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The Hickok Model
270 Function Generator
gives you a lot more waveform
generating capability than you'd
expect for its price.

m Puts stable, calibrated, high
quality sine, square and
triangle waveforms from 1Hz
to 500 kHz at your fingertips.

a With external connections
you can produce logic
pulses, sweeps and ramps,
AM and FM outputs, phase
and frequency shift keying
signals, tone bursts and more.

a Its an audio generator and
much more.

Before you buy another function
generator, check out the Hickok
Model 270. Ask your Hickok
distributor for full details or
write us for our 4-page
technical brochure.

$185™

HICKOK

the value innovator

INSTRUMENTATION & CONTROLS DIVISION
THE HICKOK ELECTRICAL INSTRUMENT CO.

10514 Dupont Avenue @ Cleveland, Ohio 44108
TWX: B10-421-B286

(216) 541-8060 *
Circle 11 on reader service card

KOMPUTER KOAMNCH

We are introduced to software—a classification

covering appplications and systems programs.

TIM BARRY

SOFTWARE IS A TERM THAT HAS ALMOST AS
many definitions as there are program-
mers. In the broadest sense, software can
be considered to be any program written
for use with a computer. There are a con-
siderable number of present misconcep-
tions about software, and hopefully these
columns will help put them to rest. The
feeling that programming is an “art” or in
some way mysterious has been around for
some time. This is a self-defeating attitude
that is probably particularly irritating to
hardware designers learning software.
While extremely sophisticated or elegant
programming can approach an art form,
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so can hardware design, tennis serving or
any other activity when performed by 2
highly trained person. Most of us will
have to be content with getting the job

done. This is no problem once you realize

that 999 of all programming is a straight-

forward application of a handful of easily

learned concepts and techniques.
Generally, software is divided into two

lators.

As discussed earlier, for the microcom-
puter to execute a program, the machine
language representation of that program
must be present in memory. We then start
the processor executing where the program
begins and it executes the instructions. Un-
fortunately, the language that the com-

(continued on page 22)
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Instruments,
Burglar Alarms,

Automotive &
Hobhy
Electronics!

The more you know about
electronics, the more you'll
appreciate EICO. We have a wide
range of products for you to
choose from, each designed to
provide you with the most
pleasure and quality performance
for your money. The fact that
more than 3 million EICO products
are in use attests to their quality
and performance.

“Build-it-Yourself” and save
up to 50% with our famous
electronic kits.

For latest EICO Catalog on Test
Instruments, Automotive and Hobby
Electronics, Eicocraft Project Kits,
Burglar-Fire Alarm Systems and name
of nearest EICO Distributor, check reader
service card or send 50¢ for fast first
class mail service.

EIC0—283 Malta Street,
Brooklyn, N.Y. 11207

Leadership in creative electronics
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puter understands (1’s and 0’s) is not nec-
essarily the most convenient for the human
operator to use. A microcomputer or mini-
computer will have several hundred ma-
chine instructions (the 8080 has 243), and
a large computer will have thousands.
Each machine instruction is represented by
a unique code. The misplacement of a sin-
gle bit can result in radically different pro-
gram operations. Even worse, the insertion
or deletion of a single instruction may re-
quire us to move or change many other
instructions. While it is possible to write
very simple programs in machine langu-
age, as the programs become more com-
plex, the task of making changes and cor-
rections becomes almost impossible.

To improve this situation we use
symbolic languages. This allows us to use
easily remembered symbols to represent
machine instructions, addresses, and data
constraints. The symbols used to represent
the machine instructions are called mne-
monics. When using a symbolic language,
we still have complete control of the ma-
chine and it frees us from having to keep
track of the large number of machine in-
struction codes and the value and location
of each program element. The translation
from this symbolic language (or source
form) into the actual machine language
(or object code) it represents is the process
called assembly. Assembly can be accom-
plished by hand (we will learn how in the
first programming lesson) or by a program
called an assembler.

Assemblers

The assembler frees us from many of
the easily bungled mechanical details of
machine language coding and allows us to
concentrate on the solution to the problem.
For example, the machine code repre-
sented by the mnemonic ADD A might be
63. When writing a program it would not
be necessary to remember the code, only
the mnemonic. During the assembly
process, any time the symbol ADD A is en-
countered, the assembler would auto-
matically substitute the code 63, Similarly,
the assembler would translate the entire
program, producing one machine code for
each mnemonic encountered. Also, the as-
sembler handles all of the assignments of
program addresses and symbol values.
This makes a tremendous difference when
it is time to make corrections to a program
by inserting or deleting steps.

