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- the techniques discussed in the IBM Structured Programming Series. The
final technica l report includes both the results of the MPP research and
future research plans recommended. Section 3 includes the analysis of the

•practices used on the three projects plus comparisons. Section 4 discusses
the•CSC comparison methodology . Section 5 defines a recommended set of
programming practices. The comparison methodology was designed to permit an
unbiased assessment of programming practice effectiveness so that an optimum
mix of practices may be selected for use on any planned software development
project. ~?
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EVALUATION

This repor t describes t h e  software development technology and

management practices emp loyed on three specific developmen ts by Computer

Sciences Corporation.

The intent of the RADC program to which this document relates,

TPO V/3.4 , is to describe and assess software prod uction and management

tools and methods which significan tly impact the timely de l ive ry  of

A reliable software.

The stud y contract is one of a series of six with different firms

having  the  s imilar  purpose  of descr ib ing  a broad range of techniques

which have been found  bene f i c ial .

RADC is engaged in p r o m o t i n g  u t i l i z a t i o n  of Modern Programming

Technology , also called Software Engineering, especia l ly  in large

complex Command and Control software development efforts.

ROGER W. WEBER

Project Engineer
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S1- C TION I — R l - S i - ~AR CIl  TASK

1.1 OVE RVI E\ V

The prim ary objective of thi s research task was to assess the effect s of modern
programming practices (~ lJ5 1’) on selected Comput er  Sciences Corporation (CSC )
software system development proj ects . In order to do this it ~ as necessary to
id entify and define specific \l1 ’P used on the projects studied . MPP are thos e
engineering and management techniques that may he applied in an integrated fashion
to influence software re l iab i l i ty , cos t , and schedule dur ing  derelopment  of a software
system. This d efinition is broad enough to in clude all of the diverse management
and technical staff activities such as st ructu rod programming,  design reviews,
support software implementat ion and others . Each project was care fu l ly  researched
to isolate the programming practices used .  In some eases the project managers
had adapted specific practices to meet un ique  requirements . These variants were
also identified and def ined .  Using each complete list of project MPP as a gu id e, the
individual projects were carefully examined in depth. All availabl e information
sources were used . This incl uded project personnel , documentat ion , reports ,
products , etc. This research was directed toward assessing the impact of the pro—
gramni ing practices on the conduct and com pl etion of the sy stem devel opment .  The
prod tct of this research is a compl ete anal vsis of the three CSC projects which
served as the basis for the subsequent research tasks .

Once the assessment had been comp le t ed , the programming practices identified were
compared with the structu r ed progr amming t echn o l l lgv  (SP’l’) techniques discussed
in the IBM Structured Programming Series. Before the two could be compared it
was necessary to dev ’elop a format and criteria for completing the comparison.
There was not a one-to—one correspondence of \ l PP to SPT techniques except in a
few instances . In some cases , t crn i in o iu~’v was d i f fe ren t  where actua l activ ities
were the same or very nearly alike . In these ins tanc e s  the pr act ice and technique
were identifi ed by their s imilari t ies . In every in st an ce possib le , correspondence
between individual \ IP P  and Si”!’ techniques was establ ished for comparison purposes .
The comparison process was comp le ted for each app l icab l e computer  program life
cycle phas e , and to t h e  extent possib l e , \vas based upon qu antif iah ’  e factors common
to the activities under study . \‘shei ’e correspondence was not establ ished the
activity was i’’~ ii uated and compar ed to other \l 1) 1’ and SPT techniqu es within  appro-
priate phas es .

For the purpose of this s tud”  the c ’omp u iet -  pret ~r an1 l i fe cycl  e as describ ed in the
AFM sOO series was used . ‘[‘his manua l  ( I C !  i f lus  t i m e  i f e evel e as 1 eini ~ composed of
Anal vsis , 1)esig n , ( ‘ ode anI~l Checkout , l’cst and l f l t eg ra t i ( I f l , I n s t a l l a t i o n , and
Operat in~ and Support phas es . The l)~-si ~n has c has beefl sulxi  ivid ed into Functional
and I)etai l uJ l)u si~ n suhph asos Inc  the pu r!II)s e ol these  d i s cu s s i o n s .  The Phases
art’ shown on Tabl e 1 —l a long  ~ it h phase a c t i v i t i e s , ( IoCU rnefltS , and !‘u\’i(’ws
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Fol lowing the comparison of ‘I PP and SI ~‘I ’ !.~ - H m n i q i l e s  , a ( ‘onipo sit e  set of stand a rd
practices was identi t ied ‘l’hese s tand ar d  r ;ia Li ~‘us wer e sel ected because of their
positive effect on the acquisit ion process a rid their  ut i l  ite wi thin  the var ious  typ es
of system devel opment environments  . The factor s  i n f l u en c i n g  the sel ection of
thes e practic es ar e discussed , alon g  with techniques for their  use. This set of

• modern p rogramming  practices repres ents an op t imum a r m ’ a\ of n-management and
technical aid s to be app lied thr Ou :,i,i i ’ ) Ut  t i l e  ( ‘om v l) lc ie l i f e  evcl  e. l l o w e v c m ’ , these
practices are not repres enta t ive  t the ent i re  s Pt ’ ’t l ’u m of a va i l  a t I  e ma nagen ent
and technical aids. The~- were  s ci u~ t t~J tt’omn on tm v th “c-c u r n  cets and the Structured
Programming Ser ies , it must  he emphasized that t h e m -c t i c  other practices which
should he eval u ated in order to p r o du c e  a c -u ni ~~r ehens  i~~’ e anal siS

The final phase of the Soitwa i.e P r c ( Ij L - t j o n  D ata  ) t ’ ) I L - ( t in ~ ol ved development  of a
plan for fu ture  ~T PP t•es eareh .  ‘Th e r e s e a t - ui ,  p l an  ~t’escnts a phased approac h to
the study of \ l l -’l ’ t h a t  is a n cxten~~,nr  ~~md ttr

~~
Jl l i l a - a n n  i i  ‘ e s e :i i e h  conducted under

this contract . The ~l PP slu d \ d i , s a n s  ~ n-d h e a t i n  produced s ignif icant  in s igh t  into
the identification and definit ion of i - i t u e l i t  e r gra ’im ing  p t - a t -t i -cs . There remain ,
however , many areas  of pote n t ia l ly  ‘i’ u d n e t i v ~ re ,-~ ea reh  that  e ,,fl hu pursued . The
goal for this r esear ch w i l l  be to ,‘ou t i  i n  t l,c k -a! al it ~. and m i s  ci LII ness of the \ IPP
sel ection n ieth xlo l -g’ -~. To aeconip lish t i l l s  (~~C proposes a rescn:’ch p rog ram that:

• Provides for s- ,’ st e m n a t i e pcm ’f,n ’muaia ’c -  da ta  ci tm I uct i tn I t o r n  new software
ac qu i s i t i on  projects of varied t-~pes

• De t’i ncs an au tomated  lata m e d u~- L m u n  sy s t e m to ~, s s i m m P ate the research
da t a

• Pci ’f ’i ’ms a i n t i  vsis of the r educed  pe r fo rmance  d~ ta .

The M P I ~ r osua m eli \ - d ~ I i a : i ) C r e ~’ du r in g  ~t.s condu ct  hy ad \-e i’~~e ri~~ -iias1a n ces which
had some ef f e t ’ t  - ‘n t h e  m esa i t s  • This is not to 5 L t \  t hL l t  t I m e  ( i ) l l ( 1 1 1 5 i 0 1 ’ IS tI m ’ a’v n f rom
the research ar e  rieees sai’ i l~ i i i ’ ~- a id . I t is s i r e m a ’ . 1-> point l i t  tha t  I ’ r  - n e  u S i \  e

proof that t h e  rest  -a i’eh I m d  m u gs at’ C t ‘n- ~~, lim o at -  em Pt u l l O -o ud ext etis ye i ’e—

search is nec ’essa ‘v • The most s ig n i f i c an t  ‘~ ‘ i - m s cocoa it~- rod Ia, iii is yes eu t r ch
project \% c~ e t ’v o f u l d  . I - t i ’  st • n i n e  ot the  i i  I’ eC a- a cc’t .s ‘ m i a n u i g e m e o t  ‘ ‘ mu t  rol s or
repor t ing  ,r x I - m c e d  the t~ es of d a t u m  necessa i-v t o t ’  a t no t ’o i  gb afla t vs is of t h e  pro—
granunin g pi’ a -~ i i ~ es c i t e - i  i\  uf leS , The da ta  i ’euui r~ n for t - o m ~ii e tc  ana ly s i s  must
he defined it the t i i ’ n e e t  i t s e t  and then , -u !le  t 1 -d and u r i l i o d  t h r o u g h out  the l i f e
of the project .  l i m e  P er t ’  - rum ance m e a s u r e  m em i t  a I s i  i - el ‘ii rig r equi red  for this goes
far beyo nd that t- ’& :sSaL’v toi I ’ t i !  i l l  e P m ’ f l  I ‘ -t u l u i l g u l  a e mi t  and a i t I , in al l  l ike l ihood ,
i ncr ease o v u m ’ h e a d  t’~ i , .t s ~- ) Imr !’ lc- ruhl y .  ~~~. c o s t , t i \ i u g ’ i n n i n g  th i s  s t u d - . when the
proj ects were  compi ut I i t ’  in the l i i i !  de~ t i  - -

~ - m  - t - f l t  I dm a ses m i tch  of the i n f o r m a t i o n
so u ght  was not i’eadi l v a~ t i ~ 

:t ik - . t\Cv I l  aicet -er -a n n u l , f ten  had i

subs t a n t i a t i n g  i - estn m ’u~ d a t a  was ) ‘ ( ~tsiOn tll V  t ’i ssii g and s’, ’mt - r u ; ’ ’ i ’ t s  \\ t ’ i ’e
di f f i cu l t  to a n a l y z e .  

--- •--- ~~-— - - -~~- 
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MPP data collection can onl y he effective if it is structured as a coordinated project
• task which is an integral part of the software development. This approach to soft-

ware data collection offers significant benefits over that used for this stud y. First ,
by initially defining data collection requirements and procedures there is more
assurance that they ~‘il l be less disruptive of the software development process and
will produce more definitive and accurate data. It is extremely important that dat a

— collection not inhibit the normal prod u ction cycle. Data accuracy must he main-
tained throughout the collection process to insure the val idity of research findings.
Next , software data collection must he carried out by an independent research
group. To the ma~u m um  extent possible members of this group should maintain
a disinterested status rel ative to the project in ord er to prevent any bias from
appearing in the research report . This approach will be costl y in terms of man-
power required in excess of that r equired exclusively for program d evel opment .

I ’ 
- L 2  REPOR T CONTE NT

• This technical report includes both the results of the MPP research and the future
research plans . Section 2 contains descriptions of the three CSC projects studied ,
including definitions of the MPP used on each proj ect . Section 3 includes the analy-
ses of the practices used on thes e three proj ects plus comparisons among rel ated
MPP from thes e projects . Section -1 discusses the CSC comparison method ol ogy.
Section 5 defines a recommend ed set of programming practices selected from MPP
and SPT techniques . Section 6 is the pl an for future res earch into MPP technol ogy .
Append ix A contains a list of terms common to the discussions of programming
practices included in this report .

1-4



S I - ( l( )N 2 - 1’lt( )J l-~~’i I) [S  ‘ 1  EP’l’ION S

2.1 ovER\’ l l- :\\

The three (‘5(’ 1tt’o ~~i~~ ts studied had m any sim i l  - i i ’  charitute~-i~ tics , and vet the~ were
divers e enough to l i :,vc var ied env i i’o u i o  cot s for e m i i ~~

,! i ’v m e n t  of ~i PP. Each project
invo lved either d irect or indire c t c o n t r a c t u a l  rd atio ushtps w i th  the t .S . ,\avy . The
software in all three it ro I ~-rts ~ as d~ v o l  oped for “Cal —time command and control
systems for  shiphorne employm ent .  The ea rth - , and I m i g e s t  (in terms of manning)
of the three pi ’ovidcd the nucleus  of exnei - ienca~i personnel  !‘tr  the other two. Also ,
much of the support  and test sof tware was common t all  tli r’et- . This was do e  to

- 
- 

- 
the standard ization of computer hard ,v arc  it ch s- ’lt -a ate for ~ :i ’ al t~ ctica systems .

The ( n ivac AN I ~t t c  7 e u n ip u t c i ’s ar e  used for Ya~~ S b i~~)bOFfle tacticri 1 systems and
o - all software is de~-eI oped us i n g  the C ‘d~ —2 e - n n p i l e r.  I l i a .  ‘ 

- \l~~— : compi le r  is the
res ponsibility of one organizat ion that  ma 1-: ’ -s I mod ii i cat ‘tu s ~t tc i enhancements
to time compiler to erIsu re al l  N:o\  v I r i s t id at ’’ns re i :c aat ni ; with a cur ren t  standard
version. Ne~— c r t h a l  iSS  , dcccl opomont cuvi i’onnmeots , n m a n ~ - t - m e o t  app roaches and
sy stem r e q u i r m -m e u t s  :~I I were d i f k - r e m m t , and th~- SL I ’ O e S- ’ i’ h i c-c - ed  in en -h of these
acquisition tr o~ ea ts varied considerably .  The lol l -owin g discus si-ins ~vil I provid e
a basis for the \i  PP analy s is  and rec ommendat ions . Tabl e ~— 1 identifi es the three
projects  and the it - ag i’am n i i t i g  i-ractiecs the-v r I O ;  l\

The sul,s ections -a d ic i i  fo l low i nc lu d e  discussions of ‘o UtS (a ,  ~), ‘iit H )EN 1’ (2.3)
and D b— ~ dn (2. -It . Thes e d i scuss ion - s  wi l l  r -uvci ’  m ’equi r c i t - e t o t s  , environment ,
history and ~\ i t ’ l - ’~

2 . 2  A l-:GIS 1- G I N C E R I N G  D l - ;v E 1 o I ~~ IF N l \ 1 ( f l ) i - l — 1  P l P t - I C ( T

‘Fh e Al-~GlS l- ng i imc e o - i ug I) ev i l  op no c-nt  ~l cod ci —1 (CI )  ‘ 1 — I  pr o - - c t  was a sc - - r i t  ‘ - n - i

with RCA far  the I .5. ~ u ’~\ to desig n and ui -c-I U I )  en g i n e e r i n g  t l ~~ ( i  . .5 0 ~~t r- Command
and Control (C and C suhsvs t etn , Radar  (5 I~\ — 1 )  Subsystem , -: °peratiunal Readiness

Test Sy stem (OR Thi , the real — t i m e  e x v c - t c t i - , t -  (A I ’EP) and t h e  s n ! ; ! - ! s c ’I t c - ui ’c
(i . e. , Signal  I ~ro -essor Check ‘. lot (SI 1’ n :  ~, U t i l i t y  S i t w a m ’ e ( - -\ ‘FUI , an  I d a t u m  t’e —
du ct ion p l ’ug ’a n s  (5\1 \ R T  and l L-\ Pb.

2 . 2 . 1 Sy s tem R~~j~~~’ement ~

A l-~CT5 is  in  in t - .~i-atecl , co i u p n t e t ’  -con t ro l  l e d  ‘ O hm I
I (1 1111 ~\-eap On sy stem composed

of a gu id ed m i s s i l e , aeqit i s i t i ’n and gil h i  cia -u rad ar ar id a i m  c c i i i  m a t e d  control sy stem.
E D M — 1  is a p r o o f — o f — r - o i t c - c 1c t  s vst e t l l  !i )\r ct ~ea o m  t h u  I 55 Noi ’t in Sound . The
computer set e e t i t l  for  ‘pi ’i ’ t t i o f l al ‘ O i ) t t l o : t i ’ L ‘Vt ’s  the l N l \  A t \N  l ’ Y K — 7  , timci thc -
I atigu ige sel ected \\ as the (‘ ~i lS — :!  high order I t n g n u i  i’ .

_ _ _  
_ _ _ _ _ _ _ _ _  -~~~ 

_ _  
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Tabl e 2— 1. Project Programming Practices

PROJECT
z

PROGRA~1MD~G

TOP DOW N DESIGN X X X

THREADS X X

BUILDS X X  X

THR EADS MANAGEMENT SYSTEM X X~

PROJECT R EVIE WS X

PR OGR A M MIN G TECHNIQUES X X X

PROGRESSIV E TESTING & INTEGRATIO N X X X

SOF”IWARE CONFIGUR A TION MANAGEMENT X X X

STRUCTURE D \VALKTIIROUGH X X

BUILD L 1~ADE R X

CHIEF PROGRAMM ER X

SUPPORT PROGRAMS X X

V ERIFI CA TION PROCEDURES X

INDEPENDENT TEST & EVALUATIO N X X
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2. 2. 2 Devu l  () i) i i t c -tl t 1-. r m v i r o n n i e n t

The US C contract I)ertorrmlance period ev i l u m i t ed  cv t ies  m ’ s  - a rc - I t  P r o t e c t  was f rom

Jan L i a ry ,  19Th , t h rough  Apr i l , 197: 1 , h- c r  the  E D M — 1  e isb n of tim e ‘- s t u n t .  The

data col l ected for t h i s  r e search  ot il v nov em ’ :-; t he l - l Y \ l — l  s f t — v : t i ’e dev e lop ment ,
however , USC :mlso pr o v i d e d  leve l  m l  c ifort  (l. iC c s u u c o ’ c m ’ t  to I D ’A  m u the areas of
system integrat ion and t e st in g  ol’ i- , l )~~ —1 solt’i im ’ c,

The A E G I S  t - e ! c n i u : c l  :~ t c c f f  c i  er~ ge i p p r o x i m u a t c - I y one i t : t n c 1 ~’ s u  U1’ s u l t f t  over the
contract I)*~’11~

(l . I lmis s t a f f  had tin av e r ’, - ; - c l t a t  -c c’:~ c ’ :  da ta  processing i-xperience

and pn hail rd 1C-d , a i t e r i e n c c  p r i n t ’  to :cns i gc : rnc n t  - c r i  the ,-\EGIS project . Rel ated
experience wcc ’a d~ - t e i ’ n c i t a ~- I t o b -  c y ne t te u ne  in  t he si~i c svstetit to which the person

was a s s i gn e d  ( C e . ,  r ~ l —time e x e c - I l t u v e , r ac! : t r , c o m m a n d  cod contro l , etc. ~~. The

sta ff ivas cOmpr is ~ l n l ’ i ’7 ’ , -4i’ fl~~Oi ’  m u - c a l l e r s  (if t h e  t ’ - b i c ’m I c c i  s t a f t  or higher , whil e
C 70’- of the s~ : f f  - t S ’ O e ’ O-~~r ’tI ro l l  i-ge th ceS  . f tc :  r c q c : i : c m -I me nt ~s for a s~~n 1or member

of the U SC technica l  s ta f f  ire :  I t S  d e g i a c , MS ~ m - 1 e r re d  • M i n i m um  fii c years

professiona l cxi cu t ’ i  ac - c e  with sI:;I~-r-:isor\ Or’ man :- ~ ‘nt nt i-x~ let ’) c-n c r ’ . The average

— turnover cute for the t c - r -hn ic ’ ti s tuD du r i n g  c o n t r a c t  c-n od i - s  21 . i~~ per year .

2 . 2 . 3 ,~~~~ect h istory

The E l ) M — I  WaS :,n R t imi l  P effort w it h  c U S tc t i l i ’  r ’ f l ’ t l i I ; c S J S  o t t  q ’ : : i l  f t c . ‘l’he ha rdware

and software b r  the  Sy s tem were  dcccl c m _ si j im ‘i ral l el w h i c h  r t - s u l t e d  in several

restarts 0nd modif icat ions to the ori g~ ical d esign . The ; l i ’ c c ; e r ~ i te m - s o n n e t  interviewed

dur ing  this research fel t  that the s i t e - cu s s  of t h i s  p r ed- :c-t  a~ due ti - I the very cl ose

working rd ati onshi p among  i ll  ~cc-r s ( n n t ~’I t in d a good O\ rcm I s’ st e rn  coordinat ion.
The CSC det’elopedi software amounted  t i c  i - i - i  310 , ( t ~~ wor k of C o m e  ~fl size at a

cost of S7 . ‘a’iO , phil foy t i m , : dcccl op cue n t.

The first  year of the r - - c t t t t ’ aet , 1 97i1 , ivas c i ’ t i c  :-trhim i licc t ’ v :-ri (! c.’t’itft’a’ dc-sign

reviews . Time execut i~ e d e - a i g n  iv iS o - ’ c- t ct ed in  \ T : t r -h .  i i  ~ 1 , t h e  command  and

control dc_ - s ign  ‘i’ as m e r c ’ n t ~~l iii h,\ l i v , 1 971 , ted t~tc r adar  (‘~ 1 
-Y --1) desig n was

accepted iii September , 1 171 . TIic ’ 1 c r u l d  c - n - - l ’ t  V as c isc - i l  on t h e  \ L U I  proj ect  to

~~0flhIt l emco n -ctt ’ :ttioa of systom c : c p : c h c i [ i t i i s  t i  t i m e  c - n S t c c t l l e i ’  ~m S t i m e  r- t p t ih i !i ties were

produced .  The Cost capabil itv of t l i t -  corn n ’ im d and c i c c m t m ’ o (( - and (‘ i sy stem ii’as

demons tra t ed  in No’, e n : h c - r , 197 1. l imc - f i n a l  S PY -  1 t ’ c c i : c r  c’ u t l l n l c l l i t i e s  ii

denmonstr ited in ,Januar’, , 1O ’ 2 , mu d ( - amid I : c  I l l ! S I ‘i — I i ; t c - r f : c  re capabi l  i t i  c-s were

si cc’cesotu ll y e c i t i C-t od 1mm L c -bc ’ c , t ’ c  , 1972. ~h c ’  l i ~~ - l c,’ (-d e:’l;on VurS )On ivas tested

and s i i l c ~ ’ t ~’nl integrat ion c - nc n iclc t id in r ’n c ’l\ 1 !j 7 a  , cnd Id i~~c - ru - l t i c  t h e  customer

in Al ri l , I 97 :

— The m aj o r  ! nj l ( - s t ’ ) b m u - s  ii et’e met en rI~ or t~t i time. l i i i ’ deve  opulent  schvxlu ’ C was
established by (‘SC in c - c n ; i n e t i o u  with timi’ r us t - in c - c ’ and i~l t c i e d  very -losel~
The (lUmfloIl ,’O tm ’;l ti”flS of ‘~~ i i t  al s y s ltcm:1 r- :c !i abi li i - - ~ ) U! i( 1 5 l  “ err - the i n ter m e d i at e

milestones mu d t h e s e  iv ~‘ r~ cc:  t c ’~ t i m e  i i i ’  ‘vi !h: n a V c -c -k or two of the sch edtml ed date .
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The CSC management monitored this progress very cl osely and redistributed
resources when necessary to maintain the overal l schedule.

2 . 2 . 4  Project M PP

a.’ The modern programming practices identifi ed on the AEGIS project were :

