% SAVE GAS! SAVEon TUNE-UPS!

MODERNIZE and Bring Your Car "UP-TO-DATE"
with the MOST EFFICIENT Ignition ever invented!

¢. GLLISON
ﬁ XR-700

3 The "XR-700" is a COMPLETELY NEW Ignition System that
replaces the inefficient Breaker-Points and Condensor with a highly
RELIABLE, Invisible “Infra-red" Light-Beam which CONTROLS
the Latest design Solid-State POWER MODULE. This new
“Patented” Invention produces the HIGHEST ENERGY, Longest
Duration Spark of ANY Ignition System manufactured TODAY!

CUSTOMERS REPORT: "THE XR-700 MORE THAN PAYS
EOR ITSELF ..and KEEPS ON SAVING MONEY with...
+ INCREASED “GAS-MILEAGE" up to 30%!
Y ELIMINATING COSTLY “TUNE-UPS!”
Y IMPROVED ENGINE PERFORMANCE!
Y QUICKER STARTING IN ANY WEATHER!
Y FASTER ACCELERATION...SMOOTHER RUNNING!
Y PLUGS LAST UPTO 4-TIMES and LONGER!"
¢ THE XR-700 has NO moving parts to wear out,..never needs
adjustment! Engineered to DUTLAST Your Car...So RELIABLE,..
So PERFECTED...that we give you a LIFETIME WARRANTY...
“FREE Repair or Replacement” for as fong as you OWN the Unit...
even if you change Cars, we will supply the necessary Parts FREE.

'*‘ FITS ALL ENGINES...Domestic or Foreign...d, 6 or B-Cylinder
# EASY INSTALLATION...Completely Factory ASSEMBLED!

Thousands sold &t §59.95 $ 95
‘* NOW. s DN'-Y- " 39 (Cal. Res. add Tax)

THAT'S EVERYTHING .. INCLUDING POSTAGE & INSURANCE

3 SAVE! ORDER FACTORY DIRECT!
Send Check or M/Q, State Gar Make, Year and No. of Cylinders,

3 MASTERCHARGE or BANKAMERICARD Cardholders
Order by TOLL FREE PHONE (800) 4236525 Ext.3
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computer corner

DAVID G. LARSEN, JONATHON A.
TITUS and PETER R. RONY*

THIS MONTH'S COLUMN WILL FOCUS UPON THE
concept of an interrupt. When used in the
context of a computer, an inferrup! can be
defined as the suspension of normal program
execution in order to handle a sudden
request for service, ie., assistance by the
computer. At the completion of interrupt
service, the computer resumes the interrupted
program from the point where it was inter-
rupted.! This specific interrupt use is consis-
tent with the general meaning of the term: to
stop a process in such a way that it can be
resumed.

A given computer will typically communi-
cate with a variety of external /O devices. If
it is a minicomputer, it may communicate
with a teletype or alpha-numeric keyboard, a
CRT display, a printer, a floppy disk, and

*Mr. Titus is president of Tychon, Inc., a micro-
computer consulting firm in Blacksburg, Virgin-
ia. Dr. Rony, Department of Chemical Engineer-
ing, and Mr. Larsen, Department of Chemistry,
are with the Virginia Polytechnic Institute &
State University.

perhaps one or more laboratory instruments.
If it is 2 microcompulter, it may communicate
with smaller devices—motors, solid-state re-
lays, pushbutton switches, display lights,
etc.—within a larger machine or instrument.
When used as a replacement for discrete
logic devices in a complex digital circuit, a
microcomputer may communicate with other
TTL integrated circuits such as latches, flip-
flops, and three-state buffers.

When communicating with external 1/0
devices?, microcomputers can operate in two
general modes, polled and interrupt. Polling is
the periodic interrogation of each I/O device
that shares a communications link to the
microcomputer to determine whether it
requires servicing., A microcomputer sends a
poll that has the effect of asking the selected
device, “Do you have anything to transmit?”’,
“Are you ready to receive data?”, and similar
questions. When a microcomputer services a
polled device, it simply exchanges digital
information with the device in a manner that
is prescribed by software in a subrouline
called a software driver.

