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Good evening. This presentation is about the few things I've done on Pyromaniac over
the last year. | hope you all find it interesting.
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Introduction
How I'll do this talk

* Some talk about how RISC OS does things.
* There are 9 sections, with questions spread within them.
» Slides will be available at the end, together with some other resources.

* At the conclusion I'll answer any questions people have for as long as people want.
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Introduction
How I'll do this talk

There's going to be a lot of talk about what goes on inside RISC OS. | suspect that most people won't have
thought about what happens behind the scenes, so I'll try to explain this as well as | can.

The presentation is split into a few sections. Between some of the sections, I'm going to have a short break to
answer questions on that section. This should give us a chance to talk about that section’s topics without
getting too far ahead and people being completely lost.

Please feel free to use the chat to ask questions as we go. | will try to pay attention to it and answer anything

that comes up as we go.
At the end of the presentation, these slides and a bunch of links to resources will be made available.
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Introduction
What I'll talk about

1. Some background.

. VNC and Sprites (and questions).
. Font Manager and Screen Modes.
. Documentation (and questions).

. Testing.

. Miscellaneous bits.

. System demo (and questions).

0 N o 1 AW N

. Conclusions.
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Introduction

What I'll talk about

There are quite a few sections this time.

There will be three demonstrations - one demo of the VNC systems, a some examples of the documentation,

and a longer system demonstration at the end.
And after my conslusion, I'll take questions for as long as people want.
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1. Background

Let's start by giving some background before we get into the meat of the presentation...
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Background
Who am I?

* A RISC OS architect and engineer.
* My day job is working with test and build systems.

* In previous times did a lot of things with RISC OS, which you can read about on my site if you're
interested - gerph.org/riscos

¢ | know RISC OS inside and out, and | work on it because it's fun.

5/121 ‘15:

Background
Who am I?

I'm a RISC OS architect, and in my day job I'm a software engineer. I've worked with all of RISC OS from chip
initialisation through to the applications and development tools. 1I've written about my previous work in much
detail in my RISC OS Rambles on my website.

RISC OS development is something that | enjoy, and | returned to working on RISC OS because | find it to be
fun and challenging.
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Background

Recap

What did | show last year?

e RISC OS Build system, and how it works - build.riscos.online

* A cloud system for building and testing RISC OS software.

* Available to all, for free.
* RISC OS Pyromaniac, the operating system that powers it.

* A reimplementation of RISC OS from scratch in Python.
* Intended for debugging and testing.

e This RISC OS presentation system which runs on it!

* An online service which demonstrates RISC OS Pyromaniac - shell.riscos.online

* A lot of open source software and resources - pyromaniac.riscos.online
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Background

Recap

If you missed the presentation last year, or have just forgotten, I'll summarise what was shown...

Last year | talked about and demonstrated the RISC OS build service, and explained how it worked behind the
scenes. The build service itself provides a cloud based way of building and testing RISC OS software without a
RISC OS machine. It's available for free to everyone.

| talked about the system that powered it - an entirely new implementation of RISC OS from scratch in Python.
RISC OS Pyromaniac provides a command line shell with some graphical capabilities, and runs on Windows,
macOS and Linux.

It functioned well enough that the entire slide presentation was running on it - the presentation system that
you're watching right now.

| developed the slide system using Pyromaniac and only tested it occassionally on RISC OS Classic - the term
RISC OS Classic is how I refer to the original ARM implementation of RISC OS.

| introduced a web site that provides an interactive demonstration of the operating system. And for the
presentation the site pyromaniac.riscos.online includes media generated to show off the system, and links to

software that has been released.
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Background
What I said |1 was going to look at

Here's what | said | wanted to have a look at:
¢ More APls.

* Better handling of corner cases.

* Sprites (sigh).

e Back Trace Structures.

* Finish the pending branches - Windows, Zipper, EasySockets, Git, DCI4, ...
* Using it for actual testing - that was what it was for!

* So many other opportunities.
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Background

What I said | was going to look at

At the end of the presentation | said there were a few things that | would like to look at...

I'd like to say that I've got them all done. But no.

I'll talk about the things that | have got done, which isn't too far from this. | mostly attacked this year in the
same way as the previous year - by doing what seemed fun, and what grabbed me at the time.
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2. VNC and sprites
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2. VNC and sprites

Let's talk about some stuff!
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VNC server

A more accessible system

It would be coal...

* To have the shell server be more accessible.
* To allow you to have a graphical view on the system.

* Maybe pipe the graphics operations directly to a browser canvas.

But that's a lot of work.
How about using VNC instead? - let's write a library.
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VNC server

A more accessible system

One of the things | wanted to do was to make the shell server a little more accessible. At the moment there's
one shell server and it shares its filing system with all the users. | wanted something that was a bit more

flexible so that it can be used by more people as a general online RISC OS server.

It probably wouldn't be that hard, | reasoned, to make the display from the Cairo graphics system available
through the browser. Or even to stream the graphics operations to the browser directly, without Cairo.

