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Abstract

Cross-domain offline reinforcement learning (RL) seeks to
enhance sample efficiency in offline RL by utilizing additional
offline source datasets. Existing approaches address this prob-
lem by measuring domain gaps through domain classifiers,
target transition dynamics modeling, or mutual information es-
timation using contrastive loss. However, these methods often
require large target datasets, which are impractical in many
real-world scenarios. In this work, we address cross-domain
offline RL under a limited target data setting, identifying two
primary challenges: (1) Dataset imbalance, which leads to
overfitting in neural network-based domain gap estimators,
resulting in uninformative measurements; and (2) Partial do-
main overlap, where only a subset of the source data is closely
aligned with the target domain. To overcome these issues,
we propose Guided-Diffusion Cross-Domain (DnD), a novel
framework for cross-domain offline RL with limited target
samples. Specifically, DnD utilizes k-nearest neighbor (k-NN)
estimation to measure domain proximity without neural net-
work training, effectively mitigating overfitting. Furthermore,
DnD introduces a nearest-neighbor-guided diffusion model to
generate additional source samples that are better aligned with
the target domain, thus enhancing policy learning with more
effective source samples. Through theoretical analysis and
extensive experiments in diverse MuJoCo environments, we
demonstrate that DnD significantly outperforms state-of-the-
art cross-domain offline RL methods, achieving substantial
performance gains.

Introduction

Reinforcement Learning (RL) has demonstrated its ability
to solve complex real-world problems (Mnih et al. 2015;
Schrittwieser et al. 2020). However, RL typically requires
extensive trial-and-error interactions with the environment,
which can be infeasible in scenarios where data collection is
costly or safety is a concern, such as autonomous driving or
healthcare. A common solution is to train policies in a safer,
faster source environment (e.g., a simulator) while leveraging
a limited amount of real-world target data. This paradigm is
known as cross-domain RL (Eysenbach et al. 2021; Xu et al.
2023; Lyu et al. 2024b).

Previous research has tackled cross-domain RL in various
settings, including online where both domains are online (Ey-
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senbach et al. 2021; Lyu et al.), or offline target with online
source (hybrid) (Niu et al. 2022, 2023). In this work, we focus
on the cross-domain offline setting (Liu, Hongyin, and Wang
2022; Liu et al. 2024; Xue et al. 2024), where both source and
target domains are offline. This setting is crucial for enhanc-
ing the sample efficiency of offline RL methods (Kumar et al.
2020; Kostrikov, Nair, and Levine 2022). Existing works on
cross-domain offline reinforcement learning (RL) have intro-
duced various methods to measure the dynamics gap between
domains, such as training domain classifiers (Liu, Hongyin,
and Wang 2022), using conditional variational autoencoder
(CVAE) models to approximate target dynamics (Liu et al.
2024), and estimating mutual information with contrastive
loss (Wen et al. 2024). However, these approaches typically
rely on large target datasets, which are impractical in many
real-world applications, such as healthcare. To address this
limitation, we focus on cross-domain offline RL in the lim-
ited target data setting, which brings several challenges that
require novel solutions.

We begin by carefully analyzing the challenges in the cross-
domain offline RL with limited target data setting. Specif-
ically, we identify two major challenges: (1) Source-target
dataset imbalance, which can cause neural network-based
domain gap estimators to overfit or be biased toward a large
amount of source samples, leading to uninformative dynam-
ics gap measurements; and (2) Partial domain overlap, where
only a partial subset of the source data is closely aligned with
the target domain. To address the dataset imbalance challenge,
we propose a novel estimation to quantify the proximity of
source samples to the target domain via k-nearest neighbor
(k-NN) without neural network training. To tackle the par-
tial domain overlap challenge, we propose to generate more
source samples close to the target domain to enhance policy
learning. Leveraging the effectiveness and flexibility of diffu-
sion models as demonstrated in (Janner et al. 2022; Lu et al.
2023), we introduce a novel nearest-neighbor-guided diffu-
sion model. Specifically, we utilize a classifier-free guidance
diffusion model, which learns the distribution of the source
dataset conditioning with the k—NN based proximity score.
Thus, our method provides an accurate and effective sam-
pling method for generating the desired source samples. We
name our approach Guided-Diffusion Cross-Domain Offline
RL (DnD). In addition to our methodological contributions,
we provide a theoretical analysis of DnD and empirically



validate its effectiveness across various Gym-MuJoCo envi-
ronments (Todorov, Erez, and Tassa 2012; Brockman et al.
2016). Our results demonstrate that DnD significantly out-
performs state-of-the-art cross-domain offline RL methods,
achieving substantial performance improvements.

Related Works
Cross-Domain Offline RL

Cross-domain RL aims to improve sample efficiency in the
target domain by leveraging data from additional source en-
vironments. Several approaches have been proposed to ad-
dress this challenge, including system identification (Werbos
1989; Zhu et al. 2018; Chebotar et al. 2019), domain ran-
domization (Sadeghi and Levine 2017; Tobin et al. 2017;
Peng et al. 2018), and meta-RL (Finn, Abbeel, and Levine
2017; Nagabandi et al. 2018; Wu et al. 2023). However, these
methods often require environment models or domain knowl-
edge to carefully select randomized parameters. Recently,
several methods have attempted to measure dynamics discrep-
ancy for various settings, including purely online (Eysenbach
et al. 2021; Le Pham Van, The Tran, and Gupta 2024; Xu
et al. 2023), purely offline (Liu et al. 2024; Wen et al. 2024;
Xue et al. 2024), or hybrid setting (Niu et al. 2022). In this
work, we focus on the cross-domain offfine setting, where
both the source and target domains are offline. Previous ap-
proaches tackle this problem through reward modification
(Liu, Hongyin, and Wang 2022), support constraints (Liu
et al. 2024), or data filtering via mutual information (Wen
et al. 2024). However, these methods require training neural
networks, which can be challenging when only limited target
data is available. To overcome this limitation, we propose
using k—NN estimation to measure the divergence between
source and target domains, avoiding the need for neural net-
work training. The concurrent work from Anonymous (2025)
introduced OTDF, which leverages optimal transport to ad-
dress neural network training challenges. While both optimal
transport and k—NN estimation avoid reliance on neural
networks, OTDF does not explicitly handle partial domain
overlap. In contrast, we employ a guided-diffusion model to
augment the source dataset with samples that are close to the
target domain. These strategies enable our method to perform
effectively, even in settings with limited target data.

Diffusion Model in RL

Diffusion models (Ho, Jain, and Abbeel 2020; Song et al.
2021) have been successfully applied as policy models (Kang
et al. 2023; Wang, Hunt, and Zhou 2023), planners (Janner
et al. 2022; Liang et al. 2023; Li 2024), and data synthesizers
(Lu et al. 2023), showcasing their effectiveness across various
RL tasks, including offline RL (Lu et al. 2023; Wang, Kulka-
rni, and Verdd 2009), multi-task learning (He et al. 2023),
and meta RL (Ni et al. 2023). In this work, we propose a
novel nearest-neighbor-guided diffusion model tailored for
cross-domain offline RL, introducing a unique approach to
address domain adaptation challenges.

Nearest Neighbor in RL

The nearest neighbor approach has been applied to various
RL problems, such as enforcing policy constraints in offline
setting (Ran et al. 2023), quantifying uncertainty (Qiao et al.
2024), performing MixUp-based data augmentation (Sander
et al. 2022), and imitation learning (Lyu et al. 2024a). In
contrast, our paper studies the cross-domain RL with limited
target samples. Furthermore, we leverage k-NN estimation to
guide sampling from a diffusion model, enabling the genera-
tion of additional source data closely aligned with the target
domain.

Preliminaries
Reinforcement Learning

We first introduce Markov Decision Processes (MDP) which
is denoted as M = (S, A,v,r,do, P), where S, A are the
state and action spaces. The parameter v € (0,1) is the
discounted factor, 7 : S x A — R is the reward function, dj
is the initial state distribution and P is the transition dynamics.
We assume the rewards are bounded, which means |r (s, a)| <
Tmax, V8, a. We denote a policy 7 : S — A(.A) as a map from
state space S to a probability distribution over actions space
A. Given a policy 7 and a transition dynamics (model) P,
we denote discounted state-action occupancy as d(s,a) =
(1 =Exp[> oy L(st = s,a; = a)]. Given a policy T
and the model P, we define state-action value function Q%
as Qp(s,a) =Ex p [>,2 07 (st ar)|s0 = s, a0 = a], and
the value function V75 as VZ(s) = Equr [QF(s,a)]. The
objective of RL is to find a policy that maximizes the expected
return JE (7) = g, [VE(5)]-

We address the cross-domain offline setting, where the
source domain is defined as M. = (S, A,~,,do, Psrc)
and the target domain as M., = (S, A, 7,7, do, Prar). We
assume that the two domains share the same state space S,
action space A, discount factor ~, reward function r, and
initial state distribution dy, differing only in their dynamics
models. In this setting, we have access to offline datasets
collected from both domains: D, from the source domain
and D,,, from the target domain. The objective is to utilize
the additional source dataset D, to improve policy learn-
ing for the target domain, using the target dataset Dy,,.. We
further denote the empirical MDP induced by a dataset D as

M= (S JA T do, 7, 13), where P represents the empirical
transition dynamics derived from D. In the cross- domain of-
fline settlng, this results in two empirical MDPs: MSTC with
transitions PSTC and th with transitions Ptar

