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the Heath H8 Computer

Unpacking and Building

My first few evenings with the H8 kit
were leisurely spent getting acquainted
with the materials and manuals. Opening
the 22 |b carton, the first thing that caught
my eyes was a loose slip of paper with a
notice on it. [t warned me 1o review all of
the manuals supplied with the kit before
putting anylhing together, and that if |
found it to be too complicated for my
knowledge and skill level, | could return it
to the Heath Company for a full refund. |
know of no other computer kit manu-
facturer who includes that kind of built-in
consumer protection from the outset.

The next items werc the sets of manuals
and an attractive 3 ring binder to store
them in. | had assembled Heathkits before
and knew how thorough their documenta-
tion has always been; and | had seen some
mediocre documentation provided by other
companies in the computer kit industry. |
found 503 pages worth of assembly and
operating manuals which were far superior
to any that | had seen on the market.

In all fairness, | don't feel that this
point can be overemphasized. Building a
microcomputer is not like building a stereo
or piece of test equipment. The technology
and associated hardware of a computer
are unigue in many ways. You may have
assembled and tested electronic kits before,

but unless you've also assembled digital
equipment, you probably won't be an expert
on this type of hardware. If you ever need to
troubleshoot your computer kit, much of
your previous knowledge about conventional
analog clectronics won't be of use. There-
fore, it is important that you know what
vou are assembling and how to do so cor-
rectly. You don't have to be an electronics
wizard to build and operate the H8. Your
chances of building a computer kit that
works the first time you turn on the power
are nearly 100 percent with an H8, due in
part to the support services that the manu-
facturcr provides.

After the first few evenings of studying
the manuals, | found a reasonably undis-
turbed space and, with tools in hand, began
the first stage of assembly.

The Chassis

Chassis assembly consists of installing
the power supply, frame, and several acces-
sories, including a small cone speaker. The
frame is made out of heavy sheet metal
on the top, bottom and back panel, and
structured foam on the sides. The bottom
is covered with rows of small holes necessary
for the H8's convection cooling system.
The ample 10 A power supply is located

Continued on page 124

Figure 1: The Heath H8
front panel. Many of the
16 keys are multifunc-
tional. The panel allows
guick entry of data and
programs into the com-
puter. Drawn from a dia-
gram courtesy of Heath
Company.
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Instruction Space

Now that the TMS-9900 16 bit computer
is being marketed to the computer experi-
menter, some easy way to handle its 63,480
individual op codes at a level of ‘‘hand
assembly” is going to be necessary. The
standard method of programming the 16
bit machine involves higher level languages,
or at the very least, a good symbolic as-
sembler. The op codes of an 8 bit machine
are smaller in number and can be fairly
easily memorized by a machine level pro-
grammer confined to the limited resources
of hand assembly. But nearly every in-
struction on the TMS-9900 has to be con-
structed, calculated from the Instruction’s
format, depending on the selected options
of the moment. That is the essence of the
machine’s power, but it makes building
and analyzing programs at a machine
language level difficult. The charts in this
article should help simplify the matter.

Organizing One’s Approach

to a Machine

° 5.95 <
with 2"% Legal Instructions

The first of the op code maps (figure 1)
is an expansion of the first byte of a 16 bit
instruction. The second map (figure 2) is
a detail of the first rank of figure 1. Notice
that the most significant digits of the op
codes go down and the least significant
digits go across the charts. Each block con-
tains the mnemonic of the instruction, the
format type of that instruction, and the
number of variations (ie: the number of
different instructions that the mnemonic
represents).

For example, the instruction MOV, for
MOVE WORD, has a source and a destina-
tion word address, with one of four ad-
dressing codes for each, referenced to one
of the 16 registers in the workspace for each.
That gives 16 times 4 times 16 times 4, or
4096 possible individual instructions. Let’s
take a specific example. Suppose you come
across a C835 instruction in a hexadecimal
program dump. You look up that code on
the op code space map (figure 1 in this
case). It lies in the block for instruction
MOV, with an instruction format of |.
Comparing C835 with format | in table 1,
you find that:

Base op code = 1100,
Address mode of destination = 10.
Destination operand register = 0000,
Address mode of source = 11.
Source operand register = 0101.

Since the destination is indexed, the word
following the C835 is an address, and thus
part of the instruction. The index register,
however, is 0000 and the zero register isn’t
allowed for index mode. Thus the following
address /s the destination address without
address modification. If it had been one of
the other registers, the following word
would have been added to the register value
to form the indexed address. The addressing
mode for the source is register 5, indirect
and autoincremented. The source operand’s
address is in register 5. Once the operand is
fetched, the address value in register 5 is
incremented by 2 (since it was a word in-
struction and the 9900 addresses specify
bytes). Thus the end result of the instruction
is that this source operand is moved to the
immediate address specified by the word
following C835.
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Race Car for the SR-52

Race Car is a game of skill written for
the Texas Instruments SR-52 programmable
calculator, in which the player maneuvers
a car around a race track drawn on graph
paper. The object of the game is to drive the
car from the start to the finish line in the
best possible time without leaving the track.
The program calculates the coordinates of
the car based on steering, throttle and brake
information entered by the driver. Players
can choose to go left, straight or right
{relative to the driver's seat), and to accel-
erate, brake or cruise. Each time the player
makes a move, 1 secand of time elapses.

Listing 1: The Race Car program, written for the SR-52.

Loc ’

000
005
011
014
017
023
028
033
038
042
047
050
056
062
066
069

071
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For each move, the program calculates the
X and Y coordinates of the car's new posi-
tion and the elapsed time. The player
simply plots the car’s position and makes
the new move based on the present position.
Using different colored pens, two or more
players can race on the same track and
compete for the best finishing time.

The program moves the coordinates of
the car during the 1 second time interval
based on a velocity vector constructed by
the player’s decisions. Left and right steering
increments are fixed at +15° and -15°,
respectively. For example, if you go left,
the velocity vector is rotated +15° from its
present direction. The acceleration and
deceleration constants are +1 division per
second? and -1 division per second2. If you
wish to accelerate, the magnitude of the
velocity vector is increased by one and the
distance traveled during that move will be
one division farther than the previous move.
If you decide to cruise, the magnitude of the
velocity vector remains constant and the
distance traveled during that move will be
the same as the previous move.

Text continued on page 30

Y2 Commentary —————
Store XX.YY.

Mask off YY and store XX.

Get XX.YY, mask off XX

and store YY.

Store the starting angle.

Initialize X position.

Initialize Y position.

Initialize velocity angle.

Set velocity magnitude

and elapsed time = 0.

Increment velocity angle
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Excerpts from “The Nam-
ing of Cats” in OLD
POSSUM’'S BOOK OF
PRACTICAL CATS by T S
Eliot are reprinted by per-
mission of Harcourt Brace
Jovanovich Inc¢, copyright
1939 by T S Eliot; copy-
right 1967 by Esme Valerie
Eliot.

Files on Parade

File Management

In part 1 we discussed the concept of the
file. In part 2 we conclude with some practi-
cal techniques for using files.

Getting a list of the files on your system
is a task you probably perform often. Table
6 is a sample directory (which also appeared
in part 1 as table 4a). Notice the command
string used to produce the table just above
the directory itself, In table 6 the first aster-
isk is the prompt, the computer's signal to
enter a command, The letter Q is the Query
command, used to produce file direclories.
The next asterisk is a wifd card name instcad
of the file name: it means “‘give me {a list of)
all the files on this device.”” Finally there is
a software swiich, /1, specifying floppy
disk drive number 1.

Depending on the operating system, wild
card characters can also be used. The PerSci
controller, for example, allows a command
string like:

Q FIL??2.MPK/1
which means:

List [Q] all files on drive number 1
whose extension {version) is MPK, and
whose file name begins with the letters
FIL, regardless of what the next few
letters are.

This article was produced on a text editor
and for convenience the different paris were
given different file names: FILFIG.MPK
held the list of figures; FILCAP.MPK held
the figure captions; FILART, FILAR2, elc,
held text proper. The extension .MPK

Table 6: Floppy disk directory generated by microcomputer. This table is
repeated from part 1 of this article.

k

*a*n

FILES 0B-09 09 771219
TEXTPROQC.TDL 0101
BIGRUMP.TOL 01-24
BASIC.TDL 04-20
EDIT.TDL 0707
IGDRIVER.EEN  08-04

0023 0022 064 771218 771219
0074 0073 033 771219 771219
0065 0064 D01 771219 71219
0023 0022 oo 771219 771219
0005 0004 051 771219 771219
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Part 2: Using Files

identified the files as belonging to me, Thus
the command string above would produce
a directory listing of all files holding parts of
this article.

Using Defaults

If parts of a command string are omitted
the operating system automatically inserts a
proper type of specification chosen from a
preprogrammed list, This preprogrammed
list is called the system default specification
or just defaults. If the [l is left off the
microcomputer command string in table 6,
that system would automatically search for
the files on floppy disk drive 0, which
happened to be the default device when the
directory was made.

Defaults are used as a convenience not
just in specifying file devices but also in file
names. Large and small timesharing systems
usually assign to each user some identifying
code number, referred to by terms like ac-
count number, user ID, or programmer num-
ber. This number is incorporated into the
file name, to associate a particular file with
a particular user. A common system default
lets a user omit this part of the file specifica-
tion when the user is referencing his or her
own files,

Another useful and common kind of de-
fault provides extensions to the file name
according to the program that produced the
file. For example, data files created in Multi-
user BASIC have a default extension begin-
ning with .D. Other data files might have
an extension .DAT; FORTRAN files
could have default extensions .FOR; input
files for a macroassembler could be expected
to have the extension .MAC; and that
assembler might produce binary object files
with a default extension of .OB).

File Names

T S Eliot understood the complexities of
a similar subject when he wrote, in Of/d Pos-
sum’s Book of Practical Cats, that:

“The Naming of Cats is a difficult
matter.
It isn’t just one of your holiday
games;
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Your Own Computer

by Mitchell Waite and Michaef Pardee
Howard Sams Co Inc

Indianapolis IN, 1977

80 pages

$1.95

The last three books | read were Passages,
Star Wars and Your Own Computer. You
see, in between the second and third books a
rather futuristic friend loaned me a copy of
BYTE, saying, “You won't believe this!”

I didn't. A computer in every home? [n
department stores? Right now? Being a
writer with a science fiction orientation,
| was shocked and simultaneously exalted
to find that companies were already selling
all kinds of low cost home computers, and
that perhaps | could buy and use one.

After devouring BYTE in less than two
hours, | called my friend and asked him if
he knew of any books that explained these
personal computers in simple terms, some-
thing a nontechnical person like me could
understand.

Two days later | went to the local com-
puter store and picked up a copy of Your
Own Computer, a book that has completely
changed my viewpoint about the future
of technology. | thanked the universe for
being so kind, told my friend, “May the
force be with vou,"” and hid myself away
for the next day to learn what this home
computer thing was all about.

In the preface, the authors informed me
that the invention of the personal com-
puter is the most historic event since the
automobile, television and transistor com-
bined. This book was designed to remove the
the stigma of complexity and mystery that
surrounds computers, and would probably
be my first investment an the road to
acquiring my own computer. That made
me rather suspicious from the start. How do
they know 1’1l like computers? | might hate
them, but I’ll admit | was interested.

Chapter 1 was quite interesting. Called
“Introduction,” it defined what computers
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for the average consumer were like, and
where they evolved (a natural evolution of
big computers, the further miniaturization
of electronic components due to the space
race, the development of large scale inte-
gration [LSI] by the semiconductor makers,
the pocket calculator, the digital watch and
the TV game).

Chapter 2, called ‘'Personal Computer
Applications,”* goes into just what personal
computers can do for you. Applications for
the home, business, classroom and just plain
fun are explained, using cartoons for punc-
tuation.

What really impressed me was that one
computer could do so many different
things. The examples that turned me on the
most were: “‘In the Office,”’ where the com-
puter would automatically display my
next appointment while it balanced the
company’s books; and “Organizing Your
Hobby,” where the computer would main-
tain a cross file of my photography collec-
tion. | was definitely getting turned on.

The next chapter, “Program for Your
Computer,” made it clear that it takes a
great deal of concentrated thought to write
computer programs, and that | probably
wouldn't need to know much about pro-
gramming, since thousands of people were
already available to do the programming for
me. However, | would need to learn to
communicate my needs to a programmer
if 1 wanted to do something special with my
computer that wasn’t already available from
a manufacturer, or someone else. Still, | was
assured that most of the programs | would
ever want would be furnished by the people
who sold me the computer; so the pressure
to learn programming apparently was off.
That's good because then | began to see a
computer as just another consumer product,
rather complex but still quite manageable.

In the next chapter, “Nuts and Bolts,”
I learned what kinds of things make a
computer tick. Computers have many
hookup parts and equipment. In a way,
they are a lot like cameras. Just as camera
owners buy lenses and other attachments
to enhance the power of their equipment,
computer owners may purchase ‘‘peri-
pherals’’ to beef up their systems and give
them more flexibility.

Although the authors promised to give
me enough information to enable me to
walk into any computer store and not be
snowed by the equipment, | felt rather
rained upon during one such visit. The
range of products offered in these com-
puter stores is amazing. | didn’t see any two

computers that looked, worked, or even
cost the same. However, after | finally
started talking to the store owner, | was very
glad that | had read the chapter about nuts
and bolts. Each time he would show me a
particular computer system, 1 would say
something like, “‘Does it have a software
front panel?”, or ""How much memory and
read only memory is there in the minimum
system?’’ My questions seemed to elicit
surprise, and | found the owner gleefully
explaining everything in fine detail.

One of the nicest things about the nuts
and bolts chapter was that | learned about
the most often used computer [/O devices:
keyboards, video displays, front panels,
Teletypewriters, cassette tape mass storage,
floppy disk mass storage, etc. Photographs
of each device were included.

The final chapter in the book, entitled
“Getting Started,” explains how one goes
about taking the next logical step in under-
standing, or perhaps even buvying, a personal
computer. Like the others, this chapter is
illustrated with our friendly computer
enthusiast trying his luck at learning more
about personal computers by going to
conventions, reading books and magazines
such as BYTE, visiting computer clubs, and
of course going to a store.

For me one of the most useful parts of
the book was the appendix called "'Glossary
of Computer Buzz Words.” Here | quickly
learned the meanings of the crazy words
used by computer people. | read the entire
glossary from A to X; it was very interesting.
Each word was defined and then used in a
typical sentence. | memorized a few of these
buzz words and used them on the computer
store owner. For example, while he showed
me a computer game called Star Trek that
didn’t seem to be working right, | informed
him that perhaps his “‘buffer had over-
flowed.”" All | got was a chuckle, and then
a sigh.

Well, | finished the book and can honest-
ly say that for someone who previously
knew nothing about computers, | really
got my money’s worth. Besides learning
that computers are here to stay, | discovered
that the future of home computing is
changing fast and furiously. Although
delaying my purchase for a few years may
save me a lot of money, it will also mean
'l miss out on a whole lot of fun and
excitement.

Keystone Elliot
POB 38
San Rafasl CA 949018
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The Standard

Data Encryption Algorithm

Part 1: An Overview

Recently, | have scen many articles de-
scribing new commercial encryption equip-
ment using the Standard Data Encryption
Algorithm, There have also been recent
announcements of integrated circuits, like
the Intel 8294, which implement the stand-
ard. The Standard Data Encryption Algo-
rithm has becn published by the National
Bureau af Standards for use in the protec-
tion of computer data. The algorithm is
described in FIPS Publication 46, available
from the US Department of Commerce.
After months of being bombarded with
publicity regarding the encryplion method,
it Finally struck me that | had found a per-
feci project for my KIM. The challenge
became to implement the algorithm with
the basic memory provided and 1o achieve
sufficient processing speed to make it
practical for use by others. Along the way,
[ hoped to investigate the advantages and
disadvantages of the 6502 in performing
the necessary tasks.

Cryptography Basics

Cryplography involves the use of a
scheme to transform intelligible text into an
unintelligible form and to later recover the
original lext. The Lransformation process is
known as encryption and the recovery pro-
cess is known as decryption. Cryplographic
techniques have been uscd for centuries to
allow individuals to communicate without
fear of outsiders discovering what they are
saying. The individuals who communicate
generally possess a cryptographic ey which

controls the encryption and decryption pro-
cess. Unless someone knows the key used to
encrypt the data, he or she will not be able
to correctly decrypt the data. The number
of possible keys is usually made so large
that it is impractical to try decrypting the
data using all key possibilities. [t must be
clear that the critical factor in protecting
the data is the secrecy of the key used.

The cryptographic technique employed in
the Standard Data Encryption Algorithm is
known as a codebook. In this case, a 64 bit
block of data is transformed to a corre-
sponding 64 bit block of data known as a
cipher. Each time a particular set of data is
provided as input, the same cipher will result:
assuming the same key is used. The Standard
Data Encryption Algorithm uses a 56 bit key
to control the encryption. As mentioned
before, this was chosen Lo give a large num-
ber of possible keys {ie: 256). Some esti-
mates have been made that it would require,
on the average, approximately 2500 years on
a gencral purpose computer significantlz
faster than a CDC 7600 to examine all 2°
(ie: 7.2 X 10'®) possible keys in order to
determine the particular key used to encrypl
a block of data.

Restrictions

The National Bureau of Standards posi-
tion on the implementation of the Standard
Data Encryption Algorithm is that software
implementations are not in compliance with
the standard. The standard, however, applies
to use on federal systems, not private com-



puters. If you have any reservations con-
cerning your intended use of this method,
check the applicable regulations.

Algorithm Overview

A very simple diagram of the operations
involved in the encryption algorithm s
shown in figure 1. The input (plaintext) is
first subjected to an initial permutation op-
eration, which reorders the bits. Most of the
work of the encryption is done in the box
labeled product transformation. Details of
this transformation will be described later.
The block transformation is a simple ex-
change of the left and right 32 bits of data.
The last step is a permutation operation
which is the inverse of the initial permuta-
tion operation. The output of this step is
the ciphertext.

In case you're wondcring where the key
comes in, it is the controlling factor in the
product transformation. Note also the rela-
tionship of the initial permutation to its
inverse. The fact that they arc inverses
means that if you perform an operation
using a function and then rcorder again
using the inverse of the function, the result
will be the original word. Of course the same
thing occurs if the inverse and then the func-
tion is applied Lo the word. Tables 1a and 1b
show the permutation tables for the initial
permutation and its inverse. The permuta-
tion operation should be interprcted as
follows: proceeding from left to right, bit 1
of the permuted word is bit 58 of the input,
bit 2 of the permuted word is bit 50 of the
input, etc. | was originally confused about
the numbering scheme chosen for the bits,
since | was accustomed to bits being num-
bered 0 thru 7 going from right Lo left. The
correspondence between the Standard Data
Encryption Algorithm numbering scheme
and typical computer numbering is depicted
in figure 2.

Algorithm Operation

A more detailed diagram of the encryp-
tion algorithm is provided in figure 3. The
basic operations are quite straightforward.
What is shown is basically an expansion of the
product transformation box from figure 1.

Let's look at the basic operations involved
after the initial permutation. The 64 bits of
permuted input are split into two groups of
32 bits each, called left (L} and right (R).
The subscripts on L and R indicate the itera-
tion of the algorithm. The first thing that
occurs is the generation of K1. K7 is known

PLAINTEXT 64 BITS INPUT

INITIAL
PERMUTATION

PRODUCT
TRANSFORMATION

BLOCK
TRANSFORMATION

INVERSE
INITIAL
PERMUTATION

64 BITS OUTPUT

CIPHERTEXT

Figure 1: An overview of the Standard Data Encryption Algorithm.

(1a)
58 50 42 34 26 18 10 2
60 52 44 36 28 20 12 4
62 54 46 38 30 22 14 6
64 56 48 40 32 24 16 8
57 49 41 33 25 17 g 1
59 51 43 35 27 19 11 3
61 53 45 37 29 21 13 5
63 55 47 39 31 23 15 7

(16)
40 8 48 16 56 24 64 32
39 7 47 15 55 23 63 3
38 6 46 14 54 22 62 30
37 5 45 13 53 21 61 29
36 4 44 12 52 20 60 28
35 3 43 11 51 19 59 27
34 2 42 10 50 18 58 26
33 1 a1 9 49 17 57 25

Table 1: Permutation tables for the initial and inverse initial permutation (1a
and 1b respectively). The initial permutation table is read as follows: bit T of
the input goes to bit 58 of the output, bit 2 of the input goes to bit 50 of the
input, etc.

1 23... ...62 63 64
| 8 e ISTANDARD DATA

ENCRYPTION NOTATION

o7 ]

7 07 07 o7
I ) TYPICAL COMPUTER
I BYTE O [ BYTE | & I BYTE & I BYTE 7 l NOTATION

Figure 2: Corresponding numbering between the Data Encryption Stondard
and typical microcomputer bit numbering.
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PLAINTEXT 64 BITS INPUT

INITIAL
PERMUTATION

]

123..... § ....3) 32 123..... $....3332

LO RO

as the subkey, and is gencrated directly from
the encryption key. [n fact, each Ki is gen-
erated from the key. Don't worry yet about
exactly what each Ki is or where it comes
from -- that will soon be explained. A func-
tion, (RO, K1), is now generated using K1
and RO as inputs (again, the details will be

LI=RO Ri=LO®@f(RQ,K) )

@ explained shortly). The next operation is the
modulo 2 addition {ie: exclusive OR} of
f(RO, K1) to LO. Therefore, LO @ (RO, K1)
replaces the old LO. Finally, the current left-
most 32 bits are exchanged with the current
rightmost 32 bits. This completes one itera-
tion of the algorithm and involves all the
basic operations. To complete Lhe producl
transformation, the steps above are repeated

L2=RI R2=LI®F(RI, K2)

LIS=RI4 RIS=LI4@f(RI4,KI5)

@ as shown in figure 3. The encryption process
is completed by performing the block trans-
formation and the inverse initial permuta-
tion operation.

An important fact about the modulo 2
addition step is that it is reversible, This
reversibility allows the decryption process
to recover the original plaintext. In fact, as
| will show, you can use the same algorithm

—@ steps to do the decryption as you used for

encryption,

Something for Nothing?

In case my arguments of the simplicily
of the Standard Data Encryption Algo-
rithm haven’t convinced you, | should point
out that it wouldn’t be fair Lo expect 2500

L)&=RIS RI6=LIS®f(RIS,KI6)

l ]

A

BLOCK
TRANSFORM

INVERSE
INITIAL
PERMUTATION

CIPHERTEXT 64 BITS QUTPUT
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Ki6 years of protection from an algorithm which
wasn't somewhat involved. Figures 4a and
4b provide illustrative examples of the
encryplion and decryption processes. | have
used only two iterations in the product
transformation, but the principle is the same
for 16 iterations. Note in particular how the
same algorithm is used for decryption, ex-
cept that the subkeys are applied in reverse
sequence. [n figure 4b, the results of each
transform are shown after the modulo 2
addition. For example, the first transform
results of L1 arc obtained by computing
R2 & f{L2, K2) = [L1 @ f{R1, K2)] @&
f(R1, K2} = L1. Remember how modulo 2

Figure 3: A detailed operation of the Standard Data
Encryption Algorithm encryption process. Note that
this flow diagram (and the following flow diagrams)
do not use standard flowchart symbology.
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Figure 4: A simplified encryption and decryption process using the Standard Data Encryption Algo-
rithm. Figure 4a shows a plaintext message being processed into a ciphertext and figure 4b shows the
inverse process. Although only two iterations of transformation and swapping are shown, 16 are actually

performed.
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Table 2: Tables for using
permuted choice 1 and
permuted choice 2 (table

64 Bit K

ey

l

2a and 2b respectively). (2a) \ }
The permuted choice 7
table (table 2a) is used to §7 49 41 33 25 17 9 63 55 47 39 31 23 15
develop CO and DO from 1 58 50 42 34 26 18 7 62 54 46 38 230 22
" 10 2 59 51 43 35 27 14 6 61 53 45 37 29
the key. Bits 8, 16, 24, 32, 19 11 3 60 52 44 36 21 13 5 28 20 12 4
40, 48, 56, and 60 of the
key are not wused. The
permited choice 2 table
{table 2b) is used to co DO
develop subkey Ki from Ci 28 Bits 28 Bits
and Di,
Ci Di
28 Bits 28 Bits
Number
[ Iteration of Circular
Number Left Shifts
{26) T
1 1
14 17 11 24 1 5 2 1
3 28 15 6 21 10 3 2
23 19 12 4 26 8 4 2
16 7 27 20 13 2 5 2
41 52 31 37 47 55 6 2
30 40 51 45 33 48 7 2
a4 49 39 56 34 53 8 2
46 42 50 36 29 32 9 '
10 2
l 1 2
12 2
Subkey Ki 13 2
48 Bits 14 2
15 2
16 1
Table 3: A summary of the number of left
R 32 BITS circular shifts applied to Ci and Di at each
I iteration of subkey generation.
SELECT E
48 BIT RESULT 48 BIT SUBKEY Ki
L Ty r 4 Y Y 1 r
( 51 ) 52 53 ( 54 ( 55 ) ( 56 57 ' 5a )
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PERMUTATION P

32 BIT RESULT

f (R, Ki}

Figure 6. Details of the
function f(RKi). Note
that each mapping func-
tion S1 thru S8 changes
6 bit input to a 4 bit
outpulL.



C1 and D1 using permuted choice 2 to form
a4 48 bit subkey. Permuted choice T and
permuted choice 2 are shown in tables 2a
and 2b. Each successive subkey is gencerated
in the same way: by shifting Ci and Di left
{by onc or two bits) and then using permuted
choice 2. Table 3 shows the number of left
shifts 1o be applied to Ci and Di for cach
iteration in the subkey generation,

Once K1, K2,..., K16 have been gen-
erated, iU is not necessary to generate them
again until the key is changed. The same
set of subkeys is used for each encryption
and decryption operation shown in figures
4a and 4b.

The final operation to understand s
f {R,K), depicted in figure 6. The first
operation is called sclect E. This is really a

permutation operation similar to the initial
permutation operation previously discussed,
except that the result has more bits than the
input. Table 4 shows the sclect E permuta-
tion table. The 48 bit result of this operation
is then added modulo 2 to the subkey.
This result is reduced to a 32 bit result
using a set of mapping functions known as
S1,82,...,58. These are used as shown in
figure 6. Each group of six bits, going left
to right, is mapped into a4 bit word using a
distinct mapping function. The mapping
functions arc shown in figure 5, and an
example of how they are used is shown in
figure 6. The six bits input to cach S map-
ping function are used to gencrate a row
address and column address as shown. The
selected matrix entry is converted from its

54
4 4 13 1 2 15 11 8 3 110 6 12 5 9 0 7 Table 4: The Select F
0 15 7 4 14 2 13 1 10 6 12 11 9 5 3 8 o7, f >
4 1 14 8 13 6 2 11 15 12 9 7 3 10 5 0 permutation  table.  The
15 12 g 2 4 9 1 7 5 11 3 14 10 0 6 13 output contains more bits
than the input in order to
S2 match fength of subkey.
15 i 8 14 6 1 3 4 9 7 2 13 12 0 5 10
I K 4 7 15 2 8 14 12 0 1 10 6 g N 5
o 14 7N 10 4 13 1 5 8 12 3] 9 3 2 15
13 8 10 1 3 15 4 2 1 6 7 12 0 5 14 9 Input to Select E
32 Bits
S3
10 0 9 14 6 3 15 5 1 13 12 7 1 4 8 "
13 7 0 9 3 4 6 10 2 8 5 4 12 1 15 1
13 6 4 g 8 15 3 o 1" 1 2 12 5 10 14 7 32 1 2 3 4 5
1 10 13 0 6 g 8 7 4 15 14 11 5 2 12 4 5 B 7 8 e
8 9 10 11 12 13
S, 12 13 14 15 16 17
16 17 18 19 20 21
7 13 14 3 [¢] 9 10 1 2 8 5 11 12 4 15 20 21 22 23 24 25
13 8 11 5 6 15 0 3 4 7 2 12 1 10 14 9 24 25 26 27 28 29
10 6 9 o 12 N 7 13 15 1 3 14 5 2 8 4 28 28 30 31 32 1
3 15 0 g 10 1 13 8 9 4 5 N 12 7 2 14
S5 Y
2 12 4 1 7 10 N 6 8 5 15 13 0 14 9 Output from Select €
14 11 2 12 4 7 13 1 5 0 15 10 3 9 8 6 48 Bits
4 2 1 11 10 13 7 8 16 9 12 5 6 3 0o 14
11 8 12 7 1 14 2 13 6 15 0 g9 10 4 5 3
Se
12 1 10 15 9 2 6 8 0 13 3 4 14 7 5 1M
10 15 4 2 7 12 9 5 6 1 13 14 0 1 3 8
g 14 15 5 2 8 12 3 7 o] 4 10 1 3 1 6
4 2 12 2 5 15 10 M1 14 1 7 6 8 13
Sz
4 1 2 14 15 0 8 13 3 12 9 7 5 10 6 1
13 0 1 7 4 g 1 10 14 3 5 12 2 15 8 6
1 4 11 13 12 3 7 14 10 15 6 8 o] 5 9 2
6 N 13 B 1 4 10 7 9 5 0 15 14 2 3 12
S
13 2 8 4 6 15 M 1 10 9 3 14 5 o 12 7
1 15 13 8 10 3 7 4 12 5 6 11 0 14 9 2
TN 4 1 9 12 14 2 0 6 10 13 15 3 5 8
2 1 14 7 4 10 8 13 15 12 9 o 3 5 6 11

Tabfe 5; Matrices for the selection functions S1 thru 88. Each Si maps a 6
bit input into a 4 bit output.
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0 1000 1 Input to $1

Table 6: Hiustration of the
use of ST mapping func-

)
\ Column Number

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
tion., The middle four bits

of ."npul gil/e the column 00114 4 13 1 2 15 11 8 3 10 6 12 5 g 0 7
index., The first and last Row 011 0 15 7 6 12 11 9 5 3 8
bits are the row index. The Number

. 2| 4

binary value of the se- 02 1o 129 7310 5 0
fected table entry is out- 03|15 12 8 11 3 14 10 0 6 13

P,

Output from S1

Output from S1 thru S8
32 Bits

!

decimal representation to binary. A final
;g 1:72 gg %; 32 bit permutation, P, is then performed
1 15 23 26 as shown in figure 6 to give the output
5 18 31 10 f (R,K). Table 7 shows this permutation
2 8 24 14 table.
. :13'97' 3; 38 2 This completes the detdils of the Standard
Table 7: Table for permu- 2 1N 4 25 Data Encryption Algorithm and should
tation P. allow you to develop your own implementa-
j tion. My particular implementation for the
HRAL Ki) 6502 on the ba:sic KIM-]l is given_ in part
32 Bits 2. It should provide you with some interest-
ing insights into program optimization.m

Everything you always wanted
to plug into your PET
wous:  APPLE or TRS-80%

HARDWARE SOFTWARE

or 80 char.(Upper/lower case)

Pl Parallel Model (cable. soft-

ware, add $50)

S1 Serial Model (cable. son-
ware add $50) 54 l
Anderson-Jacobsen 170 Selectric.
Bidirectjonal 995

PET Graphics Ball . ., .

RS 232C Serifal Option.

TRS Graphics Batl .

@ Expandor 123P jmpact
tractor feed
Integral Data 1P-125
Upper/lower case .

Pet, TRS-80 graphics option

with 4 char. sizes, tractor feed

$1185, Pet Modem. $320, Ser-
ial Int. $98, (Apple éezj,

0.
5200
100
with
495,

Centronics 150 Ipm, of 20, 40 .
X (*but were afraid you couldn’t afford)

[ TRS-80:]1. Data Management/Report Gen-
erator Package (L-11-16K). Tape System:
$200; Disk System: $300. Give vour

@ Apple Modem
MEMORY (Save $100 or more)

@ 16K Dynamic RAM (TRS-80
Specn‘g keybd, or exp, int§1404

AM Board, option

Additional 8K
CONNECTORS, ETC.
TRS-80 40 Din edge
Exp. Int. Ext. cord$19. 95+2"(Ft 2}
IEEE or User Portw/cover $9.95
Cassette w/cover $4.95

@ Dual Sterec Cassette Deck Ideal
for micro tapes w/prompting$250.
C-10 Blank cassettes . . . $1.49

Minidisks (5')..$4.95 10 tor$40

Call or write for free brochure.

Cash prices shown.Majar credit cards accepted.
M inimun shipping $2.50. Pa. residents add 6%.
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435 oMicrotron

Exclusive JOYSTICK package

TRS-80 the editing features of a
$4000+ Burrough’s TDBOO series ter-
minal, Automatic data entry and cus-
tom  reports. Generate complete
screen graphics with full cursor con-
trol. 2. MICROCHESS (LI or 11-4K}
$19.95. 3 difficuity levels, 3, State-
ment renumbering and cross reference.

1. Joystick Microchess-

(needs dual joystick package)-$19.95
Play against an cpponent while your
PET checks and saves moves, Optilons:
Play by phone, play against your PET,
2. Astrology:$14.95, 3. Statement re-
numbering and cross reference:$9.95,

[APFLE 1T:J 1. 3 Dimensional Maze (16K]}

disc system seen by TRS-80 with A/J 841P14.25, 2. HiBes Gl i

3. Staternent renum-
bering $9.95 (8K)
TOLL FREE
MICROLINE for:
Orders, TRS-80
Tech. Newsletter
Info., free catalogue
8005234550
inPA & CAN
(215) 665-1112

et 4o

-3 -
D TSI 2a1Y i )
T AT T
= Tl et 1Y)

Mmicrotronix

Post Office Box Q, Dept. C Philadelphia, PA 19105
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March 19-21, Modern Integrated Cir-
cuits, George Washington University,
Washington DC. This course is structured
to meet the needs of engineers, scien-
tists, and technical managers who desire
a better understanding of the latest
technological advances in the area of
integrated circuits. As such [t examines
all aspects of integrated circuit tech-
nology, starting from fundamental prin-
ciples of construction and operation, to
the most recent devices, their character-
istics and specifications. A significant
part of the course deals with the appli-
cation of integrated circuits in linear and
digital systems. Specific topics to be
covered include detailed design examples
of circuits using operational amplifiers
and active Tilters, as well as compuler
arithmetic units, registers, and memories.
Contact George Washington Universily,
Continuing Engineering Education Pro-
gram, Washington BDC 20052,

March 19-21, Project Management for
Computer Systems, Atlanta GA. This
seminar is designed for the computer
oriented professional responsible for the
development and implementation of
complex EDP systems. The seminar will
illustrate technigues for planning, imple-
menting, installing, and controlling pro-
jects. Contact The University of Chicago,
Center for Continuing Education, 1307
L 60th St, Chicago IL 60637,

March 21-23, Microcomputer Hardware
and System Design Seminar, Holiday
{nn, Palo Alto CA. Polytechnic Institute
for New York and the Institute for
Advanced Professional Studies are pre-
senting this 3 day seminar for engineers,
programmers and technical managers
with a working knowledge of digital
hardware design and familiarity with the
underlying concepts governing micro-
processor operation, architecture, and
systems design. This seminar will cover
the operation, architecture, instruction
set, and design techniques for 8 bit
microprocessors. Contact Prof Donald
D French, Institute for Advanced Pro-
fessional Studies, 1 Gateway Citr,
Newton MA 02158, (617) 964-1412.

