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Addressed Problem

e The software developer has to maintain large
software systems with:

- Little or no domain knowledge
- Absence of the original developer

- Badly organized, missing, or out of date
documentation



Concept Location in Source Code

Change request

Concept Location

Impact Analysis

Implementation

Change Propagation

Testing




“Finding a Needle in a Haystack”
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Concept Location with
Regular Expressions

BESTnoded: BST: :insert(HevType key, ValueType wvalue)
#7 lookup key. create keys/walue if not present

#7 return pointer to node with key
{ . .
ESTnodss n = getlode(key): Find in Files
n _item second = value.
return n:
} Find what: HEGrep v ] Find I

BSTnoded: BST: :getNode(KeyType key)

7 lookup key, create keysvalus if not present ) Match case L] Use: ! eguiar e = B REDlace ¥
A/ return pointer to nods with key —
B . I Match whole word

pair<KeyType. WalusType: item(key. 0): 4~ create iten to be inserted

if { _root == 0 )
#¢ empty tree insert as root

ESTnode* new_node = new BSTnode(0. 0. 0, item): Look in: ICurrent Project vl e -
_root = new_node:

£ t: i
Teturn *_roo ¥ Look in subfolders

+
pair<BSTnode*, bool> result = find(kev): »« search for key File types: ]*.* S l Ghose -
s

location found

£ it d ) - ) )
i { wesult secend ) s/ true, node emists [ Display in Find 2 I Display file names only Help

return *{result first):

else
i < falss, create node
BESTnode* parent = result.first:
BESTnode* new_nods = new BSTnode(0. 0. parent. iten)
if { key ¢ parent-:getKev() )
parent—>_left = new_node:
else
parent—:_right = new_node:
return *new node:

Find Results 1 7 x|

C:\Documents and Settings\DenysiDesktopiS_GrepiiAddIn.rgsi{l7): VersionIndependentProgID = s 'SmartGrep.Connect' ~
C:\Documents and Settings‘iDenys\Desktop\S_Grep\sourcelbase.h(3):| CSC7110 Term Project - SmartGrep |
C:\Documents and Settings\Denys\DesktopS_Grep\source\CppParser.cpp(3):| CSC7110 Term Project - SmartGrep |
C:\Documents and Settings‘\Denys\Desktop\5_Grep\source\CppParser hi3):| CS5C7110 Term Project - SmartGrep |
C:\Documents and SettingsiDenys\Desktop\8_Grepisource‘FileSearch.cpp(3):| CSC7110 Term Project - SmartGrep |
C:\Documents and Settings‘\Denys\DesktopS_GrepisourceiFileSearch.hi3):| CSC7110 Term Project - SmartGrep |
C:\Documents and Settings‘\Denys\Desktop\S5_Grep\sourcelfiletype.cpp(3):| CSC7110 Term Project - SmartGrep |
C:\Documents and Settings‘\Denys\Desktop5_Grep\source\FileType.hi3):| CSC7110 Term Project - SmartGrep |
C:3Documents and SettingsiDenys\Desktop\S_Grep\source\macro.h(3):| CSC7110 Term Project - SmartGrep |
C:3Docunents and Settings\Denys‘\DesktopS_Grepisource‘\Parser.cppi(3):| CSC7110 Term Project - SmartGrep |
C:3Documents and SettingsiDenys\Desktop\S_Crepisource\Parser h(3):| CSC7110 Term Project - SmartGrep |
C:\Documents and Settings\Denys\DesktopS_Grep\source‘ParsingRecord.cpp(3):| CSC7110 Term Project - SmartGrep |
C:\Documents and Settings‘\Denys\Desktopi8_Grepisource‘\ParsingRecord.h(3):| CSC7110 Term Project - SmartGrep |
C:\Documents and Settings)Denys\Desktop'8_Grepisource)SearchingRecord.h(3):| CSC7110 Term Project - SmartGrep |

