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Abstract: Wireless traffic prediction is critical to the intelligent operation of cellular networks, such
as load balancing, congestion control, value-added service promotion, etc. However, the BTS data
in each region has certain differences and privacy, and centralized prediction needs to transmit a
large amount of traffic data, which will not only cause bandwidth consumption, but may also cause
privacy leakage. Federated learning is a kind of distributed learning method with multi-client joint
training and no sharing between clients. Based on existing related research, this paper proposes a
gradient similarity-based federated aggregation algorithm for wireless traffic prediction (Gradient
Similarity-based Federated Aggregation for Wireless Traffic Prediction) (FedGSA). First of all, this
method uses a global sharing enhanced data strategy to overcome the data heterogeneity challenge
of multi-client collaborative training in federated learning. Secondly, the sliding window scheme is
used to construct the dual channel training data to improve the feature learning ability of the model;
In addition, to improve the generalization ability of the final global model, a two-layer aggregation
scheme based on gradient similarity is proposed. The personalized model is generated by comparing
the gradient similarity of each client model, and the central server aggregates the personalized
model to finally generate the global model. Finally, the FedGSA algorithm is applied to wireless
network traffic prediction. Experiments are conducted on two real traffic datasets. Compared with
the mainstream Federated Averaging (FedAvg) algorithm, FedGSA performs better on both datasets
and obtains better prediction results on the premise of ensuring the privacy of client traffic data.

Keywords: wireless traffic prediction; federal learning; Fed Avg; deep learning; gradient similarity

1. Introduction

According to the State Ministry of Industry and Information Technology, as of the
end of August 2022, 1,854,000 5G base stations have been completed and opened nation-
wide. Indeed, 5G networks play an essential role in realizing application scenarios such as
AR, Telematics, and 4K TV, but 5G base station construction also faces problems such as
difficulty and long investment cycles, etc. If we can accurately understand the different
demands and growth trends of network traffic in each region, we can allocate network
resources and reasonably plan the construction of 5G base stations. Meanwhile, the devel-
opment and application of big data and artificial intelligence technologies are very effective in
improving the quality of service (QoS) of access and core networks [1]. The application of arti-
ficial intelligence in the convergence of communication networks is significant for the accurate
prediction of wireless traffic. Wireless traffic prediction estimates future traffic data volumes
based on historical data and provides a decision basis for communication network manage-
ment and optimization [2], and, based on the predicted traffic data, proactive measures can
be taken to alleviate network congestion and improve network operation performance.
In addition, common heterogeneous service requirements can be well met in future 6G
communication networks by wireless traffic prediction at a lower cost [3].
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Existing centralized traffic prediction methods require large and frequent interactions
to share data from various regions for learning prediction. In real-world applications, it
is difficult to achieve sufficient data sharing across enterprises due to multi-level privacy
factors, i.e., the existence of data silos. A large number of data interactions also poses a
huge communication overhead and risk of privacy leakage, and the centralized training
data model poses a huge challenge to the computational and storage capacity of the central
server. The implementation and application of Federal Learning (FL) provide a new way
of thinking for traffic prediction models. Specifically, FL provides a distributed training
architecture that can be jointly applied with many machine learning algorithms, especially
deep neural networks, based on which local data can be effectively learned and global
models can be obtained by iteratively aggregating local training models, which can also
share the data information of the clients while protecting the privacy of the training client
data, thus obtaining more accurate prediction results.

FL has been studied in the field of wireless traffic prediction, but there are still many
challenges and problems. First, the client data of collaborative learning in FL has certain
heterogeneity, i.e., Non-Independent Identically Distribution (Non-IID) characteristics, and
the effective solution of the data heterogeneity problem is a prerequisite for the effective
execution of the federal learning algorithm. In addition, the generalization performance of
the global model generated by the final aggregation in FL traffic prediction largely determines
the model prediction capability. In 2017, the federal average [4] algorithm proposed by Google
uses the average aggregation approach for the integration of model parameters across edge
nodes, but the strategy does not consider the differences between edge computing nodes,
and the average global aggregation weights will undoubtedly reduce the generalization
effect of the global model. Based on the above problems, this paper proposes a new wireless
network traffic prediction method, called Federated Gradient Similarity-based Aggregation
Algorithm for Wireless Traffic Prediction (FedGSA), which can collaboratively train multiple
base stations and provide them with high-quality prediction models, including an enhanced
data strategy based on global incremental integration, a two-channel training data scheme
using sliding window construction, and a gradient aggregation mechanism to cope with
data heterogeneity and global model generalization in FL.

