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CHAPTER 1 

FASTBUS SEGMENT DRIVER 

The FASTBUS Segment D r i v e r ,  h e r e  a f t e r  r e f e r r e d  t o  as 
t h e  F S D , ' i s  a  l i s t - d r i v e n ,  microcoded i n t e r f a c e  between t h e  
UNIBUS of a  PDP-11 system and t h e  FASTBUS. The l i s t  
s t r u c t u r e  used by t h e  FSD a l l o w s  t h e  programmer on t h e  
PDP-11 t o  program a  sequence of d a t a  t r a n s f e r s  t o  t a k e  p l a c e  
w i t h o u t  t h e  a i d  o r  i n t e r v e n t i o n  of t h e  PDP-11. T h i s  a l l o w s  
t h e  FASTBUS t o  be  d r i v e n  a t  FSD r a t e s ,  independent  of t h e  
PDP-11 p r o c e s s o r .  

Due t o  t h e  d i f f e r e n c e  i n  speed between t h e  FASTBUS and 
UNIBUS, t h e  major  g o a l  of t h e  FSD was t o  p r o v i d e  an  
i n t e r f a c e  which could  t r a n s f e r  d a t a  on FASTBUS w i t h o u t  
s i g n i f i c a n t l y  reduc ing  t h e  bandwidth i n  a  mul t i -mas te r  
system. Th is  was accomplished by b u r s t i n g  d a t a  on t h e  
FASTBUS th rough  a  256 word f a s t  b u f f e r  i n t e r n a l  t o  t h e  FSD. 
Data can be  t r a n s f e r r e d  a t  n e a r  FASTBUS r a t e s  th rough  t h i s  
memory and o n l y  moved on t h e  UNIBUS when t h e  FSD i s  n o t  
m a s t e r  of FASTBUS. T h i s  a l l o w s  o t h e r  m a s t e r s  i n  t h e  same 
system t o  t r a n s f e r  t h e i r  d a t a  w h i l e  t h e  FSD i s  moving d a t a  
on t h e  s lower  UNIBUS. 
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1.1 FSD FEATURES 

The FSD has t h e  a b i l i t y  t o :  

1. Perform a l l  FASTBUS cyc le s  except  p ipe l ined  
t r a n s f e r s ,  i n  e i t h e r  complete ope ra t ions  
( a r b i t r a t i o n ,  primary address  cyc l e ,  secondary 
address  cyc le ,  d a t a  cyc l e s ,  t e rmina t ion )  o r  
i nd iv idua l  p r i m i t i v e  cyc l e s .  

2. Provide complete s t a t u s  on t h e  execut ion  of a l l  
FASTBUS Operat ions and p r i m i t i v e  cyc l e s .  

, 
3.  Be programed f o r  va r ious  responses t o  e r r o r s  on 

FASTBUS. These responses inc lude  te rmina t ing  t h e  
l i s t ,  t e rmina t ing  t h e  element,  ignor ing  . t h e  e r r o r  
o r  au tomat ica l ly  r e t r y i n g  a  programable number of 
t imes. 

4. Accept a  s i n g l e  UNIBUS b u f f e r  through which 110 on 
t h e  FASTBUS t akes  p lace .  

5.  Perform the same FASTBUS Operat ion on a  group of 
FASTBUS devices  w i t h  a  s i n g l e  opcode. 

6 .  Transfer  da t a  between two FASTBUS devices  without  
moving t h e  d a t a  onto t h e  UNIBUS. This  a l lows  
FASTBUS t r a n s f e r s  whose r a t e s  a r e  d i c t a t e d  only by 
t h e  mas t e r l s l ave  response times. 

7 .  Automatical ly  break block t r a n s f e r s  i n t o  b u r s t s  of 
between 1 and 256 words to'  h e l p  prevent locking out 
o t h e r  mas ters  i n  t h e  system. 
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1.2 PROGRAMMING THE FSD 

The FSD i s  a  l i s t  d r iven  i n t e r f a c e .  The FSD t a k e s  
i n s t r u c t i o n s  from a l i s t  and r e t u r n s  s t a t u s  t o  a  s t a t u s  
block. Data i s  t r a n f e r r e d  t o  and from a UNIBUS b u f f e r .  
There a r e  f i v e  p a r t s  involved i n  c o n t r o l l i n g  t h e  FSD. 

1. UNIBUS 110-page Reg i s t e r s  

The 110-Page r e g i s t e r s  a r e  used t o  s t a r t  and s top  
t h e  FSD and t o  r e p o r t  t h e  s t a t e  o f . t h e  FSD. 

2 .  Control  Block 

The c o n t r o l  block con ta ins  parameters  f o r  t h e  
e n t i r e  l i s t  a s  w e l l  a s  t h e  addresses  of . . the  l i s t ,  
s t a t u s  block and UNIBUS b u f f e r .  

3 .  L i s t  Block 

The l i s t  block con ta ins  a  sequence of i n s t r u c t i o n s  
which t h e  FSD i s  t o  fol low.  The FSD executes  t h e s e  
i n s t r u c t i o n s ,  o r  l i s t  e lements ,  u n t i l  e i t h e r  t h e  
end of t h e  l i s t  i s  reached o r  a  f a t a l  e r r o r  causes 
an  a b o r t .  

4. S t a t u s  Block 

A s  t h e  FSD executes  t h e  l i s t ,  informat ion  about t h e  
execut ion  of t h e  i n d i v i d u a l  elements i s  r e tu rned  t o  
t h e  s t a t u s  block. 

5.  UNIBUS Buffer  

The UNIBUS b u f f e r ,  which i s  def ined  only once per  
l i s t ,  i s  3 block of memory where t h e  FSD reads  and 
w r i t e s  t h e  da t a  being t r a n s f e r r e d .  The l o c a t i o n  of 
t h e  UNIBUS b u f f e r  and i t s  l eng th  a r e  def ined  i n  t h e  
c o n t r o l  block. 

Programming t h e  FSD involves  s e t t i n g  up a  con t ro l  block 
and l i s t ,  a l l o c a t i n g  space f o r  t h e  s t a t u s  block and UNIBUS 
b u f f e r ,  and f i l l i n g  i n  t h e  UNIBUS b u f f e r  w i th  d a t a  t o  w r i t e  
t o  t h e  FASTBUS. The PDP-11 t e l l s  t h e  FSD where t h e  c o n t r o l  
block i s  w i th in  UNIBUS memory through t h e  110-Page 
r e g i s t e r s .  The FSD reads t h e  c o n t r o l  block i n t o  i n t e r n a l  
memory. Once t h e  con t ro l  block i s  read,  t h e  FSD begins  
execut ing t h e  l i s t  elements contained w i t h i n  t h e  l i s t .  
S t a t u s  information about t h e  execut ion  i s  r e tu rned  t o  t h e  
s t a t u s  block.  When the  FSD completes t h e  execut ion  of t h e  
l l s t ,  a  PUP-11 i n t e r f t i p t  can be genera ted  by the  FSD. 
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1.3 UNIBUS VS FASTBUS BUFFERS 

Most d a t a  t r a n s f e r s  on FASTBUS move d a t a  through t h e  UNIBUS 
memory. Because of t h i s ,  t h e  FSD i s  geared  most ly  toward 
UNIBUS t o  FASTBUS ope ra t i ons .  For example t h e  UNIBUS b u f f e r  
i s  de f ined  i n  t h e  c o n t r o l  block and remains def ined  f o r  t h e  
e n t i r e  l i s t .  There a r e  a l s o  s e v e r a l  FSD i n s t r u c t i o n s  
(opcodes) which al low t h e  u se r  t o  manipulate  t h e  UNIBUS 

, b u f f e r  po in t e r .  However i n  some cases ,  t h e  u s e r  wants t o  
move d a t a  between two FASTBUS devices .  This  can be 
accomplished by moving the. d a t a .  from t h e  f i r s t  FASTBUS 
device  i n t o  t h e  UNIBUS b u f f e r ,  r e s e t i n g  t h e  UNIBUS.buffer 
p o i n t e r ,  and f i n a l l y  w r i t i n g  t h e  d a t a  t o  t h e  second FASTBU,S 

. device .  Since t h e  UNIBUS i s  r e l a t i v e l y  slow i n  comparis ion 
t o  t h e  FASTBUS, and because t h e  d a t a  i s  being moved tw ice  
(from FASTBUS t o  UNIBUS, t hen  UNIBUS t o  FASTBUS),. t h e  t ime 
t o  execute  t h i s  type  of o p e r a t i o n  would be.  very  l a rge .  To 
he lp  speed up t h e s e  types  of o p e r a t i o n s ,  t h e  FSD suppor t s  a  
second da t a  t r a n s f e r  mechanism c a l l e d  FASTBUS Trans fe r  

. Addressing, sometimes r e f e r r e d  t o  a s  FASTBUS t o  FASTBUS 
t r a n s f e r s .  

When o FASTBUS t o  FASTBUS t r a n s f e r  i s  t o  be performed, 
t h e  u s e t  f i r s t  d e f i n e s  t h e  FASTBUS Trans fe r  Device w i t h  an 
FSD opcode. This  FASTBUS Trans fe r  Device can then  be used,  
a t  t h e  d i s c r e t i o n  of t h e  u s e r ,  i n  p l a c e  of t h e  UNIBUS 
b u f f e r .  The d a t a  i s  never moved i n t o  t h e  UNIBUS memory. 
A l l  d a t a  motion t akes  p l ace  on FASTBUS between t h e  two 
FASTBUS dev ices  and t h e  FSD. This  a l lows  t h e  d a t a  t o  be 
t r a n s f e r r e d  a t  FSD r a t e s .  These t ypes  of d a t a  t r a n s f e r s  a r e  
f u l l y  expla ined  i n  chapter  9 .  

1 .4  MULTIPLE DEVICE ADDRESSING 

Most ope ra t i ons  performed on  FASTBUS by t h e  FSD r e q u i r e  
only one FASTBUS primary address .  A t  t imes i t  i s  u s e f u l  t o  
perform t h e  same ope ra t i on  on a  group of devices .  The FSD 
provides  a  mechanism f o r  doing t h i s ,  c a l l e d  Mul t ip le  Device 
Addressing. This  f e a t u r e  a l lows  t h e  u s e r  t o  d e f i n e  a group 
of FASTBUS primary address  modules and then perform an 
ope ra t i on ,  v i a  one r eques t ,  on t h i s  group of add re s se s .  See 
chap te r  8 f o r  a  complete d e s c r i p t i o n  of Mul t ip le  Device 
Addressing. 
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1.5 DIFFERENCES I N  ADDRESSING AND WORD SIZES 
. . .  

The UNIBUS has a  16-bi t  word and 16 ,  18  o r  22-bit 
address ing  (dependent on t h e  CPU model), whereas FASTBUS has 
a  32-bit  word and 32-bit address ing .  Also t h e  UNIBUS uses  
8-bi t  by t e  address ing ,  whereas FASTBUS uses  word address ing .  

'There i s  t h e r e f o r e  a  4 t o  1 address  map formed between t h e  
UNIBUS and FASTBUS. These d i f f e r e n c e s  i n  word s i z e  a s  w e l l  
a s  address ing  can lead  t o  t h e  p o s s i b i l i t y  of confusion when 

; t a l k i n g  about addresses ,  o f f s e t s ,  word counts ,  e t c .  I n  
gene ra l  t h e  fol lowing s ta tements  desc r ibe  how t h e  microcode . 
d e a l s  w i th  these  d i f f e r e n c e s .  

1. I f  t h e  word(s) a r e  i n  t h e  UNIBUS memory, they a r e  
16-bit  words. 

2. I f  t h e  word(s) a r e  i n  a  FASTBUS device ,  ' they a r e  
32-bit  words. 

3 .  Addressing on t h e  UNIBUS i s  i n  te rms ,  of by te s ,  
however t h e  l e a s t  s i g n i f i c a n t  b i t .  of t h e  address  i s  
always ignored (address ing  i s  always on a  word 
boundary). Likewise, o f f s e t s  i n t o  UNIBUS memory 
a r e  always g iven  i n  by te s .  

4. Addressing on t h e  FASTBUS.is i n  terms of 32-bit  
words. Likewise, o f f s e t s  i n  FASTBUS.address space 
o r e  g iven  i n  terms of 32-bit  words. 

5. Word counts  a r e  always i n  t e p s  of t h e  number of 
16-bit  words. I f  3 2 - b i t .  words a r e  being 
t r a n s f e r r e d ,  t h e .  word count s p e c i f i e d  must be 
double the liuulLel u1 wurds Lo be t ransferred.  
Likewise the  count r e tu rned  i n  t h e  s t a t u s  element 
i s  t h e  number of 16-bit  words t r a n s f e r r e d .  

6 .  OPfseLs i l l  l i u t  e lements ,  and those  r e tu rned  i n  t h e  
s t a t u s  elements a r e  i n  terms of 16-bi t  words. 

7 .  A 32-bit  word i n  UNIBUS memory occupies  two 16-bi t  
words i n  s e q u e n t i a l  adddresses .  The l e a s t .  
s i g n i f i c a n t  16 -b i t s  (LSB, b i t s  0 through 15)  occupy 
t h e  f i r s t  word, and t h e  most s i g n i f i c a n t  16 -b i t s  . 
(MSB, b i t s  16 through 31) occupy t h e  second word. 

8. A 16-bi t  word i n  UNIBUS memory occupies  only one 
word. This  word w i l l  map i n t o  t h e  l e a s t  
s i g n i f i c a n t  16 b i t s  of a  32-bit  word on FASTBUS. 
When reading d a t a  from FASTBUS and s t o r i n g  i n  t h e  
UNIBUS b u f f e r ,  t h e  most s i g n i f i c a n t  b i t s  a r e  never  
s to red .  When w r i t i n g  d a t a  on FASTBUS which has 
been toke from t h c  U N I R U E  b u f f e r ,  the  UUSL 

s i g n i f i c a n t  b i t s  a r e  always zeroed. This  a l lows  
f o r  packed da t a  when doing 16-bit  mode t r a n s f e r s  on 
FASTBUS. 



CHAPTER 2  

UNIBUS I/O-PAGE REGISTERS 

There a r e  t h i r t e e n  UNIBUS 110-Page r e g i s t e r s  a s s o c i a t e d  
wi th  t h e  FSD. The PDP-11 can  read  and w r i t e  a l l  t h i r t e e n  of 
t h e s e  r e g i s t e r s ,  however only e leven  a r e  used by v e r s i o n  5 
of t h e  microcode. O f  t h e s e  e leven ,  only t h r e e  ever  need be 
accessed by t h e  PDP-11. These 110-page r e g i s t e r s  a r e  used 
f o r  con t ro l  and s t a t u s  r e p o r t i n g  of t h e  FSD. The o t h e r  
e igh t  a r e  used f o r  debugging new ve r s ions  of t h e  microcode 
and are not needed f o r  c o a t r o l i n g  t h e  FSD. The o f f s e t s  and 
d e s c r i p t i o n  of each 110-Page r e g i s t e r  a r e  g iven  i n  t a b l e  
2-1. 

P r i o r  t o  execut ing a  l i s t ,  t h e  use r  must inform t h e  FSD 
where t h e  l i s t  r e s i d e s  i n  memory. This  i s  done by supplying 
t h e  18-bi t  address  of t h e  c o n t r o l  block i n  r e g i s t e r s  FSDCTL 
and FSDCSR. Upon completion of t h e  l i s t ,  s t a t u s  i s  r e tu rned  
by t h e  FSD i n  FSDCSR. Reg i s t e r  FSDHCS i s  used t o  c o n t r o l  
t h e  FSD. 
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The o f f s e t  i s  from t h e  base address .  s t rapped  on t h e  UP1 
i n t e r f a c e  board. LSB s t ands  f o r  t h e  l e a s t  s i g n i f i c a n t  16 
b i t s  ( b i t s  0 through 1 5 ) .  MSB s tands  f o r  t h e  most 
s i g n i f i c a n t  16 b i t s  ( b i t s  16 through 31 ) .  

Offse t  ------ 
0 

2  
4  
6  

10 
12 
1 4  
16 
2  0 
22 
2  4  
26 
3  0 
32 
3  4. 

Name 
---- 
FSDCTL 
FSDCSR 
FSDMSC 

FSDPRM 

FSDBAL 
FSDBAH 
F  SDLAL 
FSDLAH 
FSDSAL 
FSDSAH 

FSDHCS 

Descr ip t ion  
----------- 
LSB of t h e  c o n t r o l  block address  
Software c o n t r o l / s t a t u s  r e g i s t e r  
Microcode s t a t u s  code 
unused FSD r e g i s t e r  
L i s t  parameters 
unused. FSD r e g i s t e r  
LSB of t h e  b u f f e r  address  
MSB of t h e . b u f f e r  address  
LSB of t h e  l i s t  block address  
MSB of t h e  l i s t  block address  
LSB of t h e  s t a t u s  block address  
MSB of t h e  s t a t u s  block address .  
UP1 r e g i s t e r  
UP1 r e g i s t e r  
Hardware c o n t r o l l s t a t u s  r e g i s t e r  

Table 2-1. 110-Page l o c a t i o n s  and d e s c r i p t i o n s  



UNIBUS 110-PAGE REGISTERS Page 2-3 

2.1 FSDHCS - HARDWARE CONTROLISTATUS REGISTER. 

This  r e g i s t e r  c o n t a i n s  b i t s  which c o n t r o l  t h e  FSD and 
r e t u r n  s t a t u s  on t h e  c u r r e n t  s t a t e  of t h e  FSD. 

B i t  Name D e s c r i p t i o n  --- ---- ----------- 
, 15 unused 

unused 

unused 

unused 

unused 

unused 

unused 

unused 

HCSRDY FSD ready  f l a g  

HCSIE I n t e r r u p t  e n a b l e  

unused 

unused 

unused 

unused 

HCSHLT FSD h a l t  c o n t r o l  

HCSXCT Execute  a new l i s t  
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2.1.1 HCSRDY (RO) - FSD Ready 

When t h i s  b i t  i s  s e t ,  t h e  FSD i s  i n  an  i d l e  s t a t e  and i s  
p o l l i n g  t h e  execute b i t  (HCSXCT). When t h e  PDP-11 s e t s  
HCSXCT, t h e  FSD w i l l  begin execut ing t h e  l i s t  po in ted  t o  by 
FSDCTL and FSDCSR and HCSRDY w i l l  be c l ea red .  When t h e  FSD 

' f i n i s h e s  execut ion  of t h e  l i s t ,  HCSRDY w i l l  aga in  be s e t .  
I f  execut ion  i s  ha l t ed  b y . t h e  s e t t i n g  of HCSHLT i n  FSDHCS, 

, , t h e  FSD w i l l  aga in  s e t  HCSRDY when i t  becomes i d l e .  This  i s  
a  read only b i t  t o  t he  PDP-11. 

2.1.2 HCSIE (RW) - I n t e r r u p t  Enable 

I f  t h i s  b i t  i s  s e t ,  t h e  FSD w i l l  g ene ra t e  a . . .vec tored  
i n t e r r u p t  on t h e  PDP-11 whenever t h e  ready b i t  (HCSRDY) 
becomes s e t .  I f  ready i s  s e t  when t h e  PDP-11 s e t s  t h i s  b i t ,  
an i n t e r r u p t  w i l l  a l s o  be generated.  

2.1.3 HCSHLT (RW) - Halt The FSD 

The s e t t i n g  of t h i s  b i t  w i l l  cause an  a c t i v e  FSD t o  suspend 
t h e  execut ion  of a  l i s t .  The FSD w i l l  s t o p  execut ing t h e  
l i s t  when t h e  cu r r en t  l i s t  element i s  completed, even i f  it 
i s  FASTBUS master .  When t h e  FSD h a l t s ,  it  ou tpu t s  t h e  
s t a t u s  block header ,  s e t s  t h e  ready b i t  (HCSRDY), and , p o l l s  
f o r  f u r t h e r  i n s t r u c t i o n s  from t h e  PDP-11. Should t h e  PDP-11 
c l e a r  t h e  ha l t .  b i t ,  t h e  FSD w i l l -  resume execut ion of t h e  
l i s t .  However i f  t he  execute. b i t  '(HCSXCT) i s  s e t ,  t h e  FSD 
w i l l  begin execut ion  of a  new l i s t  by reading a  new c o n t r o l  
block. S e t t i n g  HCSXCT w i l l  au toma t i ca l ly  c l e a r  HCSHLT. 

