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SUMMARY 

The NASA Lewis Research Center  i s  d e v e l o p i n g  and e v a l u a t i n g  e x p e r i m e n t a l  
hardware and s o f t w a r e  systems t o  h e l p  meet f u t u r e  needs f o r  r e a l - t i m e ,  h i g h -  
f i d e l i t y  s i m u l a t i o n s  o f  a i r - b r e a t h i n g  p r o p u l s i o n  systems. S p e c i f i c a l l y ,  t h e  
Real-Time M u l t i p r o c e s s o r  S i m u l a t o r  p r o j e c t  focuses  on t h e  use o f  m u l t i p l e  m ic ro -  
p r o c e s s o r s  t o  a c h i e v e  t h e  r e q u i r e d  comput ing speed and accuracy  a t  r e l a t i v e l y  
l o w  c o s t .  O p e r a t i n g  systems f o r  such hardware c o n f i g u r a t i o n s  a r e  g e n e r a l l y  n o t  
a v a i l a b l e .  A r e a l - t i m e  m u l t i p r o c e s s o r  o p e r a t i n g  system (RTMPOS) t h a t  s u p p o r t s  
a v a r i e t y  o f  m u l t i p r o c e s s o r  c o n f i g u r a t i o n s  has been developed a t  Lewis.  W i t h  
some m o d i f i c a t i o n ,  RTMPOS can a l s o  s u p p o r t  v a r i o u s  m i c r o p r o c e s s o r s .  RTMPOS, b y  
means o f  menus and prompts,  p r o v i d e s  t h e  user  w i t h  a v e r s a t i l e ,  u s e r - f r i e n d l y  
env i ronment  f o r  i n t e r a c t i v e l y  l o a d i n g ,  runn ing ,  and o b t a i n i n g  r e s u l t s  f r o m  a 
mu l t i p rocesso r -based  s i m u l a t o r .  T h i s  r e p o r t  i s  a u s e r s  g u i d e  f o r  RTMPOS. The 
menu f u n c t i o n s  a r e  d e s c r i b e d  and an example s i m u l a t i o n  s e s s i o n  i s  i n c l u d e d  t o  
demonstrate t h e  s t e p s  r e q u i r e d  t o  go f r o m  t h e  s i m u l a t i o n  l o a d i n g  phase t o  t h e  
e x e c u t i o n  phase. 

INTRODUCTION 

S i m u l a t i o n s  o f  complex dynamic systems r e q u i r e  a v e r s a t i l e  i n t e r f a c e  
between t h e  u s e r  and t h e  s i m u l a t i o n  computer. To maximize t h e  u s e f u l n e s s  o f  
t h e  s i m u l a t i o n  as an e n g i n e e r i n g  t o o l ,  t h e  i n t e r f a c e  shou ld  p r o v i d e  a u s e r -  
f r i e n d l y  means of  programming, i n t e r a c t i n g  w i t h ,  and o b t a i n i n g  r e s u l t s  f r o m  t h e  
s i m u l a t i o n .  I n  t h e  p a s t ,  d i f f e r e n t  t y p e s  o f  computers have s a t i s f i e d  some b u t  
n o t  a l l  o f  t h e s e  requ i rements .  F o r  example, t h e  use o f  ana log  comput ing e q u i p -  
ment p r o v i d e s  immediate r e s u l t s  and an e x t r e m e l y  v e r s a t i l e  u s e r / s i m u l a t o r  
i n t e r a c t i v e  c a p a b i l i t y ,  Bu t  e f f i c i e n t  programming and changing o f  t h e  programs 
can be d i f f i c u l t .  On t h e  o t h e r  hand, d i g i t a l  computers a r e  more e a s i l y  p r o -  
grammed b u t  t h e i r  o p e r a t i n g  systems a r e  g e n e r a l l y  n o t  des igned t o  p r o v i d e  t h e  
i n t e r a c t i v e  c a p a b i l i t i e s  needed f o r  many s i m u l a t i o n  t a s k s .  

S i m u l a t i o n s  a r e  becoming more s o p h i s t i c a t e d  i n  terms o f  b o t h  t h e  c o m p l e x i t y  
of  t h e  systems b e i n g  modeled and t h e  l e v e l  o f  model d e t a i l  b e i n g  sought .  There 
i s  a l s o  a need f o r  t h e  s i m u l a t i o n s  t o  execute i n  r e a l  t i m e  (e .g . ,  t e s t i n g  o f  
c o n t r o l  a l g o r i t h m s  and hardware- in- the- loop t e s t s ) .  More p o w e r f u l  computer 
hardware and o p e r a t i n g  systems s o f t w a r e  are  needed t o  s u p p o r t  t h e s e  r e a l - t i m e  
s i m u l a t i o n  e f f o r t s .  
(RTMPS) b e i n g  s t u d i e d  a t  Lewis.  
deve lop  and e v a l u a t e  e x p e r i m e n t a l  hardware and s o f t w a r e  systems f o r  t h e  r e a l -  
t i m e ,  i n t e r a c t i v e  s i m u l a t i o n  of  a i r - b r e a t h i n g  p r o p u l s i o n  systems. The RTMPS 
p r o j e c t  i s  f o c u s i n g  on t h e  use of m u l t i p l e  m ic rop rocesso rs  t o  ach ieve  t h e  
r e q u i r e d  comput ing  speed and accuracy  a t  low c o s t  r e l a t i v e  t o  h y b r i d  and main- 
frame d i g i t a l  computers.  A l though t h e  r e q u i r e d  hardware i s  complex, i t  i s  

An example i s  t h e  r e a l - t i m e  m u l t i p r o c e s s o r  s i m u l a t o r  
The o b j e c t i v e  o f  t h e  RTMPS p r o j e c t  i s  t o  



a n t i c i p a t e d  t h a t  t h e  d e s i r e d  u s e r - f r i e n d l i n e s s  can be ach ieved  t h r o u g h  Proper  
d e s i g n  o f  t h e  o p e r a t i n g  system. 

Gran t  and c o n t r a c t  e f f o r t s  r e l a t e d  t o  t h e  RTMPS p r o j e c t  have been docu- 
mented i n  a number o f  r e p o r t s .  I n v e s t i g a t i o n s  of  computer a r c h i t e c t u r e  and 
r e l a t e d  hardware requ i rements  a r e  d e s c r i b e d  i n  r e f e r e n c e  1 .  References 2 and 
3 d i s c u s s  p o s s i b l e  approaches t o  p a r t i t i o n i n g  s i m u l a t i o n  models f o r  S o l u t i o n  
on m u l t i p l e  m ic rop rocesso rs .  Requirements f o r  h i g h - l e v e l  programming languages 
f o r  m u l t i p r o c e s s o r  systems a r e  d i scussed  i n  r e f e r e n c e  4 .  

The Lewis in -house RTMPS e f f o r t s ,  t o  da te ,  a r e  documented i n  re fe rences  5 
t o  9 .  Reference 5 d e s c r i b e s ,  i n  g e n e r a l ,  t h e  m u l t i p r o c e s s o r  s i m u l a t o r  concep t .  
The des igns  o f  exper imen ta l  hardware now i n  use a r e  g i v e n  i n  r e f e r e n c e  6. An 
ove rv iew  and use rs  manual f o r  a r e a l - t i m e  m u l t i p r o c e s s o r  programming language 
(RTMPL) i s  documented 'in re fe rences  7 and 8. 

A r e a l - t i m e  m u l t i p r o c e s s o r  o p e r a t i n g  system (RTMPOS) has been deve loped a t  
Lewis t o  suppor t  exper imen ta l  v e r s i o n s  o f  t h e  RTMPS. An ove rv iew  o f  t h e  d e s i g n  
p h i l o s o p h y  and f e a t u r e s  o f  t h e  RTMPOS i s  p resen ted  i n  r e f e r e n c e  9 .  The RTMPOS 
was designed t o  a l l o w  i n t e r a c t i v e ,  e n g i n e e r i n g - l e v e l  programming and o p e r a t i o n  
o f  a v a r i e t y  o f  m u l t i p r o c e s s o r  c o n f i g u r a t i o n s .  To p r o v i d e  t h i s  f l e x i b i l i t y ,  
RTMPOS makes use o f  i n f o r m a t i o n  c o n t a i n e d  i n  da ta -base  f i l e s  o f  t h e  t y p e  t h a t  
a r e  genera ted  by t h e  RTMPL u t i l i t y  ( r e f s .  7 and 8 ) .  The RTMPOS p r o v i d e s  
s p e c i a l  f u n c t i o n s  and t a s k s  t h a t  o p e r a t e  i n  c o n j u n c t i o n  w i t h  a manu fac tu re r -  
s u p p l i e d  d i s k  o p e r a t i n g  system ( D O S ) .  Most RTMPOS t a s k s  a r e  w r i t t e n  i n  Pascal  
and shou ld  r e q u i r e  l i t t l e  o r  no m o d i f i c a t i o n  t o  be c o m p a t i b l e  w i t h  o t h e r  d i s k  
o p e r a t i n g  systems. The rema in ing  t a s k s  and r o u t i n e s ,  w r i t t e n  i n  assembly l a n -  
guage f o r  t h e  M o t o r o l a  MC68000 m ic rop rocesso r ,  p r o v i d e  i n t e r f a c e s  between 
Pasca l ,  t h e  DOS, and t h e  s i m u l a t o r .  A l though  t h e s e  assembly programs a r e  gen- 
e r a l l y  q u i t e  s imp le ,  t h e  e x t e n t  o f  t h e  m o d i f i c a t i o n s  r e q u i r e d  t o  adapt  them t o  
o t h e r  m u l t i p r o c e s s o r  systems would o f  cou rse  depend on t h e  p a r t i c u l a r  DOS and 
t y p e  o f  m ic rop rocesso r  b e i n g  used. 

T h i s  r e p o r t  i s  i n t e n d e d  as a g u i d e  t o  t h e  use o f  t h e  RTMPOS. The r e p o r t  
beg ins  w i t h  a d e s c r i p t i o n  o f  t h e  genera l  m u l t i p r o c e s s o r  a r c h i t e c t u r e  t h a t  i s  
suppor ted  by t h e  RTMPOS. Nex t ,  t h e  RTMPL programming p rocedure  i s  d e s c r i b e d  t o  
show how RTMPL o u t p u t  f i l e s  r e l a t e  t o  t h e  RTMPOS. Then t h e  g e n e r a l  programming 
and o p e r a t i o n a l  f u n c t i o n s  t h a t  a r e  p r o v i d e d  by t h e  RTMPOS a r e  d e s c r i b e d .  Nex t  
t h e  RTMPOS menu s e l e c t i o n s  a r e  d e s c r i b e d .  F i n a l l y  an example o f  a s i m u l a t i o n  
s e s s i o n  i s  p r o v i d e d  t o  i l l u s t r a t e  t h e  s teps  r e q u i r e d  t o  go f rom program l o a d i n g  
t o  execu t ion .  

GENERAL SIMULAlOR CONFIGURATION 

The r e a l - t i m e  m u l t i p r o c e s s o r  programming language ( r e f s .  7 t o  8)  and t h e  
r e a l - t i m e  m u l t i p r o c e s s o r  o p e r a t i n g  system ( r e f .  9 )  were deve loped t o  p r o v i d e  
u s e r - f r i e n d l y  programming and o p e r a t i o n  o f  t h e  g e n e r a l  s i m u l a t o r  c o n f i g u r a t i o n  
shown i n  f i g u r e  1.  The f o l l o w i n g  paragraphs  a r e  i n t e n d e d  t o  f a m i l i a r i z e  t h e  
reader  w i t h  t h i s  c o n f i g u r a t i o n  and i t s  a s s o c i a t e d  t e r m i n o l o g y .  A d d i t i o n a l  
d e t a i l s  can be found i n  re fe rences  6 t o  8 .  

The p r imary  elements i n  t h l s  c o n f i g u r a t i o n  a r e  t h e  m u l t i p l e  s i m u l a t i o n  
channe ls  ( 1  t o  n ) ,  t h e  f r o n t - e n d  p r o c e s s o r  (FEP), and t h e  r e a l - t i m e  i n t e r f a c e .  

2 



The r e a l - t i m e  i n t e r f a c e  p r o v i d e s  f o r  communications between t h e  s i m u l a t o r  and 
e x t e r n a l  dev i ces  ( e . g . ,  s t r i p - c h a r t  reco rde rs  and c o n t r o l s ) .  The FEP serves as 
t h e  s i m u l a t o r  c o n t r o l l e r  and t h e  i n t e r f a c e  between t h e  use r  and t h e  s i m u l a t o r .  
These f u n c t i o n s  a r e  f a c i l i t a t e d  by t h e  RTMPOS, which r e s i d e s  on t h e  FEP. Data 
a r e  t r a n s f e r r e d  between t h e  FEP and t h e  s i m u l a t i o n  channels  v i a  t h e  i n t e r a c t i v e  
i n f o r m a t i o n  bus. The RTMPOS p r o v i d e s  f o r  s i m u l a t o r  r u n - t i m e  o p e r a t i o n s  such as 
program l o a d i n g ,  parameter changes, s i m u l a t o r  mode c o n t r o l ,  and d a t a  h a n d l i n g .  
The FEP a l s o  serves t h e  s i m u l a t o r  p e r i p h e r a l s  ( t e r m i n a l s ,  d i s k  d r i v e s ,  p r i n t -  
e r s ,  e t c . ) .  The m a n u f a c t u r e r - s u p p l i e d  DOS p r o v i d e s  such t y p i c a l  u t i l i t i e s  as 
an assembler,  a l i n k a g e  e d i t o r ,  a t e x t  e d l t o r ,  and f i l e - h a n d l i n g  s e r v i c e s .  The 
r e s i d e n t  DOS has a m u l t i t a s k i n g  c a p a b i l i t y  ( i - e . ,  i t  p e r m i t s  many t a s k s  t o  r u n  
c o n c u r r e n t l y  i n  a t i m e - s l i c e  mode). Th i s  c a p a b i l i t y  i s  e s s e n t i a l  t o  t h e  RTMPOS 
concept s i n c e  t h e  RTMPOS i n c l u d e s  s e v e r a l  t a s k s  t h a t  p e r m i t  t h e  s i m u l a t o r  t o  
send a d v i s o r i e s  t o  t h e  use r  v i a  t h e  FEP w h i l e  t h e  s i m u l a t i o n  i s  b e i n g  run.  

Each s i m u l a t i o n  channel  ( f i g .  1 )  c o n s i s t s  o f  two p rocesso rs  - a computat ion 
p rocesso r  (COMP) and a p rep rocesso r  (PREP). Each COMP executes i t s  ass igned 
p o r t i o n  o f  t h e  s i m u l a t i o n  ( a n  RTMPL program) and i n t e r f a c e s  i t s  channel  t o  t h e  
FEP.  The P R E P ' s  a l s o  execute RTMPL programs and d i s t r i b u t e  i n f o r m a t i o n  f r o m  
t h e  COMP's t o  t h e  o t h e r  channels v i a  t h e  r e a l - t i m e  i n f o r m a t i o n  bus. The COMP 

p rocesso r  c o n t a i n s  s p e c i a l l y  designed f i rmware  ( s o f t w a r e  burned i n t o  E P R O M ' s )  
t h a t  governs t h e  communicat ion between the  FEP and t h e  C O M P ' s  and between t h e  
C O M P ' s  and t h e  P R E P ' s .  The f i r m w a r e  performs such f u n c t i o n s  as i n i t i a l i z i n g  
and check ing  t h e  p rocesso r  memory, t r a n s f e r r i n g  d a t a ,  s e t t i n g  t h e  e x e c u t i o n  
mode o f  t h e  p rocesso rs ,  sending i n t e r r u p t s  o u t  t o  t h e  FEP, and, i n  some cases, 
t i m e r  c o n t r o l .  

l and PREP i n  a channel  communicate t h r o u g h  a shared memory. Each s i m u l a t o r  

I 

One o f  t h e  s i m u l a t i o n  channels (1 t o  n) i s  ass igned  s p e c i a l  t a s k s  t o  p e r -  
form. I t  serves as a r e a l - t i m e  e x t e n s i o n  o f  t h e  FEP and i s  known as t h e  R T X  
channel .  I t s  COMP i s  a v a i l a b l e  t o  pe r fo rm any r e a l - t i m e  a n a l y s i s  r e q u i r e d  by 
t h e  user  t o  suppor t  t h e  s i m u l a t i o n .  For example, i t  c o u l d  be used t o  sample 
and process d a t a  f rom t h e  o t h e r  channels ,  which a r e  t h e n  uploaded t o  t h e  FEP by 
means o f  t h e  RTMPOS. The RTX PREP i s  used t o  d i s t r i b u t e  d a t a  on t h e  r e a l - t i m e  
i n f o r m a t i o n  bus and serves as c o n t r o l l e r  f o r  t h a t  bus. I t  i s  a l s o  r e s p o n s i b l e  
f o r  a l l  t i m i n g  and c o n t r o l  o f  s i m u l a t o r  o p e r a t i o n s .  The rema in ing  channels a r e  
d e s i g n a t e d  as d i g i t a l  s i m u l a t i o n  computers ( D S C ' s )  and a r e  a v a i l a b l e  f o r  s o l v -  
i n g  t h e  s i m u l a t i o n  e q u a t i o n s .  

The communicat ion pa ths  t h a t  a r e  a v a i l a b l e  i n  t h e  g e n e r a l  s i m u l a t o r  c o n f i g -  
u r a t i o n  p r o v i d e  a h i g h  degree of  programming f l e x i b i l i t y .  
RTMPS can emula te  a v a r i e t y  of  m u l t i p r o c e s s o r  systems. 
means t h a t  t h e  RTMPOS d e s i g n  can be viewed as g e n e r i c  t o  a v a r i e t y  o f  m u l t i -  
p rocesso r  systems t h a t  a r e  subsets of  t h e  g e n e r a l  c o n f i g u r a t i o n  shown i n  
f i g u r e  1 .  The o n l y  hardware c o n s t r a i n t  i s  t h a t  t h e  FEP must be a b l e  t o  com- 
mun ica te  w i t h  t h e  RTX COMP. 

As  a r e s u l t ,  t h e  
T h i s  f l e x i b i l i t y  a l s o  

The c u r r e n t  Lewis RTMPS exper imen ta l  hardware, t h e  FEP, and t h e  p e r i p h e r a l  
equipment a r e  shown i n  f i g u r e  2. The Lewis RTMPS uses a M o t o r o l a  EXORmacsl 
development system as t h e  FEP, and t h e  r e s i d e n t  DOS i s  M o t o r o l a ' s  VERSAdosl 
( r e f .  1 0 ) .  The FEP and t h e  s i m u l a t o r  processors a r e  based on t h e  M o t o r o l a  
MC68000 m i c r o p r o c e s s o r  w i t h  an 8-MHz c l o c k .  

l l r a d e m a r k  o f  M o t o r o l a  I n c .  
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FORMULATING A SIMULATION 

B e f o r e  programming a s i m u l a t i o n  f o r  t h e  RTMPS, a use r  must p a r t i t i o n  t h e  
s i m u l a t i o n  equa t ions  i n t o  segments t h a t  can be so l ved  i n  p a r a l l e l .  Those seg- 
ments a r e  assigned t o  t h e  comput ing elements a v a i l a b l e  i n  a p a r t i c u l a r  RTMPS 
c o n f i g u r a t i o n .  The s i m u l a t i o n  i s  t h e n  f o r m u l a t e d  by u s i n g  t h e  RTMPL u t i l i t y  
( r e f .  8 ) .  The RTMPL a l l o w s  t h e  use r  t o  program t h e  v a r i o u s  elements o f  t h e  
s i m u l a t o r  i n  a h i g h - l e v e l ,  e n g i n e e r i n g - o r i e n t e d  language. A s  shown i n  
f i g u r e  3, t h e  o u t p u t  o f  t h e  RTMPL i s  a s e t  o f  assembly language source  program 
f i l e s  (one  f o r  each p rocesso r  t h a t  i s  b e i n g  used i n  t h e  s i m u l a t o r )  and a s e t  
o f  s i m u l a t i o n  data-base f i l e s  t h a t  r e l a t e  t h e  a c t u a l  s i m u l a t i o n  imp lemen ta t i on  
t o  t h e  RTMPL source  programs. 

Each source program f i l e  c o n s i s t s  o f  reco rds  t h a t  a r e  g i v e n  one o f  t h e  
f o l l o w i n g  i d e n t i f i e r s :  VARIABLE, CONSTANT, ARGGROUP, E X E C ,  o r  TASK. The E X E C  
and TASK records  f o r  each source  program d e f i n e  t h e  e x e c u t a b l e  p a r t s  o f  t h e  
co r respond ing  s i m u l a t i o n  segment. The VARIABLE, CONSTANT, and ARGGROUP r e c o r d s  
d e f i n e  t h e  l o c a l  arguments f o r  t h e  E X E C  and TASK r e c o r d s .  A program f i l e  must 
c o n t a i n  a t  l e a s t  one e x e c u t i v e  (EXEC r e c o r d ) .  Execu t i ves  a r e  l i k e  main p r o -  
grams and a re  used t o  govern  t h e  compu ta t i ona l  f l o w  o f  t h e  program. E x e c u t i v e s  
have t h e  a b i l i t y  t o  p e r f o r m  t a s k s .  TASK reco rds  a r e  used l i k e  s u b r o u t i n e s  t o  
c o n s t r u c t  a more readab le  and v e r s a t i l e  program. 
names up t o  e i g h t  c h a r a c t e r s  i n  l e n g t h .  

