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A new small computer
that won’t limit you tomorrow




Here’s a low-priced computer that won’t run out
of memory capacity or expandability halfway
through your project.

Typically, computer usage tends to grow, requir-
ing more capability, more memory, more storage.
Without a lot of capability and expandability, your
computer can be obsolete from the start.

The new System One is a real building-block
machine. It has capability and expandability by the
carload.

Look at these features:

m Z80-A processor

64K of RAM

780K of disk storage

CRT and printer interfaces

Eight S-100 card slots, allowing expansion

with

— color graphics

— additional memory

— additional interfaces for telecommunica-
tions, data acquisition, etc.

m Small size

GENEROUS DISK STORAGE

The 780K of disk storage in the System One
Model CS-1 is much greater than what is typically
available in small computers. But here, too, you
have a choice since a second version, Model
CS-1H, has a 5" Winchester drive that gives you
5 megabytes of disk storage.

MULTI-USER, MULTI-TASKING
CAPABILITY

Believe it or not, this new computer even offers
multi-user capability when used with our advanced
CROMIX* operating system option. Not only does this
outstanding O/S support multiple users on this com-
puter but does so with powerful features like multi-

ple directories, file protection and record level lock.
CROMIX lets you run multiple jobs as well.

In addition to our highly-acclaimed crOMIX, there
is our cDOS*. This is an enhanced cpm? type system
designed for single-user applications. cpim and a
wealth of cpiM-compatible software are also
available for the new System One through third-
party vendors:

COLOR GRAPHICS/WORD PROCESSING

This small computer even gives you the option of
outstanding high-resolution color graphics with our
Model SDI interface and two-port RAM cards.

Then there’s our tremendously wide range of
Cromemco software including packages for word
processing, business, and much more, all usable
with the new System One.

ANTI-OBSOLESCENCE/LOW-PRICED

As you can see, the new One offers you a lot of
performance. It's obviously designed with anti-
obsolescence in mind.

What's more, it's priced at only $3,995. That's
considerably less than many machines with much
less capability. And it's not that much more than
many machines that have little or nothing in the
way of expandability.

Physically, the One is small — 7’ high. And it’s all-
metal in construction. It's only 14Ys" wide, ideal for
desk top use. A rack mount option is also available.

CONTACT YOUR REP NOW

Get all the details on this important building-block
computer. Get in touch with your Cromemco rep
now. He’ll show you how the new System One can
grow with your task.

*CROMIX and CDOS are trademarks of Cromemco Inc.
+CP/M is a trademark of Digital Research

Cromemco"
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CROMIX*— Cromemco’s outstanding

UNIX'—like operating system

CROMIX is just the kind of major
development you’ve come to expect
from Cromemco. After all, we’'re
already well-known for the most
respected software in the microcom-
puter field.

And now we’ve come up with the in-
dustry’s first UNiIx-lookalike for
microcomputers. It’s a tried and proven
operating system. It's available on both
5 and 8" diskettes for Cromemco
systems with 128K or more of memory.

Here are just some of the features you
get in this powerful Cromemco system:

e Multi-user and multi-tasking
capability

e Hierarchical directories

e Completely compatible file,
device, and interprocess 1/O

® Extensive subsystem support

FILE SYSTEM
One of the important features of our
CROMIX is its file system comprised of
hierarchical directories. Its a tree struc-
ture of three types of files: data files,

*CROMIX is a trademark of Cromemco, Inc.
+UNIX is a trademark of Bell Telephone Laboratories

Circle 113 on Inquiry card.

directories, and device files. File,
device, and interprocess |/O are com-
patible among these file types (input and
output may be redirected inter-
changeably from and to any source or
destination).

The tree structure allows different
directories to be maintained for different
users or functions with no chance of
conflict.

PROTECTED FILES

Because of the hierarchical structure
of the file system, CROMIX maintains
separate ownership of every file and
directory. All files can thus be protected
from access by other users of the
system. In fact, each file is protected by
four separate access privileges in each
of the three user categories.

TREMENDOUS ADDRESS SPACE,
FAST ACCESS

The flexible file system and general-
ized disk structure of CROMIX give a disk
address space in excess of one gigabyte
per volume — file size is limited only by
available disk capacity.

Cromemco

Speed of access to disk files has also
been optimized. Average access speeds
far surpass any yet implemented on
microcomputers.

‘C’ COMPILER AVAILABLE, TOO

Cromemco offers a wide range of
languages that operate under CROMIX.
These include a high-level command
process language and extensive sub-
system support such as COBOL, FORTRAN
IV, RATFOR, LISP, and 32K and 16K BASICs.

There is even our highly-acclaimed
‘C’ compiler which allows a program-
mer fingertip access to CROMIX system
calls.

THE STANDARD O-S
FOR THE FUTURE

The power and breadth of its features
make CROMmIX the standard for the next
generation of microcomputer operating
systems.,

And yet it is available for a surprisingly
low $595.

The thing to do is to get all this
capability working for you now. Get in
touch with your Cromemco rep today.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 * (415) 964-7400

Tomorrow’s computers today
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IBM’s entry into the small-computer market with its Personal Com-
puter was a big event in the industry. And that’s why we’ve taken a
second look. Showcased in our cover photo by Paul Avis, the IBM Per-
sonal Computer is a versatile machine. For an in-depth report on its
many features and capabilities read Gregg Williams" article, "' A Closer
Look at the IBM Personal Computer.”

Hardware is our theme this month and among the many articles on
that topic are Bill Barden’s second in a series, "’Build a Joystick A-to-D
Converter for the TRS-80 Model | or 1II,”” and Kenneth Piggott’s
""Troubleshooting with Electronic Signatures.” As well, learn how to
expand your ZX-80's memory, control motors and appliances, and in-
terrupt your EIf. All this plus our regular features and reviews.
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SCION Corporation pioneered advanced information display systems with the
elegantly simple MicroAngelo™ high resolution $100 single board graphics
computer. With MicroAngelo™ came a powertul, flexible CP/M* compatible, high
level firmware called Screenware™ For MicroAngelo™ Color System, Colorpak
‘software evolved. Easy to integrate, easy to convert and easy to use. This software
gave MicroAngelo™ unparalleled capacity to manipulate color transparencies.
Beyond MicroAngelo™ with the prototype Advanced Congressional Workstation
developed for the U.S. Congress, SCION Corporation proved an interactive, very
high resolution text/graphics display system can be built with existing technology.
SCION Corporation grows at its unprecedented rate by evoiving beyond today's
triumphs, to develop graphics engines to solve tomorrow's problems.
SCION Corporation. More than a graphics company.

For information on the next generation of advanced information display systems,
call today. If the image is important, it has to be SCION.

SLCICOIN

If the image is important.

12310 Pinecrest Road/Reston, Virginia 22091
703/476-6100 TWX: 710-833-0684
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foot-note, n. 1. anote or
comment at the end of a
page, referring to a specific
part of the text on the page.
2. an essential program for
the serious WordStar user.

FOOTNOTE™ brings full foot-
noting capabilities to WordStar™.

FOOTNOTE automatically num-
bersboth footnote calls and foot-
notes, and formats the text,
placing footnotes on the bottom
of the correct page. At the user’s
option, thefootnotes can also be
removed from the text file to a
separate note file.

Footnotes can be entered singly
or in groups, in the middle or at
the end of paragraphs, or in a
completely separate note file. After
running FOOTNQOTE the usercan
re-edit the text, add or delete
notes, and run FOOTNQOTE again
to re-number and re-format the
WordStar file.

The price is $125., and includes
PAIR, acompanion program that
checks that printer commands
tounderline orsetin BOLDFACE,
are properly terminated. FOOT-
NOTE and PAIRrequire CP/M™,
WordStar, 48K RAM and aZ80or
8080/85 computer.

SOFTM/AT?E

%I GITAL /\MRKETING
CIALAARKETNG™

2670 Cherry Lane » Walnut Creek * CA 94536

'(415) 938-2880

Telex #17-1852 (DIGMKTG WNCK)

Products of

PROTEM™

PG s STV

FOOTNOTE and PAIR irademarks of PRO/TE M Software. inc.
WordStar Irademark of McIopro i)
CP/M trademark of Oigial Research
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Of IBM,
Operating Systemes,
and Rosetta Stones

by Chris Morgan, Editor in Chief

The story behind the creation of the IBM Personal Computer is as
interesting as the machine itself. In this issue Gregg Williams discusses in great
detail IBM's most recent offering to the microcomputer field (see “A Closer
Look at the IBM Personal Computer,” page 36). In this editorial I'll tell you
the story of its development, talk about the machine’s operating system, and
discuss the possibility of establishing a standard for operating systems.

Breaking the Speed Barrier

As IBM watchers know, it usually takes about five years from the time a
project at IBM is conceived to the first shipments of the completed product.
This is typical for complex computer projects at large companies. Amazingly,
the total time for the IBM Personal Computer project was about 13 months.
How did this happen?

One answer is that IBM limited the number of in-house innovations. Instead
it used existing hardware and software components from outside vendors—a
departure for the normally vertically integrated giant. Imagine how bizarre an
Intel-manufactured processor would have seemed in an IBM product of, say,
five years ago.

Another factor in IBM’s speed is that the company gave its design team a
wide latitude and a great deal of autonomy. The rest of the company left the
designers, based in Boca Raton, Florida, alone to do their job, although IBM's
quality-assurance group did keep a close eye on the software chosen for the
machine.

Orne of the most interesting aspects of the Personal Computer is that its
design team included many computer hobbyists and “hackers”—people who
owned and were familiar with existing microcomputers. And the IBM machine
reflects their experience. I'm glad they avoided many design mistakes of the
past. The keyboard alone is one of the best I've seen, though I wish the shift
keys were more conventionally positioned. (Oh well.)

Operating Systems

IBM has decided to let the marketplace determine which of its three
operating systems will become dominant (if any). Thus, you can get UCSD
Pascal, CP/M-86, or the IBM Personal Computer operating system from
Microsoft. You can have all three if you want; it's a nice choice.

I'm particularly excited about Microsoft's approach to the IBM Personal
Computer. As you may know, Microsoft recently introduced Xenix, its
superset of Unix, Western Electric’s popular multiuser operating system for
small- and medium-sized computers. It turns out that Xenix is at the top of a
pyramid of upward-compatible operating systems to be made available by
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The Percom Peripheral

35 cents

Percom’s DOUBLERII" tolerates wide variations in media, drives

GARLAND, TEXAS — May 22, 1981 —
Harold Mauch, president of Percom Data
Company, announced here today that an im-
proved version of the Company’s innovative
DOUBLER™ adapter, a double-density plug-in
module for TRS-80° Model 1 computers, is
now available.

Reflecting design refinements based on both
theoretical analyses and field testing, the
DOUBLER II*, so named, permits even great-
er tolerance in variations among media and
drives than the previous design.

Like the original DOUBLER, the DOU-
BLER Il plugs into the drive controller IC
socket of a TRS-80 Model I Expansion Inter-
face and permits a user to run either single- or
double-density diskettes on a Model L.

With a DOUBLER I installed, over four
times more formatted data — as much as 364
Kbytes — can be stored on one side of a five-
inch diskette than can be stored using a stan-
dard Tandy Model | drive system.

Moreover, a DOUBLER Il equips a Model |
with the hardware required to run Model III
diskettes.

(Ed. Note: See “(0S-80; Bridging the TRS-
80° software compatibility gap” elsewhere on
this page.)

The critical clock-data separation circuitry
of the DOUBLER Il is a proprietary design
culled a ROM-programmed digital phase-lock
loop data separator.

According to Mauch, this design is more
tolerant of differences from diskette to diskette
and drive to drive, and also provides immunity
1o performance degradation caused by circuit
componen! aging.

Percom DOUBLER II"

Mauch said "A DOUBLER II will operate
just as reliably two years after it is installed as it
will two days after installation.”

The digital phase-lock loop also eliminates

the need for trimmer adjushments 1ypical of

analog phase-lock loop circuits.

“You plug in a Percom DOUBLER Il.and
then forget it,” he said.

The UBLER I also features a refined
Write Precompensation circuit that more
effectively minimizes the phenomena of bit-
and peak-shifting, areliability-impairingchar-
acteristic of magnetic data recording.

The DOUBLER 11, which is fully software
compatible with the previous DOUBLER,
supplied with DBLDOS™, a TRSDOS
compatible disk operating system.

The DOUBLER II sells for $ 5 H’Elg.
ing the DBLDOS dlskett;.‘ oW *l‘q. :

Circuit misapplication causes diskette read, format problems.

High resolution key to reliable data separation

GARLAND, TEXAS — The Percom
SEPARATOR™ does very well for the Radio
Shack TRS-80" Mode! | computer what the
Tandy disk controller does poorly at best: reli-
ably separates clock and data signals during
disk-read operations.

Unreliable data-clock separation causes for-
mat verification failures and repeated read
retries.

CRCERROR-TRACKLOCKED OUT

The problem is most severe on high-number
(high-density) inner file tracks.

As reported earlier, the clock-data separa-
tion prog(l)em was traced by Percom to misap-
plication of the internal separator of the 1771
drive controller IC used in the Model .

The Percom Separator substitutes a high-
resolution digital data separator circuit, one
which operates at 16 megahertz, for the low-
resolution one-megahertz circuit of the Tandy
design.

Separator circuits that operate at lower
frequencies — for example, two- or four-

megahertz —were found by Percom to provide
only marginally improved performance over
the original Tandy circuit.

The Percom solution is a simple adapter that
Flugs into the drive controller of the Expansion

nterface (El).

Not a kit — some vendors supply an un-
tested separator kit of resistors, ICs and other
paraphernalia that may be installed by mod-
ifying the computer — the Percom
SEPARATOR is a fully assembled, fully tested
plug-in module.

Installation involves merely plugging the
SEPARATOR into the Model | El disk con-
troller chip socket, and plugging the controller
chip into a socket on the SEPARATOR.

The SEPARATOR, which sells for only
$29.95, may be purchased from authorized Per-
com retailers or ordered directly from the fac-
tory. The factory toll-free order number is
1-800-527-1222.

Ed. note: Opening the TRS-80 Expansion In-
terface may void the Tandy limited 90-day
warranty. Circle 299 on inquiry card.

Owners of original DOUBLERs may pur-
chase a DOUBLER II upgrade kit, without the
disk controller IC, for $30.00. Proof of pur-
chase of an original DOUBLER is required,
and each DOUBLER owner may purchase only
one DOUBLER I at the $30.00 price.

The Percom DOUBLER 11 is available from
authorized Percom retailers, or may be ordered
direct from the factory. The factory toll-free
order number is 1-800-527-1222.

Ed. note: Opening the TRS-80 Expansion In-
terface may void the Tandy limited 90-day
warranty. Circle 300 on inquiry card.

All that glitters is not gold
0S-80" Bridging the TRS-80*
software compatibility gap

Compatibility between TRS-80" Model | diskettes and
the new Model 111 is about as genuine as a gold-plated lead
Krugerrand.

True, Model | TRSDOS ” diskettes can be read on a Model
[II. But first they must be converted and re-recorded for
Maodel 111 operation.

And you cannot umite to a Model | TRSDOS" diskette.
Not with a Model 111. You cannot add afile. Delete afile. Or
inany way modify a Model | TRSDOS diskette with a Model

Ml computer.

Furthermore, your converted TRSDOS diskettes cannot
be converted back for Model [ operation.

TRSDOS is a one-way street. And there's no retreating.
A point to consider before switching the company's payroll
to your new Model 111,

Real software compatibility should allow the direct, im-
mediate interchangeability of Model | and Model 111 disket-
tes. No read-only limitations, no conversion/re-recording
steps and no chance to be left high and dry with Model il
diskettes that can't be run on a Model 1.

What's the answer! The answer is Percom’s OS-80%
family of TRS-80 disk operating systems.

-B0 programs allow direct, immediate interchangeability
of Model | and Model 111 diskettes.

You can run Model | single-density diskettes on a Model
IlI; install Percom's plug-in DOUBLER®™ adapter in your
Model 1, and you «.an run double-density Model 111 diskettes
on a Model .

There's no conversion, no re-recording.

Slip an OS-80 diskette out of your Model | and insert it
directly in a Model I11.

And vice-versa.

ust have the correct OS-80 disk operating system —
05-80, OS-80D or OS-80/11l — in each computer.

Moreover, with OS-80 systems, you'can add, delete, and
update files. You can read and write diskettes regardless of the
system of origin.

OS-80 is the original Percom TRS-80 DOS for BASIC
programmers.

Even OS-80 utilities are written in BASIC.

(S-80 is the Percom system abou( which a user wrote, in
Creative Com| ung magazine, . the best $30.00 you
will ever spe

Requiring only seven Kbytes of memory, OS-80 disk oper-
ating systems reside completely in RAM. There's no need to
dedicate a drive exclusively for a system diskette.

And, unlike TRSDOS, you can work at the track sector
level, defining and controlling data formats — in BASIC —
to create simple or complex data structures that execute

more quickly than TRSDOS files.

The Percom OS-80 DOS supports single-density opera-
tion of the Model | computer — price is $29.95; the OS-80D
supports doublc-dcnsny operation of Model I computers
equipped with a DOUBLE Reor DOUBLER II; and, OS-80/
Il — forthe Model 111 of course — supports both single- and
double-density operation.  OS-80D and OS-80/1ll each
sell for $49.95. Circle 301 on inquiry card.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
PERCOM DATA COMPANY, INC. 11220 Pagemill Road Dallas, Texas 75243 (214) 340-7081

BTrademark of Percom Data Company, Inc.

*TRS-80and TRSDOS ate wad

rks of Tandy Corp

which has no relationship to Percom Data Company.

PRICES DONOT INCLUDE HANDLING AND SHIPPING.

Creative Computing Magatine, June, 1980, page 26.



PROFESSIONAL PASCAL

Pascal/Z

NE\\N 4 lo"

SYMBOLIC DEBUGGER

This fourth generation version of our reliable, Z-80
native code compiler adds the two features
professionals ask for:

¢ SWAT™—an interactive symbolic Pascal debugger
that allows easy error detection.

¢ Overlays—that allow larger programs to run in
limited memory.

A compiler for Professional programmers
Pascal/Z is a true Pascal. It closely follows the Jensen
and Wirth standard with a minimum of extensions
designed to aid the serious program developer in

producing extremely compact, bug-free code that
runs FAST.

Pascal/Z generates Z-80 native code that is ROMable
and Re-entrant. Permits separate compilation, direct
file access, external routines and includes a relocating
macro assembler and Microsoft compatible linker.

And code written for Pascal/Z is fully compatible
with I-PAS 8000, our new native code Pascal compiler
for Z-8000, to guarantee graceful migration to

16 bit operation.

Get “The FACTS about Pascal”

Confused about which Pascal to buy?
Pseudo-code... Native code...M, MT or

Z? Compare the unbiased benchmarks

in our new booklet. Don’t buy a Pascal
compiler until you've read it.

Call us for a free copy:

28D 800-847-2088
&igf)é\" W"Q (outside NYS)
)7 N or 607-257-0190

And ask your local
full-service
computer dealer
s about our
Pascal/Z

demo package.

[lonferyyslenmns”

ithaca intersystems inc.
Micros for bigger ideas.

Ithaca Intersystems Inc.

1650 Hanshaw Rd -« lthaca, NY 14850 « TWX 510 255-4346

UK. Distributor:
Ithaca Intersystems (U.K.)Ltd.

Coleridge.Road Tlondon N8 8ED Phone: 01-341 2447 Telex: 299568

Edlitorlal

Microsoft. At the bottom is the IBM DOS (called
MSDOS by Microsoft). In the middle will be XEDOS, a
new operating system written in the C language for the
68000, Z-8000, 8086, and LSI-11 processors. XEDOS will
contain Xenix-like features and will be essentially a
single-user version of Xenix.

XEDQOS and Xenix are processor-independent. Because
the different versions of XEDOS are written in C with a
minimal amount of native assembly-language code, pro-
grams written for one 16-bit processor can be readily
transferred to another. Microsoft demonstrated this
capability, at the recent COMDEX show in Las Vegas, by
exchanging unmodified code between four machines: a
68000, a Z-8000, an 8086, and a PDP-11.

Standards, Anyone?

Unix has become well entrenched in the nation’s
colleges and universities due to Western Electric’s exten-
sive, inexpensive licensing of the system. As a result,
many of today’s graduating computer scientists are
familiar with it. (See “The Unix Operating System and
the Xenix Standard Operating Environment” by Robert
Greenberg, June 1981 BYTE, page 248.)

Microsoft’s proposed family of operating systems will
also incorporate a significant feature—a graphics device
driver that uses AT&T’s proposed videotex graphics stan-
dard called PLP (Presentation Level Protocol). It's a
minimal standard, admittedly (it's hardly high-resolution
graphics), but think what it would mean if all 16-bit
operating systems could support PLP. At last we'd have a
least common denominator for graphics. And keep in
mind that the creative use of graphics will be a vital part
of the future of our field.

Digital Research, for its part, is promoting its latest
efforts, CP/M-86 and its multiuser, multitasking version,
MP/M-86, as candidates for the standard 16-bit
operating systems of the future. (See “CP/M: A Family of
8- and 16-Bit Operating Systems,” by Gary Kildall in
June 1981 BYTE, page 216.) More than twenty OEMs
(original equipment manufacturers) have made commit-
ments to use the two operating systems. Both the IBM
Personal Computer and the IBM Displaywriter use
CP/M-86. MP/M-86 will soon be available for the IBM
Personal Computer. One good feature of MP/M-86 is its
foreground/background structure, which, for example,
lets the user access the editor while compiling a program.

Of more importance than CP/M-86 is MP/M-2,
Digital Research’s new multiuser operating system. It will
be a real contender against Microsoft's operating system.
It includes file locking and record locking, 32-megabyte
file capacity, and other sophisticated features.
Significantly, the company also currently supports Unix
through C BASIC and Pascal. Digital’s official stand is
that it is not “philosophically opposed” to the Unix con-
cept, thus holding open the possibility for a future
operating system standard.

