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Software is built from source code, a

set of text files with commands

i Editeur - [Java syntax text editor.jav] M=] B3

File Edit Search Macro Tools Window Help -7 x|
DemBe & D - AR @8 »r BEBEZ T2
public class CreateObjectDemo { j

public static void wain(3tring[] args) {

/7 create a point object and two rectangle objects

Point origin one = new Point (23, 94):

Rectangle rect_one = new Rectangle(origin one, 100, 200);
Rectangle rect_two = new Rectangle (50, 100);

// display rect one's width, height, and area

System.out.println("Width of rect one: " + rect_one.width): |
System.out.println("Height of rect one: " + rect_ one.height):
System.out.println("Area of rect one: " + rect_one.areaf)]):

// set rect two's position
rect_two.origin = origin one;

// display rect two's position
System.out.println("X Position of rect two: " + rect_two.origin.x):;

System.out.println("Y Position of rect two: " + rect_two.origin.y):

/7 move rect two and display its new position

rect_two.move (40, 72); _ILI
4] | >

1:1 Insert Unmodified 28 lines, 1103 characters 4

For Help, press F1
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Source code is by far more often read
than written.

‘ ‘ 80% reading and browsing

Context

= You are not the author.

= Jt's your first contact.

= There are millions of lines of code.
= You have to go fast.
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Most software analysis approaches are
based on boxology.
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what is the meaning of that all?

‘ UI Layer |7

l isCustomerNumberValid
‘ Business logic ‘ or
l removeCustomerFromDB

‘ Database ‘4—
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Solution: look at the vocabulary of the
source code

We uses search engine technology.

Based in these observations

= Developers use meaningful names that convey
domain concepts.

= Artifacts that use similar identifier names
belong to the same concept.
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Thus we apply Information Retrieval on

the source code

Hapax

enter search terms here...

Find document

Feeling lucky!

Hapax searches over 10,000 documents containing about 20,000 terms.

The term “hapax legomenon” is Greek and refers to a word that occurs only once in a
given body of text. Hapax is a tool built on top of the Moose re-engineering framework.
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In a nutshell: Semantic Clustering

We treat source code as text Comments Methods Identlﬁers
documents.

f (:LsDate(husmnut d))

throw new Exception (" M: in

Two documents are similar if | revum Gours < 1 66 ninute <‘,, 56 sefonds < 60) ;

they use the same words. / X \
Keywords Classes Types Literals

We cluster the documents based

on the usage of words. backet

| workstation

4 -

application
list

menu
cancel

We use automatically retrieved dsiation—

address
labels to describe the clusters. P

Server

We use a map to illustrate the
relation between concepts and
structure on the
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Source code is natural language text,
and each code item has a name

Comments Methods Identifiers

/** Returns Cxue 1f a gixen 24-hour date”is
in the morning, offerwise retuuMb false.
public boolean isMorning(int hours,int minutes,int seconds) {
if ('isDate(hours,minutes,seconds))

throw new Exception ( ) ;
return ghours < &S minutes < ¢& secondsgL ) ;
}
Keywords Classes Types Literals
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We use Latent Semantic Indexing to
analyze linguistic information

Latent Semantic Indexing analyses the
distribution of terms over documents.

It is based on a term-document-matrix
with word frequencies.

[Deerwester90]
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LSI has been applied to many other
problems before.

In Software Analysis

To recover links from external documentation. [MaleticO1]
And to compare source code artifacts. [Marcus03]
And to categorize whole projects. [KawaguchiO5]

In other fields

Automatic spell checking and thesaurus.
Automatic essay grading.

Multilingual search engines.

As a model how children acquire language.
And many more...
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LSI uses Singular Value Decomposition
to compress the term-document-matrix.
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Anything can be used as document...

Documents are not necessarily source files.

We prefer to split the source at structural
levels such as: package, class, method...

But any software artifact that has a textual
representation is a possible document
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We count the word frequencies in each

document

docl doc2 doc3 doc4d4 docbh
hour 2 3 3 2
interval 2 1
morning 1 1
point 4
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Latent semantic indexing puts all the
documents and terms in one space

hour
O #‘1 morning
O

>
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The correlation matrix shows all

similarities between all documents
Documents

€ Documents

lo% Similarity 100% |




But an unordered matrix looks like
television tuned to a dead channel...
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Clustering yields both an ordering and a
grouping of documents

I__I‘

— = 1+ = = = == grouping of documents = + = = = = = — -

dgoodooooooooooooooon

ordering of documents >
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A cluster is set of documents which use
similar terms

But what are
these terms?
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We use the documents as query to
search for cluster labels

Common searching uses
terms to find documents

Automatic labeling uses
documents to find terms

interval #2

O
hour#1

'®) O o morning
O

>
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Automatically retrieved labels describe
the clusters

packet workstation

destination — | . node

address
server /
application
list
menu
cancel
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Hapax was applied at different levels of
granularity...

