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‘ Context: Overall Process

= 1-2. Specification and Detection of DDs

Q

More and more tools and techniques
> Actively researched area
-~ Method DECOR (Defect dEtection for CORrection) [Moha 06]

. Suggestion

Manual identification of the modifications
- Time-, resource-consuming, error-prone activity

. Correction

Refactorings

Technigue used to change “the internal structure of software to make it
easier to understand and cheaper to modify without changing its
observable behavior”
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‘ What Kind of Defects ?

= Design Patterns are “good” solutions to recurring design problems

= Design Defects (DDs)
o are “bad” solutions to recurring problems, Antipatierns [Brown 98]

o hinder development and maintenance by making programs harder to
comprehend and/or evolve

= DDs of interest: infected by low cohesion and high coupling

o Cohesion: how closely the methods are related to the variables in
the class

o Coupling: the degree of its reliance on services provided by other
classes
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‘ What Kind of Defects ?

= An example of DDs [Brown 98]

18 if (fNamespacesEnabled) |

19 fNamespacesScope.increaseDepth();

B Sl = Blob (God Class)
' q

21

List.getFirstAttr(attr

-1

“ Procedural-style design leads to one object with a
rooequaamesc. ([ION'S Share of the responsibilities while most other
objects only hold data or execute simple processes ”

Large controller class

2 Many fields and methods with a low cohesion

33

High coupled with the data stored in
associated data classes
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An Example

Blob

Library_Main_Control

Catalog

Data Class

Hchack FineAmount()
#check_ValidityCard()
Hclose Library()

tdisplay_Catalog()
Hdo_Inventony)
rrissue_LibraryCard()

st Catalogs() Data Class
Hopen_Library()
tprint_Catalog()
Hremove_Boaok()

Hsearch_Book()

#search_Catalog()

tsort_Catalog()

Large Class: 8 fields
22 methods

Before
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‘ An Example

How to correct the defect ?

Library_Main_Control

current_Book
current_Catalog

fina_Amaount

listHCatalogs
library _opened Fabiog
-0 Catalog
d_Book()
rchive_Catalog() Data Class Fcurment_Book

+archive_Catalog()

Library_Main_Control +oreate_cheap Book()
I +display_Book()
+check_FineAmounj) .ﬁ::omﬁ?igﬁ-[;fg [*disptay_Catalog()
rmk Glencart o o it
Y L+add_book() St
Pt oo | oot ool pata Glass
. remove._|

display_Catalog() +search_Book()
+do_Inventory() +search_Catalogl)
tissue_LibraryCard() =
it Cataloge() Data Class
mpen_hbrar‘y{] NewClass_2
t+print_Catalog() library_opened NewClass_1
Hremove_Book() A — =

ﬂlase_ggl‘al‘fi(]] Hire_Amount

[topen_Library! +check_FineAmount()
:::::_mgg{ : +check_ValidityCard()
iﬁnrt_cgtalug(} ‘issue_LibraryCard()
Large Class: 8 fields Data Class

22 methods

Before After
= Large and complex class = Large class becomes less complex

= Small data classes = Data classes gain more behaviour
= Not object-oriented = More object-oriented style

Moha © Refactorings of Design Defects using RCA 11



An Example

o Redistribute class members among existing classes (with possibly
new classes) (o increase cohesion and—or decrease coupling

Library_Main_Control

Catalog
4.0 Catalog
Data Class kcurrent_Book
+archive_Catalog()
Library_Main_Control +oreate_cheap Book()
I +display_Book()
= 1 Catal )
:c:si_\ljmﬂ_\m&nmm -ﬁ::omﬂ%ia;;sng ﬁ?ﬁg&%ﬁﬁg“
*Elﬂie _Lit?nlar:(y] 0 +sort_Catalog() +print_Catalog()
Y L+add_book() ke
-:"SI_C&‘LB'OQEUU Data Class
. remove_Baok
+display_Catalog() +smarch_Book()
+do_Inventory() +search_Catalogl)
tissue_LibraryCard() =
it Cataloge() Data Class
mpen_hbrar‘y{] NewClass_2
t+print_Catalog() library_opened NewClass_1
Hremaove_Booki) A = =
mlase_ﬁ:rary{(]] Hine_Amount
[topen_Library! +check_FineAmount()
:::::_mgg{ : +check_ValidityCard()
iﬁnrt_cgtalug(} ‘issue_LibraryCard()
Large Class: 8 fields Data Class
22 methods

