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1. ABSTRACT

The PDP-8, 8/1 Extended Memory Checkerboard diagnostic is designed to provide worst case
half-select noise conditions in order to determine the operational status of core memory. Four data
patterns, and their complements, are written and checked for error. The patterns provided will generate
the worst case noise conditions for a PDP-8 or 8/1 equipped with standard or specially purchased core
stacks, and will test systems equipped with from 8K to 32K words of core memory. Automatic program
relocation is provided in order to test all memory stacks from each stack.

Teletype print-outs are provided for error identification. Also, the operator is given a degree

of control over the program by various SR settings. These are explained in detail in Section 8.2.

2. REQUIREMENTS
2.1 Equipment

A standard PDP-8 or 8/1 equipped with at least 8K words of core memory .

2.2 Storage

The program occupies locations 0010 to 3334.

2.3 Preliminary Programs

The Binary Loader must be in memory. Also, all diagnostics for a basic 4K PDP-8 must have

been previously run successfully.

3. LOADING PROCEDURE

a. Turn off the Teletype reader.
b. Set the SR to 7777.
Press LOAD ADDRESS; then START.

d. Place the Binary tape in Teletype reader and turn on the reader.

[¢]

e. When the progrom has been loaded, stop the computer, turn off the reader, and remove

the tape.



4. STARTING PROCEDURE

4.1 Starting Address

Start from address 200 to specify the amount of core memory to test; SR settings, and to receive

a header sprint-out.

4.2 Restarting Address

Start from address 207 to change the test limits; SR settings, and to inhibit the header print-out.

4.3 Operator Action

Immediately after starting from address 200 or 207, the program will print TEST LIMITS. The
operator must then specify, via the Teletype keyboard, the amount of core memory to test, followed by
a carriage return.

The following rules govern the amount of memory to test:

a. Type two octal numbers, separating the numbers with a comma. The first number signifies
the lowest order 4K stack to test; the second signifies the highest order.

b. The program expects the 4K stacks to be numbered sequentially starting with a stack 0.

c. If the highest order stack to test is typed as the first stack, the program will interchange
the two values so as to make the second value the first fo test.

d. After typing the second octal number, press the carriage return key to terminate the line.

e. The program will test the lowest and highest order 4K stack specified, plus e\)ery stack
between, starting with the lowest specified.

f. Any single stack, or two or more sequential stacks may be specified.

g. The stack containing the program may be included when specifying two or more stacks.
The stack containing the program will be tested after automatic program relocation takes place (see Section
5.3.1).

h. If a typing error is made, press the RUB-OUT key. TEST LIMITS will be printed again.
All previous input is disregarded.

For the following examples assume the program to be located in stack 0, and the program has

been started from address 200 or 207. The amount of core memory available is 32K.

Example A:

TEST LIMITS

0,7, (o denotes carriage return)
Example A indicates stacks 0, 1, 2, 3, 4, 5, 6 and 7 will be tested.



Example B:

TEST LIMITS

7, 0y
The program will perform exactly as Example A.
Example C:

TEST LIMITS
4,5,
Only stacks 4 and 5 will be tested.
Examplée D:

TEST LIMITS
3,34
Stack 3 alone will be tested.

Example E:

TEST LIMITS
0,0 PROGRAM 1S LOCATED IN FIELD 0
TEST LIMITS
0,1y
Exomple E shows the message printed by the program when a single stack is selected which
currently contains the program. TEST LIMITS is printed again, and the operator must then correct the test
limits, )
Operation of the program is unpredicatable if the amount of memory selected for testing exceeds
the actual amount available, i.e., selecting 32K for testing on a PDP-8 or 8/1 equipped with a maximum
of 28K.

f

4.3.1 Setup SR

After the test limit is specified, the program will print SETUP SR. For normal program operation,
the SR must be set to equal 0000g. Press the carriage return key after setting the SR to 0000. The program
will then run until stopped by the operator. Normal program operation is defined as performing all four

checkerboard patterns on all of available memory from every memory stack.



5. OPERATING PROCEDURE

5.1 Program and Operator Action

a. Load the program into stack O using the procedure described in Section 3.
b. Set the SR to 200; press LOAD ADDRESS, and then start.
c. The message TEST LIMITS will be printed. Specify the limits, via keyboard, as described

in Section 4.3.

d. The message SETUP SR will be printed. Set the SR to 00008, and press the carriage return
key.

e. The program will perform all four tests on all of core me‘mory specified, after which, auto-

matic program relocation takes place.

5.2 Operational Switch Settings

Normal operation of the program requires the SR set to 0000g. Refer to Section 8.2, applica-

tions, for switch settings provided for trouble-shooting.

