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Abstract 

This paper describes the experience and lessons 
learned as authors used PSL/PSA as a supporting 
tool in the description and analysis of the uplink 
process. The application of PSL/PSA to the 
description and analysis of the uplink process and 
the benefits that the uplink process control task 
obtained using PSL/PSA is reviewed along with the 
lessons learned by the "tool builders" in this 
application of PSL/PSA. 

1. Introduction 

At JPL, the entire procedure of incorporating 
the requirements and goals of a space flight 
project into integrated, time ordered sequences of 
spacecraft commands, is called the uplink process.. 
As spacecraft have become more capable and 
complex, the complexity and cost of the uplink 
process has also risen. The uplink process 
Control Task (UPCT) was created to examine the 
uplink process and determine ways to improve it. 
Two tasks included in the UPCT are: . analysis of existing uplink process 

control systems, and, based upon that 
analysis, . development of improved designs for 
future systems. 

In order to accomplish these objectives it is 
necessary to capture a description of the uplink 
process in such a way that the description: . provides a uniform set of constructs for 

capturing the information . provides a means of abstracting data from 
the totality of available information . assists the analysis in detemining the 
consistency of individual pieces of 
information. 

Problem Statement Language/Problem Statement 
Analyzer (PSL/PSA, Ref. I ) ,  developed by the 
ISDOS Project at the University of hichigan, was 
chosen as the supporting tool to aid in capture 
analysis. Based on the experience of applying 
PSL/PSA, this paper describes the benefits 
provided to the task, as well as the lessons 
learned. 

The paper is divided into four sections: 

The first section is a description of the r - uplink process, second is a brief description of 
PSL/PSA. The third section describes the 
application of PSL/PSA to the description and 
analysis of ,the uplink process. This section also 
discusses the benefits that the UPCT obtained 
using PSL/PSA. The fourth section discusses the 
lessons learned by the project analysts as they 
applied PSL/PSA. Since the tool is in continuing 
development, these experiences are valuable. They 
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enable the tool builders to improve PSL/PSA and 
show the importance of the interactions between 
the solving of an application problem and the 
particularization of the tools used in the 
solution of that problem. 

The objective of current deep space flight 
projects is to send unmanned spacccraft to remote 
locations in space to collect and return 
information not obtainable from Earth. To meet 
this objective, a spacecraft is designed with a 
significant degree of internal control to make the 
observations necessary to collect this 
information. The types of observations made must 
be decided upon, prioritized, and integrated into 
a series of command program sequences. These 
sequences are developed by people who operation 
and use the mission. Each sequence directs 
spacecraft activities for periods from S hours to 
28 days, depending upon the frequency of activity 
during the period. Sequences control the 
collection, storage, and transmission to the 
ground of the observation data. 

The entire proceaure of incorporating the 
requirements and goals of a space flight project 
into integrated, time ordered sequences of 
spacecraft commands is called the uplink process. 

The Uplink Process begins before spacecraft 
launch and continues throughout the mission. The 
process involves: . determining the requirements for 

spacecraft and ground activities, 
collecting individual requests, . finding a compatible subset of those 
requests that can be executed by the 
spacecraft within the resources available 
to it, . designing a spacecraft command (program) 
sequence, simulating the sequence to 
verify that it is correct, . implementing the spacecraft sequence into 
code for the onboard control computers, . transmitting the sequence to the 
spacecraft, . storing it on board until the proper time 
for its execution, and . carrying out the sequence. 

This entire process is performed for each 
mission phase. In each mission phase, several 
sequences are designed and implemented 
simultaneously, on a waterfall schedule. Outside 
of this cyclic activity, Project Management 
provides direction and support in the form of 
guidelines, control, and authorization. 



3. D e f i n i t i o n  of PSL/PSA 

PSL/PSA is a  v e r y  powerful  t o o l  des igned  t o  
a s s i s t  t h e  designer/analyst/engineer i n  t h e  
p r e p a r a t i o n  of s p e c i f i c a t i o n s  of  an  i n f o r m a t i o n  
system. The t o o l  was o r i g i n a l l y  des igned  t o  
s u p p o r t  b u s i n e s s  a p p l i c a t i o n s .  However, t h e  t o o l  
h a s  been s u c c e s s f u l l y  used f o r  a  v a r i e t y  of  
s c i e n t i f i c  and r e a l  t ime sys tem d e s i g n s ,  and can 
be  used i n  r equ i remen t s  a n a l y s i s  a s  w e l l  a s  
implementat ion des ign .  

