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H A R D I J A R E  FAULT INSERTION A N D  INSTRUMENTATION SYSTEM ( F I I S )  

T h i s  s y s t e m  was  d e v e l o p e d  f o r  t h e  FAA f o r  use w i t h  t h e  NASA-AMES RDFCS 
( R e c o n f i g u r a t i o n  D i g i t a l  F l i g h t  Control S y s t e m )  f a c i l i t y  u t i l i z i n g  t h e  
D r a p e r  F a u l t  I n j ec t ion  S y s t e m  w i t h  t h e  C o l l i n s  CAPS-6 f l i g h t  c o m p u t e r s .  

The Hardware  F a u l t  I n j e c t i o n  and I n s t r u m e n t a t i o n  S y s t e m  ( F I I S )  a l lows  
t h e  a u t o m a t i c  i n s e r t i o n  of p r e - s e l e c t e d  f a u l t s  i n t o  t h e  CAPS-6 c o m p u t e r s  
i n  t h e  RDFCS s y s t e m  v i a  t h e  D r a p e r  F a u l t  I n j e c t i o n  S y s t e m  ( F I S )  (Reference 
1 ) .  A s e q u e n c e  of p r e d e f i n e d  f a u l t  i n s e r t i o n  commands c a n  b e  set up i n  
command f i l e s  i n  t h e  PDP 1 1 / 6 0  t o  a p p l y  f a u l t s  t o  s p e c i f i c  c h i p s  w i t h i n  t h e  
CAPS-6 c o m p u t e r s .  A f a i l u r e  s e q u e n c e  t h e n  t a k e s  p l a c e  w i t h i n  t h e  CAPS 
p r o c e s s o r  f o l l o w e d  by  some d e t e c t a b l e  a c t i o n  s u c h  as  t h e  d i s e n g a g e m e n t  o f  
t h e  a u t o p i l o t  e n g a g e m e n t b a t  h a n d l e  s w i t c h  on t h e  Glare S h i e l d  p a n e l .  This 
a c t i o n  can t h e n  b e  u s e d  t o  g e n e r a t e  an i n t e r r u p t  b a c k  t o  t h e  PDP 1 1 / 6 0  
i n d i c a t i n g  t h a t  a f a i l u r e  h a s  o c c u r r e d .  The s y s t e m  can b e  a u t o m a t e d  t o  
i n j e c t  t h e  same f a u l t  many times t o  y i e l d  a s t a t i s t i c a l  effect  of t h e  
f a i l u r e  a c r o s s  t h e  f r a m e  time of t h e  CAPS-6 c o m p u t a t i o n ,  o r  many d i f f e r e n t  
f a u l t s  c a n  b e  i n j e c t e d  w i t h  v a r i a t i o n s  on t h e  f a i l u r e  s e q u e n c e .  

F I I S  SYSTEM CONFIGURATION 

F o u r  c a n d i d a t e  FIIS a r c h i t e c t u r e s  were p r o p o s e d  i n  a p r i o r  s t u d y  (Ref. 2) .  
O f  t h e s e  c a n d i d a t e  a r c h i t e c t u r e s ,  t h e  FAA c h o s e  t o  p r o c e e d  w i t h  a n  e h h a n c e d  
v e r s i o n  of O p t i o n  One, w h i c h  was a minimum e f f o r t  u t i l i z i n g  t h e  e x i s t i n g  
RDFCS f a c i l i t y  w i t h  e s s e n t i a l l y  s o f t w a r e  m o d i f i c a t i o n s  o n l y .  T h i s  F I I S  
a r c h i t e c t u r e  is  composed of t h e  e x i s t i n g  RDFCS f a c i l i t y  s u p p l e m e n t e d  w i t h '  
t h e  D r a p e r  f a u l t  i n j e c t i o n  u n i t .  The f a c i l i t y  c o n s i s t s  o f  t h e  f o l l o w i n g  
e q u i p m e n t  a r r a n g e d  i n  t h e  c o n f i g u r a t i o n  shown i n  F i g u r e  1. 

PDP 11 /60  m i n i c o m p u t e r  
PDP 11 /04  m i n i c o m p u t e r  
DEC DA11B DMA i n t e r f a c e  
DEC DR11C processor i n t e r f a c e  
C o l l i n s  RDFCS p a l l e t  c o n s i s t i n g  o f :  

4 - CAPS-6 f l i g h t  c o m p u t e r s  
4 - CAPS T e s t  A d a p t e r  (CTA) u n i t s  f o r  c o n t r o l l i n g  t h e  f l . i g h t  

c o m p u t e r s  M D I C U  (Modu la r  D i g i t a l  I n t e r f a c e  C o n t r o l  U n i t )  b e t w e e n  
t h e  PDP 1 1 / 6 0  and t h e  RDFCS p a l l e t  D r a p e r  F a u l t  I n j e c t i o n  U n i t .  

The  h a r d w a r e  is augmen ted  by t h e  f o l l o w i n g  sof tware:  

o F l i g h t  s o f t w a r e  w r i t t e n  i n  t h e  A E D  p rogramming  l a n g u a g e  r e s i d e n t  
i n  t h e  CAPS-6 c o m p u t e r s ;  

o The s i x  d e g r e , ,  of f r e e d o m  a i r c r a f t  model  w r i t t e n  i n  FORTRAN I V  
P l u s ,  and e x e c u t i n g  i n  t h e  PDP 1 1 / 6 0  i n  r e a l  time; 

o The DA11B i n t e r f a c e  sof tware,  w r i t t e n  i n  MACRO 1 1 ,  t o  p r o v i d e  a 
c o m m u n i c a t i o n s  i n t e r f a c e  b e t w e e n  t h e  PDP 1 1 / 6 0 ,  t h e  PDP 1 1 / 0 4 ,  and 
t h e  CAPS-6 c o m p u t e r s ;  
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o The Y D I C U  s o f t w a r e  t o  p r o v i d e  r e a l  time s i g n a l  t r a n s f e r  be tween  
t h e  a i r c r a f t  model i n  t h e  PDP 11/60 and t h e  f l i g h t  c o m p u t e r s .  

The c a p a b i l i t i e s  of t h e  e x i s t i n g  RDFCS and  F I S  h a r d w a r e  and software 
were u t i l i z e d  a s  much a s  p o s s i b l e  t o  m i n i m i z e  t h e  m o d i f i c a t i o n  and  
a d d i t i o n s  t o  t h e  s y s t e m .  

W h i l e  t h e  o p t i o n  s e l e c t e d  by t h e  FAA f o r  i m p l e m e n t a t i o n  was a s o f t w a r e  
r r o d i f i e d  s y s t e m  w i t h  no a d d i t i o n a l  h a r d w a r e ,  i t  was c o n s i d e r e d  e x p e d i e n t  
b j  Lockheed  t o  i n c l u d e  a m i n i m a l  amount  of a d d i t i o n a l  h a r d w a r e  t o  
p v o v i d e  a r e a l - t i m e  e x t e r n a l  c l o c k  and a f o r t y - e i g h t  c h a n n e l  m u l t i p l e x e r  
t o  m o n i t o r  c o m p a r a t o r  s i g n a l s  from t h e  b r e a k o u t  p a n e l  on  t h e  RDFCS 
p a l l e t .  The i n p u t  l i n e s  i n t o  t h e  f o r t y - e i g h t  m u l t i p l e x e r  c h a n n e l s  a r e  
t e r m i n a t e d  w i t h  RS232 r e c e i v e r s  and c a n  h a n d l e  v o l t a g e s  o r i g i n a t i n g  a t  
t h e  b r e a k o u t  p a n e l  u p  t o  p l u s  o r  m i n u s  f i f t e e n  v o l t s ,  DC. The RS232 
r e c e i v e r s  t h e n  c o n v e r t  t h e s e  v o l t a g e s  t o  s t a n d a r d  TTL l e v e l s .  

