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“From Hello World to
Halo—It's Just Code!”

Who Is This Book for?

e Fundamentals of C/C++ Game Programming: Using Target-Based, $8Giste a
mouthful, isn't it, as a title, it's also making a few promises that it probably can't keep,
because there are so many de nitions of what are the fundamental skills a game program
mer needs to hav8ut it's my view that there are a few things that can get people up and
running and develop their hunger for learning, and it's those things | want to bring to you
here is is for people who want to be game programmers, but probably don’t quite know
how to do it or feel a little daunted that their coding skills don't really let them explore
their game-creation skillAlthough this isvery much a beginnebi®ok, it is not really
aimed at a total novice who has never programmed before; you should be able to under
stand at least the basic concepts and syntax of CfiLogramming

ere are some excellent beginner’'s books that | recommend to all my students, such
as Michael Dawson’s excell&sginning C  rough Game Programmind2014; Cengage
Learning; Australia), which though it throws little light on actual graphic gaming, is a
superb foundation for C . | will give some very simple getting-started examples and
build on those, so even the most code wary the beginner, should pick things up as they go

None of the code in this book is complex, indeed it can be comfortably argued that it's
oversimpli ed, it's designed as a jumping-o point for a novice to expand their knowledge
and most of the initial explanations are going to be understandable even for a total begin
ner. I'll start slowly and explain much at rst, but the pace will pick up as we get going and
I'll let the online source code go into more detail as | explain the overall intent of what we
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are doing rather than the speci c functionyou still don't understand the syntax of the
code, you should undertake a beginners’ coding course, there are several online

In addition, despite the title, this isn't a book solely about programming Single Board
Computers (SBCs) use of a cheap target system is a means to an end to encourage the
reader to limit expectations and work within tight constraints, which game programmers,
especially console programmers have to work.witkant primarily to focus on gameplay
concepts and game structures, which will let us get games up and running really quickly
However, we do have to introduce some technical concepts later, when we’re a bit more
comfortable, because most of these technical concepts will have a direct impact on the
performance of your gamesou will need to know just enough to avoid some pitfalls and
get things up and running correctly

SBCs are usually quite simple systems, so building a working knowledge of the fairly
generic hardware to produce graphics, sound, and data storage is generally easier to learn
on them, than it would be on your up to the minute PC, which will shield you from errors
by virtue of massive processing performance and near unlimited memory

Once understood, all of the concepts and projects in this book are easily transferrable
to any development target where the reader can stretch their growing skills on mere pow
erful systems while still being mindful of the need to work within constraints of hardware,
which are hard to push, and personal limits, which should always be pushed

But SBCs are really fun to work with, cheap to acquire, and present a real sense of
achievement when you make them to do more than just act as media servers or control units

Most important, this is not a how to do x, with y kind of boblvant to take you
through a journey of discovery, mine as well as yours, and provide suggestions and work
ing examples on how to do things that games need, and let you decide if the approach I've
taken is validl want to make you question things and hopefully come to di erent cenclu
sions, using what | supply as a base for debate and expansion rather than a gospel to be
followed When working with beginners, | don’t believe in imposimgright way! prefer
to have faith in, “this works for me, can | make it better?"right way for you at least,
will come with practice and the joy of achievement

What Are We Gonna Do?

For the last 9 years, I've been teaching beginner-level game programmers how to write
computer gamedNot so much the actual languages used in programming, but the prin
ciples of actually creating gam8garting with simple space shooter games, scrolling plat
formers, maze games, character animation games, and so on!

Eventually, at some point in their development when they start to move beyond such
simple themes, and their con dence is high enough, | then encourage them to take their
rst steps in writing more complex 3D immersive games on consoles, such as the Nintendo
Wii U, Microso Xbox One, and Sony PlayStation 4

It sounds like a massive leap, to teach beginners how to make a simple space shooter
game in 2D to then write games on the most powerful consoles on the market, but in fact
the progression is really quite simploding is coding...once you have the basics in your
head, the rest of it is down to understanding how to get your code to work on di erent
machines and with increasingly larger projects, only the levels of complexity .change

Internally, you could not nd more di erent machines than a PC, a Nintendo Wii U,
and a PlayStation. However, the basic ideas of getting something to appear on screen,

XVi
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move around under some kind of control, and process some form of logic are what the games
programmers are really trying to dat is independent of any machine architecture!

rough various concepts such as APIs, Libraries, and Engines, a lot of the cemplex
ity of how the screen objects appear is hidden from the programmer and is accessed via
simpler means, though there is always a chance to unhide it, usually causing untold dam
age as a resuliVe generally leave the technical side of the machines to tools and graphics

coders who make those APIs, Libraries, and Engines available to us, so we can focus on

the simpler concepts of getting our chomping pizza to move around the maze collecting
his trademarked pills

When you move away from the worry of the technical issues of how to draw things
and start to abstract your thinking toward makinghiag, do athing you want thathing
to do, you nd yourself to be able to explain and understand your game concept far easier
What you understand, you can code!

For some time, | wanted to write a tutorial that could take some of my methods of
learning as you go/do, taking beginners from their rst simple projects to producing
fully working games on consoleBut there are some roadblocks | have to overcome
Not least of which is while PC coding is easy enough to enter into, and | would have no
problem converting my rst-year courses into a simple tutor@dnsole coding, which
| also teach, is essentially a closed shop, open only to industry and a few elite educational
institutions.