Circle 192 on inquiry card.



The ultimate single user machine

The PDS-80™ with Cache BIOS™ is a
professional system designed for the
most rigorous single user CP/M*
environments...in business, software
development, scientific, educational
and industrial research... where
speed and program space are critical
factors.

SymBIOSis quadruples speed

No matter what high-level language
you use...Cobol, Basic, Fortran,
PL/1, or Pascal ... PDS-80 offers more
speed, power and reliability than any
other floppy based CP/M system
currently on the market. The
InterSystems Cache BIOS fully
exploits the advanced DMA and
interrupt features of our reliable
Series I] hardware to buffer whole
tracks in extended memory so most
operations run two to four times
faster than on other floppy based
systems...actually equals the speed
of many small hard disk systems.
And Cache BIOS also provides many
sophisticated system test and
protection features to assure reliable
operation.

An advanced CP/M
application system

PDS-80 has all you need for
commercial systems integration and
applications software development...
including a choice of the industry’s
only integral 8 bit front panel. Best of
all, PDS-80 allows the systems
integrator or applications developer
addressing a vertical market to
develop on the same components he
configures for resale. The highly
expandable modular design with

Circle 193 on inquiry card.

RUN CPM
fo4 TIMES FASTER/!

20slot S-100 mainframe allows almost
unlimited options to suit any end use
environment...including a choice of
tabletop or rackmount design.

InterSystems will work with you at
whatever level is appropriate to
configure the target system you need
...right up to fully assembled and
tested systems with floppy and
Winchester disk drives.

Full software support

In addition to InterSystems’ Cache
BIOS and the CP/M operating

system, models of PDS-80

can include

Pascal/Z,

- —

our highly acclaimed Z-80® native
code Pascal compiler, and InterPak
80™, a special set of utilities
including a powerful screen editor
and versatile spelling editor to assist
in the rapid editing. proofing and
documentation of your code. These
powerful programming aids are also
available as standalone products.

[Innffesn- sy

It’s upgradeable!

Both hardware and software are
designed to provide for upgrade to 16
bit operation. Programs written for
Pascal/Z are fully compatible with
I-Pas 8000™, our Z-8000® native code
compiler, and all PDS-80 systems are
upgradeable to our 16 bit multi-user
DPS-8000.

We build micros for bigger ideas.

Your big ideas. We're dedicated to
providing the computer professional
... Systems Integrators, commercial
program developers, scientific and
industrial programmers...with
professional hardware and software
tools. And we support our customers
to the fullest, with complete,
professional documentation,
application engineering consultation,
and prompt, responsive service both
from the factory and through factory-
authorized service centers.

Call us toll free: 800-847-2088

for complete

information on any
of our 8 or 16 bit
systems and
software
products.

Distributor
Inquiries
Invited

ySemms™

Ithaca intersystems Inc

Micros for bigger ideas.

Ithaca Intersystems Inc. * 1650 Hanshaw Road e« Ithaca, NY 14850 « Phone (607)257-0190 = TWX: 510 255 4346

U K. Distributor Ithaca Intersystems (U.K.)Ltd. Coleridge Road

*7.-80 and Z-B00D are registered trademarks of Zilog. Inc.

"“Trademarks of Ithaca Intersystems Inc.

London N8 8ED Phone: 01-341 2447 Telex: 299568

*Registered trademark of Digital Research



MODEMS
All Modems connect to any
RS232 Computer or Terminal!

1200 Baud and 300 Baud-Bell 212A
Style. Penrli 300 1200 ............ $7
Onginate/answer/avto-answer. Full duplex,
RS232. Phone line connection via standard
phone jack. 1 yr. warranty.

Auto-dialoption ...........00nnnennn $350
300 Baud. Phone Link ........... $129
Originate/answer. Skeek, low profile. 15 o2s.
Half/ful duplex. Selftest. R5232. Light displays
for On Carrier, Test, Send & Receive Data 1yr.
warranty.

300 Baud. USR-330D............. $249
Originate/answer/auto-answer. Phone line con-
nection via standard jack. 1yr. warranty.

300 Baud. USR-330A ............. $299
Same as USR-330D PLUS Auto-Dial. Cal for
quote and technical information on higher speed
modems and multiplexors.

Printing Terminals
The new generation of printing terminals
from General Electric.

30/60 CPS. GE Terminet 2030..... $999
110/300/60/1200 Baud. User selectable lines per
inch and chars. per inch. True descenders and
underlining. Up to 217 cols per line. Top of form,
vert. and hor. tabs. Friction feed std., tractor
feed opt. Answerback. 1 yr. warranty on parts.
Nationwide servicing. Extremely compact. 15in.
paper. Only 22 Ibs. SUPERIOR TO DEC LA34AA
at lower cost.

120 150 CPS.

GE Terminet2120 ............... $1,799
Housed in same compact package as the 2030
with all the features of the 2030 PLUS 150 char.
per. Sec. print rate.

Slash Your Connect Time and Printer
Delay Time

Text Editor For GE2030 & 2120 ....$799
Includes 32K buffer inside terminal for data
receipt and transmission at up to 3600 baud.
Also Available: Receive only/Printer only ver-
sions of GE2030 & 2120.

Letter Quality. NEC 7720

KSR with keyboard ............ $2,695
55 CPS. RS232 and Centronics parallel. Inter-
changeable print thimbles for a wide variety of
perfect. letter quality output.

Teletype 43 KSR with RS232

€able ..i.iiiiiiiiiiiiiiiaaeaas $1,149

DECLA34AA .....ccovvvvnnnnns $1,099
CRTs

ADDS Viewpoint ........c.ovvunnn $619

Detachable keyboard. Numeric keypad. Tiltable
screen. Cursor control keys. Function keys.
Auto-repeat on all keys. 110 to 19,200 baud.
Transparent mode. Printer Port. Compact, 20
Ibs. Visual attributes.

DEC VT101—NEW from DEC ....$1,299
Identical to standard VT100. Detachable
keyboard. Separate numeric keypad. Bidirec.
tional smooth scrolling. Split screen. Key click.
80 Cols or 132 cols per line.

DEC VT 131—NEW from DEC ....$1,699
Same as VT101 plus advanced video option for
enhanced screen programming and printer port.

Perkin-EImer550B............... 28

Perkin-Elmer 1251 .............. $1,599

Televideo 950 ......ccovvveneanaes $999
Printers

OKIDATA Mircroline 82A. 120 CPS.

80 132 Columns per line ......... $619

User selectable char. Sizes. Top-of-form bi-
directional. Short Nine seeki gnm techniques
for greater throughput. RS232 & Centronics
parallel interfaces.

Letter Quality, NEC 7710 RO ....$2,395
Same features as the 7720KSR listed above but
without keyboard.

VISA/MasterCard Accepted. Corporation and Insti-
tution purchase orders accepted. Leasing rales
available on requesl. Your satisfaction Guaranteed.
All equipment may be returned for full credit We
offer full service, on-site maintenance plans on all
equipmeant. All equipment in slock, -

U.S. ROBOTICS e
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The Battle

Who's going to win the 16-bit operating system
sweepstakes? My guess is that there’ll be no clear winner
for several years; maybe never. Competing software and
languages tend to coexist in our field, and this situation is
no exception. IBM has set the tone by making both
CP/M-86 and MSDQOS available for its machine. Yet
when I look at the mistakes made in the 8-bit world, |
hope a standard will emerge.

" A New “Rosetta Stone”

In 1799 the Rosetta stone was discovered in Egypt. It
contained the same message inscribed in three different
languages: Greek, Demotic, and Egyptian hieroglyphics.
Using the familiar texts of the Greek and Demotic, scien-
tists were able to painstakingly translate Egyptian
hieroglyphics for the first time—a triumph of scholarship
that would have been virtually impossible without the
decoding stone.

But translating is a slow, arduous job. Creative soft-
ware designers waste a lot of time customizing their pro-
grams for different machines. Today, we need an entire
set of “Rosetta stones,” translating tools to disseminate
software for all of the popular machines. But these tools
have become more like a set of millstones around our
necks.

We need a new approach to operating systems to cure
the ills that still beset us from the footloose days of 8-bit
machines. A standard 16-bit operating system is still the
best way out of the linguistic woods.m

Articles Policy

BYTE is continually seeking quality manuscripts written by indi-
viduals who are applying personal computer systems, designing
such systems, or who have knowledge which will prove useful
to our readers. For a more formal description of procedures and
requirements, potential authors should send a large [9.by 12 inch,
0.5 by 2B cm), self-addressed envelope, with 28 cents LS
postage affixed, to BYTE Author's Guide, 70 Main 5t Peter-
borough NH 03458

Articles which are accepted are purchased with a rate of up to
$50 per magazine page, based an technical quality and suitabliity
for BYTE's readership. Each month, the authors of the two
Ieading articles in the reader pall (BYTE's Ongoing Monitor Box or
"BOMB") are presented with bonus checks of $100 and $50.
Unsolicited materials should be accompanied by full name and
address, as well as return postage.

A Putsc Servce of Ths tagazne & The Advertisng Councd m
(]

Need help?
Call us.

Want to help?
Call us.




S-100 Fast-Aid.

Including 3 new boards for system design relief.

The MB64.

An economical, high-
performance 64K static

RAM memory.

Just what the doctor ordered.

A new 64K static RAM con-
figured as two 32K blocks that’s
fast (in excess of 6MHz), reliable
and economical. The MB64 sup-
ports IEEE 696/S-100 24-bit ex-
tended addressing for up to
16MB of RAM. Bank switching
permits compatibility with popu-
lar multi-user computer systems
(such as CROMIX*). Up to 8K
can be replaced with 2716
EPROMs. The MB64 offers low
power consumption (typically less
than 600 milliamps). And a pro-
vision for optional battery
backup.

(The MBG64 is priced at less than
$850.)

*CROMIX is a irademark of Cromemco. Inc.

The 108.

An 1/0 board featuring eight
serial interfaces, individually
programmable baud rates, and
an interrupt clock.

Give your system fast-aid—in-
cluding easier testing and
speedier diagnosis—with SSM’s
new 108. This board features
eight asynchronous serial RS-232
170 ports with LED data trans-
fer indicators. Individually pro-
grammable 170 port baud rates
(110-19,200) meet all your
specific configuration require-
ments. A timer (50/60 Hz) sup-
ports real-time or multi-user
applications.

And all our Fast-Aid boards
offer:

¢ Card ejectors for painless card
removal.

e LEDs for easy troubleshooting
and monitoring.

¢ IEEE 696/S-100 compatibility.

The 105.

A two-serial/three-parallel 1/0
board with programmable
timer.

The perfect remedy for fast sys-
tem integration, more precise
diagnosis, and far healthier sys-
tem operation. The 105 features
two RS-232 asynchronous serial
interfaces for maximum peri-
pheral compatibility. The board
supports a variety of devices with
high-speed serial data transmis-
sion (110-19,200 baud). Three
parallel ports, providing a total
of 32 bits, support various 1/0
configurations: a 16-bit software
programmable bi-directional in-
terface, and two 8-bit interfaces.
One 8-bit interface supports
direct connection to Centronics-
compatible printers. The other
provides 8 bits of parallel input
for such devices as keyboards.
The 105 also offers a software-
programmable timer for real-time
or multi-user applications.

For more details about these new
boards, or any of SSM’s S-100
compatible boards (including var-
ious CPU, EPROM, video and
development boards), just call
your local dealer or SSM today.

==

SSM Microcomputer Products, Inc.
2190 Paragon Drive

San Jose, CA 95131

(408) 946-7400 Telex: 171171
TWX: 910-338-2077
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When You Have To Face A Deadline...

ik _bad] o 0gram construction a snap!

Pascai/MY +* is a total programming system Including our native machine code com-
plier, linker, Pascallevel debugger. disassembler, run-time¢ subroutine Iibrary and the ex-
clusive SpeedProgramming!™ Package.

With the advent of 16-bit machines and increasing customers demands, you can no
longer afford to write programs in anything but a professionally constructed and profes-
sionally supported package lke Pascai/lMT +*. MT MicroSYSTEMS has demonstrated its
commitment to keeping yow programs and programmers productive with our recent In-
troduction of Pascai/MT +86 and Pascal/MT +68K for the 8086 and 68000, While
Pascal/MT + ™ provides the capability to write non-portable programs whenthe need arises.
true portability between radcatly different machines is a reality whie. stiji translating

Into efficient, optimized native machine code.”

Our Pascal/MT +® compilers and SpeedProgramming Package are available on a wide
varlety of processors and operating systems, with more to come! We are continually work-
ing to provide innovative solutions to the ever present problem of translating your ideas into
software solutions.

The Pascal/MT+© System
Compiller:

Generates ROMable Native Code  Complete:ISO Standard (superset of Jensen & Wirth).
Powerlul Extensions Include:

Modutar Compilation, Diréct production of binary relocatable modules ® Dynamic strings
* Chaining * PowerfulOverlay system ¢ Address and Size returning functions ¢ Bit manlpu-
lation (test, set, clear, shifts) « Byte manipulation {high, low, swap) « Imbedded assembly
language ¢ Easy linkage to external assembly language ¢ Full NEW and DiSPOSE pro-
cedures ¢ Direct access to /O ports ¢ Fast floating point, both software and AMD 9511
Accurate 18 dIgit BCD (fixed point, 14,4) ¢ Include files » Hex literal numbers ¢ and more. ..



/
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Linker:

Combines relocatable modules into @xecutable fies » Can generate Hex format for use
with PROM programming.
Interactive Symbolic Debugger:

Variable display * High-level breakpoints by procedure/function name ¢ Tracing/single
step by Pascai statement « Procedure/function entry and exit trace available.
Disassembler:

Combines a relocatable module with its listing file to produce interleaved Pascal and ap-
proximate assembly language code.
The SpeedProgramming Package"“:

The SpeedProgramming Package is an integrated set of tools which allows you to create
Pascal/MT +f programs, check them for correct syntax and undefined identifiers, format
them to display flow of control. and do this all within the editing environment before you
ever invoke the compller. Programmers like SpeedProgramming because itfrees them from
the time consuming chore of repeated compilations to correct simple syntactic and typing
errors. Managers find that SpeedProgramming improves productivity, thereby reducing
development costs. SpeedProgramming combined with our field tested PascaliMT +*
package gives you a comfortable, powerful, interactive proggamming environment in which
to create your professional quality software. Your products demand production quality
tools. Order Pascal/MT + * with SpeedProgramming today!

Screen Editor:

User configurable e Standard random cursor movement, file access, search and replace.
insert, delete, exchange, etc. » Structured language editing features such as automatic in-
.dent, line adjustment, reading from and writing to a fiie,blocktext insertion and duplication.
* Requires: 24 x 80 CRT {or larger}, ASCIl Keyboard {7 bitdata),random cursor addressing.
Interactive Syntax Scanner:

Finds syntax errors in text being edited » Enters SPEED, puts cursor at error, prints error
text
Varlable Checker:

Catches undefined and mis-spelled Variables before the compiler is invoked.

209399

On-Line Retormatter:

Beautify programs in seconds  Clearly shows structure and program fiow.
Source Code Management Tools:
Automatic Modification Log and Backup utitity program.

PRICING: ‘Read carefully, some systems do not include the SpeedProgramming Package
but do include the compiler. linker, disassembler, debugger and other utilities.

AVAILABLE NOW!
80808085280 without SpeedProgramming . . .................. s - - 1. Price $350.00
56K or larger CP/M-80 or Heath/Zenith HDOS
8080/8085/Z80 complete including SpeedProgramming. .. ..., .......... Price $475.00
56K or larger CP/M-80 (not available for HDOS)
8080/8085/280 for special MP/M environments ... . ....... ..., .. .. Contact Factory
*8086/8088 without SpeedProgramming . .. .. ........................ Price $600.00
CPM-86 or MP/M.86, requires 116K program area
806618088 complete including SpeedProgramming . ... .. ... .. . Price $800.00
*B0B6/8083 without SpeedProgramming for RMX-86 . . . ... . .. Price $1500.00
All 8086/8088 packages include 8511 and 8087 support and
program to convert MT object files into Intel .OBJ BO8E files.
COMING SOON:
68000 Cross Compiler System ... ... Ay o Wi o S ... Price {to be announced)
68000 Resident System with and without SpeedProgramming. . . . Price (to be announced}

Available on 8~ (3740) Single Density Disks. Contact Distributors For Other Formats
CPM/, MPIM are trademarks of Digital Research, Inc.
Heath, Zenithand HDOS aretrademarks of Zenith Data Systems.

FOR: 8080/8085/Z80/8086/68000

Payment Terms:
Cash, Check. UPS, C.0.D..

/ MT Micro SYSTEMS \

* Pricing:
8080/Z80 — 5475.00

Mastercard, VISA,
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1562 Kings Cross Drive
Carditf, California 92007

Others Call

*All prices and speculations are
subject to change without notice.

(714) 434-6101




Park Your Benchmark Here

Jim Gilbreath's article “A High-Level
Language Benchmark” was very useful.
(See the September 1981 BYTE, page 180.)
The comparisons between different lan-
guages and microprocessors are particu-
larly relevant, since we are considering
getting several microcomputers for word-
processing and control tasks here at the
Arecibo Observatory.

Peter M. B. Shames, Head
Computer Department
Arecibo Observatory

POB 995

Arecibo, Puerto Rico 00612

My thanks to Jim Gilbreath for “A
High-Level Language Benchmark.” It was
far and away the most immediately
valuable article | have seen in BYTE.

I was, however, disappointed by the
numerous “omissions” in Mr. Gilbreath’s
tables. For example, how long was the
program in 68000 assembly language? In
8086 assembly language? | would dearly
like to know how those machines com-
pare to each other (and to the 8-bit
machines) in code-storage efficiency.

I do most of my programming in
FORTH, so I wanted to compare that lan-
guage to others in the article. | was disap-
pointed to find that Mr. Gilbreath left
blanks in the “compiled bytes,” “total
size,” and “compile and load [time]” col-
umns for FORTH. (See table 2, page 192.)
When I tried to collect the missing figures,
I found that the FORTH benchmark in the
article would not compile. (See listing 9,
page 190.) The word PRIME, used in the
seventh line of the definition of DO-
PRIME, should have been FLAGS.
PRIME is not defined in the program.

I hope that readers who can augment
the information in Mr. Gilbreath’s article
will share their knowledge. We badly
need more information of this sort.

Jonathan Sachs
6713 Richmond Ave.
Richmond, CA 94805

I read Jim Gilbreath's article with in-
terest. | realize that the purpose of a
benchmark program is not efficiency in
any one particular language or machine,
but to compare the execution times of
many languages or machines. But some
languages are more efficient than others at
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particular aspects of data processing, such
as data access, [/O (input/output), etc.
One of these aspects is looping. APL, for
instance, is designed to handle arrays of
any dimension with ease, but program
loops are, in fact, not its forte. 1f | under-
stand Mr. Gilbreath's benchmark pro-
gram correctly, by the time it has looped
63 times (I =62, producing 127, the largest
odd integer less than the square root of the
highest number to be searched), all non-
prime numbers in the list have been
flagged and the remaining loops will find
no new nonprime numbers. Eliminating
the extra looping causes the BASIC pro-
gram to require about half the execution
time. 1 don't know about the other
languages.

The extra loops seem to penalize those
languages that do not loop well but may
have some efficient alternate method of
addressing vector or array elements
(rather than addressing each element by
the use of a loop). It may well be that this
objection does not apply to any of the 10
languages tried in this article, in which
case my point is moot. But as Mr.
Gilbreath points out, an efficient algo-
rithm is the best way to speed up a pro-
gram.

Thank you, Jim Gilbreath, for the
useful compilation of execution times as a
function of language and machine.

Dwight Divine III
2735 Gelid Court
Anaheim, CA 92806

I found a few errors in Jim Gilbreath’s
article and programs. Zero and 1 are not
prime numbers. Prime numbers are de-
fined on the set of natural numbers, other-
wise known as counting numbers, which
consists of positive integers. Thus, 0 can-
not be a prime number any more than can
—7, 1.3, or pi. The idea that 1 is a prime
number arises from the common (inaccu-
rate) definition of a prime number as “a
number divisible only by itself and 1.”
The actual definitionis “a natural number
which has two and only two distinct divi-
sors.” Thus, 1 cannot be a prime number,
as it has only one distinct divisor, 1.

In reading the program listings, | no-
ticed the statement PRIME=I+143 in
various forms. It seemed somehow wrong
to me, and 1 felt that PRIME=1+1+1
would be right. On analyzing the algo-
rithm, I discovered that the former arises
from the use of 0 as the first subscript and

that PRIME=2+«({I+1)+1 is the primitive
form, which converts to the one Gilbreath
used.

James C. Fairfield
4414 East Addington Dr.
Anaheim, CA 92807

Congratulations are due Jim Gilbreath
for his fine article. His comparisons were
very informative due to the wide range of
hardware and software covered. He no-
ticed the same thing that I have dis-
covered: PL/l generates very efficient
code! | disassembled CP/M version 2.2
(writteninPL/I)so that I could interface a
digital-tape system as the primary storage
device. | needed to know how the disk al-
location was accomplished. More or less
as a “labor of love,” I went through the
disassembled code with an editor, adding
meaningful labels and comments. The re-
sulting code is very readable and under-
standable thanks to the excellent code
generated by the PL/I compiler. The sub-
routines look as if an assembly-language
programmer wrote them: no wasted in-
structions anywhere.

Clark A. Calkins
2564 Walnut Blvd. #106
Walnut Creek, CA 94598

The comparing of apples and oranges is
a job sorely in need of doing. And Jim
Gilbreath has done a fine piece of work,
part of its merit being the arguments it will
generate. I'm sure the COBOL folks are
not happy. Nor are we BASIC people, al-
though we could salve our wounds with
the excuse that interpreters have to be
slow.

