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Abstract 

The fifth generation of cellular mobile communication called 5G will be 

publicly available in the near future to connect more than 8.4 billion 

devices. 5G has been designed to improve the network capacity and speed 

significantly. Various providers and Android cell phone producers have 

contributed to this huge project and have successfully tested their networks 

and devices. Additionally, 5G is a revolutionizing technology in which smart 

devices, including Android phones, are capable of utilizing artificial 

intelligence software applications. In addition, other emerging technologies, 

including autonomous driving that rely highly on network communications, 

will be positively affected. The business aspect of 5G is also promising, as 

were the business aspects of the previous generations. 5G will be 

financially beneficial, as step by step, users will update their devices, or 

they will have to purchase a device that is compatible to 5G, which will 

produce a high financial turnover for the telecom companies. This review 

briefly addresses the technical background and 5G key technologies. In the 

second section, the cutting-edge development and state-of-the-art 5G 

related technologies will be discussed. Currently, 5G is gradually being 

adopted as the future of the telecommunication industry promising network 

reliability and faster download speeds, with immense opportunities both for 

consumers and businesses. Service providers across the world are in the 

development phase for 5G networks with the expectation of increased 

implementation of 5G in 2020. 
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CHAPTER 1 

INTRODUCTION 

Lately, the use of data analytics to support the operation of 5G cellular 

networks has emerged as a hot research topic. The application of data 

analytics covers a wide range of network operations such as network 

management and control as well as policy enforcement. Figure 1 illustrates 

how this is achieved. More specifically, data are collected from a number of 

network components and may include a variety of information fields such as 

the quality of the wireless channel, the network load, accounting information, 

configuration and fault indications, the profile of the subscribers, etc. This 

data is stored and updated regularly. When collected, it is preprocessed, and 

any necessary transformation, discretization, normalization, outlier detection 

and dimensionality reduction is applied. The result of this process is then 

provided to a data analysis procedure which builds a model that caters for 

knowledge extraction from the processed data. For example, the result of 

this process may be the identification of situations where the occurrence of 

some specific events (e.g., a significant increase of the number of high 

mobility users). Causes a given result (e.g., increase of the handover 

blocking probability). The knowledge model may also include some solutions 

for specific situations (e.g., force the network components to place high 

moving users to macro cells). The knowledge discovery results can then be 

communicated to either policy, management or control modules. These 

modules can employ this information in order to optimize the operation of the 

network and improve its performance. In this paper we provide a complete 

framework on how data analytics can be used to support Radio Access 

Technology (RAT) selection and traffic steering. 
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 The 5th generation (5G) of cellular networks is being designed to satisfy the 

massive growth in capacity demand, number of connections and the evolving 

use cases of a connected society for 2020 and beyond [2]. In particular, 5G 

networks target the following KPIs: (i) very high throughput, in the order of 1 

Gbps or more, to enable virtual reality applications and high-quality video 

streaming; (ii) ultralow latency, possibly smaller than 1 ms on the wireless 

link, to support autonomous control applications; (iii) ultrahigh reliability; (iv) 

low energy consumption; and (v) high availability of robust connections [3], 

[4]. In order to meet these requirements, a new approach in the design of the 

network is required, and new paradigms have recently emerged [4]. First, the 

densification of the network will increase the spatial reuse and, combined 

with the usage of mmWave frequencies, the available throughput. On the 

other hand, this will introduce new challenges related to mobility 

management [5]. Second, with Mobile Edge Cloud (MEC), the content will 

be brought closer to the final users, in order to decrease the end-to-end 

latency [4]. Third, a higher level of automation will be introduced in cellular 

networks, relying on ML techniques and Software Defined Networking 

(SDN), in order to manage the increased complexity of 5G networks. The 

usage of ML and Artificial Intelligence (AI) techniques to perform 

autonomous operations in cellular networks has been widely studied in 

recent years, with use cases that range from optimization of video flows [6] 

to energy-efficient networks [7] and resource allocation [8]. This trend is 

coupled with the application of big-data analytics that leverage the huge 

amount of monitoring data generated in mobile networks to provide more 

insights on the behavior of networks at scale [9]. In the domain of mobile 

networks, these two technological components can empower costs savings, 

but also new applications, as we will show in this paper. However, despite 
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the importance of this topic, the state of the art lacks considerations on how 

it is possible to effectively deploy machine learning algorithms and 

intelligence in cellular networks, and an evaluation of the gains of a data-

driven approach with real large-scale network datasets. 

