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EVALUAT ION

The increased impor tance  of so f tware  f o r  m i l i t a ry  a p p l i c a t i o n s , coupled

wi th  the inc reased  expendi tures  by both the m i l i t a r y  and c i v i l i a n  communi t ies

f o r  the  development of so f tware , has broug ht about  an increased  awareness  of

the present  high cost of sof tware  and the consistent  i n a b i l i ty  to a c c u r a t ely

p red ic t  the cost of so f tware  p ro j ec t s .  This  need fo r  p roduc ing  lower cost

s o f t w a r e  and fo r  more a ccu ra t e ly  e s ti ma t i np  s of t w a r e  costs has been expressed

in such documents  as the Findings  and Recommendations of the  Jo in t  Log i s t i c s

Commanders So f twa re  Re l iab i l i ty  Work Group (Nov 1975) and the  Summary Notes

of a Governmen t/ Indus t ry  S o f t w a r e  S iz ing  and Cos t ing  Worksho ç .(Nov 1974) (ESD—

T R — 7 6 — 1 6 6 ) ,  as well as in numerous Government and indus t ry  sponsored symposia .

As a resu l t , several e f f o r t s  have been i n i t i a t ed  to develop be t t e r  methods

f o r  e s t ima t ing  s o f t w a r e  costs . However , these  e f f o r t s  have not a d e q u a t e l y

considered the  b a s i c  u n d e r l y ing  f a c t o r s  t h a t  a f f e c t  s o f t w a r e  s izing and cost

e s t ima te s , ar5d have not , i.n most  cases , cons idered  n o n — l i n e a r  s o f t w a r e  cost

e s t i m a t i n g  r e lat i o n s h i p s .

This e f f o r t  was i n i t i a t e d  in response to the  need to b e t t e r  u n d e r s t a n d

and r ” n t r o l  those f a c t o r s  tha t  adver se ly  a f f e c t  s o f tw a r e  s i z i n g  and cost

e st i m a t ’s , ann . f i t s  i n to  the  goals of RADC TPO y 0 .  5 , S o f t wa r e  Cost  Reduc t ion

( f o r t - a ’r [v  RADC TPO N” . 11, So f tware  Sciences T e c h n o l o g y) ,  in p a r t i c u l a r  the

area nf  S o f t w a r e  Qua l~i tv  ( D o d e l i n g ) .  The r epo r t  concen t r a t e s  on the  presen-

t a t i o n  of g u i d e l i n e s  f o r  s o f tw a r e  cost e s t ima t ion  based upon developed m e t h —

etiologies I or c o n t r o l l i n g  over 1 or t y  f a c tor s  t h a t  have been shown to have an

, i d v ~~r~~e j - n I’ act  on the a c c u r a cy  of so f t w a r e  s i z i n g  and cost e s t i m a t e s , in bo th

V
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the software developer and purchaser domains . The impor tance  of having

guidel ines  fo r  minimizing these adverse f a c t o r s  is that  it wi l l  enable soft-

ware cost analys ts , as well as sof tware  managers , to more accura te ly  p r e d i c t

the  costs of sof tware  p r o j ec t s , by recognizing those f a c t o r s  tha t  have to be

considered when making so f tware  cost e s t ima tes  dur ing  the various phases of

the so f tware  development cyc le .  This , in t rn , wil l  enable s o f t w a r e  managers

to b e t t e r  contiol  the costs of so f tware  p r o j e c t s  and thus  g rea t ly  reduce the

po ten t i a l  for  severe cost overruns that present ly  ex i s t s .  F ina l ly , the

guidel ines  proposed in th is  repor t  will  provide methods  tha t  f u t u r e  so f t w a r e

cost es t imator s can use to obta in  accura te  cost es t imates  dur ing  each phase

of a so f tware  development p r o j e c t , which will  g r e a t l y  aid in the  p r epa ra t i on

of independent  so f tware  cost es t imates  fo r  use in p r o j e c t  eva lua t i on .

aLi. ~~~~~~A LAN N .  SUKERT , Captain , USAF
Projec t Engineer
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1. INTRODUCTION

1.1 ~~~~~~~~

The purpose of this  guide is to provide managers and technical  person-

nel , through the integration of time-phased analytical models and manage-

m e n t  techniques, wi th  a fo rmal ized  methodology for  improved es t imates  of

software development costs. This guide can be used by all persons inter-

ested in est imating and control l ing the costs of sof tware aevelopment.  It

does not reouire special ized capabil i t ies  or experience in sof tware  develop-

m e n t .  There fo re , it can he used by program management , software development ,

and/or fiscal planning personnel to guide their activities.

The purpose of th i s  guide  is achieved t h r o u g h :

• Presentation of a model for  estimating contractor  sof tware
development costs by type of appl ica t ion ;

• I d e n t i f i c a t i o n  of f ac to r s  having  a s i g n i f i c a n t  e f f e c t  on
sof tware  ievelopment costs;

• Provision of gu ide l ines  for  m i t i g a t i n g  the impact of fac tors
having an adverse e f f€ ’c t  on costs;

• S p e c i f i c a t i o n  of a model fo r  e s t imat ing  to ta l  ( i nc lud ing
g o v e r n m e n t )  sof tware  development costs;  and ,

- • Discussion of program management guidance for government per-
sonnel responsible for software development .

The data  used to support the development of the cost e s t i m a t i ng  models

‘ r e n er ~tod in th is  guide do not r e f l e c t  modern 1ro ;:arnm iro; methods nor ad-

‘,‘anced oor ;~ .ute ’ r technoboqy . Consequently , cost es t imates  der ived  f rom these

~~‘ is should he used to guide  r a t h e r  t han  to e f f e c t  d e ci s i o n s .  The methods

T ’ ;e : :ented here in  are considered improvements over t i - ’~se proposed heretofore;

however , the re la t ive  r e : ;u lt s  are considered more m e a n i n g f u l  than the abso-

lute values of the estimates. Nevertheless , in lieu of similar models de—

rived from mort recent Nata , the enclosed procedure can be c o n e i 4~’r eh  a

~‘iah le tool for  management .

1
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1.2 Background

The f i e ld  of software management and eng in e e r i ng is s t i l l  in i ts infancy,

especially as it relates to deriving cost estimates of sof tware  development .

The f ield has evolved to th e state where the cost of a sof tware  package is

g e r”r a l ly  developed by es t ima t ing  the n umber of delivered source or obiect

~n s t r u c ~~~ons ( i . e . ,  size ) a r .  mul -~~r ly in g  the size 1 - ~’ a cost factor based

on ave rage personnel p~ ct i v i t y . The A i r  Force’ , oth e r  DoD and government

~gencies ,  and commercial o rgan iza t ions  have found th is  method to be m ade-

a nt e  because this  s implis t ic  an p r o a ;h  has resulted in large cost over—

runs in several software development 1’ l o ot ; : .

Size  estimates have been observed to be erroneous in many cases by a

fac tor  exceeding 3 , and it is common to have a p r o d u c tiv i ty  fac tor  that  h as

a standard deviation 2 . 5  t imes the expected value . Wi th  such lam e var iances

associated w i t h  the  two factors most commonly used in software cost estima-

t i on , it is not surpr i s ing  that  large sof tware cost overt one  occur .  Of the

t o  f ac to r s, s~~ze is the more important  s ince a m i s e s t i m a t i o n  in t h i s  para—

m e t t ’~ a;; have an impac t on hardware as wel l  as sof tware  costs.

Increased soph i s t i ca t ion  of sof tware  ;i~ ~ licat ions  over the ’ 1:~~st ten

years  has made th c s e  er roneous  e s t ima tes  m o r e  s ior .  f i ca r t in t erms  of

ab:-oi’ote costs and the percent  impact on t o t a C  ;ys - te’n cost. The e r r c neous

e st I m a te s  can be c ;sscco by any one or a :orJ~ in a t i c a  of n umerous fac tors .

?t, ” :~~~~ t ;~~ mos t oni t ical  fac tc I ’a are change ’s in the u~ e ratiori al requi rements, 
‘

wh~~o~ at fect  the fw ;c t i o n~~l speci~~ica t~~ens of t i le  so f tware . liowevet ’, even

t .e s p ec i f i c a t i o n s  have i t n  f i x e d , i t  has been or ; t~~cuit to troroct

t he e ’irce reu ’u i rernen t s  a c c u rat e ly .  ‘ lee f - r ’ ’~;;: e ry  r e s o u r c e — — m a n p o w e r — —

ries w i d e l y  in ro :u. r i v i t y  and q u a l i ty , ax ; is a f f e c t e d  in a complex

ao~er  by Lec r~u l t r — d ~ mensien~~ e nv ir o nm en t  re w h i c i ’  t i :e  s oft w a r e  ir ,

he :c’Lopcd . Secundory  1t, ;;uu rc~ a such as m a c n in e  t ime and p u b i i c nt i o~ s

s opp~~rt  are I x e p a o nt i y ’an av n lie it ’ at a lea I i  O t t  t imes .  Ti; oJd~ t ion ,

in;  r ; , a t r on  wi th  whr ch  to deve lop e s t ima tes  of  ;:c~ o o ro c  recui r emen ts ,

such x s : r - , s t r a m  si ze , p r ’s U a l f l  1~~r ; :0, 1 ’ ; : ,  0:11 t ’ p e  ~om: ute i  , is nOt, always

~

‘ 
~~~~~~~~~~~~~~~~~ ~~~~~ 
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avai lab le  on a t i m e l y  basis.  And , i f  these items are d e e c n l h c’d , toe Syst m

can be aggregates of so many elements , organizational interactions , logis-

tical considerations , etc., that it is difficult to as,aess the scope of the

work accurately.

cu r i n g  the past several years , extensive work has been performed in the

development of techniques and guides for the predict ion of software costs

and management of software programs . The cost models evolving from these

studies have usually been demonstrated to be inaccurate estimators for the

reasons discussed previously , erroneous estimation of the size of the soft-

ware package and/or of programmer productivity . In addition , management

guides and control mechanisms have not been properly implemented to ensure

adequate management control of software development .

To overcome these deficiencies , more accurate estimators have been

derived
1 

and integrated into a time—phased management structure to assist

in the derivation of more accurate estimators of software development costs.

Since effective program management and accurate cost estimation are tw ’~

dimensions of cost control , both of the-se areas are addressed in this guide .

1.3 Appl i : a l’i l i t y

Th is o u i d~ is re l evan t to al l  Ai r  Foree ac t ivi t ies  responsible for

a c qu ir i n e  so f t w a re  os pa r t  of n aj ~~r d e f e n s e  systems , such as command and

co nte  01 , managed in i ’  ::‘r n : x , : e  w :  th the AFR S00 ser ies ,  and eY~twa ro as

pa r t oF ~i ; ; , :rr~~t r . : hat  prc  ‘e’ssinu ( T.DP ) sys tems , being managed  in accord—

once w ,~th  t h € . AFt  110 s e r i e s .  ‘She gu ide  app lies to all s o f t w a r e  develop-

ment s  r e i a r d l e n n -  of wee t k : e r  or not the ro’.: m anl is monitored b y the CA C

Defense System A ’ 1uiSit~ or; l ’cvr ew Ccuncr . i  (DSARC) . For non— DSARC prog r ams ,

r o p r i a te ’  ou~~u s tme :;t ; ’  are no ted  for  m o d i f y ing t h e  schedule  and cost

est i ;’  j t~~~S.

1. Doty Associates , Inc., RA D C — T R — 7 7 - , 120, ‘ , , f t s ’ a n e  Cost E s t i m a t i o n  Study ,
Vol I :  ::tu,l ; i”e-ui t s, Final Report ” dated June 1977 h’\ ) 4 2 5 6 4 )

3
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1. 4 k~ 1.~ ted dIr e’t ves and other r e f e r ences

A vast 0oilcction of Department of Defense and Air Force directives

exis t  tha t  have varying degrees of re levance to the task of software cost

c s ’t l : c at i n y .  Perhap s the best co: ,eendium of these directives is in the

“hot tware Acquisition Management Guidebook : Regulat ions , Specif icat ions and

Standards’ prepared by the Mitre  Corporation for the Electronic  Systems

Il y sion (ESO) . Brief summary descriptions regarding the content of the

primary directives affecting software acquisitions are presented , as

well as a comparative discussion of the APR 300 and 800 series , which notes

that “the two series are.. .not mutually exclusive ” , and therefore , managers

should be familiar with both APR series. The guidebook is valuable be-

cause it helps relieve the new or relatively inexperienced software develop-

ment manager of the immediate burdensome task of reviewing a large number

of applicab le directives. Necessary guidance , or at least the identifica-

tion of specific directives to be read in response to a problem , can be

obtained from the guidebook.

Toe guidebook cited above is one of the “Software Acquisition Manage- j
ment Guadebeok” series being prepared under the direction of Electronic

Cystems Divisic’n (ESD) , which should be required ;eahin” for all managers

c evolved  in software development. Four guidebooks , part of a i l ara:ad series

of sixteen ( i t )  app licable to s o f t w a r e  development  management , are currently

,a ’,a i ia i a  C c :

• b ’ j u lat i o n , Spec i f i ca t i ons  and Sta:;darcis , ESD—TR—75— 9l ,
i r b— A 0 l 6 4 0 1.

• Con t ra-  t i n g  for  O o f ’ tw ar e  A cq u i s i t i o n , E S D — T R — 7 5 — 3 6 5 ,
AD A h C h 44

• N c ’r . it u r rn g  aria Repor t ing  S o f t w a r e  Development  S ta tus ,
LS D — T R — 7 5 — b t , A L)— A 0 1101 ~n .

• S o f t w a r e  Documentat ion i n  ~u i 1 e m e nt 0 , ESD-TR—76—l55 ,
— A ,2 7051.

4
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In addition , the following seven (7) guidebooks will be available in the

near fu tu re :

• Statement of Work (SOW) Prepara t ion , ESD -TR— 77-l6

• Li fe  Cycle Events ,  ESD-TR—77-22

• Software De’ieiopment and Ma~ ritt nance Facilities, ESD-TR-77- 130

• Software Quali ty Assurance

• Software Maintenance

• Software Verification

• Software Val ida t ion  and C e r t i f i c a t i o n .

Further , the RADC ‘ Structured Programming Series” (RADC—TR-74-300) , con-

sisting of fifteen (15) volumes p 1ias an addendum to Volume VII , is recommended

reading for software development managers.

I

1.5 Guidebook organization

This guidebook is addressed not only to the software development manager ,

but also to the software specialists whose expertise is required throughout

the development. In initial phases of the development , these idividuals will

provide inputs for the Required Operational Capability (ROC) and Initial T3ud-

qetinq Estimates. Therefore , it is important that they have a background in

both the technical and costing aspects of the program.

F i q  ice 1 provides a Software Program Life—Cycle overview . Noted on the

ov rv ’, ew are four Joints where it 1; recommended that cost estimates be pre—

parr ’::. This ~~ ide presents methods for making those estimates.

‘; c ~ j o y  2 presents algorithm ’ for estimating softwar e d , ’v e l ’r 1  most . re—

‘ ‘irces ,and time requirements. Techniques are also shown for assessinq fis-

cal f’’i :;ih i . lit y of t h e  ~ ro~r oned program . A f ramework  for conver t ing  t i~. re—

‘ e r r  ‘:e “;timates into tim i•- phased program costs is presented in  Section ~~ ,

5
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and Section 4 discusses p i t f a l l s  to be avoided , ma k ing u se of the  cost

estimates in managing the program.

Appe ndices A , B , and C provide discussions of , and controls for , factors

which can significantly affect the magnitude of the development costs (or

programmer product ivi ty) . The factors  and their  controls  have been struc-

tured into three domains: ( 1) Requirements , ( 2 )  Archi tectural/Engineer ing ,
and (3) Management . The Requirements Domain (A~pendix A) addresses elements

of the software requirements; the Architectural/Engineering Domain (Appendix

B) encompasses systems design and operation; and the Management Domain (Ap-

pendix C) includes elements under the control or responsibility of software

development management . Appendix D describes software sizing techniques used

in preparation of the Initial Budgetary Estimate , which is often made with a

paucity of data . Procedures for updating the initial sizinrl stimate are pre-

sented , given the availability of additional information throughout the de-

velopment cycle. A glossary of acronym s used in the cruide is presented in

A ; : flUx F.

7
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2. APPRAISING THE SOFTWA RE DEVELOPMENT EFFORT

This section presents algorithm s for estimating the resource require-

ments to software development efforts. A framework for assessing program

affordability is presented , g iving consideration to the amount of funding
that could reasonably be made available and the uncer tainty inherent in the

est imated level of effo rt. Guides that show desired rate of expenditures in
terms of milestone attainment are presented for the purposes of evaluating
the viability of a proposed resource expenditure plan . Since the resources

expended are most highly correlated with the size of the software program ,

methods are described in Appendix D for sizing the software .

2.1 Estimating developer costs

The costs of software development (developer costs) are comprised of

primary (manpower) and secondary (computer , documentation , etc.) costs. Thus ,

the costs can be expressed as the following :

C = C  + C  ( 1)
D p s

but , C = (MM) C (2)p e
i = f i

and , C = C , = k C (3)
1=1 p

There t.or’

C (MM ) C ( 1 + k) (4)
D e

whe re

C = t he to t a l  cost of “ ) t t A - ll € development , in dollars

8
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C is the primary cost of software development , in dollars .

C is the secondary cost of so ftware development , in dollars .

MM is the total  manpower required , in man —months , for the development.

C
e 

is the average labor rate , in dollars per man—month , ircluding over-

head , general and administration costs , and fees , as appropriate .

C . is the individual cost of the secondary resource , i , in dollars.

k is a factor which is the ratio of secondary to primary costs ( .075).
2

Total software development costs , which encompass government support

and management costs, are discussed in Section 3.

Table 1 presents algorithms for estimating the total manpower required

for analysis, design , code , debug , test and checkout of software as a func-

tion of the application . Essentially, the relationships are of the form :

MM = a 1
b 

(5)

where

~~ is the total manpowe r required , in man-months.

I is the size of the program , in t housands  of ob n t  wards or source

lines , as appropriate.

a and b are constants.

9’~~~ aJ f)licatl)ns encompass command and . “ r n t r o l  , scientific , b u m  n ess and

utility packages; the ‘ all” category can he used when the appi in s t  ion is for

‘t ie r categories t han  t hat  shown . Figure 2 J r r ’a ’n t  S ; r , ~ h r ‘a! p l c t . s of th e

t , .n  algorithms .

2. Ibid., 
~ i. 73.
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Table 2 al so presents a lgor i thr is  for e s t imat ing  the manpower require-

ments for software development . These relationships are of the form :

1, j = n
1 f l  f . ( 6 )

j = l

where

MM is the total manpower required , in m a n — m o n t h s .

I is the size of the program , in thousands of source l i ne s .

f . is a constant  r e f l e c t i n g  the e f f e c t  of e n v i r o n m e n t a l  f a ct or , j ,  on

the manpower requirements .

a1 and b
1 

are const rants .

Equation (5) entimates manpower requirements , assuming little is

known about the development other than the size of the program . Eo-iation

(6), on the other hand , reflects the impact of environmental factc’-s, other

tf’an modern programming techniques , considered to have the most signifi—

cant effect on manpower requirements . Unfortunately , there was no re-

ported data with which to project the effects of modern programming methods

ar. software development . As information becomes available, the estimates

derived with these models can be adjusted for anticipated efficiency in-

F i ~~u r n  . ‘ r o e . - n t s  the suggested u t i l i z a t i o n  of the e s t i m a tin g  relation—

s h i n  a .  In t n i ~ a n a l y s i s  and in-mon ichas of the deve1n~ nent , more i n f o r m a t i o n

r , ’ l s t L ’~e t o  t he  develo;~r rr’ r :t envi ronment  w i l l  become known w h i c h  w i l l  permi t

he’ est I n st  ‘ . r s  1 :0  r . r t .  iflq t i .  S V’  r - o nm e s ta l  f.,cH ’rs to  be used . These

in .Iu ~~s C ’I C I  i r e  used t ‘‘ a i r :  ‘ r  (cost e s t ima tes  der ived  i i i  subseeuc nt  n b ases  of

t o -  ‘.-e lon m.:-nt ; c- r i , . ’ f ’ c l l o w i r , ;  q u t c i ’ ’l  i n n s  m e  o f f e n d fo r  t h e i r  u i -i c :

• In ‘ ‘ r r f l r ” c  t f ’ n n i H , r t  i ’ m ,  . t t he 5 1 7 5 ;  of t r i o  program in ob~~oi -t
i;y l~ is k r r c , w n . , u s , . -  s ol j e c t  code c -’ . - t  i n , r t c ’ n  e .  The’. will give

more ‘ i i  or t is i 0 r T i ’~~ n r c ’ on T , r f l ~ r t j
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• If accurate estimates of manpower requ l emerrtr; are required in
the analysis and design , and subsequent phases of developmen t ,
use Equation (~ ) in source code for programs of I > 10 ,000 and
Equation (6) in source code for programs with I < 10,000.

• For budgetary purposes, use the equation that gives the h i qr , ’~ r
estimate.

Table 3 summarizes these recommendations. In evuluatirm g th e  rc-latinn—

ships , Equation (5), in general ,was found to estimate tri ’nher for programs

with 1<10 ,000 and Equation (6) estimated higher for program s of I 
~ 
10,000.

This perhaps reflected unique facets of the data from which the estimates were

derived . Therefore, to be conservative , it is suggested that , for budgeting

purposes , the equations that give higher estimates eif manpower be used .

In summary , the procedure and models used in estimating the cost of

software development are dependent upon what is known about the software

(e.g., application , size , type code) and the software development environ-

ment. Equation 4 evaluates the cost of software development as a function

of the total manpower used in developing the software , the averacne labor

rate,, and the ratio between manpower (primary) costs and secondary costs

(computer , documentation , etc.). Table 1 presents the algorithms th a t  can

be used to estimate the man—months of manpower required to develop software

when minimal information is known about the program (application , size , and

type code). As more information becomes known about the software develop-

ment , the algorithms in Table 2 can be used to calculate the e ’tinia t ei total

manpower required. The environmental constant , f., is the s’rcduct of the

individual factors identified in yes—no assessments of elements of the de-

velot mont environment. If the status of some factors is not known , rn- ’ ec—

tions can be made as to their status in order to derive th c  F,cn;rove.r ~ t i —

mat’- :- .

Estimates involving program size in object code should always he de-

rived using the algorithms in Table 1. When the proqram size is it; source

code , the a l g o r i th m s  used are also ~eper d ent  u~ on program s ize . Ocr ~ ro—

grams of less than 10,000 lines of source code , the algorithms in Ta ! In  2

15
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TABLE 3. RECOMMENDED FORM OF RELATIONSHIPS

~~~~~~~~~~TI0N~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I~~~l0 , 000 I~~~l” , 000

Budgeting The f o rm th at g ives The form tha t  giv es
highe r es timate .  h igher  e s t ima te .

P lann ing  MM = aI~ fl f M aib

j = l

should be used , and for those of equal to or g r e a t e r  than lO , T00 l ines of

source code , the algorithms in Table 1 should be used .

The specif ic  algori thms taken from the tables are also a f fec ted  by

type program (command and control , s c i e n t i f i c, business, u t i l i t y, and a l l ) .

As noted prev ious ly ,  the algorithms for “all ” software should be used when

the app l ic a tio n  cannot be categorized or is d i f f e r e n t  than the categories

noted.  If a program encompasses a combination of applications and a pro-

j ec t ion  can be made as to the mix ( e . g . ,  out of 50 ,000 source l ines of

ins t ruc t ion, 10 ,000 are ca tegor ized as business , 10 , 000 as u t i l i t y, and

30,000 as scientific) , then the appropriate algori thms can be used to es t i—

na te the marj -ow-er  requi red  fo r  those por t ions  of the sof tware . The man-

power required for the total program is then determined by summing that

rc”suireci for  the i n d i v i d u a l  catecor ies .

2 . 2  ‘.;~~afi s;uof t ’wore development  t ime

Figure  4 i r e sen ts  a qimu -h i c a l  lo t  of an a lo o r it i n to es t imate  the t ime

required for soft s s~re ana lys i s  and cie~~iun , code and checkout , and test  and

ir H ’-  :r at io n . It  should  he noted , snw , ’ver , that  manpower l o a di n o  can affect

11~ 
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Figure 4. Software Development Time Estimator for Overall Usage

t h i ’  schedul ing . This a lgori thm , derived by applying regression t e c h ni gues

to a data base of 74 development programs ,
3 

implies customary manloading .

Schedules based on the use of this algorithm should produce reasonable com-

pletions which avoid the pitfalls inherent in “crash projects ” and the un-

necessary time delays resultant from long, drawn out projects. The algo—

r i thit- f ur  e s t i m a t i n g  the development  time ( D )  is ‘n iven as :

D =  
1000 1 (7)

9 9 . 2 5  + 2 3 3 ( I ) ~~~
67

where

D = Rea’ o ahle development time in months.

I = Number of de l ive red  ob jec t  i n s t ru c t i o n s .

3. I b i d . ,  pg. 43.
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2 . 3  Assessing program a f f o r d a b i l i t y

Dur i ng tOe concep tual phase , it is important to commence cxam.in ~nc the

f ir cal f e a s i b i l i t y  of the proposed program . Th is e v a l u a t io n  should be’ con-

du st ed  periodically through the development of the software until j~r oor a r r

a f f o r i a b i lit ’,’ , or the cr ;i mu acy of bud geted f unds , has bee n es tab l i shed .

This is d e t e rm i n e d  by a n a l y z i n g  the resources required over a range of pro—

1:r~~nniut .i c a s su r r l t i m n s . The es t imater o  developed in pa rasr~,rjH; 2. 1  can be

used for  th , purpose.

