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CHAPTER 1 RESDURCE FPLANNING IN SOFTWARE DEVELOPMENT

1.1 OVERVIEW.

"You  ocannat contral what youw cannot measureas” Lhem 8371
With this swocint  statement Tom  DeMarco provides & strong
Justification Ffor  the study of projecst size estimation in  the
goftware developrent process. In the oouwrse of this report  the
author  intends to  provide & historical overview of  the most
widely used mesasure developsd to fulfill this regquirement, the
Futnam Model, Lo provide the Ffoundations upon which this Measure
is  hased, {to detail s methodology for automating this softiware
developmant  tool, and to analyze the ismpact of 4tk genevation

technological advances upen this tool.

1.2 RBACKGROUND AND FURFDSE.

Software development management has histovically been &
fruitful area of study for the softuware engineer for a variety of
TEASHNE . Ferhaps the mMost cogent vationale for the emphasis
placed on the study of the software development management
process and upon the science of software engineering is the {fact
that this area, perhaps wmore so than any other area of codmputer
goience, is the principal dinterface with the wltimaltle beneficiary
of the discipline - the custoser or end-user of the product,
While customers ave rapidly‘heﬂmning more  sophisticated  and
Ennwledgeable in tﬁis generation of computerization, the fact
remainsg  that in  the final analysis the customer’s principal

interest is in the deliverable product and not in how or why the



product works. Fovr  this reason the software  enginesr’s role
becomes  paramount  in  dmpovtance for it is he  whe  begins the
process of detersining and interpreting reguirements, apecifying
those ragquiremsents, designing the system to fulfill those
requirments, and monitoring or participating din  the coding,
testing, and implementation of the finished software product. In
a traditional business envivonment it is precisely the saoftware
enginesr’s role in this process which may well  detersine  the
gsuzceass oar failurve of a software development pwmj@ﬁt from its
inception. Busivess, din peneval, has litile patience with
project  personngl speaking principally in technical  jargon  or
with inefficient project plaming. Thse software development plan
bhecomes a vital document in project planning. Project estimation
is & orusial link in successful completion and acceptance of the
deliverable product. The science of software enginesring will
therefore play a fundamental rvole in software development

managemant for the forvseseable future.

1.2 HISTORICAL OVERVIEW.

With the importance of the software engineer‘s role in  the
software development managedent process comes & corresponding
increass  in responsibility  for providing  the wmost acourate
estimates of  project size and complexity as  is  feasible.
Historically, the prisdavy emphasis in the area of resocurce
egstimation has besen one of veolumse in terms of tide reguired and
persomel required for project completion. Size estimation and

project  duration estimation at a given staffing level have been
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the Ffocus of this effort. For this reason, the +traditional
standard uwsed in resosurce estimation has bhsen that of Lines of
Code (LOC ). This i¢ found in a8 veview of the works of  Putnan
CPut 781 CFut 797, Bailey and Basili CBas 811, Walston and Felix
CWal 773, and to a far lesser degree, DeMarco CheM 827.

Putnar’s works, and the foraulas upon which they are derived
are the topic of this reports as such they will be deferred {o
later analysis in this report. Howaver, to give the reader &
oreater appreciation for the disparate vange of values that the
referernced  wmetrics  may produace,  the table helow  provides the
reader with an  appreciation for the wide range of wvalues the
traditional wmetrics may provide based on fired values of 8,000,

56,000, and 100,000 deliverable lines of source code For & given

project.
5000 50000 100000
Bailey & Basili 1.17
(E = 3.4 + .72 % DL )
15319 226534 S09724
Bioehim 1,05
(v = 2,.4(KNST ) 18371 206125 424787
Walston & Felix
W91 _
(E = 5.2 L ) 12080 FR1LPO 184503

Table 1.3.1 Conmparitve Metrioc Values



The principal reason for the osmmision of DeMarco in table 1.3.1
i the fact thai DeMarco bases his wmetric upon the “"Bang" measure
and function  points as opposed to deliverable lines of source
code 88 a2 guantifiable measure.

