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SECTION 1

INTRODUCTION

1.1 PURPOSE

T h i s t e c h n i c a l  m a n u a l  d e s c r i b e s  t h e t i o n  p r i n c i p l e s o f ,
i o n  i n f o r m a t i o n d i
i t y  i n t e r r u p t  s c h  and  the d i r e c t

) f e a t u r e  u s e d  i n  t h e  G T E / I S/1000 Communic

1.2 SCOPE

The informat ion  provided  by  th i s  manual f e s t h e  d e s i g n

programming  o f  pe r iphera l  dev ice c o n t r o l l i n  c o n j t i o

wi th  the  IS /1000  p rocesso r . A s  s u c h ,  a s s u m p t i o n  i s t  t h e

person  us ing  th i s  manua l i s s k i l l e d  i n  s t a t e - o f - t h e t  e l e c t r o n i c

and/or programming t e c h n i s a  thorough knowledge  of
s o l i d - s t a t e  c o m p u t e r  l o g i t i o n . A  f u r r e q u i s i t e

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

IS /1000  bas i c  p roces so r .

1 . 3 DOCUMENTATION

1 . 3 . 1  P u b l i c a t i o n s

T h i s  m a n u a l  s u p p o r t s  a l l  o t h e r  m a n u a l s  r e l a t i n g  t o  t h e IS/1000

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

IS/1000 User 's  Manual , GTE/IS publicat ion E0006.

1 . 3 . 2  A b b r e v i a t i o n s  a n d  C o n v e n t i o n s

T a b l e  1 - 1  d e f i n e s  t h e  a b b r e v i a t i o n s  u s e d  i n  t h i s  p u b l i c a t i o n .  T h e
i n g c o n v e n t i o n s  a r e  o b s e r v e d  t h r o u g h o u t  t h e  t e x t :

" $ "  p r e c e d i n g  a  n u m b e r  s i g n i f i e s  t h a t  i t  i s  i n  h e x
n o t a t i o n .

T h e  n a m e s  o f  i n s t r u c t i o n s  a r e  c a p i t a l i z e d  f o r  e
i d e n t i f i c a t i o n .

S igna l  mnemonics  tha t  appear
nomenc la tu re  a re  r eproduced  in

ONE and ZERO are used in t e x
b i n a r y  " 0 "  b i t  c o n d i t i o n s ,  r e s p e c t i v e l y .

Va lues  r ep resen ted  in  t e l ep r in t e r  (TTY)  m
a r e  r e p r o d u c e d  i n  S c r i b e  t y p e  s t y l e ,  a s s h

i v e  s i g n a l  p o l a r i t y  i s i n d i c
e mnemonic. For  example : P
1; approx imate ly  +0 .2  Vdc) ,

s igna l ;  approx imate ly  +3 .7  Vdc) .

1 - 1
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T a b l e  1 - 1 .  A b b r e v i a t i o n s
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SECTION 2
DESCRIPTION

2.1 GENERAL

T h e  i n t e r f a c e  p r o v i d e s  a  s i m p l e , s tandard ized  communica t ion  l ink
th rough  which  in format ion  i s  exchanged  wi th in  the  IS /1000  processor
sys tem. T h e  i n t e r f a c e  p h y s i c a l l y  a n d  e l e c t r i c a l l y  i n t e r c o n n e c t s
the  p rocessor ,  the  memory , a n d  v a r i o u s  p e r i p h e r a l  d e v i c e s  w i t h  t h e i r
a s s o c i a t e d  c o n t r o l l e r s . The  channel ing  of  in format ion  f rom one
s y s t e m  e n t i t y  t o  a n o t h e r  i s  r e g u l a t e d  b y  l o g i c a l l y  c o n n e c t i n g  a n d
d i s c o n n e c t i n g  t h e  u n i t s  a c c o r d i n g  t o  a  s t a n d a r d i z e d  s e t  o f  l o g i c a l
c o n d i t i o n s  a n d  t i m i n g  c r i t e r i a .

T h e r e  a r e  t h r e e  t y p e s  o f  i n t e r f a c e  o p e r a t i o n :

1 . The  I /O bus ,  which  channe l s  in format ion  be tween  the  CPU
a n d  a  p e r i p h e r a l  d e v i c e  v i a  t h e  a s s o c i a t e d  p e r i p h e r a l
d e v i c e  c o n t r o l l e r .

2 . The memory bus, which  channe ls  in format ion  be tween  the
CPU and the memory.

3. Direct memory access (DMA), which channels information
be tween  the  memory  and  a  pe r iphera l  dev ice  v ia  the
a s s o c i a t e d  p e r i p h e r a l  d e v i c e  c o n t r o l l e r .

2 . 1 . 1  I / O  B u s

T h e  I / O  b u s  c o n n e c t s  t h e  C P U  t o  a  p e r i p h e r a l  d e v i c e  v i a  a  s u i t a b l e
c o n t r o l l e r . T h e  p u r p o s e  o f  t h e  c o n t r o l l e r  i s  t o  p r o v i d e  c o m p a t i b i l -
i t y  b e t w e e n  t h e  o p e r a t i o n a l  r e q u i r e m e n t s  o f  t h e  p e r i p h e r a l  d e v i c e ( s )
a n d  t h e  l o g i c a l  a n d  e l e c t r i c a l  c r i t e r i a  o f  t h e  C P U . Al though
G T E / I S  p r o v i d e s  s e v e r a l  s t a n d a r d  c o n t r o l l e r s ,  a  c u s t o m  c o n t r o l l e r
can  read i ly  be  des igned  by  GTE/IS  fo r  the  IS /1000  use r  due  to  the
s t r a i g h t f o r w a r d  l o g i c  o f  t h e  I / O  b u s .

Wi th  a  con t ro l l e r  connec ted  to  the  I /O bus ,  communica t ion  be tween
t h e  C P U  a n d  t h e  p e r i p h e r a l  d e v i c e  i s  p r o g r a m  c o n t r o l l e d ,  e i t h e r
d i r e c t l y  a n d  e n t i r e l y  b y  t h e  p r o g r a m ,  o r  i n  c o m b i n a t i o n  w i t h  t h e
p r i o r i t y  i n t e r r u p t  s y s t e m .

2 . 1 . 1 . 1  D i r e c t  P r o g r a m  I / O  C o n t r o l

A l t h o u g h  t h e  u s e  o f  i n t e r r u p t s  i s  g e n e r a l l y  a d o p t e d  i n  I / O  c o n t r o l ,
i t  i s  p o s s i b l e  t o  h a v e  t h e  p r o g r a m  s t a r t  a  p e r i p h e r a l  d e v i c e ,  t h e n
m a k e  a  p e r i o d i c  c h e c k  o n  t h e  s t a t u s  o f  t h e  c o n t r o l l e r  u n t i l  a  r e a d y
c o n d i t i o n  i s  i n d i c a t e d . The  p rogram can  then  t rans fe r  da ta  in  word
o r  b l o c k  s e g m e n t s  a t  t h e  p r o p e r  r a t e . Under  d i r ec t  p rogram I /O
c o n t r o l ,  t h e  p r o g r a m  m u s t  d e t e r m i n e  t h e  c o r r e c t  r a t e  o f  d a t a
e x c h a n g e  a n d  m o n i t o r  c o n t r o l l e r  r e a d i n e s s .

2 . 1 . 1 . 2  P r i o r i t y  I n t e r r u p t  I / O  C o n t r o l

Once  a  pe r iphe ra l  dev ice  has  been  s
t ro l l e r ,  t he  CPU can  re sume  p rocess

i t s  a s s o c i a t e d  c o n -
t h e  p e r i p h e r a l  d e v i c e

2-1
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e i t h e r  h a s  d a t a  f o r  t r a n s m i s s i o n  o r  i s  r e a d y  t o  a c c e p t  d a t a . When
t h e  p e r i p h e r a l  d e v i c e  r e q u i r e s  s e r v i c i n g , t h e  c o n t r o l l e r  a c t i v a t e s
a n  i n t e r r u p t  l i n e . T h e  p r i o r i t y  i n t e r r u p t  l o g i c  o f  t h e  C P U  c a u s e s
t h e  C P U  t o  d i s c o n t i n u e  p r o c e s s i n g  a t  t h e  a p p r o p r i a t e  t i m e  t o  s e l e c t
a n d  s e r v i c e  t h e  h i g h e s t - p r i o r i t y  i n t e r r u p t  p e n d i n g . D a t a  i s  t r a n s -
f e r r e d  b e t w e e n  t h e  C P U  a n d  t h e  c o n t r o l l e r  d u r i n g  t h i s  i n t e r r u p t
s e r v i c e .

2 . 1 . 2 Memory Bus

The memory bus, which  connec ts  the  memory  d i rec t ly  to  the  CPU,  i s
a n  a s y n c h r o n o u s  i n t e r f a c e . Under normal circumstances,  the memory
does  no t  supp ly  da ta  o r  accep t  a  new address  as  f as t  a s  the  CPU
r e q u i r e s . Under  these  cond i t ions ,  the  CPU suspends  p rocess ing  un t i l
t h e  m e m o r y  i s  r e a d y  f o r  t h e  r e q u i r e d  f u n c t i o n .

2 .1 .3  Di rec t  Memory  Access

The  DMA channe l  enab les  d i rec t  da ta  t r ans fe r s  be tween  the  memory
and  the  I /O  bus . Al though the  DMA channel  phys ica l ly  u t i l i zes  the
cab le  connec t ions  compr i s ing  the  I /O bus  and  the  memory  in te r face ,
i t  b y p a s s e s  t h e  C P U  l o g i c a l l y . E a c h  d a t a  t r a n s f e r  r e q u i r e s  o n e
memory cycle.

The  DMA channe l  func t ions  independent ly  o f  the  p rogram s ince  there
a r e  n o  i n s t r u c t i o n s  t o  a f f e c t  i t . To use the DMA channel,  the
p r o c e s s o r  m u s t  c o n d i t i o n  t h e  p e r i p h e r a l  d e v i c e  v i a  t h e  I / O  b u s ,
w h i l e  t h e  p e r i p h e r a l  d e v i c e  r e q u e s t i n g  d i r e c t  m e m o r y  a c c e s s ,  m u s t
s u p p l y  t h e  n e c e s s a r y  c o n t r o l  s i g n a l s  a n d  a d d r e s s  i n f o r m a t i o n  t o
the memory. An Input/Output  Processor (IOP),  GTE/IS Model  4540-01,
i s  o p t i o n a l l y  a v a i l a b l e  t o  s i m p l i f y  u s e  o f  t h e  D M A  c h a n n e l . The IOP
s u p p l i e s  s i g n a l s  a n d  s e q u e n c e s  t h e  m e m o r y  a d d r e s s  f o r  a l l  s t a n d a r d
p e r i p h e r a l  d e v i c e s .

2 . 1 . 4  G e n e r a l  S p e c i f i c a t i o n s

T h e  g e n e r a l  s p e c i f i c a t i o n s  f o r  t h e  I S / 1 0 0 0  i n t e r f a c e  a r e  l i s t e d  i n
Tab le  2 -1 .

2.2 PHYSICAL DESCRIPTION

T h e  s i g n a l  i n t e r f a c e  c o n s i s t s  o f  f l a t  5 0 - c o n d u c t o r  r i b b o n  c a b l e s  o f
v a r i o u s  l e n g t h s , which  p lug  on to  the  log ic  boards  wi th  dua l -25
q u i c k - c o n n e c t  p r e s s - o n  t y p e  e d g e  c o n n e c t o r s .  T h e  e d g e  c o n n e c t o r s
t e r m i n a t e  o r  b r a n c h  o f f  t h e  c a b l e s  s o  t h a t  o n e  c a b l e  c a n  h a v e
m u l t i p l e  c o n n e c t o r s  a n d  i n t e r c o n n e c t  s e v e r a l  l o g i c  b o a r d s .

A l l  i n t e r f a c e  l o g i c  i s  T T L  i m p l e m e n t e d ,  u s i n g  t h e  l a t e s t  M S I
t e c h n o l o g y e n e v e r  p o s s i b l e . E a c h  b o a r d  c o n t a i n s  i t s  o w n  d r i v e r /
r e c e i v e r  l o g i c  f o r  t h e  s i g n a l  l i n e s  t h a t  i t  u s e s . T h e  l o g i c
i m p l e m e n t i n g  t h e  p r i o r i t y  i n t e r r u p t  s y s t e m  a n d  t h e  i n t e r r u p t  m a s k ,
i s  con ta ined  in  the  CPU assembly .

The  cab le  l ine  and  connec to r  p in  number ing  schemes  a re  g iven  in
F i g u r e  2 - 1 .
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T a b l e  2 - 1 .  I S / 1 0 0 0  G e n e r a l  S p e c i f i c a t i o n s
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F i g u r e  2 - 1 . I/O Bus Cable and Connector Assembly

P h y s i c a l l y  t h e  i n t e r f a c e  c o m p r i s e s  t h e  f o l l o w i n g  c a b l e  a s s e m b l i e s :

C a b l e  a s s e m b l y  J 1 / P 1 .

C a b l e  a s s e m b l y  J 2 / P 2 .

C a b l e  a s s e m b l y  J 3 / P 3 .

C a b l e  a s s e m b l y  J 4 / P 4 .

C a b l e  a s s e m b l y  J 1 2 / P 1 2 .

Text  cable assembly,  P/N 102156.

2 . 2 . 1  C a b l e  J 1 / P 1

The  J1 /P1  cab le  i s  a  cus tom manufac tu red  cab le  (Tab le  2 -2 ) .  The  J1 /P1
cab le  has  an  edge  connec tor  fo r  the  con t ro l  pane l ,  one  fo r  the  CPU and
o n e  f o r  e a c h  o f  t h e  p e r i p h e r a l  c o n t r o l l e r s  i n  t h e  s y s t e m . A l l  c o n -
nec to r s  on  the  cab le  a re  des igna ted  P1  and  p lug  on to  cor respond ing  J1
d e s i g n a t e d  P C  e d g e  c o n t a c t  s t r i p s  o n  t h e  l o g i c  b o a r d s . I n  s i n g l e  o r
dua l  chass i s  sys tems , t h e  c a b l e  t e r m i n a t e s  i n  t h e  c o n t r o l  p a n e l  a n d  i n
t h e  l a s t  c o n t r o l l e r  o f  t h e  s y s t e m . I n  a  m u l t i - c h a s s i s  s y s t e m  c o n f i g -
u r a t i o n , t h e  c a b l e  t e r m i n a t e s  i n  t h e  c o n t r o l  p a n e l  a n d  i n  t h e  U t i l i t y
C o n t r o l l e r  a n d  D i s t r i b u t o r  ( U C D )  b o a r d ,  l o c a t e d  i n  t h e  s e c o n d  c h a s s i s .
T h e  J 1 / P 1  c a b l e ,  t o g e t h e r  w i t h  i t s  m a t c h e d  c o u n t e r p a r t ,  t h e  J 2 / P 2
c a b l e ,  c o n s t i t u t e s  t h e  i n t e r n a l  I / O  b u s .

2 . 2 . 2  C a b l e  J 2 / P 2

T h e  J 2 / P 2  c a b l e  i s , l i k e  t h e  J 1 / P 1  c a b l e ,  c u s t o m  c o n f i g u r e d  t o  f i t  a
s p e c i f i c  s y s t e m  a n d  t h e r e f o r e ,  m a y  d i f f e r  f r o m  o n e  s y s t e m  t o  a n o t h e r
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c t o r s o n  t h e  c a b l e  a r e  d e s i g n a t e d  P 2  a n d  p l u g
e s i g n a t e d  P C  e d g e  c o n t a c t  s t r i p s  o n  t h e  l o g i c

J1 /P1  and  J2 /P2 c r e  u s e d  i n  p a i r s ,  a n d  f o r  e a c h
n d  f u n c t i o n a l l y  i d e n t i c a l .  T o g e t h e r ,  t h e

c a b l e s  c o n s t i t u t e  t h e  i n t e r n a l  I / O  b u s .

Table 2-2. J1/P1 Signal Designations

Tab le  2 -3 . J2 /P2  S igna l  Des igna t ions
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2 . 2 . 3  C a b l e  J 3 / P 3

r e g a r d l e s s  o f  c o n f i g u r a t i o n , the  s t andard  J3 /P3  cab le  connec t s  the  CPU
t o  t h e  c o n t r o l  p a n e l  ( T a b l e  2 - 4 a ) . In  expanded  sys tem conf igura t ions
of  more  than chass i s ,  t he  cus tom J3 /P3  cab le  connec t s  the  UCD in

Tab le  2 -4a . J3 /P3  S igna l  Des igna t ions ,  CPU to  Con t ro l  Pane l

Table  2-4b. J3/P3 Signal  Designations,  UCD to ED
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i n  t h e  s e c o n d  c h a s s i s  t o  t h e  E x p a n s i o n  D i s t r i b u t o r ( s )  i n  s u c c e s s i v e
c h a s s i s  ( T a b l e  2 - 4 b ) . T o g e t h e r  w i t h  i t s  m a t c h e d  c o u n t e r p a r t ,  c a b l e
J 4 / P 4 ,  t h e  c u s t o m  J 3 / P 3  c a b l e  c o n s t i t u t e s  t h e  e x t e r n a l  I / O  b u s  i n
expanded  sys tem conf igura t ions .

2 . 2 . 4 Cable J4/P4

T h e  J 4 / P 4  c a b l e  i s  a  c u s t o m  d e s i g n e d  c a b l e  ( T a b l e  2 - 5 ) .  A l l  c o n -
n e c t o r s  o n  t h e  c a b l e  a r e  d e s i g n a t e d  P 4  a n d  p l u g  o n t o  c o r r e s p o n d i n g
J 4  d e s i g n a t e d  P C  e d g e  c o n t a c t  s t r i p s  o n  t h e  l o g i c  b o a r d s . I n  a l l
s y s t e m s ,  r e g a r d l e s s  o f  c o n f i g u r a t i o n , o n e  J 4 / P 4  c a b l e  i n t e r c o n n e c t s
the  CPU and  a l l  memory  boards  in  the  sys tem. A d d i t i o n a l l y ,  i n
e x p a n d e d  s y s t e m  c o n f i g u r a t i o n s  o f  t h r e e  o r  m o r e  c h a s s i s ,  a  s e c o n d
J 4 / P 4  c a b l e  i s  u s e d  t o  c o n n e c t  t h e  U C D  i n  t h e  s e c o n d  c h a s s i s  t o  t h e
E x p a n s i o n  D i s t r i b u t o r ( s )  i n  s u c c e s s i v e  c h a s s i s . The J3/P3 and J4/P4
c a b l e s  a r e  u s e d  i n  m a t c h e d  p a i r s  a n d  f o r  e a c h  p a r t i c u l a r  s y s t e m ,  a r e
p h y s i c a l l y  a n d  f u n c t i o n a l l y  i d e n t i c a l . T o g e t h e r  t h e y  c o n s t i t u t e  t h e
e x t e r n a l  I / O  b u s  i n  e x p a n d e d  s y s t e m  c o n f i g u r a t i o n s .