Est imates  of resources car  be subject  to a i r ~’rociaOle crier if l i t t l e

‘or no i nf or m a t i o n  is avaiia l’ l~ to guide the  estimation . And , the evalua—

t in e  of a f f o r d a b i l i t y  w i t h  h igh ly  erroneous es t imates  is of ouc- s t ion able

value . However , the est imates become progressively more accurate as more

ir ,f ’-nr-rat;ion about the software becomes known . Ocr example , hav ing  projec-

t ions of ro or am s ize  (in source or object c o d e ) ,  t he po r t ion of code to

be used in data areas ( v i s — a — v i s  executable  c o d e ) ,  the amo un t of reusable

code , and the language mix (U L/~ OL) of the r e su l t an t  code car. enhance the

acc ’cr-ac~,’ of the resource estimat’”~ appreciably. This is demonstrated in

T e l - i c  4 which summarizes the resource estimates for two examples. Both

arc , ,fs,’arc: programs es t imated  to consist of (O , 00 fl object  i n s t ruc t ions.

The oe’~uentiae 1nrs ro’~’ene it  in nan -month accuracy through the ava i lab i l i ty

of  or . we i n fc r n .a ti u r  i’s ve ry c l ear .  The smal le r  s~r rea i in the  absolot- .

-i’’ ‘:es o f manp ower  e s ti  r r u t ,-i s ;  f or Prnc ;r , ’rm, A is a t t r i bu t ed  to t : , e  “act that

~ r ,,, ~sr,’:c;;t nf - ccc: to be written is less than for Program B (I rocnram A

has m o r n  ‘ i - i  t as i de  for  d at a  areas  and l ,aa  more re lso:  I c  code)

‘iSCS’; -‘:‘ :elmn ~e also il :” ,’t v o t e  how t he  p ot e n t i a l  trends can co n f i r m

aiforsahility of a ;‘ r oqrs r ; , or  ‘ ‘a  r eed  for more i n ; c or r i a t on: or for  a d e—

si ’n n - - ta s’:e .  The d a ta  fror Table 4 are plot t , 3 in Fi gure 5. ~~ n rj mpo sed

an t h i s  f ig u r e  is ‘he  level of accame ! available f u : , h n o  ( i n  terms of m a n —

mon t - ) - This vi las i s eievelor ‘ in dia logue s’~~t ; ;  J .’r osI -ect . .i v e  r e j e c t

Th , ,nvcrsiofl of dollars to develo ! m e ’n: t :  mar —m on t h; for  the

a s unc i ex am !  In:: i s :

It ’ 
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F K 2 $1 , 800 , 000 x .6 -MM = —
~~

-
~~

--— = 
~~~~~~~~~~ 

= ~ 1C man—months  ( 8 )

where

MM = Full-Scale Development (FSD) e f f o r t  in man-months required by the
dc ~e1opment contrac tor .

F = $1, 800 , 000 total program fund ing  le ’,rel in d o l P ar ~ ass umed to be
available.

K
2 

= .€  f r ac t ion  of total program represented by the  contractor ’s FSD
e f f o r t  (see paragraph 3.1 for  discussion of other rroqrarnr p h a s e s ) .

K 3 
= $5 ,000 per month , contractor ’ s average c )st per man-month .

In Figure 5 , it can be observed tha t  Program A is clearly more a t t a i n -

able than Program B , and that Program B should not be pursued in i ts  pro-

posed form. The analysis further provides a basis for examining sensitivit-1’

to key programmatic assumptions such as assumed data areas , reusable code ,

and language mix. The example also demonstrates the need for updatirio the

estimates as additional information becomes available.

2 . 4  Resource expenditure evaluat ion

The discussion which follows is intended to assist the software program

cost analyst  in eva lua t ing  a Development Ac t iv i ty ’ s proposed Computer Sys-

tems Resource De- ;eloprr ent Plan . L ’aca are presented that show desr r cd  ra te

of expenditure as a function of milestone attainment for various software

project levels (size , complexity , and management im~ le-menration s t r u c t u r e) .

2.4.1 Schedule. Table 5 summarizcc the expc-cted completion times for

t-aiiOue size software development projects . This is offered as a first

check for schedule re-aronableness. should a proposed schedule  fa l l  ccs i c i e

the h o ird ’:  t ot e d , qu e st  ions sh ou l d  be a s h e d  as ti whether there is some

rea~ onable h>: : s fo r  it. For example , a ievelormc ”n ’n t s ’h cds l c  for a !-ro ’Ir an

coernisting of lar-~e data a r - i - a s  and e-xtenc~ ve reasatle co .ie ma ’, - have a la r ue

total object n~~d~ count  vU ich cou l d  he c-c rc I c - t e d  in less time than t h a t

not e d  ir . the-  t oPic :  . A second --shock for re ansonal .  len;ess can be made Pc corn—

ariri q ~~~ ProPosed snneiclc ’ v it o  t i lt  w h ich  is c’htainecl from usi cc; Fiqurc

4 (p . 17).
3 ’!
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2 . 4 . 2  Management imp lemen ta t i on  s t r u c t u r e .  Table 5 also l i ’ ,t o  the

types of implement at ion st ru ctur es tha t  ar e r easonable to a~~ l y for  v a r i o u s

s~ ae sof tware  development proj ects. The discussion which  fo l lows descril - :.

en -h of these structures .
4 They include :

TABLE 5. SOFTWARE MANAGEMENT STRUCT URE S

Man aaernent imp lementa t ion  sch eme
Schedule , mo. Tot l ot jec-t code — ___________________

Normal p v r am i c i  Structured tc~ -down

12-18 <lOOK First level Savince unknown
project

<40 Q de crease in
100—2 ~CK level of rcc’nuirc ’d

Second level e t f c :t
______________ - p roject build-

26-36 22’S - :sOK 
up and
bottoms-up

_____________ -__________ —— in t eg ra t i on  Savinqs u n k n o w n

36—4 6 600—l5oSK 
and test

Firs t ,ev ’~l P r o p -  -t  - - A sma l l e r  proj c”c-t  t n ~~t can IUv accoml’l i a n ed  P-,’
a sircglcr t i r st  l c l v c n l qr ~~o nr , cr o ~qe’r who often I i : . :  igns his pc ’r ’-non>n; ol a t’- r:n

n - - i t r ’ i~ i - inn - 1  t- he ; - r o o ’ c t  - In many co,; ’:: , the re . U:  cc expendi tures

cit’S f o r  these r : ns ’~~: ‘n d  ~~~‘ have I ’n:s  P:nHdu~ ‘ n n d dec l ine  i n ’ n  manpower

I - H . n lq  than se- -end level n -‘iects . Fiqur~’ 6 ill:i:t r o t ’ : such a d i ’  ¶

hution ot re-sources.

4 .  - , n ’  n , d e l  U . , ‘ , t r , , c t ’ ’ n ’ n . t L c s  of S yn ;t ’rn : ’n f l , : v o l , n 1 m e-n t  L i f - ’ - — C v c l , ’ ’ ,
0 o n , , l’i 73 .

5. f l :~~
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Second Level Projects. Large projects managed ur’l.nr a normal pyramid

hierarchy rc - -qu ire a second level project management group for accomplish-

iri,~ the actual design , coding, system integration , and ~osst . This second

level g r o up  is su1~ported isv a first level group which is approximately

equal in size to the second level. Ficnure 7 illustrates such a distribu—
7t ion of resources.

S t r a c t u re d  Top Down Programming. S t ru c t u re d  Top Down Programming is

a ~ractic:e i nvolving top down design of a program using structured :ode.

Top down desiur f — St involves the  d e s iq r  of toe sof tware  module wi th  the

highest level of control in the n > c ’ g r a n n , and then proceeds to the desi gn

of successively lower level modules until the level is reached at which

a lgor i thr rc  are n -ro qra mxn e cd  in s”-~r ‘ c :  code . St r u : - t u r c : .-’ code ii a manner of

the  co’1~ wherec’~- a program has one i’: t ry arid one exit r

,,t r :d t h e n’,’ is :,-.> n e fu l  i nden :t a t i o n  of t h (  cod e to show n:estii - levels.

These practices have been applied to moderatel y l a n - nc-  n e - ] ectc wi th

consi 5 : 3 : - 1- ’ success , and -i si’.-ln-;o of oj- to 4] ercent have been r ’-~~-~~r t ed .

Top dow n des n ,qn r esu l t s  in ]ecreaeoJ costs becan:n~ ir,t( -in - - -cion and t o - s t

of the n e -n o i s e  oc’c : r  as the’: are- developed . Al so , i f  : sired , de l iv e rie s

On ii:ivi’o ,ial nodules  are possible . Since prohlom’-~ are r e so l o c  c ii -> t h c

occur , special in te cr a e - ion  an’:  test team~: a m> ’ n: ‘t no -ed ed  , and c .’ corn—

th a t  can e v o lv ’  in ho~ tame— up- devel cq moo t is avc i da d .  ‘-.r s t  cases

a, iyII> ’n:Sn t nn the ’ie— ’ n : .  t h e r e -b c  de’crc-asin- :n r e  ~~, ; n c  S e - ~ n - o t t . ‘co:u —

mer .ta’i-:: . sio~- ] i f i e h  P s i c ’ ’: it  n-on to :  easilv q c ’ n c - n , c ’ ’ ’d in : 1, - i

with t ’-  ‘nnni.nio t Ither t :hen he1.n ‘n a : n r ’  -~~at  c ’ ]  tram uiit t:sinltstions d~ n - -

lr:q th test r base -

i i ’r u t e  8 illu s> ,r- ’iti’s a tyn~~.+ nl 1n:: t n’ n~ - c ~t : 00  O ’~ r e: a i . e s  t ’  r - a moder—

~t-s1y lit’:- p roiec t :i:-ln’n -t ra - tan -1 t o n -  down, r’- -:n’am , nr,: . 
8 

s q  errmp’osed

7 . fl -IS .
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on Figure 8 is the magnitude and distribution of effort required for the

same project , using a Second Leve l Project Management Structure . Note

that the program milestones apply only to the Second Level Project Struc-

ture . While the milestones are similar in Structured Top Down Program-

ming, they apply to individual modules which are distributed throughout

the development cycle. Whe ther or not such del iveries are sought by the
customer , it behooves th~ customer to conduct Preliminary Design Review

(PDR) and Critical Desi gn Review (CDR) at both the CPCI , which is the

Computer Program Configuration Item , and the module level , which consists

of distinct program logic packages as identified by the user , analyst

and/or programmer.

2 . 4 . 3  Rate of expenditure . Table 6 lists reasonable distr ibutions

of resources as a funct ion of various development milestones . These data

are presented for a pyramidal hierarchy type management implementation

structure. These same data are shown graphically in Figure 9. Proposed 
‘ 

-

schedules and expenditure plans can be compared against these norms for

assessing reasonableness. Deoartures from the norms should be questioned.

For example , an expenditure rate hi gher than the norm should result in

earlier than normal milestone attainment. If not , de termine the contrac-

tor ’ s understanding of the performance specifications and design . Perhaps

the developer has an i n e f f i c i e n t  use of resources due to the fact  that

people are available for  work prior to the time their  tasks have been

adequate ly def ined .

E:.~~> : n d it u r e  rates lower than norm imply that  the rate must increase

quici- ly at some point. Where does this occur? Are these increased expen—

SL tures compatible with the contractor ’s proposed milestones? If not , sus—

pect a lack cf i-oblenn understanding.

F i q ur e ’  9 also shows ex~ 5-ctl- ’d rates of e xpendi tures  for S t ruc tured  Top

Down manarneinent  s tr ’sct - ur e . Thi :-; rate is simi lar to that ex~ erienced for

the smal le r , F i r s t  Level t -~r - e  r - - c j > ’ c t  rr a: ,ic”pc ’-n t  s t r u c t u r e . As noted previ—

ously , the phases do not n i - i i -
~ to the Structured Top Down approach .

27 
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3. SOFTWARE PROG RAM ‘c -  I N ;  AND MONITORING

2h i s  section de f ines  the rod> ’ of the software program cost ana lys t

ar > J  p resents a framework tor cons t ruc t ing  the program independent cost

estimates. Key areas where the expertise and counsel of the analysts will

i lay an important role are also identified . The costing fram ework integrates

the resource and schedule es t imators  into a procedure for  es t imat inq program

costs. The resulting cost estimate is time—phased , satisfies the require-

ments of DOD Direc t ive  tqno.l , and includes provisions for both governmor,t

in—house costs and contracto3r development costs.  As new i n f o r m a t i o n  is made

ava ilable , the est imate is updated . In addition , points  in the development

cyc le where the independent estimate is updated are also noted . Acquisi t ion

events and analyses requiring these estimates are also l ist e a . The discus-

sion of cost monitoring covers the Request for Proposal (REP ) phase , system

imp lement at ion , and moni tor ing .

3.1 Role of software program cost ano ’i - -’st

Figure  10 shows areas throughout  the development cycle where the

software program cost analyst can make a major contribution to the

program . During the course of the development at least four indepen-

dent es t imates  will be prep ared . These ~‘stimates are , in t he i r  order

of ccu rr en c e :

:o f t w~1r, dos t E s t i m a t e  When

:- ‘ - - t - c , m t t  to.  1 — Initial Program Conceptual Phase
f3ud ; ’tai ’y Es t imate

Ectimate N,s. 2 — In P- ~ “-r: ’ Pot n n q  r i m  Proqram Decision Phase
V al i d at i o n  ‘c ” - > t

E s t i m a t  -
Est imate No.  3 — Independent  Full-  R a t i f i c a t i o n  Decision Phase

Scale c ’v o d o r r or ’ct
(FSD) Cost Est~ nate

Estimate ~o. 4 
- ‘

~ 
- i - i t s ’  of FSD Cost P r e l ir n ir a r v  Design Review

E s t im at e  (PCI - ; ) 

~~~—--‘ - - _ _ _ _ _
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The initial budqetary ostirr ac- >- is perhaps the most important and

most difficult estimate to make since ‘,‘ >~ry little information is avail-

able at this ear’~ conceptual stage . If the estimate is too high , the

program probably ma- not be approve--I , or if it is approved , Parkinson ’s

Second law , “ Expendi tures  wi l l  rise to meet income , ” wi l l  surely conio

into play . If the estimate is too low , the program wi l l  in cur  overruns .

This in i t ia l  budgetary estimate is a l i f e- cs- i s l e  cost (LCC ) es t imate  which

is used in several key documents . These include :

• Program Objectives Memoranda (PilE) - The POE is used by the
services to obtain program apc roval and inclusion in the Five
Year Defeose Plan (FY DP ) . The i n i t i a l  ls-ucqetarv estimate
appears in the POM as a time-i hased s-ast by appropriation
ca te gory .

• Advanced Procurement Plan (APP)  - The APP is used by th e De-
velopment Command to seek I’rocure000t approval . Costs are
shown apportioned to respective develoc r-:cs r,t activities . Also ,
l ike the PON , the cost e’-t imate  appears in  the  form of t ime-
phased costs bi- appropria t ion cateqory .

• Resources Annex — The resources annex appears in both Decision
Cuor d i -na t ing  Papers (DCI’ S) and Pr oqs am Memoranda (PM 5 ) . Like
the POE , the resources annex jre~~ent:: time-phased costs by
app ropr ia t ion  cateqc’s ,- . The r e s o o r c e s  annex is updated each
time the DCP or PM is updated.

DurIng the Conceptual Phase it may become —Ic ’scralsle to obta2r> or.

i i  t r I I  j I l l - I t , . Thi s  can ci t : c e r  he dec n ;e in f or m al l ’1 t : 1 Ca n ;: “xi ‘at m g

-sors I rig rr ’ I at ior .:h i ics - , or t ci ’~~,e form a 1,1 y ,  thrs:u~ h a P. ow ‘‘at ; f o r  I n —

C’ar rs ,I c 1 5 - : )  ( > ‘J’ l , . y;’ L l, , l (  5151.) , I h5’ S~ l I T  I f , ,  1:> no> >ll y susti ’ .

rI ) ‘ : f  o f  - i - c - - p c ’> - - >  nisc-, , - r : t , ‘ s - ’aa- ’ o~-tual - ; t : i I i ,e s ire  5 ’ s -Oii d I iShO (i ifl t, ( ’ > ll , , ’ .

Th is  m i-s i~ - L I ,  - - 071 1 t ime sit’ 1 . ‘; ‘  - , j l v  nt  ‘ O f f  i c > :  of ~c- in , j cn e m e n t  ,~~: I

Budqet ( c i t . ) ) C i r , ; i I a r  A — i ) ’ . ‘ i b i s  r c : q u l - j t ’  :~~n is d e s i q n - ’d I: s o l i c i t

> r ’ a~~j~~ r : s I,  1r,5’~~i V - m ’  - - - t ~ = a ’ C’~ t i  I ~e p e n n  of  v o l vin a  t r - ’h nica l a -i -ca -hoe

g i s - ’- r  - t , > ’ T ’ > , r ,~ - - of T 5 I 1 . ; , : i f l I ;  ne d ; , .

32 
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Once it appears t h e r e  is going to be a program , v a l i d a t i o n  planning

e f f o r t s  begin.  This p l a : c n ’ i n ~ a c t i v i t y  o f t en  takes  place pr ior  to the DoD

program decision by the L . e I ’ a > I S e  System Acquis i t ion  Review Council (DSARC-I).

In some cases , RFPs are a rt u a l l y  released , proposals sub~n itted , and re-

sponses eva luated - —  every th ing  ‘a ’aur t  of ac tua l ly maki ng the award . It

is at thi s t ime t hat the budgetar y est imate is updated and an I ndependen t

Va l ida t ion Cost es t imate  is made. The Independent Cost es t imate  is used

to evaluate the  reasonableness of the contractor ’ s proposed uc- ’its. P lanning

documents that the software analys t  should help prepare i nc lude:

• Work Breakdown S t ruc ture  (WBS) - The WBS shou1d be prepared
by analysts who have both a technical grasp and an understand-
ing of the cost proposal evaluation process. Considerable in-
formation as t the validation of the contractor ’ s understanding
will be revealed if the government asks the contractor to submit
h is cost proposal to Level 3 of the sof tware  WBS.

• Performance Specification — The per formance  spec i f i ca t ion  iden-
t i f i e s  the levels of performance which wi l l  be required to meet
mission needs. Performance levels that can be considered for
t r ade -o f f s  should be noted .

• Statement  of Work (SOW) — The SOW i d e n t i f i e s  al l  of the design ,
eng inee r ing , adminis t ra t ive, an d support tasks tha t  ar e to be
performed over the contract .

• Government Furnished In fo rmat ion  ( G F I )  - GFI includes all in-
formation released to the contractor. This includes any
algor i thms or reusable code that th ~ government may wish to
release.

• Government Furnished Mater ia l  (GFM ) - >i”M includes all equip-
ment and mater ial  that  w i l l  be fu rn i shed  to the contractor by
tb ’ government .  This  would i n c lu d e  h-omputer hardware .  - ‘

• Contract Data Requirements List (CDRLs) — CDRL 5 l ist  al l  docu-
ments  which ar e  to be de l ive rab le  u n j lc r t ie’ cont rac t .

• Source Selection t a n >  — The i s O I L S C t ’ -  selection plan includes the
procedures and c rLt e r i a  for  select ing f b i ’  w i n n i n g  c ’c i n : t r a s - t c : r .

Once a i ro-~ r am Iso ’ i sion has bee- n mad > ’ , t he c o n tr a -f va l id , i t  ion award

is ma ci>- . I - e r’ h i o h  r i c h  I - r o u ims , t h > ’ r >  ni p’ P> m c c i  - t h i n  on ’ ’  v ,>l i>ia t no n~

c ’ f f r , j  . ‘ i n fo  th °  val  ~~~~ i n :  I - h a s ’  - ~~~ s o f t w , u c  c o t  , > n , ’i l ’ s : t  c P ’u 1 d  lo ’

3 3
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pi- eaccu ;-  i’ai ~ 1th sugge’- t no poss ib le  h a r d w a r e i f i r r n ’.- ’a r > , - ,/ sot w a r > ’  u c c : , t

t rade—o f  f s  and in ‘ ‘ ‘a t t r i b u t i n g  to on—going f e a s i l  i l i ty  and r i sk  au -’a- ss—

m. -n t s .  The an al y s t  min t become f a m i l i a r  w i t h  n contractor  ‘ s proposed

dp000-3ch es so t ha t  inde~ - ‘r ’j ’arit F I D  cost “ s u m a tr a  can be r~~ ared . If

competi ng a: ~-rj ;a s h e : -: v a r y  ;= 5~~n i f l c - O n t  l y ,  it wi l l  t o  rlecessar - -,’ to develop

I I I : i O i - -’ a’,Oi,lnct cost , ; : ;f I m i t c ’s ; fo r each ar ’p r ’aach .  if the program is under

t ’s t ” i i~~~t c i - ’O’a t (DTC ) , the  ana lys t  wi l l  develop DTC t a rge t s  for the program

and i s - - r:’t~~t i y j - c  a l l oca t i on of tha t  t a r g e t  down to the subprogram level.

A d d i t i o n a l l y ,  the anal -st  is active in preparing sel”-uted portions of the

; ‘om~~ur -r  Resources In t e ’ar- a t c - .  Support P l a n  ( C R I S P ) .  Once v a l i d a t i o n  e f f o r t s

Sirs ’  compl’atc’d and tho FSD ~— r s p o s r i l s  suhmi t t ’, “>1 , the anal- :ot  becomes an active

I--ar tL’;:;~mflt in the  cost proposal eva lua t ion . L i f e — c y c l e  cost n at i m a t e s  are

a lso updated for  p r e s e n t a t i o n  to DSA RC .

On ce the iso-,’elc~-cm>~nt dec is ion  has been r a t i f i e d  (DSARC I I )  , the

analysts par t ic ipate  in Pre l iminary  Design Review (PDR ) ac t iv i t es  and in

overseeing implementation of the contractor ’ s Cost and Schedule Control

Sys te m. h r ~~or to the Sys tem Prog ra m C t f : c - e (SPO) approva l of the con-

t.r a ’a t n r  ‘ s proposal , the  an a l y s t  sho u ld ~ r’€ J - T~rc i r , Cc, r e n d e n t , cos t t h r esh o l d

e’at :r rat: ’sS JISC cor003re tr i ese w i t h  those b e i n g  considcrc I b’s t :,o c e n t r a u t o r .

Once PDR is comp i - ;t ’  ‘ 1 , t i e-  anal -- c t  w i l l  non i t >  the c ’ : c n : r r .i ‘t o> ‘ s cost

arid d e l i v e r ies .  In add i t ion , the ‘H~ D cos t I : ‘a , i t  ~~i l 1  he updated

~“ a u ’i on the resu l t s  of PDR . Mo~.t h i  y m l > - :  ‘ T ;  h - n t  no T. i .rrate- s of u e t  -it

‘aooj iu u  Lon (CA’>’) wil l  Is ’  made, ,~~~: c ~s’>m~ ‘c n c ~- - w it ~~c I I , - , - submit  ted by t l c e

(‘Ct:trac t~~r. Signif :‘:arct .‘an ia ncro - ; w i l l  ho ca l l i - d  i c c  t h e  ~~~~‘ > ) ‘ ~ a t t a in—

t : o r~. ~‘ . a ;  ‘> n,is~ ’t> t cost e s t .) m 1 i tc ’s  s’, l l  I - - I r > , i 3 i ’ ’ -J : -  eo- ,P’. ~~~~~= ;~~~ I

- ;r C  e I r 5 r h i - - : - c a l  (E CP)  and any Class i~ L( sice c itie - i is t h e

3P0 ,~~~~~f u h ’ > -  F ’r ’ocraIfl i-a a - ‘ 1’ - ’ t’ C Acquisit i s : ,  I - c ’: :  i - s  ( . ) A R )  :ic-:;i :r:at’,d

ro’~r ~r ;  , t ; , e anal ’>’st will r> ‘are ‘a; r roi’ r i i ts ’  cos t ‘a t  at-a n i n  o t t ’ ;

for :- , si ;c;ion in t h a t  r e m 0 1- 0 .  As tb - i > t  i’s-n ;/ i ’ rc;cduc tior decision

~ t r 1 R ’  i i:, ar,->w-; ; > ‘ a r , the anaT, sst will upda te h i s  l i t - ’ — - -  le cos 



- -

3. .5 :c ~-v~ L -  g - l r n g  the indr-penden t program cost c i  - c ’-

T h i s  - c t  ion presents a fr tmework for €- :-,t ;m,i~ m g  I ’  * a ? , -  r I i  10

Ic v o l  ‘m -n ~ cost arid schedule .  ~ -~r it ions and ‘ ; ‘ i p - j ” ’ n  t ‘u- s a t  ‘~ - ‘a

- i i -  i - - c - I  in  t h i s  g u ide ,  but In -
~~~ i~~ considered in p repara t ion  - - r  t I e

svst  - -rr ’s L i t  - -
‘ ic ;:‘ ost (LCC) es LIP -c e.

3 . 2 .1 .  , • - -~ - ;  n-i c sit schedule. Ta: 7 — -~mmarizes program d e v c - 1 o 1  -

m eI i ~ t imes ~~:. ich  in s- c e  i de red reasonai e is each development l ose .

Lo~~- r va l  ~- o f he c -  ‘ in , , t  ‘ a r c ;  r e f l ec t  pro : rj ’ si o - 
- ‘j t  are well i o n i c - ’ : ,

w. 11 sq ~~> r s . -  by ‘ a ;  1 , 1 ? - i u t i . ’a r it y ,  and not - - l y  c omplex. The h i  P - i

vu :; - -- - ~re m ’’ re t:’~ i al  I those currently expe -ted “cause of t b -  T r - ’ : , lS

‘ - ‘w O n I - gr- I ’ c - l  s’> . ~t & efl ‘ ‘tfl ~ ’ i ” > X i t V . In the evc,ct t h a s  1-he ‘ tof tware develop—

n-i ’ ‘a’  iS  rt’ t I t  t - -  -~~~ . I 
~~

- t I c ~ P S AR ’ m — rocc:’ss , the prog: ‘ii. dsc ~on t inc i n ’ r

m- ’rr s a t ’ ’  -
‘

3 .2~~’ Ls~~-:.s1opiflefl’ c - ’ . V ’ , .’ > l n ” > i t h m  for  - u f t ’*’ ,i re  r u - n i a n  h - s ’ ’ l

n -nen t  - c  ~ C) is C i v - : >  -

CF . ‘a~~ - FSD

-
~~~

-
.• ~~

. -

COn Cct t a , i b  ‘ ‘i , ’L C “I I ~ n lu 1 i t  s

C 1’a j t - ’Iation , .‘ ;,a;s - - - 1 in l ’c~l i , in ~VAL
C

FSD 
‘ ‘s i l l — S c a l e  Dr ’velol I ’ > ’ - r , t - - - t in d o l l  ~i r ’
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TABLE 7 :  SOFTWA RE DEVELOPMENT SCHEDULE ESTIMATORS

Developmen t Phase Estimator , Months

1. Conceptual Phase

(a)  Concept def in i t ion  6 to 24
(b)  Program decision 3 to 9

2. Validation Phase

(a) Solicitation/award 
1. 6 to 9

(b ) Contract def in i t ion  6 < .35 D < 182

( c )  Ra t i f i ca t ion  decision 3 to 6

3. Full Scale Development Phase D 1000 1

9 9 . 2 5  + 2 3 3 ( I ) . 6 6 7

1. ontract definition is that phase of development during which i re-
liminar y design is verified or accomplished , and firm contract ar.d
management planning are performed .

