106 CD-ROMS, DVD-ROMS, AND COMPUTER SYSTEMS

CD-ROMS, DVD-ROMS, AND
COMPUTER SYSTEMS

Digital mass storage technology is rapidly growing because of
the growing amount of data and documents (i.e., text, line
diagrams, images, digital video, animation, sound files, vir-
tual reality “walkthroughs,” and others) that we create, store
and archive. Until the arrival of the Compact Disc Read Only
(CD-ROM) technology, the magnetic tape and then the hard
disk, both capable of reading and writing data by using mag-
netic media, were the most obvious mass data storage solu-
tion, as they still are today for many applications.

As with many new technologies, cost, robustness, security,
speed, and reliability of storing and retrieving data are of ut-
most interest to every direct or indirect computer user. There-
fore CD-ROMs and Digital Variety Discs (DVD-ROMs), devel-
oped as a relatively low cost (i.e., byte per cent) optical
alternative for magnetic mass data storage and retrieval.

Obviously during this development, the magnetic storage
manufacturers were (and still are) fighting back by simulta-
neously lowering their prices on mass storage devices and in-

creasing their data transfer rates and reliability. Simultane-
ously, the compact disc industry has researched and
developed the alternative to the CD-ROM technology, often
called DVD, or DVD-ROM, which stores several times that of
the CD-ROM capacity (see the actual details later).

Data read/write/access speeds have also changed. Initially
the CD-ROM drive, compared with the magnetic hard disk
drive, was very slow, capable of transferring only approxi-
mately 150 kbytes/s (often called the 1X, or single-speed CD
drive), whereas now, CD-ROM drives achieve up to 32X data
transfer rates, approximately 4800 kbytes/s. This is close to
a “reasonable” hard disk drive’s read/write speed. (Obviously
when analyzing the transfer rate, the interface and the entire
computer hardware and software system integration quality
are also important.)

To summarize this introduction, mass storage devices and
the storage media employed are increasingly important. Thus
technologies, such as optical CD-ROMs and DVDs, are thriv-
ing. But this is not to ignore other alternatives, most impor-
tantly the emerging and increasingly fast(er) intranets and
the Internet, which in the long run will offer more acceptable
data transfer rates and bandwidth, than we have now. This
could take some of the burden of storing and archiving digital
data and documents off the individual computer user, or of-
fice, or multimedia studio—obviously at a price in security
and reliability that will ensure the future and viability of the
CD-ROM and DVD technologies.

HISTORY OF DEVELOPMENT: CD-ROM AND DVD

To distribute massive amounts of digital audio data at rea-
sonable cost and high quality, industry giants, such as Philips
and Sony developed the CD-ROM optical storage technology
in the early 1980s, when the digital “few” were taking over
the analog stereo music industry.

The obvious attractive features of the audio CD versus the
vinyl LP were the relatively low cost of production, duplica-
tion, and distribution, and also the robustness of the media
and the significantly clearer and better (a feature, that is still
disputed by some “artistically bent” ears) sound quality that
the digital technology offers over that of the analog.

It is interesting to note that as with many new, revolution-
ary technologies, even in the USA, where society accepts tech-
nological change at a faster rate than in most other countries,
it took approximately five years for the audio CD to supplant
the vinyl phonograph record industry. (Based on this experi-
ence, one wonders how long it will take to replace the current
combustion automobile engine with clean electric or other
types of power.)

For the computer industry, the Compact Disc Digital Audio
(CD-DA) became an exciting medium for storing any data
(i.e., not just audio), including computer-controlled interactive
multimedia, one of the most interesting technological innova-
tions of the twentieth century. The approximately $1.00 cost
of duplicating 650 Mbytes of data and then selling it for ap-
proximately $200.00 (in those days) created a new revolution
that became the multimedia CD-ROM as we know it today.

Although there are not just read-only, but also read/write
CD-ROMs (see CD-RW later), typically a CD-ROM is an opti-
cal read-only media, capable of storing approximately 650
Mbytes of uncompressed digital data (as an example, a Sony
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Figure 1. (top) and (bottom) A solid model animation sequence of a
short battle created by Richard G. Ranky, illustrating two of hun-
dreds of high-resolution frame-by-frame rendered complex images, in-
tegrated into a QuickTime digital, interactive movie and stored on
CD-ROM. (For full color images please look up the website: http://
www.cimwareukandusa.com).

CD-ROM stores 656.10 Mbytes in 335925 blocks, uncom-
pressed), meaning any mix of text, digital video, voice, im-
ages, and others.

It is important to note that with the advancement of real-
time compression and decompression methods and technolo-
gies, CD recording software packages can put more than 1.3
Gbytes of data on a CD-ROM, instead of the usual 650
Mbytes.

It is expected that with the increasing computer processor
speeds and better integration (see what Apple’s back-side
cache can do to the overall speed of the machine), real-time
compression and decompression will be an excellent solution
for many applications that need more than 650 Mbytes on one
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CD. Obviously this also depends on the cost of the competing
DVD technology! This makes the CD-ROM and the emerging
higher capacity DVD technology essential to digitalizing and
computerizing photography, to the animation and the video
industry, and to the mass archival and document storage and
retrieval business.

To illustrate the breadth and depth of the opportunities of
electronic image capture, manipulation, storage, and re-
trieval, consider Fig. 1 (top) and 1 (bottom), and Fig. 2(a—d).
(Note, that some of these images and sequences are available
in full color at www.cimwareukandusa.com and that more in-
teractive demonstrations are available in the electronic ver-
sion of this Encyclopedia). Note the difference between the
two figures in terms of the approach and methods used. The
first set was created entirely by computer modeling and im-
aging, and it illustrates a totally artificial world, whereas the
second first photographed real, physical objects and then the
images were digitized, “pasted,” and integrated into an inter-
active QTVR (see later) movie (1-11).

CD-ROM TECHNOLOGY, MEDIUM, AND THE
STORAGE DENSITY OF DATA

The most important differences between the magnetic (hard
disk) and the optical (compact disc) technology include the
storage density of data and the way data are coded and
stored. CD-ROMs (and DVDs) use coherent light waves, or
laser beams, versus magnetic fields that are spread much
wider than laser beams, to encode information. The other ma-
jor advantage is that the laser beam does not need to be that
close to the surface of the media as is the case with the mag-
netic hard disk read/write heads. Magnetic read/write heads
are as close as 16 um, or 0.0016 mm, to the surface, increas-
ing the opportunity for the jet-fighter shaped, literally flying,
read/write head to crash into the magnetic surface. In most
cases this causes catastrophic data loss to the user.

The principle of the optical technology is that binary data
are encoded by creating a pattern of black and white
splotches, just as on/off electrical signals do, or like the well-
known bar code in the supermarket. Patterns of light and
dark are read by a photo detector that changes its resistance
depending on the brightness levels it senses through a re-
flected laser beam.

