Get the
Most Out of

Your Computer
with

Software and Applications, Pragmatic, wel-
documented programs with complete listings on data
base systems, word processing, communications,
simulations, investment analysis, games, music syn-
thesis, computer art, business functions, building
conirot and more,

System Evaluations. In-depth, probing evaluations of
persenal and small business systems every issue. No-
ronsense reviews of software from ihdependents as wall
as the majors.

Regufar Features. Opesating Systems Q and A.
Columns on the TRS-80, Apple and PET. Book reviews.
Programming techniques. Short programs. Gomputer
games, New products. Even a dose of fiction and
foolishness.

We guarantee that Creative Computing will help you
get more out of your péisonal, school, or business
computer or we'll give you your money back!

13 years $40 (Save $32 over retal price)
{1} 2 years $28 (Save $20 over retail price)
Ut year $15 (Save $9 over refall price}
Foreign: O Surface add $9/yr. [ Air add $24/yr.

To order, send paymaent or barikeard {Visa or Master
Charge} number and expiration date with your name and
addrees to Creative Computing, Attn: Claire P.O. Box
789-M, Morristown, N.J, 07960,

Save time! Phone bankcard orders toll-free to:

800-631-8112

{In NJ call 201-540-044)
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COLLEGE DEGREE
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Earh Your

DEGREE

by correspondence, while continuing your
present job, No commuting to class. Study
at your own pace. Learn from complete and
explicit lesson materials, with additional
assistance from our home-study instructors.
Advance as fast as you wish, but take all the
time you need to master each topic. Profit
from, and enjoy, the advantages of directed
but self-paced home study,

The Grantham electronics degree pro-
gram begins with basics, leads first to the
A.S.E.T. degree, and then to the B.S.E.T.
degree, Our free bulletin gives complete
details of the program itself, the degrees
awarded, the requirements for each degree,
and how to enroll. Write for Bulletin E80.

Grantham College of Engineering
(2500 South La Cienega Blvd.)
- P.O.Box 35499
Los Angeles, CA. 90035
Worldwide Career Training thru Home Study
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complaining about generally poor recep-
tion. This is largely due to increased
lower-frequency absorption as the high-
er frequencies work better and better, It
would be wise to be flexible enough to
take advantage of the solar cycle, and
DX each frequency range when it is
best. Now is the time to concentrate on
20-60 MHz.

Tropical Bands Threatened,
There’s some apprehension that even
when tropical reception improves toward
the next solar cyclé trough, DX listening
may have been ruined on the 60-meter
band. There have been proposals to
allow high-powered international broad-
casting on this band.

This would be very advantageous for
the international listening audience
when the MUF falls below 6 MHz, as it
often does between Europe and Notth
America during the winter in solar trough
years. However, it would severely hinder
reception of many third-world stations
which presently occupy this band aimost
exclusively.

A letter-writing campaign seems fo
have had some success.in opposing this
move, coupled with the Third World’s re-

powerful voting bloc at the World Ad-
ministrative Radio Conference, set to

Build The World’s Most
Powerful 8-Bit Computer

Featuring The Famous Intel 8085!

Explorer/85™

StartlnP for just $129.95 you can now build
yourseif a sophisticated, state-of-the-art
computer that cari be expanded to a level
suitable for industridl, Business and
commercial use. You learn as you go. .. In
small, easy-to-understand, inexpensive levels!

» Featuras inlel 8085 cpul100% compatible with
8080A softwarel

* Qnboard 5-100 bus (up to 6 slots)!
* Onboard RAM and ROM expansion!
* Builtin deluxe 2K Monitor/Operating ROM!
* Cassetie/RS 232 or 20 matd-1/2 B.bit paraliel
{0 and timer ail on beginner's Level “A” system!

CHOICEOF HEX KEYPAD OR TERMINAL iNPUT
il yaa plan lo  EXPLORER for dadi use, we 4

hex keypad inpul. Bul. if yov are pianning 10 go whole hag and blow EXPLORER tsp
Inte a full size, slalg-of-1he-arL syslem with 8K or extendad basic (coming soon), up
1o 64K of memory, floppy disks, leleghone interface, printers, and all soris of S-100
lug-Ins—you™l) be betler off with lhe Keybaard/Vides Terminal inpul The $149.85
XPEORER Keyloard/Videa Terminal includas ufl ASCHi decading with 128 ASCH
tipgerflower case sel, 86 printable g EL
display formats—32x16 lor tv sel or 64x16 for video mordtor (nal ingluded).
EXPAND EXPLORER, LEVEL-BY.LEVEL
Livel "8, at $49.95, adds S-100 sigaals plus onboard RAM/ROM decodfng.
fnchudes all paris secessary lo generala [he slgﬂ

As featured in
PGPULAR ELECTRONICS
EXPLORER/8S shewn with Video MonRor and Xeyboard,/Videa Terminal.

hal you order

, onbeard

als for 5-100 Bus accessotias, Just

add twa 5-100 bus coanectors and you. have a compiele S-100 compatible compiter

with a world of add-oas at your fingertips. Choose Irem hundreds of cFrud cts lo

EXPLORER/85 gives you **big computer” lealures ivnediately, without turvind you - satisty your ingividual needs, Level "B Il alss includss i scitass

acaders tor

into an sppkance operalor, doomed 1o run pre-developed soltwara for ie. SUWDIY giyboard AR and REM expansion. which are addrassable anywhere ir: the 5K Nelg.

