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ABSTRACT 

OS910 Version 2 operating system is a real-time experiment 

control system for the SDS-910. The SDS-910 is coupled to a DEC 

PDP-15 where the PDP-15 is the computation element and the SDS-910 

is used as an intelligent interrupt handler. The SBS-910 operating 

system along with the communication scheme between the SDS-910 and 

the PDP-15 are discussed in detail. 
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I. Introduction: 

OS910, the operating system for experiment control using the 

SDS-910 computer, has been designed to do task management and experiment 

control in an interrupt-driven environment. The Ames Laboratory Research 

Reactor has a multitude of experiments on it that need real-time d'ata 

collection and control facilities. 

The computer system that is designed to perform the requisite task 

management and experiment control consists of an SDS-910, used as an 

"intelligent interrupt handler", and DEC PDP-15 used as the computational 

element, with the two computers linked by an interface designed at the 

Ames Laboratory. Both computers have Ames Laboratory designed operating 

sys terns. 

This report will detail the operating system for the SDS-910 

computer, OS910. Facilities provided by OS910 include: 

a) SDS-910/PDP-15 communications, 

b) task scheduling, 

c) scheduling of tasks on clock queues, 

d) . fielding of real-time error interrupts. 

Also, great flexibility is allowed the user in managing experiment 

communication and experiment derived interrupts. 

All SDS-910--PDP-15 communication is handled by OS910 routines, 

as well as the four clocks (12.8 msec. fast clock, 102.4 msec. medium 

clock, 1.6384' sec. slow' clock, and 1.6384 sec. real-time clock), and 



r ea l - t ime  e r r o r  i n t e r r u p t s .  A r ea l - t ime  e r r o r  may be genera ted  by 

e i t h e r  t h e  u s e r  o r  t he '  ope ra t ing  system, and is, f o r  example, ' 

symptomatic of an i n v a l i d  experiment address .  When a RT e r r o r  is  

encountered t h e  u s e r  i s  t e rmina ted .  

Under OS910, t a s k s  may not  b e  t r a n s i e n t  dur ing  execut ion .  The 

code f o r  a  t a s k  must r e s i d e  completely i n  s to rage ,  and may not  be 

moved around. However, f o r  c o n t r o l  purposes,  a  s e t  task/program 

format i s  imposed. A u s e r ' s  program has  t h e  form o f :  

a )  ID/KEY t a b l e  e n t r y  f o r  t h e  u s e r  ( t o  be expla ined  l a t e r ) ,  

b )  t h e  sequence of t a s k s  f o r  t h e  u s e r .  

As a  'KEY' i s  used with READ(s)/WRITE(s) i n  t h e  PDP-15, and 

( i t  i s  assumed t h a t )  t h e  u s e r  program i s  s e t  up t o  accept  one d a t a  

l eng th  f o r  a s p e c i f i c  'KEY', a t a b l e  of t h e  'KEYS' and t h e i r  r e l a t e d  

b u f f e r  a r e a s  may be maintained.  Because of t h i s ,  when t h e  PDP-15 

t r ansmi t s  d a t a  t o  t h e  SDS-910, a  predef ined  b u f f e r  a r e a  a l r e a d y  

e x f s t s  i n  t h e  SDS-910 t o  accept  i t .  Dynamic b u f f e r i n g  must e x i s t  

f o r  SDS-910 t o  PDP-15 t ransmiss ions ,  a s  t h e  u s e r  w i l l  no t  know when 

t h e  d a t a  a r e  f i n a l l y  s en t ,  nor, when t h e  b u f f e r  i s  empty. OS910 

s u p p l i e s  t h e  u s e r  w i th  POPS t h a t  t a k e  c a r e  of t he  b u f f e r i n g  problem. 

To provide  t h i s  dynamic bu f fe r ing ,  a t r a n s i e n t  b u f f e r  s to rage  

a r e a  i s  system maintained.  The t r a n s i e n t  b u f f e r  s t o r a g e  a r e a  conta ins  

nodcs of seven words i n  l eng th .  The format of  a  b u f f e r  w i l l  he 

shown l a t e r .  



Also included a r e  POPS t o  perform queuing of t a sks .  A t a s k  

may be placed on the  t a sk  queue, o r  one of the  th ree  clocks ( f a s t ,  

medium, o r  slow). Also, a parameter l i s t  may be referenced i n  t h i s  

c a l l .  The format of a ,node on one of these  queues is: 

> 

next node po in te r  

-~ 

I D  e n t r y  po in t  
address 

parameter l i s t  po in te r  
i 

Here, the  next node po in te r  i s  a simple forward reference ,  t o  c r e a t e  

a l inked l i s t  of nodes. The I D  va lue  ( i n  b i t s  0-8 of the  second word) 

i s  the  u s e r  I D  of the  t a s k  t o  be invoked.with the  e n t r y  po in t  address 

'ANDED' i n t o  b i t s  10-23. I f  the re  a r e n ' t  any parameters,  the  t h i r d  

word i s  s e t  t o  minus one, e l s e  i t  conta ins  the  address of the  

parameter l i s t .  

A t r a n s i e n t  s to rage  a r e a  i s  maintained f o r  queue nodes. Currently, 

t h e r e  a r e  30 nodes of th ree  words each f o r  queue nodes; I f  necessary, 
,. . 

t h i s  a r e a  can e a s i l y  be expanded o r  cont rac ted  t o  accommodate any 

run- t ime needs . 
For f u r t h e r  i n s t r u c t i o n  a s  t o  the  use  of OS910 the  reader  is  asked 

t o  r e f e r  t o  'USERS MANUAL FOR OS910, THE SDS-910 OPERATING SYSTEM', 



11. Communications Vec,tor Table (CVT) : 

Included ( i n  t h e  CVT) a r e  (system and u s e r )  cons t an t s ,  an 

i n t e r r u p t  t d l e r  rou t ine ,  POPS, i n t e r r u p t  v e c t o r s ,  u s e r  i n t e r r u p t  

handlers ,  and t h e  t a b l e  of  e n t r y  p o i n t s .  We w i l l  now e x p l a i n  the  

d i f f e r e n t  SVT e n t r i e s .  

The i n t e r r u p t  i d l e r  r o u t i n e  e n t r y  po in t ,  DUMMY, i s  a t  l o c a t i o n  2, 

o c t a l .  When a r e g u l a r  i n t e r r u p t  e n t r y  uses  a  BRM DUMMY, t hen  the  . 

i n t e r r u p t  l e v e l  i s  c l ea red ,  and a  r e t u r n  t o  t h e  i n t e r r u p t e d  program 

r e s u l t s .  

The r ea l - t ime  c lock  counter ,  TIME, i s  a t  l o c a t i o n  4, o c t a l .  This  

counter  may be d i r e c t l y  r e f e renced  by a  u s e r .  The va lue  a t  TIME w i l l  

no t  be allowed t o  exceed 400000, o c t a l .  Thus, an 18 b i t  word w i l l  

always be a b l e  t o  hold  t h e  counter  va lue ,  i n  i t s  e n t i r e t y .  

The next  fou r  l o c a t i o n s  c o n t a i n  e n t r y  p o i n t  address  t o  t h e  

a l l o c a t i o n / d e a l l o c a t i o n  r o u t i n e s .  Each r o u t i n e  i s  invoked v i a  a n ,  

i n d i r e c t  branch and mark (BRM*). To a l l o c a t e  a  queue node, GETNDE i s  

used.  To g e t  a  b u f f e r  node, GETBUF i s  used.  To f ree-up  e i t h e r  a  

queue node o r  b u f f e r  node, u se  FREM)E o r  FREBUF, a s  r equ i r ed .  'Ihe 

s e r v i c i n g  rou t ines ,  themselves,  w i l l  be  expla ined  1 , a t e r .  

A t  l o c a t i o n s  11 and 12, o c t a l ,  a r e  t he  f r e e  s t o r a g e  l i s t  addresses .  

QNDEFQ r e f e r e n c e s  t h e . . f r e e  s t o r a g e  l i s t  f o r  queue nodes, and BmEPQ 

references t h e  f r e e  s t o r a g e  List f o r  b u f f e r  nodes. 



Next come s i x  numeric cons tants  t h a t  may be used by the  user,  

and a r e  heavi ly  r e l i e d  uponpy  the  system. These cons tants  a r e  i n  

loca t ions  13 t o  20, o c t a l .  I n  order, the  cons tants  a r e  -1, 0, 1, 

2, 3, and 4. These may be symbolical ly referenced by MINUS1, ZERO, 

ONE, TWO, THREE, and FOUR, respec t ive ly .  Octal  loca t ion  21, 

i s  ADRMSK, which i s  an address mask. When used a s  the  operand of an . 

e x t r a c t  (ETR), ADRMSK w i l l  s e t  a l l  but  b i t s  10-23 t o  zero. 

Locations 22 through 24 o c t a l  conta in  p o i n t e r s  t o  t h e  COLD START 

rou t ine  (COLD), the  d ispatcher  (TASKER), and RAID (RAID), r e spec t ive ly .  

The genera l  use r  w i l l  use these  po in te r s .  

Octa l  loca t ions  25 through 27 con ta in  C510, C210, and CCBP, 

r e spec t ive ly .  C510 i s . t h e  system I D  ( i d e n t i f i e r ) .  Each t a sk  i n  the  

PDP-15 i s  assigned a unique u s e r  I D .  The system assumes c o n t r o l  of 

I D  510. To s i g n i f y  which u s e r  c u r r e n t l y  has cont ro l ,  the  v a r i a b l e  

CCBP i s  kept  updated by . the system. C210 i s  subtracted'frorn the  

u s e r ' s  I D  number t o  ob ta in  an o f f s e t  i n t o  the  User Entry Point  t a b l e  

which s t a r t s  a t  3008 CCBP conta ins  t h e ,  I D  of the  t a s k  t h a t  i s  

c u r r e n t l y  i n  con t ro l  of the  computer. 

Octal  loca t ions  30 through 33 a r e  reserved f o r  t h e  W and Y buf fe r  

i n t e r r u p t s .  These a r e  not .used i n  t h e  present  implementation but t h e ,  

hardware i s  a t tached t o . t h e s e  loca t ions .  

Octal  loca t ions  34 through 36 a r e  system mask va r i ab les ,  BIT9, 

IDNUMI, and SKDID, re spec t ive ly .  BIT9 i s  used t o  t e s t / s e t  b i t  

l oca t ion  9 of an SDS-910 word which t e l l s  the  system i f  the  p a r t i c u l a r  



user is active (0) or inactive (1). IDNUMl and SKDID are both used ' 

to extract and merge in the user ID number into different parts of 

the SDS-910 word. 

Locations 40 through 42 octal are the system temporaries QA, 

QB, and QC, respectively. These temporaries are saved when an 

interrupt of higher priority occurs and restored upon completion of 

the interrupt servicing routine. 

Location 100 octal begins the POP invocation area. Included are 

all system and user oriented POPS. This table will change as user/system . 

requirements change. 

Location 200 octal begins the interrupt vector area. The 

current interrupt locations should be obtained from the listing of 

the operating system code. 

