






























































































































































































































































continued from previous page

to tap a key. It whizzes by, glancing
at the keyboard buffer on the run;
and reports back to your program
what it saw, even if it saw nothing at
all. For this reason, INKEYS is fre-
quently used in a loop that keeps on
sending it back to look again until it
finds something other than an emp-
ty room. For example:

10 A$ = INKEYS: IF A$ = ¢»

THEN 10
where there is no space between the
quotation marks, indicating the
“null” or empty string (i.e., no
keypress).

You can do the same thing on the
Apple that INKEYS$ does on the S-80,
using a PEEK statement. (More on
such voyeuristic goodies in general
in a later article.) A PEEK into
memory location -16384 inside the
hidden recesses of the Apple (which
you don’t even have to lift the cover
to do) will reveal a number equal to
the ASCII value of the last key

struck, plus 128. If no character at
all is in the buffer, then the number
you find will be less than 128. As
with INKEY$, no cursor is printed on
the screen when you do the PEEK,
and there’s no hanging around
waiting for a character to show up.
So again, this statement is usually
found in a loop which keeps check-
ing for a keypress (although such
loops may well be quite a bit longer
than the one-line examples given
here). After finding a character in
the buffer with this PEEK, it’s good
practice to clear the buffer with the
statement POKE -16368,0.

The following four bits of coding,
then, are pretty much equivalent, all
of them used to capture a single
character from the keyboard in AS$.
On the S-80:

10 A$ = INKEYS: IF A$ = ¢

THEN 10

On the Apple:
10 GET AS$

or

10 A = PEEK(-16384): IF A<128

THEN 10

20 POKE -16368,0: A$ =

CHR$(A-128)

On the Atari:

10 GET #2,A: A$ = CHR$(A)

If all this seems a little
confusing...well, it can be. But since
most of us don’t have more than
one computer system, it’s not all
that bad once you get used to your
own.

One final note on input before
abandoning you for another month.
YOUR input in response to this col-
umn is most welcome. Suggestions
(keep them nice), arguments (keep
them rational), additional observa-
tions (keep them simple so I can
understand them), and contribu-
tions (cash, check, or money order)
will all be graciously and gratefully
received. But as far as other types of
letters go — no, I’m sorry, I’m busy
next Saturday night. (S)

continued from page 55

which may be added to, deleted
from, or updated by your programs.
This information is stored as files.
Files may be composed of one or
more data records and may be con-
tained on any storage media such as
magnetic tape or magnetic disk. In
our Payroll application example, we
may have one file which contains in-
dentification and control informa-
tion relative to the Client (company).
This file would only consist of one
record, since there is only one com-
pany involved. We would also have a
file of Employee Records. This file
would have a separate record for
each employee; hence, it will contain
multiple records. Collectively, these
files, as well as any other files that
may be required, constitute our data
base.

A Record is composed of data
elements and our efforts now should
be to ascertain which of the data
elements are to be included in each of
the Records. In addition to the input
and output data elements required by
the system, our System Design
analysis may turn up the re-
quirements for ‘‘intermediate’’ data
elements. For example; in our
Payroll application we most probably
have identified input data elements
such as ‘‘Salary” and ‘‘Hours
Worked”’. Since the data element
“‘Salary’’ might be passed directly to
the output data element ‘‘Gross
Wages’’, we would not require an in-
termediate element. However, we
must have some method of conver-
ting ‘““Hours Worked’’ into ‘‘Gross
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Wages’’. To do this, we will probably
be required to add the intermediate
data element ‘‘Hourly Rate of Pay’’
if we do not already have it on our list
of data elements.

After our list of input, in-
termediate, and output data elements
has been completed through analysis
of the elements (or at least as com-
plete as we can visualize at this
point), we are ready to start planning
our Record Layouts.

A Record Layout is simply a ‘“pic-
ture’’ of the conceptualized format
of the records we will be using in our
data base files. These completed
Record Layouts; our list of data
elements and such notes as may be re-
quired relative to the source, content,
or use of the data elements (we will
call this the Data Element Dictionary
and discuss it at more length in Sec-
tion III); and, our Flow Charts which
we prepared in the Problem Defini-
tion phase and updated in the
Systems Analysis phase constitutes
our System Design documentation.

