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Abstract

On-policy reinforcement learning algorithms have been shown to be remarkably efficient at learning
policies for continuous control robotics tasks. They are highly parallelizable and hence have
benefited tremendously from the recent rise in GPU based parallel simulators. The most widely
used on-policy reinforcement learning algorithm is proximal policy optimization (PPO) which was
introduced in 2017 and was designed for a somewhat different setting with CPU based serial or less
parallelizable simulators. However, suprisingly, it has maintained dominance even on tasks based
on the highly parallelizable simulators of today. In this paper, we show that a different class of on-
policy algorithms based on estimating the policy gradient using the critic-action gradients are better
suited when using highly parallelizable simulators. The primary issues for these algorithms arise
from the lack of diversity of the on-policy experiences used for the updates and the instabilities
arising from the interaction between the biased critic gradients and the rapidly changing policy
distribution. We address the former by simply increasing the number of parallel simulation runs
(thanks to the GPU based simulators) along with an appropriate schedule on the policy entropy
to ensure diversity of samples. We address the latter by adding a policy averaging step and value
averaging step (as in off-policy methods). With these modifications, we observe that the critic
gradient based on-policy method (CGAC) consistently achieves higher episode returns compared
with existing baselines. Furthermore, in environments with high dimensional action space, CGAC
also trains much faster (in wall-clock time) than the corresponding baselines.
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1. Introduction

Over the past few years, we have seen remarkable success of on-policy reinforcement learning
algorithms applied to continuous control robotics tasks. Some recent examples include the training
of dextrous in hand manipulation (Handa et al., 2022; Chen et al., 2021), training quadruped policies
(Chen et al., 2022; Rudin et al., 2021), drone flying (Azar et al., 2021) etc. These successes in
large part also seem to have been driven by the recent release of GPU based parallel simulators
(Makoviychuk et al., 2021; Xu et al., 2021; Freeman et al., 2021) which have led to vastly faster
training and consequently allowed for faster prototyping. Interestingly, despite the change in landscape
(i.e, availability of these parallel/differentiable simulators), most of these works (Handa et al., 2022;
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Chen et al., 2021, 2022; Rudin et al., 2021), still rely on Proximal Policy optimization (PPO), which
was released 5 years ago, as their choice of on-policy RL algorithm.

Most existing on-policy algorithms (like PPO (Schulman et al., 2017), TRPO (Schulman et al.,
2015a), A2C (Mnih et al., 2016) etc) which are widely used, use the likelihood ratio policy gradient
to compute policy updates using a learnt value function. At first glance, given a learnt value function,
this is an odd choice given that this only provides a directional derivative for the policy gradient
along the sampled transition. As a result, this leads to higher variance estimates of the gradient.
The other alternative, which is more common with off-policy algorithms such as DDPG (Silver
et al., 2014) and SAC (Haarnoja et al., 2018), is to directly differentiate through a learnt critic
Q-function (represented as a function approximator such as a Neural Network). This provides
the total derivative for the policy gradient at any sample, albeit, with the catch that the estimate
might be more biased. However, with access to highly parallel simulators and a better control of the
sampling distribution, it’s worth considering if we could train Q-function approximations that aren’t
as susceptible to the bias and instability issues so that we can leverage the lower variance estimate
of the policy gradients that the critic gradients could provide. Furthermore, a critic gradient based
on-policy algorithm could help unify the on-policy and off-policy approaches and provide a broader
framework that can arbitrarily interpolate between on-policy and off-policy updates.

Thus, in this paper, we propose a practical critic gradient based actor critic (CGAC) method,
largely based on algorithms like soft actor-critic (SAC) (Haarnoja et al., 2018) and deterministic
policy gradients (DDPG), (Lillicrap et al., 2016) but for on-policy reinforcement learning. One of
the primary enablers of this algorithm are the recently released highly parallel simulators (Makoviychuk
et al., 2021; Xu et al., 2021; Freeman et al., 2021) which allow us to sample a large batch of
environments simultaneously thereby providing a diverse set of samples to perform on-policy updates.

