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#/ return pointer to nods with

BSTnode& n = getHods(key):
n._item.second = walue;
return n;

¥

Feature Location with
Regular Expressions

ESTnoded: BST: :insert(KevType key, ValueType wvalue)
# lookup key. create keys/walue if not present

key

BSTnoded: BST: :getNode(KeyType key)

A4 lookup key, create keysvalus 1f not present

A4 return pointer to node with

i

pair«KeyType. YalueType: item(key. 0):

if { _root == 0 )

ESTnode* new_node = new BSTnode(0. 0. 0.

_root = new_node:
return *_root:

kev

pair<BSTnode*, bool> result =

if { result.second )
return *{result first):

el=e

{

Find in Files |

4 create item to be inserted

## empty tree insert as root

47 location found

47 trus, node exists

Find what:

[ Match case
[ Match whale word

[ Display in Find 2

| J Fird |
| J Replace ¥

[ Display file names anly

item); Look. in: |Current Project
¥ Lookin subfalders
find(kevy): s search for key F“etypes: |*.*

<7 false. create node

BESTnode* parent = result.first:

BESTnode* new_nods = new BSTnode(0. 0.
if { key ¢ parent-:getKey()

parent. item):

)

parent—>_left = new_node:

else

parent—:_right = new_node:

return *new node:

Find Resulks 1

C:hDocuments
CihDocunents
C:\Documents
C:'\Docunents
C:hDocuments
C:hDocuments
C:yDocunents
C:'Docunents
C:h\Documents
C:iDocuments
C:hDocunents
C:\Documents
C:'\Docunents
C:hDocuments
C:hDocuments
C:yDocunents
C:iDocunents
Total found:

TaskList | Bl output Eg Find Results 1

and
and
ard
arnd
and
and
ard
and
and
and
and
ard
and
and
and
ard
and
29

Settings\Denys\DesktoprS_GrepiiddIn. rgs(17):
Sertings\Denys\Desktop\&_Grepisourceibase.hi3): |
Sertings\Denys\Desktop\S_Grepisource’\CppParser_ cpp(3):|

VersionIndependentProgID =
CSC7Ll1l0 Term Project - SmartGrep
CEC7110 Term Project

=
|

'SmartGrep. Connect ' L

- SmartGrep |

Zettingsi\Denys\Desktop\8_Crep)\source\CppParser hi3): |
SettingshDenys\Desktop\8_CGrepisourcetFileSearch. cpp(3)
SettingsiDenys\Desktop\8_GrepisourcetFileSearch. hi3): |
Sertings\Denys\DesktoplS_Grepisourcel filetype. cppi3):|
SettingsiDenys\Desktop\8_GrepisourceFileType. . hi3):|
Settings\Denys\DesktophS_CGrepisourceimacro. hi2):|
Settings\Denys\Desktop\S_Grepisource’\Parser.cpp(3):|

CSC7110 Term Project - SmartGrep |

| CBC71l0 Term Project - SmartGrep |
CEC7110 Term Project - SmartGrep |
CEC7110 Term Project - SmartGrep |

CEC7110 Term Project - SmartGrep |

CEC7110 Term Project - SmartGrep |

C3C7110 Term Project - SmartGrep |

fettings\Denys\Desktop\S_Grepisource\Parser.hi3):|

C8C7110 Term Project - SwmartGrep |

Sertings\Denys\DesktopiS_Grepisource’\ParsingPecord. cpp(3): |
Zettings\Denys\Desktop\8_CGrepisource\Parsinglecord. hi2}:|
Settings\DenysiDesktopi8_CGrepisource’Searchinglecord hiz):|
Settings\DenysiDesktop\S_Grepisource’\StringProcessor. cppi3)
Sertings\Denys\Desktop\S_Grepisource’\ScringProcessor hi3):|

Settingsi\Denys\Desktop\8_Grepiborrowed_code’\SolutionExplorer.cpp(le0):

Matching files: Z& Total files searched: 44

CSC?Ll10 Term Project -

CEC?L10 Term Project -

| CBC?110 Term Project

CSC7?L110 Term Project -
ofile <<

SmartGrep |

CBC7110 Term Project - SmartGrep |

SmartGrep |

- SmartGrep |

SmartGrep |

"<l-- Class Information Retriewe

i
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Feature Location with
Information Retrieval