2.1.4 HCSXCT (WO) - Execute A New ~ i s t  

When s e t  by the' PDP-11, t h e  FSD w i l l  begin execut ing a  l i s t  
a s  def ined  by the '  con t ro l  block poin ted  t o  by FSDCTL and 
FSDCSR. I f  t h e  FSD i s  not i d l e  when t h i s  b i t  i s  s e t ,  t h e  
execute command w i l l  be ignored. This  i s  a  w r i t e  only b i t  
t o  t h e  PDP-11 and i s  always read a s  a  zero.  
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2 .2  FSDCTL - CONTROL BLOCK ADDRESS 

This  r e g i s t e r  con ta ins  t h e  l e a s t  s i g n i f i c a n t  16 b i t s  of 
t h e  con t ro l  block address .  Address b i t s  16 and 17 a r e  
contained i n  FSDCSR. When t h e  HCSXCT b i t  i n  FSDHCS i s  s e t ,  
t h e  FSD uses  t h e  contents  of t h i s  r e g i s t e r  and FSDCSR t o  
b u i l d  a  po in t e r  t o  t h e  c o n t r o l  block. 

2.3 FSDMSC - MICROCODE STATUS CODE 

This  r e g i s t e r  i s  used p r imar i ly  f o r  debugging t h e  
microcode. The microcode r e t u r n s  a  number i n  t h i s  r e g i s t e r  
i n d i c a t i n g  i t s  cu r r en t  s t a t e .  The cu r ren t  s t a t e  codes a r e  

Code ---- 
0 
1 
2 .  
3 
4 
5 
6  
7  

10 
11 

Name ---- 
MSCIDL 
MSCCTL 
MS CXLE 
MS CDON 
MSCWES 

MS CFMC 
MSCFAC 
MSCFDC 
MS C I H B  

Descr ip t ion  
----------- 
I d l e  
Loading t h e  c o n t r o l  block 
S e t t i n g  up t o  execute  a  l i s t  element 
Terniinating a l i s t  
Terminating a  l i s t  element 
unused 
Waiting f o r  FASTBUS master  cyc le  complete 
Waiting f o r  FASTBUS address  cyc l e  complete 
Waiting f o r  FASTBUS d a t a  cyc le  complete 
I d l e  but holding FASTBUS mastersh ip  

2 .4  FSDPRM - LIST PARAMETERS 

This  r e g i s t e r  con ta ins  t h e  contents  of t he  c o n t r o l  
block e n t r y  CTLPRM whi le  t h e  FSD i s  execut ing a  l i s t .  This  
r e g i s t e r  i s  f o r  maintenance only.  

2.5 YSDBALIFSDBAH - BUFFER ADDRESS 

T h e s e  t e g i , s t e r s  con ta in  t h e  18-bi t  b u f f e r  address  which 
t h e  FSD i s  using f o r  t h e  c u r r e n t l y  execut ing l i s t .  FSDBAL 
con ta ins  t h e  least s i g n i f i c a n t  16 b i t s .  FSDBAH con ta ins  t h e  
extended address  b i t s  16 and 17. This r e g i s t e r  i s  f o r  
maintenance only. 
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2.6 FSDLALIFSDLAH - LIST BLOCK ADDRESS 

These r e g i s t e r s  con ta in  t h e  18-bit  l i s t  block address  
which t h e  FSD i s  c u r r e n t l y  execut ing.  FSDLAL con ta ins  t h e  
l e a s t  s i g n i f i c a n t  16 b i t s .  FSDLAH con ta ins  t h e  extended 
address  b i t s  16 and 17. This  r e g i s t e r  i s  f o r  maintenance 
only. 

2.7 FSDSALIFSDSAH - STATUS BLOCK ADDRESS 
. . . . ,. . . . . . 

These r e g i s t e r s  con ta in  t h e  18-bi t  s t a t u s  block address  
where- t h e  FSD r e p o r t s  s t a t u s  ' o n  t h e  c u r r e n t l y  execut ing  
l i s t .  FSDSAL con ta ins  t he -  l e a s t  s i g n i f i c a n t  16 b i t s .  
FSDSAH con ta ins  t h e  extended address  b i t s  16 and . l 7 .  This  
r e g i s t e r  i s  f o r  maintenance only. 
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2.8 FSDCSR - SOFTWARE CONTROLISTATUS REGISTER. 

FSDCSR con ta ins  i n£  ormat i o n  f o r  c o n t r o l l i n g  t h e  
execut ion of t h e  FSD a s  w e l l  a s  t h e  s t a t u s  of t h e  FSD upon 
t e rmina t ion  of a  l i s t .  A l l  b i t s  w i t h i n  t h i s  r e g i s t e r  can be 
read and w r i t t e n  by t h e  PDP-11, however only those b i t s  

. which a r e  used t o  c o n t r o l  t h e  FSD should be changed by t h e  
PDP-11. The b i t s  which r e t u r n  s t a t u s  a r e  only v a l i d  when 

, t h e  FSD i s  i n  t h e  ready s t a t e .  
. . 

B i t  Name Descr ip t ion  
--- ---- ----------- 

15 CSRERR Stopped by a  f a t a l  e r r o r  

1 4  CSRHLT Stopped by a  HALT command ( i n  FSDHCS) 

13 CSRLEI Stopped by a  l i s t  element opcode 030 

12  CSRLRE Stopped by t h e  l i m i t  r e g i s t e r  being exceeded 

11 CSRSBO Stopped by t h e  s t a t u s  block overflowing 

10 CSRHFB Holding FASTBUS mastersh ip  

9 CSRHFA Holding FASTBUS address  lock 

8 unused 

7 CSRWRN A non-fa ta l  e r r o r  has occured 

6 CSRNXC 'UNIBUS NXM during a  c o n t r o l  block read 

5 CSRNXS UNIBUS NXM during a  s t a t u s  block w r i t e  

4 CSRNXL UNIBUS NXM during a  l i s t  element read 

3 CSRNXB UNIBUS NXM during a  b u f f e r  acces s  

2 CSRRST Software r e s e t  

1 CSRA17 B i t  17 of t h e  con t ro l  block address  

0 CSRAl6 B i t  16 of t h e  c o n t r o l  block address  
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2.8.1 CSRERR (RO) - Stopped By A F a t a l  Er ror  

The .FSD i b o r t  ed execut ion  of t h e  l i s t  because i t  encountered 
a  f a t a l  e r r o r .  The type of e r r o r  i s  i nd ica t ed  i n  e i t h e r  
FSDCSR o r  t h e  s t a t u s  block header  word. The FSD cannot 
cont inue and must be r e s t a r t e d  by loading a  new l i s t .  

' ,2.8.2 CSRHLT (RO) - Stopped By A HALT Command 

The FSD has suspended execut ion of t h e  cu r r en t  l i s t  because . 
t h e  'PDP-11 s e t  b i t  HCSHLT i n  t h e  FSDHCS r e g i s t e r .  When t h e  
h a l t  b i t  i s  c l ea red  t h e  FSD w i l l  cont inue  where it stopped 
i n  t h e  cu r r en t  l is t .  I f  t h e  execute b i t  i s  s e t  (HCSXCT), 
t h e  FSD w i l l  abo r t  t h e  cu r r en t  l i s t  and begin t h e  execut ion  
of a  new l i s t  a s  pointed t o  by FSDCTL and FSDCSR. " 

2.8.3 CSRLEI (RO) - Stopped By A L i s t  Element Opcode 030. 

The FSD has suspended execut ion  of t h e  cu r r en t  l i s t  because 
an opcode 030, l i s t  element i n t e r r u p t ,  was executed. The 
FSD i s  i n  t h e  same s t a t e  a s  i f  t h e  HCSHLT b i t  was s e t  i n  
FSDHCS. When t h e  PDP-11 c l e a r s  b i t  HCSHLT, t h e  FSD w i l l  
cont inue execut ion  of t h e  cu r r en t  l i s t .  Should t h e  PDP-11 
s e t  b i t  HCSXCT i n s t e a d ,  t h e  FSD w i l l  begin t h e  execut ion  of 
a  new l i s t  a s  pointed t o  by FSDCTL and FSDCSR. No f u r t h e r  
a c t i o n  i s  taken on t h e  o l d  l i s t . ,  

2.8.4 CSRLRE (RO) - Stopped By The Limit ~ e g i s t e r  Being 
Exceeded 

The l i m i t  r e g i s t e r  ( a s  given by CTLBLM of t h e  c o n t r o l  block,  
s e c t i o n  3.4) was exceeded by t h e  execut ion  of t h e  l a s t  l i s t  
element. The l i s t  po in t e r  o f f s e t  (sTLLPLIsTLLPH) contained 
i n  t h e  s t a t u s  header block p o i n t s  t o  t h e  l i s t  element 
immediately fol lowing t h e  element which moved t h e  b u f f e r  
p o i n t e r  pas t  t h e  l i m i t .  

2.8.5 CSRSBO (RO) - Stopped By The S t a t u s  Block Overflowing 

Not enough room was a l l o c a t e d  i n  t h e  s t a t u s  block body f o r  
t h e  l i s t  t o  be executed. The l i s t  element which caused t h i s  
e r r o r  i s  NOT executed. The l i s t  p o i n t e r  o f f  s e t  
(STLLPLISTLLPH) contained i n  t h e  s t a t u s  header block p o i n t s  
t o  t h e  l i s t  element which would have w r i t t e n  i t s  s t a t u s  
L e Y o ~ d  L11e s l a t u s  block had it Been executed. 
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2.8.6 CSRHFB (RO) - Holding FASTBUS Mastership 

The FSD i s  t h e  cu r r en t  master  of FASTBUS even though i t  i s  
i n  t h e  i d l e  s t a t e .  This cond i t i on  w i l l  r e s u l t  i f  t h e  l a s t  
l i s t  element executed had t h e  op t ion  b i t s  OPCHFB o r  OPCHFA 
s e t  and t h e  FSD was FASTBUS master .  It w i l l  a l s o  occur i f  
t h e  l i s t  abor ted  wi th  a f a t a l  e r r o r  whi le  t h e  FSD was bus 
master  and t h e  parameter b i t  PRMHFE was s e t  i n  t h e  parameter 

,word CTLPRM. To r e l e a s e  mas tersh ip ,  e i t h e r  t h e  sof tware  
' r e s e t  b i t ,  CSRRST, must be s e t  o r  a new l i s t  must be 

' executed by t h e  FSD. 

2.8.7 CSRHFA (RO) - Holding FASTBUS Address Lock 

The FSD i s  connected t o  a FASTBUS device.  The address  of 
t h e  device  i s  re turned  i n  t h e  s t a t u s  header block 
(STLPAL/STLPAH). This cond i t i on  w i l l  r e s u l t  i f  t h e  l a s t  

. element executed had t h e  op t ion  b i t  OPCHFA s e t  and t h e  FSD 
was connected t o  a device.  It w i l l  a l s o  occur  i f  t h e  l i s t  
abor ted  wi th  a f a t a l  e r r o r  whi le  a device  was connected and 
t h e  op t ion  b i t  PRMHFE was s e t  i n  t h e  parameter word CTLPRM. 
A sof tware  r e s e t  w i l l  f o r c e  t h e  FSD t o  r e l e a s e  t h e  device.  

2.8.8 CSRWRN (RO) - A Non-fatal Er ror  Has Occurred 

Some l i s t  element had a non-fatal  e r r o r .  The PDP-11' must 
search  t h e  s t a t u s  block t o  determine '  which element ( s )  had 
t h e  warning. A warning i s  e i t h e r  o non-fatal  p a r i t y  e r r o r  
o r  a non-facal s l a v e  s t a t u s  code. 

2.8.Y CSHNXC (KU) - UNiBUS NXM During The Control  Block 
Read 

The c o n t r o l  block address  g iven  i n  FSDCTL and FSDCSR does 
not e x i s t  i n  UNIBUS memory. The FSD immediately becomes 
ready. The FSD r e t a i n s  c o n t r o l  of t h e  'FASTBUS i f  it was 
c u r r e n t l y  FASTBUS master .  

2.8.10 CSRNXS (Ro) - UNIBUS NXM During A S t a t u s  Block Wri te  

The FSD at tempted t o  output  t h e  s t a t u s  f o r  e i t h e r  t h e  l i s t  
o r  a l i s t  element t o  a non-existent l o c a t i o n  i n  UNIBUS 
memory. Execution of t h e  l i s t  i s  abor ted  and no f u r t h e r  
s t a t u s  i s  ou tput .  The FSD remains FASTBUS master  i f  i t  was 
bus master  and b i t  PRMHFE i n  word CTLPRM was s e t .  
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2.8.11 CSRNXL (RO) - UNIBUS NXM During A L i s t  Element Read 

The FSD at tempted t o  read a  l i s t  element from a non-exis tent  
memory loca t ion .  The l i s t  element o f f s e t  p o i n t e r  i n  t h e  
s t a t u s  block header p o i n t s  a t  t h e  element where t h e  FSD had 
t h e  problem. The l i s t  i s  abor ted  and t h e  s t a t u s  block 
header i s  ou tput .  The FSD remains FASTBUS master  i f  i t  was 
bus master  and b i t  PRMHFE.in word CTLPRM was s e t .  

2.8.12 CSRNXB (RO) - UNIBUS NXM During A Buffer  Access 
. . 

The FSD got  a  non-existent memory e r r o r  whi le  t r y i n g  t o  read 
o r  w r i t e  t he  b u f f e r  on t h e  UNIBUS. The l i s t  i s  abo r t ed  and 
t h e  s t a t u s  block header i s  output .  The FSD remains FASTBUS 
master  i f  i t  was bus master  and b i t  PRMHFE i n  word CTLPRM 
was s e t .  

2.8.13 CSRRST (RW) - Software Reset 

I f  t h i s  b i t  i s  s e t  when t h e  FSD begins  execut ion ,  a  sof tware  
r e s e t  i s  performed in s t ead  of a  l i s t  execut ion.  The c o n t r o l  
block address  i n  FSDCTL i s  ignored. I f  t h e  FSD i s  FASTBUS 
master ,  a  r e l e a s e  of t h e  bus i s  done. T h e , s t a t u s  b i t s  i n  
FSDCSR a r e  r e s e t .  No o t h e r  s t a t u s  informat ion  i s  r e tu rned .  
I f  t h i s  b i t  was s e t  whi le  t h e  FSD was h a l t e d  ( s e t t i n g  HCSHLT 
o r  opcode 030) ,  t h e  cu r r en t  l i s t  is  abor ted .  The ' s t a t u s  
block con ta ins  v a l i d  informat ion  up t o  t h e  po in t  of 
t e rmina t ion  s i n c e  the  h a l t i n g  of t h e  FSD f o r c e s  a l l  s t a t u s  
t o  be output  t o  t h e  block. 

2.8.14 CSRA17lCSRA16 (RW) - Control  Block Extended Address 
B i t s  

CSRA17 and CSRA16 a r e  t he  extended address  b i t s  of t h e  
c o n t r o l  block address .  These b i t s ,  along wi th  t h e  con ten t s  
of FSDCTL, form an 18 b i t  address  which p o i n t s  t o  t h e  f i r s t  
word of t h e  c o n t r o l  block. 



CHAPTER 3  

CONTROL BLOCK 

The con t ro l  block i s  a seven 16-bit  wurd block of 
memory cons t ruc ted  by t h e  programmer. It.' con ta ins  
parameters needed by t h e  FSD t o  de f ine  t h e  l i s t  t o  be 
executed, t h e  UNIBUS b u f f e r  and t h e  l o c a t i o n  i n  memory where 
s t a t u s  on t h e  execut ion  of t h e  l i s t  i s  t o  be s to red .  Table 
3-1 de f ines  t h e  o f f s e t s  i n t o  t h e  c o n t r o l  block where each 
parameter i s  s to red .  The 18-bit  address  of t h e  f i r s t  word 
of ' t h e  con t ro l  block i s  g iven  t o  t h e  FSD i n  t h e  I/O-Page 
r e g i s t e r s  FSDCTL and FSDCSR. When b i t  HCSXCT i s  s e t  i n  t h e  
FSDHCS r e g i s t e r ,  t h e  FSD reads  t h e  c o n t r o l  block i n t o  
i n t e r n a l  RAM. 

Off s e t  Name 

CTLPRM 
CTLBYA 
CTLBFL 
CTLBLM 
CTLLBA 
CTLSBA 
CTLSBL 

Desc r ip t ion  ----------- 
L i s t  parameters 
LSB of the UNIBUS b u f f e r  address 
UNIBUS b u f f e r  length  
UNIBUS b u f f e r  l i m i t  
LSB of t h e  l i s t  block address  
ESB of t h e  s t a t u s  block address  
S t a t u s  block l eng th  

Table 3-1. Control block format 
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3.1 CTLPRM - LIST PARAMETERS 

Options which a r e  on a  l i s t  wide b a s i s  a r e  contained i n  
CTLPRM. Extended address  b i t s  f o r  t he  b u f f e r ,  l i s t  and 
s t a t u s  block addresses  a r e  a l s o  contained i n  t h i s  r e g i s t e r .  

B i t  Name Desc r ip t ion  
--- ---a ----------- 

' 15 PRMNSE No s t a t u s  elements a r e  t o  be w r i t t e n  

1 4  unused 

13 unused 

12 unused 

11 unused 

10 unused 

9 unused 

8 unused 

7  PRMBl7 B i t  17 of t h e  UNIBUS b u f f e r  address  

6  PRMB16 B i t  16 of t h e  UNIBUS b u f f e r  address  

5  PRML17 B i t  17 of t h e  l i s t  address  

4  PRML16 B i t  16 of t h e  l i s t  address  

3  PRMS17 B i t  17 of t h e  s t a t u s  block address  

2  PRMS16 B i t  16 of t h e  s t a t u s  block address  

1 PRMHFE Hold FASTBUS mastersh ip  a f t e r  a  f a t a l  e r r o r  

0  PRMWEN Write  enable t h e  UNIBUS b u f f e r  
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3.1.1 PRMNSE - No S t a t u s  Elements Are To Be Wri t ten  

I f  PRMNSE i s  s e t ,  t h e  FSD w i l l  suppress  t h e  w r i t i n g  of 
s t a t u s  elements f o r  each l i s t  element executed. The s t a t u s  
header w i l l  s t i l l  be w r i t t e n  upon t h e  t e rmina t ion  of t h e  
l i s t .  

' 3.1.2 pRMB17/PRMB16 - UNIBUS Buffer  Extended Address B i t s  

PRMB17 and PRMB16 a r e  t h e  extended address  b i t s  f o r  t h e  
UNIBUS b u f f e r  address .  These b i t s ,  a long wi th  t h e  con ten t s  
of CTLBFA, form an 18-bit  address  which p o i n t s  t o  t h e  f i r s t  
word of t h e  bu f fe r .  

3.1.3 PRML17/pRML16 - L i s t  Extended Address B i t s  

PRML17 and PRML16 a r e  t h e  extended address  b i t s  f o r  t h e  l i s t  
address .  These b i t s ,  along wi th  t h e  con ten t s  of CTLLBA, 
form an 18 b i t  address  which p o i n t s  t o  t h e  f i r s t  word of t h e  
l i s t .  

3.1.4 PRMS17/PRMS16 - S t a t u s  Block Extended Address B i t s  

PRMS17 and PRMS16 a r e  t h e  extended address  b i t s  f o r  t h e  
s t a t u s  block address .  These b i t s ,  a long wi th  t h e  con ten t s  
of CTLSBA, form an 18 b i t  address  which p o i n t s  t o  t h e  f i r s t  
word of t h e  s t a t u s  block f o r  t h e  l i s t .  

3.1.5 PRMHFE - Hold FASTBUS Mastership A f t e r  An Error  

The s e t t i n g  of t h i s  b i t  w i l l  cause t h e  FSD t o  main ta in  
FASTBUS mastersh ip  and t h e  cu r r en t  device  connect ion ( i f  
they a r e  p re sen t )  when t h e  l i s t  t e rmina te s  due t o  a f a t a l  
e r r o r .  I f  t h i s  b i t  i s  c l e a r  t h e  FSD w i l l  r e l e a s e  any 
connected device  and bus mas tersh ip  p r i o r  t o  becoming ready. 
B i t s  CSRHFB and CSRHFA i n  FSDCSR r e f l e c t  t h e  cu r r en t  s t a t e  
the FSn with rpsppr. t .  to t h e  FASTRIJS. 

