School of Engineering and Informatics

US

UNIVERSITY
OF SUSSEX

947G5: Advanced Software Engineering

Title Technical Documentation by Group 6
Candidate 276187, 276267, 276280, 276293,
Numbers 276375, 277822, 284318, 284946
Module Leader Prof. Hsi-Ming Ho

Course Title MSc Advanced Computer Science
Date Submitted 12/15/2023




Abstract

This report presents the study, design and analysis of a software project targeted at creating
a web-based game application that consists of N-Queens problem, Polysphere Problem in 2
Dimension and Polysphere Problem in 3 Dimension. This project is developed as a part of the
course module Advanced Software Engineering as a tool to learn software development in
large scale IT industries and to understand distinct methodologies involved for the
development. The project has been created by the collaborative and determined efforts of the
team members of Group-6



Acknowledgement

The team members of Group — 6 express sincere gratitude to our teacher and module
convenor Prof. Hsi-Ming Ho for his constant support and invaluable insights throughout the
course of this project. His expertise and guidance have been crucial in achieving success
through the journey of the project development. Furthermore, a heartfelt thank you to all the
members of Project Group 6. The dedicated hard work, sheer determination, and collective
effort of all the team members have played an important role in achieving the goals of
developing this project. The commitment to excellence and working together has made this
journey fulfilling and has provided a rewarding experience to all. Thank you all for your valuable

contributions.



Table of Contents

1

INTRODUCTION.....cciiiuiirieiiiuniiieiiraeisraesireesstsassiessssrasssrssssrasssrsssssesssssasssssssssasssssnssssnssssnssssans 1
11 OVEBIVIBW .ottt ettt e ettt e sttt e s et e s e et e e s an e et e e sanse e e e s n s et e e s annneeesnnaeeesannneeesannneeesn 1
1.2 o [=Tot fl - 1Y < UT 2

1.21 N-QUEENS PrOBIBM ...ttt s s st e 2

1.2.2 Polysphere Problem - 2 DIMENSION ....cccuuiieiiiiiee ettt et e e sae e e s sbeee e s ssneeeeeeans 2

1.23 Polysphere Problem - 3 DIMENSION ....cccuiiiiiiiiiee ettt ettt e et e e s sbre e e s ssnaneeesans 2

DEVELOPIMENT..... .. s s s s s s s s s s 3
2.1 Development MethodoIOgY .........ueii i 3
2.2 SOTEWAIE TOOIS..ceeiiieiee ettt sttt et e b e b e s bt sae e et e e beesbeesaeesaneeane 3
2.3 T aT o] 1=Ta Y=Y o - 1 4[] o FON SRR 4

2.3.1 Task 1: Create GitHub account and repository .....cccoccveveieciee i 4

2.3.2 Task 2: Develop N-QuUeens PUZzIe SOIVET .......ccocuveiiicieee et e 4

2.3.3 Task 3: Develop Polysphere PUzzle SOIVET ........cc.uvieeciieiiiee et 4

234 Task 4: Develop Polysphere Pyramid Puzzle SOIVEr .........cccoveeiiiciiiiiciee e 4

2.3.5 Task 5: Additional Features and Free EXploration ........cccoecveeeiiiieeicciiee e 5

TESTING ..ccuuuuninenenentneneneneneeeeeaeneeesesesesesesesssesesessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnne 6
3.1 N-QUEENS PrODIBM ...ttt st sttt s e st e e neeeeens 6
3.2 POIYSPNEIE PUZZIE-2D ...eeeeeiieee ettt ettt ettt e e e e tte e e e e bte e e e ebteeeeebteeeesabtseeeessaeaeanns 11
33 POIYSPNEIE EXEIEIME . .evieiiiciieee ettt e et e e st ae e e s sbte e e e ebaeeeesabeeeeesabeaeessssaeaennns 17

(00 )Ll U o 24
4.1 LIMIEatiONS ..eiiiiiiiicci e 24

411 N-QUEENS PUZZIE ...ttt ettt sttt et et e be e sae e sane e 24

4.1.2 o] V2 o] T=T =10 o o TR 24

4.1.3 POIYSPNEIE EXLFEIME cooeeeiiieeeiteee ettt e s e e et ae e e e saaae e s snnabeeesnanaaee s 24

4.2 FUTUFE IMPIOVEMENTS .oeiiiiiiiiiiiiiiiiieieietieeieeeeeee et eeeeee et eeeeeeeeeererereeeeereeeseresesesasereseseseseseresanens 25



