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Abstract

When a software development company wants to achieve its goals on time and efficiently
use its staff on the projects, it is necessary for the company to have hands on information related
to number of employees working on various projects along with their skill set and the number of
employees still needed to complete the projects on time.

Resource Planner is a convenient tool to handle various projects in a software company
efficiently. It is an online tool to manage projects currently running with the company as well as
future projects. This tool tracks the employees working for the existing projects and details of
new projects like no. of employees required, location, etc., and also estimates revenue which
helps higher management to know the status of the various projects and work force. With this
tool, HR can estimate the requirement of employees for the new projects and hence can recruit
exact number of employees. The project manager can view the details of the employees in the
company and the employees in his projects. He can also get the information of how many
employees are there in a particular project and their skill set. When he wants employees for a
particular project, he can add that information mentioning how many are working on the project
and how many employees are totally needed for the project. This information can be had both for
online and offline projects. This information is used in generating a special report called GAP
summary.

This application is developed using Java Spring MVC Framework and MySq| database.

The main goal of the project is to get familiar with Spring MVVC Framework.
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Chapter 1 - PROJECT DESCRIPTION

1.1 INTRODUCTION

Resource Planner is an online tool to manage projects currently running with the
company as well as future projects. It helps in avoiding more manual hours that need to spend in
record keeping and generating reports. This application keeps the data in a centralized way
which is available to all the users simultaneously. It is very easy to manage historical data in
database. No specific training is required for the employees to use this application. They can
easily use the tool that decreases manual hours spending for normal things and hence increases
the performance. As the data is centralized it is very easy to maintain the currently running
projects with the company as well as future projects. This is an online tool so more than one user
can login into system and use the tool simultaneously. This tool is very useful in estimating
revenue, etc which helps higher management to know the status of the various projects and work
force. For this project, we assume that the requirements are specified by a client.

The main objective in preparing this project is to learn Spring MVVC Framework. Hence,

the Ul design is pretty much not descent.
1.2 INTENDED USERS

Administrator: The administrator of this software will be able to create new users and
remove any user. He allots passwords and changes them.

HR manager: He should take a decision regarding whether to recruit any employees and
whether there is dearth of any resources in a project.

Project Manager: The project manager can view the details of the employees in the

company and the employees in his projects.



Chapter 2 - TECHNOLOGIES USED

2.1 SPRING FRAMEWORK"'

Spring could potentially be a one-stop shop for all the enterprise applications; however,
Spring is modular, allowing us to pick and choose which modules are applicable to us, without
having to bring in the rest. The Spring Framework provides about 20 modules which can be used

based on an application requirement.

Spring Framework

Data Access / Integration Web (MVC / Remoting)

JDBC ORM WebSocket || Serviet

OXM JMS

. Web Portlet
Transactions

Caor ) (Aspects ) (mstramentation | ((Memeging |

Core Container

Beans Core Context SpEL

Test

Figure 2.1: Spring Framework®
2.1.1 CORE CONTAINER®:

The Core Container consists of the Core, Beans, Context, and Expression Language
modules. Core module provides the fundamental parts of the framework, including the loC and
Dependency Injection features. The Bean module provides BeanFactory which is a sophisticated
implementation of the factory pattern. The Context module builds on the solid base provided by
the Core and Beans modules and it is a medium to access any objects defined and configured.

The ApplicationContext interface is the focal point of the Context module. The SpEL module



provides a powerful expression language for querying and manipulating an object graph at
runtime.
2.1.2 DATA ACCESS/INTEGRATION:

The Data Access/Integration layer consists of the JDBC, ORM, OXM, JMS and
Transaction modules. The JDBC module provides a JDBC-abstraction layer that removes the
need to do tedious JDBC related coding. The ORM module provides integration layers for
popular object-relational mapping APIs, including JPA, JDO, Hibernate, and iBatis. The OXM
module provides an abstraction layer that supports Object/ XML mapping implementations for
JAXB, Castor, XMLBeans, JiBX and XStream. The Java Messaging Service JMS module
contains features for producing and consuming messages. The Transaction module supports
programmatic and declarative transaction management for classes that implement special
interfaces and for all your POJOs.

2.1.3 WEB:

The Web layer consists of the Web, Web-Socket, and Web-Portlet, Web-MVC modules.
The Web module provides basic web-oriented integration features such as multipart file-upload
functionality and the initialization of the 10C container using servlet listeners and a web-oriented
application context The Web-Socket module provides support for WebSocket-based, two-way
communication between client and server in web applications. The Web-Portlet module provides
the MVC implementation to be used in a portlet environment and mirrors the functionality of
Web-Servlet module. . The Web-MVC module contains Spring's model-view-controller (MVC)
implementation for web applications which I will be using to implement the project. A

description of Spring’s MVC is given below.



There are few other important modules like AOP, Aspects, Instrumentation, Web and
Test. The AOP module provides aspect-oriented programming implementation allowing you to
define method-interceptors and pointcuts to cleanly decouple code that implements functionality
that should be separated. The Aspects module provides integration with AspectJ which is again a
powerful and mature aspect oriented programming (AOP) framework. The Instrumentation
module provides class instrumentation support and class loader implementations to be used in
certain application servers. The Messaging module provides support for STOMP as the
WebSocket sub-protocol to use in applications. It also supports an annotation programming
model for routing and processing STOMP messages from WebSocket clients. The Test module
supports the testing of Spring components with JUnit or TestNG frameworks.
2.1.4 10C CONTAINERS":

The Spring container being the core of the Spring Framework creates the objects which
are called as Spring beans, wire them together, configure them, and manage their complete
lifecycle from creation till they are destructed. It uses dependency injection (DI) for injecting the

data. The following diagram illustrates on how Spring works.

The Spring 1oC container makes use of Java e

POJO classes (Plain Old Java Objects) and

configuration metadata to produce a fully Metadata
—)‘

configured and executable system or

Final Result
application. The configuration metadata can

Readyto use

be represented either by XML, Java application

annotations, or Java code.
Figure 2.2: Spring Container®



The container which | have used is ApplicationContext. This container adds more enterprise-
specific functionality such as the ability to resolve textual messages from a properties file and the
ability to publish application events to interested event listeners. This container is defined by the
org.springframework.context. ApplicationContext interface.

2.2 SPRING MVC?

The Spring web MV C framework provides a model-view-controller architecture. The
MVC pattern results in separating the different aspects of the application (input logic, business
logic, and Ul logic). Spring makes and encourages us to work in loose-coupled manner.

