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Introduction

T utorial Motivation

s Eclipse (http://www.eclipse.orq): one of the most popular Java
(IDE’'s)
e open-source distribution
= portability
= powerful plug-in extension mechanism

= extend environment with tools, views, and analyses to suit specific needs
= advanced feature set

e mature Java development tool chain

= Stable API's for representing and manipulating Java programs
= Support for the latest language features in Java 5.0

=  An ideal platform for hosting commercial & experimental Java
analyses and tools!

s But: size & complexity of API's make for daunting learning curve!
= So far, few researchers implement their analyses in Eclipse

s Tutorial Goal: help bridge the gap between potential and reality

= give participants insight into important aspects of developing static
analyses within the Eclipse IDE and exposing their results to users.


http://www.eclipse.org/

Introduction

Tuternal Prereqguisites

s Who:

e researchers and practitioners interested in implementing

static analyses and tools for Java In the setting ofi a
realistic IDE

s Prerequisites:

= working knowledge of Eclipse as development
environment for ordinary Java applications

o knowledge of Java language syntax and semantics

= pasic knowledge of fundamental static analysis
technigues



Introduction

Tutorial Overview

= Part I: Eclipse 3.1 Overview (1 hour)

s Part Il: Intraprocedural Flow Analysis
(1.25 hours)

s Part Ill: Interprocedural Type Analysis
(1.25 hours)



Part I: Eclipse Overview.

Part I: Eclipse 3.1 Overview (1 hoeur)

s PUrpose
e flow of plug-in development

e hook Into the user interface to trigger analyses
and present analysis results

e describe Eclipse Java Development ToolkKit
(JDT) API's



Part I: Eclipse Overview.

Eclipse 3.1 Overview: Topics

= Plug-in architecture
e plug-ins, extension points and extensions
e creating plug-in projects
= managing plug-in dependencies
s Resources
e puilders & markers

s Contributing user Interface actions
e e.g. view-specific context menu items

= Java API's (*JDT/Core” & “JDT/UI™)

= high-level Java model
e abstract syntax trees (AST'S)
= parsing, traversing, rewriting
e type representations & type hierarchies
= searching



Part I: Eclipse Overview.

Plug-ini Architecture

= All functionality provided by some plug-in

e Core resource API’s

= representing artifacts (folders, source files, class files,
projects)

o Ul componentry (SWT/JFace/Workbench)

= tables, tree widgets, text, menu items, dialogs
= \Views

= Java Editor, Package Explorer, Problems View.
= Java Compiler, Java Debugger

e N.B.: Even non-Eclipse functionality must be
encapsulated in a plug-in!

x ANT, xalan

s Plug-ins are lazily instantiated to reduce memory
footprint and speed launching



Part I: Eclipse Overview.

Plug-ini Architecture

s Plug-in consists of:
e |ID (e.g. org. eclipse. |dt.uil)
o Name (human-readable, e.g. “JDT/Core™)
= \/ersion
e Plug-in class (plug-in initializatioen/teardown)
e 0O or more dependencies on other plug-ins

e 0 or more extensions
= €.0.: menu Items, views, builders

e O or more extension points
= defines sites for other plug-ins to add functionality



Part I: Eclipse Overview.

Plug-in Arechitecture: plugin.xmi

<?xm version="1.0" encodi ng="UTF-8"7?>
<?ecl i pse version="3.0"?>
<pl ugi n
I d="com i bm wat son. pl di 2005"
nane="PLDI 2005 Denp"
ver si on="1. 0. 0"
provi der - nane="rf uhr er @vat son. i bm cont
cl ass="com i bm wat son. pl di 2005. PLDI 2005PI ugi n" >

<runti me>
<l ibrary name="pl di 2005.jar"/>
</runtinme>

<requi res>
<i nport plugin="org.eclipse.ui"/>
<i nport plugin="org.eclipse.core.runtinme"/> specify dependencies
<i nport plugin="org.eclipse.jdt.core"/>

</requires>

</ pl ugi n>



Part I: Eclipse Overview.

Creating a Plug-in Preject, 1/3

r o

£ New Project @

Select a wizard

Plug-in Project

Create a Plug-in Proj

te a new plug-in project

Source Folder Mame: | src
Qutput Folder Mame; | bin
Plug-in Format

on of Eclipse is this plug-in targeted f

bundle manifest
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Part I: Eclipse Overview.

Creating a Plug-in Preject, 2/3

r hl r hl
£ New Plug-in Project @ £ New Plug-in Project @
Plug-in Content T Templates

Enter the data required to generate the plug-in. f one of the able kemplat nierake a Fully: ing plug-in.

Plug-in Proper!

Flug-in ID: org.pl

Plug-in Yersion: | 1.0.0

Plug-in Mame:

Flug-in Provider: | rfubre ibm, com| g-in with & increm builder

Runtirne Libr

Plug-in Class

[v izenerate the 1 hat controls the plug-in's lif
.demo.DemoPlugin
ntributions to the LI

Client Application

ald wou 2ake a rich dlient applicati

Finish
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Part I: Eclipse Overview.

Creating a Plug-in Project, 3/3

£ Mew Plug-in Project @ £ Mew plug-in project with a sample project builder, and nature @

Templates Sample Project Builder and Nature

F the : e bernplat nerate a Fully-Funckioning plug-in. f C n incremental pro builder and t nakure,

: 3 plug-in using o F the kemplates ; : [arne: arg. builder

ble Template:

Lilder

Sample Project Nature, This nature o
Builder runs For pre of this nature, ject Mature ID:

Sample Problem Marker The build

of a problem me Mature Mame:

Sample Pupup Menu Action. & i f £ 3 popuUp ment

clips &5, Natures

org.eclipse. Ui, popupMenus
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Part I: Eclipse Overview.

Plug-in Arechitecture: Extensions

s extension point — “a socket to plug extensions into”
e ID (e.g. org. ecl i pse. ui . acti onSet s)

e <extension-specific structure=

e e.g. <VI ew nane="*.."
s extension — “added functionality to plug into an extension pt”
= |ID of extension point being extended
e <structure consistent with extension point defn>=
s Most extension points are hooks for Java-implemented
functionality

e no code need be involved (pure metadata): key bindings, help
plug-in A plug-in B

| con="." category=*.." class="."/>

extension point #1 [l [l extension #1

extension point #2 Ll Il extension #2

13




Part I: Eclipse Overview.

Plug-in Arechitecture: Extensions

s Example 1: Ul Extensions

plug-ins
org. ecli pse. ui com i bm wat son. snel | Det ect or
org. eclipse. ui.actionSets L€ Il “Smell Detection” menu
org. eclipse. ui.preferencePages [l€ il “Smell Detectors Preference Page”

defines extension points adds extensions onto extension points

14



Part I: Eclipse Overview.

Plug-in Arechitecture: Extensions

s Example 2: non-Ul extensions

com i bm wat son. snel | Det ect or

Smell Detector Suite A
or g. pl di 2005. snel |l s. suiteA

com i bm wat son. snel | detector [

I “dead code” detector

1 “duplicate code” detector

4

Smell Detector Suite B
org. pl di 2005. snel | s. sui teB

|

defines extension point

I “overly-specific” detector

1 “rampant instanceof” detector

|

add detection algorithm extensions

15



Part I: Eclipse Overview.

Plug-ini Architecture: Extension Point

S EIER

XML Schema defines

structure of an extension

point
Use the Extension Point
Schema Editor!

Constraints on type of

Implementation class for an

extension are either:

EXPLICITLY defined in
extension point schema
(but NOT CHECKED
statically!)

IMPLICITLY defined by
casts in extension point
Implementation (NOT
CHECKED statically?!)

Sample Extension Point

= General Information Element Grammar
nation about this schema. Wi y the content model of the

nt Elements
AL elements and attribukes are allowed in this

DTD approximation:

Description
Add short description of elements and attributes For documentation purposes, Use HTML tags where appropriate.,

[Enter description of this extension point.]

Definition | Docurenkation | sample. exsd

16



Part I: Eclipse Overview.

Plug-in Architecture: Extension
Instantiation

When your plug-in needs to instantiate the extensions that hook into
one of its extension points:

class MyPlugi n extends Abstract U Pl ugin {
[l The followng two strings nmust match what’s in plugin.xm!!!
static final String pluginlD = “org. pl di 2005. denp”; €

static final String pointlD “org. pl di 2005. deno. t ool ”;
private void createExtensions() { \

| EXt ensi onRegi stry er = Pl atform get Ext ensi onRegi stry()

| EXt ensi onPoi nt ep = er. get Ext ensi onPoi nt (pl ugi nl D, pointlD);
| EXt ensi on[ ] exts = ep. get Ext ensi ons() w
for(int 1=0; i < exts.length; i++) {

| Confi gurationEl enment[] ces = metadata ops

exts[i].getConfigurationEl enments();
for(int j=0; j < ces.length; j++)
MyExt ensi onlntf ext = (MyExtensionlntf)
ces[i].creat eExecut abl eExtension(“el enent| D’);

} ext.doStuff(); \
}

} Instantiate extension implementation class
17



Part I: Eclipse Overview.

Plug-in Architecture: Plug-in State

= private state used by your plug-in
= persists across workbench invocations
s distinct from preferences store

s Stored In user’s workspace at
. met adat a/ . pl ugi ns/ <your -pl ug-in-dir>

private File getStateFile() {
MyPl ugi n plugin = M/Pl ugi n. getl nstance();
| Pat h path = pl ugi n. get St at eLocati on();

path = path. append(“state. dat”);
return path.toFile();

18



Part I: Eclipse Overview.

Ul Contributions: Menu Actions

: _ : augmenting an existing menu:
Main menu contributions repeat the menu definition

<extension point="org.eclipse.ui.actionSets">
<actionSet | abel ="Watson Refactorings”
descri pti on="Wat son Refactorin
vi si bl e="true"

I d="com i bm wat son. r ef act
<nmenu | abel =" Ref act or*“

pat h="edit"“
| d="org. eclipse.jdt.ui.refactoring. menu">

<separ at or nanez“matsonG?oup“/>‘______5v_____
</ menu>

<action path = id + group

| ng. acti onSet ">

| abel =" 1 nfer Type Argunents®
cl ass="com i bm wat son. ref actori ng. acti ons\l nf er TypeAr gsActi on*
menubar Pat h="or g. ecl i pse. jdt.ui.refactoring. nenu/ sonG oup”
| d="com i bm wat son. refactoring.inferTypeAr gunent
</ action>
</ acti onSet >

</ ext ensi on>

implements org.eclipse.ui.lWorkbenchWindowActionDelegate
19



Part I: Eclipse Overview.

Ul Contributions: Pop-up Menu Actions

s Viewer context-menu contributions
e £.9., Task List context menu contribution:

<ext ensi on poi nt="org. ecli pse. ui.popupMenus" >
<vi ewer Contri bution id="com xyz. C2“

target| D="org. eclipse. ui.views. TaskLi st">

<action
| d="com xyz. showXYzZ"
| abel =" &np; Show XYZ*

styl e="t oggl e“ to this view...
state="true" : :
menubar Pat h="addi ti ons" .. add this action
i con="i cons/ showXYZ. gi f" ‘,ff”’

cl ass="com xyz. acti ons. XYZShowAct i onDel egat e" >

</ action>
</ vi ewer Contri bution>
</ ext ensi on>

20



Part I: Eclipse Overview.

Ul Contributions: Pop-up Menu Actions

= “Object contributions” — common actions appearing in pop-up
menus for selected entities of a given type

s Appear in, e.g., Navigator and Outline views

<ext ensi on poi nt="org. eclipse. ui.popupMenus">
<obj ect Contri buti on obj ect Cl ass="org. eclipse.jdt.core. | Mnber*
I d="wat son" >
<menu | abel =" Ref act or “
pat h="addi ti ons*
id="org.ec|ipse.hdt.gib;efac;oring.nenu">
<separ at or nanme="undoRedoG oup“/ > - :
<segar ator nanme="reor g& oup“/g for objects of this type...
<separ at or nane="typeG oup”/>
<separ at or nanme="codi ngG oup“/ > : : :
</ menu> ... provide this action

<acti on ‘/,/’
| abel =“1 nfer Type Argunents*

cl ass="com i bm wat son. refactori ng. acti ons. | nfer TypeAr gsActi on*
menubar Pat h="org. ecli pse.jdt.ui.refactoring. nenu/type& oup”
| d="com i bm wat son. refactoring.inferTypeArgunents">
</ action>
</ obj ect Contri buti on>
</ ext ensi on>

21



Part I: Eclipse Overview.