The dogma of true BASIC people s that
structure is in the mind. Let those who
want structured languages have them. But
treat us fairly. Since our language isn't
supposed to be structured, don't force us
to use little-bitty short lines like Jim's
listing 7 because we know it takes our in-
terpreter time to hop down lines. And we
have different kinds of variables just like
the big boys, so let us use integers too.
And we suspect that most compilers don't
include similar checking, so let us use
NEXT without the index. Note that these
aren’t tricks or innovations. What some
might call tricky, but certainly not in-
novative at this date, is the use of FOR
.. . NEXT loops in preference to GOTOs.

The moral: we agree strongly with Jim

Circle 18 on inquiry card. =



Your

computer.

Compute.
Compute.
Compute.
Compute.
Compute.

Dump...

Compute.
Compute.
Compute.
Compute.
Compute.
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e ¢ o Print.
Print.
Print.
Print.
Print.

Print.

New Microbulffer Il lets you use your printer
without tying up your computer.

Time. As an important resource
it shouldn't be wasted. One
such waste is in printing, where
your computer must wait for
your printer. Now there’s a way
to eliminate this waste.

Introducing the
Microbuffer ™, a buffered
parallel printer interface for the
Apple I* computer with 16K
characters of memory (user ex-
pandable to 32K). It accepts
data as fast as your computer
can send it, allowing you to use
your computer while the
Microbuffer i{ is in control of
your printing.

The Microbuffer I, compatible

with Applesoft, CP/IM® and
Pascal, comes with complete
print formatting features as well
as advanced graphics dump
routines for most popular
graphics printers.

The Snapshot™ option per-
mits you to dump the text
screen or graphics picture to
the printer while any program is

MICROBUFFERII

running — without interuption.

The 16K Microbuffer 1l is
available for $259. And the 32K
version, for $299. The Snapshot
option is $69.

So why waste time while your
computer waits for your printer?
Ask your computer dealer for
the Microbuffer X or call us for
the name of a dealer near you.

Microbutfer I and Snapshot are trademarks o ! Practical
Peripherals, Inc.

CPIM is a registered trademark of Digital Research, In¢.
Appie 1 is a registered trademark of Apple Computer,
Inc.

PRACTICAL PERIPHERALS, Inc.
31245 La Baya Drive
Westlake Village. California 91362

(213) 706-0339
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Gilbreath on the necessity of choosing the
best algorithm for the job. To that we
add, know your language and use its pow-
er. There is no language that will turn bad
writing into good writing.

James D. Childress
5108 Springlake Way
Baltimore, MD 21212

Jim Gilreath Replies

The response to my article has been
very gratifying, and | have received so
many letters that it is beyond my ability

to respond to them individually. All are
appreciated, especially those that pointed
out errors and supplied data for machines
and languages I did not have the opportu-
nity to time. All contributed data will be
reported in a subsequent article.

I regret the error in the FORTH pro-
gram. It was caused by me, not BYTE,
and occurred in transcribing the program
from paper to a file. The word PRIME
should be changed to FLAGS. Thanks to
Dick Miller and Jonathan Sachs for find-
ing this.

This was not a commissioned assign-

Moare byte than any other
system on the market, in fact.
MCSave (Magnetic Cartridge
Save) is not just another
backup system—but a true
file-oriented archive system. It
gives you a full 67 megabytes
of on-line archive/backup
storage. So you can easily
access, store, delete or
transfer files with greater
speed, and backup
even the largest of
most hard
disks. MCSave -
combinesthe &
cost effective
3MHCD-75
Tape Drive with
CP/M* to give
you the kind of

THE BACKUP SYSTEM |

WITH MORE BYTE.

"PM is a trademark ol Digital Research  *COOS and CROMIX are trademarks of Cromemco. Inc

performance you can really
sink yourteethinto. MCSave
can handle 13,000 files per
drive. You can transfer
file-by-file from disk to tape,
tape to disk, ortapetotape.
MCSave runs on any S-100
Z-80 48K CP/M,* CDOS,* or
CROMIX* system. Ask your
dealerabout MCSave...the
backup system with

mare byte! MCS

Microcomputer
Consuiting
Services

8308 Juniper

Ft. Worth, Texas 76180
{817) 498-6390
_Dealer & OEM
inquiries invited
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ment, it was simply a computer hobbyist's
report of his experiences and data col-
lected in a project for presentation at the
local computer club. The intent was to re-
port, not to review. The data were col-
lected over a nine-month period whenever
an opportunity presented itself.

Much of the data was obtained in com-
puter stores and computer-conference en-
vironments with limited time, so there are
gaps in the tabular data for program sizes
when that data were not readily obtained
without detailed knowledge of the oper-
ating system. There was little time to dig
deeply into nuances. It was never in-
tended to be a Consumer’s Union .quality
project. Think what that would cost!
Hundreds of hours were spent just doing
what [ did.

It is not surprising that the programs
listed required a bit of customization
before running on some systems. There
were several slightly differing versions of
the program in all of the languages, but
only one was printed for each case to save
space.

The FORTRAN program used 0 as the
first-element array subscript for consis-
tency and because this is allowed in some
(but not all) compilers. In retrospect, this
was a poor choice because it violates fun-
damental FORTRAN-language defini-
tions.

The BASIC program only does one iter-
ation, which helps you avoid staying up
all night (this axiom was removed from
my article by the BYTE editor). Thus,
these times have been multiplied by 10 for
comparison with the others.

On the PET, the array would not fit, so
the program was run on a smaller array,
and the results were extrapolated linearly
(this works—try it). The same was done
for Microsoft COBOL and FORTH.

Mr. Divine's insightful observation that
the algorithm has flagged all nonprime
numbers after looping only 63 times
nicely reinforces my contention that a bet-
ter method is often more fruitful than
changing languages.

It seems that my lack of COBOL exper-
tise was quite obvious, and thanks are due
to James Fairfield and others who supplied
improved programs that run much faster.

It is worth reiterating that a simple
benchmark such as mine is but one point
on a long curve and many more specifics
should be considered carefully in selecting
a language or computer.
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MicroMaster outperforms all of
the small business computers from
IBM, NCR, Burroughs, Honeywell,
Radio Shack and others whose size
should give them an advantage. Qut-
performs them in computational speed
(cycle time), memory capacity, flexibil-
ity, software availability and just plain
productivity.

Yet the MicroMaster is base
priced far lower than most ($12,500),
and includes important features which

The small business
big business wouldn’t build.
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Why haven't the giants built one

like it? We can only guess. Butwedo o

know that there's no magic inwhat
we've done. The technology was avail-
able. We simply applied it to the real
needs of small business: needs which.,
we are small enough to hear and
understand. |
That's why we're anxiouF to
discuss, in detail, the capabllities of
|
|
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See it for yourself.

omputer

. 1}
And
-us, because nowad
doesn’t

have to

be big to
be good.

0 Please send specifications and information on the MicroMaster small
business computer.

O I'd like to see the MicroMaster. Please have a sales representative call.

Name
Company
Address

City
Application(s)

Title

2ip

You don’t have to be big to be good.

Barreto & Associates. Inc., PO. Box B74, Sedalia. Missouri (816) 826-0689
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Open Letter to
Potentlal SuperBrain Buyers

Our company recently purchased four
Intertec SuperBrain QD computers from a
local mail-order firm, whose advertise-
ment stated that “all equipment is in fac-
tory cartons with the manufacturer’s war-
ranty.” After one of the units failed, we
discovered that the warranty had lapsed
while the computers were still in the
dealer’s stock and we would have to pay
Intertec nearly $400 to repair the unit.

Intertec’s policy is that the warranty
period begins when it ships the unit to the
dealer. This policy is contrary to industry
standards and discourages dealer stock-
ing. A letter to Intertec regarding the
above evoked this response from Andrea
K. Welch, Intertec’'s Marketing Support
Manager: "I dosincerely regret the misun-
derstanding that appears to exist between
your organization and the company from
which you purchased this equipment. I
can assure you that all of our dealers are
intimately familiar with our warranty
policy.” The dealer's response was that he
was totally unaware of Intertec’s policy

and that it was our problem to work out
with Intertec.

Any SuperBrain buyer should be sure
that he or she is going to receive an ade-
quate warranty from the dealer after re-
ceipt of the computer. After our computer
failed, we were informed by the dealer
that he has had problems with Super-
Brains being “dead on arrival.” We could
have received units that were inoperable
when the cartons were first opened and
we would have had to pay repair charges.

James E. Ford

Paoluccio Willis Nau Associates
Civil Mechanical Electrical Engineers
7175 Construction Court

San Diego, CA 92121

Interetec Data Systems Replies

Since the initial production of the
SuperBrain in 1979, Intertec has enjoyed
an enviable position as the microcom-
puter industry's price/performance
leader. Because of our commitment to
total vertical integration, Intertec manu-
factures a product of exceptional quality
at an extremely competitive price.

Easy
Winchester

Subsystem
By
AMT

AMT has available a 5, 10, 15 and 20 megabyte Winchester Hard Disk
subsystem that is very EASY for any user to interface with his existing

system.

Subsystem includes:

*Winchester Disk Drive(s}

sController

*Power Supply

sEnclosure

sAll Interface Cabling

sCP/M* 2.2 Support and Diagnostic Programs
on Floppy Disk

sHost System Interface Card

sDedicated Telephone Number for Technical
Assistance

*Registered Trademark of Digital Research Corp.

System available for:

+5-100

sHeath/Zenith Z-89

*TRS-80 Model 111

+Xerox 820

*JBM Personal Computer System

5-Megabyte System

Retail

Complete $2995 . 00

Werite or call for Attractive distributor program

Applied Micro Technologies, Inc.
Route 30 West, Greengate Prolessional Bldg

Greensburg, Pa, 15601
1-800-245-6908 In Pennsylvania [412] B37-T256
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In keeping with this commitment to
quality and leadership, Intertec offers an
impressive 120-day warranty on its prod-
ucts. This warranty covers all parts and
components deemed to be originally de-
fective by Intertec Data Systems Corpora-
tion. We at Intertec feel that this four-
month warranty offers our customers ex-
cellent coverage and that it is in keeping
with our marketing endeavors. In addi-
tion, our Customer Services Department
is fully staffed to insure our customers of
fast, efficient service.

Like Ms. Welch, Intertec’s Marketing
Support Manager, 1, too, regret that Mr.
Ford and the company from which he pur-
chased his SuperBrain appear to have had
a misunderstanding with regard to our
warranty and assure BYTE readers that all
of our dealers are well informed as to its
specifics. Qur warranty is clearly and
carefully explained in Section Six of our
Master Agreement and is reiterated in vir-
tually every manual and document issued
by Intertec. It is unlikely that our dealer
was “totally unaware of [our]| policy.”

We at Intertec are very proud of our
Customer Services Department and our
warranty. Intertec has carved its place in
the microcomputer industry by offering
our dealers products and services that we
feel are better than the industry standards.

Karen K. Hubbard, Manager
Public Relations

Intertec Data Systems Corporation
2300 Broad River Rd.

Columbia, SC 29210

Faliout from BYTE's BOMB

Editor's Note: Since the beginning of
1981, BYTE has gone through some sub-
stantial changes, both in format and size.
Here are some comments about BYTE that
we have received from our readers on the
monthly BOMB cards (for an explanation
of the cards, see the back of this issue):

e This issue almost gave me a hernia. |
love reading all the ads.

e At first [ was only interested in the ads,
but then I accidentally read an article!

¢ | enjoyed reading all the articles (fast
reader), but why so many ads?

¢ [ can't read all those ads.

* ] don't read any of the articles.

¢ It's too big to read!

® More, more, more!

® Thank you for always making BYTE in-
teresting, stimulating, and pregnant.
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Many of our readers had comments on
some of BYTE's particular features:

¢ | like the Programming Quickies. I seem
to find your Nucleus section more useful
than the feature articles (the long ones
take too much time to read).

e Wow! Computing e to 116,000 places!
[That's] a really worthwhile endeavor.

¢ | find the comparative software reviews
to be of great help.

¢ Forget about the numbers and the philo-
sophical articles; get back to the guts of
personal computing: homebrew hard-
ware!

¢ | very much liked the Color Computer
article. What about software for it?

e The article on Extended Color BASIC
for the Color Computer was fantastic.

¢ The Color Computer is sadly deficient
in software. Manufacturers should apolo-
gize for saddling users with BASIC as the
only available language; a giant step
backwards.

® Most articles too technical.

¢ | enjoyed Ciarcia’s articles on construct-
ing speech synthesizers.

e Great, now they talk back!

e It did my heart good to see Steve
[Ciarcia] do something I can use on my

Here's the latest move in
Navtel’swinningline of port-
able data test equipment.
Supercheck! The indispens-
able service aid. It joins our
other proven test units,
Supertest — Datatest —
Datacheck.

Just check these Supercheck

features:

e Provides accessto all 25
conductors on EIA RS-232C
interface

® 25miniature SPST switches
allow interruption of all
interface conductors for
testing and observing ter-
minal and modem signals

¢ 12 LED monitors,

NAVIEL

FOR THE TESTING TIMES
8481 Keele St.. Unit 12A
Concord, Ontario L4K 181
Telephone (416) 669-3918

Checkmate your
communications testing
problems with Supercheck

separated by source, allow
easy monitoring of primary
interface signals

¢ 2 LED’s detect mark/space
or clocking signals

e Contains RS-232C patch
cable

¢ $139.00

Order your Supercheck today
and we promise fast delivery.
Foreachunitenclose cheque
or money order for $139.00
payable to Navtel Limited at
address shown below.

Dealer inquiries invited.

Apple II directly, without translating it
from TRS-80.

¢ I'm going to love building my super-
simple floppy-disk interface.

¢ As usual, BYTE has too many do-it-
yourself tinkerer’s projects. Can't you get
more out of Pournelle?

¢ Gregg Williams has really hit the
bull's-eye with BYTE's Arcade; please
make it a monthly feature.

¢ My kids rush to read BYTE's Arcade
each month and are very disappointed if
it's not there.

e | hate to see all those pages wasted.
Please review nothing but games from
now on.

¢ [ do not wish to judge your writers.

While others only made suggestions:

¢ Articles #6 and #7 seemed to disagree.
There should never be any question as to
the true static [sic] of things.

¢ 1 do wish you could pick articles that are
more appealing to us, but it's probably
not your fault.

e With the new 16-bit processors now
available, perhaps BYTE should change
its name to CHOMP.

¢ Why don’t you make the Reader Service
Card computer readable?

The requests for future articles would
fill volumes. Let's have more . . .

e construction articles

® software reviews

¢ hardware reviews

¢ Programming Quickies

¢ on the TRS-80 Model (I, 11, 11I, Color
Computer)

¢ on the Apple (1], 111, IV, V)

¢ on Heath/Zenith systems

¢ on the Sinclair systems

¢ on the Compucolor II

¢ on the Osborne |

¢ on the new (CP/M, Unix, Xenix, Zeus,
Unica) operating systems

¢ C programs

¢ Pascal programs

¢ machine-language programs

¢ FORTH programs

¢ robotics articles

¢ music articles

® printer tests

There were even an amazing few who
predicted articles that we had planned
before they were published:

* An in-depth series on the Atari is about
due. ("The Atari Tutorial, Part 1" appears

Circle 267 on inquiry card.



897 N.W. Grant Ave

Introducingthe Enhancer I[: a new

Standard which is improving the
relationship between Humans and

Apples. The Enhancer Il can help

your Apple I['s keyboard become
more sociable by remembering
words or phrases which can be
entered into the Apple by the mere
touch of a key. Life can become

even easier because the Enhancer Il

can remember what you typed
while your Apple was busy talking
to your disc (or doing other things).
Naturally, it knows the difference
between upper and lower case
letters and what shift keys are
supposed to do. It even knows to
auto repeat any key held down. The
Enhancer 1l replaces the encoder
board making installation simple.

Suggested retail price: $143.00.

The time tested Videoterm 80

column card:

e 80 characters x 24 lines

e True decenders

e 7 x 9 character resolution

® |_ow power consumption

e Compatible with most word
processors

e Softcard and CP/M compatible

¢ Modem compatible

* Most popular character set of
any BO column card

o Alternate character fonts available

Suggested retail price $345.00

The Soft

Video

Switchis

an auto-

matic ver-

sion of the

popular

Switch-

plate. It

knows

whether it should display 40 or 80
columns or Apple graphics. It does
the tedious work of switching video-
out signals so you don't have to. The
Soft Video Switch can be controlled
by software. Any Videoterm with
Firmware 2.0 or greater may be
used with the Soft Video Switch.
The single wire shift mod is also sup-
ported. Package price is $35.00.

. @ Corvallis, Oregon 97BBD

THE DAWN
OF A NEW ERA
FOR APPLE Il :

THE
ENHANCER IL

|
s 7

The original Keyboard and Display
Enhancer is still available for Revi-
sion 0-6 Apples (on which the new
Enhancer 1l wil not fit). These
Apples have memory select sockets
at chip locations 01, E1 & F1. The
Keyboard and OQOisplay Enhancer
allows entry and display of upper &
lower case letters with fully func-
tional shift keys. It does NOT have
user definable keys nor a type ahead
buffer. The priceis $129.00.

Circle 375 on inquiry card.

Videoterm Utilities Disc
(includes)
e Font Editor
e Pascal Mid-Res Graphics
e Applesoft Read Screen Utility
e Top & Bottom Scrolling
e Pascal Vidpatch
e Graphics Template
Character Set EPROMs  $29.00ea
e Half Intensity
® Inverse
e German
e Katakana (Japanese)
e |_ine Drawing Graphics
(Expanded)
e Spanish
e French
e Math & Greek Symbols
e Super & Subscript
Dvorak EPROM
(Enhancer)
Lower Case Chip

$37.00

$29.00
$29.00
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in the September 1981 BYTE, page 284.)
® What we really need is a comparison of
the languages available on microcom-
puters. ("A High-Level Language Bench-
mark” appears in the September 1981
BYTE, page 180.)

e Doesn’t anyone realize the problems
small business has with software? (“Bridg-
ing the 10-Percent Gap” appears in the
October 1981 BYTE, page 264.)

e When are you going to tackle database
systems? (“Database Management Sys-
tems” is the theme of the November 1981
BYTE.)

Thank you all for writing; we scrutinize
every word.

A New Small-
Computer Company: IBM

As an owner of a two-year old Apple I1
computer system, | read with great in-
terest Phil Lemmons’ first impressions of
IBM’s new Personal Computer. (See “The
IBM Personal Computer: First Impres-
sions,” October 1981 BYTE, page 26.)
What surprised me is that Mr. Lemmons
said little about documentation for the
system. Is this because it doesn't yet exist?
If it does not, it certainly would not be the
first time a personal computer was put up
for sale with meager documentation. The
documentation for the Apple Il was also
meager at the beginning, but then that
was a very different stage in the history of
microcomputers, and Apple Computer
Inc. did not quite have the resources of
IBM.

One of the excellent features of the
Apple Il is the documentation that comes
with it. I know of no other personal
computer that comes with documentation
of the quality of Apple’s. Documentation
is an important point, and I think BYTE a
bit remiss for not insisting that Mr.
Lemmons pay more explicit attention to
this.

I hope that in future, fuller reviews of
IBM's new system, BYTE will treat the
documentation issue more extensively.

Stephen E. Bach
Rte. 2, Box 89
Scottsville, VA 24590

For a more in-depth description of
IBM'’s documentation and its machine, see
Gregg Williams’ article on page 36 of this
issue. . . . MH
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Pushing Relatlves

* My thanks to George S. Losey for his
article “Use a Relative Subroutine Call for
Relocatable Z80 Programs” (see the Octo-
ber 1981 BYTE, page 366); it's a feature I
could have used in the past.

The only problem, as stated by Mr.
Losey, is that returns are limited to the un-
conditional types because of the use of the
JP(HL) instruction to cause the return in-
stead of the RET instruction. Also, pro-
gramming is restricted because the HL reg-
ister pair is tied up storing the return ad-
dress.

Both these problems can be eliminated
by making the first instruction of each
subroutine PUSH HL (E5 hexadecimal).
This places the return address on the stack
as would a CALL instruction. This allows
returns to be made in the usual manner. It
also frees the HL register pair for pro-
gramming.

Grant S. Killey
736 Michigan Ave. Apt. 13
Ontonagon, MI 49953

Some of the weaknesses of the Z80 rela-
tive-call technique proposed by George
Losey in his October 1981 BYTE Techni-
cal Forum can be avoided at a cost of 10
more bytes in page 0 and an execution
time longer by 23.25 microseconds. In-
stead of E1 E5 23 23 C9 hexadecimal at the
reset location, try:

E5 E5 E1 E1 E1 23 23 E5 2B 2B
E5 3B 3B E1 C9

The advantages are that no changes need
to be made in the subroutine being called;
it still ends with a RET, it can use condi-
tional returns, and no registers are altered.
Nested subroutines will work this way;
they won't with George’s method.

Lee Bonnifield
1025 Chalk Level Rd.
Durham, NC 27704

BeamlIn’ Report

I want to tell BYTE readers about the
service and the product that I received
when [ responded to an ad carried in the
September 1981 BYTE. The ad was for the
PowerText system by Beaman Porter, Inc.
(see page 269). Both the product and the
service provided by this company are out-
standing, which is why I have taken the

time to write about them. The growth of
an industry often depends upon the com-
mitment of the vendors to customer ser-
vice. Beaman Porter is certainly an out-
standing example of a commitment to cus-
tomer service.

Several weeks ago, | was in the middle
of preparing a lengthy report for a client
when hardware problems caused me to
lose not only all the text that I had created
but also the use of the hardware to con-
tinue with the report. In a minor panic, 1
called Beaman Porter to order a copy of
its Pascal-based text formatter. I sent pay-
ment special delivery, the company also
used special delivery, and I had the pack-
age in four days. Included was a note in-
dicating times when the author would be
available to help me as 1 attempted to re-
produce my report.

The PowerText package has performed
without any problems. For the sort of
consulting work that I do, it allows even.
greater productivity than the package I
previously used. ] called the company
once for assistance and received it quickly
and accurately.

Microcomputing is a mass market. It is
encouraging to see that firms like Beaman
Porter maintain a commitment to custom-
er service.

