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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



programs as the deliverable code product, Both  systems olaiw
increased prodectivity cates on the order of 1021 to 2081 and
higher; that is Lo gay, thal 1 line of 4ih generation souwrce oaode

will generate 20 lines of deliverable code in the application

language. In a stwdy performed at the University of  Auclkland,
New Zealand, productivity rates of 4031 and higher were
docurented on lavrge scale projects using LINC CRud 847, Due in

large part to  its portahility +to & wvariety of harduware
envivronments as  well as prodwct cost, PROGRESE was the tool
selected forr the retail sales management projecst. Unfortunately,
the author’s reassignment precluded data collection and analysis
af  the perforvance of the tool for incorporation in this report.
However, taken in the ocontesd of potential resource savings to a
amall to medium sized  software development  company, these
productivity  incresses are of enormous ﬁmnﬁequ&nce in terms of
tivme and manpower expenditures as well a&s other associated
developrental cosls. Further, givén the productivity incresses
realized in the 4th generation language envirvonment, their impact
upon the Softwars Lifecyosle and upon other traditimnal resource
gstimation mMeasures hbecomes & critical issue warrvanting Ffurther
analysis. I+ is this snalysis and line of reasoning whickh are

the topic of the resmaincder of this chapler.
2.2 THE PUTNAM MODEL IN THE 4TH GENERATION LANGUAGE ENVIRDNMENT.

EMpivical esodels, swsch as the Putnam Model,  are by  thedr
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very nature short-lived in that they are developed angd validated
within +the contesxt of & pavticular technologioal  environment.
When the technological environment changes, edmpirical models must
he revalidatesd within the conbext of  the new  technology.
Throughout  his  works  Futnam concedes  as  much  with  repeated
references to the effects of changing state-of-the-art technology
upon  the formulas and relations developed. As  technologioal
advances suwsh as 4th gensration language systems are realized, it
is incumbent upon the software engineering community to ascertain
what impact +these advances have upon  traditional resource
estimation technigues, if any. Critical to  this analysis,
however, is an immediate limitation which must be  acknowledged.
Recalling that the Futnam Model was based upon & vast body of
empirical data collected on completed software development
projects, it is obvious that current analysis is handicapped by
the limited empirical data available concerning this relatively
new  technology of the 4th generation  language systems. This
limitation doss nol preclude analysis but does  limit  the
validation of findings and assevtions until more  data is
collected and experdence is gaivned. With this in mind, the
potential  dmpact of  4th generation language systems uwpon  the
fundarmental corponents of the Futvnam Model may now be examined.

Recalling the Rayleigh/Novden Lifecycle Egquation froam

Chapter 2% Y, _ zKa'i_e-afa

and Futnam’s derivation form for the (a) parameter:

a = /a2



The impact of massive productivity increases gained from the use
af a Atk gsneration  language system would  seem to Fail
principally upon twe parameters of the lifeoyole egquation. Those
heing (&) the shape paramegter of the curve governing time to peak
manpower  and (1a. ¥ the elapsed tive from the start of cycle
parameter. It iz obvious that productivity increases on the
order of 20801 and higher would dramatically alter either of these
parameters since both represent or imply some function of elépsed
time in the developmental process. The effect of permitting the
(a) parameter Lo vary while naintainiﬂg the (K3, or manpower,
parameter constant was praviously demonsteated and  povtraved.

