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ABSTRACT 

T h i s  document  d e s c r i b e s  t h e  h i s t o r y ,  o r g a n i z a t i o n ,  o p e r a -  
t i o n ,  and research r e s u l t s  of t n e  S o f t w a r e  E n g i n e e r i n g  Lab- 

o r a t o r y  ( S E L ) .  The  SEL is a j o i n t  e f f o r t  of t h e  Goddard  
S p a c e  F l i g i i t  C e n t e r  (GSFC) , Computer S c i e n c e s  C o r p o r a t i o n  
(CSC), a n a  t h e  U n i v e r s i t y  of Maryland  t o  s t u a y  a n d  improve  
t h e  s o f t w a r e  deve lopmen t  p r o c e s s .  T h e  document  d i s c u s s e s  
sgecif  ic d a t a  c o l l e c t i o n  and a n a l y s i s  a c t i v i t i e s  and g e n e r a l  
c o n s i d e r a t i o n s  o f  m o t i v a t i o n  a n d  a p p r o a c h .  
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SECTION 1 - INTRODUCTION 

T h e  Software E n g i n e e r i n g  L a b o r a t o r y  (SEL) was e s t a b l i s h e d  i n  
1977 by Goddard Space F l i g h t  C e n t e r  (GSFC) t o  i n v e s t i g a t e  
t h e  e f f e c t i v e n e s s  o f  s o f t w a r e  e n g i n e e r i n g  t e c h n i q u e s  as ap- 
p l i e d  t o  t h e  development  of ground s u p p o r t  f l i g h t  dynamics 
s y s t e m s .  The  g o a l s  of t h e  i n v e s t i g a t i o n  a r e  (1) t o  under -  
s t a n d  t h e  s o f t w a r e  development  p r o c e s s  i n  a p a r t i c u l a r  en -  
v i r o n m e n t ,  ( 2 )  t o  measure t h e  e f f e c t s  o f  v a r i o u s  deve lopment  
t e c h n i q u e s ,  models, and t o o l s  o n  t h i s  deve lopmen t  p r o c e s s ,  
and ( 3 )  t o  i d e n t i f y  and apply  improved m e t h o d o l o g i e s  i n  t h e  
GSFC env i ronmen t .  SEL r e s e a r c h  s h o u l d  p r o v i d e  t h e  knowledge 
t o  e n a b l e  GSFC t o  p roduce  b e t t e r  q u a l i t y ,  l ess  c o s t l y  s o f t -  
ware. 

T O  a c c o m p l i s n  these g o a l s ,  t h e  SEL s t u d i e s  s o f t w a r e  f o r  s a t -  
e l l i t e  m i s s i o n  s u p p o r t  d u r i n g  i t s  development  l i f e  c y c l e .  
T h i s  software is  d e v e l o p e d  by t h e  Sys t ems  Development Sec- 

t i o n  a t  NASA/GSFC, w h i c h  i s  r e s p o n s i o l e  f o r  g e n e r a t i n g  
f l i g h t  dynamics  s u p p o r t  software f o r  GSFC-supported m i s -  
s i o n s .  T h e  software i n c l u d e s  a t t i t u d e  d e t e r m i n a t i o n ,  a t t i -  
t u d e  c o n t r o l ,  maneuver p l a n n i n g ,  o r b i t  a d j u s t m e n t ,  and 
g e n e r a l  m i s s i o n  a n a l y s i s  s u p p o r t  sys t ems .  

T h e  SEL c o n t i n u a l l y  mon i to r s  and  s t u d i e s  a l l  Sys t ems  Devel-  
opment S e c t i o n  s o f t w a r e ,  which i n c l u d e s  s o f t w a r e  deve loped  
b o t h  by GSFC employees and by c o n t r a c t o r  p e r s o n n e l . '  T h i s  

d a t a  c o v e r s  s o f t w a r e  development  p r o j e c t s  t h a t  s t a r t e d  a s  
e a r l y  a s  1976 and a s  l a t e  as 1981;  and t h e  SEL a n t i c i p a t e s  
t h a t  da ta  w i l l  c o n t i n u e  t o  b e  c o l l e c t e d  and s t u d i e d  i n  t h e  

f u t u r e .  Approximate ly  40  p r o j e c t s ,  w h i c h  r a n g e  i n  s i z e  f rom 
l 5 O o  l i n e s  o f  s o u r c e  code  t o  o v e r  1 1 0 , 0 0 0  l i n e s ,  have D e e n  

i n v o l v e d  t o  da te .  

'The p r i m a r y  On/Off -Si te  c o n t r a c t o r  s u p p o r t i n g  t h e  f l i g n t  
dynainics  area has been Computer S c i e n c e s  C o r p o r a t i o n  (CSC)  . 
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A l l  t n e  p r o j e c t s  b e i n g  s t u d i e d  supported t h e  f l i g h t  dynamics 
a r e a  of  GSFC's M i s s i o n  S u p p o r t  Computing and A n a l y s i s  D i v i -  
s i o n .  Much of t h e  d a t a  i s  c o l l e c t e d  from a se r i e s  of  forms  
used by a l l  p r o j e c t s .  Da ta  is  a l s o  co l l ec t ed  t h r o u g h  com- 
p u t e r  a c c o u n t i n g  m o n i t o r i n g ,  p e r s o n a l  i n t e r v i e w s ,  au tomated  
t o o l s ,  and summary management r e v i e w s  (see S e c t i o n s  2.2.1 
t h r o u g h  2.2.5). 

W h i l e  i n v e s t i g a t i n g  p r o j e c t s  t o t a l i n g  more t n a n  1 m i l l i o n  
l i n e s  of code ,  SEL p e r s o n n e l  g a i n e d  i n s i g h t  i n t o  t h e  s o f t -  
ware development  process  and began t o  d i s c e r n  t r e n d s  i n  t h e  

r e l a t i v e  e f f e c t s  of v a r i o u s  t e c h n i q u e s  appl ied t o  t h e  s o f t -  
ware p r o j e c t s .  T h i s  document 

0 Describes t h e  m o t i v a t i o n  and  background o f  t h e  SEL 

e Relates t h e  c o n c e p t s  and a c t i v i t i e s  of t h e  SEL 

0 Summarizes t h e  r e s u l t s  o f  SEL research 

0 Reports t h e  s t a t u s ,  c o n c l u s i o n s ,  and recommenda- 
t i o n s  of t n e  SEL 

T n i s  document is n o t  a g e n e r a l  s u r v e y  of s o f t w a r e  e n g i n e e r -  
i n g  l i t e r a t u r e .  R a t h e r ,  i t  i s  a s u r v e y  of  SEL r e s e a r c h  t h a t  
o n l y  o u t l i n e s  t n e  r e l a t i o n s h i p  of t h a t  worrc t o  t h e  a c t i v i -  
t i e s  o f  o t h e r  members o f  t h e  s o f t w a r e  e n g i n e e r i n g  community. 

The document does n o t  describe i n  d e t a i l  a l l  of t h e  r e s u l t s  
t h u s  f a r  produced by t h e  SEL. O t h e r  documents  p r o v i d e  addi- 
t i o n a l  i n f o r m a t i o n  a b o u t  SEL a c t i v i t i e s .  A p r e v i o u s  SEL 
d e s c r i p t i o n  was g e n e r a t e d  i n  1977 ( R e f e r e n c e  l), and numer- 
o u s  p a p e r s  e x p l a i n  SEL researcn e x p e r i e n c e s  w i t h  methodolo-  
g i e s ,  models ,  and measu res .  A c o m p l e t e  l i s t  o f  r e l a t ed  
documencat ion  i s  g i v e n  i n  t h e  b i b i i o g r a p h y .  T h e s e  documents  
s p a n  t h e  5 y e a r s  d u r i n g  which t h e  l a b o r a t o r y  h a s  been i n  
o p e r a t i o n  and p r o v i d e  u s e f u l  r e f e r e n c e  inater ia l  a D o u t  t n e  
s t u d i e s  c a r r i e d  o u t  by t h e  SEL. 
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T n i s  document c o n s i s t s  of the f o l l o w i n g  s e c t i o n s :  

S e c t i o n  1 - - A  g e n e r a l  overv iew o f  t h e  SEL. I n c l u d e s  
t h e  m o t i v a t i o n  f o r  t h e  c r e a t i o n  of t h e  SEL, t h e  
a reas  of c o n c e r n  f o r  t h e  s o f t w a r e  d e v e l o p e r s  a t  
GSFC, and  a d e s c r i p t i o n  of t h e  r e l e v a n t  env i ronmen t .  

S e c t i o n  2--A d e s c r i p t i o n  of t n e  o v e r a l l  o p e r a t i o n s  
of t h e  S E L .  I n c l u d e s  d e s c r i p t i o n s  of t h e  func-  
t i o n a l  o r g a n i z a t i o n  o f  t h e  SEL, t h e  da ta  c o l l e c t i o n  
and  v a l i d a t i o n  process, t h e  SEL d a t a  management 
a p p r o a c h ,  and t h e  t y p e s  of da t a  a n a l y s e s  t h a t  a re  
b e i n g  per formed w i t h  t h e  e x i s t i n g  d a t a  base and 
s o f t w a r e .  

S e c t i o n  3--A d i s c u s s i o n  cf t h e  e x p e r i m e n t a l  re- 
s u l t s .  I n c l u d e s  t h e  S E L ' s  g e n e r a l  f i n d i n g s  t o  
da te .  Organ ized  i n t o  f i v e  t o p i c s :  p r o f i l e s ,  
m e t h o d o l o g i e s ,  models,  t o o l s ,  and measures .  

S e c t i o n  4--A summary o f  t n e  s t a t u s  o f  t h e  S E L ' s  

a c t i v i t i e s .  I n c l u d e s  c o n c l u s i o n s  and recommenda- 
t i o n s .  

Appendix A--Detai led t a D u l a t i o n s  of  SEL r e s o u r c e ,  
c h a n g e / e r r o r ,  component, a n a  computer  u t i l i z a t i o n  
da ta .  

Appendix B--Summaries of  s o f t w a r e  development  p r o -  
jects  s t u d i e d  by t h e  SEL. I n c l u a e s  r e s o u r c e s ,  
s o f t w a r e ,  and env i ronmen ta l  charac te r i s t ics .  Ex- 
p e r i m e n t a l  o b j e c t i v e s  a r e  a l s o  i d e n t i f i e d .  

I n  a d d i t i o n  t o  these s i x  main s e c t i o n s ,  t h e  document a l s o  
c o n t a i n s  a g l o s s a r y  of acronyms and a b b r e v i a t i o n s  used i n  
t h e  document,  r e f e r e n c e s ,  and a b i b l i o g r a p h y .  
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i.1 THE SEL APPROACH 

E x t e n s i v e  e f f o r t s  have been  made d u r i n g  r e c e n t  y e a r s  t o  de -  
v i s e  improved s o f t w a r e  development  t e c h n i q u e s .  T h i s  work 
g e n e r a t e d  numerous t o o l s  ( e . g . ,  p r e c o m p i l e r s  and programmer 
workbenches) ,  c o s t  and r e l i a b i l i t y  models ,  and me thodo log ie s  
( e . g . ,  s t r u c t u r e d  programming and top-down d e s i g n )  ; a l l  were 
supposed  t o  improve t h e  deve lopment  p r o c e s s .  
t i o n s  o f  t n e  e f f e c t i v e n e s s  of these t e c h n i q u e s  were incom- 
p l e t e  and/or  i n c o n c l u s i v e .  T h i s  may have  been  d u e ,  i n  p a r t ,  
t o  a n  u n r e a l i s t i c  a s sumpt ion  t h a t  t n e  s o f t w a r e  development  
p r o c e s s  c o u l d  be  i s o l a t e d  from t h e  env i ronmen t  i n  which  i t  
occurs. However, no e l emen t  of  t h e  deve lopment  p r o c e s s  c a n  
be unde r s tood  o u t s i d e  t h e  c o n t e x t  o f  r e l a t ed  f a c t o r s .  

E a r l y  e v a l u a -  

F o r  example, p r o d u c t i v i t y  i n  some e n v i r o n m e n t s  may be  con-  
s t r a i n e a  by s t a f f i n g  p a t t e r n s .  Thus,  t h e  p o s s i b l e  b e n e f i -  
c i a l  e f f e c t  of a p r o d u c t i v i t y - e n h a n c i n g  methodology may 
r e m a i n  u n r e a l i z e d  and un recogn ized  because o f  a n  inappro -  
p r  i a t e  a l l o c a t i o n  o f  manpower. 

T h e  SEL approach  t o  s o f t w a r e  e n g i n e e r i n g  research is  h o l i s -  
t i c .  F i g u r e  1-1 shows the  SEL h i g h - l e v e l  s o f t w a r e  deve lop -  
ment model. I t s  f o u r  components a r e  a problem s ta tement ,  a n  
envi ronment ,  a p r o c e s s  o r  a c t i v i t y ,  and a p r o d u c t  ( s o f t -  
ware). The  deve lopment  p r o c e s s  i s  s u b d i v i d e d  i n t o  seven  
s e q u e n t i a l  p h a s e s  o f  a c t i v i t y .  T h i s  model i s  e l a b o r a t e d  
upon e l sewhere  ( R e f e r e n c e  2 ) .  A g o a l  o f  t h e  SEL,  t h e n ,  i s  
t o  r e f i n e  t h e  d e f i n i t i o n s  of  t h e  model e l e m e n t s  and t o  de- 

f i n e  t h e i r  r e l a t i o n s h i p s .  

The  f i r s t  step toward t h i s  g o a l  i s  t o  u n d e r s t a n d  t h e  s o f t -  
ware development  p r o c e s s  c u r r e n t l y  i n  o p e r a t i o n  and i t s  en- 
v i ronmen t .  I m p o r t a n t  a t t r i b u t e s  of  t n e  s o f t w a r e  problem and 
p r o d u c t s  m u s t  a l s o  be i n v e s t i g a t e d .  Such a n  u n d e r s t a n d i n g  
p r o v i d e s  a b a s e l i n e  from which  t h e  e f f e c t s  of a t t e m p t e d  
improvements c a n  be measured and  a l l o w s  t h e  i d e n t i f i c a t i o n  
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o f  s t r e n g t h s  and weaknesses  s o  t h a t  e f f o r t s  c a n  be f o c u s e d  
on  t h e  a r e a s  of g r e a t e s t  need. 

aeyond u n d e r s t a n d i n g  t h e  c u r r e n t  p r o c e s s  and e n v i r o n m e n t ,  
t h e  SEL i s  i n t e r e s t e d  i n  improving t h a t  p r o c e s s  and e n v i r o n -  
ment .  
more e f f e c t i v e  software development .  T h e  s t e p s  a re  t o  

T h e  SEL r e c o g n i z e s  a f o u r - s t e p  p r o c e d u r e  l e a d i n g  t o  

a Become aware of  t h e  deve lopment  t e c h n i q u e s  a v a i l -  
a b l e  

0 E v a l u a t e  t n e  a v a i l a b l e  t e c h n i q u e s  t o  d e t e r m i n e  
t h o s e  most e f f e c t i v e  

a Engineer  ( c u s t o m i z e )  t n o s e  " b e s t "  t e c h n i q u e s  t o  

per form o p t i m a l l y  i n  t h e  u s e r ' s  env i ronmen t  

a Apply t h e  customized t e c h n i q u e s  

T h i s  p r o c e d u r e  c a n  become t h e  basis  o f  a r e g u l a r  sys t em of 
s e l f - e v a l u a t i o n  and improvement,  whereby a s  new t e c h n i q u e s  
become a v a i l a b l e ,  t h e y  a r e  tes ted and i n c o r p o r a t e d  i n  t h e  
s o f t w a r e  development  p r o c e s s .  

T h e  SEL m a i n t a i n s  c o n t a c t  w i t h  o t h e r  s o f t w a r e  e n g i n e e r i n g  
r e s e a r c h  e f f o r t s  t h r o u g h  i t s  s p o n s o r s h i p  of  a n n u a l  workshops 
and i t s  a s s o c i a t i o n  w i t h  t h e  Depar tment  o f  Computer S c i e n c e  
a t  t n e  U n i v e r s i t y  o f  Maryland. N e w  ideas  and t e c h n i q u e s  a r e  
c o n s t a n t l y  b e i n g  i n t r o d u c e d  f o r  c o n s i d e r a t i o n .  

1.2 AREAS O F  CONCERN 

T h e  c u r r e n t  s t o r e  of knowledge a b o u t  software development  
t h a t  c a n  be c a l l e d  s c i e n t i f i c  i s  s t i l l  r e l a t i v e l y  l i m i t e d .  
However, a m u l t i t u d e  of software deve lopmen t  t e c h n o l o g i e s  
have been  e s t a b l i s h e d  on  t h i s  small  f o u n d a t i o n .  For t h e  

SEL's p u r p o s e s ,  t e c h n o l o g i e s  a r e  c l a s s i f i e d  i n t o  t h ree  major  
a r e a s  of  concern :  m e t h o d o l o g i e s ,  models, and t o o l s .  
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Methodo log ie s  a r e  s y s t e m a t i c  a p p l i c a t i o n s  o f  p r e s c r i b e d  
p r i n c i p l e s  t o  t h e  development p r o c e s s .  T h e s e  p r i n c i p l e s  may 
p e r t a i n  t o  r e q u i r e m e n t s ,  d e s i g n ,  c o d e ,  t e s t ,  o r  management. 
Examples  i n c l u d e  s t r u c t u r e d  a n a l y s i s ,  top-down d e s i g n ,  i n -  
f o r m a t i o n  h i d i n g ,  s t r u c t u r e d  programming, f o r m a l  t e s t  p l a n s ,  
and c o n f i g u r a t i o n  management. 

Models attempt t o  e x p l a i n  and/or p r e d i c t  some aspect of t h e  

b e h a v i o r  o f  t h e  development  p r o c e s s .  They a re  u s u a l l y  form- 
u l a t ed  a s  m a t n e m a t i c a l  e q u a t i o n s  ( o r  sets t h e r e o f )  t h a t  re- 
l a t e  two o r  more q u a n t i t a t i v e  f a c t o r s .  Models a re  f r e q u e n t l y  
u s e f u l  t o  management. A r e s o u r c e  u t i l i z a t i o n  model may p ro -  
v i d e  a n  es t imate  of  t h e  cost  o f  a p r o j e c t ;  a r e l i a b i l i t y  
model may i n d i c a t e  when s u f f i c i e n t  t e s t i n g  h a s  been done. 

Tools a re  s o f t w a r e  a i d s  u t i l i z e d  d u r i n g  t h e  development  
p r o c e s s  t o  f a c i l i t a t e  t h e  work o f  deve lopment  team members. 
Some examples  a r e  r equ i r emen t s  l a n g u a g e  p r o c e s s o r s ,  precom- 
p i l e r s ,  code  a u d i t o r s ,  a n d  t e s t  g e n e r a t o r s .  T h e s e  a re  o f t e n  
packaged  i n t o  a programmer workbench s y s t e m  (see Sec- 

t i o n  3 . 4 ) .  

T h e  maximum b e n e f i t  may b e  d e r i v e d  by a p p l y i n g  s e v e r a l  of  
these t e c h n i q u e s  t o  a s o f t w a r e  deve lopment  p r o j e c t .  T h e  

r a t i o n a l  a p p l i c a t i o n  of  t h e s e  moaern programming and manage- 
ment practices h a s  become known a s  " s o f t w a r e  e n g i n e e r i n g . "  
I t  i s  a s c i e n t i f i c  approach  t o  s o f t w a r e  deve lopment  t h a t  
a t tempts  t o  i n c o r p o r a t e  t h e  s t r u c t u r e  and  d i s c i p l i n e  t h a t  
u n d e r l i e  more t r a d i t i o n a l  e n g i n e e r i n g  a c t i v i t i e s .  T h e  ex-  
p e c t e d  r e s u l t  o f  such  a n  approach is  t h e  p r o d u c t i o n  of  
h i g h - q u a l i t y  s o f t w a r e  w i t h  fewer e r r o r s  a t  a lower  c o s t .  
However, a p r e r e q u i s i t e  t o  t h e  a p p l i c a t i o n  of  s o f t w a r e  e n g i -  
n e e r i n g  t e c h n i q u e s  is t h e  d e t e r m i n a t i o n  of  t h e  e f f e c t i v e n e s s  
o f  t h e  a v a i l a b l e  t e c h n o l o g i e s  w i t h i n  t h e  t a r g e t  env i ronmen t .  
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S e c t i o n  3 c o n t a i n s  d e t a i l e d  e v a l u a t i o n s  of  t h e  methodolo-  
g i e s ,  models ,  and t o o l s  i n  t h e  sof tware e n g i n e e r ' s  r e p e r -  
t o i r e  a s  t h e y  have  been employed i n  t h e  GSFC env i ronmen t .  
T h e  n e x t  s u b s e c t i o n  d i s c u s s e s  t h e  s p e c i f i c  o b j e c t i v e s  o f  t h e  

SEL. 

1 . 3  OBJECTI-aS O F  THE SEL 

T h e  o v e r a l l  o b j e c t i v e  of  t h e  SEL is  t o  u n d e r s t a n d  t h e  s o f t -  
ware development  p r o c e s s  and t h e  ways i n  w h i c h  it c a n  be 
a l t e r e d  t o  improve t h e  q u a l i t y  and  t o  r e d u c e  t h e  c o s t  o f  t h e  

p r o d u c t .  However, t h e  SEL h a s  aef i n e d  some i n t e r m e d i a t e  
ob jec t ives  w i t h i n  t h e  p r e v i o u s l y  d e f i n e d  areas  o f  c o n c e r n  
t h a t  w i l l  h e l p  meet t h a t  g e n e r a l  g o a l .  T h e s e  o b j e c t i v e s  
f a l l  i n t o  two classes: e x p e r i m e n t a t i o n  and  communicat ion.  

