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An Error Estimation Method for C++ Program
with Object-oriented Applicatoin framework
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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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YABROEELTB. P={(I;, 1,))|n]; =0}
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Fig. 1 An example of classification
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Table 1 Classification in the example

Class Classification
) A
q B
ZOfE
s Z0fE
t C
u B

FEEEALESEICE. 58 S5 A TRERBIHRN
R TH, BV FADHFEY 5 ANERI 22 HEE
HERHD, BLZO LD WREANRET 2 L BEXH
BEAIE. (1) HOAMAUHHEY S AHOBENERL
2HET 5. HINIE (2) SEMALTWSE Y SR
MOSEL T35, hEOHEIDETH S,

4. 3T i £ R

4.1 % =
RBUEFHEE, DR TITONEHATBICS
57075 AR TOY2) NTELLETF—RIC
BELUE. zo7nYzy bTid, BFA—IVOERE
VAFLEREET S, YVATFLE 5 DOYTVRT
I (SMTP #—=/, POP %=\, DELIVER #—N,
SMTP 7547~ N, POPZSA7UH) hORERK
ENTWB. BIRF—LIF 40D 5 ADBIRE TR
xh, EREEIRYTVATFLREEHRTS. oV
7 NI ICBIRT — DICE T T Y AT LADOAER
Exh, ¢ HET, B, £, FAME4TD. &K
BICA YA NS 7 RICKBRITFTANT X MR H
5. 7O07S5SIUUEEL LT Visnal C++EHW,
TU—LT—=7ICiE MFC W5, BERHMETF —
LHY 3000 ITRE (BRAS & ERV) THS.
4.2 VSAHLE
TU—=bLT—=7 MFC D7 —FF7Fv—42BREL,

SEISALUTUTD 5 222 ELE.

(1)CDocument: REVSAICF TS LDF—
R ENHT DS MNERENS.

(2)CView JREY TR IREY T AICE2—HF—IC
HUTCTF—ZERRTHELAEICTR SIS,

(3)CDialog: IR#EYV S AFIC, 2—HF—-2BTF—4%
2RIWMBES L, I—F—ICHLTTS—AY
U RIS TICHEBRENS.

(4)CWinApp: IREV SR, 77V r—Yay
DOBEIBHT 203 ( 77 r— a > Wi
FATEINEROY Y RUDMBLAEXERA
THL] 2l AEBEh 5.

(5)CFrameWnd: B ora—%:¥-o7nrsS
LOGE, ThLEEMITZEHOI— RN
CFrameWnd JREEY S RICER S h 3. (-‘1—")‘3—
AV BR—=T A AV ed L, HBOE2—
2HUBZZFEEIELAVWSHS. )

ZRSONWTANSBIRELRWT SR, (6) F
D HEHEI N 5.

SEOERTIE, BHIhESEY S5 ARICRHEEE
fRIFEEE T, BBOLEY SAEMETE 75 2AM
BFEINDZ LR -E,

4.3 HERT—X

BOINCIE, 17 ADOT— AR TEE. RS
NEVTANGOTATSL, 124 DY SAMSHBUE
ANU I 2HE, BXOTS @, BERMER2~7
ISRT. ANV ABOV—F—Fv— MR 2~TIC
AT, K75 70, #VIRTHEIMNE—DDSHAEN,
—DDYFACOWTDOAR) 7 AEEFRDT. A b
)7 ZADEE, TRTDYSATDODNWTOEEMN 1.0
LB ESICFRIEEhTVS. KWRTH M ES
AL, TODEBTEZISATRTOARNI VR
fEDOEHTHS. CBO, RFC, WMC, LCOM, DIT
R CK XA RNYZ R (NOCRTATDY FRICOWT 0
THoEEHTZ 7ICF#EMN TV RW), NIV IS
SADA VAR ABBOE, SLOC Y SADY —
A3— RO TH . HEEDOELME (RKWVHR) DA
N7 ZEOEMIRE L BRoTWS, £k, 58
DEHEL, HFCBTEEADT SR (HIVER) D
A M) RAFEWBEEAERLTBY, 752y
BNEYThHoEZ DBt T3,
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WMC RFCN