This portrayal is apain presented as & reviews

‘ﬂmjrﬂhmuuﬂﬁ
Ymre 2028 Q=080 K= 1000 PR Ruz Cueves
m-
Yomx = 120.3 l’;b—- ‘:;-I--. ‘F:a.: , 0200
'G d—p L] L . -
ymxe £ g ,'? -"l;T X as.002
‘ .‘r \'!-..‘.-.‘.-.
0 fz 1. !. b, “;“ e,
O 2[416)8 © 2 1 Kk 13 2 2 af

*‘-’3 t‘f =7

Figure 3.2.1 Lifeoycle Curve with (K) constant. DENor 630

Rensll  that Pubnam defined that (1& }ocorreaponded o the  point

in  time at which peak manpower was reached. This was derived

. (192

This being true, it is obvious that this fundamental relation

from Lthe velation?

o
it

requires vesvaluation in light of 4th  genevation productivity



increases since the (&), or shape of the curve parameter, will
VarY dramatically with the magnitude of  the productivity
increasses realized. It is hypothetically possible that  the
relation  itself may well remain valid within the context of  the
4th generétiﬂn language environment. However, it is equally
feasible that, upon analysis of empirical data collected on
projects using the new technology, & new relation may evolve or
be required to be developed. A new relationship, 4if required,
may well dramatically alter the characterization of the lifécytle
equation. The precise image of the manpower ubilization curvel(s)
in  the 4th generation language envirvonment canmot be determined
in  the absence of more erpirical evidence and “data fitting" as
Futnam ochose to characterize the process. It is sufficient to
note £hat any alteration of this fundamental relationship will
have a significant impact upon the vemaining relationships  upon
which Futnam’s Software Equation is based.

The next relation, which logically could be expected to
dramatically change in & 4th generation language environment, is

that of Putnam’s Difficulty Measure. Rezall that this was

D= K/%’

0f  paramount importance in this analysis is Putnam‘s  contention

portrayed ast

that as development time is éhurtened a dramatic increase in
difficulty is to be expected. This was empirically validated by
Futnam within the context of the technological environment in

which it was developed - that being the Ivd generation tiigh level

3
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programming environment ., However, within the context of the 4th
generation lanaguage sysatems environment and associated dvamatic
prmﬁuctivity iveoreasws, there does nobl appear to be any logical
hasis upon which to make this assertion. This is due principally
to  the fact that within the 3rd genevation envivonment one  line
of  sowrce code squalled ong line of deliverable source code -
obviously not valid within ths context of 4tk generation language

systers. Recall that Futnam’s Froductivity Rate was portrayed

ﬁﬁi = (1n [)-%@

ass

Where

& productivity constant

¢ Cn)

I difficulty

H

Futnan acknowledged  the impact of current state-of-the-art
technalogy upon  productivity as &8 measure of  delivered source
ocle . It is  wobhviouwus  that the @major techological  advances
realized with the advent of 4th generation language systems must,
by definition, have & divect impact upon this measure. There has
been no  suggestion in the literatwre researched to indicate &
rise  in difficulty for the progradesr when using 44h gensration
languags systerms to genervate the delivered oode. In fact,
assertions made in the literatwre are just the oapposite -~ that
indeed programming with 4th generation language systems is less
complex  and difficuelt than programming with  traditional  3ed
generation high level prograsmming languages. Thus it is ohbvious

that FPutnam’s Productivity Rate must be modified i€ only due  to



the changs in the productivity constant ((:n) realized by using a
4th  generation language syster. Indeed, Ffurther research  and
analysis may well indicate the need for an entively new relation
te portray the relatiﬁnship hetween productivity and difficulty.
Once again, significantly  more analytical data is vegquired in
order to precigely detersine the magnitude of change requived in
this fundamental relationship of the Futnam  Model.

Having already called dinte gquestion some fundamental
relations upon which Putnam’s Software Eguation is hased, it is
logical to review the Software Equation within the context of the
4th genersalion  language system  envirvonment. Recall Putnam’s

Software Equation:
Ss = M9 < PR Kfe
LB Cakhu

The Generalized Fors beingt

SS s C‘K K'/3 11%

¢ CK Y subsumes 2.4%9/6 (cn Y o= A measure of the

tiuman/maching/state-of-the~art technology systend.

