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FEATURE  

A NEW TWIST  

The DAT Controversy  
U ntil recently, the recording indus­

try associations have blocked Japa­
nese companies' attempts to import dig­
ital audio tape (DAT) recorders for 
consumer use. The issue has been one of 
mechanically preventing the reproduc­
tion of compact disk (CD) recordings . 
Organizations such as the Recording In­
dustry Association of America (RIAA) 
are lobbying for more time in order to 
develop better laws governing music 
copyrights. 

With DAT, consumers would, for the 
first time, be able to reproduce digital­
quality music and sounds. Thus, it is 
feared that a new rash of illegal record­
ings would be triggered, with the focus 
being on the lucrative CD market. The 
RIAA is also against the introduction of 
rewritable CDs or any other device ca­
pable of reproducing professional-qual­
ity recordings. 

Citing fears of lost revenues from 
bootleg music reproductions, the RIAA 
is threatening to take legal action 
against any company selling a DAT 
product in the U.S. consumer market 
without including circuitry that would 
prevent mass copying. The RIAA is 
not, however, opposed to DAT record­
ers being sold for professional recording 
applications; the Association even has 
one of its own. 

A CBS attempt to thwart would-be pi­
rates has been quashed by the National 
Bureau of Standards (NBS). This tech­
nique blanked out the audio signal 
around 3840 Hz. If special decoding 
circuitry detected this " notch" for 15 
seconds, the recording would be halted 
for the next 25 seconds. The NBS found 
that the scheme didn 't work between 40 
percent and 90 percent of the time, and 
that certain harmonics associated with 
violins, synthesizers, and organ music 
tended to activate the copy protection. 

R. Miller & Associates of Glenview, 
Illinois, is developing a second scheme 
involving the addition of subcodes to all 
commercially produced music . The in­
audible subcode could be sensed only by 
a DAT recorder equipped with special 
circuitry. Having detected the subcode, 
the recorder would shut itself off. The 
National Academy of Recording Arts 
and Sciences has tested this method and 
believes it to be workable, but some art­
ists are against adding any tones to 
music recordings. 

A compromise between the Japanese 
manufacturers and the recording indus­
try may have been reached. The Japa­
nese have agreed to add extra circuits to 
defeat unlimited copying, while the re­
cording industry has eased restrictions 
against copying original recordings . In 
this scheme, a digital subcode identifies 
the input source of the information and 
prevents copying except from the origi­
nal DAT tape. The category code is lo­
cated at the beginning of the tape and 
therefore does not interfere, add, or 
subtract from the music. 

Consumer products arriving early 
next year will have the ability to dupli­
cate CDs but not DAT recordings. The 
industry associations believe that few 
people will be interested in creating 
multiple copies of the same source ma­
terial for distribution. 

Significantly less turmoil was raised 
over the introduction of the analog cas­
sette recorder years earlier. Many of 
these units were unable to fully repro­
duce an LP's range of sound. In addi­
tion, their recordings contained "tape 
hiss ," and e<1Ch playback added to the 
degradation of the signal quality. Con­
sequently , the effect on record sales was 
relatively slight. 

No such undesirable characteristics 
are associated with digitally recorded 

music. The recording is virtually indis­
tinguishable from the original , and 
since the music is created from convert­
ing a digital bit stream into an analog 
signal instead of amplifying previously 
recorded modulations, each playback 
remains crisp. 

Until now, the music industry has had 
a monopoly on digital recording meth­
ods. It has been able to charge a pre­
mium for the CD format, which is less 
expensive to produce and distribute 
than the vinyl LP. The CD has a higher 
perceived value since its signal is supe­
rior to that of the LP. This advantage is 
certain to diminish in the years to come, 
however, as digital circuits continue to 
replace earlier analog designs . 

In some ways, the RIAA's struggle 
resembles the efforts of software devel­
opers to devise effective copy-protec­
tion schemes. Over time, most major 
developers abandoned these programs 
in favor of an honor system. 

Right now, unless you operate a pro­
fessional recording studio, the only 
place you can buy a DAT recorder for 
home use is in Europe and Japan. To 
date, some 25,000 units have been sold 
worldwide, mostly to professional re­
cording studios. Prices are high, around 
$3500, because of the small volumes 
that manufacturers are currently pro­
ducing . The economies of scale neces­
sary to reduce unit prices to an afford­
able level are only possible with the 
product's acceptance in the U.S. market. 

Computer storage versions of DAT 
are already becoming available from a 
wide group of manufacturers. This de­
vice holds much promise for users seek­
ing to achieve unattended backup opera­
tions on desktop computers. But until 
the products are qualified by system 
OEMs, volumes will remain low and 
prices high . 

capability. DAT technology provides two subfields per track 
containing information that can be indexed and read many 
times faster than the actual tape speed. Any spot on the tape can 
be accessed in 20 seconds or less. Because of this feature, DAT 
technology is particularly appealing for value-added system 
development requiring low-cost mass storage. 

Both the 4-mm and the 8-mm units depend on a digital re­
cording format; the QIC designs are analog devices. Digital re­
cording is regarded as the more accurate and is required for 
voice and image representations . 

Most camera stores already sell 8-mm tape, and DATs seem 
destined for widespread consumer distribution. Ifyou purchase 
from uncertified sources for use in backup operations , be care­
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ful not to obtain poor-quality tape . Ifyou plan to use a helical­
scan device, you need the best tape available, because as bit 
densities increase, tape defects become magnified. Head clogs 
are another source of error and will occur more often in a tape 
containing surface variations . 

Error Correction 
Defects of the medium are a common source of error in tape­
based recording, and there ' s a big difference in the way helical­
scan and longitudinal recorders deal with the problem. By 
using the read-after-write verification process, both drives are 
capable of sensing bad blocks-those containing more errors 

continued 



All the power of The Software 
Link's PC-MOS operating sys­
tem. All the benefits of both 
individual and networked PCs. 

All in one high-performance, 
low-cost, multi-tasking system. 
With no terminals and no addi­
tional PCs - unless you want 
to optionally use your old XTs 
or ATs. 

The UnTerminal"' UnNetwork:" 
It's the ideal multiuser system 

for personal computer users. 
UnTerminal monitor-keyboard 

workstations cost less than 
terminals. Less than text-only 
"intelligent 1/0" solutions. Less 
than fiber-optic graphics 
solutions. 

An independently operating 
UnTerminal workstation out­
performs them all. With faster 

Hercules compatible graphics 
using the UnTerminal (VNA). 

800 x 600 VGA graphics using the 
UnTerminal (VGNA). 

The UnTerminal 


screen refresh - text and 
graphics. Instant switching 
between single and multiuser 
screens. Running popular DOS 
applications. And making every 
user feel like the only user. 

Just add PC-MOS, 
monitors & keyboards. 

The Software Link's PC-MOS 
multiplies the power of your 
PC. Why pay extra just to get 
the boxes? You can run up to 
eight color or 16 monochrome 
UnTerminal workstations per 
system - and save thousands. 

Distributed by 
The Software Link, Inc. 

For more information, call: 
The Software Link, Inc. at (800) 
451-LINK or (404) 448-5465. 

Color graphics embedded in data­
base using the UnTerminal (VGNA). 

Now XTs and ATs can be 
UnTerminals, too. Hotkey between 
local and host applications using 

the UnTermioal (VCCA). 

PC-MOS MULTIUSER SYSTEMS WITHOUT TERMINALSTHE SORWARE LINK 

The Software Link, Inc., 3577 Parkway Lane, Norcross, GA 30092. 

Phone: (800) 451-LINK or (404) 448-5465, FAX: (404) 263-6474, Telex: 4996147 SWLINK. 


PC-MOS is a trademark of The Software Unk. Inc. UnTermlnal. UnNetwork, Video Network Adapter, Video Connect Card Adapter and Video Graphics Network Adapter are trademarks of Advance Micro Research, Inc. 

Circle 398 on Reader Service Card (DEALERS: 399) 



FEATURE 


A NEW TWIST 


evelopment ofa 
standard file format would facilitate 

software distribution on tape. 

than can be corrected by the error-correction coding (ECC). 
But the longitudinal designs simply rewrite the data farther 

down the tape, up to 16 times. This rewrite usually takes place 
on the same track, a process that may not circumvent the prob­
lem if the errors were caused by a longitudinal scratch. The de­
sign of the 8-mm drive causes it to rewrite bad blocks 11 blocks 
farther down the tape, a procedure that serves to position the 
data away from the same horizontal path. The device can re­
write a block up to 12 times. If, after 12 tries, its efforts are still 
unsuccessful, you should throw out the tape. 

Helical-scan recorders possess better error-correction capa­
bilities than just about any other mass storage device, partly 
because the higher bit densities mandate more sophisticated 
error-corre.ction algorithms to account for dropouts, or flaws, 
in the recording area of the tape . 

Helical-scan tracks are recorded at an angle of about 5 de­
grees to the edge of the tape in order to create a longer overall 
track length. In DAT, the incoming signal is split between two 
adjacent tracks, referred to as a frame; for error-correction pur­
poses, frames are arranged into groups. The 8-mm drive, how­
ever, doesn't use the frame or the group concept. Instead, it 
writes data as a set of continuous blocks, and detects and cor­
rects all errors within the data block structure. 

One factor further compounding errors is that with helical­
scan techniques, the spinning head can create helical scratches 
(on top of the longitudinal scratches already caused by the tape 
guides regardless of head design). With helical technology, 
tape defects are magnified over those found with longitudinal 
recorders with lower surface or overall recording densities . 

Tracking, however , is generally more precise with helical­
scan devices, which incorporate an additional head for reading 
a servo (positional reference) track. It is not yet necessary for 
most quarter-inch designs to include these capabilities in the 
drive design; however, future capacity increases will create the 
need. Since its inception, many improvements have been made 
to the data cartridge medium that address earlier problems that 
users encountered with these longitudinal recorders . 

An 8-mm format track contains a servo zone (positional ref­
erence bits) and eight data blocks, each capable of storing 1024 
bytes. The drive's read-after-write design can handle burst 
errors of up to 246 bytes within each block, and up to 80 addi­
tional single-byte errors-an extremely high level of ECC that 
results in a nonrecoverable error rate of less than one in 10-13 

bits read. 
Products based on 4-mm DAT technology achieve an even 

higher level of data integrity using various correction tech­
niques in addition to read-after-write. The first two levels of 
ECC, called Cl and C2, are based on industry-standard Reed­
Solomon algorithms. They are a holdover from the audio for­
mat. Cl and C2 are designed to handle horizontal error pat­
terns up to 0.3 mm wide. 

Data-storage formats include a third algorithm, called C3, for 
correcting diagonal errors affecting any two frames within the 
same group. Finally, n-group writing (i.e., rewriting the same 

block n times) can be used to further enhance data reliability, 
but the trade-off is a decrease in tape capacity. DAT products 
achieve an uncorrectable error rate of 1 in 10-15 bits read. 

Products based on the DAT technology also incorporate a 
scheme known as alternate azimuth recording, which maxi­
mizes capacity by allowing the overlapping of adjacent tracks. 
The magnetic cores are mourited in the drum at different an­
gles: The first head is aligned at +20 degrees to horizontal cen­
ter, the second at -20 degrees . This design permits interleav­
ing, a technique in which incoming data is divided between two 
tracks so that no major sections of the signal are Jost. Alternate 
azimuth recording also minimizes crosstalk. 

Benefits of a New Technology 
Increasingly, new personal computers are being marketed with 
tape drives designed into their peripheral storage systems. 
Manufacturers developing 4-mm products may decide to ad­
here to a standard low-end file-interchange format. The result 
will be that, besides being able to use tape devices as backup 
storage, you will be able to use them to share large data sets 
among fellow users without regard to the drive's manufacturer. 

Vendors of 4-mm products are in the process of addressing 
this key data-cartridge problem involving file-recording for­
mats. QIC developers have long recognized this deficiency, but 
they have only recently taken significant corrective actions­
possibly due to the pressure from DAT. 

Development of a standard file format would also facilitate 
software distribution on tape, a process that heretofore has;been 
limited to floppy disks. Once again, helical-scan technology 
may have a leg up on existing longitudinal machines . 

Because these products use tape formulations with the ability 
to hold a stronger magnetic signal, software vendors may soon 
be able to implement a replicating process referred to as contact 
printing-the process of transferring a signal through the con­
tact of a master tape against a clone tape . By using contact 
printing for updates rather than sending multiple disks, vendors 
could achieve significant savings and, hopefully, pass them 
along to users. 

A new technology often adds some more desirable product 
attributes missing from current systems. On some of the DAT 
format designs, you will find a feature known as "update-in­
place." With this provision, you can insert new information on 
a tape as long as the storage requirements for the new data do 
not exceed the requirements for the data being replaced. 

DAT formats also provide an area on the tape called the sys­
tem log. Information stored in the log, including C3 error activ­
ity, is used to indicate the level of data integrity found within 
the volume. If the log contains a high level of C3 activity, then 
the tape is bad. 