1.1 Scope  

This document defines a unified architecture for Machine Learning in Fifth 

Generation and future networks. The unified logical architecture establishes 

a common vocabulary and nomenclature for ML functions and their 

interfaces. By applying (or superimposing) this logical architecture to a 

specific technology, like 3GPP or transport networks, the corresponding 

technology specific realization is derived. Such an overlay architecture for 

ML allows standardization and achieves interoperability for ML functions in 

5G and future networks. In addition, the key issues for integration of such an 

overlay on 5G and future networks are studied and presented in this 

document. 

 

1.1 PROPOSED ALGORITHMS 

RANDOM FOREST ALGORITHM 

RANDOM FOREST ALGORITHM 

Random forest algorithm can use both for classification and the 

regression kind of problems. In this you are going to learn, how 

the random forest algorithm works in machine learning for the 

classification task.  



4 
 

      Random Forest is a popular machine learning algorithm that belongs to 

the supervised learning technique. It can be used for both Classification and 

Regression problems in ML. It is based on the concept of ensemble 

learning, which  is a process of combining multiple classifiers to solve a 

complex problem and to improve the performance of the model. 

A random forest algorithm consists of many decision trees. The ‘forest’ 

generated by the random forest algorithm is trained through bagging or 

bootstrap aggregating. Bagging is an ensemble meta-algorithm that 

improves the accuracy of machine learning algorithms. 

As the name suggests, "Random Forest is a classifier that contains a number 

of decision trees on various subsets of the given dataset and takes the 

average to improve the predictive accuracy of that dataset." Instead of 

relying on one decision tree, the random forest takes the prediction from 

each tree and based on the majority votes of predictions, and it predicts the 

final output. 

The below diagram explains the working of the Random Forest algorithm: 

 

Fig 1: Explaining the working algorithm of the Random Forest algorithm 
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Below are some points that explain why we should use the Random Forest 

algorithm: 

o It takes less training time as compared to other algorithms. 

o It predicts output with high accuracy, even for the large dataset it runs 

efficiently. 

o It can also maintain accuracy when a large proportion of data is 

missing. 

Features of a Random Forest Algorithm 

• It’s more accurate than the decision tree algorithm. 

• It provides an effective way of handling missing data. 

• It can produce a reasonable prediction without hyper-parameter tuning. 

• It solves the issue of overfitting in decision trees. 

• In every random forest tree, a subset of features is selected randomly 

at the node’s splitting point. 

Classification in random forests 

Classification in random forests employs an ensemble methodology to attain 

the outcome. The training data is fed to train various decision trees. This 

dataset consists of observations and features that will be selected randomly 

during the splitting of nodes. 

A rain forest system relies on various decision trees. Every decision tree 

consists of decision nodes, leaf nodes, and a root node. The leaf node of 

each tree is the final output produced by that specific decision tree. The 

selection of the final output follows the majority-voting system. In this case, 

the output chosen by the majority of the decision trees becomes the final 
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output of the rain forest system. The diagram below shows a simple random 

forest classifier. 

 

Fig 2: Explaining the Random Forest Classifier 

Random Forest Steps 

1. Randomly select “k” features from total “m” features. 

1. Where k << m 

2. Among the “k” features, calculate the node “d” using the best 

split point. 

3. Split the node into daughter nodes using the best split. 

4. Repeat 1 to 3 steps until “l” number of nodes has been reached. 

5. Build forest by repeating steps 1 to 4 for “n” number times to 

create “n” number of trees. 
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The beginning of random forest algorithm starts with randomly 

selecting “k” features out of total “m” features. In the image, you can observe 

that we are randomly taking features and observations. 

The working of the algorithm can be better understood by the below example: 

Example: Suppose there is a dataset that contains multiple fruit images. So, 

this dataset is given to the Random forest classifier. The dataset is divided 

into subsets and given to each decision tree. During the training phase, each 

decision tree produces a prediction result, and when a new data point occurs, 

then based on the majority of results, the Random Forest classifier predicts 

the final decision. Consider the below image: 

 

  

Fig 3: Explaining the Random Forest Classifier algorithm with example 
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APPLICATIONS OF RANDOM FOREST 

There are mainly four sectors where Random forest mostly used: 

1. Banking: Banking sector mostly uses this algorithm for the 

identification of loan risk. 