In terms of manufacturing, that is, printing/duplicating
the compact disc, the major breakthrough came when engi-
neers found that by altering the texture of a surface mechani-
cally, its reflectivity is also changed. Dark pits do not reflect
light as well as a bright mirror, meaning that the CD-ROM
should be a reflective mirror dotted with dark pits to encode
data by a laser beam traveling along a long spiral, just as
with the vinyl audio LPs, where pits are accurately blasted
onto the disc.

The CD is an 80 mm (the “minidisc”) or a 120 mm diameter
(the “standard”) disc, 1.2 mm thick, and it spins, enabling
direct data access, just as with the vinyl audio LP, when the
needle was dropped to any of the songs in any order. (Note
that the more obvious 100 mm diameter would have been too
small to provide the approximately 150 Mbytes per square
inch storage density of the optical technology of the 1980s,
preferred by the classical music industry). This meant solving
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Figure 2. (a—d) An interactively naviga-
table, pannable, QuickTime VR (QTVR)
virtual reality movie by Mick F. Ranky of
Budapest by night, allowing user con-
trolled zoom-in/out and other hot-spot
controlled interactivity. (For full color im-
ages please look up the website: http:/
www.cimwareukandusa.com).




the data access problem on a coated plastic disc, more simply
compared with the magnetic hard disk.

To maximize the data storage capacity of the disc, the lin-
ear velocity recording of the compact disc is a constant 1.2
m/s. To achieve this at the inside and the outside tracks of
the disc, the spin varies between 400 revolutions per minute
(rpm) and 200 rpm (at the outside edge). In this way the same
length of track appears to the read/write head in every
second.

Furthermore, because of the access time in which the drive
performs, it is important to note that the track pitch of the
CD is 1.6 um. This is the distance the head moves from the
center toward the outside of the disc as it reads/writes data.
The data bits are at least 0.83 um long. (In other words, a
CD-ROM and its drive are precision electromechanical and
software instruments).

Because the distances between the tracks are so small, it
is extremely important to properly cool CD writers as they cut
master CD-ROMs in a professional studio, inside, or outside a
PC or Mac on the desktop. Usually fan cooling is adequate.
Nevertheless, air-conditioning even in a desktop environment
is advisable on a warm summer day! Furthermore, such
equipment should not be operated at all when the inside cool-
ing fan breaks down!

For mass duplication, a master CD (often referred to as the
“gold CD”) is recorded first. Then this master is duplicated by
a stamping equipment, in principle, similar to vinyl audio LP
production or photocopying. A crucial aspect of this process is
that the data pits are sealed within layers of the disc itself
and are never reached mechanically, only optically by the la-
ser beam. Therefore, theoretically quality mass produced
(“silver”) CDs never wear out, only when abused harshly leav-
ing scratches on the surface of the disc or exposed to extreme
temperatures (12-17).

CD-ROM Blocks and Sectors

The recordable part of the compact disc consists of at least
three blocks. These are as follows:

* Lead-in-block, holding the directory information, located
on the innermost 4 mm of the disc’s recording surface

* Program block, holding the data or audio tracks that fills
the next 33 mm of the disc

* Lead-out-block, that marks the end of the CD at the ex-
ternal 1 mm.

A compact disk is divided into sectors. The actual size
available is 2352 bytes for each sector. Different CD formats
use this 2352 bytes in different ways. As an example, an
audio CD uses all 2352 bytes for audio data, whereas com-
puter-oriented multimedia data formats need several bytes
for error detection and correction.

Then each sector is divided further into logical blocks of
512, 1024, or 2048 bytes. These block sizes are part of the
definition for each standardized compact disc format.

CD-ROM Standards

As is the case with any successful technology, everyone wants
to use CD-ROMs, but in their own way, depending on the
application. Therefore they have standardized both the hard-
ware and the software to bring some order to this “chaos”.
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Compact disc standards include the following:

* Red Book: This is the original compact disc application
standardized by the International Standards Organiza-
tion (ISO 10149) for digital audio data storage that de-
fines digitization and sampling data rates, data transfer
rates, and the pulse code modulation used.

As prescribed by the Red Book, the ISRC-Code holds
the serial number for each track in a standardized for-
mat.

Q-Codes contain extra information about sectors, such
as the ISRC-Code, the Media Catalog Number and the
indices. The Media Catalog Number is a unique identifi-
cation number (UPC-EAN bar code, Universal Product
Code) for the compact disc.

If required, the ISRC and Q-Codes can be set in spe-
cialized CD writing/mastering software, such as in Adap-
tec’s Jam (see later in the section on CD-ROM software
packages).

* Yellow Book: Introduced in 1984, this first enabled mul-
timedia, describes the data format standards for CD-
ROM discs, and includes CD-XA that adds compressed
audio data to other CD-ROM data. This is the most im-
portant format from a computing, interactive multimedia
perspective.

The Yellow Book [ISO 10149: 1989(E)] divides the
compact disc into two modes: Mode 1 meant for ordinary
computer data and Mode 2 for compressed audio and dig-
ital video data.

Because the fact that Yellow-Book CD-ROMs have
mixed audio, video, and ordinary computer data, they are
often referred to as mixed mode CDs. (See also CD-ROM
formats later).

* The Green Book is the elaborate extension of the Yellow
Book and is a standard for Philips’ CD-i, Compact Disc
Interactive. It brings together text, video, and sound on
a single disc in an interleaved mode and extends the
amount of digital, stereo audio data that can be put onto
a single CD to up to 120 min (versus 74 min).

* The Orange Book, developed jointly by Philips and
Sony, defines the hardware and software aspects of the
recordable CDs, often called Compact Disc Recordable
(CD-R: see later in more detail). Introduced in 1992, the
Orange Book enabled multisession technology.

A session is a collection of one or more tracks. Each
recording procedure on a CD-R generates a session that
contains all tracks recorded within the same time period,
hence the terminology, “session”.

A compact disc recorded in multiple recording ses-
sions is called a multisession CD. In this case, each
session has its own lead-in track and table of contents
that is used by the software. The number of sessions
should be minimized for efficient interactive multime-
dia playback and to save 13 Mbytes of overhead per
session.

Furthermore, the Orange Book defines the Program
Area that holds the actual data on the disc, a Program
Memory Area that records the track information for the
entire disc, including all sessions it contains the Lead-in
Area that holds the directory information, the Lead-out
Area that marks the end of the CD, and the Power Cali-
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bration Area that calibrates the power of the recording
laser beam.

* The Blue-Book standard was first published in 1995. It
introduced stamped multisession compact discs in which
the first track is a Red-Book audio track. This resolved
the “track one compatibility problem”. (Formerly this
standard was known as CD-Extra. Microsoft calls it CD-
Plus). The Blue-Book standard enables compact disc au-
thors to put interactive multimedia data into the unused
capacity of musical CDs.

+ The White Book comprises the standards for video CDs.
This format is based on CD-i (see the Green-Book stan-
dard). These CD products are meant to be played on
CD-i players.