The s u p p o r t  provided by t h e  PSL/PSA t o o l  
i n c l u d e s  t h e  r e c o r d i n g  and r e t r i e v i n g  of 
i n f o r m a t i o n  o r i g i n a l l y  s t a t e d  by one o r  more 
i n d i v i d u a l s .  PSL/PSA can ,  i n  some s e n s e ,  be  
thought  of  a s  a  v e r y  thorough s e c r e t a r y  w i t h  an  
a b i l i t y  t o  connect  t h r e a d s  of s p e c i a l l y  fo rma t t ed  
s t a t e m e n t s  and t o  b e  a b l e ,  upon demand, t o  
r e t r i e v e ,  r e fo rma t  and d i s p l a y  i n f o r m a t i o n  f o r  t h e  
u s e r .  

The fo rma l  language,  Problem S ta t emen t  Language 
(PSL), a l l o w s  t h e  u s e r  t o  make s t a t e m e n t s  about  
s p e c i f i c  e x a n p l e s  of g e n e r i c  t y p e s  of  o b j e c t s  
(PROCESS, INTERFACE, IKPUT, OUTPUT f o r  example) 
end r e l a t e  one s p e c i f i c  i n s t a n c e  t o  o t h e r  s p e c i f i c  
i n s t a n c e s  th rough  fo rma l  r e l a t i o n s h i p s  (INTERFACE 
A 1  GEKERATES IhPUT Yl). These s t a t e m e n t s  a r e  
ana lyzed  by t h e  Problem Sta tement  Analyzer  (PSA) 
kh ich  can f o l l o w  t h e  t h r e a d s  of  connected 
s t a t e m e n t s  and produce r e p o r t s .  

There a r e  a  l a r g e  number of r e p o r t  t y p e s  
produced by PSA. T y p i c a l  r e p o r t s  i n c l u d e  
s t r u c t u r e s  o f  b o t h  f u n c t i o n s  and d a t a ,  i nden ted  
l i s t i n g s ,  hIPO r e p o r t s ,  and d a t a  flow a n a l y s i s  
c h a r t s .  The u s e r  h a s  a  h i g h  d e g r e e  of c o n t r o l  
conce rn ing  bo th  t h e  scope  and format  of  t h e  
in fo rma t ion  p resen ted .  

The PSA o p e r a t e s  i n  an  i n t e r a c t i v e  environment  
u s i n g  t h e  f a c i l i t i e s  of t h e  h o s t  o p e r a t i n g  system 
and is  a s  sys tem independent  a s  p o s s i b l e .  To 
a c h i e v e  t h i s  i n d ~ p e n d e n c e ,  t h e  s o f t w a r e ,  i n c l u d i n g  
t h e  d a t a b a s e  management sys tem,  is w r i t t e n  i n  
FORTRAN I V ,  and can b e  i n s t a l l e d  on any 
environment which h a s  a  FORTRAN I V  compi l e r ,  
i n t e g e r s  wi th  24 o r  more b i t s ,  and s u f f i c i e n t  
memcry f o r  t h e  l a r g e s t  program. 

The r equ i remen t s  f o r  a  p roduc t  system should  b e  
expres sed  i n  an  unambiguous machine p r o c e s s a b l e  
form. PSL has  been des igned  t o  meet t h i s  g o a l  by 
be ing  a b l e  t o  a c c u r a t e l y  and complete ly  e x p r e s s  
a l l  r e l e v a n t  r equ i remen t s  f o r  t h e  l o g i c a l  d e s i g n  
of t h e  p roduc t  sys tem and by having a  p r e c i s e  
s y n t a x  and seman t i c s .  A p roduc t  system is  
d e s c r i b e d  by l i s t i n g  i ts  subsystems o r  components, 
by g i v i n g  p r o p e r t i e s ,  and by s t a t i n g  r e l a t i o n s h i p s  
among t h e  components. I n  PSL, each  component i s  
c a l l e d  an  "object" .  The concep t s  of o b j e c t s ,  
names o f  o b j e c t s ,  t y p e s  of  o b j e c t s  and 
r e l a t i o n s h i p s  among o b j e c t s  w i l l  b e  i l l u s t r a t e d  
throughout  t h i s  pape r  u s i n g  m a t e r i a l  from t h e  
u p l i n k  p r o c e s s  C o n t r o l  Task. 