That would be really interesting and quite cool. But it's a lot of work, and I'm not that interested in it. But, |
thought, 1've got a Cairo surface, so surely | could present that through a VNC server rather than to the desktop?
| looked. There wasn't a simple library that bridges Cairo to VNC. So | wrote one. You'll find it on GitHub as

cairo_vnc.
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VNC server
Writing a new library (1)

The library ...
* Needed to be reusable
* Needed to work with the common VNC clients.
» Needed to be simple enough to be used without much boilerplate.
e Needed to handle multiple concurrent connections.
* Needed to allow some connections to be read only.
» Needed to be able to take input from the user.
» Needed to be able to change the pointer.
* Needed to be able to handle clipboard.
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VNC server
Writing a new library (1)

A VNC server has, traditionally, been something | thought 'gosh that's hard to do'. But actually it's really not
that hard. The devil is in the detail as always, but getting something that works isn't actually that hard.
Although | wanted the VNC server inside Pyromaniac, | don't believe in building things for one purpose. That's
a key requirement when you're working with an operating system. You should never think 'how do | solve
this', but instead think 'what is the class of problem I want to solve'. Because you aren't writing something for
a specific purpose, but so that others can use it to do things that you hadn't thought of.

Plus, of course, that makes it easier to test. You can run things in isolation and get rid of the bugs without
subjecting it to the mess that is your real application - in this case Pyromaniac.

So | started out by writing a server that could be attached to a Cairo surface, without any real knowledge of
what the surface shows or the application that runs it. That way | can build it in to Pyromaniac, but | can make
it available to other people if they want to use it.

The library was built up from the specification, just stepping through the different sections and implementing
the request/response handling as | went. | had a list of requirements for things | wanted it to be able to do.
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VNC server
Writing a new library (2)

What do we support?

e Password controls whether you can control the session, or only view.

* Display format can have most RGB formats.

* Only ever supplies data as raw RGB - never compressed...
e ... butit only delivers changing rows.

* Display size changes can be communicated to the client.
* Mouse and keyboard input is supported.

* Multiple simultaneous connections supported.

But ...
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* It doesn't support changing the pointer.
* Or the clipboard.

VNC server
Writing a new library (2)

Once I'd implemented the initial negotiations and security checks, | had to handle actual pixel data. There are

a lot of encodings available to the VNC servers, but the bitmap data is only handled as RGB in my server - no
JPEG encoding here. It does handle arbitrary bit depths up to 8 bit per channel and has a conversion that

handles different shifts.

If you want 2 bits of red, 4 bits of green and 2 bits of blue, in the order blue, green, red it should handle it.
The VNC protocol allows a number of ways of encoding the changed data - you can give rectangles of

arbitrary size, or copy regions, and you can compress the data with ZLib if you want. There's a bunch of things
you can do. But my server only supports the raw encoding.

It also only delivers whole rows at a time. Because that's a lot easier to handle, and I really don't need to do
any more. It does optimise out any rows that are unchanged though. But that's about the only efficiency we

apply here.

The animator - that's the name | give to the application that's being served - can change the size of their
display. On RISC OS this would happen if you changed the mode and the resolution was different. So the
server supports this behaviour - not all clients handle it but that cannot be helped.

Input from the user is buffered until the animator is ready for it - so you can interact with what's being
displayed. Each client is able to be configured so that it can be read only (cannot give input) or a standard
client (which can give input). The animator retrieves the events and can handle them as it sees fit. There's
currently 3 events that are available - mouse click/release, key press/release and mouse movement.
Deciding which types of clients are read only or standard is purely down to which password was given.
There's one for read only and one for standard. | would expect that you would use this as a way to present a

single session to multiple users.

11/121



VNC server
What does it look like?

# Create the animator

screen = Screen()

animate thread = threading.Thread(target=screen.animate)
animate_ thread.daemon = True

animate_ thread.start()

# Create the server

server = cairovnc.CairoVNCServer (port=5902, surface=screen.surface)
server.serve forever()

N
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VNC server
What does it look like?

| created small examples to go with it, showing how you run your application on one thread, with the VNC
server on another thread handling connections.

Assuming you have some Cairo rendering in a simple class called screen, this is the sort of code you could
use for a basic animation. You create your animation object, and you run it on a thread. Then you create a
cairovNcserver with a bunch of configuration parameters, and you tell it to serve stuff.

In a real program you need a bit more than this, but the examples show how to do this stuff. The image shows
what one of those example programs looks like in a VNC client. The bezier curve moves around and the red
square moves up and down.

It's very exciting.
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VNC server

Integrating with Pyromaniac

How easy was it to integrate with Pyromaniac?

* Not especially hard.

* Getting the mouse input right was surprisingly frustrating.
* Needed multi-threaded locking adding to the library.

e The entire implementation is 317 lines.

* 130 of them are the key mapping table.
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VNC server

Integrating with Pyromaniac

Ok, so having got a library, how was easy was it to integrate with Pyromaniac?

Not especially hard really. It's just another graphics implementation around Cairo. So in that respect it's just a
case of taking some of the existing code, stripping out all the desktop Ul specific bits, and replacing them with
VNC specific bits.