PROGRAM DEVELOPMENT

Now is when it starts coming
together. If you have done your plan-
ning well, the actual coding of pro-
grams can be fun and if it is not fun,
get out of the business right now!
You may be startled with an observa-
tion that I have made. That observa-
tion is that most of the programmers
I have met in the last twenty years
were not programmers at all. They
were simply people working at pro-
gramming. I didn’t keep figures dur-
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ing this time but I will venture a guess
that the great majority of these peo-
ple were in the business for one of
two reasons; either they found a
secure little niche in life that paid
rather well or they were simply using
it as a stepping stone to bigger and
better things. For some it was a very
slippery stone and for others the
Peter Principle was appros. I think
that the advent of the microcomputer
will change this programmer profile
dramatically.

Let’s assume you do like to pro-
gram. If you haven’t yet learned, this
booklet will not attempt to teach you.
There are too many good books on
that subject already. However, there
are several rules to remember,
whether you are coding for profit or
for your own joy and amusement.
These rules are not mandatory, your
programs will run whether you use
them or not, but if you employ them,
you will find that the coding can be
speeded up, the chance of error
reduced, and you will have far less
debugging to do.

Common Subroutines. During the
System Design phase you must have
noticed that at several points in your
logic the same routine would be re-
quired. Examples of this wold be In-
put/Output routines against the same
data file or a routine to convert dates
from computational mode (numeric)
to display mode (string) or vice versa.
These common routines may be re-
quired at several points in program
coding. Therefore, to save coding
and to reduce the chance of error, it
would be prudent to write the



subroutine coding, debug it, and save
it away for later inclusion in your
program(s). Remember that every
byte of program code is a potential
error and to reduce coding is tanta-
mount to reducing errors. Besides,
multiple usage of common routines
within the same program will reduce
memory requirements.

Simplicity. For some reason, I
guess it is human nature, program-
mers feel that unless the coding is
esoteric they will be scoffed at by
their peer group who might read the
program. Bull! The name of the
game is to write code that works and
can be easily deciphered when
modification are required. KISS
(Keep It Simple, Sugar) is the
byword.

Use Copious Comments. I learned
something in pistol shooting many
years ago — that the human mind
can concentrate on a given object (in
that case the front sight), to the ex-
clusion of all other things, for only a
few seconds. I don’t care how
brilliant you are (Mensa take note),
you cannot retain the knowledge of
where or why you wrote a particular
set of code for very long. A few
minutes of coding comments here
will save countless hours later.
Besides, we will be showing you how
to take them out when they are no
longer needed.
the more frustrating aspects of
debugging a program is the ‘lost
variable’’ problem. This is when you
inspect the contents of a variable and
say to yourself, “‘I wonder how that
got there?’’. One of the prime faults
of BASIC is the restriction placed on
variable naming conventions. True,
many versions allow the use of an
eight-byte variable name but with on-
ly the first two bytes having
precedence. I have always chosen to
shy away from using these longer
names because the inadvertant
duplication of variable names is a
trap of the first magnitude.

Write Your Code. I write out my
code before I start keying it in. There
are many who would disagree with
this modus operandi as being un-
necessarily time-consuming. I guess I
don’t have the retentive powers or
native genius to code directly from
the keyboard — or I am writing big-
ger programs that must interrelate
with other programs — or I don’t
write ‘‘structured’’ programs.
Whichever is my problem, I find it
necessary to commit my code to
paper before keying.

However, there are some definite
benefits to the way I do business.
First, I know where my GOTOs go

to. Second, and very important, I
trap many little syntax errors and
even some logic problems by being
forced to take a second look.

Keep a Notebook. I guess 1
subscribe to most all of the popular
publications devoted to the TRS-80
because that is my machine and I
firmly believe that the world is made
up of many programmers that are
smarter than I am. Fortunately, a
small amount of this intelligence
creeps into these trade publications in
the form of a few lines of code that
are sheer genius. I pay a lot of atten-
tion to these coding examples and,
when I find one of particular interest,
I write a little routine which incor-
porates the idea, test it for authentici-
ty (some publishers are notorious for
typographical error), and incorporate
it into my notebook.

Consider the User. While you are
programming, think about the per-
son who is going to have to operate
your system. If you are going to write
a line of code that will solicit a
“YES” or ‘“NO”’ response, add the
extra code that will enable the pro-
gram to ascertain the response from
the first character of the input. I have
read a lot of adverse comment about
Microsoft BASIC not reinitializing
the contents of the variable on an IN-
PUT statement. I consider this a
boon. For example, if I were to solicit
a negative or affirmative response,
my code might look something like
this.

