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An Error Estimation Method for C++ Program
with Object-oriented Applicatoin Framework

TOSHIHIRO KAMIYA,T SHINJI KUSUMOTO," KATSURO INOUE?
and YUKIO MOHRIt

For improvement precision of error estimation by complexity metrics, this paper propses a
method to classify classes in object-oriented programs developed with an application frame-
work and evaluates the method emprically. In the experiment, the method improves precision
for Chidamber and Kemerer’s metrics to estimate time to fix errors of each class in a programs

develped with a application framework MFC (Microsoft Foundation Class).
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Fig.1 An example of classification.
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Table 1 Classification in the example.
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Table 2 Metrics and errors for CDialog.

C R
c B F L s
L o Clw|c|Dp|N|N L
S / / M o 1 o 1 o | E E
# R R|lc|MmM|T]|C]|V c | c T
T [0/0 | 2/2 2 T 1 0 3| 44 | © 0
2 [2/0 | 7/4 4 0 4 0 4 111 0 0
3 [0/0 | 2/2 2 1 4 0 4| a7 | o 0
4 [1/0 | 4/3 3 3 4 0 2 56 | 0 0
5 [0/0 | 2/2 2 1 4 0 5 50 | 0 0
6 |2/0 | 7/4 4 6 4 0 4 66 | 0 0
7 |0/0 | 2/2 2 1 4 0 4| 49 | o 0
8 [1/0 | 4/3 3 3 4 0 5 56 | 0 0
9 [o0/0 | 2/2 2 1 4 0 5 51 0 0
10 |o0/0 | 2/2 2 1 4 0 5 51 0 0
11 | 1/0 | 6/4 4 4 4 0 5 | 101 0 0
12 | 0/0 | 4/4 4 2 4 0 4| 60 | O 0
13 | o/0 | 5/5 5 0 4 0 6 68 | 0 0
14 | 3/0 | 12/7 7 | 19 4 0 3 | 204 2 | 826
15 |o/0 | 2/2 2 1 4 0 6 53 | 0 0

CLS#0000000000CBO/ROOOO CBOO CBOROOOOOOOOOO
CBON 000 CBON = CBO — CBOR O000000O0ORFCORFCRU
RFCN O0OO00OECO0000D000DODOOOO0O0OOET 0000O0OOODOOOOOO

03 00 CDhocument 000 O00O00O0OOOO
Table 3 Metrics and errors for CDocument.

[¢] R

c B F L s

L o C | w c|D|N|N L

S / / M o I o 1 O | E E
# R R | C M|T|Cc]|V c|c T
16 | 1/0 | 10/7 7| 21| 3| 0] 3| 78] 0 0
17 |10 | 14711 | 11 | 49 | 3 | 0o | 9 |144 | O 0
18 [1/0 | 10/7 7] 21| 3| o 3| 78| o0 0
19 [1/0 | 10/7 7] 21| 3| o 5| 79| o0 0
20 | 1/0 | 10/7 7| 21| 3| o 5| 7| o0 0
21 |2/1 |19/14 | 14 | 83 | 3 | 0 |12 |284 | 1 |9.27
22 |2/0 [17/13 | 13 | 46 | 3 | 0 |12 |223 | © 0
23 |1/0 [18/13 | 13 | 60 | 3 | o | 7 |217 | 1 |o0.27
24 |2/1 [25/20 | 20 [148 | 3 | 0 |12 |272 | 6 | 168
25 |4/1 24717 | 17 | 90 | 3| o |12 |420 | 2 | 255
26 [1/0 |16/10 | 10 | 45 | 3| o | 3 276 | 1 | 0.1
27 | 1/0 | 11/8 8| 28| 3| o 6 |113] 0 0
28 |2/1 [17/12 | 12 | 58 | 3 | 0 |14 |224 | 3 | 135
29 |2/1 [17/12 | 12 | 58 | 3 | 0 |14 |224 | 1 |7.72
30 |3/1 |18/12 | 12 | 58 | 3 | o | 7 |186 | 2 |38.6
31 |1/0 [23/13 | 13 | 70 | 3| o | 8 |201 1 | 204
32 |1/0 |15/12 | 12 | 56 | 3 | 0| 9 | 155 | 5 |68.6
33 |2/0 [21/13 | 13 | 58 | 3 | 0 |11 |381 | 1 | 0.1
34 |2/1 |16/11 | 11 | 53 | 3| 0| 5 |244 | 0 0
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Table 4 Metrics and errors for CView.