Before After
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‘ Contribution

= Suggestion

0 RCA [Rouane 07, Ph.D. Thesis]

Extension of FCA to relational data

Models the inter-object links and infers description logics role like
relations between concepts

RCA provides a suitable framework for clustering individuals along
the properties they share and their links with other individuals

|ldentify methods that share common fields and methods that call
common methods — cohesive sets low coupled

Moha ©
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‘ Contribution

= Suggestion

0 RCA [Rouane 07, Ph.D. Thesis]
= Extension of FCA to relational data

= Models the inter-object links and infers description logics role like
relations between concepts

= RCA provides a suitable framework for clustering individuals along
the properties they share and their links with other individuals

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

« Develop an automated approach for suggesting defect-
correcting refactorings using RCA »
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‘ An Example

How to correct the defect ?

Library_Main_Control

current_Book
current_Catalog

fina_Amaount

listHCatalogs
library _opened Fabiog
-0 Catalog
d_Book()
rchive_Catalog() Data Class Fcurment_Book

+archive_Catalog()

Library_Main_Control +oreate_cheap Book()
I +display_Book()
+check_FineAmounj) .ﬁ::omﬁ?igﬁ-[;fg [*disptay_Catalog()
rmk Glencart o o it
Y L+add_book() St
Pt oo | oot ool pata Glass
. remove._|

display_Catalog() +search_Book()
+do_Inventory() +search_Catalogl)
tissue_LibraryCard() =
it Cataloge() Data Class
mpen_hbrar‘y{] NewClass_2
t+print_Catalog() library_opened NewClass_1
Hremove_Book() A — =

ﬂlase_ggl‘al‘fi(]] Hire_Amount

[topen_Library! +check_FineAmount()
:::::_mgg{ : +check_ValidityCard()
iﬁnrt_cgtalug(} ‘issue_LibraryCard()
Large Class: 8 fields Data Class

22 methods

Before After
= Large and complex class = Large class becomes less complex

= Small data classes = Data classes gain more behaviour
= Not object-oriented = More object-oriented style
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An Example

How to correct the defect ?

Library_Main_Control

Fabiog CoSet_1 CoSet_2 CoSet_3
— = Cine_Amount Hibrary_opened Leurrent_Catalog
+chack_ Finefmount(} +closa Librany) +sort_ Catalog()
Data Class +check_ValidityCard() ‘+open_Library() +add_book()
+issue LibraryCard() +remove_Book()
+search_Book()
Hchack FineAmount()
+check_ValidityCard()
+close_Library() 4 CoSet_6
A —— HistOfCatalogs Ccurrent_Book
+do_Inventary(} +lisl_Catalogs() +archive_Catalog()
[issue_LibraryCard{) Data Class +gearch_Catalog() +create_cheap Book()
+I|st_CaI:_a;095E{]] I~~~ = +display_Book()
wopen_Library - .
print_Catalog() +display_Catalog()
+remave_Baak() +do_Inventory()
+print_Catalog()
+search_Book()
#search_Catalog()
tsort_Catalog()
Large Class: 8 fields
22 methods

Blob Cohesive Sets

Moha ©
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‘ An Example

How to correct the defect ?