Locations 300 to 327 oc'tal comprise the Entry Point table, whic11 

contains the entry point address value for each user/system task. 

Each location in the table is either set to the user's ID/KEY table 

address if the user is in core, or to -1 (777777778). Unless C210 is 

suitably modified, moving this table will provide catastrophic results. 

In order to maintain system integrity, all user interrupts are 

first handled by the system so the "old" environment can be saved. 

When a user does an OPEN in the PDP-15 the user's interrupt(s) in the 

SDS-910 are brought from the idler ~tstc to and active state. This 

action is also done when a user does a PON of his/her interrupt. 



111. Trans ien t  S torage  Areas: 

Oc ta l  l o c a t i o n  341 begins  t he  t r a n s i e n t  s t o r a g e  a r e a  f o r  the  

system a t  the  r e a c t o r .  The f r e e  queue node uses  t h r e e  words pe r  en t ry ,  

and extends from l o c a t i o n s  341 through 474, which i s  30 t h r e e  word nodes. 

The b u f f e r  node f r e e  s t o r a g e  a r e a  ex tends  from l o c a t i o n  475 through 

1020, and g ives  30 seven word nodes. The i n t e r r u p t  b u f f e r  queue i s  

20 t e n  word nodes exte'nding from l o c a t i o n  1021 through 1333. Each l i s t  

i s  forward l inked ,  w i th  the  l a s t  node ' s  l i n k  f i e l d  s e t  t o  minus one. 

It should be noted t h a t  changing t h e  amount of f r e e  s t o r a g e  a r e a  

i s  v e r y  easy, bu t  an a p p r o p r i a t e  change t o  t h e  COLD START rou t ine  (COLD) 

must be made t o ' a l l o w  f o r  t h e  change i n  number of e n t r i e s .  



I V  . COLD START: 

The COLD START rou t ine  w i l l  i n i t i a l i z e  the  f r e e  s to rage  areas,  

s e t  the  u s e r  i n t e r r u p t s  t o  the  i d l e r  s t a t e  (BRM DUMMY f o r  regular  

i n t e r r u p t s ,  t h e  s p e c i a l  i n t e r r u p t s  a r e  not touched), s e t  system-oriented 

i n t e r r u p t s  t o  the  requi red  values,  ground ( s e t  t o  777777778) a l l  queue 

\ 

pointers ,  and then enable the  i n t e r r u p t s  and branch t o  the  d ispatcher  

(TASKER) . 
NOTE: I£ the  t r a n s i e n t  s torage  a r e a  loca t ions  o r  , s i z e s  a r e  modified, 

the  appropr ia te  COLD START rou t ine  loca t ions  must a l s o  be modified. 

V.  Dispatcher: 

We now come t o  t h e  h e a r t  of OS910, the  d i spa tcher  (TASKER). Three 

queues a r e  managed by the  d ispatcher ,  t h e  i n t e r r u p t  and regu la r  w r i t e  

queues, and the  t a s k  queue. The i n t e r r u p t  w r i t e  queue has the  h ighes t  

p r i o r i t y ,  with the  r egu la r  send (wr i t e )  queue next i n  p r i o r i t y ,  leaving 

t h e  t a sk  queue lowest i n  p r i o r i t y .  A l l  t h r e e  of these  queues use the  

same th ree  word node buf fe r .  Queuing of t a sks  w i l l  be covered l a t e r .  

As noted e a r l i e r ,  the format of  a  queue node i s :  

8 

address of next  node 

. 

ID. e n t r y  po in t  . 

l oca t ion  
r 

parameter l i s t  loca t ion  
C 

( i f  t h i s  i s  the l a s t  
'node on the  queue, the  
"address of  next node" 
f i e l d  i s  s e t  t o  -1) 



For t h e  w r i t e  (send) queues, a  b u f f e r  node o r  buf fe r  node l i s t  is 

expected t o  be referenced by the  parameter l i s t  f i e l d .  The en t ry  po in t  
a 

f i e l d  i s  assumed t o  be the  rou t ine  t o  perform the  110, e i t h e r  SEND72 

( f o r  a  72 b i t  send), o r  DMASND ( f o r  a  DMA t r a n s f e r ) .  The ID f i e l d  i s  

expected t o  be t h a t  of the  u s e r  i s su ing  the  t r a n s f e r .  

With a l l .  tasks ,  i f  the  u s e r  has been s e t  inac t ive ,  then t h e  t a s k  

i s  not  dispatched.  To determine a c t i v i t y ,  a  b i t  i s  kept  i n  a  preamble 

' t o  each u s e r ' s  code. The format of a u s e r ' s  t a s k  is :  



' 

The I D I K E Y  t a b l e ,  which i s  suppli 'ed by t h e  use r ,  must have 

t h e  form: 

BIT 

WORD 
1 I D  // a / i  !/ JU3Y ENTRIES 

ADDRESS OF INTERRUPTl 

ADDRESS OF INTERRUPTl HANDLER 

ADDRESS OF INTERRUPT2 

ADDRESS OF INTERRUPT2 HANDLER 

OPEN ENTRY POINT 

CLOSE ENTRY POINT 

KEY 1 BUFFER LOCATION 

KEY 1 ENTRY POINT 

KEY N BUFFER LOCATION 

KEY N ENTRY POINT 

Taking each s e c t i o n  i n  order ,  we have: 

1. WORD 1: 

b i t s  0-8: t h e  I D  number ( i n  t h e  range 511-537) ass igned  
by t h e  system s t a f f .  

b i t  9: t h e  a l i  ( a c t i v e l i n a c t i v e )  f l a g  f o r  t h e  u s e r .  I f  
t h i s  b i t  i s  s e t  t o  z e r o , , t h e n  t h e  u s e r  i s  assumed t o  be 
is t h e  a c t i v e  (running)  s t a t e .  



b i t s  10-23: maximum key value used. 

2. WORDS 2 and 3: 

Addresses of the  u s e r ' s  f i r s t  i n t e r r u p t  loca t ion  and the  
use r  i n t e r r u p t  handler  f o r  i t .  I f  the  use r  does not 
have an i n t e r r u p t  f o r  h i s  o r  he r  experiment, then put:  

WORD2 OCT 77777777 
WORD3 BRM 2. 

3; WORDS 4 and 5: 

Addresses of the  u s e r ' s  second i n t e r r u p t  ' l oca t ion  and 
the  u s e r  i n t e r r u p t  handler  f o r  i t .  I f  the  use r  does 
not .have an i n t e r r u p t  o r  does not have two i n t e r r u p t s  
f o r  h i s  o r  he r  experiment, then put:  

WORD4 OCT , 77777777 
WORD5 BRM 2. 

4. WORD 6: 

User 's  OPEN r o u t i n e  e n t r y  po in t .  

5. WORD 7: 

User 's  CLOSE rou t ine  e n t r y  po in t .  

6. THE ENTRIES: 

These a r e  p a i r s  of d a t a  buf fe r  loca t ion  and e n t r y  po in t  
associa ted  with each key used i n  the  PDP-15 ALECS program. 
To conserve space i n  the SDS-910 the  I I S P . ~  is a.sked t o  assign 
t he  keys i n  numerical order .  

This t a b l e  i s ' u s e d  i n  the  £allowing manner. 
i 

1. When the  t a sk  t h a t  r e s i d e s  i n  the  PDP-15 performs an OPEN 
f o r  t h e  EXPERIMENT f i l e ,  t he  a / i  b i t  i s  s e t  t o  zero f o r  t h a t  
user. The u s e r ' s  i n t e r r u p t  ( s )  i s  (a re )  1 connected' through the  . . 
system and i s ( . a re )  s e t  a c t i v e .  F ina l ly ,  t h e  u s e r ' s  open 
rou t ine  i s  scheduled for  execilt;l.on, 

2. When a  t a s k  i s  t o  be dispatched,  t h e  a / i  b i t  i s  checked. 
I f  the  b i t  i s  set t o  one ( i n a c t i v e )  t h e  t a s k  i s  f lushed '  
from t h e  system. 



3. When information is sent to the SDS-910 for the user, 
the key, say i, ,associated with the data, is used to 
find the address ofthat area of the user's storage 
which will contain the data (the storage area must be 
large enough to contain both control information 
i.e., two words of storage for a read return, and the 
data). Associated wtth the buffer address is a service 
routine entry point address. Using the address of the 
(user supplied) buffer, the entry point address for the ! . .  
service routine, and the user's ID value, a task queue 
node is created, thus scheduling the execution of the 
'user's service routine. 

4. When the user incurs a real-time (RT). error (by using an 
invalid interface (EOM) address for his experiment) the 
RT error servicing routine resets the a/i bit, sends 
information to the PDP-15 that the user has incurred an 
RT error and then allows the user to finish execution 
of the task. 

5. When the user's code in the PDP-15 performs a CLOSE of 
the EXPERIMENT file, a record is transmitted to the 
SDS-910 to indicate this. The SDS-910 system then resets 
the a/i bit to inactive, turns off the interrupts. 
associated with this user, and schedules the user's CLOSE 
routine. 

The ID/KEY tab1e.i~ user generated. An example follows 

for a ID number'of 524, and a total of two keys. 

0 CT 
OCT 
BRM 
OCT 
BRM 
HLT 
HLT 
HLT 
HLT 
HLT 
HLT 

52440002 
242 
CHAR 
243 
CHAR 
OPEN 
'CLOSE 
BLOCK 
RE AD 
DATA 
SEND 

ADDRESS of INTERRUP TI 
ADDIUISS of INTERRUPT HANDLER 1 
ADDRESS 0% INTERRUPT2 
ADDRESS of INTERRUPT2 HANDLER 
OPEN ENTRY POINT 
CLOSE ENTRY POINT 
KEY ONE BUFFER AREA 
KEY ONE ENTRY POINT 
KEY TWO BUFFER AREA 
KEY TWO ENTRY POINT 

The first word, declared OCT 52440002, has the field values: bits 

0-8 set to 5248 i.e., the user ID number, bit 9 set to 1 (inactive) 



and bits 10-23 set to 00002, the total number of keys. The routine 

names have been arbitrarily chosen. The declarations using 

HLT name 

create a word containing the storage address for 'name'. The,buffer 

area will hSve to be large enough to contain the maximum amount of 

data sent, plus whatever control information must be,kept (see the 

110 routines). 

When information is sent from the SDS-910 to the PDP-15, it is 

placed in a dynamically acquired buffer area, and a queue entry is 

made. The queue entry is of the form: 

If this is a 72 bit trans£er, then the service routine address is to 

w 

the SEND72 routine. Otherwise, it is to the DMASND routihe. The format . 

link field 

ID service routine address 

address of buffer 
i 

I 



of a dynamic buffer is: 

a) for a 72 bit. transfer: 

word 1 - 1 (grounded) 
I i 

b) ,for a DMA transfer: 

1. First buffer node: 

llJo=rd 1 e #transfers o link I 
2 72 bits of data to set up 

DMA transfer 

1 

5 First 72 bits of DMA data 



where: 

e  - e x t e n t  b i t .  I f  t h i s  i s  t he  l a s t  node on t h e  l i s t ,  
then  e=l ,  e l s e  e=O. 

t r a n s f e r s  - t h i s  i s  t h e  number o f  72 b i t  t r a n s f e r s  t o  be 
done, excluding the  72 b i t s  of se t -up  d a t a .  

l i n k  -. t h i s  i s  the  address  of t h e  next  b u f f e r  node, o r  
undefined i f  t h i s  i s  t h e  l a s t  node on t h e  l i s t .  

