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A Technique to Remove Code Clone
by Applying Extract Method Refactoring
with Lambda Expression for C#
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Abstract: Code clones encourage inconsistent software changes and degrade software maintainability. Refac-
toring code clones is considered effective for improving software maintainability. One refactoring technique
is Extract Method refactoring. This refactoring is generally effective for code clones that differ in identifier
names and whitespace. Even for code clones containing statement-level differences, Extract Method refac-
toring becomes possible by parameterizing the differing behaviors using lambda expressions. However, the
detailed specifications of lambda expressions vary significantly across programming languages. Therefore,
the optimal approach requires careful consideration for each programming language. This paper proposes
an Extract Method refactoring technique using lambda expressions specifically for C#. When the proposed
technique was applied to 2,714 clone pairs from actual projects, 11.6% of the clone pairs were accurately
refactored. Furthermore, the refactored source code passed the build process for 24.0% of the clone pairs,
while 62.6% of the clone pairs were determined to be unrefactorable.
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void PrintPerLine(string path)
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void Print(string v2, LambdaDelegatel lambdal)
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Fig. 1 An example of refactoring with behavior parametariza-

tion.
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Fig. 2 Overview of our approach.
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Table 1 Tables of errors sent by the proposed approach.
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Table 2 Detail of refactoring code clones and errors by project.

S Ei, Es E3; Eiy Es E¢ E; |#7u—vXx7H V77280 07%
Juy s b1 0 0 0 0 0 1 0.0%
Jay s b2 0 0 0 0 0 9 0.0%
PAPEY A 0 0 1 101 0 102 0.0%
Juyzs b4 123 3 71 0 25 10 0 2 236 52.1%
AR N 7 0 1 5 46 1 60 11.7%
Jay s b6 1 0 0 0 1 0 2 50.0%
FADER A 22 0 11 0 1 0 0 34 64.7%
Jay s b8 313 10 375 15 20 177 1 9 920 34.0%
Jav s b9 17 2 0 0 7T 24 0 51 33.3%
Juy s b 10 22 0 13 26 4 25 0 0 90 24.4%
Juyzs b 11 36 5 1 0 1 7 116 5 171 21.0%
Juyxcs b 12 1 0 0 0 1 0 7 0 9 11.1%
Jav s b 13 0 0 0o 22 2 0 0 30 20.0%
Juy s b 14 0 0 0 0 0 0 1 0.0%
Jav=s b 15 0 4 0 0 18 0 0 30 26.7%
Jav s b 16 193 0 10 0 33 3 3 6 248 77.8%
Jav s b 17 1 0 1 0 0 0 0 2 4 25.0%
Jav s b 18 3 0 0 0 2 0 0 0 5 60.0%
Juy s b 19 55 0 1 56 2 9 1 1 125 77.8%
Jav s b 20 0 0 0 0 0 0 0 63 63 0.0%
Juy s b 21 14 0 0 0 0 1 2 0 17 82.4%
Jay s b 22 28 0 24 1 25 3 0 1 82 32.2%
Jav s b 23 0 1 0 0 1 5 1 12 33.3%
Juyxrs b 24 0 0 0 0o 11 3 0 19 26.3%
Jav s b 25 1 1 0 1 0 16 0 25 24.0%
Juy s b 26 57 16 6 2 4 28 13 12 138 41.3%
Jav s b 27 43 12 14 18 2 6 21 16 132 32.6%
Jav s b 28 50 0 0 8 0 6 36 0 100 50.0%
7 —hlEE 1,015 49 534 127 159 315 396 119 2,714 37.4%

4. Y
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Table 3 Refactoring success or failure for each project determined by testing.