The c o m b i n a t i o n  of D R 1 1 C  i n t e r f a c e  and m u l t i p l e x e r  a l lows:  

o D e t e c t i o n  of i n t e r r u p t s  from t h e  p a l l e t  i n d i c a t i n g  t h a t  a f a u l t  
h a s  b e e n  d e t e c t e d ,  

o D e t e r m i n a t i o n  of t h e  i n c r e m e n t a l  time b e t w e e n  f a u l t  i n j e c t i o n  and 
f a u l t  d e t e c t i o n  u s i n g  t h e  e x t e r n a l  c l o c k  r u n n i n g  a t  1.2 k h z . ,  

o M o n i t o r i n g  of u p  t o  f o r t y  e i g h t  p o i n t s  on e i t h e r  t h e  b r e a k o u t  
p a n e l  or  t h e  b a c k  c o n n e c t o r .  T h i s  a d d i t i o n a l  h a r d w a r e  g r e a t l y  
e x t e n d e d  t h e  d a t a  g a t h e r i n g  c a p a b i l i t y  of t h e  s y s t e m .  It  a l l o w s  
g r e a t e r  p r e c i s i o n  i n  time m e a s u r e m e n t s  of t h e  i n t e r v a l  b e t w e e n  
f a u l t  i n j e c t i o n  and f a u l t  d e t e c t i o n .  It  a l s o  a l l o w s  t h e  d e t e c t i o n  
of t h e  s t a t e s  of a number of CAPS-6 h a r d w a r e  c o m p a r a t o r s  from t h e  
b r e a k o u t  p a n e l .  

F I I S  SYSTEM CAPABILITIES 

The D r a p e r  FIS s o f t w a r e  h a s  been augmented  w i t h  a d d i t i o n a l  s o f t w a r e  
s u p p l i e d  by  Lockheed  G e o r g i a  t o  p r o v i d e  t h e  c a p a b i l i t i e s  for  a u t o m a t i n g  
t h e  f a u l t  i n j e c t i o n  and i n s t r u m e n t a t i o n  system. The t o t a l  s y s t e m  i s  now 
c a p a b l e  o f :  

o R e a d i n g  and p a s s i n g  commands t o  t h e  FIIS s u b s y s t e m  

o I n i t i a l i z i n g  and r u n n i n g  t h e  CAPS p r o c e s s o r  

0 EXECUTING THE FTS COMMANDS 

o Read ing  t h e  s e t - u p  c o n f i g u r a t i o n  of t h e  FIL and  w r i t i n g  t h i s  
i n f o r m a t i o n  t o  a d a t a  f i l e  

o I n i t i a l i z i n g  and e x e c u t i n g  t h e  software monitor i n  t h e  PDP 11/04 
t o  d e t e c t  c h a n g e s  ' in t h e  CAPS-6 software c o m p a r a t o r s  

o H a l t i n g  t h e  e n t i r e  s y s t e m  i n  t h e  e v e n t  of a d e t e c t e d  f a i l u r e  

3 



o Read ing  t h e  i n c r e m e n t a l  time be tween  f a u l t  i n j e c t i o n  and f a u l t  
d e t e c t i o n  f rom t h e  e x t e r n a l  c l o c k  

o Dumping a l l  c o m p a r a t o r  v a l u e s  t o  t h e  o u t p u t  d a t a  f i l e  

A number of software m o d i f i c a t i o n s  were made t o  t h e  e x i s t i n g  RDFCS 
s y s t e m  t o  accommodate  t h e  g a t h e r i n g  of d a t a  from t h e  sof tware  c o m p a r a t o r s  
i n  t h e  CAPS-6 c o m p u t e r s .  The PDP 11/04  downloaded  t a s k  CNDL04 was 
e x t e n d e d  and renamed FISO4. T h i s  new t a s k  p e r f o r m s  a l l  of t h e  f u n c t i o n s  
of  CNDL04, and  i n  a d d i t i o n  p r o v i d e s  fo r  t h e  m o n i t o r i n g  o f  c h a n g e s  i n  t h e  
CAPS-6 sof tware c o m p a r a t o r s .  The i n i t i a l i z a t i o n ,  s t a r t  and s t o p  of  t h e  
c o m p a r a t o r  m o n i t o r  is c o n t r o l l e d  from t h e  PDP 11/60  v i a  t h e  s u b r o u t i n e  
"SET04" w i t h i n  t h e  f i l e  "DRFIS". If a n y  m o n i t o r e d  CAPS-6 c o m p a r a t o r  
c h a n g e s  s t a t e ,  t h e  new s t a t e  v a l u e  and t h e  i t e r a t i o n  c y c l e  i n  w h i c h  t h e  
c h a n g e  o c c u r r e d  i s  r e c o r d e d  i n  a PDP 11/04  b u f f e r .  A t  t h e  end  of a 
f a i l u r e  s e q u e n c e ,  t h i s  b u f f e r  can be t r a n s f e r r e d  t o  t h e  PDP 11/60.  T h i s  
c o m p a r a t o r  d e t e c t i o n  f u n c t i o n  r e q u i r e s  t h a t  t h e  PDP 11/04  c o n t i n u o u s l y  
m o n i t o r  t h e  CTA (windows)  i n t o  t h e  CAPS-6 memories. C o n s e q u e n t l y ,  t h e  
s t a n d a r d  PDP 1 1 / 0 4  k e y b o a r d  monitor is  no  longer  a v a i l a b l e  when t h i s  
a c t i v i t y  is t a k i n g  p l a c e .  

The  PDP 11/60  i n t e r r u p t  r o u t i n e  c a l l e d  h a s  b e e n  m o d i f i e d  t o  
accommodate t h e  PDP 11/04  c o m p a r a t o r  m o n i t o r  f u n c t i o n ,  and has  b e e n  
renamed "CONFIS." CONFIS h a s  p r i m a r i l y  been c h a n g e d  t o  p r o v i d e  
v e r i f i c a t i o n  t h a t  t h e  PDP 11 /04  h a s  a c c e p t e d  and r e s p o n d e d  t o  t h e  
e x t e n d e d  r e q u e s t s  from t h e  PDP 11/60.  CONF'IS i s  a n  i n t e r r u p t  r o u t i n e  
w h i c h  remains i n  t h e  wait s t a t e  u n t i l  a PDP 11/04  command i s  a c t i v a t e d  
o r  a d a t a  t r a n s f e r  is r e q u i r e d .  

The  i n t e r f a c e  c a l l  s u b r o u t i n e  "DR11B" h a s  b e e n  e x t e n d e d  a s  llDR1lBFfl t o  
h a n d l e  t h e  t r a n s f e r  of d a t a  b e t w e e n  t h e  PDP 11 /60  and t h e  PDP 11 /04 .  T h e  
o p e r a t i o n  of t h i s  i n t e r f a c e  s y s t e m  is d e s c r i b e d  i n  d e t a i l  i n  Reference 3. 

F I I S  OPERATION 

I n  a d d i t i o n  t o  t h e  a b o v e  i n t e r f ace  r o u t i n e s  w h i c h  p r o v i d e  communications 
b e t w e e n  t h e  PDP 1 1 / 6 0  and t h e  PDP 1 1 / 0 4 ,  t h r e e  a d d i t i o n a l  p r o g r a m s  
c o n t r o l  t h e  F I I S  o p e r a t i o n .  The i n t e r a c t i o n  of t h e s e  t h r e e  p r o g r a m s  is 
shown i n  F i g u r e  2. 

o FISCMD i s  a command f i l e  w h i c h  c o n t r o l s  t h e  sequence of 
o p e r a t i o n s .  

o DR11C i s  an i n t e r f a c e  d r i v e r  wh ich  a c c e p t s  i n t e r r u p t s  i n d i c a t i n g  
t h a t  a f a i l u r e  h a s  o c c u r r e d  and c o n t r o l s  t h e  t i m i n g  of t h e  
e x t e r n a l  c lock  and t h e  e x t e r n a l  m u l t i p l e x e r .  

