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va  Research Goal ueL

m A lightweight source-code mining tool
- get "initial understanding” of structure of software system
- detect recurring patterns in the source code
m Formal concept analysis (FCA)
- A mathematical technique
- Known applications in data analysis and knowledge processing
m Can we use FCA to delve code for indications of patterns?
- Coding conventions
- Programming idioms and design patterns
- Opportunities for refactoring

INGI - Relevant domain concepts
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A crash course on FCA — example

object- functional logic static dynamic
oriented 9 typing typing
C++
Java .
Find relevant taxonomy of
Smalltalk programming languages
Scheme based on their common properties
Prolog
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va A crash course on FCA — theory

A. Starts from

A. Incidence table

- aset of elements ot?Jec‘r- functional logic sTaTlc dynqmlc
: oriented Typing fyping
- aset of properties of those elements
- incidence table | C++ X - - X -
B. Determines concepts
- Maximal groups of elements and properties Java X - - X -
- Group:
Every element of the concept has those properties Smalltalk X - - - X
Every property of the concept holds for those elements
- Maximal Scheme - X - - X
No other element (outside the concept) has those same properties
No other property (outside the concept) is shared by all elements Prolog - - X - X
NGI ¢ Organizes these concepts in a lattice structure NG
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va B Concept 1 va B Concept 2
bject- . . stati d i bject- . . stati d i
opjec functional logic atie ynamic opjec functional logic atie ynamic
oriented typing typing oriented typing typing
C++ X - - X - Srmmm— C++ - - X -
Java X - - X - Java - - X -
Smalltalk X - - - X Smalltalk - - - X
Scheme - X - - X Scheme - X - - X
Prolog - - X - X E Prolog - - X - X
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B. Concept 3

object- . . static dynamic
. functional logic . .
oriented | —~ "~ | 7~ typing typing
Cr+ X i - -1 X -
I [
i i
Java X ] - - . X -
sma”-‘.alk - ] ] ]
Scheme - X - -
Prolog - - X -
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B. More concepts ...

object-
oriented

dynamic

functional logic

Smalltalk X E -

Scheme - X

Prolog - -

September 6, 2004 ESUG 2004 Research Track 10

@

ucL

v

Département
d'ingénierie
informatique

B. More concepts ...

object-
oriented

functional

C++

Java

Smalltalk

Scheme

Prolog
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B. More concepts ...

object-
oriented

dynamic
typing

functional

Smalltalk

Scheme

Prolog -
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B. Concepts
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C. Concept Lattice

Java Smalltalk C++

i : E P
object- . . dynamic cheme Prolog
. functional . . o
oriented Typing / \
Cr Java C++ Smalltalk Scheme Prolog Smalltalk
{object orlented} {dynamic typing}
Java
Java C++ Smalitalk Scheme Prolog
Smalltalk
{static typing, {dynamic typing, {dynamic typing, {dynamic typing,
object oriented} object oriented} functional} logic}
Scheme \ /
E Prolog 0
{object oriented, functional,
INGI NG logic, static typing,
dynamic typing}
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v Delving ST source code with FCA v Delving source code
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m Elements : classes, methods, argument names
m Properties : substrings of classes, methods, ...

The "Foo" concept

Zork
import: dfo;oj

dsFoo:|anObject
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1. Generate the formal context

» Elements, properties & incidence relation
2. Concept Analysis

 Calculate the formal concepts

* Organize them into a concept lattice
3. Filtering

* Remove irrelevant concepts (false positives, noise,
useless, ...)

4. Classify, combine and annotate concepts

* Inaway that is more easy for a software engineer to
interpret
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‘ﬁ DelfSTof, our Code Delving Tool
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SINGLE CLASS - similar methad signatures (34) @ Refactory * ParseTreeSearcher acceptBlockNode:stantBic
HIERARCHY : polymorphic methods (21) @ s acceptCascadeNade:
CodeTaol class (2) lRcarser - | REAsslgl\meMToken | s acceptLiteralAnayNode:
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Applicationhodel class (2) () RBChangeObjects * + RBBlockNode s acceptilessageNode:
RBValueNode class (2) - RBRefactorings * + & acceptilethodNode:
Concepts for single class REngvam\(em (3) (@ RBBaseUI * + RBCascadeNode 4 acceptOptimizedNode
SelectorEnvironment class (2) @ RBRefactoringUl * + RBConfigurableFormatt s acceptPatiemBlockNode:
RBAbSHiaciCondition class (2) (@ RBBrowserUl ~ +- RBFormatter ., acceptPatiemWrapperBlo
Navigator class (2) 9 RBSmalllint* + RBIdentifierToken
Concepts for single class LintRule (4) @ TS & acceptSequenceNode
RBParseTreeRule class (2) #[@ R + BL . acceptvariableNode:
Concepts for single class (3) 4+[7] SCG G ad| RBLiteralArrayToken | =
Concepts for single class L 3
NavigatorPart class (2) S | Rewrte | Code Crc |
Concepts for single class “@
Concepls for single class 13) : =
ChangehlethodNameRefactoring class (2) codeStieam nextPut 7,

Goncepts for single class RBProgramNode (14)
Concepts for single class Object (5
ggzz:::: :g;:mg}: g:::P'“‘GW‘NEV‘QE‘“'PE"(S) n 000 VisualWorks NonCommercial viewEnv1037+
® RBProgramNodeVisitor Ele System Browse Debug Paifer Stgre Tcos Window Hep
& accept node cascade (4)
2> accept node variable (4)
& accept node assignment (5)
& optimized accept node (4)
& sequence accept node (5)
@ accept node message (5)
(@ return accept node (4)
» p

self visitNode : aReturmNode value|
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runOr