Paper Organization and Contribution:

In this paper, we study the application of federation learning in wireless network
traffic prediction. To achieve this goal, this paper addresses research-related issues in the
following article sections. In Section 2, we discuss recent developments and applications of
federation learning and wireless network traffic prediction. Then, in Section 3, we discuss
the specific implementation details of the methodological techniques used in our proposed
framework. Subsequently, in Section 4, we show the details of the experiments and the
conclusions of the comparative analysis with existing methods.

Based on the proposed FedGSA framework and the descriptions in previous articles,
the contributions of this paper can be summarized as follows:

e  To balance the individuality of clients and the correlation characteristics among multi-
ple clients to obtain a global model with better generalization capability, we propose a
two-layer global aggregation scheme based on gradient similarity, which quantifies
the client similarity relationship by calculating the Pearson correlation coefficient of
each client’s gradient to guide the weighted aggregation on the server side;

e  Toaddress the problem of statistical heterogeneity between traffic patterns collected
by different clients, which can lead to difficulties in generalizing the global model, we
introduce a quasi-global model and use it as an auxiliary tool in the model aggrega-
tion process;

o Considering the time-dependent characteristics of base station network traffic, we
use a sliding window strategy here to represent the traffic of each time slot as a two-
channel Tensor matrix, and divide the historical traffic data into adjacent time traffic
data and periodic daily historical traffic data;
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e  We conducted validation experiments on two publicly available real datasets and
compared and analyzed the experimental results with existing experimental methods.

2. Related Work

As the present work is closely related to wireless traffic prediction and FL, we re-view
the most related achievements and milestones of these two research topics in this section.

2.1. Federated Learning

Federated Learning (FL), first proposed by Google in 2016, provides a collaborative
training architecture based on deep learning. FL is a distributed learning framework in
which raw data is collected and stored on multiple edge clients, and model training is
locally performed on the clients, and then the models are progressively optimized to learn
the models through client interaction with a central server. Its classical architecture diagram
is shown in Figure 1.
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Figure 1. Classic architecture of federated learning.

As shown in Figure 1, the global model is initialized by the client application and
trained based on local data, and the local model is obtained after the local training is
completed, and its parameters or gradient information is uploaded to the central server,
which aggregates the local client model based on the aggregation algorithm to generate
a new global model, and then sends the new round of global models to each edge client
again to iterate the above process until the final global model is obtained.

It is shown that the performance of federated learning is similar to that of centralized
learning when the client data have Independent Identically Distributed (IID) characteris-
tics. However, when the multi-client data are Non-IID, the performance of the federation
learning algorithm is significantly reduced. Therefore, solving the problem of statistical
heterogeneity of data is an urgent prerequisite to be addressed before deploying feder-
ated learning algorithms. To address this issue, a data-sharing strategy is proposed in the
literature [5] for creating a globally shared data subset to integrate the local data features of
the participating training clients to overcome the data heterogeneity challenge faced by FL.
In addition, how to aggregate each client model to the global model while ensuring its
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generalization capability is a critical issue in federation learning. FedAvg is currently the
mainstream federation aggregation scheme, the core idea of which is to weight the average
of each local model participating in the aggregation according to the ratio of the amount of
data each client has to the total training data, and its process can be described as:
Assuming K clients participate in federation training, each client has multiple training
data volumes #n; and local model weights w,tfl in the (t + 1)st global iteration, and the

FedAvg aggregation approach can be expressed as Equation (1):

t+1 K Mg 441
wc+ = Z ;wlf ey
k=1

where thH is the global model parameters after the t + 1 st communication aggregation, n

K
denotes the total amount of data for K clients and )~ n; = 1, and w denotes the parameters
k=1
of the local model of the kth client at t + 1 communication rounds.

