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Part 1: Introduction

Part 1 contains “Introduction” chapter which delses the task description, aim and scope of

work and the structure of the report.



1 Introduction

This chapter explains the tasks given for the mdkgsis titled, “Design and Implementation
of Laboratory Inventory System” in spring semestieTelemark University College 2014. It
also includes the tasks description and backgrowni aim and scope of the work.
Furthermore, it includes an explanation of différelmapters in the report.

1.1 Task Description and Task Background

See Appendix 1 for task description and backgraginein by the supervisor.

1.2 Aim and Scope of the Work

This section explains the aim of the thesis witlatibing necessity of such a system and

specifies the scope of each task.

Presently an enormous amount of lab equipment (ssgngment are very expensive) have
been used by students and staff from Faculty ohitelogy, Telemark University college
during their day to day study/teaching activitiakel research and developments, lab
assignments, projects, thesis and lectures. Thardeof lab equipment (borrower name,
reason for borrowing, borrowed date, student nurfstadf number) are maintained in a
written form by lab administrators or owners of gwguipment. This takes lots of time of both
lab administrators and borrowers as borrower hapotto the office of lab administrator and
has to write the details in a form when borrowimgegurning the equipment. In the meantime
it is the responsibility of lab administrator tadi the appropriate form when borrowing or
returning equipment, to check deadlines of eacbrdedo maintain the records (may be at the
end of each semester to check whether all the sggnpare available in the lab or not), to get
corrective actions when missing/damaging equipmBmerefore it is obvious that it is a long,

time consuming process and the existing systermtismefficient.

“Design and Implementation of Laboratory Invent&ystem” comes as a better solution with
many flexible and convenient features, allowing &bministrators and users to maximize
efficiency while reducing time wastage. It givestalled information about users and

equipment with vendor and salesman details andke#lp track of available equipment and
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issued equipment. It will definitely minimize ersoand will be a very good replacement to

existing repetitive manual process.

1.2.1 Why Lab Inventory System

Several benefits of Lab Inventory System over tla@unal process can be listed as follows:

Reduce errors and eliminate long and repetitiveuabprocessing

Improved efficiency and effectiveness in administraand management of records
More economical as it minimizes the time usage

Easy to take corrective actions in a timelier manne

Easy access to equipment details as it has saanctidnality

Increased productivity

The whole thesis has been divided into five maskdans follows:
Task 1

The very first task is to design a database for lradentory System using SQL server and
ERWin software applications. The database shouttlide tables for storing information
about different lab equipment and equipment categothandling reservations and loans,
storing user information, login details and acdes®l information. Moreover, the database
should be designed according to database conoeghtsikes to reduce data redundancy.

Task 2

Task two is to design and implement a “LabelWritagplication for printing out barcode
labels that can be attached to different equipraedtuser identity card. This is a standalone
application, so that lab administrators can insatl configure it in their personal computers.
“LabelWriter” application allows searching users eguipment through a web service,
selecting an appropriate users or equipment andinyi a label with a barcode and other
specific data. This allows selecting a default labenplate or to upload and use their own
label template. DYMO Label Writer should be conedcand drivers should be installed in

the computer for printing labels.
Task 3

In task three, a web application has been creatednfinaging and tracking lab equipment
data. This allows creating/updating/deleting usefiles, reserving lab equipment, borrowing

or returning equipment, granting different accesgels, registering/modifying equipment,
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displaying equipment details, searching equipmeith wame or vendor name or filtered
search with equipment categories. This is an onliek site, so that each and every registered

user can access it from everywhere.

Task 4

Task four is to design and implement a smartph@mpdication for easy management of the
lab equipment. But design and implementation ofdhReturn Equipment” application is
more important and useful to enhance the functibeslof whole Lab Inventory System than
smartphone application, “Loan/Return Equipment” lmapon has been implemented
although it was not in the initial task description

“Loan/Return Equipment” application is a standal@mplication that can be installed and
configured in each and every lab with a barcoddeeaso that the users can borrow or return
equipment with few clicks. It allows scanning equgnt and user barcodes and storing
records in the database while ensuring minimum tissge.

Task 5

Task five is to deliver a written report (thesipog).

1.3 The structure of the report

The report is divided into four main parts with aidifferent chapters to simplify the structure
of the report. Each part consists of one or mor&ptdrs. The nine chapters in the report

contain the following:

Chapter 1: Introduction

The introduction chapter describes the objectivieth® thesis, scope of each and every task

and the structure of the report.

Chapter 2: Programming Concepts

This chapter describes OOP concepts, pros andafdd®P and theory behind web services.
It also details the study carried out to familiariith Visual Studio and its tools with their

features.

Chapter 3: Database Design Concepts

Chapter three describes the concepts behind datalesgyning, database models and features

and functionalities of database design tools.
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Chapter 4: Analysis

This chapter details system overview, user categoand functional requirements of “Lab
Inventory System” website, “Loan/Return Equipmerdpplication and “LabelWriter”

application with Use Case diagrams.

Chapter 5: Design

Design chapter describes detailed system desarjistem architecture and database design

with database diagram and class diagram.

Chapter 6: Implementation

This chapter discusses implementation of Lab Inugn®ystem with technical information of

the system.

Chapter 7: Testing

Chapter seven describes testing methods used forirhgentory System and bug tracking
with TES during implementation and testing phases.

Chapter 8: Deployment

This chapter describes deployment methods and stepd for “Lab Inventory System”

website, web service, “Loan/Return Equipment” aggilon and “LabelWriter” application.

Chapter 9: Conclusion and Future Works

The last section is the conclusion. It also giveggestions for improvements of the system

and proposals for future work.
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Part 2. Theory and
Background

Part 2 contains “Programming Concepts” and “Datali2ssign Concepts” chapters. It details

concepts and theories behind programming and dsgatbasign with software development

tools.
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2 Programming Concepts

Programming is the process of designing/writing patar applications. Thousands of
programming languages have been designed/usedavgifiecific purpose. Even though each
programming language has their unique featuregraes, there are certain concepts common
to all languages. There are different types of mogning styles such as structured
programming, object oriented programming, etc. trucdured programming, blocks of

programming statements (code) are executed one aitegher. Control statements change
which blocks of code is executed next. In objearded programming, data are contained in
objects and is accessed using methods specificetaype of the object. There is no single

“flow” of the program as objects can freely interadth one another by passing messages.

Windows Forms >

ASP.net N
(Web Forms, Web Services)

Figure 2-1 Lab Inventory System

This chapter mainly focuses on OOP concepts anslgmd cons of OOP. Further it describes
the fundamental theory behind web services. As shaw Figure 2-1, “Lab Inventory
System” website and web service are implementenlgusSP.NET and “LabelWriter” and
“Loan/Return Equipment” applications are implementessing WinFroms in Visual Studio.
Therefore a detailed study has been carried ountterstand and familiarize with the latest
version of Visual Studio, ASP.NET and WinForms.

2.1 Object Oriented Programming Concepts

OOP is a programming methodology based on objedtehwis concerned to develop
application on real time, so more emphasis is giwerdata unlike the other programming
styles like structured or functional. The concept having objects makes OOP more
organized, reusable and speedy. Today most of ihgrggmming languages support OOP.

Most of them have enhanced features to make OOPR eamy and maintainable.
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Object

An object consists of attributes and methods. Butes define the properties of the object
while methods define its behavior. In OOP, objectonsidered as an instance of a class.
Considering Lab Inventory System, “Equipment” andustomer” can be considered as
objects and “Equipment Name” and “Customer Nam&'lea considered as their attributes.

Class

A class is simply a representation of a type otobjUsing the blueprint analogy, a class is a
blueprint of an object, and an object is a buildingde from that blueprint [1]. It consists of a
name, attributes and methods.

Encapsulation, inheritance and polymorphism arerth@ fundamental concepts in OOP.

2.1.1 Encapsulation

Encapsulation normally refers to information hidimgtreating a group of related properties,
methods, and other members as a single unit ocofdig Hence encapsulation guarantees
integrity of object data and uses methods to adoéssnation as shown in Figure 2-2.