Ri Ro Rs3 Ry S VT 75 TR | S0 N P 53
AR/ N 2 (2) 121 (69) 0 0 123 1.6% 100.0%
7avs 5 4 (4) 0 (0) 0 3 7 57.1% 57.1%
PASRER A () 0 (0) 1 (0) 0 0 1 0.0% 100.0%
PASRER 2 N4 0 (0 14 (8 2 6 22 0.0% 63.6%
FuY sz b8 | 190 (144) 2 (2) 1 120 313 60.7% 61.3%
Faver b9 0 (0 9 (4) 4 4 17 0.0% 52.9%
7uv s k10 6 (6) 10 (9) 0 6 22 27.3% 72.7%
FAERZES/ 2 N b 0 (0) 26 (13) 7 3 36 0.0% 72.2%
Favy b 12 1 (1) 0 (0) 0 0 1 100.0% 100.0%
Juv s b 13 2 (0 0 (0) 0 4 33.3% 33.3%
Juvxs b 15 6 (5) 0 (0) 0 2 75.0% 75.5%
Juv s b 16 4 (4) 106 (91) 0 83 193 2.0% 57.0%
Fav ey 17 1 (0) 0 (0) 0 0 1 100.0% 100.0%
PAERZER A N 0 (0) 3 (3) 0 0 3 0.0% 100.0%
Juyzsz 19 | 36 (26) 0 (0) 0 19 55 65.5% 65.5%
Favy b 21 0 (0) 6 (5) 0 8 14 0.0% 42.9%
Juv s bk 22 0 (0 20 (8) 1 7 28 0.0% 71.4%
Juv s b 23 2 (2 (0) 0 2 50.0% 50.0%
Juvrs b 24 1 (0) (0) 0 4 20.0% 20.0%
7Fav s k25 0 (0) (0) 0 6 0.0% 0.0%
Favzrz b 26 | 14 (12) (4) 0 39 57 24.6% 31.6%
Favy 27 0 (0) 15 (11) 15 13 43 0.0% 34.9%
TFuY s k28 | 46 (44) 0 (0) 0 4 50 92.0% 92.0%
KRB AR 315 (250) 337(227) 30 333 | 1,015 31.0% 62.3%
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symbol = tree[lookahead] ;
if (symbol >= 0 && (symbol & 15) <= bits)

{

TR W N =

1
2
3 symbol = tree[subtree | (lookahead >> 9)1;
4 if ((symbol & 15) <= bits)
5 {
V777 RYYIHIDOY —2a—F.
1 Extracted(out var bits, input, ref lookahead);
2 symbol = tree[lookahead];
3 if (symbol >= 0 && (symbol & 15) <= bits)
4 {

Extracted(out var bits, input, ref lookahead);
symbol = tree[subtree | (lookahead >> 9)];

if ((symbol & 15) <= bits)

{

B W N =

V772X IHRDY —2a—F.

1 static void Extracted(out int vi1, Input v2, ref int
v3)

[SE VU V]
HJ|’_H

BRI T—F .
3 BEBOWHERSY 77250 v 7OEMAEE

Fig. 3 A real example of refactoring with multiple outputs.
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1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10
V77 2X) Y IRIOY —Ra—K.
1 Extracted(filePath, (Workbook v3)=>{
2
3
4
5

Extracted(filePath, (Workbook v3)=>{

TUoe W N =
\T’I
~

V77 7R) IOV —RAa— K.

1 delegate void LambdaDelegatel(Workbook v3);
static void Extracted(string v2, LambdaDelegatel
lambdal) {

(V)

lambdal(v3);

© 0 N O Utk W

10
11

EREINIT T N—F .
4 BEDST X—FAb W2 77 2 5 ) 7D EAR

Fig. 4 A real example of refactoring with behavior parameta-

rization.
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Table 4 Refactoring success or failure for each type.

547 Ry Ry Rs Ry E | &3
471 4 (0 12 (0 4 2 29 51
Z472| 64 (42) 68 (55) 5 39 186 | 362
5473|247 (208) 257(172) 21 292 1,484 | 2,301

#FF | 315(250) 337(227) 30 333 1,699 | 2,714
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© 0 N O U R W N =
HJ|H

void Func2()

[
[=)

_ e
N =
\-"‘||"‘ﬂ

—
w

V772X Y IHiDY —RAa—F.

int a;
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{
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Fig. 5 Example of failure to determine an actual parameter.
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