In polled operation, the microcomputer
sequences through the devices tied to the

continued on page 18 ‘
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Theirs:

Julian S. Martim
HI-FI STEREO BUYERS’ GUIDE, March-April, 1976

“Superb from every viewpoint. An outstanding achievement in headphone
design, One of the most comfortable.”

The Len Feldman Lab Report
TAPE DECK QUARTERLY, Winter, 1975

““Response of these phones extends uniformly from 20 Hz to over 22,000 Hz
with no more than +2dB variation over this entire range...this is nothing
short of incredible.”

New Equipment Reports
HIGH FIDELITY, January, 1976

“The sound quality the AT-706 presents [to youl is exceptional : very wide
range and smooth...Within this excellent operating range the sound is
exceedingly clean and open...an extremely fine stereo headset.”

If you asked the critics they’d tell you to listen critically to a variety of
products before you buy. We agree. Because the more carefully you listen,
the more you’ll be impressed by the sound of Audio-Technica.

AT-706

Electret Condenser
Stereo Headset $129.95 T
Our finest Personal Transducer N &b ’

.@ audio-technica.

INNOVATION o PRECISION o INTEGRITY

AUDIO-TECHNICA U.S,, INC., Dept. 67E, 33 Shiawassee Avenue, Fairlawn, Ohio 44313
Avallable in Canada from Superior Electronics, Inc.
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microcomputer looking for individual devices
that need servicing. When it finds a device
that requires service, it stops sequencing, calls
a software driver, and services the device.
Once it is finished, the microcomputer
continues checking the devices. Polled opera-
tion is most useful with relatively slow
devices that do not require frequent service,
do not require attention from the microcom-
puter for excessive periods of time, and can
wail to be serviced. Advantage is taken of the
difference in speed of operations in the
microcomputer and operations in the 1/0
device. Most common 1/O devices are much
slower than microcomputers. For example, in
100 ms (teletypewriter response time) an
8080A-based microcomputer can execute
approximately 20,000 instructions when op-
erated at a clock rate of 2 MHz. Although a
microcomputer may give one the impression
that it is doing several things simultaneously,
this is only an illusion since it can manipulate
data much faster than most I/O devices can
respond to changes in data. A single computer
can perform only one task at a time.

In interrupt operation, the microcomputer
juggles the demands of the external [/O
devices. There is a distinction between slow
devices that require infrequent servicing and
high-speed devices that demand the attention
of the microcomputer for most of the time.
The most appropriate description for inter-
rupt operated systems is that they are asynch-
ronous, i.e., they lack a common synchro-
nizing signal and therefore give rise to gener-
ally unexpected or unpredictable program
execution within the microcomputer. An
asynchronous device is a device in which the
speed of operation is not related to any
frequency in the system to which it is
connected.” The use of asynchronous devices
is the rule rather than the exception.

There can exist priority in interrupt opera-
tion; all 1/O devices can have an order of
importance so that some devices take prece-
dence over others. In contrast, there is usually
no priority in polled operation; once a device
is serviced, it waits its turn until all other
devices are sequenced and, if necessary, also
serviced. The time between the interrupt
request by a device and the first instruction
byte of the software that services il is known
as the interrupt response time. For a high-
speed device that has high priority, the
response time can be very short—less than a
millisecond. For a low-speed device that has
low priority, the response time is variable
since it depends upon the demands placed
upon the microcomputer by all higher
priority devices.

