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Abstract
In the software development field, software practitioners expend between 30% and 40% more effort than is predicted. Accordingly, researchers have proposed new models for estimating the development effort such that the estimations of these models are close to actual ones. In this study, an application based on a new neuro-fuzzy system (NFS) is analyzed. The NFS accuracy was compared to that of a statistical multiple linear regression (MLR) model. The criterion for evaluating the accuracy of estimation models has mainly been the Magnitude of Relative Error (MRE), however, it was recently found that MRE is asymmetric, and the use of Absolute Residuals (AR) has been proposed, therefore, in this study, the accuracy results of the NFS and MLR were based on AR. After a statistical paired t-test was performed, results showed that accuracy of the New-NFS is statistically better than that of the MLR at the 99% confidence level. It can be concluded that a new-NFS could be used for predicting the effort of software development projects when they have been individually developed on a disciplined process.
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INTRODUCTION
A high percentage of machine learning models have been proposed based on an accuracy asymmetric criterion Magnitude of Relative Error (MRE) (Wen et al., 2012), however, it was recently found that MRE is asymmetric and that the use of the Absolute Residual (AR) should be used instead because of AR is unbiased and it is does no lead to asymmetry (Shepperd & MacDonell, 2012). The AR criterion has been already used in recent publications for estimating the effort (López-Martín, 2015) and schedule (duration, time) (Ferreira-Santiago et al., 2015) of software projects.
RELATED WORK
A systematic review of 157 studies published between the years 2002 and 2012 involved the application of NFS (Kar et al., 2014). This review classifies the NFS applications into ten different categories, and in none of them was found any study regarding SDEE, therefore, in this study a NFS is proposed as a new model to compare its results to a MLR.
Additional estimation techniques have been proposed into the area of SDEE to improve estimation accuracy (Wen et al., 2012; Jørgensen & Shepperd, 2007).
A systematic review of 84 studies analyzed machine learning models specifically applied to SDEE (Wen et al., 2012). This review involved empirical studies published in the last two decades (1991–2010). After analyzing these studies, by Wen et al., found eight types of machine learning techniques applied to SDEE; however, it was not found any paper using data from small projects and basing its conclusions on AR and having a NFS using a Grid partitioning method to obtain the parameters for input and output of the membership functions (MF).
A second systematic review completed in 2004 identified 304 SDEE studies in 76 journals (Jørgensen & Shepperd, 2007). It classified the studies according to their research topic, estimation approach, research approach, study context and data set. In this review, it was not including any neuro-fuzzy model used for SDEE.
A NFS to estimate software projects development time was built by (Marza et al., 2008). The forty-one modules developed from ten software projects were used as data set. The proposed approach was compared with FL and NN model and results showed that the value of MMRE applying NFS was substantially lower than MMRE applying FL and NN.
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Figure 1. Neuro-fuzzy system.








Table 3. MAR of each module (MLR: Multiple Linear Regression, NFS: Neuro-Fuzzy System, MAR: Mean of Absolute Residuals).

	Module
	Actual Time
	AR - MLR
	AR -New-NFS

	1
	13
	2.06
	0.0003

	2
	13
	2.36
	0.0000

	3
	9
	0.80
	0.0001

	4
	15
	3.20
	0.0001

	5
	15
	1.63
	0.0000

	6
	15
	1.87
	0.4999

	7
	16
	0.87
	0.5001

	8
	16
	0.62
	0.0001

	9
	16
	0.42
	0.0073

	10
	18
	2.47
	0.0129

	11
	15
	0.43
	1.0068

	12
	15
	0.43
	1.0068

	13
	18
	2.57
	1.9932

	14
	13
	1.35
	0.9952

	15
	14
	0.35
	0.0048

	16
	15
	0.65
	1.0048

	17
	13
	1.10
	0.0009
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