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1 .O In t roduct ion 

Th is  paper describes PRCfs experience to  date w i t h  a software engineering 
env ironment f ranework too l  cal I ed t h e  A u t p a t e d  Product Control 
Environment ( A P E ) .  The paper presents t h e  goals of t h e  franework 
design, an overview of the major func t ions  and features of t h e  franework, 
a summary of APE use t o  date, and t h e  r e s u l t s  and lessons learned fran 
the  imp1 m e n t a t i o n  and use of the  f ranework. Concl usions are  drawn f r a n  
these r e s u l t s  and t h e  franework approach i s  b r i e f l y  compared t o  other 
sof h a r e  devel opment environment approaches. 

2.0 Franework Goals 

The A P E  was developed t o  reduce software I i f e c y c l e  costs. 
taken was t o  increase autanat ion of t h e  software I I f e c y c l e  process and 
thereby t o  increase product iv i t y .  
reduct ion coul d be achieved for the  shor t  term by attack1 ng th ree  major 
probl an areas: 

The approach 

It was f e l t  t h a t  maximum cost 

o autanat ion of labor in tens ive but rou t ine  admin ls t ra t i ve  tasks 

o prov l s ion  o f  an overal I control ,  coordination, and enforcement 
f ranework and I nf ormati on reposl t o r y  for ex1 s t  I ng t o o l  s 

o prov is ion  for maximun franework p o r t a b i l  i ty ,  d i s t r i b u t a b i l  19, 
and data 1 nteroperabi I ity wi th  the  bounds of perf wmance constral  n t s  

A d i s t i n c t i o n  was made between t o o l s  and t h e  environnent. In  t h e  PRC 
view, t o o l s  a r e  a c t i v e  e l m e n t s  I n  t h e  software 1 l f e c y c l e  process. They 
create a- modify (document or software) components, t e s t  components, or 
order the  execution of groups of t o o l s  upon components. The environnent 
or franework, on t h e  other hand, i s  a more passive element. It provides 
fa- w e r a l  I control,  coordination, and enforcement and ac ts  as an 
informat ion reposi tory.  Th is  d i s t i n c t i o n  is important because it serves 
t o  separate environment a- franework issues f ran  too l  issues. PRC wanted 
t o  b u i l d  a franework which could incorporate e x i s t i n g  too ls .  In  t h i s  
way, PRC could b u i l d  on t h e  exce l len t  work done by others i n  t h e  tool  
arena I n  a t imely  fashion. 
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3 . 0  APCE Overview 

The APCE prov ides autanat i  on for: 

o real- t ime pro jec t  status t r a c k i n g  and r e p o r t i  ng 

o conf i gu ra t i  on management of software, documentation, and t e s t  
procedures 

o requirements t raceabf l  ity and change impact t raceab i l  ity 

o t e s t  bed generation, component integrat ion,  and system 
I ntegra t i  on 

A b r i e f  averview of hcu the  APE i s  organized t o  support these funct ions 
and hcu the A P E  i s  designed t o  support por tab i l  i t y ,  d i s t r i b u t a b i l  i ty, 
and in teroperabi l  ity i s  given below. 

3.1 Autmat ion  and Control 

As suggested by Stoneman [l], a database provides t h e  i n teg ra t i ng  
mechanism for the  environment franework. 
i ncorporates a f I ex i  b l  e model of the  software devel opnent process. 
Pro ject  d e f i n i t i o n  informat ion based on t h i s  model is entered i n t o  the  
database dur ing p ro jec t  i n i t i a l  ization, and t h i s  in format ion i s  used t o  
cont ro l  the p ro jec t  and provide the  bas is  for autanated t r a c k i n g  and 
conf igura t ion  management. The pro jec t  def I n i t i o n  i s  d iv ided I n t o  th ree  
components as II lus t ra ted  i n  S I  ide 3 (APE E n t i t i e s ) .  