So | thought it might be an interesting journey to take a machine I'd never worked
on before and document my way through it, simulating the out of my depth feel many
new programmers have when confronted by a blank screen, while at the same-time giv
ing the reader a chance to understand the basic concepts of game programming I've been
involved with for more than 30 years

First things rst, | need a target machindn.my normal game dev career; I've
worked mostly with consoles from Nintendo and more recently S8myny basic teeh
niques of coding are rmly entrenched in the idea of writing games on an editing system
that you don’t actually run the code.on

For the vast majority of my career, I've used what we call a development machine,
more o0 en than not a PC, to write the code, which in turn is transmitted via some kind of
network link to the actual target machine the games will be played on, usually some form of
specialist development kit that allows communications and debugging to take\filHoe
main console systems use Dev Kits, and I'm incredibly lucky to have access to all of them

at creates something of a probleme general public are not actually allowed to
purchase these dev kits, also I'm not allowed to talk about them, having Non-Disclosure
Agreements (NDAs) all properly signed up, so even if | wanted to, | can't tell you how to
write games on a PS4 or Nintendo Wii, but | do very much want to give you a avor of it

Looking around at the kind of equipment most beginner programmers have, there
are however a few choices most obvious are Apple devices and Android phones
ese days almost everyone has one of these, to take sel es or spend a few minutes playing
games, so it seems like an ideal choice

But there are issues with theApple devices really work best when using Mac’s and
their own idiosyncratic (but by no means bad) Objective C-based development tools
ese are great tools, but I nd them a little too speci c for my liking, and since one of the
objectives in writing this is to get you, the reader, to be able to work on standard types of
machines, | feel | should rule them out, perhaps that's another book
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XVii



Android uses Java...... | suppose now it is a good time to admit | don't like Java...but
the reasons for that will take too long to go into, but I'm certain that in at least one chapter
of this book or forum post, I'll explain and you may feel I'm overreacting...l am of course,
but allow me a little bia$ believe Java is a ne language for some things, just not console
gamesAgain that may be another baok

at said, it’s quite possible to code at a low level on an Android system using the
Native Development Kit (NDK) essentially working on the hardware level; however, that
then raises another issue with Android machines, at the hardware level there is a massive
amount of di erence from one maker to another, resulting in what are called abstraction
layers between the hardware and Android to maintain compatibility for the Android OS,
but less consistency in access methods, if you want to deal with hardwareSiheect
want you the reader to have as few issues with the hardware as possible, and net be wres
tling with it, it means we cannot be 10@ertain that the code is going to work on every
Android system at, more than the Java, rules out Android for us

So common devices exist, there are ways to hook them up to the PC but do they pro
vide a good experience that simulates development for consoles?

I don't think so, Apple comes close and indeed for all basic de nitions most Apple
devices are small consoles but the Objective C issue and confusing tools make it a bit too
specialized, If you want to do apps for Apple devices, | think there are more than enough
excellent tutorials out there

Most industry programming is done in C/C so that’s what | want to work with
Yes...before someone pipes up, you CAN do C/@n Apple and Android devicesit’s
just not as easy as | want it to be, and while | don't anticipate this journey to be without
incident, | prefer to keep to paths | know | can travel

is book is intended to be a tutorial...So | wanted to nd a simple and easy system
to work with.

| didn't nd one!

And there’s a good reason for that, pretty much any computer system has its own
drawbacks when it comes to getting it set up, o en this is so ware based and that in turn
led me to another decision | needed to make before stawlhgt kind of standard devel
opment Integrated Development Environment (IDE) was | going to use...I wanted to use
Visual Studio

Why? Well because | like it! I'm used to it, almost every other game developer not
doing Apple or Android product uses it, and moreover...it's now free! Free is good
Especially since | am going to encourage you to spend a little bit of money to fund your
journey into the joys of game programming

It's not everyone’s favorite IDE; in fact, | know Pros who will spend hours explaining
to you just how bad it is, but truthfully if you're a beginner and all you want is a simple
system to write code, press a deploy button and watch the reworks...It does ju#t that
you're a Pro, you want to totally investigate the code, be able to search for sections that
contain information, and so on...Visual Studio does that too, it won't stop me cursing it
from time to time, but | never met a programmer who was 10&ppy with his tools

As with most things in life, once you get used to something, you don't like to change
Mac users love X-code (mostly) and PC users love Visual Studio (mé&ly)just use
what works

So, our development system is chosen, we are going to use a PC or a Mac, run
ning Windows and Visual Studi®ut we don't really need to worry about what kind of
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Windows; I'm still using & on my main system, as | write this and occasionally on my
laptop running Windows 10At the time of writing, I've just upgraded to Visual Studio
2015 and I'm sure it's going to annoy the hell out of me for all the things it does di erent
from Visual Studio 2013at anger will pass but for this book, | mostly used my trusty
Visual Studio 2013'm not planning to do anything Visual Studio speci c, so all should
be good whichever version you are using

Now for the tricky bit, what’s the target system going to be...As | said before | wanted
to use a machine I'd never used before so that | could also experience some of the things a
new coder will come acrassalso needed to be able to hook up to the PC somehow and it
needed to be available to the general public

2 |12

Ok, let’s stop beating about the bush, a er all the section heading gives.it ahase

the Raspberry Pi, because it's cheap, it’s freely available all over the world, it connects to
a PC via network cables or wirelessly, it has consistent hardware, so what works on one is
sure to work on another even if a few di erences in speed happen, and in my opinion, it’s
a machine that has largely been ignored by the games development com8wgiy're

going to be treading in largely virgin sand, that’s quite exciting

I need a consistent, fun bit of hardware, with su cient power, reasonable graphic
abilities, and onboard memory to create a range of decent little games to leare with
Raspberry Pi gives me all that, and most of its clones are close enough to also give us some
insight into the fragmentation issues in a small enough scale to cope!

