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The MAXC m i c r o p r o c e s s o r  i s  i n t e n d e d  t o  be a r e a s o n a b l y  
g e n e r a l  purpose p r o c e s s o r ,  cus tomized  t o  some e x t e n t  f o r  PDP-18 
e m u l a t i o n .  It w i l l  be used  a s  a c e n t r a l  F r o c e s s o r  and disc  
c o n t r o l l e r  i n  t h e  MAXC sys tem,  P h y s i c a l l y ,  t h e  processor 
o c c u p i e s  24 c a r d  p o s i t i o n s  i n  t w o  Augat card cages (19'1 x 8,7tt)  , 
and t h e  disc  c o n t r o l  o c c u p i e s  8 card p o s i t i o n s  i n  a t h i r d  cage.  
F i g u r e  1 i s  a l o g i c a l  block d iagram of the p r o c e s s o r ,  I t  i s  
o r g a n i z e d  a round  a 36 -b i t  bus,  on which a l l  t r a n s f e r s  between 
s u b s e c t i o n s  of t h e  machine Occur,  Data t ransfers  t o  and  from 
this b u s  and  a l l  o ther  f u n c t i o n s  i n  t h e  machine are  under c o n t r o l  
of a 7 2 - b i t  m i c r o i n s t r u c t i o n  W o r d ,  A machine may be c o n f i g u r e d  
w i t h  e i t h e r  1 0 2 4  or 2048 words of i n s t r u c t i o n  memory. 

Two f i e l d s  in e v e r y  m i c r o i n s t r u c t i o n  s p e c i f y  a bus  s o u r c e ,  
which  loads data  o n t o  t h e  bus ,  and a b u s  d e s t i n a t i o n  which reads, 
and u s u a l l y  stores, t h e  data,  Sometimes a s i n g l e  v a l u e  o f  t h e  
s o u r c e  o r  d e s t i n a t i o n  f i e l d  may s p e c i f y  a d d i t i o n a l  o p e r a t i o n s ,  o r  
s e v e r a l  d i f f e r e n t  s o u r c e  o r  d e s t i n a t i o n  v a l u e s  may s p e c i f y  t h e  
same b u s  o p e r a t i o n s ,  Tfrese p e c u l i a r i t i e s  are  s p e c i f i e d  i n  t h e  
a p p r o p r i a t e  s e c t i o n  of this manual. The s o u r c e s  and d e s t i n a t i o n s  
are  l i s t ed  a n d  t h e i r  p r o p e r t i e s  summarized i n  Appendix Dm In 
g e n e r a l  any  s o u r c e  may be s e n t  t o  any  d e s t i n a t i o n ,  w i t h  t h e  
f o l 1 o w i n g " e x c e p t i o n :  a s l o w  s o u r c e  may n o t  be s e n t  t o  a s l o w  
d e s t i n a t i o n .  

S l o w  s o u r c e s  are: 

a local  memory 
NOT F 
t h e  ALU;  
KSTAT a n d  KUNXT i n  t h e  d i s k  i n t e r f a c e  

s low d e s t i n a t i o n s  are: 

a local  memory 
Y i f  the next i n s t r u c t i o n  c o n t a i n s  PQRCYY 
Q if t h e  n e x t  i n s t r u c t i o n  c o n t a i n s  QODE o r  QEVEN 

T h e r e  a re  also t w o  f u n c t i o n  f i e l d s  F l  and  F2 which invoke 
v a r i o u s  a c t i o n s  s u p p l e m e n t a r y  t o  t h e  s o u r c e - d e s t i n a t i o n  scheme , 
These actions are  s p e c i f i e d  where a p p r o p r i a t e  t h r o u g h o u t  t h e  
manual a n d  summarized i n  Appendix C. 

~ c. 

Th'e machine i s  SYnChrOnOuS, with a c y c l e  t i m e  of 150 n s .  The 
t e c h n o l o g y  w i t h  which the  p r o c e s s o r  i s  implemented is 74H TTL; 
ICgs are mounted on wire-wrap cards, and t h e  back panels  are  a l so  
wire-wrapped. An e x c e p t i o n  i s  t h e  1 0 2 4  x 1 9 - b i t  memory card 
which i s  u s e d  f o r  the i n s t r u c t i o n ,  d i s p a t c h ,  map, a n d  s c r a t c h  
m e m x i e s ;  t h i s  card i s  a p r i n t e d  c i r c u i t .  A l l  cables e x i t  t h e  
processor from the rear edges of t h e  cards. N o  special 
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mechanical p r o v i s i o n s  are r e q u i r e d  f o r  c a b l i n g .  The p r o c e s s o r  i s  
cooled by a f a n  u n i t  which mounts immediately below the p r o c e s s o r  
card cage, and  powered by a power supp ly  mounted on t h e  bottom of 
the cabinet. 

The e x t e r n a l  i n t e r f a c e s  t o  t h e  p r o c e s s o r  are shown dashed i n  
F igu re  1, and c o n s i s t  of the fo l lowing:  

1, 8 disc u n i t  cables, which connec t  t h e  d i s c  control 
p o r t i o n  of the p r o c e s s o r  t o  8 2 3 1 4  or . 3 3 3 8  t p e  disc  
f i l e s ;  

2. 2 memory p o r t  cables, which connec t  t o  t w o  p o r t s  of t h e  
MAXC memory system. T h i s  memory is a 512K (expandable  
t o  l V 2 4 K )  x 4 0  b i t  (+8 error  c o r r e c t i o n  and d e t e c t i o n  
b i t s )  dynamic MOS system. Access time and c y c l e  t i m e  
are 880 ns, One p o r t  is used for  d i s k  t r a n s f e r s ,  t h e  
second for CPU t r a n s f e r s -  

One i n t e r p r o c e s s o r  communication cable (labeled "TO 
NOVA"). T h i s  i n t e r f a c e  has two Eunct icns .  
a. I t  carries i n t e r p r o c e s s o r  ccmmunication strobes 

between all p r o c e s s o r s  o f  the MAXC system. A l l  
normal communication b e t w e n  processors o c c u r s  
th rough  memory, and these strobes serve t o  i n d i c a t e  
t h e  presence  of messages i n  mailbox l o c a t i o n s  known 
t o  a l l  p rocesso r s .  

b. It is connected t o  a c o n t r o l l i n g  minicomputer (Data 
G e n e r a l  Nova), which has  t h e  t a s k  of monitoring t h e  
sys tem for error's and abnormal. c o n d i t i o n s .  T h i s  
i n t e r f a c e  i s  used. for debugging microcode i n  t h e  
processor under c o n t r o l  of a debugger i n  t h e  Nova. 
The control memory of t h e  microFrocessor i s  loaded 
v i a  t h i s  i n t e r f a c e  a t  s t a r t  up, du r ing  debugging, 
and when errors occur  d u r i n g  normal ope ra t ion .  

1.1 N o t a t i o n  

A l l  .numbers i n  t h i s  document are i n  decimal unless followed 
by a B, i n  which case t h e y  are octal .  Thus, 10 = 12B. 
Arithmetic is 2s complement. 

Names for  f i e l d s  i n  t h e  m i c r o i n s t r u c t i c n  are in Appendix A, 
Registers, memories and da ta  paths are named L, R, P, Q, X, AC, 
Y ,  B (bus) S (scra tchpad)  I D ( d i s p a t c h )  MAP, I ( i n s t r u c t i o n  
memory) , NPC, STACK, IMA ( i n s t r u c t i o n  memcry address), MAR, MDR, 
MDRL (low 4 bits of the 4 0  b i t  memory word) BALUBC ( b u s  and A L U  
branch c o n d i t i o n s )  8 F ( f l a g  register) 8 ( o u t p u t  of arithmetic- 
l o g i c  u n i t )  , G, H, J, K t o  (F r e g i s t e r  b i t s )  . 
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B i t s  i n  r e g i s t e r s  (and on d a t a ' p a t h s  l i k e  B and ALU) are  
r e f e r e n c e d  by i n t e g e r s  i n  brackets f o l l o w i n g  t h e  r e g i s t e r  name, 
c o u n t i n g  from t h e  l e f t  a s  though the r e g i s t e r  (or p a t h )  were 36 
b i t s  wide. Numbering registers i n  t h i s  way i s  compatible w i t h  
PDP-10 documentat ion (it  would otherwise be better t o  number from 
t h e  : r i g h t )  , Thus B[0) is  t h e  sign b i t  of t h e  bus ,  Y[27 J i s  the  
s i g n  b i t  of the 9 -b i t  Y r e g i s t e r ,  and B C 9 - 1 2 7  i s  t h e  AC f i e l d  of 
a PDP-10 i n s t r u c t i o n  on t h e  bus. For 40-b i t  r e g i s t e r s  l i k e  MDR, 
the e x t r a  4 b i t s  are MDR[36-39] .  

I f  A is a number w i t h  g b i t s  and B a number w i t h  b i t s ,  t hen  
(A,B) is a number w i t h  a+b bits and 

, (  (A, B) [ (36-b) -35  ]=B 
(A, B) [ (3 6-a-b) - (3  5-b) ]=A 

D e s t i n a t i o n  names always appea r  a s  NAME- and t h e y  are t h e  
o n l y  names i n  t h i s  manua1,which are  w r i t t e n  w i t h  a f i n a l  to-. I f  
a r e g i s t e r  is  both a source  and a d e s t i n a t i o n ,  these are a lways  
called NAME (the source )  and  NAME- ( t h e  d e s t i n a t i o n )  Also, some 
o p e r a t i o n s  can be i n i t i a t e d  by e i ther  prircary o r  secondary  
f u n c t i o n s ,  and  these a re  g i v e n  t h e  same name i n  F1 and F2, When 

. a f i e l d  i n  t h e  m i c r o i n s t r u c t i o n  is used t o  address a memory M, 
t h e  f i e l d  i s  cal led MA (@.go,  LA, RA, SA). Sources , 
d e s t i n a t i o n s ,  * and f u n c t i o n s  p e r t a i n i n g  t o  t h e  d i s k  c o n t r o l  
s e c t i o n  of t h e .  microprocessor  have names beginning w i t h  llKflr 

. . .  
The word 41 i l l ega11f  means llmust be avoided by the programmer, 

s i n c e  t h e .  r e s u l t  i s  n o t  wel l -def ined  by t h e  implementat ion of t h e  
processor.Ic The-ha rdware  does not check f o r  i l l e g a l  o p e r a t i o n s .  
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The c o n t r o l  s e c t i o n  of t h e  p r o c e s s o r  c o n s i s t s  o f  a n  11-bi t  
program counter (NPC) , a n  11-bit x 1 2 - l e v e l  s u b r o u t i n e  stack, 
g a t i n g  t o  produce an i n s t r u c t i o n  memory address, and  t h e  
i n s t r u c t i o n  memory. 

The p r o c e s s o r  h a s  s i n g l e  i n s t r u c t i o n  lookahead, L e o  , t h e  
f e t c h  of a n  i n s t r u c t i o n  o c c u r s  du r ing  t h e  e x e c u t i o n  of t he  
p r e v i o u s  i n s t r u c t i o n .  All i n s t r u c t i o n s  r e q u i r e  one c y c l e  f o r  
execu t ion .  A n  i d l e  c y c l e  (du r ing  which an  i n s t r u c t i o n  is f e t c h e d  
from t h e  c o n t r o l  memory, b u t  no i n s t r u c t i o n  is executed)  o c c u r s  
o n l y  a f t e r  a read or w r i t e  of t h e  i n s t r u c t i o n  memory. Execut ion  
of an  i n s t r u c t i o n  can be de layed  one or  more c y c l e s  by the memory 
i n t e r f a c e ;  see s e c t i o n  5, 

,- 

Three f i e l d s  of t h e  m i c r o i n s t r u c t i o n  a re  used for control.  
These  a r e  a n  e l e v e n - b i t  branch address f i e l d  (BA) , a f i v e - b i t  
f i e l d  (BC) which s p e c i f i e s  one of 3 2  c o n d i t i o n s  t o  be tested t o  
de te rmine  whe the r  a branch is t o  be done,  and a tm-bi t  f i e l d  
which s p e c i f i e s  t h e  t y p e  of branch (BT) .  The BT f i e l d  is  
i n t e r p r e t e d  as  

TYPE 
0 
- 
1 
2 
3 

c--̂ -- I_ .. . . .. 

I f  BT = DGOTO 

fol lows:  

EFFECT 
GOTO (BA f i e l d )  I F  ( cond i t ion )  
CALL (BA f i e l d )  I F  (condi t ion)  
RETURN I F  ( c o n d i t i o n )  
DGOTO (BA f i e l d )  I F  ( cond i t ion )  

and  t h e  branch c o n d i t i o n  i s  t r u e ,  no i n t e r r u p t  can  
occur  a f t e r  t h i s  i n s t r u c t i o n  (see s e c t i o n  2.1) , 

The c o n d i t i o n  selected by  BC (see Appendix B) i s  tested, and 
i f  t r u e ,  t h e  branch s p e c i f i e d  by BT occurs, The branch  
c o n d i t i o n s  which t e s t  t h e  v a l u e s  of t h e  ALU c u t p u t  and t h e  bus  
refer  t o  t h e  v a l u e s  computed by t h e  p r e v i o u s  i n s t r u c t i o n  ( u n l e s s  

c- F1 -- = FRZBALUEC and INT=8 i n  t h a t  i n s t r u c t i o n ,  i n  which case t h e y  
have t h e  same r e s u l t  t h a t  t h e y  would have had i n  t h a t  

; i n s t r u c t i o n ) .  Those which test b i t s  i n  r e g i s t e r s  refer  t o  t h e  
value a t - t h e  beginning  of t h e  c u r r e n t  i n s t r u c t i c n ,  Note tha t  t h e  
complement of e v e r y  branch c o n d i t i o n  is a l so  a branch c o n d i t i o n .  

-- - - - - - - - 

. . -.- .._._"_ , - . - - .- - 

Table l a  s p e c i f i e s  how the  nex t  i n s t r u c t i o n  a n d  t h e  n e x t  
program coun te r  . (NPC) ' v a l u e  are de termined  by  t h e  c u r r e n t  
i n s t r u c t i o n  and t h e  i n t e r r u p t  system. Note t h a t  a deferred 
branch .(DGi)TD) " a X l B w s  the  n e x t  i n s t r u c t i o n  i n  s e q E n c e  t o  be 

< e x e c u t e d  before sending  c o n t r o l  t o  t h e  l o c a t i o n  s p e c i f i e d  by BA. 
The e f f e c t  o f  a DGOTO can therefore be c a n c e l l e d  ' b y  a GOTQ or  
RETURN i n  t h e  n e x t  i n s t r u c t i o n ,  and a CALL i n  t h e  n e x t  
i n s t r u c t i o n  w i l l  push the address s u p p l i e d  by t h e  DGOTO, The 
e f f e c t  of DGOTO B[25-353 is provided by F2=LOADPC. 



MICROPXOCESSOR d Lampson, e t  al, 
Xerox Pa lo  A l t o  Research Center  

MAXC 8.1 / Page 7 
March 2 ,  1972 

The 1 2 - l e v e l  s u b r o u t i n e  stack holds r e t u r n  links for 
s u b r o u t i n e  c a l l s  and i n t e r r u p t s ,  The ways i n  which the stack can 
be a f f e c t e d  by t h e  c u r r e n t  i n s t r u c t i o n  are s p e c i f i e d  i n  Table lb. 
The  STACK- d e s t i n a t i o n  pushes  two 11-bit f i e l d s  from t h e  b u s  o n t o  
t h e -  s tack ;  normally t h i s  is  combined w i t h  F2=LOADPC t o  provide a 
3-level d i s p a t c h .  I t  is i l l e g a l  t o  do a RETURN i n  t h e  
i n s t r u c t i o n  following o n e  which does STACK-. N o  e x p l i c i t  PUSH 
o p e r a t i m  i s  provided, s i n c e  t h e  same effect  c a n  be obtained b y  

LOADPC, I3[25-35 ]-argument t o  be pushed;  
CALL .+l; 

The s t a c k  can be read o n t o  t h e  b u s ,  (right j u s t i f i e d )  ; it i s  
i l l e g a l  t o  do t h i s  i n  an  i n s t r u c t i o n  which has a CALL or  PUSH of 
t h e  stack, 

. .  