2 .  :n general , contract def ini t ion wi l l  last approximately 35 p e r c e n t
of the total software development time . However , i t is os t im a t e d
that a minimum of six months and a period of no more th an  e i g h t e en
months would be required .

3 . 2 . 2 . 1  Government cost . Table 8 summarizes level of e f f o r t  es t imators

that may be used for - c, i u t c ’r m i n i ; , -C f ’ si ’> government ’ s approximate seats ,iur-ir,q

development . These costs cove r the program office and thee-; > - personnel that

may be in direct support of the program office . Aron” noted that the Con-

ceptual Phase usually requires up to seven people. No peop le may be assi cnc-d

in cases where the project is a log ical follow—on to an exis t ing  act ivi ty .

Decisions in t h i s  case arc r- ,lc by AFSC Project Divisior, Managers as a normal

part of the i r  job . The upper l imi t  of seven ref lec ts  the fact  t h a t , even for

b a r - - c  systems , t h e  sy’atr ’r ’> concept should be w i th in  the qrasp of one p er so n .

W i t h  more than  seven , i t  becomes almost impossible for  the team to a r r ive  at

a s ingle  oc : ’a c ep t  they a l l  u n d e r s t a n d .  Typical ly  the team c o ns ; s ts -  of four

to five people . c, r t l y  a short t ime is required to prove the concept , i -at

the ; -hase  may wel l  last  a year  or two , d u r i n g  which  t ime miss ions  w i l l  l o

11. Ib id.

05’>
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defined , o rganiza t iona l  at t i tudes wi l l  be surveyed to determine needs , and

management support wil l  be lined up.

Dur ing  the validation phase the project  o f f i c e  e f f o r t  is est imated to be

10 to 20 p e rcent  of the e f f o r t  that  w i l l  be expended by the contractor  d u r —

ing FSL . During FSD pro jec t  o f f i c e  expenditures can be expected to double.

3 . 2 . 2 . 2  Contractor costs .  ‘I’ a 1’>l e 9 summarizes the Contractor  Develop-

ment Ac t iv i t i e s  level of e f f o r t  es t imators  for  both the Va l ida t i on  and Ful l—

Scale Development Phases.

The e f f o r t  required of a s ing le  c o n t r a c t s - n  d u rh i g  va l i da t i on  is e s t i —

-
k 

mated to range from a p p r o x i m a t el y  10 to 20 !er c ~~r ,t  of t h -  contractor  e f f o r t

dun n ;; FSD. I f  t i ;c ’>r e  is more t h , n  one compet i t ive  cont rac t  d e f i n i t i o n  con-

t rac tor  dur ing  v a l i ; i t i c n  , the cost should he increased accordinoly . I f

Independent Va l ida t ion  and V e r i f i c a t i o n  ( I V s V )  i s  to be considered , add

another  20 percent  to the cor.tr - I C r ’ s FSD costs .

3 . 3  Cost , mts ~ set - - : u l i-  - : , ‘ cc -I  - ,‘a -;l c- , ’ i a t i r , n , m

M a c or  han l~~’ c I ’ >  e v - - l e :  r~’: ~~ - , ar c -  r s - ’. t o r ’d  i r .  a c c c i d - ~ n ,  witi’; DoD I ’ a —

‘ a ;  7000.2  and 7 c ’ o ’ O . l O , s c ’ >  w e l l  sc AF CCV 173 .5 .  r- ’ icnm re 11 i l l u s —

