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ABSTRACT

Nowadays cross platform software devehgmtis moreexpensivehan ever beforen terms of
time and effort. Meantime with increasing number of personal devices, it is Hardecal
applications teynchronize andonnect to the Internet.

I n terms of educational games, they can be d
educational gamé A L oc all gameo indicates the ones &eit
which is an application on the corresponding platform. This kind of game mostiyndoesve

backend support nor cross platform features sudhea®ad version ofCandyFactoryFor one

specific game, if the developer wants it to run on iPad and Android tablets, they need to develop

two applications based on corresponding development framework, which is time and effort
consumi ng. A We b g a mewnebsites,which suppod sross ptadorms, o do o0 n

not have backend support. Usually they are pimeaScriptor flash games with no backend
recording the performances and the achievements.

Software development for each individual platform is time and effarswming In order to
achieve cross platform development, many programming languages and pldikerrdava,
Python and JVM appear. Among all the cross platform approaches, dbasdd software
development is the most universal solution to this probleith Web browses built into every
operating system, cloud software can be compatible with almost any device. Moreover,
A Sttavare-asa-Servic® (SaaS)is becoming a new software engineering paradigm and cloud
based software development is mpopular because of its flexible scalability and cross platform
features.

In this thesis we create a cloudased educational gam€andyFactory based on anPad

version of CandyFactory and add backend to it to record user performance as well as
achievenents. Firstly, we relevelopthe whole game fronthe iOS platform tothe cloud-basel

JavaEE platform. Secondly, we add new features to improve the game play sualeras
functionality and achievements animation. Thirdly, we add backend support to Cartdyf;a
including user account creation, course creation and performance report generation. With this
functionality, t eacher s ¢ asandngemerate @aursetrdyserti r st
Moreover, teachers can vieavss pe ci f i ¢ st u der totprovide moeepspecific andn o r
effective help to their students. Lastly, with the advantafjieoud-based software development,

we can update the whole application at #me withoutforcing the usetto reinstall the update

or redownload the game. Wi the hot update, the clodmhsed CandyFactory is highly
maintainable.



The cloudbased CandyFactory rsion anycomputerthat suppors minimum 1024x768 screen

resolution Thecomputercould be iPads, Androidr Microsofttablets,Windows or Madaptops

and desktopsand any othercomputerwith a web browser. The advantagef cloudbased

educational ganteover local educational gam@nd web educational gasare: firstly, they

havecross platform features; secondiigey have backend data coll&ion support; thirdlythey

areconsistent even ifiserslog in with differentcomputerstheir game record and history will
always be the same; lastly, the teacher can always keep track of his/her éjpeldotsnance
and provide more specific help arektiback.
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GENERAL AUDIENCE ABSTRACT

Providingservicesont he ¢l oud has become-Basieder s aldi chhes:
softwareapplication runs on a server computer and users access the appbyatising a web
browseranywhereand anytime

This thesigresentsa cloudbased educational gamdled CandyFactory to teach fractions. The

userscan use CandyFactoryundera web browseon an Internetonnected tablet, laptop, or

desktop computer with minimum 1024x768 screen resoluticher 6 s game per f or me
recorded on the server computegardless of which tablet, laptop, or desktop computer the user

uses to play the game.

Cloud-based CandyFactory has four kinds of users: Individual, Teacher, Student, Administrator.
Individual users can play the game to learn fractions as well as geperfdemance repost
Teacherscan createa course automatically generate student accouutgler a course and
generate performance reports for individual students or for the whole &ladsntscan play the

game under the account provided by the teaclaerd view their performancerepors.
Administratoris a builtin account user for maintaining the clebdsedsoftware application

By developingthe cloudbased CandyFactomducational gamewe provide the users a cress
platformandcrosscomputerssolution whichhelps the teachers and students learn fractions more
efficiently and effectively.
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Chapter 1: Problem Definition and Overview

1.1 Introduction

A Digital Educational Gamé¢DEG) is a game created for the purpose of teaching a subject in

the form of software that runs on a computer such as desktop, laptopeldamdiyame console

[Aslan and Balci 2015Prensky [200Findicates that DE@ased learning has four advantages:

itfits better with todayo6s atisdunant reotiatingitisr e s g et
incrediblyversatileandextremely effective.

CandyFactory Educational Game for iPpfislan, Norton, and Balci 2019; LTRG 2(18 an
educational gam#hatsupports more powarf conceptions of fractiong\lso as eBalefire Labs
TopRatedBalefire Lab$ application, CandyFactory leverages the actions of partitioning and
iterating candy bars to teach studentfecent fractions intuitively with interactiveperations
and animationddowever,the CandyFactory iPad version can onlyusedon iPads Those
schools that do not have iPads are left out of usie@andyFactory iPad version.

A StwdreasaServic® (SaaShasbecone the software engineering paradigmh choiceand
cloud-based software development is more popular because of its flexible scalability and cross
platform featuresin theage ofinternet,more softwarebased solutions are expected to be
avdlable in the cloud, which enables the use of the software under a web browser on any
Internetconnected mobile device, laptap desktop computer

In order totake advantage of bothe CandyFactory iPad versi@ndthe features ofloud
software,in thisthesiswe design, architect andhplement a Cloudased CandyFactorior the
CandyFactory gamevye fully reproduce all the functionalities and featusdditionally, we
redesigrseveral interaction techniques as well as add new features to enhance theogémee.
cloud end, welevelop aobustsystem supporting account creatiolass creation, student
creation, performance recording and performance report genekstichrthe features of cloud
software,Cloud-based CandyFactooan be played on any browsarpported platform and the
u s e r Oasesydchrbn&zed through all the different deviddg.just typing in theCandyFactory
URL, users are able to get their historical datd play the gamanytimeandanywhere without
bothering installinghe game irthe Apple App Store [AppléApp Store2019.

1.2 Statement o f the Problem

TheCandyFactory Educational Game for iPpislan, Norton, and Balci 2019; LTRG 2019
received thdop Rated award from Balefire Labs [Balefire Labs 2019]. However, teachers using
the iPad game in teaching fractions to middle school students have complained that (a) they are
unable to see how the students are performing in g¢msed learningand (b) he students who

do not have an iPad at home cannot use it outside of s@wok teachers showed great interest

in using the app, but theypuldnot because their schools do not have iPads for students to use.



1.3 Statement of the Objectives
The researchakcribed herein aims to accomplish the following objectives:

1. Redevelop th€andyFactory Educational Game for iPad a clouebased software
application.

2. Enable anyone to play the CandyFactory educational game anywhere and anytime using a
webbrowser orany kind of Internetconnected tablge.g., iPad, Android tablet,
Microsoft Surface)laptop(e.g.,Mac, Windows, Linux)or desktoge.g., Mac,
Windows, Linux)computer with minimum 1024x768 screen resolution

3. Enable a teacher to create a class at a scaommatically generate student accounts in
that class, and provide the usernames and passwords for the students to use to play the
game.

4. Enable a teacher to automatically generate performance reports irbgaatklearning
either individually for each atlent or for the entire class.

1.4 Overview of the Thesis

Thisthesisis organized as follows: Chapter 2 descrithesCandyFactory iPad version as
background and foundatiahwork. Chapter 3 introduces Clolda s ed Candy Fact or
architecture. Chapter 4 describes CandyFact
design. All the Clouébased CandyFactory functionalities and new features are introduced in
Chater 5. Chapter 6 setivaluates CandyFactory based ors@warequality indicators.

Chapter 7rovidesconclusiors and plangor future work.

y 0!
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1.5 Summary of Contributions
The research contributions can be summarized as follows:

1. Redevelop th€andyFactoy Educational Game for iPaas a clouebased software
application.

2. Enable anyone to play the CandyFactory educational game anywhere and anytime using a
web browser on any kind of Interrebnnected tablet, laptop, desktop computer with
minimum 1024x768 seen resolution.

3. Enable ateacher to create a class at a school, automatically generate student accounts in
that class, and provide the usernames and passwords for the students to use to play the
game.

4. Enable ateacher to automatically generate performapogts in gamdased learning
either individually for each student or for the entire class.

5. Providenew features, such as achievements notification animab@mhance¢he
CandyFactory gam&edesign the interaction techniques.

6. Allow CandyFactory to bepdated, tested and deployed quickly with@inmstalktion or
any other operations done the useiand provide CandyFactory elastic scalability



7. Protect user confidential informatiday usingindustry encryption algorithm.
8. Provide synchronization upon different devices.
9. Optimizethe data source storage spaoé operation time complexity.

10. Provide studemstwith aneasyto-memorize account as well as attractive randomly
assigned profile image.

11.Enable aradministrator tanaintain the clouebased software application



Chapter 2: CandyFactory iPad Version

AOnly about 10% of the apps we have reviewed
a grade of A or B. Congratul ati on {Balefie your ap
Labg, this is how Balefire Labs describ#dtke CandyFactory iPad version.