Proprietary CD-ROM Standards

There are also other proprietary compact disc standards.
Most importantly the

« KODAK Photo CD, readable on Macs, PCs, SIGs (com-
puters made by Silicon Graphics Inc.) and other ma-
chines is a standard for storing high-quality photo-
graphic images developed by the Eastman Kodak
Company, and

*+ MMCD, a multimedia standard for hand-held CD players
made by the Sony Corporation and

* others.

CD-ROM Transfer Rate

The transfer rate of a compact disc system is a direct function
of the rpm at which the disc spins in the player.

Because of the different sizes of bocks and the error correc-
tion methods used by different formats, the exact transfer
rate at a given spin rate varies from one type of CD to the
other.

As an example, in audio mode the block size of 2362 bytes
is transferred using a 1X drive at 176 kbytes per second. In
Mode 1, where the block size is 2048 bytes, the 1X drive
pushes through 153.6 kbyte/s.

As with a current CD-ROM drive at 32X speed in Mode 1,
where the block size is 2048 bytes, the 32X drive pushes
through 32 X 153.6 = 4,915.2 kbytes per second, a value close
to a “reasonable” hard disk drive’s transfer rate.

CD-ROM Access Time

Compared with the magnetic hard disk drives, the CD-ROM’s
access time is significantly higher because the optical read
head is bulky, versus the elegant flyweight mechanism of the
hard disk. The optical assembly that moves on a track carries
more mass and that translates into longer times for the head
to settle into place.

Besides the mass of the optical head, the constant linear
velocity recording system of the CD further slows down the
access to desired date. With music, for which the CD was orig-
inally designed, this is not a problem because it is (usually)
played back sequentially. With computer data access, the CD
must act as a random access storage device, and then the
speed (access time plus read or write time) becomes crucial.

The typical access time for a modern CD drive is approxi-
mately 100 to 200 ms, about ten times longer than that of a
modern magnetic hard disk’s access time.

CD-ROM Formats

The Yellow-Book standard enables multimedia because it de-
scribes the data format standards for CD-ROM discs and in-
cludes CD-XA that adds compressed audio data to other CD-
ROM data. However the Yellow Book does not define how to
organize the data into files on the disc. Therefore the High
Sierra Format (HSF) and later the ISO9660 format were de-
veloped and standardized.

The only difference between the HFS and the ISO9660 for-
mats is that some CD drives read HFS CDs only (on old
Macs), but the good news is that all recent drives on all plat-
forms (i.e., MacOS, Windows/NT, Unix) read both.

IS09660 strictly maintains the 8/3 DOS naming conven-
tions, whereas the HFS format used on Macs from the very
early days, allowed full length Mac file names. (Long file
names are beneficial in particular when large number of mul-
timedia objects/files have to be named and coded meaning-
fully.)

To fix this problem for Windows 95, Microsoft introduced
a set of extensions to IS09660, called the Joliet CD-ROM Re-
cording Specification. These extensions support 128-character
long filenames (not the max. 255) with a broad character set.
Unfortunately, DOS systems prior to Windows 95 still read
according to the 8/3 file naming convention. Thus even some
of the latest multimedia CDs are still forced to use the short
8/3 filenames (e.g., for a video clip: 12345678.mov, instead of
a more meaningful: JaguarTestDrive_l.mov), to maintain
compatibility.

CD-RECORDABLE (CD-R)

The fact that the compact disc is a sequentially recorded but
randomly playable system (versus the magnetic disk, which
is randomly recordable as well as playable) making writing a
CD-R a more complex operation than copying files to a (mag-
netic) hard disk.

Because CD recorders want to write data (i.e., “burn the
CD-R”) in a continuous stream, the data files to be recorded
onto CD must first be put into a defragmented magnetic disk
folder, often called “writing a virtual image” file. To ensure
continuous space on a hard drive, the best practice is to re-
format the drive or its partition before moving any files into
it. This prevents any interruptions during CD recording (i.e.,
mastering) that are most likely to result in an error in re-
cording. Normally, the folder created on the magnetic disk
will be copied over/recorded exactly “as is” onto the CD-ROM.

Furthermore the number of sessions should also be mini-
mized for efficient interactive multimedia playback (in partic-
ular in the case of several large video files) and to save space
(i.e., 13 Mbytes per session).

For the laser beam to code data onto the CD-R, the CD-R
media needs an extra layer of dye. To guide the process even
better, in particular for a desktop, all CD-Rs have a format-
ting spiral permanently stamped into each disc.

Analyzing the cross section of a CD-R, the outside layer is
a silk-screened label. Then as we move further inside, there
is a protective layer, and then the reflective gold coating, with



the photoreactive green layer embedded into a clear polycar-
bonate base.

As with all CDs, the CD-R has a bottom protective layer
that gives its robustness. A thin reflective layer is plated on
the polycarbonate to reflect the CD beam back so that it can
be read by the compact disc drive. The dye layer, special to
the CD-R, is between this reflective layer and the standard
protective lacquer layer on the disc. It is photoreactive and
therefore changes its reflectivity in response to the laser beam
of the CD writer, enabling data coding.

CD-RW CD-ERASABLE

Ricoh pioneered the MP6200S CD-ReWritable (CD-RW) drive
in May 1996. (CD-Erasable, or CD-E, was the original, confus-
ing terminology). Then, it was the only compact disk drive
that could read and write data onto a CD! Users today enjoy
a vastly expanded range of choices, in terms of manufacturers
and the variety of software bundles and interface options.

The CD-RW employs phase-change laser technology to
code and decode data. From a user’s viewpoint, the CD-RW is
similar in operation to the magnetic hard disk. The drive up-
dates the disk table of contents any time. Thus files and
tracks are added without additional session overheads. (A
session overhead is 13 Mbytes for a CD-R.)

Where CD-R drives in the past were limited to internal
and external Small Computer System Interface (SCSI), to-
day’s range of CD-RW/CD-R multifunction drives come with
parallel and IDE connections, in addition to SCSI.

Other important aspects of CD-RWs include the following:

* In comparison to the IDE or parallel-connected drives,
SCSI drives are considerably faster, especially when us-
ing a PCI bus-mastering card.

* Most modern PC motherboards support four IDE devices.
If there are already two hard drives and two CD-ROM
drives installed, there is no room for additional IDE de-

vices. Thus something has to be removed to install the
CD-RW/CD-R drive.

* Now, the max. read-speed of CD-RW drives is 6X. There-
fore a faster 12X to 32X CD-ROM drive should be in-
stalled in addition to the rewritable drive for fast multi-
media playback.

Last, but not least, as with anything as complex as a CD-R
or CD-RW, it is strongly advisable to determine the impor-
tance of toll-free technical support, technical support hours of
accessibility and availability, and the cost of software, driver,
and flash BIOS upgrades.

CD-ROM Care and Stability

In general, inside the optical disk is a data layer on a sub-
strate, which is read by a laser. In the CD-ROM, the data
layer consists of a reflective layer of aluminum with “pits and
plateaus” that selectively reflect and scatter the incident la-
ser beam.

