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Thank you all for coming. I'm glad that you decided to stick around for this very last session of GDC 2012. Please silence your cell phones.

My name is Ron Pieket. I'm a senior engineer at Insomniac Games, where | primarily work on productivity tools and pipeline.

Before that | was at Pandemic Studios for many years, where | worked on Mercenaries and Mercenaries 2. After Mercenaries 2 was completed, |
joined the Saboteur team, to help them finish the game.
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It was after that switch that | really started to think about production pipeline issues. And how we, as engineers, can Help our content team
experience less downtime, be more productive, and make the game more awesome.

When | joined The Saboteur, the team was already in crunch mode. People were working long hours, weekends, some hardly ever went home.
Kids would show up on weekends because they never got to see their daddy - I'm sure this is a familiar scenario. (Cue violins)

But what struck me was that although these dedicated people were working all these extra hours, for a good portion of the day they were
sitting on their hands. They were sitting on their hands because the build was broken.
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| will be usmg this term quite a bit throughout this talk. | want to make clear that when | say that “the build is broken”, | don't mean that the
code won't compile. That's a simple issue. What | mean by breakage is that one moment you are fighting nazi's, aliens, or zombies, and the
next moment you are not.

[CLICK] A assertion fails, the game freezes up, the screen goes black... or maybe you just lose an important functionality in the game, the Al
stops running or the hero falls through the terrain.

And in particular, | will focus on the kind of breakage that is caused by programming errors, that then causes the artists and designers to not
be able to do their work. There is a whole other category of breakage that is caused by errors in the content data, but the topic of this talk is
already quite broad.
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Production downtime

And breakage affects us greatly. You see, we are not just DEVELOPING the game. We are also USING it. We, the team, are the first users, the first
consumers of the game. We rely on it to do our job. And when the build fails, people end up sitting on their hands.

And of course we know that. When the build is broken, engineers rush to find and fix the problem, get a patch out to the team with great haste,
because people are sitting still.



GAME DEVELOPERS CONFERENCE" 2012

MARCH 5-9, 2012 WWW.GDCONF.COM

Production downtime

e Developers use the same software that they develop

e Software that is in development is inherently unstable

And breakage affects us greatly. You see, we are not just DEVELOPING the game. We are also USING it. We, the team, are the first users, the first
consumers of the game. We rely on it to do our job. And when the build fails, people end up sitting on their hands.

And of course we know that. When the build is broken, engineers rush to find and fix the problem, get a patch out to the team with great haste,
because people are sitting still.
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How do you manage instability?

And the question that's being asked is: "how come the build is broken again?" And we revisit our programming practices and check-in
procedures, to make sure that we don't break the build EVER again. Breakage is really costing us, so we put in place a code vetting system,

where every code submission is peer reviewed. We put in place unit testing, smoke testing, branching, public flogging. All in an attempt to
reduce build breakage.

But we are asking the wrong question. The question is not "how come the build is broken again?”, because the answer to that is quite obvious.

The build is broken because the game is still in development. Of course it is going to break. Software that is in development should be
expected to break, a good deal of the time.

The real question is "when the build is broken, why do people have to sit on their hands?"
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How do you manage instability?
e Don’t break the build!
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And you can’t scale up these vetting and testing procedures to a point that the build never breaks again. They are labor intensive, and when
taken to an extreme, they can slow down development and stifle creativity and experimentation. And the other problem is that they only

address the FREQUENCY of breakages. It’s as if we think that if we try hard enough, we will never break the build again. That of course is not
the case. The build will still break.

| won’t argue that we should do away with testing and branching and flogging. It is still important that we reduce the frequency of breakages.

But a plan that only addresses the FREQUENCY of breakage is incomplete.
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Downtime

Number of Time to fix

Downtime breakages breakage

You see, the problem is not really breakage. It is DOWNTIME. There are other factors at play here, not just the frequency. Overall downtime is a
product of the frequency of breakage, and the average time it takes to fix each one.

Well actually that’s wrong. This equation is very out of date.

[CLICK] This WAS the case in 1986, when | started out in the game industry. Back then, team size was typically ONE. “I” was the game designer,

the artist, the sound guy, and also the programmer. “l was making a computer game.” So if the build was broken, “I” had to fix it. And the time
it took me to fix it was downtime. If it took me half a day to fix it, that was half a day of downtime.
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But that was a quarter of a century ago. Today we have team sizes of 50, 80, and more. When you have 50 people waiting for you to fix the
build, and it takes you half a day, that is 25 man-days of downtime. That is more than a month.
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But that was a quarter of a century ago. Today we have team sizes of 50, 80, and more. When you have 50 people waiting for you to fix the
build, and it takes you half a day, that is 25 man-days of downtime. That is more than a month.
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So we clearly need to minimize DOWNTIME. If we can spend more time being productive, we can make the game more awesome, and still have
time to spend with our families.
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But it seems that most of our efforts into reducing downtime go to reducing the NUMBER of breakages.