2. Medicine: With the help of this algorithm, disease trends and risks of 

the disease can be identified. 

3. Land Use: We can identify the areas of similar land use by this 

algorithm. 

4. Marketing: Marketing trends can be identified using this algorithm. 

Advantages of Random Forest 

Random Forest is capable of performing both Classification and Regression 

tasks. 

• It is capable of handling large datasets with high dimensionality. 

• It enhances the accuracy of the model and prevents the overfitting 

issue. 

Disadvantages of Random Forest 

• Although random forest can be used for both classification and 

regression tasks, it is not more suitable for Regression tasks. 

Python Implementation of Random Forest Algorithm 

Now we will implement the Random Forest Algorithm tree using Python. For 
this, we will use the same dataset "user_data.csv", which we have used in 
previous classification models. By using the same dataset, we can compare 
the Random Forest classifier with other classification models such 
as Decision tree Classifier, KNN, SVM, Logistic Regression, etc. 

https://www.javatpoint.com/machine-learning-decision-tree-classification-algorithm
https://www.javatpoint.com/k-nearest-neighbor-algorithm-for-machine-learning
https://www.javatpoint.com/machine-learning-support-vector-machine-algorithm
https://www.javatpoint.com/logistic-regression-in-machine-learning
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 Implementation Steps are given below: 

o Data Pre-processing step 

o Fitting the Random forest algorithm to the Training set 

o Predicting the test result 

o Test accuracy of the result (Creation of Confusion matrix) 

o Visualizing the test set result. 
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CHAPTER 2 

LITERATURE SURVEY 

 
 
Optical access network technology for 5G wireless front/backhaul 
network 
 

This paper describes trends in 5G mobile networks and RAN technologies. 

Cloud RAN, which uses switches to enable flexible MFH networking, and two 

promising candidates of MFH in Cloud RAN are discussed. 

 

Optimal Slice Allocation in 5G Core Networks 

 

5G network slicing is essential to providing flexible, scalable, and on-demand 

solutions for the vast array of applications in 5G networks. Two key 

challenges of 5G network slicing are function isolation (intra-slice) and 

guaranteeing end-to-end delay for a slice. In this letter, we address the 

question of optimal allocation of a slice in 5G core networks by tackling these 

two challenges. We adopt and extend the work by Dietrich et al. (see 

introduction) to create a model that satisfies constraints on end-to-end delay 

as well as isolation between components of a slice for reliability. 

Virtualising and orchestrating a 5G evolved packet core network 

 

In this paper, the design, construction, and testing of a fully-functional 

10ireless10at mobile core network is outlined. Lessons learned and 

recommendations for future improvements are provided. The presented 

work uses open-source software for virtual network function infrastructure 
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control (OpenStack), network flow programming (OpenDaylight), and 

network orchestration (OpenBaton) to 11ireless11a a commercial software 

evolved packet core solution deployed on common off-the-shelf hardware. 

The findings presented in this paper prove the concept of function 

11ireless11ation for mobile networks, and paves the way towards future 

mobile core network function flexibility as required for 5G networks. The 

paper provides researchers and network operators with first-hand 

experience to help build similar virtual mobile network infrastructures, and 

highlights the challenges to tackle and the issues to address to harness the 

power of 11ireless11ation in 5G networks. 

An11ireless11ation of energy efficiency in 5G wireless networks 

In next generation wireless networks along with the overwhelming demand 

of high data rate and network capacity, the user demands ubiquitous 

connectivity with the network. In order to fulfill the demand of anywhere at 

any time data services, the network operators have to install more and more 

base stations that eventually leads towards high power consumption. For 

this, the potential solution is derived from 5G network that proposes a 

heterogeneous environment of wireless access networks. More particularly, 

deployment of Femto and Pico cell under the umbrella of Macro cell base 

stations (BS). Such networking strategy will result high network capacity and 

energy efficiency along with better network coverage. In this article, an 

analysis of energy efficiency has been carried out by using two-tier and three 

tier network configurations. The simulation results demonstrate that rational 

deployment of small cells improves the energy efficiency of wireless network. 
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5G network challenges and realization insights 

5G technologies are a new paradigm strongly supported by the European 

Commission (EC) to overcome the challenges of next generation networks 

and aiming to tackle the novel and manifold business requirements of vertical 

sectors such as Industry 4.0, Smart Grids, Smart Cities, and eHealth. 

