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DRL in HPC Community
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Scaling DRL Training: Actor-Learner
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How Does Serverless Benefit DRL?

9

Policy update 

Actor

Learner

Barrier

t

…

Serverful DRL Serverless DRL

t

t

t
…f

f

f

t

t

t

…f

f

f

t

t

t

…f

f

f

t

t

t
…f

f

f

t

t

t

…f

f

f

VMs or servers reaching capacity!
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Serverful vs. Serverless DRL Training
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Asynchronous and Serverless DRL Training
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Proximal Policy Optimization (PPO) on MuJoCo Hopper-v4

High training efficiency Low training cost
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<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥ <latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥ <latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>⇥<latexit sha1_base64="E+OAe0BCd6eYIKyg4UcliBQK/jY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPbUDbbSbt0dxN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCs99ugI6VgQNe6XK17Vm8NdJX5OKpCj0S9/9QYxTQVKQznRuut7iQkyogyjHKelXqoxIXRMhti1VBKBOsjmF0/dM6sM3ChWtqRx5+rviYwIrScitJ2CmJFe9mbif143NdF1kDGZpAYlXSyKUu6a2J297w6YQmr4xBJCFbO3unREFKHGhlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fqdSQ7g==</latexit>X
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Unstable policy updates

Dynamic staleness

Dynamic learner 
orchestration and usage

KL div: Kullback–Leibler divergence
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Staleness-Aware Gradient 
Aggregation

Global Importance Sampling 
Truncation

On-Demand Serverless Learners 

Unstable policy updates

Dynamic staleness

Dynamic learner 
orchestration
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Timeline

Distributed Cache
1

Actors

<latexit sha1_base64="3+LZZ0ZQb784MbU3lOYVwEHGlBg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWy2m3bpbhJ2J0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUkS8jQIl7yWaUxVI3g2md7nffeLaiDh6xFnCfUXHkQgFo5hLA6TpsFpz6+4CZJ14BalBgdaw+jUYxSxVPEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsjqrjxs8Wtc3JhlREJY20rQrJQf09kVBkzU4HtVBQnZtXLxf+8forhrZ+JKEmRR2y5KEwlwZjkj5OR0JyhnFlCmRb2VsImVFOGNp6KDcFbfXmddK7qXqPeeLiuNd0ijjKcwTlcggc30IR7aEEbGEzgGV7hzVHOi/PufCxbS04xcwp/4Hz+AB9VjkE=</latexit>⌧

<latexit sha1_base64="US+h3oVoQPP6bQIUrhC8C3CuHhs=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZJa0y4LblxWsA9oQ5lMJu3YyUyYmQgl9B/cuFDErf/jzr9x0kZQ0QMXDufcy733BAmjSjvOh1VaW9/Y3CpvV3Z29/YPqodHPSVSiUkXCybkIECKMMpJV1PNyCCRBMUBI/1gdpX7/XsiFRX8Vs8T4sdowmlEMdJG6o1CwjQaV2uO7dUvvMsmdGxniZy0Ws16A7qFUgMFOuPq+ygUOI0J15ghpYauk2g/Q1JTzMiiMkoVSRCeoQkZGspRTJSfLa9dwDOjhDAS0hTXcKl+n8hQrNQ8DkxnjPRU/fZy8S9vmOqo5WeUJ6kmHK8WRSmDWsD8dRhSSbBmc0MQltTcCvEUSYS1CahiQvj6FP5PenXb9WzvplFrO0UcZXACTsE5cEETtME16IAuwOAOPIAn8GwJ69F6sV5XrSWrmDkGP2C9fQLjnI9P</latexit>