Optical discs are generally constructed from polymers and
metallics. The polymers are subject to deformation and degra-
dation. Metallic films are subject to corrosion, delamination,
and cracking. Metallic alloys are subjects to dealloying.
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Optical discs consist of a data layer (pits, bumps, or re-
gions of differing physical or magnetic properties) supported
on a much thicker polycarbonate or glass substrate. A reflec-
tive layer is also required for CD-ROMs. The data layer/re-
flective layer is protected with an overcoat.

In optical media, there is a data “pit” that is responsible
for reflecting/dispersing an incident laser beam. Anything
that changes the reflectivity or other optical properties for the
data “bits” results in a misread. According to the National
Technology Alliance (USA), the optical clarity of the substrate
is important in those systems where the laser must pass
through this layer. Anything that interferes with the trans-
mission of the beam, such as a scratch or reduced optical clar-
ity of the substrate, results in a data error.

CD-ROM technology relies on the difference in reflectivity
of “pits” stamped into a polycarbonate substrate and vapor
coated with a reflective metallic layer, which is typically alu-
minum, hence the terminology for the mass produced CDs,
“silver” CDs.

According to the National Technology Alliance (USA), a
common cause of CD-ROM failure is a change in the reflecti-
vity of the aluminum coating because of oxidation, corrosion,
or delamination. Deterioration of the protective overcoat
(acrylic or nitrocellulose lacquer) makes the aluminum layer
more susceptible to oxidation and corrosion. Some manufac-
turers use a silver reflecting layer that is subject to tarnishing
by sulfur compounds in the environment and CD-ROM pack-
aging.

CD-ROMs also fail because the polycarbonate substrate
deteriorates. Polycarbonate is subject to crazing, which re-
duces the optical clarity of the substrate locally. Oils in fin-
gerprints and organic vapors in the environment contribute
to crazing. Scratches in the substrate because of mishandling
also cause disk failures.

The relative effectiveness of CD-Recordable media is an is-
sue often bandied about in industry and business circles,
where the technology is used and increasingly relied upon.
Much of the controversy surrounds finding some useful way
of evaluating the blank discs of various brands and types used
in CD recorders today.

Several criteria go into evaluating disc usefulness: read-
ability, compatibility with recorders and players, and ex-
pected life span. According to the National Technology Alli-
ance (USA), results compiled in a series of tests performed by
One-Off CD Shops International between early 1993 and mid-
1995 on a variety of disc brands and types shed a great deal
of light on the topic, even though the tests were done only to
evaluate readability of recorded discs and not media longevity
or suitability of specific brands or types for use on every sys-
tem. But the methodological rigor of the narrow focus yielded
considerable data that bodes well for the effectiveness of cur-
rent disc-evaluating mechanisms.

Not every question has been answered by any means, but
one finding, according to the National Technology Alliance
(USA) is clear: “Worry about the quality of CD-R media seems
largely unfounded” (18-21).

CD-RECORDABLE VERSUS MASS REPLICATED (““SILVER”)
COMPACT DISCS. AN ANALYSIS BY THE NATIONAL
TECHNOLOGY ALLIANCE (USA)

Mass replicated (“silver”) discs have their data encoded dur-
ing injection molding. The pits and lands are pressed directly



112 CD-ROMS, DVD-ROMS, AND COMPUTER SYSTEMS
into the substrate. The data side of the transparent disc is
metalized, usually by aluminum sputtered onto the bumpy
surface, which is spincoated with lacquer to protect the metal
from corrosion. Then it is usually labeled in some fashion,
generally with a silk-screened or offset printed design.

One source of confusion and concern about CD-R discs is
their notable physical differences (i.e., “gold/green shine”)
from normal, (i.e., “silver” shine) pressed compact discs.

Each CD-R blank is designed to meet standards regarding
function, but the way each achieves the function of storing
digital information so that it can be read by standard CD
players and drives is quite distinct. The top sides and bottom
sides of replicated discs are similar to those of CD-Rs. What
comes between the polycarbonate substrate and the top’s lac-
quer coating makes the difference.

CD-Rs are also polycarbonate underneath, but the sub-
strate is molded with a spiral guide groove, not data pits and
lands. Then this side is coated with an organic dye, and gold
or silver (instead of aluminum as in the case of mass repli-
cated discs) is layered on top of the dye as the reflective sur-
face, which in turn is lacquered and sometimes labeled just
as replicated discs are.

The dye forms the data layer when the disc is recorded and
has a binary information image encoded by a laser controlled
by a microcomputer using a premastering and recording pro-
gram. Where the recording laser hits the dye, the equivalent
of a molded “pit” is formed by the laser beam reacting with
the photosensitive dye, causing it to become refractive rather
than clear or translucent. When read by a CD player or CD-
ROM drive, the affected area diffuses the reading laser’s
beam, preventing it from reflecting back onto the reader’s
light sensor. The alternations between the pickup laser’s re-
flected light and refracted light make up the binary signal
transmitted to the player’s hardware for unencoding, error
detection, correction, and further transmisison to the comput-
er’s processor or the audio player’s digital/analog converter.

According to the National Technology Alliance (USA), the
feature that really distinguishes recordable media from repli-
cated discs is the dye layer. The polymer dye formulas used
by manufacturers are proprietary or licensed and are one of
the characteristics distinguishing among brands.

Now two types of dye formulas are in use, cyanine (and
metal-stabilized cyanine) and phthalocyanine. Cyanine is
green, and the other appears gold because the gold metalized
reflective layer is seen through the clear dye.

Tenets of Readability Testing of CD-ROMs and CD-Rs

At least in theory, however, these differences should have lit-
tle or no impact on readability, because CD-R and CD-ROM
media share the “Red-Book” standard for Digital Audio (CD-
DA). The Red Book specifies a number of testable measure-
ments that collectively are supposed to determine whether a
disc is readable as an audio CD media. The Yellow Book, or
multimedia CD-ROM standard, requires some additional
tests.

Because CD-Recordable discs, described in the Orange
Book, are supposed to be functionally identical to mass repli-
cated “silver” CD-ROMs, it is logical to assume that the same
test equipment and standards should be applied to them as
to Yellow-Book discs. So no new readability criteria were
specified in the Orange Book. According to the National Tech-

nology Alliance (USA), several companies have built ma-
chines for testing discs during and after the manufacturing
process based on these criteria, and only recently have new
testing devices become available specifically for CD-Re-
cordable.

Accelerated Test Methodology by the
National Technology Alliance (USA)

Changes in a physical property involving chemical degrada-
tion can usually be modeled by an appropriate Arrhenius
model. Error rates can be fit to an appropriate failure time
distribution model. Once an appropriate model has been de-
termined and fit to the experimental data, it can be used to
estimate media properties or error rates at a future time for
a given condition.

In performing accelerated tests, there is a trade-off be-
tween the accuracy and the timeliness of the results. It is
impractical to age data storage media under “use” conditions
because it would take several years to evaluate the product,
by which time it would be obsolete. To obtain results in a
timely manner, “use” temperatures and humidities are typi-
cally exceeded to accelerate the rates of material decompo-
sition.

