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1 .  .  ABSTRACT 

The PDP-8 E Extende d Memor y Dat a &  Checkerboar d Tes t  i s  des igne d 
t o d e t e c t  memor y f a i l u r e du e t o s e n s e - l i n e n o i s e unde r  w o r s t  cas e 
c o n d i t i o n s .  Th e f o u r  w o r s t  cas e p a t t e r n s p r o v i d e d w i l l  gener -
a t e w o r s t  cas e no i s e c o n d i t i o n s i n a l l  s t anda r d an d s p e c i a l l y 
purchase d PDP-8 E cor e s t a c k s ,  an d w i l l  t e s t  system s equippe d 
w i t h f ro m 8 K t o 32 K word s o f  cor e memory .  Th e A l l  0*s  an d 
A l l  I ' s  p a t t e r n s a r e p r o v i d e d t o i d e n t i f y b a s i c memor y  f a i l -
u res .  Au tomat i c progra m r e l o c a t i o n i s  p r o v i d e d i n o r d e r  t o 
t e s t  a l l  memor y f i e l d s f ro m eac h memor y  f i e l d .  T e l e t y p e 
p r i n t o u t s a r e p r o v i d e d f o r  e r r o r  i d e n t i f i c a t i o n ,  an d t h e 
o p e r a t o r  i s  g i v e n a  degre e o f  c o n t r o l  ove r  t h e progra m b y 
v a r i o u s s w i t c h r e g i s t e r  s e t t i n g s . 

2.  REQUIREMENTS 

2. 1 Equipmen t 

A PDP-8 E Compute r  equippe d w i t h a t  l e a s t  8 K o f  cor e memory . 

2. 2 Storag e 

The progra m occup ie s co r e l o c a t i o n s  0000  t o 477 7 an d S000 
to  717 7 o f  t h e p r e s e n t  f i e l d . 

^ .  2. 3 P r e l i m i n a r y Program s 

The B i n a r y Loade r  mus t  b e i n memory .  A l s o ,  a l l  d i a g n o s t i c s 
f o r  a  b a s i c 4 K PDP'-S E mus t  hav e bee n p r e v i o u s l y r u n success -
f u l l y . 

3.  LOADIN G PROCEDURE 

Loa d t h e progra m w i t h t h e B ina r y Loade r  CBIN) .  Th e progra m 
may b e loade d i n t o an y  f i e l d . 

4.  OPERATING PROCEDURE 

To s t a r t  t h e program : 

 Se t  t h e S R t o t h e I F an d DF o f  t h e f i e l d t h a t  c o n t a i n s 
t h e program . 

B.  Pres s ke y EXTD ADDR LOAD. 

C. Se t  t h e S R equa l  t o 0200. 

D. Pres s key s ADDR LOAD,  CLEAR,  an d CONT.  A  setu p S R 
message w i l l  b e p r i n t e d . 



E.  Se t  t h e S R f o r  d e s i r e d o p e r a t i o n a c c o r d i n g t o t h e f o l l o w i n g 
t a b l e . 

SWITCH 0  (down )  1  (up ) 

SRj? ^  c o n t i n u e a f t e r  e r r o r  h a l t  a f t e r  e r r o r 
SRJ3f l  t y p e o u t  e r r o r s i n h i b i t  e r r o r  t y p e o u t s 
SR02 norma l  TT Y b e l l  o n e r r o r 
SR 3̂ r e l o c a t e progra m i n h i b i t  progra m r e l o c a t i o n 
SR 4̂ norma l  chang e f i e l d l i m i t s 
SRJ2f5 norma l  h a l t  a f t e r  c u r r e n t  t e s t 
SR0e^0B s t a r t i n g f i e l d l i m i t  (JJ-7 ) 
SRgf9-l l  end in g f i e l d l i m i t  (^f-7 ) 

F.  Pres s ke y CONT. 

1. 1 D e t a i l e d S R E x p l a n a t i o n 

SR00-02  SR02,  i f  s e t ,  w i l l  r i n g t h e TT Y b e l l  onc e f o r  eac h 
e r r o r .  SR00  an d SR0 1 hav e n o e f f e c t  w i t h SR02  s e t . 

SR 3̂ SR^ 3 may b e s e t  o r  r e s e t  a t  an y t im e an d t h e progra m 
w i l l  a c t  a c c o r d i n g l y . 