E x p e r i m e n t a t i o n  i n v o l v e s  e v a l u a t i n g  e x i s t i n g  s o f t w a r e  d e v e l -  
opment t e c h n o l o g i e s  ( p r e v i o u s l y  d e f i n e d  i n  S e c t i o n  1 . 2 )  and  
d e v e l o p i n g  new t e c h n o l o g i e s .  
a r e  t o  

S p e c i f i c  o b j e c t i v e s  of  t h e  SEL 

a Conduct c o n t r o l l e d  e x p e r i m e n t s  
a E v a l u a t e  s o f t w a r e  deve lopmen t  m e t h o d o l o g i e s  
a E v a l u a t e  software deve lopmen t  t o o l s  
a Analyze c o s t  e s t i m a t i o n  models 
0 Analyze s o f t w a r e  r e l i a b i l i t y  models 
a Develop a s e t  o f  s o f t w a r e  q u a l i t y  metrics 

T h e  r e s u l t s  of e x p e r i m e n t a t i o n  must  be i n c o r p o r a t e d  i n  t h e  

s o f t w a r e  development  p r o c e s s  t o  improve it. T h i s  p r o c e s s  
r equ i r e s  communication between researchers and d e v e l o p e r s .  
S p e c i f i c  communicat ions o b j e c t i v e s  of  t h e  SEL a r e  t o  

a Devise  software deve lopmen t  s t a n d a r d s  

a Develop software management g u i d e l i n e s  

a P r o v i d e  real- t ime feedback t o  deve lopmen t  teams 
be ing  mon i to red  
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o M a i n t a i n  c o n t a c t  wi th  t h e  s o f t w a r e  e n g i n e e r i n g  re- 
search community 

C l e a r l y ,  t h e  o b j e c t i v e s  o f  t h e  SEL r e f l e c t  i t s  m u l t i s t e p  
approach  t o  s o f t w a r e  e n g i n e e r i n g ,  as  described i n  t h e  p r e -  
v i o u s  s e c t i o n s .  S e c t i o n  1.4 describes t h e  env i ronmen t  i n  
which  t h e  SEL works t o  ach ieve  t h o s e  o b j e c t i v e s .  

1 . 4  FLIGHT DYNAMICS EN.VIRONMENT 

T h e  deve lopment  envi ronment  must be c l e a r l y  u n d e r s t o o d  t o  
e v a l u a t e  any  software development  approach  e f f e c t i v e l y .  
T h i s  s u b s e c t i o n  descr ibes  the deve lopment  env i ronmen t  of  t h e  
p r o j e c t s  s t u d i e d  by t h e  SEL. T h e  d i s c u s s i o n  i s  d i v i d e d  i n t o  
three s e c t i o n s :  t h e  development  o r g a n i z a t i o n ,  nardware  re- 
s o u r c e s ,  and  charac te r i s t ics  of t h e  s o f t w a r e  deve loped .  

1.4.1 FLIGHT DYNAMICS ORGANIZATION 

The  d a t a  used i n  t h e  a n a l y s e s  described i n  t h i s  document was 
c o l l e c t e d  from s o f t w a r e  development  p r o j e c t s  w i t h i n  t h e  
f l i g h t  dynamics area o f  NASA/GSFC, under  t h e  s u p e r v i s i o n  of 
t h e  Sys tems Development S e c t i o n .  Most of  t h e  s o f t w a r e  de- 

velopment  e f f o r t  was provided by  a n  i n d e p e n d e n t  c o n t r a c t o r ,  
a l t h o u g h  a t  times GSFC p e r s o n n e l  p a r t i c i p a t e d  i n  deve lop-  

ment .  T h i s  s u b s e c t i o n  o u t l i n e s  t h e  o r g a n i z a t i o n  of  a d e v e l -  
opment team composed of GSFC and  c o n t r a c t o r  p e r s o n n e l .  

The members o f  a team s u p p o r t i n g  a t y p i c a l  software develop-  
ment p r o j e c t  and t h e i r  d u t i e s  a r e  i d e n t i f i e d  i n  T a b l e  1-1. 

T h i s  team i n c l u d e s  managers ,  programmers,  and l i b r a r i a n s .  

F i g u r e  1 - 2  i l l u s t r a t e s  t h e  o r g a n i z a t i o n  o f  a deve lopment  
team. T h e  i n t e r a c t i o n s  o f  tne members o f  a development  team 
w i t h  t h e  SEL are  shown i n  F i g u r e  1-3 .  T h e  o r g a n i z a t i o n  of  
t h e  SEL i s  e x p l a i n e d  i n  S e c t i o n  2.1.  

0 
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1 . 4 . 2  HARDWARE RESOURCES 

i. 

The development  hardware h a s  remained f a i r l y  c o n s t a n t  from 
p r o j e c t  t o  p r o j e c t  d u r i n g  the p a s t  5 y e a r s  of  SEL a c t i v i t y .  
T h e s e  compute r s  are l i s t e d  i n  Table  1 - 2 .  T h e  p r i m a r y  d e v e l -  

opment and  o p e r a t i o n s  equipment is a g roup  o f  IBM S/360 com- 
p u t e r s .  The  machine t h a t  s u p p o r t s  most  development  a c t i v i t y  
is t h e  S/360-95.  However, development  p r o j e c t s  a l s o  u s e  t h e  
S /360-75 ,  p r i m a r i l y  f o r  g r a p h i c s  sys t em t e s t i n g .  I n  a d d i -  
t i o n  t o  t h e  IBM S / 3 6 0 s ,  a DEC PDP-11/70 and a DEC V A X - 1 1 / 7 8 0  
are  o c c a s i o n a l l y  used  t o  deve lop  u t i l i t i e s  and  s u p p o r t  s y s -  
t e m s  f o r  t h e  f l i g h t  dynamics a r e a .  

Tab le  1-2.  F l i g h t  Dynamics Computers 

Computer O p e r a t i o n  

IBM S /360-95  Batch 
IBM S/360-75  Batch 
DEC VAX-11/780 I n t e r a c t i v e  
DEC PDP-11/70 I n t e r a c t i v e  

Memory ( B y t e s )  

5000K 
3000K 
1000Ka 

756K 

V i r t u a l  memory s p a c e  of 4 g i g a b y t e s .  a 

Both t h e  S/360-95  and - 7 5  a r e  p r i m a r i l y  b a t c h  loaded .  How- 
e v e r ,  t h e  S/360-75  is c a r d  deck o r i e n t e d ,  whereas  t h e  

S /360-95  r e c e i v e s  a l a r g e  p a r t  of i t s  work v i a  t i m e s h a r i n g  
o p t i o n  (TSO) s u b m i t t a l .  The p r i m a r y  l anguage  used by t h e  
l o c a l  s o f t w a r e  community is FORTRAN o r  a l o c a l l y  deve loped  
s t r u c t u r e d  v a r i a n t  of FORTRAN cal led SFORT. Usage of  A s -  

sembly Language Code (ALC)  and o t h e r  l a n g u a g e s  i s  l i m i t e d  t o  
s p e c i a l  a p p l i c a t i o n s .  

V a r i o u s  d e v i c e s  a r e  a v a i l a b l e  f o r  user s t o r a g e  of s o f t w a r e  
l i b r a r i e s .  Nountable  d i s k  and magne t i c  t a p e  c a n  be used t o  
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s t o r e  s o u r c e  c o d e ,  l o a d  modules ,  and  d a t a  i n  g e n e r a l .  On- 
l i n e  d i s k  s p a c e  f o r  g e n e r a l  users is  v e r y  l imi t ed .  

Al though  t h e  S/360-95 h a s  5 m i l l i o n  b y t e s  of main memory, 
spec ia l  r e q u i r e m e n t s  and d a i l y  o p e r a t i o n a l  suppor t  a c t i v i -  
t i e s  reduce t h e  memory a v a i l a b l e  t o  t h e  g e n e r a l  u s e r  t o  
a b o u t  2 m i l l i o n  b y t e s .  T h i s  machine h a s  n e a r l y  1 0 0 0  r e g i s -  
t e red  u s e r s  c o n t e n d i n g  f o r  s e r v i c e .  

Because  machines  a r e  shared among t h e  a n a l y s i s ,  software 
development ,  and o p e r a t i o n s  a r eas ,  s o f t w a r e  deve lopment  
s c h e d u l e s  a r e  a f f e c t e d  when s i m u l a t i o n s ,  l a u n c h e s ,  and ma- 
n e u v e r s  occur. Dur ing  these  times, t h e  o p e r a t i o n s  and 
a n a l y s i s  a r e a s  o f t e n  r e q u i r e  a l l  a v a i l a b l e  r e s o u r c e s .  

For  a l l  s y s t e m  t e s t i n g  and d i a g n o s t i c  t e s t i n g  i n v o l v i n g  
g r a p h i c s  c a p a b i l i t i e s ,  t h e  d e v e l o p e r  must  s c h e d u l e  time on 
one  of t h e  c o m p u t e r s  i n  o r d e r  t o  g a i n  access t o  one of  t h e  

g r a p h i c  devices  ( s u c h  a s  a n  IBM 2 2 5 0 ) .  A l though  cathode r a y  
t u b e s  (CRTs)  a r e  a v a i l a b l e  c o n t i n u o u s l y  f o r  e d i t i n g  o r  j o b  
s u l s m i t t a l ,  o n l y  a few t r u e  g r a p h i c  d e v i c e s  ( i . e . ,  t h o s e  hav- 
i n g  v e c t o r  g e n e r a t i o n  c a p a b i l i t i e s )  a r e  a v a i l a b l e  f o r  s y s t e m  
development .  

1 . 4 . 3  SOFTWARE CHARACTERISTICS 

T h e  g e n e r a l  c a t e g o r y  o f  f l i g h t  dynamics  sof tware i n c l u d e s  
a p p l i c a t i o n s  t o  support  a t t i t u d e  d e t e r m i n a t i o n ,  a t t i t u d e  
c o n t r o l ,  maneuver p l a n n i n g ,  o r b i t  a d j u s t m e n t ,  and g e n e r a l  
m i s s i o n  a n a l y s i s .  Most of  these programs a re  s c i e n t i f i c  and 
ma themat i ca l  i n  n a t u r e .  The  a t t i t u d e  s y s t e m s ,  i n  p a r t i c -  
u l a r ,  a r e  a l a r g e  and homogeneous g r o u p  of s o f t w a r e  t h a t  h a s  

been  s t u d i e d  e x t e n s i v e l y .  T h e  a t t i t u d e  d e t e r m i n a t i o n  and 
C o n t r o l  s y s t e m s  a r e  d e s i g n e d  s i m i l a r l y  f o r  e a c h  m i s s i o n  
u s i n g  a s t a n d a r d  e x e c u t i v e  s u p p o r t  package, t h e  Graphic  

E x e c u t i v e  s u p p o r t  Sys tem (GESS), a s  t h e  c o n t r o l l i n g  sys tem.  
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T y p i c a l l y ,  a t t i t u d e  sys t ems  read s e n s o r  measurements  f rom a 
t e l e m e t r y  stream and de te rmine  t h e  a t t i t u d e  of t h e  space- 
c r a f t  f rom t h i s  data.  Depending o n  t h e  t y p e s  of da ta  a v a i l -  
a b l e  and t h e  a c c u r a c i e s  required, t h e  s i z e  o f  these s y s t e m s  
may r a n g e  from 3 0 , 0 0 0  l i n e s  of  c o d e  t o  a b o u t  1 2 0 , 0 0 0  l i n e s  
of code. A l l  t h e s e  s y s t e m s  are  d e s i g n e d  t o  run  i n  batch 
and /o r  i n t e r a c t i v e  g r a p h i c  mode. Some e x i s t i n g  s o f t w a r e  c a n  
be  r e u s e d  f o r  each new system, s i n c e  t h e r e  are  a lways  some 
s i m i l a r i t i e s  t o  p a s t  sys t ems ,  e s p e c i a l l y  i n  t h e  h i g h - l e v e l  
d e s i g n .  The p e r c e n t a g e  of  r eused  code r a n g e s  from 10 per- 
c e n t  t o  a n  upper  l i m i t  of  n e a r l y  70  p e r c e n t .  

A l l  a p p l i c a t i o n s  deve loped  i n  t h e  f l i g h t  dynamics area of  
GSFC have  development  t i m e  c o n s t r a i n t s  c o r r e s p o n d i n g  t o  
l a u n c h  da tes .  Most of  t h e  s o f t w a r e  discussed i n  t h i s  docu- 
ment m u s t  be comple t ed  ( imply ing  c o m p l e t i o n  o f  a c c e p t a n c e  
t e s t i n g )  6 0  d a y s  b e f o r e  t h e  s c h e d u l e d  l a u n c h .  I f  t h e  s o f t -  
ware i s  n o t  comple t ed ,  r e q u i r e d  c a p a b i l i t i e s  must be de le ted  

or r e d e f i n e d ,  and a n  a l t e r n a t e  v e r s i o n  of t h e  i n t e n d e d  sys- 
t e m  must  D e  d e f i n e d  t o  e n s u r e  t h a t  the  m i s s i o n  c a n  be sup-  
p o r t e d  i n  some l imi t ed  f a s h i o n .  

T h e  deve lopment  p r o c e s s  normally b e g i n s  a p p r o x i m a t e l y  1 6  t o  
24  months before  a schedu led  l a u n c h  i n  o r d e r  t o  be comple t ed  
t w o  months i n  advance  of  launch.  T h i s  deve lopment  p e r i o d  i s  
d i v i d e d  i n t o  p h a s e s  a s  shown i n  T a b l e  1-3.  
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Table 1 - 3 .  T h e  Development Cycle 

Development Phase 

Design 
Requirements Analysis 
Preliminary Design 
Detailed Design 

Time (Months)  

4 - 8  
1 - 3  
1 - 2  
2 - 3  

Code and Unit Test 6-8 
Testing 

System Testing 
Acceptance Testing 

4 - 6  
2 - 3  
2 - 3  
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SECTION 2 - SEL OPERATIONS 

T h e  SEL i s  i n v o l v e d  i n  many a s p e c t s  of  s o f t w a r e  e n g i n e e r i n g  
r e s e a r c h .  However, t h e  u l t i m a t e  g o a l  o f  t h e  SEL is t h e  ac- 
t u a l  a p p l i c a t i o n  o f  improved t e c h n i q u e s  t o  t h e  s o f t w a r e  de- 
ve lopment  process. T h e  p r e r e q u i s i t e s  f o r  a c h i e v i n g  t h i s  

g o a l  ( a s  described i n  S e c t i o n  1 . 2 )  are  t h e  e v a l u a t i o n  of 
a v a i l a b l e  s o f t w a r e  development  t e c h n i q u e s  and t h e  cus tomiza -  
t i o n  o f  them t o  f i t  t h e  GSFC env i ronmen t .  E v a l u a t i o n  and 
c u s t o m i z a t i o n  a r e  a n a l y t i c a l  a c t i v i t i e s  r e q u i r i n g  t h e  c o l -  
l e c t i o n ,  v a l i d a t i o n ,  and  management of d a t a .  On t h e  o t h e r  
hand ,  a p p l i c a t i o n  is  promoted by management and t r a i n i n g .  
The  f o l l o w i n g  s u b s e c t i o n s  d e s c r i b e  t h e  SEL o r g a n i z a t i o n  and 
i t s  r e l a t i o n s h i p  t o  s o f t w a r e  deve lopment  management, as  w e l l  
a s  t h e  d a t a  c o l l e c t i o n  a n d  a n a l y s i s  a c t i v i t i e s  of t h e  SEL. 

2.1 SEL ORGANIZATION 

T h i s  s u b s e c t i o n  d e s c r i b e s  t h e  g e n e r a l  o r g a n i z a t i o n  of t h e  

SEL and i t s  r e l a t i o n s h i p  t o  s o f t w a r e  development  manage- 
ment.  P a r t i c i p a n t s  i n  t h e  SEL i n c l u d e  t h e  f o l l o w i n g  t y p e s  
of  p e r s o n n e l :  

0 Managers 
0 P r og r amme r s 

0 Data base a d m i n i s t r a t o r  
0 Data t e c h n i c i a n s  
0 Researchers 

T h e  o r g a n i z a t i o n a l  s t r u c t u r e  o f  t h e  SEL is  i l l u s t r a t e d  i n  
F i g u r e  2-1 .  

f i n e d  i n  t h a t  f i g u r e  a r e  d e s c r i b e d  i n  Table  2-1 .  T h e  i n t e r -  
a c t i o n  of  t h e  SEL w i t h  members o f  s o f t w a r e  development  teams 
i s  shown i n  F i g u r e  1-3.  

The a c t i v i t i e s  c o r r e s p o n d i n g  t o  t h e  r o l e s  de- 
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The SEL d i r e c t o r  and c o n t r a c t o r  c o o r d i n a t o r  a r e  a l s o  i n -  
v o l v e d  i n  t h e  management of  t h e  s o f t w a r e  deve lopment  pro-  
j ec t s  under s t u d y ,  f r e q u e n t l y  as t h e  A s s i s t a n t  T e c h n i c a l  
R e p r e s e n t a t i v e  (ATR) and p r o j e c t  manager ,  r e s p e c t i v e l y  (see 
S e c t i o n  1 . 4 . 1 )  . Combining t h e  management o f  development  
p r o j e c t s  and research a c t i v i t i e s  i n t o  t h e  j o i n t  r o l e s  of  t h e  

SEL d i r e c t o r  and c o n t r a c t o r  c o o r d i n a t o r  f a c i l i t a t e s  t h e  work 
O f  t h e  SEL. P o l i t i c a l  and o r g a n i z a t i o n a l  c o n f l i c t s  between 
t h e  t w o  a c t i v i t i e s  a re  avo ided .  Moreover ,  p r o j e c t s  can  be 
c l o s e l y  moni tored  t o  e n s u r e  t h a t  t h e  a p p r o p r i a t e  e x p e r i -  
m e n t a l  d e s i g n  i s  f o l l o w e d .  F i n a l l y ,  t e c h n i q u e s  t h a t  have 
been  proved  e f f e c t i v e  c a n  t h e n  b e  d i r e c t l y  implemented w i t h -  

o u t  a d d i t i o n a l  a d m i n i s t r a t i v e  c o m p l i c a t i o n s .  

2 . 2  DATA COLLECTION 

T h e  bas i s  of s o f t w a r e  development  research i s  t h e  c o l l e c t i o n  
o f  e x p e r i m e n t a l  d a t a .  
f o r t  of  a p p l i c a t i o n s  programmers,  a s s o c i a t e d  management p e r -  
s o n n e l ,  and l i b r a r y  p e r s o n n e l .  T h e  r e s p o n s i b i l i t i e s  of each 
g r o u p  a re  d e f i n e d  a t  t h e  b e g i n n i n g  o f  a p r o j e c t  t o  e n s u r e  
a c c u r a t e ,  comple t e ,  and t i m e l y  c o l l e c t i o n  o f  i n f o r m a t i o n .  
C o l l e c t e d  da t a  i s  r e c o r d e d  on t h e  SEL da ta  base and i n  t h e  

SEL C e n t r a l  L i b r a r y .  T h e  au tomated  d a t a  base o r g a n i z a t i o n  
is d i s c u s s e d  i n  S e c t i o n  2 . 4 .  T h e  c e n t r a l  l i b r a r y  c o n t a i n s  
t h e  f o l l o w i n g  items: 

Data c o l l e c t i o n  i s  a c o o r d i n a t e d  e f -  

0 All o r i g i n a l  s o f t w a r e  e n g i n e e r i n g  forms 

0 M i c r o f i c h e  c o p i e s  of  forms  

0 Computer a c c o u n t i n g  shee t s  

0 Copies  of  coded and v a l i d a t e d  f o r m s  

0 Master r e s o u r c e  summary, i n c l u d i n g  p l o t s  and t a b l e s  
produced from forms and computer  a c c o u n t i n g  shee ts  

0 Weekly SEL da ta  base a c t i v i t y  summaries 
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0 Documenta t ion  f o r  a l l  p r o j e c t s  ( i n c l u d i n g  func -  
t i o n a l  s p e c i f i c a t i o n s  and d e s i g n  documents )  

0 All paper r e c o r d s  of da t a  base t r a n s a c t i o n s  

Data co l l ec t ed  by t h e  SEL comes from f i v e  major  s o u r c e s :  
s o f t w a r e  e n g i n e e r i n g  f o r m s ,  computer  a c c o u n t i n g ,  p e r s o n a l  
i n t e r v i e w s ,  au tomated  t o o l s ,  'and management summaries .  A 

g e n e r a l  d i s c u s s i o n  of d a t a  c o l l e c t i o n  p r o c e d u r e s  may be 
found i n  Gu ide  t o  Data C o l l e c t i o n  ( R e f e r e n c e  2 ) .  Each o f  
t h e  s o u r c e s  c i t ed  and t h e  manner i n  w h i c h  t h a t  d a t a  is c o l -  
lected a re  o u t l i n e d  i n  one  of t h e  f o l l o w i n g  s u b s e c t i o n s .  

2.2.1 SOFTWARE ENGINEERING FORMS 

T h e  p r i m a r y  medium f o r  c o l l e c t i n g  p e r t i n e n t  i n f o r m a t i o n  on 
software development  is a s e r i e s  o f  d a t a  c o l l e c t i o n  forms 
t h a t  a r e  f i l l e d  o u t  by development  team members. Forms a re  
s u b m i t t e d  by t h e  d e v e l o p e r s ,  who p r o v i d e  d e t a i l e d  informa-  
t i o n ;  t h e  manage r s ,  who p r o v i d e  summary i n f o r m a t i o n ;  and  SEL 

p e r s o n n e l ,  who o b t a i n  a c c o u n t i n g  and s o u r c e - c o d e  a c t i v i t y  
i n f o r m a t i o n .  T h e  SEL d a t a  c o l l e c t i o n  f o r m s  were d e s i g n e d  t o  
a l l o w  t h e  c o l l e c t i o n  of d a t a  w i t h  t h e  minimum impact on de- 

v e l o p e r s .  

S e v e n  basic t y p e s  o f  form have e v o l v e d  f o r  use w i t h  t h e  

SEL.  These  forms a r e  l i s t e d  and d e s c r i b e d  i n  T a b l e  2 - 2 .  
More d e t a i l e d  i n f o r m a t i o n  abou t  t h e  forms, i n c l u d i n g  facsim- 
i l es ,  c a n  be o b t a i n e d  from t h e  SEL Data Base O r g a n i z a t i o n  
and  User 's  Gu ide  ( R e f e r e n c e  3 ) .  