However, in the federation learning aggregation process, FedAvg’s aggregation ap-
proach by averaging the model parameters or gradients across clients is difficult to guar-
antee the generalization ability of the global model generated by the final aggregation,
in addition to the fact that federation learning cannot observe the amount of data from
the clients of edge computing nodes. Therefore, the aggregation weight assignment using
the actual data volume is difficult to achieve, and the quantity of data does not represent
the quality of data. To address this problem, this paper proposes a federated aggregation
scheme based on gradient similarity, which considers the similarity of gradient information
among individual clients and performs two-level aggregation of client models based on
similarity knowledge. The simulation experiments show that the scheme can achieve
better results.

2.2. Wireless Traffic Prediction

Accurate traffic modeling and forecasting capabilities play an important role in wire-
less services, and research related to wireless traffic forecasting has received significant
attention. Wireless traffic prediction is essentially a time series prediction problem. The so-
lution methods can be broadly classified into three categories, namely, simplex methods,
parametric methods, and non-parametric methods.

The historical average method and the simplex method are the representatives of the
first type of method. The two methods use the average value of historical data and the last
observation as the prediction value, respectively. This type of prediction method does not
require complex calculations and is easy to implement, but it cannot capture the hidden
patterns of the wireless traffic and the prediction performance is relatively poor.

For the second category, i.e., parametric methods, tools based on statistics and probabil-
ity theory are used to model and forecast wireless services, among which the most classical
method is the Auto-Regressive Integrated Moving Average (ARIMA). In order to character-
ize the self-similarity and burstiness of wireless traffic, the authors explored ARIMA and
its variants in the literature [6,7]. In addition to ARIMA models, literature [8-10] explored
alpha-stable models, entropy theory, and covariance functions to perform wireless traffic
forecasting, respectively.

With the rapid development of machine learning and artificial intelligence techniques,
nonparametric methods have become a strong contender among wireless traffic predic-
tion methods. In particular, research on wireless traffic prediction based on deep neural
networks has attracted great attention. In the literature [11], the authors designed a traffic
prediction model based on a multi-channel sparse long-term short-term memory network
to capture multi-source network traffic information and improve the ability of deep neural
network models to capture important features. In [12], the authors designed a Generative
Adversarial Network (GAN) traffic prediction method and separately captured traffic
spatio-temporal features and base-station-type features, input the spliced features into
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the composite residual module to generate predicted traffic, judge the generated traffic
by the discriminative network, and then generate highly accurate predicted traffic by the
generative network after the game confrontation between the generative network and the
discriminative network.

To effectively extract spatial and temporal features, a joint spatio-temporal prediction
model based on neural networks has been proposed in the literature [13], which uses graph
convolutional networks to extract complex topological spatial features in a targeted manner,
while using gated cyclic units to extract temporal features of the traffic. City-scale wireless
traffic forecasting is also studied in the literature [14], where the authors introduce a new fore-
casting framework by modeling the spatio-temporal correlation of cross-domain datasets.

The above work mainly uses centralized wireless traffic prediction, and to address
the problems of communication overhead, privacy leakage, and data silos in centralized
prediction schemes, this paper implements wireless traffic prediction through distributed
architecture and federated learning.

3. Proposed Framework and Methods

This section may be divided into subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

3.1. Overview

In this section, we describe the proposed FedGSA framework in detail. Figure 2 shows
the overall model framework of FedGSA; specifically, FedGSA has the following steps.

Stepl: The central server generates a quasi-global model based on the enhanced dataset.

Step2: The server sends the quasi -global model to the client.

