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ABSTRACT

Off-dynamics offline reinforcement learning (RL) aims to learn a policy for a target
domain using limited target data and abundant source data collected under different
transition dynamics. Existing methods typically address dynamics mismatch either
globally over the state space or via pointwise data filtering; these approaches
can miss localized cross-domain similarities or incur high computational cost.
We propose Localized Dynamics-Aware Domain Adaptation (LoDADA), which
exploits localized dynamics mismatch to better reuse source data. LODADA clusters
transitions from source and target datasets and estimates cluster-level dynamics
discrepancy via domain discrimination. Source transitions from clusters with small
discrepancy are retained, while those from clusters with large discrepancy are
filtered out. This yields a fine-grained and scalable data selection strategy that
avoids overly coarse global assumptions and expensive per-sample filtering. We
provide theoretical insights and extensive experiments across environments with
diverse global and local dynamics shifts. Results show that LoDADA consistently
outperforms state-of-the-art off-dynamics offline RL methods.

1 INTRODUCTION

In this paper, we study off-dynamics offline RL problem (Liu et al., [2022} [Wang et al.,[2026)), which
concerns learning an optimal policy where an agent relies on a limited target dataset collected from a
target domain together with a larger source dataset collected under different dynamics from a source
domain. Such mismatch can severely degrade deployment performance in real-world applications
where direct interaction with the target environment is costly or unsafe (Kiran et al., [2021]).

Prior works include: (i) data augmentation methods that modify rewards in the source data using
dynamics-aware regularization (Liu et al.,|2022; /Wang et al., 2026); (ii) data filtering approaches that
select source transitions based on their similarity to target transitions (Wen et al., [2024; |Lyu et al.,
2025)); and (iii) data generation methods that use source data to learn target dynamics and generate
synthetic target samples (Guo et al., 2026)). However, most methods treat source-target dynamics
mismatch globally over the state-action space, which can be overly conservative in regions where the
domains align and overly optimistic where they differ substantially.

Our proposed method, Localized Dynamics-Aware Domain Adaptation (LoDADA), tackles dynamics
mismatch by clustering source and target next states to identify locally aligned regions, filtering
source samples far from cluster centroids, and estimating local KL divergence between source and
target transition dynamics via a source—target classifier trained per cluster. Rather than discarding
entire clusters, LODADA preserves state-space coverage while emphasizing clusters with smaller
estimated KL divergence by selectively retaining source transitions. During policy optimization, we
regularize the learned policy toward a behavior policy of the target dataset and optimize using Implicit
Q-Learning (IQL) (Kostrikov et al.}2021)). Our main contributions are summarized as follows:

* We identify a key limitation of existing off-dynamics offline RL methods: they address dynamics
mismatch either globally or pointwise, which can lead to data inefficiency and degraded perfor-

*Equal contribution
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mance. To address this, we propose LODADA, which performs cluster-wise filtering by estimating
local source-target dynamics discrepancy and retaining the most target-consistent source transitions.

* We provide a theoretical analysis that establishes return lower bounds for the policy learned by
LoDADA , offering performance guarantees in the target domain under dynamics mismatch.

* We empirically evaluate our method in MuJoCo environments with different types and levels of
off-dynamics shifts and demonstrate the effectiveness of our method with an average of 19.9%
improvement over baselines in gravity and friction shifts, 32.7% on morphology shift and 29.3%
on local perturbation. We additionally demonstrate the superior performance of LoDADA on
challenging navigation tasks in AntMaze and manipulation tasks in Adroit.
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Figure 1: An overview of our proposed framework. We first perform K-means clustering on the
mixed source and target dataset. Then we estimate the local KL divergence between source and
target dynamics in each cluster. We use cluster-wise classifiers to selectively retain source domain
transitions for downstream offline RL algorithms. We further introduce a dataset regularization term
to ensure policy consistency with the target dataset.

2 METHODOLOGY
Due to space limit, missing theoretical insights and proofs are deferred to Sections [C|and

2.1 THEORETICAL INSIGHTS

The goal of data filtering in the off-dynamics setting is to create a filtered source dataset ﬁsrc out

of the source dataset Dy,.. such that the dynamics discrepancy between Dsm and the target dataset
D4, is minimized. Now we present an upper bound for the performance gap in the target domain
between the policy learned from the filtered source dataset and the optimal target policy.

Theorem 2.1 (Offline performance bound). Let frB _ be the policy that maximizes the reward in

the filtered source dataset D, 7h,,. be the policy that maximizes the reward in the unfiltered
target dataset Dy, and 7* be the policy that maximizes the reward in the target domain. Assume

that 7 satisfies Theorem and let C be the offline RL performance bound without dynamics shift,
ies By | 7 (s, )

reward on the target domain:

4Rmax
Epu. vy [ > A'r(se, at)} 2B P, [ > A'r(se, at)} - c - V1—ebe
src t t N— p—

S Atr(se, at)} < C. Then 7t receives near-optimal

—Ep, =
1t Dyar src

L ~~ L=y
offline algorithm error dynamics deviation
Mg [Dev(Ep, (19)lnh,,, (1))
L=y “pbere b, "

filtering deviation

2.2 CLUSTERING-BASED KL ESTIMATION

Given two datasets Dy, = {(si,ai, 8;)} X% and Dyyp = {(sj,aj,s;.)}jy:“af,

on the next states s, yielding K disjoint clusters {NV"}X_, . We then pair each s’ in N with
its corresponding (s, a), forming N = {(z;, s;)}?{:”ﬁNl with z; = s; @ a;, where N} and N
are the numbers of source and target samples in A", Within each cluster, target samples 2{*" are
labeled as class 1 and source samples 25" as class 0. We aim to train a cluster-specific classifier
D, (z) = P(y = 1|z) such that

Dn(2) = 2

we first run K-means

Plzly=1)Py=1)
(2ly=1)P(y=1)+ P(zly = 0)P(y = 0)°

6]
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Within each cluster, s’ are similar by construction, so we assume that P(z|y = 1) ~ P(z|s{,,) and
P(z|ly = 0) ~ P(z|sl.). Define w(z) = P(z|sta,)/P(#]8L..) and plug this into Equation :

_ Aw) (1= A)Da(2)

— Awn(z) + (1 - A) A(1 = Dn(2))’

where A = P(y = 1) = NJ'/(N?"+ N}') and 1 — A = P(y = 0) = N}'/(N{* + N}'). Since
Dy (P (2|8l )|1P(2|5tar) = E.wp(z)s;. ) [log 1/w(z)], we can estimate it using source samples:

src src

D, (z) = Wn(z) =

N

I Q. 1

Dy, = Ny Zlog () 2
i=1 nA\T

where DL, is a cluster estimate of the KL divergence and log 1/1,, (25") =: d; is a point estimate.

2.3 PoLIiCcY OPTIMIZATION

In off-dynamics settings, naively imitating the mixed dataset, especially source transitions collected
under mismatched dynamics, can degrade target-domain performance. To address this, we (i) filter
the source dataset using our KL estimates and (ii) use the (normalized) pointwise KL estimates to
adaptively reweight learning. We use the following value-function objective:

Lo =Ep,, [(Qs —TQ6)’] +Eavap,. [exp(—a-d)(Q—TQ)’], @

sre

where o is a hyperparameter and d; = —dimmaxidi  forj € {1,..., |Dyye|} is the normalized
pointwise KL estimate. Following [Lyu et al.| (2025)), we additionally train a conditional variational
autoencoder (CVAE) 11" (a|s) to model the target behavior policy and encourage the learned policy

to stay close to the support of the target dataset. The policy is optimized according to

L7 =Lr—AE, p_0p, [log R (77(\3)|8)] , ()
where L, is the policy loss of the underlying offline RL algorithm, and ) is a hyperparameter.
Formally, we layout the framework of LoODADA in Figure[I|and display the algorithm in Algorithm [T}

Algorithm 1 Localized Dynamics-Aware Domain Adaptation (LoDADA)

1: Input: Source data D,.., target data Dy,
2: Initialize: Policy 74, value function (g, batch size B, number of clusters K, diameter threshold
4, critic importance ratio «, regularization weight A, filtering ratio &1, &2, &3

3: Localize D;g4, U Dy, into {NZ fil based on s’

4: for i=1, 2..., K do

5:  Train classifiers D,,(z) using cross-entropy loss

6:  Calculate KL divergence [)’;( ;, with Equation

7: end for A B

8: Sort {\*}X | based on D?-; and filter selectively per cluster to get Dy,
9: for each gradient stepdo _

10:  Sample a mini-batch by, := {(s, a,r,s’)} of size N/2 from Dy,

11:  Sample a mini-batch by, := {(s,a,r,s")} of size N/2 from Dy,

12:  Optimize the value function @y with Equation (3)

13:  Optimize the policy 74 with Equation (4)