This is what code vetting, testing, branching and flogging is all about.
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So today | want to shift the focus to measures you can take to reduce the number of people that breakage will affect. Note that in the slide |
wrote “the number of people WAITING”, not “the number of people on the team”. If people can carry on working while you are fixing the build,

there is no downtime.

[CLICK] And I will also talk a bit about reducing the time it takes to fix the build, by being better prepared.
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So today | want to shift the focus to measures you can take to reduce the number of p\e‘ople that breakage will affect. Not;that in the slide |
wrote “the number of people WAITING”, not “the number of people on the team”. If people can carry on working while you are fixing the build,

there is no downtime.

Downtime
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[CLICK] And I will also talk a bit about reducing the time it takes to fix the build, by being better prepared.
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Three downtime reducing measures

In this session | will highlight three downtime reducing measures. And these are just examples. | hope that by the end of this session, you will
have picked up some ideas, but most of all, that you are inspired to look at your own production pipeline, and make it fail in a better way.

[CLICK] Next up, | will talk about data/code dependencies. | found that the choices we make HERE have a profound effect on productivity.
[CLICK] Then | will talk about assertions, how to make them less intrusive and yet more effective.

[CLICK] And finally | will discuss how, at Insomniac, we have successfully prevented loss of work in our tools due to crashes, by using a client/
server model, and got a ton of goodies for free.
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Data/code dependencies

Mercenaries, The Saboteur, and Resistance 3 all suffered from downtime caused by data/code dependency issues.
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Data build times

Lengthy data rebuilds a never fun. But they can become a real issue when the build is broken.
If the latest version of the game executable requires a new data version, that is what | would call a REGULAR data rebuild, and you can plan it

into your day. You set it going overnight, or over lunch.

[PAUSE] When the build is broken, the first line of defense against downtime, is to offer an archive of previous builds. For artists and designers,
vesterday’s build is a good fall-back option. Should take only a few minutes, no downtime.

[CLICK] But if yesterday’s executable requires yesterday’s data format, you are faced with a forced data rebuild.

And NOW switching back to yesterday’s executable takes two hours. And you can’t plan it into your day. So that’s real downtime. And later,

when the build is fixed, another two hours to switch back to today’s data format.
[CLICK] And this is what happened at The Saboteur. There was a strong dependency between the code version and the data version, so when
the build was broken, people would rather wait for a fix than face the additional two data rebuilds they would need to switch back to

yesterday’s executable.
Mercenaries and the Saboteur had very different approaches to data formats and data building, and | will compare the two. Out of these two,

there is no overall winner. But stay tuned, | may have a solution.
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e “"Forced” data builds are intrusive
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dependencies
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So first let me show you the production pipeline. Mercenaries and the Saboteur looked very similar in this respect. | found the same thing again
when | joined Insomniac. | believe this is a common pattern.

The content team, that’s the artists and designers, work with third party and in-house tools. These tools read and write their own native
formats. This is what | call “archive data”. Some call it “source data”. This is a collection of formats that we generally have no control over, and
that can be written as well as read by the tools.
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Eventually, data from these files has to end up in the game’s memory. At runtime, we don’t want to be parsing a hodge-podge of archive data
formats, if we even could.

[CLICK] So pretty much all games transform this archive data into something a little more runtime digestible. | call that “engine data”. This is
optimized for loading at runtime, or streaming.
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And this is where the data builders come in.
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Most of the pipelines | have seen over the past decade or so have looked very much like this. But where they differed the most was the choice of
the engine data format.

[CLICK] Both Mercenaries and The Saboteur were console games that made great demands on disk data transfer. Both were streaming open
world games. When you are loading a level, as opposed to streaming, disk efficiency is just a matter of good manners: don't keep your players
waiting. But in a streaming open world game, file performance affects the quality of the environment. As the player is speeding through the
world in his convertible, models and texture, chunks of terrain and the like have to come in from disk. If the disk i/o doesn't keep up, you end

up with artifacts, low res artwork in close-up, or worse, objects will be missing.
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world in his convertible, models and texture, chunks of terrain and the like have to come in from disk. If the disk i/o doesn't keep up, you end

up with artifacts, low res artwork in close-up, or worse, objects will be missing.
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The Saboteur placed great emphasis on streaming efficiency. And they achieved that. They employed a technique that | will call load-n-go.
Efficient for streaming, but strong dependencies.

