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Summary

This project aims to produce a three-dimensional model of our Solar System, suitable
for demonstrating the effects of gravity in an N-Body simulation. The movement of
the Planets and Satellites is correct to a high degree of precision and there exist
windows to view the state of the system both graphically, and in text-based form.

Points of user interaction include being able to manipulate the source of the view of
the system; setting the display to follow a specific Planet, zoom in or out, or to change
the angle from which the view is seen. Tools exist to allow any Star, Planet or
Satellite to be changed in almost any way; changes to speed, direction of travel,
absolute position, mass, diameter and even colour are all possible. It is even possible
to create entire new Planets from scratch and see how they react to and affect the rest
of the system.

In designing the system, I look into existing systems that achieve a similar task, and
use their strengths and weaknesses to produce a full Requirements Analysis for my
proposed system. This analysis is refined into a full design using methods from the
Booch [1] Process and implemented as a Java Applet. By having members of my
Target Audience fill out questionnaires, an appraisal of the success of the Product is
achieved.
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B e

=
{72}

R Seat ion Speed:

| Solar Systemn Information attime 1:178:6: 48 : 26: =

| Sun

Position: [2.77E7,-5202514, 665502]
Velocity: [63736,-12672, 1502]

Abs Speed: 3.46 mis

Mass: 1.989E30 Kg

Diarneter: 1390000.0 Km

Mercury i
Position: [5.73E10,-3.09E9, 7.04E9] |2
Velocity: [[3.43E7, -8.99E8, -4233379]
Abs Speed: 47963 mis
Mass: 3.303E23 Kg
Diameter: 4878.0 Km
OrbitalRadius: 5.78E10 Kmfrom Sun

JMercury

Venus
Position: [2.44E10, 1.05E11, 1.45E9]
Velocity: [6.40E8, -1.46E8, 3.79E7)
Abs Speed: 35081 mis
Mass: 4.87E24 Ky
Diarmeter: 12102.0 Km
OrbitalRadius: 1.08E11 Km from Sun

Earth
| Position: [1.53E11,-2.57E10, 815903]
Velocity: [9.47E7, 5.31E8, 427]
Abs Speed: 28800 mis
Mass: 5.976E24 Ky
Diameter: 12756.0 Km
OrbitalRadius: 1.55E11 Kmfrorn Sun

| Mars

Position: [-1.01E10,-2.27E11, -3.29E8]
Velocity: [).0,-24130, 0.0]

Abs Speed: 24130 mis

£ 440099

Set Central F‘,odv:‘ Sun v Hrchange Viewi

{5k

2 iToggIe Velocity LinesEToggIe Solar Body Names‘ Set Zoom Level: ¢

| Applet started.




Adam Haigh Page 2 16/09/2010

Contents

SUMIMATY ...ttt e st e st e e st e e sabeeesabee s 1
1. Statement Of OT1ZINALIEY ........eeiiiieeiiieeieeeee et ee e e sreeesaaeeens 4
2. ACKNOWIEAZEMENLS.....c.uiiiiiieiieeie ettt et e 5
3. INErOAUCTION ...ttt e 6
3.1 Structure of this RePOTIt......c.cooiiiiiiiiiiiiieeiieee e 6