ESTnoded: BST: :insert(KevType key, ValueType wvalue)
# lookup key. create keys/walue if not present
/7 return pointer to node with key

BSTnode& n = getHods(key):
n._item.second = walue;
return n;

IRiS5

¥

BSTnoded: BST: :getNode(KeyType key)
A4 lookup key, create keysvalus 1f not present
A4 return pointer to node with key

i

[Marcus’04]

Find hat: |set screen view|

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

if { _root == 0 )
44 empty tree insert as root
ESTnode* new_node = new BSTnode(0. 0. 0. itenm)
_root = new_node:
return *_root:

pair<BSTnodex, bool: result = find(key): s =zearch for key
47 location found
if { result.second )
47 trus, node exists
return *{result first):

else
i <+ falsse, 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:

IRiS S Yersion 1.0
Whapne State University

About

Search
Dptions

Beindex

il

Exit

-

Problems | Javadoc lfm IRISS View @5
lass | Method

| sirilarity

ViewerCanvas zekScale
aLCanvasDrawer  prepareViewsD 0.705305
YiewerZanvas zcaleChanged 0, 700639
JitkerModule sekZScale 0690434
JitkerModule sekxScale 0690117
Imagefodule sekxScale 0690104

—amera setscreenParams 0.513055
Scalebject Tool mousebragged 0,807305
iZamera setscreenParamsParalle 0,80323

—amera seksize 0,738526

0,723993
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Feature Location with Information
Retrieval and Formal Concept Analysis

ESTnoded: BST: :insert(KevType key, ValueType wvalue)
# lookup key. create keys/walue if not present
/7 return pointer to node with key

BSTnode& n = getHods(key):
n._item.second = walue;
return n;

¥

BSTnoded: BST: :getNode(KeyType key)
A4 lookup key, create keysvalus 1f not present
A4 return pointer to node with key
{
pair<KeyType, ValueType: item(key, 0): ~ create item to be inserted

if { _root == 0 )
44 empty tree insert as root
ESTnode* new_node = new BSTnode(0. 0. 0. itenm)
_root = new_node:
return *_root:

pair<BSTnodex, bool: result = find(key): s =zearch for key
47 location found
if { result.second )
47 trus, node exists
return *{result first):

else
i <+ falsse, 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_
return *new node:

dewce|

IRiS5

Find hat: |print page

[Poshyvanyk’07]

IRiS S Yersion 1.0
Whapne State University

About EH“

Search
Dptions

Beindex

il

|page|_

getBounds

| startPag;e |

L -

start.J:Dh ” ca‘nceIJuh |

enddnhl
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Feature Location with

Software Reconnaissance
[Wilde’92]

Scenario NOT exercising the feature

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

windowProc -- org.eclipse.swt.widgets.Display Scenario exercising the feature

SoftwarE Visualization and Evolution REsearch GROUP

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 runPopups -- org.eclipse.swt.widgets.Display
WM_TIMER -- org.eclipse.swt.widgets.Control filterMessage -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Display  windowProc -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Control 'v_vin_do_wF;ro_c - _org.eclipse.swt.widgets.Control_ _

WM_TIMER -- org.eclipse.swt.widgets.ProgressBar
IWM_TIMER -- org.eclipse.swt.widgets.Control I
windowProc -- org.eclipse.swt.widgets.Display |
IwindowProc -- org.eclipse.swt.widgets.Control |
j WM_TIMER -- org.eclipse.swt.widgets.Control I
| windowProc -- org.eclipse.swt.widgets.Display |

|



Feature Location with Scenario-based

Probabilistic Ranking

Scenario NOT exercising

the feature

readAndDispatch -- org.eclipse.swt.widgets.Display

checkDevice -- org.eclipse.swt.widgets.Display
isDisposed -- org.eclipse.swt.graphics.Device

drawMenuBars -- org.eclipse.swt.widgets.Display ScenaI’IO eer’CISIng

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

filterMessage -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Control
WM_TIMER -- org.eclipse.swt.widgets.Control

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

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

the feature

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
windowProc -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Control
WM_TIMER - org.eclipse.swt.widgets.ProgressBar
WVM_TIMER -- org.eclipse.swt.widgets.Control |
windowProc -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Controll
|WM_TIMER -- org.eclipse.swt.widgets.Control |
windowProc -- org.eclipse.swt.widgets.Display
IZvindowProi - org_.eclpse_.swiwﬁgets.Control