Ul Contributions: plugin.xmi Editor

“Plugin Development Environment” (PDE) plugin editor
permits easier editing of plug-in descriptor than raw

XML

Overview

General Information
This section describes general infarmation abouk this plag-in:

cor.ibm. watson. pldi2005

Testing @

Wou can kest the plug-in by launching a second {runtime) instance of an
ication:

0 Launch an Eclipse application

e . R
#F Launch an Eclipse application in Debug mode

whension Points | Build | plugin.xml | build, properties

Plug-in Content

bundle manifest.

Exporting

all the plug-ins required
ath to compile and run,
the libraries that make up this
nikirne.

E: 18 plug-in in a Format ble for
deployment using the Ex rd

22




Part I: Eclipse Overview.

Ul Contributions: Extension Wizards

“Plugin Development Environment” (PDE) provides
wizards to browse/edit/add extensions from within
plugin.xml editor:

Extensions = | B &=

All Extensions Extension Details
T A= ,] ||F 2. i, ackionSeks = : Set the propetties of the selected extension,

2= org.ecip: e
'ink

- ik | org.eclipse,ui, actionSets
== r:l--|||:__.JI editors, markerAnnotationSpecification

|:| | specification)

Body Text

Crverview | Dependencies | Runtime | Extensions | Extension Points | Build | plugin. xml | build, properties

23



Part I: Eclipse Overview.

Ul Contributions: Extension Wizards

New Extension = Popup Menu

Extension Point Selection Sample Popup Menu

Create a new extension from the Popup Menu template., : This template creates a submenu ction ko a selected object's
POpUR MEnU,

Extension Paints | Extension Wizards Target Object's Clas | org.eclipse. core. resources, IFile \
Available extension points:

Marme Filker: | plugin.xcml
=i orqg.eclipse.ui. keyvwords

=‘,?c-rg.eclipse.ui.newWizards Submenu MName: | Mew Subrmenu
=] orq.eclipse.ui.perspectiveExtensions
\eclipse.ui.perspect

~ ora.eclipse.ui.popupMenus Java Package Mare: |cnm.ibm.watsnn.pldiEDDS.popup.actions/

Action Label: | Mews Action

=l arg.eclipse.ui.preferenceTransfer Action Class: Mewfckion

=l org.eclipse.ui.presentationFactories Action is enabled Far:

=‘j}Drg.eclipse.ui.propertyF‘ages . .
= nrn.erlingr. i srrvires f* sSingle selection

Available templates For org.eclipse.ui.popupMenus: " Multiple selection

up Menu This terplate adds a submenu and a new
action ko a target object’s popup menu, This
contribution will appear in all viewers where
an object of the specified type is selected,

[v show only extension points From the required plug-ins

| MNexk = |
=X | Finish | Cancel




Part I: Eclipse Overview.

Extension Points: More Info

s Documentation on Eclipse-provided
extension points available from within a
running workbench:

=« Help -= Help Contents -= Platform Plug-in
Developer Guide -> Reference ->
e Extension Points Reference
= API Reference

25



Part I: Eclipse Overview.

Eclipse API’s: Resources
org. ecl i pse.core. resources

s aka “The Workspace”

s Completely language- (Java-) agnostic

s \WWorkspace = tree of resources

e Folders (bin/, src/, src/org/eclipsel..)

e Files (Foo. | ava, Foo. cl ass, foo. properties,
rt.jar)

s Likewise: resource = item in Workspace

tree

e |.e., to first order: If It’s not In the workspace,
the resource APl doesn’t know about It

= N.B.: Package Explorer mostly shows
resources; Navigator shows everything

26



Part I: Eclipse Overview.

Resources APl

| Pat h — encapsulation ef file system lecation

= used to identify locations of:
= resources in the workspace
= entities in a class path

e relative and absolute

| Resour ce — encapsulation off a possibly non-existent file/felder
« getNane(), getParent(), getMdificationStanmp()
e various flavors of copy(), del ete(), nove()
« |Path getLocation(), I|IPath getFull Path()
s refreshLocal () — pick up file system changes (eptienally; recursively)
« createMarker(), deleteMarkers(), findMarkers()
e exists() € N.B. resource need net exist in filesystemj

Typical non-Java resource creation seqguence:

myPr oj ect . get Fol der (f ol der Nane) . creat e( ..)

Note: Can use Java IO to manipulate file system and let
refreshlL.ocal() pick up resource changes, but NOT recommended!
(slow and error-prone) Use IResource API’s! -



Part I: Eclipse Overview.

Resources API: Hierarchy:.

interface hierarchy:

m | File — stream of bytes

| Resour ce
« create(lnputStream .. . IFile
m exception if already exists .| Cont ai ner
e String getFil eExtension() | Fol der
| nputStream get Contents() _
« setContents(lnputStream — | Project
« IFileState[] getHi story() — I WrkspaceRoot

o setContent(IFileState)

= | Cont ai ner — something that can have children
« nmenbers(), findMenber ()
e |File getFile(lPath to) careful: need not exist!
« | Fol der getFolder (Il Path to) careful: need not exist!

s | Fol der

e create(..) — exception if already exists
e |File getFile(String nm careful: need not exist!

* | Folder getFolder(String nm careful: need not exist!
28



Part I: Eclipse Overview.

Resources API: Hierarchy:.

containment hierarchy:
| Wor kspaceRoot
L1 Project “MyProject”
—IFile “.project”
| Fol der “src”
I—I File “foo.java”

s | WrkspaceRoot - top-level folder of workspace
e | Project[] getProjects()

« |Project getProject(String nane) careful: need not exist!

m | Project — root of a project’s contents
« create() — exception if already exists

« | ProjectDescription getDescription() — access to natures,
build commands, project dependencies, etc.

e build(int kind) — initiate rebuild (shouldn’t need to do this

yourself) 2



Part I: Eclipse Overview.

Resources API: Hierarchy Traversal

| nterface | ResourceVisitor {
publ i c bool ean visit(lResource resource),;
}

s Usage:

class MyVisitor inplenents | ResourceVisitor {
publ i ¢ bool ean visit(lResource res) {

I f (res instanceof I|File)
Systemout.printin(“File: “ + res.getFull Path());
return true;

}
}
| Wor kspace ws = ResourcesPl ugi n. get Wr kspace() ;
| Wor kspaceRoot root = ws. get Root () ;
| Proj ect project = root.getProjects()[O0];

proj ect.accept(new MyVisitor());

<]0)



Part I: Eclipse Overview.
Builders

E.g. Eclipse Java compiler, JavaCC encapsulation

Incremental (most common) or full build
= Invoked in response to resource changes
= Receive “resource deltas” describing what changed

Generally:

e create resources (e.g. class-files), possibly triggering more building

» Infrastructure also useful for analyzers that don’t generate any resources (e.g.
smell detectors)

= associate “problem markers” with resources to indicate build
errors/warnings
= appear in various views, e.g., Problems View
May be “chained”
e e.g. JavaCC generates Java code that needs compilation

Key API to implement:

abstract class Increnental ProjectBuilder {
abstract |IProject[] build(int kind, Mp args,
| Progresshonitor pm;
final | ResourceDelta getDelta(lProject p) { ...}

31



Part I: Eclipse Overview.

Builders: Builder Implementation

cl ass JavaCCBui | der extends | ncrenental ProjectBuilder {
| Project[] build(int buildKind, Map args, |ProgressMnitor nonitor) throws CoreException {

| Proj ect project = getProject();
nmoni t or . begi nTask(" Scanni ng for and conpiling JavaCC source files...", 0);
i f (buildKind == FULL_BUI LD) {

proj ect.accept (new | ResourceVisitor() {

bool ean visit(lResource res) { _
String ext = res.getFil eExtension();

if (res.exists() &k res instanceof IFile & ext !'= null && ext.equals("jj")) {

IFile file = (IFile) res;
cl ear MarkersOn(file); /'l clear markers |eft by previous invocation
i nvokeJavaCC(fil e); /1 call out to external too

forceFil eUpdates(file); // call refreshLocal () on generated files
return false; // skip sub-resources

} else
return true; // need to descend i nto sub-resources

1)
} else { // increnmental or auto build
getDel ta(project).accept (new | ResourceDel taVisitor()
public bool ean visit(lResourceDelta delta) throws CoreException {
if (delta.getKind() == | ResourceDel t a. ADDED/ CHANGED &&
del ta. get Resource() is a .jj file)
<run JavaCC> // (see above)
return fal se;

}
1)

noni t or . done();
} return new | Project[] { project };
32



Part I: Eclipse Overview.

Builders: Natures

= | Proj ect Nat ure — encapsulates the
augmentation of projects with behavior
e Primarily used to associate builders with

projects

= E.g. “Java Nature” enables Eclipse Java builder
(compiler) to run on a project

e Natures often associated with projects when
project created

= Alternatively: by specific user-triggered action (e.g.
“Enable Foo” context menu pick on project)

33



Part I: Eclipse Overview.

Builders: Nature Configuration

must match builder spec in plugin.xml

class MyNature inplenents |ProjectNature {
static final String nyBuilderlD = *“org. pl di 2005. bui | der”;
static final String nyNaturel D = “org. pl di 2005.rry|\|ature”;x

| Proj ect fProject;
voi d setProject(lProject p) { fProject = p; }
voi d configure()

| Proj ect Description pd = fProject. getDescription();
| Command[] cnds = pd. get Bui | dSpec();

if (no entry in cnds has ID nyBuil derl D) {
| Command nyCnd = pd. newConmand() ;

myCnd. set Bui | der Name( nyBui | der 1 D) ;
\

<insert nyCnd in cnds>

/1 N B.: elenent order determ nes run order

/'l (use care if nyBuil der generates Java source)
pd. set Bui | dSpec(cnds) ;

f Proj ect.setDescription(pd, null);



Part I: Eclipse Overview.
Builders: Adding a Project Nature

cl ass MyAction inplenments | WrkbenchW ndowActi onDel egate {
void run(lAction action) {
| JavaPr oj ect project = ;

\ addMyNat ur e( proj ect) ;

voi d addMyNat ure(l JavaProj ect javaProject) {
| Project project = javaProject.getProject();
| Proj ect Description description = project.getDescription();
String[] natures = description. getNaturel ds();
String[] newNatures = new String[natures.length + 1];

/'l Insert new nature IDinto the nature array...
System arraycopy(natures, 0, newNatures, 0, natures.|ength);
newNat ur es[ nat ures. | engt h] = MyNat ur e. nyNat ur el D;

descri ption. set Nat ur el ds(newNat ur es) ;
proj ect.set Descri ption(description, null);

35



Part I: Eclipse Overview.

Resources API: Markers

| Mar ker — associate metadata w/ resources, e.d.
e “problem markers” — compile errors
e “task markers” — user-specified “tasks” like TODO’s
e “Dook marks” — user-specified sites In text

Marker consists of:
e | Resource

e Time stamp
e |ID (unique relative to a given | Resour ce)

e “Type” (a string tag, €.g.
“org. eclipse.core.resources. narker”)

= Additional attributes (key/value pairs)
B Problems 3

4 er , O

f'wa... line 120
Constraintaraph.java  comibm,watson, pldiz rcfcomfibmiwa,..  line 125

36




Part I: Eclipse Overview.