4. Requirements ANALYSIS .....cccocueiiiiieeiiieeiieeeiieeeieeesieeesreeesaeeeeaeeeseeesseeensseeennseas 7
4.1 Product Definition.........cccoiiiiiiiiriinieieiieeeeeene et 7
4.2 Analysis Of eXIStING SYSLEIMIS ...ccuvveeeuiieeiieeeiieeeiieeereeeeieeeereeesreeenereeesereeeaneas 7
4.2.1 Summary of EXisting SYSteMS ........ccccvreriuiieriiiieeiieeeiie e eevee e 15
4.3 Target Audience ReqUITEMENtS. ........cc.eerireriierieeiieiieeiieere e eee e eeve e 15
N A 1 1 A BN 101 o) 010 SR 17
4.5 Core FUNCHONAIILY ....ooouviiiiiiiieiieie et 17
4.6 Extended FUNCHONALILY .....cccvvieeeiiieeiiiecieeceeeee e e 17
4.7 Primary Function POINES ..........ccceeriiiiiiiiiieiiecieeieece et 18
4.8 CONSIIAINES ..eueeeeneieiieieiieeieeeiee et ettt et e et e st e et e s e e et esateebeesaeeebeesneeenbeens 19
5. DIESIZN ottt ettt e et eette et e e eabeerbeeesbeensaeenaeenne 20
5.1 Main Class DIQZIam ........cc.ccccvieriiieeiiiieeeiieeeieeerieeesieeeeeeesreeesreeeseveeesnseeens 21
5.2 Collaboration Diagrams.............ccceerieeriienieeiiieniieeieenieereesiee e esieesaeeseesenes 24
5.2.1 Control of how to alter the zoom of the Display .........ccceeevvverrieennennne. 24
5.2.2 Control of how to alter the angle of the Display.........ccccccuvevverirenennee. 24
5.2.3 Setting a new 1ate Of tIME .......cccvvieiiiiiiiieeieeeee e 24
5.2.4 Centre on a Solar Body .......cccevuieiiiiiieiiieiieeieeteeeeee e 24

5.3 Sequence DIaZIamS........cccvieeiieeriieeeiieeeieeeeiieeeereeeseeeeeaeeesbaeesreeesareeesnseeens 25
5.3.1 Display current system data as teXt........cceevueereirereeriieenienieenieesre e 25
5.3.2 Create a new Solar Body.........cccvveiiiieiiieiiieeee e 25
5.3.3 Alter an existing Solar Body.........ccccccueveiieniiiiiiniiiiieeceeeee e, 26

5.4 State Transition DIagrams..........cccveeecuiieiiieeniie e et e et eieeesreeesreeesreeens 27
5.4.1 Pause the sSIMUlation ..........ccceevierieiiiiinieeeeeee e 27
5.4.2 Toggle whether to display Solar Body names ...........cccccceeevvveeieeennnennee. 28
5.4.3 Toggle whether to display velocity lines ...........ccceeevveviencieenienireieenee. 29

5.5 Use Case DIagram......c..eeecuiiieiiiieeiieeeiieeeieeeeiieeeeveeeieeeeaeeessaeesreeesereeesnseeens 30

6. IMPIEMENTALION ...eeiiiiiiiiiieiie ettt ettt e ee et be e e e seae e 31
6.1 OVETall StIUCTUTE .....eeiiiieeiiiece ettt et ee e te e e s e e sareeeenneeens 31
6.2 The Thread Cycle of the Backend ............ccoecieiiieiieniiiiieieceeeeeeeee, 32
6.3 The Thread Cycle of the Display .......cccceevviieeiiieiiieeciieeeeee e 33
6.4 Defining Solar BOAIes........c.cooiieiiiiiieiieieeitee e 34
6.5 Use 0f 3D CoOTdINAteS........eeecuiieeiieeeiie e eeiee et e e e eieeeeraeesreeesereeesaseeens 34
6.6 Graphical User Interface (GUI) ........cccceeviieiiieniieiienieeieeee e 35
6.7 The Data WIndow ODBJECt ........ceevuiiiiiiieciiieite ettt 36
6.8 The Solar EdItOr......cceiiiiiiiieiieieeieieesee ettt 37
6.9 Key Problems and their SOIUtioNS. .........cccvieviiieiiieeiiieeeeee e 37
6.9.1 Problem: Ensuring Accuracy of Initial Data............cccccceevvvienienireneenen. 37
6.9.1.1 SOIULION ...ttt et bee e sere e e eareeenene 37
6.9.2 Problem: Scale of DiSplay .........ccccceevieriieniieniieieeieeeeee e 38
6.9.2.1 SOIULION ...ttt et e e et e e e e e s ebeeesaseeennne 38
6.9.3 Problem: Initialising program with the Data ...........ccccccevevvevvenireneennen. 38
6.9.3.1 SOIULION ...ttt et e e e e ere e e areeenene 38