March 25-28, Expo '79 Los Angeles
Marriott, Los Angeles CA. Expo '79 is
held in conjunction with the 16th
Numerical Control Society Annual Meet-
ing and Technical Conference. Contact
Numerical Control Society, 1800 Pick-
wick Ay, Glenview L 60025, {312)
724-7700,

March 26-28, Data Processing Operations
Management, Houston TX. This seminar
will emphasize the management skill and
techniques applicable to the data pro-
cessing operations function. The curri-
cufum is designed toward practical,
applied management technigques Lo pro-
vide a sounder understanding of the
ways of managing data processing
operations more effectively. Contact The
University of Chicago, Center (or Con-
tinuing Education, 1307 E 60th St
Chicago 1L 60637,
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March 26-28, Minicomputers and Dis-
tirbuted Processing, New York NY. This
seminar will examine the uses, eco-
nomics, programming and implemen-
tation of minicomputers. Current hard-
ware and software will also be evaluated.
Contact The University of Chicago,
Center for Continuing Education, 1307
E 60th 51, Chicage IL 60637,

March 26-30, Data Base Concepts and
Design, AMA Management Center,
Chicago IL. Sponscred by the American
Management Associations, this course
will feature practical information to heip
the participant understand structure,
concepts, design, software, and manage-
ment. Contact American Management
Associations, 135 W 50th St, New York
NY 10020, {212) 586-8100.

March 27-29, The Midwestern Computer
Expo, McCormick Pl, Chicago L. Expo-
sition by the leading vendors of data
processing equipment and services. Con-
tact Lee Mulder, The Caravan Group,
60 Austin St, Newton MA, (617) 964-
4550.

April 3-5, Specifications of Reliable
Software, Hyatt Regency Hotel, Cam-
bridge MA. This conference is sponsored
by the IEEE Computer Society. Contact
Douglas T Ross, Softech Inc, 460 Totten
Pond Rd, Waltham MA 02154, (617)
890-6900.

April 5-6, Computers in Ophthalmology,
S5t Louis MO. This is a4 course in appli-
cation of computers to ophthalmic
patient care and clinical reseach. Sessions
dealing with data bases, automated
patient testing, artificial intelligence,
and image processing are being planncd.
Contact Robert Greenfield, DSc, Bio-
medical Computer Laboratory, Washing
University School of Medicine, 700 S
Euclid Av, 5t Louis MO 63110,

April 5-6, 1979 Computer Users Con-
ference, ECast Texas State University,
Commerce TX. The theme of this
conference will be ‘Educating in a
Computer Society.” Contact Henrietta
Gale, conference coordinator, Dept of
Computer Science, East Texas State
University, Commerce TX 75428.

April 9-11, Data Processing Operations
Management, Miami I'L. This seminar
will emphasize the management skill and
techniques applicable to the data pro-
cessing operations function. The curri-
culum is designed toward praciical,
applied management technigues to pro-
vide a sounder understanding of the
ways of managing data processing
operations more effectively. Contact
The University of Chicago, Center for
Continuing Cducation, 1307 E 60th St,
Chicago 1L 60637.

April 9-12, Interface '79, McCormick
PI, Chicago IL. This is the seventh annual
conference and exposilion on data
communications and computers. Contact
The Interface Group, 160 Speen Si,
Framingham MA 01701,

Get Your
Up-Grade
Kit Here:

AL: Birmingham: Computer Centar, (205) 942-8567.
Huntsville: Computeriand, {205) 539-1200 AZ:
Tuscon. Myolis Entarprises, {602) 326-5306. CA:
Berkeley: Byte Shop, (415) 845-6366; Davis; Capitol
Computer Systems, (816) 483-7298; El Cerrito: Compu-
terland, (415) 233-5010; Hayward: Compuleriand, {415}
538-8080; La Mesa: EDP Management Inc., (714) 462-
5400; Los Altos; Computeriand, (415) 341-8154. Marina
Del Rey: Base 2, {213) 822-4499; Mt View: Byte Shap
Computer Store, (415) 969-5464; Digital Deii, {415) 961-
2670; Palo Allo: Byta Shop, (415} 327-80808acramento.
Capiigl Computer Systems, (816] 483-7208; San Diego:
Byle Shop of San Diego, {714) 565-8008; San Francisco:
Byle Shop, (415) 434-2983; Computer Center Inc., (415}
AB7-2513; Computer Stare ol San Francisco, {415) 431-
0640, Computerland, (415) 546-1592; San Jose: Elec-
tronic Syslems, (408) 226-4064; San Ratael: Computer
Demo Room [nc., {415) 457-9311; Santa Clara. Byte
Shop Computer Store, (408) 249-4221; Walnul Creek
Computeriand, (415) 9835-6502 CO: Denver. Compu-
terland of Denver, (303) 759-4685; Englewood: Byte
Shop. {303) 761-6232. CT: Fairfield: Computerland of
Fairfteld, (203) 374-2227; New London: R & R Computer
Store, (203) 447-1079. FL: Ft. Lauderdale. Computer
Age, (305) 791-8080; Computeriand, {305) 566-0776;
Jacksonville: Williams Radio & TV, {804) 354-5460.
Panama City: Boyd Ebert Corp., (904) 769-4492; Tampa:
Microcomputer Systems, (813) 879-4301 GA:Smyrna.
Computeriand of Allanta, (404) 953-0406. H!: Hono-
{ulu: Computariang, (808) 521-8002 (L: Champaign:
Byla Shop, {217) 352-2323; Mlles: Compularland, {312)
967-1714; Qak Lawn: Computariand, {312) 422-B080,
Peoria- Computerland, {309) 888-6252. KY: Louisville
LComputertand, [502) 425-8380. MA: Cambridga
Computer Shop, (617) 661-6270; Weltham' Compuler
Mart Inc., {617} 699-4540. MO: Rockville. Computer-
land of Gailhersburg, {301) 948-7676. M. Ann Arbor
Newmann Computer Exchange, (313} 994-3200. East
Lansing: New Dimensions in Computing Inc., (517} 337-
2880, Kentwood™ Computeriand of Grand Rapids, (616)
942-2931; Royat Oak. Computer Mart. (313) 576-0900
MN: Bloomington: Computerland ot Bloomington, (612}
884-1474; Minneapolis: Computer Depol Inc., (612) 927~
5601. NB: Omaha: America Computers, (402) 592-
1518, NC: Raleigh: Byte Shop. (919) 833-0210. NJ:
Budd Lake: Computer Lab of NJ, (201) 691-1984, Clark
5-100, (201) 382-1318; 1selin’ Computer Mart of NJ,
{201) 283-0600, Succasunna: Computer Hut, {201) 584-
4977 NY:Carla Placa: Computariand of Nassau, {516)
742-2262; Elmira Heighls' Red Yen Elsclronics, {607)
734-3566; |thaca: Computeriand of Ithaca, (807) 277-
4888. Johnsan City: Micro World, {607) 798-9800; Mew
York City: Compuler Mart of NY. {212) 686-7923,
Syracuse: Computer Shop ol Syracuse Inc., (315] 446-
1284, White Piains: Computer Cornar, (914} 949-3282
QH: Cincinatr Digtal Design, (513) 561-6733; Colum-
bus: Mini Micro Compuler World Inc.. {614) 235-5813,
Ohio Microcomputer Speciakists, (614) 48B-1849;
Dayton. Compuler Solutions, {513} 223-2348 OK:
Oklahoma City- Microlithics Inc., {405) 947-5646;
Mrcronics, (405) 942-8152 PA: Frazer Personal
Computing Corp., {215) 647-8463, Philadelphia Micro-
tromix. (215) 665-1112; State College: Micro Computer
Products Inc.. (814) 238-7711 TX: Auslin: Computer-
land, (512) 452-5701. Dailas: KA Electronic Sales, (214)
634-7870; Ft. Worth: Patrick Associates, (817) 531-2761,
Garland: Digital Research Corp , {214) 271-2461.
Houston: Computerland of SW Houston, (713) 977-
0809, Houston Compuler Mart, {713) 649-4188, San
Antorio: Micromarl, {512) 222-1426. UT: Orem- John-
son Computer Electronics, (801) 224-5361. VA:
Alpxandria: The Computer Hardwara Slare Inc.. {703}
548-8085, Compulers Plus, (703} 751-5656, Arlington:
Arlington Electronics Wholesalers, {703) 524-2412,
WA: Bellevue: Compuleriand of Bellevue, {208) 745-
2070: Seatlle Magnolia Microsysterns, (206) 285-7266.
W Madison® Computerland of Madison, (608) 273-2020,
Neengh: Fox Valley Computer Store, (414) 725-3020
CAMADA: ONTARIO: Mississauga: Arisia Micro-
systems, {416} 274-6033; Toronto: Computer Mart Ltd..
(416) 484-9708 BRITISH ISLES: CHESIRE: Cheadle
New Bear Computing Store, 061-491-0134 ESSEX:
liitord: Byte Shop Ltd., 01-554-2177 HARTFORD-
SHORE: New Barnet: Computer Components, 14
Station Rd. ISRAEL: Haifa Microcomputer Eng. Ltd.,
31-070. WEST GERMANY: Munich. ABC Computer
Shop. Schellingstrasse 33, B000 Munchen 40, Micro-
computer Shop, Toelzersir, 8, D-815 Holzkirchen.
:{V?’deg 5Digitronic Caomputer Systeams, Bei-der Doppe-
iche 3-5.
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powerful instructions which are not usually
seen in microcomputers. Not many micro-
computers or small minicomputers have ex-
tended precision multiply and divide, or
translate, increment, and repeat. There are
string comparison operations and block
move operations. The decrement and jump-
on-nonzero instruction of the Z-80 has been
extended to allow any word or byte length

Figure 3: Z-8000 addressing modes.

REGISTER R

INSTRUCTION

register as an index counter. There is also a
system call instruction which performs a
software interrupt to the operating system.
This is a very convenient means of com-
munication between the user and system.
There are other so-called traps that imitate
an interrupt to the operating system. They
are used to preserve software integrity, and
occur when there is an illegal memory or
instruction reference, or when a user mode
program attempts to execute a privileged or

THE OPERAND VALUE (S THE CONTENT OF THE REGISTER.

INDIRECT REGISTER IR

INSTRUCTION

/O (inputfoutput) instruction. A parti-
REG

REG
ADDRESS

THE OPERAND VALUE 1S THE CONTENT Of THE LOCATION
WHOSE ADDRESS IS IN THE REGISTER.

DIRECT ADDRESS DA

INSTRUCTION

ADDRESS I———I OPERAND

THE OPERAND VALUE IS THE CONTENT OF THE LOCATION
WHOSE ADDRESS IS IN THE INSTRUCTION.

IMMEDIATE M
INSTRUCTION

THE QPERAND VALUE IS IN THE INSTRUCTION.

INDEX X

REG

[ INsTRucCTION

—

DISPLACEMENT

ADDRESS :

-\D i OPERAND I

THE OPERAND VALUE IS THE CONTENT OF THE LOCATION WHOSE ADDRESS IS THE
ADDRESS IN THE INSTRUCTION, OFFSET BY THE CONTENT OF THE REGISTER.

BASE ADDRESS BA

INSTRUCTION

REG

ADDRESS

| DISPLACEMENT |L

OPERAND

"/

THE OPERAND VALUE IS THE CONTENT OF THE LOCATION WHOSE ADDRESS IS THE
ADDRESS IN THE REGISTER,OFFSET BY THE OISPLACEMENT (N THE INSTRUC-

TION.
BASE INDEX BX

INSTRUCTION

ADDRESS
OISPLACEMENT

REG

OPERAND

THE OPERAND VALUE 1S THE CONTENT OF THE LOCATION WHOSE ADDRESS IS THE
ADORESS IN THE REGISTER ,OFFSET BY THE DISPLACEMENT IN THE REGISTER.

RELATIVE ADDRESS RA

PC

INSTRUCTION

ADDRESS

DISPLACEMENT }—

QPERAND

THE QPERAND VALUE tS THE CONTENT OF THE LOCATION WHOSE ADDRESS IS THE
CONTENT OF PC OFFSET BY THE DISPLACEMENT IN THE INSTRUCTION.



What this country needs
is a good 8000 small business computer.

We agree! Now for less than $8000, you can purchase an
Ohio Scientific small business computer system com-
plete with software packages for Accounting, Information
Management and Word Processing. Here are the system’s
capabilities in detail:

Accounting: Supports accounts receivable, payables,
cash receipts and disbursements, general ledger, balance
sheet, P & L statement, payroll, inventory and order entry
for small businesses.

information Management: Stores any collection of
information in disk files via a Data Base Manager. Can
instantly retrieve information, generate lists, reports and
mailing labels from this data as well as perform
statistical analysis. All without any additional software.
An optional “Query" system can answer conventional
“English' questions pertinent to information in the
system asked by untrained office users.

Word Processing: Can handle letters, reports and
manuscripts. Uses totally electronic editing with disk file
storage. Has character and line Edit, Find, Change,
Delete, Transfer, Duplicate and Append capabilities. On
output, it has text justification, proportional spacing,
hyphenation and many more features.

Circle 290 on inguiry card.

Yes, an under $8000 Ohio Scientific small business
system includes all this software as well as 48K bytes

of 180 nanosecond main memory, dual 8” floppy disk
drives for 600K bytes of disk storage, a 1920 character
upper/lower case CRT terminal, a 132 column tractor feed
iine printer, and the programming language BASIC for
user generated programs if desired. And the system
doesn't stop here, it has the performance and modular
construction for growth with your use. The system can be
expanded to nearly one miilion bytes of main memory, 80
megabytes of disk storage and 16 users (time share
configuration), or it can be connected to a network of
other small computers (distributed processing configura-
tion). Numerous optional systems and applications soft-
ware packages are available including the programming
languages FORTRAN and COBOL and applications soft-
ware for specific businesses.

Ohio Scientific small business systems are sold,
leased and serviced nationwide by a network of business
system dealers. Call or write to arrange a demonstration
with your local dealer.

1333 S. CHILLICOTHE RD., AURQRA, OHIO 44202 (216) 562-3101
BYTE March 1979 B3
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cularly interesting subset of instructions
concerns the use of a pair of pins on the
Z-8000 packaged called pland p0. These
pins, and the instructions which govern
them, allow for the combination of Z-8000
into efficient multi-processor or network
systems. The only regrettable {ack I've no-
ticed thus far is the absence of memory-to-
memaory instructions,

Performance, in terms of execution
speed, is a major factor in the selection of
a processor, 1n table 2, | have tabulated the

approximate speed of several common pro-
cessors for simple tasks. Obviously, the
Z-8000 is way out in front, compefing very
favorably with a popular medium sized mini-
computer whose processor’s cost is more
than two orders of magnitude greater. The
Z-8000’s speed and memory make it the best
thing yet for personal applications which in-
volve number crunching. | can easily imagine
it as the heart of a personal FORTRAN or

Text continved on page 91

Memory Management

main advantages in the Z-8000:

code,

cal memory.

Memory management, as the name implies, is a clever technique to
handle large amounts of memory in a flexible fashion. In most com-
puter systems, this management requires the large memory to be
broken up into smaller (eg: 64 K byte) chunks. Each program or task
residing in memory is assigned into its own unique chunk or segment.
In general, segments may vary in length, but a program residing in a
particular segment may not exceed that segment in length. Often a
program will not need to directly address a vast amount of memory,
and if a particular application program or set of programs will fit into
segments, then management can be used. Management provides three

1. Since programs are constrained to fit in 64 K bytes or less, 2 16
bit address is sufficient instead of the 24 bits required to address
16 M bytes. This obviously leads to a more compact and efficient

2. Programs residing in segments are mapped into what is known as
fogical or virtual address space. Virtual addresses are simply the
addresses of locations in a segment from hexadecimal 0000 to
FFFF. They are called virtual because they are relative only to
the start of their segment and need not bear any relation to the
actual physical addresses in the memory circuitry. Programs in
segments are thus totally relocatable, needing only to inform the
memory management device of the physical starting address of
the particular segment. Figure 4 demonstrates this principle, Note
that consecutive segments need not appear consecutively mapped
into physical memory and also that segments may overlap physi-

3. Segmenting easily provides for memory protection. Since the
memory management device knows the length of each segment,
any attempt by a user task to access physical memory outside of
its segment causes a segment violation and a software interrupt to
the operating system. This is very useful when running a time-
sharing system or debugging a new program,

The memory management device works simply by adding a constant
base address for each segment to any memory references issued by that
segment. The device in the Z-8000 also checks a number of conditions
such as system versus user state, code versus data, read write versus read
anly, and valid basc address in addition to the segment size. If any mis-
matches or faults occur, the operating system is informed.
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Table 1: Summary of the Z-8000 instruction set, slightly condensed.

Op code
CLR
EX

LD
LD
LD
LDA

LDMm

LOM

POP

PUSH

Op cods
ADC
ADD
ceP

CP
DAB
DEC

Div

EXTS

INC

MULT

NEG

The instruction set table is somewhat abridged due to space considerations, For example, almost all data
manipulation type instructions (ie: data transfers, or arithmetic) have associated forms for the handling of
byte length and long word length operands. The mnemonic for an alternate length operand is created by
appending a B {for byte) or an L (for long word) to the standard op code mnemanic. For example, a byte
length COMPARE {CP) would be CP B = CPB. The symbols and abbreviations used in this table are defined as

follows:

Operands

b - bit number

CC - condition code

CTLR - a cantrol register
dst - destination

FLGR - flag register

int - any interrupt enable bit
n - a small integer

Addressing Modes

BA - base address
BX - base index

DA - direct address

IM - immediate

IR - indirect register

R - register

RA - relative address

Miscellaneous

< - is replaced by
@ - indirect
R Rpt1 - register pair

src - source X - index
Loads and Exchanges
Addrassing sSB8C R src Subtract with carry R
Operands Operation Maodes R-- R — src —carry.
sus R,src Subtract RAR,DA X, IM
dst Clear A,IR,DA X R+ R - src.
dst— Q.
R src Exchange R,IR,DA X
18Mp— sr¢ Logical
sre- R
R~ temp. Addressing
R src Load sre 10 register R.IR.DA X, IM, Op code Operands Operation Mades
R—src. BA BX.RA
dst,R Load register 10 dst IR, 0A X BA, AND R.src And A8 DA X IM
dst- R. BX RA R R AND sr¢
dst, M Load 10 memory immediate IR, 0A X CcCOM dst Complement R.IR.DA X
dst— IM. dst— NOT dst.
R src Load address DA X BA BX . RA OR Rsre Or R, IR DA X, IM
The address is computer from R+ R OR src.
src and stored in A TEST dst Test R,1R,DA X
R sren Load rultiple memory to registers iIR.DA X dst OR 0.
Load n registers starting at TCC CCdst Test condition code R
register R from location starting Set lower bit of register 1{ CC
atsre (n=11to 16). 15 true, reset otherwise,
dst,Rn Load multiple register 10 memory IR,DA,X XOR R sre E xclusive or R,IR DA X, iM
Load n words starting at dst R — R XOR src.
from n registers starting with
A (n-110 16).
dst, )R Fop RIR,DA X Program Control
dst- IR
{autoincrement) Addressing
IR src Push R.IR,DA X IM Op code Operands Operation Modes
{autodecrement)
1R~ sre. CALL dst Call subrouting IR DAX
Autodecrement SP
@ SP- PC
Arithmetic PC -~ das1
CALR dst Call relative RA
Addressing guslgdecprémem SP
e
Operands Operation Modes PC- PC + dst
. Range +4094 to - 4096 bytes.
Rusec Adg.‘fvghf:,:‘ carry. R CPBJR AIM CCdst Compare and jump relative RA
R src Add R.IR.DA X IM R IM, 1t CC s true PC — PC + dst
KRR +src. ‘ o ’F:\‘ange +254 10 —256 bytes
R sr tags are not affected.
sre CO;WDB:C RIRDAX M DJNZ R dst Decrement and yjump on nonzero RA
Flags are affected. R 1
dst, | Compare memory with immediate IR, DA X IFR/OPC- PC +dst
dst — IM. Aange 0 10 —256 bytes
dst Decimal adjust R Flags are not affected.
Decimal adjust of dst. IRET Intercupt return -
dst,n Decrement by n R,IRDA X PS - @SP
dst—dst —n Autoincrement SP.
(nis1to 16). JP CC dst Jump conditional IR DA X
R.sre Divide (signed) R.IR,DA, X, IM H CC s true PC - dst.
R —(R_.R Vsrc JR CC dst Jump conditonal relative RA
nel ne el 1t CC 15 true PC ~ PC + dst
R - remainder. Range +254 10 —256 bytes.
dst Extend sign R RET cC Return conditional
Extendsign of R,y to R, If CC s true PC - @ SP
ds¢,n Increment by n R IR.DA.X Autorncrement SP.
?:‘I’s_ ;js"o+1g) sSC n System call -
Rasrc Muttiply {signed! ) R,IR,DA.X.IM R o p
Rn‘ﬁmﬂll'—(ﬁnol] src. @ SP -~ Oid PS
dst MNegate RARDA X P§ - New system call PS
dst— 0 — dst. (N-0 to 255).
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Tabfe 1, continued:

Op code

BIT
BIT
RES
RES
SET
SET

TSET

Op coda

HLDAR
RRDB
RL
RLB
RLC

RR
RRC
SDA
SoL
SLA
SLiL

SR A

SRL

Op cede

CPD

CPDR

o]

CPIR

CPSD

CRSDR

CRS1

Qparands

I3,i54
R dst
n ds!
R dst
b dst
R dst

dst

Operands

R sre
R src
dst.n
dsi,n
dst,n

dst.n

dst,R

dst R

dst.n
dst,n
dst.n

dst,n

Hit Manipulation
Qperation

Test bit static
Z flag- NQT dsty,
Test bit dynamic
Z Vlag- NOT dstp.
Resel bit static
dst, --0
Reset bt dynamic
dstg - 0.
Ser bt static
dslb -1
Set bit dynamic
dstg e 3.
Test and set
S tlag - sign of dst
dst Al 18"

RAotate and Shift
Operation

Rotate digit lefr.
Rotate digit right
Rotate left by n
nistor 2.
Rotate left through carry by n
nislor?2
Hotate right by n
nis ) or2
Rotate right through carry by n
nislor?2
Shift dynamuc arithmetic
Shift dst by content of R
Lefy or nght depending an sign
Range +31t0 32.
Shift dynamuc logical
Shift dst by content of R
Left or right depending on sign
Range +31 0 32
Shift left anithmetic by n
nis 1 o size of data element
Shitt ledr logical by n
nis 1 to size of data element.
Shitt reght anithmetic
nis 110 size of data element
Shift right logical by n
nis 1 to size pf data element.

Block Transfer and String Maniputation

Operands

Rx,sre, Ry, CC

Rxsre. Ry, CC

Rxsrc, Ry, CC

Rx sre,Ry,CC

dst,src, B ,CC

dst,src,R,CC

dst s, R CC

QOperation

Compare and decrement
Rx -src
Autodecrement src
Ry - Ry -1
Compare, decrement and repeat
Bx - src
Autodecrement src
Ry «- Ry — 1
Repearunul CC falseor R = 0
Compare and mcrement
Rx — src
Autoincréement src
Ry - Ay -1
Compare, increment and repeat
Rx - sre
Automcrement src
Ry «- Ry - 1.
Repeat untl CC faise or Ay -0
Compare string and decrement
st — src
Autodecrement st and src
R- R -1
Compare string, decrement and repeat
dst — sre
Autodecrement dst and src
R- R -1
Repeat until CC lalse or R-0.
Compare string and jncrement
st — sre
Autoincrernent dst and sro
R- R -1

B8 March 1979 L BYTE Publications Inc

Addressing
Modes

RIR. DA X
A
R.IR,DA,X
R
R.IKR DA X
R

RIRDA X

Addressing
Modaes

» » T [ ITID

X T 1/ D

Addraessing
Modes

IR

IR

CPSIR

LDD

LDDR

LD

LDIR

TROB

TRDRB

TRI8

TRIRB

TRTDB

TRTDRB

TRTIB

TRTIRB

Op code

IN

IND

INDR

INI

INIR

ouv

QuUTD

OTDR

dst.sre,R.CC

dstsic R

dst,sre, R

dstsec.R

dst,src, R

dst sre, R

dst sic R

dst.src R

dst,src,R

srclsrc2.R

sret src2 R

scrl src2 R

srct src2,R

Operands

R src

dst src R

dst src R

dst,scc R

dst src,R

dst.R

dst,src R

dst.src,R

Compare string, sncrement angd repeat
dst  src
Avtoincrement dst and src
R+ R
Repeat until CC false or BR=0,

Load and decrement
dst - §1¢
Autodecrement of dst and sre
R- R

Load. decrement and repeat
dst - src
Auvtodecrement of dsi and src
R- H -
Repeat untul R-0,

Load and increment
dst «- s1¢
Autoingrement of dst and sr¢
R- K-

L.oad, mcrement and repeat
dst- src
Autamcrement of dst and src
R-R i
Repeat untii R=0

Translate and decrement
dst - sre (dst)
Autodecrement dst
R-R

Transiate, decrement and repeat
dst + sre {dst)
Autodecrement dst
R-R-1
Repeat untl R-0.

Transtate and increment
dst - src {dstl
Autoincrement dst
R—~R -1

Translate, mcrement and repeat
dst — sr¢ {dst)
Autoincrement dst
R- R 1
Repeat until R-0

Transiate and test decrement
RO« sec2 (srel}
Autadecrement srct
R- R

Translate and test, decrement
and repeat
RO — src2 (sreld
Autodecrement srct
R«-R-1
Repeat unt! R=0 ar RO+ Q.

Translate and test increment
RO~ src2 {sret)
Autoincrement srcl
R—R -1.

Translate and test, incremeny
and repeat
RO« src2 {sict)
Autamcrement srcl
R—~R -1
Repeat unt) R=0 or RO+ 0.

tnput Qutput

Operation

Input
R - src.

Input and decrement
dst -- sre
Autodecrement dst
R-—R -1,

Input, decrement and repeat
dst - sr¢
Autodecrerment dst
R-R 1

Repeat uniet R-0

Input and increment
sy =~ src
Autoincrement dst
AR-R 3

{nput, increment and repeat
dst — src
Autoincrement dst
R--R
Repeat untit R=0

Qutput
dst- R,

Output and decrement
dst - se¢
Autodecrement src
AR-—-R -1

Qutput, decrement and repeat
dst - srg
Autodecrement src
R-R 1
Repeat unul R=0

IR

IH

1

15

Adrdressing
Modes

IR.DA

IR
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Table 1, continued:

QuTI

QTiIR

SINB
SINDE

SINDRB

SINIB

SINIRB

SOUTB
SOUTDB

SOTDRA

S0uUTIB

dstsre, R

dstsre,R

R.sre

dst,src R

dst,src.R

dst scc,R

dst,src,A

dst sre

dst sre,R

dstsrc R

dst sre R

Qutput and increment
dst — sr¢
Autoincrement src
R—-R-1.

Outpul, increment and repeat
dst <~ sre
Autoincrement src
R—R -1
Repeat unul BR=0.

Special nput
R - src

Special input and decrement
dst +- scC
Autodecrement dst
R—R-1

Special input, decrement and repeat

dst - src

Autodecrement dst

R- R -1

Repeat untl R=0.
Special input and increment

dst — src

Autotncrement dst

R-R -1,

Special \nput, increment and repeat

dst- src
Autoincrement dst
R-R
Repeat until R=0.
Special output
dst - src,
Special output and decrement
dst - src
Autodecrement src
R- R-1

IR

IR

DA

Special output, decrement and repeat IR

dst -~ sre
Autodecrement src
Repeat unti) R=0.

Special putput and increment
dst — sre
Automncrement src
R-R -1

Addrassing
Modes

SOTIRB dst.sre,R Special output, increment and repeat 1R
dst - src
Autoincrement src
—R -
Repeat until R=0,
Processor Contral
Op code Operands Opearation
COMFLG flag Complement tlag -
Any compination ol flags
2,C,V,PS.
Di nt Disable interrupt —
Any combination of NVI V1.
£l nt Enable interrupt -
Any combination of NVI VL
HALT HALT.
LOCTL CTLR src Load 1o contro! reqister =
CTLR--src.
LDCTL dst.CTLR Load from control register R
dst- CTLRA.
LDCTLSB FLGR src Load to liag byte 2]
FLGR- src.
LOCTLB dst FLGR Load from flag byte R
dst- FLGR,
LDPS src Load program status A
PS~- src.
MBIT Test x|
2 ul.
MREQ dst Multimucro reguest. R
MRES Reset u0
10— 0.
MRLSE Multimicro release. -
MSET Set w0
ud 1.
NOP No operation.
RESF LG flag Reset flag -
Any combination of Hags
Z,C, Vv, P S
SETFLG flag Set Hag —
Any combination of flags
2.C. VP S,

Z-8000 Peripheral Support Circuits

Name

2-MBU

2-FIFO

Z-Clo

Z-S10

Z-UPC

2-Bus RAM

Function

Microprocessor buffer unit for high speed elastic buffering between
processors, and processors and peripherals. Organized in a 256 by
8 bit FIFO (first in first out) configuration, Can be used ta interface
Z-Bus systems to most other microprocessors.

First in first out buffer memory provides expansion of the Z-MBU
to 16 bit words and any depth.

Counter/timer and parallel 1/O circuit contains three counter/timers
and three parallel ports. Two of the parallel ports are eight bits wide
and provide four handshaking modes, including {EEE-488 instru-
ment bus protocol. The third port is four bits wide. The counters
are all 16 bits wide.

Serial 1/0 circuit contains two independent full duplex synchronous/
asynchronous receiver/transmitters (USARTs). Each data channel
contains full modem controls, programmable clock generator, and
parity or CRC error code generation and checking.

Universal peripheral controller is a Z-Bus compatible version of
Zilog's new Z-8 8 bit microcomputer on a chip. It includes 124
general purpose registers, 2 K of masked read only memory, an
internal UART, and two counter/timers.

There are two versions of these programmable memory circuits
which directly interface to the Z-Bus. Both are organized as byte-
wide structures to reduce the complexity of small, local memory
design.

1. 4 K by 8 pseudostatic prograsmmable memory has internal
and transparent refresh circuitry. [ts access time is in the
range of 200-300 ns.

2. 2 K by 8 fully static programmable memory has access times
below 150 ns.
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Table 2: Comparison of the Z-8000 to several popular processors in the performance of several

simple tasks.

Task 2-3000" 8080A-12 Z-80A3 Lsl-114 PDP 11/45°
Load Byte 0.75 1.0 2.95 0.90
{Register to Register)
{A register in Z-80, 8080}
Load Word 2.25 4.0 5.6 2.86
{Memory to Register)
{to HL in Z2-80, 8080)
Add (16 bit} 2.25 9.61° 5.257 6.3 2.86
Multiply (16 bit) 17.50 — 27 — 64 5.64
Motes:
1. 4 MHz clock, no memory wait, no refresh; data from Zilog Z-8000 advance specification, April 1978.
2. 3,125 MHz clock, no memory wait, no refresh; data from /nte/ 8080 Microcomputer System Users

Manual, 9475,

3.
a.
5.
1976-1977.
6. BC--(nn} LD BC, (MEM)
HL«—HL+BC ADD HL,BC.
7. HLZ>DE XCHG
HLZ > tnn) LHLD (MEM)
HL—HL+DE DAD D.

Text continued from page 84

APL machine which could run large appli-
cation packages such as SPICE for circuit
analysis or SPSS for statistics, and solve dy-
namics equations on line for real time
graphics simulations like lunar lander, or
very large chess playing programs.

According Lo sources at Zilog, the Z-8000
and its memory management device support
chip will soon be available in large quantity.
The Z-8000 is compatible with the already
available Z-80 family of support chips such
as the SIO {serial 1/0), the CTC (timers),
and the P10 (parallel 1/0), etc. A new scries
of extended support chips for the Z-8000
is also in the works. So far five LS| peri-
pheral devices and a new memory family
have been announced. The text box on
opposite page contains a brief description
of these new devices. The usual line of
microprocessor support products including
single board computers, evaluation boards
and development systems will also be
available. Although details are not available
as 1 write this, the system bus structure will
probably be oriented toward high perform-
ance multiprocessor systems. As for soft-
ware, Zilog has announced a disk based
development system and the PLZ, BASIC,
COBOL, FORTRAN languages. Also there
is a Z-80-t0-Z-8000 translator. 1 expect a
real time, multitasking and multiprocessing
operating system to be available soon in
order to take advantage of this processor’s
many resources.®

4 MHz ¢lock, no memory wait, no refresh; data from Z-80 Reference Manual .
4 K byte onboard memory disabled: data from LS/-11/PDP 11/03 Processor Handbook, 1975-1976.
11/45 with 8 K byte core stacks, even bytes; data from PDP 11/04/34/45/565 Processor Handbook,

VIRTUAL PHYSICAL
ADDRESSING ADDRESSING
SPACE L SPACE
SEGMENT O [- .!
0000y | °
1 &
UP TO | 2
FFFFy H ! P
H 1
SEGMENT | ] I
i —
0000y L c
| & { w
UP TO > -
AR, L E TR
- T z
SEGMENT 2 /Ir =] E
0000, : g ‘ i
o
uP TO | z—1
FFFF
H 3
= |
| @« |
l ERVAE:
w
| | = SR
| | w
1 \ ! @
6 0 SEGMENT N i |
| SEG # 0000y )l/ i x
——ELEMENT z
18 o " ADDRESSED } 1 3
OFFSET | : 3
]
VIRTUAL \ UP T0 1
PROGRAM | FFFFH } I
COUNTER SEGMENT 127 | |
0000y : l
{ |
L——_1
uP T0
FFEFy

(b) SEGMENTED ADDRESSING SPACE

000000y

FEFFFFy

Figure 4: Logical to physical address transiation using the memory mandge-
ment device. The Z-8000 allows the programmer to make tse of virtual rmem-
ory addresses, which are simply the addresses of locations in a memory
segment from hexadecimal 0000 to FFFF. Virtual addresses are relative only
to the start of their seqment and need not bear any relation to physical ad-
dresses in memory. The clever use of virtual memory techniques can yield
high-powered programming resu/ts.
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Alan R Miller
New Mexico Tech
Socorro NM 87801

Programming Ouickics

Inverse Trig Functions

All except the very smallest BASIC
interpreters provide sine, cosine, tangent
and inverse tangent functions. None, that
! am aware of, have the inverse sine or
inverse cosine functions. These two func-
tions are very simple to generate using the
inverse tangent function. Lines 10 and 20
of listing 1 contain the definition of the
inverse sine and inverse cosine, respectively.
Lines 30 to 80 contain a driver function for
demonstration purposes.m

Listing 1. 10 DEF FNSN (X) = ATN (1/SQR{1/(X*X}—-1}}
20 DEF £NCS {X) = ATN (SQR{1/(X*X)—1}}
30 PRINT "A  “;”ARC SIN",”” SIN",”"ARC CQ8§"","CO8"
40 INPUT "ARC"; A
50 B=FNSN(A)
60 C=FNCS{A)
70 PRINT A; B, SIN(B),C,COS({C]
80 GOTO 40

Maschine Laaguage Puzzler

Christopher Strangio
CAMI Research

43 Bailey Rd
Watartown MA 02172

{For the 6800 processor)

Odd Tones

The following program is entered and
run:

{For the BOBO processor)

L3: MVI A, #X L3: LDAA #x
L2: MV! B, #A8 (hex) L2: LDAB #A8 (hex)
L1: DCRB L1: DECB
JNZ L1 BNE L1
DCR A DECA
QUT 00 STAA @FFQ0 (assume port O is
this lccation as a
simple output latch)
JNZ L2 BNE L2
JMP L3 B8RA L3
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By connecting a small speaker (in series
with a 220 ohm resistor) between the least
significant bit of port 0 and ground, we hear
a tone. However, for X equal to an odd
number, an audible blip is heard periodi-
cally, while for X equal to an even number,
no blip is heard at any time. Why is a blip
heard for odd Xs only? Try these programs
or simply analyze the waveforms, then turn
to page 178 for an answer.m

See the
BrighterWriter-

at these stores.