Market Realities 
With earlier, longitudinal recording devices, the mechanical 
parts accounted for most of a tape subsystem's cost. The use of 
rotary heads in helical-scan technology shifts much of the cost 
to the electronic components. Thus, electronic sophistication 
and tolerances are substituted for mechanical sophistication 
and tolerances . 

To obtain capacities and transfer rates similar to those of 
helical recorders, companies that make longitudinal recorders 
will need to develop new heads, stronger motors, and so forth . 
But these improvements will add cost to an already costly de­
vice. Therefore , if capacities and transfer rates remain about 
equal, there will be a growing disparity between the costs asso­
ciated with these formats . 

continued 

386 B Y T E • NOVEMBER 1989 



JN l FF.B MAH f,PR HAY JUN J UL f, lJG SEP OCT NOV DEC 

- rY.UFl! J'IC - IWI - IN.ES - ~llOOUCJ rott 

MED I TERRANEAN 

Generic CADD, CADDolog and Sneok Preview ore tradema rks of Generic Sof tware, Inc. 11 911 North Creek Parkway South, Bothell, WA 98011. 800# valid in bolh U.S. ond Canedo. 

Circle 148 on Reader Service Card (DEALERS: 149) 



GET SUPERSOFT's 

SERVICE DIAGNOSTICS 

All the software, alignment diskettes, parallel/serial wrap-around 
plugs, ROM POSTs and extensive, professional documentation to 
provide the most comprehensive testing available for IBM PCs, 
XTs,ATs and a// compatibles under DOS or Stand Alone. No other 
diagnostics offers such in-depth testing on as many different types of 
equipment by isolating problems to the board and chip level. 

NEW: SuperSoft's ROM POST performs the most advanced 
Power-on-Self-Test available for system boards that are compatible 
with the IBM ROM BIOS. It works even in circumstances when the 
Service Diagnostics diskette cannot be loaded. 

NEW: 386 diagnostics for hybrids and PS/2s ! 
For over nine years , major manufacturers have been relying on 
SuperSoft's diagnostics software to help them and their customers 
repair microcomputers. End users have been relying on SuperSoft's 
Diagnostics II for the most thorough hardware error isolation 
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To order, call 800-678-3600 or 408-745-0234 
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VHS and 8-mm recorders are already available , but they are 
too large and too expensive to use for personal computers. VHS 
drives have won acceptance, but only for niche applications on a 
few minicomputers and workstations. The 8-mm product is 
slowly gaining acceptance within this same general group. Ex­
abyte claims to have shipped 15,000 units in the last year, and 
that was before it signed contracts with NCR, Northern Tele­
com, Motorola, and Data General. 

There's no question about the immediate need for helical­
scan recorders in the workstation market. There is a trend to­
ward the use of 32-bit processors, especially for graphics­
intensive applications requiring high-capacity storage devices. 
Of late, the 380-megabyte hard disk drive has been the OEM 
drive of choice, but a gradual shift is taking place to the higher­
capacity 760-megabyte device . Quarter-inch technology, on 
the other hand, will be just reaching 320 megabytes in the 
fourth quarter of this year. 

DAT drives for mass storage applications on workstations 
have recently become available. Expect smaller, half-height 
products to follow shortly. Early units will be relatively expen­
sive, but they will most assuredly be acquired by system ven­
dors looking to design-in these products. Following the normal 
one-year development lag, by mid- to late 1990, these DAT 
drives should be offered as standard equipment on workstation 
systems. In 1992, expect to see affordable, commercially avail­
able 3 V2-inch-form-factor recording devices for personal com­
puters. 

While the 8-mm product is positioned to increase its perfor­
mance and capacity, the 4-mm drive will continue to shrink in 
both size and cost, making it a viable personal computer prod­
uct within the next two to three years. In the meantime, value­
added resellers will be building attractive new image process­
ing systems based on Intel's 80386 and Motorola's 68030 chips 
and the DAT mass storage device. 

You will also find DAT on LANs created for peripheral shar­
ing. In the past, the principal motivation for networking was to 
share a laser printer or a large hard disk storage device . The 
implementation of tape storage devices with gigabyte capacities 
adds the ability to share backup resources . For some time yet, 
DAT may not be cost-justifiable for single personal computer 
systems, but it could easily be added to a LAN for use as a cen­
tralized backup device. 

Down the Helical Road 
Although you probably will have to wait until early next year to 
use helical-scan technology, including DAT, investments by 
Sony, Hitachi, Hewlett-Packard, and others foreshadow an 
eventual shift to the slant-track recording technique. Helical­
scan recorders should soon be cropping up on workstations and 
personal computers as depositories for images in such applica­
tions as CAD/CAM drawing systems, document processing 
systems, geophysical data-collection systems, and a myriad of 
other uses . 

What does all this mean to you? For one thing, you may 
someday find that backing up your hard disk, regardless of its 
capacity, will be much easier. With helical-scan technology, 
you can be assured of a 1-to-1 disk-to-tape capacity ratio even if 
storage requirements continue to increase at the current rate of 
30 percent to 40 percent per year. The trend is toward unat­
tended backup operations, even on personal computers with 
disk capacities in excess of 150 megabytes. • 

Jay Bretzmann is a senior analyst for International Data Corp. 
in Framingham, Massachusetts. He can be reached on BIX clo 
"editors." 
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The long history ofdata storage devices is intertwined with 
the more recent, meteoric rise ofpersonal computers 

Robert R. Gaskin 

II
torage devices used with today 's desktop and 
laptop personal computers are derived from a 
long history oflarge and often cumbersome de­
vices. Many storage technologies of the past 
predominated for a time and then faded from 

the scene. 
The earliest storage device for controlling machines was the 

punched paper card. It was used as early as 1804 for control­
ling silk-weaving looms. The first computer-like application 
was in machines that tabulated the 1890 U.S . census. The in­
ventor of that tabulation machinery was Herman Hollerith, 
and the media has been called Hollerith cards ever since (see 
photo 1). The "modern" form of the card was introduced by 
IBM in 1928 and remained a mainstay of the computer indus­
try through the 1960s. 

On the Way There 
When computers were in their infancy, many types of esoteric 
volatile memory appeared on the scene as precursors to the 
nonvolatile mass storage devices that we know today. The Wil­
liams Tube (1948), used on some of the earliest IBM main­
frames, was a CRT similar to that found in today's personal 
computer monitors . Instead of being used as a display, how­
ever, it was used as memory. The Williams Tube was not very 
reliable and was soon abandoned for other schemes. 

In 1949, mercury delay lines were used as volatile memory 
in the EDSAC (for Electronic Delay Storage Automatic Calcu­
lator) computer. In 1953, ferrite core memory appeared in the 
MIT Whirlwind computer (see photo 2) and the IBM 704. 
Core memory used tiny doughnut-shaped pieces of ferrite to 
store a single bit. When wired together in what is known as a 
coincident current array, core memory provides completely 
random access to any bit location without going through any 
other bit locations to get there. In addition, core memory is 
nonvolatile and retains data indefinitely when the power goes 
off. 

The original cores were 80 mils in outside diameter; the di­

ameter was reduced to 14 mils by the late 1970s. Although no 
longer used in commercial computers, core memory is still 
used in some military applications. Core memory was expen­
sive and slower than the semiconductor RAM memory that re­
placed it. The closest that core memory got to being used for 
everyday applications was its use as the song-selection mem­
ory in the early Seeburgjukeboxes. 

Drum and Bubble Memory 
Off-line storage in the form of drum memory appeared in 
1951. Drum memory was made up of magnetically coated ro­
tating cylinders with multiple read/write heads (see photo 3). 
The IBM version had 58 tracks, with 100 characters per track. 
Fifty tracks were used for storage, and eight were used as an 
I/O buffer to the card machine or printer. The drums were fast 
but couldn't be stacked like disk platters, and they faded away 
in the 1960s. 

Bubble memory caused quite a stir in the early 1970s be­
cause it was all solid-state, yet nonvolatile. In the presence ofa 
bias field, the bubbles formed cylindrical magnetic domains in 
a thin film of magnetic material on a garnet-based substrate. 
Bubble memory faded away in the 1980s, largely because of 
long design times and cost. One product that still uses this 
technology, produced by Magnesys, is a floppy disk drive em­
ulator for personal computers used in rugged environments. A 
720K-byte version of it for the IBM 7552 Gearbox industrial 
computer costs $2000. 

Onto Tape 
Of all the magnetic storage devices, tape drives have been 
around longest. They first appeared as half-inch reel-to-reel 
audio recording devices in 1934. The first model was made by 
the German company AEG using tape media made by BASF. 
By 1945, IBM had developed digital reel-to-reel versions. 

The Univac Uniservo reel-to-reel drive, which used 1200 
feet of metal tape, was introduced in 1951 (see photo 4). This 

continued 
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Photo 1: A Hollerith machine with card. First used in the 
nineteenth century for controlling silk-weaving looms 
and tabulating the U.S. census, Hollerith cards were punched 
on a machine like the one shown. 
(Photo courtesy ofThe Computer Museum, Boston) 

Photo 2: Core memory was used in the Whirlwind project, 

a wind-tunnel experiment carried out at MIT. In this I953 

photo, you can see the Whirlwind Core Stack, providing I6K 

bytes ofcore memory. 

(Photo courtesy ofThe Computer Museum, Boston) 
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was followed in 1952 by IBM ' s 701, which used plastic­
backed tape. IBM followed with several more models through 
1971 that pioneered first the NRZI format, then phase encod­
ing, and, finally , group coding. It remained for 3M to intro­
duce the quarter-inch drive and cartridge media in 1971 , 
which made desktop use of tape drives a practical reality. 
However, the first major use of quarter-inch tape drives did 
not come about on computers; in 1975, Western Electric en­
dorsed their use by selecting them to handle the storage needs 
of PBX systems. Quarter-inch drives have since been made 
smaller, cheaper, and with larger capacities, to the point that 
320-megabyte versions are expected to ship this year. The ca­
pacity of the drives in 1971 was only 30 megabytes . 

In 1985, Irwin Magnetics introduced a low-cost drive based 
on the Ys-inch DCIOOO cartridge that utilized a floppy disk 
drive interface. The combination of these features in a tape 
drive proved to be extremely popular. 

Ampex developed rotary-head tape drive technology for the 
broadcast industry in 1956 and added the Terabit model for 
computer applications in 1972. These were the forerunners of 
the tiny digital-audio-tape recorders that use 4-millimeter tape 
and are about to enter the personal computer market today (see 
the article "A New Twist on an Old Technology" on page 
380). The DAT format will store over 1 gigabyte of data on a 
cartridge about the size of an audio cartridge. Helical-scan 
tape drive technology for personal computers has been most 
successfully pursued by Exabyte Corp., which makes a heli­
cal-scan tape drive that uses a $10, 8-mm video cassette-based 
cartridge that stores about 2.5 gigabytes. The drive price is in 
the $3000 range, so it is more suited for high-end business ap­
plications than for the average user . 

Floppy and Hard Disk Drives 
IBM invented the floppy disk drive as an 8-inch-diameter read­
only single-sided device in 1971. The model 23FD was used as 
a program load device. It was followed in 1973 by the 33FD 
(code-named lgar), a read/write 8-inch drive with an unfor­
matted capacity of 400K bytes double-sided (formatting con­
sumes.about 28 percent to 30 percent of the usable capacity). 
The 33FD was used as a replacement for punched cards on the 
3740 data-entry system. Shugart Associates announced the 
SA901 , an OEM version of the 33FD, that same year. Shu­
gart's modest pricing set the stage for the use of floppy disk 
drives in personal computers. In 1975, Shugart announced a 
double-density version of its drive that could store up to SOOK 
bytes (unformatted) and leapfrogged IBM's efforts. 

The first IBM hard disk drive was the RAMAC 350, intro­
duced in 1956. It stored 4.4 megabytes on 50 24-inch plat­
ters-a capacity chosen because it equaled 50,000 punched 
cards. IBM produced the first 14-inch drive (the 1311) in 
1963, and the first removable-pack drive (the 2314) in 1966. 
In 1975, the only hard disk drives available were 14-inch-di­
ameter devices that were totally unsuited for personal com­
puters. Therefore, the early personal computers used floppy 
disk drives, not hard disk drives , for storage. 

Then There Were PCs 

The first microprocessors , such as the Intel 8008 and 8808, 

became available in 1975. Their advent marked the beginning 

of the personal computer era. These pivotal invention& made 

the downsizing of computers and their storage devices pos­

sible. 


