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Abstract

In this paper, we attempt to prevent certain cases by tracing a history and making genogram about

open source software and its modification using similarity of source code. There are many areas

which use open source software actively and widely, and open source software contributes their

development. However,

there are many unconscious cases

like ignoring license or intellectual

properties infringe which can lead litigation. To prevent such situation, we analyze source code

similarity using program dependence graph which resembles subgraph isomorphism problem, a typical

NP-complete problem. To solve subgraph isomorphism problem, we utilized harmony search of

metaheuristic algorithm and compared its result with a genetic algorithm. For the future works, we

represent open source software as program dependence graph and analyze their similarity.

» Keyword : Open Source Software, License, Subgraph Isomorphism Problem, Harmony Search
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Table 1. Software Plagiarism Methods

Category Speed Reliability
String based Fast Low
Token based T l
AST based
Program Dependency based Slow High
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[l. Preliminaries

1. Literature Reviews
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Fig. 2. Examples of Subgraph Isomorphism
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2. Experiment Design

2.1. Representation
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2.2. Fitness Function

Pseudo Code :
begin

Harmony Search

T
'sxd)

Generate initial harmonics (real number arrays)
(Ppyp),

Objective function f(z), = = (z,3, -
Define limits
and bandwidth

Define harmony memory accepting rate (Py,,0z)

pitch  adjusting rate pitch

while (not_termination)

Generate new harmonics by accepting best
harmonics
Adjust pitch to get new harmonics

if (rand() < Pyyep)
if (rand() < Ppyz)
Adjust the pitch randomly within limits
else
Choose an existing harmonic randomly
end if
else
Generate new harmonics via randomization
end if
Accept the new harmonics if better
end while
Find the current best solutions
end

Fig. 3. Pseudo code of the Harmony Search

gzt geRe o,

F& 58 oJRE ddse A
] =2 (Multi-objective) 3

P 715:9) Ao Tl of e c}



4 Journal of The Korea Society of Computer and Information

2 Rt ¢ =(V,B), G=(V,E)7t 9,
Vil < Ve W, G o Feae=e Go=(V,E
v aeeba gejd = glek o W, R WA BAUR(F)

QR ARl Abel= (1)) Aejdk

fi= E ](e7E;) + El(evEl)

eEF eE Fy
(D
0, ifeeF

where Ile, E) = {1 otehrwise

3231 tfS- o= (2)9) o] Aol

ein—out% 7"} gzl ZFY(incoming) Y &EF
(outcoming) 7HA4& 3t}
fr=2380)

vE R

(’U) {O lfem out(G'Q(v)) 2 einfout(q(v))

1, otherwise

(2)

BHGs f,3} £, 50%2) NFE e
f(wL“’z) :wlfl"'wszﬂ/q le/} 4 &0

2.3. Experimental Setup
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3. Experiment Results

3.1. Exper iment Harmony Search

Table 2 ~ Table 65 &8l golgh ==9f Wi T2|al s}
Sae) shebuE) g PREle] s 2hzh 24718, F 1207
A 79-9] APANE Yepdt) 32ollA] Bests HHFAE FollA

AR 71 S g Worsts SR P £ gk
Average™ WAl gk STDEVE RHEAE 9] 13HA],
n of Optimal< 308 9] WHE-218] o 24 7H(Global Optimal)$!
0ol =edt 3155 ofnjsit}, "= 714 &2 x| disiA
= Axe e BT

=29 7|7 1004 v Ao Aagle] B Ak &
a3, M7k 0.029F 0.05, 0.1 thaiAe
i gkl =eagiet, vt Wert 0.24
7} @A8] HojlaL, Hdighd Wtk &
7k A3E A

=9 A717F 254 e EWErF 0.02¢ W BF H
el 0.05¢ w 479 epr|ge) WOHH“} HA3
sigiek 1 9] Wieel] thelixs HA kel EEekAl=
T A AR s Bl

wro] 5717} 5070, 757, 10070 whis B HAEE 2H) &
itk MRV R U7t 295 Adgte] FA)7
o 7)o} W7t B&55 et BRI ] el sfe] A
4 gk Flsle] HAEIE 2A] Kok AoR ARASST Stk

o] Afojze v dfe] AGE 8, vESIGE UEA
&g A3} 3(Solution)7F 7WAE71% AR 0718 Alo]=7
2 75l tisir= #93ll(Local Optimal) @SS HojuA] H38)=
AT ATt o)F YaEFS BAT Hart S-S AR

¢

N,

o] 4
99 31

£ ] ns)

8o oo

ok u

—|—’

il

3.2. Comparative Experiment
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Table 2. Genetic Framework

Function Contents
Fitness Function Same fitness function in this study
Initialization Random Generation
Selection Rouletted wheel based proportional selection
Crossover Cycle crossover
Mutation Two genes at random and exchanges them
Replacement worst members of the population
Local Optimization Two—Vertex Exchange Heuristic
Stopping Condition find a solution with f,= 0