0 FISMON is a F ' J R T H A N  p rogram which  p r o d i d e s  most of  t h e  
i n i t . i a 1  iza t . ion  for  t.he s y s t e m  and dumps b o t h  t h e  s e t u p  and t h e  
r e s u l t s  d a t a  t o  the o u t p u t .  f i l e  on d i s k .  

The  f o l l o w i n g  s e q u e n c e  of e v e n t s  desc r ibe  t h e  o p e r a t i o n  of t h e  s y s t e m .  
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1 )  The F I I S  s y s t e m  i s  s t a r t e d  by e x e c u t i n g  FISCMD. FISCMD c l e a r s  t h e  
D r a p e r  F a u l t  I n s e r t i o n  U n i t .  It makes  a l l  a p p r o p r i a t e  c o n n e c t i o n s  so 
t h a t  t h e  c h i p  u n d e r  tes t  is i n  a no rma l  o p e r a t i n g  mode. I t  t h e n  c lears  
a l l  of t h e  e v e n t  f l a g s  i n  t h e  s y s t e m .  The e v e n t  f l a g s  a l o n g  w i t h  t h e  
e x t e r n a l  i n t e r r u p t  are  u s e d  t o  s y n c h r o n i z e  t h e  o p e r a t i o n  of t h e  v a r i o u s  
software and h a r d w a r e  c o m p o n e n t s .  FISCMD t h e n  i n s t a l l s  and r u n s  P r o g r a m s  
DR11C and FISMON and t h e n  g o e s  i n t o  a wai t  s t a t e ,  w a i t i n g  on  E v e n t  F l a g  
41 t o  b e  se t .  

2 )  P rogram DR11C b e g i n s  e x e c u t i o n ,  c l e a r s  t h e  DR11C i n t e r f a c e  s t a t u s  
r e g i s t e r  and g o e s  i n t o  t h e  wai t  s t a t e ,  w a i t i n g  on  Even t  F l a g  40.  

3 )  Program FISMON b e g i n s  e x e c u t i o n ,  reads t h e  o u t p u t  f i l e  name, s t a r t s  
t h e  CAPS-6 p r o c e s s o r ,  s t a r t s  t h e  PDP 11 /04  software c o m p a r a t o r  p r o g r a m ,  
sets E v e n t  F l a g s  40 and 41 and  t h e n  e n t e r s  t h e  wai t  s t a t e ,  w a i t i n g  o n  
Even t  F l a g  42. 

4 )  P rogram DR11C r e c e i v e s  E v e n t  F l a g  40  and e n t e r s  t h e  a c t i v e  s t a t e ,  
c o n n e c t s  t h e  i n t e r r u p t  s e r v i c e  r o u t i n e  t o  t h e  DR11C i n t e r f a c e  e x t e r n a l  
i n t e r r u p t  and a g a i n  e n t e r s  t h e  wai t  s t a t e .  

5) Program FISCMD r e c e i v e s  Even t  F l a g  41 and e x e c u t e s  t h e  D r a p e r  F a u l t  
I n j e c t i o n  f i l e  'lFIS." F I S  p e r f o r m s  t h e  n e c e s s a r y  a c t i o n s  t o  i n i t i a l i z e  
t h e  h a r d w a r e  f a u l t  i n s e r t i o n  u n i t  w i t h  t h e  f a u l t  s e t u p  and t h e n  dumps 
t h e  s e t u p  c o n f i g u r a t i o n  t o  a t emp  d i s k  f i l e  on  "DMO". The f a u l t  is  
i n j e c t e d ,  t h e  e x t e r n a l  c l o c k  s t a r t e d ,  and t h e  DR11C i n t e r r u p t  e n a b l e d .  
FISCMD a g a i n  g o e s  i n t o  t h e  wait  s t a t e  and w a i t s  on E v e n t  F l a g  41. 

6 )  As t h e  f a u l t  p r o p a g a t e s  t h r o u g h  t h e  CAPS-6 p r o c e s s o r ,  t h e  DR11C 
i n t e r r u p t  s e r v i c e  r o u t i n e  is  a c t i v a t e d  i n  r e s p o n s e  t o  t h e  f a i l u r e  
d e t e c t i o n  i n  t h e  CAPS-6, s e t t i n g  E v e n t  F l a g  42. 

7 )  FISMON r e c e i v e s  E v e n t  F l a g  4 2 ,  s t o p s  t h e  PDP 11/04  c o m p a r a t o r  
m o n i t o r  p r o g r a m ,  r e a d s  t h e  c o m p a r a t o r  v a l u e s  from t h e  PDP 1 1 / 0 4 ,  r e a d s  
t h e  e x t e r n a l  c lock and m u l t i p l e x e r  v a l u e s  v i a  t h e  D R 1 1 C  i n t e r f a c e ,  and  
dumps t h e  d a t a  t o  d i s k  i n  t h e  selected o u t p u t  f i l e .  FISMON t h e n  
r e i n i t i a l i z e s  and s t a r t s  t h e  CAPS-6 p r o c e s s o r  and PDP 11/04  sof tware 
c o m p a r a t o r  p r o g r a m s ,  sets Even t  F l a g  40 and 41 ,  and g o e s  i n t o  t h e  wai t  
s t a t e ,  w a i t i n g  on E v e n t  F l a g  42.  

8 )  FISCMD r e c e i v e s  Even t  F l a g  41 and r e c y c l e s  a t  S t e p  5. 

F I IS COMMANDS 

When t h e  D r a p e r  F I S  p rogram i s  e x e c u t e d  from t h e  FISCMD command f i l e ,  i t  
c a l l s  a u s e r  d e f i n e d  command f i l e  "FLT'N' .CMD" wh ich  d e s i g n a t e s  t h e  
f a u l t  c o n f i g u r a t i o n  for t h e  f a u l t  i n j e c t o r  u n i t .  'N' d e s i g n a t e s  t h e  
s e q u e n c e  of command f i l e s  i . e ,  1 ,  2, 3,.. .., e tc .  The f a u l t  i n j e c t o r  
u n i t  and t h e  f a u l t  commands a r e  d e s c r i b e d  i n  d e t a i l  i n  R e f e r e n c e  1. 

However ,  t h e s e  command f u n c t i o n s  w i l l  a l s o  be d e s c r i b e d  h e r e  for  
c l a r i f i c a t i o n  and ease of u s e .  It w i l l  be  h e l p f u l  t o  refer to  F i g u r e  3,  of 
R e f e r e n c e  1 t o  r e l a t e  t h e  commands t o  t h e  f a u l t  i n s e r t i o n  u n i t  l o g i c .  
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CLEAR c lears  t h e  f a u l t  i n j e c t o r  u n i t  

DEFINE Unn m d e f i n e s  a n  m p i n  I C  p a c k a g e  a t  l o c a t i o n  Unn on  t h e  c i r c u i t  
b o a r d .  The l a s t  d e f i n e d  p a c k a g e  becomes  t h e  f l a c t i v e l l  p a c k a g e .  
Ex:  DEFINE U l 3  16 d e f i n e s  a 16 p i n  I C  c h i p  a t  l o c a t i o n  Ul3 on t h e  b o a r d .  

SELECT Unn i f  a number of I C  p a c k a g e s  a r e  d e f i n  bd, SELECT c a n  b e  u s e d  
t o  name t h e  " a c t i v e "  p a c k a g e .  

