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Development of evaluation techniques for machine learning systems for software
bug prediction
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In the evaluation of machine learning systems, it is important to (1)
evaluate the quality of training data and (2) evaluate the performance of system output. For (1), we
defined a data inconsistency measure, Similar Case Inconsistency Level (SCIL). Through evaluation

experiments, we showed that the less inconsistent the dataset is, the better the prediction
performance of the resulting machine learning model tends to be. For (2), we defined the expected
values of performance measures for a two-class classification problem based on the neg/pos ratio of
the dataset. Application experiments showed that there are cases in which conventional evaluation
measures cannot correctly evaluate the prediction performance, indicating the usefulness of the
proposed measures.
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Let D be a data set of N software projects,
D:{p,’,leENL (1

where p; stands for the i proer:ct (or equivalently its feature
vector).

Let the feature fy+ represent the estimation target and
consider that all other features, i.e. f;, such that m # m*,
are disposable for estimating its value. Henceforth, we refer
to fip+ as “‘estimation target variable™ (or simply as “target
variable™) and f; as “estimator variables™.

Suppose that Pp stands for the set which contains all
possible pairs of different projects belonging to the data
set D,

Pp={pjlpipieD, i<j} 2)

where py; is simply an unordered pair (p;, p;).
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The similarity of a project pair pj; in terms of the target
variable fi+ is assessed based on their relative distance.
Specifically, we denote the relative distance of a project pair
pij in terms of the target variable fi= with dg (py,fm*)‘

Pilfme] — pjlfms]
Biarzsn

If dg (pj. fins ) is smaller than 1. i.e.
dg (Pija fm*) <1, (8)

then the project pair pj; is considered to have similar target
variables. Otherwise (i.e. dg (pjj, fm#) = 1), it is regarded to
have dissimilar target variables.

Let Pp + denote the set of project pairs in D with similar
target variable fy:

ﬁ&m* = [Px'j | dr (P."j, fm*) < 1, pij € PD] . 9)

Moreover, let Pp p+ denote the set of project pairs with
dissimilar target variables fy+:

#*
Ppe = {py | dg (py.m*) = 1. pje Pp}.  (10)
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The similarity of a project pair p;; in terms of the estimator
variables fi; is assessed based on their normalized rank of
relative similarity dyg.

Let Pp,y denote the set of project pairs with similar
estimator variables f,,,.

Ppm = |{py | dvr (P fm) <@ py €Pp}. (1)

where « is a threshold in the interval between 0 and 1.

In addition, suppose that Pp ,, is the set of project pairs with
dissimilar estimator variables fj,.

#

Ppm = {py | dwr (pij.fm) = 1 —a. pj €Pp}. (12)

Note that when o < dyg (p,j,fm) < |1 — a we do not regard
the project pair pj; to be neither similar nor dissimilar in terms
of the estimator variables.

Let Pp gy denote the set of inconsistent project pairs of D,
which satisfy (R1). Then, Pp_gi can be written as

= =
Ppr1 = \Pijl Pij € Poomes Pyj € PD,»:] : (13)
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#(Pp.r1)
SCILID) = ——————
D) #Pp)

X 4. SCIL o5& ([11& b #hkik)
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