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fter years of being almost
completely technology-
driven, the driving force

behind games is finally
swinging towards the

game content itself. Major technological
leaps are not making enough of a differ-
ence to set games apart from each other.
Game content will also continue getting
larger and more complex, as the amount
of it going into AAA games doubles
every few years. Yet since there’s no
hardware upgrade for the artists and
designers themselves, content doesn’t get
created any faster. 

A successful game needs to provide
top-notch content, and the best way to
provide it is to optimize the content
pipeline so that artists and designers can
create, preview, add, and tweak new
content as easily and rapidly as possible.

The content pipeline is the path that
all the game assets follow, from concep-
tion until they can be loaded in the
game. Game assets include everything
that is not code: models, textures, mate-
rials, sounds, animations, cinematics,
scripts, and so forth. During their trip
through the pipeline, assets might be
converted, optimized, chopped to bits, or
combined, but come out in the format
that will be shipped with the final ver-
sion of the game.

The first issue to consider when defin-
ing the content pipeline is its efficiency.
With large teams of artists and designers
constantly creating and tweaking game
content, the content pipeline becomes a
critical path. A slight inefficiency in the
pipeline, such as taking one full minute

from the time a change is made to the
time it can be seen in the game, can easily
cost a company thousands of wasted
man-hours during the course of a project.
Alternatively, if the content creators don’t
preview their work as frequently, the
overall quality of the game will suffer.

The other main point to consider is
robustness. The content pipeline is the
jugular vein of a project: if it breaks it
can quickly kill the whole project. You
can’t afford to have 30 idle people wait-
ing for the pipeline to be fixed, or work-
ing around it and consequently losing
half their work. Whatever happens, the
pipeline must always work correctly.

Bird’s-Eye View of the
Pipeline

W hat does an asset pipeline look
like? It depends on the project.

On one extreme, in some projects the
pipeline is minimal and informal: assets
are exported from their tool and loaded
directly in the game. While that might be
sufficient for small games, it usually
doesn’t hold up well in large projects:
where are the files stored so multiple
people can work on them? How are
assets for multiple platforms dealt with?
How can the format of the resources be
changed easily? How can any extra pro-
cessing be applied to them?

On the other end of the spectrum,
pipelines can be very deep and elaborate.
Adding a new asset to the game requires
going to the pipeline guru and asking
him to add the new content, causing
turnaround time to suffer significantly. 

Optimizing the 
Content Pipeline

A

N O E L  L L O P I S | Noel is a software engineer at Day 1 Studios, where he developed the
technology for the MECHASSAULT games. He’s also the author of C++ for Game Programmers.



w w w . g d m a g . c o m

This article presents a general pipeline
that many different game projects can
adopt and modify to fit their needs. It is
fairly lightweight and provides a quick
turnaround time, yet it allows for any
number of expensive steps to be per-
formed on the assets along the way. This
is the pipeline that we’re using at Day 1
Studios for our current Xbox project,
MechAssault 2. A previous incarnation
of this pipeline was used in the first
MechAssault. This pipeline might be a
good starting place if you’re just begin-
ning a new project, or you can try to
adapt some of the ideas that make sense
for your current situation.

Figure 1 shows the pipeline for some of
the major assets in MechAssault 2. The
following sections describe in detail each
of the pipeline stages.

Source Assets

S ource assets are those created by
artists and designers, usually

through some specialized tool (both in-
house tools and off-the-shelf ones). A
source asset is one that can be put into
the pipeline and will be converted into
the final asset without any human inter- Figure 1. A partial view of the MECHASSAULT 2 content pipeline (only models and textures shown).
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vention. The key idea is that source
assets should contain all the information
necessary to add them to the game cor-
rectly. A material should have all its
specular parameters specified, and a
model should have all the flags in the
weapon barrels so the game knows from
what point to shoot projectiles. This is
what will allow us to automate the
pipeline later on.

The way source assets are created can
vary significantly. Sometimes they are
created through a set of different, very
specialized tools (one for modeling, one
for texture creation, one for specifying
game information, one to lay out a level,
and so forth). Other times, one large tool
(often done as a plug-in in the model-edi-
tor program) can be used to create all
the assets and export full levels.

Since the source assets contain all the
information needed for the final assets in
the game, we should treat them very
carefully and protect them from being
lost or accidentally overwritten. Using a
version control program provides a cen-
tralized location for all assets, prevents
people from overwriting each other’s
work, and keeps a history of previous
versions of each asset. Keep in mind that
source asset files can sometimes be as
large as several hundred megabytes each,
so make sure your version control pro-
gram is up to it and can also deal well
with binary files.

