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The handcrafted Speakerlab "%«_fﬁé h’.’h‘;t
Thirties featuring the patet;TlIEd ;?;52“.,:;’ 7
Nestorovic Woofer System™ are N i
anlile any speakers youw've ever (_ﬁ,:;.{m,,

heard, Find out about Speakeriab’s i
innovative speakers, kits, and raw
speakers.Yon can save up to 0%
when youbuild them yourself.

oy,

l_R;.d;mut all the details in our
1 free catalog- Send for yours today!
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KEYBOARDS

HAT IS the most important part of a

microcomputer system? Is it the micro-

processor chip, memory boards, ma'ss_ stor-

age system, or display interface? If it is the

part that is most used by the owner, then the

answer is probably the keyboard. As neqes-

saty as these other paris are to the function-

ing of the system, most users spend far m.Ofe

time with the keyboard than any other periph-

eral. While many informed sourceslforfxsee

the day when the primary man-machine inter-

face link will be through speech, .keyboar.ds
will be with us for quite a while. it is an}azmg
how many manufacturers pverlook the impor-
tance of the keyboard o a successful pnl'od-_
uct and how many prospective users fail to
intelligently evaluate a system’s keyboard.

Human Factors. When speaking of key-
boards in conjunction with microcomputers,
we mean so-called alphanumeric keyboards;

out Electrician’s wages
; agalnst the kind of money
Lo you make now! N

Even hefore you're ready to go afler a full-tizhe job as an
el::tr:'ici:m, yg,u could be making extra money doing c:dd jobs for
friends and neighbors. Asncl think of the moncy you Il be able ll?
save doing your own electrical work. Learn to specify and mzta
wiring,. operate and control motors and generators, use anh
mainlalin transformers and storage hatteries. _\X’v’e show you o(\iv
lo troubleshoot for short cireuits, overloads and
open wires. You'k be ready 0 pass almost any
electrician licensing examinaticn offered by state,
city or county.

Evcrylh'ing explained in easy-lo-undersland language

with plenly of drawings, diagrams and photos. Tools,
materials, test equipment ncluded with caurse. Youlearn
g at your own pace. No time wasted traveling to class.
/—." - Teachers are 25 close as your lelephone. Noskarge!
'N’PR?“ED\ Use our lobl-Iree 24-hour home-study hotline as

WARARSARARATVIAAAR AN RS
NO NEED TO QUAT YOUR JOB OR REGULAR SCHOOL !

GJCSNJ soon as you enroll,
JETERANS i
s MAIL COUPON TODAY! No cost,

no ohiigation, no salesman will calll

r EL'EC-T_HI-C-IE-S-CEOOL, Dept, 0020
SN +

1CS Genter, Scranton, P;_R 18515 )
Rush free Facls that el how | can train al home i spare fime

LU U URSRUIY. | SRS

ABDRESS oo eeesessess s et eesssnms s
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that is, those that have 10 digits, 26 English
letters, and an adeguate complement of
punctuation marks. Today, the feature that
most distinguishes a microcomputer from the
maltitude of less expensive programmablie
calculators is the ability to hand!e' texlruan'
information as easily as numerical :nformg-
tion. Any system that offers pnly a numen:ic
keypad is definitely limited in its potential
beyond learning machine language and ex-
perimenting with short progra‘ms‘ ‘
Assuming an alphanumeric keyboard is
needed, how many and what kind of charac-
ters should it have? Since ail personal 'con:r
puters use the ASCH characier coc?e which in
its smallest form defines 10 digits, 26 !‘ellters,
and 27 symbols, it follows that a minimum
keyboard should have all of these. A more
comprehensive keyboard would have an
additional 26 lower-case letters and 5 sym-
bols and thus could be called a fuﬂ ASCHlt
keyboard. While many of the e.alrller pack-
aged computers had just a minmum key—
board, the availability of !ower-cas‘e ie'lters is
required for the computer to re-ahze its tEfxt
editing and processing potential—a major
application area, In fact, many people hlafve
sither sold their older systems of modified
them to handle lower-case letters. Fortunate-
ly, manufacturers are starting to get the mes-
sage so most personal com_puter keyboards
and displays in the future will be capable of
handling the full 94-character ASCIH set.
Another keypoard variable is the a|_'ran.ge-
ment of the character keys. There Is little
question that the 26 lotters should be