2 . 2 . 5 Cable  J12/P12

T h e  J 1 2 / P 1 2  c a b l e  i s  a  c u s t o m  c a b l e  u s e d  o n l y  i n  s y s t e m  c o n f i g u r a t i o n s
t h a t  c o m p r i s e  m o r e  t h a n  t w o  c h a s s i s  ( T a b l e  2 - 6 ) .  T h e  c o n n e c t o r s  o n
the  cab le  a re  des igna ted  as  P12  and  p lug  on to  the  co r respond ing  J12
des igna ted  PC edge  con tac t  s t r ips  o f  the  UCD and  Expans ion  Dis t r ibu to r
boards ,  where  the  cab le  cons t i tu tes  the  DMA expans ion  bus .

2 . 2 . 6  T e s t  C a b l e

T h e  t e s t  c a b l e  e n a b l e s  t e m p o r a r y  m o d i f i c a t i o n  o f  t h e  i n t e r f a c e  c a b l -
i n g  t o  f a c i l i t a t e  t h e  c h e c k o u t  o f  a  l o g i c  b o a r d ,  p l a c e d  i n  t h e  t e s t
p o s i t i o n  o f  t h e  m a i n  c h a s s i s . (F igu re  2 -2 ) .

Tab l e  2 -5 . J 4 / P 4  S i g n a l  D e s i g n a t i o n s
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T a b l e  2 - 6 . J 1 2 / P 1 2  S i g n a l  D e s i g n a t i o n s

F i g u r e  2 - 2 . I n t e r f a c e  M o d i f i c a t i o n  f o r  B o a r d  T e s t
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2 . 3 FUNCTIONAL DESCRIPTION

a r e  c o n n e c t e d  t o
t r o l l e r  a t  a t i m e
I /O bus  and  up  to e i d e v i c e  c o n t

u s e d  t o  b u f f e r  t h e  I / O  b u s  a n d
an  Expans ion  Dis t r ibu to r  (ED) .

d e v i c e  c o n t r o l l e r s .

F u n c t i o n a l l y  t h e  i n t e r f a c e  c o m p r i s e s  t h e  f o l l o w i n g  c h a n n e l s :

CPU to Control  Panel. T h i s  c h a n n e l  i s  c o n s t i t u t e d  b y  t h e
J 3 / P 3  c a b l e  a n d  p o r t i o n s  o f  t h e  J 1 / P 1
(F igu re  2 -3 ) . See  Tab le s  2 -2  and  2 -3
d e s i g n a t i o n s .

CPU to memory. T h i s  c h a n n e l  i s  c o n s t i t u t e d the J4/P4
c a b l e . (F igu re  2 -4 ) . S e e  T a b l e  2 - 5  f o r  s i l  l i n e
d e s i g n a t i o n s .

F i g u r e  2 - 3 . C o n t r o l  P a n e l  C a b l i n g
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Figure 2-4. I n t e r n a l  a n d  E x t e r n a l  C a b l e  C o n f i g u r a t i o n
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CPU to  pe r iphe ra l  dev ice
c o n s t i t u t e d
f i g u r a t i o n s
cab le s  J3 /P3  and  J4 /P4 i n  s y s t c o n f i g u r a t i o n s
e x p a n s i o n  i n t e r f a c e s  ( F i g u r e  2 - 4 ) .  S e e  T a b l e s  2 - 2  t h r u
2 - 6  f o r  s i g n a l  l i n e  d e s i g n a t i o n s .

M e m o r y  t o  p e r i p h e r a l  d e v i c e  c o n t r o l l e r s ,  i - e . ,  D M A .  T h i s
c h a n n e l  i s  e s t a b l i s h e d  b y  c a b l e s  J 1 / P 1 ,  J 2 / P 2 ,  J 3 / P 3  a n d
J 4 / P 4  i n  s y s t e m  c o n f i g u r a t i o n s  w i t h  s t a n d a r d  i n t e r f a c e ;

d i t i o n a l l y , b y  c a b l e  J 1 2 / P 1 2  i n  s y s t e m  c o n f i g u r a t i o n s
t h  e x p a n s i o n  i n t e r f a c e s  ( F i g u r e  2 - 4 ) .  S e e  T a b l e s  2 - 2

t h r u  2 - 6  f o r  s i g n a l  l i n e  d e s i g n a t i o n s .

I n  s y s t e m s  c o m p r i s e d  o f  t h r e e  o r  m o r e  c h a s s i s ,  t h e  i n t e r f a c e  i s
e x p a n s i o n  o r  e x t e r n a l  I / O  b u s . I n  t h i s  c a s e  t h e

k ing  in  ' con junc t ion  wi th  f rom one  to  e igh t  EDs ,

R e g a r d l e s s  o f  s y s t e m  c o n f i g u r a t i o n ,  t h e  h e a r t  o f  t h e  i n t e r f a c e
c o m m u n i c a t i o n  c o n c e p t  i s  t h e  p r i o r i t y  i n t e r r u p t  s c h e m e  a n d  i t s
e f f e c t i v e  u s e  d u r i n g  I \ O  o p e r a t i o n s .

F o r  I / O  o p e r a t i o n s  w i t h  p e r i p h e r a l  d e v i c e s  c a p a b l e o
r a t e s  o f  o n e  m i l l i o n  w o r d s  p e r  s e c o n d  a n d  m o r e ,  t h e
a v a i l a b l e . T h e  d i r e c t  m e m o r y  a c c e s s  i s  a c c o m p l i s h e d  o v e r  t h e  e x i s t -
i n g  i n t e r f a c e  c a b l e  s y s t e m , t h r o u g h  a  f u n c t i o n a l  c h a n n e l  c r e a t e d
b y  s p e c i a l  l o g i c .

2 . 3 . 1  I n t e r n a l  I / O  B u s

A l l  p e r i p h e r a l  d e v i c e  c o n t r o l l e r s  a r e  c o n n e c t e d  t o  t h e  i n t e r n a l  I / O
bus . T h e  o u t p u t  l i n e s  o f  t h e  i n t e r n a l  I / O  b u s  a r e  o r i g i n a t e d ,  a n d
t h e  i n p u t  l i n e s  t e r m i n a t e d , b y  t h e  I / O  s e c t i o n  i n  t h e  C P U  o r  i n
the ED.

T h e  i n t e r n a l  I / O  l i n e s ,  o r i g i n a t i n g  o r  t e r m i n a t i n g  i n  t h e  C P U
assembly ,  a re  shown in  F igure  2 -5 , a n d  f a l l  i n  t h r e e  c a t e g o r i e s :

C o n t r o l  s i g n a l s .

I n t e r r u p t  s i g n a l s .

Da ta .

2 . 3 . 1 . 1  C o n t r o l  S i g n a l s

C o n t r o l  s i g n a l s  p r o v i d e  i n f o r m a t i o n  t o  t h e  c o n t r o l l e r s  a s  t o  t h e
t y p e  o f  f u n c t i o n  t o  b e  p e r f o r m e d . P a r t  o f  t h e  i n s t r u c t i o n  s p e c i f i e s
t h e  c o n t r o l l e r  b e i n g  a d d r e s s e d  b y  t h e  I / O  i n s t r u c t i o n .  T h e  o t h e r

t s  o f  t h e  i n s t r u c t i o n ,  a r e  t h e d  O  f i e l d s . K - f i e l d
i n e s t h e  c l a s s  o f t h e t h e O - f i e l d  d e s  t h e  s p e c i -

f i c  f u n c t i o n  t o  b e  p e r f o f o r  t h e  p a r t i c u l a r i n s t i o n  c l a s s
s p e c i f i e d  b y  t h e  K - f i e l d .
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F i g u r e  2 - 5 . I n t e r f a c e ,  I n t e r n a l  I / O  B u s

A  s t r o b e  s i g n a l  i s  u s e d  t o  e n a b l e  t h e  c o n t r o l l e r  t o  a c c e p t  t h e
d e c o d e d  c o m m a n d  i n f o r m a t i o n ,  t o  t r a n s f e r  d a t a  i n  o r  o u t ,  o r  t o
i n i t i a t e  e x e c u t i o n  o f  a  f u n c t i o n .

The CPU provides a free-running 4-MHZ  clock for use by some con-
t r o l l e r s . The  c lock  i s  no t  synchronous  wi th  the  regu la r  CPU c lock

t h  t h e  s t r o b e  s i g n a l .

A  sys tem rese t  i s  genera ted  dur ing  power -up  and  power -down sequences ,
and en the RESET i t c h  o n  t h e  c o n t r o l  p a n e l  i s  p r e s s e d  w h i l e  t h e
CPU in  the  Hal t  mode . T h e  l a t t e r  R e s e t  c o n d i t i o n  c a u s e s  a l l  c o n -
t r o l l e r s  t o  f i n a l i z e  c u r r e n t  a c t i v i t y  a n d  b e c o m e  r e a d y  t o  a c c e p t  n e w
C d s , 1 1  p e r i p h e r a l  d e v i c e s  t o  b e  h a l t e d  a n d  a l l  s t a t u s  f l a g s
t o  b e  r e s e t  ( e x c e p t  t h o s e  r e q u i r i n g  o p e r a t o r  i n t e r v e n t i o n ) .

d  s i g n a l s  a r e  p r o v i d e d  f o r  u s e  w h e n  t h e  a u t o l o a d  f u n c t i o n  i s
c t i v a t e d  b y  p e r i p h e r a l  d e v i c e s  u s i n g  t h e  I / O  b u s . The  au to -

l o a d  c o n d i t i o n  c a u s e s  e x e c u t i o n  o f  a  s p e c i a l  s e q u e n c e  t h a t  t r a n s f e r s
ROM in the CPU to the memory

A n  a u t o l o a d  c a n  b e  i n i t i a t e d

C o n t r o l  p a n e l  i n i t i a t e d  a u t o l o a d .

P r  p a n e l  i n i t i a t e d  a u t o l o a d .

B l a n k  p a n e l  i n i t i a t e d  a u t o l o a d .
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2 . 3 . 1 . 2  I n t e r r u p t  L i n e s

The  I /O  bus  con ta ins s p e c i a l
r u p t s . Through  use  of
 t h e  n u m b e r  o f  l i n e s  c
i s  accompl i shed s t r i c t l

t h e  n u m b e r  o f  l i n e s  o n  t h e i

2 . 3 . 1 . 3  D a t a  L i n e s

O u t p u t  d a t a  i s  t r a n s f e r r e d  f r o m  t h e  C P U  t o  t h e  c o n t r o l l e r s  v i a  t h e
Da ta  Out  bus  l ines . I n p u t  d a t a  i s  t r a n s f e r r e d  f r o m  t h e  c o n t r o l l e r s
t o  t h e  C P U  v i a  t h e  D a t a  I n  b u s  l i n e s .

2 . 3 . 2 Exte rna l  I /O  Bus

T h e  e x t e r n a l  I / O  b u s  i s  u s e d  t o  e x t e n d  t h e  p h y s i c a l  l e n g t h  o f  t h e
I / O  b u s  a n d  t o  p r o v i d e  t h e  a b i l i t y  t o  a t t a c h  u p  t o  e i g h t  E D s . The
e x t e r n a l  I / O  b u s  i s  n o t  i n t e n d e d  f o r  p e r i p h e r a l  d e v i c e  c o n t r o l l e r
i n t e r f a c e s  b e c a u s e  o f  t h e  c r i t i c a l  d r i v e  a n d  t e r m i n a t i o n  r e q u i r e - -
ments . The  ex te rna l  I /O  bus  o r ig ina tes  in  the  UCD.

Line  d r ive r s  and  rece ive r s  a re  p rov ided  in  the  UCD and  the  EDs  to
m a i n t a i n  t h e  l o g i c  l e v e l s  a n d  p e r m i t  a  f a n o u t  o f  e i g h t  l o a d s  o n
e a c h  l i n e .

T h e  e x t e r n a l  I / O  b u s  m a y  e x t e n d  u p  t o  2 5  f e e t  i n  l e n g t h . S ince  up
t o  s i x  c o n t r o l l e r  b o a r d s  c a n  b e  i n s t a l l e d  i n  a n  e x p a n s i o n  c h a s s i s
t h a t  i s  7  i n c h e s  h i g h ,  t h e  s t a n d a r d  I / O  b u s  l e n g t h  i s  a m p l e  ( F i g -
u re s  2 -5  and  2 -6 ) . Logic  implementa t ion  of  the  I /O bus  expans ion
f e a t u r e  i s  s h o w n  i n  F i g u r e  2 - 7 .

2 . 3 . 3 P r i o r i t y  I n t e r r u p t  S y s t e m

A n  i n t e r r u p t  i s  g e n e r a t e d  w h e n  a  p e r i p h e r a l  d e v i c e  o r  a  s y s t e m
f u n c t i o n  r e q u i r e s  a t t e n t i o n  b y  t h e  C P U . I n t e r r u p t  s o u r c e s  a r e  g i v e n
i n t e r r u p t  p r i o r i t i e s  o n  t h e  b a s i s  o f  i m p o r t a n c e  a n d  d a t a  t r a n s f e r
r a t e . I n t e r r u p t  s o u r c e s  c a n  b o t h  b e  e x t e r n a l  a n d  i n t e r n a l  t o  t h e
CPU assembly. I n t e r n a l  i n t e r r u p t s  a r e  a s s o c i a t e d  w i t h  a u t o m a t i c
f u n c t i o n s  s u c h  a s  p o w e r  f a i l u r e  d e t e c t i o n  a n d  e r r o r  c o n d i t i o n s .
E x t e r n a l  i n t e r r u p t s  a r e  a s s o c i a t e d  w i t h  p e r i p h e r a l  d e v i c e
s e r v i c i n g .

T h e  p r i o r i t y  i n t e r r u p t  s y s t e m  h a s  c o n t r o l  l o g i c  f o r :

A c t i v e  i n t e r r u p t  s t o r a g e .

I n t e r r u p t  e n a b l e / d i s a b l e .

I n t e r r u p t  r e c o g n i t i o n .

P r i o r i t y  r e c o g n i t i o n .

P r i o r i t y s e l e c t i o n .

G e n e r a t i o n  o f  i n t e r r u p t  t r a p  a d d r e s s e s .
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*XPM o p t i o n

2 - 1 4

F i g u r e  2 - 6 . Expanded  In te r face

T h e  i n t e r n a l  i n t e r r u p t s  w h i c h  a r e ssoc ia ted  wi th  the  CPU have  the
f o l l o w i n g  p r i o r i t i e s ,  ( 0  i s  h i g h e s t ) .

0 . r  f a i l / r e s t a r t .

1 . I n s t r u c t i o n  t r a p .

2 . emory  pro tec t* .

3 . P r i v i l e g e d  i n s t r u c t i o n  i n t e r r u p t * .
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F igure  2 -7 . E x p a n s i o n  I n t e r f a c e  L o g i c  ( S h e e t  1  o f  2 )
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Figure 2-7. Expansion Interface Logic (Sheet 2 of 2)

2 - 1 6



TO 31S5-4-521-11-1

T h e  e x t e r n a l  i n t e r r u p t s  h a v e  t h e  f o l l o w i n g  p r i o r i t i e s  ( 0  i s  h i g h e s t ) .

0 . Genera l  pu rpose* .

1 . Genera l  pu rpose* .

2 . Genera l  pu rpose* .

3 . Genera l  pu rpose* .

4 . Genera l  pu rpose* .

5 . Genera l  pu rpose* .

6 . Genera l  pu rpose* .

7 . Genera l  pu rpose* .

8 . Genera l  pu rpose .

9 . Genera l  pu rpose .

10. Genera l pu rpose .

11. Genera l pu rpose .

12. Genera l pu rpose .

13. Genera l  pu rpose .

14. T e l e p r i n t e r .

15. Genera l  pu rpose .

N O T E :  T h e  c o n t r o l l e r  c a n  b e  p a t c h e d  t o  o n l y  e i g h t - i n t e r r u p t s
t h r o u g h  p a t c h e s  o n  t h e  c o n t r o l l e r  b o a r d .  T h e  e x p a n s i o n
t o  s i x t e e n  i n t e r r u p t s  i s  p r o v i d e d  t h r o u g h  p a t c h e s  o n
the ED.

I n t e r n a l  i n t e r r u p t s  h a v e  p r i o r i t y  o v e r  e x t e r n a l  i n t e r r u p t s .

W h e n  t w o  o r  m o r e  i n t e r r u p t s  o f  a n y  k i n d  a r e  a c t i v e ,  p r i o r i t y  l o g i c
i n  t h e  C P U  s e l e c t s  t h e  a p p r o p r i a t e  i n t e r r u p t  f o r  s e r v i c i n g . The
l o g i c  a l s o  e n a b l e s  h i g h e r - p r i o r i t y  i n t e r r u p t s  t o  i n t e r r u p t  l o w e r -
p r i o r i t y  i n t e r r u p t s  i n  t h e  p r o c e s s  o f  b e i n g  s e r v i c e d ,  w i t h o u t  l o s s
o f  t h e  l o w e r  p r i o r i t y  s t a t u s . P e r i p h e r a l  d e v i c e  c o n t r o l l e r s  c o n -
t a i n  p l u g b o a r d s  t o  e s t a b l i s h  t h e  a d d r e s s  a n d  i n t e r r u p t ( s )  o f
t h a t  d e v i c e ,  w i t h  e a c h  i n t e r r u p t  p a t c h e d  f o r  a  s p e c i f i c  p r i o r i t y
l e v e l . T h e  p l u g b o a r d s  e n a b l e  t h e  r e a d y  r e a s s i g n m e n t  o f  p r i o r i t y
l e v e l  o r  c h a n g i n g  o f  t h e  a d d r e s s  a t  a n y  t i m e  w i t h o u t  e t c h  p a t t e r n
m o d i f i c a t i o n s . I t  i s  n o t  n e c e s s a r y  t h a t  t h e  i n t e r r u p t  n u m b e r
c o i n c i d e s  w i t h  t h e  d e v i c e  n u m b e r ,  b u t  g e n e r a l l y  t h e s e  n u m b e r s  d o
cor respond .