5.3 Subroutine Abstracts

5.3.1 Program Relocation

Program relocation is governed entirely by the amount of core memory selected for testing.
Under certain conditions the program will not relocate at all, but will remain in the current 4K stack
to perform the tests (see below). The program first relocates to the highest order 4K stack under test.
From there it relocates to the next lower stack (after performing all four tests). The program keeps re-

locating to the next lower stack until it reaches the lowest order stack under test. The testing and re-

location cycle is then repeated.

The contents of the entire 4K stack are relocated. This enables the RIM Loader, and any
other information to be carried with the program.

The program provides a degree of protection for itself by recording the first error encountered
in any stack. When a faulty stack is next in sequence to contain the program, the program will skip the
faulty stack and relocate to the first lower order stack which is error~free. If all lower order stacks are
faulty, program relocation will not take place. The tests will be run again from the current stack. Re-

location will resume when an error-free stack is found.



Also, the program will not relocate if any of the conditions described below exist.
a. Only one 4K stack is selected for testing.
b. SR 9isonal to inhibit relocation (see Section 8.2.6).

The INSTRUCTION FIELD indicators will indicate the current stack containing the program.

5.3.2 The Checkerboard Patterns

Four test patterns, and their complements, are used to test memory . All memory stacks, except
the one with the program, are tested with one pattern before the next test is executed.

Any one, or any combination, of the four tests may be run by placing one, or any combination,
of SR 3, 4, 5, or 6 on a 1 after the message SETUP SR is printed. The test specified by the most significant
switch on a T will be executed first. SR 3, 4, 5and é all on a 0 will enable all tests to be run. SR 3=
test 1; 4= test 2; 5= test 3; 6= test 4.

The following steps are performed by each of the four tests:

a. Write the pattern once in all stacks selected for testing; starting with the lowest order stack.

b. Select the lowest order stack and perform a read, complement data, write sequence once
on each location, until all 4K has been complemented.

c. Repeat step b 31 more times. The stack will end up with the pattern originally loaded.

No error checking has been performed as yet.

d. Read 4-word segments and complement each segment 4 times; then read each of the 4 words
and check for error.

e. After checking the entire 4K stack for errors, repeat step d again. This time stall for o
random period of time after reading and checking every 4008 word block. The maximum stall is 18.4 ms;
the minimum is 3 ps.

f. Setup for the next sequential 4K stack and repeat steps b through f.

When all selected stacks have been checked the next test in sequence is executed, and steps
a through f repeated. Program relocation takes place after the fourth test is executed in this manner.

The patterns generated by each test are shown below. The matrices represent portions of one

bit plane.
Test 1:
y-axis y-axis
> =
0000 OO T 1T OO 1 11001100
x-axis{0 0 1 1 00 1 1 x-axis {1 1001100
11001100 0011001 1
0300 j1T 1001100 00110011



Test 2:

y-axis y=~axis
> >
0000 [ OO T T1TO0O0T 1 11001100
11001100 00110011
x=axis| 1T 1 001100 x-axis |10 01 1001 1
0300 JOOT1O0O0T1 1 11001100
Test 3
y=axis y=axis
) v > >
0000 |1t 00T 10O o1100110
x-axis|0 1 1 00110 x=-axis 10011001
01100110 10011001
0300 /1T OOT 1001 01100110
Test 4:
y=axis y=axis
0000 01T 1T O0O0TT1TO 10011001
x-axis{f0 1 1.00 1 10 10011001
10011001 x=-axis o1100110
0300 |1 0011001 o1100110
6. ERRORS

Starting the program from address 200 will give a header print-out after the SR has been setup.

The header identifies

Where:

After each

the information printed when a data error is found. The header appears as:

FIELD OCTAL ADR. GOOD BAD  TEST

FIELD = an octal number (0 to 7) indicating the 4K field containing
the error.

OCTAL ADR. = the memory address which contains the incorrect data.

GOOD = what the data in octal, should have been. This will

always equal 0000 or 7777.

BAD = the data as read. This will equal the good data except
for one or more bits complemented.

TEST = the number (1 to 4) of the test which detected the error.

error print-out the program continues on with the next sequential memory location.



6.1 Error Halts and Description

Placing SR 0 on a 1 during an error print-out will cause a halt at location 2641 .

Press CONTINUE to resume testing.

7. RESTRICTIONS
7.1 Starting Restrictions {

Start from address 200 to indicate the amount of core memory to test; to setup the SR and to
receive a header print-out.

Starting from 207 requires the same operator action, but no header will be printed.

