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C H A P T E R

Information Delivery Systems

The small, shiny, rainbow-colored plastic discs called CD ROMs are so
captivating that people can be excused for not realizing that these little
wonders only carry information. Unlike books, the discs cannot deliver
that information directly to people. As you might expect in this day of
long but implicit names, that job falls to something commonly known as a
delivery system.

In its simplest form, a delivery system contains:

® A drive, which reads the digital data stored on the CD ROM disc.
® A controller, which gives directions to the drive.

® A search engine, which consists of a microprocessor, memory, and soft-
ware. This system interprets the user’s requests and responses and gener-
ates instructions for the controller.

® An input device, which receives the user’s requests and responses.

® An output device, which dlsplays 1nformat10n taken from the disc for
the user.

Such delivery systems can be part of larger systems and include familiar
computer applications such as word processors and spreadsheets. They
also can be dedicated to special purposes, such as instruction or research.

This chapter introduces those interested in publishing or distributing in-
formation on CD ROM to the sorts of delivery systems people are build-
ing and describes what the systems can do.

The Concept of a Workstation

This chapter uses another new-age term, workstation. The term usually

refers to a high-end personal computer tailored to perform a specific task
such as data retrieval or engineering design. Here, workstation refers to a
computer system designed to search for and find information stored on a
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CD ROM disc. A CD ROM workstation can be a shared mainframe, a

general-purpose microcomputer, or a dedicated delivery system.

A CD ROM workstation must contain, or have unrestricted access to, all
elements of a delivery system. The concept of a CD ROM workstation
goes hand in hand with the idea of individuals working on whatever inter-
ests them, at whatever time and rate, and with whatever emphasis makes
sense to them.

Although large, centralized systems that process big batches of queries can
use CD ROM discs, this discussion concerns applications that are basically
“one person, one disc.” Here, we don’t presume that the user, although
possibly skilled in other fields, is a computer specialist or a librarian. We
presume the delivery system can respond correctly, appropriately, and
clearly to casual, vernacular requests.

CD ROM is a low-cost medium, usually using low-cost hardware of mod-
erate performance. The drives and the ways they attach to computers are
appropriate for a low-cost computer environment. It is thus not surprising
that a PC is today’s most frequently used general-purpose host for CD
ROM delivery systems.

Most PC-based delivery systems are designed for use by one person ata
time. Such a system typically contains:

® A PC-XT, PC-AT, or compatible, depending on how much computing
the search engine or graphic display requires.

® A floppy disk or hard disk drive to store either the system software (de-
vice driver) the PC needs to find and control the CD ROM drive or the
application software needed if CD ROM:s store only data and indexes. If
the CD ROM is bootable and stores the application software, magnetic
disks still are needed to temporarily store file directories and indexes

downloaded from the CD ROM.
oA CD ROM drive.

e A CD ROM drive controller or SCSI (Small Computer System Interface)
host adapter.

® Some type of input device.
® A video card and CRT display (usually).
® A printer.

® A hard disk to store indexes for the CD ROM apphcatlon data, system
software, and other applications.
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We now examine major components of such a CD ROM workstation.
Multiuser and more specialized workstations are addressed later.

€D ROM Drives

In consumer electronics, machines that record information usually are
called recorders. The machines that play CD audio discs are called players.
In the computer world, these machines are called drives, partly because

they both play back and record information and partly because that’s just
what they’re called.

Freestanding drives. Many CD ROM drives come with their own power
supplies and housings. Such a freestanding drive gets its power directly
from a wall socket. It plugs into the rest of the delivery system (usually

a microcomputer) through a standard external interface or through a
special device interface card that plugs into an expansion slot of the

host computer. '

The initial popularity of freestanding drives comes from:

® Availability, since these drives usually are based on commercial CD

players.

® Simple interfacing.

® Freedom from problems of limited power supplies and available slots.

Built-in drives. More recently, manufacturers began supplying CD ROM
drives that can be connected inside microcomputers in the same manner

as floppy disk and Winchester drives. The first generation of built-in

CD ROM drives uses the standard, full-height, 5%-inch design, but
newer models fit into half-height packages for use with the newer,

smaller desktop and portable computers.

As with their magnetic counterparts, built-in CD ROM drives take direct
current (DC) from the host computer’s power supply; eliminating a sepa-
rate power supply and package saves money. At this writing, OEM prices
of such drives already are less than $500, with some quotations less than
$250 in large volume, and prices are expected to continue dropping as pro-
duction increases.

