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The
IMSAI 8080.

A commercial
vet personally
affordable
computer.

If you thought you could never afford
a computer at home, think again. The
IMSAI 8080 is built for rugged industrial
performance. Yet its prices are competitive
with Altair’s hobbyist kit. Fully assembled,
the 8080 is $931. Unassembled, it’s $599.

The IMSAI 8080 is made for
commercial users, and it looks it. Inside
and out. The cabinet is attractive, heavy
gauge aluminum. The heavy duty lucite
front panel has an extra 8 program
controlled LED’s. It plugs directly into
the Mother Board without a wire harness.
And rugged commercial grade paddle
switches are backed up by reliable
debouncing circuits.

The system is optionally ex-
pandable to a substantial system with

29 slots in a single printed circuit board.

And the durable card cage is made of
commercial-grade anodized aluminum.

The IMSAI 8080 power supply
produces a true 28 amp current, enough
to power a full system. You can expand
to a powerful system with 64K of software
protectable memory plus an intelligent
floppy disk controller. You can add an
audio tape cassette input device, a
printer plus a video terminal and a
teletype. And these peripherals will
function with an 8-level priority interrupt
system. BASIC software is available in
4K, 8K and 12K.

Get a complete illustrated
brochure describing the IMSAI 8080,
options, peripherals, software, prices
and specifications. Send one dollar to
cover handling to IMS. The IMSAI 8080.
From the same technology that developed
the HYPERCUBE Computer architecture
and Intelligent Disk systems.

Dealer inquiries invited.

VIS

IMS Associates, Inc.
14860 Wicks Boulevard
San Leandro, CA 94577

(415) 483-2093 Dept. RE-9

KOMPUTER RGATNER

Substituting microcomputer
software for hardware

JOHN TITUS, PETER RONY, and
DAVID LARSEN *

A READER WHO FOLLOWS THE CURRENT LITERA-
ture on microcomputers will frequently
encounter phrases such as “hardware/soft-
ware tradeoffs” or “substitution of software
for hardware.” These phrases are strongly
indicative of anticipated applications for
microcomputers in the near future and do
much to explain why industry is so excited
about them. In this month’s column, we
would like to discuss how it is possible to
“gubstitute” microcomputer software for
hardware.
Let us first recall the definitions for soft-
ware and hardware:
hardware—The mechanical, mag-
netic, electronic, electrome-
chanical, and electrical devices
from which a system is fab-
ricated. :
software—The programs and rou-
tines used to extend the capabil-
ities of computers, such as com-

hardware represents the specific devices that
store, manipulate, receive or transmit digital
information. The microcomputer itself is
included in our definition of hardware. The
purpose of this month’s column can be
simply stated as [ollows:

Through skillful programming it is
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possible to substitute machine-level
routines and subroutines for specif-
ic hardware devices that store,

TABLE 1—SUBSTITUTION OF HARDWARE BY
SOFTWARE.

SUBSTITUTED HARDWARE
FUNCTION

NEW HARDWARE CIRCUIT

SOFTWARE EMPLOYED
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SET OF EIGHT MECHAN- 00 = =
ICAL SWITCHES e e
pilers, assemblers, narrators, manipulate, transmit, or receive

routines and subroutines.’
In our specific case, software represents the
machine-language program that is stored
within the memory of a microcomputer, and

* This article is reprinted courtesy of American
Laboratories. Dr. Rony, Department of Chemical
Engineering, and Mr. Larsen, Department of
Chemistry, are with the Virginia Polytechnic
Institute & State University. Mr. Titus is president
of Tychon, Inc., a microcomputer consulting
firm in Blacksburg, Virginia.

digital information. This activity is
called *‘the substitution of software
for hardware.”

Typical Substitutions

Typical hardware that is replaced includes
knobs, buttons, pulsers, switches, logic
switches, clocks, and small memories as well
as TTL integrated circuits that perform

(continued on page 24)
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(continued from page 22)

digital functions such as debouncing, se-
quencing, shifting, adding, subtracting, com-
paring, and logic operations on multi-bit
digital words. Hardware that is nor usually
replaced includes simple TTL IC’s such as
inverters, flip-flops, gates, latches, three-state
buffers, and counters.

Tradeoffs

Figure 1 illustrates the basic “tools™ that
you would employ in the substitution of
software for hardware, namely:

1. Programming.

2. The use of synchronized data

appearing on the bidirectional 8-

bit data bus, DO through D7.

3. Input and output synchronizing
pulses called device select
pulses.

4. Interrupts to the microcomput-
er.

In an 8080-based microcomputer, you are
able to generate 256 different input and 256
different output synchronizing-pulses. If you
need more pulses, you can always employ
memory I/O techniques. You therefore have
an unlimited number of synchronizing pulses
with which to ccordinate the behavior of
almost any type of digital electronic circuit.
As you substitute software for hardware, your
main tradeoff will be speed of operation. It is
useful to remember the following rules when
deing this:

iNdic

' Swedish-designed quality
. incb accessories, too!

11) Speaker/Microphone — Usewithhandic 4-Ch. & 6-Ch.