• Top Down Design
• Threads
• Builds

• Threads Management System
• Project Reviews

• Functional Programming
-
~~~~ • Progressive Testing and Integration
-V • Software Configuration Management

• Support Programs
-~~ . . Ind ependent Test and Evaluation

2.2.4.1 Top Down Design

The AEGIS designers decided on a top down approach to the software system design
for several reasons , the most important being the system size and complexity. The
AEGIS system was at that time one of the l argest ever devel oped by CSC aed the
top down design was to provid e a systematic approach to segment the system into
manageabl e development units . The decomposition and refinement of functions down
to the program 1 evel during a top down design requires the identification of the

L interfaces necessary to communicate between the level s of the system. Once th ese
interfaces between 1 evels of tim e system are identifi ed the system becomes Less
complex as components become smal ler .  In contrast , the bottom up approach
becomes more complex as the next higher level of a system is built and lower level s
dict ate what system interfaces are required. Thus Top Down Design was chosen
for AEGIS .

The total system developmen t concept for the AEGIS program was to develop the
EDM-1 version for maximu m functiona l flexibil ity and system maintainability to
enabl e future enhancements to be mad e with a minimum effort and cost. The top
down design provided USC with a system architectu re that was compatib le with
development of functional subsystem components .

2 . 2 . 4 . 2  THREA DS

The THR E ADS concept , which is used h CSC on most of its current projects , was
conceived during the AEGIS project . AEGIS was one of the largest real —time systems
CSC had ever developed and a technique was needed to ensure that all system
requirements were covered by the design specification. Some of the AEGI S staff
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menml)ers developed this techni que  by id~- i m t i  l i i  a til I \5t ‘ F l  inputs  afl(I 0Ut 1)UtS in
the design document  and ident i t v~ng the h lL ’ o ua:s e~ or th s  throug h the  sr s tem from
input (s) to output(s i . Therm , thes e process c_-s i~’eru mapped back ttc  the r equi rements
to verif y that requ i rements  were met by the des igcm , thus i n s ur i n g  th tm t  t he  design
was comp l etc .

Once the data fr om t h i s  h i m ’ st t h ’ c_ ’adi  n r  cr111- c - sn had e( ’u c - c c !  1 iii’ ted and documented
the tru e potentia l of threa d s j c e u , c  lil y c i  c ; c c t r e n t .  T h c ’c  t ’ n n p i m g  it r i - i  ated processes
or thread s \ v i s  1l5 id  to c-I en t i ty  I rllmet i cict a l Si SL ~ c i1 e o m m c p c a c  - cuts  that cou ld he
developed and demonst :’:mtti l as a par t i a l  s ’ s t e i c c  ( ‘a t m l ii j t - , : these gn ixi p s  were
called Bui lds .  Since the  thread s c- i-re paths t h m - o :gh ihe sv st ~’ tm m , the interfaces he—
twee n modules had to b c ’ tcl entifi ed and t h e  d i c t a  I -u s e  i - l  u n c e n t s  uSis t for in termodule
communications were ’  d e f i n e d  eai ’lv in t i :r ’ -Jer’d r ; ~ l l m e n t  a c C I  C. Ili e earl y identifi-
cation and d efinition of modul c_c i m t t n i ’ f ; u ’ m -  ccs ta hhi shcLi  1l ;~- c m m C ’ s s ; t g u  l ) a t t drf lS for all
programs which el i n m i n a t o d  ~c n c ) g r anlmer  i t t - r p r c c t : : m i  -n , thus r e d u c in g  this type of
integration problem.

2.2.4.:~ Builds

The Build concept \V U :i p r imar i l y used on the -\ l - : ( ; l : ~ ) t ’mect as a means  of m ere—
mental system development. A bui1d~ as s t ; t l c ,ii i n suct ion  2 . 2 . 1 . 2 , v~ as a group of
funct iona l l y related thread s which could ic e  deed  op c d  cu r l c l enco c i s t r at ed  :5 a partia l
system capabii i t ’ . By goon pin g Ccc  threads m l i i  un til i~~fl uLl  a u i m t i t  1 r ’~ , the- total
software production could l i e  s cheduled  and c o n t r o l l e d  :ct a manag eabl e level . This

technique alt  o~vcd managem ent to schedule -  the ci u i u h  u t  i n c - - i l  h i c m n e d  on hardware
availability, critical areas of sof tware and other cccn- - t c ’ c c i t i t S  and to t i t l i  ize develop-
ment resources to the max in m um n degree. This t eclitmic ~:ic - ;:rc : vided visihii its’ if re—
l) laflfling was necessary d u e  to unavoidabl e- problems , a i im - h as l a t e  de 1iver~ of a
hardware component.  The build conmpl c-l ion datc -s v- - el- c- sod us intermediate mil e-
stones by lower levels  of management  t ie rne ;csc I l ’e tm - (-g re ss -

The technique also promoted p r o g r e s s i v e  ti-sting and i n t e g r c mt i o i i  which is covered
in section 2 . 2 . 4 . 7  of this report.

2 . 2 .4 .4  Threads Management Sy s tem ( ‘l7 i lS )

As discussed in Section 2 . 2 .  4 . 2  of this report , af ter  the t } t r e m c l s  ii’ere d efined and
documented, other its es of this i n f o r m a t i c m  \ \ f , r e  C o f l ( - & - i  \ ii ‘and c_ - om l iut er  programs
were developed to ~~l ct ai n the l u l l  h en ebit s  of the (l ; ct :  . l i t  is t o ]  i c - c  t i  c c i  of I ro gr :c  ins
was called the Threads i ’dan ag emeut  Sri-P e lt : ( l~c 1Sl l t r ’u : : t i s c ’  i m in i  c c l  th e reports
generated by the sy s tem were used  l o t ’  n t a n a g u t -i i e n t  contro l

The data has e for the l’MS e c c n t c c  ~nid id e i t t i  i c  m g m l  - n u : t t i i l t t  cc l  * m i  each s i s t en i  thread ,
suc h as :
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• Thread name
• Thread number
• Performance specification paragraph reference nu mber
• Design specification par agraph reference number
• Modules required to process the thread
• Thread inpu t source
• Thread output format
• Thread statu s such as designed , cod ed , tested and integrat ed
• Mil estone reporting dates

The AEGIS management used the TMS report to monitor production progress of
modules by thread s within a module. The statu s is reported in a binary format ,
a modul e is either 100 ,’~. cod ed or 0% cod ed . This type of status reporting eliminat es
estimat es by the programmers and reports the true statu s of a software package.
The system also reports missed schedules on an except ion basis , as well as , current

-~~ 
- , and projected activity status. Other reports includ e any changes to the data bas e,

such as rescheduling of milestones and providing change impact analysis for pro-
posed system changes .

This system has been enhanced since its development on the AEGIS project to
provid e extensive management reports . The system served AEGIS as a control
tool and provid ed visibility to CSC mana ~~ ment and the customer .

2.2.4 .  5 Project Reviews

Project reviews may not al ways be considered to be MPP , however , during this
research all project managers interviewed fel t that the use of in process reviews
(I PR ) kept the customer involved in the project throughout the development cycle
and enhanced devel opment progress. The normal sequence of events for most
projects begins with the customer approving the system design at the Critica ’
Design Review (CDR) and then departing until some time later when he r eturns to
accept the softwa re. This results in l ittl e or no input by the customer as the pro-
duct evolves through the development phases . This sometimes causes system
integration problems due to hardware or software changes or trade—offs being mad e
without proper developer-customer coordination. CSC encourages customer
involvement during all phases of the software development. This fosters awareness
by all system development participants in problem areas thus promoting their
expedient resolution and keeps everyone informed of the current status of progres s
on all project tasks . The AEGIS project staff had a monthly statu s rw eting in which
problem areas were identified , action items were assigned to the appropriate
personnel and progres s reported since the last meeting. CSC staff personnel en-
joy ed a very good working rel a tionship with the other members of the AEGIS program
team . This is not to impl y there were no problems , however , a good overal l team
coordination assisted in quick solutions or work around s to most prob l ems .

2-6
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The p reliminary design reviews (PDR 5 ) and critical design reviews (CDRs) are
contract obligations , however , the forn iat in which they are performed can have a
significant impact on the system development. The schedul e for P DI~s and CDRs
are normall y mil estones in a development cycl e (and should he), however , the
schedul e should he ti exibl e enough to he adjusted if the design is not i0 O compl ete.
To hold a review on a scheduled date without regard to actual design status , often
results in reviewing an incomplete document which creates excessive questions and
wastes many hours of valuable management t ime.  If approval is given to an incom-
plete design document the resu lt will probably he an incomp l ete or fa u l ty system
design .

The CSC approach to this problem is to insure the design is complete prior  to the

- 

‘ review or del ay holding the review until it is complete. Copies of th e material
to he reviewed are sent to all parties attending the review ear ls’ enough to allow

0’ the m time to read the material and forn mul ate questions prior to the meeting. This
proc edure  expedites the review proces s and produces a solidifi ed design. -

2.2.4.6 Functional Programming

The AhGIS program was designed as a three phase procurement to l)e developed in
um1~ Jneer ing clcvelopnment models by adding enhancements and additional capabilities
to each succeeding mod el . Therefore , CSC designed the software in funct iona l
modules to enahl2 additional functions to he add ed or upgrade existing functions
without affecting the other system components . The system design technique was
top down , howev er , the module development was not restricted to hier archical
level s ot’ the s\stem.

By programming modules to perform a function or functions , conversion to the
nex t phase or model in the AEGIS program reqi t ir ed fewer development  resou rces.
This technique also allowed fl exibility dur ing development of El)M-1 since require—
nients changed rapidly as they normally do in an R and 1) environment . Another
consideration with this approach was that it supported progressive testing and inte-
gration which is discussed in Section 2 .2 . 4 . 7 .

Str uctured programming ~SP) was considered for th is eff ort , but was not u sed .
Sever al test p rogram s were written using the SP constructs and time sanm e programs
were written in ft -ce form. The results of thes e tests m’ c-vea i ed that  SP written in
CM S—2 (time high order l anguage selected for thi s project ) requi red  5i; more core
than free forni . Since the core allocation for tim e sy stem was l imit ed , the d ecision
was mad e not to use SP. (‘SC did enforce coding conventions on the tactica ’ sub-
sy stem programs to ensure standardiz ed nm odul c const ru ct ion and to promote n m ain—
ta in abil i tv  of these programs , whil e obtaining the most i - t t ic - ’ t i i - e  use of core.

2 — 7
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2 . 2 . 4 . 7  Progressive Testing and Integration

The CSC AEGIS staff used the progressive testing and int egration techniqu e in
conjunction with the MPP discussed earlier to support phas ed system implement ation.
Progressive testing and integration is the proces s of testing the build s as they are
developed , demonstrating the capability performed in the build and bas elirt ing the

-
‘ programs after a successfu l demonstration. This process contin u es as each suc-

cessive build is completed , with each build being integrated with the previousl y
bas elined builds and additional system capabilities being added until the total system
is integrated.

The benefits of thi s tool make it very cost effective. For exampl e, errors are
4 -‘ detected and corrected earlier in the development cycle when the cost-to-correct is

• 
- lower. By initiating the integration process early, any interface problems are

-a easier to track and total system integration at one time is avoided.

Another benefit is that the customer can see success demonstrated early. During
the AEGIS demonstrations , Navy personnel were used to operat e the consoles to
demonstrate that the software and the man -to-machine interf aces functioned as
designed. This technique gave the Navy hands-on experience and their inputs and
comments helped to improve areas such as display formats and operator key-ins .
The build-a-litt l e, test-a-littl e philosophy of increment al development and testing,
used in conjunction with regressive testing to assure that previously baselined

F - functions were not affected , provides a complete verification of the system functions
prior to system testing and acceptance tests .

2 .2 .4 .8  Software Configuration Management (SCM)

As stat ed earlier in this report AEGIS was a very large system and contro l of the
software during the phased impl ementation proces s r equired a large SCM staff .
The AEGIS SCM staff rang ed between four and six personnel over the life of the
project. The primary m esponsibi lit y of the SCM staff was to control the baselined
software from un ~uthori zcx1 modifications and provide documented verification of
the various versions of the system . This group also tracked and control l ed all
changes to the computer programs which had been base lined and all sys tern
documentation.

The benefits of this function are normally dependent on the siz e of the SCM staff
in relation to the siz e of the project . The AEGIS proj ect had proper fu nding to
allow for an SCM staff capable of controlling the software.

2 . 2 . 4 . 9  Support Programs

AEGIS support programs were developed to influ ence the design development , test
integration and val idation of the operational software. They were not a part of the
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operational software. Includ ed were those programs used in the integration of
hardware and computer programs , the instal l ation and checkout of each system
with eveiy other system el ement . These programs along wi th  the tactical executive
program provide facilities and tools to determine product qual ity and acceptabil ity.
The programs used included the following:

• Test Support Programs
• Interface Simul ators
• Operational Readiness Test System

2 . 2 . 4 . 9 .  1 Test Support Programs

The computer program development activity util ized test support prog-rams as tool s
in the process of d evelopment of computer programs. One such test support pro—
gram was the Software Test and Evaluation Program (STE P). STE P incl uded the
following functions :

• Driver-Control execution of STEP internal functions , together with
module ti nder test.

• Interpreter-Interpret input control card images and set up schedule
tabl e l inking modules with each other and with their test data.

• Load er-Link-Editor - Load and patch the modules being tested and
link them to any previousl y load ed modules . The loader shall maintain
a memory map and make available the locations of globally defined
symbols.

• I/O Control — Control the input-output section of the computer.
• Test Eval uation - Evaluate and print specifi ed test results .
• SNAP/ DU MP — List contents of sel ected areas of memory.

Other programs like STE P were developed , as needed , to serve as test tools to aid
in the orderl y development of computer programs for the AEGIS system .

2.2.4.9.2 Interface Simulators

Computer program d ebugging and testing, as well  as system debugging and testing,
were aid ed by use of interface simulation programs in the a bsence of complete
system interfaces . These programs introduced external sti muli  into the system ,
prograni or element under test , noting occurrance and val idity of response : facil i-
tated action/reaction criteria; and supported evaluation of t iim~ing coimsiderations .
The utility portion of STE P was used as a test tool al ong with s imulat ion programs ,
as appropriate.

The complement of interface s imula tor  routines includ ed 1)0th special-purpose
routines for directl y s imulating the interfaces to the routines being tested aimd the

2—9
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service routines that were used to hel p set up and monitor the particular test. The
former set was prepared individual l y for each autonomous system. Some of the
service routines were shared by more than one simulator package.

2.2.4.9.3 Operational Readiness Test System ~ORTh)

Although Ou TS was confi gu r ed as part of the operational software it was classified
as a support program.

ORTS provided a system for performance and readiness monitoring, fault diagnosis
and maintenance evaluation of function availabil ity and operability level , and
summary status reporting at the command l evel . Within this framework , the
operational programs residing in the computers employed by the radar , command
and control and weapon direction subsystems demonstrated the following capabilities :

• Fault detection by periodic monitoring and analysis of critical sensor
test data and computer programs .

• Fault isol ation by monitoring and analysis of discrete sensor test dat a
and computer programs .

• System operability testing by processing and analysis of simul ated radar
return data.

• Controlled injection of simulated signals into monitored equipment for
the purposes of fault detection , fault isolation , and operability testing.

• Control of ORTS displ ays for the purpose of reporting the results of
tes ting and processing of 0111’S o~e rator inputs , for test initiation , and
access of system operability and maintenance action information.

• System operability testing of the AEGIS equipment.
• System operability testing of the overall AEGIS system.

2.2 .4 . 10 Independent Tes t and Evaluation

Computer program testing was conducted by the AEGIS Test and Evaluation (T&E)
Department. This department operated independently within the project organization
to prepare test plans and procedures a rid conduct the testing. Project staff pro-
grammers and analysts completed all computer program unit testing during
development of the programs . When unit testing was successfully completed the
programs were integrated into functional subsystems known as builds and releas ed
to the T&E I)epartment for testing. Using prepared scripts and scenarios the T&E
personnel evaluated the performance of build programs using a build demonstration
as the vehicl e for the testing. A bu il d demonstration is a formal test of specific
ss-’stem functional capabilities . N o r m a l l y , the customer observed each build
demonstration as the vehic l c for the testing. A build demonstration is a formal test
of specific system functional capabilities . Nor m ally , the customer obs erved each
buil d demonstration and reviewed test documentation.
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The ‘r&i: Department nmanager reported directl y to the AEGIS project manager.
Computer program testing was executed and documented under project guidelines
using standardized procedures.

2 .3  TR IDENT MONI TORING/DATA ACQUISITION SUBSYSTE MS PROJECT

The TRIDENT Monitoring/Data Acquisition subsystems project was a subcontract
with IBM for the U.S.  Navy to develop the Monitoring subsystem G\1S) and the Data
Acquisition (DA) subsystem software for the TR IDENT submarine sensor system.
CSC had res ponsibility for design specification , detail design , program generation ,
coding and checkout , and subprogram integration. H ow ever , all system testing
and integration is being accomplished at this time 1w CSC personnel at the Navy
Land Based Evaluation Facility ~LBE F)  in Rhod e Island . The work is being done
under a time and materials contract with IBM as the prin me contractor.

2.3.1 System Requirements

The TR IDENT cl ass submarines will be the largest of the Fleet Ballistic Missil e
Subnmarines (SSBN), and will carry a complement of 24 TRIDENT 1 missil es . Each
submarine is designed for quiet operation , hi gh systems rel iabi l i t y , and extended
cruise endurance.

The MS and DA subsystems operate within the ship ’s central computer compl ex to
provid e automated sensor signal analysis , supporting quiet operation of the ship.
The on hoard computers to support these programs are the t ’N IV .-\( ’ A N ’t ’YK-7
and AN L YK-20. The computer programs are written in tim e CMS-2Y imigh order
l anguage.

2 . 3 . 2  Development Environment

l’h e CS( contract performance period for this effort was A pri l  1974 through
Au gust 197g . The techn ical staff consisted of approximatel y thir ty personne l during
the coding and testing phas e, of thes e 60~ were senior l evel personnel . The average
data pro cessing experience for the staff was 9.6 years , and 731 of the staff
j - osse~~sed col l ege degrees . Some of the technical staff nmemh ers were t ransfer red
from s i m i l a r  CSC projects , and of the total staff , 47~ had directl y rel ated experience
using the I N IVA C AN - - ’UY K — 7 and the CMS -21 language prior to assignment  to the
TRIDF:\ l project. The annual turnover rate was 24~ du ring the contract period .

‘Ilie \l~ and D:\ scbsy sten- t s developed by CSC total ed 94K word s in s ize and the
devel oi meni cost ‘~‘-as S2 . 4 M  over the contract period.
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2.3.3 Project History

This project encountered several problems during the development cycle. The
major problem arose when a complete redesign of the subsystems was required
after the sensor data collection hardware could not meet the performance require-
ments . The original hardware known as the Information Trans fer System (ITS) was
replaced by special purpose hardware using an AN/UYK-20 computer as a control
unit. This involved a major change in the concept of ope ration of MS and necessi-
tated development of the DA subsystem . The decision to make this change was
mad e only after the first two levels of the monitoring subsystem were delivered
to the customer .

The project also had a problem with program sizing caused in part by the added
requirements that accompanied the replacement of ITS by DA hardware. Al so the
subsystems were cod ed using structured programming with the CMS-2Y language
which further extend ed the core budget . Even after several test cases proved
that structured programs required 5% to 8% more core than non-structured programs ,
the decision was mad e by the customer to continue with structured programming .
A major effort was undertaken to reduce the size of the programs late in the
development cycle and monitoring of the core budget became a high priority effort.

Hardware , compil er and facility problems further slowed progress and resulted in
milestones being rescheduled . The customer became concerned and was given
additional visibility into development activities . Additional controls , resources and
techniques were applied to the proj ect and most of the problems were resolved.

The problems resulted in the final product delivery dat e being rescheduled from
May 1976 to August 1976.

This pmject did not use the Threads Management System and the mil estone achieve-
ment data was not wel l documented . The first two major mil estones , Level I and
L evel II of the original subsystem design were delivered on schedule. At this
point the decision was mad e by the customer for a redesign of the monitoring and
information transfer subsystems and all milestones had to be rescheduled.

2 .3.4 Project MPP

The modern programming practices identifi ed on the TRIDENT project were:

• Top Down Design
• Builds

• Structured Programming
• Structured \Valkthroug h
• Progressive Testing
• Software Configu ration Management
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The use of thes e MP P’ s and the impact they had on the CSC T R I D E N T  project wil l
be discussed in this subsection.

2 .3 .4 .1  Top Down Design

CSC was r equi red  by contract to devel op the monitoring and data acquisition subsys-
tems using top down structured programming techniques . The design of the sub-
systems was implemented using a top down approach , by designing the control
architecture first , then the internal control logic within each modul e to a progres —
sivel v lower l evel of functional detail , until the lowes t functional level is complete.

lim e result  of this technique was a design that segmented the software package into
funct ional ly  unique elements that supported phased development and implementation
using the top down structu red programming techniques .

There was no data to indicate that this approach was more or less expensive than
another approach, such as a bottom up design.

2 . 3 . 1 . 2  Bui lds

Lat e in the development cycle several probl ems began to surface and the customer
required additional management visibil ity. A CSC technique known as “builds ” was
implemented . This technique groups related processes into system functions which
can be demonstrated to the customer. This confirms that specified fu l ly  developed
proces ses do perform their design function or functions .

The technique impacted the project in several ways. It provid ed the customer and
CSC management with visibil ity into the true status of the project . The m ilestones
were then rescheduled and lower level mil estones were established to assist CSC
management in tracking and controll ing the system . This “bui ld— a—li t t l e—test-a—
little ’ concept promoted early subsystem integration and led to detection of inter-
face prohleiii s early. This technique in conjunction with other tool s assisted (‘SC
managem ent in resol ving some problems and turning out good software within a
rcasonahle t ime frame.

2. -~~ . 1.3 Structured Prograrnn m ing (SP)

The use of structured programming with the UN fVA ( ’  computers and CM S-2Y corn-
i 11c ’ was a contract requirement. This requirement created a probl em , in that the
structured code using (‘MS-2Y used 5~ to ~~

‘ , more core than f ree form code.
However , the customer felt the benefits der ived from s t ruc tured  programming
justified the additional core required .
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The (‘SC analysts interviewed on the TRIDENT project felt that program design for
structured programming was tim e consuming because of the lower level of design
detail required . But the coding phase was reduced to al most hal f the time of free
form programs due to the design being devel oped at almost  the code level . The
personnel using SI~ for the first t ime thought the constraints of SP did not effect the
productivity of the senior level personnel to any degree. However , a noticeabl e
adjustment was required by the junior level personnel to develop logic in a struc-
tured manner.  It was also fel t that better quali ty programs were produced by the
junior staff members using SP.

The tota l effect of S1~ on the TR IDENT programs could not be determined . The
meas’ res of its effectiveness are in program maintainability , reduction of the

- - 
testing and integration effort  and ease of t ransferr ing program responsibility.
These measures could not be evaluated on TRIDENT since CSC was not tasked under
this contract to perform sy stem testing and integration and the product has not
reached the operational phase to determine n aintainabil ity.

2.3.4.4 Structured Waikthroughs

This technique was used on the TRIDENT project for detail ed program design review
and code review . The detail ed program design review was held after program design
and prior to coding and the code reviews were held after a clean compilation was ob-
tained and prior to unit testing. Structured walkthroug hs were  conducted by an
evaluation committee . The evaluation committee varied in size from case to case
but normally consisted of the analysts whose programs had interactions with the
program under review ard the primary programmer ’s immediate supervisor.  The
design or code was reproduced and distributed to the committee members for re-
view prior to the evaluation date . The reviews were internal to the project and in-
formal to a degree , to encourage constructive criticism from the participants . The
dates set for the wal kthroughs are part of the milestones for comp l etion of program
des ign and coding as scheduled by the programming manager.  The eva ’ uation team
would look for misinterpretat ions  of the dat a bas e structure , conmmunication links ,
logic paths and the general approach to the solution of the problem.

The effect of the walkthroughs as expressed by the personnel on the staff showed
them to he cost effective in both man—hours and machine time. The number of
personnel involved in a walkthoug h rang ed from three to seven and the t ime re-
quired , was about fou r hours per program. The direct benefit fron m th ese evalua -
tions was in the test time being reduced by 5O~ to 80~ because of errors which were
detected prior to the test phase. The indirect benefits were (a) verify ing program
interfaces to al leviate integration problems . ~b) spreading knowl edge of system
components among the staff , (c) accelerat ing the software production by reduction
of test and integration t ime , and ~d) detecting errors ea r ly  in dev e lopnment  cycle ,
thus reducing  the cost of correction.
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• 2 . 3 .4 . 5  Progressive Testing

This technique was used in conjunction with the “build” concept for incremental sys-
tem developnment. There are several advantages gained by using this tool rather than
devel oping the entire subsystems , then testing and integrating all the functional com-
ponents at the end of the development. This tool provides internm ediate mil estones
for tracking progress. It also allows early visibility for the customer , as a buil d or
capabil ity is completed it can be tested and integrated with previously compl eted
builds to test interfaces between segments and demonstrate mul tipl e capabilities . If
errors are detected during the build test , they will be easier to find than when the
entire subsystem is integrated . Likewise interface errors are easier to trace during
a phased integration process since the nu mber of interfaces being add ed are n o r m a l ly
fewer.

2 . 3 .4 . 6  Software Configuration Management (SCM)

Th is development tool is not a new technique in the software development process.
The impact it has on a given project depends on the size of the SCM staff in relation
to tim e size of the program and the amount of control the SCM staff can apply over th e
software development . The TRIDENT project had 20 to 30 technical personnel and
one person was res pons ible for SCM as a part of his duties . The pr ime contractor
did not specif y any configuration control requirements during devel opment of the
software subsy stems , therefore , SCM was lim ited to recording current computer
program positions for testing purposes . The subsystems were haselined when they
were delivered .

2 . 4  DD-963 PROJECT

The U. S. Navy is constructing a new class of destroyers to assure  protection of the
fleet timrough the l980s . This cl ass , known as DD—9 63 wi l l  be equi pped wi th  the  most
sophisticated weapons and control systems avail abl e today . The heart  of these svs-
tenms w i l t  be a real -time , automated command and control sy s tem.  (‘SC as a prime
contractor to the Navy has developed the operational software for this advanced svs-
tern based on a prototype system developed by another contractor.

The nmission of the DD-963 class destroyers is to operate offensivel y in the presence
of air , surface or subsurface threats as an escort for strike forces or an t i submar ine
warfare  (A SW) aircraft carriers . In addition , it is designed to seek out and destroy
enenm y submarines . The system is also capable of providing friendly aircraft control
dur ing  AS\V patrol and surveil lance , and search and air rescue.

2 .4 .1  System Requirements

The DD-9 ;3 project  is a t ime and nmaterial s contract  wi th  time F leet  Combat D i r ec t i o n
support Services Act ivi ty  (FCDSSA) at Dam Neck , Vir in ia .  In May 1973 , FCI)SS:\
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requested ( ‘SC  to ass’i  na~ res ponsib il ity for te. ac t iv i t ie s  associated with DD— 963
development . The fb st a u t i  - [tv  ~va.s to monitor  l itton Industries production of a
prototype version of ~h~- D I )—9 63 corn iiiand and cent vel sy st em known as Model III.
In this ta sk CS( ’ r e v i ew e d  the compute r  program cl esiga specif icat ions (C PDS), su b-
program design documents , p ro~ r arn  test plans and program test procedures . Also ,
CSC personnel w i t m  ~ - -; cd all  l ev e l s d computer  program testing. The objective of

- - the second activity \‘-as ti upgrad e t h e  !‘ )totvp e version of the command and control
system . This invo lv ed  duve-1o ~ im g a t o t a l ly  ne\ ’,- ~~ stem , designated Model IV. The
following subtasks ‘‘ eCu -~- i i p 1 u t u l  fo ’ th e  Mod el IV developm ent :

• 1i~-v is e C u n i p n  ~er [~Io~ r a m  Pe r fo rmance  Specifications (CPPS)
• \Vr i t c  C Pl~ for Lh i -  model
• M o d i t v  l i t: a l — t i m - UXt c ’t i ~- v  as v u q i i r u l  by the new CPPS and CPDS r
• ( c ~l ~

- , du~ u~c, est and iLv-~~r aLc  t~ e appi ica ti~~ programs
• P v , c !uue  ~v - t  ru tc~ t pt-ocecJ rus and a~~ lst the Nav y in conducting 

ei t r m : e  a n - ) :sicm t u ~~~~t i~~fl t e st in3

It was the ~ccc ’nd ~~-ti ~ it v  as -~at~ i -
~~ ith duve l  o l) n ~cnt  of the IJD—9 6 3 command con—

trol s~ st em ~-, 1 ~~- i i  ‘~~as eva l  w t e d  under this stu dc -  - The MPP research was devoted
exclusively to the sy ~~~eiu d r -  ei op t  cut efforts for Mod el IV of the I)D—963 system.

2 . 1 . 2  Dv-vei e k u c - i a  En -u ri raunt -

The DD— 963 dcccl opn -ti t  e t c - i r i s - i  ni had a v e ry  ~- -s i t i v e  impact on the conduct of
sy s tem ci cvul  cpu rfl t i -t ci t - r . The proj ec t  t e - - bn ~cal staff , v ;h ich averaged 30 people
through t i c -  l ife of the  t v - ~~-ct , ~‘a s I - - r t ~ d on sit .- at Dat Neck , Virginia .  These
personnel avera ~ ui I U eat  S dat a  j - r c i -n - s  in~~ u’ er i cn c e and  4l~’ had directly applic-
able prior exp- ienec.  f t i~. i c -  h~~t LYK — 7 n a r l w a I ’ e and C ~[S—2 l anguage cxperi—
ence. lla l f of th e staff c u! ’: S : t t h t i t em se-cs of th e  techn ical staff or higher , whil e
7;) , of the s L i t  ‘ - s ~~c~ -~ui co l l c - ~t - a ‘ -:; -:eL- s . The av e r a ge , a n n u a l  personnel turnover
rate was on ! S.

Svs t cn t  d e v e l o pm en t  tuck p lace  O\ - CC a per iod of two and a half  veai’s at a cost to the
customer of p r e ’x i i n a i  ci sS. 111. [h e  sot u - ;are  sy ste m developed under this con—
tract con~ i s led of 14 modal us ci u p r i s i n g  250K ine s of ‘-ed r- . These modul es form
the ship ope- t l u n L t ~ i -r ~ - ra ni H ‘) ~~ i t i c~1 is an ci e l I i e f lt  of th e ~ a~ ai Tactical Data
System (N 11)51 coti  c u-i - , a - .l c o t  cal s st em w~ — o C t i t I g  11w \S\\ mission of DD—9 63
class destru er~ . l’r o c c s s in g LS i i t ~~ 1~ ui Lw an \N [‘~ N—7 computer  sy stem con—
figu r ed with  t iii cc~ t r a l  i t o ( - c s s - ) r  u s  its (C P t s  , tw o  input ou t  ~ ot  channel s (lOCs)
and ten m i l e c i  cv l u t n l ~ . .1 fou - t h  C I ~ runs  with one I( & - and two rn enmo r v banks as
a rese rve  rccussor .  -~ -P~~ h d  ifl~ ti  t h e  t t t r d i : t  Cs , ( O t t  all (C:tii ( lt , timing. etc. ,  is
hand l ed by  th e  P e t !  — t i m e  u - :e ’ -u t i v c  r - r - g t a m

The p r i m a r y  o u t p u t  du~ c i s a I I u ~ hus d isp l a y  1-ons o! c , which d isp l ay s  a rad ar/
symbol ogv l r t - ~ r -n1 I t  to  - n i  amp l  [Ic ing da ta .  I’r ac k symbo l ogv for a i r , surface and
subsurface  t r a -l - ; -~ w i l l  he di s p l ay e d , -c l i i i  modifiers sh o w i n g  \Pi ( ‘ ( ! - i IV and direction ,
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assignment or engagement statu s , etc. Also special points such as reference point s ,
sonohuoys and el ectronic warfare fixes will be shown.

2. -I. 3 Project History

Initial devel opment of the DD-963 command and control system was begun by Litton
Industries. Litton produced a prototype version of the systenm , known as Mod el IH ,

r which is now operational , at sea. Following production by Litton of the computer
program performance specifications ~CPPS) for Mod el III of the sy stem , FCDSSA
requested that CSC expand its work force at Dam Neck to include two activities con-
nected with DD-963 . CSC had a project office and staff at Dam Neck working on
other related development tasks at that time. As discussed e u r l i .  r , CSC assumed
time rol e of program monitor for the balance of Model I[I development .  Concurrent
with this activity CSC assumed responsibility for development of Model IV of the
DD-963 system beginning with rewriting the computer program performance sped —
fications (CPPS). Following this CSC proposed a three year computer program
development schedule for Model 1V, but the Navy specified a two veal ’ requirement ,
wh ich CSC accepted .

The CSC project office at Dam Neck then expand ed its staft and began the task of re-
wri t ing the computer program design specifications ~CPDS). AS work began it
became obvious that the CPPS would have to be revis ed in order to more accuratel y
reflect modified performance requirements . After the CPPS was revised , the
CPUS was rewritten and the thread s for the new CPD S were developed.  Threads
were employed at this time to verif y the design to performance rel ationship within
the sy stem . Once the detailed design was compl eted the code and checkout activity
be gan .

Dur ing  the cod e and checkout phase the DD-963 staff used the builds concept to es-
tablish sy stem development mil estones . By combining func t iona l ly  rel ated threads
into groups known as builds it was possibl e to define an incremental  development
schedule for system capabilities . Production responsibil ity for  each buil d was -

assigned to an individual task (build) l eader. lie assigned coding tasks and monitored
progress  through formal demonstration of the system capabil ities represented by that
bui ld .  This demon strat ion was a formal presentation to the cus tomer  of sof tware
I netions which satisfied specific system perform ance requirements . Build m i l e —
stone achievement through demonstrations is recorded in TabI i 2-2 . This i n f o r m a —

-4 tion was c-xtracted from the Thread s data base. Denm onstrat ions  were conducted by
an independent , proj ect test group assisted hr Na~~

’
~ personnel .

System test and integration r equirements  wer e  satisfied hr the  b ui ld  demonstra t ions .
I s ing this ‘‘build a l ittl e , test a l ittl e’’ concept time s c - s t e n i  was comp l et c a nd ready
for in .st ; , l l a t ion  when the final  build was delivered . The M1 > l ’  a n a l y s i s  did not extend
into the i n s t a l l a t i o n , and operation and support phas e-s of the MPP p r o j e c t .  These
activities were  not part of the t ime and mater i a l s  contract  for  1) 1 )— !PdS
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Table 2-2. BUlL!) DEMONSTRAT iONS

BUILD DATES
NAME S C I F E I U  I - ; ! )  ACF1’A I . ( ‘ordMENT s

A 12/’; / 7 -1 12 i; ‘74

B 2/24/75 3/10/75 System lIard~vare Modification
Development ~ n t t t p a t c - r  Out One Week
Threads A dded to I lu i l d

C 4/21 75 -; -i -i 75 -

D u / i t ;  -73 6 27/73 Hardware M O ( - k -t ’ p Problems
Computer Timing  Problems
Software Integrat ion Task Underestimated

E 7/22 /75 7 22 i75

F 9 ’S/ 75  9/22/75 Development ( o u t ; uter Out One Week
Periph eral Simula tor Not Fully
Ope rational

Job Turnaround Time Excessive

G i i,  y :. - Rescheduled Due to Nonavailability
of Supporting h ardwa re

• H 1/la 7 -  1 11/24 75 Replaced Build 0 in the Demonstration
Schedule

Gi :i ~l 76 3 -7 ‘76 Rescheduled as Noted Above

G2 3 1/76 3/3 :76 Reschedule as N ot ed Above

G3 3 /22 ‘7i ; 4 ! 5/ 76  Resch eduled as 7~otcd ,\ix vC

I 3 22 ‘7I~ 4 ‘15/76 Compiler and h ardware Mo ( -k -U p  Problems

fl 3/2 2 7u - 1- 15/70 Compil er ~nd h ardw are Mo ck-U p Problems

W
K 6/15 , 7i ; 7/25 7-, Restructuring Build Components

Mcc -k- — t p - \ v ai!a bi l i ty  1’n~bIcms

L 10 _ i ‘76 Delayed at the Bequest of Customer

LI 10 ‘1 /76 Delayed at the Reques t o f Customer

I 
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2.4.4 Project MPP

The DD-9t33 project staff employed a variety of management and technical methods
and tools to aid in the development of the command and control system software. The
following is a list of those MPP identifi ed during the research of this project :

• Top Down Design
• Th READS

• Threads Management System
• Builds
• Build Leader

• Structured Modular Programming
• Chief Programmer
• Peer Group Programming
• Support Programs

• • Verification Procedures
• Independent Test and Evaluation
• Progressive Testing and Integration
• Software Confi guration Management

The following discussions will highlight the impact of each of thes e MPP on this pro-
ject including the benefits of their use.

2 .4 .4 . 1  Top Down Design

Top down design facilitated the consistent and complete definition of a system archi-
tecture which satisfied all performance requirements . This design technique was
most effective for DD -963 because of the high degree of subsystem/modul e inter-
action required by this real time system. Definition of a system in a hierarchical
nmanner facil itates the positive identification of system functional rel ationships and
assures that internal data flow will be optimized . For the DD—9 63 command and
control system there were a nu mber of diverse operational capabilities which had to
be link ed through a singl e executive to a master displ ay/control subsystem . This
was a complex design problem with the level of intermodule message traffic as a
paramount consideration. The functional capabilities had to be desi gned so th at they
maintained their unique characteristics , and yet communicated efficientl y with each
other and the displ ay /control subsystem.

For DD-963, top down design was also compatible with the use of threads for design
verification. The threading process invol ves deconmposition of the system design
proceeding from high to low l evel processes . Thus , thread s definition logically
followed the design nmethodology appl ied to the DD-963 system . Top down design
and thread s were compatibl e with the modular svstenm architecture nec essary for
this real t ime sy stenm to provid e the fl exibil ity required In meeting the dynamic
operational requirenments placed on the diverse components of a comnmand and control
s~-s tern , a modular  system is the best des ign .
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The top down design methodology would benefit a n , ’ system which can he specified to
operate with n iu l t ip i” functional l evel s . For example , if an executive function will
exist which exerts operational control of system subfunctions then top down design
would be beneficial . Un the other hand , where ~ system is composed of autonomous
functions with l im i t xl rit - 1~~u f l L-t i  comaiunicat i on , top down design ~o uld not be
called for.  In Co. t , it ‘~~~ ~ht he (a)Un t er t ) r oduct iv e to attempt a top down system
design .

- I.

2.4.4.2 TI IRI - : :\oS

THRE :\l)~’ is a WSCil)hii ’C d :vel u p t d  ~~ ( ‘SC which ma be used to map internal system
-

- 
- processes or op erJte )I1-~. -\ thread eep r e sent s  a sequence of events or discrete opera—

tions that  lead to s : e i s f - ~m a - ~ ~i sp e c i t o - l o u c t i o n  within a system . This sequence en—
compasses oue proces.- i - o i n  ~1 i n u I u s  to response and may be defined at any funct ional
level . Thus , 1 I I L I~~:Id S f l ia  he 51) cc i f iUJ  at the system , subsystem or program levels.

-~~ The 1)D—963 s t a ft  l h r u  st—ia that  sy stem during the design phase of system develop—
merit. These t li. s1s ~ eta -  used to v e r i f y  the design to the requirements as the CPD S
was being developed.  In thi—: u a v  design fl aws were detected early when there was
more time L i ) m : k e  das iu s i ad ustments without significantl y impacting system devel op-
ment. Thes e C o  Js assu red  that the per formance  requirements as specifi ed in the
CPPS had been t t - -n ~d ated in a consistent manner into system design.

This method of sy s tem d ef ini t ion also assured that module interfaces were com patible.
Later , dur ing  the cod e and ehecl~out phase the thread s were used to monitor develop-
ment progr ess . The Threads Management System (TMS) provid ed the vehicl e for
reporting and dis  l a --:in~ t l i t e a c l s  completion data.  This provid ed management visi-
bil ity into the c a r t - c u t  st at us  of sy s te m devel opment. Final ly , test scripts were
developed us ing thre:1d s to ~pe~- t l ’~ the processes to he tested and to identify the re-
quired s t imul i and ~- uspomis es.

THR E ADS is a design verif icat ion tool with wid e application. It is a discipline which
provid e.s a st i - a i -ght fc -o . i rd  nic- t t t ix l  for relat ing design to requirements . As a result
of this ~- e m i f i t ’at i on  ro -c ’ -i,s -- - . st -n design ti aws are more l ikel y to be detected early ,
before coding l e.;in - . i~’: employing the Thread s Management System with the threads

the man :  ~e - i t  - mi d  the - i . ~t on er i r e  given good visib il its - into the development
process. Through ‘ l 5 l ~/ , i ’~~ n -a ( m n c f l t  iS :ih l L to devel 0~ gr ea te r  fI exibil itv in re-
sponding to m - ci’i I i t -me nt - -h i nges . ‘l ’MS provid es the t pes of reports which may be
used to devel op ohan g  - i mm ’ p -t , ,sscss mim i - TIIRI - .-\J)S is an excellent management
tool for n , t n : aors  it a l l  I ev€ ’I

2. -l . -l .~ Thr -~~ - , : ~f l ; s : ; u f l ; nt 5\ 5t(Ofl

The Threads ‘dami ‘ e t i i i  at ~~ ‘- st -rn (T~ lS ’~ is a sof tware system developed by CSC that
can provid e a t )  ‘ ç ~~~~~~ ~ t h - - . , -l~ d a t a  um , na g~ ment  services to threads users . With
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this system users have access to thread s analysis and progres s information that may

be displayed in a variety of formats .

The dat a base for the TMS as used on the DD-963 project contained identifying infor-

mation simil ar to that described for AE GIS in Section 2.2.4.4 of this report. This

information was gathered and entered into the TMS data base by a member of the

configuration managent staff . Updates were performed regularl y, usual l y on a

weekl y bas is.

The DD-96~ staff used the TMS to provid e visibili ty to the customer during the cod e,

test and integration activities for all subsystems . The customer was very concerned

about receiving current information on the true status of system devel opment. TMS

reports provid ed an excellent vehicl e for satisfying this requirement
. For DD-963

the ThIS was used in essentially the same way that it had been used on the AEGIS pro-

ject. The primary differen ce between the two TMS applications was in the l evel of

usage. The DD-963 staff relied on the TMS reports as the mainstay of their manage-

merit reporting system. The customer was briefed regularly and frequentl y on pro-

duction progress. Both the DD-963 staff and the customer depend ed very heavil y on

the TMS reports . These reports were read il y accepted by the customer because of

their clarity and accuracy. By using the TMS and its reports the DD-963 staff was

abl e to maintain management control of the proj ect and devel op an excel l ent working

rel ationship with the customer .

2 . 4 .4 . 4  Builds

The build concept is a natural corollary to THREADS. Threads represent distinct

processes within a system. By combining related processes into groups which

represent demonstratahi e system functions , builds are created . A build repres ents

a specified system capability such as target tracking, noise monitoring, data update,

etc . Thread s do not have to be d efined for a system in order to use the builds con-

cept . Any system capability which may he uniq u el y identified m a y  he specified as a

bu ild. AU software routines supporting that capability become a part of that build. 

- - - r ’ o t - ° a t ~ a f c r  D t ) — g 6 3  by comb in i ag  ~hreadr - in ,1’d-~r d e f in o  an Thcre-

mental software production schedule. Through the builds , specific system capabil i-

ties could he cod ed , tested and demonstrated to the customer. This provid ed the

desired customer visibil ity into the development process and permitted incremental

production of each subsystem . Visibil it y ~-as provided through the buil d mil estones

and TMS repocting. The customer was made aware  of the current status of all

threads and thus all builds in production. When production problems caused delays

om . external conditions halted effective program devel opment on a given buil d ,

resources could he shifted to other builds and the customer r apidly  appraised of the

schedule changes .
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-~ The use of builds would be of benefit to any software development tusk where m ere-
mental production of system capabilities is planned and thread s are defined . Builds
are also usefu l in providing customer visibil ity into the devel opment process and
may be created for that purpose alone. A supplementary benef it is derived from
the incremental production and integration of system capabilities. Through early,

- 

- 
phased integration of sv s l e m ~ components many of the massive problems associated
with integr ation of all  sub sy stems , t  one time are avoided. Builds represent more
management control and customer visib i l ity th roughout the devel opment p rocess.

2 . 4 . 4 . 5  Build L eader

The function of build leader was created to satisfy the requirement for a team chief
to manage dev c la l mt - tm t  of each system bu ild. This responsibility was assigned to a
senior member of the stall  (usuall y a Chief Programmer). The buil d l eader then
assigned individual programming tasks for production of the build capability . This
group, headed by the bu ild l eader , worked together as a team until the build was
demonstrated . This teats functioned in a manner clos el y resembl ing the Chief
Programmer Tc~m :l -: - SCL i } , ed  in the Structured Programming Series . A significant
difference was the : t ) ) s e m n - (  ,f ~ t e t immi  l ibrar ian function. This function was common
to the entire DD-D6 :l p r oj  out .  ‘l’h e bui ld l eader concept of operatio’hs proved very
successfu l for this l) ro .~ act.

The build t en der  a n l  C ti!  concept could he very effective on any project using m ere—
mental subsy s tem jn - i f - - L wn and integration throug h builds.  It l.)rovides a focus ed
management o r g a n i~ : L ion  with coordinated accomplishment of l imited objectives .

2. 4 .4 .  6 Structu od ~iodiml - r  I > e o g r : m m m n i n g

The p ro gra muming  t e c h n i q u e  used  on the DD—9 63 project invol ved strictl y enforced
coding conventions s i n t i U r to structured programming. Using this s t ructured modu-
lar  program ru ing,  J )  i ) i ~t i p r o gr a m  t i t e r s  developed short programs with standard
data n: imcs , indentured u R i c  s t r u c t u r e , and l imi ted  usc of ‘GO TO’’ statements .
Singl e entry ‘sing l e  v-xi t  l ogic io u th ese p i - o g r am n s  was stressed , however since the
high order  I angu a c  (( - \ N — / )  did not Ii::~ it all of the structured programming con-
structs it Was mi it  1) 1>55 l It ’ to use pure  s tru ctured cod e. The program cod e gene—
rated by proj ect ~rogranh11lcr5 ~ as examined iiv the Chief Pro gr a  mmcrs prior to
bein g submitted f o r  i t d t t  :iI compil  t i n .  This provid ed a degree of cod ing stand ard i-
zation enforcement and kc -j > t  t he  t h u -i Programmers apprised of program de vel op-
ment progress. The elici t of u s i n g  t h i s  p rogramming  approach ‘c as that al l  p ro-
grams were ea s ier  to r ind and m n l e r s t nd . Tr ansfering respon sil) it itv for a particu—
ar  p r og r am  was facil iL tod . I I v~ cc em - , the Chief Programmers ’ work load was quite

he avy because most product ion m : t L ’r i ; i s , incl uding program code , were funnel ed
through them .

- -~ -— — 
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Structured modular programming was simpl y a variant of more conventional pro-
gramming techniques . It was used effectivel y on the DD-963 project , hut is not
uniquel y l)etter than any other structured technique. Perhaps its greatest worth was
in the standarizati on that it impos ed on the program development work.

2.4.-I. 7 Chief Programmer

The DD-963 staff organization included two Chief Programmer positions . However ,
there were no teams associated with these positions as in a Chief Programmer Team
structure defined in the Structured Programming Series . The DD—9 63 Chief Pro-
granimers functioned more as section managers than as task orient ed team leaders .
Actua l l y , a Chief Programmer ’s responsibilities included those of a section manager ,
team l eader and technical advisor. The Chief Programmer function was cr it ical to
the success of the devel opment effort. Each Chief Programmer supervised a group

-~ - of 10— 15 programmer s and analysts . In addition lie was assigned huild l eader respon-
sibilities on a continuing basis . He monitored and examined program generation and Jassisted in subsystem testing. The Chief Programmers were the focus of program
development efforts . They assured continuity and consistency in design to cod e
translation for the entire DD—9 63 system. The efforts of these two Chief Program-
mers were complimented by the outstanding management support provided by the
1)cpartment ~s l am ger .  lie assured that the Chief Programmers  were relieved of al l
idn iinistrative responsibilities and provid ed support services such as configuration

control , independent testing, program library management , etc . Under these cond i-
tions the Chief Programmers could devote their ful l  attention to program develop—
ment .

‘the benefits which accrued to this project from the use of a Chief P rogr ammer  func—
tion stem mainl y from the individual s who filled the two positions . In essence the
chief programmers  were section managers . They were given more responsib il ities
than  would ordinarily he given to section managers  and more l atitude to exercise
their authority . 1 nder these conditions the two individual s who were chief p r o g r a m —
m ar s , with the support of the Department Manager , did an outstanding job in direct-
ing time efforts of the technical staff . They mad e the Chief Progr ammer  position an
ct l ec t i c - e  management  technique.

2. . - I .  P c c r  ;roup P r og r a m m i n g  (Structured Wal kthrough’~

Peer gr t in  p rogramming  is a less formal  version of the s t ruc tured  ~val kthrough pro-
cess. i ho I ) I ) — 9 ~~ staff used this technique for detail ed de s ign  and program code
r ev iew of c t o l l  p r o g r a m  developed . Thes e reviews were  led by proj ect task l eaders ,

L 

u s t i : l l y  the Chief Progran imers . Each review committee was composed of the pci—
mm > cv p m - -~ m - tm n l  i i i  er ’ s peers , other s t a f f  programmers  and anal  vsts . This group
would I t-tm -h check the design or code in order to identify lo t t i e  and coding errors .
I r i  I ~

- t tj ~ L I c : d c m~ fel t that  with this review proces s tes t t ime was less than hal f
th~~ which - - itid Ii ; - . - l ccn r~~juir ed without the reviews . For I)D— 96 3 this was a

_ 
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significant factor because of the compressed schedul e under which they were working.
The indirect benefits d erived from these r eviews were con firmnation of the com pati-
bility of subsystem interfaces and broadened staff unders tanding of subsystem con—
trol logic.

The use of h eel’ g m u u p  p r o g t a m I l I - i m L  is beneficial as a less formal al ternative to
structured walkti~io’tglts . They h >th accompl ish the same purpose , but peer group
programming seems to H~ —s Uit c i l  t o  small , informal  proj ect  staff organizations .
The cost in n i a n l i o u t . s  to c ) nd u ( - l  these i’eviecc s seems more than offset by the savings
accrued during j i t ’ o _ t r a m n  test ing .

2.4.4 .9  ~u l ) p  i t  I r o n i : a l i : s

The support ~~i O 4 r t t ! t ~ s usct t  am i Il i  c - 1) D_ l) t ~ t ~>ro j  ect played an important part in the
successful produ ction at  t h e  so it o t t i - .. - sy s t e mic .  Support programs were credited by
ta sk h i n d e r s  w i t h  s i lp a l v i u t . a i l e d  etip aluhi tics which assured that the technical staff
could meet its f~~~~~~~ ct i u t 1  i t t i j est anas . The support programs such as those pro-
ducing core d a t a  -~~~, I ) . t ) .~tr tn i .- i . m p i i a U t i a s , message traps, sel ec tive memory regis-
ter recot ’i .l im mgs  , a r t - I f lo ’,~ c - t t i- t ( l a - t an I en t a t ion  w ere t i l :ir& to conform to the require—
ments of thi s pr ak -> t .  The mac id :1 i t aL i an s  v~ use comp l eted l ) V the staff to insure that
the ~ m.’og ran . s  s~ t -~ i~ I the pu .  m a l i / e d  requirements of the D D— 96 ~ proj ect. This was
a cof l tL t I t  m~1 l t t o ( L

~~
-
~~ ~ S fle(~i5 toil L t ~~u L i u i l 1 c t 1ts c-imangul . i) ec-elopn i~~ t of the support

s u l t w t c  a Wa S :m çucs~ ‘c i v u t - s t i ed  throughout the project.  For this reason the
support pi - gt ’ t m — ‘ i d  w h a t  the° c- c rc  supposed to do and all  members of the p ro ject
t uL i u l a  a ~~t : I . t , 1 C 1 O  a ’ I c  t o  LISC them with confidence.

Support  ~>rogr ~ can  he ~t ii  e lLa - t i c  e aid in promoting software development . It
aI )pear  t ron i  dat  g t iue r cd on the DD—t)hP proj ect that they are most effective when
created or t a l l 1 .. L~ l l u  a i~-cdHc sc st em deve lopment .  The DD— 9~~ technical staff
had aun t  i i  cOt-u ~fl Li a r  - , t t ;)~s c t  p t - o gr a ms  and used them freq im enti v. The programs
were main t~ i m m e d  and tv  d m t i e d  conscientiously .  Thes e factors combined to produce

t n t i ggr es ie c  dcc  , ‘l I l t uOt program whos e success was due in no small  part to the
Sa~~; ar t  soft ’.c - t o .  - t

1. 1. Ii) Ven t - at i a n  Pro e tx l i re.s

Ver i f ica t ion - t  - L~~~l res -s u s d  on the  1 )1 )— Phi 1 m - H i t Ct  inc l uded all  ac t ivi t ies  asso-
ciated ~‘ ith o n l i r n t i t m g  f t c  con s it~t eticc of computer program desi gn and code. Con—
s is tunc -v was i t i r l  d a alliS t the  ( n m n f y t  t ar  I h o ~ r : n i Pe r fo rm ance  Specification
(C I’  I ’S ) nd t Oo t . m i ~ r i t e I ‘m ig m a ma I i c-, i -ga Spe cif icat ion (C PDSI . The confirmation
process I-c-gail W i t t  an  a n a ly s i s  al t I e  C ) m i ( I u t c - t  p m ’ ogram design to a s su re  th at  the
requirements stated i mm the I - P1’S ‘.- - c t c  s a t i s f i e d .  t i c - u  the program cod e had been
deve lop ed thu  logic was L -

~
) t l -

~1v I w i t h  the design - spcc - i f L - t t i > : m is to insure  th a t  It
conform s I - th e  ( - 

- The kuv to ~ t t  a c~~ ful 1mph L-m ucn t  t i c S  of the se verification
procedur e- s  Was  Li -  u s e  the t h v c :  ds .  l l m t c a ’ i - ~ \v c m - e  a c -j Iai  c l e m en t  of the top
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down verification process. For bottom ~p verification the auto-fl owchart  documenta—
tion was used.  This support program provid ed -an automated f lowchart  generation
capabil ity to the project staff . This documentation was compared to the CPDS during
program verification.

Verification procedures had a very positive impact on the D1)-963 project. It was
throug h thes e procedures that the department manager and the chief programmers
were abl e to cont rol and monitor the production of program itod e and the demonstr a—
tion of system capabilities . The procedures established a formal set of rules or
gu id el ines which governed the system acquisition process. They were instru mental
in insuring that each system function developed was responsive to the performance
specifications and adhered to the design specifications .

These procedures can be impl emented on any type or s ize  proj ect. They would he
- - - most etCa- t i ’~e if used in conjunction with THREAD S and bui lds .  The procedures

should be adapted to project development requirements and impl emented early in the
development cycle.

2 . 4 . 1 . 1 1  Independent Test and Evaluation

The pr imary  fu nction of an independent test and eval u ation te am is to develop test
S0 00al’iOS that  wil l ensure all system functions are tested and that they perform in
accordance with the requirements specifications . The group should be organiz ational -
lv st t -i a -tui - cd to a - t o r t  to the project manager ra ther  th an the programmer manager
j~ t r d ’r  to )rO\ idc unbiased eval u ation of the test resul ts .

~The mt ti ig ct t icu t  personnel on the DD—9 63 proj ect fel t the independent test and evalua-
tion teams contr i i iu t cxl  significantl y to the SU cCeSS of the project. The impact of this
i) ppt ): I ’ Im is d i f f i c td  t to q u an t i f y . llo~v ever , when the tester is not  invol c-ed in the
dy ’ cl opo ten i  of th e  p l ’ ogTul f l s  he does not test the conditions which acre cod ed , he
tests C -  i c r t - rmmtamic - c as it was designed. This approach is no t - c  comprehensive
hcct,use r OOt l i me  will Lu spent on the test script simice this is the p r i m a r  function
of the test group.

The t e s t in g  on this proj ect sc-as conducted with the customer pi es ent and in soni c
cases the c i t st o m c a  personnel ac tua l ly  oper ated the consol es as they would onboard
Lhc sh ip .  This technique in s t i l l ed  confidence in the pr oduct  and provided training for
the c - c m st a ur , IS  ~-el I as confirmed the actual  - . man to machine - interfaces that were
requ i red  to execute the system .

An independ ent test am id evaluat ion team should he used  to Produce the greatest bene-
fit to the proj i -at . ~.Vhen t h i s  technique is not feasibl c’, t h e  t e st e r  should  be someone
not dii’eetl v lflvOl~~c~J in devel oping the p rogr am(s l beimig t e s t ed .  It is also reconi —
mend ed cI te  te st  pl ans and procedures he u l u v e l ped et rl \ in the dc-vel opment cycle

- 
- 

~nd — d ined and control l ed  under  the Same  conditions~ t t ~ the des i gn document .
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When possibl e, the customer should also be involved in the testing in order to insure
that he understand s wh at  is involved in the operation of the system as earl y as feasi—
bi e.

2. -I . 4.12 Progressive Fet— ti ng and Integration

Progressive tes t in g is t h e  process of v er i f y ing  subsystem capabilities on an m ere-
mental basis as the sy stem i -s being developed . For the DD— 963 project this tech-
nique provid ed excellent c-isibi l itv for the customer during the life of the project.
By integrating these capabil ities as they ire tested the massive integration probl em
caused by attempts to i t i t - g r- te all  subsystems at one time is avoid ed . The pro-
gressive testing and ~n t v g t - t t h n process t i so  I as ih itat ed detection of subsystem
interface errors ear l ier ,  iii conjunction with testing new system capabil ities the
previous ly integrated s y s t e l m i  capabilities were tested through regressive testing.
This insured that the m ccc iv  int e~tr atcd software did not adversely affect the existing
system functions . The use of this techni que along with other MPP permitted the
DD—96 3 staff to provid e the istutcer with a current statu s report of system progress
and to demonstrate sv s t c i c  ct pt lillities as they were developed.

The total effects of j )r O:gx ’cSSi-~e test in g tumi d integration on the DD—963 project cannot
he determined at this t i m i c e  as the y haco not reached the system i nstal l a t ion phase,
however bas ed on thu  resul ts  of other proj ects using this technique the benefits wil l
outweigh the cff ~ rt estp e nded .

The use of this t e a l i n h i a e  - i ll benefit t in y  prot ect  where commu nication between sys —
tern components is r c~g ; i i r d . \Vhen used in conjunction with oth er MPP such as the
Trn~F;AD s/Builds c a t -ap t  t h e  cost - f  appl ying the tool is minimal and the benefits
derived make it c e r v  a) 5 l  ‘~

- l  at ive .

2.4. 4. 13 Soft vaa t ml i r a t  ion i\Itjmi gement

Software C u r i t i g u  P : o i  ‘- I a n  -guta  ant (H - M) is the proces s of com i t ro hh in g  the software
sy s tem a c-om if igu r0 t i ni a t  t i - i ’ a — ]L ’ i f ~t- comi figu rat iom i has I t e en dccl tired to he a base-
l ine position . The l t~~eI flu a i t i n est hl ishes program structure for  formal test-
ing and i l e t t i c i s t u a t i a n  . unc- e  t h y  I t s e l i n e  is establ ished , it is th e responsibil ity of
the S( - M st. ff t o c- nt i - a l  p rog ram ‘id fic- ation and prevem it  u n a u t h o r i z e d  changes .
The D l ) -P ) : st \i ‘~t , H  - o m i - i u  u l of ot to  1-t erson who produced t i l l  sy s tem version
positions for l a u d  d en t  -i s t r :t t i o I s and who a ) f l t r o l  ed all  changes to current system
ve rsions . lI e  c~t s  aided by t in  C h ief I u - og a i m n n i o r t —  who re-: i~ ’vc- d p rogram code and
monitor ed 1 ro du c-ti on of to t - - r o g r a  a t  vc-rsi ons . I l o \ ve \ - u m , t l u c t ; e  new program v - e r —
sions tt c i t  t r a n s f e r r e d  to the sv- ~t e t u  fil e without  recompil ation h er-act -se of manpower
and r ’xl ction facil i t v  ( n S t a a i I t t ~~. \ I I t l r c ’u t l  v this did not r r e P c  a ny  problems
du r in~t t c s t in  a n i  ‘u t - - t i o n ,  hut it W a s  a pot entia ’ b r ) l ) l  c -n i m e n  - Over tu l  I , SCM
was c- ig ’rou si  v app i ied on the l lP —~~i;:-i p r i l e c t  and contr ibuted to the successful
dernonstr : t i in of t i l l  s vs t en t  t a t i i  as -

2 -2 ’
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An SCM function is usually associated with all projects . The size of this staff func- —

tion should be determined by the siz e of the project . The configuration control plan
should be devel oped during the system design phase and the plan should be enforced
to ensure the integrity of the system configuration throughout the l ife cycl e of the
project. The benefit derived from SCM is directl y pr oportional to the conscientious-
ness with which it is applied .

t
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SECTION 3 — MPP ANALYSIS

3.1 OVERVfl~W

The modern programm ing practices that t em ’e  identified dur ing  the research of CSC
proj ects have been introduced as part of the project descriptions . Those discussions
focused on how the practices were used on each project and what benefits were
derived from their usc. In this section each practice will be anal vz ed from the stand —
point of its impact across the projects studied . In this \V a\ - a more comprehensive
and definitive analysis can he devel oped .

The format of these irdividual programming practice antilv ses was selected to facili—
tate the kind of critical review which wil l  produce a c lear  d efinition of the .IPP value.
These discussions have been developed around tour  top ics. First , each practice wil l
be described as completely and accuratel y as possible. The descriptions wil l incl ude
all form s of each practice th at were employed on the projects . Nex t , the effective-
nes s of each practice within app licable development phases wil l be discussed.
Effectiveness will be measured using quantitative data such as error generation rates ,
code pr oduction rates , etc . when possible. Also , qua l i ta t ive  assessments wi l l  he
used in l ieu of or to supp lement quantitative d a t a .  Comp cmter program l ife cycle
phas es based on ,\ l-’,VI ~OO series definitions cc ii i be used in the discussions of MPP
effectiveness. Then , a comparison will  be mad e of the impact of each practice
across each of the projects where it was used . This comparison wil l consider how
each practice was empl oyed on the proj ects and how the MPI’ influenced each individ-
ual project. Finally , recommendations for use of these MPP on fu ture  projects will
be proposed . These recommendations will be based on the benefits and costs asso-
ciated with use of the MPP.

.2 J (tj ) I) )‘iVN 1)i-~~lGN

Top down d e s ig m i  is the technique of design definition which proceeds f rom the h ighest
functional l e c c i  to the lowest l evel within the sv s lcm vu . This process  is accomplished
by ch ef ini nm z . at the highest I evel , a functional requirement to he performed , then
ref in in g  t l i ; t def ini t ion in terms of its funct ional  components at the n cxt lowes t l evel
and c o n t i n u i n g  the  l)u ’0~ CSS unt i l  the most el emen ta ry  l u  ci is reached . It m ay  he
i i s t i ,g ’u sl ad  I r em l a l t o m u t  up design where funct ional  components at the lowest level
i. e. routine , program , modul e , a re de f in ed  f i r s t .  Thes e a -it ~cnc-n t s  t i re  then l inked
t h i n ;  ,it fu other s -:~ t c u u u  def in i t ion  to si c eed ingi  v h igher  I 1-\ el s t im i t i !  the hii ghc - st  or
sv~ teni \ t - i - ; t i \  a It-c - el is re tm ched

2 .  I I)cvcl o L u a c n t

‘This ; ) r n u r t i l ~t t t i i n g  p r a c t i c e  is app l i ed c l ; m - i n ~ the design 1 d t ise -f t hy - dc - a c- ’- a ’- m c n t
cy c l e , h : c c  c-- em ’ ~itL  des ign  t lt t r e su lt s  will affect Il fol io -t ag ph~~~cts - The v a l u e  of
flu  s t dc1u t u I t c~ t t  ~ an t s  f rom its i t i f t c  n i t  aLi t  itv t i  ri n o t e  design comnpi et c--ne ss in
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each l evel of the h ic i -a rch y  l v  f o r c i ng  each I evel to he l o g i c a l l y -ompl etc within  its elf .
The interfaces be tcv c- eui t i l e  ~v st ern  functional components arc identified and can be
demonstrated after the top la , ci p r o g r a m  has l eat i devel oped through the  use of
dummy execution m’o~ I I ‘ t - - -  - This p r o a c a s  l eads  to detection of integration probl ems
early in the i l e c e l  n~ t a _-a t  c-vol e - t h a n  they i an  be c o r r e c t e d  at a n t c h  I ov er cost.

The three ( pr o e ct t i t - v i a - w e d  - au -cd top down des i gn and real ized benefits in
both the m t t n : i g e l i o u t t  amid to- - hnic~d a i ’O ;tS . This technique supports t )t ~o~ cot manage—
ment thr ou gh its s s t a -m i at ic , i i i a u ’ ai ah ii - ; I  design pro c’esS nil funct ional ly  consistent
task and deve t op t a  o u t  uic il esm , u e i t - t i n i t i o n .  Top down design p r o t i i o t e s  functional
trac cuh il  i t ;  O-~) sy - - f ~c ; r ~ t’t o i  Lcn 1 e~~ t t i re  I r I nS I  t i t ed  it i t ci  s v ; - t te m m i components . The
h ic r tn - c iu i c - a I ap oa r- I :  i t s  i _ s ci a or t a  defined ft - - t ional it lis tis r ) a r e s s i  vel v lower
level sy s t e tu t  C ( ) f l 1 f ( )~ I J l t 5  tu r e u e t i m u u i  . This design pr oc ess promotes optimization

- 
- because f u i c a t i a 1  paths ; i ;  o l o c u t e d  based on the I o n ic - al  progression of system

requirements down i i  t he  i ; c c cst I o- a-I . l op  Pawn dusi gmi supports system mainte—
- 