Jukeboxes. The consumer CD market has become interested in multidisc
machines to reduce the need to get up and change discs. Some machines
hold six discs; others hold 100 or more. These all have been adapted for
CD ROM use and provide direct, online access to tens of thousands of
megabytes of data.

13
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Audio CD jukeboxes take as long as 10 seconds to swap discs, which may
seem like a ong time to the user of a highly interactive computer. A pow-
erful technique for reducing this swap time is to incorporate several CD
ROM drives in the jukebox so that you can load discs containing data
likely to be called soon in anticipation of the request. Such multidrive
jukeboxes are not yet available.

The jukebox is itself a data-storage device. Just as a disc drive is directed to
a track or sector of data, a jukebox must be directed to a disc. So the
jukebox requires a device interface and software to communicate with the
operating system and application software in the host. Jukebox manufac-
turers can provide information about specific requirements.

Specialty drives. One of several refinements in CD ROM drive design
recognizes the great similarity between CD ROM and CD audio, pro-
viding decoders for both data and audio. This hybrid is achieved by
adding the Digital-to-Analog (D/A), low-pass filtering, and audio out-
put stages of a standard CD player to a standard CD ROM drive.
Thus, the microcomputer can control audio programs, and audio can
accompany data presentations. OEM prices of the first generation of
such drives are similar to those of standard CD ROM drives, in the
range of $500 to $1000. A

The focus and tracking servos of all optical disc drives provide a degree of
shock and vibration protection, but CD ROM applications destined for
moving vehicles require even more protection. These severe environment
applications call for rugged drives, obtained either by repackaging stan-
dard drives (producing “ruggedized” drives) or by redesigning them from
the ground up. Both methods were used in designing the CD players that
were recently introduced commercially for automobiles. Because of this
consumer product base, rugged CD ROM drives will also probably cost
less than $1000.

Consumer CD players usually take several seconds to move between non-
adjacent tracks. This access time is too long for most computer applica-
tions, so CD ROM drives move faster. Most CD ROM drives have an
average access time in the range of ¥ to 1 second, or 500 to 1000 millise-
conds (msec). The heads of some newer drives are slightly lighter and their
head positioners more powerful, enabling average access times of less than
300 msec. Future drives probably will be even faster and will not cost sig-
nificantly more.
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The Controlier

Magnetic disk drives, particularly those made for microcomputers, con-
tain little of the electronics that make them work. All dialogue between
the drive and the computer about commands and status, and most of the
error detection and correction of digital data recovered from the disk, are
processed by a separate package of electronics called a controller.

CD ROM drives contain most of the functions associated with magnetic
disk controllers, including data separation, error correction, and simple
data buffering. But a data connection still must exist between the CD
ROM drive and its host computer. This connection consists of a host
adapter printed circuit card, device driver software in the host computer,
and a cable that connects the CD ROM drive to the host adapter. The host
adapter card converts the bus signals of the host computer to a series of
signals known to the CD ROM drive; the cable is the electrical link be-
tween the two. Connectors on each end of the cable mate with connectors
on the host adapter card and the drive. Electrical signals exchanged be-
tween the CD ROM drive controller and the host computer are sent
through a device interface.

Many newer CD ROM drives contain their own controllers, which talk to
standard high-level interfaces such as the IEEE 488 or SCSI (Small Com-
puter System Interface— pronounced “Scuzzy™). Both SCSI and

IEEE 488 are drive-independent interfaces, and both are configured as
buses. This means, for example, that a single SCSI interface can deal with
as many as eight devices, among which might be CD ROM drives,
Winchester drives, writable optical disc drives, and, soon, printers and
other peripherals. All the system developer needs is a software device

driver that tells the operating system how to find and communicate with
each device attached to the SCSI bus.

The SCSI bus is said to be intelligent because it can partially process the
information coming from the CD ROM drive. This processing takes time.
The time required to execute a command is known as command latency.
Although command latency decreases the performance of SCSI interfaces,
having the interface do this work removes a portion of the burden from
the host computer.

SCSI is a high-performance interface and can move data at rates of a max-
imum of 32 megabits per second (Mb/s). This rate satisfies the system de-
veloper’s desire to attach several drives, such as a Winchester disk (5 to 10

Mb/s), writable optical disc (1 to 5 Mb/s), or CD ROM (1.2 Mb/ s) to the

same interface.
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The Search Engine

CD ROM discs store enormous amounts of data, but most people are con-
cerned only with answers to their immediate questions. In addition, most
people do not know (or really care) how the information is organized on
the disc. They probably will pose questions in their own terms. The job of
interpreting such questions and determining which information to take
from the disc to gratify them belongs to the search engine.

