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Multi-Agent Reinforcement Learning

[1] H. Bae; et al. Scientific Multi-agent Reinforcement Learning for Wall-models of Turbulent Flows. Nature Communications 2022 Vol. 13
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Actor Learner Architecture

Actor: run simulations in a 
separate environment to 
sample trajectories

Learner: use trajectories to 
calculate loss and update the 
policy



Serverless for DRL
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😥
Idleness between actors 
and learners leads to waste

Launch and release based 
on actual demands🥰
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Serverful DRL Serverless DRL



Existing MARL Frameworks
Serverful baselines

RLlib [1], MARLlib [2]
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(b) Training performance

(a) Training costs[1] E. Liang; et al. RLlib: Abstractions for Distributed Reinforcement Learning. ICML 2018

[2] S. Hu; et al. MARLlib: A Scalable and Efficient Multi-agent Reinforcement Learning Library. PMLR 2023

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

[4] H. Yu; et al. Stellaris: Staleness-Aware  Distributed Reinforcement Learning  with Serverless Computing. SC 2024

[5] H. Yu; et al. Nitro: Boosting Distributed Reinforcement Learning with Serverless Computing. VLDB 2024

Serverless baselines

MinionsRL [3], Stellaris [4], Nitro [5]

MARLess—

= MARL + Serverless

MARLess: 

= MARLess— 

+ Learner Sharing 

+ Actor Scaling



Motivation 1: Similarity Among Agents

Agents behave 
similarly at some 
training rounds
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Dynamic 
Learner Sharing

Dynamically grouping 
them to use the same 
policy and learner

💵 Lower Cost



How to design dynamic learner sharing without affecting training quality? 
Sharing learner/policy may lead to performance downgrade [1,2]

Challenge 1: Balancing Cost and Quality
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[1] T. Hu; et al. Measuring Policy Distance for Multi-Agent Reinforcement Learning. AAMAS 2024

[2] Y. Zang; et al. Automatic Grouping for Efficient Cooperative Multi-Agent Reinforcement Learning. NIPS 2023



Design 1: Dynamic Learner Sharing

8

Rewards

1 Check reward trend 
in recent rounds


2 Build distribution 
estimation

3 Group similar models

4 Select the shared 
model
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convexity [1]
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[1] H. Yu; et al. Nitro: Boosting Distributed Reinforcement Learning with Serverless Computing. VLDB 2024
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N → Learners
<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f
<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

5



Motivation 2: Changing Data Demands
RL policy requires different amount of data across the training [1, 2]
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[1] H. Yu; et al. Cheaper and Faster: Distributed Deep Reinforcement Learning with Serverless Computing. AAAI 2024

[2] H. Yu; et al. Nitro: Boosting Distributed Reinforcement Learning with Serverless Computing. VLDB 2024
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How to balance the varying data needs among agents? 
Existing actor scaling methods are for SARL

In MARL, each policy model can have varying data demands

Over-scaling ➡ extra costs

Under-scaling ➡ performance drop


Challenge 2: Balancing Data Needs
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Design 2: Cost-Aware Actor Scaling
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Single outlier won’t trigger 
over-provisioning as long as 

<latexit sha1_base64="2ZZPiSFHzTryX8nQDYC+RflgUiI="></latexit>

Si
t :=

Ci
max → Ci

t

Ci
max → Ci

min

<latexit sha1_base64="YL/HJrt2uI6SuNhyHaVrSl5j1n0="></latexit>

Iit := Clip(Si
t → Imax, Imin, Imax)

<latexit sha1_base64="G86hOZTft6wRLsGHRwc8810bJqA="></latexit>

It :=

{
max(Ijt | j → N →), if Iaverage ↑ Ithreshold,

Iaverage, if Iaverage < Ithreshold,

Single-Agent:

Multi-Agent:

<latexit sha1_base64="aaVMhqKzHLYJhqaOLDMtIR8WxJ4="></latexit>

Ithreshold → Imax ↑ Imin

# of learners



Motivation 3: Serverless MARL
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How to implement MARL training in a serverless manner while supporting 
varying algorithms?

Challenge 3: Compatibility for MARL

13

MARL

Independent

TrainingValue-based

Actor-critic Centralized

Training

Training 
Scheme

Model

Arch

IPPO [1,2], MAPPO [2], 
MADDPG [3], etc.

MAPPO [2], MADDPG [3], 
VDN [4], QMIX [5], etc.

VDN [4], QMIX [5], 
IQL [1], etc.

IPPO [1,2], IQL [1], 
IDDPG [6], etc.