~~~‘ nance into the 0 c a ; l t i u n a i I J  S i  p i - rt ph ase  Ii t o u g h  ti m e modular  definition of system
components . Sot t ; cc a i i t sii I US e\OI V a iS 1 r ic t ion al lv comi1plet e components which
facil itates is ‘I atian of rn-P ft ne- ch ain sc- st c-n i ci eunents * l~tes e ni odul es also sup-
port svsteni p o r t H r d  i t t  a - . -i - a l  t i l t u i t i p a l u i  It ’  tor set c i l- t iva impl ementation of
system funct ions  j~ scd an h ; ccl o ore  or o l l c ;i t i O flal  t iniitatiomis

3.2.  2

Thei-e were no t e s o~; a- - t i  : i n c i i i i g s  to s P t s t o i i t i ; i t e  th at top down design was more effec—
tive on i _ nv c ’ m ~c ut t I - c -  i m -  j c i - t s  th : ’u another.  The pt - e t a - a l which did not thread the
design did euo auo ~c a ’ sm i t e  ~ r o l u l e n u s  , c)ne heing a redesign of the  sy s tem due to a
major concept c h i u g e , l i - c  ‘-r i- the p u )  c u t s could not be link ed to the original de-
sign at tho - i t t  to- a c- . ‘l ilt ~ tn~ i - awn ii coign t t ~i-P mod u la r - p i roach to the development

of th is sc st e m m s s i s t o ~ cc - a l t  a g imt g  a minor t a r t  of t i a e or ig in a l  ~~~~~

3.2 .  R e e n m a  t i e - m u d  t i -  t i n

Top down ds_ -s I g ;u  is r r - c - o m n t u r - n d c ~l for -a s i t  i ’s_ are  d e s _ c t  i p m t u e t i t  w h e r e  the total software
4 : t - s t c ; - :  in to be Oc  c l o t -u i  - In s a n t e  case-s where  a m o f o r  p a r t  of the sy s tem  might

he ‘‘off the shel f’ : -  I t t  - u - c -  I n i a I - ~ gca ~ 5 cii at  i c’s_ct- I cccl s of tu sy s te m , it might he

L 
adc oic t cga -u - i a  t i  c c c - -  a I - t i l t ;  up  tla -— i g u l .  \ t  l ien i s i og  exis t ing s a f t c v a r e  packages it
could be easier t i -  cit -a t t ~~i a tt st~-m to f i t  the ;m k ; gua i t - t h e a  th an c h a n g i n g  the pack-
ages to f i t  t h e  ~ a s te r n .  I t o  t~ h -~’~ n approach in c a i l  acs a mo ‘c ic- t ai l ed funct ion a l
design t h u  i~ p t  -P ccii Lv other den i g m i tac iu t uiqim c-a . This me au ls  g u s _ a t e  a initial cost
in des L~m u dc -vet  at i t  i - n t  I t i t i  ~i u is is uui o-e than cff t  ut Lv I mu ter s ;:vi ngs in manhours
during dot : II ul dea l n .

The benef it -u  U i : c:u -u cd am uk  t ’ej  r ’~ t - cl t h e  compl s_- tun es  s n- i rmai  I , found in the
;i i ’ c i t i t e , - t t t rc of a t o l l -  - I - i - - u t  dc-a ; t o  a re the n i t u  t ot ’  ft c-t om’ s u sed m r  the hti~~ j s of th is
re commcnclat ioit -
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3.3 TII RLADS

The Th READ S methodology is a design verification tool . A thread represents a
sequence of events that contributes to the satisfaction of a specific sy stem fcmnction.
This sequence is an internal process and may be defined : t  c m v  funct ional  level . A
single thread demonstrates a discrete series of et c-rationa l activities f rom s t imulus

* to response.

In threading the system design the following is accompl ished for each operational
process: - - 

-

S Isolate ifl1)UtS ac ’ailabi e (st imuli)
• Edem itif y outputs to be produced (respons es ,
• Determine processing required to i roduee each output from the

inputs (processes )
- 

-- 

• Define the sequential process lag path fron u each s t imulus  to its
t- :-sponse (thread )

A compl ete set of thre tuds defines all proce ssing r equi red  to s : t i s f v  all sy stem func—
t iomi ~ ! r equirem c-m its . Thus , threading mu system design is a process employ ing a
discip line that  is external to the sv i-u tem it  to c- et - ify design consi st caav rel ative to r e—
quiremiucnts . TlfltI-~A1)S is a uniquel y functional approach to design c-erification that
may l i e -  used ctf ec ’ti c-c i y j ut other roles such as test p1 an d cc c l  ap in  eat and , in conjunc—
tion with the Thretuds Management Sy stem (TM S), managenu eui t  control .

3. 3. 1 Developm ent Phases it

The three l t r o .i eat -s which were subjected to MP !~ ev a lua t io n as _ - fl ect three distinct
m : u m i c g n m e n t  phil osophies with respect to the usc- of ‘I’Illll- ,-\l)S. In the case of AEGIS,
one subs — s t e n i  cc - as thread ed tmn d those threads wer e  u s  -

~~ I to — - c r i f ~ design sp ecifica-
tions amid to monitor software development p r ( igu ’eS S .  The TR II)E N I  software system
was not threaded . For DD—963, the entire s o f tw a  I’ : sy stem was in iti tul l v threaded : - :
during the de~ ign phas e , and in conjunction with the Threads T~t a m t m ga -n iun t  Sy stem
thread s V. crc aggressivel y used throughout the lieriod ti system dec -e l opmem it .  It is
worth  not i t t - a  t ha t  1)0th ~-\ l-~GIS and DD—9G3 we-r e  success It: I ~i i u ~ rn - t n  in that the~- were
compl eted on t im e  and within l)Udget.  ‘IR LDEN ’l ’ , on the other hand , encountered
seriou s lc - ; s_ - I opment probl ems and mus a restult w ;iS not uS s ucces s ful

Threads ut ~e most ctft-c-ti ce when they are in t rodu ced earl y in the  svs t c ’m acquisit ion
process. Thre m ud s cmp lovnient  should he def ined within the I ) L~O~CCt n u ; m u u ; u g s _ - u t u e m i t  p lan
as an integral a r t  i t  the total un;: n : gem ti ctnt a t f uu rt. Sys t em I c -c c-I t h t ’ c a l s  m m i v  he used
in the i t e m - m i t i c e  p rocess of cc -al u at ing a l t e r n at i v e  a i’ Ph  i t o r e  ( on ac u l t s I t u e l n u r : u t o r y
to sd ct -ti rig t ime  opt imu nm u t - i - l u  i tc tc - t u i  i _ c- 1c m ’ a -te ti i i  

~veloiincemut . l’hi - se svsteni I cc-el
thread s i t t - i t - u t  ha ( lef inul  h ; m a c x l ru s~ t-u temn r equirements  site a i f i c a t ion .  As sy s t e m
devel opni c - i t t  cont inue s , lower level t h r e a d s  suppor t  ti - t i  l i l t - a  su ch te-t ~ s_ s t e m  intl 4
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subsystem design —, - s_ ti ’ tF i i t ~ f 1o n , interface def ini t ion , tes t p lan  dev elopment and system
integration.

For the 1) 1) — IIPP project , n sis and ties ig i l  phase activ itiU s m e l  t ided revision of
Computer I’rog ra t t  P e r formance  Sp ec i f icat ions  (( ‘PP S) and c ’r i t i n g  the Computer
Program l) cts ign Sp ec - i f ie tu t lu ns (CPDS). Dur ing thes e phases , (‘SC personnel thread —
ed the system. It cvmi .~ u l i t o c s s a r v  ta extensivel y revise the CPPS . The threading pro—

it’ - - cess \V2I S c au’ r lc % i i l  u t  i - - ‘ii in action w i t  hi ‘ - - - i t i  ag th e C P1)5. This pr ovid ed an extreme-
l y effective vehicl e i - :  l i a I - i r g  die cl esi-git duc ’u i tue nt  to the per fo rm an c e  specifications .
Dev el oping thr eiohs u h t r i u i : - ;  the o m ia l c s tm-c  a o l  design hoses - s ssu i.’ui more effective use
of avai lable  ni -. n~: w - a  in i - I t -Iu ’~i to i t u I ~ i ’o-: uil g tl ~cu qual it~ of the design. Also thes e
threads , developed rnui ’i~~ in t h u  - i~c - t uui-ii t io n cycl e, continc~cd to enhance the system

-
~~~ - - dcc clsop m i i c uuu t  proce ss t i u r o u m  _-;h i t  I - tea  phases .

The A i G ! S  ( u n l l t t a n d  nd 1)cc- Lsi -o n sa l - sy s t em  cc-as not threaded cmnt il after detail ed
design was a s t c u i t t  ished . i h r s _~ots  cs_ cr c defined t u f t e r  the ft-c - I to ver if y the design
specifications . rfluis was t u e  lu -t I u s e  of the THREAD S methodology and thus in-
vol ved a p e r i o d  cut l i t a - - n o u g  for thos e dec—eloping the thr ead s  - Neverthel ess , they
were effect ive j ul desi g i ve c i t i c -oti en and continu ed to he used in support of later
deve lot -unt - _ i t h ose tic ’tk I t t ~ S

Dur in g -  the cod e oath  e i :~-ctt \a u t  t hose for both the t 1-d 15 and DD— 963 projects , threads
were used Lv proje ct a- a u t t ger-s to monito r anti r- cpc-- r t  sy s tem development status .
Thread dc- c1 O t i t ~~~ t. Si: -t tla i ’ c t I T u i r t cXl through the T~ t s is m m rel iabl e indicator refl ecting
pro~~t -cs -s to t s_ a rc h  t e - I - i e ’ - i n t proj ect  mil estones . Compl etion of specific thretuds within
each build W O o  easily m c - c ’ - r d  cii tum id periodical ly this data would he reported in sum—
m ar t -  form I - i  pro c-ct t tu nmi t-n~ amid mm unagers to t’ccvic~’uv. This provided all con-
cerned perso nmuel - . lIP a - t i  i s _ i t t , c and y  unth -r’stood li I ’ oject statu s infor mit at ion.
Recording the t ! i r a ; . d d o l t  ria~o1i c:s the a-xpctmiditui ’e of sonic manpove r , but not a —

s i g u i i f d - ; i u - ut am a - ana l .  For i - is t ~ n ce , on the D O—Pci  ii ’oi c-ct approxin-t utel a i 0 T  of one
person t s time on a ~~ecoly nis is cvtis devoted to maintaining a threads data base.

Test and i i - t e n m ’ : t i - n ph ase u -t i c -t i le s  for the 1)1)-Pci project  included developing and
executing test t u b as 1, 11 t m o u nd the -- v - s t o i c , s u h sv n t e n m  t uich module threads. Threads
p’~~ ’i d cti th e basis 1 -  l ic ,  s t i n t i u l u s  a s l o u l a c t  typ e  n n u t u u ’ i t u l  incl ud ed within the test
scripts . This cs_ 5a a na tur a l  o r u t gu - ow t h i  of t h e  dc -ct i~ ni cat l i ro ~ -es s to this j t o i u i t .  Test
t c - ; in ui m e u i i I u c t - ~ cou ld I t ~~ ~~ -at if t l t c i r o u i g h l \ -  s_--~c -r e i s i ng  ~u Il  s i f t c -~at ’ e  functions be-
cause u t  th e  c u e - - t i — t i c  a o u ’ m i - m i e m m u l c i t c -e c- ; i t h i  ~v s t e m u u  des ig n el er i t a n t a .  I t i ter , the
integration of s~ c - m i  a - an t  umen ts  cc- tm - s f t’il i t a  tu l  lot  both 1) 1 )  —~ m ; : t  and :\ 1~(l N person-
nel because at ti c - - l os t  COt’ a l  - ti ii a u u u o u u g  all -s~ a tem u co m imp on e nt s  ~s _ h i  caved through
thread s d e f i n i t l i t  . Thi ’~- d ~- p m ov i d c~i th e f t - a i u t c5 ’a m r h  f i r  l o-u lt ic a- control f the test
and integration phase.

I l i a c k I ittl e re.~ _-; i c-l i d a t -  l i i  s pp or t  p r n  it t ce  c-eri ch usicum i - aons _- e m ’ i u i  ru g th read s effec—
i~ cm-s a in the i n s t u l l i m  - i t  , - mud ou eu -  t - rig and ci p pa u ’l p h mrn us. H csearc’h was  I m u t e d  
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to preinstal I t ut ion development l i r  all th e- h ’ ( . c - ( ts . It seems r at~son tb l  e to assume ,
howec-er , that thc- u pe ra t im u g and support phase would benefit from th i - caci m- docu nu cn—
tation. \Vith the v ste uui  functions cl e mi r l v def ined , i t s h o u t - h  be c- tu ~u i er  fi t  nu ake the
nuodifi c-ations and fun ctional adjustments norm - a l l  \ mis - - i t i t c i i  with this phase.

3,3. 2 MPP Comparison

The AEGIS mind DD—9~i project s taffs  m ad e cifeat ~c-c u s c  of the sy st em or ’ subsy stem
threads. Thread s cs_ crc employed with equal success m u both pm ’oj acts as a design
verification tool . Later , through the T’cJ S , threads c- e amuie  an inc - at u ahb am aid in
maintaining management and customer visib il  t ic of si ft c ;oi ’c production status.
Thread s status reports were cons idered l v  t h i s :  staffs to be one at the most current

- ‘ and definitive indicators of pmduction progress. i - em ’  AEGIS the  reports cc- crc p ri—
- ~ macitt used  for internal man agement control and moni tor ing.  The I )D—9 63 staff

employed tile reports internall y and also used them regul m u ’ ! a to keep the customer
i n f o r me d .  Once the build demonstrations and phas ed integration t u g m i t i  Ofl the DD—9 63
project  the threads p lavuxl a dual role. They cont inued to a used to report progress.
In addition the tes t group used threads to devel op and modify t est sacnmul’ios . In
general the I) D —9 G 3  staff seemed to enupb oy thread s mi bit more  aggress i v e l y than the
Al-;Gls staff did . Thus thread s had greater impact on the D O— Phi  proj ect.

i. : 3 . 3  Recommendat ions

The decision to use THREAD S should be mad e c-t u’ lv  in the acquisi t ion h f  a cy cle.
Threads arc most effective when introduced c-an y in the anal ys is phase to support
the design c-erification effort. Once the corn mnitme ut t  is made to use thread s and they
are defined , their  u t i l i t y  increases over the l i fe  of the pro~cct . In m i ddi t ion to pro—
c-iding traceab il ity directl y from requirements  to oil levels of design , thread s sup—
l)ort ef fect ive  management of software development and mn ai n tet iminc - e .  This incl udes
management Vi Sil)ii ity into development progres s , tes t Scenario defini t ion and execu—
ti ar a- and system and subsystem integration. TIIRE1 \t ) S must  be considered an m u —
portant clement of a coordinated software m an agen tam iu t  p1 an.

3 .4  B[[LDS

~ A “build - - j~ a col lect ion of fuuu ctj o iuall  v ret mu t ed I 1’ o,es cc; t h at  is imp lemented and
dcm on st r mit cd  mis  a se t .  Sv stent  dec-el opn t cmu t c -ni p l  or i n g  i i i  i l ls includes car t  c- vl si—
bit itv of actual sv t e n t  f t mm t ct ions , inc r c m e n t a l  a v a i l  m m i  P i t t  at m e t  cal  e~i cr m ti ng capa—
hi ! ities , and d i s t r ibu ted  imt tegr tu t ion .  By its cle fin i t i on , a hiü Id is I c i m o - t i c i m i a t  . Be—
cause mm b u i ld  is (‘O fli})osed of individual i a u u l t c u ’ t u t i o n a l  p m’ oc esac - -s , t b -  i n tegr a t ion  of
c-ac -l i build into the sy stem supports t ’ agt es s i -~ c , f u t i  - t i~i i i m l  I c c  c - I i c a t i n g .  \Vhen each
build is obieratioumal , it pt’o -icbe s a emip ali ii itr- that is l u - l i t  l i v  a - u t  lv  s u e m ’ ationa l

— 
u _ t h or th an pi -aes and m’ts th at  mmi v  hc- onl y par t i a l i c- opa- u ’ : - t i i i n ; i I
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3. 4. 1 I)ec-el opm ctnt P l um a c - s

The builds concept is app l i e d  iii the d esign l ) h : t s c  to support detailed design by identi-
fying rel ated threads or CO( ’ ct~ i -a and conih iuun g them into fun -tional entities .
Actually, threads m u re  ; i t ’cxlu i -ed  m a i t i g  t hu i  fun ct iona l  design and builds a re established
prior to detai led de~ i g m u .  flu - l a g  l i i  a s om e  t ime  f r ame  the development schedul e is
d etermined and a c o m m - i  t - t i c n  dot  a f j  i t t - h  bui ld  is set . ‘These compl etion dates are
used as mil es tom i c - - . liii - i c t i l i !  i f  this t c eh m u i q u e  is real iz ed dur ing the test aed in—
tegration P h m u s c .  With em s - lu  Iu u i l d  ic - j ug  tested m s  u t  is compl eted muri d integrated into
the sv st e i u i , t in-  i n t u i - Lu-e ; ) i ~~ u l a i ia can he d e tected and corrected emurb v in the devel —

-~~ opment cy cle . ‘I’he a th i c i tin t anaL a - l c r ived  f rom this techni que are an abil ity to
measure the p e r t c r r i m u m - c  of t h e -  ( l evel Oper t i - rou~4u the s vs t emu u  capabilities being per—

-‘ formed dur ing  the incremental  demonstra t ions , as well as assur ing the user that the
system functions do p c - m I a m i in the  n u m m n n t t r  in cc-hich he had envisioned .

$ When used prop cirb c- thu - ~- r gt ’ o m u t i n g  practice can be a very e f f e c t i v e  tool . By group—
ing related functions or I iu ’m ) ae ss cs  together into demonstrabl e segments , the developer
can control the system i t  iuiuc h lower level . This technique promotes incr emental
development with earl y iut t c -gr t io mi  mind l)rovid eS mit estones , as wel l as , visibil ity of
progress.

During the developntc ’nt of the Al--GIS -system , the need to segment and bu il d the sys —
tern in increments c’;:us r e a l i ze d .  The thread s technique was developed to segment
the system :iui d function ally relmut ed threads were grouped into builds to provid e func-
tional components . These da l . c  proved very  effective throughout the development
cycle and cvere i’e t i n c ~1 m ind e r u h i t u m m c c x i  for use on other projects .

The I) 1)--9tii p rop -mt - a ! u i c a ’  l u t e! per sonnel  coni c from the AEGIS project and the
techniques that had pr oven cffceti ac cc ccc brought  along for usc out DD—9 (33. The
thread s and builds t ’a u u a a - i ts c a m e  u sed  and have been c-era successful . The builds on
this proj ect cc c-r e i- t ad to c l e i : u i j m i - t r m u t e  functional capabilities to the customer (h. S.
Navy)  cc-hue req I red a ii  igh rI egr eti  of visibil ity dur ing the devel opmcnt cvcl e. The
bui l d s  cs _ cr c set 5 m u  a t t u n e s  tor t racking development and were monitored c-cry
closely .  i- ve ui ah unga ~ in the c t u i y m l i t l  e c,f builds hecause of un avn i l  ahil it t - of hardware
or due to r ’u s t u t cr i’ c ’ q t  i rements were made with minimu m impact to production
efficien t -v.

3 .1.2 ‘l1I ~ I ’ ( ~~~t m p ; u m ’ i c -a

L 

F’or t i l l  three 1~roJ c ct - bu i l ,  l~~ovided mm n ieans for expressing thu fun ct io nni  deconu —
position f the cl o t ,  ii ul Ic .igr m . Thus , the proj ect  management staff of each of these
p roj ects cs_ mi s muhl e t o  I ~- i  do ’s_ n the a’ s tun t  to he devel oped into fumuc tiona l  c - mm pa b i l i—
ti c s. Each s c a t -i h r ac-h fimna’tion bcaame m u build.  This approach I ccl quite naturally
to the c m a j u t i - n u  -I - t t i u -  de -c et - i m i -  - - u t  mit i st one s  based on builds prod muct ion.  Thus ,
mu production au - b m ~~ h t u t  em cc m~ -u e~~tohl i~~b m d  t h a t  cs _ m i s  remu l istic ’ in its goal s and 11 exlhb e
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~
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~ 

— --~~~~ --- -~~~~~~~~~~~~---~ 



-- -- -~~ -—-,-~~-- -- ~ -~~~- --- -~~~- -  —‘---- - .-. - —--~~~~~~~ - - - - -  - - -~~~~~~~~

enough to be adapted to chang ing circumstances , When threads ‘,vc-m’e u ms ed  to develop
the builds the two MPP together became a pow~rfu i management too l . E nder these
conditions builds foster ed the phased integration of system capabil ities as they were
produced . In addition , with or without threads , builds provid ed a medium for main-
ta m ing excellent management and customer visibil ity . The bui ld mu custone schedul es
clearly defined the systent decomposition and presented an understandabl e plan for
production and integration of all system capabilities .

3.4 .3  Reconumend ations

- 

- 

Builds are an effective adjunct to threads and ‘I MS for management control and moni-
toring of the software development process. Using threads as elements of the builds
lead s quite naturally to functional differentiation of the system. For instance in a

-l 
~~~