E X E C ' S  and T A S K ' S  can have 

V A R I A B L E  reco rds  d e f i n e  t h e  t ime-dependent v a r i a b l e s  t h a t  appear i n  t h e  
s i m u l a t i o n  e q u a t i o n s .  I n  RTMPL, v a r i a b l e s  a r e  ass igned  a s e t  o f  a t t r i b u t e s :  
s i z e ,  d a t a  t y p e  and p r e c i s i o n  (DTP), s c a l e  f a c t o r  (SF) ,  h o l d  va lue ,  and 
I n i t i a l - c o n d i t i o n  v a l u e  ( I C ) .  The DTP and SF a t t r i b u t e s  a r e  d e s c r i b e d  I n  
r e f e r e n c e  8. S i z e  r e f e r s  t o  t h e  number of  c u r r e n t  and p a s t  v a l u e  te rms t h a t  
t h e  v a r i a b l e  has; t h a t  i s ,  how many c u r r e n t  and p a s t  va lues  a r e  t o  be saved i n  
t h e  s i m u l a t i o n .  The minimum v a r i a b l e  s i z e  i s  1 ( i . e . ,  o n l y  t h e  c u r r e n t  v a l u e  
i s  saved) .  The h o l d  v a l u e  i s  used t o  s e t  t h e  v a l u e  of  t h e  v a r i a b l e  d u r i n g  HOLD 
mode e x e c u t i o n  o f  t h e  program. The I C  v a l u e  i s  t h e  s t a r t i n g  v a l u e  o f  t h e  v a r i -  
a b l e  t h a t  i s  loaded when t h e  s i m u l a t i o n  i s  i n i t i a l i z e d .  Ho ld  and IC va lues  can 
be changed a t  run  t i m e  by  means o f  RTMPOS commands. 

I n  RTMPL, cons tan ts  a l s o  have DTP, SF, and s i z e  a t t r i b u t e s .  S i z e  f o r  a 
c o n s t a n t  s p e c i f i e s  t h e  number o f  e lements i n  a m u l t i v a l u e d  c o n s t a n t  a r r a y .  The 
minimum s i z e  i s  1 .  Only c o n s t a n t s  t h a t  have been s p e c i f i e d  as parameters  a r e  
a d j u s t a b l e  th rough  t h e  RTMPOS a t  r u n  t i m e .  

An argument g roup (ARGGROUP) i s  a s e t  o f  arguments t h a t  can be r e f e r r e d  t o  
by a s i n g l e  name. The arguments may i n c l u d e  c o n s t a n t s  t h a t  a r e  l o c a l  t o  t h e  
program and v a r i a b l e s  t h a t  a r e  l o c a l  o r  e x t e r n a l .  An e x t e r n a l  v a r i a b l e  i s  a 
v a r i a b l e  t h a t  i s  used i n  a program b u t  whose v a l u e  was computed i n  and t r a n s -  
f e r r e d  f rom ano the r  program. Argument g roups  p r o v i d e  a c o n v e n i e n t  mechanism 
f o r  t r a n s f e r r i n g  l a r g e  volumes o f  d a t a  between t h e  F E P  and t h e  s i m u l a t o r  chan- 
n e l s .  Argument groups have DTP and s i z e  a t t r i b u t e s .  For  A R G G R O U P l s ,  t h e  s i z e  
a t t r i b u t e  r e f e r s  t o  t h e  maximum number o f  arguments t h a t  can be c o n t a i n e d  i n  
t h e  group.  Arguments may be added as l o n g  as t h e  s p e c i f i e d  s i z e  i s  n o t  
exceeded and t h e  argument has t h e  same D T P  as t h e  ARGGROUP. Arguments i n  t h e  
ARGGROUP may be added, d e l e t e d ,  o r  r e p l a c e d  a t  r u n  t i m e  t h r o u g h  t h e  RTMPOS. 
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The data-base f i l e s  t h a t  a r e  genera ted  by t h e  RTMPL a r e  read  by  t h e  RTMPOS. 
These f i l e s  i n c l u d e  i n f o r m a t i o n  t h a t  t h e  RTMPOS needs t o  suppor t  t r u l y  i n t e r -  
a c t i v e  e x e c u t i o n  o f  t h e  s i m u l a t i o n  on t h e  m u l t i p r o c e s s o r - b a s e d  s i m u l a t o r .  For 
example, a CONSTANT r e c o r d  s p e c i f i e s  i t s  name, DTP, SF, s i z e ,  va lue ,  and as- 
s igned memory l o c a t i o n .  Reference 8 c o n t a i n s  a sample da ta-base l i s t i n g  t h a t  
i n c l u d e s  t h e  names o f  t h e  data-base f i l e s  as w e l l  as t h e i r  c o n t e n t s .  

The data-base f i l e s  i n c l u d e  d e f i n i t i o n s  o f  g l o b a l  c o n s t a n t s ,  messages, 
o p e r a t i n g  system t a s k s ,  and genera l  groups. G loba l  c o n s t a n t s  have t h e  same 
a t t r i b u t e s  as l o c a l  c o n s t a n t s  b u t  may be re fe renced  i n  any program. Messages 
a r e  a d v i s o r i e s  t h a t  a r e  t o  be r e l a y e d  f rom t h e  s i m u l a t o r  t o  t h e  use r  v i a  t h e  
RTMPOS under c e r t a i n  r u n - t i m e  c o n d i t i o n s .  The messages a r e  d e f i n e d  by t h e  u s e r  
w h i l e  t h e  s i m u l a t i o n  i s  b e i n g  programmed b u t  may be m o d i f i e d  a t  r u n  t i m e  
th rough  t h e  RTMPOS. As  d e s c r i b e d  i n  r e f e r e n c e  8, t h e  RTMPL u t i l i t y  p r o v i d e s  
f o r  t h e  d e f i n i t i o n  o f  o p e r a t i n g  system tasks  (OSTASK's) t h a t  t h e  RTMPOS w i l l  
p e r f o r m  upon i n i t i a t i o n  f r o m  t h e  s i m u l a t i o n .  However, t h e  c u r r e n t  implementa- 
t i o n  o f  t h e  RTMPOS does n o t  suppor t  OSTASK's. That c a p a b i l i t y  c o u l d  be added 
as a f u t u r e  enhancement. A genera l  group (GENGROUP) i s  v e r y  s i m i l a r  t o  an 
argument group. Two ma jo r  d i f f e r e n c e s  a re  ( 1 )  t h a t  t h e  genera l  g roup cannot  
be s p e c i f i e d  th rough  t h e  RTMPL u t i l i t y  b u t  can be s p e c i f i e d  by t h e  use r  a t  r u n  
t i m e  and ( 2 )  t h a t  t h e  genera l  g roup i s  no t  t i e d  t o  a s p e c i f i c  program ( i . e . ,  i t  
can i n c l u d e  v a r i a b l e s  and c o n s t a n t s  t h a t  a r e  computed on d i f f e r e n t  p r o c e s s o r s ) .  
A lso ,  t h e r e  i s  c o n s i d e r a b l y  more f l e x i b i l i t y  i n  add ing ,  d e l e t i n g ,  o r  chang ing  
i t ems  i n  t h e  GENGROUP. There i s  no r e s t r i c t i o n  on i t e m  a t t r i b u t e s  (e .g . ,  DTP's 
do n o t  have t o  be t h e  same). L i k e  argument groups, genera l  groups p r o v i d e  f o r  
la rge-vo lume d a t a  t r a n s f e r s  between t h e  FEP and s i m u l a t o r  channe ls  (e.g., d i s -  
p l a y i n g  va lues  o f  l o c a l  v a r i a b l e s  i n  m u l t i p l e  c h a n n e l s ) .  

O P E R A T l N G  SYSTEM F U N C T I O N S  

A l l  RTMPL data-base and program load-module f i l e s  a r e  saved on d i s k  f i l e s  
t h a t  can be man ipu la ted  by t h e  RTMPOS. Once t h e  s i m u l a t i o n  has been formu- 
l a t e d ,  t h e  RTMPOS p r o v i d e s  t h e  f o l l o w i n g  genera l  programming and o p e r a t i o n a l  
f u n c t i o n s :  

( 1 )  S i m u l a t i o n  l o a d i n g / I C  and program c o n t r o l  
( 2 )  Data-base management 
( 3 )  S i m u l a t o r  i n i t i a l i z a t i o n  and mode c o n t r o l  
( 4 )  Run-t ime m o n i t o r i n g  
( 5 )  S i m u l a t i o n  r e s u l t s  management 
( 6 )  M isce l l aneous  

S i m u l a t i o n  Load ing / IC and Program C o n t r o l  

The p r e v i o u s l y  d e s c r i b e d  source  program f i l e s  a r e  assembled and l i n k e d  by 
u s i n g  t h e  FEP-res ident  assembler and l i n k a g e  e d i t o r  t o  f o r m  program l o a d  
modules.  A t  r u n  t i m e  t h i s  f u n c t i o n  a l l ows  f o r  l o a d i n g  t h e  modules i n t o  t h e  
s i m u l a t o r  p rocesso rs ,  s e t t i n g  t h e  i n i t i a l - c o n d i t i o n  va lues  o f  s i m u l a t i o n  v a r i -  
a b l e s ,  a c t i v a t i n g  t h e  d e s i r e d  EXEC i n  each program, and e n a b l i n g / d i s a b l i n g  
t a s k s  ( i f  any )  t o  be per fo rmed under each E X E C .  
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Data-Base Management 

Data-base management f u n c t i o n s  i n c l u d e  l o a d i n g  t h e  da ta-base f i l e s  i n t o  
t h e  F E P  memory, e d i t i n g  t h e  d a t a  base, s a v i n g  an e d i t e d  data-base f i l e  on d i s k ,  
and l i s t i n g  t h e  d a t a  base on a t e r m i n a l  o r  p r i n t e r .  The e d i t i n g  f u n c t i o n  
a l l o w s  t h e  user  t o  change t h e  s i m u l a t i o n  a t  r u n  t i m e .  For example, I C  and h o l d  
va lues  o f  v a r i a b l e s ,  va lues  of l o c a l  o r  g l o b a l  c o n s t a n t  parameters ,  messages, 
and i t ems  con ta ined  i n  arguments and genera l  groups may be changed. The simu- 
l a t i o n  programs a r e  a u t o m a t i c a l l y  updated t o  r e f l e c t  t h e  d a t a  base c u r r e n t l y  
loaded i n  t h e  FEP r e g a r d l e s s  of  whether t h e  programs a r e  loaded i n t o  t h e  simu- 
l a t o r  b e f o r e  o r  a f t e r  t h e  e d i t i n g  i s  done. However, t h e  load-module and d a t a -  
base d i s k  f i l e s  themselves remain unchanged. The e d i t e d  d a t a  base may be saved 
a t  any t i m e  f o r  f u t u r e  use, e i t h e r  by o v e r w r i t i n g  t h e  o r i g i n a l  data-base d i s k  
f i l e s  o r  by s a v i n g  a new s e t  o f  f i l e s .  Note  t h a t  s a v i n g  t h e  d a t a  base does n o t  
a f f e c t  t h e  RTMPL source  code f i l e s .  Hence t h e  changes w i l l  n o t  appear i n  l a t e r  
RTMPL v e r s j o n s  o f  t h e  s i m u l a t i o n  un less  changes a r e  made i n  t h e  o r i g i n a l  source  
code. 

S i m u l a t o r  I n i t i a l i z a t i o n  and Mode C o n t r o l  

Mode c o n t r o l  r e f e r s  t o  t h e  use r  c o n t r o l l i n g  t h e  e x e c u t i o n  mode o f  t h e  
s i m u l a t o r .  There a r e  f o u r  p o s s i b l e  modes - s top ,  run ,  h o l d ,  and c y c l e .  When 
t h e  s i m u l a t o r  i s  i n  t h e  s t o p  mode, e x e c u t i o n  o f  a l l  s i m u l a t i o n  programs ceases. 
The s i m u l a t o r  must g e n e r a l l y  be i n  t h e  s t o p  mode t o  do da ta-base e d i t i n g .  For  
example, i n i t i a l - c o n d i t i o n  o r  h o l d - c o n d i t i o n  va lues  can be loaded o n l y  when t h e  
s i m u l a t o r  i s  i n  t h e  s t o p  mode. The o t h e r  s i m u l a t o r  modes ( i . e . ,  run ,  h o l d ,  and 
c y c l e )  can o n l y  be e n t e r e d  f r o m  t h e  s t o p  mode. I n  t h e  r u n  mode, a l l  s i m u l a t i o n  
programs a re  e x e c u t i n g  repea ted  update c y c l e s .  The s i m u l a t o r  c o n t i n u e s  t o  
execute  u n t i l  t h e  use r  i s s u e s  a s t o p  command o r  t h e  s i m u l a t o r  o r  s i m u l a t i o n  
i t s e l f  i ssues  a s t o p  command. I n  t h e  l a t t e r  two cases, t h e  use r  i s  i s s u e d  an  
a d v i s o r y ,  v i a  t h e  message d e v i c e ,  t h a t  t h e  s i m u l a t i o n  has stopped. I n  t h e  h o l d  
mode, v a r i a b l e s  i n  each program a r e  h e l d  a t  u s e r - s p e c i f i e d ,  f i x e d  v a l u e s .  Once 
t h e  use r  s p e c i f i e s  wh ich  v a r i a b l e s  a r e  t o  be h e l d ,  a l l  programs i n  t h e  s imu la -  
t i o n  execute  a u s e r - s p e c i f i e d  number of  update  c y c l e s .  
r e t u r n s  t o  t h e  s t o p  mode and an a d v i s o r y  i s  i s s u e d  t h a t  t h e  h o l d  mode i s  com- 
p l e t e .  A t  p r e s e n t ,  t h e  c y c l e  mode i s  u n d e f i n e d  and has n o t  been implemented. 

The s i m u l a t o r  t h e n  

S i m u l a t o r  i n i t i a l i z a t i o n  i s  a hardware t e s t  t h a t  checks COMP-to-PREP com- 
mun ica t i ons  and t h e  shared memory w i t h i n  each channe l .  T h i s  must be done 
b e f o r e  t h e  s i m u l a t i o n  program l o a d  modules can be loaded and i s  u s u a l l y  done a t  
t h e  beg inn ing  o f  a s i m u l a t i o n  sess ion .  The process  may have t o  be repea ted  i n  
the  event  o f  a p rocesso r  f a i l u r e  o r  hangup. The s i m u l a t o r  u p d a t e - i n t e r v a l  and 
a n a l o g - t o - d i g i t a l  channel  t i m e r  c l o c k s  a r e  f i r s t  s e t  when t h e  s i m u l a t o r  i s  
loaded.  This f u n c t i o n  p r o v i d e s  f o r  making subsequent changes t o  t h e s e  c l o c k s .  

Run-Time M o n i t o r i n g  

The run - t ime  m o n i t o r i n g  f u n c t i o n  a l l o w s  a use r  t o  r e c e i v e  a d v i s o r i e s  v i a  
i n t e r r u p t s  f rom t h e  s i m u l a t o r  and t o  r e c o r d  a l l  a c t i o n s  t h a t  a r e  t a k e n  d u r i n g  a 
s i m u l a t i o n  sess ion .  The a d v i s o r i e s  can be u s e r  o r  o p e r a t i n g - s y s t e m  messages o r  
t h e y  can be reques ts  t o  read d a t a  f r o m  t h e  s i m u l a t o r .  The messages a r e  d i s -  
p l a y e d  on the  use r -des igna ted  message d e v i c e .  C u r r e n t  (M) and h a l t  ( H )  
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a d v i s o r y  messages t h a t  a r e  genera ted  b y  t h e  o p e r a t i n g  system a r e  l i s t e d  i n  
t a b l e  I. The read a d v i s o r i e s  would be b u i l t  i n t o  t h e  s i m u l a t i o n  b y  t h e  u s e r  
and would be t r a n s p a r e n t  t o  t h e  u s e r  a t  r u n  t i m e .  

A p o w e r f u l  f e a t u r e  o f  run- t ime m o n i t o r i n g  i s  t h e  se l f -document ing  s e s s i o n  
h i s t o r y  - a d i s k  t e x t  f i l e  t h a t  saves a l l  u s e r  menu s e l e c t i o n s  and r e s u l t i n g  
prompts and messages f rom t h e  RTMPOS. Any a d v i s o r y  messages t h a t  o c c u r  a r e  
a u t o m a t i c a l l y  e n t e r e d  i n t o  t h e  s e s s i o n  h i s t o r y ,  as a r e  user -genera ted  comments. 
The s e s s i o n  h i s t o r y  p r o v i d e s  a means f o r  c o r r e l a t i n g  t h e  s e s s i o n  w i t h  t h e  d a t a  
f i l e  and can be l i s t e d  and e d i t e d  by u s i n g  t h e  manu fac tu re r -supp l i ed  u t i l i t i e s  
t h a t  a r e  r e s i d e n t  on t h e  FEP. Fur thermore  a s e s s i o n  h i s t o r y  can be executed b y  
t h e  RTMPOS. That  i s ,  menu s e l e c t i o n s  can be i n p u t  t o  t h e  RTMPOS f r o m  a s e s s i o n  
h i s t o r y  f i l e  r a t h e r  t h a n  e n t e r e d  manua l ly  f r o m  t h e  keyboard.  T h i s  a l l o w s  t h e  
u s e r  t o  q u i c k l y  b r i n g  a s i r n u l a t i o n  t o  a p r e v i o u s l y  o b t a i n e d  c o n d i t i o n  b y  exe- 
c u t i n g  t h e  s e s s i o n  h i s t o r y  f r o m  t h a t  sess ion .  The u s e r  may a l s o  c r e a t e  a f i l e  
w i t h  t h e  t e x t  e d i t o r  t h a t  can be used t o  execute t h e  r o u t i n e  p a r t s  o f  a simu- 
l a t i o n  s e s s i o n  ( e . g . ,  l o a d i n g  a d a t a  base and t h e  s i m u l a t i o n  program l o a d  
modules) .  A f t e r  t h e  e x e c u t i o n  o f  t h e  sess ion  h i s t o r y  i s  completed,  c o n t r o l  i s  
r e t u r n e d  t o  t h e  u s e r  a t  t h e  keyboard.  An example s e s s i o n  h i s t o r y  i s  p resented  
i n  a l a t e r  s e c t i o n .  

S i m u l a t i o n  R e s u l t s  Management 

The s i m u l a t i o n  r e s u l t s  management f u n c t i o n  p r o v i d e s  t h e  c a p a b i l i t y  o f  
s a v i n g ,  l i s t i n g ,  and p l o t t i n g  s i m u l a t i o n  r e s u l t s .  The u s e r  can d i s p l a y  s imu la-  
t o r  CPU t i m e  and s i m u l a t i o n  t i m e ,  computa t ion  t i m e  f o r  i n d i v i d u a l  p r o c e s s o r  
programs, and d e l a y  t i m e s ,  i f  any, f o r  a d v i s o r i e s  and e x t e r n a l  v a r i a b l e  t r a n s -  
f e r s .  The u s e r  can a l s o  d i s p l a y  va lues  o f  s i m u l a t i o n  v a r i a b l e s  as t h e y  a r e  
computed a l t h o u g h  t h i s  slows s i m u l a t i o n  e x e c u t i o n  t i m e .  

Data can be saved b y  e i t h e r  o f  two mechanisms. The READ a d v i s o r y  ( r e f .  8 )  
i s  b u i l t  i n t o  t h e  s i m u l a t i o n  by t h e  u s e r  t h r o u g h  t h e  RTMPL. The R E A D  a d v i s o r y  
causes an i n t e r r u p t  t h a t  i n i t i a t e s  an RTMPOS i n t e r r u p t  s e r v i c e  t a s k .  The s e r -  
v i c e  t a s k  reads  t h e  u s e r - s p e c i f i e d  ;rgument  roup d j r e c t l y  frm t h e  d e s i g n a t e d  
p rocesso r  t o  an RTMPOS a u x i l i a r y  s t o r a g e  memory. The i n t e r r u p t  process i s  
t r a n s p a r e n t  t o  t h e  u s e r .  When t h e  s i m u l a t o r  i s  p u t  i n  t h e  s t o p  mode, t h e  d a t a  
a r e  a u t o m a t i c a l l y  saved i n  t h e  u s e r - s p e c i f i e d  d a t a  d i s k  f i l e .  These d a t a  can 
t h e n  be l i s t e d  o r  p l o t t e d .  A t  t h e  p r e s e n t  t i m e ,  p l o t t i n g  i s  done o u t s i d e  t h e  
RTMPOS. 

The second and more v e r s a t i l e  mechanism f o r  s a v i n g  d a t a  i s  by u s i n g  t h e  
s o - c a l l e d  a n a l y s i s  f u n c t i o n s .  These a l l o w  t h e  u s e r  t o  s p e c i f y  genera l  groups 
a t  r u n  t i m e  t h a t  save sampled va lues  o f  v a r i a b l e s ,  save maximurn and minimum 
v a l u e s  o f  v a r i a b l e s ,  and s p e c i f y  t h e  maximum a l l o w a b l e  r a t e  o f  change of  t h e  
v a r i a b l e s .  The sampl ing  process  works i n  t h e  same manner as t h e  read a d v i s o r y  
I n t e r r u p t s  a r e  i s s u e d  a t  a sampl ing r a t e  t h a t  i s  s p e c i f i e d  by t h e  u s e r .  Once 
t h e  sampl ing  process  i s  complete,  an a d v i s o r y  message i s  i s s u e d  on t h e  message 
d e v i c e .  The u s e r  must t h e n  i n i t i a t e  sav ing  o f  t h e  d a t a  t o  t h e  d a t a  f i l e .  The 
u s e r  may d i s p l a y  t h e  maximum o r  minimum values a t  any t i m e .  I f  a v a r i a b l e  
exceeds t h e  maximum r a t e  of change s p e c i f i e d  by t h e  u s e r ,  t h e  s i m u l a t i o n  s tops  
and an a d v i s o r y  i s  d i s p l a y e d  on t h e  message d e v i c e .  
h a v i n g  t h e  r a t e - o f - c h a n g e  v i o l a t i o n  i s  d i s p l a y e d  on t h e  u s e r ' s  t e r m i n a l .  

