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Token name Sample token values

identifier X, color,UP

keyword if, wihile, return
separator yo(

operator + k= ~

literal true, 3.14e100, “what?”
comment //todo: fix xxx leak bug
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X=a+b=*2
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[ (ldentifier, Xx),

(identifier, a), (operator, +
(identifier, b), (operator, *
( 2), (separator, ;)]
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RIEEW AST o] UFE4E model, Spoon meta model B2 #&iA
SpoonZ 7Y AST gymodel,

Spoon meta model three parts:

*The structural part contains the declarations of the program elements, such as interface, class,
variable, method, annotation, and enum declarations.

*The code part contains the executable Java code, such as the one found in method bodies.

*The reference part models the references to program elements (for instance a reference to a type).



Windows D:\Java\jdk1.8.0_74\bin\java.exe
java -cp spoon-core-8.3.0-SNAPSHOT -jar-with-dependencies.jar spoon.Launcher -i \Deserializer.java --gui

Deserializer {

|=| Spoon — 0 >
void main(string[] args) {
7 Spoon Tree Root
int j = i- 2 dig ¢ [ CtRootPackage - unnamed package
while(1) ¢ [ subPackage: CtPackage - processor

9 [] containedType: CiClass - Deserializer
o= ] typeMember; CtConstructor - =init=
o ] typeMember. CtMethod - main
D type: CiTypeReference - void

Instance {
Vector<Double> or new Vector<>(); ' |j parameter. CtParameter - args
¢ [ body: CtBlock-{ inti=3; intj=i*i, while(1){ }}
Instance(Vector<Double> v) { ¢ [ statement: CtLocalVariable - i
vector.addAll(v); D type: CiTypeReferance - int

o= [ defaultExpression: CiLiteral - 3
9 [ statement: CtLocalVariable - j
D type: CiTypeReference - int
¢ |j|defauItExpressinn: CtBinaryQperator-i*i
|__°*| type: CiTypeReference - int
o= ] leftOperand: CtVariableRead - i
o= [ rightOperand: CtVariableRead - |
o [ statement: CtWwhile - while (1) {
o= [ expression: Ctliteral - 4
int sizeVector = @; D body: CtBlock - {3
void parseInstance(ArraylList<Instance> listInst) { o= [ typeMember: CiClass - Instance
sizeVector = 100; o ] typeMember: CiField - sizeVector
o= ] typeMember: CtMethod - parselnstance

int size() {
return vector.size();

for(int 1 = 0; 1 < listInst.size(); ++1) {
Instance inst = listInst.get(i);
for(int j = @; j < sizeVector; ++j) {
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SourcePositionHolder {

SourcePosition getPosition()

Spoon ffE 3L SourcePositionHolderpy CodeElement
K RIERIR LT getPosition gy3Z A, HtHFRRBUEENZ [E:'IE::-::|:|er'i"EIT'W::TT:_TC_ R
PN BRI AL B E R (LR 17515). N S—— iy e

Spoon ffH LI CtStatement gy CodeElement SEEVERIR L T iHNIEQI Y
MxEA, HAFESOEEWNSE S IMEXEM.

CtStatement CtCodeElement {
CtStatement> insertAfter(CtStatement varl) ParentNotInitializedException

CtStatement> insertAfter(CtStatementlList varl) ParentNotInitializedException

CtStatement> insertBefore(CtStatement varl) ParentNotInitializedException

CtStatement> insertBefore(CtStatementList varl) ParentNotInitializedException




R =-a<717/Library

java -classpath /path/to/binary/of/your/processor.jar:spoon-core-8.3.0-with-dependencies.jar
spoon.Launcher -i /path/to/src/of/your/project -p processor.CustomedProcessor

pom.xml| <dependencies>

<dependency>
<groupId>fr.inria.gforge.spoon</groupId>
<artifactId>spoon-core</artifactld>
<version>8.3.0</version>

</dependency>

n-core-8.3.0-SNAPSHOT-jar-with-dependencies
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spoon.
spoon.
spoon.

spoon.