' c. 
- .  

.... 

. .  . -  
--.a - . 

. . - .  . . . . . -  - .  

. - -  . . _  . . - . - . -  

. *  

, - . .  
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Act ion  of C u r r e n t  Address o f  Next Next Value 
I n s t r u c t i o n  I n s t r u c t i o n  ( X M A )  of NPC 

No branch  N PC NPC + 1 
N o  b ranch  G i n t e r r u p t  INTADR NPC 
GOTO BA BA + 1 
GOTO G i n t e r r u p t  INTADR BA 
DGOTO NPC BA 
DGOTO G i n t e r r u p t  --not allowed; i n t e r r u F t  is delayed- 
CALL BA EA + 1 

RETURN STACK STACK + 1 
RETURN & i n t e r r u p t  I NTADR STACK 
Note : F2=LOADPC makes the n e x t  va lue  of NPC be B[25-35] 

CALL E I n t e r r u p t  INTADR BA 

r e g a r d l e s s  of w-hat is sa id  above, 

Table la. , I n s t r u c t i o n  Sequencing 

* A c t i c n  of C u r r e n t  Effect on S t a c k  
1 n s t r u c  ti on 

CALL PUSH NPC 

F1 O r  F2=POP* POP 
BD=STACK-. * PUSH B[1-111, t h e n  . 

. RETURN POP 
lC 
L 

P U S H  BC13-23 J 

* I l l e g a l  in t h e  same i n s t r u c t i o n  with CALL or RETURN 

Table lb: Stack Actions 
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2.1 I n t e r r u p t s  

An i n t e r r u p t  system is  provided  t o  allow high  speed d e v i c e s  
such  as t h e  d i s k s  t o  be s e r v i c e d ,  The e lements  of t h e  i n t e r r u p t  
sys t em are: 

1.. A f l ag ,  INT, which de te rmines  w h e t h e r  t h e  processor i s  
i n  normal mode o r  i n  i n t e r r u p t  mode, 

2 .  

3 ,  

D u p l i c a t e  copies of some p r o c e s s o r  registers; see below 
for de ta i l s .  

A 1 6 - b i t  A R M  r e g i s t e r ,  one  b i t  per i n t e r r u p t  channe l ,  
T h i s  r e g i s t e r  may be a b u s  d a t a  s i n k  o r  s o u r c e  (selected 
by f u n c t i o n s ) ,  An i n t e r r u p t  r e q u e s t  for which t h e  ' 

c o r r e s p n d i n g  ARM b i t  is 0 i s  ignored .  

4, - A s i n g l e  i n t e r k u p t  e n a b l e  f l a g  i n  t h e  F register (see 
2.2) - 

The f i r s t  1 6  m i c r o i n s t r u c t i o n s  are  reserved for a n  i n t e r r u p t  
t r a n s f e r  vector, When an i n t e r r u p t  o c c u r s ,  the i n s t r u c t i o n  i n  
l o c a t i o n  n ( 0  5 n L 17B) is execu ted  and XNT i s  set, The 
i n t e r r u p t  i n s t r u c t i o n  is s imply  sandwiched i n t o  t h e  normal  flow . 
of c o n t r o l ,  so t h a t  when it is i n  execu t ion ,  NPC c o n t a i n s  t h e  
address  of t h e  i n s t r u c t i o n  which  t h e  program would have execu ted  
d u r i n g  t h a t  c y c l e  i f  t h e  i n t e r r u p t  had n o t  occur red .  The 
i n t 2 r r u p t  i n s t r u c t i o n  must c o n t a i n  an uncGndit iona1 CALL t o  s a v e  
NPC on t h e  s t ack  and send c o n t r o l  t o  t h e  s t a r t  of the i n t e r r u p t  
r o u t i n e ,  The  last i n s t r u c t i o n  of t h e  i n t e r r u p t  r o u t i n e  s h o u l d  be 
a RETUZN w h i c h  i n c l u d e s  t h e  I R E T  f u n c t i o n ,  T h i s  f u n c t i o n  c lears  
INT and r e s t o r e s  t h e  s t a t e  t o  i t s  p r e - i n t e r r u p t  value,  - See below 
for a d e s c r i p t i o n  of the  t iming.  

The scheme just described works o n l y  i f  e v e r y t h i n g  c u r r e n t l y  
known a b o u t  t h e  sequencing  of t h e  main program i s  c o n t a i n e d  i n  
the NPC va lue ,  S ince  t h i s  i s  n o t  the case immediately af ter  t h e  
e x e c u t i o n  of an i n s t r u c t i o n  which loads NPC w i t h  a n y t h i n g  e x c e p t  
IMA + 1, an i n t e r r u p t  i s  n o t  permitted t o  occur  a f te r  such  a n  
i n s t r u c t i o n ,  b u t  must w a i t  fo r  a more opportune moment. Only 
i n s t r u c t i o n s  c o n t a i n i n g  F2=LOADPC o r  a s u c c e s s f u l  DGOTO have tfis 
problem, and t h e  processor a u t o m a t i c a l l y  i n h i b i t s  an i n t e r r u p t  
from o c c u r r i n g  in t h e  c y c l e  a f t e r  t h e s e  i n s t r u c t i o n s ,  

I t  is t h e  programmer's r e s p o n s i b i l i t y  t o  i n h i b i t  i n t e r r u p t s  
i n  other cases where t h a t  is n e c e s s a r y  by s e t t i n g  F2=INHI,NT, 

. .. T h i s  must be done - I .- 

1. If BD = RMW- or F1 = RMWREF or  RMWTiEFDXK, s i n c e  a n  
i n t e r r u p t  cannot  be a l lowed d u r i n g  the  Wl phase  of a Raw 
memory r e f e r e n c e ,  T h e  p r o c e s s o r  a u t o m a t i c a l l y  i n h i b i t s  
i n t e r r u p t s  a f t e r  e v e r y  i n s t r u c t i o n  of the  RM phase  
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except the f i r s t ,  so t he  programmer need p r o v i d e  F2 = 
I N H I N T  o n l y  on the i n s t r u c t i o n  which s t a r t s  t h e  
r e f e r e n c e .  

2.. If BD = WRITE- or 5'1 = WREF or WREFDXK and MDR does n o t  
y e t  c o n t a i n  t h e  da ta  which is t o  be w r i t t e n  (see s e c t i o n  
5 ) .  I f  a n o t h e r  i n s t r u c t i o n  i s  execu ted  before MDR i s  
loaded, t h e  programmer must have F2 = INHINT on t h a t  
i n s t r u c t i o n  a l s o ,  It  i s  n o t  n e c e s s a r y  t o  INHINT on a n  
i n s t r u c t i o n  c o n t a i n i n g  WRESTART, b u t  i f -  b y  t h e  end of 
t h e  i n s t r u c t i o n  a f t e r  t h e  WRESTART, MDX is  n o t  loaded, 
t h e n  t h a t  i n s t r u c t i o n  must I N H I N T ,  I t  i s  not  n e c e s s a r y  
t o  have F2 = I N H I N L '  on t h e  i n s t r u c t i o n  which loads MDR, 
s i n c e  an  i n t e r r u p t  .after t h a t  i n s t r u c t i o n  causes  no 
t.r o ubl e . 

When i n t e r r u p t s  a r e  i n b i b i t e d ,  any  pending i n t e r r u p t  i s  s imply  
delayed.  No-pending i n t e r r u p t  r e q u e s t  is lost .  Note t h a t  a l o o p  
c o n s i s t i n g  e n t i r e l y  of i n s t r u c t i o n s  w i t h  s u c c e s s f u l  D G O T W s ,  
LOADPC's or I N H I N T ' S  w i l l  lock . o u t  i n t e r r u p t s  i n d e f i n i t e l y .  

~. - ~ .. 

-:. Because m i c r & i n t e r r u p t  r o u t i n e s  a r e  used for data t ransfers  
t o  and from t h e  d i s k  packs,  it is i m p o r t a n t  t o  avoid t i m e -  
consuming s t a t e  s a v i n g  and r e s t o r i n g  by  m i c r o - i n t e r r u p t  r o u t i n e s .  . 
W i t h ' a  s i n g l e  d i s k  u n i t  i n  o p e r a t i o n ,  each  a d d i t i o n a l  micro- 
i n s t r u c t  i on  i n  t h e  i n t e r r u p t  r o u t i n e  r educes  throughput  by 1%. 
Consequent ly ,  considerable extra hardware h a s  been p u t  i n  t o  
automate s t a t e  s av ing  and r e s t o r i n g  d u r i n g  i n t e r r u p t s .  
. . .. 
: . . During non- i n t e r r u p t  i n s t r u c t i o n  e x e c u t i o n ,  d u p l i c a t e  
XegLsters for P,. X , . Y  and BALUBC a re  loaded whenever t h e  pr imary  
registers are  loaded.,  . During an i n t e r r u ~ t ,  however, these 
d u p l i c a t e  r e g i s t e r s  remain f rozen  a t  t h e i r  former va lues .  The 
pr imary  X, Y ,  and BALUBC r e g i s t e r s  are loaded from t h e  d u p l i c a t e s  
by the- IRET f u n c t i o n , .  The- f i r s t -  i n s t r u c t i o n - .  of t h e  i n t e r r u p t  
l m u t h e  is " e x p e c t e d  t o -  s a v e  NPC on t h e  s t a c k  b y  c a l l i n g  t h e  
i n t e r r u p t  r o u t i n e , .  and to.  s ave  Q i n  one of t h e  register banks, 

-say:-*.-at ,r-  SAVEDQ;: :. t h i s  -: is why- d u p l i c a t e s  for  Q and NPC are n o t  
provid2d.. The f i n a l -  i n s t r u c t i o n  of t h e  i n t e r r u p t  r o u t i n e  must, 
t o  cestore a l l  t h e s e  t h i n g s ,  i n c l u d e :  

> -  _ -  f --.---I _.I.. 9 ~ ~ -- -I..I_ - - . .. - . . .__- --. 1 ... _. . - . .  

'I: :- ,: . . *I IRET., RETURN, Q-SAVEDQ, P l P 1  
. .  

_ .  .-" " - .  - I ~ . .  . . I I .  - .  - .  
- .  
A- ' d u p l i c a t e  - r e g i s t e r  - for  i s  a lsc  Frovided,  b u t  this is 
handled . in  a d i f f e r e n t  way, d i s c u s s e d  i n  s e c t i o n  7 ,  A l s o  n o t e  
that-. AC and- F- axe.- no t -  d u p l i c a t e d .  (because i n t e - r r u p t  r o u t i n e s  on ly  
change F i n t e n t i o n a l l y  and d o n ' t  u se  AC) . 

K U N I T  

The i n t e r r u p t  -system a c c e p t s  1 6  l e v e l s  ca l led  i n t e r r u p t  
r e q u e s t s  : ( I R E Q i ,  1 = 0 t o  15). I n t e r r u p t  i w i l l  Occur after the 
e x e c u t i o n  of the c u r r e n t  i n s t r u c t i o n  i f :  
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1. - INT = 0 (i.e. , n o  i n t e r r u p t  is i n  p rogres s )  or FI = 
PREIRET i n  t h e  prev ious  i n s t r u c t i o n .  Note t h a t  t h i s  
i m p l i e s  t h a t  if PRURET is n o t  used, a t  l e a s t  one non- 
i n t e r r u p t  i n s t r u c t i o n  i s  execu ted  a f t e r  each i n t e r r u p t  

. r o u t i n e  i s  done, before t h e  next one is s t a r t e d .  To 
a v o i d  t h i s ,  t h e  n e x t  t o  l a s t  i n s t r u c t i o n  of t h e  
i n t e r r u p t  r o u t i n e  s h o u l d  s p e c i f y  F1 = PREIRET. The n e x t  
i n s t r u c t i o n  a f t e r  one which h a s  PREIRET must have  I R E T .  

2.  IENABLE (a f l a g  r e g i s t e r  bit) = 1. When t he  i n t e r r u p t  
system is d isab led  a l l  i n t e r r u p t s  have t o  wai t .  

3. N o  READ-MODIFY-WRITE is i n  i ts  RM phase (i.e., has 
s ta r ted  t o  read b u t  n o t  s t a r t ed  t o  write). 

4. - The c u r r e n t  i n s t r u c t i o n  does n o t  have F2 = INHZNT o r  
LOADPC or a s u c c e s s f u l  DGOTO, 

5 . .  i i s  t h e  l a r g e s t  number for which  ARMi AND I R E Q i  = 1. 

Changes i n  t h e  v a l u e  of A R M  or IENABLE do n o t  a f f e c t  t h e  
. i n t e r r u p t  system u n t i l  t h e  second fo l lowing  i n s t r u c t i o n .  Thus i f  

i n s t r u c t i o n  i clears IENABLE, an i n t e r r u p t  may occur  ( i f  t h e  
other  c o n d i t i o n s  are sat isf ied)  a f t e r  i or  a f t e r  i+l, b u t  will 
n o t  occur a f t e r  i + 2 .  

., *- . 

. .  
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The 3 6 - b i t  f l a g  r e g i s t e r  F s e r v e s  as a r e F o s i t a r y  f o r  v a r i o u s  
f l a g s  i n  t h e  p rocesso r  and p rov ides  a number of genera l -purpose  
s i n g l e  b i t  f l a g s  which can  be c o n v e n i e n t l y  nianipulated,  Some 
b i t s  of F a r e  set ox cleared by assorted e v e n t s  i n  the  p r o c e s s o r ;  
these a r e  mentioned i n  connec t ion  w i t h  t h e  d e s c r i p t i o n  of the 
r e l e v a n t  e v e n t  and summarized in Appendix E. I n  a d d i t i o n ,  there 
a r e  o p e r a t i o n s  which wowk on a l l  t h e  b i t s  of F; 

NOT F reads NOT F o n t o  t h e  bus  
SETF [ s  ] sets t h e  b i t s  of F which are 1 i n  S [ s ]  
SETFCC s , cond ] does SETFCs] i f  t h e  branch c o n d i t i o n  i s  

t r u e . _ ( t h e r e  w i l l  a l s o  be a branch  i f  t h e  
c o n d i t i o n  i s  t r u e )  

C L E A R n s  J clears t h e  b i t s  of F which a re  1 i n  S[sJ 
CLEARFCC s, cond J dQes CLEARFCs] i f  t h e  branch c o n d i t i o n  i s  

SETFBC s , cond] 

SETSF[ s 3 

t r u e  (there w i l l  also be a b r a n c h  i f  t h s  
c o n d i t i o n  i s  t r u e )  
does S E T F l s ]  i f  t h e  branch c o n d i t i o n  i s  
t r u e ,  CLEARF [ s ]  i f  i t  i s  f a l s e  (there 
w i l l  a l s o  be a branch i f  t h e  c o n d i t i o n  is 
t r u e ) .  
sets b i t s  of F selected by S[ s J[ 32-35 J 
( i a e a ,  K,.  J, H ,  and  G )  i f  (F AND S[sJ AND 
-20B) # 0 ,  

A l l  of these a re  s p e c i f i e d  by f u n c t i o n s  excep t  NOT F, which i s  a 
bus source ,  SETSF[ s3 is also a F2, G ,  w #  J and K are b i t s  of F 
which c a n  be t es ted  by branch c o n d i t i o n s ;  t h e y  can also be set i n  
a v a r i e t y  of ways (see Appendix E). 

For i = ,6, 1, . . ., 35, if 
the i n s t r u c t i o n  c o n t a i n s  SETF, CLEARF o r  SETFB, or  
i f  it c o n t a i n s  SETFC o r  CLEARFC and t h e  b r a n c h  
c o n d i t i o n  is  t r u e ,  or i 2 32 and i t  c o n t a i n s  SETSF; 
b i t  i of t h e  word read from S is  1; 
b i t  i of t h e  f l a g  reg is te r  ( F [ i  J) is being se t  or 
cleared independent ly  by some other p a r t  of t he  
processor ;. 

then t h e  new v a l u e  of F[ i] is t h e  OR of t h e  va lue  it would hav2 
gotten from (1) and (2)  above, and  t h e  v a l u e  i t  would have g o t t e n  
from (3 )  above. . 

