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Context

Design Patterns are solutions to recurring design problems

Design Defects (DDs)

o are solutions to recurring problems

o 2 categories:
High-level (global) problems: [Brown 98]
Low-level (local) problems: * [Fowler 99]

75 “deviations from specifications or expectations which might lead to
failures in operation ”

* Some code smells can be considered as high-level DDs
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‘ Context

= Why it is important to detect and correct DDs ?

o DDs lessen the quality of OO architectures and impede their
evolution and their maintenance

o Maintenance is expensive because of DDs [PER 92] : adding,
debugging, and evolving of features are difficult

o A good software architecture without DDs: easier to understand,
change, and thus maintain

= Motivation

> Reach a high-quality software
> Reduce the costs of software development
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‘ Context

= 2 examples of high-level DDs [Brown 98]

18 if (fNamespacesEnabled) {

19 fNamespacesScope.increaseDepth();

B iz = Blob (God Class)
i ing

Rl

eList.getFirstAttr(attr

=L {

“ Procedural-style design leads to one object with a
oo caanesc. | [I0ON°S Share of the responsibilities while most other
objects only hold data or execute simple processes ”

o Large controller class

30
*

0 Many fields and methods with a low cohesion

31
32

33

u Dependent on the data stored in associated
data classes

*How closely the methods are related to the instance
variables in the class.
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‘ Context

= 2 examples of high-level DDs [Brown 98]
m Spaghetti Code

“ Ad hoc software structure makes it difficult to
extend and optimize code. ”

if (fNamespacesEnabled

o Procedural thinking in OO programming

o Lack of structure : no inheritance, no reuse, no
polymorphism

o Long methods process oriented with no
parameters and low cohesion

o Procedural names of classes and methods
o Negligible degree of interaction between objects

o Use of global variables for processing
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Overview

= Problem Statement

= Proposed Approach

= Progress

= Conclusion
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‘ Problem Statement

= What are the problems ?
o lextual descriptions of DDs —> Misinterpretation
o Lack of work on high-level DDs —> Focus on low-level DDs
o Detection based mainly on metrics - Lack of precision
o Manual correction = Time-, resource-consuming, error-prone activity

o No systematic method
> Ad hoc way of specifying detection and correction algos

m [hesis

Develop an approach that allows to automate the detection and
correction of high-level DDs
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Overview

= Problem Statement

= Proposed Approach

= Progress

= Conclusion
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' Proposed Approach

Textual descriptions

= Our Objectives l I
o Combine and extend previous works Y 3 ; o
o Provide a complete method that integrates the best ¢ g
o Fill'the gap between the detection and the ‘ i
correction techniques : )
= Our Approach consists in 4 stages : @ * é O,
1) Specification :
2) Detection ; c
3) Suggestion N T
4) Correction s mlm

design defacts

e fonre et z:in‘,i i
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‘ Progress
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‘ Progress
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‘ Progress on Detection

- lllustration with the Spaghetti Code

o Procedural thinking in OO programming
o No inheritance

o Long methods process oriented with no
parameters and low cohesion

o Procedural names of classes and methods

o Use of global variables for processing
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‘ Progress on Detection

3.

RULE :

RULE :

RULE:

RULE:

RULE:

Domain-specific Langage [Moha 06b]

RULE CARD : SpaghettiCode ({

LongMethodMethodNoParameter {INTER LongMethod MethodNoParameter};

LongMethod { (METRIC: LOC METHOD, VERY HIGH)};

: MethodNoParameter { (METRIC: NB_PARAM, 0)};

: NMoInheritance {(METRIC: DIT, 1)}

FunctionClassGlcbalVariable {UNIOM FunctionClass GlobalVariablel};

FunctionClass { (LEXIC: CLASSNAME, {Make, Create, Creator, Exec}) };

GlobalVariable {(STRUCT: FIELD, CLASS _5':I.{'}.':..-"—-.'. VAR) };

Moha ©
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Progress on Detection

Detection & Validation : We specify and detect DDs in several
open-source programs

Blob
ArgoUML Azureus GanttProject PMD QuickUML
113 KLOC 192 KLOC 22 KLOC 42 KLOC 9 KLOC Total
1230 classes | 1449 classes 188 classes 423 classes 142 classes
Effectifs 91 143 19 15 3 271
Proctiions 70/91 82/143 10/19 3/15 1/3 166/271
= 76.9% =57.3% =52.6% = 20% = 33.3% =61.5%
Time 40.5s 2m 5.6s 31.6s 2.1s 3m 19.8s
Spaghetti Code
ArgoUML Azureus GanttProject PMD QuickUML Total
Effectifs 26 35 8 11 1 81
Pielaloie 21/26 29/35 6/8 6/11 0/1 62/81
= 80.7% = 82.8% =75% = 54.5% = 0% = 76.6%
Time 39s 1m55s 5.4s 31s 1.9s 3m12s
Results are encouraging ! ©
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‘ Progress on Suggestion

