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It’s important you have an understand-
ing of what a computer—specifically a
small computer—is-all about before at-
tempting to buy or use one—even if it’s
disguised as a dedicated (turn key)
word processor or computer-aided de-
sign and drafting (CADD) system.
Without an understanding, you’ll be
overwhelmed by buzz words, computer
salesmen, and unavoidable computer

A typical microcomputer setup. A typical micro fits on—or in—a desk. Microcomputers are especially
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idiosyncrasies. Let’s start with the fa-
miliar calculator.

Calculators

A Calculator has many of the same
characteristics and components as a
computer—and similar terminology.

A calculator performs predefined,
basic operations: addition, subtraction,
multiplication, and division. These are
done electronically in the processor of
the calculator. The processor is a
“brain” that accepts simple instruc-
tions, such as “add,” which combines
two numbers to perform addition.

The processor also knows how to
accept inputs (numbers, instructions,
etc.) and display outputs (mostly num-
bers). Inputs come from keys on the
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keyboard, and outputs appear on the
display.

Many calculators can store, one or
more numbers for later use. This is
called memory. When you press a key
to store a number, the processor puts
the number in one memory cell. Press-
ing a key to recall a number, when
needed, simply reverses the process.

Many calculators can add or subtract
a percentage of a number by pressing a
“%” key at the proper time in a calcu-
lation. This is actually a three-step pro-
gram. It divides a percent by 100, mul-
tiplies the result times a given number,
then adds the result to the same, given
number: X + Y % = X + (Y/100)X.
The program uses the basic instruc-
tions in the calculator.
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Important characteristics of a
program:

e Instructions follow a carefully
planned, step-by-step process.

® Inputs must be made in the proper
order to insure accuratc results.

Other programs are more complex.
Trigonometry, logarithms, exponenta-
tion, present worth, and other programs
all use the basic instructions above as
well as two others: test and branch. For
instance, by testing a number for “+",
“0, or *“—", then branching (jumping)
to another part of a program based on
the result of the test, a program can do
several different tasks or react to sev-
eral conditions based on inputs or inter-
mediate results. For instance, the
square root of a negative number is
impossible, so a square root program
must rest for “—”, then branch to a
special part of the program to take care
of the problem, e.g., flash “ERROR”
or turn on an error light.

These programs are stored in special
memory cells as numerical codes. Be-
cause you shouldn’t store your own
numbers on top of these programs, the
special memory is often made read-only
(i.e., recall only) and called read-only
memory (ROM).

You may also be able to do your own
programming on a calculator. (Exam-
ples of programmable calculators are
the TI 59 and the HP 67.) This requires
more memory than the few memory
cells you used for storing numbers.
Typical programmable calculator
memories allow storage of 100-1,000
instructions, sometimes called steps.
Programming also requires four more
keys—to begin programming, to end
programming, to accept or enter a num-
ber, and to run a program once it is
entered.

To program a calculator, you first
press the “begin” key to tell it you are
about to program—and not just press-
ing keys to calculate. Next you start
entering the program instructions
(keys) you want, in exactly the order
you want. When you want to enter a
number, you press the ‘‘enter” key.
Once finished you press the “end” key;
otherwise the calculator thinks you're
still programming when you press more
keys. (Calculators are not very
“smart,” and they don’t read minds).

You use your program by pressing
the “run” key. This tells the processor
to get its instructions from program
memory, not from the keyboard. How-
ever, when your program needs a num-
ber, it pauses while you press the num-
ber keys, followed by pressing the “en-
ter” key. This tells your calculator that
you’re finished entering the number.

Program results are flashed on the
display as it calculates, and eventually

Introduction to Small Computers, Copyright© 1985, Engineering Computer Applications, Inc.

it displays the final number.

In your program, you may use prede-
fined programs that are run by pressing
one key on your keyboard (e.g., square
root, percent, trig functions, etc). In
these cases, the predefined programs
are used as subprograms, and provide
increased power in your programming
efforts; for you don’t have to keep “re-
inventing the wheel”.

The memory cells used to store your
program are like those used to store
regular numbers. These memory cells
store numerical codes for the keys.
Also, these cells can be modified by
your programming. In addition, you
can branch (jump) to any step (memo-
ry cell) in your program. Since these
memory cells are used for regular num-
bers and your programs, and the cells
can be accessed by cell number, these
memory cells are often collectively
called random access memory
(RAM).