Send For FREE Catalog!

14560 N.W. 60th Ave., Kennedy Bldg.. Miami Lakes, Fla. 33014 (305) 658-1522 THE DEPENDABLE CB FROM SWEDEN
| In Canada: Scolcomm Radio Inc., Chomedey, Laval, Quebec

1) FS-117 Universal Tester— II's a power meler; SWR; a
modulation meler; a cryslal condilion lester; and a tone freq’y
plus 27MHz signal generator! Checks entire CB band.

2) SWR Bridge — Measures field strength & SWR. Equipped with
special Whip Anlenna for checking SW conditions up to 1:3 on 50
Ohm cable.

3) SP-1 Inline Watt Meter — Monitors outpul power & SWR lor
top CB performance! 0-200W power range; 3-150MHz freq.
range. Dual scale.

4) LO-707 DC Converter— Converls 6V to 12V (DC 1o DC} - . .
for use wilh all lransceivers. Compacl. Rugged.

5) N©12-SA AC Adapter— Converls 100VAC to 12VDC (2 Amp).
Has variable conlrol; electronic fuse & voll meter.

6) HN/HMT Handset Telephone — Handse! telephane & holder
with swilch-over relay & cables. Forallhand ic mobile & base
unils.

7) “Powerpack" Sleeve — Exclusive, porlable power supply with
slabilizer. Convertshandic portables to mobile or base;
connects direclly lo 12VDC — it's A Ballery Recharger, loo!

8) BK-305 "Powerpack" — Porlable power supply. Converts
handic's 3-Ch. mobile & 006 Mini-Scanner into portables!
Uses normal dry cells or rechargeable balt'ys.

9) Connectors — Modern design, space saving, quality products
Tor lasling connections. Use with cables, chassis & panel mounts,
antennas, elc.

10) Battery ""10-Pack" — Loadinlo allhandic portables and I
converted mobiles. Features 10 Nickel Cadmium balteries,
rechargeable more than 1000 limes.

portables lhat converl for mobile & base use.

12) External Speaker— A widerange speaker design useful for
cars, boals & indoors.

13) Crystals — 0.003% freq'y tolerance 21/2 limes betler than FCC
= _regulations! Assure high quakity trouble-free performance.

1 14) Antennas — Slale-of-lhe-art design — 8 for portables;
6 for mobiles including motor-driven retractables; 2 marine
types; and 2 base models. Noise suppressor kils also available,

Handic CBadios include: mobile/base lranceivers: hand-held personal
ponable CB systems, scanners with FM radio option; anlennas;
microphones; seleclive cali; and a lull line of accessories.
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Circle 52 on reader service card

In the substitution of software for
hardware, the key tradeoff is speed
of operation. The execution of any
computer instruction takes time;
the more instructions that are used,
the longer it will take to execute
them.

This tradeoff is not as serious as it may
seem. Present 8-bit microcomputers are very
fast, and future microcomputers will be at
least ten times faster. The majority of existing
electromechanical machines are slow by
digital electronic standards. The human
senses cannot participate in activities that
require millisecond resolutions; ie., in an
input/output sense, we are very slow
machines.

Practical examples

Table | summarizes some of the more
commonly encountered situations where
hardware such as debounced pulsers,
switches, logic switches and clocks is replaced
by simple wire connections, latches, flip-flops
and inverters. We have provided abbreviated
versions of the software required. The reader
is referred to reference 2 for details on the
generation of the oUT n pulses, where n is an
octal number ranging between 000z and
377,

A “timing loop” is a short microcomputer
subroutine that generates a precise time
delay, typically greater than one hundred
microseconds. As can be seen from the table,
the replacement can be accomplished in most
cases by the use of one or two different
device-select pulses. A pair of OUT n instruc-
tions that bracket a timing loop are sufficient,
when applied to an SN7474 flip-flop, to
produce a monostable pulse of precise time
duration. The addition of a second timing
loop and a jump instruction changes the
output of the flip-flop to that of a variable
duty-cycle clock, the duty cycle being
controlled by the relative time delays of the
two timing loops.

Of particular interest is entry 6 in the table,
in which an eight-position mechanical switch
or eight individual mechanical switches are
replaced by an 8-bit control word that is
strobed into an 8212 IC from the accumu-
lator with the aid of a device-select pulse.
This control word is latched by such an
action and can subsequently influence the
behavior of a rather sophisticated digital
circuit. The 8212 IC therefore functions as a
control register for the circuit. We have
directed your attention to this principle
because it is now being widely used in an
exciling new generation of interface chips
that reduce the number of wire connections
that need to be made between a microcom-
puter and an external device.

Table 1 provides only a few examples of
how hardware can be replaced by simple
software with the aid of device-select pulses.
Omitted from the table are the more obvious
hardware substitutions: arithmetic logic units
(SN74181), digital comparators (SN7485),
and shift registers (SN74194, SN74198,
SN74199). Such IC’s are replaced by micro-
computer instructions that add, subtract,
compare, and shift the 8-bit contents of the
accumulator register. R-E
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