The fo l lowing  is  a  t y p i c a l  t e x t  d e s c r i p t i o n  of 
a  requirement  f o r  a  new p roduc t  s y s t e n :  

"A f u n c t i o n  c a l l e d  t h e  s p a c e  mis s ion  p r o c e s s  
c o n t r o l  t a k e s  u s e r  o b j e c t i v e s  f o r  a  s p a c e  m i s s i o n  
from u l t i m a t e  u s e r s  and r e t u r n s  i n t e r p r e t e d  
o b s e r v a t i o n s  c o l l e c t e d  by,, a  s p a c e c r a f t  from 
domains of  i n t e r e s t  i n  space .  

The f i r s t  s t e p  i n  u s i n g  PSL is t o  i d e n t i f y  t h e  
o b j e c t s  i n  t h e  sys tem be ing  d e s c r i b e d .  Th i s  can 
b e  done f o r  t h e  above example by c a p i t a l i z i n g  t h e  
nouns i n  t h e  t e x t  d e s c r i p t i o n :  

"A f u n c t i o n  c a l l e d  t h e  SPACE MISSION PROCESS 
CONTROL t a k e s  USER OBJECTIVES f o r  a  space  mis s ion  
from ULTIMATE USERS and r e t u r n s  INTERPRETED 
OBSERVATIONS c o l l e c t e d  from DOMAINS OF INTEREST i n  
space." 

Each of t h e  d e f i n e d  o b j e c t s  h a s  a  unique name 
and each of  t h e s e  o b j e c t s  i s  d e s c r i b e d  i n  a  
d i f f e r e n t  c o n t e x t ;  "use r  o b j e c t i v e s "  r e p r e s e n t s  
i n f o r m a t i o n  p a s s i n g  from " u l t i m a t e  u s e r s "  t o  
"space  mis s ion  p r o c e s s  c o n t r o l " ,  " i n t e r p r e t e d  
obse rva t ions"  r e p r e s e n t s  i n f o r m a t i o n  r e t u r n e d  t o  
" u l t i m a t e  use r s "  by t h e  "space  mis s ion  p r o c e s s  
c o n t r o l " ,  e t c .  I n  e f f e c t ,  each  of  t h e s e  o b j e c t s  
r e p r e s e n t s  d i f f e r e n t  t y p e s  o r  c l a s s e s  of  o b j e c t s .  
PSL does  n o t  a l l o w  b l a n k s  i n  t h e  names of o b j e c t s ,  
and d a s h e s  o r  u n d e r s c o r e s  a r e  normal ly  used t o  
connec t  nancs  c o n s i s t i n g  of more t h a n  one word. 

The nex t  s t e p  i n  us ing  PSL is  t o  i d e n t i f y  t h e  
r e l a t i o n s h i p s  among t h e  o b j e c t s  which have been 
i d e n t i f i e d .  l h e  r e l a t i o n s h i p s  can b e  i d e n t i f i e d  
by c a p i t a l i z i n g  t h e  v e r b s  i n  t h e  example t e x t  
d e s c r i p t i o n  below: 

"A f u n c t i o n  c a l l e d  t h e  s p a c e  mis s ion  p r o c e s s  
c o n t r o l  TAKES u s e r  o b j e c t i v e s  f o r  a  space  m i s s i o n  
FROM u l t i m a t e  u s e r s  and RETURNS i n t e r p r e t e d  
o b s e r v a t i o n s  COLLECTED FRON domains of i n t e r e s t  i n  
space  .I '  

There a r e  a  s m a l l  number of r e l a t i o n s h i p s  t h a t  
may b e  d e s c r i b e d  by PSL. By t a k i n g  i n t o  account  
t h e  t y p e s  of o b j e c t s  d e f i n e d  i n  t h e  above example 
and t h e  r e l a t i o n s h i p  t h a t  PSL a l lows  among those  
o b j e c t s ,  t h e  fo l lowing  correspondence between t h e  
t e x t  d e s c r i p t i o n  r e l a t i o n s h i p s  and t h e  PSL 
r e l a t i o n s h i p s  can be  made: 

Text  R e l a t i o n s h i p  PSL R e l a t i o n s h i p  

TAKES RECEIVES 
FRON GENERATED BY 
RElURNS GEBERATES 
COLLECTED FROEi GENERATED BY 

The d e s c r i p t i o n s  of  t h e  system u s i n g  PSL 
terminology a r e :  

S p a c e ~ ~ i s s i o n ~ P r o c e s s _ C o n t r o l  RECEIVES 
User-Obj e c t i v e s  