Interrupt Techniques

Three commonly used microcomputer
interrupt techniques are the single-line inter-
rupt, the multilevel interrupt, and the vectored
interrupt (Fig. 1). In the single-line interrupt
technique, multiple devices must be con-
nected via an OR gale to a single interrupt
line. Once an interrupt signal is received, all
of the interrupt devices are polled to deter-
mine which one caused the interrupt. It is
possible to assign software priorities to the
various inerrupting devices, so that the first
device polled that needs service is the one
that receives the attention of the microcom-

continued on page 20




If you want a microcomputer
with all of these standard features...

. 8080 MPU (The one : « Complete with card
Sl connectors

with arowing soft- : =z = . Comprehensive

ware support) r
= 1024 Byte ROM User's Manual, plus
Intel 8080 User's

(With maximumca-

pacity of 4K Bytes) o Manual
» 1024 Byte RAM « Completely
(With maximum
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and tested—not
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factory assembled

puter. A common term used for that part of a
program that polls interrupt devices is flag
checking routine. We shall discuss the
concept of a flag in a subsequent column, At
the moment, consider a flag to be a single-bit
memory that indicates when an operation has

RADIO-ELECTRONIGS
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Bytes)

« TTY Serial /O
« EIA Serial I/O
- 3 parallel [/O's
+ ASCll/Baudot
terminal com-
patibility with TTY machines or video units
+ Monitor having load, dump, display, insert
and go functions

HAL Communications Corp. has
been a leader in digital communi-
cations for over half a decade.
The MCEM-8080 microcomputer
shows just how far this leadership
has taken us...and how far it

can take you in your applications.

That's why we'd like to send

you our card—one PC
board that we feel is the
HAL Communications Corp.

best-valued, most complete

Telephone (217) 367-7373

capacity of 2K ; o dl & -
5 : a kit

interface, power supply, ROM programmer
and attractive cabinetry ... plus more options
to follow. The HAL MCEM-8080. $375 DEVI

...then let us send you our card.

microcomputer you can buy. For
details on the MCEM-8080, write
today. We'll also include compre-
hensive information on the HAL S
DS-3000 KSR microprocessor- '
based terminal, the terminal that
gives you multi-code compati-
bility, flexibility for future
changes, editing, and a
convenient, large video
display format.

Box 365,807 E. Green Street, Urbana, Illinois 61801

been completed or when a condition has

» Optional ac- been attained.

cessories: Key-
board/video

INTERRUPT

; : DEVICE NO.1 MICRO-
display, audio DEVICE NO. ZD—_’ COMPUTER
cassette modem DEVICENO.3

INTERRUPT NO. 1
CENO.1
INTERRUPT NO. 2 MICRO-
= COMPUTER

DEVICENO.2

DEVICEND, 3 NTERAUPTNO.3

VECTOR j
INSTRUCTION MICRO-
8ITS —=  COMPUTER
INTERRUPT

DEVICENO. 1

In the multilevel interrupt technique, there
exists several interrupt lines to the microcom-
puter, each line being tied [0 a separate 1/0
device flag. The microcomputer does not
need to poll the devices to determine which
one caused the interrupt. This is done inter-
nally within the microprocessor. Depending
upon the nature of the microprocessor, this
can be a very fast interrupt technique, but it
is somewhat difficult to expand.

A vectored interrupt causes a direct branch

continued on page 22 ‘

Treat yourself to a new direct reading DVM today.
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SercoRE DumMe
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LAB ACCURATE
POCKET PORTABLE

3% digit, .5% DCV,
Battery or AC

Only $158

POCKET PORTABLE
ANALOG REPLACEMENT

3-digit, 1% DCV,
Battery or AC

Only $134

BENCH & FIELD MASTER

Battery or AC

“pRIME” STANDARD
AT YOUR FINGERTIPS

314 digit, .5% DCV,
e didlls 3 E 314 digit, .1% DCV,

Auto-Ranging

Only $198 Only $348

A COMPLETE LINE OF DVMs TO FILL YOUR EVERY NEED OR WANT.