14: end for

The implementation and technical details are deferred to Section[G.6

3 EXPERIMENT

In this section, we evaluate the performance of LoODADA on the ODRL benchmark (Lyu et al.,[2024b)).
We begin with MuJoCo locomotion tasks under multiple types and levels of global (Section [3.1])
and local (Section [H.T)) dynamics shifts. In addition, we evaluate on navigation tasks in AntMaze
(Section and manipulation tasks in Adroit (Section [H.4). Finally, we conduct ablation studies
(Section [H.5) to better understand the sensitivity to hyperparameters and experiments (Section [H.6)
to compare the runtime of LoODADA with other data filtering methods to demonstrate the superiority
of our algorithm. Details about experiment setup are deferred to Sections [Fjand [G]



Published as a conference paper at CAO Workshop at ICLR 2026

Table 1: Performance comparison on MuJoCo tasks (HalfCheetah, Ant, Walker2D, Hopper) under a
medium-level offline dataset with dynamic shifts in gravity and friction at levels 0.1, 0.5, 2.0, 5.0.
Source domains remain unchanged; target domains are shifted. We report normalized target-domain

scores over five seeds. Best and second-best scores are highlighted in green and , respectively.
Env Shift Level BOSA QL DARA IGDF OTDF Ours
0.1 93141.94 [1290£1.01 " 9.624427  7.65+6.63  12.17+3.58
i 0.5 39.92 4563 | 43.684296 40.87+546 39731462  37.1244.88
HalfCheetah Gravity 20 28.47 £1.23 M 30490547 30.1641.5 25384312 28.02E1.67
5.0 11.27£1.77 8712145  32.42+18.54  30.08+£34.02 24.01+£17.88
0.1 12.534+3.61 [ 236941646 ? 20.56+11.22 10314168  9.97-£0.47
HalfCheetah Fricti 0.5 63.65+£9.14 6826142 = 68.41£3.19 66.30+1.79  66.32+0.46
alit-heetah Friction 2.0 45534201  42.6842.64  46.17£1.72 [4622E127" 45.84-+0.34
5.0 38.26+10.82  48.97+4.68 453149.83 |[NSATSESON 38.36+9.82 | 54.65E1.5
0.1 % 11.03£1.24 12534111  13.55+2.13  18.82+5.51 [22:38=1.28
Ant Gravit 0.5 17.75£2. 10.53+£1.06  9.08+0.88  11.34+1.89  16.7743.13
nt Lravity 2.0 37.17£0.96  38.26+£3.09  38.54+£2.19 41594637 37.11+0.74
5.0 3348+1.70  31.51£197 32514171 34444277 [ 34.58+0.25
0.1 55.12:£0.24 [ 55.56=£046  54.884+0.60 53.38+042 53.76+1.37
Ant Frict 0.5 58.9240.80 | 59.28£0.80  55.6445.03  58.20+0.84 55.54+3.80
ntrnction 2.0 20.184£3.79  17.54+£2.47  19.84+£320 19.63+4.15 | 32.33+3.45
5.0 9.88+1.17  7.79+£031  7.784+0.26 [713.97+7.68 13.17+8.28
0.1 18.754+12.02 20124574  16.04+7.60 24.95+16.19 | 63:77£643
Walker2d Gravit 0.5 40.09+2.37  29.72+16.02 [42.05£10:527 37.36+549  32.47+7.04
alker=d Gravity 2.0 8.914£228  3220+1.05 25.69+£10.67 34.89+6.73 [137.23%2:16
5.0 5254050 5444008 5424029 [ 5664032 4.9210.08
0.1 7.88+1.88  5.65+0.06 5724023  7.214+1.80 20.21-7.90
- 0.5 534242006 67.91£7.03 68.92411.43 | 70.83£4:22 X :
Walker2d Friction 20 390651730 MIESIEOSIMIGSA0ETIN 02551030 S0.03k1453 e201td e
5.0 5.89+3.42 i 528+0.19  521+036 [ 14.98%9:15
0.1 27.8241341 23441162  13.10+098  13.8944.70 [ 3341192
- Gravit 0.5 17.74£7.93 17784685  14.68+524  19.81+£9.56 = 35.2245.94
opper Gravity 2.0 13.1842.10  14.71+£1.67 14.94+1.08  14.71+0.87
5.0 7974061  7.78+£037  7.81+048  8.0320.50
0.1 25.55+2.69 [ 2613424 24.16+4.50  24.02+5.00 2476121
H Fricti 0.5 25.86+2.17 24754358 24.8444.63  29.1243.01 [29.89+6.17
opper Friction 2.0 10.324£0.06  10.1540.03  10.1540.06  10.35+0.60 ; ;
5.0 6.92+1.97 7924006  7.84+0.04  7.90+0.17 8.04+0.05
Total 826.06 894.82 886.84 916.98 1007.10  [I207:0500

3.1 RESULTS ON MuUJoCo LOCOMOTION TASKS

Results on gravity and friction shifts. As shown in Table[I] LoDADA achieves a total score of
1207.05, yielding a 19.9% improvement over the second-best method OTDF and a
34.9% improvement over the backbone algorithm IQL (Kostrikov et all,[2021). Across 32 evaluation
tasks (8 environments x 4 shift levels), LODADA achieves best (21) or second-best (6) performance
in 27 out of 32 tasks and remains competitive on the remaining 5 tasks. These results indicate that
LoDADA improves target-domain performance by effectively leveraging localized filtering.

Compared to vanilla IQL, we introduce (i) adaptive weighting in critic learning and (ii) an additional
CVAE-based behavior-cloning regularizer. As shown in Table[T] these modifications yield significant
gains over IQL on 27 out of 32 tasks. These observations suggest that combining localized filtering
with target-aware regularization improves adaptation to the target domain.

Results on morphology shift. For MuJoCo locomotion tasks with morphology shifts, the results and
detailed analysis are deferred to Section[H.3] The key takeaway is that LODADA achieves the best
score in 13 out of 16 tasks, yielding a 32.7% improvement over the second-best method.

4 CONCLUSION

In this work, we studied off-dynamics offline RL through a localized dynamics-aware data filtering
method. We provided a theoretical performance bound that motivates us to perform data filtering from
a local perspective and introduce a dataset regularization term to encourage the learned policy to align
with the target behavior. Building on this insight, we proposed LoDADA and conducted extensive
experiments under various types and levels of both global and local dynamics shifts. Experiment
results demonstrate that LODADA outperforms existing baselines across a wide range of tasks. Future
works include exploring the effectiveness of LODADA in real-world environments.
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A PRELIMINARIES

RL problems are typically formulated as a Markov Decision Process (MDP), specified by a tuple
M= (S, A, P,r,v,po), where S is the state space, A is the action space, P(s’|s, a) is the transition
kernel, (s, a) is the reward function given state-action pair (s, a), vy € [0,1) is the discounting factor,
and py is the initial state distribution.

In the off-dynamics offline setting, we consider two MDPs: a source domain Mg,

(S, A, Pyc, 7,7, po) and a target domain My, = (S, A, Par, 7,7, p0). The two domains differ
only in their transition dynamics, i.e., Pyc(s'|s,a) # Par(s']s, a), while sharing the same reward
function 74 (s, a) = ru (s, a). In the offline setting, the agent cannot interact with the environment
and must learn from static datasets (Levine et al |[2020). Suppose we are given a source dataset
Dy = {(s,a,s",7)sc} and a smaller target dataset Dy, = {($, a, 8, 7)iar }- The goal is to learn a pol-
icy 7 that maximizes the expected return in the target domain, max, Er p,,, [Zfi 0¥ rear (st at)} ,
by leveraging the mixed dataset Dyix = Dy U Dy Typically we have | Dyy,| < | Dyl

Notations: H(X) is the entropy of random variable X . z = s @ a is the vector concatenation of state
s and action a, which can be viewed as an identity representation of (s, a).

B RELATED WORK

Domain adaptation in RL. Domain adaptation in RL focuses on adapting policies across domains
with differing transition dynamics. Prior work include policy and value function transfer which reuse
knowledge from a source domain to accelerate learning in a target domain (Abel et al.| 2018} Xu et al.|
2023)), and robust MDPs which optimize policies against the worst-case dynamics within a predefined
uncertainty set (Liu et al., [2024b; He et al., 2025; |Gu et al., [2025). However, these approaches often
require carefully specified uncertainty sets and may fail to cover the true target dynamics. More
importantly, they tend to be overly conservative due to the rigid assumption that there is no access
to target data at all. More recent work have explored online RL. domain adaptation using reward
augmentation from dynamics mismatch (Eysenbach et al.|[2021};|Guo et al.||2024) and representation
deviation (Lyu et al., 20244a)). In contrast, our method tackles domain adaptation in a purely offline
setting through a clustering-based framework, enabling more flexible and efficient reuse of source
data under substantial dynamics shifts.