[1] C. Witt; et al. Is Independent Learning All You Need in the StarCraft Multi-Agent Challenge? Preprint

[2] C. Yu; et al. The Surprising Effectiveness of PPO in Cooperative, Multi-Agent Games. NIPS 2022

[3] R. Lowe; et al. Multi-Agent Actor-Critic for Mixed Cooperative-Competitive Environments. NIPS 2017

[4] P. Sunehag; et al. Value-Decomposition Networks For Cooperative Multi-Agent Learning. AAMAS 2018

[5] T. Rashid; et al. QMIX: Monotonic Value Function Factorisation for Deep Multi-Agent Reinforcement Learning. PMLR 2018

[6] T. Lillicrap; et al. Continuous control with deep reinforcement learning. ICLR 2016



Design 3: MARL-Algorithm Compatible Design
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<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

(a) IQL

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

(b) VDN

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

(c) IPPO

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

(d) MAPPO

Policy model Critic model Post-process function
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<latexit sha1_base64="XmOynzzvJFDe/QXTXLf9lrPw6VM=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8Lbt5mdwCXjxJAuYByRJmJ51kzOzsMjMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8iPOlHacD2ttfWNzazuzk93d2z84zB0dt1UYSwotGvJQdn2igDMBLc00h24kgQQ+h44/vUr9zj1IxUJxq2cReAEZCzZilGgjNW8Gubxj16q1mlvGjl1yStViMSWFYrlQwa7tLJBHKzQGuff+MKRxAEJTTpTquU6kvYRIzSiHebYfK4gInZIx9AwVJADlJYtD5/jcKEM8CqUpofFC/T6RkECpWeCbzoDoifrtpeJfXi/Wo6qXMBHFGgRdLhrFHOsQp1/jIZNANZ8ZQqhk5lZMJ0QSqk02WRPC16f4f9Iu2G7FrjRL+bqziiODTtEZukAuukR1dI0aqIUoAvSAntCzdWc9Wi/W67J1zVrNnKAfsN4+ASCCjSA=</latexit>

N
<latexit sha1_base64="XmOynzzvJFDe/QXTXLf9lrPw6VM=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8Lbt5mdwCXjxJAuYByRJmJ51kzOzsMjMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8iPOlHacD2ttfWNzazuzk93d2z84zB0dt1UYSwotGvJQdn2igDMBLc00h24kgQQ+h44/vUr9zj1IxUJxq2cReAEZCzZilGgjNW8Gubxj16q1mlvGjl1yStViMSWFYrlQwa7tLJBHKzQGuff+MKRxAEJTTpTquU6kvYRIzSiHebYfK4gInZIx9AwVJADlJYtD5/jcKEM8CqUpofFC/T6RkECpWeCbzoDoifrtpeJfXi/Wo6qXMBHFGgRdLhrFHOsQp1/jIZNANZ8ZQqhk5lZMJ0QSqk02WRPC16f4f9Iu2G7FrjRL+bqziiODTtEZukAuukR1dI0aqIUoAvSAntCzdWc9Wi/W67J1zVrNnKAfsN4+ASCCjSA=</latexit>

N  Learners1

<latexit sha1_base64="ETNLw47W7U+k1EXB+dPLfEV0tws=">AAAB7HicdVDLSgMxFM1YH7W+quLKTbAIroaMLZ26K7jRXQWnLbRDyaSZNjSTGZKMUIZ+gxsXirj1P/wFF4IrP0XTVkFFD1w4nHMv994TJJwpjdCrtZBbXFpeya8W1tY3NreK2ztNFaeSUI/EPJbtACvKmaCeZprTdiIpjgJOW8HodOq3rqhULBaXepxQP8IDwUJGsDaSd97L9KRXLCHbqTnlcgUiu1J1XeQacuKgiiGOjWYo1XMv7097b7TRKz53+zFJIyo04VipjoMS7WdYakY4nRS6qaIJJiM8oB1DBY6o8rPZsRN4aJQ+DGNpSmg4U79PZDhSahwFpjPCeqh+e1PxL6+T6rDmZ0wkqaaCzBeFKYc6htPPYZ9JSjQfG4KJZOZWSIZYYqJNPgUTwten8H/SPLadql29MGkgMEce7IMDcAQc4II6OAMN4AECGLgGt+DOEtaNdW89zFsXrM+ZXfAD1uMH93GTLw==</latexit> I t