Diffusion Model

Diffusion models (Ho, Jain, and Abbeel 2020) are a class
of generative models that learn to denoise and generate data
from noise iteratively. As both the diffusion model and RL
involve time steps, we use superscripts to denote diffusion
steps and subscripts for RL time steps. Specifically, diffusion
models corrupt clean data samples z° ~ ¢ (aco) by progres-
sively adding Gaussian noise, following a Markov process:

T
IT‘T Hq t|r :H/\/‘<\/J.Tt71,/)’t1> (1)
t=1



where 3 represents the noise schedule, chosen such that
q (=7 | 2°) =~ N(0,1). Notably, we can directly sample at an
arbitrary timestep ¢ given data samples using ¢ (th | xo) =
N (Vaa®, (1 -a) 1) with @' = [Ti_, o', Then, diffu-
sion models learn to reverse the corruption process for gen-
erating data, where the reverse transition ¢ (:ctfl | xt) is
approximated by a parameterized model py (27! | 2') =
N (ug (z') , 041). The training objective of diffusion models
is to maximize the variational bound of log py(x°), resulting
in matching the parameterized model pgy (xt’l | xt) with the

distribution ¢ (z'~! | z*,2°), which is given by:

1 1—at
27 2t 20 =N (— <.I't — 76) , tl) 2
@) =N\ =) ) @
Here, € represents the Gaussian noise added to 20 to form z?.
Instead of directly matching the mean of ¢ (z'~* | 2, 2°)

with the mean of py (27! | ), i.e., g (2'), a noise network
€o is adopted to estimate ¢ from z*. This network is trained
by minimizing the regression loss:

€—€p (\/gxo—i— 1—at6,t)H2] 3)

where 29 ~ ¢(2°), e ~ N(0,1), and t ~ U[0, T).

Guided sampling from diffusion models generates data
conditioned on specific attributes, denoted as y. In our set-
ting, y represents a score function that quantifies the prox-
imity of a sample to the target domain. The objective is to
sample from the conditional distribution p(x|y). There are
two primary techniques: classifier-guidance and classifier-
free guidance. In this work, we consider the classifier-free
guidance approach (Ho and Salimans 2022). Classifier-free
sampling incorporates an additional conditional noise model,
€g(x',y,t). During sampling, the noise for classifier-free
guidance is computed as:

€w(xtay7t) = we@(xt7y7t) + (1 - w>€9'(mt7t>7 (4’)

where w is the guidance coefficient that controls the strength
of the conditioning. In practice, the models €y (2!, y, ) and
€y (x!,t) share the same parameters, i.e., § = ¢’, and the
unconditional model is implemented by setting y to an empty
value, i.e. y = (.

meinquQt {

Cross-Domain Offline RL with Limited Target
Samples

In this section, we present the major challenges in cross-
domain offline RL with limited target samples. Due to space
limits, we defer more detailed discussions in Appendix .

Datasets Imbalanced Problem

In cross-domain offline RL, a critical challenge is effectively
quantifying the domain gap between the source and target
domains. Accurate measurement of this gap enables subse-
quent strategies to leverage source samples to enhance policy
learning for the target domain. Prior works have proposed var-
ious approaches for this purpose, including training domain
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Figure 1: Predicted target domain probabilities for input
source samples using trained domain classifiers (DARA)
under the Ant environment. The predictions exhibit low di-
versity and are biased toward a value of 0.3, offering limited
information about the domain gaps.
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Figure 2: Nearest Neighbor Distance histograms. Blue shows
the distance of source samples to their nearest target samples.
Pink shows the distance of target samples to their nearest
target samples.

classifiers (Liu, Hongyin, and Wang 2022), or estimating tar-
get models (Liu et al. 2024). However, these methods often
rely on training parametric models such as neural networks,
which are prone to overfitting in scenarios with limited target
data and significant dataset imbalances. As shown in Fig-
ure 1, limited target samples can cause domain classifiers to
develop biases, favoring data that appears more frequently
while failing to capture the true dynamics gaps. In addition
to the overfitting issues, the imbalance between source and
target data can bias the learned policy, potentially causing it
to overfit the source data during training.

Partial Overlapping between Domains

Leveraging source samples is critical for enhancing policy
learning and improving sample efficiency in cross-domain
offline RL. However, discrepancies in dynamics between
the source and target domains, along with potential policy
shifts during data collection processes, not all source data is
close to the target data. To investigate how the source data
is close to the target data, we compute the distances from
each source transition (s, a, ) s to its nearest transition in
the target dataset Dy,, and the distances from each target



transition (s, a, 8')¢qr to its nearest neighbor within Dy,
The histograms in Figure 5 reveal only partial overlap be-
tween two histograms, highlighting that only a subset of the
source dataset is beneficial for target policy learning. Previ-
ous methods (Liu et al. 2024; Wen et al. 2024) addressed this
by filtering out source samples far from the target domain.
However, this approach reduces the number of usable source
samples, ultimately impacting the sample efficiency of the
algorithms. This raises an important question: “Can we fur-
ther improve sample efficiency in cross-domain offline RL
by generating additional source data that closely aligns with
the target domain?”’

Diffusion-Guided Cross-Domain Offline RL

In this section, we introduce our proposed method, illus-
trated in Figure 3. We first present the £—NN estimation
for measuring domain gaps between the source and target.
We then leverage a guided diffusion model, conditioned on
k—NN scores, to augment the dataset with source samples
that closely resemble the target domain. Next, we formulate
a practical algorithm that integrates k—NN estimation and
guided diffusion for policy learning. Finally, we summarize
our approach, DnD, and provide its theoretical analysis.

k-NN Based Domain Gap Estimation

Training neural networks often encounter challenges caused
by the limited and imbalanced datasets, raising a critical
question: “Can we measure domain gaps between source and
target datasets without relying on neural network training?”
To address this, we propose using k-NN estimation as an
alternative approach to effectively quantify domain gaps,
bypassing the limitations of prior methods.

In the following, we denote & as the concatenation
operator, and Tisr = Star ® Gtar D Si,,. and Tee =
Ssre D Qsre D 5{91’0 where StaryatamS:mr ~ Dt(n’ ‘and
Ssrey Asre, S/S’rc ~ Ds’rc' Thus we have Ds’r’c = {xsrc,i};z{\[
and Dy = {tar Ji=M, where N, M are the sizes of the
source dataset and target dataset respectively. We denote
Uy see (1) is the Euclidean distance of the kth nearest neighbor
of Z4rc,; in the source dataset D, and vy, 1 (7) is the Eu-
clidean distance of the kth nearest neighbor of x4, ; in the
target dataset D,,,.. Let B(z, R) denote a closed ball around
x € R? with the radius R, and V(B(z, R)) = cR% is its vol-

d/2
o . e .
ume, where ¢ = a2 1 the volume of a d-dimensional

unit ball, and I' is the Gamma function. Following the k-NN
based density estimators (Wang, Kulkarni, and Verdd 2009;
Péczos and Schneider 2011), given a dataset D, we have the
following estimator:

w___ KIDI K
Pp (a') = V(B(z,vr,p(2)))  |Dlevr,p(z)’ ©

where |D| is the size of the dataset D and vy, p(x) is the
distance between x and its kth nearest neighbor in D.
We quantify the domain gaps between the source and target

domains as the k-NN estimator for the Kullback-Leibler
divergence D . Specifically, we measure the estimation of

Dx 1, between source and target domains as follows:

B ol Muvd (i

P Vi,ste
N

X 1/N Z (lOg(l/g}lar(i)) - 1Og(yg,src(i)))

i=1

©)

Thus, given a particular source data g, ; € Dy, We con-
sider the discrepancy of it to the target dataset as follows:

Pk (xsrc,i)
ki

= log([|[zsre;i — Tigrll2) — log (H-Tsrw' - xsrcw’,k”g) )

(N

where Zg,c i, and Tyq 4, are the k nearest neighbors of
Tsre,i in the source dataset D, and the target dataset Dy,
respectively. Intuitively, pj (s ;) quantifies the discrepancy
of the source sample x .. ; to the target dataset, and is small
if the distance from x,.; to its k-nearest neighbors in the
target dataset is smaller than the distance to its k-nearest
neighbors in the source dataset. The critical advantage of
k-NN estimation lies in its consistency and simplicity: it
is stable and avoids the need for neural network training,
thus mitigating the risk of overfitting when estimating the
domain gap. Furthermore, it is computationally efficient and
easy to implement, leveraging the KD-tree data structure. In
practice, we use FAISS library (Douze et al. 2024) in our
implementation and compute all scores for 1 million source
samples with 5000 target samples within 1 minute.

Nearest-Neighbor Guided Diffusion Model

To overcome the partial overlapping challenge, and bring
more sample efficiency for cross-domain offline RL, we pro-
pose to upsample the source dataset with generated samples
close to the target domain using the diffusion model. To en-
sure the generated source data is close to the target domain,
we opt to use the classifier-free guidance diffusion model
with scores computed leveraging the £-NN estimation.