The p a r t i c u l a r  v a r i a b l e  



Misce l l aneous  

Once t h e  RTMPOS has been invoked by  t h e  u s e r ,  t h e r e  a r e  two ways t o  e x i t  
f r o m  i t .  Us ing  t h e  q u i t  Op t ion  t e r m i n a t e s  a l l  of  t h e  RTMPOS t a s k s  permanent ly .  
A l t e r n a t i v e l y ,  t h e  u s e r  can t e m p o r a r i l y  suspend t h e  RTMPOS, p e r f o r m  o t h e r  
t a s k s ,  such as e d i t i n g  and l i s t i n g  a t e x t  f i l e ,  and t h e n  resume t h e  RTMPOS a t  
t h e  p o i n t  where she/he l e f t  o f f .  I n  t h e  l a t t e r  case t h e  s i m u l a t o r  can con- 
t i n u e  t o  run  w i t h  any a d v i s o r y  messages o u t p u t  t o  t h e  message d e v i c e  as u s u a l .  
The d a t a  read a d v i s o r i e s  a r e  a l s o  processed.  

As a d i a g n o s t i c  a i d ,  t h e  use r  has t h e  o p t i o n  o f  r e a d i n g  o r  w r i t i n g  memory 
l o c a t i o n s  i n  t h e  s i m u l a t o r  p rocesso rs ,  t h e  shared memory b l o c k s ,  and t h e  RTMPOS 
a u x i l i a r y  memory b l o c k .  

I N V O K I N G  THE OPERATING SYSTEM 

Norma l l y ,  t h e  f i r s t  s t e p  i n  i n v o k i n g  t h e  RTMPOS w i l l  be t o  l o g  o n t o  t h e  
F E P .  I n  t h e  case o f  t h e  Lewis system, t h i s  i s  done by 

( 1 )  Tu rn ing  on t h e  system power ( i n c l u d i n g  t h e  s i m u l a t o r )  
( 2 )  P ress ing  t h e  keyboard r e t u r n  key < C R >  a f t e r  t h e  c u r s o r  appears on t h e  

( 3 )  Pushing t h e  system b o o t  b u t t o n  on t h e  FEP (EXORmacs) c h a s s i s  c o n t r o l  

( 4 )  P ress ing  t h e  break  key  on t h e  t e r m i n a l  keyboard  

m o n i t o r  

and i n d i c a t o r  pane l  

A s  shown i n  f i g u r e  4, t h e  use r  w i l l  t h e n  be prompted f o r  i n f o r m a t i o n .  
(No te  t h a t  t h e  use r  shou ld  t u r n  on t h e  a l l - c a p s  key  b e f o r e  making e n t r i e s . )  
I n  t h e  f o l l o w i n g  example t h e  use r  responses a r e  u n d e r l i n e d  t o  d i s t i n g u i s h  them 
f r o m  system prompts:  

ENTER DEI-AULT SYSTEM VOLUME: USER N O .  = SYS:O <CR> 

ENTER D A l E  (MM/DD/YR) = 3/28/84 <CR> 

ENTER T I M E  (HR:MIN) = 15 : lO  <CR> 

A s e r i e s  o f  messages a r e  t h e n  d i s p l a y e d  on t h e  screen.  The messages a r e  
f o l l o w e d  by a l i n e  d i s p l a y i n g  an equa l  s i g n  f o l l o w e d  by  t h e  c u r s o r .  The u s e r  
t h e n  e n t e r s  " M P O S . C F  S <CR>.." T h i s  e n t r y  i nvokes  a c h a i n  f i l e  ( a  s e r i e s  o f  
commands) t h a t  r e s u l t s  i n  t h e  RTMPOS t a s k s  b e i n g  loaded f r o m  d i s k  f i l e s  i n t o  
t h e  F E P .  I f  t h e  F E P  has been logged on and i s  i n  use, t h e  u s e r  shou ld  e n t e r  
"USE SYS:O & <CR>." f o l l o w e d  by  "MPOS.CF S <CR>. "  

The nex t  u s e r  e n t r y ,  "STAR <CR>-," causes t h e  RTMPOS t o  s t a r t  e x e c u t i n g .  
A message i s  d i s p l a y e d  f i r s t  showing what v e r s i o n  o f  t h e  R l M P O S  has been 
accessed. (The f u n c t i o n s  p r o v i d e d  by v e r s i o n  1.0,  090684, a r e  d e s c r i b e d  i n  
t h i s  r e p o r t .  The a d d i t i o n  o r  d e l e t i o n  o f  f u n c t i o n s  i s  i n d i c a t e d  b y  a new 
v e r s i o n  number.) The R l M P O S  t h e n  goes t h r o u g h  an  i n i t i a l i z a t i o n  r o u t i n e  t h a t  
a t t a c h e s  t h e  s i m u l a t o r  p rocesso r  memory and t h e  a u x i l i a r y  memory t o  t h e  RTMPOS 
t a s k s .  A message i s  d i s p l a y e d  t o  i n d i c a t e  whe the r  o r  n o t  t h e  memory was S U C - -  

c e s s f u l l y  a t t a c h e d .  The use r  i s  t h e n  prompted t o  d e s i g n a t e  t h e  message d e v i c e  
and a f i l e  f o r  s a v i n g  sess ion  h i s t o r y .  
names. However, if t h e  o p t i o n  t o  use t h e  d e f a u l t  s e s s i o n  h i s t o r y  f i l e  i s  

The u s e r  may o p t  t o  use t h e  d e f a u l t  
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e l e c t e d ,  i t  must be saved by copy ing  i t  t o  ano the r  f i l e  a t  t h e  end o f  t h e  
sess ion  o r  i t  w i l l  be l o s t  t h e  n e x t  t i m e  the RTMPOS i s  i nvoked .  

The user  i s  now ready t o  proceed w i t h  l o a d i n g  and e x e c u t i o n  o f  a s imu la -  
t i o n .  The use r  i s  prompted t o  p ress  t h e  keyboard r e t u r n  key <CR> t o  proceed 
t o  t h e  main menu o f  RTMPOS f u n c t i o n s  o r  t o  e n t e r  a d e s i r e d  s i m u l a t o r  mode 
command. The f o l l o w i n g  s e c t i o n  d e s c r i b e s  the main menu and t h e  submenus, which 
r e f l e c t  t h e  major  f u n c t i o n s  d e s c r i b e d  e a r l i e r .  Note t h a t  t h e  s i m u l a t o r  mode 
can be s e t  by e n t e r i n g  " S "  f o r  s top ,  I I R "  f o r  run ,  a H "  f o r  h o l d ,  o r  ' I C "  f o r  
c y c l e  i n  response t o  any main o r  submenu s e l e c t i o n  prompt.  

USING THE OPERATING SYSTEM MENUS 

The RTMPOS has a main menu and f i v e  submenus. A summary o f  a l l  menu 
s e l e c t i o n s  f o r  RTMPOS v e r s i o n  1.0, 090684, and t h e  page t h e y  a r e  d i scussed  on 
i s  g i v e n  i n  t a b l e  11. A "<CR>" i n  response t o  a submenu s e l e c t i o n  prompt 
r e t u r n s  t h e  use r  t o  t h e  main menu. A f t e r  a menu s e l e c t i o n  i s  made, t h e  RTMPOS 
w i l l  prompt t h e  user  f o r  a d d i t i o n a l  i n p u t s  i f  necessary.  An i l l e g a l  o r  i m -  
p roper  e n t r y  w i l l  cause e i t h e r  a p p r o p r i a t e  e r r o r  messages t o  be d i s p l a y e d  o r  a 
repeaL o f  t h e  prompt. (The appendix l i s t s  a b b r e v i a t i o n s  and symbols t h a t  a r e  
used i n  t h e  RTMPOS prompts and e r r o r  messages. Not a l l  o f  them a r e  r e f e r r e d  
t o  i n  t h i s  r e p o r t . )  A genera l  r u l e  t o  remember i s  t h a t  e n t r y  o f  "#" o r  any 
s e t  o f  c h a r a c t e r s  t e r m i n a t e d  by ''#I1 w i l l  cause e x i t  f r o m  t h e  c u r r e n t  l e v e l  o f  
e x e c u t i o n .  E n t r y  o f  11#11 i n  response t o  more t h a n  one prompt may be r e q u i r e d  
t o  e x i t  a f u n c t i o n a l  l e v e l .  Th i s  i s  i l l u s t r a t e d  i n  t h e  s e c t i o n  Example 
S i m u l a t i o n  Session. 

I f  t h e  r e q u i r e d  response t o  a menu prompt i s  t h e  name o f  an E X E C ,  TASK, 
o r  ARGGROUP r e c o r d ,  t h e  syntax o f  t h e  response i s  as f o l l o w s :  

PROGRAM.TYPE.RECORD<CR> 

Here, PROGRAM and R E C O R D  denote t h e  a c t u a l  program ( c h a n n e l )  and r e c o r d  names, 
which can be e i g h t  c h a r a c t e r s  l o n g .  
r e c o r d  i s  a s s o c i a t e d  w i t h  and i s  en te red  as a ' I C "  (COMP) o r  " P "  (PREP). The 
p e r i o d s  a r e  used as d e l i m i t e r s .  The RTMPOS always p r o v i d e s  and d i s p l a y s  t o  
t h e  use r  a d e f a u l t  program name and a d e f a u l t  p rocesso r  t y p e .  There fo re  t h e  
program name o r  p rocesso r  t y p e  must be en te red  o n l y  when i t  i s  d i f f e r e n t  f r o m  
t h e  d e f a u l t .  The f o l l o w i n g  e n t r i e s  rep resen t  v a l i d  r e c o r d  names f o r  EXEC,  
TASK, o r  ARGGROUP r e c o r d s :  

TYPE denotes w h i c h  p r o c e s s c r  t y p e  t h e  

PROGRAM.RECORD<CR> 

.TYPE.RECORD<CR> 

RECORD<CR> 

Whenever a new program o r  p rocesso r  t y p e  i s  e n t e r e d ,  i t  becomes t h e  new d e f a u l t  
v a l u e  and w i l l  be d i s p l a y e d  by t h e  RTMPOS. S ince  a GENGROUP i s  n o t  a s s o c i a t e d  
w i t h  a s p e c i f i c  s i m u l a t i o n  program, o n l y  i t s  name, up t o  e i g h t  c h a r a c t e r s  l ong ,  
i s  e n t e r e d  i n  response t o  a prompt.  
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I f  the r e q u i r e d  response t o  a menu prompt i s  t h e  name o f  a CONSTANT o r  
VARIABLE reco rd  i t  i s  en te red  as f o l l o w s :  

PROGRAM.TYPE.CONSTANT$ITEM<CR> 

o r  

PROGRAM.TYPE.VARIABLE$ITEM<CR> 

The syntax i s  s i m i l a r  t o  t h a t  d e s c r i b e d  e a r l i e r  except  f o r  t h e  a d d i t i o n  o f  
ano the r  d e l i m i t e r  ( 8 )  and I T E M ,  which denotes t h e  i t e m  number o f  i n t e r e s t  i n  
t h e  p a r t i c u l a r  CONSTANT o r  VARIABLE a r r a y .  ( R e c a l l  t h a t  c o n s t a n t s  and v a r l -  
ab les  have a s i z e  a t t r i b u t e . )  The f o l l o w i n g  e n t r i e s  r e p r e s e n t  v a l i d  r e c o r d  
names f o r  CONSTANT o r  VARIABLE reco rds . :  

PROGRAM.CONSTANT$ITEM<CR> 

.TYPE.CONSTANT$ITEM<CR> 

CONSTANT$ITEM<CR> 

CONSTANT$<CR> 

CONSTANT<CR> 

The use o f  " $ I T E M "  i n  an e n t r y  I s  i n t e r p r e t e d  as w a n t i n g  t h e  s p e c i f i e d  
i t e m  and a l l  succeedlng i tems i n  t h e  r e c o r d .  The use o f  o n l y  " $ "  i s  i n t e r -  
p r e t e d  as wan t ing  a l l  i t e m s  i n  t h e  r e c o r d .  The omiss ion  o f  " B I T E M "  i s  i n t e r -  
p r e t e d  as wan t ing  t h e  f i r s t  i t e m  o r  a l l  i t e m s  depending on t h e  menu s e l e c t i o n  
b e i n g  used. E n t r y  o f  a n o n e x i s t e n t  i t e m  number w i l l  r e s u l t  i n  an e r r o r  mes- 
sage. A l though ARGGROUP's  and run - t ime-genera ted  GENGROUP's a l s o  have s i z e  
a t t r i b u t e s ,  t h e y  a r e  t r e a t e d  as e n t i t i e s  f o r  most RTMPL o p e r a t i o n s .  The use o f  
" $ "  o r  " $ I T E M "  w i t h  t h e i r  e n t r y  i s  i g n o r e d  o r  t r e a t e d  as an e r r o r  by t h e  
RTMPOS. 

Responses t h a t  i n v o l v e  d i s k  f i l e  names must be e n t e r e d  i n  accordance w i t h  
t h e  F E P  DOS r u l e s  f o r  naming f i l e s .  I n  t h e  case of  t h e  Lewis FEP, a VERSAdos 
f i l e  name c o n s i s t s  o f  f i v e  p a r t s  d e l i m i t e d  as f o l l o w s :  

VOLUME:USER.CATALOG.FILE.EXTENSION 

Each p a r t  ( e x c e p t  USER) i s  a lphanumer ic  and must b e g i n  w i t h  an a l p h a b e t i c  
c h a r a c t e r .  "VOLUME" r e f e r s  t o  t h e  d i s k  name and may be f o u r  c h a r a c t e r s  l o n g .  
"USER" r e f e r s  t o  t h e  user  number and must be a number up t o  f o u r  c h a r a c t e r s  
l o n g .  "CATALOG" and "FILE" a r e  names up t o  e i g h t  c h a r a c t e r s  l o n g  and 
"EXTENSION" must be t w o  c h a r a c t e r s  l o n g .  Whenever a f i l e  name must be e n t e r e d ,  
t h e  user  i s  prompted f o r  t h e  i n d i v i d u a l  p a r t s  excep t  f o r  t h e  e x t e n s i o n ,  wh ich  
i s  a lways s u p p l i e d  by t h e  RTMPOS. I n  some cases, t h e  use r  i s  prompted o n l y  f o r  
"VOLUME" and "USER" .  

R e c a l l  t h a t  a l l  user  e n t r i e s  must be f o l l o w e d  by p r e s s i n g  t h e  r e t u r n  key 
< C R> . 
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Main Menu 

The main menu o f  RTMPOS f u n c t i o n s  i s  shown i n  f i g u r e  4 .  The s i m u l a t o r  
mode i s  s e t  by e n t e r i n g  t h e  f i r s t  l e t t e r  o f  t h e  d e s i r e d  mode (e .g . ,  ' I R "  f o r  
r u n ) .  When d i s p l a y e d  on t h e  u s e r ' s  t e r m i n a l ,  t h e  c u r r e n t  s i m u l a t o r  mode i s  
i n d i c a t e d  by an a s t e r i s k .  A c y c l e  mode has n o t  been implemented i n  t h e  c u r r e n t  
v e r s i o n  o f  RTMPOS. The a l l o w a b l e  s i m u l a t o r  modes a r e  s top ,  run ,  and h o l d .  

Stop mode. - " S "  a l l o w s  t h e  use r  t o  p u t  t h e  s i m u l a t i o n  i n  t h e  s t o p  mode 
when i t  i s  i n  r u n  o r  h o l d .  I n  response t o  t h e  'IS" e n t r y ,  t h e  RTMPOS w a i t s  f o r  
n o t i f i c a t i o n  f rom t h e  s i m u l a t o r  t h a t  i t  i s  i n  s t o p .  The user  i s  n o t i f i e d  
whether o r  n o t  t h e  s i m u l a t o r  goes t o  s t o p .  When a s t o p  i s  executed,  any use r  
o r  o p e r a t i n g  system M and H a d v i s o r i e s  generated s i n c e  t h e  l a s t  s t o p  a r e  au to -  
m a t i c a l l y  saved i n  t h e  sess ion  h i s t o r y ,  and read a d v i s o r y  d a t a  ( b u t  n o t  sample 
d a t a )  a r e  a u t o m a t i c a l l y  saved i n  t h e  d a t a  f i l e .  System M and H a d v i s o r i e s  a r e  
saved i n  t h e  sess ion  h i s t o r y  o n l y  by number. The system message numbers and 
co r respond ing  messages a r e  g i v e n  i n  t a b l e  I .  

Run mode. - I ' R "  a l l o w s  t h e  use r  t o  p u t  t h e  s i m u l a t o r  i n t o  t h e  r u n  mode. 
I n  r e i p o n s e  t o  t h e  ' ' R "  e n t r y ,  t h e  RTMPOS w a i t s  f o r  n o t i f i c a t i o n  f rom t h e  simu- 
l a t o r  t h a t  i t  i s  r u n n i n g .  The user  i s  n o t i f i e d  whether o r  n o t  t h e  s i m u l a t o r  
goes t o  run .  The c u r r e n t  r u n / h o l d  number i s  d i s p l a y e d  on t h e  u s e r ' s  t e r m i n a l  
and on t h e  message d e v i c e .  The r u n / h o l d  number i s  an i d e n t i f i c a t i o n  number f o r  
t r a n s i e n t s  d u r i n g  a s i m u l a t i o n  sess ion .  This  number i s  used t o  r e t r i e v e  d a t a  
f rom t h e  d a t a  f i l e  f o r  l i s t i n g  and p l o t t i n g .  The r u n / h o l d  number i s  d i s p l a y e d  
on t h e  u s e r ' s  t e r m i n a l  and message d e v i c e  and e n t e r e d  i n  t h e  sess ion  h i s t o r y  
each t i m e  t h e  user  p u t s  t h e  s i m u l a t o r  i n  t h e  r u n  o r  h o l d  mode. 

Ho ld  mode. - 'IH" a l l o w s  t h e  use r  t o  p u t  t h e  s i m u l a t o r  i n t o  t h e  h o l d  mode. 
The h o l d  mode must be e n t e r e d  f r o m  t h e  s top mode. The use r  i s  f i r s t  asked 
whether or  n o t  t h e  same va-iiab:es a r e  t c  be h e l d  aga ln .  I f  nn p r e v i o i i s  h o l d  
c y c l e s  were executed o r  if t h e  use r  wishes t o  change t h e  h o l d  v a r i a b l e s ,  t h e  
response i s  I INIl ;  o t h e r w i s e  t h e  response i s  " Y . "  The user  may s p e c i f y  t h e  p r o -  
gram v a r i a b l e s  t o  be h e l d  e i t h e r  i n d i v i d u a l l y  o r  by means o f  argument groups 
o r  genera! groups.  S p e c i f l c a t i o n  of  t h e  h o l d  v a r i a b l e s  by means o f  a genera l  
group i s  recommended as t h e  m o s t  convenient  method. V a r i a b l e s  t o  be h e l d  must 
be s p e c i f i e d  by t h e i r  p r e s e n t  va lues .  A f t e r  s p e c i f y i n g  t h e  v a r i a b l e s  t o  be 
h e l d ,  t h e  use r  i s  prompted f o r  t h e  number o f  update c y c l e s  t o  be executed i n  
t h e  h o l d  mode. The user  i s  n o t i f i e d  whether o r  n o t  t h e  s i m u l a t o r  goes t o  h o l d .  
When t h e  p r o p e r  number o f  c y c l e s  has been executed, t h e  s i m u l a t i o n  i s  au to -  
m a t i c a l l y  p l a c e d  i n  s t o p  and t h e  use r  i s  n o t i f i e d ,  v i a  t h e  message dev i ce ,  t h a t  
h o l d  c y c l i n g  i s  complete.  The user  may s top t h e  s i m u l a t o r  b e f o r e  c o m p l e t i o n  o f  
t h e  h o l d  c y c l i n g  by u s i n g  t h e  llS" e n t r y .  I n  some c i rcumstances ( such  as debug- 
g i n g )  t h e  use r  may w i s h  t o  have t h e  s i m u l a t i o n  execute a s p e c i f i c  number o f  up- 
d a t e  c y c l e s .  The h o l d  mode can be used f o r  t h i s  purpose. When t h e  use r  i s  
prompted f o r  t h e  f i r s t  v a r i a b l e  t o  be held,  e n t r y  o f  ' I#" w i l l  r e s u l t  i n  no 
v a r i a b l e s  b e i n g  h e l d  and t h e  s i m u l a t i o n  w i l l  execute n o r m a l l y .  The c u r r e n t  
r u n / h o l d  number i s  d i s p l a y e d  on t h e  u s e r ' s  t e r m i n a l  and on t h e  message d e v i c e  
when t h e  s i m u l a t o r  goes t o  h o l d .  

O the r  f u n c t i o n s ,  t h e  genera l  n a t u r e  o f  which were d e s c r i b e d  e a r l i e r ,  can 
E n t e r i n g  a number between 3 and 7 be s e l e c t e d  by e n t e r i n g  t h e  p roper  number. 

w i l l  r e s u l t  i n  t h e  d i s p l a y  o f  a submenu. 
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F u n c t i o n  1, i n i t i a l i z e  s i m u l a t o r  hardware. - The u s e r  i s  f i r s t  prompted 
t o  r e s e t  t h e  s i m u l a t o r  p rocesso rs  ( i . e . ,  push t h e  r e s e t  b u t t o n  on a l l  s imu la -  
t o r  p rocesso rs ) .  A ' IN" e n t r y  causes r e t u r n  t o  t h e  main menu. A " Y ' '  e n t r y  
i n d i c a t e s  t h a t  t h e  r e s e t  b u t t o n s  were pushed and t h e  hardware t e s t  t h e n  p r o -  
ceeds a u t o m a t i c a l l y .  The u s e r  i s  n o t i f i e d  wh ich  channe ls  pass t h e  hardware 
t e s t  and which channel  i s  t h e  R T X .  If t h e  R T X  i s  n o t  ready, t h e  s i m u l a t o r  
cannot  be used. 

