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Abstract

Technology nowadays is a very important tool in many fields of our daily life. It is a major factor
in the development of many objects that significantly improves the way and quality of life of many
people. The rise of technology has been largely achieved using computers and more specifically
using the right software. Many fields of technology evolved significantly with the development of
new and more complex software capable of meeting the demands that arose. The need to develop
complex software within a short time made it imperative to organize and design how the software
was implemented to reduce the risk of failure.

Proper software development helps developers make huge savings in time and cost. With proper
design and analysis of the requirements and functions that the software should have, the risk of
failure and malfunctioning is greatly reduced. The Software Development Life Cycle (SDLC)
methodologies define specific steps and actions for correct and efficient software development. In
this way, the team of developers follows a specific way of implementation to reduce the risk of
failure. Depending on the size and complexity of the software, a different SDLC model is required.
The risk of software implementation failure can be further reduced by proper staff management. It
is very important that the team leader can have an overview of the project and the programmers
assigned to implement it.

The purpose of this master's thesis is to present an application for a team leader to manage and
assign projects to his staff based on SDLC models. Initially, the team manager will be able to
register all team members-programmers and then can assign projects based on any SDLC model
wants (Waterfall, Iterative, Spiral, V-Shaped). He will be able to manage the phases of each model
and have an overall estimate of the cost and delivery time of the project. The team members will
also be able to access the application and be able to informed about their financial information to

the company, as well as the projects assigned to them in detail with the deadline of each phase.



Xovoyn

H teyvoloyia otic pépeg pog amotedel £va oD onuavtikd epyoieio oe mapa TOAAOVS TOUEIC oTNV
KaOnpepwvotnTa pog. Amotelel KOplo mapdyovta eEEMENG 6€ TOAAA OVTIKEIEVA TTOV PEATIOVOLV
ONUOVTIKA TOV TpOTO Ko TNV otdtnta {ong moAlmv avBporwv. H dvodog tng texvoroyiag emt-
1e0yxONKe oe peydro Pabuo pe TV ¥PNoN LIOAOYIGTAOV KO TO GUYKEKPLUEVO, [LE TNV YPNON TOL
o®otoV Aoyiopkov. [ToAlol topeig tng Teyvoroyiog eEeliyOnkoy onuavtikd pe Ty avdmtoén Ko-
VOUPYL0V KOl 710 TTOAVTAOKOV AOYIGHIKOV, KAVOD VA ovTATOKPLOEl 6TIC amantnoels mov epneaviLo-
tav. H avaykn avantuéng moAOmTAoKov AOYIGUIKOU GE KOBOPIGUEVA XPOVIKA OPLaL EKOVE ENLTAKTIKN
TNV avAyKN 0pyavmong Kot 6xedioong Tov TpOmov VAOTOINGN TOV AOYIGUIKOD TPOKELUEVOL VO
pelwbet o kivovvog amotvyiog.

H oot avamtuén Loyio kot fonddet toug TpoypapaticTég Vo KAVOLY TEPACTIN EE01KOVOUNOT)
xPOVOL Kot KOGTOVG. Me TV 6mGTH 6Yediacn Kot avaALoN TOV ATOITGEDV Kol AELTOVPYLDV TOV
Oa mpémet var €€l TO AOYIGUIKO, HEIMVETOL KOTE TOAD 0 Kivovvog amotuyiog Kot SucAettovpyiog
tov. Baowod epyaieio yioo TV 6®OTN KO OTOTEAEGLATIKY] OVATTUEN AOYIGHIKOD OTOTEAODV Ol
Software Development life cycle (SDLC) uebodoroyieg mov kabopilovv cuykekpipéva Prpata
KOl EVEPYELEG TTOL TTPEMEL VAL YIVOLV GE AN YPOVIKA mAaicta. Me avtdv Tov TpOTO 1 OpAd TV
TPOYPOUUUATICTAOV OKOAOLOEL £vav GLYKEKPIUEVO TPOTTO LAOTTOINGNG Yo Vo PelwBel 0 Kivovvog
amotvyiag. Avdioya to pé€yefog Kot TV TOAVTAOKOTNTA TOL AOYIGUIKOV OTOLTEITOL KOl S10pOpE-
k6 SDLC povtéro. O kivouvog amotuyiog vAomoinong evog Aoyiopikod uropei va petmOel axopo
TEPLGGOTEPO UE TNV 0®OTN dlayeipion tpocwmikov. Eivor moAd onpavtikd o vrevbuvog tng opd-
dag vo, umopel val Eyel o GLVOMKT EIKOVO TOL £PYOL KOl TMV TPOYPUUUATIGTAOV TOV TOVG EXEL
avaféoel TNV vAomoinom.

2KOMOC TNG GLYKEKPIUEVIG EPYOGIAG ElvOl VO TAPOVGLAGEL L EQOPLOYT, OGTE VO, UTOPEL EvOg
vevduvoc opddag va dtayelplotel Kot va avabécel Epyo oto Tpocsmmikd tov, facn SDLC povté-
Aov. Apyikd Bo umopet 0 S1oyEPLoTHG-LTELOVVOC TNG OUASAG VO KAVEL EYYPAPT Yiot OA TOL LLEAT-
TPOYPOUUUATICTEG KOl 0TIV cLvEXELD Ba pmopel va Tovg avabétet Epya Bdon 6motov SDLC povré-
Lov embouei (Waterfall, Iterative, Spiral, V-Shaped). ®@a propei va dwayepileton Tig doeig kébe
HOVTELOL Ko vaL €XEL Pio. GUVOALKY] EKTIUNOT TOV KOGTOLG Kol ¥pOVOL Tapadoong tov Epyov. Ta
HEAN TG opLddag Ba popov va £xovv Kot avTd TPOSPAcT] GTV EPOPLOYN KL VO EVILEPDOVOVTOL
Y10l TO OLKOVO LKA TOVG GTOoYElR 0TV €Toupics, aALG Kot yio T £y TOL TOVG £YOLV avatedel ova-

AVTIKG e Tovg XpOVoug Tapdooons kébe gpdomng.
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1 Introduction

In recent years there has been a huge growth in technological development in many fields that
directly affect everyday life in the modern world. The impact of this growth increases daily the
demand for creating large-scale reliable software systems that serve the needs that emerge [1]. The
development of such systems is in many cases a difficult process for the teams that undertake it,
as it requires proper management of human resources, budget, and time for the development of
each subsystem. Improper management of the above can lead to delayed delivery time or even the

inability to complete the system [2][3].

As a result, the Software Development life cycle (SDLC) was created, which is a methodology
for the creation and modification of a reliable software system. There are several SDLC models
used depending on the software system to be developed [4][5][6]. The choice of each SDLC model
depends heavily on the delivery time, the available human resources and by budget for the project
assigned. The most popular and used SDLC models are the Agile model, Waterfall model, Iterative

model, Spiral model, and V-shaped model [7][8].

There are project management platforms that allow companies to manage their human resources
according to the models mentioned above [9][10][11]. Most systems, however, need several
configurations to support management based on these SDLC models. The problem occurred when
a project manager needs open-source software to be able to manage staff based on SDLC models
that would be all in one application, without the need for configuration or changes to support the
SDLC models. Still, be able to access it from all devices and give him the ability to have a complete

view of his staff regarding financials and assignment of tasks.

In this thesis will be created an open-source system that will allow the user to manage the
human resources and schedule to develop software systems with whichever SDLC model the user
chooses (Waterfall, Iterative, Spiral, V-Shaped). Initially, it will be able to give data to the system
such as names and salaries of employees through fields. The user will then be able to assign
projects depending on the available human resources and the chosen SDLC model (each SDLC
model has a standard management framework, based on the definition of each model separately).
Eventually, the user has a complete perspective of the total delivery time of the project and the
cost spent for its development.

10



In conclusion, the purpose of this thesis is to offer the optimum ability to manage and oversee
the software development process to the user. In addition, the user can modify the system as an
extension to an HRMS (Human Resource Management System) allowing additional SDLC models
to be added to existing ones. Finally, with the API that the system will have internally, other

systems will be able to connect to pull any data the user needs.
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2 Background

The rise of technology has made it possible for computers to be used in critical fields of society
and for everyone to have easy access to meet their daily needs. With the use of the right software,
the computer is a very important tool for direct management and processing of data as well as for
problem-solving in various fields such as:

e Industry

e Banks and financial

e Business

e Communication

e Education

e Medical

e Transportation

Depending on the field where the computer is used, the needs that arise and the way of solving
problems differ. Some sectors need software to process a small amount of data, but other fields

need quite complex software that can process a huge amount of data [12][13].

