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N

ow that game developers are
faced with the largest storage
device in the history of their
industry, what are they going
to do with it. Just as the command line gave way to the
GUI, this shiny ethereal disk is
muscling its dull, flimsy, magnetic ancestors out of the way. Lower
manufacturing costs were one of the first
benefits, as low as a dollar a unit. They
were lighter to ship and harder to damage—no more damaged PC disks. They
can be repackaged without threat of corruption or infection. And, as far as piracy
goes, in the words of one developer,
“Nobody ever downloaded 500MB from
a BBS.”
But are they, as they are marketed
now, a software platform separate from
disk-based games, or are they merely a
storage medium and should be treated as
such? When I ask developers what platform they’re writing for, more are saying
CD-ROM. When asked to clarify, they
usually say, “Well, MPC2 and Macintosh first, then Sega CD and maybe
3DO or CD-I.” Clearly, they’re talking
about high-end authoring systems
manipulating either captured video or
rendered images with CD-quality sound
files—a development process where the
main emphasis is on raw data that can be
used across a variety of platforms.

Games need to be more tightly integrated
into specific platforms to get good playability, and more of the CD-ROM’s cross
platform identity will be lost.
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Stand or Fall?
The potential of the CD-ROM as a
platform is tremendous because it is
viewed as a superset not subset of the
existing computer game industry. Everyone’s hoping that nontechnical people
who would never buy an Ultima, flight
simulator, or Doom will be willing to buy
a CD-ROM game designed to appeal to
a wider audience—changing the computer into interactive VCR. If these technical neophytes’ first experience is a bad
one, for $60 a disk, they’re not going to
continue making the same mistakes.
It will be this next year as these consumers make their first CD-ROM purchases that will determine the shape of
the industry. If CD-ROM games are
able to vary more in subject matter than
traditional computer games, retain their
platform independence, and capture new
demographics, they will attain the status
of new platform. If not, they will just be
another means to get product to market
and will just be another label on the side
of the box. Regardless of the outcome, it
looks as if the CD-ROM is here to stay.
Alexander Antoniades
Associate Editor

Playability
The problem is, many newer CD-ROM
games have the playability equivalent of
Pong games with captured video images
of professional tennis players and CD
quality sounds of bouncing balls. This is
because high-level authoring systems
available can deliver the kind of performance that is needed on every platform,
so most cross-platform CD-ROMs rely
on a variety of kludges, just to get a simple game manipulating video to work.
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Get Your Game
on a CD-ROM
will guide you around some of the pitfalls
inherent with CD-ROM development
and demystify the process somewhat.

Not Just for
Aerosmith Anymore

Cool graphics are just one advantage to writing your game specifically for CD-ROM. But a
high-end clip like this can cost a lot in terms of money and staff resources—several hundred clips can put your project out of business. Carefully planned and placed, though, you
can make efficient use of your resources and still come out with a visually superior game.

T

he concept of developing games
specifically for CD-ROM or
porting existing products onto
CD-ROM is appealing and a bit
frightening. There are advantages to using the CD-ROM as
a delivery platform, and there are
technological barriers as well.
Your managers see CD-ROMs as an
economical alternative to floppy disks,
and the lure of 550MB of storage to play
around with makes programmers drool.
Unfortunately, most companies are
unfamiliar with the practical step-by-step
processes involved with actually producing a disc—and what the pitfalls are. I
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While CD-ROMs have been around
since the mid-1980s, most products produced for the medium have been fairly
plain, unimaginative text-based reference
works. Almost 90% of the discs available
are plain-vanilla DOS products with no
graphics, sound, and animation. Only in
the past few years have CD-ROM players penetrated the market enough to
make broad-based consumer-oriented
software financially viable.
Not that a single dominant platform
has emerged. CDI, 3DO, SegaCD,
CDTV, CD-32, Jaguar, FM-Townes,
and a few other TV-top or stand-alone
systems are still trying to establish a
foothold in the home market (none is a
clear winner yet), while Apple, IBM,
Tandy, Atari, and Commodore all support CD-ROM drives as add-ons to
their PC products.
There are also hybrid systems like
Laser Active just introduced last fall that
plays video laser discs, game cartridges,
and CD-ROM-based software. All these
systems have their idiosyncrasies when it
comes to writing code for them, but fortunately there are some commonalties.
One common thread that runs
through these systems is that the discs all
adhere to the ISO-9660 standard. The
ISO standard describes the physical layout of data on the surface of the disc and
some of the structure the data must conform to. Beyond that, it is up to the individual system firmware or device drivers