It is »not necessary to vestate the obvious concerning  the
questions raised as to the validity of this relationship when
analyzed within +the ocontext of the 4th  generation  language
systeam environment. Frevious discussion has  led to the

questioning of the empirical basis for both the (CK} and ( u }



relations. I is antuitively obvious that the Software Equation
Must be resvaluated within the context of this new technoelogical
environment. However, ocare must be taken to ensure that one
significant point in this analysis is not overlooked - that point
baing the fundamental premiss  for Futnam’s  definition of
delivered source code. In the traditional 3Ird generation
language envivonment, a descoriptive definition for  delivered
source oode can be portrayed asi

SLOC = DLOC

Where
SLOC = Lines of Souwrcée Code Written

DLOC = Delivered Lines of Source Code

While ackuowledging that  this poritrayal is  somewhat of an
oversinplification, it nongtheless remains valid in terms of
state-of-the-art techmology in the JIrd generatism language
environment, Obviocusly, with productivity increases on the order
af 2081 and highev, this portvayal is not valid within the 4th
generation language system environment. In fact, delivered lines
of gsource code in the 44h genevation languages systerm envivonment
ig no longer a valid measure at all. It has becorme & Mmoot point
in  the overall eguation since productivity is based not upon
delivered linas of source ococe but rather upon  4th gensration
systems code regquired Lo genevate the deliverable product. ir,
| for  dinstance, it took 10 prograsrers eighteen months to produce
150,000 lines of deliverable application code in & traditionsl

Ird paneration applications environment, those same 10



programders  can now write 7500 lines of 4th generation  language

source cove, therebhy genervativng 150,000 lines of deliverahble

application  code, in 2.37 months, assuming & productivity
increase  of 2081 and all othesr factors vemaining egual. It is

therefore obvious that the Futnam Model, in its current forms
uithmut revalidation within the content of the new technology,
cannot ke uwsed to estimate  4th generation  language system
projects.

Thie potential  dwpact of 4th gevsration tecktnological
advances upon traditional resouwroe estimation tools has been
clearly demonstrated. The need for collection of empirical data
in  this new envivonsent as well as for continuved research inte
the wvalidation of fundamental relationships comprising the
Software Lifeoyols in this new envivonment should he abvious  to
all. The potential  impact of  this new technology upon
traditional sofitware westimation tools camet bhe overstated nor
aver loaoked by the souftware engingering camHunity. A
suMmarization of the purpose of this report and recommendations
for future research is the foous of Chapter 5. However, before
moving to this topic, & brief discussion of an  automated  tool

developed to graphically portray the potential impact of this new

technology upen the  behavior of  the  traditional Software
Lifenycle Curves is in order. The general areas of an automated

tonl Lo assist in the porivayal of this phenonomen is the topic

of Chapter 4.



CHAFTER 4 GRAFHIC FORTRAYAL OF THE IMFACT OF 4TH GENERATION

TECHNHOLOGY UFRON THE FUTHNAM MODEL.

4.1 BACKGROUNT. As an adjunct to the research and analysis
which form the crux of this report, & brief Turbo Pascal program
was written which permits the graphic portrayal of the behavior
of  the Software Lifecyclw Curves when certain  paradsters  are
varigd in view of the technological gains. The gsource code for
this program is contained in Appandix A of this repori. It is
important to note that this program was developed for a  very
limited purpose - that being graphic vepressntation  of the
Suftwarse Lifecyole Curves. It is wnot intended as a predictive
tonl and it suffers the additional limitation of being developed
on & system witth no graphics capablility. Due to these factorvs as
well as the limitations placed vpon the development by the
language itself, the progeam is extremely limited in scope. It
was necessary to linearize sguations, add scaling factors, and
refoormat gquations  in  order  to "trdick Turbe  Fascal  into
performing some  of  the calculations reguived and to  do  the
platting required for curve representation.