Input

Output

Figure 2-2 Encapsulation [2]

Encapsulation can be achieved using “private”, figiland “protected” access modifiers.
“public” — access is not restricted

“private” — access limited to members of same class

“protected” — access limited to members of samssotat descendants

16



2.1.2 Inheritance

Inheritance describes the ability to create newssda based on an existing class. So the object
can inherit properties from another object whilérdeg common codes only one place with
enhancing maintainability of the softwareFigure 2-3 shows an example of inheritance.
According to the Figure 2-3 “Customer” is the parefass. Both “Student” and “Staff”
inherit all the fields and methods of the parerassl “Customer”. Hence inheritance

guarantees code reusability.

Figure 2-3 An example of Inheritance

2.1.3 Polymorphism

Polymorphism is the ability to take more than ooeris depending on data type or class, so
that multiple classes can be used interchangeabbn though each class implements the
same properties or methods in different ways. Herm@Eymorphism guarantees
maintainability of the software. Interface introégsgoolymorphism. It contains only definition
of methods, properties and events, so the class itmglements the interface, has the

implementation or declaration to achieve polymosphi

2.1.4 Advantages of Object Oriented Programming

Easy to maintain and extend existing code
Enhanced code reusability

Object hiding can be achieved

! Referred from “Object-Oriented Analysis, Designd@rogramming using UML and C#” lecture notes201

made by Nils Olav at Telemark University College
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Improved reliability and flexibility, as objectsrté®e dynamically called and accessed,
new objects may be created at any time
Faster development, as reusing software modulesriothie time usage

Cost effectiveness, as reusing software modulesrotine cost of development

2.1.5 Disadvantages of Object Oriented Programming
Need extra time and effort for planning

Not suitable for all types of problems

OOP programs are generally larger and slower tioamal programs

2.2 Web Services
A web service is implemented to handle interactidmetween both “LabelWriter” and

“Loan/Return Equipment” applications and databasst@wn in Figure 2-4.

Web Service ‘

Figure 2-4 “LabelWriter” and “Loan/Return Equipmeéehéapplications interact with DB

through web service

Web service is a software system designed to cortoeother software applications. An
application can publish its function or messagé¢hw rest of the world using web services.
Web services use XML to code/decode data. Othdrcagipns can interact with web service

using SOAP messages.
Web services offer many benefits over other tygesioh systems.

Interoperability — This is the most important benef web services. Web Services
allow different applications to interact with eaother and share data and services
among themselves. For example VB or .NET applicatan communicate with java
web services and vice versa.

Low cost communication as web services use SOAP8V&P protocol.

Reusability

Usability — Other applications have the freedomhoose the web service they need.

18



Figure 2-5 shows a logical view of web serviceh#ecture which is based on three primary
roles, service requester, service provider andicemegistry. Providers of the web services
are known as service providers, users of the weldces are known as clients or service
requester. The essential part of web servicesasiriteract relationship between a service
provider and a service requester. These three iotesact using publish, find and bind

operations. The service provider publishes theiserdescription in a service registry. The
service requester finds the service descriptiom $ervice registry and uses the information in
the description to bind to a service. The servegistry provides a centralized location for
storing service descriptions. They will become rifatee to a huge world of data and query
services. UDDI, a platform independent, XML basegjistry is an example of service

registry.

Service

Service
Provider

Figure 2-5 Web Services Architecture [3]

2.3 Visual Studio 2013

As per the task description, Lab inventory Systernmplemented using Visual Studio 2013.
Visual Studio is a comprehensive collection of soahd services to help developers to create
a wide variety of apps, both for the Microsoft fdatn and beyond [4]. It was developed by
Microsoft. Microsoft has released several versioh¥/isual Studio as Visual Studio 2005,
Visual Studio 2008, Visual Studio 2010, Visual Stud012 and the latest version is Visual
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Studio 2013. It is also available in several edsi@s Visual Studio Express, Visual Studio
Professional and Visual Studio Ultimate and is useddevelop standalone applications,
mobile applications, web sites, web applications awrb services.

Visual Studio uses Microsoft software developmerdtfprms such as Windows API,
Windows Forms, Windows Presentation Foundation, dMivs Store and Microsoft
Silverlight. It can produce both native code andnaged code. It supports different
programming languages such as C, C++, C#.net, YRumek F#. It also supports XML/XSLT,
HTML/XHTML, JavaScript and CSS.

Code editor in Visual Studio supports syntax higiifing and code completion (using
IntelliSense) as well as code refactoring. Thegrdeed debugger works both as a source-
level debugger and a machine-level debugger and/alstepping through the application line
by line while executing. Visual Studio includes idgeers for windows applications, web

applications and mobile applications.

2.3.1 Windows Forms

“LabelWriter” and “Loan/Return Equipment” applicatis are implemented using Windows
Forms (WinForms). WinForms is the graphical appicca programming interface included
as a part of Microsoft Visual Studio. It can digpldata, handle user input and deploy
applications easily and with enhanced securityVindows Forms, a form is a visual surface
which displays information to the user. A cont®hi user interface element that displays data
or accepts data input. A form can be enhanced @atitrols to create the appropriate user
interface while adding code to manipulate data.

WinForms contains variety of controls such as Tex#, Radio Buttons, Buttons,
ComboBoxes, GridViews, etc. It supports creatingt@on controls as well. It has rich user

interface components to interact with high end iepgibns like Microsoft Office.

2.3.2 ASP.NET

“Lab Inventory System” website and web service arglemented using ASP.NET.
ASP.NET is a server-side web application framewaekeloped by Microsoft. It is mainly
designed for developing dynamic web sites, web ieg@ipbns and web services and is
included as part of Visual Studio. ASP.NET takes ltkest from Active Server Pages as well

as the rich services and features provided by ttie [5]. The result is a robust, scalable, and
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fast web development experience with great flexypand little coding [5]. As it is built on
CLR, it allows user to use any supported .NET |aggu

ASP.NET web pages are known as web forms. Theytteemain building blocks for
application development. Web forms contain two congnts, the visual portion (the ASPX
file which contains HTML), and the code behind tham, which resides in a separate class
file. They are very similar to Windows Forms, saoanhance user interface by adding
controls.

As indicated in Figure 2-6, ASP.NET web applicasicaxe published in IIS, so that the

published websites can be accessed through welsbrew

Figure 2-6 Web Forms are part of ASP.NET [5]

2.3.3 Team Foundation Server (TFS)

TFS is used for source code control and bug trackihLab Inventory System. It is the
application life cycle management hub for Visualdso [6]. It is a Microsoft product which
provides facilities to manage repositories, buildgess, testing infrastructure, lab deployment
and reporting while enabling all stakeholders tdip@ate in the development process using
a single solution. It helps developers to connegcliaborate and deliver solutions on time
while managing heterogeneous projects. Therefores itcreated to get more out of

development teams with faster software delivery.
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TFS can be used as a back end to numerous intégiaieelopment environments but is
designed to provide the most benefit by servinthaack end to Microsoft Visual Studio or
Eclipse (on Windows and non-Windows platforms) Figure 2-7 shows the whole usage of
TFS. Team members on different platforms can coliate by using TFS as it covers the
whole life cycle of the product/software.

Tester Eclipse developer on
Mac OS X

Eclipse developer

on Linux Business

Team Foundation
Server

Visual Studio
developer on

windows Java developer

on Unix

Figure 2-7 Usage of TFS [7]
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3 Database Design Concepts

Database is a collection of logically related relsoor data). It may consist of enormous
number of data. Hence it is really important to agenand organize data within the database.
Database Management Systems (DBMSs) are softwaleatpns that use to interact with
database and the user by giving capability of mauwgagdata. It allows tagging, retrieving and
manipulating data efficiently and quickly while em&g the security and unauthorized access.
SQL Server is one of the well-known DBMS used today

Lab Inventory System uses a database for storirdy managing records of loans and
reservations, equipment details and user detailgsds basic database interactions such as
insert, select, delete and update in different &ges (for example when registering
equipment or user, displaying equipment detailsdifgimg and deleting equipment or user
details, inserting loans and reservations). Figei® shows database interactions of Lab

Inventory System.

