S2. Matching strategy in state-dependent choice behaviors
Stationary condition of the matching strategy
The stationary condition given as Eq. 7 in the main text was derived for the purpose of avoiding the difficulty in calculating 
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where we used the simplified expression 
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where we used the relation 
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. However, the infinite sum may oscillate. In order to avoid oscillations in the individual terms, we take the average over 
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Noting that 
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which coincides with the right hand side of Eq. 7 in the main text. 
Extension of the matching law
Using vectors  
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, the stationary condition for the matching strategy (Eq. 7 in the text) is written as a vector form: 
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. To obtain a stationary point along a boundary on which 
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Thus, we obtain Eq. 8 in the text. The extended matching law is derived from the matching strategy that attempts to maximize the average reward 
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. In contrast, if the brain’s decision system simply attempts to maximize the average reward in each state, 
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 into account, then the matching strategy leads to the normal matching law in the individual states: 
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. It is interesting to investigate which matching law, the normal one or the extended version, animals’ state-dependent choice behavior exhibits.
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