6.10 Functionality implemented ............ccooceeriieiiienieiiieiecieeee e 39



Adam Haigh Page 3 16/09/2010

0 <] VS TSR 41
7.1 Testing the Backend ENgine ...........ccccoevieviiiiiiniiieiecieceeeeeee e 41
7.1.1 Analysis of the ReSults..........cccciiiiiiieiiieeiiece e 42
7.1.1.1 Changes in Absolute Speed ..........coovvirviiiriieiiiiniieeeeeeee e 42
7.1.1.2 Changes in Orbital Radius .........cccveeviiiiiiiieiiecieceeeee e 44
7.1.1.3 Changes in POSItION..........cccieiiieiiienieeiieeie et 46
7.1.2 CONCIUSIONS ....eeiiiiieiiieeiie ettt ettt e e evee e s be e e s eeenene 47
7.1.2.1 REASONS fOI CITOTS .....evveiienieriieiieieeiiesit ettt 47
7.1.2.2 Running the Simulation with step-size of 1S .......ccccecevvevcviircieennennne, 47
7.1.2.3 Running the Simulation over a longer period of time.......................... 48

7.2 Testing the Frontend ............coovieiiiiiiiiiececcee e 49
7.2.1 EASE OF USE ...eeuiiiiiiiieieeiiesitee ettt 49
7.2.2 Look and FEel .......cccviviiiiiiiiceee et 50
7.2.3 Using the Solar EditOr.........ccouiiiiiiiieiieiieeie e 51

8. CONCIUSION ...ttt ettt et e sttt e st et e st e ebeeenees 53
8.1 ASSESSMENT OF SUCCESS ...cuveeuviiieiieiiriientieieeite sttt sttt ae e 53

8.2 Suggestions fOr EXLENSIONS. .....ccciieeeiiieeiieerireerieeeeteeerereeereeeereeesaeeesereeenens 54
8.2.1 More Solar BOAIES ......cc.eevueriiriiiiiiierieeiceeree e 54
8.2.2 Improve Positions of Solar Bodies ..........ccccceeveiiiviiieniie e, 54
8.2.3 Extend the functionality of the Display ..........cccccvevieriiienieniiieiiecieeies 54

0. RETRICIICES ...ttt ettt et sttt e 55

Appendix 1 - Code Listing

Appendix 2 - Test Results

Appendix 3 - Log

Appendix 4 - Questionnaire Responses



Adam Haigh Page 4 16/09/2010

1. Statement of Originality

This report is submitted as part requirement for the degree of Computer Science and
Artificial Intelligence at the University of Sussex. It is the product of my own labour
except where indicated in the text. The report may be freely copied and distributed
provided the source is acknowledged.

Signed:



Adam Haigh Page 5 16/09/2010

2. Acknowledgements

Many thanks to my project supervisor Julian Rathke, for his excellent guidance
throughout this project.

Thanks to all people who participated in my questionnaire section to help assess the
usability of my Program.



Adam Haigh Page 6 16/09/2010

3. Introduction

There exist countless programs that model the gravitational physics of a set of Stars and
Planets, some produce good realistic simulations while many others have much more
marginal qualities. A common restriction of most of these is a distinct lack of user
interaction; it can be nice to watch Planets orbiting each other but quickly becomes
tiresome when there is no way to manipulate what is being seen.

This project aims to produce a three-dimensional model of our Solar System as a Java
Applet, where a large degree of user interaction is encouraged. The movement of the
Planets and Satellites in the simulation is correct to a high degree of precision and
facilities must exist to allow the user to create new Solar Bodies, as well as to manipulate
the existing ones to a large extent, including alterations to their movement and physical
attributes. Key information about all the bodies in the simulation will be viewable both
graphically and textually through two display windows.

