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Abstract

Cost estimating for software development is one of main challenges facing
design and evolution teams. With increasing complexity of software systems and
multiplicity of technologies used, accurate cost estimation faces various
administrative challenges that require making correct decisions by project

managers to ensure project success and effective resource planning.

The goal of this thesis is to improve accuracy of cost estimates, to achieve
this goal, Ensemble Learning algorithms were used with traditional framework of
the COCOMO model. COCOMO model was applied as a reference to estimate
final cost of the project. It is mathematical model where the mathematical
equation used to estimate the cost by multiplying effort by cost per hour , to
convert effort into a financial estimate. The value of programming hour is not fixed
and determined by user and depends on economic variables and salaries. Three sets
of real projects data were used of different size and number of features; they were
collected from well-known databases namely China, Kitchenham and ISBSG data,
to evaluate accuracy of proposed model. The results were compared for the

different groups and were also compared with the results of other projects.

Three main Ensemble models are used to estimate effort involved in
completing software project namely Stacking, Boosting, and Bagging which is
measured in (person _hour) or (person month) as first stage of building cost
estimation tool, second stage in which cost constructive model (COCOMO) used
to estimate cost using effort resulting from Ensemble learning models. The three
ensemble learning models were constructed using the following algorithms:
Random Forest, Linear Regression, Logistic Regression, Adaptive Boosting,

Gradient Boosting and Extreme Gradient Boosting as basic learners to build



Ensemble models to obtain more flexible and accurate models to predict cost of

software projects .

The models were trained using training data for 80% of the total data, and tested on
testing data for 20% of data. Model performance was measured using the following

Evaluation Metrics: MMRE, R-squared, PRED (25), MDMRE.

The results of implementing the models on the three data sets achieved
varying levels of accuracy in prediction, where three models: Stacking, Boosting,
and Bagging outperformed accuracy of the prediction by (97%-98%) when applied
to the ISBSG data set, but when applying the models to China dataset, the
prediction accuracy was good, stacking model gave a prediction accuracy of
98%, while bagging model gave a prediction accuracy of 94%, The boosting
model gave a prediction accuracy of 86%, while results of applying models to
Kitchenham data are least accurate among results, giving a prediction accuracy
ranging by (22% - 36%). The three Ensemble learning models of stacking, bagging
and boosting outperformed in prediction accuracy when applied to the ISBSG
dataset, so they were depended on to predict the effort in the first stage of building
the proposed tool. In next stage, after estimating work effort by Ensemble models,

the COCOMO model used to estimate final cost of project.