. arranged in the traditional typewriter style.
to be an electrician. 1

While exhaustive human-factor tests have

| | shown this layout to be less than optimum

with respect to typing speed and ’Eaccuracy
(the relatively obscure “Dvorak” layout,
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By Hal Chamberlin

- which is also scrambled, holds that distinc-

tion), It is practically uni\fersa!'on today's
typewriters and is taught m.typ‘ltng c!assesf;
Any system with a sequentlatl AB_CDEFG

keyboard is severely fimited in utilat"y when
the user passes the ‘“get acqualntet}l 'stage.
Even if the user cannot touch-type, it is valu-
able to have a keyboard that uses a standard
layout because then it will te easier o adapt.
if he or she should ever “trade up” to a more
powerful system. There are actually toucrlv
typing training programs on the market in

- which the computer itself generates the drill

text (on the screen) and measures typing
speed and accuracy automaticaliy.

There is very little agreement however on
where the digits and symbols shouid be
placed on the keyboard. Digits are usually
placed in a harizontal row above ﬂ)e letter
keys {as on a conventional typewriter) .but
this is not very efficient if a lot of numerical
data is to be typed in. A meth9d used by
many data processing machines is to put t.he
digits in a 3-by-3 matrix as the shffted_verslon
of the characters U100 JKL M - {with zero
in its normal location), which‘ can then be
typed by skilled adding machine 0perator§.
Fortuynately no personal computer usgs this
appreach, but many have a '‘numeric key-
pad" with the 3-by-3 digit arrang.ement to the
right and separate from the main keyboard.
The ideal keyboard would probably have
both with provisions for the program to deter-
mine which group of digits wera to be used.
This would allow nonbusiness programs to
use the extra keys for functions such as
cursor mavement or text e_diting commands.

Symbol placement generally conlorn:ts
either to the IBM or ASCH arrangement. Wh.lle
the latter is preferred because of its associa-
tion with the standard character sel_ usgd by
computers, many systems aimed primarily at
text-editing applications use thg IBM ar-
rangement becalse of its greater similarity to
typewriter keyboards. The two arrangements
are easily distinguished. [BM has the paren-
theses on the 9 and O keys while ASCH has
them on the 8 and 9 keys.

Mechanics. Just having an acceptab‘le
arrangement of keys doesn’t necessarnly
make an acceptable keyboard; mecljamcs
are important too. Probably thg most impor-
tant mechanical factor is the size and spac-
ing of the keys. In this respect, the standards
are quite clear: the keys are to be placec_ion
a1-inch centers both horizontally and vertical-
ly and are to be staggered by ¥ inch_ for the
top two and bottom two rows and %6 inch for
the middle two rows. Some manufacturers
have attempted to ignore this standard and
provide a keyboard with smaller-than-normai

POPULAR ELECTRONICS

keys packed together with as little as ve-inch
spacing. The results have been tens of thou-
sands of jost sales and, for at least one
vendor, a new line of machines with standard-
size keyboards.

Another area of considerable variation
among available systems is keybutton travat.
On standard typewriters, this varies from
nearly an inch on manual to about ¥s-inch on
electric machines. The electronic keyboard
industry, however, is in general agreement
the optimum travet should be about C.15 inch
for the feel of gocd positive action. Recently,
there have been some systems with keys
that trave! little if any’ In this case there are
really no keys at ail; the letters and symbols
are merely printed on a plastic sheet
stretched over a supporting frame with pres-
sure-sensitive contacts molded in. When typ-
ing, the effect is like drumming your fingers on

a tabletop. While this makes little difference
for the occasicnal hunt-and-peck typing
needed for preprogrammed game machines,
it would probably drive a touch-typist crazy.
Although such keyboards are very inexpen-
sive and somewhat more immune to coffee
spilts, a standard travel keyboard is certainly
worth the difference when many hours are to
be spent using the system. ’

An additional mechanical consideration is
the degree of feedback the keyboard gives
the operator when a key is struck. As pre-
viously mentioned, full-travel keys give some
feedback merely by their substantial dis-
placement when pressed. There have been
numerous attempts on professional key-
beoards fo provide tactile feel with the key
itself making a click and then suddenly re-
leasing backpressure at the instant the com-
puter gets the character code. While the
basic idea is sound, very few keyboard man-
ufacturers have implemented it correctly
{there is a confusing secondary click and
pressure increase when the key is released).
As a result, acceptance has been minimai.
On personal computers it would be a simple
matter to provide an audible click or short
beep from a built-in speaker when a key-
stroke is entered—but very few systems
actually do. Audible feedback not only gives
confidence that the system is responding {or
an instant indication that it is not), it also
improves typing rhythm and thus speed and
accuracy. If audible feedback is provided,
however, there shoutd be a way to turn it off
when silent operation is desired.