500 X$=Y” : INPUT““WANT

TO CONTINUE (Y/N) ’’;X$

510 IF LEFT$(X$,1)=“‘N"’
THEN STOP ELSE IF LEFT$(X$,1)
< > ‘Y’ THEN 500

520 REM RESUME PROCESS
ING WITH EITHER “Y” OR
NULL RESPONSE

In this example, the variable X$ is
set to ‘Y’ prior to the solicitation
because “YES’’ is assumed to be the
most frequently used alternative.
Therefore, when responding to the
question, the operator may either
enter the character ‘““Y”’, “YES’’, or
simply depress the (ENTER) key.
Line 510 will either direct the
negative action or trap erroneous en-
tries and cause resolicitation of the
correct entry. Frankly, I detest pro-
grams that require me to enter a ‘‘1”’
for ““YES”’ and a ‘“2”’ for ““NO”’ or
some similar Level I convention.
After paying the tariff for Level II, I
want to be able to exercise its
capability.

Plan Ahead. In the last paragraph,
I made an innuendo about the restric-
tiveness of TRS-80 Level I BASIC.
Now let me come right out and tell
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you what is wrong with Level II. It
lets you get away with murder in two
areas: the first being the graphics
characters and the second the IF-
THEN-ELSE statement. This was
fine as long as we didn’t have any
place else to go with our software,
but look what happened when Radio
Shack announced the Model II.

First, the ASCII codes for graphics
characters have been severely
restricted. Now, for those of us who
disdain games, this no big thing.
However, I do like to dress up my
screen displays with some lines of
graphics. For example, I was using
the statement PRINT STRINGS$
(64,CHR$(138)); to display a nice
heavy line across the screen. This is
not so good on the Model II so I have
changed it to PRINT STRING$(64,
¢“=7"); so that we can all be compati-
ble.

Second, Level II allowed us to be
very sloppy with the IF-THEN-
ELSE. You could get away with the
statement IF A=B GOTO 500 ELSE
GOTO 600. This statement makes the
Model II regurgitate. Well, friends,
the Model II BASIC dialect (at least
in this case) is industry standard so
you had better consider it if you in-
tend to ‘‘up-line’’ your programs
some day. Just for the record, the
rule is that IF must be followed by
THEN and may or may not be
followed by ELSE. The GOTO is
assumed in either case.

Of course, if you are like me, you
violate all of these rules most of the
time anyway and that is why we offer
the Mod I to Mod II FILTER pro-
gram at the end of this booklet. This
is a program which can materially
assist anyone who wishes to transfer
programs up-line to the Mod II.

UNIT/SYSTEM TESTING

Unit Testing is the testing of each
individual program while system
testing is a test of the data flow
throughout the entire system. Nor-
mally, much of the unit testing can be
performed as the program is being
keyed in. Because of the interpretive
nature of the BASIC language, a
subroutine or a few contiguous lines
of code can be tested as an entity. In
fact, it is a good idea to always con-
sider the order in which a program is
to be keyed in — it will enable you to
take full advantage of the
‘“‘piecemeal’’ testing.

As 1 stated earlier, I commit my
code to paper before keying. This
enables me to key in any part of a
program and perform a test on it
before proceeding. In this manner, a

continued on page 87
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program can be built in increments
and tested in larger and larger
segments until, when it is completely
keyed in, it is virtually ‘‘bug-free’’.
One of the shortcomings of TRS-80
BASIC is that it does not syntax
check your instructions while they are
being entered, and this method of
keying and testing is an excellent way
to overcome this shortcoming.

The delivery of ‘‘bug-free’’ soft-
ware is the programmer’s Great
American Dream. The best way to
come even close to this dream is to
conceive and execute a test plan that
will cause each of the lines of code to
be executed at least twice. Yes, twice!
This is because the language you may
be using may have some idiosyncrasy
that the second iteration of a logic
path could cause inconsistant results.
For example, the FOR-NEXT loop
— does it- exit on the FOR or the
NEXT? Also, you could have
overlooked some type of switch set-
ting that would fail on the second
iteration.

We have all heard of Murphy’s
Law which states that ‘‘anything that
can go wrong, will’’. Well, when it
comes to installing software, you will
soon learn that Murphy was an op-
tomist. Remember, if you don’t ade-
quately test and de-bug your soft-
ware, the Client will do it for you —
and usually at the oddest hour!