The peripheral storage devices available in 1975 did not fit 
personal computer needs very well. The 3M quarter-inch 
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cartridge drive was a step in the right direction, but it was still drives announced in 1979 by both IBM and International 
too large and expensive. Thus, early microcomputer users Memories were of no help. During these five years , the floppy 
converted many audio tape cartridge drives into "home brew" 
storage systems. · 

Hard disk drives were unsuitable in both size and cost to be 
used on personal computers from 1975 until 1980. The 8-inch 

Photo 3: Drum-memory off-line storage came into use in 
1951. Drums were magnetically coated rotating cylinders 
with multiple read/write heads. They were fast but couldn't 
be stacked like disk platters , and they faded away in the late 
1960s. (Photo courtesy of Vermont Research, North 
Springfield, Vermont) 

disk was king . 
But Al Shugart and Finis Conner had learned a crucial les­

son about product form factor while operating Shugart Asso­
ciates (before Xerox bought the company). Al Shugart later 
formed yet another company called Shugart, with Finis Con­
ner as part of the team. Xerox soon persuaded Shugart to 
change the company name, and it was reborn as Seagate. 

Seagate's product was a IO-megabyte 5 'A-inch hard disk 
drive that used trailing-edge technology to make it inexpen­
sive and easy to manufacture for the personal computer mar­
ket. The product was an overnight success in all distribution 
channels, including retail aftermarket sales. Seagate has been 
the top producer of affordable hard disk drives ever since, al­
though others, such as MiniScribe, are now challenging Sea­
gate 's position. 

Several companies, including Maxtor, Micropolis , and Pri ­
am, entered the business on the high end of capacity and price , 
offering drives that now range up to 760 megabytes in the 5 1.4­
inch form factor. A number ofcompanies were formed to offer 
removable cartridges for the hard disk personal computer mar­
ket, and most of them failed. Exceptions are SyQuest Technol­
ogy, which makes a 44-megabyte cartridge drive, and Iomega, 
with its 44-megabyte Bernoulli cartridge, which uses flexible 
media but performs like a hard disk drive . 

The Shrinking Disk 
In 1975 , Shugart Associates was well positioned in the new 8­
inch floppy disk drive market and had little competition . In 
1976, Jim Adkisson , one of Shugart Associates ' engineering 

continued 

Photo 4:_/n the 1?50s, when companies first began using the Remington Rand Univac computer, several megabytes ofmass tape 
storagef1lled entire rooms. (Photo courtesy ofThe Computer Museum, Boston) 
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Photo 5: Shown are 8-, 5 !4-, 3 0 -, and 2-inch floppy disks 
for use with personal computers. At first, as floppy disks 
decreased in size, so did their capacities. Now they've gone in 
the opposite direction. The 2-inchfloppy disk shown stores 
720K bytes, more than the 8-inch disk could hold at one time. 

managers, was approached by a customer who was in the per­
sonal computer business. Over lunch , the customer told Adkis­
son that the 8-inch floppy disk drive was far too large to go into 
a personal computer (see photo S). Adkisson asked the custom­
er how large he thought the disk should be . The customer 
pointed to a cocktail napkin on the table and said," About that 
size. " Adkisson picked up the napkin and took it back to the 
lab , where he proceeded to design the S \4-inch floppy disk 
drive. 

That drive , introduced in 1976, was the Model SA400, 
which had a 1 lOK-byte capacity-the first of its kind . The syn­
ergism between the SIA-inch floppy disk drive and the per-

Photo 6: Optical disks are known for their extremely large 
capacities. Shown here are a WORM (write once, read many 
times) disk, a CD-ROM, and a magneto-optical erasable NeXT 
cartridge. You can store almost a gigabyte of information on 
the WORM disk, 550 megabytes on the CD-ROM, and 256 
megabytes per side on the NeXT disk. 

sonal computer was so great that ultimately , at its peak, Shu­
gart Associates was shipping about 4000 drives per day , most 
of them SIA-inch units. The SIA-inch production was farmed 
out to Matsushita in Japan (a move that ultimately led to Mat­
sushita's becoming the largest floppy disk drive manufacturer 
in the world). 

But it was Alps Electric of Japan that blew Shugart out of the 
water at one of Shugart's biggest SIA-inch accounts: Apple 
Computer. The loss of this contract is what started Shugart's 
demise in the floppy disk industry . By 1979, another manufac­
turer-Tandon-had become a major competitor for the S \4­
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Photo 7: A digital-audio-tape mechanism, showing tape 
wrapped around 90 degrees ofthe drum's circumference. 
This 90-degree wrap angle improves reliability and enables 
fast repositioning. (Photo courtesy ofHewlett-Packard) 

inch disk drive business, but it rapidly lost market share to the 
Japanese and soon after changed its emphasis from peripherals 
to personal computers. In 1982, various Japanese companies 
announced half-height versions of the 5 'A-inch floppy disk 
drive, and U.S. production decreased almost to the vanishing 
point. 

During 1981, Sony had introduced a 3 1/2-inch floppy disk 
drive that could store 438K bytes with a 600-rpm spindle 
speed. Sony submitted it to ANSI for approval as a new stan­
dard. Sony's arguments were that the smaller disk, with its 
hard case and its shutter over the head access area, was much 
better protected than the 5 14-inch disk, and that this new prod­
uct would fit into a shirt pocket. The ANSI committee ulti­
mately accepted the product as standard, but in a revised form . 
The capacity was increased to 1 megabyte (720K bytes for­
matted), and the spindle speed was reduced to 300 rpm-but it 
sti ll would fit into a shirt pocket. Thus, the garment industry 
unwittingly contributed to floppy disk standards. 

During 1982, several manufacturers challenged Sony's 3 V2­
inch form factor. Hitachi proposed a 3-inch floppy disk with a 
250K-byte capacity (later raised to 1 megabyte) in a similar 
hard cartridge. Tabor Corp. (with Dysan backing) proposed a 
3 V2-inch miniature version of the 5 14-inch floppy disk. IBM 
proposed a 4-inch "demi-diskette," one-half the diameter of 
the company's original floppy disk, but its drive had deficien­
cies, a very poor system interface, and an ultraslow access 
time. 

All three companies lost out-Hitachi because it lacked the 
lobbying power of Sony and had no U.S. computer manufac­
turers as champions; Tabor because its product, with its flexi­
ble jacket and wide-open head-access slot, was just as vulnera­
ble to damage as the original 5 14-inch product; and IBM 
because of the inadequacies of its drive and because it had an 
unprotected disk. 

Early acceptance of the 3 1/2 -inch format by Apple and Hew­
lett-Packard got it off to a good start, and its use in the IBM 
PS/2s in 1987 put it over the top. The shipments of 3 V2-inch 

floppy disk drives now exceed those of 5 'A-inch floppy drives 
worldwide. Zenith has recently introduced a 2-inch, hard­
shell "mini-disk" for its MinisPort portable computer (see 
"The Ever-Shrinking, Ever-Expanding Laptops," August 
BYTE). The 2-inch drive stores 720K bytes. 

Let There Be Laser Light 
The idea of optical storage has been around a long time. In 
1927, John L. Baird demonstrated a "Phonovision System" 
based on a waxed disk with information displayed by an optical 
scanner. During 1935, Baird Radiovision offered for sale, 
through a London department store, 6 minutes of video display 
pictures from the stored images. In 1961, 3M started work on 
optical recording and, by 1965, was granted several patents . 

In July 1971, the Bell System Technical Journal published a 
paper by D. Maydon entitled "Micromachining and Image 
Forming on Thin Film by Laser Beams." It was a harbinger of 
things to come. In 1974, Philips demonstrated a laser record­
ing and playback system. The company followed this with a 
1979 demonstration of the CD audio disk system, which has 
since made the phonograph record obsolete. 

The first optical drives for computer use began shipping in 
1983. These were 12-inch WORM (write once, read many 
times) products that are still priced out of the range of the per­
sonal computer market. Somewhat more affordable 5 'A-inch 
WORM products began shipping in 1985 (see photo 6) . 

The audio CD formed the basis of the computer CD-ROM, 
which started shipping in 1985 and has slowly developed into a 
new form of publishing via storing information, such as ency­
clopedias, on optical disks . At first, CD-ROM drives were ex­
pensive, and disks were few . But this situation is rapidly 
changing. New titles, such as Microsoft 's Office, are now ap­
pearing. This program is designed to provide on CD-ROM all 
the software applications that are needed by the typical small 
business using a Macintosh environment. NEC and Amdek are 
now offering CD-ROM drives for $600. The NEC unit is por­
table and plays CD audio disks, as well as reading CD-ROM 
disks . 

In 1988, Sony, Canon, Ricoh, and Maxoptix introduced 
5 14 -inch rewritable optical products . Like the early WORM 
drives, these are expensive and, for the time being, will appeal 
only to the high-end workstation portion of the personal com­
puter market. 

Tomorrow's Mass Storage 
During the next five years, you can expect to see the following 
improvements to personal computer storage products . 

Tape drives. Quarter-inch cartridge drives will have more 
than 1 gigabyte of storage. Eastman Kodak has already dem­
onstrated such drives, as has 3M. DAT drives (see photo 7) 
will provide over 1 gigabyte on a 4-mm tape cartridge, about 
the size of a credit card but thicker. 

Hard disk drives. 5 14 -inch drives will store up to 1.6 giga­
bytes. High-end 3 1/2-inch drives will be storing 600 megabytes 
in full-height versions. Notebook-size computers will com­
monly use 2 V2-inch hard disk drives that are three-eighths of 
an inch high and store 50 megabytes. 

Floppy disk drives. The "floptical" drive from Insite Pe­
ripherals will store 20 megabytes on a 3 1/2-inch floppy disk, 
using a combination of optical and magnetic storage tech­
niques (see photo 8). Insite's president is the same Jim Adkis­
son who invented the 5 14-inch floppy disk. The Brier Technol­
ogy magnetic drive will store 20 megabytes and holds promise 
of storing as much as 50 megabytes on a single 3 V2-inch disk. A 
whole stable of floppy magnetic drives will be available from 
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Japan in the near future, offering storage capacities of from 4 
to 27 megabytes per disk. 

The catch in all of this is that none of the present or foresee­
able future offerings are compatible with the present inter­
change standards. This incompatibility will rule out one of the 
main functions of floppy disks: software distribution. It could 
eventually lead to software distribution on CD-ROM , which 
already has an interchange standard. 

The 2-inch floppy disk drive, already seen on the Zenith 
MinisPort and DynaBook notebook-size computers , will pre­
vail among these machines-and possibly among the coming 
pocket-size computers. The pocket-size machine may be the 
one that provides the demand for IC memory cards for loading 
programs. 

Optical disk drives. The write-once drive will continue to 
exist for high-end applications that benefit from a permanent 
audit trail. Capacity will stabilize at around I gigabyte for the 
SIA-inch WORM product. 

The prices of CD-ROM drives will drop to the $300 range 
during the next five years, and many personal computer ven­
dors will offer them as options-if not as standard equipment. 
Write-once CDs (essentially, another type of WORM) will be 
more widely available than they are now, and rewritable ver­
sions will finally appear within five years . 

The capacity of SIA-inch rewritable drives-just beginning 
to arrive in forms such as the hard disk shell in the NeXT com­
puter-will be mostly 6SO megabytes , the present Internation­
al Standards Organization standard, because most suppliers 
are adhering to it. Manufacturers will also offer proprietary 
formats ranging from I to 2 gigabytes for users who do not care 
about data interchange. 

A new class of rewritable optical 3 I/2-inch drives will soon 
appear and will drop in price to less than $1000. At this price 
level, such drives make sense for personal computer users who 
could benefit from having a removable disk drive in addition to 
a magnetic hard disk drive. Capacity will be as high as 280 
megabytes on the removable disk. · 

Laser cards. After years of selling licenses to the technol­
ogy but not producing drives, the Drexler LaserCard may be 
getting close to real-world use in the field of medical record 
keeping for clinics and medical insurance companies. The La­
serCard stores up to 2 megabytes of data on a credit card-size 
card containing an optically written strip (see photo 9) . Under 
development are optical drives and compatible " laser cards " 
that can store around 40 megabytes . 

Digital paper. A write-once Bernoulli Box from Iomega will 
become available. This S \4-inch drive will use flexible optical 
write-once media called digital paper (see photo 10) from Im­
perial Chemical Industries in a cartridge that stores 1.2 giga­
bytes (see "Digital Paper ," February BYTE) . The cartridge ' s 
target price is about $SO. The drive price has not been an­
nounced, but it should be affordable for the personal computer 
business user. 

Solid-state disk drives. The products available in the current 
market tend to cost around $1000 per megabyte-sometimes 
even higher. They have value in speeding up systems that 
otherwise would need to be replaced , but the systems that use 
them are normally in the minicomputer category. Develop­
ment efforts are under way to bring them down in cost and to 
make them suitable for the personal computer environment. • 

Robert R. Gaskin is a senior industry analyst at Dataquest , 
Inc. , in San Jose, California. He specializes in and writes about 
the computer storage industry. He can be reached on BIX c/o 
"editors. " 

Photo 8: A ''floptical" disk is a 3 Yi -inch floppy disk that 
uses optical and magnetic recording technologies and can 
hold 20 to 25 megabytes. 