Now it also has to be said, once | settled on the Raspberry machine | had my eyes
opened up to the fact that there are several Raspberry Pi-type machines out there; in fact,
there is a thriving community of similar small board System on Chip (SoC) machine’s
with their own communitiesSo | expanded my remit a little to include as many of the
main ones as | could nd with a simple limit of cdsbnly looked at units | could buy for
under US 10Q

So if you have one of these other systems then it's only fair that | make sure what we
do here are going to work on them too, so long as they run some form of Linux and have
OpenGLESD for their Graphics system&/e shouldbe able to get our games to work on
them toa I'll try to give a summary of machines I've tried, and maintain an update on the
support site

Of course, technology never stands still, and as | was a quarter of the way in writing
this book, the Raspberry Pi foundation announced a new model, the Raspberry Pi 3, and
as usual it sold out within hours of its announcemé&ldt quite as big a leap in perfor
mance as the 2 was over the 1, but still another boost in performance for the same price is
much appreciated

So | guess most of you will now be on model 4 by the time this comBsitiiite nice
thing about the Raspberry range is that aside from memory and speed, they all are based
on the same hardware principles and they have maintained the mantra of compatibility
So even though I'm going to continue with my Raspberry Pi Model 2B for now, swapping
over to the Model 3B quite soon | am sure, everything in this book will be checked on the
latest models before it goes to the printers

| should say to owners of earlier Raspberry Pi models, all the things in this book will
work for you, but the later explanations on multicore processing will be useless as earlier

“From Hello World to Halo—It's Just Code!”

Xix



models had single core processdi® may nd speed is an issue on the later 3D projects,
but given the cost of a Raspberry Pi 2(3/4/5), why not upgrade? e extra power is well
worth it. | do have a small collection of the earlier machines and will be trying the code
out on them as we go to give you notice of any issue.l nd

Also, since part of the thinking behind writing this book is to introduce some of
the concepts and limitations of working on consoles, | have set myself some limitations
As far as possiblé plan not to use any external third-party libraries, though consoles
do sometimes use external libs (audio for example, commonly uses third-party libs even
though SDKs usually provide some suppadftherever possible, the only libraries | will
try to add will be on the Raspberry Pi alreaidywill create some di culties for us and
require a bit of imagination to overcome them, but will hopefully create a more rewarding
experience and producing more compact code on machines with limited mdmahy
of course, break this rule, it's impossible to keep really, but I will not do so lightly, if we do
have to use an external lib | will ensure it is free and easily avaitableill also have to
take care if you distribute your projects, that the end user also has access to those libraries,
either supplied by you, or with a helpful test and request to install if missing

You Call This Code?

A word about my coding style in this bookAside from some quite deliberately poor
design choices, | fully intend to make to show you how to improve, the style is, ermm, my
own!

| tend to write in a mixture of C and C, partly because many consoles and embed
ded toolchains | use still use C, and partly because it’s a style | have found my students pick
up quite well before fully adopting C. | nd full Object-Oriented Programming (OOP)
C to be a little unreadable, and confusing, especially for begihrsds® don’'t want
to have to spend two or three pages to explain why @ants you to do things a certain
way, before we can move forwagb I'll continue with my C with classes approach until
we nd that it does not t our needBut | will be introducing more structured C as
this book goes an

e thing about a computer language is this: it is there to make your life edfsy@u
nd it easier to write in mostly Cdo so! Never let anyone stop you unless you are in a
team doing OOFBut on your own at this stage, | encourage you to simply write code that
works, something that makes sense to you, at least until you arsdfyou know what
you are doing, then you can explore the majesty, or lunacy, of coding stantfatds
practice you will naturally start to see patterns in your code that will lead to improvement
and understanding of the more advanced quirks of any language, once you start to see
faults in your own code and that becomes the second nature to you, you're.a coder

But my C with classes style, is functional, my aim here is to make things clear, to give
you room to expand and improve on the basic systémsalso not a hardware expert,
so much of the information | am going to pass on is taken from a basic users’ view point,
based on what | have found the machine can do within the project | am produaing
quite sure a technical graphic coder could get and give a lot more info on the tech side of
things but that’s not really what | want to focus on here

at’s not to say we should not learn new things, | always aim to improve, but I'm usu
ally just too busy making games! It's supposed to be fun! is means a lot of the early sam
ples in this book will be mostly C based to tie in with the traditional starter projects found
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in most textbooks!’ll introduce some classes and then hopefully some raoognizable
standard C as we progress don't use a lot of C 11 usually, but | will introduce
some more useful and up-to-date Cl1 concepts when we need them, as we go through
the projectsl hear that there is now a C17...meh, mafana!

If you want to write tidy sharable code for the team, | suggest a Computer Science (CS)
course somewher# you just want to gain con dence in coding, make something work
and improve your understanding of how to make garResd on, and feel free to rework
my code when you are con dent enough to dé\iso take note, most of the technical stu
we have to deal with, in the 3D sections in particakan, ALL be done bettém giving
you functional, but deliberately not optimal systems, it leaves you open to play with and
improve things, and | will suggest some ways for you to explore and research, so you get a
bigger con dence boost from doing it yourself

Uggh It's All So Old

One other thing you need to also consider is that many of the libraries, le, and data
formats used in this book are older concepts that don't have too much traction any more
in modern game deso why present them here? Simple, we are using target machines
that do not have the horsepower of a modern computer system; in fact, they are about
10-15 years behind the current power level of even a modest g#€at many cutting-
edge concepts need a lot of horsepower or large data stores to function; we just don't have
those resources available to us

So it's quite appropriate that we are going to use some techniques from the good
old days, which are still perfectly functional and once grasped will make updating these
methods a journey you will want to take with foundation knowledge to help you

Coding and using, things that work, will give you a sense of achievement and quick
visible results, rather than a sense of frustration that tends to cause new coders to give up
We will enhance some of the older ideas with our more modern systems and methods
where viable, so you are always free and encouraged to try to use more modern concepts as
soon as you feel you are capable of writing theyour target can handle them! But | am
deliberately presenting relatively simple methods, which are compact, fast, and e ective
even on the lowliest of target system

Finally, though most of the current range of SBCs are multicore and get a signi cant
boost when using parallel processing, I'm not going to explore that in the projects pre
sented here, though I will explain the concepts and some of the projects should be suitable
for parallel processing if the reader feels they want to tihkder this because parallel
coding works best if the projects are built with this in mind, but as this book is targeting
beginners | want to avoid potentially confusing technical concepts until such time as the
beginner starts to understand what they are doerg’s no rush, when youget it you're
free to do anything you want to the code and enjoy the achievement of improvement for
yourself

What Do We Need to Get Started?