3.1.6 PRMWEN - Write  Enable The UNIBUS Buffer  

The UNIBUS b u f f e r  i s  always readable  by t h e  FSD. However 
t h i s  b i t  must be s e t  f o r  the  FED t o  be  a b l e  t o  w r i t e  i n t o  
t h e  b u f f e r .  Should t h i s  b i t  not be s e t  and t h e  FSD at tempt  
t o  execute a l i s t  element which r e q u i r e s  w r i t i n g  t h e  b u f f e r ,  
t h e  l i s t  w i l l  be terminated wi th  a w r i t e  p r o t e c t  e r r o r .  
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3 . 2  CTLBFA - LSB OF THE UNIBUS BUFFER ADDRESS 

CTLBFA holds t he  l e a s t  s i g n i f i c a n t  16 b i t s  of t h e  
UNIBUS buf fe r  address .  This  en t ry  along wi th  b i t s  
PRMB17/PRMB16 of CTLPRM form . t h e  18-bi t  address  of t h e  
UNIBUS b u f f e r  t o  be used by t h e  l i s t .  This  address  i s  t h e  
i n i t i a l  i n t e r n a l  bu f fe r  address  used by t h e  FSD. Whenever 
da t a  i s  t r a n s f e r r e d  through t h e  FSD t o  o r  from t h e  UNIBUS 

; b u f f e r ,  t h e  i n t e r n a l  po in t e r  i s  incremented by t h e  number of 
words t r a n s f e r r e d .  Spec ia l  func t ion  l i s t  elements a r e  
provided which move the  b u f f e r  po in t e r  r e l a t i v e  t o  t h e  
cu r r en t  l o c a t i o n  o r  r e l a t i v e  t o  t h e  i n i t i a l  address .  These 
elements w i l l  not a l low t h e  po in t e r  t o  be moved beyond t h e  
b u f f e r  address .  I f  t h e  p o i n t e r  i s  moved beyond t h e  l i m i t  
r e g i s t e r  address ,  and at tempt  t o  execute another  opcode w i l l  
r e s u l t  i n  a  l i m i t  r e g i s t e r  exceeded e r r o r .  

3 . 3  CTLBFL - UNIBUS BUFFER LENGTH 

. CTLBFL holds t h e  length  of t h e  UNIBUS b u f f e r  being 
used. The length  i s  g iven  i n  terms of 16-bit  words. The 
FSD w i l l  not a t tempt  t o  access  any l o c a t i o n s  beyond t h e  
b u f f e r  length .  Should a  l i s t  element at tempt  t o  go beyond 
t h i s  upper bound, t h e  FSD w i l l  h a l t  t h e  l i s t  wi th  a  b u f f e r  
overflow e r r o r .  

3.4 CTLBLM - UNIBUS BUFFER LIMIT 

CTLBLM holds  t h e  l eng th  which s e t s  a  po in t e r  l i m i t  i n  
16-bi t  words. Should t h e  i n t e r n a l  b u f f e r  address  p o i n t e r  be 
moved beyond t h e  l i m i t  address ,  t h e  FSD w i l l  not begin t h e  
next element i n  t h e  l i s t .  The l i s t ' i s  abor ted  wi th  a  l i m i t  
r e g i s t e r  exceeded e r r o r  (CSRLRE i s  s e t  i n  FSDCSR). 

3.5 CTLLBA - LIST BLOCK ADDRESS 

CTLLBA holds  the l e a s t  s i g n i f i c a n t  16 b i t s  of t he  l i s t  
address .  The most s i g n i f i c a n t  16 b i t s  a r e  taken from t h e  
parameter r e g i s t e r  (CTLPRM), b i t s  PRML16 and PRML17. The 
l i s t  i s  decribed i n  chapter  4. 

3.6 CTLSBA - STATUS BLOCK ADDRESS 

CTLSBA holds t h e  l e a s t  s l g n l f l c a n t  l b  b l t s  of t h e  
s t a t u s  block address .  The most s i g n i f i c a n t  b i t s  a r e  taken 
from t h e  parameter r e g i s t e r  (CTLPRM), b i t s  PRMS16 and 
PRMS17. Thc s t a t u s  block i s  descr ibed  i n  chapter  5.  



CHAPTER 4 

LIST FORMAT 

A "l is t"  i s  a  group of cont iguous,  multi-word, f i x e d  
l eng th  "l ist  elements" which r e s i d e s  i n  UNIBUS memory. Each 
l i s t  element i s  e i g h t  16-bi t  words i n  l eng th .  The l i s t  
element c o n s i s t s  of an opcode which d e f i n e s  t h e  t a s k  t h e  FSD 
i s  t o  perform, o p t i o n  b i t s  which modify t h e  t a s k ,  and 
parameters  needed by t h e  FSD t o  perform t h e  t a s k .  Some 
opcodes do not use every word w i t h i n  t h e  element,  however 
t h e  space must s t i l l  be a l l o c a t e d  w i t h i n  t h e  l i s t .  

The l i s t  i s  read  only  t o  t h e  FSD. The s t a t u s  of t h e  
execut ion  of t h e  l i s t  i s  r e tu rned  i n  t h e  s t a t u s  block. The 
FSD executes  an element one a t  a  t ime u n t i l  e i t h e r  a  
t e rmina t ion  element i s  found, o r  a  f a t a l  e r r o r  occurs .  The 
format of a  l i s t  element i s  g iven  i n  t a b l e  4-1. 

Of f se t  Name 

LSTORC 
LSTOPT 
LSTPAL 
LSTPAH 
LSTSAL 
LSTSAH 
LSTWCL 
LSTWCH 

Desc r ip t i on  ----------- 
O p c n r l ~  and op t ion  b i t s  
Option b i t s  
LSD of t h e  FASTBUS primary address  
MSB of t h e  FASTBUS primary address  
LSB of t h e  FASTBUS secondary address  
MSB of t h e  FASTBUS secondary address  
LSB of t h e  word count o r  immediate d a t a  
MSB of t h e  word count o r  immediate data,  

Table 4-1. L i s t  element format 
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4.1 LSTOPC - OPCODE AND OPTION BITS 

This  word d e f i n e s  t h e  t a s k  which t h e  FSD i s  t o  perform. 
The o p t i o n  b i t s  provide a means of modifing t h e  meaning of 
t h e  opcode. 

B i t  Name Desc r ip t i on  
--- ---- ----------- 

' 15 OPCPER P a r i t y  e r r o r  reponse code 

1 4  OPCPER P a r i t y  e r r o r  response code 

13 OPCPER P a r i t y  e r r o r  response code 

12 OPCPER P a r i t y  e r r o r  response code 

11 unused 

10 OPCFTS FASTBUS t r a n s f e r  secondary address ing  

9 OPCWID Wri te  immediate da t a  

8 OPCHLF Half word t r a n s f e r  

7 OPCSTD Standard v s  Spec i a l  f u n c t i o n  opcode 

6 opcode 

5 opcode 

4 'opcode 

3 opcode 

2 opcode 

1 opcode 

0 opcode 
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4.1.1 OPCPER - P a r i t y  Error  Response Code 

The p a r i t y  e r r o r  reponse code i s  a 4 b i t  encoded f i e l d  used 
by t h e  FSD t o  determine t h e  type of a c t i o n  t o  be taken when 
p a r i t y  e r r o r s  a r e  de tec ted .  Unlike t h e  32-bit  e r r o r  
response words i n  t h e  FSD's system parameter block,  t h i s  
reponse code i s  on an element by element b a s i s .  It c o n t r o l s  
p a r i t y  e r r o r s  during secondary address  cyc l e s  a s  w e l l  a s  

, d a t a  cyc les .  Each of t h e  16 p o s s i b l e  response codes a r e  
i d e n t i c a l  i n  func t ion  t o  t h e  16 response codes i n  t h e  e r r o r  
response word. 

4.1.2 OPCFTS - FASTBUS Transfer  Secondary Addressing 

This  op t ion  b i t  i s  used by t h e  s p e c i a l  f u n c t i o n  opcode (060) 
which loads t h e  FASTBUS Transfer  Device address .  It 
i n d i c a t e s  t h a t  a secondary address  cyc le  must be performed 
a f t e r  each primary address  cyc l e  t o  FASTBUS Trans fe r  Device. 
For t h e  o t h e r  FASTBUS devices ,  t h e  secondary address  b i t  i s  
a c t u a l l y  p a r t  of t h e  opcode. This  op t ion  b i t  i s  ignored by 
a l l  o t h e r  opcodes. 

4.1.3 OPCWID - Write Immediate Data 

This  op t ion  b i t  i s  used only by those  opcodes which do 
s i n g l e  word w r i t e s  t o  t h e  FASTBUS. When s e t ,  t h e  d a t a  word 
t o  be w r i t t e n , t o  FASTBUS i s  taken from t h e  word count word 
of t h e  l i s t  element (LSTWCL/LSTWCH) and not from t h e  d a t a  
b u f f e r .  This  o p t i o n  b i t  i s  ignored by those  elements which 
do not do s i n g l e  word w r i t e s .  

4.1.4 OPCHLF - Half Word Transfer  

By d e f a u l t ,  t h e  FSD performs a l l  da t a  t r a n s f e r s  between t h e  
FASTBUS and UNIBUS i n  terms of 32-bit  words. When t h i s  b i t  
i s  s e t ,  da t a  t r a n s f e r s  w i l l  be done i n  16-bit  words. When 
t h e  d a t a  i s  w r i t t e n  t~ FASTBUS, i t  is  r i g h t  j u s t i f i e d  i n  t h e  
32-bit  word wi th  t h e  h igh  o rde r  16 b i t s  being s e t  t o  zero.  
When the  d a t a  i s  read from FASTBUS, t h e  low o rde r  16 b i t s  
a r e  w r i t t e n  t o  t h e  UNIBUS and t h e  h igh  o rde r  16 b i t s  a r e  
ignored. The d a t a  i s  packed i n  t h e  UNIBUS b u f f e r  ( i e .  each 
16-bit  word immediately fo l lows  t h e  previous one) .  This  
o p t i o n  b i t  i s  ignored f o r  FASTBUS t o  FASTBUS d a t a  t r a n s f e r s .  
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4.1.5 OPCSTD - Standard Opcode 

There aye two types of opcodes, STANDARD and SPECIAL 
FUNCTION. Standard opcodes only perform d a t a  t r a n s f e r s  
(UNIBUS t o  FASTBUS and FASTBUS t o  FASTBUS). Spec i a l  
f u n c t i o n  opcodes a r e  u s e d . t o  change i n t e r n a l  FSD p o i n t e r s ,  
FSD parameters ,  and do p r i m i t i v e  FASTBUS ope ra t i ons .  When 
OPCSTD i s  s e t ,  b i t s  0 through 6 . a r e  i n t e r p r e t e d  a s  being a  
s tandard  opcode. When i t  i s  c l e a r ,  t h e s e  b i t s  a r e  
i n t e r p r e t e d  a s  being a s p e c i a l  f u n c t i o n  opcode. 
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4.2 LSTOPT - OPTION BITS 

T h i s  word c o n t a i n s  more o p t i o n  b i t s  a s  i n  LSTOPC. 

B i t  Name D e s c r i p t i o n  --- ---- ----------- 
1 5  OPCILE I g n o r e  t h i s  e lement  

' 1 4  OPCHFB Hold FASTBUS m a s t e r s h i p  

1 3  OPCHFA Hold FASTBUS a d d r e s s  c o n n e c t i o n  

1 2  OPCHFX Hold FASTBUS between b u r s t s  

unused 

unused 

unused 

unused 

unused 

unused 

unused 

unused 

urlused 

unused 

OPCSNR Suppress  n u l l  r e a d  

OPCFIO FASTBUS d e v i c e  i s  FIFO l i k e  
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4.2.1 OPCILE - Ignore The Element 
When set, the FSD ignores the function defined by this 
element. Even though the setting of the bit turns the 
opcode into a NOOP, bus mastership and a connected device 
will be released unless option bits OPCHFB and/or OPCHFA are 
set. A status element is output to the status block 
indicating this element was skipped. 

4.2.2 OPCHFB - Hold FASTBUS Mastership 
Normally the FSD releases mastership of the FASTBUS between 
the execution of list elements. If this bit is set, the FSD 
will maintain FASTBUS mastership. Setting this bit also 
implies that OPCHFX is set. 

4.2.3 OPCHFA - Hold FASTBUS Address Connection Between 
Elements 

The FSD normally releases any FASTBUS device currently 
addressed when the list element terminates execution. If 
OPCHFA is set, the FSD will maintain the address connection 
between list elements. Setting this bit al.so impiles that 
OPCHFB and OPCHFX are set. 

4.2.4 OPCHFX - Hold FASTBUS Between Bursts 

Normally the FSD releases mastership of FASTBUS between the 
bursting of data. If OPCHFX is set, the FSD will maintain 
mastership (and the address lock) between -bursts. Please 
note that even though a slight increase in throughput to the 
UNIBUS is gained by setting,this bit, a major decrease in 
throughput on FASTBUS in a multi-master environment is 
possible. 

4.2.5 OPCSNR - Suppress Null Read 
Whenever an opcode is executed which performs a read block 
transfer, a null read cycle (read the NTA register) is 
performed automatically by the FSD to force the slave to 
remove the signals it is asserting on FASTBUS. If this 
option bit is ,set, the null read is suppressed. This 
feature is useful1 if a series of successive read -block 
tranofers is performed to the same s 1 . e ~ ~  device.  
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4 . 2 . 6  OPCFIO - FASTBUS Device I s  FIFO Like 

This  op t ions  b i t  de f ines  t h e  device  on t h e  FASTBUS a s  being 
a  FIFO ( f i r s t  i n ,  f i r s t  ou t )  type  of device.  C e r t a i n  
ope ra t ions  (eg. e r r o r  r e t r i e s )  a r e  handed d i f f e r e n t l y  f o r  
FIFO devices  than  f o r  o t h e r  FASTBUS devices .  
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4.3 LSTPAL~ LSTPAH - FASTBUS PRIMARY ADDRESS 

For those opcodes which do primary address  cyc les  on 
FASTBUS, these  words con ta in  t h e  32-bit  FASTBUS primary 
address  . 

4.4 LSTSAL/LSTSAH - FASTBUS SECONDARY ADDRESS 
. .  . 

For those opcodes which do secondary address  cyc l e s  on 
FASTBUS, these  words con ta in  t h e  32-bit  FASTBUS secondary : 
address  . 

4.5 LSTWCL/LSTWCH - WORD COUNT OR IMMEDIATE DATA ... 

This  32-bit word con ta ins  e i t h e r  a  word count f o r  block 
t r a n s f e r s ,  an o f f s e t  f o r  s p e c i a l  func t ions ,  o r  32-b i t s  of 
FASTBUS d a t a  f o r  immediate d a t a  w r i t e s .  



CHAPTER 5 

STATUS BLOCK FORMAT 

The s t a t u s  block i s  where t h e  FSD r e p o r t s  what a c t i o n s  
were taken  during t h e  execut ion  of t h e  l i s t .  ~ h & e  a r e  two 
p a r t s  t o  t h e  s t a t u s  block.  The s t a t u s  header  con ta in s  
in format ion  r e l a t e d  t o  t h e  l i s t  a s  a  whole. The s t a t u s  body 
c o n t a i n s  in format ion  on an  element-by-element b a s i s .  When 
t h e  FSD has completed execut ion  of a  l i s t  element,  a  f o u r  
word s t a t u s  element i s  w r i t t e n  i n t o  t h e  next s e q u e n t i a l  
l o c a t i o n s  i n  t h e  s t a t u s  body. When t h e  l i s t  i s  te rmina ted ,  
t h e  s t a t u s  header i s  ou tput .  The s t a t u s  block i s  only  
guaranteed t o  be v a l i d  when t h e  FSD has  completed execut ion  
of t h e  l i s t  and i s  i n  t h e  ready s t a t e .  
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5.1 STATUS HEADER 

The i n i t i a l  address  of t h e  s t a t u s  block i s  g iven  by 
CTLSBA and P~Ms171PRMs16 of CTLPRM. The f i r s t  t e n  words of 
t h e  s t a t u s  block a r e  t h e  header .  S u c h , l i s t  wide informat ion  
a s  t h e  f i n a l  UNIBUS b u f f e r  p o i n t e r  o f f s e t  and t h e  connected 
FASTBUS device  address  a r e  s to red  i n  t h e  header.  Table 5-1 
shows t h e  format of t h e  s t a t u s  header.  

Off s e t  ------ 
0  
2  
4 
6  

10 
12 
1 4  
16 
20 
2  2  

Name 
---- 
STLESW 
STLCSR 
STLBPJ, 
STLBPH 
STLLPL 
STLLPH 
STL PAL 
STLPAH 
STLSAL 
STLSAH 

Desc r ip t ion  ----------- 
Error  s t a t u s  word of t h e  l a s t  element executed 
A copy of FSDCSR 
LSB of t h e - f i n a l  UNIBUS b u f f e r  p o i n t e r  o f f s e t  
MSB of t h e  f i n a l  UNIBUS b u f f e r  p o i n t e r  o f f s e t  
LSB of t h e  f i n a l  l i s t  p o i n t e r  o f f s e t  
MSB of t h e  f i n a l  l i s t  po in t e r  o f f s e t  
LSB of t h e  l a s t  FASTBUS primary address  
MSB of t h e  l a s t  FASTBUS pr imary .address  
LSB of t h e  l a s t  FASTBUS secondary address  
MSB of t h e  l a s t  FASTBUS secondary address  

Table 5-1. S t a t u s  header format 

5.1.1 STLESW - Error  S t a t u s  Word 

The e r r o r  s ta . tus  word con ta ins  f l a g s  which i n d i c a t e  what 
type  nf errors ( n r  warnings) occurred dur ing  t h e  execut ion  
of t h e  l a s t  l i s t  element. This  word i s  a  copy of t h e  e r r o r  
s t a t u s  word (STEESW) f o r  t h e  l a s t  l i s t  element executed 
p r i o r  t o  l i s t  t e rmina t ion .  A copy i s  placed i n  t h e  header 
t o  al low the  PDP-11 t o  quick ly  determine why t h e  l i s t  
abor ted .  See t h e  d e s c r i p t i o n  of,.STEESW f o r  a  d e t a i l e d  
explana t ion  of each bit w i t h i n  t h i s  word. 

5.1.2 STLCSR - A Copy Of FSDCSR 

This  word con ta ins  a  copy of t h e  f i n a l  con ten t s  of FSDCSR. 
See s e c t i o n  2 , 8  f o r  e desciptinn nf  FSDCSR. 

5.1.3 STLBPLISTLBPH - F i n a l  UNIBUS Buffer  Po in t e r  Offse t  

This  32-bit word con ta ins  t h e  o f f s e t  i n  16-bi t  words from 
LLe s t a r t  of the UNIBUS buffer t o  t h e  f i n a l  b u f f e r  p o i n t e r .  
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5.1.4 STLLPL/STLLPH - F i n a l  L i s t  Po in t e r  Offse t  

This  32-bit word con ta ins  t h e  o f f s e t  i n  16-bit  words from 
t h e  s t a r t  of t h e  l i s t  t o  t h e  l a s t  word p l u s  1 read by t h e  
FSD from t h e  l i s t .  The address  of t he  l a s t  l i s t  element 
executed i s  computed by t h e  formula, 

i n i t i a l  l i s t  address  + ( 2  * ( l i s t  o f f s e t  - 8 ) )  

The except ion  t o  t h i s  equat ion  i s  when t h e  l i s t  abor ted  due 
t o  an NXM e r r o r  whi le  reading t h e  l i s t  element. I n  t h i s  
case t h e  o f f s e t  po in t s  d i r e c t l y  a t  t h e  element i n  e r r o r  (no 
need t o  s u b t r a c t  8 ) .  

5.1.5 STLPALISTLPAH - FASTBUS Primary Address 

I f  CSRHFA i s  s e t  i n  FSDCSR, t h i s  32-bit word con ta ins  t h e  
FASTBUS primary address  of t h e  device which was connected t o  
t h e  FSD when t h e  l i s t  terminated.  I f  t h e  FSD does not  do a  
secondary address  cyc le  but  does do block t r a n s f e r s ,  t h e  FSD 
assumes t h i s  i s  a  l o g i c a l  address  and adds t h e  number of 
words t r a n s f e r r e d  t o  t h e  i n i t i a l  primary address .  This  word 
w i l l  be  zero i f  no FASTBUS device  i s  addressed when t h e  l i s t  
t e rmina tes  ( i e .  no address  connect ion i s  main ta ined) .  

5.1.6 STLSALISTLSAH - FASTBUS Secondary Address 

I f  CSRHFA i s  s e t  i n  PSBCSR, t h i s  32-bit  word con ta ins  t h e  
l a s t  secondary address  of t h e  device  a s  computed by t h e  FSD. 
This  word i s  zero i f  no FASTBUS device  i s  addressed when t h e  
l i s t  t e rmina tes  ( i e .  no address  connect ion i s  maintained)  
o r  i f  no secondary address  cyc le  was ever  performed. The 
FSD keeps t r a c k  of t h e  c o r r e c t  secondary address  by adding 
t h e  number of words block t r ' ans fe r r ed  t o  t h e  l a s t  secondary 
address  cyc le  requested.  STLSALISTLSAH r e f l e c t s  t h i s  
updated secondary address .  
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5.2 STATUS BODY 

Immediately fol lowing t h e  s t a t u s  header i s  t h e  s t a t u s  
body. The body i s  of i nde te rmina te  l eng th ,  s i n c e  i t  i s  
based upon t h e  number of l i s t  elements executed by t h e  FSD. 
Each s t a t u s  element w r i t t e n  t o  t h e  body i s  f o u r  words i n  
length .  When t h e  FSD has completed execut ion  of the  f i r s t  
l i s t  element i n  t h e  l i s t ,  a s t a t u s  element i s  w r i t t e n  i n t o  

.:the body a t  words 11 through 14. A s  each l i s t  element i s  
executed, t h e  FSD, w r i t e s  t h e  s t a t u s  element i n  t h e  next 
s e q u e n t i a l  memory l o c a t i o n s  i n  t h e  s t a t u s  body. A l l  l i s t  . 

elements,  except f o r  t h e  te rmina t ion  element,  have a s t a t u s  . 

element w r i t t e n  t o  t he  body. The format f o r  a s t a t u s  
element i s  g iven  i n  t a b l e  5-2. 