Search engine, yet another new-age term, refers to the combination of :

A scheme for indexing and organizing information on the CD ROM disc,
carried out during premastering by (or for) the publisher.

Software that interprets queries and generates citations (listings of where
relevant information can be found on the CD ROM disc).

Processor hardware, which runs the software, receives queries from the
input device, sends requests to the CD ROM drive device interface, pro-
cesses the information as needed, and sends the information to the output
device.

Many types of search engines are available, but, as with other tech-
nologies, none can be called “best” out of the context of an application.

The most prevalent search engine designs in CD ROM applications are de- -
scribed elsewhere in this book.

Input Devices

Most CD ROM delivery systems are designed to retrieve information.
The user enters a request for information by means of an input device. The
most common input devices are: '

Keyboards. To the delight of touch-typists everywhere, keyboards have
become the most common input device for general-purpose computers.
In CD ROM delivery systems, keyboards make sense when the user’s
queries involve large amounts of text.

Touch screens. In simple delivery applications such as point-of-sale
kiosks in retail stores, the user indicates choices by touching menu se-
lections. When a finger, pencil, or other rod-shaped object touches the
surface of the screen at a certain location, the program compares this’
location with those of the names or symbols for the various current
choices. It then selects the one corresponding to the touched location.

|
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Touch screens can be constructed by means of several technologies,
including:

® A yoke of LEDs and photocells that surround the screen. Touching the

screen breaks some of the beams, and special circuitry calculates the hori-
zontal and vertical locations of the touch.

® Ultrasonic transducers that launch sound waves across the glass faceplate.
The touch causes sound waves to be reflected. Location is calculated from

the delay times that occur when the reflected sound waves return to the
source.

® A pair of transparent plastic membranes with conductive coatings that are
stretched over the screen. Where touched, the coatings contact each other.
Location is calculated from the resulting electrical resistance.

These methods require that you add components either to a standard mon-
itor or to a TV screen or that you use a special monitor with a circuit card
added to the host. All three options cost several hundred dollars. They
also lead to “messy faceplate” as fingerprints build up. And all three suffer
from poor resolution (pointing accuracy), because fingertips typically are
large and people point them in a casual way.

A related method, the use of a light pen (a wand with a photocell at the tip
that picks up the light from the phosphor as the scanning spot moves by),
doesn’t mess up the faceplate and can provide better resolution, but the
user must play with a valuable and fragile object. Light pens also require
special circuit cards to talk to the host, and they may cost several hundred
dollars. However, light pen hardware and software drivers generally are
cheaper than touch screen systems. :

Mice, joysticks, and trackballs. In environments in which users can be
trusted with something valuable and fragile, any of several cursor posi-
tioning devices can perform the function of a touch screen with much
greater reliability and resolution.

The mouse is a palm-sized box that slides around on a desktop. As the user
moves it, the cursor moves in the same way on the screen. When the cur-
sor points to the desired item, the user presses a button on the mouse, se-
lecting that item. After years of obscurity, the mouse now is in common
use with general-purpose microcomputers, largely because it is bundled

with the Macintosh.

Joysticks are familiar to many people as the control devices for video
games. They are wands that you tip to direct the cursor. For delivery sys-
tems use, they are inferior to the mouse in resolution, but exceed the

17
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mouse in durability and economy. Joysticks are quite inexpensive—some-
times costing as little as $5 for parts.

Hard-core video game people know that serious players use trackballs.
These are large plastic balls in a housing. The user rolls the ball to position
the cursor. A trackball provides resolution at least equal to that of the
mouse, doesn’t require a lot of clear desk space, and usually is more dura-
ble than a mouse.

Most of these pointing devices talk to the host through a serial (RS 232C)
port, of which most host computers have only two. Alternatively, they
can talk to the PC’s bus through a special circuit card. This approach is
preferable except when no slots are available and power-supply capacity is

spoken for already. .

Voice recognizers. For text-based applications with vocabularies that,
while small, are too large to fit on the screen as a menu, voice recogni-
tion is an attractive alternative for input or selection. These systems
currently can handle only a few hundred words, which must be spoken
clearly and distinctly (no continuous speech) into a recognition device
that has been trained for a specific speaker. Voice recognizers are expen-
sive and may increase the hardware budget by hundreds of dollars.