\h
» I={'search_Baok(}'} s I={ralle5}
. E-Iamdl_ﬂuckﬂl s E={}

11

® =] mﬂuﬂc{] i
v oEepened | g e remove_Book0) x
NN

& |={R-current_book}
= E={}

| = {\N borrow_date_Book, W-return_date_book}

| = {'check_Availability Book()'} |E..;J{r}mmm
A E = {check Availability Book()} 6J5ﬂ é&ﬁ
o I={'ac_Bock()'} \ | et » 1= 'retum_Book()'} 'l-lmlc?.l
« E={add_Book()} « I={'close_Library()'} « E={retum_Book()} 5 E-"
» E-ickse_Lirary()} & 74 o
* et oty IE = {{<}:an:c4}
5.l / @
| ={'borrow_Book()} | | ={reserve_Book(), Wreserved __book}
E = {borrow Book()} E = {reserve Book()}
Lattice Cohesive Set
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‘ An Example

How to correct the defect ?

CoSet_1 CoSet_2 CoSet_3 Eaeiod
Fcurment_Book
Hine_Amount Hibrary _opened -eurrent_Catalog +archive_Catalog))
+check_FineAmount() tclose_Library() tsart_Catalog) Library_Main_Gantrol [ L el
+check_ValidityCard() ‘+open_Library() +add_book() reurrent_Catalog ﬁ:ﬁ;‘gﬁ;ﬂg“
+ssue LibranyCard() +remove_Book() He0fCatalogs rdo_|Inventory()
+saarch_Book() I::S‘E:iﬁgﬂ +print_Catalog()
+list_Catalogs() Data Class
+remove_Bookl()
c 4 CoSet & +search_Book()
oSet_ - +search_Catalogl)
HistOfCatalogs -curment_Book
+Hist_Catalogs) +archive_Catalog() NewClass_2
+zearch_Catalogl +create_cheap Book() Cibrary_opened NewClass_1
+di5ﬂﬂi’_ﬂﬂﬂkﬂ +close_Library() [Hine Amaount =
+display_Catalog() *open_Library() +d19_ck FineAmaunt()
+do_Inventory() +chack_ValidityCard()
+print_Catalog() +issue_LibranyCard()

Data Class

SN—<

Cohesive Sets After Refactoring *

* Move Method, Mode Field, Create Class

Moha © Refactorings of Design Defects using RCA 18
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Suggestion

Classes having
design defects

RCF
Modeling 4

1.

RCF Modeling

borrow_Book()’

’check_Availability Book()’

’check_FineAmount ()’
’close _Library()’

’issue_LibraryCard()’

’open_Library()’
‘remove _Book()?’
’reserve Book ()’
return Book()’
’search Book ()’
’sort_Catalog()’
W-borrow_date_book
W-library_opened
W-reserved_book
W-return_date_book

R-fine_amount

add_Book ()

check_Availability Book ()
check _FineAmount ()
remove _Book()

Relati ‘ContexgE
Family

Relational Lattice
Family

Interpretation

add _Book()

»| *add _Book()?

borrow Book ()

>

¢

>4
>4

check _Availability Book()

| »4| 4| R-current_book

check FineAmount ()

close Library()

issue_LibraryCard()

open_Library()

remove _Book ()

reserve Book()

return_Book ()

search Book ()

sort_Catalog()

X

i)

Refactorings

Moha ©
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Classes having
design defects

Suggestion

Modeling 4

| Context
Family

2. RCA Algorithms [ uaios £

Relationdl Lattice &
Family

(51

Interpretation

'
Refactorings
17
®l={' saﬁth_Bul:k{}' » |={call:c5}
& E={search_Book( )} & E={}
1 13
s |={W-library_opened} | ol mrm'ﬂ_ﬂu:l:{} I ‘ % |={W-bormow_date_book, W-retum_date_book}

% =} = E={remove_Book()} ‘ E={}
4- I=f' ;\uc::\_hmﬂity_ﬂudc{}‘i ! ""Mfmﬂ‘ H—ﬁna_mmrti
 E={check_Avaiabiity_Book()} | (70} / 5 E'i‘*'“"‘"—r"“"‘"“"t{}i
o \ & |={"gpen_Librany()'} 14
% |={'add_Book()'} ‘ E-I i & I={'retun_Boak(]'} ' - I-i 2]
» E={add_Book()} =’ dl:nsa_Li:lny{}‘l | » E={retun_Book{ )} . E-”