Given the source dataset D,.., for each source transition
Tsrei = (Ssres sres Sepe)i i Dgye, we leverage the k-NN
estimation and compute its py (Zsrc,;). The k-NN estimation
provides a reliable measurement of how close a source sample
is to the target domain. Notably, we train a diffusion model
on the source dataset D, and the corresponding k-NN es-
timation scores as the conditional context y. We adopt the
design of EDM (Karras et al. 2022) for our diffusion model,
as it has demonstrated superior empirical performance in
data modeling compared to earlier designs (Ho, Jain, and
Abbeel 2020; Song et al. 2021). Specifically, we employ a
fixed noise schedule oy = 02 > -+ > ol > ¢” = 0 and
diffuse clean data samples using the transition ¢(z*|2 sy ;) =
N (Zgre,i, (0)2I). Then, we train a denoiser Gg(-) to di-
rectly predict the clean samples using classifier-free training
(Ho and Salimans 2022):

moln]E |:Hxsrc,i - GG (xsrc,i + Utea m- pk‘(msrc,i)v Ot) H2i| (8)
where Zgpc; ~ Dgpe, € ~ N(0,I), and t ~ U[0,T]. The

score pi(Zgpc,;) is randomly masked during training via
the null token m is sampled from the Bernoulli distribution



—

Diffusion Ausgmented Policy
Source > Model ource Regularization
Dataset ¢ D
Source O h
o O

<D NN-distance
S

Target
Dataset

k-NN estimation

Target ) Domain gaps
score Selection

| |

Offline RL 1

Source Data

Figure 3: Illustration of our method. First, we use k-NN estimation to quantify the domain gap score. Next, we leverage a
diffusion model to upsample the source data, generating samples close to the target domain. The datasets are then utilized in an
offline RL framework, incorporating a regularization term to ensure the learned policy remains within the support region of the

target dataset.

with p (m = (}) = 0.25. Notably, the trained denoiser’s out-
put can be reformulated into the noise model’s objective as

Go(zsre,itote,ot)—azt .
( . ) . Therefore, we can use the trained

denoiser to pegform guided sampling as introduced in Eq. (4)
for the conditional generation.

The training process for the diffusion model is done be-
fore the training of the RL policy. Once the diffusion model
is trained, we generate source samples that are close to the
target domain by setting the value of the conditional context
y to be higher than the top k% of the source sample scores in
the source dataset Dy,... Specifically, we uniformly sample a
value y from the range [, 100] and set y to the x-th quantile
of the source dataset’s score distribution. Finally, the gener-
ated samples are combined with the source dataset for later
policy learning.

Practical Algorithm

Based on the £-NN estimation as the domain gaps measure-
ment and the guided-diffusion model for upsampling source
dataset with generated samples close to the target domain, we
obtain a practical policy adaptation algorithm, named as DnD
(Guided-Diffusion Cross-Domain Offline RL). We summa-
rize our proposed algorithm in Algorithm 1. In practice, we
normalize the value of py, to [0, 1]. Specifically, we first sub-
tract each value with the minimum value of pj, in the source
dataset Dy, to adjust the value to the range [0, +0c], and
then scale it as follows: wy(2src,i) = 1/(1 4 pr(Tsres)),
where the input pj (s ;) is the adjusted non-negative value
of pi(Tsre,i)- Intuitively, the larger the wy, value, the closer
the source sample s, ; to the target domain. We select the
source data close to the target domain to reduce the dynamics
gap while training. Specifically, we formulate our objective
function for training the value function Q4 (s, a) as follows:

Lo =Ep,, [(Qs —TQy)*] +Ep,,. [w(s,a,5)(Qs — TQ(»)?gS
where T is the Bellman operator, w(s, a, s’) := w1 (wy >
wkﬁ%), 1 is the indicator function, and wy, ¢ denotes the
top £-quantile score used for source data selection. Eq (9)
ensures the policy adaptively emphasizes source data close
to the target domain, improving adaptation performance. As
we mentioned, the imbalanced dataset could bias the policy
to source samples. Thus, we employ a policy regularization

to ensure the learned policy is close to the support areas of
the target dataset. Similar to Wu et al. (2022), we learn a
CVAE, denoted as 77, (als), to model the behavior target
policy. Thus, we optimize the policy as follows:

L2 = Lo — AEyop.,. U Dror 108 T0, (m(.]8)]5)], (10)

where L is the policy loss of the offline RL method, A is the
coefficient controlling the strength of the additional policy
regularization. We note that DnD can be integrated with any
offline RL method. In our implementation, we choose IQL
(Kostrikov, Nair, and Levine 2022) as our backbone of DnD.

Theoretical Analysis

We provide a theoretical guarantee for using the source
dataset to improve the performance in the target domain
under the cross-domain offline RL setting. Specifically, we
have the following performance bound for any policy 7:

Theorem 0.1. Denote Dy,.. as the offline source dataset from
source domain M. and Dy, as the offline target dataset

from target domain My,,. Let the empirical policy in the

_ 2Dy, Hsia)

offline target dataset Dyqr be Tp,,,. = PRI Given

a policy ©, we have the following:

JPtar (ﬂ.) _ Jﬁnc (Tr)

27 max’y
== (1 — ,\/)QJES-,GNd;mT_,S/NPMr [DTV (7r(.\s/)||7rDmT(.|s/))]

27‘»1(117 E (1 1 )

(1 — ,‘/)2 s7a~d;i"“” 18/ ~Pyar [DTV (ﬂ'(“s/)HTrDmr("S/))]

(f'f”fngs‘xwd?Zi‘.” {\/1/2[)“(3“(.\5,a)upm(.p,a)) .

We provide detailed proof in Appendix . The first and
the second terms of the divergence in Eq. (11) measure the
deviation between the current learned policy and the target
behavior policy; the third term measures the dynamics mis-
match between the actual target dynamics model and the
estimated source dynamics model. Our proposed method
aims to reduce the third term by effectively measuring the
dynamics gaps between two domains and generating more
source samples close to the target domain. Specifically, our
k-NN estimation pj, estimates the KL divergence between
the source dynamics and the target dynamics as shown in
Eq. (6). Additionally, we select the nearest source samples




to update the Q-function (Eq. 9, Figure 3), further reducing
the dynamics gap. Furthermore, our algorithm incorporates a
policy regularization to address policy deviation between the
learned policy and the target behavior policy.

Algorithm 1: Guided-Diffusion Cross-Domain Offline RL —
DnD

1: Input: Offline source Dy,.., offline target D,,, datasets.
2: Initialize: Value function @, policy 7, diffusion model
Gy, k NN value, coefficient \, source score buffer SB.
for each source sample x4 ; € Dy do

Compute its k-NN score p(zsrc.;) via Eq. (7).

SB  SB|Hpr(xsre,i)}-
end for
Train Gy with Dy, and S B via Eq. (8).
Generate samples from the diffusion model and add to
the source dataset D,,.. and source score buffer SB.
for each iteration do
10:  Sample a batch by, = {s,a,s’,r} and the corre-

sponding score batch wg,.. from Dg,.. and SB.

11:  Sample a batch by, = {s,a,s’,r} from Dy,
12:  Update Q using bg;.c, Wgpre and by, via Eq. (9).
13:  Update 7 using b, and b, via Eq. (10).
14: end for
15: return Q, .

PRDIN AR
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Experiments

In this section, we present empirical evaluations of our
method, focusing on the following questions: (1) Does DnD
improve sample efficiency for the base method and outper-
form strong baselines in cross-domain offline RL under lim-
ited target data settings? (2) How does k-NN estimation im-
pact DnD’s performance? (3) How does the guided diffusion
model influence DnD’s performance? Furthermore, we con-
duct parameter studies to provide deeper insights into the
behavior and effectiveness of DnD. We defer more experi-
ment results in Appendix due to space limits.

Tasks and Baselines

To evaluate the policy adaptation performance, we conducted
experiments on four environments from the Gym-Mujoco
framework (Brockman et al. 2016; Todorov, Erez, and Tassa
2012)(Ant, Halfcheetah, Hopper, Walker) and consider the
gravity and kinematic shifts as the dynamics shifts between
the source and the target environments. Specifically, we mod-
ify gravity strength to induce the gravity shift and restrict the
rotation range of certain joints to create the kinematic shift.
For offline source datasets, we use D4RL (Fu et al. 2020) and
consider target datasets of varying quality—medium, medium-
expert, and expert—following D4RL standards. Each target
dataset contains 5000 transitions to enforce a limited target
data setting. Please see Appendix for more details about the
environment settings.

We evaluate our method DnD against the state-of-the-art
cross-domain offline RL methods: DARA (Liu, Hongyin, and
Wang 2022), which trains the domain classifiers to measure

domain gaps; BOSA (Liu et al. 2024), which uses support-
constrained regularization to ensure the value function and
policy are optimized using in-support samples; IGDF (Wen
et al. 2024), which quantifies domain gaps using a mutual
information score function; SRPO (Xue et al. 2024) that does
reward modification via the stationary state distribution; and
OTDF (Anonymous 2025) that leverages optimal transport
to estimate the domain gaps. We also compare DnD with the
state-of-the-art offline RL algorithm, IQL (Kostrikov, Nair,
and Levine 2022), trained on a mixture of the source and
target datasets. Details of baselines are provided in Appendix
. We evaluate the performance on the target domain in of-
fline settings using the normalized score. All methods are
trained for 1 million steps across 5 random seeds. Table 1
shows the performance of DnD and other baselines under the
gravity shift setting. Due to space constraints, results for the
kinematic shift setting are included in Table 9 in Appendix .

