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Abstract

Recent years have witnessed significant advancements in offline reinforcement
learning (RL), resulting in the development of numerous algorithms with varying de-
grees of complexity. While these algorithms have led to noteworthy improvements,
many incorporate seemingly minor design choices that impact their effectiveness
beyond core algorithmic advances. However, the effect of these design choices
on established baselines remains understudied. In this work, we aim to bridge
this gap by conducting a retrospective analysis of recent works in offline RL and
propose ReBRAC, a minimalistic algorithm that integrates such design elements
built on top of the TD3+BC method. We evaluate ReBRAC on 51 datasets with
both proprioceptive and visual state spaces using D4RL and V-D4RL benchmarks,
demonstrating its state-of-the-art performance among ensemble-free methods in
both offline and offline-to-online settings. To further illustrate the efficacy of
these design choices, we perform a large-scale ablation study and hyperparameter
sensitivity analysis on the scale of thousands of experiments

1 Introduction

Interest of the reinforcement learning (RL) community in the offline setting has led to a myriad
of new algorithms specifically tailored to learning highly performant policies without the ability
to interact with an environment (Levine et al., [2020; [Prudencio et al., 2022). Yet, similar to the
advances in online RL (Engstrom et al., |2020; |Henderson et al.| 2018)), many of those algorithms
come with an added complexity — design and implementation choices beyond core algorithmic
innovations, requiring a delicate effort in reproduction, hyperparameter tuning, and causal attribution
of performance gains.

Indeed, the issue of complexity was already raised in the offline RL community by [Fujimoto
& Gu| (2021); the authors highlighted veiled design and implementation-level adjustments (e.g.,
different architectures or actor pre-training) and then demonstrated how a simple behavioral cloning
regularization added to the TD3 (Fujimoto et al., 2018) constitutes a strong baseline in the offline
setting. This minimalistic and uncluttered algorithm, TD3+BC, has become a de-facto standard
baseline to be compared against. Indeed, most new algorithms juxtapose against it and claim
significant gains over (Akimov et al.}[2022; |An et al.| 2021} Nikulin et al., 2023} [Wu et al.| 2022}
Chen et al.| 2022b; |Ghasemipour et al.| [2022)). However, application of newly emerged design and
implementation choices to this baseline is still missing.

In this work, we build upon [Fujimoto & Gul(2021)) line of research and ask: what is the extent to which
newly emerged minor design choices can advance the minimalistic offline RL algorithm? The answer
is illustrated in Figure[T} we propose an extension to TD3+BC, ReBRAC (Section [3), that simply
adds on recently appeared design decisions upon it. We test our algorithm on both proprioceptive and
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Figure 1: (a) The schema of our approach ReBRAC (b) Performance profiles (c) Probability of
improvement. The curves (Agarwal et al.l 2021)) are for DARL benchmark spanning all
Gym-MuJoCo, AntMaze, and Adroit datasets (Fu et al., 2020).

visual state space problems using D4RL (Fu et al.,|2020) and V-D4RL (Lu et al.| 2022) benchmarks
(Section[d)) demonstrating its state-of-the-art performance across ensemble-free methods. Moreover,
our approach demonstrates state-of-the-art performance in offline-to-offline setup on D4RL datasets
(Section[d.3)) while not being specifically designed for this setup. To further highlight the efficacy
of the proposed modifications, we then conduct a large-scale ablation study (Section[4.4). We hope
the described approach can serve as a strong baseline under different hyperparameter search budgets
(Section [.6), further accentuating the importance of seemingly minor design choices introduced
along with core algorithmic innovations.

2 Preliminaries

2.1 Offline Reinforcement Learning

A standard Reinforcement Learning problem is defined as a Markov Decision Process (MDP) with the
tuple {S, 4, P, R, v}, where S C R™ is the state space, A C R™ is the action space, P : S x A — S
is the transition function, R : S x A — R is the reward function, and y € (0, 1) is the discount factor.
The ultimate objective is to find a policy 7(a|s) that maximizes the cumulative discounted return
Er Y207 R(s¢, a¢). This policy improves by interacting with the environment, observing states,
and taking actions that provide rewards.

In offline RL, policies cannot interact with the environment and can only access a static transaction
dataset D collected by one or more other policies. This setting presents new challenges, such as
estimating values for state-action pairs not included in the dataset while exploration is unavailable
(Levine et al .l [2020).

2.2 Behavior Regularized Actor-Critic

Behavior Regularized Actor-Critic (BRAC) is an offline RL framework introduced in|Wu et al.|(2019).
The core idea behind BRAC is that actor-critic algorithms can be penalized in two ways to solve
offline RL tasks: actor penalization and critic penalization. In this framework, the actor objective is
represented as in Equation (IJ), and the critic objective as in Equation (2), where F is a divergence
function between dataset actions and policy actions distributions. The differences from a vanilla
actor-critic are highlighted in blue.

™= argma‘X]E(s,a)ND [Q9(57 W(S))*OL ’ F(TI'(S), (1)] ey
0= argminE .y i)p [(Qos,0) = (r +7(Qg(s',a) 0 Fla' )] @
a’' ~m(s’)

In the original work, various choices of F' were evaluated when used as the regularization term for the
actor or critic. The authors tested KL divergence, Kernel MMD, and Wasserstein distance but did not
observe any consistent advantage. Finally, it is essential to note that, originally, both regularizations
coefficients had the same weight.
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Subsequently, TD3+BC (Fujimoto & Gu,[2021)) was introduced, utilizing Mean Squared Error (MSE)
as the regularization term F' for the actor. TD3+BC is considered to be the minimalist approach to
offline RL as it modifies existing RL algorithms by simply adding behavior cloning term into actor
loss which is easy to implement and does not bring any significant computational overhead.

3 ReBRAC: Distilling Key Design Choices

In this section, we describe the proposed method along with the discussion of the new design choices
met in the offline RL literature (Table[T)). Our approach is a more general version of BRAC built on
top of the TD3+BC (Fujimoto & Gu, |2021) algorithm with different modifications in design while
keeping it simple (Figure[T). We refer to our method as Revisited BRAC (ReBRAC).

Table 1: Adoption of implementation and design choices beyond core algorithmic advancements in
some recently introduced algorithms.

Modification ‘ TD3+BC CQL EDAC MSG CNF LB-SAC SAC-RND
Deeper networks X v 4 v 4 v v
Larger batches X X X X v v v
Layer Normalization X X X X X v 4
Decoupled penalization X X X X X X v
Adjusted discount factor X X X X X X v

Deeper Networks The use of deeper neural networks has been a critical factor in the success of
many Deep Learning models, with model quality generally increasing as depth increases, provided
there is enough data to support this scaling (Kaplan et al., |2020). Similarly, recent studies in RL
(Neumann & Gros, 2022} Sinha et al., [2020) and offline RL (Lee et al., [2022; Kumar et al., 2022
have demonstrated the importance of depth in achieving high performance. Although most offline RL
algorithms are based on SAC (Haarnoja et al., 2018)) or TD3 (Fujimoto et al.,[2018)), which by default
employ two hidden layers, recent work (Kumar et al.||2020) uses three hidden layers for SAC instead,
which appears to be an important change (Fujimoto & Gu,[2021)). The change in network size has
been adopted by later works (An et al.| [2021} |Yang et al.,[2022} [Zhuang et al., 2023} Nikulin et al.,
2023)) and may be one of the critical modifications that improve final performance.

The original BRAC and TD3+BC algorithms used only two hidden layers for their actor and critic
networks, while most state-of-the-art solutions use deeper networks. Specifically, three hidden layers
have become a common choice for recent offline RL algorithms. In ReBRAC, we follow this trend
and use three hidden layers for the actor and critic networks. Additionally, we provide an ablation
study in Section[4.5]to investigate the effect of the number of layers on ReBRAC’s performance.

LayerNorm LayerNorm (Ba et al.,|2016) is a widely used technique in deep learning that helps
improve network convergence. In|Hiraoka et al.| (2021)), authors add dropout and LayerNorm to
different RL algorithms, notably boosting their performance. This technique is also applied in|Smith
et al.|(2022)), and it appears that boost is achieved primarily because of LayerNorm. Specifically, in
offline RL, various studies have tested the effect of normalizations between layers (Bhatt et al.,|2019;
Kumar et al.| 2022; Nikulin et al. |2022| 2023). A parallel study by Ball et al.| (2023) empirically
shows that LayerNorm helps to prevent catastrophic value extrapolation for the Q function when
using offline datasets in online RL. Following these works, in our approach, we also apply LayerNorm
between each layer of the critic networks.

Larger Batches Another technique to accelerate neural network convergence is large batch opti-
mization (You et al.,[2017,|2019). While studying batch sizes larger than 256 is limited, some prior
works have used them. For instance, the convergence of SAC-N was accelerated in |Nikulin et al.
(2022). More recently proposed algorithms also use larger batches for training, although without
providing detailed analyses (Akimov et al., 2022} Nikulin et al., 2023)).

The usage of large batches in offline RL is still understudied, and its benefits and limitations are
not fully understood. Our experiments show that in some domains, using large batches can lead
to significant performance improvements, while in others, it might not have a notable impact or
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even drop the performance (see Table[§). We increased the batch size to 1024 samples and scaled
the learning rate for D4ARL Gym-MuJoCo tasks, following the approach proposed by Nikulin et al.
(2022).

Actor and critic penalty decoupling The original BRAC framework proposed penalizing the actor
and the critic with the same magnitude. Most of the previous algorithms restrict only actor (Fujimoto
& Gul 2021} [Wu et al., [2022) or only critic (Kumar et al., 2020; |An et al., [2021; |(Ghasemipour|
et al.,|[2022). TD3-CVAE (Rezaeifar et al.| 2022) penalizes both using the same coefficients, while
another study, SAC-RND (Nikulin et al.,|2023]), shows that decoupling the penalization in offline RL
is beneficial for algorithm performance, although ablations on using only one of the penalties are
missing.

Our method allows simultaneous penalization of actor and critic with decoupled parameters. Inspired
by TD3+BC (Fujimoto & Gu}[2021)), Mean Squared Error (MSE) is used as a divergence function F/,
which we found simple and effective. The actor objective is shown in Equation (3), and the critic
objective is shown in Equation (#). Differences from the original actor-critic are highlighted in red.
Following TD3+BC (Fujimoto & Gu, [2021]), the Q function is normalized to make the algorithm less
sensitive to regularization parameters. Nonetheless, we forego the utilization of state normalization,
as initially suggested in TD3 + BC, driven by our intention to execute the algorithm online and the
observation that this adjustment typically results in negligible impact. Since our approach principally
builds upon TD3+BC, the differences in their performances should be considered the most important
ones and do not appear only because of the additional hyperparameters search.

T = argmaXE(s,a)ND [QG(S,W(S))*@ - (m(s) — “)2] (€)

0= arg;nin]E(s,a,r,s’,d/)ND [(Q9(57 a) - (T + V(Qg(slv a/>*s‘€2 ’ ((I’l - (1’/)2)))2} “
a’ ~m(s’)

Discount factor  value change The choice of discount factor is an important aspect in solving RL
problems (Jiang et al.| 2015). A recent study (Hu et al.,[2022) suggests that decreasing the default
value of v from 0.99 may lead to better results in offline RL settings. In contrast, in SPOT (Wu
et al.,[2022), the authors increased the value of v up to 0.995 when fine-tuning AntMaze tasks with
sparse rewards, which resulted in state-of-the-art solutions. Similarly, in the offline setting SAC-RND
(Nikulin et al.} 2023)), increasing ~y also achieved high performance on the same domain. The choice
of increased ~ for AntMaze tasks was motivated by the sparse reward, i.e., a low v value may not
propagate the training signal well. However, further ablations are needed to understand if the change
in the parameter is directly responsible for the improved performance. In our experiments, we also
find that increasing  from the default value of 0.99 to 0.999 is vital for improved performance on
this set of tasks (see Table[g).

