
 

 

 

 

N O T I C E 

 

THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 

CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 

INFORMATION AS POSSIBLE 



(NASA-CB-161396) NSSC-2 O P B R A T S N G  SYS1EM N80-19861 
DESXGB BBQUZRBflBNTS SPECIFICATXOI Final 
Report (Xnteemetr ics ,  Inc.) 78 p 
HC A05/.MP A01 CSCL 03B Unclas 

G3/61 14915 



117-432 
NSSC-I I OPERATING SYSTEM 

DES I GN REQU I REMENTS 
SPEC I FJ CAT1 ON 

HUNTSVI LLEj ALABAMA 35801 

i t  iNTERMC1'RlCS INCORPORATED 701 CONCORD AVENUE CAKIIIIIOGE, MASSACI-IUSEI JS 02138 (817) 661-7046 
% , 

* 7-. 





TABLE OF CONTENTS 

1 . 0  INTRODUCTXON 

L e l  Purpose 

1 .2  Opera t ing  System o b j e c t i v e s  

1 .3  Document Organiza t ion  

2e0 OVERVIEW 

2 .1  Methodology 

2  -2  No ta t ion  

2.3 General  D e s c r i p t i o n  

2 .3 .1  System Timing 

2.3.2 General  Process  Flow 

3.0 SUBSYSTEM REQUIREMENTS 

3 .1  . l ' n t e rva l  Timer 

3.2 System Clock 

3.3 Real Time Clock 

3.4 P roces so r  A l l o c a t i o n  

3.5 Task Schedul ing 

3.5.1, Task S t a t e  Con t ro l  

3.5.2 Event Monitor 

3 .6  Input/Output 

3.6.1 Input/Output Schedule r  

3.6.2 Input/Output Manager 

3.7 I n t e r v a l  S t a t e  Recorder 

3 . 8  I n t e r n a l  E r r o r  P roces s ing  

3.9 Temporary S to rage  A l l o c a t i o n  

i 1 
1 INTERMETRCS INCORPORATED 701 CONCORD AVENUE . CAMBRIDGE, MASSACHUSETTS 02138 (61 7) 661 -1 840 1 



TABLE OF CONTENTS (CON'T) 

3.10 Xnkerphnse Data Skorngo 

3 .11  System ~ n i t i n l i z a t i o n  

3.12 Phase X n i t i a l i z a t i o n  

4 . 0  Xh~LEMEN~A!l'XON STANDARDS 

4 . 1  Appl ica t ion  Program Xnter faces  

4 . 2  Perf ormnnce 

4.3 Component Modulari13y 

5.0 HAL/S SUPPORT 

P 

I ii 
a 

INTERMETRIGS INCORPORATED . 701 CONCORD AVENUE CAMBRIDGE, MAS$ACHII%kTTS 02138 * (617) G61-1840 

. . 
..%" &.-, -* a 

N Cf *at'& im?v 
Y" 

9 %  * l - l. - - -  _ -. - 1 



DEFT 

EC 

ECOS 

ESP 

GMT 
I D S  

I P L  

MET 

MSFC 

PCC 
P I  

RTC 

SC 

TMI 

L I S T  OF ACRONYMS AND ARBREVI AT1 ON$ 

Applicat ion Er ro r  Monitor 
Dedicated Experiment Processor  I n t e r f a c e  

Experiment Computer 

Experiment Computer Operating System 

Event Monitor 

Er ro r  S igna l  Processor  

Greenwich Mean T i m e  

In te rphase  Data S to rage  

Input/Output 

Input/Output Scheduler 

I n i t i a l  Program Load 

I n t e r v a l  S take  Recorder 

I n t e r v a l  Timer 

Mission Elapsed T i m c  

Marshall Space F l i g h t  Center 

NASA Standard Spacec ra f t  Computer - I1 

Operating System 

Processor  Al loca t ion  

Programmable Cra te  C o n t r o l l e r  

Phase I n i t i a l i z a t i o n  

Real T i m e  Clock 

System Clock 

System I n i t i a l i z a t i o n  

Standard Operat ing System/II 

~ i m e  I n t e r f a c e  
TS Task Scheduling 

TSA 

TSC 

TSE 

RAM 

Temporary Storage  Al loca t ion  

Task S t a t e  Control  

Tes t  Support Equipment 

Random Access Memory 

1 

IY 

iii 
INTERMETRlCS INCORPORATED 701 CONCORD AVENUE CAMBRIDGE. MASSACHUSETTS 02138 (617) 661-1840 



F i g u r e  2-12: 

F i g u r e  2-2: 

F i g u r e  2-3: 

F i g u r e  2-4: 

F i g u r e  2-5: 

F i g u r e  3-1: 

F igu re  3-2: 

F i g u r e  3-3: 

F i g u r e  3-4: 

LIST OF FIGURES 

Page 

ExampZo A System S t r u c t u r e  7 
Exan~pEc 3 System S t r u c t u r e  7 

NSSC-IX o/S P r o c e s s  Flow 8 . 1  

Basic Tirning I n t e r v a l  1 3  

Program O r g a n i z a t i o n  1 5  

Task Schedul ing  Subsystems 32 

Task S t a t e  Diagram (Normal Cond i t i ons )  34 

Task Stat2 Diagram (Anomalous Cond i t i ons )  35 

Input/Out;put Subsys t c~ns  Diagram 43 

F i g u r e  4.1: I n i t i a l  Layer ing  II ierarcl ly 6 8 

LIST OF TABLES 

Table 3-1: Task Schedul ing  Commands 

Table  3-2: SOS-I1 SPSME COMMANDS - DELAYED 

page  

I i v  
INTERMETRICS INCORPORATED 701 CONCORD AVENUE CAMBRIDGE, MASSACt-lUSETTS 021 38 (617) 661 -1840 

..,: -w %4 *a ax&, * 
m - - < - - b- - 



- - --- - ---- 
--- 

$ 
I 
U 

1 

I 

1,O I NTRODUCTI ON 
'I 
i 1.1 Purpose 

The purpose of  t h i s  document i s  t o  d e f i n e  t h e  design 
f 

I requirements and e s t a b l i s h  t h e  des ign  p r i n c i p l e s  f o r  an 
NSSC-I1 Operating System (SOS/II) . The NSSC-XI i s ,  i n  

! 

genera l ,  designed t o  support  a v a r i e t y  of space a p p l i c a t i o n s  
and is  intended t o  providn experiment and subsystems 
c o n t r o l  dur ing  f l i g h t .  The defined Operating System (O/S) 

provides a set of sof tware modules which perform super-  
v i s o r y ,  c o n t r o l ,  and support  func t ions .  A p o t e n t i a l  use r  

can t a i l o r ,  wi th  a minimum of ease ,  the O/S b y  s e l e c t i n g .  .,, 
and adap t ing . those  modules whiah s e r v e  h i s  p a r t i c u l a r  needs. 

.. 1 . 2  Operating System Objectives 

Support Real Time Spacecraf t  a p p l i c a t i o n s  
SOS-XI i s  t o  be designed s p e c i f i c a l l y  f o r  t h i s  type  
of a p p l i c a t i o n .  Such appli .cations have t h e  follow- 
i n g  t y p i c a l  c h a r a c t e r i s t i c s  : 
- The Software i n t e r a c t s  with an environment i n  which 

s e v e r a l  th ings  may happen s imultaneously a t  un- 
p r e d i c t a b l e  times. 

- The Software must respond t o  t h e  environment wi th in  
c o n t r o l l a b l e  and p r e d i c t a b l e  t i m e  l i m i t s .  

- The Software performs a p r e d i c t a b l e  number of  con- 
c u r r e n t  funct ions .  

- For any p a r t i c u l a r  a p p l i c a t i o n  t h e  system config- 
u r a t i o n  i s  fixed, 

Provide a ' f l e x i b l e  purposeu system 
A genera l  purpose system i s  one which aims t o  provide 

t 
I a11 func t ions  which a p o t e n t i a l  user  may need. The 

disadvantage of such a system i s  t h a t  i t  i s  r e l - a t i v e l y  

- 1- 
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large and complex. A f l e x i b l e  purpose i s  intended 
to provide the moat common func t ions  which a u s e r  may 
need.  he i n t e n t  i s  t o  l e t  t h e  u s e r  choose those  
(and only those)  func t ions  which a r e  of use t o  him 
and enable  him to p c r f o m  ally needed adapkations 
w i t h  r e 3 a t i v e  oasc. 
Provide a modular opera t ing  system 
A coro l l a ry  of a f l e x i b l e  purpose system i s  t h a t  'it 
nlust be modular, by which i s  meant "casy t o  change." 
Modularity by i t s e l f  does n o t  guarantee ease  of mod- 

i f i c a t i o n .  The sy~ltem m u s t  be def ined  w i t h  a c l c a r  
view of t h e  p o t e n t i a l  changes which may a f f e c t  t h e  

system. The modularity i s  then  designed t o  be,  a t  
l e a s t ,  adaptable  t o  those  changes. 
Operate wi th  c u r r e n t  suppor t  sof tware  
The app l i cab le  NSSC-I1 Support  Software c o n s i s t s  of 

a  For t ran  Compiler, an HAL/S Compiler, an Assembler, 
and a  Link. Ed i to r .  The Operat ing System must be 

ab le  t o  accep t  t h e  output  of t h i s  suppor t  sof tware 
and cannot impose any modif ica t ions  upon this support  
sof tware . 
Support an SPSME 1/0 conf igura t ion  
The major c h a r a c t e r i s t i c  of a r e a l  time system i s  
t h a t  i t  i n t e r a c t s  with i t s  environment. Therefore 
a  Real T i m e  opera t ing  System must be a b l e  t o  perform 
some l e v e l  of Input/Output func t ions .  On t h e  o t h e r  
hand, I/O i n t e r f a c e s  and devices  vary considerably 
among a p p l i c a t i o n s .  To i n s u r e  t h a t  t h e  0/S concepts 
could be proven, it was decided t o  s e l e c t  one, 
possibly s tandard ,  I/o conf igura t ion  - t h e  MSPC/SPSME 

conf igura t ion .  
Use minimum p r a c t i c a l  amount of s t o r a g e  
  he NSSC-I1  s t o r a g e  s i z e  i s  r e l a t i v e l y  l i m i t e d .  
Theref o r e  programs f o r  t h e  NSSC-XI genera l ly  should 

u -2- 
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be dcs ig~ lcd  t o  minimizc core. Tlris  groundrule 
shauld ~ a l y  bo broken For sc loc tod  arcas, whicll 
a r e  c u i t i c a l  t o  t h e  rea l - t ime a s p e c t s  o f  t h e  system. 

A sub-objective i s  t h a t  o u s e f u l  O/S vorslon can be 
fit i n t o  25% o i  t h e  minimum a v a i l o b l o  main mcmory. 
A s  t h e  minimum a v a i l a b l e  i s  32K b y t e s ,  it is obvious 
tha t  t h e  minimal s u b s e t   nus st be very c a r e f u l l y  
so loc ted .  

This in t roduo t ion  is  followed by Sec t ion  2 - Ovcrvicw. 
That s e c t i o n  conta ins  a (folcl-out) ope ra t ing  system diagram 
showing t h e  system as  a whole. Goncral system concepts ,  
approach, and terminology used a r e  a l s o  in t roduced ill 

t h a t  s e c t i o n .  Sec t ion  3 - Subsystem Requirements - provides 
t h e  d e t a i l e d  dosign requirements f o r  each i d e n t i f i e d  sub- 
sys ten~ .  Sec t ion  4 - Iniplemenhation Standards - i s  t h e  

fins: section. This s e c t i o n  desc r ibes  t h e  c r i t i c a l  ground- 
r u l e s  and techniques which must be appl ied  dur ing  sub- 
sequent  phases t o  i n s u r e  t h a t  t h e  i n i t i a l  o b j e c t i v e s  are 
met. 
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The approach used i n  o r g o ~ $ z i n g  these d e s i g n  r c q u i r c -  
monks difecrs s l i g h t l y  from tlic commonly used approach and 
therefore raquircs some exp lana t ion .  

Commonly t!la rcquiucmcnts are provided i n  temrs o f  t h e  
E u n ~ t i o n s  t o  be performed and t h e  a2.gorikhas t o  be used. 
Func t ions  and a lgo r i t hms  which a r c  somewhat related arc  
grouped togcthor under  the same heading.  This  grouping i s  
u s u a l l y  son~cwhnt a r b i t r a r y  and p r i m a r i l y  serves kuCsr i a l  
purposes ratha:: t han  r c f l c c t  any sort:  of system o r g a n i z a t i o n ,  

As c3eeet:bed ifi t h e  o b j s c t i v o s ,  l lmodular i ty t '  i s  of  

p r i ~ n e  concezn t o  t h e  NSSC-XI O / S .  Thorefore  we h w ~ e  at tempted 

t o  addreas  t h o  modular i ty  s t r o n g l y  on t h e  rcquiremnents l e v e l  
r a t h e r  t h a n  w a i t i n g  for t h e  d e s i g n  p l ~ n s e .  

The term 11n~~?du3ari tyt1 i s  u s u a l l y  i n t e r p r e t e d  as  re- 
f e r r i n g  t o  t h e  component s t r u c t u r e  of a system. I n  f a c t ,  
however, t h e  component s t r u c t u r e  does n o t  i n  t h e  Eirst 
i n s t a n c e  cs t n b l i s h  t h e  modular i ty  of t h e  s y s  tcnr. 