[CLICK] Mercenaries on the other hand employed what | will call a READ-N-BUILD approach. This reduces data/code dependencies, and leads to
fewer forced data rebuilds, but performance kind of sucks.

[CLICK] So | tried to find an approach that combines the efficiency of LOAD-N-GO without the dependency issues. | couldn’t find it so | made
one up. | call it STRUCTURED BINARY. This is, right now, an experimental technology, but it’s looking promising.
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e "Read-n-Build”
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fewer forced data rebuilds, but performance kind of sucks.
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Game data format categories
e "Load-n-Go”
e "Read-n-Build”

e "Structured Binary”

The Saboteur placed great emphasis on streaming efficiency. And they achieved that. They employed a technique that | will call load-n-go.
Efficient for streaming, but strong dependencies.

[CLICK] Mercenaries on the other hand employed what | will call a READ-N-BUILD approach. This reduces data/code dependencies, and leads to
fewer forced data rebuilds, but performance kind of sucks.

[CLICK] So | tried to find an approach that combines the efficiency of LOAD-N-GO without the dependency issues. | couldn’t find it so | made
one up. | call it STRUCTURED BINARY. This is, right now, an experimental technology, but it’s looking promising.
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Game data format categories
e “"Load-n-Go”
e "Read-n-Build”

e "Structured Binary”

First let me show you what makes LOAD-N-GO so efficient, and horrible for your production pipeline.
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code team content team

archive data

engine data

;

memory
-

Over next slides, I'll be talking about archive files, engine files, and memory

Keep an eye on where they are in the production pipeline, while | do my Magic Move slide transition. Thank you Steve Jobs
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A data builder reads the wordy archive file, and fits everything in the right places in the engine file
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GAME DEVELOPERS CONFERENCE" 2012

“Load-n-Go” data files

[CLICK] So on the left we have an archive file. Don't worry if you can't read it. | realize that the text is a little small. It's a random piece of XML.
The text is not important, it's just to show that there's a lot of stuff in there that we don't necessarily want to be parsing at runtime.

[CLICK] And on the right, a C struct. Again, don't worry if you cant read. It's not an exciting read.
And remember I’'m demonstrating a data loading principle, not a specific file format.



GAME DEVELOPERS CONFERENCE" 2012 MARCH 5-9, 2012 WWW.GDCONF.COM

“Load-n-Go” data files

<?xml version="1.0"
encoding="IS0-8859-1"?>
<meta>GDC 2012</meta>
<body>
<object>
<x>100.0</x>
<y>200.0</y>
<z>300.0</2z>
<width>256</width>
<height>192</height>
<speed>42</speed>
</object>
</body>

[CLICK] So on the left we have an archive file. Don't worry if you can't read it. | realize that the text is a little small. It's a random piece of XML.
The text is not important, it's just to show that there's a lot of stuff in there that we don't necessarily want to be parsing at runtime.

[CLICK] And on the right, a C struct. Again, don't worry if you cant read. It's not an exciting read.
And remember I’'m demonstrating a data loading principle, not a specific file format.
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“Load-n-Go” data files

<?xml version="1.0" struct
encoding="IS0-8859-1"?> {
<meta>GDC 2012</meta> int width:
<b°d¥> int height;
<object>
<x>100.0</x> float x;
<y>200.0</y> float y;
<z>300.0</2z> float z;
<width>256</width> }i
<height>192</height>
<speed>42</speed>
</object>
</body>

[CLICK] So on the left we have an archive file. Don't worry if you can't read it. | realize that the text is a little small. It's a random piece of XML.
The text is not important, it's just to show that there's a lot of stuff in there that we don't necessarily want to be parsing at runtime.

[CLICK] And on the right, a C struct. Again, don't worry if you cant read. It's not an exciting read.
And remember I’'m demonstrating a data loading principle, not a specific file format.
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“Load-n-Go” data files

struct

{

int width;
int height;
float x;
float y;
float z;

};

In a LOAD-N-GO data loading system, the format of the engine file is byte-for-byte identical with the C struct that it will be used to initialize.
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float x;
float y;
float z;

};

In a LOAD-N-GO data loading system, the format of the engine file is byte-for-byte identical with the C struct that it will be used to initialize.
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“Load-n-Go"” data files

<?xml version="1.0" struct struct
encoding="IS0-8859-1"?> { {

<meta>GDC 2012</meta> int width: int width:
<body> , . 4 1. .
<object> int height; gint height;

float x;
float y;
float z;

};

In a LOAD-N-GO data loading system, the format of the engine file is byte-for-byte identical with the C struct that it will be used to initialize.
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“Load-n-Go” data files

<?xml version="1.0" struct
encoding="IS0-8859-1"?> {
<meta>GDC 2012</meta> int width;
<bod¥> int height;
<object>
<x>100.0</x> float x;
<y>200.0</y> float y;
<2z>300.0</z> float z;
<width>256</width> }i
<height>192</height>
<speed>42</speed>
</object>
</body>

The data builder needs to be compiled with the target C structure.