“Lab Inventory System”

Website
EquipmentName Price
Insert/ Update/ Model 424 Wing Union Pressure Transmitter ~ 1000NOK
Delete/ Select Data NI USB-TCO1 Themocouple 1000NOK
NI USB-6221 DAQ 1000NOK

“LabelWriter” Application

“Loan/Return Equipment”
Application

Figure 3-1 Database Interactions (Insert/Update/@elSelect) of Lab Inventory System

Database model defines the logical structure of datbase. Although there are several
database models like “Network model”, “Flat ModeéHierarchy model” and “Tree model”,
“Relational database model” is the most populaaliaée model today because of its efficient

and simple data handling.

This chapter details the concepts and methodolagiesed to database design and database
models. As per the task description, the databadeseripts of Lab Inventory System should
be implemented using SQL Server. Hence a detailetyss carried out to understand and

familiarize with the latest version of SQL Servedats tools.
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3.1 Relational Database Model

The idea behind relational data model comes witamizing and storing data in tables.

Relations, attributes and domains are the threen tkay terms used in relational database
modef. Tables of information is called relations, whileributes refer to the columns of the

table and the domain is the set of values thebates are allowed to take [8]. A database
column can be defined as a primary key or a fordigy. Primary key is used to identify

unique records while foreign key field describemeaelationships between tables. One-to-
one relationships associate one record in one wilhea single record in the other table. One-
to-many relationships associate one record in ahke twith many records in the other table.
Figure 3-2 and Figure 3-3 show an example of aetab#sign and a table structure
respectively. It is always a good practice to reddata redundancy (repetition of data) when

designing tables to enhance the efficiency of éitalohse.

/ Primary Key Column
'/ Column Name Data Type Allow Nulls
ustomerTypeld int ]
CustomerTypeName nva¥char(50)
Description nvarchaff MAX) V]
\/ Data Type of each and
Columns every column

Figure 3-2 Table Design

2 Referred from “Industrial Information Technology&cture notes 2013 made by Nils Olav at Telemark

University College
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Column

CustomerTypeld  CustomerTypeName
1 i1 | Student Student at
2 2 Staff

Figure 3-3 Structure of the table

3.2 Database Diagram

Database design diagram is a graphical represemtafi set of entities (tables) and their

relationships among each other. Before designiegddtabase diagram, it is necessary to
understand the requirements, make assumptionstifidéme entities, attributes, data types,

limitations and their relationships. Software apalions like SQL server, Microsoft Visio and

ERWin provide easy and user friendly design packagdrawing database diagrams.

3.2.1 ERWin
ERWin is a software application for designing datds and it is used to design database

diagram of Lab Inventory System.

Cloud or SaaS Bl +
Data Management

r'.]|
X&3

Business Intelligence +
Data Warehousing

Data Management

o

e TG
0 01 20 01
Data
Manageme
=) =5

Data Governanc

a) Application Developmg
- G ER-
Data Quality

Figure 3-4 Features of ERWin [9]

ERP —
Integration »

It provides a collaborative data modeling environtn® manage enterprise data through an

intuitive, graphical interface [10]. Figure 3-4 st®supported features of ERWin.
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3.3 SQL Server 2012

SQL Server which is developed by Microsoft is thestrpopular DBMS today. Microsoft has

released several versions of SQL Server as SQLeB2005, SQL Server 2008, SQL Server
2012 and etc. Its main functionality is storing amdrieving data in a secure manner as
requested by other applications. T-SQL is the petgry query language in SQL Server.

Microsoft has released several SQL Server edittangeting different user groups such as
Web, Express, Enterprise and Standard.

3.3.1 Data Retrieval and Manipulation in SQL Server

In a database, data is stored as a collectiorbtédgavith typed columns. SQL Server supports
different data types such as Integer, Float, DeirGhar (including character strings),

Varchar (variable length character strings), binargxt and etc. It supports user defined

composite types as well.

Queries are used for data retrieval operations.stéredard SQL commands such as SELECT,
INSERT, UPDATE and DELETE are used for basic dasmipulation operations. SELECT
statement retrieves data from one or more tabMSERT adds rows to an existing table
while UPDATE modifies existing rows in a table. DIELE statement removes existing rows
from the tables.

SQL Server also allows stored procedures to beneléfiA stored procedure is a group of
SQL statements that form a logical unit and perfarmparticular task, and they are used to
encapsulate a set of operations or queries to &xemn a database server [11]. Stored
procedures are more quick and efficient than qaeagethey are complied once and stored in
executable form. Hence it requires low memory resfuents. Stored procedures improves
scalability (increase scalability by isolating dpption processing on the server),

maintainability (can reuse in different applicaspnand security (users can be granted
permission to execute a stored procedure evereyf do not have permission to execute the
procedure's statements directly [12]). Other theat it reduces network traffic with single call

execution.

3.3.2 Concurrency and Locking
Concurrency refers to allowing multiple users t@ s&me database simultaneously while
ensuring data integrity when accessing shared (@@ateexample when several users update

same data or try to read data that is in the psookbeing changed by another user). It is one
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of the main feature that differentiate databasefather data sources like spreadsheets. SQL
Server provides two modes of concurrency contrgdessimistic concurrency and optimistic
concurrency. Pessimistic concurrency is controlliogncurrent access by using locks.
Optimistic concurrency control mechanism allows eavnversion of a row to be created

whenever the row is updated, as opposed to ovémgitite row.

3.3.3 SQL Server Management Studio

SQL Server Management Studio is a GUI tool includeth SQL Server 2005 and later for
configuring, managing, and administering all comgras within Microsoft SQL Server. It
includes both script editors and graphical tood thork with objects and features of the SQL

server [13].
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Part 3: Analysis and Design

Part 3 contains “Analysis” and “Design” chapters.détails system overview, functional
requirements with Use Case diagrams, system actimigeand design with database and class

diagrams.
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4 Analysis

Analysis is the process of determining user expiects for a software application. It is really
important as requirements are the basis for softiw@esign, development and testing.
Therefore this affects to the project cost. Requésts can be categorized into two groups as
functional requirements and non-functional requeats. Functional requirements define
functions or behaviors of the system while non-fiomal requirements specify quality of the
system. But before dig into the analysis, it i®alecessary to identify major components of

the system with their interactions and behaviors.

A Use Case is a way to understand and describeetherements Use Cases use “Extend”
link to show that one Use Case may add functionatit another Use Case under certain
circumstances and “Use/Include” relation to speuwifiether one Use Case describes some of
the detail of another [14]. A Use Case diagramasmally an overview diagram of user
functions, showing the system as a black ®hdsully dressed Use Case document has a

detailed description of each Use Case.

Users of Lab Inventory System can be categorizetEag Users” and “Administrators”.
Both of them have different accessibility to thestseyn. Furthermore “End Users” can be
categorized into two groups as “Staff” and “Student

This chapter details system overview with its majomponents and functional requirements
of Lab Inventory System. Further these requirembate been documented using Use Case
diagrams and fully dressed Use Case documentsoliradicates the Ul sketches designed for
Lab Inventory System at the initial stage.

4.1 System Overview

Lab Inventory System consists of five major compusgea database, web service, “Lab
Inventory System” website, “LabelWriter” applicatioand “Loan/Return Equipment”

application. The system overview diagram with igon components is shown in Figure 4-1.

% Referred from “Object-Oriented Analysis, Designd@rogramming using UML and C#" lecture notes201

made by Nils Olav at Telemark University College
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Web Server

Clients

X “Lab Inventory System” I
DYMO Label Writer Website nternet

Equipment LabelWriter” Application
Internet

Internet
“Loan/Return Equipment” Web

Application Service
API

Barcode Scanner

Figure 4-1 System Overview Diagram

4.1.1 Database
Database is used to store information of equipmesdy profiles, loans and reservations. SQL

Server is used as the DBMS for Lab Inventory System

4.1.2 *“Lab Inventory System” Website

Users can access “Lab Inventory System” websiteutjit the internet. It is mainly for
managing user profiles, handling loans and resemnsitand registering equipment and user
details. It allows search functionality as well.f@&e using the website, user has to register as
a valid user and log into the website with validadinand password.