The rendering needed to use a locking system to ensure that we don't try to render whilst the library is
grabbing the content for a VNC client. This required an update to the library as | had forgotten that feature.
But the entire VNC graphics implementation in Pyromaniac is about 320 lines - and a third of those lines are
just the key mapping from VNC to internal key numbers. You'll find the source to the implementation on the
pyromaniac site.

Whilst I'd been working on the VNC server, 1'd also been trying to add the ability to plot sprites. Because
surely that's not so hard?
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Sprites

How do you draw sprites?

Let's look at what happens when you put a sprite on the screen in RISC OS.

* Work out what the sprite is (0s_spriteop 18 or use the sprite name).
* Ask for a colour translation table (ColourTrans GenerateTable).

* Request a plot of the sprite (0S_spriteop in one of its many forms).
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Sprites

How do you draw sprites?

Let's look at what happens when you put a sprite on the screen in RISC OS.

* Work out what the sprite is.
e Usually calling os_spriteop to find the sprite address, although you could just give its name.
* Ask for a colour translation table.

e This is done through colourTrans_GenerateTable (Or SelectTable).

* As the graphics system has been extended, these tables are more complex and if you look in PRM
5a you'll find a table of 4 different combinations of translation table formats that can be used.

* Essentially the table takes the palette entries and produces values that can be written to the screen
for them.

* There's also the possibility of using a colour transfer function - this allows you to change the
colour used in the sprite very easily.

* Finally you request a plot of the sprite.

* One of the 0s_spriteops like Plotscaled is called, passing in the translation table so that the
sprite is rendered with the correct colours.

e spriteop takes every pixel that's being rendered, looks up the correct value in the translation
table, transforms it into the right position and stores that resulting value on the screen.
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Sprites

What do you need to draw sprites?

e Graphics primitives, like a graphics cursor and colour selection.

* Modes that are shallow (paletted), and deep (linear colour components).
* Mode information, like the depth and dimensions.

* Palette information for mapping colours in low modes.

* Colour translations, for finding the best colours.

e Sprite area management, like loading and finding the right sprites.

e Sprite area information, to know what sprites are.

» Sprite rendering, to get the sprite on to the screen.
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Sprites

What do you need to draw sprites?

Knowing what happens to draw a sprite to the screen, what parts of RISC OS do we need to work in order to
do this?

There are quite a few areas which need to work in order to get a sprite on to the screen. Some are pretty
simple, but others cover more of the system. It would be nice to think that sprite rendering was just about
putting something on the screen, but that's just the pinacle that sits on quite a few structural foundations.

I'll talk about some of these and how they're handled inside Pyromaniac.
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Sprites

Drawing sprites in Pyromaniac (1)

Graphics primitives like being able to select colours to draw with, and then drawing lines and text, may not
seem like they're necessary for sprite plotting, but they're needed for a few things...

e Colour selection is used for the rarely needed 'plot mask' operations.
* Graphics cursor positioning is needed for some 'plot at cursor' operations.

* Graphics windowing needs to bound any rendered windows.
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Sprites

Drawing sprites in Pyromaniac (1)

Graphics primitives like being able to select colours to draw with, and then drawing lines and text, may not
seem like they're necessary for sprite plotting, but they're needed for a few things...

e Colour selection is used for the rarely needed 'plot mask' operations. It's not high on the priority list,
but it's needed. Most of the GCOL operations were working fine last year - but only in the paletted
modes. And then only reliably on 16 colours and below. 256 colour modes are a special beast. So
there was a bit of a revamp of the way in which colour selection worked, especially in the 256 colour
modes. Lots of tests added here to check that the behaviour matched that of RISC OS Classic.

* Graphics cursor positioning again might now seem like it's necessary, but some of the sprite operations
plot the sprite at the graphics cursor. It's a hang over from the BBC Master. Fortunately, this was pretty
much complete last year, so there wasn't anything to do. Yay!

* Graphics windowing is required for all graphics operations, so that what is drawn is kept within the
rectangle that the user has specified. This was working last year, but in some cases wasn't quite right.
There's a bunch more tests for this in the regular graphics system to ensure that the window is
honoured properly.
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Sprites

Drawing sprites in Pyromaniac (2a)

Two types of modes:

e Shallow modes are paletted and have 256 colours or fewer.

* Deep modes have linear colour components (15bpp and 24bpp modes).
How are they specified:

e The current mode, usually specified as -1 to interfaces.

e Numbered modes.

* Mode selectors, which give the basic screen parameters for a mode.

* Sprite mode numbers, which just contain the colour type and the density.

e Sprites, which can be treated like modes in some cases.
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Sprites

Drawing sprites in Pyromaniac (2a)

Next on the list of requirements was having shallow and deep screen modes.

* Shallow modes are paletted. When you need an RGB colour, you must check all the colours in the
palette to find the closest.

* Deep modes haves linear colour components (15bpp and 24bpp modes). Looking up a RGB colour is a
calculation. Deep modes weren't really implemented last year. They worked for only some very limited
cases.