Resources API: Markers

s Marker types are defined as extensions in plugin.xmi:
e Unique ID (e.g. “com i bm wat son. snel | mar ker”)
= List of marker “super-type” I1D’s
e List of standard attribute keys

= Persistent flag
= Unfortunately: even persistent markers not stored in CVS ®

s Create instances using | Resour ce. cr eat eMar ker () :

|File file= .., // or any kind of |Resource
| Marker m= fil e.creat eMarker (marker Typel D) ;

m set Attri bute(l Marker. SEVERI TY, | Marker. SEVERI TY ERROR) ;
m set Attri bute(l Marker. LI NE_NUMBER, 25);

m set Attri but e(l Marker. CHAR _START, 65);

m set Attri bute(l Marker. CHAR END, 72);

37



Part I: Eclipse Overview.

Resources API: Marker Resolution

Aka “gquick fixes”

e associate code to run to resolve issue indicated by marker
| Mar ker Resol uti on

« String getlLabel ()

 run(! Marker)

| Mar ker Resol ut i onGener at or

| Marker Resol ution[] get Resol uti ons(I Mar ker)

If marker needs more info than line/col # to identify what
to operate on and how ==

<example in Part 11>
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Part I: Eclipse Overview.

Resources APIl: Resource Changes

| Wor kspace
« addResour ceChangeli st ener (| Resour ceChangelLi st ener)

| Resour ceChangelLi st ener
« resourceChanged(| Resour ceChangeEvent)

| Resour ceChangeEvent
* | ResourcebDelta getDelta()
* | Resource get Resource()

| Resour ceDel ta
e getKind() => ADDED, REMOVED, CHANGED
* | ResourcebDelta]] getAffectedChildren()
« accept (| ResourceDeltaVisitor)

See Java Developer’s Guide to Eclipse, p. 587+ for details on

= ftiming of resource events relative to building, editing, etc.
= traversal of resource deltas

39



Part I: Eclipse Overview.

Progress Monitors

s Provide user with progress feedback during long-running
operations (e.g. building, CVS operations, refactoring)

= | Progresshbnitor
o Usually passed to you from above, but can instantiate:

= Nul | Progresshonitor (no-op implementation)
= SubProgressMoni t or (for nested tasks)

e Or access the progress monitor from the St at usLi ne (see
Eclipse 3.0 FAQ)

40



Part I: Eclipse Overview.

Eclipse API's: Java Structures

s 3 domains of Java entities:

| JavaEl enent hierarchy

= “Summary” information
= Includes method signatures, but not bodies
= Instances not canonicalized; use equal s()

e AST’s (ASTNode hierarchy)

= Fully detailed, with complete method bodies
s AST node factory and ASTRew i t e for manipulation
e | Bi ndi ng hierarchy

= Resolved references to types, members, variables
= Instances not canonicalized; use Bi ndi ngs. equal s()

41



Part I: Eclipse Overview.

Java Structures: | JavaEl enent

AKA “Java Model ”
org.eclipse.jdt.core. | JavaEl enent and sub-types

“Handle-based” representations of:
= Projects, packages, compilation units
o Types & members

Lazily populated and cached

= Even trivial queries like | Type. i sl nterface() may require re-
parsing source!

< Many queries throw JavaMbdel Except i on (e.g., when invoking
operations on non-existent entities)

Enough information for Ul tasks; also returned by Sear chEngi ne

o BUT: No access to method bodies, field initializers, ... (need AST’s for
those)

Careful: can accidentally create non-existent elements; problem
manifests as JavahMbdel Except i on on subsequent operations

» | Type.getField(String nane)
| Type. get Method(String nane, String[] types)
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Part I: Eclipse Overview.

Java Structures: | JavaEl enent s

= | JavaEl enent — base type for all Java entities
s V2N appeEal:
n IR structured selections? Inr Java VIews (e:g. Pk Explorer, Outine)
n IR results firem: SearchEngine queres
m IR results firem IyperHIerarchy gueries
« String getEl enent Nanme()

e int getElenmentKind() — PROIECT, FRAGVENT, UNI T, TYPE, ...
| JavaEl enent get Par ent ()
« | JavaProj ect get JavaProj ect ()

| Resour ce get Correspondi ngResource() - possibly null | e.g.,
for | Venner s

| Pat h get Pat h()
 bool ean isStructureKnown() — “Can you get an AST for this?”
 bool ean exi sts()

s | Parent — extended by almost all other | JavaEl enent interfaces
 bool ean hasChil dren()
« | JavaEl enent[] getChildren()
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Java Structures: | JavaEl enent s

= | JavaMbodel
« | JavaProj ect getJavaProject(String nanme)
« | JavaProject[] getJavaProjects()

s | JavaProj ect

m | PackageFr agnment Root
e get Ki nd() K_BI NARY
| PackageFragnent get PackageFragnent (String nane)

| JavaMbdel

1 * :
—-I | JavaPr o] ect

Part I: Eclipse Overview.

| PackageFr agnent Root[] get PackageFr agnent Root s()
| PackageFragnent[] get PackageFragnent s()

| O asspat hEntry[] get RawCl asspat h()

| O asspat hEntry[] get Resol vedd asspat h()

Map get Qptions()
| Type findType(String qualifiedNane)

K_SOURCE

—| | PackageFr agnent Root — ...

44



Java Structures: | JavaEl enent s

= | PackageFr agnent
| PackageFr agnent Root

Part I: Eclipse Overview.

e |ConpilationUnit[] getConpilationUnits()

e | CassFile getd assFil es()
 bool ean hasSubpackages()

e |ConpilationUnit createConpilationUnit(String nm

String source)
= | ConpilationUnit

o | TypefindPrimryType()
e | Type[] getAll Types()
|l nportDeclaration getlnports()

| PackageDecl arati on[] get PackageDecl arati ons()

e | Type createType(..)
« | Type get Type()

1 =

.. —| | PackageFr agnent Root |—| | PackageFr agnent

A 4

| Conpi | ati onUni t
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Java Structures: Classpath Scanning

voi d processd assPat h( I JavaProj ect project) throws JavalVbdel Exception, I OException {
| Cl asspat hEntry[] cl assPat hEntries = project. get Resol vedCl asspat h(true);
| Wor kspaceRoot wsRoot = ResourcesPl| ugi n. get Wor kspace( ) . get Root () ;

for(l Cl asspat hEntry cpe: cl assPat hEntries) {
I'Path entryPath = cpe. get Path();
sw t ch(cpe. get Ent r yKi nd())
case | Cl asspat hEntry. CPE LI BRARY:
File file = entryPath. makeAbsol ute().toFile();

if (Ifile.isFile())

file = wsRoot . get Locati on(). append(entryPath).toFile();
if (file.isFile())

pr oce ssFi ile(real File);
br eak;

}
case | C asspat hEntry. CPE_PROIECT:
File outputD r = cpe.get Qut put Location().toFile();

I f (outputDir.isDirectory())
processD rect ory(outputDir);
br eak:

}

case | C asspat hEntry. CPE_SOURCE:
| Pat h out put Pat h = cpe. get Qut put Locat i on() ;
File outputDir;

i f (outputPath !'= null) outputD r = outputPath.toFile();
el se outputDir = wsRoot . get Locati on() . append(entryPath).toFile();

i f (outputDir.isDirectory())
processD rect ory(out putDir);
br eak;
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Java Structures: | JavaEl enent

| Menber — base for IEield, IMethod, IType

« get Fl ags() — modifiers IMember

e getConpilationUnit() — onlyifasource member __ IEield

e getd assFil e() — only ifia binary member

« getDecl ari ngType() - warning: sometimes null — IMethod
| Type — N.B.: returns unresolved type references! — | Type

String getFullyQualifiedNane()
String getKey() — unique “binding key”

bool ean isCl ass(), islnterface(), isAnonynous(), isLocal (),
| SEnun(), i1sAnnotation()

| Met hod[] get Met hods() — always exist
| Fi el d[] getFields() — always exist
| Type[] getTypes() — always exist

String get SuperclassNanme() — unresolved name for source types
String[] getSuperlnterfaceNanes() — unresolved names for source types
| TypeParaneter[] get TypeParaneters() — if generic

getField(String), get Met hod(String, ..),getType(String) — may not exist!
createField(.), createMethod(.), createType(.) — specify source text *’
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Java Structures: | JavaEl enent

= | Met hod
e String[] getParaneterTypes() — unresolved names if source
e String get ReturnType() — unresolved name if source
« | TypeParaneter[] getTypeParaneters() — if generic
e String[] getExceptionTypes() — unresolved names if source
* bool ean i sConstructor()

e String getKey() — unique “binding key”

= |IField
e String getKey() — unigue “binding key”
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JavaCore Ultility Methods

org.eclipse.jdt.core. JavaCore

s Static utility methods to “translate” from | Resour ce domain to
| JavaEl enent domain

« | JavaProject JavaCore.create(lProject)
« | JavaEl enent JavaCore.create(lFile)
« | JavaEl enent JavaCore. create(l Fol der)

= additional utilities for manipulating project options, classpaths,

« Hasht abl e get Def aul t Opti ons()

e | asspathEntry newli braryEntry(..)
« | asspathEntry newProjectEntry(.))
 run(lWrkspaceRunnabl e)
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Java AST’'s: Overview

org. eclipse.|dt.core.dom

ASTNode — base type of a rich hierarchy of AST
node types (good, lots of type safety)

Produced from source by ASTPar ser

Eclipse 3.1 has full support for Java 5.0 language
Create directly using AST — ASTNode factory

| Bi ndi ng’ s — resolved entity references (type,
field, method, variable)
= availlable via xxx. resol veBi ndi ng()

ASTVI ew — visualization of AST of Java source file

510)
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Java AST’s: Parsing 1 CU

Parsing for 1 CU:

Conpi |l ati onUnit parseString(String src, String fileNane, |JavaProject p) ({
Docunent doc = new Docunent (src);
ASTPar ser parser = ASTParser.newParser (AST. JLS3); // JLS3 == Java 1.5

par ser. set Source(doc. get ().toCharArray());

par ser. set Proj ect (p);

parser. set Uni t Nane(fi | eNane) ;

par ser . set Resol veBi ndi ngs(true); // else fioo.resolveBi nding() == null

return (ConpilationUnit) parser.createASI(new Nul |'Progressihonitor());
¥

Conpi | ati onUnit parseFil e(l ConpilationUnit icu) {
ASTPar ser parser = ASTParser.newParser(AST.JLS3); // JLS3 == Java 1.5

par ser. set Source(l cu);
par ser. set Resol veBi ndi ngs(true); // else foo.resolveBi nding() == null!

return (ConpilationUnit) parser.createAST(new Nul | ProgressiMonitor());
¥

AST nodes keep back-pointers to parent
> Keep reference: te 1 nede == yourre keeping them: all
AST’s are memory-intensive (== 1MB/compilation unit)

»> Only hold onto small constant # off AST’s at any time o
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Java AST’s: Parsing Multiple CU’s

[/ G4 eobal anal ysis: use “parsing pipeline” (shares |Bindings), process 1 at a tine

cl ass Bat chASTCreat or {
private | Progresshonitor fMonitor,; . . :
private ASTVisitor fVisitor; ASTVisitor for processing

publ i ¢ Bat chASTCr eat or (ASTVi sitor visitor, |ProgresshMnitor pm {
fMoni tor = pm
fVMisitor = visitor;

}

private ASTParser get Parser (\Wor ki ngCopyOmer weco, |JavaProject javaProject) {
ASTPar ser parser = ASTParser.newParser ( AST. JLS3);
parser. set Proj ect (javaProject); // Set parser optlons
par ser . set Resol veBi ndilngs(true);
par ser. set Wor ki ngCopy Oaner (Wco) ;
parser. set Conpi | er Opt i ons( ASTPar ser . get Conpi | er Opt i ons(j avaPr oj ect) ) ;
return parser;

¥
public void collect(final | Com[ai i at et | Cus,()W)r ki ngCopyOmner wco) {

| JavaPr oj ect project = cus|[0].getJavaProject(); :

ASTPar ser p = get Parser (wco, project): accepts 1 AST @ a time

ASTRequest or requestor = new ASTRequestor () {

public void accept AST(I Conpi | ati onUnit source, ConpilationUnit ast)({
I f (BatchASTCreator.this.fMnitor.isCancel ed())
t hr ow new Oper at i onCancel edExcept i on( “ Cancel | ed. ") ;

ast . accept (fVisitor); € process AST but DON' T KEEP [ T!
¥

pf creat eASTs(cus, new String[O], requestor, fMonitor);
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Java AST’s: Correlating to Other Types

= ASTNode — | Bi ndi ng
e various nodes provide a r esol veBi ndi ng() method e.g.
= Met hodl nvocat i on. resol veBi ndi ng()
= Met hodl nvocati on. resol veMet hodBi ndi ng() — call target
= Nane. resol veBi ndi ng()
= Fi el dAccess. resol veBi ndi ng()
| Bi ndi ng — ASTNode
e ConpilationUnit.findDecl aringNode(I Bi ndi ng)
| Bi ndi ng > | Type/ | Fi el d/...
| Bi ndi ng. get JavaEl enent ()
 Bindings.findType(l TypeBi ndi ng, | JavaPr oj ect)
= | Type/l Field/..—» ASTNode
e ASTNodeFi nder.findField(lField), ..