According to the above, the need to develop systems capable of meeting the needs of the users
and to be able to develop them in a pre-defined schedule was created. The creation of these systems
is in many cases a complex and time-consuming process for the teams of people who undertake it.
Proper development of software systems requires proper management of manpower, resources,
and time for the development of each subsystem until the completion of the whole system and the
changes that may occur during its creation. In case of mismanagement of the above then the teams
of people who have undertaken it are faced with delayed delivery time, wrong implementation, or
even failure to deliver the system [2][3]. To avoid such phenomena and to develop software
systems properly, Software Development life cycle (SDLC) models were developed where they
are predefined methodologies by which a reliable high-quality software system is created and

modified with a low risk of failure.
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2.1 Software Development Life Cycle (SDLC)

Software Development Life Cycle (SDLC) is a process that is used for software development and
includes all the required steps that need to be taken to develop and deliver a software system with
the lowest possible risk of failure and the highest possible maintenance of quality [16]. It is a
detailed illustration of the set of activities to be followed by all parties involved [14]. The parties
involved are usually a programming company and the customer who is in frequent communication
throughout the development of a software system due to changes or difficulties that arise. Some
of the activities included in a software lifecycle are necessary and others are optional to enable
direct interaction between developers and customers and the flexibility to deal with difficulties or
errors that may arise throughout the lifecycle [17]. A simple life cycle that software has consists
of five steps and includes software design to software maintenance. Each step includes sub-steps
and procedures to be followed [14]. Figure 1 depicts all the steps in detail, and they are discussed

in detail below.

Requirement
Analysis

@@

Figure 1 Software Development Life Cycle (SDLC)
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1) Requirement Analysis

It is the first and most important step for proper software development. In this process, all the
requirements of the product are analyzed and a forecast of the resources that will be needed and
the management that must be done. During this process, the client is in constant communication
with all the stakeholders who are developers, sales, external and internal experts, and others to
make a complete analysis of the requirements they have about the product and the full schedule
that the software development should have [16][17]. This way the cost evaluation is done and
enables the developers to have a complete picture of the product they must develop. After this

process, a Software Requirements Specification (SRS) document is produced[18].

The SRS document describes all the features that the product will have, the business processes
that will be supported, and contains the functional requirements that have been set. It is a very
important document since they rely on it to implement the next steps of the software lifecycle. It
still prevents design errors such as conflicting requirements that may occur and need reassessment

by all parties involved in the project [18].
2) Design

In the design phase, product architects or engineers based on the SRS document create design
approaches for the architecture of the product or system. They convert the requirements into
specifications and usually create different versions of Design Document Specifications (DDS).
The DDS document defines all the architectural modules of the product and contains several design
diagrams and models including class diagrams, data flows, Unified Modeling Language (UML)
diagrams, and use case diagrams. The document is then checked against criteria such as correct
design and time calculation to select the most correct DDS document in terms of its design
approach [15][16][17].

3) Development

After the requirement analysis and design, the development of the software product is started
by the developers who have undertaken the project. The software is developed following the DDS
document discussed above and the guidelines set out individually by each organization. The
developers have at their disposal many programming and data management tools that help them

to develop software correctly and quickly without much difficulty if these tools are used properly.
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Various programming languages are used depending on the product to be created and usually, a
documentation of the code is written for the understanding of other developers who may need to
maintain or extend this code [15][16] [17].

4) Testing

It is a very important process for the software as it is just before the product becomes available
to users. The developers test the code to make sure that all functions and generally all software
created works properly without bugs. This process usually identifies many points that need
improvement or correction until the product reaches the specifications set in the SRS document
discussed above. This process must be done correctly because once the software is made available

to users it can create a lot of discomfort in the event of a defective operation [15][16] [17].
5) Maintenance

In the last stage of the software life cycle, the creation and testing are complete and have been
given to the users. They, in turn, identify different bugs in the system over time, and the developers

assigned to the project are required to solve the bugs that occurred [15][16][17].

2.2 SDLC Models

Over time with the use of classical software development life cycles, several models defining
specific steps for software development have been created and are referred to as SDLC Models or
Software Development Process Models (SDPM). Each model is different from the others and
contains different steps or ways to develop software. Every SDLC model has different advantages
and disadvantages and is used in different circumstances depending usually on the size and cost of
each product [16]. In this report, the following four models will be analyzed and implemented in

the project that will be analyzed below. The four models are:
1) Waterfall
2) lterative
3) Spiral
4) Vmodel
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2.2.1 Waterfall

The Waterfall model was introduced by Winston W. Royce in 1970 and is the first of the models
created. It is a sequential model and is the basis for the creation of later models [28]. It is very
simple to understand and apply and was the most popular model in earlier years. It is divided into
six phases and each phase must end before the next phase can begin [20][27]. The original
Waterfall model allows us to go back to previous phases at the end. Figure 2 shows the six phases
of the Waterfall model.

Requirement Gathering
and analysis

.

System Design

Integration and Testing —J

Deployment of system

Maintenance

Figure 2 Waterfall SDLC

1) Requirement Gathering and analysis

In the first phase of the Waterfall model, a detailed record of the customer's requirements must
be made and all the functions and capabilities that the customer wants the system to have must be
analyzed. The requirements should be fully understood and recorded without any point that is not
properly specified. The developers should know how the final product must be, by analyzing all
the requirements of the customer. Then once the analysis has been done all the requirements and

functions are recorded in an SRS document as discussed in the explanation above [12][31][33].
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2) System Design

Based on the SRS created in the previous phase, the requirements are extracted and converted into
a form that can be used to start code implementation. To do this a Software Design Document
(SDD) is produced which contains a detailed analysis of the architecture of the system. It contains
schedules, functional descriptions, user interface, solutions to problems that may arise, and
objectives that in their entirety implement the customer's requirements. Once the creation of the
SDD document is complete then the developers have the tools they need to start the
implementation [12][31][45].

3) Implementation

The developers start the implementation of the system according to the customer's requirements
and the documents mentioned above. The implementation can be done in several different
programming languages or a combination of several of them. The type of language used will vary
depending on the type of system and the experience of the team undertaking the development. The
system is usually divided into smaller pieces called units and implemented separately in the next
phase where they merged. The reason this is done is so that the developers can be much more

aware of various bugs that may not be visible [12][31][33].
4) Integration and Testing

The smaller pieces of code created in the previous phase are checked for any errors or bugs they
may have. Then they are integrated into a system that is subjected to many tests for proper opera-
tion. It is a very important phase for the model because errors are identified that can greatly affect
the use of the system and even the experience that end users will have. If the system does not work

correctly then there is an immediate risk that the software will cease to be used [12][31][33].

5) Deployment of system

After the completion of the tests on the system and the correction of any errors and bugs that
occurred, the system is deployed and becomes accessible by the client and other users that may
exist [31][33].
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6) Maintenance

In the final phase of the Waterfall model, the system is maintained, and errors detected by users
are fixed. [12][31][33].

Advantages
1) It is one of the simplest models and is very easy to understand.
2) The timelines are clearly defined from the start.

3) It has very good results in small systems where the requirements are well-known from

the beginning.

4) Each phase of the model is implemented on its own each time rather than in parallel with

another.

5) The customer can know the cost that the system development as the schedules are certain
from the beginning [19][20][22].

Disadvantages
1) It is a difficult model when used for large systems.

2) The customer should fully know all the requirements they want from the system from

the beginning.
3) It has a high risk of failure.

4) Not recommended for object-oriented projects and complex systems [22] [25] [27].
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2.2.2 lterative

This model was created to solve the problems or shortcomings created by the waterfall model.

With the waterfall model there was the big problem that the customer's requirements had to be

known from the beginning with absolute clarity. This was solved by creating the Iterative Waterfall

Model. This is an iterative model that aims to complete the project by creating small pieces until

the whole project is complete. In each iteration, the project goes through all the phases that a
Waterfall model project goes through too, with the big difference that in the Iterative model as
many iterations can be done as needed. Usually, with each new iteration, there are design updates

and new functionality to make the system work better or to meet customer requirements. Figure 3

shows the Iterative Model with the lines pointing backward to represent the iteration of the model

[19][21][23].

Requirement Gathering
and analysis

A

A

System Design —

F

h 4

Integration

and Testing
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h 4

Figure 3 Iterative SDLC

Maintenance
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Advantages

1.

Not all requirements must be known from the beginning.
Changes can be made during the development of the system.
The development of the system is done with a lot of customer feedback.

Lower risk of failure compared to the simple Waterfall Model.

Ideal for large systems where requirements and functions can change.

It takes less time to start the implementation as the requirements may change in future
iterations [21][22][25].

Disadvantages

1.

2.

Not ideal for small systems.

The cost can increase quite a bit compared to the simple Waterfall Model because when
there is a change in requirements several points in the code must be changed or even
deleted. This process requires a lot of time and therefore costs a lot of money for the

development teams.

System integration is not known from the beginning with the risk that it takes much more

time or more iterations than what was predicted at the beginning.

It is difficult to manage.

It requires a very proper design between iterations [22][31][25].
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2.2.3 Spiral

The spiral model is an evolutionary software process model that combines the linear sequential
model's controlled (Waterfall Model) and systematic elements with the iterative feature of
prototyping. A very strong emphasis is placed on risk management which is directly related to the
performance of the system. The spiral model consists of four phases that are iterated until the
system is completed. Each iteration is based on risk management from the beginning, and it is not
known how many iterations will be needed to complete the system. Figure 4 shows the spiral
model along with its four phases [21][25][24].