Extraordinarily high speeds and capacity, multi-tenancy, fixed and wireless 

access network convergence, self-X, unconventional resource 

12ireless12ation, on-demand service-oriented resource allocation and 

automated management of resources are only few examples of the complex 

demands that 5G aims to undertake. The accommodation of such features 

requires multipronged efforts in different network technology domains at 

various levels. In this paper, we investigate how the relative 5G network 

features challenge the current generation of access networks, both fixed and 

12irelesss, and data centres, from an end-to-end network service point of 

view. Furthermore, we provide some insights into how emerging 

technologies such as Network Function Virtualisation (NFV) and Software 

Defined Networks (SDN) can be utilized for the accommodation of the above 

mentioned features and realization of 5G networks. 
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CHAPTER 3 

SYSTEM ARCHITECTURE 

3.1 HARDWARE REQUIREMENTS:  

• System : Pentium Dual Core. 

• Hard Disk : 120 GB. 

• Monitor : 15’’ LED 

• Input Devices : Keyboard, Mouse 

• Ram : 4 GB. 

3.2 SOFTWARE REQUIREMENTS:  

• Operating system: Windows 10. 

• Coding Language : Python 

3.3 LANGUAGE SPECIFICATION 

Python is a general-purpose interpreted, interactive, object-oriented, and 

high-level programming language. It was created by Guido van Rossum 

during 1985- 1990. Like Perl, Python source code is also available under the 

GNU General Public License (GPL). This tutorial gives enough 

understanding on Python programming language. 

3.4. HISTORY OF PYTHON 

Python was developed by Guido van  Rossum in the late eighties and early 

nineties at the National Research Institute for Mathematics and Computer 

Science in the Netherlands. 
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Python is derived from many other languages, including ABC, Modula-3, C, 

C++, Algol-68, SmallTalk, and Unix shell and other scripting languages. 

Python is copyrighted. Like Perl, Python source code is now available under 

the GNU General Public License (GPL). 

Python is now maintained by a core development team at the institute, 

although Guido van Rossum still holds a vital role in directing its progress. 

3.5. APPLICATION OF PYTHON 

➢ Easy-to-learn − Python has few keywords, simple structure, and a 

clearly defined syntax. This allows the student to pick up the language 

quickly. 

➢ Easy-to-read − Python code is more clearly defined and visible to the 

eyes. 

➢ Easy-to-maintain − Python's source code is fairly easy-to-maintain. 

➢ A broad standard library − Python's bulk of the library is very 

portable and cross-platform compatible on UNIX, Windows, and 

Macintosh. 

➢ Interactive Mode − Python has support for an interactive mode which 

allows interactive testing and debugging of snippets of code. 

➢ Portable − Python can run on a wide variety of hardware platforms 

and has the same interface on all platforms. 

➢ Extendable − You can add low-level modules to the Python 

interpreter. These modules enable programmers to add to or 

customize their tools to be more efficient. 
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➢ Databases − Python provides interfaces to all major commercial 

databases. 

➢ GUI Programming − Python supports GUI applications that can be 

created and ported to many system calls, libraries and windows 

systems, such as Windows MFC, Macintosh, and the X Window 

system of Unix. 

➢ Scalable − Python provides a better structure and support for large 

programs than shell scripting. 

3.6 FEATURES OF PYTHON 

➢ It supports functional and structured programming methods as well as 
OOP. 

➢ It can be used as a scripting language or can be compiled to byte-code 
for building large applications. 

➢ It provides very high-level dynamic data types and supports dynamic 
type checking. 

➢ It supports automatic garbage collection. 

➢ It can be easily integrated with C, C++, COM, ActiveX, CORBA, and 
Java. 

 

3.7 FEASIBILITY STUDY 

The feasibility of the project is analyzed in this phase and business 

proposal is put forth with a very general plan for the project and some cost 

estimates. During system analysis the feasibility study of the proposed 

system is to be carried out. This is to ensure that the proposed system is 

not a burden to the company. For feasibility analysis, some understanding 

of the major requirements for the system is essential. 
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The feasibility study investigates the problem and the information needs 

of the stakeholders. It seeks to determine the resources required to 

provide an information systems solution, the cost and benefits of such a 

solution, and the feasibility of such a solution. 

          The goal of the feasibility study is to consider alternative information 

systems solutions, evaluate their feasibility, and propose the alternative 

most suitable to the organization. The feasibility of a proposed solution is 

evaluated in terms of its components. 