We observe that even when using a large batch of environments, training can still be unstable due
to the interaction between the biased critic gradients and the rapidly changing policy distribution.
We offer several remedies to fix these issues. First, borrowing from the off-policy RL literature
(TD3, SAC etc), we compute the Q-values as a min over two network outputs and use running
averages of the Q-networks to compute target values. This helps mitigate the overestimation errors
in the Q function. Second, we stabilize the policy sampling distribution by also introducing an
averaged policy. The averaged policy is computed by maintaining a running average of the policy
parameters and is used to perform rollouts in the environment and to compute the next action for the
target value computation. Third, we provide an appropriate schedule for the entropy coefficients to
balance the exploration-exploitation trade-off.

We list our key contributions here:

* We propose a practical on policy critic gradient based actor critic (CGAC) method building

on previous work on DDPG and SAC.

* We demonstrate its effectiveness in several high dimensional environments such as Ant,
Humanoid, SNU Humanoid and the AllegroHand with highly parallelizable simulators. We
find that CGAC obtains higher returns compared to existing baselines especially on environments
with high dimensional action spaces. Further, CGAC converges 4-5x faster than PPO on a
muscle actuated humanoid environment (SNUHumanoid) with 152 dimensional action space.

2. Related Work

Actor critic methods for Reinforcement Learning Actor critic methods have been popular in
RL for reducing the variance in the policy gradient updates originating in (Witten, 1977; Barto
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et al., 1983; Konda and Tsitsiklis, 1999). Many approaches have been proposed since to further
reduce the variance of these gradient estimates (Weaver and Tao, 2001; Greensmith et al., 2004;
Peters et al., 2008; Bhatnagar et al., 2007; Grondman et al., 2012; Gu et al., 2017a). One way to
reduce variance, has been to use the analytical gradients from an action-value critic to estimate the
policy gradients (Silver et al., 2014; Lillicrap et al., 2016; Haarnoja et al., 2018). This has been
especially popular for off-policy learning as the alternative of using importance weighted likelihood
ratio policy gradient estimates (Degris et al., 2012; Graves et al., 2021; Imani et al., 2018) have very
high variance and unsuitable for large action spaces (Gu et al., 2017b, 2016). However, most widely
used on-policy methods such as PPO (Schulman et al., 2017), TRPO (Schulman et al., 2015a),
A2C(Mnih et al., 2016), still use likelihood ratio based policy gradient estimates. This is due to the
biased gradient estimates from critic gradients (Silver et al., 2014; Gu et al., 2016). Although there
have been previous attempts at using critic gradient based policy gradient estimates for on-policy
learning (Silver et al., 2014; Lillicrap et al., 2016), they have mostly served a didactic purpose
without actually demonstrating practical merit. They point out the primary impediment as lack
of diversity in samples. In this paper, we aim to demonstrate the efficacy of critic gradient based
methods in large scale problems leveraging highly parallel simulators.

Reinforcement Learning in highly parallel environments Until recently most work in (deep)
reinforcement learning was done with single or few parallel environment executions (Mnih et al.,
2015; Schulman et al., 2017). (Nair et al., 2015; Horgan et al., 2018; Mnih et al., 2016; Babaeizadeh
et al., 2017; Espeholt et al., 2018; Clemente et al., 2017) moved towards using larger number
of environments using distributed systems to simulate multiple parallel environments. However,
even the largest of those (Horgan et al., 2018; Clemente et al., 2017) are still only able to scale
to 256 environments on CPU clusters. Recent work (OpenAl, 2018; Andrychowicz et al., 2020)
further scaled the computation to 1000s of CPU cores and use PPO (Schulman et al., 2017) as
the underlying RL algorithm. More recently, we have seen development of a flurry of highly
parallelizable GPU based simulators (Makoviychuk et al., 2021; Xu et al., 2021; Freeman et al.,
2021) which are capable of simulating tens of 1000s of parallel simulations simultaneously on the
GPU. However, most work (Handa et al., 2022; Chen et al., 2022; Rudin et al., 2021; Allshire
et al., 2021; Chen et al., 2021; Xu et al., 2021) building on them have limited themselves to using
standard reinforcement learning approaches such as PPO (Schulman et al., 2017), SAC (Haarnoja
et al., 2018) etc to learn control policies. In this work, we propose a practical critic gradient based
on-policy RL algorithm that outperforms these standard approaches when used with highly parallel
GPU-based simulators.