Computerland
At most stores, nationwide.

Arizona

Byte Shop Phoenix. Tempe. Tuscon

Calitornia

Byle Shop: Lawnduale. San Jose. Cilrus
Heights

Capital Computer, Davis

Computer Demo Room: 5an Ratael.
Sunnyvale

Compuler Store. Santa Monica

Computer Merchan!, San Diego

Jade Computer Products, Hawthorne

Colorado

Computer Tech., Denver

District of Columbia

Georgetown Compuler. Washington

Florida

Computer Age. Pompano Beach

Micro Computer. So Daytona

Protessional Computing. W. Palm Beach

Georgia

Roy Abell & Assoc.. Columbus

Hawati

MicroComputer Systems. Honolulu

Ilinois

1lin Micro. Naperville

Indiana

Dala Domain. Bloomingion

lowa

Memory Bank. Davenpor

Kansas

Computer System, Wichita

Kentucky

Pragma Tech. Louisville

Louisiana

Micro Computer, New Orleans

Massachusetts

Computer Mart, Waltham

CPUShop. Charlestown

Michigan

Computer Mart. Royal Oak

Hobby Elec . Flin!

Newman Computer, Ann Arbor

Tri-Cities Computer Mart. Saginaw

United Micro Systems, Ann Arbor

Nebraska

Omaha Computer. Omaha

New Hampshire

Computer Mart. Nashua

New Jersey

Computer Marl. Iselin

New York

Compuler Mart. New York

CompuWorld. Inc . Rochesler

Mini-Micro Man. Syracuse

Ohio

Cybershop Micro. Columbus

Dayton Computer. Dayton

21st Century Shop. Cincinnati

Oklahoma

Vern St Products. Papulpa

Oregon

Computer Pathways. Salem

Real Oregon Compuler, Eugene

Pennsylvania

Microtrenics. Philadeliphia

Texas

Byte Shop. Richardson

Interactive Computer. Houslon

Micro Mike's. Amarillo

Micro Matt. San Antonic

Vermont

Computer Man. Essex Junction

Virginia

Computer Place. Roanoke

Compuler Systems Slore. McLedan

Computers Plus. Alexandria

Washington

Empire Electronics. Seatlle

West Virginia

Micro Data Systems, Csage

Wisconsin

Byte Shop, Greenfield

Integral Data Systems, Inc.
/) | 14 Tech Circle, Natick, MA Q1760
617) 247-7610






Designing with Double Sided

Printed Circuit Boards

David Lamkins
DBL Electronics
83 Morgan Cir
Amherst MA 01002

Materials Required for Layout Design
Pencils: Red, Blue and Black
Eraser and Pencil Sharpener
Tracing Vellum
Grid
Printed Circuit Design Templata
Light Table
Large Scratch Paper Pad

Your Schematic, Integrated Circuit Pinout
Data, etc

Scotch Magic Transparent Tape

Table 1: Materials required for printed
circuit board layout.

PLEXIGLAS ~

/ BOX

————— LAMP

| | WORKBENCH/ | I

Figure 1: The author’s design for a homebrew light table used for drawing
printed circuit board layouls. A sheet of Plexiglas or other clear plastic
ittuminated by a lamp is used as the drawing surface.
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Magazines for electronic hobbyists some-
times run articles about do-it-yourself
printed circuit layout and construction.
Unfortunately | never saw an article which
presented a unified printed circuit design
strategy for large and very large systems
(eg: a board with 20 or more integrated
circuits).

Consequently, when the time came for
me to design the printed circuit boards for a
system involving more than 900 semiconduc-
tors, with greater than 60 percent of that
count being integrated circuits, | didn't
know where to begin.

Determination is the prime motive force
in a project that large, so | went ahead and
started. Along the way | tock notes about
what | learned. Using the methods | de-
veloped, vou should be able to design
double sided printed circuits for your own
behemoth kluge without undue anger or
frustration.

To undertake a large printed circuit
project, you should be properly equipped.
Simple “'pen and ink on grid paper” tech-
niques may be adequate for small boards,
but on a larger layout, even with only 20
integrated circuits, you will have an absolute
minimum of almost 300 integrated circuit
leads. Try drawing that many pads on 0.1
inch centers, not to mention interconnecting
traces and associated components, and you
will end up in a sobbing heap on your work-
shop floor.

Table 1 lists the materials necessary to
the initial design of your printed circuit
layout.

The black pencil will be used to delineate
components and pads on your drawing.
The red pencil is used to mark conductor
runs for the solder side of the board, while
the blue pencil marks runs on the com-
ponent side. A necessary adjunct to the
pencils is the eraser and pencil sharpener.
Most likely, neither will see as much use as
the pencils themselves, but both should be
close at hand.

The tracing vellum should be good
quality. You will not appreciate tears or
holes as a result of the erasing you will be
doing.

A grid is essential to good planning.
Grids are precision printed on dimensionally
stable Mylar and are available in a variety



of styles. Your selection will depend largely
on the scale to which you draw your design.
The most commonly used scales are 4x,
2x, and 1x. The 4x and 2x scales find wide
use commercially, where use of automated
manufacturing techniques requires extreme-
ly tight tolerances on component position-
ing. The other advantage of a larger scale is
reduced eyestrain. For our purposes, the 1x
scale is probably best since materials cost is
lowest and the need for photoreduction
facilities is alleviated. Therefore, your grid
should have 20 lines per inch to allow com-
ponent placement to the nearest 0.05 inch.
You might find a grid with 10 lines per inch
adequate, but many lead spacings do not fit
exactly on a 0.1 inch grid, and you will
quickly tire of trying to visually approxi-
mate the halfway mark.

The printed circuit design template helps
you draw resistors, capacitors, diodes,
transistors, integrated circuits, trimmers and
edge fingers accurately and repetitively. Be
sure you get the 1x size.

A light table is necessary to light your
grid from the back and make the grid
lines visible through the vellum. Commercial
light tables are available, but they are not
inexpensive. A homemade substitute can be
as simple as a piece of Plexiglas leaning
against a box on a table with an incandes-
cent or fluorescent desk lamp providing the
illumination (see figure 1). Should you use
an incandescent lamp, a low wattage is
recommended to minimize heating of the
grid.

A pad of scratch paper should be kept
handy for sketching of trial layouts, quick
computations, doodles, etc.

I use Scotchbrand Magic transparent
tape; it is the only readily available tape |
have found that will hold the grid and art-
work in place on the light table without
oozing or creeping due to the heat of the
light.

These materials along with your sche-
matic and related pertinent data are all you
need to lay out a printed circuit board.

Table 2 outlines the layout strategies |
follow in order of execution by heading,
and in order of relative importance by
subheading.

Initially, you should study your sche-
matic to identify functional groups of
components. Carry this out to as detailed
a level as you are able. The procedure will

Divide circuit into functional groups.
Define board interface.

Calculate board size.

Trial position integrated circuits,

LI R N

Locate analog circuitry close to interface.
Group components by functional groups.

LWl =

¢ Position other Compaonents.

1. Keep analog traces short with inputs separated from outputs.
2. Provide supply bypassing at each linear and TTL integrated circuit and at any
other circuitry sensitive to supply noise or circuitry generating fast edges.

e Don't crowd components.
& Route traces.

Shortest runs first.

Runs local to functional group.
Inter-group runs.

Runs to interface.

Power runs last.

O RLN~

e Check spacings.

Arrange circuits symmetrically around shared integrated circuits.
Arrange functional groups to minimize number of interconnects.

Avoid blocking power and
ground pins.

Table 2: Some printed circuit board luyout strategies.

enhance vour understanding of the circuit
in general as well as the interrelations
among subcircuits and the correspondence
between circuits and components that
influence your design. Additionally, you
may be able to define critical areas at this
time, such as the need for shielding, isola-
tion, or heat removal. Be sure that all unused
logic inputs and nonstandard supply pinouts
are explicitly included in your schematic.

Your board interface is a definition of
how signals connect to and from the printed
circuit board. The interface may be con-
figured as edge connections, solder pads for
single leads or ribbon cable, a special con-
nector, or any cambination of these. Your
system's physical design may place con-
straints on the |ocations of the interface
connections. |f your system is so large that
a single board implementation is impractical,
or if your system is being constructed
modularly, vou should define macrofunc-
tions or subsystems into which your overall
system can be partitioned. First, define a
system by which individual boards can be
interconnected. Then, treating each parti-
tion as a complex component, define any
requirements for shielding, isolation, or
heat removal. You may want to consider
using a printed circuit backplane or mother
board to make system interconnections
(see figure 2}. The mother board is a good
place to locate your power supply and front
panel controls if you want a truly modular
system.

Now calculate the board size. An ab-
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ANNOUNCING!

Fora modem connection to he legal in the
eves of the Federal Commaunications Com-
A vomputer without communications can only mission (FCC), it must have an
WHISPER. Give a computer o modem and ) approved Data Acecess Arrangement
it can SHOU T—10 other computers, lo (DAN-CBT or CBS)Y or the modem
time-share systems, to remaote terminals, must he approved for direct
to CBBSs. (o yvour friends with T connection. The MM-10d accom-
plishes all the protective
functions requived by the
1°CC with & miniaturized,
proprietary protective
coupler and on-hoard
hilling delay and level
control. We have there-
by saved vou, the user.
the cost of the DAY,

computers, and to devices and
places only vou can think of

Both modem and lelephone systemn [ITGYEISFININRES
approved as “Multifunction Data RQURTGISTEERHTI
allows control and sensing of auxilia SER¢IINNITIIE

-50 dBm sensitivity

Auta answer

Aulo originale

Auto dialer with computer-controlledRIHIREIN

i1 to 300 haud 'anywhere over the lon iR EUITETAISIHENRIN
netwark)- rate selection under comjsJUJMMITN

0l baud over local telephone systeiiild

Flexible. soltware-controlled. maskI1 ISR ISRNTI TS SN IAN!
Precisian dial-lone detector

I*hone is answered under softwar SRR

(e vear limited warranty

Ten-day unconditional return pgiIgUE

Minimal cost. 24-hour exchan g/QE TSN TRTII LRI UTERTY
warranty

Potomac Micro-Magic, Inc.
P.O. Box 11149 Alexandria, VA 22312 (703) 750-3727

Circle 307 on inquiry card. BYTE March 1979

a9





















Ken Tunnah is one of many innovators bringing
the micro revolution to the small business. As

a programmer, he knows computers and their
languages. As a businessman, he knows business
and its languages. And when Mr. Tunnah decided
to micro-computerize the accounting function at
Colloid-A-Tron, he turned to Structured Systems
software.

Says Mr. Tunnah: “The program is designed from
a CPA standpoint, for multiple corporations, which we
have. It is flexible and gives me the ability to change
reporting by profit centers easily. It is up and running
quickly, and it just keeps on running. 1 think it's the best
business software available.”

The best software available. That’s what
Structured Systems Group set out to create.

Structured Systems offers three sophisticated
accounting systems. Our General Ledger software is
big enough for multi-client write-up by the CPA,
or multi-corporate reporting for the business, but
small enough for the micro budget. The very
comprehensive Accounts Receivable and Accounts
Payable packages will operate independently, or
they will coordinate with the General Ledger.

Our systems record transactions easily and
correctly, and provide an audit trail from source
document to financial statements. And they will
maintain monthly and year-to-date information in

106  6YTE Mach 1979

“My Structured

Systems business
software has paid
for itself in labor
hours saved alone”

Mr. Ken Tunnah, Collowd-A-Tron Inc., Buttalo, New York

dollars and in percentages. And they are reliable.

The three systems interact with the user to set up
parameters such as format and headings, account
titles and numbering, automatic billing or reminder
notices, credit limits, sales reports, a check register,
and much more.

The software is designed to run on an 8080 or
Z-80 CPU with 48K of memory, dual disks
with CP/M®, printer, keyboard, and CRT. To
make it all work for you, we have provided the most
extensive documentation and support in the industry.

We provide the capability to computerize complex
accounting functions on relatively inexpensive micro-
computer equipment. Ken Tunnah has told us what
that means: “I've bucked some trends. | looked around.
and decided that with the right software, 1 could get a
micro to outperfornt a $45,000 mini. I'm satisfied. It's
stmple econontics.”

We can refer you to a growing number of
sophisticated retailers experienced in Structured
Systems Group business systems. Or we can work
directly with you. We'd be happy to provide you
with more information on our product line, which
includes QSORT (a sort/merge program), CBASIC
(a business BASIC), NAD (a mailing and addressing
system), and our General Ledger, Accounts
Receivable, and Accounts Payable packages.

ACT M s waegintered trademark ot Digital Research

Steuctured Systems Group

5208 Claremont Avenue
Oakland, CA 94618
Call us at (415) 547-1567. Or write.
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Text continued from page 115

I solved both problems by using a simple
6 digit, 4 function calculator integrated
curcuit, the National Semiconductor MM
50736. Before | began work on the neural
logic cyberanimate, | had experimented with
this device and found it to be compatible
with photo-darlington transistors 2N5777
thru 2N5780. With the photo-darlington
transistors as input devices, the calculator
circuit could register pulsations of light from
a diffused LED source more than twe feet
away. Clearly this device was capable of de-
tecting bright objects at short distances,
Additionally, it was possible to use the data
processing nature of the calculator circuit
to assign different values to the receptors
and, based on these values, produce two
distinct output signals. The weighted inputs
were made simply by attaching one photo-
darlington amplifier to the calculator circuit
where the 1 switch of the keyboard would
normally be connected, and a second photo-
darlington to what would normally be the
0 position.

The two types of output signals are the
results of the data which the photo-
darlingtons reccive. Note that there are only
iwo photo-darlingtons connected to the cal-
culator circuit in figure 6, yet I had previously
stated that the minimum configuration for
the net convexity detector was a matrix of
20. This is because | used fiber optic pipe
for “receptors’” and the photo-darlington
devices as detectors. Figure 6b shows the
arrangement of thc optical fibers. 19 (ibers
have a valuc of 1 (they are cquivalent to
the low sensitivity receptors). All 19 of
these fibers are fused to the photo-darling-
ton that has a numerical value of 1. The re-
maining fiber is fused to the 0 value photo-
darlington (to simulate the high sensitivity
receptor). The completed device can detect
and record the trajectory of a small moving
penlight flashlight at a distance of 4 feet
{well beyond the extended length of the
manipulator); obviously, if the object’s
path does not cross the high sensitivity
detector, the data is invalid.

Sustained Contrast Detector

Another structure derived from my anal-
ysis is a sustained contract detector (figure
7). This device is a spinoff of a previous
clectro-optic project. But without the anal-
ysis of the frog's eye | would never have
considered this application. The sensor
consists of a matrix of five rows by five
columns of photo-darlington transistors
{see photo 4). The columns of the sensor

are scanned by TTL (transistor-transistor
togic} devices controlled by the computer.
The 5 row output is fed into a program-
mable read only memory that serves two
functions. First, the logic voltage level on
the address lines of the programmable read
only memory scts the on/off contrast
levels for the sensors, thus eliminating the
gray scale conversion problem. Second, the
programmable read only memory is encoded
with a truth table that can vertically reduce
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Figure 8: Simplified system flowchart, showing parallel functions in the brain,

March 1979 ) BYTE Publications tnc 119












attached to this cable. Notice in figure 9
how a length of brass tube is aligned with
one of the photo-darlingtons. This tube must
be located in the second column of the first
row for the sensor to work properly. This
tube carries the image to the O value dar-
lington only. The tubc must be carefully
glued to the mask and the darlington by a
very small amount of cpoxy glue. The
photo-darlington and epoxy joint are then
painted black. Before attaching the back of
the case, make sure that the T value photo-
darlington is in the center of the casc.

After the sensor has been completed, it is
a simple matter to complete the circuit. A
National Semiconductor calculator module,
the NS 650, has all of the solid state elec-
tronics for a calculator, including a 6 digit
display. By adding a battery, switch, and the
sensor head (see figure 10), the circuit is
finished.

To test the circuit, use a small penlite
type flashlight, moving it in board circles at
a distance of 3 feet away from the sensor.
Many 1s and a few Os should fill the display
until the calculator indicates an overflow,
If you move the light source on a straight
vector that crosses the hole to the isolated

Lo
“F BATTERY
T 2
T NS650 5
CALCULATOR
NSTT7
N\ 2N 10 MODULE
"o
TRANSISTOR RESET
a4
7
T2
o 2N5777 5
ngn
TRANSISTOR
"

Figure 10: Circuit for

darlington you will get a certain readout.
Figure 6b shows all of the possible fields
of wvectors, the direction that the object
must be  traveling, and the output that
should be displayed by the calculator. All
other combinations arc illegal.

Although the net convexily detector is a
very simple device, it must be built very
precisely. All surfaces should be flush,
parallel, or perpendicular. Optics should be
carcfully aligned and all scams should be
checked for light leaks.m

the  net  convexity
detector (pins num-
bered left to right as
in the orientation in
photo 5).
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Testing and Alignment

After assembling the basic H8 system,
you are instructed to perform three program-
mable test routines as well as an alignment
of the cassette interface. The first test rou-
tine is a short program entered in machine
code through the front panel keypad. The
routine performs a general check of the H8
and at its end-of-run displays several mes-
sages on the front panel LEDs (ie: YOUR
HE ... IS UP AND ... RUNNING). If the
test routine does not execute properly, the
reader is directed to an extensive trouble-
shooting flowchart (hat is ten pages in
length and very clearly written. | had no
trouble at this point and proceeded to the
next lest routine.

The second of the two routines is a
memory test routine. It is also entered in
machine code through the front panel key-
pad. The program performs a thorough test
of every memory location on any 4 K or
8 K byte memory board by storing and
retrieving consecutive octal values from
000 through 377 in every memory location.
If an incorrect value is detected during a
compare operation, the program halts,
sounds an audio alert, and displays the
expected {rather than observed) contents of
the location where the test failed. The ad-
dress where the test fails and the actual
{or observed) contents of memory at that
location can both be displayed on the LEDs
by displaying the contents of the HL register
pair and the accumulator, respectively. If no
problems are encountered during execulion
of this routine, it will continue to repeat the
test cycle until stopped by the user. Every-
thing worked fine for me as | watched the
memory content values go sailing by in the
display.

The last task to be performed is the
alignment of the cassette interface on the
cassetle 1/O board. The procedure consists
of setting the two variablc resistors on the
board to the correct positions as indicated
by the readout on an on board single
element LED test lamp. This LED also
comes in handy later for troubleshooting
the H8's circuitry. The adjustments were
guite tricky to make, but after two tries
and a number of test loads of software
cassclte tapes, it worked very well. Had it
nol worked, | could have referred to another
trouble-shooting flowchart to locate the
problems.

But everything did work. | proceeded to
play around with the keypad commands,
becoming familiar with what made my H8
“tick.” Finally it was time to install the
front panel cover and the louvered metal
chassis cover. | connected the serial 1/O

Up Your
Output.

MULTI-TASKING!

The TEMPOS Operating System is guuckly becoming the standard in Multi-
User, Multi- Tasking operating systems for 8080 and Z80 microcomputers.
Multi Tasking means that, even with only one user at one terminal, more
than one ;ob can be running on the systemsimultaneousiy! lIf you have ever
had 1o go get a cup of coffee whie you wait for your computer to print list-
ings, you know the advantages of a systermn that will handle one job while
you are working on another. TEMPOS 1s a true time sharing system, and
the maximum number of jabs is limited only by your memory.

MULTI-USER!

Want to share your computer with another user? With TEMPOS all it takes
is another termunal . . . up to seven interactive terminals are allowed! And
with Re-Entrant programs, each user does not need a complete copy in
memory. We include three Re-Entrant programs (the OPUS: THREE High-
Level Language. the TEXTED Text Edior, and FILES, a disc file
directory;mampulator) or write your own! In addition, we include an
assembler, o Iinking loader, over a halt-dozen other utilily programs and
over 60 systemn subroutimes, callable by the programmer!

PROVEN!

With TEMPOS, you get a package that has been tested in our facilities for
over two years. and in the field at over 50 different installations. We have
used this systern ourselves for everything from writing high-level languages
to developing applications to text editing to games. TEMPOS is undoubted-
ly the mos! flexible software toolon the market . . . and you can have it far
much less than you think!

COMPATIBLE!

TEMPOS 1s available for many different systems; pre-written drivers may
nclude yours. Or, using our interactive System Generation Routine, you
can add your own. Call or write now for our free catalog and the name of a
dealer near you. The TEMPOS Operating System is avatlable for $787.00,
the manual set (price may be credited toward the purchase of the TEMPQOS
package) for $21.50 (prices include shipping withm the U.S.).

ADMINISTRATIVE
OOSYSTEMS
OOOINC.
OO

1642 S. Parker Road, Suite 300, Denver, Colorado 80231
(303) 755-9694
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Software
Exchange

W ith so many new names on the street, it’s
good to know that one company has been pro-
ducing and distributing top quality software for
the TRS-80 for almost as long as there has been

| aTRs-80.

MASTERMIND Level | or Level Il 16K...........cccevne.... $7.95
ROBOT  Level 1l 4K ovovrovovoreeee s eorrevereesev e, $4.95
"ROUND THE HORN Level Il 16K .. oo, $7.95 *
3-DTICTACTOE Level | or 1l 16K oviioeeereiieren s $7.95
CONCENTRATION Level 1or [l 16K.....coooeerernenn, $7.95
SANTA PARAVIA  Level 11 16K.....oovovorreerircrcrrreens $9.95
WHEEL OF FORTUNE  Level Il 4K....ooovovrvcicrns $4.95
REMAINDER Level 107 11 4K .ooovoveoeeieeireeeen, $4.95
TIME BOMB  Level 107 11 16K .ecveveeeiecrieeeresecrinne $7.95
CRIBBAGE Levell or 11 16K ..ovovoveeeis e, $7.95
END ZONE  Level 107 11 16K oovovoereeeeooeeie e $7.95
BREAKAWAY  Level 10r 11 4K..ooooovoeooeevcnr, $4.95
TROLL'S GOLD  Level Il 16K ...covoevvoeeerreerenns $4.95
STARTREK Il Level 11 16K oo, $14.95
X-WING FIGHTER Level 1| 16K ...ocoovoverevreirerenen, $7.95
PORK BARREL Level Il 16K ..o oo, $9.95

BRIDGE CHALLENGER Leve! Il 18K.......................

TEXTEDITOR Level [l 4Kor16K.....ooovevevievin, .
FILE HANDLING Level [0 16K..........oooireiiiiiens $9.95
ACCT. RECEIVABLE Level Il 18K.........cccccovevernnn, $25.00
INVENTORY MGMT. Level Il 16K...........ccveienn, $25.00
SMALL BUS. BOOKKEEPING Level | 4K or Il 16K....$15.00
BIORYTHYMS Leveltorll 4K......oooooivieiiriieenen, $3.95 *
MICRO TAX '78 Level [l 16K......ccoceeeiiirieeiiiirenn, $12.95
TAROT Levellor 1 16K ..., $7.95 +
MORTGAGE CALC.

PERSONAL FINANCE Level Il 16K...........ccoovveieienn. .
8080-280 CONVERSION Level )1 16K..................... $12.00 *
RENUMBER Level Il 4K — 48K (specify).................. $15.00
ZONE HOCKEY Level | 4K.........c.oooooiiiii $4.95
TEN PIN Level It 16K

DISK SOFTWARE

INVENTORY 20 ............. $39.95
INVENTORY 2.2 .............

- *Special prices in effect for 30 days
(]
m Credit card orders accepted by phone ——

To order any of the programs listed above, and
to receive our complete catalog of TRS-80
software currently available on cassette, disk or in
source code listings, call or write:

17 Briar Clitt Drive  Milford, New Hampshlra 03055

TRS-80 Software Exchange

Circle 326 on inguiry card.

cable to my H9 video terminal and was
ready to do the final test routine for the
serial 1/O channel on the serial |/O board. It
consists of setting up the USART (universal
synchronous/asynchronous receiveftransmit
device) assigned to this channel and trans-
mitting and receiving characters to and from
the terminal. | was amazed at how easy it
was to do 1/O routines from the front panel.
The final test was completed, so | left my
system for awhile to return to the H8 oper-
ating manual and software manual set.

The Benton Harbor Bus

The Benton Harbor Bus represents a
departure from the S-100 bus, which has
become one of the “standards” of the
microcomputer industry. The H8 system
bus uses only 50 lines, compared with the
100 lines of the S-100. Since the S-100
was designed early in the history of the
microcomputer industry, it incorporates
bus lines which are no longer needed or
which have been replaced by more recent
system control hardware.

Manufacturing costs are kept down by
not having to machine an edge connector
tongue, not using gold plated edge connec-
tors, and replacing the expensive 100 pin
socketing system of the S-100 with much
less expensive plug and socket sets which are
assembled by the user.

Another feature found on the H8 is its
convection cooling system. This system
has been designed so that power supply
voltage decreases slightly every time a
circuit board is added to the mainframe.
As more boards are added, the propor-
tional amount of heat dissipation from each
circuit board regulator also decreases. It
is for this reason that you are instructed
to ‘“locate circuit boards in alternating
positions for improving ventilation.” When
the time comes to add boards to the un-
occupied alternating rows of plugs on the
mother board, the effective heat dissi-
pation will be low enough to position
boards adjacent to one another. To im-
prove upon this scheme, all circuit boards
are installed on a slant to facilitate the
convection cooling process. The end result
is a quiet running machine which does not
require the added cost of a fan to keep
component temperatures down,

Costs are also kept down by the size
of the H8’s power supply. | saved a lot of
money by not buying an 8 bit machine with
a large power supply. The fact is that you
pay dearly for every extra and often un-
used ampere that a power supply delivers.
In this regard, the H8 delivers a full 10A,






Figure 2: The H8 memory

map.
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it. This is as true for large computers as it
is for microcomputers. The H8 software
packages arc intended to funcilion as an
integrated system. They include TED-8, a
line ariented text editor; HASL-8, a machine
fanguage assembler; BUG-8, a machine lan-
guage debugger; and Benton Harbor BASIC,
Heathkit's version of the popular interactive
programming language created many years
ago at Dartmouth College. Let's sce what
they’re all about.

Common Elements

Each of these soltware packages con-
tains a console driver routine that enables
the H8 to communicate with a user's console
terminal (Teletype, video display lerminal,
ctc) and a casselie or paper lape transporl.
It occupies 355 decimal bytes of program-
mable memory in cach software product
from locations 040.100 through 041,144,
Thus, all of the console driver routines are
available to users for special purpose modi-
fications as well as for use in user designed
software which would bencfit from using the
same /O routines, including /O port
assignment. It is responsible for processing
console terminal interrupts, sctting up and
reading  USART (universal synchronous-
asynchronous receiver-transmitter) modes,
commands and statuses, processing control
characters (such as CTL-C, CTL-Q, and
CTL-S), reading and writing single characters,
and processing characler strings in the 28
character type-ahcad buffer. During interrupt
processing, Lhe console driver interacts with
the PAM-8 system monitor. The entire listing
of the console driver routine in assembly
language is provided in an appendix Lo the
software manuals. As in the case for the
monitor, the console driver routine and all

other software for the H8 were developed
for Heath by Wintek. The Heath Company
cannot (under contract with Wintek) provide
any listings other than the partial listings
presented in the software manuals, and
“cannot  provide consultation on user
developed programs or maodified versions of
Heath software products.” However, with a
homebrew disassembler or memory dump
routine and the partial listings provided, you
might not have oo much difficully in gen-
erating your own unofficial versions of the
source codes.

Another common element to all Heath
software products is the software configura-
tion procedure that must be performed
before any software distribution tape is
loaded into the H&. The procedure provides
opportunities for the user to adapt ecach
software package to his or her own nceds. A
list of program configuration parameters is
presented to the user, who can then define
items such as BKSP, which allows the user
to define which key will be used to control
the backspace function, HIGH MEMORY,
which allows the user to specify that section
of high memory that he or she does not
want used by the system program, and
LOWER CASE, which allows the user to
sclect either upper and lower case or upper
case only 1/O to the terminal.

A third clement common to all Heath
software products is command completion.
The featurc allows the user to enter the first
letter(s) of a program command, whereupon
the software routine, in conjunction with
the console driver, will print out the re-
mainder of the command. For example, a
text editor allows the PRINT command 1o
be evoked by typing P, and the system
responds with RINT, completing the com-
mand. The problem is that, if one is a fast

END OF ADDRESS SPACE ——

END OF
PROGRAMMARBLE MEMORY —

THE STACK AUTOMATICALLY STARTS

AT THE UPPER BOUNDARY OF MEMORY
THE MONITOR WILL USE A MAXIMUM OF
120g(80,0) LOCATIONS (INDICATED BY

USER

AREA

SHADED AREA}

USER PROGRAMS START
AT 040 100 WHEN LOADED

BEGINNING OFf
PROGRAMMABLE MEMORY —

PROGRAMMABLE MEMORY
RESERVED FOR MONITOR

040 100

040 000 8K (DECIMAL}

RESERVED FQOR EXPANSIDNJ
NOT RECOMMENDED FOR

FRONT PANEL MONITOR
READ ONLY MEMORY 1K

Q04 000

CUSTOMER USE

000 000
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3 K byles of memeory, it provides the user
with powerful tools for writing, editing and
debugging machine language programs from
a console terminal in octal, decimal or ASCII
format. It interacts with the PAM-8 monitor
and uses many of the PAM-8 routines. With
BUG-8 running as a full console monitor,
you can do any ol the lfollowing:

® cxamine the contents of any memory
locations;

® change the contents ol memory loca-
tions;

e cxamine the contents of any processor
register;

® change the contents of any processor
register;

® start program cxecution;

e perform single step execution of a
program;

® sct program breakpoints;

clear program breakpoints;

® [oad and dump programs from OR to
tape.

The command format used in BUG-8 is short,
which makes using BUG-8 a real pleasure
(the same kind of feature would be very
desirable as a configuration option for
TED-8).

Benton Harbor BASIC and Extended BASIC

When you purchase an H8 kit, you are
supplicd with lieath's 8 K byte, Benton Har-
bor BASIC. In addition, Hecath has also
marketed two versions of Extended BASIC
{versions 10.01.02 and 10.02.01) which pro-
vide the user with functions for string mani-
pulation and a number of other uscful

Table 1: Comparison of execution times for three Heath BASICs for various
common functions, operators, and the FORINEXT statement. All times are
in mifliseconds, with the reafl time clock enabled,
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FUNCTION/
OPERATOR/
STATEMENT

A=B

ABS

+

INT

RND

PEEK

/
FOR/NEXT

8 K BASIC Extended BASIC Extended BASIC
{Version 05.01.00) {Version 10.01.02})  {Version 10.02.01)
14.9 15.7 15.8
1.2 1.2 1.2
1.9 2.7 25
2.2 3.0 2.7
23 240 2.0
2.4 2.4 24
35 3.3 3.2
4.3 3.3 31
5.2 5.9 5.7
5.4 5.5 5.5
14.5 13.8 13.7
18.3 15.0 14.6
18.3 15.7 15.3
221 17.3 17.0
27.2 21.8 22,0
29.2 249 243
47.8 15.7 16.3

SQR
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features. Version 10.02.01 of Extended
BASIC also enables the user to load and
dump variables, program text, and both text
and variables. This latest version is a sig-
nificant improvement aver the earlier version
of Extended BASIC in that it allows the user
to pass variables from one program to the
next,

There has been quite a bit of discussion
about the relative execution speed of various
versions and brands of BASIC that are on
the market. However, the benchmark tests
for Heath BASICs that have appearcd in the
smail  systems literaturc have been per-
formed only under somewhat restricted
circumstances. ln particular, the H8 rcal
time clock was not enabled when Extended
BASIC benchmark tests were published,
which by omission and implication ex-
aggerates the speed of the 8 K byte version
of BASIC. Now, speed isn't the only criterion
in cvaluating a higher level language's perfor-
mance, butl to provide you with a more bal-
anced perspective on this issue, | give you
the following benchmark comparisons be-
tween the two versions of Extended BASIC
and the 8 K BASIC that comes with the kit.

A modified benchmark algorithm de-
veloped by | G Letwin (a software engincer
for Heath] was used to conduct all of the
tests. All timings were accomplished using
the H8 rcal time clock via the POKE and
PEEK commands. Table 1 presents the com-
parative data for exccution time of various
functions in milliseconds. The real time
clock was enabled for all tests. The algo-
rithm 1 used is as follows:

110 B=1.1:C=1.5 (numeric constants}

120 POKE 8219,0:POKE 8220,0 (set clock = 0)

130 FOR I=1 TO 2000 {2000 iterations|

140 (line for each test function}

150 NEXT |

160 Y=PEEK (8219}+(PEEK (8220)*256)
{read run time)

170 X={correction factor for “A=B"|

180 T={{Y/500-X)/2000 {time in ms)

190 PRINT “'T=""T,”Y=";Y (output)

32767 END

The argument at line 180 computes the time
for execution of one operation of the func-
tion supplied at line 140 by dividing total
time in milliscconds {Y) by 500, subtracting
the time for the identity statement A=B, and
then dividing by the total number of itera-
tions (2000). Line 140 contains the function
being benchmarked across each version of
BASIC (for example, 140 A=SIN(B), 140
A=SQR(B)}). The POKE and PELK com-
mands are placed immediately before and
after the test routine to be timed, respec-
tively, thus holding any time rcquired 1o
exccute these commands constant and to a
minimum.
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be announced in the HUG magazine
REMark as contributed programs become
available.

The H8 Rea! Time Clock

Every 2 ms Lhe H8 generates a level 1
interrupt which is then used to service the
front panel and update the real time clock.
The clock or “tick counter' is localed in
two bytes of user memory at locations
040.034 and 040.033 and is called TICCNT.
Both the high order byte (040.034) and low
order byte {040.033) of the counter can be
displayed on the H8 LEDs using the fol-
lowing short assembly language program
which can be executed in memory with the
assembler (HASL-8) resident:

074.000 ORG 074000A
074.000 041 033 040 LIX H,040033A
LOW ORDER BYTE
074.003 116 DISPLAY MOV C.m
LOAD LOW BYTE

074,004 054 INR L

NEXT BYTE
074.005 106 MOV B.M

LOAD HIGH BYTE
074.006 055 DCR L

RETURN POINTER
074.007 303 003 074  JMP DISPLAY

NEXT BYTES
074.012 END 074000A

Be sure to sct the front panel to display the
BC register pair before running the program.

The BASIC timings described earlier ac-
cessed the TICCNT memory locations by
using the PEEK function and POKE com-
mand. Using these commands, it is possible
to create a program run timer for programs
that run up to approximately two minutes.
Unfortunately, after this time TICCNT will
start all over again instead of contlinuing to
increment third and fourth memory loca-
tions, which would have provided a very
convenient built-in extended range Uimer.
You will need to allocate additional bytes in
memory for a higher arder counter in order
to extend the clock range.