WM_TIMER -- org.eclipse.swt.widgets.Control |
I windowProc -- org.eclipse.swt.widgets.Display |
| windowProc -- org.eclipse.swt.widgets.Control

=

[Antoniol’06]
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Feature Location with Probabilistic Ranking

Of MEthodS and Information Retrieval
[Poshyvanyk’07]

Scenario NOT exercising  Scenario exercising

the feature the feature e e
readAndDispatch -- org.eclipse.swt.widgets.Display s second * e
checkDevice -- org.eclipse.swt.widgets.Display checkDevice -- org.eclipse.swt.widgets.Display i st st
isDisposed -- org.eclipse.swt.graphics.Device isDisposed -- org.eclipse.swt.graphics.Device 7 L
drawMenuBars -- org.eclipse.swt.widgets.Display ~ drawMenuBars -- org.eclipse.swt.widgets.Display siriderTize TeliTyie diantier. O
runPopups -- org.eclipse.swt.widgets.Display runPopups -- org.eclipse.swt.widgets.Display o e e Eoaata, o {7 a5ty tres snsert s soot
filterMessage -- org.eclipse.swt.widgets.Display checkDevice -- org.eclipse.swt.widgets.Display G
windowProc -- org.eclipse.swt.widgets.Display isDisposed -- org.eclipse.swt.graphics.Device
windowProc -- org.eclipse.swt.widgets.Control drawMenuBars -- org.eclipse.swt.widgets.Display
WM_TIMER -- org.eclipse.swt.widgets.Control runPopups_ --_org.eclipse.swt.widgets.Display

|fi|terMessage -- org.eclipse.swt.widgets.DispIa')'
IwindowProc -- org.eclipse.swt.widgets.Display |
windawRroG- Larg.eclipseswiwidgets.Confral,

first

= rew BSTnode(
sul-raether{}) }
eft = nev_node

rrabl = nev_neds

-> <

SoftwarE Visualization and Evolution REsearch GROUP

Problems | Javadoc | IR IRiSS view 22

Class I Method I Sirnilarit: |
Camera sebScreenPararms 0.513055
ScaleObject Tool mouseDragged 0,807305
Camera setScreenParamsParalle  0.80328
Camera seklize 0,7835520
ViewerCanvas setScale 0.723995
GLZanvasDrawer prepareiiew3h 0.705305
ViewerCanvas scaleChanged 0.700639
JitkerModule setZScale 0.690434
JitkerModule sekkScale 0.690117
ImageMadule set¥Scale 0.690104




SITIR = SIngle Trace +

Information Retrieval (SITIR)

Single Execution Trace

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

[TrunPopups --~org.eclipse.swt.widgets.Display 1

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

I windowProc_--_org.eclipse.swt.widgets.Control _I
WM_TIMER -- org.eclipse.swt.widgets.Control
windowProc -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Control
WM TIMER_--_org.eclipse.swi.widgets,Control __
windowProc -- org.eclipse.swt.widgets.Display 1
windowProc -- org.eclipse.swt.widgets.Control |
readAndDispatch -- org.eclipse.swt.widgets.DispIayI

| checkDevice - orgeclipseswiwidgets 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

[FWITtioWPITT =" oT. eTTpSE. sWE. WItigETs. DispTay = 1
windowProc -- org.eclipse.swt.widgets.Control |
WM_TIMER -- org.eclipse.swt.widgets.Control

| windowProc -- org.eclipse.swt.widgets.Display |
WingdowPtol --"orJ-ecMseswTwidgels.ControT =
WM_TIMER -- org.eclipse.swt.widgets.Control
windowProc -- org.eclipse.swt.widgets.Display
windowProc -- org.eclipse.swt.widgets.Control

—

s
Prablems | Javadoc | IR IRiSS view 52

Class | Method | Similarity
Camera setScreenParams 0.513055
ScaleCbjectTool mousebragged 0.807305
Zamera set3creenParamsParalle  0.80323
Camera setsize 0.758526
ViewerZanvas setScale 0,723993
GLCanvasDrawer  prepareViewsD 0.705305
VigwerCanvas scaleChanged 0.700639
JitterModule setZ5cale 0.690434
JitterModule setyscale 0.690117
ImageModule sebxScale 0.690104
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Filtering Single Execution Trace with
Information Retrieval