Table of Figures

[T ={ UL = PP PPPPPPPPPRE 6
[T U] 1 ST PP PP PPPTPROPPP 7
[T I T T PP P P PPPPPTOPPP 7
FISUIE .ttt ettt et e e e ettt e e e e e s e ba bttt e e e e e e s be b e et eeeeee s bbb eeeeeeeeesanbebaeeeeeeeesannrraaeas 7
[T I TP ST PP SRR PPPPPTOPPP 8
FIBUIE Bttt ettt e e e ettt e e e e e e s ba b et e e e e e e e s bbb e et eeeeee s b bbeeeeeeeee s nnbbbaaeeeeeeenaanrraaes 8
[T U] o I TS PP PPPTPTOPPP 9
LT =BT = PPN 9
LT ={ BT I PPN 10
LT =BT = O PPN 11
LT =BT = I PP PPPPPPRPPRS 11
LT <UL = PP PPPPPPPPPRS 12
LT ={ BT = . PPN 12
LT =BT = PP PPPPPPPPPRS 12
LT U] Tt 1 T PO P P PPPPPPPPP 13
FISUIE LB, i iiiiiiiiieei ettt ettt e e e ettt e e e e s s sttt e e e e e e s e aaab e e aeeeesssasasbbaeaeeeesssasastbaaaeeeesesannrraaes 13
LT =0 ] T 1 PP UPPPPPPPP 14
FIGUIE L8 iiiiieie ettt ettt e e s e sttt e e e e s e st bt ea e e e e e s sassabbeaeeeeeeesasasbbaaaaeeesessssbtbaaeeeeesessnnrnnaees 14
T =0 T T PP UPPPPPRP 14
FISUIE 20 ittt ettt ettt et e e e s sttt e e e e s e st bt e e e e e e e s s e sbbbeaaeeeesesaabbbaeaeeeeeeaaabtbaaaeeeeeesnanrrreaees 15
LT =BT = PPN 15
LT <UL = PPN 16
LT ={ BT PPN 16
LT =BT = PPN 16
LT =BT PPN 17
LT =BT PPN 17
LT <UL A PPN 18
[T (UL L TP P PP PP PPPPPPPPPPPPPPPPPRS 19
[T { UL L= B PP P PP P PP PP PPPPPPPPPPPPPPPPPRS 19
[T ={ UL L= 1O PP PP P P PP PP PPPPPPPPPPPPPPPPPRS 20
[T ={ UL L= 3 PP P PP PP PPPPPPPPPPPPPPPPPRS 21
[T ={ UL L 3 PP PP PP PPPPPPPPPPPPPPPPPRS 21

[T ={ UL L 1. F PP P PP PP PPPPPPPPPPPPPPPPPRS 22



Figure 34

Figure 35



947G5 Advance Software Engineering

1 INTRODUCTION

1.1 Overview

This comprehensive report unfolds an in-depth study and analysis, delving into a purposeful
software initiative aimed at the development of web-based game application. The primary
objective of this application is to engage users in the interactive exploration and resolution of
puzzles, specifically focusing on the N-Queens puzzle, the Polysphere Puzzle in a 2-
dimensional grid, and the Polysphere Puzzle in a 3-dimensional pyramid. The central
emphasis of this web application development project is to empower users to independently

engage with and solve these intricate puzzles.

This web application is developed to offer users the capability to actively participate in the
puzzle-solving process. It is designed to let users navigate through the N-Queens puzzle,
strategically placing queens on a chessboard, and tackling the Polysphere Puzzles in both 2D
and 3D environments by placing different shapes on the grids. Furthermore, the application is
equipped to present solutions to these puzzles upon user request, to help users understand,

compare and revaluate their solutions.

The primary recipients of this report encompass the esteemed professor, referred to as the
client, and the dedicated members constituting Project Group 6. The journey of the
development of this project serves as an educational tool for an immersive and hands-on
learning experience in software development procedures. To replicate the authentic
experience of an enduring software development project, the development approach involved
the adoption of the agile methodology. This strategic choice allowed all parties to proactively
respond to the evolving needs and preferences of the client by delivering requested features

and valuable feedback in a timely manner.
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1.2 Project Tasks

The project consisted of the systematic implementation of the three widely recognized puzzles
- N-Queens Problem, the Polysphere Puzzle in a 2D grid, and the Polysphere Puzzle in a 3D
pyramid - undertaken in distinct stages. The following sections provide a detailed briefing on

each of the puzzles incorporated into the project.

1.2.1 N-Queens Problem

The N-Queens problem requires the strategic placement of N number of Queen chess pieces
on an NxN chessboard so that no two Queens attack each other. This means that the user
must place the Queen pieces in such a way that no two Queens can be placed facing each
other in a straight line or diagonally. This classic puzzle is implemented in the project for

Chessboard sizes 4x4 to 10x10 for 4 Queens and 10 Queens respectively.

1.2.2 Polysphere Problem - 2 Dimension

In the 2D Polysphere Problem, the user will be presented with a white grid board and a
selection of puzzle pieces, each uniquely fashioned with a specific arrangement of spheres
and distinct colours. The challenge lies in the user's ability to strategically place each puzzle
piece on the board, ensuring that every shape effectively covers all the white spaces while also

preventing any overlap between two puzzle pieces.

1.2.3 Polysphere Problem - 3 Dimension

Like the 2D Polysphere Problem, the user 3D Polysphere Problem in will be presented with a selection
of puzzle pieces, each uniquely fashioned with a specific arrangement of spheres and distinct colours.
However, unlike the 2D Polysphere Problem, here the user will be given a 3 dimensional pyramid
board. Here the challenge is that the user must strategically position each puzzle piece on the pyramid
without distorting its shape, effectively covering all the white spaces without overlap between two

puzzle pieces.
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2 DEVELOPMENT

2.1 Development Methodology

To replicate the authentic experience of a rigorous software development project, the
development approach involved the adoption of the Agile methodology. This strategic choice
allowed all parties to proactively respond to the evolving needs and preferences of the client
by delivering requested features and valuable feedback in a timely manner. GitHub will be the
platform for all aspects of development tracking in collaboration with the client. GitHub provides
an efficient environment that can be used to maintain communication, version control, and
project management throughout the development process. By using GitHub, it is possible to
maintain transparency and collaboration, and also the client has the access to be actively
involved in monitoring and providing feedback on the project's progress.