2. Performing risk analysis 3. Implementation

1. Identifying and understanding

S 4. Integration and Testing
requirements

Figure 4 Spiral SDLC

Identifying and understanding requirements

In the first phase, the customer’s requirements are analyzed to fully understand the development
team. The team that will create the system should at this phase have a complete understanding of

the functionality and requirements of the system [32][33][23].
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Performing risk analysis

Once the first phase is completed a risk analysis is done and various risks for the system are
predicted. An assessment is made of the weaknesses and risks identified such as cost and then the
best implementation strategy with the lowest risks is chosen if the customer is satisfied
[23][32][33].

Implementation

After the best version of the system has been selected then the implementation of the system is
started by the team of developers. The developers should create the system based on the customer's

requirements and be in constant communication with the customer [32][33].
Integration and Testing

In this phase, once the initial system or a version of the system (if it is the second iteration and
beyond) is created, measurements and performance evaluation are done. Many tests are done to
ensure the correct and smooth operation of the system. In the end, the customer uses the system to

evaluate it and provide further requirements for future iterations [23][32][33].
Advantages

1. There is a strong emphasis on risk analysis to reduce the risk of failure.

N

Ideal for large and complex systems.

w

The customer can receive an initial version of the system very early on.

4. Allows requirements to be added to the system in future iterations [22][31].
Disadvantages

1. Itisa high-cost model.

2. Risk analysis requires a lot of subject matter expertise.

3. Not recommended for small systems.

4. The number of iterations needed is unknown.

5. Complex compared to other models [22][31][33].
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2.2.4 V-Shaped
The V-shaped model is one of the most used models and is an evolution of the Waterfall model. It

has taken its name from its shape as shown in Figure 5 because it is divided into two groups of

phases with the first group connected to the end and the second group connected to the beginning
by coding. The first group of phases is about verification which focuses on the requirements that
the system must have and its design. The second group of phases concerns validation which is
mainly focused on testing the system and validating that all the requirements have been carried out

correctly. Each phase from verification is directly linked to a phase from validation because in
each implementation there will be a test that has to be done. Figure 5 shows the V-shaped model

[19][23][25].

» Acceptance Testing

Business
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Low-Level Unit
Design € ¥ Testing

Conding

Figure 5 V-Shaped SDLC
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Business requirement analysis

It is the first and most basic phase of all as the customer is given the requirements of the system

and the functions it should have.
System Design

The basic design of the system is made according to the customer's requirements regarding the

system.
Architecture Design

Analyze further the basic design of the system and all the technical specifications it will have such

as database tables, architecture diagrams, etc.
Low-Level Design

The system is divided into smaller modules to make it easier to implement and check that

everything is working properly.
Coding

Once all the previous phases are completed, the implementation of the system starts according to

the customer’s requirements and the analyses that have been made.
Unit Testing

Testing is started and performed on all the modules that the system has been split to identify and

fix various bugs.

Component Testing

They start integrating the modules into the system and testing their communication.
System Testing

When the whole system is completed then testing is done by the client team to make sure that all

the requirements of the system have been created [19][25].
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Acceptance Testing

It tests the user environment in real-life conditions and identifies bugs or errors that may occur.

Advantages

1. Simple to understand and implement.

2. Ideal for small systems.

3. Has a lower failure rate than the Waterfall model.
Disadvantages

1. Itis notideal for complex and large systems.

2. Requirements must be fully known from the beginning. [19][24][26].
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2.3 Problem Statement & Existing Systems

Before implementation of the system, a literature search was conducted on SDLC models
aiming to fully understand them and applications that have been done in combination with human
recourses systems (HRMS). The main direction of the research was to find applications or studies
that analyze implemented HRMS based on SDLC models, i.e., to enable a programming company
or a manager to manage his staff in software development based on the SDLC models mentioned
above. The research conducted revealed that many studies focused on how to develop software
using SDLC models [36][37] rather than developing systems that manage staff based on these
models. Most studies made comparisons between SDLC models [12][34][35] or focused on HRMS

analysis without including their combination.

The problem occurred when someone needs open-source software to be able to manage their
staff based on some SDLC models that would be all in one application, without needing
configuration or changes to support the SDLC models. Still, be able to access it from all devices
and give him the ability to have a complete view of his staff regarding financials and assignment
of tasks. Many systems at commercial and research levels such as [11][38][39][40] offer the user
the ability to manage their staff such as their salaries and other information. Some researchers
analyze commercial tools that offer the possibility to directly manage staff based on some SDLC

models or indirectly by adjusting various parameters [1][9][10].

This master thesis aims to create a system that solves the above problems and offers additional
features to someone who needs it. It will have the main goal to enable the staff manager to assign
tasks to his employees based on SDLC models (Waterfall, Spiral, Iterative, and V-shaped) and to
be able to estimate costs based on salaries and personnel expenses. The main objective will not be
to manage staff in general, such as shifts and documents, but to manage staff based on SDLC
models which is the state of the art of the system. All SDLC models will be able to be used directly
without any additional configuration and will be open source for future additions that one wishes

to make or to adapt to own existing system.
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3 System Analysis & Design

The goal of this master thesis is a system that helps someone manage the staff in his team
according to the SDLC models (Waterfall, Spiral, Iterative, and V-shaped). On this innovation, the
requirements that will be presented below and the diagrams that were created before the start of
the implementation were based. It is very basic for a system before starting the implementation to
be fully aware of the requirements and the functions it should have. First, | started the literature
search, and then the requirements and functions were recorded. In the following chapters
requirement list and diagram will be presented and then in System Design will analyze the use-

case diagram, component diagram, sequence diagram, activity diagrams, and ERD diagram.

3.1 System Textual Description Analysis

The structure of the system consists of two basic subsystems that must operate in parallel for
the smooth operation of the overall system. It is divided into the backend and the frontend. The
fronted is the user interface i.e. it is what the user sees on the screen and uses. The backend is
responsible for storing the data in the database, processing it, and sending it to the frontend to
display it. The union of these two subsystems is done by sending data from one subsystem to the
other.

Before the implementation of the system was started, in the first phase, research was done on
the type of system that had to be implemented and its functions. More specifically I studied similar
systems that exist in the market and in literature to define the features and functions that the system
had to have and be state of the art at the same time. It turned out to be quite a time-consuming
process as this system is innovative in the multiple options it gives to the user, thus requiring many
different technologies for its implementation and proper recording of the requirements that
emerged.

At the beginning of the implementation of the system, the database schema was designed, which
defined the tables that the system needed to store the data and the relationships that had to be
developed between the tables. The relationships between the tables were a very important point as
in this way the data we need can be extracted and also we can directly find the data we are looking

for as it is done in all relational databases.
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Then the development of the backend started based on the database schema that had been
designed. For the development, | used Spring Boot which is an open-source Java-based
framework, and started creating the classes with the fields defined in the database schema. The
classes were a visual representation of the tables in the database and the relationships between
them. This was a way of verifying that our system was created according to the database schema
that had been defined and that our data would be stored in the correct tables. Then the functions
and controllers were created that is responsible for processing and storing the data in the database.

The data entered the system through endpoints created by HTTP requests via the Postman
application and the entire system was controlled from the moment the data entered until it was
processed, stored, or sent back again. The Postman application is an Application Programming
Interface (API) and was used as a frontend simulator to send the data that would have been sent
normally if the frontend had been developed to check that everything was working correctly on
the backend.

For the development of the frontend was used JavaScript, CSS (Cascading Style Sheets), and
React.js (JavaScript library for user interfaces). The system screens started to be created with the
help of React and the use of Material-Ul library which offers a wide variety of components that
can be used with ease. The reason why these technologies were used is that they offer huge
customization possibilities depending on the look the user wants to give to their system and are
easy to learn and use. Once a screen was completed, tests were done on the display of the data and
sending it to the backend. The frontend and backend in many cases were developed in parallel
because changes and additions of new functions were needed. The two subsystems were running
separately on a server each within the same computer just on different ports only during the

development of the system.

3.2 System Analysis

The central idea of the system is to offer users the ability to manage their staff based on the
SDLC models to have an overview of the software development progress and the cost of the project
concerning the salaries of the teams that will take on the project. The team manager will be able
to register and then enroll their staff in the system so that they can inform about the projects
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assigned and other information such as their salary. The main feature of the system will be that

everyone will be able to access it and be directed based on the instructions of the leader.

1.2.1 Requirements List and Main Requirement Diagram

Proper software development always requires that the requirements to be met by the system to

be developed are fully articulated. To properly write and represent the requirements, the Systems

Modeling Language (SysML) was used which was developed as a graphical dialect of the Unified

Modeling Language (UML) to analyze and represent complex systems so that they can be easily

understood [41]. Figure 6 shows a Requirement List that analyzes the requirements and functions

that the system should have.

Requirement

Title

Description

REQ1

Frontend

The application must have a
user interface user that will

be easy to use.

REQ2

Backend

The system should process
and store the data using the
backend.

REQ3

Database

The system should have a
database to store the data in
relational tables so that they
can be retrieved by the
Backend

REQ4

Login/Register

The user will be able to log in
to the system or register
himself/herself or employees

depending on his/her role

REQ5

Roles

The system should support
two roles (Admin, User) so
that each Admin can manage
the Users he has registered.
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REQ6

Change Password

The user will be able to
change his/her password at

any time.