One final human-factor feature that is nice
te have on a keyboard is automatic repeat. it
is often necessary to enter the same charac-
ter continuously—as when moving the cursor
for editing. Pounding the same key repeated-
ly not only shortens its life, but is annoying and
slow. With automatic repeat, a key contin-
vously held down repeats its code in rapid
succession until the key is reledsed): There is -
usuaily a time delay of about*-3" second
before repetition starts to avoid unintended
repeats, and the repeat rate is about 15 per
second. Although this feature is very easy to
implement (and nearly free) when the key-
board is scanned by scftware, few if any
packaged systems offer it at present.

Interfaces. Several general methods of key-
board interfacing are in common use, even on
packaged systems in which the keyboard is
integral to the system. Modular computers,
such as S-100 machines, often use the key-
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ELF Il by Netronigs

very

Featuring

RCA::
g COSMAC CPU

Ower a powerful hema computer system, starting Jor just $99.85—a price that
gels you up and ruaning the very first night. . . with your own TV for a videa
dispfay. $99.95 ELF li includes ACA 1802 8-bit microprocesser addressabla 16 64k
bytes with DMA, Interrupt, 15 registers, ALU, 256 hyte RAM, full hex keyboard,
iwe digil hex output display, stable crystat clock far timing purposes, RCA 1851
video IC 10 display your programs an any video moniter or TV streen and 5-shat
Flug-in expension bus fless conneciors) to expand ELF i inte 2 giant!

ELF Il Explodes into A Giant!

Master ELF If's $99.95 cepabilities, then expand with GIANT BDARD
KLUGE BOARD.. .8k RAM BOARDS...TINY BASIC...ASCI KEYSOARD...
LIGHT PEN.. .ELFBYG MONITAR...COLOR SRAPHICS & MUSIC SYSTEM. ..
TEXT CDITOR. .. ASSEMBLER. . DISASSEMBLER. . .VIDEG ISPLAY BGARD

- .. and] another great reason for gettiag your ELF now—

‘Write and run programs—the

first night-even if you’ve

never used a computer before!

You're up and running with video graphics for just $99.95 —
then use low cost add-ons to creale your own pevsanal system
that rivals home computers sold for 5-times ELF {I's low price!

prerecordeé tape cassettes.

ELF !l Gives You The Power To Make Things Happen!
Expanded, ELF 1l can give you mare power 1a make things happen in the real
world than heavily advertised home zemputers that sell for a lat mare maney.
Thanks to an ongoing commiltment to develop the RCA 1802 far home comter
use, the £LF Il products-being introduced by Netronics—keep yau right an the
ouier fring of today’s small camputer techaoingy. I's a perfect camputer tor
enginaering. business, indusiriat, scientific and parsonal epplications.

Plug in 1he GIANT BOARD 1u record ané play back pragrams, edit aad
dedbng programs, communicate wilh remote devices and make things happen in
the eutside warld. Add Kluge (prototyping) Sesrd and you can use ELF il to
solve special prabiems such as aperating 4 complex alarm system o controlling
a printing press. Add 4k AN Boards 1o write longer pragrams, store more
infermation and selve more sophisticated problems.

ELF # add-ons alredy include the ELF {1 Light Paw and the amazing ELF-BUG
Manitar—two extramely recent breakthroughs that have not yet been duplicaled

BREAKTHROUGH!

Netronics proudly announced the release of
the first 1802 FULL BASIC, written by L.
Sandlin, with a hardware floating point RPN
math package (requires 8k RAM plus ASCII and
video display boards), $79.95 pius $2 pah. Also
available for RCA VIP and other 1802 systermns
Board includes area for a ROM version

by 2oy othar I; .