H8 Display Control

As discussed earlier, the H8's front panel
is an integral part of the enlire system and
can be used for many operations cven while
using a console terminal. One of the advan-
tages of this design is that the LED display
can be accessed and controlled by the user
cither through the front pancl or through
a program being run from a terminai. Much
of this is made possible by accessing the
monitor contral cells and flags stored in
memory.
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As an example, the assembly language
program in listing 1 provides you with com-
piete control of the display updating. First
the display update control bit in the user
definable memory flag .MFLAG is sct to
002 Lo disable display update. The displays
are then loaded with the desired bit pattern,
in this casc the pattern “XrunningX" (where
X = blank). The user accessible memory cells
for each LED bit pattern are in memory
locations 040.013 through 040.023. The
temporary bytes for storing the pattern for
this display are in locations 071.000 through
071.010. Each byte in the temporary area is,
in progression, loaded into the correspond-
ing byte in the monitor LED memory bytes.
To modify the display, change the bit pat-
terns in the temporary area. Add additional
temporary bit pattern tables and a table ref-
erence and transfer routine to display more
than one front panel message.

The H8§ Horn

The audio feedback system that is part of
the H8 has other practical uses. The audio
tone can be turned on from a running pro-
gram that stores the octal value 160 in the
front panel hardware control cell CTLFLG
located at 040.011. If an attempt is made to
do this from the front pancl withoul going
through a program, the front panel will be
disabled before the operation is completed.
The tone can be turned off by restoring
CTLFLG to its normal octal value of 360.

Here is an interesting BASIC routine to
generate an audio beep sequence with timing
that follows a sine curve. Change Lhe value
of X to vary the timing curve. (Note: line
number 3 is written in multiple statement
form to structure the program to run as
fast as possible.)

1 X=1
2 A=8201:B=120: C=208: D=20
3 J=J+X: POKE A,B: POKE A,C:

FOR I=X TO SIN(J)*D+D: NEXT!: GOTOQ 3

4 END
Split-Octal to Decimal Conversion

It is often useful to be able 1o quickly
convert split octal bytes to their decimal
equivalents. The following routine does this.
It can be located as a temporary program in
BASIC while other programs are being
cdleveloped or executed. Be sure to use line
numbers that do not conflict with those in
the program you are using. (Note: input N if
done.)

010 REMOCTAL TO DECIMAL CONVERSION

020 PRINT: INPUT “A=7"";N
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Listing 1:

computer.
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An 8080 as-
sembly language program
to allow the user to con-
trol the LED (light emit-
ting diode) readouts on
the front panel of the H8

071.000

071.000 377
071.001 235
071.002 203
071.003 221
071.004 221
071.005 363
071.006 221
071.007 240
071.010 377

071.011 041 010 040
071.014 076 002
071.016 167

071.017 041 000 071 DISPLAY

071.022 021 013 040
071.025 176

071.026 353

071.027 167

071.030 353

071.031 043

071.032 023

071.033 067

071.034 077

071.035 076 024
071.037 273

071.040 322 025 071
071.043 303 011 O7
071.046

030 IFN>377 GOTO 100

040 (F N=0 GOTO 110

050 A=INT{N/100): IF A>3 GOTO 90

060 B=INT {{N/10)-{A*10)}. IF B > 7 GOTO 100

070 C=N-{{A*100)+{B*10}): IF C >7 GOTO 100

080 Q=CH(8*{{8*A)+B)}

090 PRINT: PRINT “A="N:"D=""Q: GOTO 20

100 PRINT: PRINT “ERROR! USE ONE
SPLIT-OCTAL INPUT BYTE!"

110 GOTO 20

120 END

Heath Support Services

Regarding the servicing of digital systems
like the H8, Heath's present approach is to
do most repairs at regional centers or at the
factory in Benton Harbor MI until such time
as each local store can cither provide addi-
tional in service training for existing techni-
cians or add on additional technical staff.
Some stores that are not regional centers,
such as the Heathkit Elecwronic Center in
Peabody MA, have service technicians who
are capable of performing most of the neces-
sary digital cquipment repair jobs. All Heath
products are warranted for a 90 day period
from date of delivery. If replacement parts
are needed, some parts can be obtained
through local stores; the remainder must be
ordered from the factory. | have used the
replacement parts service and found it to be
most adequate.

Another area of support services is the
Heath Users Group (HUG). Owners of
Heath computers can pay a vearly member-
ship fee to join HUG which is administered
in St Joseph MI. HUG supplies users with
a variety of services including contributed

LOADIT

ORG  071000A

DB 377A LED PATTERN 1
DB 235A LED PATTERN 2
DB 203A LED PATTERN 3
D8 221A LED PATTERN 4
DB 221A LED PATTERN 5§
DB 363A LED PATTERN 6
be 221A LED PATTERN 7
DB 240A LED PATTERN 8
DB 377A LED PATTERN 9

LX) H,040010A POINTER TO .MFLAG
MVI A,002A (A)=OFF CONSTANT
MOV MA DISABLE LED UPDATE
LX1 H,071000A PATTERN TBL POINTER
LXI D,040013A LED TABLE POINTER

MOV  AM {A)=BIT PATTERN

XCHG {H)=LEDPT, (D)=DISPT
MOV M,A DISPLAY IT

XCHG {(H)=DISPT, (D)=LEDPT
INX H NEXT PATTERN BYTE
INX D NEXT LED

STC SET CARRY=1

cMC SET CARRY=0

MVI  A024A (A)=COMPARE CONSTANT
CMP E (A< (E)

JNC LOADIT
JMP DISPLAY
END 071011A

NEXT PATTERN/LED
REINITIALIZE

software, membership information, and
newsletters. HUG is an important compo-
nent of the overall services provided by
Heath and is growing rapidly. HUG members
who are interested in forming local or
regional users groups should feel free to con-
tact HUG manager Robert Furtaw for addi-
tional information and assistance.

A third area of support services is new
system products. The design of the H8 lends
itself to upgrading and expansion in many
ways, which Heath is already taking advan-
lage of. | have also heard they're considering
a number of designs for interfacing the H8
to their excellent line of ham radio gear,
which should be of considerable interest 1o
ham operators who are also interested in
RTTY (radio teletypewriter). Likewise, |
wouldn't be surprised if Heath introduces
sophisticated video game boards to interface
to their television sets, and household con-
trollers to interface with some of their home
oriented cquipment,

Final Thoughts

Aside from these items, the possibilities
are many. Digital to analog/analog to digital
converters, video drivers, speech recognition
systems, EROM (erasable read only memory)
boards, upgraded firmware monitors, firm-
ware versions of existing and future software,
printers, modems, intruder entry detection
devices, graphics boards, and perhaps cven
bubble or CCD (charge coupled device)
memory boards are just a few of the many
possible products that Heath might market.®
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Figure 17: Hardware ver-
sion of step sequence gen-
eration for a 4 phase full
stepping motor.
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Figure 18: Analogy to sin-
gle step movement in a
stepping motor. When the
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{magnetic force) pulils the
suspended weight  (shaft
and load} along with the
base. Because the fiber-
glass rod is flexible, the
weight causes it to shake
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ping. The inertia of the
shaft and foad in the step-
ping motor’s case is the
mass  that makes the
welght oscillate for a time.
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figure 18. When the electrical position is
advanced one step, the magnetic force tries
to pull the shaft and load to the next me-
chanical position. Depending on the drive,
inertia of the load, and friction on the |aad,
the shaft will bounce back and forth (os-
cillate) around the next mechanical position
(like the weight on the end of the fiberglass
pole} until it has dissipated its encrgy.
Figure 19 is a graph showing position
versus time for one step of a motor. This
overshoot of the shaft may not be a prob-
lem in a low inertia, high friction system,
but can cause troubles in a high inertia
system with low friction.

To reduce the overshoot some form of
damping must be added, the easiest being
friction damping. This consists of adding
friction Lo the motor shaft, which opposes
any kind of motion and provides energy
dissipation during oscillation.  Although
this method is easy and inexpensive, it
reduces the available torque from the
motor. This also affects the performance
and the final position accuracy of the
system.

Another type of damping is known as
inertia damping (sometimes referred to as
Lanchester damping), which is the most
commonly used method for mechanical
damping. A simplified diagram of this type
is shown in figure 20. This type of damper
is constructed with a coupling that is some-
what loose and slips like an automobile
clutch that is not fully engaged. The cou-
pling will try to bring the damper inertia
to the same speed as the motor shaft. When
the specds are equal, there is no friction
between the damper and motor, so the
damper is inactive, This type of damper does
not affect the final position accuracy but
reduces the acceleration and deceleration
rate of the system. These dampers are much
more expensive than the simple friction
damper. The inertia of the damper {which
is related to the size and weight) has the
largest cffect on the amount of damping,
and must be sclected for the particular
application.

Two common ways that coupling can be
madc are by friction or by using a viscous
fluid similar to oil. Figures 21 and 22 give
examples of friction and viscous coupling
dampers, respectively. The friction damper
has a disk attached to the shaft and two
other disks, or bearings, that are free to
rotaie on the shaft. By aEIjusting the springs,
the amount of friction between the frec
disks and the mounted disk can be changed.
The viscous damper consists of a cylindrical
case altached to the motor shaft with an-
other cylinder that is free to rotate inside
the case. Fluid inserted belween the two



=Y.

\ M

Russell F. Roth, President, Roth Computer Processing, Indlanapolis, IN: "Bookkeeper
and Autoscribe are flexible enough for almost any business application. MicroSource
narrows the applications gap between micros and the other guys . . . refreshing for
packaged systems.”

Chuck Faso, Owner, Computerland of Nlles, IL: "You cannot find more for your money
anywhere. Autoscribe is the easiest to operate |'ve seen. It does everything you would
want to do with word processing. There’s just no competition at this price.”

Norm Dinnsen & Dave McDonough, Owners, Computerland of San Diego: “We like to
sell systems we can depend on. That's why we sell MicroSource. MicroSource software is
more business-oriented. the systems are a lot cleaner and they use good dependable
equipment.

“MicroSource has the best documentation we've yet to see. Bar none. We're looking
forward to more MicroSource packages.”

Autoscribe — The Paperwork Manager™. Bookkeeper — The Office Accountant™,
Here's the lowest-cost answer to your Now you can use the same system used by
office paperwork problems. And. the only CPA firms to prepare your monthly state-

word processor that's also a small business  ments. What used to take you days now
computer. Less than $8.000 (under $200/ takes just hours. Just $7595 (under $200/
mo. on a financing lease) with a North Star-  mo. on a financing lease) with a North Star-
based system (sugg. list). based system (sugg. list).

ficro 5O IRLE

1425 W. 12th Place ® Tempe, Arizona 85281 » (602) 894-9247 e Cable: MICROAGE
Telex: 165 033

The following are trademarks of The Phoenix Group, Inc.: MicroSource, Autoscrnibe, Bookkeeper
DEALERSHIPS STILL AVAILABLE
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Figure 24: Spring scale torque measurement.
The torgue of a stepping motor at a set
speed is measured by pulfing slowly on the
nylon cord wrapped around the pulley untif
the motor stalls. The reading on the scale
times the pulley radius gives the maximum
load torque the motor can run with at that
speed. The amount of turns around the
puitley varies with the pulley and cord. For a
3/32 inch (0.25 cm) diameter cord and
aluminum pulley, two or three turns works
best. By measuring the torque at several
speeds, it is possible to make a special torque
curve for the motor and drive.

The following list contains various
sources from which stepping motors and
pertinent literature may be obtained.

Manufacturars:

Superior Electric Co, Middle St, Bristol CT
06010,

Sigma Instruments (n¢, Motion Control Div,
170 Pear! St, Braintree MA 02184,

North  American Philips Control Corp,
Cheshire Industrial Park, Cheshire CT
06410,
Warner Electric Brake, MCS Div, Beloit WI
536511,
Computer Devices of California, 11901

Burke St, Santa Fe Springs CA 90670.

Singer Co, Kearfott Div, 1150 McBride Av,
Little Falls NJ 07424,

Berger-Lahr, Jaffrey NH 03452,
Surplus Stepping Motors and Equipment:

AST/Servo Systems Inc, 930 Broadway,
Newark NJ 07104,

Some Stepping Motor Calculations

The following formulas are commonly used in stepping motor calculations.

where s
a
t
v

Distance = s = %atZ + Vot +c

(=}

c

Velocity {linear) =vat +v where v

[s]

Velocity (angular) = w = v/(r)  where w

w = {(RPM) N/60 where RPM

N
w

(LR T |

0

mouon

nowo

distance {inches or cm}
acceleration {inch per second2)
time {seconds)

velocity, initial (feet per second
or meter per second)

constant,

velocity {inch persecond or meter
per second)

acceleration

time

velocity, initial.

angular (radians per
second)

linear velocity (inch per second or
meter per second)

radius {inches or meters)

velocity

revolutions per minute

number of steps per revolution
angular velocity in steps per
second.

{Similarly, the speed in revolutions per minute is RPM = w BO/N.)

Torque =T = Fd, where d
F

The relationship between torgue and rotary

T=J{w/t) where T
J
W

t

radius from pivot point to force
force applied or restraining force,
ie: friction, weight, load {ounces
or newtons).

motion is:

torque {ounce-inches or newton-
meters)

momem? of inertia lounce-inch-
seconds?  or  newton-meter-
seconds?’)

anguiar veloeity {radians per
second)

time {seconds)

To use the equation with J in units of ounce-inchesz, multiply the inaertia by
1/384 lounce being a unit of mass in this case, instead of a unit of force as used

above).

T = J (w/t) (1/384)

The moment of inertia for a rotating disk {pulley, gear, etc) is:

J=wr?2 where J

r
w

L/R Time Constant

wmw u

moment of inertia
radius of disk
weight of disk

The ratio of the inductance to resistance of a winding is used to determine the
buildup or decay of current in a stepping motor. The basic equation which repre-
sents current flowing in a stepping motor is as follows:

t where |
—(L/R)

|
ss
1=l (1—e )

D@

L}

nowonon

instantaneous current (amps!
steady state current in winding
{amps}

natural exponent = 2.718

time {seconds)

inductance in winding (henries)
total resistance in the current
path {ohms}

By examining the formula closely, it can be seen that the instantaneous cur-
rent will reach its steady state value much sooner if the ratio of inductance to
resistance is decreased. The result is that the motor will react faster ta input sig-
nals, which will increase system performance,
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Build a Computer Controlled

Security System

for Your Home: Part 3

There are many security systems on the
market. From the simple $10 door buzzers
which signal forced entry to elaborate pro-
fessionally instailed Rollins and ADT sys-
tems, their purpose is singular: give the
occupant advance warning of an emergency
condition. Protection of property is a sec-
ondary benefit of the more sophisticated
alarms. Ultimately it is the overall complex-
ity of the security system that defines how
much coverage is attained in each of these
areas.

Forced entry, prowler, and fire detection
are but three possible events for which
people buy alarms. A $15 smoke alarm
alerts the occupants, who rush out of the
house in the nick of time but stand watching
the house burn because they didn't have
time to call the fire department. Similarly,
a prowler breaks into a home when the
family is out, He has grown accustomed to
the regular pattern of timer controlled lights
after observing the house for a few nights
and immediately disables the alarm horn
upon entry. Had the occupants been home
they of course would have been alerted to
the break-in, but that was not the thief's
intention.

To provide full protection, the ultimate
security system should discourage intrusion,
monitor all potential emergency situations
and have the intelligence to initiate a preset
series of actions should the alarming event
ever occur. Combining all these elements

into a single compuler controlled security
system is the subject of this and the o
preceding articles {January 1979 BYTE,
page 56; February 1979 BYTE, page 162).
With the control system proposed and
developed in this scries, the user will have
more of a process control computer than a
burglar alarm. Except for the detection ol
the alarming event itself, a system designed
to discourage intrusion and automatically
respond to certain situations cannot be
configured solely as a passive detection unit.
The programs which this computer executes
either in response to timed cvents or sensor
inputs amount to a process control situation,

The computer controlled security system
outlined in these three articles has the capa-
bility {(presuming you have wired the same
output controls as | have) to detect cars or
people approaching a residence and track
them by sequentially turning on flood lights
aimed to cover the perimeter of the house,
or give an audible warning in daylight situa-
lions. It can also control the power to AC
appliances {TV, lights, stereo, etc} either to
simulate occupancy or provide the luxury of
remote control. This same software allows
presel responses to water and temperature
sensors for the control of wood heating, water
circulating stoves or simply to turn on a pump
in the basement. Should any perpetrator be
ignorant enough to break in even after suffi-
cient warning, the system has all the usual
bells and whistles, an automatic telephone



dialer, a hidden video tape recorder to ob-
tain evidence, and, finally, a separate com-
munications link to your neighbor.

The first article presented a general out-
line of the control system, the types of in-
puts available, and proposed responses. The
second article described the hardware modi-
fications to the SDK-85 computer used as
the controller and provided an extensive de-
scription of the control and data acquisition
software. With these three articles, more ad-
vanced readers should have enough informa-
tion to configure a similar control computer
using any microprocessor.

The final installment in the series presents
examples of discrete input sensors to moni-
tor temperature, moisture, motion, fire, and
smaoke. To aliow the computer 1o make the
proper response 1o such inputs, designs for
flashing lights, strobes, siren, and AC remote
control interfaces are also detailed. Finally,
just to alleviate any lingering apprehensions
over what appears to be a complex software
algorithm, we will trace the flow of an alarm
input as it is processed by the security sys-
tem and demonstrale the versatility of table-
driven software in this application.

The Alarm System Is Only as Good as
lts Input Sensors

The SDK-85 has 38 bits of parallel 1/O
{inputlfoutput). [n this application 18 of
these bits have been set aside to control out-
puls, while the remaining 20 are used solcly
for input. Because Lhe computer is composed
of TTL {transistor-transistor logic) circuitry,
any input to it must also be TTL compatible.
It is a further requirement that all signals be
discrete in nature. That is, they change state
fromaltoaOora0toallevel when the
set point is attained. Analog inputs are not
beyond the capabilities of the software, but
no analog to digital interface has been built
into the system.

Analog Input Sensors

Temperature and voltage arc important
analog parameters which any sophisticated
alarm system reguires if it is 10 monitor
freezer or furnace room temperature and
brownout conditions. The circuit of figure 1
can be used to read temperature setpoints.
ICT is a special integrated circuit having an
output voltage proportional to temperature.

TEMPERATURE
TRIGGER POINT

/7L4

 5.6K
3 2
)
1l ﬂ VoyT ° 10mV/°K 10K 3
LM33i1 h hh

LM30I OR
7 EQUIVALENT
6 TO ALARM
TTL INPUT
4
1 IN9I4
33pF

Figure 1: Temperature setpoint indicator circuit. IC1 is a special integrated
circuit whose output voltage is proportional to temperature, The circuit feeds
into an Intel SDK-85 single board computer, which accepts onfy TTL (tran-
sistor-transistor logic) level inputs. Op amp 1C2 is used as a computer to
convert the output accordingly.

TO
ALARM
INPUT
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L

’
2.2k IN4OOIT L
;

RLYI

L2 Z& IN4001

2N2222
Vsense (o— |— RESET
5K
b 2N2907
1 4.3v
/77
RLYI-LATCHING RELAY 24V POTTER
AND BRUMFIELD TYPE KBI7D
A
600V IN4004
AY | -
= > a—
115VAC _L (OuF $9lK
4
asov W vDC OUT
C 97 ——————> PROPORTIONAL
| P TO VAC
22w
etk

AC TO DC CONVERTER TO MONITOR POWER FAILURE OR BROWN OUT CONDITION

Figure 2: Circuit which can be used to monitor any DC voltuge between {0
and 24 V. A latching relay is used to latch on when a voltage transient occurs.
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Figure 5: Intrusion alarm infrared transmitter and detector. Shown in (a) is a low voltage
pulsed LED (light emitting diode) transmitter; the light beam receiver with optional focusing
lens is shown in (b). The lens extends the range of the unit from approximately 10 to 50 feet.
Anyone or anything breaking the beam will alert the security system.
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designed for this purpose. As configured, the
relay contacts will close in the presence of
water or condensing moisture. The circuit is
extremely sensitive and can be used with
practically any conductive liquid.

Probably the most important sensofs on
the securily system are the ones that detect
fire and smoke. A commercially available
ionization type smoke detector, shown in
figure 4, has been configured to interface to
the computer. The AC powered TC49A by
Honeywell is ideally suited for this purpose,
since it is designed for parallel attachment to
other sensors. [n this instance any number of
normally open temperawre sensors can be
attached between the blue and yellow output
leads of the device. Should any of these
sensors or the smoke detector itself detect
an alarm condition, the 35 V normally
present on these wires will drop 2 V. The
relay which had previously been in an ener-
gized state will open, signaling the event to
the computer. Protection must be provided
during power failures, however, so that the
computer {which has an emergency supply)
does not detect a falsc alarm. If the program
which scans the smoke alarm also checks the
power failure sensor, positive results should
be obtained. In any case it is always a good
idea to have a battery powered smoke detec-
tor also within the residence.

Note that the majority of sensor designs
presented in this article can be used inde-
pendently. The device normally activated
when the sensor signals an alarm condition

can be attached and directly controlled
through another parallel set of relay contacts.
An example would be the water detector
that automatically turns on the sump pump.
Requiring the computer to receive the signal,
process the control record, and turn on an
AC powered pump would be a waste of wirc,
The computer need know only thal the high
water mark has becen reached to notify the
residents on the display panel: it does not
have to control it as well. Before you string
a mile of wire through the house, consider
what functions really need *‘‘computer’
rather than “Jocal’’ control,

The two remaining special input sensors
are related in purpose. Both are used 1o de-
tect an object or person passing between two
points, and both use interrupled beam sensing
techniques. One is an infrared light beam
and the other is ultrasonic. The light beam
circuit is shown in figure 5 and the ultra-
sonic circuits are illustrated in figure 6. The
range of the infrared unit is about 10 fect
without a lens and as much as 50 feet
with proper ambient light shielding and a
focusing lens. No focusing was tried on the
ultrasonic unit, but 25 feet was easily
achieved.

Testing and alignment of the ultrasonic
transmitter can be tricky, while the infrared
is simply a mechanical alignment considera-
tion. First, the transmitter must be tuned to
resonance. The nominal frequency of the
ultrasonic transducers can be 34 to 42 kHz;
they should be bought in pairs. An oscillo-
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Figure 12: Bedside annun-
ciator panel used to dis-
play the status of the
home security system,
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puter and the display panel located in the
bedroom.

The Alarm Status Display Panel

The purpose of the alarm status display
panel is to provide the resident with a
graphic representation of the status of the
security system, Figure 12 is a sketch of a
simple annunciator (the picture was omitted
because the control panel | finally built
bears no resemblance to the purpose we are
discussing, and might be confusing since it
contains numerous additions to the basic
concept).

The circuit (see figure 13) is simply a
BCD (binary coded decimal) to decimal
decoder driver which is multiplexed by a
3 bit output from the SDK-85. The computer
sequentially sends out the codes for the
particular lights to be lit. This is done re-
peatedly and with sufficient speed so that
they appear constant. If the annunciator
panel is more than 50 feet from the com-
puter, the user may want 1o consider the
addition of the line drivers also described.

Emergency Power Supply

Should power ever be lost in the resi-
dence, it is important to maintain the
security system in an active mode. To do
this 2 12 V automobile battery is used to

9

power the computer a// the time, The
SDK-85 5 V power is derived from the 12V
through a regulator. The EROM (erasable
read only memory) can be either a single
+5 V unit such as a 2716; or, if using a 2708,
the -~ 12 V can be derived using one of the
circuits outlined in my article "No Power
for Your Interfaces? Build a 5 W DC to
DC Converter” (October 1978 BYTE, page
22). The requirements of such a power sup-
ply are maintenance of the 12 V on the
battery, recharging the battery as it needs
it, and also providing standby power to
critical sensors and alarms.

Tracing an Activated Alarm Condition:
An Example

Part 2 of this series (February 1979
BYTE, page 162) emphasized the soft-
ware of our computerized home security
system. To adequately complete the descrip-
tion of this design, it is necessary to include
an example which illustrates the use of table
driven software. Included is a listing of the
digital scan module and various response
modules which should aid in understanding.

Suppose one of the functions of the sys-
tem is to respond to a smoke and fire detec-
tor. First, assume that the sensor in question
is wired into the least significant bit (bit 0)



on port 0. Response to this sensor is on a
reset-to-set (0 to 1) transition, and that on
a set-to-reset {1 to 0) transition no action is
to be taken. As detailed in part 2 of this
series, the initial state change is detected by
DIGSCN (the digital scan module) which
uses the information contained in XFVE
(the sensor state transfer table) to initiate
the processing of a digital event. If you re-
call, the sensor state transfer table is com-
prised of four byte records, with one record
being required for each digital input:

Sensor State Transfer Record

Bytes D and 1: event record address for reset-to-
set transition plus active/inactive
flag {bit 7);

Bytes 2 and 3: event record address for set-to-
reset transition plus active/inactive
flag {bit 7).

The smoke and fire detector connected to
bit 0 input uses the first record in the sensor
state transfer table to initiate the required
responses. Since no action is required for
a set-to-reset transition, bytes 0 and 1 are set
equal to hexadecimal FF. This makes such a
transition inactive (active/inactive flag = 1).
We do, however, want to process a smoke
and fire alarm. Therefore, bytes 2 and 3

must contain the address of the event record
associated with the alarm. For this example
let us assume that the address of the event
record used to process this alarm is at hexa-
decimal 4214 (therefore byte 2 of the trans-
fer record will equal hexadecimal 14 with
byte 3 being equal to 42):

Sensor State Transfer Record for
Smoke and Fire Alarm

Byte 0 = FF;
Byte 1 = FF;
Byte 2 = 14;
Byte 3 = 42.

To summarize, the digital scan module
detects the transition of the smoke and fire
sensor from a reset to a set state. Using the
information contained in the sensor state
transfer table, the system processes the event
by first extracting the address of the event
record associated with this alarm and then
activating EVPRO (the event processor
module).

EVRREC (the event record), which is
used by the event record processor, con-
tains the indices to the various response
records associated with this alarm. As you
may recall, one of the features of this system
is its ability to associate several responses to

Figure 13: Driving cir-
cuitry for the annunciator
panel (see figure 12). A
BCD (binary coded deci-
mal} code from the com-
puter is converted to deci-
mal by [C7445 to drive
the LEDs on the panel,
which are driven sequen-
tially with sufficient speed
so they appear to be fit
constantly. An optional
R5-232 interface for driv-
ing the circuit at some
distance from the com-
puter plus a 5 V power
supply are also shown.
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Listing 1: Selected 8080/8085 subroutines for the home security system,

164

ZERD
ONE
Pl
r2
P3

L]

e THE FOLLOWING

<
TEMP]
TEMPZ
TEMP]
PURTI
PORTZ
PUKTS
PROTIH
BUKT2H
PORT3H
PJIRT
DIGIND
xFVE
FVRREC
TOOREC
TIMREC
RESREC
nDIGREC

#

¢« FHE FOLLOWTMIG
& REQUIRFD Frd PROrFSSIMG TAE
e A DIGITA FYENT,

THE DTGITAL SCAL wlolLe
INPUTS

STATE

o

ol
FniJ
o
Eau
F iy

na
ne
na
ne
DR
[R133
’J;J
ne
ny
n<
L
s
ns
(6339
NS
DS
[

AMD

k-3
o
o
L d
o
@ NF THF STaTF CRAINE .
-2
3
o
o
D

(U =

L
Shioy
310
lonn
1san
1560
RN

A=r AL ARt T

«“rOrT 1
arnRf 2
@rnkf 3

Ae LUCATFD [N RAM

e % & P o

CUR=FRNT INPUT DATA FOR PORT ]
CuRKERT [NOOLT DATA FOX PORT ¢
Cu==<FuT [HPJYT DATA FNR BORT 3
PxpEVd I0OUS IMRJT STATE FOR PORT )
PHEVIOUS IMPUT STATE FOR PORT 2
weKYIus [MPUT 3Ta8TE FOR PORT 3

2 HUT PUT 29wT STATUS

2ulnlhap

[MEOT 21T SROCFESSTING INDEX

FHENSUKR STATE TRANSFER TAHMLE
ecvenMl RECOD FILE

@T 1AL OF

JAY RECORY FILE

euUFLAY TIWMER RECORD FILE
exf SPUNSE RFCOPD FILE

TG TAL

oMPUl ReCORD FlLe

MOMILES QFPEESIENT Tne MUULES
QCCURRANCF UF
THESE MUNBLES AUULD RFSINF [N DRNM

Prabs THe DIGTITAL

COuPA~CS THE MURPERT STATE W[TH T4k PREVINUS

TF DIFEFFENT INITALIZe> THE PROCESSING

UPLUN CuMPLETUON OF Trt nDIGITAL
INPUT PRICTOSTMG THE SISTHRY STATFE
OF THE DIGTTAL JouTsS
HEXT SCafy

INTTIATFU
I~ el
STa PovT)
I v
STA engsTs
| R 23
ST HoeT
My B
STA R e st

Is UrdATEL AND TrF

elnEnl PIORT 1

#LPUl BORT 2

e1wrPul PORT 3

o>l DIGITAL PROCESSING INDEX

e ISOLATE 81T F~NM AlSToOwt AND CURRENT NIGITAL STATE

L3

nIGIl

LN&
rel
JC
cel
a0

Dl pan
My
DIna
w7y
sy

o
© PROCESS THr=) PhRT
©

nIGz

ole22

o

Lxi
Lx}k
CaLe
CcPI
JNZ
LDa
cel
INZ
JmE

EREIsl 1
DR T A
cosalT

n

Mner)
Ol rTru
Fdals
Nintl
DIASLN

o PROCESS SFrOonND PosT
-

nlc3

a8

LXL
Lt
1P

HeR IR T
NepNRTAn
nine

# PROCESS FInsT PO=Y

o
nitcs

IF Az
If azz

Lxl
Lxl
JHP

H.0AHT|
NannRTIH
an?

1 PRNCESS a SET

STalt

YOET PROCESSING TWDEX
*LLOEK LGT .2

@JigAr [

INOF &Az0=7

eluFA LT it

egab [F

'"DEA 20n=15

edlL=FurT3 JATA aADOLRESS
FUESPIMTY HISTORY ADDRESS
g CUAS 23R T

O1F 4=0 NO CHaNOF

“IF AzU /R 2 6GU PROCESS STATE CHANGE

L INCREMENT PROCESS INDEX
“al L LNPUTS SRUCESSED

CJuUMP IF

NOT

* BU RESTART SCAN

enLZPURT
$OETPURT

oL ZPURT
vUEIPURTI

PRAFESS & OESET STATE

2 NATA BNLRESS
2 HISTROY ADLRESS

1 NATa ANDRESS
HISTO=Y ADDRESS

NTH

THE SENSD? STATE THANSFER VEUTOR TaRLE

IGPRO

STA TFupl
Lx1 HekFvE
LNA DIrtrD
DCF A

RLC

March 1979 . BY TE Publicanums Ing

o
o
o
e DTGIND COMTAINS TWE WFLATIVE INDEX |
o
o
o]

e =R3ASE

#pTalvaes

ADDRESY

Event Recard for Smoke and Fire Alarm

Hexadecimal
Address

4214 = 3 } number of respanses;

4215=0
4216 =1 response record indices for
4217=2 event.

The ecvent processor will process the
entries in the event record sequentially, ex-
tracting the response record index and
activating RESPRO (the response record
processor). Using this index the response
processor will obtain RESREC (the indi-
cated record from the response file} and
direct the activation of the appropriate
subprocessors, which contain the following
information:

0 = digital output;
1 = application
maodule;
2 = delay activation;
Byte O = response type 3 = delay deactivation;
4 = time-of-day acti-
vation;
5 = time-of-day deacti-
vation.
Bytes 1 and 2 = module address of record index.

For our example the records will be as
follows:

Response File

Byte 0 =2

Record 0 { Byte 1 =0 } second delay
Byte 2 =1 timer record;
Byte 3 =1

Recard 1 { Byte 4 = OF } address of annunciator
Byte 5= 2CJ application module;
Byte 6 =0

Record 2 { Byte 7=0 } first digital output
Byte8=0 record.

The first record processed causes DE-
LINT (the delay module} to activate the
second record in TIMREC {the delay timer
file). These records contain the delay time
(in seconds) and address of the event record
to be activated when the directed delay has
timed out:

Delay Time Record

Bytes O and 1: active flag plus remaining time;
Bytes 2 and 3: number of seconds to delay;
Bytes 4 and 5: address of event record.

In our example this record (prior to acti-
vation) will appear as follows:

Bytes O and 1: 80, 0 = record inactive;

Bytes 2 and 3: 0, 3C = 60 second delay;

Bytes 4 and 5: 18, 42 = event record at hexa-
decimal 4218,

After the delay has been initiated, the
event processor will notify the response
processor to initiate the second response.
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Listing 1, continued:
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L™ DEL TN
e OrAC
D+ TORACT
o TORAKE
o
e THE DBInIT4Al QUTPHT Su~PROCESSOR EXTRACTS
e THE PNST/MASK/A JIRFCTIVe LNFORMATION FROM
& THE [WDILATEN 3Er9e) adND DUTRUTS THE NEw VALUE
e DE CONTATMe ThE PECURY IWUEX
-3
DILRUT Ll HL +NDIGREC a5k T DIGITAL OQUTPUT RECURD ADDRESS
nap I3
nan E
0ab DE Al ZOUTPUT RECORD ADDKESS
BLiSu9 HL #a28VFE OUTPUT ReCORD ADDRESS
“M0OV LX) SATPDRT
ner A
MOV Caa
Wyl Ry 7F1Q
Lxl HL .OFCRT enL=NUTPUT PORT BASE ANDRESS
nap HC #n_ZADDHESS NF PORT DATA
uny LEY] RAZUUTPUT PORT CURRENT STATE
ppP Hi,
X L 2R =MASK ADDRESS
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This time it determines that the response
required from record 1 is to call the appli-
cation module located at hexadecimal
address 2COF. This information is trans-
mitted to APPL (the application task
initiator subprocessor) by the response
processor, which transfers control. In our
particular example this application moduie
will cause the display panel to flash the lo-
cation of the sensor giving the alarm. Upon
completion of this function the application
module returns control to the event record
processor.

Next, the event record processor trans-
fers the index of responsc record 2 Lo the
response processor. Recognizing that a
digital output is to be initiated, the proccs-
sor extracts the index of DIRREC ({the
digital output record), 0 in this cxample,
and initiates DIGOUT (the digital outpul
subprocessor).

The function of this subprocessor is Lo
activate the audible alarm. A 3 byte record
is used to effect the actual output:

Digital Output Record

Byte 0 = output port;
Byte 1 = bit isolation mask;
0 for reset (off);

Byt 2= 4 4or set (on),

In our case let’s assume that the audible
alarm has been connected to bit 5 on output
port 3 and must be set to a logic 1 to sound
the alarm. This requires a digital outpul
record as follows:

Audible Alarm Qutput Record

Byte 0 = 3;
Byte 1 = 20;
Byte2=1.