The Model encapsulates the application data and in general they will consist of
POJO(PIain Old Java Objects). The View is responsible for rendering the model data and in
general it generates HTML output that the client's browser can interpret. The Controller is
responsible for processing user requests and building appropriate model and passes it to the view
for rendering. The Spring Web MV C framework is designed around a DispatcherServlet that

handles all the HTTP requests and responses.
2.3 MYSQL DATABASE®

It is very important to have a back end database to which the application is connected.
The database which has been used to connect with the application is MySql. It is a SQL based
relational database management system that is supported by many operating systems. It stores
the information in the form of tables. Data retrieval is done from tables and data insertion is also
done into tables.

| have also used a web server Apache Tomcat 7.0 for deploying the project, Eclipse IDE

as the workbench.



Chapter 3 - APPLICATION MODULES

It is very important to have different modules for a better understanding of the project
and also to structure it properly. It would be easy for any developer to analyze the project
carefully and do appropriate changes if something go wrong. For this project | assumed that the
client provides requirements and the requirements are stated as the responsibilities of each user
who uses the application. Authorizations should be given to each and every user of the
application. Based on the authorizations, he should be able to access the modules specified

below. The modules from my project are listed below
3.1 EMPLOYEE MODULE

This module deals with tracking the details of employees currently working with the
company. In this module, only the HR Manager will be able to add/delete an employee record
into the database. It allows all types of users to view the list of users existing currently in our
company. It facilitates us to convert the employee report into excel format just by clicking

download to excel button.
3.2 PROJECTS MODULE

This module maintains the details of projects currently associated with the company &
the future projects which the company would be handling. In this module, a project manager will
be able to add new projects and their details to the database and update the project as completed
when it’s done. It provides a user-friendly interface to add new projects. It also provides an

option to convert projects report into excel format.
3.3 REQUIREMENT AND ALLOCATION MODULE

This module provides information about project-wise requirements which includes onsite

and offshore that was entered by the project managers of different projects. It also allows any



type of user to view these project requirements. It helps the HR manager to view project-wise
requirements and start recruiting the people. It also helps in allocating the people to a project
after recruitment so that HR people can idea about the gap between requirement and allocation at
any point of time very easily by generating HRD GAP Summary report. It provides all these

reports to be converted and stored permanently in excel sheets.
3.4 ADMIN & REPORTING MODULE

This module provides interface to manage the tool like add/remove users, change
privileges of users etc. It also helps to provide different reports required by the higher
management for better analysis. It generates dynamic reports like Role-Location which displays
role-wise employees report in different locations, Project-Location report which displays project-
wise employees reports in different locations, Role-Skill reports which displays skill-wise role
based employees list in different locations, Project-Skill reports which displays project-wise
skills report of different employees and Skill-Location report which displays skill-wise

employees report in different locations etc.



Chapter 4 - APPLICATION FUNCTIONALITY

Depending on the modules, the application functions in various ways. Different users
who access the app perform different functions of the application. Functionalities are specific to

users. Different users of the application are listed below.
4.1 ADMIN

The Admin users will be able to perform functions such as creating/removing/viewing the
employees of the company, viewing Role-Location reports, Project-Location reports, Role-Skill
reports, Project-Skill reports, Skill-Location reports. The admin will also be able to add different
users of the application, change the password, resetting the password of other users in case of

forgetting password and generating management reports.
4.2 HR MANAGER

The HR users will be able to perform functions such as changing the password,
adding/viewing/ removing the employees in the company, viewing information of GAP summary
and GAP RoleWise and Viewing Role-Location reports, Project-Location reports, Role-Skill

reports, Project-Skill reports, Skill-Location reports.
4.3 PROJECT MANAGER

The Project Manager will be able to perform functions such as changing the password,
viewing the details of employees in the company, adding/viewing/removing the details of
projects, add/view the details of requirement in a project, add/view the details of allocation of

employees to a particular project, viewing management reports.



Chapter 5 - SYSTEM DESIGN

4.1 USECASE DIAGRAM

A use case diagram can identify the different types of users of a system and the different
use cases and will often be accompanied by other types of diagrams as well. These are drawn as
stick figures.

The goals of these actors are represented as use cases which describe a sequence of
actions that provide something of measurable value to an actor and any dependencies between

those use cases.

HR Manager

Admin
Project Manager

Administration

Figure 5.1: Use case diagram

Here, Admin can access all the modules. Project manager can access only Project modules. HR

manager can access the HRD and report modules.



4.2 CLASS DIAGRAM

A class diagram in the Unified Modeling Language (UML) is a type of static structure

diagram that describes the structure of a system by showing the system's classes, their attributes,

operations (or methods), and the relationships among objects. A class diagram is defined in 3

parts. Class name id declared in the first part, then comes the attributes. Lastly the methods

within the class.

<<Java Class==
®Project
com.pms.bean

= projectCode: String
= projectManager: String
= onsiteManager: String
= clientName: String

= clientLocation String
= dealCost: Stiing

= dealDate: String

= startDate’ String

= duration: String

==Java Class=>
©GapSummary
com.pms.bean

==Java Class>>

< Project()

< Project(String, String, String, String, String, String, String, String, String)
© getProjectCode():String

© setProjectCode(String)-void

@ getProjectManager() String

© setProjectManager(String)-void
© getOnsiteManager() String

@ setOnsiteManager(String):void
© getClientName():String

@ selCliertName(String):void

= getClientLocation():String

@ setClientLocation(String):void
© getDealCost().String

© setDealCost(String):void

@ getDealDate() String

© setDealDate(String)-void

@ getStartDate(): String

@ setStartDate(String) void

@ getDuration() String

© setDuration(String):void

© toString():String

= projectCode: String

= requirementkd: String

= offshoreRequirement: String
» offShoreAvailability. String
= gap: String

= onSiteRequirement: String
= onSiteAvailability: String

= eGap: String

©RoleWiseGapSummary
com.pms.bean

= 1ole: String
= osr: String
= osa: String
= gap: String
= ore: String
= oa: String

< GapSummary()
& GapSummary(String, String, String, String, String, String, String, String)
© getProjectCode() String

