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A model of a game of the type of Tragedy of Social Ownership is similar to the game of the type Prisoner’s Dilemma, but it is intended for several players. As an example, we can take limited use of water by farmers in a country with frequent draughts. In the matrix, one of the farmers is on the one side and the others are on the other side:

- If all of them (i.e. both the individual farmer and the other farmers) fulfill the agreement and cooperate (which in the case at hand means compliance with the agreed restrictions when using water), the yield from hectare of soil will be five tons for both groups. 
- In the event that both groups (i.e. both the individual farmer and the other farmers) fail to fulfill the agreement (do not restrict the use of water), then the yield will be only two tons (water will be exhausted early and a part of the yield will be damaged). 

- If only the individual farmer fails to fulfill the agreement, he/she will obtain 10 tons and the other farmers will obtain four tons (one farmer will partially restrict the other farmers). When determining the figures of the payment matrix, we made a small deviation from what is stated by Fisher. According to Fisher, the yield for the other players even if one of the players failed to fulfill the agreement on drawing water is five units. Starting from the fact that the player from “other players” is represented profusely and in the event that one of the players infringes the agreement, the other players do not recognize it in respect of their production. At the same time, this can be considered as refusal to take personal responsibility by the person who infringes generally recognized rules that nothing happened since the others have the same yield, which can be true in certain events, but in other events not. 
- In the event that the individual farmer acts honestly but the other farmers do not, the individual farmer obtains only one ton and the others two tons. (These as well as the following figures are for illustration only; in the following payment matrices, we will also use general parameters.)
Table No. 1: Payment Matrix of a Game of the Type Tragedy of Social Ownership
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  They cooperate
Don´t cooperate
	5; 5
	1; 2

	10; 4
	2; 2


 Individual farmer  
He cooperates


Does not cooperate
Source: Fisher 2008
The farmer’s dominant strategy is to fail to fulfill the agreement on water drawing, since he/she can obtain as much as 10 tons and at least two tons. If the farmer decided that he/she will cooperate, he/she could obtain maximum five tons, but also only one ton. In case of the other farmers, it depends on how they will behave – whether they will consider themselves as a cooperating group or not cooperating individuals. Or – in other words – whether they assess the situation that fairness or unfairness overwhelms. If the other farmers also betray (do not cooperate), the result will be division of payments (2 : 2), which means big losses for the relevant community.

The problem is that if we consider the other players as sensible persons maximizing their yields, each of them will see the situation in respect of him/herself as an individual farmer and therefore their dominant strategy will be to fail to fulfill the rules concerning water drawing. Thus the result will be the worst. We should note in this respect that in the context of such tasks aversions may arise against models established on the assumption that players are sensible and their yield is maximum. The conviction may then arise that people’s real conduct can only be explained where models are supplemented by good morals, which are understood as an exogenous element.

Nobel prize winner for economy for 2009, E. Ostrom (awarded for an analysis of social ownership), offered another view of resolution of this dilemma. On the basis of rich empirical results, she presented a resolution in the form of autonomy. Joint ownership may be managed on a self-help basis without any central management. A voluntarily established community is capable of creating effective management of social ownership. In other words, a voluntarily established community is capable of defending joint ownership, allocate the fruits of such ownership among its members and eliminate fare dodgers. E. Ostrom did not create mathematical models but examined social institutions by analyzing extensive empirical materials from various parts of the world and applied a view based on development. According to her, human beings make mistakes but simultaneously learn or are capable of learning from mistakes. 