N.B.: IBindings are not canonicalized across compilation unit

boundaries when AST’s are created by separate calls to
ASTPar ser. cr eat eAST()

e Use Bi ndi ngs. equal s() to compare in that case -
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Java AST’s: Visitor Interface

publ i c abstract class ASITVisitor

}

/5 he feltlowingl net heds get calllfed belere any: chitlfdren
/N aire kst ed. N as gitven virsitt (OF nethedh rnplfenentat it on
/S retuiras ffalise, risrehitlfdrent arer NOI virsiited.

bool ean vi sit( Met hodDecl arati on decl);

bool ean vi sit ( Met hodl nvocat ion | nv);

bool ean vi sit(Assi gnnent a);

bool ean visit(ArrayAccess aa);

??olean visit(lnitializer init);

/- e el eow ng net heds: get calll edh aliter chflfdifen: have

/N5 heen visited, regardless eff whet her chiflfdren get Vi sited.
bool ean endVi si t ( Met hodDecl arati on decl ) ;

bool ean endVi si t ( Met hodl nvecati on I nv);

P?olean endVi sit (Assi gnnent a);

cl ass ASTNode ({

}

L
voi d accept (ASTVisitor v);
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Java AST’s: Visitor Example

bool ean i'sM spl acedVet hod( Met hodDecl ar at 1 on net hod)
final List<l|VariableBinding> parans = new ArrayList(); // parameter |Bindi ngs

for (S ngl eVari abl eDecl arati on svd: nethod. paraneters())
par ans. add( svd. resol veBi ndi ng() ) ;

final bool ean[] got AnAnswer = new bool ean[]| { false; };
| Var i abl eBi ndi ng f Tar get Param = nul | ;

met hod. accept (new ASTVi sitor() {
publ i c boeol ean visit(Mthodl nvecation itnv) { // loek at call sites
Expression rcvr = inv.get Expression(); // aulll i roplireit “this® cal

if (reve == null) { //
f Tar get Param = nul |
got AnAnswer [ 0] = true;
return false; // deon”t bother lloeking at chitl dren ((actual argunent's)
} else it (!'(rcvr instanceof SinpleNane))

return true; /- examne chifldiren (fact ualt argunents)

defirnirtelly not a candirdate

Sinpl eName revr Nm = (Si npl eNane) recvr;
| Bi ndi ng revrBi ndi ng = rcvr Nm resol veBi ndi ng(); // what does this refer to?

i (!parans. contains(revrBinding)) return false; // not a param reference

i f (fTarget Param == nul |l && ! got AnAnswer[0]) {
f Tar get Param = (| Vari abl eBi ndi ng) rcvr Bi ndi ng;
got AnAnswer [ 0] = true;

} else if (!Bindings.equal s((IVariabl eBi ndi ng) rcvrBindi ng, fTargetParan))
f Tar get Param = nul |

return true;

}

)
eturn (fTargetParam ! = null');

)
J
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Java AST's: Rewrnting

= Rewriting operations encapsulated as a Change
object

x Core AST modification API: ASTRewrite

voi d renove( ASTNode, .))

voi d repl ace( ASTNode, ASTNode, .)

voi d set (ASTNode, Structural PropertyDescri ptor)

List Rewrite getListRewite( ASTNode,
Chi | dLi st PropertyDescri ptor)

e TextEdit rewiteAST(I| Docunent, .)

= N.B.: Refactoring infrastructure wraps much of this,
so that refactorings only have to produce a Change

object

516}



Part I: Eclipse Overview.

Java ASTI’'s: Rewriting Top-Level Flow.

cl ass Protect Constructor ({
| Met hodBi ndi ng fCiorBi nding; // got this from somewiere...

Conpi | ati onUnit get AST(I Conpi I ationUnit 1cu) {/* use ASIParser shown earlier */}

publ i ¢ Change createChange(l Conpil ati onUnit icu) throws CoreException {

}
o

| Text Fi | eBuf f er Manager buf Myr = Fi | eBuf f ers. get Text Fi | eBuf f er Manager () ;
Conpi | ati onUni t uni t AST get AST(1 cu);

Conpi | ati onUni't Change uni t Change new Conpi Il at IfonUni t Change( “ prot ect *, i cu) ;
ASTRewr i t e cuRewriter = ASTRewrite.create(unitAST. get AST());

Mul ti Text Edi t r oot new Mul'ti Text Edit () ;

try {
| Text Fi | eBuf fer buf

buf Mgr . get Text Fi'l eBuf fer (i cu. get Ful I Pat h()
Text Edi t G oup eg I

);
new Text Edi t Group(“protect ctor™); // U I abe

uni t Change. set Edi t (r oot ) ;
pr ot ect Const ruct or (uni' t AST, cuRewriter, eg); // rewiting happens here
uni t Change. addText Edi t G oup( eqg) ;
root . addChi l d(cuRewriter. rew it eAST( buf . get Docunent (),
I cu. get JavaProject (). get Opti ons(true)));
} finally {
\ buf Myr . di sconnect (i cu. get Ful | Pat h() ) ;
return unitChange;

. cont i nued on next slide ...
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Java AST’s: Rewriting Details

cl ass Prot ect Const ruct or {
[/ ..conti nued...

/55 DEES) the: act vl rewriting

vol d protect Constructor (Conpi |l ati onUnit unit AST, ASTRewrite cuRewriter,
Text Edi t Group eg) {

ASI asti =i uni t AST. get AST( )55 //° get the: nede fiactory

/A EIEst, firRd the nede tor rewd e by I Biradirng
Vet hodDecl aration ctor =

(Met hodDecl ar at iron) uni t AST. f i ndDecl ari ngNode( f C or Bi ndi ng) ;

/5 Next, get a hel per for rewditrng a Iirst eff ASI nedes
ListRewrite nodRewriter =
cuRewriter.getlLi st Rewite(ctor,

Met hodDecl ar at i on. MODI FI ERS2_ PROPERTY) ;

/5 Creat e the new Modififirer nede usingl the ASIE nede Factory.
Modi firer newibd = ast.newlVbdi fi er (Modi fi er. Modi fi er Keywor d. PROTECTED KEYWORD) ;

/5 Add new: VModiffirer t e Begi nnibng ol modr i e I St
nmodRewr it er.insertFirst(newibd, eg);
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Java AST’s: Applying a Change

Change change = createChange(); // create a change...

try {
;:/hange. i ni tializeValidationState(pn);
i f (!change. i sEnabl ed())

return;

RefactoringStatus valid =
change. 1 sVal i1 d(new Nul | ProgresshMonitor());
I f (valid. hasFatal Error())
ret urn;

Change undo = change. perforn( new Nul | ProgresshMonitor());
I'f (undo !'= null) {

undo. iini tializeValidati onSt at e(new Nul I Progressionitor());
/N dier semethitng With the undoe ehjfect

} f%nally {
| change. di spose() ;
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JDT Structures: Type Representations

| Type’ s (I JavaEl enent ” s)
e super-types are unresolved St ri ngs

e returned by Sear chEngi ne queries, produced by certain Java-oriented
views (e.g. Package Explorer, Outline)
= hard/impossible to find | Ty/pe for certain cases of anonymous/nested
types
no representatlon for array types, and can’'t create yourself
ITypeBl nding’ s (I Bi ndi ng" s)
= associated with AST nodes
e representations exist for every type explicitly manifested in the program
= can’t create yourself (constructors private)
= fully resolved, cover everything, but expensive
Type’ s (ASTNode wrapping a type name)
e unresolved; need to call r esol veBi ndi ng()
= expensive; holding onto these holds onto entire AST’s

Fhype’ s (JDI/UI refactering) —representation of chelce fer gleal
analysis!
= lightweight, creatable from | Bi ndi ng’ s, handle generics and wildcards
e constant-time isSupertype() guery. 60
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Java Structures: ITypeHierarchy.

= Create using, e.d.
| JavaProj ect. newlypeH erarchy()

| Type. newSupert ypeHi erarchy()

s API:
* | Type[]
* | Type[]
* | Type[]
* | Type[]
s Caveats:

get Al | C asses()

get Al l I nterfaces()

get Al | Subt ypes(I Type of Type)
get Subt ypes(| Type of Type)

= Very slow to build complete hierarchy

o Omissions (certain interfaces may not appear)
« |ava. |l ang. Qoj ect Is not a supertype of any interface
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Java Structures: Search Engine

Searching for references to a given | JavaEl enent :

| JavaSear chScope creat eSear chScope( | Met hod ctor) throws Javalodel Excepti on {
return SearchEngi ne. creat eJavaSear chScope( new | JavaEl enent[|] { nethod });
¥

Sear chPatt ern createSearchPattern()

return SearchPattern. createPattern(nethod,
| JavaSear chConst ant s. REFERENCES,

Sear chUti | s. GENERI CS_AGNOSTI C_MATCH RULE) ;
}

Sear chivat ch[ ] searchForCal | s(| Progressioni tor pm) throws CoreException {
['Methed nethoedh = 0 /0 get thrs fireom senewiere, e. ., Qutlirne Vi ew
| JavaPr oj ect | avaProject = nethod. get JavaProj ect () ;
Sear chEngi ne engi ne = new Sear chEngi ne() ;
final List/*<Searchiatch>*/ results = new ArrayLi st ();

engi ne. search(creat eSearchPattern(),
new SearchParticipant[]{ SearchEngi ne. get Default SearchParticipant () },

creat eSear chScope( net hod, | avaProject),

new Sear chReguest or ()
publ i'c voi d accept Sear chivat ch( Sear chivatch m

t hrows Cor eException {
resul ts. add(m;

}
3

pm;
return (Searchivatch[]) results.toArray(new SearchMatch[results. size()]); -
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Additional Reference Material

“Java Developer’s Guide to Eclipse,”

D’Anjou, Fairbroth’er, Kehn, Kellerman, McCarthy,
Addison-Wesley, 2005

“Contributing to Eclipse”™
Gamma, Beck, Addisoen-Wesley, 2004

“Official Eclipse 3.0 FAQ”
Arthorne, Laffra, Addison-Wesley, 2004

o http://eclipsefag.orag (partial online version)

Eclipse Bugzilla DB: http://bugs.eclipse.org

Use the source, Lukel
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Part I: Eclipse Overview.

