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Abstract - Systematic software development process
involves estimation of size, effort, schedule and cost of a
software project and analysis of critical factors affecting
these estimations. These are the crucial factors dictating
the project manager whether to take up the development
of software project or not. In literature we find that
majority of the software projects have failed. Failed
projects are the ones which have challenged the initial
estimates and not meeting the uwser requirements.
Therefore, before biding for a software project the project
manager has to spend sufficient time and energy for
software estimation and risk analysis. In the last five
decades a number of software estimation models have been
developed. However different methods give difterent effort
values for the same input. This is because every model is
developed for particular environment factors under which
the project was developed. The project manager will be
confused in selecting a model for his'her project since
environment under which the project to be taken up will
be entirely ditferent from those of the previous projects. A
project manager will be successful, it he or she will be able
to find reasons for different effort values given by diiferent
methods. In this paper we have studied a few software

results for four software projects.
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[ INTRODUCTION

Projects are relevant today to all fields and seclors. A
project which can be broadly defined as set of activitics which
have a defined start state and a defined end state and which
pursue a defined goal and use a defined set of resources come
in many various form and in almost any arca. There may not
be any orgamization including academic institution in the
world which is not project based. From Table | below [1] we
observe that success rate of software projects is around 40%
during 2012 whereas it was just 16% during 1994, The
improvement in the success rate is due 1o development of
better sofiware estimation and risk methodologies during the
last two decades. However, as on today there are no
universally applicable  estimation and risk management
technigues since the environment and technologies are
different for different software projects,

A project is said to be successtul it it is delivered within
the estimated budget and time and meets all the specitied user
requircments.  When we analyze the cause for such large

failure rate, we basically identify that sofiware estimation and
risks are the factors contributing to failure rate of software
projects. To overcome from such a precarious condition, we
have to study critically the role of project managers n
development of successful software projects both in estimation
and risk management. In this paper we try to discuss and
analyze basic estimation models and study the performance of
these models for four case studies (software projects.

TAELE 1
SOFTWARE PROIECTS SUDCESS (VER THE LAST 30 YEARS
YEAR 15984 | 2000 | 2004 | 2006 | 2008 | 2010 | 2012

Successful | 16% | 28%: | 20% [ 35% | 32% | 37 | 39%

Failed 3% | 23% | 18% | 19% | 24% | 21% | 1%

Challenged | 53% | 49% | 53% | 46% | 44% | 42% | 43%

[I. EFFORT ESTIMATION MODELS
Typical estimation models are derived using regression
analysis on data collected from past software projects.  The
overall siucture of such models takes the form:

E=A+B(SIZE)",
Where A, B, and C are empirically derived constants, E is the
effort in person-months (PM) and SIZE is the estimation
variable either in KLOC (Kilo Lines Of Code) or FP {Function
Points). Maost of the models use adjustment factors to cater for
other project characteristics.  The constants derived for the
following KLOC-oriented models [2] for which SIZE =
KLOC are as follows and are briefly discussed in this Section:

A, Bochm simple model A=0.0.B=320. C=1.05

B. Bailey-Basili model A=33B=073, C=IL.16
C. Doty model A=00B=528E C=1.047
D, Walston- Felix model A=00,B=52, C=051

n addition following two software estimation models based
object points are also discussed.

E. COCOMO I model.
F.  Wogi - Patil model.

A Boehm simple model

The basic COCOMO maodel by Dr. Bochm is a slatic,
single-valued model that computes software development
effort {cost) as a function of program size expressed in
estimated KLOC. Nominal Effort (NE) in person-months
(PM) and Development Time (DT) are expressed as
exponential functions of KLOC az follows:
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NE=a lKLDCJb Pers?n morths, THITY MDD F'II?E}!E‘F:R‘S FOR KO0
DT = ¢ [NEJ, - S
where u, b, ¢ and d are constants 1o be determined using the F““_"" : fi Yes No
softwarc characteristics such as complexity, skill level of team Special display — : i fi 11| 1.00
members etc. The cost of the software project may then be E:::::il:;lmnmd‘““”“‘“ of operational | oo 1l
;;:,LTT:SHT;;L:ULEU[&I:;LW[ per person-month, which vary Change Lo the operational reguiremenis i 105 1.000
‘ Real-time vperation fi 1.33 1.00
B, The Bailev-Basili Mode! CPU memory, constrainls i3 143 | 1.00
John Bailey and Victor Basili atempted to present a CPU time constraints fi | 133 ] 1.00
model generation process for developing a local resouree FI"SL software developed on CPU . 192 | 1.00
cstimation model, which consisted of following three steps [3]: g;:ltﬂ:“t development of ACP | £ | 182 | 1.00
*  Compute background equation, Time sharc versus batch processing in | /o | 0.83 | 1.00
o Determine factors explaining the differences between development '
actual project data and the mean of the estimates Development using compuler, al | fig | 143 | 100
derived from the background equation, another facility
s Use model to predict new project, Development al operational sile Ju | 138 | 1.00
The backgroamd coguation or the baseline relationship Development  computer different than | iz | 1.25 | 1.00
between effort (E) and size (KLOC) was determined using 18 target computer
data points from the NASA SEL (Software Engineering Lab) Development at more than one sile f | - 1.00
database and is given by Programmer access o compater 14 - .90
E=0.73* (KLOC) "%+ 5.5 TABLE 3
This equation can be used to predict the effort required for - COMPLENITY WLIGHTS POR ORIECT TVPES
an average project. The next step in the process is to determine Object type Complexity weight
a set of factors that differentiates one project from another and Simple | Medium | Dificult
helps to explain the difference between actual efforts versus Screen 1 2 3
cfforts estimated by the background cquation. Reports 2 3 8
IGL Component - - 1