» l={'sort_Catalogl)', call:cD, cale11} |7 » l=fcall
s E=jsort_Catalogi)} & E=i}

12
% |={'reserve_Book()', W-reserved_book}
& E={reserve_Book()}

% |={"bomow_Book()'}

s |=§}
s E=i}
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Classes having
design defects

Suggestion

Modeling 4

| Context
Family

2. RCA Algorithms s

Relationdl Lattice &
Family

ks

Interpretation
'
Refactorings
17
w =] sanrnh_E-uck{}' % I=icall:c5}
& E={search_Book() & E={}
13

W b E“'*’l} |1-!W-!:u:|rrm_chta_hx|k. W-retum_date_book}
| = {W-library_opened} |-2e{)} 8 E={}

o N E={}
z 1-! GT‘H:LFH‘BAMJI‘I‘I:U H—fma_,nr‘rmnti
« I={'check_Availabiity_Book(]'} 0
« E={check_Availability_Book(]} ; Mot fanhmanil E—)

. |
4 \ ‘ 10 = {'open_Library()’}
L]
E= {open L|brary()} m_auuk;}i : -*-! ic2}
Lihrary( 113 = E={retum_Book()} E'”

» |={'add_Book()'}
s E={add_Book()} :
| ={close_ L|brary()}
E = {close Library()} !sut_ﬂnta’u:g[} call:c0, calkc11} -h!mﬂ.m‘ri

. E-Isu‘t_ﬂntakq{}i s E={}
/ / '|.E
. 1_! m _Book()' i = |={'reserve_Book()', W-reserved_book]

» E={barmow_ Elu:k[]-i ® E={reserve_Book()}

s |=§}
s E=i}
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Classes having
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Suggestion

Modeling 4

| Context
Family

2. RCA Algorithms [ uaios £

Relational Lattice <

(51

Family
Interpretation
Refactorings
17

s E={} . ={' sm_Bu:k{}‘  |={call:c5]
& E={search_Book( )} & E={}
13
- I-I‘rurm’a_ﬂud:{} i
xw\ » |={W-library_opened! | . E-i Book()} ‘B\ % I={W-bomow_date_book, W-retum_date_boaok}
» E={} = ' E={}
.= dad;_Amuity _Book()'} . "TM_FM{}‘ H-ﬁna_mmti
r s l={' cpm_Lhny{}‘i 1 1
» 1={'add_Book()'} Pl » I={'retum_Book()'} . "i 2]
» E={add_Book()} . |-| dl:nsa_Li:lny{}‘l | » E={retun_Book{ )} . E-”

« I={'sort_Catalog()', call:c0, calkc11}
s E={sort_Catalog()}

% 1={'bomow_Book()'} |

& |={'reserve_Book()', W-reserved_book} |
& E={homow_Book( )}

& E={reserve_Book()}

s |=§}
s E=i}
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Suggestion

Classes having
design defects

RCF
Modeling 4

2. RCA Algorithms

- l-IW—lEIJary_q:ranedi
. E:H

M

» |={'search_Book()'} % =jcallic5}
& E={search_Book()i = E={}

I = {check Availabi

lity Book() }

E= {check_Avallablllty_Book i /

o
= |={'add_Book()'}
» E={add_Book()}

T

& |={'close_Library()'}

rany()'}
. E-!tmn_utnryl}i

= = ranm_ﬂuukl‘l} i ‘
- E-!ranm_ﬂucﬂ}i ‘ E={]

| Context
Family

Relational Lattice <
Family

Interpretation

ik

Refactorings

= l-iw-]:u:ln'l:m date_book, W-retum_date_book}

Y I-! t:I‘rank_FlnaAr‘r‘u.lntl}}' H—flm_ar‘r‘u.lnti
& E=icheck_FineAmount( )}

rf

s E=jsort_Catalogi)}

én
. E-iremm_unukm hd Ef'”

s |={'sort_Catalog()', call:c0, callc11} 19 )edl |

7/

E={}

| ={call:c4}

ET N al e

| ={borrow_Book()’}
E = {borrow Book() }

E = {reserve Book()}

s |=§}
s E=i}

I —{reserve Book()’,W-reserved_book}
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Classes having
design defects