[Step}: Client trains a local model based on local data and uploads it to the server.

lStep4: Server aggregation into global model based on gradient similarity scheme.

lSlcpS: The server sends a new round of global models to the client.
Step 1
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@) ()
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Figure 2. FedGSA Overall Architecture.

1. First, clients share local augmented data to form an augmented dataset based on
global incremental integration, and a central aggregation server is trained to generate a
quasi-global model based on this dataset and apply it to each client.

2. After each client applies the quasi-global model locally, a sliding window scheme is
used to generate local two-channel network traffic data for each client, and then the client
executes a local training procedure and passes the local model parameter information to
the central aggregation server after the local training is completed.

3. Finally, the central server performs a two-level weighted aggregation of each client’s
network model based on the gradient similarity of each client, and finally generates a
global model.

3.2. Enhanced Data Strategy Based on Global Incremental Integrations

The variability of base station traffic patterns and the mobile characteristics and
communication behaviors of users within the base station range further expand the model
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diversity of wireless services, and the wireless traffic data from different base stations are
highly heterogeneous and non-IID in nature. It is shown that Non-IID client-side data leads
to a degradation of the performance of the federation learning algorithm, since the weight
differences of the client-side model parameters should be considered when performing model
aggregation at the server side. Therefore, this paper uses an augmented data strategy based
on global incremental integration to overcome the traffic data heterogeneity challenge by
creating a small augmented dataset using the original wireless traffic dataset and generating
a global shared dataset.

The augmentation strategy in this paper is as follows. The dataset is first partitioned
into weekly slices based on temporal indexes. For weekly traffic, statistical averages are
calculated for each time point and the obtained results are considered as augmented data,
and finally, the augmented data are normalized as shown in Figure 3.
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Figure 3. Enhanced data strategy.

As can be seen from Figure 2, the employed enhancement strategy is easier to imple-
ment and generate enhanced data than the traditional time-domain or frequency-domain
time-series data enhancement strategies [15]. It has been experimentally proven to provide
an effective solution to the problem of data heterogeneity.

During the training process, each base station sends a small fraction of its augmented
dataset, say %, to the central server to eventually generate a global dataset that obeys the
original client data distribution. The size of the augmented data is much smaller compared
to the size of the original data. Based on this augmented dataset, a quasi-global model can
be trained and used as prior knowledge for all clients, and the model is trained using the
augmented data for all clients rather than the original data. Even so, due to the high similarity
between the augmented data and the original data, the model can still be used as prior
knowledge for all clients.

3.3. Constructing Two-Channel Sliding Window Training Data

The wireless traffic prediction service in general is: given K base stations, the local
wireless traffic data of each base station can be represented as a dataset, as in Equation (2):

dF = {dk,d",dk,- . ,d’;} @)

where the total time interval is Z; and assuming that d¥ is the target service volume to be
predicted, then the wireless service prediction problem can be described as Equation (3).

d = f(d*_,d*,, -, d5w) (3)

z—1s
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where f(-) denotes the chosen prediction model and w denotes the corresponding parame-
ter. The prediction model f(-) can be in linear form (e.g., linear regression) or in nonlinear
form (e.g., deep neural network).

For wireless network traffic prediction techniques, to reduce data complexity, partial
historical traffic data are usually used as input features, and considering that the base
station network traffic is time-dependent, the traffic of each time slot can be represented as
a two-channel Tensor matrix [16,17].

n
Therefore, based on the wireless traffic dataset d*, a set of input-output pairs {x;‘, yf‘} -
1=
where x¥ denotes the historical traffic data associated with y¥, can be obtained using a
sliding window scheme, and xf-‘ is partitioned into two time channels, i.e., adjacent time

and cycle time channels, which represent the predicted target time adjacent time traffic and
cycle time traffic for the corresponding time points, respectively, as in Figure 4.

Time Dependence
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Figure 4. Two-channel training data.

