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\ : TURBO HOLIDAY
60-DAY MONEY-BACK GUARANTEE ol $245.00

Introducing Borland’s New
Turbo GameWorks" $69.95 o o sl 3

THE GAMES YOU CAN PLAY, REPLAY, REVISE AND REWRITE BUT
CANNOT RESIST. ® Turbo Tutor
(Turbo Pascal Source Code included!)

We give you the source code, the manual, BORLAND'’S TURBO GAMEWORKS AND
the diskettes, the 60-day guarantee and the SOME OF ITS MASTER PIECES ® Turbo DataBase Toolbox
competitive edge. Let the games begin. Chess. Chess, the ultimate strategic game. A game :

Bridge. Go-Moku. 50 old that no one knows its exact origins.

State-of-the art games that let you be player, Turbo GameWorks lets you play chess at six dif- : =
referee, and rules committee—Dbecause you ferent levels from the beginner to the sophisti- ® Turbo Graphix Toolbox
have the Turbo Pascal source code. Which cated user. And you have many ways of playing
means that you can play a game or create a with your Turbo GameWorks. Let the computer
game, any time and any way you want. solve checkmate problems. Set the time limit

Borland’s new Turbo GameWorks lets you for each game. And there’s more. ® Turbo GameWorks
combine gamesmanship with craftsmanship. Decide whether you or the computer “goes

Discover the secret techniques and moves used first.” Trade places with the computer at any
by the OId Masters. Learn exactly how state-of- point in the game, It all possible with Game-
the-art computer games are made—so you can  yyorks.

o off and make your own. Si h «
go off and make your own. Since you have the Go-Moku, also known as “Five-in-Line,” is 2

source code, you can always change the game.
Or rig the ga?ne, i one):z lookixglg. 8 very old Japanese game played on a board of

Pure Magic. That's Turbo GameWorks. And part squares. The first player to get five game pieces

® Turbo Editor Toolbox

of the “sourcery’—Turbo GameWorks is only in a row—either horizontally, vertically, or
$69.95. When combined with our new Turbo dlag(’)nally.—\ym‘s the game. ,

Editor Toolbox in the Turbo New Pack, it's i l,t 24 s gl e Joure nol
only $47.50, limited to playing it one way. With Turbo

G iy i y.
SHORT CUTS, SECRETS AND ameWorks, you can modify it your way

STRATEGIES. The Turbo GameWorks man-  Br/dge. Play bridge vith  frend or team up
ual takes you step-by-step through all the against the program—you decide which hands
games. How to play them. How to modify the computer plays. You can even decide to let

the program cheat! The program automaticall
them. How to use the power of Turbo Pascal to v P : Prog : Y
write new games. bids and plays its own hands. And, since you

You'll learn general problem analysis, how can tinker with the source code, you can make

to identify all possible moves, “rule of thumb” your'’ Bridge unlike any other.
strategies, procedures for testing strategies, and
ways to rate options. You'll also be introduced
to “top down’’ program design, the develop- ‘
ment of basic algorithms, the use of constants
and data structures and ways to design short

cuts with incremental updating, -

On top of all that, you'll have a lot of fu Quantity
(if you want to). , ionwide. Call( §24500 ——
e dealers natio 800) 2 Jumbo Pack
S0 go to play (and work) with Borland’s vaiable at better S%ETC G Card call ( N o mfﬂ?y pack 515295; %% e
) o
new Turbo GameWorks. It's un , o atbo New Pack $6095 ——
nating, And it’s brand-new. Be first with the  acks include 30 UPIETECD pascal $10990 ——
. - The nohd’a)”ggm options 59°9Y5 (regularly pascal w087 §109.90 ——
latest and greatest-—order your Turbo Game- coupen 2 pportfor 33 ramWBCD o Siies —
| : 2
Works today. v $55.00) e your COMPULET syster! pascal WIBOBZ :"d 35‘: 99-‘; -
, Carefully desC" y L hix e
95 —
__8-bit — 16-bit Turbo Grap $34 g
. Tlun;-ls— pC-DOS M;fﬁs TT‘L’:;‘;TE“;,’,L, 55665; -
4585 Scotts Valley Drive, Scotts Valley ¢ L = Cpx'f:me:nd model is: Turbo GameWorks ey
| There (108) 4358400 Telex1is73 = iy gome s> These %"C,g's;gﬂ‘gfg;rs S0 perP
~ Inquiry 17 for End-Users. Inq wt 1 5 e ordered
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TURBO “NEW” PACK  $95.00 SAVE & ONOLR GIFT PACKS!

| Announcing Borland’s New
o NeboGamdios™  ypW! Turbo Editor Toolbox" $69.95

® Turbo Editor Toolbox™
. IT’S ALL YOU NEED TO BUILD YOUR OWN WORD PROCESSOR

TURBO HOLIDAY PACK $125.00 FOR ONLY $69.95!

You get all the modules you need to build your YOU CAN HAVE MANY WINDOWS ON
own word processor. THE WORLD. The new Turbo Editor Toolbox

Lty features windowing, a technique that lets you
® Turbo Pascal® 3.0 ® You get ready-to-compile source code. v
® Turbo Tutor® ® You get a full-featured word processor see several documents—or several parts of the

that looks and acts like WordStar™; we same document—at once. You know best what
® Turbo DataBase Toolbox™ your needs are. Turbo Editor Toolbox lets you

® You get 2 200-page manual that tells open the windows you want. And to make
you how to integrate the editor proce- those windows part of your program.
dures and functions into your programs. WITH TURBO EDITOR TOOLBOX YOU
; g CAN HAVE THE BEST OF ALL WORD
oy &y ot VPOX 4SO pROCESSORS IN YOUR WORD PRO-
And you don’t get a bill for Royalties. C,E SSDI-?. You can make WordStar behave
Because Borland doesn’t believe you should pay  like Multi-Mate. Support windows just like
for something more than once. Microsoft’s® Word™ And do it as fast as
Al this and more for only $69.95. WordPerfect does it. Incorporate your new
And until March 1, 1986 you can get Bor- ' hybri_ds” into your programs to achieve
land’s new Turbo Editor Toolbox for even less! incredible CQHD‘OI and power. A
(Only $47.50 when you buy the special Turbo Turbo Editor Toolbox. It's the kind of tool
New Pack.) that almost everyone needs—and we're the
kind of company to give it to you at a reasona-
ble price, without any compromise on quality.
(We're so sure you'll be satisfied that we offer a
60-day money-back guarantee—something no
one else does.)

THE CRITICS’ CHOICE

“Turbo Pascal has got to be the best value in lan-
guages on the market today—and Borland Interna-
tional, by delivering excellent products at reasona-
ble costs, is leading the software industry where it
has to go. Turbo Pascal is more than just a good
program at a low cost. It's also a low-cost, well-
conceived programming language making it possi-
ble for lots of people to produce good programs.”
Jerry Pournelle, BYTE

““This compiler, produced by Borland International,
is one of the best programming tools presently
available for the PC*

Michael Covington, PC Tech Journal

. Language deal of the century...Turbo Pascal.”
Jeff Duntemann, PC Magazine

call it MicroStar™

BORIAND

INTERNATIONAL

Three
Special
Gift Packs



60-DAY MONEY BACK GUARANTEE

Borland’s SuperKey And
SideKick Work So Well Together,
You’'ll Hardly Work At All.

AN UNBEATABLE TEAM AT AN UNBEATABLE PRICE! We've
teamed the best with the best to make the greatest. The best
keyboard enhancer, SuperKey®. The best desktop organizer,

SIDEKICK INCLUDES: * Calculator * Notepad * Auto dialer &
phone directory * ASCII table * Perpetual calendar & datebook
* Help window * Full-screen editor with word-wrap,

SideKick®. The dynamic duo working hand in hand to
let you do many different things at once. A way that cuts
down the keystrokes, so you're working instead of just
typing. A way that wasn’t possible until we paired

paragraph editing and much much more.

(Chances are that once you have
SuperKey and SideKick working
together for you, you'll never need to

the electronic wizardry of SuperKey with the
practical efficiency of SideKick. SuperKey
brings the magic. SideKick does the de-
tails. The ““S-Team” works beautifully
together because we designed them
that way.

GET SUPERKEY AND
SIDEKICK TODAY and you'll
have an unbeatable team at an
unbeatable price — and a $15
rebate back in the mail.

IF YOU USE SIDEKICK, YOU NEED SUPERKEY.
BECAUSE SUPERKEY AND SIDEKICK CAN MAKE
YOUR DAY GO SOMETHING LIKE THIS:

8:00 am. You got to work on time, despite the
44-mph turkey ahead of you in the fast lane. It's spread-
sheet time. You hit one key. Lotus 1-2-3 (or whatever) is
up and running. (One key, because SuperKey has recorded
all the CD\123 <ENTER >>123<C ENTER> <ENTER> /
F <ENTER> R <ENTER™> SALES <<ENTER> <Pghn>
foolishness and your one keystroke played all that back
instantly. One keystroke instead of a minuet).

8:03 am. You're into the spreadsheet. Phone rings.
You kick in SideKick's Notepad—without leaving your
spreadsheet. You talk. You listen to Frank. You make notes
that tell you that Frank is upping the numbers from yester-
day’s order and he needs a new price and delivery date.
He wants a meeting, Fast, but when? You have SideKick
fire up your Calendar. Time agreed and noted—in
SideKick’s NotePad. Conversation ends. Your spreadsheet is
still there.

8:07 am. You're watching the spreadsheet but you're
thinking about the new bid you have to figure out. So you
have SideKick’s Calculator pulled up on the screen—over
a small piece of the spreadsheet—which doesn’t go away.

8:08 am. SideKick is coming up with new numbers.
SuperKey keeps the spreadsheet on a roll. Satisfied with the
numbers, you have SideKick auto-dial Frank’s number.
Talk. Talk. Hang up.

8:09 am. Spreadsheet about done. You're watching
it, but thinking about what Frank just said on the phone.
He liked your numbers. He ordered. He said, *“That was
fast. We won't need that meeting. (SideKick cancels it
from your Calendar). And he also said, “How did you get
all that done so quickly?”" And you said, ““T've got a couple
of new guys working for me."”

Copyright 1985 Borland International BI-1014
SuperKey and SideKick are registered trademarks of Barland Intenational, Inc.
1-2-3 is a trademark of Lows Development Corp.

IBM is a registered trademark of International Business Machines Corp.

Inquiry 17 for End-Users. Inquiry 18 for DEALERS ONLY.

IF YOU DON'T USE SIDEKICK YET, YOU GET
THEM BOTH AND FOR A LIMITED TIME, A
$75.00 CASH-BACK! Because SuperKey and SideKick
are so compatible, we let them move in together. Into their
own blister-pack. With the $15.00 cash-back coupon and
the manuals. Which is what you get for $139.90 instead of
the usual $154.90. You need to fill-in the cash-back coupon,
along with your registration cards and proof of purchase,
and mail it back. We'll rush you your §15.00 rebate right
away. Rebate offer ends March 31, 1986. (PS: You can still
buy SuperKey and SideKick separately. SuperKey $69.95,
SideKick $84.95. Not copy-protected. )

_——

use a word-processing program again).

SUPERKEY INCLUDES:

*Encryption to keep confidential files
confidential * Programmable keys that
let you turn a thousand keystrokes

into one * Keyboard lock * Automatic
turn-off of your screen after a pre-set
time so the expensive phosphorus in
your monitor’s screen isn't etched

or ruined * Secret Password

protection and more.

THE CRITIC'S CHOICE

“If you want the ultimate in sophistication, you won't find any-
thing finer on the battlefield right now than Borland's SuperKey

and Sidekick combo.” LEQN A, WORTMAN, InfoWorld

B BOR
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Inquiry 118

3.5" DISK

COMPATIBILITY
FOR YOUR PC

MANZANA'S 3.5" ADD ON
DISK DRIVE FOR THE IBM PC
(AND MANY COMPATIBLES)

COMPATIBILITY with the
new generation of lap-top
computers using 3.5 disk
drives.

CONVENIENCE of rugged
3.5” disk media.
CAPACITY of 730K addi-
tional storage for your PC.
FLEXIBILITY of using
either 5.25” or 3.5” disks.
DIRECT ACCESS on your
PC to files generated on
DG/One, TI Pro-Lite,GRiD
Case,HP 110,150 via our
flexible, powerful software
device driver.

Built-in voltage spike protection
FCC-approved

UL-listed plug-in AC transformer

Limited 6-month factory warranty

MDP3 disk drive with an MAP3-PC
accessory package forms a complete
add-on package for the IBM PC
or XT. Absolutely no tools needed
for installation. See your dealer
or call direct for more information
and details on accessory packages
for other computers.

COME SEE US AT COMDEX
NOVEMBER 20-24, 1985

BOOTH M251 at the MGM GRAND
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QIC-60 streaming tape backup is more than
just fast and simple to operate. It's also the leader

in powerful processing.

For example, our unique
five-head tape deck offers ¢
immediate read-after-
write verification. No
rewinding neces- [
sary. And no re- |
recording of the
entire backup after
an error.

Another powerful
advantage is automatic adjustment of the head
mechanisms to seek the best track alignment
_ every time a tape is inserted. Plus our exclusive
power sensor is designed to alert and freeze the
.write head if PC power is reduced, which elimi-
nates the chance of disk damage. We're so confi-
dentin the technical excellence of QIC-60 that we
offer an aggressive one-year limited warranty on
the entire line, compared to the 90-day warranty
provided by other manufacturers.

Best of all are a pair of backup bonuses that
turn QIC-60 into a sophisticated data manage-
ment tool. When you select mirror-image restore,
QIC-60 sees bad disk sectors and automatically
reroutes data to safe locations for improved data
reliability.

Tecmar offers AT owners a special enhance-
ment with an internally-mounted QIC-60 tape
drive that costs even less than external systems.
And when you add our internal AT Hard Disk to
the package, you have a fully upgraded system
ready to use today.

Pure speed. Pure power. Pure innovation
from Tecmar

For a free demonstration of the new standard
in tape backup, see your Tecmar dealer or call
us at 216/349-1009 for the location of the dealer
nearest you

THE POW.ER BEHIND THE PC

Inquiry 197

6225 Cochran Road Solon, Ohio 44139 ‘
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EDITORIAL

INTEL AND FUTURE IBM PCs
The planning stages of this issue
started under a cloud—we thought
there was nothing else interesting to
say about the IBM Personal Com-
puters, a technology that some peo-
ple thought was obsolete when it was
introduced three years ago. But as
you'll see, we were wrong—the PC
world is richer now than ever before.
This special issue peers into some
seldom-seen corners of the IBM PC
family of machines. Stephen Fried
presents some startling findings con-
cerning the 80287 NDP; Bill Claff and
Steve Satchell explore the 80286 from
a programmer’s point of view; Tom
Wadlow explains how to use inter-
rupts to write your own desktop ac-
cessories; John Haynes demonstrates
how to use Lotus 1-2-3 to design cir-
cuits; Rick Grehan looks at sub-$1000
hard disks; Jon Edwards highlights
some of the best available PC public-
domain technical software; and more.
The artwork accompanying the ar-
ticles is another special aspect of this
issue—each of the 18 pieces of art
was commissioned from one of the
top female illustrators in the country.

IBM/INTEL IMPACT

The IBM PC changed the face of per-
sonal computing in 1982 by shifting
the primary use of the machines from
hacking to tracking corporate
finances, databases, and memos. An
ironic 1985 turnabout finds the PCs
being blamed for blunting the creativi-
ty of personal computing and sapping
it of its vitality. Hardware designers
gripe about Intel parts, like the 80286
and 80287, that haven't worked cor-
rectly in their first few iterations, and
programmers complain about the
headaches of programming in Intel’s
segmented-memory universe. (I vote
for the following for programmer's
buzzwords of the year—address
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paranoia: constantly checking for
8086 segment boundaries.) Most of
the newer and more innovative
machines of the last two years, like the
Macintosh, Amiga, and Atari ST com-
puters, have been based on the
Motorola MC68000 microprocessor
rather than the Intel iAPX86 family of
processors that power the PCs.

With IBM owning part of Intel and
apparently wedded to the Intel ar-
chitecture, the microcomputer world
seems to be polarizing around the
two microprocessor giants.

TECHNICAL CULTURE
Some people speculate that definite
architectural biases are developing
around Motorola and Intel. Motorola
seems to be a company with a bias
toward single-processor systems and
open, flexible architectures. Intel's
bias seems to favor complex, multi-
ple processor architectures that are of
necessity more rigid and formal.
These biases show clearly, for exam-
ple, in the companies’ respective ap-
proaches to memory management
and in their designs for the VMEbus
and the Multibus II: Motorola makes
hardware memory management a
system designer's option, while Intel
includes it as a microprocessor func-
tion with the iAPX286 and higher pro-
cessors; Motorola's bus is nicely
suited for single-processor systems,
while Intel's design is optimal for
multiple boards and processors.
These architectural biases seem to
favor Motorola hardware for low-cost
single-user machines and Intel’s for
multiuser computers such as the
three-user IBM PC AT. Of course,
either company’s microprocessor can
power a single- or multiuser machine:
Many of the high-end supermicros are
MC68010-based machines, and most
PC ATs are being used presently as
single-user machines until a multiuser

version of MS-DOS appears to make
the vast PC software base available to
multiuser ATs.

A close look at these micropro-
cessors reveals that Intel often solves
problems by throwing hardware at
them, while Motorola usually just
hands programmers a toolbox.

THE iAPX286/386

One of the principal design goals of
the 80286 and 80386 microproces-
sors was to facilitate high-perfor-
mance multiuser and multitasking
capability. To provide the protection
needed to run separate tasks or multi-
ple users in different parts of memory,
Intel built task switching and memory
management into the silicon of its two
newest microprocessors.

Task switching is done entirely in
hardware on the 80286/80386 pro-
cessors. Operating systems only need
to specify which task runs next in the
Intel environment, and the hardware
handles the switching. Task switching
is possible due to the addition of
descriptor tables to the 80286/80386
programming model that tell the CPU
where to find the instructions and
data for individual tasks (or users).

Descriptor tables also facilitate
80286/80386 memory management
and virtual memory. On-chip memory
management can save 100 to 150
nanoseconds in the memory-access
time cycle—this is the typical time to
send a calculated logical-memory ad-
dress to an external MMU (memory-
management unit) to find a physical
address. On-chip MMUs also save
time by permitting the use of special
instructions to reduce the virtual-
memory delays incurred by the swap-
ping of data from disk to memory.
Using virtual memory, the 80286 can
address up to 16 megabytes of mem-
ory, while the 80386 can address

(continued)
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- THE ACCENT™ IS ON EXPANDED MEMORY...
5 WITH NIAYNARD’S NEW LOTUS COMPATIBLE CARD!

‘ |;v | |

Now, Maynard gives you 2MB of Lotus- compa’uble
Expanded Memory with Accent™ Designed expressly

for your personal computer, Accent™ adds memory
power to Lotus 1-2-3* Symphony;’ and all other

Expanded Memory programs so you can creaté
larger spreadsheets than ever! An optional mouse

laces speed, access, and customized commands
at your fingertips, saving time and eliminating incon-

venient, multi-key cursor controls. Accent™ is avail-
able at the finest computer retail stores everywhere.

Contact your local dealer or write to us today for

product information.

*Lotus 1-2-3 and Symphony are trademarks of Lotus Development Corporation.

ory Card by Maynard Electr! »

Shaping tomorrow’s technology.

43
0 E. SEMORAN BLVD., CASSELBERRY, FL 32707 305/331-6402
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Inquiry 41

Introducing Periscope II
Professional Debugger
and Break-out Switch

- . New Peri-
A - scope II
includes

a remote

~ break-out

~ switch that
~ does not

~ need its
own slot!

(Periscope is) “the best value in development
tools currently on the market . . . the most
essential element of my ‘developer’s toolbox’.”

—Jeff Garbers

“Very powerful for debugging and testing . . .
Better than Atron by far.” —Wynn Bailey

The break-out switch “really sets Periscope
apart from the typical software-only debug-
gers.”” Hung system or locked keyboard?
Press the switch to get control!

Periscope’s symbol support ““beats the day-
lights out of snooping through a map file and
making notes”. See high-level line numbers
and source code, too!

“‘Feel right at home’’ in no time with com-
mands that logically extend Debug’s!

Periscope’s speed makes other debug-
gers “look absolutely sluggish”’! It's written
entirely in assembler and uses DOS only
for file access.

Has all the standard features plus:

| ® Debug with over 75 breakpoint options
New! Write your own breakpoint tests
New! Traceback

;New! Do in-line symbolic assembly
¢ Debug using one or two monitors
® Recall command lines -
New! Debug with high-level source code
New! Redefine windows while debugging
New! View text files while debugging
¢ Debug device drivers, non-DOS and

memory-resident programs

‘New! Customize Periscope via user exits
New! Display 8087/80287 status
New! Use Periscope with an EGA

Periscope requires: IBM PC, XT, AT, or
close compatible; DOS 2.0 & later; 128K
RAM; 1 Disk Drive; 80-column Monitor.
Periscope II, break-out switch, manual,
reference card and software . . . $145!
Periscope I also includes the write-
protected RAM board to protect crucial
debugger code. It's just $295!

The US Navy gets Periscopes from us
. . . shouldn’t you? Order today!

Order/Information Call Toll-Free:

800-722-7006 [m==

30-Day Money-Back Guarantee

Data Base Decisions ® 404/256-3860
14 Bonnie Lane ® Atlanta, GA 30328
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1500 bytes for every man, woman,
and child in the world (64 terabytes).
These high-level memory-protection
and -management capabilities are
well suited to computers that rely on
multitasking and multiuser applica-
tions. In fact, CPUs with this kind of
power may well be wasted in ma-
chines employed by a single user.

THE MOTOROLA MC68000
Apple Computer's choice of the
MC68000 to power the Lisa and the
Macintosh computers sparked main-
stream interest in that microprocessor
even though it was used earlier in a
variety of other machines. While the
excitement created by these Apple
machines had more to do with the
software developed to run them than
the CPU, the MC68000 nevertheless
became suddenly more visible to the
microcomputer community.

The MC68000 does not provide on-
chip hardware support for memory
protection and management. External
MMUs are available from Motorola
and other sources, or programmers
can manage the 68000's linear ad-
dress space in software. Some com-
panies have developed proprietary
hardware to manage memory.

Similarly, virtual memory on 68000
machines is a software function, as is
memory protection for multiuser/
multitasking operations. The newest
68000, the MC68020, has special in-
structions to ensure data security in
single- and multiprocessor systems
(see "The MC68020 32-bit Micropro-
cessor” by Paul F. Groepler and James
Kennedy, November 1984 BYTE, page
159).

In fact, the design principles behind
the 68000 were stated in BYTE over
two years ago ('Design Philosophy
Behind Motorola’'s MC68000" by
Thomas W. Starnes, April 1983, page
70): “They would design it [the 63000]
for programmers, to make their job
easier, by providing functions in a way
that most programmers could best
use them!” The head start that Apple's
(and, more recently, Atari's and
Amiga’'s) programmers have devel-
oped in creating exciting new software
indicates that Motorola met its 68000

design goals. As further evidence,
consider that the first microcomputer
UNIX ports were to 68000 machines,
too, partly due to the 68000’s similari-
ty to Digital Equipment Corporation’s
VAX hardware and partly to its pro-
gramming accessibility.

THE SILICON BRICK ROAD

So the Motorola versus Intel biases
mentioned earlier may boil down to
a simple matter of orientation—Intel
designs focus on hardware capabili-
ty, while Motorola's emphasize pro-
grammability.

For example, look at the companies’
respective approaches to graphics.
Intel has designed, and plans to ship
in early 1986, a graphics coprocessor
(the 82786) with an on-chip CRT inter-
face that provides 640 by 480 resolu-
tion with 256 colors, or 1024 by 1024
resolution with 4 colors. Motorola's
68020 adds eight new bit manipula-
tors to its instruction set to assist the
programming of bit-mapped graphics.
The Intel approach will be faster and
more powerful but will require addi-
tional programming, hence higher soft-
ware overhead, and will add sub-
stantial hardware costs. Motorola's
scheme will be cheaper and well
suited to CRT hardware developments.

What this all means is hard to
predict, of course, but I'll take a stab
at a couple of certainly debatable
propositions. First, 1 think the
Intel/IBM machines of the future will
be the more powerful number crunch-
ers and will be better suited to multi-
user and networking environments.
After all, the second word in the name
IBM is Business. Second, I expect the
innovations in software that will keep
our industry vital to originate on
68000 machines. Lastly, 1 think the
classic single-user microcomputer, the
machine we all want on our desk or
at home to play and tinker with, will
be a 68000-family machine.

What brings all this to mind is our
current assignment—to bring to BYTE
readers a special issue, similar to
the one you're holding, on 68000 ma-
chines. Look for it next June.

—G. Michael Vose
Senior Technical Editor



ow does WordPerfec

top 4.07

Extra credit.

A lot of people have been
saying a lot of good things about
WordPerfect, lately. In fact, our
4.0 version has been called the
industry standard for word
processing.

Of course, our first reaction was
smiles all around (and a cele-
bration or two). Our second
reaction? Back to work on
WordPerfect. Not because it isn’t
already a great program. But
because the one thing that has
made WordPerfect a success is our
commitment to constant improve-
ment. Reaching for perfection.

The latest result of that commit-
ment is WordPerfect 4.1. And
with several new features, it scores
more than a few extra points.

/. Thctaaneis—

With a built-in thesaurus,
WordPerfect 4.1 lets you choose
synonyms for any words in your
document.

Z Spter-Sereer—

By splitting the screen

Inquiry 175

VV()rdPel'fec‘IéL 1

¢
Performance

poﬂ

horizontally, you can view two
documents at the same time. And
editing either document or moving
text between the two windows is
fast and easy.

3 Teut (olumns—

Columns are displayed side-by-
side on the screen. In addition to
newspaper-style columns,
WordPerfect 4.1 includes parallel
columns, ideal for scripts.

/ : .
7 Lant D e
Horizontal and vertical lines can
be drawn and configured to form
boxes or other graphic applica-
tions. Many available line styles

include single, double and
asterisks.

S S~

WordPerfect 4.1 allows you to
sort lines, paragraphs or merge
files alphabetically.

Other new WordPerfect 4.1
features include an expanded

spelling dictionary, improved

critical error handling, improved
proportional spacing, three-level
undelete, type-thru and more.

Learn the finer points of word
processing. Get WordPerfect 4.1.
For more information, call or
write:

SSI Software

288 West Center Street
Orem, Utah 84057
Information: (801) 227-4020
Order Desk: 1-800-321-4566,
Toll-free

Sftware

Reaching for perfection.
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The overwhelming choice of IBM*®
PC-ATusers, Advantage! from AST
sets the standard in high-powered
multifunction enhancement.
Advantage! was the first multifunc-
tion board for the PC-AT, and it
remains the leader by providing
millions of characters of memory
capacity, two serial ports, a parallel
port and a game port—in a single
expansion slot. Now we've even
included SideKick—Borland’s mul-
tipurpose software selected Info-
World’s 1984 software of the year—
an $84.95 value at no extra charge.
First In Memory. All it takes is
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Advantage! There’s no need to add
hard-to-find chips on the system
board. Whether you sell 256K or
512K ATs, our unique memory
addressing technique lets you add
up to 3 Megabytes of parity checked
memory efficiently and econom-
ically. For flexibility, Advantage! can
use either 64K or 256K memory
chips. And of course, it supports
your AT’s high performance
16-bit bus and faster pro-
gram processing speed.

Now you can have the
full complement of 640K
memory to run sophisticated

‘

: Includes SideKick™
The {1 Desktop
Management Software

business software such as Lotus®
1-2-3™and dBASE III'™ To utilize
multitasking programs like IBM’s
TopView.™ Or for operating systems
such as XENIX"™ and RAM disks
such as IBM'’s VDISK utility—both
of which use the AT’s extended
memory capacity.
First In I/0. Here’s
all the I/O capability
you need now, even if
you're starting with
a base model AT.
Every Advantage!
card includes an AT
compatible serial port




oard Buyers Own Advantage'

and a parallel port so you can connect
printers, plotters, mice and modems.
Or with the appropriate software, you
can connect other terminals to create
multiuser environments.

With our optional second serial
port you can attach even more periph-
erals, while our optional game port
lets you plug in joysticks and other
cursor-control devices for business
or just for fun.

First In Quality. AST’s reputa-
tion is built on quality products,
quality support and quality
service, including a return rate
we're very proud of, averaging 0.2

percent. Our complete documenta-
tion means Advantage! is excep-
tionally easy to install and use, but
ifit's not enough we're always here
to help.

Four out of five buyers agree,
the choice is Advantage!—only
from AST. Ask your dealer, or call
our Customer Information Center
(714) 863-1333 for more informa-
tion. AST Research, Inc., 2121 Alton
Avenue, Irvine, CA 92714 TWX:
753699ASTR UR

Advantage! trademark of AST Research, Inc. IBM, PC-AT and TopView

trademarks of International Business Machines Corp. SideKick
trademark of Borland International. dBASE III trademark of Ashton-
Tate. Lotus registered trademark and 1-2-3 trademark of Lotus
Development Corp. XENIX trademark of Microsoft Corp.

Inquiry 221 for End-Users. Inquiry 222 for DEALERS ONLY.

FEATURES

Memory Expansion

* 128Kb to 3.0Mb in a
single slot

¢ User Upgradeable with
either 64K or 256K
memory chips

e Split Memory Address-
ing rounds out AT’s
system memory to 640K
and continues memory
expansion at IMB

Advantage!

Supports AT’s Full

Program

Processing

Speed

1/0 Expansion
* Up to 2 Serial
Ports (1 optional)
¢ Parallel Printer Port
e Optional Game Port

RESEARCH INC.
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_ C|rcuﬂ-Board-Ariwork Software
for the Design Engineer

in a Hurry

i

\ i) i i m.
I
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For only $895, SMARTWORK® lets [ Easy to learn and operate, yet  The Smart Buy
the design engineer create and capable of sophisticated At $895, smARTWORK® is proven,
revise printed-circuit-board art- layouts convenient, fast, and a sound
work on the IBM Personal Com- [ Single-sided and double-sided  value. Call us today. And put it to
puter. You keep complete control printed circuit boards up to work for yourself next week.
over your circuit-board artwork — 10 x 16 inches

from start to finish.

Forget the tedium of taping it O g/!gl'rligolor or black-and-white ; ) ®
yourself or waiting for a tech- IR A i \i\i\, i i( |
nician, draftsman, or the CAD System Requirements: P b bl el
department to get to your project. [ |BM Personal Computer, XT, or

SMARTWORK® is the only low- AT with 256K RAM, 2 disk drives,  wintek Corporation Tonuioy 21
cost printed-circuit-board artwork and DOS Version 2.0 or later 1801 South Street
editor with all these advantages: [ IBM Color/Graphics Adapter Lafayette, IN 47904-2993
O Complete interactive control with RGB color or black-and-  Telephone: (317) 742-8428

over placement and routing 5 mﬂ%morr‘"ifgg e T Telex: 70-9079 WINTEK CORP UD

i : & rap
0 Quick C,O"ecnor? andirevision FX/MX/RX series dot-matrix In Europe contact: RIVA Terminals Limited,
O Production-quality 2X artwork printer Woking, Surrey GU21 5JY ENGLAND,
O Prototype-quality 2X artwork pen-and-ink plotter “SmARTWORK? “Winfek” and the Wintek logo are

fromn a dot-matrix printer [0 Optional Microsoft Mouse registered trademarks of Wintek Corporation.
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AN ANNOTATED BIBLIOGRAPHY
OF RECENT BOOKS

Technical topics for the IBM PC family

This select annotated bibliography is an atter
noteworthy and recent books published
[BM Personal Computer (PC, XT, PCjr, an 1AT) and compatit
Because of the large number of books written in the past couple of years
fall into this category (Bowker's Paperback Books in Print [ists
1000 titles that a comprehensive bibliography would include), a i

o8
BY DONALD EVAN CRABB

mpt to cover some of the more
ical topics du?[ ing with the
ible mmpu(@
that
more than
nber of

on techn

compromiscs have been made in compiling this list.

This bibliography reflects, therefore, my per rsonal bias as well as 1
lility of the books listed. Hmw al tempted

considerations, including the availabilil

1y logistical

to cover a variety of technical topics, while concentrating on the areas of hard-
ware and microprocessor technology of the PC.

The books listed are divided into seven

sections: (1) Hardware Architecture,

Expansion, and Maintenance, (2) Intel PC Microprocessors and Assembly

Language. (3)

is introduced with a brief descriptio

High-Level Languages, (4) Graphics, (5) Data Communica-
tions, (6) Miscellaneous, and (7) References. Each section (except
n of the category.

Miscellaneous)
As is the case with most

annotated bibliographies, not every entry carries the same detailed level of an-

notation. The annotations were written to r

eflect the content, intended audience,

writing stgle and value of the books covel ed.

One striking fact that 1 discovered wh
reviewing the books listed was the lack of a complete topical guide tc

and
70(7/€>

hile compiling this bibliography

about the PC (or microcomputers in general) other than the referential / stings
in Bowker's Books in Print and Computer Books and Serials in Print

1984.
Another fact 1 discovered while

ly to that machine.

researchir
of 1985) was the current lack of aood tect,
Some of the books discussed below cover

a this article (in April and May
nical books about the IBM AT,
the AT but none are devoted primari-

2 ¥

|Editor's note: BYTE has commissioned a
review, for later publication, of The Practical
Guide to the IBM Personal Computer
AT by Dennis L. Foster (Reading, MA:
Addison-Wesley, 1985.]

HARDWARE ARCHITECTURE,
EXPANSION, AND MAINTENANCE
This topic is a catchall for books that discuss,
primarily, the hardware aspects of the PC. The

books cover the hardware design and architec-
ture of the PC (including how the micropro-
cessor is integrated into the overall design of
the machine and how support components
work with it); how to expand your PC with
additional memory, coprocessors, hard disks,
modems, and external devices; how to repair
and maintain your PC, how to connect your
PC to a variety of external devices (and design
the hardware and software interfaces necessary

to accomplish this); and overall discussions of
the hardware and software that comprise the
RPE

The books in this section all have a technical
flavor to them, but most are written so that
nontechnical readers can gain valuable infor-
mation from them.

Alvernaz, Bil. Expanding Your IBM PC.

Bowie, MD: Brady Communications,
1984. $16.95. 256 pages.
This practical handbook should be
on the shelf of every PC owner who
plans on adding functions or fea-
tures to the system. The book covers
how to install boards (memory,
multifunction, graphics, etc.) in the
expansion slots, how to add mem-
ory chips to the PC motherboard,
how to install floppy- and hard-disk
drives and controllers, and how to
install a system-expansion box. The
discussion of power-supply require-
ments is particularly informative.
The text provides enough detail to
whet the appetite of technical users,
while remaining easily readable for
the nontechnical audience. The
overall focus is toward the beginning
computer enthusiast, although the
writing is well done, without a
reliance on jargon.

Coffron, James W. The IBM PC Connec-
tion. Berkeley, CA: Sybex, 1984.
$17.95. 264 pages.
While the content of Coffron’'s book
is much more technically oriented
than the Alvernaz book, the style is
(continued)
Donald Evan Crabb is director of the instruc-
tional undergraduate laboratories at the
University of Chicago (1100 East 58th St.,
Chicago, 1L 60637.) His articles have ap-
peared in several computer magazines.
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still fairly easy to read. The book
covers a wide range of subtopics fall-
ing within the rubric of computer
control of external devices. Areas
covered include interfacing software
for IBM Personal Computer 1/O (in-
put/output), incorporating input data
from external devices, 1/O hardware
for the PC, a sample computer-in-
terfacing application (a home-
security system controlled by the
PC), adding voice-synthesis capa-
bilities to the PC, analog-to-digital
conversion and its converse, a useful
appendix that includes a glossary,
and data sheets from manufacturers
of external devices to interface with
the PC.

Friedman, Herb. The Complete Guide to
Care and Maintenance for the IBM PC, XT,
AT, and Portable PC. Englewood Cliffs,
NJ: Prentice-Hall, 1985. $15.95. 198
pages.
Herb Friedman, a well-known author
of articles on a variety of electronics
subjects, has produced an easy-to-
read, accessible little book on the
subject of maintaining your IBM PC.
Although the book does not go into
copious detail about the hardware
and how it functions, Friedman
covers all the salient points of PC
maintenance, including maintaining
disk drives and adjusting them,
keeping dot-matrix and daisy-wheel
printers running smoothly with your
PC, installing and using various ac-
cessories to enhance your PC com-
puting environment (including the
use of power-conditioning equip-
ment, surge suppressors and RF
filters, and uninterruptible power
supplies), protecting your system
from environmental problems (e.g.,
temperature, dust, and humidity),
and obtaining (or making your own)
good-quality serial and parallel
cables and connectors.

The book contains more than 60
illustrations and is written in a clear,
nontechnical style. This book is both
a good introduction to the subject
of PC maintenance for computer
novices and a good reference work
for technically oriented PC owners
and users.
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Markowsky, George. A Comprehensive
Guide to the IBM Personal Computer.
Englewood Cliffs, NJ: Prentice-Hall,
1984. $19.95. 516 pages.
Written for the PC user who wants
to get a firm overall understanding
of the hardware and systems soft-
ware of the PC, this book does not
assume the user has a technical
orientation. Markowsky has com-
bined material from the IBM PC
manuals (the Guide to Operations, DOS,
BASIC Compiler, and BASIC Intepreter
manuals) with information from the
IBM PC Technical Reference and the
Macro Assembler manuals. The result
is an easy-to-read and very infor-
mative book on the PC and how it
works.

The book also contains important
discussions on the PC's components
and programs available, as well as
how to select a system configuration.
The technical discussions move from
how to set up the PC to how to run
it. The sections on BASIC are useful
adjuncts to the information in the
IBM BASIC Manual. Finally,
Markowsky explains 8088 assembly
language in a way useful to novice
programmers and gives you enough
information to get started with as-
sembly language on the PC.

The book covers just about all the
aspects of the PC's hardware and
software, including peripherals such
as printers. A brief introduction to
the 8087 coprocessor is also pro-
vided. This book is comprehensive
enough to have been listed in many
of the other topical categories of this
bibliography. This book should be
very useful to new PC owners as well
as seasoned users, as much for its
good writing style as for its informa-
tional content.

McGlynn, Daniel R. Modern Micropro-
cessor System Design: Sixteen Bit and Bit-
Slice Architecture. New York: John Wiley
and Sons, 1984. $29.95. 295 pages.
Hardcover.
If you think you might want to do
some major surgery on your PC by
modifying its design or structure,
this could be the book for you.
While it is more of a general mono-

graph on 16-bit microprocessors
and special bit-slice components, it
provides the basic technical informa-
tion that you need to undertake such
a project.

McGlynn has further provided in-
formation on modern peripheral
components, such as bubble mem-
ories, charge-coupled devices, and
CRT (cathode-ray tube) interfacing
devices. This book is strictly for the
technical reader. The style is a bit
dry, and the book reads like the
academic monograph that it is. If
you want to learn about the design
of 16-bit microprocessors and how
they are incorporated into PCs, this
book will get you started.

Norton, Peter. Inside the IBM PC: Access
to Advanced Features and Programming.
Bowie, MD: Robert J. Brady Co., 1983.
$19.95. 262 pages.
This book is a classic in the field of
IBM PC technical literature. Norton
writes well and matter-of-factly while
still communicating the inner secrets
of the PC. He treats several areas
in depth, including 8088 segment
register addressing, disk copy-
protection methods, keyboard oper-
ation and keyboard codes, the PC’s
memory map, and much more.
While the writing is clear, it is aimed
at the technical user.

A good glossary of computing
jargon is included, as are sugges-
tions for including assembly-lan-
guage routines into BASIC and
Pascal programs. Unfortunately,
what's not included is a disk of the
programming access tools (things
like ROM BIOS access service
routines) that are described in the
book. For those, you have to pay an
additional $65 (plus tax). and the
overall utility of this work is substan-
tially diluted when they are omitted.

Novogrodsky, Seth, Frederic E. Davis,
and the editors of PC World. The Com-
plete IBM Personal Computer: The Author-
itative Guide to Hardware for Expanding the
IBM PC, XT AT and Compatibles. New
York: Simon & Schuster, 1985. $16.95.
281 pages.

(continued)
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HAUPPAUG

Our 287 FAST/5

Gives your IBM PC/AT
A Lesson in Speed.

Now, When the Subje®
to Fast Math, Your AT Will Get
an A+.

Right now, the 80287 math Co-
processor in your PC/AT runs at
4MHz. Which means there’s room
for improvement. That’s why
Hauppauge has developed the
unique 287 FAST/5—a module that gives your AT an
unmatched 5MHz capability. Speeding up your math
computations by 25%. Now that’s an A+ performance!
To insure easy installation, we’ve created a carrier mount
for our 287 FAST/5. Just plug the module into your
PC/AT’s 80287 Numeric Coprocessor socket. No expan-
sion slot required.

Introducing Hauppauge’s New Lotus Support

In addition to our 287 FAST/5, Hauppauge has recently
developed a Lotus 1-2-3 support package that can accelerate
your calculations up to 30 times. The package? Our 8087
coprocessor chip and Recalc™ software. Recalc links your
Lotus 1-2-3 program to the fast math capability of our 8087
chip. By sending numeric operations to the 8087, compu-
tation timé can be reduced from 60 seconds to as little as

2 seconds. And the more complex the calculation, the
more time you save!

Affordability

We've raised the speed limit for Lotus 1-2-3 and lowered the
cost of Recalc software. When you buy any of the Hauppauge

Advertising: Scali Communications, San Francisco

Weack ledge the foll; d trad ks: IBM PC, PC/XT and PC/AT: International Business Machines; Lotus1:2-3: Lotus Development Corporation; Recale: GNP

products listed below, you can get
Recalc for only $49 (suggested retail
price is $95).
87 CHIP .. vtisaeis s $129
Our 8087 Math Coprocessor for the
IBM PC, PC/XT and PC compatibles.
87:2.CHIP: = i et $229
8 MHz Math Coprocessor for
Compaq Desk-Pro and Olivetti PC'’s.
287.CHIP i oot e R i $249
80287 Math Coprocessor chip that runs at 4MHz in the
IBM PC/AT.
287 FAST/5 oo siteivanian A A e R S e $249
Our 80287 Math Coprocessor enhancement module that
boosts speed in the IBM PC/AT to 5MHz.,

Now Available! The 287 FAST/8 ...cvvvunn... . $379
In addition to our 1-2-3 support, we're introducing our new
287 FAST/8—a module that gives your IBM PC/AT an un-
precedented 8 MHz capability. Doubling the speed of your
math calculations! (module pictured above)

Hauppauge’s 287 FAST/5 and Lotus support package are
teaching the IBM PC, PC/XT and PC/AT a thing or two
about fast math. Learn more by calling us today—or contact
your local computer dealer. :

Hauppauge Computer Works
358 Veterans Memorial Highway, Suite MSI
Commack, New York USA 11725 (516) 360-3827

Auwailable from your local computer dealer

(Pronounced: “Ha-pog”
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PRIME FEATURES

® Execute DOS level commands
in HS/FORTH, or execute DOS
and BIOS functions directly.

® Execute other programs under
HS/FORTH supervision.
(editors debuggers file managers etc)

® Use our editor or your own.

® Save environment any time
as .COM or .EXE file.

® Eliminate headers, reclaim
space without recompiling.

® Trace and decompile.

* Deferred definition,
execution vectors, case,
interrupt handlers.

I-l/S{()RTH

Full 8087 high level support.
Full range transcendentals
(tan sin cos arctan logs exponentials)
® Data type conversion and
I/0O parse/format to 18
digits plus exponent.
® Complete Assembler
for 8088, 80186, and 8087.
® String functions -
(LEFT RIGHT MID LOC COMP
XCHG JOIN)
Graphics & Music
Includes Forth-79 and Forth-83
File and/or Screen interfaces
Segment Management
Full megabyte - programs or data
Fully Optimized & Tested for:
IBM-PC XT AT and JR
COMPAQ and TANDY 1000 & 2000
(Runs on all true MSDOS
compatibles!)
® Compare
BYTE Sieve Benchmark jan 83
HS/FORTH 47 sec BASIC 2000 sec
with AUTO-OPT 9 sec Assembler 5 sec
other Forths (mostly 64k) 55-140 sec
FASTEST FORTH SYSTEM
AVAILABLE.
TWICE AS FAST AS OTHER

FULL MEGABYTE FORTHS!
(TEN TIMES FASTER WHEN USING AUTO-OPT))

HS/FORTH, complete system only: $270.
"B visa  Mastercard (@

HARVARD
SOFTWORKS

P.O. BOX 69
SPRINGBORO, OH 45066
(513) 748-0390
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Novogrodsky et al. have provided a
very readable introduction to the
hardware of the PC and how to add
to it. The book covers the PC, XT, AT,
and compatibles. It is part of a
helpful set of books on the PC pub-
lished by Simon & Schuster and PC
World Books and provides all sorts
of useful discussions of replacement
keyboards and monitors, multifunc-
tion boards, voice-recognition
devices, plotters and printers,
modems, bubble memories, optical
and mechanical mice, joysticks and
trackballs, coprocessors, local-area
networking hardware and software,
and, most important, how to hook
all of this stuff up to the PC.

This is a very useful reference
book to have around, whether
you're a new PC user or an old hand.
The writing style is clear and aimed
at the nontechnical user (although
technical details are provided). The
authors have also included an ap-
pendix that lists the names and ad-
dresses of the hardware manufac-
turers discussed in the book. I'd like
to see four-color pictures replace the
"black-on-blue” halftones used to il-
lustrate hardware examples, but
that's a minor complaint.

Sargent, Murray, Ill, and Richard L.
Shoemaker. The IBM Personal Computer
from the Inside Out. Reading, MA:
Addison-Wesley, 1983. $16.95. 488
pages.
Sargent and Shoemaker have written
an excellent technical discussion of
the IBM PC, its hardware architec-
ture, microprocessor, instruction set,
and assembly language and how the
unit works as a whole. They further
cover how to write hardware device
drivers and how to debug interfac-
ing software and hardware.

The text also delves into how the
PC controls disk drives, how DMA
(direct memory access) works, and
how to control 1/O interrupts. A
useful survey of existing software of
the PC is also included. This book
is a technician's delight, but nontech-
nical users also will find it a useful
reference work. It accommodates
both of these audiences without

resorting to the dry prose often
found in such volumes.

Sargent, Murray, I, and Richard L.
Shoemaker. Interfacing the IBM Personal
Computer to the Real World. Reading, MA:
AddisonWesley, 1983. $16.30. 288
pages.
If you're thinking about hooking
your PC or compatible to a labora-
tory instrument (to read telemetry
data, for example) or to another ex-
ternal device at home, in the office,
or in the lab, this is the book for you.
The authors give detailed instruc-
tions on how to accomplish all of
this. Step-by-step instructions on
connecting your PC to lights, relays,
switches, thermostats, sensors,
motors, laboratory displays, and
other devices are included.

The book is written more for tech-
nical PC users than nontechnical
ones, but the style is sufficiently
clear to be usable by both au-
diences. The emphasis in the discus-
sions is on how to design and build
the interfaces necessary.

Schweider, Pete H. How To Repair and
Maintain Your Own IBM PC XT. Carson
City, NV: Personal System Publica-
tions, 1984. $29.95. 192 pages. Hard-
cover.
This expensive yet well-written little
tome contains some useful informa-
tion about how to troubleshoot
hardware problems with the XT
(especially hard-disk problems). Sec-
tions of the book will be tough go-
ing for nontechnical XT users, while
other parts have been clearly writ-
ten for them. Technical users will find
a decent amount of detailed infor-
mation about the nature of hard-
ware problems with the XT and how
to solve them. The emphasis in this
book is to provide straightforward
information to get your broken XT
back in running order.

Stone, Harold S. Microcomputer nterfac-
ing. Reading, MA: AddisonWesley,
1982. $31.95. 383 pages. Hardcover.

This is a clearly written textbook that

teaches you how to interface micro-
(continued)



PROUD.

To build a workstation good
enough to put your name
on, use the modular build-
ing blocks we put our name
on. ACS, a company dedi-
cated to the support of
OEM'’s in pursuit of
excellence.

. asingle
board SuperComputer that
is 100% IBM XT compatible
from its mounting holes to
its memory mapping, but
with more speed: 4.7 and 8
MHz. Floppy controllers and
network communications
are built right onto the
motherboard along with a
SASI hard disk interface
and as much as 1 Meg of
memory.

THE GLORY . . . a graphics
card (one card) with more
than 20,000,000 pixels of
video memory powerfully
arrayed in 5 planes (32
Colors). Driven by an on
board graphics processor,
this 2K x 2K color card is
compatible with most of the
popular CAD/CAM pack-
ages . . . like AUTOCAD, PC
Draft, GKS, and Tektronics
Emulators . . . packages
that run up to 5 times faster
and virtually eliminate re-
draw by zooming and pan-
ning in memory instead of
constantly recalculating.

@g@@

AN IMPRESSIVE DISPLAY
The Peacock high resolution
monitor will put all this
technology up front where
it counts. With a horizontal
scanning frequency of 33.5
KHz and a bandwidth of 40
MHz, this RGB monitor
gives you a 1K x 1K window
on the world with profitable
OEM pricing.

If you're going to build a workstation, you might as well build the best. The people at ACS
are ready to help. For more information, call or write:

ACS International In Canada:
2105 Luna Rd. Suite 330 Soltech Industries
Carrollton, Texas 75006 9274 194th St.
214-247-5151 Surrey, B.C. V2T4W?2
TLX 709748 ACS UD 604-888-2606
Al AN A
- et AN
A& = -
IBM XT. Autacad, PC Draft, & Tektronios are trademarks of [BM, Autodesk, PCT and Tektronies respectively, ACS 1000, GraphAx & Peacack are trademarks of ACS
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our cursor on a word you want a better Word for, pop up a wmdow ~~

- showmga list ofalternatxves pick the one that works the best—and

ng Word Fmder"‘ a new computerized thesaurus with

‘~ ﬁ 90,000 synonyms for over 9 OOO  key Words No more looking it up,

 deleting and retyping.
T Rinder

16
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teg rates itself within your word processor to
§ it to clarify your meaning and
apltalizatlon from old word

Multimate, Word Perfect, Pfs Write, Microsoft Word IBM Wrrtmg
- ‘Assrstant or Easy Writer Il now. It’s fast, easy to install and operate

SYNONYM FINDER

'_;_________n>

YES, [ want the Word Finder. My check is enclosed for includi
$2.50 shipping (and NYS sales tax if applicable).

Charge my VISA/MC acct. # Expires
Name Phone

Company

Address

City State Zip

WordProcessor __ Computer/Op System

i i rltlng C AID];\?EIM Mlcroly£§lnc

Techniplex Center, Suite 427, East Rochester, NY 14445 e Orders only: 800-828-6293 I
In NYS or for info: 716-377-0130 e Dealers and distributors please call or write.
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processors to memory, to 1/O
devices, and to other microcom-
puters. While this text is geared
toward college juniors and seniors
studying computer science or elec-
trical engineering, the information it
contains is well suited to the tech-
nical PC user who wants to know
more about how the PC's com-
ponents interface with each other.

One area emphasized is commu-
nications: connecting PCs to exter-
nal networks, modems, and other
data-communications devices. The
text also covers the microprogram-
ming necessary to enable the micro-
processor to control external
devices (realtime programming).
The coverage extends to 8-bit micro-
processors and the Intel 8086 16-bit
processor. Despite the book's in-
tended audience and technical bent,
the author writes in an easy-to-read
(albeit a bit dry) style. Although its
price is on the high side, the infor-
mation will be of interest to the tech-
nical user. The book also functions
as a reference to the subject.

Williams, Gene B. How To Repair and
Maintain Your IBM PC. Radnor, PA:
Chilton Book Co., 1984. $12.95. 220
pages.
This is considerably more affordable
than the Schweider book, and the
writing is a bit more accessible.
Williams provides essentially the
same information (the focus is the
PC, rather than the XT). The au-
dience is the nontechnical user who
has a basic understanding of how
the PC works. Technical detail is pro-
vided for those users who need it.

Zaks, Rodnay. From Chips to Systems: An
Introduction to Microprocessors. Berkeley,
CA: Sybex, 1981. $17.95. 552 pages.
This book serves as a technical
authority about how microproces-
sors are designed and work. Al-
though the book covers more than
the Intel 8088/8086 processor, the
detailed information it provides
makes it an important reference
work for technical users of the PC.

The discussion includes the PC
(continued)
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FRIENDLY SUPERPOW

Advanced Business Software
That’s on Speaking Terms with You!

Power or ease of use. . . until now, you had to choose. The more you had
of one, the less you had of the other.

. No longer. KnowledgeMan/2 was created to bridge the gap between simple,
single-function programs and powerful integrated multi-function programs.
KnowledgeMan/2 is powerful. But you don't have to be a computer wiz to tap
that power. Easy-fo-use menus help you until you're ready for direct commands.
If you run into trouble, on-line help screens come fo your rescue. Now both the
casual user and the power user get everything you'd expect in a high-powered
business software, with the best of both worlds—power and ease of use.

See KnowledgeMan/2 in action! For the name of the dealer nearest you, call
or write MDBS, P0. Box 248, Lafayette, Indiana 47902, 317/463-2581.

KNOWLEDGE ®j\
f‘w

man

THE UNIVERSAL KNOWLEDGE MANAGEMENT SYSTEM

KnowledgeMan/2 and MDBS are registered mdbs
trademarks of Micro Data Base Systems, Inc. ==
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microprocessor family’s role in the
microprocessor development cycle,
moving from a history of micropro-
cessors to a consideration of how
microprocessors are used as the
building blocks of microcomputers
and how the microprocessor sup-
port components fit into the overall
final product. If you want to know

more about how your PC works from
a basic electronic level, start with
this book and move on to some of
the more specific listings below.

INTEL PC MICROPROCESSORS
AND ASSEMBLY LANGUAGE

The IBM PC family features Intel micropro-
cessors throughout the line. The oldest member

If lightning still scares you,
you're using the wrong file manager.

Be sure. Btrieve".

Lightning may strike. But it doesn’t
have to destroy your database.

Btrieve™ file management offers
automatic file recovery after a system
crash. So accidents and power failures
don't turn into database disasters.
Your Btrieve-based applications will

come up when the lights come back on.

Fast. Btrieve is lightning fast, too. It's
written in Assembly language espe-
cially for the IBM PC. And based on
the b-tree file indexing system, with
automatic balancing and electrifying
access speed.

The standard for networking.
Btrieve/N (network version) sets the
standard for the industry’s most
popular LANSs, including IBM’s PC
Network.

Fully-relational data management.
SoftCraft’s entire family of products

gives you a complete, fully relational
database management system.

Rtrieve™ adds report writing capabil-

ities. Xtrieve™ speeds users through
database queries with interactive
menus.

For professional programmers.
Btrieve is the fast, reliable answer for
all your application development. In
any development language—BASIC,
Pascal, COBOL, C, Fortran, and APL.
With Btrieve, you can develop better
applications faster. And know they’ll
be safe if lightning strikes.

Qx SoftCraft Inc.

P.O. Box 9802 #917 Austin, Texas 78766
(512) 346-8380 Telex 358 200

Suggested retail prices: Btricve, $245; Btrieve/N, $595; Xtrieve, $195; Xtrieve/N, $395; Rtrieve, $85;

Rtrieve/N, $175. Requires PC-DOS or MS-DOS 1.X, 2.X, or 3.X.
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of the family, the PC, uses the Intel 8088
microprocessor chip, running at a clock speed
of 4.77 MHz. This chip features an 8-bit
external data path and an internal 16-bit
architecture. The IBM PC XT uses the
same Intel processor as does the ill-fated
PCjr.

The newest member of the IBM PC line,
the PC AT, uses a different microprocessor,
the Intel 80286, to improve overall system
performance (the 80286 is a true 16-bit
microprocessor and is clocked in the AT at
6 MHz). The 8087 and 80287 floating-
point coprocessor chips can also be used in the
PC and AT, respectively, to improve the speed
of numeric calculations (the software must be
especially designed to use the instruction set
of the coprocessors for numerically intensive
operations).

Several manufacturers (ATET, Compaq,
etc) of IBM PC-compatible microcomputers
have chosen to use still other microprocessors
from the Intel 80000 family to help ensure
software compatibility with PC-DOS and
MS-DOS operating systems, while improv-
ing overall performance. The-two most promi-
nent microprocessors in use are the Intel 8086
and the Intel 80186, both true 16-bit micro-
processors. The following selection of books rep-
resents a sampling of the recent volumes
devoted to the Intel 80000 microprocessors,
their instruction sets, and their assembly
languages.

Bradley, David |. Assembly Language Pro-
gramming for the IBM Personal Computer.
Englewood Cliffs, NJ: Prentice-Hall,
1984. $21.95. 352 pages.
If you want to learn how to program
in assembly language on your PC,
you can start with this book. Bradley
ties the concepts of assembly-lan-
guage programming into those of
high-level languages, including
BASIC and Pascal, and assumes you
have BASIC or Pascal programming
experience. Novices may find the
book tough going but not impos-
sible.

Bradley presents his material in
four sections, covering the funda-
mentals of PC operation; how the
8088 microprocessor works and
what its instruction set is like; how
to create, assemble, link, and run
assembly language programs; and

(continued)



One out of every five letter-quality printers
sold is made by Ricoh.

If that's not impressive
enough, consider the fact that
there are 127 printers on the
market.

With 127 printers, made by over 35
manufacturers, the odds of one man-
ufacturer getting 20% of the market
aren't too big. How did Ricoh do it?

By making the reliable, state-of-the-

market. For example, Ricoh makes laser  the market, look into Ricoh’s new line
printers that can print up to twelve of printers and peripherals, backed
pages a minute. Thermal printers that do by Ricoh's own national service
graphics in seven colors. And quiet daisy —organization.
wheel printers.

We even make the scanners that

transmit the copy and color pictures of
USA Today all across the country for
printing early every weekday morning. ®

So, if you'd like to increase your

art printers needed in today’s computer odds of getting the best printers on We I’QSPOlld.

300-222-0878, ext.R20. In NJ, 800-222-0879, ext. R20. © 1985 Ricoh Corporation, 5 Dedrick Place, West Caldwell, NJ 07006.
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the uniqueness of the PC assembly
language and applications written in
assembly language.

Technical users will welcome the
discussions of binary arithmetic and
data representation. Bradley also
covers the 8088 microcode, the
special utilities available through the
PC Macro Assembler, the additional
data types and instructions provided
by the 8087 coprocessor, and the
registers of the 8088 and how ad-
dressing works. A generous use of
assembly-language code examples
makes the discussion easy to
assimilate. Despite the technical
nature of the topic, the writing style
is clear and straightforward.

Dao, Lanny V. Mastering the 8088 Micro-
processor. Blue Ridge Summit, PA: Tab
Books, 1984. $15.95. 330 pages.
This technical handbook is more of
a reference book on the 8088 than
a text to learn about its operation.
Dao divides his discussion into
several areas: the 8088 assembly
language, the 8088 instruction set,
integer-arithmetic logical functions,
data movement, control transfer,
and how to shift and rotate memory
contents and addresses.

Mastering the 8088 Microprocessor is
well organized and thorough.
Discussion of hardware interfacing
with the 8088 focuses on the minute
level of pin-out signals. Dao also
discusses the 80286 and 80186
chips and their instruction sets. He
includes more than 20 sample as-
sembly-language programs to il-
lustrate the discussions.

Equipped with an extensive index
and appendixes, this is an excellent
technical reference to the Intel 8088
and 8086 microprocessors and how
they work. The writing style is quite
readable.

Khambata, Adi J. Microprocessors/Micro-
computers: Architecture, Software, and Sys-
tems. New York: John Wiley and Sons,
1982.$24.95. 577 pages. Hardcover.
Designed for classroom use, this
book also functions as a technical
reference book. It covers just about
all the ground you can think of for

20 - Fall 1985 BYTE -« Inside the IBM PCs

the technically oriented PC user. The
text moves from an introductory
chapter on digital computers to
technical discussions of hardware ar-
chitectural features of different
microprocessors (the Intel 8088/
8086 chips are used as examples)
and how they interface with random-
access read/write memory (RAM).

The 8088/8086 is further exam-
ined from the point of view of its
functional parts, including its control
and timing unit (CTU) and arithmetic
and logic unit (ALU). How the micro-
processor deals with serial and
parallel 1/0 and direct memory ad-
dressing (DMA) is also covered, and
there is a chapter on BASIC and how
it is implemented.

This book is an excellent, easy-to-
read introduction to the digital elec-
tronics that make the PC work.

Lafore, Robert. Assembly Language Primer
for the IBM PC and XT. New York: New
American Library, 1984. $21.95. 501
pages.
This book from the Waite Group of-
fers a practical introduction to imple-
menting assembly-language code
quickly and easily on the PC and PC
XT. The discussion covers how PC
Macro Assembler works and how to
write macros and control peripheral
devices with assembler routines.

Lafore teaches you to write one-
line programs using the debugger
and DOS function calls. From there,
the discussion moves to the Macro
Assembler and how to write and as-
semble longer programs. Numerous
sample programs and troubleshoot-
ing help are provided throughout
the book. The book moves you to
consider more interesting assembler
projects as you learn more about the
language (one project, a program to
create color graphics and sound ef-
fects on the PC, is particularly
entertaining).

Lafore has written for the PC pro-
grammer who has some familiarity
with BASIC programming and DOS
but who is not necessarily a sophis-
ticated technical user. Overall, the
style and structure of this book work
well.

Metcalf, Christopher D., and Marc
Sugiyama. Compute!'s Beginners Guide to
Machine Language on the IBM PC and PCjr.
Greensboro, NC: Compute! Publica-
tions, 1985. $14.95. 330 pages.
Another guide to assembly lan-
guage on the IBM PC, this book
serves as both a reference guide and
a learning text. Specific instruction
is provided for EDLIN, DEBUG,
LINK, and ASM. A separate section
discusses using assembly-language
routines from Pascal programs to
improve their performance.

The authors provide a number of
source-code listings to help in learn-
ing the language, most of which are
heavily commented. The use of the
stack and of subroutines is covered,
as is a complete description of the
8088 instruction set and addressing
modes.

Characterized by a clean style, with
plenty of detailed explanations, this
book provides a good introduction
to PC assembly language for the
technical user who has had some
previous programming experience
with high-level languages. Nontech-
nical users would be better off start-
ing with a simpler introduction to
assembly language, such as that
found in the Markowsky book listed
above.

Morgan, Christopher, and Mitchell
Waite. 8086/8088 16-bit Microprocessor
Primer. New York: McGraw-Hill, 1983.
$21.95. 355 pages.
This book is a very readable intro-
duction to a complex technical topic.
Morgan and Waite have put together
a useful book (as a reference and as
a self-teaching text) about the 1983
state of the art in microprocessor
technology, using the Intel 8088 and
8086 as examples.

The authors explain how the 8088/
8086 works, how 16-bit memory ac-
cess and memory management dif-
fers from the 8-bit variety, and how
coprocessors (e.g., the 8087) can be
used to speed up system perfor-
mance. There is also a discussion of
multiprocessing and how it is imple-
mented at the microprocessor level.

(continued)



RS232 Adapter
for VIC-20 and
Commodore 64

The JE2320M allows connection of standard serial RS232
printers, modems, etc. to your VIC-20 and C-64. A 4-pole
switch allows the inversion of the 4 control lines. Com-
plete installation and operation instructions included.