4 Experiments

4.1 Evaluation on offline D4RL

We evaluate the proposed approach on three sets of D4RL tasks: Gym-MuJoCo, AntMaze, and
Adroit. For each domain, we consider all of the available datasets. We compare our results to several
ensemble-free baselines, including TD3+BC (Fujimoto & Gu, [2021)), IQL (Kostrikov et al.| 2021},
CQL (Kumar et al.,|2020) and SAC-RND (Nikulin et al., [2023).

The majority of the hyperparameters are adopted from TD3+BC, while 8; and (32 parameters from
Equation (3)) and Equation (@) are tuned. We examine the sensitivity to these parameters in Section|4.6]
For a complete overview of the experimental setup and details, see Appendix [A]

Following [Wu et al.| (2022)), we tune hyperparameters over four seeds (referred to as training seeds)
and evaluate the best parameters over ten new seeds (referred to as unseen training seeds), reporting
the average performance of the last checkpoints for D4RL tasks. On V-D4RL, we use two and five
seeds, respectively. This helps to avoid overfitting during hyperparameters search and outputs more
just and reproducible results. For a fair comparison, we tune TD3+BC and IQL following the same
protocol. We also rerun SAC-RND on Gym-MuJoCo and AntMaze tasks and tune it for the Adroit
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Table 2: Average normalized score over the final evaluation and ten unseen training seeds on Gym-
MuJoCo tasks. CQL scores were taken from|An et al.|(2021). The symbol + represents the standard
deviation across the seeds. To make a fair comparison against TD3+BC and IQL, we extensively
tuned their hyperparameters.

Task Name | TD3+BC IQL CQL SAC-RND | ReBRAC, our
halfcheetah-random 309 +04 195+£08 311+35 276 £2.1 295+ 1.5
halfcheetah-medium 54.7+09 500+£02 469+04 664 + 1.4 65.6 £ 1.0
halfcheetah-expert 934+04 95.5+2.1 973+ 1.1 102.6 £ 4.2 1059 + 1.7
halfcheetah-medium-expert 89.1 £5.6 92.7+28 950+ 1.4 108.1 + 1.5 101.1 +5.2
halfcheetah-medium-replay | 45.0 £ 1.1 42.1+3.6 453403 51.2+32 51.0+0.8
halfcheetah-full-replay 750+£25 750+£07 76.9+0.9 81.2+1.3 821+ 1.1
hopper-random 8.5+0.7 10.1 £59 53+£06 19.6 £ 124 8.1+24
hopper-medium 609+ 7.6 652+42 619+64 91.1+10.1 102.0 + 1.0
hopper-expert 109.6 £ 3.7 108.8 £3.1 106.5+9.1 109.8 £ 0.5 100.1 £8.3
hopper-medium-expert 87.8 £10.5 855+29.7 969+ 15.1 109.8 £ 0.6 107.0 £ 6.4
hopper-medium-replay 55.1 +£31.7 89.6 £13.2 86373 972 £9.0 98.1 +5.3
hopper-full-replay 979+175 10444+108 101.9+06 1074+0.8 107.1 £ 0.4
walker2d-random 20+£3.6 11.3+£7.0 51+£1.7 18.7 £ 6.9 184+ 45
walker2d-medium 77.7+29 80.7+34 795+32 927+ 12 82.5+3.6
walker2d-expert 1100+ 06 969 +323 1093+0.1 1045+£228 1123+ 0.2
walker2d-medium-expert 1104+06 1121+£05 109.1£02 104.6£11.2 111.6 £0.3
walker2d-medium-replay 68.0 £ 19.2 754+£93 76.8+10.0 894 +£338 713+179
walker2d-full-replay 903+ 54 97.5+14 9424+19 1053+32 102.2 £ 1.7
Average | 70.3 72.9 73.6 826 | 81.2

Table 3: Average normalized score over the final evaluation and ten unseen training seeds on AntMaze
tasks. CQL scores were taken from |Ghasemipour et al.|(2022)). The symbol + represents the standard
deviation across the seeds. To make a fair comparison against TD3+BC and IQL, we extensively
tuned their hyperparameters.

Task Name \ TD3+BC IQL CQL SAC-RND \ ReBRAC, our
antmaze-umaze 663+ 62 833+45 74.0 97.0+ 1.5 978 £ 1.0
antmaze-umaze-diverse 53.84+85 70.6+3.7 84.0 66.0425.0 88.3 + 13.0
antmaze-medium-play 265+ 184 64.6 +49 612 3854294 84.0 42
antmaze-medium-diverse | 25.9 + 153 61.7 +6.1 537 747+ 10.7 76.3 + 13.5
antmaze-large-play 00+0.0 425+6.5 158 43.9429.2 60.4 + 26.1
antmaze-large-diverse 00+0.0 27.6+78 149 457 +£28.5 54.4 +25.1
Average | 28.7 583  50.6 60.9 | 76.8

domain. In other cases, we report results from previous works, meaning that scores for other methods
can be lower if evaluated under our protocol.

The results of our tests on D4RL’s Gym-MuJoCo, AntMaze, and Adroit tasks are available in Table@],
Table[3] Tabled] respectively. The mean-wise best results among algorithms are highlighted with bold,
and the second best performance is underlined. Our approach, ReBRAC, achieves state-of-the-art
results on Gym-MuJoCo, AntMaze, and Adroit tasks outperforming all baselines on average, except
SAC-RND on Gym-MulJoCo tasks, which is slightly better. Performance profiles and probability of
improvement (Agarwal et al., [2021) in Figure[Ib]and Figure [Ic|also demonstrate that ReBRAC is
competitive when compared to the algorithms that we contrast against. Our method is also comparable
to ensemble-based approaches (see Appendix [C|for additional comparisons).

4.2 Evaluation on offline V-D4RL

In addition to testing ReBRAC on D4RL, we evaluated its performance on V-D4RL benchmark (Lu
et al., 2022). Our motivation for doing so was the fact that scores on D4ARL Gym-MuJoCo tasks
have saturated in recent years, and even after the introduction of ensemble-based offline RL methods

q
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Table 4: Average normalized score over the final evaluation and ten unseen training seeds on Adroit
tasks. BC and CQL scores were taken from |Yang et al.|(2022). The symbol + represents the standard
deviation across the seeds. To make a fair comparison against TD3+BC and IQL, we extensively
tuned their hyperparameters.

Task Name | BC TD3+BC IQL CQL  SAC-RND | ReBRAC, our
pen-human 344  81.8+149 81.5+175 37.5 5.6 +5.8 103.5 + 14.1
pen-cloned 56.9 6144193 772 +17.7 39.2 25+6.1 91.8 +21.7
pen-expert 85.1 1460 +7.3 133.6 £ 160 107.0 4544229 154.1 +£54
door-human 0.5 -0.1 £0.0 3.14+20 9.9 0.0+0.1 0.0 £0.0
door-cloned -0.1 0.1 £0.6 0.8+ 1.0 0.4 02+0.8 1.1+26
door-expert 34.9 84.6 +44.5 1053 +28 101.5 73.6 +26.7 104.6 +2.4
hammer-human 1.5 04+04 25+19 44 -0.1 +0.1 02402
hammer-cloned 0.8 0.8+ 0.7 1.1£0.5 2.1 0.1 +£04 6.7 +£3.7
hammer-expert 125.6 117.0 £30.9 129.6 + 0.5 86.7 2484394 133.8 £ 0.7
relocate-human 0.0 -0.24+0.0 0.1 £0.1 0.2 0.0+ 0.0 0.0 £0.0
relocate-cloned -0.1 -0.1 0.1 024+04 -0.1 0.0+ 0.0 09+t1.6
relocate-expert 101.3 1073+ 1.6 106.5 £ 2.5 95.0 34+45 106.6 + 3.2
Average w/o expert | 11.7 18.0 208  11.7 1.0 | 25.5
Average 36.7 49.9 534 403 129 | 58.6

Table 5: Average normalized score over the final evaluation and five unseen training seeds on V-D4RL
tasks. The score is mapped from a range of [0, 1000] to [0, 100]. The symbol + represents the standard
deviation across the seeds.

Environment Offline DV2 DrQ+BC CQL BC LOMPO \ ReBRAC, our

random 28.7 +13.0 5.5+0.9 144 £12.4 2.0 £0.2 21.9 +8.1 159+23

mixed 56.5 +18.1 28.7 £6.9 114 +124 16.5 £4.3 34.7 £19.7 41.6 + 8.0

walker-walk medium 34.1 £19.7 46.8 +2.3 14.8 +16.1 40.9 +£3.1 434 +11.1 525+32
medexp 439 +344 86.4 +5.6 56.4 +£38.4 47.7 £3.9 39.2 £19.5 92,7+ 1.3

expert 4.8 +£0.6 68.4 +£7.5 89.6 £6.0 91.5 +3.9 53 +7.7 81.4 £ 10.0

random 31.7 £2.7 5.8 +0.6 59484 0.0 0.0 11.4+5.1 129422

mixed 61.6+1.0 44.8 £3.6 10.7 +12.8 25.0 +3.6 36.3 +£13.6 46.8 +0.7

cheetah-run medium 17.2 +£3.5 53.0 +£3.0 40.9 +5.1 51.6 +1.4 16.4 +8.3 59.0 +£0.7
medexp 10.4 +£3.5 50.6 +8.2 209 +5.5 57.5 +6.3 11.9+1.9 583+ 11.7

expert 109 +£3.2 345 +8.3 61.5+4.3 67.4 +6.8 14.0 3.8 35.6+53

random 0.1 £0.0 0.1 £0.0 0.2 +0.1 0.1 0.0 0.1 £0.0 0.1 £0.0

mixed 0.2 £0.1 159 +£3.8 0.1 £0.0 18.8 4.2 0.2 £0.0 16.0 £2.7

humanoid-walk medium 0.2 +0.1 6.2 £2.4 0.1 £0.0 13.5 +4.1 0.1 +£0.0 9.0+23
medexp 0.1 £0.0 7.0+2.3 0.1 £0.0 17.2 4.7 0.2 +0.0 7.8 +2.4

expert 0.2 £0.1 2.74+09 1.6 £0.5 6.1 +£3.7 0.1 £0.0 29+09

Average 20.0 304 21.9 30.3 156 | 355

by |An et al.|(2021)), there has been no notable progress on these tasks. On the other hand, V-D4RL
provides a similar set of problems, with datasets collected in the same way as in D4RL but with the
agent’s observations now being images from the environment.

We tested our algorithm on all available single-task datasets without distractors and compared it to the
baselines from the original V-D4RL work (Lu et al.|[2022). The results are reported in Table @ Our
proposed approach achieves state-of-the-art or close-to-state-of-the-art results on most of the tasks,
and it is the only method that, on average, performs notably better than naive Behavioral Cloning.

4.3 Evaluation on offline-to-online D4RL

The evaluation of offline-to-online performance is a pivotal aspect for reinforcement learning (RL)
algorithms, particularly in light of recent developments. In this context, we conducted additional tests
on ReBRAC, as it stands out as a promising algorithm for several compelling reasons.
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First and foremost, ReBRAC demonstrates a remarkable proficiency following offline pre-training.
Secondly, our algorithm shares notable similarities with TD3+BC, a method that has exhibited
effectiveness in online fine-tuning as observed by Beeson et al. (Beeson & Montanal, 2022])

For the sake of simplicity, we opted to disable critic penalization during the online fine-tuning.
Furthermore, we linearly decay the actor’s penalty to half of its initial value, following the approach
described by Beeson & Montana) (2022). Notably, no hyperparameter tuning was performed in this
process.

To evaluate our approach in the offline-to-online setting, we followed the methodology outlined by
Tarasov et al.[(2022)). In our comparative analysis, we consider the following algorithms: TD3+BC
(Fujimoto & Gul 2021), IQL (Kostrikov et al.,[2021), CQL (Kumar et al., 2020), SPOT (Wu et al.,
2022)), and Cal-CQL (Nakamoto et al.,|2023). The scores after the offline stage and online tuning,
are reported in[Table 6] We also provide finetuning cumulative regret proposed by [Nakamoto et al.