Fhe ELF-BUG  Monilor lets you dabug programs with lightening speed because
the key to debugging is to know what's inside the registers of the microproces-
sor. And, with the ELF-BUG  Monilar, instead of single stepping 1hraugh your
programs, yeis can now displey the eatire contents of the registers aa yaur TY
screen. You find out immediately what's gning on and can make any necessary
changes.

The incredible ELF 1l Light Pen (ets you write or draw anything you want on a
TV screen with just a wave of the "magic wand.” Netronics has also introduced
the ELF Il Color Graphics & Music System—more braakthroughs that ELF
owners weze the [irst 12 enjoy!

ELF Il Tiny BASIC

Master This Cemputer In A Flash!

Regardless of how minimal your comauter backgroond is now, you can learn
to program an ELF Il in almost no time at all. Our Skort Covrse On Micropro-
cessor & Camputer P writlen in technical | ge—guides you
thraugh each of the RCA COSMAC tB0's capabiliifes, se yau'll understand
sverything ELF || can do. . . and baw ta get ELF I i do it! Don't warsy if yau've
been stumped by computer books belore. The Skort Course 1epresents 8 major
advance in literary ciarity in the computer field. You don't have % be a computer
engineer in order to understand H. Keyed 16 ELF 1), it's loaded with "hands on”
iflustralions. When you're finished with the Skort Lourse, neithar ELF Il ner the
RCA 1882 will held any mysieries for you.

In fact, not only will you now be able 1o use a personat computer creatively,
you'li also be able to read magazines such a5 BYTE. . . INTERFACE AGE. .. POPU.
LAR ELECTRGNICS and PERSONAL EOMPUTING and fully wnderstand the
articles, And, youl understacd hew to expand ELF 1, to give yau the exacl
capadilities yau need!

It yau work with large computers, ELF )} and the Shert Sourse will belp you
undersiand what they're daing.

Ge! Started For Just $99.95, Complete!

$89.95 £LF Il includes &l the hardware and software yau need 10 start writing
and runniag programs al home, displaying video graphics an yeur TV screen and
desigring circuils using a microprocessor ~the very first night—oven if yau've
never used a camputer hefore.

ELF Il conngets directly to the video input af your TV sat, withaut any addi-
tianat hardwdre, Or, with an $8.85 RF modulator (see covprn below), you can
cenneet ELF [ to yeur T¥'s antenns terminals ingtead.

ELF Il has beer dasigned 10 play el the video games you wanl, including &
fascinaling rew targetfmissile gur game that was develapad specificafly for FLF
Il But games are only the icing en \he cake. The real valoe of ELF [l is that il
gives ¥ou a chance to write maching language programs—and machine language
is the fundamental language af al computers. 0T course, machine language is
anly 2 slarling peint. You ean 2lso program ELF Il with assembly languagé and
tiny BASIC. Bul ELF II's machine language capabifity gives you a chance to
devefop a working knowledge of computers that yau can't get from runsiag anby

Netronics R&D Lid,, Dept PE-3,*

€] RCA COSMAC ELF @
¥ k4 at $99 95 plus $3 postage and  abke 35 posipad
handhng trequies 63 1o B voll AC power

U Power Supply [requirec, $4 9% posipad.”

3 RCA 1802 User s Manual. §5 posipad -

(3 Tom Pilknan s Sharl Gowrse Do Microproresser & Compuier
Pragramming leaches you just abimd everytng there i lo know
aboul ELF I or any RCA 1802 computer Wistien @ non-lechnical
ALSG AVAILABLE FORELF Il

51 pal

)

333 Litchtield Road, New Milford, CT 06778
Yes! | want my own computer! Please rush me—

language. H's a learning breakibrough lor engingers and laymen

L Deluxe Mefal Cabmel with plexigias dusl cover for ELF It (Conn. res. agd tax)

$29.95 plus $2 50 p&h

3 1 am also enclosmg paymen (inciuding postage & handbng} for GHARGE iFt Exp. Dale
Ihe stems checked below!