Photo 9: Drexler 's wallet-size LaserCard contains a 35-mm 
strip that can permanently store several megabytes ofdata. 
Its current use is storing medical and insurance data. 

Photo 10: "Webs" ofdigital paper, a removable optical data 
storage medium , can either be split into lengths as tape or 
stamped into disks and inserted into cassettes. 
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Display this month's 
BIX activities 

RNOVE 
Writers Exchange Opens 

BIX now has a Writers Exchange, featuring conferences for professional writers and journalists, people 
who aspire to be professionals, and people who are just interested in the subject. The Exchange, edited 
by BYTE columnist Wayne Rash, Jr. , features conferences run by professional writers and journalists 
including Hugh Kenner,Jan Ziff, Rick Cook,Jon Hall, and Guy Kewney. Participants may discuss all 
phases of writing with these and other professionals, gather tips from the pros, and learn how to 
improve and sell their own writing. 

Most Writers Exchange conferences are open to the public, although journalism.pro and writers.pros 
are reserved for practicing professionals only. A special conference-sfwa-serves as a private forum for 
members of the Science Fiction Writers of America. Other conferences include: journalism, new.writers , 
poetry.prose, writers, write.fiction, and writers.talk. 

Special Events 
THURSDAY, 11/2, 8:30-9:30 PM EST. Talking big, with Ada 

Randy Brukardt and Dan Stock of R.R. Software continue their discussion of the Ada language and 
answer such questions as "how do 32-bit and larger machines make Ada more practical for personal 
use?" (join janus.ada/cbix) 

TUESDAY, 11/7, 9 PM EST. First Tuesday "This LAN belongs to you and me .. " 
Discuss Local Area Networks and networking. (join main cbix, channel 1, band b) 

All-Month Conferences and Special Events 
macintosh exchange-We'll discuss 16- and 24-bit color blue tuesdays-Join the IBM Exchange moderators for a 
and test a Radius 19-inch, 24-bit monitor and graphics cbix session everyTuesday night at 9 PM EST. Goin main 
accelerator card. cbix , channel 1, band b) 

photo conference-Moderated by Dana Hudes, this games people play-Here's the Interactive Games Exchange 
conference covers all areas of photography, including video schedule for November. Watch for specials, as well: 
and electronic imaging. Larry White and Herbert Keppler of Sundays, 9 PM EST-Poetry, art, music and stories. Goin 
Popular Photography magazine join us on line to offer advice fun.n.games/game.room) 
and answer questions on photography. Other guests include Sundays, 9:30 PM EST-Learn about role-playing games on 
representatives from Rainbow Graphics, Media Cybernetics, line and off line at Fantasy Foundation College. (join ff/ff.col)
and Rix Software. Rainbow Graphics is lending the confer­

Mondays, Thursdays, and Saturdays, 9 PM-Midnight EST­
ence an Imapro scanner and aTarga-24 color graphics card, 

Meade & Mirth. Goin mnm/inn)
and Media Cybernetics and Rix Software are lending software. 

Tuesdays, Wednesdays & Saturdays, 9:30 PM EST­(The latter two firms have their own conferences on bix.) 
Ledinworld. Goin lworld/ledinworld)Another firm, Compubyte, is lending a 386 personal com­


puter. Using this equipment, Dana has scanned some of his Thursdays, 10:15 PM EST-Pandemonium. Goin 


photos and uploaded them to the "photo" listings area, fun . n.games/game.room) 


where they 've joined more than 200 other files . Fridays, 9 PM EST-Trivia. Goin fun .n.games/game.room) 




Finally. An on-line service 

that doesn't nickel and dime you. 


It's BIX's flat-fee service. 

BIX is short for BYTE Information 

Exchange. The on-line informa­

tion service that's yours for an 
unheard-of flat fee of just S39 for 
three months*-an amount you 
could easily waste in just two to 
four hours with an hourly rate, 
on-line service. (Not to mention 
the fact that you'd be nickel-and­
dimed for its monthly minimums.) 

And here's another distinction: 
BIX is strictly for microcomputer 
pros ; it contains no " fluff." As a 
subscriber, here 's what you 've 
got coming to you: 

0 	 All the information and ideas 
exchanged in more than 150 
microcomputer-related confer­
ences-a give-and-take in which 
you can participate. 

0 	 Microbytes Daily-up-to-the­
minute industry news and new 
product information. 

0 	 Plus support from hardware 
vendors and software publishers, 
access to extensive software 
libraries, and the use of our 
electronic mail service-which 
allows binary attachments. 

Subscribe to BIX right now­
using your computer and modem. 
Set your telecommunications 
program for full duplex, 8 bits , no 
parity, 1stop bit , or 7 bits , even 
parity, 1 stop bit. Now dial BIX at 
617-861-9767 , hit the return key , 
and respond as follows: 

You Enter 
bix 
bix.flatfee 

You can charge your BIX 
subscription to major credit cards, 
or have it billed to your company. 
You may also purchase unlimited 
off-peak access via Tymnet for just 

S20 per month, or S3 per off-peak 
hour, in the continental US~* For 
more information, including your 
local Tymnet access number, call 
800-227-2983 (in New Hampshire 
and outside the United States, call 
603-924-7681). 

'Based on a S 156 annual fee, billed 
quarterly - a subscription you may cancel 
at any time without future charges. !Vu 
may also subscribe for a3-month trial at 
just 559. 

••for international rates, please consult 
your local P1T. Our international packet 
network address is 310690157800. 

No extra charge for 2400 Baud access. 
Tymnet prices are subject to change. 

lllX 
One Phoenix Mill Lane 
Peterborough, NH 03458 
800-227-2983. In NH 603-924-7681 . 



81h"x1 64' . WP-80 Word Processor . . . . 
AX-26 

FOR COMPUTER & ACCESSORIES 
CALL TOLL FREE: 1-800-882-2802 

FOR FAX, TYPEWRITERS & DICTATION EQUIPT. 
CALL TOLL FREE: 1-800-223-7323 

IN N.Y. STATE CALL: 1·212-947-5290 I 
I 
I 

HOURS: Mon. Tru. Thurs. 9AM Till 6PM, Fri. 9AM Till 2:00PM, Sun. 9:30AM Till 5PM, Closed On Sat. 

DESKTOPS

EPSOS l:tlll/PA.JQ~~~ 
Newt DESKPRO 286e, 12MHz, 1.2 Floppy 
Drive, 40MB Hard Drive wNGA . 2349.00 

SOFTWARE 
WOAOPEAFECT . . 223.95 
KO-Pilot fM/ord Perfect. ... 56 . 75 
Xy Write Ill w/AJ A Carta . . 215. 75 
VOLKSWAITEA 4 . . CALL 
NEW l SAMNA AMI. . 116.75 
NOTA BENE 3.0 . . 235.00 
GAAMMAT1K Ill . . . . 48.99 
Z-Solt PC Paintbrush IV . . . 57.75 
GO SCRIPT Plus . 234.75 
BITSREAM Fon ls . . . . . . . . . CA LL 
SOFT CRAFT Font Sotulion Pack . 337. 75 

LAPTOPS 

Equity t.T 
10MHz, 640K, 2-3.5 720K Drives, 


Supertwist Backlit Display 

w/Free Laplink 


999.00 
Equity LT w/20M8 Hard Drive .. 1589.00 


SPARK by Datavue 

Spark-EL. 640K, 2-3.5 Drives ... 1019.00 

Spark-EL w/20MB . . . 1769.00 


MITSUBISHI 

286L wf20MB Hard Drive . .. .. . 2269.00 

286L wf40MB Hard Drive . . 2777 .00 


SHARP 

PC-4502 wf640K, 2-F!oppy Drives & Backlit 

Monitor ... 894 .75 


TOSHIBA (sold In Slo•• Only) 
T- 1000 . . CALL T-1200HB . . CALL 
T-1600 . CALL 
New! T-1600 wf40MB .. .. CALL 
Newt T-3100e w/40MB . . . CALL 
Newt T-5200 . . . .. CALL 

ZENITH . 
184-1 .. . . 1399.00 184-2 ... 2069.00 
Supersport 286 Model 20 wf20MB Hard 
Drive . . 2799.75 
286 w/40MB Hard Drive . . 3139.75 

NEC 
PAOSPEED 386 .... . 3997.00 
ULTRALIGHT 2MB . . . . . 2399.75 
PROSPEED 286 w/40MB . .. .CALL 

BONDWELL 
Bondwell Laptop 286, 10MHz, 20MB Hard 
Drive w/1200 Modem, Rechargeable Bat· 
lery & Case . . . . . 2149.00 

Canon 
FAXPHONE 

FaxPhone 8 . CAll FaxPhone 15 CALL 
FaxPhone 20 CALL FaxPhone 25 CALL 
FAX 225 . . CALL FAX 270 . . . CALL 
FAX 350 . .CALL FAX 450 . .CALL 
FAX 630 .. .. CALL FAX 705 . .CALL 

RICOH 
FAX-25E . . CALL FAX-35 . CALL 

FAX-65E ... CALL FAX·75E . CALL 


MURATA 
M·900 . CALL M-1200 . . 529.90 
M-1400 .. ... CALL M-1600 . 629.90 
M-1800 . CALL 

PANASONIC 
KX-F 80 . .CALL KX-F 100. . CALL 
KX-F 120 . . CALL KX-F 220 ...CALL 
KX-F 320 . . CALL 

TOSHIBA Price Break 
3300 . . . . .. CALL 3700 CALL 
Model 30100 . . CALL 

BROTHER 
FAX 200 .... . . . . . .CALL 

FAX 210 w/Answering Machine ..CALL 


FAX PAPER 
61h 0'x96' .... 49.95 
81h''x328' ...... . 
FAX Cleaning Kit. 

COMPAQ Portable Ill with 40MB Hard 

Drive . . . 3849.00 


AST PREMIUM 286 
10 MHz, 512K, 1.2 Floppy Drive, 
Seagale 40MB Hard Drive (28ms) 

1578.75 
NEW! AST BRAVO 286 8 MHz, 1.2 Flop­

py, 40MB Hard Drive (28ms) ... 1198.75 


EPSON 

EQUITY H+, 1-1.2 Floppy Drive, 1·40MB 

Hard Drive . . .... CALL 


COMPATIBLES 

IBM·XT Compatible, 1-360 Floppy Drive, 

1·20MB Hard Drive . . .. . 699.95 

IBM-AT Compatible, 12MHz, 512K, 1.2 

Floppy Drive, Seagate 40MB Hard Drive 

(28ms) . . . .. 1114.75 

VENDEX Headstart Ill System w/VGA Col ­

or Monitor . . .... . 2409. 75 


Laptop Accessories 

WORLD POhT 2400 Modem ... . 235.00 

TARGUS Nylon Case . . .. .. . 57.95 


WORD PROCESSORS 

PWP-2000 . CALL PWP-3000 .. CALL 

PWP-5000 .. CALL PWP·100C . CALL 

PWP·7000l T Laptop . . . CALL 


TYPEWRITERS 
XL-1500 . . . CALL XL-4600 . CALL 
X0·5600 .... CALL XD·7600 .... CALL 
WP & Typerwrlter Access. 
PWP Start-Rite Kit. ....... 39.95 
Typrwriter Start-Rife Kil . . .. 39.95 
Printwheels . . ea. 10.95 
Multi Strike Film . . Dz. 74.95 
Correctable Film . . . . . . Oz. 34 .95 
l ift-011 Correcting Cassette . . Dz. 44.95 
Cover-Up Correcting Casselte. Dz . 46.95 
Data-Disks . . .. Dz . 34 .95 
CoronaCalc . . . . . . . . . . . . . . 44.95 
Sheet Feeder f/PWP-5000 . 139.90 

Panasonic 
KX·W1000 Word Processor . ... . CALL 
KX-W1500 Word Processor .. IN STOCK 
KX-W1510 WP w/Sheetleeder . .CALL 
KX-R430 . . . . CALL KX·R440 . CALL 
KX-R600 Word Processor TypewriterCAll 
Accessories .. CALL 

brother 
WP-60 W01d Processor. .CALL 
WP-75 Word Processor . . .. CALL 

. . . CALL 
CALL AX-28 . ... CA LL 

... CALL 

9 Pin , Wide Carriage, 290 CPS 
Draft (10cpi), 60 CPS NLQ, Adva­
nced Paper Handling Capabi lities 

469.75 
LX-8 10 . 187.95 L0-5 10 .... . CA LL 
L0·850 . 543.50 L0·950 . 542.50 
LQ-1050 .. 767.95 LQ-2550 . 959.99 
FX-850 . . .... 352.00 
New! EPL-6000 Laser . .CALL 

PANASONIC 
KX-P 1181 .175.75 KX-P 1191 . 203 .75 
KX·P 1124 . . .. . 279.95 
KX-P 1595 . . . 415.75 
PANASON IC Laser Printer . . ... 1319.00 

CANON 
BJ-130 . . . . 735.00 
LB8·3 Laser . .1649.00 

NEC 
2200 .. . 307.95 
P5200 . . ... 493.95 
P5300 . . . . . . . . . . 646.95 
LC·890XL Postscripl Laser . . . CALL 

OKIDATA 
OKIDATA 183 Wide Carriage .... 217.75 
OKIDATA 320 . . ... 339.00 
New1 OKIDATA 380 . . .. CALL 

PRINTER SALE! 
STAR NX-1000 . . . . .....CALL 
New! DICONIX 150 Plus Printer . 309.75 
NEW! H.P. Deskjet Plus ........ 689.90 
H.P . Laserjet II wrroner . .CALL 
APPLE lmagewriter II . .439.00 

Dictationiquli? 