+ Plugs into User Port + Provides Standard RS232 signal
levels - Uses 6 signals (Transmit, Receive, Clear to Send,
Request to Send, Data Terminal Ready, Data Set Ready).

16K RAM Card
* (Language Card)
For Apple Il and II+*

80-Column plus 64K
RAM for Apple /le*

JAmEEs Controller Card

For Apple I, 1+ & fe®

Plug-In — Talking in Minutes!
JE520CM. . . . $99.95

TRS-80 Accessories
MPI 5%" DISK DRIVE

- Use as a second disk drive - Single-
sided + Single/double density « Full-
height drive + 48 TPl + Documentation
included - Weight: 3.7 Ibs.

coens s o $89.95

MPI51S. .. .

EXPAND TRS-80 MEMORY
TRS-80 MODEL |, Il

Each Kit comes complete with eight MM5290 1UPDA|6/41 16) 16K Dynamic
RAMs and documentation for conversion. Model 1 16K equipped with Ex-
pansion Interface can be expanded to 48K with 2 Kits. Model Ill: Can be
expanded from 16K to 48K using 2 Kits. Each Kit will expand computer by
16K increments.

TRS-16K3 200ns (Model lll). .
TRS-16K4 250ns (Model1)..........

TRS-80 COLOR AND COLORI I
Easy to install Kit comes complete with 8 each 4164N-20 (200ns) 64K
Dynamic RAMs and ducumenlauon for conversion. Converts TRS-80 Color
Cmnpulers with D, ET, F and NC circuit boards to 32K. Also converts
TRS-80 Color Compuler I (c 64K Flex DOS or 0S-9 required lo utilize
full 64K RAM on all computers.
TRS-BAKEDS L L ity e ate ot s svuns s oforars $11.95

Update! TRS-80 MODEL IV, 4P Update!
Easy 10 install Kits come complete with: TRS-64K-2 (8 ea. 4164N-20 (200ns)
64K Dynamic RAMs); TRS-64K-2PAL (B ea. 4164's plus PAL chip) and docu-
mentation for conversion.
TRS-64K-2 Expands Model IV from 16K-64K or Model IV

& 4P from 64K-128K (w/Mem. Disk). . . . $11.95
TRS-64K-2PAL  Expands Model IV (w/Black & White
Monitors only) from 64K t0 128K . . . . . $29.95

* TRS-80 Model 100 - NEC - Olivetti

Easy (0 install module plugs right into the socket increasing memory in 8K
increments. Complete with module and documentation for installation.

M1008K (TRS-80 Model 100 Expansion). . . .+ . $39.95 ea.
or 3 for $99.95
NEC8KR (NEC PC-8201A & Olivetti M10). . . . . . $39.95 ea.
or 3 for $99.95
NEW! NEwW! TANDY 200 NEW! NEW!

NEW! Easy to install module plugs right into the socket increasing memory
in 24K increments. Complete with module & documentation for installation

M200R (Tandy 200 Expansion)......... $149.95 ea.
or 2 for $274.95

PROMETHEUS MODEMS

Intelligent 300/1200
Baud Modem with Real
Time Clock/Calendar

The ProModem™ is a Bell 212A (300/1200) intelligent
stand-alone modem + Hayes command set compatible
plus an additional extended command set + Shown with
alphanumeric display option.

et

PM1200 Rs-232 Stand-Alone Unit. . . . . . $299.95
OPTIONS FOR ProModem 1200
PM-COM (ProCom Communication Software). « . . «u« « « « $79.95

Please specify Operating System
PM-OP  (Options Processor).
PMO-64K (Options Processor Memory — 64K). .
PM-ALP  (Alphanumeric Display)

(Incl. Options Processor,
64K Memory and
Alphanumeric Display). « «

PM-Special .. $149.95

Tntersil Data BOOK (1984). . -~ -~ -.......- $9.95

30009
Complete Line (965 pages)

30013  Zilog Data Book (1984)....................... $9.95
Microprocessors and Support Chips (849 pages)

210830  Intel Memory Components Hndbk. (1983/84). . . . $14.95
Contains all Applications Notes, Article Reprints, Data Sheets & other
design information on Intel's RAMs, DRAMs, EPROMs, E?PROMs and

ubble Memories (880 pages).

230843 Intel Microsystem Components Hndbi (1983/84) $10.95

& peripherals —
2 volumcs (2.)75 pages)
30022 National Logic Data Book Set (1984)..........

Volumes | & Il (3485 pages)

Conisins informstion on National's TTL productingand CD4000 family.
This includes 7400, 74L, S, AS, LS and ALS Series devices, and
MMBS4HC / 74HC / 5dHCT/ 74HCT High Specd Micro GMOS fami,
MMS4C / 74C family, and CMOS LS! / VLSI.

MUF60 (SPN3-15-2462)
Howard Industries (4.68"sq.,60cfm). . . .

SU2C7 Reverse Flow
EGA&G Rotron (3.125" sq., 32¢im). . . . . $9.95

$9.95

JE232CM """"""""" $39'95 J‘EB“G’O (ARC-16K/MEM-1). . . . . $39.95 35675 (ACC1). o v o s $49 95
VOICE SYNTHESIZER Five Key 28K RAM Card Ram
FOR COMMODORE VIC-20 AND C-64 J Software Programs! For Apple Il, I+ and fle*  Disks

The JEBE8 is functionally compatible with the Apple Il language card &nd can be
¢ utilized with all software that can be used with a standard 16K card. The JEBGE
requires no modifications to your Apple computer. Five key software programs are
included: Memory Management System, utilties, diagnostics, demos, and RAM disk
emulators for DOS 3.3, CP/M and Apple Pascal. Also features DOS relocato: Complete
with instructions, Key: (a,b)

. $119.95

Applesurance Diagnostic Disk Controller Card
Prevents Crashes! For Apple Il, II+ and /le*

The JEB77 serves as a diagnostic tool, an assurance/maintenance tool and a dual
disk drive controller. The JEB77 will venfy and check the operating hardware of
your system each time you turn on your + or lle* Test your FAM. ROM,
EPU, and disk drives, Diagnostic roulines may b cancelled at thé touch of a key.
Complete with instructions. Key: (a.b)

JE877 (DRV-1/Applesurancell).............

Parallel Printer Card
For Apple II, Il+ and lle*

The JEBBO Printer Interface board is an intelligent interface to most of today's
popular dot-malrix graphics printers The JEBBO is fully compatible with Apple CP/M,
Apple Pascal (or ), and most other operating systems and software
packages available for Apple Il I+ and lle* The JEBBO is Shipped configured for the
Centronics standard and e re-configured for other standards if necessary
Advanced text printing include: video screen echo ON or OFF. auto/disable
finefeed after carriage feturn, set/clear the Bih bil of the output data, set eft margin
and more! Complete wih instructions. Key: (a.b)

A EBBOI(PRI=N)sotrlriaie aiohyi oiteer satetsalire $59.95

Parallel/Serial Buffer Card
For Apple Il, Il+ and /le*

The JEBB3 provides the user with up to 64K of additional or buffered memory (18 pages
of information). Using the parallel jumper cable supplied, the JEB83 will atiach o the
JEBBO (above). Parallel Card needed for operation. The JEB83 includes a standard
parallel input with both parallel and serial (R5232) buffered outputs. With these
features you may access and buffer information to two types of printers (one serial,
“one parallel) simultaneously. Complete with instructions. Key: (a,b)

JE670 GANG EPROM PROGRAMMER 8K TO 512K (E)EPROMS

The JE6701s

bt EPROMS and LEPROE (upto 5126) from your Master

IC. Operation is simple, foolproof and fa

* rogram capacity of 10 EPROMS at ane time. Status in-
dicator for each socl

+ iy automyatis Bianlctesting, Programming and Margin-
testing EPROMs.

* Fully automatic erifcation against Master both afte Pro-
aramming and during Margin-testing at two VCC

. es vinseligent: atgorithms to. miimize programming

imes.
-AII dnvice sockets are Zero Insertion Force Textool'

puDstItInn

OPERATION: The JE670 Gang Programmer is fully npenh_d wlll\ just 4 pushbuttons. Operation is simplified by employing
Jumper Modules (G Series) for e different type devi JE70 is ideal for production programming and testing of IC's.
*hput. 115VAC, BOHz, 15W - Size: 15%L x 834D x 3'H - Vlmqnl 6.81bs

JEB70 GANG (E)EPRCM PROGRAMMER (Assembled ard Tested) (includes JM G16A Module). . . . . $695.00
JE670 JUMPER MODULES “G" SERIES (PEHSONALITV MODULE) Pamm meg ~ New JM's To Be

JEET0 M NO__ EPROW) JEGT0 M KO pric
M GEA Veltage] inel National, oic S1955 M GE4B m_sun 5 W 5
G168 wsvsmn NEC, et $1995 JMGBAC oW el st

e
JM GBAA El $1995 JMG513A 7513 Intel

temcus TG mouSNEG
WeEA S99 dwaeszR 25 g
GEteA S195 N i 3
T io0e™ M GEzEax— aRzRe JamcEoo e

JE664 EPROM PROGRAMMER sk 10 64k EPROMS

JE664 EPROM Programmer is completely sell-contained —
requires no additional systems for operation

NEW Z7 . Emulates PROMs or EPROMs
Low + Programs and validates EPROMs
Price!3~ ' Checks for properly erased EPROM
* Loads data into internal RAMS by keyboard EPROM or

mp! ia
OPERATION: The JE664 EPROM Programmer emulates and programs various 8-bit word EPROMs from 8K to 64K bit memory
capacr(y The JEG54's RAMs may be accessed for emulation purposes from the panel's test socket to an external microprocessor.
“Data” & “Address" displayed in convenient hex. format. » Inpul 115VAG, 60Hz, 10W + Size: 15%'L x 8%'D x 3'2"H « Wt: 5% Ibs.

JE664 A EPROM & Tested) (Includes JM 16AModule), « v v v oo e e oo $795.00
JEG65 — RSZaZCINTERFACEOF’TION

55 10 1ho JEG64's RAM This aliows.

JE563 A samio program g s cuppie

inscompier o i UBASIC for GPIM computers Docu:
et 1 prowa 1 st 1o Swart 1o thar compu 52 por 5600 B 5.8 word, Gad bariy and 2 s1op b
JE664-ARS EPROM w/JE665 Option (Assembled & Tested) (Includes JM16A Module) $995.00

JE664-ARS-CP JE664-ARS Communication Program (51" Disk 4 Us
JEB64-CP CABLE _Cable for IBM-PC to JE664-ARS Programmer

El M JUM| DULES — 1he JE664's Jumper Module (Personality Module) is a plug-in Modula that pre-sets the JEGS4 for proper pro-
gramming pulses 10 the EPROM and conly EPAOM s0cket connections for that partcular EPROM

Programming
Voitage

JE664 EPROM
JUMPER MODULE NO. EPROM

ational, Intel_ 1
nal, NEG, TI, AMD.
iachi, OKI 5

NEC. Hitach,intel, Misubishi, National

v
V
v
v
v
v
v
v

Jameco’s New 1986 Catalog.

Filled with New Products, Reduced Pricing
and Valuable Pin-out Data.

Send $1 Postage for FREE 1986 Jameco Catalog!

$10 Minimum Order — U.S. Funds Only CA Residents: Add 6':% Sales Tax Spec Sheets — 30¢ each

Shipping: Add 5% plus $1.50 Insurance  Send $1 Postage for FREE 1986 Jameco Catalog Prices Sublec( to Change
Send stamped, self-addressed envelope to receive a Monthly Sales Flyer — FREE!

/ A
(Masier/Cord
\ 5

ameco

1355 SHOREWAY ROAD, BELMONT, CA 94002
PHONE ORDERS WELCOME —

11/85

{415) 592-8097 — Telex: 176043

ELECTRONICS

IBM® Accessories

IBM PC/XT Compatible
Keyboard

-

SN [N 0 0 8 8 O | S | - | H

_ﬁ’”””l’!ll “
HHIII

IBM-5151 (Equivalent to Keytronics™ 5151). . . . . $129.95

Additional Add-Ons Available!

MEMORY EXPANSION KITS
IBM PC, PC XT and Compatibles

The IBMB4K Kit will increase memory in 64K byte increments. The Kitis simple
toinstall — just insert the 9 - 64K RAM chips in the provided sockets and set
the 2 groups of switches. Conversion documentation included

IBM64K (Nine 200ns 64K RAMs). .
IBM PC AT

Each kit comes complete with nine 128K dynamic RAMs and documentation

for conversion.
IBM128K (Nine 250ns 128K RAMs). . ... $79.95

IBM PCXT Equivalent
t, 130 Watt Power Supply
3 UPGRADE YOUR PC!

+ Input: 110V @ 60Hz * Output: +5VDC @ 15A, —5VDC @

0.5A, +12VDC @ 4.2A, —12VDC @ 0.5A « Plug compatible

connectors * Fits into IBM PC « Weight: 6 Ibs.
119.95

IBM-PS. .......

Prometheus Modems

The ProModem 1200B/BS is a 1200/300 baud modem
card which plugs into IBM PC and XT. Provides a third
serial Comport. Two versions available: 12008 (without
software) and 1200BS (with software). The PM1200BS
is supplied with powerful MITE communications software
from Mycroft labs.

PM1200B  (without Software). . . . . . $239.95
PM1200BS  (with MITE Software). . . . . $274.95

Br:tible! DISK DRIVES

Documenfatio

Included
RFD480  (Remex 5%" DS full-ht.) $ 79.95
FD55B (Teac 5%" DS half-ht.). $119.95
SA455  (Shugart 5%" DS half-ht) $109.95

TM100-2 (Tandon 5%" DS full-ht). . . . . $129.95
5%" DISK DRIVE ENCLOSURES

Complete with power supply, switch, power cord,
fuseholder and connectors
DDE-1FH  (Houses 1 full-ht. 5%" floppy drive) . . $ 69.95
DDE-2HH

it e N g 79.95
HDDE-1FH (Houses 1 hard drive). « . . . . . . . $219.95
General Application Keyboards
Mitsumi 54-Key
Unencoded

All-Purpose
Keyboard

« SPST keyswitches + 20 pin ribbon cable connection
« Low profile keys * Features: cursor controls, control,
caps (lock), function, enter and shift keys + Color (key-
caps): grey * Weight: 1 Ib. + Pinout incl. « Size: 13%"L x

4%"W x %"H
KB54........... . $14.95

74-Key
ASCII
Cherry
Keyboard

Full Upper Case, Full Lower Case
exceptl, m,n, o and p. s Cursor keypad * SPST mechar_ﬂ-

* 7-bit parallel ASCII «

cal keyswitches + 26-pin header connector + Color: white
+ Size: 18"L x 6% "W x 1%"H + Spec included
KB8201. . . ... (1700 available). . . . . .. $19.95

Erases all EPROMSs. Erases up to 8 chips within 21 minutes (1 chip
in 15 minutes). Maintains constant exposure distance of one inch.
Special conductive foam liner eliminates static build-up. Built-in
safety lock to prevent UV exposure. Compact — only 9.00"L x
3.70"W x 2.60"H. Complete with holding tray for 8 chips.

DE-4  UV-EPROM Eraser. . . . . . $74.95
UVS-11EL ReplacementBulb. .. ...... $16.95
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Finally, the book surveys the most
recent programming languages
available on 8088/8086-based ma-
chines. The information contained
here will be of more interest to tech-
nical audiences, although the writing
is sufficiently clear.

Palmer, John F, and Stephen P. Morse.

The 8087 Prinier. New York: John Wiley
and Sons, 1984. $16.95. 224 pages.
While this book, too, is aimed at the
technical audience, the authors ex-
plain the subject in clear detail. The
Intel 8087 coprocessor chip is
analyzed from several different
angles: its architecture, how it's pro-
grammed (its instruction set), and its

roDisk

ZeroDisk

Run
Protected
Software
from a
Hard Disk.

ZeroDisk lets you run dozens
of popular business software
packages without floppies.
Call us for the latest list of
software it handles. ZeroDisk
needs an IBM PC or XT or AT
or compatible, running under
DOS version 2.0 or higher. It
occupies 10k bytes o
memory. ZeroDisk is not
copy-protected.

ZeroDisk is revised monthly.
You may get revisions for an
$18 US trade-in fee.

To order ZeroDisk, send a
check for $75 US, or call us
with your credit card. We
will ship the software within
a day.

N
Quaid Software Limited

45 Charles Street East
Third Floor
Toronto, Ontario M4Y 1S2

(416) 961-8243

usefulness to applications programs.

The authors are the inventors of
the 8086 and 8087 chips, so their
knowledge of the coprocessor is
unsurpassed. The book explains
how to program the 8087 for quick
numeric computations. The inter-
face between the 8087 and 8088/
8086-based machines is also de-
tailed. The authors also delve into
the interface of the 8087 with high-
level languages and discuss how to
program and optimize Pascal and
FORTRAN code for the 8087. The
writing style is a bit clinical, but still
usable.

Rector, Russell, and George Alexy. The

8086 Book. Berkeley, CA: Osborne/

McGraw-Hill, 1983. $16.99. 624 pages.
“Copious coverage” is the best way
to describe this book. The authors
cover virtually all the technical
aspects of the 8088/8086 micropro-
cessors used in the IBM PC and
compatibles. The major topic of the
book is the Intel 8088/8086's instruc-
tion set. Well over half of this large
book's pages are devoted to that
topic.

Rector and Alexy wrote this book
as a solid reference text for the
8088/8086. In this they have suc-
ceeded admirably. But the book
goes beyond its reference format
and is also useful for learning about
8088/8086 assembly language, the
differences in the data buses of the
8088 and 8086 (and how that affects
assembly-language programming
and 1/0), and a three-chapter discus-
sion of the electrical-engineering
concepts that drove the design and
implementation of the 8088/8086
chips.

The largest single failing in this
book is its organization and how
background information is incor-
porated into chapters that require it.
Even technically oriented readers
will find that certain assumptions are
made about prior knowledge that
are unwarranted in a book with this
broad a scope. A related problem is
the order of presentation. Chapters

that seem better placed at the
(continued)



Those who insist on C compiler performance
are very big on Mark Williams.

&/ These and other powerful
é\ép@ utilities now éncluded in the C
Programming System:
* make: compiles only what's necessary

gramming discipline
« diff: identifies differences between two files
* m4: macroprocessor expression editing
and substitution
« egrep: extended pattern search
* MicroEMACS: full screen editor with source

COMPILER FEATURES

* Runs under MS-DOS

* Full Kernighan & Ritchie C with recent
extensions including void and enum

* Register variables for fast, compact code

* Full UNIX™ compatibility and complete
libraries

* Large and small memory models

* MS-DOS linker compatibility

* 8087 Support

* One-step compiling

* English error messages

* ROMable code

* Linker, assembler, archiver

* Extensive third party library support

csd C SOURCE DEBUGGER

* Debugs at C source level without assembly
language

* Separate evaluation, source, program and
history windows

* Can execute any C expression

* Capabilities of a C interpreter, but runs in
real time

* Set trace points on any statement or variable

© 1985 Mark Williams Company
UNIX is a registered trademark of Bell Labs.

Inquiry 121

And the compiler is just part of our total C Programming System.

Mark Williams' C compiler has earned a place
in some very big companies for some very good reasons:
it proves the benchmarks right with the speed, code
density, consistent performance and expert support
required in professional development environments.

But a total development tool shouldn’t stop with
compiling. Or go on and on with extras that add up and up.

Only Mark Williams C Programming Systems
includes the csd C Source Debugger with true source
level debugging to speed your programming job.

And only Mark Williams' new 3.0 version #ncludes
utilities like “make” to make quick work of even the
largest projects.

From source code to final product, only one takes
you all the way: Mark Williams' C Programming System.
All for only $495. Ask about our 30-day money back
guarantee when you call
1-800-692-1700 to order today.*

Mark
You'll be big on the total Williams
C Programming System from Company
Mark Williams, too. Coage, Ninoio 80814

*In Ilinois call 312-472-6659.
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Inquiry 225 for End-Users. Inquiry 226 for DEALERS ONLY.

WRITE YOUR OWN APPLICATIONS IN LESS THAN 1 HOUR

Generate entire applications,
including reports and menus,
from start to finish with amazing

speed.

¢ 300 fields per logical screen,
4 physical screens per logical

screen.

e Screens are compiled, not
interpreted.

¢ Predefined /O types of String,
Real, Integer, Phone and Date.
User definable types.

WITH

Y ZEUS.

™

e Generates easily modifiable
code.

e Completely menu driven.

¢ Includes Database Generator,
Report Generator, Menu
Generator, and /O Function
Generator (to define additional
IO types similar to phone and
data types, which are
predefined).

REQUIRES: Turbo Pascal and
PC-DOS 2.0 or higher. Soon
available on MS-DOS.

e Bullet-proof Data Entry.

e Generates entire Database
programs with Add, Change,
Inquire, Delete and Backup

$59.95 unprotected (includes
postage and handling)

CALL TOLL FREE 1-800-JMC-8667

functions predefined.

or 1-404-736-8265

¢ Includes algorithm (and uses)

resident Binary Tree indexing for
no wait lookups. Easy to
change to other methods.

Visit us at Comdex, Booth #H8142.

JMC Research, Inc.
803 Eisenhower Drive
Augusta, Georgia 30904

[
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.\ Cuesta Systems quporation

3440 Roberto Court
San Luis Obispo, CA 93401

DataSaver

Power protection for high-level microcomputers with
peripherals, multi-tasking systems, and communi-
cation networks is here, now, with the 400 Watt
DataSaver. Placed between the desktop computer
and system monitor, the DataSaver 400 features

a master power switch directing four power outlets.
2-stages of overvoltage transient suppression and
built-in, automatically recharged batteries stand by
to assure clean, uninterrupted power for the five
minutes you might need to shut down before the
power shuts off. 90 and 200 Watt models available.

1985, Made in U.S.A.

Write or call 805/541-4160
Dealer, O.E.M. inquiries invited

Inquiry 39
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beginning of the book are wedged
in toward the end, after the meat of
the technical discussion has been
presented.

The overall content is good, how-
ever, and the writing style is read-
able, but the structural problems will
probably limit this book's usefulness
to mostly a reference role.

Startz, Richard. 8087: Application Pro-
gramming for the IBM PC and the Other
PCs. Bowie, MD: Robert J. Brady Co.,
1983. $22.95. 276 pages.
This is a first-rate book. Startz has
provided a comprehensive overview
of the 8087 coprocessor and how
it's programmed. The discussion is
useful for both 8087 assembler pro-
grammers and users of applications
that work with the 8087. The text in-
cludes a nontechnical overview of
the capabilities of the 8087, includ-
ing speed benchmarks and buying
guidelines for software that uses the
8087.

For programmers, Startz gives the
full technical details on the 8087 and
its instruction set and how to call
8087 routines from 8088 code and
from BASIC programs. The discus-
sion also covers matrix arithmetic,
how linear systems work in com-
parison to nonlinear ones, and a
guide to incorporating the 8087 into
statistical-analysis programs.

Of all the technical books read for
this article, this book was one of the
easiest to read, and its style and
stucture made reading it from cover
to cover a pleasure.

Yeung, Bik Chung. 8086/8088 Assembly
Language Programming. New York: John
Wiley and Sons, 1984. $19.95. 265
pages.
Less technical in its style and con-
tent than some of the other 8000-
family assembly-language books
reviewed here, this book still
manages to cover the material from
a solid technical viewpoint. The
book is aimed at the programmer
who has had some experience pro-
gramming in high-level languages on
the PC and compatibles (the ACT

(continued)



Hayes sets the standard
for personal computer

communications. Again.

Smartmodem 2400,

SMARTMODEM 2400~

«(Hayes

The new fast mover from
Hayes. The telecomputing
leader. When it comes to commu-
nications products for personal
computers, we're the leader! Hayes
Smartmodem 1200™ set the indus-
try standards for quality, reliability
and performance.

Now our new, faster Smartmodem
2400 goes even further to lower
telephone line costs and improve
user productivity. So, at twice the
speed of a 1200 bps modem, it
quickly pays for itself in any high-
volume communications operation.

Smartmodem 2400 provides a quick
link to minis and mainframes. Both
synchronous and asynchronous
transmissions are supported by an
advanced version of the well-known
Hayes “"AT” command set. You can
download from the IBM mainframe
at the home office. Send data to
the mini upstairs. And guarantee
accurate transmission with infor-
mation services.

With worldwide communications
in mind, Smartmodem 2400 was
designed to meet CCITT interna-
tional standards. It provides a fast,
cost-effective way to transmit data
between approved countries.

New version of Hayes
Smartcom II® communications
software creates a complete tele-
computing system with Smart-
modem 2400. Our new Smartcom
II, Version 2.1, is available for the
IBM* PC and many popular com-
patibles. Smartcom Il makes the
most of Smartmodem'’s exceptional
features, at the same time it makes
communicating easy for you. And,
if you're currently using an earlier
version of Smartcom II, Hayes of-
fers a $25 upgrade to Version 2.1.

So if you're looking for ways to
streamline your communications,
see your authorized Hayes dealer
right away. For a hands-on demon-
stration of Smartcom Il and our new
Smartmodem 2400. Guaranteed to
get you moving fast!

Hayes Microcomputer
Products, Inc., 5923 Peachtree
Industrial Blvd., Norcross, Georgia
30092. 404/441-1617.

Smartmodem 2400
e Direct connect ® Asynchronous
and synchronous communications
e Accommodates Hayes-compat-
ible modems of slower speeds
e Meets CCITT worldwide stan-
dards e Keyboard control of all
communications parameters ® High
speed indicator ® Voice/data
capabilities ® Call progress moni-
toring ® Two-year limited warranty
with optional four-year extended
warranty available.

Smartcom Il

® Hayes Verification and XMODEM
protocols ® Emulates DEC* VT52
and VTI00/102 e Totally unat-
tended operation ® Voice/data

capabilities.
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Smartcom Il is a registered trademark and Smartmodem 2400 and Smartmodem 1200 are trademarks of Hayes Microcomputer Products. Inc.
*Trademarks of their respective companies. ©1985 Hayes Microcomputer Products, Inc.
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WHY SETTLE FOR DOT-MATRIX FRINMTIMG?
When you can have dot-matrix

BIBLIOGRAPHY

Typesetting!
Typesetting!

DISCOVER

JeBhint

Typesetting for Your Dot-Matrix
or Laser Printer

Only $149

(includes 5 standard type styles;
9 additional styles just $19 each)

Ask your dealer for a LePrint
demonstration and copies of our free
8-page brochure and type style
catalog. If you prefer, call us toll-
free for more information or use
your credit card to order direct with
our 30-day refund offer.

Call Toll-Free

800-LEBAUGH
(800-532-2844)
In Nebraska 402-733-7600
Telex 62904952
B ——
LeBaugh Software Corp
— 2720 Greene Avenue

Q@Lj Omaha, Nebraska 68147

Typesetting!
¥ y/z&mﬁtin 9/
THPESETTINGI
Typesetting!
Create professional-looking documents
Typesetting creates a favorable impression and
increases the readability of your material, while
capturing attention far better than conventional dot-
matrix printing.
LePrint software turns your dot-matrix printer into
your own personal typesetting machine, helping you
produce better quality . . .

TepOorts brochures  presentations
newsletters letters sales proposals
advertisements  manuals announcements

... almost any kind of document you can imagine.
Be expressive with our 14 styles!

With LePrint you have a variety of expressive styles at
your fingertips. Only LePrint gives you total control
over the character size, you are not limited to one or
two fixed sizes. From tiny 1/12th inch to massive
full-page letters and anywhere in between, LePrint
provides exceptionally clean, crisp characters. Of
course you can freely mix styles and sizes within the
same document or even on the same line!

@ For the IBM® PC and compatible computers
@ Supports most popular dot-matix printers

Copyright © 1985 LeBaugh Software Corp. Ad printed by LePrint. LePrint and LeBau%Ah are trademarks of

LeBaugh Software Corporation. IBM is a registered trademark of International Business

achines Corporation.

The Personal

EE/EPROM
Programmer

FOR YOUR

IBM P.C.

$395.00

PLUS POSTAGE
& HANDLING

With Shooter
You AimLow
in Price and High
in Quality!

RS-232 Port. Works with

any computer or terminal.
Stand-Alone. Copies & verifies.
128K RAM Buffer.

Upload / Download in Intel or
Motorola Hex format.

90 Day Warranty.

UV Erasers from $49.95.
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1-800-EE1-PROM (331-7766)
FLA. (305) 974-0967 * TELEX: 383142 LOGICALTX
1321E N.W. 65th PLACE, FT. LAUDERDALE, FL 33309

Inquiry 114

Apricot is also used in programming
examples) and who now wants to
learn PC assembly language.

In 18 well-packed chapters, Yeung
covers all the necessary topics, from
an introduction to the MS-DOS tool-
kit to how to use the assembler for
Boolean instructions. Material in-
cludes data manipulation, binary
arithmetic, program branching and
looping, string manipulation, sub-
programming, and direct 1/O. The
author also discusses macros, as
well as how to interface assembly-
language programs with BASIC. This
is a good text on PC assembly lan-
guage and can also function as an
assembly-language reference
manual.

HIGH-LEVEL LANGUAGES

The 1BM PC and its compatibles can work
with a wide variety of high-level programming
languages (through PC- and MS-DOS and
CP/M-86). BASIC (interpreted and com-
piled), Pascal, FORTRAN, COBOL, LISP,
C, and many others have all been written for
the PC. The books listed here teach some
aspects of high-level language programming
on the PC while maintaining a technical focus.

Brown, Jerald R., and LeRoy Finkel.
[BM PC Data File Programming. New
York: John Wiley and Sons, 1984.
$14.95. 367 pages. Also available with
a disk of BASIC programming ex-
amples for $39.95.
This text is a complete, accessible
study guide for creating, using, and
modifying BASIC data files on the
PC. The book lists a number of
ready-to-run BASIC subroutines that
perform a variety of file access
methods useful in building business
applications in BASIC on the PC.
These same routines are also avail-
able on disk for an additional
charge.

Nashelsky, Louis, and Robert
Boylestad. IBM PC/XT BASIC Program-
ming and Applications. Englewood Cliffs,
NJ: Prentice-Hall, 1984. $14.95. 304
pages.
A complete book of programming
methods and how to build BASIC

(continued)



THE WORLD'S LARGEST COMPUTER MAIL ORDER FIRM

LOW PRICES TO PROFESSIONALS WHO KNOW WHAT THEY WANT AND KNOW HOW TO USE IT’

ALL MAIL: Conroy-LaPointe, Inc.

12060 SW Garden Place, Portland, OR 97223

640K, Two 360K Drives
Plus: MS-DOS 2.11, Parallel Port,

2 Serial Ports (RS 232C), Clock/Calendar,
Floppy Drive & Tape Backup Controller,
5 slots, 135 Watt Power Supply, 8087
optional, Selectric PC/AT Style Keyboard.
w1 Floppy & 10 meg Hard Drive $1595

Please call for other configurations
Above prices do not include video card or monitor

CDC, pisk pRive'®

Limited 30 day warranty

Call for quantity prices [\\
Full Height $119
Half Height $ 89

“’ﬁsr CONROY
CDC, Internal 20 meg kit FOR AT  $1635 $1195
CORE INT'L, ATplus 20 meg kit FOR AT §1595 $1195
ATplus 30 meg kit FOR AT $2495 $1875
IRWIN, 10 meg Tape Backup System § 795 $ 449
10 meg Tape cartridges (by 3M) $ 258 19
KAMERMAN, 20 meg kit w/controller § 995 $ 695
Masterflight 10 meg w/tape §2295 $1795
SEAGATE, 10 meg w/controller $ 745 $ 459
20 meg w/controller $895 % 619
TALLGRASS, 24 meg disk, 60 meg tape, intf. $3495 $2490

MONlTORS

AMDEK, Color 300 — Comp/Audio
Color 500 — CompNCHIRGBIAudlo
300A — 12" Amber/Comp
300G, 12" Green/Comp

OTHER DWARE
LIST CONROY
AST, SixPak Plus, 64K $ 395 § 239
SixPak Plus, 384K, SIP/ICC+S/W § 895 § 269
Preview™ Graphics Card w/para, 64K $ 399 $ 289
Advantage™ Multif. Bd. for AT, 128K § 595 $ 445
1/0 Plus II, S/PICC $ 215 § 169
CENTRAL POINT, PC Option Board $ 95 § 81
COMYX, 130 Watt Power Supply $1798 93
EVEREX, Graphics Edge $ 499 § 309
The Edge, Color/Mono Board $ 399 $ 309
HAUPPAGE (HCW), 8087 Chip $175 § 125
8087 Math Pak (Chip & softw.) $295 § 219
HAYES, Mach Ill Joystick (PC or Jr.) § 55 § 35
HERCULES, Color Card w/para. $ 245 § 159
Mono Graphics Card $ 499 § 309
KENSINGTON, Masterpiece™ $ 140 § 92
Masterpiece Plus $ 180 § 137
KEY TRONIC, KB5151, Std. Keyboard $ 255 $ 189
KB 5153 Keyboard w/Touch Tab ~ $ 400 § 325
KOALA, Koala Pad w/PC Design $150 §
MAYNARD, SAND STAR SERIES
Multifunction (6) Card $ 898§
Memory Card no RAM $199 §
Floppy Cont. Card (accepts 3 modules) $ 265 $
Serial Port Module 95

MICROSOFT, Mouse (for PC) $195 §
Serial Mouse $195 §
MOUSE SYSTEMS, PC Mouse & Paint § 220 $
PARADISE, Modular Graphics Card §$ 395 §
256K Module wi/clock $195 §
PERSYST, PC/Color Graphics Board $ 244 $
PC/Mono Board wiparallel port $250 $
QUADRAM, Quadboard, no RAM, to 384K § 295 :
395
Quad 512 + 64K wi/serial port $325 $
Quadcolor |, board, 4 colors $295 §
Quadlink $ 495 §
Quadsprint $645$
TALLTREE, J RAM Il Board $219 §
TITAN, 128K PC Accelerator, $795 §
WICO, Smartboard Keyboard $ 400 $

Emerald , 6 outlets, 6' cord

DISKETTES

TO ORDER, CALL (800) 547-1289 TELEX 910 380 3980
HARDWARE & PERIPHERALS FOR YOUR IBM

PRINTERS
DOT MATRIX:

LIST  CONROY

EPSON, FX 85 — 160 cps DQ, 32cpsNLQ $ 499 $ 389
FX 185 — 160 cps DQ, 32 cps NLQ/H5" $ 899 $ 539
LX 90 — 100 cps DQ, 16 cps NLQ/Tractor $ 329 $ 259

LQ 1500 — 200 cps DQ, 67 cps LQ $1295 § 995
HEWLETT-PACKARD, Printers & Plotters CALL
OKIDATA, Okimate 20 — Color, Hi Res $ 268 CALL

182 — 120 cps/80 col $ 299 CALL

192 — 160 cps/80 col/para. $ 499 CALL

193 — 160 cps/132 col $ 699 CALL

93 — 160 cps/136 col/para. $ 799 CALL
PANASONIC, P1090 — 80 cpsH0” & 349 § 249

P1092 — 180 cps/0" $ 599 $ 459

STAR MICRO, SG10 - 120 cps DQ/30 cps NLQ $ 299 $ 249
SD10 — 160 cps DQ, 40 cps NLQ $ 449 $ 379
SR15 — 200 cps DQ, 50 cps NLQ, 16K $ 799 $ 679

TEXAS INSTRUMENTS, 855 — 150cps $ 995 $ 795

TOSHIBA, 351 — 288 cps $1695 $1195

LETTER-QUALITY:
JUKI, 6300 — 40cps/para. $ 895 $ 699
6100 — 18 cps/para/3 pitch $ 599 $ 409
PANASONIC, P3151 — 22 cps/15'2" $ 659 § 425
TOSHIBA, Prop. spacing & hi-res graphics:
1340 — 144 cps DQ & 54 cps LQ § 799 § 619

HAYES, 2400 External Modem
Smartmodem 1200B (IBM)
Smartcom | Software
Transet 1000 — 128K Comm. Buffer
PROMETHEUS, ProModem 12008 (IBM) $ 399

* CONROY-LAPOINTE™ DISKETTES *
We guarantee these top quality products with our name.
5 YEAR LIMITED WARRANTY.

10 8a, DS/DD, (IBM, HIP) 40 Trk WIFLIP BOX § 16
100 ea. DS/DD, (IBM, HIP) 40 $ 119
1000 ea. DS/DD, (IBM, HIP) 40 Trk $ 799

CONROY-LAPOINTE™ IBM PRE-FORMATTED

100 ea, DS/DD, 40 Trk $ 149

1000 ea, DS/DD, 40 Trk $ 959
DOUBLE-SIDED, DOUBLE DENSITY

WAITING

MEMORY

256K
CHIP KIT

$34

9 each, 4256 chips
150 ns

64K
CHIP KIT

$6

128K
CHIP KIT

$75

90 Day Warranty
CALL FOR QUANTITY PRICES

Magnum
EconoRAM Plus™

LIST $1 79

$199
384K Multifunction RAM Board
Works like AST SixPakPlus™ with game port
Fastrak™ RAM Disk and Spooler Software
S/P/CCIG, 1 Year Limited Warranty.
EconoRAM™ 384K
Single Function Board

LIST $99

Co«\voy LaPmme

$99
With Fastrak™, Fully Compatible
Works on DOS 1.1, 2.0 or 2.1

* x FORYOURPC-JR » «

HAYES, Mach IIl Joystick 55 §
KEY TRONIC, KB5151 Jr. Keyboard $ 255 § 189
$ 100

Numeric Keypad 77

ALL ORDERS ARE NOW
SHIPPED 2nd DAY AIR

Ruby, 6 outlets, 6 cord, filter

coc,

10ea, DS/DD, 40 Trk (IBM,H/P)$ 59 § 23

KOALA, Touch Tablet for Jr.

$§1258 75

310A, 12" Amber (IBM)
PRINCETON, HX-12 — Hi Res/RGB § 795 $§

Sapphire, 3 outlets, wifilter
Command Center

MICROSOFT, Booster 128K w/Mouse $ 285 $ 195
MOUSE SYSTEMS, Mouse w/software $ 195 § 138

$ 180 § 119| DYSAN, 10 ea, DS/DD, (BM, HIP) $ 69 § 35

SR-12 — Hi Res/RGB $ 799 § 599 [ NETWORX, Wiretree, 4 outlel, wifit&surge § 70 § 39 | MAXELL, 10 ea, DS/DD, MD2 (IBM) $ 65 $§ 21| qUADRAM, Expansion Chassis $ 695 § 540
MAX-12 — Amber (IBM) §$249 § 179 Wiretree Plus, 6 outlets/filter/surge $ 100 $ 59 VERBATIM, 10 ea, DS/DD, MD34 (IBM)$ 75 § 20 Memory Expansion Board 128K $275 § 215
ZENITH, ZVM-1220 — 12" Amber/Comp $ 159 $ 109 | PROD TECH INT'L, Uninterruptable Power Supply HIGH DENSITY DISKETTES FOR IBM-AT | RACORE, Expansion Chassis $ 675 § 449
ZVM-1230 — 12" Green/Comp $ 159 $ 109 | 200 Watts, PC200 for IBM-PC $ 359 § 289 [ MAXELL, 10 ea. DS/HD (IBM-AT)  § 75§ 49| 128K Expansion Board $275 § 189
2ZVM-124 & ZVM-135 15-25% OFF [ 300 Watts, XT300 for IBM-XT $ 499 $ 399 | MEMOREX, 10 ea. DS/iD (IBM-AT) $ 84 $§ 49| TECMAR, Jr. Captain $3958 3

SOFTWARE FOR YOUR IBM-PC, XT

BUSINESS BUSINESS UTILITIES

LIST CONROY LIST CONROY
1, 2,3 FORECAST, requires LOTUS 1-2-3 s 75 $§ 59| MICROPRO, Easy NEW $ 150 § 99| BORLAND, Sidekick (copiable) BPI, Personal Accounting $
ANALYTICA, Reflex $ 495 § 335 WordStar (PC) $ 350 § 189 Turbo Pascal or Super Keys, ea. CONTINENTAL, Home Accountant (Jr) $ 758 45
ASHTON-TATE, Framework $ 695 $ 379 WordStar 2000 Plus (copiable) $ 595 § 295 Turbo Pascal w/8087 or BCD, ea. $ 110 § Home Accountant Plus (PC) $150 8§ 90
dBase Il $ 695 $ 389 WordStar Professional, 4 Pak $ 495 § 265 Turbo Pascal w/8087 & BCD $125 § MONOGRAM, Dollars & $ense wiforecast $§ 180 § 100
dBase II, (req. PC-DOS & 128K)  $ 495 $ 289 | MICRORIM, R:Base Series 5000 $ 695 $ 385 Toolbox or Turbo Graphics, ea. $ 558 SCARBOROUGH, MasterType (PCorJr) $ 40 § 25
BPI, General Acctg. AR, AP, or PR, ea. § 595 $ 365 Upgrade 4000 to 5000 $ 245 $ 135 Turbo Tutor $ 35 8% Your Personal Net Worth $100 $
BRODERBUND, Printshop $ 608 35 R:Base 4000 $ 495 $ 259 | CENTRAL POINT, Copy Il PC $ 408 SIMON & SCHUSTER, Typing Tutor [l § 50 $
Graphics Library $ 35§ 22 R:Base Clout $249 $ 133 PC Tools $ 408 SPRINGBOARD, Newsroom $ 508
DATA TRANS., Fontrix $ 155 : 99 Extended Report Writer $ 150 $§ 92| DIGITAL RES., Gem Draw $ 150 : UNISON, Print Master
DOW JONES, Market Manager Plus $ 249 $ 159 | MICROSOFT, Multiplan (PC orJr)  § 195 $ 124 Gem Desktop $ 50
Market Analyzer Chart or Project, each $250 $ 159| CP/M-86™ (PC/XT) $ 100 $ RECREATIONAL
Spread Sheet Link Word $375 $ 239 DR LOGO-86 (CP/M-86) $150 $ BLUECHIP, Millionaire, Barron, Tycoon, ea. $
FOX & GELLER, Quickcode IlI MULTIMATE, Multimate Ver. 3.3 $ 495 $ 229 | FUNK SOFTWARE, Sideways $ 608 BRODERBUND, Large Inventory In Stock
GNP, CPA + requires Lotus 1-2-3 PALADIN, FlashCalc LIFEBOAT, Lattice C $495 § ELECTRONIC ARTS, Large Inventory In Slock
HARVARD, Total Project Manager  $ 495 $ 275 | PEACHTREE, Back to Basics $ 395 $ 239 [ MAGNUM, Fastrak™, RAM/Disk & spooler § 50 $ HAYDEN, Sargon |ll (Chess) 50 §
HUMAN EDGE, Mind Prober (PCorJr)$ 50 $ 29 Peach Pak (GL/AR/AP) $ 395 $ 219 | MICROSOFT, Macro Assembler $150 $ INFOCOM, Hitchhiker's Guide or Zork |, ea. S 408
IBM, Topview $ 395 $§ 365| SAMNA, Word Plus $ 695 § 349 BASIC Compiler or C Compiler, ea $ 395 $§ Zork Il or Ill, each s 45§
INFOCOM, Cornerstone $495 § 319 Word Il $ 550 $ 279 Business BASIC Compiler $ 450 § MICROPROSE Strike Eagle 35 $
LIFETREE, Volkswriter Deluxe $ 295 $ 159 | SATELLITE, WordPerfect (PC) $495 $ 219 COBOL Compiler $700 $ MICROSOFT, Flight Simulator (PC or Jr) s 50 §
LIVING VIDEOTEXT, Think Tank $ 195 $ 109 | SOFTWARE PUBL. PFS:Report $1258 75 FORTRAN Compiler $350 § ORIGIN, Ultima Ill (PC or Jr) $ 608
LOTUS, 1-2-3 $ 495 $ 309 PFS:Write, File, Graph, Plan or Access, ea. $ 140 § 84 PASCAL Compiler $300 $ SIERRA/ON-LINE, Ultima Il (PCordJr)$ 60 $
Symphony $ 695 $ 449 PFS:Proof $ 95 57| MICROSTUF, Crosstalk XVI (PC or Jr) § 195 $§ SPECTRUM HOLOBYTE, Gato 40 $
MDBS, Knowledgeman $ 500 $ 275| WARNER, Desk Organizer (PCorJr) § 99 § 63| NORTON, Utilities (14 prgms) v 3.0 $100 $ SPINNAKER, President's Choice, Amazon
MECA, Managing Your Money (PC) $ 199 $ 105]| XANARO, Ability $ 495 $ 319 | ROSESOFT, Prokey $ 130 § Fahrenheit, Rendezvous, Dragon each $ 40 $ 25
CASH-n-CARRY COMPUTER STORES, INC. OUR REFERENCES: CALL Forelgn 3
Retail Sales only. Store prices may vary. 1
SAN FRANCISCO — 550 Washington Street (at Montgomery, su:/(\:/g 1”5‘335‘18e :ii’%;ﬁ(g?r;‘g:l‘:r'il:g: 1‘;'?;‘;?12'?;? B (800) 547-1289 Residents Cel
opposite the Pyramid). Interstate 80 to Highway 480; take computer mail order since 1980. Banks: 1st Inter- | R In Oregon: (800) 451-5151) (503) 620-9877
Washington Street Exit. CALL (415) 982-6212. state Bank, (503) 643-4678. We belong to the iy CONROY-
PORTLAND, OREGON — At Park 217, Tigard at intersection e Chamber of Commerce (503) 228-9411. and Direct | I | LAROINTE QUESTIONS |ORDER DESK HOURS
hways 217 and 99W. CALL (503) 620-5595. e Mark A o m | 4 |_CARD (503) 620-9878 [Mon-Fri 6am to 6pm (PDT)
TR WAsH, — NEW LOCATION: 1105 Beliovae Way N.E.. | sosmiss awanps | arketing Association; call Dun and Bradstret ) Saturday 8am to 4pm (PDT)
In Belgate Plaza, 2 blocks north of Bellevue Square. i~ P if you are a subscriber. Recipient of OREGON NO SALES TAX 8:00 AM - 5:00 PM (PDT) S 4p (
CALL (206) 641-4736. BUSINESS MAGAZINE's 1984 Enterprise Award Weekdays Only |(6 am here is 9 am in New York)
O R DER I N G IN FO & TE RM » MAIL TO: 12060 SW Garden Place, Portland, OR 87223 — Include telephone number. Check l CONROY- #* _-]
«» your figures for Shipping, Insurance and Handling (SIH). All items usually in stock. NO C.0.D. LAPOINTE &2
Cashiers checks, money orders, Fortune 1000 checks and government checks honored :rnmemalely Personal and other company checks—allow 20 days fo clear. Prices reflect CREDIT CARD 8 NAME
3% cash & Conroy-LaPointe Credit Card discount, soADD 3% to ab ices for VI ican Express. Your card NOT charged til we ship. Gt Certificates available = I

Send me a Conroy-LaPointe

credit application form, so |

can get cash discount prices
with credit card

in any amount. Federal Express 2nd Day Air shipping is standard. US. & Puerto Rico, add 3% ($5 minimum). Canada, add 12% ($15 min). Foreign, add 18% ($25 min).
APO, FPO, & other U.S. territories shipped postal, so add 6% ($10 min.). Orders received with insufficient SIH will be held for balance due. All prices, availability and specifications
subject to errors or change without notice, so call to verify. All goods are new, include warranty and are guaranteed to work. Due to our low prics and our assurance that
you will get new, unused products—ALL SALES ARE FINAL. We do not hfuaramee compatibility. Call before returning goods for repair or replacement. ORDER DESK HOURS —6AM l

ADDRESS

convenionce. $400 g, STATE 7r l
i MAIL TO: 12060 SW Garden Place, Portland, OR 97223 I
Minimum initial purchase. CREDIT st (50:“ sy 1232

Fall 1985 BYTE »

to 6PM PDT, Monday through Friday, Saturday 8 to 4. EconoRAM™, Fastrak™, and Generik™ are trademarks of Magnum Computer, Inc.
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BIBLIOGRAPHY

applications on the PC and XT (both
interpreted and compiled BASIC).
The discussion is structured in a
manner usable to novice program-
mers and those already exposed to
BASIC. All of the necessary BASIC
data structures and control methods
(selection, iteration, sequencing,
etc.) are covered. Sample applica-
tions provide a good tie-in with the
concepts being taught. Overall, it is
a well-done effort that should prove
its worth as an instructional text and
a reference work.

Overgaard, Mark. Personal Computing
with the UCSD p-System. Englewood
Cliffs, NJ: Prentice-Hall, 1983. $21.95.
448 pages.
This book is valuable for learning the
p-System and how UCSD Pascal
works within this system. It can also
serve as a reference text for the
system. The book is easy to read and
is aimed at both novices and expe-
rienced PC users. The structure
moves from a general discussion of
system features to a more technical-
ly oriented discussion of the devel-
opment tools and utilities the p-Sys-
tem provides to programmers.
Topics covered include the system
editor, filer, and operating-system
menus and how to work in the
modular environment of the p-Sys-
tem. Personal Computing with the UCSD
p-System is must reading for anyone
contemplating adding the p-System
or UCSD Pascal to the PC.

Pollack, Lawrence, and Bryan Cum-
mings. Programming in C on the IBM PC.
Englewood Cliffs, NJ: Prentice-Hall,
1984. $16.95. 224 pages.
The UNIX operating system and the
language it's written in (C) threaten
to remake the world of microcom-
puting. Because UNIX and C are
easily ported from mainframes and
minis to micros, the ability to do
large-scale application development
on a mainframe or a minicomputer
for eventual installation or marketing
on a micro is particularly attractive
to software developers.
A number of good books have
been published on how to program
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in C, but few have been written for
implementations of C language on
the IBM PC (regardless of whether
the PC is running under UNIX, the
UNIX clone XENIX, or PC-DOS). This
book addresses that void. The prob-
lem is that the C language covered
here is a portable C. This means that
no specific C compiler is discussed
in any detail. So, while the book
does a good job of teaching the
structure and syntax of C language
(just as do other C books), it does
not give you any information about
acquiring or using a commercially
available C compiler for your PC. It
is also unfortunate that the sections
that discuss the PC specifically are
crowded into the front of the book
and are pretty thin.

Presley, Bruce. A Guide to Programming
the IBM Personal Computers. Albany, NY:
Lawrenceville Press (Delamar Pub-
lishers Inc.), 1985. 2nd edition. $18.50.
360 pages.
This book is an excellent textbook
for teaching BASIC programming on
the PC. The layout of the material
and sequence of chapters also lends
itself to self-instruction. Presley
covers just about all the content you
could reasonably expect in such an
effort. The discussion moves from
an introduction to programming
concepts on the PC through increas-
ingly complex topics, including
subroutines, string functions,
mathematical functions, sequential
files, random-access files, and
search/sorting algorithms.

Use of program examples through-
out and student exercises at the end
of sections enhance the learning ex-
perience. A teacher's guide is avail-
able as a companion volume. The
book is written for the novice pro-
grammer and will also work as a
BASIC reference guide. Altogether,
it's a good effort at supplying the
needs for a BASIC textbook on the
IBM PC with a good substructure of
technical information.

Stiegler, Mark, and Bob Hansen. Pro-
gramming Languages: Featuring the IBM PC
and Compatibles. New York: Baen Books,

1984. $9.95. 413 pages.

This book is a critical evaluation of
the different programming lan-
guages available on the PC and its
compatibles. The strengths and
weaknesses of many languages are
discussed, including BASIC, FOR-
TRAN, APL, FORTH, RATBAS, C
Pascal, Modula-2, Ada, LISP. and
assembly language.

The authors have worked out ex-
amples of each language and use
charts and tables to analyze these
samples. This book assumes con-
siderable technical proficiency at
programming, but it is well written
and clear. This is an important ref-
erence book for anyone who does
application development and pro-
gramming on a PC.

GRAPHICS

From the first announcement of the PC, pro-
grammers and software users have been in-
terested in its graphics capabilities. A number
of recent books explore the medium- and high-
resolution color graphics and the high-resolu-
tion monochrome text and graphics made
possible by graphics boards from 1BM and
other vendors. The following are a few impor-
tant books available on this subject, from the
most technical discussions of graphics program-
ming through more accessible, user-oriented
graphics discussions.

Artwick, Bruce A. Applied Concepts in
Microcomputer Graphics. Englewood
Cliffs, NJ: Prentice-Hall, 1984. $29.95.
384 pages. Hardcover.
Although this book covers graphics
applications on both the Apple II
and IBM PC, the book is a useful one
for the PC owner. A number of con-
cepts are explained in a tutorial
manner, including how to create
custom color graphics on the PC.
Artwick covers all aspects of micro-
computer graphics, from creating
business charts and graphs to pro-
ducing real-time animation on the
screen.

The discussion also covers display
hardware, peripherals, design ele-
ments, interactive designs, and high-
performance graphics. The book is
written in a dry technical style and

(continued)



Add-on Products for your IBM PC/XT from the
Swiss Watch-Manufacturer

Twix Hard Disk-/Floppy-/

Streamer-Controller-Board

— All'in one card.
— Controls:

- 2 Hard Disk Drives with up to 4
Disks and 8 Heads per Drive.

- 2 Floppy Drives with a capacity of
up to 1 Megabyte per Drive (IBM
360KB formatted).

— 2 Streamer Tapes with built-in for-
matter and QIC-02 interface for
wide compatibility. 20 MB can be
transferred in under 4 minutes. 45
MB Streamer Tape in preparation.

Twix 230 W
Switching Power Supply

The professional power supply.
-Output+12V+3% 9A
+ 5VE3% 18A
—12VE3% 1A
— 2V +=3% 200imA
- Separate transformers and switch-
ing IC’s for +5 Vand +12 V.
- Switching module with Power Fet's.
-110/220 V switchable.
- High voltage stability: 180-260 V
96-130V
- ON/OFF switch externally control-
lable by relais.
- 2 Outlets: 1 Input,
1 Output with separate
noise filter.
- Over- and Undervoltage protection.
- Protected against short circuit.
- Built-in ventilator.
- Protected against power-interrupts
of up to 0.4 seconds.
— PC-XT compatible connectors.
Not same dimensions.

Twix RGB/PAL-SECAM-
Converfer

Selling more PC's outside the USA.

- Allows to connect a regular PAL or
SECAM  Color-TV with a 21-pin
SCART-connector.

- Image and Sound.

- To be connected at the RGB-output
of the PC.

- Difference between Highlight and
Lowlight adjustable.

For your portable at home, schools,

demonstrations, etc.

Twix CPU-Board

— XT-compatible.

— 8088 16-bit processor.

— Socket for optional 8087.

- Up to 512KB RAM.

— Extended ROM capability of 8K BIOS
and 40K for BASIC or other programs.

- 1RS-232 interface.

- 1 parallel Centronics-interface.

- Clock with battery-backup.

— 8 compatible 1/O interface slots.

— Compatible configuration switches.

— Standard keyboard-interface.

— Speaker/audio-port, reset-output.

- 4 LED-drivers.

- 4 programmable inputs.

— Compatible power connectors.

— All tri-state buses with pull-up
resistors.

Twix RAM-Card

- Uses Short Slot

-Up to 1 MB, using 64K-Chips or
256K-Chips.

— Startaddress switch-selectable.

— Parity errors cut to a minimum by
sequence-control.

Other Twix-made products

— PC-compatible Extender-Board.

— PC-compatible Relais-Board for ex-
ternal ON/OFF-switching of all kind
of devices.

— EMI/RFI noise filters.

— Screens for electronic typewriters.

— Swiss Quartz Analog Watches.

See us at COMDEX Fall
in Las Vegas (Booth M444).

OEM'’s, Distributors and
Dealers welcome!

Twix Inc.

10920 Switzer Avenue
Suite 100

Dallas, Texas 75238/USA
Telephone 214/349 0639
Telex 758 821

Twix Vertriebs GmbH
Augustenstrasse 115
D-8000 Munchen 40/BRD
Telephone 089/5239 020C
Telex 522470

Twix Equipment AG
Gewerbestrasse 12
CH-8132 Egg/Switzerland
Telephone 01/984 22 11
Telex 826 135 twxe ch

WIX

Made in Switzerland
Inquiry 203
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is useful primarily to technical au-
diences. More than 150 illustrations
are included, 14 of which are in full
color. If you are currently working on
graphics programming or develop-
ment work or are planning graphics
work in the future on your PC, this
book should prove to be an impor-
tant reference tool. |Editor's note: For
additional comments, see the Book Reviews
column, September 1984 BYTE, page 66.|

Conklin, Dick. PC Graphics: Charts,
Graphs, Games, and Art on the IBM PC.
New York: John Wiley and Sons, 1984.
$15.95. 182 pages. Also available with
a disk of 40 BASIC programs for
$40.90.
Dick Conklin was the product plan-
ner at IBM responsible for the sys-
tem software on the PC. His familiari-
ty with the internals of the PC and
how best to utilize them for PC
graphics shows in this small book.

He covers material from program-
ming samples of simple graphics
images to more complex graphics
applications (business charts, engi-
neering data plots, computer art,
maps, and games).

The book is written for the PC
BASIC programmer (the features of
BASICA are used most prominent-
ly) who wants to create a variety of
graphics images and applications. It
includes 40 ready-to-run graphics
program listings that are also avail-
able on disk for an additional
charge.

The author has produced a clear,
detailed description of the graphics
capabilities of the PC, from the
ASCII (American Standard Code for
Information Interchange) graphics
characters in ROM (read-only mem-
ory) to making special characters
from the keyboard. He covers ani-
mation, shading, slide shows, read-

ing data from the screen, and both
medium- and high-resolution graph-
ics. Graphics input and output
devices (joysticks, light pens, pad-
dles, color printers, and videodiscs)
are also discussed in considerable
detail. In short, if you want to know
anything about graphics capabilities
and usage on the PC, this book is
the place to start.

Hearn, Donald D., and M. Pauline
Baker. Computer Graphics for the IBM Per-
sonal Computer. Englewood Cliffs, NJ:
Prentice-Hall, 1983. $18.95. 330
pages. Hardcover.
These authors have written several
books on computing and graphics.
This book is among their best.
Hearn and Baker discuss the topic
from a comprehensive point of view,
covering PC graphics from the basics

of the PC’s system unit through the
(continued)

he Most Valuable Disk Make
in the Universe

Now with UNIX Option!

Download fast, read over 200 formats easily, reformat rapidly
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The more disk formats you work with, the more our
Disk Maker® system saves time and money by reading
and/or writing disks in any of over 200 formats. No mo-
dems, no patches, no other special software necessary.

Disk Maker Il Plus is a complete, stand-alone system
featuring both 8’ and 5% "' disk drives with options for
3%"* and IBM PCAT drives—up to 12 total drives. With
its 6 MHz processor and RAM memory drive, Disk
Maker Il Plus is fast! Hardware options include a 15 or
20 Mb hard disk, an 8086 MSDOS coprocessor and
memory expansion.
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Optional software includes word processor and Compu-
graphic typesetter formats and the MicroDrive Tester
for drive alignment testing.

Supported with comprehensive manual, 6 month war-
ranty and continuing software update program.

Disk Maker | is an alternative for existing S-100 sys-
tems (CompuPro, Zenith Z-100, North Star, etc.) to
provide the same functions as Disk Maker Il Plus.

Write or call today for information on how Disk Maker ®
can save you time and money.

Jorry Pournelle wrote about Disk Maker® :
“It's easy to install, easy to use, and darned near

unique. If you need one, you need it bad.’" (BYTE, July
1984)
New
GeNeRrRaTION
syYysTems

1800 Michael Faraday Drive. Suite 206. Reston. VA 22090
(703) 471-5598 Order Line: (800) 368-3359
Dealer inquiries welcomed.
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differences between character-gen-
‘erated graphics (e.g.. the standard
ASCII graphics characters) and pixel-
generated graphics.

Like other books of its kind, this
book relies upon BASICA program-
ming examples to illustrate the con-
cepts the authors discuss. Altogeth-
er, this book offers a comprehensive
introduction and survey of graphics
programming techniques for the PC
and its compatibles.

The book comprises some 14
chapters, organized around five
thematic sections (hardware and sys-
tem introduction, simple plots and
color graphics, data transformations,
three-dimensional displays, and ap-
plication of graphics software tools).
The authors have included more
than 100 sample programs and 16
four-color illustrations.

The book lacks some important
discussions of new graphics com-
mands available in BASIC 2.0 (eg.,
the commands on screen coor-
dinates), but its content is still very
useful. The book is intended for
novice graphics programmers but
also will serve more technically
erudite audiences as a handy graph-
ics reference work. Another poten-
tial use for this book will be as a col-
lege textbook for a semester-long
course in microcomputer graphics.

The writing style manages to avoid -

the typical academic dryness of
such technical discussions.

Hearn, Donald D., and M. Pauline
Baker. Microcomputer Graphics: Techniques
and Applications. Englewood Cliffs, NJ:
Prentice-Hall, 1983. $18.95. 272
pages.
Written by the same team as the
book above, this text takes a more
general approach to the subject of
microcomputer graphics. Besides
the IBM PC, the authors discuss per-
sonal computers from other vendors
(including Apple, TRS-80, Atari, and
Commodore) and offer some valu-
able comparisons of the graphics
capabilities of each machine.
This book is a valuable companion
piece to the authors' PC-specific
book. 1t is written in a more brisk,
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informational style than the previous
book. The text is at its best when it
combines programming examples
(again, BASIC is the chosen lan-
guage) with illustrations of the ap-
propriate graphics screen output.
The chapter on how to create inter-
esting three-dimensional objects on
the screen (e.g. chess pieces) is
easily the best in the book.

The authors have aimed this book
at a mixed audience of nontechnical
novice programmers and of those
more experienced in programming
microcomputer graphics. The
discussion of graphics applications
(e.g.. business graphics) is enlighten-
ing. In short, this is a well-written,
easily accessible book that offers
serious discussion of the graphics
topics at hand.

Morgan, Christopher, and Mitchell
Waite. Graphics Primer for the IBM PC.
Berkeley, CA: Osborne/McGraw-Hill,
1983. $21.95. 430 pages.
These two old hands in the com-
puter book field have turned out yet
another important work about the
IBM PC. This time the subject is high-
resolution color graphics. They have
produced an impressive, color-filled
text that should be useful to a vari-
ety of readers.

The authors have written this book
in a tutorial style, with copious ex-
amples to illustrate the graphics pro-
gramming concepts being taught.
Just about every kind of graphics ef-
fect that you can produce with the
IBM PC color-graphics adapter is
covered. Animation, charts, maps,
business graphs, forms, games, and
three-dimensional images are all
discussed, and programming ex-
amples (BASIC) are provided. Ac-
cessing the graphics video chip of
the color-graphics adapter is also
discussed fully. | found this to be the
most comprehensive PC-graphics
programming book reviewed for this
article. It is useful as a tutorial and
as a reference work.

Traister, Robert |. Graphics Programs for
the IBM PC. Blue Ridge Summit, PA:
Tab Books, 1983. $15.50. 243 pages.

Once again, PC screen graphics are
discussed from the point of view of
the BASIC programmer. Unlike other
books about PC graphics, Traister
discusses text graphics for the IBM
monochrome display as well as the
standard chapters on color graphics.

The author’s writing style is best
termed ‘“chatty This makes the
material easy to understand, but it
limits the intended audience of the
book as well as its usefulness as a
graphics reference. The tone of this
book may annoy more advanced,
technically oriented PC users and
programmers. In a 243-page book,
the author needn’t take almost two
thirds of the pages to get to the
point of the book, as Traister does
here. Once he arrives, though, he is
definitely on target. He gives you
competent discussions of animation,
filling regions with color, and draw-
ing shapes on the screen.