L1 1 wanl my ELF $1 wired and lasted with powsr supply, RCA
182 illser's antal and Stort Gourse—all tor just $144.95 pius

Ll by, ELF Il und. ds anly machine language—the fund | coding
reguired by all computers. Bul, to simpfify your relationship with ELF I, we've
introduced an ELF Il Tiny BASIC that makes commanicaling with ELF 1l a
hreeze.

Now Available! Text Editor, Assembler,
Disassembler And A New Video Display Board!

The Text Edilor gives you ward processing ahifity and the ability to edit
programs or text while it is displayed on your vides moniter. Lines zng eharac-
lers may be qufckiy inserted, defeted or changed, Add a printer and ELF Il can
type letlers for you—error free—plus prist pames and addresses Iram your
mailing list!

ELF s A ier transl bly t q inta b
machine code for ELF I} use. Fhe Assembier features ic abb
rather then aumerics so that the instructions on your programs are easier 1o
1ead - this is a big help in catching errors.

ELF I's Disassemblor takes machine code programs and produces assembhly
language source listicgs. This helps you understand the pragrams you are
working with. . .and imarove them when required.

The new ELF H Video Dispray Board fels yau generate a shatp, professionai
32 or B4 character by 16 line upper snd lower case display on your TV screen or
vifeo manitor—d ically i ing yaur ded $53.95 ELF 1. When you
get inta langer programs, the Videa Display Board is & real hlessing!

( Now Available!

£ A-D/D-A Board Kit includes 1 channel (expandable ta
It_) D-A, A-D converters, $39.95 plus $2 postage & hand-
ng. .,

O PILOT Language—A rew texi-oriented lanpuage that
allows you to write educational programs on ELF 11 with
speed and ease! Wrile programs for games. . . unscram-
bling sentences. . .spelling drills.. .“'fill in the missing
word" tests, etc.! PILOT is a musi for any ELF I owner
with children. PILOT Language on cassetle tape, oniy
319,95 posipaid!

O Game Package on cassette tape (requires 4k RAM),
59,95 plus $2 postage & handling.

Clip Here and Attach to Your Order Below!

PHONE ORDERS ACCEPTED!| |
Call (203) 354-9375 |

Total Enclosed § ) I
O visa O Master Charge -
{Bank# _ __ )

Accound ¥ . !

) GIANT BOARDT™ kit vaih cassete 120, RS 237-

CFTTY 140, Bbel P 1/Q. decoders for 14 separale 140

insliuctions and a system monitor /edilor $39.94 phus
h

O Kuge (Pruloilpe) Bcard accepts vp to 36 IC's
$17.00 plus 81 pkh

03 4k Stalic RAM Wil. Addressatie lo any 4% page o
B4k $89.95 plus 33 pih

O3 Goid plated B6-pin connectors {one requised for each
ging-n board) $5.70 ca . postpaid

1 Expanslon Powar Supply [requived when adding 4k
RAM} $34.95 plus 2 pRh

{1 Prolessional ASCH Keyboard lol wilh 128 ASCH
upper/ower case sel. 95 ponlabie characters. onboard
reguiator pardy. lngic selechon and choce of 4 hangd-
shaking signals lo male with almos! any compuler

354,95 pius §2 p&h

3 Dsiee metal cabinel lor ASCI Keyboard, $19.95
plus 32 50 ph

L} Video Display Baard k3 Iels you generale a sharp,
piofessional 32 or B4 character by 16 Lne upper and
fowes case display on your lv Sreen or wideg monitar—
dramatecatly imipegvng your ynexpanded $89.95 ELF 11
iFis mnsde ASCH Keyboard cabinet} 589.95

$5 posipaid.

$14.95 postpait

$19.95 postpaid

i1 use

26 vanabies A-Z. LET. IF/THEN..INPUYT, PRINT. GO TO
GO SUB. RETURN. END, REM. GLEAR, LIST. RUN.
PLOT. PEEK. POKE Comes ully gocumenied ang -
cludes. alphanumenc generalor required {0 display
alphanumenic characters dwecly on your v screen wilh-
out addihona! hardware. Afso plays Tick-tack-tee plus 3
Orawmyg game that uses ELF IF's hex keyboardt as a joy-
shek 4k memory reguired. $£4.95 postpaid

3 Tom Palman's Shorl Coursa on Tiny Basic for ELF 1.

O ELF-BUGT™ Detuxe Syslem Monflor on casselle
tape Atlows Gisplaying the contents ol all registars on
your bv at any poend 1 your pragram. Also displays 24
oyles o memory wilh full addresses, blinking cursor
and auld strolng. A must lor the senious programmer!