Pre-rendered movies and sound are
also game assets, but they’re often treat-
ed differently because of their huge size.
They might have a slightly different
path through the content pipeline:
maybe movies won’t be kept under ver-
sion control, or maybe they will but
only the most recent version will be
kept in the database. 

Intermediate Assets

I ntermediate assets are exported direct-
ly from the source assets, usually with

the tool they were created with. This
requires a bit more plug-in work in the
form of exporters if you’re dealing with
off-the-shelf tools.

The intermediate assets are in a for-

mat that is very easy to read, parse, and
extend without breaking backwards
compatibility. These assets should con-
tain all the information we could possi-
bly want in the future, even if some of it
gets discarded before the end. Loading
performance is of no consequence at
this point; we’ll leave that up to the
final assets. 

Plain text files are the perfect match
for our requirements. In addition, XML
is a particularly attractive option to
structure those text files, especially if we
need to represent information hierarchi-
cally. Doing so will also provide us with
a whole range of tools and APIs to edit,
parse, and transform files with minimal
effort. If XML files are overkill for your
needs, you can still use a simpler format
like INI files or even write your own
with minimal effort.

Why have this intermediate asset for-
mat? The main reason is to provide a
buffer between the source assets and the
final ones. Final assets are optimized to
load blazingly fast, but as a result, their
format will often change and render pre-
vious versions unusable. In an ideal

world, we would be able to efficiently re-
export all source assets automatically
into the new final asset format.
Unfortunately, we don’t live in an ideal
world, and that is often impractical.
Many off-the-self tools used for model-
ing and texture creation are not easily
and efficiently driven from the command
line to batch re-export thousands of
models at the time. The intermediate for-
mat is not likely to change much during
the course of a project, so we can always
use it as a starting point to generate our
final assets.

Another reason for having this inter-
mediate format is to defer some of the
complex and time-consuming operations
like mesh optimizations or lightmap gen-
eration until a later time instead of doing
them at export time. Also, we often end
up creating a set of final assets for each
platform we’re dealing with. Without the
intermediate format, artists would have
to export a set of assets for each plat-
form, ensure they’re in synch with each
other, and wait while each set of assets is
converted and optimized every time an
asset is changed.

Manipulating MECHASSAULT 2’s assets in WorldBuilder.
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Last but not least, having an interme-
diate format provides an excellent point
for debugging and experimenting for the
programmers. Intermediate assets should
be in a very easily readable format, so
anybody can view the contents of the
asset, and even make small modifications
for testing and debugging purposes with-
out having to re-export them.

For MechAssault 2 we’re exporting
full models into one XML file: all the
hierarchy information, meshes, vertex
data, and materials are included into one
large XML file. One of those files for a
detailed model can easily be 3 to 4MB.

As much as plain text is a really nice
format to work with, exporting textures
into text format would be overkill. In the
case of textures, we export them into 32-
bit TIFF files with custom information in
the comments field containing any infor-
mation artists specified from within
Photoshop: bit-depth, dithering, mip-
mapping options, and such. The advan-
tage of this format is that all the image is
still there since it’s exported at full 32-
bits (although soon we’ll have to worry

about larger color channels), and images
can be examined with any program that
displays TIFF files. Again, mip-mapping,
changing bit depths, and dithering are
not cheap operations we want to do at
load time, but we’ll postpone all that
until later.

It can be very tempting to modify an
intermediate asset directly for many rea-
sons: a quick change right before a mile-
stone, the change we’re trying to make is
not exposed through the plug-in of the
tool, for example. We did exactly that in
the first MechAssault and ended up
regretting it. We were too pressed for
time to provide good plug-ins for our
custom material types, so artists would
modify material parameters on the inter-
mediate assets directly. Those parameters
would get overwritten next time some-
body else re-exported the model and
would have to be re-entered by hand. If
you absolutely must modify intermediate
assets, then consider providing full re-
importing capabilities back into your
source assets; however, this is usually not
a trivial task. For MechAssault 2 we’re

sticking to only making changes in the
source and providing much better plug-in
support, and things are running much
more smoothly.

Even though this intermediate format
is very flexible, chances are there will
come a time during a project when it will
be necessary to break backwards com-
patibility. Don’t fight it; get ready for it
instead. Make sure you have versioning
as part of the format, and that you can
easily run a script through all exported
intermediate assets and convert them to
the new format. Since you hopefully
chose an easily parsed format such as
XML, the conversion process should be
almost painless.

Final Assets

T he final assets have been highly opti-
mized so they can be loaded and

used as efficiently as possible in their tar-
get platform. The specific file format
doesn’t have to be particularly robust or
withstand many format changes since the
final assets will be regenerated many
times a day. The number one goal here is
speed. Ideally, this resource should be a
direct memory image of what it’ll be in
when it’s loaded in the game, so that it
can be loaded straight without any pars-
ing. The standard warnings about opti-
mizations also apply here: don’t blindly
optimize everything, and spend your time
in those assets where you’ll get the most
benefit.

