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1. h e r v i e w  

This p r o j e c t  was i n i t i a t e d  to s tudy  t h e  t e c h n i c a l  i s s u e s  of ex tending  t h e  
MAPSE to suppor t  t h e  l i fe  c y c l e  of l a r g e ,  canplex  d i s t r i b u t e d  systems such as  
t h e  Space  Station Program (SSP). The work h a s  been d i v i d e d  i n t o  two phases .  
Phase-one,  c o v e r e d  by t h i s  r e p o r t ,  i d e n t i f i e s  a l i s t  of a d v a n c e d  t e c h n i c a l  
tools needed to extend t h e  MAPSE t o  meet t h e  needs b e l i e v e d  to be inhe ren t  i n  
t h e  Software S u p p o r t  Envi ronment  (SSE). O f  s e c o n d a r y  i m p o r t a n c e  was t h e  
i d e n t i f i c a t i o n  of a list of advanced management tools. 

Phase two, which is on-going a t  t h i s  time, is t o  s t u d y  and  document  t h e  
major t e c h n i c a l  i s s u e s  i n  a d d i n g  t h e s e  t o o l s  t o  t h e  MAPSE a s  a n  i n t e g r a t e d  
e x t e n s i o n  e v o l v i n g  i n t o  an a p p r o p r i a t e  SSE. The i n t e n t  is t o  p r o v i d e  a 
framework for understanding and e v a l u a t i n g  t h e  subsequent deve lopnen t  and/or 
procurement of such tools. 

This p a p e r  h a s  been e x t r a c t e d  from t h e  f u l l  i n t e r i m  r e p o r t  on  t h e  p h a s e  
one efforts. It inco rpora t e s  j u s t  t h e  d e s c r i p t i o n  of SSE requirements ,  and a 
l ist  of t h e  t o o l s  i d e n t i f i e d .  Other  t o p i c s  a d d r e s s e d  i n  t h e  i n t e r i m  r e p o r t  
i n c l u d e  an o u t l i n e  of t h e  p r i n c i p l e  requirements  for a MAPSE, a d e s c r i p t i o n  of 
t h e  l i f e  c y c l e  model and a d e s c r i p t i o n  of t h e  tools i n  t h e  c o n t e x t  of t h e  l i f e  
c y c l e  model. 

For t h e  purpose of t h i s  paper,  t h e  b a s i s  l i f e  c y c l e  model is an adap ta t ion  
of  t h e  symbolic r e p r e s e n t a t i o n  of McDermid and Ripken (1984) t o  t h e  model  
descr ibed  i n  L b D  Standards 2167 and 2168. 'ke model p a r t i t i o n s  t h e  process  of 
software deve lopnen t  i n t o  t h e  fo l lowing  phases: 

p l :  System Requirements Analysis ,  
p2: Software Requirements Analysis ,  
p3: Prel iminary Design, 
p4: Detai led Design, 
p5: Coding and bit Tes t  
p6: Cunputer Software bmponent In t eg ra t ion  

The o u t p u t s  from e a c h  p h a s e  are t h e  formal r e v i e w  documents  used  fo r  
v e r i f i c a t i o n  and v a l i d a t i o n ,  which a l s o  form t h e  i n p u t s  t o  t h e  s u c c e e d i n g  
phases .  A l l  documents  and d e v e l o p m e n t  i n f o r m a t i o n  are m a i n t a i n e d  i n  an  
i n t e g r a t e d  l i f e  c y c l e  p r o j e c t  o b j e c t  base which s e r v e s  t o  c e n t r a l i z e  and 
c o n t r o l  t h e  d e v e l o p m e n t  p r o c e s s .  A l l  a c t i v i t i e s  and t o o l s  work w i t h  t h i s  
p r o j e c t  object  base t o  m a i n t a i n  t h e  p a r a l l e l  p r o c e s s e s  of c o n f i g u r a t i o n  and  
q u a l i t y  control. 
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2.0 A Brief  Descr ipt ion of Support Ehvironment Requirements 
i n  the Context of the Life Cycle Model 

2.1 System Fkquirements Analysis 

2.1.1 C h a r a c t e r i s t i c s ,  P r i n c i p l e s  and Methods 

S e v e r a l  a c t i v i t i e s  s h o u l d  b e  pu r sued  d u r i n g  r e q u i r e m e n t s  i n t e r p r e t a t i o n ,  
f e a s i b i l i t y  s t u d i e s ,  and a n a l y s i s .  

Seman t i c  I n f o r m a t i o n  C a p t u r e  - S u p p o r t i n g  i n t e r p r e t a t i o n ,  t h e  c a p t u r e  of 
requirements  i n  the f w a  semantic model i n v o l v e s  i d e n t i f y i n g  key terms, 
c a t e g o r i z i n g  t h e  terms, d e f i n i n g  t h e  terms, and i d e n t i f y i n g  t h e  r e l a t i o n s  
between the terms. Ihe c a p t u r e  of semantic information creates a record ing  
of t h e  s e m a n t i c  model  of t h e  r e q u i r e m e n t s ,  which becomes p a r t  of t h e  
base l ine .  Assuning t h e  semantic information is machine-encoded, it might  be 
expressed i n  a formal language such as  Problem Statement Language (PSL) or i n  
a c o m b i n a t i o n  of formal g r a p h i c s  and text  e x p r e s s i o n  s u c h  as  Software 
Requirements h g i n e e r i n g  Methodology (SREM). 