I'd like to see more emphasis on
the printed aspects of graphics out-
put in future editions, as well as a
greater use of color illustrations.
Finally, the author's stated aim of
allowing you to implement the “full
graphics potential of your IBM PC”
is simply not achieved.

DATA COMMUNICATIONS

Connecting PCs to a variety of other com-
puting and database resources is becoming an
increasingly important use of personal com-
puters. The accessing of remote mainframes
and minicomputers, public-access data net-
works (eg., CompuServe, The Source, MCI
Mail, etc.), and other microcomputers is one
of the most rapidly growing fields in an in-
dustry noted for rapid growth. A number of
logistical and technical considerations are im-
portant in connecting a PC through a
telephone to another machine.

The few books listed here cover many im-
portant related issues, including the technical
aspects of data communications (parity, data-
transmission rates, handshaking protocols, and
the like), the kinds of terminal-emulation and
file-transfer protocols (like Kermit and
XMODEM,) that can be used to upload and
download computer files, and a discussion of
the remote services available through data-
communication hookups with your PC.

(continued)
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Derfler, Frank J. Microcomputer Data Com-
munications Systems. Englewood Cliffs,
NJ: Prentice-Hall, 1982. $17.95. 129
pages.
This book is not a specific work for
the PC owner, but it gives you the
vocabulary and background infor-
mation needed to explore the in-
tricacies of PC data communica-
tions. The book is, overall, a well-
written effort, although it does suf-
fer from a clear lack of focus.
Microcomputer Data Communications
Systems is really intended as an infor-
mational reference book rather than
a textbook overview of microcom-
puter-based data-communications
issues. If you use it this way, it will
supplement nicely the other books
available on PC data communica-
tions. Particularly useful are the
discussions about communications
terminology. The book suffers, how-
ever, from a cramped design and a
small, hard-to-read typeface.

Glossbrenner, Alfred. The Complete
Handbook of Personal Computer Communica-
tions. New York: St. Martin's Press,
1983, $14.95. 325 pages.
Although not a technical overview of
data communications for the PC
owner, this book covers the logistics
issues of PC communications quite
well. In 12 chapters crammed with
information, Glossbrenner gives you
all the initial information you'll need
to select communications equip-
ment for your PC (modems, commu-
nications software, etc) and a
remote data or access service to
connect with.

The author covers the important
services, including The Source, Com-
puServe, The Dow Jones News/
Retrieval Service, Dialog, NewsNet,
and a number of others, including
public bulletin-board systems. Tech-
nical and cost information are both
provided.

The writing is well done, combin-
ing a well-developed structural ap-
proach to the contents and an infor-
mation-packed format. The informa-
tion can be used by technical and
nontechnical microcomputer users.
Intended as a first-line introduction
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to the topic, Glossbrenner's book
also has considerable utility as a
reference book. Most PC owners
who contemplate telecommunica-
tion connections should own this
book. Because the book was pub-
lished in 1983, a revised, updated
edition would be a good idea.

Schwaderer, W. David. Digital Commu-
nications Programming on the IBM PC. New
York: John Wiley and Sons, 1984. 224
pages. $16.95. Also available with a
disk of BASIC program examples for
$47.90.
With a good group of BASIC pro-
gramming examples, Schwaderer
shows you how to program your PC
for a variety of data-communications
functions. It's an all-inclusive book
covering the programming tech-
niques required, and it serves as a
reference book about data commu-
nications on microcomputers.

The book covers modems, com-
munications protocols, various com-
munications applications, and mis-
cellaneous communciations hard-
ware. Although written as a self-
paced instruction book, the material
is organized in such a way that the
book also becomes an important
reference book once you've
mastered its instructional objectives.
The writing style is clear prose, with-
out a lot of jargon. The book is
aimed at the programmer with a fun-
damental knowledge of the PC and
of BASIC who wants to expand that
knowledge to the data-communica-
tions domain.

MISCELLANEOUS
Wesse, Rick. Decision Making: A Manage-
ment Science Guide for the IBM PC. New
York: John Wiley and Sons, 1984.
$15.95. 224 pages. Also available with
a disk of 34 BASIC programs illustrat-
ing the examples in the book for
$46.90.

This book offers a practical intro-
duction to using management-
science techniques to solve com-
mon management problems with
the PC. It starts with a concise over-
view of management-science meth-
ods and then moves onto BASIC

program examples of forecasting, in-
ventory, production and allocation,
quality control, distribution,
marketing, and project planning.

The writing assumes some expe-
rience with management-science
topics and familiarity with PC opera-
tion, as well as a firm background in
BASIC. The style manages to convey
the information without a reliance
on management-science jargon. The
primary audience, however, is the
technical manager who is already
grounded in management-science
techniques.

REFERENCES

One of the reasons we compiled this short an-
notated bibliography of technically oriented
books for the user or owner of the IBM PC
and its compatibles was the lack of any other
current annotated list of such books. There are,
however, several sources for further informa-
tion about IBM PC books, as well as micro-
computing books in general. We have listed
a few of the most important sources below.

Bowker, R.R., and Company, eds.
in Print. New York: R. R. Bowker Com-
pany, 1985 (published quarterly). Six
volumes. Hardcover. $215. Number of
pages varies with each issue but is
usually greater than 8000.
The standard reference books for
tracking newly released books, these
works are usually available at most
college, university, and public librar-
ies, as well as at major bookstores.

Bowker, R.R., and Company, eds.
Bowker's Complete Sourcebook of Personal
Computing 1985. New York: R.R.
Bowker Company, 1985. $19.95. 1050
pages.
This book contains more informa-
tion than just book listings, and it is
an invaluable sourcebook to have
around. This issue lists about 5000
titles in print (most softcover) on
microcomputing topics (about a
quarter of these titles are related to
the IBM PQC).

Bowker, R. R., and Company, eds. Com-
puter Books and Serials in Print 1985. New
York: R.R. Bowker Company, 1985.
$59.95. 660 pages.



This is a reference book of the high-
est order, listing vital statistics of all
computer books and serials in three
cross-referenceable categories:
author, title, and subject. A handy
listing of all publishers in computer-
related fields is included in the back
of the book.

Norton, Peter. The Peter Norton Program-
mer's Guide to the IBM PC. Bellevue, WA:
Microsoft Press, 1985. $19.95. 426
pages.
This book is a solid reference
manual for the IBM PC owner who
expects to tinker with the hardware
and experiment with assembly-lan-
guage programming. Norton gives
you an overview of the hardware
components of the entire PC family:
PC, XT, AT, Portable, and PCjr. He
covers floppy disks, the ROM BIOS
(including the support for video and
graphics), program linking, DOS
functions, peripheral device drivers,
and the whole gamut of system sup-
port software.

The Programmer's Guide is a com-
prehensive reference work for the
entire PC family. Although there is
no glossary, the index is thorough
enough to allow you to specifically
search just one bit of information at
a time. The scope of this book is so
broad it covers the internals of the
whole of the IBM family, including
languages, service summaries, il-
lustrative charts, DOS information,
ROM BIOS services, sound, and
three appendixes. Scattered
throughout the text are mentions of
the differences of the AT.

The chapters on the ROM BIOS for
the PC family are particularly useful
for the application programmer who
is trying to write programs that will
run on all IBM PCs. Using special
symbols to indicate a passage about
a particular machine, Norton's ex-
position can keep you from writing
code on a PC that works differently
on a PCjr.

The Programmer’s Guide to the IBM PC
also contains numerous code ex-
amples in both assembly language
and high-level languages like
BASIC. m

C Language?

Thinking of the

THINK COMPUTER
INNOVATIONS

C86 VERSION 2.3 with Source
Level Debugging Support

The C language has rapidly become the development language of choice
for applications ranging from Operating Systems to Accounting Packages.
WHY? Its structured approach and extreme portability make it perfectly
suited to today'’s fast-paced environment.

Of all of the C Compilers available for PC/MSDOS, more programmers
choose COMPUTER INNOVATIONS’ C86. WHY? Because it's part of a
COMPREHENSIVE family of C products with an unparalleled reputation for
performance, reliability, and stability.

C86 2.3 C COMPILER

C for PC/MSDOS began with C86 and today it remains perhaps the most solid, stable
C Compiler available. Even competitor's ads show C86 as a consistent top level performer
in benchmark testing. PTG

Version 2.3 offers a host of new features including source level debugging support and
a 40% boost in compilation speed. Call for complete specifications.
COST: 8395 UPDATE TO 2.3: $35 w/old diskettes NOT COPY PROTECTED
CALL ABOUT VOLUME DISCOUNTS

LEARN C INTERACTIVELY WITH INTRODUCING C

Intimidated by rumors about the difficulty of learning C? Need to train your staff quick-
ly? INTRODUCING C can help. INTRODUCING C combines a thorough, self-paced
manual with a unique C interpreter to provide a fast, efficient method of learning C.
Designed for both professional and casual programmers, it provides a comprehensive
understanding of important C concepts such as standard K&R syntax and operators, full
structures and unions, arrays, pointers, and data types. Requires IBM PC, XT, or AT with
one disk drive and 192K bytes of memory.

COST: $125 - NOT COPY PROTECTED

Cl/ PROBE SOURCE DEBUGGER

Take advantage of C86 2.3 source level debugging support with Cl PROBE. Cut down
program development time and save money! Cl PROBE is highly economical yet has the
features of debuggers costing far more.

COST: $225 - NOT COPY PROTECTED

C-TERP C86 COMPATIBLE INTERPRETER

The C-TERP INTERPRETER is a full K&R implementation that allows you to write code
and execute it immediately without the compile and link steps. Once you have your pro-
gram running with C-TERP you can compile the code (without alterations) with C86 for
fast, efficient executable files. C-TERP requires 256K, 512K is recommended.
COST: C86 version - List Price: $300, Special Computer Innovations Price $250.
Combé'ned C86 & Lattice version - List Price: $400, Special Computer Innovations
Price $350.

Start With Us, Stay With Us
Computer Innovations offers a complete range of products that let you
enter the C environment and create applications with the most advanced
set of development tools available. Unparalleled tech support assures that
you're always at the height of productivity.

To order call: 800'922'01 69

p@ COMPUTER
= INNOVATIONS, INC.

980 Shrewsbury Ave., Tinton Falls, NJ 07724 ¢ (201) 542-5920

CTERP is a trademark of Gimple Software. Prices and specifications subject to change without notice
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Contact us for other low prices on bardware and software,
Next Day Air Extra

~ FREE SHIPPING

NO SURCHARGE FOR [ OR =

10, 20, 33 and 44 MEG INTERNAL AND
EXTERNAL HARD DISK SYSTEMS

10 MEG 20 MEG 33 MEG 44 MEG

wemal| §395 | $495 | $929 61129
mema| $545 | $645($1029 $1229

Externals mounted with independent power supply and fan. Fully DOS 2.X or 3.X compatible. Both Inter-
nals and Externals boot from Hard Disk. 33 and 44 Meg Internal Disks include extender power supply. The

i\\’ ;iy::enr: .::T{:- ;:::gfe(;t; :nyc‘l: ::iwdzr:: ;?;mll with the Hard Disk, Controller, Cables, Manual, Software, and

‘ ’ 10, 20, and 33 Meg Hard Disks are available
with combined Floppy/Hard Disk Controller
Half Height Card for additional $75.

aopead - LMD", st susenses,
256K, 1/360K drive, S /725 (12 7 Tape Backup Unit

$2549 33495 W

With 20 Meg Internal Hard Drive—$3595 _

Now using 3%" shock-mounted Winchester drives. The | With 33 Meg Internal Hard Drive— $4029 £ Sa
same as used in the Compaq Plus™. Also available with With 44 Meg Internal Hard Drive—$4229 [ i
2 half-height drives and 10 MEG HD- §2749

G

Or upgrade your Compaq to a Compaq Plus™ equivalent Call us for competitive prices on larger quantities of RAM chips.
with our 32" shock-mounted Winchester disk kit. In-

cludes Hard Disk, Controller, Cables, Manual, software, AL X Y A B A |
and Mounting Hardware. One year warranty. $ 519 i ;

Quantities of 100 or more sets
Compagq is a registered trademark and Compag Plus and Compag Deskpro are

per set.

Setof 9 dl'ﬂs, 200 or 150 Nanoseconds
Lomreaa
— . CALL 2 56K RAM Quantities of 50 or more sets
D@Eﬁ/ W@ 2’5 It simply works better. i Chips $ 3 9 $ 2 9 e :
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"PRICES AND MACHINES THAT

OUTRUN THE COMPETITION.
PC'S LIMITED AT High Performance

Compehhve Price

i Includes: 80286-based System Unit, 1024K on
Mother Board, 1/ 1.2 Meg Drive, Combined F1
\\\\\\\\“\“\\\\“\\l\“||||||||||||l||| l 5 i . 8

A .;;—. D Power Supply, 2 Serials and 1 Parallel Port, and
AAL w’u ',v" ',’ ';I’. "- ”.~ ." RN '; m,\ ‘\ Clock/Calendar with Battery Backup, all on Mother
[l 1 Board.

Runs all Major Software written for the IBM PC™, PC XT™, and PC AT™. (Processor) Intel 80286 running at 6MHZ.
(Expansion Slots) :8. 7 are available in above configuration. Same Bus Configuration as IBM PC AT™,

(3 PC'S LIMITED "0
High Performance
Competitive Price

$795

Includes: System Unit, 640K on Mother Board,
1 360K Drive, Keyboard, 135W Power Supply.

Runs all Major Software written for the IBM PC* and PC/XT", 40% faster, without modifications.
(Processor) 16-bit 8088-2, 4.77 or 6.66 MHZ Clock Speed. (Expansion Slots) :8; 7 are available in above configuration.
= 7

soLve Your PoweR PROBLEM. | DISK DRIVES | PC’S LIMITED Irwin Tape
XT POWER 135W | @ Backup System
J $89 TEAC $95 ‘w/384K

55-B, Half-Height, DS/DD

o 2 ; 705" ggﬁe MITSUBISHI s 85 $ II 4 9 10 or more $495 each

Directly replaces power supply in PC.”

HaltidantiDaDD Two Year Warranty ¢ Uses Floppy Controller Card
Quantities of 10 or * Upgradable o 384K © Parallel Port * 10.35 Meg Formatted Capacity
l 5 o w ‘ I ¢ Clock/Calendar * Serial Port ¢ Used in Compaq Deskpro.
more $75 eaCh ¢ Software included Game Port * Half Height  * Low Power

%”é PC’S LIMITED

i ‘ ' OUTSIDE TEXAS, ORDERS ONLY, CAI_.L 1-800-426-5150
b s 7801 N. Lamar, #E-200, Austin, Texas 78752 Telex No. 9103808386 PC LTD
eSS s All sales-related calls inside Texas — (512) 452-0323. — o
e et All calls for technical support, phone i @l
[ Mt (512) 452-0372, 4520373 or 452-0374. Ad number 4101 ()
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The First ldea-Processor For Programmers.

FirsTime

Has features no other editor has.

FirsTime is a True Syntax Directed Editor.
As the world’'s most advanced syntax-directed
editor, FirsTime lets you work with ideas by taking
care of the low-level syntax details of your program.
For example, you can generate complete statement
skeletons with one keystroke. Move the cursor from
one procedure to the next with one keystroke. Type
in code, and it's instantly formatted (you specify the
rules). Type an error, and FirsTime warns you
immediately. You can continue working if you wish.
Later, you can use the search-for-error command to
find the error and fix it.

FirsTime Has Thorough Error Checking.
FirsTime not only checks your syntax, but also
semantics. FirsTime identifies:

e Undefined variables, types and constants.

e Assignment statements with type mismatches.

e Errors in include files and macro expansions.

To Order Call: (201) 741-8188 or write:
SPRUCE TECHNOLOGY CORPORATION

P.O. Box 7948
Shrewsbury, NJ 07701

FirsTime is a trademark of Spruce Technology Corporation ® MS-DOS is a
trademark of Microsoft Corporation ® IBM is a trademark of International
Business Machines Inc. ® Turbo Pascal is a trademark of Borland International
® dBase Il is a trademark of Ashton-Tate
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® Fast program entry through single keystroke statement generators.

@ Fast editing through syntax oriented cursor movements.

® Dramatically reduced debugging time through immediate syntax checking.
® Fast development through unique programmer oriented features.

@ Automatic program formatter.

FirsTime Lets You Work With ldeas.

The Zoom command gives you a top down view of
your program logic.

The View macro command shows the expansions of a
C macro while in the editor.

The View include file command instantly shows you
the contents of an include file.

The Transform command allows you to change a
statement to another similar statement, for
example, a FOR to an equivalent WHILE.

The Search for next error command allows you to
find errors throughout your program.

The Cursor movement commands let you traverse
your program by logical elements, not just
characters.

FirsTime Works With Existing Files.

FirsTime works with standard ASCII files, so you can
edit any existing source files.

FirsTime for Turbo Pascal S 74.95
FirsTime for dBase lI $125.00
FirsTime for MS—Pascal $245.00
FirsTime for C $295.00

In Germany, Austria and Switzerland contact:
Markt & Technik Software Verlag

Munchen, W. Germany

(089) 4613-0
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PUBLIC-DOMAIN UTILITIES

Build an extensive software library
for free
by 9
BY JON R. EDWARDS

THE EXTENSIVE public-
domain collection for the
IBM Personal Computer
and compatibles is a very
valuable resource. It is
easily possible to build an
extensive software library
and incorporate the utili-
ties into your home proj-
ects or to save consider-
able time and effort by
installing a RAM (ran-
dom-access read/write
memory)-disk and print
spooler. Most programs in
the public domain provide
source code; you can
learn from the code and,
more important, you can
customize the routines for

(=0

o X

=

what to look for and ex-
pect from the products
you buy. And who knows
—in the short descriptions
that follow, you may find
software that's perfectly
suited to your needs. At
least the price is right.

FREE SOFTWARE

To the best of my ability,
| have concentrated on
free, no-strings-attached
software and not on
shareware or user-sup-
ported software. There is,
to be sure, a growing
amount of shareware for
the IBM family, and much
of it is excellent (see

your own requirements.
Undoubtedly, some of the

"Public-Domain Gems" by
John Markoff and Ezra

i # ' 3
T
- e,

software will fill your
needs, and the more
obscure programs may
simply trigger your imag-
ination.

The notion that “free
means shoddy” does not
necessarily apply to this
software. | suspect that
most of the free utilities
were originally written to
fill individual needs and as
part of the “hacker ethic’ have been shared with the
public. The programs adequately fill many needs, and they
have a tendency, as the user community modifies and ex-
pands them, to become more and more bug-free and so-
phisticated. Most public-domain programs provide limited
functionality, and their user interfaces and documentation
are generally less polished than commercial products, but
it is amazing how many commercial products do very lit-
tle more than integrate the capabilities of programs that
already exist in the public domain. If nothing else, ex-
posure to these programs will make you more aware of

' BERR|

ILLUSTRATED BY SHELLEY JORDON

Shapiro, March BYTE,
page 207), but the prod-
ucts often do not provide
source code, and their
authors usually request a
contribution; most users
legitimately feel that the
products deserve financial
support.

Naturally, [ cannot
guarantee that the soft-
ware you download will
function as you hope it will. I certainly hope you find
dozens of interesting utilities here and that your investiga-
tions lead you to new and exciting things, but I take no
responsibility if the the programs you download do
nothing or turn your screen inside out.

Locating free software is getting easier and easier. There
are more users groups, bulletin-board systems (BBSs), and
public-domain copying services than ever before, and the

(continued)
Jon R. Edwards is a BYTE technical editor. He can be reached at
BYTE, POB 372, Hancock, NH 03449.
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TOTALCONTROL
with LMI FORTH"

For Programming Professionals:

an expanding family of
compatible, high-performance,
Forth-83 Standard compilers
for microcomputers

For Development:

Interactive Forth-83 Interpreter/Compilers

e 16-bit and 32-bit implementations

Full screen editor and assembler

Uses standard operating system files

400 page manual written in plain English

Options include software floating point, arithmetic
coprocessor support, symbolic debugger, native code
compilers, and graphics support

For Applications: Forth-83 Metacompiler

e Unique table-driven multi-pass Forth compiler
Compiles compact ROMable or disk-based applications
Excellent error handling

Produces headerless code, compiles from intermediate
states, and performs conditional compilation
Cross-compiles to 8080, Z-80, 8086, 68000, and 6502
No license fee or royalty for compiled applications

Support Services for registered users:
e Technical Assistance Hotline

® Periodic newsletters and low-cost updates
e Bulletin Board System

Call or write for detailed product information
and prices. Consulting and Educational Services
available by special arrangement.

[ 4
Laboratory Microsystems Incorporated
IPosr Office Box 10430, Marina del Rey, CA 90295
Phone credit card orders to: (213) 306-7412

Overseas Distributors.

Germany: Forth-Systeme Angelika Flesch, D-7820 Titisee-Neustadt
UK: System Science Ltd., London EC1A 9JX

France: Micro-Sigma S.A.R.L., 75008 Paris

Japan: Southern Pacific Ltd., Yokohama 220

Australia: Wave-onic Associates, 6107 Wilson, W.A.
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PUBLIC-DOMAIN UTILITIES

number appears to be growing daily. In assembling my
list, I have concentrated on some of the larger bulletin
boards and copy services, but local bulletin boards have
a surprisingly large selection; many have well over half of
the programs on this list. Give them a call and see. You
might not find precisely the program I've mentioned, but
another program there may fill your needs or you may
unexpectedly find new and exciting listings. There is in the
public domain, for example, a large and growing number
of .txt and .doc files that review new software and hard-
ware, give programming tips, identify bugs in hardware
and software, explain patches to existing software, and
summarize on-line discussions. Download, read, and be
informed.

The largest boards may require a long-distance call, but
you are very likely to locate 80 percent of all the utilities.
Among many, you might try Kingcomm at (713) 360-1316,
The Eclectic BBS at (914) 221-2248, the Fargo Board at
(701) 293-5973, the IBM PC Information Exchange at (312)
882-4227, or the Boston Computer Society at (617)
353-9312. There are, of course, hundreds of other boards
with substantial collections; many of the bulletin boards
maintain lists of active BBSs. Readers who do not yet have
modems can still obtain many of the programs they want
through their local users group or through the mail from
services such as PC Software Interest Group (1030 East
Duane, Suite ], Sunnyvale, CA 94088) or from the New York
Amateur Computer Club (Box 106, Church Street Station,
New York, NY 10008), which will ship you the programs
you need for a copying fee.

Most of the utilities are available from a wide variety
of sources, but some are more difficult to find because
they seem to have appeared only on CompuServe. | have
marked these with a [C|. | have divided the utilities into
the following categories: disk: utilities and DOS aids,
memory and system status, keyboard assistance, text/file
manipulation, graphics and screen control, application
software, printer utilities, telecommunications, languages,
and language aids. Happy public domaining.

DisK UTILITIES AND DOS AIDS

These utilities are among the most numerous and useful.
There are RAM disks, applications to examine and modify
sectors and tracks on your disks, directory and DOS en-
hancements, utilities for your hard disk, and a variety of
utilities to test, fix, or modify your hardware.

First, a number of flexible RAM disks are available. RAM-
DSK16.COM and FREECOM provide a 160K-byte RAM
disk; later versions of FREE.COM automatically save data
when you reset. Other RAM disks include QD.COM, which
requires the Quadram board, HDS320.EXE and RAM-
DSK32.COM, which set the RAM disk for 320K bytes, and
HDS512.EXE, which gives you a 512K-byte RAM disk.
RAMDISK?2 LBR lets you vary the size of the RAM disk.

A number of utilities simplify DOS-related tasks.
SHELLCOM keeps COMMANDCOM resident. FOR-

(continued)
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INTO VITAL SIATISTICS.

Data. You live with it every day.
What you need are the tools to make it
come alive. Comprehensive analytical
tools. Mathematical precision. And
graphics capabilities to broaden your
insights —to help you visualize,
analyze, and communicate your find-
ings quickly and convincingly.

And now you’ve got it. With
STATGRAPHICS —a new
PLUS*WARE™ product from STSC.
STATGRAPHICS is the only PC soft-
ware to fully integrate a wide variety
of statistical functions with high-
resolution color graphics. Giving you
the power and precision you used to
find only with mainframe software.

STATGRAPHICS’ unique inter-
active environment allows you to
generate graphs from within the
statistical procedures. You can change
a variable and see the effect —im-
mediately. So your job is easier and
you're more productive.

MORE OPTIONS FOR MORE
COMPREHENSIVE ANALYSIS.

STATGRAPHICS features over
250 functions for analyzing data—
including analysis of variance, regres-
sion analysis, experimental design,
quality control procedures, multivariate
techniques, nonparametric methods,
and extensive forecasting and time
series analysis.

It also lets you enter data at the
keyboard or access data stored in
standard ASCII files, LOTUS® 1-2-3
worksheets, and DIF files used by
other popular software packages.

TELL A CLEARER, MORE
DRAMATIC STORY.

STATGRAPHICS includes a wide
variety of graphics programs such as
two and three-dimensional line and sur-
face plots, bar and pie charts,
histograms, time sequence plots, and
quality control charts.

The graphics are supported on
color and monochrome graphics boards,
dot-matrix printers, and pen plotters
for presentation quality graphics.

SOPHISTICATED STATGRAPHICS
IS SURPRISINGLY SIMPLE
TO USE.

STATGRAPHICS is completely
menu-driven, and includes a com-
prehensive user’s guide, online HELP
screens, tutorial, and handy reference
card. And STSC’s HELP-Line is only a
phone call away — giving you ready ac-
cess to our staff of technical experts.

TAKE A LOOK AT
STATGRAPHICS.

AND LOOK NO FURTHER.

STATGRAPHICS is the most ad-
vanced statistical graphics software
available for PC’s. And the complete
system is just $695.

To order STATGRAPHICS, or
for more information, contact your
local dealer or call 800-592-0050 (in
Maryland, 301-984-5123). Or write
STSC, Inc., 2115 E. Jefferson St.,
Rockville, MD 20852. Major credit
cards accepted.

Inquiry 188

Problem-solving at the speed of thought.

STATGRAPHICS operates on IBM PC's and compatibles under DOS, Version 2.0 or later. A minimum of 384K RAM, a graphics adapter and compatible monitor, and two
double-sided disk drives or a hard disk are required. An 8087 math coprocessor and 512K RAM are recommended.
A Contel Company STATGRAPHICS is a registered trademark of Statistical Graphics Corporation. PLUS * WARE is a trademark of STSC, Inc. LOTUS is a registered trademark of Lotus

Development Corporation.
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GIVE YOUR SYSTEM

BACKBONE

STRUCTURE, ORGANIZATION, and FINGERTIP CONVENIENCE
for IBM PC/XT/AT and COMPATIBLES

You create a set of linked menus with Backbone's MENU PROCESSOR' The
menus you've customized remain in low memory. Then, a single keystroke
takes you immediately to any program, batch process, or simply another
menu.

How do you use BACKBONE?
1) Customize a menu set with the
Menu Processor
2) Create any number of menu sets, one for
each user or group of users
3) Place your programs where you want them:
on hard disk, virtual disk, or floppy
4) Execute BACKBONE

IT'S AS SIMPLE AS THAT!

Experienced users:

-Speed up and simplify
your activities,
whether word pro-
cessing, data-basing
or programming

-Open your system's
offerings to coworkers,
customers, and

family members
Less experienced users:
-BACKBONE means PUT SOME
supreme friendliness
-No longer any need to remember BACKBONE
complicated DOS commands, IN YOUR LIFE
paths, or file names FOR ONLY

$3995

plus *4 postage
and handling

TO ORDER CALL
800/237-6360 ext. 314
800/282-1152 ext. 314 (FL)
MASTERCARD/VISA

Synchrony Systems
4191 San Juan Avenue
Jacksonville, FL 32210
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MOST IMPORTANT PC
ADD ON YOU CAN BUY

INTERFACES UP TO 5 OUTSIDE LINES WITH 12 TELEPHONES
ALEXIS, THE PHONE SYSTEM FOR SMALL BUSINESSES

It speaks to you

It’s user programmable

It records all phone calls & numbers dialed

Restricts any number or prefix such as 411, 976

Alexis uses standard touchtone telephones offering access to all
features and lines

e A caller can retrieve information from the PC’s diskette using his
phones keypad

Alexis does not need a PC, but interfaced with one,
will open a whole new world without interfering with
the PC's operation. =

X2 Adax, Inc.

6961 Peachtree Industrial Boulevard ¢  Norcross, Georgla 30071 ¢ (404) 6624504  Telex: 707355 OASIS

INTELLIGENT COMMUNICATIONS FOR ENTERPRISING BUSINESSES
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MAT?2 BAT formats disks in the A and B drives at the same
time. CATCOM, SDIR26.ASM, SDCOM, and LECOM sort
directories by filename, extension, date, time, file size, and
other criteria. XDIR displays an “extended directory” in-
cluding file attributes such as whether the file is a system
file, a read-only file, or a hidden file. GETDIR.PAS provides
the Pascal source code for reading the directory. PART
COPY.EXE copies files on double-sided disks to two single-
sided disks. GDEL.EXE and PURGE.COM allow global file
delete with yes/no verification. VCOPY.COM is a similar
global file-copy utility. FDATE.LBR allows you to change
the file dates. ROCOM marks files as read-only. RW.COM
marks files as read/write. CV2.COM and VOLSER COM can
write or change the volume label on your disks. QD-
COPY.DOC explains how to modify DISKCOPY in order to
eliminate the prompts, and DCBA.HOW explains a patch
to DISKCOPY for those who need many copies of a disk.
DSKPATTXT |C| explains how to patch DISKCOPY and
DISKCOMP for large-memory PCs. FILECMD2.BAS pro-
vides several DOS commands from BASIC. CLSCOM
allows you to clear the screen from the DOS prompt.

DISKMOD.BAS, DISKMODEBAS, and DISKREAD.EXE
allow you to examine and modify disk sectors. Pascal
source code is available for the latter. DISKRTN.EXE and
HIDEFILE.BAS are dedicated to the task of examining and
modifying the disk directory. Use them to recover lost or
deleted files. DIRSORT1.BAS permanently sorts the disk
directory. Finally, several programs provide a “switch” from
DOS to different graphics and text modes. COLOR40.COM
and COLOR80.COM switch to the 40- and 80-column color-
graphics text modes. MONO.COM switches from DOS to
monochrome 80-column text. COLORG.COM switches to
monochrome medium-resolution graphics.

Several programs provide some measure of file securi-
ty. DIRHIDE.LBR hides and “unhides” directories.
CRYPT.EXE encrypts text files. PWORD.BAS requires that
you enter a password before using the system.

There are several utilities for hard-disk users. FEEXE and
WHEREIS.LBR search through all subdirectories for a
specified file. If there is more than one copy of the pro-
gram, WHEREISCOM will identify the directories in which
you can locate the file. FORMAT.FIX prevents the acciden-
tal formatting of a hard disk. IBU.LBR is an incremental
hard-disk backup utility. BACKSTAT.EXE checks the status
of hard-disk files that have not yet been backed up.
REDCOM and MOVEFILE.LBR move files from one sub-
directory to another. DIRENAME.COM renames subdirec-
tories. ARAQ.EXE erases files across subdirectories. DIR-
CTYCOM provides sorted directories of your subdirectories.
LFCOM displays the files on the current subdirectory.
MENULBR is a hard-disk menu system. DISKPARK.LBR
places hard-disk heads over the shipping cylinder.

Most bulletin boards have “squeezed" files that occupy
less disk space and download more quickly. To use these
files, which are usually marked with a Q in their exten-
sion, you will need to use an "“unsqueezer.’ Most services

(continued)



WOULD YOU BUY
A PACEMAKER
FROM MATTEL?

IBM/PC-based LOGIC LINE-1" artificial intelligence software is
so advanced, that competitive products are toys by comparison.

There aren’t very many who’d stake their
lives on a toy-store pacemaker. Luckily, we
won't have to worry about their rancid cells
polluting mankind’s gene pool very long any-
how. Such brain-damaged geeks tend to die
young.

If you’ve recently spent money on artificial
intelligence software, you might be wishing a
few programmers had croaked before writing
that blithering swill they named Al and pal-
med off onto you. What they call an
“inference engine” is nothing more than an
IF-THEN decision tree that can’t even do a
very good job of arithmetic¥

We're Clarity Software, and we’re introduc-
ing a product that can take a massive amount
of text from any machine-readable source, and
mathematically distill thought processes for
query and analysis. This process, as dis-
tinguished from expert systems, is referred to
as natural-language intelligence.

In this ad, we’re going to explain to you
why you’d be crazy not to have our package in
your portfolio of data-manipulation assets.

DERIVE THE DNA/RNA OF ANY

WRITER’S THOUGHT PROCESSES.

LOGIC LINE-1 was the result of the inter-
action between a couple of cyberneticists and
a physicist, with combined experience in
high-performance learning and pattern-recog-
nition programming. The physicist was
responsible for one of the first DNA/RNA-
tracking systems (the RNA-of-thought asser-
tion is more than just an advertising creation).
We are not your ordinary bunch of yahoos.

Imagine having the collected thoughts of
Voltaire online. If you were interested in view-
ing Voltaire’s thoughts on “job security’” you
would enter that term in the search menu.

Now you're thinking: “Nuts! These yahoos
are trying to sell me something my sup-
posedly roy text editor can do with a search
command. Right?”

Wrong, pussycat. Your inference process
was a little quick on the trigger. Never, in any
of Voltaire’s writing, was there ever the phrase
“job security’’

“Ok}’ you reply. ““You have a dictionary of
synonyms, eh?” Wrong again. LOGIC
LINE-1 has no dictionary. Interesting?

Essentially, LOGIC LINE-1 uses a series of
mathematical transformations on text, the out-

put of which is cataloged in a database analo-
gous to a biological DNA/RNA imprint of
that text.

There are approximately one dozen param-
eters that make up a thought’'s DNA/RNA.
Some transformations fingerprint syntax pat-
terns; some look at subject/predicate rela-
tionships via a small dictionary of several
dozen noise words.

After setting up the above Voltaire “job
security”” query, LOGIC LINE-I will present
you with high-possibility ““hits?” You will type
“Y” when they are relevant, and ““S” for skip,
when they are not.

The first several ““hits” might be rejected,
since the term “‘job security” will not be
found. Once you get an acceptable entry,
however, and lock onto an acceptable RNA-of-
thought pattern, the accuracy of LOGIC
LINE-1 will be staggering. Or we’ll refund
your money. Simple enough?

“I’'M NOT INTO VOLTAIRE,’ YOU SAY.
“WHY DO | NEED LOGIC LINE-1?”

How would you like to be able to turn any
textbase into an expert system? For example,
most PC users rely upon word processing. The
problem is, we store our correspondence in
files with names like “LT062185” or
“REJECT21” or “RANDOMTH? As a
result, we reinvent the wheel with each letter
we compose. Why do this?

Using LOGIC LINE-1, you can append all
your written correspondence into one textbase
file. Sure, any word processor could do a
straight search for a term like ‘“‘quality?’ But
none can do this search as fast as LOGIC
LINE-1. And none could turn up the
“quality” references if queried for the term
“workmanship?’

Thus, when writing letters and speeches,
use LOGIC LINE-1 to collect previously
articulated thoughts on any given subject.
Whatever your profession, be it law, medicine,
engineering or information management,
LOGIC LINE-1 is an indispensable tool for
true thought processing.

Now that thousands of textbases are pub-
licly available, LOGIC LINE-1 is the key to
their intelligent use. Once the computer estab-
lishes associative links in a large body of
material, many creative applications are pos-
sible.

TRUE Al! CLONE THE

GREAT MINDS ON YOUR PC.

Did Bacon write Shakespeare? Did Albert
Einstein have anything relevant to say on the
subject of “generation gap?”” How many con-
gressmen consistently contradict themselves
in the Congressional Record?

The uses of LOGIC LINE-1 are limited
only by the availability of textbases, and by
your imagination.

Do you dare send a student to college with-
out LOGIC LINE-1 and a PC? Would YOU
care to compete in business with someone
else who has this leading-edge, decision-sup-
port software?

Einstein should write your papers on rela-
tivity. Alfred North Whitehead should write
your papers on philosophy. And Shakespeare
should write your love letters.

1985°S SPECIAL $100 LIMITED-TIME
OFFER WILL BE HISTORY IN 1986.

This is our very first, and only, announce-
ment ad. For the rest of this year, you may
obtain LOGIC LINE-1 for only $100 (note, we
didn’t try to fool you with a $99.95 price tag;
we do give you, as well as your computer,
some credit for intelligence). As of January 1,
1986, LOGIC LINE-1 will retail for $250.

To find out more about LOGIC LINE-I,
call 216/729-1132. You may order by phone
by calling 800/621-5839 (or in Illinois, call
800/972-5855). Return the product for any
reason whatsoever within 30 days for a full
refund. If you are with the US government or
one of the intelligence spook shops, LOGIC
LINE-1 is available to federal/DOD buyers
through IBIS Corporation, 131 Elden Street,
Herndon, VA 22070 (call 800/532-3344 or
703/478-0300).

You COULD spend your next $100 for
other software. You could also ask Weird Al
Yankovic to install that terrific new pacemaker
from your kids’ Young Doctor toy kit. Call
today and save more than just money.

)/c LARITY
SOFTWARE.
A Div. of EXPANSION PGMS INT'L, Inc.

PO BOX 839 e Chesterland, OH 44026 e USA
(216)729-1132

*The only other package out there worthy of the label “artificial intelligence™ is from Teknowledge in Palo Alto, and we don’t compete with them. They build *“‘expert systems.’ while our emphasis is on **natural
language” systems. We mention them in passing, because they're one of the few **good guys?” Copyright © 1985 by Clarity Software. LOGIC LINE-1™ is a trademark of Clarity Software, and requires a 128K IBM PC
with at least one diskette drive and runs under MS/DOS 2.1 and up. IBM™ IBM Corp. MATTEL™ Mattel. We hope the swell people at Mattel can take a joke. Advertising & PR by TRBA, 408/258-2708.
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New Industry Standards For Talking
Personal Computers. Exclusively

for IBM PC and XT, Apple Il, and
Compatibles. From Votrax, The
Pioneer in Synthetic Speech Systems.

Give your IBM PC and XT
and Apple Il the
Power of Speech

Until Votalker IB and AP, synthetic speech
systems for personal computers were like a
piano with 50 keys, an eagle with a broken
wing, and a singer with a two-octave range.
When Votrax developed the SCO2 speech
synthesis chip, it was the classic case of
advanced technology in need of support
systems to unlock its dormant powers. Now,
Votalker introduces a revolutionary family of
text-to-speech translators — the key to the
lock. First members of the family are the
Votalker IB for IBM PC and XT and the
Votalker AP for Apple Il, Apple lle, and
Apple Plus. With Votalker these units play
the piano with all 88 keys. Soar through
unlimited vocabulary, using 32 inflections
and 4,100 pitch settings. Sing in five octaves,
and generate sound effects in 16 amplitudes.

A Newly Designed Circuit Board includes:

e SCO2 chip ® speaker e audio amplifier

e volume control e external speaker jack.
The board operates in the host computer
slot, eliminating the need for serial ports and
cable hookups. Internal editing and smoothing
ensure clarity and integrity of speech.

The Text-To-Speech Translator sets Votalker
above all other synthetic voice products.
Text is generated through programs or
keyboard and translated directly into spoken
language. The sophisticated software on a
diskette offers: e unlimited vocabulary

e |ittle use of system memory e exception
table that stores and accurately pronounces
difficult words.

Other Votrax Products — the stand-alone
Personal Speech System and Type 'N Talk —
are currently used in thousands of
applications.

Votalker Prices Begin at $179

Call Votrax at (800) 521-1350*

* VOTRAX, INC.
v 1394 Rankin
Troy, Michigan 48083
(313) 588-2050

*In Michigan, Call Collect
(313) 588-0341

PUBLIC-DOMAIN UTILITIES

— Votrax Announces
VOTALKERIB & AP )

* Fall 1985 BYTE ¢ Inside the IBM PCs
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provide them, and it may be necessary to use the utility
recommended by the particular board from which you ac-
quire your software. Unsqueezers include USQEXE,
NUSQ110.COM, and ALUSQCOM. Much of the software
also appears in library files, easily recognized by the .LBR
extension. To use these files, you may have to extract the
files and then unsqueeze them. LSWEEP13.COM and
NULUCOM are flexible utilities that allow you to perform
both operations at the same time,

Other utilities include CLEAN.COM, CLEANDRV.BAS,
and WASH.COM, which exercise the disk during the use
of disk-head cleaners. SPEEDUPCOM purports to speed
up disk 1/0. TWOSIDE.COM allows you to address two
double-sided drives as a, b, ¢, and d. There are a number
of disk-drive maintenance programs, including DRIVE-
TST.BAS and DSKTST.BAS; they can determine the speed
of your drives and if your disks have bad sectors.
ALIGN.BAS, a disk-head alignment utility, provides con-
trol over disk-arm movement.

MEMORY AND SYSTEM STATUS
Many public-domain programs, including LOOK.COM,
SCREEN.PAS, MEMDUMPBAS, and CORELOOK.COM, ex-
amine the contents of specified addesses in memory.
SYSTATCOM and PCSCOM display general system status.
EQUIPCOM and CHECKOUT.BAS assess your serial and
parallel interfaces and equipment. 808 7TEST.EXE checks
the 8087. REGDISPASM displays 8088 registers in real
time. MTEST.COM detects PC memory errors.
JOYSTEST.BAS is one of many joystick testers. LPEN-
TEST.BAS checks your light pen. SEESWITCH.BAS displays
the computer switch settings. DIPSET.BAS lets you con-
figure them. MEMORYCOM sets memory size without
your having to alter the switch settings. PARITY.COM dis-
ables parity checking, and both PARINTCOM and PAR-
CHK.LBR provide a parity-check intercept handler. With
the latter two, you can save your files before testing the
system for the problem that caused the parity check. PAR-
BNK.HEX, a modification of PARCHK, reports the bank
number that had the error. Finally, MEM640.ZAP modifies
the BIOS to allow 640K bytes of memory.

KEYBOARD ASSISTANCE
There is a general assortment of utilities that provide key-
board assistance. A number of routines, including BASIC-
KB.EXE, KEYBOARD.EXE, and PCKEY.COM, purport to
provide collections of keyboard utilities. Several programs,
including KYBD.BAS, output keyboard input to the printer
like a typewriter. Other programs, like BUFFER.COM,
KBD__FIX.COM, BUFF159.COM, and KBBUFEBAS, extend
the keyboard buffer. CED, for command editor, provides
a command stack in DOS and allows you to edit DOS com-
mands with the cursor keys. QUICKREFBAS creates
templates for keyboard reference.

Many programs provide extended keyboard control.
BIGANSI.SYS, an enlarged version of ANSI.SYS, lets you

(continued)



MICROWAY’S 8087 RUNS 1-2-3™!

MicroWay is the world's leading retail-
er of 8087s and high performance PC
upgrades. We stock a complete selec-
tion of 8087sthatrunat5 and 8mhz. All
of our coprocessors are shipped with a
diagnostic disk and the best warranty
in the business — one year! We also
offer daughterboards for socketless
computers such as the NEC PC and
PCjr, and a board which increases the
clock speed of the 80287 from 4 to 8
mhz. Our NUMBER SMASHER™ in-
cludes 512K ram. It will run the IBM PC
at clock speeds up to 10mhz and
achieves a throughput of .1 megaflops

with 87 BASIC/INLINE, Intel Fortran, or
Microsoft Fortran. Software reviewers
consistently cite MicroWay software
as the best in the industry! Our cus-
tomers frequently write to thank us for
recommending the correct software
and hardware to meet their specific
needs. They also thank us for our same
day shipping! In addition to our own
products which support the 8087 and
80287, we stock the largest supply of
specialized software available any-

SPEED UP YOUR AT
WITH 287TURBO" - 8mhz

FASTBREAK™
software turns on your 8087 during 1-
2-3™ execution. Recalculations run up
to 36 times faster. When used with the
NUMBER SMASHER™ it can provide a

MicroWay’s

total increase in 1-2-3™ execution
speed of up to 79 to 1. FASTBREAK
provides you with the unique capability
for running other programs on top of 1-
2-3. These programs can be written in
BASIC, PASCAL, Fortran or C and can
access the currentvaluesin your 1-2-3

NUMBER SMASHER™ The World's Fast-
est Accelerator Card for the IBM PC, XT,and Com-
patibles! Includes an 8086 and 8087 pair tested
to 10mhz, and 512K bytes of high speed ram.
Compatible with all software, operating systems
and hardware! Your program speed is increased
by a factor of 2.5 to 4.0. Floating point programs
run up to 2.8 times faster on the PC than on an
80287 equipped PC AT

MATRIXPAK"™ managesa MEGABYTE!
Written in assembly language, our runtime pac-
kage accurately manipulates large matrices at
very fast speeds. Includes matrix inversion and
the solution of simultaneous linear equations.
Callable from MS Fortran 3.3, 87MACRO, and
87BASIC/INLINE ........c.cneeen. each $150

87FFT™ Written in assembly language, per-
forms Forward and Inverse FFTs on real and com-
plex arrays which occupy up to 512K bytes of
RAM. Also does convolutions, auto correlations,
hamming, complex vector multiplication, and com-
plex to radial conversions. Callable from MS For-
tran, 87MACRO, C, TURBO PASCAL or
87BASIC/INLINE . .....covvveiiiiienannn $200

87FFT-2" performs two-dimensional FFTs.
Ideal for image processing Requires 87FFT $100

GRAPHICS PACKAGES

Grafmatic for Fortran or Pascal............ $125
Plotmatic for Grafmatic.................... $125
MultiHalo (one language) ................. $189
DFixer™ - Eliminates the AT hard disk pro-

blem! A disk which thoroughly checks PC or AT
hard disks for bad sectors and updates the MS
DOS file allocation table accordingly...... $149

EPSILON™ - our favorite in-house editor lets
you simultaneously edit up to 11 source files and
concurrently run a compiler or linker. A real
HMESAVEN! < ruvarira v siaia sianarirsiatons, ssssshecdiarars wem $185

where. For information call us at v';/lo\g(Ts_g%eéA s e $79
617-746-7341 NUMBER SMASHER . ... .. $1099

For the IBM PC, PC XT, PC AT and Compatibles.
87BASIC/INLINE™ converts the output of 8087 5mhz.. ... .. .. $109

the IBM Basic Compiler into optimized 8087
inline code which executes up to seven times fas-
ter than 87BASIC. Supports separately compiled
inline subroutines which are located in their own
segments and can contain up to 64K bytes of
code. This allows programs greater than 128K!
Requires the IBM Basic Compiler and Macro
Assembiler. Includes 87BASIC ............ $200

87BASIC"™ includes patches to the IBM Basic
Compiler and both runtime libraries for USER
TRANSPARENT 8087 support. Provides super
fast performance for all numeric operations in-
cluding trigonometrics, transcendentals, addition,
subtraction, multiplication, and division. . .. $150

87MACRO/DEBUG" - contains all the
pieces needed for writing 8087/80287 assembly
code including 8087 macros, object libraries for
commonly used functions, including transcen-
dentals, trigonometrics and conversions between
strings and real numbers. Our 87DEBUG com-
pletesthe package ....................... $199

OBJ—ASM"™ - a multipass object module
translator and disassembler. Produces assembly
language listings which include public symbols,
external symbols, and labels commented with
cross references. Ideal for patching object mod-
ules for which source is not available ..... $200

RTOS - REAL TIME OPERATING SYSTEM

RTOS is a multi-user, multi-tasking real time oper-
ating system. It includes a configured version of
Intel's iRMX-86, LINK-86, LOC-86, LIB-86, OH-86,
and MicroWay's 87 DEBUG. Runs on the IBM-PC,
XT, PC-AT and COMPAQ $400

INTEL COMPILERS'

FORTRAN-86 .$750
PASCAL-86. .$750
PL/M-86.. - $500

'Requires RTOS or iRMX-86. All Intel compiler names and
iRMX-86 TM Intel Corp.

European Customers: Please call MicroWay in London at 01-223-7662.

P.O. Box 79
"Kingston, Mass.

Mic

W a 02364 USA -
(617) 7467341

Inquiry 135

The World Leader
in 8087 Support!

Including DIAGNOSTICS and one-year warranty
For IBM PC and compatibles.

8087-35mhz............ $175
For the Tandy 1200.

8087-28mhz.. .. ... . $175
For Wang, AT&T, DeskPro, NEC, Leading Edge.
80287-3 5mhz............ $199

For the IBM PC AT and Compaq DeskPro 286.

287Turbo™ 8 mhz.. $395

With Reset Button and Diagnostics.

64K RAM Set ... $8
256K RAM Set............. $29
256K CMOS RAM Set .. $39
128K RAM Set pc AT.... $150
AST Advantage™................... $439
JRAM-2™ (¢)K) ........................ $169
JRAM™ AT (OK)...................... $229
JRAM-3" (128K).................... $275
MAYNARD ACCENT .............. $225
FORTRAN, C and BASIC

Microsoft Fortran Version 33 ............. $229
IBM Professional Fortran................... 545
Ryan-McFarland Fortran ................... 399
FORLIB+ or STRINGS and THINGS. ........ 65
Lattice C or Microsoft C Version 30........ 299
B @ATB T e Lt store s oeere S ol 150
IBM Basic Compiler Version20............ 445
Microsoft Quick Basic ....................... 89
Summit BetterBASIC™...................... 175
TR BaSICi: s5w s lsiws s sie st s s sas iaeass 105
MACRO ASSEMBLERS

IBM Assembler with Librarian V.20 ........ 155
Microsoft Assembler Version 3.01.......... 125
PASCAL and APL

Microsoft Pascal Version3.3 ............... 199
Borland Turbo with 8087 Support............ 85
STSC APL*PLUS/PC............covvveen 4

STATGRAPHICS. ..
COSMOS Revelation. .................c....
Phoenix Plink86.............ccovven.. i
e e T = R e st i o
FASTBREAK and NUMBER SMASHER are trademarks of
MicroWay, Inc. Lotus and 1-2-3 are trademarks of Lotus Devel-
opment Corp.
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Inquiry 6

THE WINNING TEAM
The Marchant Retail System For IBM PC

e Action-oriented sales
and inventory reports
to help you streamline
your business and
realize your profit
potential

Marchant's Programmable
CT-1000 Communicating
Cash Register — the

- ultimate In flexibility

VARS & DEALERS
GALL-800/222-4844

e Multi-user capabilities —
up to four registers
per PC

* Non-dedicated process-
Ing — runs other soft-
ware while the registers
operate

e Bar code reader
interface

o Easy-to-use inventory

and receiving package

Marchant Since 1910
A Division of Addmaster Corporation
Los Angeles L.ondon

9-TRACK 2" MAINFRAME TAPE
SUBSYSTEM FOR THE IBM
PCI/XTIAT WITH FREE BACK-UP

M Worldwide data
interchange
B Automatic tape
loading
M High-speed hard
disk back-up FREE
B Dual density at
800 or 1600 BPI
B Allows direct tape
access under any
language supported SR
by DOS 2.0 |
(A Telebyte exclusive)
teleBY LUE tecHNOLOGY INC.

835-3298
270 E. Pulaski Road A Public Company (ggg) 4233232
Greenlawn, NY 11740 TWX510-226-0449 (516)423-
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PUBLIC-DOMAIN UTILITIES

redefine up to 40 keys. ANSI2K.LBR is another form of
ANSI.SYS with a 2K-byte buffer. KBRATE.COM and SPEED-
KEYCOM change the rate at which the keys repeat. The
latter also claims to speed keyboard 1/0. NEWKEY.BAS
reassigns the 10 function keys, while FKRESTCOM resets
the keys to their original functions. FKEYS.LBR redefines
the Alt-function key combinations. KEYSBAS.BAS and
OPKEYS.BAS program the function keys for BASIC pro-
gramming. SETKEY.EXE and DEFKEY.COM are keyboard
reassignment programs; ORIGINALKEY contains the
original keyboard configuration. CNTRLBK.BAS demon-
strates how to disable Ctrl-Break. SHIFTBS.COM converts
the backslash key into a left shift key; SHIFTIBM.COM con-
verts it back. KEYLOC.EXE and KEYHELPCOM make the
shift, Alt, and Ctrl keys into toggles, a useful feature for
handicapped users. FLIPCOM, UPNUMCOM, and KEY-
FLAGS.COM provide further control over the Caps Lock
and Num Lock keys.

TEXT/FILE MANIPULATION

You may find some useful public-domain utilities if you
frequently have to convert from one text format to an-
other or if you commonly need to manipulate text files.
TXTPRO.EXE, ASCFILTR.BAS, and FILTER.BAS are filters
that remove control and non-ASClII characters from ASCII
files. Use them, for example, to remove control charac-
ters from downloaded files. CR.BAS filters BASIC files.
ADDCR.BAS and CRETURN.BAS, other useful programs
for manipulating downloaded files, add carriage returns
to the end of every line in a text file. WS-FIXCOM, WS-
ASCII.BAS, UNWS.EXE, and many other programs strip
the high-order bits from WordStar files to convert them
to ASCII. WS-INDEX.COM indexes WordStar files. EZW2-
ASCI.BAS converts EZWriter files to ASCII.

CHOPLBR sections large text files. ADD-LEBAS adds
linefeeds to files that contain only carriage returns.
JUSTIFY.EXE allows right and left justification of text files.
DETAB.EXE expands tabs in a file to a specified number
of spaces. LOWER COM and UPPER.COM convert text files
from and to lowercase and uppercase. WC.EXE counts the
number of words in a text file. DOCANAL.LBR |C| analyzes
the line length to help you decide how to print the file.
DUMPFILE.PAS produces hexadecimal and ASCII dumps
of disk files. BIHEX.BAS, HEX.BAS, and HEXCONV.BAS
convert files among binary, hexadecimal, and ASCII.

Several utilities ease string-related tasks. DEFINE.EXE
is a string-replacement macro. KWIQ.LBR, FIND.EXE, and
UTSCAN.EXE scan for occurrences of text strings in files;
SORTEXE sorts them; CHANGE.EXE replaces them. There
are several sequential file utilities. For example, DATA-
FIX.BAS adds or removes line numbers, and KILL-
NULL.BAS removes nulls.

GRAPHICS AND SCREEN CONTROL

There are also a number of useful public-domain graphics

and screen-control programs. If you're concerned about
(continued)



We've gone to great widths
tomake yot look good.

Introducing New SIDEWAYS ™ Version 3.

Sideways has always been the favorite way to print nearly every-
thing that’s too wide for a printer. Not surprising.

It's quick. It's easy. And it makes clean, one-piece printouts as
wide as you like. So you get spreadsheets that really spread out.
Pert charts that peer far into the future. All kinds of extra-wide
reports without staples, glue or tape.

But now Sideways Version 3 goes even further.

Especially for 1-2-3™and Symphony.®

Now you can make short work of those wide 1-2-3 spread-
sheets. No need to make print files. Just highlight a range and
print right from your worksheet file using familiar Lotus-like menus.

Mix bold, underlined and expanded type, all on the same page.
Print through or skip over perforations. Make the finest extra-wide
printouts this side of typesetting.

Using Symphony? Sideways chimes right in to print any
worksheet you've loaded without ever leaving your Symphony
session.

No matter what software you use.

Spreadsheets, databases, word processors, project planners.
Whatever you use, you'll get more out of new Sideways.

Choose from nine different type sizes, from “minuscule” to
“mammoth.” Print bold, underlined or expanded — whatever your
software can create. Even foreign language and line-drawing
characters. Plus, there are so many ways to adjust margins,
spacing and page size, it stretches the imagination.

Sideways Version 3 for the IBM® PC and all popular dot-matrix
printers. Available now at computer dealers nation-
wide. Or directly from Funk Software with
your check, Visa or Mastercard.

At just $69.95 a copy,
you'll never want for width
again.

Special upgrade offer!

Just send $20 along with
your current Sideways program
disk and manual directly to Funk
Software. We'll send you Version 3
right away.

Funk Software, 222 Third Street, Cambridge, MA 02142. Phone (617) 497-6339.
Copyright 1985, Funk Software, Inc. Sideways is a trademark of Funk Software. Lotus, 1-2-3 and Symphony are registered trademarks of Lotus Development Corp.
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Inquiry 3

PC Case

PC-XT Mother Board

IBM™ Fully Compatible with
8088 Micro-Processor -
with 8087 Math Pros Socke, Hinged Top.
8 1/0 Slots, 256K On Board Memory Easy, Quick Access
Assembled & Tested Board & All Components Fits IBM PC/XT

1-8229 3-4 $219 4-10 S200
Over 10 Call

1BM 15 a vademack of International Business Machines

Mother Board 2 - 4 Drives
Hardware for Mounting  Quality Case — All Metal

1.— 878 2-3 S75 4-10 S70

PUBLIC-DOMAIN UTILITIES

PC-XT Compatible incl

640 K RAM. 2 - DS/DD Disks 360 K

135 Watt Power Supply

2-RS232 Senial Ports 1 Parallel Port
Real Time Clock - Cal Bat Backup

RAM Disk, Print Spooler

Assembled & Tested! Everything you need
except Monttor & Card

1-81,059 2-3 S1,000 4-10 $975

Enhanced Keyboard
for IBM PC

Enlarged Retun  [—
Key & Shift Key
LED Indicators on
Cap's Lock &
Number Keys
Fully 1BM Compatible'

1-589 2-3 885 4-10 S80

20 Meg Version. . . ... .. .. $1,575
135 Watt Multifunction Card
Power Supply PRICE BREAKTHROUGH
® 4 Drives Power Plugs 2 Serial Ports
® Side Switch Model 485 Game Port  Printer Port
like 1BM g Real-Time Clock-Calendar
1-8109 s ;4 Ram Disk  Print Spooler
2-3 $105 \ i With 384 RAM . . . .. .. $229
4-10 $100 ‘x‘ ; Jormore. . ......... $199

We also ca;ry a complete line
of PC PLUS™ Add-Ons for
all IBM™ PC & Compatibles

Use our TOLL-FREE Order Line Mon.-Fri. 9 am-6 pm EST.

1-800-822-1211

In PA: 215-822-7727
252 Bethlehem Pike, Colmar, PA 18915  pci|

COMPUTERS

luestreak

QUALITY COMMUNICATION SOFTWARE

TERMINAL EMULATION FOR THE IBM PC
e TWO COMPORTS — allows two e BAUD RATES

terminal sessions simultaneously to 9600
¢ EMULATES VT100 and nine other o CODE
popular terminals TRANSLATION

¢ PROGRAMMABLE
e MODEM support for the D.C.

by user table
e PHONE directory

Hayes standard e ASCII and
e DOS access with a single XMODEM file
keystroke transfer

e ASCII - EBCDIC code translation

o KEYBOARD DEFINITION for all
function keys

* CHARACTER filtering

$49.95

PLUS $3.00 FOR POSTAGE AND HANDLING
TO ORDER CALL TOLL FREE — 1-800-237-6360
IN FLORIDA CALL 1-800-282-1152
ASK FOR OPERATOR 222
MASTERCHARGE, VISA, CHECK OR MONEY ORDER

LANG-ALLAN, INC.
2431 ALOMA AVE. SUITE 103
P.O. BOX 1341, WINTER PARK, FL 32790
(305) 677-1539

IBM and D.C. Hayes are registered trademarks of IBM CORP. and HAYES
Microcomputer Products.

e HELP screens

e USER DEFINED
XON-XOFF
characters

OR WRITE:

48 -« Fall 1985 BY TE ¢ Inside the IBM PCs Inquiry 108

burning out the phosphors on your monitor, get COL-
BLNK1.COM or MONBLNKI1.COM, which blank the color
or monochrome display when no keys have been pressed
for about five minutes. If you are bored with the default
screen, try CLCOM, which sets the background to blue,
sets the foreground to yellow, and provides a block cur-
sor, KOLOR.COM, which allows you to set the foreground,
background, and border colors, or CLOCK.COM, which
puts a digital clock in the upper right-hand corner of your
screen. CRL.COM alters the size and shape of the cursor;
NOBLINK.COM stops the cursor from blinking.

GFX.COM provides a graphics driver for color screens.
MACHILEXE is a graphics editor. MONITOR.COM toggles
between monochrome and color display. The set of BASIC
subroutines in MONITOR.BAS helps you to format dif-
ferent screen displays. AMBER.COM sets the color display
to amber. EDITNO.BAS formats numeric output. ZIP-
CLEAR.BAS clears and SCROLL.ASM scrolls a designated
screen area. REVIEW.LBR allows you to scroll all displays
up or down. VIDEO.ASM provides a Pascal-callable routine
for BIOS video interrupts. PC-COLOR.BAS is a color moni-
tor test. OVERHEAD.BAS assists you in making overhead
transparencies for display.

APPLICATION SOFTWARE
A large and growing body of shareware often provides
an excellent alternative to commercial software. BYTE has
already reviewed much of this software, but free public-
domain software is also a good source for text editors,
database managers, mailing-list programs, and the like.
DBMS, U-MIND.BAS, EFS.BAS, and AUTOFILE.BAS are
database systems. EDITXT.BASE |[C|, RV-EDIT.BAS,
FSED.LBR, FULLEDIT.BAS, EDITEXE, FRED.EXE, and
SCREEN.EXE are several of the text editors. PROOF-
ER.BAS is a proofreader for text files that claims to learn.
MAILIST2.BAS and MAILI.BAS are mailing-list programs;
the first has search and alphabetic-sort capabilities, while
the second sorts indexes on four fields. PIBCALCI.LBR is
a programmable calculator. BIGCALC is a calculator with
100-digit precision. PC-PAD and MINICALC.BAS are
spreadsheets. SPELL.LBR is a spelling checker for ASCII
text files. Several utilities, including PC-LIB.BAS, PC-
DISK.PAS, DC4.LBR, and DIR201.EXE, catalog your disk
library. BIBLIOGHY.LBR generates bibliographies. PRG-
TIM.EXE [C| keeps a log of your user time.
CALCHK.EXE provides a memory-resident calendar. CAL-
ENDAR.LBR has a calendar and a phone book/dialer. There
is also a set of book-indexing programs, INPUT.EXE,
SORTEXE, MERGE.EXE, and BUILD.EXE, all with Pascal
source code. INDEX13.LBR creates a keyword index for text
or WordStar files. TESTER.BAS is a mini course-authoring
system; it creates question-and-answer files on any subject.

PRINTER UTILITIES

The public domain can provide you with a wide variety

of print spoolers, screen-dump utilities, personalized print
(continued)



600

SERIES

Industry Standards Upgraded!

' The Models 630 And 640 Create New Dynamic Standards
In Text And Graphics Resolution!

A perfect upgradelreplace-
ment for the standard IBM
color graphics monitor and
card, the Taxan model 630
and 555%create a higher
resolution at a greater
savingsl

)

IBM Dlsplay TAXAN 630
IBM CGA TAXAN 555
Color Adaptor SCG Board
$924.00 $890.00

Super High
Resolution Te

Superior Text
and Graphics
Beyond IBM.

