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SUMMARY 

A p i p e l i n e d ,  mu l t ip rocesso r ,  general-purpose ground suppor t  equipment f o r  d ig-  
i t a l  f l i g h t  systems has  been developed and p laced  i n  s e r v i c e  a t  the  NASA Ames 
Research C e n t e r ' s  Dryden F l i g h t  Research F a c i l i t y .  The des ign  is  an outgrowth of 
t h e  e a r l i e r  a i r c r a f t  i n t e r r o g a t i o n  and d i s p l a y  system (AIDS) used i n  suppor t  of 
s e v e r a l  r e sea rch  p r o j e c t s  t o  provide engineer ing-uni t s  d i s p l a y  of i n t e r n a l  c o n t r o l  
system parameters  du r ing  development and q u a l i f i c a t i o n  t e s t i n g  a c t i v i t i e s .  The new 
system, inco rpora t ing  m u l t i p l e  16 -b i t  p rocessors ,  is  c a l l e d  extended AIDS (XAIDS) 
and i s  now suppor t ing  the X-29A forward-swept-wing a i r c r a f t  p r o j e c t .  This  r e p o r t  
d e s c r i b e s  the des ign  and mechanization of XAIDS and shows t h e  steps whereby a typ i -  
cal  u s e r  may t ake  advantage of i t s  high throughput  and f l e x i b l e  f e a t u r e s .  

., 

INTRODUCTION 

Seve ra l  yea r s  ago, the NASA Ames Research C e n t e r ' s  Dryden F l i g h t  Research 
F a c i l i t y  (Ames-Dryden) undertook t h e  development of a microprocessor-based, user -  
programmable, general-purpose ground support  equipment (GSE) c a l l e d  the  a i r c r a f t  
i n t e r r o g a t i o n  and d i s p l a y  system ( A I D S )  ( r e f .  1 ) .  This  development w a s  spu r red  by 
tne need f o r  a r e sea rch  t o o l  t o  support  d i g i t a l  f l i g h t  sys tems i n t e g r a t i o n ,  so f tware  
v e r i f i c a t i o n  and v a l i d a t i o n ,  pre-  and p o s t f l i g h t  t e s t i n g ,  and system maintenance. 
Prior t o  t h a t  t i m e ,  special-purpose GSE w a s  procured f o r  each p r o j e c t ,  r e s u l t i n g  i n  
a m u l t i p l i c i t y  of d i f f e r e n t  types of equipment having va r ious  c a p a b i l i t i e s .  

The o r i g i n a l  AIDS des ign  w a s  an 8-b i t  u n i t  used t o  suppor t  F-8 d i g i t a l  fly-by- 
w i r e  (F-8 DFBW) f l i g h t  sof tware  v e r i f i c a t i o n  and v a l i d a t i o n  (V/V). This  w a s  f o l -  
lowed by a second u n i t  b u i l t  t o  support  h i g h l y  maneuverable a i r c r a f t  technology 
( H i M A T )  f l i g h t  c o n t r o l  computer t e s t i n g  and systems i n t e g r a t i o n .  Success wi th  these 
e a r l y  u n i t s  l ed  t o  t h e  c o n s t r u c t i o n  of more u n i t s  f o r  a p p l i c a t i o n  t o  o t h e r  p r o j e c t s  
( r e f .  2 ) .  Although u s e r s  u n i v e r s a l l y  p r a i s e d  t h e  u t i l i t y  of the AIDS, many sug- 
g e s t i o n s  f o r  improving system c a p a b i l i t i e s  w e r e  o f f e r e d ,  l ead ing  u l t i m a t e l y  t o  
t h e  development of an extended AIDS (XAIDS). The o v e r a l l  des ign  o b j e c t i v e s  f o r  the 
new s y s t e m  forced  t h i s  development e f f o r t  t o  t a k e  an e n t i r e l y  new approach, which 
produced a system mechanization bel ieved to be the f i r s t  of i t s  kind.  I n  a d d i t i o n ,  
an  a u x i l i a r y  system c a l l e d  the remote data a c q u i s i t i o n  subsystem (RDAS) w a s  designed 
t o  permi t  t h e  u s e r  t o  extend the c a p a b i l i t y  of a b a s i c  XAIDS as t h e  a p p l i c a t i o n  
may r e q u i r e .  

The XAIDS and RDAS a r e  both designed t o  be high-bandwidth real-time sys tems and 
w can  suppor t  both open- and closed-loop a p p l i c a t i o n s .  A s  an engineer ing-uni t s  d a t a  

d i s p l a y  system, the use r  t a p s  i n t o  the t a r g e t  sys tem a t  t h e  d e s i r e d  d a t a  flow p o i n t ,  
and the  XAIDS p a s s i v e l y  a c q u i r e s  d a t a  and d r i v e s  ope ra to r - spec i f i ed  d i s p l a y s .  
Another open-loop a p p l i c a t i o n  could be a s  an e x c i t a t i o n  gene ra to r  t o  suppor t  re-  
sponse t e s t i n g  of t he  t a r g e t  system. Closed-loop a p p l i c a t i o n s  inc lude  real-time 
s imula t ion  suppor t  wi th  i n t e r f a c e s  t o  e i t h e r  an i r o n  b i r d  o r  an a c t u a l  a i r c r a f t .  
Such s imula t ions  could ,  f o r  example, genera te  f a u l t y  dynamic senso r  s i g n a l s  t o  a l l o w  
t e s t i n g  of redundancy management i n  multichannel systems. Another area of p o s s i b l e  
c losed-loop a p p l i c a t i o n  i s  the  i n t e r a c t i v e  c o n t r o l  of o t h e r  GSE, p e r m i t t i n g  c e n t r a l -  
i z a t i o n  of c o n t r o l  t o  a s i n g l e  workstation. 

- 



This  r e p o r t  w i l l  d i s c u s s  f irst  t h e  g e n e r i c  XAIDS system hardware and so f tware ,  
p o i n t i n g  o u t  f e a t u r e s  intended t o  s i m p l i f y  u s e r  i n t e r f a c e s .  Then t h e  X-29A forward- 
swept-wing a i r c r a f t  t e s t i n g  a p p l i c a t i o n  w i l l  be d i s c u s s e d  from t h e  s t a n d p o i n t  of tlie 
u s e r ' s  d u a l  r e s p o n s i b i l i t y  f o r  eng inee r ing  compatible add-on hardware and developing 
necessa ry  so f tware  extensions.  Examples of t y p i c a l  operator d i s p l a y s  w i l l  be shown, 
and an overview of basic procedures  w i l l  be presented.  A d e s c r i p t i o n  of t h e  proto- 
type  RDAS w i l l  be presented i n  appendix A. 
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NOMENCLATURE 

ana log- to -d ig i t a l  c o n v e r t e r  

a i r c r a f t  i n t e r r o g a t i o n  and d i s p l a y  system 

Aeronaut ical  Radio Incorporated 

basic input-ou tpu  t s y s  t e m  

c e n t r a l  processor 

c o n t r o l  l a w  p rocesso r  

c e n t r a l  p rocess ing  u n i t  

cathode r a y  tube d i s p l a y  

d ig i t a l - to -ana log  c o n v e r t e r  

d i s k e t t e  

e l e c t r i c a l l y  erasable programmable read-only memory 

f r e e  form 

ground suppor t  equipment 

high-level  data l i n k  c o n t r o l  

I n s t i t u t e  of Elec t r ica l  and E l e c t r o n i c  Engineers 

i n t e r r u p t  pushbutton 

i n p u t  -ou t p u  t 

input-output  processor  

I n t e r n a t i o n a l  Standards Organizat ion (U.N.) 

local area network 

l i g h t - e m i t t i n g  diode 



MAINT 

MDS 

MP 

NDP 

N M I  

PERPRO * 

PROM 

PTCH 

RAM 

RDAS 

RETMA 

RTPRO 

s CP 

SDLC 

S EU 

TDU 

U D I  

USART 

v/v 

XAIDS 

maintenance p rocesso r  

microcomputer development system 

make page 

numeric d a t a  processor  

nonmaskable i n t e r r u p t  

p e r i p h e r a l  p rocesso r  

programmable read-only memory 

pa tch  manager 

random access memory 

remote data a c q u i s i t i o n  subsystem 

Radio-Electronics-Television Manufacturers Assoc ia t ion  

real-time p rocesso r  

s t a t u s  and c o n t r o l  panel  

synchronous data l i n k  con t ro l  

system e v a l u a t i o n  u n i t  

t i m e  and date u n i t  

un i  v e r s a 1  development i n t e r f a c e  

u n i v e r s a l  synchronous-asynchronous r e c e i v e r - t r a n s m i t t e r  

v e r i f i c a t i o n  and v a l i d a t i o n  

extended a i r c r a f t  i n t e r r o g a t i o n  and d i s p l a y  system 

DESIGN OBJECTIVES 
* 

The fundamental o b j e c t i v e  of the AIDS-XAIDS f a m i l y  of general-purpose GSE w a s  
1 t o  provide an a i r c r a f t  c o n t r o l  system r e s e a r c h  tool t h a t  could suppor t  a v a r i e t y  of 

p r o j e c t s  w i th  minimum r e c o n f i g u r a t i o n  of hardware and sof tware.  The approach taken 
w a s  t o  p rov ide  a b a s e l i n e  h o s t  system to  which could be added appl icat ion-dependent  
hardware and so f tware  t o  meet s p e c i f i c  needs. The s u c c e s s  of t h i s  approach hinged 
on t h e  b a s e l i n e  hardware p rov id ing  a minimum of c o n s t r a i n t s  on hardware a d d i t i o n s  
and the  b a s e l i n e  so f tware  p rov id ing  a u s e r - f r i e n d l y  environment w i t h i n  which s o f t -  
ware ex tens ions  could ope ra t e .  These goa l s  w e r e  n o t  w e l l  m e t  i n  t h e  A I D S  mechaniza- 
t i o n ,  and the second-generation XAIDS e f f o r t  w a s  aimed a t  broad improvements i n  both 
hardware and so f tware  f l e x i b i l i t y .  

3 



I n  g e n e r a l ,  the  des ign  o b j e c t i v e s  f o r  t h e  XAIDS c l o s e l y  p a r a l l e l e d  those  for  
t h e  AIDS. These included mob i l i t y ,  f l e x i b l e  inpUt-OUtpUt (I/O), a common core 
of g e n e r i c  suppor t  sof tware ,  user -or ien ted  d i s p l a y s ,  commercial components used 
wherever p o s s i b l e ,  and i n t e g r a l  maintenance suppor t .  S e v e r a l  yea r s  of o p e r a t i o n a l  
exper ience  wi th  A I D S  showed that numerous major improvements w e r e  d e s i r a b l e ,  l ead ing  
t o  t h e  formula t ion  of t he  fo l lowing  XAIDS des ign  o b j e c t i v e s :  

User hardware ex tens ions  
-More cardcage s lots  a v a i l a b l e  f o r  u s e r  boards 
- M u l t i p l e  bus master c a p a b i l i t y  
+oth 8- and 16-b i t  d a t a  bus ope ra t ions  allowed 
-Larger memory and 1/0 mapping space 
--More use r  i n t e r r u p t  l i n e s  a v a i l a b l e  
-1/0 ex tens ion  v i a  local area network 

User sof tware  ex tens ions  
-S impl i f i ed  i n t e r f a c e s  t o  b a s e l i n e  sof tware  
--Structured ex tens ions  to  ease customizing 
-Larger suppor t  l i b r a r i e s  
- R e s i d e n t  sof tware development c a p a b i l i t y  
-High-order  languages a v a i l a b l e  

B a s e l i n e  environment 
-Improved opera t ing  system 
- H i g h e r  system throughput 
Symbolic parameter r e f e r e n c i n g  
+lass data s to rage  and r e t r i e v a l  
-Faster p r i n t e r  with upper- and lowercase 
-Ded ica t ed  analog recorder  d ig i t a l - to -ana log  c o n v e r t e r s  ( D A C s )  
- O p e r a t o r  con t ro l  of s c reen  r e f r e s h  rates 
- s t a t u s  and control panel  f o r  process management 
-Automat ic  da t e  and t i m e  t agging  

Maintenance and t roub leshoo t ing  
-Full-time opera t ing  system debugger 
-Full-time maintenance monitor 

SUMMARY OF REQUIREMENTS 

I t  w a s  decided a t  t h e  o u t s e t  of t he  XAIDS e f f o r t  t h a t  the l i s t e d  des ign  objec- 
t i v e s  could b e s t  be met by a d i s t r i b u t e d  system having m u l t i p l e  processors per- 
m i t t i n g  p i p e l i n i n g  of concur ren t  ope ra t ions .  The choice  of system bus w a s  somewhat 
a r b i t r a r y  s i n c e  s e v e r a l  bus a r c h i t e c t u r e s  would have se rved ,  b u t  t h e  I n s t i t u t e  of 
Electr ical  and E lec t ron ic  Engineers ( I E E E )  Standard 796 Bus S p e c i f i c a t i o n  w a s  chosen 
s i n c e  it o f f e r e d  the w i d e s t  cho ice  of compatible hardware and sof tware  components on 
t h e  open market. An a n a l y s i s  of t he  throughput of such a system showed t h a t  16-b i t  
p rocesso r s  would be adequate ,  assuming t h a t  hardware f l o a t i n g - p o i n t  process ing  w e r e  
included.  The choice of t h e  8086 microprocessor  wi th  t h e  companion 8087 numeric 
d a t a  processor  (NDP)  gave t h e  d e s i r e d  throughput.  The remaining Ob jec t ives  were 
e a s i l y  m e t  w i th in  this basic environment. 



. 

One impor tan t  car ryover  from A I D S  was i t s  c e n t r a l  processor board,  f o r  which a 
cons ide rab le  amount of ope ra to r  1/0 software had been developed. This  8 - b i t  board,  
w i th  t h e  AIDS o p e r a t o r  1/0 software placed i n  programmable read-only memory (PROM), 
w a s  t o  become the  i n t e l l i g e n t  1/0 channel for  XAIDS operator p e r i p h e r a l s .  The f i n a l  
d e t a i l e d  requirements  are summarized as fo l lows:  

IEEE-796 system bus 
-20-bit memory mapping ( 1  megabyte) 
-1 6-bi t 1/0 mapping 
-16-bit-wide d a t a  path 
-Parallel p r i o r i t y  r e s o l u t i o n  
-Eight bus i n t e r r u p t s  
-21-slot cardcage;  3/4-in spacing 
-!System r e s e t  pushbutton 
-Pushbu t ton  f o r  i n t e r r u p t  INTO/ 
S w i t c h i n g  p o w e r  supply (45  A a t  5 V) 

Mul t ip l e  p rocesso r s  
- C e n t r a l  p rocessor  (8086 p l u s  8087 NDP) 
--Real-time processor  (8086 p l u s  8087 NDP) 
-per iphera l  p rocessor  (8085);  carryover  from A I D S  
-Main tenance  processor  (8086);  no NDP r equ i r ed  

P e r i p h e r a l  1/0 dev ices  
-19-megabyte hard d i s k  d r i v e  
-Four double-densi ty  f loppy d r ives  (8  i n )  
-19,200-baud ope ra to r  te rmina l ;  24 l i n e s  by 80 columns 
- L i n e  p r i n t e r ;  upper- and lowercase; paper width up t o  15 i n  
-1 6 DACs ded ica t ed  t o  analog recorder  ou tpu t s  
- S t a t u s  and c o n t r o l  pane l  (SCP) 

e i g h t  l i g h t - e m i t t i n g  d iode  (LED 1 i n d i c a t o r s  
-Eight debounced high-low switches 
-00 to  FF hexadecimal thumbwheels 
-Manual  i n t e r r u p t  pushbutton 

Local area network (LAN) c o n t r o l l e r  
- - In te rna t iona l  Standards Organizat ion ( I S 0 1  X.25 high- leve l  data l i n k  

-1 -megabit/sec d a t a  rate 
-Phase- locked loop c lock  recovery 
-Modem capable  of d r i v i n g  5000 f t  of bus c a b l e  

c o n t r o l  (HDLC) and synchronous data l i n k  c o n t r o l  (SDLC) p r o t o c o l s  

Opera t ing  system 
-Complete  8086-based mul t i t a sk ing  system 
-Custom dev ice  d r i v e r s  f o r  p r i n t e r  and ope ra to r  t e rmina l  
-Ut i l i t i es  f o r  boot loading  satell i te processors  

-1EEE-796 bus s l a v e  loader  
- L A N  remote s l a v e  loade r  

-Full-time debugger 
--Must suppor t  sof tware  development t o o l s  
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Time and d a t e  u n i t  ( T D U )  
J u l i a n  calendar  
-Se l f - con ta ined  rechargeable  b a t t e r y  
- I n i t i a l i z e s  ope ra t ing  system a t  power-up 
-Peripheral  processor  (PERPRO) i n t e r f a c e  f o r  d a t a  t i m e  tagging 
- U t i l i t y  program f o r  r e s e t t i n g  t i m e  and date 

Res iden t  sof tware development s u p p o r t  
- T e x t  e d i t o r  
-Languages: Assembly, FORTRAN, Pasca l ,  PL/M 
-Ut i l i t i e s  f o r  l i n k i n g ,  l o c a t i n g ,  and l i b r a r y  f u n c t i o n s  

SYSTEM HARDWARE OVERVIEW 

Figure 1 shows the  g e n e r a l  appearance of  the two-bay XAIDS console .  I t  is  
mounted on wheels fo r  m o b i l i t y  and r e q u i r e s  120-V single-phase p o w e r  from a s t anda rd  
w a l l  o u t l e t .  Power consumption i s  approximately 1200 W, and numerous blowers w i t h i n  
t h e  console  provide ample coo l ing  even i n  non-air-conditioned hangar and ramp areas. 

Figure 2 shows an overview of the XAIDS bus a r c h i t e c t u r e ;  each s o l i d - o u t l i n e  box 
r e p r e s e n t s  a board plugged i n t o  the 21-slot l a r g e  cardcage c a r r y i n g  the system bus. 
Four p rocesso r s  form t h e  b a s e l i n e  complement: t h e  c e n t r a l  p rocesso r  (CENPRO), t h e  
r ea l - t ime  processor  (RTPRO), the p e r i p h e r a l  p rocesso r  (PERPRO), and t h e  maintenance 
p rocesso r  (MAINT). Mass s t o r a g e  is  provided by a 19-megabyte hard d i s k  d r i v e  p l u s  
f o u r  f loppy d i s k e t t e  d r i v e s  each p rov id ing  0.5 megabyte on s ing le - s ided  double- 
d e n s i t y  d i s k e t t e s .  A l o c a l  area network ( L A N )  c o n t r o l l e r  provides  a 1-MHz ser ia l  
a d d r e s s a b l e  i n t e r f a c e  us ing  synchronous d a t a  l i n k  c o n t r o l  (SDLC) p ro toco l .  This  
LAN i s  c u r r e n t l y  configured to  i n t e r f a c e  w i t h  the p ro to type  RDAS desc r ibed  i n  appen- 
d i x  A. The prototype RDAS bea r s  address  01; a d d i t i o n a l  RDAS u n i t s  may be added as 
u s e r  requirements  d i c t a t e .  A t i m e  and date u n i t  (TDU) board provides  c lock  and 
c a l e n d a r  r eadou t s  t o  the o p e r a t i n g  system and c o n t a i n s  b a t t e r i e s  t o  s u s t a i n  t i m e -  
keeping even when the XAIDS is  powered down. The l i n e  p r i n t e r  and o p e r a t o r  t e rmina l  
are  permanent p e r i p h e r a l s  and provide the b a s i c  operator i n t e r f a c e s .  

An a d d i t i o n a l  permanent f e a t u r e  of the b a s e l i n e  XAIDS i s  t h e  s t a t u s  and c o n t r o l  
pane l  ( S C P ) ,  shown i n  f i g u r e  3. This u n i t  i s  i n t e r f a c e d  t o  the RTPRO and provides  a 
general-purpose ope ra to r  i n t e r f a c e .  E igh t  l i g h t - e m i t t i n g  diode (LED) i n d i c a t o r s  are 
provided f o r  v i s u a l  readout ;  each LED has  a monitoring j a c k  s u i t a b l e  f o r  oscil- 
loscope monitoring of i t s  d r i v e  s i g n a l .  E igh t  swi t ches  w i t h  debounced c o n t a c t s  are 
provided f o r  gene ra t ing  high-low i n p u t  d i s c r g t e s ,  and t w o  hexadecimal thumbwheels 
provide ano the r  8-bi t  i n p u t  r e g i s t e r .  The i n t e r r u p t  ( I N T R )  pushbutton i s  debounced 
and g e n e r a t e s  one RTPRO i n t e r r u p t  each t i m e  it is ac tua ted .  Since t h e  thumbwheels 
are no t  debounced, it i s  u s u a l l y  d e s i r a b l e  to  use the INTR pushbutton t o  gene ra t e  a 
so f tware  snapshot  of t h e  s e t t i n g  of the thumbwheels. 

The analog recorder  o u t p u t s  from the XAIDS are d r i v e n  by 12-bi t  d i g i t a l - t o -  
ana log  conve r t e r  (DAC) units on RTPRO. There are 16 channels  of -5 t o  +5 V 
accessed through two connectors  on t h e  XAIDS 1/0 pane l ,  shown i n  f i g u r e  4. This 
pane l ,  l oca t ed  a t  t h e  lower r i g h t  rear of t h e  conso le ,  p rov ides  the mounting f o r  
t h e  LAN i n t e r f a c e  connector. 
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Table 1 shows t h e  board complement f o r  t h e  b a s e l i n e  XAIDS.  The CENPRO s e r v e s  
as t h e  h o s t  f o r  t he  RMX86 opera t ing  system, which resides p a r t l y  i n  PROM and p a r t l y  
i n  random access  memory (RAM). The two a u x i l i a r y  memory boards ( t h e  a u x i l i a r y  RAM 
board and t h e  a u x i l i a r y  PROM board)  serve t o  augment, r e s p e c t i v e l y ,  t h e  RAM and PROM 
found on CENPRO proper .  The n ine  empty s lo t s  are re se rved  f o r  u se r - se l ec t ed  1/0 
channel  boards t h a t  provide  t h e  hardware i n t e r f a c e  t o  t h e  u s e r ' s  t a r g e t  system. The 
RTPRO and t h e  LAN channel  board both r equ i r e  t w o  s lo t s  because of t h e  aboveboard 
h e i g h t  of t h e  piggyback modules they  carry.  
i n t e r r u p t s  throughout  the system, inc luding  those  on t h e  bus and on RTPRO r e se rved  
f o r  t he  use r .  

Appendix B de ta i l s  t h e  assignment  of 

. 
FUNCTIONAL DESCRIPTION 

A t  system power-on, t h e  XAIDS begins an  au tomat ic  b o o t s t r a p  load ope ra t ion  t h a t  
ends with the  ope ra t ing  system (descr ibed la te r )  i n  c o n t r o l  of CENPRO. The oper- 
a t i n g  sys tem i s  conf igured  f o r  a s i n g l e  r e s i d e n t  u s e r  ( a s s igned  number 1 )  who is  
given access  to  the  o p e r a t i n g  system through t h e  human i n t e r f a c e  by means of t h e  
o p e r a t o r  te rmina l .  This  a l lows  the  XAIDS o p e r a t o r  t o  access a l l  t h e  r e sources  of 
t h e  o p e r a t i n g  system, inc lud ing  e d i t o r s ,  language processors, and so f tware  develop- 
ment u t i l i t i e s ,  by e n t e r i n g  commands on the t e rmina l  keyboard. I t  a l s o  allows the 
o p e r a t o r  t o  load and execute  custom u t i l i t i e s  and o t h e r  jobs (called 1/0 j o b s )  t h a t  
have been c r e a t e d  (by  NASA) to  make the hardware perform d e s i r e d  u s e r  func t ions .  
One of t h e s e  custom 1/0 jobs  i s  t h e  XAIDS execu t ive ,  which has  been p rev ious ly  con- 
f i g u r e d  to  s e r v i c e  a p a r t i c u l a r  XAIDS a p p l i c a t i o n  (a l though a non-user -spec i f ic  
" d e f a u l t "  ve r s ion  a lso e x i s t s  f o r  test purposes) .  It is  loaded by e n t e r i n g  t h e  com 
mand XAIDS, a t  which t i m e  it takes  con t ro l  of t h e  hardware and remains i n  c o n t r o l  
u n t i l  t h e  o p e r a t o r  f o r c e s  an e x i t  back to  t h e  RMX86 o p e r a t i n g  system. 

During t h e  time t h e  XAIDS 1/0 j o b  is running,  t h e  system t a k e s  on t h e  c h a r a c t e r  
of t he  p i p e l i n e d  mul t iprocessor  a r c h i t e c t u r e  shown i n  f i g u r e  5. The arrows show t h e  
d i r e c t i o n  of in format ion  flow d u r i n g  a t y p i c a l  d a t a  a c q u i s i t i o n  and d i s p l a y  cyc le .  
Data flow i n  g e n e r a l  from l e f t  t o  r i g h t  i n  t h e  f i g u r e ,  w i th  t h e  v e r t i c a l  dashed 
l i n e s  demarcat ing t h e  f i v e  s t a g e s  of the p i p e l i n e .  The symbol t a b l e  shown a t  t h e  
bottom of the f i g u r e  i s  the one element of t he  system t h a t  is n o t  d i r e c t l y  p a r t  of 
the  p i p e l i n e  b u t  i s  r a t h e r  a d a t a  base f o r  XAIDS supe rv i so ry  sof tware .  

The 1/0 channel  boards shown a t  the l e f t  of t h e  f i g u r e  c o n s t i t u t e  t h e  f i r s t  
s t a g e  of t h e  p i p e l i n e .  The T D U  and LAN are cons idered  b a s e l i n e  system channels .  
The system, when conf igured  f o r  a s p e c i f i c  u s e r ,  w i l l  normally have one or more u s e r  
1/0 channel  boards as w e l l .  The e s s e n t i a l  f u n c t i o n  of t h i s  1/0 complement i s  t o  

which is se l f - con ta ined .  The 1/0 channels may f a l l  i n t o  one of t h r e e  c a t e g o r i e s :  
n o n i n t e l l i g e n t  s l a v e s  (such as t h e  T D U ) ,  i n t e l l i g e n t  channels  execu t ing  onboard 

f i r s t  be loaded i n t o  onboard RAM. A boo t s t r ap  loader u t i l i t y  has  been created t h a t  
can load any channel  having i n  firmware the requ i r ed  s t a r t u p  rou t ine .  

t i n t e r f a c e  e x t e r n a l  equipment t o  the IEEE-796 bus,  wi th  t h e  one excep t ion  of t h e  T D U ,  

* firmware ( such  as the LAN), and i n t e l l i g e n t  channels  execu t ing  so f tware  t h a t  must 

The n e x t  stage i s  RTPRO, which handles any and a l l  time-critical func t ions  asso-  
c i a t e d  w i t h  t he  use r  a p p l i c a t i o n .  It is loaded us ing  t h e  b o o t s t r a p  loader u t i l i t y  
mentioned p rev ious ly  and i s  respons ib le  f o r  1/0 channel  management, raw d a t a  preproc- 
e s s i n g ,  and analog r eco rde r  s e r v i c i n g ,  i n  a d d i t i o n  t o  any user -suppl ied  rea l - t ime 
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execu t ing  when p w e r  is appl ied.  The CENPRO and RTPRO (and u s u a l l y  t h e  use r  1/0 
p rocesso r s  as w e l l )  are then a u t o m a t i c a l l y  loaded w i t h  so f tware  from t h e  hard 
d i s k  d r i v e .  

r o u t i n e s .  The channel hand le r s  provide a s t anda rd  i n t e r f a c e  t o  the data a c q u i s i t i o n  
execu t ive  and may be executed e i t h e r  polled or i n t e r r u p t - d r i v e n .  Notice t h a t  the 
TDU does n o t  have a channel hand le r ,  because it is  polled from CENPRO. The data 
a c q u i s i t i o n  execut ive is r e s p o n s i b l e  for a l l  data flow w i t h i n  RTPRO and s e r v i c e s  t w o  
s e p a r a t e  s t r u c t u r e s ,  one f o r  the analog r eco rde r  i n t e r f a c e  (h igh  speed) and t h e  
other  for the ope ra to r  d i s p l a y  (on demand). It  is supported by a s e t  of r a w  data 
type hand le r s  that  perform parameter type conversion to  NDP-compatible formats.  
Parameter mapping and type conversion s p e c i f i c a t i o n s  are f e t c h e d  from t h e  symbol 
table  as r equ i r ed .  

The t h i r d  p i p e l i n e  stage is CENPRO, which under t h e  XAIDS 1/0 job is  given the 
main t a s k  of i n t e r p r e t i n g  and c a r r y i n g  o u t  operator commands. This  r e q u i r e s  i t  to  
e x e r c i s e  c o n t r o l  over bo th  RTPRO and PERPRO while  c a r r y i n g  o u t  b a s e l i n e  t a s k s  as 
w e l l  as s e r v i c i n g  whatever user-defined commands are p r e s e n t .  For data a c q u i s i t i o n  
and d i s p l a y ,  t h e  operator  will normally load a p r e v i o u s l y  c r e a t e d  d i s p l a y  page from 
f loppy  d i s k e t t e .  The d i s p l a y  page handler  w i l l  t hen  perform page se tup :  f e t c h  
in fo rma t ion  as  required from t h e  symbol table, create a d i s p l a y  c o n t r o l  s t r u c t u r e ,  
s e t  up t h e  RTPRO data a c q u i s i t i o n  execu t ive ,  and i n i t i a l i z e  PERPRO t o  d r i v e  the 
d i s p l a y .  I t  then se rves  a s  t h e  in t e rmed ia ry  between RTPRO and PERPRO, f e t c h i n g  data 
as r equ i r ed  and formatt ing each parameter i n  t u r n  us ing  t h e  d i s p l a y  format  hand le r  
r o u t i n e s .  I n  add i t ion ,  CENPRO has  t h e  ongoing t a s k  of  p e r i o d i c a l l y  p o l l i n g  t h e  TDU 
and sending updated t i m e  and date information t o  PERPRO. 

The PERPRO, t h e  f o u r t h  stage i n  t h e  XAIDS p i p e l i n e ,  u ses  firmware t o  manage t h e  
d i g i t a l  p e r i p h e r a l s  of t he  f i f t h  s t a g e ,  namely, t h e  operator keyboard, cathode r a y  
tube  (CRT) d i s p l a y ,  and t h e  l i n e  p r i n t e r .  The PERPRO prov ides  l i n e - e d i t e d  operator 
i n p u t  s t r i n g s  from the keyboard i n  s e v e r a l  formats ,  checking f o r  error l o c a l l y  
be fo re  sending t h e  s t r i n g  on to CENPRO f o r  i n t e r p r e t i n g .  The PERPRO also d r i v e s  t h e  
CRT i n  s e v e r a l  output  modes, inc lud ing  t h e  cursor-vectored high-speed r e f r e s h  mode 
normally used f o r  data  d i s p l a y s .  It responds t o  operator keyboard command sequences 
t o  select  the  d e s i r e d  s c r e e n  r e f r e s h  period from 0.1 t o  1 . 5  sec, It also responds 
t o  a special  keyboard command t o  snapshot  t h e  s c r e e n  b u f f e r  and send it t o  t h e  l i n e  
p r i n t e r  b u f f e r  f o r  e d i t i n g  and dumping to  p r i n t e r .  
the  p r i n t e r  dumps are tagged with t h e  c u r r e n t  date and t i m e  of day t o  the n e a r e s t  
second. 