SR0A SR04  a l l o w s t h e o p e r a t o r  t o chang e t h e f i e l d l i m i t s 
as d e f i n e d b y SR06-11 . 

SRj2f 5 SR05  i s  norma l  h a l t  f o r  program . 
SRj36-j2f 8 Thes e sw i t che s d e f i n e t h e s t a r t i n g f i e l d l i m i t 

y 0\. 
SRj2f9-l l  Thes e sw i t che s d e f i n e t h e endin g f i e l d l i m i t 

( n o r m a l l y 7 ) . 

 Exampl e o f  s e l e c t i n g f i e l d s f o r  t e s t 

Exampl e 1 :  S R =  0001,  28 K syste m 
F i e l d s s e l e c t e d f o r  t e s t i n g a r e 6 ,  5 ,  4 ,  3 ,  2 ,  1 ,  j 

Exampl e 2 ;  S R =  0004,  28 K Syste m 
F i e l d s s e l e c t e d f o r  t e s t i n g a r e 4 ,  3 ,  2 ,  1 ,  0. 

Exampl e 3 ;  S R =  0022,  28 K Syste m 
F i e l d s s e l e c t e d f o r  t e s t i n g ar e 2  (n o r e l o c a t i o n 
w i l l  o c c u r ) . 

Exampl e 4 :  S R =  0041,  28 K Syste m 
F i e l d s s e l e c t e d f o r  t e s t i n g a r e 6 ,  5 ,  4 ,  1 ,  0. 

Not e 1 :  F i e l d s n o t  i n t h e syste m ar e a u t o m a t i c a l l y de -
s e l e c t e d a s i n Exampl e 1 .  F i e l d 7  i s n o t  p r e s e n t , 
t h e r e f o r e ,  n o t  s e l e c t e d . 

Not e 2 :  Do n o t  s e l e c t  a  f i e l d t h a t  c o n t a i n s a  ROM. 



Not e  A  s i n g l e f i e l d ca n b e s e l e c t e d f o r  t e s t i n g p r o -
v i d i n g t h e progra m i s n o t  i n t h a t  f i e l d a s i n 
Exampl e 3 . 

Not e 4 :  An y  f i e l d o r  grou p o f  f i e l d s ca n b e by-passe d a s 
i n Exampl e 4 .  F i e l d s 2  an d 3  ar e n o t  s e l e c t e d . 
F i e l d 7  i s n o t  p r e s e n t . 

ERRORS 

A Tes t  E r r o r  w i l l  occu r  anyt im e t h e da t a w r i t t e n doe s n o t 
matc h th e da t a read .  A  R e l o c a t i o n E r r o r  w i l l  occu r  i f  t h e 
r e l o c a t i o n compariso n chec k f a i l s . 

Tes t  E r r o r  Typeout s 

For  t h e f i r s t  e r r o r  encountere d a  heade r  w i l l  b e type d o u t 
f o l l o w e d b y  t h e p e r t i n e n t  da ta .  Fo r  a l l  sxibsequen t  e r r o r s , 
o n l y t h e p e r t i n e n t  da t a w i l l  b e t y p e d .  Th e fo rma t  i s a s 
f o l l o w s : 

PR.LOC. .  FAIL .  ADR..GOOD..BAD..PATTER N 

PR LOC -  t h e progra m addres s wher e t h e e r r o r  JMS o c c u r r e d . 
( I n c l u d e s F i e l d ) . 

FAI L ADR =  t h e addres s o f  t h e l o c a t i o n i n e r r o r .  ( I n -
c lude s F i e l d ) . 

GOOD =  t h e da t a t h a t  wa s w r i t t e n . 

BAD =  th e da t a t h a t  wa s read . 

PATTERN= t h e p r e s e n t  t e s t  p a t t e r n an d t h e numbe r  o f  t ime s 
i t  wa s complemented . 

NC (No t  Complemented) . 
I C (On e Complement) . 
2C (Tw o Complements) . 

R e l o c a t i o n E r r o r  Typeout s 

A l l  r e l o c a t i o n e r r o r s a r e i n t h e f o l l o w i n g f o r m a t : 

XXXXX RELOCATION ERROR A T LOCATION YYYYY 

XXXXX t h e progra m addres s wher e t h e e r r o r  JMS o c c u r r e d . 
( I n c l u d e s F i e l d ) . 

YYYYY =  t h e addres s o f  t h e l o c a t i o n i n e r r o r .  ( I n c l u d e s 
F i e l d ) . 