Semantics Analys is  - Chce t h e  requirements  are expressed i n  t h e  c o n t e x t  of a 
semantic model, t he  model r e l a t i o n s  can be used for a sys temat ic  a n a l y s i s  of 
t h e  completeness  and cons i s t ency  of the requirements.  This is achieved  by 
a s k i n g  q u e s t i o n s  which are answered  w i t h  t h e  a i d  of t h e  r e l a t i o n s ,  s u c h  a s  
"Are there a n y  o t h e r  p r o c e s s e s  which s h o u l d  be r e l a t e d  t o  Process A by t h e  
' p r e d e c e s s o r  of' r e l a t i o n ? "  

T r a c e a b i l i t y  may be e s t a b l i s h e d  t h r o u g h  r e f e r e n c e  r e l a t i o n s  be tween 
r e q u i r e m e n t s  and s p e c i f i c a t i o n ,  d e s i g n  and c o d e ,  e tc .  The r e l a t i o n a l  
a n a l y s i s  can  be used  t o  assess t h e  impac t  of r e q u i r e m e n t s  c h a n g e s  on  t h e  
b a s e l  ined products.  

The semantic a n a l y s i s  a c t i v i t y  a i d s  d e v e l o p m e n t  b y  i d e n t i f y i n g  areas  of 
requirements  i ncunp le t eness  or inconsis tency.  

F e a s i b i l i t y  -- and Risk Analys is  - Eva lua t ing  t h e  f e a s i b i l i t y  of requirements  is a 
F e a s i b i l i t y  should  be viewed from s i g n i f i c a n t  p a r t  of requirements  a n a l y s i s .  

t h e  p e r s p e c t i v e s  of des ign ,  performance and cost. 

Design f e a s i b i l i t y  i n v o l v e s  f ind ing  a t  least  one des ign  t h a t  satisfies t h e  
requirements.  Any approach from t r i a l  design to  pro to typing  is appropr i a t e .  
Per formance  f e a s i b i l i t y  is a s p e c i a l  case of d e s i g n  f e a s i b i l i t y  a n a l y s i s .  
hce  a t r i a l  des ign  is e s t a b l i s h e d ,  modeling is an e f f e c t i v e  technique  for 
ana lyz ing  performance. Cost f e a s i b i l i t y  i n v o l v e s  e s t ima t ing  costs based on 
t h e  t r i a l  design. Cost a n a l y s i s  must cons ider  t h e  t h r e e  key elements:  t h e  
d e v e l o p m e n t  p h a s e ,  t h e  o p e r a t i o n s  p h a s e ,  and  t h e  p h a s e  for  c o n t i n u i n g  
adap ta t ion .  

2.1.2 Requirements on t h e  Support Ehvironment 

The r e q u i r e m e n t s  on t h e  s u p p o r t  e n v i r o n m e n t  d a t a  base,  d e r i v e d  from 
requirements  a n a l y s i s ,  are: 
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Basel ined Products  - ?he semantic information is the  o n l y  data associated wi th  
r e q u i r e m e n t s  a n a l y s i s  t h a t  s h o u l d  be b a s e l i n e d .  It s h o u l d  be unde r  
conf igu ra t ion  c o n t r o l  and s u b j e c t  to change o n l y  as  requirements  changes are 
approved. of each phase 
(which must be d icho tanous ly  demonstrated a t  acceptance test time) b u t  also 
the %houldstV which have  l i f e  c y c l e  i m p l i c a t i o n s  t h a t  cannot  be dichotomously 
d e m o n s t r a t e d  a t  a c c e p t a n c e  test  time and which may r e q u i r e  t h e  d e s i g n  of 
special metrics and i n s t r u n e n t a t i o n  to support  their a n a l y s i s  a t  subsequent 
p o i n t s  i n  t h e  l i f e  cycle. 

Ease l ined  data should  n o t  o n l y  i n c l u d e  t h e  

Non-Basel ined Data - Any i n f o r m a t i o n  associated w i t h  m o d e l i n g ,  s i m u l a t i o n ,  
pro to typing ,  or semantic a n a l y s i s  should be saved temporar i ly .  It should be 
used later i n  requirements  a n a l y s i s  i t e r a t i o n  or other a c t i v i t i e s .  