to read that data and translate it into a
form the native operating system can
understand.
In other words, all CD-ROMs that
adhere to the ISO-9660 standard can be
read by all CD-ROM players. That’s the
good news. The bad news is that, like
Apples to IBMs, just because you can
read the disc does not mean your system
can do anything meaningful with the
data. Animation files saved in Commodore’s ANIM.7 format still cannot be
played on an Apple Macintosh; code
written for the Windows environment
won’t run under OS9 (the basis of
Philip’s CDI operating system).
As the developer, you may have to
write different versions of your program
for each system. You can store multiple
versions on the same CD-ROM, and
each platform should be able to use the
same disc. The other bonus to the ISO
standard is that, unless you really need to
write code “down to the plastic” (for a
custom video playback routine or to
squeeze the absolute maximum performance from a disc), you don’t really have
to worry about file structure. (You do
have to worry about track layout and
organization, but we’ll get to that a bit
later.)

The Need for Speed
Another common element to all CDROMs is that they are slow. A single
speed CD-ROM drive boasts a whopping data transfer rate of just under
150K per second. Compare that to a
medium speed hard-disk drive with
transfer rates approximately 10 times
faster. Another perhaps more crippling
factor is seek times. When CD-ROM

drive vendors claim a 150K transfer rate
(or double, triple, or quadruple rates),
they somehow conveniently neglect to
mention that almost all CD-ROM drives have atrocious seek times. If you are
just loading data from a text-only reference CD, it doesn’t make that much difference. For game developers who want
to load sound, animation, video, and
data in as close to real time as possible,
those seek times can be a nightmare.
Also, different systems vary the default
chuck sizes.
Let’s look at a worst case scenario.
When you send a read command to the
drive, it must first move the read head to
where it thinks the file probably is. It
reads a 4K or 8K header chunk (depending on the firmware or hardware configuration) to see if it’s got the correct file.
If it’s the right file, it has to wait for the
disc to spin around again, then reads
80K chunks (regardless of how big the
file is) until the entire file is read.
Let’s say you are reading a 30K file.
Seek times on some CD players, going
from the outer edge of a disc to the
inner, can take up to 1.2 seconds! Yes,
seconds! (I have personally worked on
systems like this. TV-top systems trying
to appeal to the masses and are highly
cost conscious tend to put the least-costly and thus least-efficient drives in their
machines.)
So, 1.2 seconds plus .03 sec. for the
header read, plus .5 sec. for the actual
data (remember, it reads an 80K chunk
no matter how big or small the actual file
may be), and we are at 1.73 seconds to
read a 30K file! All this is assuming it
hit the correct spot the first time. If not,
add a bit more time. Suddenly our 150K