The database design 

User groups are  i d e n t i f  led as managers, developers (those who create 
products), or testers;  mu1 ti pl e ro t  es a re  a l  I wed. The organizat ional  
hierarchy i s  a l so  described so t h a t  p ro jec t  problem repor ts  can be 
autanat ical  l y  forwarded up t h e  chain o f  command i f  they are not pranpt ly 
dea l t  with. Products, both documents and software, are described 
i n  terms of ~ e l r  component s t ruc tu re  and are  associated w i th  software 
I l f ecyc le  phases which are a lso  entered i n t o  t h e  APE database. SI ide 4 
(APE - DOD Documentation and Review Sequence) il I ust rates t h e  I i fecyc l  e 
phases as speci f  led  i n  M i  I -Std 2167. 

The leve ls  o f  In tegra t ion  describe the hierarchy of the t e s t  and 
i ntegra t lon  processes t h a t  a l  I products (documents o r  y f h u a r e )  must go 
through. 
standards and qual i t y  assurance. 
t e s t  prodedures developed by t h e  t e s t e r s  t o  autanat ical  l y  create t e s t i n g  
basel ines and t e s t  harnesses as requlred. 

This t e s t i n g  process a l  Icus for the  enforcement of p ro jec t  
The APE uses t h e  product s t ruc tu re  and 
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3.2 Portab i l  i ty ,  D i s t r i b u t a b i l  i ty ,  and ln teroperabi l  ity 

The APCE approach t o  support for po r tab i l  ity, d i s t r i b u t a b i l  lty, and 
in teroperabf l  i t y  i s  based on th ree  arch i tec tu ra l  features: 

o APE Inter face Set ( A I S )  

o data-coup1 ed design 

o open system arch i tec tu re  

These features a r e  11 l us t ra ted  i n  Figure 1 (APE S t a t i c  V i e w ) ,  which 
shaws t h e  APE as p a r t  of a Software Engineering Environment (SEE). 

The APE subsystems and data management capabil I t i e s  depend on a standard 
s e t  of in ter faces t o  system services ca l l ed  t h e  AIS. These In ter faces 
def ine a Stoneman KernaI AdaQ Progrmmlng Support Env ironment (KAPSE) I ike 
layer for por tab i l  ity purposes. 
operat ing system services. If the  needed level  of support i s  not 
d i r e c t l y  avai l  able fran the  host operat ing system, then an e x t r a  layer 
of software Is created t o  sa t l s f y  the  requiranent. Ex i s t i ng  operat ing 
system services a re  not dupl icated. The A I S  I s  no t  based on an imp1 i c i t  
model l i k e  the Common APSE Interface Set (CAIS)  [2]. 

The A I S  al laws a mapping t o  e x i s t i n g  

The data-coupled design provides for both control  and d i s t r i b u t a b i l  i t y .  
A I  I pro jec t  informat ion i s  stored I n  t h e  f rmework database. The 
database cont ro ls  t h e  a c t i v i t i e s  o f  t he  A P E  funct ional  subsystems since 
they do not in te r face  d i r e c t l y  but i n te rac t  through the database. Users 
do not d i r e c t l y  manipulate the database; they a f f e c t  t h e  database 
contents i n d i r e c t l y  through in te rac t i on  w i th  the  funct ional  Subsystems. 
The database i s  designed t o  minimize Informat ion exchange, so data i s  
d i s t r i b u t a b l e  (wi thout  rep1 ica t ion) .  The funct ional  subsystems a re  a lso 
d i s t r i b u t a b l e  since they are control  l ed  by t h e  database contents. The 
database design i s  cont ro led by the  f rmework and hidden fran the  users. 
Thus, integr ity and i nteroperabi I i t y  of data i s  ensured. 

The open system arch i tec tu re  approach means t h a t  t he  APCE a 
of  ex1 s t i  ng host t oo l  s, lnc l  ud i  ng management schedul ing and 
too ls .  The A P E  does not  in te r face  d i r e c t l y  wi th the  t o o l s  
cont ro ls  t o o l  invocat ion and t h e  too l  products. Both e x i s t  
t o o l s  can be used w i t h i n  t h e  APE f rmework wi thout  a l  t e r a t  

laws t h e  use 
cost  I ng 
but ra ther  
ng and f u t u r e  
ons. 

