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va  Research Context v Research Goal

m Software understanding and
reengineering
- Where fo start?

m Research goal :

- Automated tool support to help you "get started”
m Formal concept analysis (FCA)

- A mathematical technique

- With known applications in data analysis and knowledge
processing

m Can we use FCA to "mine" the source code?

m Book on "Object-oriented
engineering patterns”
- Chapter 3: First Contact

- aset of patterns that may be
useful when you encounter a

—

m "First contact” patterns

legacy system for the first - Chat with the maintainers
time. - Interview During Demo - For relevant structural regularities in the source code
= Forces: - Read all code in one hour * Coding conventions
- Time is scarce - Skim the documentation + Coding idioms and design patterns
- i . . + Crosscutting features
N Legacy is large and complex - Do a mock installation NG utting featu
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Formal Concept Analysis (FCA)

m Starts from
- aset of elements
- aset of properties of those elements
m Determines concepts
- Maximal groups of elements and properties
- Group:
- Every element of the concept has those properties
+ Every property of the concept holds for those elements
- Maximal
+ No other element (outside the concept) has those same properties
+ No other property (outside the concept) is shared by all elements
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Example : Elements and Properties

object- functional loaic static dynamic
oriented 9 typing typing

C++ X - - X -
Java X - - X -
Smalltalk X - - - X
Scheme - X - - X
Prolog - - X - X

May 13, 2004 INGI Research Meeting 7

[ =
(s Lt
-

a

NGl

Département
d'ingénierie
informatique

Example : Concepts

object- functional logic static dynamic
oriented 9 typing typing

C++ X - - X -
Java X - - X -
Smalltalk X - - - X
Scheme - X - - X
Prolog - - X - X

May 13,2004 INGI Research Meeting 8




®

ucL

\"

INGI

Département
d'ingénierie
infermatique

Example : Concepts

object- . . static dynamic

. functional logic . .
oriented typing typing

C++ - - X -
Java - - X -
Smalltalk - - - X
Scheme - X - - X
Prolog - - X - X
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Example : Concepts

object- . . static dynamic
. functional logic . .
oriented | """ | - typing typing
Cor X - - i X -
1
Java X - - : X -
Smalltalk - - - -
Scheme - X - -
Prolog - - X -
May 13,2004 INGT Research Meeting 10
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Example : Concepts

object-
oriented

C++

functional

Java

Smalltalk

Scheme

Prolog
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Example : Concepts

o | i | g
C++ - -
Java - -
Smalltalk - -
Scheme - X E -
Prolog - - X
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Example : Concepts

object-

. unctional
oriented f

C++

Java

Smalltalk

Scheme

Prolog
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va  Example : Concepts

object-
oriented

dynamic
typing

functional

Smalltalk

Scheme

Prolog -
Département .
d'ingénierie May 13, 2004 INGI Research Meeting 14
informatique

0

ucL

v

Département
d'ingénierie
informatique

Concept Lattice

Java Smalltalk C++
Scheme Prolog

o

N

Java C++ Smalltalk Scheme Prolog Smallitalk

{object oriented} {dynamic typing}
Java C++ Smalitalk Scheme Prolog
{static typing, {dynamic typing, {dynamic typing, {dynamic typing,
object orlented} object oriented} functional} logic}

AN

o

{object oriented, functional,
logic, static typing,
dynamic typing}

g v, evu v s wn ey

=

v Discovered Concepts

Properties shared by
all languages (none)

™

00 languages Langua.ges w.i‘rh
dynamic typing
Static. typed Dynam. typed Dynam. typed Dynam. typed

OO0 languages OO0 languages funct. languages

T L

Languages having
all properties (none)

logic languages
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with formal concept analysis

m Elements : classes, methods, parameters

m Properties : substrings of classes, methods, ...