X2 4% CDialog DA MU 7 A4

Fig. 2 Metric valunes faor CDialag classes

CBO

X 3 4% CDocument @A MY 7 &

Fig. 3 Metric values for CDocument classes
CBO

B4 5% CView DX MY 7 R4#
Fig. 4 Metric values for CView classes
CBO

DIT

LCOM

6 4% CFrameWnd DX MY 7 X fE
Fig. 6 Metric values for CFrameWnd classes

5 228 CWinApp DA N) 7 R fE
Fig. 5 Metric values for CWinApp classes
CBO

NIV CBON

DIT RFC

X7 SFEZOMDA N I RMH

Fig. 7 Metric values for the other classes
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# 2 5% CDialog DA MV 7 RBLUVTT—
Table 2 metrics and errors for CDialog
T R
c B F L s
L o c w c D N N L
s / / M o 1 o 1 o B B
# R R c M| T ||V c | c T ) o
1 | 0/0 272 2 T 1 0 3 a4 0 0 #5 58 CWinApp DA M) ZRBEVTS—
g §§g ;5; ; ? : g : 1;; g g Table 5 metrics and errors for CWinApp
2 [1/o0 2/3 3 3 2 0 2 56 0 0 T R
5 | 0/0 2/2 2 1 2 0 5 50 0 0 c B F L s
6 | 2/0 7/a 2 3 a 0 Z 66 0 0 L o c | w P p |~ | ~n| 1L
7 [o/o 2/2 2 1 4 0 4 49 0 0 s / / M o 1 o 1 ol| B | E
s | 1/0 a/3 3 3 2 0 5 56 0 0 # R R c mM|lT|lc|v]|cl|lcl|nT
9 [0/o 2/2 2 1 4 0 5 51 0 0 52 | 4/3 | 7/3 3 3 2 0 2 | 68 0 0
10 [o/o 2/2 2 1 4 0 5 51 0 0 53 | 4/3 | 7/3 3 3 2 0 2 | 68 0 0
11 [ 1/0 6/4 4 4 4 0 5 | 101 0 0 54 | 4/3 | 8/3 3 3 2 0 2 | 74 0 0
12 [ o0/o0 4/4 4 2 4 0 4 60 0 0 55 | 4/3 | 7/3 3 3 3 0 2 | 66 ] ]
13 [o/o 5/5 5 0 4 0 6 68 0 0 56 | 4/3 | 8/3 3 3 2 0 2 | 74 0 0
12 | 8/0 | 12/7 7 | 19 2 0 3 | 204 2 | 826 57 [1/3 | 8/3 3 3 1 ) > 72 ) )
15 [ 0/o0 2/2 2 1 4 0 6 53 0 0 58 | 4/3 | 8/3 3 3 2 0 2 | 74 0 0
CBO/R OWIKIE CBO & CBOR OEARENCVS. CBON OEE 55 | 4/3 | 8/3 3 3 1 h) > | 72 0 0
CBON = CBO — CBOR KkoTH$5. RFC, RFCR, RFCN Sk 60 [4/3 [8/3 3 3 4 0 2 | 74 0 0
61 | 4/3 | 7/3 B B 2 0 2 | 68 0 0
62 | 4/3 | 8/3 3 3 a 0 2 | 74 0 0
63 | 4/3 | 8/3 B 3 2 0 2 | 74 0 0
64 | 4/3 | 8/3 3 3 2 0 2 | 78 0 0
65 | 4/3 | 8/3 3 3 Z 0 2 | 72 0 0
66 | 4/3 | 8/3 B 3 2 0 2 | 74 0 0
# 3 5% CDocument DA M) Y ABLVPTT— 67 453 853 3 3 2 0 2 | 74 0 0
Table 3 metrics and errors for CDocument 68 [a73 [7/3 3 3 4 0 2 | 68 0 0
e} R
c B F L s
L 54 c w c D N N L
s / / M o 1 o 1 o B B
# R R c M| T]| c| vV c | c T
i6 [ 1/0 10/7 7 21 3 0 3 78 0 0
17 | 1/0 | 14711 | 11 49 3 0 5 | 124 0 0
is | 1/0 10/7 7 21 3 0 3 78 0 0
15 | 1/0 10/7 7 21 3 0 5 79 0 0
20 [ 1/0 10/7 7 21 3 0 5 77 0 0
21 | 2/1 | 19/14 | 14 83 B 0 | 12 | 284 1| 9.27