by Guy Wright

CD-ROMs have blown
open the game market with the potential
for high-end sound,
video, even multimedia. But beware the
pitfalls of technology! You need to plan
carefully to create
a superior game.
GAME DEVELOPER • JUNE 1994
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A few well-placed
10-second
clips can mean
the difference
between awardwinning software
and shovelware.
per second transfer rate has dropped to
20K per second. Imagine you are trying
to double-buffer sound files while loading something else, and you begin to see
where the biggest CD-ROM bottleneck
occurs.
Granted, this is a worst case situation, but ignore this warning at your own
peril. You may think your program is
fine until you start getting irate calls
from people who say that the audio is
garbled or the QuickTime video
sequence is annoyingly jerky on their
system.
If you are producing a product for a
TV-top system like 3DO or CDI, there
are ways to get around some of these
problems. You can force the drive to read
certain size chunks (assuming you know
exactly how big each file is before you
issue a read command) or just tell it to
start dumping raw data into RAM where
your code will sort everything out on the
fly. But if you are developing for a PC
platform where you don’t know what
kind of CD-ROM drive the user is likely
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to own, you have to resort to other tricks.
The first, simplest, and most valuable trick for teasing performance out of
a CD-ROM drive is physical layout of
the data on the disc. If you are careful
about the physical layout of the files on
the disc (keeping sequential files close to
each other), you can minimize the seek
time problems. If the read head doesn’t
have to travel as far, it won’t take as long
to start transferring your data into RAM.
Of course, you must change some
traditional ideas about how you organize
your data during development. For
instance, don’t put all your sound files in
one directory, your pictures in another,
and your animations in a third. When
you transfer those directories to a CD
disc your files will end up far apart on the
disc, causing longer seeks.
Instead, put sound, picture, and
animation files that will be used at the
same time in their own directory. That
way you can be certain they will be near
each other on the disc when it comes
time to read them. For some systems,
there are even optimization utilities that
will track file use during emulation and
tell you which files should be closer to
each other.

Down to the Plastic
This is a good time to run through the
traditional steps in making a CD-ROM
disc.
Step 1: Design your product. You
should already have a good idea about
how to do this (if not, you probably
shouldn’t be in the business). What do
you want? What will it look like? Create
a wish list and go back and modify it
based on cost, resources, development
time, and so on. It’s tempting to think
of a CD-ROM as a panacea for all the
problems you face with traditional game
design and production. But before you
finish your design, look at your original
idea and some of the cold, hard numbers.
If you want video in your product,
you must invest in a whole new world of
hardware that most of the programmers
on your team don’t know anything
about. There are VCRs, editing decks,
SMPTE time code generators, editorcontrollers, cameras, and, of course,

actors, costumes, scripts, lighting, audio,
directors, and video editing. I’m not saying you shouldn’t include video, but
think back to those cheesy car-dealer
commercials on your local TV channel.
Those obviously shoe-string budget,
low-quality, 30-second spots cost tens of
thousands of dollars to produce!
If you think you can do it for less,
take a look at your own home videos and
decide if that is the quality you want in
your new game. Call a few video production companies, costume houses, and so
on, and run some of the numbers yourself. You may end up spending $100,000
or more for a few minutes of video before
you get it into the computer.
Once you have the video, you have
to capture it and convert it into a video
format for your particular platform.
QuickTime and Video For Windows
charge a run-time fee per product (and
you can’t count on your buyers already
having them). In addition, there is the
cost of the video capture equipment and
its learning curve. You can plan on
adding a few months to the development
cycle if you are including video in your
game.
If you can overcome all these obstacles and manage to get the video into the
computer, a good rule of thumb is to figure on a megabyte of storage for each
three to five seconds of video. You can
have a spiffy intro video of two minutes
that should only take about 60M (in a
small window, that is, not full-screen and
not quite VCR rental movie quality).
If you consider that a 70-minute
movie can barely squeeze onto a CDROM using MPEG hardware compression, you begin to realize why there
aren’t a lot of interactive video games out
there (exactly none at last count). But
don’t let all this discourage you. A few
well-placed 10-second clips here and
there can mean the difference between
award-winning software and just another
shovelware port. Investigate the problems, costs, and eventual benefits of
video, and then make up your mind
whether to include it or not.
If you want a complete CD-quality
soundtrack, there is more bad news and
good news. CD-quality audio (at a