640(H) x 200(V)

24.75Khz Scan
Frequency

PRICEIPERFORMANCE RATIO

0.37mm Dot Pitch

100% compatible
with IBM PC, XT,

IBM TAXAN

Screen Test—This actual unretouched photograph
demonstrates the superior text resolution created by the
TAXAN 630 monitor and 555 color cardl For maximum
resolution and ease of viewing, Taxan's the winnerl

The Taxan 555 is basically
equivalent to the IBM
standard color board. This
means that the 555 is 100%
compatible with-all IBM
softwarel

Resolution and AT® when ggﬂ‘lﬂl:ﬁ\eTABlLlTY !Elg) o }I;Ac)gllo\'ls\l
{640“'” X 400(\/) used with the 320 X 200 4 Colors 4 Colors
Non-lnt-e”aCEd Taxan 555 board. %?p);lzaor(:umerlc Text Reso'llfgllg; e
Resolution $645.00 Suggested Character Sell 10X 16
availablel) Retail Scan Frequency g IS 75 K : 24.75 hz
P> Compatible with AT&T 6300 Computer

RGB Color, Total CADICAM

and Compatibility

FOUR Monochrome 720 x 400

Capabilmes PRATHATG Resolution!

in

One

Monitor!

%1’ No one The Taxan 640

else offers the
monochrome options
available with the new
Taxan 600 series!

The Taxan 630 & 640 moni-
tors offer Green, Amber,
B&W/ Reverse, and.a White
onBlue Background as their
total spectrum of mono-
chrome options.

Only Taxan offers such
a wide variety of mono-
chrome capabilities.

The Ultimate in

Monitor Resolution.

640(H) x 400(V)
Non-Interlaced
Resolution

4,000 Character
Display Capability
0.31mm Dot Pitch

24.75Khz Scan
Frequency

> Compatible with AT&T 6300 Computer

Artist lI® STB 400®
and others for
the IBM PC, XT, and AT

$745.00 Suggested
Retail

100% Compatible
with the new
generation of
graphics boards
Taxan (555),
Persyst B.O.B.%,
Sigma 400°%,

TAX/AN

TAXAN CORPORATION

18005 CORTNEY CT., P.O. BOX 8698, CITY OF INDUSTRY, CA 91748

‘818, 810'1 291 ©1985 Taxan Corporation

Inquiry 195 for End-Users. Inquiry 196 for DEALERS ONLY.

*IBM, IBM PC, XT and AT are registered trademarks of International Business Machines Corp., *APPLE is a registered trademark of Apple Computers Inc., *TAXAN 555 is a registered trademark of Taxan Corp., *PERSYST-B.O.B.

is a registered trademark of Emulex Corp.,

*SIGMA 400 is a registered trademark of Sigma Designs, *ARTIST Il is a registered trademark of Control Systems, *STB 400 is a registered trademark of STB-Systems, Inc.



E-Z-DOS-IT

Processing Power of

4 Computers For $ 5 9.95 !

With E-ZDOS-IT™ Concur-
No COpY rent Processing, your PC,
Protect PC/XT, or PC/AT can pro-

cess up to four programs
simultaneously. For example,
communicate in the back-
ground while you are work-
ing at the screen. Ideal for
PCs with 256K or 320K of
memory. And E-ZDOS-IT is
compatible with the most
popular software on the mar-
ket, and it only takes 8K
of RAM!

i ATHN
Tots ¥

Basenr

Wondstat

PES; B
To Order Call:

USA 1-800-228-9602
CA 1-800-423-5592
Ask for Operator #24

Cramstalk
Multiptan
meewnﬁ‘

Symphony

NHAMVIER

Redefining Your PC Productivity.

Hammer Computer Systems, Inc.
900 Larkspur Landing Circle, Suite 250
Larkspur, CA 94939

SEND ME E-Z-DOS-IT

Name

Company Name
Address
City.
State Zip
For DOS 2.0/2.1 @ 59.95
For DOS 3.1 @ 79.95
Subtotal:
California Residents add 6%
Shipping @ $6.00/copy
Total
Method of payment: VISA MC BANK DRAFT CHECK
Exp. Date

Account #

Signature

(COD’s & purchase orders will not be accepted). Allow up to 6 wks. for Delivery

HAMMER COMPUTER SYSTEMS, INC.,,
900 LARKSPUR LANDING CIRCLE, #250

LARKSPUR, CA 94939 OP 24
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PUBLIC-DOMAIN UTILITIES

routines, label makers, print formatters, and programs to
set the parameters of your printer.

There are many versions of print spoolers. MSPOOL-
2 COM, for example, allows spooling of up to four printers
simultaneously, supports both parallel and serial printers
in any combination, has a user-definable buffer up to 63K
bytes in 7K-byte chunks, and permits the immediate
cancellation of ongoing print jobs. Other spoolers include
SPOOLERICOM for monochrome display cards and
SPOOLER2.COM for color display. QSPOOLCOM provides
a print spooler for those with a Quadram board.

Many programs dump screens and graphics to the
printer. GRAFTRAX.COM, for example, permits screen
dumps for Epson, NEC, and C. Itoh printers. GDUMP
dumps medium-resolution graphics to the C. Itoh 8510 and
the NEC 8023. OKIDUMPCOM converts graphics for Oki
printers. PRINTGR1.BAS and PRINTGR2.BAS print medium-
and high-resolution graphics upright and sideways. QUIK-
GRAFEXE allows those with color graphics cards to use
their printers to make graphs. FASTPRTCOM speeds the
print-screen function, and SERIAL.BAS allows the PrtSc
key to function with a serial printer.

If you have recently purchased a new printer, there are
several programs that aid installation. IBMPRINT.BAS and
EPSON.BAS set options from a menu for Epson printers;
FX__SETUPBAS and SETPRTR.C can set the options for
your FX-80 and MX-80. The first of these can also load
user-defined characters. CPRINT.BAS and GPRINT.BAS do
the same for the C. Itoh 8510 and some IBM printers, re-
spectively. GEMINI.BAS works for Gemini printers. Word-
Star users may find useful DM.BAS and LQ.BAS, which set
up dot-matrix and letter-quality printers under WordStar.

There are a variety of other utilities. TWRITE COM turns
your PC into a typewriter. PRINT.BAS and NICELIST.BAS
print ASCII files with title banners and page numbers.
PRINTNEC.BAS functions like PRINT.BAS for the NEC 8023
and the C. Itoh 8510. NECLABEL.BAS and LABELS.BAS
print mailing or other types of labels; the first of these
works for the NEC 8023A. SPOOLDSK.LBR and
VPRINTCOM redirect printer output to a disk file, a useful
program if you have an application that will print specific
formats but will not save them to the disk. SERIAL.BAS
routes printer output to the serial port. SWAPPRTS.LBR
and LPTI2SETBAS toggle between LPTI and LPT2.
QSWAPCOM does the same thing for those with Quad-
ram boards. ADDRFLCD.BAS and 3BY5.LQR allow you to
print text on 3 by 5 cards. BANNER.BAS prints sideways
banners. COVER.LBR prints directory summaries in con-
densed print for disk jackets.

TELECOMMUNICATIONS

Not surprisingly, there are numerous communication sys-

tems in the public domain, and virtually every bulletin

board and users group can provide you with sufficient

capabilities to send and receive files, to set up your PC

in terminal mode, or to act as a host computer.
; (continued)



Let David Rose
vl

our |
new ProKey4.0.

tell you

Spend 2 minutes learning how to add a
powerhouse of function to your keyboard
with a terrific new version of ProKey!

“Suddenly others have discovered what RoseSoft
has known since we invented the ProKey concept. If
your keyboard could work a whole lot harder, your
life would be a whole lot easier.

The original idea behind ProKey was a program
that would let you store strings of keystrokes you
could recall at a touch. Now there’s ProKey 4.0 and
it’s better than ever.”

ProKey 4.0 keyword macros unsnarl
PC use.

“If you're a serious PC user, you probably use a
variety of software programs. Spreadsheet. Word
processing. Database. Communications. Plus the
special-function programs you use to run your busi-
ness or department.

And all these programs have different complicated
commands that are tedious to type and easily forgot-
ten. How much easier life would be if all you needed
to operate your program was a small vocabulary of
sensible words.

Want to log onto Dow Jones with your communi-
cations package to check on how your IBM stock is
doing? Just type the keyword you previously selected
for this function, “IBM”. Need to print a profit and
loss statement? Typing “pé&l” is all it takes.

Behind the scenes, ProKey 4.0 checks its memory
for the string of commands required to carry out the
task and executes them automatically. Forgotten what
functions you have available? Just call up the built-in
menu that describes them in plain English.

Need to add a function? Enter the commands.
Enter a description. Store them both away without
leaving the program you're working with.

RoseSoft

4710 University Way N.E.
Seattle, WA 98105
(206) 524-2350

Inquiry 174

David Rose, inventor of ProKey.

Built-in editing, English language menus, multi-
character macro names and the ability to instantly
change sets of functions. These are just four of the
exciting new features that make ProKey 4.0 the most
powerful macro processor you can buy.”

ProKey 4.0 lets you customize your
keyboard.

“Only ProKey has the unique Layout program that
lets you redesign your keyboard to correct design
flaws the manufacturers built in. You can change the
location of any key, create a DVORAK layout, or make
a duplicate set of arrow keys away from the keypad.”

ProKey Is the Industry Standard.

“ProKey has all the features you need to make
your life a whole lot easier. And RoseSoft has three
years experience supporting customers who use
macros. Including over 80% of the Fortune 100.

Don’t be misled by the recent claims of ProKey
imitators; they’re comparing themselves against old
versions of ProKey.

The choice is simple. Do you want an unknown,
untested product in its first generation, or ProKey
4.0’s power and features? The difference in price will
hardly pay for dinner. The difference in performance
is like night and day. ”

ProKey 4.0 runs on IBM and other compatible
MS-DOS computers, and works with 99% of the soft-
ware they use. $130 suggested retail price at software
dealers everywhere. Or call RoseSoft. (206) 524-2350.




INTRODUCING THE Festern £
Newest Compatible in the Personal Computer
Market!!! By the OEM Manufacturer of the Most
Advanced IBM PC Compatible — The “Western

PC Turbo:’

Some Outstanding Features
of the "Western AT":
B 6MHz or Optional 8MHz CPU
M Up to IMB RAM on the Mother Board
B 16MB in System Protected Vlrtual
Address Mode. e
B 8 1/O Expansion Slots €W
M On Board Batte a@f(ed Clock-Calendar
M Socket for 802 7 Math Co-Processor

My |
- T h

' b
""u, 1

i :/// /// //

Some Outstanding Features
of the “"Western PC Turbo":™ $1 49 5.
B Dual Clock Speed of 8MHz-4.77MHz Giving
65% Faster Operation.
B Up to IMB RAM on the Mother Board.
Optional RAM Disk Software to Address
above 640K.
M 1 Serial, 1 Parallel Port on the Mother Board.
M Optional Clock Calendar and 1 Serial Port, 1
Parallel Port on Floppy Disk Controller.
W 10, 20, 40MB Internal Winchester Disk Capability.

IBM PC is a registered trademark of IBM Corp.
Distributors, Dealers & OEM Welcome

Festern Zomputer

1381 Warner Ave., Warner Corporate Park, Suite B
Tustin, CA 92680
(714) 544-4740, 544-4743, 544-4746
TELEX 756731
AnswerBack: Western Comp.

Inquiry 232 for End-Users.
Inquiry 233 for DEALERS ONLY.
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PUBLIC-DOMAIN UTILITIES

$2795.

MODEM.COM, MODEM7 COM, and XMODEM.COM, re-
written versions of MODEM?7 for CP/M machines, incor-
porate Ward Christiansen's XMODEM protocol. Other sys-
tems include QMODEM COM, which uses windows, MINI-
TEL.EXE, BCOM.EXE, and IBMODEM.BAS. CIS.EXE and
CSDECCOM are terminal programs that specifically sup-
port CompuServe protocol file transfers. KERMITEXE is
the Kermit Communications System that includes the so-
phisticated Kermit file-transfer protocol developed at Co-
lumbia for downloading files from mainframes to micros
(see the two-part article “Kermit: A FileTransfer Protocol
for Universities” by Frank da Cruz and Bill Catchings, June
and July 1984 BYTE). SIM3278.BAS, developed at the
University of Missouri, is another PC-to-mainframe com-
munications package. CMS.BAS is a CMS/TCO telecom-
munications program. GLASSTTY.PAS is a simple dumb
terminal. HOST.BAS permits remote use of your PC if you
have a Hayes Smartmodem.

If you're interested in starting your own bulletin board,
FIDO (approximately 550K bytes) and RBBS-PC (approxi-
mately 300K bytes) provide you with sufficient software.
The RBBS software has source code in BASIC and ade-
quate documentation. The latest versions permit ring-back
bulletin boards and contain menus and sign-ins both with
and without graphics.

Other utilities include SEARCHER.BAS, which auto-dials
up to 999 numbers. CHRONSET.BAS and COM-
CHRON.BAS set and read the Hayes stack chronograph.
APPLECOM.BAS facilitates communications with Apple
computers. ASYNC.ASM |C]| drives the asynchronous port
(COMI) via interrupts.

LANGUAGES AND LANGUAGE AIDS

The public domain also offers several programming lan-
guages and a large number of programming aids. For the
FORTH community, Mountain View Press released MVP
FORTH, including the source code, into the public domain;
there are also several versions of FIG-FORTH: F83 is an
8086 FORTH, and FORTH.BAS is an implementation of
FORTH in BASIC. XLISP is an experimental LISP. RATBAS
is a structured BASIC preprocessor. TURTLE.LSP is an in-
teractive Logo programmed in LISP. PIL.LSP is a micro-
PROLOG interpreter written in LISP. C-COMPLBR and
CPC.EXE are Small-C compilers.

ASMGEN.LBR is an 8086/8087/8088 disassembler; it
creates an assembler input file from an executable pro-
gram. COM2ASM2 .BAS is another disassembler. MPUB-
LIC |C] reads in all your variables and helps to build a
full macro file for use with symbolic debuggers. WIN-
DOW.LBR [C|] demonstrates how to use color windows in
your assembly-language programs. CVTBIN.SAL (C| pro-
vides a tool for structured assembly code. Those in-
terested in learning assembly language can also benefit
from the numerous tutorials in the public domain.

There are a great many aids for BASIC programming.
BASICAID.BAS provides BASIC program development

(continued)

Inquiry 183 —
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We’ve Put a
Local Area Network
on a Disk

Corporate Information Sharing. l's been described
as the key to increasing a company’s productivity. It’s
also why large networks of PC’s are becoming more
and more common in the workplace...in spite of the
fact that they're costly, difficult to install, and incompat-
ible with much existing software.

Finally, there's a solution to this corporate dilemma.
Its name is LANLink™

A Software-Driven LAN That Uses Standard,
RS-232 Ports. A major breakthrough in local area net-
works, LANLInk™ uses your computers' existing serial ports
and runs under PC-DOS.

Because all of the intelligence the network requires is
on the server and satellite diskettes, expensive network
interface boards aren't required.

A Powerful Network That’s Cost-Conscious. If
you've been pricing board-driven LAN’s, you already
know that they can cost over $1,000 per workstation.

LANLink™ is different.

Boasting a data transfer rate in excess of 100,000 BPS,
LANLink™ is compatible with a wide range of programs.
And because special boards aren’t required, installa-
tion costs are one-third that of a traditional network.

A Network Designed the Way Business Works. With
LANLiInkM you're able to customize your network along
departmental lines using a data-sharing hierarchy and
password-protected access.

Get Started With LANLink™ TODAY. Call The Software
Link TODAY for complete details and the authorized
dealer nearest you. The LANLink™ Starter Kit, priced at
$495, comes complete with network software for both a
server and a satellite computer. For a limited time, 50
feet of RS-232 cable will be included free of charge.

LANLink™ is immediately available and comes with
a money-back guarantee. VISA, MC, AMEX accepted.

@THE SOFTWARE LINK, INC.

Developers of MultiLink™ and MultiLink Advanced™
8601 Dunwoody Place, Suite 632, Atlanta, GA 30338 Telex 4996147 SWLINK
CALL: 404/998-0700
Dealer Inquiries Invited

THE SOFTWARE LINK, INC./CANADA
400 Esna Park Drive, Suite 18, Toronto (Markham), Ont. L3R 3K2 CALL: 416/477-5480

MultiLink, MultiLink Advanced & LANLink are trademarks of
The Software Link, Inc. PC-DOS is a trademark of IBM Corp.



Inquiry 161

A
ACQUISITION SYSTEM

We Bring Engineers, Scientists And The IBM-
PC Together. Our unique high-performance
modular data acquisition system allows you
to purchase the configuration that exactly
meets your requirements.

8-BIT A/D
SYSTEM

$490

12-BIT A/D
SYSTEM

$690

Convert What You Have
To What You Want!

* RS232 Serial
* 8 Baud Rates
* Latched Outputs

* Centronics Parallel
* Handshake Signals
* Compact 3%, x 4% x 1%

No longer will your peripheral choices be limited by the type
of port you have available! Our new High Performance 700
Series Converters provide the missing link. Based on the
latest in CMOS technology, these units feature full baud
rate selection to 19.2K, with handshake signals to maximize
transfer efficiency. Detailed documentation allows
simplified installation. Order the Model 770 (Ser/Par) or
Model 775 (Par/Ser) Today!
only $89.95

Connector Option $10.00
CA Residents 6% tax
UPS Shipping $3.00

Buffered Model
Available!

2734-C Johnson Drive
Post Office Box 3717
Ventura, California 93006

CALL (805) 658-7466 or 658-7467
i =
{ore-d] For FAST Delivery ——
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tools. B-SIMPLE.BAS is an aid for structuring BASIC. PRO-
FILE.MEM is a coresident BASIC optimizer. FORMAT.BAS
[C] automatically reformats the screen so that words are
never split over two lines. XREF, BASXREF, PCREF.BAS,
and CROSSREF are cross-reference utilities. EXPLIST is an
expanding lister utility. REMREM, PSQUISH, and SQUISH
remove REMs from programs. SPLTSC.BAS [C] permits split
screens in BASIC. SCREEN provides BASIC input routines.
GS-UNNUM.EXE (and PRECOMPEXE) and GS-RE-
NUM.EXE remove and replace line numbers from unref-
erenced lines prior to compiling. EDITNO.BAS is a numeric
editing subroutine. BASTODOS.BAS allows you to access
DOS functions from BASIC. You can interface DIR4.ASM
[C] with a BASIC program to read the disk directory into
arrays of names, lengths, dates, and times. BASPRM.BAS
[C] reads parameters entered at the DOS command level.
INPUTSUB.BAS is a BASIC input subroutine. COLORPIC.BAS
helps programmers to choose colors. LORES.LBR contains
low-resolution graphics routines. MONITOR.BAS provides
a full-screen menu facility. WINDOWS.LBR allows you to
set up windows anywhere on the display. ADVANCED.BAS
sees if a program requires BASICA. ADVBAS.LBR has ad-
vanced functions for compiled BASIC. TRS2PC.BAS part-
ly converts TRS-80 BASIC to PC BASIC. BASTOFOR.BAS
claims to convert BASIC to FORTRAN.

The advent of Turbo Pascal brought numerous program-
ming aids into the public domain. THELPCOM provides
help windows. PTOOLENTLBR has a number of data-entry
routines. PTOOLSCR.LBR provides data-entry routines.
PTOOLWIN.LBR is a window routine. PTOOLTIM.LBR is a
time-conversion routine. PIBMENUS.LBR is a pop-up win-
dow and menu facility. TURBOCOM.PAS provides several
communications routines. CRFONTS.PAS is a color graph-
ics font generator. SHRINK.PAS is a run-time size shrinker.
XREFPAS PAS is a cross-reference program. SCREEN.LBR
and TBVIDEO.LBR have Turbo Pascal screen functions.

C users may enjoy MATRIX.LBR and STRING.LBR, which
provide matrix and string operations. CC.LBR is a C debug-
ger. XCC is a cross-referencer. DISASSEMBC is a C disas-
sembler. WINDOW4C.LBR provides window routines. You
can interface DIRGT.ASM |C| with IBM Pascal or Lattice
C to read the disk directory into data structures. It func-
tions much like DIR4.ASM for BASIC.

The following are some of the C utilities on disk 216 of
PC-SIG. READSC reads a string from STDIN. CHOSITC dis-
plays a menu and a prompt and waits for a response. SCR-
INITC intializes the screen and keyboard arrays. CURSOR.C
moves the cursor to given coordinates. GETLINE.C reads
a record from a file to a string. CURDOWN.C, CURUPC,
CURFORC, and CURBACK.C move the cursor in the in-
dicated direction. MENCON.C opens and displays a menu
file on a screen.

I hope, as you have read through this list, that you have
found a number of useful utilities and aids. Look for them
at your local users groups and in regional and national
BBSs. Enjoy the downloads and, by all means, upload a
few programs of your own. m



2400 bps modems:
Do you

Really need -
another speed?

Inquiry 136 for End-Users. Inquiry 137 for DEALERS ONLY.

For more information, call us toll-free at
1-800-328-9717 (in Minnesota, call 1-612-631-3550).

@® s the shift from 300 to 1200 bps going to repeat itself
at 2400 bps? The answer is both yes and no. There
certainly are applications for 2400 bps asynch dial-up
modems, but we shouldn't expect 1200 bps to die
overnight.

® 2400 bps modems can improve throughput, thereby
getting tasks done quicker and more economically.
However, 1200 bps has become the virtual standard for
professional dial-up communications, and most users
are satisfied with it. So why consider a 2400 bps modem
at all?

® One reason is flexibility. If the modem you select
operates at all three speeds (300, 1200 & 2400) in
accordance with accepted industry standards, it will
serve virtually all dial-up applications now and in the
foreseeable future.

® The modem you select should be the
MultiModem?224. Itis Bell 212A and 103 compatible at
1200 and 300 bps, and CCITT V.22bis compatible at
2400. ltis also 100% compatible with the Hayes
command set, meaning that it will work with virtually all
communications software packages, at all three speeds.
Other features include both synchronous and
asynchronous operation, full intelligence and a phone
number memory.

® The MultiModem224 is available in both desktop and
IBM PC™ internal card versions. (There is also a rack-
mounted version for central sites.) And as a bonus, we
provide free offers from ten of the most popular on-line
information services, including CompuServe ™ Dow
Jones™ and The Source™

® A2400/1200/300 bps modem is just a plain good
investment. Why not let the MultiModem224 provide your
communications for both today and tomorrow?

MuItiTestch

Systems

The right answer every time.
82 Second Ave. S.E., New Brighton, MN 55112 (612) 631-3550, TWX: 910-563-3610
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11| MMEMORY FULL'" That s what happens when the specification jointly developed by Intel and
e ‘f | ‘your'spreadsheet or database gets too big for your Lotus Development Corporation, and more.

i ?SESé)ov:;lg:Notlgadéis;éhrs p(oblem dlrectly Gt THE COMPANION CARD™ works with current re-
. leases of Lotus 1-2-3™,  Symphony™,

THE COMPANION CARD™ was de5|gr|ed to meet Framework™, and many other current programs.

MEGA-OMEGA SYSTEMS, INC., 5217 Ross Avenue, Suite 710 LB122  Dallas, TX 75206, (214) 828-0960



FOR BOTH IBM PC™ and AT™

THE COMPANION CARD™, can dramatically increase

the productive life of your IBM PC™ AT™, and \
compatibles. It's really two memory cards in S ’

one. It can fill in conventional memory be- :

low 640K and if you need to expand your system

memory, you can do so. Up to four megabytes can

be addressed beyond 640K (2 megabytes per companion
card) for newly released programs such as Symphony™
release 1.1, Lotus 1-2-3™ release 2, and Framework™
(support during third quarter of 1985). It's all available as
regular work space memory, so that spreadsheets can grow
up to fifteen times their current size! Better yet, we know
how valuable slots are in the system and THE COMPA-
NION CARD™ occupies only one slot.

THE COMPANION CARD PLUS™ does all this; but in
addition, it can provide communications which are so vital
to the system. The card comes with a serial port, parallel
port, game port, real time clock, and only takes up one slot.

MORE ABOUT INTEL-LOTUS

Expanded Memory Specification

To go along with THE COMPANION CARD™ hardware,
MEGA-OMEGA SYSTEMS, INC. provides Expanded Mem-
ory Manager software. It's implemented as a true DOS
driver making software development extremely straight
forward.

THE COMPANION CARD™ also provides a unique memory
diagnostics feature. Every time you boot your system, this
feature checks for any defective memory chip, notifies you
of their existence, and bypasses them. When the chip is
eventually replaced, the Expanded Memory Manager
senses it and the new memory is made available.

CONVENIENCE FEATURES

THE COMPANION CARD™ includes a print buffer,
RAMdisk, and menu driven installation programs.

Print Buffer.

One key feature is the ability to pause or stop from within
your application program thru the use of pop-up menus
provided.

RAMdisk.

The RAMdisk can be configured as large as eight mega-
bytes and partitioned as many as eight RAMdisks. The
problem with most RAMdisk is that a sudden flicker of the
lights or sudden loss of power to the system would result in
data being totally lost. THE COMPANION CARD™ comes
with a unique feature. By attaching the optional battery
back-up unit to the card you can virtually have a
nonvolatile RAMdisk.

‘Hrlml

H

OPTIONAL BATTERY BACK-UP UNIT

Installation.

THE COMPANION CARD™comes with a menu driven in-
stallation program that will allow you to install the print
buffer to the AUTOEXEC.BAT file and the Expanded Mem-
ory Manager DOS driver or RAMdisk to the CONFIG.SYS
file.

Warranty.

MEGA-OMEGA SYSTEMS, INC. offers a five year limited
warranty on THE COMPANION CARD™ and THE COMPA-
NION CARD PLUS™.

Compare features and price at your favorite computer store
and then buy THE COMPANION CARD™ to resolve your
Memory Full problem today.

MEGAOMEGA _

THE COMPANION CARD™

Suggested

Retail
OK $177
256K $204
512K $231
768K $258
1MB $285
2 MB (Includes MXT Card) $480

~ THE COMPANION CARD PLUS™

OK $297
256K $324
512K $351
768K $378
1MB $405
2 MB (Includes MXT Card) $600

Includes serial, parallel, game port, and real time clock.

THE COMPANION MXT CARD™ $195

(Optional card with 1 MB installed for both
THE COMPANION CARD and THE COMPANION CARD PLUS)

The BBU™ (Battery Back-Up Unit) $177

THE COMPANION CARD and THE COMPANION CARD PLUS are trademarks of Mega-Omega Systems, Inc. ® IBM PC is a registered trademark and AT is a trademark of International Business Machines
Corporation. e 1-2-3 is a registered trademark and SYMPHONY is a trademark of Lotus Development Corporation. ® FRAMEWORK is a trademark of Ashton-Tate. ® LOTUS 1-2-3 support for THE
COMPANION CARD will be available in the fall of 1985. FRAMEWORK support for THE COMPANION CARD will be available in the third quarter of 1985. ® ¢ 1985 MEGA-OMEGA SYSTEMS, INC.

MEGA-OMEGA SYSTEMS, INC.,

5217 Ross Avenue, Suite 710 LB 122, Dallas, TX 75206,

(214)828-0960

F.0.B. DALLAS e TERMS - C.0.D., NET 30 UPON APPROVED CREDIT. e Prices and terms subject to change without notice. Effective 7/26/85 e All Prices U.S. Funds
VISA, MASTERCARD & AMERICAN EXPRESS ACCEPTED
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A NEW SOLUTION from

MicroComputer Accessories, Inc.

THE FEED & FOLD SOLUTION

st MICROFOLD'

AV Talolll® P R | N TER S TAND

‘What's that, Holmes?

The proliferating paper problem. Now we
can feed and refold paper in a space hardly
larger than our printer’s footprint.

Footprint, you say?

Look under the printer, Watson. The paper
tracks from that lower tray, feeds up through
the bottom or rear of the printer, and refolds
back underneath, into the upper tray.

Tracks? Footprints? Holmes, I'm baffled.

Very observant, Watson. These cunningly
designed baffles are the secret of its precise,
smooth operation.

A smooth operator?
Even with its back to the wall, Watson!

Are we tracking the footprints of a smooth
operator? Holmes, I haven't a clue...

It’s no secret, Watson—all other printer
stands are now obsolete. Meet the MicroFold!

N

MicroComputer & I'"
Accessories, Inc. N

M

PAPER
REFOLD

Model #930 . Model #940
‘80 column printer stand 132 column prlnter stand

UROPE Rue de Florence37 IOSOBmxelles Belgiqua %lepbone 02/538.61.73.
lnqulry 131 for End Users lnqulry 132 for DEALERS ONLY.

USA: PO. Box 3725, Cuxueraty, ca 90231* el
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INSIDE

THE IBM

PCs

ROM BIOS EXTENSIONS
FOR THE PC AT

Excerpts from

The Peter Norton Programmer’'s Guide to the IBM PC

Editor's note: The following excerpts are
reprinted from The Peter Norton Pro-
grammer's Guide to the IBM PC, pub-
lished in June by Microsoft Press of Bellevue,
Washington. The excerpts, which detail the
BIOS extensions specific to the IBM PC AT,
were taken from chapters 10, 12, and 13 of
Mr. Norton's book. For a roundup of other
technical books for the IBM PC, see Don
Crabb's annotated bibliography on page 11.

THE STANDARD ROM BIOS
DISK SERVICES

Since a disk drive can do-only a few
simple things, there are only six stan-
dard BIOS disk services common to
all IBM PC models. The IBM PC AT,
having introduced a more compli-
cated disk drive, has added several
new services to the ROM BIOS. These
additions are discussed separately.

THE AT FIXED-DISK SERVICES
The AT uses disk drives different
enough from the drives used in the
other models that several new BIOS
disk services were added. They are
designed to support the high-capacity
disks and the variety of fixed disks
that the AT can use. We'll outline the
new services here, but we won't go in-
to any great detail. Our main concern
is to explore general principles and
programming practices. [Editor's note:
The hexadecimal equivalents of the interrupt
and service numbers are given in parentheses.|
SERVICE 8

Get Current Drive Parameters: Service
8 returns disk-drive parameters. DL
reports the number of disk drives
(from O to 2); DH reports the max-
imum head/side number; CH returns
the maximum cylinder/track number;
and CL returns the highest sector
number.

e
BY PETER NORTON
|l L s el Y |

(L R e Gl S )

PROGRAMMERS GUIDE

TOTHE IBM PC

SERVICE 9

Initialize Fixed-Disk Parameter Tables:
Service 9 is used to set the disk base
tables for two hard-disk drives. The in-
terrupt vectors for interrupt 65 (41
hexadecimal) and 70 (46) are used to
provide the table addresses. This ser-
vice would be used only to install a
“foreign” disk drive.

SERVICES 10 AND 11

(A AND B HEXADECIMAL)

Read and Write Long: Service 10
reads, and service 11 writes, “long”
sectors on 20-megabyte fixed disks. A
long sector includes a 4-byte error
code called the ECC, which provides
high-level error checking and error
correction of the sector’s data.
SERVICE 12 (C)

Seek to Cylinder: Service 12 performs
a seek operation that positions the
disk read/write heads over a particular
cylinder on the hard disk. Register DL
provides the drive ID, DH the head
number, and CH the cylinder number.

SERVICE 13 (D)
Alternate Disk Reset: Service 13
performs an alternate drive-reset
operation for the fixed-disk drives.
The drive is specified in register DL.
This service operates the same way
as disk service 0.
SERVICE 16 (10)
Test for Drive Ready: Service 16
tests to see if the fixed-disk drive is
ready. The drive is specified in register
DL, and the status is returned in
register AH.
SERVICE 17 (11)
Recalibrate Drive: Service 17 recali-
brates individual fixed-disk drives. The
drive is specified in register DL, and
the status is returned in register AH.
SERVICE 20 (14)
Controller Diagnostics: Service 20
invokes an internal diagnostic routine
in the AT's disk controller. The status
of the controller is returned in reg-
ister AH.
SERVICE 21 (15)
Get Disk Type: Service 21 is used to
inquire about the type of disk drive
installed. Given the drive ID in register
DL, it returns in register AH one of
four disk-type indicators: If AH is 0,
it means no drive is present; if AH is
1, it indicates the presence of a disk
drive that cannot sense when the disk
has been changed (typical of most
disk drives); if AH is 2, it indicates the
presence of a disk drive that can
sense a change of disks (such as the
AT's high-capacity disk drives); final-
ly, if AH is 3, it means that a fixed-disk
(continued)
Peter Norton is a well-known author of books,
magazine articles, and software utilities for
IBM PCs. He can be reached clo Microsoft
Press, 10700 Northup Way, Box 97200,
Bellevue, WA 98004.
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ROM

BI10OS

EXTENSIONS

Table 1: A partial summary of the ROM BIOS services (interrupts given in hexadecimal).

Service Interrupt Register Description
Input Output
Write string; 10 AH = 13
don't move cursor AH =00
BL = attribute
BH = display page number
DX = starting cursor
position
CX =length of string
ES:BP = pointer to start
of string
Write string; move 10 AH=13 none
cursor after string AL =01
BL = attribute
BH = display page number
DX = starting cursor
position
CX =length of string
ES:BP = pointer to start
of string
Write string 10 AH=13 none
of alternating AL=02
characters, attributes; BH = display page number
don't move cursor DX = starting cursor
position
CX =length of string
ES:BP = pointer to start
of string
Write string 10 AH=13 none
of alternating AL =08
characters, attributes; BH = display page number
move cursor DX = starting cursor
position
CX =length of string
ES:BP = pointer to start
of string
Disk Services
Get current drive 13 AH=08 DL = number of drives Status codes in AH:
parameters DH = maximum number of see disk service 01
sides
CL = maximum number of
sectors
CH = maximum number of
tracks
CF = success/failure flag
AH = status code
Initialize two fixed-disk 13 AH =09 CF = success/failure drives Interrupt 41 points to table
base tables AH = status code for drive 0

Interrupt 46 points to table
for drive 1

Status codes in AH:
see disk service 01

* Fall 1985 BY TE « Inside the IBM PCs




ROM BIOS EXTENSIONS

Service - Interrupt 'Register S ” 5
- Output
Read long = CF
mber
_=sector number A
BX=npointer to buffer
Write long NP BB 3

i

Seek to cylinder

Alternate disk reset

Test for drive ready

Recalibrate drive

Controller diagnostics

Get disk type

Change of disk status

Set disk type
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ROM BIOS EXTENSIONS

Service Interrupt Register Description

Input Output

Serial Port Services

Initialize serial port
parameters

Extended Services for the AT

Device open

Device close

Device program
terminate

Event wait

Joystick support

System-request
key press

Wait

62
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ROM BIOS EXTENSIONS
Service Interrupt Register Description
Input Output
Move block 15 AH =87 none
CX =number of words
to move
ES:SI = pointer to table
Get extended memory 15 AH =88 none
size
Switch to virtual 15 AH =89 none Caution: See BIOS listing
memory mode before use :
Device busy loop 15 AH=90 none See BIOS listing
AL =type code
Set flag and complete 15 AH =91 none

interrupt

AL =type code

See BIOS listing

Table 2: The 12 extended services for the AT available through interrupt 21 (15).

Service (hexadecimal) Description

80 Device open

81 Device close

82 Program termination

83 Event wait

84 Joystick support

85 System-request key press

86 Wait

87 Move block

88 Get extended memory size

89 Switch to virtual memory mode
(Caution: See BIOS listing before use)

90 Device busy loop

91 Set flag and complete interrupt

drive is installed. When the drive type
is 3, the register pair CX:DX acts as
a 4-byte integer that gives the total
number of disk sectors on the drive.
SERVICE 22 (16)

Change of Disk Status: Service 22 is
used to inquire about a change of
disks for drives that can sense when
a disk has been changed, like the AT's
high-capacity drives. Register AH is
set to O to indicate no disk change
and to 6 to indicate a change of disk.
Register DL returns the number of the
drive that had a disk change.

The change-of-disk sensing in ser-
vices 21 and 22 is very useful to pro-
grams that need to know if a disk has
been changed. For certain critical disk

operations, such as reading a file
allocation table (FAT), it helps to know
if the disk has been changed or not.
If it has been changed, then any disk
data held in memory may have to be
discarded and reread. When a disk
drive can't report a disk change, the
program usually has to assume that
it might have been changed and react
accordingly—at a cost to program
efficiency. When designing programs
that control a disk drive, it is clearly
useful and more efficient for them to
be able to check this information.
SERVICE 23 (17)

Set Disk Type: Service 23 is used to
set the disk and drive combination for
the AT. If AL is O, there is no drive;

if AL is I, it indicates a regular disk
in a regular drive; if AL is 3, it in-
dicates a high-capacity disk in a high-
capacity drive. This service is used
with the format service to set the disk
type to be formatted.

ROM BIOS SUMMARY

Table 1 presents ROM BIOS services
and shows the register usage for in-
put and output parameters for the
AT's BIOS.

EXTENDED SERVICES

FOR THE AT

Several new BIOS services were intro-
duced with the AT to support the AT's
extended memory and some of its
more advanced features. They are
called through interrupt 21 (15) just
like the cassette 1/O (input/output) ser-
vices, with the service number (rang-
ing from 80 through 91) placed in the
AH register (see table 2).

THE AT TIME-OF-DAY SERVICES

As in other members of the IBM PC
family, interrupt 26 provides the time-
of-day services. Services 2 through 6,
also invoked through interrupt 26,
were introduced in the AT version of
the BIOS. Services 2, 3, and 4 read
and set the real-time clock, providing
both time-of-day and date informa-
tion, and services 5 and 6 set an alarm
to interrupt up to 24 hours from the
present time. ®
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Why did 61,862
non-programmers send for a
Cornerstone demo disk?




Cornerstone™ is the only sophisticated data-
base management system created specially for
non-programmers.

The 61,862 people who asked for our demo disk
were all looking for the same thing: A truly
flexible database system that under-
stands how business people think. One
that you never have to program. One
that makes database building easy
—without sacrificing the power you
need to effectively manage information.

“...Far easier to use than any other

database package released so far.”
—Erik Smdbery-Qiment, The New York Times*

Created by Infocom, Cornerstone was designed
to break down the barriers between business
people and computers.

Cornerstone makes building and
using a database easier than
you've ever imagined. Because
Cornerstone is different from
anything you've ever seen.

It’s the only system with personalized,

interactive “Help” and “Options” keys
to assist you. Menus, prompts, and
questions guide you through the entire
operation.

Cornerstone won't let you make a mis-

take. It tells you what's

happening —why —and
how to fix it.

“Cornerstone could
easily save months of dBASE 11
or dBASE III programming...

I'm sold on Cornerstone.”

—Ira Krakow, Busi Comp

Y

The key to Cornerstone’s power is
its flexibility.
You can make changes anywhere,
any time. Even with data already
in the database. You can add a file,
field, or index, change a report or
relationship.

Cornerstone features variable length
fields. You never have to determine
field length in advance—and you can
enter pages of notes in your data-
base. Any field can be multi-
valued, and you can even have
records within records. There
are no artificial constraints. You can search, or
sort, on any field.

Cornerstone’s flexibility extends to reporting.
With no limit to the number or kinds of reports
you can create.

“Cornerstone is the best
program I've ever used.

If you need a relational

database, buy

Cornerstone.’
—Kerry Leichtman, PC Week

Cornerstone is now avail-
able for the IBM® PC, PC
XT,™ PC AT™ and compati-
bles, and soon for the Tandy®
1000, 1200HD and 2000. Sug-
gested list price $495.

Free Cornerstone Information Kit
and demo disk.

Call today, 1-617-574-0644. Or complete and mail
the postage-paid card to Infocom, Cornerstone
Demo Disk, Department “D,’ 125 Cambridge-
Park Drive, Cambridge, Massachusetts 02140.

We'll send you a free Cornerstone Information
Kit, including a free demo disk. You'll see why
this database system has received outstanding
reviews from business and PC publications—
why business people are making it their way to
manage information—and why Cornerstone has
quickly made its way to the Softsel® Hot List®
and other software best seller lists.

Find out for yourself why 61,862 other non-pro-
grammers are asking about Cornerstone. Call or
mail the card today. (Better hurry! This offer
lasts only while supplies last.)

CORNE

THE SOPHISTICATED DATABASE SYSTEM
FOR THE NON-PROGRAMMER.

INEOCOM

dBase 11 is a registered trademark of Ashton Tate. dBase I11 is a trademark of Ashton Tate. All remaining products mentioned are trademarks or registered trademarks as indicated.

*The New York Times quote from the May 5, 1985 issue.
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INSIDE THE IBM PCs

THE 8087/80287
PERFORMANCE CURVE

80287 performance does not .

provide the same degree

of processor enhancement as did the 8087

by 9
BY STEPHEN S. FRIED

THE INTEL 8087 is a specialized 80-bit coprocessor that extends the 8088
and 8086 microprocessors to include floating-point operations. Because
of the size of its registers and internal data paths (80 bits), it does floating-
point arithmetic 50 to 100 times faster than the 16-bit processors it works
with. Today, an IBM Personal Computer software product is expected to
include 8087 support, and most do. However, a lot of 8087 software is
still only 5 to 15 percent efficient and just barely takes advantage of the
chip’s speed and accuracy.

In 1985, however, a lot of folks who own IBM PC ATs are discovering that
much of their software shows no gain or even slows up when they install
an 80287, the AT's counterpart to the 8087. Needless to say, if some sales-
man just sold you an AT based on its blinding speed, you might be a little
annoyed when you discovered that adding an 80287 had little effect on
programs that were advertised to have 8087 support. In fact, the only reason
lots of users never complained about 80287 performance is that they got
the same numeric speed out of the AT's 80287 as they were getting from
their PC’'s 8087. The dilemma of why a supposedly better processor fails
to improve PC performance is part of a complicated story that is the main
theme of this article: evaluating the performance of processor/coprocessor
systems as the “quality” of the numeric processor and its support is
changed.

This article builds on concepts introduced in my previous article (“Evaluat-
ing 8087 Performance on the IBM PC," BYTE Guide to the IBM Personal Com-
puters, Fall 1984). The purpose of this article is threefold. First, I'll review
some of the myths and history of the 8087 and 80287, touching on manu-
facturing, labeling, reliability, and chip validation. Second, I'll pick up where
the first article left off by reviewing significant new 8087 software that has
come on the scene in the last year, including three spreadsheets and a
number of BASICs. Third, I'll explore the effect on overall process speed
of changing the throughput of either processor in a processor/coprocessor
pair, such as the 8088/8087, 8086/8087, or 80286/80287.

One of the things that we will uncover below is that 80286-based ma-
chines are more sensitive to the quality of 80287 support than 8088-based

(continued)
Stephen Fried is principal scientist and vice president of RED at MicroWay Inc. (POB
79, Kingston, MA 02364), which produces 8 TBASIC and 87BASIC Inline.
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PERFORMANCE

machines were to the quality of 8087
support. The bottom line for the AT
and its look-alikes is that the range of
applications that really need 80287
support has been reduced to those
that are generated with native-code
in-line compilers or make extensive
use of transcendental and trigono-
metric functions. On the positive side,
the 80286 really shines in problems
in which the calculation of the ad-
dresses of floating-point numbers
takes longer than the arithmetic be-
ing performed. For example, multi-
dimensional (typically three or more
dimensions) array arithmetic really
benefits from the 80286's increased
integer throughput, especially when
the indexes of the arrays are 32-bit
integers.

8087 HISTORY, MYTHS,

AND VALIDATION

A number of different grades of
8087s are available. Some are more
reliable than others, and a number of
them will not run on machines that
they theoretically ought to. Using a
chip that has not been thoroughly
tested in the machine it is installed in
is very risky in the case of an 8087.
In addition, validating 8087 operation
in microcomputers is an important
subject that manufacturers have com-
pletely overlooked.

The 8087 is an 80-bit Intel sole-
source (ie., Intel has a monopoly)
microprocessor that works in conjunc-
tion with the 16-bit Intel 8088 or
8086. It uses its 80-bit registers (there
are a total of 8) to store and manip-
ulate floating-point numbers, which it
holds internally in an extremely
precise format called “temporary
real” The 8087 can perform simple

operations such as addition, sub-
traction, multiplication, division, com-
parison, and finding square roots in
a single operation about 100 times
faster than an 8088 or 8086 using
floating-point software routines. In ad-
dition, it can be programmed to cal-
culate all transcendental and trigo-
nometric functions a factor of 50
times faster than software routines.
Accomplishing these feats requires a
large number of gates (transistors),
and the 8087 has roughly three times
as many as the 8088 or 8086. Lots of
gates imply lots of heat: A typical
8087 dissipates 1.5 watts and will
have a surface temperature that
ranges from 45°C to 55°C in an IBM
PC. The surface temperature of the
8087 depends on the heat dissipated
by other nearby devices, the cooling
provided (the newer machines have
larger fans), and the outside air tem-
perature. When the surface tempera-
ture exceeds the Intel-rated tempera-
ture of the chip, anything can happen
(and occasionally does).

Because of the large size of the die
(the piece of silicon that makes up the
chip), the first 8087s were very dif-
ficult to fabricate. Intel's yields on the
component started off in the 15 per-
cent range; i.e., only one in seven of
the chips on a silicon wafer passed all
tests and made it to market. The chips
that did pass all tests were divided
into two bins, those that worked at 5
MHz and 70°C and those that worked
at 4 MHz and 70°C. About every six
months after initial production
started, a better version of the chip
was developed and a new “step” of
the component came out. With each
succeeding step came higher yields,
smaller devices, less heat dissipation,

OLD STEPS HMOSt

Part # Max Freq  Max Temp
C8087-4 400 70
c8087-6 477 50
C8087-3 500 70
C80287-3 533 70

Table 1: 8087 and 80287 specifications.

NEW STEP HMOS3

Part # Max Freq  Max Temp
C8087 5.00 70 +
C8087-2 8.00 70+
C8087-1 10.00 70+
C80287-8 800 70 +
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better speed, and lower prices. Each
step also involved shrinking the die
and would also be accompanied by
an interruption in 8087 supplies, lead-
ing some people to speculate that
8087s were always in deliberate short
supply. The most recent step, which
occurred in November 1984, also in-
volved a change in the semiconduc-
tor fabrication technique or process.
It resulted in much faster 8087s but
also required computer manufac-
turers to use better decoupling and
sockets. The last step was such a
significant improvement in the chip
that Intel decided to change the way
it labeled 8087s and 80287s. The
labeling of Intel NDPs (numeric data
processors) is summarized in table 1.

The components in the left-hand
column of table 1 were manufactured
using the first three steps. There is an
incredible difference in operating and
electrical characteristics between the
first three steps and the fourth (right-
hand column). For example, the com-
ponents in the left-hand column often
fail right at their upper temperature
limits. On the other hand, the newer
components often run to 130°C,
which is 60 degrees above specifica-
tion. We expressed this by placing a
+ after the official Intel upper tem-
perature limit. Of course, running a
component over specification is not
recommended practice and often can-
not be accomplished without the use
of special sockets and other compo-
nents.

Looking over table 1, one notices a
“funny” component, tested to run at
precisely the frequency of a PC. The
-6 is an 8087 that didn't pass the -3
specification but was found to work
in a PC if the 8087 surface tempera-
ture did not rise above 50°C. Accord-
ing to Intel, this obsolete component
was never put on the open market, al-
though about 20,000 were sold to a
large OEM (original equipment manu-
facturer) who decided to use them “in
house!” We believe the -6 is actually
a retested -4, and while it may work
in your PC, it should be used with cau-
tion in any machine that is “loaded
up” or in machines that run in hot en-

(continued)
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TAKE THE BYTE OUT OF
ADVERSE VOLTAGE CONDITIONS.

(T

It doesn't take a storm to shock your sensitive com-
puter and upset the business that depends on it.
Over ninety per cent of computer problems are due
to power irregularities. Just the slightest surge or
dip in electricity can trigger costly errors, memory
loss or a complete system shutdown. And any-
thing from an air conditioner kicking on to a nearby
appliance starting up can dis-
rupt your office operation.

But you and your computer can

PC 150/300 COMPUTER REGULATORS

UL-listed and CSA certified. And both are de-
signed to protect computers against unwelcome AC
disturbances, including brownouts, voltage surges
and dips, voltage transients and transverse or
common mode noise. Even the most minimal volt-
age variations are tightly controlled because the
Sola PC 150/300 provides five per cent voltage reg-
ulation. So why not take a load
off your mind, when you can
take the load off your line with

easily weather the constant and
devastating onslaught of volt-
age irregularities with Sola’s
new computer regulators—the
PC 150 or PC 300. Both are

Write for free literature.

N =

the PC 150 or PC 300 from Sola.

i

1717 Busse Rd.
Elk Grove Village, IL 60007
(312) 439-2800
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vironments. The fact of the matter is
that even a -3 can be run out of limits
if you push your machine too hard or
neglect to keep the room temperature
below 85°F To guarantee that you
don't get stuck with a potential lemon,
make sure the 8087 you are buying
is a C8087 with no dash number or
a -2 if you have an 8-MHz machine.

Finally, I'll end with a discussion of
validating 8087/80287 performance.
When IBM decided to venture into
the PC business, it assembled a spe-
cial quality-assurance team to develop
acceptance standards for the semi-

conductors to be used in the new
machine. They also designed a suite
of programs to test the components
used in the PC. This suite is in the
ROM BIOS, where it is run every time
your PC is booted.

Unfortunately, there is no ROM
BIOS routine that validates correct
8087 performance. The odds are your
NDP works great all the time. But
there is about a 0.1 percent prob-
ability (this number may be smaller
and is a function of your machine and
the 8087) that when you run your
8087 hard or near its upper limits it

Savage evaluates:
AR=
FOR |=1 TO 2499

NEXT |

Common Subexpression evaluates:

A=0

FORJ = 1 TO 10
FOR | = 1 TO 1000
NEXT |

NEXT J

1.2 + 3.4, 23 - 45;

DO 100 N = 1, 1000
DO 100 | = 1, 100
Wily=2() + X()=Y()*Y(yZ()
R()=W() + Z()~Y(l)

100  CONTINUE

DO100J = 1,1 |
DO 100 N = 1,,1000
DO 100 | = 1, 100

R(LJ) = W(LJ) + Z(,J)*Y(,J)
100 CONTINUE

DO 100K = 1, 1
DO100J = 1,1
DO 100 N = 1, 1000

DO 100 | = 1, 100

100 CONTINUE

A = TAN(ATAN(EXP(LOG(SQR(A*A)) + 1

The Savage expression for cell A21 in 1-2-3 is:
@TAN(@ATAN(@EXP(@LN(@SQR(A20+A20)))) + 1

B=A+1)*A+2/(A+3) + (A+3)*(A+1)I(A+2) + (A+2)*(A+3)/I(A+1)

Megalopolis evaluates each of the following expressions 1800 times:
2.3 * 4.5;

The FORTRAN benchmark evaluates array manipulations:

Subroutine 1, one-dimensional array (10,000 loops):

Subroutine 2, two-dimensional array (20,000 loops):

W(LJ) = Z(1,J) + X(1.J)=Y(1,.d)/Z(1,J)

Subroutine 3, three-dimensional array (30,000 loops):

WOLJK) = Z(0,J.K) + X(1,d,K)*Y(1,d,K)Z(1,J,K)
R(JK) = WILJK) + Z(1,d,K)+Y(1,J,K)

2.3/4.5

Figure 1: The benchmarks used to evaluate 8087/80287 performance. The Savage
and Common Subexpression code is in BASIC, with a Savage expression also coded to

work with Lotus 1-2-3.
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will lose accuracy. Since any failure of
a processor to yield repeatable results
is a complete failure, this means even
aloss of 1 bit in 63 is a failure of your
8087. Because the 8087 starts failing
gradually, it is impossible to detect a
bad processor without running an
8087 processor diagnostic program.

When failures are induced by rais-
ing the surface temperature or oper-
ating frequency of an 8087, they ini-
tially appear about once in 100,000
operations. As the condition gets
worse, the errors get more frequent
and increase in magnitude until a very
high percentage of all 8087 opera-
tions are erroneous. Often, the errors
are small, only a few bits out of 63.
As the test continues, the accuracy
continues getting worse. Finally, some
sort of catastrophe will occur, prob-
ably involving 8088-8087 synchroni-
zation, and the PC will crash. Cool the
8087 back down, and it will be as
good as new. The point here is that
a calculation made with a chip that is
on the edge of failing could seem
perfectly okay on the surface until
compared with a calculation made
with a properly running chip. The best
way to guarantee accuracy is to stay
well within the chip’s tested operating
guard band.

The 8087/80287 NDP is a valuable
addition to an IBM PC or AT. Like all
the other parts of your machine, it
should be prudently used. It pays to
buy the highest quality processors
and use them within the manufac-
turer's operating envelope. It is also
very important to validate processor
operation in your PC at both the cold
and hot operating points and before
and after any critical run.

COMPARING NEW PROCESSOR
IMPLEMENTATIONS AND SOFTWARE
Unfortunately, the only way to learn
about the speed of processors and
programs, short of counting cycles or
buying a logic analyzer, is to write and
run benchmarks. This article uses five
benchmarks run on four different pro-
cessor combinations to gain insight
into the relative speed of both the
processors and the software used to
(continued)



The C for Microcom

puters

=
s |
Hm@ 2 PC-DOS, MS-DOS, CP/M-86, Macintosh, Amiga, Apple II, CP/M-80, Radio Shack,
Commodore, XENIX, ROM, and Cross Development systems

MS-DOS, PC-DOS, CP/M-86, XENIX,
8086/80x86 ROM

Manx Aztec C86
‘A compiler that has many strengths ...
for serious work”

Computer Language review, February 1985

quite valuable

Great Code: Manx Aztec C86 generates fast executing
compact code. The benchmark results below are from a
study conducted by Manx. The Dhrystone benchmark
(CACM 10/84 27:10 pl018) measures performance for a
systems software instruction mix. The results are with-
out register variables. With register variables, Manx,
Microsoft, and Mark Williams run proportionately faster,
Lattice and Computer Innovations show no improve-
ment.

Execution  Code Compile/
Time Size  Link Time

Dhrystone Benchmark
Manx Aztec C86 3.3 34 secs 5,760
Microsoft C 3.0 34 secs 7,146
Optimized C86 2.20) 53 secs 11,009
Mark Williams 2.0~ 56 secs 12,980
Lattice 2.14 89secs 20,404

93 secs
119 secs
172 secs
113 secs
117 secs

Great Features: Manx Aztec C86 is bundled with a powerful
array of well documented productivity tools, library routines
and features.

Optimized C compiler
AS86 Macro Assembler
80186/80286 Support
8087/80287 Sensing Lib
Extensive UNIX Library
Large Memory Model

Z (vi) Source Editor -¢
ROM Support Package -« INTEL HEX Utility -c
Library Source Code -¢ Mixed memory models -
MAKE, DIFF, and GREP ¢ Source Debugger -

One year of updates -c CP/M-86 Library -

Symbolic Debugger

LN86 Overlay Linker
Librarian

Profiler

DOS, Screen, & Graphics Lib
Intel Object Option

CP/M-86 Library -

Manx offers two commercial development systems,
Aztec C86-c and Aztec C86-d. Items marked -c are
special features of the Aztec C86-c system.

Aztec C86-c Commercial System  $499
Aztec C86-d Developer’s System  $299
Aztec C86-p Personal System $199
Aztec C86-a Apprentice System $49

All systems are upgradable by paying the difference
in price plus $10.

Third Party Software: There are a number of high qual-
ity support packages for Manx Aztec C86 for screen
management, graphics, database management, and soft-
ware development.
C-tree $395
PHACT $250
HALO $250 Amber Windows $59
PRE-C $395 Windows for C $195
WindScreen $149 FirsTime $295
SunScreen $99 C Util Lib $185
PANEL $295 Plink-86 $395

Greenleaf $185
PC-lint $98

UNIXha Bell Laboratories, Lattica TM Lattice Inc.. C-tres TM Faircom, Inc,, PHACT TM PHACT ASSOC., Ci Optimiziny CBG TM Computer innovations, Inc., MACINTOSH. APPLE TM APPLE, INC., Pre-C, PLINK 86, TM PHOENIX, HALO TM Media (:ybmu

dint TM GIMPLE Software, Windscrean, SunScreen TM SuriTec, PANEL TM Roundhill Computer Systems Lid,, WINI

MACINTOSH, AMIGA, XENIX,
CP/M-68K, 68k ROM

Manx Aztec C68k

“Library handling is very flexible . .. documentation is
excellent ... the shell a pleasure to work in ... blows
away the competition for pure compile speed . .. an ex-
cellent effort.”

Computer Language review, April 1985
Aztec C68k is the most widely used commercial C com-
piler for the Macintosh. Its quality, performance, and
completeness place Manx Aztec C68k in a position be-
yond comparison. It is available in several upgradable
versions.
Optimized C
Macro Assembler
Overlay Linker
Resource Compiler
Debuggers
Librarian
Source Editor
MacRam Disk -¢
Library Source -¢

Creates Clickable Applications
Mouse Enhanced SHELL
Easy Access to Mac Toolbox
UNIX Library Functions
Terminal Emulator (Source)
Clear Detailed Documentation
C-Stuff Library

UniTools (vi,make,diff,grep) -c
One Year of Updates -c

Items marked -c are available only in the Manx Aztec

C86-c system. Other features are in both the Aztec C86-d
and Aztec C86-c systems.

Aztec C68k-c Commercial System $499
Aztec C68d-d Developer’s System $299
Aztec C68k-p Personal System $199
C-tree database (source) $399

AMIGA, CP/M-68k, 68k UNIX call

Apple I, Commodore,
65xx, 65C02 ROM

Manx Aztec C65

“The AZTEC C system is one of the finest software
packages I have seen”
NIBBLE review, July 1984

A vast amount of business, consumer, and educational
software is implemented in Manx Aztec C65. The quality
and comprehensiveness of this system is competitive
with 16 bit C systems. The system includes a full optim-
ized C compiler, 6502 assembler, linkage editor, UNIX
library, screen and graphics libraries, shell, and much
more. The Apple II version runs under DOS 3.3, and
ProDOS, Cross versions are available.

The Aztec C65-¢/128 Commodore system runs under
the C128 CP/M environment and generates programs for
the C64, C128, and CP/M environments. Call for prices
and availability of Apprentice, Personal and Developer
versions for the Commodore 64 and 128 machines.

Aztec C65-c ProDOS & DOS 3.3 $399
Aztec C65-d Apple DOS 3.3 $199
Aztec C65-p Apple Personal system $99
Aztec C65-a for learning C $49
Aztec C65-c/128 C64, C128, CP/IM $399

Distribution of Manx Aztec C

In the USA, Manx Software Systems is the sole and ex-
clusive distributor of Aztec C. Any telephone or mail
order sales other than through Manx are unauthorized.

Manx Cross Development Systems

Cross developed programs are edited, compiled, assem-
bled, and linked on one machine (the HOST) and trans-
ferred to another machine (the TARGET) for execution.
This method is useful where the target machine is slower
or more limited than the HOST, Manx cross compilers
are used heavily to develop software for business,
consumer, scientific, industrial, research, and education-
al applications.

HOSTS: VAX UNIX ($3000), PDP-11 UNIX ($2000), MS-
DOS ($750), CP/M ($750), MACINTOSH ($750),
CP/M-68k ($750), XENIX ($750).

TARGETS: MS-DOS, CP/M-86, Macintosh, CP/M-68k,
CP/M-80, TRS-80 3 & 4, Apple II, Commodore C64,
8086/80x86 ROM, 68xxx ROM, 8080/8085/Z80 ROM,
65xx ROM.

The first TARGET is included in the price of the HOST
system. Additional TARGETS are $300 to $500 (non
VAX) or $1000 (VAX).

Call Manx for information on cross development to the
68000, 65816, Amiga, C128, CP/M-68K, VRTX, and
others.

CP/M, Radio Shack,
8080/8085/Z80 ROM

Manx Aztec CII

“I've had a lot of experience with different C compilers,
but the Aztec C80 Compiler and Professional Develop-
ment System is the best I've seen."

80-Micro, December, 1984, John B. Harrell III

Aztec C II-c (CP/M & ROM) $349
Aztec C II-d (CP/M) $199
C-tree database (source) $399
Aztec C80-c (TRS-80 3 & 4) $299
Aztec C80-d (TRS-80 3 & 4) $199

How To Become an Aztec C User

To become an Aztec C user call 1-800-221-0440 or call
1-800-832-9273 (800-TEC WARE). In NJ or outside the
USA call 201-530-7997. Orders can also be telexed to
4995812,

Payment can be by check, COD, American Express,
VISA, Master Card, or Net 30 to qualified customers.

Orders can also be mailed to Manx Software Systems,
Box 55, Shrewsbury, NJ 07701.

How To Get More Information

To get more information on Manx Aztec C and related
products, call 1-800-221-0440, or 201-530-7997, or write
to Manx Software Systems.

30 Day Guarantee

Any Manx Aztec C development system can be return-
ed within 30 days for a refund if it fails to meet your
needs. The only restrictions are that the original pur-
chase must be directly from Manx, shipped within the
USA, and the package must be in resalable condition.
Returned items must be received by Manx within 30
days. A small restocking fee may be required.

Discounts

There are special discounts available to professors,
students, and consultants. A discount is also available on
a “trade in” basis for users of competing systems. Call for
information.

Inquiry 117

To order or for information call:

800-221-0440
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code the benchmarks. It was our in-
tention here to create benchmarks
that test the different floating-point
properties of the coprocessors and
the ability of different compilers to
produce high-quality floating-point
code. The benchmarks are displayed
in figure 1. They were written in
BASIC, FORTRAN, and using Lotus

1-2-3 and Symphony 1.1. One aspect
of the benchmarks that we did not
pursue in this article is accuracy. The
Savage benchmark in particular is
used as a measure of both speed and
round-off error. All of the products
tested benefited from the accuracy of
the 8087 and showed reduced round-
off error when run with the 8087.

KEYBOARD
SOLUTIONS

Your Single Source for

Keyboard Enhancements

Key Overlay Kits

Touchdown™ Keytop Expanders
Custom Printed Overlays for Keytops,
Switches, Membranes, and Tablets
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i Custom Key Imprinting/Molding
Do it—yourself Imprinting Kits

Inquiry 88 for End-Users.
Inquiry 89 for DEALERS ONLY.

This article will compare three pro-
cessor combinations, the 8086/8087,
80286/80287, and the 8088/8087
used in the original IBM PC. The first
two processor pairs will be compared
with the third, a standard PC.

Even though the 8086 preceded the
8088, it was not the first Intel 16-bit
microprocessor to get used in large
commercial numbers. The 8088 with
its 16-bit internal registers and 8-bit -
data bus was the first processor that
was widely accepted. That was a
natural consequence of its choice by
IBM for the IBM PC.

The first processor combination I'll
compare is the 4.77-MHz 8088/8087
of the standard PC with a card featur-
ing a 9.54-MHz 8086/8087. Why, for
example, does this card execute some
things two times faster than a PC and
others four times faster? In the pro-
cess of comparing these two CPUs
(central processing units), you should
develop a better feeling about what
defines a good 8087 program.

The performance of the 9.54-MHz
8086/8087 board is comparable to
that of a number of microcomputers
that use the 8086 or 80186 CPUs at
frequencies of up to 10 MHz.