�
Staleness

2
Learner Functions

Parameter
 Functions

<latexit sha1_base64="cbzXwkbPlkKk/N1bBOd6aFAOv4U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Qe0oWy2m3TpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waTm7nffeTaiEQ94DTlfkwjJULBKFrpPhqyYbXm1t0FyF/iFaQGBVrD6udglLAs5gqZpMb0PTdFP6caBZN8VhlkhqeUTWjE+5YqGnPj54tTZ+TMKiMSJtqWQrJQf07kNDZmGge2M6Y4NqveXPzP62cYXvu5UGmGXLHlojCTBBMy/5uMhOYM5dQSyrSwtxI2ppoytOlUbAje6st/Seei7jXqjbvLWtMt4ijDCZzCOXhwBU24hRa0gUEET/ACr450np03533ZWnKKmWP4BefjGzu6jbo=</latexit>gc

3 <latexit sha1_base64="J0KdIAVL4m7RZ5uC2/rP8xazNrE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rGCaQttLJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZX8XsofWb9SdWvuHGSVeAWpQoFmv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+7JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7YheMsvr5LWZc2r1+r3V9WGW8RRglM4gwvw4BoacAdN8IEBh2d4hTdHOi/Ou/OxaF1zipkT+APn8we/Eo6b</latexit>

⇡c 1

2

1 Importance sampling driven trajectory collection

2 On-demand gradient calculation

3 Staleness-aware gradient aggregation



Global Importance Sampling Truncation
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Policy Version Timeline
<latexit sha1_base64="0VO73PkwIezU0a8drh+1bunSzmM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHgxWMF0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5m/udJ1SaJ/LRTFMMYjqSPOKMGiv5/ZQPvEGl6tbcBcg68QpShQKtQeWrP0xYFqM0TFCte56bmiCnynAmcFbuZxpTyiZ0hD1LJY1RB/ni2Bm5tMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroNci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2xD8FZfXiftes1r1BoP19VmvYijBOdwAVfgwQ004R5a4AMDDs/wCm+OdF6cd+dj2brhFDNn8AfO5w91aY5s</latexit>⇡1

<latexit sha1_base64="Mn6D5+JHmWasI/kRnFlKqgJTMLg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHgxWMF0xbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsbm1vbObmmvvH9weHRcOTltmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ3dzvPHFtRKIecZryIKYjJSLBKFrJ76diUB9Uqm7NXYCsE68gVSjQGlS++sOEZTFXyCQ1pue5KQY51SiY5LNyPzM8pWxCR7xnqaIxN0G+OHZGLq0yJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFtkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT9mG4K2+vE7a9ZrXqDUerqvNehFHCc7hAq7Agxtowj20wAcGAp7hFd4c5bw4787HsnXDKWbO4A+czx927Y5t</latexit>⇡2
<latexit sha1_base64="p0yogyuRXleX4ixGK17qYHMKyPE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqVI8FLx4r2A9oQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip1U/44GpQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHZGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/nAy5QmbE1BLKFLe3EjamijJj8ynZELzVl9dJu1b16tX6w3WlUcvjKMIZnMMleHADDbiHJrSAAYdneIU3RzovzrvzsWwtOPnMKfyB8/kDeHGObg==</latexit>⇡3

<latexit sha1_base64="WyQcBahxUkywJzLEdw9ns50Jpjw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKqR4LXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RS2tnd294r7pYPDo+OT8ulZ28SpZtxnsYx1N6SGS6G4jwIl7yaa0yiUvBNO7xZ+54lrI2L1iLOEBxEdKzESjKKV/H4iBvVBueJW3SXIJvFyUoEcrUH5qz+MWRpxhUxSY3qem2CQUY2CST4v9VPDE8qmdMx7lioacRNky2Pn5MoqQzKKtS2FZKn+nshoZMwsCm1nRHFi1r2F+J/XS3F0G2RCJSlyxVaLRqkkGJPF52QoNGcoZ5ZQpoW9lbAJ1ZShzadkQ/DWX94k7VrVa1QbD/VKs5bHUYQLuIRr8OAGmnAPLfCBgYBneIU3RzkvzrvzsWotOPnMOfyB8/kDefWObw==</latexit>⇡4