22 | 2/o | 17/1i3 | 13 26 3 0 | 12 | 228 0 0
23 | 1/o | 18/is | 13 60 3 0 T | 217 1 [ 0.27
24 | 2/1 | 25/20 | 20 | 148 B 0 |12 | 272 6 | 168
25 | a/1 | 2a/i7 | 17 50 3 0 |12 | 420 2 | 255
26 | 1/o | 16/10 | 10 a5 B 0 3 | 276 1 0.1
27 [ 1/0 11/8 B 28 3 0 6 | 113 0 0
28 | 2/1 | 17/12 | 12 58 3 0 | 12 | 224 3 | 135
25 | 2/1 | 17/12 | 12 58 3 0 | 12 | 224 1| 7.72
30 | 8/1 | 18/i2 | 12 58 3 0 7 | 186 2 [ 38.6
31 | 1/o0 | 23/13 | 13 70 3 0 s | 201 1 | 204
32 | 1/o | 15/12 | 12 56 3 0 5 | 155 5 | 68.6
33 250 21513 13 58 3 0 | 11 | 381 1 0.1 # 6 S CFrameWnd DA KNV 7 ZABEVLS—
34 [o/1 [18/10 11 53 3 0 5 | 244 0 0 Table 6 metrics and errors for CFrameWnd
T R
c B F L s
L o C | w c | D | N | N L
s / / M e} 1 o 1 o B B
R R c M| T | c| v c | c T
#4 ST CView DAMI I ZABLVTS— :&: 170 1377 7 21 2 0 5 59 0 0
Table 4 metrics and errors for CView 70 [1/0 13/7 i 21 4 0 5 97 0 0
71 | 1/0 13/7 7 21 2 0 5 97 0 0
C R 72 | 1/0 1478 8 28 4 0 5 | 101 0 0
c B F L s 73 | 1/0 1377 7 21 4 0 5 | 105 0 0
L o c w c D N N L 74 | 1/0 5/6 6 15 4 0 3 &0 ] 0
s / / M o 1 o 1 o B B 75 | 1/0 13/7 7 21 3 0 5 99 0 0
# R R c M| T c |V c | c T 76 | 1/0 14/8 B 28 2 0 5 | 102 0 0
35 | a/1 | 15/10 | 10 a5 6 0 3 94 0 0 77 | 1/0 5/6 6 15 2 0 3 60 0 0
36 | a/1 | 22/14 | 14 51 3 0 3 | 127 0 0 78 | 2/0 12/7 7 21 2 0 3 | 178 3 | 600
37 | 4/1 14/9 5 36 3 0 B 89 0 0 79 | 1/0 5/6 6 15 2 0 3 63 0 0
38 | /1 12/9 5 36 3 0 3 58 0 0 80 | 1/0 5/6 6 15 2 0 3 63 0 0
35 | a/1 | 15/16 | 16 | 114 3 0 2 [ 173 0 0 81 | 3/0 | 26/16 | 16 | 116 3 0 |11 | 802 | 17 | 58.3
20 | 5/1 | 27/20 | 20 | 1s0 3 0 3 | 300 7 | 43.3 82 | 1/0 1177 7 21 4 0 2 84 0 0
31 | 3/1 | 1aji2 | 12 64 3 0 5 | 138 0 0 83 | 1/0 13/7 7 21 2 0 5 | 100 0 0
22 [ a/1 | 21/17 | 17 | 134 6 0 6 | 220 0 0 84 | 2/0 | 20/10 | 10 a3 3 0 5 | 156 1 [0.23
33 | a/1 | 21/i7 | 17 | 136 6 0 3 | 179 0 0 85 | 1/0 10/7 7 21 2 0 5 63 0 0
24 | aj1 | 21/17 | 17 | 136 6 0 3 | 179 0 0
35 | a/1 | 13/10 | 10 a5 3 0 3 | 105 0 0
26 | a/1 | 17/14 | 14 85 6 0 7 | 120 1 [ 861
a7 | 5/1 | 18/12 | 12 66 6 0 s | 173 1 | 0.43
a8 | 2/1 11/8 B 28 a 0 3 76 0 0
29 | 2/1 12/9 5 36 2 0 2 98 7 | a0.6
50 | 2/1 | 14/i0 | 10 a5 Z 0 3 93 0 0
51 | 2/1 11/8 B 28 2 0 3 78 0 0
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Table 7 metrics and errors for Others
T R