Basad principal ly wpon  edMpirical data  gathered from
comMpleted projects, ‘software developers have successfully
correlated data on estimates for project size, project duration,
and project costs. While this methodology is not in and  of
itself a bad practice, it is obvious that wany pitfalls await the'
inexperisnced practicionsr in rvesouvce estimation due to the
variety of factors inherent in wtilizing these techmigques. Foon
example, the experience level of the project estimator mMost
certainly plays a significant role in this process. One oan
readily imagine Lthe dispavity of LOC estimates which could be
expected between & person estimating his fivst project as ocpposed
to the estimate of an experienced PESOUN S estimatar.
Additionally, LDOC estimates alone are not always a true incdicator
of total effort requived for  project oompletion. Frojects
involving embedded systems or software pose significantly mMore

comMplaex coding and design reguirerments than does a8 stand &lone

system of egquivalent size. For these reasons, bthe historical
developrent of software cost estimation measuwres has been based
upon the  incorporation of not only size but  complexity, past

experiente with similar projects, and other factors as well to
provide the software engineer with tools wpon which to base Hhis

estimates. of interest her&lig that the traditional mMeasures



have besn directed primarily at determining  project  size and

project cduration. Seldom are these estimation techniques
asgociated  with specific dollar costs in the literature. The
reason for this is obvious. Factors such  as  inflation, the

experience level of project  pevsonnel, and pay scales  for
developrent  team personnel vary significantly among companies in
the software development markei. Therefore, specific  dollar

setes are extremely difficult te accwrately projesct. Attempts o

it

divectly oorvelate projected dollar costs using gensralized
estimation formulas is & self-defeating proposition. Frojest
size, complexity, and duration are far better resouwrce indicators
in the general approach to estimating project developHent
reguirements. For  these reasons, software scientists have
developed generalized formulas to produce LOC estimates, such as
Futnam’s software equation, man-month estimates, such as Boehw’s
COCOMD model, and indicatovs of complexity, such as Halstead or
MeCabe’'s metrics, -in order Lo aocurately  estivmate  resources

required for project completion.
1.4 CURRENT AND FUTURE REQUIREMENTE.

The area of resouwrce estimation is of vital concern to the
Softuware Enginger. Continuved researvch and refinement of resource
eatimation technigques is wesential to the Software Enginsering
disciplineg and to the business Community. With the rapid growth
of computer  technology din vivtually every facet of today’s

soziety, the role of software development ComMpaniess 4is  ever



expanding. In order Lo successfully meet the needs of corporate
America &s well as to vemain commercially viable in this highly
competitive field, it is imperative that these companies employ
sound software engingering principles in their daily activities.
Accurate, timely software development mersures must bhs available
for use by the software developers. Corporate America will fast
lose patience with and confidence in any husiness where instances
of 300% caost overvruns and 200X scheduling overruns are the rule
rather than the exception CHar 831, The importance of accurate,
timely project estimation in the software develapment lifecycle
zannot be averstated. The sredibility of the software
engineering discipline &s well as the commercial wviahility of
many software developrent companies may well revolve upon  the
ability to properly plan, develop, and estimate project size with
a reasonable degree of accuracy and consistency. The advent of
cade generators and 4th generation languages has assisted in
reeting the challenges of some of the aforementioned problewms.
However, they have also simultanesusly generated new problems in
terms of the technological impact of these tools upon tracditional
resource estimation formulas. Therefore, resource planning for
software developrend is & fertile area for study and reseavch. A
review and analysis of the Futnam Model and associated resource

estimation techniques is the topic of the following chapter.



