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Code clone candidate detection technique
with source code block feature

YUSAKUANDO™ MASAYUKI HIRAYAMA™
NAHOMI KIKUCH]I2

KOUKI KAKIYA™

This paper proposes a code clone detection technique. In the technique, some information for source code shape image - such as
number of lines and number of characters in each code blocks are used and code clone candidate blocks can be identified with
high efficiency. This paper shows a basic idea of the technique and also shows a simple case study of the technique. The
technique can be applicable to incomplete code as well as complete code. The proposed technique does not use grammatical
analysis, so it can be applicable to any code by various program languages.
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FifEDLTFHEAER~D L 7 Msbo C, )7, <, =, F—7 Y —AT&H 5 BorlandC++Compiler 5.5 DY — A =1
FOVTIEEN B LTS, ZOZENLEED — NNz % % accum.cpp(iX 4.1) & adj_diff.cpp(X14.2) % A
X?@iﬁifilﬁlﬂ%@czob\fliiﬁ@l U 7o AL & 7 2 mTREE T5.
NhdEEXLND. BIOLAEIT2 D8 BINELILR L
7w, 4+ OB OB %Gﬁﬁéhm\é. 42 Stepl: FOvH45E
E, HLIFHEIBWTIRFEDT VT 7 Xy &M E9, I REZEARITICL > TTry 7 5EIT 5.
53, CEFEDEAIT while RENHBHT-0, HElLe 4.3 IX accum.cpp D —HE KL D TH S.
L2 i3 23856, FET VT 7Ny hOXTFHH —K
T5HLEZILND. #include <iostream >
L, HETHEFEX 3.6 DL I IZFR I ALY, ;'i{"fm?i5<7'_'_'_'"""_'_'5 N
. - #ifndef _RWSTD_NO_NAMESPACE 1 a—-Frvuyz
TNT 7y MIBFRLLEREOBHRICERTE 5T 1, using namespace si; : »

- #endif z

ADFELEIE LY, Serpr B LR ot LEs g [T T

3bhD. ZTORE®, TITEHERTELIXTHEDI L, b
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a—2ThHHAREENREWVEHETS.

4 H—RRAF4 %] 4.3 &i! 4.1 &:/j? L 7= accum.cpp @ 51 17 H d#endif @
WDZEHUWAT & 5717 H O#endif DR DZEHLAT TREI S
ouy 2 2REHLELDOTHD. a— ROWBHNHL
HELTWE, ZABITERRL LSS, T2FEFToa—R
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41 F—RARBA T4 DAR
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TWERT D2, ILEEREIT-7=. 7 u—rHoxts L
ba— KRR b2o00a— RF&EHT5. RERTIT

#include "stlexam.h"

#include "stlexam.h”
#pragma hdrstop
I

#pragma hdrstop

* accum.cpp - Example program for accumulate. See Class Reference Section * aa, diff.cpp - Example program fo adjacent diference.
* See Class Reference Sectiol

* () Copyright 1994, 1998 Rogue Wave Software, Inc. *
*ALL RIGHTS RESERVED

* (¢) Copyright 1994, 1998 Rogue Wave Software, Inc.

* ALL RIGHTS RESERVED
*The software and information contained herein are proprietary to, and *

* comprise valuable trade secrets of, Rogue Wave Software, Inc., which *The software and information contained herein are proprietary to, and
* intends to preserve as trade secrets such software and information.