t r ’a- ’s  t i m - -  t v j E ’ ( 0 5  it ;f - -trc ati c r, i - ~~ n -
~~~- :  n o r ; th ~~c- by > :, :“ - : I t r i : t , t s -  t O Y  i- -a ct

I t j .  ci - - c c - : , > . .  The ;‘,‘‘; te-r ’- f O i C - r S  4 ’ct e ‘ ‘ nt n d - t  ; to i-c ‘ar t  1 4 } t c ’ t ’ t -  : — t c  —

cost in ;  ~cLe b o l i -  0 5 c r  c ’ a (  id;; ‘cr 1,t; ,-h i it . In a ;  : i t n o n , t;~ cont ra ctor : - ; t

ij c r ,t , i t —  r r - ; - ’t lv e  a t ’ >~ : - i . , j r m ;  t c - ;  . I s - i t ;  12 t l l  - c > : c ’ an c_ c t  f e c—

t ics q’~
>c-hic’ means f a t  p l o t t n n m  1 c e - t i- 3 1 1  s,, : ,  s u e  v a r i ances  4 ‘ ‘ i t 1, - -

t i e  ~e d  , — v a ri a- ces in ’  - -:i i - -i c’O~~ VC C t  i r n )

For s o f t w a r c_ ’i c c -vc lo ~cm e n t  rejects, it  ~s poss sl Ic - lY m a n > -  a s i m i l a r

ret  ‘art ing scher” ’ on the c o r , t r a s ’. - This  would r e c i u i  s-c- ’ t h a t  t hr  WPC be

bcc ’c i - . end— itc’n ( : 0 5  f t w a re  s;d r> - ;r a m s  , doc- umentat ion , etc.) and tilnct,; ’>oallv

(codino , l~~I ” > k , i - r c -  H ‘ t , e t c .)  ‘m r i ” r ; i - ’ a h  I t  is recoqnizeJ  th at  i n i t i a l l y

a ,1 1. s : t i n r o ’r r ,u’ r c may not  be len t i f ~~e ;  ho~ r , us  t he  s ’>ib l r c m r a m s  are

i f i c_ - ’t , h c - - s h o u l d  } ,c m e l d e d  in h ’-  t ’}~ — .

38
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4 .  CONSIDERATIONS IN MANAGING A MAJOR SOFTWARE DEVELOPMENT I’ROGRAM

Previous sect ions of th is  guide have been addressed to ‘he Program

t-tdfl c- ;er ’ 5 Sot’Lw.an:’s _c
~pctciilist This section s~-ea ks i. isnarily tO OH.

Program Manager. It covers p i t f a l l s  that  should be avoided , use of

Independent Cost Estimates , techniques for  successful ly  moni tor ing  ti_cc-

development , and a discussion of factors which will  ma te r i a l l y  a f f e c t

the magnitude of the deve lopment e f f o r t .

4.1 Sof tware  development problem areas

Fiqure 13 summarizes those problem areas that er’- - H.,ol ’ - be en-

countered throughout the software development program .13 Problem areas

are grouped ho r i zon t a l l y  under the appropriate DoD Dc rc’ ct ive- 5000.1 De-

ve lcai m ent  Phase.  The f low lines are intended to represent  n a _ c c : - .: -‘e f f e c t

relat ionships among the problems identified. Problem ireac arc further

grouped ver t ica l ly  into one of three domains , e . g . ,  Re q u i re me n t s  Domain ,

System Architecture/Engineering Domain and Management Domain c ends-

ces A , B , and C provide discussions of spec i f i c  fac tors  w it nm 0;.c-se

csorrai: s which m a t e r i a lly  a f f e c t  the manrnitude of the dev elc -r r ’e rn t  c ffort ,

and g u i de l i ne s  for  responding to the e f f e c t s  of i t s  f a c t r r  . Tab le  if

c : irn r n a r n _ c e s  the  sens i f  iv ir y  of de’a’c - ~~~-; -m e u t’ cc- ic t c -  thi s t c m  > 0 1; .

l a , ,- I rio ‘a “ 1 ’  t’ o f p e c k :  c;nns Oh m t  ~r1se J u i  nniq tb~ I u t - i  s taq ’s c f

l i - c - c ’ dfli \‘ I t d t  c t  and d u r  i i ’ >  Full—Scale Ds ’vc -:l- - -eii n - i i > . i S  see’U to l - s  the-

U I t ’ a ’ ;  c c r c k ; i : ~~ - i  m m j - i - r  c_ if r n~~i ’ - -’a t_ ( i r i q u - n c t  ~li-i 1 4 0 W 1 1 c -  n ; ” ; u l L e ’ m (  :its

‘ 1 ’> y - U n  ~ c it oi ii , c i Ic- c - , ci I t : c _  n c ~ l c t ~ ive Ly unds voi d ed stat>- of soft—

w , i - ~
- dc c i  l i i  i cc l  ‘ > 0 1 0 1 0 1  ira t h c l ’ l c c c 1 y . The- nnan itc ct , t n - c r s of these  -

‘

c t  l e r n c  i n  - S t i l t ’  n’ u u c ; .  I n  t u ’  - ammendat i ons t i o t , fol  lo w  mc cl Ut

l ’~ . ~c ~~~~,- > , c ’c t  f , A . ,  et al .  “DoD Wr - a~ -~~i ‘a- ,- n t c - n r - - ‘~~- t t w a i c ;  i’iacu a~~c - u ’ e n t
- c  

- o t n s  Hopkins  Un ive r s  c t , A n p I l c i  Physics l a c er  ;m t c,rs ,
- ‘anti [077 . 
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TAPLE 10. SENSITIVITY OF SOFTWARE COSTS TO FACTORS

Appendix Software application
Factor reference — —

pag e C&C Sc. Bs. Pt. All

Communication C-25 H H H H H
Constrained , CPU Time B—2 M H N H M
Constrained , Program Memory Size B-4 M M M L N
Constrained , Time and Memory 5-7 H H F! H H
Cost of Secondary Resources C-l5 N N N N N
Cost/Schedule Contr 1 Systems - - 

-

Cr i te r ia  (C/ SCSC) C-B N N N P 7

Da’ta Management Techniques C-l9 N M N M M
Data ’Collection , Amount and Method

of C—l3 N N 7 7 N
IA:Vtulopcer ’S First Time on Specified

Computer C—35 H I-I H H H
bevelopc-r Using Another Activi ty ’s

omFc-;ster C— 30 M M N N N
b’c-volopnirent of Hardware , Concurrent C—33 H H Si N H
Development and Target Computer

Different C—23 H L M N M
Development Personnel Mix C-lO M M N N M
Development Si te  C— 29 N N N N N

1ieve loF Ir c- nt  Site , N umber of C- - il  N M N N I-I
Design Complexity B- lO H H L L N
Design S tabi l i ty  B- 9 H H H H H
Ircstruction, Definition of Cl6 H H H H H
Innovation , Degree of C—5 I c  H H H H
bi - oprumuner Tooting C — l i  H H H 1-! H
F rnorammir,cs Facilit ic- n C — 2 2  H H H Fl 11
P - - ’ -:r-imning Techniques , Modern (-ii It H H P H— — — — -

APPI, CA’I ’ION LEGEND Sl-Ni [TIVITY IF ’ a-p ;

= Command and control H = H q 7  s i c r r m i ficant imp-sot

Sc. = Sci c;ritific Ft -‘ N i - l i _ c r c  s~~q n m i f i c a n t  ;r ~ a ct
55. = Pu n i n e s s  L = Low s i - u i , i f i m ’ ,-in’ it  impact

= t i j i t ’ ;  N = Neqligible impact
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TABLE 1’a. SENSITIVITY OF SOFTWARE COSTS TO FACTORS ( ; .c> r m t i n u r u )

Appendix Software api ]h cation
Factor reference —-— — — — _____

page C&C Sc. Bs. U t .  All

Requir>-rnents , Language C-2’ H H I-i I-I H
Requirements , Maintainability Z:—1 6 H H H H P
hequirements Changes , Operational A-5 H H H H H
Requi rements D e f i n i t i o n, Operational A—2 N H N N L
Recr -_c ir em ermt s/ D e s ign  I n t e r f ace ,

: c p ’> m c a t i o r - a l .  A—7 H H H H H
RC c 1 ’_ c~ ~ern en t c ; , ç~.ali ty A — l 7  I-i H H H H
F 0 ; s u i n em e n t s , Re l i ab i l i t y  A— 15 N N N I t  N
Requirements , Special Display C-36 L L M N L
Re-;uirexnents , Testing Including V&V C—B N t-t N ii N
Re quirements , T ranspor t ab i l i t y  A -2 2  M N M P
Requirements ,  Use r Considered A-6 M It M N P
Sites , I-t - _c l t ip l e  Sof tware  Ut ilh zation C— 3 l  M N N it  It
S i ni r ,9  Error  C-lB H H H H H
Sotosa re Development Schedule C-37 H H H H H
S- ’u~ port Software Ava i l ab i l i ty  C-2 H II H H H
Spec i f i ed  Response Time A-8 M H H N M
Tar oic- O CT” Des ignat ion  5— 8 H H H H H
l-Anrk lit ak Iown Ftructure C-3 II H H 1-! H— — — —

APPL T- ATI iN LEGEND SENSITIVITY LEGEND

C&C = Cnnrmicind a u u i  ‘cnitr ol H = H i g h  si g u i i f i ’n a u m t i — n -n t
Sc. = Scientif oc- i-I SIe ci i  -or- s:qnificar t i s ;  - ac t
h o .  - Pun ines s  L Low s i g n i f i c a n t  imt act= Ut i l i t ’> -  N = Neg lig ible inT act
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the suggested approaches lie either in the domain of Software System Archi-

tecture/Engineering or Management , which are different , but related , approaches

to the development of improved software design and control methodology .

An important consideration noted in th i  flow line at the top of

Figure 13 is the inevitable growth arid change of r enu i rements  t c l ;r o l o n h e u t

a sys tem ’ s l i f e t ime . For weapon systems , these changes are ir . h e r ’> -n t  in

the- changing nature of the tnreats against  which  most systems must oper-

ate , as well as in the fact that software can be modified withi -est phy— - 
-

sical changes to the system . In pracn ice , unless provisions for  adapta-

tion to change are designed into a system , the consequences are o f t e n

serious .

4 . 2  Areas requiring the software cost analyst ’s input

Independent cost est imates , prepared by the t eam ’ s sof tware  cost

analys t ,  serve an increasingly important role throughout  t h e  sof tware

development program . Ove r the l i f e  of the development pr o ’r rar n , i t  is

reasonable to assume that at ~east four  d i f f e r e n t  e s t i n a te n  w i l l  be

prepared. With each succeeding es t imate , add i t iona l , more - d e f i ni t i v e

informat ion  becomes known , thereby decreasing the uncertaint’. associ-

ated with the estimate. The four independent estima tes are , in t ’s , e

order of th e i r  occurrence :

Estimate No. 1 - In i t i a l  Program Budgetar’i- - Es t i m ate

f - s t i r I a t r ;  No. 2 — Independent  Cost Es t ima te  of Proqram Validation

t ; - - t innate N o .  3 — In ’le i  on I o n ;  Cost 1:-ct m a t , -  of F u l l — S c a lp
Deve i oj rent (FSD)

I ’ .’> , t m at ’~ No.  4 — l 1 T n l , 1 t  of  FSD Cost Est  r i - c a t ,

ti gure 10 (p. 31) ~ c c -J 1 Q CS  a checkliuct ‘a-f technical an -I f in a n c i a l

document s and/or e v ’ > - c s c ,  re-- s  .1 ring mi -t i u tn  f u  em t s ~~ s o f t w a r  cost a} ec  i

i_ c t - These document s /c-vents ehec_cid he wel l-knnwrm to the ri ’c. c l n  am M an a q e r .

~

.—

~

-— - ~~~~~ -- ———,-- —.-— —



- - --~~~~~~~~~~~---~~~~~~— ~~~~~~~~ 

It is suggested tha t  this list be reviewed and tha t  a cont inuing  d ia lo c ;_ ce

be developed with the sof tware program cost ana lys t .  In most instances a

this  individual , or group of individuals , w i l l  b” qualified both in tech-

nical  and costing aspects of the sof tware  program .

4 . 3  Mon i t o r ing  the development

The discussion which follows is or iented towards the T-~il Force 800

series regulat ion and manuals  covering research , development , engineer-

ing , testing and production of st.’stems of all types. However , to a cer-

tain degree , the dinc cico icn is also applicable to the 300 series . The

cost e - c t t n a t u c ;  developed iii p r ior  sect ions are r e l e v a n t .

E ach major  d e v ’> - l - ;  i - c phase  is discussed in t u r n .  çt uest ions re—

quiring answ- - rs are ask -d . Do ’ s a m u c ,i Don ’ t ; are l u c-sted as ,ui r :r c n i i r a t e .

4 . 3 . 1  - - - - > 1  i - t a n , ’ . l in e f ‘c’ctnVes of this i-chase are to do—

c - l - o T- a sy s t e m  con ne r  ~~~~~~~ no r a d e — u f f  s and conduct f c - an i t i l  it’: as-

ses -~ . > The r m r-u - a l  C ‘~~~~~ 
_c ’ on  t h i s  phase  is the  i n i t i a l  sy stcusc

ip~~cific,-t ’ icr . ~- r c~
, 

- . 
- - ~f c-s ‘ I p  f~ sc:tional baseline . T\’plcdlly

15
a c c o rd r n c  A nna ~, ~~

> - c’ r - - -~ t csa l team consists  of four  to f ive  people , -;

h -ut cu- i-i i a - s - s c  m . - or ‘ar,e T r ~ some cases whe r e the pr ojec t is a

1 s i c  a l  follow—on ‘. - - c i -  c c - s - ‘ in-c > -  H. ~~ 0- - , the  a c t i vit - -  s t a f f  w i l l  p e r f o r m

tru e f s :n ct i o ns  of t h c  c -i - ‘a - : ’- ;  t’~~il t ’ sir-’ . Decisions in t h i s  case arc  made by

i t- St 1 s - 
- - - t h i V i - c i - ’i t -t , i - c i  n -  as a nor mal  pa rt of the i r  lob . Aron has

c ,,r-r il $ ; : t c c i t  0: 1” is an u n - ~ c~-r i c r ,  0 of  ;:eve’ n above which it becomes

- i lmc - st  ini ’oI.cc it le for thc tear: t - - o r- ive it a s n ! ( l t  conce : t c , u v  all

uicde r s ;tar J. o1~ c - - a ~hu t i m e  ma - i- - o n l y  S - c u n - - s - r i  to ’ s I; d - f i s i - a

-ii

15. Ar- i- .,  o~ . c it  

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



concept , the entire conceptual phase may last a year or two during which

mission requi rements are delineated and appropriate approval of the con-
16

cept obtained .

QUESTIONS WHICH SHOULD BE ASKE D

a. Has user involvement been a part of conceptual definition?

b. Have software development risks been ident i f ied?

c. Will  the software development project be assigned to a single con-
tractor or will more than one contractor be involved? If more
than one contractor , how will responsibilities be assigned?

d.  What are the technical requirements of the contracts?

e. Have tes t ing requirements been established? Will  Validat ion and
Ver i f i ca t ion  be accomplished by an independent contractor or by
the project  o f f i c e ?

f. Has there been an adequate evaluation of software versus hardware
t rade—of  f s?

SOME DO’S

a. Insist on a clear def in i t ion  of operational requirements (prefer-
abl y documented) .

b. Achieve user part icipation in concept de f in i t i on .

c. Require an analysis of sof tware development r i n t - s .

d .  Ident i f y total sof tware l i f e -cyc le  requ i rements .

e. Require the development of plans for tIu r ‘ansi ’ n y  a’-c -s r si fl -ru 0 ’
the software such as a Computer F rc c- : r amr :ie -ve in l rc - n t  h l a r t  I nTl
[D I — E (U 16 9 5 / E S D ]  and a Computer Re-sources l n i t c c ’ a ,’i -  : S - t s : - -  [jar
(CRISP) , which wi l l  ensure tn - c, c i ’: the  l i f e - - :le r’ ’ t i ; -  r -  - s  i n -

satisfied .

1E . Ibid .

- - - - - -
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4.3.2 Validation phase. The objectives of this Idcase arC defini-

t ion and val idat ion of the system r e q u i r e m e n t s .  Th0 principal ou t s- -ut

of th is  phase is the development specif icat ion. To aci iev~ tuscs , ;:cr-

L e t i t ive  Contract  D e f i n i t i o n  e f f o r t s  are den - a P i , -  w h e n - c r  f e a t - c i b l e .

Va l ida t ion  is accomp l ishc-d  by c on du ct i -r~q a t I c c - r - - c - u n P  re- cscj ir , rr,•ncs

analysis  which examines t rade—of  fs  between general  and s~ ecial l-crpo sc-

corn p ters , determining which computer and peripherals should he uti-

lized for specific applications . This analysis is made during the

ar c h i t e c t u r a l  design of the general  and special rcur ~-ose compute rs  and

the i r  associated sof tware . During this  phase , requirements  for each

sot 0 . ; S O S c ’ -a cka ;e- as wel l  as d , l ~~n u c -~,t io n ol all  exter n al i i i t c c i ’ f , i - ’ , ’

H. :~~~r ’ cu ~ i t s  t c - ~~i1d b,~ c I ov e i e~ - e d .

Th e nex t step- , Software Design Analys is , is the de ta i l ed  breakou t

of each c o m p u t e r  software package into functional units or c c o d u l e o .

- - i - c ; a n i s e  t ime estimates and memory al locations should Ice detccrrcc t~ed

t c , r - - uqh p r e l i m i n a ry design , modeling and s imu la t ion s , and as a rec- -n. t~~,

a Sei - cim n ‘anitcria statei”erut for each so:’tc.s Sir c i- acha o— she-old Er crest - I.

Ac -i- p an -n nte~ is a ct or - i - l i  shed , a more a o f r r n i t c c ted fcs : c -:’. ional let aIlInG

of  ~ - - i - ’ ,’ u r .rtc or d d e  w i l l  he ach ieved . In  this ste~c Sc, ’,’ s : e~ sc~ r o ach

.cr ~~~~fj  c r , 0 X l S  f’ :u c - a c c c  .u n st or module s-ill be com~-ic t. , 1-: arch a- -c - - u n - i t -

P . 7- - c n -f - 1cm sin, scii- nt ifie t , i t e r a t ions  tiurouc: . pr i o r  - n 0 :  c-c sir-

S’s - - - reniolvi -- s -n.



SOME DO’S

a. Identify roles and responsibilities of all organizations as
early as possible.

b. Consider flexibility in schedule and cost for possible ch inge
in operational requirements .

c. Utilize software prototyping and/or parallel development where
significant risks or requirements/uncertainties exist.

d. Standardize and disseminate algorithms required by operational
requirements by including them in the RFP wherever appropriate .

e. Use separate validation resources.

f. Require the contractor to include a Computer Program Develop-
ment Plan (AFR 800-14, Volume 2) in his proposal .

g. Be wary of target prices which are significantly less than the
Program Manager ’s i n d , - 1c r dc- r - itc cost estimate.

h . Continue negotiations until a mutually satisfactory understand-
ing is reached as to the development activity ’s approach and
understanding .

i . Probe proposed subcontractor relationships to find out the ex-
tent of agreements between the prime contractor and the sub-
contractors with respect to responsibilities , technical per-
formance and prices.

SOME DON’TS

a. Permit language proliferation. Keep it constrained or it will
increase software development costs.

‘argot to review tic re :-I - or l scc  time characteristics of the sys-
tem .

i - s .  s i - s i ’  ,it ’ ; to spe cif y t he Cen t r al I recessing Unit (CPU) once tIut
validation of hardware/software/firmware trades have been

m ç l e t i d .

-; 3 .3  F u l l- S c al e  develc~ n ’ent phase .  The f u l l - s c a l e  development

l E a s e  enco mr -aasc - n i n a ly s i s  and des ign ,  ~iin cr and checkout , and nvste ’m

te t and ir ta’cmration . Analysis commences s i t E  the release of the de—
v e l - - ; r ;nc f i ca t i o r,  and t e r m i n a t e s  w i t h  t i e  suc:ce~~s fu 1  accomp l i sh—

mer~ of ~ y - i - t i - r  s - v e 1 o l - r n c - n t  , Test , and E v a l u a t i o n  (DT&E)  or - - c c -  f twar e

a, - ’’ .ional  ~u a l i f h - a t i o n  Test ( F - c T) .

i-n

L —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ____
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[ i - or n-nq this phase , va rious design approaches are c o n s i d e u c - ,’l , an alyses

and t rade-of fs  performed , and desi gn approaches selected.  The purpose

c~~ f the desi’rn phase is to develop a design approach i nc lud ing  mathe-

matical models , and functional or detail flow charts , if reouirod/de—

sired.
17 ’18 The design approach should also define the relationship

botse ’ru the compute-n program componentc. This information is contained

in true preliminary computer product specification and is normally i re-

sented and reviewed during the Critical Design Review (CDR) . Coding

and checkout commences with the successful accomp l .i -;hrsceu-i-t of CDR . Tro t

and integration compares the r-rohram r e su l t s  agaIn --c t tie rei-suin ener, tc-

specified in the computer prcgram development specification. This test

and in tegrat ion process includes the individual  computer ~ci- rog ram function

or module tests , and extends through to ta l  computer J roc:ram formal  quali-

fication tests .

_____ 
I cINS__-d[I CH St [5 c [L E BE

a. Does the FSD p r a gr am  inc lude  p r o v i s i o n  for  ads~ ‘Sa te  mo-- lent:
support tools aind f a c i l i t i e — , is cl-rdi ng such i t e ’ a c ’ a’; ass-cr-
blers , conic le-rc , Ps tors , Si-  O’i~ aids , dat,~ has~’ si;-,~i 1 :brarv
management c ;v n t - -r-’ s - and assocl,citeu oi -~- s - nc , ., ss ten s ?

Have r c u re , n-ic- nrc ‘ c c  o s , a;c cl tec- t ’t ro-; a i dn  i a - c -n i rot e r l v  allo-
cated tr  ~c -e r mm . t i tera t ions  of un i t  c i  m o d ul e  des ign  in tiue
overall software program planning schedule?

c. What p recau t ions  have been deve-lo~ i - - h  to s i P s - n c  inc a ;, c r - S c - n i t  of
emerging problem trends? What checkpoints have been estab-
lished in Ott- overall software m ir i am I i an n i n c n  schedule?

d. has a fo rma l s o f t w a r e  Q u a l i t y  An-nun cin-: ’j (p?’. ’ n rcc c-sram bee n
e s t ab l i s h e d  by the ‘a- cc -t n - a Occ e

a .  i-n- i- H.; re r o v a s i c r u s  f - c r  v a i t i - i , i t i n i - t  arc - s vii n- fr - i; - : the s o f t —
W O r -  - ‘: 1 ) 1 m :~~ activ i ’s ’i- ’ and cost En someone ‘- t h o r  t l , i - r ,  t :c , c -
dc -v ’s Ps scrn -eri t ccu:’c tract ncr

17 . Thomas 11. r~ral-i-’ , ‘- al . , “c---tru c:t in - - l  i i  oc :rarc ;rnlnu r Series , Vol-are \111
I rom an i c c  i n n - ,  SLum . IPt t  Cart oma ion , A DC—T R— ~~4— c- 00 , ttcm v 1975.

is . L. 1. n - t i - c - c i , “Sti uctur e I P n - a m m a n - s  S o r r e s , Volume VII : Docurnen—
i- at ’. ccn Etarc lar:s . “ Ipit Cos~ e n S  cion , F’j,N C — T P — ° - 1 — 3 0 0  , -‘es tor i- Ic- - n - i’i74
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f .  Have provisions been made to assure delivery of the necessary
suppor t software , system resources , and re lated document at ion
to satisfy operations and maintenance suppor t funct ions?

SOME DO’S

a. Establish specific development milestones for software programs .

b.  Establish specific decision points during the sof tware develop-
ment phase .

c. Require reporting of specific software management information
and thresholds.

d . Impose a design freez e to the maximum extent possible after the
design reaches sufficient maturity .

e. Monitor early testing to validate the contractor ’s (often overly
optimistic) progress estimates.

f. Provide fast response to the development activities ’ action requests .

g. Require periodic and open Quality Assurance (QA) reviews with the
contractor .

h. Require the utilization of developed support software or the
creation of support software prior to the development of the
primary software packages. Discourage the concurrent develop-
ment of support software .

i. Plan adequate time and resources for design and design itera-
tions .

j .  Progressively test each unit or module software package as it
is completed , as well as the interfaces between completed
modules.

k. Begin confi guration control of the al location basel ine  imedi-
ately be fore PDR.

SOME Dn[YTS

a. Permit  the  development of computer so f tware  and hardware  con-
c u r r e n t l y  unless the overall  so f tware  1-re - ram plan include-s
time and resources for both software and hardware design
i te ra t ions.

b. Divide responsibility for concurrent , related software devel-
opment among several different development activities .

_ _ __ _ _ _
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c. Hesitate to impose a formal cost and schedule requirement on
the developer , wherever appropriate .

d. Develop the software at more than one location unless the cost
and schedule impacts are acceptable.

53



APPENDIX A 
-

DISCUSSION OF REQUIREMENTS DOMAIN FACTORS

FACTOR PAGE

1 OPERATIONAL REQUIREMENTS DEFIN ITIOt-~ A-2

2 OPERATIONAL REQUIREMENTS CHANGES A-S

3 USER REQUIREMENTS CONSIDERE D A-6

4 OPERATIONAL REQUIREMENTS/DESIGN INTERFACE A-7

SPECIFIED RESPONSE TIME A-8

6 AV1IcN [CS APPLICATION A-l2

7 COMMAND AND CONTROL APPLICATION A-l3

8 MULTIPLE SOFTWARE UTILIZATION SITES A-l4

9 RELIABILITY REQUIREMENTS A-l5

10 MAINTA INABILITY REQUIREMENTS A-l6

11 QUALITY REQUIREMENTS A- l7

12 TRANSPORTABILITY REQUIREMENTS A-22

13 BUSINESS APPLICATION A-24

14 SCIENTIFIC APPLICATION A-26

15 UTILITY PPPLICATION A-27

FACTOR IMPACT CONVERS ION

In ti is asnnen-iix , many of the factor impacts are presented as they
af f -c -’t v -r c d u ct i v i t y .  In order to convert this impact to a cost multi-
1 h i e r  for usc in the al gorithms proposed in this guide , yo u need onl y
do the following :

• If the factor impact causes a decrease in product iv i ty , sub-
tract th c  percent  decrease f r anc 100 percent and divide the
r e ma i nd e r  i n to  100 t ce r cen t .  For example , i f  the fac tor  f f e c t
of a cnnrnxra r ; cs  c - i n - c I - rcntro l  applicat ion amounts to a 21: }e rc c ;n t
- [c -c r e a se  in no c~u- ; t  i - - i t y  which accordingly  inc rease;  01c r -  c i c s c ts
of 01st- nc - m gi ~m , t n i e  50:5 ” m u l t i p l i e r  can be of: t a i  n - - h  ic -v su b —
t r a c ti n g  20 ui - c m -sit f r om 100 u-- i - i cc - n t , and then div idin” ;  the
rerna i s t - i r (80 p a r c - n i t )  into inn I-PreC ut. The e l c n s l at i o n s
will result in a nc;ct multiplier of 1.25.

• If the fact-o r i mp a c t  causes  an increase in t-ma-lsi ct iv itv , you
would s imply a i d  the percent  inc rease  to 100 ! - -r c:s ’n t  and t i .
div ide  into  iO c )  percent  to obtain the c o t  multi t la - u for the
alqor i  01cm - - -

— 
‘ - - — ‘ - ~~~~~ -— ~~~~~~~~~~~~~~~~~~~~~~~~ nc’ “... . _____________,
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REQUIRE MENTS DOMAIN
FACTOR NO. 1

OPERATIONAL
REQUIRE MENTS
DEFINITI ON

QUESTION: Row clearly have operational requirements of the Performance

Specifications been defined?

GENERAL IMPAc~r: For systems which have operational requirements defined

only vague ly or in outline form , one can expect to pay significantly

more , depending on type of program being developed (see Effect on

Productivity on page A—4) , than for systems which have operational

requirements well defined.

GUIDELINES :

• Make sure that sufficient detail gets reflected in the require-

ments analysis portion of software development prior to design .

— Identify and delineate all software (S/W) functions .

— Define the operational characteristics of S/W and operational

constraints of S/W.

- fluestions to be considered :

• Have S/W algorithm s been developed?

• Have hardware (H/W) and S/W trade-offs been made?

• Have firmware (P7W) and S/W trade—offs been made?

• Ha-’ - functional alternatives to Computer Program Configura-

tion I -rn ’ (CPCI ~
; ) b - s r i  made ’?

• Have all requ ii--m--n t s for test and evaluation been estab-

li’- i c - i :

• Has the User a ,ctivity assisted and approved the operational

requirements; definition ?

• i-g i - l - s ~ t i-at i- -an be k - n  to ensure the req11ir’m~--nts

~n a 1y s i s  is  i i - - - ~ - : . 1 S - ’  1’  - l i -i t i - i l

_ _ _ _ _ _  —--~~~~ - 
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RLccUIREMEN’jS DOMAiN
FACTOR NO . 1

OPERATIONAL REQUIRE-
MENTS D E F I N F I  I l I N

(Continued)

GUI D E : [ N L . - ; : ( c on t i n u e d )

— Determine i f  there i t- ;  a fu n - r i - o i l i t - i - .t u l rements a na i ys i  i-

ava ilab le  fo r the ~pplic-atiot a i m  a involved.  There as - - , or

e x a m p le , machine n - e n - i d - n i t  lamoi -uu- rr - s available f or  
~i - i 4 -  15 i-~~~~i iOfl

areas l ike Bal l i s t ic-  M s - - c - c - i le Dc - - L e n i c e .  The ‘a’ut~ it  ot  :;‘ach u

language is c r a }  U t  to design , - J a i i  u s u a l ly a formal  1a: msu ~ ~e.

I f  such a language is availabl ic- , then one c an usc ,-  it to  u .,cure

that a sufti cient Ic-vo l of dc-tail is stt~ ,inod in i- ; ‘ i  rrc ,ussents

analysis. F l o wove l  , the use of the lan-luoS’’ -c ; 1 1 not c l  c —

mat ica lly  gu a ran tee  the leve l of d e ta i l  r e - ; c i c r i - - a .

— Determine i f  an r -x i st i n g  1’ r -; l u i r e i n e n i h c ~ ana lys i s  l u I i c t U J ( t e  can

h ad ap te d  to the ~t lica tion area invo l v e i - i .  i f  yes  , L i - s  r c  one

- 15; i - -x~ - 1 to i- c s  t n i~ b - i n - i - f i t s  such i i i n c t u . ;  ; - ‘ c - c ’ 1 j 0 : ~~-c

St t i  Sic-OVO . c i o w ’ v ’ - i ’ , t h e  a-c-P h t O  Ion of: t n i c  I ii ~~- s ; , t c  sill

c e - t u l L e  i1 - s:L j ; cri,il cleve -1i-;i rssenat iollarc-;, al i -, m must 1 ~i-ce1v , ~ i ;

in itia l s- i - i-si , Ic-lay . For l Or c i~ i - i c - ’: ’  c - - s  sfl -’c S , ti c , i t i c  i - ’ ’

cos t, may i - i - - ci 1 - r i  - i r ; cl t s ;rt h c c n - li; a - t i - ’  it ~- 0 -  t h i c c i - s : c  l i - c c - c

1 : ; -  os t h ’  I S m i c ; c ; , ; o  . An-sc-ss i f  t lie i d Y i - i , d d Ze iS  5 - i - - . ~~i :  O h h i

- c m i -  r i - n - c . I f  yes , Sc - - n  one s-lay hi- S i t i i t l- :  t( 1 t  in-

c _
j r - c  - i  -a -ct on - sri’ ’ I~ ‘ l : c I  i cc - i - s t  i t  i’ n - c n - t  s’ct1 ~ ice P s - s - c i - c - :  I n -

- ‘ I n c - s  d o _ i - -  i c ;  r d ’ 5 5 5  5 .  Detonnas;’ if t h e - -  c a n - I  uS  c - l i j  i - a S  1

is al - ‘ n- I . I by a u s :  i - c i t  - ‘  I c v r t y  , such as to cm T~i n- l i - e V e -  le~; m r c e f l t

,-r c t r - r  PAnic I ’  t I , - : t i c c r i c  V n - S ’ r r : f l i v i s i o n  (l:SD) SF-U ’s.

i - ’ t S T ’ ~ i f l e  i~ a l m - - ; i - i i t - l n - - l i t a  a f l i l V s i S  ci c i ’ s -  c i s c  i - i - - - 5 - I t t - i c

t o n -  ‘ n - i ’  a;; iication area involved. I f  y e s ,  ‘ c c i -’: I s-s same

‘c r - i  :~ - f c c  h a v e  Or. h., examined as descr ibed  at - ‘n-p for a -c - sa t  •- , -~~

howe-n i-a r , tlce cm: ;t of cl€ c- ’ :elc i-; m i - s  a lanqs:au, from scratch

w i l l  u -Lab I-, i - c -  g r ea te r  than adapting an e x i s t in c s  ia r c n-id le.

A- 3



REQUIREMENTS DOMAIN
FACTOR NO. 1

OPERATIONAL REQUI RE-
MENTS DEFINITION

(Continued)

uJIDELINES : (Continued)

- Determine what  non—formal procedures c- at-i be imp lc:rsc - s , t e c I  in

requirements analysis to assure adequate detail. Th -r c -  are

no hard and f a s t  rules available , but the project manager

should  keep requ irements  analysis hi gh on h is  awareness sca le .

Don ’ i- lot design start until both the ji-urchaser and d e v e l op ’  r

f o r - i  comfortable with the- requirements.

• ‘omsideration should be given to how requirements arcsl ’sis is

paid for , especially algorithm development. It can be b’,’ the

:‘ crcshasc-r or developer , and it may or may not be delineated as

a software cost. Such considerations should be taken into

an-c-aunt when structuring the WES and making cost es t imates .

VAGUE J-JiT T uhAl , !5i’ i : T  RE El -N I ’S

EFF’ E C”I -N I - -  ~l ; t ’n - ’I’ lv1IT y

(1 nlN iiN D I ’ i -N’ i ROL : 35t DE CRE ASE
sd 1-551 Il- IC : bOs DECREASE
UT ILIT Y : N c  EFF’E c~T*
li - t i c  INL - c -I : NO EFFECI’*
ALL OF THE AlA ’ VI- : 10 DE CRE ASE

* ‘l I ce i r a n  ii :, i i- con  ac r e -  is that O h -  c; rut m u i l - il i - -; ; i i i ’emerstss i - c l  c i t  i l it y
in n-I bu smni -- ca ; - r c q n - a ms Ii ’ ’;  ‘ i c - s u i t  ly i - I c - I  i - c - c l  a S i c  - ;u ,i t , ly ; : n - i c c C  t i - c  Jc-s ;iqn .

‘ns -icms , no of I - -  I w a n -  not c.

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



REQUIREMENTS L i-SMAll.
FACTOR L u .  2

di ’ERAT S 55/s T.

RE-n--U I REPENTS
CHANGES

-~ ~~ 5’F i - - S i :  How can the  e f f e c t  of chan ges in oper at i ;c r s , i - l  i ’equ irements  of

the Pe r fo rmance  S p e- i  f i c at  ions  be u~~~~c- c ;~ ;e c1?

GENERAL IMP ACT : Costs we re observed to br considerably  h a - r i s e r  f o r  sy s-

tems wh ich  have undergone requ irement s charn-p-s,c as i - i - m s - a t - -i to t i -u s e  wi th

f rozen  requi rements.  The impac t , however , w i l l  be hi ghl y I ’ i i - ’ n - n - i - i --~~~ on

the individual case.

- I s  L i - t - . I - I EL, -

• Ensu r ing  tha t  the  or igin- i l oper at ion a l  r e q u i rem e n t s  arc

‘n-f l  ; c r e - V e l lt  some changes.

• Pe r fo rm t r a d e o f f s  isct -seen-i  t c l c n - -  costs ar i d  h er - ; ’ -  fit s at  change ni - i- .

n i m —ehaji- ;e , and n-ic c - s i - d c ;  al  ‘ ‘ t I I u L I V - changes.

• Do riot e X ; - c - c t  tn -c  o° through Lci -; s- devel- - ;  mont wc t ;;out ’ ls,.n :;ing

i u ’~~, c i  : c c - coc ct s ; there fore- , ; - i ’ u - sion for , - i i w a c ; n - -  shou ld  be n c .i - d c - .

• A r s--;-i i r e isir- s c t s c l c - _ i n q ’  w i l l  c i t  c i - i ;  i - - c - - s u i t  in b c s t  h ic -he d i n - -  i n - d i n g

- .f s-n-n o -xiss ting c oUr- and t he  n-i- Ida t ion of n-- s code . . - - -;;s, -times ,

li woven-, only Icc-h- - latc t, r is involv- ci.  It’. c-ith er ‘ iso , e xj  ‘ c t

i n - n - l i t  i- ho c c - mci - c t  to i n c - c c - a - , , -  i - id t I c ’  suit’ dule tic.. n - li ; - to the

r -  i i  s i - - i n - i - - i - i t  c-~, ch uisqo . Each ‘ t c u c c s o  should be adclrescc - I i r ~~ i- - ; c r i d e s A  ly

it-i ti - s i - i n n -  c c l  the am o,u s i t  of i- -od e’ to  I - ’ ’ w r i h t - -ic -  to n-cc c - i - ic - i ’ I , , t e  thc-

ic - i - un - tn - ’. The - i - un - - u i - c t  of i - an - l i - : -  to be w n  it  t n - n  for t s i c - cls ci , -s ’ can thorn

r i - i - - ( i - c  I to assess i N ’ -  s us -stc cnd - is 1 — - I s-i; i t .

• Try ~~0 - I t s -  i - u r l c p -  charges , - c ; ;  ecially t i - l i - c - o r  u i - i- cs , ; a n - I  i c s i 1 n - i  l y

a l t ’- r  t:iie Dc s ign ; li , i s .;e i-n - :, Ic, c-n com ;clc t i - c ; .

Qi ’i-N - -s TN cPERAT 1 -‘ A L  PlI ,c i I I R E M 1 I N  t o

I I - 
I- -I ~. PROD UC I’I VI TY

,,vI-5 p \ ;; ;- : : 51 DEC -PE A-cl-S

- S- I: ec ’;, , ;j ’ b~b,-1c c i :

- - ‘-5

IIIp__ -‘--- — - -----. - -.- — ‘  - ---- ,----_  —-.-- - - -— - -
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REQUIREMENTS DOMAIN
FACTOR NO. 3

USER REQUIREMENTS
CONSIDERE D

QUESTION : l i - i -  what  degree arc users involved in the development?

GENERAL IMPACI’: ‘rhe impact of not obtaining user purtici ; atiun in early

‘on ce-pt de f i n i t i o n  can cause a cost increase of as hi gh as 100 percen t .

GUIDE LINES :

• The project officer or SPO should be completely aware that the

development will be deemed unacceptable if it does not me-m t user

requirements .  Therefore , the end user should be involved as much

as possible iii t he  development .

S The Ai r  Force h as  quide l ines  and procedures in AF ESP 800-3 to

ensure that end user requirements are input properly to the

developer, via the- ~~dns .

• Insure t h a t the use r  is involved in the development of the

o p e r a t i o n a l  r equ i rement s  and that  the user is aware of all

changes to the requ i n - i -  ‘i nc-n tn - and dcssiqri .

LI TT1 ,E OR N O USE I~ P ART I Cl. PAT T -5 -
III DEVELOPMENT

EFFELE’ ON cos’r
S I G N I F I C A N T I

A- 6
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REQUIREMENTS DOMAIN
FACTOR NO . 4

OPERATIONAL REQU IRE-
MENTS/DE SIGN INTERFACE

QUESTION : How well do operational requirements interface to design?

GENERAL IMPACT : The impact of this factor has not been measured quanti-

tatively, but is considered to be large.

GUIDELINES :

• A very detailed requirements analysis should be accomplished to

ensure that the operational requirements accurately interface with

the design . This can usually be done by using one of the two fol-

lowing alternatives:

- Impose a formal machine resident requirements analysis lam-

guaqe and companion design language on the deve lo ;cr ron t , i f

available . The advantages and disadvantages of this a terna—

tive are covered under Factor No . 1 - Definition of Opera-

tional Requirements , of this A ts~ er ’sdix.

- Have representatives of the intended software developer and

~he user participate in the requirements analysis.

INAC CURATI-S TN - c  s i - i - AC I

s c[ i - I ‘ ~c , - I S :

SIUN II-’ .i - ’ ,’cii i c l -f /\olc ,
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REQUIRE MENTS DOMAIN
FACTOR NO. 5

SPECIFIED RESPONSE
TIME

QUESTION : What are the response time characteristics of the system?

GENERAL IMPACT : Software that  has to r e s j c - i - s c i d  in r- ’ ,il t ime wi l l  cost

more to develop d o - j - m s r i m l i n cj  on the program ap ;i-li cat ion ( n-n-a - E f t ’ -  -t  on

Productivity on Page A—ll) . The curv e below rc1~rn-- sic - nts impact as a

function of response time .

-Real-Time

In~~~~ase 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Once per 

I

Response Time (°rs.)

— , [ _ i- T i _Sil l i , I 5 J l _ S .  -

• Factor the software into response’ time domains , at least to the

point of getting the real-time dependent portion clearly iso- j
1 ,, Lc-m i. Use O h - i -  I a l l - - n - c s  r 9U 1 in- i in -cd one - u t I c - i - - t c c t , ’ c- ft- n - are

development has been partitioned according to response time :

— If the real—time cli ,’; - i - i - i n -  r : t  port ion u c S ~ n - c ’s- sits less than 10

percent of the total development , t I c -- i ; no ‘; ecial provisions

are necessary. Just c-Xi)ect lowe r Icro ’-lr ammer p roduc t iv i ty  for

that portion of th ii - development . c-

A



REQ ’ii ,I~i”N’I . - “ ‘5’Ij - c~~N

- - _~~~:c-i-
S P E C I T- l } - 5  - PT- ‘ c  -NET ,
TIMT . (:o-r - .n- c, s,ce i s

GUIDE l INE’S: (Continued)

- If the real-time dependent portion represents more than 10

percent of the total development , the the following alterna-

tives should be considered :

— Consider a hardware trade-off to- minimize costs while sat-

isfying performance requirements. If only one system is

being developed , the additional cost of hardware will

probably be less than the high cost of software (cause-U

mainly by rewrites) to satisfy the response t i m e  require-

ment . If more than one system is being installed in the

field , attempt to determine the- break-even point in nut-n-

ber of systems. If tb ’ projected number to Tcn - in s-t i lled

is less than the ‘ak—ce-cr; poin t: , con si i-ic-n - the h ard-n-are

alternative. If the proj’sccted number to be installed is

g r e a t e r  than O h - - break-even point , cons ,ci ’ -r I-ca -cit --n - the

in tended tan-k in software .

— c -on-cider i--i f i r m w a r e  t r a d e — o f f .  Si - c - t O n - an- cc- s ,t ill has C c I - i - c

Uevclo;’ccd for this alternative since all fin- cn-n - aie - - n - s

r;aLer as S of t-n -n- Ic- i - Software targeted for firms arn- i~
gen e r al l y  c A r r e l  t s  ~~ m l c c r i - ) s c o c ’ i c c .  i i - i i i t i r iq  i-Tl i c t o - c a a - , 1 i - -  t i - c - -

m m - o P  a reset -n - c c - t i  ti-ce- n-o il  re-inc cit wil 1 i-c li-c- ‘j I c -  ro-cuct

• r l i n e  of -scarce cc-dc th at - i  o rc c i n a r y  n - i - I t  ‘ a i -  , t o  w i l l

rcu t  - i c - n - r a l l y  r€- - m u i r e  the r,urrss c- cc- r of r- - ’n - r st - s ’- tl;an- ~ i - c - - t i-na

a t i  c c , t  r c  s; (dtc sil t h u e  r ’ c - s u m r c ’ r ’ e r c t  in c l r c i i t ; , i i -; s ; i - -~~t s~, r m -

w o c s l m t  require , n- ice-c Ic - I -, , -  microcode u s u a l ly  x u s l c l e c c -  s m ,  3

l’a cc tc - c - n -  memc’-r - ,,’ . Di - -~ -i - i - c n - c t i n q  c r i t i c a l  f su , c tj on s  i n  f i r m w a r e

w i l l  r c ’ i a x  i- en’  r i - I  i r i - - i - c - i  ss in-r I r i s ’- ( e l i -U ) l i t - c C  1 5  ,tdin s .

A —

- -—-—---- — 



REQUIREMENTS DOMA IN

FACTOR NO. 5

SPECIFIED RESF cNU F’

TIME (iJcariti nued )

GUI D E L I N E S :  ( C o n t i n u e d )

The firmware option wi l l  require an a d d i t ’ i c - r , a l  I n - r U n - a r - ’

cost for each system , since a high speed memory will be ri- -

quired for the microcode to reside in. However , this iii -

creased hardware cost per system will not be as large as

the total hardware option examined above . For a s i r - i - m u ’ it--

stallation development , depositing critical res;-onse t i f f - c

functions in firmware will probably pay off. For multi—

installation developments , use the guidelines presented

above for tlc-~ }c sr ’h - i-iare options for firmwacc Or a ’i e o f fs .

— Examine the U n - c -  a t  a faster , more or-c-i - sr S ‘ CPU - ‘2h i c - c  i-cl ti

increase hardware costs , and also i rrt~- s n g i -  c c - n  weight and

volume constraints , if applicable. Tine guicielines resent-

ed in the hardwaie trade-off above apply.

— Consider a multiple C t U  system. This i~ a j ’;aSsibility if

several real-time dependent functions are vy ing for c-pu

service simultaneously in an interrupt driven c - - i- - s c - t e rn .  Thii:-

CPU time loading can sometime s be relieved by si r-°a- ici tb ’ -’

functions across multip le CPUs. If , however , one f u r s c t i i - - m c

is the driving factor , then this is not a van - ic - i altc-rna-

tive . This alternative will increase harulr~aru- costn-c-, and

al so impinge on weight and volume constraints , if a l - i lici-

ble. The guidelines presented in t ic - i - c - hardware trade -- -- f f

above ip;c ly.

— Obtain relaxation and/or  removal of r e -a l - t i m e  r i -, u r n - - i-m e-i -st s

(o b t a in  and document user c o n c u r r e n c e) .

A-I  I’;

-__ _ _ _ _  _
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REQUIREMENTS DOMAIN

FACTOR NO. 5

SPECIFIED p ± n - p n - ) N S F
TIME (Cont inued)

GU I D I - I L INI _ SS : (Cont inued)

- If required , accept a reduction in programmer  ;~r ’ c - i s i c t i v i t y

with concomitant increase in sof tware -c - os  O n - .

• This is a factor which is n - c r y  important  for  on—board f i n n - h O

programs in avionics software developments. It is much less

important in command and control applications.

REAL—TIME ic-i-i -I , U T I 5-0 NT

I ’ l l - i l  - N’ - -N 1 1 -  - I d l i m ”I ~V I T Y :

cc-s ~s- , s , ,  a C Rc -i-,- ~, -. 7i’, : - : ‘ i- ’~~i a-c-p

c - C T  l N’T’ T UI C: -ICY_S Dl-lCiSi A--’l-

UT I L  Ic -V : 7 t i  PT -_ S e ‘iCC Ac -~t I

B US C l i i - - - - :  N O T-l f- ’CP~- N
dii , ‘ F ’ T ’ i il All “U’ : 55 i)ECICI_SAi -cii

A — l i
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RE i - I T T I-’ I’iti ‘t i c - I DOMAIN

- 
FACTOR NO. 6

AVIONIc ’ S
A P P L I C A ’ r l i -  -N

QUESTION : Is the sof tware  be in s d e v elop c - cn i t  an , i c n c : , i c s  a ; - J - l i c , d t i c n ?

GENERA L IMPACT : Less proc ira mni- e r  r rc ,d c i n--t  i vi  - - t h a n  t i - - u  c - ~ I c - n  t i- - u  es of

software in general  , but n i - n - m i - i - c r  t i - i d e  depends cr c  i-s i x i - f  on—bean - i -b  f i  i c s h c - t

programs , s imula t ion, and A c~torna t I-: T c - n - t  T i - T n - I T  u-a nt  (ATE) .

GUIDELINES :

• Pa r t i t i on  sof tware in to  three cat,- c rories :

- On-board f l i g h t  programs ,

- Simula tion , and

- ATE .

On—board flight programs will be least productive becau’;o of

time and memory constraints , and extensive tc-,-n~~inc’. Simulation

will be second least productive , and ATE most !‘roductive . Use

separate estimators for each category .

• Do not expect a high degree of High  Order L a r s ;u a c u e (H OL)  imple-

mentat ion for  on—board f l i g h t  programs , i on-c ‘er , ‘x ( ’c -c t  HOL u s c - c

to increase in the future . Expect more for simulation and ATE .

• A convenient size estimator exists for ATE . I x t  ec t  n -h o c - s t  15C C-

lice-s of source code for each Line Rep laceable it (LRU )

Th is is the smallest unit that can C-c removed f r o m  the aircraft.

Ian - -pc- aircraft will aenerally h ,c - vc c -  mo n - i -  L PU i -  t Ic i - r c c - c - mn - ll air—

c r — f t . A rnldi —r ctrl -o ’ s ize is about 150 LP.Us.

• A ‘: m c - ’ t r a i . r~eci rcc-mon-s- cc-n ,sslQ ca- i- s’ n - i s - c- c n - - h I -us ’ s- -

A V I c - l . I S  API  I 0 AFI  -N

eN T S ‘ ‘ N I Vi I V

I ;i” ’_S blh\. F

- ~~~~~- - — ‘  — -~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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REQIT I REMENTS DOMAIN
FACTOR NO. 7

‘Cc )TSMANI) & CONTROL
APPLICATION

QUESTION : Is the software being developed for a command and control

appi icat ior, ?