REQ7

New Task

The admin will be able to
assign tasks to any users
wishes based on the SDLC
models (Waterfall, Iterative,
Spiral, V-shaped)

REQS

Calendar

Users will be informed about
the tasks assigned to them

and their deadlines.

REQ9

Add/Delete User

Admin will be able to add
and remove users whenever

he needs

REQ10

Responsive

The system should be
responsive to be able to work
on mobile devices or screens
of different sizes from the

computer.

REQ11

JWT

The system will be secured
by using JSON Web Tokens
(JWT) between the user and
the system to avoid external

threats.

REQ12

Ul Components

The Ul should be created
using components that are

easy to use for the user.

Figure 6 Requirement List
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The requirement diagram of the system that describes its central structure is shown in figure 7.
It consists of the first three requirements that are needed for the system to work. It is a basic
requirement that every system is related to. It should have a Frontend that the user will see and
manipulate, a backend that will process the data, and the Database where the data will be stored.

System P,
Application
<=requirement== <<requirement>=
Fronted Backend
Text=".." Text="_."
ID="REQO001" ID="REQ002"
source="._" source="_"
kindzll.._" Kindz"_..”
verifyhMethod="_" verifyMethod="_"
riskzll-nlf riskzll-_-ll
z<requirement==
DataBase
Textzlfn -II
ID="REQ002 REQODO3"
source="..."
Kingd="_."
verifyMethod="..."
risk="._."

Figure 7 Main Requirement Diagram

3.2.2 Frontend requirement diagram

The Frontend is the user interface of the system, i.e. the image that the user sees on his screen
and interacts with. It is a very important part of the system because based on the user's experience

of the user interface and ease of use, the user's opinion of the system is determined. The
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requirement diagram of the Frontend is shown in figure 8. The basic requirement (REQO017) is that
the Frontend should be able to change according to the role the user will have. The screens will be
different for the Admin who can assign tasks and for the User who can just be informed about the
tasks assigned. All users should be able to use the system from all screen sizes whether from mobile
or PCs, which is the requirement (REQO010), and the screens should be easy to use without the
need for an explanation from an expert which is the requirement (REQ012). The screens are made
easy to use by using Ul Components in the implementation to allow the system to have high-

quality graphics.

<<requirement>>
Responsive Ul
Text="."
ID="REQO010"
Frontend source="__"
kind="_."
verifyMethod="_"
risk="."
status="..."
<<reguirement>>
Text Fields -
\® <<requirement>> LR
UI Comopnents <<requirement>> Dynamic Ul based on roles
<<requirement>> b— Sliders = o
Tables P Text="_" Texff -
ID="REQ012" ID="REQO1T’
source="__" souree=,
! = kind=".."
<<requirement>> kind=".." <<requirement>> verifyMethod="..."
Calendars — YEEES{IM?“OU:"---" — Modals risk="_"
”tS t_ . status="_"
status=".. status="__"
<<requirement>>
Dialogs
<<rgquirement>> <<requirement>>
Drawers Buttons

Figure 8 Front-end Requirement Diagram
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3.2.3 Backend requirement diagram

The Backend requirement diagram is shown in figure 9. It is the part of the system that is
responsible for processing the data and storing it in the database or sending it back to the Frontend.
The data to be stored in the database should have the appropriate tables which is the requirement
(REQO19) and the backend should be connected to the database which is the requirement
(REQO025). A key feature that makes our system secure against malicious activities is the
requirement (REQO011) that JSON Web Tokens are used by the system. With JWTs the system can
authenticate the user sending data by verifying the identity of the user at each iteration through the

tokens.

<<requirement=> /1 “=re
quirements==
JSON Web Tokens Generate Database Tables
Text="." —n on
Text="_.

ID="REQO11" " "
ID=REQ0] & _— ID="REQ019
kind="_" acken o R v
verifyMethod="._." verifyM-éthod:"..."
risk=".." risk="_"
status="..." statuég"..."

= - =

<<requirement=>
Generate Tokens

Text="_"
ID="REQ011.REQ022"
kind="..."
verifyMethod="__"
risk="_"

<<requirement>=
Token Authentication

Text="_"
ID="REQ011 REQ023"

<<requirement>>
Database Connection

Text="."
ID="REQ025"
kind="..."
verifyhethod="_"
risk="..."

Figure 9 Backend Requirement Diagram
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3.2.4 Database requirement diagram

The database stores all system data and is connected to the backend. In the beginning, we need
to create the database which is required (REQ029) to be able to store the data within the tables.
The tables should have relationships between them, depending on the role each table has. This way

the backend will be able to pull the data according to the fields it needs.

<<requirement>> ] <<requirement=>
Create SQL Database Database connection
with backend
Text="_"
ID="REQ029" Text="_"
source="..." 3 Database b———— ID="REQ015"
kln(_:I:"_.." source="_"
verifyMethod="..." kind="_."
risk="__." verifylMethod="..."
status="_" risk="_"
T T status="__"
<<requirement>> <<requirement=> <<requirement>>
Create Tables Insert data into tables Define tables relationships

Text="_" Text="_" Text="_"

ID="REQ029. REQO30" ID="REQO30.REQ031" ID="REQO033"

source="_" &P—— source=".." source="_"

kind="_" kind="_" kind="__"

verifyMethod="..." verifyMethod="..." verifyMethod="__"

risk="..." risk=".." risk="_"

status="..." status="._.."

status="_."

Figure 10 Repository Requirement Diagram

3.3 System Design

The system design will be analyzed using Unified Medical Language System (UMLYS)
diagrams. It is a key tool because it is a graphical language for visualizing and identifying the
elements that make up a software system like the one being analyzed. With UML diagrams an
overview of the system based on its functions can be made and can be much easier to understand
for developers without the need for unnecessary explanation time. It still offers the possibility of
easy understanding by people who are not part of the technical team and a complete analysis of
the system before starting its implementation. UML diagrams are divided into several categories

depending on whether they depict classes, packages, components, and the relationships between
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them [46]. Five different UML diagrams developed for the system implementation will be

presented below:

Component Diagram
Use case
Activity Diagram

Sequence Diagrams

o ~ w npoE

Entity Relationship Diagram (ERD)

3.3.1 Component Diagram

The Component Diagram is used in large object-oriented systems to analyze the static models
of the system and the relationships between them. It divides the system into smaller components
and is a physical representation of the behavior that each component has with the others. Figure
11 shows the component diagram of the system with the main components. The Fronted, Backend,
and Database are the main components of the system. Initially, the Web Browser runs the Fronted
code to display the system on the screen. The Frontend uses libraries (Material Ul, React-
Bootstrap) as depicted in the figure so that it can be easy to use. It then communicates with the
Backend using the Axios library that allows HTTP requests. The Backend communicates with the

Frontend and the Database that stores the data. Finally, the Database uses MySQL.
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Figure 11 Main Component Diagram

The Use case diagram shows the interactions that the user (actor in UML) can have with the
system. It contains the scenarios that the user can follow in the system with all the options
provided. In the system being analyzed, we have two different roles, the simple user and the admin
who can create as many users as he wants. Figure 12 shows the basic use case of the system with

all the possible options that both roles can have.

Initially, the Admin can register or log in depending on whether they already have an account
or not. Then he can view his account information in the dashboard and edit it. He can see the list
of all the employees he has added, and he can add more or remove someone. Also, he can still
view and edit the financial information of his employees and assign them tasks based on whatever
model he wants. The tasks are displayed in the calendar which he can edit and finally, he can

change his account password or delete his entire account with his employees together if he wants.
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The simple user can log in to the system if the admin has added him and can view his account
information in the dashboard and edit it. He can then see his financial details like his salary and in
the calendar, he can see the tasks assigned to him. Finally, in the settings, he can only change his
password but not delete his account as only the admin has this choice available.
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: :7

Admin
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User System Environment ;_
Extension Points
Wiew, Update Dashboard
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Figure 12 Main Use Case Diagram
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The second use case is shown in Figure 13 and is a more specific scenario between the admin

and a simple user. The admin can see all his employees and has three options if he wants. First, he

can search for a specific employee, second, he can add an employee but form validation will have

to be done with the employee details he declares and third, he can delete an employee with form

validation forced. Then both roles can view the financials section, but the admin has the overall

view of the expenses and number of employees while he can edit this data. The simple user can

see his monthly or yearly earnings from the company.

Admin

\iew

En||: oyees Total
\ Count

View Mc nithly /_
spending View Employees
Qancua Table

Management System

<=gxtand== .
B e Add Employes

“iew Employee
List

=eingludes >

f<e>cc—'rj>

0%
=
Delete :
Employes R
Search Add Employes
Employee Form Walidation
= 1c||..d=>>

De =te Employse

Qay
.

Yra. Vg
L B,
ey,

g ¢
/_\ : View QI"D
Wiew Annual view Monthly Ezm qg-:
Qﬂd y Ea nings

JoiEedendEx

J——

Exdit E”nlcy) ==include=> Edit Employee
Costs ST\ Form validation
Sa ar‘,'s--._y

Figure 13 Use Case Scenario

User
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3.3.3 Activity Diagram

The Activity Diagram shows the steps that take place in a system when the use case is executed.
The user can see the activities he can have in the system each time he selects a path of activities.
The main purpose of the diagram is to describe the flow from one activity to another rather than
between objects in the system. Figure 14 shows the activity diagram of the simple user when using
the system. It starts with login and only when authentication is done the user can enter the system.
Then he has many options as mentioned above such as viewing the dashboard and editing his
information. All activities also contain the option to log out of the system at any time the user

chooses.