Both the s c r e e n  d i s p l a y s  and 
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Table 2 shows t h e  mapping of the  var ious XAIDS system elements  w i th in  the  memory 
space  a c c e s s i b l e  through t h e  IEEE-796 bus us ing  20-bi t  add res s ing .  Three-fourths  of 
t h e  a v a i l a b l e  1 megabyte of memory domain are occupied by t h e  CENPRO RAM, the aux- 
i l i a r y  RAM board,  and the  RTPRO RAM i n  t h ree  cont iguous 256K blocks.  The remaining 
space  i s  a l l o c a t e d  as shown t o  the LAN c o n t r o l l e r ,  PERPRO RAM, u se r  I / O ,  and a u x i l -  
i a r y  PROM. The uppermost 64K block i s  not used. Table 3 shows t h e  mapping of sys-  
tem elements w i th in  the 1/0 addres s  space, which i s  a s e p a r a t e  64K domain paral- 
l e l i n g  the  memory-mapped domain. Notice t ha t  t h e  TDU decodes on ly  t h e  lower 8 b i t s  
of the  I/o addres s  and thus  i s  a l i a s e d  i n t o  256 separate 8-byte b locks  wi th in  the 
domain. Such a mix of addres s  decoding is  accep tab le  on ly  because none of t h e  
16-b i t  I/O-mapped dev ices  impinge on these m u l t i p l e  blocks.  

The o p e r a t i n g  system sof tware  c u r r e n t l y  used i n  t h e  XAIDS is  t h e  I n t e l  iRMX86 
r e l e a s e  5, to  which has  been added custom dev ice  d r i v e r s  f o r  t h e  TDU,  l i n e  p r i n t e r ,  
and ope ra to r  t e rmina l .  The operating s y s t e m  is g iven  e x c l u s i v e  access t o  the e n t i r e  
CENPRO R A M  a s  w e l l  as t h e  e n t i r e  a u x i l i a r y  RAM board. A p o r t i o n  of t h e  t o t a l  oper- 
a t i n g  system i s  conta ined  i n  PROMS on CENPRO proper ,  a p o r t i o n  is  r e s i d e n t  on t h e  
a u x i l i a r y  PROM board,  and t h e  remainder is loaded from t h e  hard d i s k  d r i v e  i n t o  
CENPRO and a u x i l i a r y  RAM dur ing  the  boo t s t r ap  load ope ra t ion .  The I n t e l - s u p p l i e d  
b o o t s t r a p  loade r  firmware w a s  s l i g h t l y  modified t o  p e r m i t  swi tch  s e l e c t i o n  of e i t h e r  
t h e  normal hard d i s k  boot m o d e  o r  a backup b o o t s t r a p  m o d e  us ing  one of the four  
f loppy d i s k e t t e  d r i v e s .  

The t o t a l  o p e r a t i n g  system is a ful l -up c o n f i g u r a t i o n  i n c o r p o r a t i n g  a l l  t he  
In te l -provided  release 5 o p t i o n s ,  including the u n i v e r s a l  development i n t e r f a c e  
( U D I ) .  The UDI s e r v e s  as t h e  h o s t  f o r  the sof tware  development t o o l s  a v a i l a b l e  to  
the  o p e r a t o r  through t h e  human i n t e r f a c e  command i n t e r p r e t e r .  Another permanent 
f e a t u r e  of t he  o p e r a t i n g  system is  a fu l l - t ime FU4X86 debugger,  which may be accessed 
while  t he  sys tem is execut ing  wi thout  d i s t u r b i n g  c u r r e n t  j o b  execut ion .  To use  t h e  
debugger,  a separate t e rmina l  s e t  f o r  9600 baud must be mated to  t h e  CENPRO connec- 
t o r  on the  system i n t e r f a c e  pane l  i n s ide  the l e f t  rear of t h e  XAIDS cab ine t .  The 
debugger, a c t i v a t e d  wi th  the s i n g l e  keystroke command < c n t l  D > ,  p e r m i t s  examination 
of t he  e n t i r e  spectrum of ope ra t ing  system o b j e c t s .  This  tool i s  inva luab le  f o r  
a s s e s s i n g  sys tem a l l o c a t i o n  of resources  ( e s p e c i a l l y  memory) and i s  the only  means 
whereby such system problems as t a s k  deadlock can be diagnosed. The debugger i s  
d e a c t i v a t e d  by e n t e r i n g  Q < re tu rn> .  

When t h e  o p e r a t i n g  system begins  t o  execute  fo l lowing  completion of t h e  b o o t s t r a p  
load p rocess ,  t h e  human i n t e r f a c e  submits t h e  log-on f i l e  (pathname : prog : r ?  logon ) , 
caus ing  t h e  o p e r a t i n g  sys tem t o  perform the s t e p s  s p e c i f i e d .  This  t e x t  f i l e  i s  
c r e a t e d  us ing  t h e  system t e x t  e d i t o r  and can perform any system func t ions  d e s i r e d  by 
t h e  u s e r .  Cur ren t ly  t h i s  f i l e  is configured t o  f i r s t  load t h e  RDAS through t h e  LAN 
us ing  a system u t i l i t y  program c a l l e d  RBOOT. The f i n a l  s t e p  i s  t h e  loading  of t h e  
X A I D S  execu t ive  program ( c a l l e d  X A I D S ) ,  which i n  t u r n  handles  t h e  loading  of u s e r  
boards and RTPRO. This  logon f i l e  thus completes t h e  au tomat ic  b o o t s t r a p  p rocess ,  

execu t ive  command l i s t  i n t e r p r e t e r .  
c which begins  when the  XAIDS is  powered up, and t akes  t h e  use r  d i r e c t l y  t o  the  X A I D S  

The o p e r a t o r  is  given the  freedom to  r e t u r n  t o  the  RMX86 human i n t e r f a c e  when- 
ever  desired by e n t e r i n g  the  XAIDS command EXIT. While running under the  human 
i n t e r f a c e ,  s e v e r a l  XAIDS u t i l i t i e s  a r e  a v a i l a b l e  t o  the  o p e r a t o r :  t h e  RDAS l oade r  
( R B O O T ) ,  t h e  s l a v e  loade r  (BOOT),  and the  TDU s e t u p  program (TCU).  Program RBOOT 
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permi t s  t h e  ope ra to r  to re load  the WAS as required.  
been loaded, t h e  RBOOT commands RDAS to  dump i t s  load and the new program i s  then 
loaded. The u t i l i t y  BOOT allows the o p e r a t o r  t o  "manually" load a s l a v e  p rocesso r ,  
r a t h e r  than have the XAIDS execu t ive  do it. If the s l a v e  has  a l r e a d y  been loaded, 
BOOT aborts t h e  load process  with an a p p r o p r i a t e  error message. The INTO pushbutton 
can be used to  send an i n t e r r u p t ,  f o r c i n g  a l l  slaves to purge p r e v i o u s l y  loaded 
programs so t h a t  BOOT can be used t o  reload one or more of t h e m .  The u t i l i t y  TCU 
permi t s  t h e  ope ra to r  to reset t h e  t i m e  and date registers of t h e  TDU as requ i r ed  t o  
correct f o r  d r i f t  or to p e r m i t  d a y l i g h t  s av ing  t i m e  or s t anda rd  t i m e  adjustments .  
The o p e r a t o r  may reload t h e  XAIDS execu t ive  a t  any t i m e  by e n t e r i n g  the human i n t e r -  
f a c e  command XAIDS. 

I f  the RDAS has  p r e v i o u s l y  

MAINTENANCE PROCESSOR SOFTWARE 

The maintenance processor  ( M A I N T )  i s  a 16-bi t  single-board computer configured 
as a bus master t h a t  is designed to  access t h e  e n t i r e  IEEE-796 bus i n c l u d i n g  both 
t h e  memory-mapped and t h e  I/O-mapped domains. The c u r r e n t  MAINT program is  r e s i d e n t  
i n  onboard PROMS and provides  most of t h e  f e a t u r e s  u s u a l l y  found i n  a monitor pro- 
gram, inc lud ing  memory read-write and 1/0 read-write.  A separate t e rmina l ,  which 
i s  connected to  t h e  system i n t e r f a c e  panel  i n s i d e  t h e  XAIDS rack (accessible through 
the  l e f t  rear door), is requ i r ed  to  use MAINT. This t e r m i n a l  may employ any baud 
r a t e  i n  t h e  range 110 t o  19,200. When the XAIDS i s  powered up, t h e  MAINT firmware 
e n t e r s  a lockon loop,  which senses  one or t w o  capi ta l  let ter U keys t rokes  t o  deter- 
mine t h e  baud rate. The program then d i s p l a y s  a command menu i n c l u d i n g  an H ( h e l p )  
command, whereupon the o p e r a t o r  may perform any desired system t roub leshoo t ing  oper- 
a t i o n s .  U n t i l  t h e  program is called upon t o  examine or alter system-mapped hardware 
or so f tware ,  no bus ope ra t ions  are involved,  and there is  t h u s  no load ing  of t h e  
system. 
monitoring of t h e  e i g h t  bus i n t e r r u p t s ;  when sensed,  each causes  a coun te r  to  be 
incremented. These e i g h t  coun te r s  may be d i sp layed  on t h e  maintenance t e rmina l  
whenever desired. 

A p u r e l y  passive f u n c t i o n  performed by MAINT s t a r t i n g  a t  power-up i s  t h e  

PERIPHERAL PROCESSOR SOFTWARE 

The p e r i p h e r a l  processor (PERPRO) i s  an 8-bit  s ingle-board computer conf igu red  
as a bus s l a v e  t h a t  s e r v i c e s  t h e  operator CRT and keyboard, t h e  l i n e  p r i n t e r ,  and 
the  bus t imeout  l i g h t  on the  pane l  b e l o w  t h e  o p e r a t o r  t e rmina l .  The PERPRO so f tware  
is r e s i d e n t  i n  onboard PROM and executes  i n  t h r e e  separate modes: reset, R M X 8 6  I / O ,  
and XAIDS. Communication with PERPRO i s  accomplished through PERPRO RAM c o n t r o l  
s t r u c t u r e s  t h a t  are accessible to  any bus master through t h e  system bus (memory- 
mapped domain). When t h e  system is  powered up, PERPRO firmware beg ins  execu t ing  
immediately, performing an i n i t i a l i z a t i o n  sequence, e n t e r i n g  reset m o d e ,  and dis-  
p l ay ing  a sign-on message on the CRT. Whenever the human i n t e r f a c e  is  running i n  
CENPRO, the PERPRO switches to  R M X 8 6  m o d e ,  i n  which the  CRT, keyboard, and l i n e  
p r i n t e r  become 1/0 devices belonging t o  t h e  o p e r a t i n g  system. I f  t h e  XAIDS execu- 
t i v e  i s  loaded, t h e  PERPRO m o d e  swi tches  to  XAIDS,  du r ing  which t h e  firmware 
responds t o  numerous s p e c i a l i z e d  commands for  keyboard i n p u t  sequences,  s c r e e n  
d i s p l a y  f u n c t i o n s ,  and l i n e  p r i n t e r  o p e r a t i o n s  ( i n c l u d i n g  s c r e e n  snapsho t )  t h a t  are 



n o t  a v a i l a b l e  i n  RMX86 mode. These s p e c i a l  f u n c t i o n s  are t a i l o r e d  f o r  high-speed 
s u p p o r t  of t h e  XAIDS page d i s p l a y s  a t  r e f r e s h  rates up t o  10 Hz. 

REAL-TIME PROCESSOR SOFTWARE 

The real-time p rocesso r  (RTPRO) i s  a 16-bi t  s ingle-board computer configured as 
a bus master t h a t  d i r e c t l y  services t h e  analog r e c o r d e r  DAC o u t p u t s ,  t h e  SCP, and 
a n  RS-232 s e r i a l  p o r t .  The RTPRO software c o n s i s t s  of t w o  elements:  a s t a r t u p  
package r e s i d e n t  i n  onboard PROM and a RAM-resident l oad  module t h a t  i s  downloaded 
e i t h e r  by t h e  BOOT u t i l i t y  o r  by the  XAIDS execut ive.  When t h e  system i s  powered 
up, t h e  firmware begins execu t ing  immediately and w a i t s  u n t i l  a --resident module 
download has  been completed. A t  tha t  t i m e ,  t h e  firmware passes  c o n t r o l  t o  t h e  load 
module, which w i l l  remain i n  c o n t r o l  unless t h e  INTO pushbut ton forces a r e t u r n  t o  
firmware, which permits a reload.  

The RTPRO firmware, while  w a i t i n g  fo r  download, performs an SCP tes t  r o u t i n e  
p e r m i t t i n g  t h e  o p e r a t o r  t o  perform confidence tests on t h e  swi t ches ,  thumbwheels, 
and I N T R  pushbutton. I f  t h e  c o n t r o l  switches are a l l  LO, t h e  LEDs are f l a s h e d  on 
i n  slow success ion ;  any c o n t r o l  switches placed i n  t h e  H I  p o s i t i o n  t u r n  on t h e  cor-  
responding LED. When t h e  INTR pushbutton i s  p res sed ,  t h e  mode thumbwheels s e t t i n g  
i s  l o g i c a l l y  ORed with t h e  switches and t h e  combination appears  on t h e  LEDs. 

The RTPRO load module c o n s i s t s  of a b a s e l i n e  s e t  of r o u t i n e s  l i n k e d  t o  t h e  
u s e r ' s  real-time r o u t i n e s  t o  form a s i n g l e  e n t i t y  loaded i n t o  t h e  lower p o r t i o n  of 
RTPRO RAM. The b a s e l i n e  r o u t i n e s  provide t h e  fo l lowing  s e r v i c e s :  LAN s e r v i c i n g ,  
channel  management, DAC and CRT data a c q u i s i t i o n ,  and programmable f u n c t i o n  genera- 
t i o n .  Supe rv i s ion  of RTPRO by CENPRO is accomplished through c o n t r o l  s t r u c t u r e s  i n  
a p o r t i o n  of RTPRO 'RAM t h a t  is reserved as a common d a t a  area. The i n t e r f a c e s  to  
t h e  u s e r ' s  r o u t i n e s  provide a v a r i e t y  of o p t i o n s  t ha t  can accomodate a broad spec- 
t r u m  of u s e r  requirements i nc lud ing  i n t e r r u p t  l i nkages ,  timed p o l l i n g ,  and back- 
ground looping. 

The  LAN s e r v i c i n g  provides  p i p e l i n e  management f o r  a l l  d a t a  flowing t o  and from 
t h e  RDAS. A t  p r e s e n t ,  only a s i n g l e  secondary s t a t i o n  (01 )  i s  t i e d  t o  t h e  bus,  
a l though up t o  255 addres sab le  s t a t i o n s  may be s e r v i c e d .  As d i scussed  i n  appendix 
A ,  the maximum s e r v i c i n g  ra te  is approximately 96 H z ,  a l though degradat ion can be 
expected wi th  high RTPRO loading. During each c y c l e ,  a l l  48 d i s c r e t e s  are passed 
( b o t h  w a y s ) ,  16 ana log - to -d ig i t a l  converter  (ADC) va lues  are fe t ched ,  and a l l  28 
DACs are updated. The d a t a  are passed t o  and from b u f f e r s  i n  RTPRO RAM; i f  a 
r o u t i n e  r e q u i r e s  access t o  t h e  d a t a  stream f o r  e i t h e r  i n p u t  or ou tpu t ,  t h i s  is  
accomplished synchronously using handshake semaphores. In  a d d i t i o n  t o  analogs and 
d i s c r e t e s ,  s e r i a l  c h a r a c t e r  streams t o  and from t h e  RDAS p e r i p h e r a l s  can be passed 
us ing  packe t s  a t t a c h e d  t o  the  LAN messages. These packe t s  are  handled as low- 
p r i o r i t y  t r a f f i c  t o  maximize t h e  bandwidth of t h e  ana logs  and d i s c r e t e s .  

Channel management involves  the d e c l a r a t i o n  and subsequent  s u p e r v i s i o n  of t h e  
data  a c q u i s i t i o n  channels ,  which may number up t o  32. Each i s  i d e n t i f i e d  by a 
two-character mnemonic and has  a s soc ia t ed  with it a c o n t r o l  s t r u c t u r e  as shown i n  
t ab le  4. The handler  f o r  each channel c o n s i s t s  of a set  of s i x  sub rou t ines  whose 
addres ses  are provided when t h e  channel is  dec la red .  The b a s e l i n e  RTPRO sof tware 
d e c l a r e s  f o u r  channels:  PP f o r  access to  PERPRO RAM, RP f o r  access t o  RTPRO RAM, 
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RA for  access to RDAS analog i n p u t s ,  and RD f o r  access t o  RDAS discrete inpu t s .  
~ l l  channels ,  including any the u s e r  r e q u i r e s ,  are declared dur ing  RTPRO i n i t i a l i z a -  
t i o n  fo l lowing  download. The b a s e l i n e  software provides r o u t i n e s  for  the t iming,  
synchron iza t ion ,  and s t a t u s  monitor ing of each channel.  

The DAC and CRT d a t a  a c q u i s i t i o n  is  managed us ing  t w o  l a r g e  c o n t r o l  s t r u c t u r e s  
t h a t  c o n t a i n  a l l  the in fo rma t ion  necessa ry  t o  f e t c h  t h e  data i t e m s  called f o r  and 
perform r a w  data preprocessing.  U p  t o  16 recorder o u t p u t  DAC parameters may be 
handled,  and up t o  255 CRT d i s p l a y  parameters may be handled. 
s t r u c t u r e  i s  scanned a t  a maximum rate of 100 H z ,  a l though rate degrada t ion  is  nor- 
mal depending on RTPRO loading.  The CRT c o n t r o l  s t r u c t u r e  i s  scanned a t  t h e  s c r e e n  
refresh rate selected by t h e  o p e r a t o r  (0 .67  Hz t o  10.0 H z ) .  The c o n t r o l  s t r u c t u r e s  
c o n t a i n  a block of t h e  type shown i n  table 5 for  each parameter. These blocks pro- 
v i d e  r e g i s t e r s  f o r  data b u f f e r i n g ,  c o n s t a n t s  used i n  p rep rocess ing ,  and p o i n t e r s  t o  
t h e  necessa ry  support ing subrou t ines .  A s  soon as t h e  DAC c o n t r o l  s t r u c t u r e  scan i s  
complete,  t h e  DAC values are copied from t h e  s t r u c t u r e  t o  t h e  DAC b u f f e r ,  and t h e  
16 DAC o u t p u t s  are immediately updated. For the CRT c o n t r o l  s t r u c t u r e ,  CENPRO i s  
n o t i f i e d  when scan is complete, and CENPRO then f e t c h e s  from t h e  s t r u c t u r e  whatever 
data elements  are required t o  suppor t  i t s  sc reen  d i s p l a y  formatt ing.  

The DAC c o n t r o l  

For both DAC and CRT data a c q u i s i t i o n ,  t h e  s u b r o u t i n e s  called t o  perform the 
da ta  snapsho t  (copying data from the channel h a n d l e r )  and subsequent  p rocess ing  are 
embodied i n  sof tware modules called raw data type handlers .  Each data type i s  iden- 
t i f i e d  by a four-character  mnemonic and has  an associated d e c l a r a t i o n  s t r u c t u r e  as 
shown i n  table 6. The t w o  s e t u p  r o u t i n e s  are used i n  the c o n f i g u r a t i o n  of the CRT 
and DAC c o n t r o l  s t r u c t u r e s .  These r o u t i n e s  are r e s p o n s i b l e  f o r  g e n e r a t i n g  the  con- 
s t a n t s  embedded i n  each c o n t r o l  block and also f o r  supplying the p o i n t e r s  f o r  t h e  
snapsho t  and processing r o u t i n e s .  U p  t o  64 to ta l  r a w  data types  may be declared a t  
i n i t i a l i z a t i o n  time; c u r r e n t l y  t h e  b a s e l i n e  so f tware  declares t h e  7 types shown i n  
f o o t n o t e  a of table  6. The a lgo r i thms  employed i n  t h e  p rocess ing  r o u t i n e s  for  t h e s e  
7 data types  are shown i n  appendix C. 

The programmable f u n c t i o n  gene ra to r  contained w i t h i n  t h e  b a s e l i n e  RTPRO so f tware  
permits up t o  100 time-varying f u n c t i o n s  t o  be generated.  The o u t p u t s  are used t o  
s e l e c t i v e l y  d r i v e  RDAS analog and d i s c r e t e  o u t p u t s  t o  provide f o r c i n g  f u n c t i o n s  t o  a 
system under test. The gene ra to r  i s  i n i t i a l i z e d  by CENPRO and is  clocked by e i g h t  
s e p a r a t e  software timers t r i g g e r e d  by t h e  operator us ing  t h e  SCP. Up t o  32 f u n c t i o n  
types  may be declared a t  i n i t i a l i z a t i o n  time; c u r r e n t l y  10 f u n c t i o n s  are declared 
by the b a s e l i n e  software. These are s i n u s o i d a l ,  s t e p ,  ramp, doub le t ,  p u l s e ,  rec- 
t a n g u l a r  periodic, t r i a n g u l a r  periodic, random discrete, shaped w h i t e  n o i s e ,  and 
exponen t i a l .  The gene ra to r  i s  c o n t r o l l e d  by a l a r g e  data s t r u c t u r e  c o n t a i n i n g  
f o r  each f u n c t i o n  a block such as  t h a t  shown i n  table 7 .  When each f u n c t i o n  is 
declared, a p o i n t e r  i s  supp l i ed  for  a s e t u p  r o u t i n e  t h a t  is  r e s p o n s i b l e  f o r  i n i -  
t i a l i z i n g  t h e  block c o n s t a n t s  and p o i n t e r s .  The s t r u c t u r e  is  scanned a t  a maximum 
ra te  of 100 Hz, w i t h  slower rates t o  be expected f o r  l a r g e r  numbers of  f u n c t i o n s  as 
RTPRO load ing  inc reases .  However, the timers maintain a uniform t i m e  scale even 
though s e r v i c i n g  rates may slow. 

CENTRAL PROCESSOR XAIDS JOB SOFTWARE 

The XAIDS execut ive load module c o n s i s t s  of a b a s e l i n e  set  of r o u t i n e s  l i nked  
t o  t h e  u s e r ’ s  extension modules to  form a s i n g l e  load-time locatable RMX86 1/0 job.  
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This  module is loaded by t h e  logon f i l e  d u r i n g  system power-up i n i t i a l i z a t i o n ;  i t  
may be la te r  reloaded manually us ing  the o p e r a t o r  human i n t e r f a c e  command XAIDS. A t  
i t s  c o r e  is a looping command i n t e r p r e t e r  t h a t  accepts command mnemonics of one t o  
f o u r  c h a r a c t e r s  i n  l eng th  and then  branches t o  t h e  corresponding s e r v i c i n g  r o u t i n e ,  
called a command handler .  The menu i s  the  combination of the XAIDS b a s e l i n e  command 
s e t  p l u s  whatever user-def ined commands have been dec la red .  The XAIDS execu t ive  
p rov ides  an i n t e r f a c e  f o r  t h e  o v e r a l l  software s u i t e  t o  t h e  RMX86 o p e r a t i n g  system 
f o r  such o p e r a t i o n s  as f i l e  read ing  and w r i t i n g .  In  a d d i t i o n  t o  MX86 I/O, t h e  
e x e c u t i v e  b a s e l i n e  manages the d i s p l a y  s c r a t c h  d i s k e t t e ,  several data d i s p l a y  f o r -  
mats, a symbol table,  two d i s p l a y  page hand le r s ,  a f u n c t i o n  g e n e r a t o r ,  and s e v e r a l  
t es t  modules. 

A l l  = I D S  commands with t h e  exception of  EXIT are d e c l a r e d  by tables c o n s i s t i n g  
of  concatenated sets of command d e c l a r a t i o n  blocks such as shown i n  table 8. A con- 
c a t e n a t e d  s e t  of such blocks may be of any l eng th  and is  delimited by a f i n a l  block 
c o n t a i n i n g  blanks i n  t h e  mnemonic f i e l d .  Associated wi th  each declared command mne- 
monic are two A S C I I  t e x t  s t r i n g s  t h a t  a r e  used i n  t h e  menu p r e s e n t a t i o n  process. 
The f i r s t  i s  a 20-character exp lana t ion  of t h e  mnemonic i t s e l f  while  the second i s  a 
45-character  d e s c r i p t i o n  of i t s  function. A l s o  contained i n  each block is t h e  e n t r y  
addres s  of t h e  command hand le r ,  t h e  address of t h e  s c r a t c h  f i l e  save template ( i f  
a n y ) ,  and t h e  l eng th  of s a i d  template  i n  by te s .  

A template is de f ined  as any data s t r u c t u r e  t h a t  is  created by a command hand le r  
and t h a t  can  be preserved on d i s k e t t e  and r e t r i e v e d  f o r  later reuse.  A l l  t empla t e s  
c o n t a i n  t h e  same i n i t i a l  block of 54 A S C I I  b y t e s ,  t h e  f i r s t  4 b y t e s  c o n t a i n i n g  the 
mnemonic f o r  t h e  a s s o c i a t e d  command handler and the n e x t  50 b y t e s  c o n t a i n i n g  t h e  
i d e n t i f y i n g  name f o r  t h e  template.  Disket te  d r i v e  :F3: is  re se rved  f o r  t h e  s c r a t c h  
d i s k e t t e ,  which may c o n t a i n  up to  100 numbered f i l e s  each c o n t a i n i n g  one template. 
An a d d i t i o n a l  f i l e  on the d i s k e t t e  is the so-cal led s c r a t c h  d i s k e t t e  d i r e c t o r y  ( n o t  
t o  be confused with t h e  d i s k e t t e ' s  ope ra t ing  system d i r e c t o r y ) ,  s t r u c t u r e d  as shown 
i n  t a b l e  9. The s c r a t c h  d i s k e t t e  manager h a s  r o u t i n e s  for  viewing t h e  d i r e c t o r y ,  
l oad ing  a f i l e ,  dumping of f i l e  groups to  p r i n t e r ,  d e l e t i n g  a f i l e ,  copying a f i l e  
t o  a backup s c r a t c h  d i s k e t t e ,  and i n i t i a l i z i n g  a new s c r a t c h  d i s k e t t e .  When a f r e s h  
d i s k e t t e  i s  i n i t i a l i z e d  to  become an XAIDS s c r a t c h  d i s k e t t e ,  i t s  newly c r e a t e d  
(empty) d i r e c t o r y  i s  given a name, and the date and t i m e  of c r e a t i o n  i s  permanently 
recorded. This  d i r e c t o r y  c o n t a i n s  100 e n t r i e s  f o r  t h e  s t a t u s  in fo rma t ion  corre- 
sponding t o  d i s k e t t e  f i l e s  given pathnames 1 to  100. Each e n t r y  c o n t a i n s  the empty- 
occupied s t a t u s  f l a g ,  t h e  command mnemonic of t h e  hand le r  a s s o c i a t e d  with t h e  t e m -  
p l a t e ,  t h e  d a t e  and t i m e  of t h e  save operat ion,  and t h e  t i t l e  for  t h e  template.  

Two major PUBLIC r o u t i n e s  w i t h i n  the s c r a t c h  d i s k e t t e  manager handle  t h e  s a v i n g  
of  t empla t e s  and t h e  subsequent re loading of templates. The r o u t i n e  t h a t  s aves  a 
template  i s  invoked from w i t h i n  a command hand le r  and e i t h e r  overwrites a s p e c i f i e d  
f i l e  number ( 1  t o  100) or w r i t e s  to  the f i r s t  a v a i l a b l e  empty f i l e  i f  0 i s  t h e  f i l e  
number. For a t y p i c a l  save o p e r a t i o n ,  t h e  c u r r e n t  s c r a t c h  d i s k e t t e  d i r e c t o r y  i s  
loaded,  t h e  e l e c t e d  f i l e  is  w r i t t e n ,  the d i r e c t o r y  is  updated, and t h e  d i r e c t o r y  i s  
then  r e w r i t t e n .  The loading of a template (always s p e c i f i e d  by f i l e  number) invokes 
t h e  r o u t i n e  t h a t  r eads  t h e  d i r e c t o r y  from t h e  s c r a t c h  d i s k e t t e ,  determines which 
hand le r  is  involved,  r e t r i e v e s  t h e  template, cop ie s  i t  t o  the h a n d l e r ' s  b u f f e r ,  and 
invokes t h e  hand le r  s s e r v i c i n g  routine.  

S ince  t h e  main uses  of XAIDS i n  one way or ano the r  i n v o l v e  t h e  d i s p l a y  of data,  
a wide cho ice  of Screen d i s p l a y  formats has  been made a v a i l a b l e .  The execu t ive  
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manages a set  of base l ine  and user-def ined d i s p l a y  f o r m a t t i n g  r o u t i n e s  t h a t  are 
dec la red  du r ing  t h e  i n i t i a l i z a t i o n  of the execu t ive  immediately a f t e r  load.  The 
formats a r e  dec lared  by blocks  such as that shown i n  t a b l e  10. Each format  is  iden- 
t i f i e d  by a s i n g l e  le t ter  t h a t  has  a s s o c i a t e d  wi th  it t h e  address of t h e  cor re-  
sponding s e r v i c i n g  rout ine .  
ware a r e  shown. With t h e  excep t ion  of M, t h e  let ters as s igned  are i d e n t i c a l  to  
those  used i n  FORTRAN format  Statements .  The M ( f o r  "message") format  causes  the 
d i s p l a y  of one of two a l t e r n a t i v e  ASCII s t r i n g s ,  each from 1 t o  10 c h a r a c t e r s  i n  
l eng th .  
or  a set  of d i s c r e t e s  w i t h i n  a given parameter. 