MAP n z m 1 maps p i n  n of  t h e  a c t i v e  I C  p a c k a g e  t o  p i n  m of t h e  z t h  
i m p l a n t  s e g m e n t .  1-1 s u b s e q u e n t  I C  p a c k a g e  p i n s  a r e  mapped t o  1-1 
s u b s e q u e n t  i m p l a n t  s e g m e n t  p i n s .  z c a n  b e  s e g m e n t s  A ,  B, C ,  D ,  E, F. 
Ex:  MAP 9 B 1 4 maps p i n s  9, 10, 11, 12, of t h e  a c t i v e  I C  t o  p i n s  
Bl,B2,B3,B4 of i m p l a n t  s e g m e n t  B 

DESCRIBE n abcd  d e f i n e s  t h e  f a u l t  t o  be i n j e c t e d  i n t o  p i n  n of t h e  
a c t i v e  p a c k a g e .  abcd  is a 1 6 - b i t  h e x a d e c i m a l  number d e f i n i n g  t h e  f a u l t  
a s  shown i n  t h e  f o l l o w i n g  format. 

F i e l d  Z b i t s  0-3 Type of f a u l t  t o  d e v i c e  p i n  

F i e l d  Y b i t s  4-7 Type of f a u l t  t o  s o c k e t  p i n  

F i e l d  X b i t s  8-11 d i r e c t i o n  of f a u l t  ( d e v i c e  o r  s o c k e t )  
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The t h r e e  f i e l d s  a r e  d e f i n e d  a s :  

................................................................ 
I 1 I X I F a u l t  D i r e c t i o n  I Y/Z 1 FAULT SIGNAL I I-----I-----------------------' I I 

1 0 I To s o c k e t  I 0 I I n v e r t e d  s i g n a l  I 

I 1 I S ( A , B , C )  1 I F(A,B,C) 

I 2 1  A I 2 1  A I 

1 3 1  B I 3 1  B I 

1 4 1  C 4 ;  C 

1 5 I f ( A , B )  5 I f ( A , B )  

I 6 I n o t  u s e d  1 6 1  1 

I 7 I n o t  u s e d  I 7 1  E x t .  I 

I 8 I To d e v i c e  I 8 I O r i g i n a l  s i g n a l  I 

I 9 1 S ( A , B , C )  I 9 I F(A,B,C) I 

I A I  A I A I  A I 

1 B I  B I B 1  B 

1 C I  C I C I  C I 

I D 1 f ( A , B )  D I  f ( A , B )  

1 E I n o t  u s e d  I E I  0 I 

I 

I I I I 1 
I I I I I 

I 
I 

I I I I I 
I I I I I 

I I 

I I I I I 
I I I I I 

I I 

I 1 I I I 
I I I I I 

I 

I I I I I 
I I I I 

I 
I 

I I I I I 
I I I I 

I I 

I I I I I 
I I I I I 

I I 

I I I I I 
I I I I 

I 

I 

I 

I 

I I I I I 
I I I I I 

I I 

I I I I I 
I I I I I 

I I 

I I I I I 
I I I I I 

I I 

1 I I I I 
I I I I 

I I 

I I I I I 
I I I I I 

I I 

I I I I I 
I I I I I 

I I 

I I I I I 
I I I I 

I I F I n o t  u s e d  F I  E x t  I 
I ................................................................ 

When X i s  e q u a l  t o  0 ,  t h e  Y f i e l d  is u s e d  f o r  f a u l t  d e s i g n a t i o n  and s e n d s  
t h e  f a u l t  t o  t h e  s o c k e t .  

When X i s  e q u a l  t o  8 ,  t h e  Z f i e l d  is  u s e d  for f a u l t  d e s i g n a t i o n  and s e n d s  
t h e  f a u l t  t o  t h e  I C  d e v i c e .  

F o r  f a u l t s  t h a t  u s e  t h e  A ,  B, and  C m u l t i p l e x e r s  o r  t h e  b o o l e a n  
f u n c t i o n s  f ( A , B ) ,  S ( A , B , C )  or F (A,B ,C) ,  o n e  o r  more m u l t i p l e x e r s  a n d  
b o o l e a n  f u n c t i o n  g e n e r a t o r s  m u s t  be d e f i n e d .  
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M l J X  n llnn m se lects  a p i n  m ( 1  t o  48) on  I C  p a c k a g e  Unn t o  d r i v e  
m u l t i p l e x e r  MA, MB, MC d e s i g n a t e d  as n e q u a l  1 ,  2 ,  o r  3 r e s p e c t i v e l y .  
The I C  p a c k a g e  p i n  h a s  a l r e a d y  b e e n  d e s i g n a t e d  b y  t h e  M A P  command. 

FUNC a b c d  d e s i g n a t e s  a b o o l e a n  f u n c t i o n  of t h e  format: 

w h e r e  t h e  b o o l e a n  f u n c t i o n s  c a n  b e  d e f i n e d  a s :  

. 
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F(A,B,C) d e f i n e s  a b o o l e a n  f a u l t  c o n d i t i o n  wh ich  c a n  be a p p l i e d  t o  any  
of t h e  mapped p i n s  d e s i g n a t e d  b y  t h e  DESCRIBE command Y and 2 f i e l d s .  

S (A ,B ,C)  d e f i n e s  a b o o l e a n  c o n t r o l  c o n d i t i o n  wh ich  can b e  a p p l i e d  t o  any  
of  t h e  mapped p i n s  d e s i g n a t e d  b y  t h e  DESCRIBE command X f i e l d .  

ENABLE n e n a b l e s  p i n  n of t h e  a c t i v e  I C  p a c k a g e .  

DISABLE n d i s a b l e s  p i n  n o f  t h e  a c t i v e  I C  p a c k a g e .  

DUMP writes t h e  i n j e c t o r  test c o n f i g u r a t i o n  t o  t h e  terminal  and a l so  
t o  a t e m p o r a r y  d i s k  file on DMO f o r  l a t e r  i n c l u s i o n  i n  t h e  o u t p u t  f i l e .  

EXEC i n j e c t s  f a u l t s  i n t o  e n a b l e d  p i n s  of t h e  I C  p a c k a g e .  

EXIT ex i t s  from t h e  F I S  p rogram.  

A s  a s y n o p s i s  of t h e  l o g i c  s e t u p  commands, 

l lDESCRIBE1l c o n t r o l s  m u l t i p l e x e r s  M1 and M2; 

"MUX" c o n t r o l s  m u l t i p l e x e r s  MA,  MB, MC; 

llFUNC1l c o n t r o l s  t h e  l o g i c  of t h e  b o o l e a n  f u n c t i o n  g e n e r a t o r s .  

A t y p i c a l  command f i l e  c a n  t a k e  t h e  form: 

CLEAR 
DEFINE U17 40 
MAP 1 A 1 8 
MAP 9 B 1 4 
MAP 17 B 5 4 
M A P  21 C 1 8 
MAP 33 D 1 8 
DESCR 7 180E 
DESCR 21 1 0 E O  
ENABLE 7 



T h i s  command f i l e  y i e l d s  a s e t u p  c o n f i g u r a t i o n  of t h e  form 

A 1  0000 U17 
A2 0000 U17 
A 3  0000 U17 
A 4  0000 U17 
A5 0000 U17 
A6 0000 U17 

*A7 180E U17 
A8 0000 U17 

D1 0000 U17 
D2 0000 U17 
D3 0000 U17 
D 4  0000 U17 
D5 0000 U17 
D6 0000 U17 
D7 0000 U17 
D8 0000 U17 

1 B1 0000 U17 
2 B2 0000 U17 
3 B3  0000 U17 
4 B4 0000 U17 
5 B5 0000 U17 
6 B6 0000 U17 
7 B7 0000 U17 
8 B 8  0000 U17 

33 El OOOD 
34 E2 0000 
35 E 3  0000 
36 E 4  0000 
37 E5 0000 
38 E6 0000 
39 E7 0000 
40 E8 0000 

9 C 1  10EO U17 21 
10 C2 0000 U17 22 
1 1  C 3  0000 U17 23 
12 C4 0000 U17 24 
17 C5 0000 U17 25 
18 C6 0000 U17 26 
19 C7 0000 U17 27 
20 C8 0000 U17 28 