C R
c B F L s
L o C | w ¢ | D|N|N L
S / /| ™M o 1 |o |1 o | E B
# R R | C M |T|Cc |V c | c T
35 | 4/1 | 15/10 | 10 | 45 | 6 | 0 | 3 | 94 | 0 0
36 | 4/1 |22/14 | 14 | 91 6 | o 3 |127 | o 0
37 | 4/1 14/9 9| 36| 6| of| 3| 89| o 0
38 | 4/1 14/9 9| 36| 6| of| 3| 88| o 0
39 |4/1 |19/16 | 16 | 114 | 6 | o | 4 | 173 | o 0
40 |5/1 |27/20 | 20 | 190 | 6 | o | 3 |300 | 7 |43.3
41 [3/1 |14/12 | 12 | 64 | 6 | o | 5 [133 | © 0
42 |[4/1 |21/17 | 17 134 | 6 | 0| 6 [220 | © 0
43 |4/1 | 21717 | 17 |136 | 6 | o | 3 |179 | 0O 0
44 |a/1 | 21717 | 17 |136 | 6 | o | 3 |179 | o 0
45 | 4/1 |13/10 | 10 | 45 | 6 | o | 3 |105 | 0O 0
46 | 4/1 |17/14 | 14 | 85 | 6 | o | 7 |140 | 1 |86.1
47 |5/1 |16/12 | 12 | 66 | 6 | o | 6 | 173 | 1 |o0.43
48 | 2/1 11/8 8 | 28| 4| o| 3| 76| o 0
49 | 2/1 12/9 9| 36 | 4| o 4| 98| 7 |406
50 |2/1 |14/10 | 10 | 45 | 4 | o | 3| 93| o 0
51 | 2/1 11/8 8 | 28| a| o] 3] 78] 0 0
05 00 CWinApp OOOOODOOODOO
Table 5 Metrics and errors for CWinApp.
C R
c B F L s
L o c w c D N N L
s / / M o 1 o 1 o E E
# R R c M| T|c|Vv]cl|lc]|T
52 | 4/3 | 7/3 3 3 1 0 2 | 68 0 0
53 | 4/3 | 7/3 3 3 4 0 2 | 68 0 0
54 | 4/3 | 8/3 3 3 4 0 2 | 74 0 0
55 | 4/3 | 7/3 3 3 4 0 2 | 66 0 0
56 | 4/3 | 8/3 3 3 4 0 2 | 74 0 0
57 | 4/3 | 8/3 3 3 4 0 2 | 74 0 0
58 | 4/3 | 8/3 3 3 4 0 2 | 74 0 0
59 | 4/3 | 8/3 3 3 4 0 2 | 72 0 0
60 | 4/3 | 8/3 3 3 4 0 2 | 74 0 0
61 |4/3 | 7/3 3 3 4 0 2 | 68 0 0
62 | 4/3 | 8/3 3 3 4 0 2 | 74 0 0
63 | 4/3 | 8/3 3 3 4 0 2 | 74 0 0
64 | 4/3 | 8/3 3 3 4 0 2 | 78 0 0
65 | 4/3 | 8/3 3 3 4 0 2 | 72 0 0
66 | 4/3 | 8/3 3 3 4 0 2 | 74 0 0
67 | 4/3 | 8/3 3 3 4 0 2 | 74 0 0
68 | 4/3 | 7/3 3 3 4 0 2 | 68 0 0
06 00 CFrameWnd O0OOOOOOOOOOO
Table 6 Metrics and errors for CFrameWnd.
C R
(¢} B F L S
L o C | w ¢ | D | N[N L
s / /| ™M o 1 |o |1 o|E E
# R R | C M| T]|C |V c|c T
69 | 1/0 | 13/7 7] 21 4| 0] 5] 99| 0 0
70 [ 1/0 | 13/7 7] 21| 4| o 5| 97| 0 0
71 [ 1/0 | 13/7 7] 21| 4| o 5| 97| 0 0
72 [ 1/0 | 14/8 8| 28| a| o 5|101 ]| 0 0
73 [ 1/0 | 13/7 7] 21| 4| o 5 |105 | 0 0
74 | 1/0 9/6 6| 15| 4| o 3| 60| 0 0
75 [ 1/0 | 13/7 71 21| 4| o 5| 9 | o0 0
76 | 1/0 | 14/8 8| 28| 4| of 5 |102]| 0 0
77 | 1/0 9/6 6| 15| 4| o 3| 60| 0 0
78 | 2/0 | 12/7 7] 21| 4| o 3 |178 | 3| 600
79 | 1/0 9/6 6| 15| 4| o 3| 63| 0 0
80 | 1/0 9/6 6| 15| 4| o 3| 63| 0 0
81 |3/0 |26/16 | 16 |116 | 4 | o |11 |302 |17 |58.3
82 | 1/0 | 11/7 7] 21| 4| o a| 8| o 0
83 | 1/0 | 13/7 7] 21| 4| o 5 |100 | 0 0
84 |2/0 |20/10 | 10 | 43| 4 | o | 5 |156 | 1 |0.23
85 | 1/0 | 10/7 7] 21| 4] o] 5] 63] 0 0
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Table 7 Metrics and errors for CSocket.