2. In te rmedia te  nodes ( f u l l ) :  

where: l i n k  i s  t h e  address  of t h e  next b u f f e r  node. 

0  9 10 23 
P 

word 1 0 0 l i n k  

2 72 b i t s  of  d a t a  

3 

3 4 

5 72 b i t s  of d a t a  

6 

7 



3 .  Fina l '  node: 

- 
word 1 1 0 undefined 

2 72 b i t s  of  d a t a  

3 

. 4  

5 e i t h e r  72 b i t s  of  da t a ,  
o r  undefined 

6 

1 7 

Note t h a t  b i t  0 ( t h e  e x t e n t  b i t )  i s  s e t  t o  'one ( 1 ) .  

Each queue has  t h e  same form, and each i s  t r e a t e d  t h e  same. 

A two word queue p o i n t e r  set e x i s t s  f o r  each queue, c o n s i s t i n g  of a  

head and t a i l  p o i n t e r .  I f  t h e  queue i s  not  empty (head, t a i l  * -1))  

t hen  t h e  f i r s t  node on t h e  queue i s  t e s t e d  f o r  be ing  from an a c t i v e  

t a s k .  I f  t h e  t a s k  i s  a c t i v e ,  t hen  t h e  t a s k  i s  d i spa t ched .  Otherwise, 

t h e  t a s k  i s  c l e a r e d  ~ f f .  This  l a t t e r  o p e r a t i o n  amounts t o  r e l e a s i n g  

a l l  b u f f e r  space, f o r  an 110 queue e n t r y ,  and f r e e i n g  the  queue node. 

The a c t i v a t i o n  of a t a s k  i s  as foflows: 

a )  t h c  e n t r y  p o i n t  address i s  e x t r a c t e d  from t h e  second word 
of t h e  queue node; 

b )  t h e  A r e g i s t e r  i s  loaded wi th  t h e  parameter  l i s t  address  
f i e l d  c o n t e n t s ;  

c)  a RRM i s  done r e l a t i v e  t o  t h e  e n t r y  p o i n t  p o i n t e r .  



Task d e a c t i v a t i o n  i s  v e r y  simple. For  an I / O  queue node, t he  

b u f f e r  l i s t  i s  assumed t o  be a l r e a d y  f r e e d .  Otherwise, t h e  A r e g i s t e r  

i s  s e t  t o  t he  address  of t h e  node. Then, t h e  i n s t r u c t i o n :  

BRMJt FRENDE 

i s  executed.  This  r o u t i n e  w i l l  c h a i n ' t h e  queue node back on to  the  

queue node f r e e  s t o r a g e  l i s t ,  and r e t u r n .  

The r o u t i n e  ACTIVE t e s t s  t h e  a / i  b i t  of t h e  i n d i c a t e d  t a s k .  On 

ent rance ,  t he  X r e g i s t e r  must p o i n t  t o  t h e  node t o  be scheduled.  The 

I D  va lue  i s  then  e x t r a c t e d .  The a s s o c i a t e d  ID/KEY t a b l e s  a / i  b i t  i s  

checked. I f  s e t  . to 1, then  t h e  r e t u r n  address .  i s  incremented before  

r e t u r n i n g .  I f  a / i  = 0, t hen  the  normal r e t u r n  i s  performed. The 

system I D  va lue  of 510 which maps i n t o  l o c a t i o n  300 p o i n t s  a t  t h e  
8 8 

ze ro  l o c a t i o n  (ZERO) f o r  i t s  I D / K E Y  t a b l e .  This  makes t h e  system 

always a c t i v e .  

vI. Clocks: 

The c locks  a r e  used f o r  time-dependent t a s k  schedul ing .  Tasks 

may r ~ r l i i e s t  schedul ing  on t h e  queue f o r  one ( o r  more) of t h e  c locks .  

The t a s k  cha in  looks and i s  used i n  t he  same manner a s  t h e  d i s p a t c h e r  

cha ins .  Also, t a s k s  a r e  s u b j e c t  t o  t h e  same t e s t s  and conditTons. 

There a r e  t h r e e  c lock  s i g n a l s  which a r e  suppl ied  by t h e  i n t e r f a c e .  

The t h r e e  c locks  have pe r iods  of 1 2 . 8  m s .  ( f a s t  c lock) ,  102.4 m s .  

(medium c l o c k ) ,  and 1.6384 second (slow c lock) ,  and are normally 



employed t o  provide  a set t ime  d e l a y  between o p e r a t i o n s  i n  t h e  SDS-910. 

S h a f t  movement, c h a r a c t e r  t ransmiss ion ,  e t c . ,  a r e  some a r e a s  where one 

might employ the,  c locks .  The slow c lock  t i c k  i s  a l s o  used t o  increment 

t h e  TIME v a r i a b l e  a t  l o c a t i o n  4 .  Therefore ,  ' g r o s s '  pe r iod  t iming can  

be done by t h e  u s e r .  

A u s e r  may schedule  a t a s k  o n t o  one of t h e  t h r e e  c lock  queues by 

us ing  one of t h r e e  POPS (SKDFST, SKDMED, SKDSLO). When a t a s k  is  on a 

c lock  queue, i t  i s  executed t h e  next  t i m e  t h a t  c lock  " t icks1 ' .  The 

a c t i o n  t aken  when 3 c lock  ! ' t i cksf1  is :  

1. I f  t h e  queue f o r  t h a t  c lock  i s  empty, t hen  t h e  i n t e r r u p t  
l e v e l  i s  c l e a r e d  and execu t ion  resumes where it was i n t e r r u p t e d .  

2 .  I f  there a r e  nodes p re sen t ,  then t h e  c o n t e n t s  o f  t h e  head 
p o i n t e r  f o r  t h e  r e s p e c t i v e  c lock  queue a r e  copied t o  t h e  
a r e a  r e f e r enced  by e i t h e r  FCLKQ, MCLKQ, o r  SCLKQ ( f a s t ,  medium, 
o r  slow c locks ) ,  and t h e  queues '  h e a d / t a i l  p o i n t e r  a r e  bo th  
s e t  t o  -1. Then, 

3 .  Each t a s k  on t h e  queue now re fe r enced  by FCLKQ, MCLKQ, o r  SCLKQ 
is, i f  a c t i v e ,  invoked i n  t u rn ,  t hen  d e l e t e d  from t h e  queue. 
Meanwhile, new t a s k s  may be scheduled on t h i s  o r  any o t h e r  queue. 

4 .  F i n a l l y ,  t h e  i n t e r r u p t  l e v e l  i s  c l e a r e d  and execu t ion  resumes 
. when i t  was i n t e r r u p t e d .  

This t a s k  d i s p a t c h i n g  o p e r a t e s  wi th  t h e  i n t e r r u p t  system enabled, t hus  

a l lowing  h ighe r  p r i o r i t y  i n t e r r u p t s  t o  h i t  a t  any time, bu t  s topping  t h e  

same l e v e l  i n t e r r u p t ,  o r  any lower one. When a l l  t h e  nodes on the  queue 

( r e f e r enced  by FCLKQ, MCLKQ, o r  SCLKQ) have been t r e a t e d ,  t h e  i n t e r r u p t  

l e v e l  i s  c l e a r e d  and execu t ion  resumes where t h e  c lock  " t ick1 '  i n t e r r u p t e d .  

NOTE: The c locks  a r e  cons idered  t h e  on ly  ' r e a l - t i m e '  experiment and 

t h e r e f o r e  a r e  h igh  i n  p r i o r i t y .  Only t h e  RT e r r o r  i n t e r r u p t  i s  h ighe r .  



VII. Task Scheduling: 

Using OS910, the facility to cause the scheduling of tasks exists. 

A user may schedule a normal task (managed by the dispatcher), or a clock 

task (managed by the respective clock queue manager). 

There are four POPs used for scheduling, SKDFST, SKDMED, SKDSLO, 

and SKDTSK. The parameters to each of these POPs is the same: 

1. the A register contains the entry point argument, 

2. the B register contains the parameter list pointer. 

Using these parameters, the routine MAKNDE constructs a queue node and 

sets the X register to the address of the newly constructed node. 

The MAKNDE routine employs the A and B register, and CCBP, to 

fill in the node fields. An attempt is first made to allocate a queue 

node from the free storage list. If the list was empty at the time of 

the request, the X register will have been set to -1 (777777778 octal). 

and the MAKNDE routine will halt. Otherwise, the link field (first 

word) of the newly allocated node is set to -1 (to "groundt1 it); word 

two is s e t  to the pair (uses ID, entry point address) arranged as: 

ID - bits 0-8 
Entry Point address - 10-23 
Bit 9 is set to zero . . 

The third word is set to the contents of the B register (user' parameter 

list pointer). When MAKNDE returns to the calling routine, the node may 

be added to the required queue list. .Normally, the addition will be to 

the tail of the queue. 



V I I I .  110 Scheduling: 

There a r e  a  s e t  of fou r  POPs t o  queue up d a t a  t r ansmis s ion  t o  t h e  

PDP-15. Three POPs, SNDFIX, SNDFLT, and SENDMA, a r e  used t o  send d a t a  

back on a  read r e t u r n  ( see  communication modes Sec t ion  XI) .  The four th ,  

SNDINT, e f f e c t s  t he  t ransmiss ion  of  an ONCODE r e s u l t i n g  from an 

experiment i n t e r r u p t  ( s ee  t h e  ALECS Language Reference Manual, 

IS-3339). 

Each POP w i l l  c o n s t r u c t  a  queue node, and a s  many b u f f e r  nodes 

a s  r equ i r ed  f o r  t h e  amount of d a t a .  For a l l  bu t  SENDMA, t h i s  w i l l  be  

one b u f f e r  node. I n  any case,  i f  a  node ( b u f f e r  on queue) i s  requi red  

and none a r e  a v a i l a b l e ,  t he  POP w i l l  execute  a  PAUSE i n s t r u c t i o n  and 

w a i t  f o r  a  node t o  free-up.  This  condi t ion ,  s i m i l a r l y  r a i s e d  i n  t h e  

t a s k  scheduling POPs, i s  i n d i c a t i v e  of a  cond i t i on  of  t oo  few nodes 

on t h a t  f r e e  s t o r a g e  l i s t .  Thus, t h e  system p r o g r a m e r  response must 

be t o  i n c r e a s e  t h e  t r a n s i e n t  s t o r a g e  a r e a  f o r  t h a t  type  node. 