Off-dynamics offline RL. Off-dynamics offline RL aims to leverage an abundant source dataset
together with a limited target dataset to improve policy learning in the target domain where online
interactions is infeasible. Prior works approached this problem by aligning source and target distribu-
tions via importance weighting (Nachum et al.,[2019; Lee et al.l 2021}, reward augmentation (Liu
et al.}2022), using adversarial domain adaptation to reduce the mismatch in state-action dynamics
(Barde et al.;, [2020; | Xu et al., |2021)), or filtering source data based on similarity to the target (Liu et al.
2020;|Wen et al., 2024; |Lyu et al.,[2025). Another line of work adopts model-based approaches, where
a dynamics model is learned in the target domain to enable more principled reuse of source transitions
under mismatched dynamics (Yu et al.l 2020; |Guo et al.,[2026). These methods often struggle with
severe distribution shifts: importance weighting suffers from high variance under limited coverage,
adversarial adaptation can be unstable in practice, heuristic filtering may reduce sample efficiency,
and model-based methods are sensitive to model bias. In contrast, our method balances robustness
and coverage by retaining useful source experiences while downweighting unreliable clusters.

Clustering-based methods in RL Clustering-based methods in RL exploit structure in the state-
action space by grouping similar samples into clusters, thereby reducing variance and improving
generalization. Recent approaches use clustering for representation learning, such as learning
latent embeddings that capture environment dynamics and then clustering them to discover reusable
behaviors or intermediate objectives (Machado et al.,|2017}; [Eysenbach et al.|[2019). These approaches
often rely on heuristic similarity metrics, which may not accurately reflect the underlying transition
dynamics. Our method leverages clustering not only to structure the data, but also integrates
distributional alignment within clusters, ensuring that the grouped samples are both coherent and
dynamically relevant to the target domain.
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C ADDITIONAL THEORETICAL INSIGHTS

Following [Lyu et al.| (2024a), we have the following proposition.

Proposition C.1. For any (s,a), denote its representation as z, and suppose si,. ~
P, (+|2), Star ~ Pm,., (-|2). Then measuring the representation deviation between the source
domain and the target domain is equivalent to measuring the dynamics mismatch between two

domains, i.e., Dy, (P(2]sk) [ P(2]51a)) = DKL (P (s4el2) | P(510,12)) + H(slee) — H(sl,,)-

The difference between Theorem @] and Theorem 4.3 of Lyu et al.| (2024a) lies in the direction
of the KL divergence. We derive the KL divergence from the source representation distribution
to the target representation distribution (rather than the reverse). This choice matches our goal of
characterizing how far the policy learned from filtered source data can be from the target-optimal
policy (Theorem[2.1). Because KL divergence is asymmetric, we reproduce the proof in Section[D]
for completeness.

Since the entropy terms are constants for fixed source/target domains, minimizing dynamics deviation
is equivalent to minimizing representation deviation. Concretely, let H(s. ) — H(s{,,) = B be a
constant. If the representation deviation is bounded by e, i.e., Dk, (P(z|sk..) || P(z |stal )) <, then
the dynamics deviation Dk, (P(s,..|2)|| P(st..]|%)) is bounded by € — B.

The following assumption from Eysenbach et al.| (2021) quantifies the performance gap that the
optimal target policy 7* may suffer when evaluated under source dynamics.

Assumption C.2. Let 7* = argmax, E,[ Y 7'r(s;,a;)] be the reward-maximizing policy in
the target domain. Then the expected reward in source and target domains differs by at most

2Rmax \% 1 - eB—e:
ETr*713src {Z Vtr(stv a't):| - ]E7r*,Ptar {Z Vtr(sh at):| ‘ < 2RpaxV 1 — eB_Ev
t t

where B = H(s,. ) — H(s/,)-

D PROOF OF THE MAIN THEORETICAL RESULTS

D.1 PROOF OF THEOREM[C.]]

Proof of Theorem This proof is similar to that of Theorem 4.3 in|Lyu et al.|(2024a)). However,
we derive this result by calculating the KL divergence between the source representation distribution
and the target representation distribution, rather than vice versa. This is because our proposed method
LoDADA requires characterizing the distance between the policy learned from the filtered source
data and the target optimal policy, as demonstrated in Theorem [2.1] Due to the asymmetry of KL
divergence, we reproduce the proof here for the completeness of our work.

We would like to establish a connection between the representation deviations in the two domains
and the dynamics discrepancies between the two domains. To achieve this, we introduce the concept
of mutual information:

h(z s, Star) - I Z 54 )—I(Z star)

) <sre? ) ¥src

P(z,s! P(z,s,,,)
)1 = d ds! %) Star ——dz
/ / 2, src Y NS - YRR P(Z) Ssrc RQSgre — // z Smr P(Z)P(Star) dstar
P(2lske) ;0 / / / P(z|8tar) ;o
z, 5...) 1o M dzdsl,. — P(z, st,,) log — 2~ dzds;,,
= [, J P hoon =55 , 5 P starlon =iyt
P(zls!
///P 2, src’S[a.r 1 g<P(|ZS)rC)dZdS;rc ds;ar
P(z]sta)
/// 2, Star? src 1Og P(Zt)a dz d dssrc

P(z]5lc)
/ / / 2, src’ Stmr) log md’?:d chdsgar
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:DKL( ( |ssrc)||P(zi8iar))'

Note that the definition of the KL-divergence already involves expectations over s/, and s, . While
one can also write By, o [Dx1(P(z|sk.. )| P(z]st.,))] and it should not affect the result. At the
same time, we also have

h(Z Ssrc78tar) - I Z5 bI‘C) - I(Z Star)
P(z, . P(z,st,,)
7 SYC log Src dz dSSrC / / Z S ar log = d ds ar
/ / P(Z) ( src ‘ ( ) ( tar) ‘
’

P(s} P(St 12)
)1 el d ds! S dzds
// 25 src g —H— 1:)(52r 2 ASgre — // 2, Star P( tar) Star
P(serel2)
///P 2, src’star) P(;;C) dZd ch ds‘/car
P(starl2)
/// z Star’ src) 1Og P(t ) dz dstar d‘ssrc
Star
P8kl 2) /
P(z 1 Ssre dz dsg,.d
/ // 2 srcastar) 0og P(Stariz) Z ssrc Star

— [ P08 Pl sty + [ Plsiun)log (st s
S S
= DKL(P( 5rc| )HP(Stari )) + H( 5rc) - H(Siar)'

One can see that the defined function is also connected to the dynamics discrepancy term
Dxr,(P(8L,.|2) || P(st.,]2)) and two entropy terms. Nevertheless, we observe that the source domain
and the target domain are specified and fixed, and their state distributions are also fixed, indicating
that the entropy terms are constants. So in the end we have

DL (P (2ls4) | P(2]510r)) = Dxu(P(ske [2)l| P(starl2)) + Hsge ) — H(sgy) -

representation deviation dynamics deviation constants

This completes the proof. O

D.2 PROOF OF THEOREM [2.1]

Proof of Theorem2.1] For simplicity, denote 7 = Z vy r(st, at). Since It is infeasible to directly
interact an online policy 7* with an offline policy 77 in different domains, we introduce 7. €

IT;6 exploit that maximizes the reward in the filtered source domain. Then we have

EF){anﬂ'* (r) - ERaraﬁ'*D. » (T) = ]E'Raryﬂ'* (T) - Epsrc’ﬂ'* (r) + Epsrcyﬂ' ( ) E}Dsrcﬂr (f>

src

src

(a) (b)
+ Epsrcﬂrz;c (f) - ERarﬂTBtGT (f) + E}D[anﬂ'z)ta ( ) IERanﬂ' (f) .

T

(c) (d)

First note that term (b) is 0 because 7. is the optimal policy in the filtered source domain, which
should be identical to the target domain, meaning 7}, is almost the same as 7* and they should

achieve the same reward in the same domain. Term (a) is bounded above by 2R,V 1 — eB—¢ by
Theorem|[C.2] To bound term (c), we first need the following result by applying Theorem

]EPWJT;:C (7) = Ep, o (F) < Ep,, WW( 7) — Ep, T (7) < 2Rpax V1 —eBe.

Next we can use this and the performance bound of usual offline RL algorithm to find a bound for

term (¢):
7) < 2Rpax V1 — €87 + Ep, »+(F) < 2Rimax V1 —ePc+ C + Eanrﬂth (7).

