
Skill-Driven Neurosymbolic State Abstractions
Alper Ahmetoglu, Steven James, Cameron Allen, Sam Lobel, David Abel, George Konidaris

ex,12 ex,2

s371 s5 s1447

ey,3 ey,3escore,4

...

12
13

14
7

escore,4

JumpRight

...x x x x x x

1

2
3

4

5
6

8

9

10
11 15

16
17

18

19
20

...

e1,0

e1,1

e1,2 e1,3
e1,4

e1,5

e2,0

e2,1

e2,2

e2,3

e2,4

e2,5

s̅1

[ [e1,0
e2,0 e(ω) = {e1,1}

f(ω)  = {f1}

s̅2

[ [e1,1
e2,0

s′ = (s1, s2, s3, s′ 4, s′ 5)

... and factored skills generate factored 
MDPs.
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Abstract states recover the underlying 
model ...
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... and refine abstract states if necessary.
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Construct the initial abstract MDP ...

⟹ |Qπ(s, a) − Qπ(s̄, a) | ≤
ϵR + γVMAX ϵT

1 − γ

|R(s, a) − R(s̄, a) | ≤ ϵR

∫s′ 

|T(s′ ∣ s, a) − T(s′ ∣ s̄, a) |ds′ ≤ ϵT
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... and model-preserving.
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Abstract states should be Markov ...

R(s̄, ā, s̄′ ) = s∼s̄,s′ ∼s̄′ 
[R(s, ā, s′ )]V(s̄) = s∼s̄[V(s)]

V(s) = ∑
a

π(a ∣ s) s′ [R(s, a, s′ ) + γτV(s′ )]

... abstract states are distributions over 
ground states.

V(s̄) ≈ ∑
a

π(a ∣ s̄)[R(s̄, a, s̄′ ) + γτ̄V(s̄′ )]
Abstract Bellman:
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When you have action abstractions ...