F u n c t i o n  2, d i s p l a y  o r  s e t  update i n t e r v a l  and number o f  ADC channe ls .  - 
The c u r r e n t  va lues  of  t h e  update i n t e r v a l  and t h e  number o f  a n a l o g - t o - d i g i t a l  
c o n v e r t e r  (ADC) channe ls  a r e  d i s p l a y e d  f i r s t ,  f o l l o w e d  b y  a prompt.  A " Y "  
e n t r y  i n d i c a t e s  t h a t  t h e  va lues  a r e  a c c e p t a b l e  and causes a r e t u r n  t o  t h e  main 
menu. I f  a ' IN" e n t r y  i s  made, t h e  u p d a t e - i n t e r v a l  and ADC- in te rva l  c l o c k s  w i l l  
be r e s e t .  The u s e r  i s  f i r s t  prompted f o r  t h e  update  i n t e r v a l  i n  mic roseconds.  
The v a l u e  e n t e r e d  must be an i n t e g e r  m u l t i p l e  o f  5 w i t h  a range o f  va lues  f r o m  
100 t o  81 915. The update i n t e r v a l  i s  t h e  l e n g t h  o f  t i m e  a l l o t t e d  t o  t h e  p roc -  
esso rs  t o  do t h e  s i m u l a t i o n  c a l c u l a t i o n s  and r e q u i r e d  d a t a  t r a n s f e r s .  I f  t h e  
update  i n t e r v a l  and t h e  s i m u l a t i o n  s t e p - s i z e  parameter  a r e  e q u a l ,  t h e  s i m u l a t o r  
w i l l  r u n  i n  r e a l  t i m e .  The use r  i s  n o t i f i e d  whether  o r  n o t  t h e  s i m u l a t o r  w i l l  
r u n  i n  r e a l  t i m e  when t h e  c l o c k  i s  s e t  f o l l o w i n g  t h e  s p e c i f i c a t i o n  o f  t h e  s tep -  
s i z e  parameter.  

The ADC-interval  c l o c k  i s  s e t  by  s p e c i f y i n g  t h e  number o f  ana log - to -  
d i g i t a l  channels t h a t  a r e  b e i n g  used. The a l l o w a b l e  number o f  channe ls  w i l l  be 
governed by t h e  l e n g t h  o f  t h e  update  i n t e r v a l .  I f  t o o  many channe ls  a r e  s p e c i -  
f i e d ,  t h e  RTMPOS n o t i f i e s  t h e  use r .  Bo th  c l o c k s  may be s e t  any t i m e  a f t e r  t h e  
hardware has been i n i t i a l i z e d .  The u s e r  i s  a lways  prompted t o  s e t  t h e  c l o c k s  
when a s i m u l a t i o n  i s  loaded.  

F u n c t i o n  8, suspend RTMPOS t e m p o r a r i l y .  - The u s e r  can t e m p o r a r i l y  suspend 
o p e r a t i o n  o f  t h e  RTMPOS w i t h o u t  a f f e c t i n g  o p e r a t i o n  o f  t h e  s i m u l a t o r  ( i . e . ,  t h e  
s i m u l a t o r  w i l l  s t a y  i n  i t s  c u r r e n t  mode). The u s e r  may t h e n  i n v o k e  any command 
recogn ized  b y  t h e  manu fac tu re r -supp l i ed  o p e r a t i n g  sys tem (e.g. ,  VERSAdos). To 
resume o p e r a t i o n  o f  t h e  RTMPOS, t h e  u s e r  e n t e r s  t h e  command "MPOS.CF." (When 
u s i n g  t h e  Lewis RTMPS, i f  t h e  s i m u l a t o r  i s  r u n n i n g  and no u s e r  e n t r i e s  a r e  
b e i n g  made t o  t h e  RTMPOS, i t  i s  recommended t h a t  t h e  RTMPOS be suspended. T h i s  
w i l l  p r e v e n t  t h e  RTMPOS t a s k  f rom b e i n g  a b o r t e d  b y  VERSAdos if RTMPOS i s  i d l e  
f o r  abou t  15 min . )  

F u n c t i o n  9 ,  q u i t .  - The s i m u l a t i o n  s e s s i o n  i s  t e r m i n a t e d  i f  t h e  c u r r e n t  
d a t a  base has n o t  been e d i t e d  o r  has been e d i t e d  b u t  p r e v i o u s l y  saved. I f  t h e  
c u r r e n t  da ta  base has been e d i t e d  b u t  n o t  p r e v i o u s l y  saved, t h e  u s e r  w i l l  be 
g i v e n  an o p p o r t u n i t y  t o  save i t  b e f o r e  t h e  s e s s i o n  t e r m i n a t e s .  I f  t h e  u s e r  
e l e c t s  t o  save t h e  d a t a  base a t  t h a t  p o i n t ,  t h e  RTMPOS w i l l  r e t u r n  t o  t h e  main  
menu a f t e r  t h e  save process  i s  comple te ,  o t h e r w i s e  t h e  s e s s i o n  t e r m i n a t e s  
a u t o m a t i c a l l y .  

S e l e c t i o n  o f  any o f  t h e  f o l l o w i n g  main  menu f u n c t  
co r respond ing  submenu d i s p l a y .  

ons r e s u l t s  i n  t h e  
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F u n c t i o n  3, Session H i s t o r y  

SIMULATOR MODE ( c u r r e n t  mode d i s p l a y e d )  
( 1 )  DISPLAY DATE AND T I M E  ON TERMINAL AND I N  SESSION HISTORY FILE 
( 2 )  ENTER A COMMENT I N  SESSION HISTORY FILE 
( 3 )  EXECUTE AN E X I S T I N G  SESSION HISTORY FILE 
( 4 )  BE PROMPTED FOR FILE TO SAVE SESSION HISTORY 
( 5 )  STOP S A V I N G  SESSION HISTORY 

<CR> OR SELECTION ? .. 

The c u r r e n t  s i m u l a t o r  mode i s  d i s p l a y e d  a t  t h e  t o p .  
mode s e l e c t i o n s  a r e  n o t  d i s p l a y e d  i n  t h e  submenus, t h e  mode can be s e t  by 
e n t e r i n g  t h e  f i r s t  l e t t e r  o f  t h e  d e s i r e d  mode i n  response t o  t h e  s e l e c t i o n  
prompt,  as i n d i c a t e d  e a r l i e r .  A <CR> i n  response t o  a l l  submenu s e l e c t i o n  
prompts r e t u r n s  t h e  use r  t o  t h e  main menu: 

Even though t h e  s i m u l a t o r  

S e l e c t i o n  1.  - S e l e c t i o n  1 causes t h e  c u r r e n t  d a t a  and t i m e  t o  be d i s -  
p layed  a t  t h e  termi,nal  and e n t e r e d  as a comment i n  t h e  sess ion  h i s t o r y  f i l e .  

S e l e c t i o n  2. - S e l e c t i o n  2 a l l o w s  t h e  use r  t o  e n t e r  a comment i n  t h e  
sess ion  h i s t o r y  f i l e  ( e . g . ,  a d e s c r i p t i o n  o f  t h e  t r a n s i e n t  t o  be r u n ) .  
user  i s  prompted f o r  t h e  comment t o  be entered.  A comment must be enc losed i n  
a s t e r i s k s ,  may c o n t a i n  any c h a r a c t e r  (excep t  an a s t e r i s k )  and i s  l i m i t e d  t o  64 
c h a r a c t e r s .  Two a s t e r i s k s ,  spaced 64 c h a r a c t e r s  a p a r t ,  a r e  d i s p l a y e d  above t h e  
e n t r y  l i n e  as a g u i d e  t o  t h e  u s e r .  An e n t r y  o f  " * # * I '  w i l l  r e t u r n  t h e  RTMPOS t o  
t h e  menu. 
h i s t o r y  f i l e  a l o n g  w i t h  t h e  comment. 

The 

The c u r r e n t  d a t a  and t i m e  a r e  a u t o m a t i c a l l y  e n t e r e d  i n  t h e  sess ion  

S e l e c t i o n  3. - S e l e c t i o n  3 a l l o w s  t h e  use r  t o  execute t h e  menu s e l e c t i o n s  
and responses t o  prompts c o n t a i n e d  i n  an e x i s t i n g  sess ion  h i s t o r y  f i l e .  
user  i s  promptea f o r  t h e  name of  t h e  f i l e  t s  be execu ted .  S e s s i o n  history i s  
never  saved d u r i n g  e x e c u t i o n  o f  t h e  c u r r e n t  sess ion  h i s t o r y  f i l e .  F i g u r e  5 
shows a l i s t i n g  of  a t y p i c a l  sess ion  h i s t o r y  f i l e  t h a t  c o u l d  be executed.  
E x e c u t i o n  o f  t h e  sess ion  h i s t o r y  f i l e  ceases when t h e  end o f  t h e  f i l e  i s  
reached. ?he RTMPOS t h e n  r e t u r n s  t o  t h e  menu and a message i s  d i s p l a y e d  i f  
sess ion  h i s t o r y  i s  n o t  b e i n g  saved. Warning! Care must be taken  i f  t h e  ses- 
s i o n  h i s t o r y  f i l e  t o  be executed c o n t a i n s  s e l e c t i o n s  t o  i n i t i a l i z e  t h e  simu- 
l a t o r ,  t o  l o a d  a d a t a  base, o r  t o  l o a d  a s i m u l a t i o n .  
r e s p e c t i v e  a c t i o n s  should be taken  b e f o r e  e x e c u t i n g  t h e  sess ion  h i s t o r y  f i l e :  
push t h e  p rocesso r  r e s e t  b u t t o n s ,  d e l e t e  t h e  c u r r e n t  d a t a  base (submenu 4 ,  
s e l e c t i o n  9 ) ,  and un load  t h e  s i m u l a t o r  (submenu 5, s e l e c t i o n  6 ) .  Otherw ise  
t h e  s e s s i o n  h i s t o r y  w i l l  n o t  execute p r o p e r l y .  
sess ion  h i s t o r y  c o n t a i n s  r u n  (R)  o r  h o l d  ( H )  mode s e l e c t i o n s .  User e n t r i e s  
t h a t  a r e  made w h i l e  t h e  s i m u l a t o r  i s  i n  run o r  h o l d  (e.g. ,  d i s p l a y  o f  simu- 
l a t i o n  v a l u e s  o r  a s t o p  ( S ) )  a r e  t i m e  dependent. 
accounted  f o r  d u r i n g  e x e c u t i o n  of  t h e  sess ion h i s t o r y .  That i s ,  each e n t r y  i s  
executed  i n  sequence as q u i c k l y  as p o s s i b l e .  I n  v iew o f  t h e  a fo rement ioned 
problems,  t h e  use r  must c a r e f u l l y  e d i t  a sess ion  h i s t o r y  b e f o r e  e x e c u t i n g  i t .  
E n t r i e s  i n  t h e  sess ion  h i s t o r y  t h a t  w i l l  cause improper  o r  unwanted a c t i o n s  by 
t h e  RTMPOS can be d e l e t e d  o r  made i n t o  unexecutable comments ( t o  be e x p l a i n e d  
l a t e r ) .  

The 

I f  i t  does, t h e  f o l l o w i n g  

There i s  a l s o  a p rob lem i f  t h e  

T h i s  t i m e  dependence i s  n o t  

S e l e c t i o n  4 .  - S e l e c t i o n  4 a l l o w s  the  use r  t o  r e d e f i n e  t h e  d i s k  f i l e  f o r  
s a v i n g  t h e  sess ion  h i s t o r y .  
i n f o r m a t i o n .  

The user  i s  prompted f o r  t h e  r e q u i r e d  
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S e l e c t i o n  5 .  - S e l e c t i o n  5 a l l o w s  t h e  user  t o  s t o p  s a v i n g  t h e  s e s s i o n  
h i s t o r y  f i l e .  A f t e r  t h e  command i s  en te red ,  no f u r t h e r  i n f o r m a t i o n  i s  w r i t t e n  
t o  t h e  sess ion  h i s t o r y  f i l e  u n t i l  i t e m  ( 4 )  o f  t h i s  submenu i s  s e l e c t e d .  

F u n c t i o n  4 ,  Data-Base Load ing  and Management 

SIMULATOR MODE ( c u r r e n t  mode d i s p l a y e d )  
(1)  LOAD SIMULATION DATA BASE I N T O  FEP 
( 2 )  D I S P L A Y / E D I T  ARGUMENT GROUP D E F I N I T I O N S  
( 3 )  DISPLAYIEDIT VALUES OF SIMULATION CONSTANTS OR VARIABLE IC/HOLD 

( 4 )  DISPLAY/EDIT GENERAL GROUP DEFINITIONS 

( 6 )  SAVE CURRENT E D I T E D  DATA BASE ON DISK(ETTE) 
( 7 )  GET L I S T I N G  OF CURRENT DATA BASE 
( 8 )  D I S P L A Y  DATA BASE STATUS 
( 9 )  DELETE CURRENT DATA BASE FROM F E P  MEMORY 

VALUES 

( 5 )  D I S P L A Y / E D I T  USER-DEFINED ADVISORY MESSAGES 

<CR> O R  SELECTION ? . .  
S e l e c t i o n  1. - S e l e c t i o n  1 a l l o w s  t h e  u s e r  t o  l o a d  a s i m u l a t i o n  d a t a  base 

f r o m  t h e  d i s k  f i l e  i n t o  FEP memory. The use r  i s  f i r s t  prompted f o r  t h e  name 
o f  t h e  s i r n u l a t i o n  d e f i n i t i o n  f i l e  t h a t  i s  c o n t a i n e d  i n  t h e  RTMPL d a t a  base 
( c a t a l o g  name SIMDEF). The RTMPOS t h e n  d i s p l a y s  t h e  i d e n t i f y i n g  c o n t e n t s  of 
t h e  f i l e  so  t h a t  t h e  user  can be su re  she/he has s e l e c t e d  t h e  r i g h t  f i l e .  The 
user  t h e n  has t h e  o p t i o n  o f  l o a d i n g  t h a t  d a t a  base, s e l e c t i n g  a new one, o r  
q u i t t i n g .  Once data-base l o a d i n g  beg ins ,  t h e  e n t i r e  d a t a  base i s  loaded i n t o  
F E P  memory w i t h o u t  any p rompt ing  o f  t h e  u s e r .  A f t e r  t h e  d a t a  base has been 
loaded,  the  user  may proceed w i t h  any o f  t h e  data-base-management menu s e l e c -  
t i o n s  o r  go on t o  l o a d  t h e  s i m u l a t o r .  The s i m u l a t o r  i s  a u t o m a t i c a l l y  un loaded 
i f  i t  was p r e v i o u s l y  loaded.  

S e l e c t i o n  2 .  - S e l e c t i o n  2 a l l o w s  i t ems  t o  be d e l e t e d ,  i n s e r t e d ,  o r  sub- 
s t i t u t e d  for o t h e r  i t ems  i n  an argument g roup .  The use r  i s  f i r s t  prompted 

ENTER ARGUMENT GROUP NAME . . 

E n t r y  of  "#" w i l l  r e t u r n  t h e  user  t o  t h e  menu. To m o d i f y  an argument g roup 
named DATA, o f  t y p e  C ,  a s s o c i a t e d  w i t h  program DATAPROC, t h e  use r  response 
would be as f o l l o w s :  

ENTER ARGUMENT GROUP NAME . . DATAPROC.C.DATA 

o r  s i m p l y  "DATA" i f  t h e  d e f a u l t  program and p rocesso r  t y p e  a r e  DATAPROC and C, 
r e s p e c t i v e l y .  The r e s u l t i n g  prompt i s  

ENTER ARGUMENT GROUP I T E M  NUMBER OR NAME . . 

Here, e n t r y  o f  "#I '  r e t u r n s  t h e  user  t o  t h e  argument g roup  name prompt.  O the r -  
wise,  t h e  user must e n t e r  t h e  name o r  number o f  t h e  i t e m  i n  t h e  argument g roup 
t h a t  she/he wishes t o  m o d i f y .  For example, i f  t h e  second i t e m  i n  t h e  argument 
g roup D A T A P R O C . C . D A T A  i s  t o  be changed and i t  happens t o  be t h e  p r e s e n t  v a l u e  
of  DATAPROC.P.ANF (namely P.ANF$l) ,  t h e  u s e r  c o u l d  e n t e r  e i t h e r  I I . P . A N F $ l "  o r  
" 2 "  t o  mod i f y  t h a t  i t e m  i n  t h e  argument g r o u p .  The f o l l o w i n g  d i s p l a y  would 
then  appear:  

1 4  



DATAPROC.C.DATA$2 = DATAPROC.P.ANF$l ( X V )  . . 

Th is  prompt v e r i f i e s  t h a t  t h e  second i t e m  ( $ 2 )  i n  t h e  argument group 
DATAPROC.C.DATA i s  t h e  p r e s e n t  v a l u e  ( $ 1 )  o f  ANF, f rom t h e  PREP (P) p rocesso r  
f o r  program DATAPROC, and t h a t  i t  i s  an e x t e r n a l  v a r i a b l e  (XV).  The use r  t h e n  
has t h e  f o l l o w i n g  c h o i c e  o f  e n t r i e s :  

E n t r y  Mean i ng 

# r e t u r n  t o  t h e  argument group name prompt 
<CR> no change t o  t h i s  i t e m  - d i s p l a y  t h e  n e x t  i t e m  i n  t h e  argument 

group ( i f  t h e r e  i s  one); o the rw ise ,  r e t u r n  t o  t h e  argument 
group name prompt 

i n  t h e  group a r e  renumbered a c c o r d i n g l y  
/ d e l e t e  t h i s  i t e m  f r o m  t h e  argument group - a l l  subsequent i t ems  

< I n s e r t  a new i t e m  i n  t h e  argument group b e f o r e  t h e  c u r r e n t  one 
> i n s e r t  a new i t e m  i n  t h e  argument group a f t e r  t h e  c u r r e n t  one 
New i t e m  name r e p l a c e  t h e  c u r r e n t  i t e m  w i t h  t h i s  new e n t r y  

An e n t r y  o f  1'<11 o r  ''>" w i l l  r e s u l t  i n  t h e  prompt 

ENTER ARGUMENT TO BE INSERTED . . 
The u s e r  may respond w i t h  "#" o r  t h e  name o f  t h e  i t e m  t o  be i n s e r t e d .  An i t e m  
t h a t  i s  i n s e r t e d  o r  used t o  r e p l a c e  t h e  c u r r e n t  i t e m  can be a c o n s t a n t ,  a 
v a r i a b l e ,  o r  an e x t e r n a l  v a r i a b l e  t h a t  i s  a v a i l a b l e  t o  t h e  argument g r o u p ' s  
program. But  t h e  new i t e m  must have t h e  same DTP as t h e  argument group.  An 
argument group may be added t o  ano the r  argument group i n  t h e  same program 
p r o v i d e d  t h a t  enough space has been a l l o c a t e d  and t h a t  t h e  D T P ' s  a r e  t h e  same. 
An argument group 'IS a u t o m a t i c a l l y  updated i n  t h e  s i m u l a t o r  i f  i t  i s  loaded 
and a t  t h e  t l m e  o t  l o a d i n g .  

S e l e c t i o n  3. - S e l e c t i o n  3 a l l o w s  values o f  l o c a l  and g l o b a l  c o n s t a n t s  i n  
t h e  s i m u l a t i o n  t o  be d i s p l a y e d  and va lues  o f  parameters t o  be m o d i f i e d .  
h o l d  va lues  o f  s i m u l a t i o n  v a r i a b l e s  nay a l s o  be d isp !ayed/mod i f ied .  The user  
i s  f i r s t  prompted 

I C  and 

ENTER CONSTANT OR VARIABLE NAME . . 
E n t r y  of  "#'I w i l l  r e t u r n  t h e  user  t o  t h e  menu. An example o f  a v a l i d  e n t r y  i s  

ENTER CONSTANT OR VARIABLE NAME . . CORESIM.P.PRC. 

Again,  C O R E S I M  o r  P may be o m i t t e d  i f  t h e y  a r e  d e f a u l t  va lues .  The d i s p l a y  

C O R E S I M . P . P R C  = 1.0000E+00 . . 

would i n d i c a t e  t h a t  t h e  p r e s e n t  va lue  o f  t h e  c o n s t a n t  i s  u n i t y .  The user  t h e n  
has t h e  f o l l o w i n g  c h o i c e  o f  e n t r i e s :  
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E n t r y  Meaning 

# r e t u r n  t o  t h e  CONSTANT/VARIABLE name prompt 
<CR> do n o t  change t h e  c o n s t a n t ' s  v a l u e  - d i s p l a y  t h e  n e x t  i t e m  i n  t h e  

c o n s t a n t ' s  a r r a y  i f  t h e r e  i s  one; o t h e r w i s e ,  r e t u r n  t o  t h e  
CONSTANT/VARIABLE name prompt 

D r e p l a c e  t h e  c o n s t a n t ' s  v a l u e  by t h e  c u r r e n t  d e f a u l t  v a l u e  
New v a l u e  r e p l a c e  t h e  c o n s t a n t ' s  v a l u e  by t h e  new va lue .  The v a l u e  may be 

e n t e r e d  w i t h  o r  w i t h o u t  t h e  e n g i n e e r i n g  ( E t O O )  n o t a t i o n  

The d e f a u l t  o p t i o n  a l l o w s  t h e  use r  t o  s i m p l y  e n t e r  a " D "  r a t h e r  t h a n  t h e  
e n t i r e  number. The d e f a u l t  v a l u e  i s  d i s p l a y e d  whenever t h e  user  e n t e r s  t h e  
CONSTANT/VARIABLE e d i t i n g  r o u t i n e .  Warning! Whenever a new v a l u e  i s  e n t e r e d  
and n o t  r e j e c t e d ,  I t  a u t o m a t i c a l l y  becomes t h e  d e f a u l t  v a l u e .  I f  t h e  d e f a u l t  
v a l u e  i s  used o r  a new v a l u e  i s  en te red ,  i t  must be c o n s i s t e n t  w i t h  t h e  
c o n s t a n t ' s  DTP. An i l l e g a l  v a l u e  w i l l  be r e j e c t e d  w i t h  an e r r o r  message and 
t h e  use r  w i l l  be prompted a g a i n .  I n  some i n s t a n c e s  t h e  use r  may a l s o  r e c e l v e  
a warn ing  (e.g. ,  when a dec imal  va lue  i s  e n t e r e d  f o r  a c o n s t a n t  i n t e g e r ) .  I n  
t h i s  case t h e  va lue  i s  n o t  r e j e c t e d  un less  i t  i s  o u t  of  range, i n  which case 
an e r r o r  message would be g i v e n .  I n  t h e  event  t h a t  t h e  use r  m o d i f i e s  a g l o b a l  
c o n s t a n t ,  i t  i s  a u t o m a t i c a l l y  updated everywhere t h a t  t h e  g l o b a l  c o n s t a n t  i s  
used i n  t h e  s i m u l a t i o n .  