3. Preliminaries and Background

In this section, we will introduce the notation used in this paper and then discuss an on policy model
free RL algorithm, Proximal Policy Optimization (PPO)(Schulman et al., 2017) and an off policy
method called soft actor critic (SAC) (Haarnoja et al., 2018).

3.1. Notation

We primarily focus on on-policy reinforcement learning in continuous action spaces. We will
consider Markov decision processes (MDPs) with infinite horizon, but, as with most RL methods,
the proposed modifications can easily be extended to finite horizon as well. The MDP state transitions
are modelled as a function f : S x A — S and the reward using a bounded reward function
r: S X A= [Fmin, Tmaz)-
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3.2. Critic gradient based off policy actor critic methods

Critic gradient based actor critic algorithms optimize the policy by directly maximizing the Q value
estimates computed using the critic :

mGaX jﬂ‘(e) = meax E(st,awﬂgHs)) [Q¢(5, (l) + OéR(ﬂ'g(CL‘S))], (1

where, Q4 represents the Q function or the critic and R(7g(a|s)) here could be some regularizer
(say the entropy of the policy as in SAC). We call these critic gradient based methods as these
methods compute the policy gradient only using the gradient of the critic function:

VoTx(0) = Esop,en[VaQo(S,a)Voag(s, €) + aVoR(ma(ag(s, €)]s))], (2)

where ag(s,€) could be just the policy outputs (for deterministic policy) or could be a function
applying the reparamaterization trick (Kingma and Welling, 2014) to compute the action using the
policy output distribution (for stochastic policies) and a randomly sampled noise ¢ from a fixed
distribution .

Critic gradient based off-policy actor critic methods learn the above Q function, ()4 by minimizing
the bellman residual over samples drawn from a replay buffer D of stored samples. SAC and DDPG
would be popular examples of such approaches. The bellman residual minimization is given as
follows:

m(gnE(s,a,s’,r)wD,eGN[(Q¢(sa (I) - (R(S, a, S/) + 7@&(5,7 a@(sla 6))L)2] (3)

where, ag(s’,€) is obtained using the current policy estimate mg(.|s’). For SAC, R(s,a,s’) =
r + aH(mg(.|s)) while DDPG just uses R(s,a,s’) = r. L is the stop gradient operator denoted to
mean that the terms within the corresponding parenthesis wouldn’t affect the gradient of the loss.
Further, ¢ are the parameters of the target Q function usually computed as a moving average of ¢.

While these critic gradient based methods are very popular in off-policy RL, they are seldom
used for on-policy RL. This is often attributed to critic gradient providing a biased estimate Silver
et al. (2014) of the policy gradient which ends up being particularly problematic for the on-policy
case, where the rapidly changing input distribution for the value function can further bias and
destabilize training.

3.3. Advantage actor critic methods

Most popular on-policy RL approaches instead use the advantage to compute the likelihood ratio
policy gradient. Examples include PPO (Schulman et al., 2017), TRPO (Schulman et al., 2015a),
A2C (Mnih et al., 2016) etc. They typically learn a value function, V;, by minimizing the error
between V;(s) and a single/multi-step estimate of the discounted return, R(s,a), on the current
policy distribution p,. Specifically, R(s, a) is computed using :

R(s,a) = Ag"%h)(s, a) + Vy(s), ()

where A7) (s,a) is the advantage estimate computed over a horizon h, with discount factor -y
and a parameter \. It can be computed using the generalized advantage estimate (Schulman et al.,
2015b):

h
Aﬁ?’%h)(st, a) = 2(7)\)15211, where 6, = ripr + YV (sei41) — Vi (Se42)- Q)
1=0
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Setting A = 1 gives us the traditional advantage estimates used in A2C, TRPO etc. The advantage
estimates are also used to compute the policy gradients as follows:

Vopo(s,a) = E(sa)p, (AN (5,0) Vg log(m(als))]. (6)

PPO and TRPO use slight variations of Eq 6 to additionally account for the mildly off-policy
samples. We observe that the policy gradient estimate in Eq 6 computes a directional derivative
along the sampled trajectory. As a result, advantage based estimate of the policy gradient ends up
being higher variance than the critic gradient based estimate from Eq 1 (Gu et al., 2017b, 2016).
However, they are also less biased.

4. Method

We combine aspects of the above two approaches and propose a critic gradient based actor critic
approach for on-policy RL. We expect the resulting algorithm to provide low variance policy gradients
and hence converge faster especially on environments with high dimensional action spaces. We will
first describe a naive implementation and then discuss the issues faced by this naive implementation.
We will then discuss a few fixes that alleviate these problems.

4.1. Critic gradient based actor critic for on-policy RL

We parameterize the Q-function and policy using function approximators such as neural networks.
The policy network outputs the mean and standard deviation to parameterize a gaussian distribution.
As with other critic gradient based approaches, we maximize the following objective to optimize
the policy parameters

max Jr(0) = max E(swp anmy(|5)[@o (s, @) — alog(mo(als))]; o

where we regularize the entropy of the policy outputs to encourage appropriate exploration. We
learn the Q function by supervising it using the single/multi-step discounted return estimate R,

100 T (6) = min E(yp,anmy 49 (10 (5: ) — Rs,0)1]] ®
—_ AQmh) _
where, R(s,a) = A" (s,a) + Qg(s, a), )
where AT (s,a) is a slightly modified generalized advantage estimate (Schulman et al., 2015b)

adapted for the Q-function :

h
Ja) = (N2, where 62, = ey +¥Qp(str141s arriat) — Qe+t arit).

1=0
(10)
Note that we only use Ag"%h)(st, at) to compute the returns for value supervision and not to
compute the policy gradient estimate.

Like the off-policy counterparts (Haarnoja et al., 2018; Fujimoto et al., 2018), we make use of
two Q-functions to mitigate the overestimation issues caused by the above updates. Specifically,
we learn two Q-functions, @, and Q4,, independently to optimize Jg(¢;). The Q-values in the

A()‘ V’h) S
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value targets in Equation 9 and the policy objective in Equation 7 are then computed by taking the
minimum of the two Q-functions.

Q($7a) :min(Q¢1(S>a)vQ¢2(Sva)) (11)

Further, we also maintain a moving average of both the Q-functions as is common with off-policy
methods and use them while computing the value targets. This also helps mitigate the overestimation
issues. Like the on-policy counterparts (Schulman et al., 2017, 2015a; Mnih et al., 2016), our
method alternates between collecting experience from the parallel environments with the current
policy and using these recent collected experiences to update the Q-functions and policy by optimizing
Equations 7 and 8.

This framework is particularly appealing given that off-policy samples can be easily incorporated
in the updates by performing a DDPG/SAC type update step and can nicely complement the on-
policy updates we perform. Although, we do not explore this in our paper, we believe this ability
to conveniently combine off-policy and on-policy updates is one of the primary benefits of this
method. Moreover, as discussed previously, we expect this critic gradient based approach for policy
optimization to converge faster due to the lower variance of the estimated policy gradients.

However, this naive implementation can be unstable or saturate at lower returns as shown in
the ablation experiments in 5.2. This is due to 1) the lack of diversity of the on-policy experiences
used for the updates (leading to biased updates) and 2) the instabilities arising from the interaction
between the biased critic gradients and the rapidly changing policy distribution. In the next section,
we explore these in more detail and propose some candidate solutions to mitigate them.