If you’re doing multiplatform develop-
ment, you’ll probably want to have one
set of final assets for every platform.
That way Xbox textures can be in their
own format, and PS2 textures can be
packed and formatted differently. At Day
1 Studios, even though we were only
developing for the Xbox, we have two
sets of resources: one for the Xbox, used
in the game, and one for the PC, used in
our PC-based tools.

The type of operations done at this
stage range from quick ones such as sim-
ple format changes, to somewhat expen-
sive ones such as mip-map generation,
dithering, or compression, to really time-
consuming ones such as lightmap genera-Building battle armor materials for MECHASSAULT 2 in 3DS Max.



tion and mesh optimizations. At this
point we don’t care too much about how
long it takes to perform an operation, we
just care about the final result and how
optimized the final asset is. As a result of
this step some assets could be split into
different assets (for example, our model
XML file is split into several smaller files
containing vertex and index data), and
sometimes multiple assets get combined
into one larger asset (packing a set of
textures into one larger texture).

At Day 1 Studios, this step is per-
formed by a command-line conversion
tool, which takes a set of intermediate
assets and produces the final assets. The
actual conversion happens through a set
of conversion plug-ins implemented as
DLLs, each of which takes care of con-
verting a particular type of resource
(identified by filename extension or a
header on the file itself). Any resources
not handled by the conversion plug-ins
are just copied straight through without
any modifications.

Be warned that doing a full resource
conversion on all the assets of the game
can be a very time-consuming operation.
There can easily be hundreds of thou-
sands of files, and each of them needs to
be loaded, parsed, converted, and saved
in the new format. This process can take
up to several hours even with a fast CPU
and a very fast hard drive. Minimizing
this time will help with the overall turn-
around time, so you might want to pro-
file the conversion program to find any
obvious bottlenecks. Other solutions
include doing incremental conversions
(only convert files that have changed
since the last build), and doing distrib-
uted builds (have a farm of machines
where each one takes care of converting
a subset of the resources).

During this step we should also gener-
ate errors and warning messages as neces-
sary. Sometimes an asset won’t meet the
requirements to be converted successfully
(for example, a texture might be marked
as needing mip-maps but it has dimen-
sions that are not a power of two). It’s
much better to prevent invalid assets from
making it this far down the pipeline by
preventing them from being generated in

the first place, but we should still be ready
for them here. By keeping a log of all the
failed conversions and all the warning
messages, the art and design leads can
quickly identify what the problems are
and correct them for the next build.

If you have specific dependencies
between resources that need to be
enforced (for example, packing all the
textures for a particular model together
and the textures need to be converted
before they’re packed), you might want
to use an existing dependency-manage-
ment tool such as make or jam. 

Catalog Files

T he final step of the pipeline consists in
packing all the loose final asset files

into larger catalog files. A catalog file is
nothing more than a large file containing
other files inside, possibly along with their
names and hierarchy information. 

The advantage of using catalog files are
pretty obvious: reduced number of
open/close file operations, enforced physi-
cal proximity between files, easier and
more efficient distribution of assets, faster
directory parsing, and so on. Surprisingly,
not all modern games provide catalog
files with their assets (you can usually tell
who the guilty parties are by the outra-
geously long load or install times).

Using a standard catalog file format
(such as .ZIP, .CAB, or even .WAD) is
very convenient because there are
already-made tools to create, load, and
view them. On the other hand, you might
not have as much control over them as
you want (for example, to enforce a spe-
cific file alignment or ordering for opti-
mal seeking performance on a DVD).

In this step, the final assets for each
platform are packaged into separate files.
You might want to have separate catalog
files for each level, or have sound and
music on a separate catalog file from the
rest of the assets. Those strategies will
depend on how you need to load
resources in your game. Once these cata-
log files are created, they can be copied
onto the network and everybody can
copy them locally to their machines or
work with them directly from the net-
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work if there’s enough bandwidth. The
game and the tools should be able to
read these files directly and load any of
the resources inside transparently.

The Fast Path

U nfortunately, the process we’ve
described so far isn’t exactly speedy.

To make a change and see it in the game,
we need to go through the following
steps: modify a source asset, export the
intermediate one, check it in version con-
trol, kick off a resource conversion, and
wait for a few hours until new catalog
files are ready. That doesn’t meet our ear-
lier requirement of a fast turnaround time.