22KHz sample rate in stereo) ends up
gobbling CD-ROM space as hungrily as
video. (That’s why you can only fit 70
minutes of music on a CD-audio disc).
There is another problem with CDaudio. Because of government regulations brought about by the record industry, there is a special hardware feature
built into all CD-ROM drives. When
the drives switch to CD-audio playback
mode, they automatically cut in digital to
analog converter circuitry before the signal gets to output. This was done so no
CD drive would send out pure digital
signals—if they did, people could make
perfect, digital byte-for-byte copies of
CDs.
When you issue a CD-audio playback command to the drive, it switches
into an analog output. In simple terms,
while the CD-audio is playing, you cannot read any digital information off the
disc at the same time. So, you must preload all the code, pictures, animations, or
whatever before you start that totally hip
soundtrack playing and wait until it finishes before you can load anything else.
The good news is that 95% of the
people who will be running your game
on a PC or Macintosh will not have their
system hooked up to a $4,000 audio system. More than likely, they will just have
a SoundBlaster card running through
dinky little Radio-Shack speakers that, at
their best, can only reproduce audio in
the 8KHz to12KHz range. (For a point
of reference, a telephone earpiece speaker
operates at about 6KHz or voice quality,
AM radio is about 8KHz to 10KHz, a
very high-end stereo system can only go
up to about 18KHz, and most normal
human beings can only distinguish differences in sounds up to about 20KHz.)
Why is that good news? You can
have your digitized audio, music, voice,
and sound effects and sample it at
12KHz to 14KHz, which is more than
adequate for 95% of the systems out
there. You will have remarkably clean
sound in digital format that you can load
from disc and play back at the same time.
Sound still costs about 1MB for each
minute, but you don’t need to overdo it
on sound. (If you are just doing explosions and laser blasts, you can easily drop

down to 8KHz sample rates with no loss
of clarity and still sound better than diskbased games.)
You will however have to be careful
during the recording and sampling stages
of development. You should do a number of tests first to determine recording
formats, sample rates, and so on. It’s also
a good idea to digitally audition your
narrators because there are some human
voices (particularly women’s voices) that
require 15KHz to 16KHz sample rates
to reproduce clearly.
It is also a good idea to get your
audio recording done in a professional
sound studio. The costs are not that high
($50 to $100 per hour), and you won’t
end up with an hour’s worth of audio
tape that has the hum of an air-conditioner in the background, cars driving by
the office, or 60-cycle florescent lights
buzzing throughout. You need to invest
in decent sound digitizing equipment
and software, although sound editing is
remarkably easy in digital form as
opposed to traditional sound-editing
techniques.
You can store hundreds or even
thousands of images and animations on a
CD-ROM disc, but where are you going
to get them? I know of companies that
have spent $1,000 for a single computer

graphic screen. It was nice, but imagine
buying hundreds of them. Maybe you
have an in-house graphics department.
How many screens does it produce in a
week? One...two...ten? How long will it
take to generate a hundred...three hundred...a thousand? How much would it
cost to buy a hundred graphics screens?
How long will it take your people to
generate 20 animation sequences or
more?
More and more companies are turning to stock houses for images, and some
of the smart companies are looking into
licensing existing artwork. Some comic
book illustrators get paid very little compared to traditional computer artists, and
their talents rival the best computer
graphics anywhere. It might be worthwhile to investigate hiring traditional
artists and scan their pencil, pen, and ink
work into the computer. It would mean
buying and learning the intricacies of
scanner technology, but it may be worth
it in the end.
Your design specifications now
include a few dozen animations, some
well-chosen video clips, 10 to 20 minutes
of sampled sound, and something less
than a hundred graphic screens. Once
you are ready with a full design specification, you are ready to move on to the