conept EXPLGRAER to a Llerminal, videe manttor of Iy $ef ang § voll puwer supgly and

starl funning programs, Ihe very lirst nighll Levsi A" taches you machine &.

ianguage and computer lundamenlals. It lels you run exercise progeams including

Level "' axpansioa, ai $39.95, expands the S-100 bus lo allow a lotal of six
160 cards to be plugged imto EXPLORER's motherboard and conlained In

EXPLORER's stee! cabinet. Inciudas 2l hardware, mounting brackats, boarg guides,

grcgrams o exattirie Ihe cpu sepisters, examing memory, [l mamary, move MMty aig. Just adg the nurmber of 5- 100 bus conRevior

nd make up gams. You can foad and play hack Ihese programs onan nrda'na:g lape
cassetlea—and dispiay your elforts on any v screen, video monitér oF printer. {|

complex byl less poweriul S0B0A. Then, when you're ready, EXPLORER ¢an be

axpanded—by you-—fo rival 1he power ol any 8-Git compuler on earth. Cr you can a

custemize it 1 perform a dedtcatad lask, thanks te ontoard
ping, RAM and ROM i i

EXPLORER's Level ""A™" syslem features an advanced Infel
8085 cpu, which is 50% faster than ils BUBOA prede- i
©as30r, yel 100% compalibie with BOSOA sollware. . |
which, you'll discovar, exisls by the 100, *Big compuler”

Iaalurgs inclede an 8355 ROM with 2K deluxe monitor/ plus $2 p&h.

oparatm? system which has twe programmatie B-bit | 3 Inlel 8085 User's Manual, $7.50 ppd.

gi-directional parailef 1/0 ports, buill-in casselle latériace

Wit tape contl oitcaiky lo aliow Jsboing cassetta fiss, | I ASCH Mogboard/Vides Tarminal . §149.95
| e é(ﬁypad kit for hex version, §69.95 plus
52 p8h.

and commands which include: “display contents ol
memory," *"run al user iogalion [go loj,” “'insert data,"”

*'move contents of memory, " “examine registers Individ-

ually or ail,"* fil cmma'n?'(m Tiil the contents of memary | [ Leve 8™ 5-100/0rboard RAM/ROM Decoder  Prinl
kit (less S-100 connectors), £49.95 plus $2  MName

with any variabls), au lomatic baud cate seleclion, progeam-
mable characters per fine display outpul format, and morel | pah.
An 8135 BAM—1/0 chip gontaing 256 byles of RAM, tvio

programmatle 8-bit ol-directional apd 6ne programmabla ]

binary connter/Umer, user interrupt and reset switches,
Onboard expansion provisions exisl for up to six S-100 | 52 p&h
boards, 4K of RAM and 8K of AOM, PROM or EPROM. | IR

8.85 2114 1°s. Yow beard wil
BF moduialor required for iv use.) The simplified architecture ol the Intel 3035 8 ard veillalso accenl

makes EXPLORER far easler to uncersiand thar compulsrs using the piger, more ge

0 Pwesf éupply ki, 5 amp, +§ volt, $34.95

O Level &' $-100 5-Card Expander kit {less  Address

SUTaG, 0 chnngotors), $30.95 plus $2 ph. ) y

Gbit bi-diractionat /0 perls glus programmable 14-bit | & 5-100 Bus Contectors {geid), $4.85 each. City
01 Level "0 4K Onboard RAM KA, $6¢ 95 plis

ou naed.
Level *'0*" sxpansion, at $68.95, %wes you i% of onboard slatic RAM uliifzing
) our 2716 EPROM's, which <an be purchaged
paralely. You naw have an advanced mainirama thit can be cuslomized with the
ripherals o yeur choica to Fit ady (or al) specilic requiremenls. Each tevel of

XPLORER is separalaly repulated for Ihe ulimate in slablity, Factory service is
wailable from Netronics. Grder your EXPLORER totay?

P capabifilies. [
LEVEL “A" SPECIFICATIONS Nalrarics RaD Lid.,

O Level "A"" EXPLORER/B5 kit (specify O ter-
ggna;;:r 3 hax keypad input), $125.95 plus
[

ORDER FRGM THIS COUPON TODAY — — — — ™

Bapt p=-a, 333 Litehfiold Road, New Milford, CT 06676

3 Deluxe Steel Cabinet for EXPLORER/BS,
$39.95 pius §3 pAn, |

3 Detuxe Steel Cabinet for Ke!"boafmideu Ter- |
minal, $15.95 plus $2.50 p&h.

£ &F Modulator kit, $8.95 ppd. }

01 Total Enctasad (Gonn. tes. add lax) §.
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begin this Septeriber in Geneva. The
WARC will reallocate the entire electro-
magnetic spectrum, to conform with pre-
sent-day needs and those anticipated
until the end of the century. o

alization that they can bring to bear a’

POPULAR ELEGTRDN!CS

By Hal Chamberlin

RANDOM NUMBER GENERATORS

ANDOM niumber generator subrou-

tines aré taken for granted by near-
ly all computer users. Every version of
the BASIC programming language,
even the simplest “tiny BASIC”, has a
random number function. Probably the
heaviest usage of random numbers is in
games where chance is an element,
Other applications of randém numbers
include real-world simulations, program
festing, ahd the generation of white
noise in music pregrams.