A sys tem i s  a clynamic e n t i t y ,  a p roces s .  Xt= i s  more 
than  an assembly of components. When t v r  break down a system 
for a n a l y t i c a l  purposes  wo soarch f o r  t h e  p roccs ses  which 

i n t e r a c t :  t o  f u l f i l l  t h e  purpose of t h e  system. VIe break 

down the system i n t o  "smaller sys temsu  which are c a l l e d  

subsys tan~s .  The t 'm~dulesf l  of a system a r e  t h e r e f o r e  sub- 
systems.  Note t h a t  a subsystem i s  n o t  a p h y s i c a l  e n t i t y ,  
it i s  i d e n t i f i e d  by t h e  process  it performs.  System 

modular i ty  i s  t h t ~ s ,  i n  the f i r s t  i n s t a n c e ,  n o t  determined 
by t h e  p h y s i c a l  component s t r u c t u r e .  System modular i ty  

I -4- 
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i s  doterminad by ,6110 kypcs of subnystoms solaekad and their 
i n t a r a c t  ion .  Gys tom rnodulnrity i i s  r o a l i z c d  lay t h o  prepur  
cornpanant; s t ruckuro .  In other words, khe propor conponc~lt: 
structure i s  d r ivcn  by t h e  n d c t o d  subsystem medularl.ty, 

2% subaystcrn (Le.  the procoss i t  rcprcsonta)  i n  oxacuted 
by phys iea l  components. E a p ~ c i n l l y  i n  computer sof tware ,  
a subsyutem may use a s i n g l e  componant: and ofCcnr gcta 
aqaatsd t o  th@ csmponsnk it: urjos. Thcroforc subsyskcms 
and components a r e  a f t o n  confused. 

A s h o r t  cxnmple lnay i1lustxat;e t h e  above glaod of wsxds. 
Assujno that: wc have t o  rlaaign a system wkieh ou tpu t s  a 
series of numbers : 1,1,3., 2 3 , l ,  4 ,  a . . We* can deciAe t o  form t h i s  
sy$~k&m from t h r c a  ~ubsystams as  LklustraCcd i n  f i g u r e  2-1. a 

S U ~ S Y S ~ Q ~  1 outputs  a s t eady  strcm of 1's. Suksyotcm 2 
adds eaclr number i t  rece ives  from subsystem 1 t o  il:c previous 

ou tpu t  Value and ou tpu t s  t h e  new r e s u l t .  The outputri are 
combined t o  form t h e  d s s i r c d  strcom of ntunbers by subsystem 3 .  

N o w  a s s ~ ~ i c  %hat we want t o  chango t h e  system t o  ou tpu t  
a sJ,ighkly diEferenC set o f  numbors: 2,1,2,2,2,3,2,4 .... 
Tt i s  easy t o  see t h a t  t h e r e  i s  no s imple way t o  do t h i s  
wi thout  changing both  subsystems i r r e g a r d l e s s  of t h e  
component s t r u c t u r e  used by t h e  subsystems. On t h e  o t h e r  hand, 
if wu had designed t h e  subsystems a s  i l l u s t r a t e d  i n  f i g u r e  2-2 
the change would have been xelativelly minor. 

It  can be argued t h a t  t h e  subsystems i n  t h i s  example 
could j u s t  aa w e l l  have been d iscussed  a s  components. This 
i s  t r u e  because of t h e  s i m p l i c i t y  of t h e  example. It i s  
n o t  d i f f i c u l t  t o  v i s u a l i z e  more complex subsystems however, 
which Eor example s h a r e  components. I n  such cases  it becomes 
exceeding1.y confusing t o  d i scuss  subsystems i n  terms of 

t h e i r  components a s  t h e  systems modular i ty  i s  no longer  
apparent  i n  t h e  component s t r u c t u r e .  

I n  t h i s  requirement s p e c i f i c a t i o n  w e  have attemptea t o  
p u t  t h e  theory ,  descr ibed  above, i n  p r a c t i c e .  The g o a l  i s  t o  
d i s s u s s  t h e  system i n  terms of t h e s e  enk i , t i e s ,  t h e  subsystems, 

r 
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which dctcrmino i ts  orgnnj za t ion  and c h o m c t c r i s t i c s  and thus 
datcrmino its i n h e r e n t  rnodieinbiliky. Tho eosocinted func t ions  
are grcupcd accordingly. Notc that t o  r o a l i z e  tho i n h e r e n t  
modi f inb i l i ty ,  nn appropr ia t e  clrmponcnC s t r u c t u r e  m u s t  be 

-6- 
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2 . 2  Notation 
nrrrrain-*- 

1 .  2-3, a foldout chart ,  con bc  r ~ . r d  very nluc11 
like n flow c h a r t .  I t  sllorqs the nubsystems hrrokdown end 
tho Plow o f  con t ro l  and inkorac t ion  onlong cobsystems, 
wllcre oocll sulssystenl is rcpresontecl by one o r  nlorc rcc tnng lc  

(Mulkfp le  rectnnglas i n  f a c t  dcpict sub-subsystems). Awovs 
a r c  used i n  the EoLlowing nlannor: 

Subsysten~ aAA perf or-ms an opesotion which a f f e c t s  the 

process of BBB. I t  docs not  invoke  BBB. 

P -- -- ---- 
- -- 

A I 

3$ i 

4 
I I 
i 
j !  
5 4 
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Subsys t en~  A M  accesses (can be rend, write, o r  both) a 
data  area 'in conunon with o t h e r  subsystoas . 
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Subsystem AAA invokes subsystem BBD under c e r t a i n  cond i t i ons .  

Subsystem AAA invok,es BBB and CCC respective1.y , s e q u e n t i a l l y  

i n  an o r d e r  from l e f t  t o  r i g h t .  

r.7 -' 
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2 . 3  General Dcscr ip t ion  
-* 

! 
2.3.1 Syske~n Timing 

~ l l  timing r e l a t i o n s  i n  t h e  system revolve around a 
b a s i c  ~ n p u t / ~ u t p u t  t iming i n t e r v a l .  A l l  Input/Output (till 

communication between t h e  NSSC-I1 a p p l i c a t i o n  sof tware  and 
t h e  experiments o r  engineering subsystems) i s  performed on 
t h e  boundaries of a  f ixed  (use r  s p e c i f i a b l e )  i n t e r v a l .  

The h i g h e s t  r a t e  a t  which p e r i o d i c  ~npu t /Outpu t  
opera t ions  can be performed i s  determined by t h i s  f i x e d  
i n t e r v a l .  Any a p p l i c a t i o n  subsystem (Task) cat: be  executed 
only once during such i n t e r v a l .  Therefore t h e  maximum r a t e  
a t  which c y c l i c  t a s k s  can be executed i s  a l s o  determined 
by t h i s  i n t e r v a l .  

Subsequent t o  executing t h e  I n p u t / ~ u t p u t  subsystems, 
any subsystems which may a f f e c t  Task a c t i v a t i o n  o r  deact-  
i v a t i o n  a r e  performed. Consequently, a l l  a p p l i c a t i o n  t a s k s  
t o  be a c t i v a t e d  during an i n t e r v a l  a r e  known be fo re  t h e  
system begins execut ing t h e  a p p l i c a t i o n  Tasks f o r  t h a t  i n t e r v a l .  

T h i s  sequence of events  i s  g raph ica l ly  depic ted  i n  
F igure  2-4 .  Note t h a t  t h e  i n t e n t  i s  t o  have a l l  a c t i v e  
Tasks completed p r i o r  t o  t h e  s t a r t  of t h e  fol lowing i n t e r v a l .  

This scheme p r o h i b i t s  t h e  use of demand i n i e r r u p t s  and/or 
Task switching i n t e r r u p t s  (some except ions a r e  noted l a t e r ) .  
There  i s  i n  f a c t  no need f o r  such i n t e r r u p t s .  A l l  p o t e n t i a l  
fldemands" a r e  i n t e r r o g a t e d  a t  t h e  s t a r t  of t h e  i n t e r v a l  and 
Task a c t i v a t i o n  p r i o r i t i e s  a r e  e s t a b l i s h e d .  The Task 

execut ion condi t ions  t h e r e f o r e  remain s t a b l e  over  an i n t e r v a l .  
The disadvantage of t h i s  scheme i s  t h a t  Tasks wi th  an 

execution t i m e  which exceeds an i n t e r v a l  need t o  be chopped 

- up i n  p ieces  which f i t  wi th in  an i n t e r v a l .  Assuming t h a t  t h e  
N S S C - I 1  can execute  200K ins t ruc t ions /second (Standard Fixed 
p o i n t  I n s t r u c t i o n  Mix) and t h a t  15% i d l e  time i s  allowed f o r  
wi th in  an i n t e r v a l ,  then a  t o t a l  of 1 7 0 0  i n s t r u c t i o n s  can be 

,a " 
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executed pa r  i n t e r v a l .  
Note t h a t  t h i s  approach i s  theoretically lcss e f f i c i e n t  

than o " f r e e  running" system. However t h e  pay o f f  i n  
t e s t a b i l i t y  and s i m p l i c i t y  of des ign  can be  s i g n i f i c a n t .  

2.3.2 General Process Plow 

The O/S subsystems and t h e i r  process  i i ~ t e r r e l a t i o n s  a r e  
shown i n  Figure  2-3. 

Each of t h e  subsystems shown i s  d iscussed  i n  d e t a i l  i n  
t h e  fol lowing s e c t i o n s .  

The system i s  dr iven  by t h e  System Clock, which i n  
t u r n  i s  a c t i v a t e d  by an I n t e r v a l  ~ imer  s e t  t o  t h e  minimum 
d e s i r e d  i n t e r v a l .  The System Clock maintains  t i m e  i n  terms 
of number of i n t e r v a l s  elapsed and can be i n t e r r o g a t e d  bv - 

The System Clock f u r t h e r  a s s u r e s  t h a t  
Processor  Al loca t ion  i s  a c t i v a t e d  each i n t e r v a l .   h he system 
can t h e r e f o r e  only ''hang up" under h ighly  excep t iona l  condi- 

' ions). A l l  o ther  subsystems run under c o n t r o l  of Processor 
Al loca t ion  with t h e  exception of  t h e  Reel Time Clock Subsvstem. - 

The subsystems which a r e  d i r e c t l y  a c t i v a t e d  by Processor  
Al loca t ion  a r e  c a l l e d  Tasks. We d i s t i n g u i s h  between o/S Tasks 
(subsystems proyided a s  p a r t  of t h e  Operating System), 
~ p p l i c a t i o n  Tasks (genera l ly  appl icat iorr  dependent subsystems),  
and Systems Tasks. The l a t t e r  a r e  subsystems which a r e  
no t  an i n t e g r a l  p a r t  of t h e  c o n t r o l  and supervisory  funct ions  
of t h e  opera t ing  System, b u t  never the less  provide suppor t  
f o r  a  c l a s s  of app l i ca t ions .  

Any Task execut ion i s  under c o n t r o l  of t h e  use r .  The 
use r  can d e a c t i v a t e  any O/S Task, change t h e  

execut ion sequence, etc. T h i s  i s  t r u e  because Processor  
Al loca t ion  works from a "Ready Task L i s t "  and makes no 
d i s t i n c t i o n  between t h e  types of Tasks. 
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An Applicat ion Proqrilm Complcx i s  il s c t  of r c l a t o d  
Tasks a s  ohown i n  P igurc  2-5. A Task i s  prngmntically 
dofjnod oo any pragrw module which has bccn i d o n t i f i c d  
as such t o  SOS-IX. Com~unicnt ion hctwaon t he  Applicat ion 
Programs and SOS-XI i s  s t r i c t l y  through SVC's. 

I n  a d d i t i o n  t o  t h o  Task an Applicat ion Program Complex 
nlay contain coJnnlon c'iatn arcas and conunon subroutines ( c . g .  
t h c  ruki-time l i b r a r y ) .  N o  linking i s  pcrfornlrd dur ing  thc 
loading process .  Thorcforc a l l  r c l n t e d  Tasks and t h ~ i x  
common onvironmcnt m u s t  be contained wi th in  t h e  same load 
module. When d i f f o r o n t  o r  a d d i t i o n a l  Tasks a r c  reqll ired 
a con~plete  r e load  o f  t h e  system m u s t  occtlr. 

I 
1 I 
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Yhis sec t ion  cantnino n oubooction tor each sf tho NBSC-TI 
O/S Suboystcmn. Each such  ouhoockion fellows tho  stonclard 
EernlilC dcecribcd bolow. 
Paraggap11 2, - This is s i n p l y  tha t  portion 

agrm (provided i n  s o c t i o n  2 ,  
P igurc  2-3) whish i s  app l i cab le  t o  t h i s  sub- 
~ y s t o m .  f n  sslnc cases  it is n l i g h t l y  cxpandcd 
and/or con ta ins  a d d i t i o n a l  annota t ion .  

Paragraph 2. - Dsser ibss  what activakes 
s subsystem as w e l l  a s  t h e  a c t i v a t i o n  condi t ions .  

Paragraph 3 .  Ac%tivated & ~ ~ s , t e m s  - Other subsystems wllich a r c  
t o  be a c t i v a t e d  by Chis subsystem and t h e i r  act- 
i v a t i o n  cond i t ions ,  i f  any, ore s u ~ m a r i z e d  here .  

Paragraph 4 ,  - This i s  t h o  key paragraph. 
It  d e s c r i b e s  tho  purpose of thc subsys~toms, i t s  
funct ions ,  its l o g i c a l  m l a t i a n s h i w  t o  other sub- - 
systems, and q y ~ n i f i c  a lgori thms t o  he  used i n  t h e  
des ign ,  

Paragmph 5. Paranleters - These a r e  c e r t a i n  va lues  which a r e  
key t o  t h e  purpose o r  funct ion  of t h e  sub- 
syatcn~s,  and arc changeable by a p o t e n t i a l  use r .  
The software must be implemented such t h a t  a 
parameter i d e n t i f i e d  under t h i s  heading can be 
changed by changing one, c l e a r l y  i d e n t i f i e d ,  
l o c a t i o n  i n  a program. 