(2023) in[Table 7]

Table 6: Normalized performance after offline pretraining and online finetuning on D4RL. Baselines
scores except TD3+BC are taken from [Tarasov et al.| (2022). ReBRAC and TD3+BC scores are
averaged over ten random seeds, and all others are averaged over four as in|Tarasov et al.[(2022).

Task Name TD3 + BC QL SPOT Cal-QL ‘ ReBRAC, our
antmaze-u-v2 66.8 —91.4 77.00 — 96.50 91.00 = 99.50 76.75 — 99.75 97.8 —99.8
antmaze-u-d-v2 59.1 — 484 59.50 — 63.75 36.25 — 95.00 32.00 — 98.50 85.7 — 98.1
antmaze-m-p-v2 592 —94.8 71.75 — 89.75 67.25 — 97.25 71.75— 98.75 784 — 977
antmaze-m-d-v2 62.6 —94.1 64.25 — 92.25 73.75 — 94.50 62.00 — 98.25 78.6 — 98.5
antmaze-l-p-v2 21.5—0.1 38.50 — 64.50 31.50 — 87.00 31.75 =+ 97.25 47.0 —39.5
antmaze-l-d-v2 9504 26.75 — 64.25 17.50 — 81.00 44.00 — 91.50 66.7 — 77.6
AntMaze avg ‘ 46.4 — 54.8 (+8.4) 56.29 — 78.50 (+22.21) 52.88 — 92.38 (+39.50) 53.04 — 97.33 (+24.29) ‘ 75.7 — 85.2 (+9.5)
pen-c-vl 86.1 — 110.3 84.19 — 102.02 6.19 — 43.63 -2.66 — -2.68 91.8 — 152.0
door-c-v1 0.0—34 1.19 — 20.34 -0.21 — 0.02 -0.33 —-0.33 0.4 — 104.9
hammer-c-v1 24— 11.6 1.35 = 57.27 397 —3.73 0.25 — 0.17 4.1 - 131.2
relocate-c-v1 -0.1 = 0.1 0.04 — 0.32 -0.24 — -0.15 -0.31 —-0.31 0.0 —12.3
Adroit Avg | 221 —313(+92) 21.69 — 44.99 (+23.3) 2.43 — 11.81 (+9.38) -0.76 = -0.79 (-0.03) | 24.0 — 100.1 (+76.1)
Total avg ‘ 36.7 — 45.4 (+8.7) 42.45 — 65.10 (+22.65) 32.70 — 60.15 (+27.45) 31.52 — 58.08 (+26.56) ‘ 55.0 = 91.1 (+36.1)

Table 7: Cumulative regret of online finetuning calculated as 1 — average success rate. Baselines
scores except TD3+BC are taken from [Tarasov et al.| (2022). ReBRAC and TD3+BC regrets are
averaged over ten random seeds, and all others are averaged over four as in Tarasov et al. (2022).

Task Name TD3 + BC CQL IQL SPOT Cal-QL | ReBRAC, our

antmaze-umaze-v2 0.09 £ 0.08 0.02 £ 0.00 0.07 £ 0.00 0.02 £ 0.00 0.01 £ 0.00 0.00 £ 0.00
antmaze-umaze-diverse-v2 047 £0.16 0.09 +0.01 043 £0.11 0.22 £0.07 0.05 + 0.01 0.06 £0.13
antmaze-medium-play-v2 0.12 £ 0.05 0.08 £ 0.01 0.09 £ 0.01 0.06 £ 0.00 0.04 £ 0.01 0.03 £ 0.01
antmaze-medium-diverse-v2 0.09 £+ 0.02 0.08 £ 0.00 0.10 £ 0.01 0.05 £ 0.01 0.04 £ 0.01 0.02 £+ 0.00
antmaze-large-play-v2 0.99 + 0.00 0.21 £0.02 0.34 £ 0.05 0.29 £ 0.07 0.13 £ 0.02 0.36 £+ 0.30
antmaze-large-diverse-v2 0.99 + 0.01 0.21 £0.03 0.41 £0.03 0.23 £0.08 0.13 £0.02 0.10 £+ 0.07
AntMaze avg | 0.45 0.11 0.24 0.15 0.07 | 0.09
pen-cloned-v1 0.30 £0.10 0.97 £ 0.00 0.37 £ 0.01 0.58 £ 0.02 0.98 £ 0.01 0.08 £+ 0.00
door-cloned-v1 0.97 +0.03 1.00 £ 0.00 0.83 £0.03 0.99 £ 0.01 1.00 % 0.00 0.26 £ 0.10
hammer-cloned-v1 092 +£0.14 1.00 £ 0.00 0.65 £ 0.10 0.98 £ 0.01 1.00 + 0.00 0.13 £ 0.02
relocate-cloned-v1 0.99 +0.01 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00 1.00 £ 0.00 0.85 +0.07
Adroit avg | 0.79 0.99 0.71 0.89 099 | 0.33
Total avg | 0.59 0.47 0.43 0.44 0.44 | 0.18

ReBRAC exhibits competitive performance, surpassing four out of six AntMaze datasets and achiev-
ing state-of-the-art results in terms of final scores on Adroit tasks. On average, ReBRAC outperforms
its closest competitor, Cal-CQL, which was specifically designed for the offline-to-online problem in
the concurrent work (Nakamoto et al., [2023)).

Regarding regret, ReBRAC outperforms all other algorithms, with Cal-QL being the sole exception,
showing slightly better results on average only in the AntMaze domain.

4.4 Ablating Design Choices

To better understand the source of improved performance, we conducted an ablation study on the
modifications made to the algorithm. Results can be found in Table[§] Additional ablation studies
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for all datasets can be found in Appendix [G] One modification at a time was disabled, while all
other changes were retained, including layer normalization in the critic network, additional linear
layers in the actor and critic networks, adding an MSE penalty to the critic and actor loss. In the case
of AntMaze, we also attempted to use the default « value instead of the increased one. To further
demonstrate the efficacy of our modifications, we also ran our implementation as equivalent to the
original TD3+BC, with all changes disabled and hyperparameters were taken from the original paper.
This experiment serves to show that the improved scores are due to the proposed changes in the
algorithm and not just different implementations. Furthermore, we searched for the regularization
parameter for our implementation of TD3+BC to demonstrate that tuning this parameter is not the
sole source of improvement. Moreover, we tested the TD3 + BC by adding each of the ReBRAC’s
modifications independently to demonstrate that each individual modifications is not sufficient for
achieving performance of ReBRAC where the combination of modification appear.

Additionally, we run ablation which to validate the importance of decoupling by disabling it and
searching the best penalty parameter value from the set of all previously used values listed in the

)
Append B

Table 8: ReBRAC’s design choices ablations: each modification was disabled while keeping all the
others. For brevity, we report the mean of average normalized scores over four unseen training seeds
across domains. We also include tuned results for TD3+BC to highlight that the improvement does
not come from hyperparameter search. For dataset-specific results, please refer to Appendix E}

Ablation | Gym-MuJoCo AntMaze Adroit All
TD3+BC, paper - 273 0.0 -
TD3+BC, our 63.4 18.5 523 522
TD3+BC, tuned 71.8 (-10.9%) 27.9 (-62.9%) 53.5(-25.9%) 58.3 (-19.2%)
TD3+BC w/ «y change - 17.5 (-76.7%) - -
TD3+BC w/ LN 71.4 (-11.4%) 35.6 (-52.7%) 55.6 (-4.1%) 60.2 (-16.6%)
TD3+BC w/ large batch 14.4 (-82.1%) 0.0 (-100.0%) 1.6 (-97.2%) 7.9 (-89.0%)
TD3+BC w/ layer 71.2 (-11.6%) 44.1 (-41.4%) 56.4 (-2.7%) 61.9 (-14.2%)
ReBRAC w/o large batch 75.9 (-5.8%) - - -
ReBRAC w large batch - 41.0 (-45.6%) 55.4 (-4.6%) -
ReBRAC w/o ~y change - 21.0 (-72.1%) - -
ReBRAC w/o LN 59.2 (-26.5%) 0.0 (-100.0%) 25.1 (-56.7%) 38.0 (-47.3%)
ReBRAC w/o layer 78.5 (-2.6%) 18.1 (-75.9%) 59.0 (+1.7%) 61.9 (-14.2%)
ReBRAC w/o actor penalty 22.8 (-71.7%) 0.1 (-99.8%) 0.0 (-100.0%) 11.4 (-84.2%)
ReBRAC w/o critic penalty 81.1 (+0.6%) 72.2 (-4.1%) 56.9 (-1.8%) 71.5 (-0.9%)
ReBRAC w/o decoupling 79.8 (-0.9%) 76.9 (+2.1%) 56.7 (-2.2%) 71.6 (-0.8%)
ReBRAC \ 80.6 753 58.0 72.2

The ablation results show that ReBRAC outperforms TD3+BC not because of different implementa-
tions or actor regularization parameter choice. All domains suffer when the LayerNorm is disabled,
leading to the halved average performance overall. Removing additional layers leads to a notable
drop in AntMaze tasks, while on Gym-MuJoCo decrease is small, and on Adroit tasks, we can see a
slight boost. The algorithm fails to learn most tasks when the actor penalty is disabled. Notably, the
critic penalty plays a minor role in improving the performance on most of the problems as well as the
decoupling penalties. Using standard batch size on Gym-MuJoCo tasks significantly decreases final
scores, while using the increased discount factor for AntMaze is crucial for obtaining state-of-the-art
performance.

Based on the conducted ablations studies, the proposed configuration of design choices leads to the
best performance on average. Note that tuning these choices for each task independently makes it
possible to get even higher scores than we report in Section {1} We also can change the number
of hidden layers in the networks, leading to better performance, see Section [d.3] But in real life,
algorithm evaluation might be costly, so we limit ourselves to tuning only regularization parameters.

4.5 Stacking Even More Layers

As ablations show, the depth of the network plays an important role when solving AntMaze and
HalfCheetah tasks (see Appendix[G). We conduct additional experiments to check how the perfor-
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mance depends on the network depth in more detail. Ball et al.|(2023) used networks of depth four
when solving AntMaze tasks. Our goal is to find the point where the performance saturates. For
this, we run our algorithm on AntMaze tasks increasing the number of layers to six while keeping
other parameters unchanged. We attempt to increase actor and critic separately and at once. We also
decreased each network’s size by one layer similarly. Results can be found in Figure 2}

Several conclusions can be drawn from the results. First, further increments in the number of layers
can lead to better results on the AntMaze domain when layers are scaled up to five. For six layers,
performance drops or does not improve. Second, decreasing the critic’s size leads to the worst
performance on most datasets. Lastly, there is no clear pattern on how the performance changes even
within a single domain. The drop on six layers is the only common feature that can be seen. On
average, four critic layers and three actor layers were the best. Changing only the actor’s network is
more stable on average.

—e— Critic scale
Actor and Critic scale
—s— Actor scale

umaze medium-play large-play
 S—————
100 7—.—.—<
50 50
0 o 0
g 3 5 6 3 5 6 3 5 6
o} (ReBRAC) . (ReBRAC) . (ReBRAC) N
o umaze-diverse medium-diverse 100 large-diverse
°
o 100 —_— — e T —
s —1 T 50 504 7 —
< / — <
S 30 £ 0
= 0 I
3 4 5 6 2 3 4 5 6 2 3 4 5 6
(ReBRAC) (ReBRAC) (ReBRAC)
Average
—
75 = —— E EEE—
- —
50
25
2 4 5 6

3
(ReBRAC)
Number of hidden layers

Figure 2: Impact of networks’ depth on the final performance for the AntMaze tasks. Scores are
averaged over four unseen training seeds. Shaded areas represent one standard deviation across seeds.
These graphics demonstrate that one can achieve marginally better scores by tuning the number of
layers for certain tasks.