2.2 Software Tools

The project utilized following set of tools to support various aspects of development:

e PyCharm IDE: This integrated development environment (IDE) served as the primary
platform for coding and overall development.

e Python: The project was implemented using the Python programming language, which
was employed for coding and algorithmic development.

e HTML, CSS, and JavaScript: These web technologies were utilized for frontend
development and the creation of the puzzle board animation.

e Three.js and Orbit Controls: These libraries played a crucial role in implementing the
3D pyramid animation within the project.

¢ MySQL: The MySQL database management system was chosen to store and manage
puzzle solutions efficiently.

e Ubuntu Minimal Linux OS: The project was hosted on the Ubuntu Minimal Linux

operating system, providing a robust and secure environment for the application.
The project used the following Python libraries:

¢ Django: Chosen as the framework of choice, Django provided a robust foundation
for building and structuring the application.

e pip: This package installer was used in managing and installing the required Python
packages.

e mysql-connector and mysqlclient: These libraries provided the connection to the

database server for efficient interaction with MySQL.
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e OCI and OCI-cli: Utilized for accessing the bucket storage in the Oracle Cloud,
these libraries played a pivotal role in integrating cloud-based resources into the
project.

e Pillow: Employed for image processing related to the polysphere puzzle, Pillow
enhanced the project's capabilities in handling graphical elements with efficiency

and versatility.

2.3 Implementation
The project's implementation unfolded through a series of structured tasks, each contributing to the

overall development and refinement of the application. Here's an elaboration on each task:

2.3.1 Task 1: Create GitHub account and repository

In this phase, the project plan was devised to create a primary structure of the project.

2.3.2 Task 2: Develop N-Queens Puzzle Solver

Within this phase, we employed the Backtracking algorithm to tackle the NQueens Puzzle. To manage
computation time complexity and resourceintensive operations, we set a constraint of 10 queens.
Recognizing the potential for further enhancement, a roadmap was established for future
optimization, proposing an extension of the N-Queens puzzle to 15 queens using the DLX algorithm.
This forward-looking initiative was identified as a feature request, paving the way for continued

improvements.

2.3.3 Task 3: Develop Polysphere Puzzle Solver

The task focused on addressing the Polysphere puzzle with a strategic shift towards Donald Knuth's
Algorithm X, opting for its expedited solution generation—80,445 in total. This approach, which
excluded rotation and reflection images for heightened computation efficiency, significantly outpaced
the traditional backtracking method. Notably, our DLX approach yielded all solutions within a mere 39
minutes, a stark contrast to the 7 hours required by the backtracking method on medium-graded
microprocessors. Furthermore, a comprehensive plan was devised to print and store solutions in
object storage in the cloud. This initiative aimed to accelerate user access to solutions during gameplay

and content creation, minimizing unnecessary computations and enhancing user experience.

2.3.4 Task 4: Develop Polysphere Pyramid Puzzle Solver

Building on the success of the DLX algorithm, Task 4 refined the process further. By incorporating
optimizations into the cover and uncover functions of the algorithm's logic, we achieved a notable
improvement. The DLX algorithm, applied to this task, yielded a total of 26,720 solutions within an
impressive 34-minute timeframe—demonstrating a considerable acceleration compared to previous

implementations.
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2.3.5 Task 5: Additional Features and Free Exploration

In the final phase, the project underwent consolidation and refinement. Adopting a portal-hub design
approach, we integrated all project components seamlessly. User authentication pages were
implemented, and game levels were introduced to accommodate players of various ages. The inclusion
of team descriptions, along with direct links to the project's source code and technical documentation,
not only added transparency but positioned the project as an inspirational resource for those seeking
reference and insight. This holistic approach not only ensured a userfriendly and engaging experience

but also solidified the project's accessibility and relevance.
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3 TESTING

Following sections lists the test cases and results for each game to evaluate the software
functionality is as expected and meets the specified functional requirements. The goal of this

phase is to ensure the functionality and reliability of the implemented code and algorithm

fulfilling its intended purpose.

3.1 N-Queens Problem

S.No. Test Case Expected Result Results
To test the successful launch Server launched
1 Successful Launch of Server .
of N-Queens Server successfully.[Fig-1]

The Chessboard is displayed

when range is between 4-10

size. In case of ‘out of range’
input by the user, the server The results are as

displays a pop up indicating expected.[Fig-1][Fig-2]

incorrect range input. Display
of chessboard should be

accurate.

To test the display of chess
2 board is in accordance with
the size selected.

-
Combanin®s of e parii Ln am WM Cneuinonad, oo nied e place W LUrEns in & woauy Pt e b
QUEEns vhaks P saeme e, Cabirmn, o8 dingenal. The goal s bo find o vahd sohrtions. -
Somar Matnsy bo deparsent S womad. The bonad it
Supicalig an WA gaid, and el place gutens oa .