Spoon $EfthHy Processor IRIFIE AR T R R BANIEE R IE R

SpoonAPI spoon = Launcher()
addInpitResource! -- addInputResource addProccessor
addProcessor( CntLoop())
setSourcelutputDirectory(
addProcessor( Insert())
buildModel() buildModel process

spoon.

spoon.

process()

CntLoop.statistics()

spoon.

prettyprint -Write the transformed files to disk

prettyprint()|
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Interface Proce550||<E extends CtElement>

All Superinterfaces:

FactoryAccessor

All Known Subinterfaces:

AnnotationProcessor<A,E>, FileGenerator<T>

All Known Implementing Classes:

AbstractAnnotationProcessor, AbstractManualProcessor, AbstractParallelProcessor{AbstractProcessor)ForceFullyQualifiedProcessor,
ForceImportProcessor, ImportCleaner, ImportConflictDetector, JavaOutputProcessor, SpoonTagger

public interface Processor<E extends CtElement>
extends FactoryAccessor

This interface defines a generic code processor. To define a new processor, the user should subclass AbstractProcessor, the abstract default implementation of this interface. If a
processor contains fields annotated with @Property, they can be set using a ProcessorProperties

12
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Modifier and Type

Environment

java.util.Set<java.lang.Class<?
extends CtElement=>>

Method

getEnvironment()

getProcessedElementTypes()

Description
Gets the environment of this processor.

Gets all the element types than need to be processed.

TraversalStrategy getTraversalStrategy() Gets the model's traversal strategy for this processor (default is
TraversalStrategy.POST_ORDER).

void init() This method is upcalled to initialize the processor before each processing round.

void initProperties Initializes the properties defined by this processor by using the environment.

(ProcessorProperties properties)

void interrupt() Interrupts the processing of this processor but changes on your AST are kept and the invocation of
this method doesn't interrupt the processing of all processors specified in the ProcessingManager.

boolean isToBeProcessed(E candidate) Tells if this element is to be processed (returns true in the default implementation).

void process() A callback method upcalled by the manager so that this processor can manually implement a
processing job.

void process(E element) A callback method upcalled by the meta-model scanner to perform a dedicated job on the currently
scanned element.

void processingDone ()

This method is upcalled by the ProcessingManager when this processor has finished a full
processing round on the program's model.

13
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ERFENAME EFEfTHEE.

Insert AbstractProcessor<CtLoop> {

@0verride
process(CtLoop ctLoop) {

getFactory().Core().createCodeSnippetStatement()

CtCodeSnippetStatement snippet

ctLoop.getPosition())

String value = String.format/(

snippet.setValue(value)

ctLoop.insertBefore(snippet)

14
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CntLoop AbstractProcessor<CtLoop> {

@0verride

process(CtlLoop ctloop) {

(ctlLoop CtWhile) {

++

}

List<CtLoop> inner = ctlLoop.getBody().getElements(
(inner.size() > 0) {

++

statistics() {
System. .println(
System. .println(
System. .println(

TypeFilter<>(CtLoop.
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K ERBICodeElemet 1RIEH K BT S EFG MK getter #E O, 40 CtClass<T> 4r7KCtTyp<T>Heft 7 3REX
Methodf9#E 0
methods = ctClass.getMethods();

getMethods

java.util.Set<CtMethod<?>> getMethods()

Returns the methods that are directly declared by this class or interface. Derived from getTypeMembers ()

&MY CtElement IR 7RI F 1 2RO,
allDescendants = ctkElement.getDirectChildren();

getDirectChildren

java.util.List<CtElement> getDirectChildren()

Returns:

a list of CtElement containing the element's direct children.