Measurement Data - S e v e r a l  measurements of the  requirements  a n a l y s i s  a c t i v i t y  
and its o u m s  should be captured:  

- Size of the d a t a  base for semantic in format ion ,  - Complexity of t h e  requirements  as  measured by t h e  r e l a t i o n s h i p s  i n  the 

- Nunber of i n c o n s i s t e n c i e s  or m i s s i o n s  found. 
semantic information and 

2.2 Software Requirements Spec i f i ca t ion  

2.2.1 Characteristics, F r i n c i p l e s  and Methods 

Formal  Record in  - The s p e c i f i c a t i o n  i n f o r m a t i o n  mus t  be recorded i n  some 

modes and func t ions .  It should  have t h e  c h a r a c t e r i s t i c s  of being minimal,  
unders tandable ,  accurate and p r e c i s e ,  and e a s i l y  modified. 'he s p e c i f i c a t i o n  
should  use  a formal no ta t ion  to fac i l i t a te  formal c o r r e c t n e s s  a n a l y s i s  and 
automated a n a l y s i s  of t h e  s p e c i f i c a t i o n  easier. 

suitable _Ir_g orm. As a minimun, t h e  s p e c i f i c a t i o n  should describe i n t e r a c t i o n s ,  

C o m p l e t e n e s s  A n a l y s i s  - T h i s  is done  by t r y i n g  o u t  a d e s i g n  of t h e  sys t em.  
Completeness a n a l y s i s  gene ra t e s  ques t ions  which can h e l p  i d e n t i f y  information 
a b s e n t  from t h e  r e q u i r e m e n t s .  I n  many cases, t h i s  a c t i v i t y  is  done  d u r i n g  
requirements  a n a l y s i s .  

Correc tness  Demonstration - The s p e c i f i c a t i o n  must be shown as  c o n s i s t e n t  with 
t h e  r e q u i r e m e n t s .  S i n c e  t h e  r e q u i r e m e n t s  may n o t  be s ta ted i n  a formal 
manner;  a r i g o r o u s  p r o o f  of t h e i r  c o n s i s t e n c y  may n o t  be p o s s i b l e .  The 
c o r r e c t n e s s  demonstration is t h e n  produced  t h r o u g h  a s u b j e c t i v e ,  i n f o r m a l  
a n a l y s i s  based on t h e  semantics  information from requirements  a n a l y s i s .  

Consis tency Ana lys i s  - Any method for performing t h i s  a n a l y s i s  depends on the  
7 G i X T h e  s p e c i f i c a t i o n  information. E a formal s p e c i f i c a t i o n  language is 

used, c e r t a i n  k inds  of problems may be detected by ana lyz ing  t h i s  nota t ion .  
I n  o t h e r  cases, t h e  c o n s i s t e n c y  of t h e  s p e c i f i c a t i o n  i n f o r m a t i o n  must  be 
j u d g e d  on a less p r e c i s e  basis .  A good example  of t h e  s t a t e - o f - t h e - a r t  i n  
s p e c i f i c a t i o n  methods is t h a t  advocated by the Naval Research Laboratory,  and 
used  t o  d e v e l o p  t h e  s p e c i f i c a t i o n  of t h e  A-7 f l i g h t  program. The 
s p e c i f i c a t i o n  docunent i n c l u d e s  formal, t a b u l a r  no ta t ion  which l e n d s  i t se l f  
to completeness  and cons i s t ency  ana lyses .  
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2.2.2 

The r e q u i r e m e n t s  on t h e  s u p p o r t  e n v i r o n m e n t  da t a  base, d e r i v e d  from t h e  
s p e c i f i c a t i o n  ac t i v  i t y  are : 

Basel ined Products  - lhe s p e c i f i c a t i o n  information is base l ined .  Any modeling 
information produced should  be base l ined  i f  it is c r u c i a l  to the  l i f e  cycle 
suppor t  of the software. 

Non-Basel ined - Data - T h i s  material  i n c l u d e s  p a r t i a l  s p e c i f i c a t i o n s  u n d e r  
deve lopnen t ,  a l t e r n a t e  s p e c i f i c a t i o n ,  and d i a g n o s t i c  information produced by 
s p e c i f i c a t i o n  a n a l y s i s  tools. 

Measurements - Examples of use fu l  measurements data to be captured  are: effort 
and r e source  data concerning the  deve lopaen t  of the s p e c i f i c a t i o n ,  size data ,  
n m b e r  of errors and changes made, and s u b j e c t i v e  measures of the  q u a l i t y  and 
c a n p l e t e n e s s  of the  s p e c i f i c a t i o n .  

Requirements on the Support Ehvironment 

2.3 Prel iminary and Detailed Design 

2.3.1 Characteristics, Principles and Methods 

A des ign  is the  t r a n s l a t i o n  of the "shallst l  *om requirements  a n a l y s i s  i n t o  Ada 
package s p e c i f i c a t i o n s .  F u n c t i o n a l  r e q u i r e m e n t s  s h o u l d  be t r a n s f o r m e d  i n t o  
f u n c t i o n a l  Ada s p e c i f i c a t i o n s  t h a t  c a n  be checked by  an  Ada Compi le r .  Non- 
f u n c t i o n a l  r e q u i r e m e n t s  (i.e., c o n s t r a i n t s )  s h o u l d  be t r a n s f o r m e d  i n t o  a 
d i s c i p l i n e  of Ada comnents tha t  can be checked by other APSE tools. 

Three areas of d e s i g n  s u p p o r t  are i d e n t i f i e d :  f o r m a l  r e c o r d i n g  of s y s t e m  
des ign ,  formal  record ing  of data and program des ign ,  and c r e a t i v e  aids. 

Formal Recording of System k s i g n  - There are s e v e r a l  methods i n v o l v e d  i n  
record ing  the system design. 