Selec s wput Chesienad Sian|

Figure 1
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Figure 2

S.No. Test Case Expected Result Results

To test the validation of Case 1: Display pop up to the user if

3 . the validation of their solution is
solution presented to user
correct.

Results are
presented in [Fig-3]

Case 2: Display pop up to the user if
the validation of their solution is
incorrect.

Results are
presented in [Fig-4]

127.0.0.1:8000 says

Figure 4
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S.No. Test Case Expected Result Results
First click on chessboard should

Each expected

To test placement and place the Queen piece on that action is performed
4 removal of Queen Pieces position and Second Click on the P
. . successfully.
by clicking. Queen piece should remove the . .
L [Fig-5][Fig-6]
said piece.

WHAT IS N-QUEENS CHALLENGE ?

The NeGurees puasle it & classic comiinnt ot B s v
Chesuonad in W & vy St me buse 4uEtns Pharbn (nch obhet. Heks o thod deschipbion of
e mdcasband dhe sulss and
Combanints o6 bhc puasl. Tn o WAl Cheiton, vou nced be pince N queens in & sy Shas ne buo
ueens shade ¥he ame Ao, Cohomn, o8 dingonal. The gonlis bo find all vald yohsbioms. Choess &

Shanting Fo

acpacsant Sng bonsd. The bonad it
Supically am W-W geid, and yeu'l place qucens on i,

Ceees yous Chessvenad tisn 1]

consbanints of +hc puale. Tn an WM Chessbonnd, you accd +o place N queens in a way that no fwe
quecns shate the same dow, column, ot dingenal. The goal is 4o find all valid sehstions. Choets &
Shanting Peoir il

#h¢ boand. The boaad is

The WeBucens puaale is & dassic combinatodinl packlem that invelves placing ¥ chess queens on an Nl
Chesthonnd in such & way Hhat ne +ue quitns hacaben ach ethed. Head's & sheat descaiphion of
e 4o talve e W-Gurens pusales Undeaseand +he Passlem Fidss, undeaseand She dules and
with an empty Y +o acpacsent

+upically an N-N gdid, and yeu'll place queens on i,

/
A
-
-

St yova chesssonsd S0 (] ‘J'.‘

' =

© Gatoup-ts ACS

Figure 6
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S.No. Test Case Expected Result Results
To test the number of . . .
. . To ensure if user attempts placing The user is
Queen pieces placed is not . .
Queens more than the size of the displayed the error
5 more than the .
L Chessboard, an error pop up is pop up message as
corresponding size of the displayed to the user expected.[Fig-7]
Chessboard. play ' P 1rig
Slect voim Chesshonad Sisa[ L]
Figure 7
S.No. Test Case Expected Result Results
A te soluti displayed
ccura e.sc? u |I(I)ns are |sp.ays The presented
after clicking “Show Solution .
. . . solutions are
To verify the accuracy of button according to the partially
6 . . accurate as per the
the presented solutions filled or empty chessboard and
. . - rules of the
solutions are hidden after clicking ame.[Fig-8][Fig-9]
“Hide Solution” button. & rig g

The Meducems puasle s » cassic

WQWW@ SOLYER Z

MASTER THE BOARD: N-QUEENS CHALLENGE
WHAT IS N-QUEENS CHALLENGE ?

S4mabing Reloe Shatd it an g Coiaiendd ot o

o e et v
o e e -t e e oo oo ot bt e b e /
omsanis o e v Ta s s eV o e o G A ot o i

e St o et s o o e o o ok e bt e

i Abnyy $o drparsent Hae boned. The bontd it
el o -\ 30, ek sy plnch ycees om 5

Select wous Chesshonsd Sino [ < |

=

[ vawours ] [ ciow sowrtons I

/

R
[y

Figure 8
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tassi et ot e ing W che =
Mtw-mu-u-qm thnMWaMW\-Mbmw ok
Ihow 4o solt +he Ni=Gucens purles Undeasband +he Pacbicm Fids, undeasband Hhe aulcs and
mmm«mﬂupuuvuw‘mw o place N qucens in & way +hat no huo
e shear bt tame dows, cokim, o8 dingenel The gool i bo fed o vakd vesbions. Chovts 0
Staating Poi an adday +o - The bonad is
Wq.nuu,umw'lgm‘mmm»

Seect yout Chessvonsd Sian L]

Solution ! Selubion 2

Figure 9
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3.2 Polysphere Puzzle-2D
S.No. Test Case Expected Result Results
To test the successful
Server launched
1 launch of Polyshpere Successful Launch of Server successfully. [Fig-10]
Puzzle -2D Server v-IFie
Figure 10
S.No. Test Case Expected Result Results
Accurate placement of the pieces by Dragglng a.nd .
dragging and dropping polysphere dropping action is
To test the placement of . , as expected
2 olysphere pieces into the pieces onto the board as per user's [Fig-11][Fig-12]
POlysp P expectation and removal of the last & ”g ”
board. . C ” as well as “undo
placed piece by clicking “undo action
button. [Fig-13][Fig-14]
HOW TO PLAY

Tsasctions

© Seltes & prast and sas dung and dcy in ot vonad.

© Ertiac cach sphcue §bs wishin b devignabed gaid saces.

© Cammtch uphenes in cagnbive s o0 6l ot vekd.