F1 0000 
F2  0000 
F3 0000 
F4 0000 
F5 0000 
F6 0000 
F7 0000 
F8  0000 

The I C  p a c k a g e  is a 4 0  p i n  u n i t  l o c a t e d  a t  p o s i t i o n  U17 on t h e  c i r c u i t  
board.  P i n s  1 t h r o u g h  8 of i m p l a n t  s e g m e n t  rlA1l of  t h e  f a u l t  i n s e r t i o n  
u n i t  are  a s s i g n e d  t o  p i n s  1 t h r o u g h  8 of t h e  I C .  P i n s  1 t h r o u g h  4 o f  
i m p l a n t  s egmen t  ((B" a r e  a s s i g n e d  t o  p i n s  9 t h r o u g h  12 o f  t h e  I C .  P i n s  5 
t h r o u g h  8 of  i m p l a n t  s e g m e n t  llB1l a re  . a s s i g n e d  t o  p i n s  17 t h r o u g h  20 of 
t h e  I C .  P i n s  1 t h r o u g h  8 O f  i m p l a n t  s e g m e n t  llC1t a r e  a s s i g n e d  t o  p i n s  21 
t h r o u g h  28 of t h e  I C ,  p i n s  1 t h r o u g h  8 of i m p l a n t  s e g m e n t  rcD1l are  
a s s i g n e d  t o  p i n s  33 t h r o u g h  40 of t h e  I C .  Two f a u l t s  a r e  a s s i g n e d ;  
p i n  7 t o  t h e  I C  i s  o p e n e d  b y  t h e  DESCR 7 180E command and p i n  21 t o  t h e  
s o c k e t  is opened  by t h e  DESCR 21 10EO command. I n  t h i s  case t h e  o p e n  
f a u l t  t o  p i n  7 is t h e  o n l y  one e n a b l e d .  

The f a u l t  c a n  now b e  i n j e c t e d  i n t o  t h e  F I I S  h a r d w a r e  by  t h e  "EXEC" 
command. 

The f a u l t  i n i t i a l i z a t i o n  c o n f i g u r a t i o n  and r e s u l t s  a r e  s t o r e d  on DMO: a s  
a f i l e  of  t h e  form FLTtlrnlf.DAT;llnll. F o r  r e p e t i t i o n s  of a g i v e n  f a u l t ,  
"nf1 is i n c r e m e n t e d  w i t h  e a c h  c y c l e .  The f o l l o w i n g  l i s t i n g  is a n  e x a m p l e  
FORTRAN program w i t h  d a t a  formats t o  r e c o v e r  t h e  f a u l t  r e s u l t  d a t a  for 
f u r t h e r  p r o c e s s i n g .  The f a u l t  c o n f i g u r a t i o n  is r e a d  i n t o  t h e  s i x  by 
e i g h t  by  t w e n t y  t.wo c h a r a c t e r  b u f f e r  l a b e l e d  "TABLE1*. The c o m p a r a t o r  
v a l u e s  and a s s o c i a t e d  c o u n t  times i n  t h e  PDP 11/04 a r e  r e a d  i n t o  t h e  
s i x t e e n  word b u f f e r s  M E M V A L ,  LCNT, HCNT. The  m u l t i p l e x e d  i n p u t s  from 
t,he b r e a k o u t  p a n e l  t h r o u g h  t h e  D R 1 1 C  i n t e r f a c e  a re  r e a d  i n t o  MUX2, MUX3, 
and MUX4. The i n c r e m e n t a l  c l o c k  c o u n i  d e t e r m i n e d  a t  t h e  i n t e r r u p t  time 
is r e a d  i n t o  CLOCK. For f o r m a t t i n g  c l a r i t y ,  t h e  p rogram is  w r i t t e n  
expanded  w i t h  no a t t e m p t  a t  c o m b i n i n g  a n y  of t h e  I / O  f u n c t i o n s  
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c 
c 

C 

C 

1000 
1 

1010 

1100 

C 
C 
c 
C 
C 
C 
C 
C 
C 
c: 

LOGICAL*l TABLE(h,e,22) 
BYTE FISNAM(4O) 
BYTE TMPCHR(6OZ 
INTEGER 
INTEGER MEMVAL, LCNT,HCNT 

CLOC K,MUX2, MUX 3 ,MUX4 

DIMENSION MEMVAL( 16) 
DIMENSION LCNT ( 16 1 
DIMENSION HCNT(16) 

TYPE 1000 
FORMAT(X,'TYPE TWELVE CHARACTER FILENAME FOR OUTPUT',/, 

ACCEPT 101 0, FISNAM 
FORMAT(40Al) 
FISNAM(40) = 0 
O P E N ( U N I T : ~ , N A M E = F I S N A M , T Y P E = ' O L D ' , F O R M = t F O R M A ~ E D ~ )  
READ(9,llOO) TMPCHR 
FORMAT(X ,60A 1 ) 
WRITE(5,llOO) TMPCHR 
READ(9,llOO) TMPCHR 
WAITE(S,1100) TMPCHR 

X , '  OF FORM XXXXXX.DAT;Y*) 

*****************************************R******R*** 
* * 
* READ THE FIIS SETUP TABLE FROM THE OUTPUT DATA * 
w PILE AND PLACE IN TABLE(6,8,22) * 
* * 
~ * * * * ~ ~ * w * * * ~ ~ * * * * * ~ ~ * * * * ~ * * * w ~ ~ * ~ * * ~ f f ~ * ~ * ~ * * * R * * * * *  

f>o 1110 IPIN = 1,8 
READ(9,1120) 

1 (TABLE(l,IPIN,Il),I1=1,22), 

3 (TABLE(3,IPIN,Il),T1=1,22) 

1 (TABLE( 1 , IPIN, I1 1, I1 =1,22), 
2 (TABLE(2,IPIN,Il),I1=1,22), 
3 (TARLE(7, IPIN, I1 1 ,  I1=1,?2) 

2 (TABLE(2,1PIN,Il),I1=1,22), 

1110 WRITE(5,1120) 

c 
c 
1120 
C 
C 

FORMAT(3 (22A 1 ) 1 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

1150 
C 
C 
c 

C 
C 
C 

C 
C 
C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* S T A R T  

* P L A C E  

* P L A C E  

P L A C E  

* 
* 

* 
R E A D I N G  F A U L T  I N J E C T O R  T E S T  R E S U L T S  * 
P D P  11/04 C O M P A R I T O R  V A L U E S  I N  MEMVAL * 

* 
* 

C O M P A R I T O R  COUNT I N  L C N T ,  H C N T  * 
* 

D R 1 1 C  MUX V A L U E S  I N  C L O C K ,  MUX2,  MUX3 * 
* A N D  MUX4 * 

* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R E A D  ' F A U L T  I N J E C T O R  TEST R E S U L T S '  H E A D I N G  

R E A D  ' P D P  11/04 - C A P S  COMPARATOR V A L U E S '  H E A D I N G  

 READ(^, 11 0 0 )  T M P C H R  
W R I T E ( 5 , l l O O )  T M P C H R  

R E A D  P D P  11/04 - COMPARATOR B U F F E R  

R E A D ( 9 . 1 1 5 0 )  MEMVAL 
W R I T E ( 5 , l l O O )  MEMVAL 
F O R M A T ( 4 0 1 2 )  

READ ' P D P  11/04 LOW C O U N T E R S '  H E A D I N G  

R E A D  ' P D P  11/04 H I G H  C O U N T E R S '  H E A D I N G  

R E A D ( 9 , l l O O )  T M P C H R  
W R I T E ( 5 , l l O O )  T M P C H R  

R E A D  P D P  11/04 H I G H  C O U N T E R  V A L U E S  
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R E A D ( 9 . 1 1 5 0 )  H C N T  
W R I T E ( 5 , 1 1 5 0 )  H C N T  