As with every new technical challenge the rst thing you need is some cash, you're going
to have to spend a bit of mon&jpt much, trust me, as a Scot, with Dutch ancestry, spend
ing money is as painful to me as it is to you, so we’ll limit it to what we need
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roughout this book | am going to refer to our target machine as the Target or
Raspberry Pi, which due purely to its massive market lead, | am going to assume you
will be using But with very few exceptions any SBC with onboard/integrated Graphics
Processing Unit (GPU), keyboard and mouse connections, and a display output can be
used So long as it's running some form of Linux, which we only need for le and I/O
handling, and most important is using and has drivers for OpenGLESr higher as
a graphic Application Programming Interface (API3 will all be explained in more
detail later

| don't have the foggiest idea how Linux itself works, so I'm only going to use what |
need to use to make the code wdrtend to use Rasbian or Debian, because that's what
the Raspberry Pi uses, but a few machines prefer UbMstlsay, once we are running
our code we don'’t care about the.OBlimit my usage to getting the IP address, installing
some libraries, and making sure it has a compiler and required drivers on it, some things
may need to be downloaded, but are all available for free!

ose of you with Android installed on your (non-Raspberry) machines will need
to change, Android is something else entirely though and not supported in this book but
it is supported by some of the tools we. Ut&e not impossible to convert the projects to
work with an Android-based machine; however, you do risk incompatibility because of
signi cant di erences in machines, which again is a chief reason this is not a book about
Android programming at may come later. It might be a fun project for you when you're
done with this book to try using any new skills you develop to get the projects running on
Android, it can be done, I've got them all running on a couple of brand name tablets with
little real e ort but can't get anything to work on another leading brand phone

ere are some issues with the di erent SBCs and Linux methods of setting up render
ing windows, but for the most part all these machines provide drivers that make that pos
sible, usually in some sample OpenGLE$@de you can nd in the makers downloads

Some of the most popular SBCs are detailed on the support site and | will have per
sonally tried all the samples on them so can give good feedback on any set up and execu
tion issues you might come acrols picking up as many as | can over the next months
to make sure | can give you a chance to use your SBC of. choice

Once individual drivers are set up and installed, a er any speci c initializing sys
tems are called the code samples in here should work on any valid target with few issues
However, computers are interesting things and even two machines of the same model
from the same maker but with di erent production runs, may display di erences, or have
di erent user set ups, so it would be naive of me to suggest everything is going to work
on every machine on a rst attempt, but as far as possible, it shaujdsigni cant dif
ferences in machine setup or installation will be covered as much as | am able to on the
support site

The Target

We need an SBC of course; for the most part | will assume Raspberry Pi, 12 mgbon

would indicate that most of you are using tt& that’s your rst purchase, if you haven't
done so already, you need to do this naithe time of writing, I'm using the current
model, a Raspberry Pi 2 Model B, but am soon going to plug-in my new Raspberry Pi 3
Model B I will do the odd sanity check with older Raspberry Pi ModéBA/Zeroes

| have to handl also have picked up quite a few of the so-called Raspbeveaters
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that are on the market, such as, Nano Pi, Banana Pi, Orange Pi, Pine A64, and so on,
which also use a Linux OSne awesome thing about these little SBCs is most are pocket
money cheap, so adding to my collection is proving to be a fun Hdbbdgpcument any
issues | nd in the support sité do know that some of the others are faster or have more
impressive graphic systems and a few have SATA and USB3 to make disk access a factor,
but | strongly suggest we all stay with the Raspberry Pi’s for learning and then transition
to others if that’s what you want to use

I hope the later versions of the Raspberry Pi that are sure to come, will be as compat
ible. I'm sure they’ll be even more powerful allowing you to fully explore that power with
this book

Buying an SBC on its own is a bit useless though, it usually needs an SD card, to act as
its boot drive and storage medium, ideally preformatted with some form of Linux, which
on the Raspberry Piis called Rasbian, (there are other options but Rasbian is easy to use)
It also needs some means to power it, ideally a 5V, 2-3 A, wall wart

Internet access for your target is needed to install libraries and uplatesiongle
is a wise extra purchase if your target does not have it onboard, and is especially useful
on boards with no wired network connection, though a ermarket USB-based network
systems are availablired network connection to your PC is preferred for faster-com
munication between the target and dev system

I'd recommend a case to keep the Raspberry Pi safe aneld@gre minor extra costs
and usually most sellers will o er you a bundlgot my new Model 3 for unde60euros

Remember that the Raspberry Pi is a computer...therefore, it will also need a display,
a keyboard and a mouse to get the most out of it, | tend to have a few broken and bashed
keyboards lying around, which met their fate during some horror bug hunting session, but
any simple cheap keyboard and mouse will wafi will be doing our coding on our own
PCs, so the Raspberry Pi's keyboard and mouse only needs to be functional and you can
pick up really cheap combination keyboard/mousepads

As noted, your target also needs to have a display, it may be you have a monitor on
your PC that has dual HDMI inputs or you want to use a KVM system, this will work, but
will not be e ective when you want to debug on one screen and see the project running
on another Display switching between the two images will not be a satisfactory expe
rience A small monitor with your Raspberry Pi hooked up, beside your main monitor
is ideal ere are also some very serviceable low-cost LCD panels you can hook up to
the boards directly but don't get less thanotir early games are mostly going to run in
1024 640 pixel resolution, which we’ll scale to the screen’s resolution most of the time
and the small sub Bcreens can't really handle even that low res making scaling laok odd
If you are using a really low-power machine like a CHIP or Pi Model A, you can always
drop the resolution down to 640 480, or even worst case 32Q@00Q It will provide a
speed increase, especially on the 2D projects

If you plan to use a target system you already had for a while, and it currently is set up
with lots of apps, which are set to run in the background, it would be wise to create another
project-based SD to boot clean, so that we make sure our target machine is not using resources
on other applications when we are developiraughout this book, | am assuming a total
clean fresh install of Rasbian or your usual avor of Linux, with all default settings

People have many reasons for buying SBCs and game programming is rarely one of
them, so there are many keen users out there who have expectations that focus on their
particular needsWhen researching a board to buy, you may see a lot of comments on
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what the best board and passionate explanations of why a particular board is bad, very
bad, a total con, and so on!