All fo rms  a r e  rev iewed f o r  c o m p l e t e n e s s  and c o n s i s t e n c y  by 
each p r o j e c t  leader b e f o r e  t h e  forms a r e  s u b m i t t e d  t o  t h e  

SEL. Once t h e  forms a r e  de te rmined  t o  be  c o m p l e t e  and ac- 
c u r a t e ,  t h e y  a r e  s e n t  t o  t h e  SEL da ta  p r o c e s s i n g  g roup .  T n e  

f o r m s  a r e  t h e n  logged  i n  t h e  l i b r a r y  and  p r e p a r e d  f o r  e n t r y  
i n t o  t h e  SEL da ta  base. Forms p r o c e s s i n g  is  examined i n  
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T a b l e  2 -2 .  SEL Data C o l l e c t i o n  F o r m  

Form D e s c r i p t i o n  o f  C o n t e n t  - 
G e n e r a l  P r o j e c t  Computer r e s o u r c e s  u s e d ,  s t a r t i n g  and 
Summary e n d i n g  da t e s  of each p h a s e ,  c o s t  

i n f o r m a t i o n ,  s i z e  of  product ,  
m e t h o d o l o g i e s  and t o o l s  used i n  each 
phase o f  deve lopmen t ,  p e r s o n n e l  
i n v o l v e d ,  s t a n d a r d s  used ,  
d o c u m e n t a t i o n  p r o d u c e d ,  problems 
a n t i c i p a t e d ,  and q u a l i t y  a s s u r a n c e  
i n f o r m a t i o n  

Change Repor t  

R e s o u r c e  Summary 

Component S t a t u s  

Component summary 

Run A n a l y s i s  

Change d e s c r i p t i o n ,  components  
changed ,  e f f o r t  t o  change ,  t y p e  o f  
change  o r  e r r o r ,  and a c t i v i t i e s  u s e d  
t o  v a l i d a t e  c h a n g e s ,  t o  de t ec t  e r r o r s ,  
and t o  f i n d  t h e i r  c a u s e  
Number of h o u r s  o f  w o r k t i m e  per w e e k  
p e r  s t a f f  member s p e n t  o n  a p a r t i c u l a r  
p r o j e c t ,  computer  u s a g e ,  and o t h e r  
c h a r g e s  
T i m e  s p e n t  d u r i n g  t h e  w e e k  i n  a 
c e r t a i n  a c t i v i t y  o f  component 
deve lopment  ( e . g . ,  d e s i g n ,  t e s t i n g ,  o r  
documen ta t  i o n )  
I n t e r f a c e s ,  programming l a n g u a g e ,  com- 
p l e x i t y ,  r e s o u r c e s  r e q u i r e d  f o r  each 
phase of  deve lopmen t ,  r e l a t i o n  to 
other  components ,  and  c o d e  
s p e c i f i c a t i o n s  
Computer u s e d ,  p u r p o s e  of t h e  r u n ,  
t y p e  o f  r u n ,  run  r e s u l t s ,  and comments 

Main tenance  R e p o r t  S u b s e t  of change  r epor t  w i t h  some 
m a i n t e n a n c e - s p e c i f  i c  q u e s t i o n s  
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d e t a i l  i n  t n e  SEL Data Base Main tenance  Svs tem (DBAM) User ' s  
a 

G u i d e  and Sys tem D e s c r i p t i o n  ( R e f e r e n c e  4 ) .  DBAM is  t h e  

i n t e r a c t i v e  da ta  e n t r y  system. 

Computer a c c o u n t i n g  s t a t i s t i c s  f o r  p r o j e c t s  u s i n g  t n e  
IBM S/360-95 and IBM S/360-75 compute r s  a re  a u t o m a t i c a l l y  
c o l l e c t e d  f o r  each j o b  by t h e  S/360 o p e r a t i n g  s y s t e m s  a t  
e x e c u t i o n  t i m e .  C e n t r a l  p r o c e s s i n g  u n i t  (CPU) t i m e ,  i n p u t /  
o u t p u t  ( I / O )  time, j o b  t y p e ,  and j o b  t e r m i n a t i o n  s t a t u s  
( e r r o r  code )  a r e  r eco rded .  T h i s  da ta  i s  made a v z i l a b l e  t o  
t h e  SEL o n  a computer  t a p e  and/or a s  a p r i n t e d  b iweekly  ac- 
c o u n t i n g  summary. Data on  t h e  comguter  t a p e s  i s  condensed  
i n t o  t o t a l s  f o r  4-hour b l o c k s  and s a v e d  on t h e  d a t a  b a s e .  
Account ing  sheets a r e  s e n t  t o  t h e  l i b r a r i a n s  by t h e  Data 

Base A d m i n i s t r a t o r  ( D B A ) .  T h i s  i n f o r m a t i o n  c a n  be used t o  
c r o s s - c h e c k  t h e  da t a  r e p o r t e d  i n  t h e  r e s o u r c e  summary, com- 
p o n e n t  summary, and computer program r u n  a n a l y s i s  r e p o r t  
forms .  

a 
2 . 2 . 3  PERSONAL INTERVIEWS 

I n t e r v i e w s  a r e  used t o  v a l i d a t e  t h e  a c c u r a c y  o f  t h e  d a t a  
c o l l e c t e d  o n  t h e  forms and t o  supp lemen t  t h a t  i n f o r m a t i o n  i n  
a r e a s  of  u n c e r t a i n t y  and  probable  e r r o r .  B a s i c a l l y ,  t w o  

d i f f e r e n t  t y p e s  of  i n t e r v i e w s  a re  c o n d u c t e d :  spo t - check  
i n t e r v i e w s  and.management in -dep th  i n t e r v i e w s .  

Spot -check  i n t e r v i e w s  a re  conducted  by a n  a n a l y s t  w i t h  t h e  

p r o j e c t  p e r s o n n e l  who fill o u t  t h e  forms .  A check  is  made 

t o  d e t e r m i n e  t h a t  t h e y  have  g i v e n  c o r r e c t  and comple t e  in -  
f o r m a t i o n  a s  i n t e r p r e t e d  by a n  i n d e p e n d e n t  o b s e r v e r .  Agree- 
ment i s  l o o k e d  f o r  i n  such  a r e a s  a s  t h e  c a u s e  o f  an  e r r o r  o r  
t n e  p o i n t  i n  t h e  development p r o c e s s  a t  which  t h e  e r r o r  was 
c a u s e d  o r  d e t e c t e d .  I f  n e c e s s a r y ,  t h e  form i s  m o d i f i e d ;  t h e  
c o r r e c t e d  forn is  t h e n  p rocessed  l i K e  any  o t h e r  form. a 
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I n - d e p t h  i n t e r v i e w s  a r e  h e l d  t o  g a t h e r  i n f o r m a t i o n  on man- 
agement d e c i s i o n s  ( e . g . ,  why a p a r t i c u l a r  p e r s o n n e l  o r g a n i -  

z a t i o n  w a s  c h o s e n ) .  These  i n t e r v i e w s  c o v e r  t h e  k i n d s  of 
p o i n t s  t h a t  o f t e n  r e q u i r e  d i s c u s s i o n  ra ther  t h a n  a simple 
answer a n  a form. 

2.2.4 AUTOMATED DATA COLLECTION TOOLS 

Two t y p e s  of  automated t o o l s  a r e  used  by t h e  SEL f o r  d a t a  
c o l l e c t i o n :  a FORTRAN s o u r c e  code  a n a l y z e r  and  a l i b r a r y  
mon i to r . '  The da t a  from these s o u r c e s  i s  one  o f  t h e  most 
o b j e c t i v e  and r e l i a b l e  da ta  t y p e s  a v a i l a b l e  t o  t h e  SEL. 

The  FORTXAN S t a t i c  S o u r c e  Code Ana lyze r  Program (SAP) is a 

s i n g l e - p a s s  FORTRAN i n t e r p r e t e r  ( w i t h  no  e x e c u t i o n  p n a s e )  
t h a t  p roduces  s t a t i s t i c s  on o c c u r r e n c e s  of s t a t e m e n t s  a n a  
s t r u c t u r e s  w i t h i n  a FORTRAN s o u r c e  program. T h e  program 
a c c e p t s ,  as i n p u t ,  s y n t a c t i c a l l y  c o r r e c t  FORTRAN s o u r c e  c o d e  
w r i t t e n  for the DEC PDP-11/70 FORTRAN I V  PLUS c o m p i l e r  o r  
t h e  IBM S/360 FORTRAN I V  L e v e l  H compiler. Component - leve l  
and summary s t a t i s t i c s  a r e  c a l c u l a t e d .  
c l u d e  "Halstead Measures" ( c o u n t s  of t h e  nuinber of  o p e r a t o r s  
a n a  ope rands ,  R e f e r e n c e  5)  and  "McCabe's Measure" ( a  c o u n t  
of t h e  number of  d e c i s i o n s  i n  a component ,  R e f e r e n c e  6)  as  
w e l l  a s  t r a d i t i o n a l  measu res  such  as t h e  number of e x e c u t -  
ab l e  s t a t e m e n t s .  S o u r c e  code  from t h e  IBM S/360 is  c o p i e d  
t o  t a p e  by t h e  l i b r a r i a n s  a t  t h e  c o m p l e t i o n  of a p r o j e c t ;  
t h e n  t h e  t a p e  i s  p r o c e s s e d  on  t h e  DEC PDP-11/70 w i t h ' S A P .  

SAP p roduces  a n  o u t p u t  f i l e  t h a t  i s  p r o c e s s e d  by a spec ia l  
program t o  check  f o r  d u p l i c a t e  names and  t o  i n c o r p o r a t e  a l l  
p e r t i n e n t  i n f o r m a t i o n  i n  t h e  SEL da t a  base. 

T h e  s t a t i s t i c s  i n -  



T h e  PANVALET Program Management and S e c u r i t y  System is u s e d  
t o  e s t a b l i s h ,  m a i n t a i n ,  and c o n t r o l  a c e n t r a l  l i b r a r y  of  
S o u r c e  programs and card image d a t a  f i l e s  ( d a t a  s e t s ) .  D i -  

r e c t o r y  r epor t s  c a n  be g e n e r a t e d  t h a t  show t h e  s t a t u s ,  num- 
ber of s t a t e m e n t s ,  v e r s i o n  number ,  date  o f  l a s t  access, and 
s e v e r a l  o the r  s ta t is t ics  f o r  each d a t a  se t .  When g e n e r a t e d  
on a r e g u l a r  bas i s ,  t h e s e  r e p o r t s  show t h e  growth  h i s t o r y  o f  
s o u r c e  programs i n  t h e  PANVALET l i b r a r y .  A l i b r a r y  a n a l y s i s  
repor t  is  a l s o  a v a i l a b l e  t h a t  c o n t a i n s  t h e  a v e r a g e s ,  per- 
c e n t a g e s ,  and  t o t a l s  of the number of s ta tements ,  b l o c k s ,  
and  da t a  sets i n  t h e  PANVALET l i b r a r y .  These  s t a t i s t i c s  c a n  
be b r o k e n  down by  da ta  s e t  name p r e f i x e s  o r  a s  o the r  s u b s e t s  
of t h e  l i b r a r y .  

PANVALET o u t p u t  i s  examined e v e r y  2 w e e k s .  T h e  g rowth  and 
change  h i s t o r y  o f  t h e  c o d e  is  recorded and e n t e r e d  i n t o  t h e  

SEL da ta  base. 

2 . 2 . 5  SUMMARY MANAGEMENT INFORMATION 

Two t y p e s  o f  summary management i n f o r m a t i o n  a r e  c o l l e c t e d .  
F i r s t ,  s u b j e c t i v e  e v a l u a t i o n  d a t a  i s  g e n e r a t e d  d u r i n g  a re- 
v iew o f  a p r o j e c t  by key SEL and deve lopmen t  members f a m i l -  
i a r  w i t h  t n e  p ro j ec t .  T h e  q u a l i t y  of t h e  d e l i v e r e d  p r o d u c t  
and  i t s  d e v e l o p n e n t  h i s t o r y  a r e  c o n s i d e r e d .  Second,  summary 
s t a t i s t i c s  are  a l s o  c o l l e c t e d :  these i n c l u d e  l i n e s  o f  code ,  
r e s o u r c e s  u s e d ,  and number of components .  T o g e t h e r ,  t h i s  
d a t a  f u l l y  descr ibes  t h e  deve loped  p r o d u c t ,  p r o c e s s ,  and 
e n v i r o n m e n t  a t  t h e  p r o j e c t  l e v e l .  

B e f o r e  t h e  s t a r t  of development ,  a n  e x p e r i m e n t a l  d e s i g n  (see 
S e c t i o n  2 . 5 )  and development t e c h n i q u e s  a r e  chosen .  During 
deve lopmen t ,  a n  e f f o r t  is made t o  e n s u r e  t h a t  these  tech- 
n i q u e s  and me thodo log ie s  a r e  used .  SEL and development  man- 
agement  d e c i d e  upon t h e  t e c h n i q u e s  t o  be used ;  t h e  p r o j e c t  
manager and leader  e n f o r c e  t h e  u s e  of these t e c h n i q u e s .  
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Formal  and/or  i n f o r m a l  t r a i n i n g  may be r e q u i r e d  t o  f a m i l -  
i a r i z e  p r o j e c t  members w i t h  t h e  t e c h n i q u e s  selected.  

T h e  s u b j e c t i v e  e v a l u a t i o n  made a t  t h e  c o n c l u s i o n  o f  t h e  p ro -  
j e c t  i n c l u d e s  a n  es t imate  of  t h e  e x t e n t  t o  which these  t a r -  
g e t  t e c h n i q u e s  were u t i l i z e d  d u r i n g  development .  
e v a l u a t i o n  is based o n  o b s e r v a t i o n s  made by t h e  e v a l u a t o r s  
d u r i n g  development .  

The summary management i n f o r m a t i o n  t h u s  o b t a i n e d  is  i n t e n d e d  
t o  be a n  i n d e p e n d e n t  e v a l u a t i o n  of t h e  q u a l i t y  of t h e  pro-  
d u c t  and t h e  e f f e c t i v e n e s s  of t h e  t e c h n i q u e s  employed. T h i s  

d a t a  i s  s e n t  t o  t h e  l i b r a r i a n s  f o r  i n c l u s i o n  i n  t h e  d a t a  
base. 

T h i s  

2 . 3  DATA VALIDATION 

Data v a i i d a t i o n  i s  t h e  p r o c e s s  by which i n f o r m a t i o n  from a l l  

i d e n t i f i e d  sources i s  checked by v a r i o u s  means f o r  c o r r e c t -  
n e s s ,  c o m p l e t e n e s s ,  c o n s i s t e n c y ,  and  r e l e v a n c e .  Depending 
o n  t h e  s o u r c e  and t y p e  of  i n f o r m a t i o n  t h a t  i s  p r o v i d e d ,  d i f -  
f e r e n t  l e v e l s  and  t y p e s  of  v a l i d a t i o n  c a n  o c c u r .  I n  gen-  
e r a l ,  t h e  t y p e s  o f  v a l i d a t i o n  t h a t  may be used  a r e  a s  
f o l l o w s  : 

0 Spo t  c h e c k i n g  

0 Reviews ( b y  p r o j e c t  members, SEL c o o r d i n a t o r ,  and  
l i b r a r i a n )  

0 V a l i d a t i o n  by d a t a  base s o f t w a r e  

0 G e n e r a t i o n  of s u m m a r i e s  

0 Cross -check ing  form d a t a  w i t h  o t h e r  data  

0 Comparisons among p r o j e c t s  

0 S t a t i s t i c a l  e v a l u a t i o n s  

2-10 



A g e n e r a l  d i s c u s s i o n  o f  t h e s e  t e c h n i q u e s  may be found i n  
G u i d e  t o  Data C o l l e c t i o n  (Refe rence  2 ) .  However, some o f  
these c lasses  o f  v a l i d a t i o n ,  a s  used by t h e  SEL, d e s e r v e  
e l a b o r a t i o n  h e r e .  

Data i s  rev iewed  a t  t h ree  l e v e l s :  by  t h e  p r o j e c t  members 
g e n e r a t i n g  t h e  d a t a ,  by t h e  c o n t r a c t o r  c o o r d i n a t o r ,  and by 
t h e  SEL d i r e c t o r .  S p o t  checks  a r e  a l s o  made OY t h e  11- 

brar  i a n s .  

Another  t y p e  o f  v a l i d a t i o n  is pe r fo rmed  by t n e  data  b a s e  
s o f t w a r e .  I t  checks  t h e  i n f o r m a t i o n  on  t h e  fo rms  f o r  com- 
p l e t e n e s s ,  c o n s i s t e n c y ,  and,  i n  p a r t i c u l a r ,  f o r  v a l i d  compo- 
n e n t  and p r o j e c t  names a s  w e l l  a s  o t h e r  mandatory  i n f o r m a t i o n  
i tens .  T h e  SEL Data  Base Maintenance Sys tem (DBAM) User 's  
Gu ide  and System D e s c r i p t i o n  ( R e f e r e n c e  4 )  descr ibes  these 

c h e c k s  i n  d e t a i l .  

I n  a d d i t i o n ,  c r o s s - c h e c k s  a r e  made be tween g r o u p s  o f  forms 
by t a k i n g  a d v a n t a g e  of the  redundancy d e s i g n e d  i n t o  t h e  
forms .  T h i s  p r o c e s s  e n s u r e s  t h e  q u a l i t y  and  v a l i d i t y  of t h e  

d a t a  f o r  a n  e n t i r e  p r o j e c t .  

2 . 4  DATA BASE ORGANIZATION 

T h e  SEL d a t a  base i s  o r g a n i z e d  as  a s e t  of d i s k - r e s i d e n t  

f i l e s  grouped  by r e c o r d  fo rma t .  
dexed  f i l e  and c o n s i s t s  o f  a s e t  of f i x e d - l e n g t h  r e c o r d s .  
T h e  f i l e s  a re  l o c a t e d  on  a d i s k  d e v i c e  t h a t  i s  p e r i p h e r a l  t o  
t h e  DEC PDP-11/70 computer of t h e  Sys t ems  Technology Labora-  
t o r y  (STL) a t  GSFC. 

A f i l e  t y p e  i s  a s e t  of f i l e s  w i t h  t h e  same r e c o r d  d e f i n i -  
t i o n  ( f o r m a t )  and index  s t r u c t u r e .  F i l e  t y p e s  may be 

g rouped  i n t o  three c l a s s e s :  (1) p r o j e c t  summary f i l e  t y p e s  
t h a t  c o n s i s t  o f  a s i n g l e  f i l e  c o n t a i n i n g  i n f o r m a t i o n  a b o u t  
a l l  p r o j e c t s  i n  t h e  d a t a  base: ( 2 )  p r o j e c t  d e t a i l  f i l e  t y p e s  
t h a t  c o n s i s t  of s e v e r a l  f i l e s ,  one  p e r  p r o j e c t  f o r  w h i c h  

E a c h  i s  created as an i n -  
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a 
da ta  h a s  been c o l l e c t e d ;  and (3) a d i r e c t o r y  f i l e .  E a c h  
form has a c o r r e s p o n d i n g  f i l e  t y p e ;  f o r  example ,  Run Anal-  
y s i s  Form da ta  from p r o j e c t  1 i s  s to red  i n  t h e  P ro jec t  1 Run 
A n a l y s i s  Form F i l e .  

o t h e r  s o u r c e s .  T h e  Encoding D i c t i o n a r y ,  a separate c lass  of 
f i l e ,  is a d i r e c t o r y  c o n t a i n i n g  d e f i n i t i o n s  o f  coded f i e l d s  
used i n  o ther  f i l e s .  A c o m p l e t e  d e s c r i p t i o n  o f  t h e  da t a  
base i s  i n c l u d e d  i n  t h e  SEL Data Base O r g a n i z a t i o n  and 
User's Guide ( R e f e r e n c e  3). Table  2-3 o u t l i n e s  t h e  f i l e  
t y p e s .  

An i n d e x e d  o r g a n i z a t i o n  was c h o s e n  t o  s p e e d  access by al low- 
i n g  t h e  use r  t o  se lec t  records randomly f o r  p r o c e s s i n g .  T h e  

r e c o r d  s e l e c t e d  i s  i d e n t i f i e d  by key ,  which i s  a p o r t i o n  o f  
t h e  record d e f i n e d  as  s u c h  when t h e  f i l e  i s  created.  A f i l e  
may have  s e v e r a l  k e y s ,  a l l o w i n g  t h e  u s e r  t o  se lect  r e c o r d s  
i n  s e v e r a l  ways. A d d i t i o n a l l y ,  a p a r t i c u l a r  key d e f i n e s  a n  
o r d e r i n g  of t h e  r e c o r d s  w i t h i n  a f i l e .  T h e  d a t a  e n t r y  and 
r e p o r t i n g  s o f t w a r e  t h a t  have been d e v e l o p e d  f o r  t h e  d a t a  

F i l e  t y p e s  a l s o  e x i s t  f o r  da ta  from 

base u s e  t h e s e  indexed  f e a t u r e s .  

T a b l e  2-3. SEL Data Base F i l e  Types  

Record Leng th  
C l a s s  F i l e  Type ( B y t e s )  

D i r  ec t o r  y Encoding D i c t i o n a r y  6 0  

Summary P h a s e  Dates 
F . i l e  N a m e  and S t a t u s  
S u b j e c t i v e  E v a l u a t i o n s  
E s t i m a t e d  S t a t i s t i c s  

D e t a i l  Component I n f o r m a t i o n  
Component Summary Form 
Change R e p o r t  Form 
Comment 
A t t i t u d e  Main tenance  
Resource  Summary Form 
Run A n a l y s i s  Form 
Component S t a t u s  Reporc  
Cumula t ive  H i s t o r y  
Account ing  I n f o r m a t i o n  

112 
52 

10 9 
95 
6 7  

2 50 
101 
104 

7 7  
115 

5 3  
7 9  
2 3  
6 7  
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2.5 DATA ANALYSIS 

T h e  p r i m a r y  o b j e c t i v e  o f  t h e  SEL is  t o  improve t h e  s o f t w a r e  
deve lopment  p r o c e s s  by i d e n t i f y i n g  t h e  e f f e c t s  o f  method- 
o l o g i c a l  and  e n v i r o n m e n t a l  f a c t o r s  on t h a t  p r o c e s s .  T h e  

s p e c i f i c  a n a l y s e s  t h a t  have been a t t e m p t e d  a r e  d i s c u s s e d  i n  
S e c t i o n  3 .  T h i s  s u b s e c t i o n  i l l u s t r a t e s  t h e  a n a l y t i c a l  t e c h -  

n i q u e s  and r e s o u r c e s  employed by t h e  SEL i n  t h a t  research. 
S p e c i f i c a l l y ,  e x p e r i m e n t a l  d e s i g n  and  a n a l y t i c a l  s o f t w a r e  
a r e  c o n s i d e r e d .  

T h r e e  t y p e s  o f  e x p e r i m e n t s  have been  per formed:  s c r e e n i n g ,  
s e m i c o n t r o l l e d ,  and c o n t r o l l e d .  T h e  d a t a  c o l l e c t e d  from a l l  
of  these  e x p e r i m e n t s ,  w i t h  t h e  e x c e p t i o n  o f  some c o n t r o l l e d  
e x p e r i m e n t s  per formed by t h e  U n i v e r s i t y  o f  Maryland,  h a s  
been  assembled i n  t h e  SEL d a t a  base. 

S c r e e n i n g  e x p e r i m e n t s  p r o v i d e  d e t a i l e d  i n f o r m a t i o n  a b o u t  how 
s o f t w a r e  i s  c u r r e n t l y  deve loped  i n  t h e  envi ronment  under 
s t u d y .  P r o j e c t s  of  a l l  s i z e s  and t y p e s  have been moni- 
t o r e d .  I n  t h e  e x p e r i m e n t s  per formed,  t h e  o n l y  impact on t h e  

t a s k s  was t h e  n e c e s s i t y  o f  p r o v i d i n g  d a t a  v i a  t h e  d a t a  c o l -  
l e c t i o n  fo rms  deve loped  by t h e  SEL. No a t t e m p t  was made t o  
impose new o r  d i f f e r e n t  me thodo log ie s  o n  these t a s k s .  