Using this information bil 5 on output
port 3 is set and the alarm horn is wrned on.
Processing this final response causes the
event processor to return to the digital scan
module, which will continue monitoring the
state of all the digital inputs,

The intent of this example is to show
how the system works when attached to
the real world. While this example does not
cover all the functions one might associate
with a smoke or fire alarm, it does serve to
illustrate how the various tables are struc-
tured. What you can do with such a system
is limited only by your imagination. As
stated earlier in this series, the system can
be structured to perform many of the dis-
crete tasks associated with the control and
monitoring of the home or office, as well as
protecting your property against intruders.
So let your imagination take command and
have fun. Next month: musical toys.m



Circle 382 on inquiry card.

Listing 1, continued:
ANA 1z
PUSH RSy @3AVE MASKED STATE
TN HL
“ov Aen @GET SET/RESET DIRECTIVE
DCx HL
CRT NN
Jz DIASET @G0 TO SET FUNCTION
POP [C #H=NEw QUTPUT STATE
NIGOUL  nCX HL #HLZPORT ADDRESS The PERKIN-ELMER BANTAM
MoV Ayv #AZ0UTPUT PORT
STA DIAOUT?+1 @58VE PORT NUMAER IN OUTPUT INSTRUCTION 4
MOV Ao AzQUPUT naTa \((
nlcou2 out THEEE %
MoV Can BCIPOKT w
vOV Pe7FK0O
Lx1 HL . APORT
DAv 3¢
MOV I *SAVE NEW STATE [N MEMORY
RET $799.00
PresET a TEasK All the Features of the
cva
POP ac ®CIMASKED VALUE . )
MOV Pea Plus
- u ofravTi Upper/Lower Case Tab Function
7 x 10 Char. Matrix Backspace Key
© VECTOPS Tn APPLICATION TASK
e DE CONTAING MODULF ADNRESS White or Black Char Shlftlock Key
a Transparent Mode Print Key _
APPL PUSH OF #SAVE ADDRESS ON STACK Integrated Numeric
RET ¢ExXIT TO APPLICATION MODULE
-]
& DELINT ACTTVATES THE DELAY ReCORU wHOSE
s RECORND THDFX IS JN DE $41-61 per month
° | ease-Purchase
DELINT LI WL L NELKEC osET BASE ADURESS
DAL DE
nap PE
nAD 513
nan NE
nAD ng
DAD neE #MLZDELAY RECORD ADDRESS
wav Aeu *GET ACTIVE FLAG TELETYPE
aNT AOH %15 AUTIVE FLAG RESET +ACTIVE<
R7 @RETURN IF RECORD [S ACTIVE SRESET< MODEL 43 it RS232
IMX HL ~ KSR wit
TNX L L =TIMEFR ACTIVATION WVALUE ‘IO or 30 CHAR/SEC
any Bow SAZTIHMFR VALUE 132 COLUMNS
bex o UPPER/LOWER CASE
MOV Mes =SET VALUE IN RECORD
wET ' USR-310
(-3 - -
s DELDAC NEACTIVATES THE DELAY KECURD Orlglna1_:e
# wWHOSE JMDFx [53 N DE ACOUSth
o
QELDAC  LXI ML.DELRES  “SET BASE ADDRESS $149.00 cCoupler
nAD De 0-300 Baud Stand Alcne
oo yod Crystal Controlled RS232
naD DE USR-330
ner R Originate
o AR RESET ACTIVE FLAG Auto-Answer
MY Mo g 3
oET $324.00 Modem
N FCC Certified for Direct Connection
o TONACT ACTTVAIFS TrF TON RFECURWY to Phone LineS
AHO (FCARD Luuex 1S IN DF
M USR-320 Auto-Answer
TOUACT  Lxl HL o TUURFC @5ET oASE ANORESS Only Modem $299.00
DAY e
nab ne All Units include a 120 day warranily.
BAB :t- Optional Maintenance package available
a [
fau be returned
i PO euCTIVATION MASK Any Product mfay b‘; e
LNA u e3F1 RECORY 4CTIVE within 10 days for a full refund.
Wy LY
=FT U.S. RAOBAOTICS, INC.
TONDAL :):I) :t.rm,:r‘( e5FT naSE ANNRESS 1035 W. LAKE ST.
ﬁhlu HE CHICAGD, ILL. 60607
OAD e
nan Iy
wyl Avzan BUEACTIVATION MaSK Sales (312} 733-0497
e TRRT ECOKD (MACTIVE General Offices  (312) 733-0498
i T Service (312) 733-0499
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ALABAMA
COMPUTERLAND
Huntswille AL 35805
THE LOGIC STORE
Opelika AL 36801

ALASKA
ALPHA ELECTRONICS
Anchorage, AK 53503

ARIZONA

COMPUTERALAND OF PHDENIX
Phoarix, AZ B5016

COMPUTER SHOWROOM
Tucson, AZ 85710

ARKANSAS
DATACOPE
Little Rock, AR 72204

CALIFORNIA

JAY-KEN ELECTRONICS
Bakershield. CA 83305

BYTE SHOP

Burbank. CA 91506

BYTE SHOP OF SACRAMENTO
Citrus Heights, CA 85610
COAST COMPUTER CENTRE
Costa Mesa, CA 92627
COMPUTERLAND OF EL CERRITO
El Cernita, CA 94530

BUSINESS ENHANCEMENT
COMPUSERVICE

Escondigo, CA 92027

CHANNEL DATA SYSTEMS
Golata, CA 93017

RAINBOW COMPUTING
Granada Hills, CA 81344

JADE COMPUTER PRODUCTS
Hawthorne. CA 90250

BYTE SHOP OF HAYWARD
Hayward. CA 94541
COMPUTERLAND OF HAYWARD
Hayward, CA 94531
COMPUTERLAND OF WEST LA
\nglewood, CA 90302
COMPUTERLAND OF SOUTH BAY
Lawndale. CA 30260

A-VIOD ELECTAONICS

Long Beach, CA 90815
COMPUTERLAND

Los Altos, CA 94022

HOBBY WORLD ELECTROMUCS
Morthndge, CA 91324
COMPUTERS-MADE-EASY
Paimdale. CA 93550

BYTE SHOP OF PLACENTIA
Placentia, CA 92570

CAPITOL COMPUTER SYSTEMS
Sacramanto, CA 95616
COMPUTERLAND
San Barnadino. CA 52404
COMPUTERLAND OF SAN DIEGO
San Diego, CA 92111
COMPUTER MERCHANT

San Diege, CA 92115
COMPUTERLAND OF

SAN FRANCISCO

San Francisco, CA 24105

VIDEQ GAMES & COMPUTERS
San Francisco, CA 94118
COMPUTERLAND OF SAN JOSE
San Josa, CA 95128
BYTE SHOP
San Louis Obispo, CA 83401
MARIN COMPUTER CENTER
San Ralaal, CA 94802
ACVANCED COMPUTER PRODUCTS
Sania Ana, CA 92705

BYTE SHOP

Santa Clara, CA 95051
COMPUTER FORUM

Santa Fe Springs, CA 90670
THE COMPUTER STORE

Santa Monica. CA 90401

SANTA ROSA COMPUTER CENTER
Santa Rosa, CA 95404

BYTE SHOP

Sursan, CA 94585

BYTE SHOP OF TARZANA
Tarzana, CA 31356
COMPUTERLAND OF
THOUSAND DAKS

Thousand Qaks, CA 91360
SMALL SYSTEM SOFTWARE
Tnousand Qaks. CA 91360
COMPUTER COMPONENTS
Won Nuys. CA 91411
COMPUTERLAND

walnut Creek, CA 94598

BYTE SHOP

Westminster. CA 92683
COMPUTER COMPONENTS OF
ORANGE COUNTY

Westminster, CA 92683

COLORADO
AMPTEC

Denver CO 80216
BYTE SHOP
Englawood CO 80110
COMPUTERLAND
Denver, CO 80222

CONNECTICUT
COMPUTERLAND OF FAIRFIELD
Fairfiely CT 06430

Circle 302 on inquiry card.

JAV COMPUTER STORE
Hamden CT 06518
THE COMPUTER STORE
Hartfora. CYT 06103
THE COMPUTER STORE
windsor Locks, CT 06086

WASHINGTON D.C.
COMPUTER CABLEVISION
Washington, D C. 20007

FLORIDA
COMPUTERLAND

Boca Raton, FL 33432

THE COMPUTER STORE
Bradenton, FL 33505

THE COMPUTER STORE
Ciearwater, FL 33516
UCATAN

Destin, FL 32541

BYTE SHOP

Fart Lauderdale, FL 33334
COMPUTERLAND

Fart Lauderdale, FL 33308
COMPUTERS FOR YOU
Fort Lauderdale, FL 33312
DATA MOVERS

Fort Mayars, FL 3390
FOCUS SCIENTIFIC ENTERPRISES
Miami, FL 33132

GRICE ELECTRONICS
Ponsacola, FL 32589
COMPUTER AGE
Fompano Beach, FL 33062
MICRO COMPUTER SYSTEMS
Tampa, FL 33609
COMPUTER CENTER OF
PALM BEACHES

West Paim Beach, FL 33409

GEORGIA

ADVANCE COMPUTER TECHNOLOGIES

Atlanta, GA 30228
COMPUSHOP

Atlanta, GA 30342

OATAMART

Attanta, GA 30305

THE tOGIC STORE

Celumbus. GA 31906
COMPUTERLAND OF ATLANTA
Smyrna, GA 30080

HAWAN

MICROCOMPUTER SYSTEMS
Honoluie, HA 96813

RADIO SHACK (Dealer)

Lihue, HA 86766

ILLINGIS

COMPUTERLAND OF
AALINGTON HEIGHTS
Artington Heights, IL 03904
FARNSWORTH COMPUTER CENTER
Aurofa. IL 60505

KAPPEL'S COMPUTER STORE
Beltewille, IL 62220
DOW-COM

Carbondate, 1L 62801

BYTE SHOP

Ghampaign, IL 61820

THE ELEKTRIK KEYBOARD
Chicago, IL 60614
EMMANUEL B. GARCIA JR
AND ASSOCIATES

Chicago. IL 60613
PERSONAL COMPUTER
Chicago. IL 61820
COMPUTERLAND

Downers Grove. IL 60515
COMPUTER STATION
Grandte City, IL 62040
COMPUTERLAND OF NILES
Nites, IL 60648
COMPUTERLAND

Oak Lawn (L 60453
COMPUTERLAND OF PEORIA
Peoria, IL 61614

WALLACE ELECTRONICS
Peoria. IL 61614

DATA DOMAIN
Schaumburg. IL 60185

INDIANA

DATA DOMAIN OF FORT WAYNE
Fort Wayne, IN 46805

HOME COMPUTER CENTER
Indianapolis. N 46220

PUBLIC COMPUTING

tafayette, IN 47904

(OWA
THE COMPUTER CENTER
Waterioo, 1A 50701

KANSAS

PERSONAL COMPUTER CENTER
Overland Park KS 66206
COMPUTER SYSTEMS DESIGN
Wichita. KS 7214

LOUISIANA
COMPUTER SHOPPE
Metare. LA 70002

MARYLAND
COMPUTERLAND
Rackwitle MD 20855

COMPUTERS ETC
Towson. MD 212C4
COMPUTERS UNLIMITED
Towson MD 21204

MASSACHUSETTS

THE COMPUTER STORE
Burhngton, MA 01803

THE COMPUTER STORE
Cambridge. MA 02139

MAD HATTER SCFTWARE
Dracut. MA 01826

NEW ENGLAND ELECTRONICS
Springheld. MA 0°103

MICHIGAN

NEWMAN COMPUTER EXCHANGE
Ann Arbor. MI 48104

NEW DIMENSIONS IN COMPUTING
East Lansing. MI <8823

COMPUTER HOUSE DIV

Jackson, MI 49202
COMPUTERLAND OF

GRAND RAPIDS

Kentwood, MI 19508
COMPUTRONIX

Midland. MI 48640

COMPUTER MART OF ROYAL OAK
Royal Oak, MI 48073

TRI CITY COMPUTER MART
Saginaw. MI 48603
COMPUTERALAND

Southtield, M! 48034

LEVEL FOUR PRODUCTIONS
Westland, M1 48185

MINNESOTA
COMPUTERLAND
Bloomington. MN 55431
MINN MICRO SYSTEMS
Minneapolis, MN 55454

MISSISSIPPI
OXFORD SOFTWARE CO
Orxlord, MS 38655

MISSOURI
COMPUTER COUNTRY
Florissant, MO 63031

NEVADA
HOME COMPUTERS
Las Vegas, NV 89109

NEW HAMPSHIRE

TRS-80 SOFTWARE EXCHANGE
Myifard, NH 03055
COMPUTERLAND OF NASHUA
Nashua, NH 03060

BITS, INC

Peterborough, NH 03458

NEW JERSEY

COMPUTER LAB OF NJ
Budd Lake, NJ 07828
COMPUTER EMPORIUM
Cherry Hill, NJ 08002
COMPUTER MART OF NJ
Iselin. NJ 08830

MSM ELECTRONICS
Medlord, NJ 08055
COMPUTERLAND
Mornistown, NJ 07960
COMPUTERLAND
Paramus, NJ 07852
COMPUTER NOOK

Pine Brook, NJ 07058
COMPUTER ENCOUNTER
Prnceton, NJ 08540
TYPTRONIC COMPUTER STORE
Ramsaoy, NJ 07446

NEW YORK
COMPUTERLAND

Cart Plage. NY 11514
COMPUTER SHOP OF SYRACUSE
Oe Witt NY 13214

THE COMPUTER "REE
Engwell. NY 13760

LONG ISLAND COMPUTER
GENERAL STORE
Lynbrook, NY 11563
COMPUTER MICROSYSTEMS
Manhasset. NY 11030

THE COMPUTER FACTORY
New York, NY 10017
AUTOMATIC SYSTEMS
Poughkeepsie NY 12603
COMPUTER HOUSE
Rochester, NY 14609

THE COMPUTER STORE
Rochester, NY 14618

THE COMPUTER CORNER
white Ptains NY 10601

NORTH CAROLINA

BYTE SHOP

Charlotte, NC 28212
COMPUTERLAND
Charlotie. NC 28205
FUTUREWORLD

Durham. NC 27707

BYTE SHOP

Greensboro NC 27401
MICROCOMPUTER SERVICES
Hickary. NC 28601

BYTE SHOP OF RALEIGH
Ralesgh NC 27605

OHIO

BASIC COMPUTER SHOP

Akrgn, OH 44314

CINCINNATI COMPUTER STORE
Cincinnati, OH 45246

21587 CENTURY SHOP

Cincinnati, OH 45202

CYBER SHOP

Columbus, OH 43227

MICRC MINI COMPUTER WORLD
Columbus, QH 43213

ASTRO VIDEO ELECTRONICS
Lancaster. OH 43130
COMPUTERLAND OF CLEVELAND
Maytigid Heights, OH 44121
RADIO SHACK (Dealar)

St Clasrsville, OH 43950

OKLAHOMA

BUSINESS MICRO SYSTEMS
Okiahoma City, OK 73108
HIGH TECHNOLOGY
Oklahoma City, OK 73106
MICROLITHICS

Okiahoma City, OK 73127
HIGH TECHNOLOGY

Tulsa, OK 74129

OREGON

THE COMPUTER STORE
Corvallis, OR 97330

CAMERA AND COMPUTER
EMPORIUM

Portland, OR 97205
COMPUTERLAND OF PORTLAND
Tigan. OR 97223

PENNSYLVANIA

BYTE SHOP

Bryn Mawr, PA 13010
PERSONAL COMPUTER CENTER
Frazer, PA 19355

COMPUTER AID

Latrobs, PA 15650

THE COMPUTER WORKSHOP
Murrysville, PA 15668

RADIO SHACK (Dealor)

North Wales, PA 19454

A B COMPUTERS

Pearkasie, PA 18944
MICAROTRONIX

Phitadelphia, PA 16106

SOUTH CAROLINA
DATA MART
Greenvilta, SC 28607

TENMNESSEE
MICROCOMPUTER STORE
Knoxville, TN 37919
COMPUTER LABS OF MEMPHIS
Mamphis, TN 38117

DOC'S COMPUTER SHOP
Nashwilie, TN 37211

TEXAS

COMPUTERLAND OF AUSTIN
Austin, TX 78757
COMPUSHOP

Dallas, TX 75243
COMPUTERLAND

Dallas, TX 75231

KA ELECTRONICS SALES
Dallas, TX 75247

COMPUTER TERMINAL

El Paso, TX 79801

RAM MICRQO SYSTEMS

Fort Worth, TX 78116
COMPUTERCRAFT

Houston, TX 77063
NEIGHBORHOOD COMPUTER
Leavitt, TX 79401

COMPUTER PATCH OF SANTA FE
Odessa. TX 79762
COMPUSHOP

Aichardson, TX 75080

THE COMPUTER SHOP

San Antomio, TX 78216
COMPUTER SOLUTIONS

San Antonio. TX 78229
WICHITA COMPUTER SYSTEMS
Wichita Falls, TX 76301

UTAH
THE HI-FI SHOP
Salt Lake City, UT 84117

VERMONT
COMPUTERMART
Essex Junction. VT 05452

VIRGINIA

COMPUTER HARDWARE STORE
Alaxandns, VA 22214
COMPUTERS PLUS
Alaxandria, VA 22304

HOME COMPUTER CENTER
Newport News. VA 23606
COMPUTER TECHNIQUES
Richmond VA 23235

THE COMPUTER PLACE
Roanoke. VA 24015
COMPUTER WORKSHOP
Spnnghela, VA 22151

HOME COMPUTER CENTER
Virginia Beach. VA 23452

Look for Personal Software™ products at the dealer nearest you!

WASHINGTON

OMEGA NORTHWEST
Believue. WA 98004
COMPUTERLAND OF SOUTH
KING COUNTY

Federal Way. WA 98003

YE OLDE COMPUTER SHOPPE
Richland, WA 99352

THE COMPUTER SHOPPE
Seatlle, WA 98115

EMPIRE ELECTRONICS
Soaitle. WA 98166
COMPUTERLAND

Tacoma, WA 98499

WISCONSIN

BYTE SHOP OF MILWAUKEE
Greanfield. Wi 53227
COMPUTERLAND

Madison, Wi 53711

MADISON COMPUTER STORE
Madison, Wt 53711

FOX VALLEY

COMPUTER STORE

Neenha, WI 54956

AUSTRALIA

ELECTRONIC CONCEPTS PTY LTD
COMPUTERLAND

Sydnay, N.S.W.

CANADA

COMPLUSHOP

Calgary. Alberla T2N 244

THE COMPLUITER SHOP

Calgary. Alberta T2T 479

TJB MICROSYSTEMS

Edmonton, Alberta TSM OH8
COMPUTER CITY

Winnepeg. Manitoba R3P OH8
COMPUTERLAND

Wwinnepeg. Manitoba R3G OMB
INTERACTIVE COMPUTER SYSTEMS
Frederickton, New Brunswick
KOBETEK SYSTEMS

Waltville, Nova Scolia BOP 1X0
LYNTRONICS

Downsviow. Ontario M2J 2WE
COMPUTER CIRCLHTS

Londan, Ontario NE6A 3H2
COMPUMART

Otlawa, Ontarla K24 142
COMPUTER INNOVATIONS
Ottawa, Ontanc K18 4A8

THE COMPUTER CENTRE

Sarnia, Ontario N7T 184

HOUSE OF COMPUTERS
Toranto. Onlario

MARKETRON

Torcnlo, Ontario

MICRO-WARE

Toronto, Ontario M4E 202
COMPUCENTRE

Montreal, Quebec H1d 124
FUTUR BYTE

Montreal, Quebec H3B 3C9
CUSTOM COMPUTING SERVICES
Saskatoon, Saskatchewan STK 2B5
DIGITAL SERVICGE

Saskatoon, Saskalchewan S7.J 3AS

ENGLAND

BYTE SHOP

litord, Essex

INFOGUIDE

London

CYTEK

Manchesler M4 JE4
PETSOFT

Nowbury. Berkshwe RG13 1PB
KEEN COMPUTERS
Noftngham NG7 1FN
PETALECT

Woking. Surrey

J&J ELECTRONICS
Bexhill-on-Sea, Easl Sussex
OPTRONICS

Twickenham TW1 4RY

GERMANY
ING W HOFACKER
8 Munchen 75

HOLLAND
COMPUTRON
Dan Haag 2502 ER

ITALY
HOME MICROCOMPUTERS SRL
20123 Milano

SINGAPORE
THE COMPUTER CENTRE PTE LTO
Singapore 7

SWEDEN
MICROFUTURE
Stockholm 10322
SEMIDAKO
Uppsata 75353

SWITZERALAND
INTERFACE TECHNIQUE
Baset

DIALOG COMPUTER
Lucerne

ELBATEX

Wettingen
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(o) H1 > 400
{0,1)

©)

H1 > 40.0
{0.1)

1000

Muazch 19797 BY TL Publications ey

V1=
(H1-40.0)
*{S1*1.5)
{V1=0.0
SET OVERTIME PAY =
(b} HOURS VY(?T)KED > 40 (HOURS WORKED OVER 40} TIMES
. {SALARY AT TIME AND ONE-HALF)

COMPUTE OVERTIME PAY

®

HOURS WORKED > 40
(0,1

{SET OVERTIME PAY = ZERO

Figure 1: DOs and DON’Ts of Warnier-Orr diagramming. Figure 1a looks fike actual program
code and should not be used when trying to logically design a program. Figure 16 shows the
correct method. The entire diagram contains only logical statements which could be coded

into any computer language.

designs shown in figure 1, Both figures 1a and
1b are diagrams of the same process: compu-
tation of overtime wages. The diagram in
figure Ta however seems to be the type that
veteran programmers will almost always try
to draw. Note its heavy stress on the lan-
guage aspect of the function. It almost looks
like part of a BASIC program cut out and
pasted on a diagram. Contrast that diagram
with the one of figure 1b which correctly
details the logical process being performed.
You can see that if figure 1a was the only
documentation for this particular procedure,
you would probably not be able to tell what
that piece of code was supposed to be doing.
You might have some idea because this pro-
gram seems to have semimeaningful field
names from which you might deduce some
purpose. All we can tell for sure from
figure Ta is that some part of the program is
going to crunch a couple of numbers. What
numbers it is going to crunch and just what
for are anyone's guess. On the other hand, it
is impossible to misunderstand what the
process diagrammed in figure 1b is doing. It
is very easy to read and comprehend because
it shows the logical side of the procedure.

This stress of the logical over the physical
while designing with the Warnier-Orr dia-
grams is essential to their correct usage.
Designing as in figure 1a serves absolutely no
purpose as far as understanding the process
that is being described and is essentially
worthless as far as documentation is con-
cerned. Even though you might be able to
tell what that diagram does the day you
draw it, you probably won't be able to
understand it in six months. Someone clse
who wants 1o use your documentation might
never understand it.

As long as we're on the subject of docu-

Productivity
>

Time -

Figure 2: Typical productivity curve of
programmer being introduced to Warnier-
Orr diagram methodology.

mentation, | might mention that through the
development period of this technique, many
people were concerned that the diagrams
might become too far removed from the
actual code, which would render them use-
less as effective documentation. They waor-
ried that since the diagrams depicted Lhe
logical side of the problem, they had little or
no relevance to the physical (real world}
side. Those fears were casily put aside with
two diagramming and coding conventions,
as follows:

® Physical mileposts on the Warnier-Orr
diagrams.
® | ogical symbol tables in the programs,

Thus, when we actually wrote code that
looked like that of figure 1a, we would Lie it
to the logical figure Tb by adding the follow-
ing to the diagram.

:STMT # 1000

COMPUTE OVERTIME PAY


http:1s1�1.sl

This would be included in the program itself
by using comment statements:

1000 REM COMPUTE OVERTIME PAY
1007 REM HFLD = HOURS WORKED
1002 REM OVTFLD = OVERTIME PAY
1003 REM SALFLD =SALARY

This allows us to have a very clear and
concise, one to one mapping between the
logical diagram and the physical code. Refer-
ences between the two diagrams are quile
easy. If, for instance, you want to know
what a particular section of code is supposed
to be doing, you neced only to look it up on
the logical diagram. Similarly, if you want to
find out which part of the program is
cdarrying out a particular logical function,
you have the location information at your
fingertips. This is cxcellent documentation
in the event that you or someone else might
someday want to make a modification to
your code.

The third common philosophical error,
that of skipping the design phase altogether,
is a real problem to most newcomers. In
fact, if you look al a typical productivity
curve for a programmer who is introduced to
the Warnier-Orr diagrams, it generally looks
something like the curve in figure 2.

A currently productive programmer pro-
ducing work at a constant rate up until the
time the Warnier-Orr techniques are intro-
duced {(point A), will typically show an ini-
tial burst of very high productivity (point B).
This is usually followed by a slump (point C)
where the programmer sinks back to or just
above his previous level of work. Eventually,
he will ¢limb back up to a new, higher level
of work (point D), where he will usually stay.
This peculiar slump at point C scems to be
primarily due to the fact that since the pro-
grammer has begun to feel comfortable with
the new technique and has had some initial
success with it, he begins to feel confident
enough 1o try 1o do the work without doing
the diagrams first. He soon realizes that the
quality of his work has dropped off and
starts to do the diagrams once again, this
time for good, and his work level rises up to
a new, higher level that will remain fairly
constant.

Apparently, the only way to get new
people to avoid this temptation is to fore-
warn them that it does tend to happen, so
that if and when they find themsclves on the
downhill side of the productivity curve, they
can recognize the trap in time to cscape the
worst of it

-~
PRODUCT CODE = A
{0,1}

®

DETERMINE UNIT PRODUCT CODE =B

PRICE < 0,1}
PRODUCT CODE =C
(0,1}
END PRICE
~

UNIT PRICE IS IN
PRICE FIELD =1

GO TO END PRICE

UNIT PRICE = $7.00

GO TO END PRICE

PRICE

{GO TO COMPUTE MARKET

Figure 3: Example case statements making use of logically illegal GOTO state-
ments. When a set of statements is finished the diagram will logically fafl
through afl of the other exclusive ORs, % and arrive at the END PRICE

section. This no GOTO need be shown.

So much for the philosophical errors.
There are also a fecw common technical
errors that people make, and we'll look at
those next.

Technical Errors

For a lot of people who arc just starting
lo program and may be unfamiliar with
structured programming technigues, some of
the diagramming methods may seem to be a
bit uncomfortable. One of the most often
seen lechnical errors is the attempted use of
a GOTO stalement on the diagram. The case
statement shown in figure 3 illustrates this
problem.

Two of the occurrences of the GOTOs in
figure 3 arc incorrect and the other is am-
biguous. The GOTOs in "PRODUCT CODE =
A" and in “PRODUCT CODE = B arc
unnecessary and incorrect. The default
logical linkages will sce to it that the appro-
priate sleps are executed. The GOTO at
“PRODUCT CODE = C" is unclear. If it is
supposed o mean that we are to cease
execulion of this process and jump Lo the
procedure "COMPUTE MARKET PRICE”
to begin processing, then its usage is incor-
recl. If on the other hand it means that
“COMPUTE MARKET PRICE" is a com-
mon ulility routine and is described else-
where in the system, then the GOTO is
misteading. Instead, we should have written:

PRODUCT CODE = C { COMPUTE MARKET PRICE

0,1

if the process was expanded on a diffcrent
page of the diagram; or something like the
words ‘.. .SEE ABOVE” or "...SEE
BELOW' if that process appears elsewhere
on the same page. The GOTO is a physical
entity to be used at execulion and is not a
logical relationship, so it does not belong on
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MOMNDAY
{0,1}

®

TUESDAY
0,1}

SELECT DAY OF @
THE WEEK

FRIDAY
(0,17

OTHER
10,1}

Figure 4: Example of a case statement with
processes that are mutually exclusive and
mutually independent.

A~ A

(0,1

TUESDAY
0.1
MONDAY

(0.1}

®
e {

Figure 5: When a case statement has mutually independent and multually
exclusive statements, the statements may be rearranged into any order with-
out changing the logic of the diagram.

-
MONDAY, TUESDAY OR FRIDAY {

SELECT DAY OF
THE WEEK

(PLAYEF( l-(|AS)NO 80DY SKIP

.

PLAYER HAS NO NECK 4:

(0,1} SKIP

®

ROLL IS A 4~ PLAYER HAS NO HEAD
(0,1

®

PLAYER ALREADY HAS
TWO ANTENNAE
(0,1}

®

PLAYER ALREADY HAS {

SKIP

SKiP

GIVE PLAYER

TWO ANTENNAE AN ANTENNA

0,1

N~

Figure 6: Although this is a working Warnier-Orr diagram, the case statermenis
are not mutually independent.
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|F ‘player has no body’
THEN ...

ELSE {F ‘player has no neck’
THEN . ..

ELSE IF ‘player has no head’
THEN ...

ELSE IF ‘player has two antennae’
THEN ...

ELSE ‘give player one antenna’

Listing 1: Typical if-then-else structure for
Warnier-Orr diagram of figure 6.

a logical Warnier-Orr diagram.

Another common technical mistake is
one thatis a little harder to catch, and is one
that even professionals with this technique
will make if they aren’t careful. Consider the
case statement shown in figure 4.

Note that in this case statement, not only
are the processes outlined mutually exclusive
{only one of the cases is true), but they arc
also mutually independent. That is, their
order within the case statement does not
matter. It would be just as correct for
me Lo have written the diagram as shown in
figure 5.

In an earlier articie “Structured Program
Design” (Oct 77 BYTE), the game of BUG
was outlined. In the game, a die is rolled for
each player and each number of the dic
corresponds to a part of the bug's body; the
player finishing his bug first wins the game.
If aplayerrolls a 4 for instance, he is entitled
to one antenna. But he must have already
acquired a body, a neck and a head in that
order before he can receive an antenna. He
needs a total of two antennae if he is to
complete a bug.

Many people would try to code that proc-
ess as a case statement as in figure 6. The
process in figure 6 certainly looks correct,
and indeed, if you code it as a case slate-
ment, as in listing 1, it will even run correctly.

However, this process is not a case state-
ment. It is more properly called a pseudo-
case slatement, because each of its cases is
mutually dependent. The cases cannot be
reordered within the statement without
destroying its logic. Notice that rearrange-
menl of the case statement diagram as
shown in figure 7 does not work at all, This
arrangement will give the player an antenna
anytime a four is rolled, until he has two
antennae, regardless of whether or not he
alrcady has a body, a neck or a head. A more
correct logical interpretation of the case
structure we want is shown in figure 8.

You might also notice that since the bug
must have a body before it can have a neck
(and a neck before it can have a head) if we
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GIVE PLAYER
AN ANTENNA

~
FLAYER HAS 2 ANTENNAE
0,1

®

PLAYER HAS NO HEAD
(0,1)

®

ROLL IS A 4" ﬁ PLAYER HAS NO BODY
0.1}

A

SKIP

SKIP

PLAYER HAS NO NECK
(0,1

®

PLAYER Hg% 2 ANTENNAE {SK‘P

SKiP

AN AN S

~

Figure 7: When the statements in figure 6 are rearranged as shown, it can be

seen that the program fails to work as desired.

Figure 8: This method of - r
approaching the stated
“bug’ problem is more
logically correct than that
of figure 6. Al of the
statements at each level of
the diagram are mutually
exclusive and mutually
independent.

(0,1}

PLAYER HAS A BODY
s -ﬁ

ROLL IS A 4" ﬁ

O)

0,11

-

PLAYER (I-éA.'S’ A BODY { SKIP

ROLL IS A “4" @

PLAYER HAS A NECK

@ PLAYER HAS A NECK

<

-

merely check for the presence of the head,
we will be indirectly checking for the neck
and the body, so that figure 9 is an equivalent
structure.,

Another common technical error is the
misuse or lack of use of the {0,1) notation in
conjunction with the exclusive OR, ®. Many
times, people will simply write:

CONDITION A {
TEST ®

CONDITION B {

By this they often imply the {0,1) notation
with the use of the symbol @ alone. Actually,
this is not incorrect; in fact, for most people
familiar with the diagrams, this notation
seems to be just as clear. But for users not
quite familiar with the Warnier-Orr diagrams
it is probably best to go ahead and include
the (0,1).

To conclude, I'll reiterate a point made in
an earlier article: Understanding a Warnier-
Orr diagram is very easy; creating one from
scratch is much harder than it looks.®

-
PLAYER HAS 2
ANTENNAE {SKIP

9,14

PLAYER HAS A HEAD

0.1 4 ®

(011 AN ANTENNA

PLAYER HAS 2
o ANTENNAE {les PLAYER

PLAYER HAS A HEAD { SKIp
0.1

{ SKIP

PLAYER HAS A HEAD
(0,1)

PLAYER HAS 2
ANTENNAE {SKIP
(0,1)

®

PLAYER HAS 2 GIVE PLAYER
ANTENNAE AN
0,1} ANTENNA

(.

PLAYER HAS A HEAD {smp
(0,1)

Figure 9: Since a bug must have a head in order to have an antenna, and a body and neck to
have a head, the search process can be shortened by just checking for the presence of a head.
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ITS NOT A TELEPHONE...

THE SUPERPHONE"

The telephone with such sophisticated
features it's more than a phone. An indis-
pensable desktop aid or bedside friend, with
microprocessor controlled solid state elec-
tronics and 14 digit LED readout. Here’s
what Superphone does for you:

It's a Telephone

e Easily connects to any private or business phone line...
and there’s no need to switch to Touchtone® service
because Superphone works on either Touchtone® or
rotary dial lines with ultimate pushbutton convenience.

e Simply lift the hand set and you're in the telephone
mode.

e Even if there's a power failure, the rechargeable
battery takes super charge of the situation.

It's a Memory-dialer

e Superphone enables you to store the 20 numbers you
call most frequently, and these numbers can be up
to 14 digits long.

® Just press the MEM DIAL and the location number and
your number will be both displayed and dialed
automatically.

# For PBX users who need to dial an *‘access’’ number
{such as '*9'") for an outside line, it provides a pause
before the next digit is dialed.

It's an Auto-redialer

® Automatically stores the last number dialed whether
from memory or manually.

e Jusl press REDIAL and the last dialed number will be
displayed and dialed automatically.

CALLYOUR CHARGE CARD ORDERS ON OUR TOLL-FREE LINE: 1-800-258-5477

BI I s INC  POB 498, 25 Route 101 West, Peterborough NH, 03458

It’s a Calculator

® Four-function floating decimal point, eight digit
calculator: +,— ,x,-, and chain calculations are
features that count.

e Calculations without interference, even during a

conversation.
e Just press CALCULATOR key to start or to terminate
calculator functions.

It's a Digital Clock

e Constant display of hour, minute, day, and date keeps
you in time with a blinking dot per second.

e Quartz crystal accuracy for super dependability.

e Easy Keyboard programming for the time and date set.

It’s an Alarm Clock

e Alarm can be set to the minute to keep you on schedute.

® The buzz will remind you of important appecintments or
wake you up when you want.

e Easy Keyboard programming for the alarm time set.

It's a Stopwatch

e Enables you to clock your conversations to the second.
e Just press the TIMER key to start the stopwatch
function.

It's Guaranteed

o Built-in battery that continues phone function in event
of power failure.

® One year warranty.

e FCC approved for direct connection to all phone lines.

e Complete money back guarantee if returned within
30 days.

Available in lvory (with black faceplate) or Espresso
Brown {(with chocolate brown faceplate). Each $229.00 plus
$2.50 insured LJPS shipping and handling.

N
VISA
[

Cirele 33 on inQuiry card.
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Practical Microcomputer Programming

PRACTICAL MICROCOMPUTER PRO-
GRAMMING: THE M6800 by W J Weller.