The e i g h t  format types  dec la red  by the b a s e l i n e  s o f t -  

This  format is widely used f o r  d i s p l a y i n g  t h e  s t a t u s  of a s i n g l e  d i s c r e t e  

A c e n t r a l  f e a t u r e  of the XAIDS is  t h e  use of symbolic parameter r e fe renc ing  
through a l a r g e  s t r u c t u r e  c a l l e d  t h e  symbol t a b l e .  This  t a b l e  occupies  64 kby tes  
i n  the uppermost por t ion  of RTPRO RAM a t  bus memory domain addres s  range OBOOOOH t o  
OBFFFFH. The t a b l e , i s  a lphabe t i zed  and can hold a maximum of 510 parameter e n t r i e s  
desc r ibed  by b locks  such as t h a t  shown i n  t a b l e  11 .  This  informat ion  is  t h e  d a t a  
base  used by both RTPRO and CENPRO i n  t h e  management of data f low from the channel  
hand le r s  t o  t h e  u l t ima te  d e s t i n a t i o n ,  whether RTPRO DACs or CRT d i s p l a y .  The symbol 
t a b l e  e d i t o r  i s  a rou t ine  tha t  manages the symbol table; it can load  a new table i f  
r equ i r ed ,  i n s e r t ,  modify, delete, or c lone  i n d i v i d u a l  e n t r i e s  i n  t h e  c u r r e n t l y  
loaded table,  attach an i d e n t i f y i n g  name to  the t a b l e ,  and store the r e s u l t i n g  table  
on d i s k e t t e  ( u s u a l l y  us ing  the d e f a u l t  pathname :F3:SYMBOL.TAB). It  also c o n t r o l s  
t h e  p r i n t e r  l i s t i n g  of t he  table i n  one of two formats  and gene ra t e s  scans  of t h e  
t a b l e  on the  CRT. 

Screen d i s p l a y  of data is managed wi th in  CENPRO us ing  a t a b l e  of i t e m  b locks  
such as t h a t  shown i n  t a b l e  12.  Each parameter t o  be d i sp layed  on the screen 
r e q u i r e s  such a block; each has  an index number i d e n t i f y i n g  which element  of t h e  
RTPRO CRT d a t a  a c q u i s i t i o n  s t r u c t u r e  i s  used as the d a t a  source.  A l s o  s p e c i f i e d  
i n  each block i s  the  d i s p l a y  format ,  the address  of t h e  corresponding fo rma t t ing  
r o u t i n e ,  t he  p o s i t i o n  on the sc reen  of the l e f t  edge of t h e  d a t a  f i e l d ,  and a copy 
of t h e  zero-one messages from the 'symbol t a b l e  e n t r y  f o r  the parameter. The zero- 
one messages are used on ly  by the M format;  they  are copied from the symbol table 
t o  t h e  s t r u c t u r e  t o  reduce bus t r a f f i c  l e v e l s .  

Two d a t a  d i s p l a y  page hand le r s  are provided by the b a s e l i n e  sof tware .  The 
s i m p l e s t  of t h e s e  i s  a t a b u l a r  form c a l l e d  a make page having the templa te  s t r u c -  
t u r e  shown i n  t a b l e  13. The make page handler  d i s p l a y s  a maximum of 20 d a t a  items, 
1 per l i n e ,  each s p e c i f i e d  by d a t a  source  channel  code, parameter  name, and d i s p l a y  
format.  The format  for a l i n e  i t e m  i s  u s u a l l y  the d e f a u l t  format  read  from t h e  
symbol table b u t  may be a d i f f e r e n t  format  i n  e f f e c t  f o r  t h i s  l i n e  i t e m  only.  The 
hand le r  accep t s  whatever t i t l e  is d e s i r e d  f o r  t h e  page template  and can save  t h e  
templa te  on s c r a t c h  d i s k e t t e  f o r  later r e t r i e v a l .  Besides be ing  used f o r  d a t a  d i s -  
p l a y ,  t h i s  page is  used t o  se t  up t h e  r eco rde r  ana log  ou tpu t s .  A sub rou t ine  con- 
trols the  mapping of t h e  f i r s t  16 e n t r i e s  o€ any make page t o  the RTPRO DACs on 
a one-to-one basis whenever the page is " la tched"  t o  t h e  recorder -  ou tpu t s .  Even 
though the  d i s p l a y  is e x i t e d ,  the l a t ched  c o n f i g u r a t i o n  w i l l  remain i n  e f f e c t  u n t i l  
e i t h e r  unlatched or r e l a t ched .  

The o t h e r  base l ine  d i s p l a y  page handler ,  c a l l e d  t h e  f r e e  form, has  the  template 
s t r u c t u r e  shown i n  t ab le  14. The handler  f o r  t h i s  s t y l e  page p e r m i t s  un l imi ted  
freedom t o  c r e a t e  a d i s p l a y  of whatever form d e s i r e d  occupying sc reen  l i n e s  3 t o  23. 
The template  conta ins  an  image of t he  s ta t ic  informat ion  o r  "background" t o  be 
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d i sp layed  p l u s  data e n t r y  b locks  f o r  up t o  255 e n t r i e s .  Notice t h a t  the data item 
e n t r y  s t r u c t u r e  is  s l i g h t l y  d i f f e r e n t  from that used f o r  the make page template  
s i n c e  each free form data i t e m  must be e x p l i c i t l y  pos i t i oned .  Normally t h e  template 
would c o n t a i n  a mix of background p l u s  data b u t  may c o n t a i n  o n l y  background ( t h u s  
g e n e r a t i n g  a s t a t i c  d i s p l a y )  o r  may conta in  only  data items (wi thou t  background). 
Data items a r e  s p e c i f i e d  by channel  code p l u s  parameter name; the format  f o r  each 
data i t e m  i s  conf igu rab le ,  the t i t l e  for  the page can be whatever desired, and t h e  
templa te  can  be saved on s c r a t c h  d i s k e t t e .  One unique f e a t u r e  of t h i s  handler  i s  
t h e  means t o  l i s t  t h e  data i t e m  b locks  from the templa te  on either CRT or l i n e  
p r i n t e r .  

Con t ro l  of t h e  programmable RDAS func t ion  gene ra to r  w i t h i n  the RTPRO b a s e l i n e  
so f tware  (d i scussed  p rev ious ly )  i s  exerc ised  by a command hand le r  having t h e  t e m -  
p l a t e  s t r u c t u r e  shown i n  table 15. Each template  d e f i n e s  a "program" s p e c i f y i n g  
up to  100 d i f f e r e n t  func t ions  capable of d r i v i n g  e i t h e r  an  RDAS DAC or an RDAS d i s -  
crete ou tpu t  "channel." m n c t i o n s  may i n d i v i d u a l l y  d r i v e  a channel ,  may be summed 
t o  a channel ,  or may be t ime-div is ion  mult iplexed to  a channel .  Each func t ion  e n t r y  
s p e c i f i e s  t h e  d e s i r e d  ou tpu t  channel ,  the f u n c t i o n  name, the timer s p e c i f i c a t i o n ,  
and the  three e l apsed  times a t  which the f u n c t i o n  is t o  be enabled ,  t r i g g e r e d ,  and 
disabled. The f u n c t i o n  name c o r r e l a t e s  t o  an e n t r y  i n  a f u n c t i o n  d e f i n i t i o n  table, 
a tabular  data s t r u c t u r e  loaded from d i s k e t t e ,  which s p e c i f i e s  t h e  f u n c t i o n  type 
( f o r  example, s i n e )  and the arguments c h a r a c t e r i z i n g  t h e  func t ion .  The timer speci- 
f i c a t i o n  f o r  each func t ion  de termines  which s f  e i g h t  timers ( c o n t r o l l e d  by the SCP) 
i s  t o  be used as i t s  t i m e  base.  Th i s  handler  can e d i t  t h e  program template, g ive  
i t  a t i t l e ,  save t h e  program templa te  on d i s k e t t e ,  d e f i n e  new f u n c t i o n s  i n  the 
f u n c t i o n  d e f i n i t i o n  table, and cause  the c u r r e n t  program template t o  i n i t i a l i z e  the 
RTPRO f u n c t i o n  gene ra to r  Control s t r u c t u r e .  Once the RTPRO gene ra to r  i s  i n i t i a l i z e d  
t o  run m o d e ,  i t  is  independent  of CENPRO, and the hand le r  may be e x i t e d .  

The f u n c t i o n  d e f i n i t i o n  table is an example of a ca t egory  of data s t r u c t u r e s  
c a l l e d  A S C I I  edi tor  tables. A s  the name implies, these t a b l e s  c o n t a i n  only  ASCII  
( t h a t  i s ,  t e x t )  in format ion  and may be employed by any command hand le r  r e q u i r i n g  an 
a u x i l i a r y  data base i n  a d d i t i o n  to i t s  template. These tables,  l i k e  symbol tables ,  
e x i s t  a s  o p e r a t i n g  system f i l e s  ( n o t  numbered s c r a t c h  f i l e s )  and t empora r i ly  o v e r l a y  
t h e  memory block normally occupied by the symbol table. To d i s t i n g u i s h  the d i f f e r -  
e n t  table  types ,  a l l  are tagged w i t h  the "owner" mnemonic. Therefore  a l l  symbol 
tables are tagged SYM, and a f u n c t i o n  d e f i n i t i o n  tab le  w i l l  always be tagged RDFN. 
For each t y p e  of t a b l e ,  t h e r e  must be a d e f a u l t  pathname p e r m i t t i n g  the automat ic  
reload of t he  correct table type  as required.  The g e n e r i c  A S C I I  edi tor  r o u t i n e  
may be called by any command hand le r  that "owns" an ASCII  e d i t o r  table t o  p e r m i t  
load ing ,  viewing, l i s t i n g ,  modifying, naming, and s t o r i n g  of i t s  table. 

The s t r u c t u r e  of an A S C I I  ed i tor  t a b l e  e n t r y  i s  shown i n  t a b l e  16. The a s s ign -  
ment of f i e l d s  i s  determined by the handler owning a p a r t i c u l a r  table. In  the case 
of RDFN's f u n c t i o n  d e f i n i t i o n  t a b l e ,  the e n t r y  name f i e l d  c o n t a i n s  the name of t h e  
f u n c t i o n ,  in format ion  f i e ld  1 con ta ins  the func t ion  type  mnemonic, and informat ion  
f i e l d s  2 to 9 are ass igned  t o  va r ious  func t ion  arguments. Any a p p l i c a t i o n  t h a t  
r e q u i r e s  a f i e l d  to  c o n t a i n  a numeric cons t an t  must encode it i n  A S C I I  s t r i n g  form 
when t h e  e n t r y  i s  created and la te r  decode it when the c o n s t a n t  i s  fe tched .  This  
general-purpose s t r u c t u r e  is s u i t a b l e  for any a u x i l i a r y  A S C I I  data base a p p l i c a t i o n  
of up t o  510 to t a l  e n t r i e s ,  provided each e n t r y  can be encoded i n t o  a name and 
d e s c r i p t i o n  f i e l d  of 32 characters plus 9 informat ion  f i e l d s  of 10 characters each. 
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The b a s e l i n e  CENPRO Software Cur ren t ly  c o n t a i n s  f o u r  tes t  r o u t i n e s .  An RDAS 
t e s t  r o u t i n e  genera tes  two-way t ra f f ic  t o  the WAS u n i t  through t h e  LAN, i nc lud ing  
ana log  I / O ,  d i s c r e t e s  I / O ,  and p e r i p h e r a l s  I /O.  There is  a r o u t i n e  used p r i m a r i l y  
i n  sof tware  V/V t h a t  permits t h e  gene ra t ion  of numeric c o n s t a n t s  i n  var ious  formats  
anywhere wi th in  the  memory-mapped domain. 
r eco rde r  ou tpu t s  using v a r i o u s  periodic waveforms as w e l l  as i n d i v i d u a l l y  c o n t r o l l e d  
c a l i b r a t i o n  test  vol tage l e v e l s .  F i n a l l y ,  t h e r e  is  a general-purpose system monitor 
r o u t i n e  t h a t  i s  similar to  t h e  MAINT f i r m w a r e  desc r ibed  earlier excep t  t h a t  it can- 
n o t  t a l l y  t h e  IEEE-796 bus i n t e r r u p t s .  

Another r o u t i n e  writes to t h e  analog 

XAIDS-USER INTERFACES OVERVIEW 

The c e n t r a l  philosophy adopted i n  t h e  des ign  of the XAIDS w a s  t o  provide a 
f l e x i b l e  environment that would permit a p rospec t ive  u s e r  to  e a s i l y  conf igu re  the  
system i n  ways that could n o t  be anticipated. To make this p o s s i b l e ,  t h e  i n t e r -  
f a c e s  of t he  base l ine  hardware and software to  the user -suppl ied  ex tens ions  have 
been  s t r u c t u r e d  so a s  t o  be l i m i t e d ,  c l e a r l y  de f ined ,  and e a s i l y  understood. This  
approach has  been so s u c c e s s f u l  t h a t  t h e  des ign  of any XAIDS a p p l i c a t i o n  is  now a 
s t r a i g h t f o r w a r d  engineer ing  t a sk .  

The i n t e r f a c e s  t h a t  a p rospec t ive  XAIDS u s e r  must deal w i t h  can be p a r t i t i o n e d  
i n t o  the  fo l lowing  c a t e g o r i e s :  cabinet-mounted hardware,  cardcage components, 
c a b l i n g ,  and software.  As might be expected,  t h e  so f tware  area invo lves  the most 
e x t e n s i v e  i n t e r f a c e s  and as such u s u a l l y  demands t h e  l a r g e s t  part of t he  engineer ing  
e f f o r t .  These four  areas w i l l  be d i scussed  he re  i n  g e n e r i c  terms wi th  emphasis on 
t h e  op t ions  open t o  a use r .  

The XAIDS cab ine t  hardware employs s tandard  RETMA (Radio-Electronics-Television 
Manufacturers Assoc ia t ion)  compatible mounting ra i ls  and accepts s t anda rd  19-in-wide 
rack-mounted subsystems. Within t h e  c a b i n e t ,  three spaces have been reserved  f o r  
t h e  u s e r :  a 3.5-in-high pane l  space above the  s t a t u s  and control pane l  i n  t h e  upper 
l e f t  f r o n t  bay, a 7.0-in-high panel  space above the blower u n i t  i n  t h e  lower r i g h t  
f r o n t  bay, and a 8.75-in-high panel  space a t  t h e  bottom of t h e  l e f t  rear bay. The 
3.5-in space above the  SCP w i l l  a ccep t  a u n i t  n o t  exceeding 1 2  i n .  i n  depth ;  t h e  
7-in space above the blower u n i t  w i l l  a ccep t  a u n i t  n o t  exceeding 8 i n .  i n  depth.  
These t w o  spaces  may be u t i l i z e d  f o r  u s e r  equipment or pane l s ;  s p a r e  p o w e r  o u t l e t s  
a r e  provided supplying up to  360 W t o t a l .  
power should conta in  i n t e g r a l  v e n t i l a t i o n  blowers. 
for use r  1/0 connectors ,  which provide a mating i n t e r f a c e  f o r  the c a b l i n g  connected 
t o  the  u s e r ' s  t a r g e t  system o r  systems. 

Equipment t h a t  dissipates appreciable 
The rear panel  space is r e se rved  

The XAIDS cardcage i s  a 21-slot  (0.75-in spac ing )  IEEE-796 compatible  u n i t  
having i n t e g r a l  p a r a l l e l  p r i o r i t y  r e s o l u t i o n .  Aux i l i a ry  (P2) connectors  a r e  n o t  
i n s t a l l e d ,  and i f  poss ib l e ,  the u s e r  should avoid s e l e c t i n g  boards t h a t  r e q u i r e  
them. Cardcage backplane p o w e r  f o r  +5,  +12,  and -12 V is provided,  and t h e  use r  i s  
pe rmi t t ed  t o  draw up t o  16 A from the +5-V feed. Nine s lo t s  are r e se rved  f o r  t he  
u s e r  board complement, s i x  of which a r e  wired f o r  p a r a l l e l  bus p r i o r i t y  r e s o l u t i o n  
and may thus  conta in  bus masters. All boards must decode 20 address  b i t s ,  and 
memory-mapped domain bus requirements  must  n o t  to ta l  more than 96 kbytes .  The 
I/O-mapped domain access may be 8 o r  more address b i t s ,  and a minimum of 198 1/0 
addres ses  a r e  ava i l ab le .  Three backplane i n t e r r u p t s  are reserved  f o r  t he  u s e r ,  
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one of which is c u r r e n t l y  configured to  be genera ted  by RTPRO, whi le  the o t h e r  t w o  
are sensed by RTPRO. w i t h i n  the stated g u i d e l i n e s ,  the u s e r  may select or b u i l d  
whatever board complement is r equ i r ed  t o  provide  target system i n t e r f a c e s .  

The u s e r  must provide  cabling w i t i f i n  the XAIDS c a b i n e t  t o  connec t  the u s e r ' s  
1/0 connector  pane l  t o  rack-mounted equipment ( i f  any)  as w e l l  as t o  cardcage 
boards. While t h e r e  does  n o t  need to  be a n  i n t e r f a c e  of such c a b l i n g  t o  t h e  cabi -  
n e t ,  t h e r e  does e x i s t  a convenient  i n t e rconnec t  p o i n t  t ha t  t h e  u s e r  may employ if 
d e s i r e d .  The cardcage i n t e r f a c e  connector pane l  is  mounted i n s i d e  t h e  c a b i n e t  
behind t h e  cardcage and has  8 empty,mounting h o l e s  f o r  25-pin connec tors .  T h i s  
i s  a convenient  spot t o  t r a n s i t i o n  from r ibbon cable (coming from t h e  cardcage)  t o  
t h e  p i g t a i l s  going to  t h e  u s e r  1/0 connector panel .  

User-supplied so f tware  may f a l l  i n t o  one of f o u r  c a t e g o r i e s :  RMX86 u t i l i t i e s ,  
1/0 board programming, RTPRO r e s i d e n t  ex tens ions ,  and XAIDS execu t ive  ex tens ions .  
The use r  has  t h e  o p t i o n  of c r e a t i n g  u t i l i t y  programs, which are loaded and executed 
through t h e  RMX86 human i n t e r f a c e  by simply e n t e r i n g  the name of the f i l e  con ta in ing  
t h e  load-time locatable code. Such u t i l i t i e s  would n e c e s s a r i l y  be s tand-alone RMX86 
1/0 jobs  t o t a l l y  independent  of the XAIDS execu t ive  (which i n  i t s e l f  i s  a s tand-  
a lone  1/0 job) .  An example of such a u t i l i t y  would be a f i l e  processor  t h a t  ana lyzes  
d a t a  p rev ious ly  w r i t t e n  while  running under t h e  XAIDS execut ive .  Crea t ing  such u t i l -  
i t i e s  r e q u i r e s  knowledge of FU4X86 system calls and f i l e  management techniques.  The 
advantage of a s tand-alone u t i l i t y  is t h a t  it may be q u i t e  l a r g e  and has  u n r e s t r i c -  
ted access  t o  system resources .  An a l t e r n a t i v e  o p t i o n  i s  t o  make t h e  u t i l i t y  a 
r o u t i n e  that  runs  under XAIDS and is accessed wi th  a menu command. This has  t h e  
advantage of convenience by be ing  accessible wi thout  e x i t i n g  XAIDS. 

wi th  r ega rd  t o  u s e r  1/0 board programs, the type of board selected i n  each case 
determines what programming op t ions  e x i s t .  I f  an 1/0 board does n o t  have a l a r g e  
dua l -por t  RAM, i ts  program must be PROM r e s i d e n t  and cannot  be bootstrapped. I f  t h e  
board has a large dua l -po r t  RAM and employs an 8086 o r  8088 c e n t r a l  p rocess ing  u n i t  
c h i p ,  t he  use r  can bootstrap its program us ing  t h e  XAIDS u t i l i t y  BOOT. I f  t h i s  
option is selected, t h e  necessary  cooperat ive firmware module checks the by te  f l a g  
a t  onboard address  4, which i f  se t  causes an i n t e r r u p t  0 to occur .  The BOOT u t i l i t y  
f i r s t  loads  t h e  program i n t o  t h e  board ' s  RAM, p l a c e s  the s t a r t i n g  address i n  t h e  
i n t e r r u p t  0 vec to r  l o c a t i o n  (addresses  0 t o  31, and sets t h e  f l a g .  A u s e r  1/0 board 
t h a t  does n o t  employ e i t h e r  t he  8086 or the 8088 can s t i l l  be boots t rapped  i f  the 
u s e r  is  w i l l i n g  t o  w r i t e  a custom loader u t i l i t y  that t r a n s f e r s  code from a non- 
RMX86 d i s k e t t e  t o  the 1/0 board.. I n  t h i s  case, the load  module would need t o  be 
on 8-in d i s k e t t e  and would n e c e s s a r i l y  be generated on a user-suppl ied development 
system. I n  g e n e r a l ,  t h e  advantage of boots t rapping  an 1/0 board is  that i t s  program 
may be changed more e a s i l y .  The advantage of.PROM-resident 1/0 programs is  t h a t  t h e  
lengthy  boo t s t r app ing  process a t  system power-up is e l imina ted .  

A l l  b a s e l i n e  so f tware  used i n  the =IDS is  created us ing  I n t e l  i A P X  86/88 Family 
U t i l i t i e s .  The user -suppl ied  sof tware  t h a t  l i n k s  t o  the RTPRO and XAIDS execu t ive  
b a s e l i n e  so f tware  must & compatible.  The XAIDS system has r e s i d e n t  sof tware  devel-  
opment s u p p o r t  f o r  PL/M, FORTRAN, Pascal, and assembly language, t hus  g iv ing  the  use r  
a choice of source  language. The compiler f o r  the high-order language "C" is  also 
a v a i l a b l e  b u t  i s  n o t  c u r r e n t l y  i n s t a l l e d .  A l l  b a s e l i n e  so f tware  i s  w r i t t e n  i n  PLM86 
and compiled us ing  LARGE m o d e l .  When a u s e r  elects t o  use one of t h e  o t h e r  lan-  
guages,  t h e  compi la t ion  m o d e l  must be compatible wi th  PLM86 LARGE, and t h e  source 
code must be r i g i d l y  d i s c i p l i n e d  i n  subrout ine parameter pass ing .  

w 
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LARGE i s  encouraged Since it gua ran tees  problem-free i n t e g r a t i o n  w i t h  t h e  base- 
~ l i n e  code. 

The USERSINIT rou t ine  i n  RTPRO prov ides  t h e  u s e r  an o p p o r t u n i t y  t o  perform i n i -  
t i a l i z a t i o n  steps r e l a t e d  t o  load module i d e n t i f i c a t i o n ,  r a w  data type hand le r s ,  and 
channel  handlers .  The u s e r  must select a fou r -cha rac t e r  A S C I I  i d e n t i f i e r  and write 
i t  i n t o  the PUBLIC v a r i a b l e  RTPROSLOAD$MODULE$ID. This allows the u s e r ' s  CENPRO 
so f tware  to  l a t e r  ve r i fy  t h a t  the proper  RTPRO load module has been booted. For 
each r a w  data type tha t  f a l l s  o u t s i d e  the b a s e l i n e  set, the u s e r  must supp ly  a raw 
data handler  and dec la re  it from USERSINIT. For each separate data i n p u t  pa th  
( u s u a l l y  o r i g i n a t i n g  from an 1/0 board), the u s e r  must supply a channel hand le r ,  
declare it, and decide what mode to  employ i n  s e r v i c i n g  it. The u s e r  has the 
o p t i o n  of d e c l a r i n g  a channel  from USERSINIT or de l ay ing  u n t i l  later and d e c l a r i n g  
i t  from USERSBACKGROUND. Once declared, the s e r v i c i n g  m o d e s  a v a i l a b l e  are i n t e r r u p t  
d r i v e n ,  timed po l l ing ,  and background p o l l i n g .  I f  i n t e r r u p t  d r i v e n ,  the l i nkage  
must be set up and the i n t e r r u p t  level enabled. 

1 

A f t e r  l i n k i n g  with the u s e r ' s  e x t e n s i o n s ,  t h e  RTPRO b a s e l i n e  software expec t s  
t o  f i n d  the following r o u t i n e s  declared PUBLIC: USERSINIT, USERSTIMERSO, and 
USERSBACKGROUND. The f i r s t  is called o n l y  once d u r i n g  the R m R O  i n i t i a l i z a t i o n  
sequence, t h e  second is called eve ry  2 msec, and t h e  t h i rd  is  called a t  a v a r i a b l e  
rate t h a t  depends on RTPRO loading. A l l  three of t h e s e  r o u t i n e s  have access t o  t h e  
f u l l  se t  of RTPRO support  r o u t i n e s  shown i n  appendix D. Some of these are subrou- 
t i n e s ,  and others are typed procedures  ( f u n c t i o n s )  tha t  r e t u r n  a value.  A l l  are 
w r i t t e n  i n  PLM86; non-PLM86 calls t o  these r o u t i n e s  are permitted,  provided that  
proper  parameter passing is observed. The u s e r  has access t o  a l a r g e  block of FW4 
f o r  common d a t a  a rea  and is expected to d e s i g n  p r o t o c o l  for  handshaking w i t h  u s e r  
CENPRO r o u t i n e s  where r equ i r ed  . 

The USERSTIMERSO r o u t i n e  i n  RTPRO provides a means of performing timed p o l l i n g  
of channel  hand le r s  or of performing o t h e r  o p e r a t i o n s  a t  use r - se l ec t ed  i n t e r v a l s  of 
2-msec g r a n u l a r i t y .  The USERSTIMERSO r o u t i n e  i s  called wi th  i n t e r r u p t s  disabled 
from t h e  timer 0 i n t e r r u p t  r o u t i n e  and is  restricted t o  s e r v i c i n g  tha t  does n o t  
r e q u i r e  the NDP. T h i s  r o u t i n e  should be as shor t  as possible so as n o t  t o  m i s s  t h e  
n e x t  timer 0 i n t e r r u p t  and thus cause t iming d i s t o r t i o n s .  

The USERSBACKGROUND r o u t i n e  i n  RTPRO is  called from the looping main RTPRO pro- 
gram a t  i n t e r v a l s  t h a t  vary widely with RTPRO loading.  It provides  a means f o r  the 
u s e r  to  s e r v i c e  low-prior i ty  tasks  t h a t  are t r i g g e r e d  by handshaking f l a g s  from the 
u s e r  CENPRO software.  T h i s  could even inc lude  the d e c l a r a t i o n  of u s e r  channel 
hand le r s ,  t h e  vec to r ing  of i n t e r r u p t s ,  and the enab l ing  or d i s a b l i n g  of i n t e r r u p t s .  
I t  would l i k e l y  c o n t r o l  channel hand le r  s t a t u s  and gua ran tee  t ha t  proper synchroni- 
z a t i o n  w i t h  b a s e l i n e  channel hand le r s  w a s  maintained. 

A f t e r  l i n k i n g  with the u s e r ' s  ex tens ions ,  the XAIDS execu t ive  b a s e l i n e  soft- 
ware expec t s  t o  f i n d  the fol lowing declared PUBLIC: an A S C I I  s t r i n g  called 
USERSNAME, t w o  p o i n t e r s  called USERSCMDSLISTSPTR and USERSTESTSLISTSPTR, and f i v e  
s u b r o u t i n e s  called USERSINIT, USERSCRTSREQUESTSACTIVATE, USERSCRTSREQUESTSRESET, 
USERSDACSREQVESTSACTIVATE, and USERSDACSREQUESTSRESET. The USERSNAME s t r i n g  must be 
16 by te s  long, the 16th by te  must be n u l l ,  and the remaining b y t e s  should c o n t a i n  
t h e  i d e n t i f y i n g  name t h a t  w i l l  be placed i n  the upper l e f t  co rne r  of a l l  d i s p l a y s .  
The p o i n t e r s  provide t h e  use r  a means t o  s p e c i f y  the l o c a t i o n  of the two tables of 
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commands t o  be placed a t  t h e  top of the main menu and the tes t  menu, r e s p e c t i v e l y .  
The USERSINIT r o u t i n e  is called once when the XAIDS e x e c u t i v e  i s  i n i t i a l i z e d  fol-  
lowing load. The remaining fou r  rou t ines  provide t h e  u s e r  w i th  t h e  means to  per- 
form s p e c i a l  p rocess ing  i f  r equ i r ed  a t  the beginning and end of  d i s p l a y  o p e r a t i o n  
and a t  t h e  l a t c h i n g  and un la t ch ing  of recorder ou tpu t s .  A l l  u s e r  r o u t i n e s  have 
access t o  the  f u l l  set of CENPRO XAIDS o p e r a t o r  i n t e r f a c e  suppor t  r o u t i n e s  shown 
i n  appendix E. The names f o r  these rou t ines  a l l  begin wi th  xq t o  d i s t i n g u i s h  them 
from RMX86 r o u t i n e s ,  which begin with rq. 

The USERSINIT r o u t i n e  i n  XAIDS allows t h e  u s e r  t o  perform steps related t o  
b o o t s t r a p  load ing  of RTPRO and t h e  1/0 channel  boards, performing RTPRO handshaking 
s e t u p ,  d e c l a r i n g  special d i s p l a y  formats, i n i t i a l i z i n g  command hand le r s ,  and loading 
t h e  p o i n t e r s  s p e c i f y i n g  the  l o c a t i o n  of the t w o  command tables. When USERSINIT is  
cal led,  it must f i r s t  determine whether RTPRO is  loaded w i t h  t h e  proper  load module. 
I f  n o t ,  the u s e r  purges t h e  i n c o r r e c t  one ( i f  r e q u i r e d )  and calls  a bootstrap loader 
r o u t i n e  that is  a n  embedded ve r s ion  of t h e  U t i l i t y  BOOT. Like BOOT, OFFSETSLOADER 
r e q u i r e s  t w o  arguments: a p o i n t e r  t o  the f i lename for  t h e  RTPRO load module and t h e  
o f f s e t  i n  16-byte segments of the RTPRO RAM (which is  8000H 1 .  If any 1/0 boards 
need boot ing,  OFFSETSLOADER must be called f o r  each. A f t e r  s u c c e s s f u l  1/0 board 
boot ,  the  RTPRO must be informed t h a t  the related channel  hand le r  or h a n d l e r s  
may now be declared. I f  any special 1/0 board i n i t i a l i z a t i o n  fol lowing boot i s  
r e q u i r e d ,  tha t  must be done h e r e  as w e l l .  If t h e  use r  has  any special d i s p l a y  
formats, they must be declared by c a l l i n g  a r o u t i n e  called DECLARESFORMATSTYPE w i t h  
two arguments: t h e  A S C I I  l e t te r  code and t h e  address of t h e  fo rma t t ing  r o u t i n e  
associated with it. A l l  u s e r  command hand le r s  must be i n i t i a l i z e d ,  and t h e i r  com- 
mand d e c l a r a t i o n  blocks i n  the appropr i a t e  table must be set  up. The f i n a l  s t e p  
i s  t o  load t h e  table p o i n t e r s  w i th  the  correct addresses .  