.. 
Offse t  Name Descr ip t ion  
------ ---- ----------- 

0 STEESW Error  s t a t u s  word 
2 STEISW Information s t a t u s  word 
4 STEWCL LSB of t h e  word count 
6 .  STEWCH MSB of t h e  word count 

Table 5-2. S t a t u s  element format 
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5.2.1 STEESW - Error  S t a t u s  Word 

The e r r o r  s t a t u s  word con ta ins  f l a g s  which i n d i c a t e  what 
type of e r r o r s  ( o r  warnings) occurred dur ing  t h e  execut ion  
of t h e  l i s t  element. 

B i t  Name Descr ip t ion  --- ---- ----------- 
15 SEEBOV Buffer  overflow 

14  unused 

13  unused 

12 SEEIOC I l l e g a l  opcode 

11 SEEFTD FASTBUS Transfer  Device e r r o r  

10 SEEWPR Buffer  w r i t e  p ro t ec t ed  

9, SEEIOP I l l e g a l  ope ra t ion  

8 SEEPER FASTBUS p a r i t y  e r r o r  

7 SEEARB FASTBUS a r b i t r a t i o n  timeout 

6 SEEDAT FASTBUS e r r o r  occurred a t  d a t a  t ime 

5 SEEXAD 'FASTBUS e r r o r  occurred a t  secondary address  t ime 

4 SEMDR FASTBUS e r r o r  occurred a t  address  time 

3 SEERTO FASTBUS response timeout 

2 SEWS2 FASTBUS s l a v e  s t a t u s  bit 2 

1 SEESS1 FASTBUS s l ave ,  s t a t u s  " b i t  1 

0  SEESSO FASTBUS s l a v e  s t a t u s  b i t  0  
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5.2.1.1 SEEBOV - Buffer overflow 

The element requested t h e  FSD t o  t r a n s f e r  more da t a  words 
than were a v a i l a b l e  i n  t h e  bu f fe r .  Data was t r a n s f e r r e d  
u n t i l  t h e  po in t e r  reached t h e  end of t h e  b u f f e r .  The number 
of words which d id  g e t  t r a n s f e r r e d  a r e  r epo r t ed  i n  t h e  word 
count word of t h e  s t a t u s  element. This  e r r o r  can a l s o  occur  

. f o r  s p e c i a l  func t ion  opcodes which move t h e  i n t e r n a l  b u f f e r  
: p o i n t e r .  

5.2.1.2 SEEIOC - I l l e g a l  opcode 

There a r e  a  t o t a l  of 256 p o s s i b l e  opcodes, not  a l l  of which 
a r e  implemented. An at tempt  t o  execute an undefined opcode 
r e s u l t s  i n  t h i s  e r r o r .  

5.2.1.3 SEEFTD - FASTBUS t r a n s f e r  device e r r o r  

The e r r o r  being repor ted  by t h i s  s t a t u s  element occured 
whi le  t h e  FSD was access ing  t h e  FASTBUS Transfer  Device 
which was being used a s  t h e  b u f f e r  i n ' a  FASTBUS t o  FASTBUS 
t r a n s f  e r .  

5.2.1.4 SEEWPR - Buffer w r i t e  pr0tecte.d 

 he opcode needed t o  wr i te  id to  ehe Buffer ,  however t h e  
w r i t e  enable  b i t  (PRMWEN) i n  CTLPRM was not s e t .  No d a t a  
was t r a n s f e r r e d .  

5.2.1.5 SBEIOP - I l l e g a l  ope ra t ion  

This  e r r o r  occurs  when an i l l e g a l  ope ra t ion  i s  a t tempted by 
a  s p e c i a l  func t ion  opcode. This  e r r o r  i s  opcode s p e c i f i c .  

5.2.1.6 SEEPER - FASTBUS p a r i t y  e r r o r  

A FASTBUS p a r i t y  e r r o r  occurred during t h e  d a t a  t r a n s f e r .  
This  b i t  i s  a  warning i f  p a r i t y  e r r o r s  were t o  be ignored. 
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5.2.1.7 SEEARB - FASTBUS a r b i t r a t  i o n  t imeout  

The FSD was unab le  t o  win m a s t e r s h i p  of t h e  FASTBUS. 

' 5.2.1.8 SEEDAT - FASTBUS d a t a  t ime  e r r o r  

,,The b i t s  SEERTO, SEESS2, SEESS1, and SEESSO can occur  on 
e i t h e r  pr imary a d d r e s s ,  secondary a d d r e s s ,  o r  d a t a  c y c l e .  
I f  SEEDAT i s  s e t ,  t h e  e r r o r  r e p o r t e d  by t h e s e  b i t s  o c c u r r e d  
on a  d a t a  c y c l e .  

5.2.1.9 SEEXAD - FASTBUS secondary a d d r e s s  e r r o r  . 

Same a s  SEEDAT excep t  t h e  e r r o r  o c c u r r e d  d u r i n g  a  FASTBUS 
secondary a d d r e s s  c y c l e .  

5.2.1.10 SEEADR - FASTBUS pr imary a d d r e s s  e r r o r  

Same a s  SEEDAT excep t  t h e  e r r o r  o c c u r r e d  d u r i n g  a  FASTBUS 
pr imary a d d r e s s  c y c l e .  

5.2.1.11 SEERTO - FASTBUS response  t imeout  

The DR or M. signal d i d  not  romp hark  f r n m  t h e  s l a v e  i n  an 
a p p r o p r i a t e  amount of t ime.  I f  t h i s  i s  a  pr imary a d d r e s s  
c y c l e  e r r o r ,  t h e  d e v i c e  most l i k e l y  does  n o t  e x i s t  o r  t h e  S I  
r o u t e  t a b l e s  a r e  not  s e t  up c o r r e c t l y .  I f  t h i s  i s  a  d a t a  
c y c l e  e r r o r ,  some t y p e  of hardware e r r o r  h a s  o c c u r r e d  i n  t h e  
connected s l a v e .  The a d d r e s s  of t h e  d e v i c e  i s  r e t u r n e d  i n  
STLPALISTLPAH of t h e  s t a t u s  header .  

5.2.1.12 SEESS(0,1,2) - FASTBUS s l a v e  s t a t u s  r e s p o n s e  b i t s  

SEESS2, SEESSl and SEESSO c o n t a i n  t h e  s l a v e  s t a t u s  response  
which cauocd t h c  FASTBUS c r r o r .  
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5.2.2 STEISW - I n f o r m a t i o n  S t a t u s  Word 

STEISW cont 'a ins  s t a t u s  i n f o r m a t i o n  about  t h e  e x e c u t i o n  of 
t h e  l i s t  e lement .  

B i t  Name D e s c r i p t i o n  
--- ---- ----------- 

: 1 5  SEEERR F a t a l  e r r o r  i n d i c a t i o n  f l a g  
. .. . . 

1 4  SEEHFB FASTBUS m a s t e r s h i p  was h e l d  

1 3  SEEHFA FASTBUS a d d r e s s  c o n n e c t i o n  was h e l d  

1 2  SEERTY FASTBUS r e t r y  was a t t e m p t e d  

11 unused 

10 unused 

9 unused 

8 unused 

7 SEEWRN Warning i n d i c a t i o n  f l a g  

6 unused 

5 unused 

4 unused 

3 SEEMDA M u l t i p l e  d e v i c e  header  s t a t u s  e lement  

2 SEEJSL CALL/RETURN/JUMP s u b - l i s t  s t a t u s  element 

1 SEEN10 Non-110 l i s t  element ,. 

0 SEEILE Ignored element 
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5.2.2.1 SEEERR - Error indication flag 
This bit is set whenever the element had a fatal error which 
caused the FSD to abort execution of the list. 

5.2.2.2 SEEHFB - FASTBUS mastership was held 
The option bit OPCHFB in the list element was set causing 
the FSD to maintain ownership of the FASTBUS when the 
element completed. 

5.2.2.3 SEEHFA - FASTBUS address connection was held 
The option bit OPCHFB in the list element was set causing 
the FSD to maintain the current address connection when the 
list element completed. 

5.2.2.4 SEERTY - FASTBUS-retry was attempted 
A FASTBUS error occurred during the execution of this list 
element and a retry was attempted. If the list was not 
aborted due to a FASTBUS error the retry was successful. 
The slave status response which invoked the retry is 
indicated in STEESW unless the element,aborted on a later 
FASTBUS transfer due to a fatal slave status error. 

5.2.2.5 SEEWRN - Warning indication flag 
This bit is set if the element had. a non-fatal (warning) 
error. Some warnings are.FASTBUS parity errors which were 
ignored, FASTBUS error retries, or slave status responses 
which were ignored. 

5.2.2.6 SEEMDA - Multiple device header status element 

This status element is the header for a multiple device 
address list element. The parameter word contains the 
number of device addresses stored in the table on which the 
opcode will be performed. See chapter 8 for a description 
of Multiple Device Addressing. 
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5.2.2.7 SEEJSL - CALL/RETURN/ JUMP sub- l i s t  s t a t u s  element 

The l i s t  element which corresponds t o  t h i s  s t a t u s  element 
was a CALL, RETURN, o r  JUMP sub- l i s t  element (opcode 10 ,  11, 
o r  12). The parameter word g ives  t h e  o f f s e t  i n  16-bit  words 
from t h e  s t a r t  of t h e  l i s t  block t o  t h e  address  of t h e  next  
l i s t  element which w i l l  be executed. 

5.2.2.8 SEEN10 - Non-110 l i s t  element 

The element d id  not do any FASTBUS t r a n s f e r s .  Only those  
s p e c i a l  func t ion  opcodes which do not do any d a t a  t r a n s f e r s  
to t f rom FASTBUS s e t  t h i s  b i t .  

5.2.2.9 SEEILE - Ignored l i s t  element 

The l i s t  element had i t s  "ignore me" (OPCILE) b i t  s e t .  The 
FSD t r e a t e d  t h e  element a s  a NOOP. 

5.2.3 STEWCL/STEWCH - Word Count O r  Data 

This  32-bit word i s  opcode s p e c i f i c  i n  i t s  meaning. For a l l  
s tandard  opcodes and those  s p e c i a l  opcodes which do FASTBUS 
d a t a  t r a n s f e r s ,  t h i s  32-bit word con ta ins  t h e  number of d a t a  
words t r a n s f e r r e d .  I f  t h e  element terminated i n  an  e r r o r ,  
t h i s  count does not inc lude  t h e  word which caused t h e  e r r o r .  
For t h e  non-110 s p e c i a l  func t ion  opcodes, t h i s  word i s  
e i t h e r  unused ( r e tu rned  a s  01, o r  con ta ins  opcode s p e c i f i c  
s t a t u s  information,  such a s  o f f s e t s .  See t h e  s p e c i f i c  
opcode d e s c r i p t i o n  f o r  t h e  meaning of t h i s  s t a t u s  e n t r y .  



CHAPTER 6  

OPCODES 

The opcode i s  an 8  b i t  i n s t r u c t i o n  w i t h i n  :: t h e  l i s t  
element which de f ines  t h e  f u n c t i o n  t h e  FSD i s  t o  perform. 
The opcode i s  loca ted  i n  b i t s  0 through 7 of word LSTOPC i n  
t h e  l is t  element. There a r e  256 poss ib l e  opcodes which a r e  
d iv ided  i n t o  two c l a s s e s  of 128 opcodes each. The c l a s s  i s  
s e l e c t e d  by b i t  7 (OPCSTD) of t h e  opcode. Standard opcodes, 
s e l e c t e d  when OPCSTD is s e t ,  perform d a t a  t r a n s f e r s  . on 
FASTBUS (UNIBUS t o  FASTBUS o r  FASTBUS t o  FASTBUS). Each b i t  
w i t h i n  a  s tandard opcode s i g n i f i e s  a  FASTBUS o p e r a t i o n  o r  
c o n t r o l  func t ion ,  such a s  read  vs .  w r i t e ,  block vs .  s i n g l e  
word t r a n s f e r ,  e t c .  These opcodes do a l l  t h e  FASTBUS 
ope ra t ions  needed t o  t r a n s f e r  t h e  d a t a ,  from' a r b i t r a t i o n  t o  
bus r e l e a s e .  Spec ia l  f u n c t i o n  opcodes, s e l e c t e d  when OPCSTD 
i s  c l e a r ,  perform i n t e r n a l  FSD ope ra t ions  a s  w e l l  a s  
p r i m i t i v e  FASTBUS ope ra t ions .  Not a l l  of t h e  256 p o s s i b l e  
opcodes a r e  implemented. An at'tempt t o  execute an 
unimplemented opcode w i l l  r e s u l t  i n  an  i l l e g a l  opcode e r r o r  
which a b o r t s  t h e  l i s t .  
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6.1 STANDARD OPCODES 

Standard opcodes (200 through 377) perform complete 
FASTBUS t r a n s a c t i o n s .  They a r b i t r a t e ,  address  a  device,  do 
an op t iona l  secondary address ,  read o r  w r i t e  d a t a  i n  s i n g l e  
o r  block mode, and o p t i o n a l l y  r e l e a s e  t h e  address  and bus. 
Standard op t ions  can be decoded bi t -wise i n t o  s p e c i f i c  
FASTBUS ope ra t ion  and c o n t r o l ,  such a s  address ing  c o n t r o l  o r  

:data space, reading o r  w r i t i n g ,  and s i n g l e  o r  block d a t a  
t r a n s f e r s .  Table 6-1 o u t l i n e s  how each b i t  can be decoded. 

B i t  Name Value Descr ip t ion  
--- ---- ----- ----------- 

7 OPCSTD 1 Must be s e t  f o r  s tandard  opcodes 

6 OPCFTD 0 
1 

5 OPCMDA 0 
1 

4 OPCXAD 0 
1 

3 OPCBLK 0 
1 

2 OPCBRD 0 
1 

1 OPCCTL 0 
1 

0 OPCWRT 0 
1 

UNIBUS b u f f e r  
FASTBUS Transfer  Device 

S ingle  FASTBUS device  address  
Mul t ip le  Device Address 

No secondary address  
secondary address  cyc l e  r equ i r ed  

S ing le  word t r a n s f e r  , 

Block t r a n s f e r  

S ing le  device  address ing  
Broadcast address ing  

Address da t a  space 
Address con t ro l  space 

Write  opera t  i on  
Read ope ra t  ion  

Table 6-1. Standard opcode decoding 
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The fol lowing s e c t i o n s  d e s c r i b e  each s tandard  opcode i n  
d e t a i l .  Each opcode w i l l  t r a n s f e r  i n  e i t h e r  16 o r  32-bit  
word mode a s  s p e c i f i e d  by t h e  va lue  of OPCHLF i n  t h e  op t ions  
word of t h e  element. Those opcodes which do s i n g l e  word 
w r i t e s  a l s o  check t h e  OPCWID b i t  f o r  w r i t e  immediate 
func t ions .  I f  OPCWID i s  s e t ,  t h e  s i n g l e  16 o r  32-bit  word 
i s  taken  from t h e  word count word (LSTWCL/LSTWCH) of t h e  
l i s t  element and not from t h e  b u f f e r .  I f  OPCMDA i s  s e t ,  t h e  

: opcode i s  t o  be app l i ed  on t h e  m u l t i p l e  device  address  and 
t h e  address  contained i n  LSTPAL~LSTPAH i s  ignored. I f  
OPCFTD i s  s e t ,  t h e  opcode t r a n s f e r s  ' d a t a  t o  t h e  FASTBUS 
Trans fe r  Device in s t ead  of t h e  UNIBUS b u f f e r .  The FASTBUS ' 

Transfer  Device i s  def ined  by s p e c i a l  f u n c t i o n  opcode 060. 

I f  t h e  opt ion  b i t  OPCHFA i s  s e t ,  t h e  device  addressed 
w i l l  remain connected t o  t h e  FSD. P r i o r  t o  address ing  a  new 
device ,  t h e  FSD w i l l  always f i r s t  r e l e a s e  any device  l e f t  
connected t o  t h e  FSD by t h i s  op t ion .  

For every opcode, t h e  FASTBUS primary address  i s  g iven  
i n  LSTPAL~LSTPAH , (except  f o r  m u l t i p l e  device  address  
opcodes);  t h e  secondary address  i s  g iven  i n  LSTSAL~LSTSAH; 
t h e  word count f o r  block t r a n s f e r s  i s  g iven  i n  
LSTWCL/ LSTWCH. 

The word count i s  always g iven  i n  terms of 16-bi t  words 
even if t h e  t r a n s f e r  mode i s  32-bit .  For i n s t ance ,  i f  i t  i s  
d e s i r e d  t o  w r i t e  256 32-bit  word's t o  a  device ,  t h e  word 
count would be 512. I f  an odd count i s  g iven  whi le  i n  
32-bit  mode, t h e  count i s  rounded down ( a  word c o u n t '  of 11 
would t r a n s f e r  5  32-bit  words).  FASTBUS t o  FASTBUS 
transfers also r e q u i r e  t h e  word. cni1n.t t o  he in terns o f  
16-bi t  words. 

The l i s t  element format f o r  each s tandard  opcode i s  
def ined  below. The o f f s e t  i s  t h e  number of by tes  from t h e  
cu r r en t  l i s t  element po in t e r .  

O f f s e t )  conten ts  ------- -------- 
2,  0 )  opt ion/ /opcode 
6 ,  4 )  FASTBUS primary address  

12, lO) PASTBUE secondary addrcoo 
16,14)  Word count o r  immediate da t a  

The s t a t u s  element word always con ta ins  t h e  number of 16-bi t  
words read o r  w r i t t e n  by t h e  FSD. The p o s s i b l e  e r r o r s  which 
can occur  during the  execut ion  of a  s tandard  opcode a r e :  

Poss ib l e  e r r o r s :  SEEBOV, SEENPR, SEEPER 
SEEARB, SEERTO, S E ~ s S ( 0 , 1 , 2 )  
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The fol lowing t a b l e  l i s t s  t h e  s tandard  opcodes which perform 
UNIBUS t o  FASTBUS t r a n s f e r s  wi th  s i n g l e  device  address ing .  

Opcode R/W Space 

da t a  
d a t a  
c o n t r o l  
con t ro l  
da t a  
da t a  
con t ro l  
con t ro l  
da t a  
da t a  
con t ro l  
con t ro l  
d a t a  
da t a  
con t ro l  
con t ro l  
d a t a  
d a t a  
con t ro l  
con t ro l  
da tn  
da t a  
con t ro l  
con t ro l  
d a t a ,  
datn 
con t ro l  
contro 1 
da ta  
JaLa 
c o n t r o l  
con t ro l  

Block 

no 
no 
no 
no 
no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
no 
no 
no 
no 
Yes 
Y co 
Yes 
Yes 
Yes 
yes 
Yes 
Yes 

Broadcast 

no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
Yes 
Yes 
Yes 
yes 
no 
no 
no 
no 
Yes 
Y .. yes 
Y C C  

Secondary --------- 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 

. no 
no 
no 
Yes 
Yes 
Yes 

. Yes 
Yes 
Yes 
yes . 
Yes 
Yes 
yes 
Yes 
Yes 
Yes 
Ye3 
Yes 
Yes 

Table 6 - 2 .  Sing le  address  opcodes f o r  UNIBUS t r a n s f e r s  
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The fol lowing t a b l e  l i s t s  t h e  s tandard  opcodes which perform 
UNIBUS t o  FASTBUS t r a n s f e r s  wi th  m u l t i p l e  device  address ing .  

Opcode ------ 
240 
241 

: 242 
2 43 
244 
245 
2 46 
247 
250 
251 
252 
2 53 
254 
255 
256 
257. 
26 0 
26 1 
262' 
26 3 
26 4 
26 5 
26 6 
26 7 
27 0 
27 1 
27 2 
27 3 
27 4 
27 5 
276 
27 7 

Space 

da t a  
d a t a  
c o n t r o l  
con t ro l  
d a t a  
da t a  
c o n t r o l  
c o n t r o l  
da t a  
d a t a  
con t ro l  
con t ro l  
d a t a  
d a t a  
con t ro l  
con t ro l  
da t a  
d a t a  
con t ro l  
con t ro l  
d a t a  
d a t a  
con t ro l  
c o n t r o l  
d a t a  
d a t a  
c o n t r o l  
c o n t r o l  
d a t a  
dara 
c o n t r o l  
con t ro l  

Block 
----- 

no 
no 
no 
no 
no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
no 
no 
no 
no 
Y =s 
y e s  

Yes 
Yes 
Yes 
Yes 
yes 
Yes 

Broadcast --------- 
no 
no 
no 
no 
Yes 
Yes 

. yes 
Yes 
no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
Yes 
Yes 
Yes 
yes. 
no 
no 
no 
no 
Yes 
Yes 

+.yes 
Yes 

Secondary 
--------- 

Table 6-3. Mult ip le  address  opcodes f o r  UNIBUS t r a n s f e r s  
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The fol lowing t a b l e  l i s t s  t h e  s tandard  opcodes which perform 
FASTBUS t o  FASTBUS t r a n s f e r s  wi th  s i n g l e  device  address ing .  