CandyFactory Educational Game for iPpfislan, Norton, and Balci 2019; LTRG 20418 an
educationagamethatprovidesan effective approach for teaching fractioBg performing
operations such aglecting, slicindpartitioning) copying(iterating),and shipping candy bars,
students are abte intuitively learn fractionby manufacturingawhole candy bar inta
customer requested candy sare

2.1 Hardware and Soft ware Requirements

CandyFactory iPad version runs on all generations of (Pa2 3G, 4G), iPad Air, and iPad
Mini (1G, 2G)[Aslan, Norton, and Balci 2019; LTRG 2019

2.2 Description of Levels

CandyFactoryrovidesfive levels ofgame play irnncreasing complexityA tutorial mode

teaches how to play each level step by step by an animated CandyFactory Manager. The player
mode lets the students to explore and learn themselves by operating on different kinds of candy
bar.

The description of théve levels are as follows:

1 Level 1:In this level, candies are discrete and the fractions are always proper fraction. In
this case, students can explore the proper fraction intuitively, and the discrete candies
make this level easier to measure.

1 Level2: In this level, candies are continuous and the fractions are always unit fraction.
Different from the previous | evel, this |e
the fraction difficulty. By doing this, we try to let the students underdtamdto measure
a continuous candy bar instead of a discrete one, meantime as the fraction is easier, we
can keep a smooth learning curve when the students explore and learn.

1 Level 3:This level is like level 2, except the fractions can be any properdna&tudent
should begin understanding from 1/m to n/m.

1 Level 4:This level is like level 3, but the fractions can be any fractions including
improper fraction. In this case, students can learn improper fraction intuitively by slicing
and copying insteadf pure theoretical concepts. Also based on the previous levels,
CandyFactory provides a very smooth learning curve for the students.



1 Level 5:This level desreverse operations to level 4. As a wrap up level, the student can
learn fractions from a diffent aspect thus give and test their whole understanding of all
kinds of fractions.

Throughthe five levels, students are albdegain a smooth, effective and efficient learning curve
on fractions.

2.3 Game Mode Introduction

CandyFactory iPad versigrovides two game mode$utorial ModeandGame Modeln
Tutorial Mode students are guided layCandyFactory Manag#y learn the gamprocedureand
game operationsn Game Modgestudents are able to play the game themséiveer to learn
fractionsefficiently and effectively.

2.3.1 Tutorial Mode

TheTutorial Modecontains five levels corresponding to each levé&ame ModeThe

ATUTORI AL MODEO on the top othatthdhpayerigimel sel ec
Tutorial Mode(Figurel). Players can select any levelstart the tutoriainode, or choose to go

back to main menu.



TUTORIAL MODE

LEVEL ONE

Figurel. iPad CandyFactory Tutorial Mode Level Selection

Under each levethere is a CandyFactory Manager who explains how CandyFactory is played
andguides the user throughout the gamepkgyre2). With the guided handsn tutorial, users
can learn how to play the gaméth selecting, slicing, copying and shipping the candy bars

well as learn the basic interaction techniques CandyFactory provides, such asddiceand
drop.



@

GET CANDY

Welcome to the Level 1 Tutorial!

Now, | will introduce you to Level
1 game elements and explain how
the game is played.

Tap anywhere on the screen
to continue.

Figure2. iPad CandyFactory Torial Mode Manager

During theTutorial Mode the timer is off so thaisers are not stressed under time constraint
while learning how to play the gam&lso users can pause or gthietutorial mode aany time
by clicking the pause button on the top tigbrner.

2.3.2 Game Mode

In the Game Modewith the initial lock option irthei O p t menu, all the levels are locked
except the first levelOnly whenuserspass the previous leveill the next level be unlocked
(Figure3).



A LEVEL

’LEVEL

TWO

LEVEL ONE

Figure3. iPad CandyFactory Game Mode Level Selection

Whenusersplay each level for the first timehey areforced to pass the correspondifgtorial
Mode(Figure2) for the first game round®nly by passing th&utorial Modefor the first time,
userswill thenbe able to play by themselves.

CandyFactory iPad version allswhe users to unlock all the levels undtefi Opt i ond menu
thus the usersaveaccess to any of the five levels without passing the previous level.

The timer forthe CandyFactory iPad versiontisreeminutes,users can turn on and off the timer,
but wunabl e t o c¢ hAsmdyrengGarheeModesomeof thescustornemarders are
bonus ordes; in this case by correctly finishing the ordére users can get bonus casthe

game.

2.4 Level Details

Int his section, we are going totogivedabeteduce each
understanding of CandyFactoig.cloudbased CandyFactory, wepreduce all the
functionalities as well as enhance the core featmaste cloudBy doing this, abud-based



CandyFactory not onliynherits all the advantagesf theiPad version CandyFactory, but also
introduces new cloudfeaturesandparadigmdo make the whole system more powerful.

2.4.1 Level 11 Discrete Candy of Proper Fraction

In Level ] all the cadiesare discrete and the fractions are proper fractibiggire4). With

discrete candies, users can easily count the number of the customer candies and the whole candy
bar.In this case, CandyFactory provides user with a player friendly starting level, which can

help the useto be familiar with the gamandlearn tle most basic fraction proper fraction.

Figure4. Level 1 Candy Selection

2.4.2 Level 21 Continuous Candy of Unit Fraction

In Level 2 CandyFactory increases the candysbdifficulty but decreases the fracti®ord
difficulty in order to provide the user a smooth difficulty cunwvethis level,all the customer
candy bars are continuous but the fractions are unit fraction, which mhedinactions are
alwaysl1/n (Figureb).
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CURRENT_ORDER

Figure5. Level 2 Candy Selection

By offering this level, CandyFactostarts to introduce continuous concepts to the users,
meantime paves the way for the more advanced léwalm this level, users will operate on
continuous candy bars whieleharder to count the length dthus users may ne¢d use
external measuring tool ttompare and produce the required length aradifnas.

2.4.3 Level 31 Continuous Candy of Proper Fraction

After being familiar and comfortable with continuous candy bar, CandyFactory increases the
fractiors difficulty by changing the unit fractions to proper fractigrggure6).

1C
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GET CAND

Figure6. Level 3 Candy Selection

After playingLevel 2 the users have alreabgenfamiliar with the continuous candy bdy
playingLevel 3 users can further learn proper fraction on continuous candyMitr .
measuring, selecting, copying and shipping the candy bsess are able to learn proper
fractions intuitively and efficiehy.

2.4.4 Level 41 Continuous Candy of Improper Fraction

For most students, proper fraction is intuitive and easy to understand, for example cutting a pizza
into 5 piece, 1 piece 5. But understanding improper fraction can be hard, for example cutting
apizza into 5 piece, then what65 of the pizzaZTandyFactory, by providingevel 4 can help
students understamehproper fraction intuitively as wellVith customer orderstudents are

going to sli@ ona shorter candy bdFigure7). By concatenating and iterating them one by one

to form the customer candy bar, students can have a verysitwadionwhere an improper

fraction will be used.

11



CURRENT_ORDER

Figure?. Level 4 Whole Candy Bar Shorter Than Customer Order

By finishingLevel 4 studentdave already learngutoper fractions as well as improper fractions.
And throughLevel 1to Level 4 CandyFactory provides a smooth difficulty curve, an effective
learning method and an efficient, intuitive wiay teaching fractions

2.45 Level 51 Continuous Candy of Reverse Fraction

Level 5is a reverse level dfevel 4 ThroughLevel 1to Level 4 students should have learned
proper and improper fractision continuous candy bars this level,CandyFactory intends to
helpstudentaise fractions flexiblythus introducgreverse fractios

In this levelthe students givena wrong candy to recover it to a whokedqures8).

12



o |
GET CANDY '

Some of the other workers mad
mistakes, and we need you to fix them.
These candy bars are fractions of what™
the customer really wanted.
We need you to make the WHOLE
customer order from these fractions.

00

Pick an incorrectly manufactured candy from a jar to make it as a whole.

Figure8. Level 5 Reverse Fraction

By finishing this levelstudents can understand fractions from a different agpentpared to
previous levels, this level has a differgidy pattern: firstly, students can pick any of the candy
bars in the jar; secondly, since the picked candy is made by the factory worker by mistake,
students are required to correct it into a whaledy bar; thirdlypy partitioning and iterating,
studens can finally correct that candy bar and deliver it to the custofw®ording to the game
processthis level makes CandyFactory game mioesh andattractive, therefore helps students
to learn frations through plagnd fun

2.5 Scene Details

CandyFactoy iPad version has five levelsagh level contains folgcenes and within each
scene, users caerformdifferent actions t@roduce customer candy bars.

In this section, we are goingtointrodeea c h i ndi vi dual sceneds det ai
Level 1

13



2.5.1 Scene 11 Candy Selection

In this scenethere are three candy jars on the top and a customer order at the (fagiom®9).

Users can click on any of the candysjar select a candy bar order tomake the customer

candy.In Figure9, in order to make a correct customer candy, users are supposed to select the
chocolate bar under the third candy jar.

Figure9. Scene 1 Candy Selection

After selecting the candy bar, users can click on the green argatb the next scene withe
selected candy bar.