The procedure f o r  d i s p l a y i n g / m o d i f y i n g  v a r i a b l e  I C  and h o l d  va lues  i s  
e s s e n t i a l l y  t h e  same as t h a t  d e s c r i b e d  f o r  t h e  c o n s t a n t s .  When a v a r i a b l e  name 
i s  en te red ,  t h e  I C  v a l u e  w i l l  be d i s p l a y e d  f i r s t  r e g a r d l e s s  o f  s e l e c t i o n  
number. The user  w i l l  t h e n  have t h e  same c h o i c e  of  e n t r i e s  as f o r  a c o n s t a n t .  
Any e n t r y  o t h e r  t h a n  "#I' r e s u l t s  i n  t h e  h o l d  v a l u e  t h e n  b e i n g  d i s p l a y e d  w l t h  
t h e  same e n t r y  o p t i o n s .  Warning! Wh i le  t h e  RTMPOS does a l l o w  p r e s e n t  
( I T E M  = 1) and p a s t  ( I T E M  > 1 )  va lues  o f  v a r i a b l e  I C ' s  t o  be d i f f e r e n t  ( i . e . ,  
s i m u l a t i o n  s t a r t i n g  f r o m  a n o n e q u i l i b r i u m  c o n d i t i o n ) ,  t h e  f i r m w a r e  c u r r e n t l y  
implemented r e s u l t s  i n  a l l  p a s t  va lues b e i n g  s e t  equal  t o  t h e  c u r r e n t  v a l u e  
when t h e  s i m u l a t i o n  I C ' s  a r e  s e t .  Hence a s i m u l a t i o n  w i l l  s t a r t  f r o m  a non- 
e q u i l i b r i u m  c o n d i t i o n  o n l y  when a r u n  ( R ) ,  s t o p  ( S ) ,  r u n  ( R )  sequence of  mode 
changes i s  used. 

S e l e c t i o n  4 .  - S e l e c t i o n  4 a l l o w s  t h e  use r  t o  b u i l d  o r  e d i t  a g e n e r a l  
group a t  run t i m e .  The i n i t i a l  prompt i s  

ENTER GENERAL GROUP NAME . . 

E n t r y  o f  "#" w i l l  r e t u r n  t h e  use r  t o  t h e  menu. O the rw ise ,  t h e  use r  must e n t e r  
a name up t o  e i g h t  c h a r a c t e r s  l o n g  - t h e  f i r s t  b e i n g  a l p h a b e t i c .  No program 
name o r  processor  t y p e  i s  a t t a c h e d  t o  a g e n e r a l  group.  I f  t h e  name e n t e r e d  by 
t h e  user  does n o t  e x i s t ,  t h e  use r  i s  n o t i f i e d  and a new g e n e r a l  group by t h a t  
name can be c r e a t e d .  P rocess ing  of  a g e n e r a l  group and t h e  c h o i c e  of  e n t r i e s  
i n  response t o  prompts i s  t h e  same as t h a t  f o r  an argument group.  Any con- 
s t a n t ,  l o c a l  v a r i a b l e ,  argument group, o r  g e n e r a l  g roup  may be added t o  a 
g e n e r a l  group. When t h e  use r  s p e c i f i e s  an argument o r  g e n e r a l  group t o  be 
added, t h e  RTMPOS adds i t  i t e m  by i t e m  r a t h e r  t h a n  as an e n t i t y .  If an a rgu -  
ment group c o n t a i n s  an e x t e r n a l  v a r i a b l e ,  i t  i s  e n t e r e d  I n  t h e  g e n e r a l  group 
as coming from t h e  source p r o c e s s o r .  There i s  no r e s t r i c t i o n  on DTP o r  s i z e .  
Once t h e  genera l  group I s  formed, i t  may be saved on a d i s k  as p a r t  o f  t h e  
d a t a  base. 
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S e l e c t i o n  5. - S e l e c t i o n  5 a l l o w s  t h e  use r  t o  m o d i f y  t h e  u s e r - d e f i n e d  M 
and H a d v i s o r y  messages t h a t  a r e  sen t  t o  t h e  use r  f r o m  t h e  s i m u l a t o r  v i a  t h e  
FEP. The use r  i s  f i r s t  prompted 

ENTER MESSAGE NAME . . 
E n t r y  o f  11#'1 r e t u r n s  t h e  use r  t o  t h e  menu. Message names a r e  a lphanumer ic ,  up 
t o  e i g h t  c h a r a c t e r s  long,  and a r e  n o t  s p e c i f i c  t o  any program. For example, 
i f  t h e  use r  wanted t o  m o d i f y  a p r e v i o u s l y  d e f i n e d  message named DUCTMESS, t h e  
e n t r y  would be 

ENTER MESSAGE NAME . . DUCTMESS 

The s p e c i f i e d  message would t h e n  be d i s p l a y e d  f o l l o w e d  by t h e  prompt 

OK ( Y / N ) ?  . . 
A I 'Yl' response would i n d i c a t e  t h a t  t h e  message was a l l  r i g h t  - no change 
d e s i r e d .  The message name prompt would then be d i s p l a y e d  aga in .  A 'IN'' r e -  
sponse would mean t h e  use r  wished t o  change t h e  message. A message must be 
enc losed i n  a s t e r i s k s ,  may c o n t a i n  any c h a r a c t e r  ( e x c e p t  an a s t e r i s k ) ,  and may 
be 64 c h a r a c t e r s  l ong .  Two a s t e r i s k s  spaced 64 c h a r a c t e r s  a p a r t  a r e  d i s p l a y e d  
above t h e  e n t r y  l i n e  as a gu ide .  
t h e  menu. 

An e n t r y  o f  ' I*#*" w i l l  r e t u r n  t h e  RTMPOS t o  

S e l e c t i o n  6 .  - S e l e c t i o n  6 a l l o w s  t h e  use r  t o  save an e d i t e d  s i m u l a t i o n  
d a t a  base t o  d i s k  f i l e s .  I f  t h e  d a t a  base has been loaded f rom a d i s k  and has 
n o t  been e d i t e d ,  t h e  RTMPOS w i l l  n o t  p e r m i t  t h a t  d a t a  base t o  be resaved t o  a 
d i s k .  
f i l e s  under a d i f f e r e n t  name. I t  t n e  KTNPOS determines t h d i  i f i t .  data base has 
been e d i t e d  and can be saved, t h e  use r  i s  g i v e n  t h e  o p t i o n  o f  e i t h e r  ove r -  
w r i t i n g  t h e  f i l e s  f rom which t h e  c u r r e n t  data base was loaded  o r  g e n e r a t i n g  a 
c o m p l e t e l y  new s e t  of f i l e s .  If t h e  l a t t e r  o p t i o n  i s  e l e c t e d  and t h e r e  i s  s u f -  
f i c i e n t  room on t h e  d i s k ,  i t  I s  recomnended t h a t  d i f f e r e n t  d a t a  bases f a r  t h e  
same s i m u l a t i o n  be saved under d i f f e r e n t  user numbers. 

However, t h e  m a n u f a c t u r e r - s u p p l i e d  copy u t i l i t y  may be used t o  save such 

S e l e c t i o n  7 .  - S e l e c t i o n  7 a l l o w s  t h e  use r  t o  o b t a i n  a l i s t i n g  o f  t h e  sim- 
u l a t i o n  d a t a  base c u r r e n t l y  r e s i d i n g  i n  t h e  FEP memory. 
i s  n o t  a t e x t  f i l e ,  i t  cannot be o b t a i n e d  by u s i n g  t h e  m a n u f a c t u r e r - s u p p l i e d  
l i s t  u t i l i t y .  The use r  may e l e c t  t o  l i s t  a l l  o r  p a r t  of t h e  d a t a  base. 

Because t h e  d a t a  base 

S e l e c t i o n  8. - S e l e c t i o n  8 a l l o w s  t h e  use r  t o  de te rm ine  what data-base 
f i l e s  have been e d i t e d .  A f t e r  t h e  command i s  en te red ,  e i t h e r  a message w i l l  be 
d i s p l a y e d  i n d i c a t i n g  t h a t  t h e  c u r r e n t  d a t a  base has been saved o r  a prompt w i l l  
be d i s p l a y e d  a s k i n g  if t h e  user  wants t o  d i s p l a y  t h e  names o f  t h e  data-base 
f i l e s  t h a t  have been e d i t e d .  

S e l e c t i o n  9 .  - S e l e c t i o n  9 a l l o w s  the  use r  t o  f r e e  FEP memory by d e l e t i n g  
t h e  c u r r e n t  d a t a  base. 
t h e  FEP memory. 

Only one d a t a  base a t  a t i m e  i s  a l l o w e d  t o  r e s i d e  i n  
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F u n c t i o n  5, S i m u l a t i o n  Load lng / IC and Program C o n t r o l  

SIMULATOR MODE ( c u r r e n t  mode d i s p l a y e d )  
( 1 )  LOAD SIMULATION I N T O  SIMULATOR 
( 2 )  SET SIMULATION IC ' s  
( 3 )  CHANGE BACKGROUND EXECUTIVES 
( 4 )  ENABLE/DISABLE PROGRAM TASKS 
( 5 )  DISPLAY PROGRAM STATUS (ACTIVE E X E C U T I V E S  AND ENABLED TASKS) 
( 6 )  UNLOAD SIMULATOR 

<CR> OR SELECTION? . . 
S e l e c t i o n  1. - S e l e c t i o n  1 i n i t i a t e s  l o a d i n g  o f  s i m u l a t i o n  programs. A 

d a t a  base must r e s i d e  i n  t h e  FEP b e f o r e  t h i s  s e l e c t i o n  can be made. The use r  
i s  prompted t o  s e l e c t  a channel  f o r  each s i m u l a t i o n  program t h a t  i s  s p e c i f i e d  
i n  t h e  s i m u l a t i o n .  If t h e  c o n f i g u r a t i o n  i s  DUAL, a s s o c i a t e d  (same program 
name) COMP and PREP programs a r e  a u t o m a t i c a l l y  p u t  i n t o  t h e  same channe l .  The 
s p e c i f i e d  processor  f u n c t i o n  (RTX o r  DSC) f o r  each program must be c o m p a t i b l e  
w i t h  t h e  ass igned channel  o r  t h e  assignment w i l l  n o t  be made and an e r r o r  mes- 
sage w i l l  be d i s p l a y e d .  (When t h e  s i m u l a t o r  hardware i s  i n i t i a l i z e d ,  t h e  RTX 
channel  number i s  d i s p l a y e d . )  Every program must have a channel  assignment o r  
an e r r o r  w i l l  occu r .  Once t h e  assignments have been made, t h e  use r  i s  g i v e n  
t h e  o p t i o n  t o  l o a d  o r  n o t  t o  l o a d .  A f t e r  t h e  s i m u l a t o r  i s  loaded, t h e  RTMPOS 
a u t o m a t i c a l l y  ( 1 )  updates each program's  CONSTANT and ARGGROUP r e c o r d s  t o  be 
c o n s i s t e n t  w i t h  t h e  d a t a  base c u r r e n t l y  r e s i d i n g  i n  FEP memory, ( 2 )  i n i t i a l i z e s  
v a r i a b l e s ,  ( 3 )  e n a b l e s / d i s a b l e s  t a s k s ,  a c c o r d i n g  t o  c o n d i t i o n s  o r i g i n a l l y  s e t  
t h rough  t h e  RTMPL u t i l i t y ,  ( 4 )  a c t i v a t e s  t h e  f i r s t  ze ro  p r i o r i t y  background 
e x e c u t i v e  s p e c i f i e d  i n  each program, and ( 5 )  d i s p l a y s  t h e  s i m u l a t i o n  s t a t u s  
showing the  a c t i v e  e x e c u t i v e  and enab led  t a s k s  i n  each program. The u s e r  i s  
prompted t o  e n t e r  t h e  name o f  t h e  i n t e g r a t i o n  s t e p - s i z e  parameter,  t o  s e t  t h e  
u p d a t e - i n t e r v a l  and number o f  ADC channe ls ,  and t o  name t h e  f i l e  f o r  s a v i n g  
s i m u l a t i o n  r e s u l t s  ( d a t a ) .  The i n t e g r a t i o n  parameter shou ld  be s p e c i f i e d  as a 
g l o b a l  parameter when t h e  s i m u l a t i o n  i s  b e i n g  deve loped w i t h  t h e  RTMPL u t i l i t y .  
Th i s  makes i t  e a s i e r  t o  m o d i f y  a t  r u n  t i m e  and t o  c o o r d i n a t e  w i t h  t h e  s i m u l a t o r  
update i n t e r v a l  by means of  t h e  RTMPOS. 

S e l e c t i o n  2.  - S e l e c t i o n  2 a l l o w s  t h e  user  t o  s e t  t h e  I C  va lues  o f  p rogram 
v a r i a b l e s  i n  t h e  s i m u l a t o r .  The s i m u l a t o r  must be i n  t h e  s t o p  mode. The use r  
may s p e c i f y  the v a r i a b l e s  t o  be i n i t i a l i z e d  e i t h e r  i n d i v i d u a l l y  o r  by means o f  
argument groups o r  genera l  g roups .  There i s  a l s o  an o p t i o n  t o  s e t  t h e  I C  
va lues  o f  a l l  s i m u l a t i o n  v a r i a b l e s  w i t h o u t  h a v i n g  t o  e n t e r  them i n d i v i d u a l l y  
o r  by means o f  a group. I f  n o t  a l l  v a r i a b l e s  a r e  t o  be i n i t i a l i z e d ,  use o f  a 
genera l  group i s  recommended as t h e  most c o n v e n i e n t  method t o  s p e c i f y  I C ' s .  
V a r i a b l e s  t o  be i n i t i a l i z e d  must be s p e c i f i e d  by t h e i r  p r e s e n t  v a l u e .  When 
v a r i a b l e s  a re  i n i t i a l i z e d ,  t hey  a u t o m a t i c a l l y  have t h e i r  p a s t  va lues  s e t  equa l  
t o  t h e  p resen t  va lue  by means o f  t h e  s i m u l a t o r  f i r m w a r e .  Whenever t h e  s i m u l a -  
t i o n  I C ' s  a re  s e t ,  t h e  r u n / h o l d  number c o u n t e r  i s  inc remented.  

S e l e c t i o n  3 .  - S e l e c t i o n  3 a l l o w s  t h e  use r  t o  a c t i v a t e  a s p e c i f i c  ze ro  
p r i o r i t y  e x e c u t i v e  i n  a s e l e c t e d  s i m u l a t i o n  program f i l e .  
o r i t y  execu t i ves  i n  t h e  same program a r e  a u t o m a t i c a l l y  d e a c t i v a t e d .  The use r  
i s  g i v e n  the o p t i o n  o f  ( 1 )  e n t e r i n g  t h e  name of t h e  e x e c u t i v e  t o  be a c t i v a t e d  
o r  ( 2 )  r e v i e w i n g  t h e  s t a t u s  o f  a l l  e x e c u t i v e s  w i t h  t h e  o p p o r t u n i t y  t o  change 
t h e  s t a t u s  o f  each. A s  s t a t e d  e a r l i e r ,  e i g h t  c h a r a c t e r s  may be e n t e r e d  f o r  an 
e x e c u t i v e  name ( p l u s  program and p rocesso r  t y p e ) .  However, o n l y  t h e  f i r s t  
seven c h a r a c t e r s  a r e  recogn ized  ( r e f .  8 ) .  Note  t h a t ,  when t h e  s i m u l a t i o n  

Any o t h e r  ze ro  P r i -  
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programs a r e  f i r s t  loaded, t h e  RTMPOS a u t o m a t i c a l l y  a c t i v a t e s  t h e  f i r s t  ze ro  
p r i o r i t y  e x e c u t i v e  s p e c i f i e d  i n  each s i m u l a t i o n  program. 

S e l e c t i o n  4 .  - S e l e c t i o n  4 a l l o w s  t h e  use r  t o  enable o r  d i s a b l e  any simu- 
l a t i o n  t a s k  - no o t h e r  t a s k  i s  a f f e c t e d .  The use r  i s  g i v e n  t h e  o p t i o n  o f  (1) 
e n t e r i n g  t h e  name o f  t h e  t a s k  t o  be enab led /d i sab led  o r  ( 2 )  r e v i e w i n g  t h e  s t a -  
t u s  o f  a l l  t a s k s  w i t h  t h e  o p p o r t u n i t y  t o  change t h e  s t a t u s  o f  each. A s  w i t h  
e x e c u t i v e s ,  e i g h t  c h a r a c t e r s  may be entered f o r  a t a s k  name, b u t  o n l y  t h e  f i r s t  
seven c h a r a c t e r s  a r e  recognized.  Note t h a t ,  when t h e  s i m u l a t i o n  programs a r e  
f i r s t  loaded,  each t a s k  i s  enabled o r  d i s a b l e d  a c c o r d i n g  t o  t h e  s t a t u s  i n i -  
t i a l i z e d  by t h e  use r  th rough  t h e  RTMPL u t i l i t y .  

S e l e c t i o n  5. - S e l e c t l o n  5 causes t h e  s i m u l a t i o n  s t a t u s  t o  be d i s p l a y e d ,  
showing t h e  a c t i v e  e x e c u t i v e  and enabled tasks  i n  each s i m u l a t i o n  program. An 
example i s  shown i n  t h e  sess ion  h i s t o r y  f i l e  l i s t i n g  o f  f i g u r e  5 ( l i n e s  64 t o  
6 9 ) .  

S e l e c t i o n  6 .  - S e l e c t i o n  6 s e t s  i n  t h e  RTMPOS a Boolean parameter i n d i c a t -  
i n g  t h a t  t h e  s i m u l a t o r  i s  n o t  loaded.  This  s e l e c t i o n  must be used i f  s lmu la -  
t i o n  programs have p r e v i o u s l y  been loaded and t h e  use r  wishes t o  execute a 
sess ion  h i s t o r y  f i l e  t h a t  c o n t a i n s  a s e l e c t i o n  t o  l o a d  t h e  s i m u l a t o r .  Other-  
wise t h e  s e s s i o n  h i s t o r y  f i l e  w i l l  n o t  execute p r o p e r l y .  

F u n c t i o n  6, S i m u l a t i o n  R e s u l t s  Management 

The s e l e c t i o n s  i n  submenu 6 a r e  

(1) A C T I V A T E / D E A C T I V A T E  ANALYSIS FUNCTIONS 
( 2 )  SAVE SAMPLE DATA, DISPLAY M A X / M I N  VALUES 
( 3 )  DISPLAY SIMULATOR CVU TIME AND SIi.iuikTiGi4 TI:% 
( 4 )  DISPLAY COMP AND PREP COMPUTATION TIMES 
( 5 )  BE PROMPTED FOR FILE TO SAVE SIMULATION RESULTS 
( 6 )  LIST SIMULATION RESULTS DATA FILE 
( 7 )  PLOT SIMULATION RESULTS DATA FILE 
( 8 )  DISPLAY SIMULATION VALUES OF CONSTANTS, VARIABLES, AND ARGUMENT/ 

( 9 )  DISPLAY COMP AND PREP A D V I S O R Y  MAX-DELAY TIMES 
GENERAL GROUPS 

( 1 0 )  DISPLAY EXTERNAL VARIABLE DELAY TIMES 
<CR> OR SELECTION? . . 
S e l e c t i o n  1 .  - S e l e c t i o n  1 a l l o w s  t h e  use r  t o  a c t i v a t e  o r  d e a c t i v a t e  any 

of  t h e  f o u r  a n a l y s i s  f u n c t i o n s :  ( 1 )  sample va lues  o f  v a r i a b l e s ,  ( 2 )  save maxi -  
mum va lues  o f  v a r i a b l e s ,  ( 3 )  save minimum values o f  v a r i a b l e s ,  and ( 4 )  s e t  max- 
imum a l l o w a b l e  r a t e  of change of  v a r i a b l e s .  The user  i s  f i r s t  prompted t o  
s e l e c t  t h e  d e s i r e d  a n a l y s i s  f u n c t i o n  o r  t o  q u i t .  I f  t h e  s e l e c t e d  f u n c t i o n  i s  
a l r e a d y  a c t i v a t e d ,  t h e  user  i s  s o  n o t i f i e d  and g i v e n  t h e  o p t i o n  t o  a b o r t  i t .  
Othe rw ise  t h e  use r  i s  prompted f o r  t h e  name o f  t h e  genera l  group c o n t a i n i n g  t h e  
v a r i a b l e s  t o  be processed by t h e  s e l e c t e d  a n a l y s i s  f u n c t i o n .  The genera l  group 
must a l r e a d y  e x i s t  o r  an e r r o r  message w i l l  o c c u r .  Each a n a l y s i s  f u n c t i o n  can 
process 16 v a r i a b l e s .  I f  t h e  s e l e c t e d  genera l  group c o n t a i n s  more t h a n  1 6  
i t e m s ,  o n l y  t h e  f i r s t  16, whether cons tan ts  o r  v a r i a b l e s ,  w i l l  be used and a 
warn ing  w i l l  be i ssued .  A l l  s ca led  f r a c t i o n  va lues  a r e  t r u n c a t e d  t o  s i n g l e  
p r e c i s i o n  and o n l y  s i n g l e - p r e c i s i o n  j n t e g e r s  a r e  a l l owed .  A f t e r  s e t t i n g  up an 
a n a l y s i s  f u n c t i o n ,  t h e  use r  i s  prompted f o r  ano the r  s e l e c t i o n  u n t i l  t h e  q u i t  
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o p t i o n  i s  s e l e c t e d .  Except  f o r  t h e  sampl ing process,  a n a l y s i s  f u n c t i o n s  can 
o n l y  be abor ted  o r  d e a c t i v a t e d  b y  t h i s  submenu s e l e c t i o n .  The a n a l y s i s  func-  
t i o n s  can be s e t  up w i t h  t h e  s i m u l a t o r  i n  any mode. 