The SNDFIX POP r e q u i r e s  an  operand t o  be p r e s e n t .  The d a t a  

re ferenced  by t h e  operand must be t h e  t h r e e  words: 

Word 1: Length of t r a n s f e r  
Word 2: "Key Loc. i n  CAL" va lue  
Word 3: Data va lue  

The "Key Loc. i n  CAI," va lue  i s  passed by t h e  PDP-15 on t h e  i n i t i a l  

s e t -up .  This  va lue  w i l l  be p u t  i n t o  t h e  u s e r ' s  d e s i r e d  l o c a t i o n  by 

t h e  system. The above da t a ,  a long wi th  the  c u r r e n t  CCBP va lue  w i l l  be 

used t o  c o n s t r u c t  a  b u f f e r  node. Then, a  queue node w i l l  be  cons t ruc ted  



us ing  t h e  address  of  t h e  b u f f e r  node (whose f i r s t  word has been s e t  t o  

-1)  a s  t h e  parameter  l i s t  f i e l d  va lue ,  and t h e  e n t r y  p o i n t  t o  the  110 

r o u t i n e  SEND72 and t h e  CCBP va lue  a s  t h e  e n t r y  poin t / ID f i e l d  va lues .  

The l i n k  word o f  t h e  node w i l l  be s e t  t o  -1, and t h e  node chained onto  

t h e  t a i l  o f  t he  send queue. 

SNDFLT i s  similar t o  SNDFIX except  t h a t  t h e  a r e a  r e f e renced  by 

t h e  POPS' operand i s  the  fou r  words of :  

Word 1: Length of t r a n s f e r  , 

Word 2: "Key Loc . i n  CAL" va lue  
Word 3: Data va lue  (low o rde r  Mantissa and exponent) 
Word 4: Data va lue  (high o r d e r  Mant i ssa)  

The same send queue node format i s  used, and t h e - b u f f e r  i s  cons t ruc ted  

. i n  t h e  same f a sh ion .  

SENDMA w i l l  c o n s t r u c t  a ( p o s s i b l e )  l i s t  of b u f f e r  nodes. The 

l eng th  of  a b u f f e r  node i s  s e t  a t  seven (7)  24 b i t -  words. This  a l lows 

f o r  a l i n k  word (word I ) ,  and two 72 b i t  d a t a  s e c t i o n s  (words 2-4, 

and 5-7) .  This  no t  on ly  makes f i l l i n g  t h e  b u f f e r  a r e a  e a s i e r ,  but  a l s o  

makes t h e  t ransmiss ion  of t h e  d a t a  e a s i e r ,  a s  boundary won't  

e x i s t  ( t h e  SDS-910 must, because of t h e  i n t e r f a c e  s t r u c t u r e ,  t ransmi t  

d a t a  i n  groups of 72 b i t s ) .  

The operand of t h e  SENDMA POP re fe rences  an a r e a  arranged as: 

d a t a  e n t r i e s  
"Key Loc, i n  CAL" va lue  
d a t a  va lue  1 

d a t a  va lue  N 



The /I d a t a  e n t r i e s  f i e l d  g ives  the'number of d a t a  e n t r i e s  t o  b_e 

t r ansmi t t ed  back t o  t h e  PDP-15. The b u f f e r  nodes a r e  s e t  up as:  

1. F i r s t  b u f f e r  node: 

word 1 /I words 0 l i n k  I 

5  I f i r s t  72 b i t s  of DATA 

2  

3 

4 

Note: a )  i f  t h i s  i s  t he  only  b u f f e r  no,de on t h e  l i s t ,  
' e = l ;  otherwise,  e=O'. 

72 b i t s  of i n i t i a l  d a t a  t o  
s t a r t  t h e  DMA 

b )  t h e  /I words f i e l d  g ives  t h e  number of 24 b i t  
words t o  be t r ansmi t t ed  i n  t h e  DMA t r a n s f e r ,  
not  count ing t h e  f i r s t  72 b i t  s e tup  t r ansmis s ion  
t h a t  p repa res  t h e  PDP-15 for t h e  t r a n s f e r .  Zeroes 
a r e  added onto t h e  r i g h t  of t h e  d a t a  a s  requi red ,  
t o  pad o u t  t o  72 b i t s  i n  a  t ransmiss ion .  Thus, i f  
a  DMA t r ansmis s ion  were t o  be f o r  on ly  54 b i t s  of  
da t a ,  18 b i t s ,  a l l  zero, would be appended on to  
the  r i g h t  of t h e  a c t u a l  d a t a  t o  g e t  t o  a  72 b i t  
t ransmiss ion .  

Other  than  t h e  p o s s i b i l i t y  of having a  l i s t  of b u f f e r s ,  and t h a t  t h e  

s e r v i c e  r o u t i n e  w i l l  be DMASND r a t h e r  t han  SEND72, t h e  DMA node 

c r e a t i o n  i s  t h e  same a s  t h e  SNDFIX and SNDFLT POPS. 



NOTE: It t akes  fou r  (4)  words from t h e  SDS-910 (24 b i t s  each) ,  

t o  compress down t o  t h e  72 b i t s  of d a t a  (4  PDP-15 words).  

The fou r th  POP i n  t h i s  s e r i e s  w i l l  c o n s t r u c t  an i n t e r r u p t  

send queue (INTQUE) en t ry ,  and an a s soc i a t ed  b u f f e r  e n t r y .  This  

POP, SNDINT, assumes t h a t  t h e  A r e g i s t e r  con ta ins  t he  ONCODE t o  

be r e tu rned  t o  t h e  PDP-15. A dummy operand va lue  must be p re sen t  

on t h e  POP, even though i t  i s n ' t  used.  The queue node e n t r y  po in t  

f i e l d  i s  s e t  t o  SEND72, t he  I D  f i e l d  i s  s e t  t o  t h e  c u r r e n t  CCBP 

va lue ,  and t h e  parameter l i s t  f i e l d  p o i n t s  t o  a  b u f f e r  node. The 

b u f f e r  node con ta ins  -1 a s  t h e  f i r s t  word e n t r y .  Then, t h e  72 b i t  

f i e l d  i nc ludes  t h e  ONCODE va lue  and t h e  system communication 

informat ion .  

I X .  Real-Time Er ro r  Management: 

A real-time (RT) e r r o r  i s  caused by an 110 o p e r a t i o n  t h a t  i ncu r s  

a n  address ing  e r r o r  u s ing  t h e  i n t e r f a c e  t o  e i t h e r  t h e  PDP-15 o r  an 

experiment.  When an RT e r r o r  occurs :  

1. The i n t e r f a c e  "E" r e g i s t e r  i s  read  and s t o r e d .  

2. An i n t e r r u p t  queue e n t r y  with t h e  ONCODE s e t  t o  
zero  i s  se tup  t o  be s e n t  t o  t h e  PDP-15. 

3.  The u s e r  i s  allowed t o  cont inue  execut ion  a t  t h e  
s ta tement  fol lowing t h e  RT-error-causing i n s t r u c t i o n .  

The PDP-15 upon r e c e i p t  of t h e  RT e r r o r  i n d i c a t i o n  w i l l  shutdown t h e  

u s e r .  T.n doing so, t h e  PDP-15 system sends a CLOSE f o r  t h e  u s e r  t o  

t h e  SDS-910. Upon r e c e i p t  of  this.CLOSE t h e  u s e r  i ' n t e r rup t s  a r e  



i d l e d .  'Lhe u s e r  i s  t hen  scheduled f o r  execu t ion  t o  do whatever 

shutdown i s  r equ i r ed .  Then a  t a s k  i s  scheduled t o  tu rn-of f  t h e  u s e r ' s  

a c t i v e l i n a c t i v e  b i t .  

It should be noted t h a t :  

1. The queuing p r i o r i t y  i s  (.from h i g h e s t  t o  
lowes t ) :  i n t e r r u p t  queue, send queue, and 
t a s k  queue; 

2. To guard a g a i n s t  schedul ing  problems, i t  
i s  b e t t e r  t o  queue up t h e  shutdown a c t i o n  
than  t o  do t h e  work d i r e c t l y ;  

3 .  W e  must send t h e  RT e r r o r  genera ted  ONCODE . 

b e f o r e  t h e  r o u t i n e  i s  shutdown; o therwise ,  
t h e  a l i  b i t  = 1, and t h e  send w i l l  be ignored .  

Along wi th  t h e  above queuing of in format ion ,  t h e  RT e r r o r  r o u t i n e  

c l e a r s  t h e  i n t e r r u p t  l e v e l  and r e t u r n s  t o  t h e  i n t e r r u p t e d  program. A s  

t h e  i n t e r r u p t e d  program, which incu r r ed  t h e  RT e r r o r ,  w i l l  have no g l o b a l  

s i d e  e f f e c t s ,  i t  appears  t o  be s a f e  t o  l e t  i t  complete on i t s  own, r a t h e r  

t h a n  t r y i n g  t o  shu t  t h e  u s e r  down immediately and r e t u r n  t o  t h e  t a s k  

p rev ious  t o  t h e  u s e r  caus ing  t h e  RT e r r o r .  This  r e t u r n  i s  e f f e c t e d  by 

execu t ing  t h e  i n s t r u c t i o n :  BRU* RTERR, where RTERR i s  the  e n t r y  p o i n t  

name of t h e  RT e r r o r  i n t e r r u p t  s e r v i c i n g  r o u t i n e .  

I f  a u s e r  gene ra t e s  a  second RT e r r o r  t h e  system w i l l  a g a i n  go t o  

t h e  RT e r r o r  handl ing  r o u t i n e  and proceed through t h e  above procedure.  

Eventual ly ,  t h e  PDP-15'will send a shutdown f o r  t h c  u s e r  which w i l l  

cause  t h e  SQS-910 system t n  shutdown t h i s  u s e r .  



X.  T rans i en t  S torage  Area Management: 

There a r e  two t r a n s i e n t  s t o r a g e  a r e a s  i n  OS910. These provide 

nodes f o r  queuing and bu f f e r ing .  Queue nodes a r e  t h r e e  words long, 

b u f f e r  nodes a r e  seven.  Each t r a n s i e n t  s t o r a g e  a r e a  i s  a r ranged  a s  

a  s imple forward l i nked  l i s t ,  a s :  [ ~ ~ ~ f l ~ r  head p o i n t e r  - 

Note t h a t  t h e  va lue  -1 ( o c t a l  77777777) i s  used t o  denote  a  "grounded" 

node; i . e . ,  t h e  l a s t  node on a  l i s t .  

There a r e  two r o u t i n e s  t h a t  d i r e c t l y  a f f e c t  t h e  f r e e  s to rage  l i s t  

( t r a n s i e n t  s t o r a g e  a r e a ) .  The r o u t i n e  ALLOC w i l l  a l l o c a t e  a  node from 

t h e  f r e e  s t o r a g e  l i s t  r e f e r enced  by t h e  X r e g i s t e r .  On r e t u r n ,  t h e  X 

r e g i s t e r  w i l l  e i t h e r  be s e t  t o  -1 ( i f  t h e  l i s t  was empty) o r  r e f e r ence  

a  node from t h e  f r e e  s t o r a g e  l i s t .  

The FREE r o u t i n e  w i l l  r e t u r n  t he  node r e f e r enced  by t h e  A r e g i s t e r  

t o  t h e  f r e e  s t o r a g e  l i s t  r e f e r enced  by t h e  X r e g i s t e r .  No mod i f i ca t i ons  

a r e  made t o  t h e  r e g i s t e r s .  