4.1.3 “LabelWriter” Application

“LabelWriter” application is a desktop applicatiomhich is installed in administrator’s
computer. DYMO Label writer should be connected esglired drivers should be installed
in the same computer before using “LabelWriter” laggtion. Administrator can search for
registered equipment or users and can print latoelselected items. The application has
several default label templates. Hence adminiggatan use a default label template or their
own label template when printing labels and atti&ehprinted label to a particular equipment

or user identity card.
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4.1.4 “Loan/Return Equipment” Application

“Loan/Return Equipment” application is also a degkapplication which is installed in each
lab with a barcode scanner and a touch screen amoklsers can scan equipment and user
barcodes using barcode scanner and select whéityemeed to loan or return equipment.
System will save loan/return equipment recordfiendatabase through a web service.

Designed Ul sketches for “LabelWriter” and “Loant®® Equipment” applications in
analysis phase is shown in Figure 4-2.

Equioment Name Browse

Model 424 Wing Union Pressure Tra... 397TUC

NI USB-TCO1 Themocouple 998TUC 123 Loan Return

NI USB6221 DAQ 939TUC

Print "Loan/Return Equipment" Application

"LabelWriter" Application

Figure 4-2 Ul sketches for “LabelWriter” and “LoaRketurn Equipment” applications

4.1.5 Web Service

Web service provides several web methods to retrieguipment and user details for
“LabelWriter” application and to update or save risaturn equipment records through
“Loan/Return Equipment” application.

4.2 Requirements for “Lab Inventory System” Website
“Lab Inventory System” website is supposed to usg both “End Users” and
“Administrators”.

End users should be able to:

Create a user profile

Login

Log out

Search for equipment (with filtered search)
Reserve equipment

Edit user profile
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View equipment details
Loan equipment

Return equipment

Administrators should be able to:

Create a user profile
Login

Log out

Search for equipment (with filtered search)
Reserve equipment
Edit user profile

View equipment details
Loan equipment
Return equipment
Register equipment
Edit equipment

Delete equipment
Search for customer
Edit user profile

Delete user profile

View existing loans

The requirements have been documented using UMLG#se formats as shown in Figure
4-3 and Figure 4-4 and have been divided accorttinpe types of users that will interact
with the system. Figure 4-3 and Figure 4-4 show @&ases for “End User” and
“Administrator” respectively.
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Table 4-1 Fully dressed Use Case document for ‘atéra user profile” Use Case

Create a user profile

“Lab Inventory System” website

End User, Administrator

None

Creating a new user profile successfully

1. Enter values for Email, Password, First Name, Last
Name, Student Number, City of Residence, Stieet,
Post Number, Phone Number, Position/ Title, Class,
and Barcode fields

2. Select a user type

3. If needed upload an image

4. Click “Register” button

$% Save appropriate records in database successfully

5a. Email/ Password/ First Name/ Last Name/ Student

Number/ Barcode fields are empty

&% Give an error message

5b. Invalid email address

&% Give an error message

5c. Invalid student number

&% Give an error message

5d. Password mismatch with “Retype Password” field

&% Give an error message

5e. Entered Email/ Barcode/ Student Number values a

already in the database (not unique)

&% Give an error message
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Fully dressed Use Case document for “Create apreéite” Use Case is shown in Table 4-1.

Fully dressed Use Case documents for “Search fapegent” and “View equipment details”

Use Cases are in Appendix 2.

At the initial stage, several Ul sketches have bdesigned for “Lab Inventory System”
website before moving to design and implementastages in the sense of easily identifying
and describing requirements. These sketches arensho Figure 4-5, Figure 4-6 and

Appendix 3.

12 ~ &>
e‘m - ¥ ° Lab Information System

Login New User

Login Details
User Name:
Password:
Confirm Password:

User Details
First Name:
Last Name:
City:
Street:

Register User

Figure 4-5 Ul Sketch for "Register New User" page
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@ Lab Information System

Search/Reserve  Register Equipment  Edit/Delete Customer Loan/Return Logout

Search/Reserve

Search Type: Equipment Name Category:
I

Equipment Total no of

Equipment name category name S Vendor
Model 424 Wing Union Pressure |Pressure
Transmitter measurements 25 tloneywer
NI USB-TCO1 Thermocouple || Smperature 20 National
measurements Instruments
Display and National
NI USB-6221 DAQ conditioning 50 Instruments

—

Figure 4-6 Ul Sketch for "Search" page

4.3 Requirements for “LabelWriter” Application
“LabelWriter” application is supposed to use by fAkhistrators”. They should be able to:

Search for equipment or user

Print label for selected search result

The requirements have been documented using a Us&L.GAse format as shown in Figure
4-7.
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LabelWriter

Select search
category

Search for
equipment or user

«extends»

Administrator

Print label

Select/Upload
label template

Figure 4-7 Use Case diagram for "LabelWriter" amaltion

Fully dressed Use Case document for “Search foipetgent or user” Use Case is shown in

Table 4-2. Fully dressed Use Case documents foaireng Use Cases are in Appendix 4.

38



Table 4-2 Fully dressed Use Case document for FcBdar equipment or user” Use Case

Search for equipment or user

“LabelWriter” application

Administrator

None

Display appropriate search results successfully

1. Select search category
2. Enter search text
3. Click “Search” button

'% Display appropriate search results successfully

3a. If there are no search records, the systendigplay an
appropriate message and allow the user to perfarawa
search.

None

4.4 Requirements for “Loan/Return Equipment”
Application

“Loan/Return Equipment” application is supposed use by both “End Users” and

“Administrators”, both of them have same accessjbito all the functionalities. The

requirements for “Loan/Return Equipment” applicat@an be listed as:

Loan equipment

Return equipment

The requirements have been documented using a Us&L.Gase format as shown in Figure
4-8.
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Loan/Return Equipment

Loan equipment

End User/Amﬁv\

Return equipment

Figure 4-8 Use Case diagram for "Loan/Return Equepit application

Fully dressed Use Case document for “Loan equipimdaeé Case is shown in Table 4-3.
Fully dressed Use Case documents for remainingdases are in Appendix 5.
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Table 4-3 Fully dressed Use Case document for "lezpnpment” Use Case

Loan equipment

“Loan/Return Equipment” application

End User, Administrator

None

Save appropriate records in database successfully

Scan equipment barcode
Scan user barcode
Display name of the user

A

Click “Loan Equipment” button
$% Save appropriate recorosdatabase successfully
(% Clear equipment barcode and user barcode texthoxes

and ready for next operation

3a. Invalid user

&%Give an error message and clear user barcode textbo

4a. Equipment barcode and/or user barcode textlamees

empty

&% Give an error message

None
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5 Design

Analysis phase focuses on doing the “right” thingiler design phase focuses on doing the
“things” right*. The aim of design phase is to map functional irequents to hardware and

software environment. In the design phase architedts established and modules, system
components, interaction among components, objecternal systems and interfaces are
identified and defined. Hence successful completimin design phase compromises

transformation of all requirements into detailed@fications.
During the design phase, following areas will beused [15].

Application Architecture
Detailed Specification
System Interface Design
Finalize User Interface

Test Plans

This chapter specifies database design and apphcakesign of Lab Inventory System.

Further it details system architecture with dethggstem description.

5.1 Application Design
During application design, system architectureeneéd and the class diagram is documented

for Lab Inventory System.

5.1.1 System Architecture

Figure 5-1 shows the architecture diagram of Lakemory System. It contains three tiers as
Tier 1(presentation/user layer), Tier 2 (applicatlayer) and Tier 3 (data layer). During an

application's life cycle, this three-tier approgutovides benefits such as reusability (can
share and reuse the components and services)ilitgx{because each tier can be managed

or scaled independently, flexibility is increasetignageability, maintainability (because each

* Referred from “Object-Oriented Analysis, Designd@rogramming using UML and C#” lecture notes201

made by Nils Olav at Telemark University College
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tier is independent of the other tiers, updateshamnges can be carried out without affecting

the application as a whole), and scalability [16].

Clients (Tier 1)

Windows 8 q
“Loan/Return Equipment”

Application
(WinForm, CH)

“LabelWriter” Application DB

(WinForm, C#) Internet - (saL Server)
“Lab Inventory System” ngine

Website

Web Service

Figure 5-1 System Architecture Diagram [17]

Presentation Tier (Tier 1)

This is the top most tier which presents data ¢ouber. For example in Windows application,
WinForm is presentation layer, in Web applicati®ebForm is presentation layer. For

“LabelWriter” and “Loan/Return Equipment” applicatis, WinForms are the presentation
tier. The presentation tier for “Lab Inventory Sarst’ website consists of WebForms and web
browsers with HTML, CSS and JavaScript.