Adaptation Performance Evaluation

Answering question 1): Table 1 and Table 9 in Appendix
demonstrate that DnD consistently outperforms IQL, winning
in 36 out of 36 tasks under the gravity shift and 35 out of
36 tasks under the kinematic shift. Notably, DnD achieves
a 97.9% improvement in target normalized scores under
gravity shift tasks and a 5§9.4% improvement under kinematic
shift tasks. Compared to other baselines, DnD achieves a
significant performance gain. Under the gravity shift, DnD
outperforms in 33 out of 36 tasks, attaining a total normalized
score of 1632.7, surpassing the second-best baseline, OTDF,
by 40.7% . Under the kinematic shift, DnD excels in 29 out
of 36 tasks, achieving a total normalized score of 1902.2,
compared to 1547.6 for OTDF. These results validate the
effectiveness of our approach.

We observe that cross-domain methods relying on neu-
ral network-based dynamics gap estimation (IGDF, BOSA,
DARA) perform similarly to IQL across many tasks, indi-
cating their limitations in effective offline policy adaptation.
This is likely due to challenges in training neural networks
on imbalanced datasets with limited target data, as discussed
in Section and Appendix . In contrast, DnD employs k—NN
estimation that does not require training neural networks.
While OTDF leverages optimal transport to mitigate issues
arising from limited target data and shows improvements
over other baselines, it does not augment the dataset. DnD
further enhances sample efficiency by leveraging a diffusion
model to generate target-aligned data, leading to improved
performance in the target domain.

Ablation Studies

DnD with other domain gaps measurement Answering
question 2): To assess the importance of k—NN estimation
in DnD, we replace the k—NN score with the score computed
via the score estimated by domain classifiers as in DARA. We
compare DnD with this variant on medium source datasets
of Ant and Walker under gravity shifts. Table 2 shows that
this modification leads to a notable performance drop, sug-
gesting that domain classifiers struggle to accurately estimate
domain gaps. These results highlight the effectiveness of
k—NN estimation in DnD.



Table 1: Results in gravity shift tasks. We report normalized scores and their standard deviations in the target domain, averaged
over five random seeds. The best score is bold. Half=Halfcheetah, Hopp=Hopper, m=medium, me=medium-expert, mr=medium-
replay, e=expert.

Source Target \ IQL DARA BOSA SRPO IGDF OTDF DnD
Ant-m m 10.2£1.8  9.4+0.9 124+2.0 11.7¢1.0 11.3+1.3  45.1x12.4 56.9+2.2
Ant-m me 0.4+1.2 10.0£0.9 11.6£1.3 10.2+1.2 9.4+1.4 339454  47.5+£3.9
Ant-m e 10.2+0.3  9.8+0.6 11.8+04  9.5#0.6  9.7+1.6 33.249.0  36.1+7.8
Ant-me m 9.8+2.4 8.1£1.8 8.1£3.0 8.4+2.1 8.9£1.5 18.6£11.9 55.748.1
Ant-me me 9.0+0.8 6.4£1.4 6.2+1.5 6.1£3.5  7.2429 34.0494  46.3+4.9
Ant-me e 90.1£2.6 10.4+29  4.2+439 8.8+1.0  9.2%1.5 232429  42.7+13.0
Ant-mr m 18.9+£2.6  21.7£2.1 13.9£1.5 18.7£1.7 19.6x1.0  29.6£10.7 41.844.7
Ant-mr me 19.1+£3.0 18.3£2.1 15.9+2.7 18.7£1.8 20.3x1.6  25.4+2.1 27.6+0.1
Ant-mr e 18.5£0.9  20.0+1.3 14.5+1.7 19.9+2.1 18.8£2.1  24.5+£2.8  28.0+0.3
Half-m m 39.6£3.3 412439  389+4.0 369445 36.6£55  40.7£7.7  48.0+0.6
Half-m me 39.6£3.7  40.7£2.8  40.443.0 40.7+£2.3 38.7£6.2  28.6£3.2  48.9+0.7
Half-m e 424438  39.8444  40.5£3.9 394+1.6 39.6+4.6  36.1£5.3  48.8+1.0
Half-me m 38.6£6.0  37.843.3  41.845.1  42.5+2.3 37.7£7.3  39.5£3.5  49.9+1.4
Half-me me 39.6£3.0 394444  38.7+£3.7  433+2.7 40.7£3.2 324455  48.1%1.9
Half-me e 434409  453+£1.3  39.9+2.7 433+3.0 41.1+4.1  26.529.1  51.0+0.8
Half-mr m 20.1£5.0 17.6+6.2  20.0+4.9 175452 144422  21.546.5  32.2+0.8
Half-mr me 17.241.6  20.2+5.2 16.7+4.2 16.3£1.7 10.0£2.5 14.7+¢4.1  30.3+5.1
Half-mr e 20.7£5.5  22.4+1.7 15442  23.1+4.0 15.3%3.7 11.4£19  32.7£2.6
Hopp-m m 11.2+1.1 17.3£3.8 15.243.3 12.4+1.0 15.3£3.5  32.448.0 30.6+£5.5
Hopp-m me 147£3.6 154425  21.149.3 14.2+1.8 15.1£3.6  242+3.6  35.7+x14
Hopp-m e 12.5¢1.6  19.3£10.5 12.7+1.7 11.8¢0.9 14.8+4.0 33.7¢7.8  51.3£10.6
Hopp-me m 19.1£6.6  18.5£12.3 159459  19.748.5 22.3+54  26.4£10.1 52.2+6.6
Hopp-me me 16.8+2.7 16.0£6.1 17.3£2.5 15.843.3 16.6£7.7  28.3+6.7  50.4+11.3
Hopp-me e 20.9+4.1  23.9+14.8 232479  21.4+£19 26.0£9.2 44.9+10.6 52.8410.3
Hopp-mr m 13.9£2.9 10.744.3  3.3+1.9 14.0+£2.6 15.3+44  31.1£13.4 35.4+0.7
Hopp-mr me 13.3+6.3 12.5+£5.6  4.6£1.7 144442 154455 24.2+6.1  41.0£2.0
Hopp-mr e 11.0£2.6  14.3+6.0 3.2+0.8 16.4+5.0 16.1+4.0 31.0¢9.8 29.9+7.8
Walker-m m 28.1£12.9 28.4+13.7 38.0+£11.2 21.4+7.0 22.1#84  36.6£2.3  52.5+2.0
Walker-m  me 35.7¢4.7  30.749.7  40.9+7.2  34.049.9 354+49.1 44.8+75  59.2%2.7
Walker-m e 37.3+8.0  36.0+7.0 41.3£8.6  39.5£3.8 36.2+13.6 44.0+4.0  63.8+2.7
Walker-me m 39.9£13.1 41.6£13.0 32.3+£7.2  46.443.5 33.843.1 30.249.8  57.5+£3.3
Walker-me  me 49.1£6.9 458494  40.1#45  36.4+34 44.7£29  533+7.1  67.8+4.0
Walker-me e 40.4£11.9 56.4+3.5  43.7+44  458+8.0 45.3+104 61.1£34  67.1+4.8
Walker-mr m 14.6+2.5 14.1£6.1 7.6£5.8 17.943.8 11.6x4.6  32.7£7.0 42.2+5.9
Walker-mr  me 15.3+1.9 159458  4.845.8 15.3+4.5 13.9+6.5 31.6x6.1  31.5%£5.2
Walker-mr e 15.847.2 15745  7.1+4.6 13.748.1 15.2453  31.3£53  39.3+6.2
Total Score | 8250 851.0 763.2 825.5 803.6 1160.7 1632.7

Table 2: Performance comparison between DnD and its vari-

ant using classifiers score to measure the domain gaps.

Source Target Classifier score  k-NN score (DnD)
Ant-m m 31.5+£5.3 56.9+2.2
Ant-m me 15.0+0.8 47.5+£3.9
Ant-m e 19.2+1.9 36.1+7.8
Walker-m m 52.1+3.5 52.5+2.0
Walker-m  me 59.2+2.7 52.9+2.7
Walker-m e 61.9£2.6 63.8+2.7

Effect of Guided-Diffusion Model Answering question
3): We compare DnD against three variants: (1) DnD without
upsampling via the diffusion model (w/o diffusion), (2) DnD
where the target dataset is upsampled using a diffusion model
(upsample target), and (3) DnD with naive diffusion-based
generation without guidance (w/o guidance). We conduct
experiments on Ant medium source dataset under gravity
shift and present results in Table 3. We observe that upsam-
ple target slightly improves performance over w/o diffusion.
However, the w/o guidance variant, which naively upsam-



Table 3: Performance comparison between DnD and its vari-
ants on using the diffusion model. We bold the highest
scores.m=medium, e=expert, me=medium-expert.

Method m-m m-me m-e

w/o diffusion 23.6+2.9 14.4+0.8 19.7+1.4
upsample target 25.4+3.1 23.74£3.7 242427
w/o guidance 46.8+11.5 31.6x11.5 22.43.6
w guidance (DnD) 56.9+2.2  47.5+3.9  36.1+7.8

Table 4: Performance comparison with different values of
k-NN.

k-Nearest Neighbor

Source Target
1 5 10
Half-gravity-m me 48.840.7  48.9+0.7  48.5+0.5
Half-gravity-m e 49.1+0.6  48.8+1 49.0+0.3
Half-kinematic-m  me 19.2+5 19.1+1 14.6x1.5
Half-kinematic-m e 13.4+1.2 13.1+0.8 13.5+0.9
Hopp-gravity-m me 36.9+12 40.6+5.5  44.6+£10.5
Hopp-gravity-m e 40.248 51.3£10.6 34.4+9.8
Hopp-kinematic-m  me 73.6+3.1 78.2+x5.1  76.6+4.2
Hopp-kinematic-m e 57.9+11.7 59.8421.8 61.9+17.5

ples the source dataset, achieves significantly better results
than upsample target. We hypothesize that the limited target
data setting hinders the training diffusion model in the tar-
get domain, thus affecting adaptation performance. Among
all variants, DnD achieves the highest performance, demon-
strating the effectiveness of our proposed method of using a
guided-diffusion model to upsample the source dataset with
generated data close to the target domain.