While BASIC users have a seemingly
infinite reservoir of random rnumbers at
their disposal simply by using the RND
function, machine-language users also
have applications for random numbers.
Serious  mathematical  simulations
where BASIC is too slow or 6-digit ac-
curacy is not enough, are written in ma-
chine language and may need a high-
speed source of random numbers. Mu-
sic synthesis is usually dene in machine
language and requires random numbers
for noise generation and subtle varia-
tions in the sound for naturalness. Also,
games on small computers such as the
KiM-1 or any of the TV or arcade sys-
tems must be programmed in machine
language, and they need random num-
bers as well. Thus we will be looking at
random number generator programs in
general and two in particular that are ef-
fective yet simple enough to program in
machine language.

Properties. Although there is a variety
of methods for generating random num-
bers, several traits are shared by ali of

them. The most distinctive is that the
subroutine does not really generate ran-
dom numbers, it merely transforms an

input number into an output number. .

When generating a string of numbers,
the previous outplt is simply fed back
into the genérator which then proceeds
to generate a new output. The generator
subroutine itself is a fixed mathematical
function that does the input-to-output
transformation. Although the output is
related to the input in an obscure way, it
seems tc be completely unrelated to it in
the end application.

The initial input used when the gener-
ator is started is calied the seed and ¢an
usually be any number except zZero. One
consequence of the input-to-cutput
transformation is that if the same seed is
used on different otcasions, the se-
quence of {pseudo) random numbers
generated will be exactly the same.
While this may not seem to be satisfac-
tory random behavior, it does have ad-
vantages. For example, in debugging a
program that utilizes random numbers, it
is useful to bé able to recreate known
bugs and verify the effectiveness of cor-
rections. On the other hand, when using
4 game program. you want to be sure
that the seed is different every time it is
run. Forming a seed from the date and
time supplied by the user is one possibil-
ity. Another is scanning through aff of
memory and forming the sum of what is
found which is quite effective when sem-
iconductér RAM is utilized for the memo-
ry function. ’

The generator transformation function

oo Yo e el Lo R ferc foc o g e o
B 3-pe @
B i
I nome I
i |
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] |
I city state I
B
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MAIL THIS COUPON
AND WE'LL SEND
YOU THE BEST
SPEAKER CATALOG
YOU EVER READ!

No kidding. Speakerlab’s catalog tock lenger

to write than some of cur competitors have

been in business. In fact, we created an industry

by "building great kits so you can afford great

speakers.” Our catalog is an invaluable

manual of speaker function

.and design. And, it will

A introduce you to the finest

speaker kits made
anywhere...with the
strongest money-back

A guarantee, Find out for
yourself...FREE. FREE,

that is. Mail the coupon now.

M Dept. I-PE, 735 N. Northlake Way
Seattle, WA 98103

TABLE I—A AND B VALUES FOR
LINEAR CONGRUENTIAL METHOD

Wordlength Sequence iength A B
8 256 77 55
12 4096 1485 865
16 656536 13708 13849
24 16777216 732573 3545443
32 4294967296 196314165 907633515
MARCH 1979

" The woridof |
electronics
gee-wizardry

-YOURS FREE.

32-pages of test instruments —from the
latest digital multimeters to the famous
EiCO scopes. Security systems. Auto-
mative and hobbyist products. Kits and
assembled, EICO quality. EIGO value.
For FREE catalog, check reader setvice
card or send 75¢ for first class mail.

® 108 New South Hoad
Hicksvilie, N.Y. 11801
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almost always uses infeger arithmetic
and the function is carefully chosen ac-
cording to the word size of the computer.
Since the output numbers are also inte-
gers with a finite number of bits, it is ob-
vious that, at some point in the se-
quence, the seed will pop up again.
Fromi this point forward the sequence re-
peats itself.

An efficient random number generator
will generate all or nearly all of the 2" dif-
ferent numbers that can be represented
by an n-bit word before repeating. Thus
in a 16-bit computer, about 65,000 ran-
dom numbers can be generated with
single precision arithmetic before re-
peating.

The numbers produced by the gener—
ator are constrained to be within a cer-
tain range. The RND function in BASIC
for example usually generates fractionat
numbers in the range of 0 to, But not in-
cluding, +1.0. The machine ianguage
routines to be desctibed generate un-
signed integer numbers between 0 and
2"-1. In either case, the range of the
nurnbers is easily changed by mukHiply-
ing dnd adding constants to them.

The random numbers themselves are
uniformly distributed. This is a statistical
term that means that all of the possible
numbers in the allowable range are
equally likely to occur. Some applica-
tions require normally distributed num-
bers where those near the middle of the.
range are more likely than those toward
either extreme. This kind of distribution
is most useful in simulating natural
quantities such as the weight of a ran-
domly chosen ripe apple. A true normal
distribution can be closely approximated
by adding up 12 uniform random num-
bers (range assumed to be between 0
and 1.0), and subtracting 6.0 from the
sum. The mean (most likely value) of the
normal distribution will then be zerc and
the standard deviation (a measure of
how concentrated the numbers are
around the mean) will be 1.0.