9o A4S B 783 4 daelFe] fAEEE Fig 4
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Pseudo Code : Hybrid Genetic Algorithm

begin
Create initial population of fixed size
while (not_termination)
for i= 0 to n do
select parent, and parent, from population
of fspring, — crossover(parent, parent.)
mutation(offspring;)
end for
replace n chromosomes with n offspring
end while
return the best chromosome

Fig. 4. Pseudo code of the Hybrid Genetic Algorithm

Pt ol 3 el el 712 e A
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Table 8. Comparison result of our algorithm with the

results of Choi (2012)

Genetic Algorithm Harmony Search
Node | Density Best Worst Best Worst
0.02 0 2.5 0 0
10 0.05 0 1 0 0
0.1 0 1 0 0
0.2 0 3 0 1.5
0.02 0.5 4.5 0 1
o5 0.05 0.5 3.5 0 1.5
0.1 1.5 6 0.5 3
0.2 3.5 6.5 1.5 4
0.02 2.5 6.5 4.5 8.5
50 0.05 4.5 10 6 9
0.1 5 11.5 8.5 10
0.2 8 12 8.5 11
0.02 5 10.5 14.5 17.5
75 0.05 11.5 15.5 14.5 18.5
0.1 10 14.5 15 20
0.2 10 16.5 18 21
0.02 9.5 16.5 20 24.5
100 0.05 12.5 17 22 25
0.1 13.5 19.5 29 34
0.2 16.5 21 31 35
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V. Conclusions
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Table 3. Experiment Results (Node : 10, Density : 0.02 ~ 0.2, Best, Worst, Average, STDEV, n of Optimal)
Node Density HMCR PAR Best Worst Average STDEV n of Optimal

0.95 0.7 0 0 0.000 0.000 30

0.5 0 0.5 0.017 0.091 29

0.7 0 1 0.033 0.183 29

0.02 0.8 0.5 0 0 0.000 0.000 30

0.85 0.7 0 0 0.000 0.000 30

0.5 0 0 0.000 0.000 30

0.95 0.7 0 0 0.000 0.000 30

0.5 0 0.5 0.017 0.091 29

0.7 0 0 0.000 0.000 30

0.05 0.9 0.5 0 0.5 0.017 0.091 29

0.85 0.7 0 0 0.000 0.000 30

10 0.5 0 0 0.000 0.000 30
0.95 0.7 0 0 0.000 0.000 30

0.5 0 0.5 0.033 0.127 28

01 0.9 0.7 0 0.5 0.050 0.153 27

0.5 0 0 0.000 0.000 30

0.85 0.7 0 0.5 0.033 0.127 28

0.5 0 0.5 0.033 0.127 28

0.95 0.7 0 1.5 0.617 0.387 4

0.5 0 1.5 0.783 0.364 1

0.7 0 1.5 0.633 0.370 3

0.2 0.9 0.5 0 2 0.650 0.375 2

0.85 0.7 0 1.5 0.567 0.469 8

0.5 0 1.5 0.600 0.403 6

Table 4. Experiment Results (Node : 25, Density : 0.02 ~ 0.2, Best, Worst, Average, STDEV, n of Optimal)
Node Density HMCR PAR Best Worst Average STDEV n of Optimal

0.95 0.7 0 1 0.550 0.442 10

0.5 0 1.5 0.583 0.437 7

0.7 0 1.5 0.467 0.346 7

0.02 0.9 0.5 0 2 0.617 0.503 8

0.85 0.7 0 1.5 0.567 0.469 8

0.5 0 1.5 0.550 0.461 9

0.95 0.7 0 2 0.867 0.307 2

0.5 0.5 1.5 1.017 0.454 0

0.7 0 1.5 0.817 0.334 2

0.05 0.8 0.5 0 2 0.767 0.504 4

0.85 0.7 0.5 1.5 1.017 0.359 0

o5 0.5 0 2 0.883 0.429 1
0.95 0.7 1.5 3.5 2.517 0.517 0

0.5 1.5 4 2.650 0.528 0

01 09 0.7 1.5 3.5 2.617 0.370 0

0.5 1.5 3 2.383 0.387 0

085 0.7 0.5 3.5 2.433 0.553 0

0.5 1.5 3.5 2.500 0.509 0

0.95 0.7 2 4 3.283 0.468 0

0.5 2.5 4.5 3.517 0.464 0

0.7 2.5 4.5 3.283 0.552 0

0.2 0.9 0.5 2.5 4.5 3.600 0.548 0

0.85 0.7 2.5 4.5 3.483 0.594 0

0.5 1.5 5 3.267 0.666 0
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Table 5. Experiment Results (Node : 50, Density : 0.02 ~ 0.2, Best, Worst, Average, STDEV, n of Optimal)