3.7.1 ECONOMICAL FEASIBILITY 

This study is carried out to check the economic impact that the system 

will have on the organization. The amount of fund that the company can 

pour into the research and development of the system is limited. The 

expenditures must justified. Thus the developed system as well within 

the budget and this was achieved because most of the technologies 

used are freely available. Only the customized products had to be 

purchased. 

 3.7.2 TECHNICAL FEASIBILITY 

This study is carried out to check the technical feasibility, that is, the 

technical requirements of the system. Any system developed must not 

have a high demand on the available technical resources. This will lead 

to high demands on the available technical resources. This will lead to 

high demands being placed on the client. The developed system must 

have a modest requirement, as only minimal or null changes are required 

for implementing this system. 

3.7.3 SOCIAL FEASIBILITY 
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The aspect of study is to check the level of acceptance of the system by 

the user. This includes the process of training the user to use the system 

efficiently. The user must not feel threatened by the system, instead must 

accept it as a necessity. 
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CHAPTER 4 

SYSTEM ANALYSIS 

4.1 PURPOSE 

The purpose of this document is intelligent network data analytics 

function in 5G cellular networks   using machine learning algorithms.  In detail, 

this document will provide a general description of our project, including user 

requirements, product perspective, and overview of requirements, general 

constraints.  In addition, it will also provide the specific requirements and 

functionality needed for this project - such as interface, functional 

requirements and performance requirements. 

4.2 SCOPE 

The scope of this SRSdocument persists for the entire life cycle of the 

project. This document defines the final state of the software requirements 

agreed upon by the customers and designers. Finally at the end of the project 

execution all the functionalities may be traceable from the SRSto the product. 

The document describes the functionality, performance, constraints, interface 

and reliability for the entire life cycle of the project. 

4.3 EXISTING SYSTEMS 

4G, some of the prime objectives or demands that need to be addressed are 

increased capacity, improved data rate, decreased latency, and better 

quality of service. To meet these demands, drastic improvements need to be 

made in cellular network architecture. This paper presents the results of a 

detailed survey on the fifth generation (5G) cellular network architecture and 
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some of the key emerging technologies that are helpful in improving the 

architecture and meeting the demands of users. 

DISADVANTAGES OF EXISTING SYSTEM 

• Old devices can’t support this- Hardware replacement will required. 

• At present, 5G technology is theoretical, it may take longer than 

expected to come into existence. 

4.4 PROPOSED SYSTEM 

In the current technologically advanced and interconnected world, both 

success and survival rely on adaptation to changes by evolving with time. 

One of the most significant changes witnessed in the telecommunication 

industry is the ever-increasing demand for high-speed connectivity 

and faster protocols for data transfer. The rapidly increasing demand for 

high-speed connectivity has stretched 4G to its limit rendering it ineffective 

to enable the next phase in telecommunication. The 5G network architecture 

is user-centric, while 4G is application-centric. 5G offers high-speed 

connectivity needed to increase data access. Ultra-low latency connection 

offered by 5G is expected to increase the adoption of Internet by enabling 

the interconnection of sensors and devices. Internet applications, such as 

asset and data tracking, forecasting trends, and industrial automation, 

require ultra-low latency to attain the highest level of functionality.  

ADVANTAGES OF PROPOSED SYSTEM 

o High data rates per area and massive a large number of 

connected devices. Thus, the interference among transmitters 

should be minimized. 

o Congestion control and prioritization of data packets  

https://www.business2community.com/marketing/5-marketing-trends-that-will-shape-the-telecom-industry-in-2020-02244179
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o Reliability and cross-layering between network and transport 

layers  

o Secure localization 

o Extremely high data rates per device. 
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CHAPTER 5 

SYSTEM DESIGN 

5.1 INPUT DESIGN 

The input design is the link between the information system and the user. It 

comprises the developing specification and procedures for data preparation 

and those steps are necessary to put transaction data in to a usable form 

for processing can be achieved by inspecting the computer to read data 

from a written or printed document or it can occur by having people keying 

the data directly into the system. The design of input focuses on controlling 

the amount of input required, controlling the errors, avoiding delay, avoiding 

extra steps and keeping the process simple. The input is designed in such 

a way so that it provides security and ease of use with retaining the privacy. 

Input Design considered the following things: 

➢ What data should be given as input? 

➢ How the data should be arranged or coded? 

➢ The dialog to guide the operating personnel in providing input. 

➢ Methods for preparing input validations and steps to follow when error 

occur. 