OLYMPUS Pearlcorder 

L·200 ..... 129.90 S-907 . 35.90 
S-91 1 ...... 59.90 S-930 . 99.90 
T-1010 Transcriber . .169.90 
S-804 . 119.95 S-811 .. . CALL 
T-100 . CALL T-2020 . CALL 

PANASONIC 
RN·15 . . 119.90 RN-36 .. 179.90 
AN-89 ... . 79.90 AN-105D ... . 29.90 
RN-106D. . 34.95 RN-115D ... . 39.90 
AN·125 .. . 59 .90 AR-900 179.90 
AA-970 . . 249.90 RR-980 . . 279.90 

SANYO 
TRC-6 100 .. CALL TRC-5680 .. 79.90 
TAC-2550 . . .. 149.90 
TAC·5200 .. 229.90 TAC-5020 179.90 
TAC·4300 .. 227.90 TAC·4030 . 178.90 
TRC-6000A . 227 .90 TRC·8010A . 165.90 
TAC-8700 .. 239.90 TAC-8070 .. 185.90 
TAC-9100 .. 239.90 TAC-9010 .. 199.90 

SONY 
M-1008 . . . 219.90 M-740 .... . 35.90 
M-750V . 49.90 TCM-SOOOEV .369.90 
BM·12 . . CALL BM-17 . .CALL 
BM-560 . . CALL BJ-500 . . . CALL 
BM-75 ... . CALL BM-60 . .CALL 
BM·815T .. .CALL BM-820 . . . CALL 

NORELCO 
585 . 99.90 592 . .... 119.90 
NT-lie . 134.95 NT-V . . 199.95 
NT-VI .. 219.90 NT-VII . 247.90 
MC-I ll . 164.95 MC-IV . . 199.95 
2595 11 9.90 
205 . . 267.90 505 . 319.90 
510 .. . . ·399.90 805 . 629.90 
MC·3000 . . 299.90 MC-4000 . . . 379.90 
2505. 399.90 2510 334.95 

HARDWARE 
~: lOGiHGH 

NEW! Logitech Bus Mouse . . .69.99 
NEW! Logitech PS/2 Mouse .64. 75 
l ogitech Scan man f/PS2 . . .... 199. 75 
INTEL 80387-SX . . 269. 75 
INTEL 80387-20 . . 369.99 
DFI HS-3000 Plus Scanner . . ... 164.75 
AST 6-Pack 286 . . .. . ... CALL 
MICROSOFT Mach 20 . . . . 315.75 
MICROSOFT Mouse . . 99.95 
PLUS 20MB Card . . .. 523. 75 
PLUS Impulse . . CALL 
TOSHIBA 3112"720K Drive w/Kit . . 79 .75 

Display Cards & Monitors 
PARADISE' VGA Plus . . . . ... 174.95 
PARADISE VGA Plus 16 . . . 234.75 
PARADISE VGA Professional . . . 289. 75 
VEGA V-Aam VGA 256K . . 395.00 
VEGA VGA .. . ... . .. . .. . 204.75 
VENDEX VGA Color Monilot . 424.75 
MITSUBISHI Monilors . . .. CALL 
NEW! NEC Multisync llA Monitor . 496.75 
NEC Multisync 30 . . .... 599.00 
PACKARD BELL Monitors . . .. CA LL 
SONY 1302 Monitor w/Stand .. . . 633.50 
SONY 1304 Mulliscan Monitor . 669.00 

Modems/Fax Cards 
EVE AEX 2400B Modem . . CALL 
EVE AEX Fax/Modem . 229. 75 
OUADAAM JI, Fax Internal 4800 . 194.75 

PRINTER RIBBONS 
OKIDATA 292 Ribbon . . .5.49 
EPSON Orignal EX-800/1000 Color13.99 
NEC P7/P3 Ribbon . . . 4.59 

DISKETTES 

FUJI MF2/DO Rainbow .. . .. 10.49 
BONUS 51/4 DS/DD . . ... . 4.99 
MAXELL Diske!ls . . . CALL • 
PC-3 II ... . 349.90 PC-5 II . . 453.90 
PC-SL II l egal Size . .619.90 
PC-6 . . 779.90 PC-SAE . 659.90 
NEW! PC-7 Zoom Copier . . . . .. CALL 
Black Cartridges . . . 79.95 
81hx11 Paper (5000 sheets) .. .... 49.50 

CALCULATORS 
& DATABANKS 

Ff,'jj9 HEWLETT 
I.!~ PACKARD 

HP-1 OB Business . . . . 38.45 
HP-12C Fin ancial . . 59.90 
HP·14B Business . . . . 58.90 
HP·17B Business . 75.90 
HP·19B Business Consultant II . . 125.90 
HP-20S Sclenlilic . . 39.90 
HP·22S Algebraic Scientific ... ... 43.90 
HP-27S Scientific . ... . . . . . . . . 74.95 
HP-28S Advanced Scientific . . 162.90 
HP-32S RPN Scientific . . 52.95 
HP-41CV . . 119.90 HP·41CX . . 169.95 
HP-42S RPN Scientific . . .86.90 

HP lnlrare~~fttl) ' 99 90 

ORGANISER 11-XP . . 196.90 

SHARP 
oz.7000 WIZARD . .. IN STOCK 
WIZARD Accesories. .CALL 
El-6230 Auto Dialer. . .39.90 
El-6250H Dial Master . . . .53.90 

CASIO 
SF-4000 32K Digital Diary . . . . . . . 89.90 
SF-1000 e.o.s.s. 32K Digital 01ary179.90 
SF-7500 8 .0 .S.S. 64K Digital Diary189.90 
SF-8000 a.o.s.s. 64K Digi1a1 Diary199.90 
FC-1000 Financial Consullant. .. . CALL 

AUTOSKETCH by Aulodesk . 
New! COREL Draw 1.1 
ALDUS Page maker . . 
HARVARD Graphics . 
PFS First Publisher . 
NEW! LUCIO 30 . 
IMPRESS . . 
New! LOTUS 1-2-3 3.0 . 
LOTUS Agenda . . 
SYMANAC Grandview 
Q & A . 
ASK Sam . 
D'Base IV . 
FOXBASE Plus . 
PARADOX 3.0 . 
FRAMEWORK Ill . 
New! INTUIT Quicken 3.0 
DAC Ea sy Accounting . 
ONE Wrile Plus . 
WEAL TH Builder by Reality . 
New1 Mirror Ill . 
Hol Line II. 
PROCOM Plus . 
NOLD Will Maker . 
FASTBACK Plus . 
SPINRITE . 
386 MAX Professional. 
NORTON Advanced Utilities . . 
MICROSOFT Quick C W/Assembler133.75 
BORLAND Turbo C Pro . 157.00 
OESKVIEW . . . . . . . . . . . 75.00 
FAST by Future Computer . . 57.75 
SUPER PC Kwik . . . 48.75 
HYPERPAD by Bright hall . . 56. 75 I
ACCOLADE Grand Prix . . . .. 23. 75 
CHESSMASTER 2100 .. . . 29.95 
SIERRA Space Quasi Ill. . 33.75 
Where In Time is Carmen S.D ... 27.95 ITELEPHONES 

Panasonic 
Feature Telephones 


KX-T 2335 .. 32.90 KX·T 2356 .. 49.90 

KX·T 2365 . . 55.90 KX-T 2366 .. 59.95 


Multl-llne Phones 
 I
KX·T 3122 . . 56.90 KX-T 3145 .67.90 

KX-T 3155 .. 75.90 KX-T 3170 . 139.90 


INTEGRATED PHONES 

KX·T 23850 . 65.90 KX·T 2390 .. 79.90 

KX·T 2630 . 107.90 KX-T 2634 . 134.90 

KX·T 2429 . 135.90 KX·T 2430 . 108.90 


Answering Machines Specials 
 I
KX-T 1000 . . 45.90 KX-T 1418 .. 69.90 

KX-T 1450 . . 59.90 KX·T 1455 .. 65.90 

KX-T 1460 .. 79.90 KX·T 1470 . . 99.95 

KX·T 1624 .. 76.90 KX·T 1740 .109.90 


CORDLESS PHONES 

KX-T 3000 . 119.90 KX-T 3807 .. 59.90 

KX-T 3823 .. 70.90 KX·T 3824 .. 89.90 

KX-T 3832 . . 93.90 KX-T 3880 . 125.90 
I 
KX-T 3900 w/2-Keypads . .. . . . .. 123.90 
KX-T 4200 w/Answerlng Machine . 145.90 

Freedom Phone" 
FF-1700 Cordless " Top R•led"109.90 

Business Key Systems I
PANASONIC 

2 Line Integrated Intercom System 

VA-9200 System (1-9210, 2·9230)369.90 

VA-9210 Electronk: Controller . .. 124.90 

VA-9230 2 Line phone w/Speaker124.90 


VA-614 4-llne System 

VA·61410 Key Service Unit. . .CALL 
I
VA-61421 Phone w/Speakerphone .CALL 

VA-61422 Speakerphone w/LCD .. CALL 

VA-61423 Speakerphone w/BLF ... CALL 


VA-208 2-llne System 

VA-20810 Key System Unit. .CALL 

VA-20821 Phone w/Speaker .. . . CALL 


KX-T616 6-Llne System 

KX-T61610 Control Uni! . .CALL 
I 
KX-T61620 Phone w/Speaker .. . . . CALL 
KX-T61630 Speakerphone w/LCD . CALL 

FREEDOM PHONE 
FS-246 6-/ine Service UnlL .CALL 
FS-800 Basic Station . . . . . . CALL 
FS-900 Executive Station . . CALL II 