Paragraph 6.  Task Commands - Subsystems a r e  c o n t r o l l e d  by 
commands oxccuted during a Task process.  Those 
Task commands, and t h e i r  e f f e c t  on any sub- 
system, i nc lud ing  i t s e l f  a r e  descr ibed  i n  t h i s  
paragraph. 

Paragraph 7 .  L n i t i a l i z a t i o n  - The ac t ions  which a r e  r equ i red  -- 
t o  be perforn~ed dur ing  system i n i t i a l i z a t i o n  
t o  a s s u r e  t h a t  t h i s  subsystem w i l l  have t h e  
appropr ia t e  i n i t i a l  condi t ions  a r e  descr ibed  

P fr  
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"nagrapph 8 --&-.- P o t e n t i a l  Mo$k&@cntlons - To innucc thak tho 
rcca-- 

~omponcnt otuucturc is Qosigncd such that the 
suboystom it3 casi ly  changod, Cho s p ~ c i f i c  
madif ica t ions  which must bo accomcdntcd are 
- - 

Paragraph 9 .  - Thits paragraph f i m t  o f  
a l l  describes a minimum usc fu l  vcra lon  of this 
subsyotern. It l is ts  f h e  Punctions which may 
not be usc fu l  to a l l  uoers. Other  implc- 
mcntaticn r o l a t c d  itemo c r i + i c a l  t o  the dos i red  
subsystem process a r c  a l s o  noked i n  t h i s  
paragraph. 

Note: rphe term Task Process i s  used,  i n  this documentp 
interchangchly with executing Task. 

-- - X" -- -- --- 

I ' I 
i i 
i 
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3 . 1  INTERVAL TIMER (TT) 

3.1.1 

XNTERVAL 
SIGNAL 

SYSTEM 

CLQCK I 

2  Subsptcm Act iva t ion  - 
The I T  i s  a c t i v a t e d  by an i n t e r r u p t  signal. a t  t h e  end 

of each i n t e r v a l .    his s i g n a l  carr come from t h e  NSSC-11 

I n t e r v a l  T i a e r  o r  another  e x t e r n a l  source.  

3.1.3 Act ivated Subsystems 
The I T  i n  t u r n  a c t i v a t e s  t h e  System Clock. 

3.1.4 Funct ional  Descr ip t ion  
The It  i s  t h e  b a s i c  d r i v i n g  mechanism f o r  t h e  system. 

If t h e  I T  i s  deac t iva ted ,  t h e  system comes L,o a  s o f t  s t o p ,  
wai t ing  for an e x t e r n a l  s i g n a l .  On t h e  o t h e r  hand, t h e  I T  

serves  ( i n d i r e c t l y )  a s  a  watch dog t i n ~ e r .  The i n t e r v a l  
s i g n a l  i s  never t o  be i n h i b i t e d .  The  system w i l l  t h e r e f o r e ,  

-18- 
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under most condi t ions ,  be i n t e r r u p t e d  o u t  of a  system hang- 
up. A s  desc r ibed  l a t e r ,  Processor Al loca t ion  (Sect ion 3.4) 

has the l o g i c a l  means t o  d e t e c t  whether a  system hang-up 

occurres  . 
The I T  can be s ta r ted /s topped from any t a s k ,  even though 

it normally w i l l  only be a f f e c t e d  dur ing  System o r  Phase 

I n i t i a l i z a t i o n  (Sect ions 3.11, 3.12) . 
The i n t e r v a l  i s  dynamically changeable by any t a sk .  

"hen runlling, t h e  i n t e r v a l  change t a k a s  e f f e c t  a t  completj.~:? 

of the  c u r r e n t  i n t e r v a l .  

When a c t i v a t e d  t h e  I T  s e t s  up and s t a r t s  t h e  NSSC-II 

I n t e r v a l  Timer p r i o r  t o  t r a n s f e r r i n g  c o n t r o l  t o  t h e  System 

Clock. 

3.1.5 Parameters 

None. 

3.1.6 Task Commands 
,- 

1. SET INTERVAL = E s t a b l i s h e s  o r  changes t h e  i n t e r v a l  
s i z e .  

2. START I T  - This i n i t i a l l y  a c t i v a t e s  t h e  I T .  

3 .  STOP I T  - This, i n  essence,  s t o p s  t h e  NSSC-I1 - 

I n t e r v a l  !rimer. 

3.1.7 I n i t i a l i z a t i o n  
During System I n i t i a l i z a t i o n  t h e  i n t e r v a l  must be s e t .  

I n i t i a l i z a t i o n  ends by s t a r t i n g  t h e  IT .  

3.1.8 P o t e n t i a l  Modifications 

As desc r ibed  here  t h e  I T  subsystem uses  t h e  N S S C - I 1  

I n t e r v a l  T i m e r .  This may be replaced  by some o t h e r  e x t e r n a l  

I t i m e r ,  which may o r  may n o t  be c o n t r o l l a b l e .  ! 

Implementation Notes 
. - 

Current  implementation plans c a l l  f o r  an SPSME 1/0 

Configurat ion.  I n  t h i s  chse most of t h e  I/0 func t ions  a s  

yr 
- *> -19- 
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~ ~ 1 1  a s  Che i n t c r v a l  t i m e r  a rc  contained i n  tho SPSME. 
'bus the in to rva l  s i gna l  w i l l  corno fro~n tho SPSME and w i l l  
be used Co directly u ~ t i v a L c  Cho Bysia~l Clock. %'ha s y s t m  

w i l l  thcreEoro be i l n p l c ~ ~ ~ ~ n t c d  to run either tlre NSsc-X1: 

Intorval Tinlcr or n SPSME i n t o r v a l  s igna l .  
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3.2  SYSTEM CLOCK (SC) 

3.2.3, I D i a g r m  - 

3.2.2 Subsys tern A c t i v a t i o n  

The SC i s  a c t i v a t e d  a t  t h e  s t a r t  o f  each i n t e r v a l  by 

t h e  I n t e r v a l  T i m e r  subsystem. 

3.2.3 Act iva ted  Subsystems 

The SC i n d i r e c t l y  a c t i v a t e s  P roces so r  B l l o c a t i o n  by 

a l lowing  t h e  system t o  proceed from t h e  s t a t e  i t  was i n  when 

t h e  i n t e r v a l  i n t e r r u p t  occur red .  

3.2.4 Func t i cna l  D e s c r i p t i o n  

t 
The SC keeps  t r a c k  of t h e  n u n ~ ~ e r  o f  i n t e r v a l s  e l apsed  

( s i n c e  an a p p l i c a t i o n  cletermined s t a r t  t i m e )  . It  does t h i s  
by i n c r m e n t i n g  up t o  t h r e e  c o u n t e r s  each  time t h e  S C  i s  
a c t i v a t e d :  an i n t e r v a l  counte r ;  a frame coun te r ;  a  major 

frame counte r .  

re 8. ,. 
I 

I ' ,  

,, , 

9 , If" -21- 
6, INTERMETRIGS INCORPORATED 701 CONCORD AVENUE . CAMBRIDGE. MASSACHUSETTS C2138 (617) 

- -. - I 



~ h c  I n t e r v a l  Countcr i s  incrementcd by one (1) each 

i n t e r v a l .  \?hen a s p e c i f i e d  nlaximu~n c o u n t  i s  reached ,  t h e  

I n k e r v a l  Counter i s  reset t o  ze ro  and t h e  F u m e  Counter i s  
incrementod by one. Vhcn t h e  F r m e  Counter r r a c h a s  a  spec- 
i f i e d  maxiillurn count ,  it i n  t u r n  i s  reset t o  ze ro  and t h e  

Major Frame Counter i s  increnlented by o n e ,  c t c .  

A l l  coun te r s  are d i r e c t l y  a c c e s s i b l e  by o t h e r  O/S 

subsystcma. App l i ca t ion  t a s k s ,  llowever, a r e  expected t o  

a c c e s s  t h e  c o u n t e r s  through an e x p l i c i t  conunand t o  t h e  S C .  

The coun te r s  can  be set t o  any Aes i red  v a l u e  a t  any 
t ime  through t h e  a p p r o p r i a t e  command. 

3 .2 .5  Parameters - 
The maximum counts  f o r  each coun te r  a r e  " i d e n t i f i e d  

cons t an t s1 '  w i t h i n  t h e  programs. 

The i n i t i a l  v a l u e s  of t h e  c o u n t e r s  can also be set 

by s e t t i n g  c o n s t a n t s  i n  t l ~ c  code. 

3.2.6 Task Conm~ands 

1. SET CLOCK - This coinmand a l lows  any of t h e  c o u n t e r s  

t o  be  set  t o  any d e s i r e d  va lue .  

2. READ CLOCK -  his command a l lows  a Task t o  a c c e s s  

t h e  v a l u e s  r e t a i n e d  i n  t h e  c o u n t e r s  w i t h  one command. 
E i t h e r  two o r  t h r e e  v a l u e s  a r e  r e t u r n e d  depending 

on whether t h e  Najor Frame Counter i s  i n  use .  

3.2.7 I n i t i a l i z a t i o n  

System I n i t i a l i z a t i o n  nlust set t h e  d e s i r e d  ( a p p l i c a t i o n  

dependent)  i n i t i a l  coun te r  va lues .  

3.2.8 P o t e n t i a l  ~ o d i f i c a t i o n s  - 
It may be d e s i r a b l e  i n  some c a s e s  t o  r e t a i n  an a c c u r a t e  

synchron iza t ion  between e lapsed  r e a l  t i m e  (GMT o r  MET) and 

t h e  i n t e r v a l  c o u n t e r s .  The s i m p l e s t  way t o  do t h i s  i s  t o  

d r i v e  Che Real  T i m e  Clock from t h e  I n t e r v a l  T i m e r .  

a [NTERMETRICS INCORPORATED 701 CONCORD AVENUE . CAMBRIDGE, MASSACHUSETTS 02138 (617) 661-1840 
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A minimun~ u s e f u l  v e r s i o n  c o n t a i n s  a n  i n t e r v a l  c o u n t e r  
which resets a f t e r  a p r e s e t  maxinlum c o u n t .  

The i m p l a n ~ e n t a t i o n  v e r s i o n  w i l l  he d r i v e n  from an 
SPShE s i g n a l .  A l l  t h r o e  c o u n t e r s  w i l l  be incluclcd.  

- -- -- r- - -- 

I' 
i u  
$ ' 
I 
i 

t, 

I 

i 
i 
I 

I 
I 

1 

1 

1 

I 
I 
I 

i 

I 
( 

4 

I 

1 

9 

L 1  

r- 

I -23- 
a. 

INTERMETRlCS INCORPORATED 701 CONCORD AVENUE a CAMBRIDGE, MASSACHUSETTS 02138 (617) 661-1840 
*."- v .  d , . 1. 

*. 
I I 

I .  -... ,&'* v - w  +we* *.%%A* . ,- '.* -' -,..̂,a l - - -'-Yr-r -. L.ul&br 



3 . 3  REAL 'PIME CLOCK (RTC) 

3.3.1 Subsystem Diagram 

YS 
REAL 

2Cz!!-1/-2 TIME 

---' b CLOCK 

3 . 3 . 2  Subsysten~ A c t i v a t i o n  

The Real T i m e  Clock i s  s t a r t e d  when a SET command i s  

r ece ived  and con t inues  i n d e f i n i t e l y .  

3 . 3 . 3  Act iva ted  Subsystems 

None. 

3 . 3 . 4  Func t iona l  ~ e r c r i p t i o n  

This  subsystem c o n t a i n s  two c l o c k s  (1 and 2 )  which can 

b e  used t o  main ta in  two d i f f e r e n t  t i m e  b a s e s  ( e .g . ,  MET and 
GMT) . The t i m e  ba ses  a r e  s e l e c t a b l e  by t h e  u s e r  and can  b e  

se t  any t ipe.  E i t h e r  one o f  t h e  c l o c k s  can be accessed  any 

t i m e  by any o t h e r  subsystem. 

I r 
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3 . 3 . 5  Parameters  - 
None. 

3 . 3 . 6  Task Commands 
1. SET (1 o r  2)  - I n i t i a l i z e s  t h e  des igna t ed  c lock  

t o  t h e  d e s i r e d  va lue .  
2. RE&D (1 o r  2 )  - The c o n t e n t s  o f  t h e  c lock  are 

provided t o  t h e  r e q u e s t i n g  p roces s .  

3 . 3 . 7  I n i t i a l i z a t i o n  - 
System I n i t i a l i z a t i o n  should  be  a b l e  t o  SET e i t h e r  one 

o r  bo th  c l o c k s  a s  r eques t ed  by t h e  u se r .  

3 , 3 . 8  P o t e n t i a l  Mod i f i ca t ions  -- 
I t  may b e  d e s i r a b l e  t h a t  e i t h e r  one o r  bo th  c locks  be  

synchronized w i t h  a  s i m i l a r  c l o c k  e x t e r n a l  t o  t h e  NSSC-11. 

This  would r e q u i r e  a c lock  t o  b e  SET t o  t h e  e x t e r n a l  s o u r c e  

system dur ing  i n i t i a l i z a t i o n  and t o  be  p e r i o d i c a l l y  co~rec ted ,  
This subsystem may a l ~ o  be  supe r f luous  i n  c o n f i g u r a t i o n  w i t h  

an e x t e r n a l  sou rce .  I n  such c a s e s  t h i s  subsystem i s  no th ing  

more than  a  d e v i c e  a c c e s s  r o u t i n e .  

I t  may a l s o  be  d e s i r a b l e  t o  d r i v e  t h e  Read ~ i m e  Clock 
from t h e  I n t e r v a l  T i m e r  t o  i n s u r e  t h a t  t h e s e  s t a y  i n t e r n a l l y  

synchronized.  