Defining p as the adjacent time point sequence dependence length, the flow of the

adjacent time series can be expressed as {dk . ,d’z‘_p}, q as the periodic time de-

ko
pendence length, and the periodic historical sampling flow can be expressed as b, y is
periodic. The flow prediction target of this paper is the flow value at the next time point, so

Equation (3) can be described as Equation (4):
7t = () )

The objective of the experiment is to minimize the prediction error on K clients, so the
objective of the traffic prediction can be described as solving for the parameter w under the
optimal solution in Equation (5):

min () = -

=

1(f (<)o) )

n
k=1i=1

where ] is the loss function, which can be expressed as ‘ f (xf‘ ; w) - yf ’

Long Short-Term Memory (LSTM)) has the powerful ability to model time series
datasets, so this paper selects a LSTM Long Short-Term Memory network as the network
model, sets two LSTM network layers, corresponding to the input adjacent time point
dependent sequence traffic data and periodic time series dependent data in turn, after
which the output data features of each channel are spliced, and finally, the features are
mapped to the prediction by a linear layer.
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3.4. Global Aggregation Based on Gradient Similarity

The aggregation process in FL is a key part of model training, and the quality of
aggregation directly affects the strength of the generalization ability of the final generated
global model. The goal of central server-side model aggregation is to obtain a global
model with strong generalization capability across all clients, which should balance client
personalization and correlation characteristics across multiple clients. To achieve this, the
global model should find a balance between capturing the personalized traffic patterns of
the clients and the public shared traffic patterns.

In literature research, it is found that similarity-based weighted fusion schemes have a
wide range of applications in machine learning, such as natural language processing and
transformers in image vision [18], where similarity knowledge can tap potential correlations
among different clients, and FedGSA quantifies client similarity relationships by calculating
Pearson correlation coefficients for each client gradient to guide the server-side weighting
of client models for aggregation.

The Pearson correlation coefficient is used to describe the degree of linear correlation
between two variables, i.e., the larger the absolute value of the correlation, the stronger the
correlation, and the value is [—1, 1]. The Pearson correlation coefficient is the ratio of the
covariance to the standard deviation, and the Pearson correlation coefficient for a set of
data (x,y) is calculated as:

(6)

where N denotes the number of values of the variable.

Here, we use gradient information to measure the similarity between individual client
models, rather than based on the original traffic data of each client itself. The central server
uses the similarity relationship between the gradients of the individual client models to
guide the clients in generating personalized models, thus helping to moderate their impact
on global aggregation (i.e., reduce variance), and the aggregation principle of FedGSA can
be described as follows:

Assuming K clients involved in training, after ¢ rounds of global iterations, then in
t + 1 rounds, each client is trained based on the quasi-global model obtained under T

rounds using local data to obtain its local model parameters {w,i“ },Ile , and the central

server in the aggregation phase has two layers of aggregation for the client models:

The first layer of aggregation aims to capture the similarity relationship between each
client and quantify the impact of each client on the global model by assigning weights to its
Pearson correlation coefficients among the clients, and for each client, a personalized model
is formed based on its gradient similarity relationship with other clients using Equation (7):

K

~f+1 t+1

wk+ = Zpk,rwr+ (7)
r=1

The second layer performs aggregation among the personalized models: the central
server generates a new round of quasi-global models based on the final aggregation of
Equation (8):

1 _ Lo
wi! = X w, " (8)
k=1

where o , denotes the Pearson correlation coefficient between two models of K clients, @,ﬁ“
denotes the new personalized model parameters of each client obtained in ¢ 4- 1 round after
the weighting operation of comparing the gradient similarity of each client in the round,
and thH denotes the quasi-global model parameters finally generated in the round.