L1 Texl £dilor on cassetfe tape gives you the abily lo
nser]. delete or edit knas and wards lram your programs
whele they are displayed on your wideo monitor, {Add
printer and you can use ELE H 1o Iype error-lree leliers
pius mnserl names and addresses lom your mahng st )

pragrams and praduces assembly ianguage source #isl- I
ngs 1o help you endersland and improve your programs
$19.95 on cassetle tape 1
SAVE $9.90—Text Eritor, Assemblar & Disassembier
purchased fogether, only $49.95¢ (Requre Video Dis-
play Board plus 4k mamary. } I
Cé ELF li Ligh! Pen, asserbled & lested, $7.95 plus $1
&n

03 ELF Il Calor Graphies & Music Systemt Roard Wt I
$49.95 plus $2 p&h - '
O ELF i connects direclly lo the vsdeo wpul of yous v

sel withoul adddional Rardware To cornect ELF I to
your anlenna lermmals instead. order AF Modulzlor. |
$6.85 postpaid.

Coming Soon: A-D. D-A Goaverter. Controtier Soard ’
and more! .

Pl
Name

Address

O Assambler on casselle tape translates assembly T e e
lanquage programs mio hexidecimal machine code o

lor City

phus $2 p&h
C} ELF 1 Tiny BASIE on casselle fape Com-

frather than numencs) make programs easisc to read
and help prevent errors. $19.85 posipant g
D mangs nohuce SAVE. LOAD. = . X. -=. {1. (] Disassembler on cassetle tape takes machine code 00 —

i
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DEMAND THE ORIGINAL

‘Firestik’

"THE FUEL-SEEKER”

DON'T TAKE NO FOR AN ANSWER!
THE #1 WIRE-WOUND AND MOST
COPIED ANTENNA IN THE WORLD!

Rugged, Shatiarprool Fibergiass . . .
Antennas and accessorias for marine, RV,

c truck, auto, van and motorcycles, eic.
SIX COLORS:
Clear, Spun-Geld,
Silver-Gray, Black, Red and White.

A
TOUCH
OF
CLASS

OUTSIDE
VEHIGLE
INSIDE
VEHICLE

Al i
SINGLE MIRRGR
RaASL OR SIDE MOUNT KIT

!
I
|
|
l
I

- 5-YEAR REPLACEMENT WARRANTY

‘Firestik™ Antenna Company
2614 East Adams/Phoenix, AZ B5034

Mame .. . .
Street . .
Oy e

State - — c;{lpd_
an
(:nmmunisczrt‘;m lI\|:Il;1rlual Since 1962.

!
|
—
!
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CIRCLE NO. 50 ON FREE INFORMATION CARD

[SAVE! )

MONEY « TIME o FREIGHT

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES,

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY,
FACTORY SEALED CARTONS—
GCUARANTEED AND [INSURED.

SAVE ON NAME BRANDS LIKE:

PIONEER SANSUI
KENWOOD DYNACO
SHURE SONY
MARANTZ KOSS

AND MORE THAN 50 OTHERS
BUY THE MODERN WAY
BY MAIL—FROM

.II. . ' L ]
HiNoL/ QUJIO
BANK CARDS ACCEPTED
12 East Delaware

Chicago, Hlinois 68611

312-664-0020 ‘
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8-digit precision.

To go.

Here's a battery-operated counter with

tures: CSC’s MAX-100 digital frequency counter. Direct
readings from under 20 Hz o past 100 MHz (past 500
MHz with optional prescaler). Big display. Turn-on-and-
read operation. Battery-rechargeable-AC options. Plus
all the other features and specs you'd expect in a $250

" frequency counier—all for $101° less! For more informa-
tion, CALL TOLI-FREE 1-800-243-6077 {during business
hours, Eastern Time, except in Connecticut).