It's quite true that some of the boards out there are, shall we say, less than optimal
for use as so-called maker boaréy may have badly implemented certain important
features, have a chronic lack of support, or any number of an absolute plethora of quite
genuine issues that will get people raging on their keyboards

But very few of these genuine issues have a direct impact on us using our boards
as programming tools for the game developm& don't care about the OS; we don't
care about the 1/0 Pins or the hardware’s lay8atlong as it runs some form of Linux,
has OpenGLESR2 with drivers, and can display an imagé should not have too many
problems...famous last words there!

The Development Machine

Any desktop or laptop style PC can be used, we are really only interested in its perfor
mance as an editor, so a decent keyboard, mouse, and display are all you readly need
only hardware consideration is that it needs to be able to network in some way, via stan
dard cables or wirelessly

Next, you'll need a copy of Visual Studis presupposes you are running on a
computer with a Windows Q% ater, models of Mac’s can run Windows, so pop-0 to
Microso ’s site and see if you can download a version, it can sometimes be obtained for
free or on discount for studentgisual Studio itself is free in its rich featured Community
version from https://wwwisualstudiocom.

I must take a moment to thank Microso for this; it really is a great gesture to make
such professional tools free to everyone

Next you need some so ware to allow you an easy connection from your PC to the
Raspberry PiWhether you do this via a network cable direct to your PC, or via a router,
or even wirelessiA network connection needs to be madéred connections are much
faster, but wireless can be tidier if you don't mind the speed lag

If you are of a technical mind you can probably work out how to get two machines
with di erent operating systems to work together, maybe even get them to communicate
via Visual StudioBut that takes time and e ort, and if you're reading this you're probably
a beginner, so why go to so much e ort? | am of a technical mind, but I'm also quite lazy
when it comes to doing things when | know there are easier solutions, so | decided to have
a serious hunt around for a solution to this, and | found it

ere is a wonderful piece of so ware called VisualGDB, which allows you to get your
version of Visual Studio to talk to a whole range of di erent machines, send them code,
run it, and debug it on your development machine

| therefore give you a choice:

1. Write your own interface between Visual Studio and a Linux-based Raspberry Pi
2. Download and install the 30-day free trial of VisualGDB
I'm pretty sure you will opt for option. 2f you went for option 1Close the book now, go

write your interface, and be sure to write to me in a few months’ time when you're ready
to start again
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VisualGDB is available from Sysprogs website at https:/imisualGDBcom.

It's free for 30 days, which if you spend a few hours a day, should be more than enough
time for you to work your way through this book and decide if it's worth investing around
U.S$100 (50 Student discounts are available) for something that will make your pro
gramming life so much easidiake note though, the trial starts when you rst run it, so if
you're waiting for your Raspberry Pi to arrive, don't run it till it's purring away and we are
ready to start working on our target

at’s it...a total outlay of around 60 for a target (excluding keyboard/mouse/moni
tor) should see you with a tasty little machine you can target and so ware you can use to
write to that target for the next 30 days

We’re ready to get started

Why Can'’t | Use Linux for Everything?

You can, be my guest | don't mind at all, the problem is | don’t have a clue about Linux,
| don't really want to have a clue about Linux, and you will discover as you read this that
I'm never going to have a clue about LinB® I'm totally not quali ed to give you any real
insight into or advice on using LinuWhich means you’re on your own? Which is kind of

the way most Linux coders seem to work!

We use Linux in some form on our target machines, simply because it provides an
easy use of Secure Shell connections (SSH) via a network, and a means to create a graphi
cal interface to let our projects run and access to some input and output functions

I'm not anti-Linux in any way; it's a ne OS, especially as it's basicallytsgast
not one | personally have ever really wanted to use or found easy to keep up-to-date with
I know only a few basic features, which are used in this book, anything | don’t know I'm
going to Google for, just like everyone else

One thing | do have a problem with though, is the massive variety and quality of the
distributions of Linux, which are available on SBCs, even of the same types oMyinux
recent tests into running Linux on many di erent target machines has demonstrated that
it's rare to nd a fully featured version of any brand of Linux, which is the same from one
machine to another, even from the same makers

But the core versions at least should contain the ability to access, send, compile, run,
and debug, which is all I will focus.on

Support Website

Almost all the code in this book, and some other things that didn't make it in the nal
edit will be available online at my website (https:/wsevatchpadgameset). Most of the
missingparts are things | want you to enter yourself for the pradtitalso maintain an
errata and update on systems or tools | use, color versions of all screenshots, and nal and
much more complete versions of all the demos in this book for you to download, review,
and try out

For brevity, the listings in this book are sometimes incomplete or have had-format
ting altered to t on a pagé.ater in this book, when you should be more pro cient, I'm
not even going to provide the code as a listing, you can review the downloaded source
code itself, which will be commented and tied in with the. tétprovide suggestions
on how to deal with a problem and some outlines, con dent that you already have the
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requirements from previous exampl@»wnloading the demo base code will allow you to
get your systems’ setup ready to add your own additions as this book outlines

But there will benal versions of the demos available, so you can compare your e orts
with mine. | only ask that you please please please, don't just look at the nal versions and
cut and paste the code, you really will not bene t from doing tatk with the support
site, in conjunction with this book

It's quite probable that | will cleanup, tinker with, or x bugs in the source code a er
this book goes to prinBut don’t worry, | will make as few changes to the base online code
as possible, and the source code will have descriptive comments, especially if it varies from
the printed versions
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Thanks

ere are a lot of people to thank for this book, but at the top of the list as always for me
is my daughter, Danielle, who has somewhat reluctantly featured in the credit list of every
game I've written since she was hadaiving her the dubious distinction of numerous
mentions, on several game credit sites, without ever having any interest in playing or mak
ing computer games

e addition in December 2015 of her son Harvey, my rst grandchild, gives me even

more cause to consider her the greatest achievement of my life, games being a very distant

second, or probably third as | am quite proud of my guitar collection, though not my
actual playing!