Opcode ------ 
300 
3 01 
302 
3 03 
3 04 
305 
3 06 
307. 
310 
31.1 
3 1.2 
3 13 
3 1'4 
315 
316 
3 17. 
3 20 
321 
3 22 
3 23 
3 24 
3 25 
3 26 
3 27 
330 
331 
332 
333 
334 
335 
336 
337 

Space ----- 
d a t a  
d a t a  
c o n t r o l  
c o n t r o l  
d a t a  
d a t a  
c o n t r o l  
c o n t r o l  
d a t a  
da t a  
c o n t r o l  
cont ro  1 
d a t a  
d a t a  
con t ro l  
con t ro l  
d a t a  
d a t a  . 

c o n t r o l  
cont ro  1 
d a t a  
d a t a  
con t ro l  
c o n t r o l  
d a t a  
d a t a  
c o n t r o l  
cont ro  1 
da ta  
data 
con t ro l  
c o n t r o l  

Block ----- 
no 
no 
no 
no 
no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
no 
no 
no 
no 
Yes 
Y co 
Yes 
Yes 
Yes 
Ye5 
Yes 
Yc= 

Broadcast 

no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
Yes 
yes 

-. yes 
Yes 

Secondary --------- 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
Yes 
Yes 
Yes 

. yes 
yes 
Yes 
yes  . 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
yes 

Yes 
Yes 

Table 6-4. Sing le  address  opcodes , fo r  FASTBUS t r a n s f e r s  
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The fol lowing t a b l e  l i s t s  t h e  s tandard  opcodes which perform 
FASTBUS t o  FASTBUS t r a n s f e r s  wi th  m u l t i p l e  device  
address ing .  

Opcode R/W ------ --- 
3 40 W 

: 341 R 
342 W 
3 43 R 
3 4 4  W 
345 R 
3 46 W 
3 47 R 
350 W 
351 R 
352  W 
3 53 R 
3 5 4  W 
355 R 
3 5 6 .  W 
3 57 R 
360  W 
361 R 
362 W 
363 R 
364  W 
365 R 
366 W 
367 R 
370 W 
371  R 
3 7 2 W 
373 R 
3 7 4  W 
375 R 
376 W 
377 R 

Space 
----- 
d a t a  
d a t a  . 
c o n t r o l  
c o n t r o l  
d a t a  
d a t a  
c o n t r o l  
c o n t r o l  
d a t a  
d a t a  
c o n t r o l  
c o n t r o l  
d a t a  
d a t a  
c o n t r o l  
cont r o  1 
d a t a  
d a t a  
c o n t r o l  
con t ro l  
d a t a  
d a t a  
con t ro l  
c o n t r o l  
dara 
d a t a  
con t ro l  
cont r o  1 
d a t a  
d a t a  
c o n t r o l  
c o n t r o l  

Block 

no 
no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
no 
no 
no 
no 
yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Broadcast Secondary 

no 
no 
no 
no 
Yes 
Yes 
Yes 
yes 
no 
no 
no 
no 
yes 
Yes 
Yes 
Yes 
no 
no 
no 
no 
Yes 
Yes 
yes,  
Yes 
11U 

no 
no 
no 
Yes 

,.yes 
Yes 
Yes 

no 
no 
no 
no 
no 
no 
no 
L i  u 
no: 
no 
.no 
no 
no 
no 
no 
no 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
y e s  

Yes 
Yes 
Yes 
yes 
Yes 
Yes 
Yes 

Table 6-5 .  Mult ip le  address  opcodes f o r  FASTBUS t r a n s f e r s  
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6.2 OPCODES 200 THROUGH 277 

The fol lowing s e c t i o n s  (6.2.1 through 6.2.32) d e s c r i b e  
t h e  s tandard  func t ion  opcodes ,200 through 277. These 
opcodes t r a n s f e r  da t a  between t h e  FASTBUS and t h e  UNIBUS 
b u f f e r ,  Only one FASTBUS device  i s  addressed per  l i s t  
element. 

6.2.1 Opcode 200 - Single  Wri te  Data Space 

The FASTBUS device  i s  addressed i n  d a t a  space and a  s i n g l e  
word; ' taken from e i t h e r  t h e  b u f f e r  o r  l i s t  element,  i s  
w r i t t e n  t o  t h e  device.  

6.2.2 Opcode 201 - Single  Read Data Space 

The FASTBUS device  i s  addressed i n  d a t a  space and a s i n g l e  
word i s  read from t h e  device  i n t o  t h e  b u f f e r .  

6.2.3 Opcode 202 - Single  Wri te  Control  Space 

Same a s  opcode 200 except t h e  device  i s  addressed i n  c o n t r o l  
space. 

6.2.4 Opcode 203 - Single  Read Control  Space 

Same a s  opcode 201 except t h e  device  i s  addressed i n  c o n t r o l  
cpace. 

6.2.5 Opcode 204 - Broadcast S ing le  Write  Data Space 

A broadcast  address  cyc le  i s  performed t o  da t a  space. This  
i a  followed by a  write of a s i n g l e  word t ake  from t h e  b u f f e r  
o r  l i s t  element. 

6.2.6 Opcode 205 - Broadcast S ing le  Read Data Space 

A broadcast  address  cyc le  i s  performed t o  da t a  space. This  
i s  followed by a read of a  s i n g l e  word i n t o  t h e  bu f fe r .  



OPCODES Page 6-9 

6.2.7 Opcode 206 - Broadcast Write S ingle  Word Control  
Space 

Same a s  opcode 204 except c o n t r o l  space i s  addressed.  

6.2.8 Opcode 207 - Broadcast S ing le  Read Control  Space 

Same a s  opcode 205 except con t ro l  space i s  addressed.  

6.2.9 Opcode 210 - Block Wri te  Data Space 

The FASTBUS device  i s  addressed i n  da t a  space and a' block of 
words taken from t h e  b u f f e r  i s  w r i t t e n  t o  t h e  device .  

6.2.10 Opcode 211 - Block Read Data Space 

The FASTBUS device  i s  addressed i n  d a t a  space and a block of 
words i s  read from t h e  device  i n t o  t h e  b u f f e r .  

6.2.11 Opcode 212 - Block Wri te  Control Space 

Same a s  opcode 210 except c o n t r o l  space i s  addressed.  

6.2.12 Opcode 213 - Block Read Control Space 

Same a s  opcode 211 except c o n t r o l  space i s  addressed.  

6.2.13 Opcode 214 - Broadcast Block Write  Data Space 

A broadcast  address  cyc l e  i s  performed t o  d a t a  space. This  
i s  followed by a block w r i t e  of d a t a  from t h e  b u f f e r .  

6.2.14 Opcode 215 - Broadcast Block Read Data Space 

A broadcast  address  c y c l e  i s  performed t o  d a t a  space. This  
i s  followed by a block read  of da t a  i n t o  t h e  bu f fe r .  The 
i n t e r p r e t a t i o n  of t h e  d a t a  from t h i o  opcode i s  une lea r .  
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6.2.15 Opcode 216 - Broadcast  Block W r i t e  C o n t r o l  Space 

Same a s  opcode 214 excep t  c o n t r o l  space  i s  a d d r e s s e d .  

6.2.16 Opcode 217 - Broadcast  Block Read C o n t r o l  Space 

.Same a s  opcode 215 excep t  c o n t r o l  space  i s  a d d r e s s e d  

\ 

6.2.17 Opcode 220 - Secondary S i n g l e  W r i t e  Data Space 

The FASTBUS d e v i c e  i s  a d d r e s s e d  i n  d a t a  space.  The a d d r e s s  
c y c l e  i s . f o l l o w e d  by a secondary a d d r e s s  c y c l e  a n d . a  s i n g l e  
word w r i t e  c y c l e .  

6.2.18 Opcode 221 - Secondary S i n g l e  Read Data Space 

The FASTBUS d e v i c e  i s  a d d r e s s e d  i n  d a t a  space.  The a d d r e s s  
c y c l e  i s  fo l lowed  by a secondary a d d r e s s  c y c l e  and a s i n g l e  
word r e a d  c y c l e .  

6.2.19 Opcode 222 - Secondary S i n g l e  W r i t e  C o n t r o l  Space 

Same a s  opcode 220 e x c e p t  c o n t r o l  s p a c e '  i s  a d d r e s s e d  

6.2.20 Opcode 223 - Secondary S i n g l e  Read C o n t r o l  Space 

Same a s  opcode 221 except  c o n t r o l  space  i s  a d d r e s s e d .  

6.2.21 Opcode 224 - Broadcast  Secondary S i n g l e  W r i t e  Data 
Space 

A b r o a d c a s t  a d d r e s s  c y c l e  i s  performed t o  d a t a  space.  The 
a d d r e s s  c y c l e  i s  fo l lowed  by a secondary a d d r e s s  c y c l e  and a 
s i n g l e  w r i t e  c y c l e .  

6.2.22 Opcode 225 - Broadcast  Secondary S i n g l e  Read Data 
Space 

A b r o a d c a s t  a d d r e s s  c y c l e  i s  performed t o  d a t a  space.  The 
a d d r e s s  c y c l e  i s  fo l lowed  by a secondary a d d r e s s  c y c l e  and a 
s i n g l e  r e a d  c y c l e .  



OPCODES Page 6-11 

6.2.23 Opcode 226 - Broadcast  Secondary S i n g l e  W r i t e  
C o n t r o l  Space 

Same as opcode 224 excep t  c o n t r o l  space  i s  a d d r e s s e d .  

6.2.24 Opcode 227 - Broadcast  Secondary S i n g l e  Read C o n t r o l  
Space 

Same a s  opcode 225 excep t  c o n t r o l  s p a c e  i s  addressed  

6.2.25 Opcode 230 - Secondary Block W r i t e  Data Space 

The FASTBUS d e v i c e  i s  a d d r e s s e d  i n  d a t a  space.  T h i s  a d d r e s s  
c y c l e  i s  fo l lowed  by a secondary a d d r e s s  c y c l e  and a b l o c k  
w r i t e .  

6.2.26 Opcode 231 - Secondary Block Read Data Space 

The FASTBUS d e v i c e  i s  a d d r e s s e d  i n  d a t a  space .  T h i s  a d d r e s s  
c y c l e  i s  fo l lowed  by a secondary a d d r e s s  c y c l e  and a b l o c k  
r e a d .  

6.2.27 Opcode 232 - Secondary Block W r i t e  C o n t r o l  Space 

Same a s  opcode 2 3 0 , e x c e p t  c o n t r o l  s p a c e  i s  a d d r e s s e d .  

6.2.28 Opcode 233 - Secondary Block Read C o n t r o l  Space 

Same a s  opcode 231 excep t  c o n t r o l  space  i s  addressed .  

6.2.29 Opcode 234 - Droadcaet Secondary Rlock W r i t e  Data 
Space 

A b r o a d c a s t  a d d r e s s  c y c l e  i s  performed t o  d a t a  space .  T h i s  
a d d r e s s  c y c l e  i s  fo l lowed  by a secondary a d d r e s s  c y c l e  and a 
b l o c k  w r i t e .  
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6.2.30 Opcode 235 - Broadcast Secondary Block Read Data 
Space 

A broadcast  address  cyc le  i s  performed t o  da t a  space. This  
address  cyc le  i s  followed by a secondary address  cyc le  and a 
block read .  The r e s u l t  of t h i s  opcode i s  unc lea r .  

6.2.31 Opcode 236 - Broadcast Secondary Block Wri te  Control  
Space 

Same a s  opcode 234 except c o n t r o l  space i s  addressed.  

6.2.32 Opcode 237 - Broadcast Secondary Block ~ e a d '  Control 
Space 

Same a s  opcode 235 except con t ro l  space i s  addressed.  
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6.3 OPCODES 240 THROUGH 277 - MULTIPLE DEVICE ADDRESS 
OPCODES 

Opcodes 240 through 277 perform t h e  same func t ions  a s  
ogcodes 200 through 237.  The extens ion  i s  t h a t  t h e  f u n c t i o n  
i s  performed on a l i s t  of FASTBUS device  addresses .  These 
addresses  a r e  f e t ched  from t h e  Mul t ip le  Device Address t a b l e  
contained w i t h i n  t h e  FSD. This  t a b l e  i s  loaded by a s p e c i a l  
' ,function opcode. The .  t a s k  s p e c i f i e d  by t h e  opcode i s  
performed once f o r  each address  contained w i t h i n  t h e  t a b l e .  
The same r e s u l t  could be achieved i f  t h e  l i s t  contained an . 

element f o r  every address  w i t h i n  t h e  MDA t a b l e .  Such 
opcodes a r e  u se fu l  f o r  performing i d e n t i c a l  f u n c t i o n s  on a 
l a r g e  group of FASTBUS devices .  

For each address  contained i n  t h e  MDA t a b l e ,  a- ' separate  
s t a t u s  element i s  w r i t t e n  i n t o  the  ' s t a t u s  body. The 
programmer should take  t h i s  i n t o  cons ide ra t ion  when 
a l l o c a t i n g  a b u f f e r  f o r  t h e  s t a t u s  block. The s t a t u s  
element i s  of t h e  same form a s  f o r  t h e  o t h e r  s tandard  
opcodes. I n  t h e  present  microcode, 63 addresses  can be 
loaded i n t o  the  t a b l e  a t  one time. 

6 .4  OPCODES 300 THROUGH 377 - FASTBUS TO FASTBUS TRANSFER 

Opcodes 300 through 377 perform the  same func t ions  a s  
opcodes 200 through 277 except t h a t  t h e  d a t a  i s  ,never 
t r a n s f e r r e d  t o  o r  from t h e  UNIBUS b u f f e r .  The d a t a  b u f f e r  
a c t u a l l y  r e s i d e s  i n  what i s  r e f e r r e d  t o  a s  t h e  FASTBUS 
' l ' ranster Device. 'l'hls devlce ,  whlch I n  most ca ses  w i l l  be  a 
random access  memory, a c t s  a s  t h e  bu f fe r  f o r  t h e  t r a n s f e r .  
This  FASTBUS t o  FASTBUS t r a n s f e r  i s  very h igh  speed s i n c e  no 
UNIBUS access  i s  requi red .  
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6.5 SPECIAL OPCODES 

Specia l  opcodes (000 through 177) perform i n t e r n a l  FSD 
ope ra t ions  a s  w e l l  a s  p r i m i t i v e  FASTBUS ope ra t ions .  The 
opcode f o r  a  s p e c i a l  f u n c t i o n  cannot . b e '  decoded a s  t h e  
s tandard  opcodes. Also t h e  use of t h e  parmameter words i n  
t h e  l i s t  element a r e  opcode s p e c i f i c  and cannot be 
genera l ized .  The use of a  s p e c i a l  opcode au toma t i ca l ly  

: i m p l i e s  t h e  FASTBUS i s  not t o  be r e l e a s e d  when t h e  opcode i s  
complete. This i s  t h e  same a s  s e t t i n g  b i t  OPCHFB i n  t h e  
opt ions  word of t he  element. Each opcode d e s c r i p t i o n  
inc ludes  t h e  parameter word usage, p o s s i b l e  e r r o r s ,  and t h e  
s t a t u s  element parameter word which w i l l  be w r i t t e n .  

For example: 

S t a t u s  element: 16-bit  word o f f s e t  

Poss ib l e  e r r o r s  : SEEBOV, SEEIOP 

2 ,  0) option/ /opcode 
6 ,  4 )  FASTBUS primary address  

12,101 FASTBUS secondary address  
14,161 Word count,  o f f s e t ,  d a t a ,  e t c  
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Opcode 
------ 

000 
001 
002 
003 
004 
005 

; 006 
007 
010 
011 
012 
013 
014 
01 5 
016 
017 
020 
021 
022 
0 23 
024 
025 
0 26 
027 
03 0 
03 1 
03 2 
033 
034 
035 
036 
03 7 
0 40 
041 
042 
0 43 
044 
045 
046 
047 
050 
051 
052 
053 
054 
055 
056 
057 
06 0 
06 1 

Descr ip t ion  ----------- 
Termination element 
Diagnost ic ,  dump i n t e r n a l  FSD ram 
Diagnost ic ,  dump i n t e r n a l  FSD r e g i s t e r s  
Move b u f f e r  address  po in t e r  
Se t  b u f f e r  address  p o i n t e r  
Save cu r ren t  b u f f e r  address  po in t e r  
Restore bu f fe r  address  po in t e r  
Save a computed word count 
Ca l l  a sub - l i s t  
Return from a sub - l i s t  
Jump t o  a new l i s t  
Returns t h e  v e r s i o n l e d i t  of microcode 
Se t  t h e  m u l t i p l e  device  address  t a b l e  
Read t h e  m u l t i p l e  device  address  t a b l e  - 
Set  t he  system parameter block 
Read t h e  system parameter block 
Se t  t h e  bu r s t  s i z e  
Se t  t h e  clock cyc le  (not  used) 
Set  t h e  r e t r y  counter  
Set  t h e  a r b i t r a t i o n  vec to r  (not  used)  
Set  t h e  primary address  e r r o r  response word 
Set  t h e  secondary address  e r r o r  response word 
Set  t he  da t a  e r r o r  response word 
reserved  
L i s t  clement i n t e r r u p t  
A r b i t r a t e  f o r  t h e  FASTBUS 
Release FASTBUS mastersh ip  
Release FASTBUS address  lock  
Address FASTBUS i n  da t a  space 
Address FASTDUS iu L U I I L L U ~  fbl~det: 
Broadcast address  FASTBUS i n  da t a  space 
Broadcast address  FASTBUS i n  con t ro l  space 
UNIBUS t r a n s f e r ,  w r i t e  a s i n g l e  word of da t a  
UNIBUS t r a n s f e r ,  w r i r e  a block of d a t a  
UNIBUS t r a n s f e r ,  w r i t e  a secondary address  
reserved  
FASTBUS t r a n s f e r ,  w r i t e  a s i n g l e  d a t a  word 
FASTBUS t r a n s f e r ,  w r i t e  a block of d a t a  
FASTBUS t r a n s f e r ,  w r i t e  a secondary address  
reserved  
UNLBUS t r a n s f e r ,  read a s i n g l e  d a t a  word 
UNIBUS t r a n s f e r ,  read a block of d a t a  
UNIBUS t r a n s f e r ,  read a secondary address  
reserved  
FASTBUS t r a n s f e r ,  read a s i n g l e  word of d a t a  
FASTBUS t r a n s f e r ,  read a block of d a t a  
FASTBUS t r a n s f e r ,  read a secondary address  
reserved  
S e t  the FASTBUS Transfer  Device address  
Read t h e  FASTBUS Transfer  Device address  

Table 6-6. Spec ia l  func t ion  opcodes 
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6.5.1 Opcode 000 - Termination Element 

The te rmina t ion  element causes t h e  FSD t o  end t h e  execut ion  
of t h e  l i s t .  This  i s  t h e  only element which does not have a 
corresponding s t a t u s  element w r i t t e n  i n t o  t h e  s t a t u s  block. 
Any device  connected t o  t h e  FSD remains connected. I f  t h e  
FSD i s  bus mas ter ,  it r e t a i n s .  - con t ro l  of t h e  bus. The 
s t a t u s  header i s  output t o  t h e  s t a t u s  block and t h e  FSD i s  

,, marked "ready" i n  r e g i s t e r  FSDHCS. 
- .  . . 