C 
C 
C 

READ D R 1 1 C  ' E X T E R N A L  C L O C K  V A L U E '  H E A D I N G  

C 
C 
C 

READ E X T E R N A L  C L O C K  VALUE 

R E A D ( 9 . 1 1 5 0 )  C L O C K  
W R I T E ( 5 . 1 1 5 0 )  C L O C K  

C 
C 
C 

READ D R 1 1 C  ' E X T E R N A L  MUX C H A N N E L  2 '  H E A D I N G  

C 
C 
C 

R E A D  D R l l C  MUX C H A N N E L  2 VALUE 

C 
C 
C 

READ D R 1 1 C  ' E X T E R N A L  MUX C H A N N E L  3 '  H E A D I N G  

C 
C 
C 

R E A D  D R 1 1 C  MUX C H A N N E L  3 VALUE 

R E A D ( 9 , 1 1 5 0 )  MUX3 
W R T T E ( 5 . 1 1 5 0 )  M U X 3  

C 
C 
C 

R E A D  D R 1 1 C  ' E X T E R N A L  MUX C H A N N E L  4 '  H E A D I N G  

READ(9,llOO) TMPCHR 
W R I T E ( 5 , l l O O )  T M P C H R  

C 
C 
P " 

R E A D  D R 1 1 C  MUX C H A N N E L  4 V A L U E  

R E A D (  9,1150 MUX4 
W R I T E ( 5 . 1 1 5 0 )  MUX4 
C L O S E ( 9 )  
C A L L  E X I T  
E N D  

IS 



OPERATIONAL PROCEDURES FOR R U N N I N G  F I I S  WITH THE PALLET 

SETUP : 

I n t e r r u p t  : 

Connect,  a wire from P2A-PIN 61 on FCC 1 R 2 B r e a k o u t  P a n e l .  T h i s  wire 
g o e s  t h r o u g h  a d i o d e / r e s i s t o r  n e t w o r k  t o  P I N  24  - (CBO-CB15) on t h e  
m u l t i p l e x e r  box .  

C o n n e c t  a wire from t h e  low end  of t h e  resistor n e t w o r k  t o  P I N  -17 
(CBO-cbl5) for  a g r o u n d .  

B a t  Hand 1 e : 

C o n n e c t  a wire from P1-PIN U o f  t h e  g l a r e  s h i e l d  b r e a k o u t  p a n e l  t o  PIN 1 
(CB32) of t h e  m u l t i p l e x e r  box. 

0 v o l t s  i n d i c a t e s  Bat H a n d l e  down. 

24  v o l t s  i n d i c a t e s  Eat H a n d l e  up .  

Connect a wire from t h e  frame timer DAC t o  P I N  25 (CBOO-CB15). 
Set t h e  CAPS TEST ADAPTER k e y b o a r d  v a l u e  t o  "OF6F". 

Se t  t h e  CAPS TEST ADAPTER a d d r e s s  v a l u e  t o  "OF76". 
Set t h e  CAPS TEST ADAPTER t o g g l e  s w i t c h  t o  t h e  SET/CLEAR mode. 

C o n n e c t  t h e  f o l l o w i n g  wires from t h e  B r e a k o u t  p a n e l  t o  t h e  m u l t i p l e x e r  
box .  

P2-A21 -- PTN 1 CBO S p l i t  Mod e A n n u n c i a t o r  
P2-A51 -- P I N  2 CB! A u t o p i l o t  D i s c o n n e c t  A n n u n c i a t o r  
P2-A49 -- P I N  3 CB2 No-Align A n n u n c i a t o r  
P2-A26 -- P I N  4 C B 3  No-Dual A n n u n c i a t o r  

PDP 11/04-MDICU-FIS SETUP: 

1 )  T u r n  on 60 c y c l e  power , 400 c y c l e  power , and  2 8  v o l t s  

2 )  Boot PDP 1 1 / 0 4  

3 )  Turn on  F(.C 'I R 2 AC and Dl: power .  

4 )  Turn  on a1 I rntmory. 

5)  Reset and s t a r t  CAPS. 

6 )  T u r n  r o t a r y  s w i t c h  t.o MD-ICU. 
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7 )  Type  11 , GO , TC , EX , t?O f o r  t u r n i n g  on  MDICIJ.  
or 

Type M , ST , YO f o r  t u r n i n g  o f f  M D I C U .  

8 )  Turn  r o t a r y  s w i t c h  t o  PDP 1 1 / 0 4 .  
TYPE L 2000 

S 

9 )  T u r n  o n  F I S  power s w i t c h  

1 0 )  Turn  o n  M u l t i p l e x e r  power swi tch .PDP 11 /60  - PDP 1 1 / 0 4  
DATA LINK: 

From U I C  [10,3001 on t h e  PDP 11/69 t y p e  

INS FISO4 
FIX FISO4 
R U N  FISO4 

F o l l o w  d i r e c t i o n s  i n  s e t t i n g  u p  PDP 11/04 ,  t h e n  t y p e  

AB0 FISO4 
R E M  FISO4 
INS CONFIS 
FIX CONFIS 
R U N  CONFIS 

T h i s  e s t a b l i s h e s  t h e  d a t a  l i n k  between t h e  PDP 11/60 and t h e  PDP 11/04 
v i a  t h e  DA11B in te r face .FI IS  FILES A N D  TASK IMAGES: 

F I I S  f i l e s  a re  i n  U I C  [ 1 0 , 3 O O ]  

T h r e e  s t a n d a l o n e  F I I S  command f i l e s  ex i s t .  

FISCMD.CMD - a l l o w s  o p e r a t i o n  w i t h o u t  t h e  a i r p l a n e  so t h a t  o n l y  t h e  
f l i g h t  c o m p u t e r s  a r e  w o r k i n g .  

FISCE3.CMD - i n c l u d e s  a n  L1011 6 DOF a i r c r a f t  i n  t h e  Approach  
c o n f i g u r a t i o n .  

FISCF6.CMD - i n c l u d e s  a n  L1011 6 DOF a i r c r a f t  i n  t h e  L a n d i n g  
c o n f i g u r a t i o n .  

F I S  command f i l e s  a r e  o f  t h e  form FLT'N'.CMD 

AIRCRAF; SOURCE FILES: 

U I C  [ l o ,  301 I c o n t a i n s  a i r c r a f t  source f i l e s .  

17 



Because of i n c o m p a t i b i l i t y  i n  t h e  BLK1 Common B l o c k ,  any  c h a n g e s  t o  
t h e  a i r c r a f t  s h o u l d  b e  p e r f o r m e d  on t h e  Se r i a l  1 1 5 7 1 5 6 7  d i s k  t i t l e d  FAA 
TRANSITION MODEL i n  U I C  [ l O , 3 O l ] ,  and t h e n  t r a n s f e r r e d  t o  t h e  F I I S  d i s k  
U I C  [ l o ,  301 I. 

T a s k  i m a g e s  can t h e n  b e  t r a n s f e r r e d  t o  U I C  [ 1 0 , 3 0 0 1  f o r  e x e c u t i o n .  
F I I S  OPERATION: 

Set  a d d r e s s  6720H i n t o  CTA1-DAC 1. 

S e t  t h e  J Curve  Pot on t h e  S e r v o  Simulator P a n e l  t o  0.76. 

S t a r t  t h e  F I I S  p r o g r a m  by  t y p i n g  t h e  command f i l e .  

@FISCMD - fo r  A u t o p i l o t  o n l y .  

eFISCE3 - f o r  t h e  a p p r o a c h  L1011 a i r p l a n e .  

@FISCF6 - for t h e  l a n d i n g  L l O l l  a i r p l a n e .  

Wait fo r  7FFFH t o  be d i s p l a y e d  on DAC 1 t h e n  r a i s e  
the Bat H a n d l e  for FCC 1. 

If t h e  a i r p l a n e  is b e i n g  u s e d ,  t h e  SAS s w i t c h e s  o n  t h e  M D I C U  
S w i t c h  Panel s h o u l d  b e  s w i t c h e d  o f f  and b a c k  o n  before  r a i s i n g  
t h e  B a t  H a n d l e .  