The 8086-8088 comparison is best
understood if we break up all com-
puter operations into two groups:
register operations that are limited by
the ALU (arithmetic and logic unit) in
the processor and 1/O (input/output)
operations that are limited by the
time required by the processor to ac-
cess memory or ports. Since all reg-
ister operations are synchronized with
the system clock, all register opera-
tions increase linearly with the clock
speed; double the clock and you'll get
twice as many operations. Both the
8086 and 8088 have identical regis-
ters and both use identical 8087s, so
doubling the clock speed and chang-
ing from an 8088 to an 8086 would
only double the speed if a program
were register-bound. However, it’s rare
to find a microcomputer program that
is so well written that it is reg-
ister-bound, and it turns out that the
time to fetch information from
memory ends up playing an impor-
tant role in most programs.
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Memory fetches in an 8088 or 8086
are controlled by the depth of the pre-
fetch queue and the data-bus band-
width. The data-bus bandwidth is a
measure of a bus's speed at trans-
ferring information. In the ¢ase of the
9.54-MHz 8086/8087 board, the
bandwidth of the board is a factor of
4 greater than that of a standard PC.
This increase in speed has two con-
tributors, each of which adds a factor
of two: the doubling of the clock
speed and the doubling of the data-
bus width. To determine the improve-
ment that a 9.54-MHz 8086/8087
board provides over a PC, one must
consider the mix of operations that
a particular line of code performs. If
one chooses a non-floating-point pro-
gram that is written with a middle-of-
the-road compiler, one discovers that
a typical program executes a factor of
2.8 to 3.0 times faster on a 9.54-MHz
8086/8087 board than on a PC. This
speedup can be explained by the
following naive model: On average,
our hypothetical program spends half
its time accessing memory and half its
time doing register-intensive opera-
tions. In the 9.54-MHz 8086/8087
board, memory accesses run a factor
of 4 faster, while register operations
run a factor of 2 faster. The average
of 2 and 4 is 3, which explains why
most nonnumeric programs run a fac-
tor of 2.8 to 3.0 times faster.

This idea can be quantified using
the notion of code kinetics developed
in my previous article. Readers con-
tent with our simple explanation are
permitted to skip the equations. We
assume that any computer program
can be broken into pieces that can be
thought of as either 1/O-bound or
register-bound. We now gather to-
gether all the [/O-bound parts of a
program and execute them in a line.
If each piece is assigned a weight that
is proportional to the time it takes to
execute it, we can describe the time
to execute the entire 1/O portion as
i it s ()

Rl‘bmio Ribmio

where n,, represents the number of
1/0 operations for each step, N,, is the

total number of 1/O operations, R;ymio
represents the rate at which an IBM
does 1/O (units of /O operations per
second), and T, is the time in
seconds. We can write a similar rate
equation for register operations:

T erg
reg —

(2)

Ribmreg

where all the symbols have nearly
identical meanings, except that we
have replaced the subscript io with reg
(register) to indicate that these pro-
cesses are register-bound. For a par-
ticular stretch of code, we can now ex-
press the time to execute both the 1/O-
and register-bound portions as

Nl‘a Nreg

Tipm = +

(3)

Ribmreg

ibmio
This puts us in a position to compute
the relative speed of a 9.54-MHz
8086/8087 board with a standard PC.
Replacing the ibm in equation 3 with
ns for the 9.54-MHz 8086/8087 board,
we can write an equation for the
9.54-MHz 8086/8087 board to com-
pute the same line of code:

Nio Nreg
Rnsiu Rnsreg

and now dividing equation 3 by equa-
tion 4 yields the ratio of speeds of the
tWO processors:

T = (4)

Relative Speed = Toom  _
T (5)

Nrog Nio Nreg N
o e +
Tibmrzg T:’bmia Rnsreg Rnsia

If we wanted to, we could divide any
program into 1/O and register portions
and, using the standard op code tim-
ings in the Intel iAPX processor hand-

“books, figure out the values of N. This

would be a long, arduous task most
suited to a computer. Instead, we will
examine the equation and make some
simplifying assumptions that lead us
to interesting numbers in a hurry.
First, notice that N, and N,,, are
characteristics of the program we are
using to test the relative speeds, while
Rismios Rismregs Brsto, AN Riyerey ST TALES
that are characteristic of the pro-

cesses and the two machines we are
comparing. We can immediately con-
clude that the relative speed is a func-
tion of the program used to bench-
mark the systems. Equation 5 can be
simplified if we assume that the rate
at which the IBM does 1/O is the same
as the rate at which it does register
operations:

R = Ribmio = Ribmreg (6)

and also take into account what was
said above about the relative speeds
of the register operations and data-
bus bandwidth:

Rysio = 4Ripmio = 4R (7)
Rnsreg = 2Ribmreg b 2R (8)

Combining equations 5 through 8 and
simplifying yields an expression for
the relative speed of a 9.54-MHz
8086/8087 board to a PC:

4(1 + Nu/N,.) o)
(2 + Ni/N,o

that is a function of the ratio of the
number of 1/O to register operations.
If this function is reasonabile, it should
asymptote to 4 for 1/O-bound se-
quences of code and to 2 for register-
bound sequences. If the underlying
assumptions are accurate (and
theoretical models are only as good
as the guesses they are based on),
then we can infer from this equation
that a program that executes three
times as fast on a 9.54-MHz 8086/
8087 board has a ratio of two 1/O-
bound operations to every register-
bound operation.

Having developed a pretty model,
we decided to examine the premises
it was built on. First, were there any
pure [/O-bound operations that ex-
ecuted a factor of 4 faster? The most
obvious place to look for 1/0-bound
operations ought to be fast 1/O in-
structions. The 8086 has a whole set
of built-in string instructions, one of
which can be used to move blocks of
bytes or words from one location in
memory to another. To use the in-
struction you set up pointers to the
two blocks, tell the processor how

(continued)
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many words or bytes you want to
move, and then turn the block move
on. Unfortunately, the speed increase
was exactly a factor of 2, indicating
that block moves are bound by the
time it takes the CPU to compute and
increment the addresses of the blocks
being moved. The next candidate for
an I/0O-bound operation would be in-

structions that execute very fast once
loaded into the 8088. Any instruction
whose internal execution time is much
less than the time required to fetch
the instruction into the processor will
have a total execution time that is
limited by the time required to fetch
instructions. We made up a simple
program that consisted of a loop that

/////
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executed 30 inter-register moves in a
line:
MOV  BX,AX

This line of 30 moves executed 3.96
times faster on the 9.54-MHz 8086/
8087 board. When we examined in-
dividual instructions with a logic
analyzer, the ratio turned out to be
4.0 for individual moves. For those in-
terested, the MOV instruction is 2
bytes long and executes internally in
two cycles—420 nanoseconds (ns) in
the case of the PC and 210 ns in the
case of the 9.54-MHz 8086/8087
board. However, fetching in 2 bytes of
code takes 1680 ns for the PC but
only 420 ns for the 9.54-MHz 8086/
8087 board. Since the moves take
place in much less time than the
fetches, this instruction is fetch (I/0)
limited, Q.E.D.

This is a good example of the classic
von Neumann bottleneck: A pro-
cessor's execution speed can be
limited to the time required to fetch
instructions from memory. The other
interesting situation that the logic
analyzer pointed out is that the in-
crease in speed is a strong function
of the state of the prefetch queue. As
we reduced the number of MOVs in
our loop, the speedup was reduced
because of the fact that the processor
would have to refill the queue at the
end of every loop. As the number of
MOVs approached zero, the speedup
approached 2 because the LOOP in-
struction is a long-running register-
bound operation.

From benchmarking average non-
numeric programs we know that the
average 9.54-MHz 8086/8087 board
speedup is a factor of 3 and is com-
posed of operations that run any-
where from a factor of 2 to a factor
of 4 faster. The question now arises:
What kind of speedups should be ob-
tained from 8087 code? At first
glance, one would expect 8087 code
to be limited by the increase in clock
speed. Most 8087 instructions take at
least 100 cycles to execute and are
dominated by the time it takes the
8087 ALU to perform floating-point
arithmetic. Even 8087 operations that

(continued)



Even the best of personal computers
can have a bad day. Blackouts happen.
Usually at the worst possible time.

But power interruptions don’'t need to
be business interruptions. And lost power
shouldn'’t result in lost data. Not with the
POWERMAKER® Micro UPS from Topaz.

Designed specifically for hard disc and
critical-use business systems, Powermaker
Micro UPS ensures a continuous supply
of smooth sine wave power even during
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NOTHING DOWN.

a total blackout.

And there’s more. Powermaker Micro
UPS also removes spikes and other
error-producing transients from incoming
power, protecting your PC’s sensitive
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load or store numbers spend at most
30 percent of the time doing 1/O, in-
dicating that 8087 operations on
average ought to be register-bound.

One of the most number-intensive
benchmarks available, the Savage, is
a good test of the ability of the 8087
to perform trigonometrics and tran-
scendental functions. Our intuitive
feeling about 8087 code being regis-

ter-bound is borne out by the Savage
benchmarks in table 2. This table in-
dicates that the best (fastest) Savage
benchmarks run 2.14 times faster on
the 9.54-MHz 8086/8087 board than
on an 8087-equipped PC.

Row 2 contains the times for
BASCOM, the IBM BASIC COMPILER.
The fact that the compiler speeds up
the calculation by only a factor of 5

Table 2: The Savage benchmark results for the IBM PC, in both a standard
configuration and with an 8086/8087 board for testing the 8086.
SAVAGE BENCHMARK
IBM PC
(time in seconds)
Standard PC 9.54-MHz 8086/8087 board
Frequency
of 8088/8086 4.77 MHz 4.77 MHz | 9.54 MHz 9.54 MHz
Frequency
of 8087 0 MHz 4.77 MHz | 0 MHz 9.54 MHz
(1) BASICA 891 — 757/318* -
(no 8087)
(2) BASCOM 169.5 o 64.7 —
(no 8087)
(8) 87BASIC — 5.74 — 2.53
(with 8087)
(4) 87BASIC
Inline compiler
(with 8087) — 3.35 — 1.56
(5) True BASIC 160 — 85
(6) BetterBASIC 873 — (542
(7) Professional
BASIC 420 335 6
(8) MS
FORTRAN — 6.92 — 3.26
(9) Ryan-McFarland
FORTRAN — 3.85 — 1.81
(10) 1-2-3
Retrieval 23 — 12
Recalculation 374 — 177
(11) 1-2-3 with
8087 support
Retrieval 23 — 12
Recalculation — 10.2 — 4.8
(12) Symphony 1.1
Retrieval — 14
Recalculation 478 (725 — 10.2
* FAST ROM enabled
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over the interpreter indicates that
Savage really bogs down BASCOM
with arithmetic (comparisons for
other programs will generally show
that compiled BASIC usually runs a
factor of 10 to 30 faster than BASICA).
Neither row 1 or 2 used an 8087.
Rows 3 and 4 show results for
87BASIC and 87BASIC Inline. Com-
paring rows 2 and 3 demonstrates
that the first-generation code makes
a 30 to 1 improvement for the bench-
mark on the PC. We deduce this by
comparing the 169 seconds for
BASCOM running on a PC without any
8087 to the 5.74 seconds of 87BASIC
and the 3.5 seconds of Inline.

Rows 5, 6, and 7 give the times for
three other well-known BASICS: True
BASIC, BetterBASIC, and Professional
BASIC. These other products include
8087 support, but their forte lies in
other areas such as easy debugging,
modularity, large arrays, or incremen-
tal compilation. Even though they are
compiled BASICs, they compile to
p-code instead of in-line native code.
In general, to really get the true speed
of an 8087 requires efficient code,
and p-code is just not that efficient.

Lines 8 and 9 are the times for two
of the more popular FORTRANS,
Microsoft 3.3 and Ryan-McFarland 1.0
(both are also separately marketed by
IBM). The Savage benchmark is more
dependent on the quality of the
trigonometric and transcendental
libraries of the compiler being
checked than the efficiency of the
code that links library calls together.

SPREADSHEET BENCHMARKS

There are two different kinds of prob-
lems spreadsheet users encounter.
The first involves recalculating work-
sheets that contain many tran-
scendental and financial functions,
such as NPV or IRR. The second in-
volves recalculating worksheets that
are filled up with cells that contain
financial information but that are at
best connected by formulas that in-
volve the four simple numeric opera-
tions. To analyze the relative perfor-
mance of these sheets with different
processors, we again fell back onto

(continued)
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two benchmarks, the Savage and a
simple expression of constants
evaluated 2500 times, Megalopolis.

Because the time required to go
from cell to cell is much less than the
time required to evaluate the Savage
function, Savage results for spread-
sheets with 8087 support can ap-
proach that of good compilers. Lines
10, 11, and 12 of table 2 are the times
for Savage run on 1-2-3, 1-2-3 with
8087 support, and Symphony 1.1 with

8087 support. Two quick observa-
tions: 1-2-3 seems to be tighter than
Symphony and as a result is a better
candidate for 8087 support. 8087
support for 1-2-3 improves Savage by
a factor of 36.66, while Symphony 1.1
runs the Savage 27.3 times faster
when run with an 8087.

The Savage is the ultimate 8087
benchmark in that it is so number-
intensive that it can make even ineffi-
cient compilers look good, provided

Frequency

Table 3: The Common Subexpression and Megalopolis benchmark results for the
IBM PC and the IBM PC with the 8086/8087 board.

COMMON SUBEXPRESSION BENCHMARK
IBM PC
(time in seconds)

Standard PC

9.54-MHz 8086/8087 board

of 8088/8086 4.77 MHz

4.77 MHz

9.54 MHz 9.54 MHz

Frequency

of 8087 0 MHz

4.77 MHz

0 MHz 9.54 MHz

(1) BASICA
(no 80287)

862

— 769/274* —

(2) BASCOM
(no 80287)

53.17

— 18.92 —

(3) 87BASIC =
(with 8087)

27.29 —

10.11

(4) 87BASIC
Inline compiler
(with 8087) —

4.73

2.16

(5) True
BASIC 74

17

(6) BetterBASIC 310

(7) Professional
BASIC

1023 129

320 53

®) MS
FORTRAN =

5.92 = 2.9

(9) Ryan-McFarland
FORTRAN —

5.1 —_

2.62

(1) 123

(no 8087) 15.9

MEGALOPOLIS BENCHMARK

— 6.9 —

(2) 1-2-3 with
8087 support —

(3) Symphony 1.1 21.2

16.2 8.3 6

* FAST ROM enabled
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they have good run-time libraries.

Table 3 compares the ability of the
same BASIC compilers, FORTRANS,
and spreadsheets to evaluate expres-
sions. The spreadsheets were com-
pared with a single worksheet that
added, subtracted, multiplied, and
divided four constants and was
repeated 2500 times. We call this
Megalopolis because it is typical of
the kinds of long-winded sheets that
end up accumulating when inexperi-
enced users keep adding cells to their
first and only worksheet (a real prob-
lem, [ am told). Looking at the results
for 1-2-3 (15.9 seconds) and 1-2-3 with
8087 support (7.8 seconds), we see
that there is only a factor of 2 increase
associated with adding an 8087.
Looking at the results for Symphony
1.1, we see that adding an 8087 makes
an improvement of only 30 percent.
Megalopolis is actually a little severe.
Normal use seems to deliver speed-
ups of between 3 to 1 and 10to 1 and
higher. What this says is that most
worksheets incorporate at least a few
of the built-in 1-2-3 functions or a lot
of built-in functions. In general, the
larger the number of built-ins called,
the greater the speedup.

The BASICs and FORTRANs were
compared running 10,000 loops of an
expression that has three common
subexpressions repeated three times
each. This benchmark was clearly de-
signed to highlight the use of the
8087 stack. The more use a product
makes of the stack, the faster it will
run this benchmark. True BASIC does
the best of the p-code compilers in
both this and the Savage. It should be
pointed out that the stack could also
be used to hold “hot” global vari-
ables, an optimization not being done
by any of these compilers but that is
a normal technique employed by as-
sembly-language programmers.

In this benchmark we intended to
force the compiler to generate a lot
of long-lived temporaries, which in a
good compiler will end up on the
8087 stack. We did this using com-
mon subexpressions. However, a
good compiler evaluates a common
subexpression only once, and it is

(continued)
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possible that some of the BASICs (we
know this is true of BASICA) may not
have performed this optimization,
thus contributing to the discrepancies
between the p-code compilers.

On the other hand, RM/FORTRAN
clearly added an optimization that we
didn't expect, forcing us to change
our benchmark so that RM/FORTRAN
would generate 8087 code that was
evaluated in the loop. RM/FORTRAN
discovered that the variable A was
loop invariant and could be moved
ahead of the loop, thus effectively
eliminating the entire execution time
associated with repetitively evaluating
the expression.

INTERPRETING 80287
BENCHMARKS

The 80287 is the coprocessor de-
signed to work with the 80286. It is
identical to the 8087 from the stand-
point of how you write programs to

run it, except for the issue of identi-
fying that there is a coprocessor in the
system. At least one product with
automatic 8087 sensing does not
work with the 80287 as a result of this
difference. To understand the perfor-
mance-related issues that determine
whether or not you should add an
80287 to your PC AT, it is necessary
to first look at the 80286 and the in-
terface between the 80286 and the
80287. The 80287 also adds a new
feature to the processor/coprocessor
system: It can be used with an op-
tional asynchronous clock that can be
used to speed up the 80287 ALU.
The 80286 is an upgraded version
of the 8086 that is designed for use
with multiuser and multitasking
operating systems. It has two modes
of operation, real and protected, and
is substantially faster than the 8086.
The added speed is obtained by in-
creasing the amount of parallelism in

the 80286; it has four internal units
that each independently do a piece
of the total processing job, in com-
parison to the two independent units
of the 8086. In protected address
mode the 80286 can address 16
megabytes of memory and manage a
virtual address space of a gigabyte. In
real address mode, it emulates an
8086, addressing a megabyte. Most of
the programs and operating systems
currently in vogue work in the real ad-
dress mode only and do not use
either of the extended addressing
capabilities of the 80286.

The 80286 is a substantial upgrade
of the 8086 in all respects except the
interface to the 80287. In the 8086/
8087 pair, the 8086 and 8087 each
have their own BIU (bus interface unit)
that allows either processor to inde-
pendently acquire data from the sys-
tem. When an 8087 gets passed an

(continued)
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Don’t get caught with your hands tied. Order

LOCKSMITH/PC today.

Fast mass-duplication for software developers

Does copy protection
have your hands tied?

LOW INTRODUCTORY PRICE $79.95

for IBM/PC, PC/XT, PC jr and compatibles.
LOCKSMITH/PC is NOT copy-protected.
Available from your computer dealer or directly from:

Alpha Logic Business Systems, Inc.
4119 North Union Road
Woodstock, IL 60098
(815) 568-5166

©Alpha Logic Business Systems, Inc. 1985

Locksmith and Locksmith/PC are registered trademarks of Alpha Logic Business Systems, Inc.
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Now Showing

: In Black And White

l f you own an IBM-PC
or PC work-alike,
Roland’s new MB-142
monitor lets you show off
your text and graphics in
today’s hottest colors—
black and white. That’s
right! The MB-142 gives
you black characters on a
paper-white background—
just like people have been
reading for centuries. You
can also have white char-
acters on a black back-
ground with just the touch
of a button.

Both of these black and
white display formats are
easier on the eyes and
less fatiguing than the green
or amber phosphor used in
standard monochrome
monitors. The MB-142’s
large 14-inch screen, com-
bined with its ultra-high
720 x 350 resolution,
can display characters
that are larger and
more legible than what
you can get with ordi-
nary monochrome
monitors. Another
great plus is that the
MB-142 plugs directly
into the monochrome
board of your IBM or com-
patible—just like your pres-
ent monochrome monitor,
with nothing more to buy.

Because of the MB-142’s
advanced electronic cir-
cuitry, you even have the
ability to mix graphics and
text on the same display
when using graphics and text
boards from leading manu-
facturers such as Persyst,
STB, Paradise, Hercules, AST
and many others. What makes
it all possible? The same
sophisticated technology
used in color monitors.

Inquiry 173

o

he big difference is
that the MB-142
monitor does the job for
significantly less money.
The MB-142 is designed
to interface economically,
too. Imagine seeing your
favorite business graphics
or CAD/CAM packages,
such as Lotus 1-2-3, Ener-
graphics, Chart-Master,
AutoCAD, CADDraft and
VersaCAD, in ultra-high
resolution black and
white. Also, take full
advantage of your pro-
gram’s windowing
capability using the large
14-inch screen.

Take a good look at the
i differences that set the
soreon | MB-142 apart from the rest.
{mage No other monochrome
monitor gives you the
fatigue-free black and
white viewing, text and
graphics capabilities
and easy interface.
Naturally enough,
the MB-142 is from
Roland DG—the
new computer
peripherals company
that’s pointing the way
to the future. Look for
this and other Roland
products at fine com-
puter dealers
everywhere.

For more information,
contact: Roland DG,
f 7200 Dominion Circle, Los

CHASACTER Dis Ay e

MB-142

t he MB-142
Supports
all the
winning
cards

p ush a
button for

instant reverse
screen

oF Ousiniess, Angeles, CA 90040,
white makes (213) 685-5141.
more sense
than green
and black

The software programs listed are trademarks
of the following companies: AutoCAD,
AUTODESK, Inc.; CADDraft, Personal CAD
Systems, Inc.; Chart-Master, Decision
Resources, Inc.; Energraphics, Enertronic
Research, Inc.; Lotus 1-2-3, Lotus Develop-
ment Corp.; VersaCAD, T&W Systems, Inc.

Roland DE"' _
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instruction, it uses its BIU to compute
the addresses of operands and then
generates the required signals to load
or store the specified operands. While
the 8087 is doing this, the 8086 is free
to execute other instructions, includ-
ing ones that access memory.

The 80286 substantially compli-
cates this scenario. It has a memory-
management unit (MMU) that is made
up of two of the four 80286 processor

units. Duplicating the 8086/8087 inter-
face with the 80286 processor would
have required a second MMU on the
80287. However, duplicating an MMU
on the 80287 would have been a
much bigger task than placing the BIU
on the 8087. The designers of the
80286/80287 therefore opted for an
1/0 arrangement for passing op codes
and data to the 80287. This interface
is implemented with several dedi-

cated ports on the 80287 that are fed
by a dedicated DMA (direct memory
access) channel on the 80286. The
first word of every 80287 op code
tells the 80287 how many (if any)
words of data will follow. Once the
80287 has decoded its op code, it
waits for its operands and then goes
and performs the desired operation.
One of the conclusions we draw from
our benchmarks is that both pro-

and 8 MHz.

Frequency

of 80286 6 MHz

SAVAGE BENCHMARK
IBM AT
(time in seconds)

6 MHz 6 MHz 6 MHz

9 MHz

Table 4: The Savage benchmark results for the 1IBM PC AT running at 6 and 9 MHz. The 80287 runs at 4, 6,

9 MHz 9 MHz

Frequency

of 80287 0 MHz

4 MHz 6 MHz 8 MHz

0 MHz

6 MHz 8 MHz

BASICA
(no 80287)

308

196 — —

BASCOM
(no 80287)

44.76

29.2 — —

87BASIC —
(with 80287)

5.55 416 3.85

— 3.68 3.14

87BASIC
Inline compiler
(with 80287) —

3.46 2.42 2.2

— 2.31 1.87

True

BASIC 50

50 50 50

32 32 32

BetterBASIC 29

150 5 4

Professional
BASIC —

MS
FORTRAN —

6.39 5.18 4.58

= 4.24 3.62

Ryan-McFarland
FORTRAN =

4.15 3.16 2.64

— 2.77 2.28

(10) 1-2-3
Retrieval

Recalculation

123
104

1-2-3 with
80287 support
Retrieval
Recalculation —

(1)

27 24

6.8

22 21
5.1

(12) Symphony 1.1
Retrieval

Recalculation

119.9

38 37
12 22

36
10.8

24
7.5

78.3 8
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cessors get tied up during the inter-
face procedure and that for fast ex-
ecuting 80287 instructions the inter-
face time is a substantial percentage
of the total execution time.

To help compensate for this loss in
parallelism, the designers of the
80287 decided to incorporate an op-
tional asynchronous clock that could
be “turned up” when faster 80287s
became available. To take advantage

of this feature requires the computer
manufacturer to build in an asyn-
chronous clock. Since IBM and other
manufacturers did not, | developed a
card that allows the user not only to
run an 80287 asynchronously but also
to increase the clock speed as better
80287s are made available by Intel.
Without such a card, the 80287 in an
AT does arithmetic at 4 MHz. With the
card, the speed of the 80287 ALU can

be increased up to 8 MHz or higher.
In all the benchmarks in this article |
give AT figures for the 80287 running
at 4, 6, and 8 MHz.

Tables 4 and 5 are the Savage, Com-
mon Subexpression, and Megalopolis
benchmarks run above for the PC AT
board. We now start to examine the
bizarre side of the 80287. Looking at
the second and third rows in the Com-

(continued)

Table 5: The Common Subexpression and Megalopolis benchmark results for the IBM PC AT running at a variety of clock

speeds.

Frequency

of 80286 6 MHz

COMMON SUBEXPRESSION BENCHMARK
IBM AT
(time in seconds)

6 MHz 6 MHz 6 MHz

9 MHz

9 MHz 9 MHz

Frequency

of 80287 0 MHz

4 MHz 6 MHz 8 MHz

0 MHz

6 MHz 8 MHz

(1) BASICA 304

(no 80287)

195

(2) BASCOM 18.34

(no 80287)

11.12 = =

(3) 87BASIC s
(with 80287)

9 156.38 14.66

— 11.81

10.71

(4) 87BASIC
Inline compiler
(with 80287) —

5.82 4.23 3.79

— 3.9 3.25

(5) True
BASIC 24

24 24 24

16

16 16

(6) BetterBASIC 228

43 39 39

58

29 27

(7) Professional
BASIC —

63 54 53

— 39 36

8) MS
FORTRAN —

7.2 5.73 4.86

— 4.79 4

(9) Ryan-McFarland
FORTRAN —

6.51 5.05 4.32

— 4.33 3.6

(1) 1-2-3
Recalculation 5.3

MEGALOPOLIS BENCHMARK

— — 3.5

(2) 1-2-3 with
80287 support
Recalculation —

3.8 3.6 3.5

- 2.4 =

(8) Symphony 1.1
Recalculation 7

5.9 5.6 5.5

4.4 3.7 —
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mon Subexpression benchmark
results (table 5), we notice that the
IBM BASIC compiler code running on
the AT takes 18.34 seconds and that
87BASIC took 17.9 seconds. Put an-
other way, adding a 4-MHz 80287 in-
creased the speed by only 2.4 per-
cent. Examining the 6- and 8-MHz
times, we see that even doubling the
80287 clock results in only a 25 per-
cent speed improvement over the
unaided compiler in line 2. The 9-MHz
times show that the unaided 80286
running at 9 MHz is actually faster
than a 9-MHz 80286 running with a
6-MHz 80287.

We did not include a sample bench-
mark that slows up when an 80287 is
added to an AT. However, such pro-
grams exist and typically perform little
floating-point arithmetic. What they
actually do is use the 80287 for mak-
ing floating-point comparisons. It
turns out that the old Microsoft binary
representation for floating-point

numbers is more convenient for com-
paring numbers than the IEEE format.
Consequently, a BASCOM program
whose floating-point time is domi-
nated by comparisons runs faster if
the comparisons are done in the
80286 than if they are done in the
80287. For compiler writers who like
to keep all their floating-point routines
running on the same processor, it
means there is now a reason to con-
sider writing special code for the AT
that uses the 80286 for floating-point
comparisons. However, [ don't think
you'll ever see anyone wasting time
on this project. Other bizarre results
include the Megalopolis result for
Symphony 1.1; adding an 80287 im-
proved this benchmark by only 18
percent on an AT. Again, increasing
the 80287 speed to 8 MHz only in-
creases the 18 percent speedup to 27
percent. To understand these results
we have to examine the relative

we are comparing.

To explain the small or nonexistent
speedups observed when an 80287
is added to an AT and run with ineffi-
cient code, we have to look at the
relative power of the processor com-
binations at doing floating-point
arithmetic. If we add an 8087 to a PC
and get a factor of 3 speedup, this
tells us that the 8087 does floating-
point arithmetic in hardware three
times faster than an 8088 using soft-
ware. If we now take the same pro-
gram and run it on a machine with a
slower numeric processor and a faster
main CPU, the speedup upon adding
the numeric processor will be less
significant. This is exactly what hap-
pens in the AT. The 80286 is three
times as fast as an 8088 at doing
arithmetic, and this makes the slight-
ly slower 80287 look much less effec-
tive at speeding up programs. A pro-
gram that gives us a factor of 36

speeds of the two processor sets that (continued)
Table 6: The FORTRAN array-manipulations benchmark results for both the PC and the AT
MS FORTRAN ARRAY-MANIPULATIONS BENCHMARK
(kiloflops)
Small Memory Model, Integer+2
IBM PC IBM PC AT
Frequency
of processor 477 MHz | 9.54 MHz| 6 MHz 6 MHz 6 MHz 9 MHz 9 MHz
Frequency
of coprocessor 477 MHz | 9.54 MHz| 4 MHz 6 MHz 8 MHz 6 MHz 8 MHz
Subroutine 1 18.7 32.2 13.9 17.8 20 21 24.6
One dimension
Subroutine 2 5.9 14.4 11.85 14.16 152 17.8 20.4
Two dimensions
Subroutine 3 2.8 6.6 8.4 9.06 9.4 127 13.5
Three dimensions{
Large Memory Model, Integer+2
Subroutine 1 8.3 213 12:5 14.9 16.5 18.9 213
One dimension
Subroutine 2 4.5 11.2 10.7 11.8 12.5 16.1 17.5
Two dimensions
Subroutine 3 1.7 41 55 5.6 5.8 8.2 8.5
Three dimensionﬁ
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PC/FOCUS outloads, outruns, outperforms
and outreports dBase III"" and R:Base™ 5000.

Don’t believe us. Believe National Software
Testing Laboratories of Philadelphia. They proved
PCIFOCUS to be clearly superior to dBase IlI™ and
R:Base™ 5000. Here's how:

Several real-world, business situations were
created to examine each system’s speed and
capability.

Their findings are published in an extensive report
now available to you free of charge. Their results,
as stated by NSTL, showed that...”PC/FOCUS was
faster overall than the other programs tested:”
For example...

Database Loading:

In this test series, database loading time for each
DBMS was measured by loading three transaction
files. Eight separate test runs were conducted, with
PC/IFOCUS averaging 20.2% faster than dBase III}"
and 37.3% faster than R:Base™ 5000.

Database Reporting:

Report requests of various levels of complexity
were run against single and multiple databases.
Eighteen separate test runs were conducted, with
PC/FOCUS averaging 45.2% faster than dBase III[
and 40.0% faster than R:Base™ 5000.

PC/FOCUS

INFORMATION BUILDERS, INC.

RS I City. State Zip I
_-----------------

REPORTING FROM DATABASES
AVERAGE ACROSS 18 TEST RUNS

PC/IFOCUS 100.0

R:Base 5000

223.7

dBase lll | 407.9

There’s more to the study than can be described in
this ad. Lots more tests...and much more proof. So,
we’ve reproduced the NSTL Performance
Comparison in full. To obtain your
free copy, just fill out the coupon
and mail it to Donald Wszolek, Dept.
U9 , Information Builders, Inc., 1250
Broadway, New York, NY 10001.

AP,
er-lm-mance L'umaal'lsnn

Pe Focys
D8Ase
RBASE 4999
Reasg 5009

dBase lll is a trademark of Ashton-Tate.
R:Base 5000 is a trademark of Microrim.

r----------l

| Dear Don;
li I want proof! Please send my free copy of
i “A Performance Comparison’’ to:

Name

Company.

Address

By

New York (212) 736-4433 * Washington, D.C.: (703) 276-9006 ¢ Chicago: (312) 789-0515 e St. Louis: (314) 434-7500 e Dallas: (214) 659-9890
San Jose: (408) 293-6600 © Los Angeles: (213) 615-0735 e Houston: (713) 952-0260 e Boston: (617) 272-8600 e Atlanta: (404) 980-0474
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speedup upon adding an 8087 to a
PC gives us a factor of 12 speedup
upon adding an 80287 to an AT. How-
ever, a program that gives a factor of
3 speedup on a PC gives us a factor
of 1, ie, nothing. For example, the
Savage mark for 1-2-3 showed a
speedup of 36.6 when run on a PC
but only 12.4 when run on an AT. This
rule of a 3-to-1 reduction does not
apply strictly as speedups get small.
For example, Megalopolis evaluated
with 1-2-3 speeds up 100 percent on
a PC but only 39 percent when run
on an AT. Looking at the Symphony
results, we see that the 30 percent
speedup for the PC goes down to 18
percent for the AT

For the Common Subexpression
benchmark the excellent performance
of the 8087 in comparison to the
80287 is a result of the nature of the
code. Because it makes good use of
the stack, in-line code consists most-
ly of internal stack operations. These
operations involve very little 8087 1/O,
and because they execute the fastest
they are also the most affected by the
80286—-80287 interface losses. For the
sake of argument, assume that the
80286-80287 interface takes up 30
percent of the numeric time in a stan-
dard AT running with a 4-MHz 80287.
Doubling the 80287 clock to 8 MHz
would have an effect on the numeric
portion of the cycle only. Since our
assumption is that the interface takes
30 percent, that means the arithmetic
at 4 MHz takes 70 percent. Halving
the 70 percent results in a process
that takes 65 percent as much time
(instead of 50 percent). This is virtual-
ly the result we get comparing the 4-
and 8-MHz columns in table 5 for fast-
running compilers.

Looking at table 4, we finally see an
area where the AT really shines: run-
ning inefficient spreadsheets fast. For
example, while the fastest time for
Savage is Lotus 1-2-3 on a 9.54-MHz
8086/8087 board (4.8 seconds versus
5.1 for the souped-up AT), the fastest
Megalopolis time is on the AT (2.4
seconds versus 3.3 on a 9.54-MHz
8086/8087 board). Comparing Mega-
lopolis run on Symphony, we now see
that the souped-up AT comes in at 3.7

86 -+ Fall 1985 BYTE * Inside the IBM PCs

seconds versus 8.3 for the 9.54-MHz
8086/8087 board. In going from an
efficient spreadsheet to a not-so-
efficient spreadsheet, our souped-up
AT went from a 50 percent advantage
to a 100 percent advantage. Unfor-
tunately for the AT, we had to run the
80286 well out of limits to get the
good times.

The last result was to be expected.
Early in our AT experiences we dis-
covered that the one area in which the
AT shined was in computing indexes
in multidimensional arrays. This is
clearly shown in table 6, which com-
pares three FORTRAN subroutines
that do simple array arithmetic.

The core of the first subroutine has
an inner loop that gets executed a
total of 100,000 times. The operations
performed in the loop include multi-
plication, division, and addition be-
tween members of five single-dimen-
sion arrays. The total arithmetic per-
formed is 500,000 floating-point oper-
ations. Dividing the number of the
operations by the time to perform the
total benchmarks yields the processor
throughput in kiloflops (thousands of
floating-point operations) per second.
The second subroutine is nearly iden-
tical except that it performs the same
sequence on members of two-dimen-
sional arrays. The third subroutine
repeats using three-dimensional ar-
rays. All three routines were compiled
using MS FORTRAN, integer*2 in-
dexes, and the small and large mem-
ory models. The results are similar for
integer*4 indexes but not shown.
Comparing the AT with a PC, we see
that the times for both.machines for
vector operations are nearly the
same, while the AT takes the lead for
the matrix operations and takes a
commanding lead for the tensor oper-
ations. For the small model, these
results can be interpreted as meaning
that the PC and AT are 8087- or
80287-bound for the vector case, but
the PC is index-bound for the matrix
and tensor cases, while the AT is
almost number-bound for the matrix
case and definitely index-bound by
the tensor case. Looking at the large
model, we see that the indexes
dominate the PC execution and are

just starting to dominate the AT vec-
tors, while they definitely dominate
the matrix and tensor operations.
Although we do not show it, the times
for RM/FORTRAN are better. In
general, the souped-up AT fares bet-
ter against the 9.54-MHz 8086/8087
board, tying it for vectors, running 50
percent faster for matrices and 100
percent faster for tensors. These
results are similar to those for Sym-
phony, where the souped-up AT was
100 percent better than a 9.54-MHz
8086/8087 board for running Mega-
lopoilis. In fact, since addressing and
floating-point arithmetic are going on
concurrently in both of these ex-
amples, we can conclude that array
addressing takes twice as long on a
9.54-MHz 8086 as it does on a 9-MHz
80286.

While the work just done suggests
that the AT is superior for matrix
work, that's really not the case. These
benchmarks were written to test the
quality of micro-generated indexing.
In a mainframe FORTRAN it would
have been possible to remain num-
ber-bound through all three subrou-
tines. In addition, hand-coded
routines that use pointers to address
matrices are number-bound for the
9.54-MHz 8086/8087 board and run
faster on it than the AT. While it is not
always practical to rewrite floating-
point programs so that they are really
number-bound, it usually is possible.
If this is done we can make a general
statement: Any problem that can be
cast into a number-bound algorithm
will run fastest on the machine with
the fastest numeric processor. We
make this last statement by deduc-
tion. Numeric processors by defini-
tion are devices that do floating-point
arithmetic faster than the processor
they work with. If a floating-point pro-
cessor were beat by a non-floating-
point processor, then it could hardly
claim to be a floating-point processor.
Therefore, any problem that is bound
by numerics will be solved fastest by
the fastest numeric processor.

The last benchmark typifies the kind
of problem I really wanted to concen-
trate on in this article. For integer+4
indexes, the vector marks are domi-



8087/80287

PERFORMANCE

nated by floating-point operations,
while the matrix and tensor marks are
dominated by the overhead asso-
ciated with computing the addresses
in the matrices and tensors. If we
change to integer=2, we discover that
the vector and matrix times are the
same, indicating that they are both
floating-point-bound and the tensors
bind in addressing. This is the kind of
problem that can be handled well
with analytic techniques, and the abili-
ty to change relative speeds of pro-
cessors provides a nice basis for veri-
fying concepts about throughputs for
processor/coprocessor systems as a
function of the clock speeds and code
being run.

CONCLUSIONS

For number-bound programs, the
fastest computer will always be the
one with the fastest numeric pro-
cessor. This was the case for all the
benchmarks we ran when they were
coded with the most efficient com-
pilers. Unfortunately, if a program is
not number-bound but bound by
other system bottlenecks such as ad-
dressing variables, then the fastest
machine is not always the one with
the fastest numeric processor. Often
problems that appear to be number-
bound turn out to be CPU-bound.
This is especially the case with pro-
grams that do not use native in-line
8087 support.

It was also discovered that the
80286 in the AT was much closer in
numeric speed to an 80287 than the
8088 was to an 8087. In general, this
resulted in a reduction in the speed-
up obtained when an 80287 is added
to an AT. As a rule of thumb, the
80287 speedups observed for an AT
are one-third those obtained when an
8087 is added to the PC. In situations
where programs speed up less than
a factor of 2 on a PC, they can slow
up when run with an 80287, especial-
ly when floating-point comparisons
become an important part of a prob-
lem.

One of the disappointments of the
80287 support is spreadsheets. While
8087 support for spreadsheets is
usually good enough to be worth-

while, adding an 80287 often results
in speedups that are less than 50 per-
cent. This is especially true of the
types of worksheets that many users
like to generate. That's because most
spreadsheets run as interpreters,
which are much less efficient than
native-code compilers. On the posi-
tive side, the 80286 does execute in-

terpreted code much faster than an
8088, and the best times for the huge
sheet, Megalopolis, were turned in by
a souped-up AT running a 9-MHz
80286 with an 8-MHz 80287.

After examining 80287 perfor-
mance we came to the conclusion
that the 8087 is slightly more efficient

(continued)

ONE-STOP ARGnet”
LAN SOLUTIONS

Now you can get all the tools you
need to build industry standard
TOKEN-PASSING networks from
one Source.

InterContinental Micro.

Our networking packages let you
configure any combination of nodes
(PC s and compatibles, ATs, XTs, Jrs.,
Z-100 s) to a common Fileserver in just
a few minutes with our menu-driven
installation program.

Active and passive hubs allow you
to integrate up to 255 users on a single
network with increased efficiency as
the network grows.

In addition, our stand-alone ARCnet™
Workstation/Fileserverand complete line
of S-100 Bus products (single board com-
puters, slaves and controllers) give you
and your customers even more options.

ARCnet is a trademark of Datapoint Corporation.

T .
HH‘H“HIIIIIIIIIIIllllllllllllllllllllll i

Inquiry 95 for End-Users.
Inquiry 96 for DEALERS ONLY.

We're also compatible with other
industry-leading ARCnet PC™ and S-100
products, and our PC networking
boards include an optional 256K of
system RAM.

All with InterContinental Micro's
reputation for outstanding reliability,
exceptional service, and highly com-
petitive pricing.

Call InterContinental Micro today,
or circle the bingo number below for
ARCnet™ LAN solutions.

e/

Intercontinental
Micro Systems

4015 Leaverton Court, Anaheim, CA

92807; Phone: (714) 630-0964
Telex: 821375 SUPPORT UD: Easylink: 62562040.
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than the 80287 for executing well-
written programs. Even our experi-
mental AT turned out to be 40 per-
cent slower than the 9.54-MHz 8086/
8087 board for running number-
bound problems. Extrapolating this
result to future machines, it takes an
11-MHz 80286/80287 to keep up with
the 9.54-MHz 8086/8087 running in-
line code. However, since we are cur-
rently running experimental 9.54-MHz
8086/8087 boards at 12 MHz, it will
really take a 14-MHz 80287 to keep
up. We conclude that for number-
bound applications the 8086/8087
upgrade path is a viable alternative to
80286-based machines and will re-
main so for the next one to two years
and possibly longer depending on the
availability of 8087 upgrades.

With improved 8087s or their equiv-
alent, it is theoretically possible to
achieve floating-point improvements
of up to a factor of 10 over the cur-
rent 8087 without changing the exist-
ing processor/coprocessor interface
or software. Whether or not this will
happen is a function of the large semi-
conductor manufacturers. In their
eyes the 8087 is a niche market, which
may or may not warrant additional
R&D expenditures. From a marketing
standpoint, souping up your com-
petitor’s architecture is not necessarily
good business. However, because the
Intel architecture has now assumed
the stature of a standard, it is fair
game as an aftermarket. In fact, at
least one semiconductor house, NEC,
has an 8087 upgrade in the pipeline

that is supposed to be pin-for-pin- and
software-compatible and a factor of
2 faster than the 8087. The other con-
tenders in this marketplace include
National Semiconductor and Motor-
ola. The late-to-the-market Motorola
68881 runs up to a factor of 7 faster
than a 5-MHz 8087 doing simple
operations and up to a factor of 25
faster doing trigonometrics. The
Motorola part is not pin- or code-
compatible with the 8087. While it
might be possible to glue it into a PC
bus, the overhead would end up elim-
inating a good part of the speed
gained.

If a user is running his or her own
programs and doesn't mind recompil-
ing, there are a number of new
devices coming on the market that
will make it possible to achieve PC
floating-point performance in the 1- to
4-megaflop (millions of floating-point
operations)-per-second supermini
range for about $2000/megaflop. All
of these new devices require the use
of boards, special interface software,
and/or special compilers. The com-
pilers will be trickier than even the
current 8087 compilers because these
new devices perform floating-point
arithmetic about as fast as an 8086
performs an inter-register move. Since
code and data will have to get moved
onto such a board for it to run up to
its potential, it will have to have large
chunks of data and code preloaded
and repetitively used.

An example of the latest generation
of floating-point devices that can be

used to construct a coprocessor is the
Weitek 1164/1165 chip set. Like the
68881, it would have to be glued into
a PC with discrete logic. This pro-
cessor can be memory-mapped and
designed with a high-speed register
cache that holds up to 1000 double-
precision constants or variables. Leav-
ing hot variables in a processor
reduces /0, and, since the instruction
set of this processor includes primi-
tive branches, it is possible to down-
load whole code fragments that will
execute in the coprocessor at very
high speeds. In fact, the Weitek chip
set discussed here is capable of
achieving floating-point throughputs
in excess of 2 megaflops, which is a
factor of 50 greater than an 8087.

In the last three years microcom-
puters have gone from floating-point
speeds of 1000 operations per sec-
ond up to 80,000 operations per sec-
ond. The next three years promise an
explosion in this field with new
players, new devices, and new
methods of organizing floating-point
calculations. The expectation of hav-
ing user workstations whose speeds
are measured in megaflops by the
year 1988 seems quite probable.
Some OEMs are talking about dedi-
cated boards running in microcom-
puters that perform specific opera-
tions such as matrix inversions and
fast Fourier transforms in the 100-
megaflop speed range. While much
of this new technology will be expen-
sive, it will still be very cost-effec-
tive. m

Immediately Available — Large Quantities

The ATI-1000...presented by ATI

IBM AT* Compatible Motherboard
e Up to 640-kb main memory (1Mb on-board optional)

e 81/0 Slots

e Same Dimensions as IBM AT* (12x13 inches)
Suggested OEM price $1,095. (orders of 10 units or more); volume discounts available.
Also available: Power Supplies, Cases and Keyboards.

“IBM AT is a trademark of International Business Machines

New Product
ATI-2000
e 8MHz w/o Wait State e 67% Faster than IBM AT* e Call for price

ATronics International, Inc.
520 Valley Way « Milpitas, CA 95035 e (408) 943-6629 « (408) 263-6533

BIOS
EPROM
e
0236
8 Intel 80287
6to 8 MHz (optional)

system clock
On-board battery
(optional)
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goodreasons
Manager Mouse

Manager Mouse is an
innovation in Mouse technology. A standard RS-232.C
Itis indispensable to many windowing, computer iinriacatmakes
A aided design, graphics, project management and bt e
A\ word processing programs. Its unique independent these computers.
.\ suspension® system delivers smooth, skip-free IBM PC," PC-XT,"
{ performance on any surface, at any angle with PC-AT™ and PC Portable™
| precise control. It piugs directly into your computer s bl
*  without any external power supply and requires L el
no special tablets or pads. It’s totally portable. ATT 6300™
Take it with you in its travel pouch anywhere in ~ Eagle PC!* PC Plus"
the world. Spirit™
Manager Mouse’s enclosed drive mechanism Ericsson™
y makes for carefree maintenance as well. Manager Columbia™
Mouse is designed for use with IBM PC;"XT,™ AT ™ ‘Cotona™

TI Professional ™
DEC Rainbow 100™
ITT Extra™

Datavue 25™

and a growing number of compatible personal
computers, as well as an ever increasing list of
software. It comes with its own TMouse ™ software,

a comprehensive user's manual and technical Sperry PC™
4 reference data, a six month limited warranty, and Leading Edge Model D"
~ aprotective travel pouch. Model M™

*Patent Pending — i Morrow Pivot™
e Televideo 1605™
Tandy 1000;* Tandy 1200 HD "
; Tandy 2000™
Panasonic Senior Partner,"
Executive Partner™
Burroughs ET-2000™
" Kaypro™

*Please check the type of
connector on your computer's
serial card to be sure to buy
the right Manager Mouse for
your computer.

TORRINGTON

Part of worldwide Ingersoll-Rand

59 Field Street
Torrington, CT 06790

y  Inquiry 202

Call 1-800-982-0030 for your nearest dealer.

IMB PC, PC-XT, PC-AT and PC Portable are trademarks of International Business Machines; COMPAQ
Portable, Plus, 286 and DeskPro are trademarks of Compaq Computer Corp.; ATT 6300 is a trademark
of AT&T Information Systems: Eagle PC, PC Plus and Spirit are trademarks of Eagle Computer, Inc.;
Ericssonis a k of Ericsson ) Sy ;Columbia is a trademark of Columbia Data
Products, Inc.; Corona is a trademark of Corona Data Systems, Inc.; T| Professional is a trademark of
Texas Instruments, Inc.; DEC Rainbow 100 is a trademark of Digital Equipment Corp.; ITT Extra is
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Sperry PC is a trademark of Sperry Corp.; Leading Edge Model D and Model M are trademarks ol
Leading Edge Products, Inc.; Morrow Pivol (s a trademark of Morrow Designs, Inc.: Televideo 1605

1s a trademark of Televideo Systems, Inc.; Tandy 1000, Tandy 1200 HD and Tandy 2000 are
trademarks of Radio Shack; Panasonic Senlor Partner and Executive Partner are trademarks of
Panasonic Consumer Products; Burroughs ET-2000 is a trademark of Burroughs Corp.: Kaypro Is
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INSIDE THE IBM PCs

MOVING
FROM THE 8088
TO THE 80286

Important differences you need to know

to make your programs transportable
by ¥
WILLIAM ]. CLAFF

THIS GUIDE to writing assembly-language code for the IBM PC family pays
particular attention to the impact of the 80286 on current programming
methods. With the growing number of 80286-based machines, including
the IBM PC AT (and probably the anticipated IBM “"PC2"), the differences
between the 80286 and the 8088 become quite important to the software
developer. This is especially true when multitasking and multiuser operat-
ing systems acquire a larger installed base. These differences also highlight
the ever-present need to structure programs for change.

This article is not a primer. It assumes that you are familiar with assembly-
language concepts and does not cover the expanded instruction set of the
80286 or how to write systems software. Its primary aim is to acquaint you
with the specific differences between the 80286 and the 8088. It also at-
tempts to convey that change is inevitable and programs must be struc-
tured accordingly.

Since the 80286 is a superset of the 8088, let's review that chip first and
then cover those features of the 80286 that are important to applications,
as opposed to systems, programmers.

THE 8088 MICROPROCESSOR
Figure 1 shows an elementary block diagram of the 8088. This processor
has two separate processing units: the execution unit (EU), which executes
instructions, and the bus interface unit (BIU), which is responsible for the
8088's communication with the outside world. The EU provides a logical
address to the BIU, which translates it into a physical address. This transla-
tion, called the physical-address computation, uses two 16-bit quantities:
a segment register and an offset. The notation used for logical addresses
is segment:offset. The segment registers (parts of the BIU) are code segment
(CS), data segment (DS), stack segment (SS), and extra segment (ES). The
offset is usually supplied by the EU.

To compute the physical address, the 8088 shifts the segment register
left 4 bits and adds the offset in the BIU’s dedicated adder, . Segments are

(continued)

William ). Claff (7 Roberts Rd., Wellesley, MA 02181) is manager of special projects
for Spinnaker Software Corporation. He has also run his own microcomputer retail and
consulting business since 1978. Mr. Claff holds an M.S. in applied mathematics from
Harvard University.
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FROM 8088 TO 80286

For increased
efficiency, the BIU
pipelines bytes.

64K-byte relocatable pieces of the
I-megabyte physical-address space.
They are located on 16-byte bound-
aries called paragraphs. Since assem-
bly-language programs are written in
logical segments, the placement of
these segments in memory is a func-
tion of the linker and DOS. They can
be overlapped, contiguous, or dis-
jointed.

The address of the next instruction

to be executed is CS:IP (code seg-
ment:instruction pointer). For in-
creased efficiency, the BIU pipelines
bytes (prefetches them and puts them
into a queue). To facilitate this calcula-
tion, the instruction-pointer register is
kept in the BIU.

The EU contains eight 16-bit reg-
isters, any of which can be used in
computations. Four of these registers
comprise the data group. They are the
accumulator (AX), base (BX), count
(CX), and data (DX) registers. The
8088 can also access the high and low
8 bits of each data register. The two
halves of the accumulator register, for
example, are AH (accumulator high)
and AL (accumulator low). The
respective halves of the BX, CX, and

DX registers are similarly named.

The next two general registers, the
stack pointer (SP) and the base
pointer (BP), constitute the pointer
group. These registers manipulate the
stack. When a subroutine is invoked.
SS:SP (stack segment:stack pointer)
stores the return address on the stack.
SP points to the top of the stack and
BP to the base. SP is automatically
decremented by calls and incre-
mented by returns. The stack is also
used to pass subroutine parameters.
BP accesses these parameters.

Two other general registers, the
destination index (DI) and the source
index (SI), make up the index group
and are used primarily in string opera-
tions. Two segment registers are re-

AX AH AL
BX BH BL
CX CH CcL
DX DH DL
GENERAL
REGISTERS
SP
BP

ADDRESS BUS
(20 BITS)

(8 BITS)

EXECUTION UNIT

(EU) (BIU)

BUS INTERFACE UNIT

cs
DS
ss
ES
P
INTERNAL
A Bl — COMMUNICATIONS —
: B RS REGISTERS P
G Tl RO CONTROL @iﬂ 5; £os
(16 BITS) i LOGIC
| &
M |
| ig;
|
| o
| @& INSTRUCTION
| @ QUEUE
EU ~ asBus |
CONTROL | . 1 3 | a
SYSTEM (8 BITS) |
|
|
|
|
|
|

Figure 1: An 8088 elementary block diagram (see reference 1).
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quired to perform moves or compar-
isons on memory more than 64K
bytes apart. This is why there is an ES
in the BIU in addition to the DS. The
destination in a string operation is
always ES:DI (extra segment:destina-
tion index).

Many of the registers in the EU have
special uses. Table | shows these
registers and their uses.

8088 ADDRESSING
The EU generates an effective address
(offset) using one of several methods
called addressing modes. An effective
address has one or more of the
following: base, index, and displace-
ment. A base can be BX or BP; an in-
dex can be either Sl or DI; and a dis-
placement is a 16-bit signed number.
If you do not specify a segment reg-
ister, the 8088 uses the DS register.
If you specify the BP register as the
base, it uses SP as the segment reg-
ister. Supplying a segment register
other than the default is called using
a segment-override prefix. However, you
cannot override the IP, SP, or DI reg-
ister in string operations. Figure 2
shows how the various addressing
modes in the EU and the BIU com-
bine to form the physical address.

8088 INTERRUPTS

The 8088 does not distinguish be-
tween interrupts invoked by the as-
sembly-language instruction INT and
those generated by the hardware.
There are 256 interrupts, vectored
through a table of double words
found at location 00000:00000 hexa-
decimal. Each double-word entry in
the table corresponds to the CS:IP of
the subroutine that the interrupt in-
vokes. The 8088 uses interrupts 000
through 004 hexadecimal for the
following errors: divide by zero, single
step, nonmaskable interrupt, break-
point, and overflow.

THE 80286 CENTRAL
PROCESSING UNIT

Figure 3 shows an elementary block
diagram of the 80286. This processor
has four separate processing units:
the EU, the bus unit (BU), the instruc-
tion unit (IU), and the address unit

Table 1: The 8088's implicit use of general registers (see reference 1).

Register Operations
AX Word multiply, word divide, word 1/O
AL Byte multiply, byte divide, byte I/O, translate, decimal arithmetic
AH Byte multiply, byte divide
BX Translate
CX String operations, loops
CL Variable shift, variable rotate
DX Word multiply, word divide, indirect 1/O
SP Stack operations
| String operations
DI String operations
_SINGLE INDEX DOUBLE INDEX -
T
OR OR OR
IN THE OR =
INSTRUCTION EU
OR
\C EFFECTIVE
¥ S Y, ADDRESS
EXPLICIT
o G oo e
INSTRUCTION
(
OR
ASSUMED
UNLESS OR
OVERRIDDEN
OR
(*5‘ E 0000 —L=(3)
| ENEE

Figure 2: The 8088 memory-address computation (see reference 1).

(AU). The 80286 operates in either
real-address mode or protected
virtual-address mode (protected
mode). Bits in a new register, the
machine status word (MSW), control
the processor mode. The machine
status word also activates a feature of
the 80286 that allows for the emula-
tion of coprocessors such as the
80287. Let's examine the components
as they operate in real-address mode
first.

The IU is a further refinement of
pipelining. The BU prefetches up to
6 bytes of instructions; however, in-

stead of being decoded by the EU as
in the 8088, the U decodes them in
parallel execution with the EU. This im-
proves the speed of the 80286 but
has no impact on programming.

The 80286's BU and AU operate in
essentially the same way as the 8088's
BIU does. Specifically, the AU calcu-
lates the physical addresses in the
same manner.

80286 EXECUTION UNIT

While the EU executes a superset of

the 8088 instruction set, some instruc-
(continued)
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80286 MEMORY-MANAGEMENT SYSTEM

I n designing the 80286 in 1982, Intel
implemented what most of us think
of as virtual memory. But how does it
work? Quite simply, a virtual-memory
system takes the address of a memory
request from a processor and trans-
lates it to reference a location in RAM
(random-access read/write memory).
The translation from the logical ad-
dress to the physical address is per-
formed by dedicated hardware. The
logical-memory space can be smaller
than, the same size as, or larger than
the physical-memory space.

Let's illustrate with the 8086 family
of processors. First, the 8086 has a
physical-address space of 1 megabyte,
but a logical-address space of four 64K-
byte segments, or 256K bytes. There-
fore, we are mapping a smaller logical-
address space onto a larger physical
one. Whenever the 8086 executes an
instruction that accesses memory, the
base address in the desired segment
selector is added to the offset from the
instruction. The segment selection is
either explicitly specified or implied by
the instruction executed. The resulting
20-bit address is placed on the system
bus as the address of the operation.
The map function is simple in the case
of the 8086: Take the segment selec-
tor, multiply by 16, and add that to the
offset to give you the physical address.

When the total logical-address space
is larger than the physical-address
space, part of the data is stored out-
side of physical RAM, usually on a disk
or drum store. The memory system
then needs to know what locations are
present in physical RAM. When the
memory system cannot find a re-
quested location, it generates an inter-
rupt to the operating-system software.
The operating system then takes cor-
rective action, usually by loading the
desired data from disk into physical
RAM. This is called “swapping.’

High-performance mainframes use
two or more levels of memory. The first
level is very fast—10-nanosecond ECL
(emitter-coupled logic) cache RAM—
and very expensive. The second level
is slower—400-nanosecond NMOS
(negative-channel metal-oxide semi-
conductor) RAM—and much less ex-

BY STEVE SATCHELL

pensive. The third level is disk. which
is very cheap in comparison to the cost
of the ECL RAM.

Most modern virtual-memory sys-
tems also implement access checking.
When the program requests access to
a memory location, the memory hard-
ware makes sure that the access is
valid. Customary tests are for read ac-
cess, write access, and instruction fetch
(execute access). The 8086's virtual-
memory system does not have any form
of access checking at all.

TYPES OF VIRTUAL-MEMORY
SYSTEMS

NONMAPPED MEMORY: The simplest
memory system has identical logical
and physical addresses. The translation
is fixed by design. You wouldn't call this
a virtual-memory system, but it is a
very basic form of one. The 8080 and
8085 are good examples of this
scheme. A given logical address always
references the same RAM location,
regardless of the state of the processor.
PAGED MEMORY: Early designers first
increased the amount of physical mem-
ory on a system by setting aside a
block of logical memory and mapping
two or more physical blocks—called
banks—into that one logical space. This
enabled systems to grow above the
limited address space and was usual-
ly used for multiuser systems. Then the
designers defined multiple blocks that
allowed two or more banks to be
mapped in at the same time. You could
then move data from one bank to an-
other instead of switching banks all the
time.

If you carry this process to its in-
evitable conclusion, the designer
defines a set of pages, all the same
size, in both logical and physical space.
The system maps logical pages into
physical ones using a table. The logical
address is then broken into a page
selector and an offset. The address-
translation hardware replaces the page
selector with the upper n bits of the
physical-page address and passes the
offset through as is. This then becomes
the physical address.

Fitting new processes into a paged
memory system is relatively easy since

the operating system doesn't have to
find a block of memory big enough to
hold the process; it must only collect
enough pages to satisfy the space re-
quirements for the program. Need to
add memory for the program? Get an-
other page.

Such a system also allows limited
data sharing, especially if access check-
ing is implemented. If you have multi-
ple users of the same program, you
can save time and RAM by having
everyone use the same copy. Then you
need one set of pages to hold the pro-
gram and a small working set of pages
for each user’s data.

The main problem with paged mem-
ory is wasted RAM. If you have many
programs and each program is not op-
timized to fit exactly in one or more
pages, you lose on the average half a
page per program. If you choose too
big a page size, the losses mount rapid-
ly. If the page size is too small, you in-
crease the size of the mapping table,
thus increasing system cost and de-
creasing system reliability.
SEGMENTED MEMORY: You can also
vary the size of each memory area to
fill your needs. As a minimum, you
need to know the segment’s physical
starting address. Some segmented
memory systems use a portion of the
logical address to select the segment
(as in the paged system) while the re-
mainder defines the offset within the
segment. Others, like the 8086 and the
8088, keep the segment specification
separate from the rest of the logical ad-
dress. In reality, the 8086 doesn't have
a 16-bit logical address; it has an 18-bit
one: 16 bits of offset and 2 bits of seg-
ment specification.

Systems with access checking also
carry the size of the segment to be
sure that the access request is within
bounds; if it is not, the operating
system is informed.

Since the segment is only as large as
it needs to be, you can tightly pack
RAM with code and data. However, in
multiuser systems, programs come and
go with great frequency. so you can
end up with a lot of chunks of free
memory too small to use.

If you don't have enough contiguous
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space for a new program, you need to
garbage-collect your RAM to gather
those chunks of unused memory
together and readjust the segment
definitions accordingly. This is a time-
consuming process and, if done fre-
quently, can really kill system through-
put. Sometimes, however, it can mean
the difference between a system that
runs and one that doesn't.

THE 80286 MEMORY MODEL

The 80286 implements segmented vir-
tual memory by using in-memory
tables that contain copies of informa-
tion about segments currently in use
on the RAM chips. Each memory seg-
ment has associated with it a descrip-
tor containing the segment’s physical-
memory base address, its length in
bytes, its access restrictions, and two
bits for memory systems that swap
segments in and out, present and ac-
cessed. Whenever the system loads a
selector into a segment register, it
saves the old descriptor and loads the
new descriptor from memory into the
80286.

These descriptors are grouped into
tables, which are described by higher-
order descriptors. There is one descrip-
tor table for each task in the system
and a global descriptor table as well.

The actual implementation involves
a chain of memory segments and
tables. For complete information on
how these work, see reference 4.

EFFECTS ON OPERATING
SYSTEMS AND APPLICATIONS
Operating systems and application pro-
grams are sensitive to the environment
in which they run. Since the memory
system for the 80286 protected mode
differs significantly from the memory
system for the 8086, there are some
effects.
MS-DOS: MS-DOS was developed
specifically for the 8086 family of pro-
cessors. Microsoft tended to ignore the
Intel guidelines for program structure.
Intel developed these guidelines to
minimize the pain of upgrading from
one processor to the next, such as
from the 8086 to the 80286.

Further, for the sake of speed many

applications were written in assembler,
instead of in high-level languages like
C or Pascal. This means that you must
examine your code and, where you
made use of specific details of the
8088/8086, modify that code to run in
the 80286 environment. High-level
language programs require con-
siderably less modification.

The operating system is most af-
fected by the 80286's new design. MS-
DOS must be extensively modified to
run in the protected environment, even
for single-user, single-task work. The
tables required to let programs run in
protected mode must be set up, mak-
ing it difficult for existing programs and
MS-DOS to move into the 80286's pro-
tected environment. Since most soft-
ware changes required by the 80286
center on the operating system, it
could mean a complete rewrite.
UNIX: The 80286 was developed with
UNIX in mind, and many of its features
are appropriate to a UNIX kernel. The
80286 is best suited to UNIX tasks that
are small and numerous, as opposed
to gigantic programs, since the 64K-
byte-per-segment restriction is still
present with the 80286.

The IBM PC AT, however, is a single-
processor machine with no easy
method of inserting additional 80286
processors. Coprocessors cannot use
the PC AT system RAM directly. This
means the AT must remain as a high-
end, single-user and low-end, multiuser
machine. Most serious UNIX machines
use one processor for applications pro-
grams and one or more for 1/O (input/
output). For example, the Sun Micro-
systems 2/120 system uses a 68000
microprocessor for computation and
at least one 80186 processor for 1/O
functions.