Nei ther  ALLOC nor  FREE i s  used d i r e c t l y .  To a l l o c a t e  a  queue o r  

b u f f e r  node, Lhe u s e r  employs e i t h e r  GETNDE or  GETBUF, r e s p e c t i v e l y .  

On r e t u r n i n g ,  t h e s e  r o u t i n e s  have t h e  X r e g i s t e r  s e t  t o  -1, i f  the  r e q u i r e d  



f r e e  s t o r a g e  l i s t  i s  empty, o r  t o  t h e  add re s s  of a  node, i f  t h e r e  i s  

a t  l e a s t  one node l e f t .  

To . f r e e  4 node ( r e t u r n  i t  t o  t h e  r equ i r ed  f r e e  s t o r a g e  l i s t ) ,  t h e  

u s e r  s e t s  t h e  A r e g i s t e r  t o  t h e  address  of  t h e  s u r p l u s  node, and execu te s  

e i t h e r  DALNDE o r  DALBUF t o  d e a l l o c a t e  a queue o r  b u f f e r  node, r e s p e c t i v e l y .  

X I .  I n t e r r u p t  Buffer  Queue S torage  Area Management: 

Th i s  a r e a  i s  used by t h e  .SAVE and RESTOR r o u t i n e s  and t h e  PAUSE POP. 

It i s  used t o  r e t a i n  t h e  working environment of  t h e  i n t e r r u p t e d  u s e r .  

I n i t i a l l y ,  t h e  queue i s  s e t  up by t h e  COLD START r o u t i n e  (COLD) a s  a  

'simple forward l i nked  l i s t  o f  t e n  word nodes.  

Associated w i th  t h e  b u f f e r  queue i s  a  s e t  of p o i n t e r s  (BUFQUE) 

.which a r e  'head '  and ' t a i l '  p o i n t e r s  f o r  t h e  nodes. When t h e  b u f f e r  

queue i s  i n  use  because of an  i n t e r r u p t  o r  a  u s e r  o r  t h e  system us ing  

t h e  PAUSE POP, the queue looks l i k e :  

head p o i n t e r  -1 'grounded'  

t a i l  p o i n t e r  

The PAUSE POP and SAVE r o u t i n e  add nodes t o  t h e  queue. The 
@' 

RESTOR.rovti.nf? t akes  nodes o f f  t h e  queue. The queue i s  set up 

a s  fol lows:  



WORD CONTENTS 

1 link pointer 

2 "A" register 

3 "B" register 

4 "Xu register 

5 location 0 

6 location 1 

7 system temporary QA 

8 system temporary QB 

9 system temporary QC 

10 user ID CCBP. 

The SAVE and RESTOR routines are called by the READ routine, 

RTERR routine, and all system user-interrupt-handlers. The PAUSE POP 

is used extensively by the system to wait for nodes to free-up when 

the queues are full. The PAUSE POP can also be invoked by users. 

As in the transient storage area management, the ALLOC and FREE 

routines are used to allocate and free the nodes in the buffer space. 

XII. Interface Communication Protocol: 

The SDS-910/PDP-15 interface protocol developed by D. Anderson, 

J. Campbell, B. Carter, W. Thomas, B. Helland, and M. Conley was to 

establish the most feasible communications mode possible between the 

two computers. The SDS-910 uses a 2 4  bit word and the DEC PDP-15 uses 

an 18 bit word. Thus, to minimize waste and for other hardware con- 

sideration, a 7 2  bit transfer was decided upon. The following 



d e s c r i p t i o n  of  t h e  types  of t r a n s f e r s  were d e t a i l e d  by B.  Hel land.  

They a r e  i n  terms of  t h e  18  b i t  word format,  i . e . ,  u s ing  f o u r  words 

t o  c r e a t e  a  b lock  of  d a t a .  

Each t r a n s f e r ,  whether i t  i s  a  DMA t r a n s f e r  o r  not ,  s t a r t s  w i th  

some s t a t u s  and i d e n t i f y i n g  informat ion .  B i t s  0-8 of  t h e  f i r s t  word 

c o n s t i t u t e  t h e  s t a t u s  p o r t i o n .  The exp lana t ion  o f  t h i s  p a r t  is:  

1. On a  DEC PDP-15 t o  SDS-910 t r a n s f e r :  

b i t :  0  = 1 : shutdown i n d i c a t i o n  
1 = 1 : read  o p e r a t i o n  
2 = 1 : w r i t e  o p e r a t i o n  
'3 = 1 : DMA t r a n s f e r - o n l y  i n  case  of  w r i t e .  
4 = 1 : 2 word w r i t e  ( b i t  2 = 1 )  
5  = 1 : 1 word write ( b i t  2 = 1 )  
6 = 1 :. system t a s k  send 

2.  On a SDS-910 t o  DEC PDP-15 t r a n s f e r :  

b i t :  0  = 1 : i n t e r r u p t  
1 = 1 : ,  f o u r  word read  from SDS-910 
2 = 1 : DMA read  from SDS-910 
3 = 1 : RT e r r o r ,  o n l y  i f  b i t  0  = 1 
4 = 1 : i f  b i t  3  = 1, then  t h i s  i n d i c a t e s  sof tware  problem 
5 = 1 : system t a s k  response  
6 : unused 

Also, b i t s  7,8 of  t h e  f i r s t  word a r e  c u r r e n t l y  unused. 

B f f s  9-11 g i v e  t h e  I D  o f  t h e  user / sys tem d o i n g - t h e  110 ope ra t i on .  

The I D  va lue ,  i n  t h e  range of  510-537 ( o c t a l )  i s  a  un ique  code ass igned  

t o  a u s e r  by system personnel .  

The b u f f e r  forms f o r  t h e  d i f f e r e n t  I / O  o p e r a t i o n s  a r e :  

1. On a  t r ansmis s ion  from t h e  PBP-15 t a  t h e  SDS-910: 

a )  Wri te  



i. One word 

word 1: b i t s :  0-5: 001001 
6-8: unused 

9-17: I D  va lue  

word 2: Key va lue  

word 3: Data v a h e  

word 4: Unspecif ied 

ii. Two words: 

word 1: b i t s :  0-5: 001010 
6-8: unused 

9-17: I D  va lue  

word 2: Key va lue  

word 3: Data va lue  

word 4: Data va lue  

iii. DMA t r a n s f e r :  

word 1: b i t s :  0-5: 001100 
6-8: unused 

9-17: I D  va lue  

word 2: Key va lue  

word 3: Length of t h e  DMA t r a n s f e r  

word 4 :  Unused 

Then, , t h e  d a t a  w i l l  fo l low 

i v  . SHUTDOWN : 

word 1: b i t s :  0-5: 100000 
6-8: unused 

9-17: 1D.value 

words 2-4: Unspecif ied 



b)  Read: 

A read i s  genera ted  by a read of an  experiment 
f i l e  from t h e  PDP-15. It gene ra t e s  a read  r e t u r n  
t r ansmis s ion  t h a t  asks  t h e  SDS-910 t o  t r ansmi t  
d a t a  back t o  t h e  PDP-15. The t r a n s f e r  form i s :  

word 1: b i t s :  0-5: 010000 
6-8: unused 

9-17: I D  va lue  

word 2: Key va lue  

word 3: Length va lue  ( i n  terms of  18 b i t  words) 

word 4: "key l o c a t i o n  i n  CAI," va lue .  This  f i e l d  
i s  used f o r  a check on r e t u r n i n g  t o  t h e  
PDP-15. 

This  read  r eques t  i s  f o r  a one o r  two word t r a n s f e r ,  o r  
a DMA t r a n s f e r .  

2 .  On a t ransmiss ion  from t h e  SDS-910 t o  t h e  PDP-15: 

. . 
a )  Read Return: 

i. One word of da t a :  

word 1: b i t s :  0-5: 010000 
6-8: unused 

9-17: I D  va lue  

word 2: Address of key l o c a t i o n  i n  CAL 

word 3: Data va lue  

word 4: Unspecif ied 

ii. TWO words of da t a :  ' 

word 1: b i t s :  0-5: 010000 
I 6-8: unused 

9-17: I D  va lue  

word 2: Address of key l o c a t i o n  i n  CAL 



word. 3: Data va lue  

word 4: Data va lue  

iii. DMA t r a n s f e r :  

word, 1: b i t s :  0-5: 001000 
6-8: unused 

9-17: I D  v a l u e  

word 2: Address of key l d c a t i o n  i n  CAI, ' 

words 3, 4:  Unspecif ied 

b)  I n t e r r u p t  t ransmiss ion :  

This  r e s u l t s  from an  i n t e r r u p t  gene ra t i ng  
an i n t e r r u p t  s i g n a l  con ta in ing  d a t a  r equ i r ed  
by t h e  PDP-15, o r  from i n c u r r i n g  a  r e a l - t i m e  
e r r o r  ( i n  which ca se  t h e  ONCODE i s  forced  t o  
be z e r o ) .  

w o r d l :  b i t s :  0-5: 100000 
6-8: :unused 

9-17: I D  va lue  

words 2, 3: Unspecif ied 

word 4: ONCODE va lue  

The l ayou t  of  t h e s e  f i r s t  t r a n s f e r s  i s ,  i n  d e t a i l ,  and i n  terms of  

t h e  SDS-910 word format: '  

t 

f i r s t  p a r t  
of  key . 

STATUS ' 

L 

3 

I D  v a l u e  

r e s t  of  key 

f 

rest of  
v a l u e  or 
l e n g t h  . 

upper  p a r t  of  v a l u e  i n  a 1. 
o r  2  word write, o r  l eng th  
i n  a  read  o r  DMA 

> 

I 

addr .  a t  key l o c  i n  
CAL, ,second d a t a  va lue ,  
o r  ONCODE 



X I I I .  SDS-910/PDP-15 I n t e r f a c e  P ro toco l :  

This  s e c t i o n  w i l l  d i s c u s s  t he  machine i n t e r f a c e  from the  p o i n t  

of  view of  t h e  SDS-910. The PDP-15 s i d e  i s  d iscussed  i n  another  

manual. The t a s k  of  t h e  i n t e r f a c e  i s  t o  a l low t h e  exchange of  da ta  

.between t h e  two computers. It does s o  by al lowing 72 b i t  a t  a  time 

t r a n s f e r s .  This was determined t o  be t h e  most e f f i c i e n t  method of 

t r a n s f e r  f o r  many reasons.  For a  more complete d i s c u s s i o n  see  B. C a r t e r ' s  

M.S. t h e s i s .  

Both computers have acces s  t o  c e r t a i n  r e g i s t e r s  and i n d i c a t o r s  i n  

t h e  i n t e r f a c e .  To communicate wi th  t h e  i n t e r f a c e ,  and a l low d a t a  

t ransmiss ion ,  a  SDS-910 system employs t h e  t h r e e  i n s t r u c t i o n  s e t  

combinations o f :  

1. To read from a  r e g i s t e r ,  b u f f e r , :  e t c . :  

EOM 30(%BZ) 
PIN l o c  . 

2.  To w r i t e  t o  a  r e g i s t e r ,  bu f f e r ,  e t c .  : 

EOM 
POT 

32 (qCyBZ) 
l o c  . 