I-:-- 
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3 . 0  Ari thrne t ic /Loqic  S e c t i o n  

The a r i t h m e t i c / l o g i c  s e c t i o n  of t h e  p r o c e s s o r  is shown i n  the 
upper  l e f t  q u a r t e r  of F i g u r e  1. I t  c o n s i s t s  of two r eg i s t e r .  
bsnks  L and R w i t h  32 r e g i s t e r s  p e r  bank, two working r e g i s t e r s  P 
and Q, m u l t i p l e x i n g  for i n p u t s  to  P and  Q, and a 36-bit 
arithme t i c / l o g i c  u n i t  (ALU) . 
3.1 R e q i s t e r  Banks 

The two r e g i s t e r  banks a r e  addressable from t w o  f i v e - b i t  
f i e l d s  L A  and RA i n  t h e  m i c r o i n s t r u c t i o n ,  or from the  low o r d e r  
f i v e  b i t s  of the 8 -b i t  X.- r e g i s t e r ,  or from t h e  4 - b i t  AC register. 
The  s a u r c e  of a r e g i s t e r  bank address is determined by t h e  
a p p r o p r i a t e  A f i e l d  as fo l lows:  % *  

1) 
2) A = 2 o r  3 :  ta&e t h e  address frcm AC 
3) A = 4: a d d r e s s _ r e g i s t e r  4 ,  but never  write i n t o  i t  

4) A > 4: address, register A 

The above r u l e s  imply t h a t  r e g i s t e r s  0 - 3  can only be 
r e f e r e n c e d  frcm X or  AC, (and r e g i s t e r  4 can be s t o r e d  i n t o  o n l y  
when addressed v i a  X or A@. Far t h e  l e f t  bank, i f  LA = 1 (3) and  
X [32-35]=0(AC=B) , t h e  i n s t r u c t i o n  w i l l  read t h e  va lue  0 
r e g a r d l e s s  of t h e  c o n t e n t s  of t h e  r e g i s t e r  addressed and  w i l l  not 
write i n t o  t h e  r eg i s t e r  bank. T h i s  k ludge  i s  p o v i d e d  so t h a t  
PDP-18 indexing  and s e l f - i n s t r u c t i o n s  can be emula ted  
conven ien t ly .  R A = 1 , 5 3 )  . 1  is t h e  same a s  RA=0 (2) .  

A = 0 or 1: take t h e  address frcm X 

- (see be$ow) 

The X r e g i s t e r  can ,  be: goaded f 1 -  from 
B[ 28-35'] 

B[ 6-11"] j+dJPpI?-.lOl b y t e ; - p o l n t e r  . .  s i z e  . . . . .  f i e l d )  
B[ 14--1 7.3 ( P D P 4 0 ,  Lindex-. f i e l d )  ':-- . - - _ _ -  - . 

- .  " 
- .  . CL . 

c c : - .  c: 1 -. : r:. 1. &-.- . . . .  
The AC reg:ist  eg Fan, be .&aded-hbml.  

- 
.__ - ..~ 

" .̂  - ._ ._ . . -  
I ~ . -  . . . .  a ( -  

,, - . 
. r  

. .  
Bc 32-35.) -' 5;: '.-,:.I . . 
B[ 9-12;].. 2.-(P?P-,0. AC. f i e l d )  I- . . .  ... . . . .  , ~ ._ 

- --C) P P :  5 ;- ,, 2." ' 

Both regi,sters may be incremented and . decremented w i t h  
f u n c t i o n s  and may: be read- onto: t h e  bus ( r i g h t  j u s t i f i e d )  X[ 30- 
35.1- may a l s o - b e  r e a d , o n t o - t h e  b u s -  l e f t - j u s t i f i e d  ( L e o  , into B[P 
$3; t h i s  p u t s  it i n  t h e  PDP-10 b y t e  p o i n t e r  p s i t i o n  f i e l d .  Two 
branch  c o n d i t i o n s  e x i s t  t o  tes t  t h e  s i g n  of X. The value of X 
( b u t  no t  .AC) i s  p r e s e r v e d  across an i n t e r r u F t .  

I n  each i n s t r u c t i o n  it is p o s s i b l e  t o a r e a d  from or w r i t e  into 
( b u t  n o t  both)  t h e  l e f t  r e g i s t e r  bank, and independen t ly  t o  do 
t h e  same w i t h  t h e  r i g h t  r e g i s t e r  bank. The d e c i s i o n  on whether 
t o  read or w r i t e  is made as  follows. I f  t h e  register bank is 
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addressed by PS o r  QS, i t  is  read, ‘ O t h e r w i s e ,  it i s  w r i t t e n  
u n l e s s  t h e  microinstruction a d d r e s s e s  r e g i s t e r  4 ,  i n  which case 
n o t h i n g  is  done, Note t h a t  LA=1 or 3 may o v e r r i d e  t h i s  for t h e  
l e f t  bank i f  r e g i s t e r  0 i s  addressed by X[32-351 o r  AC. 

3.2 and Q Rcqisters; C y c l e  a n d  Mask 

The m u l t i p l e x e r s  on t h e  i n p u t s  t o  P and Q are under c o n t r o l  
of t w o  f i e l d s  PS and  QS i n  t h e  m i c r o i n s t r u c t i o n ,  The p o s s i b l e  
i n p u t s  for  t h e  working registers selected b y t h e s e  f i e lds  a r e  
g iven  i n  Tab les  2 and 3. P and Q a re  always l oaded  w i t h  t h e  data 
s p e c i f i e d  by these tables  w i t h  two e x c e p t i o n s ;  P i s  n o t  l o a d e d  
if F1 = LDPALUH AND ALU@=H; P0 is n o t  l oaded  i f  FZ=ASHOVF. 

. .~ 

When P is l oaded  from a n y t h i n g  exceFt  B, P1 or ALU RSH 1 it ’ 

is possible t o  mask t h e  i n p u t  with 2**n - 1, L e a ,  keep the 
r igh tmos t  n b i t s  of i n p u t  and z e r o  t h e  rest. This a c t i o n  is 
selected by one of four f u n c t i o n s :  

Funct ion 

SAMASK 
BMIASK 
AMASK 
XMASR 

N - 
SA 
BAS 
AF ( l i m i t s  N to < 40B) 
X register 

where t h e  mask l e n g t h  n = M A X ( 3 6 ,  N mod 64). If F l  is n o t  one  of 
these f o u r ,  no masking takes p l a c e ,  

Note that the mask and  PS f e a t u r e s  allow an  a r b i t r a r y  f i e l d  
t o  be e x t r a c t e d  from P (or Q, u s i n g  RCYQQ or NOTALU, u s i n g  
RCYNOTALUQ) and p u t  i n t o  P r i g h t  j u s t i f i e d .  The f i e l d  can  be 
s p e c i f i e d  either by t h e  i n s t r u c t i c n  ( u s i n g  one of SA, BA and AF) 
o r  by t h e  X(3length) and Y ( r i g h t  c y c l e  r e q u i r e d )  r e g i s t e r s .  

F2=ASHOVF, i n  a d d i t i o n  t o  i n h i b i t i n g  t h e  l o a d i n g  of PB, sets 
t h e  f l a g  regis ter  b i t  OVF t o  1 i f  P0#P1; t h e  i n t e n d e d  use  is t o  
set  OVF i f  a l e f t  s h i f t  would have changed t h e  s i g n  of P. There 
are branch c o n d i t i o n s  (QODD, QEVEN) t o  test t h e  bottom bit of Q 
a t  t h e  ‘start of t h e  i n s t r u c t i o n .  They are  i l l e g a l  i f  Q w a s  
loaded from a slow s o u r c e  i n  t h e  l a s t  h s t r u c t i . c n .  

I n  normal mode (INT = 0 )  I both P and P1 are loaded when 
l o a d i n g  of P is specified by t h e  i n s t r u c t i o n .  I n  t h e  i n t e r r u p t  
r o u t i n e s  (INT=1) , t h e  l o a d i n g  of P1 is i n h i b i t e d .  P1 t h u s  
preserves t h e  c o n t e n t s  of P across  t h e  i n t e r r u F t  r o u t i n e .  The 
h s t  i n s t r u c t i o n  of t h e  i n t e r r u p t  r o u t i n e  should  therefore have 
PS = P1 as w e l l  as IRET. 

c. 
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3 . 3  _ A r i t h m e t i c  and Loqic Opera t ions  

- The ALU c a n  compute a l l  1 6  Boolean f u n c t i o n s  of P and Q as 
w e l l  as a number of a r i t h m e t i c  f u n c t i o n s ,  I t s  ope ra t ion  i s  
control led by a 5 - b i t  f i e l d  i n  t h e  i n s t r u c t i o n  cal led AF. T h e  
v a l u e s  of A F  which produce t h e  v a r i o u s  ALU f u n c t i o n s  are 
s p e c i f i e d  i n  Table 4. ' 

The ari thmetic f u n c t i o n s  ( A F  1: 20)  are a f f e c t e d  by t h e  v a l u e  
of C A R R Y I N ,  which i s  0 unless one of t h e  func t ion  f i e l d s  selects 
1. ( F l  o r  F2=CARRYl) or 3 (F l=SETJCBCARRYJ)  .) 

I n  a d d i t i o n  t o  t h e  36-b i t  r e s u l t  s p e c i f i e d  by Table 4 ,  the 
ALU provides  three a d d i t i o n a l  b i t s  for  the a r i t h m e t i c  f u n c t i o n s  
s t a r r e d  i n  Table  4-, 

ALWCB is t h e  c a r r y  ou t  of b i t  0 from t he  twos-complement 
add s p e c i f i e d  i n  pa ren theses  i n  Table 4, 

ALUCl  is t h e  c a r r y  out  of b i t  1 
OVERFLOW i s  ALUCiEl # ALUC1, I t  is 0 i f  t h e  36 -b i t  twos- 

:-.. complement r e s u l t  c o r r e c t l y  r e p r e s e n t s  t h e  
s p e c i f i e d  func t ion ,  1 i f  t h e  r e s u l t  is wrong by 
+235 

- 

L _  . . - , -  

_ .  

The f k n c t i o n  SETOVPC01 se-t.s Elag r e g i s t e r  b i t s  PC0 and  PCl t o  
i n t o  

. flag r e g i s t e r  b i t  OVF, T h e " - ' f u n c t i o n  SETJCBCLAXRYJ sets J t o  

The va lue  of t h e  36-bit  ALU o u t p u t  r e l a t i v e  t o  0 i s  stored i n  
BALURC and may be tested , b y  a branch cond i t ion  i n  t h e  nex t  
, i n s t r u c t i o n .  AL'U8 (for PDP-lf3 f l o a t i n g  po in t  normal iza t ion)  and 
30- axe a l s o  s t o r e d - i n  EVUUBC - and. ~" may'be tested. T h i s  i n fo rma t ion  
3's a u t o m a t i c a l l y  - -  preserved  a c r o s s  i n t e r r u p t s ,  If INT=ET and 
:Fl=FRZBALUBC-, B A L - U B C ' h  - 'frozen a t  i ts  p rev ious  va lue  rather than 
be ing  updated to kefiec ' t  '-the' re'sults o€ t h e  c u r r e n t  i n s t r u c t i o n ,  

h.. 3 . 4  Communication with thkl.3us - . 

./ The a r i thme tkc j . l og ic  - . .  sec-ti"on- . communicates w i t h  t h e  rest of 
-&he processo r  viaa '  t h e -  bus- .- (aside from f l a g  b i t s  and branch 
c o n d i t i o n s )  , A s  mentioned above, X and AC can be loaded from or 
read- on to  t h e  b u s ,  a n d , P -  - or, Q can be loaded  fvom t h e  bus. 
L o a d h g  o f -  P- and Q - i s . ' cont . re l led-  by PS and QS a s  described above 
knd does n o t  r equ i r e .  t h e ' d - e s t i n a t i o n  f i e l d .  Note t h a t  P and Q 
s$&L.>klwa ys: ..- Zoa3e.d. ." so,,. -i&- :is, the programmer' s r e s p o n s i b i l i t y  t o  
! ~ v L e  PS select P and Q S  Q when he does n o t  wish t he  va lues  t o  
@ha_nge-. ' I n  add i t ion , '  Q and the ALU r e s u l t  nay be read on to  the 
bus  by- s p e c i f y i n g  them a s  sources ,  and. t h e r e  is a f u n c t i o n  
READALU t o  or t h e  ALU r e s u l t  w i t h  the bus va lue  s p e c i f i e d  by the 
source  f i e l d , .  Note t h a t  t h e  ALU is a slow bus source,  

t h e  values of ALUC0 a n d  ALUCLkeS..pectively and crs OVERFLOW 

ALUCB, The. f u n c t i o n  SETHQVF- sets H to ALUCB#ALUCl, . .  
. _ ,  . . . 

- - I  . . .  _ .  . , - _ .  < . . P  . ' -  ~ . .  __ . r,,," _.- - - .  . ~ . . ..". . -  . . . . * .  _ -  - - . -  r -  
_ -  I .  

. ,  
I. r ,? . % .- - _  - .  r .  . * - -  . 

.. - ~ 

. .  - .  - . _ .  
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PS ( o c t a l )  

0-4 6 
47 
50 
51 
5 2  
53 
54 
55 
56 
57 
6&1 . 6 1  
6 2  
63 
6 4  
65 
66 
67 
7 0  
7 1  

* c, 7 2  
73 
74 
75 

P Input 

PQ RCYC 0-461 
B 
P1 
ALU 
A L U  ARSHC 1 (P0-ALUCB) 
L L S @ 3 J  
L L s H [ 2 ]  
L LSHCl] 
L 
L RSH[ 13 
L RSH[ 2 3  

R LSH[ 3 7 
R L s H [ 2 ]  
R LSH[ 1 J 
R 
R R S H C l ]  
R RSHC2 J 
R RSH[ 3 )  
PQ LCY[3] 
PQ LCY[ 2 1  
PQ I J W ~ J  
unused 
PQ RCYCYJ 

L R S H [ 3 ]  

PQ RCYC 44-Y] 

unused 
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Notes (see n e x t  page) 

1 
cannot be masked 
cannot be masked 

cannot  be masked 
4 
4. 
4 

Table 2: P Input S e l e c t i o n  
."I_ - 

1,2 :  I l l e g a l  i f  Y w a s  
loaded from a slow 
source  o n  the pre- 
vious instruction. 
1,2,3: I l l e g a l  i f  Y 
was loaded on t h e  
previous i n s t r u c t  i o n ,  
or if I N T = = l .  BEWARE. 

--- I I 
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Notes: 

1.. PQ is a 72-bi t  number which can have one of the following 
va h e  s : 

Condi t ion  L e f t  36  b i t s  R i q h t  3 6  b i t s  
F l  or F2=RCYQQ Q Q 
F1 or F2=RCYfiQ 0 Q 

othe rwi s e P Q 
Fl=RCYNC>TALUQ NOT ALU Q (must have AF<20B) 

The r e s u l t i n g  P i n p u t  i s  the leftmost 3 6  b i t s  of t h e  cyc led  72- 
bit number. 

2 . .  A l s o  s e t s  H to (Y I 44B) If Y > 4 4 B ,  then l e t  C = (Y IF PS 
= PQ RCY Y ELSE 44B-Y MOD 100B IF PS = PQ RCY44E-Y) The P i n p u t  
w i l l  be PQ LCY (1,2,3) foy C = 77E,76E,75E. It w i l l  be something 
wel l -def ined but  u s e l e s s  otherwise,  L e e ,  if H is s e t  t o  1 t h e  
r e s u l t  i s  probably wrong. 

3.  Note t h a t  RCY44B-Y is  not the same as LCY Y ,  s i n c e  i t  is a lso  
necessa ry  to exchange P and Q. 

4 . .  Zeros a r e  sh i f t ed  into the vacated b i t  p s i t i o n s .  

