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Introduction 
Software has played an increasingly important role 

in sys- tems acquisition, engineering and 

development, particularly for large, complex 

systems. For such systems, accurate es- timates of 

the software costs are a critical part of effective 

program management. The bulk of the cost of 

software development is due to the human effort 

and most cost estimation methods focus on this 

aspect and give estimates in terms of person-

months. Accurate cost estimates are critical to both 

developers and customers. They can be used for 

request for proposal, contract negotiations, 

scheduling, monitoring and control. 

Underestimating the costs may result in 

management approving proposed systems that then 

exceed their budgets, with underdeveloped 

functions and poor quality, and failure to complete 

on time. Overestimating may result in too many re- 

sources committed to the projects, or, during 

contract bidding, result is not winning the contract, 

which can lead to loss of jobs. Software project 

failures have been an important subject in the last 

decade. Software projects usually don’t fail during 

the implementation and most project fails are 

related to the planning and estimation steps. Hence 

accurate cost estimation is become a challenge for 

IT industries. 

 

Estimation Techniques 
Software cost estimation is the process of 

predicting the amount effort required to build a 

software system. Software cost estimation is a 

continuous activity which can start at the first stage 

of the software life cycle and continues through the 

lift time. There are various techniques used in 

software cost estimation by following Boehm’s 

classification system, these methods are summarize 

into three categories: expert judgement, algorithmic  

estimation, and analogy based estimation. In this 

section some popular esti- mation methods are 

discussed. 

 

A. Algorithmic methods: The algorithmic methods 

are based on mathematical models that produce 

cost estimate as a function of a number of 

variables, which are considered to be the major cost 

factors. Any algorithmic model has the form: 

 

Effort = f(x1 , x2 , , xn ) 

 

Where x1 , x2 , , xn denote the cost factors i.e. 

software metrics.  

 

The existing algorithmic methods differ in two 

aspects: the selection of cost factors, and the form 

of the function f. These models work based on the 

especial algorithm. For years, many models have 

been developed, some of which are described 

below. 

 

1) COCOMO (Constructive Cost Models): This 

family of models proposed by Barry Boehm 

(Boehm, 1981), is the most popular method which 

is categorized in algorithmic methods. This method 

uses some equations and parameters, which have 

been derived from previous experiences about 

software projects for estimation. The models have 

been widely accepted in practice. In the 

COCOMOs, the code-size S is given in thousand 

LOC (KLOC) and Effort is in person month. Three 

modles of COCOMO given by Barry Boehm. 

  

Simple COCOMO: It was the first model suggested 

by Barry Boehm, which follows following formula:  

 

Effort = a ∗ (K LOC )b 
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where S is the code-size, and a, b are are 

complexity factors. This model uses three sets of a, 

b depending on the complexity of the software only 

as given in table. The basic COCOMO model is 

simple and easy to use. As many cost factors are 

not considered, it can only be used as a rough 

estimate. Intermediate COCOMO: In the 

intermediate COCOMO, a nominal effort 

estimation is obtained using the power function 

with three sets of a, b, with coefficient a being 

slightly different from that of the basic COCOMO 

as shown in table.  

 

 
 

Previous model does not include the factors which 

can affect the efforts. Effort = a ∗ (K LOC) b ∗EAF 

EAF is the effort adjustment factor used in 

intermediate COCOMO. The overall impact EAF is 

obtained as the product of all individual factors. 

Typical values for EAF range from 0.9 to 1.4. The 

detailed COCOMO works on each sub-system 

separately and has an obvious advantage for large 

systems that contain non-homogeneous 

subsystems.  

 

COCOMO II: Number of effort adjustment factor 

are increases by 5, now it becomes 22 as shown in 

table. 
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2) Puntam’s model and SLIM: Putnam’s model is 

proposed according to manpower distribution and 

examination of many software projects. Software 

equation for puntam’s model is as follows: 

 

S = E ∗Effort 1/3 ∗ td 4/3 

 

Where td is the software delivery time; E is the 

environment factor that reflects the development 

capability, which can be derived from historical 

data using the software equation. The size S is in 

LOC and the Effort is in person-year. Another 

important relation found by Putnam is 

 

Effort = D0 ∗ td 3 

 

Where D0, is a manpower build-up factor, which 

ranges from 8 (new software) to 27 (rebuilt 

software). Com- bining above 2 equations, final 

equation is obtained as; 

 

Effort = D0 4/7 ∗E −9/7 ∗ S 9/7 and td = D0 −1/7 

∗E −3/7 ∗ S 3/7 

 

Putnam’s model is also widely used in practice and 

SLIM is a software tool based on this model for 

cost estimation and manpower scheduling. 

