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Fig. 2. Refactoring subgraph over time
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Refactoring Subgraph
RENAME util.Foo#mi() ——  util.Foo#mz2()
{ util.Foo#mi()
| util.Foo#m2() ) (" util.Foo#m() ‘
MOVE | util.Foo#mi() F— util.Bar#mi() EXTRACT .
.
util.Foo#mi()
MOVE AND n -
util.Foo#m1() — util.Bar#mz2()
RENAME -

util.Bari#mi()

util.Bar2#mz()
.
.
.

util.Bari#ms()

INLINE util.Foo#m()
util.SubFooi#mi()
( util. SubFooz#ml()

PULL UP 7 util.SuperFoo#ml ()

| utitl. SUbFOOﬂﬂnl(  util.Foou#mi()

EXTRACT util. Fooz#mz() util.Bar#m()
.
| util.SubFooi#mi() | AND MOVE :7
PUSHDOWN  [util.SuperFoo#mi() | { util. 5“bF°°2*'“1() ‘ util.Fooi#mi()
util. SubFom#mx() Fig. 3. Example of refactoring subgraphs
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Fig. 6. Example of a refactoring subgraph from MPAndroidChart
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Fig. 10. Example of a refactoring subgraph from Spring Framework
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Fig. 13. Example of a large refactoring subgraph from Square Okhttp
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Java 77 A = 7k DES

TABLE I
SELECTED JAVA PROJECTS

Project Stars Forks Commits Contributors Java Files Latest Version Description

Elasticsearch 44,489 14,930 48,313 1,273 11,770 7.3.2  Search engine for cloud systems
RxJava 40,622 6,825 5,581 237 1,666 3.0.0-RC3  Library for asynchronous communications
Square Okhttp 34,484 7,521 4,273 189 167 42.0 HTTP client

Square Retrofit 33,801 6,254 1,756 129 241 2.6.2 HTTP client

Spring Framework 32,582 21,226 19,752 396 7,203 5.2.0 Framework for web aplications
Apache Dubbo 29,353 19,256 3,639 249 1,743 2.7.3 RPC framework
MPAndroidChart 28,647 7,424 2,018 66 220 3.1.0 Library to create charts

Glide 27,289 5,025 2,416 102 647 4.10.0 Library to load imagens

Lottie Android 26,952 4,278 1,139 76 198 3.0.7 Library to parser animations
Facebook Fresco 15,870 3,595 2,158 170 985 2.0.0 Library to display images
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Algorithm 1: Building refactoring graphs

Input: R (list of refactorings from a system S)
Output: DG (refactoring graph)

1 begin

2 DG+ 0,V <+ 0,E <+ 0

3 for (ml, m2, t) € R do

4 V VU {ml,m2}
5

6

7

8

E < E U (ml,m2,1t)
end
return (V, E)

end
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TABLE II
FREQUENCY OF REFACTORING SUBGRAPHS

Refactoring Subgraphs

Project AT len=1 % Ien>2 %
Elasticsearch 2,073 1,934 933 139 6.7
RxJava 1,073 975 90.9 98 9.1
Square Okhttp 635 548 86.3 87 13.7
Square Retrofit 169 135 79.9 34  20.1
Spring Framework 3,104 2,604 839 500 16.1
Apache Dubbo 483 453 938 30 6.2
MPAndroidChart 454 381 839 73  16.1
Glide 425 294  69.2 131  30.8
Lottie Android 196 173 88.3 23 11.7
Facebook Fresco 314 279 88.9 35 111
Total 8,926 7,776  87.1 1,150 129
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Fig. 4. Number of vertices by refactoring subgraph
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Fig. 5. Number of edges by refactoring subgraph
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TABLE III
FREQUENCY OF REFACTORING OPERATIONS

Refactoring Occurrences %
Rename 757 21
Extract and move 685 19
Extract 635 17
Move 579 16
Inline 474 13
Pull up 330 9
Push down 142 4
Move and rename 83 2
All 3,685 100
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HOMOGENEOUS VS HETEROGENEOUS REFACTORING SUBGRAPHS

Project Homogeneous %  Heterogeneous %
Elasticsearch 43 309 96 69.1
RxJava 56 57.1 42 429
Square Okhttp 22 253 65 747
Square Retrofit 12 353 22 647
Spring Framework 138 27,6 362 724
Apache Dubbo 6 20.0 24 80.0
MPAndroidChart 16 219 57 78.1
Glide 19 145 112 85.5
Lottie Android 5 217 18 783
Facebook Fresco 6 17.1 29 829
All 323 | 28.1 ] 827 | 719 |
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Fig. 11. Number of distinct refactoring operations in heterogeneous subgraphs
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TABLE V
DEVELOPERS OF REFACTORING GR
Project Single dev. %  Multiple devs %
Elasticsearch 32 230 107 77.0
RxJava 88 89.8 10 102
Square Okhttp 32 36.8 55 632
Square Retrofit 14 412 20 58.8
Spring Framewor] k 303 60.6 197 394
Apache Dubbo 17 56.7 13 433
MPAndroidChart 70 959 3 4.1
Glide 116 88.5 15 115
Lottie Android 11 478 12 522
Facebook Fresco 10 28.6 25 714
All 693 | 60.3 457  39.7
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