c B F L S

L o c w c D N N L
s / / M o 1 o 1 o B B
# R R c M|T|c |V c | ¢ T
86 | 0/0 3/3 3 3 1 0 3 57 0 0
87 | 0/0 3/3 3 3 1 0 2 59 0 0
88 | 0/0 3/3 3 3 T 0 2 59 0 0
89 | 0/0 3/3 3 3 1 0 5 61 0 0
950 | 0/0 3/3 3 3 1 0 3 39 0 0
91 | 0/0 3/3 3 3 1 0 3 57T 0 0
92 | 1/0 7]6 & 0 1 0 4 | 416 3 | 0.62
93 | 0/0 3/3 3 3 1 0 3 57T 0 0
94 | 0/0 3/3 3 3 1 0 3 57 0 0
95 | 0/0 272 2 T 3 0 T 51 0 0
96 | 0/0 1/1 1 0 3 0 1 a1 0 0
97 | 0/0 1/1 1 0 3 0 1 20 0 0
98 | 0/0 2/2 2 0 3 0 1 26 1 0.3
99 | 0/0 | 22722 | 22 | 157 3 0 | 10 | 361 1 [ 1.25
100 | 0/0 272 2 0 3 0 5 63 1 [0.68
101 | 0/0 3/3 3 1 3 0 5 71 0 0
102 | 0/0 0/0 0 0 3 0 0 31 0 0
103 | 0/0 2/2 2 1 3 0 3 43 0 0
104 | 0/0 1/1 1 0 3 0 4 42 0 0
105 | 0/0 1/1 1 0 3 0 3 13 0 0
106 | 0/0 1/1 1 0 3 0 1 a1 0 0
107 | 0/0 1/1 1 0 3 0 1 39 0 0
108 | 0/0 1/1 1 0 3 0 3 435 0 0
100 | 0/0 1/1 T 0 3 0 1 13 0 0
110 | 0/0 1/1 1 0 3 0 3 a7 0 0
111 | 0/0 5/5 5 4 3 0 3 82 0 0
112 [ 0/0 0/0 0 0 3 0 3 35 0 0
113 | 0/0 5/5 5 3 3 0 3 73 0 0
114 | 0/0 3/3 3 3 0 0 2 50 1 8.3
115 | 1/0 6/5 5 0 0 0 1 94 8 | 42.5
116 [ 1/0 7]6 6 0 0 0 5 | 109 0 0
117 | 2/0 5/8 B 16 0 0 1| 107 1| 77.9
118 | 0/0 3/3 3 3 0 0 T 63 1 | 414
119 | 0/0 0/0 0 0 0 0 5 7 0 0
120 | 0/0 0/0 0 0 0 0 5 7 0 0
121 | 0/0 0/0 0 0 0 0 3 5 0 0
122 | 0/0 0/0 0 0 0 0 3 5 0 0
123 | 0/0 a/a 3 6 2 0 5 53 0 0
124 | 0/0 /4 3 6 2 0 5 57T 0 0
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Table 9 Estimation equations except outliers

Metric All CDocument 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
NIV 4.91 8.64
SLOC
4.4 4 #7

ARERTIE, X MU T AOHHEN S TS —BIEE
METFHTEREANVTFREEMELE. A MU IR
DFHIE 2R, =5 —BERNEEBEHRE T
BlEER %, BEIROHINC &> TRDE. ZBH LS
v, 3y IR EFERIBS UTRNCER e
5 7V NI ER Y W T 5 5. = xiE, CBON,
CBOR, CBO DORICiX CBON + CBOR = CBO
EWIBHENR YO E®D, 3BHEALBICOEHOD
EFRICEE N5 Z i,

ISASET L EER OB EE s ICLHT,
BOEDIC, SEE2ETICROEERROERDRL
= (Al Off). =5 —BIERMOTHEL ZiifEs: 7
Oy hLEDDER s BXUOR 9 IR, 7S A48
BT RIED D THREN ELTWB Z e Nbh 5.

RIS, BELETS — (BIEFH 600 47) BEENT
W37 5 A58 (CFrame), P UMTS—HHRS
hTtwanwk>k7 52458 (CDialog, CWinApp)
RRITHEELHRLUT, T—AHhBEYRWELET
D EATo . FERRNOMEER SIS, =5 —(BIER
MoFHMEL EiHER2 70y LEDDER 10 B&
U 11 IGRT. ZOBEHPRY 7S A5EET-
EED A FHEEN ELTW5.

5 ¥ &

AT, C++EEB L7 IV r—varv o
V=0T 2 AVWERRICBWTHEBEEA N 7 X
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FE4T-> TTHEE 2 X B FE2REL, ER
IC & o TZDOEENME %146 L =.
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Table 8 Estimation equations by all values

Metric All CDialog CDocu

ment

TWin
CView App

CFrame

Wnd Others

(Const.) S11.4 —22.1

-98.4

-22.9 0 -614 1.46

CBO

CBOR

CBON

70.6 63.3

RFC

RFCR

RFCN

-67.8 -50.1

WMC

119

LCOM

-21.5

DIT

NOC

NIV

SLOC 0.246 0.338
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