T bos Succrs
© By abenbicn bo sphent thapes and camnicion peints.

« Rancedit 4 mot i

e e

Figure 11
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Tostactions

HOW TOPLAY

© Shech a purale and vy dang and daop in st vonad.

© Bruac each sphcat Givy ishin ot desiqrased guid spaces.

© Conmect spheass in caeavive wass o Gl vhe voand.

Tips foa Succrns
+ Pouy abbention b0 spheac shapes and connc bion puints.

Tmesacsions

© Sdlech & pusic and buu duny ard dncp in dhe bonad.

Lrm——

Figure 12

HOW TOPLAY

© Eraunt each sphue s wivbin vhe drigrared quid spaces.

« Conmec spheacs n caenbive wwaugs 40 6l ohe voand.

Tips fom Sucrss

Py avbention b iphent shopts and camnicsion prints.

Tnvacsions

+ Slech o puasl and Yo dans ard daeg in She Soand.

* gt 465

Figure 13

HOW TOPLAY

+ Erguat ench spheat Gy Civhin e drsigravtd said spaces.

© Connecs spheats in catnbive iy b0 6l Ve voand.

T fon Succese

o avsention b sphent shapes and conntction peintt.

Figure 14

| S.No. |

Test Case

Expected Result

Results
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To test the accuracy of
rotation and restructuring
of the polysphere pieces
using the provided buttons.

Case 1: Verification of left and right
rotate symbol buttons.

90 degrees left or right Rotation of
the polysphere pieces by click of
each respective left or right rotate
symbol button.

Button functions

are as expected.

[Fig-15][Fig-16]
[Fig-17]

Case 2: Verification up-down and
side-to-side flip symbol buttons.

180 degrees’ flip of the polysphere
pieces by click of up-down or side-
to-side flip symbol buttons.

Button functions

are as expected.

[Fig-18][Fig-19]
[Fig-20]

Tnibmctions

+ Selech & puasic and bas dang and dacp in she borsd.

HOW TO PLAY

+ Spheas muat st placed on the boasd in such & wau it dets moh evisiag tach cthes.

paovided sphcnes

Tigs fon Succens

+ Py mebimbicn bo tpheat thapet and comnecoion peints.

 Kancedie s nob Ja% & qame wob ko & +oci fou ypavial Reatoning And CaraVvE Shinking,
Have 2

W it

Figure 15

Tnitauctions

© Sditce o punsie and vasy daag and daop in the vosrd.

HOW TOPLAY

+ Maangg Hhe provided sphencs on the bunad 4o mMAbch & Chettn FUaale o8 CREAVE yeus UniquE BHRLCIRE.
+ Sphenes must e placed on +he boskd in Wuch & iy it doeh not oveRlap EAch othee.

« Camnect uphenes in carabive wavs b 6l the veand.
+ Succewii e g Gaing 5

ided sphencr.

Tips fon Sucerss

. Think

i the

+ Rancedic it not jusb  game but aite & +ool for spatial aratoning and catabive Hhinking.
+ Havt fun explesing diéératnt deviams and impacving uous pursle-teiving ik .

Wilcorms pingest

Figure 16
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HOW TO PLAY
Tnataceions
St pras e om e anddoe e e nad

. u-uyw.-n«m youe uni:
. i it decs mot
. hmmhw“ﬂvmmwt‘wm

Expraimens

5 (._..‘.W...-u.u-..-.,n.mmw

O
Tips fon Success
= . e
B e e P e

Pre—r—

OOOC O/\( YOO

- » \ Y \ \
), \Q,\/\/\‘, 0, i.
( ) 000 ¢ X)k (3 ®
OOOOC
KJ\/\/\)\/\,
© tatarp-to MES
Figure 17
HOW TOPLAY
Tt
< Gt et s iy o g S e
v
| ot e gt e 9 e sk
; o $ht pranle sabobions.
T ton s
- ¢ g e e e
ro opbiming space WNM‘I‘-‘&M’
el o e s 0 e e ke i
[
bt

[rmm——

Figure 18

HOW TOPLAY

Tibauchions
+ Selech & puaale and tay deas and duop in the
- Mmsang

vonnd.

St il sty o St b b= b  choton P o b ot it
Sphenes muat ve placed on way it
« Commect spheact in catabive waup +o 6l vt voand.
. Wing itk the provided spheacs.
Tips fon Success
STk teton

eninking.

- m«h..a—-,aamu»,..m-—...—-mm-w

 acpio s

Figure 19
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Tostasctions

+ Stlech & punale and +auy dung and duep in he

oand.
+ Mamange 4he previded spheact on bhe boand be mabch & chosin
+ Sphencs mut e placed on +he bonad in such & way it dots nob ovealap tach othin.

+ Entust eAch sphaae et within the desigraved gtid

HOW TOPLAY

poanle on cacabe yous unique shauc buac.

spaces.

+ Comnect yphenes in capabive ooy +o 6l bhe vonnd.

Ko aale o iling $he cnbing
+ Confiam ¥has youm asmanatEns

Tips bom Succens

mAkChes Hhe sbRuC R Shown in She puaaie solubiont.