GENERA L IMPACT : About 40 percent less programmer n r c c d s i c c - t i v i t y  on the

average than for all other sof tware  applications , in general .

GUI DELINES :

• The applications are usua l ly  large , about ~ s - f l , O00 object words

on the average. This size- .~il1 dec-cie-asi-- prog runc-aer

productivity.

• Most software will be developed on large main frames targeted

for large main frames. Therefore , the potential for excellent

support software exists , especially for main frames that have

been in the f ie ld  for a long t ime .

• Most applications can be implemented wi th a hi-nh degree of HOL

usage . The standard A i r  Force laneuage is J°-VIAL . Ue i - ’el~~icen-S

who propose ~ sin-al 1 dr-cit ce - c - f 110 L -,nssaqe n-hon -i-i , ic - i-n- cause why .

• D’u~ to s ize and corts-~ lexit-,- of des i-un in con-c-mai l and c - c o n t rol appli-

cations, extra special a t t e n t i o n  shc - uld  be du e -n - t e d  at accurately

defining t i i e i -  op e r at ionu l  r i - c - h u n  r m r i - c i t e , i - cs~ r involver-c-cr’,t , arid arc

acute awareness  t h a t  c - h i - n c ; ,  ‘n can cause ic- i rocuoc ienc- thcossqsimc ’ct

the overal l p r i- ‘ c c - I  i i i -’ ~

C- -N i - - S/-N D AS- ’ C -  ‘Nib - c - i-
in c - I L I c c  I -S. -

I l l - i i- WI’ I. Ui-c -Tit~C’T’1V I-1’Y

IcI’ICl-J _ SAc --iE

A— 13

______ -,-—---- 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -“

REQUIREMENTS DOMAIN
FACTOR NO . 8

MULTIPLE SOFTWARE

L UTILIZATION S ITES

QUESTION : Will the developed software hav e more than a single site

installation?

GENERAL IMPACT: On the average , developing software for a multi-site

installation is 30 percent less productive than developing software

for a single site installation.

GUIDELINES :

• If the multi-site software to be developed has no site depen-

dent features , then expect no impact from this factor.

• If the multi-site software to be developed has site dependent

features, then expect the cost to increase by the number and

size of such features to be implemented .

• If the multi-site software to be developers has cr t c c -m a c h i r . e

communication , expect the cost per unit ‘s n - i - of c-CUt de i’;ereri

to be higher than if no inter-machine corramunicat I c c - n -  is recuired .

5-ISIL T IFIF c -0’ni-
~- , Dl vi : 5-TO - I ’

- I _ S i ’ k ” D’Sc ’-I ’ T V T T ’ c ’ :

3O~ ‘L(’i-J ,Ac c-E

A-H



REQUIREMENTS DOMAIN
FACTOR NO. 9

RELIABILITY
REQUIREMENTS

QUESTION : How much reliability is required for the delivered soft-

ware?

GENERAL IMPACT : Higher reliability means higher development costs,

but lower maintenance costs. However , the exact quantitative nature

of this trade-off is not known .

GUIDELINES :

• There are currently no standard accepted definitions of soft-

ware reliability.

• Meeting reliability requirements, by whatever definition used ,

affects the cost in the testing and integration phase of de-

velopment. The higher the reliability, ti-n-c- higher the cost

for testing and integration.

• Break up the total development into reliability categories. Ex-

T-cot higher cost per unit line of code delivered for hioh relia-

bility categor ies than for low re-liability categories. Assess

thc reliability required in terms of the failure rate that can

be tolerated c ~‘erationally for each r a t e -n - o r - :  -

s c - b  i i - c~ i - In-U 5 1 - C - c -  i i ,  Ic-V

I - N l - 1 -_ S CT i-N WST:

A- IS 
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REQUIREMENTS DOMAIN
FACTOR NO. 10

MAINTAINABILITY
REQUIREMENTS

QUESTION : Are mainta inabi l i ty  requirements to be imposed on the

development?

GENERAL IMPACT : Imposition of maintainability requirements will in-

crease development cos ts , but decrease maintenance costs. The impact

is not easily quanti f iable , but is considered highly sign i fi cant.

GUIDELINES :

• Maintainability is largely a function of the following factors

discussed on other guidesheets. Specifically :

— Language requ irements ,

— Reliability ,

— Testing requirements ,

- Transportability, and ,

- Complexity.

— The most important of these is language. High Order Language

(HOL ) is much more maintainable than Machine Oriented Languag e

(MOL) . Therefore , try to get as much of the development as

possible implemented in HOL .

• in-ni - t h i c -r  factor affecting maintainability is documentation .

Ade ’~ sn iLe i c - s - n - n u n - i s  and run sheets for the programs directly

i- i s - - -s m n - c  u c t , ,i  c - ri -ability. Consider that a~ u o x iu u i - , , t  e l y  30

i - ages of documentation per 1000 line .i- of source code delivered

will be required.

• If costs n-ri,’ t,,co high , d i -- ’ crmine I t ’ ts- ,c c i - I t ’  u c - inn - s

ment s can be r ’c’i . x c - d .

I N -  ‘i- cl - IA c- U -I D M AT SI ’ : ’ -’nINAB I LI ’rY

EFFE~~I5 - d l  COS’l- :

IN C ii - f-IA, E DEVE LOPMENT
COSTS

A — l i -
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RE- ’n- UIRI - M}STITS DOMAIN
FACTOR NO.  11

QUALITY
REQUIREMENTS 

T IN : What n i - c i t  ~‘1 h u a l i t y  r e q u - r -s me n ts  are being  imposed on

the development?

GENE RAL IMPACT : The imposition of quality requirements will increase

development costs, but decrease maintenance costs. The magnitude of

t ie impact is not known , but considered to he s ign i f i can t .

G U I _ S ) L T I N F - I :

• An accepted set of attributes of software quality is:
19

— ( ‘ o r r - ,e c- t n ess , — Ti- stat-ility ,
— R e l iab i l i t y ,  — F l ex ib i l i t y,
- Efficiency, — Portabi l i ty ,
— Integrity (security , etc.), — Reusab ili ti- ’, and ,
- Usability, — Interoperahility .
- Maintainability,

• Correctness will be assessed in the Verification and Valida-

tion (V&V) portion of testing . c-n-V will increase testing and

integration costs , but decrease maintenance cost— . It’d - as-

ing correctnems is akin to increasing reliability.

• Incre asing r e l i a b C l ity  w i l l  increase testing a~d integration

cost,,,, - ,eL deere-an-c r n a in t ~~nance  costs. See Factor b_ So. Cc —

}‘eliuiJil~~t~~, in O s - s  ailend i > 5 .

• I c - i c c - i - - c - s i n g  s r c f t w i r , c - ’ 0j i c - r n - t n r s - ’ ;  e f f i ci  snc cv i n -  a very  c se , st l ’  prop—

cc ~~ i t i c ’ r ’i , ~incc i t  u s u al l y  r equ i res  r e wn i t ’ , r to increase e f f i -

C i e - f l C~~ or -n-oin q t o  an M(~L It also has a negative effect on most

ot her rj u a l i t ’, ’ fa c t o r s , thus m e r e - a n - e n - s  l i fc - - c ’i- - c le  costc ; . S i r ce

CPU t ime i - s - i  memory constraints usually imp ly tIc-c necessity for

e f f i c i e n t  - - a cT ing , the ,- -‘~cs;t impacts of the - -c S ~ct ci -r s , n I , - c - r -  r i - I  lcc t

1- i .  Ri~ b ,a r cr , P . 1- ., et ai. , ‘ , ‘ c ~ ,, o - r ,s ~y , S,,i-: -~n-i-~~ ~,ec,l s - t ’ ,- . ” c- e-r’c mr al

Elec t r i c  Nems an’- t- resent atior . cinder  RADC C o n t r a c t  r’~: 3 d ~- r n - : _ 7 i -’, _ c_

‘ 4 7 , - c -  -r ’ rti-l’ c ’ i  1976.

A- 17
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REQUIRE MENTS DOMAIN

FACTOR NO. 11

~EALITY REQUIREMENTS
(Cont inued)

GUIDELINES : (Co nt inued)

the cost impact of increased efficiency. See Factors  N o s .  1, 2 ,

and 4 of Appendix B. Since increased e f f i c i e n c y  usual ly has

an adverse impact on life-cycle costs, only attempt to obtain

the absolute minimum level required . System growth may cau’i-e

the efficiency to decrease, violating minimum levels. Antici-

pated growth should be accounted for in the initial design and

requirements , thereby decreasing the likelihood that recoding

or other measures will be required during maintenance to at—

tam initially specified efficiency levels.

• I r o -r ca s i,sd integrity will increase Sh e ’ ~,i sc c u r c - t~ of code re -i -; u icc -ed

to meet the same set of operational requirements. This will

increase development costs , but decrease operational costs.

In teg r i ty  essential ly characterizes how sensitive the cystem

is to operator error or system error caused by hardware mal-

functions. The project manager has to ask the question , ‘ How

much down time due to operator or system error can li-n -- tolerated

in an operational environment?” If a relatively larqc amount

can be tolerated , then a great amount of integrity is not re-

quired in the software design . If only a relatively small

amount can be tolerated , then a large amount of inteqrity should

n-c required in the software design. The amcunt of integrity

required for ce r t a in  classes of on—board f l i g h t  sof tware  in

avionics applicatcorn-’ i n - very hi g h .  For simulation and Auto-

matic Test Equipment (ATE) for avionics , it is much less. Com-

mand and Control will usually fall between on-board flight pro-

grams in avionic s and simulation and ATE for avionics in tc -rm c

of integr I t i- - r ed - i  r r ‘n-I .

— I P

- - - -~~~~ —- -- - ‘—  - ,,--- -~~~~~~ - —~~~~~~~ -— ~~~~~~~ - - ~~--— — -~~~~~—~~~~- - —~~~~ —~~~~~~~ —~~~- - - - —-— - - - 
-‘~~~~~~~~~~~ ‘
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REQUIREMENTS DOMAIN
FAc~TOR Ni- ’-. 11 1

QUALITY RE~~U I  IILMENTS
(c ,’ i - i - r i tj n u e d )

G U I D E L I N E S : ( Continued)

• Usabi l i ty  refers to how well the software s~ t c - nties u-n -er  re-

quirements. See Factor No. 3 — User Eeg ’n-iieme rctc-i-- , of this

appendix.

• Increasing maintainability will increase develoi rsc - c- i - ’ct costs ,

but decrease mai—ttenan cse costs. See Factor No. 10 - M - n - i nt a i n -

ability , of this appendix.

• Increasing testability will increase the amount of code re-

quired to meet the same set of operational requirements. This

will increase the cost of the analysis and desiqn , and coding

and checkout phases of development , but decrease cost in the

test ing and integration phase . The amount of testability re-

quired should be a function of the size of the development.

It  should increase w i t h  size.

• increasing flexibility , i.e. , making  the si- ftc - n - cc - ri -- more adaptable

to changing requirements , will irs - cc - n - c c-c-se the amount of code re-

quired to meet the same s’-t of operational requii-enc -cn-’rc -ts . This

will in-crease development cost , but decrease maintenance costs.

The project manager should analyze f l e xiI - c - hi ty n-ec~~u i r c ’r~d c c i ’ t n- in

t,’rms of the expected volatility in operational requi rors -ci-’rc t s .

If the volatilit-; of ‘ge rational r- ‘-i u i i  - - r c - c - e - n t~ is expected to

be low - ,-ver t Ic - c life of the sc-i-stem , then great flexibility is

not required . If the v-c -i -cl ati l ity of or e r a t i c c r s , ’rI ri- Tuirements is

c- x T’ o ctc - c ’d t o  be high over t he l i f e  of t t , i- s’, ’ ’ - t c- ’ ss , t Ic - c c - - r i  e nq l rc - cc - se-r’

a iarge amount of flexihilitc ; m t .  the si - s - f In - a r - ’ desc -i-m.

A-l i-



REQUIREMENTS DOMAIN
FACTOR NO. 11

QUALIPV REOUI REMENTS
(Continued)

GUIDELINES : (Continued)

• Portability refers to the ease with which the developed soft—

wae can be transferred from one hardware configurat ion and/or

software environment to another. Reusability refers to the ease

with which the developed software can be used in other applica-

tions. These factors are hi ghly interrelated, and are essent ia l—

ly covered in Factor No. 12 - Transportability , of this appendix.

A feature  of reusability not covered unde r t ransportabi l i ty  is

the packag ing and scope of the functions developed . This is

essentially the modularity put into the design. That is , can a

subroutine easily be lifted out and deposited into another develop-

ment without a lot of awkward interfacing problems? Increasing

this kind of modularity will increase development costs , but may

decrease development costs on subsequent developments . This

feature is also related to the following attribute , interopera—

bili ty.

• Interoperability refers to the ease wi th  which the developed

software can couple/interface with another system. Increasing

this at t r ibute  wil l  increase development costs , but inc rease

the ~c- ’ot , i- ’ r c - t n - a I  use of the  system and also possibly its lif€- .

Increas ing  p o r t a b i l i t y  and reusabil i ty wi l l  increase in te r—

operability ; there fore , fac tor  No. 12 on t ranspor tab i l i ty  applies .

A high use of High Order Language (HOL) w i l l  inc rease  i n t e r —

operability . Other features that will increase interoperability

are:

A-20
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REQUIRE MENTS DOMAIN
FACTOR NO. 11

QUALITY REQUIREMENTS
(Cont inued)

GUIDELINES : ( Continued)

- use of standard widely used communications protocols ,

- use of standard character representation such as ASCII , and ,

- use of standard 32-bit and 64-bit formats for floating

point representation .

• Determine the qua l i ty  requirements  of the sof tware  package

and incorporate the requirements into the design at the

ea r l iest  feasible point.

I N T ’ R , c -Vt -, t d  c c T i ’c-Li 

I ’ :F’ I ” T-: C ’i’ c N Cc)s’r

T Nc -,’ kI- Ac T TN
DEVE i I’ ‘l c i-  - i ’  LOST

A-2 1
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REQUIREMENTS DOMA IN
FACTOR NO. 12

TRANSPORTABILITY
REQUIREMENTS

QUESTION : What transportability requirements c - c - icc to be imposed un the

software to be developed?

GENERAL I MPA CT:  Increasing transportability , if the language mix re-

m a i n s  constant, will incren-se development costs. Generally, this cost

cc- an only be recouped cf there is a change of CPUs over the life cycle

or the code can be transported to other developments. Tic-crc n-ce - sec—

ondary cost benef i t s  in t ra in ing  and documentation by using standard

versions of standard languages , which  i nhe ren t ly  makes the code more

transpor tab le .

GUIDELINES :

— Ident i fy other potential uses of the cc - i - cd .

— Assess probability of change in CIU.

— Per form cost t r adeof f s  to evaluate  benefit of transportability .

— Code wr i t t en  in an Hi gh Order Language ( H aL )  is more transport-

ab le than code- w r i t t e n  s - r i  a M i - i c : h i c - i c c ’  Or ien ted  L a ngu a ge  ( N d - ! , )

— Code w r i t t e n  in a standard n-c sc-sion of an HOL is is-c-on-cc Ic- n -ans i-c -i t—

able than code written in a non—standard -,- i-c- rc-;ion .

— daLi- - w r i t t e n  i n  a w i d e ly use -cl HOL is moi’ic- L s - - cric -gi-cc-’-i’ta,Tc-le than

‘ c c d i - - w r i t ten in c - i less w i c l c ’ I y i c - c - c - i  HOL .

- The code r equ i r ed  t i - c  solve a g iven p rob li - i - c - i n  a n - t  , r i - d a r c i  ve in -ion

of an FI OL w i l l  I - i c - r a l l y  be gi n - c - t i - c r  t h i - i c -  t h a t  Ic-gu i-cs Ui-i j f l  ,i- fl(i- 1 c-~

Sn- n - Ic - i - i - n - ri vers i~~crc , he ‘ n -u i - ; e  t in - non—st ,i -rc i - I ,i -r ve in -ior c- is a _ S  mos t

a l w a y s  a supercc e- L of t I i -  - s tan dar d  ver i - ;  c - n - c r c -  , 01’ I i -  i ir c - c i t cc I l i - c - —

‘c-ram mer more c c - p t co n s  i n  s c c i v r n q  tO- ~- r~c I - ri - c - .

A- 22
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REQUIREMENTS DOMAIN

FACTOR NO. 12

TRANSPORTABILITY
REQUIREMENTS

(Continued

GUIDELINES : (Continued)

- Since transportability is almost solely a fu nc t ion of language

requirements, see Factor No. 17 — Lan guage R eouir em e n t s , in

Appendix C for additional considerations.

— Avionics  sof tware  is much less t ranspor table than Comman d and

Con t rol  sof twar e , si n - - cc -  so much of it has to be imp lemented in

MOL . Most command and control software can be implemented in

a standard version of an appropriate HOL , such as JOVIAL .

IN CI ’l - ’ Tc-c -I -: D TRANh T ’ORT A B I L I T Y

l~FFECT - ‘ N  C (c -ST :

I Nt T’Ic -_ S ,”i - c- l’ I
DF_ S’i-JE i - i  - ~‘!l !-i L

A-2 .1
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REQU IREMENTS DOMAIN
FACTOR NO. 13

BUSINESS
APPLICATION

QUESTION : Is the sof tware development a business application ?

GENERAL IMPACT : Business applications are more productive per unit

line of delivered code than non-business applications .

GU I DELINES :

• Most business applications can be implemented in either COBOL

or RPG. It is d i f f i cult to justify implementation in arm MOL ,

since eff ic iency requirements, the major reason for MOL imple-

mentation , are seldom severe.

• Since business applications generally have a hi gi degree of I/O

relative to computation , sizing or costing algorithm s based on

the number of I/O items can be quite effective .

• A number of business application programs are written on the

basis of transaction oriented processinq to update files. In

these cases, the number of transactions can serve as an esti-

mator of size- and cost .

• Most business applications for the Air Force are implemented

under the control of the Air Force Data Systems Design Center

(AFDSDC). The primary language used is COBOl . A form alized

procedure for development exists , and is documented in Design

Center manuals .~~
0 

It covers all life—cycle phases frn~ analysis

through operation . A management information n-~c n - t e r i - c -  for  resource

20. Air Force Data Systems Design Center Manual 300-8, Gunter AFS ,
Alabama .

A-24



REQUIREMENTS DOMAIN
FACTOR NO. 13

BUSINESS
APPLICATION

planning and utilization exists called PARMIS (Planning and Re-

source Management In formation System).

BUSINESS APPLICATION

EFFECT ON PRODUCTIVITY :

INCREASE

1

A-25



REQUIREMENTS DOMAIN

FACTOR NO. 14

SCIENTIFIC
APPLICATION

QUESTION : Is the software development a scientific application?

GENERAL IMPACT: Scientific applications are more expensive per unit

line of delivered code than non—scientific applications .

GUIDELINES:

• Most scientific applications , except in a real-time environment ,

can be implemented in an HOL . The widely used languages orient-

ed around batch development are FORTRAN , ALGOL , PL/I , ar i- JOVIAL .

PL/I has the additional advantages of having feature s which are

applicable to business applications. The widely used languages

oriented around interactive development are BASIC and APL. It

is difficult to justify the use of an MOL for scientific appli-

cations in anything other than a real-time environment.

• Probably the largest scientific developments in a non real-time

environment are Monte Carlo simulations. If the simulation is

event driven , then the number of events can be cn-~~~- ’j to estimate

size.

• For real—time scientific applications , see the guide sheets on

response time (Factor No. 5), and CPU time and memory constraints

(Appe nd ix  B , Fac tors Nos. 1 and 2 ) .

SCIENT I FIC ic-l i ’ !  c- dc - li— i - N

EFF-E c- ‘1 , d
~ P T - - : - i ’ c- ‘I IV ITY

DE- ’N1!A~-E

A-2 6
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1 REQUIREMENTS DOMAIN

L FACTOR NO. 15

UTILITY APPLICATION

QUESTION : Is the software development a utility application , such as

tape to line printer , code conversion , or a sort/merge program?

GENERAL IMPACT: In general , if the software is a utility application ,

the cost per unit line of delivered code wi l l  be less than that of other

applications , excepting business applications .

GUIDELINES :

• Developing support software that operates in the u t i l i ty  mode

- such as converting Informat ion from one medium to another (tape

to disk , e t c . ) ,  l is t ing programs , code conversion (ASCII to

BAUDOT , et c . ) ,  and sort/merges is more productive in terms of

cost per unit line of delivered code .

• If this type of software represents less than 10 percent of

the total development , there wil l  be no e f f e c t  ori cost or

p roduc t i v i ty .

I

UTILITY APPLICAT I ON

EFFECT ON P Pc c - T s -U c - _ S~T T VI TV :

INCREASE

I

A-27
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APPENDIX B

DISCUSSION OF SYSTE M ARCHITECTU RE /ENGINEERING (A/E ) FACTORS

FACTOR PAGE

1 CPU TIME CONSTRAINED B-2

2 P~~)GRAM MEMO RY SIZE CONSTRAINED B- 4

3 ON-LINE OPERAT ION B-6

4 TIME AND MEMORY CONSTRAINED B-7

5 TARGET CPU DESI ONATI ON B-8

6 DESIGN STABILITY B-9

7 DESIGN COMPLEXITY B-b

FACTOR IMPACT CONVERSION

Refer to note on page A-b

B-l
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I A/E DOMAIN

L FACTOR NO. 1

CPU TI~~ CONSTRAINED

QUESTION : Is it projected that the CPU will  be in a t ime constrained

mode?

GENERAL IMPACT : If the CPU is p rojected to ope rate in a t ime constrained

mode , the cost is expected to increase. A time constrained mode is de-

fined as more than 80 percent utilization of available CPU time for the

most demanding task .

ACTION CONSIDERATIONS :

• This factor is highly correlated with the response time factor (see

page A-B ), since tne constraint is most often present in real-time en-

vironments . However, not all real-time environments will present the

constraint. For example , a mini—computer controll ing mach ine tools will

be in a real-time environment , but the time-constraints are not severe .

In contrast, navigation , fire-control , and signal processing computers

in an avionics subsystem will most definitely be affected by the con-

straint .

• Factor  the sof tware  in to  time constri-ainecl and non- t~~ni-cc-- c-cs-ic-strained

tasks using the 80 percent CPU loading ru l e .  Use t in - c - fe’llowing

i - ; u icj c -s - l ines  after the software has be’cc - ic - T a r t  ~ Li c c~ced ira ti-is m a n n e r :

I f  t i c - in - time constrained portion represents less than 10 e rn-ci t

of tNe total development , then no special provisions are necessary .

Just expect lower programme r productivity for that port c- crc - of the

development.

— If the t ime c o n s t r a in -e d  p o r t i o n  represen ts  more t I c - a n  10 percent

of the total  d e v e l c u c - c - e - n t , the-n use the a l t e r n a t i v e s  i resented for

B — 2
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A/E DOMAIN
FACTOR NO . 1

CPU TIME CONSTRAINED
(Continued)

ACTION CONSIDERATIONS : (Continued)

Factor No. 5 - Response Time , in Appendix A.

— Consider hardware tradeoffs to dete rmine if a fas ter
CPU is available , and if it would be a cost effective

al ternative .

— Consider re laxation of the response t ime requirements
(user concurrence should be requested and documented).

CPU TIME CONSTRAINT

EFFECT ON PRODUCTIVITY :

COMMAN D & CONTROL : 35% DECREASE
SCIENTIFIC : 4 fl~ - DECREASE
UTILITY : 55% DECREASE
BUSINESS : NO EFFECT
ALL OF THE ABOVE : 25% DECREASE

_ _ _ _  _ _ _  _ _ _  -~~~~~~~~~~---_
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A/E DOMAIN
FACTOR NO. 2

PROGRAM MEMORY
SIZE CONSTRAINED

QUESTION : Is the program memory size of the processor a constraint to

the sof tware development?