STARTING Concept Analysis on Refactoring Browser|

RBC
2 ' r Gi
epiReturr ewriter) number of objects: 4779

3 araccemRemeade (REProgramNudeVlsnar) number of attributes: 729
)

@ method accept node
@ patiem ropatiern accepl node (7) Analyzing 4178 concepls

@ rbarray acoept node array literal (3) Filtering 1388 concepts.
Concepts for single class CodeTaolSelectionPalicy (4) Classifying 1234 concepts.
HIERARCHY : similar method names (25) done

HIERARCHY - similar method signatures (26)
CROSSCUTTING : polymorphic methads (12)
GROSSCUTTING : similar method names (131) Concept Analysis took 898078 milliseconds
CROSSCUTTING : similar method signatures (392) |
Part of class name in selector (66) "

Part of class name in method parameter name (22) - L Defaur [y mar
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1. Generate formal contex

m We want to group elements that share a substring
m As elements we collect
- all classes, methods and parameters
- in some package(s) of interest
m As properties : "relevant” substrings of element names

- Normalisation :
+ extract terms based on where uppercases occur
+ convert to lower case and remove special characters like "'
QuotedCodeConstant — { quoted, code, constant }

- Elimination of stopwords : with, do, object
- Stemming : reduce words to their root

m Incidence relation : An element has a certain property if
- It has the substring in its name
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va 2. Concept Analysis

unify index env source |message| functor | variable
Object>>unifyWithObject: inEnv:
ject>>u |fly i j inEnv. X X X M . i
mylndex: hisindex: inSource:
\{arlab!e>>un|fy\{VlthMessa.geFuncto'r: X X X X X X }
inEnv: mylndex: hisindex: inSource:
AbstraotTelrm_»umf){th: |nErl1v: X X X X R : }
mylndex: hisindex: inSource:
AbstractTerm>>unifyWithVariable:
. stractlerm: ley | , I X X X X ~ X X
inEnv: mylIndex: hisindex: inSource:
X X X X
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2. Concept Analysis

unify index env source |message| functor | variable
Object>>unifyWi ject: i :
ject umflythOb?ect inEnv. X X X X i i
mylndex: hisindex: inSource:
\{arlab\.e>>un|nylV|t.hMessallgeFuncto.r: X X X X X X )
inEnv: myIndex: hisindex: inSource:
AbstractTelrnj>>un|f)./W|th: |nErl1v: X X X X } } :
mylIndex: hisindex: inSource:
AbstractTerm>>unifyWithVariable:
' stractTerm u.nly it varlabe X X X X i X X
inEnv: myIndex: hisindex: inSource:
X X X X
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3. Filtering

m Preprocessing to filter irrelevant properties :
- with little meaning : “do”, "with", “for", “from”, “the", “if True", ..
- too small (< 3 chars)
- ighore plurals, uppercase and colons
m  Extra filtering
- Drop top & bottom concept when empty
- Drop concepts with two elements are less
- Drop concepts that group only classes
m  More filtering needed (ongoing work)
- Recombine substrings belonging together
- Require some minimal coverage of element name by properties
- Concepts higher in the lattice may be more relevant (more properties)
- Avoid redundancy in discovered concepts
* Make better use of the lattice structure (Now it is “flattened")
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4. Classification,
Combination & Annotation

®  Annotate concepts with their properties
- i.e. with the substring(s) shared by their elements
m Classification
- Single class concepts
+ Elements are methods (or their parameters) in that class
- Hierarchy concepts
+ 6roup classes, methods and parameters in same class hierarchy
+ Annotate concept with root of hierarchy
+ Annotate methods with implementing class
- Crosscutting concepts
+ When two different class hierarchies are involved
m Combine concepts
- that belong together (subconcept relationship)
Group methods
- belonging to the same class
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Case study | #elements | #properties | #raw | #filtered | time (sec)
DelfSTof 802 (135) 247 | 650 131 5
StarBrowser 731 (52) 352 | 740 115 7
Soul 1488 (111) 438 | 1206 284 22
CodeCrawler | 1370 (93) 477 | 1419 327 24
Ref.Browser | 4834 (271) 736 | 4228 1243 447

m  Time fo compute = a few seconds / minutes
m | properties | < | elements | is a good sign
m  Still too much concepts remain after filtering
Upperlimit: theoretical < 2min(Felements, #properties): experimental < #elements
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of patterns

m Code duplication
m Design patterns
- Visitor, Abstract Factory, Builder, Observer
m Programming idioms
- Accessing methods, chained messages, delegating methods,
polymorphism
m Relevant domain concepts
- Correspond to frequently occurring properties
- “Unification", "Bindings", "Horn clauses”, “resolution”
m Opportunities for refactoring

m Some crosscutting concerns
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va  Conclusion

m Current status : feasibility study
- Approach produced relevant results
- Efficiency is acceptable
- Tool needs refinement
+ More advanced filtering ; extra checking a posteriori
m Future work : applying FCA to delve source code for
- aspects and crosscutting concerns
+ based on “generic parse trees”
+ by using an incidence relation that represents "message sends"”
- refactoring opportunities
Both Smalltalk and Java source code
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