User-Objectives GENERATED BY Ultimate-Users 

Space~~:ission~Process~Control 
GEKERATES In te rp re t ed -Obse rva t ions  

In t e rp re t ed -Obse rva t ions  
GENERATED BY Domains-Of-Interest 

Taking t h e s e  o b j e c t s  and r e l a t i o n s h i p s ,  fo rma l  
PSL s t a t e m e n t s  can  b e  w r i t t e n  and e n t e r e d  i n t o  a  
permanent PSA da tabase .  Only a  f e k  r e l a t i o n s h i p s  
a r e  i l l u s t r a t e d  h e r e .  The language a l l o w s  1 7  
t y p e s  of  o b j e c t s  and 66 r e l a t i o n s h i p s  (Vers ion 
5.2)- 



4. Con- of  a  PSA Database  

To c o n s t r u c t  a  PSA d a t a b a s e ,  d a t a  t o  b u i l d  t h e  
d a t a b a s e  must b e  g a t h e r e d ,  naming conven t ions  must 
b e  e s t a b l i s h e d  and a  seman t i c  map c r e a t e d  t o  
e f f e c t i v e l y  i n t e r p r e t  PSL s e m a n t i c s  i n t o  t h e  r e a l  
world .  T h i s  s e c t i o n  d e s c r i b e s  t h e s e  a c t i v i t i e s  a s  
they  were a p p l i e d  t o  t h e  UPCT. 

Data G a t h e r i n g  

A I n  o r d e r  t o  perform any type  of a n a l y s i s  on t h e  

d e s c r i p t i o n  of t h e  u p l i n k  p r o c e s s ,  a  PSA d a t a b a s e  
had t o  b e  c o n s t r u c t e d  from e x i s t i n g  in fo rma t ion .  
Documentation and diagrams were o b t a i n e d  from 
i n d i v i d u a l s  i nvo lved  i n  t h e  a c t u a l  p rocess .  The 
in fo rma t ion  was coded i n  PSL and i n c o r p o r a t e d  i n t o  
t h e  da tabase .  Concur ren t ly ,  i n t e r v i e w s  were h e l d  
wi th  Upl ink p a r t i c i p a n t s .  Data g a t h e r e d  d u r i n g  
t h e  i n t e r v i e w s  was a l s o  coded i n  PSL and added t o  
t h e  da tabase .  These t h o  s t e p s  provided b o t h  a  
s u b s t a n t i a l  volume of i n f o r m a t i o n ,  ana an i n i t i a l  
v a l i d a t i o n  of t h e  model. I n t e r v i e w i n g  was a  
m u l t i - s t e p  a c t i v i t y  i n  which b o t h  new i n f o r m a t i o n  
was o b t a i n e d  and p r e v i o u s l y  o b t a i n e d  i n f o r m a t i o n  
modif ied  and c o r r e c t e d .  To a s s i s t  i n  t h i s  
p r o c e s s ,  PSA r e p o r t s  were produced from t h e  
d a t a b a s e  and g iven  t o  t h e  i n d i v i d u a l  f o r  review 
d u r i n g  f o l l o w  up i n t e r v i e w s .  Cnce t h e s e  
c o r r e c t i o n s ,  m o d i f i c a t i o n s  and a d d i t i o n s  were 
o b t a i n e d ,  t h e  PSA d a t a b a s e  b a s  updated.  T h i s  
i t e r a t i v e  p r o c e s s  con t inued  u n t i l  an  a g r e e r e n t  
b e t b e e n  t h e  Upl ink p r o c e s s  p a r t i c i p a n t s  and PSA 
a n a l y s t s  was reached.  The d a t a  g a t h e r i n g  
a c t i v i t i e s  c o n t i n u e ,  and h i l l  c o n t i n u e ,  u n t i l  t h e  
end of t h e  t a s k .  T h i s  c o n t i n u i n g  e f f o r t  does  n o t  
r e p r e s e n t  a  problem t o  t h e  p r o j e c t  because  of 
PSA's s e p a r a t i o n  of  t h e  p r o c e s s  of  c a p t u r i n g  from 
t h e  p r o c e s s  of  o r g a n i z i n g  and r e - p r e s e n t i n g  t h e  
in fo rma t ion .  