GENERAL IMPACT : If the software development is constrained by the size

of the processor program memory, then costs are expected to increase

over what one would expect without the constraint .

ACTION CONSIDERATIONS :

• Determine size requi rements of the program memory.

— If the estimate of requirements is less th an 60 percent of total

memory , assume little or no effort.

- If the estimate is greater than 60 percent and less than 80 per-

cent of total memo ry , anticipat e increased costs (15 to 20

percent as appropriate.)

- If the estimate is greater than 80 percent , assume major impact

on costs (an increase of as much as 200 percent can occur).

• If memory utiL.zation is qteater than 60 percent ,

— -c~c-’ .~~ dc -rc - hardware and fi ,~ri ’ c-ca c-ic--o~~fc  as d iscussed uj-ider

Factor No. 5 - Response Time , of Appendix A.  The least

expensive hardware alternative is to add memory to the

proposed Control Pr-i-c s-c~- ic - c -C Unit (CPU) . If, however , the

proposed CPU is fu l ly  conf igur ed ~‘ith memory, then this will

not he a viable alternative ,

— consider relaxation of operational requirements to decrease

rnerc-ory ~equirernents (user concurrence should be reciuested and

documented) ,

B-4
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A/E DOMAIN

- 
FACTOR NO. 2

PROGRAM MEMORY
SIZE CONSTRAINED

(Continued)

ACTION CONSIDERATIONS : (Continued)

- if required , accept a reduction in prog rammer productivity for

the necessary extra e f f o r t  required to make- the so f tware  fit,

with concomitant increase in software cost.

• Determine if additional memory or a larger CPU is available , and

if it would be cost effective to implement the change(s) .

PROGRAM MEMORY SIZE CONSTRA INT

EFFECT ON PRODU~’TIVIT Y :

Jr-~- - ~~c-~c- & C c-N TP~~L :  20% DE CPE ItSE
SC I E N T I F I C : 10% DE CRE AS E
U T I L I T Y : 15% DECRE ASE
E U b I N E S S  : CU LT T I , I~~I N L D
ALL OF TcTE A t 3 c V E : 30% DECREASE

B- 5
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A/E DOMAIN
FACTOR NO. 3

ON-LINE OPERATION

QUESTION : Does the program operate in the  on-Line or utilit-; mode , such

as scientific subroutines or code conversion routines?

GENERAL IMPACT : If the program operates in an on-line or utility mode

in conjunction with the other significant effects , expect a decrease in

costs of 70 percent in the portion of the software that affects this mode .

ACTION CONSIDERATIONS :

• Developing support software that operates in an on-line or utility

mode , such as scientific subroutines , code conversion routines ,

and standard l i s t ing  programs , is more productive in termr of cost

per unit line of delivered code .

• If this type of sof tware  represents  less than 10 percent  of the

total development , no rpecial provisions are c-c-ecessary.

- -hE i-Al I CU

IIFI - N- - T  clN H- - 

ENCI iL .~
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A/E DOMAIN
FACTOR NO . 4

TI ME AND MEMORY
CONSTRAINED

QUESTION : Is it projected that the CPU will be in both a time and memory

constrained mode?

GENERAL IMPACT: If the software development is constrained in both the time

and memory domains of the CPU , then costs are expected to increase by 150

percent over that expected with either constraint taken individually.

ACTION CONSIDERATIONS :

• Use the guidelines presented under Factor No. 1 — Time , and

Factor No. 2 - Memory , of this Appendix , treated individually.

• This factor is very important for on-board flight programs in

avionics where the combination of quick reaction real-time process-

ing and wei ght and volums i-cstr ict ions usua l ly  means both const ra in ts

are present.

• Determine if a faster ard larrrer CPU is available an~ if it would

be cost effective to implement a change.

• Determine if respr-nse time can be decreased and the software program

reduced or modified .

TIME AND M El-Pc-kY CONSTRAINT

EFFECT c c-I PRODUCT IVITY :

60% DECREASE

B-7
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A/E DOMAIN
FACTOR NO. 6

DESIGN STABILITY

QUESTION : How stable is the design?

GENERAL IMPACT : Instability in design can cause cost increases as large

as 100 percent. If requirements change, causing design changes, see

Factor No. 2 - Changes in Requirements, in Appendix A.

ACTION CONSIDERATIONS :

• Since 60 percent of the errors discovered in testing are usually

caused by faulty design , some instability in design should be assumed.

• There is no iron—clad way of ensuring an initial stable design .

The use of formal requirements analysis and design languages , as

discussed in Factor No. 1 - Operational Requirements , in Appendix A ,

may tend to increase design stability .

• The use of modeir, proararnxninq may als in~ roase design stability .

• For large projects , design changes are probably inevitable ; therefore ,

leave some flexibility in both schedule and co~~i to account for this

eventuality .

• Work closely with the user to insure that the initial design is as

definitizeu as possible , arid that the design is st&-ilized to the

maximum extent to preclude subsequent design changes once coding has

been commer ced.
DP~ T(~N STARILITY

EFFECT ON PRODUCTIVITY :

50% DECRl A~ E VLR ~i
I•~ ~~~~~ ~ DJ,~:I~;~; ~~~~~LS

( t RE ~_ E ~ I ~~
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DESIGN C OMPLEXITY

QUESTION : How complex is the design , that is , how comp i ~~~~ and in-

volved are the logic and software/hardware ixiterfaces~.

GENERAL IMPACT: Increased complexity decreases productivity, Lu rio

successful rating scales have been devised for measuring it.

GUIDELINES:

• The complexity of a project has a significant adverse €ffect on

programmer productivity . General rules of thumb to keep in mind

in this venue are:

— Operating systems are more complex than compilers , and com-

pilers are more complex than applications i~~f tw a r e . ~upIcrt

software , in general , is more complex than aN~lications soft-

ware.

— Real—time applications are more complex thi: r~cL-real—ti re

applications .

— Interrupt driven multi—tasking software is more c’~rn! 1ex tL~n

non-interrupt driven single tasking software.

• Complexity can be looked upon as an overvic’.: of a number of it~~n~

covered by other factors. Once the design has l eon apj~r ovcd  after

Critical Design Review (CDR) , then it will probably be ~ f benefit

for the project director to break up the software ty levels of

complexity , and cost each portion separately.

lNflREA~ Li COMPLEXITY

EFFEC T N I RODTII TTV TY

DECREASE

B- 10
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MANAGEMENT DOMAIN
FACTOR NO. 1

SUPPORT SOFTWARE
AVAILABILITY

QUESTION : What sort of support software is available for the develop-

ment?

GENERAL IMPACT: The availability and quali ty of support software has

a large impact on development costs , but its magnitude is not easily

quantifiable.

GUIDELINES :

• If either the development computer or the target computer or

both are new , expect to pay a r~onsiderable amount for support

software relative to operational software , compared to a develop-

ment where these conditions do not exist .

- If possible , try to avoid using a new computer as either the

development or target machine. If a new computer is chosen ,

the advantages it provides should clearly outweigh the addi-

tional cost that will be required to develop adequate s~ p-

T~~r t software .

• With the larqer main frames for the tarqot ‘ ornt ut r , expect t :~

peiii t ’: and availability of support ~of twarn to hi’ i~ t t e r .  This

~ C l 1  i~ tb case for command and control ipi Ii’:ations.

• ‘ i~~h inicompU t r : ~~ . r’ I rflicr ’ I roce~;eors f n i  tb ii :et ni’h ine ,

t t i  ~~~~~~~ rind av i i 1ab i l ~~t y  of c u l l i r t  sot~ ~r i r  to ~~‘t

p i ur r .  Th i s  w i l l  ~~
i m u  t ly  b tu  caee for avionics ap~ lications .

St T i l t I ’  S t TWARI
i !  L ITY

t i :  C ~ ) T—’’r
V A R I A B l E

— 2
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MANAGEMENT DOMAIN
FACTOR NO. 2

WORK BREAKDOWN
STRUCTURE (WBS )

QUESTION: Is the Work Breakdown Structure (WBS) adequate for collect-

ing software costs?

GENERAL IMPACT: It is possible that a Work Breakdown Structure (WBS)

with only a single element for software will capture onl~ 20 percent

of the actual cost of developing software.

GUIDELINES :

• The structure of the Work Breakdown Structure (WBS) is critical

in measuring the actual development cost of software for an

embedded computer system . The WBS for a system .. ith embedded

computers will contain much more than elements related to soft—

ware. Systems with embedded computers are the general rule for

both command and control and avionics applications. Therefore ,

it is essential that the WBS be constructed properly to isolate

actual software cost.

• Guidelines to ensure that software is reflected properly in

the WBS are as follows :

— A single element in the WBS for software will very seldom

account for the total software development cost. Usually , a

single element in the WBS for software will only account for

codina and checkout costs , normally about 20 percent of total

software effort. Software will not appear above leve l 3 in the

WBS , i f  MIL-STD 88lA is adhered to. Therefore, t’ account for

software adequately, deeper l~iv€1 s of the WBS will be required.

- It ir ir”perative that analysis and design , and testing and

integration be reflected in the WBS . Since the WBS for most

systems wi tl -  enbe lue T cnn!c~ters will be orie~~tid around prime

miss ion E ’ : I~~IT n e : . ’ Iletr urt , the T or t io l : of each prime mi lor



MANAGEMENT DOMAIN
FACTOR NO. 2

WORK BRE AKDOWN STRUC-
TURE (WBS ) (C o n t i n u e d )

GUIDELINES : (Continued)

equipment element targeted for software implementation should

have separate icftware elements foz analysis and design , coding

and checkout , and testing and iritecration .

— Make sure that management and support casts for software de-

velopment are adequately reflected in the WBS . In order to

cia this, it is usually at least necessary to put software

elements in the System Engineering/Project Management por-

tion of the WBS. These elements should be partitioned by

the software life—cycle phases.

— Factoring hardware from software in a satisfactory manner in

the WBS is very difficult for many developments. Many erig i-

neers , especially in avionics applications , are dually quali-

fied in both hardware and software. Partitioning t :eir time

accurately among the various WBS elements is very difficult.

This is especially difficult in the t sting and integration

phase, since the root of many problems encountered is not

known as to hardware cr software caure until they have been

resolved . The on ly  solut ion ai~ oars to be con t ont surer-

vision so that labor costs are artit ~oned as ~e’currit 1v as

noosible  1 tw retu the hardware  and :0 t t  wo u ‘ el err n t  s in the

VHS S :AV~ C k b

1:Ii’ t ‘1 N ( ‘ )SI~-
\.~u k1 AfC 1’
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MJCTA I Ti ;:

F! ‘I k 2 3

DEGRE E OF
ITiNCS AT 115

1~ J 7110W : How much innovation will be requirc i in the uevelopment?

L ENERAL IMPACT: Tiui~ is essentially a cdtchall factor covered elro-

where . It includes special dir~ 1ays, concurrent 
devci.: rr r.t of other

ADP components , a new development or target  CPU , and u~~w

The impact of these factors taken individually or in combination is

large.

GUIDEL INE S:

• Anything that calls into the category of being nov or c nr r ”a-

tive will have an adverse impact on software dcv io cnt costs.

• If existing hardware , tsci rui qucs , or languages can be subsit~-

ed for new innovations , then the  proposer of the innovations

should show cause wh u the new innovations are required .

• :nnsider trade—offs to show the cost effectiveness of all inno-

‘at ~~c,ns

P PEE CF ‘2. . 1 .  1 N

FT C ~~~ C ‘ ‘ F C ‘ ‘ :L___________________________
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MANAGEMENT DOMAIL
FACTOR NO. 4

TESTING REQUIREMENTS
INCLUDING ‘vERIFICA-
TION AND VALIDATION

QUESTION : What testing requirements , including verification and vali-

dation , are to be imposed on the development?

GENERAL IMPACT : The imposition of specific testing requirements , such

as Independent Verification and Validation (IV&V), can increase dc-

velopment costs by as much as 20 percent . However , because of the

associated higher quality , these requirements should result in reduced

maintenance costs.

;U I D E L I N E S :

• Independent V&V should increase the quality of delivered soft-

ware , but expect it to increase development costs by 20 per-

cent. Independent V&V should pr bably not be a requirer.rnt

tu r small projects, but should be given serious consideration

for large projects.

• Testing requirements :~re usually specified in terms of some

percentage of logic paths cx b led. The number of lossible

logic paths will increase geometcically with th~ size of d-

veloped code. Therefore , expect to cx lor e a greater percent—

age of logic paths in a small development than a large develop-

nrnt. ExI Ct teoting costs to be directly r ortional t~ t i e

percent of possible logic paths explored . Do not select the  ; r i t h s

at random. Select on the basis of t h e i r  expected freojencv of use

in an operational environment. Test those which are : T e ~~t e .  to

occur most frequently .

S-C



MANJr.d MENT ::OM.~ IN
i T CH NC - 4

TESTING P L ;UIRFT-IETi T S
INsr ~: I s  VERIF CA-
TION TC T TT VALID AT IC Ti

(Continued)

GUIDELINES : (Continued)

• Since the correction of errors discovered in testing reintro-

duces the probability of error (i.e., there is a 40 ~er~ ezt

chance that correcting an error will reint rod~~:~ a new error)

regression testing requirements are sometimes imposed . This

involves testing some percentage of the looje paths which are

dependent on the path where the initial error war d i e c c vere  I .

Follow the same guidance as above for primary path .

• For on-board flight programs in avionics applications, exper t

to test a high percentage cf possible logic paths, especially

for software which is classified life critical. For siinula—

tion , expect the percentage to be lower , and for ATE , expect

the percentage to be ve t  even lower.

• Testing requirements for command and control usually f a l l

between on-board flight programs for avionics and simulation

for avionics.

21. Barry V . Been , “Software Reliability and M e asu r em e n t , TRW
Corporation , P r e sen t a t i on  given at So f tware  M an a g e m e n t  Confer-
ence , Vasn~~n ;tor., D.C., V.rch 22—23 , 1976, sponsored by Are ri—
can Institutu of Aeronautics and Astronautics .

TE STT NC ; RE~S lhl T NT S

}:Fi p:T ~5 COST :
IN ‘ i  Co FOR TESTIS

~ 20% IN PI~, r r’u’~ IVOJ
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T,’SI ~ii:is (LI,

CONTROL SYSTEMS
CRITERIA (C/SCSC )

QUESTION : What is the Cost/Schedule Control Systems Criteria

(C/SCSC ) setup for the system?

GENERAL IMPACT : The impact of C/SCSC , or its non-formal equivalent ,

is directly dependent on the Work Breakdown Structure (WBS) for the

development. See Factor No. 2 — WBS, in this Appendix , for i r r i a c ’t .

CU I D E L I N E S

• The C/SCSC, or its non-formal equivalent , is the principal

mechanism for determining if the project is deviating from

planned cost and schedule. The reporting vehicle for C/SCSC

is the cost Performance Report (CPR) . C/SCSC will only be

as effective as the WBS for the development. I f  only one

software element is in the Work Breakdown Structure (WB S )

then C/SCSC will not be effective for software control.

• If the CPR , or its on-formal equivalent , contains more than

one software element , then constant surveillance of cost and

schedule variance should be maintained . There are a number

uf t ’rhniques for analyzing cost and s c h u d i ~ c’ variance to

a f f -  ct I r o le c t  rent ~oJ w h i c h  should be im l i ment i 
22

2 2 .  A nal y s i s  of T’ u s u r e m o~t La ta f c r  iu  ui  ‘:~ 1 i i , rur .c : e  at  ‘r et  /

C~~~t rol Systems (‘guru (FVS 361) , “ ¶ cp a r r-~ of Nan —
ru tement Techniques , School of ~~~~~~~ and Log i s t i c s , A i r  Force
Ir, titute of Technology , Wri Iht_Patterson AFB , Aus oct 177C .
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MAMA i7 ’ILN T DOMAIN
FA~ ~ ~~~~~ S

COST/SCHEDULE
CONTROL SY STEM S
ORITERIA (C/SCSC

(Continued)

)EI INES:  (Con t inued)

• A s i m p l i f i e d  ruie  of thumb can be used as another cost con-

t rol  m e c h a n is m .  It is the 40—20—40 i sl e :  40 percent r~

velopment effort in analysis and design , 20 1ercer’ t in coding

and checkout , and 40 percent in testing and integration . This ,

however, may be altered somewhat with the imposition of modern

programming techniques. The first of these development prtases

has a milestone usual1 ” associated with it, thu Critical Desicu

Review (CDR) . If the CDR , which signals the end of d e s i a n , has

not been completed by the time 40 percent of the fords. has I cc

expended , then one should be aware that there ~~~~~ 
he a potential

cost overrun in the offing.

C/ SCS C 

-
N (‘O~’1 

1’
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MANAGEMENT DOMAIN
FACTOR NO. 6

DEVELOPMENT
PERSONNEL M X

~CESTION : What is the mixture of support personnel to programmers and

analysts on the development?

GENERAL IMPACT : Each 10 percent increase in suppart personnel relative

to programmers and analysts will increase cost per unit line of delivered

code by 25 percent.

GU IDELINES :

• The expected mix of support personnel (management , clerical , etc.)

to programmers and analysts is 20 percent support personnel to

80 percent programmers/analysts. Deviations from this mix depend

on project peculiarities. Expect the impact indicated above when

this occurs.

• If the developer has a mix sharply different from the expected ,

have the developer show justification for the mix.

—~~~~~ PEI~S MEl], N I X

EFFE CT ~ Pp: NP, ‘TiVITY :

25’t r ) ~.~( ’ j ’ ] 5~((] 1 ’ R  I~A ‘(I
10% TN CC ‘ . F IN SIC’—

P ‘CI PF( 5 2 1

c-iD
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MANAGE MENT DOMAIN
FACTOR_NO. ~

BP S’ RAMMER TE Si I si:

QUESTION : Are programmers given hands-on computer availability for

their own ‘esting ?

GENL~AL IMPACT : Submitting programs to be tested and run by a separate

comp - ‘  er operations ~ :aff is about 50 percent more productive than giv-

ing programmers sands—on computer availability .

GUIDELINE S:

• ~ I-~~s factor only applies to batch environments on large main

frames. It does not apply to time-sharing or where the develop-

ment Central Processing Unit (CPU) is C ther a mini— or micro-

computer.

• If the development CPU is a ~ac ;r main frame operating in a

batch environment , tI~~’n:

— a developer who has a se~ orate com~ ut -r ( p e r l A t i o n s  s t a f f  a rs

li i t s programmer hanSs on CPU a v a i l i h i l it v  l u l l  he pu t in

a more favor rl : le  I i-th t tra ri one o laos not;

— t ’ m 1 t to keep the 1- r oqrammer s  c o n f i n e d  to ’  r e ’u imxring and

r r ’p a r i n y  t o t  r un s ,  and let the “-omputer u l - E r r a t  ions  s t a f f

make the runs on the computer;

— I f a I arqu I orrenta’l ’ of machine checkout  and t o t  ing is

done by programmers instead of the computer o1 u’rations staff ,

then expect lower programmer productivity a’~d a concomitant

higher cost .

• There is a fine balance h -tween bench checking and macbin ’- t~~ Ct-

ing r~ ’~rams in terms of achieving opt imum produ ctivit~’~’ . Two

runs j’er day in a batch en’, ironment seem to be about 
~~~~ 

imum

f ey  arichln ; f ing .

C—I l

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—



MANAGEMENT DOMAIN
FACTOR NO. 7

PROGRAMME R TESTING
(Continued)

GUIDELINES: (Continued)

• This factor is of small importance in avionics since it is usually

a minicomputer or microcomputer environment .

• For command and control applications, this factor is very likely

to arise.

B TE ST I N — —

BATCH i-:sv 1 RONMENT
CE  LARGE PRAMES

EFFECT I N PP 1 )] l ,  ‘1 IV I ‘I ’Y
L I M I T E D  -UMI I Yi’I-: P ACCESS
INC I EASES p:~ ~C ]I ( I IVI TY 5Df

C- 12
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MANACTEMEN 1 D(,IiJ~IN
FACTOR N: . 8

AMOuN’r & M F T I I c r ’
OF COST CI I’A

COLLECTION

QUESTION : What is the amount and method of cost data collection?

GENERAL IMPACT : Increasing the amount of cost data collected will in-

crease development cost . Manual collection of data is more costly than

methods which depend on automated means. Costs associated with data

collection may be recouped in a smoother running project . if an exist-

ing cost collection system is to be used , then there is no impact on

Cost.

GUIDELINES :

• If the existing cost collection system , in place at the develomer ,

is considered adequate , data collection coste should be minimal.

Contractors which lack an acceptable in—place cost collection

sys t em should be required to implement one , and accordingly may

require additional funding .

• The amount of data to be collected is a aire ’N functicu c-f the

Work Ci’eakdou’ c - -~~~y~~c~~ uy e  (WBS ) and tu e  Ccst/Oclt.’ulo Cont~~;2 Sys—

t m  Cr  IterilI ~ ‘S’ SC-) se tur  for  to le  u e v e l , ( ’p e r , t  -

• If additional dat-u is ‘ - (JO-Sted that is net a’~’ of thu dc v’~l—

S c;roinar: :cct, -lata collect r an  p r ac t i c e s, t h e n  the follow-

ing should B considered :

— Dete rmine  if the ex; ccted increase in dcvi lo; m ont c;oots t~ im-

p lement  new cost c o l le ct i o n  ; r a c tic e s  can be rcrcu:’ed : lu r in a

the c u r r e n t  d e v e l op m e n t  , a c ’u m i n g  the  1r4 lem e n t at  i on  iS  ( ( C t

C o I O I L e d . If not , d e t e r m i n e  i f  thu new p r a ct i c e s  in; icoert en

w i l l  Pu b e n ef i c~ al to o t u c i  od ee,:nrnt -h’io loemeots.

C-l3  
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MANAGEMENT DOMAIN
FACTOR NO. B 

—

AMOUN T & i IE TII ( N OF
COST DATA COLLECTIO N

( Con t inued)

gJIDELINES: (Continued)

— Assess if the new cost co l lec t ion  p rac t i ces  should be i n; Ic-

mented by manua l  or automatic  means .  Manua l  impl ’n’ r : t i t i o :

will cost less to develop than automatic , cut ~ i1l carry a

higher operational cost. The trade-off should he -xanjn

carefully, especially its carryover to suhc;i’uu ’nt de”elo; rnt-n ts .

Some cost collection practices will not be ~‘o ; j 1y  ,i ’-c r’ rcj I I t ’ to

implementation by automatic means.

• Serious consideration should be given to the collection of prod-

uct information , such as instruction count, as well as cost in-

formation . It helps to have something to measuie cos~ aqairct

in terms of product standards and status .

r 

(~ ‘ ~s ’~
’ - \ ,~- -r 
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M I C A .  1-2- ’ ] 5’] l ) co.IA IN
I-A ’] ‘ - ‘ , -

COST OF SECONDA RI
RESOURCES

QUESTION : What secondary resources are being used in the dc-v~H ;- : -n t l

GENERAL IMP A C T : Secondaly resources on the average ar-lu/out to a i K ) u t  7 .5

percent of total development costs. They include primarily c omputer

time and documentation production costs.

1 ( 1  D E L I T ]E 2

• n t B  av e ra g e , expect about 4 to 5 hours  of c’rm; ut  r t ime n c-c

man—month  in a batch s ingle  j a n  i t l c i ,  -n v i room nt .  e t c  w i l l

be ‘ , r i i i v - i I ’nt , but t in e will not  be t h u  same , in  term :, :ii or ien t -

ed or m u l t i - p r o g r a mm i ng  env i ronmen ~~c -

• fln t h e average , ox ; oct abc t 5 pco~es of docun - r-t~~t i ’ ‘t cc man—

1.

• If  ;ccor i Iar’r Y t i 5 O l l i ’flOS are to be accounted f i r  a ’  c : r r a t - - ]  v , then

tB MB ; has to l’e ’;t r octu r ed  p rope r ly  t acco ri ’i t for  the .

• A n - ’ a l g o r it h m  U :c- d to es t imate  secondi r ’, ’ rc~~’ u y :  si e:j ld he

consist O t wi tI , t h e  MPH . For example , ii ’ t i ’  a I ’ l e r I t H n :  e s t i —

n l v  :r > r f l j l i t i i r  t ime and lec-um r i t at ion  pTO~ u:t I i i  Cost ,

Lu thu CBS should l ive s; ‘c- i ’ I]’ i element - , fai t h u c e  it emi-

t t n ,  c c’o:~, I U ;  r u u - ’ : i r ’ er will - ‘ l i n t - , ]  I n ov c rt i eI or  t h u r

r n —  :t -~~i re  elect - u P s  in t i ’  I-lBS . In t h o r ’ cases , it w i l l  i c

v i r t  i l l y  m u  ossiI~I ’  to measure  t i l l ’  ,i t - i a l c o t  01 sec0050l

r esoum c u e.  T h i r - f e r - , any  a lq on i t hm  used t i  :~t i n ’~~~e t i l l - r n  w 11

t rove ~ l i t t l e  1 1 i ’ ~ S i nc e  t h e r e  w i l l  I ’  l it  n e  I - crm Jai’: - them

to. 
______________________

/ C~~ ( n i ’ ~y pp r

CI IN’. C’ ‘5 O5I
7 . I’ y’,
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M]\NA2EMENT DOMAIN
FACTOR NO. 10

D E F I N I T I O N  ~)I’

INSTRUCTION

QUESTION : If instruction count is being used as the sizing parameter

for cost estimation purposes, which of the mary definitions of tic

word “ instruction ” is being used?

GENERAL IMPACT : Worst case is 300 percent ( th e ’  expanm~ion ratio) error

when using object words in a Cost Estimating Relationship (CER) devel-

oped on the basis of source statements , or vice versa. Other additive

errors can occur in treating delivered vs. non—delivered code , sun’port

software , the handling of comment and copy statements , etc.

GUIDELINES :

• To estimate costs reliably, the definition on which the

in s t r u c t i o n  count is based must be cons irt ot w i t h  t h a t  used

in ci~ ve1opiriq the  Cost Es t imat  Inc Relationship (CER)

- If the CER was developed on the basis of object code , then;

• instruction count should be in object code ,

• handle data areas and constants consi , c t ent  with the CER ,

• handle reusable code consistent with the CER,

• handle deliverable vs. non—deliverable code consistent

with the CER , and ,

• handle sup; ’or t vs. operational software consist -nt wit]~

t l i i ’  CER.

— If the CER was developed on the  h-’oci s of ~~~ a m m o -edt- , t h e n ;

• in s t r u c t i o n  count should  be in SoOt C t -  st~~f ’  O(- ’n t  s,

• h a n d l e  comment , copy,  ari d d e c l a r a t i v e  sta t ’m ’ r t s  - “ ) t i s i st e n t

with the SEP .

-1’

L11. —
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MANAGEMENT DOMAIN
FACTOR NO. 10

L-L I’IN J] I/N OF IN—
H T R H C T  I ‘N (Continued)

GU I : 1 L I N I - : c ’ ( nt m r m - - ~ )

• t a n  ile r r - u o a l  i i  code consistent with the ClIP,

• h an d l e  de l ive rab le  vs .  n o n — d e l i v e r a b l e  code cons i s ten t

w i th  the CER , and ,

• handle support vs. operational software consistent with

t ime CER.

D E F I N I T I ON OF 5~( ’,.f C ’I ,,~’

El-T’ECT ON ‘

V A R I A B L E  --
C P H I  CASE = 100% Ci:i-:°R

c—1 7
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MANAGE MENT iY MAIN

— 
F ACTOR NO.  11

SI:Irp ; ERROR

QUESTION : What is the effect of a sizing error or~ t i c- - - ‘  ‘ .t c~~t i m a t e .-

GENERAL IMPACT : If the cost per instruction method I;; i;:c - - i for the

cost estimate where size is the number of instructions , then tL- - ef-

fect of a sizing error has a direct impact on ti-i c- error in the cost

estimate. Since sizing estimates can be off B is m o oD as 200 percent ,

an c- - nor of greater than 200 percent can Bt-c injected into the cost

es t ima te.

Al t I BE) INF.c :

• Sizing error will get smaller as the  ro ] / c t  nov.- -  toward

coznj: let ion .

• 2 i n c - -  t i - u ’  e r ro r  assoc ia ted  w i  t I . n r o qr e r n m ur  ; - r c ’ lu ’t ivi P- oheni: 5

as a f u r t c t  ion of the  i n ;t r u c ti o n  - c , i n t  , t I r e  a’ ; c n i m t ’ -  s i Zi n’:

or en t er  should be’ st : l - t ot ed  a :; a t u i t ion of w i l t- I  - t i c i s  ; ,roq r ar,

is in its develcpment. Use t t e  following :‘;ioelincs i on  s el e c —

tier : -

— : ‘or ic~~r t ; m a l  Phase  — Initial Buduetary Estimnac. -

• Total size lit object words (rireater than - error)

- Validation ;-rior to release of REP . -

• .~ ire in object words m i n u s ’  da ta  01 /0/  ( ; ~- oa : u i  than 100% c-ri-or)

— cr receipt of ; r opo: ;e i  s through PiP -

• :11cc in new object words minus data ar . as after adjust-

t m - n t  for reusable ~ode (greater than 75% er r o r )

— From I~ P through remainder of devo 1 ;’ ; -rn - u t -

• Size in new source t’, l t en n t s  (initi al ~0t error im-

; r o v i n r to 0% at comp le ti o t )

L - -
~~~~ ~~~

‘ C-l

I . 1 ( 1 ’I’ u N

L v;~I: i ABL r~
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MANAGEMENT DOMAIN
FACTOR NO. 12 

____

DATA MANAGEMENT
TECHNIQUES

QUESTION : What kind of computer data management techniques are to be

used for the development?