The user of a voice recognition system need not touch a keyboard or
screen (very good for repair or manufacturing personnel with both hands
on a machine), but must carry or wear a microphone. Practical systems
show the word they think they’ve heard and ask for confirmation before
proceeding. Commercial voice recognition systems include software driv-
ers that let them pretend to be keyboards.

Input Generated by Other (Nonhuman) Devices

As mentioned, an information delivery workstation may also be a more
general-purpose computer system. In a growing category of CD ROM
applications, the delivery system responds to calls from word proces-
sors (dictionary or thesaurus lookup), computer-aided design (CAD)
systems (standards, symbol, or template lookup), and file servers on
networks (historical or reference information).

In these cases, the other applications input data directly, in digital form.
Human input goes to these other applications by the customary means.
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Display Equipment

A delivery system can display information it finds and processes in a vari-
ety of ways. Common output devices include:

CRT displays. Most TV sets and computer monitors display data on a
cathode ray tube (CRT'). CRT technology has been improving for de-
cades and, despite its many problems, remains the best method for dis-
playing large amounts of text or images.

CRTs are bulky and fragile. They can consume lots of power. They often
don’t preserve the exact geometry of images, tending to stretch and bend
them. They are hard to read in bright light. If used incorrectly, they can
emit radiation. The electronics driving them can make high-pitched
sounds. If you consider any of these characteristics an absolute disqualifi-
cation, investigate one of the alternatives discussed below. Chapter 8 deals
at length with display technology and applications, so in this discussion
we address functional issues. ‘

Most PCs use CRT displays specially designed to show a moderate
amount of text (usually 24 rows of 80 characters) clearly, although with no
graphic variety. Such monitors usually can show graphics, provided the
appropriate circuit card is installed in the host. Graphics cards treat the
screen as a mosaic of dots (called picture elements or pixels). The more
pixels per screen, the more detail (resolution) is delivered.

Manufacturers’ descriptions of screen resolutions sometimes are reminis-
cent of olive size nomenclature (the smallest is “giant”). The lowest resolu-
tion commonly used is a mosaic 320 pixels across by 200 high (the IBM
Color Graphics Adapter low-resolution mode). This is coarse enough for a
standard TV receiver to display, but too coarse to be satisfactory in most
applications. Other common pixel maps include 640 by 200 (IBM CGA
high-resolution), 640 by 350 (IBM EGA), and 720 by 348 (Hercules).

None of these is sufficient to show large areas of maps, business docu-
ments, or engineering drawings. For these demanding applications, other
graphics standards exist with pixel maps such as 1024 by 800, 1280 by 800,
1280 by 1024, and even 2200 by 1728. Displays and adapters for these stan-
dards are available for PCs, but cost from $1500 to $5000. They also usu-
ally require the developer to write or buy special application software.

This range of resolutions can be found in monochrome (not necessarily
black and white, because many screens produce only green or amber light)
or in color. Color costs more because of the more complex CRT, the addi-
tional electronics needed to drive it, and the more complex driver card re-
quired to address it. :
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Most color computer displays are limited to a small number of colors at
each pixel (for example, 16), poorly suiting them to depict natural scenes.
Even if the same pixel counts are specified, monochrome screens usually
deliver more detail and sustain their image quality with less maintenance.

The circuit card, sometimes called a video or display adapter card, is in-
stalled in the host computer. This card, which drives the display, consists
primarily of semiconductor RAM that stores the brightness and color of
each pixel on the screen. The memory organization can be thought of as a
map of the screen, hence the widely used term bit map to describe pixel-
oriented graphics displays.

Television sets and audio output. As CD ROM matures, interest in in-
teractive applications that present TV-quality images overlaid with sim-
ple computer graphics and accompanied by sound (ranging from very
high fidelity down to telephone squawk) is growing. This idea is at the
heart of the CD-I (Compact Disc Interactive) standard, but probably
will be implemented by some vendors before CD-I stabilizes.

TV sets are as omnipresent a display device as can be imagined, so it makes
sense to tailor the delivery systems for mass applications to use them. '
Compared with computer monitors, TV sets usually are better at deliver-
ing natural images but much worse at showing crisp graphics or lots of let-
ters and numbers.

LCDs. Many portable computers deliver information using liquid crystal
displays (LCDs). These are addressed as dot matrices, similar to those

in CRTs, and produce somewhat more blurred images and text. Bright-
ness and the direction of light falling on the screen are critical. Recently
developed backlit LCDs, however, can be read under less stringent
lighting conditions.

