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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

[. Introduction

LIRS AFEYo)E 2AFET) F7)E0] Q= £ZEY)
ofR Ao R AFFEA AHS-EAESEE 5 Ak
§& HHOR g EE°J]°1°1] Wrate] S AEA AR
S eEas $ES T A i A %Z‘LE}
EnS AEESOle] st HYE, Brpd, S
A, B wlolE & ®E ICT okl 7]olsta 91

ole|@ Qi AEES OS] AFRY AR Hl G 2
ol o 23 Ediths AAVE AddE Q. 5 ghe]
A2 o 23S WhEA] Epslof s 2dste] ARS-H A
Eo7go] 7he e 2N ARl Aotk Al 0E s AEE

.|_/

fojel QLA FAGAY 2% ALgalo] WA EAo] BAH
AHE B4 2T AR Be e BAE A28 9
# Qo 2mEole] golis W A4 ARE AT

3l SPDX(Software package Data Exchange) ¥3o] A&
YA A3} o] FolAA] Y= T ANEAL AMEALE
A8 3 ESoe] AR sl Aol wEEo] it
QEL2 22X EY A= Ulroot) /NEAZL H % wjaxshd o
2 MEAEe] V5s F8-FUh8ke] 23), 3xF wiESHA H=
Aol A ol M~ AR} FedleEw - eEdte 7
A g, ofo] B AFE QEL: ATEY AT A}
X

Es H Edsit}l, 2T Eoj FHS €4
3= 7S Table 13 Zo] A 472 £573 4 9oH1]

* First Author:
*Ho Yeong, Yun(allen@lsware.com),
**Yong Joon Joe (eugene@lsware.com),
***Byung Ok, Jung (luca@lsware.com),
****Dong myung, Shin (roland@lsware.com),
*****Hyo Keun, Bahng (revoice@skku.edu),

LSWare Inc., Korea
LSWare Inc.,
LSWare Inc.,

Ho Yeong Yun, Corresponding Author: Ho Yeong Yun

Korea
Korea
LSWare Inc.,
SungKyunKwan Uni, Korea

Korea

* Received: 2016. 10. 06, Revised: 2016. 10. 17, Accepted: 2016. 12. 15.

* This research project was supported by the Ministry of Culture Sports,

Copyright Commission in 2016.

and Tourism(MCST) and by the korea



2 Journal of The Korea Society of Computer and Information

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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1. Harmony Search

2 ATl AREE e AE dEEE Y g
=& S&3Gitt vEFE sy gugse Ad dds
T dagEow AYd(Local Optimal)E

=

(Global Optimal)® A8l WYte AL Bxo7 O}i ok
Folth 3 &a12)F(Genetic Algorithm), A& o= o
d¥(Simulated Annealing), EF#- A 2|(Tabu Search), 7H7]
7 HZ3HAnt Colony Optimization), 7HA & HZ3}t

AR oS- et
ik, ekl 28 e

(Particle Swarm Optimization) %
e~ duEge] duEn
< ol FA % Yaple] rhsattteE o] 7] Wi
I 2E 5 FAE A8 rhset, frd daElEd Al
TEo] EA%H11-13].

Shar& B e S 2
At

7]¥H(Population based)] LiLz|E
A5
71&0 AR &5 OoE Fashe
o Abg3 &8 2F WAsle] Z-

o)
o
o
20
2
e,
o
o
frtl
i)
i
o
r&
O

rr

I

(o ol
o2
N

)

e
©

o

,d
Jé
it

S H(Harmony Search)& 83
= <

o2 571A9] A2 Operator)7} EABHARE A=
= A= 37T

Memory considering®} 7]& St 52 9
Pitch  adjustment, 9]¢ =
Randomization©®] k& B4 ¢] ¢Iikxlo|t}. Fig. 3& g5 &

EEEEREETE,

ek Harshe

2. Experiment Design

2.1. Representation

MG < VIHY o, 282 G el wid
o] Y~ TPz (o) wEE S, wjdo]
o] gt THiE Ao =EF Seith dhve] mjge
gz vell ofDA gigEEA e tigk ARE 7R3

2 ¥
Zr=

ol A~
v T

2= 67t
ek

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
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2.3. Experimental Setup
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3. Experiment Results

3.1. Exper iment Harmony Search
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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
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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
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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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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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