Table 2:.  P Input Selection (continu.ed) 

I 
I -.- 

I I 



* *  

MICROPROCESSOR / Lampson, et al. 
Xerox Palo A l t o  Research C e n t e r  

es * p I n p u t  

0 L 

1 R 

2 ALU 

3 

4 

5 

6 

7 

Notes 
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\ 

B 

Q Q is a slow sink i f  t h e  nex t  
i n s t r u c t i o n  has BC=Q9DD o r  QEVEN 

# 

R RSH 1 Q0iALU35 IF PS=ALU RSHl ELSE 
R35 IF * ELSE 0 

Q RSH 1 Q0qP35 IF F2=ASHOVE ELSE 
Q35 IF * ELSE 0 

Q LSH 1 Q35- (ALUB#G) IF FlzQ3SALUG ELSE 
Q@ 1.F * ELSE 0 

* F1 = RCYQQ or F2 = RCYQQ or F1 = RCYNOTALUQ 

Table 3:  Q Input  Selection 
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AF Result  AF Result  (add 1 i f  CARRYIN = 1) 

0 
1 
2 
3 
4 
5 
6 
7 
10 
11 
12 
13 
14 
15 
16 
17 

N O T  P 

NOT P OR Q 
1 ( a l l  b i t s )  
NOT (P OR Q) 
NOT Q 
P = Q ( b i t w i s e )  
P OR NOT Q 
NOT P AND Q 
P # Q ( b i t w i s e )  
Q 
P OR Q # 

0 
P AND NOT Q 
P AND Q 
P 

NOT (P AND Q). 
28 
21 
22 
23 
24 
25 
26* 

- 27 
30 
3 l* 
32 
33 
34 
35 
36 
37 

* carry and  overflow o u t p u t s  are v a l i d  

Table 4: ALU F u n c t i o n s  

P - 1  
P AND Q - 1 
P AND N O T  Q - 1 
-1 (twos complement) 
X 
X 
P - Q - 1  (P + NOT Q) 
X 
X 
P + Q  (P + Q) 
X 
X 
2P 
(P AND Q) + P 
(P AND NOT Q) + P 
P 

. -  

. _ I . .  . 
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4. Loca l  Memories L. 

The p r o c e s s o r  p h y s i c a l l y  c o n t a i n s  three 1 8 2 4  word memories 
w i t h  18 bits/word ( p l u s  p a r i t y ) .  These a re  l o g i c a l l y  a r r a n g e d  a s  
two 512 'word x 36-b i t  memories c a l l e d  t h e  scratchpad (S) and t h e  
d i s p a t c h  memory (D)  , and an 1 8 - b i t  memory cal led t h e  MAP, S i n c e  
t h e y  a r e  p h y s i c a l l y  p a r t s  of t h e  same memory, S and D c a n n o t  both 
be r e f e r e n c e d  i n  t h e  same i n s t r u c t i o n ,  All three memoriss c a n  be 
addressed from t h e  9-b i t  Y r e g i s t e r ,  can  read da ta  o n t o  t h e  bus ,  
and  can s t o r e  da ta  from t h e  bus,  They are a l l  s l o w  s o u r c e s  and 
s i n k s .  

There a re  f u n c t i o n s  t o  increment  and  decrement Y and  to 
i nc remen t  i t  by 4 ,  and branch c o n d i t i o n s  t o  tes t  i t s  s i g n .  Y can 
be r e a 3  o n t o  t h e  bus ( r i g h t  j u s t i f i e d )  and c a n  be loaded from a 
number of places: 

# 

-Y 
B[ 27-35]  
B[ 18-2 6 ] (page number) 
B[ 0-8 ] (PDP-lb opcode or f l o a t i n g - F o i n t  exponent) 
B[ BI-5 ] (PDP-10 byte p o i n t e r  p o s i t i o n  f i e l d )  
400B + q33-35]*24B ( c o n v e r t s  a d i s k  u n i t  number on the 

bus  i n t o  t h e  address of a 16-word 
t a b l e  f o r  each u n i t  i n  t h e  uppe r  
h a l f  of S) 

(BC18 3 ,  B[ 28-35]) ( s h i f t  count )  

Y is a slow s i n k  if t he  n e x t  i n s t r u c t i o n  canta ins  PS = PQ RCY Yo 
The v a l u e  of Y is p r e s e r v e d  a c r o s s  a n  i n t e r r u F t ,  

4.1 Scratch Pad Memory (g) 

Unl ike  t h e  o t h e r  local memories, this one can be addressed 
from t h e  i n s t r u c t i o n  as well as from Y, T h e  8 - k i t  SA f i e l d  is  
u s e d  f o r  t h i s  purpose,  I f  it is < 20B, i t  i s  or'ed with Y t o  
produce the 5 address;  otherwise SA is t h e  address. T h i s  means 
t h a t  on ly  l o c a t i o n s  20B-377% can be r e f e r e n c e d  d i r e c t l y  from the 
i n s t r u c t i o n  w i t h o u t  u s ing  Y o  

I n  a d d i t i o n  t o  be ing  read o n t o  t h e  bus,  t h e  data from S may 
independen t ly  be s e n t  t o  F, where t h e y  Fe r fc rm v a r i o u s  u s e f u l  
f u n c t i o n s  (see s e c t i o n  2.2). I n  a d d i t i o n  t o  t h e  usual source  and 
d e s t i n a t i o n  v a l u e s  t o  put  S o n t o  the bus or load i t  from t h e  bus, 
there a r e  a l s o  f u n c t i o n s  READS and LOADS t o  do those t h i n g s .  The 
READS f u n c t i o n  or's S w i t h  whatever is p u t  on t h e  b u s  by t h e  
s o u r c e  f i e l d .  Note t h a t  D and S cannot  be r e f e r e n c e d  i n  t h e  same 
ins t r u c  I t i  on, c 
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4,2 Dispa tch  Memory (D, DM) 9 

T h i s  memory is p h y s i c a l l y  t h e  top 512 words of a l B 2 4  word 
memory of which S i s  t h e  bottom 512 words, As a r e s u l t ,  it 
behaves e x a c t l y  l i k e  a second copy of S which is  selected i n s t e d  
of S when D is t h e  s o u r c e  or d e s t i n a t i o n .  Thus i t  can be 
addressed from SA and 
LOADS f u n c t i o n s  a p p l y  t o  
be selected by s o u r c e  or 

D is i n t e n d e d  t o  
addresses and  a f l a g  for 
nothing i n  t h e  p rocesso r  

i s  s e n t  to F j u s t  like S. The EiEADS and 
it, bu t  make no s e n s e  s i n c e  D c a n  o n l y  
dest  i n a  t i  on. 

be used t o  hold three 1 1 - b i t  microcode 
each of t h e  512 PDP-10 opcodes, b u t  
hardware c o n s t r a i n s  i t  i n  this way, 

4,3 Map Memory (MAP, NP,) 

S i n c e  t h i s  memory 
address. The Y regis ter  

has 1 0 2 4  18-b i t  words, it  needs a l0-bi t  
i s  used for t h e  bottom 9 bi ts .  T h e  top 

bit, which  i n  t h e  in t ended  , use selects t h e  u s e r  map (1) or 
monitor  map ( O ) ,  is t a k e n  from t h e  c u r r e n t  user mode (CUM) b i t  of 
F, I n  order t o  f a c i l i t a t e  t h e  s e l e c t i o n  of user or mmitor map 
a c c o r d i n g  t o  the Teneix rules, an i n s t r u c t i o n  i n  which the 
f u n c t i o n  is me of t h e  f o l l o w i n g  p r o v i d e s  t h e  i n d i c a t e d  v a l u e  a s  
the t o p  bit of the MAP address, and a l so  se t s  CUM t o  that v a l u e  
(XCTi are F r e g i s t e r  b i t s ) :  

Funct ion  
IREF 

Value of taq b i t  of &I.?lP a d d r e s s  
CUM OR XCTO 

I&EF or RMWREF CUM OR XCTl 
BfREF CUM OR XCT2 
WREF CUM OR XCT3 

The f u n c t i o n s  a l s o  set H t o  t h e  XCT b i t  w h i c h  they r e f e r e n c e ,  
Note t h a t  t h e  REF f u n c t i o n s  also set  t h e  G flag (see Appendix E) 
modify MAR, and s t a r t  memory r e f e r e n c e s  (see s e c t i o n  5 ) .  They do 
not use  t h e  bus ,  Note also t h a t  MAPVA-. sets CUM t o  W. 

To f a c i l i t a t e  c l e a r i n g  t h e  MAP, which must be done e v e r y  t i m e  
the system switches u s e r s ,  there is a d e s t i n a t i o n  l4AP4- which 
i n i t i a l i z e s  flour r e g i s t e r s  s imul t aneous ly  from E[ 18-35 3;  the f o u r  
are t h e  r e g i s t e r  addressed by (CUM, Y) AND 1774B and t h e  three 
following cnes ,  
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4.4 I n s t r u c t i o n  Memory (I, I N )  

The i n s t r u c t i o n  memory I may be read and w r i t t e n  by t h e  
f o l l o w i n g  kludge. 

To read; 
B - address, LOADPC; 
P 1 I, DGOTQ[.+l]; 

Note t h a t  1 can be read o u t  only i n t o  P; it goes over t h e  bus, 
b u t  so s lowly  t h a t  it cannot  be s e n t  t o  any other  d e s t i n a t i o n .  

To write: 
B 7 address, LOADPC 
I - bus, DGOTOL,+l); 

I f  t -he  . i n s t r u c t i o n  which r e f e r e n c e s  I has  F 2 = I N H I N T ,  I[ 18-35] is 
r e f e r e n c e d ;  otherwise, 11 36-71] is r e f e r e n c e d ,  During t h e  c y c l e  
a f t e r  t h e  r e f e r e n c e  to:Z t h e  i n - s t r u c t i c n  being execu ted  is t h e  
one which was referenced, b u t  some s p e c i a l  l o g i c  p r e v e n t s  this 

. . . .  i n s t m c t i o n  from doing anything.: - - F 

. . ,  
- .  . . .  . .  --. 
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_ -  . . _  
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The memory i n t e r f a c e  used  by normal (non- i n t e r r u p t )  
microprograms c o n s i s t s  of a 4 B - b i t  data register ( P I X )  I a 21-bit 
address r e g i s t e r  (I"4AIi) , and c i r c u i t r y  t o  implement the r e q u e s t -  
r e sponse  p r o t o c o l  of t h e  main memory sys,tem. The memory 
interface a l lows  t h e  processor t o  make read, write, and read- 
modify-write references of several  t y p e s ,  some. of which  i n c l u d e  
access checking based on t h e  access pe rmis s i cn  b i t s  received from 
t h e  MAP memory. The  memory i n t e r f a c e  s u s p n d s  a c t i v i t y  in the 
p r o c e s s o r  under c o n d i t i o n s  i n  which a m i c r o i n s t r u c t i o n  would 
y i e l d  e r r o n e o u s  r e s u l t s  i f  a l lowed t o  e x e c u t e ,  The  p e r i o d  d u r i n g  
which  t h e  memory i n t e r f a c e  i s  a c t i v e  and  i n  which t h e  p r o c e s s o r  
w i l l  be suspended by m i c r o i n s t r u c t i o n s  which r e f e r e n c e  t h e  memory 
i n t e r f a c e  i s  d i s c u s s e d  i n  s e c t i o n  5-2 .  

T h e  memory i n t e r f a c e  uses f i v e  b u s  d e s t i n a t i o n s ,  t h r e e  of 
which have s ide e f f e c t s  o*her t h a n  s imply  l o a d i n g  r e g i s t e r s :  

READ-: MARC15-35 J - B[ 15-35 J, s t a r t  memory read 

WRITE-: MARC15-35 J 7 B[ 15-35], s t a r t  memory w r i t e  
The program must l o a d  MDR with t he  da t a  t o  be 
stored w i t h i n  two - i n s t r u c t i o n s  a f t e r  t h i s  
d e s t i n a t i o n  i s  invoked. The m i c r o - i n s t r u c t i o n  
c o n t a i n i n g  WRITE- m u s t  c o n t a i n  F 2 = I N H I N T  i f  the  MDR 
has n o t  been loaded. INHINT must also be set i n  
t h e  i n s t r u c t i o n  a f t e r  WRITE- i f  MCR is n o t  l oaded  
u n t i l  t w o  i n s t r u c t i o n s  a f t e r  FiRITE-. However, t h e  
i n s t r u c t i o n  which loads MDR does n o t  have t o  have  
I N H I N T  s i n c e  a n  i n t e r r u p t  after t h a t  i n s t r u c t i o n  
causes no problems. 

RMW- : MAR[15-35 J - B[ 15-35 I, s t a r t  RT4W 
The program must e x p l i c i t l y  disable  i n t e r r u p t s  by  
INHINT o n l y  d u r i n g  t h e  i n s t r u c t i o n  which uses t h i s  
d e s t i n a t i o n .  Once t h e  i n t e r f a c e  h a s  begun t h e  WIN, 
i n t e r r u p t s  w i l l  be a u t o m a t i c a l l y  d i sab led  u n t i l  the 
program has i n i t i a t e d  the  store portion of t h e  RMW. 
The s t o r e  p o r t i o n  must be beun w i t h i n  three 
microseconds a f t e r  t h e  RMW- or a memory error w i l l  
occux ( s e c t i o n  5.2) 

MDR-: MDRCB-351 -r BC0-351 
If a memory write i s  a t  a p o i n t  a t  which the memory 
e x p e c t s  MDR t o  be s t ab le ,  t h e  processor i s  
suspended u n t i l  the r e f e r e n c e  is completed. 

MAPVA-: MAR[27-35 3 - B[ 27-35], G-( ( ( S  IF F1 = ACFS ELSE 
ALU) AND 777760)  = 0 )  I Y - B[ 18-26) ,  CUM-rUM, X-B[ 28- 
35 3 
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uses the  fo l lowing  three b u s  sources: 

B[0-35) - [.IDRIB-35 J 
B[ 32-35) - ! * D ~  3 6 - 3 9 ]  
The p r o c e s s o r  i s  suspended on read or RMW i f  t h e  
memory has n o t  y e t  s u p p l i e d  data.  
B[lS-35) MAN 15-35] 

u s e s  t h e  f o l l o w i n g  f u n c t i o n s :  

NDR[ 36-39 J 7 B[ 32-35 J 
The comment under MDR- a p p l i e s .  

M A R [ ~ ~ - ~ Y J  -. q i s - 3 5 1  
I f  a memory r e f e r e n c e  is i n  F rogres s  and t h e  memory 
h a s  n o t  yet t a k e n  t h e  a d d r e s s ,  t h e  p r o c e s s o r  w i l l  
be suspended u n t i l  t h e  a d d r e s s  has been d e l i v e r e d  
to the memory. A t e s t  mode exists which suspends  
the processo r  i f  t h i s  f u n c t i o n  is execu ted  d u r i n g  
any  p o r t i o n  o f  a memory r e f e r e n c e ,  so t h a t  a n  
a d d r e s s  may be recovered  i f  a n  e r r o r  occurs during 
t h e  r e fe rence .  

T h i s  f u n c t i o n  s ta r t s  t h e  s tore  p o r t i o n  of an RM'd 
reference. I n t e r r u p t s  a x e  i n h i b i t e d  between t h e  
e x e c u t i o n  of an i n s t r u c t i o n  c o n t a i n i n g  I N H I N T ,  RMW- 
and t h e  e x e c u t i o n  cf t h e  i n s t r u c t i o n  a f te r  the  one  
c o n t a i n i n g  WRESTART. The remarks on l o a d i n g  MDR 
and i n h i b i t i n g  i n t e r r u p t s  wnich a p p l y  t o  t h e  WRITE- 
d e s t i n a t i o n  a l s o  apply  he re ,  excep t  t h a t  the 
i n s t r u c t i o n  c o n t a i n i n g  WRESTART does n o t  have t o  
use I N H I N T .  