® setProjectGode(String):void

© getRequirementkd() String

® setRequirementki(String) void

© getOffshoreRequirement():String

@ setOffshore Requirement(String):void

» gelOffShoreAvailability(): String

© setOffShoreAvailability(String).void

© getGap()y String

e setGap(String) void

© getOnSiteRequirement():String

© setOnSite Requirement(String):void

@ getOnSiteAvailability(): String

® setOnSiteAvailability(String):void
©geteGap().Sting

© seteGap(String)-void

= gap2: String

<RoleWiseGapSummary()
RoleWiseGapSummany(String, String, String, String, String, String, String)
= getRole() String
© setRole(String)-void
© getOsr():String
@ setOsr(String):void
® getOsa() String
© setOsa(String):void
© getGap() String
 setGap(String) void
= getOre().String
© setOre(String) void
@ getOa() String
® setOa(String):void
e getGap2():String
© setGap2(String)-void
® toString() String
o A

<<Java Class==
@ProjectController
com.pms. corgtroller

&ProjectCortroller() ©

@ listProjects(ModelMdp): String

@ listProjects Excel(ModleMap):String
@ add Project(Project) ModelAndView
© getProjectCodes (ModeMap). String
« delete Project(String) ModelAndView

-projectDao | 0.1

<<Java Class==
©ProjectDao
com pms. dao
< ProjectDao()
= listProjects() List=Project=
© addProject(Project).int
© getProjectCodes() List<String=
= delete Project(String) int

<<Java Clasp=>
@GapSummaryController

=<Java Class==
@LoginController
com pms_controller

com.pms controller

& GapSummaryCortroller(y
@ listSummary():ModelAndView

e listSummaryExcel(ModelMap):String

@ listRolewiseSummary(:MpdelAndView

&LoginController()

@ handle Request(HiipSenietRequest, HitpSendetResporse) ModelAndView
© addUser(HtipSendetRequest, HitpSenetResponse ). ModelAndView

@ getUsers(): ModelAndView

@ removeUser(HitpSerdetRequest, HilpServiel Response) ModelAndView

© updateUser(HitpSendetRequest, HitpServietResponse) ModelAndView

e listRolewiseSummaryExcel() ModelAndView |

~gapSummaryDao |0, 1

<<Java Class==>
@GapSummaryDao
com . pms_dao

< GapSummaryDao()y
= getSummary(y List<GapSummary=
 listRoleWiseSummary():List=RoleWiseGapSummary=

Figure 5.2: Class Diagram

-dao |01

=<Java Class==
@LoginDao
com.pms. dao

&FLoginDao()

@ validate(String, String) long
@ isUserExist(String) long

@ addUser(String, String,int)int
@ delete User(String ) int

@ getUsers(). List=String=

o updateUser(String)int

1

The above classes are inter dependent to each other. ProjectController class interacts with

ProjectDao and Project bean class. Similarly GapSummaryController class interacts with

10




GapSummary, RolewwiseGapSummary bean classes as well as GapSummaryDao class.

LoginController class interacts with LoginDao class. The bean classes are directly interacted to

Dao classes respectively. Project class is responsible for creating the projects, deleting the

projects. The query code is written in ProjectDao class. ProjectController creates the interaction

between the model and the view. Similarly, GapSummaryController class is responsible for

identifying the requirements based on projects and roles. The query code is written in

GapSummaryDao class. GapSummaryController creates the interaction between the model and

the view. Similarly for LoginController.

<<Java Class=>
©Employee
com.pms.bean

<=<Java Class>=
GAllocation
com.pms.bean

= projectCode: String

= role: String

= location: String

= skill: String

= noEmpOnSite: String
= noEmpOffShore: String
= reqld: String

= empno: int

= empname: String
= mailid: String

= location: String

= projectcode: String
= role: String

= skill: String

= visa: String

= passportno: String
= joiningdate: String

<<Java Class>>
©Requirement
com.pms.bean

& Allocation()

< Allocation(String, String, String, String, String, String, String)
© getProjectCode():String

@ setProjectCode(String):void

© getRole():String

© setRole(String)-void

@ getLocation():String

® setLocation(String):void

© getSkill():String

o setSkill(String):void

@ getNoEmpOnSite():String

© setNoEmpOnSite(String):void

© getNoEmpOffShore() String

@ setNoEmpOffShore(String)-void
® getReqld():String

© setReqld(String) void

<Employee()

< Employee(int,String, String, String, String, String, String, String, String, String)
o setEmpno(int)-void

@ setEmpname(String):void
@ setMailid(String):void

© setLocation(String):void

© setProjectcode(String)-void
@ setRole(String) void

© setSkill(String) void

© setVisa(String)-void

@ setPassportno(String):void
@ setJoiningdate(String):void
@ getEmpno()int

© getEmpname():String

@ getMailid():String

@ getLocation():String

© getProjectcode() String

@ getRole():String

& getSkill() String

® getVisa():String

@ getPassportno():String

= getJoiningdate():String

© toString(): String

= projectCode: String

= role: String

o location: String

= skill: String

= NOEmpOnSite: String
= noEmpOfishore: String
= reqgld: String

& Requirement()

& Requirement(String, String, String, String, String, String, String)
o getProjectCode() String

@ setProjectCode(String):void

@ getRole():String

o setRole(String):void

@ getlLocation():String

@ setLocation(String):-void

o getSkill():String

o setSkill(String):void

e getNOEmpONSite():String

@ setNoEmpOnSite(String):void
o getNoEmpOffshore():String

@ setNoEmpOffshore(String):void
@ getReqld():String

o setReqgld(String):void

<<Java Class>>
‘GAllocationController
com.pms.controller

AllocationCorttroller()

o listAllocations{ModelMap):String

2 listAllocationsExcel(iModelMap):String
o listCodes(ModelMap):String

—a\locatmmDac@ 0.1

<<Java Class>>
@AllocationDao
com.pms.dao

& AllocationDao()
@ listAllocations():List=Allocation=
@ getCodes():List<String>

<<Java Class>>
©EmployeeController
com.gms.controller

<EmployeeContréller()

& handle Request(j ModelAndView

o viewExcel(ModelMap) String

e addEmployee(Employee) ModelAndView
@ getAllEmpnos(ModelMap):String

o deleteEmployed(String) ModelAndView

-employeeDad |0 1

=<Java Class>>
©GEmployeeDao
com.pms.dao

<EmployeeDac()

® getAllEmployees() List<Employee>
e addEmployee(Employee):int

@ getAllEmpnos():List<String=

o deleteEmployee(int)int

Figure 5.3: Class Diagram 2
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<=Java Class>>
©RequirementsController
com.pms.controlier

&FRequirementsContréller()

e getAll(ModelMap):String

o getAllExcel(Modelviap):String

e getProjectCodes(MbdelMap)-String

o addRequirement(Requirement) ModelAndView

—requ\rementsDaof 0.1

<<Java Class>>
@RequirementsDao
com.pms.dao

& RequirementsDao()

@ listReq():List=Requirement=
e getCodes():List<String>

o addReq(Requirement) int

= getReqld(String)long




Here, AllocationController class interacts with Allocation bean class as well as
AllocationDao class. Allocation class is responsible for allocating the employees to a aprticular
project. The query code is written in AllocationDao class. AllocationController creates the
interation between the model and the view associated with it.