S e m i c o n t r o l l e d  e x p e r i m e n t s  p r o v i d e  i n f o r m a t i o n  on t h e  e f -  
f e c t s  o f  v a r i o u s  s o f t w a r e  aevelopment  t e c h n i q u e s .  S p e c i f i c  
m e t n o d o l o g i e s  were d e s i g n a t e d  f o r  a p p l i c a t i o n  t o  each s o f t -  
ware development  p r o j e c t ,  and a n  e f f o r t  was made t o  ensure  
t h a t  these methodologies  were f o l l o w e d  by t r a i n i n g  t h e  p e r -  
s o n n e l  and  rev iewing  t he i r  e f f o r t s .  I t  was a n t i c i p a t e d  t h a t  
by comparing similar p r o j e c t s  ( i . e . ,  s i m i l a r  i n  s i z e ,  com- 
p l e x i t y ,  env i ronmen t ,  and type  of s o f t w a r e )  t r e n d s  might  be 

i s o l a t e d  t h a t  would c h a r a c t e r i z e  t h e  e f f e c t s  o f  t h e  v a r i o u s  
t o o l s  and t e c h n i q u e s  a p p l i e d .  
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C o n t r o l l e d  e x p e r i m e n t s  a re  t h e  most r i g o r o u s  t y p e  of  e x p e r i -  
ment. These  may be implemented i n  e i t h e r  of two ways. Two 
c a r e f u l l y  matched development  teams may be a s s i g n e d  t h e  same 
t a s k  b u t  r e q u i r e d  t o  u s e  d i f f e r e n t  m e t h o d o l o g i e s .  A l t e r n a -  
t i v e l y ,  two o r  more teams ( n o t  matched by e x p e r i e n c e  o r  en-  
v i ronmen t )  may be a s s i g n e d  two c o n s e c u t i v e  t a s k s ,  w i t h  some 
a d d i t i o n a l  methodology a p p l i e d  t o  t h e  s e c o n d  t a s k .  These  
e x p e r i m e n t a l  d e s i g n s  o f  matched samples and repeated meas- 
u r e s  a r e  v e r y  p o w e r f u l ,  b u t  t h e y  a r e  a l s o  v e r y  c o s t l y  t o  
implement.  Thus ,  t h e y  a r e  n o t  o f t e n  employed. 

One of  t h e  g r e a t e s t  c o n c e r n s  i n  d e s i g n i n g  e x p e r i m e n t s  is  t h e  
added impact  o r  e f f e c t  t h a t  t h e  m o n i t o r i n g  p r o c e s s  i t s e l f  
may have on t h e  per formance  of p r o j e c t  members. T h i s  phe- 
nomenon, sometimes c a l l e d  t h e  Hawthorne e f f e c t ,  must cer- 
t a i n l y  be c o n s i d e r e d  i n  any e v a l u a t i o n  o f  expe r imen t  d e s i g n .  
One way of e l i m i n a t i n g  any p o s s i b i l i t y  o f  b i a s e d  i n f o r m a t i o n  
is t o  m a k e  c e r t a i n  t h a t  t h e  s o f t w a r e  deve lopment  teams a r e  
unaware  t h a t  t h e  p r o j e c t  is be ing  m o n i t o r e d .  However, t h i s  

s o l u t i o n  is i m p r a c t i c a l  i n  t h e  SEL e n v i r o n m e n t ,  s ince  t.he 
d e s i g n  o f  t h e  expe r imen t  r e q u i r e s  a c t i v e  p a r t i c i p a t i o n  
( i . e . ,  f i l l i n g  o u t  forms  and t r a i n i n g )  by a l l  members of t h e  
p r o j e c t .  C o n s i d e r i n g  t h e  l a r g e  number o f  p r o j e c t s  s t u d i e d ,  

t h e  d u r a t i o n  of p r o j e c t s  ( t y p i c a l l y  1 5  m o n t h s ) ,  and t h e  p r o -  
f e s s i o n a l i s m  of  development  p e r s o n n e l ,  t h e  SEL p r i n c i p a l s  
have conc luded  t h a t  t h e  Hawthorne e f f e c t  i s  minimal  o r  non- 
e x i s t e n t .  

T h e  SEL has  s e v e r a l  s o f t w a r e  t o o l s  a v a i l a b l e  f o r  a n a l y z i n g  
t h e  d a t a  c o l l e c t e d  from these v a r i o u s  t y ? e s  of  e x p e r i m e n t s .  
They i n c l u d e  d a t a  p r o f i l e  and g r a p h i c a l  d i s p l a y  programs.  
T h e s e  d i s p l a y s  and t a b u l a t i o n s  a r e  employed t o  mon i to r  t h e  
p r o g r e s s  of ongoing p r o j e c t s .  T h i s  i n f o r m a t i o n  is a l s o  p r o -  
v i d e d  t o  p r o j e c t  members t o  a p p r i s e  then o f  p r o j e c t  s t a t u s .  
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I n  a d d i t i o n ,  more s o p h i s t i c a t e d  a n a l y s e s  a r e  p o s s i b l e  w i t h  
t h e  a p p r o x i m a t e l y  4 0  s t a t i s t i c a l  p r o c e d u r e s  o f  t h e  Biomed- 
i c a l  Programs,  P-Series (BMDP, Reference 7 )  a v a i l a b l e  on t h e  
STL PDP-11/70. T h e s e  i n c l u d e  m u l t i v a r i a t e  a n a l y s e s  and 
h y p o t h e s i s  t es t s .  S e c t i o n  3 r e v i e w s  some of  t h e  s p e c i f i c  
r e s e a r c h  and a n a l y s i s  e f f o r t s  u n d e r t a k e n  by t h e  SEL. 
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The p r e c e d i n g  s e c t i o n s  of t h i s  document descr ibe t h e  back- 
ground o f  t h e  SEL o r g a n i z a t i o n  and  i t s  o p e r a t i o n s .  T h i s  

s e c t i o n  o u t l i n e s  some of  t h e  s p e c i f i c  r e s u l t s  of  SEL i n v e s -  
t i g a t i o n s  of s o f t w a r e  development  t e c h n o l o g y .  

T h e  d a t a  p r o v i d e d  by t h e  SEL h a s  formed t h e  b a s i s  o f  numer- 
o u s  s o f t w a r e  e n g i n e e r i n g  s tud ies .  T h e  s p e c i f i c  s o f t w a r e  
deve lopment  t a s k s  from w h i c h  d a t a  was c o l l e c t e d  f o r  t h e  SEL 
d a t a  base a re  summarized i n  Appendix B.  A l l  d a t a  c o l l e c t e d  
by t h e  SEL is  assembled i n  a computer  d a t a  base t o  f a c i l i -  
t a t e  i t s  access by r e s e a r c h e r s  and managers .  T h i s  da ta  base 

i s  descr ibed i n  S e c t i o n s  2.2 t h r o u g h  2 . 4 .  

:The s t u d i e s  d iscussed  i n  t h e  f o l l o w i n g  s u b s e c t i o n s  touch  
e v e r y  a s p e c t  of  t h e  s o f t w a r e  deve lopment  p r o c e s s .  F i v e  
classes o f  a n a l y s e s  a r e  d e s c r i b e d  

0 P r o f i l e  a n a l y s i s - - S e c t i o n  3 . 1  

0 Methodology e v a l u a t i o n - - S e c t i o n  3.2 
0 Models - -Sec t ion  3 . 3  
0 T o o l  . e v a l u a t i o n - - S e c t i o n  3 . 4  

0 Measures  and m e t r i c s - - S e c t i o n  3 . 5  

T w o  v e r y  s t r o n g  e f f ec t s  were i d e n t i f i e d  e a r l y  i n  t h e  SEL 
i n v e s t i g a t i o n s  and have been c o n f i r n e d  i n  t h e  l i t e r a t u r e  
( R e f e r e n c e  8 ) .  T h a t  i s ,  v a r i a t i o n  i n  programmer a b i l i t i e s  
appears t o  be  t h e  most power fu l  i n f l u e n c e  on  t h e  p r o d u c t i v -  
i t y  and q u a l i t y  of s o f t w a r e  deve lopment .  I n  a d d i t i o n ,  t h e  

n a t u r e  of  t h e  l o c a l  computing and work e n v i r o n m e n t s  seems t o  
be a s i g n i f i c a n t  d e t e r m i n i n g  f o r c e  on t h e  p r o c e s s .  Any 
v a l i d  e x p e r i m e n t a l  d e s i g n  m u s t  a c c o u n t  f o r  o r  e l i m i n a t e  
these e f f e c t s .  
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C o n s e q u e n t l y ,  t h e  SEL h a s  emphasized t h e  g o a l  o f  u n d e r s t a n d -  
i n g  t h e  c u r r e n t  s o f t w a r e  development  p r o c e s s  and envi ronment  
a s  a p r e r e q u i s i t e  t o  more advanced a n a l y s e s .  S e c t i o n  3 . 1  
e x p l a i n s  t h e  e f f o r t s  toward  t h a t  g o a l  i n  g r e a t e r  d e t a i l .  

3 . 1  PROFILE ANALYSIS 

P r o f i l e  d a t a  r e p o r t s  t h e  h i s t o r y  o r  r e s u l t  o f  a s o f t w a r e  
deve lopment  e f f o r t ;  i t  i s  o f t e n  p r e s e n t e d  i n  g r a p h i c a l  o r  
t a b u l a r  form. A p r o f i l e  c h a r a c t e r i z e s  a s p e c i f i c  s o f t w a r e  
deve lopment  p r o j e c t .  The g o a l  o f  such  p r o f i l i n g  i s  t o  de- 

f i n e  t h e  s o f t w a r e  development  p r o c e s s ,  e n v i r o n m e n t ,  and 

p r o d u c t  a s  a b a s e l i n e  f o r  l a t e r  c o m p a r i s o n s .  These  elements 
a r e  d i s c u s s e d  a s  components of t h e  SEL s o f t w a r e  development  

model i n  S e c t i o n  2.  

P r o f i l e  a n a l y s i s  a t tempts  t o  answer basic  q u e s t i o n s  s u c h  a s  

0 What r a t e s  of  p r o d u c t i v i t y  were o b t a i n e d ?  

0 What k i n d s  o f  a n d  how nany e r r o r s  were d i s c o v e r e d ?  

0 What a r e  t h e  t y p i c a l  c h a r a c t e r i s t i c s  ( e . g . ,  s i z e  
and c o m p l e x i t y )  of  a component? 

0 How i s  t h e  development e f f o r t  d i s t r i b u t e d  over  t h e  
s o f t w a r e  l i f e  c y c l e ?  

P r o f i l e  d a t a  i s  accumula t ed  a s  p a r t  of t h e  da t a  c o l l e c t i o n  
p r o c e s s  o u t l i n e d  i n  S e c t i o n  2 .  The r o l e  of  p r o f i l e  a n a l y s i s  
i n  t n e  SEL approach  t o  s o f t w a r e  e n g i n e e r i n g  r e s e a r c h  i s  p r i -  
m a r i l y  d e s c r i p t i v e  and compara t ive .  T h e  f l i g h t  dynamics 
p r o f i l e  deve loped  by t h e  S E L  and t h e  c o m p a r i s o n s  of i t  w i t h  

p r o f i l e s  o f  o t h e r  development o r g a n i z a t i o n s  a r e  p r e s e n t e d  i n  
S e c t i o n s  3 . 1 . 1  t h rough  3 .1 .4 .  

The SEL da ta  d iscussed  i n  t h i s  s e c t i o n  i s  t a k e n  from seven  
s i m i l a r  l a r g e  p r o j e c t s  t h a t  have b e e n  s:udied e x t e n s i v e l y .  
T a b l e  3 - 1  i l l u s t r a t e s  some i m p o r t a n t  a t t r i b u t e s  o f  t h e s e  

3 - 2  



s o f t w a r e  deve lopmen t  e f f o r t s .  ( D a t a  f o r  a l a r g e r  g roup  of 
p r o j e c t s  is d e s c r i b e d  i n  Appendixes  A and B . )  S i n c e  t h e  

problem component  (see F i g u r e  1-1) i s  s imi l a r  f o r  a l l  s e v e n  
p r o j e c t s ,  i t  i s  n o t  s p e c i f i c a l l y  c o n s i d e r e d  here,  a l t h o u g h  
it is  re fer red  t o  o b l i q u e l y  i n  t h e  f o l l o w i n g  s e c t i o n s .  

Tab le  3-1. Sources  of P r o f i l e  Data 

P r o j e c t  
S i z e  ( L i n e s  

o f  Code) 

89 , 513 
50,911 

111,868 
75 ,393 
85,369 
75 , 420 
55,237 

Modules 

6 04 
201 
5 10 
535 
5 19 
374 

320 

Person-  
Months 

98 
78 

115 
90 
98 
39 
95 

Compute r 
Runs 

7,379 
4 , 604 

11,976 
7 , 500 
7 , 527 
3,033 
6,871 

S o f t w a r e  
C hang es 

2761 
1255 
3228 
2107 
2710 
858 

164 9 

3.1.1 THE DEVELOPMENT PROCESS 

E f f o r t s  t o  p r o f i l e  t h e  f l i g h t  dynamics  s o f t w a r e  deve lopment  
p r o c e s s  have  f o c u s e d  on  t h r e e  a reas :  inanpower u t i l i z a t i o n ,  
computer  u t i l i z a t i o n ,  and c h a n g e / e r r o r  c h a r a c t e r i z a t i o n .  

Data c o l l e c t e d  from t h e  v a r i o u s  p r o j e c t s  c a n  be p r e s e n t e d  i n  
a manner t h a t  c l e a r l y  i l l u s t r a t e s  t h e  a p p l i c a t i o n  of  man- 
power t o  a software development  t a s k .  F i g u r e  3 - l a  shows t h e  

d i s t r i b u t i o n  o f  s t a f f - h o u r s  worked by development  phase .  
T h i s  c h a r t  is  based on Resource Summary Form da ta  s u b m i t t e d  
by managers  (see S e c t i o n  2.2.1). T h i s  c h r o n o l o g i c a l  d i s t r i -  
b u t i o n  of e f f o r t  c a n  be compared w i t h  t h e  d i s t r i b u t i o n  o f  
e f f o r t  by a c t i v i t y  r e p o r t e d  by programmers i n  F i g u r e  3 - l b  
f o r  a t y p i c a l  f l i g h t  dynamics p r o j e c t .  An a d d i t i o n a l  cate-  
g o r y ,  " o t h e r , "  i s  p r e s e n t  i n  t h e  l a t t e r  c h a r t .  T h i s  cate-  
g o r y  i n c l u d e s  s u c h  a c t i v i t i e s  as  s y s t e m  d o c u m e n t a t i o n ,  
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p r o g r e s s  r e p o r t s ,  and m e e t i n g s  t h a t  c a n  n o t  be d e f i n e d  a s  
r e l a t e d  t o  d e s i g n ,  c o d i n g ,  or  t e s t i n g .  

T h e  d i f f e r e n c e  i n  t h e  two d i s t r i b u t i o n s  of  e f f o r t  c a n  be 

e x p l a i n e d  by t h e  o v e r l a p  o f  a c t i v i t i e s  among c h r o n o l o g i c a l  
p h a s e s .  Fo r  example,  d e t a i l e d  d e s i g n  a c t i v i t y  c o n t i n u e s  
i n t o  t h e  c o d i n g  p h a s e  w h i l e  t e s t i n g  n o r m a l l y  commences d u r -  
i n g  c o d i n g .  Thus,  t h e  amount  o f  e f f o r t  a s s i g n e d  t o  t h e  cod- 
i n g  phase is g r e a t e r  t h a n  t h e  amount of a c t u a l  c o d i n g  e f f o r t  
expended.  T h i s  e f f e c t  w i l l  b e  e s p e c i a l l y  pronounced i n  
s o f t w a r e  deve lopment  o p e r a t i o n s  t h a t  f o l l o w  a top-down i m -  
p l e m e n t a t i o n  t e c h n i q u e  o r  o t h e r  methodology t h a t  a d v o c a t e s  
deve lopment  by p a r t s .  

F i g u r e  3-2  shows t h e  t y p e s  of computer  r u n s  made. T h e  major 
r o l e s  of t h e  computer i n  t h e  deve lopment  p r o c e s s  a r e  high-  
l i g h t e d  i n  t h i s  cha r t .  These da t a  a re  o b t a i n e d  from t h e  Run 
A n a l y s i s  Form. 
Appendix A. 

More d a t a  on computer  u s a g e  i s  p r e s e n t e d  i n  

Cnange and e r r o r  d a t a  t r ack  t w o  i m p o r t a n t  elements o f  t h e  

s o f t w a r e  development  p r o c e s s :  
S i g n i f i c a n t  i n s i g h t  i n t o  t h e  deve lopment  p r o c e s s  c a n  be 

g a i n e d  by examining p r o f i l e s  o f  t h e  i n s t a n c e s  of change 
and /o r  e r r o r .  S u c h  d a t a  is e s p e c i a l l y  v a l u a b l e  i n  d e t e c t i n g  
weaknesses  i n  t e s t i n g ,  programmer t r a i n i n g ,  and development  
p r a c t i c e s .  

F i g u r e  3 - 3  shows t h e  d i s t r i b u t i o n  o f  t h e  t y p e s  of changes  
t h a t  o c c u r r e d .  Nonerror  c o r r e c t i o n s  a r e  w i d e l y  d i s p e r s e d  
among s e v e r a l  c a t e g o r i e s .  A l a r g e  number o f  code changes  
associated w i t h  r e q u i r e m e n t s  changes  may i n d i c a t e  r e q u i r e -  
ments  i n s t a b i l i t y .  T h a t  a p p e a r s  t o  be o n l y  a s m a l l  problem 
i n  t h e  GSFC envi ronment .  More d a t a  on changes  and e r r o r s  i s  
? r e s e n t e d  i n  Appendix A .  

r e l i a b i l i t y  and e f f i c i e n c y .  
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3.1.2 THE DEVELOPMENT ENVIRONMENT 

T h e  envi ronment  is  f r e q u e n t l y  a c o n s t r a i n t  r a t h e r  t h a n  a 
c o n t r o l l a b l e  f a c t o r  i n  t h e  deve lopment  p r o c e s s .  S t u d y i n g  
t h e  o t h e r  components o f  t h e  s o f t w a r e  deve lopmen t  model 
u s u a l l y  i d e n t i f i e s  these e n v i r o n m e n t a l  c o n t r a i n t s .  The GSFC 

s o f t w a r e  development  env i ronmen t  i s  described i n  d e t a i l  i n  
S e c t i o n  1 . 3 .  

The  p r i n c i p a l  p h y s i c a l  e l e m e n t  o f  t h e  deve lopmen t  e n v i r o n -  
ment is  t h e  computer  sys t em.  F i g u r e  3-4 shows t h e  a v a i l -  
a b i l i t y  and r e l i a b i l i t y  of  t h e  two p r i n c i p a l  f l i g h t  dynamics 
deve lopment  compute r s  f o r  a t y p i c a l  i n t e r v a l  o f  t i m e .  The 
l o w  r e l i a b i l i t y  of  t h e  S/360-95 s y s t e m  compared w i t h  more 
modern equipment  m u s t  b e  c o n s i d e r e d  when e v a l u a t i n g  t h e  e f -  
f e c t i v e n e s s  o f  development  t e c h n i q u e s .  One r e l a t e d  f i n d i n g  
o f  t h e  SEL i s  t h a t  t h i s  hardware u n r e l i a b i l i t y  m a k e s  b a t c h  
deve lopment  more p r o d u c t i v e  t h a n  i n t e r a c t i v e  deve lopment .  
I n t e r a c t i v e  programmers a r e  u n a b l e  t o  w o r k  when t h e  sys t em 
i s  u n a v a i l a b l e  and a r e  a f f e c t e d  more ( e . g . ,  loss of da ta  

s e t s )  by sudden sys tem f a i l u r e  t h a n  ba t cn  d e v e l o p e r s  are .  

3.1.3 THE DEVELOPMENT PRODUCT 

Most SEL d a t a  i s  c o l l e c t e d  on  t h e  p r o j e c t  o r  component ( s u b -  

r o u t i n e )  l e v e l .  A measure of  t h e  t o t a l  s i z e s  of t h e  seven  
p r o j e c t s  from w h i c h  t h e  d a t a  s t u d i e d  here was o b t a i n e d  i s  
shown i n  T a b l e  3-1. A measure of t h e  s i z e s  of  t h e  FORTRAN 
s u b r o u t i n e s  i n  t hose  p r o j e c t s  is  i l l u s t r a t e d  i n  F i g u r e  3-Sa. 

T h e  d i s t r i b u t i o n  o f  McCabe's c o m p l e x i t y  measure i s  a l s o  d i s -  
p l a y e d  ( F i g u r e  3 - 5 b ) .  Note t h a t  70  p e r c e n t  of  t h e  subrou-  
t i n e s  have c o m p l e x i t i e s  l ess .  t h a n  o r  e q u a l  t o  1 0 ,  t h e  
maximum recommended by McCabe ( R e f e r e n c e  6 ) .  T h e  McCabe 

measure i s  d i s c u s s e d  i n  more d e t a i l  i n  S e c t i o n  3.5.  

T h e  d i s t r i b u t i o n s  of these measures  a s  r e p r e s e n t e d  by t h e  

h i s t o g r a m s  i n  F i g u r e  3-5 a r e  c l e a r l y  n o c  no rma l  (see Sec- 
t i o n  3.5). Thus ,  t h e  a p p l i c a t i o n  o f  s t a t i s t i c a l  t e s t s  and 
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r e g r e s s i o n  p r o c e a u r e s  based on t h e  a s s u m p t i o n  o f  n o r m a l i t y  
c a n n o t  be e x p e c t e d  t o  g i v e  good r e s u l t s  w i t h  these meas- 
ures .  Nonparamet r i c  s t a t i s t i c s  f o r  some FORTRAN s u b r o u t i n e  
measu res  based o n  a l a r g e r  group of d a t a  a r e  p r e s e n t e d  i n  
T a b l e  A-2 of Appendix A .  

P r o d u c t  p r o f i l e s  s u c h  as these a r e  u s e f u l  i n  d e t e r m i n i n g  t h e  

n a t u r e  of t h e  software developed  and i n  i d e n t i f y i n g  s t r a -  
t e g i e s  f o r  improvement.  F o r  example, a t e n d e n c y  t o  code 
l e n g t h y  o r  complex s u b r o u t i n e s  might  b e  c o r r e c t e d  by s t ress -  
i n g  s t r e n g t h  and  c o u p l i n g ,  d a t a  a b s t r a c t i o n ,  and s t r u c t u r e d  
t e c h n i q u e s  d u r i n g  programmer t r a i n i n g .  

