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Motivation
• Off-policy Hierarchical Reinforcement Learning (HRL) suffers
from non-stationarity.

• Can we leverage a few expert demonstrations to deal with
non-stationarity in HRL?

Non-stationarity

• Off-policy HRL suffers from non-stationarity, due to
non-stationary lower primitive behavior.

• Off-policy RL transitions for bi-level hierarchy:
Higher level: (st, g

∗, gt,
∑t+k−1
i=t ri, st+k−1)

Lower level: (st, gt, at, rt, st+1)

• Since the lower level primitive changes with training, the
previously collected transitions become obsolete.

Convergence Bounds

:

• Sub-optimality Definition:

Subopt(θ) = |J(π∗)− J(π)| (1)

• Sub-optimality Analysis:

|J(π∗)− J(πHθH)| ≤ λH ∗ ϕD+
λH ∗ Es∼κ,πHD∼ΠH

D,g∼G[DTV (π
H
D(τ |s, g)||πHθH(τ |s, g))]

(2)

where λH = 2
(1−γ)(1−γc)Rmax∥d

π∗
c

κ ∥∞

PEAR
• Main Idea: Expert demonstrations are adaptively parsed and
segmented using the current lower primitive, thereby mitigating
non-stationarity.

Adaptive Relabeling Overview
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Joint Optimization

• The higher level policy reinforcement learning term (JHθH) is regularized
using additional imitation learning term (JHBC(θH) or J

H
D (θH, ϵH)).

min
θH

JHBC(θH) = min
θH

E(se,seg,s
e
next)∼Dg,sg∼πHθH(·|s

e,ge)||seg − sg||2 (3)

max
θH

min
ϵH

JHD (θH, ϵH) =
1

2
E(se,seg,·)∼Dg

[DH
ϵH
(seg)− 1]2+

max
θH

min
ϵH

1

2
E(se,·,·)∼Dg,sg∼πθH(·|se,ge)[D

H
ϵH
(πHθH(·|s

e, ge))− 0]2
(4)

max
θH

(JHθH − ψ ∗ JHBC(θH)) (5)

min
ϵH

max
θH

(JHθH + ψ ∗ JHD (θH, ϵH)) (6)

Results
Success Rate Comparison:

PEAR achieves > 80% success rates on all tasks:

(a)Maze (b)Pick and Place (c)Bin

(d)Hollow (e)Rope (f)Kitchen

Non-Stationarity Metric Comparison:

(g)Maze (h)Pick and Place (i)Bin

(j)Hollow (k)Rope (l)Kitchen

Key Insights:
• Adaptive Relabeling generates efficient subgoal

supervision for higher-level policy.

• PEAR is able to mitigate non-stationarity in
HRL.

• Sub-Optimality Bounds justify the importance of
periodic re-population using adaptive relabeling.
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