EmployeeController class interacts with Employee bean class and EmployeeDao class.
EmployeeController class is responsible for creating the employee details. The query code is
written in EmployeeDao class. EmployeeController class creates the interaction between the
model and the view.

Similarly, RequirementsController class interacts with Requirements bean class and
RequirementsDao class. The bean classes are directly interacted to Dao classes respectively.
Requirement class is responsible for checking the requirement for a particular project or
checking for a requirement of a new employee. The query code is written in RequirementDao

class. RequirementController class creates the interaction between the model and the view.
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Chapter 6 - DATABASE DESIGN

The database which has been used is MySql. | have used MySgl Query browser to run the

database queries. The total number of database tables that were identified to build a system is 6.

Each table has a primary key and one or more foreign keys.

iv.

V.

Vi.

Employees table:
Projects table:
Login table:

Availability table:

Requirement table:

Allocations table:

Table 6.1: Employee Table

EMPNO Bigint(20)
EMPNAME Varchar(100)
MAILID Varchar(100)
LOCATION Varchar(50)
PROJECTCODE | Varchar(20)
ROLE Varchar(50)
SKILL Varchar(100)
VISA Varchar(50)
PASSPORTNO | Varchar(25)
JOININGDATE | Varchar(55)

Contains details of employees

Contains details of projects

Contains login information & role information
Contains employees availabilities

Contains requirement information

Contains project allocation information

Table 6.2: Projects Table

PROJECTCODE Varchar(20)
PROJECTMANAGER | Varchar(50)
ONSITEMANAGER | Varchar(50)
CLIENTNAME Varchar(50)
CLIENTLOCATION | Varchar(50)

DEALCOST Decimal(25,2)
DEALDATE Varchar(55)
STARTDATE Varchar(55)
DURATION Bigint(20)
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Table 6.3: Availability Table

PROJECTCODE Varchar(20) Table 6.4: Requirements Table

PROJECTCODE Varchar(20)

ROLE Varchar(50)
ROLE Varchar(50
LOCATION Varchar(50) (50)
LOCATION Varchar(50
SKILL Varchar(100) (50)
SKILL Varchar(100)

NOEMPONSITE Bigint(20)

NOEMPONSITE | Bigint(20
NOEMPOFFSHORE | Bigint(20) Igint(20)

NOEMPOFFSHORE | Bigint(20)

REQID Bigint(20)
REQID Bigint(20)
Table 6.5: Allocations Table
PROJECTCODE | Varchar(20) Table 6.6: Login Table
— USERID Varchar(50)
REQID Bigint(20)
— PASSWORD | Varchar(15)
EMPNO Bigint(20)
AUTH Tinyint(4
LOCATION Varchar(20) Inyint(4)

Various operations like searching for project, adding new user, adding an employee to a
particular project, updating the fields of username, password, creating reports can be done by
using queries in MySQL.

6.1 E-R DIAGRAM

The entity Relationship Diagram (ERD) depicts the relationship between the data objects.
The ERD is the notation that is used to conduct the date modeling activity the attributes of each

data object noted is the ERD can be described resign a data object descriptions.
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The set of primary components that are identified by the ERD are Data object,

Relationships, Attributes, Various types of indicators. The primary purpose of the ERD is to

represent data objects and their relationships. Due to this, any viewer of the application can

easily understand the flow of the project and the storage tables along with their names. | have

stored my tables in my own database called ‘pms’ in MySQL. The E-R diagram of Resource

Planner shows the relationship among all the tables present in the database.

employees =] projects =
2 EmpNo ink{ 10} o2 ProjectCode  varchar(2d)
EmpMare warchar(100) P —=FrojectCode=ProjectCode ProjectManager  warchar(S0)
mailld warchar{100) ProjectCode=ProjeckCode OnsiteManager  varchar(S0)
Location warchar(50) ClientName  varchar(30)
%2 ProjectCode  warchar{20) ClientLocation  warchar(S0)
Role warchar(50) DealCost double(10,2)
Skill warchar 1007 DealDate datel10)
Visa warchar(50) StartDate dater10)
Passparthlo  varchar(2s) ProjectCode=ProjectCode Drurakion ink{10)
JoiningDate  date(10) ' !
+ PrnjectCnde}TﬁPrDjectCude
availability =] requirement =]
,;:. ProjectCode  archar(20) iﬂ ProjectCode  warchar(20)
Rale warchar({s0) Rale warchar(50)
Location warchar(50) Lacation warchar(50)
Skill warchar{100) =5~ eqlD=feqlD Skill warchar( 100}
MoEmpOnsite ink(10} MoEmpOnsite ink( 107
MoEmpOffshore  inEC10) MoEmpOFfshore  InE(10)
72 ReqiD inkf10) ReqlD ink( 10}
allocations 1= login =l
Z% ProjectCode  varchar(20) | 88 userid varchar(S0)
Ermphlo=Ermpi] ) ReqlD ink(10) I password varchar{15)
& EmpNo It531e] auth k2
Location warchar({20)
Figure 6.1: E-R Diagram
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The 6 rectangular boxes in the table represent the 6 tables which are present in the database. The

relationship among them is shown with a blue line mentioning the foreign keys which refer to the

tables.

The primary keys for the database are as follows:

Employee table:
Availability table:
Allocations table:
Requirement table:
Projects table:

Login table:

EmpNo NOT NULL

ProjectCode NOT NULL

ProjectCode, ReqlD, EmpNo NOT NULL
ProjectCode NOT NULL

ProjectCode, ClientName NOT NULL
userid, password, auth NOT NULL

The primary keys can never be duplicate or null.

The foreign keys of the database are as follows:

Employees table:
Availability table:

Allocations table:

Requirement table:

FOREIGN KEY (ProjectCode) REFERENCES Project(ProjectCode)
FOREIGN KEY (ProjectCode) REFERENCES Project(ProjectCode)
FOREIGN KEY (ProjectCode) REFERENCES Project(ProjectCode)
FOREIGN KEY (EmpNo) REFERENCES Employees(EmpNo)
FOREIGN KEY (ReqlD) REFERENCES Allocations(ReqID)

The foreign key constraints are represented in the E-R diagram in blue

The primary key constraints are represented by underlining the primary keys
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Chapter 7 - CODING

The total number of lines of code along with the language for the application is shown below. |
have used various technologies like Servlets, JSP’s, HTML, XML, JavaScript for developing the

User Interface.