The tool basically acoomplishes three  Ffunctionss 13 It
plots  the tracitional Rayleigh/Norden Curve. 23 By permitting
the uwssr  to vary the Lide oy shape parareters, it wplots  the
“compressed” Rayleigh/Norden Curve. 3) By applying a range of
productivity increase values to the egquation, the developrental
povtion of the Software Lifecyosle may be portrayed. However, due

to  the limitad graphics capability and scaling factors  reguived



to povivay  this curve on the developrentsl system, & word of
caution  dis  regquired. The progran is designed 4o provide an
"overlayed! pictorial representation of the three surves
simultaneously. In doding so, and due again to the limitations of
the developrental system, the developrental curve when applying
productivity constants  to the equation appears to compress to a
paint where it exceeds the y-max of the original curve. This, in
fact, does not happen and is merely a function of experimentation
with the scaling factor in order Lo persmit graphic portrayal of
the three curves simultaneocusly in order to give the user & full
appreciation of  the dramatic effects  the new technology has

upon the traditional curve’s performance.
4.2 HIERARCHICAL REFRESENTATION OF FROGRAM MODULES.

The toonl, &s developed, is coMprisecd of  four  functional
moedules which are smbodied in one program segment. These modules
are titled GCET._FARAMETER, CALCLRNLCURVE, CaLC.DC_CURVE, and
TERMINAL TIISPLAY. The Ffollowing Hierarchy Diagream displays the

functional relationship of the wmodules within the program?

CURVEFLOT

IEETMPRRQHETER_ TRANSFORM TERMINAL ..DISFLAY

lUSERI

CALG_RN..CURVE | lcaLc_nc. curve |

Figure 4.2.1 Frogram Curveplot Hierarchy Diagram



4.3 MODULE SFECIFICATIONS FOR FROGRAM CURVEFLOT.

The movdule specifications  for each of  the four  primary
prograd modules will be detailed in this section. The format
utilized will  be the module nade, a short desoription of  the
module’s  tasks, calling sequence, the module’s position within
the higrarchy diagram, files or global data items accessed ore
changed, error mMessages producsd, any unigque module  behavior,

inputs,. and oubpuls.

4.3.1 HMODULE GET.FARAMETER.

Specification for Module® GET_FARAMETER
Short Desoription of Module’s Tashke:s

This module ogets parameter data based on wuser  keyboard
inputs.

Calling Sequence? Turbo Pascal Commands - gat(k)
readln{ mora_ work )
readln( PR)

Fogsition in Hierarchy Diagram

Modules that call this: CALC.RN.CURVE, CALC_DC..CURVE
Modules that are called: None
Files ar Global Data Itewms accessed or changed:  None
Error Messages Froduwsed:  None

Any externally noticeable bebavior not previously desoribed:

None

INFUTS

Names Degscription Type Doamain



[ Folds user cdefined real
value for ourve shape
paramster

FR Mfalds wser defined real

valug for productivity

OUTRUTE
Names Deaoription Type
K User defined value real
selected
FR User defined value real

4.3.2 MODULE CALCU.RN.CURVE

Specifization fovr Moduled: CALC_RN._CURVE

Short Description of Module’s Tasksg:

w00 - 1500

Irplemen—
tation dep-
dent rangs

Domadin
500 - 1500
ImlemMenta~

tion depan-
dent range

This module’s fLwo privcipal tasks acve to caloculate and plot

the traditional Rayleigh/Noorden Manpower Utilization Curve as

well as an accelerated wversion of  that curve
productivity increase faotor
Calling Seguence! while work.flag do
‘Fosition in the Hiervarchy Diagran
Modules that call this?! None
Modules that are called: TERMINALLDISFLAY
Files or Globhal Data Items accesssed orv changeds
& = @ fiwed sthape paramelber for the curve
Max.prog.tie -~ an arbitrary sadinue project

Ervror Messages FProduced:  None
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Any externally noticeable bebavior not previocusly described:

MNone
INFUTS
Names

K

MOy, Wik

y..hat

work.flag

OQUTFUTS

Namas

(. ' *)

4.3.3

Specification for Modules

Short Description of the Module’s Tashks:

This

Development

moviule’s

Description

User defined input value
for shape parameter of
curve

a fiwed shape
paramaeter for the
Curve

e¢lapsed time

fuslcts dnput to
terminal display

Feolds user input Lo
terminal display

holds valus o represent
point in time at which
peak effort is utilized

bolds dnput to work

work status

Desoription

character representation
of my coordinate sent to
terminal display

MODULE CALC.DC..CURVE

and  Coding portion of the

Manpower Utilization Curwe,

21

CalLC_ DC.CURVE

raeal

real

whar

char

raal

boolean

Type

mhae

snlae purpose 1s to crlculate

overall

Doamain

500 - 1500

maczhine -
dependent
range

T or F

Dhomain

I‘l‘ (*f

and plot the

Rayleigh/Norden



Calling Bequence? while wark_flag do
Fosition in the Hievarchy Diagram
Modules that call this:  None
Modules thal are calledd! Tersminall bisplay
Files or Global Data Items acosssed or changed?
& - a fTiwed shape pararmeter for the curve

max.praojutine - an arbitrary maxkismum projecst length

INFUTS
Names Desoription Type Domain
FR Usier defined value Lo real machine
rapresent programmer clepandant,
produntivity range
K User defined input valus real 500 -~ 1500
for shape parvamster of '
the curve
a A fixed shape parameter real G.02
for the curve
td A caloulated value for real Machine
td or elapsed time from dependent
start of project range
c Holds user input to char i -1 A Vi
terminal prompt
o Dod o Eh g Holds user dinput to char o oon 1Y
terminal prompt
work_ flag Holos user input to o lean T or F
to word status
y_hat. RN HMolds caloulated value real Machine
to vepresaent point in dependent
time at which peal: effort range
is vreached in Lthe Design &
Coding portion of the
Software Lifecysle
QUTPFUTS
Names Description Ty pre Domain



(%) Character repraesentation char ‘g
of wy coordinate sent to
tevminal display
434 MODULE TERMINAL_DISFLAY
Specification for Hoduler TERMINAL_DISFLAY
Short Description of Module s Tasks:
This mModule’s sole purposse is Lo owtput program resulis  to
the terminal display
Calling Seguence! writel( ., %', %)
Fosition in the Hierarchy Diagram

Modules that call this: CALOCORNLCURVE
CALC.DE .CURVE

Modules that are called:  None
Files ar Global Data Items accessed or changed: None
Eviroar Héﬁsagaﬁ Frodu-ed: None
Any Externally Noticeablse Behavior not previously described:
Based upon the values calcoculated within the formulas,  when
the curves are plotted the upper range of points plotted wmay
excesd the capability of the terminal display. Additionally, the
Design & Coding curve appears to excesed the limits of  the
calculated Rayleigh/Novden  Manpower Utilization Curves when
certain  corbinations of vardiable values are used. This i¢ not
the case. It is merely an ivmplersntation limitation upon graphic

portrayal.

INFUTE
Name Deseripbion Ty e Domain
(v y ¥, ¢} Character representation char ‘aly TR, TR

of xy coordinate position

33



OUTPUTS

Noxpre

4.4 FEEUDO-CONE FOR FROGRAM CURVEFLOT

This section provides an English~-like, pseuwdo-oode version
of  the prooram logic vupon which Progras Cuweveplot is  based.
While wot 4in  the formal syntax of  psewdo-code, the author‘s

program logic is easily recmgnizéhlﬁ in the following ford,

Frogram Curveplot
Variables:®
Glokbals

a = fired number 0.02 as a shape parameter for
the curve

mar.proj.time - fixed number 24 indicating maximum project

length

Lozal s

rove_work -~  wariable indicating user-defined course of
aotion

C -  wariable indicating user-defined course of
st iom

t -~  wariabls vepresenting time along x-amis

t.d - wvariable representing a point in tise

#long Hoamis

y.hat -  wvariable vepresenting a point in time aloang
y—axis

y..hat RN -  wvariable representing & point in time along
y-aris



start

work_ flag

- wvariable representing man-months of effort

-  wvariable representing average progradmer
productivity rate

~  hoolean switch indicating work status

set work,flag toe Teue

while work

~Flag oo

prompt user for cureve shape parameber

readd

value

set tLime = 0.0

clear

SV EEN

while t { max.proj.size do

ﬁalcuiate y..hat expression
if t {1 do

caloulate yohat expression RN
write ‘.7 at pre-dstervdined goordinate position
if t 41 ¢