i The Doty Model
This model is the result of an extensive dara analysis
activity  including many data points from Software
Development Corporation sample sets. The mode] for general
application is
E = 5.288 (KLOC) ' for KLOC = 10,
14
E= 2000 (KLOC)! ‘-”T[l__[ Jil. for KLOC < 10,
i =l
The effort multipliers f are given in Tahle 2,

b, Walston and Felix model

Walston and Felix [4] analyzed data of more than 60
prajects done at IBM Federal Systems Division, ranging from
4K to 467K lines of delivered source code and found that if the
size estimate 15 in thousands of delivered lines of code
(KLOC), the total effort E in person-months (PM) can be
given hy

E = 5.2 (Size)".

E COCOMO I application composition

COCOMO IT application composition model uses Ohject
Points as a basic parameter.  Object Point is an indirect
soflware measure that is computed using counts of the number
of Screens (at the user interface), Reports to be generated and
3GL components likely to be required w build applications.
Each object point 1s classificd into onc of three complexity
levels ie. Simple, Medium and Difficult using the criteria
suggested by Boehm [5]. In essence complexity is a function
of the number and source of the client and server data tables
that are required to be generated, the sereen or report and the
number of views or sections presented as part of the screen or
report. Once the complexity is lixed, the number of screens,
reports and components are weighted according to values
given in Table 3.
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The Object Points (OP) count is then determined by
multiplying the original number of object instances by the
weighting factor and summing to obtain total object point
count,  When component-based development or  gzeneral
software reuse is to be applied the percent of reuse (%reuse) s
estimated and the object point is adjusted.

MNew Object Points (NOP) = OF [{ 100 arense)’ 100]

{
3.6)
T derive an estimate of effort based on computed NOP value
a “productivity rate” must be derived. Productivily rales are
giwven in the Tahle 4.
Productiviry rate (PROD) = NOP/ person-month

TABLE4
FROGUCTIVITY RATE FOR ORIECT MOMNTS

Developer’s Very | Low | Nominal | High | Very
Experience/ Ty High
Capability

Environment Very | Low | Mominal | High | Very
maturity O low High
Capability

PROD 4 7 13 25 30

The above equation is used for different levels of developer
experience and development environment maturity. Once the
productivity rate is determined, an estimate of project effort is
computed using

Estimated effort (PM) = NOP/TROD

F. Yogi - Patil effort estimation madel
Good software cost models can significantly help sofiware
project managers. With good models, project stakeholders can
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make informed decisions about how to manage resources?
How to control and plan the project? How to deliver the
project on time on schedule and on budget? Therefore, project
manager needs ways to address three challenges of today.
First, he needs to measure projects and processes, To reduce
measurement costs, he needs o collect and analyze data based
on the goals of the project.  Second he should use updated
cstimation models as and when they become available. The
project manager should use his own metrics built using local
daty and environment to formulate simple estimation models
that are better suited for the types of new projects.
development process and the environment under the project
has to be developed. The project manager should never rely
on a single model for estimation because all models are only
approximations, Third, the projecr manger must be prepared
to change metrics and models as he or she gains new
understandings  of the new  development  processes,
technologies and tools.  Thas will contimue to be a very
dynamic and execiting area for research.  Keeping this in our
mind a methodology for effort estimation for software projects
to be developed under 4GL environment was formulated and
published as Yogi - Patil method [6] based on local data and
local working conditions. Assumptions made in formulating
the method were based on the environment under which we
worked for the last three decades.