LCDs are attractive purchases because they are almost flat (this really
means thin compared with a CRT') and draw very little power. Color
LCDs are beginning to appear commercially.

GPDs, ELDs, et al. Other “flat” image displays employ gas plasma
(GPD) and electroluminescent (ELD) technologies. Their display and
usage characteristics are somewhere between those of CRTs and LCDs.
Military users like the GPD’s ruggedness.

ELDs use a powdery, electrically sensitive material that glows when elec-
tronically stimulated. Their colors range from a soft blue to yellow, green,
and white. Electroluminescent display brilliance usually is about the same
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as that of CRT screens. By their nature, ELDs involve none of the glass,
vacuum, and high-voltage hazards associated with CRTs; nor do they pro-
duce radiation.

Electroluminescent displays at present are monochrome. Displays that are
gray-scale capable are rare, and experimental color EL panels are years 21
away from manufacture. Still, these displays are popular with several por-

table computer manufacturers and may eventually find their way into CD

ROM display workstations. '

Vacuum Fluorescent (VF) displays are miniature CRT systems. However,
like electroluminescent displays, these thin, glass-enclosed displays use
point-addressable (bit-image) matrices to create images instead of the
raster-scanned electron beam system typical of large CRT displays. Vac-
uum fluorescent screens operate at lower voltages than do electrolumines-
cent panels and CRTs and therefore are appropriate for portable and
hazardous-environment CD reader systems.

Vacuum fluorescent displays usually are monochrome. The normal color
plays usually
for these “fluorescent” displays is a soft blue-green. However, some man-
. splay; gre
ufacturers import other colors to the system using colored overlays. Red,
yellow, blue, and green can be obtained, but white cannot.

Color VF displays still are experimental. They lend themselves to portable
and battery-powered applications, as do EL displays. Vacuum fluorescent
display systems’ greatest limitation is screen size. The largest VF glass
packages are about the size of a 7-inch TV screen. That’s a safety measure;
it keeps atmospheric pressure from crushing the vacuum glass package.
But the total display thickness, less than an inch, still makes color VF dis-
plays appropriate for portable CD reader applications.

Printers

A number of reference applications, such as those for air navigation and
medical investigation, may require “hard copy” printouts of information.
Several types of printers are available commercially.

Daisy-wheel printers produce truly high-quality text at PC prices. These

“speedy descendants of electric typewriters spin wheels or thimbles covered

with molded representations of the characters in a typeface along a ribbon,
striking the appropriate character at the appropriate time to make the re-
quested letter. Daisy-wheel printers are rarely used for graphics, and
changing their typefaces is a tedious manual operation.

Dot-matrix printers lay down small dots in a fine mosaic pattern to form
characters or images. As with pixel-oriented displays, the resolution of
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dot-matrix printers varies widely. Resolutions are usually expressed in dots
per inch (dpi). They range from 72 dpi for the basic printer often attached
to a PC, through 120 to 240 dpi for higher quality near letter quality or
graphics printers, through the 300 dpi and higher typical of laser printers,
and climbing to 2500 dpi and beyond for phototypesetters and for drum
plotters. '

Daisy-wheel and dot-matrix printers are mostly mechanical, moving a
print head across the paper. The head usually contains an array of pins,
which it drives against a ribbon to transfer ink to the paper. This impact
method is valuable for printing multicopy forms, but the head wears
quickly, and it is noisy. Prices for such printers can range from $200 to
more than $1000.

Other print head technologies, such as thermal transfer, ink jet, and direct
thermal writing, are in the low resolution range. These printers are rela-
tively quiet, but can mark only one surface at a time. Some new models
can print in a limited range of colors. The direct thermal writing printer
requires special paper and is used widely in facsimile (fax) machines work-
ing at 200 dpi. These printers are not quite as well developed as the impact
models mentioned above, and the least expensive is about $300.

Laser printers make it easy to print a page in a variety of typefaces and to
print graphics and are part of the hot new area of deskztop publishing. And,
with potential resolutions of 300 dpi and higher, they are the most versatile
hard-copy units for CD ROM applications. Unfortunately, laser printers
still cost more than $2000, are evolving rapidly, and require considerable
maintenance.