+ Kanceds is nob jurt & game
+ Mave fun cxploaing dificacns

b it & bocl foa spavial atatening and carative thinking.
desigrs and impaoving yeus purale-tolving sils.

Wetcarne ot

Figure 20

S.No. Test Case Expected Result Results
Case 1: To verify functionality of
“Show Solution” Button
To test the accuracy of the Solutions are displayed after Button functlon. s
4 as expected. [Fig-

presented solutions.

clicking “Show Solution” button and

in case of no possible solutions for

user’s piece arrangement on board,
a message is displayed

21]

Accurate solution is
presented.[Fig-22]

Case 2: To verify the accurate
solution is presented.

Tips for Success

* Pay arvention +o sphere thapes and connection points.

+ Think s+aaegically +o optimiac space and complere +he pusale eééiciently.
+ Kancodle it not just & game but also & +ool For spatial aeatoning and cReavive Hhinking.
+ Have fun exploming diffenent designs and impRoving yous puaale-solving skills.

L L O0000® | |
000000,

+ree

+
+
+
+
<
+
4
+

s e

Figure 21
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Terminal

[066/Dec/2023 1

Figure 22

S.No. Test Case Expected Result Results

y ” Button function is
The “Reset” button should clear all .
5 To test the Reset button the pieces from the board as expected. [Fig-
P ' 23][Fig-24]

Tips fon Success
+ Pay avtention +o spheat shapes and connection points.
+ Think staategically +o optimia space and complere +he punale efficiently.
+ Kancodt it not just & game but also A +ool for spatial zatoning and cacarive +hinking.
= Have fun exploring diffeaent desians and impRoving yous puaale-solving skills.
Welcome plavcal
A \
SN TN
NN
© Gaacup-t ACS.

Figure 23

Tips fon Success
+ Pay arrention +o spheac sthapes and connection points.
+ Think staavegically vo oprimine space and complere +he puale efficientlo.
+ Kanocodle it no¥ jus¥ A game but also A +ool for spatial Reatoning And cREAYivE Thinking.
+ Have fun exploring diféeaent designs and impRoving yous pusale-tolving skills.
Welcome plavycal
) (AX
AN,
——
® (toup-lo ACS

Figure 24
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3.3 Polysphere Extreme

S.No. Test Case Expected Result Results
To test the successful Server launched
launch of Polyshpere Successful Launch of Server successfully. [Fig 25
1 Puzzle -3D Server & 26]

POLYSPHERE EXTRENE

WHAT IS POLYSPHERE EXTREME ?

Polysphens Extaeme it o highiy rople of amy age can
e To plny with i mmmnm-mﬂmammmmnw
e spheres +o cacabe oRiginal designil.

© tanoupets iCS

Figure 25

Bowrdn B oAb P e BB e Tn
HOW TOPLAY

Tnsbavchions

* Selech & puaale and +ay clicking +he Ardevant colots as shown in +he image intide +he 30
canvar

* ARBange +he provided sphenes on the pusamid oasd +o Match & choten puatle ok caEte
“yous unique saUCHURE.

« Sphenes mush e placed on Phe boakd in such & waw it does net oveslap each other.

* Brauke cach sphere §ivs within the desiqrated anid sphenes.

« Eupeaiment wivh diffeaent sphea +o desiqn your

« Comnect sphenes in cazative waus +o ill Phe boasd.

. uu«mmnmmqmmw:mwuwwp«mm

* Comfitm +hat yous ansa, makches Hhe 1+aUCHRE thown in +he putale tolutions.

Tips fon Succens

* Pauy arbention o tphea thapet and Connec bion points.
* Think staategically +o optimiae space and ‘mmmwua‘w
* Polyspheae Extacme it not Just & game but alio & +ool fo spatial Reatoning and caeative

hinking.
* Have fun cxplosing ditfeacnt designs and imphoving your puasle-tolving skills.

Welcome dman

= $°% =

T it ais o

tz]s als

Mumisc of solubions: O

Figure 26
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S.No. Test Case Expected Result Results
Successful
implementation of
functionality. [Fig
27]

Dragging of the mouse should
display the view of the pyramid
from 3-dimensional perspective.

to test the 3D rotation of
the polyshpere pyramid.

S TIVPERE BX TREE

Tratnuctions
© Sac n puark ond Suy cicking W vt caiot 84 thoum i e gt lide 4 30

. mwmnmnmnmww»mn»uwm‘uumn
Youk unique HHRUCHRE.

+ Spheses must be placed on +he board in such & way it does not ovesiap ach obheR.

+ Ensuse cach phene fits within the designased atid sphears.

* Eupemiment with diffenent spheac ansangements +o design youl own SHRUCHURES.

+ Commect spheses in caeative waus +o ill Hhe boakd.

* Successully complere & puaale by filling the entise pysamid with he provided ipheres.

+ Confiam +hat yous ARRARAEMENE MAtChES +he HAUCHARE thown in Hhe puasle solubiont.

Tips fon Success
* Paw akbention 4o sphear thapes and connecvion pointt.

. w-moxwhumuwmmmm‘umuw
+ Polusphere Extame it ot Just & game but alto & +ool for tpatial aratoning and carative

+ Have éun caploting diféeaent designs and impaoving youk puasle-telving kill.