2.5.2 Scene 21 Candy Partition

In this sceneysers are required to slice the selected candy bar into Tinéee are nine slicing
numbers which users can choose figigure10). By choosing a slicing number, there will be
dash lines indicate the slices.Figure 10, the user select to slice the candy bar into 3 pieces, so
there are 2 dash lines on the candy bar.

14



Figure10. Scene 2 Candy Partition

After slicing the candy bar and gjeg the unit candyusers can click the right green arrtmgo
to the next scene with the unit candychbiek the left green arrow to go to previous scene to redo
the candy selection.

2.5.3 Scene 31 Candy Iteration

In this sceneysers are required to copy the unit candy several times to make the customer order.
Users can dragnddrop the unit candy into the white box to concatenate thagrby one

(Figurell). Meantimethe green fraction will keep updating when the user modifying the candy
bar, to reflect the current fraction the manufactured candy represents.

15



Figurell Scene 3 Candy Iteration

After copying the unitandy for several timessers can click the green arrow on the right to go
to the next scene, or click the left green arrow to rededhdyslicing.

2.5.4 Scene 41 Candy Shipment

In this sceneysers are required to check whetherrttamufactured candy meets the customer
order. If so, userscanclickShi po button and drag ftFigeelZhanuf ac

If the manufactured candy is natrrect, users can click on the left green arrow to go back to
previous scene® correct the manufactured candy.
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SHIP

Manufactured Candy

1 | |

Customer Order

CURRENT_ORDER

Figurel2 Scene 4 Candy Shipment

After shipping the manufactured candy, if time is nottbhpuser will start aother round
immediately. With finishing one round, the manufactured candy and customer candy will be
recorded byhe CandyFactoryLater when game is over, the stored gameplays will be displayed
in AShift Logo.

2.6 Shift Log

Shift Logof CandyFactory showtbie order history of one gamepldycontainscompleted
orders, customer satisfaction, bonus earaad,performance summaryigurel13).
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SHIFT LOG

Customer Satisfaction

< Ty

$50 bonus earned!

ORDER RESULTS

#1 Customer Order
7 9000000
9
Manufactured Order

7 DO
9

EMAIL

Figurel3. CandyFactory Shift Log

In the order resulthift Logdisplays the customer order, the manufactured order and the whole
candy. By viewing the order results, users are able to review the orders and the fractions they
made. Also withdisplaying each orders time spent, users can compare their performance
roughly.

CandyFactory iPad version supgtnaiing the Shift Logpage to either user themselves or

others. Besidethis, there is no other way to store the gameplay history. As long as the user start
a new gameplay, all theevioushistory will be lost.

2.7 Achievements

The Achievementpage, as a reward mechanism, can record user achievements based on their

gameplay. There afdteen achievement medals correspondindifteen rewards Figurel13),
such as fAship 1 cowrrect order in 30 seconds

18



LEVEL 1

Figurel4. CandyFactory Achievement Scene

After each gameplayheiPad CandyFactory cheskhe performances of thaders, if certain
metrics are met, CandyFactory will light up and store the achievement medal in local storage.

One drawback of the iPad version CandyFactory is-tlthe data is stored in local storage, as

long as you change device or reinstall thpligation, all the previous achievements will be lost.
This thesis will solve this problem by applying cloud software techniques to CandyFactory.

2.8 Options
TheOptionsdialog allows users to change the game settiflgste are three options the user can

change FFigure15): turn on/off of the timerock/unlock all the levels iGame Modeandreset
the player dataVith these options, users can set the ganteeisneeds.
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OPTIONS

Timer |ON' OFF

Level Lock {Unlock

Reset Player Data

Figurel5. CandyFactory Options Dialog

2.9 Interaction Techniques

The interaction techniques iPad CandyFactory uses are listed as follows:
1. One finger tapping.
2. Two finger tapping.

3. Dragging and Dropping.
4. Swiping
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Chapter 3: CandyFactory Architecture

Cloud-based CandyFactory developed based dine Java EE clienserver architectur@his
architectureconsists ofive tiers:Client Tier, Web TierBusiness Tier, Data Majng Tier and
Data Source TigBalci 2019. Each tier takeg&s own responsibility to guarantee that the cloud
based CandyFactory is able to run efficiently and robustly.

3.1 Hardware and Software Development Environment

Cloud-based CandyFactory is built on the Java EE platfovieleverage many Java EE APIs
including JavaServer FacgkSF), Expression LanguafeL), Context and Dependency
Injection (CDI), Enterprise JavaBea(8JBs), CDimanaged Beans, Java Persistencke(8PA)
and JPA Facade Bearr the Client Tier, we build the game based on JQuery, XHTML and
CSS.

To meet the above environment requirements, Cliaged CandyFactory deployed on a
server computer whichas the following hardware and software:

9 Hardware Environment
o PowerEdge T330 server computer
0 64 GBRAM
0 480 GB solid state hard drive

1 Software Environment

o0 CentOS Linus operating system
MySQL relational database management system
Java Development Kit 8
GlassFish 4.1 application server
JQueryJavaScript librargbuilt inside CandyFactory)

© O 0O

With the hardware and dofare development environment on the server computer, Gased
CandyFactorygan be deployednd run correctly and smoothly.

3.2 Architecture

AAN architect ur e nizasion bfla systédmuemizbdied e st caniponents gtheeir
relationships to each other, and to the environment, and the principles guiding its design and
e v o | u[tEEE280J According to the five tiersf Java EE architecturdifferent tieis focus

on different tasksFor instancetheclienttier focuses of€andyFactory game whitlbe business
tier focugson baclend logic such as usaccount managemenFEigurel6 present&an

architectural overview ofloud-based CandyFactaryhe esponsibilitiesf each tieare
discussed in the following sections.
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Figurel6: Cloud-BasedCandyFactonArchitecture

3.2.1 Tier 1: Client

The client tier consists of application clients that access a Java EEreeneéely Clients can

be a web browser, a standalone application, or other servers, and they run on a different machine
from the Java EE servfracle 2018]Cloud-based CandyFacor yds cl i ents ar e
any computer or server

The client ter of Cloud-based CandyFactoprovidesthe interactions between users and
CandyFactoryThis tier has two main featurdgstly, it provides interactions such as
CandyFactory gmeanduser account managemergsgondlyjt provides computational
resourcestorelievehe r emote serverods workl oad.

3.2.1.1 Providing Interactions

In Cloudbased CandyFactory, there are two main interactions wineadlient tier provides:
user account management &ahdyFactory game interactions.

For user account management interactitmsclient tier provides usemsith easy

understandable user interfac@éth the navigation links and explanatory user interfaces, users
caninteract with the whole systemith easeAlso with theclient tier, we are able to hide all the
complexity of the sstem behind it, and offer users wdlselt-explanatoryandeasyto-operate

way to interact with Cloudbased CandyFactory.
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For CandyFactory gamé,is fully built in this layer. The reasons we build CandyFactory game
fully in this tier are as follows:

1. JQuery and JavaScrigte in this tierwe can build a more animated and powerful game
on top of JQuery and JavaScript.
2. Client tier is the nearest tier to the us@itsus by building CandyFactory game under this
tier, we can minimize theeaction time and maximize the efficiernayd the speedf the
game. In this case, when users are playing the gaeyewill have zero latencsince
this tier is on the usersd computers or se

According to aboveye developea zero latency, highpged,andwell animated CandyFactory
game on client layer.

3.2.1.2 Providing Computational Resources

Cloud-based CandyFactooan support thousands of users to play CandyFactory, record their
performanceas well as generate performance repditius heserveb s comput ati onal
and workloacheed to be carefully designed and handiedhis casewe delicately considered

how to balance the workload in orderkigep fromoveloadng the server.

Considering the five tiers and their responsibilities,decide to distributeappropriate

workload to the client tier to | elwewderdogde mor e
so,we carefully designed the CandyFactory gamstead of fregantly interading with the

serverto gethen e x t s c eveledpall thk anteranediatdata within the clientier. After

each game round, we ass@grhievements and performance calculatiothéxlient tier and only

send the final processed resutishe remote serveBy doing this,we largely decrease the
server6s workload and a latthesametimeMereovesveer s t o pl a
minimize the communication and data transmission time bettheatient tier and the remote
server.Theonly drawback of this approach is when the user closes the game in the middle of one
game round, the intermediate data of this game round will beTluistdrawback is triviain

practice|f the user terminates the game round in the middle, the perfoendata wilthenbe

useless. Therefore, distributimgrkload totheclient tierallows more users to play

CandyFactory simultaneously and increases its scalatodityendously

3.2.2 Tier 2: Web

The web tiercontains JavaServer Faces (J&Xpression Language (ELand Contexts &
Dependency Injection (CDIWith theselava EE technologiegheweb tier becomesrucialin
the whole architecture.