My thanks to them.

Alan D. Tompkins
R.D. #1, Box 122C
Waitsfield, VT 05673m

BUTE

TOLL-FREE
SUBSCRIPTION LINE

1-800-258-5485

New Hampshre Residents Dl 924-9281
The Quickest Way To

+ Order a Subscription

* Renew a Subscription
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* Give a Friend a Gift
Subscription

* Inquire about a Subscription

We are waiting to help you,
Cal us between:
8:30-4:00 Mon.- Fri.
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Personal computers
are full of promises.

MBA makes them

You've heard how the personal computer is going to
revolutionize the way you work.

Sofar, the reality hasn’t measured up to the promises.

But now there’s a remarkable new software package
that transforms the IBM Personal Computer into an
incredibly powerful management tool (Apple and Xerox
owners: read on).

The first totally integrated management
software.

There are a lot of useful programs available for
personal computers.

Unfortunately, they all seem to use different
commands and different ways of storing data. This creates
two major problems:

1. Every time you want to add a new function, you
have to learn a whole new command language.

2. You may not be able to exchange data between
different programs.

But now there’s a better way. It’s called the MBA, and
it was created by a blue-chip management consultant, an
MIT-trained systems designer, and some of the country’s
most experienced business programmers.

For the first time, MBA combines all the essential
management functions in one easy-to-use package:

Electronic Spreadsheet. The ultimate financial
modeling tool that lets you create a giant spreadsheet of
figures and text. Change one number, and every affected
item is instantly re-calculated.

Word Processing. Compose, edit, and print any kind
of document. Make revisions yourself —faster than you
can explain them to your secretary. Because MBA is an
integrated system, it’s easy to incorporate data from its
other modules into a report you're writing.

Data Management. A sophisticated electronic filing
system that lets you store information—ANY information
—then retrieve it, analyze it, and generate reports to your
specifications.

deliver.

Graphic Output. For those occasions when a picture
tells your story better than words, you can easily generate
clear, readable graphs.

Communications. Tie into your companydata center,
afinancial information service, or virtually any other
computer system. MBA automatically retrieves the
information you want, and lets you edit or rearrange it with
a few keystrokes.

Easy to learn. Easy to use.

MBA's designers devoted great care to giving it a
simple, consistent set of commands. So when you've
learned one module, you'll immediately be comfortable
with the others.

What, where, and how.

MBA is offered through selected computer retailers
who have qualified people to demonstrate and answer
questions.

It runs on the IBM
Personal Computer, with
Xerox and Apple
versions available soon.
But whichever machine
you use, MBA will make
adramaticimprovement
in your personal
productivity.

And that’s a
promise.

Context Management Systems, Inc.
Management software for personal computers.

23864 Hawthorne Blvd., Suite 101
Torrance, California 90505
(213) 378-8277

© Copyright 1982 Conteat Alinagement Systems, Inc
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Minicomputer performance in

Multi-user. Multi Tasking. Decision I memory man-
agement hardware includes a memory map that is
similar to the IBM 360;" and IBM 370" It supports
up to 16 tasks or 15 users and a supervisor without
swapping. And, more with swapping. Each task or
user enjoys complete memory protection and dynamic
memory allocation. One task may be delegated as a
supervisor to privileged system functions forbidden
to ordinary tasks or users. Such functions (1/0 calls,
unauthorized memory access, etc.), will trap to the
supervisor. If supervisory functions are not required
the system can be configured for turnkey multi-user
operation.

Multi-purpose IEEE696/S-100. Decision I utilizes the
Morrow Designs IEEE Standard S-100 Wunderbuss:
That means you can configure it to your

specific applications. Add a floating point
processor, add memory (to a full mega-
byte), add 170, add controllers... add
boards from dozens of manufacturers.
And S-100 has a major advantage
over single-board computers: If a
board goes down, you simply replace
it. And keep running. If youwant to
expand your system. Add boards
and terminals.

An unmatched software hase.
Decision I runs on the M/OS™
operating system. M/QOS sup-
ports all system calls source

compatibly with UNIX" Thus, UNIX programs will
compile directly and UNIX documentation is almost
totally applicable. Morrow CP/M™ has been configured
to run under M/0S and communicate with both CP/M
and UNIX standard media for maximum portability.
Languages available include BASIC,COBOL, FORTRAN,
RATFOR, Pascal and C. That means Decision [
offers you a software base unmatched in
its price/performance arena.

The OEM machine. A basic multi-user
system at $5,225 includes
the Decision I, 4 Mhz
Z80A-based CPU,
sophisticated
memory

IBM 360 and 370 are trademarks of IBM Corp.
Wunderbuss is a registered trademark of Morrow Designs
Decision [ and M/0S are trademarks of Morrow Designs
UNIX is a trademark of Bell Laboratories, Inc.

CP/M is a trademark of Digital Research Corp.



a multi-user Microcomputer.

management
hardware, CF/M
2.2, M/BASIC 5.2,
3 serial and 2 parallel /0
ports, 14 1/0 slots with S-100
connectors, supervisor control in
both hardware and software, 128K of
RAM and two quad-density disk drives
(800K) with DMA controller. Plus, cabinet
(either desk-top or rack-mount), and power
supply. The same system with 8" floppies
and a full Megabyte of formatted storage costs
$5,659. And, we offer OEM pricing.

A better microcomputer. Whether you're build-
ing a single or multi-user system, the Decision I
offers you a hardware/software combination
unmatched in the field. Decision I is not simply an
improved 8-bit microcomputer. It’s a breakthrough.
In both computing power and price.

Systems your way. Morrow Designs’ full range of hard
and floppy disk memory, add-in memory boards, 1/0

boards, controllers and software allow you to
configure your system your way...through a single
supplier.

The decision is yours. Compare the Decision I,
feature-for-feature with mini or microcomputers on
the market today. Compare capabilities. Compare
flexibility. Compare utility. Then, compare price.
We think Decision I will change the way you think
about microcomputer systems.

Complete information? See your computer dealer.
Or, write Morrow Designs.

LOOK TO MORROW
FOR ANSWERS.

5221 Central Avenue, Richmond, CA 94804
{415)524-2101

Circle 259 on inquiry card.



The Atari Tutorial

Quite frequently, the amount of in-
formation that a programmer wants
to display exceeds the amount of in-
formation that can fit on the screen.
One way of solving this problem is to

scroll the information across the
display. For example, listings of
BASIC programs scroll vertically

from the bottom of the screen to the
top. All personal computers imple-
ment this type of scrolling. The Atari
personal computer system, however,
has two additional scrolling facilities
that offer exciting possibilities. The
first is Load Memory Scan (LMS)
coarse scrolling; the second is fine
scrolling.

Conventional computers use coarse
scrolling. With this type of
scrolling, the pixels that hold the
characters are fixed in position on the
screen and the text is scrolled by mov-
ing bytes through the screen random-
access read/write memory (RAM).
The resolution of the scrolling is a
single character pixel, which is very
coarse. (Throughout this article, the
term pixel refers to an entire
character, not to the smaller dots that
make up a character.) This produces
a jerky and quite unpleasant scroll-
ing. Furthermore, it is achieved by
moving up to a thousand bytes
around in memory, a slow and clum-
sy task. In essence, the program must

This article appears in slightly different form
in De Re Atari, published by Atari, Inc., and is
reproduced with its express permission.
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Part 5: Scrolling

Chris Crawford
Atari Inc.
1265 Borregas Ave.
POB 427
Sunnyvale, CA 94086

move data through the playfield to
scroll.

Some personal computers produce
a somewhat finer scroll by drawing
images in a higher-resolution graphics

mode and then scrolling these images..

Although higher scrolling resolution
is achieved, more data must be
moved to attain the scrolling and the
program is consequently slowed.

The fundamental problem in both
methods is that the scrolling is im-
plemented by moving data through
the screen area.

By manipulating just
two address bytes, you
can produce an effect
identical to moving the
entire screen RAM.

Coarse Scrolling

A better way to achieve coarse
scrolling with the Atari 400/800 is to
move the screen area over the data.
The display-list op codes support a
feature called Load Memory Scan
(LMS). The LMS instruction was
described in part 1 of this series.
Briefly, it tells ANTIC where the
screen memory is. A normal display
list has one LMS instruction at the
beginning of the display list. The
RAM area it points to provides the
screen data for the entire screen in a

linear sequence. By manipulating the
operand bytes of the LMS instruc-
tion, a primitive scroll can be im-
plemented. In effect, this moves the
playfield window over the screen
data. Thus, by manipulating just two
address bytes, you can produce an ef-
fect identical to moving the entire
screen RAM. The program in listing 1
does just that. This program sweeps
the display over the entire address
space of the computer. The contents
of the memory are dumped onto the
screen. The scroll is a clumsy serial
scroll combining horizontal scrolling
with vertical scrolling. A pure ver-
tical scroll can be achieved by adding
or subtracting a fixed amount (the
line length in bytes) to the LMS
operand. The program in listing 2
does that.

A pure horizontal scroll is not as
simple to do as a pure vertical scroll
because the screen RAM for a simple
display list is organized serially. The
screen-data bytes for the lines are
strung in sequence, with the bytes for
one line immediately following the
bytes for the previous line. We can
horizontally scroll the lines by shift-
ing all the bytes to the left: this is
done by decrementing the LMS
operand. The leftmost byte on each
line, however, will then be scrolled
into the rightmost position in the next
higher line. The sample program in
listing 1 illustrated this.

The solution is to expand the
screen-data area and break it into a
series of independent, horizontal-line

Circle 229 on inquiry card. =



THINGS T0
00 WITH YOUR
PERSONAL COMPUTER

1001

333 pages $10.95

333 pages, written in simple terms, of
“what-to-do” and “how-to-do-it”. Suitable
not only for microcomputers, but for pro-
grammable calculators as well. Includes
program listings, formulas, a glossary of
computer terms and more! Definitely a
MUST BUY!

“TRS-80™ DISK AND
OTHER MYSTERIES”

by Harvard C. Pennington

132 pages written in PLAIN ENGLISH packed
with ﬂaow TO information with details, examples
and in-depth explanations. Recover lost files and
directories, remove file protection, make BASIC
programs unlistable. How to use SUPERZAP,
recover from DOS errors and MORE!

TRS-80™ DISK

“OTHER MYSTERIES”
VOLUME II

by James Farvour

Call now and place your order tor this new book,
"MICROSOFTTM BASIC DECODED & OTHER
MYSTERIES for the TRS-80TM", from 1JG, iInc.
A primer for cassette and disk BASIC on the
TRS-80TM, the information provided applies to
similar MICROSOFTTM .BASIC interpreters.

MICROSOFTTM BASIC DECODED - $24.95

“OTHER MYSTERIES”
VOLUME llI

by Dennis Kitsz

THE CUSTOM TRS-80™
CALL FOR AVAILABILITY

“OTHER MYSTERIES”
VOLUME IV

“BASIC FASTER
AND BETTER”

If you program in BASIC, you want this book!
Time-tested and proven, the techniques and
routines can be used inthousands of ways to
make your programs smaller, faster, and look
truly professional.

BASICFASTER & BETTER

$29.00

$24.95

TRS-80 is a trademark of the
Radio Shack Division of Tandy
Corporation. DATALIFE is a
trademark of VERBATIM. PLAIN
JANE, PARAGON MAGNETICS.
are trademarks of MTC.
1981 by Metatechnologies

Corparation. Inc.

MOST ORDERS
SHIPPED WITHIN
ONE BUSINESS DAY

Products damaged in
transit will be exchanged.

EPSON

MX-80, MX-80FT, MX-100

PRINTERS

NEW LOW PRICES!

EXTRA LONG RIBBON

CABLE
$249%

CONNECTS EPSON PRINTER
& TRS-80 MICROCOMPUTER

40-TRACK, SINGLE/DOUBLE-
DENSITY, FAST ACCESS,
5%-inch TANDON

DISK
DRIVES
$28995complete

FOR MODEL | and MODEL Il

Includes Case, Power Supply
and External Drive Connector

DISK DRIVE

EXTENDER
CABLE

$995

for VISTA, MICROPOLIS,
MTI, PERTEC, SHUGART,
PERCOM & OTHERS

PRICES IN EFFECT
Jan. 1, 1982 THRU
January 31, 1982

Prices, Specifications,

¢ VISA

change without natice.
8201

WE ACCEPT

MASTER CHARGE

1 ¢ CHECK
and Offerings subject to « MONEY ORDERS

C.OD.

META TECHNOLOGIES

26111 Brush Avenue. Euclid Ohio 44132

CALL TOLL FREE 1-800-321-3552 TO ORDER
IN OHIO, call (216) 289-7500|(COLLECT)

Single Sided, Soft-Sectored 5%-inch,

PARAGON MAGNETICS™

PLAIN JANETM

DISKETTES
$1 3)21 10

These are factory fresh. absolutely first
quality (no seconds!) mini-floppies. They are
complete with envelopes, labels and write-
protect tabs. in a shrink-wrapped box.

Box of 10 Diskettes

PARAGON

magnetics™

Cold

Introducing MTC's premium generic
diskette. Single-Sided, Soft-Sectored,
DOUBLE-DENSITY, 5%-inch diskettes with
reinforcing HUB-RINGS. Individually 100%
ERROR-FREE certified. Invest in GOLD!

PARAGON MAGNETICS GOLD $23.95

VERBATIM’S PREMIUM DISKETTES

DATALIFE"

Seven data-shielding improvements mean
greater durability and longer data life.
These individually, 100% error-free cer-
tified diskettes feature thicker oxide
coating, longer-lasting lubricant, improved
liner, superior polishing and more! Meets
or exceeds IBM, Shugart, ANSI, ECMA
and ISO standards.

VERBATIM DATALIFE™ DISKETTES
5¥-inch (box of 10)
MD525-01 . ... ..
8-inch FLOPPIES
Double-Density, FD34-8000 . $43.95

‘RINGS’ &
THINGS

HUB RING KIT for 5% disks $10.95
HUB RING KIT for 8" disks
REFILLS (50 Hub Rings)
CLEANINGKIT for 5%4" drives .
SVa-inch diskette case
8-inch diskette case
5 -inch File Box for
50diskettes

8-inch File Box for
50 diskettes

..$26.95

*Add $3.00 for shipping
& handling
©$3.00 EXTRA for C.O.D.
S «Ohio residents add 6.6%
sales tax.




Listing 1: A simple program in Atari BASIC demonstrating coarse scrolling. Both
horizontal and vertical scrolling are combined, but the end result is rather clumsy. The
entire address space of the computer will be displayed.

10 DLIST = PEEK(S60) + 256-PEEK(561):REM find display list

20 LMSLOW =DLIST+4:REM get low address of LMS operand
30 LMSHIGH =DLIST +5:REM get high address of LMS operand
40 FOR I=0TO 255:REM outer loop

50 POKE LMSHIGH,I .

60 FORJ=0TO 255:REM inner loop

70 POKE LMSLOW,]

80 FOR Y=1TO S0:NEXT Y:REM delay loop

90 NEXT]

100 NEXT I

Listing 2: An Atari BASIC program demonstrating a pure vertical scroll. The line length
(in bytes) is either added to or subtracted from the LMS operand to achieve upward and
downward scrolling, respectively. Lines 70, 120, and 130 accomplish this for upward
scrolling only.

10 GRAPHICS 0

20 DLIST =PEEK(560)+ 256-PEEK(561)

30 LMSLOW=DLIST +4

40 LMSHIGH=DLIST +5

50 SCREENLOW=0

60 SCREENHIGH=0

70 SCREENLOW =SCREENLOW +40:REM next line
80 IF SCREENLOW <256 THEN GOTO 120:REM overflow?
90 SCREENLOW =SCREENLOW ~ 256:REM yes, adjust pointer
100 SCREENHIGH=SCREENHIGH + 1

110 IF SCREENHIGH =256 THEN END

120 POKE LMSLOW,SCREENLOW

130 POKE LMSHIGH,SCREENHKIGH

140 GOTO 70

Listing 3: An Atari BASIC program demonstrating pure horizontal scrolling. Each
display line is actually 256 characters (bytes) long, though only 20 can be observed at
any time. The 256-byte line is used in this example to simplify the program by avoiding
the use of 2-byte address manipulations. The display produced scrolls from right to left.
Upon reaching the end of the line, it starts over from the beginning.

10 REM first set up the display list

20 POKE 1536,112:REM 8 blank lines

30 POKE 1537,112:REM 8 blank lines

40 POKE 1538,112:REM 8 blank lines

50 FORI=] TO 12:REM loop to put in display list

60 POKE 1536+ 3+1,71:REM BASIC mode 2 with LMS set
70 POKE 1536+ 3-1+1,0:REM low byte of LMS operand

80 POKE 1536+ 3+1+2,:REM high byte of LMS operand
90 NEXTI

110 POKE 1575,65:REM ANTIC JVB instruction

110 'POKE 1576,0:REM ] display list starts at $0600

120 POKE 15717,6

130 REM tell ANTIC where display list is
140 POKE 560,0

150 POKE 561,6

160 REM now scroll horizontally

170 FOR =0 TO 235:.REM loop through LMS low bytes
175 REM we use 235—not 255—because screen width is 20 characters
180 FOR I=1TO 12:REM for each mode line

190 POKE 1536 +3<J+1,I:REM put in new LMS low byte

200 NEXT]

210 NEXTI

220 GOTO 170:REM endless loop
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data areas. Figure 1 illustrates this
idea. On the left is the normal ar--
rangement. One-dimensional serial
RAM is stacked in linear sequence to
create the screen-data area. On the
right is the arrangement needed for
proper horizontal scrolling. The
RAM is still one-dimensional and
serial, but it is now used differently.
The RAM for each horizontal line ex-
tends much further than the screen
can show. This is no accident. The
whole point of scrolling is to let a pro-
gram display more information than
the screen can hold. We can’t show all
that extra information if we don't
allocate the RAM to hold it. With this
arrangement we can implement true
horizontal scrolling. We can move
the screen window over the screen
data without the undesirable vertical
roll of the earlier approach.

The first step in implementing pure
horizontal scrolling is to determine
the total horizontal line length and
allocate RAM accordingly. Next, a
completely new display list with an
LMS instruction on each mode line is
written. The display list will, of
course, be longer than usual, but
there is no reason why we cannot
write such a list. What values are
used for the LMS operands? It is most
convenient to use the address of the
first byte of each horizontal screen-
data line, the points marked with Xs
in figure 1. Each mode line on the
screen will have one such address.
Once the new display list is in place,
ANTIC must be informed of it and
screen data must be written to
populate the screen. To execute a
scroll, each and every LMS operand
in the display list must be in-
cremented for a rightward scroll or
decremented for a leftward scroll
Program logic must insure that the
image does not scroll beyond the
limits of the allocated RAM areas;
otherwise, garbage displays will
result. In setting up such logic, the
programmer must remember that the
LMS operand points to the first
screen-data byte in the displayed line.
The maximum value of the LMS
operand is equal to the address of the
last byte in the long horizontal line
minus the number of bytes in one
displayed line. As this process is



Systems Group System 2800
computers. They’re making
people stand up and take notice.

But then Systems Group
products have always appealed
to those who appreciate sensible
value, high performance, un-
matched reliability and prompt,
courteous service.

Through the years, Systems
Group product. acceptance in
Z80 CPU, disk controller, I/0
and memory boards have been
the result of some very pur-
poseful and carefully thought
out engineering. Not to mention
strict industrial quality produc-
tion standards.

That same effort has made
System Group’s new family of
expandable System 2800 com-
puters what they are today.

Fast, reliable and powerful.

System 2800 computer sys-
tems are designed for a single
user with 64K of memory or for
up to as many as six separate
users with additional add-in
memory. They can easily ex-
pand as your organization’s
needs grow.

You can handle up to 8000
customers and 24,000 inventory
items in our lowest cost dual
floppy model and much, much
more in our 40M byte hard disk
models. And you can connect up
to 12 terminals or printers and
other add-on Systems Group
floppy, tape and hard disk
single or dual drive subsystems.

Select CP/M! MP/M'or
OASIS"perating systems to run
all your word processing and

accounting programs. No mat-
ter what size organization you
control, control-
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easier from
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See the
System 2800
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rather intricate, let us work out an ex-
ample.

First, the total horizontal line
length is selected. For this example,
we shall use a horizontal line length
of 256 bytes. This will simplify ad-
dress calculations. Each horizontal
line will then require one page of
RAM. Since we will use BASIC mode
2, 12 mode lines will be on screen;
thus, 12 pages, or 3 K bytes, of RAM
will be required. For simplicity (and
to guarantee that our screen RAM
will be populated with nonzero data)
we will use the bottom 3 K bytes of
RAM. Since this area is used by the
operating system and disk operating
system, it should be full of interesting
data. To make matters more interest-
ing, we'll put the display list on page
6 so that we can display it on the
screen as we are scrolling. The initial
values of the LMS operands will thus
be particularly easy to calculate: the
low-order bytes will all be zeros and
the high-order bytes will be (in order)
0, 1, 2, etc.

The program in listing 3 performs
these operations and scrolls the screen
horizontally. This program scrolls the
data from right to left. When the end
of a page is reached, it simply starts
over at the beginning. When execut-
ing this program, the display list is
found on the sixth line down (it's on

NORMAL DATA ARRANGEMENT

page 6). It appears as a sequence of
double quotation marks.

The next step is to mix vertical and
horizontal scrolling to get diagonal
scrolling. Horizontal scrolling is
achieved by adding 1 to or subtract-
ing 1 from the LMS operand. Vertical
scrolling is achieved by adding the
line length to or subtracting the line
length from the LMS operand.
Diagonal scrolling is achieved by ex-
ecuting both operations. Four
diagonal-scroll directions are possi-
ble. If, for example, the line length is
256 bytes and we wish to scroll down
and to the right, we must add
256+ (—1)=255 to each LMS
operand in the display list. This is a
2-byte add; the BASIC program ex-
ample given in listing 3 avoids the dif-
ficulties of 2-byte address manipula-
tions. However, most programs will
not be so contrived. For truly fast
two-dimensional scrolling, assembly
language is necessary.