* comprise valuable trade secrets of, Rogue Wave Software, Inc., which
*This software is furnished pursuant to a written license agreement and * intends to preserve as trade secrets such software and information.
* may be used, copied, transmitted, and stored only in accordance with * This software is furnished pursuant to a written license agreement and
* the terms of such license and with the inclusion of the above copyright * may be used, copied, transmitted, and stored only in accordance with
*notice. This software and information or any other copies thereof may * the terms of such license and with the inclusion of the above copyright
* not be provided or otherwise made available to any other person. *notice.  This software and information or any other copies thereof may
* * not be provided or otherwise made available to any other person.
* Notwithstanding any other lease or license that may pertain to, or *
* accompany the delivery of, this computer software and information, the * Notwithstanding any other lease or license that may pertain to, or
* rights of the Government regarding its use, reproduction and disclosure * accompany the delivery of, this cumpuler software and information, the
*are as set forth in Section 52.227-19 of the FARS Computer *rights of the regarding its and disclosure
* Software-Restricted Rights clause. *are as set forth in Section 52.227-19 of me FARS Computer
* * Suﬂware Restricted Rights clause.
* Use, duplication, or disclosure by the is subject to
* restrictions as set forth in subparagraph (c)(l)(u) of the Rights in * Use, duplication, or disclosure by the Government is subject to
* Technical Data and Computer Software clause at DFARS 252.227-7013. * restrictions as set forth in subparagraph (c)(1)(ii) of the Rights in
« Contractor/Manufacturet s Rogue Wave Software, Inc., *Technical Data and Computer Software clause at DFARS 252.227-7013.
* PO. Box 2328, Corvallis, Oregon 97339, * Contractor/Manufacturer is Rogue Wave Software, Inc.,

*P.0. Box 2328, Corvallis, Oregon 97339.
*This computer software and information is distributed with "restricted *

* rights.”  Use, duplication or disclosure is subject to restrictions as

*This computer software and information is distributed with "restricted
* set forth in NASA FAR SUP 18-52.227-79 (April 1585) “Commercial *rights." Use, duplication or disclosure is subject to restrictions as
* Computer Software-Restricted Rights (April 1985)." I the Clause at *set forth in NASA FAR SUP 18-52.227-79 (Apr il 1985) "Commercial
*18-52.227-74 "Rights in Data General” is specified in the contract,

* Computer Software-Restricted Rights (April 1985)." I the Clause at
* 18-52.227-74 "Rights in Data General” is specified in the contract,
* then the "Alternate 111" clause applies.

* then the "Alternate 111" clause applies.

#include <compnent.h>
#include <numeric>  // For accumulate. #include <numeric> 1 For adjacent_difference.
#include <vector> /[ For vector.

#include <vector> I For vector.
finclude <functional> / For muttiplies #include <functional>  // For multiplies.
#ifdef_RW_STD_IOSTREAM #ifdef_RW_STD_IOSTREAM

#include <iostream> #include <iostream>

#else

include <iostream.h> Hinclude <iostream.h>
#endif #endif

int main () int main ()
#ifndef _RWSTD_NO_NAMESPACE

#ifndef _RWSTD_NO_| NAMESPACE
using namespace sid;

using namespace sid:

sendif #endif
4 Il Initialize a vector of ints from an array.
11 Typedef for vector iterators,
I intarr[10] = {1,1,2,3,5,8,13,21,34,55};
typedef vector<int,allocator<int> >:iterator iterator; \///eclarqnt,allcca(cr<|m> > v(arr+0, arr+10);
il

I nitializ 3 vector using an aray of integers 1/ Two uninitialized vectors for storing results

.m d1[10] = {1,234,56.7,8,9,10}; vector<intallocator<int> > diffs(10), prods(10);
vector<intallocator<int> > v1(d1+0, d1+10);

JI Calculate difference(s) using default operator (minus).
// Accumulate sums and products.

adjacent_difference(v.begin() v.end(),diffs. begin());
mt sum = accumulate(v1.begin(), vi.end(), 0);
lnt prod = accumulate(v1.begin(), v1.end(), 1, multiplies<int>()); Il Calculate difference(s) using the times operator.
// Output the results. adjacent_difference(v.begin(), v.end(), prods.begin(), multiplies<int>());
I
cout << "For the series: " // Output the results.
for(iterator i = v1.begin(); i != vi.end(); i++)