Namina Convent i o n s  

Each o b j e c t  i n  a  PSA d a t a b a s e  must have an  
unique name. The number of o b j e c t s  i n  t h e  
d a t a b a s e  be ing  epprox ima te ly  4000 by t h e  end of 
t h e  t a s k ,  naming conven t ions  a r e  impor t an t .  hames 
c u r r e n t l y  used i n  t h e  r e a l  system were 
i n c o r p o r a t e d  i n t o  t h e  d a t a b a s e  s i n c e  t h e  d a t a b a s e  
was c r e a t e d  f o r  pu rposes  of  c o n s i s t e n c y  checking 
and a n a l y s i s .  Due t o  t h i s  conven t ion  and t h e  PSL 
30 c h a r a c t e r  name l i n i t a t i o n ,  conven t ions  were 
a l s o  e s t a b l i s h e d  f o r  t h e  a b b r e v i a t i o n  of names. 

To e f f e c t i v e l y  i n t e r p r e t  t h e  formal  r e l a t i o n s  
t r a c e d  by PSA, i t  is  n e c e s s a r y  f o r  t h e  a n a l y s t s  
and Uplink p a r t i c i p a n t s  t o  unde r s t and  t h e  meaning 
of t h e  PSA keywords i n  t h e  c o n t e x t  of t h e  u p l i n k  
p rocess .  The "usual"  meanings of t h e  PSA te rms  
were g e n e r a l l y  adopted.  The o n l y  p a r t i c u l a r  
m o d i f i c a t i o n  was t h e  u s e  of  EMPLOYS t o  i n d i c a t e  
t h a t  i n fo rma t ion  was used t o  modify a  PROCESS, 

r i . e .  p r o c e d u r a l  i n fo rma t ion .  

v s i s  t o  t h e  Studv of t h e  Uvlink 
P r o c e s s  

C o n c e ~ t u a l  Model 

To e f f e c t i v e l y  u s e  PSL/PSA, a n  unde r ly ing  
concep tua l  model and a s s o c i a t e d  methodology must 
b e  used. The need f o r  such a  model f o r c e d  t h e  
p a r t i c i p a n t s  o f  t h e  UPCT n o t  o n l y  t o  a g r e e  on a n  
unde r ly ing  model f o r  t h e  d e s c r i p t i o n  of t h e  u p l i n k  
p r o c e s s  b u t  t o  c o n s i s t e n t l y  app ly  t h a t  model a s  
t h e  a n a l y s i s  p rogres sed .  

CONSTRUCTS 

The model used c o n t a i n e d  s i x  t y p e s  of h i g h  l e v e l  
c o n s t r u c t s .  These c o n s t r u c t s  were: . System S t r u c t u r e  ( t h e  boundary be tbeen  

t h e  sys tem and t h e  r e s t  of  t h e  world)  . Func t ion  S t r u c t u r e  ( p r o c e s s  s t r u c t u r e )  . Data S t r u c t u r e  . Data  D e r i v a t i o n  ( t h e  r e l a t i o n s  between 
f u n c t i o n  and d a t a )  . System dynaniics and C o n t r o l  . System S i z e  and Volume 

These c o n s t r u c t s  provided a  t empla t e  f o r  
a b s t r a c t i n g  t h e  i n f o r m a t i o n  from t h e  t o t a l i t y  of 
e x i s t i n g  d a t a  d e s c r i b i n g  t h e  system. (Ref.  1) 

A  good example of hob t h i s  unde r ly ing  u.odel 
f o r c t d  a  more c a r e f u l  a n a l y s i s  of t h e  up l ink  
p r o c e s s  i s  g i v e n  by t h e  fo l lowing  example on 
Process/Processor/Capabilities. During a n a l y s i s  
of  d e s c r i b i n g  c e r t a i n  a c t i v i t i e s  ( f u n c t i o n s  of t h e  
u p l i n k  p r o c e s s ) ,  d i s c u s s i o n s  wi th  i n d i v i d u a l s  
involved i n  t h e  p r o c e s s  soon r e v e a l e a  t h a t  t h e  
p r o p e r t i e s  of  PROCESSORS played a  v i t a l  r o l e  i n  
t h e  i n t e g r i t y  of  t h e  p rocess .  The formalism 
imposed by PSL/PSA a s s i s t e d  t h e  a n a l y s t s / e n g i n e e r s  
i n  s e e i n g  t h e  need f o r  t h i s  r e l a t i o n s h i p .  (1;ok 
t h i s  r e l a t i o n s h i p  was c o n s t r u c t e d  is  d e s c r i b e d  i n  
l o o 1  P a r t i c u l a r i z a t i o n  (below). )  

S e p a r a t i o n  of t h e  P r o c e s s  of Capturinp, In fo rma t ion  
from O r a a n i z i n n / P r e s e n t i n r  I n f o r m z ~ i o n  

The d e s i g n  of PSL/PSA s e p a r a t e s  t h e  f u n c t i o n s  
of c a p t u r i n g  i n f o r m a t i o n ,  o r g a n i z i n g  i n f o r m a t i o n ,  
and p r e s e n t i n g  i n f o r m a t i o n  ( r e p o r t  and 
documentat ion p r e p a r a t i o n )  i n t o  s e p a r a t e  
a c t i v i t i e s ;  a c t i v i t i e s  t h a t  nay be  c a r r i e d  o u t  i n  
any o r d e r .  