anks to my friend Professor Penny De Byl for helping me to nd a means to- pub
lish this nonsense, and her help with checking my concept and invaluable advice and
encouragement on what to add and take away from the original concept to keep it fun and
interesting

anks also to friend and now former colleague, Jamie Stewart for taking the time to
go through this book at di erent times and comment on any mistakes | made, deliberate
or otherwise

anks to Grumpy old Git developers (Facebook group, not an insult) Gareth Lewis,
Rob Wilmot, and Paul Carter; Paul for helping me nd and convert some low poly car
models for producing some nice LOD versions of the. aaseth, for his timely help
with a Rasbian compatible key reading routine when | was on the point of throwing the
Raspberry Pi out the window, and also to my student Petar Dimitrov, who came up with a
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neat keyboard scan system to determine which keyboard event was actually active, which
was much tidier than the one | had, so | shamelessly stole it, with his consent

anks also to old friends Shaun McClure and Ocean Legend Simon Butler for their
pixel-pushing prowess on the 2D art you can nd on the site and use, and Colin Morrison
for his 3D race track tiles and a few other models | wasn't able to tin but you can nd on
the site

| have to give a huge shout out to the incredibly talented Pim Bos, one of our family
of NHTV students studying Visual Arts, who did the cartoons that illustrate this. book
His fun take on complex concepts is inspiring and made me chuckle every time he sent
one in

A special shout out to the small band unsuspecting volunteers who ran through this
book for me, nding multiple spelling errors, and more than a few issues with my coding,
especially to colleague David Jones who | now owe free drinks for life for his proofreading
and eye for detail

Finally, my thanks to the management, sta , and all students past and present at the
International Games Architecture and Design (IGAD) programme of NHTV University
of Applied Sciencésn Breda, e Netherlands, which has been my home for the last
9 yearsl've learned much from them and | hope I've given a little bit back at.times

* Soon to be renamed Breda University of Applied Science
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Brian Beuken: Who
s He?

Brian Beuken is a veteran games developer, having started in the early 1980s writing his
rst games on the venerable Sinclair ZX8elf-taught as many were at the time, Brian
wrote games in Basic and Assembler, selling them via mail order before branching out
to form his own small company specializing in conversion of projects from one popu
lar machine to anotheA chance to work for Ocean So ware in Manchester, England,
then one of the largest games companies around, saw Brian leave his native Scotland and
become a full-time game programmer, staying in the center of the tech bubble that was
Manchester and working for several companies producing a host of projects in quick
succession

Eventually, the Manchester bubble burst as companies began to merge and moved
away Brian became a well-established freelance coder specializing in Z80 systems and
handheld devices from Nintendo and Sega, before again taking a leap into entrepreneur
ship and forming his own company, VirtucraVirtucra grew from 3 to 30 people
in the space of 4 years, until once again the bubble burst and the company was forced to
close Brian went on to become Head of Development at an emerging mobile games com
pany, which was later sold and became part of the mighty SquardEnBerian had le
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before that happened, unhappy with the distance from development in the management
role, he returned to coding, and once again entered the freelance market for several years
again specializing in handheld consoles

A chance encounter with a tutor at NHTV in Breda, e Netherlands, resulted in
Brian being o ered a teaching position at the still new IGAD program they had-estab
lished to bring game development skills that the industry needed, to edu¢atiding
the program o ered far more than he’d seen in any comparable education, Brian signed
up thinking he’d try it for a yeaNine years later, he’s still there, still coding, and add
ing to his 75 published titles and enjoying watching his students nd the joy of game
development, which they can take with them to an industry that sorely needs more
programmers
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1 Getting Started

Il MineLooks Different?

It's in the nature of commercial so ware to update from time to time, and even as | write
this 1 will have to deal with so ware updates of at least three of my key tools, which
are known to update regularlwhen | nish writing this, | will go back through it

and change as many old images as | can to be as up-to-date as possible, but even then,
by the time you read it there are likely to be many subtle di erences in the layout and
format, even sequences of some of the tools, especially visasdly use at least two
development machines: (1) home and (2) o ce with di erent versions of the main tools

and multiple targets, so | fully expect a lot of images to be di erent to your basic rst
time setup

However, don’t panic! We can do that later when we get into the tricky stu !

It's unlikely that any of the functionality will change in successive updates, so if the
screenshots presented in this book don't look exactly the same, consider the images as
guides only, and take note of what that image and the text around it is telling you to add/
change/remove and don't panic if it looks di erent, be adapt&ig updates/changes that
have real functional issues for the book code, | will document and maintain xes on the
support site



Il FirstSteps

Its a common rule that programmers must never assume anything, so I'm immediately
going to break that rule and assume you to know how to install Visual Studio, VisualGDB,
and get your Target; in this case, a Raspberry Pi, set upNoOk well let's do the simple
things rst.

Set up the Raspberry R$ is relatively easy, especially if you opted for a prefor
matted SD card when you purchas#dso, insert the card into the Pi, hook up
your power, keyboard, mouse, \{if you bought oneand display and re it up

If you didn't opt for the preformatted card, you have a bit more work to do, but
it's always best to go to the Raspberry Pi website and follow the latest instructions
https:/wwwraspberrypiorg/help/quick-start-guide/

Install Visual Studio is also should be pretty simple, Microso downloads tend to
be painless, if a little slow because of their Bizs&llation can take a little while
but there’s not a lot of input required from you, so once you've started it and ticked
all the right boxes, you can go and make a few cups of your favorite beverage and
come back when it's done

Install VisualGDB One thing you should do before you install this, is make sure you
have run Visual Studio at least once, and closed it dOwrits rst run, Visual
Studio sets up a lot of things, and that can interfere with the settings of some plug-
ins, which is what VisualGDB is, a plug-in, a piece of so ware which extends Visual
Studio’s features

Once you've run it, the installation of VisualGDB is totally painlessidonbt
activate ityet!