Rearrange the terms can we find the upper bound for term (c). Finally we will deal with term (d):
(d) =Epyrp, (F) =Eren;, () +Epeny, (7)) =Epesy () +Epesy (7)) =Eppay (7).

src

Epsruﬂ—

src

Il Iz 13
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We bound I by applying Theorem [E.3}
I < ‘Eamgm(f) —Epery, (f)‘

1 ny L
= |—FE =« A~ [Q/\jt:” (5/’ a/):| — Ea/Nﬂ-Btu-p [Q/\/’imy- (317 a/):|:| ’

, E
L= p 05 (s.0).8'~Pue Dare

1 ;
=k Y (7, (dls) —7b,, (@]s)) Qg (s, a))

FE
— D
1 Y /)M:CTC (8,a),8"~ Py

IN

Rm X % *
S D Z (ﬂbm(a’|8’) — WDtaT(a/|S/))|

2%
1- Y pA/ﬁfcrc (s,a),8"~ P

2R
_ 2B [Drv(rp, (1) b, (1))
Ty et T D () 17 (1)

We bound I; by applying Theorem[E.2}

1 < [Erem, (7) = Era, ()]

= LE ‘”*D ” |:E5/Npsrc |:V_/zr/[Dt::T (Sl)j| - ES/NF’[M |:V_/7\T/1Dt::7 (S/)]:| ‘
L= ppiier(s.a)

i | L 50 = P s s |
L= ppter(sa) | Js

< B L 150 - P s <[y (0]
L—9 ppter(s,a) || Js
2y

< T R Dy (Pa (| 5,0) [ Pat, (| 5,0)]

IN

2
%Rma)ﬂ /1 — €B_E.
-

Similarly for I3, we get the same upper bound. Combining all bounds together, we get the desired
result. O

E USEFUL LEMMAS

Lemma E.1. Let R, be the maximum (entropy-regularized) return of any trajectory. Then the
following inequality holds:

Emp.m- [Z’ytr(sta at)} - Eﬂ',Pm,- [Z ’}/tT(Sh at)} ‘ S 2Rmax V 1 - ere'

Note that the original result from |Eysenbach et al.|(2021) was derived within a policy class, IL,, exploits
which is defined to be set of policies that have constrained dynamics discrepancy. Since in our case
we assume the KL divergence between the source and target dynamics is bounded by € — B, the
above result is not restricted to the policy class Il exploir anymore.

Proof. This proof is similar to that of Lemma B.2 in|Eysenbach et al.|(2021), and the only difference
is that we use B-H bound for TV distance instead of Pinsker’s inequality in the last step. We repeat
the proof here for readers’ reference. We know z = f(s, a) is injective, and apply Holder’s inequality
and Bretagnolle-Huber bound, which is never worse than Pinsker’s inequality (Canonnel 2022), to
obtain the desired result:

[ 0 tr(onan)] - B [ 0tr(onan)]| = | (Pacr) = Pl (o 2'r(on00)

10
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< || X2t - 1Pwlr) = Pl

< (max > 4'r(siar)) - 2V/1 = e P (Pel 1)

< 2Rpax V1 —eB-e,
This completes the proof. O

Lemma E.2 (Telescoping lemma, Lemma 4.3 from [Luo et al| (2019)). . Denote M; =
(S, A, Pr,r,y) and Mo = (S, A, Py, r,7) as two MDPs that only differ in their transition dynamics.
Then for any policy m, we have

Tans () = Taaa(0) = T By o B [VE (5] ~ B [V ()]

Lemma E.3. Denote M = (S, A, P,r,v) as the underlying MDP. Suppose we have two policies
1, T, then the performance difference of these policies in the MDP gives:

7Ep7/{}l(s,a),s’~P []EG’N‘IH [Qﬂ/\i(slv a/)] - Ea’Nﬂz [Q?\i{(‘g/? CL/)H .

Tam(m) = Im(me) = —

Proof. This is Lemma B.3 in[Lyu et al.| (2024a)), please check the proof there. O

F EXPERIMENTAL SETUP

Task and Environments. We evaluate LoODADA on the ODRL benchmark (Lyu et al., |2024b)
across MuJoCo environments with different dynamics shifts. Each environment includes three types
of dynamics shifts: gravity, friction and morphology shifts. The source dataset is collected in the
original MuJoCo environment from D4RL (Fu et al.,[2020), and the target dataset is collected by the
behavior policy in the corresponding environment with dynamics shifts. All datasets are collected
using SAC (Haarnoja et al., [2018)) trained to a medium performance level in either the original or
dynamics-shifted environment. We use the datasets provided by ODRL, where the source dataset
contains 1 million transitions while the target one has 5000 transitions. To construct dynamics-shifted
target environments, we follow ODRL and modify MuJoCo simulator parameters for gravity, friction
and morphology. For gravity, we rescale the global gravity magnitude while keeping its direction
unchanged. For friction, we rescale the friction parameters. In both cases, we consider four shift
levels {0.1,0.5,2.0, 5.0}, where the original gravity or friction is multiplied by the corresponding
factor. Morphology shifts are created by changing the size of specific limbs or the torso of the robot.

In addition to the locomotion tasks, we evaluate on AntMaze problems with different map layouts
following ODRL. We focus on the medium-sized AntMaze setting and use 6 different map layouts
as target environments, denoted as {1,2,3,4,5,6}. We use the play and diverse datasets as source
datasets, both drawn from D4RL (Fu et al., [2020), while the target dataset is collected by an agent
trained directly in the target environment and provided by ODRL. The diverse dataset consists of
trajectories that start from random locations and reach random goals, whereas the play dataset contains
trajectories that start from hand-picked locations and reach a fixed hand-picked goal. Consequently,
these two source datasets exhibit different state coverage.

Finally, we evaluate LODADA on manipulation tasks from the Adroit benchmark. We consider the
pen and door environments. Similar to the MuJoCo experiments, we construct target environments
by introducing kinematic and morphological shifts. For kinematic shifts, we restrict the rotation
ranges of hand joints, referred to as broken-joint. For morphological shifts, we shrink the sizes of
fingers, referred to as shrink-finger. We consider shift levels of medium and hard in our experiments.
The source dataset is drawn from D4RL at the human level, while the target dataset is obtained from
ODRL. Additional details about all these environments can be found in Section[Gl

Baselines. We compare LoDADA against several strong baseline methods including DARA (Eysen-
bach et al.,[2021), BOSA (Liu et al.} 2024a), IQL (Kostrikov et al.}|2021), IGDF (Wen et al., [2024),
and OTDF (Lyu et al., 2025). DARA applies reward augmentation learned from the discrepancy

11
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(a) alllegs (M) (b) alllegs (H) (c) halflegs (M) (d) halflegs (H)

Figure 2: Visualization of morphology shift environments for Ant.

between source and target dynamics to the source dataset to mimic the trajectories in the target envi-
ronment. BOSA enforces support constraints with two objectives to mitigate OOD state—action pairs
and OOD dynamics while filtering unreliable transitions. IQL is an offline RL algorithm that learns a
value function and an advantage-weighted policy to achieve higher performance, which demonstrates
strong performance in offline RL tasks trained on mixed datasets without explicit domain adaptation
2024). IGDF learns a contrastive representation to estimate a mutual information-based
domain gap for filtering source transitions. OTDF is the most recent state-of-the-art method which
uses optimal transport to match source—target transitions and performs non-parametric filtering based
on the optimal transport cost. Implementation details for all methods, including the architecture and
hyperparameters, are presented in Section |G}

G EXPERIMENT DETAILS
In this section, we provide more details for the experiment settings and hyperparameters in Section [3]

G.1 LOCOMOTION TASKS

In this section, we demonstrate the detailed modification in the MuJoCo xm1 file to construct the
target environment. In the locomotion tasks, we follow the ODRL, providing three dynamics shifts
including gravity, friction and morphology shift. In the gravity and friction shift, we consider the shift
level with {0.1,0.5,2.0,5.0}. In the morphology shift, we consider the medium and hard level shift.

Gravity Shift. Following the ODRL benchmark 2024b)), we modify the gravity of the
environment by editing the gravity attribute. For example, the gravity of the HalfCheetah in the target
is modified to 0.5 times the gravity in the source domain with the following code.

# gravity
<option gravity="0 0 -4.905" timestep="0.01"/>

Friction Shift. The friction shift is generated by modifying the friction attribute in the geom
elements. The frictional components are adjusted to 0.1, 0.5, 2.0, 5.0 times the frictional components
in the source domain, respectively.

Morphology Shift. The morphology shift is achieved by modifying the size of specific limbs or tor-
sos of the simulated robot in MuJoCo without altering the state space and action space. Visualizations
can be found in Figure 2] Figure [3] Figure[d and Figure 3}

G.2 NAVIGATION TASKS
In this section, we present the detailed modification in the AntMaze map to construct the target

environment. In this setting, we follow the ODRL benchmark and consider the medium size with six
different target maps. Visualization of the map can be found in Figure [f]

12
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(a) thigh (M) (b) thigh (H) (c) torso (M) (d) torso (H)

Figure 3: Visualization of morphology shift environments for HalfCheetah.

(a) foot (M) (b) foot (H) (c) torso (M) (d) torso (H)

Figure 4: Visualization of morphology shift environments for Hopper.

G.3 MANIPULATION TASKS

In this section, we discuss the detailed modifications in the Adroit environment. In this setting, we
follow the ODRL benchmark using the pen and door as the tasks. The pen task is to control the
24-DoF shadow hand robot to twirl a pen, and the door task is to open a door. We consider the two
types of dynamics shifts under this environment, denoted as the kinematic shift and the morphology
task. We only consider the medium and hard level shift. Visualizations can be found in Figure[7]and

Figure[§]

Kinematic Shift. The kinematic shift in the Adroit robot hand occurs at all finger joints of the
index finger and the thumb. We make constraints on the range of torsos. We use two types of shift
levels, denoted as medium and hard level for the kinematic shift.

Morphology Shift. The morphology shift in the Adroit robot hand occurs on the fingers. We shrink
the sizes of these fingers with the medium and hard levels, which multiply by 0.25 and 0.125 for the
size of the fingers, respectively.