Node Density HMCR PAR Best Worst Average STDEV n of Optimal
0.95 0.7 5 8.5 6.800 0.837 0
0.5 5.5 8.5 7.017 0.580 0
0.7 5 8.5 7.033 0.830 0
0.02 0.9 0.5 4.5 8.5 6.867 0.850 0
0.85 0.7 5 9 6.917 0.948 0
0.5 5 8.5 6.617 0.944 0
0.95 0.7 7 9 7.950 0.547 0
0.5 7.5 9.5 8.067 0.487 0
0.7 6 9 7.783 0.665 0
0.05 0.9 0.5 9 7.933 0.626 0
0.85 0.7 6.5 9 7.950 0.592 0
50 0.5 6 9 7.783 0.762 0
0.95 0.7 8 10 9.267 0.537 0
0.5 8.5 10.5 9.483 0.500 0
01 0.9 0.7 7.5 10.5 9.183 0.636 0
0.5 8 10 9.183 0.676 0
0.85 0.7 8 10 9.400 0.498 0
0.5 7.5 10.5 9.217 0.652 0
0.95 0.7 9.5 11 10.467 0.540 0
0.5 8.5 11.5 10.517 0.663 0
02 0.9 0.7 8.5 11.5 10.433 0.626 0
0.5 9 12 10.633 0.694 0
0.85 0.7 9.5 11.5 10.467 0.601 0
0.5 9.5 11.5 10.583 0.558 0

Table 6. Experiment Results (Node : 75, Density : 0.02 ~ 0.2, Best, Worst, Average, STDEV, n of Optimal)

Node Density HMCR PAR Best Worst Average STDEV n of Optimal
0.95 0.7 14.5 17.5 16.383 0.625 0
0.5 14.5 17.5 16.483 0.748 0
0.7 14.5 17.5 16.400 0.700 0
0.02 0.9 0.5 14.5 17.5 16.333 0.699 0
0.85 0.7 15 17.5 16.383 0.486 0
0.5 15 17.5 16.467 0.656 0
0.95 0.7 16.5 18.5 17.317 0.517 0
0.5 14.5 18.5 17.367 0.919 0
0.7 15.5 18.5 17.367 0.681 0
0.05 0.9 0.5 15.5 18.5 17.200 0.690 0
0.85 0.7 15 18.5 17.100 0.865 0
75 0.5 16 18.5 17.433 0.763 0
0.95 0.7 16 20.5 18.600 1.110 0
0.5 16.5 20 18.567 1.023 0
01 0.9 0.7 17 21 19.117 0.907 0
0.5 16 20.5 18.917 1.026 0
08 0.7 15 20.5 18.783 1.271 0
-85 0.5 15.5 20.5 18.750 0.998 0
0.95 0.7 18.5 21.5 20.283 0.773 0
0.5 19 21 19.900 0.578 0
0.2 09 0.7 18.5 21 20.083 0.617 0
0.5 18.5 21 19.983 0.623 0
0.85 0.7 18 21.5 19.933 0.868 0
0.5 19 21 20.150 0.528 0
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Table 7. Experiment Results (Node :

100, Density : 0.02 ~ 0.2, Best, Worst, Average, STDEV, n of Optimal)

Node Density HMCR PAR Best Worst Average STDEV n of Optimal
0.95 0.7 20 25.5 23.867 0.964 0
0.5 23 25 24.150 0.511 0
0.7 21 25.5 23.883 0.971 0
0.02 0.9 0.5 22 25 24.000 0.754 0
0.85 0.7 22 25 23.650 0.778 0
0.5 22.5 24.5 23.650 0.658 0
0.95 0.7 22 25 24.000 1.035 0
0.5 29.5 32 30.833 0.648 0
0.7 29 32 30.567 0.704 0
0.05 0.9 0.5 28 32 30.317 0.996 0
0.85 0.7 29 32 30.400 0.914 0
100 0.5 27.5 32 30.467 1.074 0
0.95 0.7 30.5 35 32.867 1.033 0
0.5 30 34 32.733 0.989 0
01 0.9 0.7 29 34 32.450 1.302 0
0.5 29.5 34 32.350 1.138 0
0.85 0.7 29.5 34 32.433 1.165 0
0.5 30.5 34.5 33.150 1.010 0
0.95 0.7 31 35 33.783 0.926 0
0.5 31 35.5 33.967 0.960 0
02 0.9 0.7 33 35.5 34.083 0.732 0
0.5 31.5 36 33.983 0.905 0
0.85 0.7 32 35 33.700 0.890 0
0.5 31.5 35 33.633 0.826 0
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