Basic idea behind this method was from Bochm's
COCOMO IT model. In Yogi - Paril effort estimation maodel,
instead of Object Points of COCOMO I, we consider number
of screens (front-cnd forms) to be designed and developed for
the project. Each front-end form is assigned Design
Complexity level by defining two parameters -- Ewent
Complexity (EC) and Interactivity level (IL). The EC and IL
are measured on five point scale as Very Simple (VS),
Simple(S), Average (A), Moderate (M) and Complex (C)
Extensive (E). Adfter this effort unit matrix {See Table 5) was
formulated which gives effort units required to design and
develop each firont-end form whose EC and IL complexity is
given. Before arriving at this matrix a number of case studics
were talen and partial shooting method was used to arrive at
these factors.  Sugpestions were also invited from 15 project
heads from software industry. The entire analysis was placed
before a number of experts for their opinion.

TABLE 3
EFFORT UNIT MATRIX
1L EC
Vs |8 A I C

Ve | 25 5.0 7.5 1] 12.5
5 5.0 7.5 10 12.5 | 15
A | 7S 10 125 | 15 17.5
M 10 125 | 15 17.5 | 20
E 125 | 15 17.5 | 20 22.5

The derived effort unit matrix for 4GL forms is a 3 X 5
symmelric matrix, in which a row depicis a situation of
increasing effort as EC increases.  The column depicts a
situation for a form of a specified event complexity level,
increasing effort as IL increases.  The first element in the
above matrix indicates that the effort requived for designing,
developing and integrating (with other forms, reports and
database) a form with VS-IL and VS-EC is 2.5 effori units

which is asswmed to be equal to the work done in 20 person-
hours, We represent the element of this table as by, i=1.. 5 and
i=1,.. 5.

Based on the requirements specifications of the software
project, number of front-end GUIs forms required to be design
and developed can be estimated. These forms were classified
o various levels of EC and 1L as follows: 10 percent of the
total number of front-cod forms cstimated were assumed to be
of the type VS-EC and V5-IL, 20 percent of the total number
of forms were assumed to be of the type S-EC and S-1C, 40
percent of the total number of forms were assumed to be of the
type A-EC and A-TL.  Again 20 " and 10% of the toral
nuwmber of forms were assumed (o be of the type M-EC and M-
IL, C-EC and E- IL respectively. This assumption is validated
and verified for 30 software projects.  The classified number
of forms are again arranged in 5X5 matrix whose elements
were denoted as ay, 1=1,.5 and j=1..5  As the project
progress, clearly the number of front-end forms to be
developed to complete the project emerges more and more
accurately. Then effort required to design and develop all the
front-end forms is calculated as;

5

Forms_Effort (in TEU) = a b, . where TEU is the total
i4=l

effort umits. Effort reguired for creation of database, reports o

be gencrated. documentation and networking requirements (1f

any) are caleulated separately [6,7] and are added for obtaining

total effort as per the followmg formula:

Total effort units [TEU) required for developing a
software project = Forms Effort + Db _Effort + Rp _Effort +
Mw_ Effort +Doc_Effort,
where
Db_Effort
software,
Rp_Effort = effort estimate to design and generate reports.

W Effort = effort estimated for making the software to work
ot network,
Doe_Effort =
documents,

Underlying assumptions, concepts and process invelved in

the Yogi - Patil methodology are discussed in [6, 7).

= effort reguired to crcate and link with the

cffort required for producing  required

IMI. RESULTS AMD DISCUSSIONS

Four software projects with size 22, 8, 5, 1.5 KLOC have
laken up for comparison and cstimation of efforls values from
estimation methodologies discussed in the previous section.
One can look mto details about these case studics n [8]. The
cffort values obtained are tabulated in Table 6. In this table
methods 1, 2, 3, 4, 5 and 6 refers to Boehm simple maodel,
Bailey-Basili, Doty, Walston-Felix, COCOMO [T and Yogi —
Patil models respectively

TARLE 6
ACTUAL AMD ESTIMATED EFFORT (B IN MFERSON-MONTHS

Methods— 1 2 i 4 5 f ELOC | Achuul

Case Study | effot

I R332 | 135 | BT | 77 | 64 22 7

1 {14 ) 4% | 36 | 30 S0 b Gl

1 1911 o 24 (1% 3 5 42

v 5 T 9 9 6 13 1.2 12
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Here we consider that the case study 1 as a large project, Table 8: MRE and RMSE for methods
case stdies TT and 11T as medium sized projects and the case Method | Bary | Bailey | Doty | Waslto | COUO | Yogi-
study IV as a small project. Ratio of actual effort to estimated - Bochm | -Basili n-Felix | MOT_| Patil
cffort is an important parameter for academic interest.  This MRE 92 205 33 3l 20 2
ratio will give an 1dea that how much estimated values differs RMSE | 19 k4 3 16 20 10

from the actval value? These ratos are caleulated and are

given in Table 7.