3 .1 .4  PROFILE COMPARISONS 

Comparing e x p e r i m e n t a l  r e s u l t s  d e r i v e d  f rom d i f f e r e n t  s o f t -  
ware  deve lopment  env i ronmen t s  i s  d i f f i c u l t  u n l e s s  t h e  r e l a -  
t i o n s h i p s  ( s i m i l a r i t i e s  and d i f f e r e n c e s )  among t h e  sof tware 
deve lopmen t  p r o c e s s e s  are w e l l  u n d e r s t o o d .  When t h e y  a r e ,  
v a l i d  e x t r a p o l a t i o n s  o f  e x p e r i e n c e  from one  o r g a n i z a t i o n  t o  
a n o t h e r  c a n  be  made. 

e 
T a b l e  3-2  shows t n e  d i s t r i b u t i o n  of e f f o r t  by a c t i v i t y  f o r  
t h r e e  s o f t w a r e  deve lopment  o r g a n i z a t i o n s .  T h e  marked d i f -  
f e r e n c e  i n  r e s o u r c e  u t i l i z a t i o n  p a t t e r n s  s u g g e s t s  c a u t i o n  i n  
making any  i n f e r e n c e s  f rom one env i ronmen t  t o  a n o t h e r .  T h e  

r e a s o n  f o r  these d i f f e r e n c e s  i s  d i s c u s s e d  i n  S e c t i o n  3.1.1. 

T h e  d a t a  f o r  t n i s  t a b l e  is drawn from R e f e r e n c e s  9 and 10. 

Anotner  b r i e f  compar ison  of s e v e r a l  o t h e r  measures  f o r  t w o  
o f  these  o r g a n i z a t i o n s  i s  p r e s e n t e d  i n  T a b l e  A-9 o f  Appen- 
d i x  A.  A de ta i lea  compar ison  of SEL and Rome A i r  Develop-  
ment C e n t e r  d a t a  i n  terms of s i z e ,  e f f o r t ,  p r o d u c t i v i t y ,  and 
e r ror  r a t e  was made by Turne r  and Caron ( R e f e r e n c e  11). 

Al though t h a t  s t u d y  showed c o n s i s t e n c y  between t h e  d a t a  
Dases, some s i g n i f i c a n t  d i f f e r e n c e s  were a l s o  n o t e d .  
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T a b l e  3 - 2 .  Comparison of E f f o r t  by Development A c t i v i t y  

Development P h a s e  

Code 
Des ign  

Checkout  and T e s t  
O t h e r  

P e r c e n t a g e  of  E f f o r t  
1 NASA/GSFC SEL 

TRW - - IBM (Component S t a t  u s )  

20 3 3  2 0  

40  39 35 

40  2 2  

- 6 
4 2  

4 

'Rescaled t o  sum t o  1 0 0  p e r c e n t .  

3 . 2  METHODOLOGY EVALUATION 

A software development  methodology is  t h e  r e g u l a r  applica- 
t i o n  o f  a s e t  of s p e c i f i e d  t e c h n i q u e s  t o  p a r t  o r  a l l  of t h e  
s o f t w a r e  development  p r o c e s s .  T h e  m e t h o d o l o g i e s  and t ech -  

n i q u e s  s t u d i e d  by t h e  SEL c a n  be c l a s s i f i e d  i n t o  f i v e  
g r o u p s .  T h e  g r o u p s  and some examples  o f  each a r e  l i s t e d  

below: 

a Design Techn iques  

- Top-down s t r u c t u r e d  d e s i g n  

- Data f l o w  d iag rams  
Tree cha r t s  - 

H I P 0  cha r t s  - 
- P r o c e s s  d e s i g n  l a n g u a g e s  

a Design E v a l u a t i o n  Techn iques  

- S t r e n g t h  anh c o u p l i n g  a n a l y s i s  
- Connec t ion  matrices 

- Program c o r r e c t n e s s  p r o o f s  

a s t r u c t u r e d  Implemen ta t ion  T e c h n i q u e s  

Top-down s t r u c t u r e d  programming 
- S t r u c t u r e d  l a n g u a g e s  
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- Code r e a d i n g  
- Walkthroughs  

Management Techniques  

- Chie f  programmer teams 
- Design  rev iews  
- L i b r a r i a n  f u n c t i o n s  
- Independen t  t e s t  teams 

a Documenta t ion  T e c h n i q u e s  

- Automated documenta t i o n  sys t ems  
- S t r u c t u r e d  code 

T h e  SEL's approach  t o  e v a l u a t i n g  me thodo log ie s  n a s  been t o  
c o l i e c t  c o s t  and q u a l i t y  data from s imi l a r  p r o j e c t s  t h a t  
employed d i f f e r e n t  development  m e t h o d o l o g i e s  ( s e m i c o n t r o l l e d  
e x p e r i m e n t s ) .  T h e  r e l a t i v e  e f fec ts  of t h e  me thodo log ie s  on 
t h e  p r o d u c t  c a n  t h e n  be observed  and t h e  u s e f u l  t e c h n i q u e s  
i d e n t i f i e d .  C o n t r o l l e d  expe r imen t s  ( a s  described i n  Sec- 
t i o n  2 .5 )  would be t h e  i d e a l  means o f  c o l l e c t i n g  d a t a  f o r  
these a n a l y s e s .  However, t h e  c o s t  of  d u p l i c a t i n g  any l a r g e  
deve lopment  e f f o r t  p r e c l u d e s  t h a t  s t r a t e g y .  

T h e  i n a b i l i t y  t o  make  comple te  c o m p a r i s o n s  of  t h e  p r o j e c t s  
s t u d i e d  h a s  d e l a y e d  t h e  d e r i v a t i o n  o f  d e f i n i t i v e  c o n c l u s i o n s  
from t h e  d a t a .  However, some e f f e c t s  a r e  a p p a r e n t .  A sum- 
mary o f  t h e  e a r l y  r e s u l t s  of methodology e v a l u a t i o n s  i s  p r e -  . 

s e n t e d  i n  Tab le  3 - 3 .  A s u p e r f i c i a l  e x a m i n a t i o n  of t h i s  

t a b l e  s u g g e s t s  t h e  r e a s o n a b l e  c o n c l u s i o n  t h a t  most tech-  

n i q u e s  t h a t  d o  n o t  s i g n i f i c a n t l y  i n c r e a s e  t h e  programmer 's  
a n a / o r  d e s i g n e r ' s  workload b u t  t h a t  p r o v i d e  a n i g h e r  l e v e l  
of  o r g a n i z a t i o n  t o  h i s / h e r  a c t i v i t i e s  have  a p o s i t i v e  impact  
o n  t h e  deve lopment  p r o c e s s .  
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T a b l e  3 - 3 .  SEL Metholodogy E v a l u a t i o n :  Some E a r l y  
C o n c l u s i o n s  

R e s u l t s  of E v a l u a t i o n s  
C o s t  E f f e c t i v e  C o s t  Unc lea r  No t  Cos t  E f f e c t i v e  

Formal T e s t  P l a n  Code S i m u l a t e d  Con- 

Process Design Top-Down Des ign  Axiomat ic  Des ign  
Language (PDL) 
Code Reading Top-Down Code Code A n a l y z e r s  

Formal T r a i n i n g  
S t a t e m e n t  Lan- 
guages  

Walk throughs  s t r  u c  t s  

C h i e f  Programmer La rge  Problem 
Team 

L i b r a r i a n  Code A u d i t o r s  I n d e p e n d e n t  V e r i -  
f i c a t i o n  and I n t e -  
g r a t i o n  

C o n f i g u r a t i o n  Man- S t r u c t u r e d  Anal- R e l i a b i l i t y  Models 
agement y s i s  
Des ign  Formalisms Requ i remen t s  Automated Flow- 

Formal  Design R e -  Automated PDL 
v iews  
S t r u c t u r e d  Code U n i t  Development 
(P recompi l e r  s )  Folde r s  
I t e r a t i v e  Ref inement  Resource  “ostima- 

L a  ng uage s cha r t e r s  

t i o n  Models 
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More rigorous techniques have been applied to the analysis 
of some subsets of the SEL data on methodologies. Table 3 - 4  

shows the results of a study of the effects of methodology 
on productivity (Reference 1 2 ) .  Essentially, it confirms 
the SEL's earlier conclusions. 

Table 3 - 4 .  Relationship' Between Productivitv and 
Various Factors 

Factors Correlation 
~ ~~~ 

PDL 
Formal Design Review 
Design Formalism 
Design Decision Notes 
Design Walkthrough 
Code Walkthrough 
Code Reading 
Top-Down Design 
Structured Code 
Librarian use 
Chief Programmer Team 
Formal Test Plans 
Heavy Management Involvement 
Formal Training 
Top-Down Code 

0.26 

0.62** 
0 . 3 8  

0 .62* *  

0 . 2 8  

0 . 1 9  

0 . 5 8 * *  

- 0 . 1 9  

0 .02  

0 .52*  

0 . 6 2 * *  

0.51* 
- 0 . 0 9  

0 . 5 8 * *  

0 . 2 9  

- 
*SIG.<O.OS 
**SIG.<O.Ol 

In addition, two commercially available axiomatic design 
methodologies were investigated by applying them to a de- 
monstration project. The products of the design process 
included graphic representations of the functionallv decoin- 
posed process and detailed component descriptions. The con- 
clusion of the SEL was that the additional e f f o r t  required 
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by these methodologies was not justified by any improvement 
in design (References 13 and 14). 

3 . 3  MODELS 

Models have two important applications in the context of 
software engineering: explanation and estimation. The 
models considered by the SEL are mathematical abstractions 
of t h e  software development process relating two or more 
fundamental characteristics. The characteristics of widest 
general interest and on which SEL efforts have been focused 
are resource utilization and software reliability. 

A model isolates specific determining properties of the 
software development process. For example, the level of 
programmer experience might be included in a model relating 
staff-hours of effort to lines of developed code. This 
would reflect the analyst's understanding and explanation of 
the important factors in that relationship. The model thus 
developed can then be used to estimate the value of one fac- 
tor from the known or assumed values of the other factors. 

The development of valid models as explanatory and estimat- 
ing tools is highly desirable. SEL efforts in the investi- 
gation of resource utilization and reliability models are 
described in Sections 3 . 3 . 1  through 3 . 3 . 3 .  

3 .3 .1  RESOURCE UTILIZATION MODELS 

Resource utilization models relate measures of manpower 
and/or computer time to other aspects of the software devel- 
opment process. Nany such models have been proposed. Ref- 
erence 15 describes the SEL investigations of some of them; 
these include the Doty, Walston-Felix, Tecolote, GRC, SLIM, 
and PRICE S models. Only those that have been most influen- 
tial on the SEL are discussed in detail in this document. 
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T h e  r e s o u r c e  u t i l i z a t i o n  modeling problem h a s  two p a r t s :  
d e f i n i n g  t h e  t o t a l  r e s o u r c e s  r e q u i r e d  and i d e n t i f y i n g  t h e  

optimum d i s t r i b u t i o n  o f  those  r e s o u r c e s  o v e r  t h e  development  
c y c l e .  Both p a r t s  of  t h e  modeling problem have been  s t u d i e d  
by t h e  SEL.  

T h e  Putnam model of s t a f f i n g  ( R e f e r e n c e  1 6 )  was among t h e  

e a r l i e s t  c o n s i d e r e d  by t h e  SEI,. Putnam s t u d i e d  t h e  d i s t r i -  
b u t i o n  of  manpower e x p e n d i t u r e s  o v e r  t i m e  f o r  s e v e r a l  
hundred medium t o  l a r g e  s o f t w a r e  deve lopment  p r o j e c t s  o f  
d i f f e r e n t  classes. These p r o j e c t s  e x h i b i t e d  s imi l a r  d e v e l -  
opment s t a f f i n g  p a t t e r n s - - a  r i s e  i n  manpower f o l l o w e d  by a 
slower t a i l i n g  o f f  of e f f o r t .  Putnam a s s o c i a t e d  t h i s  c u r v e  
w i t h  an  optimum s t a f f i n g  l eve l  d e p e n d e n t  on t h e  r a t e  a t  
which work c o u l d  be done a t  any p h a s e  o f  development  (see 
F i g u r e  3 - 6 ) .  The  shape  o f  t h e  d i s t r i b u t i o n  of  e f f o r t  de-  
r i v e d  by P u t n a m  is t h a t  o f  a R a y l e i g h  c u r v e .  

T h e  form o f  t h e  e q u a t i o n  d e s c r i b i n g  t h e  c u r v e  i s  a s  f o l l o w s :  

-t  2 2  / 2 t d  
Y = K/t :  t e 

where Y = t h e  manpower a t  any t i m e  t 
K = t h e  a r e a  under the  c u r v e  and c o r r e s p o n d s  t o  t h e  

t = t h e  development  time 
t d  = t i m e  o f  peak manpower 

t o t a l  l i f e  c y c l e  e f f o r t  i n  man-years  

T h i s  e q u a t i o n  c a n  be  used t o  es t imate  t h e  a q r o p r i a t e  s t a f f -  
i n g  l e v e l  a t  any time and t h e  t o t a l  deve lopment  time r s -  
q u i r e d .  However, t h e  accuracy  o f  es t imates  is a f f e c t e d  bv 
v a r i a t i o n s  i n  t h e  development p r o c e s s  and bv t h e  d i f f i c u l t y  
o f  e x a c t l y  m a i n t a i n i n g  t h e  optimum s t a f f i n g  l e v e l .  

T h e  c o r r e s p o n d e n c e  between t h e  Putnam model and t h e  SEL d a t a  
w a s  n o t  e s p e c i a l l y  good (Refe rence  1 7 ) .  S e v e r a l  o t h e r  
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Figure  3-6. Rayleigh Curve 
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c u r v e s  were a l so  f i t  t o  SEL d a t a .  
o l a  f i t  a p p r o x i m a t e l y  as w e l l  a s  t h e  R a y l e i g h  c u r v e .  T h i s  
may be e x p l a i n e d  i n  p a r t  by c o n s i d e r i n g  t h e  e f f e c t  of a 
f i x e d  d e a d l i n e  f o r  d e l i v e r y .  A p r o j e c t  t h a t  is  n o t  begun 
e a r l y  enough or t h a t  e x p e r i e n c e s  unexpec ted  d i f f i c u l t i e s  
w i l l  d e m o n s t r a t e  a second peak of a c t i v i t y  n e a r  t h e  dead- 

l i n e .  T h i s  phenomenon can be  o b s e r v e d  i n  F i g u r e  3-7  where 
a c t u a l  da t a  i s  compared w i t h  two estimates of r e s o u r c e  ex- 
p e n d i t u r e s .  T h e  i r r e g u l a r i t y  o f  t h e  p l o t t e d  d a t a  may be 

a t t r i b u t a b l e  t o  t h e  r e l a t i v e l y  small s i z e  of t h e  p r o j e c t  
b e i n g  s tud ied .  
a s t e p  f u n c t i o n  r a t h e r  than  c o n t i n u o u s .  

A t r a p e z o i d  and a p a r a b -  

The s t a f f i n g  l e v e l  f o r  s u c h  p r o j e c t s  may be 

T h e  SEL a l s o  examined s e v e r a l  models  o f  t h e  r e l a t i o n s h i p  
between s i z e  of t h e  deve loped  sys t em a n d  t h e  t o t a l  e f f o r t  
requi red  f o r  deve lopment  ( R e f e r e n c e  18)  . S p e c i f i c a l l y ,  t h e  

W a l s t o n - F e l i x  model ( R e f e r e n c e  3)  and t h e  Boehm model 
( R e f e r e n c e  1 9 )  were e v a l u a t e d .  SEL e x p e r i e n c e  w i t h  those 
a n a l y t i c  t e c h n i q u e s  c o n t r i b u t e d  t o  t h e  c o n s t r u c t i o n  of 
t h e  SEL "Meta-model. 'I T h e  n e x t  s u b s e c t i o n  discusses t h e  

d e r i v a t i o n  and  f o r m u l a t i o n  of t h a t  model. 

3.3.2 THE SEL META-MODEL 

T h e  d e r i v a t i o n  of t h e  SEL Meta-model i s  descr ibed i n  d e t a i l  
i n  R e f e r e n c e  20 .  However, i t  w i l l  a l s o  be o u t l i n e d  here.  

30th t h e  Wal s ton -Fe l ix  and Boehm models  p r o p o s e  a r e l a t i o n -  
ship among e f f o r t ,  l i n e s  of c o d e ,  and a n  i n d e x  o f  local con-  
d i t i o n s .  The  Wals ton -Fe l ix  i n d e x  i n c l u d e s  2 9  f a c t o r s :  t h e  
Boehm i n d e x  i s  a m u l t i p l i c a t i v e  c o m b i n a t i o n  of  1 6  f a c t o r s .  
Al though t h e  SEL d a t a  seemed c o n s i s t e n t  w i t h  these n o d e l s ,  a 

c loser  f i t  was d e s i r e d .  

T h e  g e n e r a l  e q u a t i o n  was modi f ied  by d e v i s i n g  a new measure 
o f  sys tem s i z e  and by r e f i n i n g  t h e  s e l e c t i o n  of f a c t o r s  i n -  
c l u d e d  i n  t h e  index.  T h e  l i n e s - o f - c o d e  f a c t o r  was r e p l a c e d  
by t h e  f a c t o r  of new l i n e s  p l u s  2 0  p e r c e n t  of  r e u s e d  l i n e s .  
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T h i s  measure  i s  re fer red  t o  as "deve loped"  l i n e s  of  code .  
I t  compensa te s  f o r  t h e  b l o a t i n g  of s i z e  s t a t i s t i c s  t h a t  oc-  
c u r s  when a s u b s t a n t i a l  amount of p r e v i o u s l y  d e v e l o p e d  c o d e  
is  r e u s e d .  T h e  c o r r e l a t i o n  of t h i s  measure ( d e v e l o p e d  
l i n e s )  w i t h  e f f o r t  is  demons t r a t ed  i n  F i g u r e  3 - 8 .  The  re la -  
t i o n s h i p  (base e q u a t i o n )  e s t a b l i s h e d  between e f f o r t  and s i z e  
i s  a s  f o l l o w s :  

E = .73 * DL + 3.5 

where E = e f f o r t  ( s t a f f - m o n t h s )  
DL = d e v e l o p e d  l i n e s  ( t h o u s a n d s )  

An a t t r i b u t e  i n d e x  r e f i n e s  t h e  estimate of  e f f o r t  p r o v i d e d  
by t h i s  b a s e  e q u a t i o n  by a c c o u n t i n g  f o r  t h e  v a r i a t i o r ,  d u e  t o  
s u c h  f a c t o r s  a s  problem complex i ty ,  programmer e x p e r i e n c e ,  
and development  t e c h n i q u e s .  The  s e l e c t i o n  o f  s i g n i f i c a n t  
a t t r i b u t e s  ( f a c t o r s )  was accomplished by employing f a c t o r  
a n a l y s i s  a s  a da t a  s c r e e n i n g  and r e d u c t i o n  t o o l .  
1 0 0  a t t r i b u t e s  were examined and 2 1  were selected f o r  i n -  
c l u s i o n .  They a r e  grouped  i n t o  t h ree  classes a s  f o l l o w s :  

N e a r l y  a 

0 T o t  a 1  M e  thodo l o g y  

Tree c h a r t s  
Top-down d e s i g n  
Des ign  fo rma l i sms  
Forma l  documenta t ion  
Code r e a d i n g  
C h  i e f  programmer t eams  
Formal  t e s t  p l a n s  
U n i t  development f o l d e r s  
Formal  t r a i n i n g  

0 C u m u l a t i v e  Complexity 

- Customer i n t e r f a c e  c o m p l e x i t y  
Custorner- i n i t i a t e d  program d e s i g n  changes  - 
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THOUSANDS OF LINES 

LOG-LOG PLOT SHOWING ONE STANDARD ERROR CONFIDENCE BAND. 

NOTE: STANDARD ERROR = 1.456 
CORRELATION = 0.958 

Figure 3 - 8 .  Effort Versus Developed Lines  of Code 
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- A p p l i c a t i o n  p r o c e s s  c o m p l e x i t y  
- Program f l o w  complex i ty  
- I n t e r n a l  communication c o m p l e x i t y  
- E x t e r n a l  communication c o m p l e x i t y  
- Data base complex i ty  

0 Cumula t ive  Exper i ence  

- Programmer q u a l i f  i ca t  i o n s  

- Programmer e x p e r i e n c e  w i t h  machine 

- Programmer exper  i e n c e  w i t h  l a n g  uag e 

- Programmer e x p e r i e n c e  w i t h  a p p l i c a t i o n  

- Team p r e v i o u s l y  worked t o g e t h e r  on  same t y p e  
problem 

E a c h  a t t r i b u t e  f o r  each p r o j e c t  was r a t e d  on a s ca l e  from 
0 t o  5 .  Then,  a sum was c a l c u l a t e d  f o r  each of  t h e  th ree  
classes o f  a t t r i b u t e s  i n d i c a t e d  i n  t h e  l i s t .  T h e s e  s u m s  a r e  
t h e  i n d i c e s  used  t o  a d j u s t  t h e  i n i t i a l  estimate o f  e f f o r t  
based on d e l i v e r e d  l i n e s  of code.  T h e  f i n a l  e q u a t i o n  used 
i n c l u d e s  t h e  two major i n d i c e s .  T h a t  e q u a t i o n  i s  as  f o l l o w s :  

Ef = Ei  * ( - 0 . 0 3 6  * M + 0.009 * C + 0.86) 

where Ef  = f i n a l  estimate of e f f o r t  

E i  = i n i t i a l  estimate o f  e f f o r t  
M = sum of methodology r a t i n g s  ( i n d e x )  
C = sum of complex i ty  r a t i n g s  ( i n d e x )  

T h e  r e s u l t i n g  a d j u s t e d  e s t i m a t o r  is t h e  bes t  p r e d i c t o r  o f  
t h e  e f f o r t  r e q u i r e d  f o r  development of t h o s e  e s t i m a t o r s  
examined t h u s  f a r  by t h e  SEL. 



3 . 3 . 3  RELIABILITY MODELS 

S o f t w a r e  r e l i a b i l i t y  c a n  be d e f i n e d  as t h e  l e n g t h  of  t i m e  
t h a t  a program w i l l  o p e r a t e  w i t h o u t  a s o f t w a r e  f a i l u r e .  
I d e a l l y ,  d e v e l o p e r s  would l i k e  t o  p r o d u c e  e r r o r - f r e e  s o f t -  
ware t h a t  o p e r a t e s  i n d e f i n i t e l y  w i t h o u t  f a i l u r e .  The c o s t  
o f  e n s u r i n g  a b s o l u t e  f reedom from e r r o r ,  however ,  i s  s o  
g r e a t  t h a t  most s o f t w a r e  d e v e l o p e r s  a c c e p t  less  t h a n  t h a t .  
Thus ,  t h e y  speak of  d e v e l o p i n g  s o f t w a r e  w i t h  t h e  l o n g e s t  
p o s s i b l e  mean time t o  f a i l u r e  (MTTF). 