Information-Hiding - lhis method i n v o l v e s  i s o l a t i n g  information wi th in  modules. 
The modu le  l i m i t s  are d e f i n e d  by  the i n f o r m a t i o n  ( d e s i g n  d e c i s i o n s ,  da t a  
d e f i n i t i o n s ,  etc.) t o  be isolated.  Design is based on t h e  e x p e c t e d  c h a n g e s  
to the informat ion ,  t h u s  l o c a l i z i n g  t h e  effect of f u t u r e  changes. 

Module S p e c i f i c a t i o n  - Focusing on module s p e c i f i c a t i o n s  y i e l d s  a d e s c r i p t i o n  
allows o t h e r s  to  determine the i n t e n t  of a c a n p l e t e  module by reading  

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

- Use H i e r a r c h y  - F o c u s i n g  on the u s e  h i e r a r c h y  y i e l d s  a d e s c r i p t i o n  which 
e x p l a i n s  which p rograms  depend o n  t h e  correct i m p l e m e n t a t i o n  of a g i v e n  
module to produce correct r e s u l t s .  

Formal Recording of Data and Program Design - lhe techniques  and methods for 
the formal r eco rd ing  of data des ign  and program des ign  are: 
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Program Design Lan uage (PDL) - 'Ihe wri t ing  of d a t a  and progran des ign  i n  a PDL 

s u f f i c i e n t l y  low- leve l  to suppor t  d i r e c t  coding,  and is f l e x i b l e  enough to 
l e a v e  m e  ques t ions  unanswered while t h e  des igner  proceeds with t h e  design.  
(i.e., Ada Source c o d e  w i t h  Ada t tstubstt .)  

is a u s e f u l  + tec n i q u z r  f o r m a l l y  r e c o r d i n g  t h e  program d e s i g n .  It is 

S t e p w i s e  Ref inement  - T h i s  method g o e s  hand i n  hand w i t h  PDL. With s t e p w i s e  
r e f i n e m e n t ,  s p e c i f i c a t i o n s  for t h e  lower l e v e l  c o d e  become p a r t  o f  t h e  
d o c u m e n t a t i o n  of t h e  p rocedure .  T h i s  makes t h e .  i n t e n t  of t h e  c o d e  much 
clearer. 

Abstract ion of Data Types - With a b s t r a c t i o n ,  t h e  des igne r  can d e v e l o p  d e t a i l s  
where t h e y  are needed.  This p e r m i t s  i n f o r m a t i o n - h i d i n g  a s  well a s  a more 
independent implementation of t h e  system. 

--- 

Creative Aids - Many c r e a t i v e  techniques  exist for design. A des igne r  chooses  
t e c h n i q u e s  b a s e d  on t h e i r  i n d i v i d u a l  a p p r o a c h  t o  c r e a t i v i t y .  Some p r e f e r  
g r a p h i c  t e c h n i q u e s  w h i l e  o t h e r s  do  n o t .  The c h o i c e  of c r e a t i v e  t e c h n i q u e s  
should be l e f t  to t h e  i n d i v i d u a l ,  whereas t h e  techniques  for formal record ing  
must be standard.  

-- Data and Cont ro l  Flow Analys is  - Module decomposition and func t ion  a l l o c a t i o n  
An example 

Described below are some r e p r e s e n t a t i v e  c r e a t i v e  a i d s :  

are based upon t h e  d a t a  and c o n t r o l  flows requi red  by t h e  system. 
is St ruc tured  Design. 

Data S t r u c t u r e  Transformation - Pans fo rma t ion  is a des ign  technique  i n  which 
t h e  s t r u c t u r e  of t h e  i n p u t  and o u t p u t  d a t a  d e t e r m i n e s  t h e  structure of t h e  
program. 

- 

Graphic Decomposition Techniques - Graphs showing h i e r a r c h i c  r e l a t i o n s  d e p i c t  
An example  i s  S t r u c t u r e d  A n a l y s i s  and t h e  d e c o m p o s i t i o n  a t  many l e v e l s .  

Design Technique (SADT). 

Graphic Cont ro l  Descr ip t ions  - Other ways of showing t h e  c o n t r o l  flows i n  t h e  
progran are Petri Nets and Warnier-Q-r diagrams. 

2.3.2 Requirements on the Support Ehvironment 

As w i t h  t h e  o t h e r  a c t i v i t i e s  of d e v e l o p m e n t ,  t h e  da t a  base mus t  c o n t a i n  
information on t h e  design. 

B a s e l i n e d  P r o d u c t s  - Throughout  t h e  l i f e  of t h e  s y s t e m ,  t h e  most r e c e n t l y  
The . sys tem 

. 
a p p r o v e d  form of t h e  d e s i g n  must  be s t o r e d  i n  t h e  d a t a  base. 
design is en te red  before t h e  des ign  of v a r i o u s  subsystems or modules. 

Non-Baselined Data - T h i s  i n c l u d e s  p r e l i m i n a r y  d e s i g n s  a s  well a s  g r a p h i c  
d i s p l a y s  used  d u r i n g  t h e  c r e a t i v e  p r o c e s s .  Graph ic  d i s p l a y s  i n c l u d e  tree 
structures, b l o c k  d i ag rans ,  and o t h e r  material created by des ign  tools. ?he 
d a t a  base must p rov ide  for main ta in ing  t h e  temporary des igns  developed before  
one is a c t u a l l y  chosen and base l ined .  