R

cou| << "For the vector: " << endl <:

copy(v.begin(),v.end(),ostream_i neramr<mt char,char_traits<char> >(cout,” "));
cout << " where N = 10." << end cout << endl << endl;
cout << "The sum = (N*N + N)/2 =" << sum << endl;
cout << "The product = NI = " << prod <<endl; cout << "The differences between adjacent elements are: " << end| <
copy(diffs.begin() diffs.end(), ostream_iterator<int,char,char_t (ralls<chay> >(cout “);
) return 0; cout << endl << endl;

cout << "The products of adjacent elements are: " << end| <
copy(prcds begm() prods.end(), ostream_iterator<int,char, char |rans<cnar> >(cout,” "));

return 0;

Xl 4.1 accum.cpp X 4.2 adj_diff.cpp

(©2013 Information Processing Society of Japan 5
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accum adj_diff

JOyINO|{TH# [XFH [T8S JOyINO|{TH [(fxXFH [1T8S
All] 40 2093[1~40 B[1] 41 2129|1~41
Al2] 4 145|42~45 B[2] 3 140/43~45
Al3] 5 85|47~51 B[3] 5 89|47~51
Al4] 5 78|53~57 B[4] 28 848[53~80
Al5] 20 593|59~78 B[5] 3 201|82~84
Al6] 3 144[(80~82 B[6] 3 186/86~88

M 44 Ty aEER

IHREHRVESZETCa—NoT ey 7 53EEITY .
DEHTLTTry 7 5B LREREK 4.4 (TRT.

Tu oy 7B LT RER, accum.cpp 1 A[1]72> 5 A[6],
adj_diff.cpp 1 B[L]7>5 B[6] &, & HI2 6 5D T 1 v 7124y
Iz, Ka3Tcruy s BEoFcETZ7ay 7%
A7 a7 THY, ZD7 1y 7% accum.cpp D 53 1T
2O 5TATHICET 21745, MXFH T8 DT R v
Thd. 7k, AEOFr—AZXZT 4 TIIBITORATLF
AT MR XF), 77 A VKD EOF(End of File)ix b
Ty R LTV,

43 F7Ov o R
431 Step2: BEH IOV I DHEHE
Stepl THEIL7-7 1 v 7 IZOWTLFH 1T D il %
1T9. 22T, T 520070y 7 OTFHEN+
30%, MOITEFEN 5% E, /7 a—rOFEM7 a v
7T D, UTHGE - ATHGEORE & LT B 5l
DRENTZ0F, NSV En+ & LTEHEZITY, 100
ERLDHZETR—EV MEFICET. ZZTERHLEX
T LATHGEOIEEIL, WL EERO OO EETH 5.
B 4.5 |ZIbigHE R AT
Z ZTIE accum.cpp @ A[Ll]2» 5 ABID 6 T mr vy U &,
adj_diff.cpp ® B[1]7>5 B[6]?D 6 7' 11w 7 2~ 7 (2 L T ki
Liz. ZORE, X785, ITHROENEENIINE L7
v 7 OXT 6 H(IK 45 OHED S D) HfiHTE 7.

432 Step3: FEHITOVIDHEE

WIZ Step2 THItH L7=Z7 u— @7 a v 7 D6 D037
WX LT, T2 DWEREITS. P, ZZTEI/r—r
HIEICHAT 2 —%% (3.3.2 2R) OIEMEMIT 60% %
AL, #REX 4612777,