Break #1: 15 minutes

= Jopics:
= how to not be seen
e lemmings | have known

e a funny thing happened on the way to
the browser...

e an XML schema for haiku
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Part I1: Use/Def Analysis

Part Il Intraprocedural Use/Def
Analysis (1.25 hrs)

s PuUrpose

e Provide encapsulation that triggers analysis as Ul-
Invokable gestures for exploring intraprocedural static
data-flow relationships in a Java program

s Specifically: display and navigate use-def/def-use
(UD-/DU-) chains within the Java source editor

e modal button that toggles highlighting of UD/DU
iInformation (like Java Editor’s “mark occurrences”)

e user selects a local variable reference
» reaching definitions are highlighted
e user selects a local value definition
~ references that might “see” that definition are highlighted

(615}



Part I1: Use/Def Analysis

Use/Def Analysis: Topics

Anatomy of intraprocedural analysis algorithm
for computing local use-def/def-use relationships

Using Eclipse Java API's
Creating document and selection listeners

Creating “annotations” to mark source code
entities

(6]6)



Part I1: Use/Def Analysis

Use/Def Analysis: Example

cl ass Foo {
publ i c v0|d foo() {

Int x = 5;
Int y = 12;
y = 17,

for(int i=0; i < 5; i++) {
X = X + V;
}

Systeimout. println(x);
}
}

N.B.: Only concerned with local variables
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Use/Def Analysis: Approach

s Cast In terms of “reaching definitions™
analysis

e For each AST node N:
= RD(N) = { (v,N ) | def of v at N' reaches N }

s Follow reaching definitions analysis by

simple filter:
« UD(ref v) = £ (v,N) | (v,N) e RD(v) }
= DU(V,N) = { refv | (v,N) e RD(N) }

68



Part I1: Use/Def Analysis

Reaching Definitions Analysis:
Constraint \Variable Notation

the set of definitions reaching the entry
point of AST node

the set of definitions leaving the exit
point of AST node

a definition of variable v at AST node

a definition of variable v at any AST node

(61¢)
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Reaching Definitions Analysis:
Constraint Notation

The set of reaching definitions off AST
node 1 Is a subset of that of

The definition of variable v at AST
node n reaches AST node

set difference
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Reaching Definitions Constraints:
[Data-flow:

construct constraints description

v = E (v,v=E) € RD.[V=E] definition of value for v
reaches exit

RD, oy [VEE] \ {(V,*)F € | anything not killed by
RD,,:[V=E] definition reaches exit

V++ <similar te assignment>
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Reaching Definitions Constraints:
Control-flow

= INn general: if statement S flows to S’
generate constraint:

RDg,it[S] = R Dentry [S]
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Reaching Definitions Control-flow
Constraints: Blocks

@ @ 1. S:Lexit = 52entry
() R
{ Sl; SZ; 83; Si; Si"'l; } 2. 82exit - S3entry

i [ i+1
LS exit & S entry
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Reaching Definitions Control-flow
Constraints: For LLoops

% % KQ 1. forgnyy < NIty
for( icn?ﬁ;/coyd; jate) 2. inity, = condg,
body — @ 3. condg,;; < body, .y,

r @ 4. body,,; < update,,,

5. update,,;, < condg,,

6. Cor"dexit - forexit
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Anatomy of Reaching Defs Analysis:
Solution Architecture

Java Source File

; Constraint Generator
AST > :
(ASTVi sitor)

Reaching Defs
Constraints

Constraint Map:
Solver ASTNode -> set of Defs
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Anatomy of Reaching Defs Analysis:
Generic Constraint Generation API’s

Based (semewhat leesely) on API’S in

org. eclipse. jdt.internal.corext.refactoring.typeconstraints2

abstract class ConstraintTerm{ // a nede | n constralnt graph

}

public interface | TernProcessor {
voi d processTern{ Constraint Termterm;
¥

public voi d reconput eEsti nat e(l Esti nat eEnvi ronnent env) { }
abstract void processTerns(l TernProcessor processor);

abstract class Constrai nt Operator {}//sub-cllass fior speclific anal yses

class Gonst raibnt {§ // an edee 1 the constralng graph

Constrai nt Term fLHS, fRHS; Constrai nt Operat or f Oper at or;

Constraint (Constrai ntVari able |, Constraint Operator o,
Constrai nt Vari able r) ({
fLHS = |; fRHS = r; fQOperator = o;

J
Constrai nt Term get LHS() { return fLHS; }
Constrai nt Term get RHS() { return fRHS;

Constrai nt Operator getOperator() { return fOperator; } o
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Anatomy of Reaching Defs Analysis:
Generic Constraint Generation API’s

class ConstraintVisitor extends ASTVisitor {// traverse ASI &
/5 gEeneran e constiralr nts
Constrai nt Creat or fCreat or;
Li st <Constrai nt> fCons = new HashSet (); // collects results

Constrai nt Visitor(ConstraintCreator cc) { fCreator = cc; }

bool ean vi sit(ArrayAccess access) {
f Cons. addAl | (f Creator. creat e(access) ) ;

bool ean vi sit(Assignnent assign) {
f Cons. addAl | (fCreator. create(assign));

J
/...
J

abstract class Constraint Creat or
/5 gERErate constrralnt s Fer each |Faneuaeger const ruct
abst ract Li st<Constraint> create(ArrayAccess);
abst ract Li st<Constraint> create(Assi gnnent);
abst ract Li st<Constraint> create(Conditional Expressi on);
abstract List<Constraint> create(MthodDecl arati on);
?Pstract Li st <Const rai nt > creat e( Met hodl nvocat i on) ;
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Anatomy of Reaching Defs Analysis:
Constraint Generation

cl ass RDConst rai nt Ter nfact ory {

/5 npifenent atrent enr ffel Fewing sitirder ..
Const r ai nt Ter m cr eat eEnt ryLabel (ASTNode node); I RIDL
Const r ai nt Ter m cr eat eExi t Label ( ASTNode node) ; /o RE@Mtrrﬂ

Const rai nt Ter m cr eat eDef i ni ti onLiteral (I Vari abl eBi ndi ng v, ASTNode n);// (V, n)
Const rai nt Ter m cr eat eDef i ni ti onW | dcard(I Vari abl eBi nding v); // (v, ")
}

[/ I ntraprocedural single CU analysis: ok to hol d ont o ASTNodes and | Bi ndiings
cl ass NodelLabel extends Constrai nt Term {

ASTNode f Node;

NodelLabel (ASTNode node) { fNode= node; }

class EntrylLabel extends NodelLabel { // RD., | n]
Ent ryLabel (ASTNode node) { super (node); ?
public String toString() { return “RD@ntry[” + node + “]”; }

cl ass ExitLabel extends NodeLabel { // RD. [ 1]
Exi t Label (ASTNode node) { super(node); i
public String toString() { return “RD@xit[” + node + “]”; }

class DefinitionLiteral extends ConstraintTerm{ // (v, n)
| Var i abl eBi ndi ng f Var Bi ndi ng; ASTNode f Label ;
DefinitionLiteral (IVariableBinding v) { this(v, null); } // (v,?*)
DefinitionLiteral (IVari abl eBi ndi ng v, ASTNode n){ fVarBinding = v;flLabel = n;}
\ public String toString() { return “(* + fVarBinding + “,” + flLabel + “)”; }
78



Part I1: Use/Def Analysis

Anatomy of Reaching Defs Analysis:
Constraint Generation

cllass RDConstrai nt Ter nFactory {
/5 Respoensi bl e ffor “caneni cal il zing™” constralnt terns
Map<ASTNode, Constrai nt Ter n> f Ter mvap;

Const rai nt Ter m cr eat eEnt rylLabel (ASTNode n) {
Constraint Termt = fTermvap. get(n);
I f (t == null)
f TermVap. put (n, t = new EntrylLabel (n));
return t;

}

Vap<I Var i abl eBi ndi ng, Map<ASTNode, Def i ni tionLi teral >> fVarMap =
new: LirnkedHashivap(); /0 LirakedXXX() For det er miniisim

abl eBi ndi ng b, ASTNede n) {
t

Constrai nt Term createbDefii nilti onlLiteral (I'Va
= (Map) fVar Vap. get (b);

I
Vap<ASTNode, Definiti onLiteral > | abel 2Def Li

I f (label 2DefLit == null)
fVar Map. put (var, | abel 2DefLit = new Li nkedHashMap() ) ;

DefinitionLiteral d = (DefinitionLiteral) |abel 2DefLit.get (| abel);
I f (d == null) {

d = new DefinitionLiteral (var, |abel);

| abel 2Def Li t. put (I abel , d);
return d;

/A simlFar met heds, for creat i nel ot her Consit ral nt er mity/pPes:... 79



Part I1: Use/Def Analysis

Anatomy of Reaching Defs Analysis:
Constraint Generation

cl ass Subset Oper at or extends Constrai nt Operator { }

cl ass RDConst rai nt Creat or extends Constrai nt Creator {
RDConst r ail nt Ter nf-act ory f Fact ory;

/N Conveni ence: nethed

Const rai nt newSubset Const rai nt (Constraint Term |, Constraint Termr) {
return new Constraint(l, r, Subset Operator.getlnstance());

}

/.
/0 1 et hod per Fanguage censtruct e gEREerai e Const ral nis
/.
Li'st <Const rai nt > creat e( Assi gnnent a) {
[N See nexts slirde ...
¥

Li st <Const rai nt > creat e( For St at enent f) {
/... Seel subsequent sltirde ...
J

/[ ...ot her | anguage constructs ...
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Part I1: Use/Def Analysis

Data-flow constraints: Assignment

construct constraints description

v = E (v,v=E) € RD_[V=E] definition of value for
V. reaches exit

RDpey [V=ET N {(V,*)} < anything not Killed by
RD,,:[V=E] definition reaches exit

81



Part I1: Use/Def Analysis

Data-flow constraints: Assignment

publ 1 c List<Constraint> create(Assignnent assign) ({
[/ Restriction: only handle llocall vari ablies (1 ntraprocedural)
Expressi on | hs assi gn. get Lef t HandSi de() ;
Expr essi on rhs assi gn. get Ri ght HandSi de( ) ;

/
|

/1 LHS isn’'t a sinple nane, it can't be a | ocal variabl e
f (Il hs. get NodeType() != ASTNode. SI MPLE _NANVE) return EVPTY_ LI ST;
Si npl eNane nane = (Si npl eNane) | hs;

| Bi ndi ng naneBi ndi ng = nane. r esol veBi ndi ng() ;

[/ 1If nane Isn't a variable reference, ignore it
I f (nanmeBi nding. getKind() != [ Bi ndi ng. VARI ABLE) return EMPTY_LI ST;

| Var i abl eBi ndi ng var Bi ndi ng= (I Vari abl eBi ndi ng) naneBi ndi ng;

[/ 1f variable refierence refers to a fiield, Ignere It
i f (varBinding.iiskField()) return EVPTY_ LI ST;

Constral nt Term assignEntry = fVari abl eFactory. creat eEnt rylLabel (assi gn);
Const r ai nt Ter m def fiVar Fact ory. creat eDef i ni ti on(var Bi ndi ng, assign);
Const rai nt Ter m def Wl d fVar Fact ory. creat eDefini tion(varBi nding); // (v,*)
Const rai nt Ter m r dExi t f Var Fact ory. cr eat eExi t Label (assi gn) ;

Constraint Term di ff new Reachi ngDef sDi fference(assi gnEntry, defWI d);
Li st <Constraint> result new Li st <Constrai nt>();

resul t. add( newSubset Constrai nt (defi, rdexit)); // (v,v=E) € RD

resul t. add( newSubset Constraint (diffi,rdExit)); // RD,. [v= E]\-ft ;; ¥} < RD,,.[V=E]
return result;

} 82



Part I1: Use/Def Analysis

Control-flow Constraints: For LLoops

® @ ® 1

m m h . 1:Orentry < ir"itentry
for( icn?ﬁ;/coyd; jate) 2. inity, = condg,
body — @ 3. condg,;; < body, .y,

r @ 4. body,,; < update,,,

5. update,,;, < condg,,

6. Cor"dexit - forexit
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Part I1: Use/Def Analysis

Control-flow Constraints: For LLoops

public List<Constraint> create(ForStatenment forStnt) {
i fication: exactly one init expr,

/1 Sinpl

Statenent body = forStnt.