‘ real time , command and control system such as that developed dur ing  the DD-963
proj ect , buil d s were defined for major scmbsv stcm functions — M mm nu n i  Tracking,
Beacon Video Processor , Underwater Fire Control System , etc. Bu ild mil estones
should be established at regular interval s based on program development capabil ities .
Again , using DD—963 as an exampl e, builds wer e demons t r at ed  ( ma il  estones) on an
aver mmge of every eight weeks . The schedul e varied bec ause bui lds  c-ar ied in size
ranging from 32 to 542 threads. The average size build contained 167 threads.

h owever , thread definition is not a prerequisite to the enupb ovni ent  of builds.  Builds
may be defined based sol ely on functional decomposition of the systenu at a high l evel .
In either instance builds provi d e a method for estah l ishiutg -de c-e lopment  milestones
and instituting incremental production and integration of software subsystems . The
build demonstrations , where functional capabilities were tested to show the user that
the software satisfied system requirements , also \vc-rct c-chid es for confirming that
previously demonstrated capabilities still functioned as designed. This was accom—

— pUshed through regression testing which was part of every buil d demonstrat ion.
Regression testing consisted of executing test scenarios from earlier build demon—
strations . The test coordinator sel ected scenarios that cvo uml d demonstra te  key
operations which were rel ated to the current build ’ s cap a b ilities .

Therefore , builds are reco ni mnend ed for an~- large software sv tcm composed of mul —
tipl e funct ion a l  sui l s v s t a m m i i a .  For systems that icc  threa d ed the bui lds wil l  lie a natu-
ral evo lut i onmi u ’v step in sr-stem defini t ion.  The inc t’enuent m ul devol opment mip i iroach
which builds faci l  i tm ite  is a powerful  managem n ent  tool In r t i cu l  ach y for ’ 1 mu rge , on — I m e
svstenu s.

: 1 . 5 Th RE ADS MANA GEM I -:N T SYS ’l l- ’\l

The TIIRI- .\Fm S Management System (‘1~clS t serves to a ’ ! - tu ~m i t r- m aid sim l i l  ifs’ the pro-
cess of c ’r c ’miting , upd ating,  interrogating mind re t u s  c i i  ng Ti ll ~ 1- \ l  u S nt  i i ’ t m c ; u t i  in  to
fll m u nagcmccfl t .  The stand a rd Th\TS output  r c - b a m ’ t s  inc l ude bui ld  si t i t u s , thread s t a t u s ,
th m’ c -h d c-si-i’ i~ ti nts , thread s schedul e and buil P s i t  m i t  t m r ’- , 1-ixamp ! i -s of thes e reports

:1—7
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are shown as 1”igures 3 — I  through 3-5. The TMS operates on a variety of computers
and provides a wid e range of capabilities dep ending on the r equirements of the user .

- 

S 3. 5. 1 Developmeu -rt Phases

The TMS could lie impl emented at iota phase of the development cycle.  The maximum
uti lization of this tool is r - .ihiz ed b iunp lenienting it when the system is thre ad ed or
immediatel y foll,owim ig detail ed system design. The T\IS cnn he an effective tool in all
phases of the progr :i m life cycl e once thread s are defined if all capabilities of it are
exercis ed . Project pl anning,  configuration control , monitoring, testing and verifica—
tion/val idation ar e al t  supported hr threads. The TMS is also applicabl e after the
development cy c l e  as ml configuration management and change impact assessment tool

- 
j-
~

- : during the maintenance phase.

- -- 3 . 5 . 2  MPP Comparison

The effect this progra n in -u in g practice had on the three projects varied greatly.  The
TRWENT project cs_as not t l i remud ed amid had no TMS . The AEGIS proj ect was partially
thread ed and the TMS c- us uti li :’ed as a monitoring tool . The l)D— 963 project was
totally threaded and the i t15 w as a major  contribution in all phases of the devel opmert
cycle. The D h ) - - i m P ;~ p u - o i ect used the thread s to ver i fy  the design back to the require-
ments , des_ e t op the b u i l d s , p lan  the devel opment schedul e, monitor the progres s , and
develop the test scripts : and they will  he used as a software configuration tool during
the nt aintenanc e t ihas - .

The TIIREAI)S c o u u i m c j t and the l ’ \ I -S were- conceived on the AEGIS project and were
used very e - t f e e t i v c - h y .  l t o c v u v e r , the l)D—9 63 proj ect used the technique after it had
been enhanced and the - c - n a f i t s  derived front the ThIS during this proj ect was greater
due to the addi t iona l  a j i m i h i t i t i c s . The effect of this practice is proportional to the
degree of u sag~ t in the th r ee  I - c a l  ect~t . It had no impact on ‘iRIDENT , it was con—
side-red it  s_cry c-th-c t~~u : tool i t O \ i-hGIS and a key el ement on DD—963 project in pro—
viding management  ~ia i l - i t its’ . The TMS also supported other MPP used during the
development 0f the D l)— ih ; :I  - t j f t ’.v-at’e system.

3 .5.3  ! l eaom p m ncnc l ~utj ons

St - r e c a n t  t ue - m a t -t the as  i c e  of a Threads T\ian :ugement Svsteni , cc-hen threads are m i —
p1 emcnted , 1 u - em-c- i . e t Iti - m a x i u u t u  mit l) encfit s from i t a f l  IRE AD S dmita  base.  There is
some- a n - st  in ’  i! c-ed it - u a - i i t t  mi h u n g  nd u p  d m u t i n g  tht~~

- data base: for instance, sO~1 of a
non— sc-uujou’ , tuc t t u u i c i ~ s hi t u mit  c m i i t  i C t ’ ’ tt t j u m i e .  I Iowe~-’ei’ , the TMS is an effective
nma nag emn eui t t a P  t h u t pt - os_ ides dc ’f ini t i c -c  data on program devel opment status. The
benefits gu i ned m u mu in im~ ad mi - t im g u i l t  c u t  contt’ol mind c-isihil i ty .  
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THR EAD N A I I G E M E N T  SYSTEM R E T R I E V A L
L E V E L :  SUBSYSTE M

RUN DATE : 11/1 5 /72

NAME DESCRIPTION REFERENCE SUBSYST EM E L E M E N T S

CNO I A TC 3.3.2.2.1.2 CDI CM S CSN
CNOZ TO 3.3.2.2.1.2 CDI CM S CSS
CM D3 M SS/EC 3.3.2.2.1.2 CD I C M~ C E O

• CNO ~ SS 3.3.2.2.1.2 CDI CM S CTS
CM O5 OT 3.3.2.2.1.2 CD I CNS CDT
CNOE IDLE 3.3.2.2.1.2 CDI C)IS CIS
TCO7 HOLD CLOCK 3.3.6.2.1.1*1 CD I CEO
TDOB R U N CLOCK 3.3.6.2.1.1 41 CDI CED
TDD 9 SET CL OCK 3 .3 .6.2.t .IA1 CDI CEO
TOlD CR 1 PRINT 3 .3 .6.2.1.IAI CDI CEO C PX
1011 SYS STATE PRINT 3.3.6.2.1.1*1 CDI CEO CV X
T 012 ALL S IMUL S T A R T  3.3.6.2.1.1*! CDI CEO C WI CM I
T 013 A LL S IMUL STOP 3.3 .6.2.1.1*1 CD I CEO CWI C M I

C 1~ RE C O R D  S T A R T  3.3.6.2.1.1*1 CDI CEO C~~X CWI CMI
T015 RECORD STOP 3.3.6.2.1.1*1 CDI CEO C PX CWI CMI
T E I E  L O C A L  SE~ 3.3.6.2.1.1*1 CDI CEO
A V 1 7  A V A I L  STATES 3.3 .6.2.1.1*1 CDI CEO CA S
A V i S  DISPLAY 3.3.6.2.1.1*1 CD I CA S CDS

Figure 3-1. Thr eads Management System Retr ievm il  Report

This report depicts selected data concerning all the Thread s at a design ated level .
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l-’igu u i - e :i-2. Thread Schedule lie-port

The Thread Schedule- Report indi aa t u-u  the statu s of each Build.  Both schedul ed atil
actual activities for each development  phase i re  show n. Also includ ed are the Buil d
start dates and m u legend to assis t  the reader in uederstanding the chart .
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SUBSYSTEM LEVEL T HREAD (S)
PROJECT C.C -

SuBF UNCTI ON : SPECIAL THREAT SETUP BUILD : j

THREAD MA NE : CO l—DOl STATUS : 0
DATE L IST U~ OA TE OB /21

SPEC. PARA GR APH NOS . 3.3.2.1.2.1*1

STI MU L US : SPCL T HR INF O SIB RESPO N SE : S~ CL TNT INF O D IS—
•LAY O N *TC HDS CRT

CDI CS N
.s..... .......S.$ •.Se.S......s•...
S S S S

• 
S S S S

• DISPL AY e • ATC S

• S S
SSSSSSSS••• INT ERFAC E •I...ss.s... s..• N OS •sSs ..S .es.sS

• S S S

• S S S

• ci . • c2S
•.SS.SS. ...... 5•• S•SS•.S•SS see••s .

Figure 3-3. Subsystem Level Thread R eport

This report presents a graphic representation of the Subsystem Level Threads. The
boxes represent the subsystem elements and the processing required within each ele-
ment . The Threads that require more than two boxes would displ ay the additional
boxes directl y bel ow the two shown.
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PROJECT CeC SUBSYSTEM L E V E L  THREAD STATUS *SE 001
D A T E  L 2 / 7 2 / 7 ’ ~ FOR BU ILD C
TIME t? :co :oo

THREAD MI ME S U B S Y S T E P 4  U A T E  OF LAST :orsxcw: CODE :DEBUG :INTE—
E L E M E N T  L T A T U S  CH A N GE ~S P$T (

CO 1—09 3 : cc: u,a~ z :
CSL I 2 / L ’~ : x :

-• C 9C—093 : CDI l 2 / C G  x :
C S L  o2iO ~ x

C ) 3 — O 2 S  : CDI 9 / 2 7  x :
9/2? : x : :

cas  : 9/2? X :

C O I — 3 1 8  : C D I  9 / 2 7  : x
cos : 9/27 1 : : x : :

I CR1 : 9/27 1 : : x
C T C  9 / 2 7  1

( 9 9 — C C? CC X : C~ /23 ~
~ax : 0 1 / 2 3  : : x :
COS : 01/23 1 : : x

1- i gu r s_- 3- - I .  Subsy stem Level Thr ead Status Report

‘The Subsystem I.e-u-el Thread Status  Repor t  gives detail ed information concerning
each individual thread . The report is produced for any designed build. It lists each
thread by name and shows the subsy stem elements invol ved in each thread . The date
indicates when the TMS d a t a  I -mu se  -u -u t i5 las t  upd ated for this thread information. The
status is shown for each dc c P p n t c f l t  phase and by subsystem element. It refers to
that portion of the ela u a t -tt that pertains to the thread shown. In the exampl e, the
CDI subsystem element  has compl eted cede for the first thread , hut has onl y com-
pl eted design for t im e  sec-amid , and so on.

3— 12

- -—--- -— _ _ _ _  _ _ _ _ _ _ _ _



PROJ ECT C.C SU9SYSTE N L EVE l . BUILD STATUS PAGE 00!
D A T E  12/22/12
TIN E iz:oo :oo 

• . .

:INTE— :ouILo COMPL E TION DATE
BU ILD:THPEAOS :o (SIDNED :COD (D:D(BUC RA TEO :ST *luS : SCHO L • A CTUAL

* : 16 lOOT : 000*1 100*; 1002 : 100% 11 / 0I /7 1 10 / 0 0 /7 2
B : : 100* : iDos : toes: toes : toes : 1/03 /72 1/03/72
O : 25 : toGs : ioc * : icot : loo t : 000* : 1/11/?? 2/0 1/72
C : : 100* : iaos : toot: iu os : moos 2/0 1/72 2/0 1/72
6 1 5 : loot : toes : loot: 100* 1 1005 : 2/ 15 /12 2 /05 /7 7
H : it : toot : L o o t :  Lou t: 1002 : iaoz 1 / 0 2 / 7 2  2 / O 2 ~~72
i : l l : iO 0t :100t: t oo t :  toot  : iO~ s : 5/01/12 5/00/7 2

PART A 1 : : :
SUMMA R T l~~t 100% : oCot: 100*: £002 1 1002 1 6/0*/77 6/06/??

t. : 6 : 100* 100*: 10021 1002 100* 6/01/72 6/06/72
N z : 3 6 : 10cs : o0o* :  zo os :  :oot : 1005 : 7/03/72 7/03172
F 102 : ioos : 1002: ioos : 100* 1 100* 1 9/01/72 B/ZI~~i2
J : 6 G : 1 0 0 s :lOc*: toot: ;oos : 100% :00/16 /72 10/ 1 3 /72

1002 : *00*: loot: 100* : tons :ion~ ,iz 10/ 13 / 72
K 1 Ii 1 100* : ooct: toot : Icos : ices :10 ,16/72 10 /1 3 /72
N : 12 1 1002 : taos : tao s ; iou t : 1002 :11~ U 1 /7 ? ll / 01 F7 2

PART B : :
SUMMARY : 276 : 1002 : too*: 100*1 100* : icot :11/16/72 *1 ,15/72

PART AiB : : :
S U M M * R T : I 1 7 : 1 0 0 t : 100* : 100*1 *002 lOOt : 3/ 1 5 /73  3/15 /73

Figure 3—5. Subsystem Level Build Status Report

This report is designed to provide an overview of the build status . It includes the
build name , the number of threads that are identifi ed in each bui ld , and the percent-
age of compl etion for each development phase (design , cod e, debug, and integrate) .
Each thread has either complet ed or not compl eted a particular phase. The overal l
build statu s is derived by the use of an al gorithm that gives “weights” to each of the
development phases . This is necessary since the coding of a thread requires less
effort than the debugging phase. A comparison of the scheduled and actual build
comp letion d ates wil l give an indication of the proj ect  st at u s .  The sample shows a
Part :\ and Part B summary . Each Part is a logical col l ection of builds and repre-
sents a significant mil estone. The analysis of a part icular  system would determine
whether or not this part icular  feature is app l icable .

:1—i::
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3.6 CHIEF I~R O G RAM M ER

The Chief Programmer is the  senior technical staff member assigned to a specified
organizational level . For a l r ) j e C t  cIm ~iI oying 20 to 30 technical staff members the
Chief Programmer max dim ~ae-t the entire software development effort. On the other
hand a project requi r ing  a technical st a ff  of 100 to 150 personnel may use two or three
Chief Programme-r-~. Ihe  span of control assigned to any Chief Programmer position
depend s -u - er ’- he av i l y on the technical and man agement  expertise of the individu al
selected for the p ) ~ i t i u m i .  ~\ Chief Ib-ogran imer  is the focal ppint for all software
development within  his ot -~m m ~n i za t io na l  boundar y .  l Ie  must  he expert in his mastery
of all elements - c t  ) I  m a:a d e v c l p i i e n t . i . c. , computer languages , hardware , JCL ,
etc. He is a a l m m : ~cc a l s - , assign ing  tasks , monitoring progress and adjusting re-
sources to niaintaiu schedul es . \iucIl of a Chief I rog rammer ’s responsibility is
compatibl e with a m -~- t i o n  M c i c a g a - m -  ‘s. Rut , a Chief Programmer f i l l s  a position of
broader responsibil ity th an a t ection Manager as the most senior or one of the group
of most senior technic-jars on a project.

The Chief P rog rammer  d a m  not function in a team ch ief rol e as described in the
Structured I -n~~t - m n t i m i - H . ,  S e r i e s ,  l ie  him a task group of p c u g r a n mm e r s  and anal ysts
involved in coordin a~ed s ub sy st e m  development . There is no grou p librarian or con-
figur ation iiam age:mic nt f u n c t i o n .  Thes e requ irements  are sa t i s f ied  by project staff
personnel who p e r f u c m n  th ~ se functions for the total development effort. Likewise,
quality assurance mind t m t t n  L i e  p ru i e c t  funct ions  and thus outsid e the group ’ s
responsibi l i ty .

3. 3.1 Devel opin ~~t Phas es 
-

The two Chief Pr- .’:r -a m - u~m n e - - u s  f - u  the 1) 1)  
--~ d3 pr olect were assigned proiect staff posi-

tions . Their basic i-c ,- p an- -; i~~I~ ~f i c s  did not -u - a r~- appreciabl y from phase to phase
during the proj c(-t. i lle ’ \ ‘ - crc p r i m a r i l y concerned with technical direction for
assigned soft-s m I L L  crod i c - t i u n .  The’ did l ead individual pr~ gi’am nmni ng  teams which
were as~~i gne~i ~p c u i f i ~~i i - m u ds La deve lop  and test . The depar tment  manager pro-
vid ed m an nagc t en t  su p - u t  which r e e d  time Chief P r o g r a m m e r s  to di rect  software
de’ elo nm ent with n ; I n i na  di ~t ca - t i m .  ( ) -cm li this was an extremely effective pro-
ject organ izat ion.  It -u~ im ~-es~~fii i in p ar t  because the project staff was smal l so
that the span ui com i t u - - u1 coi l Chief P rogrammer  (10 to 12 personnel ) and the
T)epartmcnt M;taa4e-r was wi th in  m a n m u t i n i l e  bounds. A lso , the superior professional
and technical -

~ k i l  I of l ath Ch i e f  Pm .’ogrammers and the Depar tment  Manager was a
s i g m u f i c - a n ’  coid n i l u t i n g  Imi t u r .

I ) u r in m. , i l l  li~ se.~ of sv s t e -n ;  de-~ - I  oi i l ; i i t  tO e  c hi ef  P rogrammers  were  focal points
for so f t - .~ru  pr oduc t o n .  This  I C _- g m - u n  du m u g  the- analy sis  and des igm i  phases -hen they
- u - u c r e  dccp l v  m m  -

- - d in p r r cm r a t i n n  at t he  j t m - l c r f l t a f l i -e and des i gn  specifications .
They al ~ partic’ipntc~- in f~~ t n i t  i - n  - i f sy stem th r e - m i s  du t ’ing th i s  phase. Later ,
during the - x b -  mind c h u - ~ L - - ; t  h - m a e  t h u s  - ~j - e r i c n c e  was mmp l )l lcd to the production and

3—id
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demonstration of system builds. They assigned specific modules and segments to
programmers within their groups and monitored the development and testing of the
program code. As leaders of the buil d development teams they provided technica’.
direction and gi~idance to team members through demonstration of the bu i ld .  Through-
out the development of this system the Chief Programmers were  mm key l ink between
the project anal ysts and programmers, and the management s taf f .

3.6.2 MPP Comparison

Since the Chief Programmer function was app lied to onl y one proj ect there is no basis

~ for comparison of its effects among the other projects .

3.6.3 Recommendations

The Chief Programmer position as us ed on the DI)—963 projec t was successfu l pri—
man ly due to these factors:

• Size of the proj ect staff was such that two programming groups provided
optimu m coverage of program development requir ements .

• Programming groups wer e large enough to encompass a broad range of
p rogramming  expertise without s ac r i f i c ing  s upervisorv control .

• Individual s assigned as Chief Programmers -u’ ere abl e to provide out—
s t mm r i d i n g  technical direction and control .

• Depa m. tm ent Manager  provided ad ministrative and programn d eveloprnent
supp or t  so that Ch ief Program m ers could devo te  the ir full attent ion to
software production.

It would he di f f icu l t  to quantif y all of the factors which led to the successful application
of a Chief Programmer function because many r e l at e  to personnel interactions . It is
possible that given the proper mLx of personnel a mcm ch l a rge r  project cocml d effectivel y
use th is staff  structure.  C ertainly, a smal ler  project coul d e a s i ly  imp lement a Chief
I~rogTammer organization such as the one Dl )—963 used.

It is possibl e that with the same project staff another ty p e ’ of staff organization would
have worked  as well or better than the one i-us ed on 1)1 i — t u 3~. To recommend using a
Chief Progr-a m u m e r  t eam str i cture one m cmst consider  m c l i  the f a ct o r s  mentioned in
tius d i s r r a - r s i - ) n .  There are no definitive guidel ines . It is obvio cms , h -we -v cr  that this
organization c-an he used cffectiv e(~ and c m i i i  enhance the tec hnical direction and con—

t ro t s  :ml)pl ied 1 J  a s o f tw a r e  acquisi t ion pi ’o~ u_- ct

3.7 BUILI) LI.AI)[Ii

A build l eader is a specialized t ask l eader whose sol e respons ibil ity is to supervise
pr o dcm ct ion - i f  so f tware  to suppor t  a build Cap al)il it - u - . ~\s i m~ most  task or iented  organi-
zations the -u i l c i  I cad e t’ may have other non—re t  atuci or (- )m l at ib l  e r e s l ) onsib i l  ities .
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As an exampl e, ( hi t _ - f Programmers  \ - u ccc bui ld l eaders for most of the sy stem builds
during one l)rOiect . bc build leader directed the efforts of the tas~-~ group of pro-
grammers and anal ’ sta ass i g n c d  to a particular build. This group  f~~ctioncd as a
unit until the build was demonstrated. Build l eaders were inst ru ment~i in timel y
production of svsteni  m i c m t l d f i t i o s , and in the detection and correction of design and
cod e err ot ’s .

3.7. 1 l)evel o1_-m ent Phases

Build l eaders Icc - c m -  Im srd a~~~y d u r i n g  the C’de and Checkout , and Test and Integration
phases . They wc~~c: ‘ a ~ ci 1 1th equal effectiveness across both of these phases . Per—
haps the  g r e - m c t u - s t  heat - f i t  to ho giincd f r o n  using buil d I eaders is in havi ng software
d evelopment te , mnc o n .  mn g with -ve i l  def in ed , I u nited obj ectives . \Vork progress
can he i ead~~y m h c t e r m i n c . d  and pcr sonnc i  can be assigned to specific tasks. The build
leader and his group functi ocicd as O’l :i -n t i on t eam within the project staff .  Once the
build was demons t miti - d these peopl e were  reassign ed to other tasks . In this way ,
manpower hecem ies mu a m -  ‘i c  eN i h i c  rcm sou cc- c for use within the project. This was
true of the -u vav build ien d - m s  ‘ - c r c  employ ed through both devel opment phases .

3.7 .2 M h > P  ~- - - m a ; -

l ) mm t a  on time -  u se of 1 mi j i c I I cmmm nra was only availabl e from the DD— 96 3 project. There-
fore , no comparis on - - f  their et fu m fa O~ic (ing til e projects can he made.

3. 7.3 R e- conim i c r i c l m m t m - -na

If a m u n a_ -~o i c r I i  s t a f f  ‘_~ t -  to c i m i p l o y  thread s atal builds to promote phased produc-
tion and i n t u m . t o n  c-f sv~ t cm i  cap hi l i t ies , then buil d leaders are an appropriate
technique to a s s - u m  m c  the i r  et i . c i i v e  m sc- . Build leaders c a n  he used on projects of all
sizes . Thm~ - r o - - -t s t i f t  r g m l r i l / a t i u n  must  1c  stru ctured so that the bu ild l eader has
avail able to h im the s t a l f  supp - !- t he need s to accompl ish bin assigned tasks. For
example the DD— ~ d 3  - r a n i / m i t H i  in c l u d e d  ~-on fig -:  r a t i on  management , qua l i t y  assur—
a l - u - c  and pm c g r a n m  l i t - e r - , n a n  functions that were common to all task groups . Thus ,
the bui~- l c -a v r ~ co m i d  c-I at e their ful l  at t ention t1 pr o g r a m  developm ent .  The total
proj ect s t a t :  s ize - mis ~m u m u i l - - m i - m m g h  to accommod :,te t i l ls  staff organization. Buil d
l eaders I flIl their mm c m  were  abl e to h a v e  direct  and fi eqcmcnt acces s to support per-
sonnel d u r i n g  bu il d i- t - iu- -:L i um .

3. 1 I ’.o-r! - :c’I tL \  1 1 \ a

The re- -c ivIl  p roces s - -‘ cd  I ~ (‘- -- t  m m ~he pro j es -ta  mm ‘id ea’ s tudy m d  tided both informal
and t o r n  I m ay - i c _-s . 1> rel i m m i m i m m ’ v  I ) - - a i m ,n h i e v i c \ —  s (PDRs) and Critical Design R e—
‘.-iews (Cl i~~ i -u -u u- re - - , - I c c i  by contract cud were f o n m n i re vi c-ws . - In Process
Reviews (II  IH w m -r e  ‘nore ird ’ cr rn a l  mi nd were  held t h r o u g h o u t  the dc-u -el - - 1 - mn cot cvcl e
to provid e the - c I l s - m c r  l i i  CS ( - ; r - m 1 4 1 ’ n r n t , informat ion concerning the current

i — i c :

- —_  ~~~~~~~~ -~~~~~~~~~~~~ —— -~~ _ _ -~~~~~~~~~~ ~~~-_ - _ - _ ~~~~— — — - —~~~~~~~~~~