C:\Documents and SettingsiDenys\Desktop\S_Grep\source‘\StringProcessor.cpp(3):| CSC7110 Term Project - SmartGrep |

C:\Documents and Settings\Denys\DesktopS_Grep\source)\StringProcessor.h(3):| CSC7110 Term Project - SmartGrep |

C:3Documents and SettingsiDenys\Desktop\S_Crepiborrowed codeiSolutionExplorer.cpp(l60): ofile << "<l-- Class Information Retriewve |
Total found: 32 Matching files: 2§ Total files searched: 44

v

<
T El output  Eg Find Results 1




Shortcomings of Static
Concept Location

e Highly dependent on naming conventions
and the developer’s experience to write
good queries

e Ignores other existing relationships
between software components (such as,
dependencies)

e May miss important parts of the source
code



Feature Location with Software

Reconnaissance - Dynamic Analysis
[Wilde’92][Antoniol’06]

Scenario NOT exercising the feature

(trace 1)
readAndDispatch -- org.eclipse.swt.widgets.Display
checkDevice -- org.eclipse.swt.widgets.Display
isDisposed -- org.eclipse.swt.graphics.Device
drawMenuBars -- org.eclipse.swt.widgets.Display
runPopups -- org.eclipse.swt.widgets.Display . -
filterMessage -- org.eclipse.swt.widgets.Display Scenario exercising the feature
windowProc -- org.eclipse.swt.widgets.Display (trace 2)
windowProc -- org.eclipse.swt.widgets.Control checkDevice -- org.eclipse.swt.widgets.Display
WM_TIMER -- org.eclipse.swt.widgets.Control isDisposed -- org.eclipse.swt.graphics.Device
windowProc -- org.eclipse.swt.widgets.Display drawMenuBars -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Control 'unPopups -- org.eclipse.swt.widgets.Display
WM_TIMER -- org.eclipse.swt.widgets.Control filterMessage -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Display pndowProc. - org.eclipse.swtwidgets, Display — —

. . . 1
windowProc -- org.eclipse.swt.widgets.ControljwindowProc -- org.eclipse.swt.widgets.Control :
jreadAndDispatch -- org.eclipse.swt.widgets.Display |

I

|

I

icheckDevice -- org.eclipse.swt.widgets.Display
lisDisposed -- org.eclipse.swt.graphics.Device
iIdrawMenuBars -- org.eclipse.swt.widgets.Display
IrunPopups -- org.eclipse.swt.widgets.Display |
IrunAsyncMessages -- org.eclipse.swt.widgets.Displayl
IremoveFirst -- org.eclipse.swt.widgets.Synchronizer|



Shortcomings of Dynamic
Concept Location

e Execution traces are large even for small
systems

e Selecting (ir)relevant scenarios may be
difficult

e Filtering the traces is equally problematic -
best filtering methods still return hundreds

of methods



Single Trace Information Retrieval (SITIR)
[ASE’07]

Source Code

85T

Single Execution Trace

readAndDispatch -- org.eclipse.swt.widgets.Display
checkDevice -- org.eclipse.swt.widgets.Display
isDisposed -- org.eclipse.swt.graphics.Device
drawMenuBars .- org. ecl1pse swt. WIdgets Dlsplay

| “runPopups -- org.eclipse.swt.widgets.Display I
filterMessage -- org.eclipse.swt.widgets.Display

1 windowProc -- org.eclipse.swt.widgets.Display |

LwindowProc - ore;eclipse;swt. widgets.Control __ |
WM_TIMER -- org.eclipse.swt.widgets.Control
windowProc -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Control

SYM_TIMER —; grg.eclipse.swt.widgets.Coptrol, o .
I windowProc -- org.eclipse.swt.widgets.Display | ﬁ |nf0rma’[|0n
| windowProc -- org.eclipse.swt.widgets.Control | .