5.2 OUTPUT DESIGN 

 A quality output is one, which meets the requirements of the end user 

and presents the information clearly. In any system results of processing are 

communicated to the users and to other system through outputs. In output 

design it is determined how the information is to be displaced for immediate 

need and also the hard copy output. It is the most important and direct source 
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information to the user. Efficient and intelligent output design improves the 

system’s relationship to help user decision-making. 

The output form of an information system should accomplish one or more of 

the following objectives. 

➢ Convey information about past activities, current status or projections 

of the 

➢ Future. 

➢ Signal important events, opportunities, problems, or warnings. 

➢ Trigger an action. 

➢ Confirm an action 

5.3 DATA FLOW DIAGRAM 

1. The DFD is also called as bubble chart. It is a simple graphical 

formalism that can be used to represent a system in terms of input data 

to the system, various processing carried out on this data, and the 

output data is generated by this system. 

2. The data flow diagram (DFD) is one of the most important modeling 

tools. It is used to model the system components. These components 

are the system process, the data used by the process, an external 

entity that interacts with the system and the information flows in the 

system. 

3. DFD shows how the information moves through the system and how it 

is modified by a series of transformations. It is a graphical technique 

that depicts information flow and the transformations that are applied 

as data moves from input to output. 
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4. DFD is also known as bubble chart. A DFD may be used to represent 

a system at any level of abstraction. DFD may be partitioned into levels 

that represent increasing information flow and functional detail. 

5. The DFD is also called as bubble chart. It is a simple graphical 

formalism that can be used to represent a system in terms of input data 

to the system, various processing carried out on this data, and the 

output data is generated by this system. 

6. The data flow diagram (DFD) is one of the most important modeling 

tools. It is used to model the system components. These components 

are the system process, the data used by the process, an external 

entity that interacts with the system and the information flows in the 

system. 

7. DFD shows how the information moves through the system and how it 

is modified by a series of transformations. It is a graphical technique 

that depicts information flow and the transformations that are applied 

as data moves from input to output. 

8. DFD is also known as bubble chart. A DFD may be used to represent 

a system at any level of abstraction. DFD may be partitioned into levels 

that represent increasing information flow and functional detail. 
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 FIG 4:LEVEL-1 

 

 

FIG 5:LEVEL-2 
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FIG 6:LEVEL -3 

 

 

FIG 7:LEVEL-4 

 

FIG 8 

FIG 8:LEVEL-5 
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CHAPTER 6 

6.1 MODULES 

• ML in cellular networks 

• Data Preprocessing  

• Data analytics 

• A Context Information Preprocessing module  

MODULES DESCRIPTION 

6.1.1 ML in cellular networks:  

The application of ML techniques to cellular networks is a topic that has 

gained a lot of attention recently, thanks to the revived importance of ML and 

AI throughout all facets of the industry. The surveys in  present some recent 

results on how it is possible to apply regression techniques to mobile and 

cellular scenarios in order to optimize the network performance. The paper  

gives an overview of how machine learning can play a role in next-generation 

5G cellular networks, and lists relevant ML techniques and algorithms. The 

usage of bigdata-driven analytics for 5G is considered in, with a discussion 

of how data-driven approaches can empower self-organizing networks. 

However, none of these papers provides results based on real operators 

datasets at large scale that show the actual gains of data-driven and machine 

learning based approaches. 

6.1.2 Data Preprocessing  

The performance analysis presented in this Section is based on the Sample 

dataset. We sampled the number of users in each base station with a time 
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step Ts = 5 minutes, and divided the dataset into a training set (which will be 

used for k-fold cross validation) and a test set. 

6.1.3 Data analytics 

Data analytics in simple terms refers to the analysis of data. The 

process involves continuous extraction of data, analyzing the 

extracted information and forming a behavioral pattern. The analyzed 

information helps to improve the network/system performance, 

capacity and availability. The process can vary from Business-to-

Business based on the requirements. 

6.1.4 A Context Information Preprocessing module  

One of the most critical aspects of network context-based systems is the vast 

volumes of data. that need to be aggregated and transmitted towards a 

specific network analytics function deployed in the core network. The CIP 

mechanism performs context data aggregation, filtering and preprocessing 

techniques. The module comprises aggregating and compressing mobile 

network-related context information, as well as techniques related to 

identifying and discarding user profile-redundant or unnecessary context 

data, before any transmission to the network data analytics function 
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CHAPTER 7 

SYSTEM IMPLEMENTATION 

7.1 SYSTEM ARCHITECTURE 

Describing the overall features of the software is concerned with defining the 

requirements and establishing the high level of the system. During 

architectural design, the various web pages and their interconnections are 

identified and designed. The major software components are identified and 

decomposed into processing modules and conceptual data structures and 

the interconnections among the modules are identified. The following 

modules are identified in the proposed system. 