Numerous models have been  p roposed  t h a t  r e l a t e  MTTF t o  t h e  

number o f  e r r o r s  i n  a s o f t w a r e  sys t em ( R e f e r e n c e  2 1 ) .  An 
e f f e c t i v e  model of  t h i s  r e l a t i o n s h i p  would have s e v e r a l  
u s e s .  I t  c o u l d  p r o v i d e  estimates o f  t h e  number of e r r o r s  
p r e s e n t  a t  t h e  b e g i n n i n g  and end of  t e s t i n g ,  as  w e l l  a s  
estimates of t h e  t i m e  u n t i l  t h e  n e x t  s o f t w a r e  f a i l u r e .  

T h e  o n l y  r e l i a b i l i t y  nodel t h a t  has  been c a r e f u l l y  examined 
by t h e  SEL is t h a t  o f  Musa ( R e f e r e n c e  2 2 ) .  
r e p r e s e n t a t i o n  o f  t h i s  model i s  a s e q u e n c e  of P o i s s o n  f u n c -  
t i o n s  of t h e  form 

The mathematical 

where t = e l a p s e d  (CPU) t e s t i n g  t i m e  
T t  = MTTF a t  t 
No = i n i t i a l  number o f  e r r o r s  p r e s e n t  

f = a v e r a g e  e x e c u t i o n  r a t e  
k = p r o p o r t i o n a l i t y  c o n s t a n t  

U n f o r t u n a t e l y ,  t h e  SEL e v a l u a t i o n  ( R e f e r e n c e  23)  of  t h e  Musa 
model had s e v e r a l  weaknesses .  Assumpt ions  were made i n  t h e  
model t h a t  could n o t  be e x p e r i m e n t a l l y  v a l i d a t e d ;  and d a t a  
was n o t  col lected i n  a form c o n v e n i e n t  f o r  these  a n a l y s e s .  
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A s  a r e s u l t ,  t h e  p r o j e c t s  s tudied d i d  n o t  c o r r e s p o n d  v e r y  
w e l l  t o  t h e  Musa model. 

3.4 TOOL EVALUATION 

T h e  SEL h a s  a t t e m p t e d  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  s ev -  
e r a l  s o f t w a r e  development  t o o l s  i n  t h e  GSFC envi ronment .  
T h e  e v a l u a t i o n  p r o c e s s  i s  similar t o  t h a t  used  f o r  methodol-  
o g i e s .  A t o o l  i s  applied ana i t s  e f f e c t  on s o f t w a r e  d e v e l -  
opment i s  obse rved .  T h e  types  o f  t o o l s  t h a t  have been 
examined by t h e  SEL i n c l u d e  r e q u i r e m e n t s  l a n g u a g e s ,  d e s i g n  
l a n g u a g e s ,  programming languages  ( and  p r e p r o c e s s o r s )  , code  
a n a l y z e r s ,  and management t o o l s .  The  most  i m p o r t a n t  t o o l  
e v a l u a t i o n  e f f o r t s  of t h e  SEL a re  o u t l i n e d  below. 

URL/URA Requirements  Language--This i s  a n  e x t e n s i v e  
and  p o w e r f u l  r e q u i r e m e n t s  language t h a t  was a c q u i r e d  by 
GSFC. However, t h e  complex i ty  and o v e r n e a d  a s s o c i a t e d  w i t h  
i ts o p e r a t i o n  make i t  u n s u i t a b l e  f o r  a p p l i c a t i o n  i n  t h i s  

env  i r onme n t . 
MEDL-R Requi rements  Language--XEDL-R is  a smal l  

r e q u i r e m e n t s  l anguage  p r o c e s s o r  ( R e f e r e n c e  24) . Although it 
is s t i l l  under  r ev iew,  t h e  p r e l i m i n a r y  i n d i c a t i o n s  a r e  f a v -  
o r a b l e .  iiowever, i t  i s  a l s o  e x p e n s i v e  ( i n  s y s t e m s  a n a  
c l e r i c a l  c o s t s )  t o  u se .  

P r o c e s s  Des ign  Language (PDL) P r o c e s s o r  ( C a i n e ,  
F a r b e r ,  and Gordon) - - T h i s  t o o l  a p p e a r s  t o  promote a benef i- 
c i a 1  f o r m a l i z a t i o n  of  t h e  d e t a i l e d  d e s i g n  p r o c e s s  and t o  a i d  

i n  t h e  i d e n t i f i c a t i o n  of  d e s i g n  e r r o r s  (Reference 25). 

* Automated F l o w c h a r t e r s - - S e v e r a l  au tomated  f low-  
cha r t e r s  have  been examined by t h e  SEL. T h e s e  a r e  mar- 
g i n a l l y  u s e f u l  i n  documenta t ion  b u t  do n o t  have any  
s i g n i f i c a n t l y  f a v o r a b l e  impact on  o t h e r  s o f t w a r e  development  
a c t i v i t i e s .  
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0 Source  Ana lyze r  Program ( S A P )  --The SAP e x t r a c t s  
measures of s i z e ,  c o m p l e x i t y ,  and f u n c t i o n  f rom s o f t w a r e  on 
a module-by-module bas i s .  T h i s  t o o l  h a s  proved  more u s e f u l  
f o r  a n a l y s i s  t h a n  f o r  development  m o n i t o r i n g .  

0 C o n f i g u r a t i o n  A n a l y s i s  T o o l  (CAT)--The  CAT is  a n  
au tomated  c o n f i g u r a t i o n  management r e c o r d k e e p i n g  sys tem.  
I t s  e f f e c t i v e n e s s  is  s t i l l  under  r ev iew by t h e  SEL. 

0 S t r u c t u r e d  FORTRAN P r e p r o c e s s o r  (SF0RT)- -This  t o o l ,  
d e v e l o p e d  in -house ,  i s  a s t r u c t u r e d  FORTRAN preprocessor 
t h a t  e x t e n d s  t h e  s t a n d a r d  FORTRAN l a n g u a g e  t o  e n a b l e  a user 
t o  wr i t e  s t r u c t u r e d ,  top-down, l a b e l - f r e e ,  F O R T R A N - l i k e  

code. The  impact of  t h i s  t o o l  on s o f t w a r e  deve lopmen t  was 

found t o  be  v e r y  f a v o r a b l e .  
a p p l i c a t i o n s  p r o j e c t s .  

T h e  n e x t  s tep  a f t e r  i d e n t i f y i n g  u s e f u l  s o f t w a r e  deve lopment  
tools is t o  combine  them i n t o  a comprehens ive  deve lopment  
sys tem.  T h e  term "programmer workbench'' i s  used t o  descr ibe 
s u c h  a c o l l e c t i o n  of  t o o l s  implemented o n  a n  i n t e r a c t i v e  
computer  s y s t e m .  T h e  programmer workbench i s  a n  a t t e m p t  t o  
maximize t h e  e f f e c t i v e n e s s  of  i n t e r a c t i v e  programming by 
p r o v i d i n g  p o w e r f u l ,  e a s i l y  used  s o f t w a r e  s u p p o r t  f o r  d e s i g n ,  

c o d i n g ,  t e s t i n g ,  and documen ta t ion .  T h u s ,  t h e  r a n g e  of 
f u n c t i o n s  no rma l ly  supported s p a n s  a l l  phases of s o f t w a r e  
development .  

T h e  programmer workbench i n c l u d e s  many c a p a b i l i t i e s  t h a t  may 
n o t  be r e q u i r e d  f o r  t h e  o p e r a t i o n a l  ( t a r g e t )  computer  sys t em 
f o r  which t h e  d e v e l o p e d  s o f t w a r e  is  i n t e n d e d .  A s  a r e s u l t ,  
t h e  workbench i s  o f t e n  implemented 0 n . a  separa te  development  
sys tem.  T h i s  k i n d  of  i m p l e m e n t a t i o n  h a s  s e v e r a l  a d v a n t a g e s  
i n  t h e  GSFC e n v i r o n m e n t .  F i r s t ,  t h e  workload  of t h e  S/360s 
is  reduced, a l l o w i n g  a f a s t e r  r e s p o n s e  t o  o t h e r  a c t i v i t i e s .  

I t  is  now r o u t i n e l y  appl ied  t o  
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Second,  t h e  p r o g r e s s  o f  t h e  development  t a s k s  becomes inde-  

p e n d e n t  of  t h e  i r r e g u l a r  a v a i l a b i l i t y  and  r e l i a b i l i t y  of  t h e  
S/360s (as  i n d i c a t e d  i n  S e c t i o n  3 . 1 . 2 ) .  

T h e  SEL is d e v e l o p i n g  a programmer workbench f o r  t h e  
DEC PDP-11/70. T h a t  e f f o r t  is s t i l l  a t  a n  e a r l y  s t a g e .  
Thus,  t h i s  c o n c e p t  h a s  n o t  y e t  been  tes ted.  The SEL h a s ,  
however,  d e f i n e d  t h e  g e n e r a l  r e q u i r e m e n t s  o f  a GSFC Pro- 
grammer Workbench (Refe rence  26). 

3.5 MEASURES AND METRICS 

T h e  r o l e  o f  s o f t w a r e  measures  a n d  metrics i s  t o  d e f i n e ,  ex-  
p l a i n ,  and p r e d i c t  i m p o r t a n t  s o f t w a r e  q u a l i t i e s  and  q u a n t i -  
t ies. T h e  s t u d y  o f  s o f t w a r e  measu res  and  metrics o v e r l a p s  
t h e  a n a l y s e s  described i n  t h e  p r e v i o u s  s e c t i o n s .  For ex- 
ample, no c o n s i s t e n t  e v a l u a t i o n  o f  t h e  e f f e c t i v e n e s s  o f  
s o f t w a r e  deve lopment  methodologies  and t o o l s  i s  p o s s i b l e  
w i t h o u t  hav ing  p r e v i o u s l y  d e f i n e d  a s t a n d a r d  of measure- 
ment.  T h e  p r o f i l i n g  p r o c e s s  is one  o f  a c c u m u l a t i n g  measures  
of  t h e  a c t i v i t i e s  and  c o n d i t i o n s  a s s o c i a t e d  w i t h  s o f t w a r e  
deve lopment .  S u c c e s s f u l  modeling a l s o  depends  on i d e n t i f y -  
i n g  m e a n i n g f u l  and r e l i a b l e  metrics. Consequen t ly ,  r e s e a r c h  
on s o f t w a r e  measu res  and metrics h a s  i n  t h e  p a s t ,  been 
d r i v e n  by t h e  need f o r  measurement by t h o s e  a n a l y s e s .  R e -  

c e n t l y ,  however,  t h e  a t t e n t i o n  o f  t h e  s o f t w a r e  e n g i n e e r i n g  
research community h a s  focused  o n  t e s t i n g  t h e  v a l i d i t y  of  
commonly a c c e p t e d  metrics and o n  d e v e l o p i n g  new, more power- 
f u l  metrics. 

Through t h e  c a r e f u l  examinat ion  o f  g r a p h s  and h i s t o g r a m s  
s u c h  a s  those i n  F i g u r e  3-9,  t h e  SEL h a s  d i s c o v e r e d  t h a t  t h e  
d i s t r i b u t i o n s  o f  many s o f t w a r e  measu res  d o  n o t  conform t o  
t h e  normal  model. A numer ica l  t e s t  o f  n o r m a l i t y  can a l s o  be  

made t o  d e t e c t  t h i s  c o n d i t i o n .  T h e  most commonly used s t a -  
t i s t i c a l  t e c h n i q u e s  a r e  based o n  a n  a s sumpt ion  o f  n o r m a l i t y  
t h a t  d o e s  n o t  seem t o  be j u s t i f i a b l e  i n  these cases.  T h u s ,  
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future analyses will be planned with more consideration for 
the nature of the data involved. 

The various software development measures with which the SEL 
has concerned itself may be grouped into three classes: 
static, derived, and subjective. Static measures are simple 
counts of significant features of the developed product and 
events in the development process. Derived measures are 
computed or are derived by analysis of source code or docu- 
mentation. Subjective measures are qualitative determina- 
tions of attributes. These classes are explained in the 
following subsections. 

3.5.1 STATIC MEASURES 

Static measures include those collected as profile data. 
This is the most commonly employed class of software meas- 
ures. Lines of code, number of errors, and staff-hours 
worked are examples of static measures. They describe the 
software development process in simple numerical terms. 
Unfortunately, static measures do not provide any estimate 
of the quality of software. 

This type of metric is frequently standardized to facilitate 
comparisons. Thus, lines of code per day, number of errors 
per thousand lines of code, and staff-hours per component 
are used. SEL experience suggests that the standard form, 
"per thousand lines of code," is most useful for most static 
(profile) measures. Some of these measures are discussed in 
Section 3.1 under the heading of "Profile Analysis." A num- 
ber of such measures are tabulated in Appendix A .  

3.5.2 DERIVED MEASURES 

Some software attributes of interest to the researcher can- 
not be quantified as easily as those just described. These 
qualities require the derivation of more sophisticated meas- 
ures. Effort and complexity are examples of such attributes. 
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T h e  SEL has s t u d i e d  t h e  s o f t w a r e  s c i e n c e  metrics of  Hals tead 
( R e f e r e n c e  5 )  and  t h e  c y c l o m a t i c  c o m p l e x i t y  metric o f  McCabe 

( R e f e r e n c e  6 ) .  At tempts  were made t o  v a l i d a t e  t h e  u t i l i t y  
of t hese  metrics and t o  compare them w i t h  s t a n d a r d  ( s t a t i c )  
s i z e  measures .  

Hals tead 's  " l e n g t h "  and McCabe's " c o m p l e x i t y "  measu res  
showed good ag reemen t  w i t h  t h e  number of  e x e c u t a b l e  s t a t e -  
men t s  and r e l a t e d  measures  ( R e f e r e n c e  2 7 ) .  However, some of 
t h e  o t h e r  H a l s t e a d  measures, s u c h  a s  " l a n g u a g e  l e v e l , "  d i d  
n o t  show t h e  t y p e  o f  b e h a v i o r  p r e d i c t e d  ( R e f e r e n c e  2 8 ) .  A 

v e r y  h i g h  c o r r e l a t i o n  of these d e r i v e d  measu res  w i t h  s t a t i c  
m e a s u r e s  ( s u c h  as  l i n e s  o f  c o d e )  i s  a n e g a t i v e  r e s u l t  be- 

cause i t  i n d i c a t e s  t h a t  t h e  s i m p l e  m e a s u r e s  p r o v i d e  j u s t  a s  
much i n f o r m a t i o n  a s  t h e  more s o p h i s t i c a t e d  measures .  S t a -  

t i s t ics  f o r  t hese  measures  d e r i v e d  from t h e  SEL d a t a  base 
a re  shown i n  Appendix A. 

3 . 5 . 3  SUBJECTIVE MEASURES 

Comparison o f  t h e  r e s u l t s  o f  a p p l y i n g  d i f f e r e n t  s o f t w a r e  
development  m e t h o d o l o g i e s  and/or  t o o l s  m u s t  i n c l u d e  a n  e v a l -  
u a t i o n  of t h e  r e l a t i v e  " q u a l i t y "  of t h e  d e v e l o p e d  p r o d u c t s .  
A s  p r e v i o u s l y  s u g g e s t e d ,  s u c h  q u a l i t y  a t t r i b u t e s  c a n n o t  
u s u a l l y  be measured o b j e c t i v e l y .  They depend on t h e  r e -  
q u i r e m e n t s  o f  t h e  spec i f ic  s y s t e m  b e i n g  d e v e l o p e d .  T h u s ,  
t h e y  m u s t  be  es t imated s u b j e c t i v e l y  by p e r s o n s  f ami l i a r  b o t h  
w i t h  t h e  r e q u i r e m e n t s  and w i t h  t h e  i m p l e m e n t a t i o n s  of t h e  

s y s t e m s  under s t u d y .  However, some q u a l i t y  cha rac t e r i s t i c s  
may be measured i n d i r e c t l y .  

A t t e m p t s  have been  made t o  p r o v i d e  s t a n d a r d  p r o c e d u r e s  f o r  
e s t i m a t i n g  q u a l i t y  measures. M c C a l l  ( R e f e r e n c e  2 9 )  h a s  
i d e n t i f  l e a  i m p o r t a n t  q u a l i t y  a t t r i b u t e s  and schemes f o r  pro-  
d u c i n g  numer i ca l  v a l u e s  f o r  them. T h e s e  m e t r i c s  a r e  c u r -  
r e n t l y  being s t u d i e d  a s  a p o s s i b l e  method of d e f i n i n g  
s o f t w a r e  a c c e p t a b i l i t y  f o r  t h e  u.S.  A i r  F o r c e .  T h e  SEL h a s  
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a l s o  assembled a group of subject ive measures ( see  Sec- 
t i o n  2 . 2 . 5 )  t h a t  i t  is attempting t o  va l ida te .  The r e s u l t s  
of t n i s  evaluat ion e f f o r t  are,  as  y e t ,  incomplete. 
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SECTION 4 - SUMMARY 

P r e c e d i n g  s e c t i o n s  of  t h i s  document a t t e m p t  t o  answer  sev-  
e r a l  h i s t o r i c a l  q u e s t i o n s  about  t h e  SEL: w h a t  i s  t h e  SEL,  

how d o e s  i t  o p e r a t e ,  and what h a s  i t  done? T h i s  s e c t i o n  
r e c a p i t u l a t e s  and  e x p l a i n s  some i m p o r t a n t  p o i n t s  made 
e a r l i e r  and s u g g e s t s  t h e  f u t u r e  d i r e c t i o n  o f  SEL a c t i v i t i e s .  

T h e  d i s c u s s i o n  is  i n  th ree  par t s .  T h e  s t a t u s  o f  t h e  SEL 

r e l a t i v e  t o  i t s  o b j e c t i v e s  is rev iewed i n  S e c t i o n  4 . 1 .  
N e x t ,  t h e  g e n e r a l  c o n c l u s i o n s  d e r i v e d  by t h e  SEL from t h i s  

r e s e a r c h  are  o u t l i n e d  i n  S e c t i o n  4.2. F i n a l l y ,  S e c t i o n  4 . 3  
p r e s e n t s  some recommendations,  based on t h e  SEL e x p e r i e n c e ,  
f o r  c o n d u c t i n g  s imi l a r  s tud ies .  

4 . 1  STATUS O F  SEL 

T h e  o b j e c t i v e s  o f  t h e  SEL a r e  i d e n t i f i e d  i n  S e c t i o n  1.3. 
T h e  SEL h a s  met w i t h  va ry ing  d e g r e e s  of  s u c c e s s  i n  a c h i e v i n g  
these o b j e c t i v e s .  Some have b e e n  s a t i s f i e d ,  o t h e r s  were 
d e t e r m i n e d  t o  be i m p o s s i b l e  ( o r  n e a r l y  so) and more a r e  
s t i l l  be ing  worked toward.  

T h e  o b j e c t i v e s  t h a t  fol low have been  a c h i e v e d ,  a l t h o u g h  work 
i n  these a reas  has n o t  s topped .  All o f  t h i s  e f f o r t  h a s  con- 
t r i b u t e d  toward a c l e a r e r  u n d e r s t a n d i n g  o f  t h e  s o f t w a r e  de- 

velopmen t p r o c e s s  . 
0 A number o f  s o f t w a r e  deve lopment  me thodo log ie s  have  

been  e v a l u a t e d .  However, t h i s  a c t i v i t y  h a s  pro-  
ceeded much more s lowly  t h a n  o r i g i n a l l y  p l a n n e d  due  

t o  t h e  myr iad  d e t a i l s  and i n t e r r e l a t i o n s h i p s  t h a t  
m u s t  be c o n s i d e r e d .  

0 A wide r ange  of s o f t w a r e  development  t o o l s  was 
e v a l u a t e d .  N e w  t o o l s  w i l l  b e  t e s t e d  a s  t h e y  become 
a v a i l a b l e .  
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0 Many of t h e  a v a i l a b l e  c o s t  e s t i m a t i o n  models  were 
ana lyzed .  A model  was d e v e l o p e d  f o r  u s e  i n  t h e  SEL 
envi ronment  (see t h e  Meta-model, S e c t i o n  3 . 3 . 2 )  . 

0 A recommended a p p r o a c h  t o  software development  was 
a r r i v e d  a t  and f o r m a l i z e d  i n  a document ( R e f e r -  
ence  3 0 ) .  T h i s  s e t  of s t a n d a r d s  is e x p e c t e d  t o  
grow and change  as  knowledge a b o u t  t h e  s o f t w a r e  
development  p r o c e s s  i n c r e a s e s .  

0 C o n t a c t  w i t h  t h e  s o f t w a r e  e n g i n e e r i n g  community h a s  
been m a i n t a i n e d  t h r o u g h  t h e  s p o n s o r s h i p  of  a n n u a l  
workshops . 

Two of t h e  SEL's  o r i g i n a l  o b j e c t i v e s  a p p e a r  t o  be  i m p o s s i b l e  
t o  a c h i e v e .  T h e s e  a r e  a s  follows: 

0 The a p p l i c a t i o n  o f  c o n t r o l l e d  e x p e r i m e n t s  h a s  
proved t o  be t o o  e x p e n s i v e  and d i f f i c u l t  t o  manage. 

0 Data p r o c e s s i n g  c o n s t r a i n t s  have  p r e v e n t e d  t r u e  
r e a l - t i m e  feedback t o  development  teams. However, 
i t  may s t i l l  be p o s s i b l e  t o  make  some i n f o r m a t i o n  
a v a i l a b l e  on  a t i m e l y  bas i s  d u r i n g  t h e  deve lopment  
e f f o r t .  

T h e  c o u r s e  o f  f u t u r e  SEL research w i l l  be  g u i d e d  by  i t s  p a s t  
e x p e r i e n c e .  
n o t  produce  c o n c l u s i v e  r e s u l t s .  Some a n a l y s e s  were ad- 
v e r s e l y  a f f e c t e d  by  a l a c k  of  r e l i a b l e  d a t a .  O t h e r s  u sed  

a p p r o a c h e s  t h a t  were u l t i m a t e l y  d i s c o v e r e d  t o  be  i n a p p r o -  
p r i a t e  o r  i n e f f e c t i v e .  Some v e r y  p r o m i s i n g  s t u d i e s  have y e t  
to be comple ted .  T h e  o b j e c t i v e s  toward  wnich p r o g r e s s  i s ,  
a s  y e t ,  i ncomple t e  i n c l u d e  t h e  f o l l o w i n g :  

Many a reas  o f  r e s e a r c h  e x p l o r e d  by t h e  SEL d i d  

0 The a n a l y s i s  o f  software r e l i a b i l i t y  moaels  is  a 
much more complex problem t h a n  o r i g i n a l l y  e n v i -  
s ioned .  T h e  a v a i l a b l e  models  do n o t  a g r e e  v e r y  
well  w i t h  t h e  c o l l e c t e d  d a t a .  