This second volume of the Practical
Microcomputer Programming series ad-
dresses the problems of applications pro-
gramming at assembly level for the M6800.
In 16 chapters and more than 100 formal
examples, the fundamental technigues of
assembly level programming are applied to
the solution of specific problems with the
6800. Nowhere theaoretical, it is a thorough
and detailed methods text for the beginning
and intermediate application programmer
using the 6800. Hardback. $21.95.

PRACTICAL MICROCOMPUTER PROGRAMMING: THE INTEL 8080 by W J Weller,
A V Shatzel, and H Y Nice.

Here is a comprehensive source of programming information for the present or
prospective user of the 8080 microcomputer, including moving data, binary arith-
metic operations, multiplication and division, use of the stack pointer, subroutines,
arrays and tables, conversions, decimal arithmetic, various 10 options, real time clocks
and interrupt driven processes, and debugging techniques.

This 306 page hardcover book is well worth its $21.95 price and should be in every
8080 or Z-80 user's library.

[rommmTnnnTTTITTIImTTssmmmmmnmnemmmonnnenee e 1
i Name :
! 1
I
I Address :
1

]
! City State Zip |
]

1
: PRACTICAL THE INTEL 8080 @ $21.95 $ :
1 BITS' MICROCOMPUTER |
: INC  PROGRAMMING THE M6800 @ $21.95 § 1
i ;(5) %:ffe 101 West Postage $.75 ea. $ :

1
: Peterborough NH 03458 Postage outside USA $ 1.00 3 i

1
: Total $ I
i 0O Check enclosed :
Vi | i
' 1@; O Bill MC # ,/ ,/ ,/ Exp. Date H
[ !

1
' O Bill BA # ,/ / ,/ Exp. Date ]
I )

1
: Signature ]
: You may photocopy this page if you wish to leave your BYTE intact. ’
J o o o o o o e T e S Em am M e S e e e e M M e N G e SN D SN N SR WD SR ER SN R R N A e —

Naturally, a company whose name has almost become synonymous with data communi-
cation in industry can produce exceptionally fine business terminals. These terminals,
just as naturally, form the best business end for your personal computer. When you're
ready for your computer to start earning its keep, let us put a system together for you,
We offer a complete line of Teletype Corporation Products interfaced and tested to
Apple I, TRS 80, Commodore Pet, Amsai, Ohio Scientific and others. We stock and
distribute this specialized product line and our goal is to provide you with the best
service, the best delivery, and the best price available anywhere.

The following printers are available now, Many more soon.
DELUXE BUSINESS MODEL 43,132 Column Pin Feed . . . . . ... .. ... .. .......... $1296.00
80 COLUMN MODEL 40, 300 Line Per Minute Work Horse . . . . .. ... ... .. ......... $2395.00
132 COLUMN MODEL 40, 300 Line Per Minute Industry Standard . . . . ... ... ........ $3500.00

Order Direct, Check or Purchase Order to:

CABOT COMPUTER SERVICES, INC.
P. O. Box AA
Cabot, AR 72023 (501) 843-5302
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Table 1, continued:

1

Y

NN MK

— R W W W

SN S ] L8] =N =P W - N

W W

38

3A

3D

41

42
45

4A
4E

51
52
55
58
5E
61
62
65
6B
7
72
75
78
83
87

8F

93

9D
A3

83

C3
c7
cC
CcD
CF

D3

DC
DD

E3

EC
ED

F3

FC
FD

RTS

RTI

DMA

CPZ A

COM A
CPY A

DEC A
NOP

crPzB
comMmB
CPY B
DECB
NOP
NEG X
COM X
LLSR X
DEC X
NEG e
COMe
LSRe
DECe
SB1 A%
ST2 A

5128

SB1 Ad

DMA

SB1 A X

SB1 Ae

SB1 B#
ST28B
CPX #
BSRH r
ST2 X

SBi8d

cPXd
DMA

SB1B X

CPX X
JSR X

SB1Be

CPX e
JSR e

Same as 39 followed by 34:ie: RTS followed
by reset of stack pointer to original setting
plus 1.

Same as 38 followed by 34s; ie: RTI followed
by reset of stack pointer to original setting
plus 1.

Program counter continuously increments
address bus. VMA and RW lines go high.
Compare register A with zero. Leaves register
A unchanged, but sets NZVC according to
result of the compare with zero,

Same as 43.

Copies least significant bit of register & into
carry bit, Leaves register A unchanged. Sets
overflow bit (V) according to V=NC + NC,
Sets zero bit {2) if either register A or B is
zero. Could be used (by following with BCS)
to branch on register A equal to an odd
number.

Same as 4A.

Compare register B with zero. Simitar wo 41
above.

Same as 53.

Copies least significant bit of register B into
carry bit. Leaves register B unchanged.
Remarks similar to 45 above.

Same as 5A.

Same as 60.
Same as 63.
Same as 64.
Same as BA.

Same as 70.
Same as 73.
Same as 74.
Same as 7A.

A+(A) — (immediate+1].

PC+2-{A). Stores contents of register A at
current program counter plus two and ad-
vances 1o program counter  plus 3.
PC+2, PC+3+SP. Stores current value of stack
pointer at program counter plus twe and
three and advances to program counter plus
four.

A+(A) — [{memory directi+1]. Adds one to
contents of referenced memory, subtracts
result from register A and stores result of
subtraction in register A. Leawves memory
contents unchanged.

Same as 3D above.

A-—(A) — [{memory indexed}+1]. Similar to
93 above.

A—(A} — [{memory extended}+1]. Similar to
93 above.

B--{B) — {immediate+1}.,

PC+2+(B). Similar to 87 above.

Same as 8C.

Same as 8D.

PC+2, PC+3+IX. Stores current value of
index at pragram counter plus two and three
and advances to program counter plus four.

B—(B} — [{memory direct)+1]. Similar to
93 above.

Same as 9C.

Same as 3D above.

B—{B} — [{memory indexed}+1}. Similar to
93 above,

Same as AC.

Same as AD.

B-—(B) — [{memory extended)+1]. Similar to
93 above.

Same as BC.

Same as BD. | ]

Circle 77 on inquiry card.

P.E.T. Food

BREAKOUT - - $10.00

120 5EE0 SIS SRR SPTRAEAAD PSR

3
-

:xzu xag '33

WSOD = C

llllll‘lll;ill‘l

Total amount spent was 43508.99

Total income was 2.7%

Do yo for this
p.r’ou ?%ngruugmnd ing profile

HOUSEHOLD FINANCE

PARTS 1&2 - - $15.00

Dual Joystick Interface
(with two progrnm.]'$45-on

LIFE - - - - - - - $20.00

ORDERS: Send check, money order,
or VISA/Mastercharge {include expi-
ration date) and add $1.50 shipping.
Calif. residents add 6% sales tax.

INFORMATION: More information
on these and many other currently
available programs is available on a
free flyer. Write directiy to Creative
Software.

Crealive Soffware

P.O. BOX 4030, MOUKTAIN VIEW, CA 94040
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Techaicsl

Forum

Let’'s Be PALs:

Some Comments on

R G Silson

Mear Station
TRING

Heris HP23 50X
ENGLAND

E John Dehaven {(April 1978 BYTE, page
152) is a little out of date regarding British
TV standards. [n 1936 the world’s first high
definition television station started regular
broadcasts from Alexandra Palace, London
ENGLAND. The (ransmission used 405
lines with AM sound and synchronized to
the 50 Hz power lines. Alter the war the
system was exlended to cover the whole
country on VHF,

With the introduction of color, a new
UHF network was sct up which now has
around 1000 transmitters. The color system
uses a 625 line phase alternation line {PAL)

system with FM sound. //n the PAL color

system, the subcarrier derived from the
color burst is phase inverted from one fine
to the next to minimize possible trans-
mission hue errors. . .CM] No new 405 sets
have been available for many years. Official
policy has been to delete the 405 line system

BBC Teletext

as soon as practical since all channels are
duplicated on UHF. The problem is that
many small communities in hilly areas
find UHF reception very poor and a local
UHF transmitter is not always economic.

In Britain the whole 50 Hz power system
is synchronized by high voltage links, but
transmitters are no longer tied to it. This
change is perhaps unfortunate since some
sets show a moving band, at the difference
frequency, up or down the screen. This is
usually faint but noticeable to the critical.

There is no need to modify the latest
British color sets. They include high quality
video display unit facilities to receive the
new Teletext transmissions. All 625 channels
now transmit digital data on unused picture
lines giving up to 800 pages on each channel
(more with special arrangements as below).
A standard format of 24 lines, each with 40
characters, is used, with odd parity 8 bit
bytes for each character. Each page is num-
bered (100 to 899) and the whole series
is transmitted in sequence cach 15 scconds
or so0. Some pages {eg: page 100) give general
or special indexes to other pages which carry
all kinds of information from news to
recipes, sports to weather maps, etc. A digital
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"IN IGI[RO
WORIKS

MOTOROLA MG&809
EMULATOR

Run 6809 software before the chlp is
available!

DS-80 §$-100% compatible wideo digitizer with
256 x 256 resolution & 64 levels ol grey
stale. $349.95

05-68 The same item lor the SS50/6800 buss

$169.95

MPRINT 6800 Driver software n 2708 for Malibu
160 printer Wiring diagram included.

$39.95

BIOPIC  Complete Biorhythm and Computer Portrai
Software in 27085 for Malbu printer,
DS-68 and SWTPC 6800 compuler

$175.00

PSB-D8 Prom system board with 8K of 2708 and

1K ram for all $§-50 Computers. $119.95

P.0O. BOX 1110 DEL MAR, CA. 92019 714-756-B687

March 19790 BY TE Publications Inc

Smoks Signal Digk Users!

Run Mixed 5 and 8 Inch Drives
The Disk Mixer is a retrofll kit for Smoke
Signal Disk controller boards capable of
driving elther 5 In. or 8 In. disks that allows
the user to mix drive sizes. DM-85 allows

any configuration ot 5 in. and 8 In, drives to
be user detined, and provides the appropri-
ate clock signals for the disk being access-
ed. This is a ki, and is not recommended
for those withoul hardware experience.
$39.95

E6809 is a 6800 machine language program
that emulates all of the functions of the
Motorola 6809 third generation micro-
processor. Developed for use on any S5-50
computer system, the program aliows soft-
ware development and debugging prior to
6809 availability. The 3 K byte program is
complete with a 6809 mini-monitor for ease
of use, and on source listing. Available in
Smoke Signal or Flex format disk, or cas-
sette tape. $48.95
“See Byte, Jan,, Feb., Mar, 79

Master Charge
and
BankAmericard

Circle 231 on inquiry card.



the electric pencil 1I1”

¢ 1978 Michae! Shrayer

The Electric Pencil II is a Character Oriented As text is typed in and the end of a screen
Word Processing System. This means that text is line is reached, a partially completed word is
gntered as a string of continuous characters and shifted to the beginning of the following Line.
is manipulated as such. This allows the user Whenever text is inserted or deleted, existing
enormous freedom and ease in the movement and text is pushed down or pulled up in a wrap
handling of text. Since line endings are never around fashion. Everything appears on the wvideo
delineated, any number of characters, words, display screen as it occurs which eliminates any

lines or paragraphs may be inserted or deleted guesswork. Text may be reviewed at will by
anywhere in the text. The entirety of the text variable speed scrolling both in the forward and

shifts and opens up or closes as needed in full reverse directions. By using the search or the
vied of the user. The typing of carriage returns search and replace function, any string of
as well as word hyphenation is not required characters may be located and/or replaced with
since lines of text are formatted automatically. any other string of characters as desired.

When text is printed, The Electric Pencil II automatically inserts carriage returns where they
are needed. Numerous combinations of Line length, page length, Line spacing and page spacing allow
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bidirectional
printing are included in the Diablc versions. Right justification gives right-hand margins that are
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and
logo) was printed by the Diablo version of The Electric Pencil II in one pass.

NEW FEATURES: +« CP/M, IMDOS and HELIOS Compatible * Supports
Now on CP'M ¢ e P

Four Disk Drives * Dynmamic Print Formatting * DIABLO as well as NEC

printer packages * Multicolumn Printing * Print Value Chaining =*

The Electric Pencil II Page-at-a-time Scrolling * New Bidirectional Multispeed Scrolling

is also compatible with Controls * New Subsystem with Print Value Scoreboard * Automatic Word

Imsai's IMDOS. HELIOS and Record Number Tally * Cassette backup for additional storage * Full

versions SSH and DSH are Margin Control * End-of-Page Control * Non-Printing Text Commenting *

now ready. The NEC print Line and Paragraph Indentation * Centering * Underlining * BOLD FACE *
package is now available.

A utility program that M I D E S C R E E N v 1 p E 0 ! !¢
converts PENCIL to CP/M

to PENCIL files is ready. Available to Imsai VIC video users for a huge 80x24 character screen.
“"CONVERT" is only $35.00. These versions put almost twice as many characters on the screen !!!

HAVE WE GOT A VERSION FOR YOU ?

The Electric Pencil Il operates with any 8080/780 based microcomputer that supports a CP/M disk
system and uses a Imsai VIO, Processor Technology VDM-1, Polymorphic VTI, Solid State Music vB-18
or any similar memory mapped video interface. REX versions now available. Specify when using CP/M
that has been modified for Micropolis ar North Star disk systems as follows: Ffor North Star add
suffix A to version number, for Micropolis add suffix B to version number, e.g. SS-IIA, DV-IIB.

vers Video Printer Price

S5-11 SoL TTY or similar $225.

SP-I1  VTI TTY or similar $225. m MICHAEL SHRAYER SOFTWARE, INC.
S¥-I1 yDM TTY or similar $225. 1253 Vista Superba Drive
SR-11 REX TTY or similar $250. ss Glendale, CA 91205
SI-I1 VIO TTY or similar $250. (213) 956-1593

BS-11 SOL Diablo 1610/20 $275.

pP-11 VTI Diablo 1610/20 $275.
byV-11 VDM Diablo 1610/20 3$275.
DR-11 REX Diablo 1610/20 $300.

pI-II  VIC  Diablo 1610/20  $300. Electric Pencil I is still available for non CP/M users:
NS-1I  SOL  NEC Spinwriter  $275. B—
NP-I1  VTI  NEC Spinwriter  $275. Vers Videc Printer Cassette Disk Drive Price
NV-I1 VDM NEC Spinwriter $£275.
NR-I1  REX  NEC Spinwriter  $300. sS SOL  TTY or similar CuTs - $100.
NI-II VIO NEC Spinwriter $300. SP VT1 TTY or similar Tarbetl - $100.
SSH 0L Helios/TTY $250. SV VDM  TTY or similar  Tarbell -—- $100.
bSH SOL  Helios/Diablo $300. SSN  SOL  TTY or similar CuTS Nerth Star $125.
SPN VTI1 TTY or similar Tarbell North Star $125.
UPGRADING POLICY: Any version of SYN VDM  TTY or similar  Tarbell  North Star $125.
The Eiectric Pencil may be upgraded DS S0L  Diablo 1610/20 cuTs --- $150.
at any time by simply returning the DP VTI Diablo 1610720 Tarbell -—- $150.
original disk or cassette and the DV VDM  Diablo 1610/20  Tarbell -—- $150.
price difference between versions DSN SOL  Diablo 1610720 cuTS Morth Star $175.
plus $15.00 to MSS. Accept only DPN  VTI piablo 1610/20 Tarbell North Star $17S.
original media at time of purchase. DVN VDM  Diablo 1610/20 Tarbell North Star $175.

Demand a demo from your dealer!
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4044 — $5

450 nsec. — Quantity 64

250 nsec. 450 nsec.
1-31 chips $8 $7
32-63 chips 7 6
64-over 6 5

2716 — $49

Single 5V Supply — Limited Quantity

Z-80A — $19

4 Mhz. Version
Other Specials
6810 — $4.25 8251A — $7.50

All are Factory Prime Chips — Guaranteed Good

Seattle Computer Products, Inc.

1114 Industry Drive, Seattle, WA. 98188
{208) 575-1830
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DIGITAL/ TL

RELIABILITY
QUALITY
DEPENDABILITY

BHRS )
8K STATIC RAM
ASSEMBLED
S-100

A D D R E I N G TWG IRDEPENDEN| A BLOUKS SELECTED
BY PLUGGARLE RIMERS &1 BOARDEDGE
P ORBUARD SWIL I WOITE PACTEC TSAINMIGICGTS AL v
QR FACH 4K HLOCK CAR B FHOTECTED W1A § IONT PASEL
B F F E R 1 N G ALL 5000 BUS LINES ARE FLALY DUTFCRED
ONE L§ 1 LUAD PER LIKE
LO W POW E R 202 NAMS - THE SRS TYMCALLY ACCAINES 15 AMPS
AT BYOLTS - | CH-O0AAD 5 VOLT NEGULATORS
WAl'I' STATES ©. 1. OR 2 WAIT SFATES 84a% B SELECTED
WA A PLUGGAELE AIWPEN
A L 'l’ THE BIAFE IS (L MRS BROT WITILSILK SC1E 6 LEGEM,
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clock is given on the top line of cach page,
exact to the second,

A small key pad is provided. Keying a
page number selects that page from the
stream and stares it in the set for display
as required. Normally only one page is
stored but this is limited by economics
alone. Storage may be for seconds or weeks
if necessary. Extra pages above the basic
800 are obtained by using sets of pages with
the same page number, and cycling them
over several minutes, or even once per day.
The keypad has extra buttons that permit
normal picture display, Teletext display and
combined display. It also has clock time set-
ting switches that allow a page to be sclected
at a given time and stored to be displayed at
leisure.

To use the set as a personal video display
unit, onc merely necds to input serial bytes
in the published standard Teletext format
via a spare channel. Superb facilities are
available, all controlled by the data. Char-
acters are of a high standard since they are
generated as video signals by the Teletext
unit with an cquivalent bandwidth of about
14 MHz. The whole 150-7 ASCII set is
available with upper and lower case. Addi-
tionally, there are 64 graphics characters
{permitting maps and other displays). These
are in a 3 by 2 rectangle using one of six
bits to give all possible on or off combi-
nations. A duplicate upper case permits
legends within the graphics.

The Teletext unit has direct control
of the three color guns, permitting all
characters to be displayed as black, white,
red, green, yvellow, blue, magenta or cyan
in almost any combination, against a back-
ground of a chosen color. Any or all of the
characters may be flashed on and off to
attract attention.

A special control character may be used
to open and close a box in the normal
picturc. The box may be of any size or shape
and in any position on the screen. This
facility is normally used for subtitles and
news flashes, but could allow part of the
screen access to the personal computer while
the family watches a normal program on
the rest of it. The store is continually up-
dated by incoming new or repeat data but,
if required, the whole page may be crased
before a new page is started.

Overall, this set seems to have a high
potential of usefulness. This may increase
in the future since several control characlers
are still spare. In Britain this video display
unit is also being standardized for telephene
data so that all possible digital information
services may usc the household television,
giving a minimum total cost. One wonders
what the limit is going to be. m
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[ AVAILABLE FOR IMMEDIATE DELIVERY |
CASSETTE SOFTWARE DISKETTE

Package # 1036 (Level II) .. .. ... o $495.00

COMPLETE SMALL BUSINESS -- This program is a complete small business program that was tailored to
wotk for most small business applications.” The program includes such things as Accounts Receivable,
Accounts Payable, Invoicing, Inventory Control, Payroll and General Ledger.

Package # 1038 (Level II) . . ... .. $ 99.95
ACCOUNTS RECEIVABLE
Package % 1039 (Level I1) . .. .. ... . $ 99.95
ACCOUNTS PAYABLE
Package # 1044 (Level II). . ... ... e . $125.00
INVENTORY CONTROL
Package # 1045 (Level I} . . ................. e $ 99.95
INVOICING
Package # 1046 (Level 1) . ... ... .. . $ 99.95
PAYROLL
Package # 1047 (Level 1) . . . . . . e $ 99.95
MAILING LIST
Package # 1024 Package #1026
(Level T, DISKETTE) . . . ..ot eiaeeenn s $24.95 (Level T, DISKETTE) . . ovvvne e $24.95
Includes the following: Includes the following:
SPACEWAR [ — BANNER - UFO ATTACK — PILE UP — SPACEWAR II — CIVIL WAR — TRAF THE TRIBBLE -
BIORHYTHM — AUTO RACE and WORDS. LIFE — KNIGHT — CONCENTRATION and LUNAR
LANDER.

OVER 150 EXCITING PROGRAMS
* MORE EVERY DAY *

EDUCATION ELECTRONICS MARKETING

Also available for PET and APPLE.
All SOFTWARE-80 programs are guaranteed.

Programs available in Level I and Level II Basic.
All of our business programs will operate with printer; custom programs also available.

With certified check or money order, all orders shipped within 24 hours.
Personal checks allow 2 weeks. Send for our complete catalogue.

SOFTWARE-80

18228 Cabrillo Court

Fountain Valley, CA 92708
L (714) 962-3423 J

e

ALL PRICES AND PROGRAMS ARE SUBJECT TO CHANGE WITHOUT NOTICEJ
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TRS-80 TRANSFORMED
WITH PROFESSIONAL
SOFTWARE PACKAGE

Lifeboat Associates, specialists in microcomputer disk software,
is proud to offer the first professional disk-based language and
utility package for the Radio Shack TRS-80 computer. Written
by Microsoft, creators of Level Il BASIC, the package runs on
a TRS-80 system with 32K RAM, one or more drives and
TRSDOS. The software is supplied on diskettes and consists of:
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Assume that the 26 upper case letters
and the 10 digits will be used to ecstablish
a password, For the algorithm in figure 1,
a user could try, in order, all 36 characters
to find the correct first character. After
the first character is identified, the user
could follow the same procedure to find
the second character. Once the second
character is found, the procedure could
be repeated to find the third.

With this system, there are 36 + 36 + 36 =
108 different possible passwords. This is too
few combinations for adequate security.

An Improved Password Procedure

A belter procedure is shown in figure 2.
Here, a 3 character password is also used.
However, in this method all characters
are entered before the password is checked.
Thus, a failing password yields little informa-
tion. The user can’t tell which of the charac-
ters is incorrect. All that is known is that the
combination tried was incorrect.

With this procedure, there are 36 X 36 X
36 = 46,656 possible passwords. This should
be an acceptable level of security. If addi-
tional security is desired, the password can
be expanded beyond three characters.
Table 1 shows the number of different
possible passwords in these situations. This
lable was developed with the assumption
that only upper case letters and digits would
be used in a password.

The program in listing | is an 8080/Z-80
coding of the algorithm in figure 2. The
program as shown uses the password YES.
It has been implemented on a North Star
Herizon Computer. The following comments
should allow this program to be modified for
other systems (all numbers shown arc in
hexadecimal; DOS stands for disk operating
system):

Statement Comment

CALL 200D  Calls the DOS output
routine.
Quitputs the character in
the B register.

CALL 2900 Calls the DOS character
input subroutine.

|MP 270F Jumps to the DOS to al-
low normal system access.

MVIE, 53 Establishes the password

MVI E, 45 as "YES.” These three

MVI E, 59 statements are where you

establish your own pass-
word,

A password subroutine is easy to imple-
ment and requires little computer memory.
However, il increases the security of your
system.®

Listing 1. An 8080/Z-80 assembler listing of the improved algorithm for a
3 character password, This program is written for the password YES.

2869
2949
296%
2969
2969
2969
2949
2969
2959
2949
2959
2949
2949
2949
296%
2949
2989
294%
2959
2960
2960
2970
2922
2975
2977
2974
297C
297F
2981
2794
2986
298¢
2989
2989
2989
298¢L
298F
2992
2993
2998
2998
2999
2998
2994
2990
29%9E
2941
2943
29A4
29R7
2944
29AC
294D
29B0

76

4B

29
29

29
29

29

29
27

24

20

29

LOCT:
LoCc2:

In:
IDETK:

oK

TRYS:

HALT:

MELEE LRI R R Ry R LSRR I IT)

.
FROGRAM NANE :1D
PROGRAMKER tR. J. KREINILER
DESCRIFTION :THIS PROGRAM

ALLOWS THE USER TO ESTABLISH
A THREE CHARACTER ID{(PASSWORD)
TO CONTROL SYSTEM ACCESS

- . wos BN
b OE N RN e

R Y R R F T T Py
s
L}

;DEFINE STORAGE LOCATIONS FOR INPUT CHAKS
K]

r
1
’
.
.
r
r
r
r
'
]

'
EQU 27CCH
EQU 2?CIH

M4
TRYS
H
7SET ATTENPTS TO TWQ

JESTABLISH NUMBER OF

NVI  D,02H

MYi B,O0DH {PLACE "CR" IN B
CALL 200DH {PRINT "CR"

NV1 B, 04N (PLACE “LF" IN B
CALL 200DH {PRINT “LF*

WY1 B, 49K {PLACE "I" IN B
CALL 200DH (PRINT "1"

HVI B, 44H (PLACE “D" IN B
CALL 200DH JPRINT D"

HVI B,3FH $PLACE "7" IN B
CALL 200DH (PRINT “7"

MVI B,20H {PLACE " “ IN B
CALL 200DH JPRINT ™ @

e
7OBTAIN THE THREE INPUT CHARACTERS

L

CALL 29Q0H ;6ET INPUT CHAR

§Ta LOC! +STORE CHAR AT ADDRESS LOC!
CALL 2900H sGET NEXT INPUT CHAR

5TA LOC2 $STORE IT AT LOC2

CALL 2900H ;GET LAST INPUT CHAR

SLEAVE IT IN A
;CONPARE INPUT TO VALID 1D IN KEVERSE ORIER
b
r
{PLACE "S" IN E

WY1 E,53H
CHPE ;COMFARE WITH LAST CHAR IN
JHZ TRYS iNO MATCH GO TO TRYS
LbA LOE2 FPLACE 2ND CHAR IN A
WY1 E,4SH ;PLACE “E" IN E
cHP E ;CONPARE WITH 2ND INPUT CHAR
JHZ TRYS iNO WATCH GO TO TRYS
LDA LOCI ;PLACE 1ST INPUT CHAR IN &
AVl E,S9H jPLACE "Y" IN E
TP E ;COMPAKE UITH IST INPUT CHAR
K2 TRYS iNO KATCH GO TO TRYS
g
;1F 1D VALID PRINT “OK" & GIVE SYSTEN ACCESS
M
VI B, 4FH ;PLACE 0" IN B
CALL 200DH iPRINT 0"
AYI B, 4BH jPLACE "K" IN B
CALL 200DH ;PRINT "K*
JHP 270FH ;GIVE ACCESS T0 SYSTEN

]
L}
+IF INPUT INVALID PRINT “NO"
H)
’
1PLACE

HYI B,4EH “N" IN R
CALL 200DH iPRINT "N*
HVI B, AFH FLACE "0° IN B
CALL 2000H {PRINT 0"

;t

+TEST NUMBEK OF IMPUT TRYS
]
'
sREDUCE D BY 1
+IF B NOT O TRY AGAIN
H
+IF ALL ALLOWED TRYS FAIL THEN HALT
4]
’

DCE D

JRI  IDETR

HLT
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The Power of the

HP-67 Programmable Calculator, Part 1

Robert C Arp Jr
POB 1268
Minden NV B9423

Photo 1. The HP-67, one of the sophisticated pocket calculator products
which represent the small end of the personal computing hardware range.
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Introduction

This article is not a simple product
review. Rather, it is the presentation of a
complex programming example designed to
illustrate the exploitation of a computing
system composed of the HP-67 and its
accessories, and worksheets that reduce the
task of programming the calculator to a
systematic exercise. The HP-67 is a pocket-
sized version of the HP-97. The built-in
thermal printer of the HP-97 is the major
difference between the calculators. The
HP-67 is shown in photo 1.

In addition to the HP-67, there are
other sophisticated programmable calcula-
lors available at price levels which attracied
consumers to the first scientific calculators
in 1972 and the years following. | purchased
my HP-35 early, and until the introduction
of the HP-67 | considered it to be the finest
calculator cver manufactured.

I must admit that | was intrigued by the
fcatures of the SR-52 when it was intro-
duced. However, threc of the Hewlelt-
Packard features force me to vote for the
HP-67: choice of display format ({fixed
decimal, scientific and engineering; all with
number of digits control), reverse Polish
notation {RPN), and my previous experience
with Hewlett-Packard. (Since 1972 | have
experienced zero down time with the HP-35.
Therefore, | am properly impressed with HP
quality.)

Although | expect to see calculators with
mare memory capacity and some increase in
programming capability in the future, |
think the HP-67 represents a plateau of
sophistication that will satisfy the nceds of a4
large percentage of users. The HP-67 has 26
data storage registers, 224 steps of program
memory {cach step can hold as many as
three keystrokes), unconditional and condi-
tional branching, three levels of subroutines,
four flags, 20 labels, indirect addressing, and,
if that isn't enough, it accepts magnetic
cards that record data or programs. In
addition, each of the 35 keys control up 1o
four separate operations, and, of course, it is
completely portable with the rechargable
battery pack.



ARE YOU
TAKING FULL

ADVANTAGE
OF YOUR
COMPUTER?

Then we want you. Assembied at the Per-
sonal Computing Festival of the 1979 Na-
tional Computer Conference will be scores
of experts with diverse backgrounds. Your
imagination cannot help but be triggered with new uses and applications
for your own computer. Over 25 technical sessions will cover such topics
as:languages, education, robotics, small business applications, speech
synthesis and recognition, and investment analysis. Live demonstrations
of applications by individual users will enable you to see the latest per-

sonal computing realities in ac- Then we need you.
tion. Commercial exhibits will bring You have developed
you up-to-date on industry offer- an application to a

ings in microcomputer products, point where your re-
systems, and services. Take full sults are up to your own high personal standards. Speak to
advantage of your computer by us,and the world, at the NCC '79 Personal Computing Fes-
attending the NCC Personal Com-  tival. You can help your friends and colleagues take full ad-
puting Festival at the Americana vantage of their own computers by presenting a paper, chair-
Hotelin New York City, June 4-7. ing a session, or demonstrating your application. Valuable
Forcontinuing informationabout  prizes will be awarded for outstanding applications demon-
the complete computing experi- strations and for the best papers published in the NCC '79
ence at NCC, simply fill out and  Personal Computing Proceedings. Fill out the coupon be-
return the coupon below. low, check the box on conference participation, and well
send you cemplete information. Time is short, so you must
act promptly. But remember...whether or not you're pre-
sently taking full advantage of your computer, there's a
world of information on the very latest in personal com-
puting awaiting you at NCC '79 in New York.

NCC'79 -

PERSONAL COMPUTING FESTIVAL
c/o AFIPS, 210 Summit Avenue, Montvale, N.J. 07645 I
[ Please keep me up-to-date on NCC ‘79 and its Personal Computing Festival.
O I'm interested in making a presentation and have enclosed a description of
my topic. |
O I'm interested in demonstrating my own personal computing application and
am enclosing a description of it.
[0 My company is interested in exhibiting at the Personal Computing Festival.
O Please send information on the NCC ‘79 Travel Service.

Name Title

Company
Street
City State Zip
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Table 1: A list of pre-
cautions for prospective
wsers  of the Hewlett
Packard HP-67 and HP-97
programmable calculators.

Learning to Use the HP-67

Table 1 is a list of cautions which should
be memorized before using the HP-67. These
simple rules will allow maximum utility
with minimum misery. After memorizing
these rules, read Appendix B of the HP-67
handbook before attempting to use the
calculator.

The HP-67 is a very powerful computer.
One should not expect to memorize the
Owner's Handbook and Programming Guide
with a cursory reading. (The handbook is
almost 3/4 inch thick.) Its contents should
be digested in two stages: After acquiring
your HP-67, read the handbook leisurcly for
two or three days, performing calculations
when necessary. Next, design programs that
require as many functions as possible, refer-
ring to the handbook often.

In addition to the Owner’s Handbook and
Programming Guide, the HP-67 is accom-
panicd by a "Standard Pac" of programs
which includes:

® 15 prerecorded magnetic cards con-
taining programs for problems com-
mon o business, science and cngi-
neering, a diagnostic program and an
abrasive cleaning card.

® 24 blank magnetic cards,

® Standard Pac Handbook.

The Standard Pac Handbook contains a
description of cach of the standard pro-
grams, instructions for running the pro-
grams, example problems, program listings
and explanations of important programming
techniques. As part of learning 10 use the
HP-67, an owner should be sure to read this
handbook. Pay particular attention to any

1. Always have a battery pack installed in calculator,

a. Turn HP-67 off.

d. Turn HP-67 on.

2. Connect the calculator to the charger using the following steps:

b. Connect charger to calculator.
c. Plug charger into power outlet.

a. Turn HP-67 off.

3. Disconnect the charger from the calculator using the following steps:

b. Unplug charger from power outlet.
c. Disconnect charger from calculator.

or recording @ program.

4, lLeave the W/PRGM-RUN switch in the RUN position except when programming

5. Check each program of the Standard Pac and your Application Pacs as soon as
you receive the Pacs. Don't wait until the need occurs to discover an error,

with anly one copy.

6. Store partially completed programs on two blank cards. Don't trust yvourself

slot.

7. If any difficulty is experienced when removing a program card from the window
slot, press down on the card with a pencil’s eraser and slide the card out of the

8. If the motor begins to sound as if it is laboring, a pass or two of the abrasive
cleaning card may clear up the problem. Remember, also, that a fully discharged
battery pack must be charged for five minutes before a card can be read.
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programming techniques you might be able
to utilize,

Application pacs {which include business
decisions, statistics, mathematics, electrical
engineering, clinical lab, nuclear medicine,
mechanical engincering, and surveying) con-
tain about 20 prerecorded program cards
apicce and a handbook containing 2
description of the programs with relevant
cquations, instructions for running the pro-
grams, example problems and program
listings.

All prerccorded cards in the pacs have
printed mnemonics which substitute for the
instructions after a few familiarization runs.
The mnemonics include input variables, keys
to be pressed and outputs to be expected. A
full explanation of the mnemonic symbols
for the magnetic cards may be found on
page vi of the Standard Pac Handbook and
in cach Application Pac Handbook.

Key Functions

All of the HP-67 Key Funclions are
discussed briefly on pages & thru 13 of the
Owmner's Handbook and Programming Guide .
The mathematical key funclions are dis-
cussed in detail in the first 120 pages of the
guide. Following this is a completie de-
scription of the programming key functions.
Card reader operations and the appendices
take up the rest of the guide.

Many of the mathematical and pro-
gramming functions are self-explanatory hy
their designations. Examples of these, which
would be familiar even to those people
unfamiliar with Hewlett-Packard calculators,
are =, X, +, mand ~ x. Experienced users
should recognize ENTER, CHS, EEX and
CLX. After brief explanations, it is casy to
remember the function of most unfamiliar
keys by their abbreviations: STK = stack
review, ABS = absolute value, INT = integer
portion, FRAC = fractional portion, RND =
round off, STO = store, and RCL = recall.

32 of the keys may be used as a single
stroke  function, or they may be pre-
ceded by one of three prefix keys (two
stroke function) and, occasionally, they may
be followed by another function key {three
stroke function). These 32 keys are used to
provide 116 functions {five are redundani),
but because the key designations closely
describe the functions performed, they are
casily memorized. | also found the mathe-
matical functions listed in table 2 to he
especially useful.