Application Tier (Tier 2)

Application tier performs application logic. It dams both Business tier and Data Access tier
(Data Access tier provides simplified access ta @athe database) as shown in Figure 5-2. It
processes clients requests from presentation Eyerinteracts with the database. It consists
of the web server, web scripting language and thpteng language engine. Application

layer or Tier 2 of Lab Inventory System consistdI8f as web server, C# as web scripting
language and ASP.NET engine as scripting languaggne. 11IS will process the HTTP

requests from the clients and the calculation giclas done by the scripting language (C#)

which runs on the scripting engine (ASP.NET engine)
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Application Tier (Tier 2)

Data Access Tier

Business Tier

Figure 5-2 Application Tier

Data Tier (Tier 3)

Data tier or Tier 3 of Lab Inventory System corsisif DBMS (SQL Server), SQL
Management Studio, tables, stored procedures awvisvit manages storage and retrieval of

data.

Class diagram with its detailed description is ppa&ndix 7.

5.2 Database Design

ERWin database design diagram for Lab Inventoryté3ysis shown in Figure 5-3. The
diagram shows identified tables, their columns egldtionships among tables. According to
the Figure 5-3, thirteen tables have been idedtifsth their primary keys. Primary key
columns set as auto increment fields which allounaue number to be generated when a
new record is inserted into a table. The core tablthe database is "EQUIPMENT”. This
tracks information about particular equipment arathe field holds a single piece of

information about the equipment.

44



EQUIPMENT_CATEGORY
EquipmentCategonyld

EquipmentCategoryName
Description

BARCODE_FORMAT
BarcodeFormatid
StartingValue

IncrementalValue
EndingCharacters

HELP_INFORMATION
Helpinforld

Address

Email

PhoneNumber

SALESMAN

Salesmanld

SalesmanName
Email
PhoneNumber
Equipmentld (FK)

EQUIPMENT
EQUIPMENT _DETAIL Equipmentld
EquipmentDetailld EquipmentName VENDOR
- ManufacturingYear Vendorld
Resolution Vendorld (FK)
Accuracy NumberOfDevices YendorName
Range EquipmentCategoryld (FK) City
Equipmentld (FK) « EquipmentBarcode Email
Description Website
Price PhoneNumber
RESERVATION Model Description
: Location Street
Reservationld
Eservation’c o SerialNumbers PostBox
Equipmentld (FK) Equipmentimage
Customerld (FK) NextRunningNumberForBarcode ACCESSLEVEL
FromDate e roccl oo
ToDate AccesslLevelld
NumberOfDevicesToResene § AccessLevelName
Description
LOAN CUSTOMER LOGIN CUSTOMERTYPE
Loanld Customerld Loginld CustomerTypeld
Equ:pmer;gdéFKK) FirstName UserName CustomerTypeName
LusoDm?r UL LastName Password Description
ki Address AccessLevelld (FK)
ReturnDate -
PhoneNo
RunningBarcode .
Title
Returned
Class

StudentStaffNo
CustomerBarcode g
CustomerTypeld (FK)
Loginld (FK) [}

Figure 5-3 ERWin Database Diagram

FK standards for Foreign Key which indicates a tieteship between two tables.
“CUSTOMER” and “LOGIN” tables store registered usaiormation and login information

of particular user. “ACCESS_LEVEL” table storesarhation about different access levels,
whether the customer has read, write or owner aduby. “CUSTOMER_TYPE” table
stores data related to different customer categoviaether the customer is a student, a staff
member or an administrator. “LOAN” and “RESERVATIONables track information
related to loan and reservation of equipment. Atarusr/user can have zero or more
reservations or loans, and all reservations/ loaanst be linked to an existing customer in
“CUSTOMER” table “E@MENT” table.
“BARCODE_FORMAT” table is used to generate equipmbarcode during registration

and an existing equipment in
process of each equipment. “WVENDOR?” table stordsitdeof different vendors while each
record

“‘EQUIPMENT_CATEGORY?” table stores details of difeert equipment categories.

in “SALESMAN” table indicates salesman detabf particular equipment.
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In order to allow for maximum readability, a stardlaaming practice is used during database
design. Table name is always in capital lettersiandn be multiple words where any spaces
between words are separated with an underscoree¥ample, the table name to track
equipment categories would be “EQUIPMENT_CATEGORYblumn name always starts
with a capital letter and if it has multiple words,new word always begins with a capital
letter without a space. For example, the columnentorecord the equipment name would be

“EquipmentName”.

Column Name Data Type Allow Nulls
)’? BarcodeFormatld int
StartingValue int
IncrementalValue int
EndingCharacters nvarchar(50) v

Figure 5-4 " BARCODE_FORMAT " table

As shown in Figure 5-4, acceptable data types Hmeen assigned to table columns with
indicating whether the column accepts null valuesai. Choice of data type will determine
what types of information can be stored in thedamaos. For example “StartingValue” might
allow only integers whereas “EndingCharacters” rhigiiow alphanumeric characters.

Database diagram generated using SQL Server ipperidix 6.
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Part 4: Implementation,
Testing and Deployment

Part 4 contains “Implementation”, “Testing”, “Deploent” and “Conclusion and Future
Work” chapters. It details implementation processting and deployment methods of Lab
Inventory System. Further it presents a short emich about thesis work and suggestions

and improvements for future work of the system.
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6 Implementation

Implementation is the process of writing source ecddr a system. The objective is to
transform the design into program and code modulEse final deliverables of

implementation phase are source code and relamdramts.

This chapter details the implementation process“lab Inventory System” website,
“LabelWriter” application, “Loan/Return Equipmentapplication and database scripts
(scripts, stored procedures and views). Furthaéestcribes the different technologies, methods
and patterns used during Lab Inventory System dewe¢nt. It also presents the best coding
practices (naming conventions, commenting and dimephandling) used during the

implementation process and source code controF®B. T

6.1 Implementation of “Lab Inventory System” Website

“Lab Inventory System” website is implemented usiA$P.NET. When using “Lab
Inventory System” website for the first time, u$es to register as New User by inserting
user details and log into the system using validaiEmddress and Password as shown in
Figure 6-1. The website uses “Session” objectsugar authentication and validation. Hence
it is not needed to recheck the user validatiomftbe database, every time when the user
redirects to a different page. Therefore user wadilich can be easily done with “Session”
objects. After log into the web site, it will bedieected to “Loan/Return Equipment” page
where user can borrow or return equipment by emgerequired details. Other than that user
can search for equipment, register equipment, cedigfe user profiles, reserve equipment,
view existing loans and view equipment details ggwp menu bar as shown in Figure 6-2.
These functionalities are displayed depending enusder access level. A Help page is also
available in the website with a proper user gulBlereen dumps of several other web pages

are in Appendix 8.

During the implementation process of website, assp JavaScript file is used for client side
scripting. For example JavaScript is used to shme/the calendar element in “Reservation”
page as shown in Figure 6-3. JavaScript allowsaadteasy web experience to the user as the
code is executed on the browser instead of the seeler. A separate CSS file is used for
styling web pages because of its faster loading easy maintenance than doing styling in
raw HTML file. Figure 6-4 shows the Master Pagedufse “Lab Inventory System” website.