3.  To t e s t  an  i n d i c a t o r :  

EOM 

SKS 300 (mask) 

The +yBZ va lue  i s  a n  experiment/machine i n t e r f a c e  addres s .  The mask 

i s  a  s i x  b i t  va lue .  It i s  s e t  t o  t e s t  t h e  c o n t r o l  r e g i s t e r ,  b u f f e r  

f u l l ,  e t c .  Table 3  g ives  t h e  i n d i c a t o r  addresses ,  func t ions ,  and 

what ope ra t ions  a r e  all6wed. 



A t  p r e sen t ,  t h e  on ly  t imes t h e  computer t o  computer i n t e r f a c e  w i l l  

cause an  i n t e r r u p t  of t h e  SDS-910 i s  when an RT e r r o r  i s  incur red ,  

and when t h e  PDP-15 wants t h e  SDS-910 t o  read  some d a t a .  A t  a l l  

o t h e r  t imes,  i n t e r r u p t s  a r e  no t  genera ted  f o r  t h e  SDS-910, by s a i d  

i n t e r f a c e .  

X I V .  SDS-910 To PDP-15 Transmission Routines:  

There a r e  two programs i n  OS910 t o  handle  d a t a  t r ansmis s ion  from 

t h e  SDS-910 t o  t he  PDP-15. They a r e  SEND72 and DMASND. Both a r e  

used a s  t a s k s  i n  t h e  system, and a r e  invoked because o f  having been 

p laced  on to  e i t h e r  - t h e  i n t e r r u p t  o r  r e g u l a r  send queues (INTQUE o r  

SNDQUE) . 
SEND72,will on ly  t r a n s m i t  72 b i t s  of in format ion  a c r o s s  t h e  

i n t e r f a c e .  It i s  employed by a l l  i n t e r r u p t  t r ansmis s ions ,  and by one 

and two word read  r e t u r n s .  

DMASND w i l l  b e  executed only  when a  r e g u l a r  send queue e n t r y  must 

perform a  DMA-type read  r e t u r n .  Any amount of  d a t a  d e s i r e d  may be s e n t .  
\ 

The system a l s o  may employ DMASND f o r  o t h e r  purposes,  f o r  example, a s  

a  debugging t o o l .  

Both SEND72 and DMASND w i l l  have t h e i r  d a t a  p re sen t ed  t o  them a s  

a  ( p o s s i b l e )  l i s t  of b u f f e r  nodes. Af t e r  a l l  t h e  i n fo rma t ion  from a  

b u f f e r  node has  been sen t ,  t h e  node must be f r e e d .  Each 110 r o u t i n e  

c i ~ c o u ~ ~ L e r i n g  b u f f e r  nodes does t h i s  management. 



XV. READ Routine: 

This  r o u t i n e  handles  a l l  t r a i l s f e r  from.the'PDP-15 t o  t h e  SDS-910. . 

These t r a n s f e r s  a r e  one of t h e  fol lowing:  

1. System send. 

2 .  Read r eques t  

a )  one word 

b )  two words 

c )  DMA. 

3. Wri te  of in format ion  t o  t h e  SDS-910 

a )  one .word 

b)  two words 

c )  DMA. 

Note: A one word t r a n s f e r  ( e i t h e r  read r eques t  o r  
w r i t e )  i s  one FIXED o r  BIT d a t a .  A two word t r a n s f e r  i s  
one FLOAT ' d a t a .  A DMA t r a n s f e r  i s  an  a r r a y  of FIXED, BIT, 
FLOAT, o r  CHARACTER d a t a  o r  a  c h a r a c t e r  s t r i n g  o r  a  
s t r u c t u r e  of  d a t a  i tems .  

4 .  OPEN of experiment f i l e  
( i . eS . ,  awaken u s e r ' s  programs i n  the. SDS-910). 

5. CLOSE ' 

( i . e . ,  shutdown a l l  u s e r ' s  programs i n  t h e  SDS-910). 

6 .  Handle t h e  loading  of t a s k s , i n t o  t h e  SDS-910 by connect ing 
t h e  SDS-910 ope ra t ing  system t o  t h e  SDS-910 loade r .  

On a system send, t he  s t a t u s  word i s  changed t o  show it i s  a 

SDS-910 t o  PDP-15 t r a n s f e r  and t h e  key and "Key i n  Cal Location' '  a r e  

placed i n  t h e  a p p r o p r i a t e  p o s i t i o n s  f o r  t h e  t r a n s f e r .  The information 

i s  s e n t  back immediately so  t h e  PDP-15 can see  i f  t h e  i n t e r f a c e  i s  s t i l l  

awake and r e l i a b l e .  



With a read request the "Key in Cal Location", which the PDP-15 

system needs back so it can match up the transfer with the right user, 

and the length of transfer desired are put.in€o the user's data area 

as specified in the ID/Key tables. The first word put into the user 

data area is the length of transfer desired. The second is the "Key 

in Cal Location". The read routine will then schddule the user's task 

for execut ion. 

A write of information moves the data from the PDP-15 into the user 

specified data area and then schedules that user's service routine 

associated with that particular KEY. The three SDS-910 interface data 

words 6 PDP-15 words) are translated into four SDS-910 words. If the 

fifth bit of the new SDS-910 word (the sign bit in the PDP-15 represen- 

tation) is set, the system will propagate this to the left so the number 

will be the same in the SDS-910. If the user is not transferring fixed 

numbers he must make the necessary adjustment to his data for the above 

modification. 

On an OPEN the user's interrupt vector(s) is(are) routed through 

the system user interrupt handlers. The user activelinactive bit is 

set active. The user is then scheduled for execution to do whatever 

initialization is necessary for hislher experiment. 

On a CLOSE the user's illLerrupr: vector(s) is(are) idled. The user 

is then scheduled for cxecution CU do wharever shutdown is required. 

Then a task is scheduled to turn-off the user's activelinactive bit. 



When a u s e r  wants t o  load a program i n t o  t h e  SDS-910 from the  

PDP-15 t h e  READ r o u t i n e  i n  OS910 passes  t h e  l eng th  of t h e  t r a n s f e r  

t o  t h e  SDS-910 loade r  and then  pas ses  c o n t r o l  t o  t h e  loade r  t o  load 

t h e  program. 

X V I .  FLOATING POINT POPS 

A l l  of t h e  f l o a t i n g  p o i n t  r o u t i n e s ,  except  t h e  conversion rout ines ,  

have been taken  from t h e  SDS-910 POPs Manual and modified t o  work wi th  

OS910. The ones which a r e  a v a i l a b l e  a r e  a d d i t i o n  (FSA), s u b t r a c t i o n  (FSS), 

m u l t i p l i c a t i o n  (FSM), d i v i s i o n  (FSD), and' nega t ion  (FSN) . Two o t h e r  POPs 

f ixed  t o  f l o a t  conversion (FFL) and f l o a t  t o  f i x e d  conversion (FFI) ( f o r  

SDS-910 numbers o n l y )  a r e  a v a i l a b l e .  A l l  of t h e  above POPs a r e . f o r  

s i n g l e  p r e c i s i o n  f l o a t i n g  p o i n t  numbers. 

The conversion r o u t i n e s  assume t h e  va lue  t o  be converted i s  i n  

t h e  A r e g i s t e r  ( f o r  f i x e d  v a l u e s )  o r  t h e  A and B r e g i s t e r s  ( f o r  

f l o a t  v a l u e s )  and r e t u r n  wi th  t h e  va lue  converted i n  t h e  A o r  A and 

B r e g i s t e r s .  

The A and B r e g i s t e r s  should be loaded wi th  t h e  v a l u e  t h e  u s e r  

wants negated ( i n  t h e  case  of FSN) o r  w i th  t h e ' f i r s t  operand, the  A 

r e g i s t e r  should con ta in  t h e  mant i ssa  and t h e  B r e g i s t e r  should 

con ta in  t h e  exponent.  The address  f i e l d  s p e c i f i e d  i n  t h e  POP 

i n o t r u c t i o n  should reLerence t h e  second operand f i e l d  (EXPONENT, 

MANTISSA). Thc r e s u l t  of t h e  operatio; w i l l  be' i n  t h e  A and B r e g i s t e r s .  



EXAMPLE .A/B: 

LDB 

LD A 

F S D  

A OCT 

OCT 

B OCT 

OCT 

/EXPONENT f o r  A 

/MANTISSA f o r  A 

/EXPONENT f o r  B 

/MANTISSA f o r  B.  

The r e s u l t  of the  d i v i s i o n  w i l l  be i n  the  A and B r e g i s t e r s  when 

con t ro l  i s  given back t o  the  u s e r ' s  program. 



X V I I .  F I X E D  P O I N T  P O P S  

A l l  of t h e  f ixed point  rou t ines ,  have been taken from the  

S D S - 9 1 0  P O P S  manual and modified t o  work with O S 9 1 0 .  Mul t ip l i ca t ion  

(MUL), Division ( D I V )  and a  branching rout ine ,  sk ip  i f  equal (SKE) 

a r e  a v a i l a b l e  t o  the  use r .  

The f i r s t  operand should be i n  the  A r e g i s t e r  and t h e  second 

operand i n  t h e  address f i e l d  of the  P O P .  

EXAMPLE A/B: 

D I V  . B 

A OCT / F I X E D  VALUE f o r  A 

B OCT / F I X E D  VALUE f o r  B. 

The r e s u l t  i s  i n  the  A r e g i s t e r  when con t ro l  i s  given back t o  the use r .  

X V I I I .  PAUSE POP 

This rou t ine  i s  designed t o  allow a  use r  t o  cause a delay i n  

execution. The address f i e l d  w i l l  a l low the  use r  t o  r e t u r n  t o  some 

o the r  point  i n  h i s  o r  he r  code when con t ro l  i s  res' tored t o  the  program. 

EXAMPLE : 

SKN VALUE 

BRU *+2 

PAUSE *-2 



This  example w i l l  cause a de lay  i n  execut ion  u n t i l  some o t h e r  

code (presumably i n  an i n t e r r u p t  r o u t i n e )  s e t s  VALUE negat ive .  

PAUSE i s  a v a r i a b l e  de lay  depending on t h e  number of u s e r s  i n  the  

system a t  t h e  t ime. 

The u s e r  i s  asked t o  u se  t h e  PAUSE POP i n s t e a d  of an i n f i n i t e  

loop s o  o t h e r  u s e r s  of  t he  system can be execut ing  codes whi le  the 

u s e r  i s  wa i t i ng  f o r  . t h e  d e s i r e d  event  t o  happen. NOTE: The PAUSE 

POP cannot be used i n  an i n t e r r u p t  r o u t i n e .  

X I X .  DMA24 POP 

This  POP can be used t o  t r a n s f e r  SDS-910 wo'rds t o  t h e  PDP-15 

d i r e c t l y  from t h e  u s e r ' s  b u f f e r  a r e a .  This  POP shouid be used when 

a l a r g e  amount of d a t a  i s  t o  b e ' t r a n s f e r r e d  t o  t h e  PDP-15. Proper 

i nvoca t ion  is  

DMA24 DMABLK 

where DMABLK i s  a t h r e e  word a r e a  se t -up  as 

1. number of  d a t a  words t o  be t r a n s f e r r e d ,  
. 2 .  "Key Locat ion i n  Calf '  va lue ,  
3 .  * a d d r e s s  of t h e  s t a r t  of t he  d a t a .  



