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An Approach for Fault-Prone Module
Prediction Using a Discriminative Model and

Manual Inspection®

Norimitsu Kasai

Abstract

This thesis proposes an approach for detecting fault-prone module by com-
bining fault-prone detection model and manual inspection. Common fault-prone
module detection models take as input source code metrics or source code change
history and output fault-proneness of module. If fault-proneness exceeds thresh-
old, the module is estimated as fault-prone. Source code metrics and source
code change history might not capture some kind of potential fault such as plat-
form dependent implementation and inconsistency between source code and its
comment. Manual inspection is expected to detect such faults, however, manual
inspection requires a lot of time and effort in actual scale of source code. Pro-
posed approach aims to decrease manual inspection effort and increase detection
accuracy by selecting source code modules to be inspected manually according to
fault-proneness estimated by fault-prone detection model in acceptance testing.

First, an experiment was conducted to empirically investigate that detection
accuracy was improved by combining fault-prone detection model and manual
inspection. In the experiment, fault-proneness by detection model was used for
selecting a% of modules to be manually inspected. Fault-proneness of each se-
lected module is sum of fault-proneness by detection model and manual inspec-

tion score with coefficient 3. Fault-proneness of each module without manual

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0961009, March 13, 2014.
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inspection is fault-proneness by detection model. Four ways of modules selection
including ascending and descending order of fault-proneness are compared. The
results of the experiment showed that detection accuracies of fault-proneness was
increased with manual inspection with appropriate o and 3. Also, accuracy of
fault-proneness by combination of support vector machine and manual inspection
was almost larger than lines of source code of module and random score. It was
the maximum at o = 40%.

Second, manual inspection scoring procedure omitting part of manual inspec-
tion for smaller source code modules decreased manual inspection effort by 43 %

without decreasing detection accuracy.

Keywords:

fault-prone, discriminant model, support vector machine, manual inspection
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[* sort by fault-proneness by prediction model */
function m'[] sort_by_prediction_modeMi[]){
for(i = 1;i<=n; i++){ m[i].fault_proneness £(m[i]); }
m'[] = sort (m[], m[].fault_proneness);
/* m'[1] stores the module with the largest fault-proass */
return mfj

}
m’[] = sort_by_prediction_modei([]);

/* conducting manual inspection from the largesitf@roneness */
/* by prediction model and adding inspection scdre
for (i=1;i<= floor(a * n/ 100);i++)

m'[i].fault_proneness +Z*I(mTi]);

}

022 0000000001

m'[] = sort_by_prediction_modet([]);

/* conducting manual inspection from the smallestifproneness */
/* by prediction model and adding inspection sctre
for (i =1;i<= floor(a * n/ 100);i++){

m[ n-i+1].fault_proneness +#*I(m'[ n-i+1]);

}
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m'[] = sort_by_prediction_modet([]);

/* conducting manual inspection from the middldlod fault-proneness */
/* by prediction model and adding inspection scdre
unsigned_index = 0;
sign = 1,
for (i=1;i<= floor(& * n/100);i++){
index = sign * unsigned_index + intQ);
m[index].fault_proneness +%*I(m’[index]);
sign = sign * -1;
if(sign = = -1){ unsigned_index ++; }
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m’[] = sort_by_prediction_modei([]);

/* conducting manual inspection from the smallexl &rgest fault-proneness */
/* in rotation and adding inspection score */
unsigned_index = 0;
sign = -1;
for (i=1;i<= floor(a@ * n/ 100);i++){
if(sign = = -1){
index =n + sign * unsigned_index;
} else {
index = sign * unsigned_index + 1;
}
m'[index].fault_proneness +’*|(m’[index]);
sign = sign * -1;
if(sign = = -1){ unsigned_index ++; }
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025 000 AUCOOOOOO

combination dataset I64 a(%) AUC significance
and model level
1-A X 1.6,1.9,2.0 40 0.860 < 0.05
Y 1.4,1.5,1.6 85,90,95,100 0.854 < 0.01
1-B X 5.9,6.0 100 0.826 < 0.05
Y 5.2-6.0 100 0.788 < 0.01
1-C X 4.7-4.9,5.9,6.0 95 0.852 < 0.05
Y 3.6-4.0,4.2-4.6 100 0.840 < 0.01
2-A X 1.6,1.7 100 0.831 < 0.05
Y 2.2-3.1 95 0.863 < 0.01
2-B X 4.2-6.0 95 0.833 < 0.01
Y 5.2-6.0 100 0.788 < 0.01
2-C X 4.7-4.9,5.9,6.0 100 0.755 < 0.05
Y 2.7-6.0 95 0.846 < 0.01
3-A X 1.6,1.7 100 0.831 < 0.05
Y 1.5-1.8 90 0.858 < 0.01
3-B X 5.9,6.0 100 0.826 < 0.05
Y 5.2-6.0 100 0.788 < 0.01
3-C X 3.0-3.2 90 0.845 < 0.05
Y 3.6-4.0,4.2/4.4/4.6 100 0.840 < 0.01
4-A X 1.6-2.0 85 0.852 < 0.05
Y 1.4-1.6,2.6-2.9 100 0.854 < 0.01
4-B X 1.8 70 0.871 < 0.05
Y 3.8-4.0 75 0.800 < 0.01
4-C X 4.7-4.9,5.9,6.0 100 0.755 < 0.05
Y 3.6-4.0,4.2/4.44.6 100 0.840 < 0.01
A(without X — — 0.774 —
insection) Y — — 0.773 —
B(without X — — 0.724 —
insection) Y — — 0.556 —
C(without X — — 0.512 —
insection) Y — — 0.515 —
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