W h e n  t w o  o r  m o r e  p e r i p h e r a l  d e v i c e s  s h a r e  a  s i n g l e  i n t e r r u p t  l i n e ,
t h e y  c a n  b e  c o n s i d e r e d  a s  h a v i n g  a  l e v e l  o f  p r i o r i t y  w i t h i n  a  l e v e l .
T h e i r  p r i o r i t y  i s  d e t e r m i n e d  f i r s t  b y  t h e  r e l a t i v e  p o s i t i o n  o f  t h e
s h a d e d  i n t e r r u p t  l i n e  i n  t h e  p r i o r i t y  i n t e r r u p t  s y s t e m ,  a n d  s e c o n d ,
b y  t h e  p r i o r i t y  e s t a b l i s h e d  b y  t h e  s u b r o u t i n e  t h a t  s e r v i c e s  t h e

*XPM option
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s h a r e d  i n t e r r u p t . F o r  t h o s e  c o n t r o l l e r s  t h a t  c a n  s h a r e  a n  i n t e r r u p t ,
a  p l u g b o a r d  i s  p r o v i d e d  i n  t h e  c o n t r o l l e r  t o  s e l e c t  w h i c h  d a t a  l i n e
i s  t o  r e s p o n d  t o  t h e  I C I  ( i n t e r r o g a t e  c o m m o n  i n t e r r u p t )  I / O  i n s t r u c -
t i o n .

As  many  as  16  per iphera l  dev ices  can  share  any  one  of  four  common
i n t e r r u p t  l i n e s . A n y  c o m b i n a t i o n  o f  f o u r  i n t e r r u p t  l i n e s  m a y  b e
used  as  common in te r rup t s . T h e  t w o  m o s t - s i g n i f i c a n t  b i t s  o f  t h e
p e r i p h e r a l  d e v i c e  a d d r e s s  a r e  d e c o d e d  f o r  t h e  I C I  i n s t r u c t i o n .  T h u s ,
f o u r  d i s t i n c t  c o d e s  a r e  a v a i l a b l e  f o r  s e l e c t i n g  o n e  o f  f o u r i n t e r r u p t
l i n e s .

2 .3 .4  Di rec t  Memory  Access

Through the DMA channel, d i r e c t  d a t a  t r a n s f e r s  b e t w e e n  t h e  m e m o r y
and  the  I /O  bus  a re  made  poss ib le . E a c h  d a t a  t r a n s f e r  r e q u i r e s  o n e
memory cycle of 750 ns for a maximum transfer rate of 1.33 MHz.
However, d u e  t o  i n h e r e n t  d e l a y s ,  t h e  p r a c t i c a l  d a t a  t r a n s f e r  r a t e
is 1.1 MHz*. When  the  da ta  t r ans fe r  r a te  fa l l s  be low 1 .1  MHz*,
the DMA channel could free the CPU to enable processing of program
i n s t r u c t i o n s . To  use  the  DMA channe l ,  the  p rocessor  mus t  cond i t ion
t h e  p e r i p h e r a l  d e v i c e  v i a  t h e  I / O  b u s . Then ,  when  the  pe r iphera l
d e v i c e  r e q u i r e s  s e r v i c e , i t  r eques t s  access  to  the  memory  v ia  a  DMA
r e q u e s t  l i n e .

At  the  beginning  of  every  memory cycle , t h e  p r o c e s s o r  s y n c h r o n i z e s
a n d  r e c o g n i z e s  a n y  r e q u e s t s  f o r  d i r e c t  m e m o r y  a c c e s s  t h a t  a r e  b e i n g
made. This  assures  a  no  longer  than  750-ns  wa i t  fo r  a  DMA cyc le  and
as  long  as  the  DMA reques t  l ine  remains  ac t ive ,  every  memory  cyc le
i s  a v a i l a b l e . However ,  de lays  longer  than  750  ns  a re  poss ib le ,
when:

Another  pe r iphera l  dev ice  i s  us ing  the  DMA channe l .

The CPU has a power fai lure.

A n  I / O  i n s t r u c t i o n  i s  b e i n g  e x e c u t e d ,  s i n c e  t h e  s a m e
I / O  b u s  i s  u s e d  f o r  b o t h ,  o r d i n a r y  i n p u t / o u t p u t  a n d
DMA operations.

1.09 MHZ en XPM option used
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SECTION 3
PRINCIPLES OF OPERATION

3.1 AUTOLOAD OPERATION

Autoload signals, ALOAD+ e  p r o v i d e d  f o r u s e
a u t o l o a d  f u n c t i o n  i s  t o d e v i c e s  o n  t h e
A u t o l o a d  c a u s e s  e x e c u t i o n  o f  a  s p e c i a l  s e q u e n c e
program from a ROM in the CPU to the memory and s t s  e x e c u t i o n

tha t  p rogram. An au to load  opera t ion  may be i n a t e d i n  t h r e e
s :

Cont ro l  Pane l  Auto load .

Power Panel Autoload.

Blank  Pane l  Auto load .

3 . 1 . 1  C o n t r o l  P a n e l  I n i t i a t e d  A u t o l o a d

With  the  con t ro l  pane l  connec ted  and  the  CPU in  the  Hal t  mode ,  the
a u t o l o a d  f u n c t i o n  c a n  b e  a c t i v a t e d  i n  o n e  o f ways . I f  t h e  k e y
o n  t h e  f r o n t  p a n e l  i s  i n  t h e  O N  p o s i t i o n ,  t h e  l o a d  b u t t o n  o n  t h e
c o n t r o l  p a n e l  a c t i v a t e s  t h e  a u t o l o a d  f u n c t i o n e n  i t  i s  p r e s s e d
a n d  r e l e a s e d . I f  t h e  k e y  o n  t h e  f r o n t  p a n e l  i s  i n  t h e  L O C K  p o s i t i o n ,
the  au to load  func t ion  i s  ac t iva ted  v ia  the  I /O bus  i f  t e rm ALOAD+
goes  h igh  and  te rm ALOAD- goes  low s imul taneous ly ,  fo r  approximate ly
10 us. I f  t h e  a u t o l o a d  o p e r a t i o n  i s  t o  b e  i n i t i a t e d  v i a  t h e  I / O
h a s  a n d  f r o m  t h e  c o n t r o l  p a n e l  a s  w e l l ,  a n d  i t  i s  d e s i r e d  t o  o p e r a t e
a u t o l o a d  f r o m  t h e  f r o n t  p a n e l , the  LOAD swi tch  on  the  con t ro l  pane l

m u s t  h a v e  a d d i t i o n a l  c o n t r o l s ,  c o r r e s p o n d i n g  t o  t h e  k e y  o n  t h e
con t ro l  pane l  tha t  d i sab les  the  I /O  bus  swi tch  con t ro l s  o f  ALOAD+
and ALOAD-. T h e r e f o r e ,  i f  t h e  a u t o l o a d  o p e r a t i o n  i s  e n a b l e d  s i m u l -
t a n e o u s l y  b y  k e y  f u n c t i o n s  f r o m  t h e  c o n t r o l  p a n e l  a n d  t h e  I / O  b u s ,
i t  c a n  n o t  b e  a c t i v a t e d  b y  b o t h ,  b u t  o n l y  b y  o n e  o f  t h e  k e y  f u n c t i o n s .

3 . 1 . 2  P o w e r  P a n e l  I n i t i a t e d  A u t o l o a d

The  power  pane l  au to load  has  the  same func t ions  and  in te r locks  as
t h e  c o n t r o l  p a n e l ,  b u t  i n  a d d i t i o n  i t  b r i n g s  u p  t e r m  S Y R S T -  ( s y s t e m
r e s e t ) i c h  r e s e t s  t h e  C P U  a n d  a l l  p e r i p h e r a l  d e v i c e  c o n t r o l l e r s
w h e n  t h e  a u t o l o a d  f u n c t i o n  i s  a c t i v a t e d ,  i . e . ,  t e r m s + and
ALOAD- go true. Th r e s e t  o p e r a t i o n  i s  a  n e c e s s i t y  s i n c e  t h e r
pane l  has  on ly  one i t c h ,  i . e . , LOAD ' (au to load) .  Th is  swi tch
rese t  the  CPU and  a c o n t r o l l e r s . T h e  f o l l o w i n g  f u n c t i o n s  o c c u r
when  the  LOAD swi tch  i s  ac t iva ted , i th  the  power  pane l  connec tad
to the CPU:

Act iva te  Auto load .

R e s e t  I / O

Reset CPU.

T h e  a c t i v a t i o n  o f  t h e f u n c t i o n  f r o m  t h e
v i a  t h e  I / O  b u s  i s  n o t  s y n c h r o n i z e d
i f  t h e  C P U  i s  e x e c u t i n g  p r o g r a m s  w h e n  a u t o l o a d  i s  a c t i v a t e d ,  t h e
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t h e  d a t a t h a t i s
c o r r e c t .

3 . 1 . 3  B l a n k  P a n e l  I n i t i a t e d  A u t o l o a d

Since the CPU does not r p a n e l  n o r  t h e r  p a n e l
t o  o p e r a t e , a  b lank  pane i t . The  au to i s  t h e n
c o n t r o l l e d  e x c l u s i v e l y  f T h i s  e l i m i n a t e s  t h e  i n t e r -
l o c k i n g  c o n c e p t  b u t  s t i l l  e n a b l e s  t h e  C P U  a n d  I / O  c o n t r o l l e r s  t o  b e
r e s e t . T h e  a c t i v a t i o n  o f  a n  a u t o l o a d  o p e r a t i o n  v i a  t h e  I / O  b u s  i s

n o h r o n i z e d  w i t h  t h e  C P U  t i m i n g ,  t h e r e f o r e ,  r e s e t t i n g  o f  t h e
l l  p r o b a b l y  a l t e r  t h e  c o n t e n t s  o f  s o m e  r e g i s t e r s  i n  t h e  C P U .

r y  i n t e r f a c e  i s  b e  s i g n e d  s o t  r e s e t t i n g  o f  t h e  C P U  w i l l
n o t  a f f e c t  d a t a  a l r e a d y  s t o r e d  i n  m e m o r y  b u t  d a t a  t h a t  i s  b e i n g
stored may be altered.

3.2 CONTROL OPERATIONS

The CPU communicates t h  a l l  p e r i p h e r a l  d e v i c e s  a n d  t h e i r  a s s o c i a t e d
c o n t r o l l e r s ,  v i a  t h e  I / s t r u c t u r e  ( F i g u r e  3 - 1 ) .  W h e n  t h e  C P U
is  ready  to  communica te a  c o n t r o l l e r ,  t h e  C P U  p l a c e s  t h e  d e s i r e d
c o n t r o l l e r  a d d r e s s a s i g n a l s  p l u s  d a t a  ( i f  a p p l i c a b l e )  o n
t h e  I / O  b u s . O n l y  t h e  a d d r e s s e d  c o n t r o l l e r  r e c o g n i z e s  t h e  a d d r e s s
and  responds  to t h e  i n s t r u c t i o n .

T h e  d e v i c e  a d d r e s s  o f  t h e  c o n t r o l l e r  c o m e s  f r o m  b i t s  1 0  t h r u  1 5  o f
t h e  I  R e g i s t e r . T h e  d e v i c e  a d d r e s s  i s  s e n t  t o  i n d i c a t e  t h e  p a r t i -
c u l a r  d e v i c e  c o n t r o l l e r  b e i n g  a d d r e s s e d  b y  t h e  I / O  i n s t r u c t i o n .
A l l  c o n t r o l l e r s  d e c o d e  t h e  d e v i c e  a d d r e s s ,  b u t  o n l y  t h e  a d d r e s s e d
c o n t r o l l e r  c a n  r e s p o n d . I f  a n  I / O  c o n t r o l l e r  i s  a d d r e s s e d  b u t  d o e s
no t  respond  by  send ing  an  echo  s igna l ,  the  CPU does  a  Branch-and-
S t o r e - P  ( B S P )  i n s t r u c t i o n  t o  t h e  a d d r e s s  s p e c i f i e d  b y  t h e  s e c o n d
w o r d  o f  t h e  I / O  i n s t r u c t i o n . The I/O bus mnemonics for the device
address  b i t s  a re  DA00  th ru  DA05 ,  co r re spond ing  to  I -Reg i s t e r  b i t s
1 0  t h r u  1 5 ,  r e s p e c t i v e l y .

Along  wi th  the  dev ice  address , t h e  K  f i e l d  a n d  O  f i e l d  a r e  t r a n s -
m i t t e d  t o  t h e  c o n t r o l l e r . T h e  K  f i e l d ,  c o m p r i s e d  o f  I - R e g i s t e r
b i t s  4 ,  5  a n d  6 ,  d e f i n e s  t h e  c l a s s  o f  i n s t r u c t i o n  t o  b e  p e r f o r m e d
b y  t h e  a d d r e s s e d  c o n t r o l l e r . The  I /O bus  mnemonics  for  the  K f ie ld
are KF0- thru KF2-, c o r r e s p o n d i n g  t o  I - R e g i s t e r  b i t s  4  t h r u  6 ,
r e s p e c t i v e l y .

T h e  O  f i e l d  c o m p r i s e d  o f  I - R e g i s t e r  b i t s  7 ,  8  a n d  9 ,  d e f i n e s  t h e
s p e c i f i c  f u n c t i o n  t o  b e  p e r f o r m e d  f o r  a  p a r t i c u l a r  i n s t r u c t i o n
c l a s s . The I/O bus mnemonics for the O field are OFO- thru OF2-,
c o r r e s p o n d i n g  t o  I - R e g i s t e r  b i t s  7  t h r u  9 ,  r e s p e c t i v e l y .

e n  a l l  c o n t r o l  l i n e s  h a v e  s t a b l i z e d ,  s t r o b e  t e r m  S T R B -  i s  g e n e r a t e d
to  in form the  cont ro l le r  to  use  the  decoded  command informat ion  to
t r a n s f e r  d a t a  i n  o r  o u t ,  o r  t o  i n i t i a t e  e x e c u t i o n  o f  A  f u n c t i o n . The
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F i g u r e  3 - 1 . CPU Module  Func t iona l  In te r face

C P U  s t o p s  p r o c e s s i n g  a n d  w a i t s  ( a s  l o n g  a s  1 . 3  u s )  f o r  a  r e s p o n s e
f r o m  t h e  d e v i c e  c o n t r o l l e r .  I f  a  r e s p o n s e  i s  r e c e i v e d  i n  t h e  f o r m
of  t e rm EKO- ,  the  CPU resumes  p rocess ing  and  tu rns  o f f  the  STRB-  and
c o n t r o l  s i g n a l .  I f  a  r e s p o n s e  i s  n o t  r e c e i v e d  w i t h i n  1 . 3  u s ,  t h e
CPU can opt to assume that no response is forthcoming. If a response
i s  n o t  r e c e i v e d  a f t e r  2  u s ,  t h e  C P U  w i l l  a s s u m e  a  n o n r e s p o n s e  c o n d i -
t ion  and  per forms  BSP to  the  address  spec i f i ed  by  the  second  word  of
t h e  I / O  i n s t r u c t i o n .

The CPU also generates a 4-MHZ  clock signal term PCLK, for use by
cer ta in  con t ro l le r s .  Term PCLK i s  synchronous  wi th  t e rm STRB.
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e n the  RESET swi tch  on  the  con t ro l  pane l  i s  p ressed  wi th  the  CPU
Hal t  mode ,  sys tem rese t  t e rm SRST-  i s  genera ted . Term SRST-,

h ich  i s  a l so  genera ted  dur ing  power -up  and  power -down sequences ,
e s e t s  a l l  s t a t u s  f l a g s , s t o p s  a l l  p e r i p h e r a l  d e v i c e s  a n d  c l e a r s

a l l  c o n t r o l l e r s ,  l e a v i n g  t h e m  r e a d y  t o  a c c e p t  n e w  i n s t r u c t i o n s .

3.3 INPUT/OUTPUT OPERATIONS

3 . 3 . 1  I / O  T i m i n g

T h e  I / O  b u s  i s  a s y n c h r o n o u s  i n  o p e r a t i o n .  A  s t a r t  s i g n a l ,  t e r m
STRB,  i s  genera ted  and  the  mas te r  c lock  i s  s topped  in  the  CPU.
W h e n  t h e  c o n t r o l l e r  r e s p o n d s  w i t h  E K O ,  t h e  m a s t e r  c l o c k  i s  r e s t a r t e d .
T h i s  s t a r t / s t o p  I / O  t i m i n g  m e t h o d  e n a b l e s  t h e  I / O  b u s  t o  b e  e x t e n d e d
w i t h o u t  c o m m u n i c a t i o n  f a i l u r e ,  b y  p r o d u c i n g  v a r i a b l e  s i g n a l  d e l a y s .
T h e  e x t e n s i o n  o f  t i m e  h o w e v e r ,  a d d s  d i r e c t l y  t o  i n t e r r u p t  s e r v i c e
t ime  and  thus  decreases  the  number  o f  CPU cyc les  o r  ins t ruc t ions
t h a t  c a n  b e  p e r f o r m e d  p e r  u n i t  o f  t i m e ,  w h i c h  m a y  b e  c r i t i c a l .

Bas ic  I /O  t iming  o r ig ina tes  in  the  CPU where  a  4 -MH Z  pe r iphe ra l
c lock  s igna l  (PCLK)  i s  der ived  f rom an  4-MH Z  c rys ta l  d r iven  osc i l -
l a t o r . The 4-MHZ  and 8-MHZ  signals are logically combined to set
a  s t r o b e  f l i p - f l o p  d u r i n g  I / O  m a c h i n e  s e q u e n c e . G e n e r a t i o n  o f  t h e
r e s u l t i n g  S T R B  s i g n a l  i n i t i a t e s  t h e  c o n t r o l l e r  I / O  s e q u e n c e ,  a s
shown in  F igure  3 -2 .

T h e r e  a r e  t w o  I / O  d a t a  t r a n s f e r  s e q u e n c e s :

I n p u t  d a t a  t r a n s f e r .

O u t p u t  d a t a  t r a n s f e r .

3 . 3 . 2  I n p u t  D a t a  T r a n s f e r

The  inpu t  da ta  t r ans fe r  sequence  i s  used  fo r  Word  Trans fe r  I A  (WTI) ,
Reques t  Dev ice  S ta tus  (RDS)  and  In te r roga te  Common In te r rup t s  ( ICI )
i n s t r u c t i o n s . A  t i m i n g  d i a g r a m  s h o w i n g  t h e  r e l a t i o n s h i p  o f  t h e
s i g n a l s  a t  t h e  c o n t r o l l e r  e n d ,  i s  s h o w n  i n  F i g u r e  3 - 2 . The  inpu t
t r a n s f e r  i s  s e q u e n c e d  a s  f o l l o w s :

C o n t r o l  i n f o r m a t i o n  i n  t h e  f r o m  o f  t h e  d e v i c e  a d d r e s s ,
K  f i e l d  a n d  O  f i e l d ,  i s  p l a c e d  o n  t h e  c o n t r o l  l i n e s  a t
l e a s t  3 3 0  n s  b e f o r e  S T R B -  i s  g e n e r a t e d .  T h e  c o n t r o l
i n f o r m a t i o n  h a s  t h e r e f o r e  s e t t l e d  o n  t h e  I / O  b u s  a n d  i s
s t ab le  when  t e rm STRB-  i s  genera ted .