WREFDXK RMWREFDXK, XREF, I REF, E I R E F ,  RREF, WREF,RMWREF: 
These f u n c t i o n s  l o a d  MAR [15-26)  fcom t h e  l o w  order 
b i t s  of t h e  map memory v i a  i ts  d i r e c t  o u t p u t s ,  and  
c o n d i t i o n a l l y  s t a r t  t h e  s p e c i f i e d  t y p e  o f  
r e f e r e n c e .  The c o n d i t i o n s  under which the 
processor is  h a l t e d  when these  f u n c t i o n s  are 
execu ted  and  t h e  r u l e s  about l o a d i n g  MDR and  
i n h i b i t i n g  i n t e r r u p t s  are i d e n t i c a l  t o  t h o s e  which 
a p p l y  on a normal r e f e r e n c e  of t h e  same type 
(WRITE- for WREF and WREFDXK, RYd- f o r  RiWREF and 

Rl4WREFDXK, READ- for t h e  c t h e r s ) ,  I n  a d d i t i o n ,  
t h e s e  f u n c t i o n s  check the  l e g a l i t y  of the r e f e r e n c e  
a g a i n s t  t h e  access p e r m i t  b i t s  from the map memory. 
A r e f e r e n c e  is l e g a l  i f f :  

RREFDXK 
RREF 
UiEF 
BIREF 

MAP[ 18 1- = 0 
M A P [ l 8  J = 0 
MAPr18 J = 0 
MAPC18) = 0 
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MAP[ 1 9 )  = 0 
MAPC19-J = 0 
MAP[18] = M A P [ 1 9  ] = I3 
MAP[18] = M A P [ 1 9 ]  = 0 
MAPC201 = 0 

If t h e  s p e c i f i e d  r e fe rence  t y p  i s  l e g a l ,  and  i f  G 
= E, t h e  i n t e r f a c e  is s t a r t e d .  I f  the access is 
i l l e g a l  or i f  G = 1, t h e  i n t e r f a c e  is  n o t  s t a r t e d  
and G is set. MAPVA-. l e a v e s  G = 1 iff an AC 
r e f e r e n c e  i s  detected. 

To a l low the processor  t o  be debugged i n  single s t e p  mode, 
t h e  memory in te r face  has two a d d i t i o n a l  f e a t u r e s .  I n  s i n g l e  s t e p  
mode, t h e  i n s t r u c t i o n s  which normally start  RMW r e f e r e n c e s  s t a r t  
READS, and W.RESTART starts a WRITE. Flhen WRESTART is i s s u e d  or 
WRITE is i s s u e d  and F2 = I N H I N T ,  the a c t u a l  store i s  deferred 
until an  i n s t r u c t i o n  is executed w i t h  Z N H I N T = O .  

5 . 1  D i s k  Memory I n t e r € a c e  

The d i s k  memory i n t e r f a c e  is similar t o  t h e  p rocesso r  
i n t e r f a c e ,  b u t  i s  cons ide rab ly  s imple r ,  s ince it d e a l s  o n l y  w i t h  
p h y s i c a l  addresses and has a more l imi t ed  command r e p e r t o i r e .  
The d i s k  memory i n t e r f a c e  should  be used only by i n t e r r u p t  
r o u t i n e s ,  and is provided p r i n c i p a l l y  t o  avo id  sav ing  t h e  s t a t e  
of a memory i n t e r f a c e  dur ing  i n t e r r u p t s ,  ra ther  t h a n  t o  i n c r e a s e  
memory bandwidth. 

The i n t e r f a c e -  c o n t a i n s  a 40-bit  ( p l u s  p a r i t y )  data r e g i s t e r ,  
KMDR, a n d  a 21-bit address r e g i s t e r  KMAR. Seve ra l  of t h e  
intey-face.  . c o n t r o l  ope ra t ions  t r a n s f e r  d a t a  d i r e c t l y  from t h e  40- 
b i t  d i s k  data ce ’g i s t e r  KDATA. 

. . .  
The i n t e r - f a c e  has  t iming  and r e g i s t e r  l a d i n g  c o n s i d e r a t i o n s  

s i m i l a r  t o  those‘  i n  t h e  processor  i n t e r f a c e ;  however, the 
comments concerning the  i n h i b i t i n g  of i n t e r r u p t s  do n o t  apply ,  
since t h i s  in t ie r face  . .  is we’d on ly  by i n t e r r u p t  rout ines .  

The d i s k  memory i n t e r f a c e  uses  t h e  fo l lowing  f u n c t i o n s ,  w i t h  
a c t i o n s  as  s p e c i f i e d :  

---. 
KWRITEDATR: KDATA [ 8-35] 7 B[ 0-35 3 - KMDR[ @-35 ] , 

- - KDATM 36-39] - KMDR[ 36-39 J 
- ”  L..A-.,- - - .  - - *  - -  

KREAD DATA : KMDRC0-351 - B[ 0-35 J - KDATACB-35 ] 
KMDq36-39 J - KDATAC 36-39] 

LOADKMAR: 

LOADKMDRL: 

I(MAR[ 15-35 3 - B[ 15-35 1 

.KMDR[ 36-39] - B[ 32-35] . .  - 
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c. KWRESTART: -Start  the store portion of an RMW r e fe rence .  

.If a b u s  source is s p e c i f i e d  i n  a n  i n s t r u c t i o n  which u s e s  
KREADDATA o r  KWXITEDATA, t h e  d a t a  from t h e  s p e c i f i e d  s o u r c e  w i l l  
be merged on the bus. 

The fo l lqwing  bus sources are used by the disk memory 
interface: 

I .  

KMDR : q 0 - 3 5  J - XMDRCRI-35) 

KMAR: B[ 15-35 3 

KMDRL : 32-35) -- K M D N  36-39 ) 

the following b u s  d e s t i n a t i o n s :  a n  d 

. <  

. .  

. I  

. ' .  

. .  , 

I 

KMARL15-35 ] - B[ 15-35], s t a r t  write 

KMAR[ 15-35 J '1 B[ 15-35 3,  start r ead  

KMAN15-35) -. q15-351,  start RMW 

KWRITE-: 

KREAI).. : 

'KRMW- : 

. .  . 

.. 

1-  " 
. . ,. _._ - .  . . . I -.. - .  

. -  - 

.. . . -  . .  . . 
. .  . ^ ^  -, . .  . _ .  - 

- .  . . . .  - _ .  . .  
. .  . 

L .  

- . ? . - . - -  ...^ - - .  ~- . , _ . . . . . _ . . . . _ ,  - _ - .  . .  

c. ' 
. . -. - . . . . 
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The maintenance i n t e r f a c e  has  two independent func t ions .  The 
f i r s t  i s  t o  : f a c i l i t a t e  1 6 - b i t  d a t a  t r a n s f e r  ketween the NOVA and 
any of 256 e x t e r n a l  dev ices ,  s e v e r a l  of khich  a r e  used by t h e  
microprocessor;  t h e  second is  t o  process  i n t e r r u p t s  from t h e  MAXC 
system used fo r  i n t e r p r o c e s s o r  communication and error:  r e p o r t i n g .  

6 - 1  NOVA P o r t i o n  

A t  the NOVA, t h e  maintenance i n t e r f a c e  c o n s i s t s  of two 
s e c t i o n s ,  one f o r  d a t a  t r a n s f e r s  and one for i n t e r r u p t  handling. 
T h e  d a t a  t r a n s f e r  p o r t i o n  of t h e  i n t e r f a c e  c o n s i s t s  of an  8-b i t  
e x t e r n a l  d=.vice address r e g i s t e r  AD, and g a t i n g  t o  a l low 
b i d i r e c t i o n a  1 d a t a  t r a n s f e r  s o  The address r e g i s t e r  is  loaded  
from t h e  low order 8 b i t s  of AC w i t h  DOB AC, PAINT. T h i s  add res s  
is s e n t  t o  a l l  e x t e r n a l  devices ,  and causes  them t o  p l a c e  d a t a  on 
t h e  1 6 - b i t  b u s  i f  t hey  a re  i n p u t  devices ,  cr prepare  t o  r e c e i v e  
d a t a  i f  t h e y  a r e  o u t p u t  devices .  Due t o  t iming  c o n s t r a i n t s ,  a 
unique e x t e r n a l  d e v i c e  address i s  a s s o c i a t e d  w i t h  an i n p u t  d e v i c e  
o r  a n  o u t p u t  device ,  bu t  no t  both. To o u t p u t  16 b i t s  f rom AC t o  
t h e  dev ice  addressed by AD, DOA AC, MAINT should be executed,  
S i m i l a r l y ,  ,DIA AC, MAINT i n p u t s  1 6  bits frcm the ( i n p u t )  d e v i c e  
addressed  by AD, Doing i n p u t  from a dev ice  designed to a c c e p t  
ou tpu t  r e s u l t s  i n  B, and doing output  t o  a n  i n p u t  d e v i c e  has  no 
e f f e c t ,  S ince  a l l  L/O a c t i v i t y  occur s  w i t h i n  t h e  span of one 
NOVA i n s t r u c t i o n ,  t h e  normal BUSY and DONE l o g i c  a s s o c i a t e d  w i t h  
NOVA I/O .devices is not p r e s e n t ,  and t h e  START and CLEAR 
f u n c t i o n s  have n o  effect ,  It  i s  p o s s i b l e  t o  send a s i n g l e  p u l s e  
t o  t h e  dev ice  addressed by  AD by execut ing  NIOP b1AINT. 
I n t e r p r e t a t i o n  of t h i s  s i g n a l  v a r i e s  w i t h  t h e  device. 

The second p o r t i o n  of t h e  maintenance i n t e r f a c e  r e c e i v e s  t w o  
communication s i g n a l s  from t h e  remaindsr  of t h e  system, and 
i n t e r c e p t s  two error s i g n a l s ,  FATAL ERROR (FER) and NON-FATAL 
ERROR (NZFER) , The l a t t e r  two s i g n a l s  a r e  genera ted  by v a r i o u s  
portions of t h e  system when errors a r e  detected, NFER is 
c u r r e n t l y  used  only t o  detect c o r r e c t e d  s i n g l e - b i t  f a i l u r e s  i n  
t h e  memory system, When it is r e c e i v e d  a t  t h e  NOVA, error  
statistics a r e  ga thered ,  b u t  no other a c t i v i t y  cccurs .  

The f a t , a l  e r r o r  s i g n a l  i s  genera ted  when an  u n c o r r e c t a b l e  
error occur s  a t  t h e  memory o r  a t  t h e  processor .  A l l  dev ices  i n  
t h e  sys tem sample t h i s  signal, and h a l t  when they  de tec t  i t ,  The 
NOVA must t h e r e f o r e  take  a c t i o n  t o  r e s t a r t  t h e  system when t h i s  
i n t e r r u p t  occur s. 

The f o u r  sou rces  of  i n t e r r u p t s ,  FER, NFER, COtIA, and COMB, 
are  merged t o  cause  a s i n g l e  NOVA i n t e r r u p t ,  T h i s  i n t e r r u p t  may 
be masked off i n  t h e  normal Kay w i t h  MSKO, us ing  b i t  6 .  The 
s i n g l e  i n t e r r u p t  is connected t o  t h e  DONE f l a g  for  i W N T ,  so t h a t  
the s t a t e  of these i n t e r r u p t s  may be tested while  they are masked 
o u t  (however, t h e  f u n c t i o n s  which normally set and c l e a r  DONE 
have no effect) , The four  i n t e r r u p t s  may be enabled and d i s a b l e d  
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s e p a r a t e l y  by  execu t ing  DOC AC, MAINT w i t h  a f o u r - b i t  mask in AC. 
The b i t s  are: 

12 FER 
13 NFER 
1 4  COMA (MAXC processor t o  NOVA s i g n a l )  
1 5  COMB (unused) 

O n e ’ s  i n  A C  disable  t h e  i n t e r r u p t .  A f t e r  a g iven  i n t e r r u p t  is 
d i s a b l e d ,  i t  may occur  once more p rov id ing  it wa.s pending a t  t h e  
t i m e  it w a s  d i sab led ,  

When D I C  AC, MAINT is executed ,  a f o u r - b i t  mask i s  read i n t o  
AC, w i t h  one ’ s  cor responding  t o  t h e  s o u r c e ( s )  of the i n t e r r u p t  
( t h e  t o p  1 2  b i t s  c o n t a i n  garbage) .  These f l a g s  remain se t  u n t i l  
e x p l i c i t l y  cleared w i t h  N I O C  MAINT. 

The c o r r e c t  sequence of e v e n t s  i n  s e r v i c i n g  t h e  s i n g l e  
maintenance i n t e r f a c e  i n t e r r u p t  is: 

1. Reaid i n t e r r u p t  f l a g s  w i t h  D I C  RC, MAINT. 

2, Disable maintenance i n t e r r u p t s  and clear the flags w i t h  
DOC AC, MAlCNT (AC=17) .  

S e r v i c e  t h e  i n t e r r u p t s  as determined by t h e  flagword. 3 ,  

40 Re0.lenabl.e t h e  maintenance i n t e r r u p t s  with DOC AC, MAINT 
,(AC-B) 

5, Re-(enable NOVA i n t e r r u p t  (INTEN) and r e tu rn .  

I n  s e r v i c i n g  t h e  FER and NFER i n t e r r u p t s  it is  n e c e s s a r y  t o  poll 
d e v i c e s  capab le  of c a u s i n g  these i n t e r r u F t s  t o  de te rmine  t h e  
source .  This is described i n  d e t a i l  by t h e  documentation for 
each device ,  

60 2 Processor S e c t i o n  

The p r o c e s s o r  s e c t i o n  of the  system maintenance i n t e r f a c e  
c o n s i s t s  of ,a number of r e g i s t e r s  which may be loaded  from the 
Nova, a l lowing  it t o  c o n t r o l  t he  o p e r a t i o n s  of the p r o c e s s o r ,  
These r e g i s t e r s  a re  ( fo r  e x a c t  format, see AFFendix F):  

a) A 6 4 - b i t  r e g i s t e r ,  P I R ,  which holds a s i n g l e  
m i c r o i n s t r u c t i o n  (not  i n c l u d i n g  t h e  branch  address 
f i e l d )  which can be executed  under  c o n t r o l  of t he  Nova. 

b) A 3 6 - b i t  bus  data r e g i s t e r ,  BR, which can be gated o n t o  
the processo r  bus  under c o n t r o l  of t he  Nova. 

c )  A m u l t i p l e x e r  capab le  of r e t u r n i n g  6 4  b i t s  of data t o  
t h e  Nova,. 36 b i t s  are used for t he  Fr-ocessor bus, t h e  
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C remainder r e t u r n  s t a t u s  c o n d i t i o n s .  The s t a t u s  b i t s  
r e t u r n e d  a r e  t h e  s t a t e  of t h e  RUN f l i p  f l o p ,  t h e  s t a t e  
of the two memory i n t e r f a c e s ,  and t h s  p a r i t y  error 
f l a g s .  When any p a r i t y  error occurs , ,  FER ( f a t a l  e r r o r )  
i s  s e t  throughout  t h e  system, caus ing  a l l  processo r s  
( i n c l u d i n g  t h e  one which caused the  error) w i t h  t h 2  
excep t ion  of t h e  Nova, t o  h a l t .  The Nova i s  
int lerrupted,  and w i l l  be expected t o  d e a l  w i t h  t h e  error 
and r e s t a r t  t h e  processor .  T h e  p a r i t y  e r r o r  f l a g s  a r e  
reset by ERRESET. 
A 16-b i t  c o n t r o l  r e g i s t e r ,  CR, which may be loaded  from 
t h e  Nova. 

The b i t s  of the c o n t r o l  r e g i s t e r  are as follows: 

, 

E I C  Enable i n s t r u c t  i o n  c o n t r o l l e d  changes 
EB E n a b l e  changes i n  BALUBC 
EIMA Enable changes i n  I M A  
EPC Enable changes i n  PC 

(Thle f o u r  b i t s  above enab le  v a r i o u s  f l a v o r s  of c l o c k  i n  
t h e  processor . )  

ss ( s i n g l e  s t e p )  I f  se t ,  t h e  RUN flip f l o p  is cleared 
one c y c l e  a f t e r  it is  set. 

SETRUN Sets RUN. Run is cleared by SS and by v a r i o u s  
error cond i t ions .  

ERRESET Resets error c o n d i t i o n s  ( p a r i t y ,  etc.) i n  t h e  
processor .  

EFM (execute  from memory) I f  se t ,  m i c r o i n s t r u c t i o n s  
are executed from t h e  i n s t r u c t i o n  memory. ~f 
clear, microinstructions are executed from P I R .  
Causes t h e  c o n t e n t s  of t h e  bus r e g i s t e r  t o  be 
placed on t h e  p rocesso r  bus. 
I n h i b i t s  process0 r i n t e r r u p t s .  