[CLICK] When the builder runs, it will parse the archive format, place values in the various struct fields, and then write the file to disk as a binary
block.
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“Load-n-Go” data files

<?xml version="1.0" struct
encoding="IS0-8859-1"?> {
<meta>GDC 2012</meta> int width;
<bod¥> int height;
<object>
<x>100.0</x> float x;
<y>200.0</y> float y;
<2z>300.0</z> float z;
<width>256</width> }i
<height>192</height>
<speed>42</speed> |data
</object> builder
</body>

The data builder needs to be compiled with the target C structure.

[CLICK] When the builder runs, it will parse the archive format, place values in the various struct fields, and then write the file to disk as a binary
block.
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“Load-n-Go” data files

<?xml version="1.0" struct
encoding="IS0-8859-1"?> {
<meta>GDC 2012</meta>

<body>
<object>
<x>100.0</x> float x;
<y>200.0</y> float yj;
<z>300.0</2z> float z;
<width>256</width> }i
<height>192</height>

<speed>42</speed>

</object>

</body>

The data builder needs to be compiled with the target C structure.

[CLICK] When the builder runs, it will parse the archive format, place values in the various struct fields, and then write the file to disk as a binary

block.

int width; 256

int height; 192

100.0

200.0

300.0
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“Load-n-Go” data files

struct

{

int width; 256
int height; 192
float x; 100.0
float y; [200.0
float z; 300.0

}i

The data format is not in any way expressed in the file itself. It is a blind block of raw data.

[CLICK] It's a mystery box.

The only way to use this data, is to initialize the matching runtime C struct with it. In order to make sure that the data in the file and the C
struct match, is to mark it with a version number. That information is stored in a special portion of the file.
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“Load-n-Go” data files

<?xml version="1.0"
encoding="1S0-8859-1"?>

{
<fnet:,a>GDC 2012</meta> , ‘ int width;

PN ~ struct

The data format is not in any way expressed in the file itself. It is a blind block of raw data.

[CLICK] It's a mystery box.

The only way to use this data, is to initialize the matching runtime C struct with it. In order to make sure that the data in the file and the C
struct match, is to mark it with a version number. That information is stored in a special portion of the file.
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“Load-n-Go"” data files

<?xml version="1.0"
encoding="1S0-8859-1"?>
<meta>GDC 2012</meta>
<body>

~ ~ struct

The data format is not in any way expressed in the file itself. It is a blind block of raw data.

[CLICK] It's a mystery box.

The only way to use this data, is to initialize the matching runtime C struct with it. In order to make sure that the data in the file and the C
struct match, is to mark it with a version number. That information is stored in a special portion of the file.
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“Load-n-Go"” data files

<?xml version="1.0" struct
encoding="IS0-8859-1"?>
<meta>GDC 2012</meta>
<body>

Pl d bl N

When it is time for the game to load this file, it must first verify that the data in the file matches the current C struct. So it compares the version
number of the file, with the version number it is expecting.
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“Load-n-Go"” data files

<?xml version="1.0" struct
encoding="IS0-8859-1"?>
<meta>GDC 2012</meta>
<body>

Pl d bl N

runtime
loader

When it is time for the game to load this file, it must first verify that the data in the file matches the current C struct. So it compares the version
number of the file, with the version number it is expecting.
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“Load-n-Go"” data files

<?xml version="1.0"

encoding="1S0-8859-1"?>

<meta>GDC 2012</meta>

<body>

<object>
<x>100.0</x>
<y>200.0</y>
<z>300.0</2z>
<width>256</width>
<height>192</height>
<speed>42</speed>
</object>

</body>

struct

runtime
loader

When it is time for the game to load this file, it must first verify that the data in the file matches the current C struct. So it compares the version
number of the file, with the version number it is expecting.
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“Load-n-Go"” data files

<?xml version="1.0" = = struct
encoding="IS0-8859-1"?> \ {
<meta>GDC 2012</meta>

‘ int width;

< > . :
body — int height;

Pl d bl N

runtime
loader

If all is clear, the binary block from the file is written into memory, pointers are set up, and the data is ready to go.
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“Load-n-Go"” data files

<?xml version="1.0"
encoding="1S0-8859-1"?>
<meta>GDC 2012</meta>
<body> o
<object>
<x>100.0</x>
<y>200.0</y>
<z>300.0</z>