Textual descriptions
of design defacts
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‘ Progress
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‘ Progress on Suggestion

- lllustration with the Blob

18 if (fNamespacesEnabled) {

19 fNamespacesScope.increaseDepth();

B ) = Blob (God Class)
i ing

Rl

:List.getFirstAttr(attr

=L {

“ Procedural-style design leads to one object with a
oo caanesc. | [I0ON°S Share of the responsibilities while most other
objects only hold data or execute simple processes ”

F Large controller class

30
*

-0 Many fields and methods with a low cohesion

31
32

33

o Dependent on the data stored in associated
data classes

*How closely the methods are related to the instance
variables in the class.
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‘ Progress on Suggestion

o DDs resulting in high coupling and low cohesion could be
improved
o Redistribute class members among existing classes (with possibly
new classes) to increase cohesion and—or decrease coupling
| Library_Main_Cantrol
Fcurrent_Book
Fourrent_Catalog
-I]ne_Amnunl
Flegesd o
+..0) Catalog
+add_Book)
tarchive_Catalog() Data Class Fcurrent_Boak
+archive_Catalog()
Library_Main_Control +oreate_cheap Book()

: Ccurrent_Catalag +display_Book(}
+chad:_F|n§£_\mounL|{] -IIstOfGa_tangs Hdisplay Catalog()
+check_ValidityCard() Gl / +do_|mventory()
Heclose_Libraryt) a dd_b-ouk[J Hprint_Catalog()
= +||9t_?3.atam][ ] Data Class
+display_Catalog() ::gim_

:?;ﬁvfiﬁggg:ard{} +Seam2:ml29[)
+iist_Catalogs() Data Class
:oﬁ:_‘:l;‘t::w?) NewClass_2
+|E'amn_ve_auoci[) Hibrary_opened NewClass 1
wlaSE_EEl'atrE']] Hire_Amount
[Hopen_Library +check FineAmoun
:::::_mﬁ}{} +:ect:‘fl’lalil?w(:an;3
isnrt_(:;talugl{} tissue LibraryCard()
Large Class: B fields Data Class
22 methods
Before After
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‘ Progress on Suggestion

Formal Concept Analysis [Moha 06c¢]

FCA offers a formal framework for clustering individuals along
the properties they share

|dentify methods that share common fields and methods that
call common methods - cohesive sets low coupled

Classes having
design defects

i
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|
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‘ Progress on Suggestion

= Formal Concept Analysis [Moha 06c]

o FCA offers a formal framework for clustering individuals along
the properties they share

o Ildentify methods that share common fields and methods that
call common methods - cohesive sets low coupled

Classes having
design defects

i

Context Extraction .

Encodes relationships among
\ —
coes  «<— | class members

FCA Algorithms .
|

Concepts / Lattices

Z0—0meOoOC®
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\J

Refactorings
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‘ Progress on Suggestion

Formal Concept Analysis [Moha 06c¢]

FCA offers a formal framework for clustering individuals along

the properties they share

|dentify methods that share common fields and methods that
call common methods - cohesive sets low coupled
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design defects

i
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v
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‘ Progress on Suggestion

= Formal Concept Analysis [Moha 06c]

o FCA offers a formal framework for clustering individuals along
the properties they share

o Ildentify methods that share common fields and methods that
call common methods - cohesive sets low coupled

Classes having
design defects

i

Context Extraction .

Contexts

FCA Algorithms .
|

Concepts / Lattices

Z0—0meOoOC®

Lattices are explored using algos

el
Interpretation -

\J
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Progress on Suggestion

Context Extraction

add_Boaok()

borrow_Boolk()

check Availability Book()

check FineAmount ()

close Library()

issue LibraryCard()

open_Library ()

remove Bool()
reserve_Boaol ()

return_Book()
gearch Bool()

sort_Catalog()

add_Book ()

borrow _Boolk()

check _Availability Book()

check FineAmount ()

L
L
e
o
&
0
1 L
B | :E;
L
b=l et b
Hgﬁm
i) et | [ = =
Clale| T = SEICE ™
L
&HEHMH.&O.&.&%D
~|alH|le|u|la|d|lalalelel~
— | ald|g|lole|a|dla|o|lola
.Jdn:!:-r--i-ﬁ--i,ﬁn:: [y [ QRS
HE IR S e
mﬂ-ﬁd-'dﬂ-"ﬂnlegUl
Llwluvlal2 Sl H|+£
'dhll)ﬂi:}ﬂ'lmgmp
g|lo|ld|ld|l~|ln|lale|le|e|e|o
Al gl w|vlueld|o|kwlA|lRA|la|a
borrow_date _Book = =,
current_Boolk
fine Amount
library_opened = =
reserved Book =
return_date _Book s =,

close Library()
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remove _Bool ()

reserve_Book()

return_Book()

search _Book()

sort_Catalog()
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‘ Progress on Suggestion