REGTOB 

INTOFF 
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. .  7.0  D i s k  C o n t r o l  

The d i s k  i n t e r f a c e  c o n s i s t s  of three bus d e s t i n a t i o n s  
( K U N I T - ,  K S E W ,  and KCSET-), two bus sources (KUNIT and K S T A T ) ,  . 
three f u n c t i o n s  (KREADDATA, KWRITEDATA and XNEWCOIW) I and some 
i n t e r r u p t  machinery. The l e t t e r  * K *  has been chosen t o  preface 
a l l  d i s k  r e g i s t e r  names, 

The d i s k  c o n t r o l l e r  hardware d i v i d e s  into t w o  p a r t s .  The 
first part ,  c a l l e d  the common c o n t r o l l e r ,  p rov ides  s e r v i c e s  t o  
a l l  d i s k  u n i t s ,  The XUNIT r e g i s t e r ,  i n t e r r u p t  control, write 
o s c i l l a t o r ,  bus i n t e r f a c i n g ,  and memories which implement t h e  
KDATA r e g i s t e r s  are  a l l  p a r t  of t h e  common c c n t r o l l e r .  

The second p a r t ,  cal led t h e  u n i t  c c n t r o l l e r ,  is r e p l i c a t e d  
fo r  each d i s k  unit, I n c o r p o r a t e d  i n ’ t h e  d i s k  u n i t  cont ro l le r  are 
r e g i s t e r s  which respond,  t o  KSET-, KCSET-, and KSTAT, l o g i c  t o  
c o n t r o l  t h e  t ransfer  of data bytes t o  and from t h e  common . 

c o n t r o l l e r ,  g e n e r a t e  i n t e r r u p t  r e q u e s t s  and d e t e c t  error  
c o n d i t i o n s ,  and con t ro l  t h e  sequencing  of commands t o  t h e  disk 
unit, and a phase-locked loop f o r  disk data  recovery.  The design 
providzs f o r  one common c o n t r o l l e r  i n t e r f a c i n g  w i t h  (up to) eight 
 unit^ c o n t r o l l e r s ,  each of which i n  t u r n  i n t e r f a c e s  w i t h  one  
Century Data Systems 213 d i s k  u n i t .  

With each d i s k  u n i t  c o n t r o l l e r  a re  associated f ive  l o g i c a l  
reg i ste r s : a d i s k  command r e g i s t e r ,  a c o n t r o l l e r  command 
r e g i s t e r ,  a d i s k  and c o n t r o l l e r  s t a t u s  r e g i s t e r ,  one i n p u t  data 
r e g i s t e r ,  and  one o u t p u t  data register. T h e s e  r e g i s t e r s  are 
l o g i c a l l y  connected t o  t h e  above-mentioned bus sources and bus  
d e s t 3 n a t i o n s  i f  and o n l y  i f  t h e  KUNIT register p o i n t s  t o  t h e  
d e s i g n a t e d  u n i t  c o n t r o l l e r .  

During o r d i n a r y  p rocess ing ,  the c o n t e n t s  of t h e  KUNIT 
r e g i s t e r  may be changed by u s i n g  KUNIT-. a s  t h e  bus  d e s t i n a t i o n ,  
However d u r i n g  the p r o c e s s i n g  of an interrupt KUNIT is 
t e m p o r a r i l y  forced t o  p o i n t  t o  t h e  h i g h e s t - p r i o r i t y  d i s k  un i t  
which i s  r e q u e s t i n g  t h e  h i g h e s t  p r i o r i t y  interrupt, During t h i s  
pe r iod ,  t h e  pushed-down K U N I T  r e g i s t e r  c a n  be changed by u s i n g  
K U N I T -  as  t h e  bus  d e s t i n a t i o n ;  however t h i s  change w i l l  no t  be 
r e f l e c t e d  i n  t h e  KUNIT bus s o u r c e  until. a f t e r  i n t e r r u p t  
p r o c e s s i n g  is complete,  I n  practice, one would probably n o t  want 
t o  use  KUNITI-. as the bus. d e s t i n a t i o n  d u r i n g  i n t e r r u p t  p rocess ing .  
However, r e a d i n g  t h e  KUNIT bus  source d u r i n g  a n  i n t e r r u p t  r o u t i n e  
is t h e  only way o f  f i n d i n g  o u t  w i t h  w h a t  u n i t  t h e  i n t e r r u p t  is t o  
be associated. 

The f o l l o w i n g  paragraphs  describe t h e  e f f e c t  of KCSET-, 
KSET-, KSTAT, KWRITEDATA, KREADDATA, and KNEGCOMM upon the u n i t  
selected by KUNIT, N o  o t h e r  units axe a f f e c t e d ,  
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The KCS:ET- d e s t i n a t i o n  m o d i f i e s  t h e  ccmmand register of the 
unit controller a c c o r d i n g  t o  v a r i o u s  bus  b i t s  ( s e e  T a b l e  5 ) .  
T a b l e  5 ) .  This p e r m i t s  t h e  p r o c e s s o r  t o  a l ter  the u n i h  
processor i n t e r r u p t  mask, t o  reset i n t e r r u p t  conditions and t o .  
reset error c o n d i t i o n s .  

The KSET-. d e s t i n a t i o n  p e r f o r m s  t h e  a c t i o n  sy;ecified above for  
KCSET-, a n d  .in a d d i t i o n  loads t h e  d i s k  command regis ter  from t h e  
bus. These  data are l a t c h e d  by t h e  d i s k  ccmmand regis ter  and  
p r e s e n t e d  t o  t h e  d i s k  u n i t  f o r  a p r e s c r i b e d  t i m e  i n t e r v a l .  

The KNEWGOMM f u n c t i o n  (same a s  READS) i s  i n t e r p r e t e d  o n l y  i n  
c o n j u n c t i o n  w i t h  t h e  KSET-. bus d e s t i n a t i o n .  l t  c a u s e s  t h e  u n i t  
c o n t r o l l e r  t lo  reset  t h e  command it i s  c u r r e n t l y  p r e s e n t i n g  t o  t h e  
disk u n i t  before l a t c h i n g  up t h e  new command b e i n g  issued by 
KSET-. KNE'WCOMM i s  r e q u i r e d  when s e t t i n g  the head register,  
r es 
s t a  
hea 

e t t i n g  t h e  
r t i n g  seek 
d select  'g 

hea 

litc 
S. 

d r eg i s t  
It shoul  
hes  a n d  

err  s e t t i n g  the c y l i n d e r  
h n o t  be used  a t  other ti 
erase t u r n - o f  f blasts. 

r e g i  
mes f 

sterr and 
or  f e a r  of 

The K S T A T  source p u t s  s t a t u s  b i t s  from the disk u n i t  and 
controller o n t o  t h e  bus. (See _ _  Table 6 0 )  
< .  The KWRITEDATA f u n c t i o n  buffers d a t a  from BC0-351 and  KMDR 
135-391 f o r  ( e v e n t u a l  w r i t i n g  on  i t s  d i s k  u n i t .  The bus  da ta  may ' 

be r e a d  into P or Q in t h e  same m i c r o i n s t r u c t i o n  f o r  checksum 
computat ion .  

. The KRERDDATA places KDATAC0-351 onto t h e  bust loads KMDRCg- 
353 from t h e  bus,  and loads KiDR[ 3 6 - 3 9 )  directly from KDATACB- 
353. The ,bus data -may be read i n t o  P o r  Q for checksum 
computation < .  i n .  t h e  . -  same . .  , m i c r o i n s t r u c t i o n .  

- . .  

The d e t a i l s  of t h e  c o n t r o l l e r - d i s k  f i l e  i n t e r f a c e  and a 
number. of t e d i o u s  . ,  programming ~ d e t a i l s  are d i s c u s s e d  i n  Appendix 

- _  . ,  
I.. _. 

. - .  
. - ~ . -  GO -..- . .. - 

.~ _ -  ., . ,  . . .  - 
~ . .  . 

i ,? 

. .  . - . . -. _ _  . .  7 -  . 
. - _ _  - . .I 

- _ I  

, .. r ,- . r_ _ _  _. ~ ,. . .._ 
. .  ..l - .  '- .- _ _  - .. . . . . _  

_ *  .- . 

<- . . . .  . 



MICROPROCESSOR / Lampson, e t  a l .  
Xerox Palo A l t o  Research Centex 

Bus B i t  
P o s i t i o n  

0 
l* . 
2* 
3 
4 

5 

6 

7 
8 
9 
10 
ll* 
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15-23* 
24-35 
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a 

Enabl,e/disable sector i n t e r r u p s  on channe l  5B 
Load c y l i n d e r  r e g i s t e r  from B[ 15-23 J 
Load head r e g i s t e r  from B[18-231 
I n t e r p r e t  BE 15-23 J as a command and e x e c u t e  it 
E n a b l e / d i s a b l e  word i n t e r r u F t s  on c h a n n e l  1 3 B  
( r e a d i n g )  
Enable ld isab le  word i n t e r r u p t s  on c h a n n e l  12B 
(writing 
Enab le /d i sab le  word interrupts on c h a n n e l  1 1 B  
( d i s p a t c h )  
Reset sector c o n d i t i o n  , 
Reset p rocesso r  data  l a t e  
Reset con t ro l l e r  data  l a t e  
Reset sector overflow 
Deselect/select this u n i t  --- Un used--- 
Disk drive bus, i n t e r p r e t e d  acco rd ing  t o  BC1-31 --- Un us ed-- - 

* I n t e r p r e t e d  o n l y  for KSET-r. N o t  i n t e r p r e t e d  by KCSET-. 

\/ 

Table 5. KSET- and KCSET-. Bus I n t e r p r e t a t i o n  
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1 
2 

3 
4 

5 

6 

7 

8* 

9* 
10* 

11 
12-3 5 

Meaninq 

MAXC 8 , l  / Page 33 
March 2, 1972 

Index  c o n d i t i o n  (comes up  w i t h  sector c o n d i t i o n ,  
S t a y s  up for  o n e  s e c t o r )  
Uni t  unsa fe  (operator must  take a c t i o n )  
U n i t  o f f l i n e  ( i l l e g a l  u n i t  or o p e r a t o r  must t ake  
act  ion )  
U n i t  n o t  r eady  (= s e e k i n g  i f  o ther  s t u f f  OK) 
Seek has  f a i l e d  (very rare-restore and try a g a i n  
but probably  a hardware f a i l u r e ) ,  
Unit i s  read only (This i s  c o n t r o l l e d  by  a manual 
s w i t c h ,  bu t  t h e  hardware w i l l  look a t  this swi tch  
o n l y  when t h e  u n i t  i s  deselected. T h i s  means t h a t  
the software w i l l  have t o  deselect t h e  u n i t  before 
t h e  e f f e c t  of t h e  o p e r a t o r  throwing t h e  s w i t c h  w i l l  
be r e c e i v e d ,  by t h e  u n i t )  . 
C o n t r o l l e r  n o t  r eady  ( s e t  u n t i l  p r e v i o u s  command 
has been r e c e i v e d  by disk unit - -about  t w o  usec)  
Sector c o n d i t i o n  (sector i n t e r r q t  r e q u e s t  i s  held 
u n t i l  i t  i s  dismissed,  b u t  t h e  *'sector c o n d i t i o n "  
becomes t r u e  c o n c u r r e n t  w i t h  the sector i n t e r r u p t  
r e q u e s t  and f a l s e  a t  t h e  second word t i m e  
afterwards) , 
Processor data l a te  ( m i c r c i n t e r r u p t  s e r v i c e d  too 
l a t e )  
C o n t r o l l e r  data l a t e  (hardware problems) 
Sector over f low (st i l l  r e a d i n g ,  w r i t i n g ,  e r a s i n g ,  
or  word - in t e r rup t ing  a t  sector p u l s e ,  Reading 
w r i t i n g  and e r a s i n g  a re  turned-of f  and no f u t u r e  
word i n t e r r u p t s  w i l l  be r e q u e s t e d ) .  
Un i t  deselected. 
---Unused--- 

* Requ i re s  :reset by KSET- or KCSET-, Reading, w r i t i n g ,  e r a s i n g ,  
and word i n t l e r r u p t i n g  are prevented  by any  of these errors, 

Note: A l l  e.rrors preven t  w r i t i n g  i n s i d e  t h e  f i l e .  

Table 6 :  KSTAT Bus Data 
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Appendix A: Summary of Microinstruction Bits 

F i e l d  

BA 

BT 

P o s i t i o n  

0-10 

Meaning S i z e  - 

11 Branch address 

2 . .  - 11- 12 Branch type : 
RETURN I CGOTO 

BC 5 13- 13 Branch ccndition (BCg i n v e r t s  
the meaning) 

LA 5 L e f t  bank address: 0/1 = use X, 
2/3 = use AC 

18- 22 

RA 5 23-27 Right bank address: 0/1 = use 
X ,  2/3 = use AC b 

- . ^  

. Select i n p u t  to P PS 

QS 

AF 

- .  
34-36 Select input t o  Q 

- - . .  

. * .  
, I  . .  

,' . ._ - 

u .- 
. . I  

\ . -  

37-41 A L U  f u n c t i o n  

BS 

BD I 

Bus s o u r c e  

l47-51 
I -  

: 52- 5.7 

Bus d e s t i n a t i o n  

F1 

F2 * .,. . 
. .  - .  

. . _  

S A  

Funct ion  
" _ _  ~ 

. .  Second Func t ion  
b . .  

-% L - 
62-6 9 Scratchpad address: <20B = use 

SA OR Y 
. . ~  - .  

. -  
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il Appendix B: S u m m a r y  of Branch Conditions ' 

BC Meaning BC Meaning R e f e r e n c e  
(octal) (octal)  

I 

0 
1 
2 
3 
4 
5 
6 
7 

lk3 
11 
1 2  
13 I 

, 14 
15 

I 16 
17 

I t 

t 

I 

Never 
*mu f a 
*ALu < 0 
*ALu I 0  
* A L U 8  = 0 
*B < 0 
x < 0  
Y < O  
Q odd 
G = l  
H = l  
J = 1  
K = l  

28 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 

A l w a y s  

ALU 3 R) 3.3 
ALU > B 3.3 
ALU8 # b 3.3 
B 2 0  3 .3  
X L R )  
Y 3 0  
Q even 3.2 
G = 8  Appendix E 
N = b  Appendix E 
J = B  Appendix E 
K = B  AFpendix E 

ALU = B 3.3 

. .  . .  
~ 

1 . c-- *Preserved across i n t e r r u p t s  i n  BALUBC L . 
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Appendix C: 
c 

Summary of Primary and  Secondary Functions 

- F1 ( O c t a l )  MEANING 

0 
1 
2 
3 
4 
5 
6 
7 
10 
11 

No a c t i o n  
MAPREF (XCT0, R P ) #  H-XCTB 
MAPREF (XCT2, RP) H-XCT2 

MAPREF ( 0  , RP) 
MAPREF(XCT1, RP AND WP) # H-XCTl 
MAPREF(B, RP ANC WE) 
MAPREF (XCT3 I WP) I H-XCT3 
MAPREF ( 0 ,  WP) 
MAPREF(Q, XP) 

MAPREF(XCT1, RP) # H-XCTI ' 

--- 
IREF 
B IR EF 
RREF 
RREFDXX 
RMWREP 
RM W R E F DX I( * 
WREF* * 
WREFDXK* * 
XREF 

1 2  
1 3  . 