A good test plan is a combination
of hard data and common sense. You
might best construct a test plan by
gathering all of the input documents
that your system requires and making
representative entries that will ac-
commodate all of the input Data
Elements contained thereon. (You
did save those completed documents
that you picked up at the Client’s of-
fice six months ago, didn’t you?) Do
not test with just what you know to
be valid Data Element values. For ex-
ample, if a Data Element is titled
“Unit Price’’ and it is assumed that a
positive value is always entered by the
Operator, then test with - positive
numbers (including extra decimal
places), negative numbers, null
values, and even alphabetic
characters to see what will happen.
Not only are we interested in insuring
that data is processed correctly, but
we must insure that, during day-to-
day operation, the computer will
never come to an undocumented
“READY”’. You may as well patch
your Client’s operating system so
that the “‘READY’’ message is
followed by your home phone
number — it will save the Client time
in looking it up!

DOCUMENTATION

The subject of Documentation
will be treated in three parts; Internal
Documentation, External Documen-
tation, and Backup Documentation.
Internal Documentation concerns
those instructions to the operator
that are intrinsic to the programs
such as alternative responses to
prompting messages displayed on the
video monitor during operation. Ex-
ternal Documentation is that
documentation which is provided to
the Client which explains the opera-
tion of the system and might also be
used for sales promotion of other
prospective Clients. Backup
Documentation consists of the
forms, notes, and listings used during
systems development.

One of the popular trade publica-
tions recently published an im-
pressive statement. It said, in
substance, that one did not have to be
a programmer to operate a computer
system; provided that the system has
been designed for the naive user. In-
ternal Documentation should always
consider that the user is naive. If this
were not so, you would be out of
business.

How can we best accommodate the
naive user? Well, the method I ad-
vocate is that the user should need
only know how to turn-the system on
and ‘‘boot” your application pro-
gram. Ideally, in a multi-program
system, this would be a ‘““menu’’ pro-
gram which would guide the operator
to the function which is to be per-
formed by simply selecting the ap-
plicable function code. Bear in mind
that the more simple you make the
system operate, in terms of mean-
ingful prompting messages and
responses, the less trouble you will
have in installation and training and
the less ‘“‘nonprofit’’ calls you will
receive subsequent to installation.
Just a note about operator interac-
tion with the prompting messages.
Whenever you ask the operator for a
response, trap out invalid response
possibilities. Don’t give the computer
the chance to come to the “READY”’
simply because someone entered
something unexpected.

In many cases, good Internal
Documentation will preclude those
““I-did-this; it-did-that; what-do-I-
do-now?’’ calls. I say ‘““many cases’’
because no matter how good your
documentation might be, some peo-
ple just disdain reading instructions.
This brings up a point to remember,
when you are installing your system,
install your documentation. That is,
make sure the operator knows of its
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existence and how it is used. It will
save you much grief later.

Internal Documentation should
consist of the following documents as
a minimum:

...Program ‘‘boot’’ sequence.
These are the specific instructions for
initializing the system and getting the
first function menu on the screen. It
should be tailored to the specific
hardware and Operating System that
the Client will be using and consists
of each individual operation that
must be performed down to the level
of depressing the (ENTER) key or its
equivalent.

...Backup Operations. A descrip-
ton of just what the operator must do
to back up the program and data files
to provide for emergency conditions
such as hardware failure, a mutilated
diskette, fire, flood, or acts of a
disgruntled employee.

...Auxiliary Messages. If program
prompts or information messages,
such as error conditions, requiring
further - clarification than can be
displayed on the video screen, these
should be keyed by a message
number to the Internal Documenta-
tion where they should be amplified
to whatever extent necessary.

External Documentation is man-
datory if you intend to sell your soft-

- ware outside your commuting area or

even within it if you will not per-
sonally be .installing the software.
This type of documentation is often
called a Management Overview and
its purpose is to spell out just what
the capabilities of the system are, in-
cluding options on how it may be
run. As a minimum, External
Documentation should include:

...A System - Overview. This is a
narrative abstract ~of system
capabilities.

...A Detailed System Description.
An amplification of the System Over-
view, this section of the External
Documentation should include a
detailed description of everything the
system will do, what it will not do
(such as file size restrictions), and In-
put/Output examples.

...System Options. If applicable,
the ‘External Documentation should

include all of the.various alternatives
open to the Client for running the

_system.