Note ;  A f t e r  eac h e r r o r  p r i n t - o u t  t h e progra m c o n t i n u e s 
on w i t h t h e n e x t  s e q u e n t i a l  memor y l o c a t i o n . 



5. 3 P a r i t y E r r o r  Typeout s 

I f  t h e 8 E Syste m c o n t a i n s a  P a r i t y Op t i o n t h e i n t e r r u p t  w i l l 
be t u r n e d o n t o a l l o w P a r i t y e r r o r s whe n t h e progra m i s exe -
c u t i n g f ro m F i e l d 0.  Th e f o l l o w i n g 3  t y p e o u t s ca n occu r  w i t h 
a P a r i t y O p t i o n : 

A.  P a r i t y E r r o r ,  LOG -̂XXX X TSTAD;=XXXXX (presen t  P a t t e r n ) 

B.  I n t e r r u p t  f ro m Keyboar d 

C.  Unwante d I n t e r r u p t  Occurre d 

 P^ESTRICTION S 

6. 1 S t a r t i n g R e s t r i c t i o n s 

The progra m may b e r e s t a r t e d a t  an y t im e f ro m l o c a t i o n 0200 
o r  0202  o f  t h e f i e l d t h e progra m i s p r e s e n t l y i n . 

6. 2 Ope ra t i n g R e s t r i c t i o n s 

The p a r i t y e r r o r typeout can not be i n h i b i t e d . 

7.  EXECUTION TIM E 

The t i m e t o w r i t e an d rea d a l l  s i x  p a t t e r n s i n 
one f i e l d i s  a p p r o x i m a t e l y $  seconds . 

Dur in g progra m e x e c u t i o n a  5  w i l l  b e t ype d o n t h e TT Y a p p r o x i -
mate l y eve r y 5  minute s o f  progra m ru n t i m e .  Th i s a l l o w s t h e 
o p e r a t o r  t o de te rmin e approx imat e ru n t i m e b e f o r e a  f a i l u r e 
o c c u r r e d . 

8. SCOPE LOOPS 

8. 1 Scop e Loo p 1 

Th i s scop e l oo p doe s a  read ,  complement ,  w r i t e o n t h e addres s 
s p e c i f i e d b y t h e SR.  Th e addres s b e i n g loope d o n ca n b e 
change d s i m p l y b y  changin g t h e s w i t c h s e t t i n g .  Th e p r e v i o u s 
addres s w i l l  b e l e f t  w i t h i t s  o r i g i n a l  c o n t e n t . 

A.  Se t  t h e S R t o t h e INSTRUCTIO N FIEL D t h a t  t h e progra m i s 
i n an d t h e DATA FIEL D wante d t o t e s t . 

B.  Pres s ke y EXTD ADDR LOAD. 

C.  Se t  t h e S R equa l  t o 6000. 

D.  Pres s ke y ADDR LOAD. 

E.  Se t  t h e S R equa l  t o th e addres s t o t e s t . 

F.  Pres s key s CLEAR,  an d CONT. 



8. 2 Scop e Loo p 2 

Th i s scop e l oo p doe s a i  read ,  complement ,  w r i t e o n t h e tw o 
addresse s i n p u t  v i a t h e SR.  T o chang e t h e addresses ,  t h e 
Loo p mus t  b e r e s t a r t e d . 

A.  Se t  t h e S R t o th e INSTRUCTIO N FIEL D t h a t  t h e progra m i s 
i n an d t h e DATA FIEL D wante d t o t e s t . 

B.  Pres s ke y EXTD ADDR LOAD. 

C.  Se t  t h e S R equa l  t o 6200. 

D.  Pres s key s ADDR LOAD,  CLEAR,  an d CONT. 

E.  F o l l o w d i r e c t i o n s t h a t  a r e t ype d o u t . 

8. 3 Scop e Loo p 3 

Th i s scop e l oo p doe s a  read ,  complement ,  w r i t e o n t h e grou p 
o f  addresse s i n p u t  v i a t h e SR.  Th e s t a r t i n g addres s s p e c i -
f i e d mus t  b e l e s s tha n t h e end in g addres s s p e c i f i e d . 

A.  Se t  t h e S R t o t h e INSTRUCTIO N FIEL D t h a t  t h e progra m i s 
i n an d t h e DATA FIEL D wante d t o t e s t . 