readAndDispatch -- org.eclipse.swt.widgets.Display Ret”eval
LcheckRevice o org.eclipse. swi. widgets.Display o | Eng ine
isDisposed -- org.eclipse.swt.graphics.Device

drawMenuBars -- org.eclipse.swt.widgets.Display

runPopups -- org.eclipse.swt.widgets.Display
filterMessage -- org.eclipse.swt.widgets.Display

WindowPtoT --—orS ectPs& swh- witge . DDAy = I

windowProc -- org.eclipse.swt.widgets.Control

I WM_TIMER -- org.eclipse.swt.widgets.Control | - —

windowProc --_org.eclipse.swt.widgets.Display | Problems | Javadoc | IR RS view £2

WiNdoWProC -~ ofg.eclipSe. swt. widgets. Confrol — Class | Method | Sirilarity |

WM_TIMER -- org.eclipse.swt.widgets.Control Camera cetSorearParars 01.5813055

windowProc -- org.eclipse.swt.widgets.Display ScaleObjectTool  mouseCragged 0.807305

windowProc -- org.eclipse.swt.widgets.Control Carmera setScreerParamsParalle  0.80325
Camera setsize 0.758526
ViewerZanvas setScale 0.723995
GLCanvasDrawer  prepareViewsD 0.705305
VigwerCanvas scaleChanged 0.700639
JitterModule setZ5cale 0.690434
JitterModule setkScale 0690117
ImageModule sebxScale 0.690104




Feature Location with SITIR/FLAT?

1 Query 5 Indexes

DV 9 Y
4 |Execution

'@‘ 7 Results
traces

Execution ,
2 scenario " 3 Events




Collecting Execution Traces in SITIR

« Java Platform Debugger Architecture (JPDA)’

- Infrastructure to build end-user debugging
applications for Java platform

e JPDA highlights:

- Debugger works on a separate virtual machine

- Minimal interference of a tracing tool with a
subject program

- Separate thread-based traces
- Marked traces (start/stop recording)

Thttp://java.sun.com/javase/technologies/core/toolsapis/jpda/



Indexing Software with Apache Lucene

e Parsing source code and extracting documents

- corpus is a collection of documents (e.g.,
methods)

 Removing non-literals and stop words

- common words in English, programming language
keywords

e Preprocessing: split_identifiers and
Splitldentifiers

e Indexing and retrieving semantic information
with Lucene



Parsing Source Code
and Extracting Documents

e Corpus is a collection of documents (e.g.,
methods, classes, files

public void run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if | m_iFlagy 2
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

public void run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

public void run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

public void run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

public void run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

public void run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

ublic void run(IProgressMonitor monitor
throws InvocationTargetException,
InterruptedExceptiond

if ( m iFlag == 0O
processCorpus (monitor, checkUpdate () ) ;

else if | m iFlag == 1
processCorpus (monitor, U0 GPDATECORPUS) ;

else
processQueryotring (monitor) ;

if (monitor.isCanceled()
throw new InterruptedException("The long runnihg

public void run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

public void run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running




Parsing Source Code
and Extracting Documents

e Corpus is a collection of documents (e.g.,
methods, classes, files

mngIESSMEHIEEI monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if | m_iFlagy 2
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

- R 4 o3
public void run(IProgressMonitor monitor)

throws InvocationTargetException,
InterruptedException!
if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;
else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)
else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

public void run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

e - R
public void runi(IProgressMonitor monitor

throws InvocationTargetException,
InterruptedExceptiond
if | m_iFlag i
processCorpus (monitor, checkUpdate () ) ;
else if | m iFlag == 1
processCorpus (monitor, U0 GPDATECORPUS) ;
else
processQueryotring (monitor) ;

if (monitor.isCanceled()
throw new InterruptedException("The long runnin

- R 4 o3
public void run(IProgressMonitor monitor)

throws InvocationTargetException,
InterruptedException!
if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;
else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)
else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

ublic woid run(IProgressMonitor monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())

public void run(ﬁrngtessl‘{nnltnr monitor)
throws InvocationTargetException,
InterruptedException!