XAIDS CONFIGURATION FOR X-29A PROJECT SUPPORT 

The X-29A forward-swept-wing a i r c r a f t  employs a t r i p l e x  d i g i t a l  f l i g h t  c o n t r o l  
system us ing  d u a l  computers i n  each channel. A t  an e a r l y  date, NASA stated a 
requirement  f o r  an XAIDS u n i t  t h a t  would be used by X-29A project personnel  both i n  
t h e  s i m u l a t i o n  l a b o r a t o r y  and i n  t h e  hangar. I t  w a s  intended t o  s u p p o r t  c o n t r o l  
system t e s t i n g  du r ing  sof tware V/V, simulat ion exercises, systems i n t e g r a t i o n ,  and 
pre-  and p o s t f l i g h t  t e s t i n g .  The desired level of suppor t  r equ i r ed  t h r e e  d i f f e r e n t  
k inds  of i n t e r f a c e s :  monitoring th ree  t e l e m e t r y  streams simultaneously,  c o n t r o l l i n g  
two p i e c e s  of GSE, and providing I / O  t i e - i n  t o  the Ames-Dryden s i m u l a t i o n  labora- 
t o r y .  Th i s  s e c t i o n  w i l l  d e a l  with the c o n f i g u r a t i o n  of t h e  X-29A p r o j e c t ' s  XAIDS to  
meet t h e s e  requirements  . 

Figure  6 shows an overview of t h e  XAIDS i n t e r f a c e s  t h a t  had t o  be engineered 
f o r  t he  X-29A p r o j e c t .  Each channel of t h e  a i r c r a f t ' s  t r i p l e x  f l i g h t  c o n t r o l  sys- 
t e m  c o n s i s t s  of  t w o  p rocesso r s  c a l l e d  t h e  c o n t r o l  l a w  p rocesso r  (CLP) and t h e  1/0 
p rocesso r  ( I O P ) .  The three t e l eme t ry  streams are Aeronaut ical  Radio Incorporated 
( A R I N C )  429B format  running a t  100 kb i t s / s ec ,  w i th  each I O P  sending 64 32-bi t  
"words" eve ry  25 msec. The GSE are c a l l e d  system e v a l u a t i o n  u n i t s  ( S E U s ) ,  w i th  t w o  
being r e q u i r e d ,  one t o  access t h e  CLPs and the o t h e r  t o  access t h e  I O P s .  The i n t e r -  
face t o  the  SEUs is  through f u l l  duplex RS-232C ser ia l  t r u n k s ,  which communicate 
w i t h  the  r e s i d e n t  firmware i n t e r n a l  to  each SEU. An SEU can perform va r ious  CLP-IOP 
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system i n t e r f a c e  bus o p e r a t i o n s ,  such as s e l e c t i v e l y  h a l t i n g  or running a p rocesso r ,  
r ead ing  or modifying RAM, reprogramming e l e c t r i c a l l y  erasable programmable read-only 
memory (EEPROM) chips, recomputing checksums, and examining r e g i s t e r s .  The simula- 
t i o n  l a b o r a t o r y  i n t e r f a c e  r equ i r ed  both ana logs  and d i s c r e t e s  t o  be b i d i r e c t i o n a l l y  
t r a n s m i t t e d  through the R3AS f o r  c losed-loop s imula ted  f a u l t  t e s t i n g .  

Table  17 shows the  1/0 board complement r equ i r ed  t o  suppor t  these i n t e r f a c e s .  
Each 1/0 board handles one t e l eme t ry  stream through a piggyback ARINC 429B t r a n s -  
c e i v e r  module t h a t  i s  designed to  mount on one of i t s  so-ca l led  1/0 expansion bus 
connec tors .  Two of the  three boards also have a second piggyback module t h a t  
p rovides  one RS-232C i n t e r f a c e  t o  supplement t h e  one on the main board.  The RDAS 
i n t e r f a c e  through the LAN is  part of t h e  b a s e l i n e  XAIDS c o n f i g u r a t i o n  and as such 
d i d  no t  r e q u i r e  any user-suppl ied components. F igure  7 shows t h e  f i n a l  conf igura-  
t i o n  of t h e  XAIDS cardcage wi th  the  1/0 board complement i n s t a l l e d .  

The RTPRO sof tware ex tens ions  r equ i r ed  f o r  the X-29A system inc lude  s i x  channel 
hand le r s ,  s i x  r a w  da ta  type  hand le r s ,  and one r a t h e r  l a r g e  background t a s k  c a l l e d  

c o n t r o l  p a n e l  is n o t  used,  and no i n t e r r u p t s  are se rv iced .  The sof tware  w a s  w r i t t e n  
us ing  FORTRAN f o r  the X29ASSIM package and PL/M f o r  eve ry th ing  else. A l a r g e  block 
of RTPRO RAM i s  devoted to hard-mapping the  FORTRAN COMMON b locks  f o r  X29ASSIM so 
t h a t  CENPRO can d i sp lay  the  common v a r i a b l e s .  The USERSINIT r o u t i n e  d e c l a r e s  t h r e e  
channels  ( H l ,  H 2 ,  and H3), declares s i x  r a w  d a t a  types  (HSP, HDP, HFLT, "EX, H I N T ,  
and HBOO) , and loads t h e  i d e n t i f i e r  X29A i n t o  RTPROSLOAD$MODULE$NAME. The three 
c h a n n e l s  access buf fe r s  w i th in  RTPRO R A M  t h a t  con ta in  c o n t r o l  system d a t a  f e t ched  
through t h e  SEUs. The s i x  raw d a t a  type  hand le r s  provide  convers ion  of t h e  proc- 
e s s o r  d a t a  t y p e s ,  s i n g l e  p r e c i s i o n ,  double p r e c i s i o n ,  f l o a t i n g  p o i n t ,  hexadecimal,  
i n t e g e r ,  and boolean, to  NDP-compatible types.  The a lgo r i thms  employed i n  t h e s e  
d a t a  hand le r s  are summarized i n  appendix C. The USER$BACKGROUND r o u t i n e  checks on 
1/0 board s t a t u s  and w a i t s  u n t i l  b o o t s t r a p  load is  complete be fo re  d e c l a r i n g  the  
cor responding  A R I N C  channel handler  ( A l ,  A2, or A3). I t  a l s o  invokes the  execut ion  
of X29ASSIM when so d i r e c t e d  by CENPRO and manages t h e  s t a t u s  keeping f o r  any ARINC 
channels  t h a t  happen t o  be i d l e .  The USEXSTIMERSO r o u t i n e  polls t h e  t h r e e  1/0 
boards (evPry  2 msec) to  see i f  a f r e s h  ARINC d a t a  b u f f e r  load i s  ready. As t h e  
a c t i v e  channels  show ready,  an e lapsed  timer i s  checked so t h a t  on ly  d a t a  frames 

I X29A$SIM, which l o c a l l y  computes a n t i c i p a t e d  c o n t r o l  l a w  ga ins .  The s t a t u s  and 

The c a b l i n g  f o r  the ARINC busses  and RS-232C ports uses  f l a t  r ibbon c a b l e s  from 
t h e  1/0 boards as f a r  a s  t h e  sys tem i n t e r f a c e  pane l  behind t h e  cardcage. F igure  8 
shows t h e  location of the X-29A connectors  mounted i n  t h e  r i g h t  h a l f  of t h e  system 
i n t e r f a c e  pane l  with t h e  mated p i g t a i l s  connect ing t o  the  X-29A a i r c r a f t  i n t e r f a c e  
pane l  a t  t h e  rear of t h e  console .  Figure 9 shows the l a y o u t  chosen f o r  t he  a i r c r a f t  
i n t e r f a c e  pane l ;  the t h r e e  ARINC busses  s h a r e  a s i n g l e  connector  a t  t h e  bottom. 

The PL/M program w r i t t e n  f o r  t h e  1/0 boards w a s  designed to  p e r m i t  the boards t o  
o p e r a t e  as s l a v e s  to  RTPRO r a t h e r  than as bus masters. Each board has  32 kby tes  of 
dua l -po r t  RAM, a l l  of which i s  mapped to  t h e  IEEE-796 bus memory domain c r e a t i n g  
t h r e e  cont iguous blocks. Each board has  t h e  same small s t a r t u p  r o u t i n e  i n  PROM, and 
t h e  same program (IOP.X29A) is  loaded by t h e  b o o t s t r a p  loade r  i n t o  the  t h r e e  RAMS. 
This  program conta ins  s e r v i c i n g  r o u t i n e s  t h a t  respond to l o c a l  i n t e r r u p t s  from t h e  
ARINC t r a n s c e i v e r  and RS-232C modules and handle  t h e  r e s u l t i n g  d a t a  flow s o l e l y  
under t h e  d i r e c t i o n  of t h e  RTPRO. Each board s i g n a l s  s t a t u s  to  RTPRO through a com- 
b i n a t i o n  of semaphores and state v a r i a b l e s ,  and thus  no bus i n t e r r u p t s  are requ i r ed .  
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c o i n c i d e n t  w i th in  an 8-msec window are accepted. If proper  synchron iza t ion  i s  
sensed,  i t  ca l l s  t h e  r o u t i n e  named SYNCH, which i n  t u r n  t r i g g e r s  the copying of 
whatever data are r e q u i r e d  from the 1/0 board b u f f e r s  t o  t h e  data a c q u i s i t i o n  
c o n t r o l  s t r u c t u r e s .  

The CENPRO so f tware  ex tens ions  required f o r  the X-29A a p p l i c a t i o n  i n c l u d e  the 
USERSINIT r o u t i n e ,  seven main menu command hand le r s ,  t w o  t e s t  menu command h a n d l e r s ,  
and a USER$CRT$REQUEST$ACTIVATE rout ine.  N o  custom data d i s p l a y  formats are 
declared. The USE'R$INIT r o u t i n e  loads  t h e  1/0 boards wi th  t h e  f i l e  IOP.X29A, sets 
t h e  d e f a u l t  baud rate (2400)  on the four SEU t runks ,  and loads t h e  RTPRO wi th  t h e  
f i l e  RTPRO.X29A. I t  then  i n i t i a l i z e s  the n ine  command h a n d l e r s  and sets up the com- 
mand l i s t  p o i n t e r s .  The seven main menu commands are Qr, RU, SEU1, SEU2, PTCH, 
PMSW, and GAIN.  The t w o  t e s t  menu commands are ARNC and BAUD. 

OPERATION OF THE X-29A XAIDS 

The XAIDS u n i t  c o n s t r u c t e d  f o r  t he  X-29A p r o j e c t  went i n t o  s e r v i c e  i n  January 
1984 and by October 1986 had accumulated over  3600 h r  of  o p e r a t i o n  i n  t h e  Ames- 
Dryden real-time s imula t ion  laboratory.  During t h i s  period t h e  u n i t  w a s  used 
f o r  d i v e r s e  suppor t  i n c l u d i n g  software V/V, closed-loop s i m u l a t i o n  t e s t i n g ,  and 
p i l o t  t r a i n i n g .  This  s e c t i o n  g i v e s  an overview of XAIDS operator procedures  and 
p r e s e n t s  sample p r i n t e r  hard cop ies  of d i s p l a y s  made d u r i n g  a c t u a l  o p e r a t i o n s .  

The X A I D S  firmware and sof tware load modules were conf igu red  to  t o t a l l y  e l i m i -  
n a t e  any need f o r  o p e r a t o r  i n t e r a c t i o n  du r ing  b o o t s t r a p  and i n i t i a l i z a t i o n  fol lowing 
power-up. The o p e r a t o r  need on ly  t u r n  on t h e  RDAS p o w e r  s w i t c h ,  then t u r n  on t h e  
X A I D S  p o w e r  swi t ch ,  and w a i t  approximately 1 min u n t i l  t h e  XAIDS main menu appears 
on t h e  CRT screen.  During this waiting period, several messages appear on the 
s c r e e n  t h a t  g i v e  t h e  operator t h e  status of t h e  ongoing bootstrap and i n i t i a l i z a t i o n  
s t a g e s .  The f i r s t  message t o  appear is t h e  RESET m o d e  sign-on generated by PERPRO 
t o  s i g n a l  i ts  r e a d i n e s s  t o  accept communications from CENPRO. Meanwhile the RMx86 
o p e r a t i n g  system is  being loaded, and approximately 30 sec la ter  t h e  RMX86 basic 
1/0 system ( B I O S )  swi t ches  PERPRO t o  RMX86 mode, thus  t e l l i n g  the o p e r a t o r  that t h e  
o p e r a t i n g  system is running. Following this, t h e  o p e r a t i n g  system submits  t h e  logon 
f i l e  f o r  execut ion.  The n e x t  message t o  appear is  generated by the  u t i l i t y  RBOOT as 
i t  performs t h e  RDAS b o o t s t r a p ;  i f  RDAS i s  n o t  connected or n o t  powered up, RBOOT 
aborts wi th  an a p p r o p r i a t e  message. The f i n a l  s t a g e  of t h e  i n i t i a l i z a t i o n  p rocess  
is when t h e  logon f i l e  invokes the command X A I D S ,  which beg ins  t h e  loading of t h e  
XAIDS execu t ive .  

The XAIDS e x e c u t i v e  loaded i n t o  CENPRO by the human i n t e r f a c e  is c l a s s i f i e d  as 
a n  R M X 8 6  " I / O  job" and c o n s i s t s  of the execu t ive  b a s e l i n e  l i n k e d  t o  the X-29A exten- 
s i o n s .  When the  load c y c l e  is  complete, t h e  execu t ive  takes c o n t r o l  of t h e  system, 
s w i t c h e s  PERPRO t o  XAIDS m o d e ,  and a c t i v a t e s  t h e  o p e r a t o r ' s  keyboard. From this 
p o i n t  on t h e  o p e r a t o r  has t h e  o p t i o n  of a b o r t i n g  the XAIDS execu t ive  i n i t i a l i z a t i o n  
and r e t u r n i n g  t o  RMX86 m o d e  by pressing t h e  <est> key. The execu t ive  n e x t  ca l l s  t h e  
X-29A USERSINIT r o u t i n e ,  which c o n t r o l s  t h e  boot of t h e  1/0 boards and RTPRO. The 
fo l lowing  messages appear on the screen ( i n  bottom t o  t o p  sc ro l l  f a s h i o n )  du r ing  t h e  
e x e c u t i o n  of USERS INIT  : 
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SLAVE PROCESSOR LOADER ROUTINE 
PATHNAME : : s d : u s e r / l / i o p . x 2 9 a  
SEGMENT = C800  
LHEAOER : X29A I O P  M A I N  P 8 6  

TOTALS : IGNORED = 108 PEDATA = 82 PIDATA = 0 
MODEND TYPE 3 7 MATN MODULE WITH START'ADDRESS = 0040 : 0006 

SETTING UP DEFAULT SEU tl BAUD RATES 
TERMINAL BAUD RATE = 2 4 0 0  MODEM BAUD RATE = 2 4 0 0  

SLAVE PROCESSOR LOADER ROUTINE 
PATHNAME : : s d : u s e r / l / i o p . x 2 9 a  
SEGMENT = DO00 
LHEADER : X29A I O P  MAIN P 8 6  
MODEND TYPE 3 7 HATN MODULE WITH START ADDRESS = 0 0 4 0  : 0006 
TOTALS : IGNORED = 108 PEDATA * 82 PIDATA - 0 

SETTING UP DEFAULT SEU #2 BAUD RATES 
TERMINAL BAUD RATE = 2 4 0 0  MODEM BAUD RATE = 2 4 0 0  

SLAVE PROCESSOR LOADER ROUTINE 
PATHNAME : : sd : u s e r / l  /i op .x29a 
SEGMENT = D 8 0 0  
LHEADER : X29A I O P  MAIN P 8 6  
MODEND TYPE 3 7 MATN MOVULE WITH START ADDRESS = 0040 : 0006 
TOTALS : IGNORED = 108 PEDATA = 82 PIDATA = 0 

SLAVE PROCESSOR LOADER ROUTINE 
PATHNAME : : s d : u s e r / l / r t p r o . x 2 9 a  
SEGMENT = 8000 
LHEADER : RTPRO MAIN P 8 6  
f1ODENO TYPE 3 :-MAIN-MODULE WITH START ADDRESS = 0040 : 0006 
TOTALS : IGNORED = 1 5 5  PEDATA = 4 9 4  PIDATA = 1098 

T h i s  sequence loads and i n i t i a l i z e s  the fou r  s l a v e  p rocesso r s  i n  the  fol lowing o rde r :  
IOP A, I O P  B, I O P  C, and f i n a l l y  RTPRO. The execu t ive  then loads t h e  symbol tab le  
from t h e  s c r a t c h  d i s k e t t e  i n  d r i v e  :F3: and f i n a l l y  e n t e r s  the command i n t e r p r e t e r .  

Beginning a t  the t i m e  t h e  XAIDS execu t ive  f i r s t  e n t e r s  t h e  command i n t e r p r e t e r ,  
t h e  o p e r a t o r  may a t  any t i m e  r e q u e s t  PERPRO t o  perform a snapsho t  of the sc reen  
d i s p l a y  and provide a hard copy on the l i n e  p r i n t e r .  These hard cop ie s  are t r u e  
s ingle-frame snapshots and are requested using the keyboard e n t r y  < c n t l  P>. Another 
keyboard command recognized by PERPRO is  < c n t l  U>, which s i g n a l s  a r e q u e s t  to  change 
t h e  s c r e e n  r e f r e s h  update period ( i n i t i a l l y  d e f a u l t e d  to  0.5 sec). 
s t r o k e  is  then i n t e r p r e t e d  as t h e  desired period i n  deciseconds and must be one 
of t h e  set 1,2,3,4,5,6,7,8,9,A,B,C,D,E,F covering the range from 0.1 to 1.5 sec. 
These commands are recognized by PERPRO on ly  while  i n  XAIDS mode; i n  RMX86 mode 
a l l  keys t rokes  are passed t o  the RMX86 BIOS wi thou t  p r i o r  PERPRO i n t e r p r e t a t i o n .  

The n e x t  key- 

The command i n t e r p r e t e r  main menu d i s p l a y  shown i n  d i s p l a y  1 ( s c r e e n  d i s p l a y s  
fo l low the f i g u r e s  a t  t h e  end of this report) i s  the f i r s t  formatted page d i s p l a y  
p resen ted  by the  execut ive and is t h e  l a s t  one seen when r e t u r n i n g  to  RMX86 u s ing  
t h e  command EXIT. If the  command TEST i s  e n t e r e d ,  t h e  s u b s i d i a r y  menu shown i n  
d i s p l a y  2 is displayed. On the main menu, the  f i r s t  seven commands are X-29A exten- 
s i o n s ;  on t h e  t es t  menu, the f i r s t  t w o  commands are X-29A ex tens ions .  These two 
command menus provide f i r s t - l e v e l  access to t he  complete spectrum of XAIDS execu- 
t i v e  func t ions .  

2 2  



The f i r s t  step normally r equ i r ed  of t he  operator is  t o  command the t h r e e  con- 
t r o l  system computers t o  RUN s ta te  using command RU. Disp lay  3 shows t h e  d i s p l a y  
genera ted  by t h i s  package as it verifies the l i n k s  t o  t h e  S E U s ,  selects a l l  t h r e e  
channe l s ,  d i s p l a y s  t h e  checksums, and f i n a l l y  sends the SEU command RU t o  place t h e  
t h r e e  channels  i n  RU?3 m o d e .  The sequence i s  performed t w i c e  s i n c e  separate SEUs 
c o n t r o l  t h e  CLPs and IOPs, and bo th  sets must be placed i n  RUN m o d e .  A companion 
XAIDS command i s  Qr, which performs t h e  shutdown sequence shown i n  d i s p l a y  4. 
Notice t h e  d i f f e r e n c e  i n  t h e  o r d e r  of the o p e r a t i o n s  performed s i n c e  the computers 
must f i r s t  be h a l t e d  us ing  the SEU command QT befo re  t h e  checksums can be fetched.  
I f  e i t h e r  package cannot  communicate with e i t h e r  SEU, the so f tware  hangs while  
w a i t i n g  f o r  SEU response,  and t h e  operator  must e n t e r  test) to  terminate .  The <est> 
key is  u n i v e r s a l l y  recognized by a l l  XAIDS command hand le r s  as a n  abort r eques t ;  
p r e s s i n g  the <est> key enough t i m e s  w i l l  r e t u r n  t h e  operator from even t h e  deepes t  
l e v e l  of a command hand le r  to  t h e  main menu d i s p l a y .  

The main menu commands SEU1 and SEU2 invoke hand le r s  t h a t  allow t h e  ope ra to r  
access to  t h e  r e s p e c t i v e  SEU us ing  the XAIDS t e r m i n a l  i n  emulator  m o d e .  In t h i s  
mode, keys t rokes  are echoed t o  the CRT and s e n t  t o  the SEU one a t  a t i m e ,  and t h e  
response c h a r a c t e r  stream rece ived  back from the SEU i s  w r i t t e n  t o  t h e  CRT. XAIDS 
responds t o  <est> by t e rmina t ing  t h e  emulation and r e t u r n i n g  to t h e  main menu. 
While an SEU t e r m i n a l  emulator is being used, the < c n t l  P> command is  f u n c t i o n a l ,  
and hard c o p i e s  may be made a t  any t i m e .  

During X-29A Control  system t e s t i n g ,  it is  f r e q u e n t l y  necessa ry  t o  make minor 
program changes t o  se t  up s p e c i a l  t es t  condi t ions.  One of t h e  most common types of 
change i s  t o  t h e  t a b l e s  c o n t r o l l i n g  the  parameters be ing  t r a n s m i t t e d  by t h e  IOPs  
through t h e  ARINC t r u n k s ,  so t h a t  parameters may be viewed t h a t  are n o t  normally 
a c c e s s i b l e .  Such program changes are c a l l e d  pa t ches ,  and t h e  pa t ch  manager (PTCH) 
pe rmi t s  c r e a t i o n ,  s t o r a g e ,  r e t r i e v a l ,  modif icat ion,  and t r ansmiss ion  of  pa t ch  tables. 
Display 5 shows t h e  PTCH hand le r  menu and t h e  s t a t u s  of t h e  table c u r r e n t l y  occu- 
pying t h e  PTCH template .  A pa tch  table may be up t o  100 e n t r i e s  long and i s  e d i t e d  
u s i n g  a d i s p l a y  such as t h a t  shown i n  d i s p l a y  6. Each e n t r y  s p e c i f i e s  t h e  addres s  
and new c o n t e n t s  f o r  a s i n g l e  16-bi t  memory word t h a t  may map t o  e i t h e r  RAM or 
EEPROM. When t h e  SEND command is  entered, t h e  operator is  que r i ed  as t o  which com- 
p u t e r s  ( e i t h e r  IOP  o r  CLP) and what subset  (any d e s i r e d  s e t  of 1 ,  2, o r  3 )  are to 
r e c e i v e  t h e  pa t ch  t a b l e .  The appropr i a t e  SEU i s  s e l e c t e d ,  t h e  s p e c i f i e d  s e t  or 
s u b s e t  of p rocesso r s  is  selected, those p rocesso r s  are h a l t e d ,  t h e  table is  t r a n s -  
m i t t e d ,  and new checksums are  generated and displayed.  

The main menu command PMSW (postmortem swi t ch )  permits t h e  operator to c o n t r o l  
whether s ta le  d a t a  from the  ARINC trunks can be d i sp layed .  Normally, t h e  XAIDS 
p l a c e s  blanks i n  the d a t a  f i e l d  of any parameter whose source  channel  is  n o t  being 
s e r v i c e d  f o r  any reason. If one channel of t h e  X-29A c o n t r o l  system f a i l s ,  t h e  
ARINC stream from i t s  I O P  is no longer  t r a n s m i t t e d ,  and t h e  f a i l - s a f e  timer i n  t h e  
r e s p e c t i v e  channel  hand le r  i n  RTPRO times o u t  and d e c l a r e s  t h e  channel f a i l e d .  
However, t h e r e  are tests where i t  is necessary to  o v e r r i d e  t h i s  blanking f e a t u r e  so 
t h a t  data may be d i sp layed  from the las t  complete frame rece ived  be fo re  t h e  channel  
went dead. If t h e  postmortem swi t ch  i s  set ,  s t a l e  d a t a  w i l l  be d i sp layed  on f r e e  
form and make page d i s p l a y s ,  b u t  t h e  rou t ine  USERSCRTSREQUESTSACTIVATE w i l l  write a 
c a u t i o n a r y  message on t h e  bottom l i n e  of t h e  CRT. 

The X-29A a i rc raf t  employs a con t ro l  system t h a t  dynamical ly  a d j u s t s  f l i g h t  
c o n t r o l  system g a i n s  as a f u n c t i o n  of f l i g h t  cond i t ion .  The X-29A-configured RTPRO 
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load module con ta ins  a s e t  of equa t ions  t h a t  f o r  comparison can compute t h e  g a i n s  
a n t i c i p a t e d  f o r  any f l i g h t  cond i t ion .  The command GAIN accesses the d i s p l a y  shown 
i n  d i s p l a y  7, which p r e s e n t s  t h e  c o n t e n t s  of the c u r r e n t  GAIN template. Disp lay  8 
shows the  page d isp layed  i f  H ( h e l p )  i s  en te red ,  summarizing t h e  s ing le-keys t roke  
commands a v a i l a b l e .  The operator may s p e c i f y  t h e  va lue  f o r  each of 16 f l i g h t  con- 
d i t i o n  parameters using M (modify) ,  g i v e  t h e  table a name us ing  T ( t i t l e ) ,  and save  
t h e  r e s u l t i n g  t a b l e  us ing  S ( s a v e ) .  When C (compute) is  e n t e r e d ,  the i n i t i a l  va lues  
are s e n t  to  RTPRO and the X29ASSIM package is iterated once, computing a f u l l  set of 
p r e d i c t e d  ga ins .  If t h e  f l i g h t  c o n t r o l  system processors have p rev ious ly  been prop- 
e r l y  patched,  these  same i n i t i a l  c o n d i t i o n s  may then  be ovet layed  to t h e  processors 
us ing  the  I ( i n i t i a l i z e )  command. The operator must then manually c y c l e  t h e  com- 
p u t e r s  t o  RUN s t a t e  f o r  approximately 5 sec to  a l low t h e  f l i g h t  program to  compute 
i t s  ga ins .  The opera tor  then e n t e r s  W (wrap up) to synchronously h a l t  t h e  proc- 
essors and read the g a i n s  back i n t o  XAIDS through the SEUs. The XAIDS-computed 
and X-29A-computed ga ins  are compared, and the  r e s u l t s  may be d i sp layed  us ing  an 
ope ra to r - c rea t ed  make-page (MP) o r  free-form (FF) format.  

The main menu load d i s p l a y  command LD followed by a f i l e  number loads t h e  t e m -  
p l a t e  from the  designated s c r a t c h  f i l e  on d r i v e  :F3: and starts execut ion  of t h e  
command handler  a s soc ia t ed  wi th  it. Display 9 shows t h e  sc reen  d i s p l a y  r e s u l t i n g  
from the  command en t ry  LD 45 < r e t u r n >  . F i l e  45 happened to  c o n t a i n  the template 
for  an MP d i s p l a y  used f o r  f a i l u r e  modes and e f f e c t s  t e s t i n g  of t h e  angle-of-at tack 
vane. Following the LD opera t ion ,  t h i s  d i s p l a y  will remain on the sc reen  i n  
r e f r e s h e d  mode u n t i l  t h e  o p e r a t o r  e n t e r s  e i t h e r  < e s o  or < r e t u r n > .  I f  <est> is  
entered, the  d i s p l a y  t e rmina te s ,  and c o n t r o l  r e v e r t s  back to  the  main menu. I f  
< r e t u r n >  is pressed ,  the MP s e t u p  m o d e  i s  en te red ,  g i v i n g  the  o p e r a t o r  access to  a 
command l i s t  wi th  means to modify, name, and save  the page on s c r a t c h  f i l e .  If H 
( h e l p )  is e n t e r e d ,  d i s p l a y  10 appears  g iv ing  an exp lana t ion  of the MP command list.  
Note that  MP n o t  only d i s p l a y s  data on t h e  sc reen  b u t  is t h e  means whereby recorder 
ana log  ou tpu t s  are con t ro l l ed .  The MP template  ( l i k e  a l l  templates) is  r e t a i n e d  
i n d e f i n i t e l y  either u n t i l  modified by its command hand le r  o r  u n t i l  o v e r l a i d  by an LD 
o p e r a t i o n  t h a t  f e t ches  another  l i k e  template .  Whenever t h e  command MP i s  e n t e r e d  
from the  main menu, t h e  MP command handler  a c t i v a t e s  a d i s p l a y  based on t h e  c u r r e n t  
c o n t e n t s  of t h e  MP template. 