4.2. Causes for instability and corresponding fixes

State Distribution Diversity One of the motivations for using a replay buffer and performing
off-policy RL in the seminal DQN paper (Mnih et al., 2015) was to avoid the problem of correlated
samples across timesteps biasing the gradients and value function. However, with the development
of highly parallel simulators (Makoviychuk et al., 2021; Xu et al., 2021; Freeman et al., 2021), this
problem can be significantly mitigated by sampling from a large batch of environments in parallel.
With a decent choice of exploration strategy one can ensure that this sampling distribution is diverse
enough to ensure a diverse set of states at each sampling step.

To encourage an appropriate amount of exploration throughout training we simply add a negative
penalty on the entropy of the policy outputs as part of the policy objective as in SAC as shown in
Eq 7. We use a slightly modified automatic entropy tuning procedure from SAC to tune the entropy
coefficient . We update o to maximize

max J, (o) = max (logmg(als) + fn)log a (12)

where n is the action space size and [ is a hyperparameter. The value of 5 here chooses the target
entropy for the policy that we wish to optimize towards using the entropy regularization. SAC sets
this hyperparameter to a fixed value of § = 1. However, as the policy performance gets better, we
typically wish to encourage exploitation. To that end, we propose to gradually decrease the target
entropy for policy. Specifically, we use simple linear schedule for 5 based on the current reward
values

o /Bfinal - /Binit

 peak reward — initial reward

 (current reward — initial reward) + Binit (13)
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where Bfinq; and By are the final and initial values of 3 we desire (With Bfina > Binit). peak
reward and initial reward are rough estimates of peak and initial average reward we expect to get in
the environment. This allows us to gradually decrease the target entropy for the policy as the policy
performance improves during training encouraging further exploitation. Further, while solving Eq
12, we found it helpful to ensure that o« monotonically decreases during training. Thus, we clamp
the update on a:

o= min(ozp,«ev, Oprev + 'f]vajoz(aprev))~

to ensure a monotonic decrease in it’s value. Intuitively, this helps 1) prevent the policy from
arbitrarily exploring regions of the state-action space outside the Q-function’s support in the middle

of training due to an increase in entropy penalty, 2) lower entropy penalty towards the end of training
encourages exploitative behavior in the policy leading to lower variance updates.

Indeed, we observe in the ablation experiments in 5.2 that increasing the number parallel environment

executions has a significant impact on the policy performance, both in terms of convergence speeds

and the peak returns obtained. Furthermore, the o schedule leads to stable convergence and higher
final returns. However, this doesn’t completely resolve the issue.

Policy-Value Coupling We observe that, in some cases, a few bad gradient updates can lead to
the policy performance suddenly deteriorating and collapsing. This results in a large fraction of
parallel episodes abruptly coming to an end and the environments resetting to their initial states. As
a consequence a large fraction of the parallel environments at that time step (and a few succeeding
steps) collapse to very similar set of states. The sudden change in the input distribution and increase
in correlated samples leads to a further deterioration on the value updates consequently going down
a spiral of successively worse updates for both the policy and the value function. This issue is less
pronounced in existing on-policy approaches such as PPO and TRPO as they are not fully on-policy
and use trust region constraints to mitigate rapid changes in policy.

We propose a much simpler solution for this issue. We maintain a running average of the Q-
functions to compute value targets, and a running average of the policy to perform rollouts in the
environment and compute actions for the target value computation in Equation 9 and 8. Using these
running averages of the policy and Q function for rollouts and target value computations ensures
that a few bad gradient steps on the original policy and value function don’t derail them. This leads
to improved stability and prevents the policy distribution from changing too rapidly while keeping
our method largely ’on-policy’.

5. Experiments

In this section, we present experimental evidence to demonstrate the effectiveness of CGAC especially
in environments with large action spaces. We compare with proximal policy optimization (PPO)
(Schulman et al., 2017) and soft actor critic (SAC) (Haarnoja et al., 2018) based on episode returns
obtained at convergence or end of training and the time taken to convergence.We also present
ablation experiments to analyze and understand where the gains come from. Finally, we also present
some initial promising experiments combining off-policy and on-policy updates in CGAC.

