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Writing Diagnostic
Routines

while your machine is running

Ever since personal com-
puter systems first
caught on, the area of diag-
nostic software has been over-
looked. Few companies
producing kits and hobhby
systems offer diagnostic pro-
grams to test and debug their
products should a problem be
suspected. Possibly such pro-
grams haven't been offered
yet because of the degree of
customizing each user per-
forms while assembling his or
her system. Because of
competition in the market,
most systems are a conglom-
eration of biis and pieces
interconnected for a partic-
ular application. Thus, maost
hobbyists are forced to write
their own diagnostic or
maintenance programs {usual-
by after a major problem
develops) without really
knowing what they're doing.
It's very difficult to debug
software if the hardware is
not working properly!

On mini and larger size
computers, the manufacturer
usually provides various
diagnostic programs to be run
at regular intervals by the
user as a form of preventive
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maintenance. The programs
are written to detect minor
faults before they degrade
system operation, and to help
isolate and debug majer
problems when they occur,

Diagnostic Methods

Gne of two approaches is
generally taken for writing
and using diagndstic pro-
grams. A bottom up approach
starts by testing the smallest
entity in the system then
using that proven-good device
to test the next device in the
system until all devices have
been tested. Individual com-
ponents are then tested in
clusters or subsystems, and
finally the entire system is
tested, or exercised, a a
whole.

A top down approach, on
the other hand, starts by
running a system exerciser 1o
test all devices at once and
isolate & problem to a given
subsystem. More
device-dependent programs
are then run for the particular
faulty device or subsystem to
further isolate and help debug
the problem. Once the prob-
lern has been corrected and

detailed, .

the device-dependent tests are
passed, the system exerciser
can be run again to verify
that that was the only system
fault.

A bottom up approach
requires the least amount of
working hardware to be use-
ful, but a top down approach
takes less time to isolate a
given system fault; so there
are trade-offs. For either
approach, the actual pro-
grams could be similar, de-
pending on the system and
the application.

Writing A Test Program

Why not write a collection
of test programs while you
have a working system to try
them on? Debug vyour pro-
grams tharoughly when writ-
ing them so you're sure that
any problems detected are
caused by hardware and not
software, Try a bottom up
approach first as this should
make the programs easier to
write. Start out with a few
simple programs to check the
CPU machine instructions,
checking operands, condition
codes, etc. Then check data
paths to and from the CFU

and the various control logic,
trying different bit patterns
to check for shorted lines.
For convenience, you may
want to create some of these
programs in ROM and have
them permanently available.
Loading programs would
require a major portion of the
CPU to be in working order,
so using ROM would elimi-
nate that problem.

A quick memory check
can verify that RAM memory
is working correctly by writ-
ing all zeros and ail ones fo
each location, reading it back,
and comparing the data. You
may wani to check another
memory pattern such as al-
ternating ones and zeros
(10101010} as well as check-
ing memory addressing logic
by insuring a test paitern had
not been written into another
location.

After the CPU and mem-
ory have been tested, you can
then progeed to test any
other devices you may have
in your particular system.
Test each device separately
and thoroughly before going
to the next. For starters, try a




program to test your CRT
display or video terminal
with:

® 3 character generator checlk,
full lines of each character.

® display memory test {swirl
pattern). The first line is a
full character set. Each line
after the first starts with the
next letter in the character
set after that used on the line
above it. Therefore, each
character will be on a diag-
onal, and will appear in each
storage location as the test is
run, and the display scrolls.
For example:

Other patterns can be added
to test special features, efc.,
depending on the particular
display. To test a keyboard
you can try a program that:

® displays on your terminal
or CRT the code for the key
depressed and the actual char-
acter,

® asks you 1o type each char
acter in a set seguence and
checks the code received.

Another wuseful test could
print continuous lines of any
character typed in by the
user. When another is typed
in, the printer would change
to that character. Similar
tests can be written to check
the particular features or
functions of other displays
and terminals. Use easy-to-
recognize patterns on printers
or terminals and keep the
tests simpilel

If you have tape drives,
cassettes, floppy drives, opti-
cal readers or joysticks, don’t
forget to test them also. Test
every device in your system
thoroughly, one at a time.
Later you can add a simple
exerciser to get everything
working at once and check
for device interactions. My
advice is to save this for later
when you start 10 gef a feel
for what you really wani to

accomplish  and how vyou
want to control vyour test
programs.

Make 1t Useful

For whatever devices are
being tested, certain basic
features should be included
for your own convenience
and increased usefulness of
the programs. Each test
within a program should give
a clearly defined indication
when an error is detected.
This can be an error message
on a terminal or simply a
machine stop at a specific
address. I error stops are
used, separate halts or stops
should be wused for each
possible error so the address
at which the machine stops
will indicate what error was
detected. For added con-
venience you may even want
to generate an error dic-
tionary to list and describe
each possible error halt and
give some possible causes or
cures. Also, keep a log of the
errors and causes detected by
your programs for later refer-
ence. They may save you
from debugging the same
problem again several months
or years later.

Another desirable feature
should be the capability to
loop on any test for scoping
purposes, possibly with a
sync pulse generated at the
start of each pass. Other
features can be added a3
desired, depending on your
particular system and how
you want to test it. Try to
keep it simple but flexible,
and easy to use,

Plan ahead and prepare
yourself for the inevitable.
Sooner ot later you're bound
to have a hardware problem,
and your local TV repairman
will probably not be able to
help vyou, let alone know
what you're talking about.
An even better idea: Run the
tests periodically and catch
small problems before they
become major ones. Your
time spent writing diagnostic
programs for vyour system
now will be repaid many
times in the future. |
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