\ 
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0 The development  o f  a s e t  of  s o f t w a r e  q u a l i t y  met- 
r i c s  i s  s t i l l  i n  a n  e a r l y  s t a g e  o f  a c t i v i t y .  

0 Although a number of i m p o r t a n t  p a r a m e t e r s  have been  
i d e n t i f i e d ,  t he  development  of  s o f t w a r e  management 
g u i d e l i n e s  a l s o  remains i n  i t s  f i r s t  s t a g e s .  

T h e  c o n c l u s i o n s  d e r i v e d  from t h e  S E L ' s  e f f o r t s  t o  s a t i s f y  
t h e s e  o b j e c t i v e s ,  a s  d e s c r i b e d  i n  S e c t i o n  3 ,  are  p r e s e n t e d  
i n  t h e  n e x t  s u b s e c t i o n .  

4 . 2  CONCLUSIONS 

S e v e r a l  p o i n t s  s t a n d  o u t  among t h e  r e s u l t s  o f  t h e  research 
documented i n  S e c t i o n  3 .  These c o n c l u s i o n s  a r e  a s  f o l l o w s :  

0 T h e  s o f t w a r e  development  p r o c e s s  c a n  be improved 
t n r o u g h  t h e  a p p l i c a t i o n  of s e l e c t e d  me thodo log ie s .  

T h i s  g e n e r a l  c o n c l u s i o n  was d e r i v e d  from o b s e r v a t i o n s  made 
d u r i n g  t h e  p a s t  s e v e r a l  y e a r s .  P r o d u c t i v i t y  r a t e s  have 
s t e a d i l y  i n c r e a s e d  t h r o u g h  t h e  y e a r s  w i t h  t h e  a p p l i c a t i o n  of  
more r e f i n e d  m e t h o d o l o g i e s .  Even w i t h  t h e  a d d i t i o n a l  over -  
head  of d a t a  c o l l e c t i o n  and s p e c i a l  t r a i n i n g ,  a s t e a d y  i m -  
provement  i n  t h e  development  p r o c e s s  i s  e v i d e n t .  

T h e  amount of  improvement a t t r i b u t a b l e  t o  any g i v e n  method- 
o l o g y  i s  v e r y  d i f f i c u l t  t o  q u a n t i f y ,  b u t  t h e  h i s t o r y  of t h e  
SEL i n d i c a t e s  t h a t  almost any o f  t h e  d i s c i p l i n e d  methodolo- 
g i e s  a v a i l a b l e  w i l l  f a v o r a b l y  a f f e c t  t h e  p r o c e s s  by a b o u t  5 
t o  10 p e r c e n t  ove r  t h e  absence  of any s u c h  approach .  A 

methodology t h a t  i s  p a r t i c u l a r l y  w e l l  s u i t e d  t o  a s p e c i f i c  
env i ronmen t  c o u l d  enhance  p r o d u c t i v i t y  by  a s  much a s  20  p e r -  
c e n t .  O p t i m i z i n g  t h e  o r g a n i z a t i o n a l  s c r u c t u r e  of  t h e  p e o p l e  
s u p p o r t i n g  t h e  p r o j e c t  c a n  produce an  a d d i t i o n a l  improvement 
of  10 p e r c e n t .  

0 T h e  a D p l i c a t i o n  of s o f t w a r e  deve lopmen t  t o o l s  n a s  
n o t  f u l l y  matured. e 
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Although numerous s o f t w a r e  t o o l s  a r e  now a v a i l a b l e  and t h e  

u s e  of t o o l s  is e v e r  more p o p u l a r ,  t h e y  a r e  s t i l l  n o t  b e i n g  
a p p l i e d  e f f e c t i v e l y .  Too many t o o l s  a r e  adopted t h a t  a r e  
n o t  cos t  e f f e c t i v e  g i v e n  t h e  s o f t w a r e  deve lopmen t  e n v i r o n -  
ment. More emphasis m u s t  be p l a c e d  on making t o o l s  u s e r -  
f r i e n d l y ,  r a t h e r  t h a n  making users t o o l - f r i e n d l y .  

T h e  SEL has  found  t h e  s u p p l y  of  t o o l s  t h a t  do t h e  " e a s i l y  
managed" t a s k s ,  s u c h  as  f l o w c h a r t i n g ,  c o d e  a u d i t i n g ,  and 
l a n g u a g e  p r e p r o c e s s i n g ,  t o  be more t h a n  a d e q u a t e .  Addi- 

t i o n a l  e f f o r t  s h o u l d  be expended on b u i l d i n g  and s t u d y i n g  
t o o l s  t h a t  f a c i l i t a t e  d i f f i c u l t  t a s k s ,  s u c h  as  r e q u i r e m e n t s  
a n a l y s i s ,  2 r o j e c t  management, s t r u c t u r e d  a n a l y s i s ,  and de- 

s i g n  v e r i f i c a t i o n .  

e S o f t w a r e  c o s t  models a r e  u s e f u l  b u t  i n a d e q u a t e  by 

themse lves .  

T h e  SEL nas r e v i e w e d  and t e s t ed  numerous s o f t w a r e  c o s t  e s t i -  
ma t ion  m o d e l s  d u r i n g  t h e  p a s t  s e v e r a l  y e a r s  b u t  h a s  o b t a i n e d  
o n l y  mixed r e s u l t s .  N o  c o s t  model c a n  r e p l a c e  "smart" e n g i -  
n e e r s  and h i s t o r i c a l  c o s t  da t a .  However, c o s t  models  c a n  
supplement  t h e  c o s t  e s t i m a t i o n  p r o c e s s  when used p r o p e r l y .  
T h e  l a r g e r ,  more s o p h i s t i c a t e d  models  (PRICE-S and SLIM) 
p r o v i d e  u s e f u l  management p l a n n i n g  s t a t i s t i c s  b u t  must be  

d e l i c a t e l y  t u n e d  and r e t u n e d .  

The g r e a t e s t  d a n g e r  i n  t h e  a p p l i c a t i o n  of c u r r e n t  s o f t w a r e  
c o s t  models i s  t h a t  o f  p l a c i n g  a n  u n j u s t i f i a b l y  h i g h  degree 
of  c o n f i d e n c e  i n  t h e  r e s u l t s  of models  a l o n e .  

0 S o f t w a r e  r e l i a b i l i t y  models a r e  n o t  u s e f u l  i n  t h e i r  
p r e s e n t  s t a t e  o f  deve lopment .  

T h e  SEL has  n o t  y e t  e x t e n s i v e l y  e v a l u a t e d  s o f t w a r e  r e l i a b i l -  
i t y  models; t h o s e  t h a t  have been  examined do  n o t  seem t o  be 
u s e f u l  t o  s o f t w a r e  d e v e l o p e r s .  T h e  r e s u l t s  o f  these  models  
a r e  d i f f i c u l t  t o  i n t e r p r e t  and a p p l y  i n  p r a c t i c e .  However, 
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t h e  p o t e n t i a l  a p p l i c a t i o n s  of r e l i a b i l i t y  models  t o  s o f t w a r e  
deve lopment  a r e  s i g n i f i c a n t .  

0 T h e  g r e a t e s t  need is f o r  t h e  r a t i o n a l  a p p l i c a t i o n  
o f  t h e  a v a i l a b l e  t e c h n o l o g i e s ,  n o t  f o r  t h e  c r e a t i o n  o f  new 
t e c h n o l o g i e s .  

Dur ing  t h e  p a s t  s e v e r a l  y e a r s ,  t h e  SEL nas  l e a r n e d  t h a t  

there  are no s h o r t a g e s  o f  w e l l - d e f i n e d  me thodo log ie s  and 
t o o l s .  T h e  d e f i c i e n c y  of  c u r r e n t  p r a c t i c e  is i n  t h e  u t i l i -  
z a t i o n  of t h e  a v a i l a b l e  s o f t w a r e  t echno logy .  S o f t w a r e  i m -  
p l e m e n t e r s  have been  s l o w  t o  e v a l u a t e  and a d a p t  these 

a p p r o a c h e s  t o  tne i r  p a r t i c u l a r  env i ronmen t s .  

S o f t w a r e  t e c h n o l o g i e s  s h o u l d  n o t  be a c c e p t e d  w i t h o u t  c r i t i -  
c a l l y  examining t h e i r  e f f e c t s  and w i t h o u t  u n d e r s t a n d i n g  t h e  
env i ronmen t  i n  wh ich  t h e y  o p e r a t e .  However, t h e  e v i d e n c e  is  
c o n c l u s i v e  t h a t  t h e  s o f t w a r e  development  p r o c e s s  can be sub-  
s t a n t i a l l y  improved th rough  t h e  a p p l i c a t i o n  o f  a p p r o p r i a t e  
t echno logy .  

4 . 3  RECOMMENDATIONS 

T h e  S E L ' s  e x p e r i e n c e  i n  s o f t w a r e  e n g i n e e r i n g  r e s e a r c h  i s  a 
b a s i s  on which  recommendations c a n  be made f o r  c o n d u c t i n g  
s i m i l a r  s t u d i e s .  Because  t h e s e  s u g g e s t i o n s  a r e  r e l a t e d  t o  
t h e  s p e c i f i c  g o a l s  pu r sued  by t h e  SEL,  t h e y  may n o t  be of 
g r e a t  v a l u e  t o  someone of d i f f e r e n t  i n t e r e s t s .  However, t h e  

l e s s o n s  are  o f  a g e n e r a l  enough n a t u r e  t o  be i m p o r t a n t .  

0 Unders t and  t h e  c u r r e n t  s o f t w a r e  development  proc-  
ess .  E v a l u a t i n g  p o t e n t i a l  improvements i s  i m p o s s i b l e  w i t h -  
Out f i r s t  e s t a b l i s h i n g  a b a s e l i n e  f o r  compar ison .  Moreover ,  
a c a r e f u l  a n a l y s i s  of  c u r r e n t  p r a c t i c e s  may i n d i c a t e  t h o s e  
a r eas  hav ing  t h e  most 2 o t e n t i a l  f o r  imTrovement. F o r  ex- 
ample, a n  o r g a n i z a t i o n  t h a t  expends  most of i t s  e f f o r t  i n  
t e s t i n g  and l i t t l e  e f f o r t  i n  c o d i n g  c o u l d  maximize i t s  r e -  
t u r n  on e f f o r t  by c o n c e n t r a t i n g  on improving t e s t i n g  t e c h -  
n i q u e s .  
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0 Gather  h i g h - l e v e l  d a t a  f i r s t .  Management summaries  
and s u b j e c t i v e  e v a l u a t i o n s  on a p r o j e c t  b a s i s  a r e  t h e  

e a s i e s t  t o  co l lec t  and a n a l y z e .  F u r t h e r m o r e ,  t h e y  w i l l  i n -  
t r o d u c e  r e l e v a n t  q u e s t i o n s  t h a t  c a n  b e  answered  o n l y  a t  a 
more de t a i l ed  l e v e l  of  a n a l y s i s ,  i n  a r e a l i s t i c  c o n t e x t .  
Thus,  t h e  r e s e a r c h e r  i s  i n  t h e  p o s i t i o n  o f  i d e n t i f y i n g  d a t a  
t o  be c o l l e c t e d  t o  s o l v e  a s p e c i f i c  problem,  r a t h e r  t h a n  of 
i d e n t i f y i n g  a problem t o  s o l v e  w i t h  t h e  da t a  he/she has 

a l r e a d y  c o l l e c t e d .  

C o n t r o l  t h e  e f f e c t s  o f  v a r i a t i o n s  i n  t h e  d e v e l -  
o p e r s '  s k i l l s .  One o f  t h e  most  p o w e r f u l  e f f e c t s  on s o f t w a r e  
development  i s  t h e  a b i l i t y  o f  t he  d e v e l o p e r s  i n v o l v e d .  T h i s  

q u a n t i t y  m u s t  be measured i f  i t s  e f f e c t  is  t o  be c o n s i d e r e d  
o r  c o n t r o l l e d .  

0 Main ta in  c l o s e  c o o p e r a t i o n  between research a n d  

development  p e r s o n n e l .  C o l l e c t i n g  r e l i a b l e  da t a  r e q u i r e s  
t h e  a c t i v e  p a r t i c i p a t i o n  o f  t h e  deve lopment  g r o u p s  b e i n g  
m o n i t o r e d .  T h i s  may b e s t  be e n s u r e d  by m a i n t a i n i n g  l i n k s  a t  
t h e  management l e v e l .  

0 Two c lasses  o f  p r o d u c t i v i t y  g a i n s  seem t o  b e  pos- 
s i b l e  i n  s o f t w a r e  deve lopment .  Immediate g a i n s  of 2 0  t o  
30  p e r c e n t  can  be made by s e l e c t i n g  and o p t i m i z i n g  deve lop -  
ment me thodo log ie s ,  t o o l s ,  and management p r a c t i c e s .  More 
e x t e n s i v e  long term improvements o f  LOO t o  500  p e r c e n t  would 
r e q u i r e  the  r a d i c a l  a l t e r a t i o n  of t h e  deve lopment  p r o c e s s  
and envi ronment  i n  s u c h  ways as employing v e r y  h i g h - l e v e l  
l a n g u a g e s ,  au tomat ing  d e s i g n  a c t i v i t i e s ,  t r a i n i n g  p ro -  
grammers i n  s p e c i f i c  s o f t w a r e  t e c h n o l o g i e s ,  and i n c r e a s i n g  
t h e  r e u s a b i l i t y  of  c o d e .  T h i s  magni tude  of improvement i s  
t h e  f i n a l  g o a l  of  s o f t w a r e  e n g i n e e r i n g  r e s e a r c h .  
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APPENDIX A - SEL DATA TABULATIONS 

The  t ab les  i n  t h i s  append ix  d i s p l a y  some d a t a  items from t h e  

S E L  da ta  b a s e .  S p e c i f i c a l l y ,  t h e  da t a  used  t o  p r e p a r e  these  
t a b l e s  w a s  drawn from 17 o f  t h e  p r o j e c t s  described i n  Appen- 
d i x  B. Graphs  and t ab le s  p r e s e n t e d  e l s e w h e r e  i n  t h i s  docu- 
ment were p r e p a r e d  from s u b s e t s  of t h i s  d a t a .  T h i s  append ix  
i n c l u d e s  n i n e  t ab l e s .  The  f i r s t  two ( T a b l e s  A-1 and A-2) 
descr ibe FORTRAN modules.  Tab le  A - 3  shows  computer  r u n s .  
Changes and e r r o r s  a re  d i s p l a y e d  i n  Tab le s  A-4 and A - 5 .  
Tab le  A-6 s h o w s  t o t a l  development  e f f o r t .  Summary s ta t i s -  
t i cs  f o r  each p r o j e c t  are  p r e s e n t e d  i n  Table  A-7. L i f e  
c y c l e  phase  da t e s  f o r  these p r o j e c t s  a r e  r e p o r t e d  i n  
T a b l e  A - 8 .  A compar ison  of Wals ton -Fe l ix  d a t a  ( R e f e r e n c e  9 )  
w i t h  SEL d a t a  i s  p r e s e n t e d  i n  T a b l e  A-9. 

Tab le s  A-3 t h r o u g h  A-6 a r e  o r g a n i z e d  s i m i l a r l y .  T h r e e  major 
h e a d i n g s  a p p e a r  i n  each t a b l e .  T h e  f i r s t  head ing  c o n t a i n s  a 
l i s t  o f  da ta  classes.  The middle  head ing  l abe l s  a break-  

down, by p e r c e n t a g e s ,  of each class w i t h  r e s p e c t  t o  another  
c l a s s i f i c a t i o n  c r i t e r i o n .  T h e  t h i r d  head ing  l a b e l s  a column 
showing t h e  p e r c e n t a g e  o f  t h e  d a t a  t h a t  e a c h  class re -  
p r e s e n t s .  
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Table A - 1 .  O r i g i n s  of FORTRAN Modules 

NEWLY DEVELOPED 

EXTENSIVE CHANGES 

SLIGHT CHANGES 

REUSED UNCHANGED 

I I PERCENTAGE 
OF TOTAL ORIGIN I 

I 
57.2 

7.4 

13.6 L 

T 
21.8 N 

* 
(0 
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Table 

MEASURE 

NUMBER OF 
EXECUTABLE 
STATEMENTS 

NUMBER OF 

(INCLUDING 
COMMENTS1 

LINES OF  CODE^ 

HALSTEAD 
LENGTH 

NUMBER OF 
DECISIONS 
(MCCABE -11 

NUMBER O f  
FUNCTION 
REFERENCES 

NUMBER OF 
EXTERNAL 
CALLS 

NUMBER OF 
1/0 STATEMENTS3 

A-2. FORTRAN Module Statistics 

ORIGIN 

ALL MODULES 
NEW MODULES 
EXT CHANGES 
SLT CHANGES 
OLD MODULES 

ALL MODULES 
NEW MODULES 
EXT CHANGES 
SLT CHANGES 
OLD MODULES 

ALL MODULES 
NEW MODULES 
EXT CHANGES 
SLT CHANGES 
OLD MODULES 

ALL MODULES 
NEW MODULES 
EXT CHANGES 
SLT CHANGES 
OLD MODULES 

ALL MODULES 
NEW MODULES 
EXT CHANGES 
SLT CHANGES 
OLD MODULES 

ALL MODULES 
NEW MODULES 
EXT CHANGES 
SLT CHANGES 
OLD MODULES 

ALL MODULES 
NEW MODULES 
EXT CHANGES 
SLT CHANGES 
OLD MODULES 

38 
41 
61 
37 
26 

156 
172 

145 
92 

210 
21 5 
345 
21 1 
146 

9 
10 
14 
9 
5 

0 
0 
1 
0 
1 

3 
4 
7 
2 
1 

1 
2 
3 
1 
0 

218 

30.5 
30.0 
55.5 
27.0 
26.5 

89.0 
89.5 

134.8 
75.5 
69.3 

201.5 
201 .o 
354.3 
183.0 
181.3 

9.0 
9.5 

16.0 
8.5 
9.0 

1.5 
1 .5 
2.5 
1 .5 
2.0 

4.5 
5.0 
6.0 
3.5 
2.0 

2.0 
2.5 
2 5  
2.0 
5.0 

RANGE' 
MEDIAN 

IVALUE IS H OF RANGE BETWEEN THE FIRST AND THIRD QUARTILES. 

'CONTENTS OF "INCLUDE' STATEMENTS ARE INCLUDED. 

3USE OF 1/0 PACKAGES IS NOT INCLUDED. 

NOTES: TOTAL NUMBER OF FORTRAN MODULES = 2877. 
EXT = EXTENSIVE 

SLT = SLIGHT 

HIGHEST 
VALUE 

1874 
801 
409 
81 9 

2093 
1242 
777 

1071 

m a  
2786 
321 3 
491 0 

205 
151 
147 
161 

89 
54 
42 
41 

137 
75 

102 
61 

91 0 
470 
230 
301 
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rn 
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P, 
k 
7 
PI 
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.7 
cn 
E: 
7 c 
k 
al 
U 
'3 
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u 
w 
0 
rn 
U 
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7 
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w 
0 
E: 
0 
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P 
-4 
k 
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rn 
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E 

n 

0 
I 
4 
al 
d 
P 
a 
9 

z a 
a 

5 
2 

IL 
0 

w a 

(4 
0 

- 
9 u 

Cq 
0 

- 
0 
I- 

- 
9 
0 
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Table A-4. Distribution of E f f o r t  To Change by Type of 
Change 

LESS THAN 
1 HOUR 

TYPE OF CHANGE 
1 EFFORT TO CHANGE 

1 HOUR 
TO 1 DAY 

6.6 

16.5 

19.6 

7.8 

10.3 

5.8 

7.5 

0.0 

17.5 

9.8 

4.9 

21.4 

12.0 

3.9 

1.9 

1.5 

0.0 

0.0 

7.5 

7.7 

ERROR CORRECTION 

PLANNED ENHANCEMENT 

REQUIREMENTS CHANGE 

IMPROVE CLARITY 

IMPROVE USER SERVICE 

IMPROVE UTILITY 

OPTIMIZATION 

ENVIRONMENT CHANGE 

OTHER 

EFFORT TO CHANGE 
PERCENTAGE OF TOTAL 

CHANGE TYPE 

527 35.8 

25.3 36.8 

34.2 34.2 

56.4 31.9 

46.7 41.1 

56.2 36.5 

60.0 32.5 

33.3 66.7 

27.5 47.5 

46.9 35.7 

PERCENTAGE 
OF TOTAL 

52.2 

15.4 

9.9 

11.8 

3.1 

4.0 

2.3 

0.4 

1.2 

100.0 

NOTE: VALUES ARE PERCENTAGES; TOTAL NUMBER OF CHANGES = 3470. 
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Table A-6. Distribution of Type of Development Effort 
by Phase 

PHASE PERCENTAGE 21.3 
OF TOTAL 

~~ ~~ 

TYPE OF EFFORT 

47.0 14.9 16.9 100.0 

MANAGER 

PROGRAMMER1 ANALY ST 

OTHER SERVICES 

DESIGN 

28.5 

20.8 

15.3 

EFFORT TlPE 

OF TOTAL 

DEVELOPMENT  PHASE^ 

47.9 15.8 

43.5 13.9 
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T a b l e  A-8.  Life C y c l e  P h a s e  Dates 

PROJECT 
NUMBER 

1 

2 

3 
4 

5 

6 

7 

a 
9 

10 

11 

12 

13 

14 

15 

16 

17 

la 

19 

20 
21 

22 
23 

24 

25 

DESIGN 
START 

10/Q4/80 

06i3oiai 

021131n 

mio3iai 

05/01/80 

10I01179 

10I01 179 

02/01 I80 

12/01 179 

01 101 I81 

10I01 I79 

07/01 I80 

09/01 178 

02/03/79 

02/03/79 

04/01 I76 

o 2 m m  
03/01 175 

05/01/78 

10101l76 

0 8 1 1 5 m  
06/01 I78 

06/01 I76 

04/01 in 

05i01178 

---- 
SYSTEM ACCEPTANCE 

‘ODE 1 TEST 1 TEST START START START 

10mia1 

osioiiai 

o6io4in 

121 13/80 

Osimiai 

05/10/80 

05l10183 

06/15/80 

05/17/80 
09112180 

04/12/80 

osI1U80 

10l01178 

06/21 179 

05/26/79 

07/03/76 

aia ia i  

07/05/75 

02/03/79 

Q2/26/n 

1 2 m n  

10/14/78 

10/09/76 

07130in 

101 14/78 

a 

-a 

- 

121031n 

i o i a i a i  

o 9 m i a i  

021ima1 

12/12/83 

11/15/80 

01 l17la1 

10/10/80 

08/30/80 
01 I01 181 

01 101 I79 

081 i a i n  

m m i n  
08/01 /ai 

08/04/79 

01 I01 177 

051 19/79 

07/23/n 
031 1 1/78 

05/21/77 

03/31/79 

01/14/78 

03/31/73 

a~~~ AVAILABLE AT THIS TIME; DEVELOPMENT I N  PROGRESS. 

b~~~ OF SYSTEM TEST; ACCEPTANCE TEST NOT PERFORMED. 

