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Submitted to Soft Computing journal:

A Reinforcement Learning-Based Configuring Approach in Next Generation Wireless
Networks Using Software Defined Metasurface.
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! Wireless Communication

? Electromagnetic

* Wired Communication

* Very Large Scale Integration

® Code Division Multiple Access(CDMA)


https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%AF%D9%88%D9%86_%D8%B1%D8%A7%D8%A8%D8%B7_%D8%B3%DB%8C%D9%85&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D8%A7%D9%85%D9%88%D8%A7%D8%AC_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%D9%88%D9%85%D8%BA%D9%86%D8%A7%D8%B7%DB%8C%D8%B3%DB%8C
https://fa.wikipedia.org/wiki/%D8%AA%D9%84%DA%AF%D8%B1%D8%A7%D9%81
https://fa.wikipedia.org/w/index.php?title=%D8%A8%DB%8C%E2%80%8C%D8%B3%DB%8C%D9%85%E2%80%8C%D9%87%D8%A7&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%A7%D9%86%D8%AF%D9%87%D8%A7%DB%8C_%D9%81%D8%B1%DA%A9%D8%A7%D9%86%D8%B3%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%AA%D9%88%D8%A7%D9%86%E2%80%8C%D9%87%D8%A7%DB%8C_%D8%A7%D8%B1%D8%B3%D8%A7%D9%84&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%AF%D8%B1%DB%8C%D8%A7%D9%81%D8%AA_%D9%85%D8%AA%D9%81%D8%A7%D9%88%D8%AA&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D8%B3%D8%A7%D9%85%D8%A7%D9%86%D9%87_%D9%85%D9%88%D9%82%D8%B9%DB%8C%D8%AA%E2%80%8C%DB%8C%D8%A7%D8%A8_%D8%AC%D9%87%D8%A7%D9%86%DB%8C
https://fa.wikipedia.org/wiki/%D8%AF%D8%B3%D8%AA%DA%AF%D8%A7%D9%87%E2%80%8C%D9%87%D8%A7%DB%8C_%DA%A9%D9%86%D8%AA%D8%B1%D9%84_%D8%A7%D8%B2_%D8%B1%D8%A7%D9%87_%D8%AF%D9%88%D8%B1
https://fa.wikipedia.org/wiki/%D8%AF%D8%A7%D8%AF%D9%87
https://fa.wikipedia.org/wiki/%D9%86%D8%B3%D9%84_%D8%AF%D9%88%D9%85_%D8%B4%D8%A8%DA%A9%D9%87_%D8%AA%D9%84%D9%81%D9%86_%D9%87%D9%85%D8%B1%D8%A7%D9%87
https://fa.wikipedia.org/wiki/%D8%AF%D8%B3%D8%AA%D8%B1%D8%B3%DB%8C_%DA%86%D9%86%D8%AF%DA%AF%D8%A7%D9%86%D9%87_%D8%AA%D9%82%D8%B3%DB%8C%D9%85_%DA%A9%D8%AF%DB%8C
https://fa.wikipedia.org/wiki/%D8%B5%D9%88%D8%AA
https://fa.wikipedia.org/wiki/%D9%86%D8%B1%D8%AE_%D9%85%D8%AE%D8%A7%D8%A8%D8%B1%D9%87
https://fa.wikipedia.org/w/index.php?title=%D8%AA%D8%A3%D8%AE%DB%8C%D8%B1_%D8%B2%D9%85%D8%A7%D9%86%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%AA%D8%A3%D8%AE%DB%8C%D8%B1_%D8%B2%D9%85%D8%A7%D9%86%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D9%86%D8%B3%D9%84_%D8%B3%D9%88%D9%85_%D8%B4%D8%A8%DA%A9%D9%87_%D8%AA%D9%84%D9%81%D9%86_%D9%87%D9%85%D8%B1%D8%A7%D9%87
https://fa.wikipedia.org/wiki/%D9%86%D8%B3%D9%84_%DA%86%D9%87%D8%A7%D8%B1%D9%85_%D8%B4%D8%A8%DA%A9%D9%87_%D8%AA%D9%84%D9%81%D9%86_%D9%87%D9%85%D8%B1%D8%A7%D9%87
https://fa.wikipedia.org/wiki/%D8%A8%DB%8C%D8%AA_%D8%A8%D8%B1_%D8%AB%D8%A7%D9%86%DB%8C%D9%87
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https://fa.wikipedia.org/wiki/%D8%A8%DB%8C%D8%AA_%D8%A8%D8%B1_%D8%AB%D8%A7%D9%86%DB%8C%D9%87
https://fa.wikipedia.org/wiki/%D8%AA%D8%AC%D8%A7%D8%B1%D8%AA_%D9%87%D9%85%D8%B1%D8%A7%D9%87
https://fa.wikipedia.org/wiki/%D9%87%D9%88%D8%A7
https://fa.wikipedia.org/wiki/%D8%AA%D8%AF%D8%A7%D8%AE%D9%84_(%D9%85%D8%AE%D8%A7%D8%A8%D8%B1%D8%A7%D8%AA)
https://fa.wikipedia.org/wiki/%D9%85%D8%AD%D9%88_%D8%B4%D8%AF%DA%AF%DB%8C
https://fa.wikipedia.org/wiki/%D8%AA%D8%AF%D8%A7%D8%AE%D9%84_(%D9%85%D8%AE%D8%A7%D8%A8%D8%B1%D8%A7%D8%AA)
https://fa.wikipedia.org/wiki/%DA%A9%D8%A7%D9%86%D8%A7%D9%84
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! Wireless Local Area Networks (WLAN)