3.1 Structure of this Report

In the first section I perform a requirements analysis; identifying the problem to be solved
and what my product is intended to do. Analysing existing products that attack the
problem provides an outline of the overall system and the best and worst aspects of these
products are used to finalise what my end product aims to achieve. This list of properties
is then be used to decide what is absolutely necessary to the completion of the project and
what extras can then be added. Specific domain related problems are highlighted, even at
this early stage, enabling solutions to be developed through the course of the project.

Following on from the analysis is a design section. In the design the overall architecture
of the system is decided on and UML diagrams depict what classes exist and how they
interact. A Main Class Diagram is included to show the overall architecture, while
Collaboration and Sequence Diagrams show how each class interacts to achieve specific
tasks. State Transition Diagrams demonstrate how some of the methods and variables
change during the course of certain operations and a Use Case Diagram identifies what
tasks the end user will be able to perform.

A full description of the system architecture and implementation is included to describe
the classes, methods and interactions of the system, highlighting what problems were
encountered during the course of development and what changes to the design were
necessary, both for the completion of the project and to improve the system from the
design.

Comprehensive testing of the Backend is included as this was the core part of the product;
in testing this all the other classes used by the Backend were tested. I do not feel standard
testing is appropriate for the graphical sections such as the Frontend, Display, Data
Window and Solar Editor as the success of these is rather more subjective. Instead,
members of my Target Audience use these parts and fill out questionnaires including an
appraisal of what worked well and giving them an opportunity to point out any possible
improvements.

The final conclusion section analyses the strengths of the product as well as any
shortcomings or possible improvements that could be made to the system. An appraisal
of how much of the design was finally implemented is also included.
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4. Requirements Analysis

4.1 Product Definition

The final product is to be a working simulation of the major bodies of the Solar
System, based on three-dimensional coordinates. The product is to be freely available
over the Internet for ease of use in a classroom and as such will be built as a Java
Applet. The target audience are pre-university students, such as those on an A-Level
physics course.

4.2 Analysis of existing systems

In order to make the best possible system it is useful to see similar systems that other
people have made in the past. What aspects of each program work well, were there
any serious shortcomings, and what additions could be made to improve on each
product? Fortunately there are many existing systems on the Internet that perform a
similar task to that which I am trying to achieve. My goal is to take as many of the
good aspects from these as possible and try and build on them, while striving to
exclude as many of the shortcomings as possible. To this end I have performed an
analysis of six systems that are currently on the Internet [2] - [7] as well as one
commercial product [8]. The Internet-based systems should be more similar to what I
am aiming for, but there are also likely to be many useful points to take from the
commercial product.
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http://Www.humnet.ucla.edu/hnet/ frencfacultv/ gans/java/ SoarApplet.html

This Applet contains all nine planets of the solar system plus our moon and the four
largest satellites of Jupiter. There are ‘+’ and ‘- buttons that allow the user to resize
the window so that the Applet can take a suitable proportion of their viewing area.
Users can also select either the inner system (Mercury, Venus, Earth and Mars) or the
outer system (Jupiter outwards) to view, preventing the Applet from being too
cluttered while still maintaining a good sense of scale. Planetary orbits, velocities and
sizes are approximately in scale with each other, which increases the sense of realism,
but the planet scale has been made much larger than the orbit scale in an attempt to
prevent the planets from being reduced to just single pixels and becoming hard to see.
Additionally, there is a button to allow the user to toggle orbit lines on and off,
however the orbit lines only exist for the Planets — Satellites do not have them.

One important problem is that there is no way of viewing all nine planets at once,
which makes it more difficult for the user to appreciate the difference in scale
between the inner system and the outer system. It would also be useful to have some
actual data such as time scales, planetary masses and velocities so that there is more to
learn from using the Applet. It is currently just Planets moving in circles at different
speeds. Similarly there is no way for the user to manipulate the system, such as to
change the speed or put in extra planets, which again limits what the user learns from
the program and makes it less fun to use. There is also no way of viewing the system
from another angle, so this program incorrectly gives the impression that all the
planetary orbits are on exactly the same plane.
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http://burtleburtle.net/bob/physics/solar.html

In this program, orbits are displayed close to their actual scale, which shows the great
differences in scale between the inner and outer system. Unfortunately, due to this,
the inner system is barely noticeable, limiting what the user can learn such as relative
orbit times. Conversely, the actual planets are not shown, just their orbits, so the scale
of the planets compared to each other cannot be appreciated.