Authentication

Invalid

(Francas ) [ caniar ] (st

¥
View Financials Info

\."lewAccount Info [ Update Account Info

S

Figure 14 Simple User Activity Diagram
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The Activity Diagram of the admin is shown in figure 15 and it is much larger than the simple
user because he has many more permissions in the application. He can view and edit his employees
that the simple user cannot and assign tasks in any model he wants. He can still manage the
financials of his staff and renew their tasks. Finally, he can delete only his account which implies

that all his employees' accounts will be automatically deleted.

[ Register ]—)[ Login ](—
Authentication

Invalid

,l, Valid

L
[ Dashboard ] [ Financials ] Calendar Employees

o

[\."iew Account Infu] [ Update Account Info ] Update Financials Info
L

[ Mew Task ] [ Settings ]

Delete Account
Assign New Task

Edit Assigned Tasks
¥

- - j Y
View Financials Info
: View Assigned Tasks Add Employee

iew Employess

[Delete Emplo‘,ree] [Change Password]

) 4
Logout

Figure 15 Admin Activity Diagram
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3.3.4 Sequence Diagrams

Sequence Diagrams is an interaction diagram and illustrates how and in what order the objects
in the system work together. The visualization is based on the time when the user starts using the
system and shows step-by-step how the operations are performed. In many cases, the sequence
diagrams become very large in scale because they have to show many functions. That is why in
the system analyzed two diagrams were created for the admin and the simple user. Figure 16 shows

the actor which is the admin and contains the dashboard, employees and financials sections.

)/\ DiazhBoard Das::‘;ard Emplayzes ‘ Add Employee Delete Employes Financial ‘ Edit Financials
Admin
1: Login I
1.1: Visw Account Info |
PLELER Lok, H |
1.2: Update Account Info
1.2: View U:—:at‘ed Account Info ,
2: :-Salect Employess Section M
E 2.1: View Employees List I
: 2.2: Add Employes
- 221 hew Updated Employees Liin
2.2.2: Delete Employes
< 2.2.3 Miew Updated Emplayees Listi
| 3: Selct Financizl Sertion
H
- . 3.1:\iew Financials List
3.1.1: Update Financials
\ ' —F
‘ 3.2 View Updated Financials List -

Figure 16 Admin First Sequence Diagram
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Figure 17 shows the other sections for admin which are calendar, new task, settings and logout.

nnnnnn

CCCCCCC

Figure 17 Admin Second Sequence Diagram

Finally, figure 18 shows the sequence diagram that has a simple user as an actor. The simple

user has sections dashboard, financial, calendar, settings, and logout.

s

Usar

- Changs
Settings. Eazawons Logout ‘

Calendar
Szarch

Dashboard
Edit

DashBoard ‘

1: Login

:Log :
1.1: View Acount Info ;
1.2: Ugdate Account Info 1

1.3: View Updated Account Info

2: Select Financial Section &

2.1 Wiew Financials List :|

2 Gelect Calendsr Section | . NE
3.1 Wew Calendar Tables :
32 SesenTask

e
_ 32SewenTak
| 2.3 View Sesrched Task H :|

¢ 4: Select Setings Section

22 View Suceessful Masssge: H i J

{5 SelectLogour Secton - ; : : N
{5.1: Logout User : : : i : ‘

Figure 18 Simple User Sequence Diagram
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3.3.5 Entity Relationship Diagram (ERD)

The Entity Relationship Diagram (ERD) is a flowchart that shows how entities in the database

are connected. Figure 19 shows the ERD for the system being analyzed and shows in detail the

tables that exist in the relational database. The key entity for the whole system is the users table

which contains the basic information for all users and all other entities are directly linked to this

entity. The roles for users are contained in the user_roles entity that defines when a user is an

administrator or a simple user. Finally, each different model that the administrator assigns to

simple users has its entity with information such as dates or costs.
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id INT
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Figure 19 ERD
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3.4 System Technologies

The technologies used to develop the system aim to provide the user with a system that is easy
to use and safe to operate. Before the implementation of the system, research was conducted for
innovative technologies that can fully interoperate with each other and have the ability to support
complex systems such as the one being analyzed. They should be maintainable but also leave room
for future additions to the system. The technologies chosen had in common that they were all quite
popular and there is a huge community offering open-source and ready-made implementations for
a variety of issues that need implementation. For the thesis, they had to be technologies that other
developers could easily use in the future since the code would be open source. The technologies

chosen for the implementation of the system are:

1. React.js: ItisaJavaScript framework and is responsible for the User Interface (frontend).

It is supported by a large community of developers and is one of the most popular choices.

2. Spring boot: It is responsible for data processing and storage (backend). It is one of the
most famous Java frameworks and is very much used for developing web applications and

microservices.

3. MySQL: MySQL is an open-source relational database management system (RDBMS).
This system uses Structured Query Language (SQL) and this is where all the data of the

system being analyzed is stored.
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3.4.1 React.js

React.js is one of the most popular JavaScript frameworks in the world. It was developed in
2011 by developers and is used by very large companies like Netflix and Apple. It is the first
choice for many programming companies as it has many advantages over other JavaScript

frameworks [42]. The main advantages of React.js are:

Its performance is quite high even on huge amounts of data
e ltis easy enough to understand for programmers who want to develop systems quickly
e |t offers long-term stability without the risk of interrupting upgrades.

e It is supported by a large and active community where someone can search for different

implementations or even ask for help if needed
e Has a huge variety of component libraries like Material Ul used in this system

For the master thesis, it was chosen because it needed a framework with these advantages
discussed above and because it had to be on technologies that would allow future modifications
and additions to the system easily. Figure 20 shows the code containing the main paths of the

system, written in React.js.

1 import * as React from "
2 impeort Login from "./L
3 import Register from "
4 impeort { BrowserRouter as Ro
import AdminSidebar from "./Welcome-Admin/A
import { createTheme, ThemeProvider } from "(r

function App () {

const theme = createTheme ({ 2
1 palette: {
2 =] background: {
default: "#278z=6",
S 1,
e },
by

[ return (

<ThemeProvider theme={thems}>
<div>

1 <Router> 4

2 <Routes>

lement={<Login />}></Route>
10" element={<Register />}></Route>
hboard/*" element={<AdminSidebar /[>}></Route>
</Routes>
7 </Router>
</fdiv>
</ThemeProvider>
0 i )i
. )

export default App;

Figure 20 React Js Example
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Point 1 shown in figure 20 all the imports that the code needs to run. They are data stored in
other files or libraries ready for use. Point 2 is the JavaScript code that consists of a few lines as in
the figure or can reach hundreds of lines when we have complex functions that need to run. In this
example, we are simply giving a color code to a variable that will be used as a theme throughout
the application. Point 3 is the HTML code and React components used. A component can be
written with code locally in the application in another file or it can be ready-made from a library
such as Material ULl. In all cases, a component should always be opened and closed depending on
whether it has internal components or is called by itself. In the example, in figure 20 the Router
component opens on line 22 and closes on line 27 because it has other components called
internally, while the Route component opens and closes on line 23. The purpose of these lines of
code throughout the figure is to create paths that the user can have within the application to switch
pages.

The Material Ul library was used because we needed the application to be easy to use and have
many screens dynamic in the user interface. This library provides dozens of ready-made
components that can be very easily integrated into the code and are immediately functional. Figure
21 shows a table of employees that the admin view when managing his staff. This table is a
Material Ul component called TableContainer and with many changes and code additions, it was
configured as shown in the figure.

Q Search

Username First Name Last Name Email

anita Anita Sayid anita@gmail.com
stanley Stanley Knife stanley@gmail.com
willie Willie Makit willie@gmail.com
penny Penny Biding penny@gmail.com
chris Chris Creem chris@gmail.com

Figure 21 Material Ul Example
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3.4.2 Spring boot

It is one of the most popular open-source Java-based frameworks used for standalone and
commercial applications. It is an ideal tool for developers who need to create microservices for
their applications or create web applications. Spring boot is very popular in the developer's
community because it offers the dependency injection feature that allows objects to have their
dependencies that the Spring container then integrates into them [43]. In this way, developers can
create applications that consist of unified components which is the central idea behind

MIiCroservices.

In the analyzed system, Spring boot was chosen because it is very easy to create endpoints to
send data to the frontend. Still, a very big advantage is offered by the Java Persistence APl (JPA)
and it is a Jakarta EE application programming interface specification to maintain relational
databases like the one used in the system. Many dependencies were used for the implementation
such as MySQL-connector-java which helps to connect the backend to the database or spring-boot-
starter-data-JPA integrating the JPA discussed above. Figure 22 shows a small piece of code
showing how a class (user) creates relationships within the database with other classes that also
represent a table within the database. At point 1 a many-to-many relationship is created with the
user_roles class containing their system roles. This means that many users can have many
user_roles and the other way around. In point 2 of the figure, however, we can see that we have an
OneToOne relationship which means that a user can have one Financial and the other way round.