The sample process a l l o w s  d a t a  t o  be read f r o m  any s i m u l a t o r  p rocesso r  and 
saved b y  u s i n g  t h e  same i n t e r r u p t  p rocedure  t h a t  i s  used b y  t h e  RTMPL read 
a d v i s o r i e s  ( r e f .  8 ) .  When t h e  sample process  i s  a c t i v e ,  read a d v i s o r i e s  a r e  
i g n o r e d  and t a s k s  c o n t a i n i n g  read a d v i s o r i e s  s h o u l d  be d i s a b l e d  so  t h a t  unne- 
c e s s a r y  i n t e r r u p t s  a r e  n o t  i s s u e d .  The u s e r  can e l e c t  t o  have t h e  sample p r o c -  
ess t r i g g e r  as soon as t h e  s i m u l a t o r  i s  p u t  i n  t h e  r u n  o r  h o l d  mode o r  when 
t h e  v a l u e  o f  a v a r i a b l e  i n  t h e  g e n e r a l  group reaches a s p e c i f i e d  l e v e l .  I n  
t h e  l a t t e r  case t h e  u s e r  i s  prompted f o r  t h e  v a r i a b l e  t o  be used, t h e  t r i g g e r  
l e v e l ,  and an a b s o l u t e - v a l u e  bandwidth about  t h e  t r i g g e r  l e v e l .  The sample 
process  then t r i g g e r s  i f  t h e  v a l u e  o f  t h e  v a r i a b l e  comes w i t h i n  t h e  t r i g g e r  
l e v e l ,  p l u s  o r  minus t h e  bandwidth.  I f  t h e  r u n / h o l d  t r i g g e r  o p t i o n  i s  se- 
l e c t e d ,  t h e  sample w i l l  b e g i n  a f t e r  t h e  u s e r  q u i t s  t h e  a n a l y s i s  f u n c t i o n s  s e t u p  
r o u t i n e  and t h e  s i m u l a t o r  i s  p l a c e d  i n  r u n  o r  h o l d .  The u s e r  i s  a l s o  prompted 
f o r  t h e  number o f  update i n t e r v a l s  between samples and t h e  number o f  samples 
d e s i r e d .  The RTMPOS d i s p l a y s  t h e  maximum number o f  samples a l l o w e d  based on 
t h e  memory s i z e  a l l o t t e d  t o  s a v i n g  d a t a .  When t h e  sample process  i s  complete,  
an a d v i s o r y  i s  i s s u e d  on t h e  message d e v i c e .  Process ing  o f  t h e  d a t a  i s  d i s -  
cussed i n  i t e m  2 o f  t h i s  submenu. 

The max/min v a l u e  f u n c t i o n s  keep t r a c k  o f  t h e  maximum and minimum v a l u e s  
o f  v a r i a b l e s  i n  t h e  genera l  group s e l e c t e d  f o r  each f u n c t i o n .  The same g e n e r a l  
g roup c o u l d  be used f o r  b o t h  f u n c t i o n s .  The max/min v a l u e s  a r e  i n i t i a l i z e d  t o  
t h e  va lues  o f  t h e  v a r i a b l e s  a t  t h e  t i m e  t h a t  t h e  f u n c t i o n  i s  a c t i v a t e d .  When- 
e v e r  t h e  v a r i a b l e  IC va lues  a r e  s e t  (main menu f u n c t i o n  5 ,  submenu s e l e c t i o n  
2 ) ,  t h e  max/min v a l u e s  a r e  a l s o  i n i t i a l i z e d  t o  t h e  IC v a l u e s  i f  t h e  max/min 
f u n c t i o n s  a r e  a c t i v e .  

The maximum rate-of -change f u n c t i o n  a l l o w s  t h e  u s e r  t o  s p e c i f y  t h e  maximum 
a l l o w a b l e  change o f  v a r i a b l e s  p e r  update i n t e r v a l  ( o r  t i m e  s t e p ) .  I f  t h e  a l l o w -  
a b l e  change i s  exceeded, t h e  s i m u l a t o r  goes t o  t h e  s t o p  mode and a message 
a d v i s o r y  i s  d i s p l a y e d  on t h e  message d e v i c e .  The n e x t  e n t r y  b y  t h e  u s e r  w i l l  
r e s u l t  i n  a d i s p l a y  on t h e  u s e r ' s  t e r m i n a l  i n d i c a t i n g  wh ich  v a r i a b l e  caused t h e  
rate-of -change v i o l a t i o n .  

S e l e c t i o n  2 .  - S e l e c t i o n  2 a l l o w s  t h e  u s e r  t o  save sample d a t a  o r  t o  d i s -  
p l a y  maximum o r  minimum va lues  r e s u l t i n g  f rom t h e  co r respond ing  a n a l y s i s  f u n c -  
t i o n s .  The u s e r  i s  prompted t o  s e l e c t  t h e  d e s i r e d  f u n c t i o n  o r  q u i t .  An 
a s t e r i s k  i n d i c a t e s  which o f  t h e  f u n c t i o n s  a r e  a c t i v e .  U n l i k e  t h e  read a d v i s o r y  
d a t a ,  s a v i n g  t h e  sample d a t a  t o  t h e  d a t a  d i s k  f i l e  must be i n i t i a t e d  b y  t h e  
u s e r .  If t h e  u s e r  a t t e m p t s  t o  save t h e  sample d a t a  b e f o r e  t h e  sample i s  com- 
p l e t e d ,  t h e  u s e r  i s  n o t i f i e d  and g i v e n  t h e  o p p o r t u n i t y  t o  t e r m i n a t e  t h e  sample. 
The u s e r  then has t h e  o p t i o n  o f  s a v i n g  t h e  p a r t i a l  sample. The sample d a t a  a r e  
saved i n  t h e  d a t a  f i l e  t h a t  was p r e v i o u s l y  s p e c i f i e d  b y  t h e  u s e r .  The u s e r  can 
a l s o  e l e c t  t o  d i s p l a y  t h e  maximum o r  minimum v a l u e s  i f  t h o s e  f u n c t i o n s  a r e  
a c t i v e .  The r e s u l t s  a r e  d i s p l a y e d  on t h e  u s e r l s  t e r m i n a l  and saved i n  t h e  ses- 
s i o n  h i s t o r y  f i l e .  

S e l e c t i o n  3.  - S e l e c t i o n  3 a l l o w s  t h e  u s e r  t o  d i s p l a y  t h e  number o f  update  
i n t e r v a l s ,  t h e  s i m u l a t o r  CPU t i m e  ( u p d a t e - i n t e r v a l  c l o c k  t i m e s  t h e  number o f  
update i n t e r v a l s )  and s i m u l a t i o n  t i m e  ( i n t e g r a t i o n  s t e p - s i z e  parameter  t i m e s  
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t h e  number o f  update i n t e r v a l s )  s i n c e  t h e  l a s t  s i m u l a t i o n  I C .  These va lues  can 
be d i s p l a y e d  w i t h  t h e  s i m u l a t o r  i n  any mode. 

S e l e c t i o n  4 .  - S e l e c t i o n  4 a l l o w s  t h e  use r  t o  d i s p l a y  t h e  t i m e  r e q u i r e d  t o  
c a l c u l a t e  t h e  program r e s i d i n g  on each s i m u l a t o r  p rocesso r .  The va lues  can be 
d i s p l a y e d  w i t h  t h e  s i m u l a t o r  i n  any mode. 

S e l e c t i o n  5. - S e l e c t i o n  5 a l l o w s  t h e  use r  t o  r e d e f i n e  t h e  d i s k  f i l e  f o r  
sav ing  s i m u l a t i o n  r e s u l t s .  The use r  i s  prompted f o r  t h e  r e q u i r e d  i n f o r m a t i o n .  
The user  i s  a u t o m a t i c a l l y  prompted f o r  t h i s  f i l e  when a s i m u l a t i o n  i s  f i r s t  
1 oaded . 

S e l e c t i o n  6. - S e l e c t i o n  6 a l l o w s  t h e  use r  t o  o b t a i n  a l i s t i n g  o f  s imu la -  
t i o n  r e s u l t s ,  i n  e n g i n e e r i n g  u n i t s ,  t h a t  have p r e v i o u s l y  been saved i n  a d a t a  
d i s k  f i l e  as a r e s u l t  o f  t h e  read ( R )  a d v i s o r y  ( r e f .  8)  o r  t h e  a n a l y s i s  sample 
f u n c t i o n .  The use r  i s  prompted f o r  t h e  l i s t  d e v i c e  ( e . g . ,  a p r i n t e r  o r  t h e  
u s e r ' s  t e r m i n a l )  and t h e  d a t a  f i l e  t o  be l i s t e d .  The user  can t h e n  e l e c t  t o  
l i s t  r e s u l t s  o f  a s p e c i f i c  r u n / h o l d  number o r  t h e  e n t i r e  f i l e .  

S e l e c t i o n  7 .  - S e l e c t i o n  7 a l l o w s  t h e  use r  t o  o b t a i n  p l o t s  o f  d a t a  t h a t  
have p r e v i o u s l y  been saved i n  a d a t a  d i s k  f i l e  as a r e s u l t  o f  t h e  read (R) 
a d v i s o r y  ( r e f .  8)  o r  t h e  a n a l y s i s  sample f u n c t i o n .  Warning! T h i s  f u n c t i o n  i s  
n o t  c u r r e n t l y  implemented i n  t h e  RTMPOS. T h e r e f o r e  p l o t t i n g  must be done by 
means o f  a separa te  program. The user  i s  prompted f o r  t h e  r e q u i r e d  
i n f o r m a t i o n .  

S e l e c t i o n  8. - S e l e c t i o n  8 a l l o w s  t h e  use r  t o  d i s p l a y  c u r r e n t  va lues  o f  
s i m u l a t i o n  c o n s t a n t s  and v a r i a b l e s  ( l o c a l  o r  e x t e r n a l ) .  A l l  va lues a r e  r e -  
t r i e v e d  f r o m  t h e  p roper  s i m u l a t o r  processor  except  f o r  nonparameter c o n s t a n t s  
t h a t  a r e  ass igned  as immediate d a t a  by t h e  RTMPL. Immediate d a t a  va lues  a r e  
r e t r i e v e d  t r o m  t h e  a a t a  base ana a r e  preceaea by t i l e  e x p r e s s i u i i  ii-ibiES.BkTk;. 
The use r  s p e c i f i e s  an e x t e r n a l  v a r i a b l e  by p r e c e d i n g  t h e  name w i t h  "@."  For  
example, suppose i t  i s  d e s l r e d  t o  d i s p l a y  t h e  v a l u e  o f  t h e  e x t e r n a l  v a r i a b l e  
DATAPROC.P .ANF$ l  t h a t  i s  used i n  program DATAPR0C.C. F i r s t  o f  a l l ,  DATAPR0C.C 
must be t h e  d e f a u l t  program and processor  t ype .  The g s e r  t h e n  e n t e r s  
@DATAPROC.P .ANF$ l  o r  s i m p l y  . P . A N F $ l  s i n c e  DATAPROC i s  t h e  d e f a u l t  program. 
The v a l u e  d i s p l a y e d  i s  t h e  m o s t  r e c e n t  va lue o f  A N F $ l  t r a n s f e r r e d  f r o m  t h e  
PREP t o  t h e  COMP and i s  r e t r i e v e d  from the  COMP. An e n t r y  w i t h o u t  " @ "  ( i . e . ,  
DATAPROC.P .ANF$ l )  r e s u l t s  i n  t h e  va lue  o f  ANF$1 b e i n g  r e t r i e v e d  f r o m  t h e  PREP. 
The use r  i s  prompted f o r  t h e  i t e m  t o  be d i s p l a y e d .  The name o f  a c o n s t a n t ,  
v a r i a b l e ,  argument group, o r  genera l  group may be en te red .  A l l  i t ems  o f  a 
c o n s t a n t  o r  v a r i a b l e  a r r a y  w i l l  be d i s p l a y e d ,  b e g i n n i n g  w i t h  t h e  f i r s t  one 
s p e c i f i e d ,  u n t i l  t h e  use r  e x i t s  t h e  a r r a y  by e n t e r i n g  "#." The use r  cannot 
change v a l u e s  by means of  t h i s  f u n c t i o n .  The f u n c t i o n  can be used i n  any s i m -  
u l a t o r  mode. Values d i s p l a y e d  on t h e  u s e r ' s  t e r m i n a l  a r e  a l s o  saved i n  t h e  
sess ion  h i s t o r y .  Note t h a t  d i s p l a y i n g  values w i t h  t h e  s i m u l a t o r  i n  t h e  r u n  
mode w i l l  s l o w  down t h e  s i m u l a t o r .  

S e l e c t i o n  9. - S e l e c t i o n  9 a l l o w s  the  use r  t o  d i s p l a y  t h e  maximum d e l a y  
t i m e s - o f  message and read a d v i s o r i e s  f rom a l l  s i m u l a t o r  p rocesso rs .  
f o r  a l l  channe ls  a r e  d i s p l a y e d  a u t o m a t i c a l l y  a t  t h e  use r  t e r m i n a l  and w r i t t e n  
i n t o  t h e  s e s s i o n  h i s t o r y .  

The de lays  
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S e l e c t i o n  10. - 
t i m e s  o f  e x t e r n a l  va 
d e l a y  t i m e s  f o r  each 

S e l e c t i o n  10 a l l o w s  t h e  u s e r  t o  d i s p l a y  t h e  t r a n s f e r  d e l a y  

program t h a t  c o n t a i n s  e x t e r n a l  v a r i a b l e s .  
r i a b l e s .  The u s e r  i s  g i v e n  t h e  o p p o r t u n i t y  t o  d i s p l a y  

F u n c t i o n  7 ,  Read/Wri t e  Memory L o c a t i o n  

SIMULATOR MODE ( c u r r e n t  mode d i s p l a y e d )  

<CR> OR SELECTION? . . 

( 1 )  DISPLAY MEMORY LOCATION 
( 2 )  WRITE MEMORY L O C A T I O N  

S e l e c t i o n  1 .  - S e l e c t i o n  1 a l l o w s  t h e  u s e r  t o  d i s p l a y  t h e  c o n t e n t s  o f  sim- 
u l a t o r  and RTMPOS a u x i l i a r y  memory l o c a t i o n s .  The s i m u l a t o r  memory i n c l u d e s  
t h e  COMP, t h e  PREP, and t h e  shared memory. The u s e r  f i r s t  s e l e c t s  t h e  t y p e  of  
memory t o  be read and then  t h e  channel  number ( e x c e p t  f o r  a u x i l i a r y  memory). 
The u s e r  i s  t h e n  prompted f o r  t h e  d e s i r e d  o f f s e t  address where a ze ro  o f f s e t  
r e p r e s e n t s  t h e  f i r s t  b y t e  o f  t h e  memory b e i n g  addressed. 
e n t e r e d  i n  dec ima l  o r  hexadecimal f o r m a t .  Hexadecimal va lues  must be preceded 
by two apos t rophes.  O f f s e t s  t h a t  a r e  n o t  e n t e r e d  as an even number a r e  a u t o -  
m a t i c a l l y  rounded down t o  t h e  n e a r e s t  even address .  E i g h t  b y t e s  a r e  d i s p l a y e d  
a t  a t i m e  and t h e  va lues  a r e  g i v e n  i n  hexadec imal .  The u s e r  t h e n  has t h e  op- 
t i o n  o f  e n t e r i n g  a new o f f s e t ,  p r e s s i n g  t h e  r e t u r n  key  <CR> f o r  t h e  n e x t  e i g h t  
by tes ,  o r  e n t e r i n g  "#'I t o  r e t u r n  t o  t h e  menu t o  s e l e c t  a n o t h e r  memory o r  q u i t .  

The o f f s e t  can be 

S e l e c t i o n  2 .  - S e l e c t i o n  2 a l l o w s  t h e  u s e r  t o  w r i t e  t o  s i m u l a t o r  and 
RTMPOS a u x i l i a r y  memory. I n  t h i s  case s i m u l a t o r  memory i n c l u d e s  o n l y  t h e  COMP 
and PREP. Warning! The use r  shou ld  o b v i o u s l y  be knowledgeable about  t h e  
memory l o c a t i o n s  b e i n g  w r i t t e n  t o ,  so  as n o t  t o  a f f e c t  s i m u l a t o r  o p e r a t i o n  o r  
s i m u l a t i o n  execu t ion .  The use r  i s  prompted f o r  t h e  t y p e  o f  memory, t h e  channe l  
number, and t h e  o f f s e t  address .  When w r i t i n g  t o  t h e  a u x i l i a r y  memory o r  COMP 
memory, o n l y  one b y t e  i s  w r i t t e n  a t  a t i m e  and t h e  address  can be even o r  odd. 
When t h e  PREP i s  s e l e c t e d ,  two b y t e s  must be w r i t t e n  and t h e  o f f s e t  must be 
even. 

D I S K  FILE MANAGEMEN1 

The RTMPOS can genera te  f i l e s  t h a t  c o n t a i n  t h e  f o l l o w i n g  t y p e s  o f  
i n f  orma t i on : 

( 1 )  An e d i t e d  da ta  base 
( 2 )  Session h i s t o r y  
( 3 )  S i m u l a t i o n  r e s u l t s  

As e x p l a i n e d  e a r l i e r ,  t h e  data-base f i l e s  a r e  an o u t p u t  o f  t h e  RTMPL u t i l i t y .  
The u s e r  can t h e n  e d i t  those f i l e s  by  means o f  t h e  RTMPOS and save t h e  new 
f i l e s .  Since these  f i l e s  may be l a r g e  and t h e r e  may be many o f  them, t h e  u s e r  
w i l l  p robab ly  want t o  copy these  f i l e s  t o  a n o t h e r  d i s k  and d e l e t e  them f rom t h e  
o p e r a t i o n a l  d i s k .  T h i s  p rocedure  i s  recommended because t h e  RTMPOS w i l l  c r a s h  
if t h e r e  i s  an a t t e m p t  t o  o v e r f i l l  t h e  o p e r a t i o n a l  d i s k .  

F i l e  types  2 and 3 have d e f a u l t  names d e f i n e d  by t h e  RTMPOS. The u s e r  has 
t h e  o p t i o n  of r e d e f i n i n g  those  names. The s e s s i o n  h i s t o r y  and s i m u l a t i o n  
r e s u l t s  f i l e s  w i l l ,  i n  genera l ,  c o n t a i n  i m p o r t a n t  i n f o r m a t i o n  about  a g i v e n  
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s i r n u l a t i o n  sess ion .  
o f  each sess ion  o r  t h a t  t h e  d e f a u l t  f i l e s  be saved a t  t h e  end o f  each s e s s i o n  
by copy ing  them t o  ano the r  f i l e  o r  d i s k .  

I t  i s  recommended t h a t  t h e y  be r e d e f i n e d  a t  t h e  b e g i n n i n g  

F i l e s  may be cop ied  o r  d e l e t e d  f r o m  a d i s k  by u s i n g  t h e  a p p r o p r i a t e  
manu fac tu re r -supp l i ed  opera t i ng -sys tem command on t h e  FEP. For t h e  NASA Lewis 
F E P  t h e  commands a r e  COPY o r  DEL f o l l o w e d  by t h e  f i l e  name and d e s i r e d  o p t i o n s .  
The user  should r e f e r  t o  t h e  manu fac tu re r -supp l i ed  FEP use rs  manual f o r  t h e  
exac t  f o r m  o f  t h e  copy and d e l e t e  commands. 

EXAMPLE SIMULATION SESSION 

The example p resen ted  he re  i s  i n tended  o n l y  t o  i l l u s t r a t e  t h e  sequence 
r e q u i r e d  t o  g e t  a s i m u l a t i o n  up and runn ing .  I t  does n o t  i l l u s t r a t e  t h e  f u l l  
c a p a b i l i t i e s  o f  t h e  RTMPOS. The example s i r n u l a t i o n  i s  based on a t y p i c a l  
s m a l l - t u r b o s h a f t  engine.  A s ing le -channe l ,  dua l -p rocesso r  s i m u l a t i o n  was deve- 
loped by u s i n g  t h e  RTMPL u t i l i t y .  The s i r n u l a t i o n  equa t ions  were a l l o c a t e d  t o  
t h e  COMP and PREP processors so as t o  m in im ize  e x e c u t i o n  t i m e  f o r  t h e  two- 
processor  c o n f i g u r a t i o n .  D e t a i l s  o f  t h e  p a r t i t i o n i n g  a r e  n o t  p resen ted  h e r e i n .  