4.6 Penalization Sensitivity Analysis

Following [Kurenkov & Kolesnikov|(2022)), we demonstrate the sensitivity of ReBRAC to the choice
of 31 and B3 hyperparameters under uniform policy selection on D4RL tasks using Expected Online
Performance (EOP) and comparing it to the TD3+BC and IQL. EOP shows the best performance
expected depending on the number of policies that can be deployed for online evaluation. Results
are demonstrated in Table[9] As one can see, approximately ten policies are required for ReBRAC
to attain ensemble-free state-of-the-art performance. ReBRAC’s EOP is higher for any number of
online policies when compared to TD3+BC and better than IQL on all domains when the evaluation
budget is larger than two policies. See Appendix [F]for EOP separated by tasks.

Table 9: Expected Online Performance (Kurenkov & Kolesnikov, 2022) under uniform policy
selection aggregated over D4ARL domains across four training seeds. This demonstrates the sensitivity
to the choice of hyperparameters given a certain budget for online evaluation. For dataset-specific
results, please see AppendixE}

Domain Algorithm | 1 policy 2 policies 3 policies 5 policies 10 policies 15 policies 20 policies
TD3+BC 49.8 +£21.4 61.0 + 14.5 65.3+£9.3 67.8+3.9 - - -
Gym-MuJoCo IQL 65.0 9.1 69.9 +5.6 71.7+£3.5 729+ 1.7 73.6 + 0.8 73.8+0.7 74.0 £ 0.6
ReBRAC 62.0 £ 17.1 70.6 £9.9 733+55 74.8 £ 2.1 75.6 £ 0.8 75.8+ 0.6 76.0 + 0.5
TD3+BC 69+7.0 10.7 £ 6.8 13.0+ 6.0 155+ 4.6 - - -
AntMaze IQL 29.8+ 155 380+ 154 43.1+13.8 48.7+10.2 532+ 44 543 +2.1 547+12
ReBRAC 67.9 +10.0 73.6 + 7.4 76.1+ 5.5 783+ 3.4 79.9 + 1.7 804 + 1.1 -
TD3+BC 23.6+19.9 34.6 +£17.7 40.6 + 14.5 464 +9.8 - - -
Adroit IQL 53.1+0.7 53.5+£0.6 53.7+£05 53.9+£0.3 54.1+£0.2 542+£0.2 542 £0.1
ReBRAC 44.1 £ 184 532+109 56.1+6.1 57.8+23 58.6 + 0.9 58.9 +0.7 59.1+0.6
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5 Related Work

Ensemble-free offline RL methods. In recent years, many offline reinforcement learning algorithms
were developed. TD3+BC (Fujimoto & Gu, |2021)) represents a minimalist approach to offline RL,
which incorporates a Behavioral Cloning component into the actor loss, enabling online actor-critic
algorithms to operate in an offline setting. CQL (Kumar et al.,|2020) drives the critic network to assign
lower values to out-of-distribution state-action pairs and higher values to in-distribution pairs. IQL
(Kostrikov et al.,[2021)) proposes a method for learning a policy without sampling out-of-distribution
actions.

Despite this, more sophisticated methods may be necessary to achieve state-of-the-art results in an
ensemble-free setup. For instance, Chen et al.| (2022b); |Akimov et al.| (2022) pre-train different forms
of encoders for actions, then optimize the actor to predict actions in the latent space. SPOT (Wu et al.
2022])) pre-trains Variational Autoencoder and uses its uncertainty to penalize actor for sampling OOD
actions while SAC-RND (Nikulin et al., [2023)) applies Random Network Distillation and penalizes
actor and critic.

Ensemble-based offline RL methods. A significant number of works in offline reinforcement
learning have also leveraged ensemble methods for uncertainty estimation. The recently introduced
SAC-N (An et al.,[2021)) algorithm outperformed all previous approaches on D4RL Gym-MuJoCo
tasks; however, it necessitated large ensembles for some tasks, such as the hopper task, which required
an ensemble size of 500 and imposed a significant computational burden. To mitigate this, the EDAC
algorithm was introduced in the same work, which utilized ensemble diversification to reduce the
ensemble size from 500 to 50. Despite the reduction, the ensemble size remains substantial compared
to ensemble-free alternatives. It is worth mentioning that neither SAC-N nor EDAC is capable of
solving the complex AntMaze tasks (Tarasov et al., [2022).

Another state-of-the-art algorithm in the Gym-MuJoCo tasks is RORL (Yang et al.,|2022)), which is a
modification of SAC-N that makes the Q function more robust and smooth by perturbing state-action
pairs with the use of out-of-distribution actions. RORL also requires an ensemble size of up to 20.
On the other hand, MSG (Ghasemipour et al.| 2022)) utilizes independent targets for each ensemble
member and achieves good performance on the Gym-MuJoCo tasks with an ensemble size of four
but requires 64 ensemble members to achieve state-of-the-art performance on the AntMaze tasks.

Design choices ablations. Ablations of different design choices on established baselines are very
limited, especially in offline RL. It is only shown by |[Fujimoto & Gul(2021) that CQL performs poorly
if proposed non-algorithmic differences are eliminated. A parallel study (Ball et al.| [2023)) shows that
some of the considered modifications (LayerNorm and networks depth) are important when used in
online RL with offline data setting, which is different from pure offline.

6 Conlusion, Limitations, and Future work

In this work, we revisit recent advancements in the offline RL field over the last two years and
incorporate a modest set of improvements to a previously established minimalistic TD3+BC baseline.
Our experiments demonstrate that despite these limited updates, we can achieve more than competitive
results on offline and offline-to-online D4RL and offline V-D4RL benchmarks under different
hyperparameter budgets.

Despite the noteworthy results, our work is limited to one approach and a subset of possible design
changes. It is imperative to explore the potential impact of these modifications on other offline RL
methods (e.g., IQL, CQL, MSG) and to investigate other design choices used in offline RL, e.g.,
learning rate schedules, dropout (like in IQL), wider networks, or selection between stochastic and
deterministic policies.
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A Experimental Details

In order to generate the results presented in Table [2] Table [3|and Table 4] we conducted a hyperparam-
eter search and selected the best results from the final evaluations for each dataset. Our algorithm
was implemented using JAX for the D4RL benchmark. For V-D4RL, we implement our approach
using PyTorch adopting the TD3+BC implementation from Clean Offline RL (Tarasov et al., [2022).
The experiments were conducted on V100 and A100 GPUs.

Gym-MuJoCo and Adroit tasks. Our study utilized the latest version of the datasets — v2 for
Gym-MuJoCo and v1 for Adroit. The agents were trained for one million steps and evaluated over
ten episodes.

For ReBRAC, we fine-tuned the [3; parameter for the actor, which was selected from
0.001,0.01,0.05,0.1. Similarly, the S, parameter for the critic was selected from a range of
0,0.001,0.01,0.1,0.5. The selected best parameters for each dataset are reported in Table

For TD3+BC here and in the AntMaze domain, we use the same grid used in ReBRAC for actor
regularization parameter v and add the default value of 0.4.

For IQL here and in the AntMaze domain, we selected [ value from a range of 0.5, 1, 3, 6, 10 and
IQL 7 value from a range of 0.5,0.7,0.9,0.95. We used the implementation from Clean Offline RL
(Tarasov et al., [2022) and kept other parameters unchanged.

For SAC-RND in Adroit domain we tune 31 (actor parameter) in the range of 0.5, 1.0,2.5,5.0, 10.0
and (5 (critic parameter) in the range of 0.01,0.1, 1.0, 5.0, 10.0.

AntMaze tasks. In our work, we utilized v2 of the datasets. It’s worth noting that previous studies
have reported results using v0 datasets, which were found to contain numerous issuesﬂ Each agent
was trained for 1 million steps and evaluated over 100 episodes. Following Chen et al.| (2022a), we
modified the reward function by multiplying it by 100.

For ReBRAC, the /31 (actor) and [, (critic) hyperparameters were carefully selected from the respec-
tive ranges of 0.0005, 0.001, 0.002,0.003 and 0, 0.0001, 0.0005,0.001. In addition, the actor and
critic learning rates were optimized from 0.0001, 0.0002, 0.0003, 0.0005 and 0.0003, 0.0005, 0.001,
respectively. The optimal hyperparameters for each dataset are presented in Table[T1]

We also modified the vy value for ReBRAC when addressing these tasks, driven by the following
motivation. The length of the episodes in AntMaze can be as long as 1000 steps, while the reward is
sparse and can only be obtained at the end of the episode. As a result, the discount for the reward with
the default «y can be as low as 0.9919°0 = 4. 10=5, which is extremely low for signal propagation,
even when multiplying the reward by 100. By increasing ~ to 0.999, the minimum discount value
becomes 0.9991°00 = (.36, which is more favorable for signal propagation.

V-D4RL. We used single-task datasets without distraction with a resolution of 84 X 84 pixels. For
ReBRAC /3 (actor) parameter was selected from the range of {0.03,0.1,0.3,1.0} and S35 (critic)
parameter from the range of {0.0,0.001, 0.005,0.01,0.1}.

Offline-to-offline. We used the same parameters for the offline-to-online setup with the only
difference of setting (35 to zero and lineary decaying (; to half of it’s initial value during the online
stage.

*https://github.com/Farama-Foundation/D4RL/issues/77
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B Hyperparameters

B.1 ReBRAC
Table 10: ReBRAC’s general hyperparameters.

Parameter | Value
optimizer Adam Kingma & Bal(2014)
batch size 1024 on Gym-MulJoCo, 256 on other
learning rate (all networks) le-3 on Gym-MuJoCo, 3e-4 on Adroit and V-D4RL, 1e-4 on Antmaze
tau (7) 5e-3
hidden dim (all networks) 256
num hidden layers (all networks) 3
gamma () 0.999 on AntMaze, 0.99 on other
nonlinearity ReLU

Table 11: ReBRAC’s best hyperparameters used in D4RL benchmark.

Task Name | Bi(actor) | B2 (critic)
halfcheetah-random 0.001 0.1
halfcheetah-medium 0.001 0.01
halfcheetah-expert 0.01 0.01
halfcheetah-medium-expert 0.01 0.1
halfcheetah-medium-replay 0.01 0.001
halfcheetah-full-replay 0.001 0.1
hopper-random 0.001 0.01
hopper-medium 0.01 0.001
hopper-expert 0.1 0.001
hopper-medium-expert 0.1 0.01
hopper-medium-replay 0.05 0.5
hopper-full-replay 0.01 0.01
walker2d-random 0.01 0.0
walker2d-medium 0.05 0.1
walker2d-expert 0.01 0.5
walker2d-medium-expert 0.01 0.01
walker2d-medium-replay 0.05 0.01
walker2d-full-replay 0.01 0.01
antmaze-umaze 0.003 0.002
antmaze-umaze-diverse 0.003 0.001
antmaze-medium-play 0.001 0.0005
antmaze-medium-diverse 0.001 0.0
antmaze-large-play 0.002 0.001
antmaze-large-diverse 0.002 0.002
pen-human 0.1 0.5
pen-cloned 0.05 0.5
pen-expert 0.01 0.01
door-human 0.1 0.1
door-cloned 0.01 0.1
door-expert 0.05 0.01
hammer-human 0.01 0.5
hammer-cloned 0.1 0.5
hammer-expert 0.01 0.01
relocate-human 0.1 0.01
relocate-cloned 0.1 0.01
relocate-expert 0.05 0.01
15
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Table 12: ReBRAC’s best hyperparameters used in V-D4RL benchmark.

Task Name | Bi(actor) | Ba (critic)
walker-walk-random 0.03 0.1
walker-walk-medium 0.03 0.005
walker-walk-expert 0.1 0.01
walker-walk-medium-expert 0.3 0.005
walker-walk-medium-replay 0.3 0.01
cheetah-run-random 0.1 0.01
cheetah-run-medium 0.1 0.1
cheetah-run-expert 0.01 0.01
cheetah-run-medium-expert 1.0 0.001
cheetah-run-medium-replay 0.03 0.1
humanoid-walk-random 1.0 0.01
humanoid-walk-medium 1.0 0.005
humanoid-walk-expert 1.0 0.1
humanoid-walk-medium-expert 1.0 0.005
humanoid-walk-medium-replay 1.0 0.001
1A
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B.2 IQL

Table 13: IQL’s best hyperparameters used in D4RL benchmark.