49 é] @ManyToMany (fetch FetchType.LAEY)

@JoinTable( name user_recles™, 1
51 joinColumns @JoinColumn (name = "user id"),
52 = inverseJoinColumns = @JoinColumn(name = "role id"))

private Set<Role> roles = new HashSet<>();

[[] @oneTooOne (mappedBy = "user", fetch = FetchType.LAZY, 2
] cascade = CascadeType.ALL)
private Financials financials ;

0 @0neToOne (mappedBy = "user”, fetch = FetchType.LAZY,
6l cascade = CascadeType.ALL)
62 private UserData userData ;

[
s 1L

@ManyToMany (fetch = FetchType.LAZY,
cascade = {
CascadeType . PERSIST,
CascadeType . MERGE

O

el }

)
@JoinTable (name = "user simpleTasks",
1 joinColumns = { @JoinColumn(name = "user_ id") 1},
2 = inverseJoinColumns = { @JoinColumn (name = "simpleTask id"™) })
private Set<SimpleTask> simpleTasks = new HashSet<>();

{1}
L=

[ T e B N e e = e )

Figure 22 Spring Boot Class Example
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Figure 23 shows the controller of the user class and consists of two endpoints, each for a
different purpose. At point 1 there is a Get with which when someone requests data with the
appropriate URL ("/api/auth /getEmployees/{id}") and the appropriate id then it will return all
employees corresponding to that id i.e. the id of the administrator as depicted in line 150. At point
2 there is an endpoint with Delete which means that when someone calls this endpoint with the
appropriate URL ("api/auth/deleteEmployee/ {username}") then it will delete the employee from
the database according to the username given by the user who can only be the administrator for
this call.

// Get a array List with users and the id of their admin id example:
//http://localhost:8080/api/auth/getEmplovees/1 1

@GetMapping ("/getEmployees/ {id]}")
= public ResponseEntity<List<User>> getEmployees(@PathVariable ("id") long id) {
try {
List<User> users = userRepository.findByChildkey(id) ;
= if (users.isEmpty()) {
return new ResponseEntity<>(HttpStatus.NO_CONTENT) ;
}
54 return new ResponseEntity<>(users, HttpStatus.OK);
5 } catch (Exception e) {
6 return new ResponseEntity<>(HttpStatus.INTERNAL SERVER ERRCR) ;
DI - }

}

62 //Delete employee based of the id 2

: // http://localhost:8080/api/auth/deleteEmployee/5

4 @DeleteMapping ("/deleteEmployee/ {username}"

65 E public ResponseEntity<?> deleteEmployee(@Pathvariable("username") String username)

User user = userRepository.findByUsernamels (username) ;
if (user.getIterativeTasks().size() == && user.getWaterfallTasks () .size() == && user.getSpiralTasks() .size() ) {
userRepository.deleteById(user.getId());
return ResponseEntity.ok(new MessageResponse ("Employee
} else {
1 return ResponseEntity.ok(new MessageResponse ("Employee is assigne

}

fully!™yy;

el e e e e e e e el el el e e e
. o o o ORGSR SRR S
v . ) (S

Figure 23 Spring Boot Controller Example

3.4.3 MySQL

MySQL is an open-source relational database management system (RDBMS) that is based on
the structured query language (SQL). It was developed and maintained by Oracle Corporation and
runs on all platforms such as Windows and Linux which are among the most widely used. MySQL
is one of the most famous systems in the world because it offers the ability to back up data and
ensures that data is not going to be lost through recovery strategies. It manages relational databases
and allows the developer to add, edit and view their data within the database [44].
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4 System Representative Use Case Scenarios

During the implementation of the system, priority was given to all the UML diagrams analyzed
above as the requirements that the system should implement and the basic structure that it will
have in its entirety had to be clearly defined. It is very basic before starting any implementation of
a system that these steps are done very properly and in detail because there is a risk that the result
will be much too time-consuming to implement and less efficient. In this chapter, the result of the
implementation will be analyzed for each possible scenario that may arise from all the roles. In
this way, the structure of the system and the possibilities it provides for the user will be fully

understood.
1.1 Representative Use Case Scenarios

The system is aimed at companies or teams of developers who have a team leader and assigns
tasks to employees or simply other team members. Based on this central idea the system supports
two roles, admin and simple user. Each admin can have as many workers as they want but the
worker-simple users can only have one administrator. The structure is shown in figure 24 and the

admin is in the middle handling his simple users on the side.

. .

Simple User =~ _.-="" Simple User
‘ Admin RS 3
Simple User Simple User

Figure 24 System Structure
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4.1.1 Admin Role

When opening the application for the first time the admin will have to register and fill in his

information. Only the admin is allowed to register, and the registration form is shown in figure 25.

Sign Up

First Name Last Name

Frank Furter

Organization Name

Developers Company

Email

frank@gmail.com

Username

frank

Password Re-enter Password

SIGN UP

Already have an account? Sign in

Figure 25 Register Page

The information that the application requests from Admin are:
1. First Name

2. Last Name

3. Organization Name
4. Email

5. Username

6

Password
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7. Re-Password

The admin after entering the data required then the system validates if all the fields are filled
in and if they are in the correct format. The correct format changes depending on the field like
the email is checked if the one given with @ in it or the passwords must be the same. Figure
26 and 27 shows how the application notifies the admin that he has given incorrect data.

Sign Up Sign Up
First Name Last Name First Name Last Name

Frank Furter Frank Furter

Organization Name Organization Name

Developers Company Developers Company

Email Email

( frank@gmail frank@gmail.com

Please enter a valid emaill
Username

Username
frank

frank

Password
Password Re-enter Password

Passwords do not match

SIGN UP SIGN UP

Already have an account? Sign in Already have an account? Sign in

Figure 27 Register Wrong Email Page Figure 26 Register Wrong Password Page

Once the admin successfully registers then he can enter the application with the details he
provided during registration. Figure 28 shows the login of the application which is the same for

both roles. He needs the username and password to log in.
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A

Username

frank

Password

SIGN IN

Don't have an account? Sign Up

Figure 28 Login Page

The system validates that the information provided in the login form is correct and the admin

enters his dashboard. Figure 29 shows the admin's dashboard and his account information. The left

part shows the details:

6.

o ~ w D F

First Name
Last Name
Username
Gender
Birthday
Nationality

In the right part of the screen the name and location of the company organization are displayed

and below it the contact details such as email, phone, and address. Admin can edit all this

information by pressing the button at point 2 shown in the figure.
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= Management System

\ 1 O Organization Information

Name: Developers Company

( : \ Location: -

Frank Furter Contact Information
CEO Manager
Email: frank@gmail.com

Username: frank Phone: - 2
Address: - /

Gender: -

Nationality: -

(@) Success

You are logged in as — Administrator!

Copyright © Your Website 2022

Figure 29 Admin Dashboard Page

When the button at point 2 is pressed a window opens which is shown in figure 30.

EDIT THE ACCOUNT DATA

REGISTRATION DATA

First Name Last Name

Frank Furter

Organization Name

Developers Company

Organization Loeation
Gender Nationality
Addre

Birthday
Phone

Figure 30 Admin Update Info Page
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The information provided in the registration is already filled in and the rest is blank. All fields

can be changed and at the end, the corresponding EDIT button can be pressed to save or the

CLOSE button to close the window. The other option the admin has is to press the button located

at point 1 of his dashboard and open the navigation menu shown in figure 31.

“

=

< Management System

Dashboard Organization Information
Employees Name: Developers Company

Financial

m Location: Greece
L]

Contact Information
Frank Furter

Calendar CEO Manager Email: frank@gmail.com
Phone: 6300000000
New Task Username: frank Address: Athens 12
Settings Gender: Men :J
Birthday: 12/10/1990
Log Out Nationality: Greek

(i) Success

You are logged in as — Administrator!

Copyright © Your Website 2022

Figure 31 Admin Menu Page

The options that the Admin role has for navigating through the system are:

1.

2
3
4.
5
6
7

Dashboard
Employees
Financial
Calendar
New Task
Settings
Log Out

Each category has different functions which will be analyzed below. When the Employees

option is clicked then the admin sees the overall view of his employees as shown in figure 32.
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— Management System

Employees List

O\ Search
Username First Name Last Name Email
anita Anita Sayid anita@gmail.com
stanley Stanley Knife stanley@gmail.com
willie Willie Makit willie@gmail.com
penny Penny Biding penny@gmail.com
chris Chris Creem chris@gmail.com

1 2
s 02 - EEEEE

Copyright © Your Website 2022.

Figure 32 Admin Employees Page

The table at the beginning is empty but to make the description easier to understand | added
some employees at the beginning. The table shows employee details such as Username, First
Name, Last Name, and Email. The admin has two options and that is to add an employee or delete

one. When he clicks to add an employee then the window is shown in figure 33.
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EMPLOYEE REGISTRATION

First Name

Anita

Email

anita@gmail com

Usemame

anita

Set Monthly Salary

1200

Set Equipment Cost

ADD A EMPLOYEE

Set Isurancer Cost

120

Select Start Date
07/2712022

Re-enter Password

CANCEL

Figure 33 Admin Add Employees Page

The application demands the admin to enter the details for the employee they wish to add and the
details are:

1.