The process o f  b u i l d i n g  t h e  s i m u l a t i o n  by u s i n g  t h e  RTMPL u t i l i t y  i s  de- 
s c r i b e d  i n  r e f e r e n c e  8 .  The o u t p u t s  o f  t he  RTMPL u t i l i t y  a r e  s i m u l a t i o n  d a t a -  
base f i l e s  and assembly language source f i l e s  f o r  each s i m u l a t i o n  program. The 
program source f i l e s  a r e  l i s t e d  as p a r t  o f  t h e  data-base l i s t i n g .  For  t h i s  
s i m u l a t i o n  t h e  source f i l e s  a r e  DEVl:O.OBJCOMP.T700DUAL.SA and DEV1:O.OBJPREP. 
T700DUAL.SA f o r  t h e  COMP and PREP, r e s p e c t i v e l y .  Be fo re  t h e  s i m u l a t i o n  can be 
loaded and executed, t h e  source f i l e s  must be t ransformed i n t o  e x e c u t a b l e  
machine code f o r  t h e  t a r g e t  p rocesso rs .  I n  g e n e r a l ,  t h i s  i s  done by u s i n g  a 
m a n u f a c t u r e r - s u p p l i e d  assembler and l i n k a g e  e d i t o r  t h a t  a r e  r e s i d e n t  on t h e  
F E P .  2nce the  ~ 5 2 :  ha: '!o.;.;ed on, 2s r t e ~ r r j h e d  e a r l j e r j  t h e  aqqembler and 
l i n k a g e  e d i t o r  a r e  i nvoked .  
source f i l e  f o r  t h e  COMP processor  on t h e  NASA Lewis RTMPOS: 

The f o l l o w i n g  commands assemble and l i n k  t h e  

= ASM DEVl:O.OBJCOMP.T70ODUAL.SA 

= LINK DEVl:O.OBJCOMP.T700DUAL.R0 

Both o f  t h e  program source f i l e s  must be assembled and l i n k e d  i n  t h i s  way. The 
use r  s h o u l d  r e f e r  t o  t h e  documenta t ion  f o r  t h e  m a n u f a c t u r e r - s u p p l i e d  assembler 
and l i n k a g e  e d i t o r  f o r  d e s c r i p t i o n s  o f  t he  e x a c t  syn tax  t o  be used and p o s s i b l e  
o p t i o n s  t h a t  a r e  a v a i l a b l e .  The example p resen ted  h e r e i n  assumes t h a t  t h e  s i m -  
u l a t i o n  has been fo rmu la ted  by u s i n g  t h e  RTMPL u t i l i t y  and t h a t  t h e  program 
source f i l e s  have been assembled and l i n k e d .  

F i g u r e  4 shows t h e  t e r m i n a l  d i s p l a y  f o r  b e g i n n i n g  t h e  example s i m u l a t i o n  
sess ion .  An II=II g e n e r a l l y  i n d i c a t e s  a prompt f r o m  t h e  m a n u f a c t u r e r - s u p p l i e d  
DOS. V a r i o u s  d i s p l a y s  f o l l o w e d  by I t .  . I '  i n d i c a t e  a prompt f r o m  t h e  RTMPOS. I n  
a l l  cases t h e  use r  t ypes  h e r / h i s  response and t h e n  e n t e r s  i t  by p r e s s i n g  t h e  
keyboard  r e t u r n  key <CR>. The f o l l o w i n g  commentary e x p l a i n s  t h e  s e s s i o n  as i t  
p rog resses .  

The f i r s t  s t e p  i s  t o  i nvoke  t h e  RTMPOS as d e s c r i b e d  e a r l i e r .  L i n e s  1 t o  4 
show t h e  l og -on  process;  t h e  b l a n k  l i n e s  ( 5  t o  7 )  r e p r e s e n t  a s e r i e s  of  l og -on  
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messages from VERSAdos. The RTMPOS i s  t h e n  s t a r t e d  by t h e  c h a i n  f i l e  command 
"MPOS.CF S"  ( l i n e  8 ) .  The c h a i n  f i l e  commands ( l i n e s  9 t o  19) a r e  t h e n  d i s -  
p layed .  The RTMPOS i s  i n i t i a t e d  by t h e  STAR(t) command ( l i n e  2 1 ) .  The d e f a u l t  
message dev i ce  I s  i n d i c a t e d  t o  be t h e  l i n e  p r i n t e r  des igna ted  as "#PR.l' The 
use r  accepts t h a t  by t y p i n g  " Y "  on l i n e  30. The prompt on l i n e  32 means t h a t  
t h e  use r  should be su re  t h a t  t h e  p r i n t e r  i s  t u r n e d  on and p r o p e r l y  c o n f i g u r e d  
t o  r e c e i v e  messages b e f o r e  p r e s s i n g  t h e  r e t u r n  key.  

L i n e s  34 t o  49 d e f i n e  t h e  sess ion  h i s t o r y  f i l e .  The use r  e l e c t s  n o t  t o  
use t h e  d e f a u l t  f i l e  name by t y p i n g  " N "  on l i n e  34. The use r  i s  t h e n  prompted 
f o r  t h e  p a r t s  o f  t h e  f i l e  d e f i n i t i o n .  Sess ion h i s t o r y  f i l e  e x t e n s i o n  i s  a lways 
"SH.'I The user  must be su re  t h a t  t h e  des igna ted  volume ( d i s k )  i s  l oaded  and 
t h e  RTMPOS t h e n  t e s t s  i f  t h e  f i l e  a l r e a d y  e x i s t s .  I f  i t  does, t h e  use r  can 
o v e r w r i t e  t h e  e x i s t i n g  f i l e  o r  e n t e r  a new name. The sess ion  h i s t o r y  name i s  
d i s p l a y e d  on t h e  u s e r ' s  t e r m i n a l  and on t h e  message d e v i c e  ( f i g .  6 ) .  The 
RTMPOS i s  now i n i t i a l i z e d  and t h e  use r  i s  ready t o  b e g i n  t h e  s i m u l a t i o n  ses- 
s i o n .  The message on l i n e s  52  t o  53 ( f i g .  4) i n d i c a t e s  t h a t  t h e  use r  can 
change t h e  s i m u l a t o r  mode i n  response t o  any main menu o r  submenu prompt.  
P ress ing  the  r e t u r n  key ( l i n e  54) r e s u l t s  i n  a main menu d i s p l a y  and prompt 
( l i n e s  60 t o  7 9 ) .  The a s t e r i s k  on l i n e  63 i n d i c a t e s  t h a t  t h e  s i m u l a t o r  i s  
c u r r e n t l y  i n  t h e  s t o p  mode. 

The remainder o f  t h e  example sess ion  w i l l  be e x p l a i n e d  w i t h  t h e  a i d  of  t h e  
sess ion  h i s t o r y  f i l e  t h a t  was generated d u r i n g  t h e  example s e s s i o n .  
o f  t h e  sess ion  h i s t o r y  i s  g i v e n  i n  f i g u r e  5 .  A l l  l i n e s  b e g i n n i n g  w i t h  an 
exc lamat ion  p o i n t  (e .g . ,  l i n e  1 )  a r e  t r e a t e d  as unexecu tab le  comments. These 
i n c l u d e  a l l  nonuser e n t r i e s  such as prompts and o t h e r  t e r m i n a l  d i s p l a y s  and 
messages. The exc lamat ion  p o i n t  i s  a s i g n a l  t o  p r e v e n t  t h e  RTMPOS f r o m  t r y i n g  
t o  execute t h a t  e n t r y  when a sess ion  h i s t o r y  f i l e  i s  b e i n g  executed.  A user  
can t h e r e f o r e  make an e x e c u t a b l e  s e s s i o n - h i s t o r y  e n t r y  i n t o  an unexecu tab le  
comment by i n s e r t i n g  an e x c l a m a t i o n  p o i n t  a t  t h e  b e g i n n i n g  o f  t h e  p r o p e r  l i n e .  
Th is  would be accompl ished by means o f  t h e  m a n u f a c t u r e r - s u p p l i e d  t e x t  e d i t o r  
u t i l i t y .  Whenever a prompt i s  i n c l u d e d  i n  t h e  f i l e ,  t h e  u s e r ' s  response I s  
g i v e n  on the  n e x t  l i n e  (e .g . ,  l i n e s  5 and 6 ) .  A b l a n k  l i n e  i n d i c a t e s  a c a r -  
r i a g e  r e t u r n  <CR> response t o  a prompt ( e . g . ,  l i n e  1 1 ) .  RTMPOS prompts t h a t  
a r e  repeated o f t e n  o r  a r e  n o t  necessary f o r  u n d e r s t a n d i n g  t h e  s e s s i o n  f i l e  a r e  
o m i t t e d  f r o m  t h e  f i l e  t o  save space. Some use r  responses a r e  e n t e r e d  i n  t h e  
sess ion  f i l e  o n l y  as a comment. These i n c l u d e  main menu s e l e c t i o n  8 and 
sess ion-h is to ry -menu s e l e c t i o n s  3 t o  5 ,  wh ich  would cause problems if t h e y  were 
t o  be executed a s  p a r t  o f  t h e  sess ion  h i s t o r y  f i l e .  When an mproper response 
i s  e n t e r e d  by t h e  user ,  " ! E R R O R ! "  i s  w r i t t e n  i n t o  t h e  s e s s i o n  f i l e ,  b u t  t h e  
e n t i r e  e r r o r  message i s  n o t  w r i t t e n .  

A l i s t i n g  

A t y p i c a l  user  procedure a f t e r  t h e  RTMPOS i s  i nvoked  wou 
f o l l o w i n g :  

d be t h e  

( 1 )  I n i t i a l i z e  t h e  s i m u l a t o r  hardware. 
( 2 )  Load t h e  d a t a  base f o r  t h e  d e s i r e d  s i m u l a t i o n .  
( 3 )  E d i t  t h e  da ta  base i f  r e q u i r e d .  
( 4 )  Load t h e  s i m u l a t i o n  programs. 
( 5 )  S e t  up t h e  d e s i r e d  a n a l y s i s  f u n c t i o n s .  
( 6 )  Run t h e  s i m u l a t i o n  and o b t a i n  r e s u l t s .  
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To i n i t i a l i z e  t h e  s i m u l a t o r  hardware t h e  user e n t e r s  main menu s e l e c t i o n  ( i . e . ,  
f u n c t i o n )  1 ( f i g .  5, l i n e  6 ) .  ( A l l  subsequent l i n e  numbers r e f e r  t o  t h e  ses- 
s i o n  h i s t o r y . )  The use r  i s  prompted t o  r e s e t  t h e  s i m u l a t o r  processors (1.e.. 
push t h e  r e s e t  b u t t o n s  on t h e  p rocesso r  boa rds ) .  A response o f  l lYl '  ( l i n e  7 )  
i n d i c a t e s  t h a t  t h i s  was done and t h e  hardware t e s t  proceeds. ( A  response of  
"N" would have a b o r t e d  t h e  hardware i n i t i a l i z a t i o n  and r e t u r n e d  t h e  use r  t o  t h e  
main menu.) L ines  8 t o  10 i n d i c a t e  success fu l  c o m p l e t i o n  o f  t h e  hardware t e s t  
and t h a t  t h e  RTX i s  channel  1. The f a c t  t h a t  t h e  a d v i s o r y  l i n k  i s  o p e r a t i o n a l  
between channel  1 p rocesso rs  and t h e  FEP i s  d i s p l a y e d  on t h e  message d e v i c e  
( f i g .  6 ) .  D u r i n g  t h i s  sess ion,  o n l y  one channel was a v a i l a b l e .  When m u l t i p l e  
channels a r e  a v a i l a b l e ,  t h e  s t a t u s  o f  each channel  and t h e  RTX channel  number 
i s  d i s p l a y e d .  The <CR> e n t r y  ( l i n e  11) r e t u r n s  t h e  use r  t o  t h e  main menu, and 
s e l e c t i o n  4 i s  made t o  do da ta -base - re la ted  f u n c t i o n s .  Data-base submenu 
s e l e c t i o n  1 a l l o w s  a d a t a  base t o  be loaded. The use r  i s  prompted f o r  t h e  
p a r t s  o f  t h e  s i m u l a t i o n  d e f i n i t i o n  f i l e ,  w i t h  responses on l i n e s  16 t o  19. The 
RTMPL c a t a l o g  name f o r  t h i s  f i l e  i s  always S IMDEF.  (The user  can change t h e  
name by means o f  VERSAdos u t i l i t i e s . )  The f i l e  name T700DUAL I s  t h e  same as 
t h e  RTMPL u s e r - s e l e c t e d  s i m u l a t i o n  i d e n t i f i c a t i o n  name. The RTMPOS t e s t s  f o r  
t h e  e x i s t e n c e  o f  t h e  f i l e ,  d i s p l a y s  i d e n t i f y i n g  i n f o r m a t i o n  f rom t h e  f i l e  on 
t h e  u s e r ' s  t e r m i n a l ,  and g i v e s  t h e  use r  t h e  o p t i o n  t o  l o a d  i t  o r  n o t .  

Once t h e  d a t a  base i s  loaded ( l i n e s  21 and 2 2 ) ,  t h e  use r  can make o t h e r  
submenu s e l e c t i o n s  t o  e d i t  i t .  I n  t h i s  sess ion  t h e  use r  s e l e c t s  4 t o  e d i t  t h e  
genera l  group,  GROUP1. The group does n o t  e x i s t ,  so i t  i s  c r e a t e d  ( l i n e s  27 
and 2 8 ) .  Al though  i t  i s  n o t  shown i n  t h e  s e s s i o n  h i s t o r y ,  t h e  d e f a u l t  p rogram 
i s  t h e  COMP. T h e r e f o r e  TIME and NP come f rom t h e  COMP program. T I M E  i s  a 
r u n n i n g  measure o f  s i m u l a t i o n  t i m e  i n  seconds, and NP i s  t h e  power t u r b i n e  
speed i n  r e v o l u t i o n s  pe r  m lnu te .  The i t e m  .P.NG i s  t h e  compressor speed i n  
r e v o l u t i o n s  pe r  m inu te ,  and t h e  .P. i n d i c a t e s  t h a t  i t  i s  l o c a t e d  i n  t h e  PREP. 
Because t h e  COMP and PREP programs i n  t h e  same channel  have t h e  same name, 
I IUULLHI  Iii i h i j  case,  :t 1; n s t  r e q u i r e d  25 p a r t  o f  the  e n t r v .  The PREP i s  
now t h e  d e f a u l t  p rocesso r  u n t i l  t h e  use r  e n t e r s  a p r e f i x  o f  . C .  t o  change i t .  
The use r  t h e n  escapes f r o m  t h e  genera l  group e d i t i n g  r o u t i n e  by e n t e r i n g  "#I' 

( l i n e s  37 and 39) i n  response t o  two success ive prompts.  

- - ~ ~ L O . I .  

The u s e r  n e x t  proceeds t o  l o a d  t h e  s i m u l a t o r  (main menu f u n c t i o n  5, sub- 
menu s e l e c t i o n  1 ) .  The use r  i s  prompted f o r  t h e  channel  i n  which t o  l o a d  p r o -  
gram T7002CH1, which i s  i n d i c a t e d  t o  be an RTX program ( l i n e  4 7 ) .  Channel 1 
must be s e l e c t e d  ( l i n e  48)  because i t  has been i d e n t i f i e d  as t h e  RTX ( l i n e  1 0 ) .  
If t h e r e  had been m u l t i p l e  DSC programs i n  t h e  s i m u l a t i o n ,  any ready DSC chan- 
n e l  c o u l d  have been chosen f o r  any DSC program. L ines  52 and 53 i n d i c a t e  t h a t  
t h e  s i m u l a t i o n  programs have been loaded. The use r  i s  t h e n  prompted ( l i n e s  54 
and 55 )  f o r  t h e  name of t h e  s i m u l a t i o n  i n t e g r a t i o n  s t e p - s i z e  parameter (assumed 
t o  have u n i t s  of seconds) so  t h a t  t h e  RTMPOS can c o o r d i n a t e  i t  w i t h  t h e  s imu la -  
t o r  update i n t e r v a l  prompted f o r  on l i n e  57 .  A f t e r  t h e  d i s p l a y  o f  t h e  c u r r e n t  
v a l u e  o f  t h e  s t e p  s i z e  ( l i n e  56) ,  l i n e s  57 and 58 d i s p l a y  t h e  d e f a u l t  va lues  o f  
t h e  update i n t e r v a l  (5000 ps) and t h e  number o f  A D C ' s  ( z e r o  s i n c e  ana log - to -  
d i g i t a l  c o n v e r t o r s  a r e  n o t  c u r r e n t l y  implemented).  The " Y l l  response on l i n e  60 
i n d i c a t e s  t h a t  t h e  d e f a u l t  va lues a r e  accep tab le .  
a l l o w e d  t h e  use r  t o  change those  va lues .  L i n e s  61 t o  69 i n d i c a t e  t h a t  t h e  sim- 
u l a t o r  w i l l  r u n  s lower  t h a n  r e a l  t i m e  and t h a t  t h e  s i m u l a t i o n  i s  loaded and 
updated f o r  t h e  c u r r e n t  d a t a  base and g i v e  t h e  s t a t u s  o f  s i m u l a t i o n  e x e c u t i v e s  
and t a s k s .  The user  t h e n  s e l e c t s  t h e  d e f a u l t  d a t a  f i l e  by e n t e r i n g  I 'Y ' l  ( l i n e  
70) t o  t h e  name t h a t  i s  g i v e n  on l i n e  71. An e n t r y  o f  'IN" would have a l l o w e d  
t h e  use r  t o  rename t h e  d a t a  f i l e .  The s i m u l a t o r  a u t o m a t i c a l l y  executes one 

An e n t r y  o f  "N"  would have 

25 



h o l d  c y c l e  t o  i n i t i a l i z e  s i m u l a t i o n  e x t e r n a l  v a r i a b l e s  and t h e n  r e t u r n s  t o  t h e  
s t o p  mode. Execu t ion  o f  t h e  s t o p  mode causes p r e v i o u s l y  genera ted  a d v i s o r y  
messages t o  be en te red  i n t o  t h e  s e s s i o n  h i s t o r y .  L ines  7 5  and 76 a r e  t h e  
a d v i s o r y  l i n k  o p e r a t i o n a l  messages p r e v i o u s l y  seen on t h e  message d e v i c e  
( f i g .  6 ) .  

Be fo re  r u n n i n g  t h e  s i m u l a t i o n ,  t h e  u s e r  may w i s h  t o  s e t  up an a n a l y s i s  
f u n c t i o n  t o  o b t a i n  d a t a .  The s e t  up i s  done on l i n e s  81 t o  93. T h i s  p a r t i c -  
u l a r  sequence i s  f o r  s e t t i n g  up t h e  sample process  by u s i n g  GROUP1, wh ich  was 
formed p r e v i o u s l y  i n  t h e  sess ion .  The u s e r  e l e c t s  t o  t r i g g e r  on r u n / h o l d  mode 
( l i n e s  87 and 88) r a t h e r  than  s e l e c t i n g  a t r i g g e r  v a r i a b l e .  The u s e r  t h e n  
e n t e r s  t h e  number o f  s i m u l a t o r  update  i n t e r v a l s  p e r  sample ( l i n e  90) and t h e  
number o f  samples d e s i r e d  ( l i n e  9 2 ) .  (The maximum number o f  samples a l l o w e d  i s  
d i s p l a y e d  on t h e  u s e r ' s  t e r m i n a l  b u t  n o t  i n  t h e  sess ion  h i s t o r y . )  The u s e r  
e x i t s  t h e  a n a l y s i s  f u n c t i o n  se tup  procedure  by e n t e r i n g  "Q" ( l i n e  93) and sub- 
s e q u e n t l y  p u t s  t h e  s i m u l a t o r  i n t o  t h e  r u n  mode ( l i n e  9 6 ) .  Note t h a t  t h e  mode 
change takes  p l a c e  i n  response t o  a submenu prompt.  When t h e  sample process  i s  
comple te ,  an a d v i s o r y  i s  d i s p l a y e d  on t h e  message d e v i c e  ( f i g .  6)  and t h e  u s e r  
p u t s  t h e  s i m u l a t o r  i n  s t o p  ( l i n e  101) .  The sample process  comple te  message i s  
t h e n  en te red  i n  t h e  sess ion  h i s t o r y  ( l i n e  102) .  The u s e r  saves t h e  sample d a t a  
t o  t h e  da ta  f i l e  ( l i n e s  105 t o  107) and a message i s  d i s p l a y e d  ( l i n e  108) t h a t  
20 r e c o r d s  o f  d a t a  were o b t a i n e d  as s p e c i f i e d  on l i n e  92 .  The use r  t h e n  
r e t u r n s  t o  t h e  main menu and q u i t s  t h e  s i m u l a t i o n  s e s s i o n  ( l i n e  114) .  

S ince  t h e  d a t a  base had been m o d i f i e d  by  c r e a t i n g  a g e n e r a l  group, t h e  
u s e r  i s  now adv ised  t h a t  t h e  e d i t e d  d a t a  base has n o t  been saved ( l i n e  1 1 5 ) .  
The u s e r  s e l e c t s  t h e  o p t i o n  t o  save t h e  d a t a  base b e f o r e  q u i t t i n g ,  t o  d i s p l a y  
t h e  names of  t h e  data-base f i l e s  t h a t  were e d i t e d ,  and t o  o v e r w r i t e  t h e  e x i s t -  
i n g  data-base f i l e s .  On ly  t h e  s i m u l a t i o n  d e f i n i t i o n  f i l e  and t h e  m o d i f i e d  
f i l e s  a r e  o v e r w r i t t e n ,  and i n  t h i s  case t h e  m o d i f i e d  f i l e s  a r e  a c t u a l l y  new 
because t h e r e  were no genera l  groups p r e v i o u s l y .  A f t e r  t h e  d a t a  base i s  saved, 
t h e  RTMPOS r e t u r n s  t o  t h e  main menu prompt ( l i n e  1 3 3 ) .  
na tes  t h e  sess ion  by e n t e r i n g  ' '9s ( l i n e  1 3 4 ) .  