Severe temperature/humidity aging allow for a relatively
rapid assessment of media stability, but results may not rep-
resent actual use conditions. Furthermore, samples treated in
a laboratory environment may not be configured to represent
typical use conditions.

To perform accelerated testing, several media samples are
placed in several different temperature/humidity/pollutant
environments. The media are removed at periodic intervals,
and a key property is measured.

This key property could be a physical characteristic, such
as magnetic remanence, or it could be data error rates, if the
materials were prerecorded. After a sufficient number of key
property versus time data have been collected at each condi-
tion, the data is fit to a predictive model (19,22—-31).

ALTERNATIVE, INTERNET/INTRANET-BASED TECHNOLOGIES

Because of the rapid advancement of the Internet and local,
typically much faster and more secure versions of it, often
called intranets, mass storage, document archiving, inter-
active multimedia distribution and other services, mostly on-
line, will become a reality and to some extent an alternative
for data stored and distributed on CD-ROMs and DVDs.

The issue, nevertheless, is always the same: on-line acces-
sible data over a very fast network under the “network’s con-
trol,” or at the desk on a CD-ROM, or DVD disc, under “the
user’s/creator’s control.” No doubt, there are reasons for both
technologies to be viable for a long time. This does not ignore
the point, that even if it comes on-line over a fast network, at
some point in the system the servers are most likely to read
the data from a CD-ROM, DVD juke box, or even from large
capacity magnetic hard disks.

To understand the importance of the on-line, networked
solution and the areas in which they could, and most likely
will compete with the CD-ROM/DVD technologies, refer to



Table 1. Maximum Data Rates of Digital
Telecommunications Standards

Connection Downstream Upstream
Standard Type Rate Rate
V.34 Analog 33.6 kbps 33.6 kbps
SDS 56 Digital 56 kbps 56 kbps
ISDN Digital 128 kbps 128 kbps
SDSL Digital 1.544 Mbps 1.544 Mbps
T1 Digital 1.544 Mbps 1.544 Mbps
E1l Digital 2.048 Mbps 2.048 Mbps
ADSL Digital 9 Mbps 640 kbps
VDSL Digital 52 Mbps 2 Mbps

Table 1 showing the Maximum Data Rates of Digital Tele-
communications Standards. These are theoretical maximum
data rates, and in practice, unless a direct hired line is used,
the actual transfer rates are most likely to depend on the ac-
tual traffic.

Analyzing this table, it is obvious, that 128 kbit per second
Integrated Services Digital Network (ISDN) lines and up-
wards, such as the T1 lines, representing the bandwidth of 24
voice channel telephone lines combined, provide viable on-line
multimedia solutions. As with anything else though, simulta-
neously competing, supporting, and conflicting issues such as
speed, ease of use, security, privacy of data, and reliability/
robustness will ensure that both the on-line and in this sense,
off-line CD-ROM, CD-R, and DVD technologies will be used
for a very long time.

CD-ROM/DVD-ROM APPLICATIONS

The CD-ROM and DVD-ROM technology is applied in several
different areas, but most importantly as audio CDs (that
some rock stars have sold over 100 million CDs), for data and
document archiving, for linear and nonlinear (i.e., interactive)
video storage and playback, for image compression and stor-
age, for interactive multimedia-based education, marketing,
entertainment and many other fields of interest, where mass
storage of data is important.

Besides the MPEG video standards, because Apple’s multi-
platform and Internet-friendly QuickTime and QTVR digital
interactive video and virtual reality software tools became de
facto interactive multimedia standards (delivered on CD-
ROMs and DVDs, and streamed usually at lower quality due
to the transfer rate and bandwidth over the Internet and in-
tranets), as examples of applications, we introduce these tech-
nologies as they are embedded into engineering educational,
or marketing, or game-oriented CD-ROM and DVD programs.
In these examples, one should recognize the importance of ac-
cessing large amounts of data (e.g., 5 to 25 Mbyte digital,
compressed video files), interactively and meaningfully, at the
time and place the information is needed. (Many of these in-
teractive examples can be found electronically at the website:
http://www.cimwareukandusa.com).

Because the video-game industry is the prime source for
computing and related CD-ROM R & D funding, we felt that
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we should demonstrate such new developments by showing
Fig. 3(a-b).

As Apple Computer Inc. defines it, QuickTime (QT) itself
is not an application, it is an enabling technology. QuickTime
is comprised of pieces of software that extend the ability of a
Mac’s or PC’s operating system to handle dynamic media.

Then applications use this technology and turn it into
other applications. As an example, many educational titles,
games, and reference titles have incorporated QuickTime into
their development, including Myst by Broderbund, Microsoft
Encarta by Microsoft, DOOM II by Id Software, Flexible Auto-
mation and Manufacturing, Concurrent Engineering, Total
Quality Management by CIMware, and others.

QuickTime as a technology became the basis for many of
the multimedia/computing industry’s most respected digital
media tools. QuickTime is much more then just video and

A — =The Portal-Movie lm ————— OB

Figure 3. (a—b) These screenshots illustrate two frames of a longer
animated space flight (by Gregory N. Ranky) as part of a video-game
project on CD-ROM. The individual frames have been computer gen-
erated, then rendered, and integrated into an interactive QT movie.
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Video showing (he major components
to be assembled

and connected

The assembly of a servo pneumatic system

Figure 4. A screen of over 300 interactive screens of an industrial educational program on Servo

Pneumatic Positioning.

(For full color images please look up the website: http:/www.cimwareukandusa.com).

sound. It is a true multimedia architecture that allows inte-
grating text, still graphics, video, animation, 3-D, VR, and
sound into a cohesive platform. QuickTime, delivered either
on CD-ROMs, DVDs, or in a somewhat less interactive mode
“streamed” over the Internet/intranet makes it easy to bring
all of these types of media together.

In February 1988, the International Standards Organiza-
tion (ISO) adopted the QuickTime File Format as a starting
point for developing the key component of the MPEG-4 digital
video specification as the next generation standard. This for-
mat is supported by Apple Computer Inc., IBM, Netscape
Corp., Oracle Corp., Silicon Graphics Inc., and Sun Microsys-
tems Inc.

MPEG’s decision to utilize the QuickTime file format for the
MPEG-4 specification has huge benefits for users and the in-
dustry,” said Ralph Roges, principal analyst for Multimedia
at Dataquest, San Jose. “This strategy will leverage the
broad adoption of QuickTime in the professional media
space, speed the creation of MPEG-4 tools and content while
providing a common target for industry adoption.

At a broader level, interactive multimedia, stored on CD-
ROMs, DVDs and the forthcoming fast internet and intra-
nets, urge the development of anthropocentric systems in
which humans and machines work in harmony, each playing
the appropriate and affordable (i.e., the best possible) role to
create intellectual and fiscal wealth. This means creating bet-
ter educated engineers, managers, and workforce at all levels

by building on existing skills, ingenuity, and expertise, using
new science and technology-based methods and tools, such as
interactive multimedia.