B.  Pres s ke y EXTD ADDR LOAD. 

C.  Se t  t h e S R equa l  t o 6400. 

D.  Pres s key s ADDR LOAD,  CLEAR,  an d CONT. 

E.  F o l l o w d i r e c t i o n s t h a t  a r e t y p e d o u t . 

8. 4 Scop e Loo p 4 

Th i s scop e l oo p doe s a  read ,  complement ,  w r i t e o n t h e addres s 
i n p u t  v i a t h e SR u s i n g t h e da t a s p e c i f i e d b y t h e SR.  Th e 
da t a ca n b e change d s i m p l y b y changin g t h e s w i t c h s e t t i n g . 

A. Set  t h e S R t o t h e INSTRUCTIO N FIEL D t h a t  t h e 
i n an d t h e DATA FIEL D wante d t o t e s t . 

progra m i s 

B. Pres s ke y EXTD ADDR LOAD. 

C. Set  t h e S R equa l  t o 6600. 

D. Pres s key s ADDR LOAD,  CLEAR,  an d CONT. 

E. A messag e w i l l  b e type d o u t  t o s e t  t h e S R t o t h e s e l e c t e d 
address . 



F.  Se t  SR t o t h e s e l e c t e d addres s an d depres s CONT. 

G.  Se t  S R t o s e l e c t e d da t a (Scop e Loo p i s  c y c l i n g ) . 

8. 5 Scop e Loo p 5 

Th i s scop e loo p doe s a  read ,  complement ,  w r i t e o n t h e grou p 
o f  addresse s i n p u t  v i a t h e S R u s i n g t h e da t a s p e c i f i e d b y t h e 
SR.  Th e s t a r t i n g addres s s p e c i f i e d mus t  b e l e s s tha n t h e end -
i n g addres s s p e c i f i e d . 

A.  Se t  t h e S R t o t h e INSTRUCTIO N FIEL D t h a t  t h e progra m i s i n 
and t h e DATA FIEL D wante d t o t e s t . 

B.  Pres s ke y EXTD ADDR LOAD. 

C.  Se t  t h e SR equa l  t o 7000. 

D.  Pres s key s ADDR LOAD,  CLEAR,  an d CONT. 

E.  Fo l l o w t h e t ype d o u t  messag e t h a t  i n p u t s t h e addres s 
s e l e c t i o n s . 

F.  Se t  S R t o s e l e c t e d Dat a (Scop e Loo p i s  c y c l i n g ) . 

Not e 1 :  Th e addresses )  s p e c i f i e d w i l l  b e loope d u n t i l  s toppe d 
by t h e o p e r a t o r  w i t h ke y HALT.  N o e r r o r  check in g i s  done .  T o 
resum e norma l  o p e r a t i o n ,  r e s t a r t  progra m a t  addres s  0200  o r 
0202  o f  t h e c u r r e n t  i n s t r u c t i o n f i e l d .  „ , 

9.  PROGRAM DESCRIPTIO N 

9. 1 Tes t  P a t t e r n s 

The f o l l o w i n g t e s t p a t t e r n s are employed by the program: 

A.  Basi c A l l  0's  p a t t e r n . 

B.  Basi c A l l  I ' s  p a t t e r n . 

C.  0000-7117  w o r s t  cas e checkerboar d p a t t e r n . 

D.  llll-^0000  w o r s t  cas e checkerboar d p a t t e r n . 

E.  2525-525 2 w o r s t  cas e checkerboar d p a t t e r n . 

F.  5252-252 5 w o r s t  cas e checkerboar d p a t t e r n . 



9. 2 Progra m RelGGatio n 

Progra m r e l o c a t i o n i s  governe d b y th e s t a t u s o f  S R b i t  3  o r 
by t h e f a c t  t h a t  o n l y on e f i e l d i s  s e l e c t e d f o r  t e s t i n g . 
V?it h SR b i t  3  dow n (p f  p o s i t i o n )  progra m r e l o c a t i o n occur s 
eac h t i m e t h e t e s t  p a t t e r n an d i t s complemen t  hav e bee n 
c o m p l e t e l y t e s t e d i n eac h s e l e c t e d f i e l d .  Th e progra m f i r s t 
r e l o c a t e s t o t h e h i g h e s t  o r d e r  4 K f i e l d unde r  t e s t .  Th e 
progra m keep s r e l o c a t i n g t o t h e n e x t  lowe r  f i e l d unde r  t e s t 
u n t i l  i t  reache s t h e lowes t  o r d e r  f i e l d unde r  t e s t .  Th e 
t e s t i n g an d r e l o c a t i o n c y c l e i s  t he n repea ted .  Th e con ten t s 
o f  t h e e n t i r e f i e l d a r e r e l o c a t e d wh ic h enable s an y o t h e r 
i n f o r m a t i o n (RIM-BIN )  t o b e c a r r i e d w i t h t h e program . 