‘ Suggestion

Modeling 4

ional Context
Family

Relational Lattice

3. Interpretation

i1

N————

Cohesive Sets

After Refactoring

* Move Method, Mode Field, Create Class

Moha ©
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Family
Interpretation
_Ga'lalug Refactorings &
CoSet_1 CoSet_2 CoSet_3 Lcurrent_Bodk
0 T — archive_Catalog()
fime_Amount -Ilhrar:,r_n.panad Fourrent_Catalog Library_Main Control s
+check_FineAmount]) +cloze Library() +zort_Catalog() Ccurrent_Catalog +display_Book()
+check_ValidityCard() +open_Libraryl) +add_book() LlisiOfCatalogs ﬁgﬂﬁ‘fﬁmﬂ“
+issue_ LibranyCard() +remove_Book() +sort_Gatalog(} print. Catalag()
[radd_book() —
+search_Book) [+list_Calalogs() Data Class
+ramove_Book()
+search_Book()
CoSet_4 CoSet 6 +search_Catalogl)
HistOfCatalogs Hourrent Book
= NewClass_2
+ist_Catalogs() +archive_Catalogl) _ —
- - Hibrary_opened NewClass_1
+ talog + Book -
search Ca [ +;||-:;t:; ngg&_} 4 +close_Libraryi) [Mine_Amaunt
+display_Catalog() [fopen_L ibrary() Foheck_FneAmonntl)
+do Invento +check_ValidityCard()
_Inventory() +issue_LibraryCard()
+print_Catalog()
Data Class



' Experimental Study

= Tooling
o PADL to model source code and generate contexts
o Galicia to construct and visualize the concept lattices

= Experiments

o Goal: evaluate the relevance of the cohesive sets suggested
o 4 different open-source programs

Moha © Refactorings of Design Defects using RCA
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Experimental Study

CIEJ Size (fields + Nb of fields/ Nb O.f Nb of r_eal -
o Blob Class LOC methods cohesive | cohesive | Precision
U>)‘ methods) moved sets sets
0 © DHTTransportUDPImpl 2,049 (42+66) 108 | (27+32) 59 10 7 70%
2 & | DHTControlimpl 1,868 | (47+80)127 | (35+62) 97 19 11 58%
<5 TRTrackerBTAnnouncerimpl 1,393 (36+47) 83 (24+33) 57 16 5 31%
'g c‘:l' LogBrokerMonitor 1,142 (29+105)134 | (23+85) 108 31 17 55%
S S category 387 (9+53) 62 (8+44) 52 18 9 50%
% < IndexReader 236 (7+52) 59 (5+30) 35 4 2 50%
S > | QueryParser 829 (36+48) 84 | (24+37)61 13 10 77%
§ : FSNamesystem 710 (24+35) 59 (17+25) 42 18 9 50%
= @ hmeeter 56 | @zense | apae) s 1 8 73%
Average Precision: 57%
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‘ Conclusion

= Contribution

an approach that uses RCA to suggest refactorings to correct
certain DDs, in particular Blob

= Validation
o 4 different programs
o Relevant refactorings to improve programs

= Future Work
Generalise to other DDs
Assess more programs via our approach

Discuss the suggested refactorings with their developers and
apply them

Moha © Refactorings of Design Defects using RCA
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‘ (Questions

Contact: mohanaou@iro.umontreal.ca
http://www-etud.iro.umontreal.ca/~mohanaou

Thanks for your attention !
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