Today and in the forthcoming decade of our information
technology revolution and eventually in the Knowledge Age,
engineering, science, and technology combined can create an
intellectually exciting environment that molds human cre-
ativity, enthusiasm, excitement, and the underlying curiosity
and hunger to explore, create and learn. It is obvious that
economic development is not a unidimensional process that
can be measured by a narrow view of conventional ac-
counting.

Consequently, there is a need to develop new creative and
stimulative multimedia-based infrastructures, educational
tools, products, and means of production that have the em-
bedded intelligence to teach their users about “themselves”
and that can meet challenges now faced by many companies
and even countries as natural resources become more scarce,
the environment becomes more polluted, and major demo-
graphic changes and movements of people are taking place.

The fundamental change that has to be recognized is that
most existing hi-tech systems were designed so that with the
human operator plays a passive role and a machine is the
“clever” component in the system. This is because accountant
driven management considers the workforce a major cost item
instead of a major asset!

Anthropocentric technologies, such as flexible, interactive
multimedia make the best use of science and technology,
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Figure 5. A screen of more than 720 interactive screens of an educational multimedia program
on Total Quality Control and Management and the ISO 9001 Quality Standard. (For full color
images, please look up the website: http:/www.cimwareukandusa.com).

driven by users at their pace and time, enabling the learners
to explore and implement concepts broader than those of the
accountant’s order-bound fiscal view.

Consequently, the use of interactive multimedia is not war,
but a new opportunity to put back humans into harmony with
nature and “able” machines, by being better informed, edu-
cated, and happier contributors, rather than efficient long-
term waste creators and destroyers of nature and society
(32—40).

What Are Interactive Multimedia?

Interactive multimedia combine and integrate text, graphics,
animation, video, and sound. They enable learners to extend
and enhance their skills and knowledge working at a time,
pace, and place to suit them as individuals and/or teams and
to provide a range of choices about the way they are sup-
ported and assessed.

In other words

* The student has a choice and the freedom to learn

* The student is supported by the multimedia-based learn-
ing materials and technology

* The tutors create an effective, enjoyable learning envi-
ronment and infrastructure

Figure 4 represents a screen of over 300 interactive
screens of an industrial educational program on Servo Pneu-

matic Positioning, by Flaherty, et al. (40) on CD-ROM. The
650 Mbytes of data includes several hundred color photos and
over 45 min of interactive digital videos explaining the vari-
ous aspects of servo pneumatic components, systems, posi-
tioning, control, programming and applications.

Figure 5 is a screen of over 720 interactive screens of an
educational multimedia program on Total Quality Control
and Management and the ISO 9001 Quality Standard. Ranky
and Ranky (41) on CD-ROM. The 650 Mbytes of data includes
several hundred color photos and over 45 min of interactive
digital videos explaining the various aspects of total quality
control and the international quality control standard as ap-
plied to design, manufacturing and assembly in a variety of
different industries.

Note, the many opportunities we have programmed into
these screens to continuously motivate the learners to be re-
sponsive and be actively involved in the learning process. To
maintain the continuous interactivity not just within the CD-
ROM, but also “outside” the CD, Internet and email support
is offered to learners. This enables them to interact with the
author(s) and/or the subject area specialists of the particular
CD-ROM via Email and to visit the designated WWW domain
site for further technical and educational support (42).

(Some of these interactive multimedia examples will be
available in electronic format as executable demo code when
this Encyclopedia is published electronically. Some of the im-
ages and demos illustrated here can also be seen in full color
at the website: http:/www.cimwareukandusa.com.)
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Figure 6. (a—c) A few frames of an interactively controllable (Chevy)
automobile image, including opening and closing its doors under user
control in QTVR on CD-ROM. (For full color images, please look up
the website: http:/www.cimwareukandusa.com).

WHAT IS QUICKTIME VR?

As Apple describes it, virtual reality (VR) describes a range
of experiences that enable a person to interact with and
explore a spatial environment through a computer. These
environments typically are artistic renderings of simple or
complex computer models. Until recently, most VR applica-
tions required specialized hardware or accessories, such as
high-end graphics workstations, stereo displays, or 3-D gog-
gles or gloves. QuickTime VR now does this in software
with real photographic images versus rendered artificial
models.

Figure 7. (a—d) A few frames of an interactively navigatable interior
of a Mercedes automobile in QTVR on CD-ROM. (For full color im-
ages, please look up the website: http:/www.cimwareukandusa.com).

Now Apple’s QuickTime VR is an integral part of
QuickTime. It allows Macintosh and Windows users to experi-
ence these kinds of spatial interactions using only a personal
computer. Furthermore, through an innovative use of 360°
panoramic photography, QuickTime VR enables these inter-
actions using real-world representations and computer simu-
lations.

To illustrate the power of this technology when applied to
interactive knowledge propagation on CD-ROMs, DVD-
ROMs, and to some extent on the Internet, refer to Fig. 6(a—
¢), Fig. 7(a—d), and Fig. 8(a—b), again with all those great
opportunities of interactive navigation, zoom/in and out and




Figure 8. (a—b) A traditional job shop. (For full color QTVR images,
please look up the web-site: http://www.cimwareukandusa.com).

hot-spot controlled exploration of these hyperlinked images in
QTVR on CD-ROM.

As can be recognized, the opportunities for interactivity,
for learning by exploring under user (versus teacher control)
is vast, not just in education, but also in marketing and gen-
eral culture, in terms of showing and illustrating scenes, peo-
ple, cultures, lifestyles, business practices, manufacturing,
design and maintenance processes, and products even re-
motely, that have never been explored like this before.

(Some of these interactive multimedia examples will be
available in electronic format as executable demo code when
this Encyclopedia is published electronically. Some of the im-
ages and demos illustrated here can be seen in full color at
the website: http://www.cimwareukandusa.com.)

SMARTDART: A SMART DIAGNOSTIC AND REPAIR TOOL
IMPLEMENTED IN A VOICE I/O CONTROLLED, INTERACTIVE
MULTIMEDIA, MOBILE-WEARABLE COMPUTER-BASED
DEVICE FOR THE AUTOMOBILE (AND OTHER) INDUSTRIES

The co-principal Investigators of this R&D project at New Jer-
sey Institute of Technology (NJIT) are Professors Paul G.
Ranky and S. Tricamo Project partners in an R & D consor-
tium include General Motors, Raytheon, the US National
Guard and Interactive Solutions, Inc.