- -- -‘-- — - 
‘— ----‘- --— —- ___—---- -- - -

~~ 
—-- --- —---  — -

-

~~~~~~~~ 

‘

project status.

3.~~.1 ~el~ j~~c u m i t_[‘hoses

For most proj ve t s , after the CDR is ( - onIlmil - t ed near the en~i of ~~ 
(~cmsp 3 1  -ha se ,

th ere  is very littl e user involvement in the sof tware  deve anti ent p o r e - - -. . u nce the
:~ 

d etail ed des i g mm is approved the user mi at content h im se l f w i t h  - t i  it  a n t i c - ipation
whil e m a v a i t i  ng del i ~- erv of the final product.  This approach can eac .1 l o  - a m  cOt
of sof tware  that  doe-s not sa t is fy  user requ i re m ents . Al so th e -  dc - - d - - _ - c c - r  dues not
have a convenient - - chicl e for  ad vising the us e -n at nogr ’ a n m  iO- erf - o m n c - n t  p r o i m i  ems
which might be resolved Py modifying s\ste mi , de s ign  c~r m a u l  r i m - w r i t s . The In Pro—
aess Review (IPR) is an attempt to keep the u s e r  m c n d  / o m ’  p r o g r nl n i : n a m : o r i ent  s tai f

— -. involved in r~~ i: mu in  ‘level opment through the pcm’i’ -d of sa f t -u ’ ;mi r e  pro dcm m - t i c ’ . - a d  tes t i ml i t .
IPRs arc conducted regularly and involve face—to—fac’ ; contact bet as-e n user ad d e—

- 

- ~‘eloper ensommnel .

The de sign rc mr i o ’vs  i -cone c~ aduct ed d i c n i m m g  t I m e  des ign  ph: s~.m of the am’ u j c ~ct and in mnc st
cases after ~he CDR the customer invol vement with the Ic cm ‘i i_ -nt is a lmos t  non-
existent. CSC ~ttc m ptcxI to keep the customer invo ved t I ~ r ’ s m m t h o m i t  th i  development
l i f i a s e s  by th e -  use of r egu la r ly  scheduled i i i  ‘roe c_ --~a reviews .

3. ~~. 2 ~- l P ( H1m m t ) m , r j s O c l  
- -

The des ign  re ---: i c \ v ~ for the three projects wet -c 1- c _ i _ v  n:uch sI a :d mc r i , I c u t  d i f ferent  in
nun ben and I cnm t lm Iu_ - e - au se  of the size and -camp ! cxi tv of the prcc~eets . The IPR
a p p r o :m m h , howe~ l ’ , had a very positive i n p a c t  on the projects by pro\-idir.g mn mmn :ug e—

mont - c i s i h I ’  i t -  and c m i s t o n m e i ’  involvement .

The ‘IRIDE ~~l’ mr o ject fin d very few [1~Rs in tim - -  em ’ ni v h at - a of  its do i c!  i- rn e-nt , how—
ever  after  ~ c’i c c ms cc- c l 1  ems had been encountered and t he mu es - ilo n c_ -s were n a t  I c in g
n r c . t , the c a s t - - m o e - c  became more invol 1-cd . This rc _ - - n i t e d  in ccgn h ar rel ic — IF . These
nd -icy_ -s provid ed the customer with visihil itv i n t o  p rog i ’c as am id i n t ’ the p rob lem arc -mis
and assisted in expedient resolution of probl ems .

The ;\ l 3  P- project “a s  conducted iii a rur s earch ala] deve lopment  e m i v i  r n nm i l c r i t  Ii t i e
changing re qu i rcn o . -n t a  and nm a nv  c - o n t r m c - - t -  c m  a m vi i -cd . IPits wit h lit - A mind ~\ a v  l ) em ~
sonmiel h e c - a  m m m c  mm way of l i f e  cmi rl v in the  proj 1 - m -t  and I) - t i -  con t inued  t l i m ’ c mo_ -hc cu t  he
proj ect.  The personnel imitervi ewed d u r i n g  the  r e-search  te l  I t h a t  t h e  I I  l t s ’, aved a
majo r  cal e in t h e  success and t imely c - o mu 1 d etion of the c - i  ct . i i i . d a t a  p r & - -~ent cd
at thes e m ’e- - - j c - a -s were  cu r r e n t  and factual  to sh cw t h e  - - - m r c c - m m l  a t  t m - u s  ~f the ov era l l

- m m ’ , ve t .

I tic DU — a c ; : ;  proj  I~ct held II~it s c m m  a -- - -~ - - ; c-ed basis  at t f i c -  c i l s i  f l i e r s  c - m u m  c-st , l
’his

was a t i m  iv and am m i t e - t i ml  s contract  m ind t i c  cus tc ’m mo. -  r 1 cm_ -i m ’ui a h i gh  c-a rc - c  of v i s i —
I i !  i t v .  i ’hc e fh- c t  of this P - c l  ‘_- as niuc h the -mar e -  ~ a l l  i’ c c l C e t — ~ , l i r a  r c- j ews
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established :u good t m m pp ar r  w i t h  the customers and ins t i l led  confidence in the product
being dev eloped .

3. ~~. 3 R e c o m n i en d am i a n s

Project revic-~s a, ’e s —  u t i a l  tar  visibilit y and control of all software devel opment
projects . The foil owing r ua c a_ - ni  ml em ie i : t t i omia  v i l l  improve the conduct of these reviews :

~~ • The c’um ’;i~ --u ’; d a t cm s  should tie scheduled as mil estones .
- - • The rc’-i c’c - dates  shec1rld ho rescheduled if program development is de—
- 

- la c~i f r o m ’ any - - son. Phc l ock m r s t  be compl ete in order for the re—
it- It to Pu: n i e m u n i n - , f mrl  - mmd not just a review for the purpose of meeting

th e  ni iLes te m mm ~~.
• The m at e r i a l  Ic p~_- - - - - c 1  s l i o m i t , j  cc  sent to all attendees well enough

in mdv ancc at tic - - m -  c- ct I u t o m ’ the ,t ti~nc t i es to proper ly  review the mate—
S 

r i d  - I I m j ~ a - - c d u r c  ~\ i i I  - ‘ - sc , l t  in more pertinent m3u estions into
spe’cil~~- a r’:~~ m i d  ~d c e  t I i e  t i nme  r equired to conduct the review.

The use am in t i - - - c e - - s  rem i i e \ s 5 k m e _ - r n : ’ ~-mid ~~m f- i’ all projc-cts

:1 .9 PIU ~i t - ~~~I~~ ra-u lx (:lmNlm ~ l ’ c.~

~flier e \ \ C m c  t h n c - e  I m ~~’ - -L ~ r c i g n a m m m m m i m i  — ~m - h cim 1ues ~~‘ du r ing  development of soft—
ware for these p m - c ie ~~~t ~~ . ( ‘ o u t  - - m  icc-t v t ; . c  - - i -r e s en ted  formal attempts to strcicture
the ] ) c o g r a m l m r : m  i - ~. ~-t’c-cet s~ - ~- t r  - t -  i ’ in g  the  process is important lcecause it provides
a standardi; ci ,i’ a l U u t  ( p I c e - : ” m e l i m  su e- ‘ mcI  u m , t r o d m m es a pr iced r a l  approach to what
h i s  me t en th -mit -v t }a -  - - m l s c m ~~ : 1 1 i - e i  - t m -  m t v  ( J - ’- gm ’ m m m m n h m m g ~. The n ame of the tech—
n i q u t - or t m .  p u ; u i e -u I  cc  r - m  ‘ i:Ii s i t ; - 1 - m i - t  it a r c -  l ess i r . m~~ar t -i t  t h an  the fac t  that a
s t r u c t u re d  t - e h n i ~, m a is - - - - ~m mid c - i t o  - e l .  ibis is t Im e k ey to success in using an\’
p r o g r r m m n - e r m g t 

~t mc -H m e d  j i m ’ o ~ c - m a r -  - i og is a a m ct tm - i of - m ’ i t i n g  n gi- mm r i m s  with t lmc - l ogic f low alway s
pr oecc~i - tt t a s m t i ~ l - - m i t t  a ’ - - ’ - g i m  mm s i m i g i c -  - i tho c.m t a r h i t r : e r ~’ b ra nch ing .  To
s i l i c i c O  t ; i i a  m : m - t i m - ~~: , m e ~ y~ t e ai ,~ mm ~~t i m e  - ~ ; m m e - i m t ed Pita s m a l l  ~c r c gm - : m n i s  t h a t  e m u n be
wr~tt -- m w i t h  mu l i m i t  -l  n t n rb i r of logi c - m t m ’ - c t m m r e s  to d e v e l o p  d c - c r , r e a d ab l e mind
m n e i n t c i t i : h lc -  pni g cm nm .s .

Funct ion a l  i- r-  - -, m i l l  n i  m - i n - u I v~ -s t I c - -i e v i l  opni c-nt of a m f t  m m ’  - b~is ccl on funct ional
routines th m t  am’  - i m : t  t - ‘d t a crc m t - - ~s v y t  cm m i nd smi l r a v s t c - n m  cap mb il  i t i e s .  This pro—
g r i m  mir i m t  t ech niqu e - i , i p l c v tu — v~ ti I d - f i n e - i l coding c ’on ’- t-nt ion s to p r o du c e  rout ines  in
s t m c r i d m m t d i ~ cd I - w a i t s  f- - c  m . s e m  w i t h i n  t h e -  sv s t c m i i .

Stru -t mc t’e-ei modal en  p c- :‘ - - i i  m i nu  is a m m m cd i f i c a t ion - ci s t r u e t m i  ned p r o g r a m m i n g  which
is less m’ c - s t r i c t i v m -  l i i  t m ,  c r :  of t r u c t m r r c c l  c o r r s t r m a - t s .  For s t r uct u r e d  m o d c m i m i r  pro—
-g [’m m m i ’ m l j m m - g t i - -  t m - c h m i i - cl s t a f f  is p e - r m i m t t t t c l  to 1St  P0 T(t ~ t ; m t c - i m i c t i t s  end may  d e v i m c t e

: t — i ~
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cc i i i  the- ~ m ngl c.- c :n tn - urg l  e- t - X j t  r e q u i r e - m i m e - m t m i t ’  s t ructured p rogr amming .  h ow e v e r ,
t i  i t - - m t  of ~ t r m c - t m m m ’ cd ~‘m’o gt’ :m m m i r m l m m i g is foI l ~~-,- u u ]  a i t h  t’ m - s p e ’et to d ot - n am es , cod e
m d m ) ! m f l g  mind c ;gt’m~ fl I - -m mg t h .

t i . O . l  1~~~~~~~~~~~~t 1~ a u ~~e-s

flies- : I - n - m m - nm m e m i m m e  t e e h m i i m t u c -s a r e  mipp l t e d  i i :  i i  ng  tb - p r o g r m m n i  d c si gn tend coding
p l~~s - s , ~P t , i  t i c.’ c - n - t c r ~ t i -  lizud not onl y in the c - c l i ng il~ - se ’, but in the- tes t imnd
m a im -m t - a m i n e -c i ch ~~,c-~ m i \-c u l t  . F’or s t r ut -t u n e d  r -mg r  : 1 1  m m i n g  t he  de - t : c  P ud design wil l

-
~ i n v o l v e -  m c i - c ‘ m t c n m -~ c- m c t i v i t v  t h a n  for  o ther  - r u g r - m m in g  technique ’s , because of the

~~ leve l  at ~i t t 0 j i r bu ir~-mI for strue -tm c i - ed  pm’o g r - I l m l m i n g .  I l o w e - l o r , this  detail  wi l l  d e—
— — i - r u - m i s c - t i i t ’ e f f o r t  t’ -~ 1 j r c d  to produce p i -og r m i e- c,cle . All  t I m r c - e  of these techniques

j m m i -u’ v t~ I p t ’ cc l i - t L i t  in t a c -  test p h m s o  b e t - ous t -  of i l l - c s n m a l l u r  (i o u - c i t y  one pro~~ am
~~~~ p er  ec . ; ; 1 m  t n t  out p m c g c  ~. less coom pi tm’,x pr cm ) gm ’ m 015 Also the- improved remi dihi l  its’

of t hc .  stond , m -dized coding s t r u c r t m i i ’ c- s wil l h o y t -  m e p o s i t i v e -  - - t f c : c t  ceo progr am mainte - —
am i n e  c. in the c~pu _ - i’m m t i -j m m and support phase.

:- . 9.2 MP1~ C-a mn p u r i son

Them _- m l m m m , r son of these  techniques  over  the thr c: e p ro j -eta r e -v i ew c c l  is d i f f i cu l t me—
~~~~~ ~~~~~~~~~ c i - a l  a ( m i m e  -r o t e - c t  escd pur e m—it nm c- t i mrc d  f r ’ r ’ r mgr m nm ‘ru ng ( -u P ) mm r id the  other two used

a e m m o c l i t i e d  f o r m  of SI ’ . The ‘I1UDENT project  which used the pure  f o r m  of SI’ had
sonic.- probi c.-ms d - :r ing  the development of the -  s o f twa r e .  One of the - p r o b l e m s  was
core 05 g m ’  uncl~ -r SP constraints . It -u-u-as real ized toward the end of the coding phase
t l i m . t  t he -  c-at -c i m u i l g e t  -uvoul d i~e overi’u n .  This re -aol  ted in some m ’ e- p m ’ o gn a m m i n g  to
opt i m i - m  -c c-ore usage whil e maintaining SP code. J i u r i r g  im i t c - c \ - i e w s  wi th  t he  TRmEN ’I ’

~~ s t i f f , the m ni m ml  ‘rats st a t e d  th at  they felt  the p r o g r a m  des i gn  required me l o n g e - r  period of
t i m e -  t h a t t l m t  for m r e - m -  form programs bc c’auso at ’ the nc-i d to d e f i m , c -  the l m’ogm’ : n .  s t rc m c —
t u r k  :et m u more  ( i e - t a t l  ed lev e l  . B m t , the -  c oc l i mmg phas e -  \ V S  r educed to al most h a l f  the

- - n o rm a l  t i m e  clci c’ to the design h c- in g d c - v t - l o ped m i t  H m o s t  t t i c -  cod e I ev e! . The super-
visor s on ii -ee ,~e projects thought tile constraints of ~ P did not cfft- -t the p r o d u c t i v i t y
of t i e r  S e-ni - m r  Ie tl personnel to any degree , however a n o t i c c - m h l  em a dj cmst mc. -nt  w m i S  r e m —
quirc-e l by the junior ic -u - c-I pc-rt;nnnel tm i devel o p u ’ o g n m c  in 1 og l i -  in a st m ’ m m e t u r e d  m a n n e r .
It was tclmc ~ felt  th at  the -  q u m e l i t v  of th~’ prog rams - m ’’x i l m c c d  l iv  the jun io r  s taf f  members
ca in  -SI ’ was  h i t l i c i ’  t ! m c n  would o r d i n a r i l y he c- ~ 1 ’m-c t €d .

I l i e- tot u m i c - f f e e - t  01 ~ t i - a c - t i m  red p r o g r a m  in i m i g on Ili c.- !1~ I! 1 1 - N i  pr - g r am s  an n o t  b e  de—
t c - v m a i r m - - . 1 this t ime since one of t h e  n ieu su r~-c, of e f f e c t i v e ne s s  is r n m e i n t m m i n : b i l  it v
and the  m c m~ m e t  has n ot  reach ed that l ) h m c s  c. in I t s  I i  fc ’ eve-i -

On th e -  A E GIS p r o j c - -t . es a test , s e - v e n a l  c r - g n u : - w e-nc.-  \v m ’ i t t e -n I m y  (‘SC senior pro-
gram mm cm rs  as l a g  t I m e  si’ c o n a t r m m  i r m t s  amid then  i’ c_ ~m ‘ i t t  c- n us big a st n u c t u r e ’d t o m ’ n r : u t  with
f r e e — f o r m  ( - J i l t .  l’h u r e s u l t s  of l i i i -  I c - s m  j n d i c m m t e c !  that s t n m m tur u i l  p i -o g m ’ m e m s  re -qmi ir ed
5

r- - 
~~ ~~ n o r e  ( - o l e - , Sin e - the con: a l l o c a t i o n  \ V : 5  mm i - mu v f~~~- t o m ’  on th e -  ,-\ [P lS  r o—

c it  ~i ‘i modl fjed v , r s i - ’n  of Si’. f u n c t i n i m c l  ‘a-gr n c l m i n g ,  \V : S se - I ~- m-t -- ei fom- t h i s  i ’ n m e r t ,

i - l u



A si milar technique was  u sed  ott th e  l ) 1)— 9 63 pi ’u l c.-c t  we re  s t ruc tu red  modular  pro—
gramming was e - l m m l ) i o v ~~ I . ‘Thc. modified versions of SP used on the AEGIS and DD—9 63
projects were succ e s s fu l  in ~i - o d ue im ~g qual ity progr ams within the core limitations .
The programs w c i t t  - c m  on tin-se projc-ets did not adhere to SP constraints , however ,
both projects wor e-  de , e r l - ~~ cd und e r’ ri gid coding conventions a rid used a structu red
format to ensu re s t m l m i c P c ! ’ d i m : t i o e i  of m o gr a m s .  The AEGIS l-J )~m 1 —t system has been
operational since 1PeH iii - . - m i l  t he  USS Norton Sound with software troubl e reports

~STR ) being sent to SC for cmorr cc t ions .

3 .9 .3  Reco mn ien dmit iccn s

Structured pro gr an imnin g  (SI ’~ or a l’s ~Ofl of s tructured programming would he rec—
ommend ed for m e t - m v svstc - l m . ~I’hc more - complex and interactive m m sy s tem is, the
greater the r c- ;m i i r e m e n t  t o n  a s t m c m e c l m c r d  s t ructure .  The compiler being used will have
some i n f l u e n c e  on m m m l v  dc- -k  ion  t m u se  pure -  51’ -Jr not. In some eaSes a compiler with-
out all of the  S I ’  v e r b s , or a re l m e -esso m ’ , wil l gc -ne m’ me t e ineff ic ient  cod e and /or use
excessive core. I i m ’ - u  e v en , ~ I m m c t e - m  en techniqcme is em sod , there should he specific cod —
ing conventions to die -tat e ci ore: opmcnt  - m f  s t r uc tu red  programs with straightforward
logic flow which h a t - th i ’ c. ’ lm m t ’m c e t e t ’ i s t i e S  of c l a r i ty , reada l ci l  its - t en d maintainabil ity.

3. 10 PIU Pit, 1 - : ~S [V 1~ l i i  S’l INP AND lN ~I ’1- GRA 1’l( )N

Progressive t -  s t o m a  am i d i m t t c g c ’ m c t i m m i  is the  process of vem ’i fv in g  and integrating seg-
ments of mm s i  a t - m o  in cc L i m e  1 - ! m : i ~ ccl — e - h c d m m l  e as the sy st em  is b eing  developed.  The
purpose is tO ( I -  -P c t  m ii i en ro i ’s 5 ear ’! v as possible,  pro -r ide the cu stomer  with earl y

visibil ity cad avoid t h e  i - c m i v c - m i t i - , m i a l  pr it eSS of testing and in tegra t ing  the total system
in one process m~tt t h c  - m m - i  f t h e  d e v i l  e c I m :~~-u t phase.

~

. 10. 1 D C - r e - - l o Ir e-nt  P h , -~m:s

This teeh n i m ~ue is m i t - I l j u s t 1m m i’ i n g  t he  cod e mind dc-bu g phase w i t h  the- bc-ne-fits being
real ized t h n cu g li the- s \ s t c m i m  i n t c  m m m ’ : m t i o m m  phase. The i m me d i a t e  benefi t  is the visihil its’
of progres~- t h a t  is d e - n m c m m s t c a i c l e to m anm m g c. -m en t  and the custom- -n .  The pr ime benefit
of p r o gr e - a s i v u - c a t i a  :f lml  m :t - c m :  t i  -m m is c - : i m ’ l  v error detection and correction. Fig-
ure 3 — ( I d c - t - ~ets  I t :  & m ’ m ’ - ml’s i l l  cc t m I nO d i c e c u  mented 1w tt ’ - n i l  e repo r ts during mm three
\e m, r spami covering pr a c m e  m m  U ems i gnm , I - r o g r u i m i l  development , s vat  c - r n  integration and
mai n tcnm in c - c -  t i n  a l a r g e  s st e i  i c - r e - I  m i m e  at proj c’ct. The peaks on th e graph dur ing
the first y ea’ r- - r mi’ e--~ - -at t u e  em’l ’ cO’ s d c - t e - c - t od  du r ing the t i -s t ing and b a t  c-gration on the
builds ( m m ’  that y e a r .  f t a - r e -  w e m ’ c  c m ’ s  d c - t c’te~I du r ing  the p rogr am design and
program d e - v u m i  - u a c m -  - m i t  - I i , c ~~u s  . \\ I t i c i - i t  phas ed te st  b u g  clOd1 i n t e g m ’m i t i o n  thes e err  -rs
probabl y would not h a v e  I --en d c - m e  t c~ j u ntil S \ S t e i l i  i m m t e - g r m m t i c m m i  when the cost—to—
correct  is ai im c-h h i g h e r ,  Wi th  l ’1m m s e ~! tes t ing  and integrat ion the overal l development
schedul er is si -mo r t t - r , since t h e -  ~ rng m ’ c m m - - I ‘ u  t e a t  i r ig and m n t e g t ’ mct  P ml is ui -c -amp ! ishcd in
parallel  w i t h  the --md ing - -f t he  m m -’~ b u i l d .

: 1 — 2 1 1



I

I-.

LU (1) ‘—~
-#---

4 -  ,~~~~~- \~~~~~ Scc \~~~~~~~!~~~~ I -,

-~~~~~~~~~~ 8~~~LU Li 2> -

> cc I ~~~~~~~~~~~~~~~~~~~ : —

LU LLI 
~~~~~~~ I

- o

—

1±! 
~ 

=
-

~ 1~h5z
I’ ~~~~~~~~~~~~~~~~~~~~~~~ ~

>1.

(I)

~ u— - ,‘e

~~~~~IJ -,
C,

-, -

CJ9 a —

3- 21



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3.10.2 MPP Comparison

This technique was used on all three CSC projects reviewed in conjunctio n with builds.
The THR E ADS/Builds concept to identify functional components for devel opment and
test , an independent test group to ensure all system functions are tested , and a soft-

ware configu ration m anm mgeii ient  group to control the base! m e d  portion of the system

are al l support ed by progressive testing and integration. During the integration of the

-[ builds into the t c m t s e l i n e d  portion of the system , regression testing is performed to en-

sure previously implemented system cap-abilities were not affected . The AEGI S pro—

ject used these techni qcies and the sy stem integration phase -u m m s reduced due to many

interface pr ob l ems  being i cso~ ved dur ing  the integration of build s. This does not
mean that t h e-t’ ~- -u erc no pm’ ohl c-ms encountered dur ing system integration , but the im—
pact of pi’obtenia detected d u r i n g  this phase were greatl y reduced by applying this
practice during the b i r e - :-ioum s I ch m esc ’ s .

The DD-9i - proj ect v -as s i n m i l a r  to -\ i-IGIS in that the customer required a high degree
- - - 

. of visibil i t y .  \Vith th e- use of ~ e’c m g ? ’e s s i v e  testing in conjunction with other MPP , CSC
was abl e P - p r o v i c i c -  the-  - m m s t L m i i c m t ’ — - - t I m  current  status reports of the system progr ess

and d e mo n s t r a t e ’  t i lt -  s v - m t c - ne capaI ll tie - s as the-v were devel oped .

The total e f f c c t s  at n m c g r e s s i v e  t e - m - e t i m e g  on the D1)--9i~ 3 and THII)ENT projects cannot
be determined m it t h i s  P m m c c ’ - a  t ime -v hav e not reached the system integration phase,
however  time s - c l  on t h e -  r e s u l t s  cf th e- .\l- GLS proiect and the bene fits already realized
on the 1 ) I ) — 9 l i : ~ - r oj c~ L , suc h m is  e a r l y error  detection and earl y visibil i ty this tech-
nique has p ro -u - en to l ie  m e v e m ’v e f f e c t  [vu -  t ool

3.10.3 R e c o mm e n d met i o n s

The use  of thi s  t e c h n i c i m i - :  is nec- mn m oe -ai led wi th  nv proj ect where communication be-

tween sy stem c o m i m p o n ~- m m t s is requi e c t .  -
~~ s -u s t e m  which has a great  amount of inter —

ac tions , such mis ci command mind control system , will benefit the most from pro—

g r e s a i vu -  t e s t i n g  and i n t u g m : ti m n .  l l ow emv er , when used in conjunction with the other
MPP cl iseu ~ s & c t  t i m e r  eO ~~t of appI yi Om ~ the tool is min ima l  and the benefits derived make
it vet”; cost et fc s’t i ve .

;.  ii St PIM )RT ~~ a

SuJ)por t pm ’ogl’a u - mi s c m i i :  p m’ i s  e mull  sof tware  whi ch  is f u n c t i o n a l l y  ex t e r n a l  to an opera-

tional - m v s t e m u i  , bua t e - ‘ m e c i t e m s in c o n j u m m m t i o m m  v~ ith that sy s tem  to -m’ a vid c’ diagnostic ,

s in m u l  mi t i on  and tr ans l  m t  ion s e m’  i ce s . This inc lude s  : c c n m l m m m t e t ’  p r cc g r ’ m i m s  and s u b —

sv st emmmms pr’avid jug i - i o g r m e c . e m cm c n m i d b  t i ons  , co ne dumps , timin g data, message traps ,

selected mi - m m l o r v  i ’ m - g i —  t c: i’ dumps , i n t e r fa c e  a t  m m m l  ations and intci’ active simul ations

r e t  j m l t e O  - f  iv e - instnu e -ti n m l m m e m m i p u I  ; e I  i on .  In addit ion , on the r )D— 9n3 project program
(h ~c - m m m n e ’ n t t i  mm was  c - n h : i n c exl t m m m ’ m m g l m  the  use at an mm uto mima ted p r o g r am  fl ow chart

ge n e m m i t o r .



T~~~~

• Support programs were used on all three proj ects s tudied.  The A l- G15 proj ect e n s
the source for n_ m any of the support programs adapted for use on both the Th~~~ENT
and D1)-963 projects . These prog r ams were implemented as former AI -~G[S staff
members recognized their util ity under s imi la r  program developn m ent  conditions on
both TRH)ENT and DD—963 . In particul ar , the DD -9 63 m m i m u n m u g e m ’ s  in i t ia ted a compre-
hensive support  software package supplementing the Al - G15 p I ’ o g T m i m m m s  wi th  additional
support systems to promote increas ed productivity f rom their l imi t ed  staff . On 1)0th
the AEGIS and DI)-963 projects support programs pl ayed a significant rol e ( lur ing

- - program development and testing.

1 . 11. 1 Dev el opment  Phases

Suppo r t  ~-L’o gt ’ams were used on all thre e proj cc-ts s t ud i ed .  Their impact  - - n  the
dey e lc omn ent  process in each case- -u -u - us he av i l y  dep endent  upon the ft-i cml of application.
Thes e proj ects presented different  manage mnem nt approaches toward their  m i s c .

This pract ic e affected all  phases in the program l i f e  cy c l e  of the V[m- ;lS p ro jec t . The
support software was defined during the design phase m s to the types of software need —
ed and m’;hm t ~~ase in the development cycl e it would i c  r equired . It was real ized
ear l y ,  that most of the support programs required to develop this large weapons sys-
tem would have to be designed and developed by the- p i ’oje -c-t ~ t m c f f .  This decision -u-u-as
inf luenced by the -  I m ~~-t that the computer to he- used iv’as new mm m i v e ry  fe -u -u- debug pro-
grams were  mi - u muilabl e for testing real —time pro gr m m ms , also t h e  h ar d w a r e  was being
developed in para l le l  with the software which meant that s imul ation programs would
be r equ i r ed  for softim mci - c checkout. Thes e factors and t h e  c o n t r m c e t u m l l v  required
suppor t  sce f t wa i ’e n-rsumi t ed  in G3~ of the total sy s tem sof tware  b e ing  s m : p p o m ’ t  software.
(-See- Figure 3 —7 .)

The suppor t ~~if t i i  mi r e  employed on the ‘J’Rfl)l- NT project  cons ist ed  m u f  det c m m g  rout ines
amid  s imul  mu t ot’s used d u r i n g  the test phase.  1- n i- th e- n_ m ost  

~~~~
- m t  t h ~-se ive r e  J m ’ c c g r m u m s

dci eloped for the -\ 1’IGIS program and were resident in  the l rogm ’ani Gen er :cti ma n
Cen t er  (PGC , l ibrar ies . Both ,-\E G IS and TRL[)1-

~
N’I’ shared ti me I Pu ’ dc- i el opment

ta cit  its - .

Th e- 1) I ) —9 c ~ tec h n i c a l  s taff  ~‘as able to increase pi’ c x l m c t i v i t  .
- d u r i n g  t b -  cod e a rid

checkout phase t h i ’cm u g! the use of the support  p m omgt ’ a  ma . The- t c t m n i c m u l  s t : mf f  was not
1 m m r g e  considering t li e - size: of the svst enm to be c~ieve l - ed . .\t so , t i c  c u s t o m m c c m ’  h m m d
s p e c i f i e d  m u sho rter devel opment  period than had been c - i ’ i g i nah l ~

‘ proposed . The- s e
f a c t o r s  comb if led  to c r e - m m t e  a sizeabl e work! oad on all membe -i ’s of t i m e  t e - h i u m l i al s taff .
The dc- i c :  n t :m i e n t  n m a n m c g e t ’  and supervisors  si m u t e d  t h at  w i t h o u t  the  - c - n c f t t  of th i s  su p—
p o t  program package the dcl iverv dates for r - c vs t enu  a mmmi —ui iS’ -

~ t e l  Cc i t _ m ~~’ cml - l i t  ~ ( ‘c i u l  d
m a c f  h ,u\ - e -  1m e - u rn met .

I U i ’  the I)D— t~h ;e project the code and checkout , anci t e~~t and i m m t c - g m ’: t i a n  I t i m i s e  m u i t i \ - i —
ti es overlapped . Through the build concep t , sen ected sv~ t en-m t m m m i ~- t i  - m m m c l  eapahil  it  ies 
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we -r e  dea e l o i m u d  and demonstrated on an incremental basis. In this way system func-
tions v ere i n t e e g m ’ -atuii whit e being tested in an order ly  fashion. The support progr ams

w’e equa l ly  ifllleot ’t aflt during this period when a great deal of individual program
troubl eshooting and code mod ification was taking place. Thr oughout this period pro—
gramn ier  p i ’oduct iv it ’  remained high as the project technical staff mmmd c effective use
of the support c m m u g r a m s .

The study of support programs ’ effectiveness d id not extend into the inst al lat ion or
operation and maintenance phases . The project had not entered these phases while
the software production data research was being conducted .

3. 11. 2 ‘- 1 1 P Comparison

r - Suppot ~ r e g i m e n _ m s  we re -  used very effectivel y on 1)0th the Al- GIS and DD—9 63 projects .
For A L G i S  much of the program test software was developed under the contract for
deliver y to the user .  -Some DD—9 63 suppo rt programs were also delivered to the user.
En ohth l i -a lec - t a  the technical staffs mad e ful l  use of all availabl e software aids and
modified the programs when necessary to maice them more effective. This had a very
fmi v c m m ’ : c i l e  i l i : l m c c’ t  on the software development proces s for 1)0th projects . In particu—
I m u r , t i me  t i P _ P I P I  task b ade-c ’s stated that they would not have been able to meet sched-
u led mi1es tone- ~ had it not been for the program debug tool s availabl e in the support
softc-:m m ’ e- ,

C The TR II)E N I  project staff did not appear tc- depend very heavil y on the support pro-
g r m u u u _ m a  which we re  m~v m m i l m m P l e .  As stated earl ier , tu e-v used AEGIS support programs
that were mmcc -e sa ihl e to them through the PGC ~cro ~gr am h i b r m u  i ’y .

11.3 Recommend ed I se

Sump aou -t  ao f t wmi  m’ em is required  for most I m cm ’ g e ’ s oft -u v a m’ e devon 0~~fll ent proj  ects . The type
and clu ant i t i ’  vary with the product heingde veto pe mxl . The data c- m i l e - i - t e d  du r ing  this
re - s e - m i re - h  i n d m m - a t e - s  th m mt without the proper support t i i i c l s ti m e su c - c -es - - f u l  compl etion of
these- p erej eets c m l i not have bee -tm ohtained in ti m e requir ed t ime fra mmie .  CS( ’ recom—
inend s eval u atiou if e : \ I s t i n g  suppor t  progr am s that  could pr - - ide , with the 1 east
amount  of a- m i t i v a n e  modification , the necessanv a m m I l c c  - m t  of s~ s t e -n i  d evel opment efforts .

5( m~ - ~ARL ((\l’IGURATI ( IN ~lANAG i- i \ 1; - ~N 1

~ i ) t t \  a t’e L c m l t i g l l n m c t i ~e fl m l m u n _ m a g e u l _ m e m _ m t  N ’ M) is the- pi’O ce-~~a of con t ro l l ing  mu system con—
f i g m m  u - at  em t h r a u  h- mi t  i t s  l i fe  c -v- -Ic  to avoi d u n a u t h o r i z e d  c - I_ m a n ge s  after the has el inc
has lice-n es tm it  ii is Im -
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3. 12.1 Devel opme-nt f lhuascs

SC II is applied th rc m ~gn out  the l ife c-yet e Ut a so f tware  system , from the time the
design document is ap~-c ’oved a m m u l  base lined through the operation and maintenance
phase. The benefits of this t col m i t e  r - ea liLcd when a cl_mange or an enhancement to the
sy stem is requ i red . The- - I -c - -  m m _ m e m 1 t e~ l or d e s  I ~ned c- on figu ra t ion must he the same as
the operating eonfi~ - m i ’m mt i m:c n in ordem - for ti _m e imm aim i t en ane c  personnel to determine
which portion of the s - u a t e m u  r equ i res  m iur di f ica t ion .  If any pai’t ol a system has been
‘ patched ” or e - !m:cn ~ - i t  -u i t l i o u t  u~x1mc ting t i _ m e -  documentation , a modification or enhance—
n_ ment could e ffec t  t h e -  sv~~t e u i -  p e r f o r m a n c e  h -u incorrect interface with the patched
portion of the~ - vs team .

j  . ~~iis p r o g r a m m i m i n g  p r m c - l  I -e ~ as mi~-~m l led to the pro t ects reviewed and varied in rd a—
- 

‘ 

- tion to the auu o u m  of fund s ava i l ab le  for e-onfigu r atiom _ m control . T~_ me AEGIS project ,
the largest on ti_me- three at  die -el  had a configuration management section with five
personnel t~c comitro l  t he  lai’gc volum e-  of documentation and programs being pro—
duced during syste m _ m m de- e1 -a~ m m _ mcn t . During the acceptance testing phase this section
controUed n iu l t ip le versions ef the sy m te n i_ m to c~~ forrn  to the various stages of hard-
ware config um rat ion.

The DD — 9h ~ - p r o m  cot lime-I a one rd~ an c -u m ) f lga  i’ mi t i rn control sectiom _ m . This project was
sm al le r  than t i _ m e -  , c l  G IS pr .  - m ee t  mind control of the bas elined sy stem was not as diffi-
cult.  A l l c -han -ge - - - ~i e m i d e -  to t i _ m e’ t c -asel ined programs had to be approved by the chief
programmer . A ll - h i t _ m g - s to t ime -  system r equi r ed  approval of the program Configu —
rat ion Cc e m m t i ’ oI Board .

The TR fl ) i -~\ I  p m - - l c e -t u -~ m mm i so a sri _ mal l pr oject  in ter m_ m i s of personnel (20 — 30 technical )
and the c o m i f t g~m r a t i e c t  : - ~a c tr o l  e- :c~ Part of f l _ m u  duties of one person. The configuration
control ceo tlu.s t i ” i U C t  was s m d u _ m -e - c , \ 1_mat I mix  lic c- ~, sc under  the conditions specified by
the prime com_m tt’a~- tom the -~v s t e - u n  - - m e a u i ’t considered n ase l im _ m ed un t i l  it was con_mpl eted
This version of ~C ~~ i- as _ m e t m cs de s i rab le  a.a ti _ mat used ot i_mer two projects .

~3. 12.2 \ I P I ’  I c ) 1 f l c ~~m 1 i S ( - m _ m

l~ e e f f e c t if  S C M  v :, m - i  -~~ 0- c-u’ t i _ me  t h r e e -  pro ccts in proportion to ti _ me amount of con—
trob appi j ed i th r - y m - p m  that I mc m ~ ion  mv i th i m _ m the pr ~ cc - f  - The T R U ) F N  T pro j ect where
the - mal l cat a n r - x m n t  if n - e s - m n  c’ c- e-~ -u -u -as expend ed in con t ro l l i ng  the c - unr em. t  version
of s s t e - u _ m m , e f l c d d ; u m _ m~ e -I ’ d s o i l _ m e  probi e n _ m s .  t h e ’ lmt’obl  u_- huIS _mvea ’e costi  v in m an—hours
and maci _ mimi c ( ice -  hut  -c c -r e  n _ m at e m n s l u t ’ m u m r c m m m t a l  t i m .

11_me Ot l i e t’ two ct ’ o j  e - m -t s w i n  cli i i i  m t c - c ’l  i i -  - r u  s t r i  t l i  - or  contro l  o m _ m the 1_ mase l m e d  version
of the sy s t e m : iVt t e -  n i~ ‘c Ce- t i - u  e i i -  c - a m _ m t - d l  t u g  c : I mmimi g  c-s t c  c i l _ m e  conf igura t ion  mund en —

su r i n g  ti _ me s y s t e n _ m i  - - i:l in - c c c  m c i  a m i c e v it  il _ me a ; c e- c - i f L - m tt i re nm- - - 
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In sun_mn_mary ti_me effectiveness of any SCM function is determined by the amount of con—
trot applied withi n a giv e-mi project.

3 . 1 2 . 3  Reco mmendations

The use of an SCM function is recommend ed for all pro jec t s . l ’l_me size of this staff
function should he determined by the size of the project .  The configuration control
plan should he develop ed deir ing the sys tem ic design phase and ti _ me plan should be en-
foc-ced to ensure the integrity of the system con f igu ra t ion  t h r - , m l g n - ) c u t  the l i f e  cycl e of
the project.

3. 13 -~ R U c fl:RED \VALKThROUGI- lS

- 
- - 

A struc’tured wai kthrough is the review of a program design or pi-ogr- a m _ m _ m cod e by an
evaluation co m_ m im n it tee . This review is conducted prior to coding as a design review
and p r i c ) m ’  to emnit t e s t in g  as a program logic re-view , fl_me pr im _ mi a r — pn -gt- ammer pre—
set_mts his desi gn or code to the committee members who step t h r o u g h  the logic of the
n ) n o - u ’aun  to detect errors prior to coding or t e s t i n g .  This tech nique is sometimes
refer red  to mis pee- I’ groem p pro g ran _ mm i _ m ing .

:;. I d .  1 I ) c vemi o pimm emi t Phases

The phas e where walkthi ’oughs arc app l ied is the coding hmi s cm . h owever , a walk—
throug l_m of the p r o g r a m _ m i  d esign prior to actual coding can he y e -nv  effective in detecting
misinter l u ’ i :m t m tt iomi s  c-f  data bas e s t ruc ture , coi _ m iu _ m _ mu n icat iom _ m l inks and the general
approach to el _ me aolu t io i_ m of a probl em . Fro z _ m _ m t hu vie -uvp oint , the phases affected b y
this techniciue m v - I d  he described as the design p i_mas e th rough the test  and integration
phase. ‘1’l_mL~ techniqu e is simil ar to a mini  cri t ical  design r e v i e w  (CDR) except that
it is no i ’mnal l an internal proces s and less form a l  ti _ maui a ( ‘DR.