Information

Retrieval

1 Query Eng 5 Indexes

Source
Code

/ Results
User

]
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Collecting Execution Traces

e 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)

SoftwarE Visualization and Evolution REsearch GROUP

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



Indexing Source Code with
Latent Semantic Indexing

Parsing to extract semantic information
(i.e., comments and identifiers)

Pre-processing: split_identifiers & Splitldentifiers

Representing software systems as a term-
document matrix

Source
code

Corpus

User

queries

Query
results

SVD

l Preprocessing \ /‘

>

LSI space

=
s
F=

h GROUP

nd Evolution REsearc
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Example of using SITIR

Locating a feature in JEdit

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

Steps:
- Run scenario
- Run query
- Explore results

§E] JEdit - JEditTentArea.java

Eile Edit

Search Markers Faolding View Utilties Magros  Pluging  Help

'm0 48 0088 AR Iz ghal 2 @

WAYNE STATE

< JEditTertArea java (EwarkiSEvwarks pace_testiEditorglaitismjedittexaraal

i

public class JEditTextdrea extends JConponeht.

L.

HAT
* [reates a new JEditTextirea.
LA

public JEditTextirea(View wview).

i

Normal=mew Cursor(Cursor.TEXT CUR3OR) ;.
Hand=new Cursor(Cursor.HAND CURSOR) ;.
enableEvents (AWTEvent. FOCUS EVENT MASK | AWIEvent.EEY EVENT MASE

this.wview = wiew;.

urlselection = mew Vector();:.

selection = new Vector():.

chunkCache = mew ChurkCache (this):.

painter = new TextdreaPainter (this): .
painter.addExtenzion(new ToolTipTextireaExtenzion(thia)):
gqutter = new Gutter (view,this):.

listenerlList = mew EventlistenerList()..

caretEvent = new MutableCaretEvent():.

1 i

|JNIVERSITY

SoftwarE Visualization and Evolution REsearch GROUP



Example of using SITIR - Locating a
Feature Iin JEdit

Bl jEdit - JEditTextArea.java

File Edit Search Markers Folding

Eiva| Utilities  Macros  Plugins  Help

YO DB Ofrewum

Z AEditTextArea java (B weorkiSEweorksp

*_."' ::
public class JEditTexthrea ext

e Wiewy & Buffer

Meny Plain Wiew
izlose View

£

el SA0 TEAitTexthrea co
J,-'ww_

* Creates a new JEAit
*_."'-

500 Previous Buffer
G0 to Mext Butfer
o to Recent Buffer

Show Buffer Switcher

C+PAEE P
C+HEAGE DOTIN
C+EACE QUOTE

AHEACE QUWOTE

public JEditTextireg (V]

[ Line Mumbers

CHa CHe

Adadd by 1=k

Normal=new [ur

[0 ShowiHide Whitespace

[ Hewa Wiew

e

Hand=new Curso
enahleEvents (&

this.view = vi

Scrolling
Splitting
Docking
foarming

- v v W

1t.KEY EVENT MASE

Jdadd by l=zdg.
urlselection =

AA40E Initialize some misc.

stuff.

new Vector();.

selection = new Vector();.
churnkCache = new ChunkCache(this):.

painter = new TextdreaPainter (this);
painter. addExtensioninew ToolTipTextireaExtension(this));

gutter = new Gutter (view,this):.
listenerlist = new EventlistenerList() ..
caretEvent = new MutahleCaretEwvent() ;.

e

— Start
Tracing

WAYNE STATE
UNNVERSITY
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Example of using SITIR - Locating a

Feature In JEdit

B8l iedit - JEditTextarea java

Eile

Edit

Nm®s 40 OQ+88 AX T N8l 2 @

Search Markers Folding View  Ulilities  bacros  Pluging  Help

< JEditTextbrea java (EworkiSEwvorkspace_testiEditioroojts pljedittextaraal)

{1

%/
publicsclasssJEditTextireasextends »JConponent]

4 L T I T T T

R T T TR T T T

FFRRRE )

R

s*sCreatesesasnewes]EditTextirea. q

%/

publics]EditTextirea(Vievsview| T

I

b4

4

L T T R T T

EditTexthdreasconstructor]