Algorithm 1 describes the execution process of Fed GSA:
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Algorithm 1: FedGSA Implementation Process

Input:

The wireless traffic data {xk, yk}:=1 ; the clients share the enhanced data and form the globally

shared dataset Dj; the percentage of selected clients is 8, and the client learning rate is 7.
Output: Global Model wg.
Obtain w by using D//Get the quasi-global model wq and send it down to the client
1 foreachround t = 1,2, ..., do

2 m e max (K-6,1)

t+1

end for

N O G = W

S¢ «Randomly selected m-base stations
for each client k € S; do
witt « wi — nwt//Client local update model

Obtain wi*!//Get the client local model

8 | Obtain Wi by using Equation (5)//First aggregation to obtain personalized models for each client

9 end for

10 Obtain wit! byusing Equation (6)//Second aggregation, get the global model

11 Return wg

4. Experiments and Conclusions

In this paper, two real datasets were selected to learn and train clients by combining
federal learning mechanisms with LSTM long and short-term memory networks. To verify
the feasibility and effectiveness of the method in this paper, some traditional network
models based on LSTM, Lasso, Support Vector Regression (SVR), and FedAvg traffic
prediction methods were selected for comparative analysis. Except for the shallow learning
algorithm, the FedAvg algorithm and the structure of this experimental network remained
consistent.

4.1. Dataset and Evaluation Metrics

This paper used the Trento and Milano telecommunication activity datasets provided
by Telecom Italia in the European “Big data challenge” [19,20], and used the network traffic
records of these two regions as the raw data for traffic prediction. The cellular networks for
cellular user activity recorded traffic every ten minutes for two months from 11 January
2013 to 1 January 2014. For the experiments in the following subsections, the network
traffic was resampled to hourly to avoid data sparsity issues.

To evaluate prediction performance, three widely used regression metrics were adopted
in this paper, i.e., mean squared error (MSE), mean absolute error (MAE), and R-squared
score:

1.  Mean Absolute Error (MAE): Is the average of the absolute error, which can better
reflect the actual situation of the prediction value error. The range is [0, +0), as in
Equation (9):

18 .
MAE = EZ\%‘ — 7l )
=

2. Mean Square Error (MSE): Is the square of the difference between the true value and
the predicted value, and then the average of the summation is used to detect the
deviation between the predicted and true values of the model, and its range is as in
Equation (10):

12 .
MSE = ), (vi = 9:) (10)
i=1
where, in MAE and MSE, §j; denotes the predicted value of wireless traffic at the time
i and y; denotes the true value at the corresponding time.
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3. R-squared score: the R-squared score is applied to regression problems with values
between 0 and 1. The closer to 1 indicates a better fit and is generally expressed as R?,
as in Equation (11):

(11)

The numerator represents the Residual Sum Of Squares (RSS) and the denominator
represents the Total Sum of Squares (TSS).

4.2. Experimental Settings and Overall Results

Experiments were conducted with 100 randomly selected cells from each dataset, and
eight weeks of traffic data were randomly selected for the experiments, where the traffic
of the first seven weeks was used for training the prediction model and the traffic of the
last week was used for testing. In constructing the two-channel training samples using the
sliding window scheme, both the temporal channel dependency length and the periodic
channel dependency length were set to 3. A total of 100 rounds of communication were
conducted between the local client and the central server, and the initial learning rate was
set to 0.001, the local training batch size was set to 20, and 10% of the total samples were
randomly selected in each round for the client samples to locally participate in the training
and report the results of the last round, and had different results according to the different
data sharing ratios in the shared data strategy; see Table 1. It can be seen from Table 1
that even if only 1% of the augmented data were shared, the performance of FedGSA, the
method proposed in this paper, still outperformed other baseline methods in both datasets.

Table 1. Comparison of MSE and MAE prediction performance of different methods on two datasets.

Trento Milano
Methods

MAE MSE MAE MSE
Lasso 1.5391 5.9121 0.5475 0.4380
SVR 1.0470 5.9080 0.2220 0.1036
LSTM 1.1193 4.6976 0.2936 0.1697
FedAvg 1.0668 4.7988 0.2319 0.1096
FedGS A (B =1%) 1.0455 4.5269 0.2322 0.1089
FedGS A (B = 50%) 0.9723 4.2330 0.2285 0.1078
FedGS A(B = 100%) 0.9572 4.0257 0.2260 0.1054
Improve 110% 116% 13% 14%