Term STRB- is  generated.

I n p u t  d a t a  o r  s t a t u s  i s  p l a c e d  o n  t h e  D I B  l i n e s  a s  s o o n
as  poss ib le  a f t e r  STRB-  has  been  rece ived  by  the  con-
t r o l l e r . A n y  d e l a y  i n  p r o v i d i n g  d a t a  a d d s  d i r e c t l y  t o
t h e  I / O  t r a n s f e r  t i m e .

Term EKO-  i s  genera ted  wi th in  1 .3
of STRB. Term EKO- must occur on
i n s t r u c t i o n  i s  e x e c u t e d . D a t a  t o
e r a t e d  a t  l e a s t  5 0  n s  b e f o r e  t e r m

u s  a f t e r  t h e  a c t i v a t i o n
t ime  or  a  s imula ted  BSP
b e  t r a n s f e r r e d  i s  g e n -
EKO i s  b rough t  up ,  to
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F i g u r e  3 - 2 . I /O  Sequence  T iming  a t  Cont ro l l e r

e n s u r e  r e l i a b l e  g a t i n g  a t  t h e  C P U . I f  t h e  i n s t r u c t i o n

b e i n g  e x e c u t e d  i s  a  W T I  i n  r e s p o n s e  t o  a n  i n t e r r u p t ,  t h e
c o n t r o l l e r  i n t e r r u p t  l i n e  m u s t  b e  r e s e t  w i t h i n  5 0  n s
a f t e r  t h e  l e a d i n g  e d g e  o f  E K O .

Term STRB- goes false. T h i s  d i s c o n t i n u e s  t h e  g a t i n g  o f
d a t a  o u t  o f  t h e  c o n t r o l l e r .

C o n t r o l  i n f o r m a t i o n  e n d s .

3 . 3 . 3  O u t p u t  D a t a  T r a n s f e r

T h e  o u t p u t  d a t a  t r a n s f e r  s e q u e n c e i s  used  fo r  word  t r ans fe r  ou t  (WTO)

a n d  e x e c u t e  d e v i c e  f u n c t i o n  ( E D F )  i n s t r u c t i o n s . A t iming  d iagram
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s h o w i n g  t h e  r e l a t i o n s h i p  o f  t h e  s i g n a l s  a t  t h e  c o n t r o l l e r  e n d ,  i s
shown in  F igure  3 -2 . T h e  o u t p u t  t r a n s f e r  i s  s e q u e n c e d  a s  f o l l o w s :

C o n t r o l  i n f o r m a t i o n  i n  t h e  f o r m  o f  t h e  d e v i c e  a d d r e s s ,
K  f i e l d  a n d  O  f i e l d  i s  p l a c e d  o n  t h e  c o n t r o l  l i n e s  a t
l e a s t  3 3 0  n s  b e f o r e  t e r m  S T R B -  i s  g e n e r a t e d .  A l l  d e c o d -
i n g  o f  c o n t r o l  s i g n a l s  m u s t  b e  a c c o m p l i s h e d  w i t h i n  t h i s
p e r i o d .

O u t p u t  d a t a  o r  d e v i c e  f u n c t i o n  i n f o r m a t i o n  i s  p l a c e d  o n
the  DOB l ines  a t  l eas t  70  ns  be fo re  t e rm STRB i s  gen-
e r a t e d  t o  e n s u r e  r e l i a b l e  g a t i n g  a t  t h e  c o n t r o l l e r .

Term STRB- is  generated.

T e r m  E K O -  i s  g e n e r a t e d  w i t h i n  1 . 3  u s  a f t e r  t h e  a c t i v a t i o n
of STRB-. Term EKO- must occur on t ime or a simulated BSP
i n s t r u c t i o n  i s  e x e c u t e d . I f  t h e  i n s t r u c t i o n  b e i n g  e x e c u t e d
is a WTO in response to an interrupt,  terms EKO and WTO
w i l l  r e s e t  t h e  c o n t r o l l e r  i n t e r r u p t  l i n e . The  l ine  mus t
be  rese t  wi th in  50  ns  o f  the  l ead ing  edge  of  t e rm EKO.

Term STRB- ends.

C o n t r o l  i n f o r m a t i o n  a n d  d a t a  m u s t  r e m a i n  a c t i v e  f o r  a t
l e a s t  7 5  n s  a f t e r  t h e  f a l l  o f  S T R B ;  t h i s  e n s u r e s  r e l i a b l e
g a t i n g  o f  d a t a  i n t o  t h e  c o n t r o l l e r .

3.4 INTERRUPT OPERATIONS

P r o g r a m  i n t e r r u p t s  p r o v i d e  t h e  c a p a b i l i t y  o f  r e s p o n d i n g  t o  a  c o n d i -
t i o n  t h a t  n e e d s  i m m e d i a t e  s e r v i c e  w i t h o u t  r e q u i r i n g  t h e  p r o g r a m  t o
c h e c k  t h e  s t a t u s  o f  a  p e r i p h e r a l  d e v i c e . W h e n  a  c o n t r o l l e r  i s
r e a d y  t o  e i t h e r  p r o v i d e  o r  a c c e p t  d a t a , i t  i n t e r r u p t s  t h e  m a i n  p r o -
gram. T h i s  c a u s e s  t h e  p r o g r a m  t o  b r a n c h  t o  t h e  a p p r o p r i a t e  i n t e r r u p t
s e r v i c e  s u b r o u t i n e .

A f ixed  memory  loca t ion  (Tab le  3 -1)  i s  a ss igned  to  each  p rogram
i n t e r r u p t . E a c h  s u c h  f i x e d  i n t e r r u p t  m e m o r y  l o c a t i o n  c o n t a i n s  t h e
a d d r e s s  o f  t h e  f i r s t  l o c a t i o n  o f  t h e  i n t e r r u p t  s e r v i c e  s u b r o u t i n e
a s s o c i a t e d  w i t h  t h e  c o r r e s p o n d i n g  p r o g r a m  i n t e r r u p t .

T h e  C P U  n o r m a l l y  a c c e p t s  t h e  i n t e r r u p t  a t  t h e  c o m p l e t i o n  o f  t h e
c u r r e n t  i n s t r u c t i o n  e x e c u t i o n ,  e x c e p t  w h e n  a  B S P ,  a  L o a d  I n t e r r u p t
E n a b l e  ( L I E ) ,  a  S t o r e  I n t e r r u p t  E n a b l e  ( S I E ) ,  o r  a n  I / O  i n s t r u c t i o n
i s  b e i n g  e x e c u t e d  a t  t h e  t i m e  t h e  i n t e r r u p t  i s  s e t . I n  a n y  o f
t h e s e  c a s e s ,  o n e  a d d i t i o n a l  i n s t r u c t i o n  i s  e x e c u t e d  b e f o r e  t h e
i n t e r r u p t  i s  r e c o g n i z e d . The BSP may either be programmed or sim-
u l a t e d  v i a  a  r e s p o n s e  t o  a n  i n t e r r u p t  o r  a n  I / O  r e j e c t . When the
in te r rup t  i s  r ecogn ized  by  the  CPU, a n  i n t e r r u p t  f l i p - f l o p  ( o f

i c h  t h e r e  i s  o n e  f o r  e a c h  i n t e r r u p t  l i n e )  i s  s e t  t o  p r e v e n t
f u r t h e r  i n t e r r u p t s  o n  t h a t  l i n e  o r  l o w e r  p r i o r i t y  l i n e s ,  u n t i l
t h e  i n t e r r u p t  h a s  b e e n  p r o c e s s e d . A s imula ted  BSP i s  execu ted  to
t h e  m e m o r y  l o c a t i o n  s p e c i f i e d  i n  t h e  f i x e d  i n t e r r u p t  m e m o r y  l o c a t i o n .

The P- g i s t e r  v a l u e  o f  t h e  i n t e r r u p t e d  p r o g r a m  i s  s t o r e d  i n  t h e
f i r s t  l o c a t i o n  o f  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 .  I t  p o i n t s  t o  t h e
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T a b l e  3 - 1 .  I n t e r r u p t  M e m o r y  a n d  D e v i c e  A d d r e s s  a n d  P r i o r i t y
Assignment

n e x t  i n s t r u c t i o n  t o  b e  e x e c u t e d  i n  t h e  i n t e r r u p t e d  p r o g r a m . F o r  t h e
i n s t r u c t i o n  t r a p  i n t e r r u p t s , t h e  P - R e g i s t e r  v a l u e  s t o r e d  p o i n t s  t o
the next word in memory.

I n t e r r u p t  s e r v i c e  r o u t i n e  e x e c u t i o n  i s  c o m p l e t e d  a n d  t e r m i n a t e d  b y
e i t h e r  a  B r a n c h  a n d  R e s e t  I n t e r n a l  I n t e r r u p t  ( B R I )  o r  a  B r a n c h  a n d
R e s e t  E x t e r n a l  I n t e r r u p t  ( B R E )  i n s t r u c t i o n ,  d e p e n d i n g  o n  w h e t h e r
t h e  i n t e r r u p t  w a s  i n t e r n a l  o r  e x t e r n a l ,  r e s p e c t i v e l y .

A l l  p r o g r a m  i n t e r r u p t s  a r e  o r g a n i z e d  o n  a  p r i o r i t y  b a s i s . T h e r e  i s
a  p r i o r i t y  e s t a b l i s h e d  a m o n g  t h e  t w o  c l a s s e s  o f  i n t e r r u p t s  ( i n t e r n a l
a n d  e x t e r n a l )  a s  w e l l  a s  a m o n g  t h e  s e t  o f  i n t e r r u p t s  w i t h i n  e a c h
c l a s s . T h e  i n t e r r u p t s  a r e  l i s t e d  i n  T a b l e  3 - 1  a c c o r d i n g  t o  t h e i r
a s s i g n e d  p r i o r i t y ,  w i t h  P o w e r  F a i l / R e s t a r t  h a v i n g  t h e  h i g h e s t  p r i -
o r i t y . T h e  p r i o r i t y  d e t e r m i n i n g  l o g i c  i n  t h e  p r o c e s s o r  s e l e c t s  t h e
a p p r o p r i a t e  i n t e r r u p t  w h e n o r  m o r e  i n t e r r u p t s  a r e  p e n d i n g .  T h i s
logic also permits h i r i t y i n t e r r u p t s  t o  i n t e r r u p t  l o w e r
priority interrupts, t h o u t l o s s  o f  t h e  l o w e r  p r i o r i t y  s t a t u s .

W h e n  t h e  p r o c e s s o r  i s  i n  t h e  H a l t  s t a t e , n o  p r o g r a m  i n t e r r u p t s  a r e
recognized; w h e n  t h e  p r o c e s s o r  i s  i n  t h e  W a i t  s t a t e ,  a l l  i n t e r r u p t s
a r e  r e c o g n i z e d .
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3.4.1 Internal Interrupts

T h e  i n t e r n a l i n t e r r u p t s e  t h e  h i g h e s t s s i g n e d  p r i o r i t y .  T h e

r - f a i l / r e s t a r t .

I n s t r u c t i o n  t r a p .

Memory protect*.

P r i v i l e g e d  i n s t r u c t i o n  i n t e r r u p t * .

3 . 4 . 1 . 1  P o w e r - F a i l / R e s t a r t  I n t e r r u p t

T h i s  f u n c t i o n  c o n t i n u o u s l y  m o n i t o r s  t h e  a c  i n p u t  p o w e r . I f  t h e

inpu t  vo l t age  fa l l s  be low 102  Vac  and  the  CPU i s  in  Run  mode ,  a
p o w e r - f a i l  i n t e r r u p t  i s  i n i t i a t e d . The  P- -Reg i s t e r  va lue  i s  s to red
in  memory  by  a  s imula ted  BSP ins t ruc t ion ; however ,  s ince  the  same
l o c a t i o n  i s  u s e d  f o r  t h e  r e s t a r t  i n t e r r u p t ,  t h e  P - R e g i s t e r  v a l u e
m u s t  b e  s t o r e d  i n  a n o t h e r  l o c a t i o n  b y  m e a n s  o f  t h e  P / R  r o u t i n e .
The  power- fa i l  subrou t ine  can  be  modi f ied  by  the  user  bu t  normal ly
i t  s t o r e s  t h e  c o n t e n t s  o f  a l l  r e g i s t e r s  a n d  a l l  v o l a t i l e  f l a g s ,
in memory. T h e  s u b r o u t i n e  m u s t  c o n c l u d e  w i t h  a  H a l t  i n s t r u c t i o n .

T h e  m e m o r y  i s  d i s a b l e d  a f t e r  a p p r o x i m a t e l y  1  m s ,  t o  p r o t e c t  t h e
s t o r e d  c o n t e n t s . On  re tu rn  o f  ac  power  to  105  Vac ,  the  memory  i s
e n a b l e d  a n d  t h e  r e s t a r t  i n t e r r u p t  i s  g e n e r a t e d . T h e  r e s t a r t  s u b -
r o u t i n e  c a n  a l s o  b e  m o d i f i e d  b y  t h e  u s e r  b u t  n o r m a l l y  r e s t o r e s  a l l
r e g i s t e r s  a n d  v o l a t i l e  f l a g s  a n d  r e t u r n s  c o n t r o l  t o  t h e  i n t e r r u p t e d
p r o g r a m  o r  t o  s o m e  o t h e r ,  s p e c i f i e d  p r o g r a m .  A  B R I  i n s t r u c t i o n
( f o r  i n t e r r u p t  1 ' n u m b e r  0 )  m u s t  n o t  b e  g i v e n  p r i o r  t o  t h e  h a l t
dur ing  the  power i l u r e s u b r o u t i n e ,  b u t  i s  r e q u i r e d  w h e n  t e r m i n -

t i n g  t h e  r e s t a r t  s u b r o u t i n e .

e r - f a i l / r e s t a r r o u t i n e  c a n  d e t e r m i n e  w h e t h e r  t h e  i n t e r r u p t
s e d through  a - f a i l c o n d i t i o n  o r  t h r o u g h  a  r e s t a r t  o p e r -

U s t a t u s  w i t h  a  R e q u e s t  I n t e r n a l  S t a t u s
( R I S )  i n s t r u c t i o n . B i t  p o s i t i o n  0  o f  t h e  C P U  s t a t u s  ( F i g u r e  3 - 3 )  i s

t  t a k e s  p l a c e . A f t e r  c o m p l e t i o n  o f  t h e
l  s e t  b i t  p o s i t i o n  0  o f  t h e  C P U  s t a t u s

t o  p r o v i d e t h e mea f o r  i n d i c a t i n g  t h e  n a t u r e  o f  a  f u t u r e
h e t h e r  i t  i s  a  r e s t a r t  o p e r a t i o n  o r  a  p o w e r  f a i l

c o n d i t i o n . R I S  t r a n s f e r s  C P U  s t a t u s  t o  t h e  A  R e g i s t e r  ( v o l a t i l e
f o r  s t o r a g e  i n  m e m o r y  i n  t h e  e v e n t  o f  a  p o w e r  f a i l u r e .  W h e n
e t u r n s , I n t e r n a l  C o n t r o l  F u n c t i o n  ( I C F )  i s  u s e d  t o  r e - e s t a b l i s h
t u s  o f  t h e  C P U  s t a t u s  f l a g s .

3 . 4 . 1 . 2  I n s t r u c t i o n  T r a p  I n t e r r u p t

T h i s  f u n c t i o n  e n a b l e s  n o n - i m p l e m e n t e d  i n s t r u c t i o n s  t o  b e  d e t e c t e d .
T h e  u s e  o f  s u c h  a  n o n - i m p l e m e n t & \  i n s t r u c t i o n  r e s u l t s  i n  a n  i n t e r r u p t
t o  a  s u b r o u t i n e  t h a t  i n t e r p r e t s  a n d  e x e c u t e s  t h e  a t t e m p t e d  i n s t r u c -
t ion  by  means  o f  a  p rogram subrou t ine .

o p t i o n
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F i g u r e  3 - 3 . CPU Module Status Word

T h e  i n s t r u c t i o n  t r a p  i s  a l s o  a c t i v a t e d  i f  a  t w o - w o r d  m e m o r y  r e f e r -
ence (AAM, , AMX, ANA, , ANX, BSP, CAM, CBM, CXM, DIV, EOA,
EOB, EOX, INC, LDA, LDB, LDX, ORA, ORX, SMA, SMB, SMX, STA, STB,
S T X )  i n s t r u c t i o n  u t i l i z e s  a d d r e s s i n g  m o d e  T - 8 ,  9  o r  1 2 .  T h e
i n s t r u c t i o n s  t h a t  r e s u l t  i n  a n  i n s t r u c t i o n  t r a p  i n t e r r u p t ,  i n c l u d e s

Mul t ip ly /d iv ide  op t ion  (MUL,  DIV) .

A l l  i n s t r u c t i o n s  w i t h a  C  f i e l d  g r e a t e r  t h a n  o r
e q u a l  t o  5  t h a t  u s e address ing  mode  T-8 ,  9  o r  12 .

N o n - i m p l e m e n t e d  C - f i e l d  2  i n s t r u c t i o n s .

T h e  i n s t r u c t i o n  t r a p  i n t e r r u p t  r e s u l t s  i n  t h e  e x e c u t i o n  o f  a
s i m u l a t e d  B S P  t o  t h e  i n s t r u c t i o n  t r a p  s u b r o u t i n e  v i a  t h e  i n t e r r u p t
m e m o r y  l o c a t i o n  l i s t e d  i n  T a b l e  3 - 1 . T h e  i n s t r u c t i o n  i n  t h e  I  R e g -

i s t e r  i s  s e t  t o  a  B S P  a n d  e x e c u t e d , d i s t u r b i n g  n o n e  o f  t h e  r e g i s t e r s
o r  f l a g s  o f  t h e  C P U .

T h e  P  R e g i s t e r  v a l u e  t h a t  i s  s t o r e d  i n  m e m o r y  p o i n t s  t o  t h e  n e x t
i n s t r u c t i o n , i f  t h e  i n s t r u c t i o n s a one-word i n s t r u n ,  o r  t o

the  second  word  of  the i n s t r u c t i ,  i f  t h e  i n s t r u c t i o s  t h e  f i r s t

r d  o f  a  t w o - w o r d  i n s t r u c t i o n . Decrement ing  th i s  P s t e r  v a l u e

a c c e s s  t o  t h e  i n s t r u c t i o n  t o  b e  i n t e r p r e t e d . If it is a

r d  i n s t r u c t i o n ,  t h e  P  R e g i s t e r  v a l u e  s t o r e d  m u s t  b e  i n c r e m e n t e d
e r e t u r n i n g  t o  t h e  m a i n  p r o g r a m . T h e  i n s t r u c t i o n  t r a p  s u b -

r o u t i n e  i s  t e r m i n t e d  w i t h  B R I  ( f o r  i n t e r r u p t  l i n e  n u m b e r  2 ) .
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3 . 4 . 1 . 3 M e m o r y  P r o t e c t  I n t e r r u p t

The memory protect  feature is  a XPM option available when the XPP
is used with a model  4500-02 CPU. This  op t ion  p rov ides  p rogram
storage  p ro tec t ion  by  genera t ing  a  memory  pro tec t  in te r rup t  whenever
a  p rogram,  dur ing  execu t ion , v io la tes  the  memory  segment  boundar ies
of  o ther  independen t  p rograms . The  memory  pro tec t  fea tu re  i s  imple -
mented  as  fo l lows .