Functions | Would have Appreciated

The programming functions of the HP-G7






lTuble 2: Some useful
muthematical functions
wvaitable on  the HP-67
and HP-97 programmuable
cufcufators.

certainly allow the writing of complex pro-
grams. Yet, | would ask for the following
additional features:

e | would like to be ablc to clear
registers RO thru R9 with one or two
keystrokes, without clearing registers
A thru E and I. {Pressing [ CL REC
clears primary slorage registers RO
thru R9 plus A thru E and 1.}

e | would like to be able to perform
direct storage register arithmetic upon
the contents of all registers. (Storage
register arithmetic can be performed
directly upon the contents of registers
RO thru R9 only. [fndirec! storage
register arithmetic can be performed
upon the contents ol any storage
register.)

® | would like o be able 10 directly
address all storage registers. (Regis-
ters RO thru R9 and registers A thru
E and | can be addressed directly,
while registers RSO thru RS9 can be
addressed indirectly or by pressing
fP=S.)

Most Appreciated Features

Personally, | think the most powerful
HP-67 functions are the five program editing
and manipulation functions. These five func-
tions are nonrecordable operations  that
assist you in altering and correcting your
programs.

The SST (single step) function may be
used while cither programming or running a
program. When SST is pressed (with the
W/PRGM-RUN switch sel Lo W/PRGM) the
calculator moves to and displays the next
step of program memory. This allows you to
view each step of the program without cxe-
cution. If SST is pressed while the
W/PRGM-RUN switch is set to RUN, the
calculator displays the next step of program
memory, and, when you release the SST
key, the calculator executes the instruction
loaded in that step. This operation is espe-
cially useful when debugging i program.

Function
Name Definition

P Rectangular to polar coordinates conversion

R Polar to rectangular coordinates conversion

LSTx Recalls number displayed before the previous operation

R Converts degrees to radians

[b] Converts radians to degrees

DEG Sets decimal degrees mode for trignnometric functions

RAD Sets radians mode for trigonometric functions

GRD Sets grads mode for trigonometric functions

H.MS Converts decimal hours or degrees 1o hours, minutes and seconds, or
degrees, minutes and seconds

H.MS+ Adds hours, minutes and seconds (or degrees, minutes and seconds}
in the Y register to those in the X register
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When the W/PRGM-RUN switch is set to
W/PRGM, the h BST operation causes the
calculator to move to and display the pre-
vious step of program memory. If the
W/PRGM-RUN switch is set to RUN, press-
ing BST, after h has been pressed and
released, causes the calculator to display the
contents of the previous step of program
memory. When BST is released, the original
contents of the X register are displayed, the
calculator having executed no instructions.

The GTO.nnn operation permits you 1o
jump to any location in program memory
for editing, additions or corrections to a
program. When GTO. is pressed, followed by
a three digit step number, the calculator
transfers execution so that the next opera-
tion or instruction will begin at that
step number (this happens whether the
W/PRGM-RUN switch is set to W/PRGM or
to RUN). No instructions are executed.

When the W/PRGM-RUN switch is set Lo
W/PRGM, a press of h DEL will erase the
instruction at the current step of program
memory, and all subsequent instructions in
program memory move upward one step.
{(Note: Any time an instruction is inserted
between existing instructions in a program,
all subsecquent instructions in program mem-
ory move downward one step. Thus the
HP-67 has a true insertion capability.)

Programming the HP-67

A program for the HP-67 is nothing more
than a listing of the keystrokes necessary to
perform the desired calculations manually,
plus the labels to define the beginning and
ending of the program, loops and subrou-
tines. The listing may be prepared using a
worksheet such as that shown in figure 1.
The form shown is page 1 of a set of five
with preprinted program steps from 1 thru
224,

When creating programs, remember that
any solution that gives the correct outputs
may be a suitable program. There is no one
correct program for any problem. Emphasis,
when programming, must only be placed on
time. The time spent in programming must
be compared to the time involved in running
the program and the number of times the
program will be used. It would be silly to
spend days modifying a program with a
running time of 30 minutes so that it could
be run in 20 minutes if the program is to be
used only two or three times.

In addition, programming is a pcrsonal
art. Spend enough time creating your pro-
grams to satisfy your own artistic fastidious-
ness. Of course, you are limited to the
available memory. However, the example to
be discussed illustrates that very complex






problems can be handled with 224 steps of
program memory. Furthermore, don't forget
that data may bc stored on the magnetic
cards, and this memory is limited only by
the number of blank cards you purchase.
The guide (and probably every other
publication which discusses programming)
supgests that a flowchart be drawn for each
program. A flowchart breaks down a pro-
gram into small groups of instructions which
can be handled more casily than the entire
program. In addition, flowcharts can be used
as documentation lor the program. | cannot
argue with this reasoning because it seems
fogical. | can only say that | personally find
flowcharts worthless when they are drawn,
and 1 can, within the limits of my capa-
bilities, write a program while another pro-
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Figure 1. An example of the author’s calculator program sheet used to write a
program for the HP-67 which solves up to nine equations in nine unknowrs.
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grammer is fooling arcund with the
flowchart.

| certainly do suggest, however, that you
try the flowchart approach to programming,
but don't be surprised if you find it easier to
tackle the program directly. For documen-
tation, | believe that comments with the
program and the run instructions are more
valuable than any flowchart, especially a
year or two after the program is written.

While creating a program, a review of the
“Function Key Index" every now and then
will keep the full repertoire of the HP-67
fresh in your mind. This is important if you
want to take advantage of the many mathe-
matical, branching and looping functions
available. Also, since there are usually many
ways to accomplish a desired series of steps,
spend a moment or two thinking of the
various possibilities. For example, if a condi-
tional test must be executed, would g X=Y, f
X=0, f DSZ, f ISZ, g DSZ{i} or g IS2{i} fit
best in your program? Each of these (unc-
tions arc designed to be used in slightly
different ways, yet all of them may be used
to test for zero.

When g X=Y and f X=0 are used, the
calculator branches around the next instruc-
tion if the question asked by the conditional
is not truc; f DSZ and f ISZ decrement or
increment the contents of the | register
unless its contents are zero, and, if the
number in the | register has become zcro,
program execution skips the next step just
like a false conditional instruction; g DSZ(i)
and g ISZ(i) decrement or increment the
contents of the storage register addressed by
the current number in the | register unless
the contents of the addressed register are
zero, and, if the number in the addressed
register has become zero, one program step
is skipped.

These functions, as well as the many
other programming functions, are fully ex-
plained in the guide. Since it is not my desire
to reprint the guide, | will not dwell upon
these explanations. | would, however, like 1o
mention two other types of choices thal
must often be made.

Onc of these choices is whether to branch
forward or to branch backward. A backward
branch, which is usually executed faster,
becomes necessary when all labels have been
used for other purposes. But any correction
to the program after the backward branch
has been added may necessitate a correction
to the number stored in the | register. (It is
the number stored in the | register which
causes the jump.)

The other choice is whether or not a
subroutine should be used to accomplish the
functions performed by a group of key-
strokes used more than once during program









First Time Offer for the Micro Market

Go First Class

SCREEN CAPACITY, CHARACTERS

DISPLAY

CHARACTERS PER LINE

NUMBER OF LINES
SCREEN |

TUBE S1IZE(DIAGONAL)

VIEWING AREA
CHARACTER SI12E

REFRESH RATE
SCAN METHOD

CHARACTER GENERATION

CURSOR .

TYPE
CAPACITY

OPERATOR CONTROLS

MEMORY

POWER ON/OFF SWITCH
BRIGHTNESS CONTROL .

POWER REQUIREMENTS

Model 501 - 115 valts, 60 Hz, 100 watts naminal
Model 502 - 230 volts, 50 Hz, 100 watts nominal

3S SALES, INC.

Circle 364 on inguiry card,

DEALER NETWORK IS NOW BEING SET UP — YOUR

1€k
MODEL 501

DATA-SCREEN® TERMINAL

A NEW LOW COST, MICROPROCESSOR
CONTROLLED CRT TERMINAL

QUALITY — APPEARANCE
ECONOMY

ONLY $995.% (arvy

DELIVERED CONT. USA

90 DAY WARRANTY GUARANTEES YQU

YOUR EQUIPMENT WORKS PROPERLY

1 YEAR EXTENDED WARRANTY

AT SPECIAL RATES

g” Our Specifications Before You Buy

SPECIFICATIONS

2000 DATA FORMAT
80 DATA BITS
25 DATA BIT 8
P4 phosphor (white! PARITY .
12 irehes (30.4 cmt

64 square inches 137 1 cm) STOP BITS

0.20" high x 08" wide (5.08
mm high x 2.03 mm wide!)

60 Hz 150 Hz available)
Raster

DATA TRANSFER RATE

5 x 7 character inan 8
x 10 dot matrix

Blinking block

INVERSE VIDEQ

TRANSMIT MODES

Random Access Memory
2000 characters

DATA ENTRY

END OF LINE BELL

CURSOR POSITIONING
CURSOR ADDRESS
DISPLAYABLE CHARACTERS
CURSOR CONTROLS

On rear of unit

On rear of unit

AUTOMATIC ROLL UP

AJTO CARRIAGE RETURN
AND LINE FEED

MONITOR MODE

NATIONAL DISTRIBUTOR FOR

INQUIRY IS INVITED

VISA* Rasteichaige :
)

P.O. Box 45944
918 - 622-1058

INTERFACE

STANDARD FEATURES

7 sernal, asynchromous
1, 0 or deteted

Odd. even @t defewed
with errar displayed as
DLE
laor2

- 50,75, 110, 1345180,

300. 6Q0, 1200, 1800,
2000, 2400, 3600, 4800
7200, 9600 BAUD

Qperator ar sottware
selectable

Halt or full duptes Iswatch
selectablel

Teop ot bottom hine
Switch selectable

X-Y

Load and read

126 Uncludng space!?

Un, down, tedt cupht,
home, returns

Switch selectably

Switeh selnctable

Speciat “Manitor ' Mode
altows display ol conteal codes
{first two cotumns) of ASCIH
Code Chart]

OLDEST INDEPENDENT

COMMERCIAL CRT TERMINAL

MANUFACTURER

Tulsa, OK 74145
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Circle 10 on nquiry card.

If you need Business Reports with fancy
frills you have the wrong company. We
don’t put these in our Software or our Ads.
Both cost *** You *** Money.

But if you need solid, Down-To-Earth
Software for your North Star, Imsai, or
other low cost Data Processing System
written in Microsoft Basic or Cbasic in-
cluding GL, AR, AP, Inventory, Payroll,
Mailing List and Fixed Asset Accounting

then you *** Do *** have the right
company.

GIVE US A TRY — WE KNOW YOU'LL BE GLAD YOU DID

We honor Visa and Mastercharge

%&m MMM@

102 Avenida Dela Estrella
Suite 208
San Clemente, CA 92672
{714) 492-7633

SPECIAL
LIST CASH

S.D. Systems Floppy Disk PRICE _ PAICE

Interface Kit 158.00 135.00
Imsai $102-1 Serial Port

Interface Kit 125.00 106.00
imsai MIQ Multiple I/0

Interface Kit 195.00 166.00
ECT 10 Slot Main Frame Kit 325.00 277.00
Godbout 24K Memory Unkit 445.00 380.00
SSM 104 2P + 2S1/0 Kit 149.95 128.00

North Star HorizonT

CATCH THE
s-100 INC. |
BUS! © Ol

Dual Bensity Kit 1599.00 1339.00

Call for Our Prices on:
Cromemco, IMSAI, Vector Graphic,
North Star, Sanyo, Hazeltine, IMC

Plus Most Other Major Lines.

Subject to Available Quanlilies. * Prices Quoted Include Cash Discounts
Shipping & Insurance Extra

Bus...S—lﬂu,iﬂB.

Address. . .7 White Place
Clark, N.J. 07066

Interface. . .201-382-1318

208
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The second necessary calculation is drift.
Drift is the measure of how many degrees
off your intended course the wind will
blow you if you let it. My program uses a
one pass wind solution that gives the drift
and ground speed after going through the
formula just once. This particular solution
has the disadvantage of requiring the usc of
an inverse sine (sin™ '} in the calculation.
The one pass drift formula is:

wind velocity x
sin{course — wind direction — 180}
true air speed

drift = sin_

It is possible to subslitute an inverse tangent
calculation for the inverse sine. This sub-
stitution is:

sin ! {Y)=tan ! (Y/SQRT (t - ¥2j}.

The one pass ground speed formula is the
third of the three necessary calculations.
This formula wil! not work for direct head
winds or tail winds. These conditions must
be handicd separately. In this program, |
detected these situations prior to the drift
calculation to save the extra step. The one
pass ground speed formula is:

ground speed= sin {180 — course + {wind direction
+ 180} — drift} % true air speed
sin {course = fwind direction + 1801)

The special cases of direct head or tail
winds are casy to handle. In either case the
drift is 0. For head winds {course — wind
direction = 0), the ground speed will be
equal to true air speed minus wind velocity.
For tail winds, ground speed will be equal
Lo true air speed plus wind velocity.

An alternative to the one pass system
is a two pass system. In this case Lhe course
is applied to the formula initially to obtain
an estimate of the drift. This in turn is
applicd to the course Lo get a heading. The
heading is then used in the formula to obtain
the actual drfit and ground speed. This
routineg is equally accurate and has the
advantage that it requires no functions more
sophisticated than sine and cosine. In an
extreme case the sine and cosine functions
could be obtained by reading a table.

As | said earlier, any output beyond these
three basic picces of information is at the
discretion of the system's designer. | use a
similar system to produce flight plans for
low altitude and high-speed routes, which
1 fly as a C-130 instructor navigator. That
system uses fixed route data stored on disk
and produces precise ETAs (estimated times
of arrival) and includes a lot of ancillary
output information concerning altitudes,
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APPLE 11 - TRS 80 - PET

& MANY OTHER PROGRAMS
ON CASSETTE & DISK
FOR SALE

WE PROMOTE, ADVERTISE AMD SELL SOFT-
WARE FOR FREE LANCE COMPUTER SPECIAL-
ISTS ALL OVER THE FREE WORLD.

OUR PUBLIC DOMAIN SOFTWARE MAY BE
REPRODUCED OR SOLD AT YOUR DISCRETION

SOME SAMPLES

AIRCRAFT INSTRUMENT TRAINING SIMULATOR
FOR APPLE ti. YOUR APPLE TEACHES BASIC
INSTRUMENT FLYING (CASSETTE OR DISK] . $19.95

PUBLIC DOMAIN PACKAGE INCLUDES OVER 100
PROGRAMS FOR APPLE Il. CONTENTS CHANGE
EACH QUARTER. BEST AVAILABLE. . . ... .. $49.95

TRS 80 PUBLIC DOMAIN PACKAGE OF
25PROGRAMS. . ... .. .. .. ... ... ... ... $29.95

GET A WHOLE YEAR'S MEMBERSHIP &
SUBSCHIPTION TO OUR CATALOG,

Programmers Software Exchange
2110 North 2nd Street
Cabot, Arkansas 72023

Circle 338 on inquiry ¢ard.

€/PM’ SOFTWARE TOOLS

ED-80 TEXT EDITOR

THE PROGRAMMER'S MOST IMPORTANT SOFTWARE TOOL
—— WHY NOT MAKE IT YOUR BEST?

ED-80 encompasses the features found on large mainframe and minicomputer editors,
such as the [BM 370, CDC 170, UNIVAC 1100, and the DEC PDP-11 series computers,
plus additional features designed for floppy disk basad operalting systems. It is a
context editor which is compatible with C/PM and its derivatives, inciuding IMDOS,
DOS-4, COOS, etc.

Over 50 commands are provided, including forward or backward LOCATE, CHAMGE,
and FIND commands; INSERT, DELETE, REPLACE, APPEND, PRINT, LIST, MACRO,
upper and lower CASE, SCALE TABSET and WINDOW commands; and GET and PUT
commands for r ting, and m taxt files and
libraries. Sophisticated ssar:h and changa techntques are provrded for managing
BASIC, FORTRAN, COBOL, PL/I, ALGOL, APL, PASCAL, ASSEMBLER, TEXT
FORMATTED, and other file typas.

The WINDOW command allows instantanecus Iull screen displays of both the current
and surrounding hines for further editing, and prowides for forward and bachward
scrolting i the Iull screen mode. Designed for today’s high speed CRT's and video
monitors, the WINOOW command separates ED-80 irom ali other available editors,
and is not hardware dependent.

Up to three MACRO ds may be defined for iterative execution of concatenated
editor commands., Once defined, thay may be subsequentry executed, or recafled lor
obsarvation. A MACRO may aiso be defined and executed in a single operation,
Canligurable parameters for tailoring the editor to the user's keyboard and environment
are provided through the use ol the C./PM Dynamic Debus Teol (DDT). The WINDOW,
WINDOW NEXT, WINDOW PREVIOUS, NEXT LINE, and PREVIOUS LINE commands
fall in this category. Thess commands are tonsidered so important o test editing that
anly one key has 1o be depressed to cause any one of them to execute.

A CURRENT LINE MUMBER is internaliy rnalntamed by the editor 1or dlsplaylng when
prompting lor input and with certain cther ¢ Line bars are d

adjusted as the result of line inserts and deletes, and may be used for positianing within
the file. They are nat stored or associated with the text in any manner.

ED-80 is thoroughly documented with 3 User's Manual of over 35 pages describing each
command and feature, and includes numerous examples. 1t i5 95K bybes in size, and a
minimum C/PM operating system of 20K is recommended. A User's Manual and sandard
size single density diskette are 569.00. A User's Manual is $7.50, refundsble with
purchase. COD and money orders shipped next day, COD orders require 10% deposid,
Personal checks must clear before shipment. Include $2.00 shipping/handiing per order.

SOFTWARE DEVELOFMENT AND TRAINING, INC.
P.O.Box 4511 —  Huntsville, Alabama 35802

C/PM® s a trademark ol Digital Research

ANNOUNCING

DU&@?

THE EDUCATIONAL LANGUAGE
NOW READY FOR YOUR TRS-80

THIS VERSION FEATURES A BUILT {N EDITOR (THE
ONLY ONE WITH ONE ON THE MARKET THAT WE
KNOW OF) AND COMES WITH THREE SAMPLE
PROGRAMS.

THIS IS A PROGRAMMING LANGUAGE SO SIMPLE
A YOUNG CHILD CAN USE IT.

ALONG WITH YOUR ORDER YOU WILL RECEIVE
THE LATEST LIST OF PILOT PROGRAM PACKAGES.
WHICH SELL FOR $7.95 EA.

AND—YOU WILL BECOME A MEMBER OF THE

TO YOU FREE FOR THE NEXT YEAR!

ORDER NOW!!

TAPE $14.95 DISK $24.95

(OTHER VERSIONS WILL BE AVAILABLE SOON}

HADIHATYERYSOT T WARE

900E SALEM RCAD * DRACUT, MA 01826
*» PHONE: (617) 682-8131 o7 Q
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PILOT USERS GROUP, WITH A NEWSLETTER SENT

Circle 91 on inquiry card.

NO FRILLS! NO GIMMICKS! JUST GREAT

DISCOUNTS
MAIL ORDER ONLY

HAZELTINE DIGITAL SYSTEMS
1460 ... ... % 650.00 | compyler .. ....... $4345.00
1500 .. ... ... 99540 Double Densj]y
Mod 1 ... .. - 1485.00 DualDrive .. ... .. 2433.00
CENTRONICS IMSAI
;;g e lggg-gg VDP 80/1000 ... .. $5895.00
"""" . YOP40 . ... ... ..., 3795.00
700 traclor ... ... . 1185.00 VOP42 ... 3895.00
761 KSR tractor . . 1595.00 VOP44 . ... 4195.00
703 tractor . ... . 2195.00 16K Memory assem... 399.00
NORTHSTAR PCS8O/S ... ... ... 679.00
Horizon | assembled. . 1629.00 15% off on all other IMBAI products
kel ... 1339.00
) CROMEMCO
Horizon 1l assembled. . 1999.00
Wi 1509.00 System 11l $1000 off . . 4590.00
Disk Syslem o 589.00 10% aff en all other Cromemco products
TELETYPE TEXAS INSTRUMENT
Mod 43 ... . .. . 1095.00 B10 Printer .. . 1625.00
imMs ADDS
16K Static Memoary. 459.95 Regent 100 .... . ... 1095.00

Mostitems in stock for immediaie delivery. Faclory-fresh, saaled carlons.
DATA DISCOUNT CENTER ro.8cx 100
435-53 Northem Bivd., Flushing, New York 11353, 212/465-6609

M.¥.S. residents add appropriate Sales Tax. Shipping FOB N.Y.
BankAmericard, Master CGharge add 3% . COD orders require 25% deposit.
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route. [t allows 25 individual legs, and
prints a formatted flight plan of fairly
simple design.

The program is based on magnetic infor-
mation (magnetic courses and magnctic
winds). This is simple and direct because

the end product is supposed to be a mag-
netic (compass) heading. A more formal
solution can be made based on true infor-
mation (truc courses and truc winds) by ap-
plying magnetic variation. A typical program
run is shown in listing 1.m

The Nybbles Library is an inexpensive
means for BYTE readers to share some
interesting but specialized forms of software.
These programs are written by readers with
small computers and printer facilities, and
are therefore designed for particular systems.
The algorithms and programming tech-
nigues in these programs can be directly
used by readers with similar equipment, or
can serve as an inspiration for improvisation
on computers of different characteristics.

Potential authors of such programs
should send us a self-addressed stamped
envelope, with a request for a copy of our
“Guidelines for Nybbles Authors.”’ Payment

for Nybbles items is based on sales and
length of the item. Rates are set at the time
of acceptance.

Nybbles Library programs are sent in
listing form, printed on 8.5 by 11 inch paper
on both sides. The Nybbles Library pro-
grams are 3 hole punched for collection in
loose leaf binders, and come in an attractive
folder which serves as a cover.

This month the “Computer Assisted
Flight Planning” (document #104) has been
added to the Nybbles Library. Use the cou-
pon below to order your personal copy, at
$1.25 (US and Canada), $1.85 (foreign air-
mail) postpaid.

Please send copies of BYTE Nybble # at $ postpaid.
Please remit in US funds only.
Check Enclosed

Billmy BAC # Exp Date

Billmy MC # _ Exp Date
Name
Street
City State Zip Code

BYTE Nybbles Library, 70 Main St, Peterborough NH 03458

Nybbles
You may photocopy this page if you wish to keep your BYTE intact.

TRS-80

Al

CASH

CHARGE PAID OUT

FOOD
17 00

BEVERAGE TAX
350 92

TOTAL
2142

AMT TENDERED 3000

CUSTOMER CHANGE 8.56

Every game different. SURE TOBE A CLASSIC

APPLE

P.O. BOX 397D GRAN

MIKEJ2500RPATR1600 A
??4 112[3]4 "MK B S|s|s |+ ]
1
st1ac [10]
HEEE] P  BEEIE ElE g saasge
AECE B8 NBEBR BE e Tl I sase [E]
IEBEE B HABEE EE F <ol
1121300 7|8(|3/6 M O|1 o WEST THIHAHIA HELEN[7]
11213] 4 | 4 HEICIE] IR H 8lelz(e
ERIN
u[N[c[LE { }_ D
J
123456758890

BULLS#HITS™. . Hilch up your horse sense, wind up your wits, load the Computer and get ready to play BULLSSHITS™ A NEW game of logic and luck
developed by Michael O'Toole. [t means spellbinding. sophisticated. stimuiating fun for the entire family One, two players or parlners will be at odds
trying to beat each other or the Computer. Score—tnat's the object — SCORE and the higher the better Completely interactive. . .ENJOY . Only $14.85

BLACK®STARS™. . .|f you enjoyed Microchess you'll love BLACK*STARS™, another NEW strategy game by Michael O'Toole. The action is fast and
furious. Two, three, four or more players utilize the strategic locations of the BLACK®STARS™, to capture and recapture areas on the space grid,

Only $14.95

INSTANTeCASHeREGISTER™.. .For the TRS-80 Level | and 1, Pet and Apple soon. Register Sales. Paid Quls, Charge, Cash, Tax, Amt. Tendered.
Custamer Change, Daily Read Qutan Tolals, and more. Easity Customized Cash Register by day, game player at night?

ORDERS: SEND CHECK OR MONEY ORDER TO:

the COMPUTER BUS ™

QOnly $19.95

D RIVER, OHIO 44045

Circle 87 on inguiry card.
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that every LISP construct computes a value.
LISP tends to emphasize the applicative
nature of algorithms, using ‘‘function appli-
cation” as its basic computational notation
and using recursion to express the control
aspects of the process; recent research has
indicated that many common recursive
schemes can be executed in an iterative
fashion. That is, the evaluation mechanism
need not involve the usual stack oriented
overhead. One should not confuse the recur-
sive notation with the evaluation mechanism.

The basic unit of Pascal is a statement,
rather than an expression. That is, Pascal’s
units tend to be executed for effect rather
than value. It is interesting that John Backus,
the “father’” of FORTRAN, has spent con-
siderable time in recent years studying and
advocating applicative languages, turning
from the more traditional imperative, state-
ment oriented languages like FORTRAN,
ALGOL, and Pascal. In his Turing lecture,
Backus writes:

This world of statements is a dis-
orderly one, with few useful mathe-
matical properties. Structured pro-
gramming can be seen as a modest
effort to introduce some order into this
chaotic world, but it accomplishes
little in attacking the fundamental
problems created by the word-at-a-
time von Neumann style of pro-
gramming, with its primitive use of
loops, subscripts, and branching flow
of control.

Of course things are not all that black and
white. Pascal has applicative aspects and LISP
has imperative aspects. The difference is
again one of emphasis and philosophy: the
expression versus the statement. The dif-
ference has a mighty influence on the lan-
guage design: expressions lead to calculator-
like interactions; statements lead to com-
puter-like programs, Wirth, in the Computing
Surveys, writes:

We must recognize the strong and un-
deniable influence that our language
exerts on our way of thinking, and in
fact defines and delimits the abstract
space in which we can formulate—give
form to—our thoughts.

Computing Attitudes

That is a critical point, true in natural
language as well as in programming lan-
guages. In fact, the problem goes deeper
than programming language. One's attitude
about computation is deeply connected with
the human interface problem. Those who

Circle 72 on inquiry card.

NOBODY SELLS THE
BEST FOR LESS

LIST SPECIAL
PRICE PRICE

Electronic Control Technology

16K RAM
Kit 279.00 235.00
Assembied 310.00 265.00
MECA Alpha-1 Dual Drive
Cassette System 845.00 725.00
Thinker Toys - Discus One 995.00 850.00
SSM Music Synthesizer
Board Kit 149.95 125.00
Mountain Hardware
100,000 Day Clock 219.00 185.00

Micropolis Model 1042
Double Density Disk System 799.00 675.00

Godbout 8K Unkit 139.00 118.00
Call for our prices on:

North Star, IMSAI, Sanyo, Integral Data Systems, Cromemco,
Teletek, IMG, Problem Solver, SSM, Polymorphic, Vector Graphic

Subject to Available Quantities ® Shipping FREE on prepaid orders

Computer Lab of New Jersey
141 Route 46
Budd Lake, New Jersey 07828
Phone (201) 691-1984

OUR BOARDS
WON'T

I nunurumuu e
iy | mmnmm

= ||||1|||u'.||l|!|”|
large.
compuler

boards aren't the
most exciting things
i the world but

Mullen boards are an ex-
ceplion

The Extender Board Kit has a
togic probe that lets you know B

and

what's gong on in your circurt And if
you get bored with that, there's a general
purpose kluge boartd area where you can im-
plement custam testing pps Still not enough?
Haok a ‘scope probe on to the specially designed edge
cunnectans and check out the logic patterns. And if all
that 1ails, maybe the low price will get you excited. $39 per kit.
The Conlrolier Board Kil is an intelfigent switching system that
listens 1o the world through 8 opio-solator inputs, confers with the
computer, and then issues open’close wstructions to B reed relays 1f you
get tired of low power apphications, high power AC modules are available
Each kit includes applications notes and an onboard self-tester $99 per kit.
For some people, the fun stops once you've put a board in your computer With a
Mullen board, the fun’s just beginming

MULLEN Computer Products
BOX 6214, HAYWARD, CA 94545

Mullen boards are available at computer stores nation-wide or by direct mail
{Califormans add sales tax}
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Attention: TDL Users

An exchange of information among
users of TDL (Technical Design Labs)
equipment and software is being started
by Dr John R Cameron, POB 1517,
Palo Alto CA 94301, If you would like
lo comrespond  with others who have
similar interests, send descriptions of any
and all Z-80/TDL related hardware and
software to Dr Cameron. He asks that
you enclose a briel summary (typed,
single spaced) of your offerings and
wishes, with your return address. What-
ever material you wish to disseminate
may be enclosed, or give prices and avail-
ability for commercial offerings. A
users survey is also being compiled, so
you may wish lo describe your system
and its applications. For copies of other
users’ summaries and information of
general interest, send $3 to Dr Cameron
at the above address.

New Computer Group in Battle
Creek MI Area

Called the Battle Creek Area Micro-
computer Club, this group consists
largely, but not exclusively, of TRS-80
owners. Meetings are on alternate
Thursdays at 7 PM and include software
swapping, hardware topics, tutorials,
eic. Both professionals and beginners
are welcome. For detailed information,
contact Jeff Stanton, 8587 Q Dr N,
Bartle Creek M1 49017,

Pittsburgh Area Computer Club
Members Compete for Monthly
Babbage Award

PACC (the Pittsburgh Area Computer
Club} is currently meeting every third
Sunday at 11 AM in the community
room of the MNorthway Mall, They
normally have a 2 hour general session,
followed by a formal meeting with a
speaker. This in turn is followed by
another gencral session in which the
various user groups meet. During the
formal meeting the monthly Babbage
is awarded to the “best in its class.”
Members and guests are invited to bring
their systems, share their ideas and vie
for the Babbage prize. Contact PACC,
400 Smithfield St, Pittsburgh PA 15222,

Space Coast Microcomputer Club
Celebrates Second Birthday

Ray Lockwood, president of the
Space Coast Microcomputer Club, called
us with information about his computer
group. The club recently celebrated
its second birthday and boasts a mem-
bership of approximately 100. They
meet every fourth Thursday at 7:30 PM
al the Merritt Island Public Library,
315 Inlet Av, Merritt Island FL. The
membership fee of $5 includes the club’s
newsletter. Ray tells us there is club
interest, but not exclusively, in 8080 and
Z-80 systems. If you wish further
information, he can be reached at
(305) 452-2159.m

AIM 65.
Only $375.

Get a head start with
computers the easy, inexpensive
way with Rockwell’s AIM 65.

For learning, designing, work or just fun, the R6500
Advanced Interactive Microcomputer (AIM 65)
offers features you won't find on other comparably
priced systems.

* Alphanumeric 20-Column Thermal
Printer for Hard Copy Listing

*» Alphanumeric 20-Character t
Display

* Dual Cassette, TTY and
General-Purpose |/Os

* R6502 NMOS Micro-
processor

» Read/Write 1K Byte
RAM Memory

*» System Expansion Bus
Connector

« PROM/ROM and RAM Expansion Sockets
* Advanced Interactive Monitor Firmware

* Big, Terminal-Style Keyboard

* Optional Two-Pass, Symbolic Assembler and
BASIC Interpreter

AIM 65 is available from your local Hamilton/ Avnet
distributor or send the coupon below to:
Microelectronic Devices, Rockwell International,
P.O. Box 3669, Anaheim, CA 92803 or phone

(714) 632-3725.

0 Send me more information on AIM 65.
1 Have someone phone me at

Name

Address

‘l‘ Rockwell International

_where science gets down lo business

[ GETmEstARTEDI ]
|
|
|
|
|
|

—1
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Call for Papers

The 17th annual meeting of the
Association of Computational Linguis-
tics will be held August 11 thru 12, 1979,
on the campus of the University of
California, San Diego, at La Jolla CA.
Papers are being solicited on linguis-
tically and computationally significant
topics, including theoretical and meth-
odelogical problems of computational
linguistics {eg: mathematical founda-
tions, software tools); compultational
semantics (eg: linguistic semantics, de-
ductive logic, artificial intelligence);
automatic syntactic parsing and syn-
thesis of natural languages; computa-
tional lexicography and stylistics {eg:
concordances and statistical studies);
speech recognition and synthesis, graph-
emics [le: characler recognition}; auto-
mated terminelogy dictionaries, maching
translation and machine aided trans-
lation. Authors wishing to present a
paper should submit five copies of an
extended abstract (not to exceed 1000

Sondheimer, Sperry Univac, POB 500,
M S 2G3, Blue Bell PA 19424, {215)
542-5896.=

Boston is Having 2 Huge Small
Computer Show

Hynes Auditorium in Boston is the
site of the Northeast Computer Show.
The show originally scheduled to be held
April 6, 7 and 8, 1979 has been changed
to Scptember 28, 29 and 30, 1979.
The Northeast Computer Show will be
a total spectrum presentation for the
trade and public. There will be two
separate sections to the show: a small
business system section and a personal
computing section.

The personal computing section will
fealure microcomputers, small com-
puter systems, business opportunities,
electronic and video games, career and
employment opportunities, education
exhibits, (ree seminars and lectures,
Exhibitars will display the latest in
personal computing hardware and soft-
ware, compulerized music synthesizers,
computer amusements, computer gener-
ated art, graphics, and animation.
Cozens of free lectures and seminars
will be given by internationally recog-
nized speakers for all categories and
levels of enthusiasts including intro-

words] by April 1T 1979 to: Dr Norman

ductory classes.
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Add-In Associative Memory

for the S-100 bus

Discussed and dreamed about by
computer scientists for years, Con-
lent- Addressable Memory (CAM)
is now here at an affordable price.
CAMz= have been so costly to build
that few have actually been pro-
duced. Now Semionics has devel-
oped a simplified design, lowering
the cosl by two orders of magnitude.
This new memory is called Recogni-
lion Memory (REM). since (like the
human brain) it can recognize words,
patterns, etc.

Adding a REM board to an ordinary
microcompuler converts it into a very
poweriul machine known as a Con-
tent-Addressable Parallel Processor
(CAPP).

Features:
4K bytes per board
Static— no refresh needed

Can be used as ordinary RAM
or as CAM
RAM access time: 200 ns
CAM access time: 4 us

Multiwrite —wriling into multiple
locations with one instruction

Masking — for individual kit
access

Mulliple REM boards accessed
in parallel

March 12790 8YTE Publications Inc

Adds 17 associative memory func-
tions to instruction set of Z-80 or 8080.
Applications:

Pattern Recognition ¢ Information
Hetrieval ®» Compiling & Interpreting
s Nolural Language Processing e
Code Compression # Artificial Intel-
ligence

Price: $325

4K lirmware package of REM
routines: $80

1 sEMIONICS

4] Tunne! Road ® Berkeley #CA 94705
(415) 548-2400

Circle 323 on inquiry card.

The admission fees to the show are
$5 for adults, 54 for college and high
school students. For more information
write or call: Northeast Exposition,
POB 678, Brookline Village MA 02147,
{617} 522-4467.w

Tektronix Microprocessor Design and
Development Lab Workshops

Tektronix Inc is offering a serles
of microprocessor design and develop-
ment lab workshops. Two different
types of workshops are available: one
lasts five days for those who want
exposure to basic microprocessor design
and organization, as well as experience
in design development and testing.
The other is a 3 day workshop for those
already experienced in microprocessor
design who wish more intensive training
in developing and testing a design using
the Tektronix 8002 Microprocessor
Development Lab, Both workshops wiil
provide a practical, hands-on, results
oriented learning experience. The pur-
pose of the workshop is to help the
attendee grow as a professional designer.
For a complete listing of dates and
locations, write to Tektronix Inc, POB
500, Beaverton OR 37077.»