S t a t u s  element: None w r i t t e n  

Poss ib l e  e r r o r s :  None 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,lO) unused 
16,141 unused 

6.5.2 Opcode 001 - Diagnost ic  Opcode, Dump FSD Ram 

This  is  a d i agnos t i c  opcode and i s  not intended f o r  gene ra l  
use.  This  opcode r e t u r n s  t h e  con ten t s  of t h e  1 K  i n t e r n a l  
FSD memory. The parameters a r e  t h e  s t a r t i n g  address  w i t h i n  
t h e  ram ( 0  t o  1 7 7 7 7  o c t a l )  and t h e  number of 'words  t o  dump. 
The d a t a ,  which i s  always 32-bit words, i s  r e tu rned  t o  t h e  
b u f f e r .  A b u f f e r  overflow e r r o r  w i l l  occur  i f  t h e r e , i s  not 
enough room i n  t h e  bu f fe r .  I f  t h e  number of words t o  dump 
goes beyond . t h e  1 K  length ,  an i l l e g a l  ope ra t ion  e r r o r  
O C C U t O  i 

S t a t u s  element:  number of 16-bit  words dumped 

Poss ib l e  errors: SEEBOV, SEEIOP, SEEWPR 

2 ,  0)  opt ion/ /opcode 
6 ,  4 )  s t a r t i n g  ram address  

12,101 unused 
16,14)  number of 16-bit  words t o  dump 
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6.5.3 Opcode 002 - Diagnost ic  Opcode, Dump FSD Reg i s t e r s  

This 
use.  
32-bi 

i s  a  
Thi 

. t  i n t  

d i agnos t i c  opcode and i s  not intended f o r  gene ra l  
.s opcode r e t u r n s  t h e  contents  of t h e  seventeen 
e r n a l  FSD r e g i s t e r s .  No parameters  a r e  needed f o r  

t h i s  opcode. The contents  of t h e  r e g i s t e r s  a r e  re turned  t o  
t h e  b u f f e r .  A b u f f e r  overflow e r r o r  w i l l  occur  i f  t h e r e  i s  
not enough room i n  the  bu f fe r .  

' S t a t u s  element: number of 16-bit  words dumped 

Poss ib l e  e r r o r s :  SEEBOV, SEEWPR 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 unused 

6.5.4 Opcode 003 - Move The UNIBUS Buffer  Address Po in t e r  

The UNIBUS b u f f e r  po in t e r  i s  moved by t h e  o f f s e t  g iven  i n  
t h e  element. The o f f s e t  i s  t h e  number of 16-bit  words t o  
move t h e  po in t e r  from i t s  cu r ren t  l oca t ion .  It can be a  
nega t ive  number (2's complement). An i l l e g a l  o p e r a t i o n  
e r r o r  w i l l  r e s u l t  i f  t h e  new p o i n t e r  i s  lower than t h e  
i n i t i a l  UNIBUS buf fe r  address  o r  beyond t h e  def ined  b u f f e r  
length .  

S t a t u s  element:  16-bit  word o f f s e t  t h e ' p o i n t e r  was moved 

Poss ib l e  errors: GEEIOP 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused . . 

l 2 , lO)  unused 
16,141 o f f s e t  i n  16-bi t  wo&s t o  move t h e  po in t e r  
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6.5.5 Opcode 004 - Set  The UNIBUS Buffer  Address Po in t e r  

This  opcode i s  s i m i l a r  t o  003 except t h e  o f f s e t  i s  from t h e  
i n i t i a l  UNIBUS b u f f e r  address  g iven  i n  t h e  c o n t r o l  block. 
For example, t o  s e t  t h e  po in t e r  t o  t h e  i n i t i a l  address ,  t h e  
o f f s e t  would be 0 .  An i l l e g a l  ope ra t ion  e r r o r  w i l l  r e s u l t  
i f  t h e  po in t e r  i s  s e t  beyond t h e  def ined  bounds of t h e  
bu f fe r .  

S t a t u s  element: 16-bit  word o f f s e t  t h e  p o i n t e r  was moved 

Poss ib l e  e r r o r s :  SEEIOP 

2, 0 )  opt  ion /  lopcode 
6 ,  4 )  unused 

12,101 unused 
16,141 o f f s e t  i n  16-bi t  words t o  s e t  t h e  p b i n t e r  

6.5.6 Opcode 005 - Save The UNIBUS Buffer  Address Po in t e r  

The cu r ren t  UNIBUS b u f f e r  address  po in t e r  i s  saved on an 
i n t e r n a l  FSD s t ack .  A maximum of 1 5  p o i n t e r s  can be placed 
on t h e  s t ack .  An i l l e g a l  ope ra t ion  e r r o r  w i l l  r e s u l t  i f  t h e  
s t ack  i s  f u l l .  The bu f fe r  p o i n t e r  can a l s o  be incremented 
a t  t h e  same time t o  leave  room f o r  a  word count word ( s e e  
opcode 007).  

. S t a t u s  element: number of 16-bi t  words t h e  p o i n t e r  was 
moved 

Poss ib l e  e r r o r s :  SEElUY 

2 ,  0)  opt ion//opcode 
6 ,  4 )  unused 

12,lO) unused 
16,141 o f f s e t  i n  16-bi t  wor'ds t o  move t h e  p o i n t e r  
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6.5.7 Opcode 006 - Restore  The UNIBUS Buffer  Address 
Po in t e r  .. 

A UNIBUS b u f f e r  address  p o i n t e r ,  p rev ious ly  saved on t h e  
i n t e r n a l  s t a c k  by opcode 005, i s  r e s t o r e d  a s  t h e  c u r r e n t  
po in t e r .  An i l l e g a l  operation e r r o r  w i l l  r e s u l t  i f  t h e  
s t a c k  i s  empty. 

: S t a t u s  element:  zero 

Poss ib l e  e r r o r s :  SEEIOP 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 unused 

6.5.8 Opcode 007 - Save A Computed Word Count 

This  opcode i s  used toge the r  w i t h  opcode 005 t o  compute t h e  
number of 16-bi t  words s t o r e d  i n  t h e  b u f f e r .  The l a s t  
address  saved on t h e  i n t e r n a l  s t a c k  i s  popped and s u b t r a c t e d  
from t h e  c u r r e n t  UNIBUS b u f f e r  address  p o i n t e r .  This  number 
i s  s t o r e d  i n  t h e  UNIBUS b u f f e r  a t  t h e  saved address .  The 
cu r r en t  b u f f e r  address  p o i n t e r  remains unchanged. An 
i l l e g a l  o p e r a t i o n  e r r o r  w i l l  r e s u l t  i f  t h e  s t a c k  i s  empty. 
A u s e f u l 1  sequence would be opcode 005 wi th  an o f f s e t  of 2 
( 1  i f  16-bi t  t r a n s f e r  mode), FASTBUS reads ,  and ending wi th  
t h i s  opcode. The number of 16-bi t  words read  from FASTBUS 
woi11d h e  w r i t t e n  t o  t h e  saved b u f f e r  l o c a t i o n .  

S t a t u s  element:  number of 16-bit  words s t o r e d  i n  t h e  b u f f e r  

P o s s i b l e  e r r o r s :  SEGTOP 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12, lO) unused 
16,14)  unused 
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6.5.9 Opcode 010 - C a l l  A Sub- l i s t  

This  opcode provides  t h e  means t o  c r e a t e  subrout ine  l i s t s  
which can be c a l l e d  by t h e  main l i s t .  The s t a r t i n g  add re s s  
of t h e  s u b - l i s t  i s  passed a s  an o f f s e t  i n  16-bit  words from 
t h e  i n i t i a l  l i s t  address .  The o f f s e t  can be a  nega t ive  
number. The add re s s  of t h e  next l i s t  element i s '  saved on an  
i n t e r n a l  s t a c k  up t o  a  depth of 15.  An i l l e g a l  o p e r a t i o n  

,, e r r o r  w i l l  r e s u l t  i f  t h i s  l i m i t  i s  exceeded. 

S t a t u s  element:  new UNIBUS l i s t  add re s s  

P o s s i b l e  e r r o r s :  SEEIOP 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12, lO) unused ,  
16,141 o f f s e t  i n  16-bi t  words from i n i t i a l  l i s t  add re s s  

6.5..10 Opcode 011 - Return From A Sub- l i s t  C a l l  

This  i s  t h e  complement of opcode 010. The l i s t  address  
saved on t h e  s t a c k  by opcode 010 i s  popped and used a s  t h e  
address  f o r  t h e  next l i s t  element. An i l l e g a l  o p e r a t i o n  
e r r o r  w i l l  r e s u l t  i f  t h e  s t a c k  i s  empty. 

S t a t u s  element:  saved UNIBUS l i s t  add re s s  

P o s s i b l e  e r r o r s :  SEEIOP 

2 ,  0) opcfan//opcade 
6 ,  4 )  unused 

12,lO) unused 
16,141 unused 
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6.5.11 Opcode 012 - Jump To A New L i s t  

This  opcode i s  s i m i l a r  t o  opcode 010 except t h e  cu r r en t  l i s t  
address  i s  not saved on t h e  s t ack .  The address  of t h e  new 
l i s t  i s  passed a s  an o f f s e t  i n  16-bi t  words from t h e  i n i t i a l  
l i s t  address  and can be negat ive .  There a r e  no e r r o r s  
a s soc i a t ed  wi th  t h i s  element. 

. S t a t u s  element: new UNIBUS l i s t  address  

Poss ib l e  e r r o r s  : None 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12, lO) unused 
16,141 o f f s e t  i n  16-bit  words from i n i t i a 1 : l i s t  address  

. 6.5.12 Opcode 013 - Return The Version Of The Microcode 

The ve r s ion ,  r e l e a s e  l e v e l  and e d i t  l e v e l  of t h e  microcode 
i s  r e tu rned  i n  t h e  s t a t u s  element. The e d i t  number i s  
contained i n  b i t s  0  through 15 ,  t h e  r e l e a s e  1 e v e l . i n  b i t s  16 
through 23, and t h e  v e r s i o n  i n  b i t s  24 through 31. 

S t a t u s  element: v e r s i o n / r e l e a s e / e d i t  number 

Poss ib l e  e r r o r s :  None 

2 ,  0,) opt ion//opcode 
6 ,  4)  unused 

12,10) unused 
16,141 unused 
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6.5.13 Opcode 014 - Set  The M u l t i p l e  Device Address Tab le  

The M u l t i p l e  Device Address t a b l e  i s  used by s t a n d a r d  
opcodes 240 th rough  277 and 340 th rough  377.  T h i s  opcode 
l o a d s  t h e  t a b l e  from t h e  UNIBUS b u f f e r  i n t o  memory i n t e r n a l  
t o  t h e  FSD. Each pr imary a d d r e s s  i n  t h e  t a b l e  i s  32-b i t s .  
A maximum.of 63  pr imary a d d r e s s e s  can be loaded i n t o  t h e  
t a b l e .  I f  t h e  number i s  0 ,  t h e  c u r r e n t  t a b l e  i s  c l e a r e d .  

:Any a t t e m p t  t o  e x e c u t e  a  MIA opcode w i t h  a  c l e a r e d  t a b l e  
w i l l  r e s u l t  i n  an i l l e g a l  o p e r a t i o n  e r r o r .  The MDA t a b l e  
remains  loaded between l i s t s .  It i s  on ly  c l e a r e d  d u r i n g  a  , 

powerup o r  hardware r e s e t .  

S t a t u s  e lement :  number of pr imary a d d r e s s e s  s t o r e d  

P o s s i b l e  e r r o r s :  SEEBOV, SEEIOP 

2 ,  0 )  o p t i o n / / o p c o d e  
6 ,  4 )  unused 

12, lO)  unused 
16,141 number of pr imary a d d r e s s e s  t o  l o a d  

6.5.14 Opcode 015 - Read The M u l t i p l e  Device Address Tab le  

The M u l t i p l e  Device Address t a b l e  i s  copied t o  t h e  UNIBUS 
b u f f e r .  The t o t a l  number of pr imary a d d r e s s e s  r e t u r n e d  i s  
s t o r e d  i n  t h e  s t a t u s  e lement .  Each pr imary a d d r e s s  , i s  a  
32-b i t  word. 

S t a t u s  e lement :  number of pr imary a d d r e s s e s  s t o r e d  

P o s s i b l e  e r r o r s :  SEEBOV, SEENPR . 
2 ,  0 )  op t ion / /opcode  
6 ,  4 )  unused 

12 , lO)  unused 
16,141 unused 
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6.5.15 Opcode 016 - Set  The System Parameter Block 

The system parameter b lock  i s  a block of e i g h t  32-bi t  words 
which con ta ins  parameters f o r  t h e  ope ra t ion  of t h e  FSD. The 
parameter block i s  read from t h e  UNIBUS b u f f e r  and s t o r e d  i n  
memory i n t e r n a l  t o  t he  FSD. Not a l l  e n t r i e s  i n  t h e  
parameter block a r e  used by t h e  FSD. However a l l  l o c a t i o n s  
must be a l l o c a t e d  i n  t h e  b u f f e r .  The con ten t s  of t h e s e  
: l o c a t i o n s  a r e  ignored,  but a r e  s t o r e d  . w i t h i n  t h e  FSD a s  

given. Opcode 017 which reads  t h i s  t a b l e  w i l l  r e t u r n  t h e  
contents  a s  s to red .  The system parameter block remains 
loaded between l i s t s .  It i s  ,only c l ea red  during a  powerup 
o r  hardware r e s e t .  The fol lowing t a b l e  o u t l i n e s  t h e  
contents  of t he  system parameter block. Each e n t r y  i n  t h e  
system parameter block can be s e t  i n d i v i d u a l l y  by o t h e r  
s p e c i a l  func t ion  opcodes. 

Off s e t  ------ 
0 
4 

10 
14  
2 0 
24 
3 0 
3 4 

Name ---- 
SYPBRS 
SYPCLK 
SY PRTY 
SYPARB 
SYPAEC 
SYPXEC 
SYPDEC 

Descr ip t ion  ----------- 
Burst s i z e  f o r  block t r a n s f e r s  
Clock cyc le  (unused) 
Retry counter  
A r b i t r a t i o n  vec to r  (unused) 
Primary address  e r r o r  c o n t r o l  word 
Secondary address  e r r o r  c o n t r o l  word 
Data e r r o r .  c o n t r o l  word 
reserved  f o r  f u t u r e  assignment 

S t a t u s  element: always con ta ins  16 

Poss ib l e  e r r o r s :  SEEBOV, SEEIOP . 

2,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,14)  unused 

6.5.16 Opcode 017 - Read The System Parameter Block 

This  opcode w i l l  read t h e  system parameter block i n t o  t h e  
UNIBUS b u f f e r .  The system parameter block i s  o u t l i n e d  i n  
opcode 016. 

S t a t u s  element: always con ta ins  16 

Poss ib l e  e r r o r s :  SEEBOV, SEEWPR 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12 ,10j  unused 
16,141 unused 
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6.5.17 Opcode 020 - S e t  The Burs t  S i z e  

Due t o  hardware r e s t r i c t i o n s ,  t h e r e  i s  a  maximum l i m i t  as t o  
t h e  number of words which can be  t r a n s f e r r e d  a t  one t ime  on 
t h e  FASTBUS. Block t r a n s f e r  r e q u e s t s  g r e a t e r  t h a n  t h i s  
maximum a r e  broken down i n t o  s e v e r a l  b u r s t s  whose l e n g t h  i s  

. governed by t h e  b u r s t  s i z e .  The b u r s t  s i z e  i s  independent  
of t h e  t r a n s f e r  mode s i z e  (16 o r  3 2 - b i t ) .  The hardware 

, maximum f o r  a  b u r s t  i s  256 words. The d e f a u l t  s e t t i n g  f o r  
t h e  b u r s t  s i z e  i s  256. T h i s  opcode a l l o w s  t h e  b u r s t  s i z e  t o  
be s e t  t o  any v a l u e  between 1 and 256. ' I f  t h e  new b u r s t  
s i z e  exceed t h e s e  boundar ies ,  t h e  maximum b u r s t  s i z e  i s  
used. S i n c e  d a t a . i s  t r a n s f e r r e d  between FASTBUS and t h e  
UNIBUS th rough  a memory b u f f e r  i n t e r n a l  t o  t h e  FSD, t h e  
l a r g e r  t h e  b u r s t  s i z e  t h e  l e s s  overhead invo lved  i n  t h e  
t r a n s f e r .  

S t a t u s  e lement :  new b u r s t  s i z e  

P o s s i b l e  e r r o r s :  None 

2 ,  0 )  o p t  ion / /opcode  
6 ,  4 )  unused 

12,101 unused 
16,141 new b u r s t  s i z e  

6.5.18 Opcode 021 - S e t  The Clock Cycle  

T h i s  opcode w i l l  change t h e  c l o c k  c y c l e  e n t r y  i n  t h e  sys tem 
parameter  b lock .  The c l o c k  c y c l e  i s  no t  used by t h e  FSD and 
t h e  c o n t e n t s  of t h i s  word a r e  ignored .  Opcode 017 ( r e a d  
system parameter  b l o c k )  w i l l  r e t u r n  t h e  c o n t e n t s  of t h i s  
word. I 

S t a t u s  e lement :  new c l o c k  c y c l e  

P o s s i b l e  e r r o r s :  None 

2 ,  0 )  o p t i o n / / o p c o d e  
6 ,  4 )  unused 

12,101 unused 
16,141 new c l o c k  c y c l e  



OPCODES 

6.5.19 Opcode 022 - Set The Retry Counter 

Page 6-25 

FASTBUS e r r o r s  can be au tomat ica l ly  r e t r i e d  by t h e  FSD. The 
r e t r y  counter  i s  t h e  number of t imes t h e  FSD w i l l  a t tempt  t o  
r e t r y  t h e  same FASTBUS cyc le  be fo re  g iv ing  up wi th  a  f a t a l  
e r r o r .  The d e f a u l t  r e t r y  counter  i s  5  and can be s e t  t o  any 
number between 0 and 2**18. I f  t h e  new count exceeds t h e s e  
boundaries ,  t h e  maximum value  i s  used. 

' S t a t u s  element: new r e t r y  counter  

Poss ib l e  e r r o r s :  None 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 new r e t r y  counter  

6.5.20 Opcode 023 - Set The A r b i t r a t i o n  Vcctor 

This  opcode w i l l  change t h e  a r b i t r a t i o n  vec to r  en t ry  i n  t h e  
system parameter block. The a r b i t r a t i o n  vec to r  cannot be 
changed by t h e  FSD microcode. It can only be modified by 
t h e  PDP-11 through the  110-page r e g i s t e r  o r  by access ing  CSR 
8  from FASTBUS. The e n t r y  f o r  t h e  a r b i t r a t i o n  vec to r  i s  
t h e r e f o r e  ignored but i s  s t o r e d  unmodified i n  t h e  FSD. 
Opcode 017 ( r ead  system parameter block)  w i l l  r e t u r n  t h e  
contents  of t h i s  word. 

S t a t u s  elemen't: new a r b i t r a t i o n  vec to r  

Poss ib l e  e r r o r s :  None 

2 ,  0) option/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 new a r b i t r a t i o n  vec to r  
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6.5.21 Opcode 024 - Set  The Primary Address Er ror  Response 
Word 

This  opcode s e t s  t h e  primary address  e r r o r  response word f o r  
t h e  FSD. 

S t a t u s  element:  primary address  e r r o r  response word 

P o s s i b l e  e r r o r s :  None 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 primary address  e r r o r  response word 

6.5.22 Opcode 025 - Set  The Secondary ~ d d r e s s  E r ro r  
Response Word 

This  opcode s e t s  t h e  secondary address  e r r o r  response word 
f o r  t h e  FSD. 

S t a t u s  element:  secondary address  e r r o r  response word 

P o s s i b l e  e r r o r s :  None 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 secondary address  e r r o r  response word' 

6.5.23 Opcode 026 - Set  The Data Er ror  Response Word 

This  opcode s e t s  t h e  d a t a  e r r o r  response word f o r  t h e  FSD. 

S t a t u s  element: d a t a  e r r o r ,  response word 

P o s s i b l e  e r r o r s :  None 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 d a t a  e r r o r  responce word 
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6.5.24 Opcode 030 - L i s t  Element I n t e r r u p t  

This  opcode emulates t h e  s e t t i n g  of t h e  h a l t  b i t  (HCSHLT) i n  
FSDHCS f o r  t h e  FSD. Af t e r  t he  execut ion  of t h e  element,  t h e  
h a l t  b i t  i n  FSDHCS i s  s e t  t o  one, t h e  FSD becomes ready 
(genera t ing  an i n t e r r u p t  i f  HCSIE i s  a l s o  s e t ) ,  and t h e  FSD 
w a i t s  u n t i l  e i t h e r  t h e  h a l t  b i t  i s  c l ea red  o r  t h e  execut ion  
b i t  (HCSXCT) i s  s e t .  This  opcode i s  u s e f u l  f o r  

; read/modify/wri te  type ope ra t ions  o r  cond i t i ona l  execut ion  
of t h e  remaining p o r t i o n  of t h e  l i s t  based on d a t a  read  i n  
by t h e  po r t ion  of t h e  l i s t  preceeding t h i s  element.  

S t a t u s  element: zero 

Poss ib l e  e r r o r s :  None 

2 ,  0) opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 unused 

6.5.25 Opcode 031 - A r b i t r a t e  For FASTBUS 

This  opcode al lows t h e  PDP-11 t o  a r b i t r a t e  f o r  t he  FASTBUS. 
I f  t he  FSD i s  a l r eady  FASTBUS master ,  t h e  bus and any 
address  a r e  r e l ea sed  p r i o r  t o  t h e  new a r b i t r a t i o n  cyc le .  
A r b i t r a t i n g  f o r  t h e  FASTBUS i s  not requi red  when doing t h e  
p r imi t ive  opcodes s i n c e  t h e  FSD w i l l  au tomat ica l ly  a r b i t r a t e  
whenever a  FASTBUS primary address  cyc l e  i s  t o  be performed 
and it i s  r ~ o t  u ~ a s t a r  of t h e  F A G T B U ~ .  

