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1. ABSTRACT

The PDP-8, 8/1 Memory Checkerboard diagnostic tests memory for core failure on half-

selected lines under worst case conditions. Its use is intended for basic 4K memory systems.

2. REQUIREMENTS
2.1 Equipment

A standard PDP-8 or 8/1

2.2 Storage

There are two versions of this MAINDEC. The Low End program occupies locations 0005
through 0150 octal; and tests memory from 151 through 7700 octal .
The High End program oécupies locations 7430 to 7573 octal, and tests memory from 0000
to 7400 octal. :

2.3 Preliminary Programs

The RIM loader must be in locations 7756 through 7776 octal .

3. LOADING PROCEDURE

3.1 Me'rhod.

Load the program with the RIM loader.
a. Turn off the Teletype reader.
b. Set the SWITCH REGISTER to 7756.
c. Press LOAD ADDRESS ,b and then START.
d. Place the program tape in the reader and turn on the reader.

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

4. STARTING PROCEDURE

4.1 Starting Addresses

0005 Low End Checkerboard
7430 High End Checkerboard



4.2 Control Switch Settings

One of the four possible pcﬂ‘e.rns that can be written in memory is obtainable by each of
the foliowing SR settings:
a. 0100  This setting is ued for the standard PDP-8 core unit.
b. 0101 This setting is used for the standard PDP-8/1 core unit.
c. 0000
d. 0001

} These are for special core units from other suppliers.

4.3 Operator Action

With the program in memory , set the SWITCH REGISTER to the starting address, 0005 for
Low End or 7430 for High End.

Press LOAD ADDRESS.

Set the SWITCH REGISTER to one of the four settings given in Paragraph 4.2 to obtain
the correct pattern. For most PDP-8's, this will be 0100. For most PDP-8/1's, the setting will be 0101,
T Press START. )

The program will run until an error is detected, or stopped by the operator.

5. OPERATING PROCEDURE

5.1 Operatiore’ Switch Settings

See Paragraph 4.2

5.2 Subroutine Abstracts

The program writes the selected pattern into the area of memory to be tested.

The contents of each word are then read, complemented, and written back into the same
location, until the contents of the entire area have been complemented. This procedure is repeated
14 times before the contents of each word is checked for incorrect bits.

Error checking begins by reading a location and checking for incorrect bits.

The contents are complemented, written back into the same location, and rechecked for
incorrect bits.

The original contents are returned to the locafion, and the next sequential location is then
checked. ,

After all of memory is tested, the program writes the complement of the pattern and proceeds

to check as before.



5.3 Operator Action

See Paragraph 4.3

6. ERRORS

Any location containing an incorrect bit will create an error halt when detected by the
program. The contenfs of a given memory location should always be 0000 or 7777. Anything other
than 0000 or 7777 will resuit in an error halt.

6.1 Error Halts and Description

Two halts are provided for each error, and are described below . Two addresses are given

for each halt; the first is for the Low End Test, and the second for the High End Test.

C(MA) lgg_ Description
0124 El A memory location does not contain 7777 or 0000,
7546 The AC displays the contents of the location in
error.
0127 E1A The AC displays the address of the location in
7551 error.
6.2 Error Recovery
Tag Operator Action
El Record the C(AC). Press CONTINUE to reach
the next halt.
" El1A Record the C(AC). Press CONTINUE to resume

testing with the next sequential memory location.

7. RESTRICTIONS
7.1 Starting Restrictions
None



7.2 Operating Restrictions

None
8. MISCELLANEOUS
8.1 Execution Time

The time to write and test any pattern and its complement is approximately 3 seconds.

9. PROGRAM DESCRIPTION

in a standard core plane, a given core is selected when the combined currents of the x- and
y-selection lines produce a magneto motive force which exceeds the threshold for reversing the flux
direction of the core. This occurs at the intersection of the activated selection lines. All other cores
which are threaded onto the activdted lines will be slightly disturbed. Under marginal voltage con-
ditions, such half-selected cores might also reverse polarity if their states are properly established by
the pattern which the Checkerboard Test writes into memory.

When a selected core is in the 1 state, the read current will cause it to reverse polarity
and become 0. When the core is in the O state, the write current will cause it to become 1. Thus,
the possibility of a reading error is greatest when all the half-selected cores are in the 1 state; o
writing error is most probable when ail the half-selected cores are in the O stafe.