Nearest Neighbor £ We evaluate the impact of k£ in DnD
by testing different values (k = 1,5,10). As shown in Ta-
ble 4, DnD remains robust across varying k values. In our
experiments, we set k = 5 by default and do not tune it.

Conclusion

In this paper, we tackle the challenge of cross-domain offline
RL in scenarios with limited target data, which is widely en-
countered in many real-world applications. We systematically
analyze the limitations of existing methods under this setting,
identifying key shortcomings. Building on these insights, we
propose DnD, a novel algorithm that leverages k-NN estima-
tion to effectively quantify domain gaps and uses this score
in a guided diffusion model to generate source samples closer
to the target domain. Our approach is compatible with any
offline RL method, offering broad applicability. Extensive
experiments demonstrate the superior performance of DnD
across various benchmarks. A limitation of DnD is that it only
adopts a diffusion model for the single-step dynamics model.
Extending it to model full trajectory distributions presents an
exciting avenue for further exploration and in-depth study.
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Missing Theoretical Proofs

In this section, we provide formal proofs omitted from the main paper.

Useful Lemmas

Lemma .2. [Extended telescoping lemma.] Let My = (S, A, P1,7,v) and My = (S, A, Py, r,7) be two MDPs with different
transition dynamics Py and Ps. Given two policies w1 and 7o, we have the following:

JP1 (771) — JP2 (7'('2) = ﬁEs’aNdE I:]ES/NPIJI,NTVI [Q}S‘; (Sl’a/)] _ ES,NPQ,QIN‘ITQ [Q}T’z (s/,a/)” . (12)

This lemma is Lemma C.2 in (Xu et al. 2023) and is the extended version of the telescoping lemma in (Luo et al. 2018). Here,
we provide the brief proof.

Proof. We define W; as the expected return when follow the policy 7 in M for the first j steps, then switching to the policy
71 and M for the remainder. We have:

oo [eS)
Wj = Z rytEt<j:st,at~P1,7r1 [T‘ (Sta at)} - Et<j:st,at~P1,7r1 [Z ’Ytr (Sta at)] . (13)

=0 t>j:st,a~Pa,ma t2j:se,ae~Payma | 1o

Note that we have:

Wo = Es,awd;r,i [T(Stﬂ a’t)] = JP2 (7T2)7

P (14)
and Weo = E, ;g [r(s,ae)] = T ().
’ 1
We then have the following:
TP (m) = TP (m2) = Y (Wi = W), (15)
§=0

Write W; and W) as the following:

W; =R; + Esj-,aJ~P1,7r1 [E8j+l7aj+l~P277T2 ['7j+1Q71T32 (Sj+17aj+1)ﬂ ’ (16)

%% j+1
J+1 = Rj +E5j,a_7‘~P177T1 [E5j+17aj+1""P17771 [7j+ Q}T:‘z (SjJrlvajJrl)H
Thus, we have:

oo

TP (1) = TP () =) (Wyga — W)
=0

oo
= Z’YJJ'_IESJ';GJNPI,TH |:]E8j+17<lj+1’\‘P1a771 [QE (8j+lva'j+1)} B E5j+17‘1j+1NP27772 [Q}% (Sj'*‘l’aj'*'l)ﬂ
7=0

fy s T
1o ’YESj’ajNPI’m [Es”l’a”lwpl’”l [QPZ (81, ajJﬂ)} — Esj 10501~ Po o [QPE (5j+17aj+1)” )
a7
which concludes the proof.
Lemma .3. Let M = (S, A, P,r,v) be the MDP. Given two policies w1 and 7a, we have the following:
IP (1) = JP (1) = ———E, guami? v [Barnm, [QF (5" 0)] = Earnr, [QF (57, )] (18)

1=~

This is Lemma B.3 in (Lyu et al.). We provide the brief proof here.
Proof. Using Lemma .2 and replace P; and P, by P, we have the following:

’y T T
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which completes the proof.



Proof of Theorems 0.1
Theorem .4 (Performance Bound). Denote D, as the offline source dataset from source domain M g,.. and Dy, as the offline
. . .. . 1(s,
target dataset from target domain My,,. Let the empirical policy in the offline target dataset Dy, be wp,,, = %
Dtar

Given a policy , we have the following:
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Proof. We start by converting the performance difference in the following form:
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For term (a) in the RHS, based on Lemma .3, we have:
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For term (b) in the RHS, based on Lemma .2, we have:
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We first bound term (c) as follows:
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For term (d), we have:
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JPer (,,,) = I ()
v T m
- 1— WES ar~d ?’r‘” (ES/NPtaT-,alNﬂ'Dtar [Qﬁsm (Sla a/)} - Es’mer,a’NTr [Qﬁsrc (5/, a’)])
(c)
(26)

sre

+ (Boprararn [@F, (50)] = Eyp, arn [Qggs’,a’)])]

(d)

27 max ~
> —7(1 jafyf)yz ES andPror lES/NPtar [Drv (7(-|s)|7p,,. ()] + \/1/2DKL(PtaT(‘|S>a)HPsrcusa a))‘|.

tar
Thus, we have:

JPer () = TP ()

27 maxY
> =B andr, P, [Drv (7(]8")|I7D,,, (|8
A B, b, Dy (1S 7, (1)

2T maxY
B (1 _ 7)2 s,an~d D'rf”

By npy. [Drv (7([s)I7D,,, (1s)] + \/1/2DKL(PW(-\S, a)|[Pore.[s, a))]

2T maxY ’ / 27 maxY / ’
]Es a~df, 8’ ~Piar [DTV (7(-('|S )Hﬂ-Dtar('ls ))} BTN Y) "Dtar o [DTV (W(‘S )||7TDtm~('|s ))]
(1 - ) Ptar (1 - 7)2 S}aNdPtar »8'~Prar

2rmaxy
C(1—9)?

which completes the proof.
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Cross-Domain Offline RL with Limited Target Samples

In this section, we provide detailed discussions about the challenge of the Cross-domain Offline RL with limited target data
setting.

Datasets Imbalanced Problem

In cross-domain offline RL, a critical challenge is effectively quantifying the domain gap between the source and target domains.
Accurate measurement of this gap enables subsequent strategies to leverage source samples to enhance policy learning for
the target domain. Prior works have proposed various approaches for this purpose, including training domain classifiers (Liu,
Hongyin, and Wang 2022), or estimating target models (Liu et al. 2024). However, these methods often rely on training parametric
models such as neural networks, which are prone to overfitting in scenarios with limited target data and significant dataset
imbalances. For instance, limited target samples can cause classifiers to develop biases, favoring data that appears more frequently
while failing to capture the true dynamics gap. To investigate potential overfitting issues, we train the domain classifiers from
DARA (Liu, Hongyin, and Wang 2022) and the CVAE dynamics model from BOSA (Liu et al. 2024) in Ant environment with
medium source and expert target datasets under the gravity shift. We then evaluate the predicted target likelihood of these models
on samples from the source dataset Dy,.. Figures 4a and 4b show the histograms of the predicted target likelihoods obtained
from the learned domain classifiers and the dynamics model. Both exhibit significant overfitting, as they predominantly output
uniform predictions across all source samples. Additionally, the reward penalties computed via DARA’s domain classifiers are
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Figure 4: (a) Histogram of the predicted target likelihood of the domain classifiers in DARA for the source sample in the source
dataset. (b) The histogram of the predicted target likelihood of the CVAE dynamics target model proposed in BOSA. (c) The
histogram of the reward penalty values computed using domain classifiers in DARA.
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Figure 5: Nearest Neighbor Distance histograms. Blue shows the distance of source samples to their nearest target samples. Pink
shows the distance of target samples to their nearest target samples.

near zero, providing little to no useful signal for policy learning, as shown in Figure 4c. In addition to the overfitting issues, the
imbalance between source and target data can bias the learned policy, potentially causing it to overfit the source data during
training.

Partial Overlapping between Domains

Leveraging source samples is critical for enhancing policy learning and improving sample efficiency in cross-domain offline
RL. However, discrepancies in dynamics between the source and target domains, along with potential policy shifts during data
collection processes, not all source data is close to the target data. To investigate how the source data is close to the target data,
we conduct experiments in the Ant environment with medium source and expert target datasets under gravity shift. Specifically,
we compute the distances from each source sample to its nearest neighbor in the target dataset Dy, and the distances from each
target sample to its nearest neighbor within D;,,. The histograms in Figure 5 reveal only partial overlap between two histograms,
highlighting that only a subset of the source dataset is beneficial for target policy learning. Previous methods (Liu et al. 2024;
Wen et al. 2024) addressed this by filtering out source samples far from the target domain. However, this approach reduces the
number of usable source samples, ultimately impacting the sample efficiency of the algorithms. This raises an important question:
“Can we further improve sample efficiency in cross-domain offline RL by generating additional source data that closely aligns
with the target domain?”