I n  p a r t i c u l a r ,  PSL/PSA s u p p o r t s  t h e  " jou rna l "  
approach. In fo rma t ion  was added t o  t h e  d a t a b a s e  
i n  a  random o r d e r ,  a s  i t  became a v a i l a b l e ,  o r  
a r o s e  i n  d i s c u s s i o n s .  Cue t o  t h e  n a t u r e  of 
PSL/PSA, t h e  new i n f o r m a t i o n  was p r o p e r l y  r e l a t e a  
i n  t h e  da tabase .  I n  g e n e r a l ,  t h e  o r d e r  t h e  d a t a  
was added t o  t h e  d a t a b a s e  i s  d i s t i n c t  from t h e  
o r d e r  t h e  i n f o r ~ a t i o n  i s  p r e s e n t e d  i n  a  r e p o r t .  
T h i s  j o u r n a l  approach suppor t ed  t h e  i t e r a t i v e  and 
c o n c u r r e n t  n a t u r e  of UPCT d i s c u s s i o n s  and 
a n a l y s i s .  For example, t h e  i n p u t s  and 
m o d i f i c a t i o n s  t o  t h e  d a t a b a s e  were prepared 
independen t ly  of t h e  o r d e r  of t h e  m a t e r i a l  i n  any 
r e p o r t ,  a s  a  r e s u l t  n e i t h e r  t h e  t a s k  o r  t h e  work 
h a b i t s  o f  t h e  a n a l y s t s  were paced by t h e  t o o l .  

S ince  PSA r e p o r t s  b e r e  on ly  g e n e r a t e d  upon 
demand, t h e  a n a l y s t  had c o n t r o l  o v e r  t h e  q u a n t i t y  
and t h e  scope of t h e  m a t e r i a l  produced. 



Beduction of Clerical Effort 

One major benefit of using PSL/PSA was the 
reduction in clerical effort necessary to manage a 
large base of information. As of June 1981, the 
number of objects (functions/processes, data, 
attributes, etc.) was over 2060. The dictionary 
for these 2060 objects was over 140 pages in 
length. Upon demand it could be updated, 
re-ordered, or re-issued. For the first time in 
the history of this task, there existed a common 
dictionary of terms (descriptions of the objects) 
being used by the different personnel in the, 
uplink process. Without a tool such as PSL/YSA, 
it is unlikely that a dictionary of this size 
would be created, or, if created, that it would be 
continuously updated. 

Clerical effort is also reduced by automatic 
generation of reports and diagrams. tioreover, 
each report and diagram contained information 
consistent with the information presented in other 
reports. The frequency of report generation 
varied with the needs of the analyst. Usually a 
report generation cycle varied from 2 to 5 days. 

The ease kith which changes or updates were 
made to the database also reduced clerical effort. 
When information about one object was changed, all 
other objects linked to it were appropriately and 
auton,atically updated. 

t for Refinine lnformation 

We have found that there are different levels 
of information about the uplink process. One 
level of information is highly formal, in the 
sense that it is structured in a precise way. 

Information of this type can be captured by the 
current formal relations supported by PSA. 
Questions about the structure can be asked, 
contents of a high level data object can be 
formally determined, and the processes that derive 
or update a particular data object can be found. 

An example of highly forms1 information is the 
functional structure of the uplink process. 

Sp~ce~hission~Process~Control 
~1ission~Phase~Process 

Determine-Reqts-System-Act 
Ranage-System-Resources 
Program-System-Activities 
Operate-Spacecraft 
Perform-Mainstream-Activities 

Projec t-hanagcment 

There are many relationships in the uplink 
process that are not immediately supported by the 
tool. Such relationships usually involve 
properties that are peculiar to the Uplink system. 
For example, the issue of process/processor 
capabilities discussed below is an example of such 
an intermediate level of information. 