16



Enum Constant
'fﬁ }EH i% ;'% -Getters ACCESSED_TYPE
ANNONYMOUS_EXECUTABLE
ANNOTATION
ANNOTATION_TYPE
CtRole @ — P #E, EXBIMTRAN' KR (HEE), —RMEXTFPTRHNXE, ARGUMENT

ARGUMENT_TYPE

ASSIGNED
CtElement 2 AIRIBIBER T M X R (RoleiRHME D, ASSTGNNENT
methods = ctClass.getValueByRole(CtRole. METHOD);, BODY

BOUND

BOUNDING_TYPE

getValueByRole

<T> T getValueByRole(CtRole role)

Parameters:
role - the role of the returned attribute with respect to this element. For instance, "klass.getValueByRole(CtRole. METHOD)" returns a list of methods. See RoleHandlerHelper for more advanced methods.
Returns:

a a single value (eg a CtElement), List, Set or Map depending on this “element” and "role . Returned collections are read-only.

17
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Package spoon.reflect.visitor

Interface Filter<T extends CtElement>

Type Parameters:

T - the type of the filtered elements (an element belonging to the filtered element must be assignable from T).

A nplementi .
AbstractFilter, pbstractReferenceFilte r,|AnnotationFilteE|, CompositeFilter,DirectReferenceFilter, ExecutableReferenceFilter, FieldAccessFilter, InvocationFilter,

er, 1neFilter,NamedElementFilteriNameFilter,OverriddenMethodFilter,OverridingMethodFilter,ReferenceTypeFilter,RegexFilter,ReturnOrThrowFilten

SameFilter, SubtypeFilter, TemplateMatcher] TypeFilter] VariableAccessFilter

public interface Filter<T extends CtElement>

This interface defines a filter for program elements.

matches

boolean matches(T element)

Tells if the given element matches.

Parameters:

element - - the element to be checked for a match. Parameter element is never null if Que ry is used.

18
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CtElement 2 fitgetElementsiz O @ iTFilter
HITIFIE

getElements

<E extends CtElement> java.util.List<E> getElements(Filter<E> filter)

Returns all the children elements recursively matching the filter, If the receiver (this) matches the filter, it is also returned

CtQuery 214 filterChildren & 01813 fH ik .

filterChildren

<R extends CtElement> CtQuery filterChildren(Filter<R> filter)

£ Filter & A Getters

listl = methodBody.getElements(new
TypekFilter(CtAssignment.class));

// collecting all deprecated classes
list2 = rootPackage.getElements(new
AnnotationFilter(Deprecated.class));

// creating a custom filter to select all public fields
list3 = rootPackage.filterChildren(
new AbstractFilter<CtField>(CtField.class) {
@QOverride
public boolean matches(CtField field) {
return field.getModifiers.contains(ModifierKind.PUBLIC);

}
¥
).list();

19
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CtModel model = launcher.buildModel();

ExecutableProcessor.getInstance()

.init(launcher.getFactory(), false,
line.hasOption("askUser"), line.hasOption("middleInput™));

//get all methods(except Constructors)
for (CtMethod<?> cm : model.getRootPackage()
.getElements(new TypeFilter<>(CtMethod.class))) {

ExecutableProcessor.getInstance().addMethod(cm, cm.isStatic());

}

if(! line.hasOption("ignore-constructor™)) {

// get all Constructors
for (CtConstructor<?> cc : model.getRootPackage()
.getElements(new TypeFilter<>(CtConstructor.class))) {

ExecutableProcessor.getInstance().addConstructor(cc);

20



'fﬁ }EH i% ;'% -Visitor spoon.reflect.visitor

CtVisitable {
accept(CtVisitor varl)
FrE 1) CodeElement £823LIL T CtVistable, E#t7
—™ accept #EH,
CtVisitor m— MR fhiE (e O BWintererface

visitCtPackage(CtPackage varl)
visitCtPackageReference(CtPa

visitCtParameter(CtParamete

V] EE

?:E"Lji I\ETJ %*%ﬁ (V|S|t0r Pattern) I:FI , 1%%'1,)\5 I\Iﬂ% !} visitCtParameterReference(CtParameterReference<T> varl)

