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Analysis of Object-Oriented Metrics
to Predict Software Reliability

Yangkyu Lee'
Department of Distribution & Management Information Systems Seowon University

Purpose: The purpose of this study is to identify the object-oriented metrics which have strong impact
on the reliability and fault-proneness of software products. The reliability and fault-proneness of
software product is closely related to the design properties of class diagrams such as coupling
between objects and depth of inheritance tree.

Methods: This study has empirically validated the object-oriented metrics to determine which
metrics are the best to predict fault-proneness. We have tested the metrics using logistic
regressions and artificial neural networks. The results are then compared and validated by ROC
curves.

Results: The artificial neural network models show better results in sensitivity, specificity and
correctness than logistic regression models. Among object-oriented metrics, several metrics can
estimate the fault-proneness better. The metrics are CBO (coupling between objects), DIT (depth
of inheritance), LCOM (lack of cohesive methods), RFC (response for class). In addition to the
object-oriented metrics, LOC (lines of code) metric has also proven to be a good factor for
determining fault-proneness of software products.

Conclusion: In order to develop fault-free and reliable software products on time and within
budget, assuring quality of initial phases of software development processes is crucial. Since
object-oriented metrics can be measured in the early phases, it is important to make sure the key
metrics of software design as good as possible.

Keywords: Object-Oriented Metrics, Software Fault-Proneness, Software Reliability, ROC
analysis, Logistic Regression, Artificial Neural Network
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Table 1 Descriptive statistics of object—oriented metrics

51

Descriptive Statistics

N Range Minimum Maximum Mean Std. Deviation

PPD 145 100 0 100 14.40 32.533
CBO 145 24 0 24 8.32 6.377
DIT 145 6 1 7 2.00 1.258
LCOM 145 100 0 100 68.72 36.889
NOC 145 5 0 5 21 699
DOC 145 1 0 1 01 117
FAN 145 3 0 3 63 695
RFC 145 222 0 222 34.38 36.203
WMC 145 100 0 100 17.42 17.449
LOC 145 61 0 61 11.83 12.11
Valid N (listwise) 145 - - - - -

Table 2 Correlation among metrics
Correlations

PPD | CBO | DIT |LCOM | NOC | DOC | FAN | RFC | wMmC | LOC

Pearson Correlation 1| 046 | -071 | 2657 127 | -.053 | -011 | .057 | .147 | .036

PPD | Sig. (2-tailed) - | 580 | 399 | .001 | .128 | .530 | .893 | 494 | .078 | .668
N 145 145 145 145 145 145 145 145 145 145
Pearson Correlation| .046 1| 4707 2577] -032 | 1807 | 46077 3877 2457 678"

CBO | Sig. (2-tailed) 580 - | 000 | .002 | .698 | .030 | .000 | .000 | .003 | .000
N 145 145 145 145 145 145 145 145 145 145
Pearson Correlation| -.071 | .470™ 1| 2577] -032 | 000 | 746" 6547 136 | 5507

DIT | Sig. (2-tailed) 399 | .000 - | 002 | 706 | 1.000 | .000 | .000 | .102 | .000
N 145 145 145 145 145 145 145 145 145 145
Pearson Correlation| 2657 | 25777 2577 1| -.028 | .101 | 233" 334™| 3187 .148

LCOM| Sig. (2-tailed) 001 | .002 | .002 - | 735 | 229 | .005 | .000 | .000 | .075
N 145 145 145 145 145 145 145 145 145 145
Pearson Correlation| .127 | -.032 | -.032 | -.028 1| 133 | -.081 | -.050 | .036 | -.001

NOC | Sig. (2-tailed) 128 | 698 | 706 | .735 S| 110 | 333 | 554 | 669 | 989
N 145 145 145 145 145 145 145 145 145 145
Pearson Correlation| -.053 180° .000 101 133 1 .062 012 -.030 .034

DOC | Sig. (2-tailed) 530 | .030 | 1.000 | 229 | .110 - | 456 | 887 | 720 | .682
N 145 145 145 145 145 145 145 145 145 145
Pearson Correlation| -.011 | .460°"| .746""| 233"| -.081 | .062 1| 5297 .106 | 413”7

FAN | Sig. (2-tailed) 893 | .000 | .000 | .005 | 333 | .456 - | 000 | 204 | .000
N 145 145 145 145 145 145 145 145 145 145
Pearson Correlation| .057 | 387" | .654"| .334™| -050 | .012 | 5297 1| 6287 3017

RFC | Sig. (2-tailed) 494 | 000 | .000 | .000 | .554 | .887 | .000 - | .000 | .000
N 145 145 145 145 145 145 145 145 145 145
Pearson Correlation| .147 | 2457| 136 | 318"| .036 | -.030 | .106 | .628" 1] .092

WMC | Sig. (2-tailed) 078 | 003 | .102 | .000 | .669 | 720 | 204 | .000 - o271
N 145 145 145 145 145 145 145 145 145 145
Pearson Correlation| .036 | .678° | .55077| .148 | -.001 | .034 | .4137| 3017| .092 1

LOC | Sig. (2-tailed) 668 | 000 | .000 | .075 | .989 | .682 | .000 | .000 | .271 -
N 145 145 145 145 145 145 145 145 145 145

:*. Correlation is significant at the 0.01 level (2-tailed)

. Correlation is significant at the 0.05 level (2-tailed)

N =145
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Table 3 Univariate analysis of LR(Logistic
Regression)