Task Name | B | QLT
halfcheetah-random 3.0 0.95
halfcheetah-medium 3.0 0.95
halfcheetah-expert 6.0 0.9
halfcheetah-medium-expert 3.0 0.7
halfcheetah-medium-replay 3.0 0.95
halfcheetah-full-replay 1.0 0.7
hopper-random 1.0 0.95
hopper-medium 3.0 0.7
hopper-expert 3.0 0.5
hopper-medium-expert 6.0 0.7
hopper-medium-replay 6.0 0.7
hopper-full-replay 10.0 0.9
walker2d-random 0.5 0.9
walker2d-medium 6.0 0.5
walker2d-expert 6.0 0.9
walker2d-medium-expert 1.0 0.5
walker2d-medium-replay 0.5 0.7
walker2d-full-replay 1.0 0.7
antmaze-umaze 10.0 0.7
antmaze-umaze-diverse 10.0 0.95
antmaze-medium-play 6.0 0.9
antmaze-medium-diverse 6.0 0.9
antmaze-large-play 10.0 0.9
antmaze-large-diverse 6.0 0.9
pen-human 1.0 0.95
pen-cloned 10.0 0.9
pen-expert 10.0 0.8
door-human 0.5 0.9
door-cloned 6.0 0.7
door-expert 0.5 0.7
hammer-human 3.0 0.9
hammer-cloned 6.0 0.7
hammer-expert 0.5 0.95
relocate-human 1.0 0.95
relocate-cloned 6.0 0.9
relocate-expert 10.0 0.9
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B.3 TD3+BC

Table 14: TD3+BC’s best hyperparameters used in D4RL benchmark.

Task Name | a
halfcheetah-random 0.001
halfcheetah-medium 0.01
halfcheetah-expert 0.4
halfcheetah-medium-expert 0.1
halfcheetah-medium-replay 0.05
halfcheetah-full-replay 0.01
hopper-random 0.4
hopper-medium 0.05
hopper-expert 0.1
hopper-medium-expert 0.1
hopper-medium-replay 0.4
hopper-full-replay 0.01
walker2d-random 0.001
walker2d-medium 0.4
walker2d-expert 0.05
walker2d-medium-expert 0.1
walker2d-medium-replay 0.1
walker2d-full-replay 0.1
antmaze-umaze 0.4
antmaze-umaze-diverse 0.4
antmaze-medium-play 0.003
antmaze-medium-diverse 0.003
antmaze-large-play 0.003
antmaze-large-diverse 0.003
pen-human 0.1
pen-cloned 0.4
pen-expert 0.4
door-human 0.1
door-cloned 0.4
door-expert 0.1
hammer-human 0.4
hammer-cloned 0.4
hammer-expert 0.4
relocate-human 0.1
relocate-cloned 0.1
relocate-expert 0.4
1R
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B.4 SAC-RND

Table 15: SAC-RND’s best hyperparameters used in D4RL Adroit tasks.

Task Name 1 (actor) B2 (critic)
pen-human 1.0 10.0
pen-cloned 2.5 0.01
pen-expert 10.0 5.0
door-human 5.0 0.01
door-cloned 5.0 1.0
door-expert 10.0 10.0
hammer-human 10.0 0.01
hammer-cloned 1.0 1.0
hammer-expert 2.5 10.0
relocate-human 5.0 0.01
relocate-cloned 5.0 1.0
relocate-expert 10.0 10.0

C Comparison to Ensemble-based Methods

Comparison of ReBRAC with the ensemble-based methods is presented in Table[I6] Table[T7] and
Table@ We add the following ensemble-based methods: RORL for each domain (Yang et al.,[2022),
SAC-N/EDAC (An et al.,[2021) for the Gym-MuJoCo and Adroit tasksﬂ and MSG (Ghasemipour
et al.,[2022) for AntMaze tasks’| The mean-wise best results among algorithms are highlighted with
bold, and the second-best performance is underlined. Our approach, ReBRAC, shows competitive
results on the Gym-MuJoCo datasets. On AntMaze tasks, ReBRAC achieves state-of-the-art results
among ensemble-free algorithms and a good score compared to ensemble-based algorithms. And on
Adroit tasks, our approach outperforms both families of algorithms.

Table 16: ReBRAC evaluation on the Gym domain. We report the final normalized score averaged
over 10 unseen training seeds on v2 datasets. CQL, SAC-N and EDAC scores are taken from|An et al.
(2021). RORL scores are taken from [Yang et al.| (2022).

Ensemble-free Ensemble-based
Task Name | TD3+BC 1QL cQL SAC-RND | SAC-N EDAC RORL | ReBRAC, our
halfcheetah-random 309404 19.54+0.8 3L1+£35 27.6 + 2.1 28.0+£0.9 284+ 1.0 28.5+0.8 295+ 15
halfcheetah-medium 54.7+09 50.0£0.2 469 £04 66.4 £ 1.4 675+12 659+ 0.6 66.8 £ 0.7 656+ 1.0
halfcheetah-expert 93.4+£04 955 +2.1 973+ 1.1 102.6 £4.2 1052 £2.6 106.8 + 3.4 1052 +£0.7 1059 + 1.7
halfcheetah-medium-expert 89.1 £5.6 92.74+2.8 950+ 1.4 108.1+ 1.5 107.1 £2.0 1063 £ 1.9 107.8 & 1.1 101.1 £5.2
halfcheetah-medium-replay 450+ 1.1 42.1+£3.6 453403 512432 639+ 0.8 613+ 1.9 619415 51.0+£ 0.8
halfcheetah-full-replay 75.0+£25 75.0 £ 0.7 76.9 £ 0.9 812+ 1.3 845412 84.6 £ 0.9 - 821+ 1.1
hopper-random 8540.6 10.1 £5.9 53406 19.6 £ 12.4 313+£00 253+104 31.4+£0.1 8.1424
hopper-medium 60.9 +7.6 652 +42 619 +6.4 91.1£10.1 1003 £0.3 101.6 £ 0.6 104.8 + 0.1 1020 £ 1.0
hopper-expert 109.6 +3.7 108.8 £3.1 106.5 £9.1 109.8 £ 0.5 1103+£03 110.1 £0.1 1128 £0.2 100.1 £ 8.3
hopper-medium-expert 87.8 +10.5 855+129.7 96.9 + 15.1 109.8 + 0.6 110.1 £0.3 110.7 £ 0.1 112.7 £ 0.2 107.0 £ 6.4
hopper-medium-replay 55.1 £31.7 89.6 +13.2 86.3+£7.3 97.2+£9.0 101.8 £0.5 101.0 £ 0.5 102.8 + 0.5 98.1 £5.3
hopper-full-replay 97.9 £17.5 104.4 £10.8 101.9 £ 0.6 107.4 +£0.8 1029 +£0.3 105.4 +0.7 - 107.1 £ 04
walker2d-random 20£3.6 11.3+£7.0 51417 18.7£6.9 21.7+£0.0 16.6 £7.0 214402 18.1 £4.5
walker2d-medium 77.7+£29 80.7+3.4 79.5+£32 N27+12 87.94+0.2 92.5+0.8 1024 £ 1.4 825+3.6
walker2d-expert 110.0 £ 0.6 96.9 £323 109.3 £0.1 1045 +22.8 1074 £24 1151+£19 1154 +£0.5 1123£02
walker2d-medium-expert 1104 £ 0.6 1121 £05 109.1 £0.2 1046 £ 11.2 116.7 £ 0.4 1147 £09 1212+ 1.5 111.6 £03
walker2d-medium-replay 68.0 £19.2 75.4+£93 76.8 £ 10.0 894 +38 78.7+£0.7 87.1+£2.4 90.4 £ 0.5 71.3£79
walker2d-full-replay 903 £54 975+ 1.4 942+ 1.9 105.3 +£3.2 94.6 £0.5 99.8 £ 0.7 - 1022 £ 1.7
Average w/o full-replay | 66.8 70.1 70.1 795 | 82.4 82.9 857 | 78.0
Average | 70.3 72.9 73.6 826 | 844 85.2 - 81.2

3SAC-N and EDAC score 0 on medium and large AntMaze tasks (Tarasov et al.,[2022)).
*MSG numerical results are not available for Gym-MuJoCo tasks and Adroit tasks were not benchmarked.
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Table 17: ReBRAC evaluation on AntMaze domain. We report the final normalized score averaged
over 10 unseen training seeds on v2 datasets. CQL scores are taken from (Ghasemipour et al.| (2022).
RORL scores are taken from |Yang et al.| (2022).

Ensemble-free Ensemble-based
Task Name | TD3+BC QL CQL SAC-RND | RORL MSG | ReBRAC, our
antmaze-umaze 66.3 + 6.2 833445 74.0 97.0+ 1.5 97.7+ 1.9 979+ 13 97.8+ 1.0
antmaze-umaze-diverse 53.8+8.5 70.6 + 3.7 84.0 66.0 & 25.0 90.7 + 2.9 79.3+3.0 88.3 + 13.0
antmaze-medium-play 26.5+ 184 64.6 + 4.9 61.2 38.5+29.4 763 +2.5 85.9+3.9 84.0+4.2
antmaze-medium-diverse 259+ 153 61.7+6.1 53.7 74.7 +10.7 69.3+3.3 84.6 +5.2 76.3 + 135
antmaze-large-play 0.0 £0.0 425+65 15.8 439 +£29.2 163+ 11.1 64.3 + 12.7 60.4 + 26.1
antmaze-large-diverse 0.0£0.0 27.6+17.8 14.9 45.7+£28.5 41.0 £10.7 71.3+£53 54.4 +25.1
Average | 28.7 58.3 50.6 60.9 | 65.2 80.5 | 76.8

Table 18: ReBRAC evaluation on Adroit domain. We report the final normalized score averaged over
10 unseen training seeds on v1 datasets. BC, CQL, EDAC and RORL scores are taken from|Yang
et al.[(2022).

Ensemble-free Ensemble-based
Task Name | BC TD3+BC 1QL CQL SAC-RND | RORL EDAC | ReBRAC, our
pen-human 344 81.8 +14.9 815+175 37.5 56+£58 337176 512+8.6 103.5 + 14.1
pen-cloned 56.9 61.4+19.3 772 +£17.7 39.2 25+6.1 357 +35.7 682+73 91.8 +21.7
pen-expert 85.1 146.0 +£7.3 133.6 + 16.0 107.0 454 +£229 1303 +4.2 122.8 £ 14.1 1541 +54
door-human 0.5 -0.1+£0.0 3.1+£20 9.9 0.0 £0.0 3.7+£07 10.7 + 6.8 0.0£0.1
door-cloned -0.1 0.1 £0.6 0.8 £ 1.0 04 02+08 -0.1 £ 0.1 9.6 +8.3 1.14+26
door-expert 349 84.6 +44.5 1053 +2.8 101.5 73.6 £26.7 1049 £ 0.9 -0.3£0.1 104.6 £ 2.4
hammer-human 1.5 04+ 0.4 25+19 44 -0.1 £0.1 23423 0.8 +0.4 02402
hammer-cloned 0.8 0.8 +0.7 1.1+05 2.1 0.1 +04 1.7+17 03+0.0 6.7 +3.7
hammer-expert 125.6 117.0 £+ 30.9 129.6 + 0.5 86.7 248 +394 1322+ 0.7 02400 1338+ 0.7
relocate-human 0.0 -0.2+0.0 0.1+0.1 0.2 0.0 £ 0.0 0.0 £0.0 0.1+0.1 0.0 £0.0
relocate-cloned -0.1 -0.1+0.1 02+04 -0.1 0.0 £0.0 0.0 £0.0 0.0+0.0 0.9 +1.6
relocate-expert 101.3 107.3 £ 1.6 106.5 + 2.5 95.0 34+45 478 £13.5 -0.3 £0.0 106.6 3.2
Average w/o expert | 11.7 18.0 20.8 11.7 10 | 9.6 174 | 25.5
Average | 367 499 534 403 129 | 41.0 219 | 58.6
20
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D Feature Normalization

Table 19: Average normalized score over the final evaluation and ten unseen training seeds on D4RL
tasks for 2 types of normalization: LayerNorm (LN) and Feature Norm (FN). The symbol + represents
the standard deviation across the seeds. For both variatns we tune hyperparameters using the same
grid.