JavaServer Faces (JSHays an important role betwe#re client tier andhebusiness tieft is

a medum for theclient tier to pass data tbebusiness tiefln Cloudbased CandyFactorySF
pages accept information from the user/client tier and then send thieebtesiness tier through
Expression Languad&L). With the help of EL, JSpages can set receivethe business tier
data in a very neat format.
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Expression Language (EL) provides a communication mechanism betveseeb tier andhe

business tierAll the EL can be used withk HT ML and JSF pages by annot
or .G\Vth thistechnologyby hi ding the complexity behind E
invoke the business tierds methods and fields
Context & Dependency Injection (CDI) is another vacgessibléechnology frequently used in

this tier.With this technology,developers are able to get different references of objects by
annotati ng t hoFarexamplein Cldu@dased @andyFactorguser bean is a
sessiorscoped objeavh i ch | i ves t hr olumghor cher utse r@et stelse il
reference in other session beans, we can use

session beans, thobtainingtheu s e r  bopertiesbos invgky its methods. Because of
CDI 6s exi st enc e, areable te e psed effextivelyaandaeBeeatin. s

3.2.3 Tier 3: Business

The business tieas the most crucial tigprovides thanost importanfuncionalitiesof a Java
EE-based cloudoftwareapplication.There are five main technologies in this tier: Eptise
JavaBeans (EJBs), CIManaged Beans, Java Persistence API (JPA) Entity Beans, JPA Facade
BeansandJAX-RS RESTfulServices.In Cloudbased CandyFactory, we leverage the first four
technologiedo develop the application.

Enterprise JavaBeamasidJava Persistence APl (JPA) provide services relatdtetdata source
tier. With thesetwo technologies, Cloubdased CandyFactopan store and retrieve data from
thedata source neatly and efficient§ince the entity beans are generated from the daaba
tables Java EE introduces JPA Facade Baarwder to provide the developer with easier API.
This technology is designed top of Facade Design Pattg@chmidt and Douglas 2013y
encapsulating all the complexiyithin the functionsthe Facade Bearmdfer avery brief and
intuitive API to the developergor example, in order to create a new record in database, firstly
developers need to connect to the database; secondly they need to get the persistence context and
the referencef the entity manager; finallyyith the correct SQL statement, the developers can
create thenew object inthe database-ortunately, theseperationsare all encapsulated with
Facade Beans. By encapsulating them, the Facade peamdean API which take®nly the to
be-created objeciThe above complex creation procedure is taken cdog thie Facade Beans.

The CDFManaged Beans offer the developers a new feature, with which they can inject a
managed bean i nt o aanootatognsteat of reaedtihg tihedgm Ctolde i @0
based CandyFactory, wise this technology o get t he | oggeByusing user
this technology, developers can save tons of time and effort when dealirgjffeitént

managed beans.

0s

The lusiness tier linkstheweb tier and the data mapping tier. It receives data from the frontend,
appliesapplication logicsthen storeit into the databas@ndvise versaAs a result, this layer
playsacore role throulgout the Java EE architecture ahdwhole Cloudbased CandyFactory.
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3.2.4 Tier 4: Data Mapping

The cata mapping tieworks as a connection tool betwebe business tier anthe data source
tier. It includes Java Persistence API and Java Database Caitygd®BC).JDBC is a module
which execute SQL queries based on Java requdsterder to keep the application running, the
remote server must alwakisve aractive JDBC connection

3.2.5 Tier 5: Data Source

The data source tier provides differengipresentatiosiof data.Java EE supports both relational
(e.g. MySQL) and nomelational (e.g. MongoDB) databases.

Cloud-based CandyFactory uses a relational database managementisyst8QL 1 to be the

data source layeFor relational databasgheycan efficiently store consistent and structured

data However relational databaséack horizontal data scalabilitin Cloudbased

CandyFactory, the ganperformance data are highly mutable and unstructured while the other
dataareconsistent and structureld. order to achieve efficient data storage and retrietdke

maintainngt he game per f or mawve ase a MySQLar@SOdiagcam tootei | 1 t y
all the user information as well as the game data.

For consistent and structurader data such as user account information, we storeithem
standard MySQL tables. Thus SQL quetas perform &ecure and efficienay of modifying
the data in My®L relational databaseAs long aghese kinds of informatioare designedhey
will not be changeodnthe-goin the future As a result, we use standard MySQL relational
database tables to store the user information.

For mutable and flexible data suat game performanaeformation we store them aserialized

JSON objects itheMySQL databaséds or exampl e, for performance
andii't iiomei nst ead of creati ngice rMyeQLn etdasbdlragp nwdi thiht i
them into a JSON object a.8Wedithemserializedche 3ISONs: tr ue
object as a string to store it into MySQL databd$e column of the performance in MySQL

database cabethefi V A R C H A R @ntopyopthas. architecture;loud-based CandyFactory

is able tdeverage the efficiency of standard SQL queries as well as the flexibility of mutable

JSON objectsDevelopers are always able to chatiyeperformance data attributestte-go

without regeneaating the whole database talffer example, with the existing attributes

Acorr ect nedéweoowaantdneimbore metrici e f f | ¢ifoene@apar e t he us:«
performance. Weimplyadd t he dAef fi ci encyandmaifythadJBONt o t he
parser class to correctly parseDevelopers never need to either redesign and regenerate the

database nor delete all the old data to fit the new attributes.

By usingMySQL relational database + JSON objects architec@imd-based CandyFactory
able to achieve fast efficient database guieigh scalability and easylata sourcenaintenance
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3.3 CandyFactory Components

Cloud-based CandyFactoppntains several components in each thex,components operate
collaboratively toensure the entire cloud software applicatiolh run robustly and efficiently.
In this section, we introduce the components basdatle@andyFactory tier architecture.

Components
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Figurel7: CandyFactoryComponents

3.3.1 Client Tier Components

The dient tiercontains all the game interactioas well as computational related components.
As introduced ir8.2.1.2 components undéheclient tierare designed and integrated with game
performance computational modules amdchievement system processing module.

3.3.1.1 Game

Gameis the most important compamethroughout Cloudbased CandyFactoryhis component
provides the gaming animations and interactions with users, which reprodlitks
functionalities and featus®f theiPad versiorof CandyFactory as well akelivers new features
in Cloud-based CandyFactory.

Gamealso provideshegame performance related computational resoukassh rounds

performance data is calculated, passedprocessed within the component. By passing the
parameters inside this cponent,Cloud-based CandyFactory can achieve fageformance
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data processing and better maintainabikty.soon as the user finishes a game roundhnftbe
go processed performance data are packed as JSONsalpj@ &ehto the backend through a
hidden form.

3.3.1.2 Achievement Processing

Achievement Processiaglows Cloudbased CandyFactoty handle binary representatsoof
theachievement medal listhe optimized algorithm of achievement processsrigtroduced in
5.5.2.3 In order to process binary representagjdhis layeffirstly acquireghe preprocessed
achievement datiom the backendand storsit in the session mapAfter achievements are fully
loaded and processed the achievement processinmit, the stored achievements data will be
read out fronthe session map arapplied to the achievement web page.

3.3.2 Web Tier Components

The web Tieris composeaf JSF pagesyhich arehighly related to the components under this
tier. In this section, wéntroduce the components based on their functionalities.

3.3.2.1 Template

The emplate holds all of the consistent parts of the whole cloud software, such as the

appl i catnaodrfodter. Ithpreveddsegrowl messages and session timeout functionality.

With the site template, all of the consistent modules are composed and organized Wiktn it.
component greatly ireusabilegyases t he applicationos
3.3.2.2 User Account

The weraccount provides the accoudrglated operations such as account creation and password
modification With this component, users carodify their accounintuitively.

3.3.2.3 Administrator

The alministrator component allows the administrator of the applicationonitor the whole
systend status, such as registered user accaumigourses created by teachers.

3.3.2.4 Individual

The individual componertontains several smaller components. Whih individual component

users can view their performance datagenerate individual game performance repds

long as the user type is individual, all the game performance data will be delivered and processed
by this component.
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3.3.2.5 Student

The student componeobntains several smaller components. Wit student coponent

students are able to view their performance details as well as generatesstatant

performance repastWhen the user type is student, all the game performance data will be
delivered to this component arscessed byl as the
correspondingomponents to get the final report.

3.3.2.6 Teacher

Theteacher componemilows teachers to create courses and students.vifddanby accepting
data fromthe student componentheteacher componean generate course regahd even

redirect to an i ndi vi dtetedchesdormporemows the teachpro r t .

to keep track oéachstudend performance and providéendividual studergwith more targeted
help.

3.3.3 Business Tier Components

Components ithebusinesdier largely determine the main logic thie Cloud-based
CandyFactoryThey accept data frothe frontend, process therand store them into the
databaseWith retrieving the data, thayad out data from database, reformat theemd render

them to the frontendlhereforeCloudb ased CandyFactory | argely
components to run correctly.

3.3.3.1 Entity Beans

Entity Beans aréhe most basic components of this tier. They are the represestatite
objectscorresponding toata tablein thedatabase. According Object Oriented Design
(OOD), Entity Beans are the objedtsat aremanipulated by upper layérslasses.

3.3.3.2 Facade Beans

Facade Beans provide aasy way to operatbe databaseAccording toSchmdt and Dougla8 s
paperfiFacade DesigRatterd [2013), facade beansffer eager-to-operate APIs such dlse

A c r efanttienby encapsulating the database operation complexity inside the facadeByeans
doing this facadebeans play a subottom layerole throughout the business tier.