International Date Standard

Software system writers may be
interested in the international standard
for writing numeric dates. In 1971 the
International Organization for Standard-
jzation adopied Recommendation 2014,
which provides for a system of descend-
ing order when writing numeric dates
on any letter or document. If numbers
only are used, the first day of July in
the year 1979 should be written 1979-
07-01. The hyphen is preferred as a
separator, rather than the period, slant,
or space.

If the month is given in alphabetic
form, ope can write the date in any
order {eg: 1 July 1979, July 1 1979,
or 1879 July 1). No ambiguity results
when a 4 character year field is used.

A related document, Recommenda-
tion 2015, sets up a standard for the
numbering of weeks. It is recommended
that for business and commercial pur-
poses, Monday be regarded as the first
day of the week. Furthermare, the
week should always be seven days in
length. A week which is divided by the
turn of the year should be attached
to the year containing a majority of days
in that week.

ANS} [the American National Stan-
dards Institute) is the member organi-
zation representing the United 5States.
Correspondence should be directed to
AMSI, 1430 Broadway, New York NY
10018

Sargon Reproduced

We have been informed by Matt
Mihovich of the Hayden Book Company
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« ATTENTION SWTPC DISC SYSTEM USERS
[ ] PIE]
e Anedsmith's M6800 SOFTWARE TOOLS
® are now gvadtable in mini FLEX tormat as well as Smoke Signal Broadcasuing lurmat See
@ Julv BYTE for thskette macha prices Oisc users specdy S5B OR SWTPCO
® MEB800 RELOCATING ASSEMBLER AND LINKING LOADER sottware lor rapid program
® development and debugyging Some of s features are RELOCATABLE CODE -FULL
@ ALPHABETIZED CROSS REFERENCE LISTING-80TH GLOBAL AND LOCAL
Ps LABELS LISTING OF EXECUTION TIME -RELATIVE BRANCH TARGET ADORESS.

€5 B CHARACTER LABELS CORESIDENT EDITOR-ENGLISH ERROA MESS5AGES

® 50 COLUMN LISTING USING PRA0 erc
[ ] MEBAS . . cassette . . 55000
[ MEBAS-O . .mmilioppy . $55.95

BUSINESS APPLICATION SOFTWARE ® M6800 RELOCATABLE DISASSEMELER AND SEGMENTED SOURCE TEXT GEN
® ERATOR This soltware ool enables you 1o modily and adapt those large sized abject pro-
® grams and re-assemble them on your svstem without requining engrmous mamary  This

ACCOUNTS PAYABLE @ Program will produce seymented saurce text fes with all the external hnkage information
° required for re-assembly using the above Relocating Assembler
ACCOUNTS RECEIVABLE . MEBRS . cossatte $35.00
MEBRS-D . .minifloppy $40.95
GENERAL LEDGER ® MEBASPK Above two programs on single disketle . . $B5.00

® The above two programs are turmished in relocatable formatied code wilh insiruct-on
® manuals and commented assembly listings The loader (s also supphied an standard MIKBUG
@ lormat on cassetie or as a binary hie on disc (o minally load the hiakeng loader at any de

@ s7ed address
CORPA DB MODULES AR CUSTOMER STATEWLNTS

ALSH INDEPERIN ST Y ALEABLE AGEING & TRIAL BAL ANLCH ® The hinking loader 15 also avarlable ;n EPROM on 1wo 2708's lor $45 00 Specily desited
PROGAAMS IN TACH S1ODULE ALLDW SALES. C'F SCUANALS @ address and version, (e cassette, FLEX or SSB
ALY e Mantenan o AP CHECK WRITING ps
Lty Fale st AGEING % TRIAL BALANCE
bl ATLOunY T ACCT © VERIFICATIO Py 8-M-I-T-H-6-U-6
Iyrupeal Jonnar GoL DETAN HISTORY ISGUIRY :
Antnereat. Aaslen F e iesating TALAL HALANL: [ ] FIRMWARE from Ed Smith's SOFTWARE WORKS
Ty fue o K ewhoard wpu PRL & HALANCE S9k¢ T L]
1 e Revnoard ot L R AL AR AT A 2k Momitor Disassembler-Trace Debugging Tool 1n EPROM. Use as stend-slone monitor or

® a5 an adjunct 1o vour Smartbug or Swibug. Raquires ACIA as conteol poril. Pravidas all the
® monitor commands (23} you could ever ask for, plus the convanience ol a mnemonic dit
® assembler and single stepping dissssembler. irace displey. (ntersctive use of vingis or dust

BUSIN ESS APP.LFIICA TION SOFTWARE

Donvon o)l Fre O

THT0E Latietimdd Lo Lus igius £A 45030 ® breakpant with trace pickup at besakpoint, plus many nsw momiior tunchons and sub
. 1outines, makes this @ super (0ol you will love to work with. Uses location $FBO0 1o
TN Ao AR vt $FFFF. Furnished on two 2708's or one 2716 Includas Manusl snd commaented essembly
A ® sung Specidy ACIA locstion and present monitor n order 1o keep $A000 AAM com.
Systen Moo S BOU S5 00 5 100 ° bilit
Progan ol LH 00 100 140 00 patibility SMITHBUG ON 2708’5 . ..... ., $60.00
Peopan on e * #9 00 K100 20 00 . SMITHAUG USER SUPPLY . ...540.00
AH A e alab coth st $AU0 00 L A L N RN ] ®
i S o s ud e Pk o omes e @ Get under Ed Smuth's Software RUG (Retocaning assembles Users Groupl Alt AUG mem
CP A CHASIC Lupmpatibie socars e ™ 0 e | Brivghy i v Wty bers wili have use of a budqu soltware support |ID"|'I|'V A cplocatable lormat. UDCDMIﬂq
AN items are 3 Floating Pasnt package and a Trig package.

Ordur direct by check Specity system configuration ! other than SwTPCo Celifornia
] residents add 6% sales 1ax

‘ - ggd Smith’s SDFTLUHHE UJDP'HS

. P.O. Box 339, Redondo Beach, CA 90277, (213) 373-3350
0000 0C0R000RCERENRARGIENINBANOBEROS

’
b

Bv'[ Radio Shack Computer Users
TRS-80 i
[ ]

Back Issues for sale newsletter

The largest publication devoted to the TRS-80 System

t‘o - ® Business ® Software Exchange
AN o Personal Finance ® Market Place

® Practical Applications ® Questions and Answers

e Gambling—Games ® Program Printouts

® Latest RADIO SHACK Developments

®. . .and more

MAJOR PRQOGRAMS PUBLISHED MONTHLY @ INCOME TAX
PROGRAM - LONG AND SHORT FORMS @ INVENTORY CON-
TROL ® EXTENSIVE MAILING LIST AND FILE PROGRAM ®
PAYROLL ® STOCK SELECTION ® PICKING WINNING HORSES

PN N A N,

~~— . ® RENUMBER PROGRAM LINES ® CHESS ® CHECKERS ® FINAN-
- PO = CIAL APPLICATIONS PACKAGE ® PERSONAL FINANCE PACK-
A T AGE ® GRAPHICS ® STATISTICS ® MATHEMATICS ® EDUCATION

.. AND MORE
The following issues available: [ ]

VISA
® November 1976 2 4 p Y —
s hovember 1978 $24. Per Year
® February-December 1977 w‘

® February-December 1978

Cover price for all issues thru August 1877 is $1.50 H )

plus $.25 postage and handling ($3.50 total foreign). . N

September ‘77 thru ‘78 issues are $2.00 plus $.50 £ s ® Y
E

postage and handling 1$4.00 total foreign). Rl el O o oo e
Send requests with payment to: ?,ET“E‘ Mag::zin(: Box 149RB, New City, New York 10956 (514} 426-1535
ain Stree
:ﬁ:e(;g%'gggh Send for FREE Software Catalogue {Inciuding listings of
L Arn: Back I hundreds of TRS programs available on cassette and diskette)
Artin: Back Issues
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assign a fixed location or set of locations
in the processor's address space to hold
the vector(s). The 6800 processor uses this
approach, as does the Texas Instruments
TMS-9900. Other processors such as the
8080 receive their vectors directly from
external sources, a method which usually
involves more system hardware.

The built-in process that occurs in your
microprocessor chip is usually limited to
saving the program counter and the pro-
cessor’s status register, masking subsequent
interrupts, and then transferring control to
your interrupt handler (loading the program
counter with the interrupt handler’s starting
address). The task of determining where the
interrupt came from is left to the interrupt
handler itself. In the simplest case, where
you have only one device tied to an inter-
rupt line, the origin of the interrupt is
implied. Since we may at some time have
more devices than we have separate interrupt
lines, we should also know how to make a
more sophisticated system capable of hand-
ling many devices.

To see how multiple interrupts are han-
dled, consider another analogy. Assume you
had just settled back into your easy chair
after finishing with the telephone inter-
ruption, when suddenly 2 pair of hands
covers your eyes and a voice says, ‘Guess
who?" You've been interrupted again, and
you don’t know which of your 12 children
it is, so you will have to save your place
again, and begin by saying, ‘'ls that you
Olen?”. . “No.”. . ““Is it you Travis?”. . .
“No.”. . ."Is it you Mary Ellen?"”. . .etc,
until you get a positive response. In much
the same way, several devices can use a
single common interrupt line to your
processor so that, once the interrupt
handler is initiated, it can interrogate all
the devices to see which one sent the inter-
rupt signal. To accomplish this, it is custo-
mary to have a device status register in the
microprocessor’s address space for each
individual device. The data in this location
indicates the device's current status: busy
or ready.

Now suppose this game of guess-who is
very popular with your children, and they
are all playing it on you, some much more
often then others. Your best strategy would
probably be to adopt an ordering scheme
to optimize the handling of these many
interruptions. This simply means that you
would guess the names of the children who
were the most frequent players first, and
check the least likely ones last. Similarly,
in interrupt processing you should arrange
the order of checking the device status
registers of your 10 units from the most
frequent source of interrupts to the least

Circle 172 on inquiry card.

The by
UH
8100 =5

An $-100 Bus Adapter/Motherboard
for the TRS-80
plus a whole lot more!!!

* SERIAL RS232/20ma /O

« PARALLEL INPUT AND OUTPUT

* SPACE FOR 16K DYNAMIC RAM

¢ CAN USE LEFT OVER 4K CHIPS

» LOW COST — PRICES START AT §185¢
* AVAILABLE IMMEDIATELY

+ S-100 BUS INTERFACE
* 6 5LOT MOTHEABOARD

The Bl allowe 11 Rinars Shock TRS RO pyeputer to be 17yt garehnaedd an espanaion mernurs kit for TRG-s1
Viteatneed L the ppular 3 «fig memar, expansion 4K RAM ct 1ps and tushees ta
Anmphr Nl 0T Hee
~c Ruslema, PHOM
1O boards AC
v vars) psiph

The nltwy hay w full RS:
Toatutas i
nfaare

r2a s o inlerfuce who s

revat laop 1
s frarm (N 1 e s
tat D on beaed

Arvane conlntle
erai

The BI s a5 b bt e dhee
ap sden aur unspue card guid s otesn a b
herdw i there ploces
e BEDA Nitx auppart CITONILE, 10 w0 ke

Lt

ma!
sector At much mose
Leh wha has an % bt pacallel impur punt and
an ¥ bt paralel outpat port Hoth are Intchet hste both
wur THS M1 by 2k w v g havang 2o by wie S 1K) guaitive and Regatise strode snjiats anid ontguls and have
ssrin plents of dave apabilin

PRICES START AS LOW AS S185* (5-100 BUS INTERFACE ONLY)

L

CALL DR WRITE FOR COMPLETE PRICING
1429 Maple St. INFORMATION AND MORE DETALLS o
San Mateo, CA THE 8100 15 AVAILABL_E FROM LEADING
04402  COMPUTER DEALERS OR FACTORY DIRECT
DEALER INQUIRIES INVITED
{415) 573-7359

+Etrd 5100 tonnncton RAM suppor
] 1.0 ercusry optaral

ra
LG4 DOMESTIC PRICE DMLY

Need Intelligence in your
488 Instrumentation System ? ? ?

Get it with your favorite S-100 computer
and the P&T-488 Interface Board.

The PA&T-488 Interface Board gives your S-100 computer the
ability to be a talker, listener, or controller on the IEEE-488
instrumentation bus. Three software packages are available: 1}
Driver for North Star DOS/BASIC 2) Driver for CP/M which can
be used by MBASIC or CBASIC 3) Driver for direct assembly
level programming (for generating customized systems.) Price of

the P&T-488, assembled and tested with any

PICKLES one of the software packages, is $400.
PICKLES & TROUT

TROUT P.O. BOX 1206, GOLETA, CA 93017, (805) 967-9563

Circle 306 on inquiry card.
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frequent. By ordering your interrupt ser-
vicing this way, you can add significantly
to the efficiency of your system.

By now you've probably realized that
the idea of letting multiple devices share
one interrupt line is problematical: two
devices may want 1o interrupt the pro-
cessor at the same time. In terms of our
analogy, all 12 of your children may want
to play the guess-who game with you at
the same time. The way to handle this

INTERRUPT
R OCCURS
d
FINISH
CURRENT
INSTRUCT LON
NON
TASKABLE_YES
INTERRUPT
?
NO
MASKABLE™ YES NO
INTERRUPT, MASK ON
i p
N YES STORE PROGRAM
COUNTER AND
= REGISTERS
MASK OFF OTHER
INTERRUPTS
LOAD INTERRUPT
VECTOR INTO
PROGAAM COUNTER
EXECUTE
INTERRUPT
ROUTINE
RESTORE
PROGRAM COUNTERS
AND REGISTERS
FETCH NEXT
(NSTRUCTION

Figure 2: Analogous to the human interrupt processing of figure 1, the
typical computer’s interrupt processing activities are shown by this chart.
The differences between the two figures (1 and 2) are largely in the activities
described in each box; the form of the processing logic in this particular
set of examples is nearly identical.
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situation is to say, ‘‘Hold it! | will play
the game with each of you. . but only one
at a time.” By doing this you act on one
interrupt while you mask out the rest.

The concept of maskable interrupts is
incorporated in many of today's processors.
There is usually a mask bit or bits used to
block or mask the interrupt signal from the
processor. This masking is frequently part of
the built-in process on your microprocessor
chip to protect the function of saving critical
information, such as the program counter
and status register, from subsequent inter-
rupts. Once masked out, your system's
design will determine if a subsequent inter-
rupt will be held pending or lost. Interrupts
that are kept pending are often referred to
as queued interrupts. Sometimes circuitry
external to the processor chip itsell is
used to give the pending interrupts an order
of priority in much the same way as you
might tell your children to line up in the
order of youngest to oldest to play the
guess-who game. The N feve! priority inter-
rupl capabilities that are mentioned as
features of microprocessor systems refer
to this type of interrupt queuing. A higher
priority interrupt that arrives after several
low priority ones will usually bump the
lower priority interrupts down in the queue.

For thosc cascs where an interrupt must
get the processor’s attention right away, 2
nonmaskable interrupt is usually also pro-
vided in the chip’s structure. This control
line is for a very high priority function of
your choice, which can override the mask-
able interrupts even il they are in progress.
This is valuable for very high speed !Q, such
as a floppy disk unit, and for hardware
emergencies such as fire or power loss rou-
tines. Your system reset is usually a non-
maskable interrupt.

Mechanisms

Now that you have a feel for the termi-
nology, let’s take a look at the mechanisms
and processing that are common to all
interrupt routines. Figure 2 is a typical
flowchart of the functions necessary to
accomplish the transfer of control from
the background processing to the interrupt
handler and return. You may think of this as
putting the background process “‘on hold"
while the interrupt is processed and recom-
mencing the background process when
it returns. The background process is not
alfected by what has happened; thus the
interrupt processing is completely trans-
parent to the background process and may
be exccuted at any time without fear of
disturbing it. The only definite change is
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READY-TO-RUN SOFTWARE
rorYourR NORTH STAR compuTER

NEW! LANGUAGE TRANSLATOR PKG. $60.00
ENGLISH TO JAPANESE - Teaches rudimentary
conversational Japanese — easy to use, easy 1o learn.

TUTORIAL I $40.00
Release version 4, covers many new commands plus
customizing program for BASIC.

INTEGRATED BUSINESS SYSTEM $175.00
Designed for dual floppy drive system - contains A/P;
A/R; Pay, Gen. Ledger; Letter Generator: Bus Stat;
Inventory; Sales/Sales Analysis.

MEDICAL/PROFESSIONAL BILLING $35.0C0
Doctors, Lawyers and Dentists - use this to issue
statements, track receivables, age accounts, etc.

MAILING LABEL PROGRAM $35.00
Lots of help for your direct mail program. Add. delete,
maintain mailing list and print labels.
ALL SOFTWARE PACKAGES ARE WRITTEN IN BASICON
DISKETTE ONLY
Send for Free Catalog
Packages containing Program Listings only are available.

(714) 774-1270
AJA SOFTWARE

P.0O. Box 2528 e Oranga, CA 92669
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PICROPI
is serious about CAI

MICROPI introduces COMMON PILOT, the only computer-
assisted instruction language that makes a micro-based
system comparable to the most expensive CAl system in
the world! Features include floating point, matrices,
scientific functions, string manipulation, pattern
matching, dynamic indirect execution of strings, graphics
(on certain terminals), and program modules of virtually
any length, limited only by disk capacity. Completely
compatible implementations are available for a wide
variety of computers including 8080/Z80 for North Star
DOS or CP/M ($275). Helios Il ($295), TRS-80 ($195),
SWTPC 6800 (multi-user version from SwTPC), TERAK
8510, ODELL-85, Alpha Microsystems and more,
including the possibility of implementation on any system
with interactive PASCAL. Don’'t confuse COMMON PILOT
with less powerful versions of PILOT.

Also available, a cassette-based subset of COMMON
PILOT written in Microsoft BASIC for TRS-80, Apple and
others ($85).

MICROPI also offers quality CAl courses written in
COMMON PILOT. MICROPI will pay author royalties for
quality CAl materials accepted into our catalog.

If you are serious about CAl, send $6 for the COMMON
PILOT AUTHOR’S GUIDE and see what a state-of-the-art
CAl system is all about.

2445 N. Nugent Lumml Is., WA. 98262
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22 START-AT-HOME
COMPUTER BUSINESSES

In "The Datasearch Guide to Low Capital,
Startup Computer Businesses”

CONSULTING » PROGRAMMING » SOFTWARE PACKAGES
* COM ¢ FREELANCE WRITING ¢ SEMINARS ¢ TAPE/DISC
CLEANING e FIELD SERVICE e SYSTEMS HOUSES »
LEASING » SUPPLIES ¢ PUBLISHING e TIME BROKERS »
HARDWARE DISTRIBUTORS e SALES AGENGIES »
HEADHUNTING e TEMPORARY SERVICES e USED
COMPUTERS ¢ FINDER'S FEES ¢ SCRAP COMPONENTS »
COMPUTER PRODUCTS AND SERVICES FOR THE HOME.
Plus — Loads of ideas on moonlighting, .
going full-time, image building, revenue )
building, bidding, contracts, marketing, '
professionalism, and more. No career H
planning too! like it. Order now. If not H
completely satisfied, return within 30
days for full immediate refund.

» 8% x 11 ringbound e 156 pp. * $20.00
Phone Orders $01-382-0172 =Y

W Adeated apir ®
0w CAPTAL $Tanr
COMITIR BRI

DATASEARCH

incorporated
5694 Shelby Oaks Dr., Suite 105, Dept. B, Memphis, TN 38134

Rush copies of "L.ow Capital Startup Computar Businesses” at $20
per copy to me right away.

NAME/COMPANY
ADDRESS
CITY/STATE/ZIP

0O Check Enclosed 0O Bankamericard 0O Master Charge
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DATAFACS

Software now for:
Micropolis and NorthStar
Good Software is Essential for an Efficient Business.
Now, the finest in software at a price you can afford.
We are definitely the affordables!
PROGRAMS CURRENTLY AVAILABLE:
INVENTORY PROGRAM PACKAGE
e |nventory Addition e Update
o Analysis (Current month) e Analysis (Year to date)
e Search e Vendor File
Also generates 7 additional user reports and much, much more.
— Cost $175.00 —
MAILING LIST PROGRAM (Single Drive)
*Print formating in 80 or 132 columns.
— Cost $20.00 —
The above programs are designed to run under the following:
*CP/M in CBASIC | Micropolis and NorthStar

2 drives required

*CP/M in BASIC E | also IMSAI IMDOS
(2) 8" disc IBM 3740 Format required
EXTENSIVE CONTRACTORS ESTIMATING PROGRAM

Literature available upon receipt of your letterhead

Currently Under Development:
& Billing Available
e Payroll early in '79
» General ledger in new CBASIC-2
Specializing in custom software for the AM-100**
Datatacs System Inc. Eastern Division
2440 W. Catalpa, Chicago, lil. 60625

Phone (312) 784-0300
*CP/M is a Trademark of Dipitai Hesearch Corp
*=AM-100 15 a Trademark of Alpha Microsystems.

CoRPNONGNONONCNSIBNONONONININCHONONONONOEN
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ITHACA AUDIO

THE OEM MARKETPLACE

IA Expands
S-100 Line

Bljdelo
isplay
Board

Featuring a full 128 upper/lower case ASCII
character set stored in a 1K buffer memory.
Eas! to read 16 line x 64 character format can
be displayed on an inexpensive video monitor
or a mod(fled TV set. Includes a TTY software
driver. Add our powerful K 2 FDOS to create a
versatile operator console.

$25.00

Disk
Controller
Board

Controls up to 4 single or double sided drives.
Data protect features include automatic
disable of write-gate during power-down for
data integrity. Supported bg a reliable
software package, K 2 FDOS and complete
diagnostic documentation.

$35.00

K2
Operating
System

Power full disk software in the DEC tradition.
Includes Text Editor (T ED‘. File Packaege {PIP),
Debugger EHD , Assembler (ASMBL
HEXBIR, 1 COPY, System Generator (SYSGEN).
Command syntax follows Digitals 05-8, RT/11
tormat. First in a famil ofhlgh level sottware.
Soon to be released, FORTRAN & Pascal
Compilers.

$75.00

Field-proven
reliable engineering

Over 10,000 boards worldwide prove thaca
é\uduo %rowdes the quality and reliability you
emand.

Ithaca Audio Boards are fully S-100
compatible, featurmg ?old edge connectors
and Iated—through oles. All boards (except
the Protoboard) have fully buffered data and
address lines, DIP switch addressing, solder
mask and parts legend.

2-80 CPU Board Most powerful 8 bit central
processor available. eaturm% }Jower-on-
jump, provision for on-board 2708. Accepts

most software. $35.00

8K Static RAM Board High speed static memory
at the lowest cost per bit. Includes memory
protect/unprotect and selectable wait states.

$25.00
2708/2716 EPROM Bosrd Indispensable for stor-

ing dedicated programs and often used soft-
5?1%:. Accepts up to 16K of 2708's or 32K of
s.

$25.00

Protoboard Universal wire-wrap board for de-
veloping custom circuitry. Accepts any size

$25.00

DIP socget.

RAM!
32K for $359.

®© 1978 ITHACA AUDID

Mass Storage at
Incomparable

Prices.

Ithaca Audio
Floppy Disk

* Up to 250K bytes, single sided

¢ Up to 500K bytes, double sided

e Data protect

¢ Powerful software operating
system includes 8 utility
programs, text editor.

Add the capacity of full size disk to your S-100

microcomputer. Controller, Disk Drive, and
Software available separately.

Memorex single sided

550 FlexIble Disk Drive  $456.
Memorex double sided

552 Flexible Disk Orlve $830.
Disk Controller Board $35.

K2 FOOS Available on 8
floppy disk w. manual $75.

Quality Components
ZILOG Z2-80 $19.00
ZILOG Z-80A 23.00
INTEL 2708 11.00
FAIRCHILD 2102 LHPC 1.60
FAIRCHILD 2102 LIPC 1.35

IMSAI B0BO Kt with 22 Siot M.B.
$560.00

plus $10.00 shipping.

HOW TO ORDER

Send check or maney order, include $2.00 shipping per arder
N.Y.S. Residents include tax.

ithaca Audio is now stocking the Mostek 4115 e

add-on RAM for S.0.'s Expandoram. Buy their For technical assistance call or write to:

basic board, 32K of RAM from us and
S.D. SALES Expandoram board

ithaca Audio 32 4115's @ $5.00 ea. 160
32K Oonly $359

 ITHACA

AUDIO

P.O. Box 91
{thaca, New York 14850
Phone: 607/273-3271

Circle 190 on inquiry card.
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Visit our NS relall location!

MOS LSI INSERTER
ISO- Tip Cordless Tool is crome plated ABS for I

accuLan waaw 0 Soldering Irons | oxcellent static dissipation.

HOBBY WRAP « Up 10 125150 Joints per Tool has ground tug for

Tw . c&’?ﬂ’%:conds average soldenng connection to groundlng strap.

heal timo

Sia? U it Sy MOS-40 $7.95
* Bullt-in work tight

* "Lock o!l" switch ——
* Rechorgrable baltery & charger i
ncluded
+ Cannot over charge
7800 $34.95

Faalsl cecharging lron on the

markol Rachatges fully in one hour UP DATE YOUR LIBRARY

7740 $24.95 and SAVE with SAMS BOOKS
“Quick Charge” Recharges buy 3 and save 10% buy 5 and save 15%
complotsly in 3 o 4'4 hours 21188-8. Active-Filter Cookbaok .

Wire-wrapping, stripping, unwrapping tool for ) 7540 $19.95

; . . e
AWG 30 0n.025 (0.63mm) Square Post. \ "'g'ggg".':“;‘l‘(’f?g"?::':°"'" Izr:auu The S00A Bugbook® : Microcomputer interfac-
X { E & L Instrumenta, i w.mcrouw .
T Snsioss | SRR IR
T g 1 t dbook
Moditied Wrap WSU-30M - No. 56 it 218128 Using the 8300 MIropoCessar -
215824-5. The Cheap Video Cookbook . .
218274 IC Converter Cookbook
216340, of Digital C
A
med cationa urcel
REFILL ROLL OF WIRE = g::”-l_l)ulnnolkcll Fil -wuns_wm |
P ive .' ranls .
P.C. BOARD Wire for wire-wrapping AWG-30 (:((N :‘_5';“:" Microcon slog ° ‘:
\ acing ...
(0.25mm) KYNAR’ wire, 50 ft. roll, - 218411, B0BKB0BS Sofiveare Design ... 980
i i 21562.X. Logic & M Expar
silver plated. solid conductar, — inorared Ciraunts. Bogw v ! Expaiments Using TTL In.
easy stripping. 21545-4. The Design of Phase Locked Loop cucum wihh
[

Expetimanis .
The 4 5 452 1/16 inch board 8 mada of giass coated EPOXY Laminate - 215500, in Dl ||l|
T e aaies wape Connaemar i conteces on stenduce o0 30 AWG Blue Wre 50ft Roll | R 308 0050 . and BOBOA Mluocompuw Programming. & intertec:

spacing Edge contacts are tor 30 AWG Yellow Wire 501t _Roll | R 30Y 0050 .98 ] ing—Book ¥ . . . . oy
The board contains 5 matrn of 040 . dismeter holes on 100 ineh 30 AWG White Wire 50 Rol | R 30W 0050 . B on Mlcfocomnum P:oqum?‘nal::;l Eleclianics
Book 2 . 1288

UOIDDO| 10131 MSU INO JISIA

contars The (oo:\poﬂlt:l l.ﬂl‘;nonllml 76 two -hoie :.dl thet can accom h
modal 1 o HAS, t el ant —_

Tyoica) density 1s 18 6F 14510 or 18 Pun DIFs. Components may be 30 AWG Red Wire 501t Roli | R 30R 0050 . et 1t o5 Amip Cookbogh .
soldered directly to the bosrd or intermediste sockets may be used for p CDO boo
soldating OF wire wisppIng 21035 5. TTL Cookbook

Two mnop-no-nl bus systemi era proviged for voltage snd ground on L) 1. BASIC Primer
both sides of Ihe basrd in addition, the component side contams 14
indreigusl bustes running the tuil tangth of the tosrd for complate wir
tag fred:bility 38 DUSESE oNnabie AcCust from sdge coniscts (o distant . e
pOnENtE Thete busies can also serve lo sugmeni (he voitage of 3 HOBBY WRAP
grund Sustel. snd may be cul to length for parmiculd¥ applicstions - i
Model BW 630

VISIT our new retall location!

Hobby Board | H-Pce-1 [s499

// PRECUT

/// Fast » Reliable » Economical
/// No more culling & stripping by hand
* Good. clean, uniform stiip

s Cheaper than using bulk wire TR'-COLOR WIRE DISPENSER
PRECUT WIRE BULK WIRE WD -30-TRI $5.95 Bat t e ry
Cvra Corcra s Blue. Greon, Yonow oIS Are R -30-TR1 3 color refill $3.95

L]
100 500 100 e With 50 ft, ea. of RED, WHITE, BLUE wire w
2v1 an. 78 . 9'/. 15 Cuts the wire to length I re

L]
3, v - e Strips 1” of insulation H
i 8 E- e Refillable Wrapplng
8% in. ) |
9 : .
ggg ?gx . - : DIF/IC - INSERTION TOOL =ie PIN STRAIGHTENER too
WIRE KITS COMPLETE

#2319.95

250 20 3% 5 . WITH BIT
% 3" 2 g"'/':: ’ AND SLEEVE
50 4w 7

WIRE DISPENSER
With 50 ft. Roll of AWG 30

- »
ONAR, vire wrappIg wire For 025"
Cuts the wire to length.

Strips 1° of insulation. — - (0,63mm) sq. post /, “’}6
& Refillable | 14-16 Pin Dip C Inserter | INS-1416 [$3.49] *MODIFIED" wrap., "e/”’@éj?,

Blur Wire WD-30.8 sitive
Yl Veiee WO-30-Y m lndex‘ng'

by
Vit Ve WD-30W : ,\e o(( anti-overwrapping device.
Red Ve w0-30 R o P .
o\q 1965 [ Forawc3o | ewe30 [33455]
2 USE 'C"SI2¢C

|_For AWG 2628 | BW 26281 $39. 95']
3‘5 | S tor AWG 30 l 8r-30 3395 NECAD BATTERILS

4l
5

228E SR

18it for AWG 26-28] BY-2628 | $7.95 | INGT INCLUDEDS

X DIP/IC EXTRACTOR
_ PRIORITY ELECTRONICS. . || ™o
/y 16723R Roscoe Blval e P lveClor A 2343 " The EX1 Extractor 15 weally swited for hobbyist or O

OO0 10181 M3BU INO [ISIA

lab engineer Featuring one piece spring steel con-
Terms  viSA. ML BAC check Mongy Order COD US Funds Unly LA residents add 6% sales lax M- struct:m. 1t will extrac?all LSK: MSI gndSSSI devices

mum giget $10 00 Oraers less than $75 00 nclude 10% shipping and handling excess relunded Just i case of from 8 to 24 pins.
please include your phone no Good Thru March 1979
Sond 101 Our 181081 brochure phone orders welcome (21 3) 894'81 71 OE M and tnstiulionat inguines nvited L Extractor Tool [ ex1 $1.49

o wo VS OUR NEW el I0Cation! ez s

VISt our new retall location!
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The Microcomputers
you should take seriously.

The C3 Series is the microcomputer
family with the hardware features, high
level software and application programs
that serious users in business and in-
dustry demand from a computer system,
no matter what its size.

Since its introduction in August, 1977,
the C3 has become one of the most suc-
cessful mircocomputer systems in small
business, educational and industrial
development applications. Thousands of
C3's have been delivered and today hun-
dreds of demonstrator units are set up at
systems dealers around the country

Now the C3 systems offer features
which make their performance com-
parable with today's most powerful mini-
based systems. Some of these features
are:

Three processors today, more
tomorrow.

The C3 Series is the only computer
system with the three most popular pro-
cessors— the 6502A, 68B00 and Z-80
This allows you to take maximum advan-
tage of the Ohio Scientific software
library and the tremendous number of
programs offered by independent sup-
pliers and publishers. And all C3's have
provisions for the next generation of 16
bit micros via their 16 bil data BUS, 20
address bits. and unused processor
select codes. This means you'll be able
to plug a CPU expander card wiln two or
more 16 bit micros right in to your ex-
isting C3 computer
Systems Software for three
processors.

Five DOS options including develop-
ment, end user, and virtual data file
single user systems, real time, lime
share, and networkabie multi-user
systems

The three most popular computer
languages including three types of BASIC

Circle 290 on inquiry card. C3-B

plus FORTRAN and COBOL with more
languages on the way. And. of course,
complete assembler, editor, debugger
and run time packages for each of the
syslem's microprocessors.
Applications Software for Small
Business Usars.

Ready macie factory supported small
business software including Accounts
Receivable, Payables, Cash Receipts
Disbursements, General Ledger, Balance
Sheet, P & L Statemenls, Payroll, Per-
sonnel files, Invenlory and Order Entry as
stand alone packages or integrated
systems. A complete word processor
system with full editing and oulpul for-
matling inclucing justification, propor-
tional spacing and hyphenation'that can
compete directly with dedicated word
processor systems

There are specialized applications
packages for specific businesses, plus
the vast general library of standard
BASIC, FORTRAN and COBOL software
0OS-DMS, the new software star.

Ohio Scientific has developed a
remarkable new Information Manage-
ment system which provides end user

The C3 Series
from Ohio Scientific.

intelligence far beyond whal you would
expect from even the most powerful mini-
systems. Basically. it allows end users 1o
store any collection of information under
a Data Base Manager and then instantly
obtain information, lists, reports,
stalistical analysis and even answers o
conventional “English"" questions perli-
nent to information in the Data Base
0S-DMS allows many applications to be
computerized without any programming'!
The new “GT" option heralds the new
era of sub-microsecond
microcomputers.

Ohio Scientific now offers the 6502C
microprocessor with 150 nanosecond
main memory as the GT option on all C3
Series producls. This system performs a
memory to register ADD in 600
nanoseconds and a JUMP (65K byte
range) in 900 nanoseconds. The system
performs an average of 1.5 million in-
structions per second executing lypical
end user applications software (and
that's a mix of 8. 16 and 24 bit instruc-
tions!)

Mini-system Expansion Ability.

C3 systems offer the greatest expan-
sion capability in the microcomputer
industry. including a full line of over 40
expansion accessories. The maximum
configuration is 768K bytes RAM, four 8C
million byte Winchester hard disks. 16
communications porls. real time clock
line printer, word processing printer and
numerous conltrol interfaces

Prices you have to take seriously.
The C3 systems have phenomenal
performance-to-cost ratios. The C3-S1
with 32K static RAM. dual 8" floppies.
RS-232 port. BASIC and DOS has a sug-
gested retail price of under $3600

80 megabyte disk based systems start at

under $12,000. Our OS-CP/M software
package with BASIC, FORTRAN and
COBOL is only $600. The OS-DMS
nucleus package has a suggested retail
price of only $300. and other options are
comparably priced

To get the full story on the C3 systems
and what they can do for you. contact
your local Ohio Scientific dealer or call
the factory at (216) 562-3101
C3-B wins Award of Men! at
WESCON '78 as the outstanding
microcomputer apphication for
Small Business
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