This creates a consistent layout throughout alpéges in the website.
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_ @ Lab Information System

New User

egister New User Details

To confirm your interest in our web page, you must first create an account

Tips: If you have a barcode already in your student/staff card, please use that barcode value as Barcode. Otherwise use
your student/staff number as Barcode when registering as a new user

LI
After completing the registering process, if you don't have a barcode already in your student/staff card, make sure you get -
printed label of barcode from administrator and paste it in your student/staff card

Email address which is used in the registration process, will be the username to log into the system

Login Details
Email: :
Password: "

Retype Password: *

: @ Lab Information System

/

New User

Log In
Email

Password:

| Log In

Figure 6-1 "Register New User" and "Login" pages
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You are searching: The Lab Equipment Database

-«

Search Type: | Equipment Name ¥ | Equipment Category: | All

Search | | Reset

Displaying top 100 records from the database....
7 search results found.
Search Keyword: ", Search Type: "Equipment Name", Equipment Category: "All"

quipme ota 0 O P
. P 2qgo d e de o ’
Model 424 Wing Union Pressure |Pressure
Transmitter measurements = Honeywel @
NI USB-TC01 Thermocouple Temperature 20 National -
measurements Instruments
NI USB-6221 DAQ g 50 s
conditioning Instruments
USB-6008 Temperature 50 National I __’I
measurements Instruments
=

Figure 6-2 "Loan/Return Equipment” and "Search Ppaguent” pages
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Figure 6-3 JavaScript is used to show/hide therudéde element

Figure 6-4 Master Page

“Lab Inventory System” website uses a “Web.confié to save main settings and
configurations of website. For example it contati@abase connection string and several

application settings like default access leveladifcustomer type, etc.

Validator controls have been used for input vaiaatn Lab Inventory System. A validator is
a visual ASP.NET control that checks a specifiadigl condition of another control and
generally appears to the user as a piece of taktlibplays or hides depending on whether the
control it is checking is in error [18]. “RequireéklValidator” has been used to avoid empty
controls, “RegularExpressionValidator” has been duséo validate data while
“CompareValidator” has been used to compare valuds/o controls. As shown in Figure
6-5, “RequiredFieldValidators” have been used fdamail”, “Password” and “Retype
Password” fields. For “Email” field, a “RegularExgasionValidator” has also been used.
“CompareValidator” is used to compare “Passwordi &Retype Password” fields to check

whether there is a password mismatch.
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The code structure of “Lab Inventory System” websgstshown in Figure 6-6.

Figure 6-5 Validating Login Details

Figure 6-6 Code structure of "Lab Inventory Systevebsite
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6.2 Implementation of Web Service
A web service is implemented using ASP.NET to handiteractions between both
“LabelWriter” and “Loan/Return Equipment” applicatis and database. This web service

exposes several web methods such as:
* Retrieve equipment and user details from the dawafa “LabelWriter” application

* Insert/update loan/return equipment records in daeabase through “Loan/Return

Equipment” application
* Retrieve user name for “Loan/Return Equipment” egaion

* Retrieve and update running barcode value of pdatic equipment through

“LabelWriter” application

If several numbers of devices of same equipmenéaadable, then the barcode value of

each device is printed with a running number. F@neple,
Equipment Name — USB 6008

Equipment Barcode — 1000TUC

Number of devices — 3

Barcode values for devices — 1000TUC-0, 1000TU@d EO00TUC-2

Hence latest running barcode value of particulanipgent will be saved into the

database through the web service.

Exposed web methods are shown in Figure 6-7. Wethode with their input and return

parameters are in Appendix 9.
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Figure 6-7 Web Service

6.3 Implementation of “LabelWriter” and “Loan/Return
Equipment” Applications

“LabelWriter” and “Loan/Return Equipment” applicatis are implemented using WinForms

in Visual Studio 2013. Implemented “Loan/Return pguent” application is shown in Figure

6-8. Users can enter equipment and user barcodepuasvalues and these records will be

saved to the database with clicking “Loan EquiprhentReturn Equipment” buttons.

Figure 6-9 shows “LabelWriter” application whereetss can search for both equipment and
users and print labels with a barcode and label. d¢fault label templates of “LabelWriter”
application (Small, Medium and Large label tem@at@e shown in Figure 6-10. Small label
template has only the barcode field. Both mediuhlarge templates have barcode and label
data fields where user can enter text for labed fiatd. If the search category is user, only the
medium label template is available. For equipmearch category, user can select one from

default label templates or can upload their owrladmplate.

Both applications use separate “App.config” filessave main settings and configurations of
application. For example it contains web servideand several application settings like file

paths of label templates, etc.
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Figure 6-8 “Loan/Return Equipment” Application

Figure 6-9 “LabelWriter” Application
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Figure 6-10 Default label templates of “LabelWritékpplication

6.4 Database Scripts, Stored Procedures and Views

Two separate scripts have been created for gengtatbles and inserting dummy data. These

scripts can be executed in SQL Management Studioudh creating scripts take some time,

the advantage is that it can be reused each amg #wve when creating a new database for

Lab Inventory System without adding new tables atata manually. Several stored

procedures have been created to implement logics fo

Registering user details
Registering equipment details
Save reservations

Retrieve equipment details
Retrieve user details
Update/delete user details

Update/delete equipment details, etc.

A DATABASE VIEW has been implemented to retrievéadaiom “LOAN”, “CUSTOMER”
and "EQUIPMENT” tables. A VIEW is a virtual tablédt collects data from several tables
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and it can be used when implementing complex gsieéaaetrieve some data from different

tables. It has several advantages than tablegeduites complexity and space usage.

INNER JOIN keyword is used to return rows when ¢hes at least one match on
“Customerld” in “LOAN” and “CUSTOMER” tables and ‘tuipmentld” in “LOAN” and
“‘EQUIPMENT” tables as shown in Figure 6-11.

Figure 6-11 View "GetLoanData"

6.5 Source Code Control

TFS is used to manage source code of Lab Inver8gsyem. The folder structure in TFS is
shown in Figure 6-12. Database scripts, stored guhaes and views are checked in to
“Database” folder. The source code of Lab InventoBystem is available in
“Code/Application” folder. All the documents includ) thesis report are checked in to
“Documents” folder and “LabelWriter” and “Loan/Retu Equipment” setup files are

available in “SetUpFiles” folder.
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Figure 6-12 Folder Structure in TFS

6.6 Best Coding Practices

During the implementation phase of Lab Inventoryst8g, several coding practices have
been used to maximize the code readability. Pro@ening conventions have been used
throughout the implementation process with meaningames. For example, function names
or class names always start with a capital lattbile variable names start with a simple letter
(the class name to handle customer operations Warulf€Customer” while a variable name to
save customer name would be “name”). Other thapgsroaming conventions, commenting

and exception handling can also be consideredsibding practices.

6.6.1 Commenting

During the implementation process of Lab Invent&ystem, code comments have been
written for functions, classes and logics. Comnmentiescribes the purpose of a code block.
Proper use of commenting improves maintenance eabbility of source code and helps to

find bugs faster.
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6.6.2 Exception Handling
Exception handling is a mechanism to detect anddleanun time errors. During the
implementation process of Lab Inventory Systeny”“&and “catch” blocks are used to handle

exceptions as shown in Figure 6-13.

Figure 6-13 Exception handling using "try" and "cht
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7 Testing

Testing is the process of executing a softwareegydb determine whether it matches its
specification or meets its expected results. # igery effective way to show the presence of
bugs (errors, faults or failures in the softwarstegn) and understand the risk of software
implementation. Hence it is a process of validatangd verifying software application.

Typical goals of testing are:

» Check if critical functionalities work

* It helps to determine what is most important to esers

» Improve reliability and maintainability of the $ofre application
* Ensure better quality software application

To achieve a reliable and perfect software systesting is really important as it assesses the

quality of the application.

This chapter describes testing methods used forimadmtory System and bug tracking with

TFS during implementation and testing phases.

7.1 Testing of Lab Inventory System

Testing of Lab Inventory System is vital importaa# it ensures that the system meets its
specified requirements without any failures. Therefthe application was deployed in test
servers before going to production or live senzrd was tested by several end users (several
students and staff). Following test methods hawnhesed during the testing process of Lab

Inventory System.

* Integration Testing — test “Lab Inventory Systeméhsite, “Loan/Return Equipment”

and “LabelWriter” applications independently witardware.
» System Testing — test the whole system
* Regression Testing — test the system after doiggrandifications to the code

As shown in Figure 7-1, “Lab Inventory System” wigbsvas hosted in a test server. It was
tested with different scenarios in different webvesers. For example it was used to register
new equipment and users. Further Lab Inventoryegystation with a touch screen monitor,
a barcode scanner, a DYMO Label Writer and a seiadl computer was configured in a lab
to test “Loan/Return Equipment” and “LabelWriterp@ications as shown in Figure 7-2.