Video printers are a new entry into the market and faithfully reproduce
video images. Most rely on some sort of thermal printing technology.
Color video printers use either instant camera film packs or color thermal
ribbons on smooth paper. The photographic cameras produce color screen
images about the size of a snapshot, but the resolution is too poor to recre-
ate text or detailed images. Color-thermal transfer ribbons allow page-
sized printing. These systems can reproduce several colors and some
shades of gray. Printing an image can cost as much as a dollar per copy. .

Additional ‘Componenl's
Many applications require special delivery system components.

Data-encryption devices. Data on a CD ROM disc is often encrypted
for several reasons. One is security. Many companies encrypt their. pri-
vate databases for this reason. Another is commercial protection.
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Widely distributed publications often are encrypted to ensure that only
customers who buy the decoding software can use the publication.

Either way, the delivery system must decode the data. In most systems,
after the file manager makes the data available to the operating system, de-
cryption software decodes the data. However, software decryption creates
problems with speed and security that can be overcome only by adding a
hardware decryptor.

A decryptor may be a plug-in circuit board, but more typically itis a
metal box with a key-locked switch, or a card reader. The U.S. govern-
ment has set very tough standards for these devices’ security and depend-
ability, and the manufacturers of government-approved devices are happy
to let you know this.

Image compression and decompression devices. Images (such as busi-
ness documents, engineering drawings, maps, or printed pages) can
quickly consume space on a CD ROM. Many system developers use
compression techniques to increase the number of images that can be
placed on a disc. Compression involves analyzing a stream of data and
rewriting it to be more compact.

Images are compressed before they are mastered to a disc. The combina-
tion of hardware and software compression techniques is discussed else-
where in this book. A compressed image must be decompressed to its
original form before it is displayed or printed. This requires a software or
hardware decompression device.

CD-I (Compact Disc-Interactive)

CD ROM’s inherent flexibility enables you to do all sorts of impressive
and surprising things with data, and it lets you attach the drives to many
kinds of computers and other data systems. But it also requires application
developers to learn more about the technology than they might wish to
know. In addition, the open format of CD ROM tends to cause incom-
patible system architectures to proliferate and keeps the minimum cost of

a delivery system rather high—typically, the cost is at least as much as
that of a PC and CD ROM drive.

Philips and Sony early in 1986 announced a new CD ROM-based standard
that outlines a completely self-contained delivery system that should be a
low-cost alternative. The standard is called CD-I for Compact Disc-
Interactive. Commercial availability of such systems, aimed at the con-
sumer market and selling for less than $1000, is expected during 1988.

23
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The CD ROM standard tells you how to record 2048-byte blocks, or sec~
tors, of data on a disc in such a way that each has its own explicit address.
This enables you to retrieve data randomly or in big, serial chunks. The
standard also provides for error correction and detection sufficient to pro-
tect the stored data at least as well as does any other available storage me-
dium. (See the following chapter for more information about the CD
ROM standard format.) '

That, however, is the extent of the specification. All decisions about sys-
tem design and packaging are left to the product’s author or vendor. These
design decisions involve determining such things as:

® A logical file format for the disc (such as the proposed High Sierra format
we describe elsewhere in this book).

® The disc’s directory and file structures.

® Graphics and audio formats.

® The operating system on which the application will run.

® The type of processor or computer system the application will require.
® The display system to be used.

Philips/Sony’s CD-I standard is based on the CD ROM format, but pro-
vides a tightly specified software and hardware framework for developing
and presenting data, images, and sound. Designed for minimum hardware
cost and maximum compatibility of discs and delivery systems, the CD-I
standard will specify everything about:

® Digital representation of pictorial and audio information.
® Data organization on the disc.
® Hardware and software system components.

CD-I delivery systems will work as adjuncts to television sets and home
hi-fi systems, which will be their output devices. They are intended to
have computing power sufficient to support rapid, complex interaction;
presentation of good-looking graphics; and information searching. This
comes from a dedicated computer based on a 68000 microprocessor and
512 KB of RAM, running a ROM-based variant of the OS9 operating sys-
tem. Input could be from a keyboard, but more likely will come from
some sort of pointing device, because the design calls for simplicity.

People now selling CD ROM systems to professional, technical, and in-
dustrial customers look forward to using low-priced CD-I players to
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broaden their markets—although this may be at the expense of features or
performance value that their current products deliver.

Creative people are now developing CD-I multimedia programs for use in
the home market. They hope to share in some of the initial success that
CD-I's grandfather, CD audio, 1s experiencing. Time will tell whether
CD-I achieves the omnipresence of CD audio and PCs, or whether it will
be just another special-purpose information tool like the videodisc.