4.0 Results 

The APCE has been used on a va r ie t y  of in-house and c l  i en t  p ro jec ts  over 
the  past 21 months. It has been used In-house a t  PRC t o  support 
proposal and document production as we1 I as software development and 
I I fecyc l  e mal ntenance projects. The f rmewcrk has a l  so been ins ta l  I ed 
for Army, Navy, and A i r  Force c l  ients. In  one example c l  i e n t  
I ns ta l l a t i on ,  A P E  features were used t o  b r i ng  a software system under 
conf igura t ion  contro l  for a Navy software support a c t i v  I t y .  The 
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APCE NO INTERFACE 
ACROSS THIS LINE 

URE 1: APCE TATlC VIEW 
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The f u l  I p r o j e c t  team for Pro ject  1 consisted o f  9 persons, inc l  uding a 
manager, 2 computer system sc ien t is ts ,  1 system analyst, 1 analyst, and 4 
associate analyst/programmers. Two of the  associate analyst/progrmmers 
acted as t h e  t e s t  team. A l l  of t h e  other team members, except t h e  
manager, functioned as APCE developers. The senior s t a f f  members were 
q u i t e  experienced w i t h  10 t o  15 years experience each. The j u n i o r  s ta f f  
members were a l  I new col lege graduates w i t h  no commercial progranming 
experience and no V P X  experience. The APE al lawed a l  I personnel t o  be 
extremely product ive despi te t h e i r  learn lng curve w i t h  a new machine and 
a new env ironment. 

4.2 Cost/Benef It Analysis 

PRC has conducted a cost/benef i t s  ana lys is  o f  APE use fa- one of our 
cl  ients. This c l  l en t  needed conf igura t ion  management and I i fecyc l  e 
maintenance control  for mission c r i t i c a l  software. PRC developed plans 
for both a manual and a APCE contro l  I ed development support f a c l l  i t y  and 
plans for t r a n s i t i o n s  t o  these f a c i l  i t i e s .  A est imat ion of both 
t h e  t r a n s i t i o n  costs and t h e  annual recur r ing  resource costs was 
performed for both f a c i l  i t i es .  The r e s u l t s  o f  the analys is  a re  given on 
SI ides 6 (Level of E f f o r t  Analysis) and 7 (Cumulative Cost Comparison). 

The estimated t imes for t r a n s i t i o n  t o  both the manual and t h e  A P E  
control  led  f a c i l  i t l e s  were t h e  same ( 3  months). The a c t i v i t i e s  involved 
i n  t h e  t r a n s i t i o n  per iod invo lve t h e  establ ishmsnt and implementation o f  
pol i c i e s  and procedures and, i n  t h e  case of the  APCE contro l  led  f a c l l  i t y ,  
t h e  i ns ta l  I a t i o n  of software and t r a i  ning. As shown on S I  ide 6 (Level of 
E f f o r t  Analysis), the  cost for t r a n s l t i o n  i n  t e r n s  of e f f o r t  was 
SI i gh t l y  more for the  APCE c o n t r o l l e d  f a c i l  ity. However, t h e  t o t a l  labor 
months requ i red  fa- the  f l r s t  year and f o l  l o w  Ing years were very much 
I ess for the APCE contro l  led  f a c i l  i t i es .  

SI ide 7 (Cumulative Cost Comparison) shows t h e  t o t a l  cumulative costs o f  
t h e  two f a c i l  i t i e s  pro jected over a two year period. The larger  i n i t i a l  
costs for fhe APE contro l  l e d  f a c i l  ity i s  caused by t h e  A P E  I icensing 
fees. 
t h e  APCE control  led  . f a c i l  ity a f t e r  seven months ( 4  months a f t e r  
t r a n s i t l o n ) .  
t h e  increased autanat ion of the  control ,  tracking, and conf igura t ion  
management functions. The estimates d id  no t  i nc l  ude cos t  sav lngs due t o  
I ncreased praduct iv l t y  of devel opers and testers.  