Methods. One cf the most popular
random number algorithms is called the
linear congruential method. The trans-
formation equation is: (new number)=
{A x (old number)-+B] MOD M where A
and B are carefully chosen constants.
Unsigned integer arithmetic is assumed
when performing the multiplication by A
and addition of B. The MOD function
means to divide by M and keep just the
remainder. If M-1 is the largest possible
unsigned integer for the computer's
wordlength, then the MOD function is
automatically performed by ignoring

THE ONE-STOP MUSIC
SHOP AT WHOLESALE PRICES
o

BLANITAPES  2E oner
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SOLDER CREAM

the new, quick, easier way to solder H

You can now apply solder with just the

squeeze of a tube. The solder is ina paste B}
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flux. Its tacky cunsisiency “holds"’
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priar to heating.
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PLUS Bonus Pak of Emergency Solder
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overflow when the other operations are
performed; no actual division is néces-
sary! Thus if the wordiength is 16 bits
{one can combine several bytes to make
any wordlength desired), multipiication
by A can be performed with an integer
multiply subroutine (see. “Computer
Bits” for Sept. 1978]. Only the lower halt
of the product, which will almost surély
overflow 16 bits, is added to B and the
lower 16 bits of the sum, which may also
overflow, is stored as the new random
output.

Choosing A and B is tricky but the pro-
per choice will insure that all 2" (where n
is the wordlength) possible furitbers will

" be generated once before the $equence

repeats. By using a wordlength of 32
Bits, over 4 billion numbers can be gen-
erated before repeating. This is over a
month running time at 1,000 numbers
per second! If A and B meet the follow-
ing requirements then not only will the
sequence length be the maximum, but it
will almost certainly be random enough
for ail blt the most sophisticated ap-
plications.

1. AMOD 8 must be equal to 5.

2. A should be larger than VM but
smaller than M-VM.

3. A, when expressed in binary,
should have a “random lookihg” bit pat-
tern.

4. C should be an odd number.

5. C/M should be approximately
equal to .21132.

Suitable values of A and B for some
common wordlengths aré in Table

One drawback of this type of genera-
tor, besides requiring a multiplication to
perform, is that the least significant few
bits of the numbers are not very random,
Thus if random bits are necessary, the
most significant bits should be used.

Anocther type of random number gen-
erator that is extremely efficient in ma-
chine language is based on simulating a
feedback shift register in software. The
only arithmetic operations needed are
shifts and exclusive-ORs; no multiplica-
tion is required. Like the previous meth-
od, it i4 tied to the computers word-
length but with rmultiple precision opera-
tions; any wordlength can be used. The
procedure to generate a new number
from an old one is as follows:

1. Shift the number left one bit position
bringing in a zero on the right end and
putting the overflow bBit into the carry
flag.

2. If the cajry flag is off, the process is
complete.

3. If the carry flag is on, fiip selected
bits in the shifted number. This may be
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NawAva:IabIe . Text Editor, Assembler & D!sassembler’

INTERFACE

THF by
Netragics
As Feaiured in POPULAR ELECTRONICS

Naow auaitable! Text Editor, Assemiles, Disassembler and a now Video
Display Board!

the TEXT EDITOR gives yeur word pracessing ability and lhe ability to edit
assembily language programs while they dre gisplayed an your video menitor.
tines and characters may be quickly inserled, defoted or changed. Add a printar
and ELF It gan type fetters lor you—errar frae—plus insert names and addresses
from your mailing fist!

EXF Ii's ASSEMBLER translales assembiy lanqaage programs into hekldemmal
machine code for ELF Il use. The features i
rather than numerics so-that the instructions an yaur pregrams are easier fo
read—this is a big help in caiching ervors.

ELF I¥'s DISASSEMBLER takes machine code programs and produces assembly
language scurce Ilsimgs This Higlps you undarstand the programs you aré
working with. . . and imprave them when required.

The new ELF il Yideo Display Board lats you generate a sharp, prafessional 32
or B4 character by 16 hne upper and Jower case display on your tv screen or
video maajtor— ically impraving yoor ded $39.95 ELF It. When you
qet into loager programs, tha Video Oisplay Board is a real blessing!

Get Your Hands On A Computer That

Grows As Fast As Yeour Own Understanding!

Stop readiny about computers and get your habds an one! Wiih ELF 1t and eur
new Shar! Course On Micropiacassor & Compwler Programining, by Tom
Pittman, you can masles samputers in no tme at alfl ELF 11 can execete all 91
REA 1982 commands. The Short Course guickly teaches you how to use each of
these capabififies.

Featuring the 1802
ELF [csccsin
m:croprocessor/mtm- 95
COMPUTER 299

ELECTHONICS and PERSONAL COMPUTING and undiérsiand the artitles.

