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Concept Location

Locating the implementation of a concept or feature in
the source code

Static

— Dependency based search [chen0o]

— String based search (i.e., grep)

— IR methods [Marcus’04]

Dynamic

— Execution traces - Reconnaissance [wilde'92]
Combined (using concept analysis) [isenbarthos]

Used in incremental change, comprehension,
debugging, etc.
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“Find in Files” in .NET?

Find in Files

Find what: - __J Find
™ Match case I Use: J Legular expression o Replace ¥
[ Match whole word

Loak, in: Current Praject ] _]

Iv Lookin subfolders
File bypes: g ] Close
[ Display in Find 2 [ Display file names only Help
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Results for “Find in Files”

Find Results 1 o x

C:hDocuments and Settings\Denys'\DesktoptS_GrepiAddIn.rgs(17): TersionIndependentProgIl = = 'SmartGrep. Connect' M
C:hDocuments and Settings\Denys'\Desktoph_Grepisourcelbase. hi{3):| CEC711l0 Term Project - SmartGrep |

C:hDocuments and Settings\Denys'\Desktopt_Grepsource’\CppParser.cppi3):| CEC7L10 Term Project - SmartGrep |

C:hDocuments and Settings\Denys'\Desktopt_Grepsource’\CppParser hi3):| CSC7110 Term Project - SmartGrep |

C:hDocuments and Settings\Denys'\Desktop'3_Grepisource\FileSearch.cpp(3):| CEC7110 Term Project - SmartGrep |

CohDocunents and SettingshwDenysi\Desktoph3 GrephsourcetnFilefSearch.h(3):| CEC711l0 Term Project - Smartbrep |

C:hDocuments and Settings\Denys'\Desktoph3_Grepisource’filetype.cpp(3):| CECT7110 Term Project - SmartlGrep |

C:hDocuments and Settings\Denys'\Desktoph3_Grepi\source’\FileType.hi3):| CEC7110 Term Project - SmartGrep |

C:hDocuments and Settings\Denys'\Desktopt®_Grep’\source'macro. h{3):| CEC7L10 Term Project - SmartGrep |

C:iDocuments and Settings\Denys'\Desktoph 5 Grepi\source’\Parser.cpp(3):| CECT7110 Term Project - Smartlrep |

CohwDocuments and SettingshDenwysiDesktoph S _Greph sourcehParser_ hi(3):| CSC7110 Term Project - SmartGrep |

CohDocunents and Settings\Denys\Desktoph3_GrephsourcetParsingRecord.cppi3):| CECYL10 Term Project - Smartlrep |

CohDocunents and SettingshDenysi\Desktoph 3 GrephsourcenParsingRecord.h(3) -] C3C7110 Term Project - Zmartbrep |

C:hDocuments and Settings\Denysi\Desktophd_Grepisource’SearchingRecord.hi3):| C3C7110 Term Project - SmartlGrep |

C:hDocuments and Settings\Denys'\DesktophS_Grephsource’\StringProcessor.cpp(3):| CSC7110 Term Project - SmartGrep |

C:hDocuments and Settings\Denys'\Desktoph 8 Grepisource’\StringProcessor.hiz3):| CEC7110 Term Project - SmartGrep |

C:hDocuments and Settings\Denys'\Desktopt®_Grepiborrowed codehSolutionExplorer.cpp (1600 : ofile << "<1l-— Class Information Betriewe

Total found: 39 Matching files: ZE& Total files searched: 44 3

£ *

[¥] Task List output g Find Results 1
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How do We Want to Search?

IRiSS

Find what: |parse XML corpud

]

S . b |
. “Google-like” queri
oogile-like queries| =

_ |

About E =i

 Ranked results

« Various granularity of results (i.e., classes,
methods, etc.)
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IRISS

Information Retrieval based
Software Searching
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Information Retrieval

* An Information Retrieval System is capable of
storage, retrieval, and maintenance of
information (e.g., text, images, audio, video,
and other multi-media objects) [Kowalski97]

* IR methods (e.g., signature files, inversion,
clustering, probabilistic classifiers, vector space
models, etc.) are used often for text retrieval
(e.g., libraries, search engine, etc.)
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Searching with IRiSS

mapping 6 %
Source Code [« Mapping Engine &
< tti g
settings 3
A 23]
2 7 1 E
results query finding similar g
preprocessing > User elements %
4
5 <
Y =
3 e
Semantic Search &
Corpus > 3

. . Space

SVD, indexing




Corpus Generation

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

split_identifiers & Splitldentifiers

Define source code documents with user-
defined granularity (e.g., class, methods,
functions, declarations, interfaces, etc.)