Il SettingThings Up

Sadly, we still have a few confusing steps to go through to write our rst Raspberry Pi
program, so let’s start by introducing ourselves to Visual Stlidiou’ve already used it

and know some C/C , you can skip to the section titled, setting up the Raspberry Piand
other targets

Il IntroducingVisual Studio

ose of you still with me, prepare to be amazed and scared, mostly scared, because Visual
Studio is indeed an incredibly scary thing when you rst re it up but we're only going to
use some of the most basic features to start, so let’s just play with those rst before we even
think about the scary topic of connecting to the target machine
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Depending on your version of Windows, you should have a link somewhere on your
start menu or taskbar for the version of Visual Studio that you just instaipeefer to
keep it on my taskbar at the bottom, so it's always accessible

Fire it up and if you have already sneaked ahead and installed VisualGDB, it will
immediately ask you if you want to start the VisualGDB trial...answer no at this point, we
have things to set up and we're going to do one or two little PC programs to get ourselves
comfortable with the Visual Studio

You're going to get something like this, a start scriéevon’'t look exactly the same
as my screen, I've got a lot of di erent plug-ins on my version, also I've used it for several
projects already but the main areas should be similar

o Start Page - Microsoft Vsl Studio ¥ @l oidianancvg  AISNEN
BE DU VEW DBUG TEM 100 AMROD TET TERA ANAIZE WINDOW HELP s B
C-0|B-GWP[9-C-|paach- Jo- [ 11 0] 8. @oeie[woneio |BB|s
Soluon Bplorer BERY ceripxce = x
0on|s
) Professional 2013 Discover what's new in Professional 2013
You can find i ic new in Professional 2013 by
it reviewing the following secions.
- S ——
Opentre
Open from Source Control ice
[P —
A Recent
Liwproject Comea®)
oot
LinuProject?2
R Rt ihatsNewifomaion
mplB400a_2013
bas
il Announcements
e What's New in Visual Studio Update 1 for NET Managed Languages
Tuesday, December, 2015
nplates 2013 v
Nodejs Tools 1.1 for Visual Studio Released
Tuesday, December 8, 2015
engagement cn GeHub.
Announcing the Intune App SDK
Tuesday, December, 2015
T
Announding TypeScript 17
Tuesday, December, 2015
E— " e
Solution Explorer @8

For now, ignore the Start options in the main window, and look at the top le corner, can
you see the FILE tab? Click on it and select New, then Project
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)‘ Start Page - Microsoft Visual Studio ¥ L3 | Quick Launch
ILE | EDIT  VIEW DEBUG TEAM TOOLS ANDROID TEST TEGRA ANALYZE WINDOW  HELP

New » [ Project. Cr+Shift+ N Jla|Acia|
Open » | ‘® WebSite... Shift+Alt+N
Close 174., Team Project...
A Close Solution B File. Ctrl+N
| Save Selected ltems Ctrl+S Project From Existing Code... = 4
T TOUTCoSoTITTIAl VU1 DlSCOVer Wha
Save Selected Items As...
# Saveal Ctrl+Shift+S P rofe ssiona | 2
Export Template...
Source Control » S You can find informatic
P Page Setup... New Project. features and enhancerr
= Print... Cirl+P Open Project.. 2013 by reviewing the
Account Settings... Open from Source Control.. Learn about new features in P
3 See what's new in .NET Frame
Recent Files L Explore what's new in Team Fi
Recent Projects and Solutions >
Recent
A kit Alt+F4
LinuxProjectl Connect to Azure

LinuxProject1 Learn more about Azure

LinuxProject2

NHTV Framework Connect @
tmpl84.00a_2013

q Relocate the What's New infor
basic
PR4 Retake

What's new on Microsc

tmpl84.00a_2013 8 Windows

1 | -
= Microsoft Azure
tmnlf4 Nna 2012 MV ACD NET ol ~md Wl

Maze

is will give us something like this, | say like this, because it's quite possible that the later
version of Visual Studio you may be using will have some variation on this, but we should
still have some of the basics in place to do this
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New Project ?
P Recent |.NEI' Framework 4.5 .| Sort by: [Default = || Search Installed Templates O ~
4 |nstalled | g - .
I Blank App (Universal Apps) Visual C++ Type: Visual C++
4 Templates ‘m++ A project for a single-page universal app
'Y Vicual C++ Hub App (Uni 1A Visual C forWindovys and Windv_ows Phone that
_ ub App (Universal Apps) fsualtrr uses the Windows Runtime and has no
Nsight Tegra .
. -+ predefined controls or layout.
VisualGDB E Win32 Console Application Visual C++
b Other Languages
) ++
b Other Project Types _r Pivot App (Windows Phone) Visual C++
Samples ahe
b Online 2. MFC Application Visual C++
ri#
@ WebView App (Windows Phone) Visual C++
4+
|G| Win32 Project Visual C++
s
B I Empty Project Visual C++
+F
| DirectX App (Universal Apps) Visual C++
<@
s
I DirectX and XAML App (Universal Ap... Visual C++
<@
44
gi DLL (Universal Apps) Visual C++ ¥
Click here to go online and find templates.
Name: App1
Location: | c:\users\brian\documents\AndroidWorks\Projects ~] | Browse... |
Solution name: Appl Create directory for solution
["] Add to source control

Notice we have a group of templates, I've selected the Visuabtup, which we’ll
quickly use to get started, but there is also an option for Visual GBD...we’ll click
that soon
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For now, click on the Win32 Console Application, Visual Studio will automatically
name the project and locate it somewhere on your machine for you
You'll see a box like this appear

Win32 Application Wizard - ConsoleApplication2 ? -

D Welcome to the Win32 Application Wizard

These are the current project settings:

Overview
Application Settings # Console application
Click Finish from any window to accept the current settings.

After you create the project, see the project’s readme. txt file for information about the
project features and files that are generated.