¥ you wark with large cemputers, ELF |l and aur Shorr Sourse will help you lo

understand what makes them tick.
Get Started For Just $96.95, Complete!
ELE Il was developed as a trainer for éngineers, hobhiests, \echnicians b
students. Yet it offers advanced featiwes nat yat available glsewhere al any
price.

With ELF 1, you learn. to use machire language, the fuiidemeatal language of
all p . {Higher Tevel & ges such as FORTRAN and BASIC must be
iranslated fito machine lznguage hefare a £a nputet can d them.) With
ELF I you buitd a solid’ foundation in compulers sa you'll reafly kaow what
you're doing.

Far $33.95 your ELF Il also includes videb output and you can somtect it
directly to the viden Iput of your tv set withaut, additional hardware. Br., with
an §8.95 RF medulater, you can conneet ELF I Lo your tv's antenna términals
ipgtead.

ELF II's S-card expansion bas (connactors not included) fets you expadd ELF i
s your needs grow. H you're an engineer or hobbiest, you can alse usg ELF Il as
a caunter, alarm, logk, th , timer, tglephone dialer or Tor less ather
applications. .

ELF Il Expands nto A Giant!

Once you've mastered computer fundamentals, ELF (1 can give you mare power
le make things happen in the real warld than famaiis name cemputers that
wauld cost you a Jof more money! Thanks 1a the angoing RGA 1802 research
and development by Netreviics, ELF I} can now be expanded with some of the
masl techhicaily ad ¢ smail 3dd-bas an the market.

Flug ia the BERHT BOARD™ 1y record ond Mlay back programs, edit and

¢

ELF IF's $99.95 price includes video outpul—so yau can display alph e
and graphics on yaur tv screen or video monitor. You can also enjoy video games

debiug progra icate with remote devices and make things happen in
the oulside wotld. Add Kiuge Board aud fau cdn use ELF Ii ta solve special

inchuding a ascinatiag new target/missile gen game that was ged speci-
Fcally For ELF L .

fiut games are only the icing or the cake. ELF B is a small but powerfui
campeter. Il gives you a_highly effective learning tool far aniy $39.95—then
expands as your anderstanding of computers jrows,

It you want aswer ta solve real werld problees, ELF JEbas a lot mere Lo offer
than “famous name” camputers sefliag for many times £LF W's low price. ELF
adid-ons are among the most sophisticated on the market taday. . .al any price!
No wander |EEE chapters plus hundreds ol universities and major corparalions
now use ELF H to intreduce students and employees to micreprocessor
camputing.

Start warking wilh the increcibly versitile and faot-proof ELF 1f and you'll
understand why!

More Powerful Than Your College Dagree!

A knowledge f computers may soon be more important 10 yeur earing power
than & edilege degree. It doesn't matter whetheér you're a scienlist, engineer,
businessman or profassional. Understand computers and you czn command
MONEY!

Master This Computer In A Flash!

Regardless af how minimal yaer computer background is now, yeu can leamn to
pragzam an ELF 1 in altost no time at alt. Cur Sher! Coorse Oa Microprocessar
& Compuler Programminl was written in aon-techricat language and it leads

problems such as operdting a more romplex alarh system or contreliing a
printing press. Add 4k RAM Banrds to wiite longer aroqrams, stere mare
information and solve more sophisticated prohlems.

Expanded, ELF Il is perfect for enqi ing, husiness, and
pursana! applications. o glhef small campater is hacked by such an advanced
research and davelopment pragraml

ELF Il 2dd-ens atready include the ELF I) Eight Pen.and Lhe amazing ELF-
Hlsg""l Mioniter~iwa exiremely recent hreakihrovghs that have nul yet been
duplicated by any other manisf

The ELF-BUG™ Manitor lets you &ebug |rugrams wulh fightening speed be-
cause the key 1o debuoging is 10 know what's inside the registers of the micro-
processer. And, with the ELF- RUG™ tMonitar, inslead ui single stepping ihmugh
yaur prageam, you can adw display the entire cantents of the ren{slers an yaur
tv sereen. You find cut :mmemamly what's going on and can make any neces-
sary nhanges

The incredible ELF Il Light Pep Te(s you wrile or draw anylhmg yaa want an a
tv sereen with just a wave of the "mapjic wand.” Neiranics has also intraduced
the ELF 11 Coter Graphjes & Music System-mare breakibsbughs that ELF Il
awners wers the first Lo enjoy]

ELF i Tiny BASIC

tite alf computers, ELF B understands only macking language—the 1anguage
wmpulers use o talk to each.other. Bul, to make [fe gasier lor you, we ‘ve
devefoped an ELF I} Tiny BASIC that lets you iatk with ELF ¥ in simple words

you through each of the RCA COSMAG 18025 il so you'll ung |
everyiking ELF I can da.. .and baw ta gat FLF It to do itf Don't worry if you've
Been stumped by computer hocks befors. The Skort Louvrse represents a majer
sdvanee in Btarary clarity in the computer field. You don't bave Lo he a compoter
enginear ia order to undarstand it.

¥eyed to ELF 11, it's loaded with "hands on” ilustrationts. When you're finished
with the Shart Gearse, aeither ELF I ner the RCA 1802 cpu will hold any mys
teries for you.

in fzct, not only will you e able 1o use a pérsenal camputer craatively, you !I
alse be able 1o read magadines sach as BYTE. .. INTERFACE AGE. . . POPULAR

that can by lyped oul on a keyboard such as PRINT, RUN ded LDAD,

Ask Mot What Your Computer Can Do. .