TABLET
RATIO OF ACTUAL EFFORT TO ESTIMATED EFFORT
Methods— 1 z 3 4 5 [ Acmal
Case effort
Study ]

I 093 | 244 | 057 | ORE | 101 1.2 1.0

It 206 | 434 | 126 1.7 2.01 1.2 1.0

i A W 1.4 1.79 132 1.35 1.0}

1LY 240 | LER 148 1.4 230 092 1.0

It can be observed that Bochm simple, COCOMO 11,
Walston-Felix  methodologies  give effort  values  that are
close to actual effort in respect of case studyv . For
other case studies the actual effort is around 2 o 2.4
times the values obtained by Bochm simple and COCOMO
IT and around 1.7 times the values obtamed by Walston-
Felix. Therefore, we conclude that these methods give good
cstimates for large projects like case siudy 1. Bailey-Basili
gives the cffort values that are very different from the actual
effort for medium size projects like IT and 111, The values
obtained by Doty method for L 1 and IV are reasonably
closer to the actual wvalues, but for cage study [ this
method gives 2,44 times the actual effort,.  Walston-Felix, and
Yogi - Patil methods give uniform trend for ratio of the actual
cffort to the cstimated cifort for all the sizes of the project.
We observe that Yogi - Patil method gives comparable
estimates with the actual effort values for all types of projects
like large, medium sized, smaller sized  projects.

IV, PERFORMANCE OF THE ESTIMATION MODELS
There are various measures for assessing the accuracy of
the models: Root Mean Square Error (RMSE), Mean Relarive
Emor (MRE) and so on. RMSE is calculated based on a
number of actual duta observed and estimated values by a
madel: it 15 derived from basic magnitude of relative crror
which is defined as

RMSE = JIUNS (E, -E,] Li=LN

where, Eq is the actual effort and E; is the effort estimated by a
selected method for i™ case study and N is the number of case
studies or number of observations.  Mean Relative Error
(MRE) is the main performance measure. It is estimated from
relative error, which is the relative size of the difference
between  the actmal and estimated wvalue,  MRE is the
percentage of the absolute values of the relative errors
averaged over the number of observations. Here number of
observations is again the number of case studies worked out.
Henee.

MRE =100%(1/ N)Y (|E, — E|)/ E,

Based on the cllort values obtained by the Yopgi-Pail
method and from other methods (Table 5), RMSE and MRE
were estimaied from the above equations respectively for cach
of the methods and the values are tabulated in Table 7 flor
analyzing the performance of all the methods,

The results from Table 7 shows that the Yogi - Paril
method has the lowest MRE and BRMSE valoes ie 2009
and 989 respectively.  Hence the methodology formulated
was able to provide reasonably good estimartes,

V.  ADVANTAGES OF YOGI - PATIL
METHODOLOGY
The main advantages with Yogi - Patil methodology are:

1. Tt is difficult to cstimate the size of the project in terms of
KLOC during the initial smge of software project.
However for those methods which needs KLOC as an
mpur  for software csomation, the project manager
approximately estimates the size and has to multply by
various factors representing environment. technological
changes etc.  Yogi — Patil method is not dependent on
KLOC and hence avoids the approximations.

2. Based on the requirements specifications it is easy guess
how many front-end GUIs forms are required to be design
and developed, which one of the input for this method.
Classification of forms is not difficult.

3. The method is simple and casy to use and does not need
advanced mathematical knowledge,

4. The event complexity and mteractivity level of GUI
screens and the reports can determined casily using the
number commands and other controls that are going o be
placed on the sereen.

5 It is very casy to repeat the calculations as many number
of times.

VI. DISADVANTAGE OF YOGI-PATIL
METHODOLOGY

The logic behind formulation of effort wnit matrix and
classification of the design complexity of the front-end forms
for effort estimation were formulated based on expert opinion
and experience of the project managers. Therefore, some
percentage of error in judgment in formulating this matrix and
clasgsification cannot be avoided.

WVII. CONCLUSIONS

[n this paper we have discussed some of the basic effort
cstimation techniques. We have taken four software projects
whuose size varied from 1.5 1o 22 KLOC for effort estimation
tionim all the discussed methods.  We observe that Yogi - Patil
methodology gives effort values close to the actual effort
value. The evaluation of MRE and RMSE also has indicated
the Yogi-Patl method  gives effort values which  are
comparable to the actual effort values. The main reasons for
this are that the method was developed keeping working
conditions like number of hours we work in a day’ month/
vear, the skill level of our people and various other faclors
considered related o Indian environment. The project
manager is required to estimate the sofiware project using at
least four methods and mvestigate the reasons why different
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methods give different results. It he/she is able to find the
reasons behind the variations, then it will be easy for the
project manager to select the best suitable method for sofiware
estimation.
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