SmartDART is a novel, computer-based prototype men-
toring system with serious industrial applications in mind,
implemented in a voice I/O controlled, interactive multime-
dia, mobile-wearable device for use by the automobile (and
other) industries (see Fig. 9). SmartDART has the following
features:

* Integrated to the computer diagnostic port of the automo-
bile, or off-line, interacting with the technician, can diag-
nose a variety of problems and can communicate the re-
sults at the appropriate level, format, and mode, using
various multimedia tools and solutions
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* Can self-tune in terms of adjusting to the actual user
needs and levels in an ‘intelligent way’

» Has a highly interactive and user friendly multimedia-
interface

* Can update itself (based on either the learned knowledge
and/or by networked or plugged-in technical fact data)

» Is a highly parallel, distributed and networked device

» Has command-based voice recognition

» Has a ‘hands-free’ user-interface

» Can work in hazardous environments

» Can automatically generate diagnostic and maintenance
reports and can communicate these reports via its net-
worked communications system to any receiving site or
compatible computer

* To help to improve the next generation of products, the
automated mentoring system can feed data and learned
knowledge in a format and language that is appropriate
and understandable to the design, manufacturing, qual-
ity control, etc. engineering community and their com-
puter support and design systems (CAD/CAM)

* SmartDART can diagnose itself and report its own prob-
lems (and possible solutions) as they occur, therefore can
help to improve the maintenance process, the design, and
the overall quality of the automobile (or other complex
product for which it is trained)

About the System Architecture

To achieve the previously listed and other functions, Smart-
DART is implemented as a small, rugged, networked mobile-
wearable, or desktop networked computer-based device, that
runs on a set of core processes, such as

* The Process Manager,

* The Information Manager

* The Interface Manager, and
* The Team coordinator.

SmartDART has a set of core modules linked to a fast
knowledge bus, and through various smart cards, or modules

Figure 9. SmartDART is a novel, computer-based prototype men-
toring system. (For full color images, please look up the website:
http://www.cimwareukandusa.com).
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it can execute various processes. These smart-cards have vari-
ous domains of expertise embedded in them and are inte-
grated following the object-linking methodology.

SmartDART has an open system architecture, meaning,
that as the need arises, new smart cards can be developed
and plugged-in to enhance its “field expertise.” Because of the
well-integrated, object-linked design architecture, these new
modules, or smart cards, will automatically integrate with the
rest of the system and follow the standard multimedia user-
interface design, cutting the learning curve for using a new
smart card to a minimum.

The Typical Application Scope of SmartDART

To explain the application scope of our system, let us list some
broad application areas from the viewpoint of the mainte-
nance technician or engineer, whose job is to diagnose or fix
a problem. In general, SmartDART will answer the following
questions and resolve the following problems:

* How does the particular system under test work? This is
explained to a newcomer or to anybody that wishes to
learn about the particular system by using highly inter-
active, multimedia tools and interfaces. A “system” in
this sense is an automobile, a tank, or some other ma-
chine, such as a VCR or a medical instrument.

» What are the subsystems, how do they work, and how do
they interact?

Furthermore, SmartDART can

* diagnose the problem
* offer Go/ No-go reporting
* provide end-to-end versus fault isolation

* Rehearse the repair/fix scenarios and procedures by
highly interactive and if required by the user, individual-
ized interactive multimedia tools and techniques

* Be used as an “expert” tutor, supporting learners at vari-
ous levels, following different educational scenarios and
techniques best suited to the variety of users (i.e., main-
tenance technicians, design, manufacturing and quality
engineers, students, managers, and others).

DIGITAL VERSATILITY DISC (DVD-ROM)

The DVD-ROM, or DVD technology, was created by merging
two competing proposals, one by the CD-ROM inventors Phil-
ips and Sony and the other one by Toshiba. The purpose of
the DVD is to create up-front a universal, digital storage and
playback system, not just for audio, but for video, multimedia,
archiving, and general digital mass data storage.

DVDs store significantly more data than CD-ROMs and
come in different sizes and standards. The DVD medium re-
sembles that of the CD-ROM technology. Even the size is the
same, 120 mm diameter and 1.2 mm thick. Unlike the stan-
dard CD-ROMs, DVDs are made up of two platters cemented
together to create the 1.2 mm thickness. Each of these layers
are fully functional disks on both sides. Individual layers are
distinguished (i.e., addressed) by the system by focusing the
laser beam. The result is a sandwich that has two layers per

side, four different recording surfaces, hence the significant
data capacity increase.

As an example, DVD-5 with one side and one layer, offers
4.7 Gbytes storage capacity and 133 minutes of playing time.
DVD-9 stores 8.5 Gbytes on 2 layers, DVD-10 stores 9.4
Gbytes, and DVD-18 massive 17.5 Gbytes and 480 min of
equivalent playing time. These DVDs are the most likely be
used in interactive multimedia and digital video applications.

Because optical technology has improved significantly
since the 1980s when the CD-ROM was created, DVDs (stan-
dardized in December 1995) employ more closely spaced
tracks and a better focused and high-wavelength laser beam
(635 to 650 nm, medium red).

The DVD constant linear velocity is 3.49 meters per sec-
ond, and the disc spins at between 600 rpm to 1200 rpm at
the inner edge, much faster than the conventional CD-ROM.

DVD raw data transfer rates are also high, 11.08 Mbits per
second raw and approximately 9.8 Mbits per second actual,
approximately 7X or 8X more than CD-ROM, enabling full
motion and full-screen video playback.

Besides the computing industry’s need to store massive
amounts of data, the real commercial driver behind the DVD
technology is the video industry because DVDs can replace
the old-fashioned, slow, linear, and relatively poor quality
VHS and S-VHS video tape technology.

For videos, DVD uses MPEG-2 encoding that allows a rela-
tively high-quality display with 480 lines of 720 pixels each
to fit into a 4 Mbyte/s data stream. (With MPEG, the actual
data rate depends on the complexity of the image, analyzed
frame-by-frame at the compression stage).

DVD-Audio is also excellent too, allowing a 44.1 kHz sam-
pling rate, and supporting 24 bit audio and several com-
pressed multichannel formats that allow storing switchable,
multiple language full length videos and playing them back
with additional audio and interactive features.

To summarize this section, as with any new technology,
DVDs have to break through the cost barrier in terms of indi-
vidual DVD disc costs and also in terms of the entire re-
cording, playback, and distribution infrastructure.

CD-ROM/DVD DRIVE MANUFACTURERS
AND CURRENT DRIVES

Although companies manufacturing CD-ROM and DVD hard-
ware and software change, this list is a reliable source of in-
formation and products.

DVS (Synchrome Technology)

Maestro CDR 4x12E,4X/12X, Windows 95, Windows NT,
200ms, SCSI.

Maestro CDR 4x12E,4X/12X, Macintosh, 200ms, SCSI.

Maestro CDR 4x121,4X/12X, Windows 95, Windows NT,
200ms, SCSI.

Japan Computer and Communication

JCD-64RW, 4X/2X/6X, Windows 95, Windows NT, 250ms,
E-IDE.

MicroBoards Technology

Playwrite 4000RW, 4X2X/6X, Windows 95, Windows NT,
Windows 3.1, UNIX, Macintosh, 250ms, SCSI-2.



Playwrite 400IRW, 4X/2X/6X, Windows 95, Windows NT,
Windows 3.1, 250ms, E-IDE.

