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An Exploration of Power Law in Java Software Component Graph
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Fig.1 Example of component graph.
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Fig.2 Plot of power-law.
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Table 1 Component set for experiment.

ooo oo LOC
JDK 11,556 107,198 1.1M
APACHE | 59,486 303,755 4.2M
ALL 180,637 1,808,982 14M
RND10K 10,000 6,184 780K
RND1K 1,000 52 80K
REL10K 9,286 17,201 2.1M
REL1K 972 1,218 250K
REL1H 163 1,086 76M
KWD10K 8,938 24,317 1.6M
KWDI1K 1,002 1,564 290K
KWD1H 129 124 28K
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Fig.3 Cumlative distribution of incoming links
(JDK).
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Fig.4 Cumlative distribution of outgoing links
(JDK).
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Table 2 Characteristic value of degree distributions -
JDK.

” R*2
ooo | 211 £ 0.00866 0.987
ooo | 310 £ 0.0818 0.876
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Fig.5 Cumlative distribution of incoming links
(APACHE & ALL).
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Fig.6 Cumlative distribution of outgoing links
(APACHE & ALL).
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Table 3 Charasteristic value of incoming degree
distributions (APACHE & ALL).

° R*2
APACHE | 2.37 £ 0.0109 0.981
ALL 2.02 £ 0.00145 0.999

04 0000000O0COO0APACHE O ALLO
Table 4 Charasteristic value of outgoing degree
distributions (APACHE & ALL).

a R*2
APACHE | 3.41 =+ 0.0637 0.942
ALL 3.66 £ 0.0693 0.903
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Fig.7 Cumlative distribution of incoming links (subset).
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Table 5 Charasteristic value of incoming degree
distributions (subset).

” R*2
RND10K |1.94 £ 0.0210 0.979
RNDI1K 2.27 £ 0.177 0.926
REL10K |2.30 £+ 0.0203 0.986
REL1K 1.63 £ 0.0815 0.806
REL1H 1.83 £ 0.0646 0.867
KWDI10K | 2.12 £ 0.00927 0.993
KWDIK |2.21 £+ 0.0332 0.980
KWDIH |262 £+ 0.0805 0.983
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Fig.8 Cumlative distribution of outgoing links (subset).

06 0OOOOO 500
Table 6 top 5 components on number of incoming

links.

ooo LOC oo oo
java.lang.String 675 116,239 21
java.lang.Object 35 98,261 4
java.lang.Class 605 29,682 41
java.lang.Exception 15 21,046 2
java.lang.Throwable 136 19,519 12

0O7 0OoOO0OO0O0s00
Table 7 top 5 components on number of outgoing
links.

ooo LOC 00 OO0
org.apache...FunctionEval 364 1 354
org.jgraph.GPGraphpad 2,196 129 255
com.jgraph.GPGraphpad 2,200 130 253
org.jgraph.GPGraphpad 542 210 253
org.eclipse... ASTConverter | 4,520 3 222

08 ODOoOOOOOBoooOoO
Table 8 Correlation among degree and metrics.

gooo LOC WMC1I WMC2 LCOM
ooo | 0.002 0.070 0.239 0.075 0.118

ooo - 0.824 0.641 0.751 0.399

LOC - - 0.793 0.816 0.462
WMC1 - - - 0.567 0.494
WMC2 - - - - 0.332

gbooboooobooobooboobobooobooon
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00000oo0o000o0o0oo0oo0o0oo0oon String O
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Fig.9 Scatter plots of degree and metrics.

O00000O0O0Object DOODDOOODDOOODOOO
goboooooooooooooooobooooboa
gooooooooooooobooooooobod
goboooooooooooooooobocooooa
goboooooooooooobooooooobood
goooooooooooooboooooooboo
gooooooooooooooooobooooboo
gboooooooooooobooboooobooooboooo
goooooooooooooboooooooobooo
goboooooooooooobooooooobood
gobooooooooooooboooooo

0000 Loco wMCOOOOOOoooooo
gobooooooooooooboooooooboon
O00oooOooooooo Locoooonoooon
000000000000 wMCcOOoOOooooLOC
oooooowMCOOOOOODOOOOOOoOooOo
oo0oooooOooooooooLcoMOooooono
ooooooo0oooooooooooooo LCOM
Oo0o0oooooooOoLCcoMO WMCO LoOCOO
goboooooooooooobooooooobood
OOLCOMO wMCOOOOOOOOoooooOo
gooooooooooooobooooooobood
goboooooooooooobooooooobood
goooooooooooooboooooooboo
goooobooooooooooboooooooboo
oooooo