Welcome aman

&

Selech tne Lawen of Pumamids
1fz]s]als

Numiea of tolubions: 0

Figure 27
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S.No. Test Case Expected Result Results
Successful

Display of the choi f the sh
To verify selection of the Isplay o t.e ¢ .0|ces ofthe S. apes implementation of
by selecting right or left swipe

shapes buttons selection functions.
3 ’ [Fig 28 & 29]

POLYIPHERE EXTRENE

HOW TO PLAY

Tnstauctions

* Select @ punsle and 48y clicking +he Relevant coloss at thown in +he image inside +he 30
canvas.

* Arsange +he provided spheaes on the pysamid board +o match a chosen puasle of carate
YouR unique sHAuCHURE.

+ Sphenes must be placed on +he board in tuch & way it does not overlap each other.

* Entuse each sphee fits within the designated quid spheses.

* Expeaiment with diféeent sphese ansangements +o design Youk own sHRUCHURES.

* Commect spheres in caeative waus +o fill +he board.

* Successfully complete a punale by filling Hhe entine pysamid with the provided spheaes.

* Confitm +hat yous ARRANGEMENT MAtchEs Hhe SHAUCHURE thown in +he puaale solutions.

Tips fon Success
attention +o sphene shapes and connection points.

* Think staategically +o optimine space and complebe +he puasie efficiently,.
+ Polusphene Extaeme it not Just & game but alto & +ool for spatial Aeatoning and creative

Ahinki
* Have fun explofiing diffenent designs and impRoving youl puaale-solving siills.

Welcome Aman

PO

B
—

B oty

Ijzf(sfals

Numbes of solubions: 0

Figure 28

$LL Y avraht £.4 The e b

HOW TO PLAY

Tmtnuctions
* Seleck & punsie and ay clicking the Relevant coloms as thown in +he image intide +he S0
canvat.

* Ammange +he provided sphercs on the pysamid board +o match a choten puasie of caeate
Youk unique sHRUCHURL.

. must be placed on +he board in such & way it dots not overlap each other.

-lmwzwmﬁ«%nwmqﬂnnp‘m r—

. +o design your own KHRUCHURES.

© Cannech spheaes in carabive waus +o Gill $he boand.

. wm‘m-mwnmmmmmmuwmn«adm

Confitm +hat yous asmangement matches Hhe sHAUCHAE thown in +he pusale tolutiont.

Tips fon Success
-m-muw«m-wcw‘mm F
+ Think staategically +o optimine space and complere Hhe punale éficientiy.

* Polysphens Extacme is not just & game bt alsc & +ool for patial Aeatoning and cacative
+hinking.
+ Have fun exploting diffeaent designs and impacving youk puasle-sclving shills.

Welcome aman
—~——
c
—_—

S o
s giigiiysing

tfz)isfals

Wumises of solubions: O

N

Figure 29
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S.No. Test Case Expected Result Results
To test the colouring of the L
spheres in the famid Case 1: Clicking on the spheres Successful colour
P . Py should colour it in the shade of the functionality. [Fig
according to shape
shape selected by the user 30]
4 selected by the user.
#Lu b atitche et Fhe™le
HOWTOPLAY
T e e e
:&:w:... matches thewn in +he puasle selutions.
e et et o
I e R T e aa tande
~mmmmam-quwmwnmw;
m G m
[T (e [Tl
() o
Figure 30
S.No. Test Case Expected Result Results
Case 1: "Solve" button should give
the number of solutions as well as Successful
To test the Solve, Clear and . . . .
. visual representation of the implementation.
Stop functions. . . . .
solutions on the pyramid for partial [Fig 31]
5 and empty configuration.
Case 2: "Stop" button will stop the
listing of solutions and Clear button Successful
should clear all the coloured implementation.
spheres in the pyramid to reset the [Fig 32 & 33]
game.
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+ Succersuliv complere & puatle b Filling the enbise pysamid with e provided tpheses.
* Confitm Hhat youR aRRARaEMIERt MAtches he SHAUCHAME thown in he puasle solutiont.

Tips fon Success

+ Paw atbention bo spheat shapes and conntction points.
* Think staategicaliy +o optimine ipace and completre +he punale eéficientiy.

+ Polyspheac Extacme is not juit & qame but alte & +ool fon 1patial Acatoning and carative
* Have fun cxploting diééearnt detigns and impaoving yous pusale-solving skills.

Weicome Aman

-“r-

- Select ¥he Laven of Puymamid

tfz)fsfals

Numbes of tobutions: 110
™
Figure 31
+ Successtulig complehe & pUasle v Filling +he enbine pusamid with Hhe povided sphees.
 Confitm that youk ARRANGEMENT MAtChes Hhe LHAUCHAE thown in the purle solutiont.
Tips fon Success

+ Paw atbention bo spheat shapes and conntction points.
2 Thisk vhansraically bv optimiat igact snd comete dhe puvsle chfcienthy

Extaeme is not just & game but alto & ool for spatial Reasoning and caeative
mammm:mwumqwmmcm

Weicome Aman

-“r-

- Select ¥he Laven of Puymamid

tfz)fsfals

Numecs of solusions: (20

-A-

Figure 32
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- vommecr n CmewTIvE WAy Y5 T e souRa.

* Succensfully complete & puasie b filling +he entine pysamid with +he provided spheacs.