- 
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Measurements - These should  i n c l u d e  module in te rconnec t ion  measurements, such 
as data bindings.  lhese should a lso i n c l u d e  lower design measurements, such 
a s  cyclomatic c o m p l e x i t y ,  and operators and  ope rands .  Many of these 
measurements are norma l ly  taken on the completed code, b u t  with good, low- 
l e v e l  PDL, t hey  can be taken (or approximated) dur ing  design. 

Archiva l  - Data - Archived data should c a p t u r e  t h e  mot iva t ion  behind t h e  choice 
of design. lhe archived  data should also i n c l u d e  past des igns  e v o l v e d  from 
use  or rejected dur ing  developl lent  a l o n g  wi th  the reasons  for the r e j e c t i o n .  

2.4 Coding and kit Tes t ,  Cunputer Software Component I n t e g r a t i o n  

2.4.1 Qlaracteristics, P r i n c i p l e s  and Methods 

'his s e c t i o n  w i l l  focus  on the unique requirements  of deve lop ing  d i s t r i b u t e d  
systems. 

Des igns  which map program e n t i t i e s  across d i s t r i b u t e d  p r o c e s s i n g  r e s o u r c e s  
s h o u l d  be s p e c i f i e d  i n  two complemen ta ry  p a r t s .  F i r s t ,  t h e  f u n c t i o n a l  
r e q u i r e m e n t s  s h o u l d  be d e m o n s t r a t e d  t o .  be met by  t h e  program d e s i g n  by  
execut ing  the progran i n  the h o s t  environment. (Le., compile  and execute  t h e  
Ada s o u r c e  code on t h e  h o s t  s y s t e m  w i t h o u t  r e g a r d  t o  p r o p e r t i e s  o f  
d i s t r i b u t i o n . )  Second,  t h e  n o n - f u n c t i o n a l  r e q u i r e m e n t s  (i.e., c o n s t r a i n t s )  
such a s  the l o c a t i o n  each program e n t i t y  is to be ass igned ,  t iming c o n s t r a i n t s ,  
s i z i n g  c o n s t r a i n t s ,  etc. should be mapped to a s imula to r  for a n a l y s i s  of t h e  
i m p l i c a t i o n s  of imposing t h e s e  r e s t r i c t i o n s  upon the des ign  which was proven i n  
t h e  f irst  s t e p .  Tuning of a s s i g n m e n t s ,  code, algorithms and s t r u c t u r e s  c a n  
t a k e  p l a c e  i n  t h e  h o s t  e n v i r o n m e n t  u n t i l  t h e  s imulator  p r o v i d e s  a d e g r e e  of 
confidence. Load modules can then  be b u i l t  and moved to the  t a r g e t  environment 
or to a t a r g e t  test bed for further study. lhe implementation should  produce 
an  e f f e c t i v e ,  u n d e r s t a n d a b l e  t r a n s f o r m a t i o n  of t h e  d e s i g n .  The a u t o m a t i c  
gene ra t ion  of appropr i a t e  comnents i n  the source  code can ease the more complex 
process  of maintenance i n  a d i s t r i b u t e d  environment. 

lhe fol lowing are some key aspects of implementation: 

Standard I n t e r f a c e  Set to a Catalog of Runtime Support  Environment Fea tu res  and 
ODtions.  - T h i s  i n t e r f a c e  set e s T a b l i s h e s  a v i r t u a l  Ada machine.  The 

--- - 
~ - -  

c a n p i l a t i o n  system produces target code that u s e s  the s e r v i c e s  provided by 
t h e  s tandard  i n t e r f a c e  set. lhe requested s e r v i c e  determine which modules of 
the runt ime suppor t  l i b r a r y  are to be exported to the target environment. 

Target  Network Topolo y S p e c i f i c a t i o n  - This  allows t h e  des igner  to s p e c i f y  t h e  

The d e s i g n  a l so  i d e n t i f i e s  t h e  communica t ions  s u p p o r t  
symbolic names + or remote area networks, local area networks, and i n d i v i d u a l  
p r o c e s s i n g  nodes.  
a v a i l a b l e  to l i n k  t h e  v a r i o u s  e n t i t i e s  of the network. 