If all is clear, the binary block from the file is written into memory, pointers are set up, and the data is ready to go.
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“Load-n-Go” data files

<?xml version="1.0"
ancodina="TQRN_QR509_1"2>

Whoa! That was fast!

| can’t imagine a faster way to get your data from disk into your program, ready for use.
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“Load-n-Go” data files

256
192
100.0
200.0
300.0

<4 v

Whoa! That was fast!

| can’t imagine a faster way to get your data from disk into your program, ready for use.
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“Load-n-Go” data files

<?xml version="1.0" struct
ancodina="TQCN_RQA5Q_1"2> {

int width;
int height;
float x;
float y;
float z;

e - };

’

But here’s the rub.
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“Load-n-Go” data files

<?xml version="1.0" struct
encoding="1S0-8859-1"?> {
<meta>GDC 2012</meta> int width;

int height;

float x;

float y;
@ ® float z;

}i

Tomorrow we may change the C struct.
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“Load-n-Go"” data files

<?xml version="1.0" struct
encoding="IS0-8859-1"?> {
<meta>GDC 2012</meta>
<body>

<object>
<ceS1I00 O/ v>

float z;

Tomorrow we may change the C struct.
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“Load-n-Go” data files

<?xml version="1.0" = =
encoding="1S0-8859-1"?> ’
<meta>GDC 2012</meta>

struct

{
int width;

And if you change the C struct by even a hair, it needs to be marked with a new version number.
Now the runtime will detect a discrepancy, and prohibits the load.

[CLICK] And now the engine file is useless. There is no way to use the file anymore. The old C struct was the only way to properly access the
data in the file, and it is gone.
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“Load-n-Go"” data files

<?xml version="1.0"
encoding="1S0-8859-1"?>
<meta>GDC 2012</meta>
<body>

Pl d bl N

struct

And if you change the C struct by even a hair, it needs to be marked with a new version number.
Now the runtime will detect a discrepancy, and prohibits the load.

[CLICK] And now the engine file is useless. There is no way to use the file anymore. The old C struct was the only way to properly access the
data in the file, and it is gone.
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“Load-n-Go"” data files

<?xml version="1.0"
encoding="1S0-8859-1"?>
<meta>GDC 2012</meta>
<body>
<object>
<x>100.0</x>
<y>200.0</y>
<z>300.0</2>
<width>256</width>
<height>192</height>
<speed>42</speed>
</object>
</body>

struct

{

runtime
loader

And if you change the C struct by even a hair, it needs to be marked with a new version number.
Now the runtime will detect a discrepancy, and prohibits the load.

[CLICK] And now the engine file is useless. There is no way to use the file anymore. The old C struct was the only way to properly access the
data in the file, and it is gone.
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“Load-n-Go” data files

And if you change the C struct by even a hair, it needs to be marked with a new version number.
Now the runtime will detect a discrepancy, and prohibits the load.

[CLICK] And now the engine file is useless. There is no way to use the file anymore. The old C struct was the only way
to properly access the data in the file, and it is gone.
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“Load-n-Go"” data files

<?xml version="1.0" = = struct
encoding="IS0-8859-1"?> \ {
<meta>GDC 2012</meta>

) int width;

< > . :
body — int height;

Pl d bl N

So now we must compile the data builder with the new target C struct, and rebuild all engine files.

Which would not be much of an issue, if it weren’t for the fact...
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“Load-n-Go"” data files

<?xml version="1.0" struct

encoding="1S0-8859-1"?> {

:rsséaiGDC 2012</meta> int width;
<ob§ect> int height;
<x>100.0</x> enum beer;
<Y>200°0</Y> float x;
<z>300.0</z> float y;
<width>256</width> float z;
<height>192</height> };
<speed>42</speed>

So now we must compile the data builder with the new target C struct, and rebuild all engine files.

Which would not be much of an issue, if it weren’t for the fact...
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<?xml version="1.0" struct

encoding="IS0-8859-1"?> {

:r]:e;aZGDC 2012</meta> int width;
ody : :
<object> int height;
<x>100.0</x> enum beer;
<y>200.0</y> float x;
<z>300.0</z> float y;
<width>256</width> float z;
<height>192</height> };
<speed>42</speed>

</object>

</body>

...that there’s a 100,000 of them.
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...that there’s a 100,000 of them.
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“"Load-n-Go"” data files

So LOAD-N-GO is the quickest way to get your data from disk to memory and usable. There is hardly any CPU processing involved. Perhaps a
few pointer fix-ups, but that’s very minor.