G.4 DATASETS

Note that we follow D4RL and adopt the normalized score metric to better characterize the agent’s
performance across different tasks. The normalized score in the target domain is defined as:

Ns= LI

where J denotes the return achieved by the agent in the target domain, and J,., J. represent the
returns obtained by the random and expert policies in the same domain, respectively.

We summarize the reference scores of J,. and J,. under different dynamics shift scenarios in Table
Table 3] and Table @
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(a) leg M) (b) leg (H) (c) torso (M) (d) torso (H)

Figure 5: Visualization of morphology shift environments for Walker2d.

(a) antmaze-medium-1 (b) antmaze-medium-2 (c) antmaze-medium-3
(d) antmaze-medium-4 (e) antmaze-medium-5 (f) antmaze-medium-6

Figure 6: Visualization of the AntMaze map structure. We consider medium size map with 6 different
map layouts.

G.5 TECHNICAL DETAILS ABOUT BASELINE ALGORITHMS

In this section, we describe the implementation details of the baseline methods, following the ODRL
benchmark (Lyu et al., 2024b). Furthermore, we list the hyperparameter setup used for all methods in
Table

BOSA (Liu et al.,2024a). BOSA deals with the OOD state—action pairs through a supported policy
optimization and addresses the OOD dynamics issue through a supported value optimization by data
filtering. Specifically, the policy is updated by maximizing the following objective function:

Lactor = E5~DS,CUD[rg, a~Tg(s) [Q(S, CL)], s.t. EsNDsrCUDlrg [ﬁ-eofﬂine (7T¢(5) | S)] > €.

Here, ¢ is the threshold, 7y
is updated with

Lcﬁtic = IE(s,a)wDSrc [Q(Sa (Z)]

is the learned policy for the combined offline dataset. The value critic

offline
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(a) broken-joint (M) (b) broken-joint (H) (c) shrink-finger (M) (d) shrink-finger (H)

Figure 7: Visualization of morphology and kinematic shift environments for Adroit Pen.

s

(a) broken-joint (M) (b) broken-joint (H) (c) shrink-finger (M) (d) shrink-finger (H)

Figure 8: Visualization of morphology and kinematic shift environments for Adroit Door.

~ 2
+ E(s,a,r,s/)r\«D%UD"g,a’wﬂ'd,(-\s/) I(ptrg(sl | S, a) > 5/)(Q0i (Sa a) - y) i|a

where I(-) is the indicator function, pug(s" | s, a) = argmax E(s 4 5/)~ Dy, [ 108 Pug (8" | 5, @)] is the
estimated target domain dynamics and €’ is the threshold. The above objective is transformed to a
relaxed Lagrangian form for optimization. Both the behavior policy and the dynamics models are
modeled by the CVAE. We implement BOSA by following the instructions in the original paper.
BOSA is trained for 500K gradient steps in practice by drawing samples from both the source domain
dataset and the target domain dataset.

IQL (Kostrikov et al., 2021). IQL learns the state value function and state—action value function
simultaneously by minimizing the following expectile regression loss function

l:v = E(Sva)NDschD"g [L‘IQ— (QQ(S’ a‘) - Vw(S)ﬂ ’

where L3 (u) = |7 — I(u < 0)|||u||?, I(-) is the indicator function, and 6 is the target network
parameter. The state—action value function is then updated by

Lg= E(S,a,r,s’)meUDug [(T(s, a) + 7V¢(5’) — Qo(s, a))Q}.

The advantage function is A(s,a) = Q(s,a) — V(s). The policy is optimized by the advantage-
weighted behavior cloning

»Caclor = E(s,a)NDmUD"g [exp (6 : A(Sv CL)) log 7r¢(a | S)L
where (3 is the inverse temperature coefficient. We implement IQL by following its official codebase
and also train the IQL agent on offline datasets from both domains for 500K gradient steps.

DARA (Eysenbach et al.,[2021). DARA is the offline version of DARC (Eysenbach et al.,|[2021).
It trains two domain classifiers ggq, (target | s, at, Se+1), Gos, (target | s¢, a;) with the following
objectives

L(0sas) =Ep,, [log Qo5 (target | s, ay, St+1)] +Ep,. [log (1 — Qo5 (target | s¢, ag, stH))},
L(0sa) = Ep,, [log qsq, (target | s, a:)] + Ep,. [log (1 — qo,, (target | s¢, ar))],

15



Published as a conference paper at CAO Workshop at ICLR 2026

Table 2: The referenced minimum and maximum scores for MuJoCo datasets under various dynamics
shift scenarios. These reference scores are used to compute normalized performance in the target
domain.

Task Name Dynamics Shift Type Reference Min Score (J,) Reference Max Score (J.)

Gravity - 0.1 -280.18 2466.85
Gravity - 0.5 -280.18 9509.15
Gravity - 2.0 -280.18 9509.15
Gravity - 5.0 -280.18 3756.24
HalfCheetah Friction - 0.1 -280.18 41696.55
Friction - 0.5 -280.18 7357.07
Friction - 2.0 -280.18 11255.97
Friction - 5.0 -280.18 10199.33
Local -280.18 12135.0
Gravity - 0.1 -26.34 32343
Gravity - 0.5 -26.34 3234.3
Gravity - 2.0 -26.34 3234.3
Gravity - 5.0 -26.34 3234.3
Hopper Friction - 0.1 -26.34 32343
Friction - 0.5 -26.34 32343
Friction - 2.0 -26.34 3234.3
Friction - 5.0 -26.34 3234.3
Local -20.272305 3234.3
Gravity - 0.1 10.08 2074.90
Gravity - 0.5 10.08 5194.71
Gravity - 2.0 10.08 5056.45
Gravity - 5.0 10.08 3665.39
Walker2d Friction - 0.1 10.08 3360.18
Friction - 0.5 10.08 4229.35
Friction - 2.0 10.08 5180.04
Friction - 5.0 10.08 4988.84
Local 1.629008 4592.3
Gravity - 0.1 -325.6 2782.09
Gravity - 0.5 -325.6 4317.07
Gravity - 2.0 -325.6 6705.12
Gravity - 5.0 -325.6 6226.89
Ant Friction - 0.1 -325.6 7938.96
Friction - 0.5 -325.6 8301.34
Friction - 2.0 -325.6 5167.38
Friction - 5.0 -325.6 4545.02
Local -325.6 3879.7

to estimate the dynamics gap

P, (se41 | 8¢, a1)
Py (st41 | 585 a)

log

between the source domain and the target domain. DARA approximates this term by leveraging the
trained classifiers and proposes to modify the source domain rewards as follows

'FDARA =r—AX (5’/“7
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Table 3: The referenced minimum and maximum scores for AntMaze medium datasets under various
dynamics shift scenarios. These reference scores are used to compute normalized performance in the
target domain.

Task Name Dynamics Shift Type Reference Min Score (J,.) Reference Max Score (.J.)
1 0.0 1.0
2 0.0 1.0
. 3 0.0 1.0
AntMaze-medium 4 0.0 10
5 0.0 1.0
6 0.0 1.0

Table 4: The referenced minimum and maximum scores for Adroit datasets under various dynamics
shift scenarios. These reference scores are used to compute normalized performance in the target
domain.

Task Name Dynamics Shift Type Reference Min Score (J,) Reference Max Score (.J.)

broken-joint-medium -12.17 6408.38
broken-joint-hard -12.17 6408.38

Pen shrink-finger-medium -12.17 6408.38
shrink-finger-hard -12.17 6408.38
broken-joint-medium -52.34 2880.57
broken-joint-hard -52.34 2880.57

Door shrink-finger-medium -52.34 2880.57
shrink-finger-hard -52.34 2880.57

Qo5 (target | st, at, St41) Qos, (sOULCE | Sty at)

Q6sas (SOUI’CG | Sty At St+1) 465 (target ‘ St at) ,

where ) is an important hyperparameter that controls the strength of the reward penalty, which is
set to be 0.1 by default. After that, DARA is trained on data from both domains for 500K gradient

steps. We implement DARA by following the original paper and clip the reward penalty term to lie in
[—10, 10]. We use IQL as the base algorithm for DARA.

or(se, ar) = —log

IGDF (Wen et al.; 2024). 1GDF captures the dynamics gap between the source domain and the
target domain through contrastive learning. It trains a score function h(-) using (s, a, $t;) ~ Diar
from the target domain as positive samples, and mixed transition (s, a, si,.) as negative samples,
where (s,a) ~ Dy, s, ~ Dgc. The score function is optimized via the following contrastive

learning objective:

h(87 a” s(ar)

/ )
s/~ 8! Usl, h(87 a,s )

‘Ccomrastive - *E(S,%sfm)]}zszf log Z

where S’ is a collection of the next states in negative samples. Practically, IGDF adopts two neural
networks ¢(s, a), 1(s’) to learn representations of state-action pairs and states, and approximate the
score function with a linear parameterization of them:

h(s,a,s') = exp (¢(s,a) P(s")).