TR TEE TN E S S E TR, | s G 1)
RIBER, TENSCESHEENS, X7 [T
%Xﬁ%?)ﬁﬂ_ [/X ﬁ:ﬂfc%ﬂ%i E/‘] -TF;T%'T/E o | visitCtSwitchExpression(CtSwitchExpression<
ﬁ%éﬁ?& 5%%“5 o | visitCtSynchronized(CtSynchronized varl)

visitCtThrow(CtThrow varl)

visitCtTry(CtTry varl)

visitCtTryWithResource(CtTryWithResource varl)




{# B %= -Scanners/Iterator

Scanner 210 Processor B 773k, HhMZ %K
CtScanner S2I] 7 CtVisitor, FrBSLIL T CtVisitable

E/‘];\'k;;_j:ll_](ﬁﬁﬁ E/‘]COdeElement);\"éﬂ%Bﬂ [/)(iiﬁiﬁacceptﬁ CtScanner {
;\ij:%%_/l\scanner) ° @0verride :

visitCtFieldWrite(CtFieldWrite<T> fieldWrite) {
ToEME, EYUMEEFREERNT RMmProcessor s
7,

{5 FHEALT

CounterScanner scanner = new CounterScanner();
ctClass.accept(scanner);

lterator lﬁ*i%g@fﬂ?CtVISItorEfL}{i%_ij{f%ﬁg°§ﬁj"ﬁ [:tIter-.;_q.t::n" iter = ”-[:TITEI"-E]T[JI"':E;Dt][m.gET"ﬁ[J[JE]_':::'.gETH[][JTF’-:‘E][IHE]gE'i_::'::'
wis, B, THEEREREL T0k. (ORI

22



'fﬁ}zﬁ %;%—Queries CtQueryable {

CtElement> CtQuery filterChildren(Filter<R> varl)
Spoon ?IEI%'F/HEEI‘] CtQuery E.”/){ﬁﬁﬁlambda < > CtQuery map(CtFunction< > varl)
AL, ANEERNRSNERT R

1’|Ei§;‘£7l=5<\10 ﬁﬁﬁ CodeElement ;l",j ifﬂ? <I> CtQuery map(CtConsumableFunction<I> varl)
CtQueriable, 2

CtQuery fefft T EZ MR B BIEEA .
Hlist AR5 Rk @] AList,

// returns a list of String // co!ecting all methods of deprecated classes
list = package I|st2. = roo.tPackage o |
map((CtClass c) -> c.getSimpleName().list(): filterChildren(new AnnotationFilter(Deprecated.class)).list()

// a query which processes all not deprecated methods of all deprecated classes
rootPackage
filterChildren((CtClass clazz)->clazz.getAnnotation(Deprecated.class)!=null)
.map((CtClass clazz)->clazz.getMethods())
.map((CtMethod<?> method)->method.getAnnotation(Deprecated.class)==null)

list(); 23



s_name())

52 5 - RABAE P

List<String> methodSignatures = i.getMethod_signatures()

I}— *;ﬁ (String ms : methodSignatures) {

I}— 7":]'5;:_5% (FaCtory Pattern) E Java EPEE—IP%LIFHE/] -l’-[_;r% Matcher matcher = r.matcher(ms)

ﬁZ—o E% q] 7Y E/] 1—[—*%_&%%: B'Jiﬂi—fﬁ”*%_t [:.?IE'T,\ (matcher.find() && |".;at[::l'1er-.g;'-[:11_.||3[:[:11.J|'1t'ij:-
e EXN RARET. // fonction name
EI#ERP, RIEENRHAS A RE = ﬁﬁﬁ?lgﬁxﬁﬁma
lﬁg, FHREBIEA - HENEOREEHEZN setBody (factory . createBlock()