TABLE 1 

OS910 POPS 

LOCATION 

100 

101 

102 

103 

104' 

105 

106 

107 

POP - 
SKDFST 

S KDMED 

SKDSLO 

SKDTSK 

SNDFIX 

SNDFLT 

SENDMA 

SNDINT 

FFL 

D I V  

MUL 

FSN 

FSD 

F SM 

FSS 

FS A 

FF I 

PAUSE 

SKE 

PON 

POFF 

DDMA2 4 

PURPOSE 

Schedule a t a s k  on the  f a s t  clock.  

Schedule a t a s k  on the  medium clock.  

Schedule a t a s k  on the  slow clock.  

Schedule a t a s k  f o r  execution. 

Send PDP-15 a f ixed value  on a read re tu rn .  

Send PDP-15 a f l o a t  value on a read re tu rn .  

Send PDP-15 a DMA t r a n s f e r  on a read re tu rn .  

Send PDP-15 an i n t e r r u p t .  

Fixed t o  f l o a t  conversion. 

Fixed d iv ide .  

Fixed mul t ip ly .  

F loa t  negate.  

F loa t  d iv ide .  

F loat  mul t ip ly .  

F loat  s u b t r a c t .  

F loa t  add. 

F loa t  t o  f ixed conversion. 

Create pause i n  execlition. 

Skip on equal ,  

Turn-on use r  i n t e r r u p t .  

Turn-off u s e r  i n t e r r u p t .  

Sends 24-bit  information t o  PDP-15 direct1.y 
from u s e r ' s  b u f f e r  a rea .  



TABLE 2 

OCTAL ADDRESS 

200 

201 

202 

2 03 

2 04 

INTERRUPT VECTOR ASSIGNMENT AT ' AMES 
LABORATORY RESEARCH REACTOR 

DEFINITION OF INTERRUPT LEVEL 

S P E C I A L  1 .6  SECOND CLOCK 

AVAILABLE S P E C I A L  INTERRUPT LOCATION 

HILGER WATTS THETA DECREMENT 

HILGER WATTS THETA INCREMENT 

HILGER WATTS OMEGA DECREMENT 

HILGER WATTS OMEGA INCREMENT 

HILGER WATTS PI11 DECREMENT 

HILGER WATTS P H I  INCREMENT 

HILGER WATTS C H I  DECREMENT 

HILGER WATTS C H I  INCREMENT 

DATEX THETA INCREMENT 

DATEX THETA DECREMENT 

DATEX OMEGA INCREMENT 

DATEX OMEGA DECIUDmNT 

DATEX P H I  INCREMENT 

DATEX P H I  DECREMENT 

DATEX C H I  INCREMENT 

DATEX C H I  DECREMENT 

AVAILABLE S P E C I A L  INTERRUPT LOCATION 

RT ERROR 



OCTAL ADDRESS 

2 2 4  

2 2 5  

226  

2 2 7  

2 3 0  

2 3 1  

232  

2 3 3  

2 34 

2 3 5  

236  

237  

240  

2 4 1  

242  

2 4 3  

244-277  

0 

TABLE 2 ( C o n t i n u e d )  

DEFINITION OF INTERRUPT LEVEL 

FAST CLOCK ( 1 2 . 8  MS.) 

INTERMEDIATE CLOCK (102  MS.) 

SLOW CLOCK ( 1 . 6  SECONDS) 

PDP-15 TO SDS-910 INTERFACE 

HILGER WATTS LIMIT 

HILGER WATTS COUNT 

DATEX LIMIT 

DATEX COUNT 

ISOTOPE SEPARATOR 

ISO'iUPE SEPARATOR 

THUMB CHARACTER 

THUMB BLOCK 

FINGER CHARACTER 

FINGER BLOCK 

TRIPLE AXIS 

PLOTTER 

AVAILABLE REGULAR INTERRUPTS 



TABLE 3 

. SDS-910ADDRESS ASSIGNMENTS 

FLIP  FLOP (S ) & - B z INSTRUCTIONS THAT APPLY 

CLEAR 9 1 0  INTERRUPT 3 0  0 POT 

BUFFER FULL 3 0 0 SKS 

DATA WORD 1 3 0 1 P I N  POT 

DATA WORD 2 

DATA WORD 3 

REQUEST 

BUSY 

1 5  INTERRUPT 

9 1 0  OK 

CONTROL WORD 

P I N  POT 

P I N  POT 

POT' 

POT SKS 

P I N  

POT 

P I N  POT 



APPENDIX A 

S y s t e m  F l o w c h a r t s  

SYSTEM TASKER (DISPATCHER) 

SNDFIX AND SNDFLT POPS 

SENDMA POP 

SNDINT POP 

READ ROUTINE 

SEND72 AND GETINT ROUTINES 

DMASND ROUTINE 

FAST, MEDIUM, AND SLOW CLOCK HANDLERS 

RT ERROR ROUTINE 

ACTIVE ROUTINE 

MAKNDE ROUTINE 

COLD START ROUTINE 

SAVE ROUTINE 

RESTORE ROUTINE 

P a g e  

44  

4 5 

46 

48 

4 9 

5 3 

5 4  

5 5 

56 

5 7 

5 8 

5 9 

6 0 

6 1 



TASKER -7 
1 INTERRUPTS I 

CCJ@ + 5108 
SET 910 OK BIT  I 

REMOiE THE 

REMOVE THE 
NO FIRST NODE 

QUEUE NODE 
W/ INTERRUPTS ON 

FREE THE FREE THE L I S T  

BUFFER NODE OF BUFFER 
NODES SYSTEM TASKER (DISPATCHER) 



SNDFIX, SNDFLT 

DISABLE INTERRUPTS , 

SAVE USER'S  

GET A BUFFER 
NODE 

J 

I 

, PAUSE 

I QA +- ADDR. OF 
BUFFER NODE 

NODE'S LINK FIELD * -1 I 
X REG. + ADDR. OF DATA I 

4 . 
STORE CONTROL 
INFORMATION AND 
COMPRESSED DATA 

I 
b I 

B REG. + U D R .  
' OF BUFFER 

A REG. - ADDR. 
OF SEND72 

I 

ENTER THE NODE 

RESTORE 
ENVIRONMENT 

SNDFIX AND SNDFLT POPS 



v 

I GET A QUEUE 1 I 
NODE I QA - ADDR. I 
OF NODE 5-' 

PAUSE 
EMPTY 

LINK NODE ONTO 
SEND QUEUE. LINK 

I F I E L D  + (-1) 
ENTRY POINT FIELD I 

NUMBER OF 72 B I T  
TRANSFERS 
GET A BUFFER NODE 
AND SET QB TO TTS 

THE QUEUE 

QC ALSO GETS THE VALUE OF THE 
ADDRESS OF THE BUFFER FIELD 

1'"" PAUSE SENDMA POP 



I CONSTRUCT THE 
FIRST BUFFER I 
CONTENTS 
ADJUST POINTERS 
LENGTH 

* 

*DATA COMPRESSED TO 18 B I T  FORMAT 

SET EXTENT 
RETURN 

ENVIRONMENT 

GET A BUFFER 
NODE 

. Q B c A D D R .  
OF THE NODE 

LINK THE BUFFERS 
INSERT DATA* 
ADJUST POINTERS 
AND LENGTH 

SENDMA POP (CONT.) 



SNDINT 

QB + ONCODE 
- 

SAVE ENVIRONMENT 

GET A BUFFER NODE 
QA + ADDR. OF NODE 

\ E2WJ.Y 
PAUSE 

L I N K  F I E L D  + -1 
I N S E R T  CONTROL 
INFORMATION AND 
ONCODE 

A REG. 4- ADDR. + 
I O F  SEND72 

B REG. + ADDR. OF I ( BUFFER NODE 

CREATE A QUEUE IA, 
I THE NODE 1 

ONTO I N T .  QUEUE w 
C 

RESTORE 
ENVIRONMENT 

I 

SNDINT POP 



READ ROUTINE 

DISABLE INTERRUPTS 

SAVE ENVIRONMENT 
L 

CLEAR OUTBOARD 
910 INTERRUPT AND 
READ INTERFACE 

NO 
b 

3 

EXTRACT 
I D  AND 
KEY OF 
USER 

I 

YES 

C C 
SEND BACK 
INFORMATION 
WANTED BY 
PDP-15 

i 

GET USER 
ADDRESS 
PROM TABLE 
AT 300-327 

I 

RESTORE 
ENVIRONMENT 

. 
CLEAR 
INTERRUPT 
LEVEL 

RETURN TEST USER 
ADDRESS FOR 
SHUTDOWN 
ALREADY 

SHUTDOWN 
ALL ROUTINES 
AND INTERRUPTS 



EXTRACT LENGTH 
(THIRD PDP-15 

"KEY I N  CAL 

I LOCAT ION" 
(FOURTH PDP-15  WORD) 

GET A NODE 
AND PLACE 
ON INTERRUPT 

I I 

YES @ 
I 4 

I CALL I 
LOADER I 

I 

GET USER'S ENTRY 
POINT AND 
BUFFER 
LOCATION 

I 
- 

READ ROUTINE (CONT.) 

YES - 
+ 

STORE LENGTH 
AND "KEY I N  
CAT, TOCATION" 
INTO USER 
BUFFER AREA 

0 

4 .  r 

SCHEDULE 
USER' S 
T M K  

I 



STORE DATA 
WORD WRITE? WORD INTO 

USER AREA 

. STORE DATA 
WORD WRITE? WORDS INTO 

USER AREA . - 

LOAD CONTENTS 
OF INTERFACE 

. INTO A, B AND 
X REGISTER 

I 

READ NEXT 
INTERFACE 
TRANSFER 

* 
I PUT DATA I 

INTO USER'S  I A R E * .  I READ ROUTINE (CONT. ) 



GET ADDRESSES 
OF USER'S 
INTERRW TS 

INTERRUPTS 
THROUGH 
SYSTEM 

SCHEDULE 
THE USER'S 

ROUT1 NE 

READ ROUTINE (CONT. ) 



I:~~."uPTs GET INTERFAC k-) 
1 CALL GETINT I - 

FREE BUFFER 

REQUEST 

RE TURN C 

LINK CURRENT 
NODE ONTO 
INTERRUPT 

BRANCH TO e l  

GETINT (7 
SET REQUEST I. 

SEND FIRST 
7 2  B I T  
TRANSFER 

/' 

SEND72 AND GETINT ROUTINES 



b I 

DISABLE 
INTERRUPTS 
GET THE INTERFACE 
(GETINT) 

SEND 72 BITS 

DMACNTcDMACNT -1 

I 
b 

NO 

h 

GET ADDR. OF 
No THE. NEXT BUFFER, 

e~~~ THE CURRENT 
BUFFER NODE 

.d 

1 CLEAR REQUEST I 

SEND THE NEXT 
'72 BITS 
DECRFMENT THE 
COUNT 

C 

DMASND ROUTINE 

FREE THE BUFFER 
NODE L 



CLOCKC 

DISABLE INTERRUPTS 

SAVE INTERRUPTED 
ENVIRONMENT . 