Speciul'iz_ed CD ROM Systems

Some CD ROM publishers design applications to run only on specially
designed hardware. Often they believe that offering a dedicated system
makes good business sense. But just as often, developers discover they
cannot find the right combination of equipment to satisfy their design
specification.

Two commercial systems demonstrated recently are examples of dedi-
cated, portable CD ROM delivery systems. One is a navigation system for
cars that uses a form of dead reckoning to determine current position.
This information in turn is used to decide which part of a map of the area
stored in the system will be displayed on a CRT that the driver views.

Magnetic tape cassettes at present store the digitized map information for
this system, but their limited capacity restricts coverage to part of a single
metropolitan area. With CD ROM storage, one disc could store maps
representing a large part of the United States.

Another system, now in prototype, customizes navigation maps for pilots.
The pilot works with the system, either on the ground or in the air, to put
in a flight plan and other relevant information, and receives an appropriate
map from the system’s printer. Since this system must be carried onto
small aircraft, it must be small and light.

Multiuser Systems

Most of this discussion of CD ROM delivery systems deals with single-
user systems. In several special cases, one CD ROM disc can be shared
among many users. For instance, as local area networks (LANs) con-
necting PCs become more common, we can expect CD ROM servers to
appear on the networks along with print servers and file servers.

Sharing a CD ROM drive among many users is a dangerous economy, be-
cause the CD ROM standard limits performance to a level that will frus-
trate several users simultaneously requesting information. If many users
will be active at once, it probably is wiser to give each a CD ROM drive
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and a copy of the CD ROM disc containing the information of interest.
Regardless of the drawbacks, a CD ROM file server might consist of the

following elements. -

A specialized search server (or library server, or teacher server) could
contain:

® A dedicated hardware search engine.
® A CD ROM drive and device interface.
® A network node.

® A hard disk to store the index temporarily or to buffer requests and
responses. '

This machine responds to queries by sending back blocks of information
(text or, with proper linking of protocols, images) that the user’s computer
or terminal displays. As with the single-user system, the user can invoke
information directly, or another application can do so.

The CD ROM delivery system also can be integrated into a general-
purpose file server, letting users call for information that is either on the
file server’s hard disk or on the CD ROM disc. In this case, the search

engine may reside in the user’s computer.

Mainframes and Minicomputers

CD ROM can be useful when attached to bigger computers, but the same
caution applies here. If a network of users communicates through termi-
nals by means of a central computer that stores all storage peripherals, CD
ROM applications will require either multiple CD ROM drives, to avoid
head contention, or the transfer of CD ROM data to one or more high-
performance hard-disk drives. Under these circumstances, CD ROM be-
comes purely a distribution medium, rather than one accessed directly.

CD ROM is well suited to deliver system and application software to large
computers. Many large system software packages are tens of megabytes in
size and are sent out on magnetic tape. Tape is expensive, bulky, and frag-

ile compared with CD ROM and does not allow random access to data.

General Concerns

To this point, we have focused on the components of a delivery system.
We will now deal with a few issues you should address when you begin
analyzing your delivery system requirements and choosing components.
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Frequency of access. CD ROM, a disc medium, can be accessed directly.
However, because access and transfer are slow;, very active users (or net-
works of users) will demand more throughput (measured, for example,

in records per hour) than a CD ROM drive delivers.

Three remedies (ordered below according to the degree of throughput im- 27
provement and cost) are available: -

® Provide multiple CD ROM drives, each loaded with a copy of the same

disc, controlled to spread access requests among the drives.

® Transfer the database index on the CD ROM disc to a hard disk to sup-
port the many accesses typical of a query session. The CD ROM drive
then supplies only the relatively large blocks of information called for once
the retrieval list has been refined.

® Transfer the CD ROM disc’s entire contents to one or more hard disk
drives, and let them support the accesses. This can be a costly proposition
since one CD ROM disc’s contents would require about five 100 MB hard
disks, costing about $1500 apiece.

Number of users. Giving many users access to a CD ROM drive can
cause the kind of access overload mentioned above. The same remedies-
are available, but so is the straightforward remedy of distributing CD
ROM drives among the users. As the cost of a drive decreases, this will
make even more sense. '

Updating. At the current state of the technology, CD ROM discs must
be mastered and replicated in special facilities. Thus, when a database
changes or evolves rapidly, this medium may be inappropriate unless an
updating strategy is in place.