. 89. 75 

. 329.95 

. 445.00 


. . 268. 75 I
.72.75 
. 59.00 


. . 66.75 

. 339.75 


. . 247. 75 
.173.75 
. 205.75 
. 165.00 I

CALL 

. 187. 75 

. 436. 75 

. 419.00 


.35.95 
56 .75 


.84.75 
I
. . 139. 75 

. 49.00 

. 49. 75 
. . CALL 

. .. 30.95 
. 99.75 

. .. 39.95 
.. 68. 75 I
. . 79. 75 

~~~~~~~~~V~IS~A-=--,~M~A~S~T~E , ~A~M~E~R~l~C~A~N::-::E~X~P~R~E~S~S~,~O~P~T~l~M~A::-:&,-::D~IS~C~O=-=-=V=E=R-C~A-::-=R=D~S~A~C~C=E-P-T-E-D~~~~~~~~-~R~C~A-:--=R=D-

ouR GUARA~TEE : D~fecti~e goods will be replaced or repaired ii returned within 10 .Days in original packing, mint condition, blank warranly.card, detailed letter of explanation & copy of invoice. No return privi lege on software. 

JI found delect1ve. We will advise customer how to consult rnanufacturer !or warrantee service. For C~~tomer Service: Pleas~ Call (2 12) 947·5~5. Prices are !or Mail Order Only. Store Prices May Vary. We reserve the right to limit quantities. 


TO ORDER by MAIL: Please send money order or cert1f1ed check !or UPS sh ipment on most items. Personal check delays your order by 15 days. 

Shipping & Handling: Handling Charge; 2% plus 5.95. Shipping Charge; 0.65 per lb. Estimate minimum shipping 5.95. Total charge at time of order. Shipping & Handling charges are not refundable. 


INQUIRE about NEXT DA Y AIR or 2nd DA Y AIR Shipment. N.Y. State Raeldente add TAX. 

·v~,,.u...1•1~ MAIL ORDER: D•pt BY,120 WHt 311t Str••t, N.Y.,N.Y. 10001 (T•I. 1·212·947-11290)
.A.5"""' I J r 5 MANHATTAN STORE: 120 W•at 31ot. StrHt, N.Y.,N.Y. 10001 (T•I. 1·212-1184-3592) 

PHOTO & SUPPLY CORP. SCARSDALE, NY STORI: 455. C•ntral Av•. (Scaradal• Plaza) SCARSDALl,N.Y. 101138 (T•I. 1·914-723-1331) 
N. Y.C. Consumer Affairs License Number: 800193 Circle 131 on Reader Service Card 

http:w/Speaker124.90
http:2�9230)369.90
http:R�led"109.90
http:3000.119.90
http:3170.139.90
http:W/Assembler133.75
http:Diary199.90
http:Diary189.90
http:01ary179.90
http:Color13.99
http:4800.194.75


FE ATURE 

THEABCs 

OF DIGITAL TYPE 

Digital type-like its ancestor, movable type-is revolutionizing 

the way we publish documents 

John Collins 

n the beginning was Gutenberg, setting pieces 

I 
of lead into a press and so mechani zing the pro­
cess of printing-formerly a laborious job done 
by hand , one document at a time. (See the text 
box " Gutenberg Had It Easy" on page 404.) 

The typesetting machine and the typewriter succeeded Guten­
berg 's press, and now the personal computer has largely re­
placed the typewriter. 

At first , all personal computer di splays and output devices 
emulated the look and feel of the typewriter. Characters were 
generated by specialized hardware that wrote a matrix of bits 
into a computer's video memory. Characters appeared on the 
screen made up of spots corresponding to these bits. Needless 
to say, the type of font you got was determined solely by the 
characteristics of the computer' s character-display hardware . 

Things really got interesting when you attempted to print the 
document, because the font used by the printer to print charac­
ters onto the page seldom matched the characters in your com­
puter's video hardware . If you were really resourceful, you 
might be able to coax out of your printer condensed , expanded, 
bold , or underlined text. However , there was little chance that 
what you printed out would match what you saw on your com­
puter' s screen . WYSIWYG it wasn't. 

The Macintosh changed this by merging the imaging opera­
tions of the computer screen and the printer. The Mac has no 
character-display hardwa re or character-based screen mode-it 
operates entirely in graphics mode. The System file stores a bit 
map of a typeface and the point size used. Characters are as­
sembled from a " library " of bit maps-the actual pattern of 
dots that makes up the shape of each character. When you print 
a document, the printer operates in the graphics mode and 
en,ws the characters in much the same way they're drawn on 
the Mac' s screen. This method has important consequences. 

Text output is no longer coupled to display hardware ; charac­
ters can be larger than the typical 9 x 7 matri x. Moreover, since 
stored bit maps are used to generate the characters, the type 
style can be anything-for example, Times Roman , Old En­

gli sh, Courier, Cyrillic, kanji, or Arabic. 
When you use thi s process, whatever climbs out onto the 

printer tray closely matches what you have on the Mac 's screen . 
Making bit maps appear on a screen or from a printer simply 
requires copying the data to the output device , so it is virtually 
instantaneous. 

One trade-off with bit maps is that a different one is required 
for each type sty le and point size. Furthermore, additional bit 
maps may be required to handle the resolutions of different out­
put devices. Another major disadvantage of bit maps is that they 
require enormous storage capacity , especially for large sizes. 

Digital Type- Fonts Are Us 
With the advent of digital type (i.e., typefaces represented as 
electronic data) came the potentia l of using a single typeface 
master on a wide variety of-perhaps all-output devices pro­
duced by different manufacturers. With this technique , you can 
easily produce output in just about any type style and size you 
choose on a variety of machines for a variety of applications. 

Font portability makes it easier and more economical to 
create and distribute fonts for use in a variety of devices. It also 
provides users with a greater availability and wider variety of 
typefaces. Device-independent digital fonts significantly re­
duce compatibility problems. As more and more devices are 
networked together, this device independence becomes partic­
ularly important. Finally, portability preserves your invest­
ment in type when you upgrade to new devices . 

Digital type can be provided in three forms: Bit maps , out­
lines, and stroke fonts. For situations where only a few faces 
and point sizes are needed , bit maps are ideal because of their 
simplicity and high performance . Bit maps can be hand-edited 
and customized to produce the best-possible type quality on 
various ki nds of output devices (see figure I) . 

Where typographic flexibility (e.g . , several faces , several 
point sizes , and rotation) is required , outlines are the preferred 
form. An outline is a mathematical description of the shape of a 

continued 
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Gutenberg Had It Easy 

W hen Gutenberg introduced mov­

able type 500 years ago , fonts 
were simple and portable . Hand-cast 
hot metal type from any one foundry 
could be easily mixed with that of an­
other foundry. This flexibility gave 
users great freedom and variety in spec­
ifying fonts. 

When typesetting became mecha­
nized, about 100 years ago , things got 
more complicated . Each typesetter 
manufacturer required-and most de­
signed and sold-a particular kind of 
type for its equipment. Users who 
changed from one manufacturer to an­
other had to purchase another library of 
type for the new device. 

With the emergence of phototypeset­
ting 20 years ago, type became even 
more machine-specific. Phototypeset­
ting machines created type by project­
ing light through negative images of let­

ters onto photographic paper. The type 
required for these machines was unique 
to each model. Even if you wanted to 
upgrade within the same line of typeset­
ters, you usually had to purchase a com­
pletely new library of fonts. While this 
situation was good business for typeset­
ter manufacturers , it limited users in 
their choice of type to those styles and 
formats made for their particular device. 

When phototypesetters became digi­
tal in the 1970s, type was often en­
crypted so it would work only within a 
single installation. This is analogous to 
compact disks that are specially en­
coded to be played on one particular CD 
player. Music lovers would never go for 
this when their records historically 
could be played on any phonograph. 

What we've seen over the last 500 
years is a series of major technical ad­
vances in the mechanization of typeset­

ting. These advances, unfortunately, 
have gradually stripped type of its ini­
tial portability to the extent that it has 
become very specialized and localized. 
The irony here is that digital type has 
greater potential for portability on a 
number of different machines than any 
other form that type has taken during its 
evolution. 

Because it has been so long since type 
was truly portable and device-indepen­
dent, users have become accustomed to 
closed font architectures. We are, how­
ever, at a stage where technological ad­
vances in digital typography are begin­
ning to provide the freedom of choice 
and open market that existed in the 
early days of movable type. More and 
more users are becoming aware of this. 
As a result, the demand for open and 
portable font architectures is growing 
rapidly . 

character (see figure 2). As outlines can be scaled and rotated , 
only one outline is needed to represent a character in any size 
and for any device resolution. Thus, outlines are much more 
compact than bit maps, especially where many sizes are re­
quirea . Their major disadvantage is that a significant amount of 
computation is required to convert them into the bit-map form 
eventually required by the output device . As a result , going 
from an outline to an image on the screen or printer is a rela­
tively slow process. To do so at high speed takes a significant 
amount of processing power. 

The third representation that is occasionally used is stroke 
fonts (see figure 3) . Stroke fonts, sometimes called vector 
fonts , describe the spine of a character. Drawing a character 
from a stroke font onto the screen or into the printer memory 
can be as simple as drawing a series of pixels along the strokes 

BIT-MAPPED FONT 

Font summary: ••• ••••••••• 
Lines per em : 41 
lines below baseline: 1O 
Blinker width : 0 
Blinker height: O 
Default space width : 12 
Track kerning values: 

(1,2,3,4) : 0,0 ,0,0 
Point size : 10.0 
Vertical resolution: 300 ••• 

••••••••••••••• 

•••••••••••• 
Horizontal resolution: 300 

Figure 1: Bit maps define the actual pattern ofdots that 
composes a character. For optimal qualiry, bir maps can be 
hand-edited. 

that make up the character. For large point sizes, a thicker path 
of pixels needs to be drawn to prevent the character from look­
ing stick-like. Like outline fonts , stroke fonts are size- and reso­
lution-independent and can be rotated to any angle. 

Less computation is required to image a stroke font than is 
needed for outlines, so the results are faster. Stroke fonts also 
require a relatively small amount of storage-typically 50 per­
cent less than outline fonts. The catch with stroke fonts is that 
only a tiny percentage of the world's typefaces can be effec­
tively represented as stroke fonts . Only those faces with even 
stroke weights and simple round or square ends of strokes can 
be represented (e.g., Courier) . Attempts to represent other 
faces will produce results that require more storage and take 
more time to draw than outline data . 

There is more to digital fonts than just the shape of the char­
acters . For an application program to lay out the characters on a 
page, it needs to know how much space each character takes up . 
The height of a character is determined simply by the point size 
that the user specifies. But the width of each character is not so 
straightforward . Most typefaces in general use are proportion­
ally spaced; that is, each character has a different width. The 
program needs this information so it can decide how the char­
acters fit side by side, how many characters fit in the line, and 
where the line should be broken . Character widths are unique to 
each font. 

Merely describing the widths of each character does not en­
sure the highest-quality reproduction. Certain character pairs, 
such as " To" and " AV," look much better when the spacing 
between them is reduced ; others look better when the spacing is 
increased . Th is technique is known as kerning. Most fonts con­
tain kerning data that describes spacing adjustments to be ap­
plied to certain character pairs as they occur in the text. 

Other data, such as scale factors for making small caps, su­
perscripts , and subscripts , and instructions for building frac­
tions, is sometimes provided with fonts. This data, along with 
character widths and kerning data, is called font metrics. 
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Another aspect of fonts concerns character sets-groups of 
letters, figures, symbols, and so on. If there were one universal 
character set, all fonts would provide the same collection of 
characters. Unfortunately, it's not that simple. There are char­
acter sets associated not only with different countries, but also 
with different printers (e.g., LaserWriter and LaserJet), oper­
ating systems (e.g., Macintosh and DOS), page-description 
languages (e.g., Postscript and QuickDraw), and application 
programs (e.g . , WordPerfect and Lotus 1-2-3). A great number 
of character sets is in common use today. Hewlett-Packard's 
LaserJet, for example, supports more than 40 sets for its resi­
dent fonts. 

But Are They Portable? 
Even though bit-map output devices are the most common type 
of output device used today, the manner in which they work 
with fonts varies widely. Graphical displays can handle a wide 
range of typographic styles. It is the responsibility of the appli­
cation program or the operating system to copy the bit-map 
character data from the font into the appropriate place in the 
display buffer. The font format required is therefore deter­
mined by the application program or the operating system. 

Dot-matrix printers operating in graphics mode have capa­
bilities similar to those of graphical displays. They depend on 
the application program or operating system to build a bit-map 
image of the page in memory. The resulting data is then output 
to the printer. As with graphical displays, the font format re­
quired for dot-matrix printers depends on the application pro­
gram or operating system. 

Laser printers, on the other hand, have the processing ability 
to use resident fonts or additional user-installed fonts. Laser 
printers accept instructions from the host computers by means 
of a page-description language. The two most common PDLs in 
use today are Hewlett-Packard's Printer Control Language and 
Adobe's Postscript. PCL devices use bit maps that are either 
resident or downloaded from the host. Additional fonts may be 
made available for PCL devices in the published PCL bit-map 
font format. 

Postscript devices expect fonts in outline format. Because 
Postscript is a programming language, it is possible to encode 
fonts in various forms . Thus, you can use PostScript fonts from 
a variety of vendors with Postscript typesetters and laser 
printers . (See the text box "Open Fonts: A Break for Users?" 
on page 406.) 

Managing Your Fonts 
Although MS-DOS is a widely used operating system, it pro­
vides no font-management capabilities. That function is left to 
the application programs. As a result, MS-DOS software devel­