The mode system had been designed with the intention of making it possible to add deep modes later - but last
year, only numbered modes were supported. This mattered because the interfaces that sprites and colour
translation uses allow for 'modes' to be specified in a number of different forms:

* You can give -1 to mean the current mode.

* You can use a numbered modes below 256.

* You can use mode selectors, which give the basic screen parameters for a mode.
* There are sprite mode words, which just contain the colour type and the density.

* And you can supply a sprites, which can be treated like modes in some cases.

Of these all the formats need to be handled, but only the first two were supported last year. The details of this
are documented in PRM 5a, but I've created new documentation to combine all the mode specification details
into one place. You'll find this in the APl documentation.
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Sprites

Drawing sprites in Pyromaniac (2b)

Cetting a Mode from a mode specifier:

def getmodedef(self, mode_or_address):

unn

Convert from a mode specifier (number, selector, sprite mode word, etc) to Mode.

wun

modesel = ModeSelector(self.ro, mode or address)
return modesel.modedef
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Sprites

Drawing sprites in Pyromaniac (2b)

Internally modes are described with a class called Mode. This class describes all the properties that the mode
has - it's width, height, depth, density and a bunch of other parameters. Basically everything you would
normally find in 0s_ReadModevariable. Each Mode can also return its palette, and the default palette for that
mode - because each mode could have had its palette changed.

That was fine when we only had numbered modes, but to introduce the other ways of handling modes we
need to be able to create new Mode objects to represent (say) sprites.

So we now have a new class Modeselector, which can handle the different forms of mode specification and
turn them into a Mode. In some cases, the specification is incomplete so we don't know all the information -
the sprite mode word, for example, doesn't give any information about width and height, but does contain
depth and density.

All the mode handling passes through a getmodedef function which takes one of the mode specifiers, and
makes a Mode using the Modeselector mechanism.
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Sprites

Drawing sprites in Pyromaniac (3)

if mode in (-1, OXFFFFFFFF):
self.modedef = self.ro.kernel.vdu.getmodedef (-1)

elif mode >= 256 and (mode & 1) == 0:
sprite_address = self.ro.kernel.api.os_spriteop_get_ address(area=mode,
sprite name=sprite name)
self.modedef = self.ro.kernel.vdu.getmodedef (sprite address)

else:
# Numbered mode, or a mode descriptor
self.modedef = self.ro.kernel.vdu.getmodedef (mode)

self.colours = self.modedef.ncolour + 1
if self.colours == 64:
self.colours = 256
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Sprites

Drawing sprites in Pyromaniac (3)

Here you can see an example of the getmodede£ function in use. This is a section of colourTrans with some
complexity cut out.

Because | use a single function to get a Mode, it is possible to use the service ModeExtension interface to
provide new numbered modes. This interface was already present last year, but only using the RISC OS 3.1
style of mode extensions. It now also supports the RISC OS 3.5 form.

Fortunately the differences between these are largely related to hardware, and as Pyromaniac doesn't have any
hardware, we can completely ignore those parameters. It's only the mode variables we really care about, and
we just use them to create the Mode object.

Because it's easy to create new modes in this way, there's now a configuration option that allows modes to be
defined on the command line.
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Sprites

Drawing sprites in Pyromaniac (4a)

* To operate on a sprite we need to find it in a sprite area.
* Pyromaniac has an object for a spritearea, which can locate sprites by name.
» Within the area, we create objects for sprite itself - a sprite object.

e This sprite object knows how to extract information from it:

e Width and height
* Mode - resolution, depth and colour type.
* Palette

* Image data

* Mask data
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Sprites

Drawing sprites in Pyromaniac (4a)

Inside Pyromaniac, we need to be able to find out where a sprite is before we can operate on it - we need to
find the sprite's address. Even if the user gives the sprite's name, internally the OS still has to do this look up.
Is that hard? Not per se, but it requires that all the machinery to look up sprites be handled properly, in
approximately the same way as it did in RISC OS Classic.

This means that all the sprite calls need to be able to create python objects that reference the sprites in the
sprite area so that we can look them up. But only if the sprite operation being performed need a sprite.

For example, some sprite operations don't need a sprite to be passed to them. Others can be passed a value of
0 for the sprite pointer. And of course, some look up the sprite by name and some look up the sprite by
address.
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Sprites

Drawing sprites in Pyromaniac (4b)

@handlers.osspriteop.register(spriteop.SpriteReason ReadSpriteSize)
def 0S SpriteOp 28(ro, reason, regs, area, sprite):
regs[3] = sprite.width

regs[4] sprite.height
regs[5] = 1 if sprite.mask_offset else 0

regs[6] sprite.mode
if ro.kernel.sprites.debug spriteop:
print("Read sprite size {!r}, name {!r} => {}x{}, mask {}, mode {} (&{:08x})"
.format(sprite, sprite.name,

sprite.width,
sprite.height,
bool(sprite.mask offset),
sprite.mode,
sprite.mode))
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Sprites

Drawing sprites in Pyromaniac (4b)

Every time you reference a sprite in a sprite area, the Python code will build a spritearea object that
manages the area, and then builds a list of objects which represent the sprites in that area. The sprite object for
a given operation is passed to the function that will operate on it - which in our case will be the plot operation.
So all of that machinery for decoding sprite areas and sprites had to be built, and the mechanisms for
dispatching the handling of each sprite operation. That had to happen just to be able to operate on the sprite
area and find details about the sprites.

