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Context and Motivations

Design smells are poor solutions to recurring
design problems
Introduced by developers when designing and
implementing classes
Negatively impact the quality of a system
Design smells identification is a crucial activity in
software maintenance
Important for researchers as well as for practitioners
Various approaches to detect them have been
proposed smells
Tote «H)esign smells identification exploits quality metrics
Manual detection, Rules cards (DECOR), Bayesian
Beliefs Networks (BBNs), B-Splines (ABS)
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Limitations of fwevious@ Approaches

DECOR: true/false identification based on fixed
threshold s
" Yes, it is an antipattern—No, it is not an antipattern”
Cannot report accurate information for borderline
classes
5Lt }sSubmarine effect: several classes may be very close to
&l be identified as antipatterns but remain under the
threshoIdeuring their evolution
Requires experts'knowledge and interpretation to define
the rule cards

RULE_CARD : SpaghettiCode {

RULE: { INTER b

RULE: LongMethod ( M

VERY_HIGH 10.0 };

RULE: { METRIC VERY_HIGH 10.0 };

RULE: NolInheritance { METRIC 100} ;
RULE: NoPolymorphism  { STRUCT NO_POLYMORPHISM } ;
RULE: ProceduralNameGlobal ble { UNION ProceduralName GlobalVariable };

RULE: ProceduralName  { LEXIC (Make, Create, System, Exec) };

b

RULE: UseGlobalVariable { S
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Limitations of 6revious%/,qspproaches

DECOR: true/false identificatio

threshold

be identified as.antip

threshold during
Requires experts’
the rule cards

ed on fixed

erns but remain under the
ir evolution
ledge and interpretation to define

RULE_CARD : 5174“;0@ «

RULE

AN

{ INTER

RULE: Longflethod

{ METRIC

RULE: { METRIC

b

VERY_HIGH

RULE: ProceduralNameGlobal

: NoInheritance { METRIC

: NoPolymorphism  { STRUCT NO_POLYMORPHISM } ;

VERY_HIGH 10.0Ny

100} ;

ble { UNION ProceduralName GlobalVariable };

RULE: ProceduralName

RULE: UseGlobalVariable { S

(Make, Create, System, Exec) };

b




mmocames Limitations of previousky Approaches

Approach for the
Detection of

R i BBN: returns the probabilities of classes to be 5ol
Fo:(t::nﬁ:-efrh' Input Kodes: characterizations of the design of a class,
Gg;’:jze,j:mae’l‘d Output Hodes: probability that the class is an

antipattern
Requires experts'knowledge to define a learning

structure
e —— , .
proviously Incomplete experts'knowledge can cause a high number
2bRloaches of false positives

 Probability Distribution Table For CH [X]

nosmell one role

nosmellnorole

more smell more role

one smell_one role. o
one smell _norole _
Rendarize
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ABS;

Limitations of previously approaches

(2horns  \he f”"ﬂb“}zs ofc’qsx) "D btm“)
dirsdnet idantifs 1 !

ses B-splines to abstract the S|gnature of classes

{2 A class is modelled using specific interpolation curves

(i.e., B-splines) of plots mapping metrics and their
values for the class

Focuses on detecting one kind of design smells at a
time, while some smells are similar and classes with
characteristics similar but no identical to some smells

are also of interest to developers

Metric values
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IDS: An Immune-inspired Approach for the Detection
of Software Design Smells

The Proposed
Approach
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Concepts of Immune System
In Software In Biology
System design Body
Design smell detection approach Immune system
Well-designed classes Self-Cells
Smelly classes Non-Self Cells
The Proposed Sequence of metrics values Antigen
Approach Known pattern of metrics values {&ig learfiiig bidge)- | Antibody
Similarity measure Affinity

; \/JnstamgerNS/t—o\detth/de&gn/s\meﬂs
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immunecinsired/BASIC Immunology} lapsed Ay
Approach for the /
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)
Softwiare Design Role of the Immune System::
mells
Protect our bodies from infection

Salima Hassaine,

Foutse Khomh, Diseases, virus, bacterias, etc.
Yann-Gaél . .
Gt e Primary immune response: ...l
Sylvie H | .
yivie Hame Launch a response mdlng pathogens

Secondary immune response:
Remember past encounters
Faster response the second time around

How does it work?