Targe t  Node Resources S p e c i f i c a t i o n  - This  allows t h e  des igner  to s p e c i f y  the 
ha rdware  r e s o u r c e s  for e a c h  node i d e n t i f i e d  w i t h  t h e  n e t w o r k  t o p o l o g y  
s p e c i f i e r .  The sys t em w i l l  r e t a i n  t h i s  i n f o r m a t i o n  i n  t h e  p r o j e c t  ob jec t  
base a l o n g  wi th  the c o l l e c t i o n  of software resources  that w i l l  be assigned to 
t h i s  node  l a t e r  i n  t h e  d e s i g n .  'he d e s i g n e r  d e c l a r e s  t h e  i n s t r u c t i o n  set 
a r c h i t e c t u r e s  a v a i l a b l e ,  t h e  memory banks and t h e i r  a t t r i b u t e s ,  t h e  buses  and 
t h e i r  a t t r i b u t e s ,  and t h e  comnunications l i n k s  that are a v a i l a b l e .  
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P a r t i t i o n i n g  and A l l o c a t i o n  Spec i f i ca t ion  - After the M a  source  code has been 
t r a n s f o r m e d x t o  a DIANA r ep resen ta t ion  and executed to demonstrate  t ha t  it 
meets the  f u n c t i o n a l  requirements  of the  program, a d i s c i p l i n e  of ComEntS 
and key wrds such as  " locat ion" can be used to map each program e n t i t y  t o  a 
symbolic l o c a t i o n .  This symbolic l o c a t i o n  c o r r e s p o n d s  t o  t h o s e  node and 
ne twork  i d e n t i f i c a t i o n s  p r e v i o u s l y  en tered  with the topology s p e c i f i c a t i o n  
and t h e  node r e sources  s p e c i f i c a t i o n .  'lhese non-funct ional  requi rements  are 
added as  a t t r i b u t e s  to t h e  DIANA r ep resen ta t ions .  

D i s t r ibu ted  Workload Simulat ion - After t h e  symbolic l o c a t i o n  a s s i g n n e n t s  and 
o t h e r  c o n s t r a i n t s  h a v e  b e e n  a d d e d  t o  t h e  a t t r i b u t e s  o f  t h e  D I A N A  
r e p r e s e n t a t i o n ,  the  wrkload s imula to r  examines t h e  p r o j e c t  object base to 
determine c h a r a c t e r i s t i c s  of t h e  a l r e a d y  e x i s t i n g  w r k l o a d  ( i f  any) and to 
select empi r i ca l  estimates of comnunications d e l a y s ,  p rocess ing  throughput ,  
and o t h e r  r e l e v a n t  estimators. A s imula t ion  is then provided for a n a l y s i s .  
If the a n a l y s i s  i n d i c a t e s  t h e  design approach is n o t  feasible, new approaches 
t o  d i s t r i b u t i o n  can  be p r o v i d e d  by r e t u r n i n g  t o  t h e  p a r t i t i o n i n g  and 
a1 l o c a t i o n  spec i f  i ca t ion .  

D i s t r i b u t e d  Program B u i l d i n g  - When t h e  work load  s i m u l a t i o n  i n d i c a t e s  a 
feasible des ign ,  the process  of b u i l d i n g  new l o a d  modules i n c l u d e s  examining 
t h e  symbolic l o c a t i o n  assignments added to the  DIANA tree and looking  these 
u p  i n  t h e  p r o j e c t  object base t o  d e t e r m i n e  what  t y p e  of i n s t r u c t i o n  set 
a r c h i t e c t u r e  t h e  p a r t i c u l a r  e n t i t y ' s  object code is to be generated for. If 
t h e  code is t o  be added t o  t h e  workload of  an e x i s t i n g  s y s t e m ,  it is  a l s o  
necessary  to i d e n t i f y  i f  a d d i t i o n a l  modules or new v e r s i o n s  of the run time 
l i b r a r y  need to be added or i f  a d d i t i o n a l  hardware is  l i k e l y  to be needed to 
accomnodate the inc rease  i n  workload. lhe end r e s u l t  of the program b u i l d i n g  
a c t i v i t y  is to prepare  a l o a d  module c o n s i s t i n g  of a p p l i c a t i o n s  code and t h e  
n e c e s s a r y  s u p p o r t  from t h e  r u n  time l i b r a r y  for each of t h e  p r o c e s s o r s  
affected by the  d i s t r i b u t i o n  of the progran e n t i t i e s .  

-- Run Time Support  Environment Monitoring - If l i f e  and p rope r ty  are to depend 
upon t h e  program m e e t i n g  both its f u n c t i o n a l  and i ts  n o n - f u n c t i o n a l  
requirements ,  it may be d e s i r a b l e  to prepare t h e  program for execut ion i n  a 
t a r g e t  testbed. to be e f f e c t i v e ,  the testbed should be f u l l y  in s t runen ted  
and i n t e r a c t  with the host environment. ?his r e q u i r e s  the  suppor t  of a run 
time m o n i t o r  for e a c h  processor i n  t h e  t a r g e t  t e s t b e d  t o  i n t e r a c t  w i t h  t h e  
i n s t r u n e n t a t i o n  and host environment to p rov ide  meaningful information. 

2.4.2 Requirements on the Support Fhvirorment 

The most impor tan t  requirements  and o p p o r t u n i t i e s  for the  suppor t  envrionment 
l i fe  c y c l e  project object base becane e v i d e n t  fran t h i s  phase. ?he r e s u l t s  are 
smarized below: 

Base l ined  Products  - zhe f b n c t i o n a l  requirements  are similar to  those described 
i n  t h e  p r e c e d i n g  s e c t i o n s .  However, o p p o r t u n i t i e s  a r i s e  d u e  t o  t h e  
r e q u i r e m e n t s  for  t h e  D I A N A  r e p r e s e n t a t i o n  i n  the implementation phase. An 
es t imated  t e n  to twenty times the processing time is requ i r ed  to  c o n v e r t  Ada 
s o u r c e  code t o  D I A N A  r e p r e s e n t a t i o n  a s  compared t o  c o n v e r t i n g  t h e  D I A N A  
r e p r e s e n t a t i o n  to object code for the t a r g e t  environment. Furthermore source 
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code and object code can both be reconstructed from the DIANA representation. 
Since the Stoneman requirements f o r  t he  MAPSE provides  a unique 
identification for each object produced (which includes history attributes 
identifying the time, date,  t oo l s ,  etc.  used t o  manipulate the object) ,  an 
enormous amount of on-line storage space can be conserved i n  the project 
object base i f  the DIANA representation is maintained as the baseline. 