4.3 0OOOOOOOO

1.000000 103000000000000A0
gooooooooooooon
001 0010000o0o0o000000o0o0bc0oa
gobooooooooooooboooooooboon
gooooboooooooooobooooooobooo
goooobooobooooooooboooboboOobooo
goooobooooooooooboooooooboo
gooooboooooooooobooooooobooo

1740

pgbooboooooboobobooooooboooboaoon
gbooboooooooooboo

002 0O0z2000000000000O0O0CCO
gbooboooboooobooboobooboooboaoon
gooooooobooboboooobooboooboboooobo
gooooooooooooooboooooooboa
gooooooooooooooboooooooboa
gooooooooooooobooooooon
003 O0oO300oooooboooonooobooa
gboooboooobooobooboobooboooboaoon
gboooboooobooobooboobooboooboaoon
gbooboobooobooboooobooobooboobooon
gbooboooboooobooboobooboooboaoon
gboobooobooobooboobooboooboaon
oooo

5. O 0

gobooooooooooooobooooooboo
goooooooooooooooooooooboo
goooooooooooooooooooooboo
gboobooooboooboobooboooobooon
gbooboooboobooboobooboooboaoon
gooooboooboobooooboooobooooboobo
gbooboooboobooboobooboooboaoon
gbooboooboobooboobooboooboaoon
goooooooooooooooooooooboo
ooo

5.1 0 0O 0O
goooooobooooooooooooooao
goooooooooooooooooooooboo
goooooooooooooooooooooboa
gbooboooooboobobobooobooobooon
gbooboooboooobooboobooooboaoon
OO0 800000 60000000 OODOODO
gboobooooboooobooboobobooobogoon
gobodoooobooobooooboobobooooboobooo
gooooooooooooooobooooooboa
gooooooooooooooboooooooboa
gooooo
gobooooooooooooobooooooboo
gboobooobooboobooboboooboaon
gboobooobooboobooboboooboaon
gboobooooboooobooboobobooobogoon
gboobooooooboobooooboooboaon



O00Java 0000000000000 0O000O0O0O0O000O3

poboobobobooboobooooboobon
poboobobobooboobooooboobon
pobooobobboboobooboboobon
poboobobboboobooooboobon
gooooooboboobobbobooooooooooo
goboooooooooooobooooooobood
gobooooooooooooboooooooboon
goboooooooooooooooooooboa
gooooooooooooooobooooooon
poboobobobooboobooooboobon
poboobobobooboobooooboobon
poboobobboboobooooboobon
poboooboboobooboobobo

5.2 0 0O O
goOooocKOoOOooooooo ¢BOO Coupling
Between Objects0 0 00 O0000000O0O0O00O0O
00o0ob0o0oOO0obOoO0oDOOobDoOOoDODOo 130
goboooooooooooobooooooobood
goboooooooooooobooooooobood
gobooooooocooooooooooooooon
gobooboooboooboooboooobo 20000
gooooooooooboobbobobbobbbbbb
poboobobobooboobooooboobon
poboobobobooboobooooboobon
poboobobobooboobooooboobon
gobooooooooooooboooooooboon
gobooooooooooooboooooooboon
gobooooooooooooboooooooboon
gobooooooooooooboooooooboon
pobooboobboobooboobobbon
gobobooboobooboboobooo
gooobooobobooboobobbobob
poboobobobooboobooooboobon
OoOOOO0OO0OO0OOlong-tailD O O0OCOODOOOODOO
goboooooooooooobooooooobood
gobooooooooooooboooooooboon
O Double-Pareto 000D O0O00DO (1900000
Locooopoooooooooooooooooo
gooooooboboobobbobooooooooooo
goobooboobobobobooooooboooboon
5.3 0JO0OOO0OUODOOoOOOD

Myers 00O OOOODOOOCOOOOOOOOOO
pobooobobboboobooboboobon
0000o00o0O0O00ObOO0OD guooooooooo

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000D0000000000000
000000D00000000
00000000000000000000000
00000000000 ALLOD 400000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000D0000000000000
000000000000000000000000
0000000000

5.4 000000000000
00000000000 D00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0oo 20
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000
0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000

1741



000000o0o0ooo0o 2007/7 Vol. J90-D No. 7

6. O O O

gbboobooboooooboobooobooboa
pbobooooboobooooobooooboooboooo

gboooboooboobooobooboooboooa
gboobooooboooboobooooooobooon
gobooooooooooooboooooooboon
gobooooooooooooboooooooboon
gobooooooooooooboooooooboon
goooooooooooooooooooooboo
gooboodooboodoobooooboooboooobooboobo
gboobooooboooboobooooooobooon
gboobooooboooboobooooooobooon
gboobooooboooobo

gbboobooboooooboobooobooboa
gobooooooooooooboooooooboon
gobooooooooooooboooooooboon
oooooo