Environment Setting

This section provides a detailed description of the environment settings we use in our experiments.



Source Environments

We conduct our experiments on four Mujoco environments: Ant, Halfcheetah, Hopper, and Walker from the Openai-Gym libraries
(Todorov, Erez, and Tassa 2012; Brockman et al. 2016). For our offline source, we use datasets from the D4RL benchmark
(Fu et al. 2020), which provides three types of datasets for each environment: medium, medium-replay, and medium-expert.
Specifically, the medium datasets consist of experiences collected from an SAC policy that was early-stopped after 1 million
steps. The medium-replay datasets contain the replay buffer of a policy trained to achieve the medium agent’s performance.
The medium-expert datasets are constructed by combining medium and expert data in a 50-50 ratio. Notably, the sizes of these
datasets vary significantly; for example, the medium datasets contain 1 million samples, while the medium-replay datasets may
contain as few as 100,000 samples.

Target Environments

In this paper, we consider the gravity shift and kinematic shift as the dynamics shift between the source domain and the target
domain. Gravity shift refers to differences in gravitational forces acting on the source and target robots. To simulate this shift,
we modify the gravitational acceleration parameter in the environment while keeping its direction consistent with the default
configuration in MuJoCo. Specifically, we retain the default gravitational acceleration value for the source domain and set the
value in the target domain to be half of that in the source domain. On the other hand, when referring to kinematic shift, we are
referring to altering some joints of the simulated robots. We provide the XML modifications in Section and Section , along with
the XML files of the agents in our supplementary materials.

The target datasets are collected following a procedure similar to D4RL. We consider three dataset quality levels: expert,
medium, and medium-expert. Each dataset consists of five trajectories, totaling 5,000 transitions, to reflect the limited target
data setting. The expert datasets are collected using the last checkpoint of the trained policy, while the medium datasets use a
policy performing at approximately 1/2 or 1/3 of the expert policy’s performance. The medium-expert datasets are constructed
by combining two trajectories from the medium dataset and three from the expert dataset. Finally, we use the target datasets
collected by (Anonymous 2025) in our experiments as we consider the same target domain setting as them.

Gravity shift The XML files of Ant, Halfcheetah, Hopper, and Walker are modified as follows:
1 <option gravity="0 0 -4.905" timestep="0.01"/>

Kinematic shift The kinematic shifts of the robot occurred at different parts, detailed below:

 Ant-kinematic: The rotation angles of the joints on the hips of two legs in the ant robot are adjusted from [—30, 30] to

[—03,03]
1 # hip joints of the front legs
2 <joint axis="0 0 1" name="hip_1" pos="0.0 0.0 0.0" range="-0.30 0.30" type="hinge"/
>
3 <joint axis="0 0 1" name="hip_2" pos="0.0 0.0 0.0" range="-0.30 0.30" type="hinge"/
>

» HalfCheetah-kinematic: The rotation angle of the joint on the thigh of the robot’s back leg is adjusted from [—0.52, 1.05] to
[—0.0052,0.0105].
1 # back thigh
2 <joint axis="0 1 0" damping="6" name="bthigh" pos="0 0 0" range="-.0052 .0105"
stiffness="240" type="hinge"/>

» Hopper-kinematic: The rotation angle of the head joint is adjusted from [150, 0] to [0.15, 0] and the rotation angle of the
joints on the robot’s foot is modified from [—45, 45] to [—18, 18].

1 # head joint

2 <joint axis="0 -1 0" name="thigh_joint" pos="0 0 1.05" range="-0.150 0" type="hinge
n />

3 # foot joint

4 <joint axis="0 -1 0" name="foot_joint" pos="0 0 0.1" range="-18 18" type="hinge"/>

» Walker-Kinematic: The rotation angle of the foot joint on the robot’s right leg is modified from [—45, 45] to [—0.45, 0.45].

1 # right foot

2 <joint axis="0 -1 0" name="foot_joint" pos="0 0 0.1" range="-0.45 0.45" type="hinge
n />

Evaluation Metric

To evaluate the adaptation performance of the learned policy in the target domain, we use the normalized score (NS) metric as
similar in (Fu et al. 2020; Lyu et al. 2024b). The normalized score of a given policy in the target domain is computed as follows:

T,

NS = ——+
Je — Jr

x 100, (28)



where J, J., J, denotes the return of the given, expert, and random policies in the target domain. We list the reference scores in
Table 5 and provide the minimum return, the maximum return, and the average return of the trajectories in each target dataset in
Table 6.

Table 5: The reference scores of the Mujoco datasets under the gravity shifts. .J,- denotes the performance of the random policy
in the target domain, and J, denotes the performance of the expert policy in the target domain. The reference scores are used to
compute the normalized score for evaluating the performance of the learned policies.

Environment Dynamic Shift Type Reference score J,  Reference score J,

Ant Gravity -325.6 4317.065
Halfcheetah Gravity -280.18 9509.15
Hopper Gravity -26.336 32343

Walker Gravity 10.079 5194.713
Ant Kinematic -325.6 5122.57
Halfcheetah Kinematic -280.18 7065.03
Hopper Kinematic -26.336 2842.73
Walker Kinematic 10.079 3257.51

Table 6: Trajectories return information of the target datasets. We report the trajectory return statistics of the target domain
datasets, including the minimum return (min return), maximum return (max return), and average return.

Task Name  Dynamics shift Dataset type Min return Max return ~ Average return
Ant Gravity medium 377.10 3247.66 2314.45
Ant Gravity medium-expert 377.10 4511.55 2131.79
Ant Gravity expert 335.28 4584.53 3365.35
Ant Kinematic medium 2826.00 3111.98 3017.82
Ant Kinematic medium-expert 2826.00 5122.58 4240.99
Ant Kinematic expert 5009.82 5122.57 5072.50
Halfcheetah  Gravity medium 4179.82 4383.32 4296.27
Halfcheetah  Gravity medium-expert 434278 8243.03 6567.94
Halfcheetah ~ Gravity expert 7846.18 8339.18 8131.54
Halfcheetah  Kinematic medium 2709.52 2782.61 2755.50
Halfcheetah  Kinematic medium-expert 2709.52 7065.04 5298.61
Halfcheetah  Kinematic expert 6951.27 7065.04 6998.93
Hopper Gravity medium 1784.88 2885.13 2367.66
Hopper Gravity medium-expert 2416.82 4143.63 3297.79
Hopper Gravity expert 3745.59 4186.19 4051.07
Hopper Kinematic medium 1849.06 1886.89 1870.16
Hopper Kinematic medium-expert 1868.20 2842.17 2452.67
Hopper Kinematic expert 2840.97 2842.73 2841.83
Walker Gravity medium 2421.98 3444.63 2897.85
Walker Gravity medium-expert 3144.32 5166.62 4415.11
Walker Gravity expert 5159.51 5219.14 5174.51
Walker Kinematic medium 1415.69 2223.17 2026.49
Walker Kinematic medium-expert 1415.69 3257.51 2442.82
Walker Kinematic expert 2874.92 3257.51 3077.19

Algorithm’s Implementations

In this section, we provide a details implementation of our method, DnD, and the baselines we use in the experiments. Specifically,
we use the report We report the hyperparameter in Table 7. Our implementation is based on ODRL (Lyu et al. 2024b), Synther
(Lu et al. 2023), and CleanDiffuser (Dong et al. 2024).

DnD

In our implementation, we use the FAISS library (Douze et al. 2024; Johnson, Douze, and Jégou 2019) to compute the k-NN
estimation. We compute the k-NN based score for all source samples in the source dataset Dy, at the beginning. The computation



time is only within 1 minute for 1 million source samples and 5 thousand target samples.

After computing the score for each source sample, we train our diffusion model using the offline source dataset with the
corresponding scores as the conditional context y. We use the design of EDM (Karras et al. 2022) for our diffusion model, it
has demonstrated its performance in previous offline RL works (Lu et al. 2023). Specifically, we employ a fixed noise schedule
Omax =01 > -+ > o' > 0% = 0 and diffuse clean data samples using the transition ¢(z|Zsrc,i) = N (Tarc,i, (07)?1). Then,
we train a denoiser Gy(+) to directly predict the clean samples using classifier-free training (Ho and Salimans 2022):

meinE [Hl'src,i — Gy (xSTCz + ot €,m - Pk :CSTC1 )H ] (29)

where Zgci ~ Dgpe, € ~ N(0,1), and t ~ U[0, T]. The score pi(Zsrc,i) is randomly masked during training via the null
token m, which is sampled from the Bernoulli distribution with p (m = @) = 0.25. We then used the trained diffusion model to
generate source samples that are close to the target domain by setting the value of the conditional context y to be higher than
the top £% of the source sample scores in the source dataset Dg,... Specifically, we uniformly sample a value x from the range
[k, 100] and set y to the x-th quantile of the source dataset’s score distribution. The number of generated samples is 1 million
and fixed for all environments. Finally, the generated samples are combined with the source dataset for later policy learning. We
use the IQL (Kostrikov, Nair, and Levine 2022) as the backbone for DnD.

We summarize our proposed method in Algorithm 1. Based on the analysis in Section , to reduce the dynamics gaps and
tighten the bound in Theorem 0.1, we select the source samples that have the highest scores during training to update the Q value
function. Then, we further use the score as the weighting value for the source data during the training of the Q value function.
This approach ensures the policy adaptively emphasizes source samples that closely align with the target domain, improving
adaptation performance.