3 . 3 . 9  Implementat ion Notes 

The implementat ion v e r s i o n  w i l l  u s e  t h e  NSSC-II Rea-1 

T i m e  Clock. The t i m e  fo rmat  used w i l l  b e  i d e n t i c a l  t o  

Experiment Computer Opera t ing  System (13COS). 
Note t h a t  t h e  c o n f i g u r a t i o n  i s  a n t i c i p a t e d  t o  c o n t a i n  

an SPSME I n t e r f a c e  (TMI) Module which a l s o  can be  accessed  

t o  o b t a i n  GMT. 
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3 , 4  PROCESSOR ALLOCATXON (PA) 

3.4.1 

PROCEED 

FROM XDLE" 
r-.T, -l-* 

I TASK I 
STATE I 

0 -- TASK 

ALLOCATION I \__YE-_/ 

C I 

TASK I TASK 

PROCESS ' PROCESS I 

3 . 4 . 2  Subsystem A c t i v a t i o n  

P roces so r  ~ l l o c a t i o n  i s  a c t i v a t e d  each  i n t e r v a l  by t h e  

System Clock ( a l s o  see I n i t i a l i z a t i o n ) .  PA i s  a l s o  a c t i v a t e d  

( through Task S t a t e  Cont ro l )  whenever a Task r e l e a s e s  t h e  

processor .  

3 . 4 . 3  Act iva t ed  Subsystem 

PA a c t i v a t e s  Operat ing System Tasks ,  System Tasks ,  and 

App l i ca t ion  Tasks i n  accordance w i t h  t h e  i n fo rma t ion  i n  t h e  

Ready Task L i s t  and I n t e r v a l  Assignment Tcable. 
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3 . 4 . 4  F u n c t i o n a l  D e s c r i p t i o n  
The purpose of P r o c c s s o r  A l l o c a t i o n  i s  t o  a c t i v a t e  t h e  

t a s k s ,  which a r e  "readyl1,  du r ing  t h e i r  a s s igned  i n t e r v a l s  
i n  o r d e r  of t h e i r  a s s igned  p r i o r i t i e s .  

3 .4 .4 .1  P roces so r  A l l o c a t i o n  Method. The Ready Task ~ i s t  
always c o n t a i n s  t h e  add res se s  of  t h e  Tasks which a r e  ready  f o r  
execut ion.  The T n t e r v a l  Assignment Table  d e s c r i b e s  which 
Tasks may be executed du r ing  a p a r t i c u l a r  ix t tc rva l .  The 
I n t e r v a l  Assignment Table  i s  t h e  means whereby t h e  u s e r  d i s -  
t r i b u t e s  t h e  p o t e n t i a l  execu t ion  of  h i s  t a s k s  over  t h e  i n t e r v a l s  
such t h a t  t hey  can be executed i n  a t i m e l y  manner w i thou t  
exceeding t h e  amount o f  time a v a i l a b l e  i n  each i n t e r v a l .  

Each Task can be  a s s igned  a s imple  p r i o r i t y  number which 
determines  when it w i l l  be executed r e l a t i v e  t o  o t h e r  Tasks 
execu tab le  w i t h i n  an i n t e r v a l .  Processor  A l l o c a t i o n  docs  n o t  
perform any "Task swi t ch ing" .  Each Task i s  all-owed t o  complete 
its execut ion  even i f  a h i g h e r  p r i o r i t y  t a s k  becomes ready  f o r  
execut ion .  B a s i c a l l y  t h e  p r i o r i t y  on ly  de te rmines  t h e  sequence 
of Task execut ions  d u r i n g  an i n t e r v a l .  

PA t h u s  de te rmines  from t h e  I n t e r v a l  Assignment Table  

which Tasks be executed ,  de te rmines  from t h e  Ready Task 

~ i s t  which of  t h o s e  Tasks must be executed ,  and uses  t h e  - 
p r i o r i t y  numbers t o  de te rmine  t h e  sequence i n  which t h e  Tasks 
are t o  be  executed.  

3 . 4 . 4 . 2  I n t e r v a l  Overflow. The i n t e r v a l  t i m e r  a l s o  s e r v e s  a s  
a watch dog t imer .  When PA i s  a c t i v a t e d  by the System c l o c k  
(each i n t e r v a l ) ,  i t  w i l l  check whether a t  t h e  t i m e  of t h e  
i n t e r v a l  i n t e r r u p t  i f  it was i n  t h e  a p p r o p r i a t e  i d l e  c o n d i t i o n .  
If it was n o t ,  Task execu t ion  exceeded t h e  i n t e r v a l  t i m e  and 
a system e r r o r  i s  s i g n a l l e d .  

To a l low t h e  amount of mandatory i 9 1 e  t i m e  t o  be  minimized, 
t w o  except ions  are al lowed: an  ' toccas iona l"  overflow; and 
background p roces s ing .  
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3.4.4.3 Occasional Overflow. The t o t a l  execut ion time oE 
n set: of Casks Co bc executed during an i n t e r v a l  must: be s i z e 4  
such t h a t  a  c e r t a i n  amount of i d l e  time remains during an 
i n t e r v a l .  The t o t a l  execut ion t i m e  may vary  wi th in  c e r t a i n  
l i m i t s ,  thus the worst case  condi t ion  (even i f  i C  i s  excep t iona l )  
must be accounted for. This  may r e s u l t  i n  an excess ive  
m o u n t  oP i d h  time dur ing  normal condikions.  

To allow such i d l e  time t o  be minimizoci t h e  PA w i l l ,  be 
designed t o  accomodate an woccasionol"  overflow. When PA 

d e t e c t s  an i n t e r v a l  t i m e  overflow cond i t ion ,  i t  w L l l  i n t e r r o g a t e  
t h e  Task c o n t r o l  inEormation t o  determine i f  t h i s  was an 
N i n t e r r u p t a b l e l l  Task. If it i s  n o t ,  it w i l l  s i g n a l  a system 
e r r o r .  Tf it is ,  it w i l l  allow resumption of t h e  inker rup tea  
(by t h e  i n t e r v a l  s i g n a l )  t a s k  be fo re  execut ing  any o t h e r  t a s k .  

3 . 4 , 4 . 4  Background Procesninq. Cer ta in  a p p l i c a t i o n s  may have 
u s e f u l ,  b u t  n o t  time c r i t i c a l  Tasks t o  perform i n  conjunct ion 
wi th  t h e i r  r e a l  t i m e  c o n t r o l  tasks (foreground t a s k s ) .  The 

system e f f i c i e n c y  can be improved by al lowing such Tasks t o  be  

executed during t h e  i n t e r v a l  i d l e  t i m e  (background t a s k s ) .  

T h i s  implies  t h a t  switching from "background t o  foreground1' 
Tas l t s  must be allowed. 

To accomodate t h i s  p o s s i b i l i t y ,  a  two l e v e l  p r i o r i t y  
scheme i s  defined.  I n  genera l ,  t h e  t a s k s  are assigned s imple 
p r i o r i t y  numbers and t h e  ready t a s k s  wi th  the s m a l l e s t  p r i o r i t y  
number a r e  p u t  i n t o  execut ion when t h e  processor  becomes 
ava i l ab le .  The two-level p r i o r i t y  scheme i s  used t o  be a b l e  
t o  i d e n t i f y  t a s k s  which may be i n t e r r u p t e d .  For example, 
w e  can e s t a b l i s h  a range of L - 1 0  Eor t h e  f o r e g r o u d  t a s k s .  
I f  a t a s k  wi th  a p r i o r i t y  number of 1 2  i s  i n t e r r u p t e d  by t h e  
i n t e r v a l  s i g n a l ,  Processor  Al loca t ion  w i l l  recognize t h a t  
t h i s  was no t  a cyc le  overflow. I n  a d d i t i o n ,  all foreground 
t a s k s  which a r e  ready w i l l  be  executed b e f o r e  Task 1 2  i s  
allowed t o  resume execut ion.  



The background Tasks may not d i r e c t l y  act ivate  any of 
t h e  O/S subsyotoms, b u t  they may set  Events. They may a l s o  
comnunfcatc w i t h  r o a l  time t a s k s  through o cornor, d a t a  urea. 
Sharing of common d a t a  i s  t o t a l l y  under c o n t r o l  of  t h e  appli-  
c a t i o n  program. 

Parameters 
The maximum number of consecut ive  cycle  overflows 

allowed and t h e  Poreground/backgrounJ. p r i o r i t y  number 
boundary must be modif iable  by t h e  uoer. 

3 . 4  a 6 Commands 
None. 

3 . 4 . 7  I n i t i a l i z a t i o n  
PA works d i r e c t l y  from t h e  Ready Task List and t h e  

I n t e r v a l  Assignment Table. System i n b t i a l i z a t i ~ n  must i n s u r e  
t h a t  t h e  Ready Task L i s t  i s  i n i t i a l i z e d  a p p r o p r i a t e l y  t o  t h e  

app l i ca t ion .  

3 . 4 . 0  P o t e n t i a l  Modifications 
Processor  Al loca t ion  5,s one of t h e  subsystems which 

e s t a b l i s h e s  t h e  most b a s i c  system concepts.  N o  modif ica t ions  
can be made t o  t h e  b a s i c  opera t ion  without  a f f e c t i n g  o t h e r  
subsystems. hlodif icat ions may be des i red  t o  omit unnecessary 
f e a t u r e s  a s soc ia ted  wi th  cyc le  overflow and background 
processing. The suggested incremental  c a p a b i l i t i e s  a r e  a s  
noted i n  t h e  fol lowing paragraph. 

3 . 4 . 9  Implementation Notes 
PA should be implemented such t h a t  t h e  fo l lowing inc re -  

mental c a p a b i l i t i e s  can be s e l e c t e d :  
- Foreground Processing,  no i n t e r v a l  overflow; 
- Foreground/Background Processing,  no i n t e r v a l  overflow; 
- Foreground Processing,  i n t e r v a l  overflow; o r  
- F u l l  c a p a b i l i t i e s .  

+. -29- 
, INTERMETRCS INCORPORATED 701 CONCORD AVENUE . CAMBRIDGE, MASSACHUSETTS 02138 (617) 661-1840 

-%v-, 3 -w L- *- I-. - - -- . - .#t-----%.------'--"--- -- 



- - -- - 

i 

I 

I 

I 

I 
I 
I 
i 

I 

! 
I i 

1 
1 

1 

r 
1 * 

* .  

(1 
. - 

n .( 
I " "  -30- , 

RIDGE, MASSACHUSETTS 02138 (61 7) 661 -1840 

.. 
* . P Y l u u r r - ~  ,am* 

3.5 TASK SCHEDULING (TS) 

T n ~ k  Scheduling con ta ins  t h r e e  subsystsms (marc 
procisa ly  subsubsyskarns) : Task S t a t e  Control ,  Tima Monitor, 
and Event Monitor (Figura 3-1) Togcthex they  control. t h e  
s t a t e  t r a n s i t i o n s  (Figures  3-2 and 3-3) Zor t h a  Tnoks. A 

Task i s  puagmakically deEined as any set of s o f t w a ~ s  modules 
which are a c t i v a t e d  thxough Processor  Allocnt ion.  

Task S t a t e  t r a n s i t i o n s  occur  whon Task Scheduling 
commands ( s m a r i z e d  i n  Table 3-1) a r e  executed by n Task 
process o r  whcn c e r t a i n  condi t ions  in terna l .  t o  Q / S  a r e  de tec ted ,  
Task Scllccluling commands a r e  i n d i c a t e d  hy capi ta l ,  l e t k e r s  i n  
Figures 3-2 and 3-3. Detected O/S condi t ions  a r e  i n d i c a t e d  
by lower c a s e  letters,  

Two READY s t a k e s  and two WAIT s t a k e s  a r e  i n d i c a t e d  on 
t h e  f igures .  READY l. and WAIT 1 s i g n i f y  t a s k s  which axe 
ready o r  wa i t ing  f o r  i n i t i a l  t a s k  execution. READY 2 

and WAXT 2 i n d i c a t e  t a s k s  ready o r  wai t ing t o  cont inue  .. - I axecutian, unaer normal condi t ions  these  d i s t i n c t i o n s  
have no s i g n i f i c a n c e ,  b u t  they are important  when t h e  Casks 
a r e  abnormally terminated a s  shown i n  Figure  3-3. 

Task Scheduling recognizes  t h e  ex i s t ence  of  c y c l i c  
t a sks .  These a r e  t a s k s  f o r  which t h e  i n i t i a l  WAIT condi t ions  
a r e  r e s t o r e d  each t i m e  such a t a s k  e x i t s  normally. The 
c y c l i c  a t t r i b u t e  of a t a s k  can be removed by execut ion of  
a CANCEL command. This  command does n o t  a f f e c t  t h e  c u r r e n t  
s t a t e  of t h e  t a s k ,  it only a f f e c t s  subsequent state t r a n s i -  
t i o n s .  

Task Scheduling supports  a Forced End Concept. The 
purpose of t h e  Forced End Concept i s  t o  invoke a "c lean  upn 

o r  " sa f ingW procedure when a r e a l  t i m e  t a sk  i s  forced t o  
terminate  p r i o r  t o  tak ing  a normal e x i t .  Such a Forced 
End proc,edure can be used t o  put  t h e  instruments/subsystems 
which t h e  t a s k  was c o n t r o l l i n g ,  i n t o  a harmless s t a t e .  

A s  shown i n  Figure  3-3 ,  a TERMINATE i s  used t o  des igna te  
a forced abnormal ending of  a process .  I f  t h e  



procoos $8 i n  tho R ~ o d y  1 o r  Wait 1 s t a t e ,  it has ncvcr bocn 
i n  cxocut ien and o cloan-up procodurc nhould n o t  bc naccssaxy. 
Thareforc,  such o process  is simply p u t  i n  t h o  inactive a t a t o .  
IE tho  TERMINATE'd task is in any other state, t h e  execution 
( o r  cont inuat ion  of cxocution) i s  f o r c s d  t o  cont inue  from t h e  
E r r o r  S igna l  Processor .  Tho Error  code t o  be transmikkcd t o  
t h e  Error  Signal Brocossor i s  occcased from t h o  c o n t r o l  
infornlation r e t a i n e d  f o r  cach task. 

