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.*Zull-core/sr
g8 package

c¢/main/java
com.netflix.zull;

‘ Container

€)

O public class FilterProcessorImpl {

protected final FilterlLoader filterlLoader;
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class ° interface %k &

‘ Method
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@ protected ZuulFilter getErrorEndpoint(ZuulMessage msg) {

@ SessionContext context
|® String endpointName

msg.getContext();
context.getErrorEndpoint();

— Variable

@ ZuulFilter errorEndpoint = getFilterByNameAndTyper(
endpointName, FilterType.ENDPOINT);
null) {

if(errorEndpoint
@ String errorStr =
| LOG.error("..."

}

return errorEndpoint;

+ endpointName;
+ errorStr, context.getError());|
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Program element identifier
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V., : SHA-1 Git commit ID in which a change took place on e
CON,
SIG,

- Signature of a container in which e belongs to
. Signature of e

CON,
- Source folder path

1 SRC,
PKG,

: Package name in which ¢ belongs to

...

Program element identifier
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SIG,

1

GC : Name of ¢

K.  Kind of c¢(class, interface, enum, @interface)
S.  Super-class type of ¢
I, * List of super-interfaces of ¢

~

T, : List of type parameters of ¢ in the case that ¢ is a parameterized type

A, * List of annotations of ¢
V. * Visibility of ¢ (public, protected, private, package-private)

% - List of modifier of ¢ (final, static, abstract)

/

SIG,,

-
-
.
. . .
. Container (class, interface...)
., information /

*¢aadsad [ CON, = (SRC., PKG,) |
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\ . Name of m

. Return type of m
J

Method/Function k)

. Ordered parameter list of m
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information ) - List of thrown exception types of m
L[{CONm _ (CON% SIG, )} ............................... {516 = (o Ron FmEo T A Ve F B D) ]’_ . List of type parameters of m in the case that m is a parameterized method
A,, ‘ List of annotations of m
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CoN. = (Con. e )} ____________________________ (o= oot sy M,, - List of modifier of ¢ (final, static, abstract)
: AN B, * Hashed value of m’s body string representation
: D,, * Hashed value of m’s Javadoc and inline comments
CON,,

. Container in which m belongs to
Slgnature in which m belongs to

. Signature in which v belongs to

T, : Type of v
CON, A, : List of annotations of v
M,,, : Container in which v belongs to M, - List of modifier of v

@ . Scope of v

~
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N, : Name of v
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Input

* Gitrepository URL * name of the program element

« Starting SHA-1 commit ID (or HEAD by default) « start line number of the program element’s declaration
 File path containing the program element of interest

\ 4

(1) gitlog --follow “filePath”
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Output
* Graph  List of commits in which program element e change and along with corresponding kinds of changes
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Research Question
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Training set | Testing set
Change Kind C R N| C R N |
Body Change 2276 234 29 | 459 68 26
File Move 238 24 27 | 160 7 27
Parameter Change 220 30 6| 68 19 8
Return Type Change 47 10 4| 15 2 1
Modifier Change 4 12 2| 16 4 1
Exception Change 40 9 0 5 3 2
Rename 14 8 7| 16 6 2
Method Move 19 23 3|1 14 27 3
Introduced 81 18 19| 83 17 17
Documentation Change -  — 439 | — — 93
Annotation Change - - 42| - = 24
Total 2979 368 578 | 836 153 204
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Table 3: Method tracking precision/recall at commit level

Dataset | Tool TP FP FN Precision Recall
Trainin CodeShovel |2751 219 74 92.63 97.38
g CodeTracker | 2825 1 0 99.96 100
Testin CodeShovel 776 68 65 91.94 92.27
& | CodeTracker | 839 0 0 100 100
CodeShovel | 3527 287 139 92.48 96.21

Overall

CodeTracker | 3664 1 0 99.97 100

Table 4: Method tracking precision/recall at change level

Dataset | Tool TP FP FN Precision Recall
Trainin CodeShovel | 3412 304 145 91.82 95.92
& CodeTracker | 3557 3 0 99.92 100
Testin CodeShovel 915 136 125 87.06 87.98
& | CodeTracker | 1037 3 3 99.71  99.71
Overall CodeShovel | 4327 440 270 90.77 94.13
CodeTracker | 4594 6 3 99.87 99.93
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Table 5: Variable tracking precision/recall for CodeTracker

Table 2: Number of instances per change kind for variables.

Change Kind Training set | Testing set Dataset | Level TP FP FN Precision Recall
Introduced 967 378 Training Cﬁmmlt 1459 2 1 99.86 99.93
Rename 145 97 Change | 1510 4 2 99.74  99.87
Annotation Change 13 4 Testin Commit | 512 1 0 99.81 100
Type Change 264 67 & | Change | 527 3 1 99.43  99.81
Modifier Change 123 )2 Overaq | COMmmit [ 1971 3 1 99.85 99.95
Total 1512 528 Change 2037 7 3 99.66 99.85
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€ AbstractCh
stractChange € AbstractChange

, t | A

(o | =3

’ In;roduced O MethocChanae ¢ NoChange € Introduced € VariableChange ¢ NoChange
< Extracted( ( ] ) € VariablelnFileChange % € VariableCrossFileChange
€  InFileChange ¢  CrossFileChange € MethodSignatureChanie € DocumentationChange l ® InlinedfromMethod € VariableSignatureChange T
e ¢  BodyChange ® ExtractedToMethod I € VariableContainerChange
€ ExtractMethodFrom | € MethodMove ¢  ExceptionChange —
c i c i
: MethodContainerChange . & ParameterChange ( VanableTypeChange) VariableRename
S InlineMethodTo )&
C T B € VariableAnnotationChange €  VariableModifierChange
€  MethodAccessModifierChange ¢  ReturnTypeChange € MethodRename

Figure 3: Hierarchy of supported change kinds for variables.

€  MethodModifierChange ¢  MethodAnnotationChange

Figure 2: Hierarchy of supported change kinds for methods
adopted by CodeShovel [14]. Newly supported change kinds
are highlighted in blue colour.