The other important implication for baseline control as  a r e s u l t  of t h i s  
phase is the identification and maintenance of the network topology and the 
network node resources described i n  the preceding section 

Non-Baselined Data - The temporary storage required for t h i s  category is 
similar to the functional requirements l i s t e d  i n  t he  other sections of t h i s  
report. However, the savings and storage space made possible by the 
utilization of DIANA representation described above may be significant even 
for temporary stor age r equi r emen t s . 

Measurement - Data - A nunber of metrics regarding the utilization of these tools 
is desirable. Knowing who is using the too ls  for what projects, and knowing 
the frequency of reference can provide valuable management ins igh t s .  

2.5 Verification and Validation 

2.5.1 Qlaracteristics, Frinciples and Methods 

The methods linked w i t h  correctness analysis  are e i ther  s t a t i c  analysis  or 
dynamic analysis. Stat ic  analysis includes, i n  order of  increasing r igor ,  
reviews, inspections, and proofs of correctness. Dynamic analysis includes a l l  
t e  s t i ng t e c h  iques . 
Reviews - Reviews determine the internal completeness and consistency of system 

requirements and software specification, design and test information. ?hey 
a l so  assess i ts  consistency wi th  i t s  predecessor information. Reviews 
involve a broad range of people, including developers, managers, users, and 
outside experts or specialists. A review m u s t  have specific objectives and 
questions to  be addressed. Ihe review findings generate rework tasks for the 
dev e l  owen t group. 

Inspections - Inspections evaluate the correctness of  component l e v e l  
specification, des ign ,  code, t e s t  plans, and test resu l t s .  They are  more 
formal and rigorous than reviews. An inspection involves a small group of 
people of a specific make-up, and follows a well4efined procedure. 

Proofs of Correctness - All developnent products should be verified with an 
infomy1 proof of correctness. Certain cr i t ical  kernels of code or special 
applications may require a formal proof of correctness. 

Testing - Dynamic execution of the system or system canponent with know inpu t s  
i n  a known environment is a %estn. If t h e  test result is consistent w i t h  
the expected result, the  canponent is deemed correct i n  the limited context 
of the t e s t .  ?he following baselined documents are  created r e l a t i v e  to  
tes t ing : 
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- Test Plan - Defines the scope, approach, and resource needed for 
tes t ing .  

- Test Procedures - Provides a detailed description of the steps and test 
data associated with each test  case. 

- Test Results - bcunents the results of each test run. Ulsuccessful 
runstrigger trouble reports which must be addressed by the developnent 
group. 

h e  relationships between system fbnctions and component or system test cases 
should be c l e a r l y  established. Then, when changes are made to  par ts  of a 
system, a subset of test cases can be identified which w i l l  test the system 
suff ic ient ly .  This process is ca l led  regression testing. Effective 
regression t e s t ing  is a good way to  reduce software developnent costs. 

2.5.2 Requirements on the Support Fnvironment 

The requirements on the Support Environment data base, derived from the 
correctness analysis, are smarized below: 

Baselined Products - Test plans, test procedures and test results (of correctly 
They are controlled by  configuration executed t e s t s )  are a l l  baselined. 

management. h e  results of inspections and proofs might also be baselined. 

Non-Baselined Data - 'zhe non-baselined data includes wrk-in-progress, static 
analysis  da-rouble reports,  and debug data. Temporary storage of t h i s  
type of information is required. 

Measurement Data - A number of measurements associated w i t h  correctness 
analysis should be captured. These include: nunber of modifications to a 
u n i t ,  nunber of errors found per nit, nunber of test runs, nunber of errors 
by error category, and test coverage. 

- 

2.6 Project Management Support 

2.6.1 Characteristics, Principles and Methods 

Estimation - Most resource estimation techniques use the m asurement from 
prior projects to estimate resources. Support of estimation methods requires 
a data base of comprehensive measurements including such software system 
parameters a s  s ize  of source code, source language, development resources 
expended, and canplexity measures. 

Precedence Networks - This planning method is used to analyze task dependencies 
and to  determine the c r i t i c a l  path of development a c t i v i t i e s .  Such an 
analysis is usually needed to define a real is t ic  schedule. It is also useful 
i n  evaluating contingencies and creating contingency plans. 

Change Control - This is the core of configuration management. It controls a l l  
?he approval process for changes might be a s  changes to baselined products. 

follows : 
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- The w r i t t e n  r e q u e s t  for change  is s u b m i t t e d  t o  the  c o n f i g u r a t i o n  
It might cane fran a change i n  requi rements  or from managanent function. 

a t r o u b l e  report docunenting a defect. 