The s y s t e m  w i l l  now c y c l e  w i t h  t h e  Bat H a n d l e  r a i s e d  m a n u a l l y  fo r  
e a c h  c y c l e .  

FILE GLOSSARY: 

BATHAN Wait for  b a t  h a n d l e  on g l a r e  s h i e l d  p a n e l  t o  b e  r a i s e d  

CLEFnn C l e a r s  E v e n t  F l a g  nn 

E N D R I B  E n a b l e  DR11C i n t e r r u p t  B 

FTSACT F I S  p r o g r a m  m o d i f i e d  t o  set CSRl ( B i t  1 )  i n  DR11C S t a t u s  
( F I S I N J )  r e g i s t e r  

FISEXX F I S  p r o g r a m  m o d i f i e d  t o  e n a b l e  I n t  R i n  DR11C 

FISTTM Command f i l e  t o  d e t e r m i n e  l a t e n c y  time of F I S  EXECUTE command 

RSETRY Set  L o c a t i o n  6720H i n  CAPS6 111 t o  0 

RCSR 1 Reset CSRl ( B i t  1 )  i n  DR11C S t a t u s  r e g i s t e r  

SCSR 1 Set C S R l  ( B i t  1 )  i n  DR11C S t a t u s  r e g i s t e r  

SEFnn Set E v e n t  F l a g  n n  



. 

f 

SETFIS Allows c o n t r o l  of t h e . P D P  11 /04  F I S  M o n i t o r  from t h e  PDP 11 /60  

SETRY Set L o c a t i o n  6720H i n  CAPS6 111 t o  7FFFH 

STARTC Resets and s tar ts  CAPS6 #1 

STO4FI S t o p  m o n i t o r i n g  t h e  F I S  c o m p a r a t o r s  i n  PDP 1 1 / 0 4  

TIMOUT M o n i t o r  e x t e r n a l  c l o c k  t o  t i m e o u t  and set  EF 43 i f  f a u l t  
i n t e r r u p t  d o e s  not occur 

WTEFnn Wait on E v e n t  F l a g  nn 

FISMON /DRFIS 

GFLNAM 

I N I C A P  

INITCK 

0 UT DM 

RDFI04 

R D M U X  

SET04 

STOPC K 

S ETF ST 

Get name fo r  o u t p u t  f i l e  

Reset CAPS6 61 and p u t  i n t o  R U N  mode 

I n i t i a l i z e  t h e  ex te rna l  c l o c k  u s i n g  C S R O  ( B i t  0 )  
i n  t h e  DR11C S t a t u s  r e g i s t e r  a t  l o c a t i o n  767770  

Read f a u l t  i n j e c t o r  t es t  c o n f i g u r a t i o n  and t e s t  results , 
t h e n  dump t o  d i s k  

Read t h e  b u f f e r s  KEMVAL, LCNT, HCNT i n  t h e  PDP 11 /04  

Read four  c h a n n e l s  of DR11C mux box and p l a c e  v a l u e s  i n  
FISBUF 49  t h r o u g h  52 

Control F I I S  m o n i t o r i n g  i n  t h e  PDP 1 1 / 0 4  

S t o p  t h e  e x t e r n a l  c l o c k  u s i n g  CSR1 ( B i t  1 )  = 0 i n  t h e  
DR11C S t a t u s  r e g i s t e r  a t  l o c a t i o n  767770 

S e t s  S o f t w a r e  M o n i t o r  i n  t h e  PDP 11 /04  t o  R U N .  

INSTRUCTION SELF TEST 

The  S p e c i a l  I n s t r u c t i o n  S e l f  T e s t  p rog ram was r u n  w i t h o u t  t h e  
a u t o p i l o t .  Only CAPS t l  was u s e d .  

A m o n i t o r  wire was r u n  f rom a CTA t l  DAC se t  t o  l o c a t i o n  1t40F711 i n t o  
CB15(PIN25) o f  t h e  D R 1 1 C  m u l t i p l e x e r .  CAPS l o c a t i o n  'I40F7 y i e l d e d  a r'l'' 
i f  INSTRUCTION SELF TEST ( I S T )  was e x e c u t i n g ,  o r  a rrO1l i f  i n  s e t u p .  
T h i s  b i t  was t h e n  m o n i t o r e d  throug.1 t h e  DR11C i n t e r f a c e  b y  p f o g r a m  
TIMIST. 
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FAULT INJECTION UNIT P I N  MAPPING 

c 

c 

The F a u l t  I n j e c t i o n  U n i t  was mapped u s i n g  t h e  f o l l o w i n g  c h i p  
c o n f i g u r a t i o n s .  
w i t h  t h e  F a u l t  Injector  mapp ing  commands 

F o r  e a c h  c h i p  t y p e ,  t h e  s o c k e t  l a y o u t  is shown a l o n g  

A t o t a l  of 4992 f a u l t  cases were r u n  a t  NASA Ames d u r i n g  t h e  F I I S  
s t u d y .  T h e s e  c a n  b e  s u b d i v i d e d  i n t o  t h e  f o l l o w i n g :  

Open l o o p  273 6 
Self tes t  1 7 2 8  
C l o s e d  l o o p  52 8 

The  c l o s e d  l o o p c a s e s  can b e  f u r t h e r  s u b d i v i d e d  i n t o  e i g h t y  e i g h t  f a u l t  
r u n s  i n  e a c h  of  t h e  f o l l o w i n g  c a t a g o r i e s  

1 )  C r u i s e  a l t i t u d e  h o l d  c o n d i t i o n  
2 )  C r u i s e  c l i m b  c o n d i t i o n  
3 )  Cruise t u r n  c o n d i t i o n  
4 )  L o c a l i z e r  c a p t u r e  c o n d i t i o n  
5 )  G l i d e s l o p e  c a p t u r e  c o n d i t i o n  
6 )  G l i d e s l o p e  d e v i a t i o n  c o n d i t i o n  

T h e s e  f a u l t  f i l e s  were t h e n  s o r t e d ,  i n t e r p r e t e d  and combined  i n t o  2728 
f a u l t  f i l e s  for a n a l y s i s .  Program SORTFS was u s e d  for t h i s  s o r t i n g  
t a s k .  SORTFS o p e n e d  e a c h  i n d i v i d u a l  f a i l u r e  f i l e ,  d e t e r m i n e d  i t s  
r e c o r d e d  c h a r a c t e r i s t i c s ,  and combined  it w i t h  s imi l a r  f i l e s  of  t h e  
same f a u l t .  The combined  d a t a  were t h e n  w r i t t e n  a s  r e c o r d s  t o  f i l e s  
F 0 0 0 1 . d a t  t h r o u g h  F 2 7 2 8 . d a t  c o r r e s p o n d i n g  t o  e a c h  f a u l t .  

Where f a u l t s  were d e t e c t e d  by  t h e  i d l e  l o o p  i n  t h e  CAPS-6, t h e y  were 
wr i t ten  t o  a f i l e  c o n t a i n i n g  41 r e c o r d s .  When t h e  f a u l t  was u n d e t e c t e d ,  
c l o s e d  l o o p  r u n s  were made r e c o r d i n g  d a t a  for e a c h  of t h e  s i x  c l o s e d  
l o o p  f l i g h t  c a s e s  fo r  a t o t a l  of 215 r e c o r d s .  