MicroNet Technology
MCDPLUS4X12, 4X/12X, Macintosh, 165ms, SCSI.
MCDPLUS4X12ADD, 4X/!2X, Windows 95, Windows NT,
Windows 3.1, DOS, 165ms, SCSI.
MCDPLUS4X12PC, 4X/12X, Windows 95, Windows NT,
Windows 3.1, DOS, 165ms, SCSI.

MCDPLUS4X121, 4X/12X, Windows 95, Windows NT,
Windows 3.1, DOS, 165ms, SCSI.

MCDPLUS4X121PC, 4X/12X, Windows 95, Windows NT,
Windows 3.1, DOS, 165ms, SCSI.

Microsynergy

CD-R4121, 4X/12X, Windows 95, Windows NT, Windows
3.1 Macintosh, 165ms, SCSI-2.

CD-R412E, 4X/12X, Windows 95, Windows NT, Windows
3.1 Macintosh, 165ms, SCSI-2.

CD-RW4261, 4X/2X/6X, Windows 95, Windows NT, Win-
dows 3.1 Macintosh, 250ms, SCSI-2.

CD-RW426E, 4X/2X/6X, Windows 95, Windows NT, Win-
dows 3.1 Macintosh, 250ms, SCSI-2.

Optima Technology Corp.

CDWriter, 4X/2X/6X, Windows 95, Windows NT, 250ms,
SCSI-2.

Panasonic

CW-7502-B, 4X/8X, Windows 95, Windows NT, Windows
3.1 Macintosh, 175ms, SCSI-2.

Pinnacle Micro
RCD-4x12e, 4X/12X, Windows 95, Windows NT, Macin-
tosh, 165ms, SCSI-2.
RCD-4x12i, 4X/12X, Windows 95, Windows NT, Macin-
tosh, 165ms, SCSI-2.

Plexor
PX-R412Ce, 4X/12X, Windows 95, Windows NT, Macin-
tosh, 190ms, SCSI.

PX-R412Ci, 4X/12X, Windows 95, Windows NT, Macin-
tosh, 190ms, SCSI.

Smart and Friendly

CD-R 4006 Delux Ext (SAF781), 4X/6X, Windows 95, Win-
dows NT, Macintosh, 250ms, SCSI-2.

CD-R 4006 Delux Int (SAF780), 4X/6X, Windows 95, Win-
dows NT, Macintosh, 250ms, SCSI-2.

CD Speed/Writer Delux Ext (SAF785), 4X/6X, Windows
95, Windows NT, Macintosh, 165ms, SCSI-2.

CD Speed/Writer Int (SAF783), 4X/6X, Windows 95, Win-
dows NT, 165ms, SCSI-2.

CD-RW 426 Delux Ext (SAF782), 4X/2X/6X, Windows 95,
Windows NT, Macintosh, 250ms, SCSI-2.
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CD-RW 426 Delux Int (SAF779), 4X/2X/6X, Windows 95,
Windows NT, 250ms, E-IDE.

TEAC
CD-R555,4X/12X, Windows 95, Windows NT, Windows 3.1,
165ms, SCSI.
CD-RE555,4X/12X, Windows 95, Windows NT, Windows
3.1, 165ms, SCSI.

Yamaha
CDR400t, 4X/6X, Windows 95, Windows NT, Windows 3.1,
UNIX, Macintosh, 250ms, SCSI-2.
CDR400tx, 4X/6X, Windows 95, Windows NT, Windows
3.1, UNIX, Macintosh, 250ms, SCSI-2.
CDRW4260t, 4X/2X/6X, Windows 95, Windows NT, Win-
dows 3.1, UNIX, Macintosh, 250ms, SCSI-2.

CDRW4260tx, 4X/2X/6X, Windows 95, Windows NT, Win-
dows 3.1, UNIX, Macintosh, 250ms, SCSI-2.

CD-ROM/DVD SOFTWARE WRITERS/VENDORS AND
CURRENT CD-RECORDING SOFTWARE

Although companies manufacturing CD-ROM and DVD soft-
ware and software version numbers change, this list is a reli-
able source of information and products.

Company Software
Apple MacOS

Adaptec Jam 2.1
Adaptec Toast 3.54
Adaptec DirectCD 1.01
Astarte CD-Copy 2.01
CeQuadrat Vulkan 1.43

CharisMac Engineering
CharisMac Engineering

Backup Mastery 1.00
Discribe 2.13

Dantz Retrospect 4.0
Dataware Technologies CD Record 2.12
Digidesign Masterlist CD 1.4
Electroson Gear 3.34
JVC Personal Archiver
Plus 4.10a
Kodac Build-It 1.5
Microboards VideoCD Makerl.2.5E
OMI/Microtest Audiotracer 1.0
OMI/Microtest Disc-to-disk 1.8
OMI/Microtest Quick TOPiX2.20

CD-R Access Pro 3.0
CD Burner 2.21
RCD 1.58

Optima Technology
Pinnacle Micro
Pinnacle Micro

Ricoh CD Print 2.3.1

IBM 0OS/2

Citrus Technology Unite CD-Maker 3.0

Electroson GEAR 3.3

Young Minds Makedisc/CD
Studio 1.20

Sun SunOS

CD Publisher
HyCD 4.6.5.

Creative Digital Research
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Company Software
Dataware Technologies CD Record 2.2
Eletroson GEAR 3.50

JvC
Young Minds

Sun Solaris
Creative Digital Research

Dataware Technologies
Electroson

JVvC

Kodak
Luminex
Smart Storage

Young Minds

HP HP/UX
Electroson
Smart Storage

Young Minds
JVC

Luminex

SGI IRIX

Creative Digital Research
Electroson

JvC

Luminex
Young Minds

DEC OSF
Electroson
Young Minds

IBM AIX
Electroson
Luminex
Smart Storage

Young Minds

SCO SVR/ODT
Young Minds

Novell NetWare
Celerity systems
Smart Storage
Smart Storage

Amiga
Asimware Innovations

Personal RomMaker
Plus UNIX 3.6
Makedisc/CD Studio 1.2

CDR Publisher

HyCD 4.6.5

CD Record 2.2

GEAR 3.50

Personal RomMaker
Plus UNI 3.6

Built-It 1.2

Fire Series 1.9
SmartCD for integrated
recording and access 2.00
Makedisc/CD Studio 1.2

Gear 3.50

SmartCD for integrated
recording and access 2.00
Makedisc/CD Studio 1.20
Personal RomMaker
Plus UNIX 1.0

Fire Series 1.9

CDR Publisher HyCD 4.6.5
GEAR 3.50

Personal RomMaker

Plus UNIX 1.0

Fire Series 1.9
Makedise/CD Studio 1.20

Gear 3.50
Makedisc/CD Studio 1.20

Gear 3.50

Fire Series 1.9

SmartCD for integrated
recording and access 2.00
Makedisc/CD Studio 1.20

Makedisc/CD Studio 1.20

Virtual CD Writer 2.1
SmartCD for recording 3.78
Smart CD for integrated
recording and access 3.78

MasterISO 2.0
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