Lines of Code

Java Server Pages (.jsp) | 3679

HTML Pages (.html) 176

CSS pages (.css) 1008
JavaScript (.js) 716
Java code (.java) 1303

Table 7.1: Lines of Code

7.1 APPLICATION CONTEXT

This is the Spring configuration file which is in xml format. The ApplicationContext is
the central interface within a Spring application for providing configuration information to the
application. The ApplicationContext provides Bean factory methods for accessing application
components, the ability to load file resources in a generic fashion, the ability to publish events to
registered listeners, the ability to resolve messages to support internationalization and inheritance
from a parent context. Below is the code of applicationalContext.xml file for the Resource

Planner application. Database, DAO and View configurations have been defined in here.
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& Java EE - ResourcePlanner/WebContent/WEB-INF/applicationContext.xml - Eclipse - 3 “
File Edit Source Refactor Navigate Search Project Run Window Help

R Y . |ZH @08 o vOvQAvEBv R v vy ®C JvB QI ZLliviivhCy v Quick Acces # % JavaEE @ Web & Java
- AddEmpjsp = AddEmpl - Add jsp & applicationContextxml = =l Allocate2 jsp )
1 <?xml version="1.6" encoding="UTF-8"?>| A =

2-<beans xmlns="http://www.springframework.org/schema/beans" 2
3 xmlns:xsi="http://www.w3.0rg/2601/XMLSchema-instance"” xmlns:context="http://www.springframework.org/schema/context"

4 xsi:schemaLocation="http://www.springframework.org/schema/beans http://www.springframework.org/schema/beans/spring-beans-4.6.xsd

@

5 http://www. springfra'newark org/schema/context http://www.springframework.org/schema/context/spring-context-4.8.xsd"> -
6 <context:component-scan base-package="com.pms.controller"></context:component-scan> w
t ®
9 <!-- Database Configuration --> u'-
10 <bean id="driverManagerDataSource" e

1 class: rg. sprmgfrorework Jjdbc. datasource.DriverManagerDataSource™>

r y name="driverClassName" value="com.mysql.jdbc.Driver" x‘:"apev* >
«p"cwrt, name="url" value="jdbc:mysql://Llocalhost:3366/pms"></prop
y name="username" value="root"></property>
pr y name="password" value="NAVYA"></property>

!-- Dao Configuration -->

id="LloginDao" class="com.pms.dao.LoginDao">
<property name="dataSource" ref="driverManagerDataSource"></property>

</bean>

<bean id="employeeDao" class="com.pms.dao.EmployeeDao">

rty name="dataSource” ref="driverManagerDataSource"></

n>
id="gapSummaryDao" class="com.pms.dao.GapSummaryDao">
property name="dataSource” ref="driverManagerDataSource"></property>

rty name= dataSource ref- drtven‘lanagerDataSource"><s:-'uperti\:

"requirementsDao” class="com.pms.dao.RequirementsDao">
rty name="dataSource" ref="driverManagerDataSource"></property>

e “allocationDao" class="com.pms.dao.AllocationDao">
<property name="dataSource" ref="driverManagerDataSource"></property>

Source Namespaces Overview beans context Beans Graph

2 #ext Writable Smart Insert 1:39

Figure 7.1: applicationContext.xml

7.2 VALIDATIONS

Validations are written in JSP’s. Here, the client sends a request to a web server. At the server
side JavaWebServer receives the request and if it is a request for a jsp file server gives this
request to the JSP engine. It then converts those tags into a Servlet program and it is stored at the
server side. This Servlet is loaded in the memory and then it is executed and the result is given
back to the JavaWebServer and then it is transferred back to the result is given back to the
JavaWebServer and then it is transferred back to the client. | have written many validation codes.

Below is the sample of one of the validations.
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& Java EE - ResourcePlanner/WebContent/AddUserjsp - Eclipse - g
File Edit Source Refactor Navigate Search Project Run Window Help

M= Biw|s @H. . SRR yE YRy vy S vy @Rl v vE oY v Qui(kAc(essiQ‘;!JavaEE3Weh§)Java

= 5 AddEmployeejsp | E AddUserjsp

B 1 <%@ page language="java
2 <%@ page sessio

<%@ page import="java.sql.*,java.1o.*,java.util.Random"%>

4=<HTML>

5<head>

6 <LINK href="styles.css" type="text/css" rel="stylesheet">

7 </head>

8=<SCRIPT LANGUAGE="JavaScript">

g <l--

16 history.go(+1);

11 function validate() {

12 X = document.NewUser.uid;

13 y = document.NewUser.pwd;

14 z = document.NewUser.auth;

15 var ed = x.value;

16 var pd = y.value;

17 var ad = z.value;

18 var pattern = /*([a-zA-Z@-9\_\. 1{4,8})%/;

19 var Apattern = /"([@-2]{1})$/;

28 if (!(pattern.test(ed))) {

21 alert("Invalid username");

22 return false;

23 } else if (!(pattern.test(pd))) {

24 alert("Invalid password");

25 return false;

26 } else if (!(Apattern.test(ad))) {

27 alert("Invalid Authentication");

28 return false;

29 } else

38 return true;

gy o

> Al

m W om

2
3

mEE G E OFF w

32 }

33 /-

34 </SCRIPT>

35 <jspiinclude page="MultilLevelmenu.htm" /><br>
36 <br>

27 sl

E HTML/SCRIPT/#text Writable Smart Insert 21:39

Figure 7.2: Validating Username & Password

8] Java EE - ResourcePlanner/WebContent/Loginjsp - Eclipse - X

File Edit Source Refactor Navigate Search Project Run Window Help
- @t T E N T S R LR R RS A B A0 S SR S STE R T A . =R e EE- R RSN BT St N

Quick Access [i| B |

= G AddProj0jsp  E Loginjsp -
5 811 </SCRIPT>

12 <LINK href="styles.css" type="text/css" rel="stylesheet”>

13

14 </head>

15° <BODY CLASS=SC onload="document.LOGIN.uid.focus();">

16

@17 <center>

@18 <BR> <BR> <FONT FACE="Century Gothic"> <!--Declaration of varaibles--»