2
3
4
o.
6
7
8
9

First Name

Last Name
Email
Username
Monthly Salary
Insurance Cost
Equipment Cost
Start Date

Password

10. Re-Password
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When the simple user-employee is added then the simple user will be able to log in with the
details given to him by the admin and change his password himself for security reasons. When the

admin wishes to delete an employee then the window is shown in figure 34.

DELETE A EMPLOYEE

stanley CANCEL
illie

Figure 34 Admin Delete Employees Page

Admin selects the employee he chooses to delete and clicks the DELETE button located below
the drop-down button with usernames in figure 34 (not shown in the example). The next section

that the admin role can select from the navigation menu is the financial section which is shown in

= Management System

Employees Total Count Monthly spending Annual spending

) 7236 € 86832 €

figure 35.

Employees Monthly Data

Q Search
Usemame Monthly Salary Insurance Costs Equipment Costs Start Date
anita 1200 € 120 € 30€ 2717/2022
stanley 1000 € 9 € 20€ 27/7/2022
willie 1400 € 110 € 40 € 27/7/2022
penny 1500 € 150 € 60 € 2717/2022

EDIT EMPLOYEE COSTS

Figure 35 Admin Financial Page
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In this section, he has an overview of the financial data of his company or group. At the top, he
can see the total number of employees, the monthly expenses that the team has, and the annual
expenses calculated based on salaries and the equipment and insurance expenses of all team
members. At the bottom is a table that has detailed financial information for each employee and
the date they started working for the company. There is still an option to edit the costs that
employees have by clicking the button at the bottom of the screen. Figure 36 shows the window

for editing costs.

EDIT THE EMPLOYEE FINANCIAL DATA

EMPLOYEE MONTHLY COSTS

Usemname Set Equipment Cost

' anita A 30 ‘
| |
E Set Monthly Salary Set Isurancer Cost 3
L 1200 120
] I
] I

'

Figure 36 Admin Edit Employee Financials Page

Depending on the username chosen by the admin, he can edit the expenses for the employee's
equipment, salary, and insurance. The next section that the admin role can choose is a new task

which is shown in figure 37.
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SIMPLE TASK WATERFALL TERATIVE SPIRAL VMODEL

Assign Simple Task

Task Name

Task Name

Description

Description

Assign To

Employees -

Task Dates

Select Start Date
27-07-2022

Select End Date
27072022 |

Estimate Cost
Total cost for the task: 0 €
Total duration for the task” 1 days

Figure 37 Admin Add Simple Task Page

The admin has five options as to the type of task he can assign:
1. Simple Task
2. Waterfall Task
3. lterative Task
4. Spiral Task
5. V-Model Task
The first task is the simple task which can be anything up to something complex. The other four
are SDLC models and have been detailed above each one separately. In the shown figure 37 the
Simple Task above is the first task the admin sees and can provide a title, description, employees
who are assigned to it, and a start and end date. Based on the days the admin gives for a deadline,
the cost of the task is calculated based on the salaries of the employees selected. The next task he

can assign is the Waterfall Task shown in figure 38.
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Waterfall Sequential Phases Dates

1) Requirement Gathering and analysis

Analysis Start Date: Phase Duration (Days): 2 Analysis End Date
27-07-2022 28-07-2022
2) System Design
Design Start Date Phase Duration (Days): 2 Design End Dat

28-07-2022

I |
w

30-07-2022

3) Implementation

Implementation Start Date: Phase Duration (Days) 1 Implementation End Date
31-07-2022 31-07-2022

4) Integraticn and Testing

Testing Start Date Phase Duration (Days): 2 Testing End Date
02-08-2022 03-08-2022

5) Deployment of system

Deployment Start Date Phase Duration (Days): 2 Deployment End Data:
04-08-2022 05-08-2022

6) Maintenance

Maintenance Start Date Phase Duration (Days): 2 Maintenance End Date

06-08-2022 07-08-2022

Estimate Cost
Total cost for the task: 1124 €
Total duration for the task: 11 days

]

Figure 38 Admin Add Waterfall Task Page

The Waterfall Task has a title, description, assigned users and the six phases that comprise the
SDLC model discussed in the Background section. Each phase has a start and end date, and the
application calculates the total cost of the task based on the sum of the days of each phase and the
employees selected. The next task is the Iterative task which is shown in Figure 39. It has the same

phases as the Waterfall task but is iterative as analyzed in the Background chapter.
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SIMPLE TASK WATERFALL ITERATIVE SPIRAL VMODEL

Assign lterative Task

Task Name
Task Name

Create Alrlines program

Description
Description

Create Alrlines program for the next summer.

Assign To
Employees

chris stanley hd

First Stage Phases Dates

1) Requirement Gathering and analysis

Analysis Start Date Phase Duration (Days): 2 Analysis End Date:
| 27-07-2022 28-07-2022

2) System Design

Design Start Date: Phase Duration (Days): 2 Design End Date:
| 28-07-2022 30-07-2022

3) Implementation

Implementation Start Date Phase Duration (Days): Implementation End Date:
|31-D?—2022 31-08-2022

4) Integration and Testing

Testing Start Date: Phase Duration (Days): 2 Testing End Date
|DZ-DE—2[JZ 03-05-2022

5) Deployment of system

Deployment Start Date Phase Duration (Days): 2 Deployment End Date
|DM&2022 05-05-2022

6) Maintenance

Maintenance Start Date: Phase Duration (Days): 2 Maintenance End Date:
|06-4]8—2[Jﬂ 07-08-2022

Estimate Cost
Total cost for the task: 963 €
Total duration for the task: 11 days

ASSIGN

Figure 39 Admin Iterative Task Page

The next task is the Spiral task which is shown in figure 40 and has four phases.



SIMPLE TASK WATERFALL ITERATIVE SPIRAL
Assign Spiral Task
Task Name

Task Name

Create Hospital program

Description
Description

Create Hospital program for the patients.

Assign To

Employees

willie chris penny

Spiral Four Quadrants Dates First Stage

1) Identifying and understanding requirements

Requirements Start Date:
27-07-2022

Phase Duration (Days): 2

VMODEL

Requirements End Date:
28-07-2022

2) Performing risk analysis

Analysis Start Date:
29-07-2022

Phase Duration (Days): 2

Analysis End Date
30-07-2022

3) Implementation

Implementation Start Date:
01-08-2022

Phase Duration (Days): 3

Implementation End Date:
03-08-2022

4) Integration and Testing

Testing Start Date:
04-08-2022

Phase Duration (Days): 3

Testing End Date:
06-08-2022

Estimate Cost
Total cost for the task: 1592 €
Total duration for the task: 10 days

ASSIGN

Figure 40 Admin Add Spiral Page

The last task is the V-Model task which has eight phases and is illustrated in figure 41.
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SIMPLE TASK WATERFALL ITERATIVE SPIRAL

Assign Vmodel Task

Task Name
Task Name

Create Supermarket program

Description
Description

Create Supermarket program for products

Assign To
Employees

stanley  anita  penny

First Stage Phases Dates

1) Business requirement analysis:

Requirements Start Date Phase Duration (Days): 2

%
s
=
o
S
2
1§

VMODEL

<

Requirements End Date
28-07-2022

2) Acceptance Testing:

Acceptance Start Date: Phase Duration (Days): 2

@
c
o
S
8
N}

Acceptance End Date
31-07-2022

3) System Design

Design Start Date: Phase Duration (Days): 3

S
p
=
&
3
o

Design End Date
05-08-2022

4) System Testing

Testing Start Date Phase Duration (Days): 3

s
£
=
&
g8
L

Testing End Date
08-08-2022

5) Architecture Design

Architecture Start Date Phase Duration (Days): 4

=
2
pi
8
3
R

Architecture End Date
13-08-2022

6) Component Testing

Component Start Date Phase Duration (Days): 4
14-08-2022

Component End Date.

3
=)
@
'Y
S
S
N

7) Low-Level Design

Low-Level Start Date Phase Duration (Days): 3
18-08-2022

Low-Level End Date:
20-08-2022

8) Unit Testing

Unit Start Date: Phase Duration (Days): 4
21-08-2022

Unit End Date:
24-08-2022

Estimate Cost
Total cost for the task: 4014 €
Total duration for the task: 25 days

ASSIGN

Figure 41 Admin Add V-Shaped Task

Page
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The next module that the admin role can choose is the calendar which is shown in Figure 42.

= Management System
Simple / Waterfall Tasks Iterative / Spiral / Vmodel Tasks Search All Tasks
Simple Tasks : 1 Iterative Tasks : 1
i Q search
Waterfall Tasks : 1 Spiral Tasks : 1
Vmodel Tasks : 1
Simple Tasks
Q searcn
Tli;k Task Name Description Employees Start Date End Date Duration (Days) Total Cost
6 Greate Snake Create Snake Game anita stanley 27-7-2022 24-8-2022 28 2900 €
Game for the intermet.