3.3.3.3 Controllers

Controllers are top level components in this lajérey leveragéhe fagcadebeanswith EJB
technology as well as CDI Injections to implem#nr@complex logic of the systerfor
exampletheuser controller is in charge aer creation, user type checking, user account
password changingtc. There are other controllers to talesponsibilityfor manipulating the
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logic in different directionsBy separating them into different controllers, Cléaased
CandyFactory is able to achielsver coupling and highecohesion [Eder and Johann 1994

3.3.3.4 Managers

Managers grougll of the components wittnore advancednd complex functionalitiehough
they are noasstrict asControllers Managergorrespond to the Entity Beahat notasstrictly
asthe Controllersas describeth 3.3.3.3 By leveraging different Entity Beans, Facade Beans
and ControllersManagersre able tomplementvery powerfullogic and functionalitiesThis
subsection introdusssome Manageris moredetail

The lbginmanagehandles all the login logi&fter receiving the login information from the
frontend,the login manager firsthecls the user type andelivers the informatiorto different
branchesFor studentsthe login manageiobtainsthe course entity based on the input course ID
and then chedwhether the username and password are coFecindividuals andeachers,

the lbogin manager checkwhetherthe username exsin the database. If yes, it checks whether
the input usr type is the same as the user type in the databass, tigdogin manager will

hash the password using SHAEastlake 200][Lto check whether the password is corrécll

the information can be matched, the usir be logged in byhe lbgin manayer.

The a&hievementsnanagehandles the s eachseement3Nhen the user cligkonthe
AAchi evement s o0 thaathieeemenis managtitlldirstgeadoat,all of the
performance data under the usgsacondly,the achievements manageses the binaryfioro to
integrate all the records to get the final achievement intEgelly, it will redirect the user to
theachievement pagehile sendng the processed achievement datthfrontend.

The eportmanages telps to generate the game performance reBasfly, by retrieve all the
records under users, teachers or coutheseportmanager calculagghe averages based on the
hierarchical data, to generate the final regarthis componenomplex data tale connections
are performed and handled to get the correct data Witls.the grouped dat#he averages of
the performance metrics can finally be correctly calculated.

The performanceendererenderghe preformatted and calculated data.

The dataexportercustomizeshe exportation formaif the game report as well as performance

dataFor exampl e, we can customi ze theth@aexpontet. put PD
Also we can add detailed information such as author to the output PDF by modifying this

component.

The performanceparsemrmanageiis a JSON parser tool classhandles all the JSON parsing
tasks.Since the performance data is stored in JSON format in MySQL database, it has very good
flexibility and mutability. When developers want to add new metrics into the performance JSON
formaton-the-go, by modifying this component, we can read the old dateedisas the new data
without redesigning the database nor cleashing the databas®o this component handldse
mutable JSON format and provide an object to other classes.
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3.3.3.5 Validators

Thevalidators provide functions which can checkthe e r s€66 i @ rufhere arenfeus s .
validators in this componeitemail validator, password validator, username validataodt zip

code validatorWhen users create their accounts, these validators are applied to validate the user
input, thereforeto protect he whole application from wrong ing@ur corruptiors.

3.3.3.6 Global

The dobal contains all the tool components such as password encryption and growl message
displaycomponentsEvery class in the applicatidrasaccess to this component and is able to
invoke the tool functions in the global component.

3.3.4 Data Source Tier Components

The two components in this tier is MySQL tables and JSON performancd 8axsl.

performance data is a column of MySQL table, whitheasest he whol e data sour
mutability. Developers can add performance metrics attiamg without redesigning or

recreating the whole database.

3.4 Client-Server Communication Strategy

Cloud-based CandyFactory has two main clsetver communication sttregies:
communication betweedSF pages and backend beand communication betwedavaScript
and backend beans.

For BF pages and backend beaammunicationJava EE provides Expression Language (EL)
to setandget values or invoke functions of backend beans.

For JavaScript and backend beaammunicationthe strategy is more complex since Java EE
doesndt pr ovmodA®Is to supporhtiod featgre. e s

To send data from JavaScript to backend bekvagScript usehidden forms and remote

commands to submit the data package: firstly, JavaScrips ffaeklata corresponding to the

submit for més ddvdaScriptivokes thesremote eommand #enyd the data to

backend bean®Vithin the hidden form,itsetsh e backend beanés propert)
achieves communicating from JavaScript to backend beans.

To send data from backend beans to JavaSthgtommunication strategy is as follows:

1. In JSF pagewe add onclick listenerto invoke a JavaScript function to accept a backend
beanbés property by wusing EL.

2. When the elementis clicked,a c k e n d b desarepasseg intmtipedavaScript
function.
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3. After JavaScriptfunctiom c cept ed t he b aieslsieca ttie JavaScnpbiss pr op
not guaranteed to be fully loadddr safety reason, JavaScrigs to store the backend
b e a n 6 siesmitsospssionimap.

4. As soon as the JavaScript is fully loadee retrievethest@d backend beanos
from thesession map.

Using this strategyCloud-based CandyFactory allows JavaScript to communicate with backend
beansas well as tdransmit data.
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Chapter 4: CandyFactory Design

Cloud-based CandyFactadydesign is based ddbject Qiented Design (OOD), which is a
paradigm based on the concept of encapsulation, inheri@mt@olymorphismin OOD,
everything isobject. With OOD paradigm, Clouthased CandyFactory is able to be implemented
in a more reusable, maintainakd@dscalable way.

Unified Modeling Language (UMLis a standard language for specifying, visualizing,
constructingand documenting the artifacts of software syst€atorials Point 201P It
provides abundant notations for representing the design of softeaeépment.

Entity Relationship Diagram (ERD) &type of charthat indicates how entities are related to
each otherlt is usually used for database table design.

In this chapter, wentroduce thedesignof Cloud-based Candyactory based on OODQJML, and
ERD, whichincluds functionality design and implementation design.

4.1 Functionality Design

Functionality desigmplays an important role before implementationthis section, wéntroduce
the design of performance metrics, database, user accandtachievement system.

4.1.1 Performance Metrics Design

Performance recording and analyzargkey featues of Cloudbased CandyFactory.
Consideringall the performance data we can get from the frontend gamdecided to record
and store the following metrics for further stuéygure18):

Date & Time:The date antime when is the game round started.

Ordered Fraction: The fraction of customer order.

Manufactured Fraction: The fraction cdndy made by the user.

Whole Candy Size: The whole candy siz¢he candy jar.

Most Efficient:Can the user produce the righhdg bar with the minimum operations.
Order Result: Whether the customer order is correctly manufactured.

Completion Time: The total completion timéthe game round.

Bonus Earned: How much bonus does the user earn.

Number of Backs: How many tiraeloes theaiser click on the back arrow to go to the
previous stage to make corrections.

Get Candy: The time spent to select the right candy bar.

Slice Candy: The time spent to slice the candy bar.

Copy: The time spent to copy the unit candy.

Measure: The time speto check and measure the manufactured candy bar and customer
order.

= =4 -8 -8 _9_9_95_2°_-2-

= =4 =4 -9
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Level 1 Performance Report

Date & Time Ordered Manuia;tured \évahr?c‘lj qut Order Cpmp\etion Bonus Number CSnEct!y Slice Copy Measure

Fraction Fraction Size Efficient Result Time (secs) | Earned | of Backs (s6cs) (secs) (secs) (secs)
2018-09-22 10:47:08 3/7 3/7 4.0 Yes Correct 26 $60 2 3 7 2 4
2018-09-23 10:47:08 2/5 2/5 3.0 No Correct 21 510 0 4 9 3 1
2018-09-24 10:47:08 2/3 2/3 3.0 Yes Correct 23 $10 3 2 12 1 3
2018-09-25 10:47:08 1/5 1/8 4.0 No Wrong 32 510 1 5 6 5 5
2018-09-26 10:47:08 2/9 2/9 3.0 Yes Correct 24 $10 0 3 8 3 2
2018-09-27 10:47:08 2/5 2/5 3.0 Yes Correct 24 $80 3 6 4 4 4
2018-09-28 10:47:08 3/7 4/7 1.0 No Wrong 22 $10 5 1 11 2 6

57.14% 71.43% 24.57 $27.14 2 3.43 8.14 2.86 3.57

Figurel8. Performance Metrics Design Table

By recording these metricaie can knowiwhich is the most difficult scene for the studénts
fwhether theorder is made most efficientlyfiare the students doing better by playing more

times etc. Thus with these metrics, teachars able to understand the studélgarning

process better and provide more targeted help to each individual student.

4.1.2 Database Design

Database tables are designed based on Entity Relationship Diagram H6RDger types, we
designed two tables for different user types: individual, teachedsadministrators are stored
underthe User table; students are stored urttleiStucent tableBe c a u s e
particularity, we separate them from the other user typassidering oprotecting studends
privacyand decreasing operation complexgfudenticcounts only have an integer username
anda@ i gi t s 0,wlpcadifferafm dther userdHence we separate it into another table.

of

student

Students and teachers are linked by the coufgeget a student undarteacher, firstlywe get
all the courses created by the teacher; secondly, we get the student nndeverach course;
finally, we sum up all the student numbers of ezmirse to get the total student number of the

teacher.