[CLICK] LOAD-N-GO has another advantage, that makes it very attractive for streaming open world games. Because the data on disk is exactly

the same size as it will take in memory, you can load it directly into the block of memory where it will live for its entire life span. There is no
need to allocate larger intermediate buffers. The Saboteur used a fixed pool of fixed size buffers.
[CLICK][CLICK]



GAME DEVELOPERS CONFERENCE" 2012 MARCH 5-9, 2012 WWW.GDCONF.COM

“"Load-n-Go"” data files

e Pro: Minimal CPU overhead

So LOAD-N-GO is the quickest way to get your data from disk to memory and usable. There is hardly any CPU processing involved. Perhaps a
few pointer fix-ups, but that’s very minor.

[CLICK] LOAD-N-GO has another advantage, that makes it very attractive for streaming open world games. Because the data on disk is exactly

the same size as it will take in memory, you can load it directly into the block of memory where it will live for its entire life span. There is no
need to allocate larger intermediate buffers. The Saboteur used a fixed pool of fixed size buffers.
[CLICK][CLICK]
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“"Load-n-Go"” data files

e Pro: Minimal CPU overhead

e Pro: Simple memory management

So LOAD-N-GO is the quickest way to get your data from disk to memory and usable. There is hardly any CPU processing involved. Perhaps a
few pointer fix-ups, but that’s very minor.

[CLICK] LOAD-N-GO has another advantage, that makes it very attractive for streaming open world games. Because the data on disk is exactly

the same size as it will take in memory, you can load it directly into the block of memory where it will live for its entire life span. There is no
need to allocate larger intermediate buffers. The Saboteur used a fixed pool of fixed size buffers.
[CLICK][CLICK]
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“"Load-n-Go"” data files

e Pro: Minimal CPU overhead

e Pro: Simple memory management

e Con: Strong data/code dependency means frequent long
data rebuilds

So LOAD-N-GO is the quickest way to get your data from disk to memory and usable. There is hardly any CPU processing involved. Perhaps a
few pointer fix-ups, but that’s very minor.

[CLICK] LOAD-N-GO has another advantage, that makes it very attractive for streaming open world games. Because the data on disk is exactly
the same size as it will take in memory, you can load it directly into the block of memory where it will live for its entire life span. There is no
need to allocate larger intermediate buffers. The Saboteur used a fixed pool of fixed size buffers.

[CLICK][CLICK]



GAME DEVELOPERS CONFERENCE" 2012 MARCH 5-9, 2012 WWW.GDCONF.COM

“"Load-n-Go"” data files

e Pro: Minimal CPU overhead

e Pro: Simple memory management

e Con: Strong data/code dependency means frequent long
data rebuilds

e Con: Switching to previous build can be time consuming

So LOAD-N-GO is the quickest way to get your data from disk to memory and usable. There is hardly any CPU processing involved. Perhaps a
few pointer fix-ups, but that’s very minor.

[CLICK] LOAD-N-GO has another advantage, that makes it very attractive for streaming open world games. Because the data on disk is exactly
the same size as it will take in memory, you can load it directly into the block of memory where it will live for its entire life span. There is no
need to allocate larger intermediate buffers. The Saboteur used a fixed pool of fixed size buffers.

[CLICK][CLICK]
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Game data format categories

That was the principle used in The Saboteur. Mercenaries used a technique that | have dubbed READ-N-BUILD.
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Game data format categories
e "Load-n-Go”
e "Read-n-Build”

e "Structured Binary”

That was the principle used in The Saboteur. Mercenaries used a technique that | have dubbed READ-N-BUILD.
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“"Read-n-Build” data files

Remember I’'m describing a principle here, not a specific format.
[CLICK] Mercenaries used a chunk based format, similar to IFF.

In a chunk based format, such as IFF, fields are laid out in a fixed, stable, known order. They may or may not match a particular C struct. In this
case, they don’t. It is the known order of the fields that is important.
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“"Read-n-Build” data files

"FORM"

height
width

Remember I’'m describing a principle here, not a specific format.
[CLICK] Mercenaries used a chunk based format, similar to IFF.

In a chunk based format, such as IFF, fields are laid out in a fixed, stable, known order. They may or may not match a particular C struct. In this
case, they don’t. It is the known order of the fields that is important.
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“"Read-n-Build” data files

<?xml version="1.0"

encoding="1S0-8859-1"?> "FORM"
<meta>GDC 2012</meta> n
<body>
<object> y
<x>100.0</x> 2
<y>200.0</y> height
<z>300.0</z> width
<width>256</width>
<height>192</height>
<speed>42</speed>
</object>
</body>

The data builder is very similar, except that this time, additional formatting information is included, such as chunk headers. This will help the
runtime to navigate the data in the file.