As we mentioned, the imbalanced dataset could bias the policy to the source samples. Thus, we employ additional policy
regularization to ensure the learned policy is close to the support areas of the target dataset. Similar to (Wu et al. 2022), we learn
a conditional VAE, denoted as 7?,,.(a|s), to model the behavior target policy 7>, (a|s). Thus, we optimize the policy with the
loss function as follows:

El:g = £7r - AESND.;’/‘C U D¢ar [log ’;riltjar (7‘(‘(‘5)‘5)] ) (30)

where L is the policy loss of the offline RL method, A is the coefficient controlling the strength of the additional policy
regularization. In our implementation, we use the default config for CVAE as presented in Wu et al. (2022) .

DARA

DARA (Liu, Hongyin, and Wang 2022) use the learned domain classifiers to compute the reward penalty A, and correct the
source samples using the following:

F=1r—al,, 3D
where « is the penalty coefficient that controls the strength of the reward penalty term. The reward penalty is clipped to [—10, 10]
following the original paper (Liu, Hongyin, and Wang 2022). We report the results of DARA with IQL as the backbone s the fair
comparison.

BOSA

BOSA (Liu et al. 2024) handles the dynamics shift problems using a supported policy and value optimization. The value function
(critic) in BOSA is learned with the following objective:

%{bn Lomix (th) ::E(s,a,r,s’)N'Dm;x ,a ~mg(alls’) {5 (Q¢>) -1 (-ptarget (S/ ‘ S7a) > eéh)} + IE(s.,a)wl),(,u,-cc [Q¢>(S7a)] 5 (32)

where § (Qy) = (Qp(s,a) —r — Qy(s, a))2, 1 is the indicator function, P, is the learned target transition dynamics, e, is
the selection threshold. CVAE is used to model the target dynamics model.

IGDF

IGDF (Wen et al. 2024) measure the dynamics mismatch between two domains via the mutual information estimated via
contrastive learning. IGDF uses a score function h, using the target dataset as the positive sample and the source dataset as the
negative sample. Then, based on the score function, IGDF updates the value function using the following objective:

1
2

where « is the weighting coefficient for the TD in the source data, and £ is the data selection ratio.

1
Lo =Ep,, |(Qs —TQs)?| + Pl h(s,a,s") E(sa,s)~D.re []1 (h(s,a,8") > hey) (Qp — TQQ)Q} ; (33)



Table 7: Hyperparameter setup for DnD and the baselines.

Hyperparams Value
Actor network (256,256)
Critic network (256,256)
Learning rate 3e-4
Discounted factor 0.99
Buffer size le6
Shared Activation ReLU
Target update coefficient 5e-3
Batch size for source and target 128
Temperature coefficient 0.2
Max log std 2
Min log std -20
Domain classifiers network (256,256)
DARA Reward penalty coefficient o 0.1
Policy regularization coefficient A\, 0.1
Transition coefficient A\iyqnsition 0.1
b Threshold parameter €, ¢’ log(0.01)
Value weight 0.1
Representation dimension {16,64}
Contrastive encoder network (256,256)
IGDF  Encoder training steps 7000
Importance coefficient 1.0
Data selection ratio £% 75%
SRPO  Discriminator network (256, 256)
Data selection ratio 0.5
Reward coefficient {0.1,0.3}
OTDF  CVAE training steps 10000
CVAE learning rate le-3
Cost function cosin
Data filtering ratio 80%
Policy coefficient {0.1,0.5}
DnD kth nearest neighbor 5
Data selection ratio 50%
Policy regularization coefficient 0.1
Score threshold for guided sampling 90%

IQL

IQL (Kostrikov, Nair, and Levine 2022) is a state-of-the-art offline RL algorithm. It updates the state-value function and

state-action value function via the following objectives:
Ly = E(s.0)~DueUDear [L3 (Qor (5,0) = Vip(5))]
2
£ = E(esaradaupis, | (1(5:0) + 7V () = Qols.0))°)
where L (u) = |7 — 1(u < 0)|u?. The policy is learned using the advantage-weighted behavior cloning objective:
Lr=Ep,,.UD.. [exp (8 x A(s,a))logm(als)],

where A(s,a) = Q(s,a) — V(s,a), and 3 is the inverse temperature coefficient.

SRPO

SRPO (Xue et al. 2024) proposes optimizing the policy by solving the following constrained optimization problem:

(34)

(35)
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t=0
where 7, is the trajectory induced by policy 7, d(-) is the stationary state distribution of policy 7, and ((-) represents the
optimal state distribution under different environment dynamics.
This problem can be reformulated into an unconstrained optimization problem using Lagrange multipliers, where the logarithm

of the probability density ratio, A log dC(i ;3) , is added to the standard reward function. Based on this formulation, SRPO samples

a batch of size N from two offline datasets, Dy, and Dy,, and ranks the transitions based on state values. A proportion pN (in
the paper p = 0.5 is used) of samples with high state values is labeled as real data, while the remaining samples are labeled as
fake data.

A discriminator Dj(+) is then trained to distinguish between these samples, and the rewards are modified as follows:

~Ds(s)
1-— D5(S)7

TsRpo = T + A 37

where A is the reward coefficient.

OTDF

OTDF (Anonymous 2025) attempts to solve the problem of estimating domain gaps in the limited target data setting with the
optimal transport. Specifically, they use cousin distance as the cost function for solving optimal transport problems between the
datasets of two domains. After obtaining the optimal coupling %, they measure the deviation of the source domain to the target

domain as follows:
|Diar|

dlug) = = Y Clury )i, e = (840, 04per (540)") ~ Dares (38)
t'=1
where C is the cost function. They then use d(u;) to select good source data for policy training via the source data filtering.
Additionally, they also employ a policy regularization to ensure the learned policy is close to the support of the target dataset.

Hyperparamters

We adopt the hyperparameters reported in Anonymous (2025) for baseline methods. For DnD, we set k = 5 for k-NN estimation,
use a 50% data selection ratio, a policy regularization coefficient of 0.1, and a 90% score threshold for guided sampling from the
diffusion model. We note that without bothering the hyperparameter tuning, DnD achieves strong performance across diverse
tasks with a single set of hyperparameters.

Computing Infrastructure

We use Python 3.9, Gym 0.23.1, Mujoco 2.3.2 and D4RL 1.1. All experiments are conducted on a Ubuntu 22.04 server with
CUDA version 12.2. We report the computing infrastructure that we use to run our experiments in Table 8.

CPU Number of CPU Cores GPU VRAM RAM
Intel(R) Xeon(R) Gold 6248 CPU 10 V100 32GB 377GB

Table 8: Computing infrastructure.

More Experimental Results

In this section, we present additional experimental results omitted from the main text due to space constraints. We use the
same number reported in Anonymous (2025) since we consider similar gravity and kinematic shift settings. We present the
performance comparison between DnD and the other baselines under kinematic shift and report additional results on the impact
of the guided-diffusion model. Furthermore, we conduct ablation studies on DnD’s hyperparameters to provide deeper insights
into its behavior and effectiveness.

Missing Results on Kinematic Shift Tasks

We present the performance comparison between DnD and other methods under kinematic shifts in Table 9. We observe DnD
excels in 29 out of 36 tasks, surpassing IQL performance by 59.4%, and achieves a total normalized score of 1902.2, compared
to 1547.6 of the second best method OTDF. Besides that, we observe the cross-domain RL methods that involve training neural
networks to estimate the domain gaps fail to bring performance improvement compared to IQL. These results validate the
effectiveness of DnD in cross-domain offline RL with limited target data.
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Figure 6: Ablation study on the effect of policy regularization weight A. The solid curves are the average target returns, and the
shaded areas represent the standard deviation over 5 random seeds.

Effect of Guided-Diffusion Model

In this section, we provide additional experiment results to answer question 3. Specifically, we compare DnD against three
variants: (1) DnD without upsampling via the diffusion model (w/o diffusion), (2) DnD where the target dataset is upsampled
using a diffusion model (upsample target), and (3) DnD with naive diffusion-based generation without guidance (w/o guidance).
We conduct experiments on Ant medium and medium-expert source datasets under gravity shift and present results in Table
10. We observe that upsample target slightly improves performance over w/o diffusion. However, the w/o guidance variant,
which naively upsamples the source dataset, achieves significantly better results than upsample target. We hypothesize that
the limited target data setting hinders the training diffusion model in the target domain, thus affecting adaptation performance.
Among all variants, DnD achieves the highest performance, demonstrating the effectiveness of our proposed method of using a
guided-diffusion model to upsample the source dataset with generated data close to the target domain.

Guided Score

The parameter x controls the conditional k-NN score used for generating source samples, effectively determining their proximity
to the target domain. To evaluate its impact, we conduct experiments on HalfCheetah and Hopper under both gravity and
kinematic shifts. The results, presented in Table 11, show that a lower x value (x = 80) leads to significant performance drops
across multiple tasks. We hypothesize that this occurs because the generated source samples are not sufficiently beneficial for
policy adaptation. These findings highlight the importance of generating source samples that closely align with the target domain
to improve adaptation performance.

Effect of )\

A controls the strength of the policy regularization in Eq (10). A small A\ may lead to the policy being biased toward the source
dataset, while a large A limits knowledge transfer from the source. We evaluate different A values (A € 0,0.1,0.5, 2) and present
the results in Figure 6. Removing policy regularization, i.e. setting A = 0, leads to suboptimal performance. We also observe
that the optimal A varies by task (e.g., Halfcheetah prefers A = 0.1, while Walker performs best with A = 2.0). To balance this
trade-off, we set A = 0.1 for all tasks.