The cumul a t i v e  costs o f  t h e  manual fac l  I ity surpass t h e  costs  o f  

The cost savings achieved by the  A P E  f a c l l  i t y  are due t o  

4.3 Por tab i l  ity 

The f rmework has proven very easy t o  rehost. Par t  of t h i s  ease I s  due 
t o  the  design features o f  the  A I S  and p a r t  i s  due t o  r i g i d  enforcement of 
coding standards for the t ranspor tab le por t ions  of the  APE.  To rehost 
t h e  APCE on a new machine, al I t h a t  i s  necessary i s  t o  reimplement t h e  
A I S  functions. The APE t ranspor tab le subsystems have been w r i t t e n  i n  C 
using coding standards designed t o  e l  iminate use of %on-standardI1 
features o f  the language. The C progranming language was o r g i n a l l y  

A Reedv 
Planning Research Corp 
5 of 25 



franework i s  now being used t o  continue control  throughout t h e  
mal ntenance cycle, inc l  udi ng t h e  Incorporat ion of modul e upgrades 
suppl led  by other contractors. These var ious appl fcat lons of the 
f ranework have r e s u l t e d  I n  rehos t i  ng of t h e  APE t o  a v a r i e t y  of 
d i f f e r e n t  hardware conf iguratlons. 
a l  lowed PRC t o  col le& t h e  data on productiv Ity, t ranspor tab i l  ity, and 
d i s t r i b u t a b i l  ity presented below. 

This experience i n  using t h e  A P E  has 

4.1 Produc t iv i t y  

A t  t h e  National Security Indus t r ia l  Associat ion (NSIA) DOD/lndustry 
Software Technology for Adaptable, Re1 i a b l e  Systems (STARS) Progran 
Conference i n  Apr i l  1984 [3, pg. L-211, t h e  NSIA Industry Sfudy Task 
Group repor ted t h a t  t h e  average produc t iv i t y  for U.S. software 
development p ro jec ts  was 200 I ines o f  code per labor month. This works 
ou t  t o  a I i t t l e  over 10 I ines per day. 
APCE control ,  PRC has recorded product iv Ity In  excess o f  120 I lnes per 
day. SI ide 5 (Example Pro jects)  g ives t h e  produc t iv i t y  f igures  col lected 
for th ree  PRC in-house pro jec ts  under APCE contro l  (CI  fent p ro jec ts  are 
not f a r  enough at ong t o  r e p o r t  mean1 ngf ul  product iv Ity f Igures. 1 
Product iv i t y  i n  these three pro jec ts  was an order of magnitude greater 
t h a t  the  average repor ted for industry as a whole. 

On unclassi f  led pro jec ts  w i t h  

A I  I of the  repor ted p r o j e c t s  used a high level  programing I anguage 
(HOL). Project  1 was t h e  i n i t i a l  development of a sofhuare system. This 
system has been mal n t a i  ned under APE contro l  
Pro ject  1 r e f l e c t  only t h e  developers' labor and do not count t ime for 
t h e  manager cr the  t e s t e r s  (who basical l y  functioned as Qual Ity Assurance 
personnel 1. Productiv ity dur i  ng upgrades was equival ent  or b e t t e r  than 
t h a t  exper ienced dur I ng t h e  i n l  ti al  devel opment. 
Pro ject  1 are given below. Pro ject  2 was an upgrade t o  an e x i s t i n g  
system under APCE contro l .  This upgrade inc l  uded f u l  I documentation. 
Pro ject  3 was a prototyp ing a c t i v i t y ,  and i s  somewhat a typ ica l  since only 
p a r t i a l  documentation (e.g., no fcrmal users manual 1 was produced. The 
f igures given for Pro jec t  2 and Pro jec t  3 inc l  ude the tes te rs r  time. 
These pro jec ts  were m a l  I, so t h e  same personnel functioned as both 
devel opers and testers .  