The set of instructions available to
you (basic arithmetic, store, recall, test,
branch, input, and output) are often
called the calculator’s language. The
coded, numerical version in memory
cells is often called machine language.

There are two other components you
often find on a calculator: a printer and

Hand-held programmable caiculator with magnetic
cards for storing both programs and data.

card reader. A printer is used to record
anything that appears on the display—
keyboard inputs and outputs from a
calculation or a program. Cards come
in two categories on calculators. On
hand-helds, they are usually magneti-
cally coated, thin, plastic, and about
12" wide by 2''-3"" long. Desktop calcu-
lators use both magnetic and paper
cards. Paper cards may either be
punched or “sense-marked” much like
multiple-choice test cards. Let’s use the

punched card to illustrate cards fur-
ther.

Punched cards are often used to
input numbers to a calculator (usually
desktop models). Picture a typical
“IBM"” card with 80 columns of num-
bers, 0-9, arranged neatly in rows
across the length of the card, each num-
ber surrounded by a perforated box.
You can define one to several numbers
on a card by punching out one number
box in each column and leaving an
unpunched column between each set of
digits in numbers over 9. A card reader
attached to your calculator detects
these holes as the card passes through
lengthwise, thus “reading” off the dig-
its of input numbers. You use these
numbers as inputs to your program, for
instance, by simply turning on the card
reader and feeding the cards.

The reverse process could also be
done. All numbers in memory—wheth-
er they represent numbers or coded
instructions—could be punched into
paper cards by an electro-mechanical
card punching device attached to your
calculator. These cards could then be
read back into memory cells, saving re-
programming and re-input of num-
bers.

Normally, however, magnetic cards
are used to store numbers and pro-
grams from a calculator, especially for
hand-held models. Although technical-
ly possible, a card punch is much too
expensive to be used with a calculator.
Thus, magnetic cards hold numbers
and programs generated by keyboard
entries, for later use by your calcula-
tor.

Generally, magnetic and paper cards
are called mass storage media. And
their readers and writers (punchers)
are called mass storage devices.

Small computers

The programmable calculator de-
scribed above has all the components
and features of a computer:

® Processor and memory

® Input (keyboard and cards)

¢ Output (one-line display, printer,
and cards)

* Mass storage (cards)

Small computers have similar com-
ponents and features, but on a larger
and more diverse scale. These include:

* Processor and memory

* Input (keyboard and mass stor-
age)

* Output:

- Display (up to 24, 80-character
lines)

- Printers (with 80-character and
132-character lines)

- Mass storage

* Software (languages, utilities, ap-
plications, etc)

® Mass storage (diskettes and mag-
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netic tape)

Small computers, often called micro-
computers or desktop computers, in-
clude: Apples; Apollos: Commodores;
Digital Equipment 100’s, 200’s and
300’s; HP-87, 100’s and 9000’s; IBM
PCs and compatibles from many manu-
facturers; Kaypros; Masscomps; Suns;
Tandy Radio Shacks, and Wicats. Small
computers also include single-user con-
figurations of low-end minicomputers
such as Digital Equipment PDP 11/23’s
and MicroVAX’s.

Such computers are designed for use
by a small firm (under 30-40 people);
and they generally support only one
user at a time. Some small computers
may have more than one terminal (key-
board and display) attached, but do not
function well if any one user (at a ter-
minal) is doing heavy work. This is
especially true if the work is tying up
any part of the computer (processor,
memory, the printer, or mass storage)
for more than a few minutes.

Minicomputers are ‘‘larger’ comput-
ers. They are designed to support sev-
eral users (three or more) at the same
time. The processor runs programs fas-
ter; memory is larger (by factors of 2-
16 or more); printers are faster; and
mass storage holds much more (by fac-
tors of 10 or more). The level of com-
puter expertise to properly run and use
a minicomputer needs to be higher. In
addition, the base price of a mini is at
least double and often 5, 10, or 50 times
higher than a small computer.

The processor (brain) of a small
computer is called a microprocessor,
since it’s smaller in both size and *“pow-
er” than processors in mini and larger
computers. Popular microprocessors
are:

¢ Intel 8080—used in the original
(1975) microcomputers and in a few
small computers today.

e Zilog Z-80 (faster version of the
8080)—used in many micro and desktop
computers not sold by minicomputer
manufacturers.

* Intel 8086 family —used in IBM PCs
and compatibles.

» Motorola 68000—used in a few small
computers.

Small computer memory usually
comes in 16,000 character increments.
A character is any number, letter, or
special symbol (e.g. that appears on a
standard typewriter).