 

 

FIG 9: Architecture Diagram 
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CHAPTER 8 

SYSTEM TESTING 

8.1 Test plan 

Software testing is the process of evaluation a software item to detect 

differences between given input and expected output. Also to assess the 

feature of a software item. Testing assesses the quality of the product. 

Software testing is a process that should be done during the development 

process. In other words software testing is a verification and validation 

process. 

8.2 Verification 

Verification is the process to make sure the product satisfies the 

conditions imposed at the start of the development phase. In other words, to 

make sure the product behaves the way we want it to. 

8.3 Validation 

Validation is the process to make sure the product satisfies the 

specified requirements at the end of the development phase. In other words, 

to make sure the product is built as per customer requirements. 

8.4 Basics of software testing 

 There are two basics of software testing: black box testing and white 

box testing. 
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8.5 Black box Testing          

Black box testing is a testing technique that ignores the internal 

mechanism of the system and focuses on the output generated against any 

input and execution of the system. It is also called functional testing. 

8.6 White box Testing  

 White box testing is a testing technique that takes into account the 

internal mechanism of a system. It is also called structural testing and glass 

box testing. Black box testing is often used for validation and white box 

testing is often used for verification.  

8.7 Types of testing 

There are many types of testing like 

• Unit Testing 

• Integration Testing 

• Functional Testing 

• System Testing 

• Stress Testing 

• Performance Testing 

• Usability Testing 

• Acceptance Testing 

• Regression Testing 

• Beta Testing   

8.7.1  Unit Testing 
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Unit testing is the testing of an individual unit or group of related units. 

It falls under the class of white box testing. It is often done by the programmer 

to test that the unit he/she has implemented is producing expected output 

against given input. 

  8.7.2 Integration Testing 

Integration testing is testing in which a group of components are 

combined to produce output. Also, the interaction between software and 

hardware is tested in integration testing if software and hardware 

components have any relation. It may fall under both white box testing and 

black box testing.  

  8.7.3 Functional Testing 

 Functional testing is the testing to ensure that the specified 

functionality required in the system requirements works. It falls under the 

class of black box testing. 

  8.7.4 System Testing 

 System testing is the testing to ensure that by putting the software in 

different environments (e.g., Operating Systems) it still works. System 

testing is done with full system implementation and environment. It falls 

under the class of black box testing.  

   8.7.5 Stress Testing 
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Stress testing is the testing to evaluate how system behaves under 

unfavorable conditions. Testing is conducted at beyond limits of the 

specifications. It falls under the class of black box testing.  

 

8.7.6 Performance Testing 

Performance testing is the testing to assess the speed and 

effectiveness of the system and to make sure it is generating results within 

a specified time as in performance requirements. It falls under the class of 

black box testing.  

 8.7.7 Usability Testing 

Usability testing is performed to the perspective of the client, to 

evaluate how the GUI is user-friendly? How easily can the client learn? After 

learning how to use, how proficiently can the client perform? How pleasing 

is it to use its design? This falls under the class of black box testing. 

  8.7.8 Acceptance Testing 

Acceptance testing is often done by the customer to ensure that the 

delivered product meets the requirements and works as the customer 

expected. It falls under the class of black box testing. 

  8.7.9 Regression Testing 

Regression testing is the testing after modification of a system, 

component, or a group of related units to ensure that the modification is 
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working correctly and is not damaging or imposing other modules to produce 

unexpected results. It falls under the class of black box testing 

REQUIREMENT ANALYSIS 

Requirement analysis, also called requirement engineering, is the 

process of determining user expectations for a new modified product. It 

encompasses the tasks that determine the need for analyzing, documenting, 

validating and managing software or system requirements. The 

requirements should be documentable, actionable, measurable, testable and 

traceable related to identified business needs or opportunities and define to 

a level of detail, sufficient for system design.  

FUNCTIONAL REQUIREMENTS 

It is a technical specification requirement for the software products. It 

is the first step in the requirement analysis process which lists the 

requirements of particular software systems including functional, 

performance and security requirements. The function of the system depends 

mainly on the quality hardware used to run the software with given 

functionality. 