Decrease Detector

<latexit sha1_base64="nKyJHgXSNJznnTDQrt05X1zkpf8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4klasB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxn2/VHYr7hxklXg5KUOOer/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlO0IXjLL6+S1mXFq1aqjatyzc3jKMApnMEFeHANNbiDOjSBAcIzvMKb8+i8OO/Ox6J1zclnTuAPnM8fpLmMyw==</latexit>

N
<latexit sha1_base64="nKyJHgXSNJznnTDQrt05X1zkpf8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4klasB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxn2/VHYr7hxklXg5KUOOer/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlO0IXjLL6+S1mXFq1aqjatyzc3jKMApnMEFeHANNbiDOjSBAcIzvMKb8+i8OO/Ox6J1zclnTuAPnM8fpLmMyw==</latexit>

N
 M

od
el

s

 <latexit sha1_base64="Te1n5Oyi8wSVWJGQ1aUkgSn40CI=">AAAB6XicdVDLSsNAFL3xWeur6tLNYBFdhaTG1u4KblxJFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6N04egogcuHM65l3vvCRLOlHacD2tpeWV1bT23kd/c2t7ZLeztN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjC6nfuueSsVicafHCfUjPBAsZARrI91en/QKRceuVt2S6yHHPqt6nlMxxCt53rmLXNuZoQgL1HuF924/JmlEhSYcK9VxnUT7GZaaEU4n+W6qaILJCA9ox1CBI6r8bHbpBB0bpY/CWJoSGs3U7xMZjpQaR4HpjLAeqt/eVPzL66Q6vPAzJpJUU0Hmi8KUIx2j6duozyQlmo8NwUQycysiQywx0SacvAnh61P0P2mWbLdsl2+8Ys1ZxJGDQziCU3ChAjW4gjo0gEAID/AEz9bIerRerNd565K1mDmAH7DePgFvEY1F</latexit> N
→

<latexit sha1_base64="Te1n5Oyi8wSVWJGQ1aUkgSn40CI=">AAAB6XicdVDLSsNAFL3xWeur6tLNYBFdhaTG1u4KblxJFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6N04egogcuHM65l3vvCRLOlHacD2tpeWV1bT23kd/c2t7ZLeztN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjC6nfuueSsVicafHCfUjPBAsZARrI91en/QKRceuVt2S6yHHPqt6nlMxxCt53rmLXNuZoQgL1HuF924/JmlEhSYcK9VxnUT7GZaaEU4n+W6qaILJCA9ox1CBI6r8bHbpBB0bpY/CWJoSGs3U7xMZjpQaR4HpjLAeqt/eVPzL66Q6vPAzJpJUU0Hmi8KUIx2j6duozyQlmo8NwUQycysiQywx0SacvAnh61P0P2mWbLdsl2+8Ys1ZxJGDQziCU3ChAjW4gjo0gEAID/AEz9bIerRerNd565K1mDmAH7DePgFvEY1F</latexit> N
→  L

ea
rn

er
s

32

Actor function Observations Rewards ModelsActions

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

Actor Scaler

<latexit sha1_base64="YuE9Cpof0VWIXdkwS7Hg1bRQnCg=">AAAB8HicdVDLSgMxFM3UV62vqks3wSIIwjDT17S7ghvdVbCt0o4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTB+Cih64cDjnXu69J4gZVdpxPqzMyura+kZ2M7e1vbO7l98/aKsokZi0cMQieRMgRRgVpKWpZuQmlgTxgJFOMD6f+Z17IhWNxLWexMTnaChoSDHSRrq97Kf6zJ3eFfv5gmMXq55XKkPHrpTKnlsxpF6vVTwPurYzRwEs0ezn33uDCCecCI0ZUqrrOrH2UyQ1xYxMc71EkRjhMRqSrqECcaL8dH7wFJ4YZQDDSJoSGs7V7xMp4kpNeGA6OdIj9dubiX953USHNT+lIk40EXixKEwY1BGcfQ8HVBKs2cQQhCU1t0I8QhJhbTLKmRC+PoX/k3bRdqt29apcaDjLOLLgCByDU+ACDzTABWiCFsCAgwfwBJ4taT1aL9brojVjLWcOwQ9Yb599k5Aw</latexit>