CHAFTER 2 THE FLTNAM MODEL

2.1 DVERVIEW.

During the decade of the 70's, software eugineers and
software development managers searched for a model which

adequately porlrayed the behavior of the software development

process  in terms  of resource expenditures. a great dersl of
research was devoted by & number of experts in this area. Many

theoretical and empivical models were  advanced during  this
perdood. One of the significant ocontributions o Uy
understanding of the software developMment process was made by
Lawrence Futnam during the mid to late 707s. DBuring this period,
Futnam produced a serdes of arﬁimlas which demonstrated that
software development projects tended to follow & predictable,
well-defined lifecyzle pattern. Futnam’s obsecvations of the
Eoftware Lifecycle were based upon the early works of Peter
Novden ONov 830 who demonstrated the mathematical formulas for
deriving manpowsr utilizabion curves for research and developeent
praojects.  After researching and collecting data from hundeeds of
Medium to large scale soaftware development projects, ( = 80,000
lines of source code ¥y Fubnam found that the manpowsr wtilization
for  these projects, in terds of  project  development  time,
colncided quite nicely with  the Ravieigh/Novden uwtilization
curyves previously advanced, Further, Putnaw discovered that by
enhancing the developmental curve formulas with factors such  as

pragramesr  productivity,  sowrce oode statements  reguired, and



tectmalogy constants, a&n empirical emodel for software development
could be derived. Quite naturally, this mocdel has bhegen titled
the Futnam Model. This model vremains one of the Most widely used
and accepted wmodels within the software development  comHunity.
In the periodgd of time since it was fivst published in 1976, much
research  has  been  done and many articles  bave been written
gdvancing new hypotheses concerning the software lifecycle as
described by Futnae. Howevar, #ost  are firmly based upon
Futnam’s original work and are extensions or enhancemsnts of the
original concapts. Given the importance of Futnam’s
contributions to ouwr understanding of the software lifecysle, it
is necessary to examing the fundamental components of the mModel.

This will ke the Ffoous of the remainder of this chapter.
2.2 THE RAYLEIGH/NORDEN EQRUATION.

As was previously stated, Feter Norden CHNor 637 advanced his
Hanpower ubtilization  theories in the early 60s based upon  his
ohservations of research and development projects performed at
the T.B.M. Leveloapment Laboratory,  FPoughkeepsie, New York.
Morden’s  research indicated that therve was a distinoct pattern of
manpower  utilization throughout the duration of these projects.
His observations waéve that theve are repesated cycles of manpower
build-up, peaking, and phase-out corvresponding to phases  of
SOMp e pwwject%. Further, HNovden stated that these oyoles could

he represanted as a Mathematical Ffunction of the forems

\Y.’:: 2‘R£Q1WE-¢#1L



Where
v = manpowere utilized each time period

K = total man—-months of effort wutilized by the
end of the project

a = shape parameter (governing time to peak
HAVIPOWEr )

o
#

elapsed time from start of cycla

Additionally, Norden indigated that, by repetition of applicatinﬁ
of the egquation to coincide with the number of project cycles, &
total projest  curve could be derived, This project curve was
very similar to the distribution pattern of the olassic Rayleigh
Curve, thus  the evalution of the Rayleigh/Novden Manpower

Utilization Curve.

Smtx

EWeRr

TiME

A

Figure 2.2.1 Rayleigh/Novden Manpower Utilization Curve

Futnam’s  analysis of empirical data oollected on completed
projects corresponded quite nicely with the Rayleigh/Novden form.
However, in  further analysis, Futnaw determined that the shape
parameter, (&), v the Rayleigh/Norcden forsm exbhibited &
dependency upon the point in time at which (v’ ) reached its peak.
Putnam chose to  represent point in  time as (*1). He

mathematically derived thats

a= Y (R)*



Where (ja.) is the time to veach peak effort.
Futnam subsequently observed that (tl ) corrvesponded very closely
to delivery Ltime for & soflbware developrant project. Substituting
fore (&) in the orviginal lifecysle eguation and using the
following substitution seguences

Futnam’s derived substitution for (a)d

o =VYa (1)

Equation for the entive lifecycole

Y = K/f;,[z X E-ta/’“tl

T Find the area under the cwrve Lhis formula is

integrated in the Form:
Definite Integral

Y=K(1- *7%)

Substituting the endpoints ¢ and (tl Y 1o get the

fFore ofl

Y= K(! v g FEVER )
Y=K(I-¢e™*)

Therefore:
Y= .3935

Thus, DE is .4 of the total effort.
Since both parameters (K) and (a3) may represent a rangs of values

i¢



for manpower  and  shape, dit  is  obvious  that  wvarying these
parameters parmits the portrayal of a wide variety of shapes and
magnitudes CFut 783. Figure 2.2.2 demonstrates the effect on the
" lifenyele  curve by maintaining (K) as a constant value of 1000
while Figure 2.2.3 demonstrates the effect of maintaining the

valug or the (ja Y constant and permitting the (K) value to vary.