< Previous | Next > || Finish || Cancel

Go ahead and click Finish
And like Magic (that’s why it's called a Wizard), you will now have a small project in
your Visual Studio
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D‘ ConsoleApplication2 - Microsoft Visual Studio X G3 | QuickLaunch (Ctrl+Q)
FILE EDIT VIEW PROJECT BUILD DEBUG TEAM TOOLS ANDROID TEST TEGRA ANALYZE WINDOW  HELP

C-0|B-2 |9 - -| b Local Windows Debugger ~ [Auto <] & - [Debug ~|[win32 A A e

- QX

Solution Explorer
[ ConsoleApplication2 ~| (Global Scope) ~| |

: Defines the entry point for the console application. +

-

co@o-2am| &=

B// C leApplication2. s
Search Solution Explorer (Ctrl+;) L~ ¥ ensefefppiications.cpp
131 Solution 'ConsoleApplication2' (1 project)
4 [ ConsoleApplication2
b 5 External Dependencies
4 3.1 Header Files

#include “stdafx.h”

int _tmain(int argc, _TCHAR* argv[])

stdafich F
targetver.h return ;
s Resource Files }

4 ] Source Files
b 4+ ConsoleApplication2.cpp
++ stdafx.cpp
B ReadMetxt

100% ~| 4

Show output from: | Build lE|le ==

Solution Explorer

Now this is a very, very simple project, it actually doesn't do much, but you can.run it
press F5
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Wait for it.

Wait for it.

Wait for it.

Yup that’s it, that’s all that's going to happen, you will have seen a smalhoiuigaty
at the bottom saying something like this

1> stdafx.cpp

1> ConsoleApplication2.cpp

1> ConsoleApplication2.vexproj -> c:\users\brian\documents\AndroidWorks\
Projects\ConsoleApplication2\Debug\ConsoleApplication2.exe

========== Bulild: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped ==========

And then a black box appears and then disappears on your sévekmone, you just

ran your first ever Visual Studio-built progra@f course, it really didn't do too much

but if you look carefully at the code in the large window, you’ll see there’s very little
code to run

/I ConsoleApplication2.cpp : Defines the entry point for the console
application.

#include "stdafx.h"

int _tmain(int argc, _TCHAR* argv([])

{

return O;

}

ere’s only one function, called _tmain and it has one instruction to return, that's exactly
what it did But how did it do it?

Running a program consists of at least three main stages: (1) compiling, (2) linking,
and (3) then running

If you look at the Build output, you can see that two cpp les were compiled; they
were then linked together, though it does not explicitly tell you, it then made the result
ing EXE le, the actual program was stored in a directory, called, on my machine;
c:\users\brian\documents\AndroidWorks\Projects\ConsoleApplication2\Debug\
ConsoleApplicationzxe

Visual Studio then automatically ran the program in something called Debug Mode
and executed the rstinstruction it saw...which was to return

Now we don't really need to know much about how the black box gets created and the
program starts up, but let’s try to slow things down

Visual Studio is an Editor, but it is also a very powerful debuggexlows us to
examine code while its running and also to stop code at certain points, hover your cursor
over the gray bar next to the return 0; instructiBress the right mouse button and a gray
dot will appear
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Dq ConsoleApplication2 - Microsoft Visual Studio ¥ 3 Quick Launch (Ctrl+Q) I - = =

FILE EDIT VIEW PROJECT BULD DEBUG TEAM TOOLS ANDROID TEST TEGRA ANALYZE WINDOW  HELP signin [
O - B -2 B |9 - C | b LocalWindowsDebugger - [Acto -] & - [Debug -|[win32 0| A i = | MLED

Solution Explorer B Consolehpplication2.cpp + X

@ e-eam|o s - ] ConsoleApplication2 -] (Global Scope) -
Seareh Soltion Eimiorer (Gil » /7 ConsoleApplication2.cpp : Defines the entry point for the console application.
earch Solution Explorer (Ctrl+) - :
&1 Solution 'ConsoleApplication2' (1 project)
4 %) ConsoleApplication2 #include "stdafx.h”
b 4@ External Dependencies
4 ] Header Files . s
A Sarh Flint _tmain(int argc, _TCHAR* argv[])
B stdafx
{
targetver.h ° p—
#7 Resource Files }
4 ] Source Files

b+ ConsoleApplication2.cpp
+4+ stdafi.cpp
B ReadMetxt

is is a breakpoint. Hit F5 again
Now what do we see?

" ' c\users\brian\documents\AndroidWorks\Projects\ConsoleApplication2\Debug... ~ Dn

We should see an Empty window, this was the black box that popped up and disappeared
before we could see its is called a console window; it's basically a small user output
box that we will o en display some text in, usually to tell us something important about
our programs

But why can we see it now?

Look at the Visual Studio again...it seems to be doing something interesting
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Our gray dot, now has an arrow in it, and we now have a new window on show, though this
may vary on your machine because | have some presets that show me autos and arrange
my windows the way | like them, but, we will share the same experience of how our code
runs.

e program has stopped, dead in its tracks and is waiting for you to allow it to
continue or to step through its instructionBress F5 again...or press the green Arrow
Continue box...the window now vanishes aga@ program continued and did its
return, closing the program and closing the console window

So far so good, but it's not exactly the cutting edge, let's make it do something

Traditionally, the rst program that any new coder writes lielo worldprogram, so
let’s try to do that now

Hello World

In this very simple console application, we really only can do one or two things, we can
print some text, and input some teo let’s start with printing some text

e simplest way to print textina C program is to use a function callealt , its
part of a family of routines from what'’s called the STL, or Standard Template Lidiary
C programs have access to these functions, and there are a lot dfitiveswer, we're
only interested for now igout , which a quick check of my favorite C reference site
www.cpluspluscom tells me is part of thdostream class

Now, if I want to use things in a class | need to make sure my program includes the
class de nitions, | also need to check the format for the function, again check my favorite
site

For speed, I've added them here

10
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