MAR-BC 15-35 3 
MDR[ 36-39 J-BC 32-35 3 

LOADMAR 
LOADXDRL , 

14 Start the write c y c l e  on a RMtd, 

15 
16 

LOADKMAR 
LOADKMDRL 

KMAR-B[ 15- 3 5 3 
KMDR[ 36-39 ]-B[ 32-35 J 

K WR EST?lRT S t a r t  t h e  write c y c l e  on  a K R M ,  

KRDATA B[ 8-35 ]-KDATA[ 81-35 3, KMDRC 0- 3 5 ] # 

-B[ 0-351, KMCR[ 36-39]-KOATA[ 36-39 3 
B[ 0-35 I-KMDRC fa-35 3 , 
-B[ 0-35 3 ,  KDATAC 36-39 J-.KMDR[ 36-39 J 

KDATAC B-3 5 3 , 21 KWDATA 

22 S IGNOVA R e q u e s t  NOVA i n t e r r u p t  

23 
24 
2 5  
26 
27 

I N C Y  
D E Y  
NEG Y 
L D Y K U N I  T 
I N C 4 Y  

Y-Y+l 
Y-Y- 1 
Y--Y 
Y-400B + B[33-353 * 20B 
Y-\Y+4 

30 
31 

I N C X  
DECX 

x-x+1 
x-x- 1 

* Must be accompanied by F2=INHI:NT ** Must be accompanied by F2+1INHINT if MDR is not loaded by the 
end of the instruction. *** The i n s t r u c t i o n  a f t e r  WRESTART must be a'ccompanied by F2 = 
INHINT if MDR is not loaded until two i n s t r u c t i o n s  a f t e r  
WRESTART. Note: MAPREF (urnbit, p e r m i s s i o n )  is CUM-CUM OR urnbit, 
s t a r t  memory reference i f  G = g a n d  p e r m i s s i o n  = 1, and G '1 G OR 
(permission = 0 ) .  . 
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- F1 (Octal) 

32 
3 3  

34  
35 
36 
37 
40 
41 

42 
43 

44 
4s 

46 c; 47 

50  . _  

.- . -  
51 
52 

53 
. _  

/ '  

. - ,  

54 
55 
56 
57  

~ Appendix C: 

NAME - 
INCAC 
DECAC 

SETF 
'SETFC 
CLEARF 
CLEARFC 
SEX'FB 
SETSF 

CAF R Y 1  
SET JC0CARRY J 

# 

SETHOVF 
SETOVPCQl 
- .  

RCY&IQ 
RCYNOTALUQ 
I _  

Functions (Continued) 

MEANING 

AC-AC+l 
AC-. AC- I 

F-F OR S 
F-F OR S IF BC is t r u e  
F-F AND NOT S 
F-F AND NOT S IF BC is t r u e  
F-(F OR S IF BC ELSE F AND NOT S) 

L B i t s  -. of F selected by SC32-351 are  
set to (F  AND S AND - 2 0 B ) # 0  (F[32- 
35j are  K,  J, H, and G) 

Supplies  i n p u t  carry = 1 t o  mu 
S u p E l i e s  i n p t  carry = J to ALU and 
sets J t o  ALUCB * 
Sets H to ALUCB # ALUCl 
PCB-ALUCRI PPCl-ALUCl, OVF- (lUUC0 # 
ALUC1) OR OVF 

Change cycler input from PQ t o  BQ 
Change cycler input from PD to (NOT 

Change cycler i n p u t  from P D  t o  QQ. 
Change Q-R R S H l  t o  Q.R RCY 1. 
Change Q R S M l  G Q L S H l  i n t o  Q RCYl I ;  

P L U ,  Q) 

Q LCYls 

DpnV load P if ALUB=H 
Mpdifies Q L S H L  See table 3 ,  
. _ _  

O r  ALU r e s u l t  w i t h  bus value 
specified by source 

S e t s - P  input mask to  2**SA - 1 
Sets- P i n p u t  mask t o  2**BA - 1 
Set P input mask t o  2**A3? - 1 
Sets P i n p u t  mask to  21054% - 1 

-Or' S with bus  v a l u e  specified by 
s o u r c e s  
Modifies RSET-. (section 7) 
Write bus i n t o  S 

ARM-BC 20-35 J 
BC 28-35 ]-ARM, E[ 14-17 I-INTNO, %[ 0 3 7 

INT 
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- F1 ( O c t a l )  

64 

65 

6 6  

67 

Appendix C: 

NAME - 
PREIRET 

IRET 

FRZ BALUBC 

POP 

Funct ions 

MEANING 

Prom is e s 
nex t  instruction 
Return from i n t e r r u p t  

Prevent  latched bus and ALU branch 
c o n d i t i o n s  from changing a t  t h e  end 
of this i n s t r u c t i o n .  I n e f f e c t i v e  i f  
INT = 1. 

Pop t h e  s t a c k ,  Must not 
CALL or RETURN. 

t ”  - .  

I c-. 
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(Continued) 

r e t u r n  from i n t e r r u p t  a f t e r  

._ . . . . . - . 

- -  

i . ,  - . . 

. . .  - .  

accompany 
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~ G Appendix C (cont inued)  : Secondary Funct ions  

I 5 

6 

7 

10 

11 

NAME - F2- ( O c t a l )  - 
ao- 0 

1 SEZSF* 

RCY0Q* 

CARRYL* 

ASHOVF 

RCYQQ* 

POP * 
ACFS 

I N W I N T  

LOADPC 

12  

13 

14 

1 5  

16 

17  

AYEA NI NG, 

N o  Act ion 

B i t s  of F selected by S[32-351 a re  
set to (F AND S ANC -2BB) #.B (FC32- 
35) are K, J, H, and G) . 
Change c y c l e r  i n p u t  t o  0Q. 

S u p p l i e s  i n p u t  c a r r y  = 1 t o  ALW. 

OVF- (PBW1) OR OVF, d i s a b l e  l o a d i n g  ’ 

of P[ 0 3.0 
# Change c y c l e r  i n p u t  t o  QQ. Change . 

& Q IS131 i n t o  Q RCYl  E Q LCY1. 
Q-R R S H l  to Q-R RCY1. Change Q R S H l  

Pop the s t a c k .  

Gq(777766 ANC S = 0 ) .  O v e r r i d e s  t h e  
u s u a l  s e t t i n g  of G by MAPVA-. 

Prevent an i n t e r r u p t  a f t e r  this 
i n s t r u c t i o n .  

NPC-BC 24-35 J and p r e v e n t  a n  
i n t e r r u p t  a t  t h i s  i n s t r u c t i o n .  

_--- 
W€U2START* Start t h e  w r i t e  c y c l e  o n  a RMW. 

* A l s o  provid,ed as a pr imary  func t ion .  
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Appendix D: 

NO. (Octa l )  

10 

13. 

11 
12 
12 

Summary of Bus Sources and , D e s t i n a t i o n s  

SOURCE BDINATION MEANING 

1 3  
1 4  
15  . 
15 
16 

16 
17 
20 
21 
21 
22 
23 
23 
24 
24 
25 
25 

stslow **Very 

NULL 
X 
Y 
AC 
*MAP 
*D 
*S  
**I 

MDR 

MDRL 

MAR 

-I- 

KMDR 
KMDRL 

KMAR 

w v -  

WUNIT 
WSTAT 

--- 
*NOT F 

Q 
*ALu 

slow. 

€3- 
X- 
Y- 
AC-. 
*MAPI  * D- * S-r 
*I- 

MDR- * *  

I 

READ- 

RMW-. 

WRITl3- 
KMDR- 

None, Eus value  is 0 
8-bit, X-regis te r  
+ k i t  Y- reg i s t e r  
4-bi t ,  AC register 
18-bit, Map memory 
36-bi t  , Cispatch memory 
36-b i t  S'cratch pad memory 
I n s t r u c t i o n  memory, b i t s  

71 otherwise  
P rocesso r  memory data . 
r e g i s t e r  
Ex t r a  4 b i t s  of memory 
data 
MAR-B and s t a r t  read 
Memory addres s  reg is te r  
MAR43 and s t a r t  read- 
mo d i  f y- writ e 
MAR-B and s t a r t  write 
D i s k  memory data r e g i s t e r  

8-35 if F 2 = I N H I N T ,  SO 36-  

KREADG 
D i s k  memory address 
r e g i s t e r  

XRMW 
KWRITE- 
K U N I T -  D i s k  u n i t  i n  q33-351 

KS ET- Both c c n t r o l l e r  and f i l e  
KCSET- C o n t r o l l e r  on ly  

Put d i s k  s ta tus  on bus - .  

I SPLI 9 3  

FSPLIT-. Y-B[ 0-8 J 

BSPLIT- X-.B[ 6-11 3, Y - q  0-5 J 

I can o n l y - b e  s e n t  t o  P r e g i s t e r .  
. .  
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c Appendix D: Bus Sources and D e s t i n a t i c n s  (Continued) 

No. (Octal)  SOURCE BDINATION MEANING 

27 
27 

26 

26 

30  

31 
31 

*Slow 

STACK 

STACK- 

NPC 
MAPVA- 

XTOP 

e 

4rMAP4-r 

XSPLTT- 

YSHIFT- 

B[ 25-35 3- top entry of  
stack. I l l e g a l  i f  
combined w i t h  CALL or  
STACK- 
Push stack twice, l e a v i n g  
B[ 13-23]  on top a n d  3[1- 
111 next  to the top.  G o r  
(BC 0 I=@) 
l l - b i t  program c o u r i t e r  
Y-E( 18-26 J ,  MAR[ 27- 
353-BC27-353, G-(((S I F  F2 
= ACFS ELSE ALU) AND 
777768B)=0) CUM- Uivl I 
X-E[ 28-35 3 

- (  (CUM, Y) AND 
1774B) MAP[ T J-- 
MAP[ 1[+ 1 ]-MAP[ T+ 2 ]-MAP( T +3 3 B[ 18- 

B[ 0-5 I-[ 30-35 3 
Y-B[0-8 3 .  
X-B[ 14-17 3 ,  G-H- (B[ 1 3 1 ~ 4 )  
YE 27 37B[ 1 8  3 .  
B( 28-35] 

35 3 
AC-Ef 9- 12 ] 

Y[ 2 8- 3 5 3 - 
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Appendix E: Summary of c 
BIT 

I 

I 0 

1 

2 

3-4 

5 
I 
I 6-13 

14-17 

18-26 

27  

c/ . 

c 

28 

29 

38 

31 . 

32-35 

32 

33 

34 

35 

NAME 

z)vF 

PCB 

P C 1  

UM 

XCTIB-XCT3 

CUM 

IENNABLE 

NOVA 

K 

J 

H 

G 

F l a g  R e g i s t e r  B i t s  
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SET/USED 

Turned on  by SETOVPC01 if OVERFIDW, by 
ASHOVF i f  PBfPl 

S e t  t o  ALUCBI by SETOVPCBL 

Set t o  ALUC1 by SETOVPC01 

No s p e c i a l  u s e s  

Used t o  set CUM by MAPVA- 

N o  s p e c i a l  u s e s  

Used t o  set MAP a d d r e s s  and CUM by some 
REF d e s t i n a t i o n s  

No s p e c i a l  uses  

Cur ren t  user mode. See 4.3 

NO s p e c i a l  use 

Interrupt e n a b l e  

N o  spec ia l  u s e  

S e t  by Nova t o  s i g n a l  processor 

On Sm:SF, t h e  f l a g s  s e l e c t e d  by ones i n  
S[32-351 a re  s e t  to (F AND S AND 
(-2BB)) #b 

Used by K=B branch c o n d i t i o n  

If F1 = JCBCARRYBC set  t o  AUICGT and used 
as CARRYIN Used by  3=0 branch cond i t ion .  

S e t  by XSPLIT-. t o  (B( 13p0) by some REFS 
t o  t h e  selected XCT bit, by SETHOV t o  
ALUCB#ALUCl, by PS = PQ RCY Y o r  PQ IICY 
44-Y t o  (Y > 4 4 B ) .  Used by LOADPALUH and 
H=O branch cond i t ion .  

S e t  by XSPLIT-. and /SPLIT- to (B[13 ]=0) 
by STACK-. to G OR’ (B[ $ ] = 0 )  

to (S AND 737760B)=0 ,  by REFS t o  G OR 

by MAPVA- AND 
NOT ACFS to (ALU AED 7 7 7 7 6 8 = @ ) ,  by ACFS 
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(map v io la t ion )  .) Used ky Q35ALUG and G=0 
branch cond i t ion  .) 

, 
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C 

(3, 

Appendix G. More Than You R e a l l y  Wanted t o  Know About Disk 
Control 

P x t  I: The Disk _Drive to C o n t r o l l e r  I n t e r f a c e  

The d i s k  drive (Century  Data  Sys tems model 213  or  215) 
communicates w i t h  i t s  u n i t  c o n t r o l l e r  o v e r  a EAXC cable. D i s k  
commands, d i s k  s t a t u s ,  and da ta  b i t s  t r a v e l  e n d l e s s l y  back a n d  
f o r t h  over this cable. S i g n a l  paths c o n s i s t  of t w i s t e d  p a i r s ,  
one  grounded a t  both ends ,  t h e  other d r i v e n  with a n  open 
collector: TTL ga te  a t  one end a n d  r e s i s t i v e l y  t e r m i n a t e d  a t  both 
ends. The s i g n a l  paths are  low t r u e  or low a c t i v e .  T h i r t e e n  
s i g n a l  paths are  reserved for commands f r c m  the  u n i t  c o n t r o l l e r  
t o  t h e  d i s k  drive. Wha$ follows i s  a modified e x c e r p t  from the  
CDS 215  I n t e r f a c e  S p e c i f i c a t i o n ,  Note t h a t  t h i s  section does not 
d e s c r i b e  disc ccntrol from t h e  v i e w p o i n t  of microprograms. I t  
d i s c u s s e s  t I h e  s i g n a l s  t o  which t h e  u n i t  cont ro l le r  mus t  
i n t e r f a c e .  Microprogramming c o n s i d e r a t i o n s  are i n  pa r t  I1 of 
t h i s  appendix .  

Module Select 
Selects the d i s k  d r i v e  attached t o  the c o n t r o l  u n i t  a n d  
e n a b l e s  it t o  a c c e p t  s ignals  p r e s e n t e d  over t h e  h s  and  t a g  
l i n e s  and  t o  g e n e r a t e  signals o n  t h e  s t a t u s  lines,. 

Drive Bus (0-8) 
Nine. lines t o  t r a n s m i t  address a n d  ccntrol  i n f o r m a t i o n  as  

' d e t e r m i n e d  by one of three t a g  l i n e s :  

L i n e  N a m e  
TAG LINES 

C o n t r o l  Set C y l  Set Head 
- . . .  

I 

Drive Bus 0 Cyl  256 
Drive Bus 1 Wr G a t e  C y l  128  
D r i v e  Bus 2 Rd Gate Cyl 64 
Drive Bus 3 Seek St Cyl  32 
Drive Bus 4 R s t  H d  Reg C y l  1 6  
D r i v e  Bus 5 Erase Gate C y l  8 
Drive Bus 6 Sel H d  C y l  4 
Drive Bus 7 Rtn B00 C y l  2 
Drive Bus 8 H d  Adv Cy l  1 

H d  A d d  16  
H d  A d d  8 
H d  Add 4 
H d  A d d  2 
HdAdd 1 

Set C y l i n d e r  Tag 
I n d i c a t e s  that t h e  cylinder number (on t h e  bus L i n e s  is 
s t a b l e  and loads i t  i n t o  t h e  c y l i n d e r  register. T h i s  
function does n o t  i n i t i a t e  a s e e k  o p e r a t i o n .  
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c -Set Head Tag 
I n d i c a t e s  t h a t  t h e  head address is stable on Bus l i n e s  4 
t h rough  8 and loads i t  i n t o  t h e  head register. This f u n c t i o n  
must be preceded by a reset head func t ion ,  s i n c e  t h e  u n i t .  
i n t e r n a l l y  OR'S t h e  new head address w i t h  t h e  p r e v i o u s  one. 

C o n t r o l  Tag 
I n d i c a t e s  t h a t  bus da ta  i s  s t ab le  and c o n t a i n s  c o n t r o l  
i n fo rma t ion ,  The s i g n a l s  on each of t h e  n i n e  bus  l i n e s  a r e  
d e f i n e d  as follows: 

. ,  . .  

. .  

Bus 0 (No Funct ion)  

Bus 1 ( W r i t e  Gate) 
S p e c i f i e s  t h a t  da ta  on the Write Data l i n e  from t h 2  u n i t  
c o n t r o l l e r  is  t o  be w r i t t e n .  on t h e  c u r r e n t l y  selected 
c y l i n d e r  of the  p i s k  Drive. 

* 

Bus 2 (Read) 
Specifies t h a t  t h e  data on t h e  selected c y l i n d e r  and 
head be t r a n s m i t t e d  over t h e  Read Data line to t h e  u n i t  
con t r o l l  er . 