Display 1 1  shows t h e  page d isp layed  by the command sequence LD 56 < r e t u r n > .  
F i l e  56 happened t o  con ta in  a template  f o r  a free-form page created t o  d i s p l a y  the 
s t r a k e  p o s i t i o n s  and s t r a k e  a c t u a t o r  commands from a l l  t h r e e  channels .  Like MP, t h e  
d i s p l a y  remains l i v e  u n t i l  either <est) r e t u r n s  c o n t r o l  to  t h e  main menu or < r e t u r n >  
f o r c e s  the  handler  i n t o  t h e  s e t u p  mode. Display 1 2  shows the FF s e t u p  page, which 
d i s p l a y s  the  s t a t i c  background p lus  t h e  f i e l d s  occupied by data i t e m s  as bracke ted  
zones. E ight  s ing le-keys t roke  commands are a v a i l a b l e ;  i f  H ( h e l p )  i s  pressed, the 
page shown i n  d i s p l a y  1 3  is disp layed .  S ince  data items are n o t  e x p l i c i t l y  i d e n t i -  
f i e d  on the FF page except  i n  background, t h e  operator r e q u i r e s  means t o  v e r i f y  
which da t a  items a r e  being requested.  The L ( l ist)  command p e r m i t s  t h e  operator t o  
d i s p l a y  the data item blocks  from the c u r r e n t  FF template on e i t h e r  t h e  CRT screen 
or  t h e  l i n e  p r i n t e r .  Disp lay  14 shows t h e  data i t e m  l i s t  on CRT f o r  the FF d i s p l a y  
loaded from f i l e  56. I f  FF i s  en te red  from the  main menu, t h e  FF handler  creates a 
l i v e  d i s p l a y  based on the c u r r e n t  con ten t s  of the FF template. 

when the  main menu command DK i s  e n t e r e d ,  t h e  page shown i n  d i s p l a y  15 appears  
w i t h  t he  DK command list and t h e  f loppy d i s k e t t e  d r i v e  o r  d r i v e s  accessible by each. 
The d i s k e t t e  manager p e r m i t s  t h e  ope ra to r  to  i n i t i a l i z e  a s c r a t c h  disket te ,  delete a 
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f i l e ,  view t h e  d i r e c t o r y  on CRT, dump the d i r e c t o r y  to  l i n e  p r i n t e r ,  copy f i l e s  from 
one s c r a t c h  d i s k e t t e  t o  ano the r ,  and s e q u e n t i a l l y  load  a group of f i l e s  and produce 
a hard copy of t h e  r e s u l t i n g  d i s p l a y s  on t h e  l i n e  p r in t e r .  An XAIDS s c r a t c h  d i s k e t t e  
i s  an 8-in s ing le - s ided  double-density d i s k e t t e  t h a t  h a s  been f i r s t  formatted as a 
NAMED volume us ing  t h e  RMX86 human i n t e r f a c e  command FORMAT and then i n i t i a l i z e d  
us ing  t h e  DK command INIT.  A s c r a t c h  d i s k e t t e  is  used t o  save MP templates, FF 
templates ,  PTCH tables,  G A I N  t a b l e s ,  and RDFN programs as numbered f i l e s  u s ing  SAVE 
commands from w i t h i n  t h e  r e s p e c t i v e  command handlers .  All s c r a t c h  d i s k e t t e s  also 
have an a d d i t i o n a l  f i l e  named DISPLAYFILES (created by t h e  DK command I N I T ) ,  which 
s e r v e s  as t h e  d i r e c t o r y  used by t h e  DK command hand le r  and by t h e  LD command t o  
access t h e  numbered f i l e s .  When viewing t h e  d i r e c t o r y  f o r  a s c r a t c h  d i s k e t t e  on 
CRT, a d i s p l a y  such as d i s p l a y  16 i s  created.  For each of 100 numbered f i l e s ,  t h e  
d i r e c t o r y  c o n t a i n s  an e n t r y  showing t h e  t i m e  and d a t e  of c r e a t i o n ,  t h e  owner mne- 
monic, and t h e  t i t l e .  The ope ra to r  i s  ab le  t o  scroll through t h e  d i r e c t o r y  viewing 
t h e  e n t r i e s  ( i n  groups of 10) f o r  all nonempty f i l e s  u n t i l  t h e  d e s i r e d  information 
i s  found. 

when t h e  main menu command SYM is entered,  the symbol table manager d i s p l a y  
shown i n  d i s p l a y  17 appears .  This page d i s p l a y s  t h e  i d e n t i f y i n g  information taken 
from the  header of t he  c u r r e n t l y  loaded table and p r e s e n t s  t h e  SYM command l i s t  wi th  
a d e s c r i p t i o n  of t h e  f u n c t i o n  of each command. To make any changes to  t h e  ind iv id -  
u a l  symbol e n t r i e s  i n  t h e  table,  t h e  operator  must e n t e r  EDIT t o  access t h e  page 
shown i n  d i s p l a y  18 .  This page al lows the ope ra to r  to  f i n d  a s p e c i f i c  e n t r y  or t o  
s c r o l l  through the  e n t i r e  table a l p h a b e t i c a l l y ,  and i t  permits t h e  fol lowing types 
of changes t o  be made: a d d i t i o n  of a new e n t r y ,  d e l e t i o n  of an e x i s t i n g  e n t r y ,  
n o d i f i c a t i o n  t o  an e x i s t i n g  e n t r y ,  and cloning a new e n t r y  from an e x i s t i n g  e n t r y .  
Af t e r  t h e  needed changes are made, the operator  must p r e s s  <est=> t o  r e t u r n  t o  t h e  
SYM command l ist  to  save t h e  new o r  revised table on d i s k e t t e .  

The main menu command RDFN accesses  t h e  hand le r  f o r  t h e  RDAS f u n c t i o n  gene ra to r ,  
which i n  t u r n  c o n t r o l s  t h e  companion software embedded i n  RTPRO. This  package is  
designed t o  pe rmi t  both analog and d i s c r e t e  e x c i t a t i o n  f u n c t i o n s  to  be fed through 
RDAS t o  t h e  s imula t ion  l a b o r a t o r y  interface with t h e  X-29A c o n t r o l  system. This  
mode of o p e r a t i o n  of t h e  XAIDS has n o t  y e t  been e x e r c i s e d ,  and r e s u l t s  w i l l  be pre- 
s en ted  i n  a s e p a r a t e  r e p o r t .  

when TEST is en te red  from t h e  main menu, t h e  a d d i t i o n a l  f i v e  commands on t h e  
t e s t  menu ( d i s p l a y  2 )  are made a v a i l a b l e  t o  t h e  o p e r a t o r .  I f  BAUD i s  then e n t e r e d ,  
t h e  d i s p l a y  shown i n  d i s p l a y  19 appears. This hand le r  p rov ides  d i r e c t  access t o  t h e  
RS-232C t r a n s c e i v e r s  on t h e  t h r e e  IOP boards and p e r m i t s  baud rate changes and the 
sending and r e c e i v i n g  of t es t  messages. Display 19 shows t h e  messages generated as 
t h e  o p e r a t o r  changes t h e  baud rate of IOP A port 1 from i t s  d e f a u l t  value of 2400 t o  
4800 ( t h e  snapsho t  w a s  taken be fo re  the f i n a l  < r e t u r n > ) .  Such a baud r a t e  change 
would be made only i f  t h e  t e rmina l  port on SEU 1 had a l so  been changed t o  4800 baud. 
The commands S ( s e n d )  and R ( r e c e i v e )  a r e  hardware t roub le shoo t ing  commands used 
on ly  with t h e  SEU t runks  disconnected and wrap-back jumpers i n s t a l l e d ;  i n  t h i s  con- 
f i g u r a t i o n  t h e  t ransmit ter  ou tpu t s  back t o  r e c e i v e r  i npu t s .  

The ARNC command on the  t es t  menu provides hardware t roub le shoo t ing  f u n c t i o n s  
f o r  the ARINC t r a n s c e i v e r s  on t h e  th ree  I O P s .  Such t e s t i n g  f i r s t  r e q u i r e s  d i s -  
connect ing t h e  t runks coming from t h e  X-29A c o n t r o l  system so t h a t  wrap-back jum- 
p e r s  m y  be i n s t a l l e d .  The handler  allows tes t  messages t o  be t r a n s m i t t e d  from one 
board and r ece ived  and v e r i f i e d  on another.  
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The RDAS command on the test menu p e r m i t s  hardware d i a g n o s t i c  and c a l i b r a t i o n  
tests on t h e  RDAS rack through t h e  L A N ,  and it i n d i r e c t l y  p rov ides  confidence 
t e s t i n g  of t h e  L A N  i t s e l f .  Input-output tests may be performed on t h e  analogs,  
d i s c r e t e s ,  and t h e  t w o  serial  ports i n  either open-loop o r  closed-loop mode. T e s t  
messages may be s e n t  t o  t h e  l i n e  p r i n t e r  port, and the s t a t u s  of the LAN a c t i v i t y  
coun te r s  may be displayed. 

The CON command on t h e  test  menu p e r m i t s  t h e  operator t o  g e n e r a t e  numeric con- 
s t a n t s  i n  v a r i o u s  formats a t  any memory domain address desired. T h i s  command is  
used only du r ing  XAIDS sof tware V/V. 

When CAL i s  entered from t h e  test  menu the d i s p l a y  shown i n  d i s p l a y  20 appears.  
This hand le r  allows t h e  operator t o  perform v a r i o u s  tests on the analog recorder 
o u t p u t  DACs on RTPRO. The AUTO and SAW commands g e n e r a t e  cont inuous waveforms on 
a l l  16 DAC channels ,  w h i l e  MAN gene ra t e s  a manually stepped m u l t i l e v e l  o u t p u t  on a l l  
16 DACs. The SEL command permits the operator t o  select one of t h e  16 DAC channels  
and set  it t o  any des i r ed  l e v e l  f o r  c a l i b r a t i o n .  Display 20 shows the response i f  
t h e  operator wishes t o  set "pen" 1 t o  2.5 V ( t h e  hard copy w a s  taken be fo re  the 
f i n a l  < r e t u r n > ) .  Entering TEST commands RTPRO to  t r i g g e r  the confidence t es t  firm- 
ware i n  t h e  DAC modules and r e p o r t  the s t a t u s ,  t h u s  v e r i f y i n g  t h a t  t h e  DAC modules 
are responding properly.  

G U I D E  FOR THE PROSPECTIVE XAIDS OWNER 

A d e c i s i o n  to  commit t o  the use  of an XAIDS i n  suppor t  of a project r e q u i r e s  
a n a l y s i s  of t h e  cost of  ownership and the expected b e n e f i t s .  Th i s  a n a l y s i s  must 
cons ide r  bo th  t h e  i n i t i a l  c o 6 t  and the long-term overhead of suppor t ing  such a 
system. Based on experience t o  date wi th  t h e  XAIDS at Ames-Dryden, t h e  fo l lowing  
g u i d e l i n e s  are o f fe red  to h e l p  t h e  p r o s p e c t i v e  u s e r  more a c c u r a t e l y  predict costs. 

I n i t i a l  hardware cost (excluding so f tware )  f o r  an XAIDS console  configured f o r  
t h e  X-29A a p p l i c a t i o n  i s  e s t ima ted  a t  $100,000, which i n c l u d e s  t h e  cost of assembly. 
For t h e  WAS, t h e  f i g u r e  is approximately $25,000. The cost of spare parts is  inde- 
t e rmina te  s i n c e  each u s e r  must decide what l e v e l  of parts backup i s  r e q u i r e d  based 
on p r o j e c t  t o l e r a n c e  to outages.  In  g e n e r a l ,  f a i l u r e  rates have been extremely l o w ,  
w i t h  most maintenance problems r e l a t i n g  to  d i r t y  connectors  and conducted electro- 
magnetic i n t e r f e r e n c e .  Only one major f a i l u r e  has  been experienced t o  date; t h e  
f a i l u r e  occurred i n  t h e  XAIDS cardcage power supp ly  and w a s  caused by a n  i n a d v e r t a n t  
momentary s h o r t  c i r c u i t  on one of i t s  ou tpu t s .  

Hardware cost f o r  t h e  XAIDS console  can be reduced s l i g h t l y  wi thou t  impact on 
t h e  b a s e l i n e  software.  I f  t h e  use r  h a s  no requirement  f o r  an RDAS and no other LAN 
i n t e r f a c e s  are involved, t h e  LAN c o n t r o l l e r  board can be d e l e t e d  from the b a s e l i n e  
board complement. All related software has  been designed t o  be t o l e r a n t  of LAN 
f a i l u r e s ,  and t h u s  the d e l e t i o n  has  no i m p a c t  o t h e r  t han  loss of  LAN communications. 
Another o p t i o n a l  d e l e t i o n  i s  t h e  M I N T  board, a l though  this step should n o t  be taken 
l i g h t l y .  The maintenance processor has proved i n v a l u a b l e  f o r  hardware i n t e g r a t i o n  
and XAIDS so f tware  V/V and i s  considered a wise investment.  Any other d e p a r t u r e s  
from b a s e l i n e  w i l l  impact e i t h e r  the c o n f i g u r a t i o n  of the o p e r a t i n g  system or t h e  
X A I D S  b a s e l i n e  sof tware,  or both. I n  this case, the a d d i t i o n a l  cost of  so f tware  
r eeng inee r ing  w i l l  probably exceed any r educ t ion  i n  hardware investment.  

26 



A hardware cost t h a t  is  more d i f f i c u l t  t o  e s t i m a t e  i s  t h e  i n f r a s t r u c t u r e  
r equ i r ed  t o  suppor t  sof tware  and firmware. There are s e v e r a l  s t r a t e g i e s  a v a i l a b l e ,  
and much depends on whether t h e  user  a l ready has  on hand equipment tha t  could  h o s t  
I n t e l  suppor t  sof tware .  Both 8 - b i t  and 16-b i t  suppor t  are r e q u i r e d ,  and hardware 
must be a v a i l a b l e  f o r  programming a wide v a r i e t y  of PROMS. A t  Ames-Dryden an I n t e l  
S e r i e s  I11 microcomputer development system (MDS) with  512K of RAM w a s  a l r e a d y  on 
hand, c a r r i e d  over from the  earlier AIDS development. To t h i s  MDS w a s  added a new 
PROM programmer and a 35-megabyte hard d isk  subsystem. I n  a d d i t i o n ,  it w a s  decided 
t o  i n t e r f a c e  the  MDS t o  an XAIDS brassboard conf igured  t o  t h e  b a s e l i n e  board com- 
plement,  c o s t i n g  about  $70,000. The i n t e r f a c e  being used i s  t h e  I n t e l  SBC957B, 
which provides  f i l e  format  conversion from MDS ISIS-I1 format  t o  brassboard  RMX86 
format .  This  assemblage of suppor t  equipment i s  in tended  t o  be shared  among a l l  
X A I D S  u s e r s  a t  Ames-Dryden and is highly cost e f f e c t i v e .  

The combination of a brassboard i n t e r f a c e d  t o  a MDS has  been h i g h l y  product ive  
and is s t r o n g l y  recommended as t h e  best approach f o r  so f tware  and firmware support .  
I t  provides  a t o t a l  suppor t  environment inc lud ing  8 - b i t  suppor t  f o r  t h e  PERPRO and 
RDAS i n  a t o t a l l y  independent f a c i l i t y ,  f r e e i n g  t h e  XAIDS console  f o r  fu l l - t ime  
p r o j e c t  suppor t .  However, f o r  users who e n v i s i o n  no need f o r  8 - b i t  suppor t ,  t h e r e  
i s  a minimum-cost s t r a t e g y  that would permit t h e  XAIDS console  i t s e l f  t o  be used i n  
t h e  suppor t  r o l e  on a part-time basis. This  would r e q u i r e  the a d d i t i o n  of an 
SBX351 multimodule t o  CENPRO to provide a s e r i a l  RS232 i n t e r f a c e  t o  an  e x t e r n a l  
user -suppl ied  PROM programmer. The programmer selected must have t h e  necessary  
ser ia l  p o r t  and be a b l e  t o  accep t  PROM fi les i n  hexadecimal format  through a user-  
w r i t t e n  RMX86 u t i l i t y .  The a d d i t i o n a l  hardware cost f o r  t he  SBX351 and the PROM 
programmer should be under $4000. 

The cost of purchased sof tware  depends upon t h e  u s e r ' s  f i n a l  choice  of suppor t  
s t r a t e g y .  For t h e  Ames-Dryden environment, a wide spectrum of a v a i l a b l e  suppor t  
so f tware  has  been incorpora ted .  For the XAIDS brassboard ,  the cost i s  less then 
$20,000, i n c l u d i n g  t h e  RMX86 ope ra t ing  system, u t i l i t i e s ,  assembler, s c reen  e d i t o r ,  
and compi le rs  f o r  Pascal, FORTRAN, and PL/M. N o  a d d i t i o n a l  cost i s  i n c u r r e d  f o r  t h e  
RMX86 i n c o r p o r a t i o n  i n  t h e  XAIDS console. For t h e  MDS s u p p o r t  of both 8 - b i t  and 
16 -b i t  microprocessors ,  t h e  cost is  a lso  less than  $20,000, i n c l u d i n g  sc reen  e d i t o r ,  
u t i l i t i e s ,  assemblers ,  and compilers  for  FORTRAN and PL/M. 

Software engineer ing  costs f o r  u se r - spec i f i c  modules i s  very much a f u n c t i o n  of 
t h e  a p p l i c a t i o n ;  f o r  t h e  X-29A-configured XAIDS, approximately two man-years t o t a l  
development e f f o r t  w a s  expended. A f a c e t  of so f tware  eng inee r ing  cost  t ha t  needs t o  
be taken i n t o  account  is  the  V/V and c e r t i f i c a t i o n  of u se r  modules as they  are added 
t o  t h e  system. A t  Ames-Dryden each increment of use r  so f tware  i s  inco rpora t ed  i n t o  
s e p a r a t e  t es t  modules k e p t  apart from the normally booted system. When t i m e  is 
a v a i l a b l e ,  t h e  XAIDS is  rebooted wi th  the new modules, and V/V t e s t i n g  is  performed 
t o  a test  p lan  developed j o i n t l y  by the p r o j e c t  engineer  ( t h e  u s e r )  and t h e  sof tware  
engineer  who prepared t h e  update.  I f  a l l  tests are s u c c e s s f u l l y  passed,  t h e  updated 
modules are made a v a i l a b l e  t o  t h e  p ro jec t  team on a t r i a l  b a s i s ,  i n  t h a t  e i t h e r  t h e  
o l d  or the new v e r s i o n s  may be used. Following a minimum of 10 h r  o p e r a t i o n a l  use 
on the  new ve r s ion  wi thout  e r r o r s ,  the new v e r s i o n  i s  upgraded t o  normal boot.  A t  
least  one prev ious  ve r s ion  is  k e p t  on the hard d i s k  d r i v e  i n  case it should eve r  be 
necessary t o  s t e p  back t o  an earlier version. 

The cost  e f f e c t i v e n e s s  of t h e  XAIDS, l i k e  t h a t  of i t s  predecessor  A I D S ,  has  
been amply demonstrated i n  s p i t e  of the hardware and so f tware  c o s t s  d i scussed  above. 
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One component of the payback is  t h e  p r o j e c t  t i m e  saved through p r o d u c t i v i t y  g a i n s  
a f fo rded  by i t s  high throughput,  s i m p l i f i c a t i o n  of operator procedures ,  and poten- 
t i a l  f o r  automatic  t e s t i n g .  Another cost saving r e s u l t s  from the e l i m i n a t i o n  of 
e x t r a  equipment, made possible by i t s  f l e x i b i l i t y  i n  assuming m u l t i p l e  roles. An 
i n d i r e c t  payback i s  the lowering of operator stress r e s u l t i n g  from c e n t r a l i z a t i o n  of 
d i v e r s e  f u n c t i o n s  a t  a use r - f r i end ly  workstat ion.  Many past and p r e s e n t  u s e r s  have 
declared this type of suppor t  system t o  be ind i spensab le .  

FUTURE XAIDS DEVELOPMENTS 

A s  t h e  X-29A XAIDS system loading has  inc reased  wi th  t h e  s t e a d y  a d d i t i o n  of more 
u s e r  sof tware t o  provide new s e r v i c e s ,  it w a s  i n e v i t a b l e  t ha t  a need f o r  i nc reased  
bandwidth would arise. Two g o a l s  f o r  i nc reased  performance are be ing  approached: 
( 1 )  reducing bus loading t o  lower w a i t i n g  times and ( 2 )  i n c r e a s i n g  processor speeds. 
Accomplishing t h e  f i r s t  g o a l  w i l l  r e q u i r e  combining the f u n c t i o n s  of t h e  c e n t r a l  
p rocesso r ,  a u x i l i a r y  RAM board, and a u x i l i a r y  PROM board i n t o  a s i n g l e  SBC86/35 
p rocesso r  board having 512K of RAM and 128K of PROM. This w i l l  provide a s e l f -  
contained environment f o r  the RMX86 o p e r a t i n g  system wi thout  the need f o r  bus c y c l e s  
f o r  i n s t r u c t i o n  fetches.  The second goal w i l l  be e a s i l y  accomplished f o r  the CENPRO 
and RTPRO by upgrading t h e  c u r r e n t  5-MHz 8087 NDP chips t o  t h e  8-MHz ve r s ion ,  t h u s  
immediately achieving a 60-percent i n c r e a s e  i n  throughput.  No speed improvement f o r  
t h e  PERPRO or MAINT are  judged as necessary.  

A major upgrade to t h e  XAIDS is  planned f o r  t h e  n e x t  u n i t  t o  be b u i l t .  Two 
areas of enhancement are now being engineered: ( 1 )  a d d i t i o n  of a second cardcage 
and ( 2 )  r edes ign  of the hard d i s k  and f loppy  d i s k e t t e  subsystems. To g i v e  f u t u r e  
users a d d i t i o n a l  board slots f o r  user 1/0 channel boards,  a second 21-slot  cardcage 
is planned, w i t h  a much l a r g e r  p o w e r  supply.  The t w o  cardcages will be t i e d  t o g e t h e r  
with a p a i r  of commercially a v a i l a b l e  bus ex tende r  boards, one board plugged i n t o  
each cardcage and l inked by r ibbon cable. This w i l l  r e s u l t  i n  one cardcage be ing  
a v a i l a b l e  f o r  s l a v e  boards on ly  ( n o t  bus masters), wh i l e  t h e  o t h e r  cardcage w i l l  be 
configured basically as shown i n  t h i s  report. 

The hard d i s k  and f loppy d i s k e t t e  subsystems w i l l  be c o n s o l i d a t e d  i n t o  a s i n g l e  
chassis c o n t r o l l e d  by a s i n g l e  c o n t r o l l e r  board. The c u r r e n t  s i n g l e  19-megabyte 
hard d i s k  d r i v e  w i l l  be replaced by t w o  25-megabyte hard d i s k  d r i v e s ,  and the 8-in 
f loppy  d i s k e t t e  d r i v e s  w i l l  be replaced by 5.25-in drives. I n  a d d i t i o n ,  a 0.25-in 
s t reaming tape ( c a r t r i d g e )  d r i v e  w i l l  be added to p rov ide  a backup c a p a b i l i t y  f o r  
s av ing  the c o n t e n t s  of t h e  hard d i s k  d r i v e s .  The e n t i r e  complement w i l l  be i n t e r -  
faced to  a s i n g l e  SBC214 c o n t r o l l e r  board. 

With r ega rd  to  t h e  RDAS, s e v e r a l  enhancements are beitng considered f o r  incorpo- 
r a t i o n  i n t o  f u t u r e  u n i t s .  One is  to use  a l a r g e r  cardcage and p o w e r  supply t o  
permit the  use r  to i n s t a l l  more 1/0 boards. A second improvement would be to  use a 
16 -b i t  processor  board as local c o n t r o l l e r  i n s t e a d  of t h e  p r e s e n t  8-bit  board. A 
t h i r d  major change would be to upgrade the RDAS-XAIDS l i n k  t o  the h i g h e r  speed 
10-MHZ E the rne t  (XEROX Corporat ion) .  This l i n k  would provide a 10-fold i n c r e a s e  i n  
bandwidth and would d r a m a t i c a l l y  lower t r a n s p o r t  lag . I n  a d d i t i o n ,  having E the rne t  
c a p a b i l i t y  on XAIDS would p e r m i t  it to be i n t e r f a c e d  t o  a wide range of networks 
now i n  ope ra t ion .  
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With regard t o  f u t u r e  XAIDS users, personnel r e p r e s e n t i n g  s e v e r a l  projects have 
expressed i n t e r e s t  i n  funding t h e  cons t ruc t ion  of a u n i t .  The eng inee r ing  of i n t e r -  
faces and development of u s e r  so f tware  will be handled on a case-by-case basis as 
requirements  are documented. 

CONCLUDING REMARKS 

A second-generation, general-purpose, user-programmable ground suppor t  equipment 
h a s  been developed and placed i n  s e r v i c e  i n  suppor t  of t h e  X-29A forward-swept-wing 
a i r c r a f t  p r o j e c t .  The XAIDS des ign  provides many enhancements over  the earlier AIDS 
mechanization, i n c l u d i n g  m u l t i p l e  16-bit p rocesso r s ,  p i p e l i n e  data f low a r c h i t e c t u r e ,  
advanced o p e r a t i n g  system, r e s i d e n t  software development tools,  and remote data I/O 
c a p a b i l i t y .  The b a s e l i n e  system software s u i t e  i n c l u d e s  a l a r g e  s e l e c t i o n  of data 
t y p e  hand le r s  and d i s p l a y  formats. User-defined e x t e n s i o n s  t o  this basic l i b r a r y  
are e a s i l y  inco rpora t ed .  Hardware and sof tware i n t e r f a c e s  t o  user-dependent subsys- 
tems have been tailored f o r  f l e x i b i l i t y  i n  c o n f i g u r a t i o n  to  meet u s e r  requirements.  

The major c o n t r i b u t i o n  of t h e  XAIDS t o  t h e  X-29A project h a s  been t h e  c e n t r a l i -  
z a t i o n  of operator a c t i v i t e s  a t  a s i n g l e  works t a t ion  provid ing  both t e l e m e t r y  data 
a n a l y s i s  and f l i g h t  computer test  set  con t ro l .  Software has  been developed t o  per- 
m i t  operators t o  o v e r l a y  f l i g h t  computer memory w i t ? ?  test code or data tables, o r  
bo th ,  t o  p e r m i t  a l t e r a t i o n  of tes t  condi t ions and remapping of t h e  t e l eme t ry  stream. 
I n  a d d i t i o n ,  s e v e r a l  l a r g e  so f tware  modules have been inco rpora t ed  t o  provide f l i g h t  
c o n t r o l  system performance eva lua t ion .  

As w i t h  t h e  earlier design,  t h e  use of off- the-shelf  commercial hardware and 
o p e r a t i n g  s y s t e m  so f tware  g r e a t l y  reduced t h e  development burden and cost of owner- 
ship. The i n c r e a s i n g l y  wide s e l e c t i o n  of d i r e c t l y  compatible commercial hardware 
now a v a i l a b l e  has  made t h e  des ign  of user i n t e r f a c e s  a s t r a i g h t f o r w a r d  matter of 
s e l e c t i n g  t h e  proper components. 

The expe r i ence  t o  date with both the XAIDS l a b o r a t o r y  brassboard system and t h e  
X-29A u n i t  has  been e x c e l l e n t  over  many thousand hours  of o p e r a t i n g  t i m e .  R e l i -  
a b i l i t y  has been h igh ,  and u s e r s  u n i v e r s a l l y  proclaim the system t o  be indispen-  
sable i n  s u p p o r t  of t h e  project. 
aimed a t  f u r t h e r  i n c r e a s i n g  system bandwidth, and upgrades are being planned f o r  
t h e  nex t  XAIDS t o  be cons t ruc t ed .  

Several  enhancements are now being engineered 

National Aeronaut ics  and Space Administrat ion 
A m e s  Research Center  
Dryden F l i g h t  Research F a c i l i t y  
Edwards, C a l i f o r n i a ,  October 7 ,  1986 

29 



APPENDIX A - PROTOTYPE REMOTE DATA ACQUISITION SUBSYSTEM 

The r eno te  data  a c q u i s i t i o n  subsystem (RDAS) ( f i g .  1 0 )  w a s  engineered t o  be an 
ex tens ion  of t h e  XAIDS t h a t  could meet two needs. Its primary intended use i s  t o  
provide a remote 1/0 i n t e r f a c e  t o  a use r  t a r g e t  system i n  a p p l i c a t i o n s  where d i r e c t  
c a b l i n g  t o  t h e  X A I D S  i s  undes i r ab le  f o r  reasons of w i r i n g  complexity o r  e l e c t r o -  
magnetic i n t e r f e r e n c e .  An example of w i r ing  complexity is  a s i m u l a t i o n  i n t e r f a c e  t o  
a n  a c t u a l  a i rc raf t ,  i r o n  b i r d ,  o r  s imula t ion  l a b o r a t o r y  i n v o l v i n g  many discretes and 
many analog parameters r e q u i r i n g  r a t h e r  l a r g e  wi r ing  bundles.  
t a r g e t  system could r equ i r e  use  of an RDAS t o  e l i m i n a t e  i n t e r f e r e n c e  i n  noisy 
environments . 

Long d i s t a n c e  t o  a 

An RDAS may be located up t o  5000 f t  from t h e  XAIDS, wi th  c o n t r o l  and data flow- 
i n g  over  a LAN employing a s i n g l e  RG-59/U c o a x i a l  cable of 3/16-in diameter. The 
xAIDS-RDAS p r o t o c o l  is S D L C  a t  a 1.0-MHz rate us ing  phase s h i f t  keying and automatic  
phase-locked-loop clock e x t r a c t i o n .  

The block diagram i n  f i g u r e  11 shows t h e  c o n f i g u r a t i o n  of t h e  p ro to type  WAS 
c o n s t r u c t e d  t o  support  t h e  X-29A p r o j e c t .  The requirement w a s  t o  provide a simu- 
l a t i o n  1/0 i n t e r f a c e  with 16 ADC i n p u t s ,  28 DAC o u t p u t s ,  48 i n p u t  d i s c r e t e s ,  and 
4 8  o u t p u t  d i s c r e t e s .  The s o l i d - o u t l i n e  boxes i n  the diagram r e p r e s e n t  boards 
plugged i n t o  t h e  12-slot  cardcage, shown i n  f i g u r e  12. The board complement 
i n c l u d e s  an 8 - b i t  proc@ssor,  t h e  LAN channel,  seven DAC boards, one mult iplexed 
ADC board, and t w o  1/0 expansion boards providing discretes 1/0 as w e l l  as two 
RS-232 s e r i a l  ports. The dashed-outline boxes i n  the diagram r e p r e s e n t  o p t i o n a l  
p e r i p h e r a l s  t h a t  are no t  c u r r e n t l y  part of X-29A project requirements.  The monitor 
t e r m i n a l  p o r t  on t h e  processor  board i n t e r f a c e s  t o  so f tware  providing maintenance 
and t roub leshoo t ing  u t i l i t i e s .  The p r i n t e r  port i s  configured f o r  Centronix p a r a l -  
l e l  i n t e r f a c e  p ro toco l  and may be used, f o r  example, t o  p rov ide  remote d u p l i c a t e  
ha rd  copy of t h e  t r a f f i c  going t o  t h e  XAIDS p r i n t e r .  The s e r i a l  ports could provide 
remote ope ra to r  terminal  f u n c t i o n  o r  d a t a  I / O .  A l l  connect ions t o  t h e  RDAS are 
through the  use r  1/0 connector pane l  shown i n  f i g u r e  13. 

Figure 14 shows the t iming of t h e  XAIDS-RDAS data flow, which iterates a t  a 
maximum ra te  of 96 Hz. The XAIDS processing i s  handled by RTPRO and provides  data 
hand l ing  s e r v i c e s  t o  use r  modules as w e l l  as t o  t h e  RA and RD channel hand le r s .  
Each c y c l e ,  RTPRO sends a message t h a t  con ta ins  as a minimum t h e  48 o u t p u t  d i s c r e t e s  
and t h e  2 8  DAC values. When RDAS r ece ives  t h i s  message, the discrete ou tpu t s  and 
DACs  are s e r v i c e d ,  and any message ex tens ions  are passed to  a background s e r v i c i n g  
t a s k .  Approximately 3 msec la ter ,  XAIDS commands RDAS to perform t h e  d a t a  a c q u i s i -  
t i o n  c y c l e  f o r  t h e  16 analog i n p u t  values ,  f e t c h  t h e  4 8  i n p u t  discretes, snapshot  
c e r t a i n  s t a t u s  counters ,  and b u i l d  t h e  r e p l y  message. I f  the background t a s k  has  
generated any response packe t s ,  t h e s e  are appended t o  the rep ly .  A d e l a y  i n  t h e  
X A I D S  LAN c o n t r o l l e r  program allows t i m e  f o r  t h e  fo rego ing  t o  complete and then  
t r i g g e r s  t h e  t ransmission of t h e  r ep ly .  When XAIDS r e c e i v e s  t h i s  r e p l y ,  t h e  RTPRO 
i n t e r f a c e s  are serviced,  and a new message is generated.  