The performance data is separated into two tables: user performance data and student
performance datd&ach of them has a columm $tore the JSON string of the game performance.
By using both relational database and JSONudbased CandyFactory allows developers to
modify the performance data without redesigning or recreating the database tables.
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| User v
user_pk INT
user_type VARCHAR(32)
usemame VARCHAR(32)
password VARCHAR(256)
security_question_number INT
security_answer VARCHAR(128)
email VARCHAR(128) |

[—H

) Student v I

student_pk INT [
usemame INT —4
password VARCHAR(256)

profie_image VARCHAR(256)

o course_pk INT

4.1.3 User Account Design

" | UserPerformanceData v
user_perd data pk INT
user_perd_data json MEDIUMTEXT

suser_pkINT

| Course v
course_pk INT
school_name VARCHAR(128)
course_name VARCHAR[128)
grade_level INT

2 teacher_pk INT

| StudentPerformanceData ¥
student_perf data pk INT

student_perf data json MEDIUMTEXT
| 2 student_pk INT

Figurel19. Database ER Diagram

Cloud-based CandyFactory has four types of user acsoamtninistratorindividual, teacher
and studentn this section we introduce each design based on their features.

Administrator account is lauilt-in reserved accoundVith hardcoded username and password,

this accounthaa c c e s s

t o

the applicationds

gd obal

information.There are twaeasos for hardcodingit instead of storing it in the database. First,

hardcode within the application can prevent others from knowing its username. Second,
wonot

devel oper s

need to create an admi

Considering of these two reasons, we decided to-¢w@add it within the pplication.

ni

Individual accourgaredesigned for individual user§hey only care about their own gameplay
performanceTherefore for this type of accountye require them to input more detailed

informationwhen registering

Teacher accoustiave more functionalitiesFirst, they need to sign up with more detailed

information. Second, they are able to create courses. Tiylcan create student accounts
under each course. Finally, they can genergterte for students and courses. Since theher

student interaction through Clodhsed CandyFactory is the core feature of this applicatien,
desgned the most functionalities undeacher accougt
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Student accoushave a different account creation mechanigonsideringof the studerst 6

pi vacy and account creationdés complexity, we ¢
accountsFor simplicity,all the student accounts under certain course are randomly generated by

the systemThe account hasne integer username andig-digit passvord. The username is

accumul ated from one, thus we can kedlerpwet he us
design a gap filling technique: if a teacher creates 100 students, the usernames are from 1 to 100;
then the teacher delstihe students frm 10-20; with new studentdcoming, the teacher creae

another 20 students, the usernam# first fill all the gap between 10 and 20, then increase

based on 10@y using the gafilling technique,we can save the usernasngpace Therefore,

keep the username integer as small as pos€§ildad-based CandyFactory also offers a new

feature to increase the attractionttod gamei we assign each student with a random animal

profile image to make their accoagspecial and intuitiveBy using hash set in the backend, we

are able to amd duplicates to the max extel¥ith this new feature, teachers can easily

remember which studemtaccount belongs to whoatcording tdhe animal profile images.

4.1.4 Achievement System Design

Based ortheiPad CandyFactory, clodoased CandyFactory develops a more complicated but
attractive achievement system. Since in the iPad version, CandyFactory only needs to store the
current wuser 06s a mechaaisns memdaser. Fadoadbhsedy , t h e
CandyFactory, we need to store achievements under each correspondilgasseiralso

requiredto identify the achievements after each play round and nileegewith the specific

user 6s exi st@Figur39achi evement s

To do this efficiently, we ame up with an optimization algorithm to store and retrieve the
achievements efficiently.

Cloud-based CandyFactory has 5 levels, each level contains 15 achievement medals. The total

medal number is 5 * 15 = 75toring the 75 medals intentionalanbe storage consuming,

since each user needs 75 medal fielthedatabase. Thus, wearne up wih usingBinary String

to store the medals. For example, forlemed A1 000000000000000 indicat
achieved the first medal. Usif8jnary Stringcan largely reduce the space when storing

achievements under a certain user. In this case,esftdh gameplayhefrontend game can
retrieve this userd6s previous achievement str
thedatabase. By using this approaectir cloud-based CandyFactory can store any achievements
undertheir useraccouns.

Although the above algorithm greatly satlee space, but three drawbacis| exist

1. Although string saves space compared to individual fietds, still space consuming:
each user has 75 medals, which represented by 75 charadestsing, consumind.50
bytespace. With user number increasing, this storage inademmatically

2. The read and write frorthe databasearetime consuming: fromnd seds a request to
baclend askng for previous achievement string; bacid desa query on th databas®
get the string; backergkends the string back to fremd; fronend adds new aevements
to the string; frorgnd sends the new achievement string to backend; lhaters it
into database; froehd stat a new game round. The wlle communication between
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3.

Due to the above drawbacks, we optimigeel algorithm even more to makeefficient, fast and

frontend and backnd isextremelytime consumingas it requires backandforth data

retrieving and storing.

example, i e

i s

previous

small. The optimizations are as follows:

1.

3.

is enough for storing n e

ARO00O0O0
i nteger

20.

each

0001lo0

ti

fi20

me ,

|l everage il

Adding new achievement striago existing achievement string is time consuming. For

a c hi eanéneveachieves achievemgnt str;ng 1 1 0 0
A .10 dkderato union them together, we need to compare every character in the
string to union themThe time complexity i©(n).

Instead of uimg Binary String we usdibinary bib to store the medals. Sinoaeeinteger
has 4 bytes, which is 32 biasmdwe only have 15 medals plevel. Thereforepneinteger
| aehregelménts. For exampfenedal Dis represented by

whifimddal ®s s i nepgesemtled by
t hi s remesaented bg asingle integer,evhiohs me
is 4 bytes. The total five levels have 20 bytes. The final mapping table is shéigure

we

azy

n

only write
performance data into the database. This is as$githout this functionality. The only
time we read these data is when teerglickson A Achi evement 0
retrieval 06 of the
Adding new achievements to the previous records is a lot faster compared to the above

each

00O

For communication betwedhe frontend andthe backend, instead of reading and writing

roundods a

achi

button

eveme

Binary Stringapproach Since we can @5Bit Oro to union all the achievement integers.
The time complexity for this i©(1).

Mapping table:

5 -->
1 -=>
2 -3
4 -3
8 =3
16 =3
32 -=>
64 -->
128 ==3
256 -3
512 -3
1824 -->»
2048 --»
4096 -->
8192 -->
16384 -->

eeoe
eeoe
eeoe
eeoe
eeoe
eeoe
eeee
eeoe
eeoe
eeoe
eeoe
eeoe
eeoe
eeal
eale
el1ee

0000
0000
0000
0000
0000
0000
0000
0000
0000
aeel
0010
glee
10008
0000
0000
0000

eoee evee
eoee eeel
eoee eele
eoee e1ee
eoee 1e0e
eoel eeee
eale eoee
@lee eoee
loee eoee
eoee evee
eoee evee
coee eeoe
eoee eeoe
0000 eoee
0000 eoee
eoee evee

none

#onel -
f#one2 -
f#one3 -
froned -
#one5 -
f#fone6 -
f#one?7 -
#one8 -

#one9 -

#oneld
#onell
#onel2
#onel3
#oneld

#onel5

ship 1 correct order in 15 seconds
ship 5 correct orders in two minutes
ship 1@ correct orders
ship 1 correct order in 28 seconds
ship 5 correct orders
85% customer satisfaction
ship 12 correct orders
88% customer satisfaction
98% customer satisfaction

10@% customer satisfaction

ship 28 correct orders

ship 8 correct orders in 3 minutes
95% customer satisfaction

ship 12 correct orders in 4 minutes

ship 15 correct orders

Figure20.Achievement Bit Mapping Table
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The comparison of the original design and the optimized design shows as follows:
1 Space:
o Originali 150 bytes per user
o Optimizedi 20 bytes per user
1 Time:
o Originali O(n) union time complexity
0 Optimizedi O(1) union time complexity
1 Frontend and Backend Interaction:
o Originali 6 oneway data transmission
0 Optimizedi 2 oneway dataransmission

4.2 Implementation Design

In this section, we introduadass design and package design based on UML langliage.
classes and packageg aesigned based on O@@radignmsuch that they obey the three design
principles: encapsulatiomheritarce, and polymorphism.

4.2.1 Package Design

There aresix main packages itne Cloud-based CandyFactory: EntityBeans, FacadeBeans,
Controllers, Managers, GlobatmdValidators.Hierarchicallyt he cal |l i ng chain
a FacadeBeand Controllersa Manager s 0, amndValidators@re standalore
packages.

EntityBeans package holds all the entities representing the database tables. FagadeBeans holds
all the facades which providmsier API to controller Controllers and Managers handle the

main logic of the backend by leveraging the lower level pack&jebals and Validators

provide global tool classes as well as validation classes.

By designing the package, alktklassesre more organizedHence the application meetsigh
cohesion and low coupling paradigm.

4.2.2 Class Design
Class design is a crucial part before implementatith gooddesign, modules can be more

reusable and maintainable.this section, we introduce tlotass design basesh UML
diagrams.