Expr essi

Li st <Expression> inits
Li st <Expr essi on> updat es

Expr essi
Expr essi

Li st<Constrai nt> result

Const r ai
Constr ai
Const r ai
Const r ai
Constr ai
Const r ai
Const r ai
Constr ai
Constr ali
Const r ai

on cond

on I nit
on updat e

ntTermforEntry

nt Term f or Exi t
ntTerminitEntry
nt TerminitExit

nt Term condEntry
nt Ter m condExi t

nt Ter m updat eEntry
nt Ter m updat eExi t
nt Ter m bodyEntry
nt Ter m bodyExi t

get Body() ;

a condition, exactly one update expr

forStnt.get Expression();
orStmt.initializers();
forStnt.updaters();

f
(

Expression) i

nits.get(0);

(Expression) updates.get(0);
new Arraylist();

resul t. add( newSubset Constr ai
resul t. add( newSubset Constr ai
resul t. add( newSubset Constr ai
resul t. add( newSubset Constr ai
resul t.add( newSubset Constr ai
resul t. add( newSubset Constr ai

return result;

f Vari abl eFactory. createEntrylLabel (forStnt);
fVari abl eFactory. creat eExi t Label (forStnt);
fVari abl eFactory. createEntrylLabel (init);
fVari abl eFactory. createExitLabel (init);
fVari abl eFactory. creat eEntrylLabel (cond);

f Vari abl eFactory. creat eExi t Label (cond) ;

f Vari abl eFactory. creat eEntrylLabel (update);
fVari abl eFactory. creat eExi t Label (updat e);
fVari abl eFactory. creat eEntrylLabel (body);

f Vari abl eFactory. creat eExi t Label (body) ;

nt(forEntry,
nt(initExit,
nt (condExi t,
nt (bodyExi t,

nt (updat eExi t,

nt (condExi t,

initentry)); // 1. for,., cinit .
condEntry)), [ 2. init, c cond ntry
bodyEntry)); // 3. conéemtc:b d&mﬂw
updateEntry)); // 4. bodyeX,tc:updateentry
condEntry)); // 5. update_ c:condentry
forExit)); Il 6. cond@mc:f i
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Part I1: Use/Def Analysis

Anatomy of Reaching Defs Analysis:
Constraint Selution

Build Constraint Graph

Initialize Estimates

A 4

Process Work-List

cl ass Constraint Gaph {

Li st <Constrai nt > f Constraints;
Set <Constrai nt Terne fAl | Ter ns;
Map<Const rai nt Ter m Li st <Const rai nt >> f EdgeMap;

cl ass TernDecorator inplenents | TernProcessor {
Constraint fConstraint;
voi d set Constraint(Constraint c) {fConstraint=c;}
public void processTern(ConstraintTermtern) {
addToEdgeLi st (term fConstraint);
fAl Terns. add(term;

}
}

void initialize() { // turn Constraints into graph
Ter nDecor at or decorator = new TernDecorator();
for(Constraint c: getConstraints()) {
ConstraintTermlhs = c.getlLeft();
Constrai nt Termrhs c.getRi ght();

decorat or. set Constraint(c);
| hs. processTer ns(decorator);
rhs. processTerns(decorator);



Part I1: Use/Def Analysis

Anatomy of Reaching Defs Analysis:
Constraint Selution

void initializeEstimtes() {

for(ConstraintTermt: graph.getVariables()) {
if (t instanceof DefinitionLiteral)

@ setEstimate(t, new DefinitionSet(t);:
el se
Build Constraint Graph set Esti mate(t, new DefinitionSet());
}
v }

Initialize Estimates voi d sol veConstraints() {
while (!'workList.empty()) {

v Constraint Termt = workList. pop();
@ Process Work-List for(c: getConstraintslnvolving(t)) {
sati sfyConstraint(c);

}
}

}
@4 voi d satisfyConstraint(lConstraint c) {

ConstraintTerm | hs = c.get LHS() ;
Constraint Termrhs = c. get RHS();
DefinitionSet | hsEst = getEstimate(l hs);
sets monotonically DefinitionSet rhsEst = getEstimate(rhs);
- - - ~ I f (!rhsEst.contai nsAll (|l hsEst))
Increase In size! T

\ set Esti mate(rhs, rhsEst.unionWth(lhsSet)); gg
}



Part I1: Use/Def Analysis

Computing Def/Use Relationships
from Reaching Definitions

refsTo(def ) = { nodes n | isRef(n) ™ def < reachingdefs(n) }

Set <ASTNode> fi ndRef sToDef (ASTNode def,
final | EstimateEnvironnent reachi ngbDefs) {
final Set <ASTNode> result= new HashSet ();

ASTNode nmet hod = get Owni ngMet hod( def) ;
Si npl eNane nane = (Si npl eNane) ((Assignnent) def).getlLeftHandSi de();
final |Variabl eBinding defBinding =
(I'vari abl eBi ndi ng) nane. resol veBi ndi ng() ;
final DefinitionLiteral defLit = new DefinitionLiteral (def Bi ndi ng, def);

/| Search AST for variable references that refer to def
nmet hod. accept (new ASTVi sitor ()
publ i ¢ bool ean visit(Si npl eNane node) {
I f (!Bindi ngs. equal s(node. resol veBi ndi ng(), defBi nding))
return fal se;

DefinitionSet rds =
reachi ngDef s. get Esti mat e(f Vari abl eFact ory. creat eEntrylLabel (node)) ;

I f (rds.contains(defLit))
resul t. add(node);
return fal se;

}
1)
return result; 87
}



Part I1: Use/Def Analysis

Computing Use/Deff Relationships
from Reaching Definitions

defsOf(ref) = { d € reachingdefs(r ef) | var(d) = binding(ref) }

Set <ASTNode> fi ndDef sFor Ref (ASTNode r ef,
| Vari abl eBi ndi ng var Bi ndi ng,
| Esti mat eEnvi ronnent rds) {
DefinitionSet defs =
rds. get Esti mat e(f Vari abl eFactory. creat eEntrylLabel (ref);

Set <ASTNode> result = new HashSet () ;

for(DefinitionLiteral d: defs) {
i f (Bi ndi ngs. equal s(var Bi ndi ng, def. getVarBi nding()))
resul t.add(def. get Label ());

}

return result:
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Part I1: Use/Def Analysis

Use/Defs Ul Integration: Overview

s Basic components:

= Create toolbar Action to toggle “highlight
uses/defs” mode

e Re-analyze when Java editor source document
changes

= create a “Document Listener” to trap document
changes

o Update highlighting when selection changes
= create a “Selection Listener” to trap editor selections

s create “Annotations” to Indicate desired source
highlighting

89



Part I1: Use/Def Analysis

Use/Defs Ul Integration: Action

cl ass Mar kUseDef sAction inplenents | WrkbenchW ndowActi onDel egate {

bool ean flnstalled = fal se;

Abstract Text Edi t or f Editor;

| Docunent Li st ener f Docunent Li stener = new NMDUDocunent Li stener () ;

| Sel ecti onChangedLi stener f Sel ectLi stener = new MDUSel ecti onLi st ener (docunent);

public void run(lAction action)
fEditor = (Abstract TextEditor) PlatfornJ .get Wrkbench().
get Acti veWor kbenchW ndow( ) . get Acti vePage() . get Acti veEditor();
| Docunmrent doc = get Docunent Provi der (). get Docunment (get Edi tor | nput ());

If (!'flnstalled) {
regi sterlListeners(doc);
flnstalled = true;

} else {
unr egi sterLi steners(doc);
flnstalled = fal se;

} register listeners
} /
voi d regi sterlListeners(l Docunent docunent) ({

get Sel Provi der (). addSel ecti onChangedLi st ener (f Sel ect Li st ener);
docunent . addDocunent Li st ener (f Docunent Li st ener) ;
}
voi d unregi sterlListeners(l Docunent docunent)
get Sel Provi der (). renoveSel ecti onChangedLi st ener (f Sel ect Li st ener) ;
docunent . r enoveDocunent Li st ener (f Docunent Li st ener) ;
}
| Sel ecti onProvider getSel Provider() { return fEditor.getSel ectionProvider(); }
| Docunent Provi der get DocProvider() { return fEditor.getDocunentProvider(); } o0



Part I1: Use/Def Analysis

Use/Defs Ul Integration: Listeners

cl ass Mar kDef sUseActi on {
Il ...
Conpi l ationUnit fConpilationUnit = null; // AST cache

/] ...nested class, since needs access field fConpilationUnit
cl ass MDUDocunent Li st ener inplenments | Docunent Li stener {

public void docunent About ToBeChanged( Docunent Event event) {
/1l ...do nothing ...
}

public void docunent Changed( Docunent Event event) {
fConpil ati onUnit = null;
}

}
} invalidate AST cache to ensure
CU gets re-analyzed

o1



Part I1: Use/Def Analysis

Use/Defs Ul Integration: Listeners

cl ass Mar kDef sUseActi on {

/]
/'l ...nested class, since needs access field fConpilationUnit ..
cl ass MDUSel ecti onLi stener inplenents | Sel ecti onChangedLi stener {

private final |Docunent fDocunent;

private Sel ectionListener(lDocunment docunent) {
f Docunment = docunent;

}

public void sel ecti onChanged( Sel ecti onChangedEvent event) {
| Sel ection selection = event. get Sel ection();

i f (selection instanceof | TextSelection) { :
| Text Sel ection textSel = (Il TextSel ection) selection;

Int offset = textSel.getOfset();
int length = textSel.getlLength();

r econput eAnnot at i onsFor Sel ection(offset, |ength, fDocunment);
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Part I1: Use/Def Analysis

Use/Defs Ul Integration: Annotations

cl ass Mar kDef sUseActi on {

/]

voiH'reconputeAnnotationsForSeIection(int of fset, int |ength,

| Docunent docunent) {
| Annot ati onMbdel annot ati onModel =

f Docunent Provi der. get Annot at i onVodel (get Edi tor | nput ());

/] Get AST for the editor docunent & find the sel ected ASTNode
Conpi l ationUnit cu get Conpi lationUnit(); // use ASTParser
ASTNode sel ect edNode NodeFi nder. perforn{cu, offset, |ength);

[/ Call the anal yzer described earlier
UseDef Anal yzer uda = new UseDef Anal yzer (cu);
Set <ASTNode> usesDefs = uda. findUsesDef sO (sel ect edNode) ;

/| Convert ASTNodes to docunent positions fset/| ength)
Position[] positions = convertNodesToPositio usesDef s) ;

pl aceAnnot at i ons( call analyzer
convert Posi ti onsToAnnot at i onMap( posi ti ons, docunent),

annot at i onModel ) ;
\ add annotations
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Part I1: Use/Def Analysis
Use/Defs Ul Integration: Annotations

Clﬁfs Mar kDef sUseActi on {
/

thgAnnotation,Position>
convert Posi ti onsToAnnot ati onMap(Position[] positions,

| Docunent docunent)
Map<Annot ati on, Posi ti on> posMap = new HashMap(positions.|ength);

// map each position into an Annotati on object
for(int i = 0; I < positions.length; i++) {
Position pos = positions[i];

try { // create Annotation consisting of source text itself
String nessage = docunent. get (pos. offset, pos.length);

posMap. put (
new Annot ati on("com i bm pl di 2005. useDef Annot ati on",
fal se, nessage),
pos) ;
} catch (BadLocati onException ex) {
} continue; // shouldn’t happen (we got positions from AST)
}

return poshMap;
}

94



Part I1: Use/Def Analysis

Use/Defs Ul Integration: Annotations

cla?? Mar kDef sUseAct i on {

voi d pl aceAnnot ati ons( Map<Annot ati on, Posi ti on> annot ati onMap,
| Annot at i onVbdel annModel ) {
(bj ect | ockObj ect = get LockObj ect (annModel ) ;

synchroni zed (|l ockQbject) {
I f (annMbdel instanceof | Annotati onMbdel Ext ension) {
[l THE EASY WAY: the nore functional APl is avail able
| Annot at i onMbdel Ext ensi on i ane =
(I Annot at i onMbdel Ext ensi on) annModel ;

| ame. repl aceAnnot ati ons(f d dAnnot ati ons, annot ati onMap) ;
el se {

/1 THE HARD WAY: renove the existing annotations one by one,
/'l and add the new annotations one by one...

renmoveExi sti ngOccurrenceAnnot ati ons();

for(Map. Entry<Annot ati on, Position> e: annotati onMap.entrySet()) {
} annModel . addAnnot ati on(e. get Key(), e.getValue());

}
}
}
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Part I1: Use/Def Analysis

Break #2: 15 minutes

= Jopics:
e Grant proposals for the Ministry of Silly
Walks
e Coding for offensive architectures
e | azy/implicit deallocation

e Curmudgeon, pidgeon and other
“woody” words
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Part I11: Type Analysis