Metric Coeff SE Sig.
PPD 0.01325 0.01843 0.0203
CBO 0.59503 0.08173 2.09E-11
DIT 0.7492 0.4822 0.1225
LCOM 0.02371 0.01646 0.1521
NOC -1.3406 0.8665 0.124
DOC -0.4507 5.2173 0.931
FAN 2.4719 0.8589 0.00448
RFC 0.04999 0.1653 0.00295
WMC 0.1292 0.03635 0.000516
LOC 0.28833 0.07094 7.91E-05

Table 4 Result of LR(Model 1)

Table 5 Correctness of LR(Model 1)

Classification Table"

Predicted
Observed Fault Percentage
0 1 | Correct (%)
Fault 0 67 18 78.8
Step 1 1 25 35 58.3
Overall Percentage| - - 70.3
Fault 0 68 17 80.0
Step 2 1 21 39 65.0
Overall Percentage| - - 73.8

a. The cut value is 0.500

Table 6 Result of LR(Model 2)

Variables in the equation

Variables in the equation B S.E. | Wald | df | Sig. lzjgl))

. Ex B 294 . 20. 1 1.341

B | SE.| Wald | df | Sig. (BI)) SITO -1‘3?3 ggj 1224312 1 ggg ;69

Step| CBO 207( .037( 31.811| 1] .000| 1.231 LCOM -017] .007| 5.430 1| .020] .983

1" |Constant| -2.167| .388| 31.162| 1] .000| .115 REC 027| O11] 6.485| 1) .011)1.027

e o

%S DIT -7241 221) 10.772] 1| .001| .485 - - - -
Constant | -1.584 | .440| 12.955| 1| .000| .205
a. Variable(s) entered on step 1 : Coupling between_objects. w ATolM e AAAF H=7F obd LOCE A
b. Variable(s) entered on step 2 : Depth. A 1 QL FHH S Sl Ay Ay o] mj ¢ =&
LOCE E3ste] 4k A9 Ads st +
(DOC: Dependent on Child), ¥ |2 EANAH T &= F 712 9] B3-S AM8-319TE 2 LOCE L 36}A) a1 A
(FAN: FAN-IN), Ze] 20l A 78 ¥ v A =9] 45RFC: ARG Az 0] &8 RES 12 o7]d LOC
Response for Class), FE = WA FRAA WA=+ = 2348 w39 v ¥ e} oo Z1zto) thste] 24
(WMC: Weighted Methods per Class), *33 2F21<5LOC: S AN 28 19 EXAH AR 244
Average Lines of Code)©| t}. ZF H =) tf 3t 71 54 = <Table 4>9} 2th FEFH o2 F& AT ECBO
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Classification Table
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Table 9 Correctness of ANN(Model 2)

Predicted
Observed Fault Percentage
0 1 | Correct (%)
Fault 0 67 18 78.8
Step 1 1 25 35 58.3
Overall Percentage| - - 70.3
Fault 0 68 17 80.0
Step 2 1 21 39 65.0
Overall Percentage| - - 73.8
Fault 0 70 15 82.4
Step 3 1 20 | 40 66.7
Overall Percentage| - - 75.9
Fault 0 72 13 84.7
Step 4 1 19 | 41 68.3
Overall Percentage| - - 77.9
Fault 0 71 14 83.5
Step 5 1 19 | 41 68.3
Overall Percentage| - - 77.2
a. The cut value is 0.500
Table 8 Correctness of ANN(Model 1)
Classification
Predicted
Sample | Observed 0 ) Percentage
Correct
0 49 8 86.0%
Traini 1 8 30 78.9%
raining
poverall 6000 | 400% | 83.0%
ercentage
0 15 2 88.2%
Testing . 1 - 2 7 77.8%
vera
Percentage 65.4% | 34.6% 84.6%
Dependent variable : Fault
E= St o] &3t 30H A ES ATl o] 833l
A8 2ol ek £49] B5-A=L0C7H £
g2 g2 28 17 L0C7F 23 2 20 i3t
BREL!

29 10 e AFANEY B4 D3k <Table 8>
3} 2t} 2 77} Qe Feag 0k gl 24
YA A 53 HAE==864% 2 ZALY 3R
Pol vlste] & +1 ol glek

23 20 tig ATANEE EA AF= <Table 9>

Classification
Predicted
Sample | Observed 0 | Percentage
Correct
0 60 4 93.8%
Training 1 9 36 80.0%
Overall
Percentage 63.3% | 36.7% 88.1%
0 8 0 100.0%
Testing ! 0 0 0.0%
Overall
Percentage 100.0% | 0.0% 100.0%

Dependent variable : Fault
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0.8~0.901H -5 0.7~0.8¢1H 274, 0.6~0.7¢]H w]
3 0.5~0.60] 4 FJm o]tk

Table 10 Results of two models

Logistic Regression ANN
Model 1 | Model 2 | Model 1 | Model 2
cut-off 0.41 0.42 0.5 0.5
sensitivity 76.4 78.9 88.2 100
specificity 69.6 74.5 77.8 100
correctness 73.8 77.2 84.6 100
AUC 0.837 0.872 0.929 0.969
ROC Curve
0.2
0% 02 o4 06 o8 1.0
1 — Specificity
Diagonal segments are produced by ties.
Fig. 1 ROC curve for LR(Model 1)
ROC Curve
‘ » 1 ’7 Specific‘\.ty ‘ ‘

Diagonal segments are produced by ties.

Fig. 2 ROC curve for LR(Model 2)

]

. ‘ 1 - Specificity
Dependent Variable: Fault
Fig. 3 ROC curve for ANN(Model 1)
' i Specific’\vty '
Dependent Variable: Fault
Fig. 4 ROC curve for ANN(Model 2)
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