4.2.2.1 Entity Beans

The EntityBeans diagraffrigure21) showsseven classes and their relationshigech class has
its data fields and methadBhe relationships of the classes are represented as lines in the chart.
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Figure21l. UML diagram of Entity Beans

Userclass have three types of users. For individuals, they are reldisgétBerformanceData
by userPk For teachers, they are related to cour€esirse is related to studenEachstudent
has his/heown performane, thusStudentPerformanceData related to Student.

4.2.2.2 Facgade Beans

Facade bead$JML diagrans show inFigure22. All the facade beans are derived frévstract
Facade which provides basic database persistence operations.
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Figure22. UML Diagram of Facade Beans

4.2.2.3 Controllers

Controllers UML diagram shows ffig

ure23.
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Figure23. UML Diagram of Controllers

4.2.2.4 Managers
Managers UML diagram shows igure24. Since managetsandle most of the main logidhe

classes inside it have more comptelationshipsBy handling the relationships properyloud
based Candyéctory is able to run correctly and robustly.
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Chapter 5: CandyFactory Functionality

This chapter describes the functionality of CandyFactory. There are three user types: teacher,
studentand individwal. Student and individual types perform almost the same functionalities
teacher type performs a different set of functionalities. The following sections gresent
functionaliiesfor these user types.

5.1 User Registration

A regular user caregister to be a teacher or an individuah iAdividual type of user can play

game and generate report for each level. A teacher can creagsatasstudents, and generate

class repogand individual student repartA user needs to provide the follimg required
information: wuser type which includes Al ndivi
password, email, security questiamd security answéFigure25). The username negtb

contain 6 to 32 characters with capital letter, lowercase letter, number or special character. The
password neexto contain 8 to 32 characters with at least 1 capital letter, 1 lowercase letter, 1
numberand 1 special charast. The email musheeta valid email formatif not, the

registration page gisan email format errafFigure26). The security question is chosen from a

list, which isused for passwonthodification

'% :I ¢ Welcome to CandyFactory m
Factory
Create an Account
User Type:* | |Individual
Username: Q-
aaaaaaa d @ -
Confirm Password: *
Email: *
Security Quastion: * In what city or town did your mother and father meat? -
Security Answer: *
4 Submit © Cancel
VZF VIRGINIA
TECH

Copyright © 2019 Virginia Polytechnic Institute and State University

Figure25. User Registration Interface

42



cF E f Welcome to CandyFactory m
¥ Factory

Create an Account
User Type:* | [Indvidual -

Username: @ ° | | TianchengYing123

Password: @ * | ....... |
Confirm Password: * -'l.:

Email: *

Security Question: * | | In what city or town did your mother and father meet? -

Security Answer: *

4 Submit © Cancel

0000 V7 Vs

Copyright © 2019 Virginia Polytechnic Institute and State University

Figure26. Password and Email Validator

5.2 User Login

The user login functionality contains user type, usernamgpassword. With different user
types, t he | o gsnotthe samgee Kosstudént type, student sednter his/her course
id in order to be locate(Figure28). For teacher and individual type, only the username and
password are need@gigure27).

cF E f Welcome to CandyFactory m
Y Factory

Sign In

User Type: | |Individual | =

Usemame: OwenYing

Password.

) Sign In &+ Create an Account P Forgot Password ® Cancel

0O V7728V

Copyright © 2019 Virginia Polytechnic Institute and State University

Figure27. Individual and Teacher Loginterface
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cF E d Welcome to CandyFactory w
Factory

Sign In

User Type: |sumem -’:

Course ID
Username: | [OwenYing

Password: | [«
# Sign In & Create an Account P Forgot Password © Cancel

000 VI s

Copyright © 2019 Virginia Polytechnic Institute and State University

Figure28. Student Login Interface

5.3 Password Modification

The passwordhodificationfunctionality contains three steps. Firstly, the user needs to input the
logged in username. Secondlye user needs to answer teewrity question of the logged in
account The security question is defined in user registration process. Lastly, the user needs to
input the new password and confirm passwoklgure29)

CF £ ) Welcome Teacher Teacher1 m
Factory

Please Enter Your Username

‘ Teacher1|

A Submit ® Cancel

0000 T

Copyright © 2019 Virginia Polytechnic Institute and State University

cF £ ) Welcome Teacher Teacher1 m
Factory

Please Answer Your Security Question

In what city or town did your mother and father meet?

A Submit © Cancel

0000 VI s

Copyright © 2019 Virginia Polytechnic Institute and State University
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cF Candy
Foucto Welcome Teacher Teacher! m

Please Enter Your New Password

4 Submit ® Cancel

000® /7T

Copyright © 2019 Virginia Polytechnic Institute and State University

Figure29. Change Password Interfaces

5.4 Password Encryption

CandyFactory has a very secure mechanism to p
the used password, in order to protect it from either malwares or CandyFactory developers and
administratorswe use an industry standard encryption technique to encrypt all the passwords.

Firstly, we generate a random-B#s salt. Secondlybased on the salt and the @s@assword,

we generate a binary hash using PBKP¥2kipedia2019 met hod. Lastly, we ¢
the predefined iteration number, hash size, saitd binary hash together to get the final hash

string of the usér password. In this case, nobody can get the password based on the data stored

in the MySQL databas&igure30 shows the data stored in MySQL database. For the password

field, we only store the encrypted prheseorewer dds ha:
ensure the security of the userod6s confidenti a

JiEs) : © 2 Max. rows: | 100 Fetched Rows: 2 * Matching Rows:

user_pk user_type username password security_gquestion_number B
1 Teacher Teacherl shal:64000:18:)FWqRYXolj0DFiYUXweC...
2 2 Individual Individuall shal:64000:18:5KyGSveCWVWHDEMWS. ..

- %

Figure30. User Account Informatiom Database Tde

5.5 Game Play

Cloud-basedCandyFactory stronglgupport different kinds of fractions. By selecting, measuring,
slicing, and copying of the candies, students learn the fractions by intuitively produce the
manufactured candy. With the achievement system, students can be encouatigetbietter
performance, thus to learn faster with more f@andyFactory game levels antroduced in
Description of Level®ntheiPad version
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Cloud-based CandyFactory gani@sed ortheiPad versionadds new features and animations.
Also with thebaclkendd support, cloueébased CandyFactory is more powerful from all aspects
(Figure31l).

Figure31l Cloudbased CandyFactory Welcome Page

5.5.1 Tutorial Mode

The tutorial mode contains five levels. Each level corresporaseteel in gameplay mode. In

the level selection pad€igure32), users can choose anyétto learn how to play the game.
The title ATo L e ar thetutboawmodeoDuinhh tgrial mode,dhe twmeertise s
off, customer satisfaction is not calculgtadd no datare collectedConsequentlythis mode is

a pure learning mode.
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A LEVEL

To Learn How to CPfay

LEVEL ONE

__4

Figure32. Tutorial Mode Level Selection

5.5.1.1 Scenel

Tutorial mode Scene 1 teaches users to learn how to play CandyFactory with discrete candies
(Figure33). In this scene, the Candy Manager teaches users basic compamestisnaliies

such as clock, satisfaction band pause button. Also in this scetiesCandy Manager guides

users to chage proper candy type to manufacture on, in order to fulfill customer dfelgtse

33, The Candy Manager 0s egtabiisited odQuery angnatiormyitthe ment e d
animations, the guidance is more clear and intuitive.
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©)
GET CANDY

Welcome to the Level 1 Tutorial!

Now, | will introduce you to Level 1
game elements and explain how the
game s played.

Click anywhere of the game to
continue.

list displayed. After
selecting the candy,

Figure33. Tutorial Mode Scene 1

5.5.1.2 Scen&

This scene is partition scendsers are supposed to slice the whole candy into partitions in order
to iterate and copy tmake the customer candy. In this scene, an animated arrosifsmdd

andforth to indicate the partition the user can make. AlsotidCandy Manager 6 s
dialog, the user can easily find out what he/she is supposed fkagdoe 34). After selecting a
partition, the Candy Manager will guide the usethe next scene.
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Q@
SLICE

E d 5 ETHES 10

parts to create by
considering the
size of the ordered
candy bar. Then
click on next arrow.

Click a number
above to select the
« number of equal »

CURRENT_.ORDER

Figure34. Tutorial Mode Scene 2

5.5.1.3 Scene
Scene 3 is iteratiosceneUsers are supposed to draigd-drop the unit candy to iteratetimes

in order to form customer candy. With the animated instruction arrow and Candy Manager, users
can easily learn how to iteratively copy and delete the unit cgngyre35).
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Drag the selected
slice and drop it
within the white box
to make the current
order. The fraction
corresponds to the
candy bar you are
producing.