opers have chosen different approaches to handling fonts, font 
metrics, character sets, and other typographical data. There­
fore, font formats and font-metric data required for one appli­
cation program are likely to be different from those required 
for another. 

Graphical user interfaces (GUis) that are compatible with 
MS-DOS, such as Microsoft Windows and Digital Research ' s 
GEM, have brought some order to this chaos by managing fonts 
for displays and dot-matrix printers. Applications that take ad­
vantage of these facilities , therefore, use a common font for­
mat. Increasing acceptance of these operating environments 
has helped the IBM PC improve its ability to handle fonts. OS/2 
and Presentation Manager promise to accelerate this trend as 
they become established in the PC environment. 

In the Macintosh environment, fonts are managed within the 
operating system itself. Thus, there is standardization among 

Mac application programs that use fonts . From the perspective 
of the independent font vendor, this is a much simpler environ­
ment for which to provide fonts. Apple recently announced its 
System 7 .0, which will bring dramatic increases in font 
capability with future Mac releases . 

Unix was late in providing a GUI, let alone any kind of font 
management. Recent developments along this line, though , 
should create a trend toward standardization in the way fonts , 
character sets, and font-metric information are handled for ap­
plication programs running under future extensions of Unix . 

A Font Is Born 
Fonts are conceived by type designers, who start with an idea 
for a typeface design , make sketches, and then do detailed 

continued 

Figure 2: An outline font , mathematically plotted as a series 
oflines and arcs. Outlines are scalable to a range ofsizes and 
are resolution-independent. 

STROKE FONT 
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ISpine of 
character ------..-i 
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path of spine ---­

Shape of ' ­ I 

"pen" ------~U u 
Figure 3: A stroke font. Stroke fonts are defined by a pen of 
a certain width that follows the spine ofa character. 
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Open Fonts: A Break for Users? 


W hile Adobe's Postscript has been 
a boon to electronic publishing or 

to those who just want the flexibility of 
using a variety of fonts in their work, the 
atmosphere surrounding the use of its 
technology has been, shall we say, a bit 
close-ended. Until recently, users had 
to have a Postscript-licensed printer to 
read Adobe-encrypted fonts. A couple 
of events occurred this past spring, 
however, that changed things for the 
better-as far as users are concerned, 
that is . 

In an apparent bid to wrest control of 
Adobe's proprietary technology , Sun 
Microsystems announced its own font­
scaling system, called OpenFonts. Ac­
cording to a Sun spokesperson, the sys­
tem is a "self-contained font-scaling 
module that lives independent of the im­
aging model." In other words, the prod­
uct (developed by Folio, a company that 
Sun acquired last summer) is " software 
that automates the font-description and 
scaling process . It won't be an end-user 

Marlene Nesary 

program; you will license the technol­
ogy like you would Postscript and put it 
into your printer software or your Win­
dows driver." At this writing , however, 
OpenFonts isn' t available and remains 
an unknown . 

About the same time that Sun made 
its announcement, a Boulder, Colorado, 
company called Raster Image Process­
ing Systems let loose another salvo at 
Adobe. RIPS stated that it had broken 
the encryption scheme used by Adobe's 
PostScript fonts. Both the character de­
scription and the so-called hints were 
decoded, said company president Lynn 
King. 

What this means is that users can now 
" purchase Adobe fonts off the shelf and 
run them on clone printers ," stated a 
RIPS representative. He added that 
"while others have cracked the Post­
script code, we have made it possible 
for users to run Adobe fonts on less-ex­
pensive printer controllers ." Until now, 
because only Adobe-licensed printer 

controllers could decipher the com­
pany's code, the only way you could use 
Adobe fonts was to run them on more­
expensive PostScript-licensed printers. 

But this activity hasn't put a damper 
on Adobe's marketing efforts. If any­
thing, they've ramped up. This past 
spring, the company announced that it 
had increased the number of licensed 
PostScript printers and expanded its 
Postscript-compatible font library 
through licensing agreements with three 
major type foundries-agreements that 
may yield as many as 600 new typefaces 
by the end of 1989. 

Adobe has also released its font-scal ­
ing technology as a separate product for 
displays . The subset of Display Post­
script, a new software utility called 
Adobe Type Manager, is due to become 
available this fall to computer and sys­
tem software OEMs and to Macintosh 
users, who should be able to purchase 
ATM directly from their usual retail 
channels. 

drawings to flesh out the idea into the form of a complete type­
face. Font foundries take these designs and digitize them . 
There are two classes of font foundries . First, there is the dedi­
cated foundry that creates fonts only for machines made by the 
company in which the foundry exists. This is the common situ­
ation with typesetter manufacturers . Obviously , such dedicated 
foundries don ' t have to produce fonts in the different formats 
and character sets in use elsewhere. 

In contrast, independent font foundries are not tied to a spe­
cific piece of hardware . They must make fonts that can work 
with any and all devices. Therefore , it becomes a much more 
complicated task to accommodate all the different application 
programs, devices , operating environments, and font formats . 
Some form of conversion or enabling software is needed to en­
sure the availability and quality of the fonts with all these di f­
ferent combinations. 

There is a third source of fonts-the various do-it-yourself 
software found mainly in the Macintosh environment. With 
this type of software, many users are themselves designing 
fonts. Most people , however, underestimate the difficulty of 
designing a typeface , thinking that creating 26 letters is just 26 
times the trouble of creating one. However, the essence of good 
typography lies in a high level of consistency among all the 
characters in the typeface. The type designer's goal is to create 
a pleasing overall look to the words, sentences , and pages 
created from the individual letters-not just to make those indi­
vidual letters look good. 

Do-it-yourself font software cannot replace a professional 
type designer's training and experience, just as music software 
cannot replace a musician 's conservatory education and actual 
performance experience. Such programs, however, are useful 
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for creating logos and other special characters that may be 
missing from generally available fonts or character sets. 

The Font Store 
Some printers and typesetters have fonts built right in . Post­
script printers, for example, generally come equipped with 35 
resident fonts. But many users want a much wider variety than 
can be accommodated by resident fonts, particularly now that 
desktop publishing is so popular and people are realizing how 
many thousands of typefaces exist. User-installed fonts offer a 
much wider variety of faces than can be provided as resident 
fonts . They are available from numerous vendors. 

A number of such fonts are available that are device-specific. 
The best known are cartridge fonts for use in printers such as 
the LaserJet. While these are by far the easiest to use, they have 
major disadvantages. Cartridge fonts work with only one model 
of printer , offer limited styles and point sizes, and don't pro­
vide fonts for use with screen displays . Font-metric information 
must be built into the applications or printer drivers or supplied 
with the cartridge. 

Somewhat more flexible device-specific fonts are soft fonts, 
which consist of a downloadable bit map sent to the printer by 
the application program or printer driver. Unfortunately, most 
prepackaged soft fonts are configured for one particular printer 
and offer a limited set of point sizes for each typeface . 

A third kind of device-specific font is the PostScript font. 
While not quite as device-specific as the others-it works with 
a wide variety of Postscript printers and typesetters-it will 
not, of course, work on non-Postscript devices. User-installed 
PostScript fonts are generally provided in downloadable outline 
form, and, like soft fonts, they are sent by the driver or the 
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application program to the printer for rasterization. 
There are two classes of PostScript fonts . One class , often 

called Type I fonts, makes use of Adobe's proprietary mecha­
nisms built into the output device . The other class, called user­
defined or Type III, makes use of bnly the published Postscript 
language. Type I fonts offer significant advantages over user­
defined fonts in terms of data size, performance, and typo­
graphic quality. 

Several soft-font vendors provide a software utility that can 
scale typeface outlines and convert them into bit maps for sup-

ARAM-based 
printer controller will provide an 
upgrade path to newfont-scaling 

technologies and PDLs 
as they become available. 

ported printers. Glyphix, from Swfte (Wilmington, DE) , of­
fers 16 typefaces that work with one of its utilities, called Font 
Manager. There are separate Font Managers for Microsoft 
Word 4.0, WordPerfect 5.0, PageMaker 3.0, and Ventura Pub­
lisher 2.0. Font Manager scales the outlines from 6 to 60 points 
for LaserJets and compatibles. The utility can also oblique 
(i .e., slant) and alter the weights (e.g., boldface) of the fonts . 
Glyphix fonts can also be used with Lotus Manuscript 2.0, 
WordStar 2000, and other applications . 

Bitstream's Fontware Installation Kit is a menu-driven util­
ity that scales typeface outlines from 2 to 144 points and raster­
izes them into bit maps especially configured for the user's de­
vices . For Postscript devices , the outlines are simply converted 
to the required PostScript format and can then be scaled to any 
point size. The program handles font management by building 
and updating directories for font files . 

Fontware installation kits are available for . most popular 
desktop publishing, word processing, graphics, and spread­
sheet programs. (They are generally offered to users directly 
by the applications developer.) The library of 52 Bitstream 
typeface packages works with any of these kits. Hewlett-Pack­
ard and Compugraphic together offer a similar utility called 
Type Director that works with their typeface packages. 

Some vendors offer editing programs that let users customize 
fonts . With these programs, you can create logos, special char­
acters, and additional weights and styles of existing and origi­
nal typefaces. SoftCraft (Madison, WI) offers the Font Solu­
tion Pack, an IBM PC program that uses Bitstream typefaces or 
Hewlett-Packard-compatible bit-map fonts . You can install , 
scale, curve, rotate, reverse , and edit typefaces , and create cus­
tom character sets and special styles. 

Fontographer, a product for the Macintosh from Altsys 
Corp . (Plano, TX), enables users to create characters from 
scratch. Six typefaces are also available that can be user-cus­
tomized by adding special effects such as variable tints and out­
line weights. You can configure the fonts , logos, and characters 
created into bit maps for the ImageWriter LQ or LaserWriter 
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SOLID STATE DISKETTE AND DRIVE EMULATORS 

New Dual Disk Models 
• 	PCE/ 2 single disk emulation of S'k" or 3 1/z " diskettes up 

to 1.2MB, read/write up to 770K. 

• 	PCE / 2 dual disk emulation-primary disk up to 770K 
reead only and secondary diskette to 770K of SAAM. 

ROMDISK PCE MODEL STANDARD FEATURES 
• In-board and interchangeable Cassette models using 

EPROM. Flash EPAOM and SAAM technology. 

• On-board 	EPAOM programmer-simply copy a diskette to 
program the EPAOMs. Flash EEProm remotely 
programmable on LANs. 

• Two Autoboot modes. a File (read) and a Programming mode­
automatic disk drive designation set-up during booting. 

• Flash EPAOM models are electrically eraseable. SRAM models 
are battery backed . EPAOM models are ultraviolet eraseable. 

• List prices 	with memory ICs from $295. OEM ·prices and 
models available OEM with or without memory JCs. 

CURTIS, INC. a· ,\ 
2837 North Fairview Ave.• St. Paul, MN 55113 ~) 

612/631-9512 Fax 612/631-9508 ­
· IBM PC. XT, AT. PS/ 2 and PC DOS are t rademarks of IBM : MS 005 is a trademark of Microsoft 

Clorthe 8051 
Compare: 
Benchmark Results -Sample program: Eratosthenese sieve 
Program from BYTE (1/83) expanded with 1/0 and interrupt handling. 

Archimedes 
ICC51 MCC51 FRANKLIN 

v2.20A v1.2 C51 v2 .1 

Compilation time 12 sec ~ 18 sec 17 sec 
Linkage time 29 sec 9 sec 6 sec ~ 

Execution time 11.45 sec 9.00 sec 0.88 sec ~ 
Total code size 5318 bytes 3798 1726 ~ 

Sieve module 736 1021 541 ~ 
size 

Call now for your free DEMO disk. 

FRANKLIN 
SOFTWARE. INC. 

888 Saratoga Ave. #2 • San Jose, CA 95129 

(408) 296-8051 • FAX (408) 296-8061 

Europe A : (0222) 25 36 26 B : (010) 22 34 55 CH: (032) 41 01 11 D: KEIL 
(089) 46 50 57 DK: (02) 65 82 00 F: (1) 64 07 85 64 GB: (0962) 73 31 
40 NL: (01858) 16133 S: (040) 92 24 25 Far East : Aust: (61) 04 65 41 
873 R.0.C.: (02) 76 40 2156 N.Z. (64) 04 694 129 (fax). 
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Read Mac Disks in aPC 
MatchMaker 

- the best way to share data between a PC and 
a Mac. The MatchMaker card lets you plug a 
Macintosh floppy drive into a PC. 

• Easy-to-install half-size card . 
• Use any external Macintosh drive. 
• DOS-like command software included. 
• 1 year warranty, Made in USA. 
• Also available; MatchPoint-PC to 


read/write Apple II disks. 


''. .. by far the most cost effective solution ... " PC WEEK 

132 W Lincoln Hwy. Mic:ra5alutians DeKalb, IL 60115 
Computer Products (815) 756-3411 

--- lntroducing--­

Smallest 80386 based 


PC Compatible 

Single Board Computer 


Now Only 
4 11 x 6 11Available 

DR DOS® 

Quark/PC® II 
• EGA®Video/Color LCD Controller 
• SCSI Hard Disk Control • Floppy Disk Control 
• Up to 4 Mbytes Memory and much more.... 

To order or enquire call us today. 

Megatel Computer Corporation 

(416) 245-2953 FAX (416) 245-6505 


125 Wendell Ave., Weston, Ontario M9N 3K9 

REPS: Italy 39 331256524 Austria 43 222 587 6475 
W. Germany 49 6074 98031 Finland 358 07571711 
U.K. 44 959 71011 Sweden 46 40 78 078 
Netherlands 31838529 505 Norway 47 986 9970 
Australia 61 03 568 0988 Denmark 45 244 0488 
Trademarks, Quark - F. + K. Mfo. Co. DRDOS - Dlolfol Research Ltd. EGA - IBM Corp. 

COMDEX Booth #H7060 

--megatel-­
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IISC , or into user-defined Postscript fonts for Postscript com­
patibility. 

With Publisher's Type Foundry by ZSoft Corp . (Marietta, 