But WHAT CAN T DO FOR YOU? . . }
fon't he trapped into buying an expeasive dinesaur, simply because you can
afferd it. ELF 1lis mare advanced and more fun to use than biy name computers
that cost 4 Int mate moaey. With ELF |l yeu leach fo write and run yolir ewn
pragrams. You're ot just a keypunch operslar, No matiar what your particuiar
inlerests are, ELF Iis the fastest way to get inta computers. Grder trom the
coupan below!

Netronlcs R&D Ltd., Dept PE-3 PHONE ORDERS ACCEPTED1 ]
| 333 Litohfield Road, Netv Milford, CT 06776 Call (203) 354-9375 |
! Yes! [ want my own compuler! Pleask rush me—
| : C1 RCA COSMAG ELF It \anguage it's a learning breakhroigh for engineers and laymen ,
: P77 kil a1 $99.95 plus B3 postage and  alike. B5 postpaid. Total Enclosed $ ... I
| "3“‘“'“9 {reyuives 6.3 t 8 voll AC POWeT [ niuxe Melat Cabinel with piéiplas dust cover for ELF 11, {Comn, res. add 14X)
supply). . §29.95 plus $2.50 p&h, At (1] Exn, bt
3 Power Supply (required). $4.85 postpait. 3 1 am dlso enclasing paymenl (including postage & handiing) for gﬂ#ﬂ E'EI " x?. Gg 6 i
£1 RCA 1802 biser's Manual. $5 postpaid, the items checked beiow! tsa s :" g )
1 Toim Fitman's Shert Soursa On Micraprocessor & Computer D1 | want my ELF Il wired gnd tested wilh pewer supply, RCA (Bankd .
Pragramming teaches you just about averylhing ihere is to knaw 1302 I3ser's Manuel anid Shor Goubse—alt lor just $149.55 plus ;

about ELF {'ar any RCA 1802 compuler. Wrillen in non-lechnlcal $3 p&a.

Account i

ALSQ AVAILABLE FORELF H +

1 Gk BOARDT™ it with casselia 1/0. RS 232

C/TTY 140, 8-bit P 170, decoders for 14 separale 1/G

wsleuctions and a system monilorfediter, $39.95 plus.

32 p&h

{7 Kiuge (Protolype) Beard accepls vp 1o 36 IC's.

$17.0C plus 31 p&h.

£ 4k Sialic AAM kil. Addressabie to any dk nage to
I Gk $89.95 pius 33 p&n,

3 Goid plated BB-pini coneectars (one fequited for each

plug-in beard}, §5.70 2a.. posipaid.

(1 Expansion Power Supply {required when adding 4k
! RAM). 834,05 plus 32 p&h_

(3 Professional ASCE Keyhoard Xt wilh 128 ASCH
upper/\gwer case sel, 96 printable characters, onhoard
iagufator, parity, logie Selectisn and choice of 4 hang-
shaking signals 10 maie with almost any computer,
£64.05 plus §2 pth,

[ Detuxe metal cabinel for ASDI Keyboard, $19.95
plus $2.50 p&h.

O Vidao Display Board kit lets you generale a sharp,
professional 32 or 64 characles by 16 Fna upper and
Ipwer case display on your {v screen ef viden monitor—
your 846 05 ELF |1,
{Fiis mside ASUI Keyboard cabinel ) §69.95

mus $2 péh,

3 ELF A Tiny BASIC on casselie tape. Gom-
‘ nands mchuge SAVE, LOAD, =. x, + ().

26 variables A-Z, LET. IF/THEN, INFUT, PRINT, GG T0,
G0 SUB. RETURM. END, REM, CLEAR, LIST. AUN.
PLOT. PEEK. POKE. Comes hully documented ang in”
cludas alphanumeric generator required lo display
Aphanumeric characters dicectly on yout I scresn will-
aul adoiional hardware, Also plays tick-tabk-loe plus 2

- drawing game that uses ELF IF's hex keyboard as a joy-

stick. 4k memory required. $14.95 postpaid.

1 Towm Pittman's Shart Ceurse en Tiny Basic for ELF 11,
$5 posipaid.

7 ELE-RUET™ pela System Monitor on casselte
tape. Allows displaying the conlents of all registers on
yer tv at any pein in your program. Also ﬁlsplzys 24
bytes of memory with full aﬁdfesses biinking cursor
and auto scrolfing. A must for Whe serious programmer!
§14. !}5 postpaid.

7 Texl Eddidr on cassetls laps gives you hg ability to
insert, delate or egit lines and words fram your programs
witle they are displayed on your vides monitor. (Add
printer and you can use ELF I 1o ¥ype error- ~freg jellers
plus ingeit names and adtresses fom your maiing Tist.)
$19.95 posipaid.