I 
. 

RETAIN OLD QUEUE 
POINTERS 

C 
REMOVE A NODE FROM 
THE QUEUE, AND CLEAR INTERRUPT 
CHAIN AROUND I T  LEVEL 

I 

CCBP + 51°8 
ACTIVE 

FREE QUEUE NODE 

A REG. -PARAM- 

I FIELD 

INVOKE THE TASK 

FAST, MEDIUM, AND SLOW CLOCK HANDLERS 



SAVE ENVIRONMENT 

PUT E-REG. VALUE 
INTO TABLE 1-1 

I 
CREATE A NODE 
ON THE FRONT OF 
THE ' I N T  . QUEUE 

I 
I 

LINK A BUFFER 
NODE ONTO THE 
ABOVE I N T .  QUEUE 
ENTRY, WITH 
ONCODE = 0 

RESTORE ENVIRONMENT w 



ACTIVE ( 7 1  ' 

4 
L 

SAVE A, B REGS. - 
GET THE I D  VALUE 

I 
1 

GET THE 
ENTRY POINT 
VALUE FOR . 

THE USER 

1 

RETURN 
' 'NORMALLY ACTIVE ROUTINE 



58 

MAKNDE 

1 4 

DISABLE INTERRUPTS 

EXTRACT "ADDR . 
I N  A R E G I S T E R  

SAVE A, B AND 
X REGISTERS 

, 

1 
GET A QUEUE 
NODE 

S K D T l  + ADDR. 
O F  THE NODE 

> 

HALT 

NO 

1 

L I N K  F I E L D  + -1 

I D  F I E L D  + CCBP 

ENTRY PT. - (A) 
PARAM. F I E L D  - (B)  

9 

RETURN 

MAKNDE ROUTINE 



DISABLE INTERRWTS 

INITIALIZE THE 

I FREE STORAGE LISTS 

INITIALIZE THE 
INTERRUPT VECTORS 

A 
INITIALIZE ALL 
QUEUE POINTERS 

. 

DISPATCHER 

COLD START ROUTINE 



HALT. , 
. @-<-) 

' 1 YES 

A 
I 

STORE THE 
REGISTERS, LOCATIONS 
0 AND 1, SYSTEM 

' TEMPORARIES QA, QB, QC, 

SAVE ROUTINE 



DISABLE INTERRUPTS I 
FREE-UP THE NODE 0. ' 

RESTORE THE 

RESTORE ROUTINE 



APPENDIX B 

P r i o r i t y  Scheduling*: 

OS910 emp,loys a  p r i o r i t y  scheduling and queuing technique  

t h a t ,  a l though s imple i n  na ture ,  i n s u r e s  a  u s e f u l  p r i o r i t y  ranking. 

Two p laces  e x i s t  where t a s k  d i spa t ch ing  may t ake  p l a c e .  F i r s t  i s  i n  

t h e  d i spa t che r  rou t ine ,  TASKER, where t ransmiss ions  (SENDS) from t h e  

SDS-910 t o  t h e  DEC PDP-15 a r e  arranged and r e g u l a r  u s e r  t a s k  scheduling 

i s  handled. Secondly, t h e  c lock  may have t a s k s  scheduled on t h e i r  

queues f o r  execution a t  t h e  t ime of a  c lock  " t ick" .  

I n  l i g h t  of t h e i r  v o l a t i l e  na ture ,  t h e  t r ansmis s ion  of  i n t e r r u p t  

d e r i v e d  informat ion  must be handled i n  ' a  h igh  p r i o r i t y  f a sh ion .  Thus, 

' i n t e r r u p t  queue (INTQUE) t ransmiss ions  a r e  managed f i r s t .  Regular 

d a t a  t ransmiss ions  a r e  next  i n  importance f o r  t h e  d i s p a t c h e r ,  and a r e  

handled a f t e r  a l l  queued i n t e r r u p t  t r ansmis s ions  have taken  p lace .  

Las t  i n  ' l i ne  f o r  d i spa t che r  handl ing  a r e  t h e  u s e r  t a s k s  t h a t  have 

been scheduled f o r  execut ion .  The c lock  queue management w i l l  be 

covered l a t e r .  

The 'above method ensures  t h a t  t ransmiss ions  a r e  'handled wi th  t h e  

g r e a t e s t  speed. Although us ing  a  scheme where t h e r e  must be a  s p e c i f i e d  

( t h r e s h o l d )  number of nodes p r e s e n t  i n  a  s e t  of queues be fo re  any node 

schedul ing  . i s  done seems d e s i r a b l e ,  r h e  p i t f a l l s  p resented  by t h i s  

method are many. Included i n  t h e  p i t f a l l s  a r e  the ' fo l lowing:  

1. I n t e r r u p t  t ransmiss ions  w i l l  be unnecessa r i l y  he ld  up; 

- ~ - -  ~ - 

 h he r eade r  should consu l t  t h e  a p p r o p r i a t e  f lowchar t s  i n  Appendlx A. 



2 .  Transmissions may never be scheduled ' i f  t h e  t h re sho ld  
va lue  . i s  too  h igh;  

3 .  No d i s c e r n a b l e  d i f f e r e n c e  between having t h e  th re sho ld  
and not  having i t  can occur  i f  t h e  t h re sho ld  va lue  i s  
too  low; 

4 .  Since t h e  DEC PDP-15 w i l l  normally be wa i t i ng  f o r  d a t a  , 

from t h e  SDS-910, i t  i s  n e c e s s a r y . t h a t  t h e  d a t a  a r e  s e n t  
' .  without  i n t e r r u p t i o n .  

Thus, t h e  queues a v a i l a b l e  t o  t h e  d i s p a t c h e r  a r e  handled 

s e q u e n t i a l l y  from t h e  i n t e r r u p t  send queue (INTQUE), t o  t he  r egu la r  

send queue (SNDQUE) , t o  t h e  t a s k  queue (TSKQUE) . The f i r s t  non-emp t y  
. . 

, queue, i n  order ,  i s  handled i n  t h e  fo l lowing  f a s h i o n  ( t h e . i n t e r r u p t s  

are f  i t s t  d i s a b l e d )  : 

1. The f r o n t  node on t h e  queue (queues a r e  arranged a s  a 
f r o n t  l i nked  l i s t ,  and wi th  a  f ron t /back  p o i n t e r  p a i r  
a v a i l a b l e  t h a t  r e f e r e n c e s  t h e  l i s t )  i s  unchained from 

. t h e  l i s t ,  a n d ' t h e  l i s t  i s  rechained t o  exclude t h i s  node; 

2 .  . I f  t h e  I D  p re sen t  i n  t h e  node i s  f o r  a  c u r r e n t l y  i n a c t i v e  
' . t ask ,  then:  

a)  i f  t h i s .  i s  no t  a  TSKQUE en t ry ,  a l l  t h e  acqui red  
b u f f e r  . s to rage  i s  f r eed ,  

b )  t h e  queue node f r e e  s t o r a g e  i s  r e l ea sed ,  

c )  s t a r t  over  on checking t h e  queues; 

3 .  I f '  t h e  t a s k  i s  a c t i v e :  , 

a )  s e t  t h e  A r e g i s t e r  c o n t e n t s  t o  t h e  va lue  of t h e  
parameters  p o i n t e r  f i e l d ,  and 

b )  execute  t h e  t a s k .  

4 .  When t h e  t a s k  r e t u r n s :  

a )  d i s a b l e  t h e  i n t e r r u p t s ,  



b )  f r e e  the  queue node ent ry ,  

c )  enable the  i n t e r r u p t s ,  

d )  and s t a r t  over again on scanning t h e  queues; 

Thus, a rudimentary p r i o r i t y -  ranking i s  maintained. 

The clock queues a r e  managed somewhat d i f f e r e n t l y ,  a s  each clock 

has only a s i n g l e  queue associa ted  with i t .  A clock queue's e n t r i e s '  

a r e  co l l ec ted  u n t i l  t h a t  clock "t icks".  

The form of a clock queue is:  

back queue po in te r  

When the  clock "t icks":  

1. the  queue po in te r  contents  a r e  copied t o  a working 
area,  allowing l a t e r  reference  t o  the  queue; 

2 .  t h e  queue po in te r  value'  i s  s e t  t o  "empty" (-1);  

3 .  the  t a sks  on the  queue a r e  sequen t i a l ly  dispatched 
' ( i f  a c t i v e ) ;  

4 .  when t h e  queue i s  empty, t h e  c lock manager r e t u r n s  t o  
the,  in t e r rup ted  environment by executing an i n d i r e c t  
branch, thus c l e a r i n g  the  i n t e r r u p t  l e v e l .  , 

Obviously, the  algori thm used prevents  t h e  same c lock l e v e l  from 

" h i t t i n g "  during execution of ehe t a s k s  on t h a t  c l o c k ' s  queue. ' 

Also, a l l  lower p r i o r i t y  i u t e r r u p t s  a r e  excluded from being recognized 

u n t i l  the  clock queue i s  emptied, and a l l  higher i n t e r r u p t  l e v e l s  a r e  

allowed t o  h i t ,  a s  the i n t e r r u p t  system i s  enabled. 



I t  i s  ant'icipated that a11 tasks queued onto a clock queue are 

kept small (no more than 50-100 instructions, each), and perform only 

absolute.ly essent ia l  time-dependent processing. Any operation that 

usurps a great amount of time w i l l  seriously degrade the performance 

of the complete system. 



APPENDIX C 

Round-Robin Scheduling: 

The task scheduling technique employed in OS910 is the most 

rudimentary of all (multiprogramming) methods available. Called the 

round-robin approach it is a scheduling technique based on the 

"trust thy neighbor" concept. 

First, we will consider all tasks to be on' a simple (forward 

linked) list, as: 

I 

head pointer 

h 
Beginning with the first task on the list, we: 

1. chain around the first node on the list, 

2. execute the.code for the task that was just 
unchained from the list, 

3 .  upon completion of exc?.ci~tion of that code 
(indicated by a return from the code), free 
up the list node'storage, and 

4 .  start over on the above process. 

As can be seen, 'the amount of time allocated to each .task is that 

amount of time the task needs to completely execu'te. ' If a task were 

to get into an "infinite loop", then no subsequent tasks would be 

scheduled for execution. 



'At this point, the reader may wonder why anyone would even employ 

such a naive scheduling technique as the round-robin. As OS910 assumes 

relatively short tasks will be scheduled (300-500 instructions, taking, 

, at most, about 5 msec.), the use of even the fast clock (12.8 ms.) is 

too slow to cause a resolution. 

Another problem avoided by using a round-robin technique is that 

of rather extensive queuing and data structuring problems. Interrupts 

would be more difficult for users to directly service under a time-sliced 

method (using a clock to interrupt the execution of one task and go on to 

the next), and would force the operattng system to do more of the pro- 

cessing than is really required by the problem. Because of the queuing 

difficulties, a more extensive set of data structures would be needed. 