 

B. Expertise Based Estimation is the most 

frequently applied estimation strategy for oft- ware 

projects, that there is no substantial evidence in 

favor of use of estimation models, and that there 

are situations where we can expect expert estimates 

to be more accurate than formal estimation models. 

This method is usually used when there is 

limitation in finding data and gathering 

requirements. Consultation is the basic issue in this 

method. The following twelve expert estimation 

best practice guidelines are considered aiming at 

reducing the size of situational and human biases in 

expert estimation: 

 Evaluate estimation accuracy, but avoid high 

evaluation pressure.  

 Avoid conflicting estimation goals. • Ask the 

estimators to justify and criticize their 

estimates. 

 Avoid irrelevant and unreliable estimation 

information.  

 Use documented data from previous 

development tasks. 

 Find estimation experts with relevant domain 

background and good estimation records.  

 Estimate top-down and bottom-up, 

independently of each other.  

 Use estimation checklists. 

 Combine estimates from different experts and 

estimation strategies.  

 Assess the uncertainty of the estimate 

 Provide feedback on estimation accuracy and 

develop- ment task relations.  

 Provide estimation training opportunities. 

 

Estimation based on Expert judgment is done by 

getting ad- vices from experts who have extensive 

experiences in similar projects. Examples of 

expertised based techniques include Delphi 

technique Rule Based Systems. 

 

1) Delphi: 

The aim of Delphi method is to combine 

expert opinion and prevent bias due to 

positions, status or dominant personalities. 

Delphi arranges an especial meeting among the 

project experts and tries to achieve the true 

information. Delphi includes some steps as, 

a) The coordinator gives an estimation form 

to each expert.  

b) Each expert presents his own estimation 

(without discussing with others). 

c) The coordinator gathers all forms and 

sums up them (including mean or median) 

on a form and ask experts to start another 

iteration. d) steps (b-c) are repeated until 

an approval is gained. 

 

2) Rule Based Systems: Uses human expert 

knowledge to solve real-world problems that 

normally would re- quire human intelligence. 

Expert knowledge is often represented in the form 

of rules or as data within the Personnel Capability 

= Low THEN Risk Level = High. 

 

C. Learning Oriented Techniques: It use prior and 

current knowledge to develop a software estimation 

model. Neural network and analogy estimation are 

examples of learning oriented techniques. 

 

1) Neural Networks: are based based on the 

principle of learning from example. Neural 

networks are characterized in terms of three 

entities, the neurons, the interconnection structure 

and learning algorithm. Most of the software 

models developed using neural networks use back 

propagation trained feed forward net- works. The 

network is trained with a series of inputs and the 

correct output from the training data so as to 

minimize the prediction error. Once the training is 

complete and the appropriate weights for the 

network arcs have been determined, new inputs can 

be presented to the network to predict the 

corresponding estimate of the response variable 

 

2) Analogy Based Estimation (ABE): is a valid 

alternative to expert judgement and algorithmic 

cost estimation. ABE is widely accepted since it 

derives the solutions by simply imitating the 

human’s problem solving approach. The basic idea 
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of ABE is simple: when provided a new project for 

estimation, compare it with historical projects to 

obtain the nearest project to estimate development 

cost of the new project. Similarity function is the 

core part of ABE, which measures the level of 

similarity between two different projects. 

 

The ABE system procedure normally consists of 

the following four stages:  

a) Collect the past projects information and 

prepare the historical data set. 

b) Select current projects features such as 

Function Points (FP) and Lines of Source 

Code (LOC), which are also collected with 

past projects.  

c) Retrieval the past projects, estimate the 

similarities between new project and the past 

projects, and find the most similar analogues. 

The commonly used similarity function is the 

weighted Euclidean Distance: 

 

 

 

 
 

Depending upon the problem requirement, these 

rules and data can be recalled to solve problems. 

An expert system is built based on IF-THEN rules 

for representing specialist knowledge gained from 

a human expert. In this case it is the knowledge 

about how to estimate project cost. Expert system 

applies this knowl- edge to make decisions. If the 

knowledge area is specific enough and well 

isolated, a reliable cost models based on historical 

data can be constructed. As a result, the estimation 

procedure can be automated and the project 

managers gain the ability to easily and quickly 

predict the cost. One of the example of rule from a 

rule based system developed by Madachy is as: IF 

Required Software Reliability = Very High AND 

the project data set, fi and fi denote the features of 

project, l is the number of features in each project, 

and wi is the weight of each feature.  

 

d) Predict the cost of the new project from the 

chosen analogues by using the solution 

function. Usually the average of analogues cost 

is used as solution function. 