The program does have a known ‘real’ start point (1 am, 1* January 1999), which
reassures the user that what they are seeing is accurate. This is backed up by the fact
there are real units of measurement mentioned on the website such as AU’s, AU’s/hr
and lbs.

The user can rotate around the sun, giving a more three-dimensional feel to the
system, although the controls for this are not friendly; the user has to click and drag in
the middle of the applet, rather than use buttons. As in the previous program, there is
no form of user interaction other than changing the view.
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http://www.particle.kth.se/~fmi/kurs/PhysicsSimulation/Lectures/13A/

This was just a model of a Star, Planet and Moon. Although it is not of the Solar
System, some of the interesting features still apply.

In this program velocities are marked in by pink lines (the longer the line, the higher
the velocity), which allows the user to appreciate the huge changes in velocity that
occur due to gravity.

The ‘Strobo’ button leaves the trail of each body so their previous movement can be
seen, although the way this is implemented is not very neat and is just confusing.
Each of the bodies can be manipulated by dragging them with the mouse, but this is
tricky to do as the Planets move quickly and there is no way to slow the simulation
down.

The Applet is of a nice scale and the menu panel is well separated from the viewer,
although there is still no link to the real world — the bodies are not representations of
actual Planets, no data such as size can be seen and there is no way of viewing from
another angle. It is also not possible to make the planet crash into the sun, which
could happen in reality.
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In this simulation, planetary sizes are (very approximately!) to scale, as are orbits and
Saturn even has a ring! There is also a lot of data about orbit times and the system is
built on real positions and times. The only form of user interaction is through
changing the speed of the simulation but this is done in a way that is difficult to use
and does not give enough precision. The system features two viewing angles, which
gives a greater sense of three dimensions. Unfortunately the system stops at Saturn to
attempt to keep a good scale, but this makes it feel incomplete.
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The system only shows a single planet and its moons at any one time, but the general
principle is similar to what I want from my system.

The program is very professional and organised looking, there is plenty of data shown
and this is on a separate place in the applet making it look tidier. The orbits appear to
be approximately to scale but all the moons are of equal size and not to scale with the
orbits. There are also orbit lines, which are useful but cannot be turned off so the
applet eventually looks like a green dot with lots stationary circles around it.

The applet also lacks a zoom function, and the viewing angle cannot be changed so it
looks very 2-dimensional and there is no form of user interaction.
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http://www.astrodigital.org/astronomy/ss.html

This applet claims to use accurate scales, which I am unable to test because the applet
is so confusing to use. This is a fundamental flaw, especially for my purpose, which
is to be able to easily pick it up, use it, and then never see it again. One of the main
things that made it hard to use was requiring text entry from the user without giving a
clue of what sort of information was required. The error message was also completely
useless, as it did not suggest how to fix the problem.
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This product includes many features that are not feasible for me to do on my time
scale and is beyond the scope of a simple solar system simulation. Information on
70,000 Galaxies and 15,000 asteroids is great for the purpose of this product, just not
necessary for a tool that will probably only be used briefly. As such it is also
unsuitable as a product to just pick up and use as there could be a substantial learning
period.

What it does include which is of a greater interest to me and my project is an accurate
display of every major body in the solar system (including comets and asteroids) with
tools to view these from any angle and at any zoom scale desirable.

As a commercial product with a larger budget it is far more professional looking than
any of the applets I found on the Internet and contains far more information. It also
requires a bit of time to work out all the controls and a much larger amount of time
than I have to fully explore every feature and piece of data.
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4.2.1 Summary of Existing Systems

An ideal system would be one that includes all the good points mentioned above with
none of the bad points at all, as described below.