Tasks We test the above methods on 4 tasks, namely: Ant, Humanoid, SNUHumanoid and AllegroHand.
For the first 3, we use the Dflex simulator(Xu et al., 2021) and use IsaacGym(Makoviychuk et al.,
2021) for AllegroHand. The environments have an action space of 8, 21, 152 and 16 dimensions
respectively and observation space of 37, 76, 71 and 88 respectively.
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Figure 1: Comparison of on-policy critic gradient based actor critic (CGAC) with PPO and SAC on various high
dimensional continuous control tasks.

Hyperparameters We use the hyperparameters provided in the official Isaacgym(Makoviychuk
etal., 2021) and Dflex(Xu et al., 2021) repositories for PPO and SAC for all the environments while
using the RL-games (Makoviichuk and Makoviychuk, 2022) implementation of the said algorithms.
For CGAC, we use largely the same hyperparameters as the SAC implementation and list the
ones that differ in Table 1. Although slight improvements in performance are possible in each
environment with a different hyperparameter setting, we aim to keep the hyperparameters as similar
as possible across environments to demonstrate the robustness to those hyperparameters.

Table 1: CGAC hyperparameters for each task

Hyperparameter ‘ Ant ‘ Humanoid ‘ ANUHumanoid ‘ AllegroHand
Policy Architecture [256,256] | [256,256] [256, 256] [512,256, 128]
Critic Architecture [256,256] | [256,256] [256, 256] [512, 256, 128]

Activation ELU ELU ELU ELU
Num Actors 4096 4096 4096 16384
Num Critic updates per step 2 2 2 2
(Start) Learning Rate 0.002 0.002 0.002 0.002
Critic avg coeff ¢ 0.005 0.005 0.005 0.05
Policy avg coeff 7 0.001 0.001 0.001 1
final targ ent coeff 3r;,q1 3.5 7.5 3.5 5
init targ ent coeff B, 0.2 0.2 0.2 0.2
GAE horizon length 32 32 8 8
Batch Size 4096 4096 4096 32768

5.1. Comparisons

Figure 1 shows the average episode return obtained by each method on the 4 continuous control
tasks as training progresses. The averages are computed using 5 runs of each algorithm each with
a different random seed. We observe that across all the tasks, CGAC outperforms PPO and SAC in
terms of the peak episode returns. The difference is especially stark on SNUHumanoid which has
a much higher dimensional action space of 152 dimensions. Further we observe that CGAC also
converges faster than the baselines in environments with high dimensional action spaces. Again the
difference is especially stark on SNUHumanoid, where CGAC converges within 1-2 hours whereas
PPO doesn’t converged even after 9 hours of training.
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Further, we observe some peculiar convergence behaviors which contrasts PPO and CGAC.
While CGAC is slower to converge in the initial stages of training, it reaches peak returns much
faster than PPO, whereas PPO converges very quickly initially but converges very slowly towards
the end. This is simply a consequence of the fact that the policy gradients estimated by CGAC are
highly biased and of very poor quality in the initial stages of training when the Q-function is poorly
trained but improve quickly in the later stages of training as the Q-function quality improves.

5.2. Ablations and analysis

In this section, we perform various ablations to understand the contribution of the various design

decisions made in the algorithm.

Variance analysis Figure 2 shows the signal to noise 0.7 Signal/Noise ratio

ratio of the policy gradients computed using the likelihood o8 1 gd;g;ad

ratio estimate Ag‘ ’V’h)(s, a)Vylogmg(als) and the Q function o

gradients estimate VyQ4(s, ag(s)) over the on-policy samples '

throughout training for the Humanoid Environment. Note g **

that for the likelihood ratio estimate we train a separate 03

value function Vy, concurrently during training and use it to 0.2

compute gae advantage estimates Ag/)‘ M) We observe that, 01

as expected, the Q function gradients have a higher signal to oo Al plirn

noise ratio compared to the advantage based estimates. While 0 2 4 6
Iterations le4

it is not possible to conclude from this that the Q function
g.radients are ’be.tter’ as it’s difficult to accurately measure the Figure 2: Signal to noise ratio of
bias of those estimates, we could say that there’s some reason e policy  gradients  computed
to hope that if we mitigate the bias issues in the Q function wusing the likelihood ratio estimate
gradient estimates, we could hope for a better performance. A" (s,a)Vologme(als) and the Q
Our modifications to the vanilla algorithm aim to do exactly —function gradients Vo Qg (s, ap) over the
that by ensuring we use a diverse input distribution to train the on-policy samples throughout training.
networks and that the policy distribution changes smoothly.