You can be sure more times in more circuits, under
more adverse conditions, with greater versatility,
accuracy, and meter protection than any other
digital multimeters on the market today; and for
less money too. 10 Day Free Trial: Try any of
these famous DVMs for 10 days. If the DVMs in
use don’t prove exactly what we say, return them
to your Sencore FLPD Distributor.

SENCORE

Want more information? We
would like to tell you all about
the Sencore DVMs by sending
you a 24-page Sencore News,
a six-page brochure, and the
name of your nearest Sen- )
core Distributor today ... ~ Sy
simply write or circle
reader’s service number.

3900 Sencore Drive, Sioux Falls, 8D 57107
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by the microcomputer to thal part of the
program that services the interrupt. This
interrupt technique requires external IC’s to
supply the memory address of the interrupt
service routine as well as to set the priority.
With the 8080A microprocessor eight differ-
ent service routine addresses can be readily
specified, although one of these addresses
coincides with the reset address for the
microprocessor, location zero. If you are
interested in vectored interrupts, we encour-
age you consider the Intel 8259 program-
mable interrupt controller, which became
available commercially in July, 1976.

The use of interrupts should be considered

very carefully. More complicated software is
invariably required, For example, you will
generally have to save the status of the
microprocessor IC at the time that the inter-
rupt occurred. This means placing the
contents of the accumulator, the flags, and
the registers into a specified region of
memory where they can be retrieved at a
later time, after the interrupting device has
been serviced. Pay attention to priorities.
Make certain that devices-that require high
priority and need immediate servicing are
given the highest priority. Other devices, such
as teletypes, should be low priority. Also, if
you attempt to do too much with an interrupt
system, you might find that your microcom-
puter becomes “interrupt bound,” which
means that the microcomputer is only
working on interrupt tasks and is not working
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external speakers suve
lost (B sound

| Notice what happens to the high frequen-
{ cies? You lose them mounting the average
| CB under the dash. The speaker points
down into the floor insulation. Sound is lost.
| With the addition of an acoustically de-
signed “KRIKET®” external speaker, also
mounted under the dash but pointing at the
" driver, the high frequencies come through.

Sais/Kriket. ...

World Wide Headquarters
Acoustic Fiber Sound Systems, Inc.
7999 Knue Road Suite 116
Indianapolis, IN 46250
(317) B42-0620

The consonant sounds are in the high
frequencies. And they spell the difference
between voice intelligibility and just plain
noise. That's why you hear remarkably
better with a “KRIKET®” external speaker.
It's the single best accessory you can add
to any CB transceiver—23 or 40
channel—to improve enjoyment of it.

Available at CB Dealers everywhere.

Exclusive Canadian Distributor
Persona Communications L.T.D.
1149 Pioneer Road
Burlington Ontario, Canada
(416) 629-5373

! All AFS®/KRIKET® speakers are manufactured in the U.S.A.

using American materials and craftsmen.

Gopyright 1976 Acoustic Fiber Sound Systems, Inc.

on the main task, which it should be doing
while only infrequently servicing interrupt
requests.

To end this column, we would like to
provide one example of an interrupt system.
Assume that your microcomputer is perform-
ing mathematical computations on 7-bit
ASCII numbers that are entered via a UART
IC* that is connected to a Teletype operated
at 110 Baud, or ten ASCII numbers per
second, The exchange of data between the
microcomputer and the UART can be
performed in 20 to 30 microseconds, which
leaves 99.97 ms left for the microcomputer to
do other things. With the Intel floating-point
package, for example, each floating-point
multiplication or division can be performed
in 2 to 5 ms with an 8080A-based microcom-
puter operating at 2 MHz. Sixteen-bit binary
multiplications and divisions can be per-
formed even faster. Therefore, it is appro-
priate for you to consider that the main task
of the microcomputer is to perform such
computations, and that 0.05% to 0.10% of the
time the microcomputer can service the inter-
rupting teletype. R-E
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