19

20 <%|String errormsg;¥> <%!String disluserid;%> <%!String dislpwd;%> <%

21 /*Retreiving user id and password*/

2 Java EE @ Web &' Java

~

@l @ o

oEpEzOE

23 disluserid = request.getParameter("uid");
24 if (disluserid ull

25 disluserid ;

26 dislpwd = request.getParameter("pwd");

27 if (dislpwd null)
28 dislpwd H
29 %> <!--Retrieve the error from request and display on screen--> <%

30 errormsg = request.getParameter(error”);

31 //System.out.println("errormsg = “+errormsg);

32 if (errormsg == null) {

33 //System.out.println("Error messages was null so clearing it..");

errormsg = ;

3
5 1

6 if (errormsg.equals("blankfields")) {

7 %> <FONT COLOR="Green" face=verdang> <B>Both the fields are

8 Mandatory.Please fill up both fields.</B»<BR> <BR» <%
S 1

e if (errormsg.equals("invalid")) {

41- %> <FONT COLOR="Green" face=verdang> <B>Invalid Username

42 and/or Password. Please re-enter.</B»> <BR> <BR> <X
43

}
44 %> <BR> <BR> <BR> <BR> <BR>
a5 <FORM NAME="LOGIN" ACTION="Login.do" METHOD="POST" align=right> o

1 HTML Writable Smart Insert 1171l Initializing ObjectAid

Figure 7.3: Login.jsp
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Chapter 8 - TESTING

Testing is the process of detecting errors. Testing plays a very critical role for quality

assurance and for ensuring the reliability of software. The results of testing are used later on

during maintenance also. A good test case is one that has a high probability of finding error, if it

exists. Testing can be done on various components like Code, Design, Requirements, Client

needs. Levels of testing are as follows.

Unit/component
testing

v

Integration
testing

v

System
testing

v

Acceptance
testing

Figure 8.1: Testing Hierarchy®

Unit testing: Verifies the individual units of source code to
check if it is working properly. A unit is the smallest testable
part of an application

Integration testing: Individual software modules are combined
and tested as a group. It occurs after unit testing.

It verifies functional, performance, reliability requirements.
System testing: Conducted on a complete, integrated system to
evaluate the system's compliance with its specified
requirements

Acceptance testing: Conducted to check if the requirements of
a specification or contract are met. It may involve chemical

tests, physical tests, or performance tests

As per the hierarchy, first unit testing is done on individual units. Once that is finished,

Integrating testing is done by combining different modules tested by unit testing. Once

integration testing is done, System testing is performed to evaluate the system’s compliance with

the requirements. Finally, acceptance testing is done which checks all the requirements specified

by the client.
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I have checked some unit test cases. Their expected results are as below.

S No Unit Test Cases Expected Result Result

1 Enter Wrong username and | Displays error message Pass
password for
Admin at the login form

2 Enter correct username and | Displays Home Page Pass
password for
Admin at the login form

3 Create users of type HR * PM | New Users of type HR * | Pass
with the required parameters PM will be created

4 | Select remove user option and | Selected wuser will be | Pass
select a user from drop down list. | removed from the

database.

5 | Enter Wrong username and | Displays Home Page Pass
password for
HRUSser at the login form

6 | Enter correct username and | Displays status as | Pass
password for approved for the
HRUSser at the login form application

7 | Select Add employee option and | New Employee info will | Pass
enter the required information. be added in the database

8 | Select Add Project option Displays Authorization | Pass

error message

9 | Enter Wrong username and | Displays error message Pass
password for
PM User at the login form

10 | Enter correct username and | Displays HomePage Pass

password for

PMUser at the login form
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11 | Select Add project option and | It stores the new project | Pass

enter the required fields info in the database

12 | Select Add Requirement option [ It  stores  the  new | Pass
and enter the required fields requirement info in the

database

13 | Select Add Allocation option and | It stores the new allocation | Pass

enter the required fields info in the database

14 | Select Gap Summary Option Displays Authorization | Pass

error message

15 | Login as HRUser and select Gap | It  displays the gap | Pass
Summary Option summary between

requirement and allocation

Table 8.1: Test case Results
Some of the test cases results are taken and displayed below.

8.1 UNIT TESTCASE 1

When I give only username but not password, I get a message saying “Both fields are

necessary. Please fill up both of them.”

4 Ccf localhost:2020/Re cef er/Login.ht O 00
oo Dynamic Pro 7§} Welcome! | Linkedin Beginner's Guide to /. [@] Single Sign On - Loai () Restaurants for Deliv: %8 Git Tutorial » Other bookmai

Resource Planner

Both the fields are Mandatory.Please fill up both fields.

Enter Your UserID and Password to Login

User Id
Password

Login Reset

=
g

Figure 8.2: Test case 1
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8.2 UNIT TESTCASE 2

After logging in as an Admin, if | try to view the projects, I get an error saying I’'m not

authorized to access the page.

& C # localhost esourcePlanner/Login.ht ¥ O o0 =
o @oDned Dynamic Pro  [[}] Welcome! | Linkedin Beginner's Guide to /. [&] Single Sign On - Logi () Restaurants for Deliv: %8 Git Tutorial » Other bookmarks

Resource Planner

£\You are not authorized to access this page

Figure 8.3: Test case 2
Here, | have selected unit test cases as | wanted to test each and every unit which is possible in

unit testing.

8.3 PERFORMANCE TESTING

Performance testing is done to determine the speed or effectiveness of a program or an
application. It involves many quantitative tests for calculating response time or number of
millions of instructions per second at which the system functions. This testing is very useful as
before giving the application to end user, we need to check if the app is not hanging if multiple
users access it. To check that issue, we have to perform this testing, view the results and then
deploy it on live. JMeter is one of the tools available to check the performance of application. |
have used apache-jmeter-2.13 to check the performance. After performing the testing, the results

got are as shown below in graphical format. All the below observations show the throughput,
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Average, Median, Deviation and samples. | have taken throughput and average response time to

calculate the performance. The users are dropped at a certain level. It’s not being checked. That’s
X

why we get the average response time around the same time in all the 3 observations.

