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S FRELT 7 0—F (4/5)

SE@IZALN =705 5 4

Case Language Size # Files LOC
gcc C 13.4 Mb 221 460000
Database Server | Smalltalk 7.1 Mb 593 245000
Payroll Cobol 3 Mb 13 40000
Message Board ython 265 K 36 6200

- gcc: a—kKoa—2mA s Ly
- Database server & Payroll: yO0—2 AR LB ALY

o H(ZHEHH
- Message Board:
* public domain

=B RERFL
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SaFkELZT770—F (5/5)
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Average percentage ol duplication found per lile
Case gcc | Datab. 5. | Payroll | Mess. B.
effective LOC 8.7% 36.4% 59.3% 29.4%
entire LOC 5.9% 23.3% 25.4% 17.4%
# of fles 143 164 13 24
with duplication
Total # of Files 170 293 13 36
p—
o RITH - B DD
Performance Statistics
| Case gCcC Database 5. | Payroll Message B. |
# of files 221 2493 13 36
LOC 460000 245000 40000 6200
parallel tasks 1 2 1 1
running time 6h30m 5h/Th 8m Im
comparisons 1670 22939 a1 a0
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CCFinder(3/5)

Rule #

Rule description

Remove

R]1
package names

( PackageName ‘.’ )+ ClassName - ClassName

Here, PackageName is a word that begins with a small letter and ClassName is a capitalized word.
In Java source files, a class is referred to with either the full package name or a
shorter name by using import sentences. The transformation is to neglect the
attribution so that they are considered equivalent in clone detection. Ex.

java.lang.Math,PI is transformed to Math.PT.

RJ2 Supplement
callees

NDotOrNew NClassName ‘(‘ = NDotOrNew Calleeldentifier *.” NClassName “(¢

Here. NDotOrNew is a token except *." or ‘new’. NClassName is an uncapitalized word.
Calleeldentifier is a token for an omitted callee.

By language specification a method is either an instance method or a class method. Therefore, if
an instance calls a method without a callee instance or class then the omitted callee 1s the instance
itself or a class of it.

RJ3

initializtion lists

Remove

'="'{" InitalizationList, '}’ > '=' '{" '}’
1" '{' InitalizationList, '}’ = ']' '{"'}

Here, InitalizationList is a sequence of Name, Number, String, Operators, ), '(", '), '{’, and '}".
These rules are an expansion of rule RC3. The second rule is applied where an array is created

with initialization by a new expression. For example, return new int[] { 1, 2, 3} ;.

RJ4 Separate
class definitions

Insert Uniqueldentifier at each end of the top-level definitions and declaration.
This rule prevents extracting clone pairs of the code portions that begin at the middle of a class

definition and end at the middle of another class definition.

RJ5 Remove | AccessibilityKeyword = @
accessibility Here, phi is a null sequence.
keywords Ex. protected void foo() is translated to void foo ().

RJ6 Convert to
compound block

Each single statement after if (), do, else, for (), and while () is transformed to a compound |_9

block.Ex. if (a == 1) b = 2:;istransformedto if (a == 1) { b = 2; }
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=

Effects of Transformation Rules and Other Preprocessing Techniques for JDK

P+R+ 123456 P+12456 P+ R+ 34 R
#t clone pairs 8047 51825 8063 3842
# clone classes 2333 4638 2324 1038
COVERAGE
(% LOC) 21.35% 29.15% 20.51% 8.76%
COVERAGE
(% FILE) 46.24% 53.38% 45.34% 27.49%

- JD

K: about 570k lines, in 1,877 files

I

— N

I35 TRT

- Repeated code removal: $ELY3—
2 EHTEITEN

"P+R+123456 "' means that parameter replacement, repeated code removal, and the fransformation
rule RJI to RJG are applied.
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* PDG Dl

while (isalpha(c) ||
="' e=+)

if (p==token_buffer+

if (p==token_buffer+
maxtoken)

maxtoken)

2a:

p = grow_token_buffer(p) p = grow_token_buffer(p)

PDG for Fragment 1 PDG for Fragment 2

Y

Control dependence
= Data dependence
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tmpa = UCHAR(*a),
tmpb = UCHAR (*b) ;
while (blanks[tmpa])
tmpa = UCHAR (*++a) ;
while (blanks[tmpb])
tmpb = UCHAR (*++b) ;
if (tmpa == ’-7) {
tmpa = UCHAR (*++a) ;

}
else if (tmpb == ’-’) {
if (...UCHAR(C*++b)...) ...
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Program Dependence Graph(4/5)