A lower level is informal information. This 
information often serves as the connective tissue 
that allows the analyst to make the transitions 
from the formal relations handled by PSA to the 
real world of the product system. A PSL 
DESCRIPTION is informal, free form text that is 
associated with each PSA object, and is used to 
capture the definition of that object. Another 

example is the PSL PROCEDURE (also free form text) 
that is associated with a PROCESS and is used to 
capture the internal procedural details of a 
process. 

As analysis proceeded and information about the 
system was captured in the database, migration 
from one level of formality to a higher level of 
formality was a common occurrence. While 
searching for a DESCRIPTION of an object, the 
analyst often found information that could be 
captured in an intermediate or formal PSL 0 
relationship. Realizing that formal or 
intermediate relationships are not always clear at 
the first pass, the analyst could capture 
information informally rather than "risk losing 
it" in an attempt to find a formal relationship. 

Suooort for Analvsis 

One of the claims for tools such as PSL/PSA is 
that it assists the analyst in ensuring that the 
functional description of the product system is 
complete and consistent. 

In interviews with uplink process participants, 
reports from the existing database were 
instrumental in verifying the correctness and 
completeness of the database, and generally 
provided a basis for the interview. After trying 
different reports, a particular subset was 
selected. This subset consisted of those reports 
that best reflected the different aspects of the 
area under discussion. Format of the reports was 
selected by what was best received by the 
individual being interviewed. This subset, 
presented in a hardcopy package, contained the 
following: . Picture report showing system structure 

and control. . Picture report showing data derivation 
and flow. . Function Flow Data Diagram showing data 
flow in a different format. . Eormatted Problem Statement giving the 
totality of information known to PSA 
about the object. . Structure Report giving an indented 
listing of the structure of the data 
involved with the object. . Function Flow Data Diagram and a 
Structure Report giving data flow and 
data structure information for the 
subparts of the object. . Dictionary Report for all names presented 
in the package, including DESCRIPTIOKS, 
SYNONMS, ATTRIBUTES, and KEYWORDS. 

After presenting this package to the individual 
for his review and comment a modified package is 
prepared for the next meeting reflecting the 
changes and/or additions. 

Consistency 
7 

Consistency is supported by the syntax analyzer 
of the input processor of PSA. For example, each 
object must have a unique name. If a particular 
name is already used to identify one object and an 
attempt is made to have that name identify an 
object of a different type, then the inconsistent 
input is rejected, and an error message provided 
to the analyst. 



Once information is in the database, 
consistency is supported by assisting the analyst 
in checking for objects of almost the same name 
(for possible spelling errors, causing the same 
object to be entered more than once), and objects 
that have similar substructure. A NAME-LIST for 
instance, gives an alphabetic list of all names. 
khen "Corectness" and "Correctness" showed up next 
to each other as separate items, the analyst was 
aware of an inconsistency. 

PSA formally supports completeness checking by 
providing several analysis reports. One such 
report was the Process Summary Report. The report 
contains Comment Entries, text which describes the 
process and the data entering the leaving the 
PROCESS. The report also "flags" a PROCESS 
description as incomplete when that process does 
not have an input and/or does not produce an 
output. 

Another analysis-type report used was the Data 
Activity Interaction report. This report 
generates a matrix showing which data objects and 
PROCESSes interact with one another. In addition, 
it generates an analysis of data and PROCESSes 
that flags instances of incompleteness. For 
example, if a data item is not derived (it just 
"magically" appears) and is used by a process, the 
message "USED BUT NOT DERIVED BY AKY PROCESS" 
appears. 

An informal method of provioing completeness 
for the Uplink database, was by tagging objects 
kith keywords recording the external source of 
information. In adoition, on objects where the 
analyst could not obtnin a description, the 
keyword 'Undescribed' was used. Usually, the 
combination of 'Undescribed' and bhere the analyst 
got the item name (another kepord) told the 
story. This technique flagged items that needed 
descriptions and indicated the need to look for 
other sources. 

6. PSL/PSA Lessons Learned 

Ihis section describes some of the lessons 
learned by the PSL/PSA analysts as they uorked 
kith Uplink Process participants. The lessons 
fall into three categories: . refinement of information . importance of being able to particularize 

a tool (such as PSL/PSA) . PSA report acceptability 

Refinement of Information 

The UPCT task hss provided insights into how an 
analyst abstracts, refines, and makes decisions 
about a problem. Based upon those insights, the 
analysis methodology emphasized successive 
refinement, toward both abstraction and detail. 

r' Also emphasized, was the importance of taking "a 
-I cut at a problem" and then later reorganizing when 

there is a better understanding. 