This te~’hiu ique was used on 1)0th tI _ me T h L D 1-N J~ a nd DD --9h ; i nm ift -e-ts m i  a simil ar man—

tier. [I_ me - evaluation committee averaged  f i v e  m i ii  e , am_ md m i c i r i _ m i a l  l v  con sisted of the
anal vat s whose progran_m s had interaction s with ti_me program under review and the
pt ’ii I_mai’v pl’O~ 1’a m f l f l _ m e m ’ ’ S i u _ m i u m m e d i a t e  superv isor .  TI_me design or code was reproduced
and distributed ta the commTi itte e n_ m en hl ) er .s for review pu -b r to the eval u ation date.
The- n c v i u m w s  were internal to ti _ me - u - ide -ct am _ mci i n fo r ’m _ m _ ma l  to a d e g r e e - , to encourage con—
at  i ’ce - -t I - - e- en i t  ir i s  n_m f r on _ m the p ar t i - i pmi n _ mt s . Th e d a t  e-s ~et for the wal kthro cu gh s cre
part of the n_ mil es tones  for comp letion of ~ n e g r a n u  design  and coding as schedul ed by

ti _ me p u n ) g n t _ m m _ m i  m m u i m _ m g  m _ mm m i m l age t ’ .

3. 13.2 MPP Comparison

The effect if t h em —- ~ a~kt l_ m r ou ghs - m n  the p r - m i c e -t a  r e v i e w e d  was express ~d I _ m y the person-
nel on the re -s m ~- c - t I  y e  s t a f f s  as cost e f f e c t i v e  m i  hea th m _ m _ ma n—ho ta ’  s an _ m d machine  tim e,

l i m e  nc m i - I  c ect ’ of e r ’ s au n _ mn _ me l  i n c - - I  vu x i in mu -u - u - al l c t h u - ou 3h r a m i  -3cd f r ’ omi _ m t l_ m r eme to se -u en  and
: 1— 2 7
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the tin _ m e t’e-e iu ic ’cd , was a i a c c ,t lc ~~t t ’  li eu Cs l e t ’ l)ro 4r’an uu . TI _ m e direct benefit from these
eval imations was in the- t e a t  i i  m ci e be-i i _ m g r educed  lay T o ,  to , because errors were
detected l rior to t i _ m m tes t c }m a ~~ ci. [tic - im _ md i m e-ct - en c f i t m-c are , (a) verification of pro-
gram inter -faces to m e l  l i - u  h i m -  i m c ~ege’atio n probi c -u i _ ms , ~h) ex t - m i n d i n g  knowledge of system
con_mponents m) v em t ’ the at a t i  m i m e - m m _ m i m e ’  rca , ( c - ~ m e c e c — c E  e-e ating ti _ me so f t - c am - c  production by
reduction of test t i n e - e m  and i m i t e g t - : c n i o n  t i m - m e - , and ~d) de tecting em-rors earl y in develop—
ment cycl e , thu s u ’ ce iu c - l u _ m g  t i _ m e cost of c. :cm - c’c t i m a m i .

3 . 1 3 . 3  R e c o n_ m u _ m e - m i i l m ic i i ica

It is re-corn t i c  c - i l cd i i i  at t h i  t e c : i i t l P I u  c I c e  - ie-d to any proj c_me - f m e - c  the cost/benefit
ratio appea L -c f e  t i e -  \ -e ’c’ v f tc  oI’ : tm - i (c . The in c  ii ‘ act h ence - f i t s  derived from most wel l —
executed wal l~t l u t - d c mcg 1is -c i t - u i  - cli’se-t t i e  cost of tI _ me p~~u’tl ’i~ - m i t i _ m g  personnel . This

-~~ -‘ technique is u m m e m m - e- i i e mi ct Ia m m m i i  t o  m c t i  i m m t e n m c : - t m v e c  s stem - u - u - I _ mere -  pre igm ’am interfaces are
critical , but could he c -oa r e fla, c :t i y e -  on stand alone programs as wel l , due  to the cost
of correct in - e rrors t h m i r  ( - c - m i l d  h~’ d~ - i - - m - ’ ~~ i e~ ly  in ti -m e development cy cle.

3.14 ~ Th-Pl-.N1)I-:~~
1- I L ~iT -\ N I )  l- :v~\ i u ~\ ’no~c

Independent t e s t  am _ md mv ~d u m c t i - -n it ~ i - l  is a m_ m_ mc t ii od for conducting software verifica-
t ion and c m il  i-i c l u a - m _ m .  11 invo l — c -s dvs i gemil i im i of a group or tc mc m of technical personnel
to form an I’I’~:E u n _ m it . J mm _ - i— u I c e - I ’ S  : t _ m m i c ~ , who nia m at  be ‘i-mcvc \-~ I edge-al _ mi e of s stem re—
quirements and d esign , arc  responsibl e- for conducting all sy s tem _ mi  tests prior to
de l iver ir_ m g ti _ m e s - a ft - - . ar c  t ;  ( i _ m e  csc m - . ‘fl_mis gi-oup opem ’ates ind ependent of the system
devel op m _ m i e n t  .-~t u t f  in a cci or t m - - t’uvie l e an e- m _m~ e-ct i — and u nl)ias lxi evaluation of the soft-
ware. i l _ m e  p r imary  d ic e- t i _ me - s  of this g L -n i i ~ m me r e t o L c i ’ o v c f l _ mat  the software performs
as designed mi _ m c i that m I c e -  pc r forn i am _ m ce fleetS or (y’~c a ( e~dS all system requirements . It
must es tab l ish that  mi _ m e m ys tu u_ m i can I _ m e -  in i p l e m _ m m e - m i f t d, er-ror free , consistent with the
performance r e q u _ m i r e - m c i  cc m t ci.

To ace - on _ m~~i is ii t i _ m e c c a  e aL i c e - t i _ m e - a  ti _ me i i  mm. group pci’1ou ’fli ~ the tol l owing functions :

o C u m _ m c l v e r e  c - a m i mu te e ’ t c m a .~ r :m cm u_-s i gm_ m P - _m s t vm _m des i gn speci f ica t io ns

~ D e v e l o p  c-c ’ ~t~~in t e st plans and ar e lm m r i ms

• ~~~~ - ii _ m cj t e  a - d i e - m i  ret p~cu ’f ~mi ’ ni a m _ me - c t c g c i u i S t  S V s t e m l m  pe r form ance  requirements

:; . 1-1.1 D e _ m - cl em p mm e - i _ m (  
_______

To dc -u -c -lop an t- ~- (I : c -  lust i m mm ’ i  t h e  l c r e - h i m m r . t h m _ m she  m i d  begin d u r i n g  the design phase.
Thu l e t  c ’ _ md i t - f - :  m m~~l L 1 c m f l  sc r ip t s  for ’ the \1-~GIm” and I ) 1 ) — m ) c I %  p r o j e c t s  we-re designed to
he exec - ; m ted i m  e c m u m i m u i u u : t t c ’m i c j i b  bu i l - l  l v i c c u i s t u - m i t k c n_m s . The ut _ mit  t e s t i m _ m -g v -as  dot _ m e by
the m d  i v i c i m i  ci progi ’ _- m e - t r e e s  m n i m - tc - the m i e n _ m m _ m o s t  ‘mit  t o m _ m s  and ti_m e fo r n _ ma l  t e - s t i n g  was
perforu ned I c y  te~-it gl’ou~~ u~~im 1g t i me t e s t  S C r ip t-c tm ’  ensc ire ti _ mat t i _ m e  func t ions  designed
into a spec i f i c -  bui ld — c m m m t i s t i e d  t i _ m e  re -n m m r _ - c -  c - t _ m I - ~ for  l i _ m m _ m t  po t - t i - -mi  at the s v s t e u m i .



— 
—~~~~~~~ -----~ ‘- —~v~ --~~-r ~~~~~ -- -~~~ - —

Using the’ bu i l d  concept am_md integrating each imu i ld  as it -u-u-as developed and tested into
the b ase -l ined s y s t e - m c c  dur ing the progran _ mn _ m _ mi n g phase ’ reduced the t ime required for
the- final s y s t e m _ m m  test phase.

3. 14. 2 M PP C oumm pari son

The ~\l-~~I It ~ ~~~~ crt  i _ m m _ m e l a ‘Fe_ -st and l- - a l  emation I ) ep mit’ t u _ m _ men _ mt which reported to the pro—
j ec- t t _ mc a m _ ma -~e-r This group gcmic n ’ ated ti _ me test p1 amis ~u _ mct p rocedures  for all tests , con-
duct ed and ec alc u atui the teats tend retested t in y  programs which required corrective
action f i a t _ m i  a )r c V i c ) iS test. All test plans and pro codemres o.c m ’ e approv ed b y the
c - u s t e a u ’ _ m e m ’  p r ior  to ti _ me aet cual tes t and the customer re -vi e -v - ed I -st r e s u l t s  after the
t e st .

l I _ m e -  I c i ) — t ) t 3 i  t i n - f l e e t staff i_ mad a test group  whie i_ m worked j o i n m t i y  wi th  the N m _ m v ’  in writ—
u _ m g  ti _ me’ test, Sm c n m u r i - ) s  f rom _ m _ m ti_m e threads data la m _ ma e .  This group reported to the DD—963

d e i c c c t m c .  - a ’ ! m c a i n m u g e n .  The test sc’c ’i l ct a w er e  ti _ me ~ c - eu _ ma nios  used  du r ing  build den _ mon—
• sm u’ m c t b i u m  to mtse -e t r ’L m t i im  if all  funct ions  in ti _ me build pc u’ i om- n _ m as specified in the requir e—

n_m e cit s d ocu m em _ mt . [t _ mo r esul ts  of the test we u - c  e c l u m i t e d  min d software troubl e reports
(Sn wei’ em w r i t t e m i  ot _ m any pr oblem detected d u r i u _ m g  the t e s t .  ‘l’he STR -u-u -as tr :mcked
Ic y this gt-w p until t h e  error was corrected. The test S c - t i l t \ vmc s executed again to - -
confir m_m m the- c - c r c  cc - t i o m i  m i m e - i  c -u _ mao u - c ti _ me correct ive cod e did not ct f e c t  another par t  of
ti _ me I uild . All  tests _ m - uu _- i e  mad e with N avy  personnel present and tlo.c progi- afli S base—
l in ed  a f t  c i -  ti _ me dcc i i  ~u t . -~t t a t  i on .

— 
The t c m e - i i i m i l  tes t ing at the I’R l l)L \ l  project wil l t~c ti_m e n e - s p i ns fla il it of IBM and thus
the -m e- r e -r e  i_ m o datmm availabl e du e ’in _ m g our inves t  i ga t i  i _ m n of t i_ mis p m - . ec-t.

Those ir_ mvol -u eu -i in d l  t e e - t i m _ m g  p n og Ta l _ m _ m devel op i _ m _ me m _ m t for’ . oti_m ;\l~GL~ at_md DD—963 stated
t i c m i t  - et t  i n g  the u mser  im _ m v c l ‘~~i i  in the tc stin _mg proc ess i u j ’ cm ved to be very successfu l
fron_m two S t m ci _ mi  ‘ O i t _ m t a , I’i u’~ t , th is pro -u -id cxi those d eve-h aping t he - s - c f t _ m ’ : a u c  wit h a f irst
hand lmao -m at i_ m o _ m~’ the m user  intend s to use the capcubil itics . s e- c - r i b , the usc-i ’ becomes
more fm _ mu m _ m ila n with the product and can provide con _ mci  ~-nt a  to ci m _ m~’ifv any operational
j flCO flS 151 c m _ m m  icca .

.1-4 . :t R e-  c c l c c - c n _ j  mit j o m m a

IT-c E gt’oups s i _ m a c i d  he - u sed  on me t !  so f t ’._m mere  d c _ m a - h  a l - m m _ m e _ m t  ~- u v e - c - t~ -u-u- I _ m e - m i t h _ meu’e a re  ad e-
qu ate re-s uit i’ces t i m  s eu l  - i t  the n_m i . Ti_me costs m u s s n e i a t e d  wit i _ m e m_ m i p i a v i n g  an IT& -I- group
can h _ me m s  h i g h  as 10 - - o f the total prograni Costs . tu mc1 e -~ie - n e I c u _ mi  t e S t  mit _ mci e_ m - al u m e t i o m _ m  is
a _ m - a lcu ah l e MPP . ti c l si_ mould I c e c n _ mip loyed m c-e e -p_ mi: i t _ m g  ( l i e -  fol l owing  r - m , _ m d i t i i _ m n i s

• ~~~ i-: personnel d i s as s i _ mc i mm t ed  fro m _ mm ~ i cf t _ m _ m  ~_m i ’ e d cccl ape-ne-nt 51 f t

• lest p h m i m m s  d c - u-e l  - cp e ~ i earls’ us im _ m g r e - d i e _ m i e m _ m m  c t _ m t S  d oe - cc  mcnt s am_md t h e t _ m
!m a -c el i r _ m c e l

• i sen’ l oy a l  cxi ( l i i ’ e c t i  V i f l  t e ,c c-- t u  13 1- ) t I _ m e  e - c t - . mt lcos Sihl e

-

~ 
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3.15 VE RIFICATh )N I ’i~ ~~~
‘ l-~D URI- S

Formal verification l)i ’( u cuh i i  ne-s were em sed onl y on the DD-963 project .  Computer
program design and cede m e-i -c ver i f ied  on all of the lr ’oiects using MPP such as
THREAD S, Builds , I’DR ‘i ’l ) R , etc . h owever , it was o t _ m l y on the DD—9 63 project
that verification pro em cxlmmmi ’es were specified through clocumenteu project operations
d irect ives .

There were two _ m - erific m utior i pu’u ce sm~cs used mu _ m ti _me DD—963 project. In order to yen —
fv that the program design met the ( ‘PPS requirement a top down verification pro—
cess was used . Then the progran _ m ass-ic was verified against the CPPS using bottom

mm 
- 

up verification procedur e-s .

Top dov -n _ m - e t ’ i f i c - a t i c c u i  was in _ m p l e m _ m i e m m m .c:d throug h a mul t i—step proces s using thread s
a. and builds. ‘11_ mat h ) t ’OCe - S lcro( ’eed ed as follows :

5 

• Prior to each buil d demot_ mst r at ion each pr in_ mary programmer reviewed
• the ~- c’o g r a mm _ m _med thread s foe ’ _mv hich he was respons ibl e to ve r i f y  their

cot’i’ec- t m _ m e s s  a g m i m m i c a t  the CPPS .

• A build ( l C i l i o d L s t c : m c t t i i m _ m scenario was developed w hi ie - c i  assured execution
of every t }_m - -cad within tha t  particul ar hen i ld.

• The 1.uui l d den i on st ra t io m_ m was conducted to confirm specific functional
capabilit ies a s soc im ~L~d with that build.

• Monitor m m m n c a  ‘ti’i~~~ executions ) were conducted for sel ected programs
or n_m odules to com i f i ru n  quc s t io t _ mahl e- thread execution which occurred
during t i _ m e: build den_ m onstrat io n .

• Post bui ld t e s t in g  ~VaS  emp loyed to insure that time fli_ma l post build system
configuration was funct io t _ m _ md l y acceptable. It consisted of the following:

— E- , i _ m m c c c s t i v e  t o — t i m _ m g  to execu te -  functions 0-u-er ti_m e entire range
~ f v, c i ce - s for’ 1m ’ u l i m m ~t da ta .

— N e gat i v e  test i u u- _-; to eva lua te  sys t e m _ m m responses to erroneous
in put i ! _ m u t c m m .

— De g m ’med a t i c i m m  t es t ing  to assess sy stem operation under sub—
sv st ~ - i c _ m  f m m u l  t - c c m i c i  it i - on _ ms

‘l
Bottom _mm up v e e - i f i c a u i  as mie 31cm _ m ed m i n i _ m a n l y  t i _ m r ou gh the use of support  progran _ms
mes program cod e was dcv ’ - l o p e d .  The ci e i_ m_ m ents of this process _m-ue re:

• C a m _ m m  a r c - m e - i t o ;  c i t  ad fl c - - m e - h a r t  gcu ie i ’ m c t a c r statcn_ ments _ m vit l_ m ti _ me program or
se g n m e m _ m c  — ced e- I a  m i S S e i r e  mm co t ’u ’e - s po t _ mdem _ mm -e .

• u ’ e - m c l e  i _ m e - u -3d ’; n c_mi ’ a e g  : _ m e m i t  fl owcharts us it _ m g ti _ me - mm t m , m m ; m t  cxl fl -~~ c m h m c r t
g em _ me- n :to m ’

~ V e m ’ i f ’  that the- m a ~ c m i i ’  i c e -  5c~_ m u _ m _ m c i _ m t  fl - - u - u - cl _ marts are con s isten _ mt with ti _ me
( ‘ t ’ l ) m ~.

1 — 31 ’
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3.15.1 De ve lo p i_ m_ m en t  I’hases

Thes e _ m -erifi cati on procedures -u v ere f i rst  i n _ m p i c c i m c c - m _ m L e d  c l i i  i - ire-; the- cod e and checkout
phas e when thread s were verified mga im _ m st the pe r fo rm a n c e  :_ i c eam i f i c ; i t i o m _ m s  in prepara-
tion for build de m i _ mccnmm _ mt m ’ m _ mtiuu _ ms . rfl_mc\T continued to ice - used t n u v - c c g t m  th e -  test and inte—
grationu phase as bott on_m up verification was conducted to confirm ti _ mat the pro gran _ m
cod e paral l el ed t h e  h-sign specifications . The net r e s u l t  of these activities was
refl ected in the following:

• 1- an y definition of suhsystem at _ m d n_modul e m i t e - t I m _ - r e - s

• Comprehen_msive desigi_m and code anal ysis
• E r r or ‘le - ’ e - e -t i on  enhanced throughout enti m e  peci ’iod of development
• Subsyste m functions proved through ex hau i s t i _ m -e t c - s t im lg
• \‘ i m ib i l  ity of sy st en c  and subs stem threads co i _ m firm _ m i cxl

3 ,15.2  MPi ’ Conipai ’isoa f

Ti_mis ~cI ’0~1’a u _ m i u _ m _ m i _ m _ m g  practice was used exclusivel y on the [JD—9 63 ~- m o I ea - t , and there—
fu m e’, no con_mparison can be mad e of its effects oni other projects .

3. 15. 3 Recommendation s H
The pi’ ogr~c i _ m m  mit_mg directive ti_mat specified t i m e  verif icat ion p mm’ma e- cd’c i’es to he used by

ti _ m u i ) ~~— 963 t e ch n i c a l  staff _m_m -as a clear definition of the t _ m _ meti _ mods to be used in ver i fy—
in .; ti _ mac s o f t w a r e .  It was a do e - un _ m e t _ mt that all m _ mc e n _ mb e r s  c- f the- technical staff  could use
as a g m  t i d e  d ; z  i t _ mg pr O g t’ m l i _ m _ m  p roduct ion and t u s t i i c m m ,  Perha ps its g rea te s t  benefit is
ti_mat it c , f tvr ’cxi  a cuc _ mr d in at ed verification pl an u s i n g  ti _ me tool s and tech niques avail abl e
t -:c the st_- If. For this reason this practice is to he - c e - a i i m  m i_ me - tid ed as an exampl e of a
viabl e pL~ ’u t o r  a ’  c i t y - a r e  ver ification . This m v i  ce of’ d i re -c - t i - - c  could be applied to an\ ’
sof tware  m ca ci o h _ m n _ m e - n t  proj c -c t .

—: u
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C’ o u i u p a  c i s - _ m u _ m  if a ’SC p r o gr an _ mn _ min _ mg practices and at u ’u e - t cres l  pr’ u g u u n  u m m i n g  technol ogr
t e c h _ m _ m i i q c u c m s  is an essential prerequisite for ti_m e def ini t ion of ~~t I - I - -; 1 - -  ticI a u c l a  . Ti_mis
co mpariso n at lcrae t i e -a , s  and techniq ues as des~’i ’ih ced li e m ’ c - i~ is bas ed c -a u i  an a l  vsis
of prog i -anuming pt - m e - t3cea us€d h~’ USC on ti _ m e t I u _ m~ee p m o j e - i : t s  rea c-anched an_ md upon
descri ptions - i f  SPT techniques t o_ m ind in ti_ me IBM -3 u - cm - t c u  m e d  I >~ c a _ m m c  t i c  n _ mi  i _ me - c H cm u - i c m s . A
f l _ m ct ico de c iogy  for c’o r _ m_ m paring the ia_ mae - tie -es and techniques hm m- Ice-en deyh ~emd . Ti_mis
nicthod o ogv is founded upon ti _ me percent a! t i n _ m e seemed cc a-c ’ror tv -es exi s t  a rid the
pr-obabil i t \  of t e u e c a t i o m u  or r eduction of ti _ m at er r or  type  1-v the ian actice-s and techniques
vi t h _ mi i _ m eac h l i f e -  cycle pi_ mase. Using ti_ m is dat ; and ~t mi~L-JIi - 1  anal \ siS tee i_mniques ,

eac i_m l m e - -a c t j c - c  oC t ee - I u _ m i i q u e  can he assim- i_med -a n efL - d emie ’~ v a l u e  for eaci _ m l i f e  e -vc’l e
S phase. ‘the -sc  values i- - i l l  be used la te - u ’  to su pport the selection of \ lPP  that wil l he

propos ed as s t a m _ m e l a r ’ds foe- Air Force sof tware  e m m g i n e e r ’ i _ m _ m g~~cro~ ec -t s

t ’ O I l i t ) _ m m t e r p ro gram l i f e  cycl e phases pro m- ide - ti _ me f rame ’- - crk  w i t h i n  w h i c h  comparison
of b r m c m t i e - c~ am _ m cI  nm cc l_mn’c iques is condu cted . Li f e -  c _ m d  e pli _ -~ e d c fi n i t io m_ m , s contained in
A i r  For ’ce s v a t e u m m  acquisition n_ manage -ri _ met _ mt d i re ct i - ;es  (A I-5l  ‘- () I~l Series) m m r e  used for
the cm - m u c p m _ m ; - a am j~ _m OCe-SS. Those p3_mus es are: Analysis , Lm_ - s ign , (‘ode and Checkout ,
Test mind m _ mt e m~~r m e t _ mom _ m , In ista l l ation , and O p c r ; c t i u m g  mind Sup p or t .  Thes e phas e defini —
t i - c _ m a  c i i  t ie r f r a u _ m m  the definitions contained in ti _ me - m-~t r u c - t _ -  cd l’ u - - c g n a m m _ m m i n g  ~ en ies

Correl ation -a ct -u ’- c_ me - u i the two l i fe  cycl e phase d c _ - h i m _ m i t i a i u _ m s  is a l _ m a - - m i  in Figure -1—I . The
A 3’ \I ‘0)0 se -u -i c -s phase defiu _ mition s will  lie used tim e - c  c c m g h _ m  - c t  t i _ m i s  S_ m - c t  i c c _ m i .

The MPP mm ’o s cc _ - u ’ch and data coi l ectiot _m did not e’-m t e -n - I in _ mto the Imi - c t m i l  l ;c I 1 0 m m  and o pera—
tim e -, auc~ S m i i c pOi’ t l ; - }_ m:c s _ - s .  ‘I’he reason for ti_ mis is m h m a t  th e -  USC’ m u ’  - I c - c - I  da t-a did not
coy er’ t i m o se p hm is c s  . Therefore , the disc’emssi ons and ;~n m c l v s i s  ii I - i ’ m c d t i r e - S  m u m _ me l l ee - l i —
niq ’u ca l m c u ’tor mre -~i _ mc e -  does t_ mot includ e the se  p h ase-a - For t o  of ti _ m m t ) u ’ cn c c t a  , U S C
(-Onit i  - : tUau  s t i p po i t  did not extet_mei into those phases in the saui _ m e foe-nm as ti - cat i ’e—
s e - am - - - i c eu - l  - Ti_me third p r oj e c t  had not reached ti _ me f m i s t : b l a t i o u _ m  ia le -~_ mse  i l i u m _ m g  the period
ot l I m e -  c’ e,_mS e m m t 3 e - l i .

4. a Ut  ,1I’ - ’d t IA (  iN ~l l ’fl I O i ) t ) l , ’ )GY

‘S em- m i l l  c~uL’1S0i _ m c m i  - t l i oe io l e  v is a s te - p c_ mi s c  ie -e .-eess no -a -c d u mg I i c c f l _ m  ident i f icat ion
~ c f pi ’oge -_ -mn m m _ m g  p r ac t i c e-s at_mci t e c l _ m m _ m i q m i  e,s t i c  c- nb ccii mit  i i :  I -~~ t he i r ’  i u i d iv id u  m u ~- i f c c t i  m e-
n _ mess  v a lues  . The t’um _ md an _ m m ca m _ m t : c l  p I’enmis em u l c i c m _ m  w l _ m i e : h  t i c  c m- e m c _ m i  - I o i  ag’v m~ c a t s is t l _ m m _m.
time t in _ me -k l r i c h i i e - t i o f l  of eu ’r o r  t ree  coiu p i m t e c pi’ogi’m m n i -c iS l i e -  ga il c _ mi m - - _ m f t r  a u _ c  : i d —

qu is i t ion c m c j e a -t .’c . Con c I d c  te l ’ progt’an_m i c e - r e i n s  mii ’ ec d v i i  me d Ic m e l  md c - m _ m c m t  m m _ mi y pi’o—
ceas ing  f a u l t s  , i _ m t  m ci  SO f a i l u r e  to satial V a m  a t  c - i c ;  l i e - L ’ t O l ’ f l _ m m mi . m’c qm - I I e I P  c O t s  . 11_mis
h u m - a _ - e l  el c - m i i c i H - c ~_m is m i _ m e - m i t to I ce  inc l eus i m c -f ~iia : c S l - e c t m ’ i  c c f  e ’ o m ic  icr’  l u ’ um ; r ; n c peu’ —
l u u ’ m m _ m ; i ’ m c . ’ e c .
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In deve lopi t_mg the compar-ison n_methodology four  n_ major assumptions e -ci ’em n_m ade. First ,
practices and techniques that promote the detection or r’edu ction of a - d u t i c l c c c t c u ’  p r ogram
errors can be ranked according to their cl f c e- t i _ m - cnc ss  w ith t ’egau -ci to that capabil ity .
Second , each practice or technique incl uded in tl_mis s t m m d v  i_m as ‘ c - c u _ m c m - e d  to further the
timel y production of error free software. Third , it is possibl e to def ine an inclusive
set of software error types that can be readil y identified dm : r ’ i n g  m i t_ m v sof tware  devel op-

c ’ meat. Fourth , data can be collected that wil I support def in i t ion of p r e - c l c m m i c i l  l i v  of
error t p e  existence and probabil ity of error type detection or r e d u c t i o n .

In the following discussions , values that are used in the matr’ iee-s and in the cal c u l a —
tions mire  not universa l ly  supported liv proje c t research data. There- ~i-e several
reasot _ms for ti _ m is . The Software Production Data project im p - c u ;  cxi r e - a e m iu ’ emlm of onl y
three CSC soft -u -u-are acquisition projects and ti _ me I f l \ I  St i-uctuc-ed Programming Series.
This n_meant th_ -t  availabl e- data l)Oiflt s to support  conclusions we - n e  ! in_ mite d or non—
existent. Much of ti _ me avail abl e resource material  as cm _ -ct l e s i L -~m cex l t o  support re—
search of t i_ m is typ e. In many cases the n_ material could not lie- substantiated or ’ expand ed
because I)roj ect J)ersonne l had t i’ansferred or l eft the C’ w m p a n \ - . ‘Jo cou nter these

- ‘ conditions ti _ me research staff used statistical te chm_ mi q u es an_ md i~ ‘SC mm_ management staff
su rvey s . Thi-ougli these aid s a consistent and reasonabl e data a m u m u i  sis was compl eted,
al though U SC ad n_mits that this data is b no i_ m_ mean s con ’mpl ct c , it is fe - i t that enough of a
data base exists to make a first-cut rough estin _m ate— —at l eas t  to the extent of try ing to
prove the use -fru i t_m ess of the n_methodo logy.

CSC’s comparison methodology is presen _ mt ed as a m-iab l e- tool for ti_m e em-al u at ion and
ranking of all kno wt _ m MPP. It establishes at _ m unbiased anal ysi s ç _ m r - e - e - s s  ti _mat max ’ be
applied to all types of software acquisition p roj ec t s .  c \ l _ m i L e -  the- data am-a il at ci e for
analysis of USC software production data m-u’ e- e - em l imited , ti_me c - - l i e - i  u si~ c u i s  di-amv n are
b e [icvex l to be realistic. Given a tm _ more con mp nelie-n si-r e- and exte~m sime data resource ,
the val idity of this methodology could be n _ more  f~ l i y  s ub s t a n t i a t e d .  It is in i_ mp or ’tant
that in the fo i l  om _ m in _ mg discussions the c on _ m pa n iso m _ m n e - t i _ m a c i c - I _ m e g  i tsel t’ he ~ i vem _ m com _ msidera—
tion equal to ti _ mat of the c oi_ m_ mparison resul ts . Ti_me m e - t l _ m e e - l o l c m g y  is comprised of these
activities :

~ Ed e m _ m tif i cu t i o t _ m of practice or- t c m e - h _ m u i i c i  - m c ’  p i_m~~ e app 1 i c m t b i l  itv
- - l i e l inition of software error’ t - - p i .—

~ 1- stabl is h m _ m _ m~’ i _ mt of j ei’e- e ui t mmg c s  of c-u t - at ’  C \ p e -  em - m i a t e m _ m e e
a I s  tmi ld is I _ m u m _ m e - n t  of ’ er- i-or- ty p e  el e t e c t i o m i  on c u  i c c  e t i o m i  l , u . a I _ m a m i  l iv

~ Cal cul t i o m _ m of pr ’ a c - t i r c  or~ tevi_m i_mique cftee -tiveness val u e-a

-1. 2. 1 Phase .\p~ ia_ - l i d  it ’d

The ( ‘SC c ou _ m _ m p m m L ’ i s a n _ m n_methodo logy is a I it ’ e- e -v t ’l em.  1 c I c m c 5  c-~ m e t e - m P h  e a t  l )u~-c( exs. V_ -c i_m

l i f e  ev e- Ic h m m i — . e- will he a basis for e o m i du e - t i m _ m -; t h e  con _ mp l  i - I c ’ c - d i n _ m c i  - m m  r i s e _ m n u -ace -a s
(J ul V prograt _ m _ m umU n g practices am _ mci t ee - hm _ m ip _ m m e - m - t m i t  am a’ m i i i i _ m e - h v u _ m p h iid in a ii ce -nm phase
are coi _ m _ mp ar cxl in that  phase - Ti_mi -r u t  ( d i e - , it 15 t m - S c _ m i t  im u l  t i _ m a t  ti _ me 

~~
l1 c - C  I l c I m I  ic_md iii i tm

-_ -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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of each practice am_mc i technique he establ ished.

The applicabl e p l_m ase - :-c t’or ’ CS (  progran _ mn _ mi m _ mg l)ractices con_ m parison 1_ m uve c been es-
tablish ed throu gh the r em- care-h conducted liv the MPP Project staff .  For the IBM SPT
techniques it was u i e e ’ e - a m - a i v  to c c - U _ m r i i  the Structured Progran _ mming  Series for this
inforn matio i_ m. In \ ‘o lu u n e  XII I  of that Sem ’ies the SPT techniques , rel ated SPT tech—
niques and m _ m o n _ m - - S V  V ~c l _ m i _ m i q d u e . s  wi th fu tu re  potential are identified . They are listed
on gTaphs de -pli’ tim _m g t i _ m e i m I i t ’e e’v c_- I e- l i_ - s e  mu p p l  i c m t b ul  i ty .  These ge-ap i_ms were the
sou r ce I - _ m u -  I l _ m e - i c -  p i_ mas e’ mm pp l i c _ - l u it :- : de t im _ m i t i e c u m in this report. Th e- n_ mon— S1 ’T tech—
niques with t _ mc t~m u ’e  i )otem m t al m u u ’e  includ e d because they are discussed in the Series .
In addition , one S1’ ’l t e - e - l _ m c _ m i m i c e -u-u -as mu ct l isted in Volume XIII , but _ m v m u s  discussed in the
text of other Se-n i  -s y c O  cm n_mica . That t e-e-h ni u iue - , Program Re -vie -u -u -, is includ ed with the
other te e1 _ mnic ~’ ; a- a iii t I _ m i s ,  u’ e I ’de ) i ’t and an m çcp l i c m m l m t e phase was estab lished through ref-
erence t m t u e  text d i s n m e - — a i u u .

Phase dpp l i e - ; i b u l i t v  cii  ti_m e ~cr _ - C t iCe S  and techniqu es is gr aphica l l y  portrayed in
Figure 4-2 . Vi ’ , c e - L i ” e , s  mind I e r l m m _ m i u l m c e a  are merged into one listing under the column
heading of P t ’ o g r : c n _ mn _ mm i uug  Practices . Their applicabil ity th iough the l ife cycle phases
is shown on the  l i a r  m m i i i .  ‘[‘he p i -og i-amming  practices ha -u -c been grouped into two
subsets : t e e l _ m u d c c d  and u _ m i m u m i ; m : _ m ; e u m i e _ m m _ m t .  TI_mis differentiation mvil l be significant l ater in
the con_ mpar i sou proces- , as mv i i i the ordering of the pract ice-s  and techniques in the
list. Ti_me l i e m - i g- m u ph - a - c  of ’ ti _ me e-e,u u i ; l P i t e m ’  p rogram l if e  cycle has been divid ed into
Functional and Detail - ti s c i i i p h ; i ~~es. ‘11_mis has been done to better define ti_me phase
applicability of Sonic  ~c m ’ u ~~m’ ; c m d m n u i u _ m g  pi’actices .

4 . 2 . 2  Error  Types

The univers e of sof t -um ~d I C  c , n r a m c  m m _ m ay he gu’oma p ecl into discrete subsets based on
‘I’ characteristics u m ’u i q u e  i c c  t i _ me i - m u ’s im _ m each siu b se _ m t .  These subsets , o r ce -ron’  types ,

have been m- m m r i o u , sI v I~ -i 1 _ m i cil })v d i î f e u ’em _ mt i n d u s t ry  ,s tcc i i i e s  . The error types established
for this stud y am - c _ m - l ; c p t c d  f r om those defined liv TRW Sv aten c ,s  Group for  RADC and

-
~ published in a :- - - t ’t _ m - mr- c lI e - I  i _ - l i l t  it ’ Stud y report , R ,\ l)( ’ —TR — T-l —2~O, dated October,

19~
’ I. The type c l e m f u c _ m i t  m c I _ m s  ‘~ ,s c d l _ m u ’ i m i c t  t l m c :  .—~ c f t ’ _ m m m r e  Produe_mtion Data (\1I~P~ research

arc genera l I c ’ n _ m o r e  in _ mcI u si  ‘~ tham _ m th co-m e i mm the TR\V report . TI_mis has been done so
that t i m e  n u n _ m i l e- c - - - I  e r ror  1 1  t m —  i-i u m c c c r c  n _ m a n a g ’c a Iml em.  , \m _ m a d d i t l i - n m m l  ei-ror type was
al a- i li_mt rod c - u  I in t I _ m i s  - t i d a l  - - . l ’ in~ in _ m r  e m u ’ m ’ o r a  we-n c isol ated as a ~~~

_ mI c~~et I t0’ c u m u S  c of
their critical s i  g n i f i -  - a c m e - c  t i c  ne - a l  —t i n _ m e -  so f t war e  devel opr i_ ment projects  sue -h mis t i _mose
studied d u r i n g  th i s  _ m e - m - e _ m i  m c l _ m  t a m - 1 .