All sorts of weird arrangements are
possible if we differentially manipu-
late the LMS bytes. Lines could scroll
relative to each other, or hop over
each other. Some of this could be
done with a conventional display, but
more data would have to be moved to
do it. The real advantage of LMS
scrolling is its speed. Instead of
manipulating an entire screen full of

ARRANGEMENT FOR HORIZONTAL SCROLL
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Figure 1: Figure 1a shows how screen data are normally organized. Horizontal scrolling
can be accomplished by arranging the screen-data area as shown in figure 1b.

data many thousands of bytes in size,
a program need only manipulate
perhaps a few dozen bytes.

Fine Scrolling

The second important scrolling
facility of the Atari 400/800 is the
fine-scrolling capability, scrolling a
pixel in steps smaller than the pixel
size. Coarse scrolls proceed in steps
equal to one pixel dimension; fine
scrolls proceed in steps of one scan
line vertically and one color clock
horizontally. Fine scrolling can only
be carried so far. To get full fine
scrolling over the entire screen, we
must use fine scrolling with coarse
scrolling.

Only two steps are required to im-
plement fine scrolling. First, we set
the fine-scroll enable bits in the
display-list instruction bytes for the
mode lines in which we want fine
scrolling. (Since we generally want
the entire screen to scroll, we set all
the scroll enable bits in all the
display-list instruction bytes.) Bit D5
of the display-list instruction is the
vertical-scroll enable bit; bit D4 of the
display-list instruction is the
horizontal-scroll enable bit. We then
store the scrolling value desired into
the appropriate scrolling register.

Two scrolling registers are avail-
able, one for horizontal scrolling and
one for vertical scrolling. The
horizontal-scroll register (HSCROL)
is at hexadecimal address D404; the
vertical-scroll register (VSCROL) is at
hexadecimal address D405. For hori-
zontal scrolling, we store in HSCROL
the number of color clocks by which
we want the mode line scrolled. For
vertical scrolling, we store in
VSCROL the number of scan lines
that we want the mode line scrolled.
These scroll values will be applied to
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ONE CHARACTER

}

START FINE
POSITION SCROLL
ONCE

FINE FINE

TWICE
TIMES
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THREE

PIXEL
FINE FINE FINE FINE RESET AND
SCROLL SCROLL SCROLL SCROLL TO COARSE
FOUR FIVE SIX SEVEN  START SCROLL
TIMES TIMES TIMES TIMES POSITION

Figure 2: In order to achieve fine scrolling over the entire display screen, a combination of fine and coarse scrolling is used. After the
seventh fine scroll is performed, the fine-scroll register is reset and a coarse scroll is performed.
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The 2nd Gnerution”‘is here!

MEASUREMENT systems & controls proudly
introduces its new and exciting “2nd Generation”
family of S-100* compatible products. Each has
been specifically designed for use with
multi-user and network
operating systems such
as MP/M, CP/NET, and
OASIS. Every product is
fully tested and burned-
in, comes with a 1 year
guarantee, and offers
you features not
currently available from
any other source.

— The most
powerful CPU board available today. Outstanding
features include 4MHz operation, high-speed serial
and paralle! /O utilizing DMA or programmed
control, eight vectored priority interrupts, and a
real time clock.

. For use in
expanded systems requiring up to eight additional
serial I/O ports. Features include: 16 maskable

*All products meet the new |EEE standards.

vectored priority interrupts, RS-232C interfaces

with full handshake, asynchronous or synchronous
operation with asynchronous baud rates to 19,200.

Available in four or eight channel versions.

controls up to four 5%-
inch or 8-inch disk drives
using IBM soft sectored

formats. It features 1K

of on-board buffering,
DMA controlled data
transfers and the per-
formance character-
istics of the superior
NEC 765 chip.

Features include /O port addressing for bank
select with 256 switch selectable I/O ports for the
memory bank addressing. The memory is
configured as four totally independent 16K
software-selectable banks, with each bank
addressable on any 16K boundary.

“Attractive Dealer & OEM Prices”

WA G BN Group

A Divisionof MEASUREMENT systems & controls
incorporated

For dealers only, circle 409
All other inquiries, circle 410

See your nearest computer dealer, or
contact us for the complete story on
The 2nd Generation.

1601 Orangewood Ave., Orange, CA 92668
TWX/TELEX: 910 593 1350 SYSTEMGRP ORGE
714-633-4460
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Are you faced with having to
spend $3000 and up for a
letter-quality printer?

Mediamix offers an altemative.

For only $500 the
Mediamix ETI’ lets you
cannect the IBM Electronic
Typewriter Madels 50,60,
or 75 to any computer. Why
invest in two separate
machines? Your office
typewriter can do both jobs,
yielding better type quality,
a cansistent corporate
image and renowned
IBM service.

The ETI’ is
no simple black
box, either. ltisa
- sophisticated micro-

computer

- with

Ca s 2000
L et e charac-

ters of memory, over 39
special commands and the
option of doing typesetting
on the IBM Model 50.

Write or Call

MEDIAMIX

P.O. Box 67B57
Los Angeles, California 90067
(213)475-9949
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Listing 4: An Atari BASIC program demonstrating fine scrolling. Scroll registers should
be changed only during vertical blanking, necessitating assembly-language program-
ming for most applications. Otherwise, ANTIC gets confused and causes the screen to

jerk.

1 HSCROL = 54276

2 VSCROL =54277

10 GRAPHICS O:LIST

20 DLIST =PEEK(560) + 256+PEEK(561)
30 POKE DLIST +10,50:REM
40 POKE DLIST +11,50:REM
50 FORY=0TO?7

60 POKE VSCROL,Y:REM
70 GOSUB 200:REM

80 NEXTY

90 FORX=0TO3

100 POKE HSCROL,X:REM
110 GOSUB 200:REM

120 NEXT X

130 GOTO 40

200 FORI=1TO 200

210 NEXT I:RETURN

enable both scrolls
do it for two mode lines

vertical scroll

delay

horizontal scroll
delay

every line for which the respective
fine scroll is enabled.

Two complicating factors are en-
countered when we use fine scrolling.
Both arise from the fact that a partial-

‘ly scrolled display shows more infor-

mation than a normal display. Con-
sider, for example, what happens
when we horizontally scroll a line by
half a character to the left. The 40th
character scrolls to the left, but what
takes its place? Half of a new 41st
character should scroll over to take
the place of the now scrolled 40th
character. But there are only 40
characters in a normal line.

The solution to this prcblem has
already been built into the hardware
with three display options for line
widths: the narrow playfield (128 col-
or clocks wide), the normal playfield
(160 color clocks wide), and the wide
playfield (192 color clocks wide).
These options are chosen by setting
appropriate bits in the DMACTL
register. (DMACTL is at "address
D400 hexadecimal; most users will
access shadow register SODMCTL at
address 22F hexadecimal.) When
using horizontal fine scrolling,
ANTIC automatically retrieves more
data from RAM than it displays. For
example, if DMACTL is set for nor-
mal playfield, which in BASIC mode
0 has 40 bytes per line, ANTIC will
actually retrieve data at a rate ap-
propriate to wide playfield—48 bytes
per line. This will throw -lines off

horizontally if it is not taken into ac-
count. The problem does not appear
if the programmer has already
organized screen RAM into long
horizontal lines as in figure 1.

The corresponding problem for
vertical scrolling can be handled in
two ways. The sloppy way is to ig-
nore it. We will not ‘get half images at
both ends of the display. Instead, the
images at the bottom of the display
will not scroll properly; they will sud-
denly pop into view. The proper way
takes very little work.

To get proper fine scrolling into
and out of the display region, we
must dedicate one mode line to act as
a buffer. This is done by refraining
from setting the vertical-scroll bit in
the display-list instruction of the last
mode line of the vertically scrolled
zone. The window will now scroll
without the unpleasant jerk and the
screen image will be shortened by one
mode line. An advantage of scrolling
displays now becomes apparent. It is
quite possible to create screen images
that have more than 192 scan lines in
the display. This could be disastrous
with a static display. However, with
a scrolling display, images above or
below the displayed region can
always be scrolled into view.

Fine scrolling will only scroll so far.
The vertical limit is 16 scan lines; the
horizontal limit is 16 color clocks. If
we attempt to scroll beyond these
limits, ANTIC simply ignores the
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The guy on the left

doesn’t stand a chance.

The guy on the left has two file folders, a news maga-
zine, and a sandwich.

The guy on the right has the OSBORNE 1@, a fully
functional computer system in a portable package the size
of a briefcase. Also in the case are the equivalent of over
1600 typed pages, stored on floppy diskettes.

The owner of the OSBORNE 1 is going to get more
work done—and better work done—in less time, and with
less effort.

Unfold it, plug it in, and go to work
like you've never worked before. . . .

Go to work with WORDSTAR® word processing, so
your correspondence, reports, and memos take less time
to produce, and say more of what you wanted to say. And
with MAILMERGE®—the mailing system that turns out
personalized mass mailings in the time you'd spend on a
rough draft.

Go to work with SUPERCALC®, the electronic
spreadsheet package that handles complex projections,
financial planning, statistics, and “whatif" questions in-
stantly. For the more technically minded, SUPERCALC will
process scientific data and calculate results.

Go to work with powerful BASIC language tools—
the CBASIC-2® business BASIC, or the Microsoft BASIC®
interpreter.

That’s standard equipment.

Options include about a thousand different software
packages from a host of vendors designed to run on the
CP/M® computer system.

Go to work at the oftice, athome, or in the field.

Or anywhere. Optional battery packs and telephone

Circle 289 on inquiry card.

transmission couplers mean you need never work without
the capabilities of the OSBORNE 1. That's good, because
you won't want to work again without it.

All for $1795. It's inevitable.

The OSBORNE 1 is the productivity machine that's
changing the way people work. Put simply, the machine
delivers a significant productivity edge—day in and day
out—to virtually anyone who deals with words or num-
bers. Or both.

Since the entire system is only $1795, it won't be too
long before the guy on the left has an OSBORNE 1 of his
own. The same probably goes for the person reading
this ad. In fact, we think it's inevitable.

The OSBORNE 1 includes a ZB0OA®CPU, 64K
bytes of RAM memory, two 100 kilobyte
floppy disk drives, a business keyboard,
bullt-in monitor, IEEE 488 and RS232 inter-
faces for printers and other things that
get connected to computers, glus
P/M, CBASIC-2, Microsoft BASIC,
WORDSTAR, and SUPERCALC. The
system is available from com-
puter retailers nationally.

$1795.1t’s
inevitable.

SBOF

D

COVIPUTER CORPORATION

26500 Corporate Avenue Hayward, California 94545
Phone (415) 887-8080 TWwX (910) 383-2021
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higher bits of the scroll registers. To
get full fine scrolling (in which the en-
tire screen scrolls smoothly as far as
we wish), we must couple fine scroll-
ing with coarse scrolling. To do this
we first fine scroll the image, keeping
track of how far it has been scrolled.
When the amount of fine scrolling
equals the size of the pixel, we reset
the fine-scroll register to zero and ex-
ecute a coarse scroll. Figure 2 il-
lustrates the process.

The program in listing 4 illustrates
simple fine scrolling. It shows fine
scrolling taking place at very slow
speed and demonstrates several prob-
lems that arise when using fine scroll-
ing. First, the display lines below the
scrolled window are shifted to the
right. This is due to ANTIC's
automatically retrieving 48 bytes per
line instead of 40. The problem arises
only in unrealistic demonstration
programs such as this one. In real
scrolling applications, the arrange-
ment of the screen data (as shown in
figure 1) precludes this problem. A
more serious problem arises when the
scroll registers are modified while

ANTIC is in the middle of its display
process. This confuses ANTIC and
causes the screen to jerk. The solution
is to change the scroll registers only
during vertical-blank periods. This
can be done only with assembly-
language routines. Thus, fine scroll-
ing normally requires the use of
assembly language.

Applications

The applications of full fine scroll-
ing for graphics are numerous. An
obvious application is for large maps
created with character graphics.
Using BASIC graphics mode 2, [ have
created a large map of Russia that
contains about 10 screens full of im-
age. The screen becomes a window to
the map. The user can scroll over the
entire map with a joystick. The
system is very memory efficient: the
entire map program, data, display
list, and character-set definitions re-
quire a total of about 4 K bytes of
RAM.

Any very large image that can be
drawn with character graphics is
amenable to this system. (Scrolling

“UWe Bring Zuality
Forns To The
2%:' q : L
7 working day BUSH servica
FREE demo samples
Quality design

Very COMPETITIVE PRICES
Personalized assistance

FREE shipping - in continental U.5.

COMPLIMENTARY guotes on
custom farms
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Anchor = Accouwiing Plus = BP1 = Dasigner * MCS

E_ﬂ Checks B384 Hercules St.
~ To-Go La Mesa, CA 92041

CALL TOLL FREE: (800) 854:2750; (800) 552-8817 in CA

Currently providing forms support
far:
Systems Plus » Veclar » TGS = Alpha Micro

Radio Shack = Inzoll * IMS = Conlinendal = DIBS
Libra = Struciured Sysiems Group = Prachires

Graham Dorlan = MCEA = Ourango = Dynabyle

Call NOW for FREE sample forms
packet. Your customer service
representative is waiting to assist
you with your continuous forms
needs!

Circle 72 on inquiry card.

does not require character graphics,
but map graphics are less desirable
for scrolling applications because of
their large memory requirements.)
Large electronics schematics could be
presented in this way. The joystick
could be used both to scroll around
the schematic and to indicate par-
ticular components that the user
wishes to address. Large blueprints or
architectural diagrams could also be
displayed with this technique. Any
big image that need not be seen in its
entirety can be presented with this
system.

Large blocks of text are also usable
here, although it might not be prac-
tical to read continuous blocks of text
by scrolling the image. This system is
better suited to presenting blocks of
independent text. One particularly
exciting idea is to apply this system to
menus. The program starts by pre-
senting a welcome sign on the screen
with signs pointing to submenus in
other regions of the larger image.
“This way to addition” might point
up; "this way to subtraction” might
point down. Users scroll around the
menu with the joystick perusing their
options. When making a choice, a
cursor is placed on the option and the
red button is pressed. Although this
system could not be applied to all
programs, it could be of great value
to certain types of programs.

. . . And More

Two blue-sky applications of fine
scrolling have not yet been fully ex-
plored. The first is selective fine
scrolling, in which different mode
lines of the display have different
scroll bits enabled. Normally, we
would want the entire screen to
scroll, but it is not necessary to do so.
We could select one line for horizon-
tal scrolling only, another line for
vertical scrolling only, and so forth.
The second blue-sky feature is the
prospect of using display-list inter-
rupts to change the HSCROL or
VSCROL registers “on the fly.”
Changing VSCROL on the fly is a
tricky operation; it would probably
confuse ANTIC and produce
undesirable results. Changing
HSCROL is also tricky, but might be
easier.®
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A Closer Look
at the IBM Personal Computer

What microcomputer has color
graphics like the Apple II, an

80-column display like the TRS-80
Model II, a redefinable character set

like the Atari 800, a 16-bit micro-
processor like the Texas Instruments
T199/4, an expanded memory space
like the Apple III, a full-function
uppercase and lowercase keyboard
like the TRS-80 Model 111, and BASIC
color graphics like the TRS-80 Color
Computer? Answer: the IBM Per-
sonal Computer, which is a synthesis
of the best the microcomputer in-
dustry has offered to date. It has a

Gregg Williams
Senior Editor

number of interesting features and a
few flaws, but it is easily the best-
designed microcomputer to date. In
this article, I will take a closer look at
the IBM Personal Computer, inside
and outside.

An Overview

The IBM Personal Computer
(photos 1 and 2) is housed in two
units, the keyboard and the System
Unit. The keyboard (photo 3) has a
standard typewriter layout with the
addition of a numeric keypad to the
right, a set of function keys to the

Photo 1: The IBM Personal Computer System with a non-IBM color monitor.
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left, and miscellaneous other keys to
bring the total number to 83. It is con-
nected by a coiled cable to the System
Unit, which houses the Intel 8088
microprocessor, the 40 K-byte ex-
tended Microsoft BASIC in ROM
(read-only memory), up to 64 K
bytes of dynamic memory, up to two
disk drives, a cassette interface, a
built-in speaker, and five expansion
slots. (Extra dynamic memory cards
placed in expansion slots can bring
the total up to 256 K bytes.)

Other peripherals include the IBM
Monochrome Display (shown in
photo 2) and the IBM 80 CPS
(characters per second) Matrix




Printer (shown with the optional
printer stand in photo 1).

What's It Going to Cost?

The IBM Personal Computer is an
impressive unit. But how much is it
going to cost? Although the compo-
nent prices in the “At a Glance” text-
box look reasonable (the System Unit
and keyboard are only $1265), the
price of a usable configuration is
somewhat higher. The higher cost is
due to a marketing technique called
unbundling, which is common in the
computer industry and a trademark
of IBM in particular. When a system
is unbundled, components that usual-
ly are priced as one are priced sepa-
rately. In the case of the IBM Per-
sonal Computer, the main unit needs
one of two video-display adapter
cards, a monitor or television set, a
cable, and perhaps an external radio-
frequency (RF) modulator.

Table 1a shows several sample con-
figurations of the IBM Personal Com-
puter, and tables 1b and 1c show the
list prices of comparable Apple II and
Radio Shack TRS-80 Model III units
with 48 K bytes of memory and one
disk drive. The IBM unit is somewhat
more expensive than the standard
configurations (note that the Apple 11
Plus is less expensive if you want only
40-column uppercase output). Still,
you get a lot more for your money.

Video-Display Options

One thing not commonly under-
stood about the IBM Personal Com-
puter is that you must choose be-
tween two separate ways of getting
video output. The Monochrome
Display and Printer Adapter gives
high-quality black-and-white output
only, while the Color/Graphics
Monitor Adapter can produce color
graphics or text. Each takes one of the
five expansion slots available on the
IBM motherboard (called the System
Board by IBM). While you could
have both kinds of output by using
both adapter cards, most people will
not want to tie up the extra slot (more
on that later).

The monochrome adapter card is
most suited to IBM machines that will
be used in an office environment
only. The adapter card gives you a

Photo 3: The IBM Personal Computer keyboard unit.

TN,

Photo 2: The IBM Personal Computer System with the IBM Monochrome Display.

SR Lell i =
T LLPEELEE
S 393

A S AER
=] ] L]

January 1982 © BYTE Publications Inc 37



P e

ROyt ~EICOURTe

HIf =X g A~S
B e e I L Tl B = TR, 5

a
‘-
14
H
\
)4
a
¥
/1‘,
k

[V [0 DIN 00N XK A
1A BEd B DA A0+

N - OINR N <]
-on 4 acips >0 =@
B - HCDIS U XONe
M M EETI0'C I Z- -2

O TN 0|

I a1l

L

liae T R S S B
)

e

Jii--

=l
-

S RCEIL FoISI

0 [ (O OIS Cler
- Qd] k10 EIX <

& ||¢2|m|.di~
R (2 100D KEONL

—-—
A SE e

Photo 4: The 256 characters available on the IBM Personal Computer video display.

sharp 25-line by 80-column display
with well-formed characters. A 9 by
14 dot matrix is used, and characters
are displayed within a 7 by 9 dot
matrix; this makes for an extremely
readable screen, an important factor
if you are using the computer for long
periods of time.

Among the 256 characters
available are miscellaneous graphics
characters (musical note, male and
female symbols), all standard upper-
case and lowercase letters, numbers,
punctuation, some familiar foreign-
language, Greek, and mathematics
symbols, and a set of rectangular
shapes that can be combined to create
rectangles and lined tables. A display
of the full 256-character set is shown
in photo 4.

Although you can use a suitable
monitor if you want, the IBM Mono-
chrome Display is also available. The
IBM monitor has a green-phosphor
tube and matches the appearance of
the rest of the system.

The monochrome adapter card
contains 4 K bytes of on-board
memory. (In this article, 8 bits will be
referred to as a “byte,” as opposed to
a 16-bit “word.”) The on-board
display memory prevents the
available system memory from being
steadily decreased by peripheral

38 January 1982 © BYTE Publications Inc

cards. In addition, due to the
architecture of the 8088
microprocessor, the on-board

memory itself does not reduce the
main memory address space available
to the IBM microcomputer; in con-
trast, the memory taken by the video
display of an 8-bit microcomputer
always reduces its 64 K-byte work-
space.

=
The manuals will set
the standard for
all microcomputer
documentation in
the future.

Twenty-five lines of 80 characters
each amounts to only 2000
characters, yet the on-board display
memory has 4096 bytes. The reason
for this is that the IBM Personal Com-
puter always uses two bytes per
stored character, regardless of the
adapter card used. When the mono-
chrome adapter card is used, in-
dividual characters can have any of
the following characteristics: invisible
(white-on-white, black-on-black),
blinking, high-intensity, or underline.
The permissible combinations of
these are shown in figure 1.

One final advantage of the mono-
chrome adapter card is that it in-
cludes an interface to the IBM 80 CPS
Matrix Printer, which saves you the
expense of an IBM Printer Adapter
card (around $150) and one expan-
sion slot.

Of course, the main disadvantage
of the monochrome adapter card is
that it does not produce color
graphics. As you can see from photos
Sa through 5d, this is some disadvan-
tage. The graphics available through
the color/graphics adapter card are
very good—slightly better than color
graphics on existing microcomputers,
and they are more versatile and easier
to use.

Color/Graphics Monitor Adapter

Residing in one of the five expan-
sion slots in the System Unit, the
Color/Graphics Monitor Adapter has
16 K bytes of on-board memory, can
display two kinds of text and two
(actually, three) kinds of graphics,
and allows you to connect to a black-
and-white monitor or to a color
monitor with composite or RGB (red-
green-blue) input, or to a color tele-
vision. The color pictures accom-
panying this article were made with a
$1000 RGB color monitor, so don't
expect such stunning graphics to
come from your composite monitor
or an ordinary color television. (RGB
monitors are more expensive and pro-
duce better images because they have
separate red, green, and blue inputs
to get a more detailed image. For an
RGB monitor to work properly with
the color/graphics adapter card, it
must accept the following signals:
red, green, blue, intensity, horizontal
drive, vertical drive, and ground.
RGB monitors that do not have an in-
tensity signal can display only 8 of
the possible 16 colors.)