* Confitm +hat your akRARgeMENt MAtches Hhe SHRUCHURE thown in +he purale tolutions.
Tips fon Success

+ Pay atkention Yo tphere shapes and connection points.

* Think staateaically o optimiae 1pace and complere Hhe punale efficienty.

* Polysphese Extaeme it ot Juit & qame bt alto o +ool for tpatiol Aeasoning and caeative

« Have fun explosing diffeacnt designs and impaoving your pustle-solving skills.

Welcome Aman
B

-
=2 s

tfzsfia)s

Numeen of sehvtions: 0

Figure 33
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To test the visual aspects of

the pyramid. the pyramid according to the

number of layers selected in 2-D as
well as 3-d layer wise.

S.No. Test Case Expected Result Results
The layer selection button should
display the visual representation of Successful

implementation.
[Fig 34 & 35]

R &1%*8&,!;1,'&5!;'1;

HOW TO PLAY

Testauctions
* Select & punsle and +ay clicking +he Relevant colokt a1 thown in +he image intide the 0
canvas.

* Amaange +he provided spheses on +he pysamid board +o match a chosen puasle of cacabe
Yous Unique S+RUC HURE.

* Spheaes must e placed on Hhe boasd in tuch & way it does not ovealap each othen.

. mmwcmmmmmm,«m

. +o design your own shRucURES.

) m.mmmwmnﬂwm‘

* Successéuliyy compleve o punle wy filling +he entine pysamid with +he provided spheacs.

* Confitm +hat youk ARRARGEMEN MAtches +he SHRUCHURE Shown in +he purale solutions.

Tips fon Success

* Pay atbention o spheae sthapes and connection point.
* Think shaategically +o optimine tpace and complere Hhe punale efdicientiuy.
« Polysphene Exbaeme it not just o qame but alic & +ool for spatial Reatoning and caeative

Fhinking.
* Have fun explosing diffeacnt detiqns and impaoving youk pusale-tolving tkills.

Welcome Aman

m e} m

S
T ()

=== e e

tz2s| §|s
L~
N
Figure 34
[
Tk palofale ot flele
HOW TOPLAY

Trstauctions
. mnm-uw«qwngwuum«unumbmmymwmw
. mwmmmumnwwwum«h-‘mmwum«

\youn unique sPRUChURE.
. At e I-\»lb-nlnw‘kn W does not oves each othen.
vy

. Poy sphene

. MlmNMh muu-a-nd compleve the icientiy.

+ Pebpaphenc Saraomé & wov JUE & Soemie oUb ke & $out €50 spabiol Acntening oed chrntive
+hinking.

+ Have fun cxploking diffeaent designs and impRoving yout puasie-solving skills.

wielcome Aman

mef m

Select e Lawes of Oupmamids

1fz]fs]a] &
=4

o
Vot of sebions 0

Figure 35
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4 CONCLUSION

In conclusion, this comprehensive report outlines a purposeful software initiative focused on
the development of a web-based game application, emphasizing interactive puzzle resolution.
The project's central objective is to empower users to independently engage with and solve
intricate puzzles, including the N-Queens puzzle and the Polysphere Puzzles in both 2D and
3D dimensions. The web application is designed to facilitate active user participation in the
puzzle-solving process, allowing navigation through chessboard scenarios, strategic queen
placements, and the placement of various shapes on grids for Polysphere Puzzles. The is
project is implemented through agile methodology to provide requested features and feedback
from the client. Utilized GitHub as the central platform for tracking all development activities in
collaboration with the customer. The project also underwent thorough testing to verify reliability

and functionality of the web-based game application.

4.1 Limitations

4.1.1 N-Queens Puzzle
e The Chessboard size is limited to 10 Queen pieces due to computation complexities
emerging with higher size boards as heavy resources are consumed when computing

the solutions.

4.1.2 Polysphere Pro
e While dragging of the shapes, image of the shape while being dragged cannot change
according to rotations and flips performed by the user. Although the placement of the

shape remains accurate.

4.1.3 Polysphere Extreme
¢ Placement of the shapes can only be done unidirectional relative to the initial placement
of the first sphere.
e Users cannot place the pieces diagonally as the shape of pieces cannot be skewed
from its original shape.
e The user cannot drag and drop the pieces on the pyramid. The game relies on the
User’s understanding of the 3-d structures and visual knowledge of the shapes. The
limitation is caused due to heavy reliance on libraries such as Three.js and Orbit

Controls that are used to generate the 3-D elements of the Game.
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4.2 Future Improvements

To improve the puzzle-solving capabilities, the optimization of time complexity and the
enhancement of algorithmic efficiency in the computation of solutions for each puzzle will be
required in the project. The primary goal is to guarantee the time required for solving puzzles
is minimized, and the implemented algorithms show efficiency in delivering accurate solutions.
By improving the time complexity, the overall performance of the puzzle-solving mechanisms
will be enhanced, providing users with a smoother experience in navigating through complex
problems. Furthermore, enhancement in both the user experience and the visual features of
the system can also be implemented. This improvement can elevate the overall usability and
aesthetics of the application. Enhancing the user experience requires improving the interface,
navigation flow, and overall interaction design for a more intuitive, efficient, and satisfying

engagement for the users.
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