if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;

else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)

else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

T T
public void run(IProgressMonitor monitor)

throws InvocationTargetException,
InterruptedException!
if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;
else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)
else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running

- R 4 o3
public void run(IProgressMonitor monitor)

throws InvocationTargetException,
InterruptedException!
if | m iFlag == 0 )
processCorpus (monitor, checkUpdate ()] ;
else if ([ m_iFlag == 1
processCorpus (monitor, ¥ UPDATECORFPUS)
else
processoueryString (monitor) :

if i(monitor.isCanceled())
throw new InterruptedException("The long running




Source Code is Text Too

public void run(IProgressHonitor monitor)
throws InvocationTargetException,
InterruptedExceptiond

if { m iFlag == 0 )
processCorpus (monitor, checkUpdate (1)
elge if [ m iFlag == 2 |
brocessCorpus (wonitor, U0 FODATECORPUE] ;
el=e

processQueryItring (monitor) ;

if (wonitor.isCanceledi))
throw new InterruptedException("The long runhing

!

public void run IProgressMonitor monitor throws
InvocationTargetException InterruptedException if m_iFlag
processCorpus monitor checkUpdate else if m_iFlag
processCorpus monitor UD_UPDATECORPUS else
processQueryString monitor if monitor isCancelled throw
new InterruptedException the long running



Removing Stop Words

« Common words in English, programming
language keywords

public void run IProgressMonitor monitor throws
InvocationTargetException InterruptedException if
m_iFlag the processCorpus monitor checkUpdate else
if m_iFlag processCorpus monitor UD_UPDATECORPUS
else a processQueryString monitor if monitor
isCancelled throw new InterruptedException the

long running



Splitting Identifiers

public void run IProgressMonitor monitor throws InvocationTargetException
InterruptedException if m_iFlag the processCorpus monitor checkUpdate else if
m_iFlag processCorpus monitor UD_UPDATECORPUS else a processQueryString
monitor if monitor isCancelled throw new InterruptedException the long

running

e |ProgressMonitor = i progress monitor

» InvocationTargetException = invocation target
exception

e m_IFlag = m i flag
« UD_UPDATECORPUS = ud updatecorpus



Indexing Source Code with Lucene

public void run(IProgressMonitor monitor)
throws InvocationTargetException,

InterruptedExceptiond
if [ w iFlag == 0O ) [::::::i>>

processCorpusimonitor, checkUpdate ()] :
elge if | m iFlag == Z )

processCorpus (monitor, U0 UPDATECORPUE) ;
el=e

processQueryatring (monitor) !

if (wonitor.isCanceled())
throw new InterruptedException("The long running

Semantic
Similarities :
Semantic

X Space

process flag monitor
run 3 2 6
method1 X X X
method2 X X X
X X X

TF-IDF weighting

1
i

Similarity Measure:
Cosine of the contained angle
between the vectors




Example of using SITIR

Locating a feature in JEdit

Feature: “showing white-space as a visible
symbol in the text area”

Steps:

- Run a scenario
- Run query

- Explore results

€l jEdit - JEditTextAreajava
File Edit Search Markers Folding View Utilities Macros Pluging Help

Oy 48 00488 AX JEW HEl & @

< JEditTextArea java (EworkiSEworkspace_testiEditiorglgjtispljedititextareat)

Ly
public class JEditTextdrea extends JComponent.
£

b d { X
LB
* Creates a new JEditTextdrea..
£
public JEditTextirea(View view).
{.
Normal=new Cursor (Cursor.TEXT_CURSOR) ;.
Hand=new Cu (Cursor.HAND CURSOR) ;.
enableEvents (AWTEvent. FOCUS_EVENT_MASK | AWTEvent.KEY_EVENT MASK
this.view = view;.
v

urlselection = new V
selection = new Vecto
chunkCache = new
painter = new T
painter. addExte
gutter = new
listenerlist = new E
caretEvent = new I

istenerlist();.