X5 o setS 1|p1pHa|wlprnrp

String after = matcher.group(

( 1= after) {

Spoon FrE 3L} FactoryAccessor gy CodeElement & string(] plist = after.split( Voo
BUERHRft 7 getFactory F9fc O, AP EIEXNR, e e v

CtParameter p = factory.createParameter()
p.setSimpleName(pList[ind])

m.addParameter(p)

newClass.addMethod(m)

24
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élﬁﬁﬁkk_ﬁﬁﬁf 81T Spoon HIIEEM B FKENIEIRED program element FYTJ 88, To3AKE. 55

B=TT UG

ﬁ@ﬁﬂ?ﬂ, BITIVM classpathiT BB E 7E launcher H3EAA:
launcher.getEnvironment().setSourceClasspath("<classpath_project>");

FEMRBA, @idlaunchernk &

launcher.getEnvironment().setNoClasspath(true);

MEFA T LEEMaver, LEREEMNAR, #EFEA MavenLauncher 81T pom.xml SR BUfK i

MavenLauncher launcher = new MavenLauncher("<path_to_maven_project>",
Mavenl auncher.SOURCE_TYPE.APP_SOURCE,
new String[] {

"/home/user/.m2/repository/org/my/jar/1.8/org-my-jar-1.0.jar"
}

)s

// the second parameter can be APP_SOURCE / TEST_SOURCE / ALL_SOURCE

MavenLauncher launcher = new MavenLauncher("<path_to_maven_project>", MavenLauncher.SOURCE_TYPE.APP_SOURCE);

launcher.buildModel();
CtModel model = launcher.getModel();

25
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Spooniz Ry CtReference | iZ FE T Spoon meta model 1, HFIXTEFH. , FEAIEEHT A5
A4 555| F(weak reference), BI5|BTIgEsTHSIHLAI,

Case 1 (code available as source code): the reference points to a code element for which the source code is
present. In this case, reference.getDeclaration() returns this code element (e.g.
TypeReference.getDeclaration returns the CtType representing the given Java file).
reference.getTypeDeclaration() is identical to reference.getDeclaration().

Case 2 (code available as binary in the classpath): the reference points to a code element for which the
source code is NOT present, but for which the binary class is in the classpath (either the JVM classpath or
the --source-classpath argument). In this case, reference.getDeclaration() returns null and
reference.getTypeDeclaration returns a partial CtType built using runtime reflection. Those objects built
using runtime reflection are called shadow objects, and you can identify them with method isShadow. (This
also holds for getFieldDeclaration and getExecutableDeclaration).

Case 3 (code not available, aka noclasspath): the reference points to a code element for which the source
code is NOT present, but for which the binary class is NOT in the classpath. This is called in Spoon the
noclasspath mode. In this case, both reference.getDeclaration() and reference.getTypeDeclaration() return
null. (This also holds for getFieldDeclaration and getExecutableDeclaration).

26
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A CtReference targets its element in a weak way (Spoon references). It is not
guaranteed that two references are the same object if they refer to the same program

element.

slarse commented on 15 Jan Collaborator @

| agree with @andrewbwogi , it is correct that two identical methods are considered
equal, even if they have different parents. Also worth noting is that hashing arbitrary
Spoon elements is very demanding, as it is a recursive operation that traverses the

entire subtree.

To create a set that hashes by identity, you can use IdentityHashMap in combination
with Collections.newSetFromMap() . See this SO answer:
https://stackoverflow.com/a/48096408

© (@1
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& ## A Spoon FYJTI:

0. Build model(AST)

1. Traverse/transform AST with Visitor(Processor/Scanner)
2. Manipulate AST with Getter/Filter/Other APIs

&4 Spoon 9T 1E: l‘

Static Code Analysis, Code Transformation,

Building Type System and Type Inference L >