The Uplink Process was first described through 
the eyes of the Sequence Team, one of the 
orgsnizations involved in the process. Hence, 
activities were described as being performed by 
organizations and data flow was described as 
passing from one organization to another. This 

top level description then had to be redesc-:ibed 
in PSL statements. The first task was to break it 
into a functionally oriented structure instead of 
an orgrnizetional one. The activities described 
in the new presentation were defined as PSL 
PROCESSes and the organizations and individuals 
involved in performing the activities were defined 
as PSL PROCESSORS that PERFORMED the PROCESSes. 
The original description was a 13 box diagram of 
these major PROCESSes. This was then abstracted 
to a higher level diagram containing 5 boxes. 

This initial refinement of information created 
a structure or "lattice work" from which the 
description could be based. 

Imuortance of Tool Particularization 

Perhaps the single most important lesson 
learned during this task was the importance of 
tool particularization. The PSL/PSA tool had to 
be "fine tuned" to the peculiarities of the Uplink 
Process, that is, particularized to the specific 
problem. This can bast be explained through 
example. 

Guman PROCESSORS and their experience 
"properties" played a vital role in the integrity 
of the Uplink Process, but no PSL relationship 
between PROCESS and PROCESSOR including their 
properties is available. To record that a 
PROCESS' requirement that a PRCCESSOR have a 
specific "property", meant that the basic PSL/PSA 
tool needed to be "refined". 

A set of PSL ATTRIBUTES was created describing 
the different areas of experience that a PROCESS 
may require of its PROCESSOR An associated set of 
values, SYSTEM-PARAMETERS, was also created to 
reflect the degree of expertise required in each 
area. This particularization provided the 
following set of ATTRIEUTEs and values: 

ATTRIBUTEs - "Experience Areas" 
Experience-In-Nission 
Experience-In-Spacecraft 
Experience-In-Instrument 
Experience-In-Administration 
Experience-In-Clerical 

SYSTEM-PARANETERs - "Degree of Expertise Required" 
LOW 
PIEDIUE: 
HIGH 
EXPERT 

A relationship was still needed to show that a 
requirement existed. The ASSERT statement, a 
relationship in PSL which shows that one object 
expects another object to have certain ATTRIBUTES 
with certain values, provided the "thread". 

The PSL statement then read: 

DEFINE PROCESS process-name; 
ASSERT processor-name 

Experience-Area 
Degree-Of-Expertise-Required; 

Taking the particularized tool, the required 
values in each area of experience were quickly 
defined by Uplink Process participants and the 
existence of PROCESSOR requirements was derived. 



The following example, in the case of the 
activity "Collect-Requests", shows the total 
result of the particularization in PSL statements. 

DEFIKE PROCESS Collect-Requests; 
PERFCRNED BY Experiment-Representative; 
ASSERT Experimen t-Representative 

Experience-In-Science HIGH; 

In other words, the activity Collect-Requests 
required that the individual it is to be performed 
by, Experiment-Representative, have a HIGH degree 
of Experience-In-Science. 

This particularization of the tool provided a 
defined way of recording the peculiarities ot the 
Uplink Process. 

JS&&xiort Acceptability 

In presenting PSA reports to interviewed 
individuals, some general approaches bere 
developed. 

. "Feeling out" an individual to judge 
which reports are more suitable should be 
done at the beginning of a series of 
interviews. This result in expediting the 
interview sequence. 

. Straightforuard, uncluttered reports 
(i.e. a Picture report concerned only 
with system structure) are more likely to 
prompt the individual into providing sore 
information and corrections. 

. lopical, focused reports in the areas of 
the individual's interest, were best 
received. Other types of data here 
confusing. 

7. Conclusions 

The important issues covered in this paper are 
(1) the advantages of using a formalism to capture 
the descriptions of the uplink process and storing 
them in a database. These advantages include the 
ease of update of the information and the 
assistance in determining the consistency and 
completeness of the design, (2) The necessity for 
iteration during the design process and the 
assistance that a tool such as PSL/PSA provides to 
such iteration. n 

The major lessons learned by the analysts are 
(1)  the advantages that accrue to the users when a 
tool such as FSL/PSA can be particularized and (2) 
the techniques and strategies that can be employed 
to support iteration of design activities. 
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. A structured, consistent package of PSA 
reports and brief instructions on how to 
read them was needed. This package 
materially assisted the individuals in 
reading and comprehending the materials. 


