters p>1. That is a new explanation of the RW model predicting "tomorrow-as-today". 

We start by considering the simplest case: a single stock-broker, I major customers i=1,...,I, and J joint-stock companies j=1,...,J.

Assume that the stock rates  of a joint stock company j at a time t are equal to the last deal of major customers i=1,...,I plus some random number  representing the small ones. At a time t=1,...,T the customer i orders a stock-broker to buy a number  of j shares   if 
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Here  is a buying threshold of the customer i of the number n of j shares at the moment t. At a time t=1.2,...,T the customer i orders a stock-broker to sell a number  of j shares, if 
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Here  is a selling threshold of the customer i of the number n of j shares at the moment t.

The buying threshold is feasible if 
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Here  is the buying capacity of the customer i at the time t. This is defined, for example, as the initial wealth  plus the balance of stocks at the time t. The consumer gets profit as difference between selling and buying rates if his/her predictions are correct. 

Software Example

The model is implemented in Java language and is on the Web []. No special skills are needed to apply and to manipulate the model. Therefore, the model is a convenient tool for research collaboration and distance graduate studies. In addition, all the results can be independently tested and compared to other models.

The prototype software implements the stock exchange model in the case I9, J9 A graphical interface is designed for interactive search of such numbers p that minimize the average deviation from the Nash equilibrium conditions.

Figure 1 shows the initial date for 8 major stocks. 
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Figure 1 shows the simulated profits of different players in a game were the first player predicts stock rates by the Wiener model and the rest players predict by the AR (p=9) model. The upper line shows the first players profit. Two lower lines show lesser profits of other two AR players profits. Six remaining AR players are making losses in this example. 
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Figure 1: Simulated profits of different players

Figure 2 shows a family of lines describing simulated stock rates and buying/selling limits set by different players. 
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Figure 2: Simulated stock rates and buying/selling limits