- An assessment is made of the t e c h n i c a l  f e a s i b i l i t y  of t h e  change, and its 
If it has the p o t e n t i a l  to endanger l i f e  

- The change is approved or disapproved based on its p o t e n t i a l  effect upon 

impact on schedule  and budget. 
and proper ty ,  a separate s a f e t y  assessment may be made. 

s a f e t y ,  i ts v a l u e  and its cost. 

- The developnent  p l an  is modified and r e sources  ad jus t ed  to add approved 
changes. 

- The f u l l y  v e r i f i e d  change is entered  i n t o  the new base l ine .  

2.6.2 Requirements on the Support Ehvironnent 

lhe a c t i v i t y  of management imposes the fo l lowing  requirements  on the suppor t  
environment data base. 

Base l ined  Products  - The developnent  p l a n ,  a l though  n o t  a part of t h e  software 
system or its descr ipt ive information,  should be maintained as a baselined 
product  to i n s u r e  proper management of changes to  t h e  plan.  Configurat ion 
management data and q u a l i t y  assurance p l a n s  should a l so  be base l ined .  

Non-Basel ined Data - S i g n i f i c a n t  amounts  of informat ion  associated with the  
management m u s n  kep t  temporar i ly .  lhis information i n c l u d e s  engineer ing  
change requests, t r o u b l e  reports, resource a l l o c a t i o n  p l a n s ,  actual r e source  
u t i l i z a t i o n  reports, t e c h n i c a l  mi l e s tone  s t a t u s ,  a c t i o n  i t e m  s t a t u s ,  and the  
r e s u l t s  of q u a l i t y  assurance  reviews. 

Measurement  Data - Many measurements  are  of i n t e r e s t  t o  management. These 
inc lLde  the number of engineer ing  change proposals (ECP), and t r o u b l e  reports 
(TR), time to process an ECP or TR, resource use for each ECP or TR, resource 
use  by p r o j e c t  a c t i v i t y ,  and software size and complexi ty  measures. 

- 
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3.0 Tools to Extend the MAPSE 

Data Entry -- 
Problem Expression Editor (for requirements analysis, specification) 
Syntax/Template Directed Editor Menu Manager 
Waphics Package (GKS, 2D, 3) 
Mrd Processing integrated with O-aphics and Electronic Mail 
Network comnunications across hosts and targets 

Library Aids 

Semantics Information Browser 
Reuseable Cunponents Ekowser 
Dictionary and Schema Tools 

- 
Diana Pee Ekowser 

bst CLP script  Manager 

Management Aids - 

Report Generator b n g e  Request Packer 
(Integrated Text and O-aphics Forms Generator) 
Automated Precedence Network 
Autanated Work Breakdown Structure 
Schedule Generator 

Resource Scheduling Aid 
Event FlagaSignals Generator 

( signal path planning) 

Syntax/Semantics Analysis 

Requirements Language Processor 
Requirements In format ion Analyzer 
Design Specification Language Processor 
PDL Syntax Analyzer 
Design bmplexi t y/Metr i c s  Analyzer 

Pro0 f/Asser tion Checker 

Veri fyer /  Asser tion Analyzer 
Theorem Prover 
Symbolic Execution System 

Implementation Support 

Compilation &der Analysis 
Automated Recanpilation 
Elaboration &pendencies Analyzer 
Change Control and Impact Assessment 
Generic Usage Report Generator 

Consistenc y/Completeness 
Checker 

Standards Checker 
Requirements to Design 

Pacer/Checker 

C a l l  Pee Report Generator 
Performance Metrics Analyzer 
Ckoss-Re fer ence Generator 
Statement Rof i le  Generator 
Diana Pee Fkpander 
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T e s t  Generation. Analvsis. Automation 

Test Harness PDL Interpreter 
Generic Instantiation Harness 
Test h t a  Cenerator 
Black Box Test Generator Test h p l e t e n e s s /  Con si stenc y 
hta Extraction and Reduction Analyzer 
Test Results Canparator 
Target System Testbed ( f u l l y  instrunented)  Target Ehulation/Simulation 
Ehv ironmen t Simulator/ St imula tor Scenario Generator 
Fkrformance b n i t o r  Fault Stimulator/Analyzer 

Test Coverage Analyzer 

Modeling/Simulation 

Resource Estimator 
Modeling Tool 
Froto typing/ Simulation Capability 

Run-Time System Support 

Runtime Support Dependencies Analyzer 
System Timing Analyzer 
System Tasking Analyzer 

Distributed Target System Support 

Target M e  Resources Editor 
Target Netwrk Topology Editor 
Partitioning and Allocation Eijitor 
Distributed System Generator (progran bui lder)  

Expert  Systems 

Real-Time Assistant 
Faul t-Tolerance Assistant 
Reuseable Components Assistant 
Upgrade bad,  Test and Integration Planning Aid 

(for non-stop nodes) 

krformance M e 1  
Reliability Model 

Runtime Monitor 

S y s t e m  Storage Analyzer 

Distributed mrkload 
simulator 

Expert System Generator 
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