calculate y_hat eupression accelerated RN
write ‘%7 at pre-determined coovdinate position
increment £ = L 4+ 2.0
prompt user for any parameter changes
reac response
AF oresponse (more.work) = ‘v oor 'Y then

work. flag = True

elese wark. flag = False

end; {while t ¢ Max.proj.time loop)

proampt user for desired PR valuwe



vead FR valus
waloulate value for td

write td value

reacd continuation pararmester
reset work.flag
while wmrhmflég = true do
set + = 0.0
ClrSor
while 1 {= max.proj.time do
caloulate RN Manpowsr Util Cuvve
caloulate accel MP ULl Curve
write 7.7 RN Manpower Qurve
write X/ acesel RN Curwve

writen$ D/C povtion of standarcd
R/7H Manpowsr Curve

et b o= b o+ 2.0

e

-}

end while L { masoprojotime do
proMpt user for any parameber changes
reac changes

if ne change exit, if change loop

end while work. . flag da

and. prograd curveplotb

This marks the end of the auvtomstable tool  description.
While realizing that this particular applicsation is limited din

szope, nevertheless it serves a useful function in  terms  of

3é



graphic portrayal of savings realized in  the 4th  generation
language systems envirvonment. With this explanation complated,
it is appropriate to procesd to Chapter § for the summarization
of the purpose of bthis report and the recommendations for  fubture

regearch in this arvea.
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CHAFTER S A SUMMARY OF CONCLUSIONE aAND RECOMMEMDATIONE FOR

FUTURE RESEARCH.

wel OVERVIEW.

The purpose forr undevtaking this analysis of the FPutnam
Model within the context of curvvent tecknological advances  was
two-Fold: 1) to demonstrate the histeorical basis for and  the
validity of  the Fubtnam Model within the context of the
environment din  which it was developed anwd 2) to  highlight the
regquivrement for,  and hopefully generate academic interest in, &
revalidation of traditional resowrce estimation models within the
content of  4th  generation 1anguag&' systers tectmological
advances. . A brief surmary of the author’s conclusions  and

recommendations  for Ffuture research in this area are the subject

of the remainder of this report.
9.2 CONCLUSTONS.

The author adeits to & certain predisposition when this
effort was initiated -~ that predisposition heing that the
technological advances realized within the 4th generation
language systems envivonment as well as the rapid growth  of
“artificially intelligent! systems seemed to o portend the
irmmediate demise of traditional software development resource
estimation Moclel s . However, after fully exploring the
fundamental relations upon which the Futnam Model is based, this

portent of doom was found to be completely premature. Certainly
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a resvaluation and revalidation of the models dis essential to our
understanding of the velationships betwegen technological advances
and  traditional software estimation models fundamental bases.
However, it would be préﬁunptumuﬁ and premature to bias one’s
view prior to the completiosn of this process. It seems logical,
and  dindeed probable, that the weighting Ffactors and scaling

factors derdived in the formulation of Putnam’s  ordigingl  model

will indeed regquive modification  in view of productivity
increases resalized 4in  the 4th  gensration language systems
environment. However, +the magnitude of change(s) required will

be determined and validated only wupon completion of & massive
data oollection effort and a ﬁmmplate analysis of asoftware
develapment projects uwsing this new technological  environment.
Certainly Futnam’'s original methodology remains fundamentally
sound  and future researchers would be wise to emulate his step-
wise refinemeant or building-block formal  approach  in future
validation efforts. It is the author’'s conclusion that Futnam’s
Model will veguire modification, specifically in terms of power
factors used in  the ﬁriginal formulas, in order to  remain  a
viable tool within the contewxt of the 4th  geveration language

systers environment.
Ye3 RECOMMEMDATIONS.

