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If we are given an arbitrary 𝐼 × 𝐽 matrix 𝐴, there exists 𝑎 > 0 so that the matrix 𝐵 with entries 
𝐵𝑖𝑗 = 𝐴𝑖𝑗 + 𝑎 has only positive entries. Show that any optimal randomized probability vectors 

for the game with pay-off matrix 𝐵 are also optimal for the game with pay-off matrix 𝐴. 

Solution: 

Suppose that vectors 

𝑥 = (𝑥1; 𝑥2; … ; 𝑥𝐼),   𝑦 = (𝑦1; 𝑦2; … ; 𝑦𝐽),    

are optimal randomized probability ones for the game with pay-off matrix 𝐵. Thus (by the 

definition of an optimal randomized probability vector) 
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If vectors 𝑥, 𝑦 are optimal randomized probability ones then 
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where 𝑣𝐵 is a value of the game with pay-off matrix 𝐵. 

Thus we have 
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(1 ∙ 1) = 𝑣𝐵 − 𝑎. 

By analogy 

𝑣𝐴
𝛼 = 𝑣𝐵 − 𝑎.  

Because  

𝑣𝐴
𝛽

= 𝑣𝐵 − 𝑎 = 𝑣𝐴
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thus the game with pay-off matrix 𝐴 has the value 

𝑣𝐴 = 𝑣𝐵 − 𝑎 

and vectors 

𝑥 = (𝑥1; 𝑥2; … ; 𝑥𝐼),   𝑦 = (𝑦1; 𝑦2; … ; 𝑦𝐽),    

are optimal randomized probability ones for the game with pay-off matrix 𝐴. 
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