If a half-seiected core changes polarity, the error will be detected when the memory
register containing that core is tested by the program. For a reading error, the contents of that core
will appear as a 0 in a field of 1's, and vice versa for a writing error.

Every Checkerboard Test pattern consists of alternating pairs of memory cells; one pair
containing 7777's the other containing 0000's. Since memory manufacturers wire their core stacks
in different ways, the same pattern of alternations cannot be used for every type of core, and still allow
a "worst case’ condition, that is, one in which all half-selected cards undergo the greatest possible
disturbance which can occur when testing memory. The following pattern is used for the Ferroxcube

memories with which most PDP-8's are provided.
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Since the y-axis selection lines are conditioned by the low-order six bits of the memory
address register (MAé_] ]), and the x-axis lines by the high-order bits (MAO-S)' the above array is
interpreted as follows: (x- and y-axis should be interpreted as shown above).

Positions on the x-axis represent consecutive [ocations in memory from 00 through 77.

Positions on the y-axis represent consecutive 1008'5. Thus, the lower left corner represents
focation 0000. This position contains a 0, which means that the contents of the entire memory cell
at address 0000 are O; likewise, the contents of memory cell 0201 are 1's or 7777. This is determined
by reading the third row up on the x-axis, and across one position on the y-axis.

The pattern in memory appears as follows:

Address Contents
0000 0000
0001 0000
0002 7777
0003 7777
0004 0000
0005 0000
0006 7777
0007 7777

The pattern matrix, shows that after 778 registers, the pattern will reverse itself, thus:

Address ' Contents
0076 7777
0077 7777
0100 7777
0101 7777
0102 0000
0103 0000
0104 7777
0105 7777
0106 0000
0107 0000

and so on through memory. The pattern reverses every 100, registers.

8
The patterns generated by the other three switch register settings are defined by the following

pattern matrices.
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/MALINULL bBug: POP=8 CHLUKERBOARD
/
popl %1
pevl  »BPl ‘ M,
Podz2 RYoe w2
P QRS vYBS
/
7439 #7450
7434 7121 LLL CML 1AC /HIGH ENU TES]
7431 3461 ULA COM
7452 1360 JAU JMP1
7433  $726% UCA SiDb-2
7434 7604 STX, LAY
7435 336¢ ULA PAT
7436 3364 DLA SA
7437 2361 S78, 1S COM
7449 1561 AU COM
7441 0357 ANU DO /e
7442 764¥ S£A CLA
7443 1356 | AU NOI /19
7444 1355 JAU HO1
7445  $254 UCA Y JUOMPLEMENT THE PATIERN
7446 1354 STC, AU SOT /400
7447 1369 1AL SA /IEST FQRFINAL ADODRESS
745¢ 765U SNA CLA
7451 52%¢ JMP Six-2¢
7452 1362 fAU PAT
7455 B35 ANU ROT /200
7454  YBQY Y, 7
74%5 1350 1AL NOT /10-Y LINE PRESETS
7456 13855 AU HOT /% LINE TO SNA QR S#a
7457 S262 - UCA X
7468 1362 AU PAI
-7461 83857 i . ANU DOT . /e
7462 PVRY X Y]
7463 /040 CMA
7464 7429 SNL
7465 9270 JMP DOALL
7466 37698 ULA | SA /STORE PATTERN ANU THE COMPLEMENT
7467 23569 STD, 52 SA /WORD WHEN CHECKING
7479 236¢ IS¢ PAY
7471 1369 JAU SA
7472 085¢ ANV BO| /17
74/3 7650 B SNA CLA
7474 bHg4b JMPSTE

7475 S260 JHpP X-2



7476
747/
754y
79d1
75¢7
758
7984
7545
75¢6
75¢/
751¢

7913

7512

751%
7214
751¢%
751¢
751/
7528

7521
792¢
7224
7524
79225
7526
7527
758
7531
7582
7534
7584
75385
7536
7537
734¢
7541
rA-LYs
7542
7544
7545
794¢
/947
75%¢
7951

3364
1860
33862
868
1763
7041
S/6d
13854
1569
7654
9819
2369
53¢

23565
55¢1
186/
326°
3369
1564

33564
1769
7041
1364
/640
9354¢
1564
/6440
3768
1/769%
/991
1364
7640
5342
1864
7190
52606
1764%
74904
7201
1369
74p¢
75pv
73806