[ Assamblor on casselle lape transiales aszembly
languags programs into hexidecimal macmne cotle lor
ELF Il use.

programs and prodices assembly language source fist- i
995 to hesp you understand and #Mprove your pregrams,
$19.95 on caseetie tape. )

SAVE $9.90—Text Editor, hssembler & Uisassembler

purchased logethar, only $49,45! (Réguire Video Bis-
play Boartl plus 4% memoary. )

] ELF It Light Pan, assemblad & tested, $T.95 plus $1
P&t .

[ ELF H Celor Graphics & Muskc System Board kit,
$89.95 plus $2 p&h.

[ ELF  connects direetly to the viden ipul of your by
sel wilhout additiopal hardware. Yo connett ELF 11 lo
your anleana tenminals Instead. order BF Medufater,
88.95 postpaid.

Coming Seon: A-D, D-A Converter. Cenlrofler Board. . |
and masal

Print I
Kame

Address . |

{rather Ihan mumerics) make p!ug:ams easler m read
and hetp privenl errors. $19.93 postpaid,
o Elsassemhier ot casselle lape takes machine cude

City |

State ___ Zp
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A P Terminal and
Distribution Strips are
ideal buillding blocks
for your breadboarding.

Now you can put together as sim-
ple ot as elaborate a breadboard
as you want—and be sure of top
qualdity all the way—and pay only
for what you need. Using A P Termi-
nal and Distribution Strips as mod-
ules is the world's most economical
way to assemble full-performance
solderless breadboards.

You know how our strips work. Your
electronic components plug right
into the spring clip terminals behind

AP PRODUCTS
INCORPORATED

Box 110Ae 72 Corwin Drive
Painasville, Ohio 44077
Tel. 216/354-2101

TWX: B10-425-2250

Faster and Easieris what were all about.

CIRCLE NO. 7 ON FREE INFORMATION GARD

each hole. You complete your cli-
cuits with ordinary solid wire jump-
ers—you don’'t need special patch
cords. Terminals clip tight, make su-
perb contact time aftertime. (They're
noncorrosive copper alloy 770.)

These versatile building blocks
come in o wide variety of shapes
and sizes, and we include hardware
and mounting templates with each
strip. You get all the flexibility in
the world.

Where? At your nearby A P Prod-
ucts dealer. Need the address?
Phone {toll-free) 800-321-9668. And
ask for the complete A P catalog,
The Faster and Easier Book.

accomplished by exclusive-ORing a
mask word with the shifted number. The
process is now complete.

Thus the key to this generator is to
find a suitable mask. It is highly desir-
able to use a mask that gives a max-
imum fength sequence which in this
case is 2"-1 since zero trahsforms into it-
self. If such a mask is not used, some
seeds may produce very short se-
quences, even for long words. The best
way to find a suitable mask is to write a
simple program that actually counts the
number of iterations necessary before
an initial seed of 0001 is returned. Suit-
able masks for several popular word-
tengths are given in Table II.

The numbers produced by this gener-
ator are not as good as with the first gen-
erator but the individual bits produced
are highly random. The results are more
than adequate however for games and
white noise generation and oné could
hardly ask for a simpler procedure. The

TABLE 1I-MASK WORDS FOR

FEEDBACK .
SHIFT REGISTER METHOD
Sequence
Wordlength length Ma'slg

B 255 iD
12 4095 1Dg
16 " 65535 1087
24 16777215 1DB72B
32 4294967295

10872841

performance as a number generator
may be improved by iterating it several
times {such as N+3 where N is the
wordlength) to get each number.

Testing. In any critical application it is
necessary to test a homebrew random
number generator before using it exten-
sively. Even the RND function in BASIC
is much better in some versions than
others. While proper testing is a com-
plex mathematical subject, one thing is
definite: visually looking at a printout of a
few numbers in thé sequence is not a
very reliable test. In fact, the “eyeball
test” would probably flunk even the best
generators because people tend to see
palterris in small collections of things
and ahy such pattems are not “sup-
posed” to happen in a random se-
guence, One reasonably good visual
test however is to generate a string of
random bits and then fill the screen of a
bit-mapped graphic display interdface
with them. Any visible regularity that
covers a significant portion of the screen
is probably a clue to a poor random
number generator. <

POPULAR ELECTRONICS

s SOUTCES s

8080/6800 File Management.
"Now what was the name of that good French
restaurant in Chicago?" If you filed it once,
DATA FILE can find it. The program re-
sponds to any information you can recall
about the contents of a file by displaying the
rest of the file. It can, for example, remind you
who belongs to alt those long-distance num-
bers on your phone bill. The program Is avail-
able for 6800 &r 8080 systems, and runs in
1K, using remaining RAM for storage. Fea-
tures include facilities for editing and updat-
ing files, automatic top-of-memory check en-
suring no data is accidentally lost, and con-
tinuous display of memory addresses for sav-
ing all data on tape or disk. 6800 versions are
available as a listing only, or with either K.C.
cassette or SWTP disk, all starting at 0110
Hex. BOBO versions are available as listing
only, with Tarbeli or National Muttiplex CC-7
or CC-8 cassette (specify) or Intel-format pa-
per tape, or on North Star disk; starting ad-
dress may be 0000, 2000 or 2A00 hex. List-
ings are $10, listing with cassette or tape $15,
and listings with disk, $16. Practical Program-
ming Co., Box 2069, North Brunswick, NJ
0Bg02.