CURRENT.ORDER

Figure35. Tutorial Mode Scene 3

55.1.4 Scene 4

Scene 4 is measurement and shipment scene. With an animated ruler, users can measure the
length ofmanufactured candy bar and customer order to compare whether they fulfill the
cust omer 6s r eug arrev, tisers dadh go to prevenus lscenes anytime to modify the
candy bar to meet the customer order. After measurement, users can ship thetloeder to
customerandone game round is finish€Bigure 36).
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@
MEASURE

Is your manufactured
candy's size the same as

the size of the current
Manufactured Candy order? If NO, tap the left

green arrow to go back
. . and redo; If YES, tap the
ship box to do the
shipping.
| | | | | | | | 1 1 |

Customer Order

<=

CURRENT_ORDER

Figure36. Tutorial Mode Scene 4

5.5.2 Game Mode

The game mode provides fun games ®ukers with attractive animat®riming, and

achievement systerBased ortheiPad version of CandyFactory, we add several new features to
the game to provide better game experience and learning efficiency. The overall gaming process
has been introduced Futorial Mode thus in this section, we emphasize on the new features
which the iPad version does not have.

5.5.2.1 Continuous Candy Ruler

In cloudbased CandyFactory, vaeld an adaptive ruler to the continuous candy bar to help the
users identify théength of the candy bar. For different size of continuous candy bar, users may
face difficulty measuring its lengtMost users just eye balling the length, which makes it hard
to fulfill thec u s t o me 3 Moseoverytlte eandy measuring metledot a part of the factor

to accelerate the learning ra@onsequentlywe decide to add a ruler to help the users identify
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the length of the candy béFfigure37). Each smalgrid on the ruler represents a millimeter while
a big grid represents a centimeter.

~ ~

@)
SLICE

aaqss1nq

I"”|""I""|""|""|'”'|"”|""l""|""|""|"”|“"|“"]”"|""|"”|”"|"”|”"|"“|”"|””l”"l"“l“”|"”|'”'|””l"”]"”|””|"”|”"[”"|"“|""|””|
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 1

9

||||||||||'|||||||||||||||||||||||||||||I||||’||||||||||||||||||||||||I||||||||||||||||||1||||||||||'|||||u||||||||||||I|1|||||||||||||||||||||1|||||l||||||||||||||||||||
0 1 10 11 12 13 14 15 16 1

2 3 4 5 6 7 8 9 7

Figure37. Ruler of Continuous Candy Bar

5.5.2.2 Animations

Based ortheiPad CandyFactory, we add new animations to make this game more fun and
attractive, such as achievement medal animation and shipment animatigufes38 shown
below,after each game round, users can get bonus and achievements. With the bonus and
achievements animation, usareencouraged tachieve betteperformanceAlso with
reproducinghei Pa d Ca n danimaions, awe kedp sand improwe attractiveness to
make users, especially studendslearn through fun better.
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@
GET CANDY

Figure38. Animation Example

5.5.2.3 Achievement System

Based ortheiPad CandyFactory, clodoased CandyFactory develops a more complicated but
attractive achievement system. Since in the iPad version, CandyFactory only needs to store the
current wuser 0s ac h mechaaisms muctseadieo [eoadotligeed t hus t he
CandyFactory, we need to store achievements under each correspondiiiéeusdso need to
identify the achievements after each play rou
achievementéFigure39).

In order to do this efficiently, we come up with an optimization algorithm to store and retrieve
the achievemenistroduces inAchievement System Design
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LEVEL1 )

Figure39. Achievement of Specific User

Also along with the achievement system, we provide the frontend with very attractive
achievements animations. After each round, as long as theasseew achievement, the
achievement medals will flow from left to right, to encourage the users to play (bégiere40).
Using the reward system, cloud based Candgifa@activats the user8learning passion and
acceleratethe user8learning process hereforeuses are able ttearn fractiois through
playingthe game

54



GET CANDY

CURRENT_ORDER

2 OOV

Figure40. Achievement Animation Reward

5.5.2.4 GamePerformance Data Transmission

Game performance transmission is a key feature of déasdd CandyFactarit is used to
record user performance, generate user performance,@podigenerate course repdrhus,
transmiting and storing them properly arery important.

Since the performance data format is flexible and tends to change, instead of using standard
MySQL data table to store them, we use JSON to represent the performance as a flexible string
to store in MySQL database. By using MyS®&tandrd storage plus JS@N\Hexible storage,
cloud-based CandyFactory can retrieve and store standarddeakaas account informatioas

well as mutable datguch as game performance dafficiently. When requirement changes in

the future, we can modifthe performance JSON format to match the new requirewidrdut
redesigning all the MySQL database talfigure4l).
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# user_perf_data_pk user_perf_data_json user_pk

1 1{*date™"2019-03-02""time":"16:30:23" "levelNumber":1,"orderindex"... 2
2z 2 {"date™"2019-03-02""time":"16:56:49","levelNumber" 1, “orderindex"... 2
3 3 {"date™"2019-03-02""time":"16:57:07","levelNumber" 1, "orderindex"... 2
4 4 {"date™"2019-03-02""time":"16:57:48","levelNumber"1,"orderindex"... 2
5 5 {"date™"2019-03-02""time":"16:58:06",levelNumber"1,"orderindex"... 2
6 6 {"date™"2019-03-02""time":"17:02:07","levelNumber"1,"orderindex"... 2
7 7 {"date™"2019-03-02""time":"17:02:35","levelNumber" 1,"orderindex"... 2
8 8 {"date™"2019-03-02""time":"17:05:25","levelNumber"1,"orderindex"... 2
9 9 {"date™"2019-03-02""1ime":"17:05:50",levelNumber"1,"orderindex"... 2
10 10 {"date™"2019-03-02""1ime":"17:08:03","levelNumber™1,“orderindex"... 2
11 11{"date™"2019-03-02""1ime":"17:08:19","levelNumber™1,“orderindex"... 2
12 12 {"date™"2019-03-02""1ime":"17:08:37","levelNumber™1,“orderindex"... 2
13 13 {"date™"2019-03-02""1ime":"17:08:57", levelNumber"1,“orderindex"... 2
14 14 {"date™"2019-03-02""1ime":"17:09:17","levelNumber™1,“orderindex"... 2
15 15 {"date™"2019-03-02""1ime":"17:09:41","levelNumber"1,“orderindex"... 2
16 16 {"dare™"2019-03-02" "rima""17:11-40" "levelNumber™ 1. "nrderindex” 2

Figure4l. Performance Data in Database Table

After each game roun@Figure42), whentheuserclidon A Shi po button, the
JaveScript packs the performance data into a JSON object, then use a hidden form to send it to
thebackendThe kackend, after receiving the JSON object, #dras a JSON string intine
databaseinderthe corresponding user. This process only contains JSON encoding.

®
MEASURE

Manufactured Candy

Customer Order

<=

CURRENT_ORDER

3 ©©

Figure42. Ship Scene of CandyFactory Game
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5.5.3 Shift Log

Shift log shows the final result of a whole gameplay of a user in afovelatted animated way.

In the shift log, users can know h@netheir customer satisfaction, bonus earned, performance
overall and each of the detailed orders. With the customisfaetiord animation, users can see
eachgame round sustomer satisfacti@gnshangs. Finally, after the animation is over, the result
customer satisfactiois displayed(Figure43).

The customer satisfaction is calculated by user paikenauser ships a correct order, the user
points are increased by S0therwise, the user points are decreased by 50. With pintap
algorithm inside the froend, we calculate the final customer satisfaction of each game round
and show the animation as well as store the satisfactions.

When game is over, the frontedaleScript pacls individual round of game data into JSON and
store it into session map. Aftexdirecting to shift log pagéhe shift logretrievesthe JSON

package from session map and parse the JSON array into readable data then transform it into
moreaintuitive animated format, which is shownFigure43.

Using this mechanism, for shift log display,the ht end doesndét hatee any i |
backend, which dramatically increaske displayp speed and efficiency. Also by leveraging

this mechanism, witthe calculation and data transmissiithin the frontengdwe largely save

the server 6s cal cul Hhuswenchiewr large ssate deplaygnentoftkes our c e
whole system.
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Customer Satisfaction

& eelinp

$100 Bonus Earned

ORDER RESULTS TIME

Customer Order

#1 14.94 secs.

2 - ]
3 R

REPLAY MAIN MENU

Figure43. CandyFactory Game Shift Log

5.5.4 Options

Optionsprovides usersabilitiesto choose the timer froreeto nine minutes(Figure44). Also
we allow users to turn off the timer while playing the game. With this functiontiléypace
users want to play their gariseup to them. This options can only be appte&Game Mode
The Tutorial Modeds timer is always off.
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OPTIONS

Set Timer Limit to (minutes):

00000000

Figure44. Option Menu of CandyFactory Game

5.6 Course Creation and Deletion

Course creation feature is provided to teachers, which sitteem to create courses of different

classes.In the course panel, after clicky onthecreate course button, a creation dialog show

up.By filling ACour seamMame®Gradé&chowvel Namedacher
coursefor their classegFigured5) . fiCour se Nameo cannot be empt
information of the course. #fASchool Nameodo is o
teacherdoesot want t o f i ILlevteHidos ifsi el .| | fdto&Brkén u c o nt
twelve
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Figure45. Course Creation Information Dialog

After clickingonthein Cr eat e0 button, a cour se (Rigared§)r eat ed

Figure46. Course Successfully Created with Given Information
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