Let's consider graphics first. The
IBM color/graphics adapter card has
three color-graphics resolutions, only
two of which are supported by the
system software in ROM. The first
mode, the IBM low-resolution mode,
is unsupported by IBM. It gives you a
display of 100 rows and 160 pixels
(picture elements), each of which can
be any of the standard 16 colors (for
the color list, see table 2). IBM



I CHARACTER CODE -
1 EVEN ADDRESS (M)

ODD ADORESS (M+1)

L T T T
IBLIaz allaol | Irzln lrol ATTRIBUTE CODE —
1

t FOREGROUND DATA

INTENSITY BIT
BACKGROUND DATA
BLINK BIT

BACKGROUND | FOREGROUND

B2 Bl BO |[F2 F1 FO

RESULTING
CHARACTER

0 0 0 0 0 0
0 0 0 0 0 1
0 0 0 1 1 1
1 1 1 0 0 0

1 1 1 1 1 1

NONDISPLAY (BLACK ON BLACK)
NORMAL UNDERLINED CHARACTER
NORMAL CHARACTER
REVERSE CHARACTER

IBLACK ON WHITE)
NONDISPLAY (WHITE ON WHITE)

Figure 1: Character storage within the monochrome adapter board.

representatives told me that the only
way to use this mode is to directly
address the Motorola 6845 CRT Con-
troller, which is at the heart of both
the monochrome and color/graphics
adapter cards. (For both units, the
6845 device is addressed through two
ports: hexadecimal 3D4 and 3D5;
more information on this is given in
Technical Reference, the IBM Per-
sonal Computer manual.)

The IBM medium-resolution mode
is comparable to what Apple calls its
high-resolution mode. It allows 200
rows of 320 pixels each, with four
possible colors. (The Apple II allows
four colors plus black and white.)
The colors are referred to in memory
as colors 0 through 3. Color 0 can be
any of the 16 colors available, while
colors 1 through 3 are set by choosing
one of two three-color sets. Set 1 pro-
duces cyan, magenta, and white,
while set 2 produces green, red, and
brown; only the colors from one set
are available at any one time. Each
byte represents 4 pixels; the mapping
scheme is shown in figure 2.

The IBM high-resolution mode uses
a white-on-black image and gives you
control of 200 rows of 640 pixels
each. (Although it is not a well-
known fact, the Apple II can display
a resolution of 192 by 560 on a black-
and-white monitor, although there
are some limitations to pixel locations

and the mode must be supported by
user-supplied software.) In the IBM
high-resolution mode, the mapping of
graphics bytes to video scan lines is
the same as for medium-resolution
graphics, but each byte represents 8
pixels.

Photos 6a and 6b show one edge of
the screen to highlight the differences
between IBM medium-resolution and
high-resolution graphics. As you
would expect, corresponding lines in
the IBM high-resolution mode are
finer drawn, but I can't see that much
difference between the two modes.

The color/graphics adapter card
supports two text formats: the first,
suitable for color televisions and
composite monitors, is 25 rows of 40
characters each, while the second,
usable by RGB monitors only, is 25
rows of 80 characters each. The card
displays characters in an 8 by 8 dot
matrix, with characters being drawn
in a 5 by 7 dot matrix.

Although the IBM microcomputer
has separate text and graphics modes,
text can be displayed while in the
graphics mode. If you are in graphics
mode and want to print text, you
simply give the appropriate com-
mand (for example, PRINT when in
BASIC) and the computer draws the

Photos 5a-5d: Four examples of IBM
medium-resolution color graphics.
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characters on the graphics screen
automatically. An example of this is
shown in photo 7. While using a text
screen, you have access to the same
256-character set used by the
monochrome adapter card. If you are
using a graphics screen, you have ac-
cess to only the bottom 128

characters (some symbols, all punc-
tuation, digits, uppercase and lower-
case letters). The top 128 characters
can be user defined by pointing inter-
rupt vector hexadecimal 1F (con-
tained in hexadecimal memory loca-
tions 7C through 7F) to the beginning
of a 1 K-byte area that defines the

1a

card
all the above, plus a second disk drive

1b
Apple Il Plus

1c
Radio Shack TRS-80 Modeli IlI

sions to be compared are shaded.

IBM Personal Computer (suggested retail prices)
48 K-byte cassette-based unit with color/graphics adapter card
all the above, plus one floppy-disk drive, adapter card, and DOS software

all the above, plus 16 K bytes more (total, 64 K bytes) and game adapter

all the above, plus one 64 K-byte card (total, 128 K bytes)

48 K-byte Apple 11 Plus with one floppy-disk drive and DOS software

all of the above, plus Videx Videoterm and Entancer 1| (1o modity
Apple for B0-column display and upper- and lowercase keyboard)

48 K-byte unil with one floppy-disk drive and DOS sottware

Table 1: Prices for several versions of the IBM Personal Computer and roughly com-
parable Apple 11 Plus and Radio Shack TRS-80 Model Ill microcomputers. The ver-

$1745
22575

$2720

$3290
$3830

$2175

52788

$1995

P ——

' Intensity Red Bit Green Bit Blue Bit Color
0 0 0 0 Black
0 0 0 1 Blue
0 0 1 0 Green
G 0 1 1 Cyan
0 1 0 0 Red
0 1 0 1 Magenta
0 1 1 0 Brown
0 1 1 1 Light Gray
1 0 0 0 Dark Gray
1 0 0 1 Light Blue
1 0 1 0 Light Green
1 0 1 1 Light Cyan
1 1 0 0 Light Red
1 1 0 1 Light Magenta
1 1 1 0 Yellow
1 1 1 1 White

Table 2: The 16 available colors on the IBM Personal Computer, and their represen-
tation in memory. When only the first eight colors are available (intensity =0), they
.can be represented with only the bottom three bits.
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dot pattern of the top 128 characters,
8 bytes per character.

In the text modes, each character
can be one of sixteen colors, with the
background of that character being
one of eight colors, or the text can be
displayed without a color signal (for
black-and-white monitors). This is
done automatically in BASIC with
the COLOR statement. The data that
cause a given combination are stored
in the attribute byte for each
character. Figure 3 shows the layout
of the data in the attribute byte, and
photo 8 shows an example of multiple
background and foreground colors
used with text.

Since the color/graphics adapter
card has 16 K bytes of memory and
the two kinds of text pages take only
2000 and 4000 bytes, respectively,
you can store up to four 80-column
pages of text or eight 40-column
pages at once. In addition, you can
specify the display of a page indepen-
dent of the page actually being writ-
ten to at the moment. In BASIC, all
this is available from the SCREEN

statement. .

Inside the Main Unit

The IBM Personal Computer is as
well designed on the inside as it is on
the outside. As shown in photo 9a,
the five expansion slots are in the up-
per left corner, the memory and an
internal speaker are in the lower left
corner, and the floppy-disk drives (if
any) are in the lower right corner.
Figure 4 shows the signals on the IBM
expansion slot, and table 3 gives the
full names of the signals. The bus
allows four DMA (direct-memory ac-
cess) channels, one of which is used to
refresh the dynamic memory, the
others for high-speed DMA data
transfer between memory and periph-
eral cards. In addition, the bus sup-
ports eight levels of interrupts, six of
which are available to the user.

The system memory is shown in
detail in photo 9b. The set of eight
large integrated circuits with gold
faces is the 40 K-byte extended
Microsoft BASIC in ROM. Notice the
empty socket at the bottom of the
same row; this can house an 8 K-byte
ROM or EPROM (erasable program-
mable read-only memory). Just to the



right of the ROMs are four rows of
4116 dynamic memory rated with an
access time of 250 ns. Only the first
row is filled in a 16 K-byte IBM
microcomputer; successive rows are
filled to bring the microcomputer to
64 K bytes before additional memory
is added through the expansion slots.

Notice that there are nine in-
tegrated circuits per row. The device
on the extreme left is used as a parity
bit. To increase the reliability of the
system, IBM has made all user
memory (i.e., all the memory used
for programs and data) 9 bits wide.
When a parity error is detected, the
IBM microcomputer issues the ap-
propriate error message and stops
whatever program is running; this
prevents an application program
from continuing if it has read the
memory incorrectly.

In the middle of the right half of the
board are two DIP (dual inline
package) switches that set certain
parameters of the system. The posi-
tions of these switches tell the IBM
microcomputer how many disk
drives are installed, what kind of
video device is attached, and how
much memory is in the system. These
switches are usually hidden by the

I I
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floppy-disk-drive cables, as shown in
photo 9a.

Photo 9c shows the Intel 8088
microprocessor (the large device in
the center) and, above it, an in-
tegrated circuit socket identified by
IBM only as an "auxiliary processor
socket.” An IBM representative
would only say that the slot could
house “any architecturally compat-
ible processor,” but it is probable that
the device to go in that slot is an Intel
8087, a mathematics coprocessor
device. With the appropriate soft-
ware, the Intel 8087 or something
similar could improve the perfor-
mance of the IBM microcomputer.

Photo 9d shows one of the IBM
peripheral cards, the 64KB Memory
Expansion Option. This card is in-
teresting in that it uses two modified
4116 16 K-bit dynamic memory
devices “piggybacked” into each
18-pin socket. IBM was buying a lot
of these two years ago—now we
know where they went.

The Intel 8088 itself is functionally
equivalent to the 16-bit Intel 8086
microprocessor, except that all 16-bit
input/output (I/0) is done 8 bits at a
time, with the help of a few extra sup-
port devices. Even though the 8088

CHARACTER CODE -
EVEN ADDRESS (M}

ATTRIBUTE CODE —
ODD ADDRESS (M+1)

I t— FOREGROUND COLOR (SEE TABLE 2)

BACKGROUND COLOR (SEE TABLE 2)
BLINK BIT

Figure 2: |BM medium-resolution-graphics storage within the color/graphics adapter

board.

T T T T
|C1 CO’CIICOIC11C0|C1 co
1

PIXEL 0 1 2 3
cl co COLOR NUMBER WHERE FROM?
0 ¢} ¢} ANY OF 16 COLORS
¢} 1 1
1 0 2 FROM SELECTED
COLOR SET
1 1 3

Figure 3: Character storage within the color/graphics adapter board.

has the same instruction set as the
16-bit 8086 microprocessor, the
necessity of funneling all data

through an 8-bit path degrades the
the point

8088's performance to

Photo 6: Close-up views of equivalent
screen images using IBM medium-
resolution (photo 6a) and high-resolution
(photo 6b) graphics.

Lar]
100

; 1003, 1.4
el Lony, fnkirmes,

Photo 7: An example of combining text
and graphics on the same video screen.
The program shown, when run, generates
the circular image just above it.
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Signal Name Description

0sC 14.31818 MHz oscillator signal

CLK 4.77 MHz system clock

RESET DRV reset driver; resets system logic

AO through A19 address bits O (low) through 19 (high)

DO through D7 data bits O through 7

ALE address latch enable

WO CH CK 110 channel check

/O CH RDY 11O channel ready

IRQ2 through IRQ7 interrupt request 2 (highest priority) through 7 (lowest)

IOR 11O read commanrd line

IOW 11O write command line

MEMR memory read command line

MEMW memory write command line

DRQ1 through DRQ3 DMA request 1 through 3

DACKO through DACK3 DMA acknowledge O through 3

AEN address enable

TIC terminal count
Table 3: Signal names and descriptions for the IBM Personal Computer System
Board 1/0O Channel (expansion slot). See also figure 4.

SIGNAL NAME SIGNAL NAME
GND H—p1 A1 —H 170 CH CK
RESET DRV s H— — . D?
+5V H— —H D6
1RQ2 H— —H D5
-5VDC +— —H D4
DRQ2 H— —H D3
-12v H— —H D2
RESERVED H— —H Dl
+l2v —— —H Do
GND - H—Bp10 A10 —H 170 CH RDY
MEMW H— —H AEN
MEMR H— —H Al9
Tow H— —H Al8
TOR H— —H - Al1?
DACK3 H— —H Al6
DRQ3 - H— —H Al5
DACK1 - — Al4
DRQ1 H —H Al13
DACKO H— —H Al12
cLock L B20 A20 —H All
IRQ? - H— —H Al0
IRQ6 H— —H A9
IRQS H— —H A8
IRQ4 H— —H . A?
IRQ3 H— —H A6
DACK2 H— —-H AS
T/C L —H Al
ALE H— —H A3
+5v H— — A2
osc H— —H al
GND F— B3l A31 —H A0
COMPONENT SIDE

Figure 4: Electrical signals on the IBM System Board /O Channel (expansion slot). See
table 3 for signal descriptions.
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where it is more like a fast 8-bit
microprocessor with an extended in-
struction set than it is a 16-bit micro-
processor. After all, how much pro-
cessing can you do on a number
without accessing memory again?

Still, the IBM microcomputer com-
bines the architecture of a 16-bit
machine with the cost advantages of
using familiar 8-bit memory and
system design. The 8088 microproces-
sor in the IBM microcomputer runs at
4.77 MHz.

The disk drives are soft-sectored,
double-density, single-sided drives
that use MFM (modified frequency
modulation) encoding. The floppy-
disk drive uses 40 tracks per disk,
with eight 512-byte sectors per track.
This results in 163,840 bytes of
storage per drive. The drive has a
motor-start time of 500 ms, a track-
to-track seek time of 8 ms, and a data
transfer rate of 250 K bits (not bytes)
per second.

The IBM Personal Computer in-
cludes a cassette-recorder interface
that connects to any good-quality
cassette recorder through .a user-
supplied cable. The IBM micro-
computer can be configured to use
either the microphone or the auxiliary
input of the recorder by changing a
jumper on the bottom of the main
printed-circuit board in the System
Unit. The data-transfer rate is be-
tween 1000 and 2000 bits per second
(bps), depending on the content of the
data. The signals used to control a
cassette recorder are motor control,
ground, data in, and data out.

The right side of the back panel of
the main unit (photo 10} contains
whatever sockets are made available
by the peripheral cards plugged into
the expansion slots. Unused slots are
masked by metal plates to prevent the
escape of any RF radiation. The
bottom left corner of the panel con-
tains the power plug to the IBM
Monochrome Display and the plug
for the main power supply. In the
bottom center of the panel are 5-pin
DIN plugs that go to the keyboard

(left) and the cassette tape recorder
(right).

The Keyboard
The keyboard (see photo 3) is one



of the most important components of
any computer because it is the
primary device through which you
give instructions to the computer.
Most existing microcomputers have
something wrong with their keyboard
design; the most common errors are
functions unavailable from the
keyboard and poor keyboard layout.
With one exception, the IBM key-
board seems to be faultless. It is, bar
none, the best keyboard on any
microcomputer.

The IBM keyboard abounds with
good features. The keys have a nice
“feel” to them and give tactile and
audible feedback when pressed. The
keyboard is a separate unit that can
be placed up to several feet away
from the Main unit. It is light enough
to rest and use in your lap. The keys
themselves are “sculpted” —that is, an
imaginary plane touching all the key
tops has a slight concave curve to it.
The keyboard has two plastic feet
that can be used to tilt it up when it is
used on a flat surface. A plastic ledge
just above the top row of keys can be
used to prop an open book between
the video display and the keyboard.

Several keyboard features deserve
more description. The right side of
the keyboard contains a numeric
keypad that doubles, in certain situa-
tions, as a set of text and cursor-
movement keys. The left side con-
tains ten function keys, whose func-
tions can change with the application.
(The twenty-fifth line of the video
display can be used to illustrate their
current use, and you can redefine
these keys at any time from BASIC.)

Three keys must be pressed simul-
taneously to restart the system: Ctrl,
Alt, and Del; it takes two hands to do
this. Depressing the Ctrl and Scroll
Lock/Break keys interrupts a running
BASIC program. The up-arrow
(shift) and PrtSc keys cause the text
contents of the video display to be
printed. Ctrl plus Num Lock causes
the executing BASIC program to
pause; the next key pressed causes it
to resume.

The Alt key lets you generate any
extended ASCII value from 1 to 255,
even if that code is not otherwise
generated by the keyboard. By
holding down the Alt key and typing

X ON ON BLACK A D
NHITE ON BLACK YELL CYnN_ON_ BLQB E:’.‘LE'

Qﬁ fﬁcaL

Edd

- BEN
3

VSQB§{
AN REn*og ova

aN IITE O ELL
ABILAECYAN ON RED CH
4

OLOR SiAMPLE
3% PROGRAM GRAPHICS LOADING %

Photo 8: An example showing the independence of foreground and background colors
when using the text mode of the color/graphics adapter board.

a number between 1 and 255 on the
numeric keypad, that code is gener-
ated when the Alt key is released.
(For some reason, the IBM unit I tried
would not generate 0 with the Alt
key. However, 0 could be generated
by Ctrl plus the 2 key on the top row
of the keyboard.)

By not having a full
product line, the IBM
Personal Computer
may fall prey to
hardware and software
incompatibility.

Another nice feature of the IBM
keyboard is its 10-character type-
ahead buffer, which keeps you from
losing keystrokes if you type infor-
mation into the IBM microcomputer
before it is ready to receiveit. In addi-
tion, the system software is written
such that every key has an auto-
repeat feature; i.e., every key repeats
its function if it is held down for more
than half a second.

My one complaint against the key-
board is minor. The right and left
shift keys are one key farther away
from the center of the board than
most people are used to. This means
that, until you get used to reaching
for the shift keys, you will accident-
ally type the slash and reverse-slash
keys instead. This problem is minor,
however, compared to some of the
gigantic mistakes made on almost
every other microcomputer key-
board. The IBM Personal Computer
is a delight to use largely because of
its keyboard.

System Startup

When the IBM Personal Computer
is first turned on, a series of fourteen
tests are performed on the system,
and any errors are reported im-
mediately. These include tests of the
8088 microprocessor, the internal
ROM, the main memory, the video-
display adapter card, the keyboard,
the cassette recorder (if attached),
and the floppy-disk system. The
memory test includes five different
read/write tests of the entire user-
memory area, each using a different
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bit pattern for testing. Because of
this, the initial startup of the IBM
microcomputer may take between 5
seconds and about 1.5 minutes,
depending on how much memory is
in the machine. For example, in my
test a 64 K-byte, disk-based machine
took about 18 seconds to complete its
initial tests and about 25 seconds
more to complete the bootup of the
machine. When the system is
restarted from the keyboard with the
Ctrl-Alt-Del triad of keys, the system
tests are omitted, thus greatly reduc-
ing the delay associated with reboot-
ing.

Three Levels of BASIC

Because BASIC is the most com-
monly used programming language, |
plan to describe some of the features
of the 40 K-byte extended Microsoft
BASIC in great detail. But before |

*

Command Description
AUTO generates line numbers automatically
BLOAD load machine-language (binary) program
BSAVE save machine-language program
CLEAR clear program variables

CONT continue interrupted program

DELETE deletes a range of BASIC lines
EDIT edit a line of BASIC

FILES list all or selected files on disk
KiLL delete a disk file

LIST list BASIC lines

LLIST list BASIC lines to printer
LOAD load a BASIC program file
MERGE merge a BASIC program file into an existing program
NAME rename a disk file

NEW erase current program
RENUM renumber BASIC program
RESET close all disk files

RUN load and run program

SAVE save current program
SYSTEM exit BASIC and return to DOS

TRON, TROFF turn tracing option on and off

Table 4a: A summary of IBM BASIC commands.

start talking about the more promi-
nent features of BASIC, I'll look at
the three kinds of BASIC that are
available with the IBM Personal
Computer.

Cassette BASIC is the simplest
BASIC you can get. It is available on
every IBM microcomputer, and it is
contained in the 40 K bytes of ROM
mentioned before. In addition to the
standard features that are associated
with Microsoft BASIC, Cassette
BASIC gives you the ability to plot
points and draw lines in both the IBM
medium- and high-resolution modes,
to make sounds through the internal
speaker, and to use light pens and
joysticks.

Disk BASIC, which requires at
least 32 K bytes of memory and one
floppy-disk drive, occupies extra user
memory which can be added to the
ROM version of BASIC. The IBM

Photo 9: Inside the IBM Personal Computer System Unit. Photo 9a shows the overall
interior of the unit; the floppy-disk drives are in the lower right corner, and the expan-
sion slots are in the upper left. Photo 9b is a detailed shot of the expansion slots (left),
the BASIC in ROM (large devices with gold faces, center), and the workspace memory
(right). Photo 9c shows the Intel 8088 microprocessor (bottom) and the empty “aux-
iliary processor socket” (just above the 8088). Photo 9d shows the IBM 64KB Memory
Expansion Option card, which holds 64 K bytes of memory. Notice that two 4116-like

devices are "piggybacked"” into one socket.



DOS (disk operating system) takes
12 K bytes of user memory, and disk
BASIC adds about another 12 K
bytes (depending on certain options).
Disk BASIC adds a large number of
disk input and output options, access
to a date and time-of-day clock, the
ability to store and redraw rec-
tangular areas of graphic images,
communications support using a
standard RS-232C port, and software
support for two extra printers. Disk
BASIC is called by typing "BASIC”
from the DOS prompt.

Advanced BASIC, which requires
at least 48 K bytes of memory and
one floppy-disk drive, occupies an
additional 5 K bytes of user memory
(for a total overhead of about 29 K
bytes). Advanced BASIC adds event
trapping, some advanced graphics
commands, and an advanced music-
playing command (all of these are
covered in greater detail later). Ad-
vanced BASIC is called by typing
“"BASICA"” from the DOS prompt.

Tables 4a, 4b, and 4c list the com-
mands, statements, and functions of

IBM BASIC.