C R
c B F L S
L o Clw ¢ |D|N|N L
s / /| ™M o 1 |o |1 o | E E
# R R | C M|T|Cc |V c|c T
86 | 0/0 2/2 2 T 3| 0] 1] 5L] 0 0
87 |o0/0 1/1 1 ol 3] of 1] 41| o0 0
88 |0/0 1/1 1 ol 3] o 1] 4 | o 0
89 |0/0 2/2 2 ol 3] o 1| 46| 1| 03
90 | 0/0 | 22722 | 22 |157 | 3 | o |10 |361 | 1 [1.25
91 |o0/0 2/2 2 ol 3] o 5| 63| 1|08
92 |0/0 3/3 3 1| 3| o] 5| 7] o 0
93 | 0/0 0/0 0 ol 3] o] o 31| o0 0
94 |0/0 2/2 2 1| 3| o] a| 43| 0 0
95 |0/0 1/1 1 o| 3] o 4| 42| o 0
96 |0/0 1/1 1 o 3] o 4| 43| o 0
97 |o0/0 1/1 1 ol 3] o 1] 41| o0 0
98 |0/0 1/1 1 ol 3] o 1] 3|0 0
99 |0/0 1/1 1 o| 3] 0| 4| 45| 0 0
100 | 0/0 1/1 1 ol 3] o 4| 45| 0 0
101 | 0/0 1/1 1 o| 3] o 4| 47| o 0
102 | 0/0 5/5 5 4| 3] 0| a| 8| o0 0
103 | 0/0 0/0 0 ol 3] o] 4| 3|0 0
104 |0/0 5/5 5 4| 3] ola|m]o0 0
08 00O00O0OO0O0ODODOODOOOOOOD
Table 8 Metrics and errors for Others.
C R
l¢] B F L S
L o C|lw|c|D|N|N L
s / / M | O 1 o 1 o|E E
# R R|lc|MmM|T|C|V c | c T
105 | 0/0 | 3/3 3 3 T O 3] 57| 0 0
106 |0/0 |3/3 3 3 1 o| 2] 59| o 0
107 | 0/0 |3/3 3 3 1 o| 2] 59| o 0
108 | 0/0 |3/3 3 3 1 o| 5| 61| o 0
109 | 0/0 |3/3 3 3 1 o| 3] 39| o 0
110 |0/0 |3/3 3 3 1 o| 3| 57| o 0
111 | 1/0 | 7/6 6 0 1 0| 4 |416 | 3 |o0.62
112 |0/0 |3/3 3 3 1 o| 3| 57| o 0
113 |0/0 |3/3 3 3 1 o| 3| 57| o 0
114 |0/0 |3/3 3 3| o| o] 2| s0 1| 83
115 | 1/0 | 6/5 5 o| of| o 4| 94| 8 |425
116 | 1/0 |7/6 6 o| o| o 5 ]100 | 0 0
117 | 2/0 |9/8 8|16 | o o 1107 | 1 |779
118 | 0/0 |3/3 3 3| 0] o 1] 63| 1 |41.4
119 |0/0 |o0/0 0 o| o| o] 5 7| o 0
120 |0/0 |o0/0 0 o] o| o] 5 7| o0 0
121 |0/0 |o0/0 0 o| of o] 3 5| 0 0
122 |0/0 |o0/0 0 o| o o] 3 5| 0 0
123 | 0/0 | 4/4 4 6| 2| o] 5] 53] 0 0
124 | 0/0 | 4/4 4 6 | 2| o] 5] 57| o0 0
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LCOM * “WMC
05 00 CWinApp O OO OODO
Fig.5 Metric values for CWinApp classes.

02 00 CDhialog000DO0OO
Fig.2 Metric values for CDialog classes.

CBO

LCOM ——“—WMC
03 00 CDocument J OO0 OOO0O
Fig.3 Metric values for CDocument classes.

06 00 CFrameWnd OD0OO0O0O0OO
Fig.6 Metric values for CFrameWnd classes.
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Fig.4 Metric values for CView classes. Fig.7 Metric values for the other classes.
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09 0000000000

Table 9 Estimation equations by all values.

CFrame
Metric All CDialog CDocument CView ‘Wnd Others
(Const.) -11.4 -22.1 -98.4 -22.9 -614 1.46
CBO
CBOR
CBON 47.9 70.6 63.3
RFC
RFCR
RFCN 6.76 -67.8 -50.1
WMC 119
LCOM 3.52 1.36 -21.5
DIT
NOC
NIV 8.61
SLOC 0.246 0.338 5.76
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Fig.8 Error fix time estimation by all data without

classification.
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Fig.10 Error fix time estimation execpt outliers without
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Fig.9 Error fix time estimation by all data with

classification.
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Table 10 Estimation equations except outliers.

Metric All CView Others
(Const.) 2.89 -98.5 -23.0 1.46
CBO
CBOR 63.3
CBON 47.9 63.3
RFC

RFCR
RFCN -50.1
WMC
LCOM
DIT -8.64 1.37
NOC
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