Works on C/C++
It is easy to extend to other languages
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Building the Semantic Search Space

 We use Latent Semantic Indexing (LSI)

« Each source code element is transformed into a
vector, based on the words it contains

* A similarity measure between two documents is
defined as the cosine between their
corresponding vectors
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Query Formulation

« User defined queries

— Most common, based on user experience and
domain knowledge, little known about querying
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* Only query terms presented in the corpus are
considered



Conclusions

* Pros

— Simple and flexible to use

— Returns ranked results — advantage over grep
« Cons

— Misses some data elements (granularity)

— Depends on the quality of comments and identifiers
(grep has the same problem)

* Using IR methods for concept location and source code
browsing is promising

AY!
NIVERSI

h GROUP

and Evolution REsearc

SoftwarE Visualization



Current Work

« Address the query refinement issue
— ldentify misspelled words

— Suggest additional words/elements based on first set
of results — combine them with AND, OR, XOR, NOT

— Define the semantic signature of a source code
element

— Deal with scalability issues

« Combine LS| with dependency graph based search,
dynamic methods, concept analysis

* Implement the tool as plug-in to Eclipse as well
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Google Eclipse Search
Google Desktop Search + Eclipse

- Resource - ArrowHeadEditor.java - Eclipse Platform

GES Tnolbar File Edit Source Refactor Mawigate Search Project Run Window Help
2 = 2 = ¥ = i =
| -l -0-- @y | @@ |8 -5 -5 -0 - 5 | [FResourcs =
U5 Mavigator 3 Package Explu:urer| o ) m.ﬁ.rruwHead.java = ] &d
= | ._ 4=={> o "U"; A F‘S).
= = Violet - _Dlamond g
B33, o =+ "Black e E
=17 horstmann b o
—|- [ wiolek g
F-F= framework private static final Chiject[] wvalues = =
Ty Actorbode, class i ;‘3
Highlighted Source Code [J] Actorbode. java LrrowHead . NONE, ,_Lg
Ty ArrowHead. class ArrowHead. TRIANGLE, g
[3] ArrowHead java ArrovHead.V, =
@ ArrowHeadEditor .class ArrowHesd. D LLAMOND -g
@ .ﬂrrawH?adIIEditDr.java = ArromHead |BLJLCK_“| é
m T IL_IL:u'IG-I.ICI } ; Q
|1| BentStyle.java 3 - é
Ty BentStyleEditor . class 4 b -
|I| BentstyleEditor.java : = = %
Ty CallEdge class Tasks (@5'3‘3“:"' £ &9 | i % | H | o = §
g —
[J] callEdge.java "Black diamond" - 3 matches in Workspace =
@ CalEdgeBeaninfo.dass - '[5‘1- Wiolek e
|1| CallEdaeBeaninfa.java —|-[#= com
Search Results @ ZallMode . class =}-[=- horstmann
| [J] CallMade.java = [= violet
i @ CallModeBeanInfa.class m ArrowHead, java
m CallModeBeanInfo.java m ArrowHeadEditor, java
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Future Work — Result Clustering

F Ve 7 - :
vy Vivisimo
B
Clustered Results
o software endgineeringe (zz5)
- Computer Sciencee (12)

- Software Engineering
Researche 13

- Managemente [1g)
- Conferencee13)

-m Databaser13)

-p |IEEE. Transactions on Software

Engineeringe (1o
- Booke (11)

- Solutionse (12)
- Resourcese (12)

- Processe (10)

Find in clusters:

Enter Keywords I@

companyB B |B B productsE B |B B solutionsE B |B B customerst B |B B demosE B |B B press

: - T = » Advanced Search
software engineering |the Weh v | + Hel
NEW search the Wikipedia at Clusty.com B 8

Top 225 results of at least 21,270,010 retrieved for the guery software engineering [Details)

. Carnegie Mellon - Software Engineering INStitute mews window frame] [preview] [olusters]

Read about collabaration Dppnﬂunltles products ancl serwces puhllcatlons and managemem practices.
winew. 521 cmu.edy - t 51,0 f ]

. TCSE: Technical Council on Software Engineering [EEE-CS (news window [frame] [previen] [cluster]

WARNIMG: Your browser does not support Frames Please upgrade your broweser and try httpofftcse.ory
whtewy tCSE.OrY - ! ] 15M 12

2

3 SﬁﬁWare-Engineer.Orq [rewE window] [frame] [preview) [olostes]
Engineers can discuss training and certification, absorb concepts such as Hierarchical Input Process Output Diagrams and realtime systems,

and practice OOF principles.
wnewy, S0ftweare-engineer. org - L

5 Ceﬂter fOl’ Sﬂﬂware Engineering [rewB window] [frame] [previen] [clusters]

Research at the University of Southern Callfornla includes software archltecture and collaborative software engineering.
sunset.usc.edu - Looks: ot

At 8, Askd

. Software Eng;neering Laborator\f MNASA [newB window] [frame] [preview] [elusters]
Partnership developed between MNASA, the Unwersny of Maryland and Computer Sciences Corporation. Find data, workshops and related sites.

sel.gsfo.nasa gov -

’ RSP&A Sﬂﬂ’ware Engineering ReSOUrC@S [mewd window] [frame] [previem] [clusters]

Pressman and Associ tes offers hundreds of res

rces related to products and development.
W, FSpE. Comispl - b ]
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