Task Name | ReBRAC +LN ReBRAC +FN
halfcheetah-random 295+15 314+27
halfcheetah-medium 65.6 £ 1.0 66.1 + 1.2
halfcheetah-expert 105.9 £ 1.7 104.1 & 3.7
halfcheetah-medium-expert 101.1 £5.2 100.9 + 4.7
halfcheetah-medium-replay 51.0£0.8 547+ 1.0
halfcheetah-full-replay 821+1.1 815+ 1.6
hopper-random 8.1+24 82+22
hopper-medium 102.0 £ 1.0 102.4 £ 0.2
hopper-expert 100.1 £ 8.3 99.7 £ 11.7
hopper-medium-expert 107.0 £ 6.4 107.7 £ 6.4
hopper-medium-replay 98.1£5.3 91.0£ 153
hopper-full-replay 107.1 £ 04 106.7 £ 0.5
walker2d-random 184 £ 4.5 0.0£0.7
walker2d-medium 825+3.6 81.8 £4.7
walker2d-expert 1123 £ 0.2 110.7 £ 3.2
walker2d-medium-expert 111.6 £ 0.3 100.6 &= 34.3
walker2d-medium-replay 77.3£79 80.2 + 8.1
walker2d-full-replay 102.2 + 1.7 1012 £2.7
Gym-MuJoCo average | 81.2 79.3
antmaze-umaze 97.8 £ 1.0 96.8 1.6
antmaze-umaze-diverse 88.3 +13.0 885175
antmaze-medium-play 84.0+4.2 84.1 +10.1
antmaze-medium-diverse 76.3 £ 13.5 75.6 £13.7
antmaze-large-play 60.4 + 26.1 55.0 £30.0
antmaze-large-diverse 54.4 £25.1 664 +74
AntMaze average | 76.8 71.7
pen-human 103.5 + 14.1 107.0 £ 13.8
pen-cloned 91.8 = 21.7 84.9 + 20.1
pen-expert 1541+ 54 151.6 £4.7
door-human 0.0£0.1 0.0£0.0
door-cloned 11+£26 0.1£0.1
door-expert 104.6 £24 1051+ 14
hammer-human 0.2+02 0.2+£0.1
hammer-cloned 6.7 + 3.7 10.1 + 9.5
hammer-expert 133.8 £ 0.7 1334 £ 1.5
relocate-human 0.0£0.0 0.0+0.0
relocate-cloned 09+£1.6 1.2+19
relocate-expert 106.6 3.2 108.7 £ 3.0
Adroit average w/o expert ‘ 25.5 25.4
Adroit average | 58.6 58.5
21
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E Computational costs

Table 20: Computational costs for algorithms in Table

Algorithm \ Number of runs Approximate hours per run
TD3+4BC, tuning 360 0.3
IQL, tuning 1440 1.8
ReBRAC, tuning 1440 0.4
TD3+BC, eval 180 0.2
IQL, eval 180 1.8
SAC-RND, eval 180 1.8
ReBRAC, eval 180 0.4
Sum | 3960 4032.0

Table 21: Computational costs for algorithms in Table [3|and Table

Algorithm \ Number of runs Approximate hours per run
TD3+BC, tuning 96 0.5
IQL, tuning 480 2.1
ReBRAC, tuning 384 0.6
TD3+BC, eval 60 0.5
IQL, eval 60 2.0
SAC-RND, eval 60 2.9
MSG, eval 60 5.1
ReBRAC, eval 60 0.4
Sum | 1260 1940.4

Table 22: Computational costs for algorithms in Table El

Algorithm \ Number of runs Approximate hours per run
TD3+BC, tuning 240 0.3
IQL, tuning 960 1.8
SAC-RND, tuning 1200 1.1
ReBRAC, tuning 960 0.3
TD3+BC, eval 120 0.2
IQL, eval 120 1.9
SAC-RND, eval 120 1.1
ReBRAC, eval 120 0.3
Sum | 3840 3828.0
Table 23: Computational costs for algorithms in Table
Algorithm Number of runs Approximate hours per run
ReBRAC, tuning 600 10.6
ReBRAC, eval 75 10.5
Sum 675 7147.5
27
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Table 24: Computational costs for algorithms in Table and Figure

Algorithm \ Number of runs Approximate hours per run
ReBRAC, ablations eval | 1104 1.4
Sum | 1104 1545.6

F Expected Online Performance

Table 25: TD3+BC, IQL and ReBRAC Expected Online Performance under uniform policy selection
on HalfCheetah tasks
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Figure 3: TD3+BC, IQL and ReBRAC visualised Expected Online Performance under uniform
policy selection on HalfCheetah tasks.

Table 26: TD3+BC, IQL and ReBRAC Expected Online Performance under uniform policy selection
on Hopper tasks
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Figure 4: TD3+BC, IQL and ReBRAC visualised Expected Online Performance under uniform
policy selection on Hopper tasks.

Table 27: TD3+BC, IQL and ReBRAC Expected Online Performance under uniform policy selection
on Walker2d tasks.
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(d) walker2d-medium-expert EOP. (e) walker2d-medium-replay EOP. (f) walker2d-full-replay EOP.

Figure 5: TD34+BC, IQL and ReBRAC visualised Expected Online Performance under uniform
policy selection on Walker2d tasks.
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Table 28: TD3+BC, IQL and ReBRAC Expected Online Performance under uniform policy selection
on AntMaze tasks.
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(a) antmaze-umaze EOP. (b) antmaze-medium-play EOP. (c) antmaze-large-play EOP.
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(d) antmaze-umaze-diverse EOP. (e) antmaze-medium-diverse EOP.  (f) antmaze-large-diverse EOP.

Figure 6: TD3+BC, IQL and ReBRAC visualised Expected Online Performance under uniform
policy selection on AntMaze tasks.

Table 29: TD3+BC, IQL and ReBRAC Expected Online Performance under uniform policy selection
on Pen tasks.

human cloned expert

Policies | TD3+BC 1QL ReBRAC | TD3+BC 1QL ReBRAC | TD3+BC 1QL ReBRAC
1 429 £+ 32.0 87.1+4.1 69.9 +28.2 33.6 £23.2 73.8+58 65.8 +32.7 73.9 £65.2 130.1 £2.8 136.9 +25.4
2 60.4 +25.4 89.4+2.9 85.8 £20.7 449 +254 76.7 £ 4.8 83.6 +21.8 108.9 +52.9 131.7 £2.1 149.0 + 13.6
3 68.7 + 18.9 90.3 £2.5 92.8 + 14.8 52.6 £25.2 78.0 £4.9 90.8 + 154 125.6 +38.7 1324 £ 1.8 1524 +7.0
4 73.0 £ 14.2 909 +£2.2 96.3 = 10.9 58.1 £24.1 79.0£5.2 94.6 + 12.2 134.1 £27.8 1328 £ 1.6 1535+ 3.8
5 756 £11.2 914 +2.0 984 +83 62.3 £22.6 79.7+54 97.0 =104 138.5 +20.0 133.1+15 154.1 +£2.2
6 - 91.7+ 1.8 99.7 + 6.5 - 80.3+55 98.7 +9.3 - 1334+ 14 1543 £ 1.5
7 - 920+ 1.7 100.5 £ 5.2 - 80.9 £ 5.6 100.0 + 8.4 - 133.6 £ 1.3 1545+ 1.1
8 - 922+ 1.6 101.1 + 4.4 - 814 £57 101.1 + 7.6 - 133.7+£1.2 154.7 £ 0.9
9 - 923+ 14 101.6 + 3.7 - 819458 101.9 + 7.0 - 1339+ 1.1 154.8 £ 0.8
10 - 925+ 1.3 101.9 +3.3 - 823459 102.6 + 6.4 - 1340 £ 1.0 154.8 £ 0.7
11 - 926 +12 102.2 +2.9 - 827459 103.1 +5.9 - 134.1£09 154.9 + 0.6
12 - 927+12 102.4 + 2.6 - 830459 103.6 + 5.4 - 1341409 154.9 £ 0.6
13 - 928 £ 1.1 102.6 + 2.4 - 834459 104.0 + 5.0 - 1342+ 08 155.0 £ 0.5
14 - 929+ 1.0 102.8 + 2.2 - 837459 104.4 + 4.6 - 1342 +£0.7 155.0 £ 0.5
15 - 929+ 1.0 102.9 + 2.0 - 840458 104.7 + 4.3 - 1343407 155.0 £ 0.4
16 - 93.0£09 103.0 + 1.8 - 843458 104.9 + 4.0 - 1343 £0.6 155.1 £ 0.4
17 - 93.0+£09 103.1 £ 1.7 - 84.6+5.7 105.1 + 3.8 - 1344 £ 0.6 155.1 £ 0.4
18 - 93.1+£0.8 103.2 £ 1.6 - 848+ 5.7 105.3 + 3.5 - 13444 0.6 155.1 £ 0.4
19 - 93.1+£0.8 103.3 + 1.4 - 85.0+5.6 105.5 + 3.3 - 1344405 1551+ 04
20 - 932+0.8 1033 +1.3 - 853+55 105.7 + 3.1 - 1345 £0.5 155.1+0.4
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(a) pen-human EOP. (b) pen-cloned EOP. (c) pen-expert EOP.

Figure 7: TD3+BC, IQL and ReBRAC visualised Expected Online Performance under uniform
policy selection on Pen tasks.

Table 30: TD3+BC, IQL and ReBRAC Expected Online Performance under uniform policy selection
on Door tasks.

human cloned expert
Policies ‘ TD3+BC IQL ReBRAC ‘ TD3+BC IQL ReBRAC ‘ TD3+BC QL ReBRAC
1 -0.2+£0.1 44+12 -0.1 £0.1 -0.1£0.3 1.6 + 0.8 0.3 +0.9 50.7 +46.3 102.1 + 5.7 754 +£43.0
2 | 0r1£01  S50+£10  -00%0l 00+£03  20+06  06+12 | 756+395  1047+25 96.1 +25.0
3 -0.1£0.1 54+1.0 -0.0 £0.0 0.1+03 22405 08+£14 88.2 +30.4 1054 + 1.3 102.3 £ 13.5
4 -0.1 £0.1 5.6+09 -0.0£0.0 02+0.3 24404 1.0£1.6 949 +229 105.7 + 0.8 1044 £73
5 | 001£01  58+£09  -0.0+00 024+03  25+04 12+£17 | 986+172  1058+0.6 105.2 4.1
6 - 59+09 0.0£0.0 - 25+03 1.3+18 - 1059 + 0.5 105.6 +2.4
7 - 60£09 00400 - 26+03 15418 - 1060£05 105.8 % 1.5
8 - 61+08 0.0+ 0.0 - 26+03 16+ 1.9 - 106.1+04 105.9+ 1.0
9 - 62+0.8 0.0£0.0 - 2.6 +0.2 1.8+ 19 - 106.1 + 0.4 105.9 +£ 0.7
10 - 63+08 0.0+0.0 - 27+02 19419 - 106.1+04 106.0 % 0.5
11 - 64£08 0.0+ 0.0 - 27£02  20£20 - 1062+04 106.0 + 0.4
12 - 6.4 +0.7 0.0£0.0 - 27402 22420 - 106.2 + 0.3 106.0 £ 0.3
13 - 65+07 0.0+ 0.0 - 27+£02 23420 - 1062+03 106.0 £ 0.2
14 - 6.5+ 0.7 0.0+0.0 - 27402 24+£20 - 106.2 £ 0.3 106.0 + 0.2
15 - 6.6 +0.7 0.0£0.0 - 27402 25+20 - 106.3 + 0.3 106.0 £0.2
16 - 66+06 0.0+ 0.0 - 27+02  26+19 - 1063+03 106.1 +0.2
17 - 6.6 £ 0.6 0.0£0.0 - 28+0.2 27+19 - 106.3 + 0.3 106.1 +£0.2
18 - 67+06 0.0+ 0.0 - 28+02 27+19 - 1063+03 106.1 £ 0.1
19 - 67+06 0.0+ 0.0 - 28£02  28+19 - 1063+03 106.1 + 0.1
20 - 6.7+ 0.5 0.0£0.0 - 28+02 29+19 - 106.3 + 0.2 106.1 £ 0.1
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(a) door-human EOP. (b) door-cloned EOP. (c) door-expert EOP.