53837/

/

DUALL

LAaLL,

CCKy

CCZ:

cCcs,
L1

t1A,

CCH,

uea
FAU
uga
uca
| AU
CMA
uLa
1AU
1AU
SNA
JHME
19¢
JMP

iS¢
JME
I AU
UGA
WLA
AU

UCA
AU
CMA
AU
S£A
JMP
1AV
CyA
VLA
1AU
1AL
| AU
SEA
JMr
AU
cLL
JME
Y]

HL

CLA
AU
HL |
LLA
CLA
JMF

WHU
M1/
Loour
SA
I SA

I SA
501
5A
CLA
o3
SA
LALL

L ooy
LALL-1
JMPZ
Siu-&
SA

WRD

WRU
[ SA
LAC
CLA
cLd
wWRU

SA

CLt
CLiL
cce

D/31/768 21:i12,%0 : PAGE &

/REALD ANU LOMPLEMENT 1208 |IMES HEFORE] TEST.
/ .

/SAVE DAlA

/LUUP?COUNTtH
/ADURESS COUNJER

/READ
/COMPLEMENT

/WRITE HACK
/40y

/ADthSS=//Wﬁ£lF NO SKIP

/INUREMENT AUQPKESS
/LO0F!

/128 TIMES WHEN SKIP

/LO0P :
/IMP2EJMP CCK

/UHECK PATIERN

/ERROR IN CORE

JCUMPLEMENT THE WORD
/IN CORE

/1EST COMPLEMENT WORD
SERKOR ‘

/ERROR;AC CONTANS
/INFORMATION [N ERROR

/AC CONTAINS ADDRESS OF
/REGISTER IN ERROR



/992
7593
7594
7925
7926
7557
7964
7561
7502
7568
7564
7565
7566
7567

THERE ARE NO

varz/
Bepw
papL
/640
ga1e
gvpe
/7160
YRy
oYgy
vy
BopY
vy
5276
»521

ERRORS

B0,
RUT .
SuT»
HOT » .
NQOT»
DOT.,
M17»
COMy
PAT,
SA
WRU
LOOP
JMP1»
JMP 2,

5/31/686 21:12,%¢

1/
F4'y'y
4909
/649
19

/00

=

/VARTABLES

S e R

[/
JMP DOALL
JMP CCK

PAGE 9
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SYMBUL TABLE

CCK /5d1
CcCz 7587
cL3 7542
cu4 /501
COM /561
DUALL /7476
Dol /9557
L1 /o4
E1A /546
HUT /955
JMP1 66
JMP 2 /1567
LALL 7v8¢
LOOH 7565
M17 71560
NUO1 /596
PAT 762
RUT 7928
SA 79698
SOT 7954
578 7437
Sic 7446
STD 7467
STX 7454
WHO 7564
X /462

Y /454
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SYMBUL 1ABLg

Six 7434
S8 74357
SC 7446
Y /4> 4
X /462
S D 7467
DUAL 7476
LALL 71562
CCK /521
cee 7987
cec3 7542
bl 7545
L1A 7546
cC4 7591
BO1 7522
ROT 71523
SuT /524
HUT 75559
NUT 7526
purT 759/
M1l7 7560
CuM 7561
PAT 7562
SA 7563
WRO 7564
LUCP 7565
JMP1 7566

JMP2 7567
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A
Aé 85
Jel6

A a7
kL f

Agie

(-3

1l
Avld
3a1d
Ady 4
215

3vte
L7
dé2u
d¢21
2422
2023
2d24

2125
2826
3827
263
3¢ 31
3232

3333
3e34
2835
336
28357
dvdic

LEE RN
2242
2643
3d44
3345

2246
3047
3¢5¢C
3a51
dése
3353

Vi34

Fape e O T [
PEESNR S o S
Ny [

DL ose
E RN N et

[P R " I N IR

784
1146
3141
1146
1143

2144
1144
4136
7640
1135
1132
32383

1134
1143
762¢
5247
1141

3183

S a4
1135
11382
341
1141
4136

3gap
7849
742¢
5825
3543

2143
2141
1143
4137
765¢
5325

2B=APR=69
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/EUP-8 CHLUKBUARD REV,, JAN,, 1968