The ideal system should include all nine planets of our Solar System, The Sun and
any other major bodies such as large moons. The scales of the objects should be
representative of the scales in real life; for example Jupiter must be bigger than Earth,
the Earth bigger than the moon, and the Sun bigger than all of them. The orbits
should also be of a realistic scale, the inner planets far closer to each other than the
outer ones. All the data regarding each solar body should be available in some sort of
display, including time, planetary masses and velocities among other figures.

The user should also be able to manipulate the display in many ways; resizing the
window, zooming in and out to see different detail levels and different planets, and
changing the viewing angle.

Additional features include the following; orbit lines that can be toggled on and off to
give a greater feel of where the planets move to over the course of time. Controls to
let the user to manipulate the system by changing speed of time, change existing
planets and create additional planets. The controls for all aspects of the system should
be as clear and easy to use as possible.

4.3 Target Audience Requirements

There are five key requirements for this product to be appropriate for use by the
intended target audience. It must be free and easy to get hold of, simple to use,
informative, accurate and be able to hold the interest of the user.

To ensure that the product is easy to acquire, it is designed and built as a Java Applet.
This means that it can be simply downloaded and ran straight off the Internet, so there
is no need to install the program on lots of computers. As a Java Applet it can also be
run through a Web Browser such as Internet Explorer or Netscape, which practically
any computer in a school or college will come readily equipped with. In a classroom
where each student has their own computer on a network, all the teacher has to do is
tell the students the web address of the applet on the Internet. This part is imperative
as a teacher may have in the region of thirty students and will not have time to go
round to each student individually and sort out any problems they have with setting up
the system.

It is very important for the Applet to be simple to use, as one teacher will not have
time to run around thirty students showing them each and every aspect of the product.
Additionally a key part of learning is discovering things yourself so this must be as
easy to do as possible. When downloaded, the majority of the controls as well as the
Display are arranged on a single frame, with the controls evenly split between two
toolbars; the top one has general applet controls for manipulating the system and the
bottom one has all the controls necessary for altering the viewing display. Whenever
possible, controls such as slider bars and drop-down menus are used for user
interaction, rather than text fields which would require the user to have too much
knowledge of the workings of both the Solar System and the Applet itself making it
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much clumsy to use. One of the major points of user-interaction is the Solar Editor
Frame. Several pieces of information are required from the user at this point so the
controls are friendly in the way described above and I also made sure I disabled the
controls for any part that the user should not have access to at any point. A possible
major difficulty for a user could be specifying a solar body from scratch, so example
values are included for a solar body called Planet X, which the user could make use of
as a template. Planet X is a planet believed to exist beyond the range of Pluto, so I
included it as such.

An important aspect of the project is making the Applet informative while not
overwhelming the user with too much information. The first step to reaching this goal
is to include an appropriate number of Solar Bodies. Just having one star and one
planet is not very useful as there are very few interactions involved in such a
simplified universe; a student would not see how changing the Planet in any way
affects any other solar bodies. Similarly, including all the Planets and all their
satellites (which include over a dozen around each of Jupiter, Saturn and Uranus),
would clutter the system up making it hard to distinguish important Solar Bodies from
lumps of rock. To make a good compromise my simulation includes all Planets and
any Satellites greater than 10*°Kg in mass. This eliminates the two tiny satellites of
Mars as well as countless rocks around the largest Planets that have been identified as
Satellites. Key information of orbital radius and speed as well as absolute positions
and velocities of each Solar Body should be a sufficient amount of data for the user to
view. Telling a student the individual forces of acceleration between every pair of
solar bodies for example would just be confusing. The students could easily calculate
information like this by using formulae for velocity and acceleration.