https://fa.wikipedia.org/wiki/%D8%B4%D8%A8%DA%A9%D9%87_%D8%B1%D8%A7%DB%8C%D8%A7%D9%86%D9%87%E2%80%8C%D8%A7%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D9%87_(%D8%B4%D8%A8%DA%A9%D9%87)
https://fa.wikipedia.org/wiki/%D8%B4%D8%A8%DA%A9%D9%87
https://fa.wikipedia.org/wiki/%D8%A8%DB%8C%E2%80%8C%D8%B3%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D8%A8%DB%8C%E2%80%8C%D8%B3%DB%8C%D9%85
https://fa.wikipedia.org/w/index.php?title=%D8%B4%D8%A8%DA%A9%D9%87_%D8%A7%D8%B1%D8%AA%D8%A8%D8%A7%D8%B7%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D9%87
https://fa.wikipedia.org/wiki/%D8%B4%D8%A8%DA%A9%D9%87_%D8%B1%D8%A7%DB%8C%D8%A7%D9%86%D9%87%E2%80%8C%D8%A7%DB%8C
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! Reinforcement Learning (RL)
? Genetic Algorithm
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* Action

* Multi Agent Reinforcement Learning (MALR)
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! Artificial intelligence
2 Scalability

¥ Overhead

* Switch

® Gateway

® Server
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! Machine learning

? Classification

® Estimation

* Detection

% Supervised learning

® Unsupervised learning
" Labels

® Deep learning
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! Decision Tree

2 Gaussian mixture models
% K-nearest neighbour

* Support vector machine
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! Decoding

? Orthogonal Frequency-Division Multiplexing
% Localization

* Routing

% Feed-forward neural network

® Densities

" Noise levels
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! Network Agility

? Graphics Processing Unit
® Distributed learning

* On-device

® Federated learning

® Local

" Global
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! Network Adaptability

2 Transfer learning

¥ Deep transfer learning

* Software-Defined Metasurface
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! Support Vector Machines (SVMs)
2 Decision Tree

® Clustering

* Classification

> Maze

® Goal
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! Nondeterministic
? Exploration
* Exploitation
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Abstract

With the increasing use of smart wireless devices and the advent of the loT idea,
wireless communication systems are faced higher data rates as well as better quality
services. To achieve such a high data, the wireless networks should be work at high
frequencies, such as millimeter and THz bands. On the other hand, with increasing
frequency, the waves are not able to pass through obstacles such as walls and are lost in
the environment that cause less penetration depth. Multi-path fading also limits the use
of such high frequencies of electromagnetic waves due to the interaction of signals from
several different paths in the air from the transmitter to the receiver. To control this, the
researchers came up with the idea of covering objects in the environment with
Software-Defined Metasurface to turn publishing environments into a programmable
environments. In this method, all the walls are covered with pieces of the same size
from the Metasurface, called tiles. The main challenge is that the environment can
change during the communication, for example a sudden obstacle blocks the signal
path, this management must be adaptive. This paper, the use of Reinforcement Learning
(RL) algorithm to create such an environment is presented. Since an agent in the RL
algorithm gradually interacts with the environment, it can be better decision, especially
when the environment changes. The results of the proposed method are compared with
the previous work, which used a genetic algorithm to create a programmable
environment. In the previous work, the average of the received power for 12 receivers is
25.38 dBmW and the reinforcement learning method in this paper, increases the average
of the received power by 12%.

Keywords:  Software-Defined Metasurface (SDM), Programmable Wireless
Environment (PWE), Reinforcement Learning (RL), Agent, Electromagnetic waves.
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