A Y LoginTest,jmx (D:\LoginTest jmx) - Apache JMeter (2.13 r1665067)
200

®%
8wee.. | LogDisplay Onty: [|Erors [ Successes | Configure

¥] Deviation [¥] Throughput

Fie Edit Search Run Options Help
@@ %kl “® 00 +-
Graph Results
Wome: Graph Resulls
Comments:
Virite resuits 1o il | Read from fie
Filename
Graph o Display (¥l Dafa (] Average ] Median
1282 ms
:
3
oms [q Ol
o of samples 500 Latest Sampie 0 Average 247
Deviation 559 Throuohoot  2.918.004iminute Median 0
W, LoginTestjmx (DA\LeginTestjmx] - Apache Meter (213 r1665067) — X
Fie Edit Search Run Ogtions Help
0|@|@ °Jld £33+ =% > [» S 04 0i1050 T
v & T
TEm Graph Results
Name:
Comments:
Wirite resalts to il | Read from fie
Filename Srouse | LogiDisplay Onty: [Emers [ Successes | Configure
Graphs toDisplay [v]Data ] Average [v]Median ] Deviation [¢] Throughput
1178 ms
Nﬁw""‘"‘"ﬂ—-ﬁm ettt e e et et o
]

H
/

Deviation
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Figure 8.5: Observation 2

W, LoginTestjmx (D:\LoginTest jmx]) - Apache JMeter (2.13 r1665067)
fle Edit Search Run Options Help

@ e[| L BB+ -5 p® %

3

Graph Results

Name: (Graph Results

* || Commen

Wirite resuits to file / Read from file
Filename

Graphs toDisplay [¥]Data ] Average [ Median ] Deviaton

[¥] Throughput

swese | Logiisplay Onty: [] Errors [] Successes | Configure

7

.
.‘\‘-_\ ‘

1110 m
b _;A A ” B T e e e e
A

Latest Sample 0 Average 225
Throughput 8,314 35E/minuie Median 0

Figure 8.6: Observation 3

The table below shows some of the test cases | considered for generating the graphical view of

performance analysis.

Number of Ramp-Up Loop Avg Response | Throughput
Users(Threads) Period Count Time
Obsv 1 | 500 10 1000 2.47 sec 2918 res/min
Obsv 2 | 1000 10 1000 2.40 sec 5736 res/min
Obsv 3 | 1500 10 1000 2.25 sec 8314 res/min

Table 8.2: Inputs to generate graph

From the graphs we can infer that throughput is increasing with increasing no. of users and

average response time is decreasing with increasing no. of users. As the Throughput is

increasing, I can infer that my application’s performance is pretty descent.
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Chapter 9 - SECURITY

Web applications run in the browser. Any security issue can lead to exploiting vulnerability in
web application. There are some threats which should be addressed for the security purpose.

Some of them are:
9.1 SOL INJECTION

It allows an attacker to retrieve critical information from a web server’s database. The
impact of this attack can vary depending on the application’s security measures. Using SQL
Server can reduce this attack to occur. A malicious SQL injection query will result in the
following attempt:
$qry = "SELECT * FROM users WHERE username ="' or '5=5"";

Since the OR condition is always true, this query returns records from the database. This error
helps an attacker to get hold of any information which they are looking for.
Couple of countermeasures is given below:
e By avoiding connection with the database as a super user or as the database owner, we
can address this attack.
e By always using customized database users with the minimum required privileges

required to perform the assigned task.

9.2 REMOTE CODE EXECUTION

An attacker might run system level code on vulnerable server and get any desired
information as the output. Improper coding leads to this attack. This can be reviewed when a

source code is reviewed.
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One of the countermeasures is to ensure that only filtered data is used to construct the string to be

executed and make sure to escape the output.

9.3 USERNAME ENUMERATION

This attack occurs when the back end validation script tells the attacker if the given
username is correct or not. An attacker can guess different usernames and determine the valid
ones with the help of different error messages. Sometimes, a developer creates account with the
username/password as admin/admin, test/test. This also leads to an attack.

Countermeasure for this would be displaying consistent error messages to prevent
disclosure of valid usernames. The developer has to make sure that these accounts have been

deleted after testing is done and before it is deployed it online.

9.4 PARAMETER TAMPERING

This is a hacking which creates a change in URL associated with the web page. A hacker
would be able to gain access to any information entered by an end user and then redirect it to the
hacker for unauthorized use.

Countermeasures for this kind of attack include the following:
e Filter the input fields i.e.; to remove all the characters that might lead to an input
injection.
e Block the packets containing input attack code and other unwanted data using application

firewall.
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Chapter 10 - IMPLEMENTATION

I’m trying to ensure the authorizations of each and every user. There are 3 kinds of users:
Admin, HR, PM. Admin’s privileges are to view the employees and add the users. So, they are
shown through the screenshots below. Similarly, HR Manager’s authorization is to view the
HRD data and the employee list which is also shown in the below screen shots. The Project
Manager’s authorization is to view/add the requirements, projects to the application. He has the

maximum access of everything in the project. They are shown in the screen shots below.

Currently Admin is logged into the application. This is how the home screen of the admin login

page looks like.

localhost:2020/ResourcePlanner/Login.htm L O Q0

L )
o ed Dynamic Pro  [fi] Welcome! | Linkedin Beginner's Guide to /  [@] Single Sign On - Logi () Restaurants for Deliv: % Git Tutorial » Other bookmar

a N

Resource Planner

Home Employees Projects Requirement Allocation HRD Reports Admin Logout

Dear Admin,

Please navigate through the menu or links provided

Change Password

Figure 10.1: Admin Login Page
After logging into the application, the admin tries to view the list of employees in the company

by clicking the employees tab and then View employees tab.
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f localhost:2020/ResourcePlanner/Login.html FrO0O® 500 =
@O D ® @ (DynamicPro [ff Welcome! | Linkedin 3 Beginner's Guide to /. [8) Single Sign On - Logi () Restaurants for Deliv: ¥ Git Tutorial » (] Other bookmarks

-
G

(o
L ]

34

Resource Planner

Home Employees Projects Requirement Allocation HRD Reports Admin Logout

List of Employees
[EmpNo EmpName " mailld | Location ProjectCode  Role  Skill  Visa PassportNo JoiningDate]|

1 Praneetha praneetha@gmail.com Manhattan PROJ1 SE Programmer NA G009191 2003‘;04'
; Project 2008-06-

4 ‘ Chethan | Chethan@gmail.com | Topeka PROJ2 PM Management‘ NA NA o1
5 | Sharath Sharath@gmail.com Topeka = PROJ2 PA Analyst |H1B 234333 2°°081'°6'
6 Sharath = chandra@gmail.com Dallas PROJ3 JSE Programmer| NA  G33938 200:;06'
‘ 2008-06-

7 Varun varun@gmail.com Dallas PROJ2 SE Programmer NA G331938 01
| ) L Core Java, 2016-03-

8 Surya Surya@gmail.com Wichita PROJ3 JDeveloper Spring NA NA 15

Download to Excel

Figure 10.2: List of Employees
After the admin logs into the account, he is authorized to view the reports. So, he clicks on the

reports tab to view various types of reports like Role-Wise, Project-Wise, Skill-Wise.