The code you can see here handles reading the sprite details. Because it has been passed the object
representing the sprite it can update the registers with the correct values and return.

But before that we need to get a translation table.
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Sprites

Drawing sprites in Pyromaniac (5)

* ColourTrans_GenerateTable turns a palette into a translation table for rendering sprites.
* Takes source and destinations, which can be any of the mode specifiers.

» Can change the colours as the table is generated with a transfer function.

A simple call in BASIC for translation from a sprite to the current mode might be:

SYS "ColourTrans GenerateTable", 256, sprite%, -1, -1, 0, %01 TO ,,,,plxtrans size$%
DIM pixtrans% pixtrans_size$%
SYS "ColourTrans_GenerateTable", 256, sprite%, -1, -1, pixtrans%, %01
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Sprites

Drawing sprites in Pyromaniac (5)

Getting a translation table means calling ColourTrans to process the sprite palette and the screen palette to
produce the mapping of the pixel values. However the process is more general than that.

The source we're generating a translation for might not be the sprite and its palette, but could be a regular
screen mode number, or the current mode. Or it could be a sprite mode word and a palette pointer. Or even a
mode descriptor and a marker to use the default palette. Or a mixture of those pairs.

And the destination might be an equivalent set of those combinations.

Additionally, there's a 'transfer function' which can change the colours. This is a pointer to code that
colourTrans will call to change the colours as they are being translated. This allows you to do effects like
inverting the sprite, or tinting them a particular colour. The WindowManager uses these for selections.

So let's take an example. Let's say we've got a 4 colour sprite and we want to plot it in a 16 colour mode.
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Sprites

Drawing sprites in Pyromaniac (6a)
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Sprites

Source palette

Plotting sprites: Source

Colour 0

&00000000

Colour 1

&0000FF00

Colour 2

&00FFFF00

Colour 3

&FFFFFF00

Drawing sprites in Pyromaniac (6a)

Here's what we want to draw. It's a red letter 'G' which is being drawn from a 4 colour mode with the
standard palette. It's going to be plotted in a 16 colour mode with the desktop palette.
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Sprites

Drawing sprites in Pyromaniac (6b)

Plotting sprites: ColourTrans_GenerateTable

Source palette

Destination palette

Colour 0

&FFFFFF00

Colour 1

&DDDDDDO0

Colour 2

&BBBBBB00

Colour 3

&99999900

Colour 4

&77777700

&00000000

Colour 5

&55555500

Colour 6

&33333300

Colour 0
Colour 1

&0000FFO00

Colour 2

&00FFFFO00

Colour 7

&00000000

Colour 8

&99440000

Colour 3

&FFFFFFO00

Colour 9

&EEEEQ000
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Sprites

Drawing sprites in Pyromaniac (6b)

So we call ColourTrans_GenerateTable. This call will create a translation table which we can use to translate

Colour 10

&00CC0000

Colour 11

&0000DDO0O

Colour 12

&BBEEEE0O

Colour 13

&00885500

Colour 14

&00BBFF00

Colour 15

&FFBBFF00

the colours in the original sprite to the colours on the screen. ColourTrans reads the palette from the sprite and

from the current destination.
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Sprites

Drawing sprites in Pyromaniac (6¢)

Plotting sprites: ColourTrans_GenerateTable

Destination palette

Colour 0 |&FFFFFF00
Colour 1 |&DDDDDDO0
Colour 2 |&BBBBBB00
Colour 3 |&99999900
Colour 4 |&77777700

Source palette Colour 5 |&55555500
Colour 0|&00000000 Colour 6 |&33333300
ICO[Our 1/&0000FF00 Colour 7 |&00000000
Colour 2|&00FFFF00 Colour 8 |&99440000
Colour 3|&FFFFFF00 Colour 9 |&EEEE0000

Colour 10|/&00CC0000
Colour 11|&0000DD00
Colour 12| &«BBEEEE0O
Colour 13|1&00885500
Colour 14| &00BBFF00
Colour 15|&FFBBFF00
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Sprites

Drawing sprites in Pyromaniac (6c)

It then steps through each of the colours in the source palette and finds the closest match in the destination
palette. This is actually done with some weightings to allow for more sensitivity to certain colours.
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Sprites

Drawing sprites in Pyromaniac (6d)

Plotting sprites: ColourTrans_GenerateTable

Destination palette

Colour 0 |&FFFFFF00
Colour 1 |&DDDDDDO0
Colour 2 |&BBBBBB00
Colour 3 |&99999900
Colour 4 |&77777700

Source palette Colour 5 |&55555500 Table
Colour 0]&00000000 Colour 6 |&33333300 Byte O| 7
ICo[our1 &0000FF00 Colour 7 |&00000000 Byte 111
Colour 2|&00FFFF00 Colour 8 |&99440000 Byte 2|14
Colour 3|&FFFFFF00 Colour 9 |&EEEE0000 Byte 3| 0