xxAyy /

a concept

Mining for source-code regularities
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OVCF‘G” Gppl"OGCh - fl@*lslel_l_l_l_l ol ¥]ln] W)
ot s oy 2] packase | H..a.m,| nstanco | Giss | Shared variavie | mstanco varatie |
SINGLE CLASS : accessing methods (1) wi[f] PDP 3.0 - Behavior A f i T 0 pi
SINGLE CLASS : chained messages (14) =] Re!av_‘\mmgﬁmwser' + ParseTreeRewriter faccessing A acceptBlockNode:
SINGLE CLASS : similar method signatures (34) ctory ParseTreeSearcher pying accepiBlackNode-staBIc
1 I . l . h HIERARCHY : polymorphic methods (21) &) RBBrowserNamespace J RBAssignmentNode A acceptCascadeNode:
CodeTool class (2 BB “ 4 RBAssignmentToken _| A acceptLiteral ArrayNode:
. Gener‘afe e emenTS & prloper“hes for FCA a gor‘”- m Retammychangu\ass (@) (% RBE! + Toker 4 accepiLiteralNode:
Applicationhodel class (2) (@ RBChangeObjects * + RBBlockNode lprivate 1 accepiMessageNode:
i i RBValueNode olass (2) £ RBRefaclorings - + 1 <
v Pre-filter irrelevant ones Conceps o chgte coks REPogranteom () 9 ABBesell + RBGCascadeNode 2 SecemOpimizeatiode
SelectorEnvironment class (2) & RBRefactoringul * + RBConfigurable Formatt A acceptPatternBlockNode:
RBAbstractCondition class (2) @ RBBrowserUl* +- RBFormatter 4 _acceptPatternWrapperBlo
1 Navigator class (2] @ RBSmalllint * + RBldentifierToken
2 . ConcepT Analys IS Cuncgems for sm[g\ze class LintRule (4) @ RBSmalllintu! * + RBKeywordToken A acceptSequenceNode:
RBParseTreeRule class (2) ::[I] RelationBrowser + RBLiteralArrayNode A acceptVariableNode:
‘/ . . . Concepts for single class (3) #:-[f] SCG Ci LI RBLI LI _|
Find relevant groupings of elements in source code Concopis o 6nglo cass L @ -
avigatorPart class (2) source | Rewrte | Codo crie |
Concepts for single class (4) _I
N M Concepts for single class (13)
3 . Fl H’er‘lng ChangellethodNameRefactaring class (2) codestream nextPut:$4.
Gancepi or dingla dass R3Programiada (14 selfvisiiNoge: aReturNode value]
Concepts for single class Object (5)
N 1+ 1 C s f le class ProtocalNavigatorPart (3) N OO siew
v Remove irrelevant concepts (false positives, noise, useless, ...) Goneapl for singl class Prolocaaugatorban () 000 VisuaWorks NonCommereial viewEnv1037-+-
t-@ RBProgramNode Visitor Fie System Browse Debug Painter Store Tools Window Help
o . #(e) accept node cascade (4)
4. Classification S accont nods vanabls (4 _|_|_|_| o @lm| 2%]%)%| 2wl 20
. 5@ accept node assignment (5) o
s optimized accept node (4) run
. . ) sequence accept node (5)
V' Classify results according to relevance for user 5O e STARTING GonceptAnayss on Retaciong Bronsed
8 o sccoptnots
) #acceDtRetumNnde (RBCnMIgurableFﬂvmat\ev)
N Creating concepts
5. COmpleT|On Of COnC@pTS 3 eccepiustutniiods: (sereTresRewren number of objeets: 4779
» #acceptReturnNode: (RBProgramNodeVisitor) number of atiributes: 729
@) methad acceptnode (4) Anal 179 "
G patern rbpatiern accept node (7) nalyzing 4179 concepts.
v Some concepts are relevant s featb Fileing 1388 concepts
Concepts for single class Code ToolSelectionPolicy (4) Classifying 1234 concepts.
N HIERARCHY : similar method names (25)
but need to be completed to represent reality correctly HIERARCHY S mnod sonatres (26 done
CROSSCUTTING : polymorphic methods (12)
—_— CROSSCUTTING : similar method names (131) Concept Analysis took 898078 milliseconds
Département CROSSCUTTING : similar method signatures (392) =l
" PO i Part of class name in selector (68)
d'ingénierie May 13, 2004 INGT Research Meeting 19 Pari of class name in method parameter name (22) L. ey [ woi
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Overview