/CUPYRIGHT 1969,

/

=1

/
JMP
Aae e
204
A

VDIGITAL ENuIpMEST COKP,, MAYNARDT, MASS,

/LOW ENU TEST

CLL CML LAC

nca
Tab
DCA

STX, LAS
TAD
nea
TAD
DCA

§T4, Ia#
TAD
AND
S£A
TAD
TAD
NCA

STC, TAD
TAD
SNA
JMP
TAD
AND

Y, ?
TAD
TAD
DCA
TAD
AnD

X, *
CMA
Sk,
JMP
DCA

§74d, 157
Is#
TAD
AND
SNA
JMP

CLA

CLA

CLA

Co
JMPL
5TU=2

MUD
PAT
MUD
SA

com
CoM
uorT /2

NOT /12
HOT
Y /COMPLEMENT THE PATTERN

POT . s1ivd
SA /TFST FOR FINAL ADDRESS

STXe2
PAT
ROT /229

NOT /Y LINE PRESENTS X LINE
HOT /10 SNA OR SZA

X

PAT

oorT /e

POALL
SA /STORE PATTERN AND RECOMPLEMENT

SA /A0RD WHEN CHECKING
PAT :

SA ,

BOT /17

STC
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2257
2
2271
372

"

~
"

n~a
L oA

2273
2874
875
3876
377
3129
3121

Vids4

3145
114¢
3142
1146
3163
1543
7245
3543
1134
1144
7659
5278
2143
5062

2142
5060
1199
Jgdq
1146
3143
1145

28~APR=69

I/

/

DOALL,  DCa
TAD
DCA
TA:]
nea

LALL TAD
CHMA
DLA
TAD
TAD
SNA
JMP
IS#
JHMP

157
Jup
TAD
neca
TAD
nCca
TAD

I
1

CLA

18321

AR
M/
LOOP
My
SA
SA

SA
POT
SA

r*3
SA
LALL

LOOP
LALL-2
JMP2
STU-?2
MU

SA

WRU

/READ AN() COMPLEMENT 128 TIMFS gEFORF TEST.

/SAVE DATA

/LN0P COUNTER
/END OF PROGRAM+1
/ADURESS COUNTER
/READ

/COMPLEMENT
/WRITE BACK

/64 DECIMAL

/ADURESS=770% IF NO SKIP

/INCREMENT ADDRESS
/L00P

/128 TIMES WHEN SKIP
/Loup
/JMP2= UMP CCK
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A173
2104
3125
A2L706
ALMT
Aqae
2111
211é
3113
2114
23115
LR NG
3117

T B
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SN O S
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»
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2132
3133
2134
3135
2136
2127
2140
2141
142
2143
J144
3145
3146
2147
2156

dade
agee
ALK
2220
2151
5255
5122

25=APR=00 18121
ooty oA WR

Tait | SA

SmA [AC

VA R

Srb CLA

J¥iP (O

Tap WwRU

Cah

nca 1 SA

TAal | SA

1AL

TA wRJ

StA CLA

JMR CCs
Cce, TAU WRU

Cutl.

JMP STu=-1
ey, Ta9 1 SA
[ HLT

CLA

TAD SA
E14, HLT

CuA CLL
cee, NEIS cee
HgT, 7649
ROt rad
PO, 140
NQ T, 1¢
DT, 2
HoT, 77
M7, 7779
Rat, 2
LOUP s 2
SA: @

CoM, A

Wik, ]

MUd, S

JMP1 JMP DOALL
JMP 2, JMP CCK

PaGE

3

/IPLER PATTL n

ZeRKOn TN CORE

/UNMPLEMENT YH%;NURU
/1M CORE |

JTEST COMPLEMENT WORD
JERROR |

i

JERRNR: AC COnNTAINS INCQRRECT WORU,

/AC CONTAINS ADQRESS OF
JREGISTER IN ERROR

/CONSTANTS

/VARTABLES |
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307 2137
oy w12
ceT A123
ZC4 21351
20K 122
SuM 2144
JUAL L o5
Jor 2156
i1 4124
214 5127
H0T 2132
JMa] B147
M2 156
-AlL Ap62
<Qar 21472
117 A14¢
A1V 2146
NOT h135
QAT P141
20T 4134
20T 7153
SA 0143
573 2816
5T2 3025
S5TD B@46
STX% 2011
AR D 7145
X @41
Y 2533

LRRORS JETERTED: ©
LINKS GINZRATZID: ¢
RUN-TIME: 3 Skcgwps

4x CORE& USE)
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