ZDH L, ABlE BRBIDE TIZAESITHO54THD I
TN —F LR Do T2, ZOE D—BET 4/5=80%
Ly BRI LD, —F, Al6]& B[6]DO<T TiE
TN —ET DTN 7 a— o OR[REE IRV &
HET D, £, T D7 0y 7 OITENRRDEAIC
%, T 517596 LT, EEET ey U kAT —
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JOyINOfTH  |XFH |HE JOvINO[TH | XFH |HE
All] 40| 2093 Al3] 5 85
B[1] 41]  2129] O B[3] 5 89| O
BRE[%] 2.439| 1.6909 B 0| 4.4944
All] 40| 2093 Al3] 5 85
B[2] 3 140| x B[4] 28 848] x
B 925 93.311 D 82.143] 89.976
Al1] 40| 2093 Al3] 5 85
B[3] 5 89| x B[5] 3 198| x
B 87.5] 95.748 0 40| 57.071
Al1] 40| 2093 Al3] 5 85
B[4] 28 848| x B[6] 3 186] X
|38 (%] 30| 59.484 | 40| 54.301
Al1] 40| 2093 Al4] 5 78
B[5] 3 198 X B[4] 28 848| x
S 925 9054 0 82.143] 90.802
Al1] 40| 2093 Al4] 5 78
B[6] 3 186| X B[5] 3 198| x
BRZE[%] 92.5| 91.113 BRE[%] 40| 60.606

Al2] 4 145 Al4] 5 78
B[2] 3 140| O B[6] 3 186] X
FRE[%] 25| 3.4483 B 40| 58.065
Al2] 4 145 Al5] 20 593

B[3] 5 89| x B[5] 3 198| x
B0 20| 38621 0 85| 66.61
Al2] 4 145 Al5] 20 593

B[4] 28 848| x B[6] 3 186 x
BRFE(%] 85.714| 82.901 BRE%] 85| 68.634
Al2] 4 145 Al6] 3 144
B[5] 3 198] O B[6] 3 186 O
RE%] 25| 26.768 BEM] 0| 22581
Al2] 4 145

B[6] 3 186 O
B 25] 22.043

X 45 fEfE7 oy 7 R R

BRERD D, HlziE, A[1]E B[ADOLT Tix, 4047 & 41
fTolE D=, £9°, A[1]® 11TH~404TH & B[1]0 1
ITHE~401TEZ 8T 5. kW T A[L]D 117H ~404TH
& B[L]1D 24TE~41{THZER L, EH 500k T—%
BN HUEE A 7- LT 810 7 B — v O A[REMEA & & f)
ET 5.

Step3 TO AT > 725 R, Step2 THiH L7 6 DD~
7 OH A5 (A[L]LBIL]), (A[3].B[3)D 2 #AN7 v — > D T]
REMER RV EHETE 2.

4.4 Stepd : BHEXF

RBIZa— FOREERMT O/ELTE2HER LT
a7 OREEITS . 2O TRIX Step2 IZBW T/ r—r
{BAf & 72 o Fo T ISR L TAT Y, T 50 E CFHITE E
Bz wl, <0, s, 2N, 0 oRfEEE L. XD
LB ORB AT, BT 2 XROMBEREHNT 5.
— B Lo R i L T o 2R RS Z LT
HRERD, —HEN80%EBXT-bDIZI r—r DHAHE
PEREWEHET S, ok, SENXTRROHMMNG, AR
D5 ODILFEHERHEE LTHMH L.

w = FRTHEDIRLILE LTHME S while D
THHIN D0, Z OO — 720 R Tldd E
DR SN DBEBDRWRE R LT THD.