The f lgures given for 

Further detai  I s o f  

Pro ject  1 was a f o u r  month pro jec t  t o  develop system software i n  t h e  C 
programming language. The development host was a V A X  11/780 and t h e  non- 
APCE t o o l s  used are  commercial l y  avai l  ab le for the  VAX. The pro jec t  
products I ncl uded: System Engi neer I ng PI an, Acceptance Test PI an, 
Functional Description, R e 1  iminary Design Speci f icat ion,  Deta i led 
Specif i c a t l o n  (22,000 I ines of Ada PDL), Operators Manual, and Users 
Guide i n  a d d i t i o n  t o  58,297 I ines of source code. In  addit ion, 660 t e s t  
procedures were developed and used t o  t e s t  t h e  components o f  t h e  
products. (The t e s t  procedure development and t e s t  t ime i s  no t  Included 
i n  t h e  product iv i t y  f igures given for Pro ject  1 . I  Sane of these t e s t  
procedures were used t o  enforce the  pro jec t  speci f  IC coding and PDL 
standards . 
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chosen because it was avai I ab1 e on a w ide range of host machines. 
However, It has caused some problems because there  are no standards for 
C. In  t h e  process o f  transport ing, some features of C t h a t  were assuned 
t o  be commonly implemented turned ou t  t o  be system specif ic. 
vers ion of t h e  t ranspor tab le software i s  maintained t h a t  runs on a l  I 
supported machines. (Future pl ans cal I fm conversion t o  Ada as soon as 
t h e r e  are  Ada compilers on a s u f f  l c i e n t l y  wide range of machines,) 

The APE i s  now running on t h e  fo l low ing  machines: V A X  11/780 with VMS, 
ROLM and Data General w l th  Aos/vs# IBM w i t h  ws# and I n t e l  310 with 
XENIXO. 
experiences t o  date. 

A s i n g l e  

SI ide 8 (Rehost E f f o r t s )  presents a summary of rehost ing 

4.4 D i s t r i b u t a b i l  ity and ln teroperabi l  i t y  

The environment data I s  in teroperable because the  franework c o n t r o l s  t h e  
database s t r u c t u r e  and because the franework c o n t r o l s  only t h e  products 
o f  t o o l s  ra ther  than i n t e r f a c i n g  d i r e c t l y  wi th  the tools. The too lse ts  
a v a i l a b l e  on d i f f e r e n t  hosts may d i f f e r ,  but  equivalent funct ional  ity I s  
usual ly avai lable. F i l t e r s  and standard fmms can be used t o  ad jus t  for 
d l f ferences between speclf i c  too ls .  For example, d i f f e r e n t  e d i t o r s  
sometimes embbed contro l  characters i n  t h e  text .  F i  I t e r s  a re  used a t  f%C 
head quar ters  t o  move t e x t  anong t h e  V A X  EDT edi tor ,  t h e  IBM PC Wordstar 
edi tor ,  and t h e  Macintosh MacWrite ed i tor .  A standard, p l a i n  t e x t  f o r m  
has been establ  ished so t h a t  only one new f l l  t e r  needs t o  be w r i t t e n  t o  
i ntroduce another edl tor. 

Pro ject  data has been proven t o  be in teroperable between d i f f e r e n t  
framework i ns ta l  la t ions.  Software and documentation have been r o u t i n e l y  
devel oped on one ins ta l  I at1 on and then t rans fer red  together w i t h  
documentation, t raceabi l  Ity and conf igura t ion  management Information, and 
p r o j e c t  h i s t o r y  information t o  a d l f f e r e n t  i ns ta l  l a t i o n  on d i f f e r e n t  
hardware w i t h  no problems. This feature has proven useful I n  a l lowing 
p r o j e c t  work t o  proceed i n  para1 le1 w i th  the APE rehost t o  new 
hardware. That is, t h e  ear ly  phases of a p ro jec t  can begin under APE 
control  on one machine w h i l e  t h e  A P E  i s  rehosted t o  t h e  desired 
development host. When t h e  rehost i s  compl ete, t h e  pro jec t  can be 
t ransfered t o  i t s  own host. 