#1#1

#1

#2

#1
<latexit sha1_base64="eGk8l10pCnElyXPrYWGEYn+zv0c=">AAACE3icbZBNS8MwGMfT+TbnW9Wjl+AQpshop0yPAy8eJ7gXWEtJs3QLS9OSpMIo+w5e/CpePCji1Ys3v41ZV1E3Hwj58/s/D8nz92NGpbKsT6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6up37kjQtKI36pxTNwQDTgNKEZKI888qTiBQDh1YurVJtllT07hDzz7hseeWbaqVlZwUdi5KIO8mp754fQjnISEK8yQlD3bipWbIqEoZmRSchJJYoRHaEB6WnIUEumm2U4TeKRJHwaR0IcrmNHfEykKpRyHvu4MkRrKeW8K//N6iQou3ZTyOFGE49lDQcKgiuA0INingmDFxlogLKj+K8RDpONQOsaSDsGeX3lRtGtVu16t35yXG7U8jiI4AIegAmxwARrgGjRBC2BwDx7BM3gxHown49V4m7UWjHxmH/wp4/0LXnidzg==</latexit>

(
⇡2

⇡1
,
⇡3

⇡1
)Policy driftTruncate
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Policy Version Timeline
<latexit sha1_base64="0VO73PkwIezU0a8drh+1bunSzmM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHgxWMF0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5m/udJ1SaJ/LRTFMMYjqSPOKMGiv5/ZQPvEGl6tbcBcg68QpShQKtQeWrP0xYFqM0TFCte56bmiCnynAmcFbuZxpTyiZ0hD1LJY1RB/ni2Bm5tMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroNci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2xD8FZfXiftes1r1BoP19VmvYijBOdwAVfgwQ004R5a4AMDDs/wCm+OdF6cd+dj2brhFDNn8AfO5w91aY5s</latexit>⇡1
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[1] Zhang, W. et al. “Staleness-Aware Async-SGD for Distributed Deep Learning”. IJCAI. 2016.

[2] Ho, Qirong, et al. "More Effective Distributed ML via a Stale Synchronous Parallel Parameter Server." NeurIPS. 2013.
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Importance Sampling Truncation

Lower bound on monotonic 

reward improvement [1]

Gradient Aggregation

Near-linear convergence rate [2]

[1] Joshua, A. et al. "Constrained Policy Optimization." ICML. 2017.

[2] Zhang, W. et al. “Staleness-Aware Async-SGD for Distributed Deep Learning”. IJCAI. 2016.
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[1] Liang, E.; et al. RLlib: Abstractions for Distributed Reinforcement Learning. ICML 2018

[2] H. Yu; et al. Cheaper and Faster: Distributed Deep Reinforcement Learning with Serverless Computing. AAAI 2024

[3] Todorov, E.; et al. Mujoco: A Physics Engine for Model-based Control. IROS 2012

[4] Marc, B.; et al. The Arcade Learning Environment: An Evaluation Platform for General Agents. JAIR 2013

Baselines

Ray RLlib [1]

MinionsRL [2]

Metrics

Episodic reward

Training cost

Benchmarks

Hopper

Humanoid

Walker2d

MuJoCo [3] Atari [4]
Gravitar


SpaceInvaders

Qbert

Implementation

Ray RLlib

Docker Containers


AWS EC2
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GPU Testbed

3 nodes

128 AMD EPYC 7R13 CPU cores


2 V100 GPUs

HPC Testbed

7 nodes

960 AMD EPYC 9R14 CPU cores


16 V100 GPUs
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(a) Hopper

(b) Gravitar

Faster Training

Higher Rewards

2.2x
Training performance improvement
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Improving PAR-RL [1] on HPC Testbeds

2.4x
Training performance improvement

34%
Training cost reduction

[1] https://github.com/Romit-Maulik/PAR-RL. Argonne Leadership Computing Facility. 2022.
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Asynchronous  
Serverless Learners

Global Importance  
Sampling Truncation

Staleness-Aware 
Gradient Aggregation

Stellaris
2.2x
Training performance improvement

41%
Training cost reduction
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