<> REGIIRME T OB E SR A 2 DA N
FBEREDEIZFM S, 22— FHNOLBIZKF



TE LB 2 T
IPSJ SIG Technical Report

Vol.2013-SE-182 No.29

Z0vINOIFTH |ANIXFHBUIXFHIHIE (R JoyoNolTE [ALIXFHBIIXFH[HIE [EE Z0vINOFTH |ARIXFH(BRIXFHIHIE [#F
1 22 23[x 1 23 1 23 54| x
2 17 18] x 2 22 18] x Al2]:B[2] 2 42 41]x <
3 77 78] x 3 17 78[ x 185—21 3 38 45] %
4 4 4[0 4 77 4] x 4 42
5 76 61[x 5 4 47 x
6 4 47| % 6 76 69 x Z0vINOFTH |ARIXFH(BRIXFHIHIE [#F
7 78 4] x 7 4 4|0 1 23
8 4 78] x 8 78 78|0 Al2]:B[2] 2 42 54| x <
9 55 4] x 9 4 file) 1X8—22 3 38 41] x
10 24 55[x 10 55 55|0 4 42 45] x
11 4 24]x 11 24 24|0
12 74 4| x 12 4 4|10 Z0vINOFTH |ARIXFH(BIXFHIHIE [#F
13 73 74 x 13 74 74|0 1 23 81| x
14 72 73[x 14 73 730 2 42 94| x
15 75 72[x 15 72 72|0 f@fﬁj 3 38 26] x x
16 73 75[x 16 75 75|0 4 42
17 76 73| x 17 73 73|10 4 42
18 75 76[x 18 76 76/0
19 69 75| % 19 75 75|0 20vINO|$TH |A2]XFH(B[5]XXFH#|HIE |#ER
Al11:B[1] 22 4 691 x Alt1:B1] 22 89 8910 ! 23
Ao |21 71 4] x s |21 4 4]0 (¢] A2]:Bl5] 2 42 81] x
22 75 71[x 22 71 71]0 o 3 38 94]x x
23 76 75[x 23 75 75|0 18—2 4 42 26| x
24 63 76] x 24 76 76|0 4 42
25 39 63[x 25 63 63]0
26 4 39| x 26 39 39|0 J0vINO|FTH |A2IXXFH#(B5IXFHIHIE |#EE
27 68 4] x 27 4 4]0 1 23
28 74 68[ x 28 68 68/0 2 42
29 71 74] x 29 74 74|10 AEzg]'_B\m 3 38 81[x x
30 58 71] 30 71 71[0 el 42 94] x
31 44 58] x 31 58 58/0 4 42 26| x
32 4 44[x 32 44 44|10
33 75 4] x 33 4 4|0 FOvINOIFTH |Al2] XX FHIBl6]XFHIHIE [#E5R
34 75 75|0 34 75 75|0 1 23 74] x
35 68 75| % 35 75 75|0 2 42 94| x
36 73 68] x 36 68 68/0 f@fy[s]] 3 38 18] x x
37 72 73[x 37 73 73]0 4 42
38 45 72[x 38 72 72|0 4 42
39 4 45[x 39 45 45|10
40 78 4| x 40 4 4|0 J0vINOITH [AIXFH(BI6IXFH|HIE [#R
41 78 41 78 78|0 1 23
2 42 74 x
e v
4 42 18 x
$5E 4 42
O:—%
x:T—H JOvHNOliT% [ALIXFH[BlEIFH[HIE (R
1 23
2 42
e N 7 P
X A= TIRAEVEHIE 4 42 94/ x
4 42 18] x
J0vINO[{T% [ABIXFH(BRIXF M #E [#2 |
1 25 25/0
2 21 21|0
Al3]:B[3] 3 7 710 O
4 23 23|0
5 9 13[x
J0vuHNO[{T% [Al6]XFH[Bl6IX I [#8 |
1 38 74 x
. . 0 Al6]:B6] 2 55 94[ x x
46 7 1 v 7 AR 3 51 18[x

TLXLFETHD.
= BHES RANLESCHEE 2 ECHA S h,2—

RNOMEIRITFT D2 LT TH D.