().

ion(this)):;

).




Scenario Exercising the Feature

BEliEdit - JEditTextArea.java

File Edit Search Markers Folding Elew] Utilities Magros  Pluging  Help

a«-ﬁsy &Q O(New\_/iew JE‘@ QE

& JEditTextArea java (E workiSEworksp) o Yiew & Bufer

MNew Plain View

'&'/ 2
public class JEditTexthrea ext| =/0S€View
t Go to Previous Buffer C+PAGE_UP
hed A4 {4 JEditTextdrea co s
Go to Next Buffer C+PAGE_DOWN
JEE
* Creates a new JEdit ©0 !0 RecentBuffer C+BACK_QUOTE
*f. Show Buffer Switcher A+EBACK_QUOTE
public JEditTextirep (V] 5 Line Numbers R—
{ e
ada by 1oy, P ShewiHide Whitespace | <
Normal=new [ur| - Hexa View
Hand=new Curso Scrolling .
; it »
enableEvents (4 Seliting at.KEY_EVENT MASK
Docking »
»

this.view = vi| Zooming

Initialize some misc. stuff.

urlselectlon = new Vector():.

selection = new Vector();.

chunkCache = new ChunkCache (this);

painter = new TextidreaP :lIlTr‘L(thlsj P
painter.addExtension(new ToolTipTextdreakx T'r-nhlllnl:thlsl],
gutter = new Gutter(view,this) ;.

listenerlist = new EventlistenerList();.

caretEvent = new MutableCaretEvent();

ISa%s

— Start
Tracing



Scenario Exercising the Feature

B8l iedit - JEditTextarea.java

File Edit Search Markers Folding Yiew Ulilities Macros Pluging Help

NmOs 482 00+a8 AX JE 18] 5 @

< JEditTextArea java (EworkiSEworkspace_testiEditiorgigitispjedititextareat)

{1

o* /]
publicsclass»JEditTextireasextends»JConponent]

B L T N T

L 0 T T T T R

AL {{w]EditTextAreasconstructor!

F**q
s*sCreatesesasnewsJEditTextdrea.
o* /9
publicslEditTexthirea(Vievsview)
{3
- /faddebyelzg]
- Normal=newsCursor (Cursor.TEXT_CURSOR) ;4
- Hand=newsCursor (Cursor.HAND CURSOR) ;4
-» 1
- enableEvents (AWTEvent. FOCUS_EVENT MASKs| »AWTEvent.KEY EVENT MASK
-+ this.views=sview;{
- ‘A{{{elnitializessonesnisc. astuf £
- /faddsbhyslzagl
-> urlselections=snewsVector() ;4
-  selections=snewsVector() .4
¥ chunkCache s=snewsChunkCache (this) ;1
- painters=snewsTextdreaPainter (this); - -> 1
-+ painter. addExtension(newsToolTipTextAreaExtension(this)); -
- gqutters=snpewsbutter (view,this) ;4
- listenerLists=snewsEventListenerList() ;1
-> caretEvents=snewsMutableCaretEvent() ;1

Stop
Tracing

) :d



Example of using SITIR/FLAT? - Results

SITIR

IR-based
rankings

« Number of methods identified in the
trace - 284

e The position of the first relevant
method according to IR ranking - 56

Executed methods | p.qivion of the first relevant method

according to SITIR - 7




DEMO: Locating Features in JEdit using FLAT?3

e JEdit
- 105KLOC

- 910 classes
- 5,530 methods

e Feature: “Word Count”
e Feature: “Save as”



Other features

e Annotating features
e Visualizing results
e Saving/loading complex traces

[0] FLATTT visualization &3

= B8

Settings*ML.java

FileWF5S.java

FileCellRenderarjava

ReloadWithEncodingP

LIEditRegisterSave

il
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FLAT3

e Download the tool and complete source code
at SEMERU web-site:

e http://www.cs.wm.edu/semeru/flat3

SEMERY