Now let us imagine that we have three players. Let us have a look at the game during which they will use a rare source and may allocate it in the manner corresponding with a game of the type Tragedy of Social Ownership. Let us assume at first that each of the players can achieve the same yield under the same conditions. In the upper line of the table, we stated illustrative figures and general parameters (a, b, c, d, e and f) in the bottom line, the sense of which we have clarified below.
Table No. 2: Payment Matrix of a Game of the Type Tragedy of Social Ownership (3 farmers)
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          cooperate
 Source: Own creation

We can set the parameters in a certain range, but the following applies:

b > a > e > c > d > f, i.e.: 

- the player has the biggest yield if he/she did not fulfill the agreement on water drawing while the other players fulfilled such agreement;

- the player has the second biggest yield if all players fulfilled the agreement (here the scenario e > a could also be considered, i.e. that the player, in the event that the player failed to fulfill the agreement with another player, has a yield bigger than in the event that all players fulfilled the agreement);

- the player has the third biggest yield if he/she failed to fulfill the agreement with another player; 
- the player has the fourth smallest yield if he/she fulfilled the agreement, but the other two players failed to fulfill such agreement (other scenarios could also come into consideration); or 

- the player has the smallest yield if none of the players fulfilled the agreement.

Since we consider the position of two players as equal in value, the following must apply:

1. The yield of each of the players in the event that a certain number of the other players (2, 1 or 0) cooperates, must be the same in the event where such player him/herself cooperates as well as in the event that he/she does not cooperate.

2. The sum of the yields of the players in all events where a certain number of players (3, 2, 1 or 0) cooperates must be the same (there is always only one case where there are 3 or 0 cooperating players).

3. The less players cooperate, the lower is the sum of their yields.

For the sake of completeness, we should add that this – rather complicated – model has been significantly simplified. We assume that each of the players, if he/she does not cooperate, i.e. fails to fulfill agreements arising from the regulation of the quantity of water that such player has available, will draw the maximum possible quantity of water, i.e. the quantity of water that each of the players will appropriate in contrast with the rules agreed, is the same in every case given by the number of non-cooperating players. Therefore, we do not take into consideration the fact that the player may “steal” greater or smaller quantity of water (i.e. use the water for its land to increase the yield beyond the framework of the agreed quantity of water). We neither take into consideration any potential sanctions that might be applied if such player were caught by another player.

Now, we take into consideration an even more complicated case where individual players (farmers) do business under different conditions. Each further unit of water that the player uses for its land would bring a different yield for each of the players. 

From a microeconomic viewpoint, it applies that the maximum joint yield can be achieved in the event where the limited yield from the last unit of water used by any of the player equals the limited yield from the last unit of water of any other player. 

Now we can assume that the above-mentioned situation occurs in the event where the players share the water in the 6 : 4 : 2 ratio. If they deviated from such ratio, their joint yield would be lower. The yield would be the lower the more the water allotment deviates from the above ratio. 

There is another assumption, which is intuitively evident and which would not lead to narrowing of the general character of the issue we deal with. The assumption is that in the event that the players share the water in the 6 : 4 : 2 ratio, their payments (coming from the yields) would be allotted in the same ratio. The yields of the farmers are proportionate to the allotments of water (and such proportion need not be linear). Reduction of this three-dimensional case to two-dimensional case would be very difficult in this case, but also incomplete. The general rule of the relation between payments and allotment of water is as follows: What farmers may allot among themselves equals the maximum quantity that they could allot (i.e. 12) minus the amount by which joint yields will drop as a result of the fact that the players allot the yields otherwise than in accordance with the optimum proportion given by the fact that limited yields are equal (that is 6 : 4 : 2 proportion). 

From the formal viewpoint, there is an equation:

This is a basic equation in the theory of redistribution systems (Valenčík 2008, and Budinský-Valenčík 2008a, 2008b, 2009a, 2009b). It describes the situation of “inputs”. It does not depend on how the players share the yields, how they jointly contribute to a certain fund, etc. In the “farmers” system it is possible to imagine negotiations and creation of discriminating coalitions of two players against the third one. 
The theory of redistribution systems is a separate field of development of the theory of games. From the mathematical viewpoint, the theory of redistribution systems belongs to coalition games of more than one player (a case of games with non-transferable prize has so far only been analyzed).
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