A memory p r o t e t  m a s k  i s  s t o r e d  f o r  e a c h  s e g m e n t . T h e  s t a t e s  o f
t h a n d  w r i t e - p r o t e c t  f l a g  f o r  e a c h  s e g m e n t  a r e
e s

e  r e a l  a d d r e s s  i s  c h e c k e d  a g a i n s t  t h e  a p p l i c a b l e  m e m o r y  p r o t e c t
s k  d u r i n g  a d d r e s s  c o n s t r u c t i o n . I f  t h e  r e a l  a d d r e s s  r e f e r e n c e s

a memory l o c a t i o n  o u t s i d e  t h e  p h y s i c a l  l i m i t s  d e f i n e d  b y  t h e  m e m o r y
pro tec t  mask , t h e  m a x i m u m - p a g e  e r r o r  i n d i c a t o r  i s  s e t .  T h e  s t a t e
o f ximum-page e r r o r  i n d i c a t o r  i s  d e t e c t e d  b y  t h e  P r i v i l e g e d
and ry  Pro tec t  in te r rup t  Genera to r  which  then  sends  a  memory
P r o in te r rup t  to  the  CPU.

s e g m e n t  i s  a d d r e s s e d  f o r  w h i c h  t h e  n o - p a g e  f l a g  i s  s e t
i c a t i n g  t h e  s e g m e n t  d o e s  n o t  e x i s t ) ,  a n  e r r o r  s i g n a l  i s

T h e  e r r o r  s i g n a l  s e t s  t h e  n o - p a g e  e r r o r  i n d i c a t o r
h  r e s u l t s in  a  memory  p ro tec t  in te r rup t  to  the  CPU.

An a t tempt t o i t e i n t o  a  w r i t e - p r o t e c t e d  s e g m e n t  ( w r i t e - p r o t e c t
e t ) i l e  t h e  C P U  i s  i n  t h e  n o n p r i v i l e g e d  m o d e ,  r e s u l t s  i n
i t e - o t e c t  e r r o r  i n d i c a t o r  b e i n g  s e t . T h e  s e t  s t a t e  o f  t h e
to r  causes  a  memory  p ro tec t  in te r rup t  to  be  sen t  to  the  CPU.

n  a  memory  pro tec t  in te r rup t  i s  r ece ived  by  the  CPU,  execu t ion
o f  t h e  i n s t r u c t i o n  i s  i n t e r r u p t e d  a n d  a  m e m o r y  p r o t e c t  t r a p  o c c u r s
ind i rec t ly  th rough memory  loca t ion  SD.

3 . 4 . 1 . 4  P r i v i l e g e d  I n s t r u c t i o n  I n t e r r u p t

p r i v i l e g e d  i n s t r u c t i o n  i n t e r r u p t  i s  a n  X P M  o p t i o n ,  a v a i l a b l e
n the XPM is used with a model 4500-02 CPU. The XPM privileged

cont ro l  func t ion  es tab l i shes  two  opera t ing  modes  fo r  the  CPU,
p r i v i l e g e d  a n d  n o n p r i v i l e g e d .  I n  t h e  p r i v i l e g e d  m o d e ,  a l l

c e s s o r  i n s t r u c t i o n s  a r e  e x e c u t a b l e ,  w h i l e  i n  t h e  n o n p r i v i l e g e d
e c e r t a i n  i n s t r u c t i o n s  c a n  n o t  b e  e x e c u t e d . T r a n s i t i o n  f r o m
m o d e  t o  a n o t h e r  c a n  o c c u r  u n d e r  e i t h e r  i n t e r r u p t  c o n t r o l  o r

The  pr iv i leged  mode  i s  invoked  au tomat ica l ly
fo l lowing  a  power -up  o r  sys tem rese t  sequence ,  bu t  can  a l so  be
d e l i b e r a t e l y  e n t e r e d  i n t o  u n d e r  p r o g r a m  c o n t r o l .  T h e  C P U  i s  p l a c e d
in  the  nonpr iv i leged  mode  by  the  execut ion  of  a  Load  S ta tus  Regis te r
(LDS)  ins t ruc t ion i t h  b i t  7  o f  t h e  s t a t u s  w o r d  s e t .

a t t t  t o  e x e c u t e  a  p r i v i l e g e d  i n s t r u c t i o n  w h i l e  t h e  C P U  i s  i n
e  no i v i l e g e d  m o d e  r e s u l t s  i n  a  p r i v i l e g e d  i n s t r u c t i o n  i n t e r r u p t .
c e i p t  o f  a  p r i v i l e g e d  i n s t r u c t i o n  i s  d e t e c t e d  b y  t h e  P r i v i l e g e d

I n s t r u c t i o n  D e t e c t  l o g i c . T h i s  l o g i c  t h e n  s i g n a l s  t h e  P r i v i l e g e d
and  Memory  Pro tec t  In te r rup t  Genera to r  which  genera tes  an  in te r rup t
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N e x t ,  a n  a u
t h e  c o n t e n t memory loca t ion $E.
t e n t s  s t o r e d  a r e  a l s  P+1,  when P i

r d  o f  t h e i n s t r u c t i o n  c a u s i n g  t h e  e r r o r .

E x e c u t i o n  o f LD en the CPU i t h e  n o n p r i v i l e g mode  does  no t
a f f e c t  t h e  m o d e the  CPU,  r eg e s s  o f  t h e s t a t e f  b i t  7  o f  t h e

However, e n the CPU i s  i n  t h e  p r i v i l e g e d  m o d e ,
e x e c u t i o n  o f  L D S  p r e v e n t s  t h e  n e x t  i n s t r u c t i o n  e x e c u t e d  f r o m  c a u s i n g
a  p r i v i l e g e d  i n s t r u c t i o n  t r a p .

3 . 4 . 2  E x t e r n a l  I n t e r r u p t s

T h e r e  a r e  e i g h t  i n t e r r u p t  l i n e s  p r o v i d e d  f o r  t h e  e i g h t  r e g u l a r
e x t e r n a l  i n t e r r u p t s . T h e  e x t e r n a l  i n t e r r u p t  l i n e s  h a v e  t h e
mnemonics  INT08-  th ru  INT15- ,  w i th  in t e r rup t  l i ne  INT08-  a s s igned
h i g h e s t  p r i o r i t y  a n d  I N T 1 5 -  l o w e s t .  I n t e r r u p t  l i n e  I N T 1 4 -  i s
r e s e r v e d  f o r  t h e  t e l e p r i n t e r , i f  s t a n d a r d  G T E / I S  s o f t w a r e  f o r  t h e
IS /1000  p rocesso r  sys t em i s  used .

T h e  e i g h t  i n t e r r u p t  l i n e s  p r o v i d e d  f o r  e x t e r n a l  i n t e r r u p t s  c a n  b e
expanded to 16 using the XPM. 1 l i n e s  h a v e  t h e
mnemonics INT00- thru INT07-, t h  i n t e r r u p t  l i n e INT00- assigned
h i g h e s t  p r i o r i t y  a n d  I N T 1 5 -  l o w e s t .  I n t e r r u p t s  0  t h r u  7  a r e
h i g h e r  p r i o r i t y  t h a n  i n t e r r u p t s  8  t h r u  1 5 .

E a c h  i n t e r r u p t l i n e  c a n  b e  u s e d  o n  a n  e x c l u s i v e  b a s i s  b y  a  s i n g l e
per iphera l  dev ice ,  o r  be  commoned  fo r  use  by  up  to  16  pe r iphera l

o r  m a r e  p e r i p h e r a l  d e v i c e s h a r e  a  s i n g l e
e y  a r e  c o n s i d e r e d  a s h a v i n g p r i o r i t y  w i t h i n

a  p r i o r i t y . T h e i r  p r i o r i t y  i s  d e t e r m i n e d f i r b y  t h e  r e l a t i v e
p r i o r i t y  o f  t h e  c o m m o n  i n t e r r u p t  l i n e  a n d  s e c o n d ,  b y  t h e  p r i o r i t y
e s t a b l i s h e d  f o r  e a c h  p e r i p h e r a l  d e v i c e  b y  t h e  s u b r o u t i n e
se rv ices  the  common in te r rup t . Th i s  subrou t ine  de te rmine i c h
p e r i p h e r a l  d e v i c e  r e q u i r e s  a t t e n t i o n  b y  i s s u i n g  I C I  a n d  t h e n
e x a m i n i n g  t h e  i n t e r r u p t  s t a t u s  w o r d  t r a n s f e r r e d  t o  t h e  A  R e g i s t e r

A n y  c o m b i n a t i o n  o f  t h e  e x t e r n a l  i n t e r r u p t s  c a n  b e  m a s k e d  o f f  b y
load ing  the  N Regis te r  wi th  ZEROs in  the  cor responding  b i t  pos i t ions .
T h e  m a s k e d  o f f  i n t e r r u p t s  a r e  s e r v i c e d  w h e n  t h e  m a s k  i s  s e t  a g a i n .

T h e  e x t e r n a l  i n t e r r u p t s  a r e  a s y n c h r o n o u s  a n d  m a y  b e  a c t i v a t e d  b y
t h e i r  r e s p e c t i v e  c o n t r o l l e r s  w i t h o u t  r e g a r d  t o  t h e  s t a t e  o f  a n y
o t h e r  c o n t r o l l e r  o r  t h e  C P U . G e n e r a l l y  e a c h  c o n t r o l l e r  h a s  a  f l a g
t h a t  i s  s e t  w h e n  t h e  c o n t r o l l e r  r e q u i r e s  s e r v i c e .  T h e  f l a g  i s  r e s e t

e n  t h e  C P U  h a s  s e r v i c e d  t h e  i n t e r r u p t .
t e r r u p t s  m a y  b e  p r o c e s s e d  d e p e n d s  u p o n  t h e  l e n g t h  o f  t h e  s u b r o u t i n e

r e q u i r e d  t o  p r o c e s s  e a c h  i n t e r r u p t  a n d  u p o n  t h e  d e l a y  f o r  t h e  C P U
t o  r e c o g n i z e  t h e  i n t e r r u p t . i l l  r e c o g n i z e

e c u t i n g  t h e  c u r r e n t  i n s t r u c t i o n ,
s  i n t e r r u p t s  t o  o c c u r  a f t e r  i t s  e x e c u t i o n . T h i s
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C i n t r o d u c e l a y  o f  u p  t o  1 0  u s  i n  t h e
i e s f rom 0 .75

3 . 4 . 2 . 1 I n d i v i d u a l  E x t e r n a l  I n t e r r u p t

t  t h e  m a c h i n e i s  n o t  i n  t h e
t h e n  t h e  o p e r a t i o n a l l o g i c  o f

e r r u p t  i s  s e q u e n c e d  a s  f o l l o w s :

T h e  c o n t r o l l e r  i n t e r r u p t  l o g i c i n d i c t e s to  the  CPU tha t
r equ s s e r v i c e  b y asynchronous t u r n i n g  o n  a  f l a g
c h  r i n s s e t  u n t i l s e f rom the

h a s e n  r e c e i v e d . r e q u e s t

f o r  d a t a  t r a n s f e r , a n  e r r o r  c o n d i t i o n , o r e  o c c u r r e n c e

o f  a n  e v e n t  l i k e  a  s w i t c h  t r a n s f e r ,  r e l a y  c l o s u r e ,  t i m e r
c l o c k ,  e t c .

A t  s p a c e d  t i m e  i n t e r v a l s  f o l l o w i n g  t h e  e n d  o f  e a c h  i n s t r u c -
t i o n  e x e c u t i o n , t h e  C P U  p r i o r i t y  l o g i c  e x a m i n e s  t h e  s t a t u s
o f  a l l  i n t e r r u p t  l i n e s . S i n c e  t h e i n t e r t s  a r e  s a m p l e d

t t h e  c o n c l u s i o n  o f  e v e r y  i n s t r u c t i o n , i n t e r r u p t  l i n e

mus t  be  he ld  ac t ive  long  enough  to  be  se rv iced . A pulsed

i n t e r r u p t  r e q u e s t  i s  n o t  a l w a y s  s e r v i c e d .

The  in te r rup t  l ines  a re  ANDed  wi th  the i r  co r respond ing
N--Reg i s t e r  b i t s  and  then  sampled . T h e  p r i o r i t y  l o g i c
t h e n  s e l e c t s  t h e  h i g h e s t  p r i o r i t y  i n t e r r u p t  w h i c h  i s
a c t i v a t e d  a n d  i s  n o t  m a s k e d  o u t ,  i . e .  d i s a b l e d ,  b y  i t s
co r respond ing  N-Reg i s t e r  b i t . A  s i m p l i f i e d  l o g i c  d i a g r a m
o f  t h e  f l i p - f l o p s  a n d  l o g i c  i n v o l v e d  p e r  e x t e r n a l  i n t e r -
r u p t  l e v e l ,  i s  s h o w n  i n  F i g u r e  3 - 4 .

I n  t h e  e v e n t  a n  i n t e r r u p t  i s  s e l e c t e d ,  t h e  p r i o r i t y  l o g i c
g e n e r a t e s  a n  a d d r e s s  i n  m e m o r y  f o r  t h e  i n t e r r u p t  l o c a t i o n ,
p l a c e s  t h e  s e l e c t e d  i n t e r r u p t  i n  i t  a n d  s t a r t s  t h e  i n t e r -
r u p t  c o n t r o l  l o g i c .

I f  n o  i n t e r r u p t s  a r e  a c t i v e ,  o r  t h e  a c t i v a t e d  i n t
a re  masked  ou t ,  no  in te r rup t  sequence  occurs  and
i n s t r u c t i o n  c y c l e  i s  i n i t i

T h e  i n f o r m a t i o n  i n  t h e  i n t e r r u p t  l o c a t i o n  c o r r e s p o n d i n g
t o  t h e  p r i o r i t y  s e l e c t e d  i n t e r r u p t ,  i s  f e t c h e d  f r o m
memory. The  contents  of  the  memory l o c a t i o n  a r e  u s e d
to  address  another  loca t ion  in  memory  in to i c h  t h e

p r o g r a m  c o u n t e r  i s  s t o r e d .  T h e  a d d r e s s  i s c remented
b y  o n e  a n d  i s  t h e n  s e t  i n t o  t h e  p r o g r a m  c o u n t e r .  D u r i n g
t h i s  h a r d w a r e  d i r e c t e d  s e q u e n c e ,  n o  s a m p l i n g  o f  t h e
i n t e r r u p t  l i n e s  i s  a l l o w e d  u n t i l  t h e  f i r s t  i n s t r u c t i o n
o f  t h e  i n t e r r u p t  s u b r o u t i n e  h a s  b e e n  e x e c u t e d .

t  t h e  e n d  o f  e a c h  i n s t r u c t i o n  o f  t h e  s u b r o u t i n e ,  t h e
i n t e r r u p t l o g i c  l o o k s  f o r  a n  i n t e r r u p t  o f  h i g h e r  p r i o r i t y
t h a n  t h e  o n e  c u r r e n t l y  s e l e c t e d .  I f  n o  h i g h p r i o r i t y
i n t e r r u p t  i s  d e t e c t e d , t h e  i n t e r r u p t  s e r v i c i n g  s u b r o u t i n e
c o n t i n u e s .
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F i g u r e  3 - 4 . S i m p l i f i e d  L o g i c  f o r  E x t e r n a l  I n t e r r u p t s

e  p o i n t  i n  t h e  i n t e r r u p t  s u b r o u t i n e  t h e  C P U  s e n d s
i n p u t  o r  o u t p u t  i n s t r u c t i o n  t o  t h e  c o n t r o l l e r .

T h i s  r e s e t s  t h e  i n t e r r u p t  f l i p - - f l o p  i n  t h e  c o n t r o l l e r
bu t  no t  the  one  in  the  CPU, a n d  f u r t h e r  p r o c e s s i n g  o f  t h e

i n t e r r u p t  m a y  c o n t i n u e  w i t h  i n t e r r u p t s  t o  h i g h e r  l e v e l s
p o s s i b l e .

T h e  i n t e r r u p t  s u b r o u t i n e  i s  c o n c l u d e d  w i t h  a n  i n d i r e c t
BRE to  the  memory  loca t ion  where  the  o ld  p rogram counte r
i s  s t o r e d . Execu t ion  o f  the  BRE rese t s  the  CPU in te r -
r u p t  f l i p - f l o p  s p e c i f i e d  i n  t h e  B R E ,  w h i c h  s h o u l d  b e

t  o f  t h e  c u r r e n t  i n t e r r u p t .