The only real disadvantage of assem-
blers for small systems is that they re-
quire a larger memory and more I/0 de-
vices than may be available on many
hobbyist systems. Normally, a system with
at least 4096 bytes of read/write memory,
a teletypewriter, and a tape read/write de-
vice (paper or magnetic) are required to
run an assembler program. However, the
simple hand-assembly technique will offer
many of the advantages of symbolic lan-
guages with no additional hardware. This
will probably be the main way that pro-
grams will be written for small systems.

The next step up from the assembler in
the software hierarchy are the so called
“higher level” languages (see diagram).
The higher-level languages are structured
in a much more English-like fashion.

Where assembly languages use MNemonics
to represent single machine instructions,
higher-level languages use words and op-
erators to specify procedures that repre-
sent groups of machine instructions. For
example, a program in assembly language
to multiply two numbers and print their
product on a terminal may take 30 or
more instructions. Using a higher level
language, the same function can be accom-
plished in three or four statements.

Another advantage of the higher-level
languages is that they make it considerably
easier to learn to program. The language
processor handles all of the machine de-
tails, leaving you free to concentrate on
solving the problem. Also, since the langu-
age syntax is independent of the machine
structure, programs written in a higher-
level language can be run on different ma-
chines with few modifications. All that is
required is that the different computers
have the translator for the language used
in the program. Base of programming
complex functions combined with shorter
program development times and program
portability make higher-level languages
the usual choice for applications programs
on large computer systems.

Higher-level languages are divided into
interpreters and compilers, based on how
they produce and execute the final ma-
chine-code. An interpreter translates to
machine language and executes each
source statement each time it is encoun-
tered. This means that if a statement is
used several times (in a program loop, for
example), the statement will be trans-
lated every time it is encountered. A com-
piler, on the other hand, translates the en-
tire program into machine language before
it is executed, This means that each source
statement is only translated once-per-
compilation.

Basic and APL are interpreters while
PL/M and FORTRAN are compilers.
Compilers are generally more efficient but
they are less responsive to frequent pro-
gram changes. The entire program must be
re-compiled if a single source statement is
changed. Interpreters translate source
statements as they are encountered, mak-
ing for rapid program changes at the ex-
pense of less efficient program execution.
Compilers also require more memory and
are more complex to implement than in-
terpreters, particularly on small systems.
The smaller memory requirements and
simpler structure of the interpreter will
probably make it the most common type
of higher-level language for the hobbyist.

As useful as they are, higher-level lan-
guages do have some drawbacks. Since
they produce multiple machine instruc-
tions for each program instruction, higher-
level languages do not always produce the
best machine language. A problem solved
using a higher-level language is apt to be
longer and less efficient than the same task
programmed directly in the machine’s as-
sembly language. (Efficiency, is of course
relative, If it takes you an extra two weeks
{o make that assembly language program
run in an application that is not speed or
memory sensitive, it is arguable whether
or not the more efficient code is worth the
extra time.) Also, by learning a higher-
level language, you are insulated from the
actual working of the computer. You learn
to program a “Basic” computer and not an

(continued on page 108)
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actual machine. Your programs will be
largely independent, but you will not de-
velop the understanding of computer oper-
ation and machine architecture that you
will gain from programming in a ma-
chine’s assembly or machine language.

Another factor to consider is size and
availability. Higher-level language proces-
sors are at least as large as assemblers and
require the same 1/0 devices. They are also
considerably harder to develop.

All examples for this column will be
presented in the assembly language of the
8080 microprocessor. This will give us
maximum coverage of both hardware and

software interaction while providing a
good medium for programming.

Microcomputer evolution

The microprocessor has received a lot
of press as being a revolutionary device
that sprang fully formed from the logic
designer’s forehead. In actuality, the mi-
croprocessor is a logical evolution of in-
creasingly sophisticated integrated circuit
technology combined with program-con-
trolled logic.