Civilization of the Future or Memory Eater?
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will appear on the CD.
ate a floppy boot program that simply
next step.
Once the build file is created,
transfers control to that partition and see
Step 2. Develop your product. Here is
another program creates an ISO format
if it works. You will probably find that
where the hard-core programming,
image of the data, ordered according to
when booted from that partition, the
graphics creation, animation, music,
the build file. That image is then written
program fails because you omitted a
sound effects, digitized voices, and everyto a write-once disc. This is called the
DLL, initialization process, or some
thing else gets done.
premaster or gold disc. These discs use a
code that exists on your development
Step 3. Hard disk image. Create an
very, very thin film of real gold and a
platform but may not exist on your target
image of the product on a separate hard
laser to create the pits. The gold disc is
platform.
disk partition, complete with boot code,
then used for final testing in a real CDThis testing will also help you build
installation code, and so on. This is a
ROM drive on a real system.
your install routines (if you have any).
very important step in develThere are two ways to create a gold
This is particularly important on
oping for CD-ROM because
Lucas
disc. You can either send your data to a
TV-top systems, many
what you put in that partiArts H
CD-ROM mastering house or you can
of which
tion is what will end up on
igh-En
d CD-R
do it yourself. Most CD-ROM masterthe disc. This is a good
OM Ga
ing facilities can accommodate
time to clean up unused
me Re
bel As
data in just about
code, tools, errata, prosault
any format,
grammer’s notes, intersuch
as
nal documentation,
streaming
trapdoors, and all the
tape, Syquest
thousand-odd files
data cartridges,
that end up on a
Bernoulli drives,
hard disk during
even hard disks.
the development
They will, of
process. Rememcourse, charge you
ber, if you accifor a premaster
dentally burn a
(usually
under
copy of your
$100), and some
compiler,
houses will let you
source code,
apply that charge
font, or favorite paint
toward the actual masprogram onto the CD-ROM,
tering charges later.
you might be in for some legal problems,
You should already
transfer
the least of which would be paying a roybe checking into mastering
total control to the CDalty to the originator of those products.
and duplication charges by
ROM and count on it to do everyJust because all those files appear in
this time anyway, so perhaps
thing including boot the system. Once
nice alphabetical order when you do a
you can work out a deal. If you are leteverything seems to work off the hard
directory listing does not mean they are
ting a CD-ROM mastering house do the
disk partition it is time to premaster the
sequentially laid out on the drive. Some
premastering for you, be sure that it
disc.
premastering software creates a complete
knows what format you are sending and
Step 5. The gold disc (premaster).
byte-for-byte image of the hard drive as
what the target platform is. Most CDBefore you actually start producing discs,
it stands, not as it appears. Remember
ROM duplication houses are more than
you go through a premastering phase
that file number 2.pic appears between
happy to accommodate you no matter
that’s divided into two steps: a build and
19.pic and 20.pic, so you may want to
what the technical considerations are
a premaster or gold disc.
number files 001.pic, 002.pic, and so on.
(after all, they want your business when
After you have your program finThis may not be a problem for you or
it comes time for duplication).
ished and all the picture, sound, and
your system, but some people spend
If you plan to do a lot of future proother data files just the way you want
weeks trying to figure out why the CDjects on CD-ROM (or a lot of premasthem, you go through a build phase. A
ROM image is different from what they
ters), it’s probably a good idea to look
build is where a separate program reads
think is on their hard disk.
into the purchase of a WORM drive of
through your hard disk and creates a
Step 4. Hard-disk testing. At this
your own. Write once drives fall into the
build file, which is simply a text file with
point, it’s a good idea to test the product
$2,000 to $5,000 range, with various feathe proper header information and a list
from that hard disk partition. If possible,
tures and software. It is probably worth
of all the files on the hard disk drive that
boot straight into that partition and see if
looking into the various configurations
you want copied in the order that they
everything works. You may have to cre-
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carefully before you purchase one. If you
go the do-it-yourself route, you must do
the build phase on your own, which
actually does give you more control over
the finished product.
If your premastering or build software is good, it will let you edit the build
file. Here is where you may find file
organization and ordering problems. You
may also be able to correct them here by
editing the build file. Remember to keep
track of your changes because, no matter
how smoothly things have gone up to
this point, you generally have to go
through the build phase at least a few
more times. When you have the build
file the way that you want (organized so
that frequently used files are grouped
together and near the beginning of the
file), you can cut a gold disc with a command or two. Depending on the
WORM drive, this can take minutes or
hours.
Step 6. Testing. When you get your
gold disc back from the duplicator or
from your WORM drive, it is time for
real-world testing. Here is where you
will find CD-ROM specific problems,
read and seek time bottlenecks, and
other things you never counted on. The
gold disc is in every way exactly like the
disc that you will be shipping to your
customers, so if it doesn’t work on your
target platform system at home, it certainly won’t work on your customer’s
machine.
Test the gold-disc version to death
because this will be your last chance to
solve any problems. Try it on an actual
low-end system that doesn’t have your
developer tools loaded (or anything else
for that matter). Test it at home. Test it
in the field. Test it everywhere you can
think of, even if you have already gone
through beta testing on hard disk.
If you end up having to make
another gold disc, go through the whole
testing process again with the new disc.
You would be amazed at how often fixing one problem causes three more to
crop up. Even if you are under the gun,
it’s 4:45 and the UPS truck is about to
leave, don’t give into the temptation to
send out a new gold disc that hasn’t been
tested! Gold discs are not perfect! A sin-