S t a t u s  element: zero 

Poss ib l e  e r r o r s :  SEEARB 

2 ,  0)  opt ion/ /opcode 
6 ,  4 )  unused 

12,lO) unused 
16,141 unused 
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6.5.26 Opcode 032 - Release FASTBUS Mastership 

This opcode will make the FSD release any address lock and 
mastership of FASTBUS. If the FSD is not master of FASTBUS, 
the opcode is a NOOP. . . 

Status element: zero 

: Possible errors: None 

2, 0) option//opcode 
6, 4) unused 
12,lO) unused 
16,141 unused 

6.5.27 Opcode 033 - Release The FASTBUS Address Lock 

The FASTBUS device currently addressed is released however 
FASTBUS mastership is retained. If there is no device 
currently addressed the opcode is a NOOP. 

Status element: zero 

Possible errors: None 

2, 0) opt ion//opcode 
6, 4) unused 
12,101 unused 
16,141 unused 
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6.5.28 Opcodes 034,035,036,037 - FASTBUS Primary Address 
Cycles 

These fou r  opcodes perform t h e  f o u r  d i f f e r e n t  primary 
address  cyc l e s  a v a i l a b l e  on FASTBUS. For a l l  f o u r ,  t h e  
FASTBUS primary address  i s  t aken  from t h e  primary address  
word of t h e  l i s t  element. I f  t h e  FSD i s  not  FASTBUS mas t e r ,  
an a r b i t r a t i o n  cyc l e  i s  done p r i o r ' t o  t h e  primary address  

; cyc le .  I f  a  dev ice  i s  a l r e a d y  addressed ,  i t  i s  r e l e a s e d  
p r i o r  t o  t h e  new address  cyc le .  

The fou r  p o s s i b l e  primary address  cyc l e s  a r e :  

034 Address d a t a  space 
035 Address c o n t r o l  space 
036 Broadcast d a t a  space 
037 Broadcast c o n t r o l  space 

S t a t u s  element:  zero 

P o s s i b l e  e r r o r s :  SEEARB, SEERTO, SEESS(0,1,2) 

2 ,  0 )  opt ion/ /opcode 
6 ,  4)  FASTBUS primary address  

12, lO) unused 
16,141 unused 

6.5.29 Opcode 040 - UNIBUS Trans fe r ,  S ing l e  Word Wri te  Of 
DaLa 

A s i n g l e  d a t a  word i s  w r i t t e n  t o  t h e  FASTBUS device  
c u r r e n t l y  addressed.  The d a t a  can come from e i t h e r  t h e  
UNIBUS b u f f e r  o r  the '  l i s ~  elemeul depending 611 t h e  s e t t i n g  
of b i t  OPCWID i n  t h e  op t ions  word..,. The d a t a  word w r i t t e n  i s  
e i t h e r  16 o r  32 -b i t s  depending on t h e  s e t t i n g  of t h e  OPCHLF 
b i t  i n  t h e  o p t i o n s  word. Should t h e  FSD not  be connected t o  
a device ,  t h e  l i s t  w i l l  a b o r t '  w i t h  an i l l e g a l  o p e r a t i o n  
e r r o r .  

S t a tu s ' e l emen t :  number of 16-bi t  words w r i t t e n  (0 ,  1, o r  2)  

p o s s i b l e  e r r o r s :  SEEBOV, SEEIOP, SEERTO, S E E S S ( O , ~ , ~ )  

2 ,  0 )  opt  ion//opcode 
6 ,  4) unused 

12, lO) unused 
16,14) immediate d a t a  i f  OPCWID=l 
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6.5.30 Opcode 041 - UNIBUS Transfer, Block Write Of Data 
A block of data words taken from the UNIBUS buffer is 
written to the FASTBUS device currently.connected by the 
FSD. If no device'is connected an illegal operation error 
will abort the list. The transfer will be either 16 or 
32-bit mode depending on the setting of the OPCHLF bit in 
the options word. 

Status element: number of 16-bit words written 

Possible errors: SEEBOV, SEEIOP, SEERTO, SEESS(0,1,2) 

2, 0) option//opcode 
6, 4) unused. 
12,101 unused 
16,141 word count 

6.5.31 Opcode 042 - UNIBUS Transfer, Write A Secondary 
Address 

Opcode 042 does a secondary address cycle to the device 
currently addressed. If no device is connected, the list is 
terminated in an illegal operation error. The secondary 
address is taken from the secondary address word of the list 
element. 

Status element: zero 

Possible errors: SEEIOP, SEERTO, SEESS(0,1,,2) 

2, 0) option//opcode 
6, 4) unused 
12,101 FASTBUS secondary address 
16,141 unused 
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6.5.32 Opcode 044 - FASTBUS Trans fe r ,  S ing le  Word Wri te  Of 
Data . 

A s i n g l e  d a t a  word i s  w r i t t e n  t o  t h e  FASTBUS device  
c u r r e n t l y  addressed. The d a t a  can come from e i t h e r  t h e  
FASTBUS t r a n s f e r  device o r  t h e  l i s t  element depending on the  
s e t t i n g  of b i t  OPCWID i n  t h e  op t ions  word. The d a t a  word 
w r i t t e n  i s  e i t h e r  16 o r  32-b i t s  depending on t h e  s e t t i n g  of 
t h e  OPCHLF b i t  i n  t h e  op t ions  word. Should t h e  FSD not  be 
connected t o  a  device ,  t h e  l i s t  w i l l  abo r t  wi th  an i l l e g a l  
ope ra t ion  e r r o r .  

S t a t u s  element: number of 16-bi t  words w r i t t e n  ( 0 ,  1, o r  2) 

Poss ib l e  e r r o r s :  SEEBOV, SEEIOP, SEERTO, SEESS(0,1,2) 

2 ,  0 )  opt ion//opcode ' . 
6 ,  4)  unused 

12,101 unused 
16,141 immediate d a t a  i f  OPCWID=l 

. . 

6.5.33 Opcode 045 - FASTBUS Trans fe r ,  Block Wri te  Of Data 
. . .  . . .  . . . 

A block of da t a  words taken from t h e  FASTBUS t r a n s f e r  device  
i s  w r i t t e n  t o  t h e  FASTBUS device  c u r r e n t l y  connected by t h e  
FSD. I f  no device  i s  connected an i l l e g a l  ope ra t ion  e r r o r  
w i l l  abor t  t h e  l i s t .  The t r a n s f e r  w i l l  be e i t h e r  16 o r  
32-bit  mode depending on t h e  s e t t i n g  of t h e  OPCHLF ' b i t  i n  
t h e  op t ions  word. 

S t a t u s  element: number of 16-bi t  words wri t t .en 

Poss ib l e  e r r o r s :  SEEBOV, SEEIOP, SEERTO, s E ~ S S ( 0 , 1 , 2 )  

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused , 

12,101 unused 
16,141 word count 
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6.5.34 Opcode 046 - FASTBUS Transfer ,  Wri te  A Secondary 
Address 

Opcode 044 does a secondary address  cyc le  t o  t h e  device  
c u r r e n t l y  addressed. I f  no device i s  connected, t h e  l i s t  i s  
terminated i n  a n  i l l e g a l  ope ra t ion  e r r o r .  The secondary 
address  i s  taken from t h e  secondary address  word of t h e  l i s t  
element. This  opcode performs t h e  same func t ion  a s  opcode 

', 042. 

S t a t u s  element: zero 

Poss ib l e  e r r o r s :  SEEIOP, SEEKTO, sE~SS(0 ,1 ,2 )  

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,lO) FASTBUS secondary address  
16,141 unused 

6.5.35 Opcode 050 - UNIBUS Trans fe r ,  S ingle  Word Read Of 
Data 

A s i n g l e  da t a  word i s  read from t h e  FASTBUS device  c u r r e n t l y  
addressed and s to red  i n  t h e  UNIBUS b u f f e r .  , The d a t a  word 
read i s  e i t h e r  16 o r  32-b i t s  depending on t h e  s e t t i n g  of t h e  
OPCHLF b i t  i n  t h e  op t ions  word. Should t h e  FSD not  be 
connected t o  a device,  t h e  l i s t  w i l l  abo r t  wi th  an i l l e g a l  
ope ra t ion  e r r o r .  

S t a t u s  element: number of 16-b i t  words read  ( 0 ,  1, o r  2)  

Poss ib l e  e r r o r s :  SEEBOV, SEEIOP, SEEWPR, SEEPER 
SEERTO, S E E S S ( O , ~ , ~ )  

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 unused 
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6.5.36 Opcode 051 - UNIBUS Transfer ,  Block Read Of Data 

A block of da t a  words i s  read from t h e  FASTBUS device  
c u r r e n t l y  connected and w r i t t e n  i n t o  t h e  UNIBUS b u f f e r .  I f  
no device i s  connected an i l l e g a l  ope ra t ion  e r r o r  w i l l  abo r t  
t h e  l i s t .  The t r a n s f e r  w i l l  be e i t h e r  16 o r  32-bit  mode 
depending on t h e  s e t t i n g  of t h e  OPCHLF b i t  i n  t h e  op t ions  
word. 

S t a t u s  element: number of 16-bit  words read 
. .  . 

Poss ib l e  e r r o r s :  SEEBOV, SEEIOP, SEEWPR, SEEPER 
SEERTO, SEESS(0,1,2) 

, . ... . 

2,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 unused 

6.5.37 Opcode 052 - UNIBUS Trans fe r ,  Read A Secondary 
Address 

This  opcode performs a secondary address  read cyc le  on t h e  
device connected. I f  no device  i s  connected, t h e  l i s t  w i l l  
abor t  wi th  an i l l e g a l  ope ra t ion  e r r o r .  This  type  of cyc l e  
w i l l  r e t u r n  t h e  cu r r en t  va lue  of t h e  NTA r e g i s t e r  w i t h i n  t h e  
device. The d a t a  re turned  by t h e  device  i s  always s t o r e d  i n  
t h e  UNIBUS b u f f e r  a s  a 32-bit word. 

S t a t u s  element:  number of 16-bit  words read (0 o r  2)  

Poss ib l e  e r r o r s :  SEEBOV, SEEIOP, SEEWPR, SEEPER 
SEERTO, SEESS(O,~ ,2)  

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 unused 
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6.5.38 Opcode 054 - FASTBUS Trans fe r ,  S ing le  Word Read Of 
Data 

A s i n g l e  da t a  word i s  read from t h e  FASTBUS device  c u r r e n t l y  
addressed and s to red  i n  t h e  FASTBUS t r a n s f e r  device.  The 
d a t a  word read  i s  e i t h e r  16 o r  32-b i t s  depending on t h e  
s e t t i n g  of t h e  OPCHLF b i t  i n  t h e  op t ions  word. Should t h e  
FSD not  be connected t o  a device ,  t h e  l i s t  w i l l  abo r t  wi th  

',an . i l l e g a l  opera t  i on  e r r o r .  

S t a t u s  element: number of 16-bi t  words read  (0, 1, o r  2) 

Poss ib l e  e r r o r s :  SEEBOV, SEEIOP, SEEPER 
SEERTO, SEESS(O, 1 , 2 )  

. . . . . . . 

2,  0 )  opt ion/ /opcode . . 
6 ,  4 )  unused. 

1.2,10) unused 
16,141 unused 

6.5.39 Opcode 055 - FASTBUS Trans fe r ,  Block Read Of Data 

A block of d a t a  words i s  read  from t h e  FASTBUS device  
c u r r e n t l y  connected and w r i t t e n '  i n t o  t h e  FASTBUS t r a n s f e r  
device.  I f  no device i s  connected an i l l e g a l  ope ra t ion  
e r r o r  w i l l  abor t  t he  l i s t .  The t r a n s f e r  w i l l  be e i t h e r  16 
o r  32-bit  mode depending on t h e  s e t t i n g  of t h e  OPCHLF b i t  i n  
t h e  op t ions  word. 

Sfntuc olomant: number of. 1 6 r b i t  words read  

Poss ib l e  e r r o r s :  SEEBOV, SEEIOP, SEEPER 
SEERTO, SEESS(0,1,2) 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 unused 
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6.5.40 Opcode 056 - FASTBUS Trans fe r ,  Read A Secondary 
Address 

This  opcode performs a  secondary address  read cyc le  on the  
device  connected. I f  no device  i s  connected, t h e  l i s t  w i l l  
abo r t  wi th  an i l l e g a l  ope ra t ion  e r r o r .  This  type  of cyc l e  
w i l l  r e t u r n  t h e  cu r r en t  va lue  of t h e  NTA r e g i s t e r  w i t h i n  t h e  
device.  The d a t a  re turned  by t h e  device  i s  always s t o r e d  i n  

. , the  FASTBUS t r a n s f e r  device a s  a  32-bit  word. 

S t a t u s  element: number of 16-bi t  words read ( 0  o r  2 )  
. . 

Poss ib l e  e r r o r s :  SEEBOV, SEEIOP, SEEPER 
SEERTO, SEESS(0,1,2) 

. . .  . . 

2,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 unused 

6.5.41 Opcode 060 - Set  The FASTBUS Transfer  Device Address 

This  opcode s e t s  t h e  FASTBUS Transfer  Device address  which 
i s  used by s tandard  opcodes 300 through 377 and s p e c i a l  
func t ion  opcodes 44, 45, 46, 54, 55 and 56. The l i s t  
element conta ins  t he  primary address ,  t h e  secondary address  
i f  needed, and t h e  t o t a l  number of words t h a t  can be s to red  
i n  t h e  device.  I f  OPCFTS i s  c l e a r ,  only a  primary address  
i s  done by t h e  FSD when t h e  FASTBUS ' T r a n s f e r  Device i s  
addressed.  Should OPCFTS be s e t ,  t h e  FSD . w i l l  do a 
secondary address  a f t e r  t he  primary address  connect ion t o  
t h e  device.  

Status elemeuL; zero 

Poss ib l e  e r r o r s :  none 

2, 0 )  opt ion/ /opcode 
6 ,  4 )  FASTBUS primary address  

12,101 secondary a d d r e s s . ( o p t i o n a l )  
16,14)  maximum t r a n s f e r  word count 
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6.5.42 Opcode 061 - Read The FASTBUS Trans fe r  Device 
Address 

This  opcode causes t h e  FSD t o . w r i t e  t h e  cu r r en t  in format ion  
i t  conta ins  on the  FASTBUS Transfer  Device. Five 32-bit  
words a r e  r e tu rned  t o  t h e  UNIBUS b u f f e r .  The f i r s t  f o u r  
words re turned  a r e  t h e  l i s t  element which was used t o  load 
t h e  FASTBUS Transfer  Device. The f i f t h  word con ta ins  t h e  

' t o t a l  number of words t r a n s f e r r e d  t o  t h i s  device  s i n c e  i t  
was def ined ,  

S t a t u s  element: always con ta ins  5 

Poss ib l e  e r r o r s :  SEEBOV, SEEWPR 

2 ,  0 )  opt ion/ /opcode 
6 ,  4 )  unused 

12,101 unused 
16,141 unused 



CHAPTER 7 

ERROR RESPONSES 

During t h e  course of ope ra t ions ,  FASTBUS e r r o r s  a r e  
l i k e l y  t o  occur.  I n  some circumstances t h e  use r  may want t o  
ignore t h e  e r r o r .  I n  o t h e r  cases  a  r e t r y  might be i n  order .  
I n  o t h e r s ,  t h e  e r r o r  could be considered f a t a l .  To h e l p  
speed up t o t a l  throughput between t h e  UNIBUS and FASTRUS, 
t h e  FSD i s  a b l e  t o  handle e r r o r s  .without  t he  PDP-11 
in te rvening .  The use r  programs t h e  FSD e r r o r  control 
through t h e  e r r o r  response words (ERW). 'These  words, which 
a r e  pa r t  of t h e  system parameter block; con ta in  information,  
t h e  e r r o r  response code, which informs t h e  FSD how t o  handle 
non-zero s l a v e  s t a t u s  response and response ' t i m e o u t s .  The 
t h r e e  bas i c  FASTBUS cycles  (primary address ing ,  secondary 
address ing  a n d ' d a t a )  each have t h e i r  own e r r o r  response 
word. P a r i t y  e r r o r  responses can a l s o  be programmed. . Thei r  
e r r o r  response code i s  contained i n  t h e  l i s t  element' op t ions  
word. 

When an e r r o r  occurs ,  t h e  FSD looks i n  t h e  app ropr i a t e  
l o c a t i o n  f o r  c o n t r o l  information.  . For response t imeouts  and 
s l a v e  s t a t u s  e r r o r s ,  t h e  FSD r e f e r s  t o  t h e  system parameter 
block e r r o r  response words. For p a r i t y  e r r o r s ,  t h e  FSU 
looks a t  t h e  l i s t  element. The e r r o r  response code (ERC) i s  
decoded and t h e  FSD t akes  t h e  app ropr i a t e  a c t i o n  based upon 
t h i s  code. 
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7 .1 ERROR RESPONSE WORDS 

Error  response words (ERW) a r e  32-bit  words contained i n  t h e  
system parameter block which con ta in  t h e  informat ion  t h e  FSD 
needs f o r  handl ing FASTBUS e r r o r s .  The ERW c o n t r o l s  t h e  
FSD's response t o  non-zero s l a v e  s t a t u s  responses (SS=1 
through SS=7) and response t imeouts  (no AK o r  DK). The ERW 
i s  broken i n t o  e i g h t  4-bit  f i e l d s .  The f i r s t  f i e l d ,  i n  b i t s  

:0-3, con ta ins  t h e  e r r o r  response code (ERC) f o r  response 
t imeouts .  The remaining f i e l d s  con ta in  t h e  ERC f o r  SS 
responses 1 through 7 .  

There a r e  t h r e e  d i f f e r e n t  e r r o r  response words, one f o r  each 
type of FASTBUS cycle .  The primary address  ERW c o n t r o l s  a l l  
e r r o r s  which occur during primary address  cyc les .  The 
secondary address  ERW c o n t r o l s  a l l  e r r o r s  which occur  during 
secondary address  cyc les .  The d a t a  ERW c o n t r o l s  a l l  e r r o r s  
which occur during da t a  cyc le ,  both s i n g l e  and block mode 
t r a n s f e r s .  The FSD remembers t h e  s e t t i n g  of t h e  ERWs 
between l i s t s .  They a r e  only changed by e i t h e r  loading a 
new system parameter block o r  by execut ing t h e  l i s t  elements 
which s p e c i f i c a l l y  change t h e  e r r o r  response words. The 
d e f a u l t  s e t t i n g  f o r  a l l  t h e  f i e l d s  i n  t h e  e r r o r  response 
words i s  such t h a t  a l l  e r r o r s  a r e  t r e a t e d  a s  f a t a l  e r r o r s .  

! Most s i g n i f i c a n t  b i t s  ! Least  s i g n i f i c a n t  b i t s  ! 

+------+------+------+------+------+------+------+------ + 
! ! ! ! ! ! ! ! ! 
! RTO ! SS=1 ! SS=2 ! SS=3 ! SS=4 ! SS=5 ! SS=6 ! SS=7 ! 
! 1 '! ! ! ! ! ! 
+------+------+------+------+------+,------+------+------ + 

Table 7-1. Er ror  response word layout  
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7.2 PARITY ERROR RESPONSE 

P a r i t y  e r r o r s ,  which can only be  de t ec t ed  when t h e  FSD 
performs FASTBUS read  c y c l e s ,  a r e  cont ro led  on a  l i s t  
element bas i s .  Unlike response timeout and s l a v e  s t a t u s  
e r r o r s ,  t h e  e r r o r  response code f o r  p a r i t y  e r r o r s  i s  
contained w i t h i n  t h e  l i s t  element performing t h e  FASTBUS 
read cyc le .  The ERC r e s i d e s  i n  t h e  l i s t  element op t ions  

:word, b i t s  16 through 19  ( b i t s  12 through 1 5  of LSTOPC). 

+------+------+------+------+------+------+------+------ + 
! LSTOPT ! LSTOPC ! 
+------+------+------+------+------+------+------+------ + 
115 12111 8!7 4!3 0115 12111 8!7 4!3 01 
+------+------+------+------+------+------+------+------ 

. . + 
! 0 15116 19120 23!24 311 
+------+------+------+------+------+------+------+------ + 
! !Pa r i t y !  ! ! 
! Opt i ons  ! ERC ! ! Opcode ! 
! ! ! ! ! 