U A Ridinclude 7 7 A /L OFRIRCHEE (R 7 £ & F]

AT 2ICHBLT AT TH S,

ZOyINO HEXF FOyINO BEXTF
w|<[>][=]. w|<[>][=]. FIE
Al1] 22| 0] O] o] 21 Al2] 0| 4| 4 0] 4 O—%
2 4.7 17 % % T BI1] 22| of of of21] [Bl6] of o] 2] of 2| [xF=%
l47aw&ﬁ%@iEW%Tﬁ (A[1],B[1]), SE ool iz A EAEIIE
(A[3],B[3])® 2 #li%, EFLD 5 SORERCTO MBI —AE e [ BRI —HE |0 [ER DG e —
5 —/
NCELTHY, —BERPEELZBX, 7ao—0OrHEMN wl<[>T= wl<[>T=T. X HO—yTIREVESHE
Al2] 0| 4| 4] 0] 4 Al3] 11 2] 2] o] 1
NEWEHETED. Bl2] ol 3] 3 o 3 [BI3] 1 2] 2] o 1
B H%E Ol x[x[o]x HE ololololo
—%, (A[2],B[2]), (A[2],B[5]), (A[2],B[6]) D% iz — —BE 0% | #58 |x | [—BE 100% | #£58 [O |
OXTFOHBRBITI BT 20D, £2E5XFEExLH EL— wl<[>=T. wl<[>]=].
. Al2] o[ 4] 4] o] 4 Al6] 1] 16/ 0] 4] 1
BRI EUEEE FEI>TW5D. £, (A[6],B[6])D#IL 5 Bl5] 112 2 o 2| |[Ble] of 10[ 2[ o 2
N FI|5E x| x| x|O]| x FE X | x| x| x|x
DT RTOLFETHEEN B2 ->TEBY 26D 45D —HE 20% | @R [x —HE 0% | BE [x |
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AT 7 o= TIER WSSV E I TE D, Ik,

T ue— ORISR &CHE L7z (A[L],B[L]),
(A[B].B[B)DHLIZ Step3 DFER L L —FH LTV 5.

47 BEXFERM ST a0 — MR
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45 £E8

1) RRFFBEOZYMHIZONT

4 BEDF—AAZT 4 IZBWTZ a— 2 DORREMENE
Ty 7 O EHE S b OIE(A[LLBIL]), (A[3].B[3])
D2 ETeoT-. TNHOFIZOWVWTEREDO 2 — K& AR
RTHEELEZEZS, (A[BADOHETIZT 2y Z7ND 1
ITOXBENEE SN TWB D, (A[3],B[3]) DALITALF N
RNEL[FA—ThH I LR TE . TRLVIREEE

AWTZ a— U PEFEICHRETETCWD Z ERMRTE 7.

F72, BEEOD Step2 T v— U EMICEN ST a
7 OO BT, (A[2],B[5]), (A[21,B[6]), (A[6],B[6])D#IZ
DOWTIEEBEIC AN RTZSE, BAp20CTh 5 & BT
T, ZNBOMITONTIE, RFEED Step3 LUK DA
Tay I OIBEICL-oT, Za—r TR ey 7 O
Gt e UTHECRAT L ENTE TN S.

—5 T, (A2L.B2)DMIC SOV TR RIETIZZ n—
CHIETERDP TN, REICABRTHER LGS, 7=
—VLHETE DI ERbolz. ZOMMBPBH I )
STRKE LTIEEAXTFROTA Y NXOEFIZLEY,
THA TOXFENKRIBIZET L2 ERnbITFoN5.
(2) MR DOHEEEMIZONT

PEED Step2 TlE 7' v v 7 OLFH, THIZHOWTIE
FNZEI 30%,25% D AR A EFEREL Uiz, £72 Step3 T
78y JNTCXFER—HT 2T0EEZAVv—3E
60%%& UL L7z, F7- Stepd Tik7 v v 7 NOKECT
O—FRE N 80%EIKUEL Lz, r—RA2ZTFT s THW
IO OREETIEEMTHL7D, 20 DOEHEEE
ZWEESTHZ LT, a— K7 a—EfeF Ol
RKELLEDLOTLEIZERNEZLND. ZDED, Zh
ORI ONTIE, SHARLZERRETIVBEDS
WEZRD D &L b, EEORMAY— > TIxFIAEM O
T 2 —= 0 Z LD O REEEZ RO TN REDS
ROBRNTHOLERDD.

