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2.5 is the value of the game 
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2-Person Zero-Sum Games 

John von Neumann 

1928 

The MiniMax Theorem 
 
Every finite matrix A has a value, i.e.  
 
max min  xAyT   =  min max  xAyT 
  x     y                    y     x 
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John von Neumann Oskar Morgenstern 1944 
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If player 1 does what is best for himself,  
then player 2 would prefer to play Left! 

 
This does NOT give a stable solution! 
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1994 

Reinhard Selten John Harsanyi 

Stability in n-Player Games 
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John Nash 

1,6 3,-4 

4,0 2,5 

1/2 

1/2 

2.5 Player 1 would get 2.5 

3 0.5 Player 2 would get 

We have to approach it differently! 
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John Nash 
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6 - 6p -4 + 9p 

for p = 2/3  
player 2 is indifferent 

between Left and Right; 
each gives 2 

1 - p 

p 

… NOT everyone for himself !!! 
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John Nash 

1,6 3,-4 

4,0 2,5 

1 - q q 

1 + 2q 

4 - 2q 

for q = 3/4  
player 1 is indifferent 

between Top and Bottom; 
each gives 2.5 

… NOT everyone for himself !!! 
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John Nash 

1,6 3,-4 

4,0 2,5 

((1/3, 2/3), (1/4  , 3/4))  
is an equilibrium for this game; 

player 1 gets 2.5 and 
player 2 gets 2.  

1 - q q 
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… NOT everyone for himself !!! 
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John Nash 

1951 

Equilibrium Existence: 
 
Every finite n-person game has at 
least one equilibrium. 

… NOT everyone for himself !!! 
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2001 
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American Mathematical Monthly 69,  1962 
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Gale-Shapley algoritme: 
 
- Gives best stable matching for the “proposers”  
 

- Also applicable when groups have different size 
 

- Also applicable if staying single is permitted 
 

- Also applicable for “college admissions” 
 

Marriage Problems: Gale-Shapley 
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Bob Aumann Michael Maschler 

Game theoretic analysis of a bankruptcy problem from 
the Talmud, Journal of Economic Theory 36, 1985 
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Barry O’Neill 

A problem of rights arbitration from the Talmud, 
Mathematical Social Sciences 2, 1982 
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“If a man who was married to three wives died and the kethubah of 
one was 100 zuz, of the other 200 zuz, and of the third 300 zuz, and 
the estate was worth only 100 zuz, then the sum is divided equally. 
 
If the estate was worth 200 zuz then the claimant of the 100 zuz 
receives 50 zuz and the claimants respectively of the 200 and the 300 
zuz receive each 75 zuz. 
 
If the estate was worth 300 zuz then the claimant of the 100 zuz 
receives 50 zuz and the claimant of the 200 zuz receives 100 zuz while 
the claimant of the 300 zuz receives 150 zuz. 
 
Similarly if three persons contributed to a joint fund and they 
had made a loss or a profit then they share in the same manner.” 
 

Kethuboth, Fol. 93a, Babylonian Talmud, Epstein, ed, 1935 

A Bankruptcy Problem from the Talmud 
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100 200 300 

100 33.33 

200 33.33 

300 33.33 

Estate 

Widow 

A Bankruptcy Problem from the Talmud 
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receives 50 zuz and the claimants respectively of the 200 and the 300 
zuz receive each 75 zuz. 
 
If the estate was worth 300 zuz then the claimant of the 100 zuz 
receives 50 zuz and the claimant of the 200 zuz receives 100 zuz while 
the claimant of the 300 zuz receives 150 zuz. 
 
Similarly if three persons contributed to a joint fund and they 
had made a loss or a profit then they share in the same manner.” 
 

Kethuboth, Fol. 93a, Babylonian Talmud, Epstein, ed, 1935 

A Bankruptcy Problem from the Talmud 
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Equal Proportional ??? 
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“If a man who was married to three wives died and the kethubah of 
one was 100 zuz, of the other 200 zuz, and of the third 300 zuz, and 
the estate was worth only 100 zuz, then the sum is divided equally. 
 
If the estate was worth 200 zuz then the claimant of the 100 zuz 
receives 50 zuz and the claimants respectively of the 200 and the 300 
zuz receive each 75 zuz. 
 
If the estate was worth 300 zuz then the claimant of the 100 zuz 
receives 50 zuz and the claimant of the 200 zuz receives 100 zuz while 
the claimant of the 300 zuz receives 150 zuz. 
 
Similarly if three persons contributed to a joint fund and they 
had made a loss or a profit then they share in the same manner.” 
 

Kethuboth, Fol. 93a, Babylonian Talmud, Epstein, ed, 1935 

A Bankruptcy Problem from the Talmud 
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Equal Proportional ??? 

“Other amounts shared in the same way.’’ ????? 

A Bankruptcy Problem from the Talmud 

71/92 



f.thuijsman@maastrichtuniversity.nl
  

   

Department of Knowledge Engineering 

100 200 300 

100 33.33 

200 33.33 

300 33.33 

Estate 

Widow 

50 

75 

75 

50 

100 

150 

How to share 400? 

Equal Proportional ??? 

“Other amounts shared in the same way.’’ ????? 

A Bankruptcy Problem from the Talmud 
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How to share 400? 

What if a fourth widow claims 400? 

Equal Proportional ??? 

“Other amounts shared in the same way.’’ ????? 

A Bankruptcy Problem from the Talmud 
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The Answer 

 
“Two hold a garment;  
one claims it all, the other claims half.  
Then one gets 3/4 , while the other gets 1/4.” 
 

Baba Metzia 2a, Fol. 1, Babylonian Talmud, Epstein, ed, 1935 
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The Answer 

 
“Two hold a garment;  
one claims it all, the other claims half.  
Then one gets 3/4 , while the other gets 1/4.” 
 

Baba Metzia 2a, Fol. 1, Babylonian Talmud, Epstein, ed, 1935 
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What if a fourth widow claims 400? 

The questions remain: 

How to share 400? 

Consistency 
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Marek M. Kaminski 

‘Hydraulic’ rationing,  
Mathematical Social Sciences 40, 2000 
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Communicating Vessels: 100 
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Communicating Vessels: 400 for 4 
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Many Thanks for Your Attention! 

? 
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Just for Fun 
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