Smarter tools for

CONTINENTAL SPECIALTIES CORPORATION

testing and design. =E

70 Fulton Terr., New Haven, CT 06509 (203) 624-3103

*4149 Suggested U.S. resale, Avaitadle at selected local distributors.
’ % Prices, specifications subject ta change withaut not‘lce,
© Copyright 1979 Continental Specialties Corporation

For
faster
service

USE
LIP
CODE

a battéry of fea-

on
all
mail
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board of an external display terminal. From
the computer's point of view, characters
come in at random times on a serial interface
encoded and ready to go. A large number of
modular machines use a video display inter-
face plugged directly into the bus and a sep-
arate keyboard interfaced o a parallel port.
This approach saves the expense of a sepa-
rate terminal and gives added flexibility.

in either case, the computer program must
be “looking” at the keyboard when the keys
are struck, otherwise the input characters
may be lost. A system with this difficulty can
be greatly helped by having audible feed-
back to tell the operator instantly when a
keystroke is or is not accepted. A better way
1o solve the problem is to use interrupts with
the keyboard. With interrupts, every key-
stroke interrupts the running program and
informs it that a key has been struck. Iif the
program is not yet ready for an input, the
character is read and placed in a memory
buffer. When the program is ready, the buffer
is examined first and characters are taken

from it until the buffer is empty. Then the

program waits for a keyboard input. This is a
very valuable feature for interactive programs
written in BASIC, in which it is easy for the
operator to get ahead of the program.

While the keyboard logic does most of the
work associated with scanning the keys and
forming the character code on modular sys-
tems, many packaged systems use the
microprocessor itself to do this task at much
lower cost. In these systems, the individual
keyswitches are wired into a matrix, usually
with 8 rows and 8 columns and a switch at
each crosspoint. The 8 column wires are then
connected to an internal 8-bit output port and
the B row wires to an 8-bit input port. When-
ever a key is depressed, an output is con-
nected to an input with the combination differ-
ent for each key. With proper construction, it
is possible for the program to identify which
keyswitch is closed and then look up its code
in a memory table for use by the rest of the
software.

Typically the keyboard-read program,
which is usually part of ROM software, scans
the keyboard, which means it “looks™ at
each key in sequence and registers a char-
acter when it jocates a depressed key. Addi-
tionai software tests are required to prevent
the same character from being generated
each time the software scans and to negate
the effects of keyswitch contact bounce.

There are two common ways of solving the
former problem, each giving a different typing
characteristic to the keyboard. One of these
is to stop scanning the keyboard when a
depressed key is found, output the code, and
then wait until the key is released. At that
point, scanning is resumed. This system is
called “two-key rollover”" because it pro-
duces the proper sequence of characters
(that is, the same sequence that was typed)
for a maximum of two keys being pressed
simultaneously. The second method uses
continuous scanning and keeps a copy of the
state of each key in memory. A keystroke is
regisfered only when a key that was not
previously down (as determined by looking at
the copy in memory) is seen down for the first
time. Thus, the keyboard responds only to
up-to-down movement of a key and then com-
pletely ignores it. This is called “N-key roli-
over” because it produces the proper char-
acter sequence regardiess of the number of
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keys already down. Having more than- one
key down simultanecusly is a common accur-
rence, particularly with fast typing, so it is
important that the keyboard, whether it be
hardware or sofiware scanned, handle the
situation in & reasonable manner.

Keyswitch contact bounce is a serious
problem. All mechanical contacts fail to make
and break instantaneously and may vibrate
{produce multi-contacting) for a few millisec-
onds betore a solid contact is assured. With
the speed of modern microprocessors, a
keyboard scanning program could interpret
this bouncing as several keystrokes and pro-
duce multiple repetitions of the same charac-
ter. From a software viewpoint, the problem
can be soived by having the scanning soft-
ware verify the making or breaking of a con-
tact by testing it for about 10 milliseconds
and requiring that every test produce the
same results before concluding that a make
or break actually took place. Fortunately,
systems with bounce problems can be cured
by using a “keyboard fix” program available
from the manufacturer or on the open market.

Interrupt operation of a keyboard that is
software-scanned is more difficult than if it {s
hardware-scanned, but one hardware manu-
tacturer has figured out a way to do it with its
line of computers. The trick is to have a
60-Hz line-frequency interrupt cause periodic
entry into. the keyboard scan routine regard-
less of program activily. The scan routine in
turn, dees one scan of the keyswitch array
and stores any key that is newly pressed into
a character buffer for later use. Thus, it is
possible to be several keystrokes ahead of
program execution. Since the operating
system takes care of all of the details auto-
matically, the programmer doesn't even have
to know about it. This same 60-Hz interrupt
also updates an elapsed time “clock” in
memory, which can be quite useful. &

“Remember, I promised you
only 99.995 percent accwracy.”