(3) Step4 THIAT 2 XFEEICOWT

Stepd TIET7 R v 7 OFEERIICR T XUTFTEBIEL L
THWA. F—ARAZ T 4 TIEW<,>=,. O5XFEHEAL
e, FOMOXFHIEREME L TEZXDHZ LB TES.
ZD, —REeH D VISR T 0 ST Aa— RN
TEDXIBRILERLFAINTNDNICHONT, T
FERR EETOVRAT 2 XTFE2RET DLENDS.

5, £&OH

AT, Y—RAa2— REHBRT L7 0y 7 BALIZBIT
23T e EOIBIREHCA T e v 7 O AR T
RETR EOFMEE L W Ca— K7 a—rzRiifT
DHEERRE L. 2 OFEIIHE SIS 2 AViRnzo,
SEMRIRY DEENDIHFEFOY —Aa— RHPTH =
—Rr7ua—rERHTE, ZH0nokra—roiHicH
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FCdH DM E.

Fio, 4 BCTRIF—ARAZT &N L. ZZTIEE
BRIC/ER S =2 — RICx L CARFEEZ#EA L. =2— K
E7uyrnEIL, Todhbsua—r kb bR E
HT 22N TE. SRIOFIETE, BRrb07 2
— EMHh S O 72 O O SCFEHRATEL,  FRER U S B A
VT I AL LTHWTEY, Fy—RARZT 4 TIHEIND
DOEEETEEOME LTINS, 20D L0 &WEE
T v — U EMHET D 72O 0K LI T, A%
R EERTIREL TS BERHD.

F72, SENFFERTTOZOD S — AR Z T 4 ZH0IC
LT, Tk, BEEEX—RIZa—RFr7a—UK
WY —VEBRR L, A RET eV =s FOY—Aa—R
72 EE N RICRKFIEOEIMEZ MR L T E 0.

SE X

1) Lutz Prechelt, Guido Malpohl and Michael Philippsen : Finding
Plagiarisms among a Set of Programs with JPlag, Journal of Universal
Computer Science (2002).

2) Toshihiro Kamiya, Shinji Kusumoto and Katsuro Inoue : CCFinder:
A Multi-Linguistic Token-based Code Clone Detection System for
Large Scale Source Code, IEEE Trans. Software Engineering, Vol.28,
No.7, pp.654-670 (2002).

3) NI, & AR, WA, H ErRl @ EEEE IS
Fea— K7 o — AL REOS R & L, EHRAELFEARm S0,
\Vol.48, No.2, pp.811-822 (2007).

4) BEZEME . ¥y v T EFa—RKs/n—r0T7 g F )T
FHEORE, RIKRZERFFE &5 (2009).

5) It I7 8, MM ARL, AR, J LIS AGM 7L Y X4
ERWIEX vy TEEa— K7 u— U BROAER, 11l
{552 Bt 7e s, SS2007-48, Vol.107, No.392, pp.61-66 (2007).
6) AT LB, SE G, NERITE, HHEZ, A T : Smith -
Waterman 7L 2 Y XAZFIHALIEX vy v T2 Fiva— Ko —
ViR, ERAEYS VT N 2T V=T ) SR Y
7 2 2013 (2013).

7) BRI R, RARE T, LTS - a— R m— R e Z DB
WLEEA, 1 S (S 3 SCEE D, Vol.J91-D, No.6, pp.1465-1481
(2008).

8) a— N/ m—HiZ S Y7 MU = TESE - RTFIERICH
T DWFIERCR I E (RBXKRY?), MSEATBUE NG HAL BEHEE S
2012 4R Y 7 b U = 7 LS B O SRS R S (2013).
URL http://www.ipa.go.jp/files/000026805.pdf

9) Borland C++ Compiler 5.5, URL  http://www.embarcadero.com/jp