Based on the measured score function, IGDF proposes to filter out source domain data when training
value functions:

‘Ccrilic = %ED(ar [(Q0 - TQ@)Z} + % a - h(S, a, S/) E(s,a,s’)stm [1(h(57 a, S/) > hE%)(Q@ - TQ9)2]7

where « is the importance coefficient for weighting the TD error of the source domain data, and € is
the data selection ratio akin to that in OTDF. We run IGDF by using its official codebase and use IQL
as its backbone.
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OTDF (Lyu et al., 2025). OTDF performs off-dynamics offline policy adaptation by aligning the
transition dynamics of the source and target domains using optimal transport. It first solves the
optimal transport problem using

IDsrcl IDmrI

W(uu') = min > > Clur,ui) e,
L v
given cost function C. Suppose the optimal coupling obtained is ©*, then it defines the deviation
between a source domain data point and the target domain dataset as:

‘Dlar‘
d(ug) = =D Clug,up) 15 e = (55,05, (540)¢) ~ Dae.

t'=1

After computing and normalizing d, it trains the value function via
Lo =E(s.a,5)~Du [(Qo — TQ@)Q] + B 0,0~ Dy [2p(d) - 1(d > dery) (Qo — TQ0)2}7

where d is normalized d and 1(+) is the indicator function. It then trains a Conditional Variational
Autoencoder (CVAE) using loss function

Levag = IE(s,a)me,-7 z~E, (s,a) [(a - DC(Sv Z))2:| + Do (Eu(sv a) || N(Ov I))7

where F, (s, a) is the encoder and D(s, z) is the decoder, to model the target dynamics and generates
multiple latent transitions. Finally, they train the policy via

M
‘CATr = ‘C‘n' - BES’\/DSTCUDwr [1og (Zexp (logﬁtiar(ﬁ('b) | 5))>‘| )

i=1

where 7, denotes the i-th constructed Gaussian behavior policy in the target domain. A data selection
mechanism filters source samples whose generated transitions closely match the target. We run OTDF
using its official codebase.

G.6 TECHNICAL DETAILS ABOUT LODADA

The LoDADA algorithm (Localized Dynamics-Aware Domain Adaptation), summarized in Algo-
rithm 2] leverages clustering and divergence-based filtering to improve off-dynamics policy learning.
First, target domain data are clustered by next-state variables to form clusters, and source samples
are assigned to clusters based on proximity to centroids within a diameter threshold. For each
cluster, a classifier estimates KL divergence between source and target distributions, and clusters
are ranked accordingly. Source samples are then filtered adaptively based on the divergence ranking
of their assigned clusters, which are divided into three classes according to their KL divergence:
low, medium, and high. Clusters in the low-divergence class, which are most similar to the target
dataset, admit the largest proportion £; of their source samples; clusters in the medium-divergence
class admit a moderate proportion £-; and clusters in the high-divergence class—indicating greater
dissimilarity—admit only a small fraction &3.

After filtering, each retained source sample is assigned an importance weight derived from its
normalized KL estimate, so that samples from more similar clusters have higher influence during
training, while samples from less similar clusters are down-weighted. During training, mini-batches
from both domains are used to update the value function, compute target values, and optimize the
state-action value function with divergence-weighted losses. Finally, the target network is updated,
and the policy is optimized on filtered source samples using CVAE, enabling effective adaptation
across domains. Although LoDADA is sensitive to the policy regularization weight A, we could have
a A that generally receives a relatively good performance per setting. Specifically, we find that A = 0.1
can be used for friction experiments, A = 0.5 can be used for gravity experiments, A = 1.0 is adopted
in morphology experiments, and A € {0.5, 1.0} is used in all local perturbation experiments. In the
AntMaze setting, we sweep the number of clusters over {10, 20, 30,50} and observe that smaller
cluster counts consistently yield better performance. We hypothesize that, unlike locomotion tasks in
MuJoCo environments, the aligned transitions in both the source and target AntMaze environments
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are concentrated within a small number of clusters (i.e., map position with overlap) induced by the
map layout. As a result, using a smaller number of clusters is sufficient and yields better performance.
For the policy regularization weight A\, we sweep A = {0.1, 0.5, 1.0} to achieve the best performance.
In the Adroit settings, we follow similar hyperparameters in MuJoCo tasks. We sweep the number of
clusters in {30, 50} and the policy regularization weight in A = {0.1, 1.0}.

Algorithm 2 LoDADA : Localized Dynamics-Aware Domain Adaptation

1:
2:

® XNk

11:
12:

13:
14:
15:

16:
17:

18:

19:
20:
21:
22:
23:

24:
25:

26:
27:
28:

29:

Input: Source domain data Dy,.., target domain data Dy,

Initialize: Policy 74, value networks Vi, Qg, target Q function Qy-, batch size B, number of
clusters K, diameter threshold 4, critic importance ratio «, regularization weight A, filtering ratio
&1, &2, &3, target update rate 77, CVAE with encoder E,, (s, a) and decoder D (s, z), number of
sampled latent variables M

Train CVAE policy to model the behavior policy in the target domain dataset using

Levag = E(s,a)N'Dm,szy(s,a) lla — D¢ (s, Z)H% + DxL(Ey (s, a)H./\/(O, 1)l

Cluster Dy, into { N} | based on s’, with centroid ¢’ and diameter d’
for each source sample (s,a,s) € Dy do

Find nearest centroid ¢’ among {N*}£ |

if dist(s',¢') < - & 32K | d' then

Assign (s, a, s') to neighborhood N

end if
end for
fori=1,2...., K do

Train classifiers D,,(z) using

L= _EZNP(Z|5§ar)[IOg Dn(z)] - ]EZNP(zls;m)[IOg(l - Dn(Z»]

Calculate cluster estimate of KL divergence D7, based on Equation
end for . _
Sort {N*}X | based on D}, from smallest to largest and get {\/(7) Hy

for each neighborhood NG j=1,...,K do
Rank point estimates {d? } Li/(lg])‘ of sampled source data
Admit the top £,(;)% samples, where g(j) = § 2, [K/3] <j < [2K/3],
3, j>[2K/3].
end for
Normalize point estimate of KL divergence via d; = %, ie{l,.., |Ds7‘c|}

for each gradient stepdo _
Sample a mini-batch by, of size B/2 from Dy,.. and by, of size B/2 from Dy,

Update the state value function Vy via: Ly = E, 5 p,.. [Lg (Qor(s,a) — Vw(s))}

Compute the target value via: y = r + 7V (s')
Optimize the state-action value function Qg on by U by, via:

EQ = EDtu7'[(Q9 - y>2] + E(s,a,s’,d)wﬁs,‘c [exp(—a : JZ)(Q@ - y)2]

Update the target network via: 8’ < nf + (1 — )6’
Decode M actions from the CVAE and construct Gaussian distributions {7 (- | s)} .
Compute the advantage A and optimize the policy 74 on bge U by using

M
Ly = E(; a)nDoupy [XP(A) logms(a | 5)] = AE, 5 i, [log (Z ftar (T (- | 5) | 5))] :

i=1

end for
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G.7 COMPUTE INFRASTRUCTURE

We run the experiment on a single GPU: NVIDIA RTX A5000-24564MiB with 8-CPUs: AMD Ryzen
Threadripper 3960X 24-Core. Each experiment requires 12GB RAM and require 20GB available
disk space for storage of the data.

H MORE EXPERIMENTAL RESULTS

In this section, we provide more experimental results that are omitted from the main text due to space
limitations.

H.1 EXPERIMENTS ON LOCALIZED PERTURBATIONS

In this experiment, we evaluate our localized filtering method under locally perturbed dynamics.
Unlike the previous setting with global shifts (e.g., gravity or friction changes that affect transitions
uniformly), here the dynamics vary across regions of the state space. This setting is more challenging
because the distribution mismatch is heterogeneous and cannot be well addressed by methods that
rely on global assumptions, such as DARA (Eysenbach et al., 2021) and IGDF (Wen et al., [2024)).

We keep the target domain unchanged and perturb only the source dataset to simulate localized
variations. Policies are trained on the perturbed source dataset and evaluated in the unchanged
target domain. For the target dataset, we randomly sample 5,000 transitions from D4RL (Fu et al.,
2020) without introducing any dynamics shift. For the source dataset, we start from the original
DA4RL dataset and partition the next-state space into 15 regions using K-means. We then divide
the regions into M groups and inject Gaussian noise into state variables, with all samples in the
same group sharing the same noise variance. We evaluate performance using the normalized score
defined above. We consider all four MuJoCo environments (Ant, Hopper, HalfCheetah, Walker2d)
and set M € {3,5}. When M = 3, the noise variances are {0.1,0.5,2.0}, {0.2,1.0,4.0}, and
{0.3,1.5,6.0}. When M = 5, the variances are {0.1,0.2,0.3,0.4,0.5}, {0.2,0.4,0.6,0.8,1.0}, and
{0.3,0.6,0.9,1.2,1.5}.