>.  FCA Algorithms

@

£ {'check_Avallability_Book{y}
W E=(chack_Availability_Book(}}
a I={write-c2}

o) 5, (&) T
M E=(borrow_date_Boak, library_opened, reserved _Book, return_date_Baook)

(13 : 8

I={calls:c5}
iE-rhwmw r.hia Book, reserved | Bauk. rm.m date_Book} % E={borrow_Bookl), resarve_BookiJ}

1::1-{'uh opened, write:c12, u!im:?} / / / /

15)
¥ |={reserved_Book, write:c14} ‘ -“-> /
B S ;-{mmma. mmz-l. mmﬂs. write:c3}

¥ E={borrow_date Book, return_dete_Book)

Xn
I={'reserve calls:c5}
K/// *i#mmmrm’q:;mmm

= {'bufmﬂ&ﬂmk' read:cd, write:c16, write:c24, writasc25, writa:cd}

¥ E={borrow_date_Book} @ / /

return_date Book”, writesc16, writa:c24, writesc25, writa:c3}
¥ E={retum_date_Book)

€70
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‘ Progress on Suggestion

3.

Interpretation

+list_Catalogs()
+search_Catalog()

=return_date Book
-reserved_Book

CoSet_1 CoSet_2 CoSet_3
-fine_Amount Hlibrary_opensd ~ourrent_Catalog
+check _FineAmount() +olosa_ Libeary() +sort_Catalogl)
+check _ValidityCard() +open_Librany() +add_baok()
+issue LibranyCard() Hremove Book()

/\ "SE-'BI‘Ch_Emk(]
CoSet_4 g CoSet_5 ) CoSet &
HistOfCatalogs Lborrow date Book Lourrent Book

Catalog

Fcurment_Book

Library_Main_Control

Fourrent_Catalog
HistOfCalalogs

e

+sort_Catalog(}

+archive_Catalog()
+oreate_cheap Book()
Hdisplay_Book()
+display_Catalog()
Hdo_|nventony()
Hprint_Catalog()

[+add_boaki)

Hist_Catabogsi)
+ramove_Book()
+search_Book()

+search_Catalogl)

Hraturn_Book()
+bormow_Booki)
+check_Delay_Book()
+resarve Book()

Harchive_Catalog()
+roreate cheap Book()
+display Book()
+display_Catalog()
Hdo_Inventon)

+print_Catalog()

NewClass_2
Hibrary_opened NewClass_1
+clase_Library() Hire_Amount
[+open_Library() +check_FineAmount])

¢check_Avallability_Book()
A N v A

+check_ValidityCard()
tissue LibraryCard()

Data Class

\-/4 Data Class
Cohesive Sets After Refactoring
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‘ Progress
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Overview
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‘ Conclusion

= Problem Statement

Develop an approach that allows to automate the detection and
correction of high-level DDs

= Our approach
o A systematic method based on a domain-analysis and a rule-

Q

vased language to generate automatically detection and

correction algos of high-level DDs

Originality on the automatic generation of algos

s Future Work

Experiments
Comparisons with existing approaches

LT
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‘ (Questions
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Progress

2. Taxonomy : Map of DDs
\ ﬁaass Name, {Process, Control, etc.})

" Number. High Controller Class Class Name, {Process, Make,
umbel ngh/,,/, < Create, etc.}
*********************** " <

Procedura
Multiple Interface names
union
LOC, VERY_HIGH
s LargeClass) ™ f’
T

is NMD+NAD, VERy/_ HIGI-D s R

< / { Parameter, No

associated Long Method R T p

Method No

Parameter
Blob
. DataClass inter Q:IELD, CLASS_GLOBAL _ VA@
is

inter j is

)

Method, Accessor ) S pag hetti

Code ClassGlobalVariable

( Field, Private )

Functional
Decomposition

< Class Name, {Compute, Display, >

Calculate, etc.}

\ s
Field Private N )
NolnheritPolyFct

e

. union
associated \

<
Y

/.

inter e
{ DI, 1 |
/‘is
No Inheritance
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‘ Progress

2. Taxonomy : Map of DDs

Class Name, {Process, Mak?

/>< Create, etc.}

Procedura
names

LOC, VERY_HIGH >

is AR

/ . Parameter, No ;

Long Method RNHIERT SRS
Method No

Parameter
inter GIELD, CLASS_GLOBAL_VA@

inter j is
ClassGlobalVariable

inter P
[ DT, 1 |
/is
No Inheritance
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‘ Box-plot

The Box-plot statistical technique

lower quartile (LQ) _ upper quartile (UQ)
259, Median 75%
50%
lower tail mean upper tail
(LQ-1.5*1Q) d UQ + 1.5 *1Q) |
\J K / outlier
| ..
I I
I'nterquartile range (Id) size
: T ﬁ\ J!\ ! J!\ J!\ — J
Very Low  Low Medium High Very High
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