60



Touch screen monitor was used to access “Loan/Refgquipment” and “LabelWriter”

applications, for printing labels for registeredugmment or user and loaning or returning
equipment.

TFS is used to track and manage bugs, tasks arditears of Lab Inventory System during

implementation and testing phases.
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Figure 7-1 "Lab Inventory System" website is hostegltest server

Figure 7-2 Lab Inventory System Station

7.1.1 Bugs/Tasks Tracking with Team Foundation Server
TFS provides facilities for testing and bug trackitt uses different types of work items to
track different types of work, such as customeunegments, product bugs, and development

tasks [19].
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Team Explorer is the interface to the TFS, conn¥dsal Studio to team projects that were
created on TFS or Visual Studio Online [20]. lused to manage source code, work items,

and builds as shown in Figure 7-3.

Figure 7-3 Team Explorer

Figure 7-4 Bug list of Lab Inventory System

Figure 7-4 and Figure 7-6 show the bug list and#t ted of Lab Inventory System. A bug

consists of a title, a priority level, a severigvél, a state (whether it is active or resolved),
reason, a detailed description (steps to recrdmebtig) and comments or improvements.
Task has several additional fields such as effOriginal estimate, remaining hours and
completed hours) and implementation. Overview difug is shown in Figure 7-5. Bugs or

tasks were fixed according to their priority levélccording to Figure 7-7, considerable
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amount of reported bugs and tasks have been ftkedefore the Lab Inventory System is

good enough to use.

Figure 7-5 Overview of a bug

Figure 7-6 Task list of Lab Inventory System
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Figure 7-7 Graph of Fixed vs New “bugs and taskétlee latest release
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8 Deployment

Deployment is the process of making finished saftwavailable to all users, in other words
placing the solution into production environmerttisl one of the final phases of software
development process. Deployment phase heavily dispen the type of application, IT

infrastructure and users. It refers to all thedintis that make the software system available

to use such as [21]:

» Creating installation packages

* Documentation (Installation Guide)
* Installing the software

This chapter describes deployment methods and stepd for “Lab Inventory System”

website, web service, “Loan/Return Equipment” aggilon and “LabelWriter” application.

8.1 Deploy “Lab Inventory System” Website and Web
Service

“Publish Web” tool which is part of Visual Studi®23, is used to deploy “Lab Inventory

System” website and web service to a target seltverecompiles the pages and code that are

in the website project and writes the compiler autie a specified local folder, so that it is

easy to copy this folder to the target server @ester or production server) and configure it

in 1IS. Figure 8-1 shows different publish methaa$Publish Web” tool.

It is also necessary to configure/update “Web.ggnfile with latest or real configurations
before hosting the website in IIS. For example khée connection string of database is
correct with production environment. Figure 8-2 whothe “Web.config” file of “Lab

Inventory System” website.
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Figure 8-1 “Publish Web” tool

Figure 8-2 “Web.config” file of “Lab Inventory Sysin” website

8.1.1 |IS Configuration
“Lab Inventory System” website and web servicednee be hosted on a target server to
allow other users to access them and the concepiebfservers comes in between. Web

server is responsible for providing responses liaiha requests that are coming from clients
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(website or web service) as shown in Figure 8-8r@$ request for resources and web server

processes the request and sends back to clients.

Figure 8-3 Deployment structure of “Lab Inventorys&m” website with 1IS web server

IIS is an extensible web server created by Microkofuse with Windows NT family [22].
IS supports HTTP, HTTPS, FTP and SMTP. It providesecure, easy-to-manage and
extensible platform for reliably hosting websitesrvices and applications. 1IS Manager is the
graphical user interface of IIS and can be acceskemligh the Microsoft Management

Console or Administrative Tools in the Control Paitas shown in Figure 8-4.

Steps to configure “Lab Inventory System” websiteweb service in 1IS can be listed as

follows:

* Open IIS Manager

* Right click on “Default Web Site”
* Click “Add Application”

* Insert values for “Alias” (for example set “LabSgst’ as “Alias”) and “Physical Path”
(Folder path that contains precompiled pages ardk aof website generated using
“Publish Web” tool ) fields

* Click “OK”
e Restart IIS

* Website can be accessed through “Machine IP Addkkss value”
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Figure 8-4 IIS Manager

8.1.2 Deploy Database Scripts

When deploying Lab Inventory System in test sereergroduction servers, it is necessary to

deploy created database scripts in a target seDegabase of Lab Inventory System has

several scripts and stored procedures. “Databagpt S&enerator” tool which is shown in

Figure 8-5, is used to create a single script witmbining all database scripts, views, stored

procedures and triggers. Steps to deploy Lab lavgrystem database scripts can be listed

as follows:

Open SQL Server Management Studio

Create an empty database (Right click on “Databiasedect “New Database”, give a

name to the database and Click “OK”)
Open and execute the script generated from “DagaBasgpt Generator” tool

Check whether the database has its tables, datstared procedures
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Figure 8-5 “Database Script Generator” tool

8.2 Deploy “Loan/Return Equipment” Application and
“’LabelWriter” Application

InstallShield is used to create installation paelsagor both “Loan/Return Equipment”
application and “LabelWriter” application. It is powerful and easy-to-use installation
development solution for creating windows instathias [23]. It makes it easy for customers
to deploy and manage the applications, for develdpe create installation packages.
InstallShield provides a Project Assistant to haljickly and easily build a basic installation
project as shown in Figure 8-6. The Project Aseistaovides a framework of installation
project tasks to guide through the project creatimtess and provides pertinent information

along the way [24].
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Figure 8-6 Project Assistant of InstallShield

Figure 8-7 Created installation package for “Loamtlrn Equipment” application using
InstallShield

For both “Loan/Return Equipment” application andabelWriter” application, separate
InstallShield projects have been created with teeurrce code. So whatever changes have
done to the source code, are automatically addéaetinstallation package by rebuilding the
InstallShield project. General application inforioat (application name, application version
and icon), installation requirements (software amgkrating system requirements) and
application files with installation guide and othrequired documents and templates can be
added to the InstallShield project, so that it wikate the installation package with required

files as shown in Figure 8-7.

As shown in Figure 8-7, “setup.exe” can be usedngtall the software application. But
before installing the software it is always impottéo read the installation guide, check and
install pre-requests. It is also necessary to goné/update “App.config” file with latest or
real configurations before actually using the aggilon. For example check the web service
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values are correct with production environment.ureg8-8 shows the “App.config” file of

“Loan/Return Equipment” application.

Figure 8-8 "App.config" file of “Loan/Return Equignt” application

DYMO Label Writer is used for printing labels. Bedousing “LabelWriter” application,
DYMO Label Writer should be connected, drivers dddoe installed in the computer and
make sure it is working properly.
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9 Conclusion and Future Work

The report explains the design and implementatidoab Inventory System in detail. Whole
system was implemented using Visual Studio 2013, S€rver was used for database design
according to the task description. Therefore treoties and concepts behind programming,
web services and database design were studiedebafuat with Visual Studio, SQL Server

and their tools.

In task one, a database was designed using SQlerSamd ERWin software applications for
handling and storing records of Lab Inventory SystRequired entities, their attributes and
relationships among entities were identified bdfiarel.

“LabelWriter” application was designed and devebb@es a desktop application as in task
two, for printing out labels for registered equipmeso that administrator can install and
configure it in their personal computers with DYM@bel Writer and its software. A web

service was implemented for retrieving and storinfprmation in database when using

desktop applications.

Under task three “Loan/Return Equipment” applicatwas designed and developed instead
of implementing smartphone application as “LoaniRetEquipment” application is more
important than smartphone application. This wademented to configure in each laboratory

for loaning and returning equipment easily.

In task four, “Lab Inventory System” website wassigeed and implemented for handling
loans and reservations, managing user profilesaioding search facilities for users to find

out information of equipment in detail.