Table 1 8  shows the s t r u c t u r e  of t h e  XAIDS t o  RDAS data message. The command 
b y t e  f l a g s  t h e  message as one of t w o  types:  a d a t a  o u t p u t  message o r  a command t o  
perform i n p u t  d a t a  a c q u i s i t i o n .  I n  t h e  l a t te r  case t h e  command is a very s h o r t  
t r ansmiss ion  c o n s i s t i n g  of j u s t  the command byte.  Within a data message, a l i n k  
word of OFFFFH marks the  end of t h e  message while  any o t h e r  va lue  marks t h e  s t a r t  of 
a packet  and p o i n t s  to t h e  n e x t  l i n k .  
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Table 1 9  shows the  format f o r  t h e  RDAS t o  XAIDS r e p l y  message, which, i n  addi- 
t i o n  to  the  i n p u t  discretes and ADC values ,  r o u t i n e l y  sends t h e  l e n g t h  f o r  f i v e  
queues r e l a t e d  to  p e r i p h e r a l s .  The s t a t e  f l a g  by te  w i l l  be z e r o  i f  t h e  RDAS back- 
ground s e r v i c i n g  t a s k  i s  id le ;  otherwise it i s  s t i l l  s e r v i c i n g  t h e  prev ious  set 
of packets  and cannot  accept more, The l i n k  word i n  t h e  r e p l y  h a s  t h e  same meaning 
as above. 

Se rv ic ing  of t he  RDAS p e r i p h e r a l s  i s  handled i n  background as a low-pr io r i ty  t a s k  
t o  provide maximum bandwidth f o r  t he  d i s c r e t e s  and ana logs ,  which mus t  be se rv iced  
a t  t he  f u l l  96-Hz r a t e .  Table 2 0  shows t h e  c u r r e n t l y  implemented se t  of packet  types  
t h a t  p rovide  t h e  s e r v i c e s  shown. When XAIDS sends one o r  more packe t s  a t t a c h e d  t o  
i t s  outgoing message, it must w a i t  un t i l  RDAS sends  back t h e  response packets  and 
c l e a r s  t he  s ta te  f l a g ;  t h i s  is to  prevent  overrun of t h e  background task. The X-29A 
p r o j e c t  has  n o t  as y e t  generated a requirement f o r  use  of t h e  p e r i p h e r a l  ports, and 
t h e r e f o r e  t h e r e  are normally no packe t s  t r a n s m i t t e d  i n  e i t h e r  d i r e c t i o n .  
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APPENDIX B - XAIDS SYSTEM INTERRUPT UTILIZATION 

The XAIDS system makes e x t e n s i v e  use  of i n t e r r u p t s  to  communicate between var- 
i o u s  elements  of the system. Some i n t e r r u p t s  are gene ra t ed  by one board and s e n t  
t o  ano the r  board through t h e  IEEE-796 bus,  which has  e i g h t  paths set aside for such 
s i g n a l i n g s .  
eimply rou ted  to  the CPU c h i p  on t ha t  same board for processing.  The processors 
CENPRO, RTPRO, PERPRO, and MAINT each have an i n t e r r u p t  c o n t r o l l e r  chip tha t  priori- 
t i ze s  e i g h t  i n p u t  i n t e r r u p t s  and o u t p u t s  a s i n g l e  i n t e r r u p t  t o  the CPU chip. Soft- 
ware then determines which of t h e  e i g h t  i n p u t s  caused the CPU i n t e r r u p t  and t a k e s  
a p p r o p r i a t e  a c t i o n .  I n  a d d i t i o n ,  each CPU chip h a s  one or more "hardware i n t e r -  
r u p t s , "  which are d i r e c t  i n p u t s  bypassing the i n t e r r u p t  c o n t r o l l e r .  For PERPRO, 
there are f o u r  hardware i n t e r r u p t s  called TRAP, A, B, and C; the other three proc- 
essors have a s i n g l e  hardware i n t e r r u p t  called NMI  (nonmaskable i n t e r r u p t ) .  The 
e i g h t  i n t e r r u p t  c o n t r o l l e r  chip i n p u t s  are always called IRO t o  IR7. 

other i n t e r r u p t s  are generated by a c h i p  on a given board and are 

The d e s i g n  of a n  i n t e r r u p t  management system f o r  XAIDS involved the a l l o c a t i o n  
of scarce r e s o u r c e s  to meet b a s e l i n e  system and user-defined requirements.  Table 21 
shows how the eight  bus i n t e r r u p t  l i n e s  were as s igned  for  i n t e r b o a r d  s i g n a l i n g .  
INT3 is gene ra t ed  by RTPRO under u s e r  so f tware  c o n t r o l  and may be used to  s i g n a l  one 
o r  more user-supplied 1/0 channel  boards. I N T l  and INT2 are re se rved  for  intercom- 
munication between user boards as requ i r ed .  The f i v e  remaining bus i n t e r r u p t  l i n e s  
c a r r y  b a s e l i n e  system i n t e r r u p t s .  

Tables 22 to 25 show how the i n t e r r u p t  s e r v i c i n g  f ac i l i t i e s  are allocated on 
CENPRO, RTPRO, PERPRO, and MAINT, r e s p e c t i v e l y .  W i t h  the excep t ion  Of PERPRO, t h e  
i n t e r r u p t s  s e r v i c e d  a r e  a mix of t h o s e  generated onboard and those coming from one 
or more of t h e  bus i n t e r r u p t  l i n e s  s p e c i f i e d  i n  table 22. Although PERPRO does 
g e n e r a t e  a bus i n t e r r u p t  ( I N T 5 / ) ,  it does n o t  r e c e i v e  any bus i n t e r r u p t s ;  it merely 
s e r v i c e s  i n t e r r u p t s  generated on board. 
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APPENDIX C - RTPRO R A W  DATA PROCESSING ALGORITHMS 

One of t he  main t a s k s  of RTPRO i s  the p rep rocess ing  of r a w  data  under t h e  
c o n t r o l  of two data a c q u i s i t i o n  c o n t r o l  s t r u c t u r e s ,  each composed of blocks of t h e  
type shown i n  t a b l e  5. Each block is  64 by tes  long and c o n s i s t s  of 16 f i e l d s  of 
va r ious  l e n g t h s  con ta in ing  an assortment of housekeeping in fo rma t ion ,  d a t a  
r e g i s t e r s ,  p o i n t e r s  t o  s e r v i c i n g  rou t ines ,  c o n s t a n t s ,  and f l a g s .  The CRT data 
a c q u i s i t i o n  s t r u c t u r e  may con ta in  up t o  255 such b locks ,  one f o r  each d a t a  i t e m  
d i sp l ayed  on t h e  CRT screen.  The DAC data a c q u i s i t i o n  s t r u c t u r e  con ta ins  up t o  a 
maximum of 16 such blocks,  one f o r  each DAC f e e d i n g  t h e  o u t p u t s  t o  t h e  r eco rde r  
channels .  There i s  one d i f f e r e n c e  i n  register assignment i n  t h e  two a p p l i c a t i o n s :  
t h e  f i n a l  r e g i s t e r  is  used as a f l a g  i n  the CRT case, while  it i s  used as a data 
r e g i s t e r  i n  t h e  DAC case. 

Data r e g i s t e r s  w i t h i n  an a c q u i s i t i o n  s t r u c t u r e  are s e r v i c e d  by r o u t i n e s  accessed 
us ing  two p o i n t e r s  embedded i n  each block. The f i r s t  t o  be c a l l e d  i s  a r a w  data 
snapshot  r o u t i n e ,  which cop ie s  1 t o  8 bytes (based on t h e  number of raw data f e t c h e s )  
from t h e  1/0 channel h a n d l e r ' s  b u f f e r  t o  t h e  r a w  data r e g i s t e r .  Af t e r  a l l  blocks 
i n  a given s t r u c t u r e  have had t h e i r  d a t a  snapshots  performed, a second pass i s  made, 
and a r a w  d a t a  processing r o u t i n e  f o r  each block is  c a l l e d .  These r o u t i n e s  perform 
f u n c t i o n s  t h a t  vary widely, depending on t h e  r a w  data type and whether t h e  block i s  
p a r t  of a CRT o r  DAC s t r i i c tu re .  I n  general ,  +he r a w  data rlndergo t h r e e  transforma- 
t i o n s :  a f i xed -po in t  d e r i v a t i v e  is placed i n  t h e  a d j u s t e d  d a t a  r e g i s t e r ,  a f l o a t i n g -  
p o i n t  d e r i v a t i v e  i s  placed i n  t h e  processed d a t a  register, and e i t h e r  a CRT z e r o  
f l a g  or a DAC o f f s e t  b i n a r y  value i s  placed i n  t h e  l a s t  d a t a  r e g i s t e r .  The con- 
s t a n t s  KO and Kl are de r ived  from parameters i n  the symbol table and are computed 
o n l y  once du r ing  s t r u c t u r e  i n i t i a l i z a t i o n .  

The fo l lowing  a lgo r i thms  are used by t h e  seven system r a w  data p rocess ing  r o u t i -  
nes  f o r  t h e  CRT d a t a  a c q u i s i t i o n  s t r u c t u r e .  The steps shown f o r  each a lgo r i thm are 
l i s t e d  i n  t h e  o r d e r  taken. Each step rep resen t s  a mathematical  o p e r a t i o n  performed 
b y  one o r  more PLM86 language statements.  

.. R a w  da ta  type 'ASC - ASCII cha rac t e r  s t r i n g  
ad j us t ed$da ta  = raw$data 
processedSdata = 0.0 
zero$f l a g  = t r u e  

R a w  data  type 'DISC' - Discrete 
ad jus t edSda ta  = (raw$data EXCL-OR xor$mask) AND and$mask 
processed$data  = f l o a t  (adjustedSdata  1 
zero$f l a g  = t r u e  i f  processed$data = 0.0 else f a l s e  

Raw d a t a  type ' M B I N '  - Masked binary 
ad jus t edSda ta  = (raw$data EXCL-OR xor$mask) AND and$mask 
processed$data  = f l o a t  (adjustedSdata  1 
zero$f l a g  = t r u e  i f  processed$data = 0.0 else f a l s e  

R a w  d a t a  type ' U B I N '  - Unsigned binary 
ad ju s t ed$da ta  = raw$data 
processed$data  = f l o a t ( a d j u s t e d $ d a t a )  
zero$ f l a g  s t r u e  i f  processedSdata = 0.0 e lse  f a l s e  

33 



Raw data type 'SBIN' - Signed binary 
adjusted$data 
processed$data = float(adjusted$data) 
zero$f lag = true if processed$data = 0.0 else false 

= rawSdata with sign extended 

Raw data type 'SFBN' - Signed fractional binary 
KO = displaySzero 
K1 = 128.0 (displaySmax-display$zero) / (256.0**nbytes) 
adjusted$data 
processed$data = KO + K1 * float(adjusted$data) 
adjusted$data = fix(processed$data) 
zeroSf lag = true if processedSdata = 0.0 else false 

= rawSdata with sign extended 

Raw data type 'IFLT' - Intel floating point 
processedSdata = raw$data 
adjusted$data = fix(processed$data) 
zero$f lag = true if processedSdata = 0.0 else false 

The following algorithms are used by the seven system raw data processing rou- 
tines for the DAC data acquisition structure. 

Raw data type 'ASC - ASCII character string 
d ac $ va lue = 8000H /* -5.000 volts */ 

Raw data type 'DISC' - Discrete 
adjustedSdata = (rawSdata EXCL-OR xor$mask) AND and$mask 
dac$ value = OOOOH if adjusted$data = 0 /* 0.000 volts */ 
else dac$value = 7FFOH /* +4.995 volts */ 

Raw data type 'MBIN' - Masked binary 
KO - - 32768.0 recorderSbias / recorderSscale 
K1 = + 32768.0 / recorderSscale 
adjustedSdata = (rawSdata EXCL-OR xorSmask) AND and$mask 
processedSdata = KO i K1 float(adjusted$data) 
dac $ value = fix(processed$data) /* see note */ 

Raw data type 'UBIN' - Unsigned binary 
KO = - 32768.0 * recorderSbias / recorderSscale 
K1 = + 32768.0 / recorderSscale 
processedSdata = KO + K1 * float(rawSdata1 
dacSvalue = fix(processed$data) /* see note */ 

Raw data type 'SBIN' - Signed binary 
KO . L -  32768.0 * recorderSbias / recorder$scale 
K1 = + 32768.0 / recorder$scale 
adjustedSdata = raw$data with sign extended 
processed$data = KO + K1 float(adjusted$data) 
dac$value = fix(processedSdata1 /* see note */ 
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Raw data type 'SFBN' - Signed fractional binary 
KO = 32768.0 * (displaySzero-recorder$bias) / recorder$scale 
K1 = 128.0 * (displaySmax-display$zero) / (256.0**nbytes) 

32768.0 / recorder$scale 
ad justed$data 
processed$data = KO + K1 * float(adjusted$data) 
dac $ value = fix(processed$data) /* see note */ 

= raw$data with sign extended 

Raw data type 'IFLT' - Intel floating point 
KO = -  32768.0 * recorderSbias / recorder$scale 
K1 = + 32768.0 / recorder$scale 
processedSdata = KO + K1 * rawSdata 
d ac $ value = fix(pr0cessedSdata 1 /* see note */ 

Note: Prior to conversion to fixed point, processed data are range 
limited to -32768.0 C processedSdata < +32767.0. This 
range limits the DAC value to -5.000 V to +4.995 V. 

The following algorithms are used by the six X-29A raw data processing routines 
for the CRT data acquisition structure. 

Raw data type 'HBOO' - HDP-5301 Boolean (16 to 64 bits) 
ad justed$data = (rawSdata EXCL-OR xorSmask1 AND and$mask 
processedSdata = float(adjusted$data) 
zero$f lag = true if processed$data = 0.0 else false 

Raw data type "HEX' - HDP-5301 Hexadecimal (16 to 64 bits) 
adjusted$data = raw$data 
processedSdata = float(adjustedSdata1 
zero$f lag = true if processedSdata = 0.0 else false 

Raw data type 'HINT' - HDP-5301 Integer (16 to 64 bits) 
adjustedSdata = raw$data with sign extended 
processedSdata = float(adjusted$data) 
zero$f lag = true if processedSdata = 0.0 else false 

Raw data type 'HSP - HDP-5301 Single Precision (16 bits) 
KO = display$zero 
K1 = (display$rnax-display$zero) / 32768.0 
processed$data = KO + K1 float(rawSdata1 
adjusted$data = fix(processedSdata1 
zero$f lag = true if processedSdata = 0.0 else false 

Raw data type 'HDP - HDP-5301 Double Precision (32 bits) 
KO = display$zero 
K1 = (display$max-display$zero) / 2147483648.0 
processed$data = KO + K1 * float(rawSdata1 
adjusted$data = fix(processedSdata1 
zero$f lag = true if processedSdata = 0.0 else false 

Raw data type 'HFLT' - HDP-5301 Floating Point (48 bit) 
processed$data = raw$data converted to Intel floating point format 
ad j us ted$data 
zero$f lag = true if processedSdata = 0.0 else false 

= fix( processedSda ta 1 
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The following algorithms are used by the six X-29A raw data processing routines 
for the DAC data acquisitions structure. 

Raw data type "BOO' - HDP-5301 Boolean (16 to 64 bits) 
adjusted$data = (rawSdata EXCL-OR xorSmask) AND andSmask 
d ac $ va lue = OOOOH if adjustedSdata = 0 /* 0.000 volts */  
else dacSvalue = 7FFOH /* +4.995 volts */ 

Raw data type '"EX' - HDP-5301 Hexadecimal (16 to 64 bits) 
KO = - 32768.0 * recorderSbias / recorderSscale 
K1 = + 32768.0 / recorderSscale 
processedSdata = KO + K1 * float(rawSdata1 
d ac $value = fix(processedSdata) /* see note */ 

Raw data type 'HINT' - HDP-5301 Integer (16 to 64 bits) 
KO = - 32768.0 * recorderSbias / recorderSscale 
K1 = + 32768.0 / recorderSscale 
rawSdata = rawSdata w i t h  sign extended 
processedSdata = KO + K1 float(rawSdata1 
dacSvalue = fix(processed$data) /* see note */ 

Raw data type 'HSP - HDP-5301 Single Precision (16 bits) 
KO = 32768.0 * (displaySzero-recorderSbias) / recorderSscale 
K1 P (displaySmax-display$zero) / recorderSscale 
processedSdata = KO + K1 * float(rawSdata1 
dacS value = fix(processed$data) /* see note */ 

Raw data type 'HDP ' - HDP-5301 Double Precision (32 bits) 
KO 0 32768.0 * (displaySzero-recorder$bias) / recorderSscale 
K1 = (displaySmax-display$zero) / 65536.0 / recorderSscale 
processedSdata = KO + K1 * float(rawSdata1 
dac $ value = fix(processed$data) /* see note */ 

Raw data type 'HFLT' - HDP-5301 Floating Point (48 bits) 
KO = - 32768.0 * recorderSbias / recorderSscale 
K1 = + 32768.0 / recorderSscale 
processedSdata = KO + K1 (rawSdata converted to Intel floating pt.) 
dac $ va lue = fix(processed$data) /* see note */ 

Note: Prior to conversion to fixed point, processed data are range 
limited to -32768.0 < processedSdata < +32767.0. This 
range limits the DAC value to -5.000 V to +4.995 V. 
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APPENDIX D - RTPRO USER SUPPORT SUBROUTINES 

Ssave n o l i s t  

/ *  Module RTPRO.EXT R. Glover 16 Oct 1984 */ 

/ *  
This module c o n t a i n s  t he  PLM86 e x t e r n a l  d e c l a r a t i o n s  f o r  u se r -  
accessable RTPRO procedures.  I t  i s  assumed 
a l l  RTPRO r o u t i n e s  i n  PLM86 ( l a r g e  model). 
fol lowing s t a t emen t  : 

where RTPRO.EXT i s  a copy of t h i s  module i n  
$INCLUDE (RTPRO.EXT) 

t h a t  t h e  u s e r  i s  w r i t i n g  
The u s e r  must i n s e r t  t h e  

t h e  u s e r ' s  d i r e c t o r y .  */ 

/ *  Following f i v e  sub rou t ines  provide a means for  t h e  u s e r  t o  l i n k  
s e r v i c i n g  r o u t i n e s  t o  the i n d i c a t e d  i n t e r r u p t s ,  where nptr" i s  a 
p o i n t e r  to  t h e  e n t r y  p o i n t  of the s e r v i c i n g  r o u t i n e .  */ 

vectorStimerS1: procedure ( p t r )  ex te rna l ;  declare 
vector$user$A: procedure ( p t r )  ex te rna l ;  declare 
vectorSuserSB: procedure ( p t r )  ex te rna l ;  declare 
vector$user$C: procedure ( p t r )  ex te rna l ;  declare 
vec to r$ in t r$pushbu t ton :  procedure ( p t r )  e x t e r n a l ;  

declare ptr po in te r ;  end; 

/ *  Following 10 s u b r o u t i n e s  provide the u s e r  with 

ptr  p o i n t e r ;  end; 
p t r  p o i n t e r ;  end; 
p t r  p o i n t e r ;  end; 
p t r  p i n t e r ;  and; 

means t o  e n a b l e  or 
disable  t h e  s p e c i f i e d  RTPRO i n t e r r u p t  ( a l l  i n i t i a l l y  disabled) .  */ 

enable$ timer S 1 : 
disableSt imerS1:  
enable$user$A: 
disable$user$A: 
enable$user$B: 
disable$user$B:  
enable$user$C: 
disable$user$C:  
enab le$ in t r$pushbu t ton :  
disable$intr$pushbutton: 

procedure 
procedure 
procedure 
procedure 
procedure 
procedure 
procedure 
procedure 
procedure 
procedure 

ex te rna l ;  
e x t e r n a l  ; 
e x t e r n a l  ; 
e x  terna 1 ; 
e x t e r n a l  ; 
e x t e r n a l  ; 
e x  ter na 1 ; 
e x t e r n a l  ; 
e x t e r n a l ;  
e x t e r n a l  ; 

end ; 
end ; 
end ; 
end; 
end ; 
end; 
end ; 
end; 
end ; 
end ; 

/* Following r o u t i n e  al lows u s e r  t o c o n t r o l  t h e  rate a t  which timer 1 
i n t e r r u p t s  occur. Period i s  mil l iseconds i n  t h e  range 1 t o  426. */ 

s e t S t i m e r S 1  $period: procedure (periad) e x t e r n a l ;  
declare period word; end; 

/ *  Following r o u t i n e  allows u s e r  t o  set baud rate of RTPRO on-board 
USART. "baud$raten must be i n  the range 75 t o  19200. N o t e  t h a t  
u s e r  must po l l  USART s i n c e  no i n t e r r u p t s  are a v a i l a b l e .  */ 

se t$baud$ra t e :  procedure (baud$rate)  e x t e r n a l ;  
declare baud$rate word; end; 
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/* Following t w o  func t ions  r e t u r n  by te  va lues  f o r  t h e  s p e c i f i e d  
S ta tus /Con t ro l  Panel r e g i s t e r s .  */ 

modeSthumbwheels: procedure by te  e x t e r n a l ;  end; 
controlSswitches:  procedure by te  e x t e r n a l ;  end; 

/ *  Following three r o u t i n e s  provide the use r  w i th  means t o  c o n t r o l  t he  
s t a t u s  LEDs on the S ta tus /Con t ro l  Panel.  The f i r s t  r o u t i n e  updates  
a l l  e i g h t  simultaneously where " p a t t e r n "  i s  a b y t e  value with t h e  
MSB corresponding t o  LED #7, 1=on, and O-off. The o t h e r  two r o u t i n e s  
allow t h e  u s e r  t o  t u r n  on or o f f  a s i n g l e  LED where " led" i s  a b y t e  
i n  t h e  range 0 t o  7 corresponding t o  the numbering on t h e  panel .  */  

se t $ s t a t u s $  leds : procedure ( p a t t e r n )  e x t e r n a l ;  

t u rn$on$s ta tus$ led :  procedure ( l e d )  e x t e r n a l ;  declare led by te ;  end; 
t u rn$of f$s t a tus$ led :  procedure ( l e d )  e x t e r n a l ;  d e c l a r e  l ed  byte;  end; 

declare p a t t e r n  by te ;  end; 

/*  Following three r o u t i n e s  allow u s e r  t o  declare and susequen t ly  service 
a use r -c rea t ed  channel handler  where "ptr" is  a p o i n t e r  t o  the 
channel  d e c l a r a t i o n  s t r u c t u r e .  Note : u s e r  can a l l o w  "synch" to  
perform "ChannelSreadyScrt" calls  a u t o m a t i c a l l y  (see below). However, 
"channelSreadySdac" calls  must be made i n d i v i d u a l l y  and are u s u a l l y  
made as soon as each u s e r  channel i s  se rv iced .  */ 

declareSchanne1: procedure (ptr  1 e x t e r n a l ;  declare p t r  p o i n t e r ;  end; 
channel$ready$crt :  procedure ( p t r )  e x t e r n a l ;  d e c l a r e  p t r  p o i n t e r ;  end; 
ChannelSreadySdac: procedure (p t r )  e x t e r n a l ;  declare p t r  p o i n t e r ;  end; 

/* Following r o u t i n e  allows use r  t o  inform RTPRO e x e c u t i v e  t h a t  a l l  data 
i n p u t  channels  are ready and CRT c o n t r o l  s t r u c t u r e  may be serviced. 
Note : "synch" c a l l s  "ChannelSreadyScrt" r o u t i n e  for  each a c t i v e  
channel.  
user-generated "ChannelSreadyScrt" cal ls  are processed. */ 

Only those channels  which have n o t  a l r e a d y  been s e r v i c e d  by 

synch: procedure ex te rna l ;  end; 

/ *  Following r o u t i n e  allows u s e r  to  declare a user-created r a w  data  
type handler  where "ptr" i s  a p o i n t e r  to t h e  data type d e c l a r a t i o n  
s t r u c t u r e .  */ 

dec la re$da ta$  type: procedure (ptr  1 e x t e r n a l ;  declare p t r  p o i n t e r ;  end; 

/*  Following func t ion  r e t u r n s  a DWORD value equa l  t o  the c u r r e n t  master 
timer i n t e r r u p t  counter.  Can on ly  be called from background s i n c e  
t h i s  r o u t i n e  momentarily disables i n t e r r u p t s  d u r i n g  snapshot.  */ 

master$timer$cycle:  procedure dword e x t e r n a l ;  end; 

$res t o r e  
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~ ~~ ~~~~ 

APPENDIX E - CENPRO USER SUPPORT SUBROUTINES 

$save n o l i s t  

/*  Module XQSUB.EXT R. Glover 15 October 1984 */ 

/ *  T h i s  module c o n t a i n s  t h e  PLM86 ex te rna l  d e c l a r a t i o n s  f o r  CENPRO XAIDS 
suppor t  sub rou t ines .  It is  assumed t h a t  t h e  u s e r  is  w r i t i n g  CENPRO 
r o u t i n e s  i n  PLM86 ( l a r g e  model). The u s e r  must i n s e r t  t h e  fol lowing:  

where XQSUB,EXT i s  a copy of this m o d u l e  i n  t h e  u s e r ' s  d i r e c t o r y .  */ 
$INCLUDE (XQSUBSEXT) 

/*  Following t h r e e  r o u t i n e s  are called by XAIDS execu t ive  only.  */ 

xq$ in i  t: procedure ( t a s k S p t r )  ex te rna l ;  
declare t a s k S p t r  po in t e r ;  end; 

xq$se t$ t i m e  : procedure by te  e x t e r n a l ;  end; 
xq$exi t : procedure e x t e r n a l ;  end; 

/ *  Following t h r e e  r o u t i n e s  i n t e r f a c e  t o  the bus time-out (BTO) system 
t i ed  t o  t h e  non-maskable ( N M I )  interrupt. The f i r s t  t w o  are proced- 
u r e s  which a c t i v a t e  or deactivate the NMI r u p t ,  w h i l e  t n e  t h i r d  is  a 
f u n c t i o n  which r e t u r n s  the s ta te  of  the BTO f l a g  ( c l e a r i n g  it a f t e r  
r ead ing  i t ) .  */  

xq$bto$enable: procedure e x t e r n a l ;  end; 
XqSbtoSdisable: procedure e x t e r n a l ;  end; 
xq$bto$flag:  procedure b y t e  ex te rna l1  end; 

/ *  Following seven r o u t i n e s  perform operator keyboard i n p u t  e d i t i n g  and 
syn tax  checking f o r  s i x  types of input: any s t r i n g ,  b ina ry ,  octal, 
s igned decimal, hexadecimal, s igned f l o a t i n g  p o i n t ,  and s igned  f loat-  
i n g  p o i n t  o r  n u l l  s t r i n g  ( r e t u r n  key o n l y )  r e s p e c t i v e l y .  " r e s u l t S p t r "  
i s  a p o i n t e r  t o  a s t r u c t u r e  of t h e  form: 
declare r e s u l t  s t r u c t u r e  

( l a s t $ k e y  b y t e ,  nchar b y t e ,  c h a r s  (80)  b y t e ) ;  */ 

xqSkeysin: procedure ( resul t$ptr)  ex te rna l ;  
declare r e s u l t S p t r  pointer; end; 

xq$binkey: procedure ( r e s u l t $ p t r )  ex te rna l ;  
declare r e s u l t S p t r  pointer ;  end; 

xqSoctkey: procedure ( r e s u l t $ p t r )  ex te rna l ;  
declare r e s u l t $ p t r  pointer ;  end; 

xqSdeckey: procedure ( r e s u l t $ p t r )  ex te rna l ;  
d e c l a r e  r e s u l t S p t r  pointer ;  end; 

xqShexkey: procedure ( r e s u l t $ p t r )  ex te rna l ;  
declare r e s u l t $ p t r  pointer ;  end; 

xq$ f pke y : procedure ( r e s u l t $ p t r )  ex te rna l ;  
declare r e s u l t $ p t r  pointer ;  end; 

xqSfpkeySret: procedure ( r e s u l t $ p t r )  ex te rna l ;  
declare r e s u l t $ p t r  pointer ;  end; 
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/ *  The fol lowing t rue - fa l se  f u n c t i o n  s p e c i f i e s  whether ASCII s t r i n g  
(de l imi ted  by blank) r e p r e s e n t s  a v a l i d  f l o a t i n g - p o i n t  cons t an t .  */ 

xq$va l id$ fp$s t r ing :  procedure ( s t r i n g $ p t r , l e n g t h )  b y t e  e x t e r n a l ;  
declare s t r i n g $ p t r  p o i n t e r ,  l e n g t h  by te ;  end; 

/ *  The fol lowing rou t ine  clears t h e  l a s t  keys t roke  b u f f e r  to n u l l .  * /  

xq$clear$key: procedure e x t e r n a l ;  end; 

/*  Following f i v e  funct ions r e t u r n  t h e  asc i i  b y t e  va lue  e q u i v a l e n t  of a 
s i n g l e  keystroke,  The f i r s t  w a i t s  f o r  'Y', ' y ' ,  IN', In' , or <est> 
and r e t u r n s  * Y ' ,  IN', o r  <est>. The second w a i t s  f o r  I T ' ,  I t ' ,  IF', 
I f '  , o r  < e x >  and r e t u r n s  ' T I ,  IF ' ,  or <est>. The t h i r d  w a i t s  f o r  
any keystroke but does n o t  a t t empt  t o  echo t h e  keyin.  The f o u r t h  
r e t u r n s  a snapshot of the las t  keystroke b u f f e r  wi thout  wai t ing.  The 
l a s t  a c c e p t s  a byte argument and c a p i t a l i z e s  i f  lower case letter.  */ 

xq$yesno : procedure by te  e x t e r n a l ;  end; 
x q $ t r u e $ f a l s e :  procedure by te  e x t e r n a l ;  end; 
xqSanykey : procedure by te  e x t e r n a l ;  end; 
xq$key$snapshot: procedure b y t e  e x t e r n a l ;  end; 
XqScapi ta l ize:  procedure (key)  b y t e  e x t e r n a l ;  declare key by te ;  end; 

/ *  Following two funct ions r e t u r n  t r u e  or f a l s e  depending on l as t  
o p e r a t o r  key pressed. The f i r s t  checks f o r  a match t o  t h e  key passed 
as  argument while t h e  second checks s p e c i f i c a l l y  for  <ESC> . */ 

xq$keystroke: procedure (key)  by te  e x t e r n a l ;  declare key b y t e ;  end; 
xq$escape : procedure by te  e x t e r n a l ;  end; 