The progra m p r o v i d e s a  degre e o f  p r o t e c t i o n f o r  i t s e l f  b y 
rememberin g a l l  f i e l d s wher e e r r o r s occur .  When a  f u a l t y 
f i e l d i s  n e x t  i n sequenc e t o c o n t a i n t h e program ,  t h e progra m 
w i l l  s k i p t h e f a u l t y  f i e l d an d r e l o c a t e t o t h e f i r s t  lowe r 
o r d e r  f i e l d wh ic h i s  e r r o r  f r e e .  I f  a l l  o t h e r  s e l e c t e d 
f i e l d s ar e f a u l t y ,  progra m r e l o c a t i o n w i l l  n o t  tak e p l a c e . 

Dur in g r e l o c a t i o n a  compariso n chec k i s mad e t o i n s u r e n o 
progra m l o s s . 

9. 3 Tes t  Procedur e 

A.  W r i t e t h e p a t t e r n i n a l l  s e l e c t e d f i e l d s (eac h l o c a t i o n i s 
the n t r e a t e d a s  f o l l o w s ) : 

B.  Read-Writ e t h e l o c a t i o n 1 1 t i m e s . 
C.  Read-Write-Tes t  t h e l o c a t i o n (NC) . 
D.  Read-Writ e t h e l o c a t i o n 1 1 t i m e s . 
E.  Read-Complement-Writ e t h e l o c a t i o n . 
F.  Read-Writ e t h e l o c a t i o n 1 1 t i m e s . 
G.  Read-Write-Tes t  t h e l o c a t i o n ( I C ) . 
H.  Read-Writ e t h e l o c a t i o n 1 1 t i m e s . 
I .  Read-Complement-Writ e t h e l o c a t i o n . 
J .  Read-Writ e t h e l o c a t i o n 1 1 t i m e s . 
K. Read-Write-Tes t  t h e l o c a t i o n (2C) . 
L.  Go o n t o nex t  l o c a t i o n r e p e a t i n g B-K . 
M.  Go o n t o nex t  p a t t e r n r e p e a t i n g A- L whe n a l l  l o c a t i o n s 

o f  a l l  s e l e c t e d f i e l d s ar e completed . 

For  f u r t h e r  unde rs tand in g o f  ho w t h e t e s t  i s  per fo rmed , 
r e f e r  t o t h e l i s t i n g . 



The w o r s t  cas e checkerboar d p a t t e r n c o n s i s t s o f  a l t e r n a t i n g 
4 memor y core s c o n t a i n i n g 0000 an d 4  memor y core s c o n t a i n i n g 
111 1 o n a  memor y p l a n e .  Th i s p a t t e r n i s  r eve rse d ever y 400 
o c t a l  l o c a t i o n s .  (Th i s t e s t  p a t t e r n i s  genera te d acco rd i n g 
t o t h e s t r i n g i n g o f  t h e s tac k an d th e w i r i n g o f  t h e memor y 
system .  I t  i s  t h e sam e p a t t e r n f o r  a l l  8 E s t a c k s ) . 

y LINE S (MA6 L THRU MAUL) 

ADDRESS 
BI T 9  HIG H 

00 01 02 03 

ADDRESS 
BI T 9  LOW 

04 05 06 01 10 1 1 76 7 7 

Addres s 01 
B i t  3  Hig h 02 

— El 
J4 

Addres s 05 
B i t  3  Lo w 06 

01 

1 ^ 
11 

16 
11 

176 
177 

1 1 1 1 0 0 ) 2 ( 0 
1 1 
1 1 
1 1 

1 
1 
1 

1 
1 
1 

1 1 1 1 
1 1 1 1 

1 1 1 1 
1 
1 
1 

1 
1 
1 

1 1 
1 1 
1 1 

1 1 
1 1 
1 1 
1 1 

EMA2L use d i f  a n 8K memor y 

The abov e r e p r e s e n t s on e memor y p lane . 
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