Figure 8: TD34+BC, IQL and ReBRAC visualised Expected Online Performance under uniform
policy selection on Door tasks.
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Table 31: TD3+BC, IQL and ReBRAC Expected Online Performance under uniform policy selection
on Hammer tasks.

human cloned expert
Policies ‘ TD3+BC QL ReBRAC TD3+BC QL ReBRAC ‘ TD3+BC IQL ReBRAC
1 02+0.0 1.6 £ 0.4 03+02 1.1£0.8 19+1.1 45+55 60.2 +55.4 128.7 £ 1.1 101.9 4+ 49.9
2 0.3+£0.0 1.8+ 04 03+0.2 1.6 +£0.8 25+ 1.1 7.3+6.1 90.0 + 48.4 129.3 +£ 0.9 1243 +£26.8
3 03£0.0 1.9+ 04 04+02 1.8 £0.7 28+£1.0 9.2 +6.2 105.7 £38.1 129.6 £ 0.7 130.1 + 13.6
4 0.3+0.0 20+04 04+02 20+0.6 3.1+£09 10.6 + 6.2 1143 +29.3 129.7 £ 0.5 131.9 £ 7.0
5 03+£0.0 2.1+04 05+£0.2 2.1£0.6 33+09 11.7 £ 6.2 1192 +£224 129.8 £ 0.4 132.6 + 3.8
6 - 2.1+04 05+0.2 - 34+08 12.6 £ 6.1 - 1299 £0.3 133.0 £ 24
7 - 22+ 04 05+0.2 - 35+07 13.3 + 6.0 - 1299 £ 0.2 133.2 + 1.7
8 - 22104 05+02 - 3.6£07 14.0 £ 5.9 - 129.9+£0.2 1334+ 14
9 - 23+03 0.6+0.2 - 37+£0.6 14.6 5.8 - 130.0 + 0.1 1335+ 1.2
10 - 23+03 0.6£0.2 - 3.7+£06 151 +5.7 - 130.0 = 0.1 133.6 £ 1.1
11 - 23+03 0.6 £0.1 38+£05 155+ 5.6 - 130.0 £ 0.1 133.7 £ 1.0
12 - 23+03 0.6 £0.1 - 38+05 16.0 + 5.4 - 130.0 £ 0.1 133.8 +£ 0.9
13 - 24+03 0.6 £0.1 - 39+05 16.3 +5.3 - 130.0 £ 0.1 133.9 £ 0.8
14 - 24+03 0.6 £0.1 - 39+04 16.7 + 5.2 - 130.0 +£ 0.1 133.9 + 0.7
15 - 24+03 0.6 0.1 - 39+04 17.0 £ 5.1 - 130.0 = 0.1 134.0 + 0.6
16 - 24+03 0.6 +£0.1 40+04 17.3+ 49 - 130.0 £ 0.1 134.0 + 0.6
17 - 24 +0.2 0.6 £0.1 - 40+04 17.5+ 4.8 - 130.0 £ 0.0 134.0 + 0.5
18 - 24£0.2 0.6 £0.1 - 40+£03 17.8 £ 4.7 - 130.0 £ 0.0 134.0 £ 0.5
19 - 25+0.2 0.6 £0.1 - 40+03 18.0 + 4.6 - 130.0 £ 0.0 1341+ 04
20 - 25+0.2 0.7+0.1 - 40+03 18.2 +4.5 - 130.0 £ 0.0 1341+ 04
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(a) hammer-human EOP. (b) hammer-cloned EOP. (c) hammer-expert EOP.

Figure 9: TD3+BC, IQL and ReBRAC visualised Expected Online Performance under uniform

policy selection on Hammer tasks.

Table 32: TD3+BC, IQL and ReBRAC Expected Online Performance under uniform policy selection

on tasks.
human cloned expert
Policies ‘ TD3+BC QL ReBRAC ‘ TD3+BC IQL ReBRAC ‘ TD3+BC IQL ReBRAC
1 -0.2+0.1 0.2+0.2 -0.1 £0.1 -02+0.1 -0.0 £ 0.1 0.5+ 0.8 214 +432 106.0 + 1.4 73.5+443
2 -0.2+0.1 0.2+ 0.2 -0.1 £0.1 -02+£0.1 0.0+0.1 0.9 + 0.9 38.8 £51.9 106.8 + 1.0 96.0 +27.4
3 -0.1 £0.1 03+0.2 -0.0£0.0 -02+0.1 0.1 £0.1 1.2+09 52.6 +54.0 107.2 £ 0.8 103.7 £ 159
4 -0.1+0.1 0.3+0.2 -0.0 £ 0.0 -0.1£0.1 0.1+0.1 1.4+09 63.7 +53.1 107.4 + 0.7 106.7 = 9.4
5 -0.1 £0.1 04+0.2 -0.0£0.0 -0.1 £0.0 0.1 £0.1 1.6 £ 09 72.5 £ 50.7 107.5 £ 0.6 107.9 £ 5.8
6 - 0.4+ 0.2 -0.0 £ 0.0 - 0.1+0.1 1.7+ 0.8 - 107.6 = 0.5 108.6 + 3.8
7 - 04+0.2 -0.0+£0.0 - 0.1 +£0.1 1.8+08 - 107.7+£ 0.5 108.9 + 2.6
8 - 0.4 +0.2 0.0+ 0.0 - 0.1+0.1 1.9+038 - 107.7 £ 0.5 109.2 + 1.9
9 - 0.5+0.2 0.0+ 0.0 - 0.1 +£0.1 2.0+0.7 - 107.8 £ 0.4 109.3 + 1.5
10 - 0.5+ 0.2 0.0+ 0.0 - 0.1+0.1 21407 - 107.8 = 0.4 1094 + 1.3
11 - 0.5+0.2 0.0+ 0.0 - 02+0.1 21+0.7 - 107.8 £ 0.4 109.5 + 1.1
12 - 0.5+ 0.2 0.0+ 0.0 - 0.2+0.1 224+ 0.6 - 1079 + 0.4 109.6 + 1.0
13 - 0.5+0.2 0.0+ 0.0 - 02+0.1 22+ 0.6 - 107.9 + 04 109.7 £ 0.9
14 - 0.5+ 0.2 0.0+ 0.0 - 0.2+0.1 234+0.6 - 1079 £ 0.4 109.8 + 0.9
15 - 0.5+0.2 0.0+ 0.0 - 02+0.1 2.3+ 0.6 - 107.9 + 04 109.8 + 0.8
16 - 0.5+ 0.2 0.0+ 0.0 - 0.2+0.1 23405 - 108.0 + 0.4 109.9 + 0.8
17 - 0.6 +0.2 0.0+ 0.0 - 02+0.1 24+05 - 108.0 + 0.4 109.9 + 0.8
18 - 0.6 + 0.2 0.0+ 0.0 - 0.2+0.1 24405 - 108.0 £ 0.3 109.9 + 0.8
19 - 0.6 +0.2 0.0+ 0.0 - 02+0.1 24+05 - 108.0 £ 0.3 110.0 + 0.7
20 - 0.6 + 0.1 0.0+ 0.0 - 0.2+0.1 254+04 - 108.0 £ 0.3 110.0 + 0.7
27
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(c) relocate-expert EOP.

Figure 10: TD3+BC, IQL and ReBRAC visualised Expected Online Performance under uniform
policy selection on Relocate tasks.

G DA4RL tasks ablation

Table 33: ReBRAC ablations for halfcheetah tasks. We report final normalized score averaged over 4
unseen training seeds.

Ablation | random | medium | expert | di pert | dium-replay | full-replay | Average
TD3+BC, paper 110+ 1.1 483403 967+ 1.1 90.7+43 446405 - -
TD3+BC, our 22+00 446404 93.8+0.1 919423 405+ 1.6 693407 57.0
TD3+BC, tuned 300+ 14 (+07%) | 55409 (15.2%) 95.5 £ 0.5 (-9.6%) 919 £23 (-114%) 450 £ 17 (11.0%) 741 £29(95%) | 653(¢103%)
ReBRAC w/o LN 32.0 4 1.5 (+7.0%) 643 4.1 (-1 617204 (- 86.7 £ 0.9 (-16.3%) 52.8 +2.4 (+4.1%) 821 £2.1 (+02%) | 632 (-13.1%)
ReBRAC w/o layer 27.8 + 3.4 (-7.0%) 65.0 4 1.6 (-0.4%) | 7444267 (- 86.7 + 8.8 (-16.3%) 50.4 £ 0.7 (-0.5%) 809+ 1.1(-12%) | 64.1(-11.9%)
ReBRAC w/o actor penalty 318441 (+6.3%) 645407 (-1.2%) 4343 (- TL6 £ 123(309%) | 380£27.2(:250%) | $93+£413(27.5%) | 449 (-38.3%)
ReBRAC wo critic penalty 28.1 4 1.6 (-6.0%) 65.7 % 1.4 (+0.6%) 1042 £5.9 (-13%) 1005 + 3.1 (:3.0%) 50.7 £ 0.1 (0.0%) 817 4 1.2 (-0.2%) 71.8 (-13%)
ReBRAC w/o large batch 210+ 15.7 (:29.7%) 65807 (+0.7%) | 62.6+243(-40.7%) 85.2 + 7.3 (-17.8%) 50.7 + 1.1 (0.0%) 819+ 14(0.0%) | 61.2(-159%)
ReBRAC | 209+12 | 653+ 1.1 | 1056+£15 | 103739 | 507406 | 819+ 14 | 728

Table 34: ReBRAC ablations for hopper tasks. We report final normalized score averaged over 4
unseen training seeds.

Ablation | random | medium | expert | medium-expert | medium-replay | full-replay | Average
TD3+BC. paper 85+06 59.3+42 107.8 £ 7.0 980+ 9.4 60.9 + 18.8 - -
TD3+BC, our 103+ 1.8 532422 108.7 £53 758+ 8.9 64.5+24.9 49.9+9.6 60.4
TD3+BC, tuned 10.3 % 1.8 (+51.5%) 57.6 4 6.8 (-43.2%) 1107 £ 2.1 (121.1%) 106.2 + 2.5 (-3.4%) 64.5 & 24.9 (-30.8%) 106.2 + 2.2 (-0.6%) 75.9 (-10.6%)
ReBRAC w/o LN 12.2 + 13.3 (+79.4%) 1.0+ 0.6 (-99.0%) L1+ 1.0 (421.6%) 1124 £ 0.7 (+2.3%) 57.4 4 25.0 (-38.5%) 107.2 £ 2.0 (+0.4%) 66.8 (-21.3%)
ReBRAC w/o layer 8.8 % 0.6 (+29.4%) 101.8 + 0.2 (+0.4%) 103.7 £ 5.1 (+13.5%) 104.1 £ 7.7 (-5.3%) 97.5 +3.5 (+4.5%) 106.5 £ 0.3 (-0.3%) 87.0 (+2.5%)
ReBRAC w/o actor penalty 7.5+ 4.6 (+10.3%) 1.7 £ 1.2 (-98.3%) L1405 (-98.8%) 1.6+ 1.6 (-98 24.4 % 8.7 (-73.8%) 27.7 £ 23.4 (-74.1%) 10.6 (-87.5%)

ReBRAC wio critic penalty
ReBRAC w/o large batch

7.4+ 1.1 (+8.8%)
8.6 + 0.5 (+26.5%)

102.3 £ 0.5 (+0.9%)

98.9+52

o
111.2 £ 0.7 (+1.2%)
107.8 2.9 (-1.9%)

103.4 + 8.6 (+13.1%)
98.8 = 13.4 (+8.1%)

%)

83.1430.9 (-10.9%)
96.2 7.6 (+3.1%)

107.5 £ 0.1 (+0.7%)
106.6 + 0.2 (-0.2%)

85.8 (+1.1%)
86.1 (+1.4%)

ReBRAC

1014+ 1.5

109.9 £ 3.0

93.3+75

84.9

106806 |

| 914+£4.7

| 6.8+34

Table 35: ReBRAC ablations for walker2d tasks. We report final normalized score averaged over 4
unseen training seeds.