I2t+1

<latexit sha1_base64="zOwT2WjkIFoEseCvgRCHIa8gRiE=">AAAB8HicdVDLSgMxFM3UV62vqks3wSIIwjDT17S7ghvdVbCt0o4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTB+Cih64cDjnXu69J4gZVdpxPqzMyura+kZ2M7e1vbO7l98/aKsokZi0cMQieRMgRRgVpKWpZuQmlgTxgJFOMD6f+Z17IhWNxLWexMTnaChoSDHSRrq97Kf6zJ3euf18wbGLVc8rlaFjV0plz60YUq/XKp4HXduZowCWaPbz771BhBNOhMYMKdV1nVj7KZKaYkamuV6iSIzwGA1J11CBOFF+Oj94Ck+MMoBhJE0JDefq94kUcaUmPDCdHOmR+u3NxL+8bqLDmp9SESeaCLxYFCYM6gjOvocDKgnWbGIIwpKaWyEeIYmwNhnlTAhfn8L/Sbtou1W7elUuNJxlHFlwBI7BKXCBBxrgAjRBC2DAwQN4As+WtB6tF+t10ZqxljOH4Aest098D5Av</latexit>

I1t+1

Av
g 

/ M
ax

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

 
<latexit sha1_base64="Te1n5Oyi8wSVWJGQ1aUkgSn40CI=">AAAB6XicdVDLSsNAFL3xWeur6tLNYBFdhaTG1u4KblxJFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6N04egogcuHM65l3vvCRLOlHacD2tpeWV1bT23kd/c2t7ZLeztN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjC6nfuueSsVicafHCfUjPBAsZARrI91en/QKRceuVt2S6yHHPqt6nlMxxCt53rmLXNuZoQgL1HuF924/JmlEhSYcK9VxnUT7GZaaEU4n+W6qaILJCA9ox1CBI6r8bHbpBB0bpY/CWJoSGs3U7xMZjpQaR4HpjLAeqt/eVPzL66Q6vPAzJpJUU0Hmi8KUIx2j6duozyQlmo8NwUQycysiQywx0SacvAnh61P0P2mWbLdsl2+8Ys1ZxJGDQziCU3ChAjW4gjo0gEAID/AEz9bIerRerNd565K1mDmAH7DePgFvEY1F</latexit>

N →<latexit sha1_base64="Te1n5Oyi8wSVWJGQ1aUkgSn40CI=">AAAB6XicdVDLSsNAFL3xWeur6tLNYBFdhaTG1u4KblxJFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6N04egogcuHM65l3vvCRLOlHacD2tpeWV1bT23kd/c2t7ZLeztN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjC6nfuueSsVicafHCfUjPBAsZARrI91en/QKRceuVt2S6yHHPqt6nlMxxCt53rmLXNuZoQgL1HuF924/JmlEhSYcK9VxnUT7GZaaEU4n+W6qaILJCA9ox1CBI6r8bHbpBB0bpY/CWJoSGs3U7xMZjpQaR4HpjLAeqt/eVPzL66Q6vPAzJpJUU0Hmi8KUIx2j6duozyQlmo8NwUQycysiQywx0SacvAnh61P0P2mWbLdsl2+8Ys1ZxJGDQziCU3ChAjW4gjo0gEAID/AEz9bIerRerNd565K1mDmAH7DePgFvEY1F</latexit>

N → Learners
Actors
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Learner function
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 Agent categorization for sharing

 Scaling actors
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Baselines

Ray RLlib [1]

MARLlib [2]

Metrics

Episodic reward

Training cost ($)

Benchmarks

Simple-spread

Simple-adversary

MPE [3] SMAC [4]

8m

3s5z

Implementation

Ray RLlib

Docker Containers


AWS EC2



Testbeds & Clusters
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Default Testbed

AWS c6a.16xlarge instance, 

64 vCPU cores


128 GB memory

Large-Scale Testbed

15 x AWS c6a.32xlarge instances

1,920 vCPU cores

3,840 GB memory

AWS g5.16xlarge instance, 

8 NVIDIA A10G tensor cores


24 GB VRAM



Overall Performance - Algorithm Baselines
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Vanilla MARLess

Up to 1.27x 

Speedup



Overall Performance - Algorithm Baselines
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(a) Actor scalability in HPC cluster

(b) Model size scalability

Large-Scale Testbeds:  
15 x AWS c6a.32xlarge 
instances

Each with 

128 vCPU cores 

256 GB memory


Algorithms: 
IPPO, IQL, MAPPO, VDN 

Environment: 
MPE simple-spread



Improving Large-Scale Scientific MARL [1]
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[1] H. Bae; et al. Scientific Multi-agent Reinforcement Learning for Wall-models of Turbulent Flows. Nature Communications 2022 Vol. 13
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Dynamic Learner Sharing

Actor Scaling

Multi-Algorithm Compatible

MARLess
Up to 1.27x
Training speed improvement

Up to 68%
Training cost reduction

Compared to algorithm baselines,
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