GRAPHICS, SCIENTIFIC APPLICA-
TIONS: Graphics applications and the
80286 are not suited for each other. I'm
not talking about Lotus 1-2-3 pie charts,
but CAD (computer-aided design), pic-
ture processing, and windows on large
displays. These graphics applications
require large arrays to store and
manipulate the information they need.
Just to display 1024 by 1024 dots in
256 colors requires | megabyte of dis-

play memory alone!

Scientific processing must also take
a back seat, since some statistical
algorithms require very large arrays.
Currently, the systems using the
Motorola 68000 family—such as the
Macintosh and the AT&T UNIX PC—
and the National Semiconductor
32000 family are better suited to those
tasks.

INTEL 80386 vs. 80286

The 80386, Intel's second 32-bit micro-
processor, is forthcoming. Unlike the
iAPX 432, the 80386 will build on the
concepts started with the 80286 and
add some more interesting capabilities.

If you combine the two different
methods of implementing virtual mem-
ory, segmented and paged, you can get
the best of both worlds. Segment
descriptors carry all the access-
checking information, and it is easier
to swap fixed-size pages to and from
disk. If a page-modified or “dirty” bit
is assigned on a page basis, you don't
need to swap out an entire segment
just because you changed one word:;
you can just swap the page.

Limited garbage collection is much
easier with this combined memory
scheme, since you only need to manip-
ulate parts of pages instead of entire
segments; this is especially true if a
segment starts in the middle of a page.
Full garbage collection is just as
tedious, however, since you need to
move data around in all the pages of
the segment.

Intel has shown plans to implement
a combined segmented and paged
virtual-memory system on the 80386
that is upward-compatible from the
80286 system. Segments carry access
restrictions just as they do on the
80286, but a paged system makes
memory allocation and deallocation
easier. Instead of swapping segments,
you have your choice of swapping
pages, segments, or scme combination
thereof.

Stephen Satchell is the owner of Satchell
Evaluations (16 Searing Ave., Morristown, N|
07960). He has spent 12 years in computer
product development and evaluation.
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tions operate slightly differently, pos-
ing a compatibility problem. These
differences are summarized as follows
but are of no consequence in most
applications programming:

e Shift counts are masked to reduce
the maximum instruction time. The CL
register is masked when it is used as
a shift or rotate count.

e PUSH SP works differently. Due to
protected mode, the value of PUSH

SP is different on the 80286. If this
is important, you should use the
following instructions:

PUSH BP
MOV~ BPSP
XCHG  BPJSP]

e Flag word has a different value. The
upper 4 bits of the flag word are 1111
on an 8088 and 0000 on an 80286
operating in real-address mode.
(Note: This provides a way of telling

these processors apart program-
matically.)

e Quotients of 80 or 8000 hexadeci-
mal are possible.

e Divide error is restartable.

® Segment wraparound causes excep-
tion D hexadecimal.

e External interrupt handlers cannot
be single stepped. The priority of the
single-step interrupt has been
changed. This keeps an external inter-
rupt from being single-stepped if it oc-
curs while single-stepping through a

program.
Table 2: The 80286's predefined interrupt vectors (see reference 3). ® [nterrupts can occur after MOV/
POP DS/ES. The 80286 only ignores
00 Divide-error exception interrupts after a MOV/POP SS
01 Single-step interrupt instruction.
02 Nonmaskable interrupt ® Do not rely on NMI (nonmaskable
82 IE:\Jr%kzmtm tmgarmptﬂ y interrupt) interrupting the NMI
ElteilEle HOMCllle S e altleln handler. The 80286 disables NMI and
05 Bound RANGE exceeded exception t : : f
06 Invalid op-code exception proces;qr-ex S mterrupts. 3 t.er
07 Processor-extension not-present trap recogmzmg an NMI: they remain dis-
08 Double protection exception abled until the first IRET is executed.
09 Processor-extension segment overrun exception ® Place a far jump at FFFFO hexadec-
Og Task segment format exception imal. The 80286 starts execution at
0 Segment not-present exception FOOO:FFFO hexadecimal as opposed
oC Stack under-/overflow exception to FFFF:0000 for the 8088
0D General protection exception E ; . 4
OE-OF Reserved ® Do not dgphcate‘ prefl?(gs. The
10 Processor-extension-error interrupt prefetch and instruction unit impose
1-1F Reserved a 10-byte instruction-length limit that
you can reach only if you code redun-
dant prefixes.
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Figure 3: An 80286 internal block diagram (see reference 2).
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FROM 8088 TO 80286

® Do not use undefined op codes, in
particular POP CS or MOV CS,0p or
POP/PUSH mem with undefined
encodings.

® Self-modifying code may not work.
Since the 80286 can prefetch further
ahead, you should jump to self-
modifying code. (Note: Self-modifying
code will not be compatible with the
80386 microprocessor.)

® The numeric-exception handler
must use interrupt 10 hexadecimal.
® The numeric-exception handler
must allow for prefixes.

e The numeric-exception handler
must not use the 8259A-chip INT
signal.

e FNDISI| and FDISI do not disable
numeric interrupts.

® Do not perform /O (input/output) to
ports F8—FD hexadecimal.

® Avoid operations that the iAPX 286
may restrict to ensure system integri-
ty, low interrupt latency, or low bus-
request latencies (for example, shift/
rotate with shift count greater than 31,
locked CMPS/STOS/SCAS/LODS, ST,
CLI, HALT, and I/O instructions).

® Do not rely on the value pushed
onto the stack by PUSH SP.

® Do not rely on processor instruc-
tion-execution times.

80286 INTERRUPTS

Another difference between the 8088
and the 80286 operating in real-
address mode is in their handling of
interrupt vectors. Table 2 lists the
80286's predefined interrupt vectors.
These new interrupt vectors would not
be a problem if IBM had avoided
using Intel's reserved interrupts in de-
signing the PC. For example, a pro-
cessor-extension error (interrupt 10
hexadecimal for the 80286 in table 2)
causes a random video interrupt (the
IBM PC's use of interrupt 10 hexadec-
imal) to occur. These new interrupts
are unlikely to occur in real-address
mode, and you can trap them in pro-
tected mode, so this may not turn out
to be as great a problem as it appears.

PROTECTED MODE

Examination of the processor com-
ponents as they operate in protected
mode brings the most significant dif-

ference between the 8088 and the
80286 to light. Since most 80286-
based systems are currently operating
in real-address mode, this difference
has not yet become a major problem.

Figure 4 shows the complete 80286
register set when operating in pro-
tected mode. There are several new
registers, some of which are not pro-
grammer accessible. In protected
mode the AU provides full memory
management, protection, and virtual-

sets up operating-system control
tables in memory that describe all of
the machine’s memory, and then the
hardware enforces the information in
these tables.

The 80286 extends the 8088's 16-bit
segment registers into 64-bit segment
selectors by appending a 48-bit seg-
ment descriptor taken from a descrip-
tor table that uses the segment
register as an index. Using the seg-
ment descriptor to hold this informa-

memory support. To do this, the AU (continued)
707, 0 15 0
SARATR Ea }MULTIF‘LY DIVIDE F FLAGS
170 INSTRUCTIONS INSTRUCTION
px | oH | pL 1P Bt
LOOP SHIFT MACHINE STATUS
©¢ || Sk RelE REPEAT COUNT MEH WORD
Bx| BH | BL
BASE REGISTERS STATUS AND CONTROL REGISTERS
BP
Sl INDEX REGISTERS
o STRING POINTERS
sP }STACK POINTER
15 0

GENERAL DATA REGISTERS

SEGMENT REGISTERS

(LOADED BY PROGRAM) (CPU LOADS THIS

ACCESS SEGMENT SEGMENT
SEGMENT SELECTORS RIGHTS BASE ADDRESS SIZE
7 023 015 0
CS
DS
SS
ES
15 0 47 40 39 16 15 0

SEGMENT DESCRIPTOR CACHE REGISTERS

EXPLICIT CACHE, WHICH

IS INVISIBLE TO PROGRAMS)
ACCESS SEGMENT SEGMENT
SEGMENT SELECTORS RIGHTS BASE ADDRESS SIZE
15 0 7 0 23 015 0
TR
LDTR
GDTR
IDTR
47 40 39 16 15 0

(REGISTERS LOADED

BY O0S AND CPU) IS INVISIBLE TO

TASK REGISTER AND DESCRIPTOR

(CPU LOADS THIS EXPLICIT CACHE, WHICH

PROGRAMS)
TABLE REGISTERS

Figure 4: The full register set for the 80286 (see reference 3).
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FROM 8088 TO 80286
T 4 : tion is called an explicit cache. This is
————— T more efficient since the indexing takes
INDEX T | RPL place only when you set the segment-
e SR Shein g R SRR [ R e | register value, rather than each time

Figure 5: The format of a selector, where T1 means table indicator and RPL means
requested privilege level (see reference 4).

7 07 0
T

RESERVED FOR iAPX 386 +6
MUST BE ZERO

P DPL 1 |o|ep|fwla BASE 53_1¢ +4
1

BASE15_¢ +2

LIMIT 0

Figure 6a: Data-segment descriptor, where P means present bit; DPL, descriptor
privilege level, ED, expansion direction; W, writable; and A, accessed (see reference 4).

7 07 0
T

RESERVED FOR iAPX 386 %6

MUST BE ZERO

P DPL 1 1 c R A BASE 23-1¢ +4
!
BASE15-0 +2
LIMIT 0

Figure 6b: Executable-segment descriptor, where P means present bit; DPL, descriptor
privilege level; C, conforming; R, readable; and A, accessed (see reference 4).

7 Q=7 0
1
RESERVED FOR iAPX 386 +6
MUST BE ZERO
T T
P DPL 0 0 0 TYPE BASE 23-1¢ +4
I |
BASE15-0¢ +2
LIMIT 0
|

Figure 6c: System-segment descriptor, where P means present bit and DPL, descriptor
privilege level (see reference 4).
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you use it.

Figure 5 shows the format of the
selector. The requested privilege level
refers to reducing the privilege level
required to access a particular seg-
ment. The table indicator lets you
choose between using the global
descriptor table (GDT) and the cur-
rently active local descriptor table
(LDT). There is only one global
descriptor table; it is established
when you enter protected mode. The
currently active local descriptor table,
if any, is a segment within the global
descriptor table. The 14-bit index por-
tion of the selector and the 16-bit off-
set combine to allow a I-gigabyte
logical-address space.

Descriptor tables are segments and
can contain up to 8192 8-byte descrip-
tors. There are four types of descrip-
tors: data-segment, executable-seg-
ment, system-segment, and gate.
Figures 6a through 6d contain the for-
mats of these descriptors.

Data-segment descriptors contain
system or application data including
stacks. Executable-segment descrip-
tors refer only to segments that con-
tain instructions. System-segment
descriptors contain data structures
that are recognized directly by the
hardware such as the descriptor
tables themselves. A gate descriptor
provides a pointer to an exported en-
try point. The call gate offers an ad-
ditional level very much like a soft-
ware interrupt. A particular call gate
can represent the entry point of an
operating-system function by number
so that no explicit binding of ad-
dresses is required.

The present bit (P) and the accessed
bit (A) are used in implementing vir-
tual memory. The other bits hold pro-
tection and privilege information of
interest if you are writing operating
systems. The 24-bit base address for
a segment means that the 1-gigabyte
logical-address space is mapped into
a l6-megabyte physical-address
space. The 16-bit limit means that
segments in the 80286 address space
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can be less than 64K bytes. 7 07 0

There is also an interrupt-descriptor B
table (IDT). This makes it possible for Ziiﬁ”éi“’ziﬁﬁ R i
different tasks in a multitasking en- . T = P
vironment to have their own interrupt P DPL ol ol 1 TYPE e WORD COUNT o
handlers. This table is conceptually . i ST EhLRERE YEEE
like the real-address mode vector
tables except that the entries are DES TN A g BELEGTOR e eRle
descriptors and not double words. In- '
specting or changing interrupt vectors DESTINATION OFFSET 0
in protected mode is necessarily an OB e
operating-system function.

DIFFERENCES

The different view of memory that
each of these machines takes implies
several rules for programming on the
80286.

® Since segments can be less than
64K bytes, keep all references within
the logical-segment boundary. For ex-
ample, do not use a label at the end
of a data segment as if it were the off-
set to free memory.

e Keep all data and code references
within logical-segment boundaries
and consistent with the segment'’s
attributes.

e Do not rely on the iAPX 86 relation-
ship between the value in a segment
register and the selected physical
memory. Programs should be as in-
dependent of the physical-memory
address in which they reside as pos-
sible.

® Do not write self-modifying code.
® Do not use overlapping segments.
e Do not store temporary values in
segment registers.

® Use intersegment calls to invoke
operating-system functions.

CONCLUSION

By applying good programming tech-
niques and by paying attention to the
differences between the 8088 and the
80286, you can greatly simplify the
writing of easily transportable pro-
grams. As microcomputers become
more complicated, proper program-
ming structure and practice become
more important. You should write
modular programs that use operat-
ing-system-provided facilities as heavi-
ly as possible. For the 80286 this is
especially true of memory manage-

Figure 6d: Gate descriptor, where P means
level: and X, not used (see reference 4).

present bit; DPL, descriptor privilege

ment and 1/0 facilities. Many software
developers have already adopted this
approach because it results in “well-
behaved” programs in the IBM Top-
View and Microsoft Windows environ-
ments. Your modifications are more
likely to be localized and well defined
if you take this approach. m
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PC-AT COMPUTERS CAN GROW UP!

WINCHESTER STORAGE
WITH OPTIONAL BUILT-IN
TAPE OR LASER OPTICAL
DISK BREAKS 32mb
BARRIER!

==
==

FREE il

Installation thru 12/31/85 _._.ADD 8 INCHES OR MORE!

*some restrictions apply

Mainframe: NMS mass storage,disk, tape back up, and laser optical memory systems
provide economical, compact, and high performance disk storage with capacities of 84mb,
168mb, 335mb, 474mb, and 689 mb. Each controller supports any combination of two
disk capacities, up to 1,300 megabytes!

Performance: Access times of 17 milliseconds and data rates of up to 2.4 mb/sec...Fast!
Leading Edge: Single board SMD/SCSI disc/tape/laser optical controller, occupies
only one slot while supporting two SMD disks and your tape or laser optical memory
too! NMS systems utilize Winchester technology exclusively made by Fuijitsu...including
Fujitsu model 2333 and new 2361.

Laser Optical: Your choice of 400 mb, or 1000 mb of removable, fast, laser optical, read-
write, storage.(NMS 007 series).

Tape Back-up: NMS provides ANSI-IBM format ¥z inch tape systems and 60 mb of file-
by-file/streamer ¥ inch cartridge tape systems. (NMS 9000 and PC.25 series).
Networks: Compatible with most major networks, NMS storage systems are the highest
performing file servers available...reliable too with 60,000 MTBF!

Warranty: Controller...24 months (RTV), and 12 months (RTV) all other system parts.

Don’t settle for 5V4 inches
when you can get eight!

National
Memory =%

Systems ===
CORPORATION y

National Memory Systems Corporation
355 Earhart Way, Livermore, CA 94550

TWX 9103866606
TELEX 821892NMSUD

(415) 443-1669
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Discover what 60,000

It takes morethan alow price to keep customers
satisfied. It takes the service and support
from the Staff of Qubie’.

Don is part of a team of
technical support people
who can answer ques-
tions, after you buy. All of
our products come with an
easy-to-understand

user's manual. And don't
worry about getting lost
during installation, Don is
as close as your phone. If
you should have a prob-
lem, our 48 Hour Turn-
around on warranty
repairs insures you'll be
back up in no time.
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Kellie is just one of a dozen
people who can answer
your questions about any
of our products. She can
explain our exclusive
money-back No Risk
Guarantee and extended
warranty Preferred Cus-
tomer Plan. All of our
products include a one
year limited warranty.
Besides explaining and
answering, Kellie can also
take your order.

Chuck is the guy respon-
sible for the Order Today,
Shipped Tomorrow
promise. He controls a
small army of product
testers and order packers.
And Chuck’'s crew of bill-
ing clerks won't charge
you extra for UPS surface
freight and insurance or
credit cards. If you're in a
hurry, 2-day UPS service
is available.

HARD DISK

SUBSYSTEMS

PC20 (Internal) $599

PC20E (External) $749

With Spooling Tape Backup, Add $400

20 Megabyte Capacity ¢ Boot
From The Hard Disk -- No
Software Patches Or Drivers
To Install ¢ Runs All The
Popular Software -- DOS 2.0
Or Later ¢ Low Power Con-
sumption ¢ 5 1/4” Controller
Card ¢ High Reliability And
Durability -- Specially Plated
Drives ¢ Faster Access Time
Than XT -- Changeable
Interleave Value ¢ Full Height
And Half-Height Bezels o
Includes Cables, IDIR
*Visual Shell” and
ZyINDEX "Infto Searcher”
Software

External Model (PC20E)
Includes Case And Power
Supply ¢ Auxiallary Power

Supply For Internal Model
(PCPWR) Available




PC owners now know

"“The user manual is
the best written and
organized of those
reviewed...its

bargain basement
price, excellent doc-
umentation,

drive replacement
policy, and changeable
interleave, may be the
best deal going.”’

PC WORLD

August 1985

“‘Perfect for anyone
wanting to get XT per-
formance without
paying the price.”’

PC WEEK

September 25, 1984

ENHANCED KEYBOARD
f{5161 $159

Solid-State Capacitive Key
Switches ¢ Familiar Key
Legends ¢ Keys Give Tactile
Feedback ¢ Extra Wide
Return Key ¢ Finger Homing
Bumps On Home Row Keys ¢
LED Indicators On All Lock
Keys ¢ Separate Cursor Con-
trol Cluster ¢ 3-Position
Height Adjustment ¢ Left
Hand “Control” Key Is
Adjacent to The “A” Key o
Clustered Function Key Row
e Sturdy Coiled Cable
PlugsInto PC,PC/XT,PCAT
or Compaqg Deskpro

SPOOLING TAPE BACKUP
BT/SP10E $499

Handy Portable Case ¢ Uti-
lizes Self-Threading Tape
Spools Which Hold Up To 10
Megabytes Each ¢ Includes
Cable And Software That
Allows You To Backup
Larger Drives Requiring
Multiple Tapes ¢ Plugs Into
Rear Of Floppy Drive Con-
troller e Can Be Accessed Like
A Floppy Drive ¢ Tape Reels
($12.95 Each Or 6 For
$59.95)

CARTRIDGE TAPE BACKUP
BT60 Streamer $895

Utilizes Standard DC300
Cartridges ¢ Backup 5
Megabytes Per Minute ¢ Both
Backup And Restore Is Per-
formed With Read/Write
Verification e Includes
Software, Cables, 5 1/4"
Controller Card o Tape
Cartridges Available -- Dif-
ferent Densities and Lengths
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No Risk Guarantee

If you are not completely
satisfied with your pur-
chase, you may return it
within 30 days for a full
refund, including the cost
to send it back. If you can
get any dealer or compet-
itor to give you the same No
Risk Guarantee, buy both
and return the one you
don't like.

For fastest delivery, send
cashier’s check, money order,
or order by Mastercard/Visa.
Personal checks, allow 18
days to clear. Company pur-
chase orders accepted, call for
prior authorization. California
residents, add 6% sales tax.

Hours: M .-F 8 am - 5 pm PTZ

Sat 8 am - 12 pm PTZ
London (01) 223.4569 E ==
Paris (01) 321-5316 ~N
Sydney (02) 579-3322

Canada (403) 434-9444 { : 2
Outside California
800-821-4479

Inside California

805-987-9741

QUBIE’

Department B
4809 Calle Alto
Camarillo, California 93010
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The Classic Returns.

Now...newly udated to include all versions
of MS-DOS through 3.1...the 2nd edition of
RUNNING MS-DOS is your ultimate source-
book for mastering the full power of the soft-
ware that tells your computer how to think.
It continues the tradition of the first edition,
proclaimed by Jim Seymour of PC Week
magazine to be the “Best PC-Related Book
of 1984

Here is the inside information—directly from
the company that developed MS-DOS—that
will help you streamline your computer, set
up a multi-level filing system, use the
MS-DOS text editor, build and sort a minia-
ture database, create customized commands,
and manage your monitor, printer, disk drives
and modem. Plus new information on using
the IBM PC AT’s high-capacity diskette drive
(MS-DOS 3.0) and using MS-Networks
(MS-DOS 3.1).

If you use one of the more than five million
personal computers with MS-DOS... then
you need RUNNING MS-DOS.

$21.95 wherever books and software
S are sold.

Microsoft Press
10700 Northup Way
Bellevue, WA 98004
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WRITING DESK ACCESSORIES

Design your own memory-resident programs for the IBM PC,
available at the touch of a key

o8
BY ToM WADLOW

YOU'RE EDITING A
Pascal program and need
to multiply two hexa-
decimal numbers. You
could search around the
house for your HP 16C
Programmer’s Calculator,
or you could save your
current file and write a
quick and dirty program
to print out the answer
you need. Instead, you
call up SideKick, and a lit-
tle window appears in the
center of the screen. You
select the Calculator, set
the mode to Hexadecimal,
and perform the calcula-
tion. You leave SideKick,
and you're back in your
edit with the answer.
Elapsed time: just a few
seconds.

You're working on the
budget for the next
quarter. The phone rings.
You could search for
paper and pencil to take
notes, or you could drop
out of the spreadsheet
program and call up the
text editor. Instead, you
call up the Spotlight note-

/i
S

7

e =

i e

tems, this problem might
be solved with concurren-
cy. With the ability to have
several programs running
at the same time, you can
leave a text editor running
in a separate window and
then switch to that win-
dow when it is time to
take notes.

True concurrency is
quite difficult to achieve
on the IBM PC, however.
This is due to several
technical reasons, primari-
ly the way in which the
IBM operating system, PC-
DOS, was designed.
Because of these design
limitations, only one task
can be active at a time. If
you are willing to abide by
this limitation, however,
you can simulate concur-
rency on the IBM PC.

Several products, most
notably Borland Interna-
tional's SideKick and Soft-
ware Arts’ Spotlight, have
done exactly that. They
provide you with a pro-
gram that “hides” in your
processor's memory. A

pad and type the notes

into a file directly. After hanging up
the phone, you pop back into the
spreadsheet, exactly where you left
off.

In many jobs, work is often a series
of interrupted tasks rather than a
single operation pursued to comple-
tion before another is begun. Most
programs, whether business products
or programming tools, are not de-
signed to be interrupted. Most pro-

ILLUSTRATED BY LAURA CORNELL

grams are expensive, in terms of your
time, to start and stop. So you prob-
ably would not use your personal
computer to take notes while on the
telephone because it takes a long
time to stop what you're doing and
start a text editor. And it probably
takes a comparably long time to
return to what you were doing before
the phone rang.

On more expensive computer sys-

special keystroke activates
it, suspending whatever you were do-
ing before. When you have finished,
the suspended task is reactivated as
though nothing had happened at all.
Typically, these products provide
several functions, such as a notepad,
(continued)
Tom Wadlow works as an engineer at the
Lawrence Livermore National Laboratory. He
can be contacted at POB 2755, Liverniore,
CA 94550.
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BASEBALL

RANDOM HOU Nk

SUIANTE INTYIT HOIMM WEdY [T

Your team just |
got a new manager. You.

Here comes your chance to manage the major leagues.

“APBA Major League Players Baseball.” The sophisticated,

realistic computer “ version of the best-selling APBA Baseball

board game. It’s the first baseball program to take full

advantage of the power of your personal computer. You can

draft teams from a list of 676 big-league players or play

with the rosters of all 26 real teams. Each play is based on

actual performance measurements, so players perform

for you just as they do in the ball park.

This 1985 Master Edition includes the program disk, a
1984 records and ratings disk, a 52-page instruction manual
and 2 manager’s reference cards—all in a hardback slipcase.
What's more, each year the records and ratings disk is
updated to make it a whole new ball game year after year.

Available wherever software is sold. Or call 1-800-638-6460
(in Md., 1-800-492-0782).

RANDOM HOUSE
Joftware

Based on APBA Major League Baseball Master Game. Licensed by the Major League Baseball Players Association.
Program Design and Implementation: Roswell C. Miller, Kenneth B. Miller.
*For IBM PC, PCjr, XT or AT, with color or monochrome adapters. © 1985 Random House Inc. All rights reserved.

DESK
ACCESSORIES
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Inquiry 168

a calculator, an appointment calendar.
In other words, the sorts of things that
you normally have to interrupt other
work to deal with.

These "desk accessory” programs
work in two phases. Typically, you
receive a program such as a COM file
that you execute once when you boot
your system. By placing the command
in your AUTOEXEC.BAT file, this will
happen automatically. The actual
desk-accessory program is sur-
rounded by an envelope of code that
loads the program, initializes it to
work on the correct activation signal,
and then terminates, leaving the pro-
gram permanently stored in memory.
Running the installation program
slightly decreases the amount of
memory available to later programs.
The desk-accessory code, in effect,
becomes a part of your operating sys-
tem (until you reboot or the system
crashes).

The second phase is execution. De-
pending on the design of the desk ac-
cessory, the newly installed code is
run when a specific event takes place.
In many cases, this event is a special
sequence of keystrokes. For example,
SideKick is activated by pressing the
Ctrl and Alt keys at the same time.
Other signals besides keystrokes are
possible. For instance, you may want
to run a clock display on your screen.
In that case, you would choose the
timer interrupt rather than the key-
board interrupt (see the text box “In-
terrupts” on page 120). Even so, the
theory behind the construction of
interrupt-driven programming is the
same.

If you want to write your own desk
accessories for an IBM PC, you should
acquire several tools. First, you will
need the IBM technical reference
manual. Even if you are an experi-
enced assembly-language program-
mer, you will probably find this
manual to be a bit difficult to read;
but there are valuable technical
details buried in there that are to be
found nowhere else. (All page refer-
ences in this article are to the first edi-
tion, August 1981. They may differ
from subsequent printings.) Second,

(continued)



Portability without compromise. It's yours with the Kaypro 2000 lap top computer. In fact, the sleek
Kaypro 2000 is the equivalent of a full-sized IBM PC - for thousands of dollars less.

The Kaypro 2000 has an 8088 CPU for power and speed. The exceptionally readable LCD screen features
a 25 line by 80 column display with 200 x 640 graphics resolution, a low glare lens, and tilt adjustment.
The IBM PC compatible keyboard is detachable. The generous RAM (256K standard) is expandable to 768K
internally. The computer uses 3.5" disks, each with 720K of storage, formatted.

Internal battery pack and a charger are included with the Kaypro 2000. Hardware expansion is a snap,
since the IBM PCbus is user accessible. And a complete set of business software comes with every machine.
Visit your Kaypro dealer and discover the deal of the century - the Kaypro 2000!

Kﬁpﬁg Ask about Kaypro Quick Credit. You can finance a
SRS Kaypro 2000 for as little as $75 per month
~" (excluding sales tax on a revolving charge, 10% down).

o [}

o)

For the KAYPRO Dealer nearest you, call: TOLL FREE Nationwide 1-800-4KAYPRO

Trademarks: IBM, International Business Machines, Inc.
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DESK ACCESSORIES

Listing 1: This is a trivial and fairly useless example of a basic keyboard
interceptor. The whole purpose of this routine is either to detect the typing of an
uppercase Z and return a lowercase z or to detect a lowercase z and return an
uppercase Z. 1t's not very useful, but it is a good (and fairly harmless) way of
finding out if you've successfully installed the code.

; TRIVIAL.ASM — A trivial example of a keyboard interceptor
; Written April 1985 by Tom Wadlow

; Definition of constants used by this code

DOS__keyboard__io equ 16H ; The keyboard I/O vector number
DOS__replace__vector equ 15H ; Make this 15H for debugging
DOS__function equ 21H ; The DOS function interrupt
DOS__terminate__resident equ 27H ; Terminate-but-stay-resident interrupt
get__vector equ 35H ; DOS function number for get-vector
set__vector equ 25H ; DOS function number for set-vector

CSEG SEGMENT
assume  cs.cseg,ds:cseg
org 100H

; These govern choices made by MASM
; All .COM files start at 0100H

; The next instruction will be the first one executed when TRIVIAL.COM is
; run from the DOS prompt. Since the only function of TRIVIAL.COM is to
; install the interceptor, we don't want to do anything but that. This

; is still in the part of the code that will stay resident, so the only

; thing we should do here is jump past the resident code to the transient
; installation program.

start:
jmp initialize

; Application code should start here

; Any variables that our application needs can be placed here. This section
; will remain resident. Don't forget that these variables must be in the
; CSEG, not the DSEG, since we are sneaking all this code in the back door
; via the DOS terminate-but-stay-resident interrupt.
old__keyboard__io dd ; Set aside a double word for the old keyboard vector
This is the actual keyboard interceptor routine. It checks to see
; What keyboard function is requested. If the function is READ (AH = 0),
; then it simulates a DOS interrupt to the old function, which returns
; the character read in AL. If that character is a lowercase Z, then it
; is replaced in AL by an uppercase Z, and the interceptor returns
; from the interrupt.
If the request is not a READ, we simply jump into the old function
; that processes the request as it normally would and does our IRET for us.

keyboard__interceptor proc far
assume cs:cseg, ds:cseg ; Tell the assembler about default segments
sti ; Turn interrupts back on
or ah,ah ; Is this a READ request (AH = 0)?
inz ki2 ; If so, then do the special routine
pushf ; Push flags, to simulate an INT call
assume ds:nothing ; 80 that we need not rewrite the old
call old__keyboard__io ; keyboard handler, we just use it.

; Check for lowercase z. |f found convert to uppercase Z
cmp al,'z’ ; Old handler returns, char in AL
ine kio ; If not lowercase z, do next test

(continued)

108 - Fall 1985 BYTE -« Inside the IBM PCs

you will need an assembler. | used
version 1.0 of MASM, the Microsoft/
IBM Macro Assembler.

It is possible to write desk acces-
sories in some high-level languages,
but in many ways it is neither feasi-
ble nor desirable to do so on the IBM
PC. Remember, this program is going
to permanently use up part of your
available memory, so you want it to
be as small as possible. A Turbo
Pascal version of TRIVIAL.ASM (list-
ing 1) would compile to approximate-
ly 12K bytes. Turbo loads many Pascal
library functions for even the smallest
program. The assembly-language ver-
sion of TRIVIAL.ASM is only 81 bytes.
Also, the code generated by many
high-level languages has undesirable
side effects when running from within
an interrupt handler. It is possible,
however, to build a toolkit of high-
level language programs to help you
write desk accessories. Later in this
article [ discuss two such tools,
TESTPAS and VECTORS.PAS, both
written in Turbo Pascal. (All the Turbo
Pascal programs were compiled to
COM files using the Compiler Options
setting.) Turbo is powerful enough to
do the job. It also has quite a few
built-in functions for dealing with the
idiosyncrasies of the IBM PC and PC-
DOS. The whole package is small
enough to copy to your working disk.
In fact, all the assembly-language ex-
amples in this article were written and
debugged using the Turbo text editor.
The fast built-in editor and compiler
make Turbo Pascal a pleasant system
for developing tools.

A BASIC DESK ACCESSORY
TRIVIAL.ASM shows the code for an
extremely simple-minded desk acces-
sory. The function of this code is to
detect when the letter Z has been
typed and invert its case. Thus, an
uppercase Z becomes a lowercase z
and a lowercase z becomes an upper-
case Z. Not very useful, but it pro-
duces an easily detectable and harm-
less effect when installed. In addition,
except for the few lines of code that
do the actual case shifting, the bulk
of the code can be used to install any
(continued)



BMDPC STATISTICAL SOFTWARE
CONFIDENCE AND CONVENIENCE

BMDP is Data Analysis:
Confidence. Researchers and
statisticians know quality research
demands quality analysis. That's why
they rely on BMDP Statistical Software
for all their data analysis needs.

BMDP is a comprehensive library of
dependable statistical programs. You
can use BMDP to perform many types
of analysis. Capabilities of BMDP range
from simple data display and description
to the most advanced statistical
techniques. In fact, BMDP provides the
widest range of statistical approaches
required to effectively analyze your
research data:

» Data Description

e Data in Groups

« Plots and Histograms
o Frequency Tables

e Missing Values

« Nonlinear Regression

¢ Analysis of Variance
and Covariance

o Regression

o Multivariate Analysis

« Nonparametric Analysis
o Cluster Analysis.

« Survivai Analysis

e Time Series

Powerful statistical and computing
procedures make BMDP especially

BMDP is a registered trademark of BMDP Statistical Software
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seasoned statistician or cor puter
expert to perform data analysis with :
confidence. English-based instructior
make BMDP easy:to learn and easy to
use. :

As the acknowledged leader in
statistical methodology, BMDP has
become the standard by which others
measure their performance. The BMDP
programs are known for superior
technology and state-of-the-art
methodology. BMDR is committed to
developing new statistical methods for
data analysis, and continues to lead the
way in providing superior statistical
software.

BMDP is Data Analysis with

Convenience. With our latest advance,

you can even perform complex
statistical analyses without a large
computer. BMDPC offers you both the
confidence of BMDP and the
convenience of using your own PC.

Y patibl,es.

Best of all, the BMDPC programs are
available in low-cost subsets. So, you

' can pick and choose programs for your

PC. Pick the types of analyses you use

. most, and choose from our broad

selection of statistical programs.

Put the statistical software of choice on
your IBM®PC*, so you can perform data
analysis with confidence and

.convenience.

Hardware Requirements

Minimum requirements for running
BMDP on the PC include the following:

e a5 megabyte hard disk

¢ the capacity for double-sided,
double density floppy diskettes

o an 8087 floating point processor

e a PC/DOS 2.0 or later operating
system

e 640 kilobytes of memory.

FOR MORE INFORMATION
WRITE OR CALL

‘BMDP Statistical Software
1964 Westwood Blvd., Suite 202
Los Angeles, California 90025
Phone (213) 475-5700

IBM PC' is a registered trademark ot International Business Machines
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mov al,'z’ . If our special char, then change it
jmp ki1 ; Go to interrupt return

: Check for uppercase Z. |f found convert to lowercase z

kio: cmp al,'’z' ; Is this an uppercase Z?
jne kit ; If not, return unchanged character
mov al,'z' . If so, then lowercase it

. Return from the interrupt

ki1: iret ;. Return from the interrupt call

This processes an AH < > 0 call to the interrupt handler by simply
. transferring control to the old handler, which already knows about
; doing these requests

ki2:
assume
jmp

ds:nothing . Turn off all assumptions (IMPORTANT)

old__keyboard__io
Leyboard_interceptor endp
Application code should end here
initialize:

mov
mov

bx,cs ; Make DSEG = CSEG through BX because
ds,bx ;  of inadequate 8088 instruction set

. Get the old keyboard I/O vector and put it in its variable

mov al,DOS__keyboard__io
mov ah,get__vector

; The vector we want is keyboard 1/0
; Use the DOS function call to get it
int DOS__function ; See page D-33 of DOS 2.0 manual
mov old__keyboard__io,bx ; Old vector is returned in ES:BX
mov old__keyboard__io[2],es ; Save it to variable

; Set the keyboard I/O vector to our routine

mov bx,cs ; DOS function wants vector in DS:DX
mov ds,bx ; SO put seg:ofs of interceptor there.
mov dx,offset keyboard__interceptor
mov al,DOS__replace__vector ;Use the DOS function call to set it
mov ah,set__vector ;. See page D-28 of DOS 2.0 manual
int DOS__function
mov bx,cs ; First expendable address is that of
mov ds,bx ; initialize, so put seg:ofs in DS:DX
mov dx,offset initialize ; End program but leave keyboard
int DOS__terminate__resident ; interceptor resident

CSEG ENDS
END START

Listing 2: This program is intended to test a replacement for the keyboard 1/O
interrupt handler. Since that handler is a critical portion of the operating system
for the IBM PC, direct testing of untrustworthy code is difficult. By assembling
the handler to replace the cassette 1/0O vector (interrupt 15 hexadecimal) rather
than the keyboard 1/O vector, the new handler can test in relative safety, keeping
the system mostly operational.

(* TEST.PAS — Interrupt handler test program
Written by Tom Wadlow, May 1985 *)
program test;
(continued)
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keyboard-driven desk accessory.

While it might be possible to sim-
ply type in TRIVIAL.ASM and run it,
you may have a hard time extending
that basic program to do anything in-
teresting. The reason is this: You will
probably make a mistake (or several).
When you are debugging a regular
program, a mistake means that your
program dies and control reverts to
the operating system. But here, you
are changing the operating system. If
you replace the keyboard interrupt
handler with a bad one, your key-
board will no longer work. You must
reboot; but since Ctrl-Alt-Del involves
keystrokes, you may not be able to
reboot that way. Since the IBM PC has
no reset button, you must turn the
machine off and on again and wait for
it to reboot. It doesn't take many of
these delays to cause you to give up
desk-accessory programming.

Since it is inconvenient to replace
a vital system interrupt handler with
an undebugged program, why not use
an unimportant interrupt until the pro-
gram works? | chose the cassette-tape
interrupt handler INT 15H (read as in-
terrupt 15 hexadecimal) because on
older PCs (like mine) an electro-
mechanical relay gives an audible
click when activated by the function
AH=0 of the ROM (read-only
memory) cassette handler. Chances
are good that you do not make use
of your cassette 1/O (input/output)
port (if you own an older PC that has
one). If you run the test program and
the relay clicks, you've installed it in-
correctly. In this case you should ter-
minate the program and turn the PC
off for a few seconds to let the relay
open. Leaving the relay activated for
a short time should not damage it, as
it was designed for such use. To avoid
the necessity of turning the PC off,
you might write a version of this pro-
gram that does an INT 15H function
AH=1, which turns the relay off.
Rapid cycling of the relay should be
avoided. Newer PCs may not have the
built-in cassette relay, in which case
any noncritical interrupt may be used.
Both TEST.PAS and your application
must agree on the interrupt, however.

(continued)
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DESK ACCESSORIES

const
INTERRUPT =

type

(* The following variant record is for 8088 registers and allows you

to read and write the A-D registers as either words or byte registers.

rL means low-order byte, rH means high-order, where the register (A through D)
is r. See page 208 of the Turbo Pascal 3.0 manual. *)

$15; (* The interrupt we are testing *)

PCregisters = record
case Integer of
1: (AX, BX, CX, DX, BP, DI, SI, DS, ES, Flags :
2 : (AL, AH, BL, BH, CL, CH, DL, DH : byte);
end;

hexWord = string[4];

var
registers :

integer);

(* Four-character string for the hex converter *)

PCregisters; (* Record for use in calling DOS *)

(* The function hex takes a 16-bit integer as its argument and returns a four-
character string that is the hexadecimal equivalent of that number *)

function hex(v : integer) : hexWord;

const

map : array [0..15] of char =
var

tmp : hexWord;

'0123456789ABCDEF';

begin
tmp[4]: = map[(v and $7fff) mod 16]; (* The AND masks off the sign bit *)
tmp[3]: = map|(v shr 4) mod 16]; (* SHR means shift right *)
tmp(2]: = map|(v shr 8) mod 16];
(

tmp([1]: =mapl(v shr 12) mod 16];

tmp[0]: = #4; (* Byte O is the length of this string *)
hex: =tmp;
end;

procedure showRegisters;

begin

writeln;

write(" AX:',hex(registers.AX));
write(' BX:',hex(registers.BX));
CX:",hex(registers.CX));
DX:',hex(registers.DX));
BP:',hex(registers.BP));
DI:',hex(registers.DI));
DS:',hex(registers.DS));
ES:’ hex(registers.ES));

(
write('
write('
write('
write(’
write(’
write('
writeln;
(* Show the flag bits. *)

if ((registers.Flags and $0001) > 0) then write(' CF’)
if ((registers.Flags and $0004) > 0) then write(’ PF’)
if ((registers.Flags and $0010) > 0) then write(" AF");
if ((registers.Flags and $0040) > 0) then write(' ZF")
if ((registers.Flags and $0080) > 0) then write(' SF')
if ((registers.Flags and $0100) > 0) then write(' TF')
|f ((registers.Flags and $0200) > 0) then write(’ IF");
if ((registers.Flags and $0400) > 0) then write(' DF');
if ((registers.Flags and $0800) > 0) then write(" OF');
writeln;
end;

(* Testing code begins here *)

(* This function prompts for a character, then reads it by
performing an interrupt with the appropriate function code.
State of the registers is shown before the call and afterward. *)

(continued)
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By using INT 15H you leave the vital
keyboard driver untouched and work-
ing. For purposes of illustration, let’s
say you were debugging TRIVIAL.
ASM. You could make the constant
DOS__replace__vector equal 15H
and use TESTPAS (see listing 2) to
simulate a call to the keyboard /O
handler through INT 15H instead of
the correct INT 16H. TEST.PAS also
prints the entry and exit states of the
PC registers around each call. Thus,
when your experimental code fails
(and it will), the chances are pretty
good that your system will not crash
with it. When you feel confident that
your code is working properly, re-
assemble it to replace the constant
DOS__replace__vector with INT 16H,
the keyboard 1/O interrupt.

Another tool you may find helpful,
VECTORS.PAS (listing 3), is a Turbo
Pascal program that dumps the cur-
rent interrupt vectors to the screen or
to a file. By comparing these hexadec-
imal numbers to the default settings
listed on page 3-3 of the IBM tech-
nical reference manual, you can see
if your installation went as planned.

LOADING THE NEW

INTERRUPT HANDLER

Surrounding the code that actually
performs the application is an
envelope of code that does the in-
stallation and setup of the new inter-
rupt handler. As [ said earlier, this is
the code that is actually run during
phase one of the execution of this
desk accessory.

When you ask PC-DOS to run a
COM file by typing its name at the
DOS prompt, it does two things. First,
it copies the entire file into memory:.
Second, it does a subroutine call to
location 100H in the new code seg-
ment, running whatever code is there.
So your initialization code need not
actually copy the new program from
a separate disk file. DOS does that for
you.

The function that makes these desk-
accessory programs possible is INT
27H (terminate process and remain
resident). You provide this function
call with a pointer to the next free ad-

(continued)



ASYST high-resolution graphics now include error
bars, labels, axes, grids, and multiple colors.

ASYSTaxonometric plots simplify analysis of
complicated 3-dimensional surfaces.

Copyright 1985 by Macmillan Software Company

New color graphics enhance comparison of
experimental data with filtered data.

Contour plotting adds an alternative approach to
meaningful 3-D representation.

SYS I adds new muscle.

More hardware support, more analysis

capabilities for the IBM PC.

ASYST™ Scientific Software turns your
IBM PC, XT,™ AT, or compatible into a
complete scientific workstation. And
now it's even more versatile, with:

« Expanded analysis capabilities
+High-resolution color graphics
« GPIB/IEEE-488 hardware support
» Axonometric and contour plotting
+ Additional A/D hardware support

Minicomputer speed and precision—
at a fraction of the cost.

ASYSTon an IBM PC does a 1024-pt.
FFT in less than 3 seconds (as fast as

1.2 on some compatibles). For the same
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Built-in routines. Full programmability.
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customized programs. And all com-
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mands co-reside in memory—no disk
shuffling.

ASYST is four separate,
fully-integrated modules:

Module 1: System/Graphics/Statistics
establishes the environment. It provides
basic mathematics operators, descriptive
statistics, array manipulation and control,
automatic plotting and color graphics
support (including IBM standard/
enhanced and Hercules boards), a text
editor, file I/0O, and a built-in program-
ming language.

Module 2: Analysis reduces and
analyzes data. Includes eigenvalues,
eigenvectors, polynomials, ANOVA,
axonometric and contour plotting, least
squares approximations, curve fitting,
convolutions, integration, differentiation,
smoothing, and fast Fourier transform.

Module 3: Data Acquisition allows
communication with lab equipment and
analog signal sources. Includes A/D
and D/A conversions, digital I/O, timing,
and triggering. Supports standard inter-
face boards including IBM DACA.

Module 4: GPIB/IEEE-488 allows
additional interfacing to some 10,000
instruments through a variety of plug-in
cards.

* Purchase Module 1 alone—or with
any combination of the other modules—
to tailor the system to your specific
applications.

Try ASYST for 30 days. For details, call
(800) 348-0033; in NY, (212) 702-3241.

MACMILLAN SOFTWARE CO.
An Affiliate of Macmillan Publishing Company
866 Third Avenue, New York, NY 10022
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procedure testCode0;

var
c : byte;

begin

c:=0;

while (c <> 3)

DO begin
registers.AH: = 0;
registers.AL: =0;
registers.BX: =0;
registers.CX: =0;
registers.DX: =0;
showRegisters;
write(Enter a character: ');
intr(INTERRUPT, registers);
showRegisters;
writeln('Character = [’,ord(registers.AL),’] (',chr(registers.AL),")");
writeln('----------------- B
c:=registers.AL;
end;

end;

(* Exit with CTRL-C *)

(* Set the function code *)
(* Zero everything else, so that change is obvious *)

(* Turbo function to perform INT *)

begin
testCode0;
end.

Listing 3: This program displays the current values of the interrupt vector
settings on the IBM PC. The initial values of these settings can be found in the
IBM technical reference manual on page 3-3. Their addresses and additional
descriptive information can be found on page 3-21.

{$P256}
(* VECTORS.PAS written in Turbo Pascal 3.0 by Tom Wadlow
The P256 compiler option is used to permit the table printed by VECTORS to be
re-directed into a file. If you use an early version of Turbo Pascal, this option will
not work. If your Turbo compiler supports redirection, then the vector table can be
written to a file by compiling to a .COM file, and then typing:

vectors > VECTOR.LST
at the DOS prompt, where VECTOR.LST is the name of the file that you want the
table to go in. *)

program vectors;

type
vectorName = string[30];
hexWord = string[5];

(* HEX takes a 16-bit integer as its argument and returns a five-
character string that is the hexadecimal equivalent of that number *)
function hex(v : integer) : hexWord;

const
map : array [0..15] of char = '0123456789ABCDEF";
var
tmp : hexWord;
begin
tmp[5]: = map[(v and $7fff) mod 16]; (* The AND masks off the sign bit *)
tmp[4]: = map[(v shr 4) mod 16];
tmp[3]: = map[(v shr 8) mod 16];
tmp[2]: = map|[(v shr 12) mod 16];

tmp[1]: ="$" (* Turbo hex constants are preceded by $ *)
tmp[0]: =#5; (* Byte O is the length of this string *)
hex: =tmp;

(continued)
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dress in memory; it will terminate the
current program, resetting the base
address (where the next program will
be loaded) to the address you specify.

In TRIVIAL.PAS, the first code ex-
ecuted is a jump to the initialization
code at the end of the program. In
order to minimize the amount of
memory permanently taken up by the
interrupt handler, put all the initializa-
tion code at the end of the COM file.
When you call INT 27H with a pointer
to the start of this code, all the ini-
tialization code is effectively flushed,
but the new interrupt handler is not.
Only the few bytes of the first jump
remain as ‘“overhead.” and this is
usually quite acceptable.

In this case, the initialization code
must perform three separate func-
tions. It must save the old value of the
keyboard interrupt. It must replace
the old keyboard interrupt with the
address of the new one. And it must
terminate gracefully, leaving the inter-
rupt code but allowing the space
taken up by the installation code to
be reclaimed for later use.

One rule of thumb for writing these
interrupt handlers is: Never reinvent
the wheel. There is no point in wasting
space duplicating something that
DOS can do for you. That is why it is
a good idea to save the old value of
the keyboard interrupt.

The reason that DOS uses software
interrupts to call functions is
modularity. If DOS used a predefined
address for a given routine, it would
be impossible to rewrite different por-
tions of the code, as we are attempt-
ing to do in this article. Every program
would have the special address for
each function “wired in,” and it would
be impossible to change without
changing every piece of code written
for the IBM PC. By using software in-
terrupts and a jump table, every piece
of code is independent of the current
settings of the interrupt vectors. But
software interrupts are not magical. In
fact, they differ only from subroutine
calls in that the processor automati-
cally pushes all of the system state
flags onto the stack before the return
address. So if you know the address

(continued)
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end;

(* PRINTVECTOR takes an interrupt number and a descriptive string
and prints the value of the corresponding interrupt vector on the
standard output device *)

procedure printVector(v : integer; s : vectorName);

(* Since the addresses are stored in with their bytes in least
significant order, we can get them a byte at a time and rearrange
them to word byte order. This could probably be done in a single
complex statement, but | prefer to separate it for clarity. *)
var
a,b,c,d : integer;
begin
a:=Mem[0000:v*4];
b: =Mem([0000:v*4 + 1];
c:=Mem[0000:v*4 + 2];
d: = Mem([0000:v*4 + 3];
writeln(hex(v),s:30," ',hex((d shl 8) + c),":’,hex((b shl 8) + a));
end;

(* MEM is a Turbo array that can be used to *)
(* read or write any byte in memory *)

(* The main program simply calls printVector repeatedly with information
gathered from the technical reference manual. Interrupts 6,7,A,B,C,D are listed
as RESERVED by IBM and are not shown here, though it would be trivial to
add them. In addition, table entries for the Video Initialization ($1D)
and Disk Parameters ($1E) were omitted so that the remaining
listing would fit entirely on one screen. *)

begin

printVector($00, Divide by zero’);

printVector($01,'Single step’);

printVector($02,'Nonmaskable interrupt'’);

printVector($083,'Breakpoint’);

printVector($04,'Overflow');

printVector($05,'Print screen’);

printVector($08, ' Timer');

printVector($09,'Keyboard’);

printVector($0E, 'Disk');

printVector($10,'Video I/0’);

printVector($11,'Equipment check'’);

printVector($12,"Memory check’);

printVector($13,'Disk 1/0’);

printVector($14,'RS-232 1/0');

printVector($15, Cassette 1/0');

printVector($16,'Keyboard 1/0’);

printVector($17,'Printer 1/0’);

printVector($18,’'ROM BASIC entry’);

printVector($19,'Bootstrap loader’);

printVector($1A, Time of day’);

printVector($1B,'Get control on KBD break');

printVector($1C,'Get control on timer’);

printVector($1F,'Graphics character table’);

end.

of an interrupt routine, you can call
it directly by pushing the flags your-
self. A normal interrupt call to get a
character from the keyboard and
return it in the AL register that looks
like

- Function 0 is read-character

MOV AH, 0
; Keyboard 1/0 software interrupt
INT 16H
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can be simulated by

; Function 0 is read-character
MOV AH, 0

; Push processor flags on stack
PUSHF

; Call ROM routine directly
CALL  <address>

where <address> is where the
original routine is located. When the
IBM PC is first booted, that address

is SFO00:SE82E (using Turbo Pascal's
notation for a hexadecimal segment
and offset as the program VEC-
TORS.PAS would print it out). You
could code that address directly into
a keyboard interrupt handler, but that
would make it impossible to run your
handler with any of the other com-
mercially available interrupt-driven
programs, like SideKick or Spotlight,
that replace the keyboard vector.

DOS provides a function, 35H, that
reads the current value of a given in-
terrupt vector from the jump table
and returns it to your program. By
using this function, you can place the
old value (which may not be the same
as the ROM value) into a variable in
memory and call through that vari-
able to run the old handler. There may
be other reasons why SideKick or
Spotlight or the others will not run
with your specific code, however.

Since DOS has a special function to
read an interrupt vector, you might
guess that there is a similar function
to set an interrupt vector. Indeed
there is: function 25H. (A complete
listing of all the DOS functions can be
found in section D of the DOS
manual.)

WRITING AN INTERRUPT
HANDLER
A little skepticism is a healthy thing
when writing a desk accessory that
hides inside an interrupt handler.
Many functions that are perfectly
legitimate inside a regular program
are difficult and dangerous inside an
interrupt handler. By calling a system
function incorrectly from within an in-
terrupt handler, you may change the
state of the system that the inter-
rupted application returns to. This can
have disastrous results. For example,
if your desk accessory moves the cur-
sor (by writing to the screen, for in-
stance), the application may not
detect this change. Subsequent input
based on cursor location would be in-
correct. Thus, you should be careful
to place the cursor back where you
found it before leaving the interrupt
code. Probably the most dangerous
(continued)
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zecond

G

is NLQ printing
inch

Or proportional printing.

All at the flick of a switch.

The printers incorporate both the IBM/
Epson and Epson FX command sets. And thus
easily make friends with both IBM PC:s and
UNIX supermicros.

Naturally, the printers handle any output
from your graphic software packages — logos,
business graphics, pictures, semi-graphics, etc.

And when it comes to reliability, the
component materials, printhead life and stringent
testing ensure that your Facit 4513/14 printers
will deliver many years of quality printings. Just
like every other printer in the Facit family.

Switch to Facit 4513/14 matrix printers!

IBM is a trademark of International
Business Machines Corp.

Epson is a registered trademark.

UNIX is a trademark of AT&T Bell labs.

Head Office: Facit AB, S-17291 Sundbyberg. Sweden. Phone: (8) 764 3000.

USA: Facit Inc. PO. Box 334, Merrimack. NH 03054. Phone: (603) 424-8000

AUSTR..LIA: EAI Electronics Associates Pty Ltd., 427-3322. AUSTRIA: Ericsson Information Systems GmbH, 0222-613641. BELGIUM: Ericsson S.A., 02-2438211.
CANADA: Facit Canada Inc., 416-821-9400. CYPRUS: LBM (Lillytos) Ltd 5164634. DENMARK: Facit A/S, 02-922400. FINLAND: OY Facit, 90-42021. FRANCE: Facit
S.A.,1-7807117. GREAT BRITAIN: Facit, 0634-401721. GREECE: Computer Application Co., Ltd., 01-6719722. HONGKONG: Gilman & Co. Ltd., 5-7909555.
ICELAND: Gisli]. Johnsen HF, 354-1731 11. INDIA: Forbes Forbes Campbell & Co. Ltd., 22-268081. [RELAND: Memory Ireland Computers Ltd., 1-989733. ITALY: Facit
Data Products S.p.A., 039-636331. JAPAN: Electrolux (Japan) Ltd., 03-479-3411. THE NETHERLANDS: Ericsson Information Systems B.V., 03480-70911. NEW
ZEALAND:; McLean Information Technology Ltd., 501-801, 501-219. NORWAY: Ericsson Information Systems A/S, 02-355820. PORTUGAL: Regisconta Sarl, 1-560091.
SINGAPORE: Far East Office Eqpts Pte Ltd., 7458288, SPAIN: Facit, 91-4571111. SWEDEN: Ericsson Information Systems Sverige AB, 08-282860. SWITZERLAND:

Zricsson Information Systems AG, 01-3919711. WEST GERMANY: Ericsson Information Systems GmbH, 0211-61 090.
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Listing 4: This program installs a keyboard interceptor into PC-DOS. The
interceptor keeps a record of the last full command typed to DOS (or any other
program that uses the DOS keyboard 1/O calls). Pressing Ctrl-\ makes the
previous command repeat, ove character at a time. A more extensive version of
KEYSTROK.ASM is available from the author for $25 (S15 if you send your
own disk and a self-addressed stamped disk mailer).

; KEYSTROK.ASM
; written April 1985 by Tom Wadlow

; Definition of constants used by this code.

bOS__keyboard_io equ 16H ; The keyboard interrupt number

DOS__function equ 21H ; The DOS function interrupt

DOS__terminate__resident equ 27H ; Terminate-but-stay-resident interrupt
get__vector equ 35H ; DOS function number for get-vector
set__vector equ 25H ; DOS function number for set-vector

CSEG SEGMENT
assume  cs:cseg,ds:cseg
org 100H

; These govern choices made by MASM
;. All .COM files start at 0100H

start:
jmp initialize

; Application code should start here

old__keyboard__io dd ; Set aside a doubleword for the old keyboard vector

outline db 80 dup(0) ; Where the last line is stored
dw 0 ; Just to make sure it is terminated
inline db 80 dup(0) ; Where the current line is stored
dw 0 ; Just to make sure it is terminated
outptr dw 0 ; Pointer into outline
inptr dw 0 ; Pointer into inline
keyboard__interceptor proc far
assume cs:cseg, ds:cseg ; Tell the assembler about default segments
sti ; Turn interrupts back on
push ds ; Save the registers used in this code
push bx
push di
‘mov bx, cs ; Set the Data Segment = Code Segment
mov ds, bx
cmp ah, 0 ; Is this a READ request (AH = 0)?
ine ki1 ; If not, then use the ROM handler

; Simulate an interrupt call to the old keyboard /O handler

ki: pushf ; Push flags, to simulate an INT call
assume ds:nothing so that we need not rewrite the old
call old__keyboard__io; keyboard handler, we just use it
cmp al, 28 ; Look for CTRL-\
je ki3
cmp al, 8 ; Look for backspace
je ki4
cmp al, 13 ; Look for carriage return
ine kiO

; After CR we reset output to point to start of keystroke buffer

kiOO:  assume ds:cseg

push si ; Save the registers used

(continued)

Skepticism is a healthy
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thing when writing an

accessory that hides in

an interrupt handler.

area is file 1/O. It is possible to safely
open files from a desk accessory, but
great care must be taken not to in-
terfere with any file activities of the
interrupted program. It would be easy
to confuse DOS by opening the same
file with your pop-up notepad and
your normal text editor at the same
time.

You can perform many useful desk-
accessory functions without using any
disk 1/O. Calculators or clocks are a
good example. If you can possibly
avoid going to the disk in a desk ac-
cessory, it is probably a good idea to
do so. If not, then test your code ex-
haustively for bugs and side effects.

Some DOS functions may not work
at all from within an interrupt handler
because of the way PC-DOS is written.
For any function you intend to use, it
is important to thoroughly test the
calls from within an interrupt handler.

TRIVIAL.ASM shows a minimal
desk accessory with almost no 1/O at
all. Surrounded by the envelope of in-
stallation code, the application itself
is rather small. Note that the interrupt
handler checks to see if the function
is a read (register AH = 0). If it is not
a read, then the old interrupt-handler
code handles any other functions, in-
cluding IRET (return from interrupt).
If the function is a read, then a
simulated interrupt call to the old key-
board interrupt handler returns the
next character in the input buffer. By
doing the simulated interrupt, you can
let the DOS and ROM routines do the
work they were designed to do and
keep your desk accessory confined to
its special function. The old routine is
supposed to return the character read
in register AL, so compare that with
the target characters (in this case,
uppercase or lowercase Z.) By modi-

(continued)



Wide spreddsheet& 2

SideStep is in your future!

Good Ne

People have gone to some pretty great extremes to
solve their wide printing problems.

Luckily, youdon't have to. SideStep™

lets your dot matrix printer print as wide a
document as you need by turning each letter oniits
side — electronically! SideStep frees you from
gluing, taping, and stapling wide printouts
together. You get a document of virtually infinite
width automatically.

SideStep does everything other sideways printing
programs do, and more:

e Fast operation

e East to learn and use

e Context-sensitive online help

e No limit on file size or print width

e |8 combinations of size and quality

e Allows double-strike and emphasized printing*

e Letter quality on Toshiba and LQI1500

e Supports high-speed draft mode*

e Speed optimized for each printer

e Features electronic spreadsheet “pasting”
e Prints IBM graphic characters

e Prints Greek and math symbols

e Fully compatible with TopView

e Command options can be saved for reuse
e Can run from the command line

e Complete hard disk path support

e Allows wild cards

e Directories always available

e Can run from batch files

e Supports output to disk files

e Supports color monitors

*Not available on all printers

SideStep your wide printout problems.
Order SideStep today!

2340 State Road 580, Suite 244, Clearwater, Florida 33575

In Florida call (813) 799-3984

Inquiry 179

The new standard in sideways printing
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» | . P i
| .

L]
SideStep runs on the IBM Slde
PC,'PC/XT, PC/AT, PCjr,
and compatible computers under DOS m
€]

2.0 and later and requires 128K memory.
SideStep works with popular printers

from IBM, Epson, HP, Toshiba, IDS, i'c
OkiData, TI, C. Itoh, NEC, Datapro-

ducts, OTC, Citizen, and more. Ask for SideStep
from your local dealer or call today and order Side-
Step directly.

To Order Call Toll Free
1-800-255-7526

30-DAY MONEY-BACK GUARANTEE
VISA AND M/C ACCEPTED

(Dealer inquiries invited)




DESK ACCESSORIES

C-DOS is an interrupt-driven oper-

ating system. It might be possible
to write a similar system without the
use of interrupts, but that would in-
volve the software equivalent of trying
to look in all directions at once. Inter-
rupts greatly simplify the way an oper-
ating system is written.

An interrupt, as the name implies, is
an event that diverts the flow of a pro-
gram from what it normally would be
doing. Interrupts can happen at any
time; they are, in technical parlance,
asynchronous events. They happen to
people dozens of times in the course
of a day; to computers, they usually
happen many thousands or millions of
times. For people, the scenario is a
familiar one: You are writing your
memoirs when your daughter comes
in and asks you to tie her shoelaces.
You do so, she leaves with her request
satisfied, and you continue with your
writing. For computers, it is similar:
Your program is executing merrily
away, computing the next Mersenne
prime number, when you strike a key.
Your prime-number task is suspended;
the interrupt handler reads the key-
stroke and places it in the input buffer
to be given to your application pro-
gram the next time it requests a key-
board read operation (which may be
several million years hence if you are
computing Mersenne primes on an
IBM PC). With the character safely in
the input buffer, the keyboard interrupt
handler relinquishes control to your
application.

One major use of interrupts is the
coordination of external hardware
(such as keyboards and disk drives)
that performs functions and must
report the results to the processor.
Another use of interrupts is internal.
Machines like the IBM PC use software
interrupts to allow application pro-
grams to communicate with the oper-
ating system. If each application were
required to know the address of each
specific operating-system function, it
would be very difficult to change the
operating system (to fix bugs, for ex-
ample). By using software interrupts, an
application program need not know
where a function is located in order to
have it performed.

INTERRUPTS

The IBM PC operating system pro-
vides two types of interrupt-driven
utilities: ROM interrupts, which are built
into the hardware of the machine, and
DOS interrupts, which come with the
disk operating system. DOS interrupts
are higher-level functions that use the
low-level ROM interrupts as building
blocks to do more complicated and
useful things. Functions refer to an in-
terrupt that does one of many things,
depending on its parameters. Most
DOS functions are performed by INT
21H. The different functions are chosen
by selecting the appropriate function
number (from O to 57H for DOS 2.0)
and placing it in the AH register.

An interrupt signals the processor to
perform some special operation. On
the IBM PC, the interrupt vector table
governs the choice of operation. This
table is located in the first few hundred
bytes of memory. Each entry in the
table is an address that's 4 bytes long.

This address indicates the absolute
location in memory of the interrupt-
handling routine for that particular in-
terrupt. When an interrupt occurs, the
8088 processor first pushes the current
value for all system flags onto the stack
and then executes a long subroutine
call to the appropriate interrupt
handler. The processor determines
which handler to use by multiplying the
interrupt number by 4 (the number of
bytes in a table entry) and fetching the
long word at that address. When the
interrupt routine is finished, it executes
an IRET instruction, which pops the
flag values off the stack, restoring them
to the state they were in before the in-
terrupt, and then does the equivalent
of a return-from-subroutine instruction
to return control to the interrupted
task.

Murphy’s Law says that interrupts, be-
ing asynchronous events, will occur at
the most unfortunate time during the
execution of a program. So computer
designers allow the programmer a
method by which interrupts can be
held at bay for a short time. The CLI
(clear interrupt-enable flag) instruction
prevents any further interrupts from be-
ing recognized, to allow some par-
ticularly critical code to execute. One
of the most disastrous times for an in-

terrupt to occur is during the actual
processing of another interrupt. To pre-
vent this, the 8088 is designed to im-
mediately suspend interrupt process-
ing when an interrupt occurs. Interrupts
are turned on again explicitly by the
STl (set interrupt-enable flag) instruc-
tion, which you usually find right at the
beginning of an interrupt handler.