Fdaddebyel zo]

Normal=mewsCursor (Cursor. TEXT_CURSOR) ;1
Hand=newsCursor (Cursor. HAND CURZ0R) ;1T

1

enableEvents (ATTEvent., FOCTTS_EVENT MASKs| #AWTEvent.KEY EVENT MAZLE

this.views=srien;:q

Al IeInitializessonesnisc, sstuf £l

Sladdesbyel zad

urlselections=snewsVector ()1

selections=snewsVector ()0

chunkCache s=snewsChunkCache (this) ;1
paintere=snewsTexthreaPainter (this): - =+ 1
painter.addExtension (newsToolTipTextdreaExtensionichis) )2 -
gutters=spewsutter (view,this) ;1
listenerliste=snewsEventliztenerliat() 0
caretEvents=snewsMutableCaretEvent() ;1

I i

Stop
Tracing

WAYNE STATE
UNNVERSITY
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Example of using SITIR - Results

SITIR

IR-based
ranking

e Number of methods in single
trace - 284

e The position of the first relevant
_ method according to

Single IR ranking - 56

Trace  Position of the first relevant
method according to SITIR - 7

=
==

|-2HI'|'|
zY
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Case Studies

Locating features in JEdit

Locating features associated with bugs In
Eclipse

Case study objectives:
- Compare SITIR with other approaches

- Study the impact of full and marked traces on the
results

- Study the impact of user queries on the results

/AT
NIVERSI

h GROUP

and Evolution REsearc
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Locating Features in JEdit

e Evaluation - the position of the first relevant

method
Feature MARKED TRACE LSI SITIR
Search 202 59 (36)! 14 (9)
Show whitespace 284 56 (43) 7 (5)
Add marker 304 5 1

lRefined queries are in parentheses

WaYNE STATE
UNIVERSITY
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Different Users and Queries

Feature | # Query
1 search find phrase word text >
search final all forward backward case sensitive E
Search 3 find search locate match indexof findnext EA
£
4 searchdialog find findbtn searchselection save searchfileset g
searchandreplace S
red dot newline whitespace view show display tab s
Show 2 show hide whitespace blank space display §
white E
space 3 symbol replace changecolor setvisible addlayer whitespace loadsymbol S
=
4 userinput textareapainter paint whitespace newline pnt %
marker select word display text
2 add remove marker markers
Add
marker 3 select highlight mark change background

4 buffer addmarker marker selection




Results for Different Users and Queries

ieres | ey Full Marked L SITIR SITIR
Trace Trace full marked
1 1477 202 61 11 6
2 1477 202 243 57 20
Search
3 1477 202 32 13 6
4 1477 202 189 36 11
1 1462 284 956 152 30
Show 2 1462 284 626 130 48
white
space 3 1462 284 497 104 16
4 1462 284 78 23 8
1 1478 304 26 5
Add 2 1478 304 1 1 1
marker 3 1478 304 3242 662 160
4 1478 304 20 5 4

WaYNE STATE
UNIVERSITY
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Full versus Marked Traces in SITIR

Re-formulating queries on full traces brings
no visible improvement to the results

Using marked traces vice full with the same
guery always produces noticeable
Improvement to the results

Observed improvement: reformulating a
guery and marking the trace at the same
time!

AN
NIVERS|

and Evolution REsearch GROUP
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Locating Features in Eclipse

e Comparing SITIR with PROMESIR

e Eclipse 2.1.3
- 7K classes; 89K methods; 2.3MLOC; 57K unique words

e Features associated with bugs:
- Well-known, documented and reproducible
- Approved patches applied in recent releases

- We locate the part of the feature associated with the
bug

SoftwarE Visualization and Evolution REsearch GROUP
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Locating Features In Eclipse - Results

SINGLE
Feature TRACE SPR PROMESIR SITIR
Select 721 268 1 2
Add files 740 170 1 2
Search 771 456 3 2

h GROUP

nd Evolution REsearc
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Discussion

Uses only single scenario
Less sensitive to scenario selection
Unobtrusive tracing mechanism

IR-based indexing of source code can be
easily extended to other languages

SITIR results are comparable or better than
other feature location methods

SoftwarE Visualization and Evolution REsearch GROUP