OO0 0DO0O0O0000000O000e-Society 00O
pbboooooboboooboobooooobobooooboobooo
000000o0oooooo0000 2100 COEO
gbooobooobooooboobooooobooobooon
gbooboooboobooboooaoo

g O

[1] R. Albert, H. Jeong, and A.L. Barabési, “Diame-
ter of the world-wide web,” Nature, vol.401, no.6749,
pp.130-131, Sept. 1999.

[2] A.L. Barabasi, Linked: The New Science of Net-
works, NHK 0 0O O 2002.

[3] M.E.J. Newman, “The structure of scientific collabo-
ration networks,” Proc. Natl. Acad. Sci. USA, vo0l.98,
no.2, pp.409-415, 2001.

4] OO0 0ODOOO0 ODOOOOOO«“00O0000O000
goooooooooooooooocooo ooboooo
CS2005-69, Dec. 2005.

[5] “Java technology,” http://java.sun.com/

[6] S. Valverde, R. Ferrer-Cancho, and R.V. Solé, “Scale-
free networks from optimal design,” Europhys. Lett.,
vol.60, no.4, pp.512-517, 2002.

[7] D.J. Watts and S.H. Strogatz, “Collective dynamics
of ’small-world’ networks,” Nature, vol.393, no.6684,
pp.440-442, June 1998.

[8] C.R. Myers, “Software systems as complex net-
works: Structure, function, and evolvability of soft-
ware collaboration graphs,” Phys. Rev. E, vol.68,
no.4, 046116, 2003.

[9) ODOOODO0O0ODOOO0OO0“00000000 javaO0O0OO
0oooo0o0o0000o0D 000000 2006-SE-152,
pp.41-48, May 2006.

1742

[10] A. Potanin, J. Noble, and M. Frean, “Scale-free ge-
ometry in oo programs,” Commun. ACM, vol.48,
no.5, pp.99-103, May 2005.

[11] M.E.J. Newman, “Power laws, pareto distributions
and zipf’s law,” Contemporary Physics, vol.46,
pp-323-351, 2005.

[12] OO0 O0OO0O0OO0OOODOOOOO0OO0 200000000
001987.

[13] S.R. Chidamber and C.F. Kemerer, “A metrics suite
for object oriented design,” IEEE Trans. Softw. Eng.,
vol.20, no.6, pp.476-493, June 1994.

[14) OO0 0O000O0OO0O0OO0O0OO00OO0O0O0OO00OOO0OO0O0OO
Oooo0000199s.

[15] L.C. Briand, J.W. Daly, and J. Wust, “A uni-
fied framework for cohesion measurement in object-
oriented systems,” Empir. Softw. Eng., vol.3, no.1,
pp.65-117, 1998.

[16] “The apache software foundation,”
http://www.apache.org/

[17] K. Inoue, R. Yokomori, T. Yamamoto, M.
Matsushita, and S. Kusumoto, “Ranking significance
of software components based on use relations,”
IEEE Trans. Softw. Eng., vol.31, no.3, pp.213-225,
March 2005.

[18] DO0O0OO0OO0O0OUO0OOO0O0OO0OO0OUOOO0OOOOOOOonDO
2005.

[19] M. Mitzenmacher, “Dynamic models for file sizes and
double pareto distributions,” Internet Mathematics,

vol.1, no.3, pp.305-333, 2003.
OO0 180 70 240000190 101000000

oad O
016000000000000000
=Y 000000000000000000O0
‘;:_ 000000000000 0000000
‘hhal 0oooooooo

oo O

Os0000000ooo000 o000
oooooooooooooooooooo
0oooo0ooD 1400000000000
oo0o0o0o00000 14000000
oooo0oo0omoooooooooon
oooooooooooOoooooood
goooOoooooOoooooooAcMOOO0O




O00Java 0000000000000 0O000O0O0O0O000O3

-
0Ooo0o0o00o00000000000@mOoOoo0ooooona

Oo00o000000000000000000000IEEED
AcCM O000

i

oo 00 oOood

0Os4 000000000000 590
goooooo0o0o0oooooo0ooon
oo0ooooo s900 610000000
oo0o0oO0ooo0o0ooOoooooooo
OOooo00oo0o0 3000000000
700000000 1400000000

1743