Part lll: Type Analysis (1.25 hours)

s PUrpose:

o Implement a global type analysis engine
to detect “overly-specific variables™

e encapsulate as a “smell detector”
extension In a simple framework

o Implement a remediating refactoring/
quick-fix

o7



Part Ill: Type Analysis
Type Analysis: Topics

Pluggable “smell detection™ framework
 defined using the Eclipse extension-point mechanism
e defining a smell detector extension

Anatomy of a type analysis engine for Java
e puilt on the JDT “type constraint” infrastructure

Type analysis to detect overly-specific variables
Creating “problem markers” from analysis results

Creating a quick-fix to rewrite the declaration of
an overly-specific variable to the most general
possible type as determined by the analysis
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Part I11: Type Analysis

Pluggable Smell Detection

s “If It stinks, change It” — Grandma Beck

s Code smell: any of a variety of structural
defects or undesirable characteristics:
e duplicated code
e overly complex methods
e “shotgun surgery”
e [ack of appropriate reuse
e Inability to reuse component
e structure does not reflect behavior
= monolithic class should be a set ofi components

S9



Part I11: Type Analysis

Pluggable Smell Detection:
Implementing a Simple Detector

Smell Detection Framework Plug-in

comibmresearch. snel | det ect or

Smell Detector Extension Point

/7 /, K\\

Detector Detector Detector Detector

Extension Extension Extension Extension

Smell Detector Plug-in #1 Smell Detector Plug-in #2

100



Part I11: Type Analysis

Smell Detector Extension Point

<ext ensi on- poi nt i d="detectors*
name="Snel | Det ect ors”

schenma="schenma/comi bm research. snel | det ect or. det ect ors. exsd"/ >

<el enent nane="ext ensi on” >
<conpl exType>
<sequence>
<el ement ref="detector”/>
</ sequence>

</ conpl exType>
</ el enment >
<el enent nane="det ector">
<conpl exType>
<attri bute nane="nane" type="string"/>
<attribute nanme="cl ass" type="string">
<annot at i on>
<appl nf o>
<neta.attribute kind="java"/>
</ appl nf 0>
</ annot ati on>
</attribute>
</ conpl exType>
</ el ement >

plugin.xmi

det ect or s. exsd
(XML Extension Point Schema)
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Part I11: Type Analysis

Smell Detector Extension Point

Smell Detectors

General Information Element Grammar

ar madify the conktent model of the
Extension Point Elements

wing ¥ML elements and attributes are allowed in this

=€ detector

wimakion:

a) name

Description
#dd short description of elerments and attributes for documentation purposes, se HTML tags where
appropriate,

R
[i-o]

Definition | Documentation | com.ibm.research, smelldetector . detectar
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Part I11: Type Analysis

Smell Detector Extension

<ext ensi on
poi nt="comibmresearch. snel | detector. detectors">
<det ect or
nane=“COverly Specific Vari abl e*
cl ass="org. snel | srus. Overl ySpeci fi cVari abl e">
</ det ect or >

</ ext ensi on>
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Part I11: Type Analysis

Smell Detector Extension: Executable
Extension

s Implements one or more of these interfaces,
depending on granularity ofi smell:
e | Fi el dSnel | Det ect or

| Met hodSnel | Det ect or
| TypeSnel | Det ect or

| Uni t Snel | Det ect or

| PackageSnel | Det ect or
| Proj ect Snel | Det ect or
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Part I11: Type Analysis

Smell Detector Interfaces

I nterface | Snel | Det ect or {
/1 The marker type indicating a Java code snel |l

static final String k_snell Marker Type =
"comibmresearch. snel | det ector. snel | marker":

/1l Indicates an attribute on a marker used to identify the particul ar

/|l type of snell, for use in renedi ation.

static final String k_snell MarkerKi nd =
"comibmresearch. snel | detector. snel | marker ki nd";

String get Nanme();
}

I nterface | Fi el dSnel | Det ector {
void runOn(Fi el dDecl aration field, IConpilationUnit icu, IFile file);
}

I nterface | Met hodSnel | Det ect or extends | Snel | Det ector {
voi d runOn(Met hodDecl aration nmethod, | ConpilationUnit icu, IFile file);
}

I nterface | TypeSnel | Det ector {
voi d begi n(TypeDecl aration type, |ConpilationUnit icu, IFile file);
voi d end( TypeDecl aration type, |ConpilationUnit icu, IFile file);

}
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Part I11: Type Analysis

Smell Detection: Overly Specific
\ariables

Example:

could be just List

cl ass Foo {
public ArraylLis oList(String[] args) {
ArrayLi st 1ist = new ArrayList();
for(int 1=0; I < args.length; i++)
| ist.add(args[i]);
return |ist;
}
public void foo() {
List 12 = toList(new String[] { “a”, “b” });
for(lterator it = 12.iterator(); iter.hasNext();)
Systemout.printin(it.next());
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Part I11: Type Analysis

Implementing a Smell Detector:
Overly Specific Variables

Step 1: create new plug-in project

Step 2: add plug-in dependency for snel | det ect or
framework plug-in

Step 3: create extension of snel | det ect or extension
point

Step 4: create class implementing
| Uni t Snel | Det ect or

Step 5: create remediator as class implementing
| Mar ker Resol ut i onGener at or
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Part I11: Type Analysis

Implementing a Smell Detector:
Overly Specific Variables

class OverlySpecificDetector extends Snel | DetectorBase
I mpl enments | UnitSnell Detector ({

voi d uni t Begi n(Conpi |l ationUnit unit AST, | ConpilationUnit unit, IFile file) {
Overl ySpeci ficAnal yzer anal yzer = new Overl ySpeci fi cAnal yzer (unit);

Map<I| Conpi | ati onUni t, Map<Constrai nt Term TypeSet >> uni t Map =
anal yzer. conput eOver | ySpeci fi cVari abl es();

/| Create a marker for each overly-specific variable
for(lConpilationUnit icu: unitMap. keySet()) {
Map<Constrai nt Term TypeSet > ternmvap = unit Map. get (i cu);

for(ConstraintTermt: termvap. keySet()) {
TypeSet ts = ternmvap. get(t);
| Marker m = createMarker(file,
t.toString() + “ could be “ + ts.enunerate(),

/| crude: pick any menber in the estimate TypeSet’ s upper bound
m set Attri but e( NEW TYPE
ts. get Upper Bound() . anyMenber (). get Qual i fi edNanme()) ;

/1 distinguish this snell fromother types of snells
m set Attri bute( SMELL_KI ND, “org. pl di 2005. over | ySpeci ficVar”);
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Part I11: Type Analysis

Anatomy of a Type Analysis Engine

Source Files

AST’s

(ASTVisitor)

Type
Constraints

Type Constraint
Solver

Constraint Generator

uses same framework as
Reaching Defs analysis

\YE=To s
var -> set of types
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Part I11: Type Analysis

Smell Detection: Overly Specific
\ariables

cl ass Overl ySpecificAnal yzer {
Map<I| Conpi | ati onUnit, Map<Constrai nt Term TypeSet>>
conput eOver | ySpeci ficVari abl es() {

col I ect Constraints();
sol veConstraints();

Map<I| Conpi | ati onUnit, Map<Constrai nt Term TypeSet>> unitMap =
new HashMap<I| Conpi | at1 onUnit, Map<ConstralntTerm TypeSet>>();

/| Exam ne estinmates to determne what's nore specific than necessary
for(n: graph.get Nodes()) {
est = getEstimate(n);
/[l if type nore specific than necessary, add to result nmap
I f (estinmat eMbr eGener al ThanDecl (est, n)) {
| Conpi lationUnit icu = v.getConpilationUnit();

Map<Constrai nt Term TypeSet > terniVap =
get O MakeEntry(uni t Map, icu);

: t er mvVap. put (n, est);:
}

return unitMp;
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Part I11: Type Analysis

Anatomy ofi a Type Analysis Engine:
Overview

» formalism of Palsberg & Schwartzbach, developed
Int 1990s
e captures relationships among program constructs

= original purpose: type inference

= prove that certain kinds of errors cannot occur at run-time
e e.g., ho “message not understood” errors

= We adapted/extended the formalism to capture
the type semantics of Java

s references:

e “Refactoring for Generalization™, Tip, Kiezun, Baeumer,
OOPSLA 03

= “Efficiently Refactoring Java Applications to use Generic
Libraries”, Fuhrer, Tip, Kiezun, Keller, ECOOP ‘05
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Part I11: Type Analysis

Anatomy ofi a Type Analysis Engine:
Constraint VVariable Notation

the type of expression

the return type ofi method

the type of field

the type that contains member

the I-th parameter of method

subtype relation
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Part I11: Type Analysis

Anatomy ofi a Type Analysis Engine:
Type Constraint Notation

[E] = [E’] the type of expression E must be the
same as the type of expression E°

[E] < [E’] the type of expression E IS a proper
subtype of the type of expression E’

[E] < [E’] erther [E] = [E] or [E] < [E]

=HEN the type of expression E Is defined to
be T

[E] < [EL] or ... oF disjunction: at least one of
[E] < [EK] [E]l < [EL], .-, [E] < [EK] must hold
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Part Ill: Type Analysis

Anatomy of a Type Analysis Engine:
Type Constraint Generation

declaration I Vv [V]I=T
assignment E1 = E2 [E2] < [EL]
access E.f to field F [E.f] = [F]
[E] =< Decl(F)

return E Iin method V) [E] = [M]
method M In type | Decl(Vi) =1
this In method 1V [this] = Decl(Vl)
direct call E.m(EL, ..., £n) to [E.m(EL,..., En)] = [M]
method Vi [Ei] < [Param (M, i)]

[E] < Decl(iVl)
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Part I11: Type Analysis

Anatomy ofi a Type Analysis Engine:
Generic Constraint Generation API’s

abstract class ConstraintTerm{ // a node in constralnt graph
public interface | TernProcessor {
voi d processTern{ConstraintTermterm;
}

public void reconputeEstimate(l Esti mat eEnvironnment env) { }
abstract void processTerns(| TernProcessor processor);

}

abstract class Constrai ntOperator { }

class Constraint { // an edge in the constraint graph
Constraint Term fLHS, fRHS; Constraint Qperator fQperator;

Constraint (ConstraintVariable |, Constrai nt Operator o,
ConstraintVariable r) {
fLHS = 1; fRHS = r; fQperator = o;

}

Constraint Termget LHS() { return fLHS; }
ConstraintTermgetRHS() { return fRHS; }
Constrai nt Qperator getOperator() { return fQperator; }

<as presented in Part 1> 115



Part I11: Type Analysis

Anatomy ofi a Type Analysis Engine:
Generic Constraint Generation API’s

class ConstraintVisitor extends ASTVisitor {// traverse AST &
/'l generate constraints
Constrai nt Creat or fCreator;
Li st <Constraint> fCons = new HashSet(); // collects results

ConstraintVisitor(ConstraintCreator cc) { fCreator = cc; }

bool ean visit(ArrayAccess access) {
f Cons. addAl | (f Creator. create(access));

bool ean visit(Assi gnment assign) {
f Cons. addAl | (fCreator. create(assign));

}
/...
}

abstract class Constraint Creator
/|l generate constraints for each | anguage construct
abstract List<Constraint> create(ArrayAccess);
abstract List<Constraint> create(Assignnment);
abstract List<Constraint> create(Conditional Expression);
abstract List<Constraint> create(MthodDecl arati on);
??stract Li st <Constrai nt> creat e( Met hodl nvocati on);

} <as presented in Part 1> 1



Part I11: Type Analysis

Anatomy of a Type Analysis Engine:
Type Constraint Generation

cl ass TypeConstrai nt TernfFactory {
/'l Responsible for “canonicalizing” terns, e.g.:

Il Flow i nsensitive => all sinple var refs map to sane Constraint Term

/] Fl ow sensitive => each var ref maps to a different Constraint Term
Constrai nt Term cr eat eExpr essi onVari abl e( Expressi on e); [ [e]