You might think that you would
rather turn on interrupts at the end of
an interrupt handler, just before return-
ing control to the main task. This turns
out not to be the case, however. Most
computers have only a limited ability
to remember what interrupts have oc-
curred while interrupt processing was
suspended. Any external activity, such
as keyboard input or disk 1/O, may be
lost since the interrupts were not pro-
cessed in time. It is very important for
the design of an operating system to
minimize the time in which interrupts
cannot be processed. It is usually
possible to interrupt an interrupt
handler with another interrupt request.
These routines are designed so that
this is possible because the inability to
do so will drastically reduce the per-
formance of the operating system.

On the IBM PC, one special case of
this interruptibility is not available. It
is not possible for many interrupt
handlers to be interrupted by them-
selves. In industry jargon, they are
called nonreentrant routines. For exam-
ple, two keyboard interrupts spaced
too closely together would fail in
strange and mysterious ways. The
reasons for this usually lie in the
special-purpose buffers, such as the
keyboard input buffer, that each
routine maintains. Imagine many peo-
ple writing a message on the same
small blackboard, each unable to see
what the others are writing. You might
get all the messages clearly, but
chances are you would simply end up
with an unreadable mess. For single-
user systems, this is not much of a
problem. Reentrant routines are
primarily used for multiuser systems.

Interrupt programming is primarily
done for operating-system functions,
and thus it usually involves some of the
trickier facets of both the operating sys-
tem and the hardware involved.
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For any function you

intend to use, it is
important to test the
calls from within

an interrupt handler.

fying register AL, you can change the
character that will be returned to DOS
or the application program. If you
choose, you could find a special,
seldom used character (such as
Ctrl-\ , for example) and use that to
start up a much more complicated
desk accessory.

KEYSTROK.ASM (listing 4) is a
somewhat more complicated desk ac-
cessory that employs Ctrl-\ as its ac-
tivation character. This program uses
exactly the same installation code as
TRIVIAL.ASM. KEYSTROK.ASM is a
simple line editor with a one-
command history function. As you
type a command line into DOS, the
new keyboard interrupt handler
copies it into an internal buffer.
KEYSTROK.ASM remembers all (or at
least the first 80 characters) of the
previously typed line. You can feed
that old line back as a new DOS com-
mand by repeatedly pressing Ctrl-\ .
For example, if you find you've
mistyped one character at the begin-
ning of a long complicated DOS com-
mand, it is possible to redo the com-
mand with a minimum of fuss. It also
allows you to repeat various com-
mands with a minimal variation, such
as

ERASE FOOOBJ
ERASE FOO.COM
ERASE SAMPLE.FOO

Note that KEYSTROK.ASM is in-
tended more as an instructional exam-
ple for this article than an actual pro-
duction tool. For purposes of clarity,
I've ignored certain special cases that
must be considered in an actual tool.
It is always useful to elaborate the
exact steps necessary to turn some-
(continued)

push
push
push
push
mov
mov
mov
mov
mov
mov
mov
movsb
pop
pop
pop
pop
pop
mov
mov

Imp

rep

kio2:

; Put a character in
kiO: assume
mov
mov
cmp

ig

mov
inc

kio1:  pop
pop
pop
iret

ki: pop
pop
pop
assume

jmp

ki3: assume
mov
mov
mov
cmp

e

inc

jmp

ki4: assume
cmp

e

dec
imp

di

CX.

ax

es

si, ds

es, Si

si, offset inline
di, offset outline
bx, inptr

byte ptr [si+ bx], O
cx, 80

es
ax

(0

di

si

outptr, 0
inptr, 0
kio1

the incoming buffer

ds:cseg

di, offset inline
bx, inptr

bx, 80

ki1

[di+bx], al
inptr

di
bx
ds

di

bx

ds

ds:nothing
old__keyboard__io

ds:cseg

di, offset outline
bx, outptr

al, [di+ bx]

al, 0

kiO1

outptr

kio

ds:cseg
inptr, 0
kio1
inptr
kio1

; Source segment in DS

; Destination segment in ES

; Source offset in S|

; Destination offset in DI

; Null terminate the input string

; Repetition count in CX
; Move byte string
; Restore registers

; Restart in and out buffers

; Use input buffer
; Go to next empty space
; Take no more than 80 chars

. If less than 80 chars, add char
; and advance pointer

. Return from interrupt after restoring the register state

; Return from the interrupt call

. Let the ROM routine handle everything, including the return from interrupt

; Turn off all assumptions (IMPORTANT)

: Send the next byte of a string back as though it had been typed at the kbd

; Use output buffer

; Advance to next char to be sent
; Put char in AL

; Have we used up buffer?

;. If so, return NULL

; If not, advance output pointer

: Don't save the backspace. Instead, back up input pointer by 1 (unless it's 0)

. Is input buffer empty?
; If so, just return
. If not, back up input pointer

; And return
(continued)

Fall 1985 BY TE * nside the IBM PCs

121



DESK ACCESSORIES

keyboard__interceptor endp

Application code should end here
initialize:

mov
mov

bx,cs
ds,bx

: Make DSEG = CSEG through BX because
. of inadequate 8088 instruction set

Get the old keyboard I/0 vector and put it in its variable

. The vector we want is keyboard /0O
; Use the DOS function call to get it

; See page D-33 of DOS 2.0 manual
. Old vector is returned in ES:BX

mov al,16H

mov ah,get__vector

int DOS__function

mov old__keyboard__io,bx
mov old__keyboard__io[2],es

; Set the keyboard 1/O vector to our routine

mov bx,cs ; DOS function wants vector in DS:DX
mov ds,bx ; SO put seg:ofs of interceptor there.
mov dx,offset keyboard__interceptor
mov al,DOS__keyboard__io ; Use the DOS function call to set it
mov ah,set__vector . See page D-28 of DOS 2.0 manual
int DOS__function
mov bx,cs ; First expendable address is that of
mov ds,bx . initialize, so put seg:ofs in DS:DX
mov dx,offset initialize ; End program but leave keyboard
int DOS__terminate__resident ; interceptor resident

CSEG ENDS
END start ; Starting address is start

. Save it to variable

thing as finicky as an assembly-lan-
guage source into an executable ap-
plication program. Quite often the
reader and the writer make different
basic assumptions about what is go-
ing on; explicit instructions can help
put everybody on the right track.
All the assembly-language pro-
grams in this article were assembled
using this basic set of commands:

MASM < name>;

LINK <name>;

EXE2BIN <name>

RENAME <name>.BIN
<name>.COM

ERASE < name>.EXE

where <name > .ASM is the name of
the source code.

You'll notice that the example as-
sembly-language files are assembled
to COM files rather than .EXE files.
This is to simplify the code and speed
the execution of the installation pro-
grams. The COM format for PC-DOS
programs is intended for small, fast
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utilities. Thus, they have no separate
stack segment and are limited in their
choices of code and data segments.
They begin execution at location
100H rather than at OH. When writing
a program intended to be a COM file,
you should not define a stack seg-
ment, and the first line of executable
code should come after an ORG
100H statement. When this code is
being assembled, the IBM assembler
generates a warning that your code
has no stack segment. This is no
cause for concern, and you should ex-
pect it to occur.

DEBUGGING AN INTERRUPT
HANDLER

One of the most difficult parts of
writing a replacement interrupt
handler is getting it to work. It is, in
effect, a new part of the operating sys-
tem. Small bugs in a new keyboard
handler or video interrupt handler will
be magnified since much of the rest
of the operating system depends on

these routines. A technique | dis-
cussed earlier involves replacing a
less consequential interrupt vector for
part of the debugging phase. Another
important technique is prototyping. If
you are writing a really large interrupt
handler, you should try to build and
test each portion of your code as a
normal program before placing it in
an interrupt routine. For example, if
you design a scheme for pop-up win-
dows, be sure that it works from a nor-
mal program first. If you can, push the
system dependencies as far down in
your code as possible. If you need to
get a character from the keyboard
rather than scatter DOS calls all
throughout your code, encapsulate
the DOS call in one special routine
and then have your application call
that. Don't be afraid to write little test
programs that try out one thing at a
time from within an interrupt handler.

Assembly-language programming
brings out a tendency to optimize, to
try and make programs as small and
as tight as possible. This can be good,
but it can be dangerous to be too
tricky. A program that is too big or too
slow isn't of much use, but one that
is that is impossible to understand a
month after you write it, or impossi-
ble to modify, is equally bad. A sense
of purpose and balance is important
here. Be tricky only when you have to.

These techniques should be familiar
to anyone who has ever written
modular code before. They are basic
principles of software design. A good
book on this subject is The Muythical
Man-Month: Essays on Software Engineer-
ing by Frederick P. Brooks Jr.
(Addison-Wesley, 1974).

Assembly language is not for every-
one. And interrupt handlers are by far
the most finicky type of assem-
bly-language programming you can
attempt. But if you are careful and
persistent, you can have a lot of fun
adding special-purpose functions to
your [BM PC. m

Editor's note: The source-code files for the
listings in this article are available for
downloading from BYTEnet Listings. Prior
to November 1, phone (617) 861-9774;
thereafter, phone (617) 861-9764.



THE FORTIS DH45, THE START OF A NEW BUSINESS GENERATION

DAISY OR DOTS ... Have it your way. Don't settle for one or the other ... get both.

The revolutionary FORTIS DH45 dual head printer combines the speed and bit
image graphics of a dot matrix with a high quality daisy wheel for crisp letters. All
this in one compact unit that saves desk space and at a price that is less than you
would pay for one printer. It is also compatible with IBM* PC and most other
personal computers.

- | i l
aisy Wheel Printhead, [l =T

Dotj Matrix Printhead |

with its two heads, produces crisp letl /magine the advantage of having two heads in one printer. Need graphics or
graphics with a dot matrix print head. . .
condensed print spreadsheets or a rough draft of a long letter, just touch the

______ i T i s AN L control panel. How aboutimportant correspondence to impress a potential client,
; s ] again, just touch the control panel to switch to the letter quality daisy wheel.
Sewi;':;:ar.mdry s 177 /ndeed’

[l 4 the old saying TWO HEADS ARE BETTER THAN ONE, really holds true in the DH45.

[

— e *IBM is a registered trademark of IBM Corp.
FAORTIS

2 —0RTIS ——— DYNaX, Inc. &

DYNAX, INC. OFFICES ™ T e = m m Em Emam mmmm -
® HEADQUARTERS 6070 Rickenbacker Rd., Commerce, CA 90040 » (213) 727-1227 YES! Please send me more information on the FORTIS DH45 Dual Head Printer
u NEW JERSEY One Madison St., East Rutherford, NJ 07073 e (201) 471-0100 Name Title
® TEXAS 6012 Campus Circle, Suite 250, Irving, TX 75062 e (214) 257-1700 I
® ILLINOIS 533 West Golf Rd., Arlington Heights, IL 60005 e (312) 228-0707 Company Phone
® MASSACHUSETTS 400 W. Cummings Park, Suite 5300, Woburn, MA 01801 e (617) 933-8162 I -
® N. CALIFORNIA 1255 Oakmead Parkway, Sunnyvale, CA 94086 e (408) 730-1712 Address City State Zip
- Mail to: DYNAX, INC. Customer Service / FORTIS DH45
fnquiry 223 I

6070 Rickenbacker Road, Commerce, CA 80040
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Take a close look at Canon'’s line of printers. The first thing you'll notice is how good they make you look.

That's because Canon's experience in high-tech optics really shows. For instance, Canon was among
the first to make a desktop Laser Beam Printer. At a price that's within any business's reach, the Canon Laser
Printer can produce eight pages a minute with a quality that's more in common with a professional print shop
than a personal computer.

Canon also developed the ingenious Bubble-Jet Printer technology, finally making it possible for a
printer to not only work extremely quickly but also incredibly quietly.

Our Ink-Jet Printer can produce exceptionally sharp, high-resolution graphics in seven colors, even on
transparencies. While the Thermal Transfer Printer has three kinds of print modes, including letter quality,
at a very competitive price.

And the Canon Impact Matrix Series, for regular and extra-wide column paper, makes printing
very fast, very economical.

Welcome to
estchester

The Visitors Guide 1o Westchester County

This estimate is base on the following a

Quality Metel/Matal Resns

RSN JRETSIEN |

l,l il

OUMRILEI  QUeRTERZ  QUABTFRY  SUARTIRG

This computation sssums e, only one visitor per hotel room and
Slude visitors vho stey ulen © one-da;

The Muberive Svmp AL

1,40 compond wostly of sdultethe
15 MY Kotas Taxvieel unty fo

aajority "ot whom in the

e azaup. 43, hecetor

re,  wall-above

iauce time and the
nasded
dsy or night.

The  Group has th

P e > 9 ¥ § 9

ans) tion
Eraval about the County -

Publishet by Wasis heater Trauel Guides, boc

IMPACT MATRIX
INK-JET '

€ 1985 Canon US.A., Inc.

,4 i ,t'ﬂl"v 0
:r,‘f.‘#,'f,i.‘n/ W,



AT STAND OUT.

Visit your local computer store and judge the complete line of
Canon printers firsthand.

You'll find the print quality is absolutely
crisp. The graphics are remarkably clean. And 1
the reasons for buying one are perfectly clear.

For more information,
call 1-800-323-1717, ext. 300 (in lllinois,
1-800-942-8881, ext. 300). Or write
CanonUSA,, Inc, Prlnter
Division, PO. Box CN 11250, Ca“ 0"@
Trenton, NJ 08650. PRINTERS

Inquiry 21
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QUANTEK

126

QUALITY AND TECHNOLOGY

l'\ T MENU
§ ROOTMENU

QUANTEK !

FEATURES AND SPECIFICATIONS
® IBM — AT compatible motherboard with:
6MHz 80286 CPU
B640Kb Main Memory
ROM Bios
Eight |/0 expansion slots (six with 62
and 36 pins, two with 62 pins only)
CMOS clock/calendar with battery back-up
Socket for B0287 math co-processor
Seven-channel direct memory access (DMA)
16 level interrupts
Three programmable timers
W 192 Watt Power Supply

Fixed and Floppy Disk Controller

QC is a registered trademark of Quantek Corporation

2000 AT

B 1.2Mb/360Kb Diskette Drive
¥ IBM-AT compatible Key-board
¥ Security Key Lock
#® Options
Serial and Parallel Port
3Mb RAM Memory
20Mb Fixed Disk Drive
40Mb Fixed Disk Drive
20Mb or 60Mb Tape Drive
360Kb Diskette Drive
Color Monitor with adapter
Monochrome Monitor with adapter

IBM is a registered trademark of International Business Machines Corporation l‘ IRVINE, CALIFORNIA 927
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A MIDI RECORDER

Store and play back keyboard music

COMPUTERS HAVE been
used in music and related
areas for some 30 years,
but, until recently, only by
those with access to the
costly and scarce comput-
ing resources available at
large institutions such as
universities. Now, the
technological advances
that gave rise to the per-
sonal computer are being
applied to a new genera-
tion of musical instru-
ments, promising to bring
computer music within
reach of a wide range of
eager participants. At the
center of this activity is
the musical instrument
digital interface, or MIDI,
a specification for the ex-
change of information in
digital form among in-
telligent musical instru-
ments. The specification,
standardized by several
prominent manufacturers
of synthesizers and elec-
tronic musical instruments
in 1983, defines both a
hardware standard for
connection of MIDI
devices and a software
protocol for data interchange.

In the past two years a flood of new
MIDI products, from keyboard syn-
thesizers to music computers, has ap-
peared. As has been the case with
personal computers, MIDI hardware
has often preceded the software.
However, we are seeing more and
more MIDI software, ranging from
simple recording and playback pro-
grams to elaborate composing sys-

ILLUSTRATED BY KATHERINE MAHONEY

with your IBM PC

8
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tems capable of converting music
played on a synthesizer keyboard to
standard music notation.

The subject of this article is a sim-
ple MIDI recorder program, capable
of recording a performance played on
the keyboard of a MIDI-equipped
music synthesizer and faithfully re-
producing the performance on play-
back. My program, MPU401.PCE writ-
ten in Laboratory Microsystems' PC/

FORTH for the IBM PC,
provides for the recording
and playback of MIDI data
on any of eight separate
tracks. It communicates
with a MiIDIl-equipped
music synthesizer (see
figure 1) via the Roland
Corporation MPU-401
MIDI Processing Unit
(MPU), an intelligent con-
troller that relieves the
IBM PC of much of the
processing load asso-
ciated with the real-time
MIDI information. (Editor's
note:  The source code for
MPU401.PCF is available for
downloading via BYTEnel
Listings. Call (617) 861-9774
before November 1; thereafter,
call (617) 861-9764. You will
need PC/FORTH in order to
use the program.)

The basic record/play-
back function is a good
starting point for explor-
ing the possibilities of
MIDI software. In addition
to MIDI considerations,
my MIDI recorder pro-
gram addresses several
other issues of interest to
IBM PC programmers.
Among these are the processing of
real-time interrupts, the use of execu-
tion vectors, and memory allocation
via calls to PC-DOS.

Before I discuss the software itself,
you should be aware of a few of the

(continued)
Donald Swearingen (100 Valencia #261,
San Francisco, CA 94103) is a freelance soft-
ware developer, consultant, musician, and
composer.
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technical details of the MIDI standard
and of the MPU-401. For the sake of
brevity, I will limit my discussion to
those items that are crucial to an
understanding of the application at
hand.

I1BM PC

THE MIDI STANDARD
The MIDI standard allows you to con-
Wi I:' I:l nect MIDI-equipped devices in a sim-
ple bus network via an asynchronous
link. The standard MIDI interface
ALl operates at 31.5K bps (bits per sec-
ond) with 1 start bit, 8 data bits, and
| stop bit, for an effective transfer rate
R MBuTs 00 of about 3K bytes per second.
MIDI PROCESSING UNIT A MIDI device (see figure 2) nor-
mally contains both a receiver (MIDI
input) and a transmitter (MIDI output).
koo s Some MIDI devices also contain a
repeater module, which routes the
receiver section’'s unaltered input to
an additional output (MIDI Thru out-

1+::.5333-_FFFFFFFFFFFFFFFF|— put) for connection to other MIDI
MUSIC devices. By daisy-chaining the Thru

SYNERESICER I | l-"-l“ ' 'Wﬂ"‘ “ “mm"ﬂ output of one MIDI device to the in-
put of the next, you can connect up
to 16 receivers in a MIDI bus network.
However, you can only have one
transmitter in a given network
because there is no bus arbitration.
You can configure MIDI devices in
many other interesting ways; basically,
any combination of output to input
connections is allowable, even in the
MIDI THRU same MIDI device.
OQUTPUT . s
i All communication among MIDI
devices is carried out by the transmis-
sion of MIDI messages containing both
data and commands for MIDI devices.
A MIDI transmitter originates MIDI
Moy —>$] RECEIVER REPEATER TRANSMIT TER L formatted messages, while a MIDI
; receiver recognizes and acts upon
messages in standard MIDI format.
MIDI messages consist of a status byte
s anq one or two.data bytes..Status byte;.
OF MIDI DEVIGE 8-bit values with the high-order bit
always set (ie., > = 80 |hexadecimall),
indicate the type of command or
function to be performed (or being
performed) by a MIDI device. Data
v bytes, 8-bit values with the high-order
ANALOG 1/0 bit always reset (i.e.. < 80 [hexadeci-
mal), follow the status byte and serve
as parameters or modifiers to the
commands.

Figure 1: Interfacing a music synthesizer with an 1BM PC via the MIDI Processing
Unit (MPU).

Figure 2: The internal components of a typical MIDI device. ontiaued)
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your hard disk isa MUST. For your business, this necessity
can become an expensive nightmare. Until now.
Fastback™(Version 5.0) is the hard disk backup (and
restore) software utility that eliminates the need for expen-
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ERROR CORRECTION TECHNIQUES TO RECOVER
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MIDI messages are generally di-
vided into two types: channel messages
and system messages. To understand my
MIDI recorder program, you need
only be concerned with a subset of
the channel messages—the channel
voice messages. Channel voice messages
(see table 1) include Note On/Note Off
events (i.e., a key being pressed or
released), control changes (volume,
modulation, etc.), and program
changes (the selection of unique
“patches” on music synthesizers).

All channel messages contain, in the

low-order bits of the status byte, a
4-bit number that directs the MIDI
message to one of up to 16 MIDI
devices attached to the MIDI network
(see figure 3).

Each MIDI device attached to the
bus is responsible for recognizing its
channel number and responding ap-
propriately to the MIDI message. A
receiver of a channel voice message
always adopts the command status in-
dicated by the last status byte it
received. This is referred to as the
channel's running status and the

receiver remains in this state until a
new status byte is received. Thus, if
a given status is to be repeated, it may
be optionally omitted, and only the
proper number of data bytes for that
status need be sent. Consider, for ex-
ample, the MIDI data stream (MDS),
consisting of several MIDI messages,
shown in figure 4.

Note the manner in which the run-
ning status is used to reduce the
number of bytes required to specify
a MIDI message. When a device must
send long strings of data for the same
command (e.g., Note On/Note Off), it

can realize a considerable savings in
Table 1: The MIDI channel voice messages. All data bytes are in the range the number of bytes transmitted by
from O to 127 unless otherwise specified. A velocity of O for a Note On using the running status.
message indicates Note Off, allowing the use of running states for strings of Note
On/Note Off messages. THE MIDI PROCESSING UNIT
Roland’s MPU-401 (see figure 5) is an
Command intelligent interface containing its own
Field of CPU (central processing unit) and an
Status Message Data LSI (large-scale integration) hand-
Byte Description Byte(s) shake controller for the MIDI network.
The MPU connects to the IBM PC via
000 Note Off key a parallel interface. It uses the |IRQ2
note off velocity interrupt to initiate data transfer be-
tween itself and the IBM PC. The use
001 Note On key of a smart interface allows the IBM PC
velocity (note off if velocity = 0) to perform other tasks while the MPU
is recording or playing. The MPU
010 Polyphonic key pressure | key operates independently, managing
pressure the MIDI bus; it interrupts the IBM PC
only when a data transfer is required.
on Control change control # (0-121) Because of this the IBM PC can per-
control value form such tasks as disk I/O (input/out-
put) and screen update while the
100 Program change program # MIDI record/playback process is in
operation. The use of IRQ2, which has
101 Channel pressure pressure a higher interrupt priority than disk
and other 1/O interrupts, ensures that
110 Pitch wheel change pitch wheel least significant byte no MIDI data will be lost.
pitch wheel most significant byte When instructed to start recording
l MIDI data, the MPU transmits MIDI
(continued)
1 2 3 4 6 7
BIT 7]e]s]a]3s]z]1]o0 MDS MIDI MESSAGES | 90 20 so[zooolzmo]zloo c0 04 | 90 30 65 [ 30 00
VALUE 1 [COMMAND| CHANNEL CH.1 RUNNING STATUS 90 co 90

Figure 3: The MIDI status byte
for channel voice messages.

Figure 4: A MIDI data stream (MDS) consisting of several MIDI messages with the

running status shown.
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Why crawl

when you can
sprint with
APPLICATION 1 ?

Assembler speed in IBM Basic and Microsoft “C”.
application Mainframe power for your IBM PC.

Create network applications:
Choice of file or record locking.

Today’s programmers want more than development tools
and Data Base Managers that merely crawl when they
need to sprint. APPLICATION 1's rich assembler routines
combined with IBM Basic or Microsoft “C”, sprints during
the creation and execution mode of your software...and
that means up to 6 times faster and more!

Its remarkable efficiency is a result of this unique
file system. Achieve unperceivable performance differences
from files containing 300 to as many as 80,000 records
or more. Design screens in minutes with Genser, our full
screen editor. And most important, APPLICATION 1 opens

up the door to file sharing in upda’te mode. Now. LUGI 'JESI‘
Conserve precious disk space with variable length &

record and key indexes. With unlimited files, fields, records gogi%uesz Inc. o
and 8087/80287 support, APPLICATION 1 has it all. b e e T 51
You can grow with us because we bring no limitation 1-514-397-9631

to your imagination and future requirements.
We've prepared a “Demonstration Kit”
for Application 1. This includes complete
documentation and demo disk. Order
yours today for $49.95 (US) which is
refundable on the purchase of the
$595.00 (US) full version. Contact
Logiquest at 514-397-9631.

Required:

PC DOS 2.1 and up

PC DOS 3.1 and up for networking

256k Ram.

IBM PC, XT, AT, and compatible

IBM Network Cards presently supported *

©APPLICATION 1 s a trademark of Logiquest
Inc, Montreal. IBM, IBM Basic are products and
trademarks of International Business Machines.
Microsoft is a trademark of Microsoft Corporation.
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messages received at its MIDI input
to the IBM PC for storage. A single
MIDI data stream transmitted to the
IBM PC during the record process is
referred to as a track. Each of the
eight tracks is allotted a separate area
of the IBM PC's memory for storage
and for later playback. In playback
mode, the MPU requests the transfer
of track data for performance at the
appropriate times.

Through the use of an internal
clock, the MPU manages all timing
and synchronization for the MIDI data
stream. The MPU's internal clock rate
controls the basic tempo for the
record/playback process and can be
varied between 8 and 250 beats per
minute. In turn, each beat is subdi-
vided into smaller units according to
the value of an internal time base. The
internal time base can be set to seven
values, ranging from 48 to 192 divi-
sions per beat. At initialization, the
internal time base defaults to 120
divisions per beat. Therefore, for a
tempo of 60 beats per minute, each
division of the internal time base

would be equal to 1/120 of a second.

When the recording process begins,
the MPU sets a record counter, used for
timing of incoming MIDI messages, to
0. Thereafter, it increments the record
counter by one for each count of the
internal time base. The record counter
is allowed to range in value from 0O to
239 (00 to EF |hexadecimal|) and can
thus represent timing intervals in the
range from O to 2 beats. When a MIDI
message is received at the MPU's
MIDI input, the current value of the
record counter is copied and used as
a prefix to the MIDI message to form
a track event. The track event is then
transmitted to the IBM PC and stored
in the computer's memory. The record
counter is then reset to 0 and the pro-
cess is repeated for the next MIDI
event. If the record counter reaches
239 before a MIDI message is re-
ceived by the MPU, the counter is
reset to 0 and a timing overflow in-
dicator (F8 |hexadecimal|) is trans-
mitted to the IBM PC indicating that
no MIDI messages have been re-
ceived during the preceding 240

MIDI MIDI
IN RECEIVER ROM/RAM
MIDI MIDI LSl
ouT TRANSMITTER CONTROLLER
MIDI MIDI
ouT TRANSMITTER
1/0-MAPPED
OTHER CcPU mTREARLFLAEcLE
™ 170 CONTROL TO HOST PC
[ J
Figure 5: The Roland MPU-401 MIDI Processing Unit.
1 2 3 4 5 6 7 8
TRACK EVENTS | 00 90 2050 | 60 20 00[10 21 60(802100(F8 |20 co04[40 903065 [A83000
EVENT TIMES 0.00 0.80 0.93 2.00 4.00|4.26 4.80 6.20

Figure 6: A track data stream based on the MIDI data stream from figure 4

with the addition of relative timing values.
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counts of the internal time base (null
MIDI event). Such a sequence of track
events is referred to as a track data
stream. With the addition of the relative
timing values, the MIDI data stream
above would be transmitted to the
IBM PC as shown in figure 6.

Here the event times represent the
sum of all preceding timing bytes in
the MIDI event stream; for example,
the sum of the timing bytes of the first
three events (00+ 60+ 10) is 70 (hexa-
decimal), and the event time (0.93
second) represents the actual offset
of the third event from the start of the
MIDI event stream (70 |hexadecimal]
= 112 [decimal|, 112 + 120 divisions
per second = 0.93 second).

In playback mode, the MPU assigns
a unique play counter to each active
track. When the playback process is
begun, the MPU requests a MIDI
event for each active track. The tim-
ing value of the MIDI event is copied
into the play counter for the track and
the MIDI message is temporarily
stored. The play counter is then
decremented by one for each count
of the internal time base. When the
play counter reaches 0, the MIDI
message is transmitted to the MIDI
bus. The MPU then requests the next
MIDI event for that track from the IBM
PC and the process is repeated. A
MIDI event stream received from the
MPU in record mode can thus be sent
unaltered to the MPU in playback
mode for a faithful reproduction of
the original sequence of MIDI mes-
sages.

The exchange of track events dur-
ing the record and playback pro-
cesses constitutes the bulk of the in-
teractions between the MPU and the
IBM PC. In addition to the track
events, the MPU sends other MPU
messages (see table 2) to the IBM PC in-
dicating various conditions. The IBM
PC, in turn, controls the actions of the
MPU by sending MPU commands (see
table 3). It should be emphasized that
the tables represent only a small por-
tion of the repertoire of commands
and functions the MPU is capable of
performing. A more complete picture
of the MPU'’s capabilities is hinted at

(continued)
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in the section of my program labeled
“MPU-401 Control Words."

One further note concerns the
MPU's use of a simple handshaking
scheme for synchronizing its com-
munications with the IBM PC. When
it sends an MPU message to the IBM
PC, the MPU remains in a software
loop until the entire message has
been read by the IBM PC. The MPU

can accept no new commands or data
from the IBM PC until it completes the
message.

Without this condition the IBM PC
could send a command to the MPU
while the MPU was simultaneously
sending a byte to the IBM PC (the first
byte of an MPU message). The MPU
would then expect the IBM PC to read
this byte (as well as the rest of the

Table 2: The MPU messages sent by the MPU to the computer to indicate
various conditions. Note that the MIDI recorder program ignores the MPU
commands F9, FC, FD, and FE. All message numbers are in hexadecimal.
MPU
Message Message Description Comments
00-EF Track event In record mode, the first byte (timing
byte) of a track event to be read by
the host IBM PC
FO-F7 Track data request In playback mode, the MPU
requests the next track event for
tracks 1 (FO) to 8 (F7)
F8 Timing overflow The record counter has reached 240
during record mode
F9 Conductor data The MPU requests the next track
request event for the “Conductor” track
FC All end Indicates all tracks have finished
playing in playback mode
FD Clock to host Clock tick to host (see MPU
commands 94, 95, and E7)
FE Command ACK Acknowledgment that the MPU has
received a command from the IBM
PC
EF System-exclusive MIDI system-exclusive message
L | message follows
Ml i MIDI SYNTHESIZER
MPU-401 \/
MIDI OUT MIDI OUT

Figure 7: Interfacing the MPU-401 to a MIDI synthesizer.
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MPU message) while the IBM PC
would want to send the rest of its
command.

To prevent this situation from
occurring, the MPU employs a com-
mand acknowledgement (ACK)
character (FE |[hexadecimal]). When
the MPU accepts a command from
the IBM PC, it transmits the ACK
character, indicating that the IBM PC
can now transmit succeeding data
bytes (if any) associated with the MPU
command.

MIDI MusiC SYNTHESIZER

The music synthesizer used in our ex-
ample has both a MIDI input and a
MIDI output. It is connected to the
MPU-401 by two cables, as shown in
figure 7.

All notes played on the synthesizer's
keyboard are transmitted to the
MPU-401 through the synthesizer’'s
MIDI output, and all notes received at
the synthesizer's MIDI input are per-
formed by the synthesizer as though
they had actually been played on its
keyboard.

THE FORTH ENVIRONMENT

My program, MPU401.PCF, is made
up of a number of objects that work
together in the FORTH environment
to perform the functions of a MIDI
recorder. The program's organization
reflects FORTH's prohibition of for-
ward references. Since FORTH com-
piles new programs into its workspace
in a one-pass operation (in the same
manner that it interprets keyboard in-
put), MPU401.PCF is organized
"bottom-up,” with the more primitive
definitions preceding those at higher
levels.

At first glance, the listing appears
similar to a standard 8088 assembly-
language program, and, indeed, many
of the traditional elements of assem-
bly language are present. On closer
examination, however, you may notice
a number of differences that will seem
strange if you are unfamiliar with
FORTH programming conventions.

To begin with, FORTH's use of a
stack for the passing of arguments
and data among procedures (words
in FORTH) requires you to use



reverse Polish notation to form ex-
ecutable FORTH statements. As a
result, many FORTH programs appear
to be “"backward” to those accus-
tomed to more traditional computer
languages.

In FORTH, the key word CODE in-
forms the FORTH compiler that the
following statements, up to the word
END-CODE, are to be compiled as
code words using FORTH's built-in
8088 assembler. Ordinarily, code
words end with the statement NEXT,
allowing them to be used interactively
with the FORTH interpreter in the
same manner as other FORTH words.
Code words intended for this kind of
usage always end with the statement
NEXT, rather than with a traditional
return (RET) statement.

The MIDI recorder program uses
two such code words, FREE__MEM
and GET__MEM, which are intended
for use as traditional FORTH words,
receiving their inputs and returning
their outputs on the FORTH stack. All
other code words in the MIDI
recorder program, however, are in-
tended as objects of internal CALL
statements and therefore contain RET
statements, as would normal assem-
bly-language subroutines. Regarding
the calling of code words that contain
RET statements, you must use a
special sequence of instructions to en-
sure that you actually jump to the ex-
ecutable code (parameter field
address) of the subroutine, skipping
a pointer (code field address) FORTH
places at the beginning of code
words. This is accomplished by a
statement of the form:

' MPU_RECD >BODY CALL

The same convention applies to
jump (JMP) statements. Those familiar
with traditional 8088 assembly lan-
guage should have little difficulty with
the format of the FORTH code words.

Until recently, FORTH programs
were customarily created using
“screens,” 1K-byte blocks of memory
that could readily be displayed,
edited, and stored in a small-com-
puter environment. Today, many ver-
sions of FORTH offer the alternative

(continued)

Table 3: The MPU commands the computer uses to control the MPU.

Command
Byte Command Description Comments

22 Start record process The record counter is cleared and
the recording process is begun.

1 Stop record process

0A Start playback process Playback is begun for all active
tracks as set by the SET_AC__TRK
command.

05 Stop playback process

2A Start overdub process The record and play processors are
activated simultaneously.

15 Stop overdub process

FF Reset MPU-401 Reset the MPU-401 to the power-up
defaults.

33 Disable MIDI Thru MIDI Thru function from MIDI In to

function MIDI Out is disabled.

86 Screen bender data Bender (continuous) data is not
transmitted to the host IBM PC.

87 Allow bender data

8C Disable measure end Measure end marks are not sent to
the host IBM PC.

8D Enable measure end

8E Disable conductor track The conductor function is disabled.

8F Enable conductor track

94 Disable clock to IBM PC

95 Enable clock to IBM PC

96 Screen system-exclusive MIDI system-exclusive data are not

data transmitted to the host IBM PC.

97 Allow system-exclusive data

B8 Clear play counters The play counters are cleared for all
active tracks.

BA Clear record counter The record counter is cleared.

EO Set tempo The tempo is set to the value
indicated by the following data byte
to the MPU.

EC Set active tracks The active tracks for playback are

set according to the following data
byte.
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of compiling FORTH source code
from traditional text files. This alter-
native is provided by PC/FORTH
through its INCLUDE statement. |
created MPU401.PCF using a standard
text editor and compiled it using the
INCLUDE feature. The appearance
and maintainability of the source
code are greatly enhanced by the use
of a text editor that allows you to
create code segments and commen-
tary of arbitrary length.

FORTH allows the free use of com-
ments between a freestanding left
parenthesis and a right parenthesis.
I made liberal use of comments in the
program listing to improve its read-
ability and maintainablilty.

THE MIDI RECORDER PROGRAM

MPU401.PCF begins with the defini-
tion of the data structures (constants,
variables, buffers, pointers, etc.) to be
used by the various routines. Items
such as the 1/O port addresses for the
MPU, the track size, and the number
of tracks are defined as constants.
Following are the definitions of five ar-
rays to be used in the management
of track data. For each track, T_SEG
will contain a pointer to the segment
of the 8088's memory-address space
where the data for that track are
stored. T__RPTR and T_PPTR will
contain, for each track, a pointer to
the offset (within the track’'s memory
segment) of the next location to be

used for recording or playback of
track events. T__RST is used to hold
the current running status for each
track, and T__NDAT stores the
number of data bytes associated with
the current running status of each
track. The variable ACK_RCVD is
used to coordinate the sending and
receiving of MPU communications.
PREV__IRQ2 is used to retain the
previous contents of the IRQ2 vector
for later restoration. REC__TRK con-
tains the number (0-7) of the track
currently being recorded. MPU__
VEC is used by the IRQ2 interrupt
routine to vector execution to the
proper character handler, and MPU__
VEC__RST contains the address of
the routine that handles the first char-
acter of an MPU message, used to
reset MPU__VEC after an MPU
message has been processed.

The code definitions begin with two
functions used to allocate memory
outside the FORTH workspace. This
memory will be used for the storage
of track data in order to reserve
memory within the FORTH work-
space, which has a 64K-byte limit, for
additional word definitions. Another
benefit of this approach is that you
can make your track-data buffers as
large as you wish, subject only to the
available memory and the 64K-byte
limit imposed by 8088 segment ad-
dressing. FREE__MEM releases all of
the IBM PC's unused memory for use

Interpret MPU Message

MPU__MSG:
begin
if command byte is MPU ACK then

jump to end-of-interrupt

else if command byte is a play request

else

jump to end-of-interrupt
L end

(note: the MPU character handler vector is initially set to the address of MPU_MSG
to process the first character of an MPU message)

set command ack flag (ACK_RCVD) to signal command received

else if command byte is a timing value then
jump to track event recorder routine (MPU__RECD)

jump to track event play routine (MPU__PLAY)

Figure 8: The algorithm for the MPU message interpreter, MPU_MSG.
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by other processes, returning the
number of available memory para-
graphs (16-byte sections) on the stack.
GET_MEM is used to allocate
memory from this available pool. It
accepts as input the number of re-
quested paragraphs and returns a
pointer to the allocated memory
(seg). the number of paragraphs ac-
tually allocated (n__alloc), and a PC
DOS error code (0, if no error).

The next section contains defini-
tions of routines used to send data
and command output to the MPU.
Each object in this section is defined
both as a FORTH word and a callable
assembler subroutine so that the
function it performs will be usable in
either application. Of particular note
here is the manner in which the word
IMPU_CMND, which sends a com-
mand to the MPU, utilizes the ACK__
RCVD flag. Before a command is sent
to the MPU, the flag is set to 0. After
sending the command byte, IMPU__
CMND waits in a loop until ACK__
RCVD is set to a nonzero value by the
routine MPU_MSG, which handles
messages from the MPU.

Following the MPU output words
are the routines that handle entry and
exit from IRQ2 interrupts. When an
IRQ2 interrupt occurs, execution is
vectored to IRQ2__INT. IRQ2__INT
saves all appropriate CPU registers,
reads the character from the MPU
data port, and then jumps to the MPU
character handler pointed to by the
vector MPU__VEC. After the charac-
ter has been processed, IRQ2__
INT_END is executed. It sends an
end-of-interrupt (EOI) signal to the
PC's 8259 interrupt processor, re-
stores the CPU registers from the
stack, and returns from the interrupt.

The next section includes the basic
routines used in the recording and
playback processes, MPU__RECD
and MPU__PLAY. Following that is
the MPU message interpreter, MPU__
MSG, which processes the first
character of all MPU messages. These
routines constitute the core of the
recording and playback process.

MPU messages (see table 2) consist
of either a track event (to be re-
corded) or a single-byte message.
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MPU__MSG is responsible for taking
an appropriate action in response to
the MPU message. The algorithm for
MPU__MSG is shown in figure 8.

MPU__RECD is responsible for the
recording of track events received
from the MPU (see the algorithm in
figure 9). Track events (see figure 10)
may be from | to 4 bytes in length.
In the interrupt environment, you only
receive one character at a time, and
it is not possible to scan ahead in the
input stream in order to make deci-
sions about how to handle multibyte
messages. MPU__RECD solves this
problem through the use of the MPU
character handler vector, MPU__
VEC. After a track-event character has
been processed, MPU__VEC is set to
the address of the routine that will
handle the next character of the track
event when the next interrupt occurs.
After the entire track event has been
processed, MPU__VEC is reset to the
address of MPU_MSG in order to
process the next MIDI message.

MPU__PLAY (see the algorithm in
figure 11) is responsible for transmit-
ting a track event to the MPU in
response to a track-data request, the
inverse of the operation performed by
MPU__RECD. Here, by contrast, ex-
ecution vectors are unnecessary since
you are transmitting to the MPU.

The remainder of the routines in the
program listing are written as stan-
dard FORTH colon words, using the
words and data defined in the
preceding sections.

The interrupt control words are
responsible for initializing the IRQ2
and MPU character handler vectors
and for enabling or disabling the
IRQ2 interrupt. They demonstrate the
sequence of actions necessary for the
proper activation and deactivation of
prioritized interrupts (IRQ0-IRQ7) on
the IBM PC.

The MPU control words consist of
the standard MPU commands and the
record/playback control words.
MPU__INIT initializes the state of the
MPU at start-up to the state that is re-
quired for proper interaction with the
MIDI recorder program. MPU__ON
and MPU__OFF are short words that
are used to activate and deactivate

Record Track Event

(process timing value of track event)
MPU__RECD:

begin

record timing value for track event

jump to end-of-interrupt
end

(process second character of track event)
MPU__RECD__2:
begin
if character is an MPU mark then
record the mark

jump to end of interrupt

(process data bytes of track event)
MPU__RECD__3:

begin

store data byte

if count is O then

jump to end-of-interrupt
end

if not a null track event (timing overflow) then
set MPU character handler vector to routine that will process
the second character of the track event (MPU_RECD__2)

reset MPU character handler vector to MPU__MSG

else
set MPU character handler vector to routine that will process
the data bytes of the track event (MPU_RECD__3)
compute and store the number of data bytes for the current running
status of the track being recorded
if character is not a status byte then
jump to routine to process data bytes of the track
event (MPU__RECD__3)
else
store the new running status
compute and store the number of data bytes for the new
running status
jump to end-of-interrupt
end

decrement count of data bytes for current track event

reset character handler vector to MPU_MSG

Figure 9: The algorithm for the track event recorder, MPU_RECD.

MPU communications.

The record/playback control words
are at the highest level in the hier-
archy of modules in the MIDI recorder
program. They are the words that con-
stitute the program’s simple user in-
terface. Once compiled into the
FORTH dictionary, they can be ex-
ecuted interpretively from a keyboard
or included in more sophisticated
programs.

RESET__RPTR resets the record
pointer for a given track to 0, in ef-
fect erasing the contents of the track
(@ nonzero record pointer always

points to the byte following the end
of a track's data). RESET__PPTR
resets a track’'s play pointer to 0 so
that its track data will be performed
from the start.

Before any track data can be re-
corded, you must allocate the mem-
ory to be used for track-data storage.
RECORD__INIT invokes FREE__
MEM and GET_MEM to obtain the
necessary memory and stores
pointers to the track buffers in the
T__SEG array. It then loops to reset

the record and play pointers for all
(continued)
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tracks. Once MPU_ON and RE- ing a performance on a single track. Recording and play[ng
CORD__INIT have been executed, When RECORD is used. the MPU

you are ready to begin the recording  does not request track data for per-
and playback process. formance on other tracks. Therefore, Of traCk data goes on

RECORD is responsible for record-  only the track being performed is

TIMING OVERFLOW (NULL TRACK EVENT)

NO OPERATION

F9 | MEASURE END MARK )MPU MARKS

T

FC | DATA END MARK

MIDI
MESSAGES

USING
e e ey

{co-pF} { 00-7F |

180-BF | 100-7F -00—7F MIDI MESSAGES

\ J ' SETTING NEW
Eeiee] [Eon = RUNNING STATUS

BYTE 1 BYTE 2 BYTE 3 BYTE 4
(TIMING VALUE)

Figure 10: The format of track events received from the MPU. All track events are

in hexadecimal.

Play Track Event

MPU__PLAY:
begin
if track buffer is empty then
send data end to MPU (00,FC)
jump to end-of-interrupt
read timing value from track buffer
send timing value to MPU
if timing value was overflow (F8) then
jump to end-of-interrupt
if next character in track buffer is an MPU mark then
read mark from track buffer
send mark to MPU
jump to end-of-interrupt
if next character in track buffer is a MIDI status byte then
set running status for teack to new status byte
read status byte from track buffer
send status byte to MPU
compute and store the number of data bytes for the current running status
repeat
read next data byte from track buffer
send data byte to MPU
decrement count of data bytes for current running status
until count is 0
reset play pointer for track to reflect data played
jump to end-of-interrupt

Figure 11: The algorithm for the track event performer, MPU__PLAY.
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in the background,

SO you can execute
other FORTH
commands as the

process continues.

heard. RECORD is invoked with the
number (0-7) of the track to be re-
corded on the stack. The statement 0
RECORD starts the recording process
and records data on track 0. As a con-
sequence of the interrupt scheme, the
actual recording and playing of track
data is carried out in the background,
allowing you to continue executing
other FORTH commands while the
process is in operation. The recording
process is ended by the command
RECORD__OFF.

OVERDUB functions similarly to
RECORD, except that all other active
tracks are played back while the over-
dub track is being recorded. Using
OVERDUB, performances on the
MIDI synthesizer can be “layered” on
up to eight tracks.

The PLAY command simply plays
back the track data for all active
tracks. No track data is sent to the
IBM PC by the MPU.

CONCLUSION

The MIDI recorder program provides
a foundation for the development of
an expanded programming vocabu-
lary for the musical instrument digital
interface. Although [ have only
touched the surface of issues perti-
nent to MIDI programming, the func-
tions provided by MPU401.PCF con-
stitute a useful and instructive
introduction to this subject. In the
near future, we can look forward to
new developments in MIDI software
that will greatly stimulate musical
creativity. m
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The Warp Speed Light Pen.
Works As Fast As You Think.

First there was the keyboard. Then there was the
mouse. Now the most powerful and versatile input
device is the WARP SPEED LIGHT PEN with its
powerful CONTROLLER software. What once
required many keystrokes or taking your mouse

for a walk, now occurs with the touch of a pen.

Instant Compatibility

Instantly you're working faster. Simply plug the WARP
SPEED LIGHT PEN into the light pen port on your monitor adapter
card. The WARP SPEED LIGHT PEN with the push tip actuation
switch is completely compatible with the IBM PC, AT, JR, XT,

o *-335 "t v Tie st 57 : s and almost all IBM compatibles and clones. The WARP
‘ i SPEED LIGHT PEN works on all screens, even the
difficult IBM P-39 green and Amdek 310 Amber.
For additional speed and less fatigue, THE

' Push Tip Pens
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Rarp Speed Sales
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it ] 8 : WARP SPEED LIGHT PEN’'S lightweight SL'I’EEQ
whw 3  Aluminum design is the lightest ever. PEN

The Fastest Draw In The West

Run circles around the mouse with the new

converter program PENMOUSE. It converts all Mouse operated soft-

ware to light pen control. So now the light pen has more soft-

ware applications than the mouse, including PC Paintbrush,

PC Draw and Autocad. And it's only $69.99. Not copy
protected.

Harp Speed Sales

Total Sales

Free Software
and One Year Warranty

The WARP SPEED LIGHT PEN comes complete with its
powerful CONTROLLER software and a full one year war-
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5 ranty. You can add even more versatility with driver pro-
grams for LOTUS 123, SYMPHONY, WORDSTAR,
WARP SPEED LIGHT PEN $199.99 GEM or design a custom program with help from

Includes free CONTROLLER software. A complete file

our expert staff of programmers.
management system.

CONDUCTOR 2.0 NEW VERSION $79.99 .The chance to work almost as fast as you think
Enhancements and Light Pen Controller for all versions of waits for you at your local dealer. Grab it.

Lotus 123 and Symphony. A

PENMOUSE 569.99 To order direct call

Converts all mouse software to Light Pen control.

GEMLIGHT $69.99 = = =

A Light Pen controller and enhancement driver for GEM.

WARPSTAR $69.99

A Light Pen controller and enhancement driver for WORDSTAR. ( I n Ca I ifo rn ia 1 -800-826-1563)

All software not copy protected.
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Copyright 1985, Warp Speed Computer Products Inc. Los Angeles, CA. All rights reserved.
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INSIDE

THE IBM

PCs

CIRCUIT DESIGN
WITH LOTUS [-2-3

Use the famous spreadsheet to design circuits

SPREADSHEETS, espe-
cially those with graphics,
are not just for business
applications; they can be
of great help to circuit
designers or anyone else
designing systems that
can be described by
equations.

As an example, let’s take
a look at the application
of one spreadsheet, Lotus
I-2-3, to one technical
problem, electronic circuit
design and analysis. We'll
look at both digital and
linear circuits.

DIGITAL CIRCUITS
Digital circuits are built
from logic building
blocks—inverters, NAND
gates, flip-flops, etc. We
can simulate each of these
components with the
equations in a cell of a
spreadsheet, using the
spreadsheet’'s built-in
logical operators shown in
figure 1. For instance, in
the spreadsheet portion
of Lotus 1-2-3, the equiv-
alent of an inverter is the
operator #NOT#, struc-
tured as #NOT#(A=1). This structure
means the state of the operator
#NOT# is not true, or equal to a
logical O, if the state in the paren-
theses is true. This is equivalent to the
output of an inverter circuit whose in-
put is A. Similarly, the model of a
NAND gate, #NOT# (A=1#AND#B=
1), is not true if input A and input B
are both true.

The flip-flop is a bit more complex,
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and print out schematics
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since its output depends not only on
its input conditions but on the transi-
tion of a clock pulse. For simplicity,
let's assume that there is a narrow
clock pulse that triggers the flip-flop
whenever the clock pulse is true—in
other words, whenever its logic state
is a logical 1. The Q output remains
in its present state until the clock is
true; it then assumes the state of the
input D. The Q' output is the

logical opposite of Q.

These actions are easily
simulated using the
logical @IF function. It is
structured as @IF(A,BC)
and means IF A THEN B
ELSE C. That is, if the
logical condition of A is
true, then the function
equals B. Otherwise, the
function equals C. Setting
the variables as @IF(C=1,
DQ), we can interpret the
state of the function as: If
the clock C is true, the
state is equal to D; other-
wise, it remains Q. The Q'
output is handled with the
#NOT# operator.

Given the ability to
simulate logic compo-
nents with spreadsheet
functions and operators,
let's now look at how we
can use this technique to
build a simple digital cir-
cuit. The synchronizing
circuit of figure 2 is a com-
monly encountered ar-
rangement. Known vari-
ously as an edge detector,
a synchronizing circuit,
and a digital differentiator,
it develops a pulse one
clock period long when an external,

(continued)
John L. Haynes is associate director of the Bec-
ton Dickinson Research Center, Research
Triangle Park, NC 27514. He has been “ac-
tive in the R&ED of computers since the
vacuum-tube days (64 bytes of RAM!)" He
has spent the last 18 years in health-care
product development. His interests are pho-
tography, running. computers, and his new
grandchild.
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DESIGN

CLOCK
MEMR’
QQ1
QQt
QQ2
READY

Cell

K6
J7
J8
J9
J10
J11

Table 1: These are the named ranges in the worksheet of figure 3. Naming the
ranges for the variables makes the equations in range K6.K11 easier to follow

and understand. '
Named Range
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DIGITAL LOGIC COMPONENTS

OUTPUT EQUATIONS
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COMPONENT TYPE LoGIC SPREADSHEET
INVERTER —-{>o— NOT A #NOTH(A=1)
NAND NOT(A*B) #NOT#(A=1H4AND#B=1)
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Figure 1: Logic components simulated by Lotus 1-2-3.
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Figure 2: Edge-detector schematic drawn by Lotus 1-2-3.
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asynchronous event occurs. In this
case, it is configured to give a negative
pulse, synchronized with the clock,
whenever the MEMR' input goes
negative. (In a microprocessor circuit,
MEMR' might be a Memory Read
signal.)

The edge-detector circuit (see the
text box "Schematics on Lotus 1-2-3"
on page 146 for an explanation of
how the circuit was drawn) uses two
D flip-flops and a NAND gate. Starting
at the left side, we need to describe
the input signals for MEMR' and
CLOCK, use them as inputs for the
first flip-flop, and then take the flip-
flop's output to the second flip-flop
until we reach the output of the
NAND gate in the upper right. The
spreadsheet to accomplish this is
shown in figure 3. It is laid out in two
major sections, Variables and Plot
Values.

The equations for each of the out-
puts of the logic components of figure
2 are displayed in text format in col-
umn K of the Variables section. The
cell at K8 gives the output equation
for Ql. The formula used is that of the
D-type flip-flop component described
in figure 1, modified to show that the
DI input value is MEMR'. This has the
effect of specifying the circuit connec-
tion from MEMR' to DI.

For clarity, the variables in the for-
mulas in column K refer to signal
names, that is, cell names, rather than
cell coordinates. The names used in
the formulas are shown in table 1 (you
input them using the commands
/IRANGE, NAME, CREATE). Note that
all the named ranges are in column
J. with the exception of the CLOCK
signal, which is in column K. This
makes the state of the outputs in col-
umn K dependent on the values in the
preceding column, J. Column | holds
the initial values for each independent
state. The flip-flop names used in the
formulas are QQx rather than Qx to
avoid confusion with column Q cells.

The formulas in cell range K6..Kl11
have been copied into L6.BM6. This
creates a series of logic states that can
be interpreted as the time sequence
of states for each variable.

The two input signals are not
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created by the logic components of
our circuit but must be specified by
us. The initial value of MEMR, in cell
]7, is set to 1. Each succeeding cell in
row 7 is a 1 until cell AA7, which has
been set to 0. That value continues for
the rest of the row.

The CLOCK signal is a little trickier.
Its formula, in K6, is set to repeat the
value of the cell A6, which is 10 col-
umns back. Repeated along the whole
row, this makes each clock state
dependent on the state 10 cells back.
This gives a series of zeros in cells L6
to S6, as each cell looks back to a
zero-containing cell 10 columns back.
At cell T6, however, things change; it
looks back at the initial value in cell
J6, which is set to @TRUE, so T6 is a
1. This sequence repeats each 10 col-
umns. The next positive clock pulse
is in AD6.

Looking now at the logic states of
the logic components, as represented
by rows 8 to 11, we see that the out-
puts remain the same at each column
until the clock signal is positive, as in
column AD. Then the outputs of flip-
flop Ql change state as MEMR' is
strobed into it. (No change happened
at the clock signal in column T
because Ql was already in the same
state as MEMR') While very useful,
the sequence of 1s and Os is not near-

ly as satisfying as a graph.

To plot the results of the logic states,
we need to stack them one above the
other for clarity, as in figure 4. This is
the function of the Plot Values section.
The logic state of the CLOCK in cell
L6 is added to the offset in cell A17
and placed in cell L17. The formula in
L17, +L6+S$A17, is copied to the en-
tire region from L17.BMI17. As a
result, each logic state is added to its
appropriate offset and placed in the
Plot Values region. When the formula
is copied into L18, the copy logic of
1-2-3 will make the cell formulas
relative, so the formula in LI8
becomes +L7+$A18, and the MEMR'
logic state is added to its associated
offset value of 9. The $SA notation
means that the column reference is
absolute rather than relative; this en-
sures that when the formula is copied
into succeeding columns it continues
to use the offset values of column A.
The six output states are now ready
to be plotted as graphs A to F. The
graph type chosen is Line, formatted
as Line Only.

To plot the results, we must assign
regions for each graph. Let’s start by
concentrating on the first line of the
plot, the CLOCK signal, plotted as
graph A. The region assigned to
graph A is the entire row 17,

Al17.BMI17, a total of 66 columns. The
Line mode of 1-2-3 plots that as
follows: The horizontal axis is divided
into 66 equal segments, and the value
of each cell is plotted at the ap-
propriate vertical location. In Line
Only format, only points in adjacent
columns are plotted. Isolated points
are not plotted.

These features determine the look
of the graph of the CLOCK signal.
There are no adjacent nonblank cells
until column L, so the graph doesn't
start to plot until the twelfth horizontal
tick mark. That leaves a blank begin-
ning space for the label.

The label is inserted using the Data-
Label facility of 1-2-3. Selecting graph
A, we assign the range as cell A6,
aligned right. This will print the label
“"CLOCK" in cell A6, to the right of the
value in cell A17.

Each of the remaining five graphs
is plotted and labeled the same way.
The names of A6..All also serve as
the labels for each graph; the offsets
of A17..A22 serve to locate the labels.
The columns B to | serve two func-
tions: They provide the space at the
start of the graph for the label and
allow the CLOCK formula in Ké to
look 10 columns back to set up the
clock.

(continued

-
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Figure 3: Spreadsheet to analyze edge-detector circuit.
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SCHEMATICS
ON Lotus [-2-3

Avery crisp, professional-looking schematic can be drawn by using the
graphics mode of a spreadsheet. The results in figure 2 speak for them-
selves. Chances are you've never considered using Lotus 1-2-3 to draw a
schematic. So how is it done? Just a simple XY graph, drawing lines from point
to point.

What's the secret? Lotus draws no line if a point is missing in a range; this
allows us to put blanks between groups of data to draw numerous unconnected
components. We can then interconnect them at will, using additional groups
of data to draw the connections.

The spreadsheet in figure 10 contains the data to draw figure 2. It's organized
in two groups; the first, Al..138, handles the components and their labeling. It
is shown in the left column of the figure. The group on the right, A40..175, handles
the interconnections and completes the labeling.

STEP 1: DRAW THE COMPONENTS

The seven pairs of numbers in the range B6..D12 define the first flip-flop, FFI.
The pair (15,8) is the lower left-hand corner of FF1. The next five pairs of numbers
define the four corners and mark the the two input ports. The last pair (15,8)
closes the box back at the starting point. If components are used more than
once, you may want to generate a component primitive table as in figure 11.
The shapes can then be copied to the desired location by adding the appropriate
offset to the X and Y values.

The next group, in range B14..D20, defines FF2 in the same way. The last group,
in range B22..D37, outlines the NAND gate. The curved outline requires far more
points than the rectangle of the flip-flops. The isolated point at (48,25) will pro-
vide the label to put an O on the NAND output to provide the little circle that
signals that it is an inverting output. Using the O saves drawing another 8 to
10 points to draw a circle.

Defining the graph type as XY, set the X graph range to B6..B37. Set the A
range to D6..D37. Set the scale manually to get a 30 by 60 plot.

STEP 2: ADD THE INTERCONNECTING LINES

The data in the right-hand group B45..D68 defines the connections. Each con-
nection is labeled for function in the Comments column. To plot the interconnects,
extend the X and A ranges to include their data; the X range is now B6..B68,
and the A range is D6..D68.

STEP 3: ADD THE LABELS AND THE DATESTAMP
Extend the X and A ranges down to include rows 69 to 74 and pick up the
date stamp and input signal label points. Then use the Data-Label option to
define a label range for graph range A. This is the set of labels in column E.
So the label range is set to E6..E74. Select location Right from the menu when
defining the data labels to put the labels to the right of the selected points.

The label will plot about one character to the right of the plotted point in
graph range A. Notice how nicely this puts the little circle on the NAND gate.
The date in cell E70 is a @TODAY function, so it keeps the data sheet and
schematic up to date automatically as changes are made and saved.

Use the Titles option to set up your titles at the top and bottom, and the graph
of figure 2 results.

All the figures in this article were done using Lotus 1-2-3.
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The resulting graph of figure 4 is
very easy to follow. It's now clear how
the circuit works to put out a syn-
chronized pulse when MEMR' goes
negative. The next CLOCK signal (the
second pulse of our figure) strobes
the logical zero state into Ql, driving
QI positive. Since Q2 is unaffected at
this clock time, its output is still a
logical one. With both inputs of the
NAND gate now positive, its output
goes negative, starting the READY
signal pulse. The next CLOCK pulse
strobes the logical zero output of Ql
into flip-flop Q2, sending its output to
zero. This pulls the B input of the
NAND to ground, sending its output
positive and terminating the READY
signal. It's clear that the READY signal
will be exactly one clock period long,
synchronized with the CLOCK signal.

The circuit of figure 2 is a good ex-
ample of the power of a spreadsheet
program to diagram a digital circuit,
analyze it, and plot the results. If the
results aren't what you want, it's easy
to change the design. For example,
what if the input for the NAND gate
is taken from the opposite outputs of
the flip-flops?

LINEAR CIRCUITS

The analysis of transient effects and
frequency response in linear circuits
can also be modeled very effectively
using spreadsheets. The added graph-
ics of Lotus 1-2-3 can show the result-
ing waveforms at the press of a key,
allowing an interactive modification of
the circuit to get the desired response.

No differential equations need be
solved, no integrals evaluated. All that
is necessary is to model the incremen-
tal changes that occur in a brief time
period.

The three important linear circuit
elements—resistors, capacitors, and
inductors—are modeled in figure 5. As
in the digital case, we can set up equa-
tions that describe the behavior of the
elements; those equations can then
be modeled in the equations of a
spreadsheet cell.

The simplest linear element is the
resistor, whose behavior is described
by Ohm's law: The ratio of voltage to

(continued)
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current is the resistance.

The behavior of a capacitor is a little
more complicated. The nature of a
capacitor is to resist changes in
voltage. The equations of figure 5
show that the current / flows into a
capacitor C, for a period of time DT,
to build up the charge necessary to

change the capacitor voltage VC by
an amount DV.

The larger the capacitance, the
smaller the voltage changes for a
given current change. The new voltage
is the sum of the previous voltage, VC,
plus the incremental change caused
by the previous current flow, I
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Figure 4: Timing diagram for edge-detector circuit.
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Figure 5: Linear circuit components simulated by Lotus 1-2-3.
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VC = VC + DV
VC = VC + [+DTC

The behavior of the inductor is the in-
verse of the capacitor behavior; that
is, the inductor resists changes in cur-
rent when a voltage is applied across
its terminals. The voltage VL must be
applied for a time DT to build up flux
in the inductor and allow a change DI
in current flow. The larger the induc-
tance, the smaller the change in cur-
rent for a given applied voltage. The
new current is the sum of the previous
current [ plus the incremental change
caused by the previous voltage VL:

I =1+ DI
I =1+ VL+DTL

These circuit elements can now be
combined to form a number of cir-
cuits that we can then analyze with
our spreadsheet modeling technique.

For example, let's look at the sim-
ple circuit of figure 6. The capacitor
C is charged through the resistor R.
What is the resulting response to a
step input V2 Those with circuit ex-
perience will recognize that the
capacitor does not change voltage in-
stantaneously; it charges up at a rate
related to the amount of current flow-
ing into it through the resistor. This is
the behavior shown by V... the out-
put voltage taken across the capacitor.

The spreadsheet that generates
figure 6 is shown in figure 7; it is
similar to the sheet that generated
figure 4. The section added at the top
describes the circuit operating condi-
tions. The input is a 5-volt (V) step,
stored in cell E2. The resistor and
capacitor values are in cells E4 and
ES:

The Variables section assembles the
formulas for the circuit components
into a circuit; the resulting matrix
describes the circuit operation. Cells
in the formulas block, K13..K18, define
the circuit. Once defined, the formulas
are copied into range L13.DF18,
which lays out those values versus
time.

The time clock is in cell K13. It
copies the previous value and adds
to it the value of one clock tick, DT.

(continued)
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DT is set at 1 microsecond (us); we'll
come back and review this choice
later. The input voltage, V., is set to
quasi-DC; it repeats whatever value it
had previously. The exception is cell
Ol4, which is set to the value in cell
E2 in the Circuit Parameters section.
This gives us the desired 5V step in-
put at t=5 us.

