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Abstract In this paper, we proposed some factors to measure the complexity of Java programs.
For the purpose of extracting the factors, we have evaluated the values of object-oriented design
metrics with Java programs and performed statistical analyses. As a result, we discovered that there
are many factors to measure the complexity of Java program, not only the class size factor on existing
research, but also the frequency of method invocations, the degree of their cohesion, the number of
children classes, inner class, and depth of inheritance hierarchies. It is also discovered that the number
of children classes classified by size metrics has different character corresponding to different size
metrics. Moreover, it is proved that as program size big and coupling high. cohesion gets lower. Then,
we do regression analysis by each factor in order to apply weight considered human cognitive ability
and correlation between factors based on factor analvsis results. We derive regression equations to
explain factors with fewer metrics. Additionally, the cross-validation for two groups proves that the
regression equations driven in our paper are valid throughout the population with a high degree of
confidence. Consequently, it is possible to Use a new metrics for measuring the complexity of Java
programs using these proposed factors in this paper.
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_ A2 1 | A& 2 | A4 3 | 1R 4] 9IRF 5
=
WMC 0934 ] 0044 | 0.009 ) 0.038| 0.007
NOC 0.028 | 0.028 | -0.023 | -0.047 | 0.992
NOM 0894 { 0110 0005( 0057] 0.101
NOPM 0.848 | 0.084 | -0.026 | 0.075| 0.098
LOC 0.933 | 0.031 0177 | -0.023 | -0.005
SLOC 0923 ] 0012 | 0.138]| -0.014 | -0.015
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DOIC -0.024 ) 0238) 0862) 0.134] -0.018
Eigenvalue 5.753 1.937 1.576 1.073 1.016
% of variance|| 44.255 | 14.898 | 12.120 8.253 7.813
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Aw - - N - -
WMC 0860 | 0245 | -0.077 | -0.240 | 0.065
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AEURFY ghol Ad wE FAAFY ETEL

A7l WESA Y HEE AASAY dAH W
A (stepwise method)S AMEste] A#ADAY =
ReE Z 71 d98oe] ol
TAACE 3T} RE HE A

A
T o] S0ET £ Hx=r EASA @ Zelth /)
ksl

A

Nt

=

Al

H
it
r’\l
1o
ox ©
)
)
0
£
o,
:ol:{é
E
b



Java TR N BFL HxEe AFH H= 1149
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=y uﬁ% ﬁfi} ;%]’;l]é} AEE ;?gl SE AWT 12 \ IS o=
sy | A% |04 | sas | A% .

P 1,056 073 A7 1 0985 0960
WMC | 0009215 | 0321 | 17.164 | 0.008813 | 0.238 A7 2 0.975 0.951
NOPM 0.01750 | 0.189 | 12.350 001860 | 0.248 017} 3 0.955 0.912
NOCB | 002475 | 0.042 | 2861 | 0008970 | 0.067 . -

NIM || 000366 | 0138 | 4770 | 000264 | 0299 A7 4 0.957 0.881-
SLOC [ 0003003 | 0219 | 57262 | 0.008247 | 0587 oA} 5 0.983 0.986

LOC | -0.0001879 | -0.021 | 55.675 | -0.002126 | -0.220

NOM 0.008033 | 0.114 | 17.744 | -0.003797 | 0.060
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3] A (regression equation)S =28 = vk FF3)
A% oz vl AWT 2EoME WMC HE7),
UIS ZEMe SLOCY 71 dwdEe] 9+ HE
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AL A 1 WAR] AF AL | AF

A | -1.086 -1.074
WMC ([ 1.027R-2| 0.357 | 15.335 | 6522E-3| 0.176| 5.007
NOPM | 2533E-21 0.273| 2.596{ 1.499E-2] 0.200] 2.702
NOCB || 2.695E-2| 0.155| 2.639|6.597E-3| 0.049| 1.892
NIM | 3.384E-3| 0.143| 4.098|2572E-3| 0.268| 4.080
SLOC [[2.409E-3| 0.176 13257 | 6.243E-3| 0444| 6207
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UIS factor score 1