Man RonTis

ol = 1000 For Au Oz
PP il ves
| et v v @z 0556 K

‘E'-'ﬂ-t « 0200

+ ‘“:'-?‘.?‘"?=hr——thmnu—*
L4 biy w W e 1820 B
o3 Rpes {7

Figure 2.2.2 Lifecycle with ¢ K ) constant.  DNor 630

°

o= .02 For R Cupves

A0~ *
L r““

‘ _,'::‘?r'm
il-lm'binnn.nqﬁnu

Figure 2.2.3 Lifecyole with (tL ) congtant. DONov 637

Having analyzed and wverified the datz uwsed Lo povtreay the
developrent phase of Lhe software Lifeoynle, Putnam began  to
dnalyze collested data to determine relationships from which  to

Project affopt required over the entire softuware lifecycle. The

need for a gquantifiable product, or formulas to coreelate source

11



statements to LOD, was appasrvent. This was Lhe conceptual basis

for the development of Putnam’s Software Egquation.
2.3 THE SOFTWARE EQUATION.

Having demonstrated the effects of manipulating the
Managament parameters, (K and (11 }p upon the lifecycle, Futnam
divected his efforts to developing & relation which purtrayed the
relationship between these parvameters and the deliverable product
= gouroe oods, By muoans of "“fitting" the data collected to the
lifecycle curves(s), he was able to derive several relationships

which would play significant roles in the wltimate formulation of

the software egquation. Theese relations are summarized in  the
following series of figures and discussion. First, Futnam

rearranged the Rayliegh/Novden Curve via linearization in the

form:

In (4/%) = In (KA + (7)1

Futnam determined that when the naturcal logavithew of manpower
dividad by elapsed time is plotied against elapsed time sgquared,
a straight line was forsmed with (‘n ( K/tll 1) as the dintercept
and that ¢ "/1'&" > was the slope for the line DPut 787, He
further discovered that if the number ( K/xlz Y was high in scale
it corvesponded to a difficult system implementation and that the
reverse, J4if it were small in scale rvepresenting an easy  system
iMplementation, was also treoe. Thus the expresgsion ( K/ﬁ" )

represented system difficulty. This is graphically povtrayed ass



In(Yy/t)
nrereerr = In (/42

> 1" (Years*)

D= K/1*

Figure 2.3.1 Futnam’s Daifficulty Measure

This difficulty measure has assuMed & special significance  over
the years for it is used by FPutnam to establish & fundamentazl
relationship - that as developrent time is desreassd, a dramatic
increase in difficulty s to be expected. This relationship will
be further analyzed in this report.

Futnam then turned  his  attention  to formulating &
productivity MERSUTS Wik would b essential to the
determination of softwars code production rates. Basaed upon the
data previously anaglyzed on oospleted software development
projects, Putnam devived the following productivity relationt

PR« Ca D~

Where

Cn = = productivity constant

o= difficulty
It shauld  be  noted  that (Cﬂ Y ois & qgquantized constant
representing a gvoup of state-of-the-art teckhvaology constants,
not & single productivity numepric value. Further, (FR) is not a
constant values, it varies and represents a range of values.

Having o<ompletsed the linkage betwesn productivity and

13



difficulty for  oode production, only one step remained +to be
determinecd prioe to Folnam’s  formulation of  the sxftware
equation. Pubtnam found that in relating effort requived for oode
production & raguirement existed for 8 weighting factor, or
"burdened number", to account for the managerial overhead and
test and evalultion portion of the coding oyole. Based upon his
analysis oFf the “"fitted data®, he determined that the burdened
number or scaling fastor was to be 2.4% (FR). Now &1l elements
relating system size  to productivity to effort  were present.
Through a process of substitution wusing the previouwsly developed
formulas angd  relations, demonstrated below, the software

equation could then be derived:
Sg = 249 PR - K/e
Lo afﬂ- Cn KV’ ja‘%

(ss yo= Delivered Lines of Source Code
2.4% = Sclaing Factor

Therefore, the Gensvalized Form of the Eguation ist

Ss = Cy K¥ 3%
Whe e
(CK) subsumes 2.4976 (Cn> -~ A mMeasure of

human/machine/state~of-the-art technology aystem constant
Futnam’s Software Egquation