The f ranework was designed t o  f unct l  on I n a d i  s t r  I buted, heterogeneous 
hardware environment. Both the database and t h e  processing may be 
d ls t r ibuted.  Work c u r r e n t l y  underway w i l  I al l o w  d i s t r i b u t i o n  o f  
developer processing t o  IBM PCs and Macintoshes connected t o  a V A X  v i a  a 
local  area network. Future plans c a l l  for f u l l  d i s t r i b u t i o n  of both 
processing and data. 

5 .O Concl us i ons 

The pre l  iminary r e s u l t s  presented above provide good evidence t h a t  the  
A P E  approach can achieve i t s  goals. 
product iv i ty ,  a l lows use of e x i s t i n g  t o o l s  wi thout  modif icat ion,  and i s  
easy t o  transport .  

The franework increases 

PRC management has been impressed enough to  make the 
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APE a company standard. 
I arge pro jec ts  has begun. 

The task o f  technology 
Because of I t s  f I ex lb l  

i ntroduced 1 n t o  ex i  s t l  ng p ro jec ts  w i thou t  undue d 

nser t ion  i n t o  
ty, t he  APE can be 
sruption. Most of the 

t r a n s l t l o n  problems a r e - i n  t h e  areas of t ra in lng .  The use of t he  APE 
does involve understandlng o f  some baslc concepts. During t h e  next f e w  
years, more data w i t  1 be col lec ted on t h e  benef I t s  of using t h i s  type of 
env lronment f ranework. 

The APE franework approach i s  I n  a n t r a &  w l th  other env l roment  
approaches both I n  t h e  areas of goals and o f  benef I ts .  Many other 
recent ly  developed envlroments, such as t h e  Ada Language System (AL 
[41, have a very d i f f e r e n t  se t  of  goals. One of the goals o f  the  ALS i s  
t o  provide a m inlmal se t  of t ransportabl  e t o o l s  I ncl udl ng a re targetabl  e 
Ada compiler. Much of  the  e f f o r t  expended I n  t h e  ALS development has 
been t o  develop tools,  especial l y  the Ada compll er. Many of the  benef i t s  
expected fran the  ALS are the  benef I t s  derived fran the  use of a standard 
t o o l  s e t  and command I anguage. 

The approach taken by the  ALS does not a1 low the  use of non-PLS tools. 
To work w I t h  the ALS, e x l s t i  ng t o o l s  must be rehosted t o  t h e  ALS KAPSE 
and r e w r l t t e n  i n  Ada, I f  necessary. The ALS t o o l s  a re  t ransported by 
rehost lng t h e  ALS KAPSE on new hardware j u s t  as t h e  APE franework i s  
t ranspor ted by rehost ing t h e  A I S  on a new operat ing system. 
approach means t h a t  there w l l  1 be s l g n i f  lcant  lead t ime before the  ALS 
has a reasonably f u l  I too l  set. Further, features such as f u l  I 
conf lgura t ion  management and p ro jec t  repo r t l ng  must be added as t o o l s  t o  
t h e  ALS. These important p roduc t iv i t y  t o o l s  a re  not p a r t  of  the  minlmal 
toolset .  Important aspects of t h e  ALS approach, such as produc t iv l t y  and 
po r tab i l  lty, have y e t  t o  be proven. The problem of d i s t r l b u t l o n  was not  
d i r e c t l y  addressed i n  t h e  f l r s t  vers ion of the  ALS. 

The ALS 

The ALS approach may work fcr organfzatlons such as t h e  U.S. Army t h a t  
wish t o  standardize as much as poss ib le  on a mlnlmal too l  se t  and a 
I iml ted se lec t ion  of standard hardware. Havever, for a contractor w l th  a 
wide va r ie t y  of c l  l e n t  and In ternal  standards, methodologies, and 
hardware, a much more f l e x i b l e  approach i s  necessary. The APE franework 
Is an example of a v i a b l e  a l t e r n a t i v e  approach, 
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