Bus 3 (Seek S t a r t )  
A. fly . . Provides a p u l s e  which s t a r t s  a seek  o p e r a t i o n .  The 

seek o p e r a t i o n  c a u s e s  the head carriage mechanism t o  
I .  1 -  move from i t s  p r e s e n t  address t o  a new address. This 

f u n c t i o n  normally follows a "set  c y l i n d e r "  o p e r a t i o n .  

-pus 4 (Reset Head R e g i s t e r )  
i.-. ,* Provides a p u l s e  s i g n a l  t o  c l e a r  t h e  Head Address  

Register (Head 08 cond i t ion )  , 

Bus 5 (Erase Gate) 
Tdj-?-.; ; - "  . Enables  t h e  selected Head t o  S t raddle  Erase recorded 

data. To e n s u r e  a complete S t r add le  Erase of t h e  g u a r d  
;7r u -. - : .. . - - .. - - ' -bands of a d a t a  record, t h e  Erase  G a t e  must remain 
l L- :. -\,* : - active . for 2 8  us 2 10% a f t e r  the  Write Gate is i n a c t i v e .  
nri;.: I . r-: i 1,- Bus 6 '(Select Head) 
Di- 5 -,* - -Select t n e  head addressed by t h e  Head Address Register.  
D r  iY c I 
n r i - , -gus 7 (Restore) 
Cr 1. ',- . . I n i t i a t e s  arm motion to C y l i n d e r  000, The Disk Drive  
D c i '; c - - ... ._ w i 1 . 1  g e n e r a t e  a "seek completefl s i g n a l  when done. 

-_.-.___I . . 

' . -. 

I .  

Bus 8 (Head Advance) 
P rov ides  a p u l s e  t o  increment  t he  Head Address Register.  

X n  a d d i t i o n ,  t w o  other s i g n a l  p a t h s  (Sequence P ick  Ir, and 
C o n t r o l l e d  Ground) are used  t o  t u r n  t h e  d i s k  u n i t  r o t a t i o n  on and 
off remote ly ,  and one non-standard s i g n a l  path (Termina t ion  

c *: - . _ .  
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Power) p r o v i d e s  +5vIxI, 8.9 amps, t o  a resist ive t e r m i n a t i o n  block 
located a t  t . h e  disk unit, 

. 
There are  ten signal p a t h s  i n  t h e  cable reserved for  s t a t u s  

i n f o r m a t i o n  .from t h e  d i s k  u n i t  t o  t h e  c o n t r o l l e r :  

Module Selected 
X n d i c a t e s  t h e  d i s k  u n i t  i s  selected and n o t  u n s a f e .  The 
Module selected s i g n a l  o c c u r s  w i t h i n  500 nsec, from the  
l e a d i n g  ledge of Module Select. 

Gated A t t e n t i o n  
I n d i c a t e s  t h a t  e i ther  a power-on sequence ,  a s e e k  command, o r  
a restorle is completed,  T h i s  s i g n a l  i s  reset by t h e  read 
g a t e . .  

Drive Ready 
I n d i c a t e s  t h a t  a sel&ted seek command h a s  been  successfully 
completed a n d  t h a t  t h e  Di sk  Dr ive  i s  ready t o  read or write. 

0 n-L i ne 
1 n d i c a t e : s  t h e  heads are  e x t e n d e d  and  t h e  C i s k  Drive i s  r e a d y  
t o  be o p e r a t e d  by t h e  c o n t r o l  u n i t ,  

Sector 
A p u l s e  on  t h i s  l i n e  i n d i c a t e s  t h e  b e g i n n i n g  of a sector. 
P u l s e  w i d t h  is 8RI rnicrosec, 2 28%. J i t t e r  s h o u l d  be l ess  
than 10 imicrosec, 

Index  
Is s e t  on one  and  o n l y  one  sector of a r e v o l u t i o n ,  The pulse  
width  s h a l l  be 88! microsec, + 2 0 % .  I n d e x  i s  d e l a y e d  from 
sect .. ~ or b,y a p p r o x i m a t e l y  1 2 0  mTcrosec, 

Dr ive  Unsafe 
A s i g n a l  on t h i s  l i n e  i n d i c a t e s  t h e  selected D i s k  Drive is  
u n s a f e . .  Within  t h e  Disk Drive, s a f e t y  c i r c u i t s  are provided 
t o  protect t h e  recorded i n f o r m  t i o n .  

. \ -  
The f o l l o w i n g  c o n d i t i o n s  i n s i d e  t h e  Model 215 Disk Drive 

(1) DCUNSAFE - Any d c  power s u p p l y  c u t F u t  l o w ,  

g e n e r a t e ,  t h e  u n s a f e  s i g n a l .  - - .  

-(  2) HDUNSAFE - A head u n s a f e  c o n d i t i o n  is: C o n t r o l l e r  
i n i t i a t e s  a Select Head b u t  n o  head 
becmes selected or rore t h a n  o n e  head 
becomes selected o r  no select head i s  

r. . i n i t i a t e d  from t h e  c c n t r o l l e r  b u t  a head 
becomes selected, 

. ”  









I 
I 

MLCROPROCESSOR / Lampson, e t  aL.  
Xerox Pal0 A l t o  Research C e n t e r  

P a r t  11: Proqramminq C o n s i d e r a t i o n s  

MAXC 8.1 / Page 50 
March 2 ,  1972 

Many pr0gra:mming c o n s i d e r a t i o n s  re la te  t o  errors, and these are  
i n  Table 5 .  . 

1.- S e l e c t i n q  t h e  u n i t  (= l o a d i n g  K U N I T  r e g i s t e r )  is accomplished 
a u t o m a t i c a l l y  by t h e  hardware p r i o r  t o  a disk m i c r o i n t e r r u p t  and 
no o t h e r  u n i t s  can be r e f e r e n c e d  d u r i n g  the  i n t e r r u p t  r o u t i n e .  
The f u n c t i o n  LDYKUNLT i s  provided  e s p e c i a l l y  for d i s k  
microprograms. It  is planned t h a t  the i n t e r r u p t  i n s t r u c t i o n  w i l l  
i n c l u d e  

I X-KUNIT,  L D Y K U N I T ;  

T h i s  will select  t h e  r i g h t  bank checksum r e g i s t e r  and the  16-word 
scratch memory a r r a y  p e c u l i a r  t o  t h e  u n i t  c a u s i n g  t h e  i n t e r r u p t .  
Non- in te r rupt  programs select a d i s k  u n i t  b y  e x p l i c i t l y  l o a d i n g  
K U N I  To 

2. . One m i c r o i n s t r u c t i o n  must e l a p s e  a f t e r  e x p l i c i t l y  s e l e c t i n g  
K U N I T -  a s  a d e s t i n a t i o n  o r  a f t e r  t h e  s t a r t  of a d i s k  i n t e r r u p t  
routine b e f o r e  doing  a KSET-. or KCSET-.. 

3. KSET- commands must be s e p a r a t e d  b y  more than  t w o  
microseconds. During t h e  interim the W o n t r o l l e r  n o t  ready"  b i t  
r e t u r n e d  by KSTAT w i l l  be one. T h i s  t i m e  delay p e r m i t s  t h e  
conlmands t o  be  p r e s e n t e d  t o  t h e  d i s k  a c c o r d i n g  t o  the u n u s u a l l y  
slow s p e c i f i c a t i o n s  of C D S  s d i s k  u n i t s .  

4 0  To perform a seek it is necessa ry  t o  load t h e  c y l i n d e r  
register using one KSET-, w a i t  f o r  c o n t r o l l e r  ready,  and then 
s t a r t  t h e  seek. 

5 0  The " index  sec to r1*  i n d i c a t i o n  w i l l  remain t r u e  (or f a l s e )  f o r  
t h e  e n t i r e  d u r a t i o n  of a sector. 

6 . .  KSET-. cdnmands w i t h  KNEWCOXM must merge a scratch pad 
r e g i s t e r  o n t o  t h e  bus because KNEFICOMM i s  a d i f f e r e n t  name for 
t h e  READS func t ion .  KN'EWCOMM should be used on KSET-r g iven  i n  
t h e  followinlg c i rcumstances :  

c l e a r i n g  the head r e g i s t e r ;  
s e t t i n g  the head  r e g i s t e r ;  
s e l e c t i n g  t h e  head; 
s e t t i n g  t h e  c y l i n d e r  r e g i s t e r ;  
s t a r t i n g  a seek; 

but n o t  when changing  t h e  s ta te  of read, w r i t e ,  and erase 
(because t h i s  w i l l  g l i t c h  t h e  se lec t  head ' l i n e ) .  

7 .  There i s  one b i t  c o u n t e r  p e r  u n i t ,  A sector pu l se  resets t h e  
b i t  coun te r  to 0 and g e n e r a t e s  a sector i n t e r r u F t  r e q u e s t ,  After 
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c" 
that . t i m e  word i n t e r r u p t s ,  i f  enabled,  w i l l  occur  at 40-bi t  
i n t e r v a l s  (measwed from t h e  sector p u l s e ) .  T h i s  means t h a t  skew 
of t h e  header  record is a n  integral number of word times from t h e  
sector pulse.  B i t  clocking is discussed below. 

8, There is only one b i t - c l o c k i n q  mechanism F e r  d i s k  u n i t .  When 
a u n i t  is  n o t  r ead ing ,  b i t  timing i s  defined by t h e  w r i t e  
o s c i l l a t o r .  When a unit t r a n s i t i o n s  from n o t  r e a d i n g  t o  r e a d i n g ,  
bits are not clocked u n t i l  the synch  p a t t e r n  i s  recognized ,  
Thereafter: b i t  t iming  i s  controlled by t h e  data recorded on the 
disk, The first b i t  clocked is t h e  f i r s t  data  b i t ,  When reading 
is l a t e r  s topped ,  b i t s  w i l l  be clocked by t h e  write o sc i l l a to r  
aga in .  

9. The synch p a t t e r n  i s  a sequence of eight c o n s e c u t i v e  one ' s  ( 4  
Ones i n  top 3 6  bits and  4 ones in the t a g  b i t s )  , The c o n t r o l l e r  
must r e a d  a t  l e a s t  2B microsec of all-zel-ces preamble prior to 
t h e  synch pattern t o  ensu re  proper c o r r e c t i o n  for t h e  worst case 
d i f fe rences  i n  f requency  and  phase  between t h e  w r i t e  osc i l la tor  
and t h e  read d a t a ,  The first d a t a  word should  immediately f o l l o w  
t h e  synch p a t t e r n .  

10. - Readi.ng shou ld  be done only  over valid preamble and data. 
I f  a read is  s t a r t e d  over an erased area or  o the r  wrong-frequency 
p a t t e r n ,  t h e n  the phase-locked lcop may be s o  bad ly  confused  t h a t  
it c a n n o t  converge t o  t h e  correct frequency. If a bad spot 
occurs during a read, s e v e r a l  b i t  times e l a p e  b e f o r e  t h e  l o c k i n g  
C i r c u i t  loses synch .  There are  a c t u a l l y  t w o  Fhase-locked loops: 
o ~ e  for c o a r s e  lock ing ,  the  o ther  for  f i n e  l cck ing .  The c o a r s e  
3ocking loop i s  o n  when the u n i t  i s  n o t  reading .  A s  soon a s  a 
read is  s ta r ted ,  the  f i n e - l o c k i n g  loop is t u r n e d  on. The f i n e -  
locking lcop.  may n o t  converge i f  the f requency  error is too 
great,  and this i s  t h e  r e a s o n  why r e a d i n g  should be s t a r t e d  only 
over.. v a l i d -  preamble. 

9.1. To. start a r e a d  or w r i t e  a t  t h e  c u r r e n t  arm posit ion,  it i s  
necessary t o  go lthrough t h e  fo l lowing  p a i n f u l  sequence of d i s k  
commands : 

:=c. I - A, . Clear the head register, 
I k , a  ..L - ._ . ..I . . .  . .~ . .  . 

. .. - 
L L  

~. - --%.-.i., A. .. . 
* - .  
t:-.e 33.X :Wait f o r  W o n t r o l l e r  n o t  ready" t o  be RI, (Approx. 2 

C" .: i usec) q 

C. . : .*- .  Set the '  head register t o  t h e  desired value ,  

D. - :  ~ Wait. for c o n t r o l l e r  ready (Approx. 2 usec)  , 

. --rc+* - I - - - . .  
A _ - . . . -  

\ 
s&*+:*:.:.- . ...- ;..--. . - . _  _ -  

r 

"-._ 
. E, Select t h e  head. 

. 

I 
I 



I I 

I . 

MICROPROCESSOR / Lampson, e t  a l ,  
Xerox Palo A l t o  Research Cen te r  

MAXC 8 . 1  / Page 5 2  
March 2, 1 9 7 2  

F o  W a i t  3 u s e c  before w r i t i n g  (and. e r a s i n g )  a t  t h e  selected 
head, l l i r  u s e c  may e l a p s e  a f te r  head s e l e c t i o n  before 
rel.i&le read data appears .  

G.. 5 iusec of garbage may be w r i t t e n  before va l id  data i s  
w r i t t e n ,  

The i m p l i c a t i o n s  of 8, D ,  and F are t h a t  i t  is  i m p r a c t i c a l  
t o  do  A, C,  E and  s t a r t  r e a d i n g  or w r i t i n g  wi thou t  t i m i n g  
s e p a r a t i o n  between them, and  s i n c e  t h e  t i r i n g  r equ i r emen t s  on 
i n t e r r u p t  r o u t i n e s  are so s t r i n g e n t ,  it w i l l  probably  be 
n e c e s s a r y  t o  begin  o p e r a t i o n s  a t  a sector as fo l lows:  

A, During sector i n t e r r - u p t ,  clear the  head register. Maybe 
t h e  2 usec w a i t  can be OverlaFped so t h a t  t h e  head 
r e g i s t e r  can be set d u r i n g  t h e  s e c t o r  i n t e r r u p t  r o u t i n e  
also. 

B. I f  necessa ry ,  w a i t  during t h e  first word i n t e r r u p t ,  
8 

Then select t h e  head, . 

C. s k i p  t h e  second word i n t e r r u p t .  

D, S t a r t  w r i t i n g  or  r e a d i n g  no  soone r  than  the t h i r d  word 
I .  i n t e r r u p t ,  

3.2. Write gate  and erase gate  shou ld  be t u r n e d  on i n  t h e  same 
m i c r o i n s t r u c t i o n  and n o t  i n  the same KSET- t h a t  t u r n s  read gate  
off (o r  " u n i t  unsafe"  occurs )  .I 

13. Every record w r i t t e n  on t h e  d i s k  should be followed by a t  
l ea s t  n i n e  b i t s  of va l id  data so t h a t  a word i n t e r r u p t  w i l l  be 
t r i g g e r e d  fo r  t h e  f i n a l  word of t h e  record, 

1 4 . .  An erase tu rn -o f f  "blast1' may endanger data 2 0  u s e c  behind 
the w r i t e  head. None of our c o n t a c t s  a t  CCS are convincing. The 
pu rpose  of erase i s  to marrow t h e  data s o  t h a t  adjacent t racks 
are n o i s e  p r o t e c t e d  by a n  erased guard band, TO i n s u r e  t h i s  
erase should  be kept on f o r  2 0  u s e c  a f t e r  write is t u r n e d  off. 
Erase may n o t  be con t inued  for l onge r  t h a n  6 0  u s e c  or t h e  
hardware g e n e r a t e s  a n  lfunsafeft error, Head select shou ld  remain 
s tab le  f o r  a t  l ea s t  1 u s e c  af ter  erase is  tu rned  off, 

r * -  

15, Di sk  word i n t e r r u p t s  may be dismissed by e i ther  KREADDATA o r  
KWRITEDATA, regardless of whether  reading ,  w r i t i n g ,  or n o t h i n g  i s  
b e i n g  done o n  t h e  u n i t  i t se l f .  

16. When a w r i t e  i s  started,  there are two hardware b u f f e r  words 
Of i n t e r e s t ,  One of these is presen ted  for w r i t i n g  o n t o  t h e  
d i s k ,  t h e  (o ther  f o r  access by KWRITEDATA. S i n c e  the first  word 
of preamble w r i t t e n  shou ld  b e  a l l  zeroes, both b u f f e r  words 
shou ld  be zeroed d u r i n g  the t w o  word i n t e r r u p t - r o u t i n e s  prior t o  

~-* I I 
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the write gate, 