Specifically, for the results on the Trento dataset, the present experimental algorithm
(FedGSA) provides MAE and MSE gains of 10% and 16%, respectively, compared to the
best performing method in the baseline (i.e., FedAvg). Similarly, for the Milano dataset,
the FedGSA performance gains (MAE, MSE) are 3% and 4%, respectively. Furthermore,
observing Table 1, it can be found that the prediction performance of FedGSA keeps
improving with the increase in the shared enhanced data size, i.e., as shown in Figure 5a,b.
This is because the initialized quasi-global model can better capture the traffic patterns
when more data samples are available. Unless otherwise stated, the following experimental
results in the article default to the results at § = 100%.
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Figure 5. (a) describes the performance indicators on the Trento dataset; (b) describes the performance

indicators on the Milano dataset.

To further evaluate the prediction capabilities of different algorithms, comparisons
between the predicted and real network traffic values derived using different prediction
algorithms for randomly selected base stations on the Trento and Milano datasets are pre-
sented in Figures 6 and 7, respectively, which include the Cumulative Distribution Function
(CDF) results of the absolute prediction errors, and this experiment chooses FedAvg as
the benchmark for performance comparisons because it achieves the best performance
among all the baseline methods in Table 1. As can be seen in Figures 6 and 7, the FedGSA
prediction capability outperforms the popular Fed Avg algorithm.

W ¢ :
i —— FedGSA
FedAvg

<
W
—

Percentage

100 150 0 0.5 1 1.5 2

Time index/h Absolute error

(a) (b)

Figure 6. (a) describes the traffic comparison on the Trento dataset; (b) describes the results of the on

cumulative distribution function (CDF) on the Trento dataset.

For the prediction error, in the Trento dataset, for example, FedGSA has about 95%
errors less than 0.3, while Fed Avg has about 89%, and FedGSA outperforms FedAvg in
predicting the peak fluctuation of flow values. Based on the above evaluation, it can be
concluded that the algorithm of this experiment can obtain more accurate prediction results

than the baseline method.
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Figure 7. (a) describes the traffic comparison on the Milano dataset; (b) describes the results of the
cumulative distribution function (CDF) on the Milano dataset.

4.3. Communication Rounds versus Prediction Accuracy

In FL or any other distributed learning framework, communication resources are often
more valuable than computational resources, and fewer communications are preferred.
Therefore, in this subsection, we report the prediction accuracy along with each communi-
cation cycle (epoch) and use the R-squared fraction to indicate the accuracy as it reflects
how well the model predicts the true value of the network traffic [21]. As shown in Figure 8,
we can observe that FedGSA achieves a higher prediction accuracy on both datasets, in
addition to the fact that FedGSA requires fewer communication rounds to reach a certain
accuracy; for example, for the Milano dataset, after 30 communication rounds, FedGSA
achieves an accuracy of about 82% for wireless network traffic, and as for FedAVG, the
prediction accuracy is about 75% Therefore, we consider that our proposed method has
higher communication efficiency, which is also one of the important metrics for evaluating
federation learning methods.

—s— FedAvg
—e— FedGSA

81— FedAvg

—e— FedGSA

0.5

R-squared score

: * 0
50 100 0 50 100

epoch epoch

(a) (b)

Figure 8. (a) Prediction accuracy and communication rounds on the Trento dataset. (b) Prediction
accuracy and communication rounds on the Milano dataset.

5. Conclusions

In this paper, we propose a model gradient-based similarity aggregation scheme
for federation learning and wireless network traffic prediction and name the framework
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FedGSA, which uses similarity knowledge to construct individualized models for each
client and realize model aggregation for each client to improve the generalization ability of
the final global model. Experiments are conducted to predict the base station network traffic
based on LSTM long short-term memory network on two real network traffic datasets, and
the enhanced data scheme and sliding window strategy are combined to further overcome
the problem of high data heterogeneity during FL training and improve the prediction
capability. Compared with the current mainstream federal average algorithm, the method
proposed in this paper achieves good results in simulation experiments.
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