AWT regression equation 1

a9 2 UIS 229 9 13 AWT 289 394 19

oA

Flawr = —1.056 + 1.027E—2WMC + 2.533E—2NOPM

+ 2.695E —2NOCB + 3.384E—3NIM

+ 2.409E—3SLOC (3)
Flys = —1.014 + 6.52E—-3WMC + 1.499E—~2NOPM

+ 6.597E—3NOCB + 2.572E—3NIM

+ 6.243E—3SLOC (4)
Boapr = —1.145 + 1.720LCOM — 1.471Coh (5)
B2y = —0.541 + 1.510LCOM — 1.499Coh (6)
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AWT regression equation 5
I 12 UIS 159 A 59 AWT 159 3712 59
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Fanr = —0.467 + 1.035NIC + 1.379D0OIC (D)
F3us = —0.505 + 0.25TNIC + 0.891DOIC (8)

Al A 1 FAA (D3 (@) tisl AWT 259
A 0949, UIS 2214 09419 Z& ABBAZ et
ATk Wy FEag AEEA 2= dolez <8 19
737 8olA Hi uls} o] polste) gho) Eo| e}
Fhoayr = —0.924 + 1.95DIT )
Flys = —1.53 + 2.106DIT (10)
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<EES
AWT GROUP ZA7HdR)

za :L»f] = LOC SLOC LCOM NOM NOPM NIC DOIC NOCB NOC DIT NIM WMC COH
1 601 388 0.99 13 11 0 0 7 0 1 164 228 0.085
2 462 365 0.94 23 18 0 0 20 0 0 61 143 0.100
3 567 349 1.00 37 15 2 1 18 5 1 125 137 0.027
4 504 312 0.94 74 47 0 0 32 0 1 196 196 0.073
5 506 290 0.90 23 13 0 0 16 0 0 247 117 0.141
6 415 286 0.97 27 26 0 0 15 0 1 65 122 0.065
7 473 256 0.93 34 28 4 1 35 0 0 152 102 0.098
8 462 252 0.97 46 37 2 1 13 4} 0 164 102 0.051
9 349 251 0.78 38 32 0 0 15 0 1 83 118 0.243
10 416 248 0.98 70 53 1 1 34 0 0 184 127 0.034
11 374 239 0.95 29 25 2 1 9 0 1 248 99 0.083
12 338 235 0.86 51 46 0 0 17 2 0 131 122 0.157
13 342 230 0.99 37 33 0 0 18 0 0 75 95 0.036
14 400 229 0.96 52 50 0 0 28 0 1 149 125 0.058
15 313 195 0.62 28 24 0 0 Q 3 1 54 92 0.405
16 280 192 0.94 42 37 0 0 15 4 0 61 93 0.083
17 341 185 0.97 40 34 2 1 12 0 0 116 80 0.055
18 329 182 0.91 42 40 0 0 11 10 0 36 118 0.113
19 282 172 0.97 9 6 3 1 13 0 0 32 16 0.138
20 224 166 0.80 21 20 0 0 11 0 0 27 41 0.238

UIS GROUP &AzH(4%)

zaTy DJ'E LOC SLOC LCOM NOM NOPM NIC DOIC NOCB NOC DIT NIM WMC COH
1 626 383 0.96 100 69 0 0 26 22 0 685 190 0.049
2 557 368 0.98 85 60 0 0 17 0 0 727 145 0.031
3 425 276 0.94 78 73 0 0 13 0 0 165 148 0.072
4 351 260 1.23 2 2 7 1 17 0 1 112 34 0.385
5 341 259 0.96 20 10 4 1 33 0 1 282 30 0.088
6 314 257 0.95 26 24 0 0 19 0 1 309 34 0.085
7 363 250 0.94 32 9 6 1 40 0 1 314 54 0.089
8 384 234 0.94 63 49 0 0 14 0 0 431 113 0.074
9 316 231 0.92 28 6 2 1 29 0 1 311 45 0.113
10 379 226 0.65 7 5 0 0 14 0 1 321 72 0.446
11 289 219 0.93 4 4 3 1 20 0 1 290 40 0.303
12 308 218 0.86 15 12 0 0 38 0 1 14 62 0.197
13 278 209 091 29 25 0 0 34 0 1 260 46 0.122
14 229 135 0.76 20 14 0 0 10 0 0 48 72 0.278
15 251 177 0.90 10 6 4 1 33 0 1 212 52 0.189
16 311 169 1.00 22 2 12 2 33 0 1 244 79 0.045
17 311 169 1.00 22 2 12 2 33 2 1 244 77 0.045
18 258 166 0.97 42 28 0 0 14 0 0 324 55 0.053
19 196 166 0.00 1 1 1 1 8 0 1 206 2 1.000
20 223 161 0.93 21 16 0 0 21 0 1 93 67 0.115