GA), you can create custom fonts, logos , and symbols from 
scanned typefaces or from scratch. Publisher 's Type Foundry 
has both a bit-map editor and an outline editor. Fonts can be 
translated to formats required for PostScript printers , as well as 
for applications such as Aldus PageMaker and Ventura Pub­
lisher. Running under Microsoft Windows, Publisher's Type 
Foundry requires scanned type to be entered into PC Paint­
brush and then transferred into one of the font editors. With 
Type Foundry , users can also oblique and boldface the char­
acters. 

These are only a sampling of the font products on the market. 
There are obvious differences that users should examine closely 
for variety, flexibility, availability, and compatibility. 

A Font's Golden Years 
Most laser printers today come with built-in printer controllers. 
Thus , they can accept instructions from a PDL, together with 
downloadable fonts, in order to generate the page image. In the 
future , more and more laser-printer controllers will be resident 
in the hosts to which they are attached. Installing the printer 
controller in a workstation or personal computer simplifies 
communication to the printer and speeds loading of fonts from a 
disk . The disk can also be used for caching bit maps , thereby 
greatly improving the controller' s performance. 

Printer controllers , which are currently almost all ROM­
based , will most likely become RAM-based in the future. This 
will provide a much higher level of flexibility . It 's practical to 
have a RAM-based controller because it can be quickly booted 
from the disk. A RAM-based controller will provide an up­
grade path to new font-scaling technologies and PDLs as they 
become available . This architecture will create a much higher 
level of openness than exists in today's ROM-based printer 
controllers. 

Font management will, in time, become a standard feature 
of operating environments. With this enhancement, and with­
out having to delve into the intricacies of font technology , soft­
ware developers will find it easier to develop word processing , 
desktop publishing, and other application programs requiring 
fonts . At the same time, they will create a level of standardiza­
tion that will encourage and improve typeface portability. 

There is a trend toward more openness in digital fonts . So 
you can expect more and more operating environments , 
printers , and typesetters to have open font architectures that 
will allow all font vendors , as opposed to multiple and indepen­
dent font vendors, to provide their products for those devices . 
More standardization of font formats will minimize the need 
for format conversion. 

It's interesting that even today, some typesetter manufac­
turers continue to build devices that accept only type made by 
the manufacturer itself. But it's likely that users will demand 
more openness with respect to the source of fonts, especially as 
different pieces of equipment from different manufacturers get 
connected and used together . A trend toward openness and 
standardization will hasten the day when there is complete por­
tability of digital fonts across application programs, operating 
environments, and output devices. Gutenberg would surely 
approve . • 

John Collins is vice president of technical development for Bit­
stream (Cambridge, MA) . He holds a Ph.D. in electrical engi­
neering from the University ofLondon. He can be reached on 
BIX c/o "editors." 



· ASCII Based Screen Design Module 
• 4th Generation Prototyping Language 

• Programmers' Power Tools 
• Samples & Utilities 

Prototypes 
Model the look and feel 
of your program before 
writing the code. 

Quickly create your own 
program screens in the 
screen design module. 
Use "what if' editing 
features to experiment 
with layout and color. 
All screens are saved to 
disk and may be edited 
repeatedly. Simulate 
your program in action, 
including menu structure, 
user input, file I/O, 
windowing, scrolling 
and more with our 
easy-to-use 4GL. Incor­
porate your screens into 
C, PASCAL, BASIC, 
Clipper, or Assembler 
program code. 

800-777-1437 

GENESIS 

CJ.<l(T.A SYBTEllllB 

8415 Washington Place N E 
Albuquerque, NM 87113 
(505) 821-9425 
FAX (505) 821-9695 

Demos 
Show off your product's 
best features. 

Capture screens from 
your application with a 
memory-resident utility. 
Edit them in the screen 
design module and 
create any additional 
screens you may need. 
Use simple 4GL 
commands for interactive 
or timed screen display. 
Add animation to make 
your demo come alive. 
Run .BAT, .COM, or 
.EXE files as subpro­
grams. Distribute your 
demo using our compact 
run-time utility, with no 
additional fees or 
mandatory copyright 
screen. 

Tutorials 
Provide a controlled 
environment for learning 
your program. 

Capture screens, then 
modify and supplement 
them with the screen 
design module. Use 
versatile 4GL commands 
to interact extensively 
with your user. Build a 
realistic tutorial with 
the added benefits of 
pop-up help windows, 
prompts, error messages, 
etc. Distribute your 
tutorial using our 
run-time utility, with no 
additional fees or 
mandatory copyright 
screen. 

Presentations 
Get their attention and 
get your point across-­
quickly and easily. 

Use fast ASCII-based 
screen design to 
express your ideas. 
Build an exciting "slide 
show" with easy 4GL 
commands for special 
effects such as wipes, 
dissolves and animation. 
Add captured graphics. 
Control display by 
pressing a key, or time it 
to synclu-onize with a 
recording. Even add 
music with a music 
module. 

System Requirements: IBM PC, PS/2 or compatible; 256K; DOS 2.0 or higher 
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STOP BIT • Dave Nelson 

Is the quest for 
more and more MIPS 
worth the RISC? 

T
he newest technical worksta­
tions are powered by RISC 
microprocessors . These micro­
processors will soon be avai l­

able as coprocessors for personal com­
puters, to speed up compute-i ntensive 
tasks suc h as im age processing. Yet 
RISC microprocessors rema in cont rover­
sia l. and fo r good reason. 

RISC designers increase average in­
struction execution speeds by eliminat­
ing the complex , multiple-cycle instruc­
tions (e.g. , fl oating-point ar ithmetic and 
character-string manipulation) found in 
conventional processors. The remaining 
instructions (typica lly register-to-regis­
ter operations) can then be performed in 
one simplified machine cycle-the mini ­
mum number of steps in which an in­
struction can be executed . 

And the discarded instructions? Their 
functions a re taken over by software, 
auxili ary coprocessors , or cache-res i­
den t subroutines . In any case, they no 
longe r detract from the MIPS (for mil­
lions of instructions per second) ratings 
of the RISC processor. RISC architects 
eagerly sacrifice instruction-set power to 
increase MIPS . Unfortunately, as Nick 
Tredennick (a senior IBM resea rcher 
who spec iali zes in processor design) put 
it , "MIPS are like RPM: They tell you 

Slop Bil is an open forum for informed 
opinion on TOpics rela1ed TO personal com­
pu1ing. The opinions expressed are Those of 
The awhor and no/ necessarily Those of 
BYTE or ifs s1aff Your co111ribu1ions and 
commems are welcome. Wri1e TO: Edi1or, 
BYTE, One Phoenix Mill Lane, Pe1erbor­
ough, NH 03458. 
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how fas t the engine is running, but they 
don ' t tel 1 you if it's doing any work ." 

Whether you think the RISC approach 
rea lly yields better performance depends 
on how you measure performance-and 
there is no genera l agreement on how to 
define computer performance, let a lone 
on how to measure it. In any case, pro­
cessor speed is only one aspect of com­
puter system performance . 

Nevertheless, RISC designers foc us 
on processor speed because it is the main 
determinant of computer performance 
for thei r favo rite workloads: purely com­
putational tasks. RISC architects make 
another convenient simplification: They 
discard in structi ons that have a low 
" average frequency of execution." 

When an instruction, such as a multi­
ple-character MOYE, is discarded due to 
low frequency of execution, its function 
is typica lly taken over by software . How­
ever , that MOYE operation will take 
much longer to execute as a software sub­
routine than as a " built-in " processor in­
struction. This increases the product of 
(frequency) x (du ration) fo r that opera­
tion and reduces overa ll performance. 
One result of ignoring duration is that 
RISC processors sometimes take longer 
to process a given workload than CISC 
(complex-instruct ion-set computer) pro­
cessors with lower MIPS ratings. 

RISC designs a lso exacerbate the so­
ca lled von Neumann bottleneck, which 
ex ists when inst ructions and data are ac­
cessed over a single path that connects 
the processor with its main storage unit. 
Because a RISC instruction doesn' t do 
much , a processor must access and exe­
cute lots of them to accomplish what it 
could do with a few multicycle instruc­
tions in a CISC processor. This con­
sumes processor cycles , main storage ac­
cesses, and cache memory space. 

To mitigate the effect of RISC's high 
ratio of instruction-to-operand access, 
RISC designers introduce complex auxil­
iary-support mechanisms, such as in­
struction pipelines and multiple register 

sets. These mechani sms, together with 
weak instructions, make system software 
for a RISC inherently more complicated, 
and thus less reliable , than the corre­
sponding CISC software. 

To speed instruction execution, RISC 
designers require a ll operands to be ac­
cessed from typeless registers. Thus , 
RISC processors acqui re artificial ·op­
erand uni formity at the expense of ren­
dering operands typeless and thereby for­
feiting processor-based type- and value­
check ing. Since incorrect operations on 
data values a re a major source of errors. 
safety is being sacrificed for speed . 

The RISC movement is a lso repeating 
the history of processor design , a hi story 
that began with simple , register-oriented 
instruction sets . " Enhanced" RISC pro­
cessors have a lready appeared . They 
"extend " RISC processors with privi­
leged (e .g. , cache-resident) subroutines 
that perform "complex" operations (i .e. , 
operations that actually process data). 

RISC chips have had a lasting influ­
ence on processor design . In addition to 
providing tricks for increasing MIPS rat­
ings , the conservative RISC approach 
has a lso inspired innovative processor 
designs. For example, some new mini ­
supercomputers can execute several in­
st ructions per mac hine cycle due to 
multiple instruction-execution units, so­
phisticated synchronization c ircu itry, 
and complex compilers. 

Safe processor architectures , such as 
object-oriented designs, are not yet in 
favor with computer designers . But the 
same paralleli sm that lets a processor ex­
ecute multiple instructions per machine 
cycle can also support concurrent verifi­
cation of data and progra m integrity. 
When computer designers realize this, 
they can design safe processors that a lso 
have terrific MIPS ratings. • 

Dave Nelson is a senior partner in Infor­
mation Engineering, a Monument , Colo­
rado, consulting firm. He can be reached 
on BIX c/o "editors. " 
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GPIB 

Are you using a DOS-based personal computer for control­
ling instrumentation? Do you want the best available soft­
ware tools for acquiring and analyzing data using standard 
DOS programming languages? If your answer to these 
questions is yes, Lab Windows® is just the solution you 're 
looking for. The unique Lab Windows function panel inter­
face lets you interactively control your instrumentation 
hardware and collect data, as well as automatically generate 
Microsoft® C or QuickBASIC program code for your appli­
cation. 

With Lab Windows you can control GPIB , RS-232, or VXI 
instruments, or plug-in data acquisition cards for PS/2 and 
PC-AT computers. For standalone instrument users, the 
LabWindows instrument library has over 50 ready-to-use 
instrument drivers so you can program your instrument 
using intuitive instrument-specific function panels, without 
knowing the instrument inside-out. 

Because acquiring data is only one element of your applica­
tion, Lab Windows has a complete set of QuickBASIC and C 
compatible libraries for data analysis, presentation, and 
storage. Manipulate arrays, create a histogram, or use the 
optional Advanced Analysis Library to perform operations 
such as Fast Fourier Transforms, digital filtering, and curve 
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,, 12109 Technology Blvd. 

Austin, Texas 78727-6204 
(512) 794-0100 
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fitting . Give your programs a big performance boost using the 
specially optimized Lab Windows analysis routines for comput­
ers with an 80387 numeric coprocessor. For your data presen­
tation and storage needs, use the Lab Windows Graphics Library 
to create multiplot graphs, bar charts, or scatter plots, and use the 
Data Formatting Library for data logging and file operations. 

Ifyou ' re looking for the right tools to take maximum advantage 
of your DOS computer using QuickBASIC or C for data acqui­
sition and analysis , there is only one solution ... LabWindows. 
Call National Instruments at (800) IEEE-488 to speak with a 
sales or applications engineer about how Lab Windows can help 
you. 

Ask for a FREE Catalog 
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This means the Tandy 
4000 SX insures your com, 
puter investment for the 
future. As a low,cost altema, 
tive to an expensive 386 sys, 
tern, you won't be left 
behind when you want to 
move on to more advanced 
386 based applications, like 
MS®OS/2. 

Built,in VGA graphics 
give you beautifully detailed, 
high,resolution displays. Add 
a color analog monitor and 
create astonishing graphics 
in up to 256 colors (from a 

A price/performance break, 
through for 386,based sys, 
terns , the new Tandy 4000 
SX combines more inte, 
grated features than ever in 
a machine at this price. 

The Intel® 80386SX 
microprocessor combines 
the ability to run high, 
performance 80386 based 
software, as well as current 
80286 and 8088 based soft, 
ware. You get the best of 
both worlds-32,bit perform, 
ance with 16,bit hardware 
compatibility. 

The 

New 


Tandy® 

4000 

sx 


386™ performance 

at a price you'd . 

expect from a 

286 system. 


palette of 256,000) for near, 
photographic clarity. 

The 4000 SX's SmartDrive™ 
Integrated Drive Electronics 
(IDE) technology allows you 
to add high ,performance 
hard disk drives without the 
need or expense of installing 
a separate disk controller. 

Innovative technology. 
Quality engineering. Com, 
petitive pricing. Come see 
the new Tandy 4000 SX to, 
day. From the best,selling 
family of PC compatibles 
made in America. 

Tandy Computers: Because there is no better value.sM 1tad1e lhaeK 
SmartDrive/TM Tandy Corp. Intel and 386/TM licensed from Intel Corp. COMPUTER CENTERS MS/licensed from Microsoft Corp. 

A DIVISION OF TANDY CORPORATION 
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