GENERAL IMPACT : The impact of using a Data Base Management System

(DBMS ) versus a File Management System for computer data handling is

not known quantitatively, but it is expected to be significant.

GUIDELINES :

• A F i l e  Management System will reduce development costs, but

increase maintenance costs.

• A DBMS will increase development costs , but decrease mainte-

nance costs.

• If there is not expected to be much v o l a t il i t y  in the types and

fo rmat  of data to be h er -  ~le ’I  over the l i f t  of the system , th e n

opt for a File Management System .

• If  great  v o l a t i l i t y  ic  expected, f i r e r ;  e~-t f o r  a DPM ~ -

• Expect  to pa- ’ an e f f i c i e n c y  i - a t i r - i ] t y  in hot t t he  CPU t i m e  and

memory domains when using a DBMS .

• If the choice is left in the  hands of the deveiop’ c , the ro-

~1’ct nior aq ’r should be aware of the trade-off betwu-en develop- j
m i t t and ma] iit .t -n ~~m i c t ,  c ost s

• This  is not a [a- t a r  of impor tance  t on  av i o n i C S  a l - i’ ll oa t  i r i s ,

since any data management that  w i l l  be required can usually be

i r - iri , ll ~ ’d easil y by a simple F i l e  M a r r a ’ u c m - - i t Sys tem .

I
c- i t
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I MANAGEMENT DOMAIN
FACTOR NO. 12

DATA MANAGEMENT TECH-

NIQUES ( C on t i n u e d)

G U I D E L I N E S : (C o n t i n u e d)

• For command and control appLications , this factor car be

important , especially for a system with large data manage-

ment tasks.

I

1’~

DATA NASA T - :MT: ’ :’ ’rF’,CINI ~~iTs

I ” :  N 5’ 1ST:

t A t ’  TAF t ] F
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MOi CRN l l ~~~~-:M~-1IN:
TI THNI~~UES

QUESTION: Are modern programming techniques to he used i ’D r t i r e

development?

‘IENERA L IMPACT : Struotored top-down design al ong wit]-, all the associ-

ated disciplines can decrease cost by ap to 40 percent over the same

development using non-structured , nor,-tor -clown design methods.

G U I D E L I N E S  -

• The maximum benefit from modern m-reqramxu u nci techniques will

be realized from large programs, in g e n e r a l  100 ,000 l ines  of

source code and greater.

• The benefit derived from the a ce  of n c - d u n : irramirig techni—

cues will be a function of the nu m n e n  of associated discip l i ne s

~rrplemented , such as Chief Programmer Teams , P r -c qr a mm i n c  - t in t -

Librar ies , and Hierarchy Input Process -u t ~ ‘at ( H I F D )  - - irr~’o-

sition of some of these dis-:’iilines may involve additional invest-

ment - )sts. For example , t he  d e v e l o p m e n t  Ce::’ , ‘ or ic-post :; or.’

re t provide I c- u r i m m i  ng S ul l i O r t  Li  F r i t i  L e n .  l i i  c ;:, t CCSC 

~ ‘ - -O m ’ - r ; t  wu ml d tictv- ’ to he maclu in c- - - : t  s o n l e a r e  ,-j t - v u - , -  ~~~~~ 
--

to r~~v ide  i rori r ammina Sn. ] art Libraries tur n nc neve i -: u m e - n c

- -
‘ ‘nc r it c i

• ~~~~~~~~~~~~~~~~ 1
I ‘-“~F ( ”  (15 (
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. 

Li~~ti



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

M1 51\AF:M 1- N r  DOMAIN
f - A - i l’ NO . 14

I- to i--iCC-n P

FACILITIES

QUESTION : W h i t sort of programming f ac i l i t i e s  are ava i lab le  fo r  the

development?

-ILNERA L IMPACT : The quality and availability c,t programming facilities ,

such as computer facilities , support software , and personnel , have- a large

impact on development costs , but the magnitude is not easily quantifiable.

GUIDELINES :

• Let the developer control the programming facilities to as

high a degree as nossible. This includes:

— development at the developer ’s site instead of a purchaser

selected site , (e.g., operational site) and .

— development on a developer controlled dedicated computer

instead of a computer run by another organization .

• There may be extenuating circumstances where thin is

impractical. For example , the cost of supplying the develop-

er with the development CPU may be large compared to making

time available to the developer on a non—dev’ lat er controlled

computer.

Pt- - ‘ r 
~~~~~~ I N i ;  F A (  1 L I  ‘1’ 1 I - tn -

EFFE CT t ) N  PRODUCTI V ITY :
VA R T ,’I.B l , t

C-22
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M 7-NAG EM I -N’:  DOMAIN

oFTvFhC ’F-~-tEIcT AND
TARGET COMPUTER

It LFF’F -I]]~’J

QUESTION : Is the target computer d i f f e r e n t  than the computer on

which the software is to be developed?

GENERAL IMPACT : If this occurs aloro with other significant ef—

fects , the costs are expected to increase depending on the program

applicat ion .

GUIDELINES :

• If the target computer is the same as that on which develop-

ment is to be performed , no ef f e c t  is a n t i c ip a t e d .

• If computers are d i f f e r e n t , the fol lowing steps should be

taken:

- If adequate support software is not available tor the

target computer, then it is bet ter  to u t i l i ze  the  devel-

opment computer proposed .

— If adequate support software is available for the target

computer , have the developer show cause re }iy t h e  : ; - o f tw c i r t ’

is not Be mv j de veloped on the t a r q - - t  computer.

• If coded on a large computer , expect slig ht ly  more e f f i c te n t

‘- -ad - -rq  ( a m  sm a l l e r  - i m p ut c -r s  expect lu - n c  e f f i c i e n t  ‘ — d i n g )

This is a ~c t c - r ’t i a l reason for having the deve lopment  and tar-

i-l e t :~~rn~ t - - z d m f f ~~ it.

• hi-  r’-~ tied t a c ” e l - t  increased costs and schedule sli 1 n a-~~s

( m c i  i I  m m  t~~e- development of s up p o r t  software fey  t ,he t a rge t

cc -mr.~ i f  c i )

C—23 
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MANAGEMENT DOMAIN

_____ 
FACTOR NO. 15

DEVELOP MENT AN D TARGET
COMPUTER DIFFERENT

( Con t inued )

GUIDELINES : (Cont inued)

• Regarding the target computer , as one moves toward larger ,

more powerful main frames, the likelihood of ado ~u a te  sup-

port software increases , thus increasing the likelihood

that the target and development computer will be the same.

This is primarily the case for command and control applica-

tions. As one moves toward mini computers and microprocessors ,

the likelihood of adequate support so f tware  decreases, thus

increasing the likelihood that the target and development

computer will  be d i f f e r e n t .  This is primarily t i t ’ -  case- fo r

avionics applications.

Dl’~Vl-i l ‘i ’’P ’- T  ‘t i~F ‘lAb FT
F oR t-B n C F ( t r t i -

• EFFECT ON PRODUCTIVITY :

rl~y -p\p Ic \ ( ‘aNT I - c) !, :  55% DECREASE
It ’ j T - N~~IFIC : 10% DF~ FtE1ISE

UTILITY : 30% DECRI -~ASE
BUSINESS~ 

N )  EFFECT

ALL OF THE Alf aV } - ’ : 20% DECPI-IASE

C-24 
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COM~M C N I —  ~~I l ’~I-i S

QUESTION: What degree of effective communications have been

established between the developer , purchaser , maintainer , arid

end user?

GENERA L IMPACT: The impact cf this factor is not known quaritita-

tively, but it is expected to be considerable.

GUIDELINES:

• In some developments , the developer , purchaser , mair:tainer ,

and end user are all separate and distinct parties. In

others, two or more of the functions may he c om B in ed  in a

single party . For exam p le ,  the  u r o ; , - i s e - r  and c ’:nl  user ma ’ . -

be the same party. F’ r ncf tw~ r, - dc-v t : lope;l  I v  ‘ to Air For”c -:

Systems Command , each far otion is 1 t fccrr’i ’l i v  a -

par ty .  The developer is u t o r a l l y  a c o n t ra ct  i- , t i r e -  p in t’ Baser

is a SPO residino in NP’ - Itystems ( omr/ and , t - ’~ rna ’i - n t a :n e r  is

t u e  A~ r I .,rce lo g  - ict  - ‘omin a t i l  , and the  end ,,ser i s  art cg c- r-

a t iona L command , such as SAC .

• Phe dc ’v ’ ’l o r ir r  h a s  to sat i ,/ f - y the  r e / j i l l  r I - m i  li t S - C t I ; i ~ -or ‘ : , i S er  ,

m a i n t a i n e r , and end m s e r .  It is u - r a l l y  t ir e ~-u r c h a n -r ‘ S

r~ -~~j r r n ; i b i l it . ’ tha t  t he  m a i r t a i n ’ - t  ‘ s and -n- I usc -i ‘ s - c - r o l l , - —

ments get common -ocited t i  t h e  dcv’ -~~ ’ l - i r .  DO t r o t  r - r ; m t  r

‘ ‘o:i t , r r t  l n - t w i ’ r ’ n  t in ’ maintainer -a end user at 1 e - l o t  ‘ - i - .

The A t i -  I-a r c ’-  has cc-t  up  q u i d - l i  me ’ - ~ :id n o - -d ur t ’ s t

C-2 5
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MANAGEMENT DOMAIN
FACTOR NO. 16

COMMUNILATI ’IlP
(Continued)

GUIDELINES: (Continued)

that the end user ’s and maintainer ’s requirements are communi-

cated through the purchaser to the developer , in accordance

with AFSCP 800—3. These guidelines and procedures should re-

main high on the SPO ’ s awareness scale because of their mi -

portance to effective software development .

EFFECT -L ‘i)S’l’ :
I P ‘

- - (~l A ’ -

C-26
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QUESTI :’ : Wha t language or languages are to be used iii the

development?

GENERA L I f-N A !’ : A complete-- Machiroc Or m e - m 1 t t , 1 :,i-crquaqe (N ’ B 

ment  can cost up to 400 p e r c en t  none  than  an e n t i re  R r ’ -ji1 Or- - len t,,~n — : u i- ;e

(HOL) development .

G U I D E L I N E S :

• The p -e-rc en tage  of Hiqh  Order Language (HOL)  v o n - u n- M a i : h in ’

or iented Langus-te (MOL) should not he an edi t at t h e -  -a t - n  -

If possible , simply s p e c i fy  that 100 nercerit of the love-lop—

ment should be in 1-TOL. N or  - c r  t am types of - - ‘- - t ‘s 1 1 ’  - ,

goner  tes intoler ,iItl - ,’ inefficient objec t code ii be’ : sac

time and memor-,’ domains on the t a c i t  CPU . i’ih -ri this is P].

case , C~)I is the ’  on ly  cho~ oe . Wi th ti / Is consi Ic-ration in mind ,

tne f o ll i w i n e  steps should }-e I - i R o n :

— For -ctch t in - - t ion to 1, 0 pet  fo rmed , ,is~~c ’r ~~’ t 1e - -  o f f  ic i

r c - ] u : r ~~-mor t . lf  t h e  : ir t i c ul a r  task e r r  I t  j - c r f -

ticienti ’’ 1 ’ i i ,  t b !  ,, ce ~ -C ‘ i c ’  HOI , toO I - it ‘ - rto’t ion.

[I  r o t , an - si - rn i t  0 1  ii U’ - It i mp - :-’ - :~ a t  i on .  I l / i  t i c -

1a rq~-r mo n : ‘~~- - - IO1 m a i n  f r a m ~-s , r h  t i e ’ n - ’ ’ss j t y  f :  U I

- 1.3 -~~ h ,~~~t3S / 5  ~~ C e - a -~ - ~ uc  ~ mnc/l i : : , i r i - ’

-o:~~ rol ar - n I i - n - i ’ t -  : , . For r-i inicomi ni t ‘i ani-i mici i i -  eS - I  

‘C i t  j ,t , , r u , ’  a - - - S i ’  for U I u nit -- ,i ’ - -s ; r : m a r i l y in

the  cart e of u n — l ou ! f l i t ] ’ I t O O l  in: - n I .  avionics at l i c a —
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L A N ’  t i , ’\ 1:
RE~~C I } - EI-Ii-PTS
( C c ’n t in -j -  - o )

‘BIJIDELINES : (t’ or1t inued)

- Once the functions in the development have i - c - e r ,  categori zed

i n t o  HOL arid MOL imp l ement it ion , t I ’  amount of ou n ce  ~ o-I ~

required and the resultant d e ve l op m en t  cost can he deter-

mined .

• For command and control applications , expect a high degree of

HOL implementation . For on—board F 1 i : i,t  programs in avionics

applications , expect a low degree of HOL implementat ion at pres-

ent but expect it to increase in the future . For simulation and

ATE in avionics a ll lications , expect a higher degree of lIC E im-

plementation , but not as high as f~ r command and control applica-

t ions .

It -- P ; : J A 1- . b i ; i

‘‘ I’ - ~ u ~— ‘F

ALl PP ‘!-  ‘ -I ‘10%

‘ I ’ l l i ’cP c\1 l Ii
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C’ 51CC -

~UEST IUN : Is the software development to be perfonme .: a t I e

developer ’s facility or an operational site?

(;EI4ERA L IttI t-c ’T: If the software is to he deV o l i ) ]  -t - 0 t n - ,  d eve l—

at e - n ’s facility , the cost could be expected to be- 45  l er cen t  less

th1in  i f  ceve- lo r  ed at an operational site.

i l  DE l I N ES

• If ‘ ~t ’~’o i e  is t i  he 1~ ‘e I o~ ~ - i  at ti ’  d c - v t _ let  ‘ n- f -i _-H i ’ ’ ,

r a t] ,e n t h an  at an opera t iona l  ~~i t  0~ - c r i tic i 1 - - -cte I -  w - - r  cOtts .

• If t i , - :n f t ’ ,~a n ’c is to  be i -volo 1 ’ ’d a t an - a r - i  ~. ‘ : - : i a~ S I ’-

(- o o v u ’r n m c - r t t  t a - c  lit’’), r,’—evaltrat - the ru-i~ :i i ’  I - - i t t -. ~~O? this

~‘c ’c -/ i11se  of t l i ’ ’ a ,-’socj ,- i t ’ - ’ - l  inc r o a s c — i n  -o , it  ( r . cr - ‘  - e n - - u t  j t v

requinen’’nt s, Sin - retruired n— c i t e  t,te rtac e , ~o: .t le v’~- I o j  —

mont , ct : . ) .

• i’ , ’r f ’ t r m  tra,i’’— ’ ffs of , :- -~ -t  and I ‘ - n e f i  s of a Leri~,it I ’ , - s i tu - s .

i~c - c , o f i t  : - could irm , ’ u i v e  t I t  i ’v ’ - l i i I - r / e -n t  .i::d I r i o t  - - t t

h e i m ’-~ t ] i t  same , and mi t i ga t ion  of CII ti: : , arc memory con—

t t r a i nt s  w h i c h  could occur or clevel S ‘ i  -; p t  - - soc .

C d , AT
I I - : -Ci i’ ‘ii -5~ S (BE
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DF.BEL -B i hi - P S I N ~ ;

ANt ‘Pl!Lb AN T I  VITY • S
COMPUTER

, PEI - B’ l ’) N : Is the computer, upon which the software is hein t develop-

“c -i , operated by an activity other than the software d e v c n - u p m c - i t o c t i v —

it’: .’

GENERAL IMPACT : If the development computer is C i - Ol  t ed  by -uno tnen

activ ity , the cost is expected to increase by 45 j ercerrt .

01) IDELINES :

• If the software developer is using a comput’c-r a~ ano the r

activity, e.g., at a government facility, for the software

development , anticipate lower programmer p r o d u c t iv i t ’  (h i gh-

er costs).

• If software development is being performed on a computer

at the developer ’ s f a c i l i ty , a n t i c ip a te  no impact on

t costs or schedule.

I - ! \‘!-; - ; :-fi - I ;- ; ,

p olitic’!’ r ’-:i’tY:
3 1% ‘h - Pt  1-I 1- [F AT
o’rHER Tiu F 0/i IFS

- - — 
- - ~~~- 

-
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MANAGEMENT !f)MJu TN
FACTOR N ” - . 21)

II! S.’l-~f~~ - OF
[‘ttV E l , ’- ’r Mt - :NT

ION :

QUESTION : Is the software being developed at more than onc- site

( locat ion)?

GENERAL IMPA CT : If the software is be ir~ ; developed at mors than one--

s i te , costs are expected to incr-na s~ by 25 P 1 /r oen t .

GUIDE LINES:

e If  the sof tware  is being proposed t o  be .ie- ,-e l r ’t :ed at mar -

than one sit ’ , t hen  thc -  f ol l o wi r ’- ;  should be ~. a r , s 1 ’ i - t ’ :” 1 :

— Have I: F du ’,’ei o: - a t ’ j u st  if y multi—s -a t, clove-lu m a t . Pecu—

liar end—user ~e-~u : rem ,nnt a s-Ion : - m O  a a n t i i i o n  ic-c, a,--

site dependent sof tware , and t h e  d r - v e l o  -c  l a s t  to ~~~~~~~

n- Ito : i - u  a possib le ‘1u:- I tiflcation . T1 ira ‘-anal - -o u r - o r a t e

:itr i - :t . ir e  of the du-t’n” lopen a -  a reason w i l l  1:-c har d- - i  f - a

just ) f’ .

— A developer who t . i u : ’ O n ’ ’ - - a sm ile sit n-i- n-- I, ;- m -- :, t sliou l I

h, :iVt ‘ an adv,i::t,i;n’ over a d c v ’ ]  s - t  who  h - r u  h i  a ;  r u n  ‘ c t - n i l

ef tware - team n- ,a- i - ‘ac-c cljf f’i c - : : I  loin -it ‘rlst .

— Px,rm I n ’: the  f . ’ c u s  ( Ci i  1, i t y  of h a v i r . ’ r the ~~ ‘ v~ - i o t  or i i  i i 1 - i  h i s

‘cirtic n- i nopa;-:’c I s o f tw ar e  ‘ - un ‘ c ; ’ -~~’ tt  one sit u.

— For 1ar:n: :-~- ’; t c’m I , ‘ t 1c,’ ljkc-Ijhood o~ mn - i i t r — : : i H  -f - ’tc, ’ i- a~~”

in ’ ~ t j , n cr ’’a  i i ’ , .  I t - , mOfl .. can -n - ’’.’ , : l . ’ ;~~ ii  1 it nov bc im—

~
o ~~n- j h l  e.

- ‘ 11
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MANAGEMENT DOMAIN
FACTOR NO. 20

NUMBER OF DEVELOPMENT
LOCATIONS (Continued)

GUIDELINES: (Continued )

— If multi-site development occurs, expect increased costs

and some slippage in schedule.

MULTIS I TE DEVELOPMENT

EFFECT ON PRODUCT IVITY :

20% DECREASE

C-32
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MANAGEMENT DOMAIN
FACTOR N D .  21

CONCURRE NT DEVELOPMENT
OF HA RDWARE

~t1ESTIiTN : Is the  software being develc~ n--d concurrent with the hardware?

I E t i E P A L  I t t } - A C T :  I f  there  are concur ren t  ADP hardware and software de-

n-- dot cnc- : , t , costs are expected to increase depending on the program

ap~ li ,:ataon .

GUIDELIP! S:

• If ‘n - -  so t w,mn ’ is bc - inn- ;  developed c o n c u r r e n t ly w i t h  t he  hard—

w in ’- , det e rmine  w t . a t  I c - r o t - r u t  of ~ i-e s o f t w a r e  is n - f f c ’~~’ d by

is - - n - - u rn - -nt ‘or Is -tnt - -i t -V  lopment .

— ; t  less t h a n  10 Ic - r et of s a lt s- ar e  is affe-.atr-d by the

i t  ;wur . ’ i n-” ’ l i - t n ’ : t  ( u  - ‘ - i -n t  - 0  so-t~ tn t: can i cu  de—

v c ’I e ! ’ ’d s’, ’ O u t  - f t - c t ) ,  ti n - : - I f n - ” :t  w i l l  3-n m i n i m a l .

— I t  J r  Our tha:i 10 j u i -  - en F ,  ‘x ~ t ’ -~~t i n c n eo  :3 cOsts  and

mai :t a i r ,  ‘i --a n a,;c- ~~~:t. r ’- --nerve of ‘Bands.

• • [i c - :  - -  ru ’ ti e it off - I Pt — n - e e l  f It-i rds- ,i c t  - an  n-I i r - n - ’ t l ~ - -n form

f u  ic ’ tar: o f  ‘ hi: j ove - h it n ’ - r i t  - i i  1 ,r r i w r i  ‘: .

— I f  y e - s t . - i  - ess r e : u lt - r r t  s o f t .’ i r n - -  a n ’i : r ’~ a it ’ :  cost in—

i t : , ~ia~~~~~~~~~~~~~ : i 1 I t ’ .

— I f  ran , It t i - m m , , ’ s-~~t - ’iic-r ,,ff~~t c - — n - b c - i ’  hardware c - r n  I ,

c - n i t  t o - ’ r  , , r  m o d i f i e d  f o t  u : -e .  ( A s i a - n - n t I ,  c o t  t i n t  i t  of

,.ir ’ ’ .u c ’t J c ’i - f I n - e r r - ’ On - i t  n- i -a~~ions , Os -  ~ r ’~ n i t’) -

i

I

- _- — -- 
- 
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MANAGEMENT DOMAIN
FACTOR NO. 21

CONCURRENT DEVELOPMENT

- 
OF HARDWARE (Continued)

GUIDELINES : (Continued )

If no , also determine the percent of software affected by

available hardware .

CONCURRENT DEVELOPMENT
OF AUP HARDWARE

EFFECT ON PR(DUCTIVITY:

COMMAND & CONTROL : 45n- DECREASE
SCIENTIFIC: 55% DECREASE
UTILITY : 20% DECREASE
BUS INESS : 25% DECREASE
ALL OF THE ABOVE : 4 5% DECREASE

C-3 4
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MANAGEMENT DOMAIN
FACTOR NO. 22

DEVELOPER ’S FIRST
TIME ON SPECIFIED

COMPUTER

QUESTION : Is this  the f ir s t  t ime the developer has used this  com-

puter to develop a software program?

GENERAL IMPACT : If this is the first time the developer has used

the computer , the cost is expected to increase by 100 percent , and

programmer p roduc t iv i t y  is expected to decrease 50 percent .

;I 1IDELINE S :

• If this is the first tim e the developer has used this corn-

puter to develop a software program , anticipate a slippaqe

in schedule and increased costs.

• If this is the first time the developer has used this com-

puter to develop a software program , consider having develop-

er use a computer with which he is f a m i l i a r , but also con-

sid”r the impact of Factor No. 15 — Development and T a r g e t

‘ ‘,:rn~oitu ’ u D i f f e r e n t , in th is appendix .

_ _

~‘LR ST ti tlE
i N  ‘ ‘ I~l! - t :‘)‘)- p 

— — -

E F F ECT IN P P iflt  cr  l~~i TY

50% l 1i ’ ’}-i1 -IASI- ~

c- 15 
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MANAGEMENT DOMAIN
FACTOR NO . 23

SPECIAL DISPLA Y
REQUIREMENTS

QUESTION : Is there a requirement for special displays?

GENERA L IMPACT : If the  portion of the  to ta l  so f tsa re  r e q u i r e m e n t s ,

as represented by special  displays , is more than 10 nercent , t in -u cost

is expected to increase depending on the program appl icat ion.

:;t ~IDELIN E S :

• What portion of the total stoftware requirements is required

for special displays?

- If the software requirements for special d a s~’lavs are less

than 10 percent of the overall so f t w ar e  r equ i rr  n t s , the

e f f e c t  on costs and schedule sin-cul l lie n egl io ib l e .

— If the software requirementu for sja’u~ al dis~.1ays are great-

er than 10 pe-.:cent, consider ‘ii ilization of ex i t - t n - n i  dis-

plays (with currently available .-;up l c ’n - t i r n - ’ ;  soft:’.’ a r c)  to

reduca the ru ’,1 , ir ements  t a n  special d i sp i a ’-,’n- .

• Consider possible reduction and/or elimination of splat- corn —

p i n -  x i  t- , if :c-au - n - l , , ‘wit b o ut  se~ lour  ly - n - -o r iOn - :’. c ’;c,r all  opera-

t ional  p e r f o r m an c e - .

• lxi -° t a si ’ ; i e ( i c i l e  s i i j  ~-a ’; t ’ ,nch m c i  ‘ i .  t n - i , 

SPECIAL DISPLAY

EFFIC ‘T ON P R O P t I  “r IVIT Y

C ~~~~~~~~~ & - - ‘N’FI.” F : 10% DECREASE
SCI PNT [!’TC: 10% DECREASE

- UTILTIY : N’ 1 EFFECT
B U S I N E S S :  30% DECREASE
ALL u p  THE At “iF : ~~~ DECREASE

C - If’

-.  ~~~- ‘ - - - - _
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‘tn-,tA-’;I Mi-~NT DOMAIN
FACTOR NO. 24

SOFTWARE
DEVELOPMENT SCHEDULE

{ , I I E S T I Q N : What is t I n - c  planned schedule for the proposed development ,

and what us the planned distribution of cost over the schedule?

GENERAL IMPACT : The impact of deviation rom optimum schedule

and resource distribution is not known exactly , but it is expected

to be considerable.

GUIDELINE S:

• The actual schedule (development time) to complete a soft-

ware project is highly correlated with t re size as measured

by number of instructions.

• Use the  curve  or equation below to estimate- the expected develop-

ment time as a function of size.

50 D = 
1000 1 

B6799.25 + 233 ( I t

DE E’ OP\lFN [ 
30

0 100 200 300 400 500 600 11w R00 ‘ c - i t t  P111(1
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MANAGEMEN ’l DOMAIN
FACTOR NO . 24

SOFTWARE DEVELOPMENT
SCHEDULE (Continued)

.PiII)ELINES : ~Continued)

• Expect some cost impact for deviations front ~be expected

schedule.

• Expect the distribution of resources over the “ct ed’iie to

follow the approximate shape of the curve below. ‘
. 

-

• Expect some cost impact for deviations from the expected .‘
, ‘n-. -

distribution of resources.
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A P P E N D I X  0

SOFTWARE S IZING METHODOLOGY

This appendix describes and demonstrates methods c irrently used to

n - ’a t i m a t  the size of software programs. They are not sophisticated , nor

are they particularly accurate. In addition , analytical models are pre-

t -E ’T: t ed w i - i - - h  can be used , in lieu of better guidance , to estimate the size 
-
‘

of software. The models are not considered good because their statistical

performance purameters are low. In addition , several variables contained

in the estimators ar’ descriptors of the  processor and its associated data

base , i n fo rma t ion  not a lways ava i lab le  in ea r l y phases of so f tware  develop-

ment.

Relatn- o a t-h i p s  for estimating the 1-asource requirements of software

development invariably have program size, in object or source code, as an

independent variable. Bu ’- estimating the size of s of t w a r e  programs has

proven to be the most “ I i  n- n - c u l t  aspect of , and tl:t ’- ource  of or ea tes t  er ror

in , analyses to project resource requirements of software development.

There are :, -~ver a l  reasons f - t h i s  n - s c or n i n g . T r 1ade-’-~ u a t c ’  t ’m’ has is

has be - e - ri I ; n - v e n  to the development c-f techniques for estimating program size. - :

Font-c :w— r n -t i ’j , data has not been collected w In - lab would support the dev elo t  -

mont  f these m c ’t l i o , t s .  This  d e a r t h  of da ta  n e - - n-i’ nts the development of dna—

l’ t i - o ’ i I  t ’ ’ ‘ hr , aq u e s , as wel l  as i n h i b i t s  the  a b i l i t y  of the s o f t w a r e  ( levelol  -

mn--nt - ‘ommun I y to lr~n-w analoq n - en - i Iron n o r  ctE’vt ’iopments.

Tt i , o t h & ’c  source of error  is i n a d e q u a t e  -i -; i’n-P’ jI f l  on the art of tIn-u

I VI  - 1 ’ ) ) Irs t n - ,  - , i t )  - n -- a nt size pro i cot l i -n , .  Too o f t e n , s ize p no a e~-t a u i- s  a r n -~

made w i t h  little oc no design analysis , the 1 ’ t ailed O i t i - .’ of what  the  s o f t —

‘u r n ’ ’  is t n - i  do ,-IrIl  how j t  w i l l  do i t  . I -~xn - cci nce n-is t own t h a t  s o f t w a r e  de—

,“‘ l ’ i t  , - c l ;  ‘iii: ‘ ln - l lf’n ( :-;timatl e n-izc - l”~ a “ac~ - -I t ) , t - t - ’ i f  j n - , n - i r f f i cj ” n t  i t  I n - on -—

t in t  is given to analyzing ti n - I , f t ’ ’u r i ’  I ’ -  n - n -  J r - i - i c - I l l s .  If , lf ’ v - I I } n - n - l ’nt uoi:T I t  - t s

n-i
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are awarded on the basis of cursory projections , drastic cost and time

ovQrruns will occur . Design analysis significantly improves the accuracy

of software size estimation. And , to ensure that adequate consideration

i~ ‘iiyen to tt-e des i gn requirements, the developer , as a minimum , should

be required to provide a software Work Preakdown Structure (WBS), a func-

t ional f low diagram , and estimates of sof tware  sizes for  each work package

j c 1 or to initiation of the development . If possible , algorithms to be pro—

qranoned should also be provided by the developer ; this is a method of in-

suring that adequate thought has been given to the complexity of the prob-

1 em.

In estimating software sizes by drawing analogy to prior development ,

care must be taken to ensure that the programs from which analogies are be—

1mg drawn perform similar funct ions  in a similar manner as the proposed

pro rr am s .  For example , in softwa re developed by a cont ra ctor fo r  several

systems of the same type , the func t ions  performed by software modules and

rout ines ,  aitho-igh iden t i f i ed  by the same funct ional  t i t l e ,  were d i f f e r e n t .

To draw analogies ~n-ccurately for proposed new systems of this type , it was

nec - s - m v  to review the sof tware at the subroutine level.

Another source of sizing error , although not considered appreciable , is

ii,, ‘ i i f f ’ - r n - ’ n t  capabilities of the programmers which result  in various degrees

code f ’ f f i ’ c i e n c y .  If  a developer is writing code in a memory coi straint

env r ’ — ’ i  - n - - a t , h i s  1~ode e f f i c i e n c y  wil l  tend to be maximal .  On the  other hand ,

ir  a non ’- - - -- i r : n - t r a ined  environment , less experienced personnel may be u t i l i z ed ,

t n - i  t n - i  t - f f i c n - - ’ n - n - t code and larger  program s can r e su l t .

1 - : , the i ’o t ’ - n t ia l  en - i - i s - e s  of error in estimating software size are

a ,  , m l  11 , -v can be control led best by a l l oca t i ng  adequate time and

t ’  ( ( t I  ‘ - -  t n -  s y - I m  r equ i remen t s  an a l y s i s .

D-2 
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D. 1 Sv~
;t,~n-m re~Iu1rement - 

- 
3id In - n - -  n - n -- ,

If the softwmi n- - is h - t r n - ’ n -  dc’ve- l ,n - ‘ ‘ i l  is p a ct  ( I f  t h e  Ie ’ i ’ ’ i n - i l i i i l - r t of a

,‘r t t - W o r l  system , t I t ~ sy st ’m r ’ ’~~o r ’ ’n - n - i ’ -n - ,t . alysis will F-k ’ p erformed in a

sh IFt ly Ii fteo ~r:t m ai n -r i -c

lit cu r r i u n  - t  j o i n -  .~ n - t  h F a t  n - r~ , m t  ‘ s- ’ - - ’ rn I e v t - l c ) m l ’ n t  , I- I - - t ern r ’ o n f i q ’m n o —

t ion  is n -Ic f i n e d  a - - n- d ast n - n - , - - ’  n - 1r ,il w i t ~ , j’~en t n -  f i t - I  int i ’ r n - i i c - t n - , of win -ic) , an- :’ ’

U n i t  n - ’ r  systn-’rn - i may ~~ -a t  t i f i  ‘ -~ Iro n -I n - n - i - e n  f- rnc en -- n - n - i n ’t or control. he-’qu n- n e m t - t - t

rn n - n - sn -t )~- t -  si ’’- :.: 1 f l e d  f i l l  i — h  uni t , w L t h  n - n - n - t e r f a n -’c-s and rci lat~~u n s h i j~s amonu t i n - c

un n -t s clearly def ine - -i . Then , i - i -  o y n - : t n - ’ r n  is analyzed functionally, wi t h t h e

f u n l -t  n - n - a s : - e - r f -  i r ’ ri , ’ - ,  F’.’ ~~~~~~~ unit del n -iae3tun - t. This results in a fn-in’ ’tional

block d i a g r a m  m n - n - I a l i s t i n g  of a ll  f u nc t i o n s  ‘r f o n r n e , i  ha the syst en-c . From

t h i s ,  the funct ions  c ’r f c i c r n i ” l  i , ,’ t I n -  , n - o f t w ,”i t -e inc j , d i ’n t i f i u i i , and a re  de—

fi r-i’ ) From the f u n c t  anal and cu” - n - ai r ements  a n a l y s i s .

As pant of a softwure development proqram , say for  command and c n - n - n t n o i ,

in w I n - t o N  n - - n - o f t w : i c n - ’  p c n - r t~~~’rn: m o o t  , i f  not all , funct ions , the r e qu i n ’n - i ei t o  a n a ly —

s i n - n -  would  be r e st r i c t e d  to de Cj n u l m ’ n- the fu ” ctj o n s  and i n t e r f a c e s  of t~~n -’  son- I -

ware rn i n - n -  n - u n - - .

0, 1 , r-,ro I - t - ’d , -: af tw n - t rc 5~~; n - un - n -  a c~’ t i n - u n -- n- based on the more comprenens~~ve--

and F e - f i r i n - n - c -  da ta  c-vol v r,q t rom t i n - c - s e  analyses .

D.2 Altt’crn - n - t ivc ap pr o ac h e s  to s o f t w a r e  s i z ing

There an’,- tv ‘ ITt - - f  In I n -  used lot  s izi r n - n -n-  softw- ’rc early in the conce t - —

t m l  n- asp ‘n- c ‘ii ”~’ ’l nI -rn - fl t. The- specific api’ roach used is Ia - -t a t  - -n - i N’;

tn - n - c  - x i  I, rience of t h e  estir’n-ati ‘t , and the xter t t and n’’levance ot a ‘ui 2

n-I L F’ n - n - i  st ~n t  cal ‘hot s .  Each of the  o p - p r o - a c h e -n - n -  assumes t h a t  the  mis s ion

anal n-’nis is - c r n - - i - t n - , th t ’  ope r a t i o n a l  re~~u ir e me n t s  and m aj -t  i~~’ n - n - f n - ’ t u r n - i—

ion - :, ‘ ra n- r , t r  are n - n - It ’ fl t, n - l i ed , and t h a t , the o p e rat i o n a l  cc’rn -cept , i n —

cl’~d i m a  i t s  SU ~ po r t  - ‘ ‘ I n - ,  ‘ ‘ ‘i t , i n - ,  u r , ’ I ’ ’ u  - I - n - — il . l ’l’~ ’ rn t t ,i ’ ) s t ’ n - , t d j ] ,  t i , ’ f o l —

— 
iow~~r, ’ r  :

0-3
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• ~pecif ied computer hardware. ~‘he sof tware  s i z ing  estimate is
achieved by summing the core memory of the specified computer
hardware , and adjusting the sum for assumed core overlays and
expected core utilization .

• Software analogy. The software sizing estimate is derived by
partitioning t’ ,e software down to the functional subroutine
level , and then estimating the size of each work package by
analogy with similar programs/subroutines/work packages in past
development projects .

Si~~t rn - y software by analogy , which requires the availability of relevant

historical data , is considered tn -re more accurate procedure . However ,

the success of the approach is highly dependent on the accuracy and

relevancy of the data from which the analogy is being drawn . Software

development activities are becoming increasingly aware of the need for

such historical data , and steps are being taken co assure its collection .

If sufficient data exists , it is recommended that more than one approach

be utilized and the results of the estimates compared.

-luftware sizing in the Conceptual Phase is made in terms of total

bin - -c t code . This ir because object code can be est~ mated earl y in the

development with n-n -rut -t sr accuracy than source code . * If  both source

an n - i  ob jec t  code sizes were known , then one would cl ci- ci n--n-cn-arce code be-

cause the error would be less.

l u - c -  the initial conceptual estimate , most subsequent- ,‘stimates to

I-HP arc- n - I ’) ” in Object  code. At tha t  t ime there  is s u f f i c i e n t  informatIon

i ia i 1~~I ’ 1 ’ -  to beg in - ‘n - ;t i n - at i n q  in source code. t t ’ I I n - l t e n - ;  are made to t I n - c  m i —

I ial C n - 4t  I n - n - n -  i~ e 1 y s~iF t c n - i c t i n g  out da ta  a n n - a s  and r t ’ ,isab le code as these  fac—

I r s  f n - t i ’ 2 I ) f l m l ’  Fa wn . A f i n a l  ‘G In-hate takes In-lace once the tary i-t computer and

I m n - i r i S -  mix a r e  f t n , r l j z e c l . This  is the poin t  where  the estimate is made

- ‘ - n - c ’  code . Table- ~~~ ‘- ‘imman - “e the  p o i n t s  i i -  t~~e - t e v ’ l o pm e n t  cycle

WJ n i n- ’ i twartj sizir :’. •, i ;  1 : - i a  I n -  t , n -  r sua l ly  i n  ~uired.

of - ‘i - j r , c , :- code at t- :is ea r ly  conceptual st~~n- n-e rc -~~hi’c-s t~n -e estimator
- - - :-the n - i - -Oa t ,irn subject iv I ’  judgments relative to the t or ’;e -’ t I -urn - i ‘it’ -r ,

1 - m n - n - O r - n- m i x , ron- n - n - of reusable code , etc .

1— 4
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TABLE D-l. SOFTWARE SIZING ESTIMATING ERRORS

Software estimate When Sizing basis % Error

1. Initial program Conceptual phase Total object code up to 200%*
budgetary estimate

2. Independent program Validation prior Total object minus up to l’D fn -~
validation cost to RFP release data areas
estimate (Executable Code)

3. Independent FSD Completion of Total object migus u~ to 75 %
cost estimate system Spec data areas with

through PDR adjusbments for
reusable code

4. Update of FSD PDR through Total source code up to 50%,
cost estimate remainder of improving

development to zero at
completion

~‘1’~-~ actual may be 200 percent of the estimated or the estimated may be 2 0fl
percent of the actual.

En-tittiating code in source lines can be accomplished wit), some co~ f I-

dence given the successful completion of the Prelirrinarv Design R c v i c w

(PDR) . At this point the target computer is known as well as tin-c lan-

cn-uaye mix and the extent to which reusable codes will he availa-i~le. The

a h i n - i r i t h m  for  conver t ing  from ob jec t  code ( I )  to source code (I c ) is

- - I - .- in-n in the foll i ’r in ’n - illustrative example:

10 L 250 ’°°0  ‘ -= 