Many developers are exploring new ways to update. Some strategies in-
volve periodic reissue of an updated disc. Others require an additional
hard-disk drive to store the new information. Still others may require mo-
dems, which receive new information by telephone or drives for removable
magnetic media. Every method, no matter how simple it seems, also will
require software designed to unify the directories and data structures of
the updated material and the CD ROM data. Since the subject of updating

is rather complex, the options are discussed in more detail in Chapter 14.

Security. Distributing information via CD ROM eliminates the “hacker”
vulnerability of networks and telecommunication systems. However,

the organization distributing the CD ROMs must deal with un-
authorized use of a CD ROM disc. Most commonly, data encryption,
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building unconventional directory structures and file formats, and keeping
the discs under lock and key prevent this.

It is frequently said that pirating CD ROM is impossible because of the
difficult technology and expensive equipment needed to replicate the discs.
This, unfortunately, is not true. The commercial pressure to find simpler
and less expensive ways to duplicate CDs carries over directly to CD
ROM, making piracy fairly simple. You can find more information on
data protection in Chapter 13.

Building Your Own System

This section is a one-minute guide to putting together a delivery system
for resale. It provides a quick look over the shoulder of a database pub-
lisher that needs to equip its customers with adequate delivery hardware
and that never really intended to be in the hardware business.

What to Buy

Everything you can. Shop hard and flexibly, looking for any way to use
what others have designed, put into production, and committed them-
selves to support. ‘

Hardware design and integration, even at the level of attaching drives to
device interfaces and host computers, contain all kinds of technical traps.
Getting the hardware fixed in the field usually is something you'd rather
someone else did. The hypothetical publisher probably will use a PC with
an internal-mount CD ROM drive containing an internal cable to a SCSI
host adapter. The choice of SCSI frees the publisher to add Winchester,
writable optical disc, or more CD ROM drives to the system without soft-
ware gymnastics.

Writing and debugging system software (such as drivers for storage de-
vices, displays, or input devices) is more dangerous than designing the
hardware. Field support of system software is never effectively provided
except by its authors, so buy your system software unless you enjoy travel-
ing to visit angry clients and spending many painful hours fixing bugs.
The publisher should choose a CD ROM drive manufacturer that also has
a proven driver for the PC’s operating system.

What Hardware to Build

For marketing reasons, you may wish to have a custom package designed
for your system so it looks like a system and not like something that es-
caped from a computer store. Designed properly, this package also can
make the system easier to use and harder to abuse.
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What Software to Write

There are good reasons to write the application front end (that is, the soft-

ware that controls communication between the human user and the heart

of the application, be it a database management system (DBMS), full-text

search, menu process, or whatever). You want to make your product look 29
special when the user views it on the screen, and, more substantially, you

want to suit the product to its targeted user or market.

This technical area, more than any other, is the one in which the publisher
can best express its understanding of the market, its needs, and its culture.
The perceived difference between a computer (that is, something fragile
and scary) and a tool that does my job (that is, an ally, something appro-
priate and useful) lies mostly in this user interface.

How Much Marketing Value to Add

If you’ve designed (or had designed for you) a good, well-tailored user in-
terface and physical package, they’ll be unobtrusive in use, letting your
customers feel they’re interacting directly with the database you sold
them. Drive this point home in your advertising and sales. Semantics are
all-important here. '

If customers understand that you are selling them a genuinely useful,
ready-to-use solution to their very own problems, they’ll like you more
and pay you a higher price. Otherwise, they may feel you are trying to sell
them the same kind of computer they could buy more cheaply through the
mail, together with some general-purpose hardware they can’t use until
they’ve spent a lot of money on local “consultants” who are trying to

finish the job.

Conclusion

Electronic publishing and database distribution are now in their early
days. If the subject were cars, development would be at that point during
the first decade or so of this century, when mass production of simple,
straightforward machines had not yet begun. Inventors still are the main
vendors of CD ROM hardware, and major revelations on how to do the
job come several times a year.

Many publishers already have put together adequate delivery systems and
are making money selling database products to markets that need and ben-
efit from them to a degree that far more than compensates for their cost
and awkwardness. Other publishers considered acting now, but decided to
wait a bit for the frenzy of delivery hardware development, not to mention
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program production, disc replication, and all other phases of this tech-
nology, to subside as the products mature.

This maturation will involve several steps. Along the way, some publishers
will find that they need to act now or that their markets oblige them to put
together delivery systems with special capabilities (such as very high reso-
lution displays). The key to success remains understanding the market and
applying technology judiciously in its service.
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