Usability 

It specifies how easy the system must be use. It is easy to ask queries 

in any format which is short or long, porter stemming algorithm stimulates 

the desired response for user. 

Robustness 

It refers to a program that performs well not only under ordinary 

conditions but also under unusual conditions. It is the ability of the user to 

cope with errors for irrelevant queries during execution. 



34 
 

Security 

 The state of providing protected access to resource is security. The 

system provides good security and unauthorized users cannot access the 

system there by providing high security. 

Reliability 

 It is the probability of how often the software fails. The measurement 

is often expressed in MTBF (Mean Time Between Failures). The requirement 

is needed in order to ensure that the processes work correctly and 

completely without being aborted. It can handle any load and survive and 

survive and even capable of working around any failure. 

Compatibility 

 It is supported by version above all web browsers. Using any web 

servers like localhost makes the system real-time experience. 

Flexibility 

 The flexibility of the project is provided in such a way that is has the 

ability to run on different environments being executed by different users. 

Safety 

 Safety is a measure taken to prevent trouble. Every query is processed 

in a secured manner without letting others to know one’s personal 

information. 

NON- FUNCTIONAL REQUIREMENTS 

Portability 
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 It is the usability of the same software in different environments. The 

project can be run in any operating system. 

Performance 

 These requirements determine the resources required, time interval, 

throughput and everything that deals with the performance of the system. 

Accuracy 

 The result of the requesting query is very accurate and high speed of 

retrieving information. The degree of security provided by the system is high 

and effective.  

Maintainability 

 Project is simple as further updates can be easily done without 

affecting its stability. Maintainability basically defines that how easy it is to 

maintain the system. It means that how easy it is to maintain the system, 

analyse, change and test the application. Maintainability of this project is 

simple as further updates can be easily done without affecting its stability. 
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CHAPTER 9 

RESULT AND DISCUSSION 

OUTPUT SCREENSHOTS 

Downloading and Cleaning the Dataset 
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Exploratory Data Analysis 
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Feature Selection 
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Model selection 
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Logistic Regression  
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Support Vector Machine 
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Random Forest 
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Random Forest Analysis 
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CONCLUSIONS 

Machine learning, software-defined networks and edge cloud will be key 

components of the next generation of cellular networks. In this paper we 

investigated how these three elements can be jointly used in the system 

design for 5G networks, providing insights and results based on a dataset 

collected from hundreds of base stations of a sample cellular network in two 

different cities for more than a month. We described a clustering solution that 

limits the interactions among different controllers to minimize the need for 

inter-controller synchronization and reduce the control plane latency, and 

evaluated the performance of the proposed approach using data from a real 

network. Then, we outlined a second possible application enabled by our 

architecture, providing an extensive set of results related to the prediction 

accuracy of the number of users in base stations, using one month of data 

collected from the San Francisco base stations. In particular, we showed 

how the usage of the cluster-based architecture proposed in this paper can 

reduce the prediction error. With respect to a solution in which each base 

station tries to perform the regression based solely on its own data, as 

realized by a completely distributed architecture (e.g., in LTE), the controller-

based design makes it possible to aggregate data from multiple neighboring 

base stations, and to predict a vector with the number of users in the nodes 

associated to the controller. This captures the spatial correlation given by the 

mobility of users, and, especially when increasing the temporal horizon of 

the prediction, reduces the RMSE by up to 53%. Finally, we also described 

some prediction-enabled use cases, either to control the network itself, or to 

offer innovative predictive services to network users, for example by 

recommending different driving itineraries to improve the user experience in 
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the network. We illustrated a real example in the San Francisco area, 

showing how the fastest route does not necessarily yield the best throughput, 

or the minimum outage, and that the best itinerary according to these metrics 

(which we derive from the number of users in each base station) may differ 

according to the departure time, so that a prediction-based approach is 

useful. We believe that this paper addresses for the first time several issues 

related to the practical deployment of machine learning techniques in 5G 

cellular networks, providing results and conclusions based on a real-network 

dataset. As future work, we will test different prediction algorithms (e.g., 

neural networks) to understand if it is possible to improve even more the 

prediction accuracy, and will extend the regression to other relevant metrics 

in the network (e.g., the number of handovers, the utilization), to verify the 

limits of what can be actually predicted in a cellular network. 
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