A character requires eight binary
digits (bits) to code the character, and
it’s often referred to as a ‘“byte’”. A
short-hand notation for 1,000 is the
metric system “K” (““M" stands for
1,000,000).

Therefore, the typical computer
measurement of memory is in K
bytes—e.g. 16K bytes = 16,000 char-
acters. This convention is also used to
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Shown here is the memory of a microcomputer, consisting of numerous '‘chips’ on a printed circuit
board.

measure larger memories and mass
storage, ¢.g. 512K bytes (512,000 char-
acters) and 1M bytes (1,000,000 char-
acters).

Numbers (e.g. 427) are either stored
in memory as digits (e.g. 4, 2, and 7) or
packed in their binary number equiva-
lent in one or more bytes. (One byte
holds a whole number as large as 255;
two bytes holds a whole number up to
32,767. A decimal number requires at
least two bytes.)

Many microcomputers have a maxi-
mum memory of 64,000 characters.
However, the latest micros, special mi-
crocomputer configurations, and
stripped-down minicomputers (sold as
microcomputers) can take 128K bytes
to 1M bytes or more.

The keyboard on a small computer
looks much like a typewriter's key-
board. However, rather than press one
key to do an instruction, e.g. store a
number, you must type the mneumonic
abbreviation of store, e.g., STO.

The processor compares a numerical
equivalent of the letters in the mneu-
monic to determine which instruction
you want to do, in the list of those that
it can do. If it can’t find a match, most
computers will tell you.

The display is usually a CRT (cath-
ode ray tube), a specialized version of
your TV tube. It generally has 24 lines
of up to 80 characters each. It is also
possible to use a printer (usually with a
keyboard) as your display. However, it
will output characters at 8-24 times
slower than a CRT screen. It’s better to
work with a CRT and print what you
want on a printer.

Printers come in two main categories
for small computers: dot-matrix and
letter quality. A dot-matrix or draft
printer prints relatively fast (120-240

characters/second) and is not very ex-
pensive. Characters are formed with a
matrix of tightly spaced dots formed by
small pins in the printer’s “print
head.”

If you also need typewriter-like out-
put, you'll need a letter-quality printer.
These are more expensive and much
slower (by a factor of 2-4). Some firms
have both type printers, and use the fas-
ter printer for most of their daily
work.

However, in 1985, dot-matrix printers
are available that operate as a dot-
matrix printer; or that can pass over the
same line two or more times, (at a slight
offset), to form characters close to let-
ter-quality.

Software is a loose term meaning
anything not electromechanical, and
used to control, command, or instruct a
computer. Software generally falls into
these categories: operating system; util-
ity programs; programming language
compilers and interpreters (e.g. FOR-
TRAN and BASIC); subprograms; ap-
plication programs.

The manufacturer often develops the
operating system, utilities, and pro-
gramming languages. However, be-
cause the same microprocessor may be
used in different computers, third-party
software in all these categories is writ-
ten for computers using that micropro-
cessor.

The operating system is a collection
of interrelated programs that manage
the resources of the computer. It per-
forms input and output control, file
management, and possibly, program
debugging. Commands (as opposed to
instructions) are used to control the
operating system.

Most processors will include an oper-
ating system with the purchase price. If
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not, or if the one supplied is not ade-
quate, you can buy a better operating
system. The cost (typically $150 to
$250) will soon be repaid in personnei
hours. CP/M (control program for mi-
crocomputers by Digital Research) is a
very popular operating system for small
computers. CP/M has aiso become the
standard for application program sup-
pliers.

Utility programs (utilities) perform
routine tasks such as copying files
between disks (or disk and magnetic
tape), editing text and program files,
listing files and file directories, and oth-
er file-oriented tasks.

Programming language compilers
and interpreters translate human (En-
glish-like) instructions into-machine us-
able codes. They also check for errors in
syntax (spelling and punctuation) and
logic (order and matching paired in-
structions). Languages such as FOR-
TRAN and COBOL must be ‘“com-
piled” before a program can be run.
However, BASIC instructions are
usually “interpreted”, one at a time, as
the program is run.

The operating system, utilities, and
compilers are often lumped under the
name ‘“‘system software”

Subprograms are modules of pro-
gram instructions. They are “called” by
a program to perform their tasks. The
task can be varied by parameters
passed to the subprogram from the pro-
gram. A good set of subprograms is
invaluable for efficient program devel-
opment. Subprograms are generated by
manufacturers, users, or third parties.