The cz’ t’Or I t  me d c l  i m u i t i a n r  w hir  i~ f - i l  1 om - h i 1 u  - e m  l i e - e u  u sed t i_ m r ou gh or mt  this s tudy to  estab-
lish M M ’  - J t e c ’ _ m j - - - - ( c C  allies :

• C c m m m _ m l a u l m t i c c n ; u i  -- i u u c c - c c r m i l e -  n_ math em atica l  a p e - u - t i - na . l u ’ ra rs  i m _ m this
l - , m ie- c~ r~ n c- -m m - -  

~~-e \ r U n g  a- n c  c t i O f l  u _ mr  c m _ m o e - e m i t  c m i  is  m u s e d  - _ m d u s i n _ m g
none - - i c c  m- I I c  e - ’ u _ mi  at ic-al - )‘ t i - c t mm i l h  111 a routine or I ~~~~~ e - : c  ‘11 .

4— 4
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• Logic - faulty r outine or program decision flow. Incl ud ed in this category
are errors caused by incorrect condition tests, status checks , mod el
definition and data storage references .

• Input/Output - improper data reception or transmission. These errors
related to data fo e -n_ mat , fiel d size , position , completeness and control .

• Dat-a h andling - incorrect data manipulation within a routine or program.
-: Err Or’ s mad e in i-catt ing, wi-iting, moving, storing and modifying dat a

iten_ms internal to a routine or program.
• Operating or Utilit y Systcn_ms — all errors attributed to these systems .
• Configuration - incompatibil ity of applications and operating system

software. This category includes the catastrophic errors aod unexpi ain-
abl e progranm halts caused mm-hen applications programs viol ate operating
systenm conventions .

• Softwar- e Interface — incompatibl e data flow across routine or program
boundaries . Thes e errors result  from inconsistent data trans mission
protocols between software components.

• Hardware Interface - incompatibl e hardware/software interaction. Any
error ti _ mat n m av be attributed to data flow between hardware and software.

• Us er Interface - incompatibl e dependent manual /automated functions.
Errors at tim e user interface including the machine operator , manual or
data card inputs , tape inputs , etc .

• Data Interface - incompatibility between data base structure and using
routine or program.

• Tim im_m g - fai lure  to n_ maintain normal  program execution or system opera-
tion dem e to data manipulation timing. Errors  caused liv the inconsistent
operation of tin _m e sensitive processing components .

• R equire n_ m ents C’on_mp ii ance — fai lure  to provide a capabil ity specifi ed in
the requirements  document.

For the purpose of compl et im _ m _ m~ t i_ mis research it was assumed that all software errors
could be characterized as one of the above types . Certainl y , there are errors that
do fit more than one of ti_m e above type definitions . In the broadest sens e it can be
hypothesized that ti _m e error types defined above wil l include all known software errors .
These type definitions am - c suff ic ient  to support impl ementation of this comparison
methodology . It is possibl e that more ex tem u si v e -  research would  res iu lt in refinement
or addition to time -s e ty p e s .

4.2.3 Error Existenc’e

Throughout ti_ me eo i _ m _ mput er  p r c m - g m ’a m i _ m l if t  c - y e - h e , as an s o f t w ar e  sy sten _ m is being devel —

oped , progra m _ m _ mn _ m _ ming er -ron -s arc gem _ me -rated and corrected liv the devel opt _ m i ent s taff.
These errors occu r and , c u ’ e u c n _ m i c v e d  at rates ti _ mat are dependent upon factors such
as compl ex i ty  and si~,u of the- software s y s t e m _ m i  being devel oped , and s iz e , skill and
organization of the dove- i  opn m en_mt at _ - f l’ , The u ’ ei ationsi _mips among all fm c c tors  (even their
positive ident i f i cmmti on) and th e -  e r ror  n’ c i t e - -  1_ ma -u - c not been ci earl y defined . There

h - c m
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sin _ mpl y is not eu _ m ou gh enu _ m pir ic a l  data to ar m p i - oum def in i t ion  of t h ese t e l  ations i_mips .

Info r ’n_ mati on g ath i eu’ ed den r im _ mg r e sear ci_ m of the t I _ m m ’ :,: (~~~~( I - c o l e  ‘ts \\ mis um o t  def ini t ive
enu u -~Ii to s u b s t an t i a t e -  :11 _ my hypothesis m e l _ - t i e - c .- to ti _ m e - rate c c l e m - ro n occurr ence or
r en_ mova i . I l o w e - m e n , through pr ’ojee- t a t af f  in te n ’- i ews  and scm I ’ve - s , th e -  IPP research
tear _ m i _m~at hc -r e - d  in _mto m ’ mmi m m t ion _ m whi e’i_m lead to d e f i n _ mi t io n _ m of a i c u ’ - t ~) L ~ l it , error ’ existence
n _ m a t r ix ,  ibis m c c a t u ’ i x , si _ mo m - u - n as 1-i geu re  -i — -m , i m c -  c~ -c ; i’ _ -t e~ e l _ u ’ - - i ’ t m -pc  occurrence and
r e -n i_ mo m - al ra t  e- -~ c m c m _ m e  s e t  of m - aI ues re-p i es ent i  n _ m g I ! _ m c  ~d e - i ’ m ’ e m n ) I m m g e  of all  or e-ox ’ types
exis tiu _ m~ across ti _ me l i f e  c - ve t  e p1_m w-ce-s . Ti_me e-~ i u e -_ m-c i’efl c u t  n e - n r c-n t :c m ~u of t m j m c c  ti _ mat a

~ given error ty l ce  wil l  lie genie-rat ed in a s p e c i f i c  I ) I _ m m ~ae -  au -si r e i n _ m a i n  in the software ‘ -

through m u d s ~- d e mi t  I - l u a s e ~~. Matr ix vat mI c a  for  e_ -c’h plu me -, e ( u c  - m , t n i x  c ’~c~ - c c i  cm l  -u -u-ill sum
to 1. 01) m d u c l i r m : t i n g  ti _ mat ti _ me e - r r u u ’  p e r c e m m m t u g c s are-  i nc lus ive  i i !  a l l  crr - orm ’ f o r  each

— ,,s c. ~l l _ m  ,-al mc s in ti _ mis n_m_ma tr ’jx are r’ e -p m ’ e c _ m i ’  c of c-u - c - - - Im  j -c -  u x i st e n i c e  f rom
the th :ee CSC l d l ’~ Jee ts studied .

-1. ~.4 I- u ’ nc i i ’  Dc -te e - t i - m n  or I d m m c - m  ion
____________________

P r o g u ’auri  mm i m _ m . ~ d’a rt f e -U S , in gem _menm u l , fuuc t i on to impm ’o ’ - c t i e c  c - I - i  m i c e - n i t  ~- t a l  I perfo r-
mance , ass _ mi  ri u dh_ m et ’cmm ce to the pi’odu e-t ioti  semIie ~ I 1 a , _ - m _ m ii i l _ mm- fl re l i m i  i ’ _ m t u n _ m o m _ m e - c  of
p i n g _ m o m  c c c i i  u’ d u e - t i o u _ m  costs . So t l e e - u c  C’ e- i’ e-OI’ d d t - ( - c i t - m - c t _ mc - e  m it _ m d re - nm _ m o m -al m -epu — esent  a

- c - o ma n _ mon de _ m n _ mo mi nato x’  fo r- pm _ - c - I  i r e -  i - e u ’ f o u ’ m u : i _ me -e n _ m e a s u r e - n _ m e - n t  ai m _ mom _ m g the three prac—
ti c - c-  fun _ me - ’  i c c i _ m S  , I ‘c - u - I -  u n ul c m u - -c , s — - l i e d - _ m i  e , and cost are- i m p _ - c t  ad I ~ the pm - a_ma cnec or
absence of Sc - I  t ae -e -  err- or’s t h u’ o m u 4 _ m u _ m i t  them ~l c - m e l  u p u m i e m u i t  pr’oe - i __ms - s . 1 Ice - r e f ore , I- ~ac—
tie- c c i t e - c - t i e - e m _ m e ss in all functional  am ’eas is i- c - L t e d  t i  the - i c - t e e - t i - - u i  - u ’  r -edu c-tion of
sof t .e-ai’e- er-rors . t h e  oper t iv e  i’d a t ion shut  - h~~- t y  m cmi ii ’ ml c :tice ’ p e r f o r m a n c e  and
error d e t e c t _ m s  a or’ u ’ ed u c’ tio m_ m has not been expi ic- it t m- det ~~c - c m _ m  I me d . I l e m w e m - e u ’  , a
real is t ie m e - h a u ’ me e - t e - n i z a t io m _ m of t i le  r’ul t i - n a P ; - e-o~ l 1)0 I u y m - c i t ! u e m m i z c d  . Ti_mis n _ m miv be done
liv e - s t m u l c i  i s i _ m i m i g  pz . a l c -a I c i I  i ty values for  ti _ me d e t e c t i o n  om - I- c -ui c - t i e - m i  of er m’ - r  ty p e s  l iv
c-ac’i_m p r n g u ’ a m c m n _ m _ m i n g  - m a c t i ce  iii each ot’ ti_me l i f e  e v e - t em p h _ - se - a

:\ n i_ mat r ix  c -o m i m m j i n i n m g  p r o b a b i l i ty  v a l u e s  for - t h e  d & - t e e - t i c m u _ m  cci ’ i i , t i - c m of err-or types
liv all ~cu- m gn m lumm u mc iu 1g I l - antic-es i s i _ mo V m i  a c-c I- ’ im S ure -  -1 —4 . ‘I l ic - em S in t l _ m i s  ru -_m a t r i x
have I c e - c - n  d e — - e_ mioped I - - u ’ t i m e -  Cod e and C I _ m e - c - lm c o t  p m i a m - e -  as is iu d i e -a t e d  at t 1 _ m e’ t~-p of the
f i g  c _ m e .  l t : c a m c s c  of t c c e  l i f e  e-~ e-l e- i - l u _ - s c - d e l _ m e - n i l e - n _ m e -v of p r o g m ’: u i u _ m m n i nm~ i m t i c e -  pce-
foi n i c c c m _ m c e , \ ‘~~ L ma a-s su ch as t l n - ~~ a- n _ m ir m s t  he d c f i c u _ m  I- r ’ each I h _ - s e .  ‘ l ’h e r e I  - ‘ ‘ c , a
u n i q u e  d e - t e c m t i c n m  or r e d u - - t i -  fl p m ~ m c c i l ! i t~ n i _ - t m  i \  w i l l  l i e  i _ ma -C e m s — a n y  for  e a c h  phase.
‘l’i_mis r’ epor- t mm ih l deal V ith onI~ - t i _ me Cod e- an _ m d ( ‘b e’c i s i c _ m t  - l i _ - S d -  m m  c u - em- c m _ m t in g  m-esean -ch
f i n d m n _ m g m -  lii i de ’_ m e _ mI n~ i u _ m g  the -  ‘ O u i _ m p i ’ i- ’ d Ii u i m e t l c - c i l m _ m - g y . T1ie-i’e a c - c- two r easons fom’
this r l c e - k m c n. i - j u s t , the  c - ide amid -he - - k - -  .t -h o s e - w - - t m J t u e - m -  in _ m m ol cc use of more
p c a c g m ’ m i c c  c _ m n  I _ m g  P r a c t i c e-S than am _ my other p h _ me - - c .  ‘I’his i _ mm i d i lS  : !  e-c- for  cm - m a t  p i ’o gi’ am m _ m —
ol in _ m g l - & ’ : ’ t m e - e - S  ap} c e - : i r ’  i n _ m f _ m m - -  u i _ m t nice-s . ~— cc - -a u _ miI , I i i -  u i s e - c u r c -e - m n m u l  c _ m m _ m u l  for  t i _ mis
phase m - as i _ mmo r ’ e c o u _ m c i - r - h e n u s i \  c t I _ m c _ m _ m  f _ - u ’  mim e - - f t i m e  - - t I m e - :  ph_ - s c ’— . It si_ mould i ce  pointed
- c  :t t t m _ - t  the - e-al i c c -  in Pa n m _ m a t r i x  a e u c  qu ol  i t m i t c ; c - Y e _ m ’ m t r : c e t & d  m ‘ n m _ m u I m e -  ( ‘SC ~-u’ 0 eu t a
re m a m .  c t l ,

_ 
_ _  
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Using Figure 4—4 the p m c - t ~~1m i1 it y of ci’ i-or detection on - reduction by any programming
practice in the Cede and ( i cccc kout  phase c-an be de te n i m _ min ed .  For instance , Top Down
Design has a 5~ iirobabil its of r edu cing c o n _ m p u m t a t J o n : m i  er ror ’s in ti_m is phase.

- S 4 . 2 . 5  Effectiveness \ mtlue ;c -

- — Programn_ming practice eff ~-eti vc ’u _ me s s v aleues n_ may be defined for each practice rel ative
to all error type-s with _ m m em _ - ma l i  1-vl i - : able phase - . Thus , effectiveness values are a
function of ti_ me percc m _ m t a g c . of tin_m e e-L’ :c ) P types exist and the probabi l ity of practice
detect ion or r e - u l u e - t i - ’ u i  of t in cse • m i - r - cr t ’pes . The purpos e of mathen_matica l man ipu la—
tion of the two va lues  is to Ljutiiu () a t i g c m _ m ’ e  of m _ m c e ma i t  or effectiveness value that can he

- - - 
derived for all ~-r - ug i :~u c c u i m i _ m i g  - - mi ’  e-, tj c - e . I s j m l e r this vol ue , programming practices

‘ I  can be compared qua ntitati~-ct v within  or across all l i f e  c_m e te  phas es . Natura l ly ,  the
effective -i_mess va lmies a re  un it y as a- - c_ - r a t e  us the probabil ity values . The probabil ity
values presented in Fi~ cm rcc — 4— 3 j c_ - 1 4 — I  of this report are not bas ed on quantitative
measurement . They re -I ce -es  c :i_mt a e - m ’mmi sef lSecs  of experienced assessment liv CSC staff
members . I l owe-vet’, gi e - e - u _ m aml - :q u  ate a u _ m i r e - c  n_m aterial and re searcl _ m tools the actu al
probabi lity va l u e- a  could be d em -ived . 1mm am_ m v case , CSC’s comparison methodology does
offer a vj a l  e at pre ~c m c i i  to p i ’ug- e a n c _ m m _ m m i n g  pn ael ’t ire evaluation and comparison. The
v a l u e s  shown in l-’ig_ m c ra ’S I -  :) a cd 1—4 ar -c at Id for the three (‘SC projects studied .
Therefore -, t h em sc ,u pp -m t  r i _ ma e- on_ mpari ao n i m ’ e )m-e - s s to lie described in the fol l owing dis —
cussions .

Development of e f t - ’c t uve : u _ mca- _ m s y aLta-s is a tmvo 1)-art process. 1-’irst , ti_m e practice
effectiveness -u- al _- em s m c e  e -ai c ’r m la t od for each l if e- e-veI e phase. Next , these practice
effecti v e - i _ me -c s vaI c~cs  arc se -u i to de-ve c lop phas e effectiveness - - m i le m es for each practice
across all l i fe  cyc le  i _ mac - es . In the f o l t c c w i n _ m g  subsections each of these activities is
de scribed eisinm ;~ pn o n a i m t  i t .  , i l ’ m c : s  fo r’ the Cod e an_md Checkout I d i _ m m s e .

4 .2 .5 .  1 Practice L I f e - - t i  enec-c ,s \ al e c_ ms

Practice effectiveness m a l i c e _ m s  ai ’ & e ’m i l eu lut ed us i n _ mg the ~- e - n e - e n t m t g e  of error types exist-
ing and e r r o r ’  t\  p t - m l e C - -t ci or m L - u i u e - t i~m n I’e ’ t ) a l _ m l l  ities . The c-al cul u t ic ’ m _ m invol _ m-es
sc-I ecting a ~_ m r o g r d n l  c _ m m i m _ m~ ~

- - : - ‘i ~ ce . e - _ m ’ r c i~’ tv l e an _ m d l ife e ’y c le phase. Then , the per’—
- e u _ m t agc of enror  type e-\ i s t e - m i c e  is n _ mul t ip l i ed  I - v  the probabil ity of cmu -ror type detection

or reduction. That prud e - i i-i niemi l i t - I  i~~d liv 100 to l u o r n _ m i a l  l~m em ti _ me va lue .  -\s an exan_m —
pica , us lu _mg 11cc - ‘ I c i - 1 ) 1 ) _ m e l)  I _ m e - s m go i e - o_ t~’m~ n c n _ m _ m i m u , g  Practice and the m Comp cmt u tiona l  error
tm - I _ me in ti -me Cod e and l m e e - L u m _ m t  - l c _ -  - c c  - I _ m e i l f c - e - t i e ’ e ’ m _ m e _ m s s m-alue em i l  eel ated would be:

l - x i s t e _ m u e e l a tm c - I u _ m u  Red m e ’t ion I-; ffeetiveness
x - - - x 1 01) - 

-Pcm r c - c - i t c - e -  1 u c i t  - m e l m m l  i t - :  \ alue

0 . 11 -c 0. x 1UO n ,

- 1 — i l l

A 
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Compl eting the cal culations for all prm m cti c e s  _ - m _ md e rror types j~ the C’ode an_ md ( ‘i_ meck—
out phase mm ’i iI produce the matrix shown as Figure  -I - -S .  J ’ u ’ c m c t i e c -  effective - i_mess
against any error type may be found liv re - fe -ne -m ice  to the m a t _ m i x .  fl _ me - va lu es  are
significant onl y through comparison with other pe-a-c~ie- e- -fl e-~-t : V e - n a  a a value -s . The
Total Effectivenes s colen mnn in Figu r-e -1 — 5 eepr - esents i t _ m e  su n _ m i  of values for each row
or progra mn _ m_ m ing pr - ic -tic -c . These total s mv iii  he cm sed lat e_m i’ m m  the con_mpa r-ison pro-
cess. Cou_ m_ mp letion of these calculations for all l i fe  c’ et e phases m i l l  n - a’suit in a
series of matrices that n_may be- used in a l ife eve-i c comparison pi - u e - e - s s .

4 . 2 . 5 . 2  P 1_mu se Effectiveness Values

k
H- , Phase effectiveness values are designed to provide quan t i t a t i - ,-e- , eom;- rehcns iv e

values tim -at re-present a measure of pro gr ar _ m im iu _ mg pt’ m ct ice~~c _ m f o c r _ m m i m _m e- e - migmai m _ ms t  in—
dividual error types . These values wil l serve as inputs to time l ) r ( o eS-c of developing

- . pimas e e - f fecm t iv ene s s values . An al gorith uu _ m has h ee n _ m d e - t i u c -~_m .l t h a t  uses i m ’ m j c t l ( m e  effec—
tiv e - u _ m e - ss val emes to produce a value that defines pr _ - c- l i c e  util ity with i m _ m a phase. Thes e
p 1_muse e t f e - c’t i ve mi c ms s  va lues  may be used to en n u i - a l - c p rac t i c es in an unbiased fashion.

In e l e v e l op i t _ m g  the chase effectiveness al g orit l _ mn _ m _ m co i_ ms i derat i oi _ m me’a s gim-en to c er ’ ta inm
aspects of time p r - m e - t i e - c cofl_mparisofl proces s and some a s s m n n c l c t i _ m m _ ma w e -u - c  made. First ,
the probab il i ty of error existence matrix u: cs  cons i c l e ’ v~ to ha l  em establ ished the
rel ative d i s t r i h u t i o m _ m  of error types across the l i te  cycle. It represents an indirect
state n_ me -nt m cI at ti_me vol u i_ mme of errors liv type  ti_ mat wil l ex i s t  in an~- l)hase . ‘U_mis is
an iu _ m _ mport a nt  facto r’ -u v iuci m eval u ating practi ce- p e r f o r m an c e .  N ext , the phase effec—
ti vem _ m e s s val u es , when calculated , n_ must m u m - e m u c m n u t  for error types that pr actis e-s are
n_most a nal least effective agai nst. In additio u_ m , Cc ci re d m c t i v e  vo lume of those particul ar
errors Ofl a phase liv phase basis is import ammt. F ina l l y , the goal for development of
ti_m e al go n it i _ mnm we-s  to create a procedure that m- :ocm l d promote set ectiomi cf amm op t imum
n_mix ~f l)ract iccs for rise across all l ife cycl e p I _ m a s e s .  It was assumed that  all e r ror
types _ - m ’c c - f  equal s ig n_ mif icane c to ti _m e software- C l a y  e l opn _ m iei _ m t p r o c - e s - c . That is , a
log ic  error is just  as significant as a t i l m _ m i m _ m g  e rror.  Er ro r  types mv er’e u_ mot gim -en
m-~ ci _ m J i t i u _ m g  factors .  It was also assun _m ed ti _ mat practice e f i e c - t i m e - m i e - a s  aga ins t  the ui_most
and least  frequentl y encountered error- s iii a I_mi _muse -does r e f l ec t  t i _ m e ’ qmm aa its’ of that
practice - .

The phase e - t f c a e - t i v e m _ m e - s s  a lgori thm uses the- fol l o mm - ing inmp em t - l u t a :  -~ _ m a r m tie - e effe ct ive-
ness m’almi c  t ou ’  ti _ me error type wit lm the greatest pen c e - c _ m t _ - g e -  of ex i st  e-m _ m i e- (Lube -I ed ‘ a ’). F

practice - e m  f e mc - t i m’ cm me ’s s  value for - ti _ me er- i-or type  wi t h  ti _ me 1 u c i s t  I n -  d- c_ mit  i1 i t v  of m a x i s t e c m ’ue’ e
(label _m~~] I c t m , J)r ’actice total effectiveness vaLue (l abel ed c l , c m _ md t !ce nen n _ m ih e n c f e m ’ r o r
types (I a l -e l  ad ‘ci ) . The aI gon ithm is e-x p_ m’ e e d  is fo I l - cm \ ~m -

(a + I c l~
-
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To demonstrate it-s m use , given the Top I)own Design plc -g n au u _ mu uui u _ m-g practice and the
Code and Checkout p h ase , the following data m’~c > c m l d  be input:

Practice Effectiveness Values :

l ogic 1 i ’ror s (encountered most often) - 2 . 2 0
Requiren _ments Compliance (encounte-i-ed least often) - 1 . 2 0
Total Eff ectiveness Value - 14. 78
Nun n ber  of Error Types — 12

‘fl_me algo r ithm would then be executed as follows to calcimi ate- t i m ’,- phase effectiveness
value:

1-4  ‘
~~i(2.20 + 1 . 20) —-j~-—— 4.19

- I.-

‘Il_mis cal cul ation sequence is t-epeated for ea c h  p r O g r a r c _ m m c i i _ m u g  pr ’actice in the Code and
Checkocut phase. The resulting values are shown in Fi g_ m i-c - I - h .  Uni v the Code ar~l
C h _ m e c ’I, ) lu t col u n _ mmt is compl eted because input data for t h em other phase-s has not been
defin _med . These value - s estabh isim the ret at k- c merit of the programming practices
within the Cod e and Checkout p hase.

4 .2 . 5 .3  Effectiveness Value Benefits

Cer-tain benefits are realized through tI _ m e- use of effectim-eness values in the program—
flung pt-ae-ti e-e con_ mparison process. The tm_ most obvious lie _ mictI t  is ti_ me capabih it to
develop discret e n_ m easures of practice perfo i’mane-e through a consistent and corn-
prehensive series of operations . The pr’ aeL ice effectiveness mal t_m e- matrices pernmit
the determination of p r - ogr - am _ m _ mmi n g p n~act ice- void s , specific instances ‘a- bee -c no
practice- is effective ~m ga im ms t  a particular error tv u _ m e- , i l _ m is  s ituation would indicate
an e ; i d e u _ m _ m i e- e l et i e i -ane -v  within the program deve l opn _ m e- i_ mt c rcl ecs s . The phase effec—
t i m -etm _ m es -~ value  n_ matrix provides the vehicl e fo e’ optimization uf error detect ion throu gh
id entifi cati c_mn eu tim e m u _ m m _ m u m  n u m u _ m i m c u ’  of pr’o -~ u.’ : c n _ m c - i m 1 g  practices timat g e n c an at e  a n_maxi—
mum set of values . ,b _ m a iy s i s  of tile chase -  at_md practice effectiveness values could
provid e a global measure of anticipated pr - n d _ m e t  r e l i a b i l i t y ,  By adding cost—to—
detect at_md cost— to -- I ix - I m i t a  to the _ m a e n_matrices it wocn ld he possibl e to develop minimum
cost al)l c I ’ I) : teilCS to program dev elopn_ mcnt.
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~ Ni ) I - i )  M PP

5. 1 D’’I’R()DUC l ION

Selection of the pro gr an_ m n_ ming practices to be - m e - c o m i c  m m_ m end ed as s tandards  for ,-\i r
For ’ce software eum g ine a : - n im _ m g projects is the n t _ m i  m immution of ti_mis \l PP e- o m c _ m l c a n i s o m _ m  p ro—
c-eisa. ‘Il_mis process , which began witi _ m re -seau ’c~_m -f t h r ee -  CSL s - c f t m a a i ’ c c  e-n j neer ’ ing

projects , 1_ m a s lead to time - identification and d escri ptio n of al l } m n o g r a n _ m m I i i m m c ~ practices
that were ccsed . ‘fl_me-se programn_m ing l) ia c . t ic uc-  i _ ma - I  m m c l  e both cc c a n m c ~~ m _ m c m  eu _ mt and techni—
cal discip lines applied in all phases of c o n _ m l m m _ m t c - - pi’ -~~c ’ m u _ m - i a cve l opn i e-nt.  A c o n _ m J c a n i —
son mm_m ethodology has bee -tm defined that pee -units m c m i i  c i a - c  ca I and defin _mitive n - c m  c l - a  u ’ i son _ m
of ti _ me p n o g u ’ a _ m n m _ m _ m i n _ m g  practices . The e-o mpar _ ms on ni eth_modol ogv has Ice - en e m c _ m p l  oved to
establis l_ m a bas is for aumat v ses of CSC p r o g r a c i _ m u _ m c i m m c .~ c rc - t j e - u - s  at_ md IIC\ 1 SPT I u - m - I i n i q t u e - s
Application of the com parison n_met imodolog’y as dcse ’r ibc x l in  t i _ mis _m - c l co l - t  has produced
a quant i t at ive  _ m c sa essn _ ment  of eac h pi-actice and t a - c - i i n i i su e  in t lc cc fe m e - u _ m~ of phas e eff ec—
tiveness vaLu es for the Cod e and Checkout phase. N - -v , ‘\ IPP se-I ee - t i o u u  pro c €d emres
wil l I -c  cased to identify ti_mose practices and techniques ti _ m at cd l i  he recommend ed as
Ai r 1-’urce standards.

On the’ surface  it might appear that ti_me t 8C’ co mn p ari s o m _ m n _ m u c - t l _ m o d o l o g y  has reduced
M1~P c l c - f i n i t  m c i  to a purcl  v m echanical Imrocc .c - a . In P a n t  t i _ mis is t c ’u ec . \\i _ me m_ m coinpre—
hensive perforn _ m ance and error data is am -ai c able to suppou’t ti _ me - i e l ’ m i c t i c - _ m c  of t rue ,
e r ro r  ex i s t em _ m c e -  and detection or re-du e - m i a m i  c e - m c I  e m il cli ities the iac ,-m _ m tification ot effective
progra mm i_ m ing j c ti - es wil l be a hig l_m l y structured actim ’itv . i I - s m v e - a e m m ’ , even under
t i _ m e - - C c conditions it ~vi El be necessary for a pu ’og _ m - a m Im_ m L - n a a a - m ’ to cxer( ’j sc professional
ju cl -ge m_ m_ m ent in se-I c c c - t m n ~ an appropriate n_mLx of M P I ’  to s a t t m ~tv ti _ me - r m a u ’ t i e c i i  ar software
(lee ci op m e nt  r e - - I _ m u l e - -  - n _ m e - m i t e ’  with which he is faced , t h e -  sca m ec t iou _ m i m r c v ’ e d c i r c s  to he
defined dop e-n_ md upon practice effective -c_me --cs e~’aluat io n _ m am_mel d e - v e l u p m m _ m e n _ m t  a-nm ’ iro n m _ m _ ment
a n _ ma l y sis .  The c ’Of l _ mp uni Son  proc-ese ’ mvi i i p roduce eat le s - t c vem _ m e - - c s  ‘- m im es and the program
n_manager wil l weigh ti _m e-se v a lue s  and ti _ me \h1 ~P ch a r a - - t e n i s e ’ t i e m s  (as discussed in Sec-
tion ii of ti _ m is report) against the software- - I c e  e m l o j - u c c  cc _ mt  env i m ’ccn _m _ m _ m u e - m _ m t, Caing  the CSC
COi u_ mpar iS o fl process wi l l  provid e p r o gr an _ m managers  with mor- e I I I  - i - - n t i ve -  and defini-
t ive  data mv it l_ m which P m si ce c i fv  the project MPP in -u - a-ps c ’ a t i e l u _ m  f - m n  s~u 1 t ’v - _ - c - e- sy st em
de,  elopment .

Sel ection procedures are a t m - i c e - t n  m e d  to promote cle - f iu _ m i t i e ui  cf an c 1 - t i  m c c a l l  n_ mix of MPP.
In ti _ me foil - c -cc i n _ m t su b s e c t i o u _ m s  sel ection f lr oc e~i m mna- s arc ~l e - f im _ mad  wi thin ti _ me - - n n _ m t e x t  of
this re-Sea u’ c - l t  p r o n e - c t .  i l _ me- u i , the - MJ ’l ’ to icc- n ec - -  - m m _ m n _ m e - n d e l  as A i r  - - t ’t - e  stand a rd s
are Id e m m u t u  C ad .

5 .2  sI-: t . I - : ( ’ l - l pc ‘I - t m I r l - : I ) l l ( :- :S

11_mis d i scccs _ m - > n  of se-i e ’ c ’ t i c ) mu p ro cedr mu ’e-  mvii i foe - c ia  cut  th e’ o c . o t i t a t i v a -  a sper t s  cml
MPI 1 s cal e -et i - - n .  I)etcr’nnin ing whi e’ h ~) r o g r a n u _ m  f l i n g  p m - a -  I ic -es i_ m ae - c n _ m _ m a x i c i c i i  i_ m i i ch am- c
c - I  i -ct I m e -ne s s  a l um C - S ‘a- it  l _ m i n  a I I I  v cm-c l c- phas c’ o r ac e - c  -ss t i _ m e  e ’fl t im ’ ca l i i  e- cvel ai l _ m ’~ a5—1
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fa i r l y s t ra i ght foe - -a aru i  process. As wil l he shown , cons ideration n_ must i)e given to the
effects of interaction a e i - c n g  the M P B  selected and to their functional ci_maracteristics .
On t i _ m e  oti _ mer I _ man _ m d , dc- l i n in g  the l i Q a  - s-c eOe e -u ’e - lc~- a program n_ manager assesses the
software- dcm ’eI o p i _ m m e - u _ m I  e _ m u mc - i e - O n f l ic l u t  and his resources in order to identify the opti—

F mum set ot’ MPP to use is anot lmer n_ matter and wil l not lie- attempted in this report .

- 

- Quantifying pro gr ’anim _ m_ m i f lg  p u . --ai ’t i c e -  e f fec t iv e -u_ m ess  has given the manager a valuabl e
tool for the se-i e m -r c o m _ m of’ Alp !’ for his proj ect. 1-lowever , it is recognized that in

- - using this tool his reliance on the phase effectiveness values must he tempered by
his experience and ~ood j cm d gc n cm_m t .

b
In preparing for Ml ’P sa le  c - t i c - a  it is in_mportant that the functional similarities of pro-
gramming prac tice _ ms lie- consiciec ’ad. Functional sin_ milari ty r efers to the employment
and performance- characteristic:s of certain pu ’oge ’ m c r _ m u u m _ m i n g  practices that make them
functionally s imilar .  For i u u s t a n c a e , top down design and structured design are both

• - en_mploy& to perform tI _ me ; same design function and their effect on the design process
is essentially the s:c nc _ m e .  I t [P o diagrams and ‘fIIREAD S also fit this description.
In each case one of the-cu l)t’ _ mC~ie ’et 5 may do the job better ti_ man the other , but in any
case no one would consider u s i n g  both practices on the san _ m e project. So , functional
similarities an _ mo m_ mg ti_ me - ~u - ) g r a rnuh i t m g practice-s ar-c identified to aid in the sel ection
process. Figure 5—1 s I_ mow s t he  I)rograrnrning practices defined in this research p ro—
ject with ti _ me -  func t iona l l y  s imilar  subsets indicated liv vertical bars.

Phase eff e -ctiv tmnc ss c a l _ m a - s n_ must ice -  estab i i s i_ mad for a l l  practices in each applicabl e
phase. As pre vious ly discussed , ti_ mis research project has led to ti_me definition of
phase- e t fc -c t i ’ , ec_mc ’ m - s v a l i c u s  for the Code and Checkout phase. Selection of MPP for a
softmvare d ee - c l  op l c e t c t  proj ect woculd r -cquir e phase effectivenes s values for all l ife
cycle phases . i - I fe _ me ’ t ae m _ mce - a  va lues  are’ assigned to programming practices in
accordance w’itlm the- phase appl icabi l ity of ti_me practices . Phas e app l icabi l i ty  was
u l S c. ’_me - e ’S c_md in Se- e l i - rn  4 am_ md sh omv n in I - i  g_ m ar c -I -2. Sel ection of 1:1_me MPP inm’oI c-es
choosing a pr im e -tic _m e - (or practices) in cue- h functional  grouping which has the largest
sum of phase effectiv e-nc -cs m m _ m I n e s  across the- appl icabl e phase-s . In cases where two

or more pr a -  -t ie -cs ce-ithin one’ group have comparable e ffc _ mc t i v e c n e - _ m ; -s it cc-il l lie imp to

the program nm a m _ m ac t e cm ’ to se-I u _ mc t the one he I)r cfc t-s (or i_ me n’ hap s use more than one if
they arc e - Om _ m cpc t l  i l l  c i .  \ I s m m . a practice i _ m _ m i c ~ht he se-h ( ‘ c -t si w iti _ min a group 1_me -caus e it
is aj-p i i c - a 1 - l e 1mm ! m c - i m ’ e p t _ m e - c C  e’.c c m  en th ou c~h its c - t f e a - t i m -c ncs s m - a l ue  sum _ m i is 1 oem- . This

would be ti _ me m m u a n u a g e - r s se-I ce’t 10mm pcrogat ive. Also , proper sel ection would require
optimization of \I I~1’ overal l error t m - i c e - s  withim _ m em~~h phase.