Moose framework

/
Hapax tool / GUI keystroke
JI == / install
= : y

e 1 plugin

accessing L

classes T ) ‘ text area
| fonts
modifying — files ‘m regex
logging —] ' BSH script
methods infrastructure

single feature

unique ID meta-information
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Distribution Map illustrates the relation
between concepts and structure

Module A B VoduleB
5 artifacts 2 artifacts
4 x Blue 1 x Red
1 x Yellow 1 x Blue
!\:Igticﬂ'ljgsle C - - - . . a module
D Ry
3 x Blue
2 x Yellow an artifact with
¢
. . concept color
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Example: the distribution of concepts in
the Outsight case study

securit.  kickout view  clean, legic trigger logic tree  autum.
AN EEE EEN BN EEEN EEEEN EEEN BN EE
EENE BN EEN (N EEEN EEEEN ERCOO) (EE
]| EEEN EREENR| (OO0
EEEE EEEN
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|Il EEEEENE EEE AN EHEEEENE EO EEO
EEEEEN EEC HOC (NEEEENR OEm
EEEEEN EEEEEN B
EEEERC EEN
00
core catzB. test database cata mass uti. candi. _candidate
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EEE EEEN
EEEN
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com,com, hos, ext. prepa. mail regexse. collect. status preparation. logonmanage, accesslayer hostacc. searchmodel responses
(0] (m] [m] [m] [WE] (eS| (EEE| (EEE| (EEEE| (EEEEE| (EEEEE| (R EEEE| (0S| (EEEEEE| (REEEEEEE
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EEEE| BE EEEEE EE ] =] O EEEEEN
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DEENEN NEEEEED EEEEEEE
EEEN EEEEEEE EEEEEEE
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Search the distribution map for classes
related to “drawer”.

com.com. hos, ext. prepa.

mail _ regexse

collect.

status

reparation.

legenmanage

nostacc

searchmodel

responses
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com.com. hos, ext.

prepa. mail _ regexse

collect.

status

reparation.

legenmanage

accesslayer hostace

searchmodel

Search the distribution map for classes
related to “save cropped image”.

responses
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Moose and Hapax: explore structure and
semantics with the same tool

il Moose - [5]X]

Models Tools Navigation Help

£ *» Hapax.Similarities 164@164 ((1.0 0.91372 0.870472 0.940173 0.899262 0.83... M[= 3
Model Manager | Ant | JBoss | JEdit | Moose | Moose and Plugins | Tomcat Matrix  Settings
S 3— 4| Row Entries
) [[| Group Editor numgerg?l\r‘lehthqfs() [ﬁ
numberOfinheritance
; e FAMIXClassGroup (314 items) numberOfNamespaces
AMIXAcce inheritedSignaturesOf v
-4 FAMIXAttritf | FAMIXClass inheritedMethodsOf:(C
- @ Eﬁgig'ass Root::Smalltalk::SCG::Moose: :EntityType !nEerigegggngtgfeng*
-4 FAMIXCom . . . .. inherite ributesOf: ~
@ FAMIXForm Root::Smalltalk::SCG::Moose::DSADsolut doesClass:inheritsFrol
) FAMIXGlobq ||Root::Smalltalk::SCG::Moose::MSEEnUm subClassOf:do:(Obje
0 FAMIXImplif | |Root::Smalltalk::SCG::Moose::ModelMan -
- FAMIXInhef | Root::Smalltalk::SCG::Moose::MSEImpo Column Entries
: IE:H&ILTO Root::Smalltalk::SCG::Moose::AbstractE herdA"iUtSfi' ~
AM iter. - - .. .. oesCiass innericsrro
@ FAMIXLoca Root..SmaIItaIk..SCG.‘Moose..MSEToqlM subClassOf:do:(Objec
.. FAMIXMeth] |/Root::Smalltalk::SCG::Moose::SubEntitie subclassHierarchyOf:d
& FAMIXNam Root::Smalltalk::SCG::Moose::OperatorM superclassHierarchyOf
& FamIxPack] |[£ subclassHierarchies() —
® FAMIXUnkn » B doesClass:implements
o STEleGriiE Hl Pite G L addEntity: (Object)
® HapaxSem — i — removeEntity:(Object) ,
Group Filtering | Group Properties H Group Descriptior]
Labels
averageMethodSimilarity ~<~ 10 - -
inheritance -~
subdass 3
superclass =
Enter search query: & | [hierarchy
l rty| I T override 2
[— remove enti
Id = 0.38 Similarity = 0.774309
5486
node 5270
4 4563
instance 4500
2 4297
fna 1150 v

Shown entities: 500 Hidden entities: 11521

Group Filtering | Group Properties | Group Description || Group Evaluator
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Conclusion: we should not just look for
boxes, we should look for names too!

packet |_~ workstation

4 -

application
list

menu
cancel

destination — |
address

d

Server

Questions?

Adrian Kuhn, Using Computer Linguistics to Analyze Software #29/29