ACCEPTANCE 
TEST 
END 



Table A-9. Comparison of Walston-Felix Data With SEL Data 

MEASURES 

TOTAL SOURCE LINES (THOUSANDS) 

PERCENT OF LINES NOT DELIVERED 

SOURCE LINES PER STAFF-MONTH 

'DOCUMENTATION (PAGES) PER THOUSAND LINES 

TOTAL EFFORT (STAFF-MONTHS) 

AVERAGE STAFFING LNEL 

DURATION (MONTHS) 

DISTRIBUTION OF EFFORT 

MANAGER 

PROGRAMMER 

OTHER 

ERRORS PER THOUSAND LINES 

aDATA FROM TABLE 3 OF REFERENCE 9. 

  DATA FROM 1 1  SIMILAR PROJECTS (SEE APPENDIX e). 

d~~~~~~~~ TO SUM TO io0 PERCENT. 

'LINES ARE DEVELOPED LINES OF CODE. 

W-F I SEL I 
 MEDIAN^  MEDIAN^ 
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APPENDIX B - SEL PROJECT SUMMARIES 

The following pages describe the major projects studied by 
the SEL, the types of data collected, and the experimental 
objectives toward which the data applies. 

Notes to the Data Summaries 

1. Developed lines of code (program size) is computed 
as total new lines of code plus 20 percent of re- 
used lines of code. The use of this measure is 
justified in Section 3 . 3 . 2 .  

2 ,  The data types shown in the summaries correspond to 
the data files identified below. These files are 
described in Section 2 . 4 .  

a. Manpower Utilization--Component Status Report, 
Resource Summary 

b. Computer Utilization--Run Analysis, Computer 
Accounting 

c. Product Measures--Component Summary, Component 
Information 

d. Change/Error Characteristics--Change Report 

e ,  Project Summary Statistics--Subjective Evalua- 
tions, Estimated Statistics 
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PROJECT 1 

SOFTWARE CHARACTERISTICS Scientific 
High reliability requirement 
Batch 
Nongraphics 
Real-time 

ENVIRONMENT 
Target Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Member s 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

8086 
VAX-11/780, 8086 
FORTRAN 

63.5 staff-monthsa 
29 monthsa 

3.0' 
5 

2 . 2  

120a 
15,000a 
15,000a 

Study software transportability 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 
Reliability and error modeling 

Manpower utilization 
Product measures 
Change/error characteristics 
Project summary statistics 

a, astimate based on incomplete data. 
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PROJECT 2 

SOFTWARE CHAMCTERISTICS Scientific 
Batch 
Nongraphics 
Real- time 

ENVIRONMENT 
Target Computer 
Development Computer 
Language FORTRAN 

VAX- 11/ 7 8 0 
VAX- 11/7 8 0 

RESOURCES 
Level of Effort 
Project Duration 

38.1 staff-monthsa 
21 monthsa 

Peak Staff Level 
Full-Time Equivalent 3.0a 
Individual Nembers sa 

Full-Time Equivalent 2.0a 
Average Staff Level 

PROGRAM SIZE 
Modules 200  

Delivered Lines of Code 
Developed Lines of Code 

15, OOOa 
11, 0ooa 

EXPERIMENTAL OBJECTIVES Profile small task 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 

DATA COLLECTED Manpower utilization 
Computer utilization 
Product me as u r e s 
Project summary statistics 

a Estimate based on incomplete data. 

B - 3  



PROJECT 3 

SOFTWARE CHARACTERISTICS Scientific/data processing 
Interactive 
Graphics 
No t re a 1 - t ime 

ENVIRONMENT 
Target Computer S/360 
Development Computer S/360 
Language FORTRAN 

RESOURCES 
Level of Effort 79.0 staff-months 
Project Duration 13 months 

Peak Staff Level 
Full-Time Equivalent 7 . 7  
Individual Members 11 

Full-Time Equivalent 5 . 3  
Average Staff Level 

PROGRAM SIZE 
Modules 201 
Delivered Lines of Code 50,911 
Developed Lines of Code 46,458 

EXPERIMENTAL OBJECTIVES Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 

DATA COLLECTED Manpower utilization 
Computer utilization 
Product measures 
Project summary statistics 
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PROJECT 4 

SOFTWARE CHARACTER IST I Cs Scientific 
High reliability requirement 
Batch 
Nongraphics 
Real - t ime 

ENVIRONMENT 
Target Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Pro j ec t Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

PDP- 11/ 2 3 
PDP-11/70, PDP-11/23 
FORTRAN 

75 .0  staff-monthsa 
23 monthsa 

4a 
8a 

2. 2a 

240a 
20,000a 
16, 800a 

Study software transportability 
Methodology evaluation 
Study effect of time/memory con- 
straints 
Resource and cost estimation 
Software measures and metrics 
Reliability and error modeling 

Manpower utilization 
Product measures 
Change/error characteristics 
Project summary statistics 

a Estimate based on incomplete data. 
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PROJECT 5 

SOFTWARE CHARACTERISTICS Scientific 
High reliability requirement 
Batch 
Nongraphics 
Re a 1 -time 

ENVIRONMENT 
Tar get Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

PDP- 11/ 2 3 
PDP-11/70, PDP-11/23 
FORTRAN 

19.0 staff -monthsa 
13 monthsa 

2.5= 
6a 

1.4a 

SOa 
3000a 
2520a 

S t udy software tr anspor tab il i ty 
Study effect of memory con- 
straints 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 
Reliability and error modeling 

Manpower utilization 
Product measures 
Change/error character is tics 
Project summary statistics 

aEstimate based on incomplete data. 
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PROJECT 6 

SOFTWARE CHARACTERISTICS 

ENVIRONMENT 
Target Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Full-Time Equivalent 
Average Staff Level 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Scientific/data processing 
Interactive 
Graphics 
No t r ea1 - time 

S/360 
S/360 
FORTRAN 

128.8 staff-months 
20.5 months 

13.9 
7 

5.2 

3 73 
67,325 
49,468 

Study effect of independent ver- 
ification and validation 
Methodology evaluation 
Use of configuration management 
tool 
Resource and cost estimation 
Software measures and metrics 

Manpower utilization 
Computer utilization 
Product measures 
Change/error characteristics 
Project summary statistics 
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PROJECT 7 

SOFTWARE CHARACTER ISTI CS 

ENVIRONMENT 
Ta r get Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Scientific/data processing 
Inter ac t ive 
Graphics 
No t real-time 

S/360 
S/360 
FORTRAN 

122.7 staff-months 
19 months 

9.7 
17 

5.1 

391 
66,266 
4 8 , 9 6 8  

Study effect of independent ver- 
ification and validation 
Methodology evaluation 
Use of configuration management 
tool 
Use of requirements language 
tool 
Resource and cost estimation 
Software measures and metrics 

Manpower utilization 
Computer utilization 
Project measures 
Change/error characteristics 
Project summary statistics 
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PROJECT 8 

SOFTWARE CHARACTERISTICS Scientific 
Interactive 
Graphics 
Not r ea1 - t ime 

ENVIRONMENT 
Target Computer S/360 
Development Computer S/360 
Language FORTRAN 

RESOURCES 
Level of Effort 23.3 staff-months 
Project Duration 15.5 months 
Peak Staff Level 

Full-Time Equivalent 2.9 
Individual Nembers 6 

Average Staff Level 
Full-Time Equivalent 1.6 

PROGRAM S I Z E  

Modules 263 
Delivered Lines of Code 20 I 648 
Developed Lines of Code 18,529 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Profile small task 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 

Manpower utilization 
Computer utilization 
Product measures 
Project summary statistics 
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PROJECT 9 

SOFTWARE CHARACTERISTICS 

ENVIRONMENT 
Target Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Pro j ec t Dura t ion 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Scientific/data processing 
Interactive 
Graphics 
No t r ea1 - time 

S/360 
S/360 
FORTRAN 

30.7 staff-months 
16.5 months 

3.0 
10 

1.7 

13 4 
17,271 
12,112 

Study effect of independent ver- 
ification and validation 
Methodology evaluation 
Software measures and metrics 
Reliability and error modeling 

Manpower utilization 
Computer utilization 
Product measures 
Change/error characteristics 
Project summary statistics 



PROJECT 10 

SOFTWARE CHARACTERISTICS 

ENVIRONMENT 
Target Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

a 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Scientific 
Interactive 
Graphics 
Not re a1 - t ime 

S/360 
VAX - 11/ 7 8 0 
FORTRAN 

7.1 staff-months 
5 months 

1.1 
3 

0.6 

7 3  
9004 
5768 

Study software transportability 
Evaluate programmer workbench 
environment 
Use of requirements language 
tool 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 

Manpower utilization 
Product measures 
Project summary statistics 
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PROJECT 11 

SOFTWARE CHARACTERISTICS S c i e n t i f i d d a t a  p rocess ing  
B a t c h  
N o n g r a p h i c s  
Not r ea1 - t i m e  

ENVIRONMENT 

T a r g e t  Computer  

Deve lopmen t  Compute r  
Language  

S /360  

S /360  
FORTRAN 

RESOURCES 
L e v e l  o f  E f f o r t  
P r o ]  ect  D u r a t i o n  

3 2 . 7  s t a f f - m o n t h s  
13 m o n t h s  

P e a k  S t a f f  Level 
F u l l - T i m e  E q u i v a l e n t  3 . 4  
I n d i v i d u a l  Members 8 

A v e r a g e  S t a f f  L e v e l  
F u l l - T i m e  E q u i v a l e n t  1 .8  

PROGRAM SIZE 
Modules 1 0 2  

D e l i v e r e d  L i n e s  of Code 1 5 , 2 5 8  

D e v e l o p e d  L i n e s  of Code 1 4 , 9 5 0  

EXPERIMENTAL OBJECTIVES M e t h o d o l o g y  e v a l u a t i o n  
R e s o u r c e  a n d  c o s t  e s t i m a t i o n  
Software measures a n d  metrics 
R e l i a b i l i t y  a n d  error  m o d e l i n g  

DATA COLLECTED Manpower u t i l i z a t i o n  
Computer  u t i l i z a t i o n  
P r o d u c t  measures 
C h a n g e / e r r o r  c h a r a c t e r i s t i c s  
P r o j e c t  summary s t a t i s t i c s  

8 - 1 2  



PROJECT 12 

SOFTWARE CHARACTER ISTICS Data processing 
Interactive 
Graphics 
Not re a1 - t ime 

ENVIRONMENT 
Target Computer S/360 
Development Computer S/360 
Language FORTRAN 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

2.1 staff-months 
7.5 months 

0.6 
3 

0.3 

55 
5336 
4111 

Profile small task 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 

Manpower utilization 
Computer utilization 
Product measures 
Project summary statistics 
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PROJECT 13 

SOFTWARE CHARACTER ISTICS Scientific 
Interactive 
Graphics 
N o  t r ea1 - t ime 

ENVIRONMENT 

Target Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

S/360 
PDP- 11/ 7 0 
FORTRAN 

4.0 staff-months 
9 months 

0 . 7  
3 

0.4 

18 
2572 

1817 

Profile small task 
Evaluate programmer workbench 
e nv i r o nmen t 
Study of software transport- 
ability 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 

Manpower utilization 
Computer utilization 
Product measures 
Project summary statistics 
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PROJECT 14 

SOFTWARE CHARACTERISTICS 

ENVIRONNENT 
Target Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

a 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Data processing 
Interactive 
Graphics 
Not r ea1 - t ime 

S/360 
PDP-11/70, S/360 
FORTRAN 

6.3 staff-months 
8.5 months 

2.0 
5 

1.0 

41 
5639 
5560 

Profile small task 
Evaluate programmer workbench 
env ir onmen t 
Study software transportability 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 

Manpower utilization 
Computer utilization 
Product measures 
Project summary statistics 
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PROJECT 15 

SOFTWARE CHARACTERISTICS 

ENVIRONMENT 

Scientific 
Interactive 
Graphics 
Not real- time 

Target Computer 
Development Computer 
Language 

S/360 
S/360 
FORTRAN 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

17.6 staff-months 
8.5 months 

4.5 
9 

1.6 

PROGRAM S I Z E  

Modules 
Delivered Lines of Code 
Developed Lines of Code 

74 
9126 

6108 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Evaluate formal training 
Methodology evaluation 
Resource and cost estimation 
Software measures and metr ics 

Manpower utilization 
Computer utilization 
Product measures 
Project summary statistics 
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PROJECT 16 

SOFTWARE CHARACTERISTICS System executive 
Graphics 
Not re a1 - t ime 

ENVIRONMENT 
Target Computer PDP-11/70 
Development Computer 
Language MACRO-11, FORTRAN 

PD P- 11/ 7 0 

RESOURCES 
Level of Effort 27.7 staff -months 
Project Duration 2 3  months 
Peak Staff Level 

Full-Time Equivalent 2 . 2  
Individual Members 4 

Full-Time Equivalent 1.2 
Average Staff Level 

PROGRAM SIZE 
Modules 393 
Delivered Lines of Code 3 5 ,  OOOa 

EXPERIMENTAL OBJECTIVES Study assembly language software 
conversion 
Resource and cost estimation 
Software measures and metrics 

DATA COLLECTED Manpower utilization 
Product measures 
Project summary statistics 

a Estimate includes assembler statements and macros. 
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PROJECT 17 

SOFTWARE CHARACTER IS TI Cs Scientific/data processing 
Batch 
Nongraphics 
No t r ea1 - t ime 

ENVIRONMENT 
Target Computer 
Development Computer 
Language FORTRAN 

VAX- 1 1/ 7 8 0 
VAX- 11/7 8 0 

RESOURCES 
Level of Effort 23.5 staff-months 
Project Duration 10 months 

Peak Staff Level 
Full-Time Equivalent 5.0 
Individual Members 7 

Average Staff Level 
Full-Time Equivalent 4.1 

PROGRAM S I Z E  
Modules 99 
Delivered Lines of Code 60,762 
Developed Lines of Code 57,433 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 

Manpower utilization 
Product measures 
Project summary statistics 
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PROJECT 18 

SOFTWARE CHARACTERISTICS 

ENVIRONMENT 
Target Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Fuil-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Scient if ic 
Batch 
Nongraphics 
Not r ea1 - t ime 

S/360 
S/360 
FORTRAN 

63.5 staff-months 
29 months 

6.6 
7 

3.3 

551 
71,800 
62,087 

Resource and cost estimation 
Software measures and metrics 
Reliability and error modeling 

Manpower utilization 
Computer utilization 
Product measures 
Change/error character is tics 
Project summary statistics 
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PROJECT 19 

SOFTWARE CHARACTER IST I cs Scientific 
Interactive 
Graphics 
Not r ea1 - t ime 

ENVIRONMENT 
Target Computer 
Development Computer 
Language 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Fu 11- Ti me Equ ivale n t 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGXAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

S/360 
S/360 
FORTRAN 

15.6 staff-months 
15.5 months 

2 . 2  
9 

0.8 

55 
10,172 
9,736 

Evaluate formal training 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 

Manpower utilization 
Computer utilization 
Product measures 
Project summary statistics 
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PROJECT 20 

SOFTWARE CHARACTERISTICS S c i e n t i f i d d a t a  p r o c e s s i n g  
I n t e r a c t i v e  
G r a p h i c s  
Not f e a l -  t i m e  

ENVIRONMENT 
T a r g e t  Computer S/360 
Development Computer S/360 

Language FORTRAN 

RESOURCES 
L e v e l  o f  E f f o r t  9 6.0 s t a f f  -months 
P r o j e c t  D u r a t i o n  11 .5  months  

Peak S t a f f  L e v e l  
F u l l - T i m e  E q u i v a l e n t  11 .6  
I n d i v i d u a l  Members 12 

F u l l - T i m e  E q u i v a l e n t  6.0 
Average  S t a f f  L e v e l  

PROGRAM S I Z E  
Modules 283 
D e l i v e r e d  L i n e s  o f  Code 55,237 
Developed  L i n e s  o f  Code 46,211 

0 

EXPERIMENTAL OBJECTIVES Methodology e v a l u a t i o n  
R e s o u r c e  a n d  c o s t  e s t i m a t i o n  
S o f t w a r e  m e a s u r e s  and metrics 
R e l i a b i l i t y  a n d  e r ror  model ing  

DATA COLLECTED Manpower u t i l i z a t i o n  
Computer u t i l i z a t i o n  
C h a n g e / e r r o r  c h a r a c t e r i s t i c s  
P r o j e c t  summary s t a t i s t i c s  
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SOFTWARE CHARACTER I S T I  C s  

ENVIRONMENT 

T a r g e t  Compute r 
Development Computer 
Language 

RESOURCES 

L e v e l  o f  E f f o r t  
P r o j e c t  D u r a t i o n  
P e a k  S t a f f  L e v e l  

Ful l -Time E q u i v a l e n t  
I n d i v i d u a l  Members 

Average S t a f f  L e v e l  
Ful l -Time E q u i v a l e n t  

PROGRAM S I Z E  

Modules 
D e l i v e r e d  L i n e s  of Code 
Developed L ines  o f  Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

PROJECT 21 

S c i e n t i f i c / d a t a  p r o c e s s i n g  
I n t e r a c t i v e  
G r a p h i c s  
Not real-time 

S/360 
S/360 
FORTRAN 

39.6 s t a f f - m o n t h s  
9 months 

7 . 9  
7 

4.4 

374 
75 , 420 
31,144 

E v a l u a t e  formal t r a i n i n g  
S t u d y  e x t e n s i v e  reuse o f  code  
Methodology e v a l u a t i o n  
Resource and  c o s t  e s t i m a t i o n  
S o f t w a r e  m e a s u r e s  and metrics 
R e l i a b i l i t y  and e r r o r  modeling 

Manpower u t i l i z a t i o n  
Computer u t i l i z a t i o n  
P r o d u c t  m e a s u r e s  
C h a n g e / e r r o r  cha rac t e r i s t i c s  
P r o j e c t  summary s t a t i s t i c s  
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PROJECT 22 

SOFTWARE CHARACTERISTICS Scientific/data processing 
Interactive 
Graphics 
No t r ea1 - t ime 

ENVIRONMENT 
Target Computer S/360 
Development Computer S/360 
Language FORTRAN 

RESOURCES 
Level of Effort 98.4 staff-months 
Project Duration 14.5 months 
Peak Staff Level 

Full-Time Equivalent 9.5 
Individual Members 14 

Average Staff Level 
Full-Time Equivalent 5.6 

PROGRAM SIZE 
Mod u 1 e s 
Delivered Lines of Code 89,513 
Developed Lines of Code 67,463 

a 
604 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 
Reliability and error modeling 

Manpower utilization 
Computer utilization 
Product measures 
Change/error characteristics 
Project summary statistics 
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SOFTWARE CHARACTER ISTI CS 

ENVI RO NMENT 
Target Computer 
Development Computer 
Language 

RESOURCES 

PROJECT 23 

Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM S I Z E  

Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED Manpower utilization 
Computer utilization 
Product measures 
Change/error characteristics 
Project summary statistics 

B-24 

Scientific/data processing 
Interactive 
Graphics 
Not rea 1- time 

S/360 
S/360 
FORTRAN 

115.8 staff-months 
16 months 

8.9 
12 

5.9 

510 
111,868 
90,157 

Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 
Reliability and error modeling 



PROJECT 2 4  

SOFTWARE CHARACTERISTICS S c i e n t i f i c / d a t a  processing 
I n t e r a c t i v e  
G r a p h i c s  
N o t  r ea1 - t i m e  

ENVIRONMENT 

T a r g e t  Computer S/360 
Development Computer S/360 
Language FORTRAN 

RESOURCES 

L e v e l  of E f f o r t  90 8 s t a f f  -mon ths  
P r o j e c t  D u r a t i o n  12.5 m o n t h s  

P e a k  S t a f f  L e v e l  

F u l l - T i m e  E q u i v a l e n t  1 0 . 0  
I nd i v  i d u a l  Membe r s 11 

Average S t a f f  L e v e l  
F u l l - T i m e  E q u i v a l e n t  5.8 

PROGRAM S I Z E  

Modules 5 3 5  
Del ive red  L i n e s  of Code 75,393 
Developed L i n e s  of Code 54,531 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

M e t h o d o l o g y  e v a l u a t i o n  
Resource and c o s t  e s t i m a t i o n  
S o f t w a r e  measures and metrics 

Manpower u t i l i z a t i o n  
Computer u t i l i z a t i o n  
P r o d u c t  measures 
P r o j e c t  summary s t a t i s t i c s  
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PROJECT 25 

SOFTWARE CHARACTERISTICS Scientific/data processing 
Inter ac t ive 

ENVIRONMENT 
Target Computer 
Development Computer 
Language 

Graphics 
Not r ea1 - time 

S/360 
S/360 
FORTRAN 

RESOURCES 
Level of Effort 
Project Duration 
Peak Staff Level 

Full-Time Equivalent 
Individual Members 

Average Staff Level 
Full-Time Equivalent 

PROGRAM SIZE 
Modules 
Delivered Lines of Code 
Developed Lines of Code 

EXPERIMENTAL OBJECTIVES 

DATA COLLECTED 

98.7 staff-months 
17.5 months 

8.9 
13 

4.8 

519 
85 , 369 
78,580 

Evaluate formal training 
Use of requirements language 
tool 
Methodology evaluation 
Resource and cost estimation 
Software measures and metrics 
Reliability and error modeling 

Manpower utilization 
Computer utilization 
Product measures 
Change/error characteristics 
Project summary statistics 

B-26 



GLOSSARY 

ALC 

ATR 

BMDP 
CAT 

csc 
DBA 
GESS 

GSFC 

H I  PO 

MPP 

MTTF 
PANVALET 

PD L 

SAP 

SE L 
SFORT 

STL 

TSO 

Assembly Language Code 
A s s i s t a n t  T e c h n i c a l  R e p r e s e n t a t i v e  
Biomedical  Programs, P Series 
C o n f i g u r a t i o n  A n a l y s i s  Too l  
Compute r sc i e  nc e s C o rpo r a t i o n  
Data Base Admin i s t r a to r  
Graphic  Execut ive Suppor t  System 
Goddard Space F l i g h t  C e n t e r  
H i e r a r c h i c a l  Inpu t  P r o c e s s i n g  Output  
Modern Programming Practices 
Mean T i m e  t o  F a i l u r e  
Computer Program A n a l y s i s  and S e c u r i t y  Sys tem 
Program/Process Design Language 
FORTRAN S t a t i c  Source  Code Analyzer  Program 
Sof tware  Engineer ing Labora to ry  
S t r u c t u r e d  FORTRAN P r ep r  o c  e s s o r  
Systems Technology Labora to ry  
IBM Timesharing Opt ion  
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