=7

| Project LOC Edges Vertices Time f. limit k (sec) Duplicates

k=10 k=20 k=30 k=40 k=50 k=100 >10 >20 >50
agrep 3968 69032 22588 | 264 2079 1465 7150 38848 -1 155 91 12
bison | 8303 79030 28071 8.9 474 2492 7145 9203 9216 34 22 0
cdecl 3879 40578 12939 0.6 0.6 0.6 0.6 0.6 0.6 0 0 0
compiler 2402 99219 16497 | 226.8 237.6 237.6 237.6 2376 2376 94 67 51
ctags 2933 45249 12446 0.6 0.8 0.8 0.8 0.8 0.8 0 0 0
diff 17485 169508 43518 2.5 91 320 614 63.6 63.6 40 10 0
tft 3242 35701 16446 6.0 534 2972 8929 1292 1296 16 14 8
flex 7640 124730 37073 3.3 3.8 4.2 4.3 4.3 4.3 16 0 ¢
football 2261 63833 18718 | 30.3 499 547 547 547 547 50 Z 0
larn 10410 817432 158077 | 2714 4242 5878 5905 5867 5876 91 53 6
patch 7998 196106 29766 | 6.27 1.5 8.6 9.2 9.3 9.2 2 0 0
rolo 5717 50816 17438 0.7 0.7 0.7 0.7 0.7 0.7 0 0 0
simulator | 4476 34939 14438 1.4 2.4 2.6 2.6 2.6 2.6 0 0 0
spim 19739 1338294 122819 | 525.9 7035 7985 809.1 809.1 807.2 30 16 0
twme 24950 1605532 181281 | 9184 24263 - - - - | 1383 992 639

- K ERHT BHHTSTDY A X LR -




Program Dependence Graph(5/5)
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Higher-level Similarity Patterns(1/5)
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Higher-level Similarity Patterns(2/5)
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CLONE PATTERN

SUPPORT

FILE ID
12
14

- CLONE PATTERN: X EIZEFENHAIA—2DEE
- SUPPORT: 7714 JLM %4
- FTC:File Token Coverage

- FPC:File Percentage Coverage
* CLONE PATTERN M I7A)LEH/N\—LTWSEIE
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Higher-level Similarity Patterns(3/5)

o Z%4fi (Java2SE1.5)

- #8195 Class DEE% 7 B
* [T]Buffer
* Heap[T]Buffer
* Direct[ T]Buffer[S|U]
* Heap[ T]BufferR
* Direct[ T]BufferR[S|U]
* ByteBufferAs[T]Buffer[B|L]

* ByteBufferAs[ T]BufferR[B|L]

- T::=Byte|Char|Int|Double|Float|Long|Short
- S [X non-native %2, U [& native % byte ordering
- B [& big-endian . L [& little-endian
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 {5] 2: BSD M % ##% [9]

FreeBSD 2.0 FreeBSD 2.0.5 FreeBSD 2.1 FreeBSD 2.2 FreeBSD 3.0 FreeBSD 4.0 4.4BSD-Lite

FreeBSD 2.0 1.000 0.833 0.794 0.550 0.315 0.212 0.419

FreeBSD 2.0.5 0.833 1.000 0.943 0.665 0.392 0.264 0.377
FreeBSD 2.1 0.794 0.943 1.000 0.706 0.421 0.286 0.362

FreeBSD 2.2 0.550 0.665 0.706 1.000 0.603 0.405 0.226

FreeBSD 3.0 0.315 0.392 0.421 0.603 1.000 0.639 0.138

FreeBSD 4.0 0.212 0.264 0.286 0.405 0.639 1.000 0.101

4.4BSD-Lite 0.419 0.377 0.362 0.226 0.138 0.101 1.000

4.4BSD-Lite2 0.290 0.266 0.258 0.179 0.133 0.100 0.651
NetBSD 1.0 0.440 0.429 0.411 0.291 0.220 0.140 0.540

NetBSD 1.1 0.334 0.348 0.336 0.254 0.193 0.152 0.421

NetBSD 1.2 0.255 0.269 0.265 0.225 0.190 0.158 0.331

NetBSD 1.3 0.205 0.227 0.225 0.201 0.208 0.179 0.259
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) 15[] #define TRUE 1

#define FALSE 0

/* Checks the existence of \t in string */
int check for tab in string(string)

char *string;

{

?nt strchk (char *sl) char *character pointer;

char *ptrl; /* Loop until found or we reach EOLN */

for (character pointer = string;*character pointer != NULL;)
ptrl = s1; {
while (*ptrl != 0) /* check to see if we found TAB */
if (*ptrl++ == "\t’) if (* (character pointer++) == 9)
return(l); {

return(0) ; /* Success!! */

} return (TRUE) ;

}
}
/* No tab */
return (FALSE) ;

- B|ZEHE
- oO0—hd
- LAL. EE LR — Tl
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