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https://ufal.mff.cuni.cz/courses/npfl122
https://github.com/ufal/npfl122
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https://openai.com/blog/emergent-tool-use/#surprisingbehaviors
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A  1

R  1 A  2 A  3

q  (a)∗ a

q  (a) =∗ E[R  ∣A  =t t a].

Q  (a)t a t t

Q  (a)t q  (a)∗ Q  (a)t

Q  (a)t =def
 .

number of times action a was taken
sum of rewards when action a is taken

Q  (a)t A  t

A  t =def
 Q  (a).

a

arg max t
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Q  =n+1 Q  +n α(R  −n Q  ).n

 α  =
n=1

∑
∞

n ∞    and      α  <
n=1

∑
∞

n

2 ∞.

Q  =n+1 (1 − α) Q  +n
1  α(1 −
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∑
n

α) R  .n−i
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(S, A, p, γ)

S

A

p(S  =t+1 s ,R  =′
t+1 r∣S  =t s,A  =t a) a ∈ A

s ∈ S s ∈′
S r ∈ R

γ ∈ [0, 1]

G  t G  t =def
 γ R  ∑

k=0
∞ k

t+1+k E[G  ]0

ε



n

S = {S}
A = {a  , a  , … , a }1 2 n

N (μ  ,σ  )i i
2

p

p(S, r∣S, a  ) =i N (r∣μ  ,σ  ).i i

2

next(s)

p(s , r∣s, a  ) =′
i N (r∣μ  ,σ  ) ⋅i,s i,s

2 next(s ∣s).′
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(S, A, p, γ)

S

A

p(S  =t+1 s ,R  =′
t+1 r∣S  =t s,A  =t a) a ∈ A

s ∈ S s ∈′
S r ∈ R

γ ∈ [0, 1]

(S, A, p, γ, O, o)

O

o(O  ∣S  ,A  )t+1 t+1 t

O  t

S  t

ε



S  t

ε



S

Q(s, a) ≈ E[G  ∣S  =t t s,A  =t a].

S  t

A  =t  Q(S  , a).
a

arg max t
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∣A(s)∣
ε

ε

ε ε

1 − ε+  .
∣A(s)∣
ε
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ε > 0

Q(s, a) ∈ R s ∈ S, a ∈ A

C(s, a) ∈ Z s ∈ S, a ∈ A

S  ,A  ,R  , … ,S  ,A  ,R  0 0 1 T−1 T−1 T

ε

A  t =def arg max  Q(S  , a)
a t

G ← 0
t = T − 1,T − 2, … , 0

G ← γG+ R  t+1

C(S ,A  ) ←t t C(S  ,A  ) +t t 1
Q(S  ,A  ) ←t t Q(S  ,A  ) +t t  (G−

C(S  ,A  )t t

1
Q(S  ,A  ))t t
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