Us ing  t h e  s o r t e d  raw d a t a ,  h i s t o g r a m s  were r u n  on b o t h  t h e  o p e n  l o o p  and  
c l o s e d  l o o p  c o n d i t i o n s  t o  d e t . e r m i n e  a s p r e a d  o f  f a u l t  d e t e c t i o n  times a t  
50 m i l l i s e c o n d  i n t e r v a l s  b e t w e e n  0 and 15 s e c o n d s .  The h i s t o g r a m  d a t a  
was r u n  u s i n g  p r o g r a m s  HISCRM.FTN, HISCCC.FTN, HISCAC.FTN, HISCTC.FTN, 
HISLCC. FTN, HISCSC. FTN, HISCSD.FTN . 
F a u l t  c o u n t s  for  t h e  c o n d i t i o n s  l i s t e d  i n  t h e  F I I S  FAULT COUNT t a b l e  
were o b t a i n e d  w i t h  p rogram FAULT.FTN . 
Programs  used  for t h e  a n a l y s i s  of t h e  FIIS d a t a :  

CHIPFL.DAT - d a t a  f i l e  c o n t a i n i n g  c h i p  c h a r a c t e r i s t i c s  g e n e r a t e d  by  
p r o g r a m  CHIPFM.FTN. 

CHIPFM.FTN - g e n e r a t e s  a t a b l e  d e s c r i b i n g  t h e  c h i p  c h a r a c t e r i s t i c s  
fo r  t h e  F I I S  d a t a  r e d u c t i o n .  
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FAULTS.FTN - uses t h e  F I I S  f a u l t  d a t a  t o  d e t e r m i n e  t h e  f o l l o w i n g  
c o n d i t i o n s  fo r  b o t h  w e i g h t e d  and u n w e i g h t e d  f a u l t s :  

1A) Mumber of t o t a l  f a u l t s  d e t e c t e d  by t h e  b a s e l i n e  CAPS-6 p r o g r a m  
( I d l e  Loop)  

l b )  Number of  t o t a l  f a u l t s  d e t e c t e d  by t h e  CAPS-6 S e l f  T e s t  

2A) Number of t o t a l  f a u l t s  n o t  d e t e c t e d  b y  t h e  b a s e l i n e  CAPS-6 
p rogram ( I d l e  L o o p ) ,  b u t  d e t e c t e d  by t h e  CAPS-6 c l o s e d  l o o p  
p rogram r u n n i n g  w i t h  t h e  a i r c r a f t  model  on t h e  PDP-11/60 

2 B )  Number of f a u l t s  d e t e c t e d  by  t h e  CAPS-6 c l o s e d  l o o p  p rogram 
r u n n i n g  w i t h  t h e  a i r c r a f t  m o d e l ,  and a l s o  d e t e c t e d  b y  t h e  
CAPS-6 S e l f  T e s t .  

3A) Number of  t o t a l  f a u l t s  n o t  d e t e c t e d  by t h e  b a s e l i n e  CAPS-6 
p rogram ( I d l e  L o u p ) ,  and n o t  d e t e c t e d  by  t h e  CAPS-6 c l o s e d  
l o o p  p rogram r u n n i n g  w i t h  t h e  a i r c r a f t  mode l .  

3B) Number of f a u l t s  from 3 A  d e t e c t e d  b y  t h e  CAPS-6 Self  T e s t .  

FISFUN.FTN - a s u b r o u t i n e  c a l l e d  by SORTFS.FTN, u s e d  t o  l o c a t e  t h e  
f o l l o w i n g  F I I S  f u n c t i o n  c h a r a c t e r i s t i c s  i n  t h e  d a t a  
t a b l e  , i . e .  

P i n  I d e n t i f i c a t i o n  
Componen t Id  e n  ti f i c a t  i o n  
F I I S  F u n c t i o n  D e s i g n a t i o n  
F a u l t  D i r e c t i o n  
F a u l t  Type 

GETCL.FTN - t r a n s f e r s  s e l e c t e d  c l o s e d  l o o p  raw d a t a  f i l e s  from t a p e  t o  
d i s k  1 ,  U I C  [ 1 0 , 3 0 3 1 .  

GETCMP.FTN - s u b r o u t i n e  c a l l e d  by SORTFS, b r e a k s  o u t  b i t s  from t h e  
c o m p a r a t o r  a t  CAPS a d d r e s s  FB$B, from MUX2, from t h e  c l o c k  
and from t h e  I t e r a t i o n  Monitor t o  d e t e r m i n e  t h e  s t a t e  o f  
d i s c r e t e  i n p u t s  and t h e  time be tween  f a u l t  inser t ion  and 
f a u l t  d e t e c t i o n .  

HISCRM.FTN - g e n e r a t e s  l a t e n c y  h i s t o g r a m s  for  the t o t a l  f a u l t s ,  i .e. ,  
t h e  p r o p o r t i o n  of f a u l t s  verses time t o  d e t e c t ,  w i t h  t h e  
time a x i s  d i i i d e d  i n t o  50 m i l 1 , i s e c o n d  i n t e r v a l s .  

HISCAC.FTN - g e n e r a t e s  h i s t o g r a m s  fo r  t h e  c l o s e d  l o o p ,  cruise  a l t i t u d e  
h o l d  c o n d i t i o n .  

2 7  



HISCCC.FTN - g e n e r a t e s  h i s t o g r a m s  f o r  t h e  c l o s e d  l o o p , c r u i s e  c1.imb 
c o n d i t i o n .  

HISCTC.FTN - g e n e r a t e s  h i s t o g r a m s  f o r  t h e  c l o s e d  l o o p ,  cruise t u r n  
c o n d i t i o n .  

HISGSC.FTN - g e n e r a t e s  h i s t o g r a m s  f o r  t h e  c l o s e d  l o o p  g l i d e  s l o p e  
c a p t u r e  c o n d i t i o n .  

HISGSD.FTN - g e n e r a t e s  h i s t o g r a m s  f o r  t h e  c l o s e d  l o o p  g l i d e  s l o p e  
d e v i a t i o n  c o n d i t i o n .  

HISLCC.FTN - g e n e r a t e s  h i s t o g r a m s  f o r  t h e  c l o s e d  l o o p ,  l o c a l i z e r  
c a p t u r e  c o n d i t i o n .  

RDATST.FTN - s u b r o u t i n e  c a l l e d  by SORTFS t o  open  t h e  self  tes t  d a t a  
f i l e s  and g e t  t h e  raw se l f  t e s t  d a t a  recorded a t  AMES. 

RDCLP.FTN - s u b r o u t i n e  c a l l e d  by SORTFS t o  form t h e  c l o s e d  l o o p  f i l e  
a d d r e s s  w i t h  t h e  d e s i g n a t i o n  ( A ,  C ,  T, L, G, H )  from t h e  
v a r i a b l e  R U N C H R  and  t h e  f i l e  name i n  AUXFIL. 

RDDIR.FTN - o p e n  and r e a d  t h e  d i r e c t o r y  f i l e  f o r  DM!:110,3031 
c o n t a i n i n g  t h e  c l o s e d  l o o p  F I I S  d a t a  r e c o r d e d  a t  AMES. 

RDATFL.FTN - s u b r o u t i n e  c a l l e d  by SORTFS t o  o p e n  Ames Data f i l e s  
, and  r e t u r n  s e t u p  and b a s i c  d a t a .  

SOROUT.FTN - s u b r o u t i n e  c a l l e d  by SORTFS t o  o u t p u t  s o r t e d  F I I S  d a t a  
I t o  a d i r e c t ,  s e q u e n t i a l ,  f o r m a t t e d ,  f i x e d  r e c o r d  t y p e  f i l e  

r e c o r d  number is  d e s i g n a t e d  f o r  e a c h  r e c o r d .  
I named Fnnnn.DAT c o r r e s p o n d i n g  t o  e a c h  f a u l t  t y p e .  A 

SORTFS.FTN - t h e  main  sort, p r o g r a m ,  sort,s % h e  F T I S  d a t a  and p l a c e s  e a c h  
f a u l t  c o n d i t i o n  i n t o  a s e p a r a t e  f i l e  w i t h  t h e  i d e n t i f i c a t i o n  
Fnnnn.DAT . 

STNAM.FTN - s u b r o u t i n e  c a l l e d  by SORTFS t,o form t h e  Se l f  T e s t  f i l e  name 
from v a r i a b l e  AUXFIL and r e t u r n  t h e  name i n  AUXFIL. 
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