[CLICK] So at runtime, after identifying the chunk and all, we rely on the known fixed order of the data in the file. Like so.
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“"Read-n-Build” data files

<?xml version="1.0"
encoding="IS0-8859-1"?>

<meta>GDC 2012</meta> FORM’
<body> X 100.0
<object> Y 200.0
<x>100.0</x> z ﬁ)o .0
<y>200.0</y> height 192
<z>300.0</z> width 256
<width>256</width>
<height>192</height>
<speed>42</speed>
</object>
</body>

The data builder is very similar, except that this time, additional formatting information is included, such as chunk headers. This will help the
runtime to navigate the data in the file.

[CLICK] So at runtime, after identifying the chunk and all, we rely on the known fixed order of the data in the file. Like so.
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“"Read-n-Build” data files

<?xml version="1.0"
encoding="IS0-8859-1"?>

<meta>GDC 2012</meta> FORM’
<body> X 100.0
<object> Y 200.0
<x>100.0</x> Z ﬁ)o .0
<y>200.0</y> height 192
<z>300.0</z> width 256
<width>256</width>
<height>192</height>
<speed>42</speed> runtime
</object> loader
</body>

The data builder is very similar, except that this time, additional formatting information is included, such as chunk headers. This will help the
runtime to navigate the data in the file.

[CLICK] So at runtime, after identifying the chunk and all, we rely on the known fixed order of the data in the file. Like so.
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void ReadFoo( Foo* foo, IffChunk* chunk )

{ "FORM"
foo->x = chunk->NextFloat(); X
foo->y = chunk->NextFloat(); Y
foo->z = chunk->NextFloat(); z
foo->height = chunk->NextInt(); height
foo->width = chunk->NextInt(); width

}

The reader reads through the fields, one by one, and writes the data in the runtime structure, one field at a time.
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void ReadFoo( Foo* foo, IffChunk* chunk )

{ o
foo->x = ch  $—>NextF1oat();
foo->y = cHunk->NextFloat();
foo->z = chunfk->NextFloat();
foo->height = GhunkE>NextInt();
foo->width = chWfk->NextInt();

The reader reads through the fields, one by one, and writes the data in the runtime structure, one field at a time.
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“"Read-n-Build” data files

struct
"FORM" {
X 100.0 int width;
Y 200.0 int height;
Z 300.0 float x;
height| 1192 float y;
width 256 float z;

runtime
loader

[CLICK] And before we do that, we must initialize the runtime struct with defaults.
[CLICK] Then we read the fields.

[CLICK]
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“"Read-n-Build” data files

"FORM"

MARCH 5-9, 2012

height

width

struct
{
100.0 int width;
200.0 int height;
300.0 float x;
192 float y;
256 float z;

runtime
loader

[CLICK] And before we do that, we must initialize the runtime struct with defaults.

[CLICK] Then we read the fields.

[CLICK]

WWW.GDCONF.COM

default

default

default

default

default
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“"Read-n-Build” data files

<?xml version="1.0"

encoding="1S0-8859-1"?>
<meta>GDC 2012</meta>

100.0

200.0

300.0

192

256

[CLICK] And before we do that, we must initialize the runtime struct with defaults.

[CLICK] Then we read the fields.

[CLICK]

runtime
loader

MARCH 5-9, 2012

struct

{

int width;
int height;
float x;
float y;
float z;

WWW.GDCONF.COM

default

default

default

default

default
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“"Read-n-Build” data files

<?xml version="1.0" struct
encoding="1S0-8859-1"?> {
<fne’fa>GDC 2012</meta> int width; (256

int height; 192
float x; 100.0
float y; 1200.0
float z; 300.0

runtime
loader

[CLICK] And before we do that, we must initialize the runtime struct with defaults.
[CLICK] Then we read the fields.

[CLICK]
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“"Read-n-Build” data files

struct

{

int width; 256
int height; 192
float x; (100.0
float y; 200.0
float z; [300.0

runtime
loader

[CLICK] And before we do that, we must initialize the runtime struct with defaults.
[CLICK] Then we read the fields.

[CLICK]
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“"Read-n-Build” data files

struct

{

int width; 256
int height; 192
float x; (100.0
float y; 200.0
float z; [300.0

}i

[CLICK] And before we do that, we must initialize the runtime struct with defaults.
[CLICK] Then we read the fields.

[CLICK]
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“"Read-n-Build” data files

struct

{

int width;
int height;
float x;
float y;
float z;

}i

So now the part where LOAD-N-GO had to give up. A change in the runtime format.
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“"Read-n-Build” data files

struct

{
int width;

int height;

float x;
float y;
float z;

}i

This is no problem.