Colour 10/&00CC0000
Colour 11|&0000DD00
Colour 12| &«BBEEEE0O
Colour 13|1&00885500
Colour 14| &00BBFF00
Colour 15|&FFBBFF00
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Sprites

Drawing sprites in Pyromaniac (6d)

These colours are then written into the caller's translation table. In this example we're using a 4 colour source
and a 16 colour destination, but in a 256 colour mode, this can result in a lot of comparisons. Classic

ColourTrans has optimisations for this, but these aren't present in Pyromaniac at present.
Here you can see that the translation table has the original colours mapped to colour 7, 11, 14, and 0.
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Sprites

Drawing sprites in Pyromaniac (6e)

Plotting sprites: OS_SpriteOp

Sprite

Table
ByteO| 7
Byte 1|11
Byte 2 (14
Byte3]0

27 /121

Sprites

Drawing sprites in Pyromaniac (6e)

Having obtained the translation table, we now call os_spriteop to actually render the sprite with that table.
os_spriteop is given the sprite, and the translation table, and it has to put that sprite on the screen. The
procedure is very similar to that on RISC OS Classic, but there is only one implementation inside Pyromaniac -
whereas in RISC OS Classic there are two. One implementation, for the simpler operations is in the Kernel,
and one for the more complex operations is in SpriteExtend.
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Sprites

Drawing sprites in Pyromaniac (6f)

Plotting sprites: OS_SpriteOp

Sprite Byte data
10101 11|=215 Table
[T 11 1101|=253 ByteO| 7
171111 01|=253 Byte 1[11
[T 0111 01|=221 Byte 2|14
110101 17|=215 Byte3| 0
IT11 11 11|=255
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Sprites

Drawing sprites in Pyromaniac (6f)

To explain how the sprite is stored, I've included a table showing the bit pattern that's stored in the sprite and
the decimal values of those bytes. In reality, all the sprites are aligned to 4-byte words, but I'm trying to keep
this simple.

You should be able to see that the 'G' is flipped horizontally. This is because the left most pixel's value is
stored in the lowest bits of the byte, and the right most pixel is in the highest bits of the byte.
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Sprites

Drawing sprites in Pyromaniac (6g)

Plotting sprites: OS_SpriteOp

Byte data
0101 =215 Table
1 01(=253 Byte 0| 7
101|=253 Byte 1|11
01 0Tf=221 Byte 2|14
10101 =215 Byte 3| 0
1 1 =255

Colour lookup
215|= (3, 1, 1, 3)

21)=(1, 3, 1, 3)
253|= (1, 3, 3, 3)
255]= (3, 3, 3
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Sprites

Drawing sprites in Pyromaniac (6g)

Now let's do some actual processing on this data. The first thing that the Pyromaniac code does is to build a
table that converts from the byte values to the pixel values - essentially undoing what | did to explain how it
was stored in the previous slide. This is actually a static table for each depth of mode.

Because there are only 4 distinct values used in our example sprite, I've only shown these 4 entries in the
lookup table.

As you can see, the byte 215 in the sprite actually means colours 3, 1, 1 and 3 in a 4 colour mode. It doesn't
matter what those colours are. That's why we use the translation table - ColourTrans has already done that
work to map those colours to the new values.
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Sprites

Drawing sprites in Pyromaniac (6h)

Plotting sprites: OS_SpriteOp

Byte data
01 01 =215 Table
1 01|=253 Byte 0| 7
1 01]=253 Byte 1|11
101 1101]=221 Byte 2[14
10101 =215 Byte 3| 0
11 1 =255
Colour lookup Translated lookup
215(=1(3, 1, 1, 3) 215(= (0, 11, 11, 0)
221[= (1, 3, 1, 3)| =i [227|= (11, O, 11, 0)
253|= (1, 3, 3, 3) 253| = (11, 0, 0, 0)

255|=1(3, 3, 3, 3) 255 = (0, 0, 0, 0) E
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Sprites

Drawing sprites in Pyromaniac (6h)

Next we apply the translation table to the lookup table. This means replacing each of the colour numbers from
our lookup with the corresponding number from the translation table.

This new table tells us what colours we should use in the destination mode for a given byte in the source
sprite. That would be fine if we were writing to a RISC OS mode, but we're not - Cairo only ever uses a 24 bit
per pixel output so we need to convert to its format.
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Sprites

Drawing sprites in Pyromaniac (6i)

Plotting sprites: OS_SpriteOp

Destination palette
Colour 0 |&«FFFFFF00
Colour 1 |&DDDDDDO0
Colour 2 |« BBBBBB00
Colour 3 [&99999900

Byte data Colour 4 |&77777700
101 01 =215 Table Colour 5 |£55555500
11111 01)1=253 Byte 0| 7 Colour 6 |&33333300
111 1101]|=253 Byte 1|11 Colour 7 [&00000000
101 1101)1=221 Byte 2|14 Colour 8 |&99440000
10101 =215 Byte 3( 0 Colour 9 |&EEEE0000
11111 =255 Colour 10|&00Ccc0000