SIMPLE TASKS PANEL

Figure 42 Admin Calendar Page

In the calendar, the admin is informed about the number of tasks that are active at the top of the
screen and can search if he is looking for a specific task. At the bottom, each type of task is
displayed separately in each table with information about the start and end date of each phase and
the cost with the implementation duration. Figure 43 shows the table of Waterfall tasks and

Iterative tasks.

Waterfall Tasks

Q Search

Task Task Analysis Analysis Design Design Implematation Implematation

ID Name Descipten Eeioveee Start_Date End_Date Start_Date End_Date Start_Date End_Date

Create Create a
a website for willie,chris 27-7-2022 28-7-2022 29-7-2022 30-7-2022 31-7-2022 31-7-2022 2-8-202:
Website clothes

WATERFALL TASKS PANEL

lterative Tasks

Q Search

Analysis Analysis Design Design Implematation Implematation

Description ~ Employees o\ Date  End_Date  Start_Date  End_Date  Start Date End_Date

Create
Create Airlines
4 Airlines program for chris,stanley 27-7-2022 28-7.2022 29-7-2022 30-7-2022 31-7-2022 31-8-2022 2-8-202
program the next
summer,

ITERATIVE TASKS PANEL

Figure 43 Admin Calendar with Tasks Page
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The admin can edit the tasks individually by clicking on the button on each table. When he
clicks on the Waterfall tasks, he can edit the data or complete the implementation as shown in

figure 44.

WATERFALL TASKS

EDIT THE WATERFALL TASKS

Task ID

7 -
Task Name

Create a Website

Employees

willie: chris

Description

Create a website for clothes

1) Requirement Gathering and analysis

Analysis Start Date
27-07-2022
2) System Design

Design Start Date:

29.07-2022

3) Implementation

Implementation Start
Date:

31.07-2022

4) Integration and Testing

Testing Start Date:

02-08-2022

5) Deployment of system

Deployment Start Date:

04-08-2022

6) Maintenance

Maintenance Start
Date
06-08-2022

Duration: 11 days
Cost: 1124 €

Phase Duration (Days)
2

Phase Duration (Days)
2

Phase Duration (Days)
1

Phase Duration (Days)
2

Phase Duration (Days)
2

Phase Duration (Days)
2

Analysis End Date:
28-07-2022

Design End Date:

30-07-2022

Implementation End
Date:

31-07-2022

Testing End Date

03-08-2022

Deployment End Date.

05-08-2022

Maintenance End

Date:

07-08-2022

Figure 44 Admin Edit Calendar Task Page
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When the task can have more than one iteration cycle then an additional iteration cycle can be
added by specifying dates and personnel who will or can process the current iteration cycle. The
next section that the admin can select is Settings which is shown in figure 45. There is an option
to change the password at the top of the screen or delete the account along with all employee

accounts.

Change Password

Current Password

Current Password *

New Password

Password

Confirm New Password

Re-enter Password

SAVE

Delete Account

Once you delete your account, there is no going back. Please be certain.

To confirm this, type "DELETE" below:

TYPE DELETE™ DELETE

Figure 45 Admin Settings Page

4.1.2 Simple User Role

The simple user has fewer permissions within the application, so the screens should be simpler.
When the admin registers the simple user and gives him the details to log into the application then
the simple user sees the dashboard which is shown in figure 46.

< Management System
LI Organization Information
W Financia O Name: Dev Company

Location: Gree:
/ [ \
]

B Catendar )
. . Contact Information
Anita Sayid
& setings Developer Employee Email: anita@gmail.com
6 Logou Username: anita

Success
You are logged in as — Usert

opyrght © Your Website 2022

Figure 46 Simple User Dashboard Page
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The options that the simple user has for navigating the menu are five and they are:
Dashboard

Financial

Calendar

Settings

o ~ w npoE

Log out
When the simple user selects the financial section then he can see the financial data concerning

him as shown in figure 47.

EARNINGS FINANCIAL DATA COMPANY COSTS
Monthly Earnings Incurance Monthly Costs
1800 € 167 €
Annual Earnings Equipment Monthly Costs
21600 € 30€
Start Date
271772022

Figure 47 Simple User Financial Page
The simple user is informed about his monthly and annual salary and the start date of work on
the left side of the screen. In the right part of the screen, he is informed about the cost of his
insurance and the cost of equipment per month. Figure 48 shows the screen when the simple user

selects the calendar section.
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Simple / Waterfall Tasks

Simple Tasks : 1

Waterfall Tasks : 0

Simple Tasks

Q Search

Iterative Tasks : 1
Spiral Tasks : 0
Vmodel Tasks : 0

Task Name

6 Create Snake Game

lterative Tasks

O\ Search

Description Employees

Create Snake Game

for the internet. anita,wilie

Create
4 Airlines
program

Analysis
End_Date

Analysis

EEPLYEES Start_Date

Description

Create
Airlines
program for
the next
summer

anita,penny,willie 27-7-2022 27-7-2022

lterative / Spiral / Vmodel Tasks

O\ Search

Search All Tasks

Start Date End Date

27-7-2022 25-8-2022

Implematation
Start_Date

Design
End_Date

Design
Start_Date

27-7-2022 27-7-2022 27-7-2022

Figure 48 Simple User Calendar Page

Duration (Days)

29

Implematation
End_Date

27-7-2022

27-1

It is informed about the tasks assigned to it and can also search for a specific one. The next

section that the simple user can select is settings which are shown in figure 49.
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Change Password

Current Password

Current Password *

New Password

Password

Confirm New Password

Re-enter Password

SAVE

Figure 49 Simple User Settings Page

The only setting he is allowed is to change the password. The simple user was much simpler
to implement but enough research was done to ensure that he could not affect the workflow of the
rest of the team even if there was malicious activity on his part. He is given the necessary

permissions to be aware of the tasks assigned to him and his financial details.
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5. Conclusion & Future Work
5.1 Conclusion

SDLC models are a very basic tool for the proper creation and modification of a reliable high-
quality software system. Many complex systems run the risk of being implemented incorrectly or
leaving a schedule when there is no proper forethought and steps in their implementation. The
choice of any SDLC model depends largely on the deadline, available developers, and budget.
Many companies spend a lot of money to properly implement their systems and manage their staff
at the same time. By properly managing the staff and the implementation project, the risk of failure
is drastically reduced.

Based on all the above, the idea of this master thesis was based on the aim to make the system
as useful as possible to the groups that need it and to be free of charge to anyone who wishes to
extend it, use it or study how to implement it. It is not a simple project as it combines many
different fields of computer science on a technical and theoretical level to be able to offer the user
the right tool he needs. Its strongest feature is the technologies used as they are new technologies
with a lot of community support and usefulness to many companies. The project was challenging
to implement because it needed all the technologies to be developed in parallel so that they could
work together. It has been a source of knowledge because it can give a comprehensive view of the
requirements and obstacles that a developer may have even in a large-scale commerce application.
In conclusion, the purpose of the application developed in this master thesis is to be a basic tool
for someone who needs to manage a team of developers and have a complete image of the tasks
he assigns based on the SDLC models that are the state of the art of the whole application. Still to
be able to add and delete members from his team whenever he needs and to be able to cost the
projects undertaken by the team based on the salaries of the employees to whom it is assigned.
Finally, employees will also be able to be informed about the tasks assigned to them and the
deadline of each phase separately for each SDLC model.

70



5.2 Future work

The system has a lot of prospects for development and can be adapted to other systems or
expanded on its own in many different directions. During its implementation, the emphasis was
put on using technologies that are very famous for this purpose and that in the future a developer
can easily extend the system using help from various open-source communities. The future

changes and additions that can be made to the system are:

e Support additional SDLC models in addition to the ones it already has. The application
supports Waterfall, Iterative, Spiral, and V-Shaped SDLC models but someone can add as
many more as desired, provided that one can graphically represent the phases of the new
SDLC model and add the functions needed to calculate various data. Among the most

famous SDLC methodologies that can be added are Agile and Scrum.

e Extension to HRMS to allow for better staff management. The application has all the
essentials for personnel management such as salaries and basic data. It was implemented
this way because it was not intended to be considered an HRMS. It can however be
extended to fully functional HRMS if additional screens are added that contain much more
information for employees such as schedules, uploading files, statistics, and more.

e Adding additional roles to the application. The application supports two roles, admin and
simple user. A role could be added that would have the role of a project supervisor
assuming a new SDLC metadata requires it. Another role could be an accountant that would

oversee the financials of the company.

e Support for additional languages to make it available to a wider range of users and

companies.

e Additional functions for the admin to have a more complete image of his team. He will
have the ability to statistically view the performance of each of his employees and will be
able to view the financial statistics of each employee individually for the long period that

he has been contributing to the team.
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Create a mobile or desktop application. With the mobile app, users will be able to enter
and view data without having to open the browser. With the desktop application companies
could use the application on a closed network locally greatly reducing the risk of malicious

activity

In-app chat support between roles. When Admin will want to inform an about a change or
event to a simple user, he can send a message from the application and a notification will

be displayed on the dashboard

Notifications that a deadline for a task is approaching. The user will receive a notification
at the dashboard or an email that a deadline is approaching for a task that has been assigned

and needs to be completed.
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