Use Case diagrams were designed with fully dredssel Case documents for all three
applications in analysis phase. In design phashjtacture was defined, a database diagram
was designed using ERWin and a class diagram wdeskribes the objects and information
structure was documented. During implementationdppearance of web pages is defined
using CSS while JavaScript is used for client sdepting. Whole system was tested by
several users and bug tracking and source conteok vaandled in TFS. Separate setup
projects have been created for both “LabelWritgaplacation and “Loan/Return Equipment”
application using InstallShield in deployment pha%eab Inventory System” website and

web service were hosted in a test server and auptiott server for easy access.
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9.1 Suggestions for future work

This Lab Inventory System needs some future workl aorrelations. Design and
implementation of smartphone application is remaias a future work. With smartphone
application, users can access to the applicatioira@ using their mobile phones, even
though they don’t have access to desktop appliestiBy creating an application for phones,
a better experience can be delivered to the usesceeen size and touchscreen make
traditional webpages much more difficult to useotlygh mobile phones. Implement all the
functionalities to use access card with RFID chipstead of barcode on the card is another
suggestion for future work as Telemark Universigil€ge is discussing the possibilities of
using RFID chips in user identity cards in the fatuReplace existing “LabelWriter” and
“Loan/Return Equipment” applications with new Wineg Store Apps is another suggestion.
Extend Lab Inventory System with more functionaBtisuch as implementing “Add to
Basket” feature in search page of website can bsidered as a future work, as this feature
seems really helpful for users as they can addpeggmt anytime to their own basket and
loan/reserve them later.
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Appendix 1: Task Description

Task description

The project consists in producing a detailed daentmwith the following content.

Design a Database for such a system. ImplemerDat@base using SQL Server. The
database should include tables for storing infoionatabout the different lab
equipment, handling reservations and loans, etc.

Implement a Label Writer for printing out barco@dels that can be attached to the
different equipment.

Create a Web Application (ASP.NET) for Managemdrthe Inventory.

Design and Implement a Smartphone App for easy Wemant of the Lab
Equipment. The App should be able to read Barcéatesasy check-in and check-out
of the Laboratory Equipment.

Delivery of written report following guidelines fno the Faculty.

Task background

TUC/TF has lots of expensive laboratory equipmbat are used in different laboratory work

and project. The equipment is used by the staffthadtudents.
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Appendix 2: Fully Dressed Use Case Documents for
“Lab Inventory System” Website

“Search for equipment” Use Case

Search for equipment

“Lab Inventory System” website

End User, Administrator

The user should have completed the Use Case “Lagid”
clicked “Search Equipment” button

Display appropriate search results successfully

1. Select search type/equipment category
2. Enter search text
3. Click “Search” button

'% Display appropriate search results successfully

3a. If there are no search records, the systendigsplay an
appropriate message and allow the user to perfarawa
search.

None
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“View equipment details” Use Case

View equipment details

“Lab Inventory System” website

End User, Administrator

The user should have completed the Use Case “Starch
equipment” and selected a search record and clit&eow
Equipment Details” button

Display equipment details successfully

&% Display equipment details

None

None
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Appendix 3: User Interface Sketches for “Lab Inwent
System” Website

Ul Sketch for “Login” page

Ul Sketch for “Register Equipment” page
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Ul Sketch for “Edit/Delete Customer” page

Ul Sketch for “Loan/Return Equipment” page
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Appendix 4: Fully Dressed Use Case Documents for
“LabelWriter” Application

“Print label” Use Case

Print label

“LabelWriter” application

Administrator

The user should have completed the Use Case “Starch
equipment or user” and selected a search recordlahked
“Print” button

Print label successfully

1. Select/Upload a label template

2. If needed set/modify “Number of Copies” and “Label
Data” fields

3. Click “Print” button

'% Print label successfully

3a. “Number of Copies” field is empty
&%Give an error message
3b. Incorrect label template/ printer is not workjproperly /

printer is not connected properly/ printer drivars not
installed

&% Give an error message

None
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Appendix 5: Fully Dressed Use Case Documents for

“Loan/Return Equipment” Application

“Return equipment” Use Case

Return equipment

“Loan/Return Equipment” application

End User, Administrator

None

Update appropriate records in database successfully

Scan equipment barcode
Scan user barcode

Display name of the user

w0 NP

Click “Return Equipment” button
$% Update appropriate recorotsdatabase successfully
(% Clear equipment barcode and user barcode texthoxes

and ready for next operation

3a. Invalid user

&%Give an error message and clear user barcode textbo

4a. Equipment barcode and/or user barcode textlarees

empty

&%Give an error message

None
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Appendix 6: SQL Server Database Diagrams

SQL Server database diagram
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SQL Server database diagram with data types
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Appendix 7: Class Diagram

Class diagram — Part 1
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Class diagram — Part 2

87

Vendor
-vendorld : int
- : string
-city : string
-street : string
—post?,ox : §tring Salesman
-email : string
-website : string - tint
- 1 string - : string
- 1 string -email : string
+ () : List<string> N : string
+ ( :int) : Vendor
1 1
1 1
- rint
- : string
- rint
- : string
- int
- rint
-price : string
- rint
- 1 string
Loan - 1 string
-model : string
-location : string
* 1 .
- : string
-accuracy : string
-range : string
-resolution : string
-vendor : Vendor
-salesman : Salesman
-image : byte[]
+ () : List<string>
* 1 |+ ( : string, rint, in
rint) : List< >
+ ( ) : string
+ ( 1 string) :
+ ( 1int) : bool
+ ( 1int)
+ ( )




“RetrieveConfiginfor” Class

: string
: string
1 string
: string
: string
: string
1 string
1 string
1 string
1 string
1 string
1 string
“‘DBMain” Class
DBMain
1 string

+ ( )
+ ( : string)
+ ( :string) :
+ ( : string) :
+ ( : string)
+ ( : string) : bool
+ () : List<string>
+ () : List<string>
+ () : List<string>
+ () : List<string>
+ ( :int) : Vendor
+ ( : string) : List< >
+ ( : ) : string
+ ( :string) :
+ ( 1 string, : string) : List<string>
+ ( : )
+ (in'loan : Loan)
+ (inloan : Loan)
+ ( 1 int) : bool
+ ( rint)
+ ( 1 string) : string
+ ( )
+ ( : string, in toDate : DateTime, : DateTime) : List< >
+ ( : string, rint, rint) : List< >

Class diagram describes objects and informationctire of a software application. It

displays identified classes, their attributes, radthand relationships.

“Customer” class handles customer operations sush“Register Customer”, “Edit

Customer”, “Delete Customer”, “Search Customer” &oth “Staff” and “Student” classes

inherit attributes and methods of “Customer” clad®e classes “Loan” and “Reservation” are

associated with “Customer” class. The multipliaitfiythe association denotes the number of

objects that can participate in the relationshigr. &ample, a Loan object can be associated
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to only one Customer, but a Customer can be agsedcdia many Loans. In the same way, a
Reservation object can be associated to only ors¢o@ier, but a Customer can be associated
to many Reservations. “Logininfor’ class handlegiro functionalities. The relationship
between “Logininfor” and “Customer” class specifi@scomposition or strong type whole-

part relationship.

“Equipment” class handles operations related topegent such as “Register Equipment”,
“Edit Equipment”, “Delete Equipment” etc. According the class diagram (part 2) , a Loan
object can be associated to only one EquipmentaiEquipment can be associated to many
Loans. In the same way, a Reservation object camsbeciated to only one Equipment, but
Equipment can be associated to many Reservatiorfs®e Telationship between

“Vendor/Salesman” and “Equipment” class specifiesggregation relationship.

“RetrieveConfiginfor” Class is a static class. teads all keys in “appSettings” section in

Web.config or App.config file. “DBMain” class haredi all database operations.
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Appendix 8: Screen dumps of “Lab Inventory System”
Website

“View Existing Loans” and “Help” pages
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“Reqister Equipment Details” and “Edit/Delete Useféb pages
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Appendix 9: Web Methods of “Lab Inventory System”

Web Service

Name Input Parameters Return Data Type
GetCustomerData string searchKeyword List<Customer>
GetEquipmentData string searchKeyword List<Equipment>
LoanEquipment string equipmentBarcode, bool

string customerBarcode

DeleteEquipmentOrder string equipmentBarcode, bool

string customerBarcode

RetrieveNextRunningBarcode string equipmentBarcode int

UpdateNextRunningBarcode string equipmentBarcode, void

int nextRunningBarcode

RetrieveUserName string userBarcode string
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