m Research idea

>  The substring experiment (=
1. Generate elements & properties

m We want to group elements that share a substring

v/

o

m A crash course in formal concept analysis = Problem :
. . . - "Having a substring in common” is binary
m Mining for source-code regularities with FCA - FCA properties are unary
m The experiments in detail - Does an element satisfy the property or not?
m Conclusion = Solufion :
- Every substring corresponds to an FCA property
- Does an element have this substring in its name?
- Generate relevant substrings
+ Based on where uppercases occur in an element’s name
- QuotedCodeConstant — { quoted, code, constant }
NG - Filter substrings that produce too much noise
) Département .
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The substring experiment (= \o/  The substring experiment { =
— UL -

2. Concept Analysis (1)

AbstractTerm

unifyWithVariable inEnv:mylndex:hisindex-inSource:

y Term y
unifyWithQuatedCoda Te nv:mylndex:hisindexinSaurce.:

Y
Variable CompoundTerm
unifyWithWariableinEnv:mylndex:hisindex:inSourca: unifyWithWariable inEnv:mylndex:hisindex:inSource:
i WithC inEoy g S P N d g .
unify '
uninglhOuulchadcTcrm mEnv,mzindﬂx hisindax inSource:
SmalltalkTerm QuotedCodeTerm
unifyWithVariableinEnv:mylndex:hisIindexinSource: unifyWithWariable inEnv:mylndex:hisindex:inSource:
unifyWithSmalltalkTerm:inEnv:mylndex:hisindex:inSource: um’!WrrhOuarchadcTclm:mEnv.'mzmdcx'hlslndcx.‘l’nSourcc:
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2. Concept Analysis (2)

unify index env source |message| functor | variable
Object>>unifyWithObject: inEnv:
ject>>u |fly i J inEnv. X X X X
mylndex: hisindex: inSource:
\{arlab\.e>>un|nylV|t.hMessallgeFuncto.r: X X X X X X
inEnv: myIndex: hisindex: inSource:
AbstractTe:lrnj>>un|f)./\(V|lh: |nErl1v: X X X X
mylIndex: hisindex: inSource:
AbstractTerm>>unifyWithVariable:
' stractTerm: . y! \ X X X X X X
inEnv: myIndex: hisindex: inSource:
X X X X
Département .
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The substring experiment (=
2. Concept Analysis (2)

unify index env source |message| functor | variable
Object>>unifyWithObject: inEnv:
jec unlly i !ec inEnv: X X X X } B
mylndex: hisindex: inSource:
\{anab!e>>un|fy\l.\htthess§gleFunctor: X X X X X X }
inEnv: mylndex: hisindex: inSource:
AbstractTelrm.»unlfy.\{Vnh: mEttnv: X X X X R ; )
mylndex: hisindex: inSource:
AbstractTerm>>unifyWithVariable:
. stractTerm ulnlfy i .ana e X X X X } X X
inEnv: mylndex: hisindex: inSource:
X X X X
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' 2. Concept Analysis - a concept (3)

o686 Star Browser on: #compoundVisit: (SimpleTermVisitor)
Services Help

OE@E D E% O @O0 ROEH &

Factory class (23) + [Package| Hierarchy | Finstance Class | Shared Variable

Results class (2)

Loy # isit: (CompoundTermR -(D) SoulGramm - NamedVariable\ -
() cutvisit (2)
L #outVisit: (SimpleTermVisitor)
» #eutVisit: (CopyingVisitar)
+(y object visit (3)
» fobjectVisit: (LexicalAddressVisitor)
i3 #objectVisit: (CopyingVisitor)
» #fobjectVisit: (SimpleTermVisitor)
+(Z) visit constant (3)
L@ #eonstantvisit: (CopyingVisitor)
3 #constantVisit: (LexicalA isitor)
.y #constantVisit: (SimpleTermVisitor)
(3 underscore visit variable (4)
L. #underscoreVariableVisit: (CopyingVisitor)
- #underscoreVariableVisit: (NamedVariableVis
i.% #underscoreVariableVisit: (SimpleTermVisitor
» #underscoreVariableVisit: (VariableAndUndei
+(3) clause visit fact (2)
(3 clause visitquery (2)
+(3) clause rule visit (2)
{3) visit sequence termsequence term (2) 3