As shown in Table 6] LoODADA achieves a total score of 943.09, corresponding to a 29.3% improve-
ment over the second-best approach OTDF and a 55.1% improvement over IQL. Across the 24
evaluation tasks (4 environments x 6 shift levels), LoDADA achieves best (19) or second-best (3)
performance in 22 out of 24 tasks. In contrast, DARA and IGDF often underperform in this setting
due to their reliance on global mismatch assumptions. These results demonstrate that LoDADA
is particularly effective under localized perturbations, where cluster-aware filtering becomes
more beneficial than under global shifts.

H.2 RESULTS ON ANTMAZE

In this section, we present results on the navigation tasks described in Section [F] We compare
LoDADA with baseline methods on the medium-sized AntMaze setting using the diverse source
dataset across six target environments. The results are summarized in Table|/| As shown in Table
LoDADA consistently outperforms the baselines on the AntMaze-medium benchmark with the
diverse dataset. Overall, LODADA achieves the highest total score of 416.4, corresponding to an 8.4%
improvement over the second-best method. LoDADA also achieves the best performance on 5 out of
6 maps and the second-best score on the remaining map. These results demonstrate that LoDADA
generalizes beyond locomotion tasks and achieves strong performance on navigation problems.

In structured map environments, our localized filtering strategy effectively retains source transitions
that are closer to the target transitions. Specifically, LODADA only keep the source transitions that
have similar map positions in state space with the transition in the target dataset. In contrast, prior
methods such as DARA and IGDF often fail to preserve these informative transitions, limiting their
effectiveness.

Additionally, we present experiment results on the AntMaze benchmark using the play source dataset.
We follow the same evaluation procedure as in the diverse dataset setting and report normalized target
environment performance across 6 AntMaze medium environments.The results are summarized in
Table|8] As shown in Table 8| our proposed LoODADA achieves the best overall performance under
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the play dataset, with a total score of 398.8, outperforming all baseline methods. Compared to the
second-best method, LoODADA improves the total score by 5.3%, demonstrating its robustness under
limited state coverage in the source dataset. Our method achieves the best performance on 3 out of 6
target maps and ranks second on 2 additional maps. Specifically, LODADA performs best on maps
{2, 3,4} and achieves second-best performance on maps {5, 6}.

H.3 RESULTS UNDER MORPHOLOGY SHIFTS

As shown in Table[9] our method improves the total score to 597.88, yielding a 32.7% improvement
over the second best approach OTDF, and a 63% improvement over backbone algorithm IQL. Across
the 16 evaluation tasks (8 environments x 2 shift levels), LODADA achieves best performance in 13
out of 16 tasks. These results indicate that our proposed approach consistently enhances robustness
under morphology shifts. Relative to the baseline IQL, our method delivers consistent and significant
performance gains across 13 out of 16 tasks.

H.4 RESULTS ON ADROIT TASKS

We report the performance of our method and baseline approaches on the Adroit manipulation
benchmarks in Table As shown in Table our proposed LoDADA consistently outperforms all
baseline methods across both the Pen and Door tasks. Overall, LODADA achieves the highest total
score of 402.24, yielding a substantial improvement over the second-best method (OTDF) with a total
score of 330.41. This demonstrates the strong robustness of our approach under severe morphology
and kinematic mismatches in real-world application. These results indicate that LoODADA gener-
alizes well beyond navigation tasks and achieves strong performance on challenging manipulation
benchmarks. By leveraging localized dynamics-aware filtering, our method is able to retain source
transitions that align well with the target dynamics, while prior methods relying on global assumption
struggle under morphology and kinematic shifts.

H.5 ABLATION STUDY

In this section, we conduct several ablation studies to gain deeper insight into LoODADA and the
effect of key hyperparameters in locomotion tasks. For demonstration, we study sensitivity in the
Hopper environment in gravity shift with four shift levels (0.1, 0.5, 2.0, 5.0), focusing on the number
of clusters K and the policy-regularization weight \.

Number of clusters K. K controls the level of locality of the state space partition used in our cluster-
aware filtering mechanism. A smaller K induces coarser clusters, which may merge heterogeneous
transition dynamics, while a large K can lead to overly fine partitions with insufficient samples
per cluster. To study this trade-off, we sweep K € {10, 30, 50,100} and run LoDADA in the
hopper-gravity environment with medium-level source and target datasets. As shown in Figure [Da]
performance degrades when K is either too small (e.g., 10) or too large (e.g., 100), while intermediate
values achieve consistently better results. These results indicate that a moderate level of locality
is critical for effective cluster-aware filtering, balancing dynamics homogeneity and data
sufficiency. As a result, we set K = 30 or 50 in all of our experiments.

Noow B
S & o

Normalized Score
=
5

Normalized Score

0 0
0.1 0.5 2.0 5.0 0.1 0.5 2.0 5.0

Hopper Gravity Shift Level Hopper Gravity Shift Level

(a) Ablation study on K. (b) Ablation study on .

Figure 9: Parameter sensitivity study.

Policy regularization weight \. \ controls the strength of the regularization term in policy opti-
mization, which encourages the learned policy to stay close to the target behavior policy. A larger
A enforces stronger regularization, potentially restricting policy improvement, while a smaller A
allows more aggressive policy updates but may incur instability or overfitting to imperfect filtered

21



Published as a conference paper at CAO Workshop at ICLR 2026

data. To study this trade-off, we sweep A € {0,0.1,0.5,1.0} and run LoDADA in the hopper-gravity
environment with medium-level source and target datasets. Results shown in Figure [9b| demonstrate
that diminishing the role of dataset regularization (i.e., A = 0) leads to poor performance. LoDADA is
sensitive to the choice of A and the best A can vary for different tasks (e.g., 0.1 for hopper-gravity-0.1
and 1.0 for hopper-gravity-0.5). However, as shown in Figure choosing A\ = 0.5 serves as a
generally effective default policy regularization weight across different settings in MuJoCo.

H.6 TIME COMPARISON OF DATA FILTERING METHODS

To understand what is the merit of LoODADA compared with other filtering methods, we study the
runtime for the data filtering process between our method and IGDF (Wen et al.| 2024) and OTDF
(Lyu et al., 2025). We only compare the runtime of the filtering process instead of the whole training
process as all these methods can share the same policy optimization backbone, so the main difference
in runtime lies before the training begins. Specifically, we choose ant-gravity-0.5 environment and
modify the replay buffer so that it samples without replacement, meaning it will go over the entire
dataset per epoch. We fix the batch size to be 32 and number of epochs to be 7000 for fairness.
As shown in Table given that the target dataset is fixed, for OTDF, since it computes optimal
transport pointwise between source and target datasets, its runtime significantly scales with data size,
which makes it data-inefficient especially in real-world scenarios. For IGDF, while its runtime is
the least in all three cases, based on results in Table[I| and Table [6] we argue that its performance
is the poorest in all three filtering methods, indicating that the efficiency gains come at the cost of
substantially degraded policy quality and its filtering mechanism is insufficient to capture reliable
transitions under dynamics shifts. This further demonstrates the superiority of our method compared
with other filtering methods by balancing model performance and data efficiency.
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Table 5: Hyperparameters of LoDADA and baselines.

Hyperparameter Value
Shared

Actor network (256, 256)
Critic network (256, 256)
Learning rate 3x107*
Optimizer Adam
Discount factor 0.99
Replay buffer size 108
Nonlinearity ReLU
Target update rate 5x 1073
Source domain batch size 128
Target domain batch size 128
DARA

Temperature coefficient 0.2
Maximum log std 2
Minimum log std —-20
Classifier network (256, 256)
Reward penalty coefficient A 0.1
BOSA

Temperature coefficient 0.2
Maximum log std 2
Minimum log std —-20
Policy regularization coefficient Ayolicy 0.1
Transition coefficient Ayansition 0.1
Threshold parameter ¢, € log(0.01)
Value weight w 0.1

CVAE ensemble size 1 (behavior), 5 (dynamics)
IGDF

Representation dimension {16, 64}
Contrastive encoder network (256, 256)
Encoder pretraining steps 7000
Importance coefficient 1.0

Data selection ratio £ 75%
OTDF

CVAE training steps 10000
CVAE learning rate 0.001
Number of sampled latents M 10
Gaussian std V0.1
Cost function cosine
Policy coefficient 3 0.5

Data selection ratio & 80%

IQL

Temperature coefficient 0.2
Maximum log std 2
Minimum log std —20
Inverse temperature /3 3.0
Expectile 7 0.7
LoDADA

Number of clusters K {30, 50}
Diameter threshold {1.5,5.0}
Filtering ratio (&1, &2,&3) (90%, 80%, 70%)
Input noise std o 23 1.0