7.2 Operating Restrictions
None

8. MISCELLANEOQUS

8.1 Execution Time

The time required to perform all four tests on one 4K memory stack is approximately 26 seconds.

8.2 Applications

For operating convenience, and as an aid to trouble-shooting, the SR may be used to control
the program. The switch assignments and their effect on the program are described below. Please note
that it is important that the program should be halted before changing the test selection switches. These
switches are not sensed by the program during testing.

Halting the program with SR 0 is preferred, rather than with the STOP key. Using the STOP

key may result in a halt while the program is in the process of relocating, which is disasterous.

8.2.1 Halt after Test or Error = SR O

\

Placing SR O on a 1 at any time while the program is running will cause a halt after the current
test is completed. The MB will equal 2461 in the current stack containing the program. Press CONTINUE
to resume testing, or restart from 200 or 207 to enfer new parameters.

Placing SR 0 on a 1 during an error type-out will also cause a halt at location 2461. Proceed

exactly as described in the above paragraph.



8.2.2 Inhibit Error Print-out - SR 1 Lo

Placing SR 1 on a 1 causes all error print-outs to be inhibited. All other messages will not be
inhibited. The program will continue to recognize errors, but will not print any information. SR 1 may

be placed on a 1 or 0 while the program is running.

8.2.3 Bell on Error - SR 2

SR 2 on a 1 causes the program to ring the TTY BELL whenever an error is detected. This is
convenient when testing with power supply margins. SR 2 has precedence over SR 1 if both should happen

to be ona 1. SR 2 may be placed on a 1 or 0 while the program is running.

8.2.4 Test Selection SR 3 through 6

Any one, or any combination of tests may be executed by placing any one or any combination
of SR 3 through 6 on a 1. Test selections may be made only when starting from 200 or 207. SR 3 specifies
test 1; SR 4 test 2; SR 5 test 3; SR 6 test 4. The test specified by the most significant SR on a 1 will be
executed first.

For most PDP-8s, SR 4 will provide the worst case pattern. For most PDP-8/1s, SR 5 will
provide the worst case pattern.

If all four switches are on a 0, all four tests will be executed in order starting with test 1.

Program relocation is not effected, regardless of the SR settings.

8.2.5 Inhibit Progrqm Re]ocaiion -SR7

The program normally relocates automatically as indicated by the INSTRUCTION FIELD
indicators. To retain the program in its current 4K field, place SR 7ona 1 at any time. Changing

SR 7 to a 0 will permit relocation to resume.

8.2.6 SR8, 9 and 10 - Not Used

| 8.2.7 Change TEST LIMITS and SR - SR 11

Placing SR 11 on a 1 will cause the program to automatically restart from address 207. The
TEST LIMITS and SR may then be changed. SR 11 is sensed only after all specified tests have been

completed on all of memory under test.



8.2.8 Loop on Address

A subroutine is provided which may be used to continuously loop on a single location, or a
group of consecutive locations. No error checking is performed. The routine performs a read, and
immediately follows with a write, on each location. The loop time between two reads, or two writes,
is approximately 22.5 ps,

Operating Procedure:

Set the INSTRUCTION FIELD switches to the current field, and the SR to 1700.

o O

Set the DATA FIELD switches to equal the 4K field number fo test.

c. Press LOAD ADDRESS.

d. Set the SR to equal the first address of the group.

e. Press START. A halt will occur ot 1703. Set the SR to equal the last address of the group.

f. Press CONTINUE. The address(s) specified will be looped until stopped by the operator
with STOP. SR O will not halt this routine.

To resume normal operation, restart the program from 200 or 207 of the current field.

9. PROGRAM DESCRIPTION

The PDP-8, 8/1 Extended Memory Checkerboard diagnostic is designed to create worst case
memory noise conditions on systems equipped with 8K to 32K words of Imemory. The program executes
four checkerboard patterns, plus their complements, on each 4K memory field. In addition, the program
automatically relocates from field to field in order to test all 4K fields from every 4K field. Under
normal operation, the amount of core memory tested at one time is that specified by the operator minus
the 4K field containing the program. A TTY keyboard input routine is provided to enable the operator
to specify the exact number of 4K fields to be tested. A print-out is provided for each error detected
by the program.

Further control of the program is given to the operator by means of the SR. The operator may
halt the program, inhibit error print-outs, substitute the TTY BELL for error indication, halt after error
print-out, select any one or a group of tests, inhibit program relocation, and create an automatic restart
to change the amount of memory to test.

A small subroutine is provided which will continuously read and write any single, or a group

of locations within any 4K field. The operator must specify the locations by means of the SR.
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