The solution is to provide a fast path
into the tools and the game that bypasses
all the time-consuming steps. In our case,
we made it so both the tools and the game
could load intermediate assets as well as

the final assets (see Figure 1 again). All an
artist has to do to see how their updated
texture looks in the game is to export the
intermediate asset, copy it on the directory
where the game or tool expects to find it,
and run the game. You can even provide a
macro or a button that does all those
steps at once, including launching the
game to the correct level. The artists just
make a change, push a button, and see
their new assets in the game. It can’t get
much easier than that.

How exactly is the local file loaded
instead of the one residing in the catalog?
That’s part of the magic of the file man-
ager. As far as the tools and the game are
concerned, they’re just opening a file like
any other. However, our file manager
gives local files priority over catalog files
so they override any similar entries in a
catalog file. Whenever the game attempts
to open that file, the file manager redi-

rects it to the local file. Otherwise it
loads it from the catalog as usual.

Since we designed the intermediate
format so it was easy to parse and mod-
ify, but not fast to load, isn’t that going
to slow loading levels down to a crawl?
It would if all the resources in the level
were in the intermediate format. The
idea is that only the assets that artists
and designers are working with at the
moment are going to be found locally in
the intermediate format, so load times
are only going to increase by a very
small amount.

This approach also requires that the
game and all the tools have code in them
to load and parse assets in their interme-
diate formats. That is not a trivial
amount of code, but chances are you’ve
already written it to make it part of your
conversion tool. However, you might
want to strip this code out of the final
shipped game, so separate it cleanly and
surround it with conditional compilation
statements so it’s easy to remove.

There is one important lesson we
learned from using this fast load path:
make sure that your fast load path and
your normal path (following the rest of
the pipeline) both produce the same
results; otherwise you’ll have some very
disconcerted artists who are not sure why
their assets look different after they
check them in. In our case, we were
using one library for texture conversion
in the slow path and a different one in
the fast path. The results were often simi-
lar, but sometimes different enough to
raise a few questions. Whenever possible,
use the same code in both paths.

Putting It All Together

N ow that the whole pipeline is in
place, we can finally start thinking

about automating the process. It should
be relatively straightforward to create a
script to get the latest source or interme-
diate assets from source control, run the
conversion process on all of them, and
package them on the catalog files. Perl
and Python are some good glue lan-
guages for that type of tasks. The most
difficult aspect of the script is making it
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robust enough to deal with errors (net-
work going down, version control server
being down, etc), so take good care of that
from the beginning. With such a script in
place, we can run the resource build auto-
matically once or twice a day, or on
demand when new resources are needed.

The more we automate the content
pipeline, the more important feedback
becomes. People are not going to be
watching every step of the pipeline, so
we need to collect all the important
information and deliver it to the people
who care about it. In addition to gather-
ing all errors and warnings, we might
also want to collect other information,
such as memory footprints, texture
usage, or even some rough performance
statistics. All that is best done as a final
step to the resource build, running each
of the levels in the game with the latest
resource and executables. As a side bene-
fit, it also serves as a very rough smoke
test of the build.

Robustness was one of the goals of the
pipeline from the very beginning. Part of
it involves making sure that the conver-
sion and packaging tools work flawlessly

and report any errors correctly. The
other part is making sure the game and
the tools are never left in an unusable
state because of bad resources. A good
philosophy to maintain is that bad data
should never break the game or tools; an
artist or designer should never be able to
crash the game. It might sound a bit radi-
cal, but it’s worth aiming for that goal.
Any engineering time spent towards this
will be paid back many times over as
soon as assets start being added to the
game at full speed. When loading a level,
take the time to report any loading or
initialization errors, disable the entities
that had problems, and move on. In
addition to that, it’s helpful to put some
sort of ugly debugging model (a big pink
lollipop in our case) in place of any enti-
ty that failed initialization.

Further Work on the
Pipeline

T urnaround time is very good already,
but we’d like to make it even shorter.

We’d like the game to detect that some
assets have changed and load them on

the fly. This can be particularly beneficial
for games without discrete levels where
reaching specific locations is a time-con-
suming task.

A full resource build for
MechAssault 2 can take up to an hour
and a half. We’d like to further investi-
gate the possibility of doing distributed
builds. There are open-source, general
frameworks for doing distributed opera-
tions that could be easily added to the
process. We might also want to look into
integration with the build systems such
as Ant for added robustness.

Games are very different from each
other and teams are organized differently,
so content pipelines will vary significantly
from project to project. It is important to
identify the assets for a given game, what
kind of operations will be done to them,
who will be working on them, and at
what stage of the development they will
occur. Use whatever pipeline organization
works best for your particular needs and
automate as much of it as possible. The
artists and designers in your team will
thank you for it, and you’ll end up with a
much better game in the end.  q
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