Importance weight o 1.0
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Table 6: Performance comparison on MuJoCo tasks (Halfcheetah, Ant, Walker2d, Hopper) under a
medium-level offline dataset. Target domains remain unchanged; source datasets are shifted by adding
local perturbations with varying shift levels across regions. We report normalized target-domain

scores (mean + std over five seeds). Best and second-best scores are highlighted in green and

respectively.
Env # Groups Shift Level BOSA DARA QL IGDF OTDF Ours
0.1-0.5-2.0 27.36+2.22  19.86+£4.42  17.574+3.41  14.59+3.13 | 29.26%3.10
3 0.2-1.0-4.0 25284+3.10 16944331  16.07£3.45  13.16+£4.83  24214+2.82
H 0.3-1.5-6.0 20.754+2.66 6.59+0.45 10.731+2.88 8.73+2.31 22.8440.54
alfCheetah
0.1-0.2-0.3-0.4-0.5  19.304+2.38  12.43+1.95 10.83£1.05  11.274+2.35 | 28.99+£1.85
5 0.2-0.4-0.6-0.8-1.0 | 23.59£581  13.18+£2.09 14774241 11.43+£396  21.41+£3.95
0.3-0.6-0.9-1.2-1.5 [1239552:23 7.10£0.97 8.98+2.61 7.37+3.03 11.53+2.04 = 18.74x1.55
0.1-0.5-2.0 5.284+0.54  17.85+10.67 | 36.44+15.19 14.02£10.20 34.524+11.33
3 0.2-1.0-4.0 6.42+1.10 19.79+3.58  1529+9.44  14.62+8.16 | 20.66=£7.06
Walker2d 0.3-1.5-6.0 7.16£2.91 9.86+4.44 12.284+8.14  11.14£3.69 | 16.7849.39
0.1-0.2-0.3-0.4-0.5  7.17+£1.48 8.104+3.46 6.96+2.01 6.99+2.77 | 33.87£16.17
5 0.2-0.4-0.6-0.8-1.0  6.51£4.60 13.904+9.23  12.07+£7.55 9.37+£2.01 13.87+6.
0.3-0.6-0.9-1.2-1.5  6.43+£2.53 8.65+3.18 7.91£3.80 8.99+5.44 12.98+3.88
0.1-0.5-2.0 7.84+2.84 8.7016.67 8.144+6.31  13.08+10.44 | 33.96+4.57
3 0.2-1.0-4.0 11.9142.60 9.61£5.56 11.974+5.99 8.351+3.56 32.58+6.89
Hopper 0.3-1.5-6.0 11.85+3.19 8.11+3.54 10.1745.50 6.59+2.59 31.7743.04
0.1-0.2-0.3-0.4-0.5  10.42+3.55 6.37+1.67 6.92+1.85 15.814+9.78 | 22.25+8.74
5 0.2-0.4-0.6-0.8-1.0  11.63+1.87  14.074+5.65 9.82+4.29 11.24+7.86 = 21.42+£9.11
0.3-0.6-0.9-1.2-1.5  13.97£5.15  11.14£4.01  12.01+2.06 15.63£10.74 = 29.95+£5.01
0.1-0.5-2.0 555141037 69.674+8.59  69.654+10.93  63.794+9.55 | 70.30+5.24
3 0.2-1.0-4.0 31.75£10.39  54.02+£5.97 [ 59.71£7.84 5591+£7.68  54.55+6.35
Ant 0.3-1.5-6.0 14.41+4.68 | 67.13%£5.07 50.24+7.41 34471488  53.54£7.07
0.1-0.2-0.3-0.4-0.5  44.36+8.50 | 75.03+7.08 66.50+£8.95 63.40£10.26 58.514+10.29 ?
5 0.2-0.4-0.6-0.8-1.0  30.26+11.22  56.8445.10 55.65+13.74 47.99+8.48 | 61.92£10.42
0.3-0.6-0.9-1.2-1.5  13.14£5.58 46.98+9.14 [ 51.36£8.39 @ 15.23+4.79  48.51+£9.77
Total 436.25 586.77 607.87 542.73 72944  [194309

Table 7: Performance comparison on AntMaze tasks under the diverse source dataset with dynamic
shifts in the map. Source domains remain unchanged; target domains are shifted. We report
normalized target-domain scores (mean =+ std over five seeds) with the mean of 50 episodes. Best and

second-best scores are highlighted in green and , respectively.

Env Shift Level ~ BOSA DARA QL IGDF OTDF Ours
1 43.6+11.2 53.6+ 9.9 [MEI6SESHENN 60.4 + 9.1 51.6 + 10.53 [66:8 46
2 224+55 33.6+33 528+7.9 452+7.8 1564 £4.34

Antmaze Medium 3 39.6+11.5 50.84+3.0 57.6+7.7 652+6.6  71.6%590
4 40.0+3.2 48.8+83 584+4.8 [60:4%E6:2 52.4+8.53
5 212+ 7.6 41.64 12.7 [ 664+83  56.8 £ 7.6 57.2+7.16
6 24.84+14.0 59.2+12.4 724+ 10.7 (736 £ 1.7 65.2+ 9.86

Total 191.6 287.6 384.1 361.6 3544 |EATGHIE

Table 8: Performance comparison on Antmaze tasks under the play offline dataset with dynamic shifts
in the map. Source domains remain unchanged; target domains are shifted. We report normalized
target-domain scores (mean + std over five seeds). Best and second-best scores are highlighted in

green and , respectively.

Env Shift Level BOSA DARA IQL IGDF OTDF Ours
1 33.6 80 524478 58.0+ 124 56.8+6.87 52.8+9.4
2 252+4.6 296+6.2 46.8=+4.1 424+82  63.2£7.95

Antmaze Medium 3 30.0+£81 564+£11.1 66.4+6.7 64.8=+7.0 69.6=£5.90

4 34.0£89 528+63 48.8+69580£14 448+3.90
5 22.8+139 344+£93 54.4+£6.2 55.2=£3.03 60.8+7.2
6 128 £4.8 62.8+3.0 66.8£8.1 70.8 £5.93 [74.4+3.0

Total 1584 288.4 378.8 352.4 3604  [EB9SSIN
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Table 9: Performance comparison on HalfCheetah, Ant, Walker2d, and Hopper environments under
morphology shifts across 5 seeds. We use M and H to denote the medium and hard levels of the
dynamics shift.

Env Type Level  BOSA QL DARA IGDF OTDF Ours
morph-thigh M | 25124433 | 22224113 20.68+2.49 19314435  21.94+6.30
HalfCheetah H 20744322 1590£147 16354097  155742.06 | 22.75£2.76
morph-torso M 0.66£0.90  1.9541.69  140£1.66  1.84+037 | 3.38£1.30
H  16.44+12.82 [JB0ISTEI000) 29:894£5.88 | 28.85+3.89  26.06+6.00  23.44:£4.82
morph-halflegs M 64.52+£7.46  67.1544.33 65824531  69.0745.76 | 73.86£0.79
Ant H 37214615 54274560 [[6131£571 60.08+2.09  59.76+9.27
morph-alllegs M 31.0947.09  30.05+7.41  2649+4.52 [37.87#£17.24 32.98+4.91
H | 13894146 5.65£3.30 3214326  7.24+140  12.84+2.06
morph-torso M 8.63£349 11442091 | [480£1.69 14162219  11.47+4.93
Walker2d H 1933053  478£1.13  6.86+238  538+134 [ 7.05£0.57
morph-leg M 28.1048.64 40.61+4.78 43874622 41.71+10.14 | 45.07£10.09
H  10.17+1.60 [20.54£5.17"| 20334349  18.78+3.84  15.13£3.25
morph-foot M 12874009 [2562EISBIN 20.05+732  14.91+4.52 | 22.56+8.65 | 13.11+0.05
Hobper H 9844017 1072284 2574+10.70 18.35£8.08 | 66.78+9.79
PP morph-torso M 1343£037  13.66£0.98  14.70+4.48  13.06+4.33 = 16.84=1.44
H  11.28+024 [11.30£044 | 10.8240.19  10.66:1.19 10.75+0.89
Total 305.92 366.73 382.32 376.84 45070 59788

Table 10: Performance comparison on the Door and Pen environments under morphology shifts
and kinematic shifts across 5 seeds. We use M and H to denote the medium and hard levels of the
dynamics shift.

Env Type Level BOSA QL DARA IGDF OTDF Ours

kin-broken-joint M 42.56+£11.31  45.46+8.54  46.17£6.26  50.74+11.20 | 52.14£6.51
P H 19.36+£5.42 | 24.024£5.16 22.414+4.73 18.62£10.47 20.95+7.23
on morph-shrink-finger M 10.33£2.79 15.64+£2.97  1533+2.39  13.19+4.41 | 18.02+5.64
H 19.4745.01 19.40+£5.05  18.24+2.59  19.05+3.87 | 20.34+£2.85
kin-broken-joint M 20.65+£10.72 | 40.17£7.10  36.824+4.63  37.76+£7.02  39.82+4.75
Door H 19.80£15.61 52374552  49.314+5.53  52.61+4.83 | 58.24+6.37
morph-shrink-finger M 41.05+1536  54.85+7.79 54494588  54.73+£528 | 59.1544.89
H 38.92+18.85 | 61.84£4.16 58.914+3.05 61.07+£6.89  61.74+3.24

Total 212.15 313.75 301.67 307.78 33041  [40224

Table 11: Runtime comparison in Ant-Gravity-0.5 with different numbers of source samples.

# Sources IGDF OTDF Ours

1000000 ~41.49s  ~4597.82s  ~134.62s
100000 ~38.71s ~628.16s ~80.18s
10000 ~55.64s ~126.39s ~72.92s
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