Data Selection Ratio ¢

Parameter £ controls how many source data we select to use in a batch at each training step for policy learning, with larger £
indicating more source data will be rejected. We evaluate the impact of £ on DnD’s performance using medium source datasets
under both gravity and kinematic shifts. Specifically, we sweep £ € 0, 25, 50, 75, where £ = 0 means all source data is used
for training. As shown in Figure 7, using £ = 0 is suboptimal, confirming that naively combining source and target datasets is
ineffective. While different tasks prefer different £ values, we find that £ = 50 provides a balanced trade-off across tasks.

Effect of Weighting Q-function

We conduct experiments to evaluate the impact of weighting the Q-function with the score as in Eq. (9). Specifically, we compare
DnD with a variant that removes this weighting during value function updates, as follows:

Lo =Ep,, [(Qp —TQs)?| +Enp,,. [Lwk > wyex)(Qs — TQs)?] (39)

Since the source data selection ratio remains constant, Eq. (39) may suffer from bad source transitions, as low-quality source
samples can still be used for training. Weighting the Q-function mitigates this issue by reducing the influence of source samples
that deviate significantly from the target domain. As shown in Table 12, removing the weighting mechanism leads to performance
drops in 3 out of 4 tasks, highlighting its importance.
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Figure 7: Parameter study of the source data selection ratio. We report the results of Ant and Hopper tasks.



Table 9: Results in kinematic shift tasks. We report normalized scores and their standard deviations in the target domain,
averaged over five random seeds. The best score is bold. Half=Halfcheetah, Hopp=Hopper, m=medium, me=medium-expert,
mr=medium-replay.

Source Target IQL DARA BOSA SRPO IGDF OTDF DnD
Ant-m medium 50.0£5.6  423+£7.6  209+2.6  50.5+6.7 54513 554400  62.1+0.6
Ant-m medium-expert | 57.8%7.2  54.1+3.8  31.7£7.0 54.9+1.3  545+46 60.7£3.6  68.9+1.0
Ant-m expert 59.6+18.5 54.2+113 454+8.6 455493  49.4+£14.6 90.4+4.8  92.1+3.5
Ant-me medium 49.5+4.1  447+43  19.0£8.0 41.3+8.1 41.848.8 50.2+43  60.6+1.3
Ant-me medium-expert | 37.2+2.0  33.3+x7.0  6.4£25 32.8+8.0  41.5%49  48.8+2.7  60.4+3.7
Ant-me expert 18.748.1 17.8423.6 14.5#9.0  35.2+15.5 14.44229 78.4+12.2 76.0+4.1
Ant-mr medium 43.7+#4.6  42.0£54  19.0+1.8  453+5.1 414450 528444  61.9+0.5
Ant-mr medium-expert | 36.5+5.9  36.0+6.7 19.1£1.6  36.2+6.6  37.2+4.7 542452  58.8+3.6
Ant-mr expert 244448 221404  19.5+0.8  27.1£3.7 24328  74.7+x10.5 43.8+2.6
Half-m medium 12.3£1.2  10.6x1.2  8.3%1.2 16.844.2  23.6+£5.7  40.2+0.0 38.5+1.4
Half-m medium-expert | 10.8+1.9  12.9+2.8  8.7£1.3 10.3£2.7  9.8+24 10.1+4.0  19.1%1.0
Half-m expert 12.6+£1.7  12.1£1.0  10.8+x1.7 122409  12.840.7  8.7+2.0 13.1+0.8
Half-me medium 21.8%6.5 259474  30.0+43 172433 219465  30.7¢9.6  38.4+1.4
Half-me medium-expert | 7.6+1.4 9.5+4.2 6.8+2.9 9.6+2.4 8.9+3.3 10.9+42  24.1+4.6
Half-me expert 9.1+2.4 104+£1.3 49432 11.2+41.0 10.7£14  3.2+0.6 13.4+2.0
Half-mr medium 10.0£54  11.5#49  7.543.1 10.243.7  11.6x4.6  37.8+2.1  19.5%1.8
Half-mr medium-expert | 6.5+3.1 9.244.7 6.6+1.7 9.5+1.8 8.6+2.3 9.7£2.0 11.4+2.1
Half-mr expert 13.6£1.4  14.842.0 104449  14.8+£22 139422 7.2+14 15.6+2.9
Hopp-m medium 58.7£8.4 4394152 123+6.6  65.4%1.5 65.3%f1.4  65.6£1.9  69.8+2.3
Hopp-m medium-expert | 68.5+12.4 554+169 15.6£10.8 43.9+£30.8 51.1£18.5 55.4+25.1 78.2+5.1
Hopp-m expert 79.9+£35.5 83.7£19.6 14.845.5  53.1+39.8 87.4+254 35.0£19.4 59.8+21.8
Hopp-me medium 66.0£0.5  61.1+4.0  35.0+20.1 64.6£2.6  65.2£1.5 65.3+2.4  69.6x1.3
Hopp-me medium-expert | 45.1x15.7 61.9+16.9 13949  54.7£17.0 62.9£15.6 38.6x159 75.5+9.6
Hopp-me expert 44.9+19.8 84.2+21.1 12.0#43  57.6%40.6 52.8£19.7 29.9+11.3 64.5+24.2
Hopp-mr medium 36.0£0.1  39.4+7.2  3.242.6 36.1£0.2 359424  355+12.2 64.8+24
Hopp-mr medium-expert | 36.1+0.1  34.1+£3.6  4.4+28 36.0£0.1  36.1£0.1  47.5+t14.6 69.7+7.5
Hopp-mr expert 36.0£0.1  36.1£0.2  3.7%2.5 36.1£0.1  36.1£0.3  49.9+30.5 69.9+18.0
Walker-m  medium 34.3£9.8 3524225 14.3+11.2 39.0+6.7 41.9+11.2 49.6£18.0 63.2+4.2
Walker-m  medium-expert | 30.2+12.5 51.9+11.5 13.6£7.7  38.6+6.5 42.3+£193 43.5£16.4 53.5+7.0
Walker-m  expert 56.4+18.2 40.7£14.4 153+2.5  57.3+122 60.4+£17.5 46.7+x13.6 70.5+12.0
Walker-me  medium 41.848.8  38.1£144 21.4+83 369443  41.2+13.0 44.6+6.0 59.4+6.8
Walker-me  medium-expert | 22.2+8.7  23.6+8.1 159+4.1 232479  28.1+4.0 16.5+7.2  53.2+7.3
Walker-me  expert 26.3+104 36.0£9.2  18.5+3.6  40.949.6  46.2+194 42449.1  69.2+7.0
Walker-mr  medium 11.5+£7.1 12.5¢43  1.9+2.1 14.3£3.1 222452  49.74#9.7  52.9+84
Walker-mr  medium-expert | 9.7+3.8 11.2+50  4.6£3.0 4.2+5.1 7.6+4.9 55.9+17.1 36.4+54
Walker-mr  expert 7.7+4.8 7.4+2.4 3.6£1.5 13.2+48.5  7.5%2.1 51.9+7.9  44.448.5
Total Score | 1193.0 1219.8 513.5 1195.7 1271.0 1547.6 1902.2

Table 10: Performance comparison between DnD and its variants on using the diffusion model. We bold the highest
scores.m=medium, e=expert, me=medium-expert.

Method m-m m-me m-e

w/o diffusion 23.6+£2.9 14.4+0.8 19.7£1.4
up sample target 25.4+3.1 237437 242427
w/o guidance 46.8+11.5 31.6x11.5 22436
w guidance (DnD) 56.9+2.2  47.5£3.9  36.1+7.8
Method me-m me-me me-e
w/o diffusion 22.5+3.7 16.1x1.3 18.4+1.7
up sample target 22.6£2.8  27.1+£1.1 22.6+2.6
w/o guidance 40.7£6.5 35.8+£7.2 30.2+4.1

w guidance (DnD) 55.7+8.1 46.3x4.9  42.7+13.0




Table 11: Performance comparison of DnD between different guided score x values. We highlight the highest score in bold.
Half=Halfcheetah, Hopp=Hopper, m=medium, me=medium-expert, e=expert.

Source Target F

80 90 99
Half-gravity-m me 48.2+0.8  48.9+0.7 47.8+1.8
Half-gravity-m e 48.8+0.4  48.8+1 49.5+1
Half-kinematic-m  me 17.7+4.1 19.1+1 16.7+3.6
Half-kinematic-m e 13.7£1.3 13.1+0.8 13.2+1.4
Hopp-gravity-m me 33.6+8 40.6x5.5 35+4.9
Hopp-gravity-m e 32.8+8.5  51.3£10.6 40.5+12.2
Hopp-kinematic-m  me 74.6+4.2  78.2+5.1  79.3+8.5
Hopp-kinematic-m e 53.4+20.6 59.8+21.8 53.5+18.2

Table 12: Ablation study on the effect of weighting q-function. We report the normalized score on the target domain. The highest
scores are bold.

Task w/o weighting q  w weighting q
Ant-kinematic 87.5+£6.6 92.1+3.5
Hopper-kinematic 51.1£18.9 59.8+21.8
Halfcheetah-gravity — 49.4+0.8 48.8+1

Walker-gravity 62.4+1.9 63.8+2.7