C o n t r o l r e t u r n s  t o  t h e  i n t e r r u p t e d  p r o g r a m  a n d  t h e
C P U  c o n t i n u e s  p r o c e s s i n g  f r o m  t h e  p o i n t  o f  i n t e r r u p t i o n .
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3 . 4 . 2 . 2  C o m m o n  E x t e r n a l  I n t e r r u p t s

3.5 DIRECT MEMORY ACCESS

h a r d w a r e  i s  u s e d  f o r  i n d i v i d u a l  i n t e r r u p t s  a s  f o r  c o m m o n
However ,  in  the  common ex te rna l  in te r rup t  log ic  scheme,

t h e  c o n t r o l l e r  i n t e r r u p t  l i n e s  a r e  O R e d  t o g e t h e r . T h e r e f o r e ,  a n y

o f  t h e  c o n t r o l l e r s  c a n  r e q u e s t  s e r v i c e  r e g a r d l e s s  o f  t h e  s t a t e  o f
t h e  o t h e r  c o n t r o l l e r s . The  CPU samples  the  in te r rup t  l ines  and
s e l e c t s  t h e  h i g h e s t  p r i o r i t y  i n  t h e  s a m e  m a n n e r ,  t h e n  c a l l s  i n  a
b a s i c a l l y  i d e n t i c a l  s u b r o u t i n e  t o  s e r v i c e  t h e  i n t e r r u p t .  T h e
subrou t ine  however , c o n t a i n s  p r o v i s i o n s  t h a t  e x a m i n e  t h e  s t a t e  o f
t h e  c o m m o n  i n t e r r u p t s  s o  t h a t  t h e  s e r v i c e  r e q u e s t  o f  t h e  p e r i p h e r a l

t h  t h e  h i g h e s t  p r i o r i t y ,  c a n  b e  s e l e c t e d . I C I  i s  u s e d
t o  b r i n g  t h e i n t e r r u p t  s t a t e s  o f  a l l  c o n t r o l l e r s  s h a r i n g  t h e  c o m m o n
i n t e r r u p t  l i n e  i n t o  t h e  A  R e g i s t e r . G e n e r a l l y ,  a  t e s t  f o r  n e g a t i v e
a n d  s h i f t  l e f t  l o o p  i s  u s e d  t o  f i n d  t h e  p e r i p h e r a l  d e v i c e  w i t h  t h e
h i g h e s t  p r i o r i t y .

t h e  i n d i v i d u a l  e x t e r n a l  i n t e r r u p t ,  t h e  s e r v i c i n g  o f  a
i n g  c o n t r o l l e r  r e s e t s  t h e  i n t e r r u p t  f l i p - f l o p  i n  t h e  c o n t r o l -
i l e  t h e  B R E  t e r m i n a t i n g  t h e  s u b r o u t i n e  r e s e t s  t h e  i n t e r r u p t

f l i p - f l o p  i n  t h e  C P U . I f  o t h e r  c o m m o n  i n t e r r u p t s  a r e  p e n d i n g ,  t h e
i n t e r r u p t  f l i p - f l o p  i n  t h e  C P U  i s  i m m e d i a t e l y  s e t  a g a i n  a t  t h e  c o m -
p l e t i o n  o f  t h e  B R E  i n s t r u c t i o n , a n d  i s  e x a m i n e d  b y  t h e  p r i o r i t y
s e l e c t i o n  l o g i c  p r i o r  t o  t h e  f e t c h i n g  o f  t h e  n e x t  i n s t r u c t i o n .

The  d i rec t  memory  access  (DMA) fea tu re  cons t i tu tes  a  channe l  th rough
which  da ta  can  be  t rans fe r red  us ing  on ly  one  750  ns  memory  cyc le
per word. T h i s  m a k e s  f o r  a  t h e o r e t i c a l  d a t a  t r a n s f e r  r a t e  o f  1 . 3
mi l l ion  words  pe r  second . However, d u e  t o  i n h e r e n t  c i r c u i t  d e l a y s ,
t h e  p r a c t i c a l  d a t a  t r a n s f e r  r a t e  m u s t  b e  s e t  a t  a p p r o x i m a t e l y
1  mi l l ion  words  pe r  second . At  da ta  ra tes  lower  than  1  MHz, t h e
DMA channe l  d i sconnec t s  and  f rees  the  memory  fo r  p rocessor  con-
t r o l l e r  a c c e s s . DMA is  an  au tomat ic  func t ion  and  can  no t  be
a f f e c t e d  b y  a n  e x t e r n a l  p r o g r a m  s i n c e  t h e r e  a r e  n o  i n s t r u c t i o n s
c o n t r o l l i n g  i t . To use DMA, the program must condit ion the periph-
e r a l  s u b s y s t e m . I f  t h e  p o w e r - - f a i l - i n - p r o g r e s s  ( P F I P )  s i g n a l  g o e s
t rue ,  a  con t ro l l e r  can  no t  r eques t  the  DMA channe l . I f  t h e  P F I P
s i g n a l  g o e s  t r u e  w h i l e  t h e  c o n t r o l l e r  i s  u s i n g  t h e  D M A  c h a n n e l ,
t h e  c o n l l e r  r e l i n q u i s h e s  t h e  c h a n n e l  a f t e r  c o m p l e t i o n  o f  t h e
c u r r e n t r d  t r a n s f e r .

A  per iphera l  subsys tem reques t s  DMA se rv ice  by  supp ly ing  the  neces -
s a r y  c o n t r o l  s i g n a l s  a n d  i t s  a d d r e s s  i n f o r m a t i o n  t o  t h e  m e m o r y  u n i t .
An opt iona l  IOP i s  ava i lab le  to  s impl i fy  use  of  the  DMA func t ion .
The  IOP supp l ies  the  con t ro l  s igna l s  and  sequences  the  memory  address
f o r  a l l  s t a n d a r d  p e r i p h e r a l  d e v i c e s . S e e  T a b l e  3 - 2  f o r  d e f i n i t i o n
of  mnemonics  per t inen t  to  the  DMA log ic .

3.5.1 DMA Selection Sequences

When the
p r i o r i t y
incoming

cont ro l l e r  r equ i res  a  DMA serv ice  cyc le ,  the  ou tgo ing  DMA
line  ass igned  i s  made  low. T h e  c o n t r o l l e r  w a i t s  f o r  i t s
p r i o r i t y  l i n e  a n d  t h e  D M R Q  l i n e  t o  g o  h i g h ,  w h i c h  s i g n i f i e s
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Table 3-2. DMA Mnemonics

mus t  be  low to  send  da ta address  to  the  memory
e n  e x p e c t i n g  t o  r e c e i v e  d from the memory.

The DMA Request Line is used to cycle.  DMRQ
s h o u l d  n o t  b e  i s s u e d  u n t i l  t h e i n e (DMRS) is

s i m u l t a n e o u s l y .

Response  L ine  i s  used  to  de te rmine  i f  the  DMA is  in  use .

This  response  (when  low)  f rom the  memory  ind ica tes  tha t  the
A s  s o o n  a s  t h i s  l i n e

falls,  a memory start  (DMAMS) may be given.

The  DMA Memory  S ta r t  i s  used  to  in i t i a te  a  memory  cyc le .
s t robes  the  memory  address  in to  the  memory  address  reg i s te r  on
i t s  n e g a t i v e  g o i n g  e d g e .

is used when writing data into the most-significant
( B i t s  0 0  t h r u  0 7 . )  W h e n  r e a d i n g  f r o m

memory this s i g n a l i s  n o t  a c t i v a t e d .

T h i s  s i g n a l  i s  u s e d  w h e n  w r i t i n g  d a t a  i n t o  t h e  l e a s t - - s i g n i f i c a n t
e ight  b i t s  of  memory . ( B i t s  0 8  t h r u  1 5 . )  W h e n  r e a d i n g  f r o m
m e m o r y  t h i s  s i g n a l  i s  n o t  a c t i v a t e d .

T h e  D a t a - I n  S t r o b e  i s  u s e d  t o  s t r o b e  d a t a  b i t s  0 0  t h r u  1 5  i n t o

T h e  D a t a - O u t  S i g n a l  i s  u s e d  t o  i n d i c a t e  t h a t  t h e  d a t a  w i l l  s o o n
be  ready  on  the  I /O bus . The  da ta  shou ld  no t  be  sampled  before
150  ns  a f t e r  the  DMOS s igna l  i s  r ece ived .

T h e  i n p u t  d a t a  b u s  i s  u s e d  t o  t r a n s f e r  a d d r e s s  b i t s  0 0  t h r u  1 5
t o  t h e  m e m o r y  a d d r e s s  r e g i s t e r  a n d  t r a n s f e r  d a t a  b i t s  0 0  t h r u  1 5
t o  t h e  m e m o r y  d a t a  r e g i s t e r .

Ou tpu t  da  - b u s  b i t s  0 0  t h r u  1 5  a r e  u s e d  t o  t r a n s f e r  d a t a  t o
the  DMA device  f rom the  memory  da ta  reg i s te r .

Th i s s i g n a l i n d i c a t e s  t h a t  a  P o w e r  F a i l u r e / R e s t a r t  c y c l e  i s  i n

a n  o r d e r l y  s h u t d o w n ,  o r  s t a r t u p .

DMA Pr io r i ty  De te rmina t ions :
p r i o r i t y  f o r  a l l o c a t i o n  o f  t h e  D
na l  DMA con t ro l l e r s .

i f  o n e  e x i s t s .
X  l i n e  t o  a  s t i l l  l o w e r  p r i o r i t y  c o n t r o l l e r ,
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t h a t  t h e c h a n n e l  i s  n o t  b u s y  a n d  n o  h i g h e r  p r i o r i t y  c o n t r o l l e r
requires the DMA channel. T h e  c o n t r o l l e r  t h e n  r e q u e s t s  t h e  u s e  o f
the DMA channel by causing the DMRQ line to go low. S i m u l t a n e o u s l y ,
t h e  c o n t r o l l e r  s t a r t s  a  2 1 0  n s  t i m e  d e l a y ,  a t  t h e  c o n c l u s i o n  o f
w h i c h  t h e  c o n t r o l l e r  s a m p l e s  i t s  i n c o m i n g  D M A  p r i o r i t y  l i n e  t o
d e t e r m i n e  w h e t h e r  a n y  o t h e r  d e v i c e  o f  h i g h e r  p r i o r i t y  i s  r e q u e s t i n g
use of the DMA channel. I f  a  h i g h e r  p r i o r i t y  d e v i c e  r e q u i r e s  s e r . .
v i c e , the  con t ro l l e r  mus t  cance l  i t s  DMA reques t  by  a l lowing  te rm
DMRQ to go high and wait  until i t s  p r i o r i t y  l i n e  g o e s  h i g h  o n c e  m o r e
before making another DMA request .

I f  n o  h i g h e r  p r i o r i t y  d e v i c e  r e q u i r e s  s e r v i c e  a n d  t e r m  D M R S  i s  s t i l l
t r u e  a s  t h e  2 1 0  n s  t i m e s  o u t , the  con t ro l l e r  c la ims  the  DMA channe l
by placing the memory address on the DIB lines (DIB00 thru DIB15).
T h e  c o n t r o l l e r  c a n  i n i t i a t e  o n e  m e m o r y  t r a n s f e r ,  i n  o r  o u t  o f  m e m o r y ,
by bringing up term DMAMS (DMA Memory Start), minimally 415 ns after
the  address  has  been  p laced  on  the  bus  i f  BUSY i s  low. If BUSY is
h igh ,  the  con t ro l l e r  mus t  wa i t  un t i l  BUSY goes  low.  The  DMAMS pulse
mus t  be  wi th in  the  boundar i e s  o f  150  ±100  ns .

A t  t h e  c o n c l u s i o n  o f  e a c h  m e m o r y  t r a n s f e r ,  t h e  c o n t r o l l e r  c h e c k s  i t s
incoming  DMA pr ior i ty  l ine  to  de te rmine  whether  a  h igher  p r io r i ty
device requires the DMA channel. I f  a  h i g h e r  p r i o r i t y  d e v i c e  n e e d s
DMA,  the  con t ro l l e r  r e leases  the  DMA channe l  to  the  h igher  p r io r i ty
d e v i c e . A f t e r  t h e  h i g h e r  p r i o r i t y  d e v i c e  h a s  c o m p l e t e d  i t s  d a t a
t r a n s f e r s ,  t h e  c o n t r o l l e r  c a n  r e s u m e  i t s  d a t a  e x c h a n g e  b y  e n t e r i n g
another DMA request.

3.5.2 DMA Transfer into Memory

I f  d a t a  i s  t o  b e  t r a n s f e r r e d  i n t o  t h e  m e m o r y ,  t h e  c l e a r / w r i t e  f l a g s ,
terms DMACWO and/or DMACW1 must be brought up within 50 ns of the
leading edge of DMAMS and remain stable for 500 ±100 ns.  (Figure 3-5).

The data strobe,  DMAST, must be sent a maximum of 240 ns after the
leading edge of DMAMS. The  da ta  to  be  s to red  in  the  memory  mus t
be  on  the  DIB l ines  a t  l eas t  100  ns  be fo re  DMAST i s  t r ansmi t t ed .
The DMAST strobe pulse must be 150 ±100 ns wide. Term DMALD+ must
r e m a i n  t r u e  f o r  t h e  d u r a t i o n  o f  t h e  a d d r e s s  a n d  d a t a  t r a n s f e r s .

3.5.3 DMA Transfer out of Memory

Data from the memory data register is  preceded by term DMOS to ready
t h e  c o n t r o l l e r s  f o r  r e c e p t i o n  o f  t h e  d a t a . T h e  d a t a  a t  t h e  p e r i p -
h e r a l  d e v i c e  m u s t  b e  s t a b l e  f o r  1 5 0  n s  a f t e r  t h e  l e a d i n g  e d g e  o f
te rm DMOS and  remain  s tab le  un t i l  ano ther  memory  cyc le  i s  in i t i a ted
by  e i the r  the  CPU or  the  DMA con t ro l l e r . (F igu re  3 -6 . )

3 .5 .4  DMA Sing le  and  Mul t ip le  Cyc le  De te rmina t ion

I f  a  s ing le  DMA cyc le  i s  des i red , term DMRQ must be dropped after
the  l ead ing  edge  o f  t e rm DMAST dur ing  a  wr i t e  opera t ion ,  and  as
s o o n  a s  t h e  d a t a  h a s  b e e n  r e a d  o u t  d u r i n g  a  r e a d  o p e r a t i o n . I f
m u l t i p l e  c y c l e s  a r e  d e s i r e d , term DMRQ must remain active.
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F i g u r e  3 - 5 .  W r i t e  O p e r a t i o n  T i m i n g  D i a g r a m
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3.5.5 DMA Cont ro l  Pr io r i ty  Dete rmina t ion

3-18

F i g u r e  3 - 6 . DMA Read Operation Timing Diagram

Before a DMA cycle can be executed, the DMA controller must obtain
control of the DMA channel. T h e  l o g i c  u s e d  f o r  t h e  c o n t r o l  f u n c t i o n
i s  shown in  F igure  3 -7 .

Term DMAND+ (DMA need) indicates to the controller that a DMA cycle
i s  n e e d e d . T e r m  P F F I P -  ( p o w e r  f a i l  f u n c t i o n  i n  p r o g r e s s )  i s  s e n t
f r o m  t h e  C P U  w h e n  t h e  p o w e r  f a i l / r e s t a r t  i n t e r r u p t  f u n c t i o n  r e q u i r e s
s e r v i c e . Terms DMAND and PFFIP are input to NAND gate A; the output,
t e rm D- (DMA required) is  propagated as the outgoing DMA priori ty
l i n e . The  se lec t ion  o f  the  ou tgo ing  p r io r i ty  l ines  DMAP1,  DMAP2 or
DMAP3, is  determined by a patch at  IC socket D. T h e  s e l e c t e d  p r i o r i t y
l i n e  i n f o r m s  a l l  l o w e r  p r i o r i t y  d e v i c e s  t o  r e l e a s e  t h e  D M A  c h a n n e l
u p o n  c o m p l e t i o n  o f  t h e i r  c u r r e n t  m e m o r y  c y c l e  a n d  t o  r e f r a i n  f r o m  r e -
q u e s t i n g  t h e  D M A  c h a n n e l  u n t i l  t h e  p r i o r i t y  l i n e  g o e s  h i g h  a g a i n .
The  incoming  p r io r i ty  l ine  (DMAENB+)  i s  a l so  se lec ted  a t  pa tch  D.
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F i g u r e  3 - 7 . DMA Pr ior i ty  Dete rmina t ion  Logic

When the inputs to NAND gate E, terms DMAND+, DMRQ-1 (DMA Request
s igna l  buf fe red)  and  DMAENB+ (DMA pr io r i ty  in ) ,  a re  a l l  h igh ,  ou tpu t
term SDMARQ- will go true, which  s t a r t s  the  DMA reques t  sequence .

Term SDMARQ- go ing  low se t s  f l ip - f lop  F ,  which  in  tu rn  f i res  the
210 ns one-shot  G. The  210  ns  i s  used  to  a l low the  DMA pr io r i ty
l i n e s  t o  p r o p a g a t e  t h r o u g h  t h e  e n t i r e  I / O  b u s  i n  t h e  e v e n t  t h a t  s e v -
e ra l  dev ices  a re  reques t ing  the  DMA channe l  s imul taneous ly . When
t h e  o n e - s h o t  t i m e s  o u t , i t s    o u t p u t  r e s e t s  t h e  F  f l i p - f l o p  a n d
c l o c k s  t h e  G O  f l i p - f l o p  t o  a  s e t  o r  r e s e t  c o n d i t i o n ,  d e p e n d i n g  u p o n
the logical state of term DMAENB.

I f  t h e  G O  f l i p - f l o p  i s  r e s e t , the  DMRQ-  l ine  wi l l  be  r e l eased  and
t h e  h i g h e r  p r i o r i t y  d e v i c e  w i l l  c l a i m  t h e  D M A  c h a n n e l . Another DMA
c y c l e  c a n  b e  r e q u e s t e d  a s  s o o n  a s  t h e  i n c o m i n g  p r i o r i t y  l i n e  g o e s
high and term DMRQ- goes high. I f  t h e  G O  f l i p - f l o p  i s  s e t ,  t e r m
DMRQ- will  be held low through gate H from GO- and the controller
can proceed with i ts  DMA cycle. At  the  end  of  the  DMA cycle  the
rese t  o f  GO a l lows  DMRQ- to  go  h igh  and  re leases  the  DMA fac i l i ty .
E v e r y  c o n t r o l l e r  r e l e a s e s  t h e  D M A  f a c i l i t y  w h e n  a  h i g h e r  p r i o r i t y
DMA device requests the channel or when PFFIP goes low, however,  the
t i m i n g  c r i t e r i a  v a r y  f r o m  o n e  c o n t r o l l e r  t o  a n o t h e r .

I f  a  h i g h e r  p r i o r i t y  d e v i c e  s i g n a l s  o v e r  t h e  D M A  p r i o r i t y  l i n e s  t h a t
i t  needs the DMA channel,  term ENDCY+ (end cycle) is  generated to
r e s e t  t h e  G O  f l i p - f l o p . This causes term DMRQ- to go high, which
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releases the DMA channel. Term ENDCY+ remains low if  the controller
has  con t inuous  need  fo r  the  DMA channe l ,  p rov ided  no  h igher  p r io r i ty
dev ice  i s  r eques t ing  the  DMA channe l .

The  Q-outpu t  o f  the  GO f l ip - f lop ,  when  ac t ive ,  i s  communica ted  v ia
t h e  p r i o r i t y  l i n e  t o  a l l  c o n t r o l l e r s  o f  l o w e r  p r i o r i t y ,  t o  i n d i c a t e
tha t  a  DMA cyc le  i s  in  p rogress . T r a n s m i s s i o n  o f  t h e  s i g n a l  i s
necessa ry  because  in  expanded  sys tems , term DMRQ- being undirectional,
w i l l  a p p e a r  t o  b e  h i g h  i n  s o m e  c h a s s i s  w h i l e  i t  m a y  b e  l o w  i n  a n o t h e r
expans ion  chass i s . T h e  p r i o r i t y  n e t w o r k  w i l l  i n d i c a t e  t h e  c h a n n e l  i s
i n  u s e  t o  a l l  l o w e r  p r i o r i t y  d e v i c e s , DMRQ-  ind ica tes  th i s  to  a l l
h i g h e r  p r i o r i t y  d e v i c e s .