gle speck of dust at the factory can create
a flaw in the disc, and gold discs aren’t as
durable as final CDs. One bad byte in
the wrong place can destroy a program,
and, if it’s bad on the gold disc, you’ll
end up with a thousand copies of a bad
disc.
Step 7. Mastering. If the gold disc
works the way you want, you can then
send the gold disc, (or magnetic tape, or
Bournelli or Syquest cartridge, or even
your hard disk drive along with your
build file) to a duplicator who then
makes a master. You can’t make your
own CD-ROM master discs. CD-ROM
mastering is one of those dark, arcane
artforms roughly equivalent to mass-producing VLSI chips that only a few companies in the world can accomplish.
It involves millions of dollars worth
of highly specialized equipment, highly
trained engineers dressed in air-tight
space suits and a class 2 cleanroom. Fortunately, duplication houses only charge
about $1,200 for each master. Don’t
expect to get the master back either.
Most duplication houses will store them
for you if you need another run, but normally they don’t give copies back to the
customer.
Once a master is created, the duplication process is pretty much like stamping out a vinyl LP record. The master is
mounted on a press, the CD-ROM
inner layer is stamped, the plastic coating, label and whatnot applied, and the
disc is popped into a jewel case (or whatever you specify). Depending on the
quantity and turnaround time, CDROM discs can be produced for under
$1.50 each. If you want the duplicator to
insert your discs into jewel cases, insert
instructions, and shrink-wrap them for
you, each disc will cost about $2.00 each.
The duplicator will even ship the product
for you.
You must work out the particulars
with your individual CD-ROM duplication house, and all will be very happy to
meet your needs. You may be able to get
a dime or two with a volume discount,
but disc prices are pretty low, so don’t
expect 50% off if you order 10,000
copies. If you are developing for some
systems you may find that the duplicator

will charge you an additional platform
license fee that goes back to the system
manufacturer. You may also encounter a
setup fee of a few hundred dollars. Some
duplicators will wave this fee the first
time, but charge you if you need to go
back on press at a later date.

Treasures and Traps
So, while CD-ROM may seem like the
end-all, be-all for software developers, it
is a mixed blessing. Yes, you do get tons
of storage space, but you have to count
on additional load times. Yes, it is almost
like shipping your product on a very large
read-only hard disk and yet, because of
physical layout constraints, you have to
be careful how you premaster for optimum performance. Yes, you can add
video, digital audio, animation, and
skads of graphics, but each comes with
added development costs, headaches, and
design considerations.
If and when you decide to jump
into the CD-ROM development venue,
you are bound to find hidden treasures
and traps. There is a whole new world of
interactive entertainment waiting to be
explored. You will find those rewards
and pitfalls sooner than any other software developers because, as you and I
know, it takes 10 times more sophistication and elegance to develop a good
game than it does to develop just another
word processor or spreadsheet. Game
developers are the ones who test the limits of technology. No other software producers can do that or have to live up to
the standards that game buyers and
developers set for themselves. ■

Guy Wright has designed, produced
and developed nearly a dozen interactive
multimedia CD-ROM products for various
companies. He has designed games, video
production software, and multimedia
authoring languages and founded two software companies. He has written two books
on desktop video and is currently working
on a killer CD-ROM cyborg simulation
game that should put all others to shame.
He can be reached via e-mail at
gwright@mfi.com or through Game Developer magazine.
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