MARCH 1980

Did you read about the fellow who
became so enchanted playing D & D,
he disappeared for a month?

Chances are, when you play the
Dunjonquest™ version, the greatest
of all the role-playing fantasies, you'll
be abie to hold on to reality just a
little better.

You're the hero. Enter into the Dunjenquest
“Temple of Apshai” and into the greatest fantasy
adveniure you've ever experienced. The Temple
has over 200 rooms and «catacombs in which lurk
more than 30 hinds-of monsters and beasts ready
to do you in—in real fime—belore you can reach
any of the 70 or s treasures waiting for the hero.
You may spend days, weeks, months .. . the rest
of your life . . . striking at the farces of evil, or
running from them, ar calling on powers you can
niever completely understand, Always, always
demonstrating in varying degrees your strength,
constitution, dexterity, intelligence, intuition, the
force of your ego.

Unlike chess or bridge or monopoly, this role-
playing game —like other good role-playing
games—is an experience rather than a game; it
is not played so much as it’s lived or experienced,
Your alter ego goes forth into the world of demons
and darkness, dragons and dwarves. Your char-
acter will do whatever you want him {or her or it)
to do.

“The Temple...” comes complete with a superbly
illustrated 56-page rude book and cassefte program,

r Actual photo of screen during a Dunjonquest game.
in Room 3 in the Temple of Apshai, our hero observes

lwa treasures unatiended by dragens, mansters or
demons. .. for the moment. He is campletely free of
" wounds; he is not al all fatigued. He carries 44 pounds
of armor and 19 arraws in his quiver. He has already
slain five demons. Will he caplure the treasures befors
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or Dragons and Dungeons?

moving on. .. or before the forces of darkness ntercept him?
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designed to operate with the Level Il 16K

THS 80, the PET 32K or the Apple Il 48K (Micra-
soft) computer. Only $24.95 complete, inchuding

shipping and handling on orders placed within the
next 30 days. (Apple disk available for $29,95).

Dunjonguest’s “The Temple of Apshai” is
guavanteed {o be the hest version of Dungeons
and Dragons/Dragons and Dungeons. It's a
product of the two quys who are Automated
Simulati Jim Cc lley and Jon Freeman. Jim
is & Dungeon Master, running continuous D & D
campaigns. He's been a data processing profes-
sional with Westinghouse, GTE Sylvania, Logisti-
con...an expert in computer-based math-
modeling and in simulation of complex phe-
nemona. Jon is a game player, designer and
author. He's a frequent contributor to Games
magazine; . .. and this brings us to our un-
helievable offer:

FREE: The Playboy Winner's
Guide to Board Games the
bestselling paperback by our own
Jon Freeman. How te win al
Monepoly, Scrabble, Dungeons and
Cragons and almost 100 other
board games. Order vour Dun-
jonquest Temple of Apshai
now, get the book free. .. and
vou keep it even if you don't
Y . choose to keep the guaran-

L A== teed Dunjonguest.

...........

As we said, guaranteed: Guaranteed fo be the
best version; guaranteed thal vou'll be happy with
it, Order now, use it for fwo weeks. If vou don't
enjoy completely this fantasy adventure ex-
perience that goes beyond alt others, send it back
to us. We'l refund your money in full; no ques-
tions ashed.

Master Charge or Visa card holders:
charyge *“The Temple of Apshai” to
vour credit card. Just call our toll
free number; (800) 824-7888, oper-
ator 861 (In California, call operator
861 (800) 852-7777. In Hawaii and
Alaska, opexator 861 (860) 824-7919)
and yvou can begin enjoving vour D &
D game in days. Or send your check
for $24.95* to

Automated
Simulations

Dept. E

P.O. Box 4232

Mountain View, Ca. 94040

Rush my copy of the
TEMPLE OF APSHAI for
— . computer.

I'm endosing $24.95

{or $29.95 for an APPLE
disk version).

*California residents, please
add 6.5% fax.
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