 

D. Price-to-win: The software cost is estimated to 

be the best price to win the project. The estimation 

is based on the customer’s budget instead of the 

software functionality. For example, if a reasonable 

estimation for a project costs 100 person-months 

but the customer can only afford 60 person-months, 

it is common that the estimator is asked to modify 

the estimation to fit 60 person months effort in 

order to win the project. This is again not a good 

practice since it is very likely to cause a bad delay 

of delivery or force the development team to work 

overtime. 

 

E. Bottom-up: In this approach, each component of 

the software system is separately estimated and the 

results aggregated to produce an estimate for the 

overall system. The requirement for this approach 

is that an initial design must be in place that 

indicates how the system is decomposed into 

different components. 

F. Top-down: This approach is the opposite of the 

bottom-up method. An overall cost estimate for the 

system is derived from global properties, using 

either algorithmic or non-algorithmic methods. The 

total cost can then be split up among the various 

components. This approach is more suitable for 

cost estimation at the early stage 

 

Review of Literature 
Jyoti G. Borade, (2014), A severe problem that 

impacts the software project is inaccurate 

estimation of the effort. Estimation of the software 

development effort remains an intricate problem. 

The complexity of the software and its scope are 

increasing alarmingly which attracts many 

researchers. Past the decades numerous techniques 

have been introduced and implemented. Many of 

them have given good results with acceptable error 

rates. In this paper, a review of general techniques 

and models regarding effort estimation has been 

done. Comparison of several approaches is 

subsumed and the technique that produces the most 

accurate result serves as a measure of selection. 

Every technique has its own merits and pitfalls. But 

there is no single technique that can do away with 

all the shortcomings and can be globally accepted, 

so hybridization of several approaches can be seen 

as an alternative to produce realistic estimates. 

 

Hyunsoo Kim, (2015), Over the last decades, the 

software engineering community has investigated 

new techniques for software development effort 

estimation. Unfortunately, the estimates were not 

always accurate. Error approaches are then, 

aninteresting track for improving the projects 

running performances and their financial 

profitability. The aim of this systematic mapping 

study is to summarize and synthesize theexisting 

studies dealing with effort estimation error and 

uncertainty and to classify them based on research 
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approaches, contribution types, accuracy criteria, 

datasets, error approaches and effort estimation 

techniques used. In total 19papers published 

between 1990 and 2015 were selected. We 

observed a balance between the managerial 

approaches and the technical ones. Furthermore, 

the proposed errortechniques and frameworks 

improve in general the accuracy ofeffort estimation 

techniques. Fuzzy logic, bootstrapping andrisk 

analysis are promising avenues that could be 

combined with various estimation techniques. 

 

Anurag Dixit, (2016), This paper aims to provide a 

basis for the improvement of software-estimation 

research through a systematic review of previous 

work. The review identifies 304 software cost 

estimation papers in 76 journals and classifies the 

papers according to research topic, estimation 

approach, research approach, study context and 

data set. A Web-based library of these cost 

estimation papers is provided to ease the 

identification of relevant estimation research 

results. The review results combined with other 

knowledge provide support for recommendations 

for future software cost estimation research, 

including: 1) increase the breadth of the search for 

relevant studies, 2) search manually for relevant 

papers within a carefully selected set of journals 

when completeness is essential, 3) conduct more 

studies on estimation methods commonly used by 

the software industry, and 4) increase the 

awareness of how properties of the data sets impact 

the results when evaluating estimation methods. 

 

Alexei Botchkarev (2016), This Article shows a 

Case Study research that is performed to compare 

effectiveness of the Planning Poker and Wideband 

Delphi in two case studies. Although, Wide Band 

Delphi has been proposed many years ago and has 

enough supports in both industry and academic 

area but, Planning Poker is somewhat new. The 

study showed that applying these techniques in two 

companies which were using expert’s view for 

software cost estimation, increased the accuracy of 

cost estimation. Also, the results showed that 

Planning Poker led to better accuracy comparing to 

Wideband Delphi. However, this accuracy is not 

too much than Wideband Delphi, it was important 

that Planning Poker led to reducing financial risks 

of the projects comparing to Wideband Delphi. The 

study also showed that both Wideband Delphi and 

Planning Poker reduced the underestimates 

significantly. 

 

Angelis L,  (2013), The main goal of software 

project cost and effort estimation is to scientifically 

estimate the required workload and its 

corresponding costs in the life cycle of software 

system. Software cost estimation is a complex 

activity that requires knowledge of a number of key 

attributes that affect the outcomes of software 

projects, both individually and in concert. The most 

critical problem is the lot of data is needed, which 

is often impossible to get in needed quantities. 