Application programs do the work.
They perform engineering calculations,
write payroll checks, sort mailing lists,
revise specifications, plot data, or com-
pute a schedule. The application pro-
gram usually takes in data (from a file

or a user), processes the data, and out-
puts the resuits to a file, display, print-
er, or plotter.

Application programs are normally
written by the user or a third party.
They are the key to your system. Their
total cost can reach as much as your
hardware costs. But, it’s usually not
cheaper to write your own software.
With commercially available program
packages, the development costs have
already been spread over a number of
users. Also, many of the errors have
been found and corrected. Ready-made
programs may look expensive, but the
alternatives may cost more. Evaluate
an application program based on how
well it meets your needs, and how much
of your time—or a contract program-
mer’s time—it would take to develop a
similar program.

Mass storage holds information for
later use. Since main memory is nor-
mally cleared when the computer is
turned off, mass storage is used to store
data and programs between uses. How-
ever, the speed at which mass storage
can be accessed is much slower then for
primary memory (milliseconds com-
pared to microseconds).

Mass storage media includes:

e Cards (paper and magnetic)

® Tape (paper and magnetic)

® Disk (flexible and hard)

Cards. Punched paper cards and
magnetic cards are not generally used
with small computers.

Tape. Punched paper tape is not
usually used with small computers;
magnetic tape is. Small computer mag-
netic tape media is in cassette or car-
tridge form. Reel-to-reel tape devices
are generally too expensive for small
computer users.

Magnetic tape devices are usually
called *“‘tape drives”. Small computer

Tough questions for small-computer vendors

The following questions may make
some small computer vendors stut-
ter:

e May I work with the computer for
a day or s0?

® Do you have that program here?
e Can I see it work?

e Who else is using this computer/
software package?

e Why is this .system better than
other systems?

e Who will fix it
work?

e Can I get a loaner computer when
this one is in the shop for repairs?
e How fast will it do 100 of those
operations?

e What product improvements are

if it doesn’t
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expected in the near future?

® Can I upgrade to a newer model
without redoing programs or re-
entering data?

® How do I sell my old equipment if
I upgrade?

* What does this price include? .
®* How long to deliver all compo-
nents?

® Can we test all the hardware and
software together before purchasing
it?

The answers to these and other
questions may include a request for
a deposit. A small investment is
probably sensible. So is scrutinizing
vendors and calling their refer-
ences.

This hard disk device can store millions of
characters. Such disks permit either rapid storage
or retrieval of information.

tape drives range from $40 audiocas-
sette tape recorders, up to $4,000 car-
tridge drives. Hewlett-Packard and
Tektronix have sophisticated built-in
drives; Hewlett-Packard uses a sepa-
rate microprocessor to control the tape
drive in their HP 9845 desktop comput-
er.

Magnetic tape is an inexpensive me-
dia. But it suffers from two problems.
First, information is stored and re-
trieved sequentially. Thus, the tape
must be positioned properly to store or
retrieve information. It takes time to
search and to rewind. Inexpensive tape
drives operate at audiocassette speeds,
so searching or rewinding is extremely
slow.

The second problem is slow informa-
tion transfer speed. This is much less of
a problem than the movement problem.
However, it becomes prominent, if a
large volume of information is trans-
ferred at one time.

More expensive tape systems use
fast-forward search, indexed search
faster movement, and other enhance-
ments. These systems reduce some of
the problems, but none can overcome
them all. There is always a tradeoff
between capacity, movement delay, and
expense.

Disks are thin and round like a pho-
nograph record. They are covered with
a magnetic surface on which data and
programs are stored.

As with tape, the disk device is called
a drive. It spins the disk at several
hundred rRPM. A head quickly moves
over the disk reading or storing infor-
mation in several circles on the disk.
This overcomes the sequential nature
and the speed problems of magnetic
tape.

Disks are either rigid or flexible. The
rigid disks (commonly called “hard”
disks) spin at high speeds and operate
at close tolerances. They are kept as
isolated from dust and smoke as possi-
ble. The popular Winchester drive tech-
nology is completely sealed. Some of
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Flexible disks, also called ‘‘floppy disks' or ‘'diskettes, '’ can store many tens of thousands of characters.
But they operate at slower speeds than hard disks.

the drives accept cartridge disks (in
hard plastic cases), so that several dif-
ferent disks can be used in the same
drive.