Colour 11|&0000DD00
Colour 12|&BBEEEE0Q
Colour 13|& 00885500
Colour 14|&00BBFF00
Colour 15|&aFFBBFF00

Colour lookup Translated lookup Paletted lookup
215(=1(3, 1, 1, 3) 215|= (0, 11, 11, 0) 215(= (&FFFFFF00, &0000DD0O0, &0000DDOO, &FFFFFFO00)
221]=1(1, 3, 1, 3)| —=|221|= (11, 0, 11, 0)| —=[221]= (&0000DD0O, &FFFFFF00, &0000DD00, &FFFFFF00)
253(=1(1, 3, 3, 3) 253|=(11, 0, 0, 0) 253 (= (&0000DD00, &FFFFFF00, &FFFFFF00, &FFFFFF00)
255|=1(3, 3, 3, 3) 255| = (0, 0, 0, 0) 255

= (&FFFFFF00, &FFFFFF00, &FFFFFF00, &FFFFFFO00) E
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Sprites

Drawing sprites in Pyromaniac (6i)

We look at the current destination's palette and we apply a mapping to the translated palette, giving the actual
colours that will be used on the screen. So now we have a table that maps from the byte that was stored in the
sprite to the colour that will be placed on the screen.

At this point you might wonder why we can't skip the translation table entirely and just map the colours
directly to those that will be put on the screen from the source palette. The reason is pretty simple - the
translation table doesn't have to map colours directly.

They could be made darker, lighter, or inverted. Or the user could be doing some colour cycling - hiding some
colours to make a simple animation. This means that you have to honour what the user supplied to you.

There are special options to some of the sprite plotting calls to plot directly from the palette, and this does offer
some opimisation opportunities.

Up to now, we're not actually been concerned with the sprite data. All we've been manipulating is the table of
lookups that will be performed on each byte of data.
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Sprites

Drawing sprites in Pyromaniac (6j)

Plotting sprites: OS_SpriteOp

Byte data
110101 11|=215 Paletted lookup
[T 11 1107T|=253 215|= (&FFFFFF00, &0000DD0OO0, &0000DD0O0, &FFFFFF00)
111 1101]=253 221|= (&0000DD00, &FFFFFF00, &0000DD00, &FFFFFF00)
1101 11 01{=221 253|= (&0000DD00, &FFFFFF00, &FFFFFF00, &FFFFFF00)
110101 11)|=215 255|= (&FFFFFF00, &FFFFFF00, &FFFFFF00, &FFFFFF00)
1T 1111 11|= 255

Output data

(&FFFFFF00, &0000DD00, &0000DD00, &FFFFFF00)
(&0000DD00, &FFFFFF00, &FFFFFF00, &FFFFFF00)
(&0000DD00, &FFFFFF00, &FFFFFF00, &FFFFFF00)
(&0000DD00, &FFFFFF00, &0000DD00, &FFFFFF00)
(&FFFFFF00, &0000DD00, &0000DD00, &FFFFFF00)
(&FFFFFF00, &FFFFFF00, &FFFFFF00, &FFFFFF00)
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Sprites

Drawing sprites in Pyromaniac (6j)

Finally we can put this information together. For every byte in the source sprite data we look up what this will
be on the screen in the paletted lookup table. This produces a table of colour values which can then be written
to a Cairo surface and rendered on the screen.
Hopefully you can see in the colour values that the image data is of a 'G'.
There are a lot of things 1've glossed over here:
* The sprites may not start at bit O, or end at the end of a word - they might have a few bits at the start of
the byte that aren't used. Or if this sprite had only 3 columns instead of 4, the final 2 bits wouldn't be
used.

¢ In both these cases, the Pyromaniac code still converts the data, but cuts the missing parts off before
giving the to Cairo. It's slightly less efficient to process that extra data, but a lot clearer in the code to
do it that way.

e The colours that are supplied to Cairo aren't actually in the same format as for RISC OS - generally
most graphics systems settled on the opposite order for the RGB values. So those are reversed at the
palette lookup.

* Masked sprites come in a number of flavours. There is a similar lookup that is performed to create an
alpha channel in the Cairo image before it is plotted to the screen.

All of these translation table and processing operations happen for every single sprite plot. In Pyromaniac it's
all implemented in Python. You might think that that means that it's going to be slow. And yu'd be absolutely
right. But it's not quite as bad as you might expect.
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Sprites

Coordinate space (1)

* Coordinate spaces describe where you start drawing from and which direction is positive in each axis.
e RISC OS uses cartesian coordinates, just like the BBC.
* These are mapped to pixels on the screen.

* Pyromaniac has to then map them to the coordinates used by the Cairo graphics system.
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Sprites

Coordinate space (1)

The graphics system in Pyromaniac has a number of coordinate spaces to deal with. Each of the graphics
operations needs to convert between these coordinates spaces in order to put something on the screen. The
first three spaces are common with RISC OS Classic.