[CLICK] We can read the data file that was built yesterday with the new reader.
[CLICK] The order of the data in the chunk hasn’t changed.
[CLICK] The reader can determine the length of the chunk from the chunk header, so when it reaches the end of the chunk data, it stops

reading.
[CLICK] Any fields that were not in yesterday’s data file will be left at the default value in the runtime memory structure.

Of course this doesn’t cover every possible data change. Sometimes this simple reordering is not possible. But most of the time, this will cover
the 80% case.
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“"Read-n-Build” data files

yesterday - today:

? - _n n w
<?xml version="1.0 struct

' =II _ _ II?
encoding="IS0-8859-1"?> "FORM" {
<meta>GDC 2012</meta>
<body>
<object>

float z;

This is no problem.

[CLICK] We can read the data file that was built yesterday with the new reader.

[CLICK] The order of the data in the chunk hasn’t changed.
[CLICK] The reader can determine the length of the chunk from the chunk header, so when it reaches the end of the chunk data, it stops

reading.
[CLICK] Any fields that were not in yesterday’s data file will be left at the default value in the runtime memory structure.

Of course this doesn’t cover every possible data change. Sometimes this simple reordering is not possible. But most of the time, this will cover
the 80% case.
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“"Read-n-Build” data files

yesterday -~ today -
D R~
struct

{

int width;
int height;
enum beer;
float x;
float y;
float z;

}i

This is no problem.

[CLICK] We can read the data file that was built yesterday with the new reader.

[CLICK] The order of the data in the chunk hasn’t changed.

[CLICK] The reader can determine the length of the chunk from the chunk header, so when it reaches the end of the chunk data, it stops
reading.

[CLICK] Any fields that were not in yesterday’s data file will be left at the default value in the runtime memory structure.

Of course this doesn’t cover every possible data change. Sometimes this simple reordering is not possible. But most of the time, this will cover
the 80% case.
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“"Read-n-Build” data files

yesterday -~ today -
M VW
struct
{
100.0 int width;
200.0 int height;
300.0 enum beer;
1192 float x;
256 float y;
T float z;

runtime
loader

This is no problem.

[CLICK] We can read the data file that was built yesterday with the new reader.

[CLICK] The order of the data in the chunk hasn’t changed.

[CLICK] The reader can determine the length of the chunk from the chunk header, so when it reaches the end of the chunk data, it stops
reading.

[CLICK] Any fields that were not in yesterday’s data file will be left at the default value in the runtime memory structure.

Of course this doesn’t cover every possible data change. Sometimes this simple reordering is not possible. But most of the time, this will cover
the 80% case.
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“"Read-n-Build” data files

yesterday -~ today -
M VW
struct
{
100.0 int width;
200.0 int height;
300.0 enum beer;
1192 float x;
256 float y;
T float z;

runtime
loader

This is no problem.

[CLICK] We can read the data file that was built yesterday with the new reader.

[CLICK] The order of the data in the chunk hasn’t changed.

[CLICK] The reader can determine the length of the chunk from the chunk header, so when it reaches the end of the chunk data, it stops
reading.

[CLICK] Any fields that were not in yesterday’s data file will be left at the default value in the runtime memory structure.

Of course this doesn’t cover every possible data change. Sometimes this simple reordering is not possible. But most of the time, this will cover
the 80% case.
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“"Read-n-Build” data files

yesterday ~ today -~
M "~
struct
{
100.0 int width; e
200.0 int height; serau:
300.0 enum beer; srau:
192 float x;  derau
256 float y; default
T float z; default

runtime
loader

This is no problem.

[CLICK] We can read the data file that was built yesterday with the new reader.

[CLICK] The order of the data in the chunk hasn’t changed.

[CLICK] The reader can determine the length of the chunk from the chunk header, so when it reaches the end of the chunk data, it stops
reading.

[CLICK] Any fields that were not in yesterday’s data file will be left at the default value in the runtime memory structure.

Of course this doesn’t cover every possible data change. Sometimes this simple reordering is not possible. But most of the time, this will cover
the 80% case.
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“"Read-n-Build” data files

yesterday ~ today;
? t An=" " v "~
<?xml version="1.0 eTct
encoding="1S0-8859-1"?> {
<fne’fa>GDC 2012</meta> 100.0 int width: e
200.0 int height; serau:
300.0 enum beer; srau:
-—
192 float x; default
256 flOat y; default
float z; default

runtime
loader

This is no problem.

[CLICK] We can read the data file that was built yesterday with the new reader.

[CLICK] The order of the data in the chunk hasn’t changed.

[CLICK] The reader can determine the length of the chunk from the chunk header, so when it reaches the end 