It is hoped that the premise for and the arguments presented
in  this veport will generate academic interest in &  thorvough

reavaluation not  only  of the Putnam Model hut  also aof other

2%



resource estimation models as well in light of the technological
advances realized with the advent of 4th generation language
systems. The collection of empirical data upon which to  base
this reevaluation will be a8 major undertaking but is ahsaolutely
essential if vesource estimation wmodels currentiy in use are to
remain wvisable. The credibility of the Software Engineering
discipline within the business community is clearly at stake,
Indeed, the economic viability of many software development
comMpanies mMay weil depend upon the validity and wvutility of the
software development resource estimation tnﬂis-availahle to them.
The time Ffor a coosrdinated, coMplete reevaluation of the
available resource estimation tmmiﬁ has arrived. The Software
Engineering community esust not delay undertaking this wvital
effort. Our academic credibility &s & discipline and indeed, the
economic wiability of many software development companies, way

well depend upon the successful completion of this reguivement.
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AFFENDIX &

This appendix is the source code for program curveplot. Note -

while the code is complete and accurate, the user must Ffollow
novrmal turbo pascal conventions for  comments, continuation of
statements Ffrom one  line to  anocther, and capitalization of
identifiers. The code listed helow is technically accurate;
however in  order to fulfill the administrative reguivements of

this report editing shortcuts were employed for Fformatting

PUurposes.

pragram cuwrveplot (input, autput);

const

a# = 0.02y {a fixed shape parameter for the
curves)
Max-proj-time = 2635 {an arbitrary maximum project
length in man-months of effort)
var
rove.work, € I charg {variables indicating user-
defined courses of action.)
t & realy {time variable along x-axis)
y-hat,
y-hat_ RN ¢ realy {point in time along y-axis at
which peak manpower is reached.)
K & realj {total man-months of effort 2
work.-flag ¢ booleans {boolean switch indicating
actions.)
{average productivity rate per
moxnth.
td &  realsg {elapsed time to veach peak
effort.)
begin

work_flag = Truej
while work_+flag oo

hegiwn
writeln ( ‘What value for K do you want

(500,700,1000,1500)37° );

A-1



raadln (K3

t 1= Q.03

ClrSors

while t {= mMax.proj.time oo
hegdin

4LThis swcoction of code portrays the traditional
Rayleigh/Norden Manpowser Utilization Curve.r

yohat == 2 % K ¥ 3 ¥ t K Exp(-a ¥ Sqr(t));
if b {1 then
GotomyCl, 34 - Trunc(Q.075 % vy hat))
else
Lsing 3 as a mulbtipliser for pixel per charvacter wideh)
GotowyC Teunadd ¥ 9,24 — Trunc(0.075 ¥ y. hat));
writel .7 33

{This section of code portrays an accelsrated  version
of  the Rayleigh/Novcen Hanpower Curve  assuming an
average prodwstivity dncrease of 1885 or W20 a3 an
example, and multiplying by a scaling Fachor of 10 to
keep the curve from nareowing too fast  for pictorial
representation.d

it t {1 then
Gotouyd 1,24 - Trunc(0.075 X y_ hat))
elsea
Gotuxyl Truns( 0,2 X Trune(10 % £33, 24 - Trunc(0.075 ¥
y.frat )
writel “H7 g
t o=t + 2,03
el
wiritelns

£This section of code allows the wuser to vary  any

paramaters uwsed thus far to visualize the effects of
altering these pavameters on the representation of the
T VES W

writeln (I vouw want Lo change any other parvameters
CY/NY?Y Iy
veadln (moraword 3y
if (more.work = 7y’ ) or (Aove_wark = Y7 ) bhen
woark.flag &= Trus
alse
workoflag &= Falses
endsy