Scnm:e‘ Rewrite | Code Critic | Statements |
‘compoundVisit: aCompound
aCompound functor accept: self.
aCompound termSequence accepl: self

@

)

a

Frame class (2) [7] Classifications a DepthFirstFrami 4 | visiting clauses V7 callTermVisit:
simpleTermVisitor class (13) [7l ConceptlLattice! DepthFirstRuleS | visiting terms ¥ compoundVisit: ¢
+@ SimpleTermVisitor [7] SCG StarBrow: Environment % constantVisit:
+(5 visit compound (4) - Factory 7 cutVisit: L
i3 #oompoundVisit: (SimpleTermVisitor] FailFrame . ¥ delayedVariable
Ly isit: L (3 SmalltalkAc FixVisitor ' keywordFunclory
i+» #eompoundVisit: (CopyingVisitor) (@ SoulGramn,| Frame ¥ messageFunctor!

¥ multiPartFunctory -

Spawn results || Method: #compoundVisit: (vi#‘ Parcel: none H Package: SoulKernel
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The substring experiment
Some quantitative results

Case study | #elements | #properties | #raw | #filtered | time (sec)
Soul 1469 434 | 1188 281 22
StarBrowser 527 266 | 491 73 4
CodeCrawler 1370 477 | 1419 327 24
DelfSTof 756 237 | 617 126 5
Ref.Browser 4779 729 | 4179 1234 414

m Remarks :
- | properties | < | elements | is a good sign
- Time to compute = a few seconds / minutes

- Still foo much concepts remain after filtering

May 13, 2004 INGI Research Meeting 27

The substring experiment =
3. Filtering

m Irrelevant substrings are already filtered
- with little meaning : “do”, "with", “for", “from”, “the", “if True", ..
- too small (< 3 chars)
- ignore plurals, uppercase and colons
m Extra filtering
- Drop top & bottom concept when empty
- Drop concepts with two elements are less
®  More filtering needed (ongoing work)
- Recombine substrings belonging tfogether
- Require some minimal coverage of element name by properties

- Concepts higher in the lattice may be more relevant
+ More shared properties
- Avoid redundancy in discovered concepts
+ Make better use of the lattice structure (Now it is “flattened")
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The substring experiment C =
4. Classification

m Insingle class m Crosscutting
- Accessors - Polymorphic methods
- Chained messages - Substring shared by method

- Delegating methods name & parameter name

- Similar signatures - Similar signatures

= Insame hierarchy - Similar class names

- Polymorphic methods m Substring shared by method

- Substring shared by method name & class name

name & parameter name m Substring shared by class

- Similar signatures name & parameter name

===

a concept

The substring experiment
5. Completion (ongoing work)

m Discovered classifications may require completion
- E.g., we may discover an interesting set of polymorphic methods
- But some methods are missing because, e.g.,

* Their implementing class does not adhere to the right naming
convention

* One of their parameters they had was named differently
- These classifications should be completed "a posteriori”
+ Cah this be done (semi) automatically?

- Similar class hames ®  Unclassified
Département . Département .
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Discovered "regularities”

m Code duplication
m Design patterns
- Visitor, Abstract Factory, Builder, Observer
m Programming idioms
- Accessor methods
- Polymorphism
m Relevant domain concepts
- Correspond to frequently occuring properties
- “Unification”, "Bindings", "Horn clauses”, "resolution”
m Opportunities for refactoring

m Crosscutting concerns
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Conclusion

m Current status
- Substring experiment already performed, but needs refinement
* Mainly more advanced filtering
- Parse tree experiment seems promising complement / extension
to already existing experiment
+ Use "generic parse trees” as properties (ongoing work)
m Future work
- Can we use FCA to mine the source-code for “aspects"?
- Current results do seem promising enough

+ Using substrings assumes that elements corresponding to a same
concern will have a similar name

Using generic parse trees assumes that elements corresponding to
a same concern will have similar code
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