Table 7-2. L i s t  element op t ions  word layout  

7.3 ERROR RESPONSE CODES 

There a r e  16 p o s s i b l e  e r r o r  response codes (ERC 0 ,  through 
1 5 ) ,  however . t h e  FSD c u r r e n t l y  only uses  seven of t he se .  
The seven d i f f e r e n t  e r r o r  response codes a r e :  

ERC 
--- 

0 
1 
2 
3 
4 
5 
6 
9 

Desc r ip t i on  
----------- 
Ignore ~ h e  error 
Reset r e t r y  - f a t a l  ,: 
End of block - . t e r m i n a t e  t h e  elements 
F a t a l  e r r o r  - t e rmina t e  t h e  l i s t  
unused 
Reset r e t r y  - i gno re  
Busy r e t r y  - f a t a l  
Busy r e t r y  - i gno re  

E r ro r  response codes 4 and 8 through 1 5  c u r r e n t l y  perform 
t h e  same f u n c t i o n  a s  ERC 3. The use r  should avoid u s ing  
t h e s e  codes s i n c e  they may be de f ined  i n  t h e  f u t u r e .  
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7.3.1 ERC 0 - Ignore The Error  

This  i s  a  very u s e f u l 1  response f o r  most types of e r r o r s .  
Expected s l a v e  s t a t u s  e r r o r s  could be ignored. Many 
a p p l i c a t i o n s  ( i . e ,  phys ics  da t a  acquis i t i .on)  a l s o  l i k e  t o  
ignore  p a r i t y  e r r o r s .  It i s  not advised t h a t  t h i s  ERC be 
used i n  t h e  response timeout f i e l d .  I f  used i n  t h e  RTO 
f i e l d ,  chances a r e  t h e  l i s t  w i l l  t e rmina te  wi th  an i l l e g a l  

: ope ra t ion  e r r o r  (SEEIOP). A l l  e r r o r s  which a r e  ignored a r e  
recorded i n  s t a t u s  element and t h e  warning f l a g  (SEEWRN) i s  
s e t .  

7.3.2 ERC 1 - Reset Retry,  F a t a l  

The FSD can au tomat ica l ly  handle r e t r i e s  f o r  a l i  FASTBUS 
e r r o r s .  The number of t imes t h e  FSD w i l l  a t tempt  t h e  r e t r y  
i s  programmed through t h e  r e t r y  counter  i n  t h e  system 
parameter block. The FSD w i l l  do r e t r i e s  i n  a  d i f f e r e n t  
mannor depending on t h e  type of FASTBUS device  and a l s o  on 
what FASTBUS cycle  t h e  e r r o r  occurs .  For primary and 
secondary addressing e r r o r s ,  t h e  FSD simply r e p e a t s  t h e  
cyc l e  wi th  t h e  same da t a .  S ing le  word d a t a  t r a n s f e r s  a l s o  
simply repea t  t h e  cyc le .  Block t r a n s f e r s ,  however, need t o  
be handled s p e c i a l l y  s i n c e  t h e  s l a v e  au toma t i ca l ly  
increments t h e  next  t r a n s f e r  address  (NTA) a f t e r  each d a t a  
t r a n s f  e r .  

I f  t h e  device  i s  a  FIFO (OPCFIO i s  s e t  i n  LSTOPT), t h e  FSD 
r e t r i e s  t h e .  d a t a  t r a n s f e r  by s h i f t i n g  t o  s i n g l e  word mode 
(mode s e l e c t  = 0). I f  t h e  d a t a  i s  'accepted,  t h e  FSD s h i f t s  
back t o  block t r a n s f e r  mode (mode s e l e c t  = 1) and t r a n s f e r s  
t h e  remaining d a t a  words. 

For a l l  o the r  devices ,  t h e  FSD detaches ( lowers  AS), then  
readdresses  t he  device.  I f  no secondary address  cyc l e  was 
ever  i ssued ,  t h e  FSD assumes t h e  primary address  i s  a  
l o g i c a l  address .  The t o t a l  number of words t r a n s f e r r e d  
p r i o r  t o  t he  e r r o r  a r e  added t o  t h e  primary address .  This  
modified l o g i c a l  address  con ta ins  t h e  c o r r e c t  i n t e r n a l  
address  t o  s t a r t  t r a n s f e r r i n g  a t  t h e  word i n  e r r o r .  I f  a  
secondary address  cyc le  had been i ssued ,  a  primary address  
cyc l e  with t h e  o r i g n a l  address  i s  i s sued .  This  i s  followed 
by a  secondary address  cyc l e  whose address  i s  t h e  o r i g i n a l  
secondary address  p lus  t h e  number of words t r a n s f e r r e d  
c o r r e c t l y .  I n  e i t h e r  case  t h e  s l a v e  should have an NTA 
which po in t s  a t  t h e  word i n  e r r o r .  

The FSD r e t r i e s  u n t i l  e i t h e r  t h e  cyc le  completes without  an 
erXOb, Or the maximum r e t r y  c n ~ i n t  i f ;  r r~rhrr l .  When t h e  FSB 
runs out  of r e t r y  a t tempts ,  t h e  e r r o r  i s  t r e a t e d  a s  a  f a t a l  
e r r o r  ( s e e  ERC 3 ,  f a t a l  e r r o r s ) .  The s t a t u s  element 
i n d i c a t e s  t h a t  a  r e t r y  was attempted. (SEERTY, SEEWRN a r e  s e t  
i n  STEERW). 
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7.3.3 ERC 2 - End Of Block, Terminate The Element 

E r ro r s  programmed wi th  t h i s  response code cause t h e  FSD t o  
s t o p  execut ing the  cu r r en t  l i s t  element. The FSD t e rmina te s  
t h e  element a s  i f  no e r r o r  occurred and proceeds wi th  t h e  
next  element i n  sequence. This  type of response i s  u s e f u l  
when doing indeterminant  l eng th  block t r a n s f e r s .  S laves  
u sua l ly  respond wi th  SS=2 when they have no more d a t a .  This  
code would te rmina te  t h e  element a s  i f  t h e  u se r  had asked t o  
t r a n s f e r  only t h e  t o t a l  number of words of d a t a  a v a i l a b l e  
from t h e  device.  The use r  could a l s o  use t h i s  code f o r  
primary address  response t imeouts  t o  sk ip  a l i s t  element 
whose primary address  does not correspoind t o  any FASTBUS 
device.  

7.3.4 ERC 3 - F a t a l  E r ro r ,  Terminate The L i s t  

This  code w i l l  cause t h e  FSD t o  abo r t  any f u r t h e r  execut ion.  
I f  t he  FASTBUS Operation was a  w r i t e ,  t h e  UNIBUS b u f f e r  
p o i n t e r  o r  t h e  FASTBUS t r a n s f e r  device address  a r e  s e t  t o  
po in t  a t  t h e  word i n  e r r o r .  I f  t h e  FASTBUS Operat ion was a  
read ,  a l l  d a t a  i s  w r i t t e n  t o  t h e  UNIBUS b u f f e r  o r  FASTBUS 
t r a n s f e r  device.  This  inc ludes  the.word i n  e r r o r ,  however 
t h e  b u f f e r  p o i n t e r  i s  s e t  t o  poin t  a t  t h e  word i n  e r r o r .  

7.3.5 ERC 5 - Reset Retry,  Ignore 

This  code performs a  r e t r y  i n  t h e  same mannor a s  ERC 1. The 
d i f f e r e n c e  however i s  the  way t h e  FSD t r e a t s  e r r o r s  which 
cannot be co r r ec t ed  by r e t r y i n g .  I f  t h e  FSD runs  out of 
r e t r y  a t tempts  t h e  e r r o r  i s  ignored i n  t h e  same fachion  as 
ERC 0. 

7.3.6 ERC 6 - Busy Retry,  F a t a l  

Busy r e t r i e s  a r e  handled t h e  same a s  r e s e t  r e t r i e s  except 
f o r  block t r a n s f e r s .  I f  t h e  e r r o r  occurred during a  b lock  
t r a n s f e r  cyc l e ,  no reset o f  t h ~  device i s  performcd; the 
cyc le  i s  simply repeated.  This  e r r o r  code i s  u se fu l1  f o r  
e r r o r s  such a s  SS=1 where t h e  NTA i s  known not t o  have 
incremented. As wi th  ERC 1, t h e  l i s t  element a b o r t s  w i t h ' a  
f a t a l  e r r o r  i f  t h e  e r r o r  cannot be cor rec ted .  



ERROR RESPONSES Page 7-6 

7 .3 .7  ERC 7 - Busy Retry, Ignore 

This error reponse code performs the same act ion as ERC 6 
except that uncorrectable errors are ignored. 



CHAPTER 8 

MULTIPLE DEVICE ADDRESSING 

Many t imes i n  d a t a  a c q u i s i t i o n  and c o n t r o l ,  ,;the same 
f u n c t i o n  needs t o  be performed on a  l a r g e  number of devices .  
The use r  could gene ra t e  a  l i s t  conta in ing  a  s epa ra t e  l i s t  
element f o r  each device which needs t o  be addressed.  

. However t h e r e  i s  a  much e a s i e r  way t o  do t h i s  w i th  t h e  FSD. 
The FSD has a  f e a t u r e  c a l l e d  Mutiple Device Addressing 
(MDA). .This f e a t u r e  al lows t h e  use r  t o  perform the  same 
s tandard  opcode on a  l i s t  of devices  which had previous ly  
been programmed i n t o  t h e  FSD. The l i s t  of devices  i s  loaded 
from t h e  UNIBUS b u f f e r  i n t o  FSD i n t e r n a l  memory. Since t h e  
FSD does not have t o  f e t c h  a '  new l i s t  element from t h e  
UNIBUS f o r  each device,  t o t a l  throughput i s  increased .  
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8.1 USING MULTIPLE DEVICE ADDRESSING 

P r i o r  t o  execut ing any MDA opcodes, t h e  l i s t  of 
addresses  must be loaded i n t o  t h e  FSD. The l i s t  i s  loaded 
v i a  s p e c i a l  func t ion  opcode 014. The '  l i s t  i s  s to red  i n  
memory i n t e r n a l  t o  t h e  FSD. ' The l i s t  can con ta in  between 0 
and 63 d i f f e r e n t  device addresses .  These addresses  a r e  used 
during . the  primary address  cyc le  of t h e  opcode which 

, u t i l i z e s  t h e  MDA t a b l e .  I f  no addresses  a r e  g iven ,  
' execut ing an MDA opcode w i l l  r e s u l t  i n  a  n u l l  ope ra t ion .  

I n i t i a l l y  t h e  t a b l e  i s  empty. 

Once t h e  t a b l e  has been loaded t h e  use r  can execute  any 
MDA op'code. The opcode i s  executed once f o r  each address  
contained w i t h i n  t h e  t a b l e .  These addresses  a r e  used dur ing  
t h e  primary address  cyc le .  The primary address  contained 
w i t h i n  t h e  l i s t  element (LsTPAL/LSTPAH) i s . . .  ignored. 
Secondary addresses  a r e  s t i l l  taken from t h e  l i s t  element 
(LSTSAL/LSTSAH). Block t r a n s f e r  word counts  and immediate 
d a t a  a r e  a l s o  taken from t h e  l i s t  element (LsTWCL/LSTWCH). 

A l l  op t ion  b i t s  i n  LSTOPT and LSTOPC a r e  honored. 
These inc lude  OPCHFB, OPCHFA and OPCHFX. Normally t h e  FSD 
w i l l  r e l e a s e  FASTBUS between execut ion  of t h e  opcode on t h e  
d i f f e r e n t  addresses  i n  t h e  t a b l e .  I f  however any of t h e  
hold b i t s  a r e  s e t ,  t h e  bus and/or  device w i l l  not be 
r e l ea sed .  Block t r a n s f e r  b u r s t  r u l e s  a r e  a l s o  obeyed by t h e  
FSD. 

8.2 MDA BUFFER MANAGEMENT 

MDA opcodes use t h e  b u f f e r  i n  t h e  same manner a s  i f  a l l  
t h e  addresses  i n  t he  MDA t a b l e  had t h e i r  own l i s t  element.  
For read opcodes, a l l  d a t a  read  from t h e  FASTBUS devices  i s  
packed i n  t h e  b u f f e r  i n  s equen t i a l  o rder .  Fot write 
opcodes, t h e  b u f f e r  po in t e r  i s  moved a s  d a t a  i s  w r i t t e n  t o  
t h e  FASTBUS device.  Because of t h e  way wr i te  ope ra t ions  a r e  
done, inde termina te  block t r a n s f e r  w r i t e s  wi th  an MDA opcode 
could have unexpected r e s u l t s .  
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8.3 MDA STATUS ELEMENTS 

The FSD w i l l  output  a  s t a t u s  element f o r  each address  
an MDA opcode used during execut ion.  Since t h i s  could cause 
confusion when examining t h e  s t a t u s  block, t h e  FSD a l s o  
ou tpu t s  a  s t a t u s  element t o  i n d i c a t e  an  MDA opcode was being 
executed. This  MDA header element i s  output  p r i o r  t o  
execut ing t h e  opcode wi th  any address .  The informat ion  b i t  
SEEMDA i s  s e t  i n d i c a t i n g  t h i s  i s  an  MDA header  element. The 

: s t a t u s  element word con ta ins  t h e  number of device  addresses  
s t o r e d  i n  t h e  t a b l e .  This  may be t h e  number of s t a t u s  
elements which fol low i n  t h e  block which t h e  MDA opcode w i l l  . 

output .  Due t o  f a t a l  e r r o r s ,  t h i s  w i l l  not n e c e s s a r i l y  be 
t r u e .  

Following t h e  MDA header element,  t he  FSD w i l l  w r i t e  
s t a t u s  elements f o r  each primary address  t h e  opcode used 
during execut ion.  The format of t h e  s t a t u s  element i s  t h e  
same a s  f o r  o t h e r  s tandard  f u n c t i o n s  opcodes. 

8 .4  ERROR HANDLING 

MDA opcodes obey t h e  same r u l e s  f o r  e r r o r  handl ing 
which o t h e r  s tandard  f u n c t i o n  opcodes use. However some 
c l a r i f i c a t i o n  i s  needed f o r  us ing  t h e  end of block and f a t a l  
e r ro r  response codes. 

8.4.1 End Of Block Response Code 

I f  t h e  FSD response t o  an e r r o r  i s  t h e  end of block 
response,  t h e  cu r r en t  l i s t  element i s  not abor ted  a s  i s  t h e  
case f o r  o the r  opcodes. The FSD te rmina tes  t h e  opcode f o r  
t h e  cu r r en t  address ,  w r i t i n g  t h e  s t a t u s  element t o  t h e  
s t a t u s  block. The FSD then  goes t o . . t h e  next address  i n  t h e  
t a b l e  i n s t e a d  of t h e  next l i s t  element i n  t h e  l i s t .  

8.4.2 F a t a l  Error  Response Code 

When a e r r o r  occurs  whose response code i s  f a t a l ,  t h e  FSD 
a b o r t s  t h e  l i s t  a t  t h e  given po in t .  No o t h e r  addresses  
w i t h i n  t h e  MDA t a b l e  a r e  re ferenced .  



CHAPTER 9 

FASTBUS TRANSFER ADDRESSING 

Many a p p l i c a t i o n s  of FASTBUS r e q u i r e  t h a t  d a t a  be moved 
from one FASTBUS device  t o  another .  It i s  a l s o - ' d e s i r a b l e  
t h a t  t h i s  motion of d a t a  be done a t  FASTBUS t r a n s f e r  r a t e s .  
However moving t h e  d a t a  i n t o  t h e  UNIBUS b u f f e r  through t h e  
FSD f o r c e s  t h e  d a t a  t o  be t r a n s f e r r e d  a t  UNIBUS,rates. For 
t h i s  reason  t h e  FSD has  a  f e a t u r e  c a l l e d  FASTBUS Trans fe r  
Addressing (FTA). This  a l lows  t h e  FSD t o  move d a t a  between 
two d i f f e r e n t  FASTBUS dev ices  without  moving t h e  d a t a  i n t o  
t h e  UNIBUS b u f f e r .  The second FASTBUS device  performs t h e  
same f u n c t i o n  a s  t h e  UNIBUS b u f f e r .  
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9.1 FASTBUS TRANSFER ADDRESSING DEVICE 

Almost any FASTBUS d e v i c e  can  be  used a s  t h e  b u f f e r  i n  
FASTBUS T r a n s f e r  Address ing opcodes.  There  a r e  o n l y  two 
r e s t r i c t i o n s  p l a c e d  on t h e  FASTBUS T r a n s f e r  Device. 

1. The a d d r e s s i n g  space  w i t h i n  t h e  FASTBUS T r a n s f e r  
Device used f o r  t h e  b u f f e r  must be i n  FASTBUS d a t a  ' 

space.  T r a n s f e r s  t o  c o n t r o l  space  a r e  no t  
suppor ted .  

2 .  The b u f f e r  must be  a c c e s s a b l e  by d i r e c t  a d d r e s s i n g .  . 

I n d i r e c t  a d d r e s s i n g  modes, such  a s  i s  used t o  
a c c e s s  t h e  Segment I n t e r c o n n e c t  Route Tab le ,  a r e  
n o t  suppor ted .  

To summarize, t h e  FASTBUS T r a n s f e r  Device must be ' . s i m i l a r  t o  
a  random a c c e s s  memory module. However f i r s t  i n ,  f i r s t  o u t  
t y p e  of d e v i c e s  can be used a s  t h e  b u f f e r .  

9.2 USING FASTBUS TRANSFER ADDRESSING 

P r i o r  t o  e x e c u t i n g  any opcodes which use  t h e  FASTBUS 
T r a n s f e r  Address ing f e a t u r e ,  t h e  u s e r  must d e f i n e  t h e  
FASTBUS T r a n s f e r  Device ( i . e .  t h e  b u f f e r ) .  , T h i s  i s  done 
v i a  s p e c i a l  f u n c t i o n  opcode 060. T h i s  l i s t  e lement  t e l l s  
t h e  FSD t h e  pr imary a d d r e s s ,  secondary a d d r e s s  and s i z e  of 
t h e  FASTBUS T r a n s f e r  Device. The o p t i o n  b i t s  OPCFIO and 
OPCFTS a r e  a l s o  used by t h e  FSD t o  de te rmine  c e r t a i n  
p r o p e r t i e s  of t h e  d e v i c e .  I f  t h e  d e v i c e  i s  a FIFO, ORCFIQ 
must be s e t  t o  c o r r e c t l y  h a n d l e  e r r o r  r e t r i e s  d u r i n g  b l o c k  
t r a n s f e r s .  I f  a  secondary a d d r e s s  must be i s s u e d  p r i o r  t o  
any d a t a  t r a n s f e r s  ( i . e .  t h e  pr imary a d d r e s s  i s  a  
g e o g r a p h i c a l  a d d r e s s ) ,  then  OPCFTS must be s e t .  A1.l other 
o p t i o n s  b i t  a r e  ignored .  

Once t h e  FASTBUS ~ r a n s f e r  Device has  been d e f i n e d ,  t h e  
u s e r  can e x e c u t e  any s t a n d a r d  f u n c t i o n  opcode which u s e s  t h e  
FTA. It i s  a l s o  p o s s i b l e  t o  use  s p e c i a l  f u n c t i o n  opcodes 
which do p r i m i t i v e  FASTBUS d a t a  t r a n s f e r s  w i t h  t h e  FASTBUS 
T r a n s f e r  Device.  
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9 . 3  FASTBUS TRANSFER ADDRESSING BUFFER MANAGEMENT 

Once def ined ,  t h e  FSD w i l l  remember t h e  FASTBUS 
Transfer  Device between l i s t s .  This  i nc ludes  t h e  number of 
words t r a n s f e r r e d .  As wi th  t h e  UNIBUS b u f f e r ,  d a t a  i s  
always s e q u e n t i a l l y  read and w r i t t e n  t o  t h e  device.  The 
use r  can read t h e  cu r r en t  d e f i n i t i o n  of t h e  FASTBUS Transfer  
Device a s  we l l  a s  t h e  number of words r e a d / w r i t t e n  t o  it 

, s i n c e  t h e  l a s t  d e f i n i t i o n .  This  can be done v i a  s p e c i a l  
f u n c t i o n  opcode 061. 

9.4 FASTBUS TRANSFER ADDRESSING ERROR HANDLING 
. . .  . .  . .  

I n  t h e  coarse  of ope ra t ions ,  e r r o r s  can r e s u l t  during 
d a t a  t ransmiss ion  t o  t h e  FTD. When t h i s  occurs ,  t h e  FSD 
uses  t h e  same e r r o r  handling techniques  a s  f o r  o t h e r  FASTBUS 
da ta  t r a n s f e r  e r r o r s .  The same e r r o r  response words a r e  

. used and t h e  e r r o r  response codes have t h e  same meaning. 
Since t h e  FSD b u f f e r s  d a t a  i n t e r n a l l y  when t r a n s f e r i n g  t h e  
d a t a ,  it  i s  poss ib l e  t h a t  d a t a  can be l o s t  i f  f a t a l  o r  end 
of block e r r o r s  occur when t r a n s f e r i n g  t o  t h e  FASTBUS 
Transfer  Device. 
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