<This section of code permits the user to alter the FR
value which leads to the calculation of & user-defined
value for td which din turn allows the visual
representation of the FPutnam’s Design & Coding portion
of the overall Boftware Lifeycle.?

writeln ( ‘What value for FR do you want (B835.40736) 7' )
readln (FR)j

fUtilizing the formulas presented in Putnam’s Faper
entitled "General Empirical Solution ans? to
detevrmine the Software Equations s = 2.49 div FR
¥ 1200 Cubrt K ¥ 4/3rt td as well as "massaging”
this fFformula and Futuvwam’s formulas - PR =Cn X D
xk-2/3 and DI = K/td(td k% 2) & new linearized
expression utilizing the in~huilt functions of Turbo
Fascal is derived permitting the calculation of td. )

td 1= explin(exp{(intik) ¥ 2/3) %X (FR/12000)) %X 3/4 %
writeln ( ‘The current value of td is (3.65)1 fytd s

repeat
writeln ( ‘Fush /space-bar/ and return to Continue’ )3

readln (O
o until C = 7 7§
ClrScrs

{The last section of code builds upon the
calculations perfomed thus far, calculations for the
Design & Coding portion of he Software Lifecycle
is based upon the User provided input, and handles
the remaining program 1/0.)

]

work_flag t= Trueg
while work_flag do
begin
t 1= 0.0;
ClrScrg
while t (= maxd_proj-time do
hegin

{Representation of the "Stand-alone" manpower
utilization curve is now calculated.)

y_hat 2= 2 X K X a X t % Exp(-a % Sqr(t));



{Utilizing the value for td caloulated earlier, we
an adjusted Rayleigh/Novden Curve.d

y_hat AN 3= (K/Sgqr(td?) % + % Ewxp(-0.5 X
Sgrdt )/Sgritd )y

{Flot the normal manpower utilization curve.l

if t ¢ 1 then
Gotomxy(l, (24 - Trunz(0.075 ¥ y_hat i)
else
Gotouy( Trunsd 3 ¥ i), (24 - Trunz(0.075 X
y.hat ) "
writel f .7 )3

LFlot the accelevatsd (1535 or better) MU0 Curve. )

if t {1 then
Gotony(l, (24 - Trunc(0.075 X y_hat)))
else
Gotoxy( TruncC0.02 ¥ Trunc( 10 ¥ 1)),
(24 = Trunc(0.075 % y.hat)));
writel X )

{Flot the Rayleigh/Norden curvé for  DevelopMment - )
{Coding Section of the Software Lifecyole. ¥

if t (1 then
Gotoxy( 1,24 - Trunc(0.075 %X y_.hat_RN})
else
Gotory(Truns (0.2 ¥ Truna( 10 % L)),
24 = Trunc(0.075 X y_hat_RN));
ritel %7 );
=t o+ 2.0%

W
t =
end;

writelng

writeln (‘Do you want to change any other parameters
Y/ANDI?' )y

readla (moveowork iy

if (rmove_work = ‘) or (morguawork = Y7 ) then
work.flag = True

else
work.flag == Falsey

encly
encl.
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AHSTRACT

One of the most important tasks pecformed by softuare
engineers is that of developing useful models and equations which
permit the prediction of project costs for software development
projects. Traditional sodels curvently in use were developed and
validated within ths context of existing 3Ird gengration state—-of-
the-art technology. The advent and widespread use of code
generators and  4th  generation  language systemns realizing
productivity increases on the order of 2051 and higher mandates a
reevalustion and revalidation of traditional eodels within the

context of this new techuoslogical evvivonment,

This report presents an examination of the formal
foundations of ths Puinam Model and presents the potential impact
af  4Lth generation language systems upon this traditional wmodel.
The reguirement for vevalidation of traditional models within the

context of this new technological environment is also presented.