Ablation | random | medium | expert | di pert | dium-replay | full-replay | Average
TD3+BC, paper 1.6+ 1.7 83.7+2.1 1102 +£0.3 110.1 £ 0.5 81.8+5.5 - -
TD3+BC, our 45+22 771£19 109.1 £ 0.5 108.9 + 0.3 509 + 13.7 867 +5.1 728
TD3+BC. tuned 45 +£22(78.8%) 770 £ 19 (5.5%) 110.1 0.1 (-2.0%) 1102407 (13%) | 588 +285(222%) 894482 (-13.0%) | 750 (10.9%)

417 (-43.3%)
84.5 (+0.4%)
12.9 (-84.7%)
85.9 (+2.0%)

80.4 (-4.5%)

84.2

13+ 1.5 (:93.9%)
114 £ 11.9 (-46.5%)
1.1 £ 0.9 (-94.8%)
19.8 3.6 (-7.0%)
5.6+ 0.2 (-73.7%)

213408

8.3 +3.1(-92.6%)
112.1 £ 0.1 (-0.2%)
0.9 £ 1.1 (-99.2%)
112.0 £ 0.1 (-0.3%)
1122 £ 0.2 (-0.1%)

1123 £ 0.0

52.7 4+ 53.9 (-52.8%)
1119 £ 0.2 (+0.2%)
0.8 .3(-99.3%)
111.6 £ 0.3 (-0.1%)
1109 £ 0.2 (-0.7%)

7%
111.7£03

78.9 + 8.4 (+4.4%)
83.9 4 5.4 (+11.0%)

8.9 £ 5.7 (-88.2%)
87.0+4.5 (+15.1%)
717 4202 (-5.2%)

75.6+10.3

61.1 £ 46.6 (-40.6%)
101.8 £ 0.9 (-1.0%)
64.2 +29.5 (-37.5%)
103.5 + 1.5 (+0.7%)
97.7 £ 5.8 (-5.0%)

102.840.9

843 2.5 (+3.3%)
862 % 0.9 (+5.6%)
1.7 +£2.1(-97.9%)

81.6 £ 9.2 (0.0%)
84.8 % 1.0 (+3.9%)

81.6 £3.9

ReBRAC w/o layer
ReBRAC w/o actor penalty
ReBRAC w/o critic penalty
ReBRAC w/o large batch

ReBRAC

ReBRAC wio LN
|

Table 36: ReBRAC ablations for AntMaze tasks. We report final normalized score averaged over 4
unseen training seeds.

Ablation | umaze | umaze-diverse | Jium-play | dium-diverse | large-play | large-diverse | Average
TD3+BC, paper 78.6 714 106 30 02 0.0 273
TD3+BC, our 620+24 480+ 116 0.0+0.0 05+1 0.00.0 5405 18.5
TD3+BC, tuned 62.0 + 2.4 (-36.8%) 48.0 + 11.6 (-42.9%) 39.0 + 21.7 (-54.8%) 18.5 £ 17.7 (-72.1%) 0.2 + 0.5 (-99.6%) 0.0 £ 1.0 (-100.0%) 27.9 (-62.9%)

15.0 + 8.0 (-79.0%)
0.0 £ 0.0 (-100%)
0.0 £ 0.0 (-100.0%)
0.0 £ 0.0 (-100%)

21.0(-72.1%)
0.0 (-100%)
18.1 (-76.0%)
0.1 (-99.9%)

ReBRAC w/o y change
ReBRAC w/o LN
ReBRAC w/o layer
ReBRAC wo actor penalty

0.0 £ 0.0 (-100.0%)
0.0 £ 0.0 (-100%)
31.0 £45.4 (-68.4%)
1.0 £ 1.1 (-99.0%)

90.7 £3.2 (+7.7%)
0.0 £ 0.0 (-100%)
61.7 +25.3 (-26.7%)
0.0 £ 0.0 (-100%)

1.0 £ 0.0 (-98.8%)
0.0 £ 0.0 (-100%)
0.0 £ 0.0 (-100.0%)
0.0 £0.0 (-100%)

0.2 £ 0.5(-99.7%)
0.0 £ 0.0 (-100%)
16.0 4 32.0 (-75.8%)
0.0 £ 0.0 (-100%)

0.0 £ 0.0 (-100%)
0.0 + 0.0 (-100.0%)
0.0 £ 0.0 (-100%)

19.3 £ 18.5 (-58.0%)

ReBRAC w/o critic penalty 98.2 £ 1.5 (0.0%) 78.0 £ 26.3 ( o 86.2 + 2.6 (0.0%) 57.54+24.2(-13.1%) 56.7 & 32.9 (+23.3%) 57.0 £ 16.4 (-20.3%) 72.2 (-4.1%)
ReBRAC w large batch 60.7 +31.3 (-38.2%) 68.5 £ 17.9 (-18.6%) 43.9 £49.9 (-49.1%) 34.0 +40.6 (-48.6%) 39.2 £45.9 (-14.8%) 0.0 £ 0.0 (-100.0%) 41.0 (-45.6%)
ReBRAC | 982+09 | 842+185 | 86.2+4.7 | 66.2+16.3 | 46.0 £ 40.0 71.5+123 75.3
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Table 37: ReBRAC ablations for pen tasks. We report final normalized score averaged over 4 unseen

training seeds.

Ablation human cloned expert Average

TD3+BC, paper 0.0 0.0 0.3 0.0

TD3+BC, our 65.9 £+ 24.6 78.1 £5.7 1449 £ 7.5 96.3

TD3+BC, tuned 77.6 £+ 18.5 (-23.9%) 78.1 £ 5.7 (-8.5%) 1449 £ 7.5 (-10.3%) 100.2 (-12.5%)
78.6 £ 14.8 (-22.9%) 21.3 £ 11.0 (-75.1%) 86.7 £+ 59.8 (-44.6%)

ReBRAC w/o layer 89.1 + 14.7 (-12.6%) 106.7 + 13.9 (+24.9%) 147.2 £ 5.7 (-6.0%) 114.3 (-0.3%)

ReBRAC w/o actor penalty
ReBRAC w/o critic penalty
ReBRAC w large batch

0.5 £ 1.3 (-100.5%)
99.9 + 6.1 (-2.1%)
67.2 +£9.0 (-34.1%)

0.6 + 1.6 (-99.3%)
75.0 £ 16.7 (-12.2%)
83.2 £ 233 (-2.6%)

0.0 £ 3.6 (-100.0%)
154.6 + 1.8 (-1.3%)
155.0 £ 6.8 (-1.0%)

0.0 (-100.0%)
109.8 (-4.2%)
101.8 (-11.2%)

ReBRAC w/o LN

ReBRAC

102.0 £10.8

854 £242

156.6 £ 1.4

62.1 (-45.8%)
|

114.6

Table 38: ReBRAC ablations for door tasks. We report final normalized score averaged over 4 unseen

training seeds.

Ablation | human cloned | expert | Average
TD3+BC, paper 0.0 0.0 0.0 0.0
TD3+BC, our 0.0 £ 0.1 04+£1.0 1025 £29 343
TD3+BC, tuned 0.0+ 0.1(-) 0.4 + 1.0 (+100.0%) 105.8 £ 0.3 (+0.8%) 354 (+1.1%)
ReBRAC w/o LN 20.140.0 () 203 4 0.0 (-250.0%) 106.0 £ 0.8 (+1.0%) 35.1 (+0.3%)
ReBRAC w/o layer 0.0 + 0.0 () 0.1 + 0.5 (-50.0%) 104.4 + 2.3 (-0.5%) 34.8 (-0.6%)
ReBRAC w/o actor penalty 0.140.1() 0.0 + 0.0 (-100.0%) 0.0 + 0.2 (-100.0%) 0.0 (-100.0%)
ReBRAC w/o critic penalty 0.0 + 0.0 () 0.1 + 0.0 (-50.0%) 106.1 + 0.3 (+1.1%) 354 (+1.1%)
ReBRAC w large batch 0.140.1() 0.1 + 0.3 (-50.0%) 106.1 + 0.1 (+1.1%) 35.3 (+0.9%)
ReBRAC ‘ 0.0+ 0.0 02+£03 ‘ 1049 £22 ‘ 35.0

Table 39: ReBRAC ablations for hammer tasks. We report final normalized score averaged over 4

unseen training seeds.

Ablation \ human | cloned | expert | Average
TD3+BC, paper 0.0 0.0 0.0 0.0
TD3+BC, our 03+04 1.1£1.1 127.0 £ 0.4 42.8
TD3+BC, tuned 0.3 + 0.4 (+50.0%) 1.1 £ 1.1 (-80.0%) 127.0 £ 0.4 (-5.3%) 42.8 (-8.1%)
ReBRAC w/o LN 0.2 + 0.0 (0.0%) 1.0 £ 1.0 (-81.8%)

ReBRAC w/o layer
ReBRAC w/o actor penalty

0.1 £0.0(-50.0%)
0.0 + 0.0 (-100.0%)

21.3 £19.7 (+287.3%)
0.0 £ 0.1 (-100.0%)

133.1 £ 0.5 (-0.8%)
0.0 £ 0.1 (-100.0%)

51.5 (+10.5%)
0.0 (-100.0%)

9.9+ 19.1 (-:92.6%)
\

3.6 (-92.3%)

ReBRAC w/o critic penalty 0.1 £+ 0.1 (-50.0%) 1.9 £ 0.7 (-65.5%) 134.1 £0.2 (-0.1%) 45.3 (-2.8%)
ReBRAC w large batch 0.3 £ 0.8 (+50.0%) 10.6 £ 14.0 (+92.7%) 133.4 £ 0.5 (-0.6%) 48.1 (+3.2%)
ReBRAC 02+0.2 55+25 1342 £ 0.4 46.6

Table 40: ReBRAC ablations for relocate tasks. We report final normalized score averaged over 4

unseen training seeds.

Ablation \ human | cloned | expert | Average
TD3+BC, paper 0.0 0.0 0.0 0.0
TD3+BC, our 0.0 £0.0 -0.1 £ 0.0 107.9 £ 0.6 35.9
TD3+BC, tuned 0.0+ 0.0 (-) 0.1 4 0.0 (-105.3%) 107.9 + 0.6 (+1.2%) 35.9 (-0.5%)
ReBRAC w/o LN 202400 0.0 £ 0.3 (-100.0%) 0.1 4 0.0 (-100.1%) 0.1 (-100.3%)
ReBRAC w/o layer 0.1£03() 1.7 £ 2.1 (-10.5%) 105.0 = 3.1 (-1.5%) 35.6 (-1.4%)
ReBRAC w/o actor penalty -0.1 £0.0(-) 0.0 £ 0.0 (-100.0%) -0.1 £ 0.1 (-100.1%) 0.0 (-100.0%)
ReBRAC wo critic penalty 0.0+ 0.1 (-) 1.9+ 1.9 (0.0%) 109.6 + 1.2 (+2.8%) 37.1 (+2.8%)
ReBRAC w large batch 0.0 +£0.0(-) 0.1 +0.2 (-94.7%) 109.6 £ 0.9 (+2.8%) 36.5 (+1.1%)
ReBRAC ‘ 0.0 £ 0.0 ‘ 1.9+23 ‘ 106.6 + 3.1 ‘ 36.1
20
11620

https://doi.org/10.52202/075280-0511