Task State  Control an8 the Event  Monitor a r e  discusned 
in morc d c t a i l  i n  the subscqucnt func t ions .  The Time Monitor, 
which has a very simple funct ion ,  i s  d iscussed  under Task 
Skate.  Control.  
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Figure 3-1: Task Scheduling Subsystems I 
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TYPICAL BY TASK BY OTHER PARAMETERS 
NMEMON I C ITSELF TASK 

1, LOAD ------ PHASE LOAD ONLY------ PHASE ID, LOAD SOURCE 
2, REMOVE YES YES TASK ID 

x l n  3, SCHEDULE ;;i; YES TASK ID, COPIDITION (TIRE, EVENT) 
CYCLIC/EIOH-CYCLIC . PRIORlPl 

4. EXIT YES NO NONE 
5. k/A!IAIT YES NO CONDITION (TIRE, EVENT) 
6. TERMIIiATE YES YES TASK ID 
7 ,  CANCEL YES YES TASK ID 
8, CHANGE PRIOR: TY* YES YES TASK ID, PRIORIP! 

?- 

* DOES NOT AFFECT STATE 

TABLE 3-1 : TASK SCHEDULING COflMAriDS 
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3.5. J. TASK STATE CONTROL (TSC) 

3.5.1.1 Subsystcn~ Diagram. Rofcxcnce F i g u r e  3-1. - 
3 . 5 . L . 2  Subsystem Act iva t ion .  TSC i s  a c t i v a t e d  when a -- 
proces s  executes  one of the Task schccluling comn~ands l i s t e d  
i n  Tab le  3-1. It: i s  a l s o  a c t i v a t e d  by t h e  Time htonitor  and 
t h e  Event l\lonitox when e i t h e r  one d e t e c t s  a c o n d i t i o n  wl-aich 
a f f e c t s  t h e  s t a t e  of a  Task. 

3.5.1.3 Suhsystcms Ac.t ivated,  TSC a c t i v a t e s  Bxocessor 
A l l o c a t i o n  when an execut ing  t a s k  s i g n a l s  t h a t  it releases 
t h e  p roces so r  (REMOVE, EXIT,  o r  'WAXY). 

The T i m e  Manitor i s  a c t i v a t e d  when TSC needs t h e  T i m e  

Monitor t o  "wake up'' TSC a t  a  s p e c i f i c  t i m e .  

The Er ro r  S i g n a l  Processor  is a c t i v a t e d  a f t e r  a 

TERMINATE comrnand has a c t i v a t e d  Task S t a t e  Cnnt ro l .  

3.5.1.4 Func t iona l  Desc r ip t ion .  TSC i s  r e s p o n s i b l e  far 
-_1_ 

mainta in ing  t h e  a p p r o p r i a t e  s tates o f  t h e  Task from t h e  
i n a c t i v e  state through t h e  ready s t a t e .  A l l  Task Schoullling 
commands (see Table  3-1) a r c  handled i n  t h e  f i rs t  p l a c e  by 

TSC. TSC i n s u r e s  t h a t  a Task appears  only  once i n  the ready 
s t a t e .  Attempts t o  ready a  Task which i s  a l r e a d y  i n  t h e  

ready s ta te  r e s u l t  i n  a system e r r o r .  However no such 
tests a r e  performed f o r  any of t h e  o t h e r  s t a t e s .  

TSC handles  "wa i t  f o r  t i m e n  c o n d i t i o n s  i n  con junc t ion  

w i t h  t h e  Time Monitor. I t  insurt:?s t h a t  the Time Blonitos. 
i s  always aware of t h e  n e x t  w a i t  t i m e  which c o n d i t i o n s  t h e  
s t a t e  of a Task. 

TSC handles  "wa i t  £or event i '  c o n d i t i c n s  i n  con junc t ion  
w i t h  t h e  Event Monitor. The Event Monitor p rov ides  TSC, 

a t  t h e  s t a r t  of an i n , t e r v a l ,  w i t h  a l i s t  of e v e n t s  set 

du r ing  t h e  prev ious  i n t e r v a l .  



lItSC a c t i v n t a s  t h e  E r r o r  S igna l  F ~ O C G S S O ~  whan a ? 
, 

cur ren t ly  exccut lng  t a s k  s i g n a l s  a  I'ERMLNATE. T h e  Er ro r  , 1 

s i g n a l  Processor ,  wllcn a c t i v a t e d ,  runs a s  a subprocess of 1 
t h e  execut ing Task process .  I f  t h e  c u r r e n t l y  execut ing i 

1 
Task process  s i g n a l s  te rminat ion  f o r  another  t a s k ,  TSC 1 
assures  that: execut ion  wi:::,, even tua l ly ,  resume a t  t h e  
Error  S igna l  Processor .  

I 
1 1 

3.5.1.5 Paramckers . None. - 
3.5.1.6 Task Conmands . 'rhe Task conunands a f f e c t i n g  TSC - 
a r e  summarized i n  Table 3-1, Task Scheduling Conunands. 

3.5.1.7 J n i t i a l i z a t i o n .  System T n i t i a l j , z a t i o n  must ; i n i t i a l i z e  
t h e  s t a t e s  of  a l l  Tasks loaded i n t o  t h o  system t o  t h e  appro- 

p r i a t e  s t a t e .  The d e s i r e d  i n i t i a l  s t a t e s  of t h e  Tasks a r e  
somewhat ' a p p l i c a ~ i o n  dependent, b u t  a t  Least  one t a s k  must 
i n i t i a l l y  be s e t  t o  ready, or' be wai t ing far: a time cond i t ion .  

3.5.1.8 P o t e n t i a l  blodif icat ions.  For s p e c i f i c  appLicat ions 
s e v e r a l  p o s s i b l e  s i m p l i f i c a t i o n s  ( r e s u l t i n g  i n  execut ion 
time and core  savings)  can be v i s u a l i z e d .  

F i r s t  of  a l l ,  the Forced End Concept, may n o t  be used 

o r  may be s i m p l i f i e d .  The Forced End Logic i s  r a t h e r  

cun&ersome. Any a p p l i c a t i o n  should c a r e f u l l y  review the 

real need for t h e  Forced End Concept. A s i m p l i f i c a t i o n  
can be t o  make t h e  s t a t e  t r a n s i t i o n s  from Ready 2/Wait  2 

i d e n t i c a l  t o  t h a t  f o r  t h e  Ready l/WaiC 1 s t a t e s .  
Furthermore, t h e  Task Scheduling commands may n o t  a l l  

? be necessary o r  s p e c i f i c  cornmands may n o t  r e q u i r e  a11 p o s s i b l e  

parameters. For example, t h e  REMOVE conunand may be super- 

, Eluous or: even t h e  " t i m e  wa i t "  cond i t ion  may be unnecessary. 
, 
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3 . 5 , l . f )  otes .  TSC i s  one of the roost - 
co11utlonLy rrsed O/S sc rv iccs  . It i s  tl lercf o r e  l ~ r ~ p o s t a n t  t o  
optimize t h e  appropr ia te  conrponents Por t i m e .  A s  i t  i s  
"3.~0 one of t h o  lnost corc consuming subsystems, some 
"ffiiclt t rade-offs  nust bc an t i c ipa t ed  during the inlple- 
rilcn.tation. 
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3.5.2 EVENT MONIYOR(EM) 

3.5.2.1 Subsystem Diagram, Sce F i g u r e  3-1. 

3.5.2.2 Subsystem Act5,vation. gb! a c t i v a t e s  Task S t a t e  Con t ro l  
I__ 

each i n t e r v a l  t o  s i g n a l  which cven t s  a r e  set. 

3.5.2.4 Func t iona l  Descr ipkion.  Events  a r e  used i n  a 
P L_ 

SCHEDULE o r  WAIT can~mand t o  i n d i c a t e  a n  a c t i v a t i o n  cond i t i on .  
Events  can b e  se t  from any Task. Tho s e t t i n g  of  Events i s  
t o t a L l y  under u s e r  c o n t r o l .  There a r e  c u r r e n t l y  no system 
c v e n t s  def ined .  

Events s t a y  set  u n t i l  an  a c t i o n  r e s u l t s .  T h a t  i s  u n t i l  
t hey  have been used as a n  execu t ion  c o n d i t i o n .  The Event 
Monitor s i g n a l s  Task S t a t e  ControL which Events are s e t .  

* If a Itask p roces s  i s  w a i t i n g  f o r  any o f  t h e s e  Events ,  t h e  

p roces s  w i l l  be  r e l e a s e d  and t h e  e v e n t  w i l l  be reset. If 

no Task process  was w a i t i n g  t h e  Event w i L l  remain set.  

3.5.2.5 Parameters.  The maximum number o f  e v e n t s  used must 
b e  changeabl? by t h e  u s e r .  

3.5.2.6 Task Coinmands. SET - i s  used t o  t u r n  on t h e  d e s i r e d  
Event.  

3.5.2.7 ~ n i t i a l i z a t i o n .  System i n i t i a l i z a t i o n  xnust i n s u r e  
t h a t  a l l  Events a r e  reset. 

3.5.2.8 p o t e n t i a l  Mod i f i ca t ions .   his i s  a  subsystenl t h a t  
cou ld  be  s u b j e c t  t o  expansion.  The a d d i t i o n a l  c a p a b i l i t i e s  
d e s c r i b e d  i n  tile HAL/S Language s p e c i f i c a t i o n  may be  d e s i r a b l e  
f o r  c e r t a i n  a p p l i c a t i o n s .  
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3 . 5 . 2 . 9  h m p l ~ n ~ e n t a t i o n  Notes. This  subsystem docs not  
s t r i c t l y  have t o  be handled as  a Task. The reason f o r  s i g n a l l i n g  
a l l  Events s e t  t o  Task S t a t e  ConLrol a t  on. s p c c i f i c  time i s  
t h a t  i t  may be more e f f i c i e n t  t a n  t o  invoke TSC each t i m e  an 
Event i s  s e t .  Also, it may enhance t h e  t e s t a b i l i t y  of t h e  

system. This approach may be changed dur ing  t h e  desigr. 
phase i f  that t u r n s  o u t  t o  be necessary.  

- - - ~  - - -  
" ' ~ C C I  -- '-I' 
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A b a s i c  knowledge of t h o  SPSME modulos, e s p e c i a l l y  t h e  
S P S ~  PCC i s  necessary to understand t h e s e  X/O subsystem 
d e s c r i p t i o n s ,  

The Input/Output subsystem i s  one QE t h e  l a r g e s t  sub- 
systems. The requirements of t h e  ~ n p u t / O u t p u t  arc based on 
an SPSME 1/0 conf igura t ion .  The b a s i c  design approach as 
r e f l e c t e d  i n  Figure 3-4 i s  app l i cab le  t o  any X/O configura-  
t i o n .  llowever, t o  be a b l e  t o  d i s c u s s  t h e  func t ions  performed 
by t h e  subsystem a s  w e l l  a s  t o  d e s c r i b e  t h e  comrnallds invoking 
t h e  Eunctions a  s p e c i f i c  type  of I/o conf igura t ion  musk be 

s e l e c t e d .  For t h e  NSSC-I1 Operating System t h e  SPSME con- 

f i g u r a t i o n  was designated.  
The purpose of  t h e  I n p u t / ~ u t p u t  subsystem i s  t o :  

1. Simplify t i m e  r e l a t e d  execut ion of Inpnt/Output, 

2 ,  Simplify coordina t ion  between I n g u t / ~ u t p u t  and 
r e l a t e d  t a s k s ,  

3 .  Relieve t h e  u s e r  of coding DEPI communication 
sequences, and 

4 .  Relieve t h e  u s e r  of coding NGSC-I1  I/o sequences. 
The Input/Output subsystem does n o t  perform any type  

of d a t a  conversion. The use r  must be f u l l y  cognizant  of 
t h e  contents  of t h e  PCC and t h e  a s s o c i a t e d  d a t a  formats.  

When (eventua l ly)  s tandard equipment, such a s  a p a r t i c u l a r  - 

t ype  of mass s t o r a g e  o r  a  p a r t i c u l a r  type  of d i s p l a y  system, 
i s  s e l e c t e d  it w i l l  be p o s s i b l e  t o  add "device managers" 
t o  provide t h e  use r  wi th  a "higher  l e v e l "  of support .  I t  

i s  a l s o  poss ib le  t o  provide more vsymbolicu means f o r  t h e  
a p p l i c a t i o n  programs t o  s e l e c t  t h e  a p p r o p r i a t e  PCC sequences. 
However t h e s e  a r e  no t  now p a r t  of t h e  requirements.  

The ~ n p u t / ~ u t p u t  subsystem con ta ins  two major sub-sub- 

systems: The Input/Output Scheduler and t h e  Input/OutpuC 

Manager.  he 1nput/output Scheduler i s  invoked on 

i n t e r v a l  boundaries,  and performs those  opera t ions  which 

~ , r  C z  

I ' 
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t e s u l k  i n  informat ion  transfer botwcen some device and t h e  
SPsM/NSSC-XX, The I/O Manager i n t o r f a c e s  with t h o  nppl i-  
c a t i o n  programs, I t  transforms X/O r ~ q u c s t  i n t o  appropr ia t e  
commands t o  be execuked by the 1/0 scheduler ( a t  the i t ~ t e x v a l  
boundaries) o r  t o  be exocutcd i ~ n r ~ ~ c d i a t e l y .  Thasc two sub- 
systems a r e  d iscussed  i n  more d e t a i l  i n  t h e  fo l lowing s e c t i o n s .  