Early SSI (Small Scale Integration) in-
tegrated circuits were simple gate func-
tions. Logic designers combined these to-
gether to form more complex functions
and systems. As the technology improved,
it became possible to provide more com-
plex functions as building blocks for logic

QUALITY ELECTRONIC COMPONENTS
— SAME DAY SERVICE —

NEW DISCOUNT SCHEDULE
SAVES YOU EVEN MORE!

AMD
8080A $39.95 2102 $2.65

1024 Bit Random Access Memory
MICROPROCESSOR
0-70°C 480 ns Clock Period SO0 i Ty izl 1000 e M

AP SUPER STRIP Il—Universal Broudhourding\

Element with 840 Solderless
Plug-in Tie-Points

$17.00

IC TEST CLIPS
14 pin TC-14 54.50
16 pin TC-16 $4.75

We carry AP's Patch Cords, Terminal
Strips, Distribution Strips and ACE's teol TC-16

24 pin TC-24 $13.85
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Access Time
INTEGRATED CIRCUITS — TTL, CMOS, LINEAR & MOS

7400 21 7473 30 e 9 4001 4073 B
7401 .2 7474 30 175 4002 4075 B
7402 .21 7475 49 74176 .7 1. 4081 B
7 21 7476 32 M 7 4007 4082 B
7 21 7480 .70 74180 71 4008 . 4502 79
7405 1 | 7482 70 4181 21 4009 a4 | 4510 114
7406 25 | 7483 .70 74162 7 4010 .44 | 451 1.05
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7420 A | 74100 1.8 7419 4021 1. LM3M0T5 125
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® 4-pin, low-profile DIP
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(2,54 mm) arid
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Specifications and pin-outs for 80 different 4000 series parts
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design. At this point the integrated circuit
designers were faced with the problem of
what basic functions to build. Since there
were many more devices on the chip than
there were pins available for I/0, some
decisions had to be made as to which in-
puts, outputs, and functions should be pro-
vided to make generally useful devices.

The families of MSI registers, counters,
adders, memories, and so on are the par-
titioned logic devices that resulted. As the
trend to more complex devices continued,
the question of what types of general de-
vices to build became a crucial factor.
Eventually the decision came down to
hardwired functions which would be built
for large volume special applications
(clock chips, calculator chips, custom con-
trollers, memories, etc.) and general pur-
pose devices whose function could be
altered by means of programming (micro-
processors). Actually, the calculator chips
are really special purpose microprocessors,
combining memory, control, ALU, and
some I/0 all on a single chip. While very
cost effective for their specific functions,
the calculator chip’s architecture was com-
promised to the point of making it difficult
to use for anything else. The more general
purpose microprocessors, on the other
hand, did not have their main memory on
the same chip as the ALU and control.
This extra room allowed the designers to
implement more versatile architectures for
use in general applications.

The first generation of microprocessors
to be introduced were 4-bit machines bear-
ing a strong resemblance to their dedicated
calculator relatives. They were designed
for use in arithmetic applications such as
advanced calculators, process controllers
and computer peripherals, and as a result
their architectures were optimized for
arithmetic operations on 4-bit BCD num-
bers. These were followed by the first gen-
eration of 8-bit machines. These were
intended for use in more sophisticated
control and data processing systems, eight-
bits conveniently storing one ASCII char-
acter. The early four- and eight-bit ma-
chines all suffered from extreme compro-
mises forced by the process and packaging
technology. Heavily multiplexed data
paths, limited instruction sets, and com-
plex interface and timing requirements
made these devices difficult to use.

The introduction of the 8080 marked
the beginning of the second generation of
microprocessors. Featuring a sound gen-
eral purpose architecture with a broad in-
struction set, unmultiplexed data paths,
and TTL-compatible N-channel technol-
ogy, this device offered major increases in
both speed and useful computing power.
It is this microprocessor and the others of
its generation that have brought us fo the
day of a computer in every home.

Whats next? To try and predict the
trends in the microprocessor evolution at
this point is apt to be futile, since the field
changes at a bewildering pace. What we
will try to do is establish some sound pro-
gramming and analysis procedures that
will allow us to keep up on the technology
as it evolves. To give a basis for future
comparisons we will use these principles
on a real processor. In this manner we will
develop skills that will be real and readily
transferred to any other devices as the
technology advances. R-E