/ *  Following two funct ions accept a s i n g l e  operator keys t roke  o n l y  i f  it 
i s  a member of a se t  of allowable c h a r a c t e r s  contained i n  an a r r a y  
po in ted  t o  by the argument. The f i r s t  f u n c t i o n  r e t u r n s  t h e  keys t roke  
i t s e l f  a f t e r  echoing it. The second f u n c t i o n  does n o t  echo the 
keys t roke  and r e t u r n s  t h e  index to t h e  c h a r a c t e r  based on i t s  p o s i t i o n  
i n  the  a r r a y .  */ 

xq$command$key: procedure ( a r r a y $ p t r  by te  e x t e r n a l ;  

xq$command$key$case: procedure ( a r r a y $ p t r )  by te  e x t e r n a l ;  
declare a r r aySp t r  p o i n t e r ;  end; 

declare a r r a y $ p t r  p o i n t e r ;  end; 

/* Following t w o  rou t ines  w a i t  f o r  the operator t o  e n t e r  a n  acknowledge 
keystroke.  The f i r s t  is u s u a l l y  used fo l lowing  an error cond i t ion ;  
a beep i s  f i r s t  sounded and then e i t h e r  a <rub> or <est> must be 
e n t e r e d .  The second f i r s t  p r i n t s  the message 'WAITING FOR <esc> > ' 
and then w i l l  accept  o n l y  an escape keystroke.  */ 

xq$rubesc: procedure e x t e r n a l ;  end; 
xq$waiting$for$esc: procedure e x t e r n a l ;  end; 
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/* Following f i v e  r o u t i n e s  provide screen b lanking  ope ra t ions .  */ 

xqSerase: procedure e x t e r n a l ;  end; /* Erase e n t i r e  s c reen  (1-24). */ 
xqSpurge: procedure e x t e r n a l ;  end; /* Erase bottom l i n e  ( 2 4 ) .  */ 
xqSscrub: procedure e x t e r n a l ;  end; /* Erase las t  w r i t e  s t r i n g .  */ 
xqSflush: procedure e x t e r n a l ;  end; /* Erase las t  operator e n t r y .  */ 
xq$blank$l ine:  procedure (1ineSno) ex te rna l ;  declare 1ineSno by te ;  end; 

/* Erase s p e c i f i e d  l i n e  (3-23). . * /  

/ *  Following moves c u r s o r  to  s p e c i f i e d  row (1-24) & column (1-80). */ 

xqSmovcur: procedure (row,col) ex te rna l ;  declare (row,col) by te ;  end; 

/* Following r o u t i n e  echoes most r ecen t  operator keys t roke .  */  

xqSecho: procedure e x t e r n a l ;  end; 

/ *  Following r o u t i n e  sounds a beep on the operator t e rmina l .  */ 

xq$beep: procedure e x t e r n a l ;  end; 

/ *  Following t w o  r o u t i n e s  w r i t e  a message s t r i n g  on the screen .  The 
f i r s t  begins  w r i t i n g  a t  c u r r e n t  cursor  p o s i t i o n  and t h e  second begins  
a t  s p e c i f i e d  row and column. In  both cases, s t r i n g S p t r  must p o i n t  to 
a n  ASCII by te  s t r i n g  terminated by a ze ro  by te  (ASCII n u l l ) .  */ 

xq$wri t e  : procedure ( s t r i n g S p t r )  ex te rna l ;  
d e c l a r e  s t r i n g S p t r  po in te r ;  end; 

xqSvecSwrite: procedure ( row,co l , s t r ing$p t r )  e x t e r n a l ;  
declare (row,col) by te ,  s t r i n g S p t r  p o i n t e r ;  end; 

/*  Following t w o  r o u t i n e s  write an ASCII message of f i x e d  l e n g t h  on t h e  
s c r e e n  a t  c u r r e n t  c u r s o r  p o s i t i o n .  The f i rs t  writes a s i n g l e  char-  
acter whi le  t h e  second permits wr i t ing  a message up t o  131 char .  */ 

xqSshowSchar: procedure ( c h a r )  ex te rna l ;  d e c l a r e  cha r  by te ;  end; 
xq$showSmsg: procedure (msg$ptr , length)  e x t e r n a l ;  

declare msgSptr p o i n t e r ,  l eng th  byte ;  end; 

/* Following t h r e e  r o u t i n e s  are l i n e  p r i n t e r  i n t e r f a c e  r o u t i n e s  provid ing  
s t r i n g  output ,  form feed ,  and mul t ip le  l i n e  f eed  r e s p e c t i v e l y .  The 
f i r s t  r e q u i r e s  a p o i n t e r  to a s t r i n g  as de f ined  above. */ 

xqSlpSout: procedure ( s t r i n g S p t r )  ex te rna l ;  
declare s t r i n g S p t r  p o i n t e r ;  end; 

xqSlpSff :  procedure e x t e r n a l ;  end; 
xqSlpSlf :  procedure ( n l i n e s )  ex te rna l ;  declare n l i n e s  byte ;  end; 

/* Following three r o u t i n e s  r e t u r n  an ASCII s t r i n g  r e p r e s e n t a t i o n  of t h e  
c u r r e n t  t i m e  and/or date. "des tSpt r"  i s  a p o i n t e r  t o  t h e  d e s t i n a t i o n  
b u f f e r  which must be of l e n g t h  20, 8, and 9 by tes  r e s p e c t i v e l y .  */ 
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xq$time$date: procedure ( d e s t $ p t r )  e x t e r n a l ;  
declare d e s t $ p t r  p o i n t e r ;  end; 

xq$ t i m e  : procedure ( d e s t $ p t r )  e x t e r n a l ;  
declare d e s t $ p t r  p o i n t e r ;  end; 

xq$da t e  : procedure ( d e s t $ p t r )  e x t e r n a l ;  
declare d e s t $ p t r  p o i n t e r ;  end; 

/* Following t h r e e  func t ions  r e t u r n  numeric value of  o p e r a t o r  keyin. */ 

xq$get$hex$word: procedure (max, l a s t $ k e y $ p t r )  word e x t e r n a l ;  
declare max word, l a s t $ k e y $ p t r  p o i n t e r ;  end; 

xq$get$hex$dword: procedure (max, l a s t $ k e y $ p t r )  dword e x t e r n a l ;  
declare max dword, l a s t $ k e y $ p t r  p o i n t e r ;  end; 

xq$get$dec$integer:  procedure (min, max, l a s t $ k e y $ p t r )  i n t e g e r  e x t e r n a l ;  
d e c l a r e  (min, max) i n t e g e r ,  l a s t $ k e y $ p t r  p o i n t e r ;  end; 

/ *  Following f o u r  rou t ines  invo lve  PLM86 REAL f l o a t i n g  p o i n t  q u a n t i t i e s .  

I n  a l l  cases "fpSptr" .is a p o i n t e r  t o  a s t r u c t u r e  of t h e  form: 
declare f p  based f p $ p t r  s t r u c t u r e  

( v a l u e  real, min real, max real);  */ 

xq$get$real :  procedure ( f p $ p t r ,  l a s t $ k e y $ p t r )  e x t e r n a l ;  

xq$encode$real: procedure ( f p $ p t r ,  o u t p u t $ b u f f e r $ p t r )  e x t e r n a l ;  

xq$decode$real: procedure ( f p $ p t r ,  i n p u t $ b u f f e r $ p t r )  e x t e r n a l ;  

xq$wri te$real :  procedure ( f p $ p t r )  e x t e r n a l ;  d e c l a r e  f p $ p t r  p o i n t e r ;  end; 

d e c l a r e  ( f p $ p t r ,  l a s t $ k e y $ p t r )  p o i n t e r ;  end; 

declare ( f p $ p t r ,  o u t p u t $ b u f f e r $ p t r )  po in t e r ;  end; 

declare ( f p $ p t r ,  i n p u t $ b u f f e r $ p t r )  p o i n t e r ;  end; 

/ *  Following t w o  rou t ines  get  an A S C I I  s t r i n g  from the operator keyboard 
and place it i n  the b u f f e r  des igna ted  by "des t$p t r " .  The f i r s t  i s  a 
general-purpose rou t ine  while  the second g e t s  a s t r i n g  of max l e n g t h  
48 by tes .  */ 

xq$get$info: procedure ( d e s t $ p t r ,  nchar,  l a s t $ k e y $ p t r )  e x t e r n a l ;  

x q $ g e t $ t i t l e :  procedure ( d e s t $ p t r ,  l a s t$key$p t r  1 e x t e r n a l ;  
declare nchar by te ,  ( d e s t $ p t r ,  l a s t $ k e y $ p t r )  p o i n t e r ;  end; 

d e c l a r e  ( d e s t $ p t r ,  l a s t $ k e y $ p t r )  p o i n t e r ;  end; 

/ *  Following func t ion  r e t u r n s  a PLM86 DWORD which r e p r e s e n t s  a 1-4 b y t e  
command i n  packed form. The b y t e s  are packed such that the command 
may be tested by a PLM86 i n s t r u c t i o n  of t h e  form: 

I F  CMD = ' D I R  THEN CALL DIR$CMD$SWVICE ; */ 

xq$get$command: procedure ( l a s t $ k e y $ p t r )  dword e x t e r n a l ;  
d e c l a r e  l a s t $ k e y $ p t r  p o i n t e r ;  end; 

/* Following sends CR p l u s  s p e c i f i e d  number of LF to  s c r e e n  cu r so r .  */ 

xq$cr$ l f :  procedure ( n l f )  e x t e r n a l ;  declare n l f  b y t e ;  end; 
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/ *  Following three r o u t i n e s  write s p e c i f i e d  q u a n t i t y  t o  the CRT i n  
hexadecimal or s igned decimal format preceded and fol lowed by a 
s i n g l e  blank. WORD and DWORD q u a n t i t i e s  are w r i t t e n  i n  hex and 
i n t e g e r  q u a n t i t i e s  are w r i t t e n  i n  signed decimal. */ 

xq$write$word: procedure ( V a l  1 ex te rna l ;  declare v a l  word; end; 
XqSwriteSdword: procedure ( V a l )  ex t e rna l ;  declare V a l  dword; end; 
XqSwriteSinteger: procedure ( V a l )  ex t e rna l ;  declare V a l  i n t e g e r ;  end; 

/* Following two r o u t i n e s  provide e r r o r  message d i s p l a y .  The f i r s t  
p r i n t s  a d i a g n o s t i c  message on t h e  same l i n e  as t h e  operator e n t r y ;  
a beep i s  sounded and fol lowing e i t h e r  <rub> o r  <est> the message 
p l u s  t h e  f a u l t y  operator e n t r y  i s  erased. The second erases t h e  
bottom l i n e  ( 2 4 )  on t h e  sc reen  and f l a s h e s  the message u n t i l  <est> 
is  en te red .  */ 

xqSdiagnost ic :  procedure (msgSptr) e x t e r n a l ;  
declare msg$ptr po in t e r ;  end; 

xqSerrorSmessage: procedure (msgSptr) ex te rna l ;  
declare msgSptr po in t e r ;  end; 

/f Following s i x  r o u t i n e s  provide f o r  d i s p l a y  code conversions.  */ 

xq$encode$word: procedure ( v a l , o u t p u t $ p t r )  e x t e r n a l ;  

xq$encode$dword: procedure ( v a l , o u t p u t $ p t r )  e x t e r n a l ;  

xq$encode$integer: procedure ( v a l , o u t p u t $ p t r )  e x t e r n a l ;  

xq$decode$word: procedure ( i n p u t S p t r )  word e x t e r n a l ;  

xq$decode$dword: procedure ( i n p u t $ p t r )  dword e x t e r n a l ;  

xq$decode$integer:  procedure ( i n p u t $ p t r )  i n t e g e r  e x t e r n a l ;  

declare v a l  word, output$ptr  p o i n t e r ;  end; 

declare v a l  dword, output$ptr  p o i n t e r ;  end; 

declare V a l  i n t e g e r ,  o u t p u t $ p t r  p o i n t e r ;  end; 

declare i n p u t S p t r  po in t e r ;  end; 

declare inpu tSp t r  po in t e r ;  end; 

declare i n p u t $ p t r  po in t e r ;  end; 

/* Following f i v e  r o u t i n e s  invoke screen image hand le r  processes. */ 

xqSsetSirnageSpointer: procedure (irnageSptr) e x t e r n a l ;  
declare image$ptr p o i n t e r ;  end; 

xq$fetch$image$pointer:  procedure (row,col)  p o i n t e r  e x t e r n a l ;  
declare (row,col) byte;  end; 

xqSimageS i n s e r  t : procedure (nbytes,string$ptr,row,col) e x t e r n a l ;  
declare (nbytes,row,col) by te ,  s t r i n g S p t r  p o i n t e r ;  end; 

XqSimageSextract: procedure (row,col,nbytes,string$ptr) e x t e r n a l ;  
declare (nbytes , row,col)  by te ,  s t r i n g $ p t r  p o i n t e r ;  end; 

x q $ c r e a t e $ s t a t i c :  procedure ex te rna l ;  end; 
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/ *  Following six routines invoke page display processes. */ 

XqSscreenSstatic: procedure external; end; 
XqSscreenSbuffer: procedure word external; end; 
xqSscreenSshow: procedure (seg$token,keep$flag) external; 

XqSscreenSrefresh: procedure (seg$token,keep$flag) external; 

XqSscreenSclean: procedure (seg$token,keep$flag) external; 

XqSscreenSfinish: procedure external; end; 

declare seg$token word, keep$flag byte; end; 

declare seg$token word, keep$flag byte; end; 

declare seg$token word, keep$flag byte; end; 

/ *  Following three routines control the annotation of display pages 
in the upper left corner. */ 

xqSshowSuserSname: procedure external; end; /* row 1, col 1 */ 
xq$show$cmd$name: procedure external; end; /* row 2, col 1 */ 
xq$declare$cmd$name: procedure (cmd$ptr) external; 

declare cmd$ptr pointer; end; 

$restore 
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A Ground Support  Equipment f o r  D i g i t a l  F l i g h t  

TABLE 1. - XAIDS BASELINE BOARD COMPLEMENT 
~~~ 

S l o t s  Assignment Manufacturer Board type Piggyback modules 

1 

2 
3 

4,s 
6,7 

8,9 
10 
1 1  

12 
13 t o  19 
20 
21 

Floppy controller 
Hard d i s k  c o n t r o l l e r  
Maintenance processor 
LAN 1/0 channel  
Rea 1- t i m e  processor 

In t e l  Corp. 
SMSa 
I n t e l  Corp. 
Computro 1 
Intel  Corp. 

SBC 208 
FWD8006 
SBC 86/05 
30-0090 30-0078 ( 1 -MHz m o d e m )  
SBC 86/30 SBX 328 (DAC, 2 each)  

SBX 337 (8087 NDP) 
SBC 304 (128K RAM) 

(Empty 1 
A u x i l i a r y  256K RAM 
C e n t r a l  processor 

A u x i l i a r y  64K PROM 

P e r i p h e r a l  processor 
Clock and Calendar 

(Empty) 

I n t e l  Corp. 
In t e l  Corp. 

In t e l  Corp. 

I n t e l  C o r p .  
D P b  

SBC 056A 
SBC 86/30 SBX 337 (8087 NDP) 

SBC 304 (128K RAM) 

SBC 464 

SBC 80/30 
TCU-410 

a s c i e n t i f i c  Micro Systems, Inc.  

bDigi t a l  Pathways , I n c  . 
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TABLE 2. - XAIDS BUS MEMORY MAPPING 

Emard Memory address  Block s ize ,  
(hexadecimal 1 by tes  

FOOOO to FFFFF 
EOOOO to  EFFFF 
C8000 to DFFFF 
C4000 t o  C7FFF 
C0800 t o  C3FFF 
COO00 to  C07FF 
80000 to  BFFFF 
40000 t o  7FFFF 
00000 t o  3FFFF 

64K 
64K 
96K 
16K 
14K 
2K 

256K 
256K 
256K 

N o t  mapped t o  bus 
Awt i l i a ry  PROM 
User 1/0 boards 
PERPRO RAM 
System 1/0 spare 
LAN cont ro l le r  RAM 

RTPRO RAM 

Aux i l i a ry  RAM 

CENPRO RAM 

TABLE 3. - XAIDS BUS 1/0 MAPPING 

1/0 address  Block s ize ,  
(hexadecimal ) by tes  

~~ ~ 

Assignment 

xxFO to  xxF7' 8 Time and d a t e  u n i t  
0180 to  OlAF 48 Floppy d i s k e t t e  c o n t r o l l e r  

0100 1 Hard d i s k  controller 
OOOF 1 Auxi l i a ry  RAM p a r i t y  r e g i s t e r  

axx s i g n i f i e s  that t h e  d i g i t s  are n o t  decoded. 



TABLE 4. - RTPRO CHANNEL DECLARATION STRUCTURE 

Number Of F ie ld  type b y t e s  Assignment 

2 A S C I I  Channel mnemonica 
1 I n t e g e r  Channel s t a t u s b  
1 I n t e g e r  Channel number (0 t o  31) 
4 Hexadecimal Assigned channel  maskc 
4 P o i n t e r  Address of CRT s e t u p  rou t ined  
4 P o i  n t e  r Address of CRT begin r o u t i n e e  
4 P o i n t e r  Address of CRT h a l t  r o u t i n e f  
4 P o i n t e r  Address of DAC s e t u p  rou t ined  
4 P o i n t e r  Address of DAC begin rou t inee  
4 P o i n t e r  Address of DAC h a l t  r o u t i n e f  

32 t o t a l  by te s  per channel d e c l a r a t i o n  s t r u c t u r e  

aFour system channels a re  declared by RTPRO: 

'PP'  PERPRO RAM (address  range 04000H t o  07FFFH) 
'RP '  RTPRO RAM (address  range OOOOOH t o  3FFFFH) 
I R A '  RDAS analog inpu t s  (ADC 0 to  1 5 )  
'RD' RDAS d i s c r e t e  i n p u t s  ( b y t e  r e g i s t e r s  0 t o  5 )  

The u s e r  may declare as  many a d d i t i o n a l  channels  as 
d e s i r e d ,  up t o  a maximum of 32 t o t a l  channels.  

bChannel s t a t u s  is  used to denote  c o n d i t i o n  of data 
a c q u i s i t i o n  f l o w  paths: 

0 channel  f a i l  
1 CRT data f l o w  OK 
2 DAC data flow OK 
3 both CRT and DAC d a t a  flow OK 

'=Channel mask i s  equa l  t o  2**<channel number>. 

dSetup r o u t i n e  is  called once f o r  each data i t e m  block 
r e q u e s t i n g  channel i n  corresponding a c q u i s i t i o n  
s t r u c t u r e  . 

eBegin r o u t i n e  is called on ly  once to i n i t i a t e  channel  
d a t a  flow t o  corresponding a c q u i s i t i o n  s t r u c t u r e .  

f H a l t  r o u t i n e  is called only once to  t e rmina te  channel  
data f l o w  t o  corresponding a c q u i s i t i o n  s t r u c t u r e .  
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TABLE 5. - RTPRO DATA ACQUISITION BLOCK STRUCTURE 

Number Of F i e ld  type b y t e s  Assignment 

1 

1 

1 

2 
1 

4 

4 

8 
4 

8 

8 
8 

4 

4 

4 
2 

I 

- 

I n t e g e r  
I n t e g e r  
I n t e g e r  
I n t e g e r  
I n t e g e r  
P o i n t e r  
P o i n t e r  
Unstructured 
P o i n t e r  
Hexadecimal 
Hexadecimal 
uns t ruc tu red  
F l o a t i n g  p o i n t  
F l o a t i n g  p o i n t  
F l o a t i n g  p o i n t  
I n t e g e r  or f l a g  

Sequence numbera 
Channel number ( 0  t o  31 1 
Raw data type  ( 0  t o  63) 
Symbol t a b l e  e n t r y  number ( 1  t o  510)  

Number of r a w  data f e t c h e s b  
Address of r a w  data snapshot  r o u t i n e  
Address of r a w  data i n  channel  b u f f e r  
R a w  data  registerC 
Address of r a w  data p rocess ing  r o u t i n e  
Exc l u s  i ve-OR maskd 
AND maskd 
Adjusted d a t a  r e g i s t e r C  
Constant  KO ( i n t e r c e p t I e  
Constant  IC1 (slopeIe 
Processed data r e g i s t e r  
DAC value or z e r o  f l a g  registerf 

64 t o t a l  b y t e s  per data a c q u i s i t i o n  block ( e i t h e r  CRT or DAC) 

aFor DAC a c q u i s i t i o n ,  sequence number must be 0 t o  15, r e p r e s e n t i n g  
which DAC r e c e i v e s  t h e  output .  For CRT a c q u i s i t i o n ,  it must be 
0 t o  254, r e p r e s e n t i n g  t h e  index number of t h e  data i t e m  i n  t h e  
page d i s p l a y  handler .  I n  e i t h e r  case, a va lue  of OFFH (255)  
i n d i c a t e s  the end of data a c q u i s i t i o n  table. 

bThe type of f e t c h  performed depends on the r a w  data snapsho t  
r o u t i n e .  The to ta l  d a t a  f e t c h  must n o t  exceed 64 b i t s  i n  l eng th .  

co rgan iza t ion  of these r e g i s t e r s  i s  under t h e  control  of t h e  r a w  data 
snapshot  and r a w  data p rocess ing  r o u t i n e s .  

XOR mask used f o r  i nve r s ion ;  AND mask provides s e l e c t i o n .  
dUsed by masked b ina ry  ( M B I N )  and discrete (DISC)  r a w  data hand le r s .  

=Used f o r  both DAC and CRT a c q u i s i t i o n  p rocess ing  f o r  parameters t h a t  
can  be approximated by a first-order ( l i n e a r )  equat ion.  Any 
parameter needing h ighe r  order p rocess ing  ( i n c l u d i n g  piecewise 
l i n e a r )  must have its own ded ica t ed  r a w  d a t a  p rocess ing  rou t ine .  

fFor  DAC a c q u i s i t i o n ,  this r e g i s t e r  c o n t a i n s  DAC o u t p u t  va lue  i n  
l e f t - j u s t i f i e d  12-bit  s igned t w o s  complement b ina ry .  For CRT 
a c q u i s i t i o n ,  it con ta ins  zero f l a g  i n d i c a t i n g  s ta te  of processed 
data  r e g i s t e r .  
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TABLE 6. - RTPRO RAW DATA TYPE DECLARATION STRUCTURE 

Number Of Fie ld  type  b y t e s  A s  signmen t 

4 A S C I I  Raw data type  mnemonica 
4 Pointer Address of CRT s e t u p  rou t ineb  
4 Pointer Address of DAC s e t u p  r o u t i n e c  - 

12  t o t a l  b y t e s  per raw d a t a  type  d e c l a r a t i o n  
s t r u c t u r e  

aseven system r a w  d a t a  t y p e s  are declared by RTPRO: 

DISC discrete 
U B I N  unsigned binary 
SBIN s igned binary 
SFBN s igned f r a c t i o n a l  b ina ry  
ASC ASCII  cha rac t e r  s t r i n g  
IF'LT I n t e l  f l o a t i n g  p o i n t  
MBIN masked binary 

The use r  may declare as many a d d i t i o n a l  raw data 
types  as desired, up to  a maximurn of 64 total  r a w  
d a t a  types  . 

bCRT s e t u p  r o u t i n e  is ca l l ed  once f o r  each data i t e m  
block having corresponding r a w  data type i n  CRT 
a c q u i s i t i o n  s t r u c t u r e .  

CDAC setup r o u t i n e  is c a l l e d  once f o r  each data i t e m  
b lock  having corresponding r a w  data type  in DAC 
a c q u i s i t i o n  s t r u e  t u r e  . 
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TABLE 7. - RTPRO FUNCTION GENERATOR BLOCK STRUCTURE 

F ie ld  type Number of 
b y t e s  Assignment 

1 

1 

1 

1 

2 

2 

2 

1 

1 

1 

1 

1 

1 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

I n t e g e r  
I n t e g e r  
I n t e g e r  

I n t e g e r  
I n t e g e r  
In t ege r  
H e  xadec i m a  1 
I n t e g e r  
I n t e g e r  
I n t e g e r  
I n t e g e r  
I n t e g e r  
P o i n t e r  
P o i n t e r  
F l o a t i n g  p o i n t  
F l o a t i n g  p o i n t  
F loa t ing  p o i n t  
F l o a t i n g  p o i n t  
F l o a t i n g  p o i n t  
F loa t ing  p o i n t  
F l o a t i n g  p o i n t  
F loa t ing  p o i n t  
F l o a t i n g  p o i n t  
F loa t ing  p o i n t  

--- 

Sequence number (0 t o  9 9 )  

Timer number (0 t o  7 )  

Timer number l i n k  
( F i l l )  
Enable t i m e  l i n k  
Trigger  t i m e  l i n k  
Disable t i m e  l i n k  
Dynamically a c t i v e  f l a g  
Dynamic backward l i n k  
Dynamic forward l i n k  
Output d e s t i n a t i o n  codea 
Function type  number (0 to  3 1 )  

Function s ta te  v a r i a b l e b  
Address of s ta te  change r o u t i n e  
Address of dynamic r o u t i n e  
Enable t i m e  
Trigger t i m e  
Disable t i m e  
Register OC 
R e g i s t e r  IC 
R e g i s t e r  2c 
R e g i s t e r  3c 
R e g i s t e r  4C 
Register 5C 
R e g i s t e r  

64 t o t a l  b y t e s  per f u n c t i o n  g e n e r a t o r  block 

a o u t p u t  d e s t i n a t i o n  code va lues  : 

0 to  27 i n d i c a t e s  RDAS DAC number 
6 4  to 111 i n d i c a t e s  RDAS discrete o u t p u t  b i t  0 to  47 

b m n c t i o n  states : 

0 i d l e  
1 enabled 
2 t r i g g e r e d  
3 d isab led  

=General-purpose r e g i s t e r s  whose assignment i s  under the 
c o n t r o l  of t h e  i n d i v i d u a l  f u n c t i o n  t y p e  software modules. 



TABLE 8. - CEWPRO COMMAND DECLARATION STRUCTURE 

Number Of F ie ld  type  b y t e s  Assignment 

4 ASCI I Command mnemonica 
4 P o i n t e r  Address of A S C I I  name s t r i n g b  
4 P o i n t e r  Address of A S C I I  d e s c r i p t i o n  s t r i n g C  
4 P o i n t e r  Address of command s e r v i c i n g  r o u t i n e  
4 Poin te r  Address of template ( i f  anyld 
2 I n t e g e r  Length i n  b y t e s  of template 

2 2  to ta l  by te s  per command d e c l a r a t i o n  s t r u c t u r e  

aE igh t  system commands are dec lared  by CENPRO: 

Mnemonic N a m e  Desc r ip t ion  

'MP 
'FF ' 
'LD ' 
'DK I 

'SYM ' 
'RDFN' 

'TEST' 

Make page 
Free form 
Load d i s p l a y  
D i s k e t t e  

RDAS f ( t )  
gene ra to r  

Test r o u t i n e s  

symbols 

' EXIT ' Exit XAIDS 

Tabular  d a t a  d i s p l a y  format  
Unstructured data d i s p l a y  format  
Display s c r a t c h  f i l e  loader 
Display s c r a t c h  d i s k e t t e  manager 
Symbol table manager 
RDAS DAC and discrete f u n c t i o n  

User and system maintenance 

Return to  RMX86 execu t ive  

genera tor 

packages 

User may d e c l a r e  as many a d d i t i o n a l  commands as d e s i r e d .  

bName may be up to  20 cha rac t e r s  i n  l eng th ,  del imited by z e r o  
byte .  

delimiter. 
CDescript ion may be up to  45 c h a r a c t e r s  i n  l e n g t h  p l u s  

d"Temp1ate" r e f e r s  to  a da ta  s t r u c t u r e  tha t  can be saved on 
s c r a t c h  d i s k e t t e  as a numbered f i l e  and subsequent ly  
r e t r i e v e d  us ing  'LD'. 

. 
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TABLE 9. - CENPRO SCRATCH DISKETTE DIRECTORY 

Fie I d  type Number of 
b y t e s  Assignment 

5 --- ( N o t  used 
21 ASCI I Time and date of s c r a t c h  d i s k e t t e  i n i t i a l i z a t i o n  
4 9  ASCI I N a m e  of s c r a t c h  d i s k e t t e  

7 500 St ruc tu red  Sc ra t ch  f i l e  information e n t r i e s a  
~ 

7575 t o t a l  by te s  i n  s c r a t c h  d i s k e t t e  d i r e c t o r y  f i l e  ' d i s p l a y f i l e s '  

aUp to 100 s c r a t c h  f i l e s  may be created bea r ing  RMX86 f i lenames ' 1 '  t o  
' 100'. For each f i l e  created by a SAVE command w i t h i n  an XAIDS 
s e r v i c i n g  r o u t i n e ,  t h e  corresponding e n t r y  i n  t h e  s c r a t c h  d i s k e t t e  
d i r e c t o r y  f i l e  is updated w i t h  t h e  fol lowing information:  

Number of Subf i e ld  
b y t e s  type 

As si  gnmen t 

1 I n t e g e r  Flag b y t e  (0 denotes  empty, 1 deno tes  occupied)  
4 ASCI  I Command mnemonic of s av ing  r o u t i n e  

21 A S C I I  Time and date save i s  performed 
4 9  ASCI I T i t l e  generated by s a v i n g  r o u t i n e  

75  bytes per d i r e c t o r y  e n t r y  

. 



TABLE 10. - CENPRO DISPLAY FORMAT DECLARATION STRUCTURE 

Number Of F i e l d  type b y t e s  Assignment 

1 ASCI I Display format  type  code let tera 
4 Poin te r  Address of format  s e r v i c i n g  r o u t i n e  

5 t o t a l  by te s  per d i sp lay  format  d e c l a r a t i o n  s t r u c t u r e  

aEight  d i s p l a y  formats  are dec lared  by CENPRO: 

~~~~ ~ ~~ 

Code Invoca t ion  Description R e g i s t e r  
d i sp l ayed  

' A '  
' B' 
'L '  

' Z '  
' I '  

'F' 
' E' 
'M' 

AW 
Bw 
LW 

ZW 

I w  

FW.d 
Ew.d 
Mw 

Alphanumeric (ASCII) 
Binary 
Logical ( ' T I  or IF') 

Hexadecimal 
Signed decimal  

i n t e g e r  
Signed f i x e d  poin t  
Signed exponen t i a l  
Message (one of t w o )  

Raw d a t a  
Raw d a t a  
Raw d a t a  ( least  

s i g n i f i c a n t  
b i t  on ly  1 

Raw d a t a  
Ad j us t e d  d a t a  

Processed d a t a  
Processed d a t a  
Zero f l a g  

w is the f i e l d  width ( 1  t o  8 0 )  and d is number of decimal 
places ( 0  to  9 ) .  User may d e c l a r e  as many as 18 addi-  
t i o n a l  formats  for customized d a t a  d i s p l a y  us ing  the 
remaining letters of t h e  a lphabet .  
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TABLE 11. - SYMBOL TABLE ENTRY BLOCK STRUCTURE 

Number Of F ie ld  type b y t e s  Assignment 

2 

2 

2 

14 

3 2  
4 
1 
1 

a 
8 
4 
4 
4 
4 

4 

1 

1 

1 

1 

1 0  

1 0  
1 0  

I n t e g e r  
I n t e g e r  
I n t e g e r  
ASCII  

ASCII  
A S C I I  

I n t e g e r  
Hexadecimal 
Hexadecimal 
F loa t ing  p o i n t  
F loa t ing  p o i n t  
F loa t ing  p o i n t  
f l o a t i n g  p o i n t  
Hexadecimal 
ASCI I 
I n t e g e r  

--- 

I n t e g e r  

_-- 
A S C I  I 
A S C I  I 
A S C I I  

Entry number index  ( 1  t o  5 1 0 )  

Link up indexa 
Link down indexa 
Allowable channel  codesb 
Symbol name + d e s c r i p t i o n  f i e l d C  
Raw data type  d e s i g n a t o r  
(spare 1 
N u m b e r  of l o c a t i o n s  t o  be fe t ched  
Exc l u s  i ve-OR maskd 
AND maskd 
Display ze ro  
Display max 
Recorder bias 
Recorder scale 
Address of r a w  
Display format  
Display format  

( 1  t o  
Display format  

p l a c e s  ( 0  to  
(Spare 1 
Zero message9 
One message9 
Units  

datae 
type  code ( l e t t e r ~ f  
f i e l d  l e n g t h  

number of decimal 
9 I f  

128  t o t a l  by te s  per symbol table e n t r y  block 

aLinks provide a lphabe t i zed  access. 

bone t o  f i v e  allowable channels  may be s p e c i f i e d ,  t w o  a lpha-  
numeric c h a r a c t e r s  each sepa ra t ed  by a s i n g l e  blank. 

