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Math Details
TD( ) blends between TD & MCλ

where .

-step TD (λ= ):        

Monte Carlo (λ= ):                         

Vλ
πS

(s) = 𝔼πS[(1 − λ)
∞

∑
n=1

λn−1gt:t+n st = s]
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TD( ) varies for POMDPsλ
Vλ=0

Ω (ω) = ∑
a∈A

π(a |ω)(RΩ(ω, a) + γ ∑
ω′￼∈Ω

TΩ(ω′￼|a, ω)Vλ=0
Ω (ω′￼))
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Ω (ω) = 𝔼π [gt ∣ ωt = ω] = ∑

s∈S

Pr(s |ω)Vλ=1
S (s)

Qλ
π = W (I − γTKλ

π)−1 : RSA

where Kλ
π = (λΠS + (1 − λ) ΦWΠ)

-discrepancy can detect POMDPsλ

Theorems: Given a POMDP  and distinct  …

. If some  has , almost all policies have .

.  if and only if  is a block MDP.

. If  then  is equivalent to an MDP.

Remark: For MDPs, .

Λλ1,λ2
π := Qλ1

π − Qλ2
π = W ((I − γTKλ1

π )
−1

− (I − γTKλ2
π )

−1) : RSA

𝒫 λ1 ≠ λ2

1 π : Ω → ΔA Λ > 0 Λ > 0

2 (Kλ1
π = Kλ2

π ) 𝒫

3 (TKλ1
π = TKλ2

π ) 𝒫

Λ = 0
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… TD and Monte Carlo value estimates can be very different.2

… leads to memories that support better policies.5

1 When the world is partially observable…
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Reducing value discrepancies 
helps with learning memory.

Λ := Vπ
TD − Vπ

MC

Videos 
here!

lambda-discrepancy.github.io

Training TD and MC value functions, 
and minimizing their difference…
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ℒActor = ℒPPO

ℒCritic = β ⋅ Λ +(1 − β) ⋅ (ℒTD + ℒMC)

http://lambda-discrepancy.github.io