3-20



TO 31S5-4-521-11-1

4.1 GENERAL

SECTION 4- -
PROGRAMMING CONSIDERATIONS

A l l  i n p u t  a n d  o u t p u t  t r a n s f e r s  o f  d a t a  b e t w e e n  t h e  C R U
device  con t ro l l e r s  ( excep t  DMA)  a re  execu ted  under  p rogram con t ro l .
T h e  f o l l o w i n g  f i v e  B a s i c  I / O  i n s t r u c t i o n s  c o n t r o l  t h e  i n p u t  a n d  o u t -
p u t  o p e r a t i o n s :

EDF: Execu te  Device  Func t ion .

I C I : In te r roga te  Common In te r rup t s .

RDS: Reques t  Dev ice  S ta tus .

WTI: W o r d  T r a n s f e r  I n ,  i . e . , pe r iphera l  subsys tem to  CPU.

WTO: W o r d  T r a n s f e r  O u t ,  i . e . , CPU to  pe r iphera l  subsys tem.

T h e  f o l l o w i n g  f o u r  i n s t r u c t i o n s  c o n t r o l  t h e  p r i o r i t y  i n t e r r u p t
f u n c t i o n :

BRE: B r a n c h  a n d  R e s e t  E x t e r n a l  I n t e r r u p t .

BRI: B r a n c h  a n d  R e s e t  I n t e r n a l  I n t e r r u p t .

LIE: L o a d  I n t e r r u p t  E n a b l e  ( N )  R e g i s t e r .

SIE: S t o r e  I n t e r r u p t  E n a b l e  ( N )  R e g i s t e r .

4.2 INSTRUCTIONS

4 . 2 . 1  I / O  I n s t r u c t i o n

T h e  f i v e  I / O  i n s t r u c t i o n s , EDF, ICI, RDI, WTI and WTO, all have

the  fo rmat  shown in  F igure  4 -1 . T h e  C - f i e l d  f o r  a l l  I / O  i n s t r u c -

t i o n s  i s  0 0 1 0 .

4 . 2 . 1 . 1  E D F  I n s t r u c t i o n

EDF D,Y,O

D =  dev ice  address .
Y  =  a d d r e s s  o f  b r a n c h  o n  i n s t r u c t i o n  r e j e c t .
0  =  o r d e r  l i n e  c o d e .

T h e  a c t i o n  s p e c i f i e d  b y t h e  o r d e r  l i n e  c o d e  i s  p e r f o r m e d  b y  t h e

a d d r e s s e d  c o n t r o l l e r . G e n e r a l l y ,  t h e r e  i s  a  d i f f e r e n t  s e t  o f
E D F  i n s t r u c t i o n s  f o r  e a c h  c o n t r o l l e r  i n  t h e  c o n f i g u r a t i o n ,  a l t h o u g h
c e r t a i n  f u n c t i o n s  a r e  c o m m o n  t o  m o s t  c o n t r o l l e r s  ( s t a r t  r e a d ,  s t a r t
w r i t e ,  e t c . ) .

I f  t h e  t h r e e  o r d e r  c o d e  b i t s  a r e  n o t  s u f f i c i e n t  t o  s p e c i f y  a l l
f u n c t i o n s  t h a t  m u s t  b e  p e r f o r m e d  b y  a  c o n t r o l l e r ,  t h e  c o n t e n t s
o f  t h e  A  R e g i s t e r  a r e  a v a i l a b l e  f o r  f u r t h e r  c o d i n g .  T h e  A  R e g i s t e r
m a y  b e  u s e d  t o  c o n t a i n  d a t a  o r  a n  a d d r e s s  r e q u i r e d  t o  p e r f o r m  t h e
f u n c t i o n ,  i . e . ,  t h e  s t a r t i n g  a d d r e s s  f o r  a  d r u m  m e m o r y .
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F igure  4 -1 . I n s t r u c t i o n  F o r m a t
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4 . 2 . 1 . 2 I C I  I n s t r u c t i o n

ICI, D,Y

D =  d e v i c e  a d d r e s s .

Y = a d d r e s s  o f  b r a n c h  o n  i n s t r u c t i o n  r e j e c t .

C o n t r o l l e r  l o g i c  i s  d e s i g n e d  s o  t h a t  t h e  c o n t r o l l e r  d o e s  n o t  e c h o
d u r i n g  I C I  e v e n  t h o u g h  t h e  i n s t r u c t i o n  c o n t a i n s  t h e  c o r r e c t  d e v i c e
a d d r e s s ,  u n l e s s  t h a t  c o n t r o l l e r  a c t u a l l y  h a s  a n  i n t e r r u p t  p e n d i n g
a n d  t h e r e f o r e  r e q u i r e s  c o m m o n  i n t e r r u p t  s e r v i c e .

NOTE: T h o s e  d e v i c e s  t h a t  d o  n o t  s h a r e  a  c o m m o n  i n t e r r u p t  s h o u l d
a l s o  b e  d i s a b l e d  f r o m  r e s p o n d i n g  t o  I C I  e v e n  i f  t h e y  h a v e
t h e  c o r r e c t  a d d r e s s  a n d  a n  i n t e r r u p t  p e n d i n g .

S i n c e  u p  t o  1 6  c o n t r o l l e r s  c a n  s h a r e  a  c o m m o n  i n t e r r u p t  l i n e ,  I C I
i s  p r o v i d e d  t o  d e t e r m i n e  w h i c h  c o n t r o l l e r ( s )  a c t i v a t e d  t h e  i n t e r r u p t .
A f t e r  e x e c u t i o n  o f  I C I ,  t h e  c o n t e n t s  o f  t h e  A  R e g i s t e r  a r e  e x a m i n e d .
E a c h  c o n t r o l l e r  o n  t h e  c o m m o n  i n t e r r u p t  l i n e  i s  a s s i g n e d  a  d i f f e r e n t
A - R e g i s t e r  b i t  w i t h  w h i c h  t o  r e p o r t  i t s  i n t e r r u p t  s t a t u s . Al though
i t  i s  a  f u n c t i o n  o f  t h e  s o f t w a r e , t h e  c o m m o n  i n t e r r u p t  l i n e  p r i o r i t y
n o r m a l l y  e s t a b l i s h e d  i s  t h a t  t h e  c o n t r o l l e r  c o r r e s p o n d i n g  t o  b i t
p o s i t i o n  0  h a s  h i g h e s t  p r i o r i t y , a n d  t h e  c o n t r o l l e r  c o r r e s p o n d i n g  t o
b i t  p o s i t i o n  1 5  h a s  l o w e s t  p r i o r i t y .

Up  to  four  common in te r rup t  l ines  can  be  used . The two most-
s i g n i f i c a n t  b i t s  o f  t h e  I C I  d e v i c e  a d d r e s s  s p e c i f y  t h e  c o m m o n  i n t e r -
r u p t  l i n e . T h e  d e v i c e  a d d r e s s  o f  e v e r y  c o n t r o l l e r  o n  a  p a r t i c u l a r
c o m m o n  i n t e r r u p t  l i n e  m u s t  h a v e  t h e  s a m e  t w o  m o s t - s i g n i f i c a n t  b i t s .
I n  t h e  c a s e  o f  a  c o n t r o l l e r  w i t h  m o r e  t h a n  o n e  d e v i c e  a d d r e s s ,  a n y
d e v i c e  a d d r e s s  n o t  u s e d  b y  a  c o n t r o l l e r  o n  a  c o m m o n  i n t e r r u p t  l i n e
c a n  b e  u s e d  b y  a  c o n t r o l l e r  o n  a n  i n d i v i d u a l  i n t e r r u p t  l i n e .  I n
t h e  c a s e  o f  a  c o n t r o l l e r  w i t h  t w o  o r  m o r e  i n t e r r u p t s ,  b u t  o n l y  o n e
dev ice  address ,  the  same dev ice  address  may  be  used  on  bo th  the
i n d i v i d u a l  a n d  c o m m o n  i n t e r r u p t  l i n e s .

4 . 2 . 1 . 3  R D S  I n s t r u c t i o n

RDS, D,Y

D =  d e v i c e  a d d r e s s .

Y  =  a d d r e s s  o f  b r a n c h  o n  i n s t r u c t i o n  r e j e c t .

T h e  s t a t u s  w o r d  o f  t h e  a d d r e s s e d  c o n t r o l l e r  i s  t r a n s f e r r e d  t o  t h e
A  R e g i s t e r  f o r  e x a m i n a t i o n .

T h e  s t a t u s  w o r d  p r o v i d e s  i n f o r m a t i o n  a b o u t  t h e  c u r r e n t  s t a t u s  o f
t h e  c o n t r o l l e r ,  s u c h  a s :  w h e t h e r  o r  n o t  i t  i s  r e
w h e t h e r  o r  n o t  a n  e r r o r  h a s  o c c u r r e d ,  a n d ,  i f  s o ,

l  m o d e  i s  i n  e f f e c t ,  e t c .
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4 . 2 . 1 . 4 .  W T I  I n s t r u c t i o n

WTI, D,Y

D =  dev ice  address .

Y  =  a d d r e s s  o f  b r a n c h  o n  i n s t r u c t i o n  r e j e c t .

O n e  d a t a  w o r d  i s  t r a n s f e r r e d  f r o m  t h e  a d d r e s s e d  c o n t r o l l e r  t o  t h e
A  R e g i s t e r .

4 . 2 . 1 . 5  W T O  I n s t r u c t i o n

TO,  D ,Y

D -  dev ice  address .

Y = a d d r e s s  o f  b r a n c h  o n  i n s t r u c t i o n  r e j e c t .

O n e  d a t a  w o r d  i s  t r a n s f e r r e d  f r o m  t h e  A  R e g i s t e r  t o  t h e  a d d r e s s e d
c o n t r o l l e r .

4 . 2 . 2  I n t e r r u p t  I n s t r u c t i o n s

T h e  f o u r  i n t e r r u p t  i n s t r u c t i o n s , BRE, BRI, LIE AND SIE, all  have the
format  shown in  F igure  4 -1 . T h e  C - f i e l d  f o r  a l l  i n s t r u c t i o n s  i s  0 1 0 0 .

4 . 2 . 2 . 1  B R E  I n s t r u c t i o n

BRE T,D,Y

T = address ing  modes  fo r  the  BRE ins t ruc t ion  ( see  GTE/IS  manua l
E0006  fo r  desc r ip t ion  o f  address ing  modes .

D = e x t e r n a l  i n t e r r u p t  f l i p - f l o p  t o  b e  r e s e t .

T h e  s p e c i f i e d  C P U  e x t e r n a l  i n t e r r u p t  f l i p - f l o p  i s  r e s e t  a n d  a d d r e s s  Y
i s  u s e d  i n  s e t t i n g  t h e  P  R e g i s t e r . T h e  v a l u e  t h a t  g o e s  i n t o  t h e
P  R e g i s t e r  i s  a  f u n c t i o n  o f  t h e  a d d r e s s i n g  m o d e  s p e c i f i e d  b y  T - f i e l d
b i t s  8  t h r u  1 1 .

4 . 2 . 2 . 2  B R I  I n s t r u c t i o n

BRI

T =

D =

Y =

T,D,Y

address ing  modes  fo r  the  BRI  ins t ruc t ion  ( see  GTE/IS
manua l  E0006  fo r  a  desc r ip t ion  o f  address ing  modes ) .

i n t e r n a l  C P U  i n t e r r u p t  f l i p - f l o p  t o  b e  r e s e t .

b ranch  address .

T h e  s p e c i f i e d  C P U  i n t e r n a l  i n t e r r u p t  f l i p - f l o p  i s  r e s e t  a n d  Y  i s
u s e d  i n  s e t t i n g  t h e  P  R e g i s t e r . T h e  v a l u e  t h a t  g o e s  i n t o  t h e
P  R e g i s t e r  i s  a  f u n c t i o n  o f  t h e  a d d r e s s i n g  m o d e  s p e c i f i e d  b y
T - f i e l d  b i t s  8  t h r u  1 1 .
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4 . 2 . 2 . 3  L I E  I n s t r u c t i o n

LIE T ,D,Y

T  -  a d d r e s s i n g  m o d e s  f o r  t h e  L I E  i n s t r u c t i o n . (See GTE/IS

manua l  E0006  fo r  a  desc r ip t ion  o f  address ing  modes ) .

D = r e g i s t e r  t h a t  m a y  b e  n e e d e d  b y  t h e  a d d r e s s i n g  m o d e .

Y = operand address.

T h e  N  R e g i s t e r  i s  l o a d e d  w i t h  t h e  c o n t e n t s  o f  t h e  e f f e c t i v e  m e m o r y
loca t ion  de te rmined  by  T ,  D and  Y.

T h e  N  R e g i s t e r  e n a b l e s  a n d  d i s a b l e s  e x t e r n a l  i n t e r r u p t s  u n d e r  p r o g r a m
c o n t r o l . E a c h  b i t  p o s i t i o n  o f  t h e  N  R e g i s t e r  c o r r e s p o n d s  t o  t h e
e x t e r n a l  i n t e r r u p t  l i n e  w i t h  t h e  s a m e  n u m b e r .

D i s a b l i n g  a n  i n t e r r u p t  l i n e  ( N - R e g i s t e r  b i t  =  Z E R O )  d o e s  n o t  a f f e c t
t h e  i n t e r r u p t  l i n e  s t a t u s , b u t  d o e s  p r e v e n t  t h e  i n t e r r u p t  f r o m  b e i n g
recognized . T h e  i n t e r r u p t  l i n e  m a y  b e  s e t  w h i l e  i t  i s  d i s a b l e d  a n d
i t  w i l l  b e  p r o c e s s e d  w h e n  i t  i s  a g a i n  e n a b l e d .

4 . 2 . 2 . 4  S I E  I n s t r u c t i o n

SIE  T ,D ,Y

T = address ing  modes  fo r  the  SIE  ins t ruc t ion  (See  GTE/IS  manua l
E 0 0 0 6  f o r  a  d e s c r i p t i o n  o f  a d d r e s s i n g  m o d e s ) .

D = reg is te r  tha t  may  be  needed  by  the  address ing  mode .

Y =  operand  address .

T h e  c o n t e n t s  o f  t h e  N  R e g i s t e r  a r e  s t o r e d  i n  e f f e c t i v e  m e m o r y  l o c a -
t ion  Y. T h e  N  R e g i s t e r  i s  e i g h t  b i t s  w i d e ,  t h e r e f o r e  o n l y  e i g h t
b i t s  ( 0 8  t h r u  1 5 )  o f  t h e  w o r d  s t o r e d  i n  m e m o r y  c o r r e s p o n d  t o  t h e
N Reg i s t e r . B e c a u s e  t h e  N  R e g i s t e r  i s  o n l y  e i g h t  b i t s  w i d e ,  t h e
d a t a  s t o r e d  i n  l o c a t i o n s  0  t h r u  7  h a s  n o  m e a n i n g  a n d  i s  u n d e f i n e d .
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SECTION 5
APPLICATIONS

5.1 GENERAL

T h i s  s e c t i o n  s e r v e s  t o  a i d  t h e  s y s t e m s  u s e r  i n  i m p l e m e n t i n g  t h e
f u n c t i o n a l  a n d  e l e c t r l r e q u i r e m e n t s  o f  i n t e r f a c e  d e s i g n ,
i n  a p p l y i n g  t h e  p r o g r i n g i n f o r m a t i o n  g i v e n  i n  t h e  p r e v i o u s
s e c t i o n .

t i o n a l c r i t e r i a  f o r  a  h i g h - s p e e d
T )  c o n t r o l l e r g i v e s s a m p l e  i n p u t /

unch. e HSPT con-
ace was chosen  as u t p u t  i n t e r f a c e  e x a m p l e

cause of its common u s e  a n d  i t s r e q u i r e m e n t s  w h i c h  a r e  s i m i l a r
t o a n y  c o n t r o l l e r s .

h  5 . 3  d e s c r i b e s e x a m p l e s  o f  i n t e r r u p t  s u b r o u t i n e s .
i l e  b o t h s u b r o u t i n e s  a r e  h y p o t h e t i c l , t h e y  a r e  r e p r e s e n t a t i v e

u b r o u t i n e s commonly in use.

5.2 HIGH SPEED PAPER TAPE INTERFACE

5 . 2 . 1 G e n e r a l  D e s c r i p t i o n

HSPT con t ro l l e r  p rov ides  a  p rogram con t ro l l ed  in te r face  be tween
CPU and a combined 400-character  per  second reader and 120-

cha rac te r  pe r  second  punch .

D a t a  t r a n s f e r s  a r e  b y t e  o r i e n t e d ,  w i t h  r e a d e r  d a t a  t r a n s f e r r e d  t o
t h e  l e a s t - s i g n i f i c a n t  e i g h t  b i t s  o f  t h e  A  R e g i s t e r  a n d  p u n c h  d a t a
t r a n s f e r r e d  f r o m  t h e  m o s t - s i g n i f i c a n t  e i g h t  b i t s  o f  t h e  A  R e g i s t e r .

5 . 2 . 2  P r o g r a m  o r  I n t e r n a l  C o n t r o l

The  HSPT reader /punch  has  one  dev ice  address  and  one  in te r rup t  l ine
f o r  i t s  r e a d e r  s t a t i o n  a n d  i t s  p u n c h  s t a t i o n .  T a b l e  5 - 1  d e f i n e s
a l l  i n s t r u c t i o n s  a c c e p t e d  b y  t h e  c o n t r o l l e r . T a b l e  5 - 2  l i s t s  a l l
cond i t ions  under  which  reader  and  punch  in te r rup t s  a re  tu rned  on
a n d  o f f  i n  t h e  c o n t r o l l e r .

5 . 2 . 2 . 1  I n p u t  C o n t r o l

c o n t i n u o u s l y  o r  o n e c h t i m e .  I f
c o n t i n u o u s l y , r a t i o n  c a n  e i t h e r
RDC with the f i r s t  c h

rough EDF RSL with the fi
b e  d e t e c t e d . I f I i s  n o t  r e c e i v e d  i n  t i m e ,  t h e  p a p e r  t a p e  s t o p s
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T a b l e  5 - 1 . H S P T  C o n t r o l l e r  I n s t r u c t i o n  S e t
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T a b l e  5 - 2 . H S P T  C o n t r o l l e r  I n t e r r u p t  C o n d i t i o n s

t  c h n d  w a i t s f o r I  w i t h o u t  l o s i n g  t h a t  c h a r a c -
ver , STP i s  g ive f t e r t h e  t a p e  h a s  s t o p p e d

w i t h o u t  f i r s t  e x e c u t i n g  W T I ,  t h e  c h a r a c t e r  w i l l  b e  l o s t .