Hence, Software cost and effort estimation has 

become a challenge for IT industries. In this paper, 

several existing methods for software project effort, 

cost estimation are illustrated and their aspects are 

discussed. Also, it describes software metrics used 

for software project cost estimation. This paper 

summarizes existing literature on software project 

cost estimation. The paper includes comment on 

the performance of the estimation models and 

description of research trends in software cost 

estimation. 

 

Wieringa, (2015), Estimating information systems 

project costs and benefits is a challenging endeavor 

and is notoriously prone to uncertainties and errors. 

The purpose of this study is to review research 

publications on quantitative estimating accuracy of 

costs and benefits (financial returns). The 

importance of the problem is due to the wide use of 

cost and benefits evaluations in making critical 

business decisions. The study reveals existing 

quantitative levels of estimating costs and benefits 

accuracy in the context of the information systems 

implementations. 

 

Ponnurangam, (2012), The software cost estimation 

aims to predict the most realistic effort that is 

required to finish a software project and so it is 

critical to the success of a software project 

management. A Software Cost Estimation affects 

nearly all management activities, including project 

bidding, resource allocation and project planning. It 

is affected by a number of factors, such as 

implementation efficiency, as well as how much 

the various reviews and studies completed prior to 

the software development stage cost. Accurate cost 

estimation will help us to complete the project on 

time and within budget. Accurate estimation is 

important because it has led to extensive research 

into the methods of software cost estimation. Some 

important software cost estimation methods have 

been studied in this research work. In addition, we 

have set out own criteria, which has been used to 

compare all the different selected methods. We 

have also given a score for each evaluation criteria, 

so that we can compare the different methods 

numerically for cost estimation. Our observations 

have shown that it is best to use a number of 

different estimating techniques or cost models, and 

then compare the results before determining the 

reasons for any of the large variations. None of the 

methods are necessarily better or worse than the 

others. We found, in fact, that their strengths and 

weaknesses often complement each other. 
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Therefore, the main conclusion is that there is no 

one single technique that is best for every situation, 

and the results of a number of different approaches 

need to be carefully considered to discover what is 

the most likely to produce estimates that are 

realistic. 

 

Jawawi, (2013), The main objective of software 

engineering community is to develop useful models 

that are able to calculate the accurate estimating 

software effort. COCOMO (Constructive Cost 

Model) is consider as mostly used algorithmic 

maintenance cost modeling technique among other 

software maintenance cost estimation techniques. It 

is mostly used technique due to its simplicity for 

estimating the effort in person-months for a project 

at different stages. In this paper we have proposed 

a new approach that is able to give better results. In 

proposed approach we have used Tomcat server 

dataset whose features are extracted using Principle 

component analysis approach which is further 

optimized using Particle Swarm Optimization. In 

previous work most of researchers have used 

Genetic algorithm but it is a time consuming part. 

So, in this paper we have used Particle swarm 

optimization that gives improved results. At the 

end we have used Linear discriminant analysis for 

classification that classifies the priority levels and 

tell how much your system is having the 

estimations for the cost based on Source lines of 

the codes or functional points or the efforts 

required. The proposed approach is tested in terms 

of functional point, set effort person per month and 

SLOC that gives best results. 

 

Conclusion 
These concepts aren’t just valid in physics; I think 

they’re also useful in software. When building a 

piece of software, I am precise if I build what I say 

I am going to build, and I am accurate if what I 

build actually meets the client’s business needs, 

that is, it solves the business problem. Almost 

every development tool either makes development 

more precise or more accurate.  

 

The concept of precision lends itself easily to 

automation. For example, unit testing is rapidly 

gaining credence as a useful software technique. 

With unit testing, a developer writes test cases for 

each part of their code (often at the method level). 

The running of these tests ensures that code is 

actually doing what the developer thinks it is doing. 

I like writing unit tests; it gives me comfort to 

know that corner cases are taken care of and that 

changes to code can be fairly easily regression 

tested. Other techniques besides unit testing that 

help ensure precision include: 

 

Round tripping: using a tool like TogetherJ, I can 

ensure that the model (often described in UML) 

and the code are in sync. This makes it easier for 

me to verify my mental model against the code. 

 

Specification writing: The more precise a spec is, 

the easier it is to translate into code. 

 

Compilers: the checking that occurs at compilation 

time can be very helpful in ensuring that the code is 

doing what I think it is doing–at a very low level. 

Obviously, this technique depends on the language 

used. The strong overconfidence in the accuracy of 

the effort estimates is illustrated by the finding that, 

on average, if a software professional is 90% 

confident or “almost sure” to include the actual 

effort in a minimum-maximum interval, the 

observed frequency of including the actual effort is 

only 60-70% 
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