Backup Documentation will be

continued on next page
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discussed in depth further along in
this booklet; however, its importance
will be discussed here. Simply, it is
this: Without adequate Backup
Documentation, you will have an ex-
tremely difficult (if not impossible)
time in maintaining a system or
modifying it to some other Client’s
requirements. You may feel that the
system you have created will stand
for years as a testimonial to your
genius. Bosh! About the only soft-
ware that withstood the test of time
was the Ten Commandments and
that is because it was documented in
stone and there was no competition
between developers. If there is one
thing you can count on about your
masterpiece (other than it will not be
bug-free) is that the user will require
modifications and enhancements.
Count on it.

There is aslo another very good
reason to be meticulous about the
preparation of Backup Documenta-
tion. You have labored hard and long
to create this system and there is no
sense of re-inventing the wheel every
time you want to sell something
similar to another Client. However,
be aware of another truism —
whatever you have already developed
and running will not satisfy the next
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prospective Client you show it to. It
will require modification because
“his business is different’’. Re-
member something else when deal-
ing with a prospective Client. His
business is different! It is because he
runs it differently. The successful
software developer does not profess
to know how to run the prospective
Client’s business better than he does
(although you might). If you persist
in this attitude and keep failing to sell
your services, then have your
business cards printed to read
‘“‘Business Management Consultant”’
and get out of the way of us tigers!

SYSTEM IMPLEMENTATION
AND MAINTENANCE

System Implementation (or In-
stallation if you prefer) can be the
most traumatic experience of the
System Development cycle because
this is where the phrase ‘‘Oh, I
thought you said ...”” is most fre-
quently heard. You will find, on oc-
casion, a built-in animosity among
employees of the business who will be
using your new system. This animosi-
ty is usually quite subtle and is
sometimes manifested by an apparent
nervousness on the part of the
employee or an apparent inability of
the employee to grasp the operation
of the system which you have so
meticulously documented. On the
other hand, you will sometimes find
employees who are not so subtle with
their animosity. I’ve even heard
employees say, ‘‘I don’t care what
the Boss says, this isn’t the way we do
business. He doesn’t know what is
going on.’

This animosity, if found, is most
probably fostered by articles that the
employee has read about automation
replacing them; or it could be that
people are simply adverse to change.
If your system is to affect one or
more employees, then it would be
prudent to discuss the ramifications
of System Implementation during
early discussions with your Client in
the Problem Definition phase. If a
problem is anticipated, it may be a
good idea to prepare the employees
for the change early in the System
Analysis phase by having them con-
tribute to this effort (you will be sur-
prised what you can learn from
them). Simply by letting them talk
themselves out, and being a sym-
pathetic listener, you will steal their
thunder, or at lease temper it, for
what is to come later. Remember this
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point — the Client (Boss) who states,
‘““My employees will damn well do
what I tell them to do’’, may be a
tiger in front of you but a pussycat
when it comes to those employees.

At any rate, the Implementation of
an automated system should be well
thought out prior to its execution.
Put your thoughts on paper. Time-
phase the implementation so that it
does not cause a more-than-necessary
disruption to normal office pro-
cedures. Remember, you are pro-
bably not being paid in full for your
efforts until you have implemented
the system, so your economic life
depends on the success of this phase.

Maintenance of the system will
probably start on Day One of Im-
plementation. There will always be
some little ‘‘glitch’’ to be fixed.
However, the major System
Maintenance effort will follow im-
plementation. It seems that the
enhancement of a system is in direct
proportion to how good a job you
did on the initial system. If you did a
bang-up job of interpreting the
Client’s requirements and installed
the system to the satisfaction of all,
they will quickly find things for the
system to do that were not in the
original specifications. I once heard a
computer professional state that he
was considering giving away soft-
ware, just so that he could do
enhancements, and modifications —
and charge for those! You can always
determine the quality of your system
by the speed with which the Client
gets back to you with add-on work.

The System Maintenance phase is
where your Backup Documentation
becomes vital. Obviously, you have
been doing other things in the interim
between the Program Development
phase and the Maintenance phase
and how quickly we forget the nitty-
gritty of what we have done. A direc-
tory of program routines and
subroutines, a data element to
variable name cross-reference, and
detailed record layouts are ‘“musts’’
for System Maintenance.

SUMMARY OF SECTION I

Section I has been mostly theory. It
has, however, provided a structured
approach to Systems Development
and pointed out some of the pitfalls
that might be experienced. In the next
section, we will take a more
pragmatic approach and describe
some specific tools that might be used
for Systems Development.
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