Ablations We inspect the impact of various aspects of the algorithm in this section. Figure 3
shows the corresponding training plots for experiments on the Humanoid and Ant environments.

Figure 3a and 3b shows the training plots with different number of parallel environment runs.
We find that the large number of parallel runs enabled by the highly parallel GPU based simulators
are immensely useful as the performance improves significantly with the number of parallel runs
both in terms of convergence speeds and the average returns at the end of training. This is one
of the biggest contributing factors enabling the on-policy nature of the algorithm. To put it in
context, before the availability of these GPU based simulators, DDPG/SAC based algorithms using
the maximum number of parallel runs was (Horgan et al., 2018) with just 64 parallel runs for the
continuous control experiments.

Further, we experiment with changing various aspects of the algorithm one at a time to illustrate
their impact in Figures 3c and 3d. We observe that removing the value function averaging (no-
val-avg) to compute the target values has a small effect on the training stability and performance
as long as we perform policy averaging. This is an interesting contrast with off-policy methods,
where the value function averaging plays a crucial role in combating the overestimation issues.
However, we observe that removing policy averaging (no-pol-avg) alone has a significant effect
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on the stability and convergence speed of the method especially in the initial stages of training.
Further removing both value and policy averaging (no-polval-avg) leads to a further increase in
instability and degradation of performance as it worsens the coupling between a update quality and
the policy distribution. As a result, in the initial stages of training (when the Q-function quality is
bad, resulting in bad quality updates), the algorithm becomes very unstable. The sudden drops in
the episode rewards seen in the plots happen when a few bad updates deteriorate the policy resulting
in a bunch of runs suddenly collapsing leading to a temporary collapse in the policy distribution.

Further, we also observe that the exploration parameter alpha often affects the exploration
behavior of the agents. As shown in figure , ensuring a strictly monotonic decrease in the alpha
values throughout training leads to better final performance as well as more stability during training.

We note that although these phenomenon might not be observed universally across all environments,
we do observe that incorporating these changes more often than not do help to improve stability and
peak performance and make the algorithm more robust to hyperparameter values. They become
especially important as we go to environments with larger action spaces.
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Figure 3: (a) and (b) : number of parallel environment runs. (c) and (d) : Ablations with switching on/off various other
aspects of the algorithm to understand their impact.

6. Discussions and Conclusion

We present a critic gradient based on-policy reinforcement learning algorithm that outperforms
popular on-policy and off-policy reinforcement learning algorithms such as PPO and SAC. We
show that one of the primary factors enabling the superior performance is the availability of highly
parallelizable GPU based simulators which allow us to run a large number of simulation runs
in parallel. We also propose several other improvements to the naive version of the algorithm
such as maintaining an averaged policy and value averaging for the policy rollouts and target
value computations, and, a specific schedule on the entropy coefficient to manage the exploration-
exploitation tradeoff. With these changes incorporated, we show that CGAC converges to much
higher returns compared to PPO and SAC across all the environments. Further, CGAC also converges
much faster than the baselines especially on environments with high dimensional action spaces.

In future work, we believe it’s important to explore using off-policy experiences to complement
the on-policy experiences for more stable implementations. Given the suitability of this algorithm
to incorporate off-policy experiences, we believe that this would be a promising avenue of future
research. Further, we also believe that the critic based policy gradient estimates are complementary
to the advantage based estimates in algorithms like PPO. Thus, we believe exploring interpolations
of these objectives such as in (Gu et al., 2016, 2017b) can also be important avenues of future work.
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