The final analysis performed by Fuinam, of immediate,

interest to this report, was the detevmination of a relation  to

14



portray the relationship betwesn effort  expended and  tise
expencded during project development. This is of great importance
to Manageﬁant in any business scenario and of particular dimport
to softwares developers. This relation known as the effort - time
tradeof{ law can be deduwcsd divectly from the software sgquation

in the following mannert

Given the software sguation
s
ESS = (lg.'<!h‘t1*

Then

Constant source statements <S$> implies (Kjaq } Conmstant

S

K = Constant {ja*)

Ory, recalling that Developsent Effort = (. 4K)

Then
Development Effort = Cmnstant/(i&q 3

Thus Futnam has observed that developrent time for a8 system is
coMpressible  only down to some gradient  difficulty  condition,
That is to s’y that adding wmanpowser Lo a project in an effort to
compress development time is feasible until & gradient difficulty
condition  is  veachsd. Ty ﬁﬁ&ci?ic congtraint determined  to
portray this phenomenon wass

K=lvbl 4}

This dimplies that adding manpower Lo acoelerate a developmantal



project may be  accosplished only at a very high  cost  and  is
attainable oanly to the point where the gracdient condition is met.
Thus, Pubnam’s findings corroborate Brook’s Law, CBEro 751, which,
gimply stated, indicates that there is a point of diminishing
returns  when attempiing o allocate Hanpowsr in an effort o
reduce time expenditures for project completiom.

It is conceded that this overview of Futnam’s works is by no
means exhauvstive. However, the fundamental preceplts apon which
Futnam’s Software Lifecysle are based have been adequately
described. A pictoral  representation of FPutnam’s  Software

lLife le Followst

A ronsse, (Peons/YR)

s
(™ o

! Time ?
Figure 2.3.2 Futnam’s Software Lifecyole

This consludes the analysis and summarization of the Fuinam
Model . The mocdel has been empircically valicdated and shown to be
Juite aceurate within fths context of the technolagical
enviroenent Jin  which it was developed and has  been used.
However, the advent of Code genervators and 44k genevation

languages has changed the traditional Futnam Model  environsent.

14



These changes mandats & reevaluaticom of the model in the context
of  the cuvrent envivonmtant. This will be the topic of the next

chapter of this report.
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CHAFTER 3 RESOURCE ESTIMATION USING 4TH GENERATION LANGUAGES

- A NEW ERA.
2.1 OVERVIEW.

Having reviewsd in some detail the Software Lifecycle as
originally developed in the traditional Il generation
environment, the next logical step in the analytical process is
to  review the impact of subseguent technological advances upon
the lifecycle. The au£hmr‘5 interest in this area was generated
through involvesdent in planning for a2 vetail sales management
project  while working with Computer and  Information Sciences,
Inz., (CIS), a software development company based in Nanhattan,
Kansas. CIS had wundertaken the retail sales manageament project
for a ladies o<lothing distributor based in Dallas, Tewxas.
Initial estimates of project size in terms of delivered lines of
source code were in the vangs of 175,000 - ESQ,OOO_lines of code.
Given the desired initizal operational capability, C(I0CY,
timefrare of 'appvmmimately eight months, it was  immediately
apparent that a oode generator or 4th generation language systen
would be reguired to ensuwre successful comMpletion Df the project.
This precipitated an immediate search for &8 suitable tool  to
assist in the developrental process. Ultimately, +two candidate
systerds were consideved: 15 LINC, & Burroughs Corporation
propristary  4Lh genervation language system and 29 FROGRESS, a
Data Language Corvporation proprietary 4th generation  language

system. Both  systems produce ANSI Standard COBOL  application

18