Constrai nt Term cr eat eTypeVari abl e( Type t); [] t

Const rai nt Term cr eat eDecl ari ngTypeVari abl e(| Bi ndi ng b); /| Decl[Db]
Constrai nt Term cr eat ePar anVari abl e(1 Met hodBi nding mint i); //|Paranimi)|
Const rai nt Term cr eat eRet ur nVari abl e(1 Met hodBi ndi ng m ; [ [

/..
}

/'l General Principle: Save just enough info to | ocate correspondi ng AST node
cl ass ParaneterVari abl e extends Constraint Term {
| ConpilationUnit fCU, String fMethodKey; int fParam dx;
Par?gféervariable(lthhodBinding met hod, int idx, |ConpilationUnit cu) {
cu;
f Met hodKey= net hod. getKey(); // DON T HANG ONTO Bl NDI NG
f Par am dx= 1 dx;

}

cl ass ReturnVari abl e extends Constraint Term {
| ConpilationUnit fCU, String fMethodKey;
Par?netervariable(lthhodBinding met hod, | ConpilationUnit cu) {
CU= cu;
f Met hodKey= net hod. get Key(); // DON T HANG ONTO Bl NDI NG
}
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Part I11: Type Analysis

Anatomy of a Type Analysis Engine:
Type Constraint Generation

cl ass TypeConstrai nt TernfFactory inplenents Constraint TernfFactory ({
Map<Qobj ect, Constrai nt Ter n> f CTMap;

Constrai nt Term cr eat eExpressi onVari abl e( Expression e) {
hj ect key;
swtch(e. gethbdeType()) {
case ASTNode.
case ASTNode. FIELD ACCESS:
key = e.resol veBi nding(); ;; Fl ow i nsensitive: all refs map
t

br eak: o the same Constrai nt Term
def aul t:

key = new Conpil ati onUni t Range(e);

br eak:

}
ConstraintTermt = fCTMap. get (key);
if (t == null)
f CTMap. put (key, t = new ExpressionVariable(e));
return t;

/[l..simlar nmethods for creating other ConstraintTermtypes...

cl ass TypeQperator extends Constrai nt Qperator {
private TypeQperator() { }

static final TypeQperator Subtype = new TypeQperator();

static final TypeQperator Supertype = new TypeQperator();

static final TypeQperator Proper Subtype = new TypeQperator();

static final TypeQOperator ProperSupertype = new TypeQperator();

static final TypeQperator Equals = new TypeOperator(); 118



Part I11: Type Analysis

Anatomy of a Type Analysis Engine:
Type Constraint Generation

class TypeConstraintCreator { // gen constraints for each |anguage construct
Constrai nt TernfFact ory fFactory;

Li st <Constraint> create(Assignnment a) { // [rhs] <= [I| hs]
return new Constraint(fFactory. creat eExpressi onVari abl e(a. get RHS() ),
TypeQper at or . Subt ype,
f Fact ory. cr eat eExpressi onVari abl e(a. get LHS()) ) ;

}

Li st <Constrai nt> create(Met hodl nvocation inv) {
Li st <Constraint> result = new List<Constraint>();
| Met hodBi ndi ng met hod = inv.resol veBi ndi ng();
| TypeBi ndi ng nmet hodOmer = net hod. get Decl ari ngType() ;
Li st <Expressi on> args = met hod. get Argunent s() ;

/1 [rcvr] <= Decl [ nethod]

resul t.add(new Constraint (fFactory. creat eExprVari abl e(i nv. get Recei ver()),
TypeQper at or. Subt ype,

: f Fact ory. cr eat eDecl TypeVari abl e( met hodOaner) ) ;
/1 [arg #1] <= [Param net hod, i)]
for(int i=0; i < args.size(); i++)
resul t.add(new Constraint(fFactory. createExpressi onVari abl e(args.get(i)),

TypeQper at or. Subt ype,
f Factory. creat ePar nmvari abl e(net hod, i1)));

return result;

| st <Constraint> create(MthodDeclaration d) { /* preserve override, etc. */ }
/...
} 119
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Part I11: Type Analysis

Anatomy ofi a Type Analysis Engine:
Constraint Solution

Build Constraint Graph

A 4

Initialize Type Estimates

A 4

Process Work-List

cl ass Constraint Gaph {

Li st <Constrai nt > f Constraints;
Set <Constrai nt Tern> f Al | Nodes;
Map<Const rai nt Ter m Li st <Const rai nt >> f EdgeMap;

cl ass TernDecorator inplenents | TernProcessor {
Constraint fConstraint;
voi d set Constraint(Constraint c) {fConstraint=c;}
public void processTern(ConstraintTermtern) {
addToEdgeLi st (term fConstraint);
f Al | Nodes. add(term;

}

}
void initialize() { // build graph from Constraints

Ter nDecor at or decorator = new TernDecorator();

for(Constraint c: fConstraints) {
ConstraintTermlhs = c.getlLeft();
Constraint Termrhs = c.getRi ght();

decorator. set Constraint(c);

| hs. processTer ns(decorator);
rhs. processTerns(decorator);

} <as presented in Part I> 120



Part I11: Type Analysis

Anatomy ofi a Type Analysis Engine:
Constraint Solution

Build Constraint Graph

A 4

Initialize Type Estimates

A 4

Process Work-List

cl ass Constrai nt Sol ver {
void initializeTypeEsti mates() {

for(ConstraintTermt: graph.getNodes()) {
If (t instanceof ExpressionVariable) {

if (t is actor call, literal, or cast)
setEstimate(t, t.getDeclaredType());
el se

setEsti mate(t, TypeUniverse.instance());
} else if (t.isConstantType()) {
setEstimate(t, t.getDeclaredType());
} else if (t.isBinaryMenber()) {
/[l don’t report OSV snells on binary class
setEstimate(t, t.getDeclaredType());
} el se
setEstimate(t, TypeUniverse.instance());
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Part I11: Type Analysis

Anatomy ofi a Type Analysis Engine:
Constraint Solution

cl ass Constrai nt Sol ver {
voi d sol veConstraints() {
while (!'workList.empty()) {
Constraint Termt = worKkLi st. pop();
for(c: getConstraintslnvolving(t)) {

Build Constraint Graph Ihs = c.getLHY();
rhs = c.get RHS();

if (c.getOperator().isSubtype())

A 4

— ; enf or ceSubt ype(l hs, rhs);
Initialize Type Estimates else if (c.getOperator().isEquals())

uni fy(lhs, rhs);

\ 4 }
Process Work-List } }

voi d enf orceSubt ype(ConstraintTerm |, ConstraintTermr){

| hsEst = getEstimate(l hs);

r hsEst = getEstimate(rhs);

| hsSuper = | hsEst . super Types(); Ins <rhs
r hsSub = rhsEst. subTypes();

if (!'rhsSub. containsAll (I hsEst))
sets monotonically |——+setEsti mate(rhs, |hsEst.xsectWth(rhsSub));

decrease in size! i f (!l hsSuper.contains(rhsEst))
: \set Estimate(l hs, rhsEst. xsect Wt h(l hsSuper);

} 122
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Part I11: Type Analysis

Anatomy ofi a Type Analysis Engine:
Type Sets

abstract class TypeSet { // an imutable “val ue class” — set of JDT TType's
/'l These operations execute in constant tine wherever possible
bool ean i sEnpty();
bool ean i sSi ngleton();
bool ean i sUni verse();

TType anyMenber () ;

cont ai ns(TType) ;
contai nsAl | (TypeSet);
IS as nuch as possible

| terator<TType> iterator(); //
/] s as nuch as possible

|
Enuner at edTypeSet enunerat e(); [
/| These operations perform al gebraic sinplifications where possible
TypeSet subTypes();

TypeSet super Types();

TypeSet intersectedWth(TypeSet);

TypeSet uni onWth(TypeSet);

TypeSet | ower Bound();
TypeSet upper Bound();

bool ean hasUni queLower Bound() ;
TType uni queLower Bound() ;
bool ean hasUni queUpper Bound() ;
TType uni queUpper Bound() ;

123



TypeSet

\

/\

Part I11:

Type Analysis

Anatomy ofi a Type Analysis Engine:
Type Sets

Enuner at ed

<memoized by clients>

Constant set operators

Enpt y Uni ver se

Unary set operators

Si ngl et on

Super Types

SubTypes

<singletons=

A 4

<memoizing factories>

Binary set operators

| nt er secti on

Uni on

<memoizing factories>

Algebraic simplifications:

subTypes(subTypes(S)) = subTypes(S)
subTypes(uni ver se) = uni verse

subTypes(java.lang.CbJect)
| ower Bound( super Types(S))

uni ver se
S
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Part I11: Type Analysis

Smelll Detection: Adding Markers

| Mar ker createMarker (Il ConpilationUnit icu, String nessage,
int [ineNum int offset, int length) {

| Resource srcFile = icu.getResource();

/[l type |ID distinguishes this nmarker as a snell marker
| Mar ker m = srcFil e.createMarker(“org. pl di 2005. snel |l ”);

m set Attri bute(SEVERI TY, SEVERI TY | NFO) ;
m set Attri but e( MESSAGE, nessage),

m set Attri but e(LI NE_NUMBER, |i neNun)

m set At tri but e( CHAR_START, offset);

m set At tri but e( CHAR_END, of fset + I engt h) ;

/] client may set additional attributes, e.g. “SMELL KI ND’
[/ and “NEW TYPE’ (shown earlier)

return m
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Part Ill: Type Analysis
Smell Remediation: Quick Fix

cl ass Overl ySpeci ficResol uti onGener at or
ext ends Resol uti onGener at or Base
{

public | Marker Resol ution[] getResol utions(l Marker m {
[/ Exam ne “SMELL KIND' attribute of narker to determ ne

[l whether it’s one of the snells this resolution generator
/] can renedi at e.

i f (! mat chesSnel | Mar ker Ki nd(“overl ySpecific”))
return new | Marker Resol uti on[ 0] ;

| Mar ker Resol ution resol ution = new Overl ySpeci fi cResol ution();

return new | Marker Resol ution[] { resolution };
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Part I11: Type Analysis

Smell Remediation: Quick Fix

abstract class MarkerResol uti onBase inplenents | Marker Resol ution {

ASTNode fi ndASTNodeFor Marker (1 Marker m ConpilationUnit unit)
I nt pos ((Integer) mgetAttri bute(CHAR START)). i nt Val ue();
Int |len ((Integer) magetAttribute(CHAR END)) . I nt Val ue();

return NodeFi nder. perfornm(unit, pos, |en);

}

void perfornRewite(lFile file, ASTRewite rewiter) {

| Text Fi | eBuf f er Manager buf Mgr = Fi | eBuffers. get Text Fi | eBuf f er Manager () ;
| TextFil eBuffer fileBuf = buf Myr.get TextFil eBuffer(file.getLocation());

| Docunment doc = fil eBuf.getDocunent();
TextEdit edit = rewiter.rewiteAST(doc, null);

edi t . appl y(doc);

| Conpi lationUnit getCUForFile(lFile file)
} return (I ConpilationUnit) JavaCore.create(file);

Conpi | ati onUnit createASTForl CU(I Conpil ationUnit icu) {
}
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Part I11: Type Analysis

Smell Remediation: Quick Fix

cl ass OverlySpecificResol uti on extends Marker Resol uti onBase {
public String getLabel () {
return “Make type as general as possible”;
}

public void run(l Marker m {
| File file

| ConpilationUnit icu
Conpi | ationUnit astUnit

(I File) mgetResource();
get CUFor Fil e(file);
creat eASTFor | CU(i cu) ;

ASTNode t ypeNode

fi ndASTNodeFor Mar ker (m) ;
ASTRewrite rewiter

ASTRewri te. create(typeNode. get AST()) ;

String newlypeStr
Nane newlypeNanme
Type newTypeNode

(String) mget Attri bute( NEW TYPE);
ASTNodeFact ory. newNane(ast, newlypeStr);
ast . newSi npl eType( newTypeNane) ;

rewiter.replace(typeNode, newlypeNode);
performRewrite(file, rewiter);
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The End

s [hat’s all, folks!
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