There a r e  two major types  of commands: DELAYED 

and INMl3DfATE DELAYED, DELAYED commands r e s u l t  i n  i n s t r u c t i o n  
sequences which a re  exscukcd on t h e  timed, i n t e r v a l  boundaries.  
These are i n s t r u c t i o n  sequences which r e s u l t  i n  communicn- 
tion between t h e  PCC and t h e  devicos a t t ached  t o  t h e  dataway. 
I W D T A T E  commands a r e  executed any t i n e  dur ing  t h e  i n t e r v a l .  

There i s  a l s o  an INVOKE conunand. T h i s  command al lows 
user  provided subrout ines  ( c a l l e 5  USER MONITORS i.n F igure  3-41 

t o  be a c t i v a t e d ,  a t  s p e c i f i t ,  ' i n t e r v a l s ,  by t h e  INPUT/OUTPUT 
Scheduler. They a r e  activa.I;crt 1.y t h e  INPUT/OU'JPUT Scheduler 
a f t e r  it completes the apprrrpriate lists of Xnput /~u tpu t  
i n s t r u c t i o n s  and be fo re  it cx: i ts .  

These conmands a r e  descr ibed  i n  f u r t h e r  d e t a i l  i n  t h e  
following s e c t i o n s .  

,> ?A 

I 
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~ i g u r e  3-4: INPUT/OUTPUT SUBSYSTEMS DIAGRAM 
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3.1.1.1 Subsystem Diasram - 
I " = -  - " ** j 

I PROCESSOR 1 
1 

I ALLOCATLON , 
I - 1- - m . .  

7-'-- I .,\- * 

'3 

-- 4 

MONITOR 1 
I 1 I* .*I _ 1. . 

MONITOR N 

3 .6 .1 .2  Act iva t ion .  The 1/0 Scheduler i s  act j -vated through - 
Processor All.ocation, normally a s  t h e  f i rs t  t a s k  wi th in  an 
i n t e r v a l .  

3 .6 .1 .3  Actj.vates. User provided subrout ines  (User Monitors) 
a r e  a c t i v a t e d  by t h e  Input/Output Scheduler i f  commanded 

t o  do so.  

3.6.1.4 Funct ional  Descript ion.  The ~npu t /Outpu t  Scheduler - 
executes  t h e  i n s t r u c t i o n  sequences contained i n  t h e  I/o Table 
a t  i n t e r v a l  t imes ind ica ted  i n  t h e  1/0 Tables.  The I/o 

Tables conta in  i n s t r u c t i o n  sequences which r e s u l t  i n  i ssuance  

device  commands by t h e  PCC and/or t h e  t r a n s f e r  of d a t a  
between t h e  PCC and NSSC-11. 
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After  t h e  I / O  Tablc oxocution has boon completed for a 
s p c c i f i c  i n t c r v n l ,  tha XOS may invoko one or morc uscr providcd 
r o u t i n e s  i f  it has boen comondcd t o  do so. T h i ~  c a p a b i l i t y  
is provided t o  have a quick an6 slmplc mcChod for t h e  uoer t o  
check for ccrtnin d a t a  condi t ions  an8 r e a c t  accordingly.  The 

usox r o u t i n e  can perform any func t ion  normally allowed Co a 

t a s k ,  T t  may be uead as nn n l t c r n a t e  Task scheduling method. 

3.6.1.5 Parameters, Tho maximum nunher o f  user rou t inea  as - 
w e l l  a s  khc maximum s i z e  05 t h o  J/O Tables nc t iva ted  mast be  
s p e c i f i a b l e  by the user, 

3.6.1.6 --- Conunands. The T/O Scheduler works s t r i c t l y  from t h e  
I/O Tables. A l l  commands are i n t e r p r e t e d  by the 1/0 Manager 
( r e fe rence  Scct ion  3.6.2)  . ~ h o  DELAYED type cornmanas affect 
t h e  I/o Tables. These commands (almost) d i r e c k l y  match tha  
avaiiable DEPX Service  Task  a c t i o n s  and are summarized i n  
Table 3-2. 

The INVOKE command also a f f e c t s  t h e  I/Q Tables and i s  
used t o  s i g n a l  which u s e r  provided should be a c t i v a t e d  by 
t h e  2/0 Scl~eduler .  

Any command can be s u b j e c t  t o  a t ime condi t ion  of t h e  form 
FROM....TO,,..EVERY... t o  i n d i c a t e  t h e  per iod of time over  
which t h e  command i s  executed a t  t h e  s p e c i f i e d  c y c l e  rate. 
I£ no time condi t ion  i s  s p e c i f i e d  t h e  command i s  executed one 
time a t  t h e  next  i n t e r v a l  boundary. 

3.6.1.7 Jni t iaZj .zat ion.  System i n i t i a l i z a t i o n  needs t o  reset 
t h e  1/0 T a b l e s .  

3.6.1.8 P o t e n t i a l  Modif icat ions.  Very obviorxsLy, d i f f e r e n t  
"1/0 Boxes" may be used i n  va r ious  app l i ca t ions .   his does n o t  
need t o  a f f e c t  t h e  scheduling concept of t h e  1nput/output  
Scheduler. The format and dimensions of t h e  I/6 Tables may 

-_-* --- - - -- - 
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r l r a s t i cn l ly  change howovor. X f  t h e  I/O Gchedular i s  designnd 
such tllnh it "does n o t  care" whioh I / O  i n s t r u c t i o n s  a r e  
exocutcd, modl i iont ions  could bc l i m i t e d  t o  Cho I/O Table 
BGCCSO m~chanism. 

Sooncr o r  l a t e r  i t  may become d c s i r a b l e  t o  allow t h e  
app l i ca t ion  programs t o  access  t h e  d a t a  from/to external 
dovicea symbolical ly ,  e .  g. by spec i fy ing  a meafiuremcnt 
nunber. This  inipLies c e r t a i n  a d d i t i o n a l  on-l ine and of f -  
l i n e  support ing func t ions .  

3.6.1.9 Inlplcmentation Notes. The ( t o  b e  designed) DEPI 
may s impl i fy  t h e  I / O  sof tware  t o  some degree. For example, 
mul t ip le  word Read o r  Write l o g i c  may be handle6 i n  t h e  
DEPT. Also t h e  f ixcd  PCC s t o r a g e  l o c ~ t i o n s  f o r  p o i n t e r  
blocks may be wired i n t o  t h e  DEPI. liowever, no assutnptions 
have been made i n  t h e s e  requirclncnts i n  r ~ g a r d  t o  any such 

c a p a b i l i t i e s ,  
Tt must be p o s s i b l e  t o  r ep lace  tho  Lnput/Output Scheduler 

C 

with an L/O s imula to r  module f o r  debug purposes. This  
module, which i s  p a r t  of  t h e  implementation ve r s ion  mus t  be I 

I 
ab le  t o  scan t h e  I/O Tables and provide s imulated d a t a  f o r  
t h e s e  commands. 

! 
L1̂  
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SOS-11 SPSPLF COOMMANDS 

a EXECUTE SEQUENCE (NO RAM) 

PUT TO RWI 

a GET FROI-1 RAM 

a EXECUTE C m D  (PCC) 

EXECUTE CMND (NSSC-11) 

a GRADED L 

I) SEQ. PTR. SELECT VALUE ADDRESS 
2) ADDRESS TO STORE STATUS 

1 )  SEQ. PTR. SELECT VALUE ADDRESS 
2) RAM. PTR. SELECT VALUE ADDRESS 
3 )  ADDRESS TO STORE (OR'D STA'IilE 

1 )  ml. PTR. SELECT VALUE ADDRESS 
2) RAM. PTR. INCR., WRITE DATA ADDRESS 

n )  RAM. PTR. INCB. , WRITE DATA ADDRESS 

1) RAEI. PTR. SELECT VALUE ADDRESS 
2) RAM. PTR. INCR., READ DATA ADDRESS 

n )  RAM. PTR. INCR. , READ DATA ADDRESS 

1) SEQ. PTR. SELECT VALUE ADDRESS 
2) WRITE DATA ADDRESS OR RFAD DATA ADDRESS 
3) ADDRESS TO STORE STATUS 

1 )  CNAF CODE ADDRESS 
2 )  WRITE DATA ADDRESS OR READ DATA ADDRESS 
3 )  ADDRESS TO STORE STATUS 

- - 
I 
c a EXECUTE USER MONITOR 
cn 
i 
--I NOTE: 1. ALL VALUES ARE IMMEDIATELY ACCESSED RND STORED I N  1/0 TABLES 
cn 
0 
N 

2 .  COMElANDS CAN BE TIMED : i . e . FROM. . . TO. . .EVERY 
-2 

W 

TABLE 3-2: SOS-TI SPSME COI-IMANDS - DELAYED 



3.6.2 XNPUT/OUTPUT MANAGER 

3.6.2.1 Subsystem D i a ~ ?  - 

I - - - - - - - -  
I 

I 
I I DEVXCE , 

I MANAGER I 

I ' TASK 
I 

I 
I 
I PROCESS , 

3.6.2.2 ~ c t i v a t i o n .  The 1/0 Manager i s  a c t i v a t e d  any time 
during an i n t e r v a l  by a  Task process (which could be a  Device 
Manager) . 

3.6.2.3 Act iva tes .  None. 

3.6.2.4 Funct ional  ~ e s c r i p t i o n .  The 1/0 Manager handles a l l  - 
1/0 cormnands . DELAYED type  cornnlands (descr ibed under t h e  I / O  

Scheduler) r e s u l t  i n  e n t r i e s  t o  t h e  I/O Tables. IlIMEDIATE 

commands arc  executed p r i o r  t o  r e tu rn ing  c o n t r o l  t o  t h e  app l i -  

ca t ion  program. 

Thus t h e  main purpose of t h e  I / O  Elar~ager i s  t o  coordina te  

tho  execut ion of I/O comniands and t h e  conversion of I/O 

commands t o  phys ica l  I / O  sequences. 

3 .6 .2 .5  Parameters.  None. 
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3.6.2.6 Commands. A l l  T/O comands ,  i n  f a c t ,  pass  through - 
t h e  I / O  Manager. The DELAYED type commands r e s u l t  i n  entries 
to t h e  T / 0  Tables .  A 1 1  comn~ands l i s t e d  i n  Table  3-2, v?tk 

tho except ion of EXECUTE USER MONZTOR, can be execute6 

hrunecliately. ~ d d i t i a n n l l y  tllere i s  a CAT.IIIC INITIALIZE command 

which i s  always exocuted irmncdiatzely. 

Note however t h a t ,  t o  I,., . ' n the in tended concept of t h e  

O/S o rgan iza t ion ,  t h e  DELAYED conunands should be  normally 

used.  XMMEDIATE COMMANDS should be used only when abso lu te ly  

necessary.  

3.6.2.7 I n i t i a l i z a t i o n .  None. - 

3.6.2.8 Modif icat ions.  The 1/0 Manager i s  wholLy a f f e c t e d  

i f  o t h e r  than an SPSME conf igura t ion  i s  used. The 1/0 

commands from t h e  t a s k ,  t h e i r  I n t e r p r e k a t i o n ,  c t c .  i s  l i k e l y  

t o  be completely d i f f e r e n t .  T h e  subsystem, i n  such cases ,  

must be replaced i n  t o t a l .  

3.6.2.9 Xmplementation Notes. The Input/Output System nlay 

eventuaLly inc lude  device  managers f o r  s tandard ,  devices  

a t t ached  t o  SPSME. Standard devices  a r e  def ined  t o  be 

devices  f o r  which t h e  funct ions  and communication p ro toco l  

a r e  known and i d e n t i c a l  across  a p p l i c a t i o n s .  These may 

inc lude  displ.ays , mass s to rage ,  and o t h e r  processors .  

For t h e  i n i t i a l  implementat ioi~ one device  manager needs 

t o  be developed t o  proof t h e  c ~ ; ~ c e p t .  W e  propose t o  i,mple- 

ment a computer communication module i n  accordance wi th  t h e  

Spacelab EC pro tocol .  

* - 
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3 . 7  INTERVAL STAT13 RECORDER (ISR) I 

< 

I 
I 

3 . 7 . 1  Subsystem Diagram ! 

i 

l o - - - -  - * - - - - -  
I 7 1 

1 PROCESSOR I 
I 
1 ALLOCATION I FROM TASKS 
I / 
I I 
I - - - -  

I 

U 

1 
I 
I 

,- 

I 

INTERVAL POINTERS 
STATE 0 OF DATA 
RECORDER TO BE 

RECORDED 

3 . 7 . 2  Subsystems Act iva t ion  
" - 

The I n t e r v a l  S t a t e  Recorder i s  c o n s i d e r e d  System 

Task. A s  such it i s  a c t i v a t e d  under t h e  c o n t r o l  of Processor  

o c t o n  This a c t i v a t i o n  i s  s u b j e c t  t o  t h e  s tandard  TSC 

commands. 

3 . 7 . 3  Activated Subsystems 

None. 
I 

+... 3 . 7 . 4  - Funct ional  D e s c r 2 t i o n  - 
$ The ISR i s  a d iagnos t i c  a id .  The purpose i s  t o  record 

t h e  s t a t e  of key t a b l e s .  events .  and .tiler i tems a t  t h a t  

i 
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p o i n t  i n  an i n t e r v a l  whero t h e  Task Process environment 
has been determined and none of t h e  ~ p p l i c a t i o n  Tasks 
Processes have y e t  been s t a r t e d .  Of course,  o t h e r  re- 
cording p o i n t s  wi th in  an i n t e r v a l  may be used by simply 
changing t h e  p r i o r i t y  of t h e  ISR.  