Hard disks come in 5%", 8" and 14"
diameters. Some are under 4”. They
usually store from 5M to 100M bytes or
more of information.

Flexible disks are called “floppy”
disks or diskettes. Their drives operate

at slower speeds than hard disk drives,
and the read/store head rides on the
surface of the floppy. The floppy is
encased in a paper jacket with a special
liner to help keep it clean.

Floppies store from 100K to 500K bytes
of data. They come in 35", 5%4" and 8"
diameters, commonly called “microdisk-
ettes,” “mini-diskettes” and “diskettes,”
respectively. Floppies are less expen-

sive than hard disks, but they are slower
and have less storage capacity. Small
computer software is usually delivered
on a floppy disk.

Other mass storage technologies:

Stringy floppies are small cassette
tapes about the size of small dictation
machines cassettes. Because of their
short tape lengths, movement delay is
greatly reduced. Access time ap-
proaches that of a floppy. But the price
is more in the magnetic tape range.
Therefore, the stringy floppy provides
inexpensive, small capacity, yet fast
mass storage.

Bubble memory is a magnetic device
of less than 1 in.2 that can store 125K
bytes, and has fast access and transfer
times. They are now on the market (in
limited quantities) as plug-in mass stor-
age devices for small computers. An-
other use is in intelligent terminals as
short-term mass storage.

In general, mass storage media and
devices obey the law of cost versus per-
formance. Your particular applications
will dictate which media is best for
you.

A most important consideration for a
small computer user is that he regularly
back up (duplicate) information from
mass storage onto the same media or a
less expensive media. This will reduce
the need for voluminous re-entry in the
event of an error or hardware malfunc-
tion. Back-up frequency should in-
crease with the number of users and
programs, and the amount of data
entered or modified. It’s not unrealistic
to back up mass storage daily.
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Guidelines for selecting a small computer

Preliminary activities

® Put one person in charge of re-
search, selection, and installation.

e Set up a preliminary schedule and
budget.

® Include “blue sky” needs in your
list of needs (some blue sky needs
may be incorporated at very small
cost).

® Temper your needs with future
growth plans and possible organiza-
tional changes.

Justification (for each function
that may be wholly or partially
automated)

® Consider the benefits only for that
part of a function that can be auto-
mated.

* Besides cost benefits, consider in-
tangible benefits—faster  turn-
around, useful by-products, and
freedom from the mundane.

® Use net benefits to justify a com-
puter purchase. Net benefits = cost
benefits + intangible benefits —
true computer costs.

e Computer costs include hardware,
software (with modification costs),
contractor assistance, service, sup-
port, and overhead operations.

Evalustion

® Find your software first. The soft-
ware will dictate what hardware sys-
tem alternatives you have. If you
choose the hardware first, you may
not find compatible software for the
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applications you need.

¢ Evaluate prospective hardware
and software packages based on
costs as well as other important cri-
teria.

® Consider *“free” services and sup-
port when comparing prices.

* Insure the s “tem growth potential
will meet yous :ectives.

* Insure that @ nucn of the initial
system as possivie wiil continue to be
useful during growth.

® Consider back-up media and pro-
cedure requirements when evaluat-
ing for mass storage components.

Selection (for each final
candidate)

® Check references of the supplier.

® Work with the system for a day or
two.

® Test under worst conditions with
the largest conceivable data sets and
programs.

® Test multiple operations.

¢ Contact others who are using sim-
ilar systems.

® Check on stability of manufactur-
ers.

® See as much of the system in oper-
ation as possible before purchasing.

Purchasing

® Define and document acceptance
criteria in terms of specific functions
and time requirements.

* Don't forget service and support
contracts.

Installation

* Prepare your office for delivery
with suitable training, forms, proce-
dures, test plans, lighting, and static
guards.

* If electrical hook-ups have large
fluctuations, bring in a clean line.

¢ Connect and test all components
before acceptance of the system.

Follow-up activities

® Carefully maintain your hard-
ware, software, manuals, diskettes,
and procedures.

* Be on the lookout for more, good
software.

® Use timesharing service programs
when applicable.

¢ Keep abreast of new develop-
ments.

® Manage your computer as you
would a valuable employee.

Final words ot advice

* Find your software first.

®* Make decisions based on your
needs.

® Verify the suggestions of sales
people.

* Don’t make assumptions; confirm
everything.

® Use an independent consultant if
you need help.

® Don’t believe it until you see it!

® Test, verify, and double check as
much as possible.
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