These coordinate conversions aren't really restricted to sprites, as they apply to all the graphics primitives, and

Draw and Font rendering.
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Sprites 800,600

Coordinate space (2) tve
* Origin is specified by the user. T—P +ve

0,0

 X-coordinates increase to the right of the screen.

* Y-coordinates increase up the screen. — 800,600

* User coordinate space has coordinates which are scaled by the eigenfactors, representing the shape
and size of pixels.

* Bottom left coordinates are (-800, -600).
* Top right coordinates are (800, 600).
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Sprites
Coordinate space (2)

The first space is the user space with an origin. In this example, the origin has been placed at the centre of the

screen.
As | step through these spaces, the changing parameters are highlighted in bold.
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Sprites 1600,1200

Coordinate space (3)
+ve
* Origin is specified at the bottom left.
* X-coordinates increase to the right of the screen.
* Y-coordinates increase up the screen. 0.0 -

* User coordinate space has coordinates which are scaled by the eigenfactors, representing the shape
and size of pixels.

* Bottom left coordinates are (0, 0).

* Top right coordinates are (1600, 1200).
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Sprites

Coordinate space (3)

The space is converted to normalised user space by adding the origin to all the coordinates.
The origin is now in the bottom left, and the coordinates are affected accordingly.
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Sprites 800,600

Coordinate space (4)
+ve
* Origin is specified at the bottom left.
 X-coordinates increase to the right of the screen.
* Y-coordinates increase up the screen. 0.0 Bl

* Coordinates map directly to pixels.
¢ Bottom left coordinates are (0, 0).

* Top right coordinates are (800, 600).
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Sprites
Coordinate space (4)

Then we convert to internal coordinates by scaling by the eigenfactors. The eigenfactors basically describe the

shape of a pixel - how rectangular it is.
This means that every addressable coordinate now maps to a pixel, and the top-right is now the size of the

screen in pixels.
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Sprites 0,0

Coordinate space (5)

+ve

* Origin is specified at the top left. +ve

* X-coordinates increase to the right of the screen.

* Y-coordinates increase down the screen. 800,600
e Coordinates map directly to pixels.
* Bottom left coordinates are (0, 600).

* Top right coordinates are (800, 0).
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Sprites

Coordinate space (5)

Finally the Cairo implementation has to turn everything upside down.
Like most other graphics systems, Cairo uses an origin at the top left, with Y-coordinates increasing down the

screen.
This means subtracting the coordinates from the height of the screen.
Every graphics operation has to go through these transformations to get to the position that they will appear on

the Cairo surface.
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Sprites

Transformations (1)

To resize the sprites with 0s_spriteop...

 Some calls always render 1:1 on the screen.
* Some calls take a transformation matrix.

* Some calls take a scale block.

Pyromaniac has scale and Matrix objects to handle these operations.

38/121

Sprites

Transformations (1)

The user can say that they want to plot sprites with a transformation matrix. They might do this to scale things
up or down, or skew the image. Working with matrices can be pretty unfun, especially when you have to
convert between different coordinate spaces.

Alternatively, the user can specify a scaling ratio. In this case they only give the ratio as a multiplier and a
divider for both the X and Y dimensions. Inside Pyromaniac the scale and Matrix objects descend from a
common Transform object, which means that applying them to coordinates can be done through common
functions.

38/121



Sprites

Transformations (2)

Original
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Sprites

Transformations (2)

Transformation
a b 0]
c d 0
e f 1

Generic matrix

This is the generic form of a transformation, using a matrix to calculate the new coordinates. Only the 6 values

a to £ are supplied to RISC OS.
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Sprites

Transformations (3)

Transformation
 ax TY 0]
]
— L yr Yy 0
Original | Ltranslate  Ytranslate 1_
Matrix meaning
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Sprites

Transformations (3)

This is what those variables mean.

* The top 2 are used to assign values to values to x, from the original x and y coordinates.
* The middle 2 are used to assign values to y, again from the original x and y coordinates.

* The lower 2 are used to translate the x and y coordinates.

If you need to do matrix calculationsthere's a |ot of information online to help. Now that I've got the Matrix
object working | use it to do all the calculations for transformations because the maths is easy to get wrong.
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Sprites

Transformations (4)

Transformation
2 0 0] e
P 0 2 0 i
Original 0O 0 1
) Matrix (2x) ) Transformed
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Sprites
Transformations (4)

This is an example of scaling a sprite up to twice its original size. Two of the values in the matrix are set to 2,

to scale both dimensions.
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Sprites

Transformations (5)

Transformation

4 0 0]
> L o1 o0
Original _0 0 1

Matrix (Stretch x)

42 /121

Sprites

Transformations (5)

—

And if you wanted to stretch the graphic you'd give these different values.
There's actually a lot more you can do with this, from skewing the graphic at an angle, to rotating the graphic

around an origin.

Transformed

The matrix operations in Pyromaniac are processed methodically, and then when we get to Cairo they have to
be modified to account for the coordinate space being upside down in relation to RISC OS. It's kinda

frustrating, but now that it's working it's pretty nice.
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