The i n t e r v a l s  during which s p e c i f i c  i tems need t o  be 
recorded can be s e l e c t e d  by a combination of two methods. 
F i r s t  of a l l ,  t h e  execut ion condi t ions  of t h e  ZSR can 
be c o n t r o l l e d  through t h e  Standard Task S t a t e  Contro l  
Conmands. Therefore,  t h e  ISR can be a c t i v a t e d  a t  var ious  
pe r iod ic  r a t e s  o r  upon occurrence o f  c e r t a i n  events .  

Secondly, t h e  ISR con ta ins  i n t e r n a l  l o g i c  t o  record  
i tems f o r  s e l e c t e d  i n t e r v a l s  wi th in  z frame. 

Note t h a t  t h e   mount o f  i n f ~ r n ~ a t i o n  t o  be  recorded 
must be c a r e f u l l y  se lec ted .  F i r s t  of a l l ,  a l l  t a s k s  execut- 
i n g  during an i n t e r v a l  m u s t  be completed during an i n t e r v a l .  
The information t o  be recorded during an i n t e r v a l  i s ,  

the re fo re ,  r e s t r i c t e d  by t h e  amount of execut ion t i m e  
a l loca ted  t o  t h e  ISR. I n  e a r l y  s t a g e s  of t e s t i n g ,  t h e  
Systerri c lock may be slowed t o  allow t h e  d e s i r e d  recording 

t o  t ake  p lace .  For o p e r a t i o n a l  t e s t i n g ,  however, t h e  
mount  of informat ion  t o  be recorded must be c a r e f u l l y  
con t ro l l ed .  Seconhly t h e  t o t a l  amount of information t o  
be recorded over  a per iod  of t i m e  cannot exceed t h e  
recording ra te  of t h e  device used t o  r e t a i n  t h e  recorded 
da ta .  

3.7.5 Parameters 
None. 

3 . 7 . 6  Task Commands - 
None. 

3.7.7 I n i t i a l i z a t i o n  
None. 

h .  
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3.7 .8  P o t e n t i a l  Modifications - 
None. 

Implementation Notes - 
The ISR can be used i n  two ve r s ions :  a ground ve r s ion  

and a f l i g h t  vers ion .  The implemented ve r s ion  w i l l  i nc lude  
a component t o  allow access  t o  the Data P o i n t e r s  Table 
from t h e  TSE keyboard. Also the recording  co~nponent 
should be e a s i l y  replaceable .  

-52- 1, NTERMETRCS INCORPORATED 701 CONCORD AVENUE CAMBRIDGE MASSACHUSETTS 02138 (617) 66lY.1800 



3 . 8  INTERNAL ERROR PROCESSXNG 

3 .8 .1  Subsystem Diagram 

PROCESSOR 

3 . 8 . 2  Subsystem A c t i v a t i o n  

The E r r o r  S i g n a l  P r o c e s s o r  i s  invoked e i t h e r  th rough  

an NSSC-I1 machine check i n t e r r u p t ,  program check i n t e r r u p t ,  

o r  a SEND ERROR command. 

3 . 8 . 3  Act iva t ed  Subsystems 

None. 

I* " 
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3 . 8 . 4  Funct ional  Descr ip t ion  
I__ 

The Error  S i g n a l  Processor  (ESP) analyses t h e  invoking 
e r r o r  ( i d e n t i i e d  by a numl,er) and t r a l ~ s f e r s  c o n t r o l  t o  
e i t h e r  t h e  System E r r o r  Monitor ( f o r  f i x e d  predetermined 
ac t ion)  o r  t o  t h e  ~ p p l i c a t i o n  E r r o r  Elonitor ( f o r  dynam- 
i c a l l y  assigned,  user  def ined ,  a c t i o n s ) .  

The Systems Brror  Monitor handles  those  e r r o r s  which, 
i n  t h e  context  of t h e  System, a r e  considered i r r ecoverab le .  
The act ion  taken i s  t o  ga the r  p e r t i n e n t  d i a g n o s t i c  i n f o r -  
mation, whenever p o s s i b l e ,  and e n t e r  t h e  NSSC-IT Wait 
State. 

The ~ p p l i c a t i o ~ l  E r r o r  Monitor (AEM) t r a n s f e r s  
c o n t r o l  t o  t h e  l o c a t i o n  s p e c i f i e d  (by t h e  u s e r )  f o r  t h e  
p a r t i c u l a r  e r r o r  rece ived .  

3.8.5 Parameters 
None . 

3.8.6 Task Commands 
1. SEND ERROR - i s  used by t h e  t a s k  t o  invoke t h e  

ESP and t o  i n d i c a t e  (by t h e  e r r o r  number) 
t h e  reason f o r  t h e  invocat ion .  

2. ON ERROR - i s  used by task t o  i n d i c a t e  t o  t h e  
AE'M where t o  t r a n s f e r  c o n t r o l  f o r  a  s p e c i f i c  
e r r o r  number. 

3 .  OFF ERROR - i s  used by a  t a s k  t o  undo a  previous ly  

s p e c i f i e d  a c t i o n .  
Note: Each of  t h e s e  commands has  as a parameter an 

e r r o r  number. The e r r o r  number c o n s i s t s  of two i n t e g e r s ;  
t h e  f i r s t  one i n d i c a t e s  an e r r o r  group, t h e  second i n d i c a t e s  
t h e  e r r o r  number w i t h i n  t h e  group. I f  only one number i s  

g iven ,  t h e  a c t i o n  p e r t a i n s  t o  a l l  e r r o r s  wi th in  t h e  ind i -  
ca ted  group. 



ON ERROR a l s o  has  as an a d d i t i o n a l  parameter t h e  l a b e l  
where c o n t r o l  needs t o  be t r a n s f e r r e d .  

3.8.7 ~ n i t i a l i z a t i o n  
None. 

3.8.8 P o t e n t i a l  ~ o d i f i c a t i o n  
I t  i s  p o s s i b l e  t h a t  a  u s e r  may want t o  modify t h e  prc- 

determined system a c t i o n s  o r  add a d d i t i o n a l  a c t i o n s .  
The Applicat ion E r r o r  Monitor may be omitted i n  a case 

where t h ~  d e s i r e d  a c t i o n s  a r e  few and/or do n o t  vary dynm- 
i c a l l y .  I t  may a l s o  be omit ted where AEM i s  contained w i t h i n  

t h e  t a s k  conplex, as i s  t h e  case  f o r  HAL compiled t a s k s .  

3.8.9 Xmplementation Notes 
The implementation ve r s ion  w i l l  assume t h a t  t h e  AEM 

i s  contained w i t h i n  t h e  Task Complex. 
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3.9.2 Subsystem Act iva t ion  

TSA can be a c t i v a t e d  from any Task. 

- b 
REALLQCA!LY+ 

3.9.3 Activated Subsystems 

None. 

TEMPORARY 
SIQpaGn 
ALLOCATION 

3.9.4 Funct ional  Descr ip t ion  

Upon r e q u e s t  TSA searches  the s t o r a g e  map f o r  t h e  - 
requested amount of s t o r a g e ,  updates t h e  s t o r a g e  map, 

and provides the s t a r t i n g  address  of  the assigned s t o r a g e  

block. For d e a l l o c a t i o n  t h e  s t o r a g e  map i s  merely 

updated. 

3.9.5 Parameters 

None. 



3.9.6 Task C~nunands 
1. ALLOCATE - used t o  request: assignment o f  o number 

o f  ~Boragc blocks (block s i z e  TDD) . UnavailabiLity 
xasulks i n  n System Error .  

2 .  DEALLOCATE - used t o  r e q u e s t  r e l e a s e  of a 
previous ly  a l l o c a t e d  number of s t o r a g e  blocks.  

3.9.7 I n i t i a l i z a t i o n  

The s to rage  map must be i n i t i a l i z e d  by System - a 
Phase i n i k i a l i z e .  

3.9.8 P o t e n t i a l  Modif icat ions 

None. 

3.9.8 frnplementation Notes - 
 his subsystem i s  u s e f u l  only f o r  programs t rans l .a ted  

from Aaserbiy Language. The u t i l i t y  i s  t h e r e f o r e  l imi ted .  - -- - 

I t  can be omit ted from t h e  implementation version.  
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3 .U XNTBRPHASE D A N  STORAGE (IDS) 

3,10,1 

JNTERPHASE 

3.10.2 Subsystem Aclcivation 

IDS can be  a c t i v a t e d  from any Task. 

3.10.3 Act iva ted  Subsystems 

None. 

3.10.4 Func t iona l  Descr ip t ion  In-V- 

The purpose of IDS is t o  r e t a i n  d a t a  i n  a  set  of 

loca t ions  which a r e  n o t  p a r t  of t h e  Task con~glex and 
r e t u r n  t h i s  d a t a  t o  t h e  Task complex upon reques t .  

It  i s  p a r t i c u l a r l y  u s e f u l ,  when Phase Loads a r e  used, 

t o  t r a n s f e r  d a t a  between phases. 

3.10.5 Parameters 

The amount of s t o r a g e  t o  be set a s i d e  wi th in  t h e  O/S 

t o  s t o r e  In te rphase  Data must be modif iable  by t h e  use r .  



3.10.6 Comrnancls 
1-- 

1. GAVE is uood to indicake n conaccutlvs block 
s f  data to be safagunrded, 

2 .  RESTORE 10 used to r e t u f n  the data f o  TASK spaco. 

3.20.8 Modifications 
None. 

3.10.9 Xmplementakion Notes 
None. 

1 
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3.11 SYSTEM XNIPLALTZATION ($1) 

3.11.2 Activation 

System Initialization occurs whenever the NSSC-I1 

IPL signal is detected. 

3.11.3 Activates 

None. System Initialization temti,ates in an 

"Idle" state waiting for the first interval interrupt to 
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occur,  which i n  t u r n  al lows Processor  All-ocation t o  s t a r t .  

The IPL s i g n a l  invokes t h e  (microprogramrned) NSSC-I1 

I P L  funct ion ,  which loads  t h e  sof tware  from a s p e c i f i e d  - 
rlevice. The load module mus t  be s t r u c t u r e d  such t h a t  

t h e  f i r s t  process t o  hs executed, a f t e r  I n i t i a l  Program 

Load, i s  t h e  System I n i t i a l i z a t i o n .  

system 1 n i t i a l i z a ) t i o n  performs t h e  i n i t i a l i z a t i o n  

f o r  a l l  subsystems i n  accordance with u s e r  provided 

d i r e c t i o n .  SX a l s o  ~ e n e r a t e s  a s t o r a g e  map which Ls - 

subsequently t o  be used f o r  s t o r a g e  a l l o c a t i o n  and/or 

phase loads.  

3.11.5 Parameters 

None. 

3.11.6 Task Commands 

None. 

3.11.7 P o t e n t i a l  Modif icat ions 

A u s e r  may want t o  add a p p l i c a t i o n  dependent 

i n i t i a l i z a t i o n s  t o  t h i s  module. 

3.11.8 I n i t i a l i z a t i o n  
a .  - 

None. 

3.11.9 Jmplementation Notes 

It  i s  no t  c u r r e n t l y  c l e a r  how t h e  I P L  func t ion  opera tes  

i n  corljunction with SPSME. That i s ,  t h e  DEPI f o r  t h e  

NSSC-I1 i s  no t  y e t  de f ined  i n  d e t a i l .  

For t h e  implementation ve r s ion  t h e  IPII  can always be 

pexfomed from t h e  TSE. 



3.12 PHASE INITIALIZAI'ION (pi) 

3 . 1 2 . 1  Subsystem Diaqram 

1 PROCESSOR I 
I ALLOCATION I 

PHASE 

3.12.2 Subsystem A c t i v a t i o n  - 
Phase  I n i t i a l i z a t i o n  i s  t r e a t e d  as a s y s t e m  t a s k .  

A c t i v a t i o n ,  t h e r e f o r e ,  i s  th rough  P r o c e s s o r  A l l o c a t i o n .  

3.12.3 A c t i v a t e d  Subsystems 

None . 

3.12.4 F u n c t i o n a l  ~ e s c r i p t i o n  

" I d l e "  Phase  I n i t i a l i z a t i o n  is  t h e  e q u i v a l e n t  

of a p a r t i a l  Sys tem 1 n j . t i a l i z a t i o n .  A d d i t i o n a l  t a s k s  a r e  

i 
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loaded i n t o  s t o r a g e  through Phase Loa6 which t r a n s f e r s  
c o n t r o l  t o  Phase T q i t i a l i z a t i o n .  Phase I n i t i a l i z a t i o n  
updates t h e  Task State Control informat ion  p e r t i n e n t  t o  
t h e  nrw Tasks, updates the s t o r a g e  map and e x i t s .  

Note t h a t  P I  w i l l  cont inue  over  a number of i n t e r v a l s .  
P r i o r  t o  a c t i v a t i o n ,  t h e r e f o r e ,  o t h e r  t a s k s  need t:o be 

deac t iva ted ,  o t h e m i s e  resource  access  c o n f l i c k s  may 
occur.  The f i r s t  a p p l i c a t i o n  t a s k  t o  be  a c t i v a t e d  must 
be s p e c i f i e d  t o  Phase I n i t i a l i z a t i o n  and m u s t ,  upon 

a c t i v a t i o n ,  r e a c t i v a t e  t h e  o t h e r  Tasks appropr ia t e  t o  t h i s  
Phase. 

3.12.5 Parameters 
None. 

3 .12 .6  Task Commands 
Hone 

3.12.7 I n i t i a l i z a t i o n  
None. 

3.12.8 P o t e n t i a l  Modif icat ions - 
It i s  a n t i c i p a t e d  t h a t  most a p p l i c a t i o n s  w i l l  n o t  

u t i l i z e  t h i s  subsystem. 