‘=Name s u b f i e l d  i s  d e l i m i t e d  by f i r s t  blank encountered.  
Remainder of f i e l d  is  considered d e s c r i p t i v e  informat ion  f o r  
d i s p l a y  only.  

dThese a re  used by t h e  masked b ina ry  ( M B I N )  and discrete (DISC)  
r a w  data handlers .  XOR mask used f o r  i n v e r s i o n ;  AND mask 
provides  s e l e c t i o n .  

eMapping scheme depends on channel  handler .  

fThese t h r e e  f i e l d s  combined provide FORTRAN-like format  

9Al t e rna t ive  messages s e l e c t e d  by message (M) d i s p l a y  format  

s p e c i f i c a t i o n .  

handler .  



TABLE 12. - CENPRO DATA DISPLAY ITEM BLOCK STRUCTURE 

Number of F i e  Id  
b y t e s  type  

A s  signmen t 

4 
1 

1 

10 
10 

30 

I n t e g e r  

I n t e g e r  
I n t e g e r  

A S C I  I 

P o i n t e r  
I n t e g e r  
I n t e g e r  
A S C I I  

A S C I I  

t o t a l  by te s  per 

Request number (0 t o  254Ia 
Display format  type  code 
Display format f i e l d  l e n g t h  ( 1  t o  80) 
D i s p l a y  format number of decimal places 

Address of format  s e r v i c i n g  rou t ineb  
Row number ( 1  t o  24)  

Column number ( 1  to  8 0 )  

Zero messagec 
One message= 

data d i sp lay  i t e m  block 

(0 t o  9 )  

aThis  number is  keyed t o  the  RTPRO CRT d a t a  a c q u i s i t i o n  block 
sequence number corresponding t o  data i t e m .  This allows 
format  s e r v i c i n g  r o u t i n e  t o  map RTPRO memory r e g i s t e r s  
con ta in ing  parameter data .  

bThis  addres s  is obta ined  from d i s p l a y  format  d e c l a r a t i o n  
s t r u c  t u r e  . 

CThese messages are copied from symbol table e n t r y  block 
s t r u c t u r e .  They are used only  by type  M (message) d i s p l a y  
format  rou t ine .  
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TABLE 13. - CENPRO MAKE PAGE D I S P L A Y  TEMPLATE 

Number Of Field type  b y t e s  Assignment 

4 A S C I  I Command mnemonic is  I M P  

760 S t ruc tu red  D a t a  d e f i n i t i o n  e n t r i e s b  
50 A S C I I  Page t i t l e a  

8 1 4  t o t a l  b y t e s  per MP template 

aOperator chooses desired page t i t l e  (appears on 

bopera tor  may e n t e r  up to  20 data items. 

l i n e  2 ) .  

The data 
items each occupy a s i n g l e  l i n e  ( 4  t o  23) and 
a r e  accessed by i t e m  number ( 1  t o  20). Each 
i t e m  i s  de f ined  by a s t r u c t u r e  as fo l lows:  

Number of Subf i e ld  
b y t e s  type  

Assignment 

2 ASCI I Channel code 
32  A S C I I  Parameter name 

1 A S C I I  Display format  type  code 
1 I n t e g e r  Display format  f i e l d  

1 I n t e g e r  Display format  number of 

1 --- (Spare 1 

3 8  by tes  per l i n e  i t e m  e n t r y  

l e n g t h  

decimal places 

- 

A vacant  e n t r y  is  denoted by t w o  b lanks  i n  
channel  code s u b f i e l d .  



TABLE 14. - CENPRO FREE FORM D I S P L A Y  TEMPLATE 

Number of 
b y t e s  F ie ld  type Assignment 

4 ASCI I Command mnemonic is  IFF 
5 0  A S C I I  Page ti t lea 

1680 ASCII Background imageb 
10200 St ruc tu red  Data d e f i n i t i o n  e n t r i e s c  

11934 t o t a l  by te s  per FF template 

aOperator chooses desired page t i t l e  (appears  on 

boperator  may create any s t a t i c  background d e s i r e d  

l i n e  2 ) .  

wi th in  l i n e s  3 t o  23. 

Coperator may create from 0 t o  255 d a t a  i t e m s  
pos i t i oned  anywhere within l i n e s  3 t o  23. If 
d e s i r e d ,  t h e  d i s p l a y  may be e n t i r e l y  s t a t i c  
information (background on ly ) .  E n t r i e s  are 
s t r u c t u r e d  as follows: 

Number of Subfield Assignment 
b y t e s  type 

2 ASCI I Channel code 
32  " A S C I I  Parameter name 

1 ASCI I Display format type code 
1 In t ege r  Display format f i e l d  

1 In t ege r  Display format number of 

1 --- (Spare 1 
1 In t ege r  Row l o c a t i o n  ( 3  t o  2 3 )  
1 In t ege r  Column l o c a t i o n  ( 1  t o  80) 

l eng th  

decimal p l a c e s  

40 by tes  per d a t a  i t e m  e n t r y  

A vacant  e n t r y  i s  denoted by t w o  blanks i n  
channel code subf i e ld .  
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TABLE 15. - CENPRO W A S  FUNCTION GENERATOR TEMPLATE 

F ie ld  type Number of 
bytes ' Assignment 

4 ASCII Comman,d mnemonic is  'RDFN' 
49 , A S C I I  Program ti tlea 
21 ASC I I Time and d a t e  of c r e a t i o n b  

1 In t ege r  Number of template e n t r i e s  
29 --- (Unused 1 

5 200 St ruc tu red  Program func t ion  c o n t r o l  

5304 t o t a l  

e n t r i e s c  
, 

aoperator  chooses d e s i r e d  page t i t l e  (appears  on 
l i n e  2). 

bThis records t i m e  and d a t e  when save o p e r a t i o n  is 
performed. This f i e l d  is f i l l e d  with blanks i f  
template modified and save n o t  y e t  performed. 

coperator  may create from 1 toe100 f u n c t i o n  c o n t r o l  
en t r ies  pos i t i oned  anywhere wi th in  t h e  table. 
E n t r i e s  are s t r u c t u r e d  as follows: 

Number of Subfield 
b y t e s  type 

A s  signmen t 

4 A S C I I  ou tpu t  channel code 
32 ASCI I E'unc t i o n  type 

4 A S C I I  T i m e r  c o n t r o l  

4 R e a  1 Enable t i m e  
4 R e a l  Tr igger  t i m e  
4 R e a l  Disable  t i m e  

s p e c i f i c a t i o n  

s p e c i  f ica ti on 

- 
52  by tes  per func t ion  c o n t r o l  e n t r y  

A vacant e n t r y  has  f o u r  blanks i n  o u t p u t  
channel code s u b f i e l d .  
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TABLE 16. -ASCII EDITOR ENTRY BLOCK STRUCTURE 

Of F i e ld  type  b y t e s  A s  s i gnmen t 

2 

2 

2 
32  

10 
1 0  

1 0  

10 
10 
10  
10 

10 
10  

1 2 8  

I n t e g e r  
I n t e g e r  
I n t e g e r  
ASCII 

ASCI I 
ASCI I 
ASCII 
ASCII 
ASCII 
ASCII 
ASCII 
ASCI I 
ASCII 

total  bytes  per 

Entry number index  ( 1  t o  510) 
Link up i n d e s  
Link down indexa 
Entry name and d e s c r i p t i o n  

Information f i e l d  I C  

Information f i e l d  2C 

Information f i e l d  3c 
Information f i e l d  4c 
Information f i e l d  SC 
Information f i e l d  6c 

Information f i e l d  7c 
Information f i e l d  
Information f i e l d  9C 

ASCII e d i t o r  e n t r y  block 

f i e l d b  

aLinks provide a lphabet ized  access . 
b N a m e  s u b f i e l d  is de l imi ted  by f i r s t  blank encoun- 

t e r e d .  Remainder of f i e l d  is  cons idered  desc r ip -  
t i v e  informat ion  f o r  d i s p l a y  only.  

CThese f i e l d s  are assigned meanings by t h e  command 
hand le r  invoking the A S C I I  e d i t o r  routine. 
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TABLE 17. - X-29A INTERFACE CHANNEL BOARD COMPLEMENT 
~ ~~ - 

S l o t s  A s  s i  gnmen t Manufacturer Board type  Piggyback modules 

13,14 X-29A 1/0 channel A I n t e l  Corp. SBC 86/14 ARX-429Ba 
SBX 351b 

15,16 X-29A 1/0 channel B I n t e l  Corp. SBC 86/14 ARX-429Ba 
SBX 351b 

17,18 X-29A 1/0 channel C I n t e l  Corp. SBC 86/14 ARX- 4 2 9 Ba 
~~~ 

~ A R I N C  429B t r a n s c e i v e r  is manufactured by P r o c i s e  Corporation. 

bRS-232 serial  i n t e r f a c e  module i s  manufactured by I n t e l  Corporation. 



TABLE 18. - XAIDS To RDAS MESSAGE STRUCTURE 

Number Of F ie ld  type  b y t e s  Assignment 

1 
1 

1 
1 
1 
1 
1 
1 

56 
8 

2 

Contro l  

Packed b inary  
Packed b inary  
Packed b inary  
Packed b inary  
Packed b inary  
Packed binary 
Off s e t  b inary  

Hexadecimal 

--_ 

--- 

Command by te  a 
(Spare 1 
Discretes o u t  07 t o  00 
Discretes o u t  15 to  08 
Discretes o u t  23 t o  16 

Discretes o u t  31 to  24 
Discretes o u t  39 to  32 
Discretes o u t  47 to  40 
DAC 00 t o  27b 
(Spare ) 
Packet stream l i n k C  

74 t o t a l  b y t e s  per XAIDS message, assuming no 
packe t s  appended 

aThis message format  i s  f o r  message c a r r y i n g  
discretes o u t  and DACs. Two d i f f e r e n t  commands 
are recognized by RDAS: 

perform i n p u t  da t a  a c q u i s i t i o n  c y c l e  0 
2 update  o u t p u t  discretes and DACs 

For t h e  f i r s t  of these, message l e n g t h  i s  1 
(command a l o n e ) .  

bDAC va lues  are 1 & b i t  l e f t - j u a t i f i e d  o f f s e t  
b i n a r y  w i t h  t he  fol lowing ranges  : 

7FFxH +9.995 V 
OOOXH o v  
800xH -10.000 V 

Least s i g n i f i c a n t  four b i t s  are n o t  used. 

CLink is OFFFFH if no packets  are appended. 
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TABLE 19. -RDM TO XAIDS REPLY STRUCTURE 

F ie ld  type  Number of 
bytes  Assignment 

1 
3 
2 

2 
2 

2 

2 
1 

1 

1 

1 

1 

1 

32 
2 - 

Contro l  
--- 

I n t e g e r  
I n t e g e r  
I n t e g e r  

I n t e g e r  

I n t e g e r  
Packed b ina ry  
Packed b ina ry  
Packed b ina ry  
Packed b ina ry  
Packed b ina ry  
Packed b ina ry  
Off set b ina ry  
Hexadecimal 

Background task s t a t u s  bytea  
(Spare 1 
Port A t r a n s m i t  queue l eng thb  
Port  B t r a n s m i t  queue lengthb  
Port  A r e c e i v e  queue l eng thb  

Port B r e c e i v e  queue l eng thb  

P r i n t e r  queue l eng thb  
Discretes i n  07 to  00 
Discretes i n  15 to 08 
Discretes i n  23 t o  16 
Discretes i n  31 to 24 
Discretes i n  39 to  32 
Discretes i n  47 t o  40 
ADC 00 to  1SC 
Packet  stream l inkd  

54 total by te s  per RDAS r e p l y ,  assuming no packets  
appended 

a I f  s t a t u s  by te  is  no t  equa l  t o  0, then  RDAS background 
t a s k  i s  busy process ing  previous  packet  stream and 
cannot  accep t  more. When process ing  is complete, 
response packets  are appended as requ i r ed  to  n e x t  
outgoing r e p l y  and s t a t u s  by te  is  reset t o  zero. 

bRDAS reports t h e s e  each c y c l e  to  g i v e  XAIDS means of 
managing circular queues t h a t  b u f f e r  1/0 f l o w  to  and 
from p e r i p h e r a l s  . 

CADC values  are 12-bi t  l e f t - j u s t i f i e d  o f f s e t  b i n a r y  wi th  
the  fo l lowing  ranges: 

'IFFOH +9.995 V 
OOOOH o v  
8 0 0 0 H  -10.000 V 

Least  s i g n i f i c a n t  four b i t s  are always zero.  

dLink is  OFFFFH i f  no packets  are appended. 



TABLE 20. - XAIDS-RDAS PACKET FORMATS 

Code Length S t r u c t u r e  Desc r ip t ion  

XAIDS t o  RDAS message packe t  formats  

10 5 + n  

1 1  5 
1 2  5 + n  

13 5 
14 3 
20  3 + n  
21 3 + n  
22 1 
23 3 + n  
24 1 
25 1 
26 1 
27 1 
28 1 

code, address ,  count, 

code, address, count 
code, port, count, 

[ n b y t e s  1 
code, port, count 
code, address  
code, count,  [n bytes]  
code, count,  [n by te s ]  
code 
code, count,  [n by te s ]  
code 
code 
code 
code 
code 

[ n b y t e s  1 
Write block t o  memory 

Return block from memory 
Write to  1/0 ports 

Read 1/0 ports 
Execute s u b r o u t i n e  
Output t o  p r i n t e r  
Output t o  port A 
Return port A r e c e i v e r  queue 
Output t o  port B 
Return port B r e c e i v e r  queue 
A c t i v a t e  port A 
Deac t iva t e  port A 
Activate port B 
Deac t iva t e  port B 

RDAS to  XAIDS r e p l y  packe t  formats 

10 2 
1 1  6 + n  

12 2 
13 6 + n  

14 2 
20 2 
21 2 
22 6 + n  

23 2 
24 6 + n  

25 2 
26 2 
27 2 
2 8  2 

code, s t a t u s  
code, s t a t u s ,  address ,  

coun t ,  In bytes]  
code, s t a t u s  
code, s t a t u s ,  port, 

count ,  [n bytes] 
code, s t a t u s  
code, s t a t u s  
code, s t a t u s  
code, s t a t u s ,  count, 

[ n b y t e s  1 
code, s t a t u s  
code, s t a t u s ,  

[ n by te s  I 
code, s t a t u s  
code, s t a tus  
code, s t a t u s  
code, s t a t u s  

Memory write complete 
Memory read block 

1/0 write complete 
1/0 read block 

Subrout ine executed 
P r i n t e r  o u t p u t  complete 
Port A o u t p u t  complete 
P o r t  A i n p u t  queue 

P o r t  B o u t p u t  complete 
P o r t  B i n p u t  queue 

Port  A a c t i v a t e d  
Port  A d e a c t i v a t e d  
Port  B activated 
Port  B d e a c t i v a t e d  
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TABLE 21 - XAIDS BUS INTERRUPT ALLOCATION 
~~ 

I n te  r r u p  t Generated by S i g n a l s  Monitored bya 

INTO pushbutton 
LAN c o n t r o l l e r  
User 1/0 channel 
User 1/0 channel 
RTPRO 
PERPRO 
Hard d i s k  c o n t r o l l e r  
Floppy c o n t r o l l e r  

Software reset 
I / O  complete 
User de f ined  
U s e r  de f ined  
User de f ined  
1/0 acknowledge 
I/o complete 
1/0 complete 

RTPRO and u s e r  1/0 
RTPRO 
RTPRO 

RTPRO 

User 1/0 channels  
CENPRO 
CENPRO 

CENPRO 

"The maintenance processor also monitors a l l  e i g h t  i n t e r r u p t s .  

bused t o  r e e n t e r  bootstrap f i r m w a r e  prior to  rebooting. 

CReserved f o r  user .  

dused by ope ra t ing  system basic I /O.  
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TABLE 22. - XAIDS CENPRO INTERRUPT ASSIGNMENTS 

I n t e r r u p t  Generated by S i g n a l s  

N M I ~  F a i l - s a f e  timer Bus t imeout  
I RO NDP F loa t ing-poin t  error 
IR1 (spare 1 
IRZb Timer 0 1 O - m s e c  c lock  
IR3c PERPRO 1/0 acknowledge 
IR4c  Hard d i s k  controller 1/0 complete 
IRSC Floppy c o n t r o l l e r  1/0 complete 
IR6d USART Receiver  ready 
IR7d USART Transmi t te r  ready 

aCan be a c t i v a t e d  and deac t iva t ed  us ing  XAIDS system 
calls;  f l a s h e s  red bus t imeout l i g h t  and sounds beep 
a t  operator s t e rmina l  . 

bused by ope ra t ing  system as master timer. 

CRouted to  CENPRO through XAIDS bus i n t e r r u p t  l i n e s .  

dused by o p e r a t i n g  system debugger terminal handler .  
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TABLE 23. XAIDS RTPRO INTERRUPT ASSIGNMENTS 

I n t e r r u p t  Generated by S i g n a l s  

N M I ~  

I R O  

I R 1  
I R 2 a  

IR3= * 
IR4a t c 
IR5 
IR6C 
IR7C 

INTO Pushbutton 
NDP 
Fa i l - sa fe  timer 
LAN c o n t r o l l e r  
User 1/0 channel  
User 1/0 channel  
Timer 0 
Timer 1 

SCP I N T R  

so f tware  reset 
F loa t ing -po in t  error 
BUS t imeout  
1/0 complete 
user de f ined  
user de f ined  
2-msec clock 
user clock 
User manual i n t e r r u p t  

~~ ~ 

"Routed t o  RTPRO through XAIDS bus i n t e r r u p t  l i n e s .  

bFlashes red bus t imeout  l i g h t  and sounds beep a t  
o p e r a t o r ' s  t e rmina l .  

CSetup and s e r v i c i n g  under c o n t r o l  of u s e r  so f tware  

dGenerated by s t a t u s  and c o n t r o l  pane l  INTR push- 

modules 

but ton;  this swi tch  is  f i l t e r e d  and g e n e r a t e s  
only  one i n t e r r u p t  per opera t ion .  
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TABLE 24. - XAIDS PERPRO INTERRUPT ASSIGNMENTS 
~~ ~ 

I n t e r r u p t  Generated by S i g n a l s  

TRAP 
A a  
B 
C 

I R O  

IR1 
IR2 
IR3b 
IR4 
IR5C 
IR6C 
1R7 

( N o t  used) 
Fa i l - sa fe  timer Bus timeout 
(Not used) 
( N o t  used ) 
(Not used) 
( N o t  used ) 
(Not used) 
Timer 1 1 0-msec c lock  
( N o t  used 1 
USART Transmi t te r  ready 
USART Receiver ready  
( N o t  used ) 

aF lashes  red  bus timeout l i g h t  and sounds beep 

bused as master clock f o r  screen r e f r e s h  t iming.  

CUsed i n  s e r v i c i n g  of main operator terminal. 

a t  operator's terminal.  

TABLE 25. - XAIDS MAINTENANCE PROCESSOR 
INTERRUPT ASSIGNMENTS 

-~ ~~ 

I n t e r r u p t  Generated by T r i g g e r s  

N M I ~  

I R O  
IRl 
IR2 
IR3 
IR4 
I R5 
IR6 
IR7 

Fai l - safe  
Bus INTO/ 
Bus INT1/ 
Bus INT2/ 
Bus INT3/ 
Bus INTI/ 

Bus INT6/ 
Bus INT7/ 

Bus IN%/ 

timer Bus timeout 
T a l l y  counter 0 
T a l l y  coun te r  1 
T a l l y  counter 2 
T a l l y  counter 3 
T a l l y  counter 4 
T a l l y  counter 5 
T a l l y  counter 6 
T a l l y  coun te r  7 

aF la shes  red bus timeout l i g h t  and sounds 
beep a t  operator's terminal. 
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ECN 31858 

F i g u r e  1 .  Extended a i rcraf t  i n t e r r o g a t i o n  and d i s p l a y  s y s t e m .  
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channel 

channel 

tl 
channel 

1 Hard I Status and I I Analog I I Debugger I 
I control panel I I recorder I I terminal I disk I 19-Mbyte I 

110 * -7 hard disk drive I 
channel L--------J 

# - - - - - - - - -  
r------ i r---- i r----- 1 

- 
----A L-- r - - J  - 

I 
~L->----J I -------- L 4 

t ;  t 
Real- Auxiliary 
time 7 

I 8-in single-sided, I 
(1 6-bit) --d double-density I 

110 I disk drives (4)  I 

Central r-------- RAM 

(16-bit) kbyte) 

processor processor (256- - diskette 

channel .. 
L -------- 1 

XAIDS system bus 
i m n n -  

1 
I 

1 
(16-bit) 

ECN 31860 

F i g u r e  3 .  XAIDS s t a t u s  and c o n t r o l  p a n e l .  

ECN 31882 

F i g u r e  4 .  XAIDS i n p u t - o u t p u t  p a n e l .  



I CENPRO I PERPRO I Periphorals 110 I 

channol a +( ch8nnel 

I 

handlors 

f .I 
- 1  

I 

servicing 
I 
1 I 

Figure 5 .  XAIDS funct ional  i n t e r f a c e s .  

Simulation link 

I 
X-29A R ~ a l -  

triplox flight t l N  
control syrtom rimula tlon 

CLPr IOPA IOPl 

Systom 
3 /  Intor- 3 /  3 
1 face I 

busur 

Figure 6 .  
p r o j e c t  s y s t e m s  

W D S  i n t e r f a c e s  t o  X-29A 
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ECN 31859 

F i g u r e  7. XAIDS cardcage.  

71 



. 
d 

i a, 

Q, u 

8 u 
u, 
3, 
u, 

9, 

9) rc 
3 
tn 

ORlalNAL PACE. 
OF Pooh QUALm 

7 2  



ECN 31858 

F i g u r e  1 0 .  R e m o t e  d a t a  a c q u i s i t i o n  s u b s y s t e m .  
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r----- 1 r----- 1 

I portA I I ports I 
I RS-232 I I RS-232 I 
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‘--T--’ Discrotor i 
A04 to A07  A00 to A03 AI0 to AI15 1 DIO to 0147 DO0 to DO47 1 
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(&bit) 
processor _ _  Qurd Ourd Ourd Ourd Ourd 

DAC DAC DAC DAC DAC 

Fl chrnnol Fl oxpandr oxpander 
notwork 
channel 

, 

ADC 
timing 

test 
point 

Figure 11 RDAS overview, X-29A conf igurat ion.  
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ECN 31657 

Figure  1 2 .  RDAS c a r d c a g e .  
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I PT 
Ru 
xu1 
SN? 
PTCil 
pllsy 
G4IN 
I? 
ff 
Lo 
DK 
SY'l 
k3 i l  
TEST I E X I T  

D i s p l a y  1 .  Main command menu. 

D i s p l a y  2 .  TEST command menu. 
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29WM 

VLRIFIIIIG SEU 1 LINK - - MI1 
1 
? W  
? Bcoodol 
otoo8wc#Bc8c&c 
Wl W1 4SF1 I s 1  
? R u  
? 

VERIFYING SEU 2 LIM - - YllII 
I 
? w I c  
? KOOlCOl 
Eo0 TO35 FO35 FOSS 
EO1 lo45 WS so45 
? R u  
? 

COIIPLETE. MITINEFOR ( c s d  ) 

Display 3.  R U  command display. 

VLRIFIIIIG SEU 1 LINK - - MI1 
1 
? W  
? Bcoodol 
otoo8wc#Bc8c&c 
Wl W1 4SF1 I s 1  
? R u  
? 

VERIFYING SEU 2 LIM - - YllII 
I 
? w I c  
? KOOlCOl 
Eo0 TO35 FO35 FOSS 
EO1 lo45 WS so45 
? R u  
? 

Display 3.  R U  command display. 

~~~ 

Display 4 .  PT command display. 



X294 84.8.20 EXTEMBED AJRCRMT IMTERROGATI#I L I I S P I A Y  SYSTEM 08:23:31 
PATCH HW33 X29A PROCESSORS llErmRY OUERLAY II#IAGER 29 WJ 84 

IADLE WE : IOPARIflc - ~K-III-M-IOP 
SAVED : 11:49:03 16 nW 84 
COHTAI)(S : 64 ENTRIES 

C(#tllyID LIST : 

IWP = llRITE CuRREKl PATCH TABLE 70 FLIGWT CWIPUTER(S) 
EBIT = E X M l I W l D I F Y  CURRMT PITCH TABLE 
SAVE = STORE CURRENT PATCH TABLE Ow DISKETTE 
UIPE = ERASE CURRolT PITCH T A U  
WANE = REDEFIE T I T L E  IF CURRENT PhTCH TABLE 
LIST = COPY CURRENT PITCH TABLE TO 1IK PRIWTEK 
(EX) = RETURN 70 XAIS C o t t l W  INIERPRETER 

ENTER cOl"D ) 

D i s p l a y  5 .  PTCH command menu. 

X29A B4.9.2J EXTENLEI AIRCRAFT INTERROGATIMI i DISF'LAY SYSTEM 06:24:34 
PATCH MWER IOPllltIK - #K-III-(UI-IW 29 llov 84 
ITEM ADDR Mrh ......................... M#II1Ems ......................... 

21 occ6 4003 0 
22 OCC7 4008 NZ 
23 OCQ 4006 IQ( 
24 OCCP 401C PS 
25 OCCA 4021 PT 
26 CCB M O D  I T 1  
27 OiCC 4009 ALPHA 
28 OCCD 4211 MWI 
29 OCCE 0903 ALPHAIL 
30 OCW 0902 lyplyLIL 
31 OCDO 403A SELSIG 
32 OCDl 91155 FlBISC2 
33 OCD2 OA!i6 FIBISC3 
34 
35 OCW: 4218 MmCYCLE 
36 OCDD 40OE DCL 
37 OCDE 4W DCR 
38 OCDF 4010 FLLI 
39 OCEO 40012 FUO 
40 OCEl 4011 FLRI 

CWtfbWDS : Insert Modify Rewve UP Down (m)=Exit ) 

D i s p l a y  6 .  PTCH command e d i  t d i  s p l  a y . 
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D i s p l a y  7 .  GAIN command d i s p l a y .  

l o .  
C FORCES XAIDS REM#IpUTATIoW Of AIR MIA 1 MIIS (SIN6LE ITERATIOM. 

I 

D i s p l a y  8 .  GAIN command h e l p  p a g e .  



D i s p l a y  9 .  Example MP-driven d i s p l a y .  

PRESS (ESC) TO EXIT. 

D i s p l a y  1 0 .  MP command h e l p  p a g e .  
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xZ9A 8hE.20 EXM#D llIacRKT IIITOIROGATIOI I DISPLAY SIsrm 98110:IO 
FREE FaM SRME POSITION Ay) CUWll amwe4 

FU I FCCI r c C C  

tm SM wsma -0.01s 4.015 -0.01s 

RIM STRAKE WSITIOn -0.059 -0.m -0.059 

STlulGE llETuATw cmw -0,016 -0.011 -0.016 

flu no. = sb IISK s x-n SCRATCW 11% (prim 2 IM 

D i s p l a y  1 1 .  Example FF-driven d i s p l a y .  

D i s p l a y  1 2 .  Example FF s e t u p  p a g e .  



t 

D i s p l a y  1 3 .  FF command h e l p  p a g e .  

LIST DATA ~ T E  TO = c a r  OR *PTA- 9 UT 

SEO MI. Row cI# FORM1 Mw NAnE I KSCRXPTIOH 
0 8 30 F10.3 dl LSS L t  Strrlu Bocitiam 
1 8 IS F10.3 112 L I  L t  Strllu Position 
2 8 60 F10.3 A3 LSS L t  SkAe Position 
3 10 30 F1O.S dl Rss Rt Strake Position 
4 10 45 F10,3 A2 RSS Rt Skllu Position 
5 10 60 F10.3 A3 RSS Rt Stralu Position 
6 12 30 F10.3 A1 P S T W 6  Strake kt 
7 I2 45 F10.3 A2 PSTW+6 Strake Act C w n d  
8 12 60 F10.3 A3 PSTCHB+6 S k I e  kt Covrnd 

lND OF XHPLATE 

D i s p l a y  1 4 .  Example FF command list to CRT.  
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111s 
2 w 3  
3 mlr 
2 w 3  
2 w 3  
3 a l u  
la3 
sto2 

D i s p l a y  1 5 .  DX command menu. 

41 131SU:M 11 JUI 04 PTcn 
42 14102114 11 M 84 ?XH 
43 11115112 19 .MI 84 R 
44 l1:lllbZ 19 84 R 
4 09!5063 12 J U M  IP 
46 W:WY 1 2 J L M  II) 
47 10:02:40 12 Ju 84 R 
48 10108:44 12 JU 84 R 
49 10111:3 12 Ju 84 R 
50 lOIl2t3( 12 Ju 84 IQ 

Scroll sin¶ Ut Bt or urw kws. ( € S I  to ait. 

D i s p l a y  1 6 .  Example DK v i e w  d i s p l a y .  



D i s p l a y  1 7 .  SYM command menu. 

D i s p l a y  18.  Example SYM e d i t  p a g e .  
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D i s p l a y  1 9 .  BAUD command d i s p l a y .  

ORIGINAL PMCi 
OF POOR QUW 

D i s p l a y  20.  CAL command d i s p l a y .  
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