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Applying cognitive properties for flexible decision making and the analysis
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We have shown that efficient adaptation to uncertain environments can be realized by three irrational cognitive
properties: satisficing, risk attitudes, and comparative valuation. These properties, the most major biases in our
cognition, have been extensively studied in artificial intelligence, cognitive psychology, and behavioral economics in
isolation. The three properties, combined together, form a kind of suspension in value judgment. The suspension
enables efficient valuation of actions in reinforcement learning where agents need to effectively balance exploration
(search for novel information) and exploitation (local optimization with old information) under uncertainty. This
study proposes Extended LS (LSX), a more general and simpler version of the loosely symmetric model (LS) that
implements the properties. LSX is simpler in the sense the three properties of LS can be analyzed into individual
terms, while in LS the properties are fused into a single term. This enables separate examination of the properties.
Only when all the three are combined, superior performance in reinforcement learning is realized.

1. 0OoOu

gboobobooobobobobobooobobooboobo
Oooooooooooooooooboooobooooo
000000Oo0oo0obOOo0ooobOoDooboooooon
goooo0ooboooo0obOOoooooboooooboooo
Ogo0ooooboboooboobobobooboooooboon
gobooooobobooobboobooboboboboooo
ooodoooooobooooooooboooooooood
O0000000bO0bOO0o0oo0o0bOooDoobooooooo
O00000o00obOoDoobOobooooooDoobooooon
goooooooboooo0oboooobobobooboooo
gobobOooooboboboobobobooboboo
0000000004 egreedyd softmax0UCB1 0000
00000bOO0obO0DOO0obOO00bOOo0obOoDOoOobOoooOon
00000DO00ob0obOO0o0oo0obOoobDooboboooooo
O0o0o0o00oooobobOoboooboobobooooboooon
gobooooobobobooooboboooboboooboo
ogoboboooboobobooobobooobobooboo
goooooboboobooooooobooboooooooooa
0odobOo0o0oooOo0oooooOoobooonoa

P(AE)+ S,
P(AE)+ Sy + P(C,E) + S,
P(E)P(A|E)P(A|E)
P(E)P(A|E)P(A|E)

LS(E|A) =

Positive bias : S,

Negative bias : S, = (3)
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4. EXtended Loosely symmetric model
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Ap = arg max P(Ax), AL = arg min P(Ay) (4)
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