The BASIC Program Editor

The BASIC Program Editor, com-
mon to all the versions of IBM
BASIC, allows you to make changes
far more quickly and easily than is
possible on other microcomputers. It
is a full-screen editor in that changes
can be made to a program line by use
of the four arrow keys and the Ctrl
(control), Ins (insert), Del (delete),
and End keys. If the new line (enter)
key is pressed while the cursor is
anywhere on the program line where
changes have just been made, the
changed line takes the place of the old
line. With the BASIC Program
.Editor, changing a program is as easy
as it would be if the text of the pro-
gram were being manipulated by a
word processor.

In addition, the Alt key has a
special function within BASIC.
Simultaneously pressing Alt and a let-
ter of the alphabet causes a pre-
defined BASIC keyword to be printed
on the screen. For example, Alt plus
C causes the word "COLOR” to be
printed. This “shorthand” method is
often helpful when you are typing in

a long BASIC program.

Along the same lines, all levels of
IBM BASIC have the AUTO (auto-
matic line numbering), RENUM (re-
number a BASIC program), and
MERGE (merge two programs) com-
mands—all very useful commands
that are often absent or awkward to
use in other microcomputers.

Graphics in BASIC
The following summarizes most of
the graphics commands available

from BASIC:

e COLOR (all BASICs) is used to
choose the four colors available in the
IBM medium-resolution mode. As
stated before, color 0 can be any of

At a Glance

Product Name
The 1BM Personal Computer

Manufacturer

International Business Machines Corporation
Information Systems Division

Entry Systems Business

POB 1328

Boca Raton, FL 33432

Components
System Unit

Electrical needs: 120 VAC
Processor: Intet 8088

drives in future)

Operating Systems
IBM Personal Computer DOS (Microsoft)

Hardware Prices
System Unit, 16 K-byte RAM. keyboard

Monochrome video display

Color-graphics-monitor adapter
16 K-byte memory-expansion kit
32 K-byte memory-expansion kit
64 K-byte memory-expansion kit
Disk-drive adapter

Disk drive {5-inch floppy disks)
Asynchronous communications adapter
Game-control adapter

Keyboard

Printer

Printer adapter

Printer cable

Printer stand

Size: width 20 inches. depth 16 inches. height 5.5 inches: weight (without disk drives) 21
pounds, (with two disk drives} 28 pounds

Cycle Time: main storage. 410 nanoseconds. access. 250 nanoseconds

Memory: 40 K bytes of buit-in ROM (read-only memory).
16 K bytes of user RAM {random-access read/
write memory}: expandable to 256 K bytes

Standard:  keyboard for data and text entry. audio-cassette recorder connector. five
expansion slots for memory. display. printer, communications. and game
adapters: built-in speaker for music Programming. power-on automatic self-
test of system components. BASIC-language interpreter. 16 K bytes of user
RAM (a# user RAM includes parity bit)

Keyboard: total of 83 keys for data and text entry. includes 10 keys for numeric entry

and cursor control, 10 special function keys, and ASCII characters and special
graphics characters (total 256 characters); automatic repeat on all keys:
adjustable typing angle: detachable six-foot coil cable

Disk drives: up to two 5-inch floppy-disk drives. 160 K bytes each (will accommodate 4

Software Avallable for IBM Personal Computer DOS

BASIC interpreter (Microsoft) standard: extended BASIC interpreter (Microsoft) $40; Pascal
compiter (Microsoft} $300: VisiCalc (Personal Software} § 200: EasyWriter (Information
Untfimited Software) §175; General Ledger, Accounts Receivable. Accounts Payable
{Peachtree Software) 595 each: asynchronous communications support $40; Adventure
{Microsoft) $30: Advanced diagnostics package S155

System Unit, 48 K-byte RAM. keyboard. single floppy-disk drive, disk-drive adapter

Combination monochrome-display adapter and printer adapter

$1265
2235
345
335
300
90
325
540
220
570
150
55
270
755
150
55.
55
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the 16 available colors, while colors 1
through 3 are chosen from two
available color sets. (In the text
mode, COLOR sets the foreground,
background, and border colors.)
oLINE (all BASICs) allows you to
draw a line, outline a box, or fill in a
box in whatever colors are available.
o SCREEN (all BASICs): “SCREEN
n" is used to choose text mode (n=0),
IBM medium-resolution graphics
(n=1), or IBM high-resolution
graphics (n=2). In text mode,
SCREEN can also generate a black-
and-white text image and choose
which of several pages are to be in-
dependently viewed and written to.
oGET and PUT (disk BASIC): GET
allows you to save the graphic image
within a specified rectangular area
into a BASIC array. PUT allows the
stored image to be redrawn at any
point on the screen, in one of five
ways: PSET (replace the existing
image with the stored image),
PRESET (replace with the inverse of
the stored image), XOR (exclusive-or
the existing and stored images), OR
(add the stored image to the existing
image), AND (selectively restore the
stored image, using the existing image
as a logical mask).

o CIRCLE (advanced BASIC) allows
you to draw a circle or ellipse with a
given center, color, radius, and ec-
centricity. In addition, an arc (partial
circle) may be drawn (the begin and
end points of the arc can be
specified); optionally, either or both
endpoints can be connected to the
center point. (This last feature exists
but is not documented in the descrip-
tion of the CIRCLE command in the
IBM BASIC manual. The end points
must have an absolute value less than
orequal to 27. The same arc is drawn
regardless of the sign of the end point;
if the end point is negative, however,
it is connected to the center point.)

o PAINT (advanced BASIC) lets you
specify a starting point, a color, and a
boundary color. PAINT then starts
painting the screen the given color
from the starting point outward until
it reaches the boundary color.

Subroutine Interrupts in BASIC
A very unusual and useful feature
of the IBM BASIC is its ability to stop
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Statement

BEEP
CALL
CHAIN

CIRCLE
CLOSE
CLs

COLOR
COM...ON/OFFISTOP
COMMON

DATA
DATES
DEF FN...

DEF SEG
DEF USR
DIM

DRAW
END
ERASE

ERROR
FIELD
FOR...TO...STEP

GET (disk WO)
GET (graphics)
GOsuUB

GOTO
IF..THEN...ELSE
INPUT

KEY ON/OFF
KEY
KEY...ON/OFF

LET
LINE
LINE INPUT

LOCATE
LPRINT
LPRINT USING

Description

beep the internal speaker

call machine-language subroutine from BASIC
execute a new program, retaining values of program
variables

draw circle, ellipse, arc, or pie-shaped wedge
close data file
clear videc screen

set foreground and background colors
enable/disable activation of ON COM...GOSUB
mechanism to pass variables to CHAINed program

standard DATA statement
set date
user-defined function

define current segment of memory
define starting address for USR call
dimension arrays

draw a graphics command string
end program
reclaim memory from arrays no longer being used

simulate a given error condition
defines fields within a file butfer
standard FOR loop

get a record from a random-access file
put graphics information from screen to array
execute subroutine

continue execution at specified line
standard IF statement
read data from keyboard or data file

turn display of function keys on 25th line on or off
redefine one of ten function keys
enable/disable activation of ON KEY GOSUB

standard assignment statement (e.g., LET A= 3)
draw line, box, or solid box on graphics screen
read an entire line from keyboard or data file

position cursor
print to printer
print to printer according to a given tformat

Table 4b: A summary of IBM BASIC statements.

execution of a BASIC program to ser-
vice an external interrupt before con-
tinuing the BASIC program. What
makes this interrupt capability dif-
ferent from that of any other micro-
computer is that the interrupt routine
is not a machine-language program
but a BASIC subroutine within the
BASIC program being used. The
interrupting events are: a keypress
from any of the four cursor-
movement keys or the ten function
keys, incoming information from the
IBM Asynchronous Communications

Adapter card, activation of the light
pen, or a keypress from a joystick
trigger button.

The form of these statements is

ON event GOSUB line

where event is COMn, KEY(n), PEN,
or STRIG(n) (joystick trigger), and
line is the beginning line number of a
BASIC subroutine. Another condi-
tion for the execution of the sub-
routine is for the event to be ac-
tivated, which is done by an



Statement Description
LSET left-ustily a string within a Hield
oS SuDsUing substiution statement
MOTOR conrol cassette recorder motor
NEXT ends FOR loop
ON COMKEY PEN/ mempl by given evet to BASIC subroutine (see text
TRIG.. GOSUB detals]
ON ERROR GOTO mlh enarrapping routine
ON..GOSUB standard computed GOSUB statement
ON.. GOTO standard computed GOTO statement
OPEN Open a gk of communications 1le
OPTION BASE akows arcay tuboefblt ostartatOor 1
ouput & byte to & por
PANT 11l an area of the uvwhlcc screen with color
PEN ONVOFF/STOP engble/disable activation of ON PEN GOSUB
POKE Put & specified value into a byte
PRINT Print to video display o fie
PRINT USING frint 10 video display or file according to a given lormat
PRESET plot & graphics point i the background color
PSET plot a graphics point i a given color
PUT (disk VO) write & record to & random-access (ile
PUT {graphics) oraw a stored image onto he graphics screen
RANDOMIZE Start & new PHeudo-+andom number sequence
READ read information irom BA'IA siatements
REM standard remark Statemt
RESTORE reset pointer 1o DATA nusmam
RESUME return Irom 8N efror routine
RETURN seturn lrom a subrouting
RSET right-justity a string within a Weld
SCREEN choose text of graphics screen lor wdeo aisplay
SOUND generate sound irom the speaker
sTOP Bop program execution
STAIG ONVOFF enable/disabie joystick button
STRIG..ONVOFF enable/disabie actvation o ON STRIG...GOSUB
SWAP exchange the values of two variables
TIMES set time
WAT standard Microsolt WAIT statement
WEND @nd WHILE loop
WHILE Program 10op that executes as long as a given cond:
ton i vue
WRITE output ds1a o video screen of fe
d set of BASIC ds. is d. using the light pen causes
For example, if the the sub to be executed as soon

PEN ON

is executed and the ON PEN state-
ment exists in the program, the
subroutine will be executed the next
time the light pen is used. If

PEN OFF

is executed, the use of the light pen
will ot cause the subroutine to be ex-
ecuted. If the statement

PEN STOP

as a PEN ON statement is executed,
Similar statements are available for
COMn and KEY(n). but not for
STRIG(n).

With these statements, a program
can immediately respond to certain
events that may or may not happen

DRAW and PLAY

One of the most innovative
features of the IBM BASIC is the use
of predefined BASIC strings to
specify a series of draw commands
(for DRAW) or note-playing com-

mands (for PLAY). These strings
have their origins in the Apple Il
shape tables; but, by extending the
syntax and allowing the "table” to
take the form of standard strings that
can be manipulated by the BASIC
program Uself. the concept has been
greatly improved.

Table 5 lists the commands
available within a DRAW string. To
draw a long narrow rectangle, we
simply define

A$="R40;U10;L40;D10"

This draws 40 units to the right, 10
up. 40 to the left, and 10 down. If we
execute the statement

DRAW A$

the rectangle will be drawn from
wherever the graphics cursor happens
to be at that time.

One of the most powerful features
of this graphics-command language is
the ability to call one string from
another. For example, to rotate this
box 90 degrees counterclockwise, we
could simply command

DRAW "ALXAS;"

(A1 calls for a 90-degree rotation, and
XAS$; executes string AS.} In addition,
any command can take its argument
from an existing variable, so that i
we say

DRAW "A=1:XAS$;"

the image will be rotated an
I-multiple of 90 degrees before being
drawn  Note the presence of the
semicolon at the end of the X com-
mand; this is necessary for the com-
mand to work.

Photo 11 shows the listing and the
run of a program that first draws the
string AS, then draws it in all its rota-
tions. The PSET statement simply
moves the graphics cursor to a new
location before drawing.

The PLAY statement works
similarly to the DRAW statement,
but with a different set of commands.
For example, the statement

PLAY "C:D#2:G—¢"

lamary 90 © OVTE Pubicotors b 47



Funchon

INKEYS
NP
INFUTS

NT
LEFTS

SCREEN
SGN
N
SPACES
SPC

soR
SMCK
STRY

Oescripuon
absolute value
convert ASCH charactes 10 its numeric value
arciangent

©convert o double-precision number

converts number 10 equivalent ASCII character
1ound 10 neest nteger

cosine

convert 10 single-precision number

retumsg rOw number o1 current cursor POsition

convert SYIng 10 double-precision number
convert iring (o integer

convert string to single-precision number
logical tes1 for end-ol-ie condition

Wne number Of 8N eor that has just occured
enar code of an error 1at has just occued

exponential JUNCtion, base e
ttuncate o an integer vake
amount of workspace left unused

converts number to & siring coMaining & hexadecimal aumber
equivalent 1o the original number

1680 & character irom the keyboard

read 8-bi vale irom port

read characters from & fie

1ing substring within 8 given string

fargest imeger less than or 8Qual 10 argument

take substning starting with first character

length of & string

amount of space in a tile

nawyal logarithm

carriage position of printer

exwact 8 substring vom & given string
‘convert a double-precision number to a string
©onvert an integer 10 a siring

convert a single-precision number 1o & string
converts number 10 & String COMaINing &0 octal rumber equivalent
10 the original number

read value ol byte in memory

read hg pen

et cdor number Point on graphics screen
cursor column POSition

take substring ending with [ast character
anGom number

chasacter Or COIOf &t Qiven POsition (text mode only)
ign of argument

sine

creates  string 1l of spaces

peints spaces

square root

get coardinates of joystick

converts & number 10 8 String

smmm creates a string (iled with one ASCY constant

TAN
USR
VAL
VARPTR

spaces gver 1o an absolute Print poskion

tangent

call machine-anguage subroutine

convests sting 10 aumenic value

ont adaress of vasiable: o get (e control block of & fle

Table 4c: A summary of {8M BASIC functions
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plays a whole C note, a half D-sharp
note, and a quarter G-flat note. Many
variations are possible, including oc-
tave and tempo change, note length,
pauses, substring execution, and
variable command parameters. In ad-
dition, a sequence of up to 32 notes
can be stored in a buffer and played
in background—that is, the BASIC
program continues to execute. and
the music is played independently by
the buffer.

Communications Files

If the IBM Asynchronous Com-
munications Adapter is installed in
the IBM Personal Computer, a
BASIC program can interact with a
remote device as il it were a simple
disk file. GET and PUT can be used,
as well as the 170 statements INPUT
#f. LUNE INPUT ¢f. INPUTS, PRINT
#f. PRINT ¢f USING, and WRITE#.
In all these cases, f is a file specifica-
tion that has a device name of
COM1: or COM2:. Thus more peo-
ple can write programs that use
remote devices, because BASIC
automatically takes care of most of
the communication details.

The IBM DOS

The IBM disk operating system
(DOS) (written by Microsoft with
help from Seattle Computer Pro-
ducts) bears a superficial resemblance
to Digital Research’s CP/M operating
system. (For example, the IBM DOS
gives the prompt “A> ".) However,
the 1BM DOS is a scaled-down ver-
sion of Microsoft’s 16-bit Unix look-
alike, the Xenix operating system. In
addition, the commands are better
worded than in CP/M. For example,
the cryptic

PIP B:NEWFILE1 = A:MYFILE1
of CP/M is replaced by
COPY A:MYFILE1 B:NEWFILE1

which copies MYFILE1 from drive A
to drive B, where it will be named
NEWFILE1. Other commands inchude
ERASE (to delete a file). FORMAT
(to format a floppy disk). RENAME
(to rename a file), DIR (to list the
directory of a disk), DATE (to set the

Circle 3% on lnquiry cord. —>



The experts agree . . . the Radio Shack TRS-80® Color

Computer lets you create spectacular high-resolution
color graphics at an amazingly low price! )

A Programmer’s Dream at Only $599. Our 16K Color
Computer with Extended Color BASIC uses one-line
commands to make the creation of sophisticated
graphics easy. Now you can produce color diagrams,
business and engineering charts, even simple.animation
with a screen resolution of up to 49,152 programmable
pixel points (256x192). You get eight vivid colors, sound,
a 32x 16 screen format, editing, user-definable keys, error
messages, PEEK, POKE, a built-in RS-232 serial
interface, and much more.

We Don’t Skimp on Documentation. Our easy-to-
understand tutorial manuals on our Standard and
Extended Color BASIC will quickly have you using the full
potential of your TRS-80 Color Computer.

The biggest name in little computers ®
A DIVISION OF TANDY CORPORATION '

Retail prices may vary at individual stores and dealers. All quoles used with permission. BYTE, MaE, 1981,
0.
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0 Color Computer!

B/ is a breakthrough in color
graphics for personal computers.
It’s fast, easy-to-use, and capa-

ble of producing striking graphics.”

—Stan Miastkowski
BYTE Magazine

“Anyone seeking a
machine that will
serve well as a
teacher and a base
for a home commu-
nication and enter-
talnment center will
find the TRS-80
Color Computer a
strong contender.”

—Carl Warren
Popular Electronics

“The TRS-80 Color Computer has the most po-
tential of any computer on the market today;
more versatile, more expandable, easily inter-
faced, and easier to use—bar none!”’

—H.C. Pennington, Author

Instant Fun and Games! Just plug-in a Program Pak ®
for exciting game action! Our TRS-80 Color Computer
connects to any standard TV set, including our $399
TRS-80 Color Video Receiver.

Expand At Any Time. Add a disk drive for only $599, and
get 156K-bytes of on-line stor-
age. Add more memory, a
printer, and other accessories,
too.

See It Today! Come in for a
demonstration at a Radio |
Shack Computer Center, store
or dealer near you.

Tell me more! Please send me your free
TRS-80 Computer Catalog.

Mail To: Radio Shack, Dept. 82-A-126
1300 One Tandy Center, Fort Worth, TX 76102
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The Growth Market

™ & Proven Tools

. The 16-bit world answers
— universal demands for greater

. pertormance, more address

space and increased resources.
This market's unprecedented

growth fuels a profit-driven supply
curve for software and hardware,
where compatibility reigns. Our

upward compatible CP/M® based
tamily of 16-bit products, plus our

commitmenttoour customers'
success eases and speeds your
entry, your conversion, to the 16-

. bit world o fopportunities —the
Digital Research world.
Single user solution: CP/M-86
features efficiency and power.

For over a year, its dramatic
user acceptance has generated

. impressive quantities of code.

While others are just entering
I 6 — lt Or the market, Digital Research's
CP/M-86 is already offering a

broad array of languages and

applications. This simplifies your
Y conversion to 16-bit systems.
w For concurrent single user
. applications, MP/M-86™ per-
forms simultaneous, multiple
operations such as communica-
tions, printing, computation,
etc. lt features compact, time-
tested modular code. Andit's
available today.

in multiple computer environ-
ments, MP/M-86 lets you sell your
same programs into this market
segment. You solve multi-user
needs with a field proven product,
nota “newcomer.’ Increased sales
of multi-user products mean
more profit potential for you.

Expand to network: CP/NET-
86™ interconnects multiple 16
or 8-bit systems. It allows you
to expand your product's
capabilities.

High levellanguages (over 20
languages) under CP/M-86,
handily support your 16-bit appli-
cations. Our XLT86™ utility speeds
conversion to 16-bit code by
YréducingR&Ditime, |t makes pro-

~= al 1er.
ﬂ‘b‘: mentation in a compre-

hensive set of manuals clarify your
*  useofCP/M-86, MP/M-86 and
XLT86.




Over 2 Million CP/M -86 Units

Software Writer Benefits

2,800,000 CP/M-86 based
systems by 1986. This market
projection identifies the type and
scope of your future sales.

Independent Software Vendor
(ISV) benetits from Digital
Research can make youmore
profitable. Here's a glimpse. Call
for the complete repertoire of
sales and development aids.

16-bit laboratory for your use
features many different 16-bit
machines. This one stop develop-
ment reduces the conversion time
of your application or language.
Firstto call meansfirsttoenjoy
this resource, and firstto start
sales rolling.

ISV selling aid: Descriptive
listings of your products in our
ISV Compatible Software Catalog
have worldwide exposure.

IBM Display Writers and
Personal Computers running
CP/M-86 guarantee a large
instalied base for your 16-bit
products.

I & B

Apple/Tandy software writers:
Personal and professional com-
puter applications increasingly
require 16-bit resources. Our
established "how-to" aids simplify
and speed your conversion to 16-
bit applications. Just let us help.

CP/M is a redistered lradl:l;'l"a'k‘b Di
GP/NET-86, XLT86 and PRSCAL

\T
AL

The Standard Is
Digital Research

We are the most experienced
microcomputer software com-
pany in the industry. Over 300,000
microcomputers use our operat-
ing systems. Over 400 OEMs and
500 independent software
vendors use our products.
Hundreds of 8-bit applications
now run under our 16-bit prod-
ucts. Across the board, we set
the standard. And these people
help us set it, with languages
under CP/M-86 or MP/M-86:
The Code Works
Computer Innovations
Compuview Products, Inc.
Digital Research
Microfocus, Inc.

Micropro Int’l Corp.
Microsoft

Midwest Micro-Tek, Inc.
Ryan-McFarland Corp.

OEM Strategy

New sales. New markets. New
applications become realities
when you convert to 16-bits. New
demand curves. New and larger
profitcenters are yours with our
16-bit products. Toimmediately
capture increased market share,
make a priority call to our market-
ing group for our 16-bit product
briets, OEM pricelistand contract
information.

C compiler

C compiler

VEDIT, screen editor

CBASIC-86, PASCAL MT

CIS COBOL

WORDMASTER, WORDSTAR
BASIC, FORTRAN, COBOL, PASCAL
BASIC-compiler

RM/COBOL

The Soft Warehouse LISP compiler, MUMATH
Sorcim Corp. PASCAL/M, TRANS-86
Stackworks FORTH

Supersoft Associates C compiler

Thomas W. Yonkman LISP/86

Vanguard Systems Corp. APL/V86

© Copyright 1981 Digital Resgarch?

Turn Opportunity
into Success.

Stop following the competition.
Helpleadthe tield. Today. We
provide the capability, and we
have the desire, to accelerate
your profitability. There's no
other software producton the
market today that can help make
you more successful than Digital
Research's CP/M-86. And there's
no other company. We stand
ready. It's your move.