The u s e r  t h e n  t e r m i -  

The user  c o u l d  c r e a t e  t h e  same o r  any s e s s i o n  h i s t o r y  f i l e  by  u s i n g  t h e  
m a n u f a c t u r e r - s u p p l i e d  t e x t  e d i t o r .  Fo r  example, t h e  u s e r  c o u l d  c r e a t e  a 
s tandard  t e x t  f i l e  t h a t ,  w i t h  o n l y  m i n o r  e d i t i n g ,  would a l l o w  l o a d i n g  o f  any 
s i m u l a t i o n  d a t a  base and t h e  s i m u l a t o r  w i t h o u t  manual e n t r y  o f  a l l  of  t h e  menu 
s e l e c t i o n s  and prompt responses. However, c a r e  must be t a k e n  t o  i n c l u d e  a 
response f o r  a l l  prompts t h a t  w i l l  occu r .  The prompts t h a t  o c c u r  w i l l  o f t e n  
depend on t h e  responses t o  p r e v i o u s  prompts .  F o r  example, i n  f i g u r e  5,  r e -  
sponses ( l i n e s  16 t o  19) t o  t h e  prompts t h a t  o c c u r  a f t e r  t h e  l o a d  data-base 
s e l e c t i o n  ( l i n e  15 )  w i l l  depend on whether  o r  n o t  a s e s s i o n  h i s t o r y  f i l e  was 
p r e v i o u s l y  loaded. The sess ion  h i s t o r y  o f  f i g u r e  5 c o u l d ,  f o r  example, be 
m o d i f i e d  t o  l oad  any s ing le -channe l ,  d u a l - p r o c e s s o r  s i m u l a t i o n  by  e d i t i n g  t h e  
p a r t s  of  t h e  f i l e  d e f i n i t i o n  ( l i n e s  16 t o  19 and l i n e s  50 and 51) and any o t h e r  
i t ems  (e .g . ,  i n t e g r a t i o n  s t e p - s i z e  parameter ,  l i n e  5 5 )  t h a t  would be d i f f e r e n t .  
L i n e s  80 t o  134 o f  t h e  f i l e ,  as w e l l  as any comment l i n e s ,  c o u l d  be d e l e t e d  t o  
s i m p l y  b r i n g  t h e  s i m u l a t i o n  t o  a loaded and r e a d y - t o - r u n  c o n d i t i o n .  
s u l t a n t  f i l e  would be l i k e  t h e  one shown i n  f i g u r e  7 .  

The r e -  
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CONCLUDING REMARKS 

An o p e r a t i n g  system (RTMPOS) t h a t  p r o v i d e s  v e r s a t i l e  and u s e r - f r i e n d l y  
means f o r  i n t e r a c t i v e l y  programming, running,  and o b t a i n i n g  r e s u l t s  f r o m  a 
r e a l - t i m e  m u l t i p r o c e s s o r  s i m u l a t o r  has been developed. The RTMPOS a c t s  i n  con- 
c e r t  w i t h  a m a n u f a c t u r e r - s u p p l i e d  d i s k  o p e r a t i n g  system t h a t  p r o v i d e s  t h e  usua l  
o p e r a t i n g  system f u n c t i o n s  such as assembl ing,  l i n k i n g ,  t e x t  e d i t i n g ,  and f i l e  
h a n d l i n g  s e r v i c e s .  The RTMPOS f a c i l i t a t e s  t h e  r u n n i n g  o f  s i m u l a t i o n s  t h a t  have 
been f o r m u l a t e d  by u s i n g  a r e a l - t i m e  m u l t i p r o c e s s o r  programming language 
(RTMPL) u t i l i t y .  The RTMPOS menus p r o v i d e  f o r  r u n - t i m e  o p e r a t i o n s  such as 
l o a d i n g ,  m o d i f y i n g ,  and s p e c i f y i n g  compu ta t i ona l  f l o w  o f  programs, s i m u l a t o r  
mode c o n t r o l ,  d a t a  h a n d l i n g ,  and run - t ime  m o n i t o r i n g .  Run-t ime m o n i t o r i n g  i s  a 
power fu l  f e a t u r e  t h a t  p r o v i d e s  t h e  user  w i t h  a se l f -documen t ing  h i s t o r y  o f  t h e  
s i m u l a t i o n  sess ion .  The use r  may then  use t h a t  h i s t o r y  a t  a l a t e r  d a t e  t o  
a u t o m a t i c a l l y  r e c r e a t e  t h e  sess ion.  The sess ion h i s t o r y  a l s o  c o o r d i n a t e s  t h e  
sess ion  w i t h  t h e  d a t a  f i l e .  

The c a p a b i l i t i e s  t h a t  were d e s c r i b e d  r e p r e s e n t  t h e  f i r s t  e d i t i o n  o f  t h e  
RTMPOS. F u t u r e  enhancements t o  t h e  o p e r a t i n g  system a r e  expected t o  i n c l u d e  
t h e  f o l l o w i n g  c a p a b i l i t i e s :  

( 1 )  S i m u l a t i o n  s t a t i c  t e s t  
( 2 )  Enhanced a n a l y s i s  and g r a p h i c a l  d i s p l a y  o f  s i m u l a t i o n  r e s u l t s  
( 3 )  More e x t e n s i v e  s i m u l a t o r  hardware s t a t u s  checks 
( 4 )  H a n d l i n g  o f  s i m u l a t o r  a d v i s o r i e s  t h a t  w i l l  a l l o w  f o r  such t h i n g s  as 

i n i t i a t i o n  o f  a user-generated opera t i ng -sys tem t a s k  

S ince  t h e  RTMPOS i s  an ou tg rowth  o f  a research e f f o r t ,  t h e  imp lemen ta t i on  o f  
t hese  improvements w i l l  depend on t h e  r e s u l t s  o f  f u r t h e r  a p p l i c a t i o n s  and t h e  
u s e r s '  acceptances and responses. The p resen t  NASA Lewis a p p l i c a t i o n  o f  t h e  
RTMPS i s  t o  t h e  s i m u l a t i o n  o f  a i r - b r e a t h i n g  engines t o  i d c i i l l i a t e  t h e  s t i i d y  ~f 
engine dynamics and c o n t r o l  systems. However, t h e  RTMPS has p o t e n t i a l  f o r  much 
w i d e r  a p p l i c a t i o n s  and should be b e n e f i c i a l  t o  any s i m u l a t i o n  o r  process t h a t  
would b e n e f i t  f r o m  p a r a l l e l  p rocess ing .  For example, t h e  RTMPOS i t s e l f  c o u l d  
se rve  as t h e  i n t e r f a c e  between a f a c i l i t y ,  such as 3 wind t u n n e l ,  and t h e  oper-  
a t o r .  The RTMPOS would p r o v i d e  t h e  means f o r  t h e  o p e r a t o r  t o  make changes t o  
and m o n i t o r  f a c i l i t y  o p e r a t i n g  c o n d i t i o n s ,  w h i l e  t h e  s i m u l a t o r  c o u l d  a c t  as t h e  
f a c i l i t y  c o n t r o l  system and be i n t e r f a c e d  t o  t h e  f a c i l i t y  sensors,  a c t u a t o r s ,  
e t c .  
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A P P E N D I X  - SYMBOLS AND A B B R E V I A T I O N S  

ADC 

A O , .  . . , A 7  

C 

CHAR 

CHG 

C N  

D 

DB 

D E L  

D O , .  . . ,D7 

E 

GC 

HD 

I C  

LOC 

L V  

MAX 

N 

NUM 

P 

PC 

9 

R E T U R N  

S I M  

S P  

SR 

a n a l o g - t o - d l g i t a l  c o n v e r t e r  

p rocessor  address r e g i s t e r s  

COMP processor  

c h a r a c t e r (  s )  

change 

c o n s t a n t  

r e f e r s  t o  d i s a b l e  t a s k  o r  use d e f a u l t  v a l u e  f o r  c o n s t a n t  o r  
v a r i a b l e  I C  o r  h o l d  

s i m u l a t i o n  d a t a  base 

d e l e t e  

p rocessor  d a t a  r e g l s t e r s  

r e f e r s  t o  enab le  t a s k  

g l o b a l  c o n s t a n t  

h o l d  v a l u e  

l n l t l a l - c o n d i t i o n  v a l u e  

memory l o c a t i o n  

program l o c a l  v a r i a b l e  

maxi mum 

no 

number( s )  

P R E P  processor  

process program c o u n t e r  

q u i t  

press R E T U R N  key, <CR> 

s i m u l a t i o n ,  s i m u l a t o r  

p rocessor  s t a c k  p o i n t e r  

p rocessor  s t a t u s  r e g i s t e r  
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xv  

Y 

# 

1 

< 

> 

program e x t e r n a l  v a r i a b l e  

Yes 

r e t u r n  t o  h i g h e r  prompt o r  command l e v e l  

d e l e t e  i t e m  f r o m  argument or genera l  g roup 

i n s e r t  i t e m  b e f o r e  c u r r e n t  i t e m  i n  argument o r  genera l  g roup 

i n s e r t  i t e m  a f t e r  c u r r e n t  i t e m  i n  argument o r  genera l  g roup 
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TABLE I. - OPERATING SYSTEM M AND H ADVISORY MESSAGES 
- 
lumber - 
201 
202 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
241 
248 
2 49 
2 5 0  
251 
252 
253 
254 
2 5 5  

Message 

WARNING! MESSAGE STORAGE MEMORY F U L L  - OVERWRIT ING OLOFST 
WARNING! D A l A  STORAGE MEMORY F U L L  - NO MORE DATA SAVED 
U N D € F I N E O  MOO€ SELECTED 
HOLD MODE COMPLETE0 
S IMULATOR H A L T !  WATCHDOG TIMEOUT 
SPURIOUS PROGRAMMABLE T I M E R  INTERRUPT 
S IMULATOR H A L T !  UPDATE I N T E R V A L  FAII.URE 
SAMPLE PROCESS COMPLETE 
ADVISORY L I N K  OPERATIONAL 
S IMULATOR H A L T !  RATE OF CHANGE V I O L A T I O N  
S IMULATOR H A L T !  SPURIOUS I N l L R R U P T  VEC70R 
S IMULATOR H A L T !  U N I N I T I A L I Z E D  INTERRUPT VECTOR 
S IMULATOR H A L T !  S Y S l L M  F A I L U R E  
S IMULATOR H A L T !  B U S  CLEAR L I N E  D R I V E N  LOW BY BUS A R B I T E R  
S IMULATOR H A L T !  S E R I A L  PORT INTERRUPT 
S IMULATOR H A L T !  VERSABUS A C F A I L  OR B U S  RELEASE L I N E  LOW 
SIMULATOR H A L T !  VM02 ABORT PUSHBUTTON PRESSED 
S IMULATOR H A L T !  MISCELLANEOUS 
S I M U L A l O R  H A L T !  L I N E  1111 EMULATOR 
S IMULATOR H A L T !  L I N E  1010 EMULATOR 
S IMULATOR H A L T !  TRACE 
S IMULATOR H A L T !  P R I V I L E G E  V I O L A T I O N  
S IMULATOR H A L T !  TRAPV I N S T R U C T I O N  
S IMULATOR H A L T !  CHK INSTRUCTION 
S IMULATOR H A L T !  ZERO O I V I O E  
S!MULATnR HA1 T I  TI I F G A L  INSTRUCTION 
S IMULATOR H A L T !  ADDRESS ERROR 
S IMULATOR H A L T !  BUS ERROR 
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TABLt 11. - SUMMAKY OF KlMPUS VERSION 1 . 0 ,  090684. MENU SELEClIONS 

[Mode s e l e c t i o n s  may be made i n  r e s p o n s e  t o  any menu p r o m p t . ]  

v a i n  menu s e l e c t i o n :  

____ ~~ 

( S )  S t o p  mode 
( R )  Run mode 
( t i )  Hold  mode 
( C )  C y c l e  mode 

( I )  I n i t i a l i z e  s i m u l a t o r  h a r d w a r e  
( 2 )  U i s p l a y / s e t  u p d a t e  i n t e r v a l  and number of AUC c h a n n e l s  
( 3 )  S e s s i o n  h i s t o r y  (submenu) 

( I )  O i s p l a y  d a t e / t i n i e  on t e r m i n a l  and i n  s e s s i o n  h i s t o r y  
( 2 )  t n t e r  comment i n  5 e s s i o n  h i s t o r y  f i l e  
( 3 )  t x e c u t e  a n  e x i s t i n g  s e s r i o r i  t r i 5 t o r y  f i l e  
( 4 )  Be p r o m p t e d  f o r  f i l e  t o  save s e s s i o n  h i s t o r y  
( 5 )  S t o p  s a v i n g  s e s s i o n  h i s t o r y  

( 4 )  D a t a - b a s e  l o a d i n g  and management (submenu) 
( 1 )  ILoad s i m u l a t i o n  d a t a  b a s e  i n t o  t E P  
( 2 )  U i s p l a y / e d i t  a rgument  g r o u p  d e f i n i t i o n s  
( 3 )  D i s p l a y / e d i t  v a l u e s  o f  s i m u l a t i o n  c o n s t a n t s  o r  v a r i a b l e  

( 4 )  D i s p l a y / e d i t  g e n e r a l  g r o u p  d e f i n i t i o n 5  
( 5 )  U i s p l a y / e d i t  u s e r  d e f i n e d  a d v i r o r y  messages 
( 6 )  Save c u r r e n t  e d i t e d  d a t a  b d S e  on d i s k ( e t t e )  
( I )  Get l i 5 t i n g  01 c u r r e n t  d d t a  base 
( 8 )  D i s p l a y  d d t d  base 5 t d t u 5  
( 9 )  U e l e t e  c u r r e n t  d a t a  ba5e f r o m  t t P  memory 

( 5 )  S i m u l d t i o n  l o d d i n g / l l  dnd  p r o g r a m  c o n t r o l  (submenu) 

l C / h o l d  v a l u e s  

( I )  l o a d  s i m u l d t i o n  i n t o  s i m u l a t o r  
( 1 )  S e t  x i m u l a t i o n  l C ’ 5  

( 3 )  Change b d c k g r o u n d  e x e c u t i v e s  
( 4 )  t n n b l e / d i , , i b l e  p r o g r a m  t a s k s  
( 5 )  D i 5 p l a y  p r o g r a m  s t a t u s  ( a c t i v e  e x e c u t i v e s  and e n d b l e d  t d s k r  
( 6 )  U n l o d d  s i m u l a t o r  

( 6 )  S i n i u l d t i o n  r e L c i l  t s  nrdndgement (submenu)  
( I )  A c t i v a t e / d e d c t i v a t e  a n a l y s i s  f u n c t i o n 5  
( 2 )  Save sample d d t a ,  d i s p l a y  maximum/mininium v a l u e s  
( 3 )  D i s p l a y  s i m u l a t o r  CPU t i m e  and s i m u l a t i o n  t i m e  
( 4 )  U i s p l a y  COMI’ and PKF.P c o m p u t a t i o n  t i m e s  
( 5 )  Be p r o m p t e d  f o r  f i l e  t o  save s i m u l a t i o n  r e s u l t s  
( 6 )  ILirt s i m u l d t i o n  r e s u l t s  d a t a  f i l e  
( 7 )  P l o t  s i m u l a t i o n  r e s u l t s  d a t a  f i l e  
( 8 )  U i 5 p l a y  s i m u l a t i o n  v a l u e s  o f  c o n s t a n t s .  v a r i a b l e s ,  and 

( 9 )  U i s p l a y  CUMP dnd P R t P  a d v i s o r y  mdximunr  d e l a y  t i m e s  
a r g u m e n t / g e n e r a l  g r o u p s  

( I O )  U i s p l a y  e x t e r r i a l  v a r i a b l e  d e l a y  t i m e s  

( / )  K e a d / w r i t ?  memory l o r a t i o n  ( r u b m e n u )  
( I )  U i i p l a y  memory l o c d t i o n  
( 2 )  W r i t e  memory l o c a t i o n  

( 8 )  Suspend HIMI’OS t r n l p o r a r  i l y  

( 9 )  Q u i t  
~ - 
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i s c u s s e d  
an page 

- 
11 
11 
11 

1 2  
1 2  
13 
1 3  
1 3  
13 
1 3  
1 4  

14 
1 4  
1 4  

15  
1 6  
I /  
1 7  
1 I 
17 
1 1 

1 8  
1 8  
1 8  
1 8  
19  
19 
1 9  

1 9  
19 
20 
20  
21 
21 
21 
21 

2 1  
21 
2 2  

2 1  
2 2  
27 

1 1  

12 



PREPROCESSOR 

FRONT-END 
PROCESS OR 

CHANNEL n 
PRE PR OCES SOR 

SHARED 
M E M O R Y  

CHANNEL 1 
COMPUTATION 
PROCESSOR 

t 

0 0 0 

SHARED 
M E M O R Y  

CHANNEL n 
COMPUTATION 
PROCESSOR 

t- 
f f t- 

INTERACTIVE INFORMATION BUS 

4 
1 

~ 

PERIPHERAL EQUl PMENT : 
DISK DRIVES, TERMINALS, 
PRINTERS, ETC. 

F i g u r e  1. - G e n e r a l  s i m u l a t o r  c o n f i g u r a t i o n .  
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Figure  2, - NASA Lewis RTMPS experimental hardware. 

DATA-BASE FILES 
- . I  

PROGRAM 
SOURCE FILES 

ASSEMBLER 

I .. 

0 BJECT PROGRAM I FILES ,LOAD - 
MODULES SIMULATOR 

CHANNELIS) LINKER DISK e RTMPOS 
\ 
\ 

‘-PROGRAM LOAD 
MODULE FILES 

Figure 3. - RTMPL-generated s imu la t ion  files. 
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82 
83 
84 
85 
86 
87 
88 
89 
9 0 
91 
92 
93 
94 
95 
9 6 
97 
9 8 
99 

:t 0 0 
1 0  :t 
102 

4 
! SUE:MENU SEL.ECTICIN . . 
1 
1 
GROUP:L 
! TRIGGER SAMPLE C'N I<LJN/HOLD MODE .:::CFi::. OR ENTER VARIA[-::LE NAME + t 

! NUME:ER O F  UPDATES/SAMPLE . +  
5 0 0  
! NUME:ER OF SAMF:'L.ES (C? 0 . 1 0 0 0  SEC/SAMF'L.E) + * 
20 
R 

! SUE:MENU SELECTION . . 
H 
! SIMULATOR I N  'RUNm MODE RUN/HOL..D NO. 1 
! DATE: 0 9 / 0 6 / 8 1  TIME: :l3::t7:25 XX O F  F.'REVIOl.JS ! COMhENT X X  

! SUE:MENlI SELECTION .. 
S 
! C1; COMP; 9500 ;SYSTEM ADVISORY MESSAGE NO. 235 

103 ! 
1 0 4  
:to5 ! 
1 0 6  2 
107 1 
1 0 8  ! 
109 R 
1 1 0  
111 ! 
1 : tz  
113 ! 
111 Y 
1.l5 ! 
116 Y 
1.17 Y 
118 ! 
:t 19 ! 
120 ! 
121 ! 
122 Y 
12:3 Y 
124 Y 
1.25 *f 
126 Y 
:!.Y ! 
1.28 ! 
1.2Y ! 
130 ! 
131 ! 
132 
1.33 ! 
1.34 9 

SIMUL.ATOR I N  'STOP' MODE 

SUE:MENU SELECTION + . 
20  RECORDS OF SAMPLE DATA WERE SAVED I N  DEVI.: 0 .DATA+ SC17A'I'CI.i + [>I:' 

SUE:MENU SELECTION + 

MAIN MENU SELECTION .. 
CURRENT IDATA E:ASE IHASN' T E:EEN SAVED! SAVE I T  I3E:FORE C.LJ.L'TT:LNG ( Y / N  j '> . . 

XXXXX DATA E:AEiE STATI.JEi XXXXx 

DATE: 09/06/04 TIME: 13:21:19 xx O F  ITEVIOLJS ! COMMENT xm 
THE FOLLOWING F I L E S  OF 'DEVI: 0000.SIMDE:F~T70ODIJAL.DI~: ' HAVE BEEN EDITED 
DEV1:O+GGRPOEF.T700DUAL+DB AND/OR IDEVI : 0 +GI...STDEF ~T700IDI.JRI... ID13 

C~RE'ENT DATA EASE FOR DEVI: O O ~ ~ . S I M D E ~ F . T ~ ~ ~ ~ D I I A ~  ... DF:: E:EI:NG SAWU 
DATE: 09/06/84 TIME: 13:22:01 XX O F  PRkV.LlJtJb ! iXi-iiiFi<'i Xz 
GENERAL GKOllP RECORD F I L E  SAVED AS: DECUI : 0 .GGRF'DEF .T700UUAI... DE: 
GENERAL GROUP L I S T  F I L E  SAVED AS: IDEV1. : 0 .GI..S.T13EF .T70ODI.!AI.~.DIII: 
SIMULATION D E F I N I T I O N  F I L E  SAVED A S :  [)EI:V1: 0 0 0  0 .SIMDE:F T70 ODLIAL.. , ID13 

MAIN MENU SELECTION .. 
Figure 5. - Concluded. 

DATE: 09/06/84 TIME: 13:10:04 
SESSION HISTORY FILE SAVED AS: DEVl:O.SESSHST.T700DUAL.SH 

! ! ! !  FROM CHANNEL 01 PREP: 
236 ADVISORY LINK OPERATIONAL 
! ! ! !  FROM CHANNEL 01 COMP: 
236 ADVISORY LINK OPERATIONAL 

DATE: 09/06/84 TIME: 13:15:02 
SIMULATOR IN "RUN" MODE RUN/HOLD NO. 1 
! ! ! !  FROM CHANNEL 01 COMP: 
235 SAMPLE PROCESS COMPLETE 

Figure 6. -Advisory message device display. 
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:1 
2 
:3 
4 

tr 
7 
$3 
Y 

I. 0 
I. 1 
I 2 
1 3 
.l 9 
1'; 
:I 6 
17 
.I. ti3 
I. Y 
2 I) 
'.. J. 

23 
>? 4 

26 
2 7 
28 
2 Y 
: 3  0 
3 I. 
232 
:El 
3 4 
35 
3 6 
37 
38 
39 
't 0 

,.~ 
,.>,.> '- 1- 

.>e:- '.. 4 

! 
! 

! 
:t 
Y 

! 
4 

:I. 
I 

Figure 7. - General session history file for initblizing simulator hardware and loading a single-channel, 
dual-processor simulation. 
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