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Abstract

Conventional methods of software cost estimation suffer from
subjectivity and overhead. To overcome these limitations in the traditional
approaches, Machine learning-based techniques have been emerged as an
effective solution for the problem of software cost estimation. A Stacking
ensemble model has been proposed in this study as an effective approach
for software development cost estimation. This model was built using
ensemble learning technique. A three-level ensemble model has been
created. In the first level, six different machine learning algorithms were
used for the purpose of estimating the development effort. In the second
level, the random forest algorithm was used to generate the final effort
estimate based on the first level estimates. In the third and final level, the
linear regression method was used for the purpose of estimating the cost,
depending on the estimated effort obtained from the random forest method,
which represents the second level learner. The proposed model was trained
using ISBSG data sets, second edition of 2021, which are high-quality data
sets consisting of project data from a variety of companies distributed
around the world, which contains data of 10,600 software projects, each
with 252 characteristics.

The proposed composite model combines the results of several
learners including: Support Vector Regression (SVR), Bayesian
Regression, Linear Regression, KNN and Multilayer Neural Networks
(MLP). The results of the basic learners were combined using Random
Forest as the meta-learner. The different parameters of the applied machine
learning methods were tuned using Particle Swarm Optimization (PSO).
Experiments revealed that the proposed composite model is superior to the
individual methods, and the different techniques of pre-processing for the
data could have a significant impact on the accuracy of the prediction. The
ISBSG dataset was used to build the model with two-thirds of the data for
training and one-third for testing and validation. To evaluate the
performance of the prediction model, MMRE, Pred (25) and R-Squared
were used. The effort estimation model achieved an accuracy of 98.63%
according to the Pred(25) scale, an error rate of 0.04 according to the
MMRE scale, and 1.0 according to the R2 scale. The proposed software
cost estimation model achieved Pred(25) accuracy of 90%, an error rate of
0.14 according to the MMRE scale, and 0.93 according to the R2 scale.