Call(408) 649-3896, or write:
Digital Research, PO. Box 579,
Pacific Grove, CA 93950.
Europe: Vector; Int'l., Leuven,
Belgium, 32(16)202496.

Far East: Microsoftware Assoc.,
Tokyo, Japan, 03-403-2120.
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date), and TIME (to set the system
clock).

The IBM DOS floppy disk contains
BASIC and BASICA (the disk and ad-
vanced BASICs), as well as some disk
utility programs. LINK combines ob-
ject files (created by an assembler or
compiler) into a form that can be
executed. DEBUG allows you to
examine both memory and disk files
and debug a machine-language pro-
gram. Photo 12 shows the DEBUG
program tracing the execution of a
program and displaying all the 8088
registers.

Another feature of the IBM DOS is
the file AUTOEXEC.BAT. If a disk
file with this name is present on the
disk used to start the system, it is
automatically executed as soon as the

—

Command Description
Un move up n steps
Dn move down n steps
Ln move left n steps
Rn mave right n steps
En move diagonally up and to the right n steps
Fn move diagonally down and to the right n steps
Gn move diagonally down and to the left n steps
Hn move diagonally up and to the left n steps
Mx,y move to paint (x,y) or (it in relative mode) move (x.y) units from
current pasition; plot a paint
Bx,y same as M, but no point is plotted
Nx,y same as M, but return to criginal location when finished
An set angle as a multiple of 90 degrees (n=0 through 3)
Cn set current color to n
Sn set scale factor (step size)
Xstring$; execute substring string$
Table 5: Commands for the DRAW statement.

IBM microcomputer is working. The
“.BAT" suffix marks it as a batch file,
which is a text file of statements that
are executed sequentially as if they
had been typed in from the keyboard
in a manner similar to a CP/M sub-
mit (.SUB) file or an Apple II EXEC
file. Because the AUTOEXEC.BAT
file is a batch file, it can perform
many operations before giving con-
trol to the user.

The IBM BIOS

All software interacts with the
hardware of the IBM microcomputer
through part of the DOS called the
BIOS (basic input/output system). In
the IBM microcomputer, all calls to
the BIOS are done as 8088 software
interrupts. There are 256 such inter-

Photo 10: The back panel of the IBM Personal Computer. See the text for a description
of the plugs and sockets.
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rupts available on the 8088, of which
193 are used by DOS and BASIC.

BASIC uses many of the reserved
interrupts to interact with the rest of
the machine. By using the interrupts
as "hooks” to the actual routines,
which are stored in high memory (see
table 6), the system can add new
devices and change the behavior of
existing ones by writing new routines
in user memory and changing the
appropriate interrupt vectors to point
to the new code. In fact, this is how
the disk and advanced BASICs add
features to the cassette BASIC in
ROM. In the same way, a program-
mer with sufficient skill can extend
the behavior of the IBM Personal
Computer by modifying the BIOS
and placing the commands needed to
patch them into the system into an
AUTOEXEC.BAT file; the batch file
should end with a program that ex-
ecutes an INT 27 interrupt, which
allows the code to remain in the
system until it is turned off. Much
technical information (including an
80-page fully documented listing of
the IBM BIOS) is included in the
manual Technical Reference.

One interesting use of the IBM
BIOS relates to the IBM keyboard.
The keyboard, which contains an In-
tel 8048 microprocessor, does not
deliver ASCII codes to the System
Unit. Instead, it delivers two scan
codes per keypress: one when the key
is pressed, and a different one when
the key is released. The IBM BIOS
decodes the scan codes into an
extended ASCII code that can return
256 one-byte codes and several two-
byte codes for each keypress.

How Fast Is IBM BASIC?
Surprisingly, IBM BASIC is not
much faster than its 8-bit counter-
parts. Table 7 compares the execution
times of five BASIC programs on
several popular microcomputers; the
programs themselves are in listing 1.
The first four benchmarks test an
empty do-loop, division, subroutine
jumps, and the MID$ string function.
The fifth test is a slightly modified
version of Jim Gilbreath's Sieve of
Eratosthenes benchmark program
(see "A High-Level Language Bench-
mark,” September 1981 BYTE, page

Circle 364 on inquiry card. =



Introducing Station IL
The Apple Il Support System.

——i* A

at happens when you put one ovér. on Apple II? You
make it better. Because Station II organizes, simplifies,
protects, secures and lets you control access to your
Apple. In other words, it makes your Apple Il your
personal computer.
IT'S DESIGNED FOR H-GETHERNESS.
Station II is designed specifically for Appie II by
— design consultants to Apple Com-
puter. It pulls your Appfe and peri-
pherals together into an attractive, easy-
te-use, integrated system. “
Your Apple is free to slide in and out, so
theres no unstacking and restacking peri-
pherals everytime you need to get inside.
And you can choose the distance from
keyboard to monitor that's most com-
fortable for you. Station II even posi-
tions your monitor at just the right
angle for maximum viewing
ease.
IT CLEARSYOUR DESK OF
CORDS AND CABLES.
Station Il is equipped
withthree built-in power
outlets, so the cords and
cables thatnormally clutter
your work area are tucked away neatly
inside. Now one cord, Station II's own,
powers your entire system.

b

M g

Apple and Apple 11 are registered trademarks of Apple Computer.

;4 secure it. Now you can slide your -
®/ Appleinside, lock it and leave it.

THE KEY IS SECURITY
AND CONVENIENCE.
You're not the only one who's «
discovered the value of !

€34 Applell, so Station IT has a key. 3

39 And alock. And two ways to \

M
Safe and sound. It puts the clamps on B8
theft, and beyond that, you control
who gets inside your Apple and who
doesn'’t. : c
Your programs are safe, too. Because
Station I has a line voltage surge sup- 08
Emssor, ready to intercept power surges £
efore they can wipe out your program. i
What's more, the key means conven- i
) ience.With one twist 8
§ of the wristyoucan !
power up your entire [ -
system. Plus, you can lock T a
4, » your Apple “on” or “off."
' ITMAKES YOUR APPLE
MQORE FRUITFUL.
That'’s what happens when you put
one over on Apple IL So look for
Station II at your computer dealer.

trace

Trace Systems, inc. 1928 Old Middlefield Way
Mountain View, CA 94043 (415) 964-3115

o




180); note that the algorithm accesses
lots of memory but uses only addition
and subtraction.

The results of these comparisons
are not encouraging. For example,
IBM BASIC is somewhat faster than
Applesoft, but the difference is
modest, and Applesoft is one of the
slower microcomputer BASICs. (All
the BASICs tested are versions of
Microsoft BASIC.) A comparison of
IBM BASIC to Microsoft MBASIC
4.51 running on a 4-MHz Z80-based
machine shows MBASIC to be faster
in everything but division; this last

Address
(in Hexadecimal)

0ocoo
0oos0

Location

on System Board

00400 "

00500 "

10000 (decimal 64 K) on memary card

40000 (256 K) not available now;
reserved for future
expansion

A000Q (640 K) ?

A4000 (656 K) on video boards

C000C (786 K) ?

+0000 (960 K) ?
F4000 (976 K) on System Board

FE000 (984 K) e

FEOQO (1016 K) "

Note 1:

#

Not all this space is currently in use. The memary for the monachrome adapter
card starts at hexadecimal BOOCC (704 K bytes), and the memory for the
color/graphics card starts at hexadecimal B800O (736 K bytes).

Table 6: Memory map of the IBM Personal Computer.

makes sense in that the 8088 micro-
processor has a hardware divide in-
struction, which accounts for its
better performance in the division
benchmark. Still, it seems that IBM
BASIC does not have a definite
superiority over its 8-bit counter-
parts.

Although I hesitate to draw conclu-
sions about the IBM microcomputer’s
performance in disk-based or
machine-language programs, it is
obvious that the IBM microcomputer
does not gain a speed advantage from
its memory access—the 8088 micro-

Function

BIOS interrupt vectors
BIOS available inter-
rupt vectors

" BIOS data area
workspace memory
workspace memory
proposed workspace
memaory

? reserved
reserved for all forms
of video display (note
1)

? memary expansion

area

? reserved
ROM/PROM 8 K-byte slot available
for user programs
40 K-byte BASIC in
ROM
" BIOS code in ROM

ROM

_

4 MHz 280 Radio Shack
IBM Applesoft MBASIC 4.51 TRS-80 Model I

ratio ratio ratio

Benchmark time time to IBM time to IBM time to IBM
empty do-loop 6.43 6.66 1.04 5.81 0.804 7.98 1.24

division 238 29.0 1.22 249 1.05 19.4 0.815
subroutine jump 12.4 13.9 1.12 9.4 0.758 171 1.38
MID$ (substring) 23.0 32.3 1.40 18.6 0.809 248 1.08

prime number 190 241 1.27 151 0.795 |189 0.995

program

Table 7: Benchmark results for the IBM Personal Computer against several 8-bit
microcomputers: an Apple Il Plus running Applesoft BASIC, a 4 MHz Z80
microcomputer running MBASIC 4.51, and a Radio Shack TRS-80 Model II running
Model II BASIC. All times (given in seconds) and ratios are valid to three significant
digits. See listing 1 for the actual benchmark programs.
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Listing 1: BASIC benchmark programs
used in table 7. Listing la tests an empty
do-loop; the two constants are included to
allow the isolation of the features being
tested in listings 1b and 1c. Listing 1b tests
the division operation. Listing 1c tests a
subroutine call-and-return sequence.
Listing 1d tests the MID$ (substring ex-
traction) operation. Listing Ie is the Sieve
of Eratosthenes algorithm to generate
prime mumbers; it is used as a composite
benchmark of several BASIC features
working together in a short, but non-
trivial, program.

la

60 A=2,71828

80 RB=3.141%9

100 FOR I=1 TO S000
220 NEXT I

1b

60 A=2.71828

B0 EBE=3.14159

100 FOR I=1 TO S000
120 C=A/ER

320 NEXT 1

1c

60O A=2,71828

B0 H=3, 14159

100 FOR I=1 TO S000
120 GOSUER 1000

I20 NEXT I

240 END

1000 RETURN

1d

80 A%$="abecdefghijklm”
100 FOR I=1 TQ 3000
120 B$=MID%$ (A%,6,6)
320 NEXT 1

[
n

SIZE=7000

DIM FLAGS(7001)

FRIMT "only 1 iteration’

COUNT=0

FOR I=1 TO S)2E

FLAGS (1) =1

NEXT I

FOR I=0 TO SIZE
IF FLAGS (1) =0
FRIME=I+I+3

12 E=I+FRIME

IF K>SIZE THEN 17

FLLAGS (K) =0

ko=k PR IME

GOTQ 13

COUNT=COUNT +1

NEXT I

FRINT COUNT,"

0N R

THEN 18

primes:"

Circle 270 on inquiry card. =



Give your system
some NEC, and watch
its performance soar.

NEC's crisp, clear, high-performance JCI202 NEC's classic green monitor; (JB1201), one of
RGB color monitor, an industry standard. Also  microcomputing’s performance legends. Easy
available: the JC1201 composite video version. on the eye, and the checkbook.

THE TEACH MERU

: §. Read the menu choices listed below,
DBEELIS 3 Type section wnt, then press RETURN, -
- To leave press REIURK. .

(To start at the begirning, tupe 1),

16. How to MISPLAY
17, -How to VERIFY
N t POMNTERS

=g
o l

LECELLEL
-

RORBRNEBES
£8558885E

=t

AN ANANE NN LS LN S 5 R
New Product (P) / Honty

The impressive new NEC dot matrix printer. Parallel interface, 100 ¢ps, 2K buffer, pin or friction
feed. Stunning performance and versatility in the hottest new peripheral of the year.

You don't need an all-NEC system to benefit from NEC components.

Owners of Apple®, Radio Shack®, Atari®, IBM®, and many other microcomputers
will find their equipment to be perfectly compatible* with NEC's famous monitors,
as well as our highly-featured new PC-8023A dot matrix printer.

Ask your dealer for a demonstration.

Productivity
atyour fingertips

PN
NEC
NEC Home Electronics USA
Personal Computer Division
1401 Estes Avenue
Elk Grove Village IL 60007

“SOME MICROCOMPUTERS MAY REQUIRE
A DIFFERENT INTERFACE. CONSULT YOUR DEALER




processor has to get memory one byte
at a time, like the 8-bit 6502 and Z80.
Still, this does not fully account for
the IBM microcomputer’s modest per-
formance. Perhaps IBM's BASIC has
only been translated from its 8-bit
predecessors and not optimized for
the 8088's instruction set.

Documentation

IBM uses the slogan “The IBM of
Personal Computers” in one of its
advertisements. The manuals that ac-
company the IBM microcomputer
and various pieces of software could
likewise be called. “The IBM of
Documentation.” They will set the
standard for all microcomputer
documentation in the future. Not
only are they well packaged, well
organized, and easy to understand,
but they are also complete. With the
inclusion of the manual Technical
Reference, the IBM Personal Com-

97, 1535
i

Photo 11: A demonstration of the DRAW
command. See the text for details.

Photo 12: An example of the DEBUG pro-.
gram at work.
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puter is as well documented as any
existing microcomputer, and the
documentation is available much
earlier in the life of this machine than
it has been for other machines.

Each manual is in a hardcover
D-ring binder with its own slip cover.
The pages are 14 by 21.6 cm (5.5 by
8.5 inches), and the binder is built so
that the opened book lies flat. In-
cluded with the minimal configura-
tion IBM microcomputer are manuals
titled Guide to Operations and
BASIC. A separate boxed manual is
given with each software package;
some IBM Personal Computer pro-
ducts have softcover documentation
booklets.

Guide to Operations explains the
capabilities of the IBM Personal
Computer system and provides infor-
mation to be used in the setup and in-
itial operation of the microcomputer.
A 145-page section called "Opera-
tions” describes the IBM keyboard
layout and usage, the IBM 80 CPS
Matrix Printer, the IBM DOS, and
selected information on IBM BASIC.
Other sections tell you what to do if
the IBM microcomputer doesn't
work, what additional peripherals are
available for the system, and how to
prepare the system to physically
move it to another location. The
manual is written in a friendly,
tutorial manner and includes the
basic information that most manuals
take for granted (i.e., how to turn the
machine on, how to start BASIC).

BASIC is 406 pages long and con-
tains a 258-page section that fully
describes each BASIC command,
function, statement, and variable.
Each BASIC keyword is documented
under several headings: format (the

.syntax of the keyword), versions (the

version or versions of IBM BASIC
under which the keyword is avail-
able), remarks (a commentary that
further explains the use of the
keyword), and an example. Other
sections describe the use of the BASIC
Program Editor, floppy-disk I1/0,
communications files, and other
topics.

The Reference Manual
The manual Technical Reference
deserves special recognition simply

for its existence. It is 372 pages long
and is in three sections, plus appen-
dixes; its price is a modest $36. Sec-
tion 1 gives a short overview of the
IBM Personal Computer System and
some of its internal workings. Section
2, which is 147 pages long, gives a
functional specification for every
piece of hardware in the IBM Per-
sonal Computer product line. This in-
cludes highly detailed specifications
of the operation of the hardware,
pinouts for peripheral connectors,
and connection diagrams showing
how to interface IBM peripheral cards
with non-IBM devices. Section 3
describes the IBM BIOS. Five appen-
dixes give additional information, in-
cluding a complete, commented
listing of the IBM BIOS and
schematics for all hardware in the
system.

I'm sure that adventurous micro-
computer enthusiasts will discover
many more things about the IBM
microcomputer as they buy and use
the machine. But Technical Reference
gives us a tremendous amount of in-
formation from the start. Most com-
puter enthusiasts will want to have a
copy of this book.

Sales and Service

Many companies are trying to
become authorized IBM dealers; at
the time of this writing, all Com-
puterland stores are authorized
dealers, and Sears Roebuck and Com-
pany has announced plans to sell the
IBM Personal Computer through its
Sears Business Systems Centers. IBM

itself will sell its microcomputer
through the IBM Product Centers in
Baltimore, Philadelphia, and San

Francisco. Since a potential dealer has
to qualify as an authorized repair
center before a dealership will be
awarded, service will always be avail-
able from the dealer that sold you the
unit.

IBM is also offering warranty ex-
tensions to increase the 90-day war-
ranty that comes with the machine to
one year, as well as annual main-
tenance contracts. The prices are
reasonable; for example, the prices
for a 48 K-byte system with one flop-
py disk and the monochrome display
are $154 for the warranty extension



Our drives feature excellent engineering, and
alt of the advanced performance features you've
come to expect from the nation’s leading disk
drive manufacturers. All systems are completely
burned-in and tested. And, you'll see at least
five quality assurance stamps on each and every
drive, which is how we make sure our drives
will run and will continue to run past our
optional two year extended warranty.

Our drive packages start at $250.00 and in-
clude a comprehensive operations manual and
an attractive static free. dust free cover.

With areliable
TRAXX"100/200/300
series add-on

drive system.

Systems available for Altos. ' Appie™, Atari,

Heath™, North Star™, S-100, 2TRS-80™ (Model

1, II, 1II, Color), Zenith™.

If one of our drives fails to meet your highest
expectations of how trouble free and reliable a
disk drive can be, then return it to us for a
complete refund.*

So, before you buy another drive, take a test
drive with one of ours. We're sure that you'll

E—
/\

finest.
IT'S GUARANTEEDI
COMPUTER CORPORATION

Call our toll-free TRAXX LINE: 1-800-621-3102, In lllinois, call: (312) 887-1024. 10AM-6PM CST.
Monday thru Friday. *For full refund drives must be returned within 10 days of purchase.




read cards...
economically!

The new HEl Model 121-4 card
reader handles marked and

punched cards interchangably, o i TR s

including many colors of pen or
pencil. Absolutely no operator A
adjustment required. Includes a

number of switch-selectable features for

application tailoring without extra cost.

® Reads strobe marks right or left, or self-clocking on both
80 column punch and mark-sense cards.

e RS-232 ASCII output (with Hollerith to ASCI conversion
if necessary), or parallel TTL output.

e Six in-per-sec. card feedthru, or auto return to the front
after read.

A built-in self test feature checks all 13 channels with a
diagnostic card. The Model 121-4 operates on 50/60 CPS.
Specify voltage as either 110 or 230 VAC.

The Model 121-4 is the most flexible and capable hand-fed
card reader on the market at any price, andthe price is right.
You'll find it to be ideal for a variety of inventory control and
data collection tasks. Call or write for more information on
the latest optoelectronic solution from HEL.

The Optoelectronic Specialists

Victoria, MN 55386 e §12-443-2500

Circle 166 on inquiry card.

and $196 for the annual maintenance
contract. On the other hand, the
prices for the IBM 80 CPS Matrix
Printer (which has a lot of moving
parts) are $141 and $179, respec-
tively.

Prices may become a source of
potential bad feelings between you
and the dealer. The prices quoted in
the “At a Glance” textbox are sug-
gested retail prices that are
guaranteed to be in effect only at the
three IBM Product Centers, listed
above. Dealer prices may vary from
this somewhat—expect a variation
between $10 and $100 on most pro-
ducts, depending on their suggested
price. However, at the time of this
writing, one authorized IBM dealer is
selling the Peachtree Software
business packages (General Ledger,
Accounts Receivable, and Accounts
Payable) at $995 each, a full $400
above the IBM suggested price of

Advanced BASIC adds
event trapping, some
advanced graphics
commands, and an
advanced music-playing
command.

_——-—
$595. Since the IBM suggested price
includes a sufficient profit margin for
most products, 1 think this price
(which I confirmed with the dealer) is
exorbitant.

The moral is to shop around for the
best prices, if you can. However, this
may be difficult for two reasons.
First, IBM is probably going to
authorize only one dealer per
geographic area, at least initially.
Second, the IBM microcomputer pro-
duct line is probably not going to be
available by mail for quite some time.
Another problem with buying soft-
ware from a dealer in a distant city is
that the dealer is going to be responsi-
ble for software support. Still, for
%400, I would be tempted to buy my
software in another city and make
some long-distance calls when I need-
ed software support.

Other Vendors
When the IBM Personal Computer
was introduced last fall, IBM was the

Circle 248 on inquiry card. =



The Manager Series from Microsoft”
turns a personal computerinto
an exeiutive toolbox.

Better management tools. The
Manager Series from Microsoft
turns an inexpensive personal T

computer into an executive’s

toolbox. Not a computer program- -

mer’s toolbox. An executive toolbox. i R
Computerized management tools for

non-computer people.

Time, people, projects. The Series ;/.;/

is a system of software tools that .
work together to help you plan, organize,\
schedule and record your business and PN
personal affairs. Time Manager.* Project Manager®

and Personnel Manager® are the first packages in

the Series.

Write it once. All programs in the Manager Series allow
you to transfer information between programs. That
means you can enter information in one program and
transfer it for management by another.

Time Manager. The key. Time Manager helps you
manage your personal time, appointments and priorities.
It can also help you manage expenses, costs and job
schedules. Or. keep a running tally of costs and hours by
day, week, month or year. And Time Manager can act as
an “executive” to manage other programs in the Series.

Project Manager. Describe the components of a

project to Project Manager. It will create timing, task and
resource charts to help you focus on critical tasks. Change
one piece of information and Project Manager wil

\\/

recalculate the entire project. Project
Manager even flags overcommitted
personnel resources.

Personnel Manager. Manage
information about people, companies,
customers or prospects. From names
and addresses to skills, position, and
characteristics. Personnel Manager lets
you enter any kind of people-related
information. Then, organize and retrieve
it almost any way you want.

Management software. Even if
you've never used a computer
before, you should be able to productively
use the Manager Series in a very short time.
And, when you've learned to use one in the Series,
you've virtually learned them all.

Seeing is believing. Ask your local computer store for
a demonstration of the Manager Series. It's a series of
management tools that could be your best reason to own
a personal computer.

iCi

CONSUMER - PRODUCTS

A Division of Microsoft. Inc.
10700 Northup Way « Bellevue. WA 98004

x

*Trademarks of The Image Producers. Inc.

T



