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Step 1 - Solve 𝑥1(𝑡 + 1):

𝑎11𝑥1 𝑡 + 1 + 𝑎12𝑥2 𝑡 − 𝑦1 = 0

Step 2 - Solve 𝑥2(𝑡 + 1):

𝑎21𝑥1 𝑡 + 1 + 𝑎22𝑥2 𝑡 + 1 − 𝑦2 = 0
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actions of the players

observations

iterations
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n = 1 n = 2 n = 3 n = 15

…
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take turns

update simultaneously 
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𝒂𝒌(𝒕 + 𝟏) ∈ 𝑩𝑹𝒌 𝒂−𝒌 𝒕
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initialization

iterations

convergence check

discrete case: ε =0
continuous case: ε = certain threshold
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𝟏 𝒂𝒌 𝒕 =𝒂𝒌,𝒏
= ቊ

𝟏, 𝑖𝑓𝑎𝑘 𝑡 = 𝑎𝑘,𝑛
𝟎, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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the regret at time t for player k𝒓𝒌,𝒂𝒌,𝒏 𝒕 + 𝟏

=
𝟏

𝒕


𝒕′=𝟏

𝒕

𝒖𝒌 𝒂𝒌,𝒏, 𝒂−𝒌 𝒕′ − 𝒖𝒌 𝒂𝒌 𝒕′ , 𝒂−𝒌 𝒕′

initialization

iterations

(convergence check)

𝝅𝒌,𝒂𝒌,𝒏 𝒕 + 𝟏 =
𝒓𝒌,𝒂𝒌,𝒏 𝒕 + 𝟏

+

σ
𝒏′=𝟏

𝑵𝒌 𝒓𝒌,𝒂𝒌,𝒏 𝒕 + 𝟏
+

[𝑥]+= 𝑚𝑎𝑥 0, 𝑥
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BRD RL RM

Action Sets continuous or discrete discrete discrete

Convergence sufficient conditions sufficient conditions always

Convergence Points
pure NE or

boundary points
pure NE or

boundary points
CCE

Observation
(typically required)

actions of the others
value of the utility 

function
actions of the others

Knowledge
(typically required)

utility functions and 
action sets

action sets
utility functions and 

action sets

Convergence Speed fast slow medium

Performance
(typical)

low low medium
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