1] localhost:2020/ResourcePlanner/Login.html| 4 (¢) @ (| a =
@O D ® @ (DynamicPro [ Welcome! | Linkedin €3 Beginner's Guide to /[ Single Sign On - Logi () Restaurants for Deliv: ¥ Git Tutorial » (2] Other bookmarks

G

c
[

R

Resource Planner

Home Employees Projects Requirement Allocation HRD Reports Admin Logout

_Download to Excel |

Role-Location Report

Manhattan 1 0 0 0 0 1
Topeka 0 1 1 0 0 2
Dallas 1 0 0 c 0 2
Wichita 0 0 0 0 1 1

Total 2 1 1 1 1 6

Figure 10.3: Role-Location Report

Admin has the authorization to add a user of the app. So, when he clicks on the Admin tab near

the rightmost bar, he gets the options like ‘Adding User’, ‘Deleting a User’.



localhost:2020/ResourcePlanner/Login.html

« cC f
B2 QEOD ® © (DynamicPro [f] Welcome! | Linkedin €3 Beginner's Guide to /

fFLAO0®800=

» (] Other bookmarks

[ single Sign On - Loai () Restaurants for Delive % Git Tutorial

Resource Planner

Requirement Allocation

Logout

Userid *

Password *

Authentication * | Admin Y,
Submit | Reset

Figure 10.4: Adding User
Once the admin is logged in, he clicks on the Admin tool bar in the rightmost. He gets the

options of adding/deleting the user. The admin decides to delete a user by clicking the tab.
€« cCfi

] localhost:2020/ResourcePlanner/Login.html
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Home Employees Projects Requirement Allocation HRD

Select user id to delete from database

USERID | Select v
Delete

Figure 10.5: Removing User
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Admin has the authorization to reset his/her password. After clicking the Reset password tab, he

gets a page like this. When the user gives the userid, he will be allowed to change his password.

&« [« } localhost:2020/ResourcePlanner/Login.html T 0 @ | a =
LB @ O D ® @ (DynamicPro [y Welcome! | Linkedin £ Beginner's Guide to /  [&] Single Sign On - Logi () Restaurants for Deliv: %8 Git Tutorial » (] Other bookmarks

Resource Planner

Home Employees Projects Requirement Allocation HRD Reports Admin Logout
. Etervserid
Userid

Submit | Clear |

Figure 10.6: Reset Password
The admin will be able to view the GAP Summaries. | have given a screen shot of the GAP

Summaries home page below.
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PROJ1 1 2 1 1 0 0 0
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PROJ1 B 0 0 0 1 1 0

Download to Excel

Figure 10.7: GAP Summary
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Once the project manager logs into his account, he has certain privileges of viewing, adding the
projects. Here, the project manager wants to view all the projects available by clicking the view

Projects tab which is under Projects tab.

€ & C # [ localhost:2020/ResourcePlanner/Login.html f5O0O@Co0=
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List of pjcs

PROJ1 Ankur Rahul ABC Itd Manhattan 100000.00 2008-05-04 2008-06-01 20

PROJ2 Varun Varun Cerner Corp Florida 1000.00 2008-08-08 2008-10-10 10

PROJ3 Sharath Sharath  DST Systems  Seattle 234,00 2008-08-08 2008-08-08 S
Download to Excel

Figure 10.8: List of Projects

The project manager will be able to add a new project into the database by clicking on the tab
‘Add new Project” which is present under the ‘Projects’ tab. He should be giving all the values of

the attributes for which there is an asterisk.

&« C#H localhost:2020/ResourcePlanner/Login.html Y 0 @ S| a =
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Resource Planner

Home Employees Projects Requirement Allocation HRD Reports Admin Logout

Add new Project

Project Code *

Project Manager *

Onsite Manager *

clientName *

Client Location *

Deal Cost in US Dollors

Deal Date * mm/dd/yyyy

Start Date * mm/dd/yyyy

duration * in weeks
Submit | Reset

Figure 10.9: Adding new Project
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The project manager is given privilege to remove any project from the database. He should
specify the project code to remove the project from the database. He does this operation by
clicking the Remove Project tab which is present under Projects tab.

€« C N localhost:2020/ResourcePlanner/Login.html 4 O @ 00 =
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Home Employees Projects Requirement Allocation HRD Reports Admin Logout

Delete Project
Select Project Code to delete

Project Code Project Code ¥
Delete

Figure 10.10: Removing Project
The Project manager will be able to view the project requirement by clicking the Projects tab.
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Project Requirement

PROJ1 f: SE | Manhattan Programmer 0 2
PROJ1 2 PM | Manhattan PM 0 4
PROJ1 3 PA | Onsite-UK Test Engineer 1 0
PROJ2 1 SE Wichita Java Programmer 1 2
PROJ3 1 SE Topeka Testing 2 5

Download to Excel

Figure 10.11: Viewing Requirements
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Chapter 11 - CONCLUSION

The application has been designed successfully to meet user’s requirements which have been
assumed in the previous section. As per the requirements, the admin have been given privilege to
view the employees of the company, to add/ remove the users of the application, resetting the
password, view the management reports. The HR has been given privilege to view the employees
list, add a new employee and to view the management reports. The Project Manager has been
given privilege to add a new project, remove project, view/ add the requirement and allocate
employees to the project. Implementing the project using Spring MVC framework is the
challenge as | was pretty much new to the MV C architecture as well as Spring.

Even though I haven’t made it accessible through the mobile app, | have deployed it on
the Apache Tomcat Server to view it as a website. I haven’t made it available as an online

website as I did not deploy it in any domain.

10.1 FUTURE WORK

The application can be made more responsive even to use it in mobile. Based on the
screen’s size, the application should be adjusted properly in the mobile for the user to view it.

The User Interface can be enhanced further to make it look more user-friendly using
latest web technologies like bootstrap, HTMLY5, etc.

Currently, I have provided the authentication values for each kind of user. Depending
upon the authentication values, each user is given privileges to view the information. So, security
is ensured for the users. But, if someone hacks the account, it would be easy for a hacker to

access the account. So, this level of security can be done as a future work.
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