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Motivation

For resource-constrained machine-type devices (MTDs) in industrial
wireless networks (IWNs), it is a challenge to process computation-
intensive and delay-sensitive data locally.

Within the centralized cloud computing paradigm, offloading data from
MTDs to the cloud server triggers significant communication delay,
which is intolerable for real-time applications.

Within the multi-access edge computing paradigm, centralized
intelligence triggers significant delay and energy consumption during
the collection of global system information, which may be intolerable for
real-time applications.

Distributed MTDs have potential advantages to achieve swarm
intelligence. Every MTD acts as an independent agent that can easily
observe its local system information, and the cooperation among
multiple MTDs can achieve logical resource allocation, and adapt to the
dynamic end—edge orchestrated IWWNs.



Contributions

® Considering the diverse constraints on resource allocation, we apply a
Markov decision process to formulate the joint optimization of delay
and energy consumption, and use multi-agent deep reinforcement
learning (MADRL) to learn an effective resource allocation policy for
minimizing the system overhead with respect to delay and energy
consumption.

® To ensure that the training data are independent and identically
distributed while accelerating the learning process of the MADRL-
based resource allocation (MADRL-RA) algorithm, we design a
weighted experience replay to store and sample experiences
categorically.

® To balance the exploration and exploitation of knowledge about IWNs,
we propose a step-by-step e-greedy method to adjust the probabilities
of exploration and exploitation dynamically.



System model

® Data of the m'" MTD is denoted as D, ={d, c,.}
® Transmission power of the m" MTD is denoted as p,,€{0, P}
® End computing:
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Problem formulation
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MADRL-RA algorithm

® Every MTD acts as an independent agent that can easily observe its local
system information, and the cooperation among multiple MTDs can achieve

logical resource allocation, and adapt to the dynamic end—edge orchestrated
IWNSs.
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MADRL-RA algorithm

® For an independent agent, the actor is used to generate action, and the critic is
used to guide the actor in generating a better action. The experience memory
is used to store experiences for training the actors and critics.
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Major results

® MADRL-RA can adapt to the changes of edge server computing capacity, data
size, required computing resources, and the number of devices, learn the optimal
resource optimization strategy, and achieve the minimum system overhead.
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Major results

® By setting different weight factors, MADRL-RA can optimize resource allocation
to satisfy heterogeneous industrial applications in terms of different delay or
energy consumption.
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Conclusions

® \We regarded distributed MTDs as multiple self-learning agents to deal
well with dynamic and time-varying end—edge orchestrated IWNs.

® \We proposed the MADRL-RA algorithm to learn an end—edge
orchestrated resource allocation policy for minimizing system
overhead with respect to delay and energy consumption.

® Compared with FEC, NEC, and DQN, MADRL-RA can learn the
effective resource allocation policy and adapt to changes in the
computation capacity of edge servers, data size, required computation
resource, and the number of MTDs.

® By setting different weight factors, we can optimize resource allocation
to satisfy heterogeneous industrial applications in terms of different
delay or energy consumption.
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