~~~~~ (E 
~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

= 161- , 670 instructions (1)
H 11 4 

-

~4~

‘:are I = 250 ,n- ,.’’ n- I - t n t t r ,’n - t r u c t a c ’r n -s0
= . 1~~1 , I : , , -  n - c t - t  n - ’ n , r I  , i t i - ’ n - n - i n - t  of Hid ,

= 4 , t n - n - ’  t ’ : .O - i i i c n - ’ — n  t i t  to fo ’  LIOL .

~~IIlI.j. - ~_ - _ _,~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
— “ .T ‘ — - --~~~-----

“ -~~~~~~~~ - - “o=’- ~~~~~~~~~~~~~ ,,, j ig.4



D.2.l Analysis of aize by estimating core requirements. The follow-

tnq relationship , although derived from data with deficiences , can be used

t i  estimate memory size requirements~ -

rN 0.337 0.147

M 0.l77 k I F  W 
-

tL 
0.770

c

(R .52 , SE = .086 in units)

where

M = Men-nory size , in thousands o~ words of object code

N~ = N umber of major functions to be performed by the software

W = Word size, in bits

t ,,  = Cycle tim -n- of processor , in mioroireconds*

k = A constant dependent on application = 2.573 for signal
processing

2.727 for missile fire
control

2.781 for interfacing

3.412 for communication

3.565 for navigation

4.046 for command and 
*

control

4.451 for weapon fire
control

Perhaps the var i-d I to  number of major functions , is defined best by en--:-

amples-—tarqet tracking, tarqet identification , navi gation , system monitor—

imy , display , n - : t  er~ ng, parameter measurement , tuning , target data entry ,

* 1’ht : time tn - either retrieve or store a word in the processor memory .

0—0
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firing sequence control , etc. ‘rhe variables t
c 

arid W , , are essenti 
~
1lI’

dictated by the CPU in the application . Based or the type- appli cn -itic ’n -in -,

most of which are in real—time , few overlays would be expected . If , as

in most cases, the core utilization can be assumed to he approximately

80 percent , the expressi ci represents an estimator for software size .

D .2 .2 Sizing by analogy . It is generally recorru’ner: icd that esti-

ff.atCS of software size be derived t k i r o u i h extrai oiat icr  fnc :m  p r ev ious ly

developed software . If the ap~~lication is of the same- typ e , e. a ., com-

mand and control, and the functions o t the system appear to be the same ,

direct projections with little adjustment for changes can be made . If

the new application appears more complex (requires additional software

functions), comparisons of the num bers and types of software functions

will permit adjustments to be made to the words per f u n c t i o n  and to

the ruraber of functions .

There is evidence that within software modules , the s izI,s of n-n-n’e ’ n-or

functions of tn-,e module apj ’n aL  to J~~crca r -c  c umu la t iv el y  at a nra ’ ’ n a l

80 percent slope.* That is , if the number of functions doubles , the

average size per f u n c t i o n  decreases 20 pe rcent .  If the program sn -ne

and hare numb r of major functions performed by software can he deter-

mir ~ed from analogous data , estimates can be made as to the s iz e  of

new soft:’.’ane as follows :

1
2 

= 

~~~~~~~~~~ 

078~ 

. 76

*:~~~, , , - I  on limited i l o t a  i i  in - l i t )  ‘ t i cil sr ,dv of software- pac kn-m qes fcc
n - c ‘“n- 1n -l- mtot n - t by flct ’-’ 1 -  - ‘ - c i ~~t a S ,  I n c .  ( D A I )  , in 11 77 under Navy

Contract No. Nn- 5 , , n - 3~~— 7 ~n - - ( - -- 1 2 )

0-7
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where

I~ is the size of the analogous sof tware , in object words

12 is the size of the proposed program , in object words

N
f 

is the number of major functions performed by the analogous
1 software

is the number of major functions to be performed by the new
2 software

0.2.3 Other models. Estimators of software size were developed

from data available in the literature .23 Variables considered as poten-

tial determinants of program size were selected from the data and the

following relationships were derived using multivariate regression :

w °~
018

N 
Q 3

~~~~I I 1  j ’ - (~
• I = .449 d c I i~ f .

t
0
~
l73

M 0.105J j=i

(R
2 

= .45, SE = 1. 26  ln units)

Factor Yes No

Special display f
1 

= 0.550 1.00
On-line application f

2 
= 1.420 1.00

Software interfaces f
3 

= 1.453 1.00
Application involves more than

- one ADP Center f
4 

= 1.947 1.00
t r n - r c v a t  i on  re- n- n - ir ec i  f = 2.271 1.00

- R~~a l — t i m . - ~,rp~n- l ica t Io n  n-~ 6.~ 3l3  1.00

23. Kossiakcd’f , A., et al. “DoD Weapon Systems Software Management
2turl y , ” Johns H o p k i n s  Un i v e r s i t y  Apr lied Physics  Laboratory , June
1975.
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~~~~~~~~~~~~ 
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G oof 0.3- -- ) 0.117 Q. n- 79 0.373 i - - c,
N t c

• I = . )17 d C ~~~~~~~~ 5 S 
— ~

‘ f

M
0
~~

45 
j=1

( R ~ = .45, SE = 1.26 in units)

Yes No

St-ecial din --p lay f
1 

= 0.498 1.00
un—line ap~ l i nation f

2 
= 1.316 1.00

:‘‘ftwaie in te r faces  f
3 

1.658 1.00
Application involves more than

one ADP ‘c- r n - t r  r f
4 

= 1.885 1.00
T n - ,r,, ,-v ,, ’ j cr. - ‘~~ i re-’l f , = 2.167 1.00
R e a l — t i m  i t t  i - -at ion 7.217 1.00

where

I = Program size , Ii thoun-n-ai:-:l:-; of line -s of source code

W
d 

= Size o~ n - i to base , in thousands of word’-

N = Nt-mi -r  of cb s- -n-es of items in data base
c

t = Add time of I r oce :n - - n - o r ,  in microseconds
a

W = ~~~zto of memory Wi I , in bit -
S

C Core size , in tIn - — n - an-- - ri ds n -n - f words5
= N-tini er ~ f message cots n-it t’’j en - —

The consi tet ,’ ”: ti n - te -’ valae-~ for the state variables , f ., and in

the e-xj’onern-ts of the van : 1€’s (except for t
a
) in the two r e l a t ionsh ips

ret l n - ’ c t n -  the-- r e l a ti v e  ii ser , n- - i t : n - ’ i t y  of these variables to the addition

-or removal of tb’ s’ t ) er  vn-i r ables

‘r f ’ r o  or -i t -I’; , II ; - c a n iables  c , , and t’ are -‘in- st a te d  h-v the

i nn- cr n - n - s o n  us- I ) , and values fo r  a i d  are not l ik e l y  to be ava i l ab le

e a n l ’ ’  in  t i n - ’ -  ‘of t n - -,’~~ r , ’  ‘h - si t i n - . Also , t h e  var iables  in tin -c relationships

are poet descri; t ” in - n - of ti.t’ variance hi size (B
2 

is low) , an- n -I adding

n - - n - n i  ‘ a n -  I l , ai~ no ii i  a r e r t  - f t  ‘ t -  on the P~ or t h e  standard cror. TI c - r e —

f o r e , t ‘ - reia tn -,sr,:’l. ~‘s , a r ’  n - , - - ’ cons idered  s a t i n - f a c t  ‘v for  use ir.

st - z n - i n - ;  ~o’ tw,mr , cr 1.  - n - n - ’ t n - n - ’- - t ’ i t- , l ar m r~ - iS  avan-.lal i i -  -

___ ~~1TI~~ __
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APPENDIX E

GLOSSARY OF ACRONYMS

ADP Automatic Data Processing

APP Advance Procurement Plan

CDR Critical Design Review

CDRL Contract Data Requirements List

CPCI Computer Program Configuration Item

CPU Central Processing Unit

CRISP Computer Resources Irtegrated Support Plan

C/SCSC Cost/Schedule Control Systems Criteri~.~

DCP Decision Coordination Paper

DID Data Item Description

DSARC Defense Systems Acquisition Review Council

DTC Design to Cost

ECP Engineering Ch~n-inge Proposal

FCA Functional Configuration Audit

Formal Qualification Review

FSD Full—Scale Development

GFI - Government Furnished Information

GFM Government Furnished Material

1-IOL High Order La n qua n - t e

Hç AFSC Headquarters  Ai r  Force Systems Command

Nc’ n - n -~~~~~p H o an - in - a c a r t e r s  Pr n- ted States Air Force

lV n-.V Inn-Iepen ’- ie-’nt Vei f i c a t i o n  & Val idat ion

P P. Ma ch ir e  ‘s n - ~‘n t d T,anc n -n - ,i rn -e

OSD n-’t f ice-- of - $ c ;n r ’t a r v  of he-- f ense

I - A  P),n-’nical Conf i ’n --n -rati on Audit

1Db Preliminary L e n - n -  ign Review

P ro ar ar i  M e m o r a n d a

i ron -~r arr  M,i :’,,’i - : er ’ ’rn - t  Directive

Ml ~~~~~~~~~~~~~~~~~~~~ i’Ian
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P0 Program Office

POM Program Objective Memoranda

FF1 Request f~ r Information

RFP Request for Proposal

ROC Required Operational Capability

SDR System Design Review

SOW Statement of Work

SPO System Program Of f i ce

SRR S~ stem Requirements Review

WBS Work Breakdown Structure

I
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