3.12.9 Implementation Notes 
The implementation ve r s ion  w i l l  n o t  con ta in  t h i s  

subsystem, 



4,O IMPLEEIENTATI ON STANDARDS 

The implementation s tandards  t h a t  we a r e  concerned 

with i n  t h i s  requirements Bocw;mcnt a r e  those  c r i t i c a l  t o  

t h e  o b j e c t i v e s  of t h e  NSSC-XI Operating System. General 

s tandards  concerned with project:  co i l t ro l ,  documentation, 

coding, and t e s t i n g  a r e  purposely no t  d iscussed  h e r e  as a 
wide v a r i e t y  of  s a t i s f a c t o r y  approaches e x i s t .  Any 
comprehc?nsive approach compatible wi th  NASA/MSFC guide- 

l i n e s  i s  thexefore  acceptable .  
The s tandards  d iscussed  i n  t h i s  s e c t i o n  a r e  those  

as soc ia ted  with ~ p p l i c a t i o n  l?rogxam I n t e r f a c e s ,  Performance, 

and Component Modularity. 

4 . 1  Applicat ion Program I n t e r f a c e s  

The NSSC-I1 O/S must accept  programs generated by 

t h e  S/360 FORTRAN IV G/H Compiler, t h e  HAL/S - N S S C - I 1  

Compiler, and t h e  S/360 Assembler i n  t h e  format output  

by t h e  S/360 Link Edi tor .  A l l  communications between 

a p p l i c a t i o n  programs and t h e  o/S w i l l  be  through SVC's. 

RAL/S and FORTRAN use  s i g n i f i c a n t l y  d i f f e r e n t  c a l l  

sequence formats. It i s  g e n e r a l l y  more e f f i c i e n t  t o  

convert  a FORTRAN c a l l  format t o  HAL/s c a l l  format than 

v i c e  ve r sa .  Therefore t h e  O/S r o u t i n e s  w i l l  be 

implemented such t h a t  they  can be c a l l e d  d i r e c t l y  from 

HAL/S compiled programs. FORTW c a l l s  a r e  passed 

through a FORTRAN ca l l  conversioa r o u t i n e  p r i o r  t o  

en t rance  t o  t h e  a c t u a l  O/S r o u t i n e .  Assenlbly language 

rou t ines  can use e i t h e r  format. 

Other i n t e r f a c e  s tandards  a r e  descr ibed  i n  t h e  

HAL/s Operating System I n t e r f a c e  S p e c i f i c a t i o n s  lor t h e  

NSSC-11.  These a r e  compatible,  i .e .  do n o t  i n t e r f e r e  

wi th ,  t h e  proper opera t ion  of FORTRAN o r  Assembler 

generated programs. 
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4 . 2  Performance 
General ly  t h e  O/S i s  t o  be implemented t o  minimize 

core  usage because of t h e  l i m i t e d  amount of mamory 
a v a i l a b l e  on t h e  NSSC-11. 

However t h i s  does n o t  prec lude  t h e  most f r equen t ly  
used O/S s e r v i c e s  from being optimized f o r  t i m e .  
S p e c i f i c a l l y  t h e  fo l lowing subsystems w i l l  have 
components which musk b e  imp1.emented t o  minimize execut ion 
time: Xnterval Timer, System Cl-ock, Processor 
Al loca t ion ,  Task  S t a t e  Control  and Input/Output. 

The s t u r a g a  u t i l i z a t i o n  goal  i s  t o  be a b l e  t o  f i t  
a minimum use:ful set of O/S s e r v i c e s  wi th in  8 K  by tes  
while  t h e  m~hximurn should n o t  exceed 1 6 K  bytes  f o r  t h e  
complete opera t ing  system.  his may r e s u l t  i n  some s c a l i n g  
down of t h e  requirenients . 

The time u t i l i z a t i o n  goal  cannot be s o  c l e a r l y  
s t a t e d .  That i s  t h e  maximum amount of t i m e  wllich may be 

taken up by t h e  O/S s e r v i c e s  i s  h ighly  dependent on t h e  
usage by t h e  a p p l i c a t i o n  programs. However t h e r e  i s  a 
f i x e d  minimum amount of t i n e  which i s  absorbed by t h e  
I n t e r v a l  T i m e r ,  t h e  System Clock, Processor ~ l l o c a t i o n ,  
and those r o u t i n e s  which are normally invoked a t  t h e  
s t a r t  of each i n t e r v a l .  Therefore t h e r e  i s  a minimum 
l o s s  of t i m e  w3ich i s  incur red  even i f  no O/S s e r v i c e s  a r e  
e x p l i c i t l y  invoked by t h e  a p p l i c a t i o n  programs. 
Although w e  have no r a t i o n a l  b a s i s  t o  s e l e c t  a s p e c i f i c  
number, it seems reasonable  t c  a i m  f o r  a maximum t i m e  

l o s s  of 1-1.5 msec p e r  i n t e r v a l .  



I 'f' 

4 .9  Coluponont ~ o d u l a r i  t v  
A s  d i s c u s s e d  i n  Sec t ion  2.0 OVsRVlEW the "sub- 

s y s t e n ~  modular i ty"  does  n o t  imply any s p e c i f i c  component 

modulc r i t y  . The subsystem requi rements  s p e c i f y  t h a t  
t h e r e  ace  t o  b e  groups of components which, when executed ,  

perform t h e  s p e c i f i e d  processes  and a s s o c i a t e d  f u n c t i o n .  

To es tab l . i sh  a d e s i r e d  component modu la r i t y ,  a d d i t i o n a l  

g u i d e l i n e s  must be provided.  I t  should  be  no ted  t h a t  
such s tar~clards  may be formed t o  c o n f l i c t  w i th  t h e  per-  

formance g o a l s  du r ing  t h e  implementat ion.  Trade-offs  
which weaken somewhat t h e s e  s t a n d a r d s  set may occur .  

I t  should a l s o  be  noted t h a t  t h c s e  " s t anda rds"  a r e  

d e s c r i b e d  i n  terms o f  ou r  goa l s  r a t h e r  t h a n  i n  terms of 

s i z e ,  scope,  and i n t e r a c t i o n  c o n s t r a i n t s .  The l a t t e r  
are w e l l  documented i n  t h e  l i t e r a t u r e  and a r e  t o  be  

cons ide red  techniques  a v a i l a b l e  t o  meet o u r  s t a n d a r d s .  

4 .3 .1  Subse ts  

The component modular i ty  must b e  such t h a t  D/S 

s u b s e t s  can b e  genera ted  r e l a t i v e l y  s t r a i g h t f o r w a r d  

through s e l e c t i o n  of  s u b s e t s  of  modules. The c a p a b i l i t i e s  
of  such s u b s e t s  are i d e n t i f i e d  under ~ m p l e m e n t a t i o n  

Notes f o r  each subsystem. 

The des ign  r u l e s  c l o s e l y  r e l a t e d  t o  t h i s  requiranlent  

a r e  : 
1. One f u n c t i o n  p e r  module 

2 .  Loop f r e e  "uses  h i e r a rchy"  

4 . 3 . 2  Mod i f i ca t ions  

The component modular i ty  must be such t h a t  p o s s i b l ?  

changes (as i d e n t i f i e d  under Mod i f i ca t ions  i n  S e c t i o n  111) 

cafi be ,demons t ra ted  t o  be  p o s s i b l e .  

The des ign  r u l e s  c l o s e l y  a s s o c i a l t e d  w i t h  t h i s  
s t a n d a r d  a r e  : 
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1. Locate spec ia l i zed  components i n  s e p a r a t e  

modules 

2 .  Intermodule i n t e r f a c e s  m u s t  be designed t o  be 

i n s e n s i t i v e  t o  t h e  p o t e n t i a l  changes 

The major p o t e n t i a l  problem i n  a " f l e x i b l e  purposer' 

system i s  t h e  r e v e r i f i c a t i o n  o f  a s p e c i f i c ,  adapted, 

implementation. I f  t h e  modularity s tandards  descr ibed 

i n  t h e  preceding paragraphs a r e  indeed s t r i c t l y  followed 

t e s t a b i l i t y  i s  n a t u r a l l y  f a c i l i t a t e d .  However a s  noted 

before ,  p r a c t i c a l  compromises may be necessary during 

implementation. The p o i n t  i s  t h a t  t h e  most important 

design r u l e  app l i cab le  t o  t e s t a b i l i t y  i s  t h e  s t r i c t  

c o n t r o l  of t h e  loop f r e e  'uses h ie ra rchy" ,  i .e .  an 

e x p l i c i t  l a y e r i n g  of components. 

Note t h a t  t h e  h ierarchy i s  s t r i c t l y  a component 

h ierarchy,  n o t  a subsystem hierarchy.  The sequences of 

components which a r e  executed t o  accomplish a subsystem 

process  form t h e  h ierarchy t o  which w e  a r e  r e f e r r i n g  

here.  Generally t h e  subsyr tans  s t a r t  execut ing  a 

component on some l e v e l  of  t h e  h ie ra rchy  and progress  

through t o  t h e  lowest l e v e l .  The c u r r e n t l y  v i s i b l e  

major l e v e l s  of t h e  h ierarchy a r e  i l l u s t r a t e d  i n  

Figure 4-1. 
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5,O HAWS SUPPORT 

SOS-II must be designed t o  support programs compiled 
1 ! i  by t h e  HAL/S NSSC-XI compiler.  I n  s impl i f i ed  terms t h i s  
11 means t h a t  a l l  SOS-XI s e r v i c e s  can be accessed by BAL/S 

compiled programs. It a l s o  n,eans t h a t  c e r t a i n  u s e f u l  HAL 
J l  

il provided func t ions  contained wi th in  a  HAL program complex 
r e q u i r e  coopera t ive  i n t e r f a c e s  with SOS-11. 

/ I  

[ The purpose of t h i s  s e c t i o n  i s  t o  provide an overview 
of which HAL/S Language c o n s t r u c t s  have a moaning wi th in  

I t h e  context  of SOS-XI and which ones have not.  Furthermore, 
l 

i t  desc r ibes  how SOS-IX f u n c t i o n s ,  which do n o t  have a  
counterpar t  w i t h i n  t h e  language, are accessed. The HAL/S 

t I 

Programers  Guide (IR-63-4) i s  t o  be used a s  t h e  r e fe rence  
f o r  t h i s  s e c t i o n .  HAL/S s ta tements  which i n t e r f a c e  wi th  

t an opera t ing  system, if a v a i l a b l e  are contained i n  t he  
fol lowing s e c t i o n s  of t h e  referenced document. 

! 
i' Sect ion  3 1  - Tnter faces  with non-HAL/S code 

Sect ion  1 2  - I n p u t / ~ u t p u t  
3 Sect ion  13 - Real Time Programming I 

Sect ion  22 - ~ d d i t i o n a l  ~ n p u t / ~ u t p u t  Fea tures  
Sec t ion  2 3  - Real Time Programming I1 

Sec t ion  24 - Real T i m e  Programming I11 

Sect ion  25 - E r r o r  Recovery and Simulation 
!I Sect ion  26 - Data Storage  and Access 

Sect ion  27 - HAL/S and Reentrancy 
Appendix B - B u i l t  i n  Eunct io~ls  
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Soct ion 31 - I a t e r f a c e s  with non-IIAL/S code - 
----'*--I.I=lll-- 

SOS-11 s c r v i c c s  which Ere no t  provided through HAL/S 
s ta tements  a r e  accessed througll t h e  O/S SVC macro. 

Sec t ion  12/22 - Input/Outpu$ 
The HAL/$ Input/Output s ta tements  a r e  t o  be used only 

t o  address  TSE devices  (keyboard, p r i n t e r ,  magnetic t a p e ) .  

Sec t ion  13/23 - Real ~ i m e  Programming I/II 
_I- 

Although t h e  HAL/S Real Time s ta tements  a r e  a c t i v e l y  
used under SOS-11, t h e i r  i n t e r p r e t a t i o n  i s  n o t  i d e n t i c a l  t o  
t h a t  inlplied by t h e  HAL/S r e a l  time concepts.  Their  f a c t u a l  
meaning i s  a s  descr ibed  under SOS-II Task ~ c h e d u l i n g .  

Major Dif ferences  a r e  a s  follows: 
Al-1 t a s k  processes  a r e  independent. 
~ i m e  i s  i n t e r p r e t e d  as a f rame/ in terva l  count.  

Event expressions a r e  ho t  allowed. Only s i n g l e  
events  a r e  handled. 

a A l l  events  a r e  unlatched,  i . e .  they  a r e  r e s e t  when 
i n t e r r o g a t e d  ,,, 

a SET i s  used t o  t u r n  an event  on. 

Sec t ion  25 - Error  Rqcovery and Simulation 

SOS-11 d i s t i n g u i s h e s  between system e r r o r s  and a p p l i c a t i o n  
e r r o r s .  SOS-I1 r e c e i v e s  c o n t r o l  whenever an e r r o r  occurs  o r  
i s  s e n t .  The a s s o c i a t e d  e r r o r  number i s  analyzed by SOS-11. 
I f  it i s  a system e r r o r ,  SOS-11 handles it d i r e c t l y .  If  it 

i s  an a p p l i c a t i o n  e r r o r ,  c o n t r o l  i s  t r a n s f e r r e d  t o  t h e  Er ro r  
Recovery Executive which i s  p a r t  of t h e  HAL/S program complex. 

Sec t ion  26 - Data Storage  and Access -- 
SOS-11  does no t  support  t h e  Update Block concept. 

Sec t ion  27 - HALIS and Reentrancy 
SOS-I1 does n o t  p r o t e c t  non-reentrant  r o u t i n e s .  
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Alcnelix B - Built in functions - -7_-P___n_a --- 
Functions which require operating system support are 

listed under Miscollanaous Functions. Their applicability 
is described below. 

C L O C K T J N E  - returns GMT 

ERRGRP - as specified 
ERRNUM - as specified 
PRJO - not provided 

RANDOM - as specified 
RANDOM G - as specizied 
RUNTIME - returns values of interval counters 

NEXTZbIE (a) - not supported 
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