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Short Abstract

The number of devices connected to the Internet of Things has been expanded rapidly. This issue has caused a significant increase in the computational
load in the networks. To overcome this challenge, cloud computing was presented as a suitable solution. However, cloud computing suffers significant
delay to process workloads. Processing workloads at the edge of the network and locally leads to reduced latency. But due to the limitation of computing
resources at the edge, managing and optimizing resources is considered one of the main challenges. Therefore, in addition to distributing the workloads
at the edge of the network and maintaining the balance between energy consumption and delay, the limitation of resources such as memory consumption
should be considered. In this paper, an online method based on XCS learning classifier systems (LCS), named TinyXCS, and an offline method based
on decision tree, named TinyDT, are proposed to balance energy consumption and reduce delay in processing workloads considering the memory
limitation at edge. The experimental results show the superiority of TinyXCS and TinyDT over similar methods. The simulation shows that in addition
to workload distribution, the proposed methods can simultaneously reduce delay and energy consumption and create a compromise between them and
memory consumption.
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1-  Short Introduction

As the Internet of Things continues to expand and the number of connected devices increases, the volume of information generated by these devices is
also growing. This poses challenges for network. To address this issue, cloud-fog-edge computing is employed to effectively manage and store this vast
amount of information. In this article, we consider the quality of service and the benefits of edge computing, such as the close proximity of computing
resources to objects and minimal latency. We propose the utilization of machine learning models to achieve balanced workload allocation at the
network's edge. But due to the limitation of computing resources at the edge of the network, we have to use tiny machine learning models.

2-  Proposed Work and Methodology

In this work, two methods are proposed for workload allocation according to the quality of service and the limitation of computing resources in edge
devices. The first method uses an XCS algorithm with limited memory consumption called TinyXCS as a method that does not know the future of the
system (online) to allocate workloads at the edge of the network. The main goal of XCS is to create a complete and accurate map of the problem space.
In the XCS algorithm, a learning problem is defined as an action selection problem that the agent must choose an action to solve. Using a reinforcement
learning algorithm, the agent tries to select the best action from a set of actions for the problem, and then the rules for this action are updated with the
aim of increasing accuracy. In this research, the algorithm is employed to make informed decisions in determining the manageable workload at the
network's edge. According to the modelling, the input of the problem, which is also known as the network status, includes the input load, network
congestion, and the battery status, which is determined according to green energy. Furthermore, the problem's output, which is the load that can be
processed at the edge, is implemented as an action within the environment. The second method is a tiny machine learning model based on a decision
tree called TinyDT. In this model, it is known as an offline system due to the model's knowledge of the future situation. In this model, the initial step
involves training a decision tree model using the input dataset. This dataset comprises input load parameters, network congestion, energy, and processing
load. Subsequently, the system utilizes this trained model to make decisions. Both methods take into account the constraint of limited computing
resources on edge devices and provide the ability to manage the memory consumption in these systems. The results obtained from the TinyXCS model
demonstrate that, even with a 50% reduction in memory compared to similar models, the delay cost converges to 3 milliseconds. Also, the offline model
of TinyDT with a maximum memory of 3 KB has a maximum delay of 4 milliseconds

3-  Conclusion

We introduced a method to optimize the distribution of workloads and balance the latency and consumption of energy and computing resources at the
edge. In the proposed method, first an LCS called TinyXCS and then a reduced decision tree model called TinyDT were used. The proposed methods
showed that in addition to improving energy consumption and delay, they are compatible with the limitation of computing resources at the edge of the
network.
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Input: condition
//a@®),C(8),B(t)
Output: action for workload allocation in Edge layer
//B(®)
1 input « state of environment
M « CreateMachSet(P)
PA < BuildPredictionArray(M)
A « BuildActionSet(action_selection_strategy, PA)
action « SelectAction(A)
environment < Perform(action)
environment « Reward()

P = previous_reward + discount_factor
* max_prediction

0 ~N O 0w

9 UpdateSet (P, previous_action_set)
10 | If (flag and UseGenericAlgorithm(action_set)) do
11 | GenericAlgorithm(4, previous_input)
12 | EndlIf
13 previous_action_set « A
14 | previous_reward « environment of reward
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Input: data

//a@®),B(0),C(1), B(t)

Output: prediction and decision for workload allocation in Edge layer
1| TinyDT < MaxDepth and MinSamples

//memory management parameters in tree

2 Class Node

//init value

3 label « label of Node

4 children « list of subtrees

5 decision < decision index

6 End Class

7| If (TinyDT) do

8 For (x in data) do

9 | label = CreateLabel(x)
10 End For
11 Node(label) « label
12 | EndlIf

13 | best_decision_index < FindingBestDesicion(data)
14 | root « Node(None)

15 root. decision « best_decision_index

16 subtrees « SplitDataSet(data, best_decision_index)
17 | For (subtree in subtrees) do

18 child = DecisionTreeTrain(subtree, TinyDT)
19 children. append(child)

20 root < children.value

21 | End For
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