5 . 2 . 2 . 2 Outpu t  Cont ro l

The execution of EDF causes  the  paper  to  be  punched  con t in -
uously until  stopped by EDF SWR. C o n t i n u o u s  o u t p u t  o p e r a t i o n  i s
e f f e c t e d .

A leng th  o f  19 .2  inches  o f  paper  t ape  can  be  punched  wi th  sp rocke t
h o l e s  f o r  t h e  l e a d e r  o r  t r a i l e r  s e g m e n t s  o f  t h e  t a p e ,  b y  u s i n g
EDF PUL. I f  n o h a s  b e e n  r e c e i v e d  a t  t h e  e n d  o f  t h e  s p r o c k e t
ho le  punch ing  opera t ion ,  the  punch  s tops  and ssumes a  W a i t  s t a t e .

5 . 2 . 2 . 3 Inpu t /Outpu t  Cont ro l

o p e r a t e d  s e p a t e l y  o r  c o n c u r r e n t l y .
l e  t h e y  s h a r e e  s a m e  i n t e r r u p t
t e r m i n e  w h i c h  d e v i c e  i s  r e q u e s t i n g

en  an i n t e r r u p t  o c c u r s , I C I  i s  e x e c u t e d  a n d  t h e  c o n t e n t s
I f  b i t  p o s i t i o n  0  c o n t a i n s  a  O N E ,  t h e

i f  b i t  p o s i t i o n  1  c o n t a i n s  a  O N E ,  t h e
C o n c u r r e n t  o p e r a t i o n  o f  t h e  r e a d e r

nd punch does not reduce t h e d a t a  r a t e  o f  e i t h e r  d e v i c e .

5 . 2 . 2 . 4  S t a t u s  C o n t r o l

t u s a n d  a  p u n c h  s t a t u s  a r e  g e n e r a t e d  a n d  a v a i l a b l e .
l i n e  c o d e  o f  z e r o  t r a n s f e r s  t h e  r e a d e r  s t a t u s  i n t o

R D S  w i t h  a n  o r d e r  l i n e  c o d e  o f  o n e  t r a n s f e r s  t h e
t u s i n t o  t h e  A  R e g i s t e r .
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5 . 2 . 3 O p e r a t o r  o r  E x t e r n a l  C o n t r o l

e n  t h e or  p resses  the  con t ro l  pane l  RESET swi tch ,  the  HSPT
p l a c e d i d l e  s t a t e . T h i s  i s  c o m p a r a b l e  t o  e x e c u t i o n  o f

EDF STP o S W R  u n d e r  i n t e r n a l  o r  p r o g r a m  c o n t r o l .  E x t e r n a l
c o n t r o l  o v e r r i d e s  i n t e r n a l  c o n t r o l  a t  a l l  t i m e s .

5.2.4 Sample Program

T h i s  s a m p l e  p r o g r a m  r e p r e s e n t s  a  h y p o t h e t i c a l  i n t e r r u p t  s u b r o u t i n e
t o  r e a d  a  b l o c k  o f  d a t a  i n t o  a  m e m o r y  b u f f e r . The major segments of
t h e  s u b r o u t i n e  a r e  s e p a r a t e d  b y  s p a c e s  i n  t h e  l i s t i n g  f o r  c l a r i t y .

F e w  c h a n g e s  a r e  r e q u i r e d  t o  c o n v e r t  t h e  e x a m p l e  t o  a n  a c t u a l  o u t p u t
s u b r o u t i n e . L i t t l e  a d d i t i o n a l  c o d i n g  w o u l d  b e  r e q u i r e d  t o  m a k e  t h e
s u b r o u t i n e  h a n d l e  i n p u t  a n d  o u t p u t  t r a n s f e r s ,  o r  t o  h a n d l e  a  c o m m o n
i n t e r r u p t .

5 . 2 . 4 . 1  P r o g r a m  L i s t i n g
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5 . 2 . 4 . 2  P r o g r a m  D e s c r i p t i o n

START span turns on the reader, a n d  i n i t i a l i z e s  t h e  c h a r a c t e r  c o u n t
and  index  va lues . W h e n  t h e  r e a d e r  d e t e c t s  t h e  f i r s t  c h a r a c t e r ,  a n
i n t e r r u p t  i s  g e n e r a t e d .

I N I T  i n i t i a l i z e s  t h e  p r o c e s s o r  f o r  a  w o r d  t r a n s f e r  b y  s a v i n g  t h e
c o n t e n t s  o f  r e g i s t e r s  t h a t  w i l l  b e  u s e d  i n  s u b s e q u e n t  s e g m e n t s .
This  segment  i s  en te red  by t h e  b r a n c h  i n s t r u c t i o n  a t  t h e  h a r d w i r e d
i n t e r r u p t  t r a p  l o c a t i o n . T h e  o l d  P - R e g i s t e r  v a l u e  i s  s t o r e d  i n

f i r s t  l o c a t i o n  I N I T .

e f f e c t s  a  w o r d  t r a n s f e r  i n t o  a  d a t a  b u f f e r . A  d i f f e r e n t  b u f f e r

c a n  b e  u s e d  b y  c h a n g i n g  t h e  i n d e x  v a l u e  p r i o r  t o  s t a r t i n g  t h e  r e a d e r .
i t h  s i m p l e  c h a n g e s , th i s  cou ld  become a  word- t rans fe r  ou t  segment .
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COUNT ins t i tu tes  the  ch c t e r count  moni tor .
l e f t  i n  t h e  b l o c k  i s d e c r
c h a r a c t e r s e  l e f t ,  t h e  b l
t i o n  i s  e x e t e d to STOP.
the subroutine goes to COMP. A  d i f f e r e n t  l e n g t h  b l o c k  c a n  b e s p e c i -
f i e d  b y  c h a n g i n g  t h e  c h a r a c t e r  c o u n t  v a l u e  p r i o r  t o  s t a r t i n g  t h e
r e a d e r .

STOP s tops  the  r eader  and  b ranches ,  to  COMP to  ex i t  t he  subrou t ine .

COMP comple tes  p rocess ing  o f  the  in te r rup t  by  res to r ing  the o r i g i n
con ten t s  o f  work ing  reg i s te r s  and  execu t ing  a  BRE th ru  INT ( to  p ick
u p  t h e  o l d  P - R e g i s t e r  v a l u e ) . O n c e  t h e  i n t e r r u p t  i s  r e s e t ,  t h e  m a i n
p r o g r a m  c a n  c o n t i n u e  p r o c e s s i n g  u n t i l  a n o t h e r  r e a d e r  i n t e r r u p t  i s
recognized .

SAVEA and SAVEB create spaces for constants and working subroutine
s t o r a g e .

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

5.3 INTERRUPT PROGRAMMING

5 . 3 . 1  G e n e r a l

T y p i c a l  I / O  i n t e r r u p t  s u b r o u t i n e s  t h a t  e n a b l e  p r o c e s s i n g  b e t w e e n
i n t e r r u p t s  a r e  p r e s e n t e d  i n  t h i s  p a r a g r a p h . One  subrou t ine  uses
t h e  X  R e g i s t e r s , t h e  s e c o n d  d o e s  n o t . Genera t ion  and  p rocess ing
o f  t h e  E K O  i n t e r r u p t  r e c o g n i t i o n  s i g n a l  i s  a l s o  d e s c r i b e d .

5 .3 .2  Sample  P rog ram 1

This sample program represents a hypothetical subroutine for pro-
c e s s i n g  b e t w e e n  i n t e r r u p t s ,  u s i n g  t h e  X  R e g i s t e r s . The  fo l lowing
c o n d i t i o n s  a r e  a s s u m e d  t o  b e  i n  e f f e c t :

5 - 6

The  CPU i s  p rocess ing  when  the  in t e r rup t  occurs  ( i . e . ,  CPU
s t a t u s  m u s t  b e  s t o r e d  a n d  r e l o a d e d ) .

T h e  o u t p u t  t a b l e  a d d r e s s  a n d  t a b l e  l e n g t h  h a v e  b e e n  g i v e n
i n  t h e  I / O  s u b r o u t i n e  c a l l i n g  s e q u e n c e  a n d  s a v e d  b y  t h e
I / O  s u b r o u t i n e  i n i t i a l i z a t i o n .

T h e  i n t e r r u p t  m a s k  i s  s e t  t o  e n a b l e  t h e  i n t e r r u p t .

E D P  h a s  b e e n  e x e c u t e d  t o  s t a r t  t h e  o u t p u t  d e v i c e .

T h e  i n t e r r u p t  i s  p r o c e s s e d  a s  s o o n  a s  i t  i s  s e t  ( n o
l a t e n c y  t i m e ) .

Three  X  Reg i s t e r s  (X2 , X3  and  X4)  a re  ded ica ted  to  th i s
i n t e r r u p t .
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5 . 3 . 2 . 1 P r o g r a m  L i s t i n g

5 . 3 . 3 Sample Program 2

This  sample  p rogram represen t s  a  hypo the t i ca l  subrou t ine  fo r  p ro . .
t s  w i t h o u t  t h e  u s e  o f  X  R e g i s t e r s .  T h e

a s s u m e d  t o  b e  i n  e f f e c t :

o c c u r s  ( i . e . ,

n c y  t i m e ) .

roughput  i s  approx imate ly 77,000 r d s  p e r  s e c o n d .
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F i g u r e  5 - 1 . HSPT Controller EKO Logic (Simplified)

F i g u r e  5 - 2 .  H S P T  C o n t r o l l e r  I n t e r r u p t  L o g i c  ( S i m p l i f i e d )
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APPENDIX A
ASSIGNED I/O INSTRUCTION CODES

T h i s  a p p e n d i x  l i s t s  r e s e r v e d  i n s t r u c t i o n  c o d e s  f o r  s p e c i a l  a n d  g e n -
e r a l  I / O  o p e r a t i o n s .  Refe r  to  the  appropr ia te  main tenance  manua l
f o r  I / O  i n s t r u c t i o n  c o d e s  o f  s p e c i f i c  d e v i c e s .

Tab le  A-1 .  Spec ia l  Opera t ions

Table A-2.  Genera l  I /O  Opera t ions

A-1/(A-2 blank)
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APPENDIX B

WORK FORMATS

B.1 GENERAL

Tab le

B-1

B-2

B-3

B-4

B-5

B-6

B-7

B-8

B-9

B-10

B-11

B-12

B-13

B-14

B-15

B-16

B-17

B-18

B-19

B-20

B-21

B-22

Tit1e

IS /1000  P roces so r

l e  D i s c  C o n t r o l

v a b l e D i s c  C o n t r o l l e r

Asynchronous Modem Multiplexer

Asynchronous Commun

Synchronous Modem Multiplexer

Synchronous Communication Adapter

Automat ic  Ca l l ing  Uni t  Mul t ip lexer

Block Check Unit

Communication Transfer Unit

Sys tem Cont ro l  Uni t

Termina l  Cont ro l  Channe l  In te r face  Uni t

Tape  Uni t  Channe l  In te r face  Uni t

Inpu t /Outpu t  P rocesso r :

Nigh Speed Paper Tape Reader/Punch Controller

C a r d  R e a d e r / L i n e  P r i n t e r  C o n t r o l l

S tandard  Card  Punch  Cont ro l l

Universa l  Magne t i c  Tape  Cont ro l l e r

U t i l i t y  C o n t r o l l e r  a n d  D i s t r i b u t o r
U t i l i t y  C o n t r o l l e r

E a c h  t a b l e  c o n t a i n s l i s t  o f  a l l  t h e  i n s t r u c t i o n s  ( f o r  a  g i v e n  u n i t )
s e  t h e  t r a n s e r  o f  a  w o r d .  F o r  e a c h  i n s t r u c t i o n ,  t h e  w o r d

i s  d e s c r i b e d  i n  t e r m s  o f  t h e  C P U  r e g i s t e r
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Tab le  B-1 . IS /1000  P roces so r  (Shee t  1  o f  3 )
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T a b l e  B - 1 . I S / 1 0 0 0  P r o c e s s o r  ( S h e e t  2  o f  3 )
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T a b l e  B - 1 .  I S / 1 0 0 0  P r o c e s s o r  ( S h e e t  3  o f  3 )

Tab le  B-2 .  Type  1  Expanded  Per fo rmance  Module
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T a b l e  B - 3 . Type  2  Expanded  Per formance  Module

TO 31S5-4-521-11-1
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T a b l e  B - 4 . High  Capac i ty  Removable  Disc  Cont ro l l e r  (Shee t  1  o f  2 )
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T a b l e  B - 4 . High  Capac i ty  Removable  Disc  Cont ro l l e r  (Shee t  2  o f  2 )
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T a b l e  B - 5 . Medium Capac i ty  Disc  Cont ro l l e r  (Shee t  1  o f  2 )
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Table B-5. Medium Capac i ty  Disc  Cont ro l l e r  (Shee t  2  o f  2 )

I n s t r u c t i o n

RDS GEN: Reques t
Dev ice  S ta tus
(General)

RDS HDR: Reques t
Dev ice  S ta tus
(Last Record
Header Used)

I C I :
Common Interrupts

r

B i t

4*

5"

6

7

8*

9

10

11

12

13

14 and 15

0

1*

2*

3  t h r u  7

8

9

10

11

12

13

14

15

0  t h r u  7

8  t h ru  12

13

14

0  th ru  15

A  R e g i s t e r

Meaning

i t e  p r o t e c t  e r r o r .

T i m e o u t - e r r o r .

D i s c  c o n t r o l l e r  b u s y .

D i s c  d r i v e  r e a d y .

R a t e  e r r o r .

Doub le  t r ack .

D u a l  p l a t t e r .

Seek  incomple te .

D a t a  t r a n s f e r  b u s y .

D i s c  d r i v e  s e e k i n g .

D i s c  d r i v e  a d d r e s s .

Sys tem busy .

Memory over-run.

End  of  pack .

S e l e c t e d  s o c t o r

D i s c  d r i v e  3  a t t e n t i o n .

D i s c  d r i v e  2  a t t e n t i o n .

D i s c  d r i v e  1  a t t e n t i o n .

D i s c  d r i v e  0  a t t e n t i o n .

S e l e c t e d  d i s c  d r i v e  a l e r t .

D i s c  c o n t r o l l e r  a l e r t .

G a t e d  a t t e n t i o n .

Termina te .

Cylinder.

S e c t o r .

P l a t t e r  ( f i x e d  o r  r e m o v

Head  (uppe r  o r  l r  s u r f a c e ) .

Common interrupt

I n d i c a t e s n  e r r o r  b i t .
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T a b l e  B - 6 . Rotating Drum Memory Controller
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T a b l e  B - 6 . Rota t ing  From Memory  Cont ro l le r  (Shee t  2  o f  2 )

Tab le  B-7 . Asynchronous Modem Multiplexer (Sheet 1 of 2)
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Table B-7. Asynchronous  Modem Mul t ip lexer  (Shee t  2  o f  2 )
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T a b l e  B - 8 . Asynchronous Communication Adapter (Sheet 1 of 2)
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T a b l e  B - 8 . Asynchronous  Communica t ion  Adapte r  (Shee t  2  o f  2 )

B - 1 4
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T a b l e  B - 9 . S y n c h r o n o u s  M o d e m  M u l t e p l e x  ( S h e e t  1  o f  2 )

B - 1 5
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Tab le  B-9 . Synchronous  Modem Mul t ip lexer  (Shee t  2  o f  2 )

Tab le  B-10 . Synchronous Communication Adapter (Sheet 1 of 5)
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T a b l e  B - 1 0 . Synchronous  Communica t ion  Adapte r  (Shee t  2  o f  5 )

B - 1 7
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Tab le  B-10 . Synchronous  Communica t ion  Adapte r  (Shee t  3  o f  5 )
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T a b l e  B - 1 0 . Synchronous  Communica t ion  Adapte r  (Shee t  4  o f  5 )

B-19



TO 31S5-4-521-11-1

Tab le  B-10 . Synchronous  Communica t ion  Adapte r  (Shee t  5  o f  5 )

B - 2 0



T a b l e  B - 1 1 . A u t o m a t i c  C a l l i n g  U n i t  M u l t i p l e x e r
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T a b l e  B - 1 2 . Block  Check  Uni t
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T a b l e  B - 1 3 . Communica t ion  Trans fe r  Uni t  (Shee t  1  o f  6 )
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T a b l e  B - 1 3 . Communica t ion  Trans fe r  Uni t  (Shee t  2  o f  6 )
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T a b l e  B - 1 3 . Communica t ion  Trans fe r  Uni t  (Shee t  3  o f  6 )
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Table B-13. Communica t ion  Trans fe r  Uni t  (Shee t  4  o f  6 )
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T a b l e  B - 1 3 . C o m m u n i c a t i o n  T r a n s f e r  U n i t  ( S h e e t  5  o f  6 )

B - 2 6
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Tab le  B-13 . Communica t ion  Trans fe r  Uni t  (Shee t  6  o f  6 )
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Table B-14. Sys tem Cont ro l  Uni t
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T a b l e  B - 1 5 . T e r m i n a l  C o n t r o l  C h a n n e l  I n t e r f a c e  U n i t  ( S h e e t  1  o f  3 )
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T a b l e  B - 1 5 . T e r m i n a l  C o n t r o l  C h a n n e l  I n t e r f a c e  U n i t  ( S h e e t  2  o f  3 )
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T a b l e  B - 1 5 . T e r m i n a l  C o n t r o l  C h a n n e l  I n t e r f a c e  U n i t  ( S h e e t  3  o f  3 )
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Tab le  B-16 . Tape  Uni t  Channe l  In te r face  Uni t  (Shee t  1  o f  3 )
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Table B-16. T a p e  U n i t  C h a n n e l  I n t e r f a c e  U n i t  ( S h e e t  2  o f  3 )
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T a b l e  B - 1 6 . Tape  Uni t  Channe l  In te r face  Uni t  (Shee t  3  o f  3 )
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T a b l e  B - 1 8 . High  Speed  Paper  Tape  Reader /Punch  Con t ro l l e r

T a b l e  B - 1 9 . C a r d  R e a d e r / L i n e  P r i n t e r  C o n t r o l l e r  ( S h e e t  1  o f  2 )
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Table B-19. C a r d  R e a d e r / L i n e  P r i n t e r  C o n t r o l l e r  ( S h e e t  2  o f  2 )

T a b l e  B - 2 0 . S tandard  Card  Punch  Cont ro l l e r
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Tab le  B-21 . U n i v e r s a l  M a g n e t i c  T a p e  C o n t r o l l e r  ( S h e e t  1  o f  2 )
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T a b l e  B - 2 1 . U n i v e r s a l  M a g n e t i c  T a p e  C o n t r o l l e r  ( S h e e t  2  o f  2 )
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T a b l e  B - 2 2 . U t i l i t y  C o n t r o l  a n d  D i s t r i b u t o r  a n d  U t i l i t y  C o n t r o l l e r
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