Accuracy of data is another key issue in this project as the entire goal is to teach
students about the Solar System. Being taught incorrect information would be most
unfortunate so I have endeavoured to ensure the data is correct. The data needed for
each Planet such as mean orbital radius, mass and diameter has been checked against
at least one other source. In most cases one of these sources is the commercial
product RedShift4, and the other from one of various Internet sites. Additionally, my
tests performed on the backend over an extended period of simulated time ensure that
the data leads to realistic orbits and in doing so also ensures my formulae used in the
Backend are accurate.

Ensuring that the simulation is interesting to use may not be as fundamental as some
of the above points but it is still extremely important if the students are to get any real
benefit from the simulation. If the program were dull, students would quickly lose
interest and probably not bother looking at the program properly. The only way to
ensure the students make good use of the program is to make sure it holds their
interest. One thing that helps make the program interesting to use is by including as
much user interaction as possible; be this by specifying new Planets, altering existing
ones, viewing from different places or simply letting the user crash planets into the
Sun, lots of user interaction should greatly aid the success of my product.
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4.4 System Support

People running the simulation must have a Personal Computer with a recent web-
browser such as Netscape 6. The program is a java Applet available over the Internet
so java support in the web-browser must be turned on and access to the Internet
available.

4.5 Core Functionality

The first and main task is to build a backend engine that drives the simulation based
on 3-dimensional coordinates. This engine will make use of as much existing java
functionality as possible, aim to be realistic and represent the planets as accurately as
is feasible. There should be the Sun and at least two planets including the Earth.

On top of this, a Frontend will be is built to display the entire system as viewed from
directly above the plane of the Earths orbit, with a time display and friendly controls
to start and stop the simulation.

This will meet the minimal goal of showing how multiple Solar Bodies interact over a
period of time.

The following key points define the core functionality:

1. Build an Engine that manipulates the positions, velocities and accelerations of
Solar Bodies in three dimensions over a period of time.
Include the Sun and two Planets (minimum).
Build a display that renders the positions of each Solar Body over time.
Include a time display.
Include controls to start and stop the simulation.
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4.6 Extended Functionality

If the existing functionality of Java does not give enough accuracy then increase the
accuracy of the Backend by writing my own java functions to manipulate equations to
a higher degree of precision. This is only useful if the functions are efficient enough
to let the simulation run quickly. The Backend should also be extended to include
other major bodies such as the rest of the planets and some of the more major moons.

The viewing system should be extended so that the user can zoom in and out to see
different levels of detail, as well as have the ability to centre on a specific planet and
follow it through its orbit. Within the display the planets should represent the
difference in size of each planet. Orbit lines would be a useful feature to give more
insight as to where Solar Bodies have been in the past.

There could also be a tool to let the user specify extra bodies to see how they would
react to and affect the system. This tool could also let the user edit existing bodies in
the system to see the effect of that, for example setting the mass of the Sun to 0Kg
would effectively remove it from the system and the user could then see how
everything else reacts.
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A separate textual display of extra planetary information, such as mass, velocity,
position and distance from sun should be included.

The following key points define the extended functionality:

1. Define a set of functions to manipulate equations to a greater degree of
precision if the existing Java functionality is insufficient.

Include all nine planets and natural satellites above 10*°Kg in mass.
Include a zoom function.

Include a function to allow the user to centre the display on any solar body.
Drawn Solar Body sizes made representative of their actual sizes.

Allow Orbit lines to be toggled on and off.

Include a tool that can be used to specify new Solar Bodies.

Include a tool that allows the user to alter existing Solar Bodies.
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4.7 Primary Function Points

Function points are a key part of the Booch Process [1] used during a requirements
specification. Each point captures an element of functionality of the final product so
the list is useful when implementing a design as it forms a good checklist to ensure
the product does all it is intended to. Each function point is categorised into one of
the four sets where each set contains related functionality. The first set is the core
functionality, which is imperative to the working of the system and forms the basis of
a prototype. The other sets form three levels of extended functionality; the first level
being the most important and the third least important.

C = Core Functionality

E1 = First Level of Extended Functionality
E2 = Second Level of Extended Functionality
E3 = Third Level of Extended Functionality

* Calculate next time step. The Backend engine calculates the next positions of
all