5.3 S’I’A NI ) ,- \ i i l )  Mi ’I’

A s t an - la rd  se t of MI’l’’s that  would t ie- app i i c - a l - I c’ to all ,\ i r  1- ou’ ca- s o t t em -a e - -  c m _ m g in _ me er—
ing projects cau_mnc )t be d e v e l o p e d  evith ti _ me current data ava i l ab l e .  l- ac i_m project n_ must
be anal yzed in vi ew of it -c ci _ mm r r a e- te r’ i s t k ’ s  _ m c mi c i dc -e el  op n_ me n t en-a l r o nnn en _ m t , then a
proper set of :cl l ’Ps co _mi ld be ;~e- I m - m t c u I  based on tlme eftee’tive t_mesa of thos e AIP P s

t l _ m m ’ oui lu c ut the- pro p -c t l i f e  cy c le - .  f t c e ’ e’~ e m ’ , has _ md on ti _ me - d ata col l ected dur ing  this
5-2

- - - - 5-



z

- 
~~~

cr~ ~~~ ~
— H H- ‘-- - - 

~~~D 
~
-
~
- :‘-

0 ~~~ Z ~~~~~~~~
< H is

is:-~~
:: o ~~ ~~~~~~~~~~~~~~~~~~ ~

-
-5-- ‘, — 

-‘ 
— -_-, -

~~~
- is

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~is) C ~ ~~~~H ~~~ 
~~~~~~~~~~ ~~~~~~~~~~

~~~ 
‘
~~ V~ 3 — ‘~~ ~~~ 

~~ ~~~ -~~ ~~~— — ~~~ -~ -L - ,- — - 5--
, ~~~ —

:1 : a ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ,-~~~~~5-- C

~, _m / ,,— c—. ‘ ‘  g’ ~
— - — i—. - - -

~ L — ~ 0 ~~~ 
- - 

~~
‘ Z — - - ‘ Z ~-‘ -)

~~~~~~~~~ - - z ~~~~~~~is 
—
~~~~~~~~Z —-:: ~~ ~ c — ”~ ~~ 

— — C r ’c
• - — cr — F m-’- L 5-

~~~~< c j  ~~~~~~~~F a ~~~~~~~~ : ~~~~~
• e - -

~~~~~~~~~~U 3~~~ U ~ is— ~-t -
~~ 

—~ 
-
~~

~~ ~~~~~~~~~~ 
— 

~~ 0 ~~‘. 
‘0  — —

- -~~ ~ - / —~ H ~~ 
— cr —

— -~ ~~~ 
-

~ — - 
~
- / >— .- _i >5- —

cr cr ci_m l~-~ — < am — c—’ — -~ is, H E

—

I
5--

Z

H
U
‘/5- -‘:-- ,,:

~ 
•— _(

U ~~~ ~~~< -
~ 

— -r
— - 5-— —

—
~~~~~ 

‘—5-
- ---

~.1 -~ ‘ - 
— 1,z z  ~~~~~~~~

/- -
—5-’ -- — 

—

~~~~~~~~~~ Z

~~~~~~~~~~~~~~~~~~~~~U — H mis -
~

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
-

~~ 
— c~ ~~

- —

-~~~~ cr~~~~~ ~~~~~~~ 
~~~~~~~~~~~~~~~~~~~

~~~~~~~~ ~~~I1i~~~~1 ~~~
5-3

- 5---- - -- -- ----~~~~~~~~~~~~~ - —~~ - - - -~~~~---- — - -‘- ‘ - - - - -  ---- ---- -- -- -- -—



~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~ —-~~~~~~~~~~~~ ‘ .‘“.

project the following set of A1PPs would he applicable to most software development
projects :

- 
. Top Down l)esign

- • Threads
• Builds

• Chief Programmer
• Programming Techniques
• Support Programs

-~~ • Software Configuration Management
- 

- 
• Program Reviews

-
~~~ -. • Independent Test and Evaluation

- • Project Reviews
• Threads Management System

I

5—4
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SECTIO N 6 - R I ~ShARCH I L A N

6.1 M1’P R E S I - A R C H  RESUL TS

CSC s software- production data r e - se - a rc l_ m i _ m m us re - sui ted in def in i t ion  of mu methodology
for identif icat ion and sel ection of m i set of effectim- e- MI > P .  Ti_ mis researc i_ m task began

- - with in indepth review of three CSC software de-m-e lopn ient projects . il_me-s c’ projects
we -re ’ simil mur in many respects . They involved prod cuction of so f tw a re  systems and
subsystems for co mnmm und and control application. These- \‘,e - re 1 . S . Nmm v v shiphorne
syste m_ mi s u s i n g  A N/UYK 7 c_ m u d 20 processors m v i t h  the  compute r  p r o g r am s  ec-ritten in
C\ lS-2  high order l m _ m n gum ug e.  Differences among the - p r o j e c t s  invol ved the  size-s of
the- sys te ms being developed and conseq _ mu cnt l v ti _ m e size - s  of the project  staffs . The

- 

- 

contractual  rel ationships between CSC and the U . S .  N a vy  or the N a vy ’s pr ime -  con—
tractor varied an_ m ong the projects . However , the - differences most s ignif icant  to
this u’ c-sc: m ’ e i _ m involved the p rog ramming  practices en_mp loy ed on each of the three

‘ projects . Each project staff used a different  set c) f pract ice-s  either li choice- or by
direction of the customer.

Once ti _ me - c e- p ro g r a n _ m u _ m _ m i n mg practices had been identif ied a m_md d efined liv the i\h1’1~ re-
sc’m m r c l_ m team , ti _me ’ projects documentat ion and reports v~erc  r e - m - ie - m v ed to id cn _ mtify per—
forn _ mc unce  ci a tm i support ing anal ysis of the practices ’ effec tive-ness.  il_mis informat ion
includ ed cl e -ve -l op u i_ me -nt mil estone aci_ mie -ve m ent , p r o g r m m ; c  test results , p ro gr an _ m troubl e
reports , man agement  rev ie ’mv docu m ents and system S i z e -  d a t a .  Them documented  in-
fo rma t ion  was supplemented through int e -rm ’i ew m - c witi _ m project  personnel . All  of this
research material  was anal yzed to isol ate the dat :  to he’ used to de te rn _ m ine  practice
performance c r i te r ia .

As ti _ me r e - s e -mire -h  data wa-c revic -mv ad it I c c - c a n _ m e  more’ and more  : l c p : m  r e -nt  t i _ m m m t  r e s e m u r c h
of th i s  type  cam _ mnot he - conducted effectivcl~’ :~ft e m ’  t h e -  f a c t .  ( )nce - the  so f tware  develop—
n_ m e -nt p l a n  has be-en wri t t en and development  has he-gu n or b ee n  concl ud ed it is not
possibl e- to prod cmc e c o n _ mp let e- and coh ere-nt , p r ogr a  n _ m i  n m _ m i n e -  P t a ’ t  i c c - a n a l  vsis data .
There are’ seve ral 1’’ - m m s o m l s  for this , fo r e ’ m _ m _ m ost of which is t h -  f ac t  t h a t  p r o j e c t  f lm a n mi—
ge l’s cu re - al m u _ m o s t  total iv concc’rned evith producing and (i c-I ly e r im _ m g the so f t ev mmr e - . The-v
assign and mud j u s t  resource-s to smmti sfv the- uc : - i - t  c m m ’ g c m _ m t  r e q m u i i ’ e - n _ m ent i -~ evi tl _ m l i t t i  e- regard
for continuity of programming prm _m ctice - e n _ m_ mp l oymc -n u t  - Also mmmcm : g e -mi c e -nt u ’ e -p om - t ing mind
d o c u m e n ta t i o n  is not s t r u c t u r e d  to s c u p p c c m ’ t  p r o g r a mm i ng  p r _ m e - l i c e  mm m ii v s i s  . -\ l l  of
t i_ mis I c - mmd e -  to d i s con t inuous  d m u t m m  for ana l  vsis , an u n p r e d i e t m u l _ m i  a’ re -c e - :r ch envim’o n mment ,
and m m m n - g i u i : c l l  c- use ’fci l n i an m _ m g er u _ m en t  re I Ieo u ’ t _ m- _ m . TI_ me -se f a c t o r s  prompted cons id erat ion
a nd d a- m el opn _ me -nt  of a ne _ mw cup luro ach to e-v~m l n a t i o n  of pr-  - c _ m e - m i  n _ m i m i n g  pI’ :c c t fl c - - C

( ‘SC’ s MPP e O n _ m _ m pmu r i - con  t _ m _ m c - t h i c x l o l o g y  is proix~ ad c us  mu c o m p m ’a - h _ me - t i s im - e- and u n i e - e r s m u l
apPrOach to S j~ c s - i  f l c , c  t i m mr _ m of pr ol c ’t p r o g r m u m n _ m  in , macc t  iCe ’S - 11_me pm - o t  t m  I _ m e-  p r mc c ’ e-s S

• descr ibe  I in S e - m t j on 4 of th i s  re -p ’ ‘‘t c a _ m n  ru  c cc  t i _ m e ’  id e n t i f i c a t i o n _ m  m i n d  se-I ret  i n m m of
-f t  e m - t i  m e  p n ’ o g r a m l _ m  n i n e -  pr’ : ie - t icc ’~ to mu s t ra igh t fo rward , me e l I  d e f i n e d  pr oc_ mil m,u re.

l i — i
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It has been used to produce the l i - c t  of s t m m n d m u r d  ~c Tl ~I that is shown in Sect iccn i 5 of this
report. This is s t i l l  an uupro e-e-d process , how ever .  \lo rc research and testing wil l
be required to establ ish the  v :ml id i t v  and re l iabi l i t y  of the procedure - .  That research
and testing is discL ns sud in ti_me follcaeving subsection.

6.2 FU TURE RL SI-~A 1U II  TA SKS

Perhaps the n_most notabl e res u l t - c  of t i _ m is res ecm rc i _ m proj ect is the insight that has been
gained into the definition of e f f e c t i v e  progr a nmming practices . As with n_most l earning
experiences , t i_ m is one has not end ed . The re-search that has la c :um _ m compl eted was pro—
ductive , hut t i_ me r e  is stil l  n_ more prodcuctive- research that should he done . The follow—
ing discussion-c cviii outl i n _ me time r equir eunnent s for fu ture  research into d efinition of

- ‘ MPP. Those- r equiren _ m ie -nts  : mre :

~~~ • Des ign MPI ’ re- e c r c h  p rogram in coordination with software
engineering i t o  cc_ m t p1 cun t _ m i ni g

• Produce d c m Lu  i _ m i a n a g r i c i e - n _ m t  s y s t e i _ m u  to a ss imi la te  and reduce research
data

• ( ‘onthu ct m um _ ma i~~sis ot t i _ me l ) r : c e t i c e _ m S  performance data and c’econ_mmend
\ll ’ P for  f u t ur e  ~c r oj  ects

6 .2 .  1 Re -s e e-re - lu  Progt’:t cm

The ‘e IPP rescue -e l i  p ro g _ m - : u ! u _ m  s l _ m o u i d  i c e -  de i gm _ m~d to comp l en_ m e -nt p lanned softec-are
devel opment projects wi _ me - i- c t i _ m e -  r e sea rch  wil l  ( : cke  place .  Res earch should begin
during the p l m c n c u i u i g P lu as e - S for the sof tware  dee - c-i o pm c nt  projects . Ti_m e research may
be conducted liv P . S. A ir  1-e -n ’( -e persc m m _ m - : l  c c c ’  liv mu di s in te res ted  contract  research
group. In :1OV (‘c i s c , it should ne-ct  be’ conuduct ed 1 m y t h e -  :~‘ f t m v: i  cc d e v e l opment contrac-
tor. Every effo n -t  si _ moe m l d he m m c c i i  e to k e e l )  ti _ me re - se c m i ’c - lm unbias ed . ‘11_m e softee-are
deve lopn_ ment p d c c  a_me t s s h - ~:~d be c - ce d ed in ty pe in order to produc e ’ p c - o g r m m m v m n _ m i n g  prac-
tic e: perfor m_ m ain e - c d e - t m j  f e - u  a _ m u d i  P k - r i m _ m g cnv i ronn _ m _ m e - n _ mts  . it is po _ me si b l e ti_ mat practice
effectivenes s cvi ii , i _ m m I c m i r t , li e - a func t ion  cf tim e type  of so f t m ’ . are sy s t e m  b e ing  devel —

c : opui . If so, ti_mis re-i u t i - flS h i l m  should  he established .

The re -se -m ire -h g m c a l s si_ moul d be d ef ined so t T i m u t  t i _ me r e _ m~earc h _ m tasks support  all data re—
quirenients . l l o p e l c u l i  v t h e  r i s e - c c - - l u  te-sks and software :  devel opn _ m uc nt  tasks will
operate independentl y em i t l u  c m _ m i  c c e c i m c i m _ m t e u ’ f - - r e m i e - e .  The research n_ must  not affect  the

- ;  conduct of so f t _ mv c m c  d c - e d  u l c m i _ m c u u t .  I {e - e - c _ m u ’e-h data should he coi l acted fron_m the Anal v—
sis tI m cough Instal l a t i oum I h m c s c c ~ . In : ‘ c l ~~iP on , i m ’o - -e -du u ’ es slmouid be def ined for con-
t inuing  d : c t e -  coliection liv the -  m u s e - n -  into ti_m e ( m p e r : t i m i -  and Support P hm use ’ , ‘fl_mis da ta
collection cc-ill prod ui c - a _ m _ m _ m 0: C ~- -- d j)rogramniing i_ m m aieti cc - _ m c c  u - I - c e - m v _ m c i  n e- c- ci mi ta for
reduction and : u n i : i l v ~- j s .  The- most -. ffc c’t ice ce - cu r to sm u ti sf v the u’c-quu ireni e-nt for reduc-
tion is through the us e  c c l  mu data n _ m e - na  _ m c u n c ’i _ m t c~v s t e - m i _ m

A



6 . 2 . 2  Data Management System

Performance data wil l be used to determine the probabilities of error detection or
r eduction and ul timatel y the pr act ice effectiveness va tn~~s. The probabilities of
error existence must be determin ed ind ependently by the research team during pro-
ject research. All of this data will be cata loged by th e d ata ma n age ment sys tem and
man ipulated to produce MPP recommendations and repo r ts .

-
~~

The programming practice perform ance dat a wil l be developed from program troubl e
reports . This wil l be supplem ented by other reports such as thos e prep ared for
miles tone achievement , unit test and core bud get. The program troubl e reports and
other Internal error reports will be used to determine the types and volume of error s
being generat ed during software development and integr ation. Further reporting and
analysis must be accomp lished in order to determi ne the re l ationship between the
occurrence of thes e errors and their detection or r eduction by the programming prac-
tices . The other reports will be used to comp let e anal ysis of the pr actices ’ per for-
mance.

6 2.3 Performance Analysis

There are two aspects to the anal ysis of programming practice performance. One is
the evaluation of the practices when they are not being used in a controlled environ-
ment . That is , a software development project is studied after it is concluded to see
how wel t the practices performed . This was done for the Software Production Data
project. The second aspect involves specification of the practices to be- used in a
development proj ect and monitoring their employment .

Once th e progr amming practices have been assigned eff ectiveness values , the val id ity
of these values must be confirmed . Their val idit y can be confirm ed by app i r ing them
on a software d evelopment project and anal yz ing their performance rel ative to error
detection or reduction , production n_ mit estone achievement , program test results and
projec t cost control . For subsequent projects the MPP can be specified using the
resul ts of the MPP compa~lson process. Then the performance anal ysis can be con-
due-ted as previously discussed. Thus , through this controlled process of experimen—
tation and analysis a viabl e and efficient MPP definitio n technology can he developed .

‘4
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A U  TO-F L O W C H A RT PROGRAM

This is a utility routine that accepts as inpu t , fl owchart statements
added to the program code. Using the-se statements the routine
generates a standard f lowchart  of that program. Modification of
program logic which necessitates changes of progr am cod e also
will affect the corresponding flowchart  statements . As the pro —
gran_ m cod e is updated so also ac- c the f lowchart  staten_ments , thus
assuring production of current documentation through a dynamic ,
versatile process.

— 
BUILD

A logical col l ection of fu ncti o n _ ma l l y rel ated processes ti _ mat are  im —
plemented and demonstrated as a set.

BASELINE

A configuration identification document or set of such documa-its ,
and also the computer programs after the product  content and
structure has been formal ly  designated and fix ed at a specific
tin _ m e during the product l ife - cy c le .

Under baseline configuration manag e-n_ me -nt, there are tnsua l iv  these
bas eline positions :

Allocation — establ ished at the end of the requu i c - e rne r u t s  -‘and per—
forn_mance d efinition phase.

Functional - establis I_ med at the- end of the conceptual phase ,
normall y existing prior to the start  of a softcvare
development project .

Product - established at ti _ me ’ end of the test and ac-c’ eptan _mce phase.

CHIEF PROGRAM~ 1ER T1-~A M

A management  t ec i _ mn _ mi qu e  t i _ mat  o rganize-s  progr am _ m i  l ) rod u ue t  inn s taf f
with a ( ‘hi e -f  P rogran m n _ m _ mer  mis ci tec h nical  m ana ge ’r  or ‘ super—
programmer ’ responsibl e for the efforts of a p r o g r a m _ m m  ci cc-el opn _ ment
tea m.

C I I  -\ NP I-: STA TUS H i-; POR 1’ (CSl{

I isting or report of all propose~l changes and cou’re-e t ic mm t e e a
configurationu aad ti_me -it ’ e’unrre _ m _ mt d i s p e e — _ m  i t i - e c _ m  a n_md impl - - m _ m  c m _ m t l ion
st a t u s .

_ _ _ _  — - ---— -- - — ~~~~~- - — ---— --- -
~~ 
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DESIGN TROUBLE REPORT (DT1~)

System design probi en_ ms id entified by anyone - (CSC or N m i v v )

associated wi th  the DD— 963 proj ect are defined and doe-cu mented
th rough DTRs.  DTRs are formal l y controlled by CSC personnel .

DESIGN, TOP DOWN

A methodology for system design whereby the high l evel , executive

components of t i_ me sy st em  are- designed first and the hal ance of the
systen_m is designed in an orderly progr ession from top to bottom.

DECISION TABLF.

A tabl e of information consisting of au contingen _mcies and actions
that are to he considered for each possibl e set of conditions in the
description of me p roblem. Decision tabl es n_ may have mul tipl e
dimensions depending on the compl exi ty of the arguments and
actions inherent in ti _ me - prob lem. Decision tables are son_me -times
en sed in place of flowcharts for probl em description and documen-
tatio i_m .

DESIGN REVIEW

Detail ed l)e sign _ m Review normall y occurs at the compl etion of the
— design of a sy stem , c _ m h s y s t e n _ m , or l evel of al) Stra ctiOn. Consists

of a detail ed examination of the software design and may he per-
formed n _ m u merous  t i m e s  d u r i n g  deve topn_ men t  of the sof tware .

Scm cc es sfu l con_m i_m i etion of this review establishes the design base-
l ine -  and program cod ing  begins at this t in _ me.  (Also called Critical
Design R em - i eee - .

P r e l i m i n a r y  l ) e - s i g n  R e -y iu c~ not’mai lv  occurs at the compl etion of
the sy stem desi gn p h cu ~~e’ . Mar he formal  or informa l  in s tructure.
Successful co u _ m i ple t io r i  of this review establ ishes the - p i ’eh iminary
of s v s t e u c u  I ey e - I  compute-i’  pro gran _ m development  specifications ,
interface s~- e - e i f i c a t i n m _ m s  and data requiren _ ments  specifications in the
systen _m d e s ign  bas e line .

DYNAMI C CODE A N A l Y Z E R

Software routine ti _ mat anal yzes con i_ mp tuter p rogr ann -4  for errors
dur in g  exceiut ion of ti _ m - es c programs.

_ _ _  — - -  
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ENGINE ERING CHANGE PROPOSAL (ECP)

A formai request for alteration of the configuration of a computer
program or other configuration item that is delivered , to he
del ivered , or under developn_ment . ECPs ace required after for-
n_ma l establishment of the component configu rat ion identification
(bas eli ne position).

[NTI- 1 
~ACE

A con_ m mon boundary between or among systen _m con_mponents .
Exan_mples are a i_ mardware device which links other sy stem com-

— ponents or a specified storage area within the processor which is
accessed by two or more computer programs .

INTE GR A TION TEST

A test to determine the functional compatibility of two or more
dissin_milar systems or system elements (i.e., hardwa re and
software , applications and system software , e t c . ) .  Also used to
ensure the compatibility and proper functioning of a n_mew or modi-
fied system element when it is pl aced within ti _m e existing sy stem.

MrL ES TONE

A wel l—def ined interim or final goal wi _ mic i_ m must  he achieved dur ing
the deve lopnuent of a hardware or softcvare system. It u s u a l l y
establ ishes a base-line position or signifies the comnl etion of a
specific task. Compl etion of system Builds is one- form of n _ m u l e - —
stone achievement .

MRS ESTONE R I-; POR TI NG

Mil estone Reporting encompasses all levels  of ti _ me n_m anagerial and
technical s taff . At the lowes t l ee - el  , the p n ’ o g r m u m _ m _ m m e r  mu u s t o n e s
are established . As the chain of command progres ses , n _ mi les tones
become broad er and n_more con_mp l ex, and the-v refl ect the- status of
the entire pro j ect.

P R O C E - Sl  YG, C O M PU TE R  PR OGRA M

Batch Pr o c e s s i n g

(1) Pertaining to the technique of executing a set of compunter
programs such that eac l_ m is conip let ed i e e f e c r e  the next
pro gran _ m of the  set is started.

_ _ _  --— ~~~ 
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(2) I~ei’taining to I l _ m e seq cuentia l  input of computer programs or
da ta .

(3) Lo osel y , t b .  - execu t ion  of con_ mputer progr a u _ m u s s e i ia l l y .

stacked Job i L ’uceS - t lg

A teci_mn _m ique that ~crmits multipl e job defini t ions to he grouped
(stacked) for pre senta~i e e n to the syst en_ m , which a u t o m a t i ca l ly
recogn _ miz e s t h e  iobs , one after tnee o t h e r .  More advanced  sy stems
al low j o l . d c f i n i L i o t ~ I :  be a i d e d  to the group (stac-k t at any t ime and
fro n _ m _m a m_ mv source , whil e honoring priorities .

PROGRAMMING

Defen~~i — e l - r n ra~c m , is a co ncept clo sel y related to functional
- 

~, and s t c ’ u c - t u c  ed ~.ro gc’ I l n n c i n c e~, in _ m ti _ mat cmi p has ~s is placed on avoid —
- - - 

. 
anc e of e m ’r o _ m - s at ti _ me - tin _ m e of coding,  rather than dur ing  progr am
ci_meckou t. The idea is to visual ize worst case situations and pro—

grci i_ m m :ce -cc u-i cm _ m gi e

Funct ional  P r o g r a m u _ m _ m i t i g  cn_ mpl _ masize s the creation of correct  pro—
gi-ams so th it u _ m u n c h  of the pro~~r a m  test ing t r a d i t i o n a l ly  associated
cy ith h _ mil di u _ mg larg e- -~y~ t en i s  will not be n e c e s sar y .  The methodoi —
ogv focuses on Cl ’:ai’I V de sc r ib ing  an obj ect in funct ional  m e - u -ms  he—
fore it c-cists in t i r m l  form -

Peer Gr ou p  Pro~~c ’an _ m n _ m _ m i~~ is a concept cd by C~ C cc -I_mi c-h focuses
on the fac t  t ha t  it is often he-i 1-- f u l  and i t_ m st ruc t ive  for a program u_ m _ m er
to ha m - c h is  -u e gr a n_ m c - c e - i eee - cd by a gi- -up of peers , both before and
aftec’ - - x l i n g  and - n - i o u  _ m e e  ( ‘ i_ me ckout.

t-~t r c a - t a  c u ]  Pro r a i _ m _ m m i t  is a progTa u _ m e _ m u ic _ m~e -i i~ C~~ i it _ m e c’oe - id in g  a
means  of expres simug a s y — c m - _ m e m  d e s ign  t h c t  en s u r e s  a I c - s t ah l  e and
unde-rstLlndabl e- i u n p l c iu _ me ntm i ti o n _ m , and thaI  - _ m _ mf o r e - es  s in _ m i p i e anti

2 eve-i l — d e f i a L l  1 coun t . c t i - ’ _ m _ m s  bet ee c e_ mu n u - og  r am modules . The i _ mn’o —
g r a m c e e i m i g  d i s e - i ~ l inc  uses ti _ m e r~- L - u a t c d  a ,e lj c ati on _ m of a s c m - a tm nu t_m u —
be-u 0f h a s h -  e n t  i’oI st ~,t e-m emI t s  to form simp l~ p m e - gr an i c -o u s t  re ic t s
that r e p c e s  e m _ m t  t ac - ge and co t_m_mpl ex p u ’ c) g rm el _ m us  . ‘fl_me process of
c t ’ e m i I  l u g  ti _ me r c - og i ’a mce  n m _ mo d u i es in _ mci ad e s  - m l _ m i i c ~i rcg I c c-a l  (_ m1 i i i  - t i c a l

- m it _ m g d e--cis ions - i t  I _ m i mi i l _ m e ti e-- s i um _ mta ] moth _ m i e w r i t i n g  p ro —
S e - g _ m t m 1 C t 5  I _ m e t  ‘eT -fl u ’eS em _ m t the-sc m I c - c i s i  - a m _ m y :  i n_md m t  eg m - at i _ m _ mg

pe’ -~~ i- anu  s c - g e c m c n t s  i n t o  a u n _ m i t  cori- L-spond i mi g to a s y s t e m _ m e  t i _ modu l e .

M o e l e c l e r  P c - c’ : _ m c r n c i n , is a d i v i s i o _ m _ m  af  s e c t t e e - a t ’ e- i c _ m t  - - bloc -ks -f cod e
ai le-d u - ’ e ~ - e -  - I aci _ m i x i ul  e r ep r e s ent s  a ~-e c i f i c -  el sys tenu and

- I 
j c- i I c  C c ) i - % t  as m i n c e t i t - ,

- -~~ _ _



“Top—Down ’ Programming is a technique of softcvare dec--elopment
that closely para llel s the- natural approach conventional l y used for
system design. The control architecture , including the executive
program , n_ major executive interface-s (modul es) ,  at_ md d ata base is
put into place f irst .  The internal control log ic is ti _ m e - m i - - - m _ m s t u ’ u c t o d
within each modul e to a progressivel y l~~vc r level of functional
detail , u lt imatel y result ing in a complete-t v coded set t ee -a c-c package.

PROJECT MANAGEMENT P LAN (PMP)

Project Management  Plani incl ud es eoc~~pl i- ic deer e-I t im e-nt c-en—
— side-rations which encon_ mpass ti _ me 1 i d n ~ fu r  phasing, o r g a n i z i m _ m g ,

testing, change control , doe-u n u e~u _ m t i u g ,  training, and i ma tall ing .

The plan becomes the road n -cal) an_ md is ti _ me k ey  t i  u sed  foc the
successfu l impl ementation of all sof tware  dee ci u _ m n _ m m  cur , projects .

~

RESOURCE uTnJZA’rroN (PLAN)

Referring to a I)ian for ti_m e a s s t g m _ m u m _ m e - n i  it resou r~ es ( u _ mi en , n_ machine ,
money , time -, and n_ mater ia ls)  to p r o v e - ct et c - i c c _ m e t - -- (task , products ,
accounts and organization c _ m _ mu it~~, and the e~~:c o i u n t i n g  for the actual
expenditures of these resou rce--s in time accompl ishment  c)f ti_m e
project n_mission.

SOFT\VAR E TROUBLE REP ORT ~STh)

A fornu used to define and document s~~fte -  a c - c f a i lures  and faults .
TR IDENT proj ect c-a i led  f tc  l o _ m ’ n i  it sel f an -~TR , o,_m I _ m 1 ) — t ] u i : , it
was known as CSC Trouble Report (C I ’I t J .  Itt 1)0th cases it served

— the same purpose. Throu g h this f - in - n i  p c - a) c it  m _ m _ m a m i m i g e r -~ are abl e
to track the actions taken to dispose of :coftcv ar e p n o l ) i  e n _ m _ m s .  It
also gives son_m e n_ measure  of ~e m - o - g r a n _ m n - i n _ m g e - - f f e c - t i v - n e~~s - Troubl e

— reports proc-id e vi sib i l i ty  to the cas to mm er concerning de e - e l op n _ m ent
activity .

4 SYSTE M VAL IDATION I) IA GR -\ M (SVI) u

.-\ block diagranm portray ing tic _ mi  ~oe-e-~ --~cs ii their  I c cme ,ast S C _ m i t

divisions . Each block (si i _ m a i n s  — m’ ’_-s p c ’u_ m se c - I  e m c e e - m i t t  - l e i u - t ~ in~
(s t imulus ) ,  process (o~ e r a t _ m -  n m  am _ m ci u u t pe u t  (n - cs l ut _ ms ~- c . \ e -  - n m
pi ete f u n c t i o n  t i _ may be- m - e -p t ’ c s c n _ m t c ’ l  b e a e?’ ie -y  01 1) 1 t iCk S.

A— ii



~~~~AO42 686 COtIPUTER SCIENCES CORP HUNTSVILLE ALA DEFENSE SYSTEMS DIV F/6 9~2 
‘
~~!‘~

— SOFTWARE PROOUCTION DATA. (U)
JUt. 77 ,J DOIIAHOOP 5 CARTER, J HURT F30602—76—C-0163

UNCLASSIFIED RA DC—T R—77—177 NI,..

2o F 2 _____ ENI D
— DATE

ieee 8 7

S

a H



_______________________________ 
~~~
--

~~~~~~~~~~~~~~~
--

~~~
.—

~~~
- 

.-. -‘- --- — . -—~~~~~ * .

SYSTE M
(1) An assembl y of methods , procedures , programs , or tech-

niques united by regulated interaction to form an organized
whole.

(2) An organized collection of men , machi nes , and methods re-
quired to accomplish a set of specific functions .

(3) A structured combination of interacting parts satisfying a
set of functional objectives and performance obj ectives .

STUB

A minimal piece of code used to simulate an operation. In top-
dow n program development , stubs are the first realization of a
program ’s fu nctional specification. They are expand ed into pro-
grams when the development effort mcw es to the l evel of abstrac-
tion to which the stubs belong.

SOFTWAR E FAUL T

A departure from correct , specified program execution which is
due to error(s ) occurring during the translation of the original
specification of an al gorithm to the program being executed.

SOFTWAR E ERROR

Any discrepancy between a computed , observed or measured quan-
tity and its true , specified , or theoretically correct value. Errors
are int roduced into software by human mistakes , that is: (1) de-
fici encies or misinterpretations of design criteria , (2) l ogical
mistakes , (3) a syntatical mistak e and (4) mistakes mad e in trans-
cribing program statements into the input data. Contrast with
faul t , mal fu nction , and mistake.

SOFTW AR E DEVELOPMEN T LIFE CYCLE

The process by which user requirements are translated , via
sof tware , into a functioning system. The actual steps invol ved
may differ according to the size , purpose , and end use of the
software. For the formal development of a large program the
following steps are invol ved : system requirements definition ,
software requi rements definit ion , pr eliminary design , analysis
and detail ed design , coding and checkout , development and system
testing, delive ry, and maintenance.
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SOFTWAR E

Computer programs , procedures , da ta , and associated documenta-
tion concerned with the operation of a data processing system. The
term software includes (a) computer program products in the form
of card d ecks and magnetic tapes , and ~L) afl documentat ion asso-
ciated with computer pro~ ram~ , including specifications , lis tings ,
manual s , flowcharts , version description documen ts , test pl ans ,
and test procedures .

SIMUL A’IOR

A software/ha~~ware system whose primary func tion is to emul ate
the behavior or oper ation of another system. Simul ators are nor-
mally employed to provide realistic inputs for a target system or
device which is being evaluat ed , They may also be used in pure
research to mimic other systems ’ responses to programmed in-
puts when the real systems cannot he mad e to respond under
labo ratory conditions .

SEGMEN T

Portion of a larger system entity , such as a subsystem , program ,
or data segment . Segment dimensions may he somewhat arbitrary
since a segment usual ly encompasses a singl e functional operation.
The term segment is most often applied to individ u al subroutines
or subetements of system m odul es .

SOF TWARE CONFIGURATION MANAGEMENT (PL AN) ISCMP 1

Sof tware Configu ration Management (SCM), is a tool that assures
the integ rity of impl emented systems . sCM locks out the pro-
gram mer from the implement ed dat a fil es and programs by
establishing controlled program versions , and it al l ows onl y
authorized changes to thos e vers ions .

STRUCTURED PROGRAT~1MtNG

(See Prog ramming)

STRUCTU R AL ANAL YZ ER

Sof tware routine that an a lvLc s s t ructured ( ( d e  to assur e that the
basic structured patterns are adhered to.

A - 7



TEST SCRIPT

A procedural scenario using Threads to ensure all requirements
of the program specifications are met .

TOP-DOWN DEVELOPMENT

The process of designing a software system through a sequ ence of
step-wise refinement rhough successive level s of abstraction~ and
then implementing the design by giving development priority to
control structures and modul e interfaces . Application routines

- 
. 

(i.e. , bottom-level modules) are first represented by program
stubs simulating the control and interaction interfaces . The
actual programs are subs equently integrated into the control stru c-
ture such that system l evel testing for the control structure and
interfaces are performed first and continually verifi ed as applica-
tion routines arc substitut ed for their stub represent ations .

TEST CASE GENER ATORS

Test Case Generators are utility routines that gener ate sampl e
input data as part of the checkout activity . Emphasis is on pro-
ducing d ata which will cover all conditional paths.

THRE ADS

The THR E ADS methodology is based on defining a system in terms
of processes specifically keyed to required system capabP ities and
then orga nizing all system development activities around the pro-
cesses . A Thread is a functional path or sequence of activities
that results in the production of a r equired respons e from a set of
inputs or stimuli. Each requirement places on the system can be
expressed as a Thread.

VERIFI CATION , BOTTOM-UP

This process was used on the DD-963 project. It is accomplished
by first verifying that the program auto flowcharter statements
match the program logic. The auto flowchart routine wil l then be
executed to generate program flowcharts . These flowcharts are
then compared to the design specification to ensure conformance.
This process is usual ly  accomplished by someone other than the
res ponsibl e programmer.
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VERIFICATION & VALIDATION (V&V)

Verification

(1) The process of testing designed software to ensure that the
system and/or system components are logically correct.

(2) The process by which the contents of a computer program ’s
physical medium (tape, deck , etc.) are authenticated .

Valid ation

The process of ensuring that specific program functions meet 2
requirement specifications .

p.
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