1802 Programming Aids. The 1802
Frogrammer’s Notebook includés: information
on software relocation and reQister-aSsign—
ment techniques, timing constants, clock cali-
bration, and short programs for time-of-day

i clock, hex frequency counter, hex random

number, and hex addition and multiglication.
$1.00 plus self-addressed, stamped en-
velope, from David R. Wright, 128 Campus
Ave., Ames, |A 50010.

PILOT for TRS-BO. PILOT isalanguage
designed for computer-assisted education,
and is said lo be so simple that even 6-year-
olds have tatight themseives to program in it
In this TRS-80 form, it includes PILOT pro-
gram statements and commands {including
CLOAD, CSAVE and line-printer commands)

| plus TRS-80 screen-clear and graphics com-

marids. TRS-80 PILOT requires Level-ll, 4K
or 16K. $50. Jeff Lasman, PRACTICAL AP-
PLICATIONS, P.O. Box 4139, Foster City,
CA 94404,

| TRS-80 Word Processor. The Electric
Pencil word-processor program is now avail-

able for the Radio Shack TRS-80, as well as
an opticnal serial-printer output interface with

MARCH 1979

lower-case and control-key modification in-
structions. Written in machine cods, not BA-
SIC, for faster running, it will foad into either
Level} or Levell TRS-80s with 16K. It will
operate ipper-case only in unmodified ma-
chines, or upper/iowet-case with the modifi-
cation kit. Printers used can be eithér the Ra-
dio Shack printer and expahsion box, or any
RS-232 printer running 110-8600 baud, with
the optional interface. Other features include
2-key roflover and repeat, line and character
insért/delete, forward/reverse scrofting,
string search with optional replace, block
moves, page titing and numbering, and print
formatting. The TRS-80 Electric Pencil is

$100; the TRS-232 printer output inteiface
with instructions only for lower-case modifica-
tion (parts will be availablé later) is $40. Stnall
Systemn Software, Box 483, Newbury Park,
CA 91320,

8080 Simuiator for KIM-1. soso
programs can be run on a 6502-based KIM-1
with this program. It executes the entire 8080
instruction set and maintains 8080 registers
for convenient examination or modification. it
runs in less than {K of memory, and c¢an be
relocated in ROM and adapted to other B502
systems. $19.50. Dann McCreary, 4758
Mansfield St. #2P, San Diego, CA 9211 6.

CALIFORNIA

Cmega Micrecomputers

Quality Personal — Business Systems
Apple i — Alpha Micro

3535 Torrance Bivd.

Suite 10

Tarrance, Ca 90503

{213) 370-9456

Rainbow Computing
Complete Apple Il Line
10723 White Qak Avenue
Granadc Hills, CA 91344
(213) 360-2171

COLORADO

Amptec, Inc.

Send For Our Catalog--10% Off
5975 North Broadway

Denver, CO 80216

(303) 571-8033

Byte Shop

Complete Apple I Line
3464 South Acoma Street
Englewced, CO 80110
(303) 761-6232

MARYLAND

Computers Unlimited, Inc.
Tomorrow's Technology Today
907 York Road

Towson, MD 21204

(301) 321-1553

MICHIGAN

The Computer Mart

We Will Not Be Undersold
1800 West 14 Mile Road
Royal Oak, M| 48073
(313} 576-0500

United Microsystems Corporation
The Professional Computer Store
2601 South State Street

Ann Arbor, Ml 48104

(313) 688-6806

NEW JERSEY

Computer Mart of New Jersey
The Microcomputer People (tm)
501 Route 27

Iselin, NJ 08830

(201) 283-0600

Advertisement

NEW YORK

Byte Shop of Long Istand

The Affordable Computer Store
2721 Hempstead Turnpike

2 Blocks East Of Wantagh Parkway
Levittown, New York 11756

(516) 731-8116

Byte Shap of New York

The Affordable Cemputer Store
130 East 40th Street

New York, NY 10016

(212) 889-4204

Computer Mart of New York
First In The East

118 Madison Avenue

{30th Street Entrance}

New York, NY 10016

(212) 686-7923

OHIO

Ohio Microcomputer Specialists
imsai Personal and Business Systems
1265 Grandview Avenue

Columbus, OH 43212

{614) 488-1849

OKLAHOMA

Microlithics, the.

Medical Systems-Differential Diagnosis
2918 MacArthur Boulevard

Cklahoma City, OK 73127

(405) 947-5646

PENNSYLVANIA

Personal Computer Corporation
OEM Specialists

Frazer Mail

Lancaster Avenue and Route 352
Frazer, PA 19355

(215) B47-8463

SOUTH CAROLINA

Byte Shop #32

The Afferdable Computer Store
192G Blossom Street
Columbia, SC 20205

{803) 771-7824

CANADA

TJB Microsystems, LTD

Your Commodere Pet Headquarters
10991-124th Street

Edmonton, Alberta, Canada

T5M OH9

{403) 455-5258

Dealers: For information about how to have your store listed in THE MICROCOMPUTER MART,
please contact: POPULAR ELECTRONICS, One Park Ave., New York, N.Y. 10016 « (212} 725-3568.
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