Cell K15 contains the most complex

of the formulas. It sets the value of the
capacitor voltage VC. As described in
the circuit element equations of figure
5, the value is the previous value J15,
plus the incremental voltage change
from the previous I, flowing in C for
the interval DT.

Next we calculate the voltage avail-
able to the resistor. The sum of the
voltage across the resistor and

capacitor must equal the input
voltage. Since the input and capacitor
voltages are known, the resistor
voltage can be calculated as their dif-
ference, V,, — VC. This is the formula
in K16.

The current | is our easiest calcula-
tion—just divide the resistor voltage
VR by the resistance R. Notice in col-
umn O that the initial effect of the
step-input voltage is seen entirely

across the resistor; a 0.5-ampere cur-
; rent flows as a result.
LINEAR CIRCUIT ANALYSIS For clarity, the output voltage V..
> REAR=SRONSE is given its own row, 18. This is iden-
tical to the capacitor voltage, VC. Note
- how the value of V,,, builds up as time
progresses from column P through
£ vin column X. Figure 6 plots the input
voltage V,, from row 14 and the out-
A . put voltage V... from row 18.
4
|
|
o Vout PLOTTING THE GRAPH
o .
2 5 R=10 To get the desired smooth curve, the
Z format for all curves is set to Line
2 Only. To get the maximum flexibility,
Vin = T Vout the graph type has been set to XY.
N This will be necessary when we get to
the schematic diagram and is a help
o in labeling the curves.
T T T 2 T T
o o e oy el . i The column labeled Graph (E12..
TIME (USEC) ———> E20) shows what we've plotted to
generate the curves. This takes the
place of the Plot Values section of the
Figure 6: Schematic and voltage-versus-time graph of RC circuit. digital sheets. It lets us know that
(continued)
ABCD E FGHI J K 13 M N 0 P Q R & W X Y Z
1l emmmemmeeeee CIRCUIT PARAMETERS ======cccemcane-  eme NAMED RANGES ---------
2 VIN = 5.0 volt step at t=5 microsec
3 R E4..E4 X: J13..EF13
4R = 10.0 ohms CRNESTED
5C = 0.47 microfarads DI E6..E6 A: J14..UF14
6 0T = 1.0 microsec DT MUST BE LESS THAN R*C = 4.7 microsec VIN K14..K14 B: J18..DF18
7 VC K15..K15 C: J20..EF20
8 VR K16..K16
9 e VARIABLES ======emeeccaaax 1J17..417 C:DATA-LABEL  J21..EF21
10 INITIAL
11 NAME GRAPH VALUES FORMULAS VALUE VS TIME =---->
L S e oo = S &
13 TIME X ZERO +J13+$DT 2 3 4 5 6 7 8 i ] 12834 =158 16
14 VIN A ZERO +J14 000500508 bL0RETOENE (U B OR B0 S5 OFNA S0 RS 0MER CONEECORSEL RS 510
15 VC ZERO +J15+1*$0T/$C 0.0 020,10,08 1040 1ol 192, 6 3yl 3,50 8080 4015 5443 4.4 4.5° 40
16 VR ZERO +VIN-VC R0 0 DEE0 S0 I brOENE TR T2 A ST 0SS b T2 S 050 =80 7a 0T 638 0 26 =054
k7 ZERO +VR/SR 0505 0203805 00/ 58 0 FASROR 30228 0X25 10 s PR 055 SN (0 A SO R IR OSSN 0 s ()
1&; VouT B2 ZERO +VC 0200 DE0SE 0200205 s 11T R I6 88 3T1NS 3058 3T BN 4TINS s 3 d T A S5 6
1
20 LABEL C: 523 355
21 DATA-LABEL Vin Vout
22
23
A BCD E  FGHI J K I M N 0 P Q R S 1 U v W X Y Z

Figure 7: Spreadsheet to analyze RC circuit.
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SHIFT YOUR
HARD DISK

P BACK INTO

with

m-

disk :u::::::w,m::::m|||...m MIZef o

— 49,95

Special Introductory Price

Tunes Your Disk Files For Highest Performance
The Disk Optimizer organizes your disk to make your TURN THE THROTTLE BACK UP!

PC run faster. You'll discover faster program loading, Now, the Disk Optimizer puts the zip back into your

faster file loading and sorting, faster file creation, faster hard disk! The Disk Optimizer collects all the scattered
backups to diskette. And the disk Optimizer reduces pieces of your files and re-stores them together in

the chances of error during your disk I/O. neat, well-organized areas on your disk. The result:
immediate performance improvement . . . faster
loading programs (and their overlays) . . . faster
sorting . . . faster loading and storing spreadsheets

cclyapbp [ele] AAA 5] BB NN] U3Y| [YY) BEBB g
CC AA IBBII AAA|I JJJ BBBB or document files.
BONUS EXTRAS — at no extra cost
AAAAAAAAA BBBBBBBB pooD I3 FFF el 1 IRERRN ~ DISK ANALYZER ) ’
| BBBBBBEB DDDD FFF GG‘ JUJJJ Displays a visual performgnce aqalyms. . .shown in
percentages . . . for any disk or diskette.
~ PERSONAL FILE SECURITY

DOS IS SLOWING YOU DOWN! Password protect any file or program.
Whether you realize it or not, the more you use your . FILE PEEKER
Pha;%ggl;’ﬁt:ge :}gﬁ; l(tl;%llg%)ét/owlrgaggsr;z olfel;ecause Now you can visually examine any file on your system.
things (programs, overlays, batches, etc.) randomly, <
wherever unused disk space is available. Your operat- 9 5
ing system doesn’t keep pieces of the same file b ’ o
together. This means slower access time. Lost speed. Plus $5:00.Shipeing & Handing

Lost productivity.
i, SOFTLOGIC

Order Toll-Free: \@@ grgt};r}gf’golugell\)lOs\S’

1-800-272-9900 @ 530 Chestnut Street, Manchester, NH 03101
1-800-272-9900. In NH, call 627-9900

Disk Optimizer works with IBM PC’s and true compatibles.
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curve X is taken from row 12, curve
A from row 13, etc. The actual ranges
plotted are shown in the range name
table included on the sheet in the
upper right-hand corner.

Lotus 1-2-3 does not have a com-
mand to display named ranges. The
Named Ranges table is a good idea
to include in all your spreadsheets as
part of the documentation, to show

which ranges have names. The for-
mulas in column K have the names of
a number of circuit parameters mixed
in with the cell locations; this makes
the formulas more self-explanatory.

Since there is quite a bit to label in
figure 6, two rows have been added
for labeling, rows 20 and 21. The C
curve allows us to spot unplotted
points and to plot line segments on

the figure. The value in cell 020, for
example, spots an unplotted point at
x=5 and y=5.3. The Data-Label below
it prints the label “Vin" on the figure
to the right of this point. Remember
that the point doesn't plot, because
the Line format does not plot isolated
points—it only plots cells that adjoin
nonblank cells. The other labels are
treated similarly. The data for the
schematic diagram is in the region

DHI3..EA21. It's plotted in the way
EINEAR CIRE@ LM ANAIRSS described in the text box.
S EEeEeIEE How do we pick a reasonable value
8 for the time interval DT? For our dif-
! ference analysis to be accurate, the in-
Fi=l | ; ;
; ! cremental change in the capacitor
i )
- = | voltage must be small compared to
i the voltage VR, which determines the
5 Vin | current [. Let's write that as an
A mn i 3 7S
! ; inequality:
|
PR [+DTIC << VR
0
I
g 3 R=10 L=100 ‘ Rearranging the inequality to solve for
J\/\ﬁm_r DT
o
Vin c=.47 _‘, Vot DT < < (VR/)*xC
= But from Ohm's law, we know that
VR/I equals the resistance R, so:
0 T T T T T T T T T
0 20 40 60 80 100 DT << R+C
HEseEE e This tells us that the time interval DT
must be small compared to R+C. The
Figure 8: Schematic and voltage-versus-time graph of RLC circuit. RC product is a term familiar to cir-
(continued)
A BCD E FGHI J K L M N 0 P Q R if U v W X Y 7
1l mecmoooeaoc—a CIRCUIT PARAMETERS ==-=-m===sccceee 0 cecooee NAMED RANGES ---=-----
2 VIN = 5 volt step at t=5 microsec IIISESTRES X: J13..EF13
3L = 100 microhenries R E4..E4
4p = 10 ohms G ES..ES A: J14..0F14
5C = 0.47 microfarads DT EG6..E6 B: J19..DF19
6 DT = 1 microsec DT UST BE << SQRT(L*C) = 6.85 microsec VIN K14..K14 C: J21..EF21
7 VC K15, .K15
8 VR K16..K16 C:DATA-LABEL J22..EE22
9 mmemmeememee = VARIABLES! ===renmee—ccmaa— VL J17..J17
10 INITIAL 1 J18..J18
11 NAME GRAPH VALUES FORMULAS VALUE VS TIME --=-->
T s cmorms | o b st S - e et =
13 TIME X ZERO +J13+$DT 2 3 4 5 6 7 8 9 10 10l 12 P3S4 15156
14 VIN A ZERO +J14 0.0; 0500 E0%00EE, 0FS5R0  65085 50« 510 05 (0o 5508550 - 5.0 81500106 0155, 0
15 VC ZERO +J15+1*30T/3$C 050 10500, D0 08 0L 0NR0EIN03 0o 1.0 = 1 68200 205 310 =316 4]
16 VR ZERO +1*$R 0L02 050 USR0S 0008 S0 M6 S EITY = LS4 R]I08 = P N DNI8e 255 L2 5ht N2 05 1255
17 VL ZERO +VIN-VC-VR 0.0 0.0 0.0 5.0 5.0 4.4 3.7 2.9 2.2 1.4 0.7 0.1 -0.6 -1.1 -1.6
18 1 ZERO +I+VL*$DT/SL 0L00% 058 0510800, 080 IR0 SN ORI R 002 8022 =0 ePs N0 2 08303 = 0.2012
19 vouT B ZERO +VC 050 - 1050 10.040,000,0° 0sl 0.3 060 1150 150 2.0 2,50 3.0 3.6 4.1
20
21 LABEL & 593
22 DATA-LABEL Vin
23
24
A BCD E FGHI J K L M N 0 R Q R S T U v W X Y z

Figure 9: Spreadsheet to analyze RLC circuit.
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DOES YOUR

I-RES GRAPHICS
BOARD SHOW
YOU ONLY PART

OF A SPREADSHEE

When it comes to printing out
spreadsheets, most IBM*compatible
graphics boards come up short.

But not the Genoa Spectrum™
Color/Mono/Graphics Board.

what you're doing. On the screen.
And on paper.
But the best part is, you don't

have to pay more to do it. Here’s why:

Up until now, if you wanted

The Spectrum Color|Graphics Board is the most compatible board you can buy. Which means it runs the most
software. Including Flight Simulaton™ Lotus® 1-2-3™ Symphony™ SideKick™ PC Paint™ and mawch, much more.

It goes all the way to 132 columns.
The largest text display of any
graphics board you can buy. There’s
even a special driver that'll show
you 132 columns of Lotus, which
normally only has 80.

And together with your 132-
column printer, the Spectrum can
also print every one of those 132
columns. So you can see more of

both graphics and color, you had to
buy two boards. One for hi-res
mono graphics, one for color.

But the Genoa Spectrum puts
color and graphics on the same
board. So you save yourself a slot.
And about $250.

You can also save yourself the
price of a color monitor. Because
Spectrum will emulate your color

Spectrum is a trademark of Genoa Systems Corporation. ©1985 Genoa Systems Corporation.

Inquiry 72

software in monochrome. And for
your monochrome software there’s
a 720x 348 hi-res mode.

So either way;, you're covered.
Spectrum is compatible with all
color and monochrome monitors.
So you'll always get 16 beauti-
ful colors in color. Or 16 shades
of monochrome in mono.

For all the technical specs
or the Genoa Spectrum dealer
nearest you, just call us at
408-945-9720. Or write Genoa
Systems Corporation, 73 E.Trimble
Road, San Jose, CA 95131.

The Genoa Spectrum. It's the
only board you'll ever need for color,
graphics, and full size output.

Anything else is either too much
money or incomple

G Genoa

We make IBM PCs better:
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A B Gk 3 F G H 1 A B E F G H I
1 fmmmmmm e e e e fmmmmmmmm e 1 L e fmmmmmmm e : 40
2 : GRAPH X GRAPH A COMMENTS 2 41 : GRAPH X GRAPH A : COMMENTS : 2;
K e e 3 42 tmmmmmmmm e lmm e e e e D e e :
4 DATA DATA LABELS COMPONENTS 4 43 : DATA DATA  LABELS CONNECTIONS : 2‘31
o e s R s e s s e e L e e e e e 5 44 I==E===ZSS S} SSSESSSSSSSSSSSSSS)ESSSZSZSZIZZI=ZSZ=====)
6 : 15 : 8 NAME FF1 6 45 : 10 : 1 MEMR --> D1 45
7 15 : 15T 1/ 7 46 : 15 : 17 46
8 : 15 : 17 €1  Ql' :LOCATION: 8 47 {-m-meemmmimeee—cememmeememeoomeemmmm—meee——oan 47
9 : 15 20 : X0= 15 g 48 : 128 5 CLOCK --> Cl 48
10 : 24 : 20 Y0= B0 49 12 11 ;49
i 24 : 8 11 50 : 15 : 11 : 50
12 : 15 : 8 12 Bil Aofmsse o e e e R S R S e i S e : 51
e T e T 13 52 ; 10 : 5 CLOCK --> C2 52
14 : 30 : 8 NAME FF2 14 53 : 28 : 5 53
15 : 30 : Wk e s 15 54 : 28 : 11 1 54
16 : 30 : 17 €2 Q2' :LOCATION: 16 55 : 30 : 11 : 55
7o 30 20 : X0 = 30017 0, B D e e s e s R S e i e 56
18 : 39 : 20 YO= 8 : 18 57 : 24 11 Ql' --> NAND A 57
d3g 39 s 8 19 58 VA 11 58
20 30N 8 20 593 26108 26 Y
F A e e fmmmmmmmmmmm e 2 Al 60 : 45 26 : 60
220 45 - 23 :NAME NAND ;22 (L e e e B e e : 61
23 45 ; 24 B :INPUT LABEL 5 23 62 : 39 17 Y2 --> NAND B 62
24 : 45 : 26 A :INPUT LABEL 2 24 63 : 42 17 3
25 Ly 27 2 e Al 64 : 42 24 64
26 : 47 27 : 26 65 : 45 24 65
A g e :LOCATION: : 27 Bl - e e B S S e e : 66
28 @ 48.73 : 26 : X0= 45 : 28 67 : 24 17 L s V2 67
29 : 48594 oG55 YO= 2389800 68 : 30 : 17 : 68
SO 49 25 30 510 R e e N S, A Bev e e 69
dilesl == 4.8 L9 dias s L2 0S ¢ 31 70 : 42 2 26-Aug-84 DATE STAMP 70
Bigsa 48,73 24 82 A e A T L ST S e o T e e S e 71
33 . 48.32 1 23.5 ¢ 33 72 : 2 17 WEMR' INPUT SIGNAL 72
34 47 23 34 A AR L e S e L E SR SR L - 73
35 45 3 23 35 74 : 2 5 cLock INPUT SIGNAL 2 74
360 ¢ NA NA 836 e e e o o ELS WCR . 11 St AR . 75
A 48 25 0 READY OdTPUT LABEL anai/ A B E F (©) H 1
3 1emmmmmean B e =38

A 8 625 ) 3 F G H 1

Figure 10: Spreadsheet to draw edge-detector circuit
cuit designers; it's a measure of the
C 9 E .F 8 B &

100 ¢ RESISTOR i CAPACITOR 1106
P fossscamnecenenss e e S (101
102 + X-AX1S  Y-AXIS & X-AXIS  Y-AXIS :10Z
ks g e s A aserme  anenie gl
104 . f Nt ] 2 1104
103 2 0.75 G 0,75 A i)
106 ¢ | A G A 2 1108
I {.3 e 1107
108 : /i 0 L O 2,9 1108
1ng 2.5 Bl 0ls Zedl 109
13110 3 SURHEY 0 20g kD
L ) ORane 0 Sl
12 Sl 0o JEHE
(R ) 0 g
HlEF gomemesatcisaase [ R e e= il
L D ERF g H [

Figure 11: Digital and linear component primitives.
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response time of a circuit, historical-
ly called the circuit “time constant.”
So the comment in row 6 tells us that
we should pick the time intervals on
our spreadsheet analysis so that they
are small compared to the circuit re-
sponse time RC—a very reasonable
restriction.

The results of the our work are sum-
marized in the graph of figure 6. Sure
enough, the output voltage rises to
the input value as a familiar exponen-
tial curve. So far, so good. But, you
say, | could have estimated that result
far faster without all that work. True
enough. A simple RC circuit isn't all
that impressive, unless you remember
that we did the analysis with a spread-
sheet program.

Now all the “what if" power of the
spreadsheet is at our disposal. Want
to see the effect of a smaller capac-
itor? A different value resistor? The ef-

(continued)




OUR PLUG-IN GARD
GIVES YOU
PLUG-IN
GONTROL.

PC 488 allows your IBM PC/XT/AT or com-
patible to control IEEE-488 instruments.

WHAT ADDITIONAL SOFTWARE
DO | HAVE TO BUY?

None. PC4>488 supports all pop-
ular programming languages
including interpreted and
compiled BASIC, TBASIC ™
Microsoft® Pascal, Turbo™
Pascal, C, and FORTRAN.
You can use Tektronix®
Standard Codes and
Formats and emulate
HP controller stateme
PC¢)488 also runs B

IS IT DIFFICULT TO USE?

You just plug itin. PC¢»488 is totally self-contal WHAT’S THE BOTTOM LINE?
with all software packaged in read only memory. :
Documentation includes a complete tutorial and That'sthe best part. PC¢488 costs just $395
programming reference, plus more than thirty including software support for all popular pro-
application programs. ; gramming languages, extensive applications
library, and the programming and refer-
WILL IT WORK WITH ALL ~ence manual. Ordertoday by calling

(617) 273-1818 or Telex 247316.

CEC

Capital Equipment Corporation
A\ 10 Evergreen Ave., Burlington, MA 01803.
(617)273-1818, Telex 247316.

MY INSTRUMENTS?

You bet! More than 500 companies,
including every major instrument
manufacturerintheU.S.and  °
Europe, are currently using
PC{0488.
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fect of a 5 percent change in each of
the elements? Just key them into the
Circuit Parameters cells and push F10
to see the modified graph. Now that's
power.

Let's add an inductor L in series with
our resistor, as shown in figure 8. First,
we add the inductor value in the Cir-
cuit Parameters section in row 3, then
we add a new row 17 for the inductor
voltage VL in the Variables section,
pushing rows 17-23 down to make
room. Next, we add an equation that
describes the behavior of the induc-
tor to the Formulas section, based on
the equations of figure 5. We now
modify the formulas for VR and I to
reflect the dominating role of the in-
ductor in setting the circuit current.
The result is the spreadsheet shown
in figure 9. Finally, we make some
small changes to the schematic draw-
ing section to add the inductor to the
schematic of figure 8.

As before, the cell equations of the
formulas in range K13..K19 are copied
to the adjacent 99 columns. Now
we're ready to analyze an RLC circuit.

Figure 8 shows the resulting graph.
Still easy for our spreadsheet method,
but it would have been a far-from-
trivial task with any other method.
The circuit values are easily modified
in the Circuit Parameters section if the
results are not satisfactory. Higher
values of R, for example, will reduce
the overshoot if that is undesirably
large. The results of any value change
are always available at the touch of
F10, the LOTUS GRAPH command.

These circuits are only examples of
what can be done with linear circuits.
With a little more work, some very
complex networks can be studied.
Nonlinear elements such as diodes
could be added; they are a natural for
a table lookup. Circuit gain elements
such as amplifiers are easily added.

The technique I've shown here can
be expanded to more complex appli-
cations. However, where circuits of 20
or more nodes are involved, a spe-
cialized application program such as
Micro-Cap or TUTSIM should be con-
sidered.

While the examples are all elec-
tronic circuits, nothing would prevent
extension of the general technique to
design and analysis of mechanical sys-
tems, chemical reactions, biological
modeling, etc. Any process that lends
itself to description by a simple model
should be fair game for analysis by a
spreadsheet.

The technique is ideally suited for
the PC environment; all operations
are out in the open and controlled by
the user. The technique should be
useful for students as well as expert
designers. Try it—it's great for those
small problems you want to look at
in detail. m

Emulation Without Limitation

Built in Communications Language
Finally there’s a communications program that does

what you want.

The Impersonator. Its built-in programming language
offers virtually unlimited capabilities in designing terminal

applications.

It’s the most flexible asynchronous communications
software on the market today. Maybe that’s what prompted
the experts to say, ““...The Impersonator looks hard to beat.”

PC Tech Journal.

Flexibility in Communications
Designed for the IBM PC, The Impersonator comes
with 12 preprogrammed emulations including ADM-3A,
DEC VT 52 & VT 100, Televideo 912 & 950, IBM 3101
(Models 10 & 20), DG D-210, and NCR7900 terminals.
It can also be configured to emulate almost any asyn-

chronous terminal.

Now you can create entirely new communications appli-
cations. You can speed functions, simplify data transfers,
modify existing emulations, and even create your own custom

configurations.

Best of all, The Impersonator saves time by eliminating
the need to develop a program from scratch. If you need to

access a variety of public data bases, remote main frames, or

tion packages.

other micro computers, you no longer need multiple emula-

With The Impersonator you can literally write your ticket.

Our 30 Day Money Back Guarantee
That backing, along with the cooperation of our on-
line technical staff, convinced companies like Holiday

Inns, Underwriters Laboratories, Union Carbide, Hughes

Aircraft, Rockwell International, and Rolm Corporation to
choose The Impersonator for their communications needs.

Flexible. Programmable. Powerful.

You won’t find another communications package on
the market that will claim to do this much and then do it!
Empower yourself with The Impersonator.

Call the toll-free number below for more information.

The Impersonator

CALL TOLL FREE 1-800-443-8080 (In Colo. 303-442-8080)

IBM s a Trademark of International Business Machines Corp.

DIRECT.AID

PO. Box 4420 Boulder, Colorado 80306

156 + Fall 1985 BY TE * Inside the IBM PCs

Inquiry 48




PC AT PERFORMANCE
FOR AFRACTION
OF THE COST.

GUARANTEED.

5%@2;? 080 10MHz 8087 math
co-processor

16-bu /
DEL I

1)
RAM disk and disk
caching software mcluded

Comes staméa;' " Normal IBM speed
with 512K RAM, emulation switch
expandable to 640K
300% performance g
mcrease |
Compatible with
IBM Basica programs

That’s right, guaranteed your existing PC softwar: to provide all
performance. The Univation automatically. Nothing to le processing power

you ll ever need.

Turbocharger will triple the pro-  nothing to change. Speed sprea

cessing speed of your IBM PC, sheets, databases, graphics, even " So why not make your life a

PC/XT, or 100% compatible. IBM Basica programs. The Turbo- little easier and do your work a
Just think, the data process- charger will spark each and every lot quicker with the Univation
Turbocharger.

ing speed and performance of a program you use.

To ensure complete reliability, See it at your local computer

PC/AT without the expense.

Plug it in, and your PC will do our Turbocharger is extensively dealer today. For the dealer in

everything it did before, only tested. It’s available for immediate ~ your area call: (408) 745-0180.
delivery. And, best of all, it’s

300% faster.
Best of all, the Univation guaranteed. Guaranteed to
Turbocharger works with all work exactly as promised UNI \MHON

YOUR EXPANSION COMPANY

-

[

1037 North Fair Oaks Ave.

Dealer and distributor inquires invited. Sunnyvale, CA 94089
(408) 745-0180

IBM PC, PC/XT and PC/AT are trademarks of International Business Machines Corp.
Fall 1985 BY TE ¢ Inside the IBM PCs * 157

Inquiry 206



NEW POLY-COM/220 FOR THE

IBM PC PROVIDES LEAGUE-,
LEADING FEATURES.

ST. LOUIS-Polygon increases your lead with a new
IBM PC package: poly-COM/220. This newest
member of the Polygon family of communica-
tion software products combines the reliability |
and exacting accuracy of previous Polygon
products with many new features.

This super-star software package lets you use
your IBM PC as a DEC VT52, VT102, or
VT220 terminal, and allows the transfer of
files between your IBM PC and another PC,
minicomputer or mainframe.

New features and functions incorporated in
poly-COM/220 include: :

é ¢ “Hotkey”, allowing instant switching
*  between poly-COM/220 and MS-DOS or
another application

¢ Host-control, allowing a host computer
(such as a VAX) to control the PC through
poly-COM/220

e Full VT220 functionality

The result is a product of unparalleled power,
sophistication and functionality at NO
increase in price.

¢ Upgrades are available and orders are
shipping immediately. The price of
poly-COM/220 is $200.

% Join a winning team! For more information
on poly-COM/220, or any of the other
Polygon communication software products,

& contact the Polygon sales department at

314/576-7709.

polygon’
associates, inc.

1024 Executive Parkway
Saint Louis, MO 63141
314-576-7709

Polygon and poly-, are registered trademarks of Polygon Associates, Inc. DEC, VT,
VAX are trademarks of Digital Equipment Corp. IBM is a registered trademark of
International Business Machines Corp.

. .
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PCs

ADDING A HARD DISK
TO YOUR PC AT

You can save money and get increased performance

b 8

BY JON SHIELL AND JOHN MARKOFF

THE IBM PC AT has rapid-
ly become a new perfor-
mance standard in the
world of IBM and IBM-
compatible personal com-
puters. Because of the
open-system philosophy
of the IBM PC family, a
thriving third-party in-
dustry has sprung up, of-
fering both price and per-
formance enhancements.

The PC AT comes in two
models: the basic system
without a hard disk and
the enhanced system,
which includes a hard
disk, extra memory, and
I/O (input/output) ports. It
is possible to convert a
basic model into an en-
hanced system merely by
adding a third-party hard
disk and multifunction
board. Purchasing a hard
disk independently can
also offer cost savings and
increased performance.

The multifunction card
is particularly attractive
for this application
because of significant cost
savings and increased sys-
tem versatility. You can
configure a PC AT with more than 8
megabytes of main memory. However,
operating systems now available for
the AT cannot productively use this
memory. It is doubtful that even a
9-megahertz (MHz) PC AT can effec-
tively use this much main memory.
(See the text box "Crystal Change
Enhances PC AT's Performance” on
page 161.)

It is possible to put 230 megabytes

ILLUSTRATED BY BLAIRE THORNLEY

of hard-disk storage on an 8-mega-
byte 9-MHz PC AT and reduce access
time to half that of a factory-standard
AT.

For most people, the best way to
purchase a hard disk is in kit form.
This precludes the necessity of hard-
formatting the disk and generally
simplifies the installation procedure.
However, if you are scavenging a hard
disk from another system or have

bought a third-party prod-
uct, you will need to ob-
tain special mounting side
rails and hard-format the
disk (see the text box
“"Hard-Formatting a Disk
Using the AT Advanced
Diagnostics” on page 161).

Everything you need to
know about physically in-
stalling and soft-format-
ting the disk is explained
in the AT lnstallation-and-
Setup Manual.

The first step is to deter-
mine the drive type. Refer
to table 1 and table 2 and
compare the parameters
listed to the information
supplied with your hard
disk. Don't be surprised if
you have to trim your disk
to fit. Most kitted disks
come with information
about suggested drive
types. IBM has predefined
14 types of disk drives
(see table 1).

In addition, type 15 has
been left open for user-
defined drives. Table 2
shows disk-drive type

Vo vt numbers for some com-

mon hard disks. In some
cases, the drive has been trimmed to
fit by not using all available cylinders.
It is also possible to trim a drive by not
(continued)
John Markoff, a technology writer for the San
Francisco Examiner, is a former BYTE
editor. He can be reached at 110 Fifth St.,
San Francisco, CA 94123.
Jon Shiell is a system architect and micro-
programmer. He can be reached at POB
61195, Sunnyvale, CA 94088.
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Table 1: Definitions of predefined drive types.

Disk Write Landing zone Capacity
type  Cylinders Heads precompensation (cylinder) per drive
1 306 4 128 305 10 Mb
2 615 4 300 615 21 Mb
3 615 6 300 615 31 Mb
4 940 8 512 940 64 Mb
5 940 6 5ili2 940 48 Mb
6 615 4 no 615 21 Mb
7 462 8 256 511 31 Mb
8 733 5 no 733 31 Mb
9 900 15 no 901 115 Mb
10 820 3 no 820 21 Mb
11 855 5 no 855 36 Mb
12 855 7 no 855 51 Mb
18 306 8 128 319 21 Mb
14 733 7/ no 733 44 Mb

$ 4 megabytes unused because only 462 out of 511 cylinders are used

Capacity per drive

cylinders » heads * 17 sectors/track » 0.5 Kb/sector

(heads is the same as tracks/cylinder)

using all read/write heads, but this
tends to be especially wasteful. Using
only five out of six heads wastes about
17 percent of the drive's capacity.

After the disk is physically installed,
use the AT diagnostic disk-setup op-
tion to set the drive-type nybble in the
configuration RAM (random-access
read/write memory). Unlike the PC
and the XT which use switches to tell
the BIOS (basic input/output system)/
DOS (disk operating system) what
equipment is attached to the system,
the AT uses a CMOS (complementary
metal-oxide semiconductor) RAM
with a battery backup. The RAM (50
bytes) is contained in a Motorola
146818 chip, which also contains a
real-time clock. The RAM-configura-
tion-data format and typical entries
for 11 drives are given in table 3.
Figure 1 is the CMOS RAM map,
showing the address offset and con-
tents of each byte in the configuration
RAM.

Byte 12 holds the fixed-disk-type in-
formation for the C and D drives. Bits

0 through 3 (single hexadecimal digit)

Table 2: Sample drive-type definitions.

specify the drive type for drive C. Bits
4 through 7 (single hexadecimal digit)
specify the drive type for drive D. A
value of 0 hexadecimal indicates that
no drive is present.

Disk Capacity

type per drive Examples of this drive type

1 10 Mb Cogito CGF912; MMI M212 and M312; Seagate ST412,
ST212, and ST112; Rodime R0O202; Tandon TM252 and
TM502; Fujitsu M2233; Shugart 712 %; MiniScribe 2012
and 3412

2 21 Mb Tulin TL226 %, Qume R200 %, Shugart 724 %

3 31 Mb Tulin TL240 %, Qume R300 %, Rodime RO206

4 64 Mb Atasi 3080 %

5 48 Mb

6 21 Mb Seagate ST4026

7 31 Mb Quantum Q540 %

8 31 Mb Seagate ST4038

9 115 Mb Maxtor XT-1140 %

10 21 Mb Micropolis 1302 %, Vertex V130 #%

11 36 Mb Vertex V150 #%

12 51 Mb Vertex V170 #%

18 21 Mb Seagate ST425, MMI M225 and M312, Rodime RO204,
Fujitsu M2235

14 44 Mb

% Not all cylinders used; to use all you must define it as a type 15

# The Vertex drives are an extreme case of trimming to fit, as they actually
have 987 cylinders, so only 83 percent of the V130 and 87 percent of
the V150 and V170 are used

After the configuration RAM has
been modified (using the diagnostic
disk-setup option), complete the in-
stallation using the normal procedure
for standard IBM fixed disks. Simply
run the FDISK and Format programs,
following IBM'’s instructions.

When partitioning your disk with
FDISK, keep in mind that DOS cur-
rently supports a maximum of ap-
proximately 64K sectors per disk or
partition. This requires that disks
larger than 32 megabytes be split into
a number of 32-megabyte partitions.
Most kits for these large disks contain
the software required to allow use of
more than one active—but only one
bootable—partition. Table 3a, for use
with FDISK, shows the relationship be-
tween number of data heads, number
of sectors per cylinder, and maximum
number of cylinders allowed for 64K-
sector DOS partitioning. Table 4
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CRYSTAL CHANGE ENHANCES
PC AT'S PERFORMANCE

hanging the timing crystal voids

the warranty! You should not
change the crystal before the machine
has had time to shake down for at least
90 days.

The speed of your PC AT is con-
trolled by the crystal that determines
the clock rate of the 80286 processor
and its support chips. This clock rate
is half of the crystal's frequency (the
standard 12-MHz crystal gives a clock
rate of 6 MHz).

Table A is a list of the common
crystal frequencies and the clock rates
they yield.

You should have a number of crystals
with different frequencies because
some ATs run faster than others. The
ones we tested varied between 8 MHz
and 9.8 MHz.

Your clock crystal should be tested
with all add-on and multifunction
boards present. Some high-perfor-
mance multifunction boards will run at
speeds of 8 MHz or higher, so test your
system fully configured to be sure.

Table A: Crystal frequencies and
clock rates for the PC AT,

Crystal Clock
frequencies rate

(MHz) (approx., MHz)
12.0000 6.00

14.3181 7.16

15.0000 7.50

16.0000 8.00

18.4320 9.22

19.6608 9.83

20.0000 10.00

Crystals are available at most major
electronics supply houses for less than
$5 each. The ones we used were from
Nymph and BME and had HC-18 cases.

The Nymph crystals had long, thin

leads that needed to be trimmed.
To change the crystal:

I. Turn the machine off and unplug it.
2. Remove the cover and locate the
12-MHz crystal on the motherboard.
It's above and to the left of the 80286
chip as you look from the front of the
machine. Before removing the old
crystal, touch the chassis to ground
yourself. Use a thin flat-bladed screw-
driver to remove the old crystal (be
sure that you don't damage any traces
on the motherboard).

3. Insert the new crystal (save the old
12-MHz crystal). Which side of the
crystal is face up doesn't matter.

4. Close the cover and give it a try.

Try the fastest crystal first; if the
crystal is too fast, the machine will not
show the memory check or boot. In
some borderline cases the machine
will run fine after it has warmed up, but
it may need to be rebooted first. Try
each crystal starting with a cold
machine.

HARD-FORMATTING A DISK

USING THE

AT ADVANCED DIAGNOSTICS

efore beginning, note that the

disk type must have been set in
the configuration RAM prior to hard-
formatting.

If you get a 17XX error when the
system powers up or resets, press the
F1 button to continue.

Enter the fixed-disk test menu and do
an unconditional format by selecting
the following:

|. System-checkout routine (option 0):
Enter “y" if the options list is correct;
otherwise, go back to setup and cor-

rect the list.

2. Run tests one at a time (option 0).
3. Test fixed-disk drive (option 17): If
at this point another menu is not dis-
played, but instead the test begins, you
know that you are not using the ad-
vanced diagnostics.

4. Select format menu and drive letter
(options 7.c or 7.d).

5. Select unconditional format (option
20

The current screen should ask you to
enter the known flaws. A list of known

flaws is printed on a label on the top
of all hard disks. The list contains the
cylinder, head number, and byte offset
from the index, but you need enter
only the cylinder and head numbers.
After you have entered all the flaws
listed on the top of the drive, press "y"
to format the disk.

You now have a hard-formatted disk.
Enter 9s to get back to the main menu.
The next step is to run FDISK, then the
normal format program on the DOS
partition.
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The PG Bus:

Cost-Effective,
Board-Level
Solution

To
System
Integration

Get your dedicated system to
market months sooner with the PC
Bus. Full board-level implementa-
tion by I-Bus lets you plug together
system components from hundreds
of PC Bus board manufacturers, and
directly execute software developed
on and for the IBM® PC.

I-Bus has board-level CPU’s with
8088 or 80188 processors, full disk
or diskless operation and up to 160K
of EPROM, 256K of RAM on board.
We have the most complete line of
system packaging for the PC Bus, too.

Start cutting your schedule
today—give us a call today at
(800) 382-4229. In California, call
(619) 569-0646. _

IBus

SY'STEMS
9235 Chesapeake Drive
San Diego, CA 92123
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Offset Contents

00 Seconds

01 Second alarm
02 Minutes

03 Minute alarm
04 Hours

05 Hour alarm

06 Day of the week

07 Day of the month

08 Month

09 Year

0A Status register A

0B Status register B

oC Status register C

0D Status register D

OE Diagnostic status byte
OF Shutdown status byte

10 Disk-drive type for drives A and B

1 Reserved
12 Fixed-disk-drive type for drives C and D
13 Reserved

14 Equipment byte (corresponds to switch 1 on PC and XT)
16-16 Base memory size (low,high)

17-18  Expansion memory size (low,high)

19-20 Reserved

21-2D Reserved  (not checksumed)

2E-2F Checksum over bytes 10 through 20 (low, high)

30-31 Expansion memory size as determined by power-on routine
32 Date century byte

38 Information flags (set during power-on)

34-3F Reserved

(low,high)

The Alarm function is used by the operating system/BIOS to drive the Wait
function, INT15h ah=90h
The drive-type bytes use bits 0:3 for the first drive and 4:7 for the other
Disk-drive types:
0 No drive present
1 Double-sided disk (360 Kb)
2 High-capacity disk (1.2 Mb)
3-F Reserved
The equipment byte is used to define the configuration for the power-on
diagnostics
Base memory is all memory below the 1-megabyte line, the range is 256 Kb to 640 Kb
Expansion memory is all memory above (at) the 1-megabyte line, range between
0 (none) and 15 Mb, although you can currently get only to 3 Mb with 64K-byte
RAMs without using an expansion chassis (which doesnt currently exist)
Bytes 00-0Dh are defined by the chip for timing functions, and 0E-3F are
defined by IBM
To access the configuration RAM:
1) Write the byte address (00-3F) you want to access to I/O port 70h
2) Access (read/write) the data via I/O port 71h

Figure 1. CMOS RAM map.
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The TM503 is a “generic 15-megabyte hard disk”; many other disks, like the
Seagate ST419, would also use this setup

The Maxtor XT-1140 appears here to show how it would be defined for
maximum capacity

Largest defined disk is the largest (highest-capacity) disk that can be
defined under the PC AT BIOS; a dedicated servo is assumed

Write precompensation depends on the actual drive used; an asterisk by a 0 write
precompensation means that a dedicated servo is used and has a whole platter instead
of just one side dedicated to it (thus the even number of data heads)

Table 3: Sample drive-type entries, for use as type-15 disks.
Largest

MMI  Tandon Tandon Quantum Vertex MiniScribe Micropolis Maxtor Maxtor defined

M206 TM503 TM703 Q540 V170 6085 1324 1325 XT1105 XT-1140 disk
Byte 5Mb 15Mb 30Mb 35Mb 59 Mb 71 Mb 52Mb 70 Mb 85 Mb 117 Mb 139 Mb  Disk capacity
0 306 306 695 512 987 1024 1024 1024 918 918 1024 Number of cyl.
2 2 6 5 8 7 8 6 8 11 15 16 Number of heads
3 0 0 0 0 0 0 0 0 0 0 0 Not used
5 0 128 0 0 0 0 0 0% 0 0 ) Write precomp.
7t 0 0 0 0 0 0 0 0 0 0 0 Not used
8 0 0 0 256 0 0 0 0 8 8 8 Control byte
9 0 0 0 0 0 0 0 0 0 0 0 Not used
12 306 306 695 512 987 1024 1024 1024 918 918 1024 Landing zone
14 17 7 17 17 17 17 17/ 17 17 17 17 Sectors/track
1i5 0 0 0 0 0 0 0 0 0 0 0 Not defined

Table 3a: Disk-pattitioning data,
Offset for use with FDISK.
0  Number of cylinders on the drive [0-1023 allowed, for 1024 cyl.] )
2  Number of heads per drive [0-15 allowed, for 16 heads] Maximum
3 -nlu (starting reduced write current cyl. on PC XT) number
5  Starting cylinder for write precompensation of cylinders
7 -n/u (maximum ECC data-burst length on PC XT) {recheck not used} Number Number allowed in a
8  Control byte of data of sectors 64K-sector
Bit heads per cylinder DOS partition
7 Disable disk-access retries
6 Disable ECC retries 3 o1 1024
5-4 -n/d (zero) 4 68 936
3 More than eight heads 5 852 m
2-0 -nfu (drive option on PC XT) g 1?9 ggg
9 -n/u (time-out values on PC XT) 8 136 48
12  Landing zone, cylinder to use as a :
14 Number of sectors/track [0-17 allowed, 17 is the IBM standard)] 9 153 42?
15 -nld 10 170 385
11 187 350
-nlu Field not used by PC AT L o e
-n/d Field reserved for future use 14 538 575
15 255 257
16 272 240
Figure 2: Format of a drive-type entry.
(continued)
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7
Table 4: Comparison of drive performance.
Seagate Qume  Quantum Tandon  Vertex MiniScribe Maxtor
PC XT ST425 PC AT  R300 Q540 TM703 V170 6085 XT-1140
Type 1 13 2 3 7 5 15 15 9
Disk capacity i0Mb 20Mb 20 Mb 31 Mb 31 Mb 30 Mb 59 Mb 71 Mb 115 Mb
Number of cyl. 306 306 615 615 462 695 987 1024 900
Number of heads 4 8 4 6 8 5 7 8 15
Cyl. capacity 34 Kb 68 Kb 34 Kb 50 Kb 68 Kb 425 Kb 585Kb 68Kb 127.5 Kb
Access times $
Track to track 16ms 23 ms 14 ms 19 ms 10 ms 5 ms 5 ms 3 ms 5 ms
Mean 85 ms 65ms 52 ms 93 ms 45 ms 45 ms 30 ms 30 ms 30 ms
Maximum 206ms 170ms 97 ms 213 ms 80 ms 65 ms 65 ms 50 ms 48 ms

$ Access times include head-settling time; average latency for all of the above disks is 833 ms
The access times for the XT are based on the Seagate ST412
The access times for the Maxtor XT-1105 are the same as those of the XT-1140

RANDOM NOTES

bytes of memory from the system

ard into the 1/O channel, so that non-
IBM expansion boards can be used.
Thus, you don't need to buy the 256K-
byte motherboard RAM option if you
buy a minimum system. We used a
Sigma Designs 512K-byte (with 384K
bytes enabled) multifunction card,
scavenged from a PC, in our AT until
we could get a 16-bit AT version.

You can't use 64K- or 256K-byte
RAMs in the AT motherboard because
the pin-outs of the 128K-byte DRAMs
are different from industry standards
(see table B).

You can add ROM to the AT mother-
board in sockets U7 and U37. It ap-
pears at address EO000 to EFFFF hexa-
decimal. The ROM must have the same
header as an I/0 channel ROM except
that byte 2 (ROM length) is not used.

The two 8-bit slots on the AT are
wired for the addition of the 36-pin ex-
tended connectors.

J umper J18 remaps the second 256K
o

Table B: Pin-outs for standard DRAMs versus 1BM 128K-byte DRAM:s.

Standard 64K/256K

signal name PC AT 128K* Pin number

N/C Din 1

Din WE 2

WE *RAST 3

RAS “RASO 4

A0 A0 5

A2 A2 6

Al Al ¥

PWR PWR 8

A7 A7 9

A5 A5 10

A4 Ad 11

A3 A3 12

A6 A6 13

Dout Dout 14

CAS CAS 15

GND GND 16
" IBM 128K-byte DRAMs are actually two 64K-byte dies encapsulated in
piggyback fashion. One die is connected to RASO, and the other is connected to
RAS1. Otherwise, they are the same.

shows the relative performance char-
acteristics of some popular drives.

You can define your own drive
types; for example, you may want to
add your old 5-megabyte drive, left
over from your PC, as the second hard
disk (drive D, fixed disk 1).
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You must first build a drive-type en-
try like the sample shown in table 3.
Place the address of the drive-type
entry in INT 46 hexadecimal (at ad-
dress 0:118 hexadecimal).

Using the setup program on your
PC AT diagnostic disk. change the

fixed-disk-type nybble in the con-
figuration RAM to 15 hexadecimal.
This tells the system that your disk is
atype 15. See figure 1 for a complete
definition of the configuration-RAM
contents. Figure 2 shows the format
of a drive-type entry. m
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HP PC Instruments
Soft Front Panel

See how you can
automate testing with your

IBM PC or HP Touchscreen PC.

Now you can perform test and measurement tasks easily, PC Instruments now available include:
quickly and cost-effectively with affordable, rackable * 433 Digit Digital Multimeter
PC Instruments from Hewlett-Packard. * 50 MHz Digital Oscilloscope
Soft front panels make HP PC Instruments easy to o 5MHz FunctionGenerator
use. By simply touching the HP Touchscreen or using a e 100 MHz Universal Counter
mouse with the IBM PC, you can set functions, ranges * Relay Multiplexer
and values, and take measurements. * 12 bit Dual Voltage Digital-to-Analog
You can also develop programs faster. A few Converter
easy-to-remember commands, like OUTPUT and ¢ 16 bit Digital Input/Output
MEASURE, control your PC Instruments from ¢ Relay Actuator

Microsoft® BASIC. And you can use the soft
front panel to enter many of the instrument
parameters that have been traditionally
typed into a system. In addition, with
optional HP Data Acquisition Software,
you can be doing voltage scanning and
temperature measurement in no time at all.

Add-on HP-IB libraries can also turn
your PC into a versatile HP-IB instrument
controller. And you can use them to control
both PC Instruments and HP-IB instruments
from the same BASIC program.

See a live demonstration
of PC Instruments.

Microsoft® and Microsoft BASIC® are Call 1-800-344-2525 (in !;he Continental U.S.)
U.S. registered trademarks of Microsoft Corporation. or 1-800-348-8181 (in NJ) for details.
AD 2101552
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THE IBM

PCs

FIXED DISKS AND THE PC AT

A comparison of speed and performance
that matches the PC AT against the PC XT
by ¥

BY JON SHIELL AND JOHN MARKOFF

THE IBM PC AT provides
more flexibility and com-
puting power than its
popular predecessor, the
IBM PC. The AT is based
on the Intel 80286 micro-
processor, which executes
instructions faster and
more efficiently than the
PC's 8088.

The AT provides a mem-
ory space potentially 16
times larger than the PC's.
This is an unexplored
realm for personal com-
puter software developers
that is certain to prove
tempting.

The introduction of the
AT set a new standard for
fixed-disk capacity and
performance for micro-
computer systems. The AT
provides double the disk
capacity of the PC XT and
offers a simple method for
the user to install up to
two hard disks with capac-
ities of almost 140 mega-
bytes each.

WHY THE AT Is
FASTER THAN THE XT
There are a number of fac-
tors, some obvious, some more sub-
tle, why the AT exceeds the XT's per-
formance. First, the raw clock rate of
the AT's 80286 chip is 12 MHz. (The
80286 divides this by 2 internally)) The
XT's 8088 clock rate is 4.77 MHz.
Therefore, even if everything else were
comparable between the two systems,
the AT would still be a little more than
26 percent faster than the PC.
However, everything is not that

ILLUSTRATED BY SUSAN STILLMAN

clearly defined. For example, the AT’s
math coprocessor, the 80287, runs at
only one-third the frequency of the
AT's raw system microprocessor clock
(12 MHz)—that is, 4 MHz. This com-
pares unfavorably to the IBM PC's
numeric processor, the 8087, which
runs at the full speed of the PC-
4.77 MHz. The math coprocessor
doesn't help the AT's performance as
much as might be expected.

Despite this obvious im-
balance, however, most
comparisons lean marked-
ly in favor of the AT A
comparison of each com-
puter’'s system bus reveals
that the AT has a 16-bit
data bus; the PC has an
8-bit data bus. Using an
8-bit bus for a 16-bit
microprocessor (as is
done in the IBM PC) costs
15 to 20 percent in system
performance. This, com-
bined with the approxi-
mately 25 percent in-
crease due to the dif-
ference in clock rates, still
gives a speedup of less
than 50 percent, so there
must still be other factors
that contribute to the AT's
speed advantage.

Significantly, the 80286-
powered AT runs with a
single wait state; if it ran
no wait states, RAM ran-
dom-access read/write
memory) with a maximum
access time of less than
120 nanoseconds (ns)
would be necessary. By
adding the wait state it is
possible for the AT to use
standard RAM (150-ns access). The
use of the wait state cuts the effective
processing rate by less than 25 per-

(continued)
Jon Shiell is a system architect and micropro-
grammer. He can be reached at POB 61195,
Sunnyvale, CA 94088.

John Markoff, a technology writer for the
San Francisco Examiner, is a former
BYTE editor. He can be reached at 110 Fifth
St., San Francisco, CA 94123.
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cent on the average, according to Intel
benchmarks.

At the microprocessor level, the
80286 is dramatically more efficient
than the 8086. The 8086/8088 mere-
ly overlaps the instruction fetch (IF) of
the next instruction with the execution
of the current one.

The 80286 architecture is. “pipe-
lined" and adds an additional level of
parallelism by overlapping the fetch
of a third instruction with the decod-

ing of a second instruction and execu-
tion of the current instruction. In fact,
the amount of instruction overlap in
the 80286 is roughly comparable to
that in some of IBM's mainframe
computers.

When combined with the additional
hardware speedup of some instruc-
tions and internal bus and clock
speed enhancements, the 80286 runs
between two and six times faster than
a 5-MHz 8086 or the PC XT's

4.77-MHz 8088, which is slower and
uses an 8-bit data bus.

Another interesting point of com-
parison is in the speed of DMA (direct
memory access), the device-to-
memory transfer that doesn't involve
the central processing unit (CPU).
Here, the AT's performance is
significantly slower than that of the
IBM PC.

The PC AT's system DMA rate is
1.66 microseconds (us) per transfer

F our major physical factors deter-
mine overall disk performance: ac-
cess time, cylinder size, transfer rate,
and average latency.

Access time is the amount of time it
takes to move the read/write heads
over the desired tracks (cylinders).
Once the heads are over the desired
tracks, they must settle down from the
moving height to the read/write height.
This is called the settling time and is
normally included in the access time.
Specifications for AT and XT disk-drive
options are shown in table A.

A cylinder is composed of all tracks
that are under the read/write heads at
one time. Thus, tracks per cylinder is
the same as the number of data heads
in the drive. Cylinder size is defined as
tracks/cylinder x sectors/track x
bytes/sector.

The Quantum Q540, for example, has
four platters and eight data heads,

while the Vertex V170 has four platters,
seven data heads, and one servo head.
The difference is that the Quantum
drive uses an embedded (or wedge)
servo, where the servo signal is
embedded on the data tracks, preced-
ing the data portion of each sector on
the disk. The Vertex drive uses a
dedicated servo that requires its own
surface. This difference means that the
Quantum drive has 8.5K bytes more
data available to it before it must seek
the next track; if all other factors were
equal (which they aren't), the Quantum
would be slightly faster in those cases
that required reading that “extra” 8.5K
bytes.

Transfer rate is the rate at which data
comes off the disk. It depends on rota-
tion rate, bit density, and sector inter-
leaving. The first two factors are prac-
tically the same for all AT-compatible
5Y-inch hard disks, but not for all

FACTORS AFFECTING DISK PERFORMANCE

floppy disks (the AT’s spin 20 percent
faster than the other PC floppies).

Sector interleaving is used to cut
down the effective transfer rate. The in-
terleave factor of 6 used on the XT cuts
the effective transfer rate from 5 mega-
bits per second to 0.833 megabit per
second. Note that embedded servo
disks, such as those used in the XT and
the AT, actually spin about 1 percent
slower than 3600 revolutions per
minute (rpm) to allow for the increased
density due to the servo.

Average latency is the time required
for a disk to spin one-half of a revolu-
tion. For hard disks, which spin at 3600
rpm, the average latency is 8.33 ms
(1/3600 rpm x 60 seconds/minute x
0.5 = 8.33 ms per half revolution). This
is due to the fact that after the heads
finish seeking and settling, you must
wait for the required sector to come
under the heads.

Table A: Sample transfer rates and a comparison of specifications for the disk-drive options available for the IBM PC AT and PC
XT. Note that the interleave factor is the only difference between the last two entries in the table; the drive is the same for both

in bytes/second

entries.

PC XT AT 360K-byte AT 1.2-megabyte PC XT PC AT PC AT

Floppy Disk Floppy Disk Floppy Disk Hard Disk Hard Disk Hard Disk
Rotation 300 rpm 360 rpm 360 rpm 3600 rpm 3600 rpm 3600 rpm
Base rate 250K bits/second 300K bits/second 500K bits/second 5M bits/second 5M bits/second 5M bits/second
Interleave none none none 6 3" 25
Actual rate 31,250 37,500 62,500 104,167 208,333 312,500

* The AT technical reference manual shows an interleave factor of 2, but the advanced diagnostics and the “IBM PC
Seminar Proceedings” claim that the interleave factor is 3.
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(five AT cycles per transfer at 3 MHz).
This yields the channel bandwidths
shown in table I.

The DMA rate of the PC XTis | byte
per five cycles (1.05 us) for a DMA
channel bandwidth of 0.952 mega-
byte per second. This bandwidth is
the result of IBM designing the AT
with 5-MHz DMA controllers.

The AT's DMA controllers cannot
run at the full 6-MHz rate of the AT
system clock, and it is difficult to at-
tain clock rates that are not simply an
integer division of the system timing.
The design decision was to set the
DMA rate at 3 MHz. This is not as
critical a shortcoming for the AT as it
may first appear, because few devices
(hard disks excluded) can saturate the
AT's DMA capability.

It is interesting that the AT does not
use DMA for hard-disk input/output
(1/0). Instead, the AT's hard-disk con-
troller has a 512-byte sector buffer
that is accessible by the 80286 as a
16-bit device.

When the buffer is full or empty, the
controller interrupts the 80286 (using
INT14 hexadecimal), which then
moves the data via programmed 1/O
(that is, Rep Insw for reads and Rep
Outsw for writes) to or from memory
at a rate of 2 megabytes per second.
This transfer rate is approximately
twice that of the XT

The 2-megabyte transfer rate of the
AT for string-move operations is the
result of using three cycles (including
one wait state) to bring the data (16
bits) into the processor and another
three cycles (including another wait
state) to move the data into memory.
This process uses six cycles per 2-byte
transfer. At a clock rate of 6 MHz, a
single clock cycle takes 167 ns. Six
cycles therefore require 1002 ns for a
2-byte transfer, which corresponds to
an effective rate of 2 megabytes per
second.

ZERO WAIT STATE

IBM has provided a special line called
the zero wait state (OWS) signal on the
bus to suppress the wait states. This
is useful if you have high-speed mem-
ory and an expansion card that sup-
ports this signal.

For example, in the preceding case
performance could be improved by
one-sixth because the memory card
used in the transfer could suppress
the wait state. However, the AT's disk
controller won't suppress the wait
state when transferring data from its
sector buffer. Therefore, a savings of
only one cycle per transfer is possi-
ble. By using the OWS signal we can
speed up the transfer rate from 2
megabytes per second to 2.5 mega-
bytes per second.

In addition to bus factors, the AT's
1.2-megabyte floppy disk holds more
than three times as much data as the
XT's 360K-byte floppy disk. It also has
a data-transfer rate that is twice that
of the XT's and an average latency
that is 20 percent less than that of the
XT's. Furthermore, the AT's floppy disk
has somewhat faster access times.

Of course floppy-disk speeds are
not that significant, as the floppy disk
plays a much less important role in

(continued)

Table 1: Channel bandwidth data for the IBM PC AT.

DMA Channel Transfer Width Channel Bandwidth
0-3 1 byte 0.6 megabyte/second
4 used to cascade channels 0-3

5-7 2 bytes 1.2 megabytes/second

CAN THE AT
SUPPORT NONINTERLEAVED
HARD DISKS?

|Editor's note: An interleave factor of 1:1 implies a noninterleaved disk.|

et's do some quick back-of-the-napkin calculations to answer this question.

At 3600 rpm one rotation takes 16.67 ms, and one rotation per track of
17 sectors results in less than 1 ms per sector. There are about 10,416 bytes
per unformatted track, again at one track of 17 sectors; this gives us about 612
bytes per unformatted sector.

There are 512 bytes of data in a formatted sector, thus about one-sixth of
the sector is not data (512 data bytes out of 612 possible). If we assume that
during this period the AT's track buffer is available to the 80286, then we have
one-sixth of 1 millisecond or about 150 us to fill or empty the buffer. This assumes
that the buffer is single-ported and doesn't support interleaved access, which
seems to be the case for the AT.

Programmed [/O normally transfers one word every six cycles, which means
a data rate of 2 megabytes per second. To move our 512 bytes of data will take
about 250 us, assuming INT14 hexadecimal (the buffer fulllempty interrupt)
overhead is 0, which it isn't.

We expect that without interleaving we have less than 150 us to fill or empty
the buffer, while the 80286 would need at least 250 us. Consequently, the sec-
tor buffer will not support 1:1 interleaving but will probably support 2:1 interleav-
ing without any major problems. This is due to the fact that we have almost
| millisecond to fill or empty the buffer when 2:1 interleaving is used.
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the system design of the AT than it
does in the PC.

COMPARING THE AT AND

XT HARD DISKS

Let's compare the hard disks that are
standard equipment on the XT and

the AT. We will also discuss a 140-
megabyte disk, the Maxtor XT-1140.

Looking at the relative access times
(including latency) for the XT, the AT,
and the Maxtor shows the Maxtor to
be by far the fastest drive; however,
we also find that the AT's disk is about

Table 2: A comparison of disk performance for the AT and the XT with
standard disks and the AT with the Maxtor disk.

Track-to-track access time + latency Index
Maxtor 5ms + 83 ms = 13.3/223 = 0.60
PC AT 14ms + 83 ms = 223/223 = 1.00
PC XT 16 ms + 83 ms = 24.3/223 = 1.09
Mean access time + latency Index
Maxtor 30 ms + 83 ms = 38.3/60.3 = 0.64
PCAT 52ms + 83 ms = 60.3/60.3 = 1.00
PC XT 85 ms + 8.3 ms = 93.3/60.3 = 1.55
Maximum access time + latency Index
Maxtor 48 ms + 83 ms = 56.3/105.3 = 0.53
PC AT 97 ms + 83 ms = 105.3/105.3 = 1.00
PC XT 205ms + 83 ms = 213.3/1056.3 = 2.03

40 percent faster on the average than
the XT's (see table 2).

But access time is not everything.
Table 3 shows the comparative times
for a 127,000-byte read (assume all
sectors are contiguous and start with
sector 1, head 0).

Although the Maxtor's access time
for this operation is about 350 per-
cent faster than the AT's, which is
about 15 percent faster than the XT's,
its access time gets swamped by the
transfer times. The apparent dif-
ferences are shown in table 4.

The XT appears to be about 85 per-
cent slower than the AT, which is only
about 14 percent slower than the
Maxtor. The Maxtor's faster access
time is swamped by the 609 millisec-
onds (ms) it takes to transfer the data,
and it has no advantage in transfer
rates. However, for a smaller (more
normal size) file, say 34K bytes, we
would get the times shown in table 5.

The XT appears to be about 80 per-
cent slower than the AT which is

Table 3: Time required for a 127,000-byte read operation.

the disk (including settling time).

latency is 833 milliseconds

heads before reading data.

latency].

5. Transfer time is determined by

4. Aggregate access time is determined by

1. Average access time is the average time required for the disk heads to move
from any cylinder to any other cylinder on the disk (including settling time before the heads can read data).

(1/3600 rpm x 60 seconds/minute x 05 = 833 ms per half revolution).

[127K bytes divided by transfer rate in bytes/second] expressed in milliseconds.

Average Average Aggregate
Access Cylinder-to-Cylinder Latency/ Access
Drive  Bytes/  Cylinders Time Access Time Interleave Track Time Transfer Rate  Transfer Time
Type Cylinder Required (note 1) (note 2) Factor (note 3) (note 4) (bytes/second) (note 5)
PC XT 34K four 85 (3) x 16 6 83 166.2 104,200 1219
PC AT 34K four 65 @) x 14 3 83 140.2 208333 609
Maxtor 127K one 30 n.a. (one cylinder used) 3 83 383 208,333 609
Notes

2. Cylinder-to-cylinder access time is the time required to move the heads from one cylinder on the disk to an adjacent cylinder on

3. Average latency is the time required for a disk to spin one-half revolution. For hard disks, which spin at 3600 rpm, the average

This is due to the fact that after the heads finish seeking and settling, you must wait for the required sector to come under the

average access + [number of cylinder-to-cylinder changes x cylinder-to-cylinder time] + [number of cylinders x average
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about 40 percent slower than the
Maxtor. If the file were spread over
two cylinders on the XT and the AT
(a more normal case due to their
significantly smaller cylinder size), the
ratios would be as shown in table 6.
As expected, the Maxtor looks even
better in this more typical case
because it doesn't need the additional
track-to-track access and associated
latency. Also note that the AT's
relative performance slipped a bit due
to the small difference in AT and XT
track-to-track access times.

Access time is most important when
doing a lot of disk accesses in a short
period of time, for instance, when
searching a large database or work-
ing on a file that, due to fragmenta-
tion, is spread out over the entire disk.
For example, to read a 34K-byte file
(17 clusters on the AT's 20-megabyte
disk) on a very fragmented disk could
take up to 17 average accesses for a
total of more than 1 second (1025 ms
= 17 X (52 ms + 8.3 ms)).

It takes 163 ms to transfer the data.
So our effective [/O time is 1188 ms
as opposed to 236 ms for an un-
fragmented disk. Even if we assume
less fragmentation—say the file is split
into four parts—we get total access
time of about 241 ms (4 x (52 ms +
8.3 ms)); adding the transfer time
gives us 404 ms, or about a 50 per-
cent decrease in the disk’s effective
“speed.”’

This points out the importance of
not letting your disk get very frag-
mented, as this results in much longer
effective access times.

Let's look at another example using
our big file of 127K bytes. If it's all in
three continuous cylinders, it will take
about 117.9 ms, as we've shown, for
the access portion of the read (assum-
ing that the file allocation table |FAT]
and the directory are already in mem-
ory). But the worst case is where the
file is spread out over the entire disk,
with only one cluster per cylinder and
the cylinders in random order.

It could take approximately one
mean access per track over 64 tracks
(127K bytes divided into 64 clusters
of 2K bytes each; one cluster per
track) for an effective access time of

Table 4: A comparison of access time, transfer time, and performance index
for the AT and the XT with standard disks and the AT with the Maxtor disk.

Drive Access Transfer

Type Time Time Total Performance Index
PCXT 166.2ms + 1219 ms = 1385 ms/ 749 ms = 1.85

PCAT 1402ms + 609 ms = 749 ms/ 749 ms = 1.00

Maxtor 383 ms + 609 ms = 647 ms/ 749 ms = .86

Table 5: Transfer time and performance

PC XT drive: one average access
85 ms + 83 ms = 933 ms

PC AT drive: one average access
65 ms + 83 = 733 ms

Maxtor drive: one average access
30ms + 83 = 383 ms

34,000 bytes at 104,200 bytes/second

34,000 bytes at 208,333 bytes/second

34,000 bytes at 208,333 bytes/second

Results in:

Drive Access Transfer

Type Time Time Total Performance Index
PCXT 933 ms + 326 ms = 419 ms /236 ms = 1.78

PC AT 73.3ms + 163 ms = 236 ms /236 ms = 1.00

Maxtor 38.3ms + 163 ms = 146 ms /236 ms = .62

index for a 34K-byte transfer.

= 326 ms (interleave of 6)
= 163 ms (interleave of 3)
= 163 ms (interleave of 3)

Table 6: Transfer time and performance
two cylinders.

Drive Access Transfer

Type Time Time* Total
PC XT 93.3ms + 326 ms + 24.3 ms
PC AT 733 ms + 163 ms + 22.3 ms
Maxtor 383 ms + 163 ms + 0.0 ms

* Track-to-track access time plus average latency

index for a 34K-byte file contained on
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