The Proposed
Approach Pathogens

Skin

Biochemical >
barriers

Innate Phagocyte
immune
response

=
Adaptive
immune
response
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Immune-inspired
Approach for the
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Smells The Algorithm Principle :

Salima Hassaine,

Foutse Khomh, . .
Yann-Gaél 1: Produce a large number of randomly-created detectors to recognise #ge
Guéhe’_neuc, and antigens
Sylvie Hamel . . . .
2: Apply a negative selection mechanism to eliminate detectors that match

the body’s own cells
3: Detectors that match a pathogen are quickly multiplied via the clonal
selection to accelerate the response to further attacks.

The Proposed Antigenes

Approach l

Response

Antibodies

New Antibodies
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(Why IDS 7 O et Dy

Ce

IDS vs DECOR

yerc [
IDS does not use fixed thresholds ( / ?ﬂ[ )
IDS does not suffer gf the submarine effect

IDS vs.BBNs brom

IDS does not need experts’ knowledge to define a
learning structure

IDS reduces the bias introduced in BBNs by the
experts’ subjectivity when structuring the BBNs efthe

design—smells

IDS vs, ABS

IDS doegnit focus on detecting one smell at a time.

Discussion

Several smells have similarities. For example, the Blob
and Spaghetti Code antipatterns

Classes similar but not equal to some design smell are
also of interest to developers

Previous approaches have somewhat limited
performances in time, precision, and recall
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DS was used to identify three design smells (Blob,
Functionnal Decomposition, Spaguetti Code)

Accuracy of IDS was compared with DECOR and BBNs

Case study conducted on two medium size open-source
Java systems (GanttProject v1.10.2 and Xerces v2.7.0)

Two experimental scenarios:
Intra-system identification: where historical data (i.e.,
correctly identified Blobs) are available for a given
system and this data are used to identify other Blobs in
the same system
Extra-system identification: where a quality analyst
has access to the historical data from one system and
uses it to identify design smells in the other system

14 /20
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We want to answer the two research questions:

RQ1: To what extent an AlS-based approach can
detect design smells in a system?

RQ2: Is our approach better than state of-the-art
approaches, such as DECOR, and BBNs?

Experiments

15 / 20
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Approach for the
Detection of
Software Design

Smells
Zalliee Mo, We answer RQ1 in the following two scenarios:
Foutse Khomh,
Yann-Gaél . epe e ..
Guéﬁg,?eu:eand Intra-system identification: We divide the classes of
SR> i) Xerces in three subsets with 16 occurrences of Blobs in

each subset. Then, we train IDS on two of the subsets

and apply it on the third subset (of the same system) in

a 3-fold cross-validationg

Extra- system |dent|f|cat|on We train IDS using the [

design smells GanttPrOJect and apply it to detect

occurrences of design smells in the other system, Xerces.
E e S We also perform the same study in the other direction

We answer RQ2 by comparing the performance of IDS
in precision, and recall, as computed in Scenario 2,

against that of previous-approachesy{ DECOR and

BBNs},

16 / 20
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Answer to RQ1:

ults, Analyses and Discussions

Numbers of
Design Smells | False Positives | Precisions | Recalls
Subset 1 | 16 1 94.11% 100%
Subset 2 | 16 2 88.23% 100%
Subset 3 | 16 2 88.23% 100%
Average 90.19% 100%

|e—intracsys etection on Xercesr—3-fo ss-vatidation.

(@peue o OR
s leollel fa;/l(d

GanttProject | Xerces
7 of Classes 188 589
# of Design Smells Instances | 20 54
# of False Positives 7 10
Precision 65.0% 81.48%
Recall 100% 100%
ra-sy e
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Answer to RQ2:

Study Results, Analyses and Discussions

GanttProject
DECOR BBNs . DS
(Trained on Blob) (Trained on Blob, FD. SC)
16 (8.5%) 7 (3.7%) 34
2 4 (2.1%) 4 (2.1%) 4 20 (10.6)
= 25 % 57.1 % 11.76% 13 (6.9%)
15 (8.0%) - - 65%
o) 4 (2.1%) - -
- 26.7% - -
4 (7.4%) - -
@) 4 (2.1%) - 11
< 28.5% - 32.35%
Average 26.73% 57.1 % 65%
| Xerces
| ) IDS
DECOR BBNs (Trained on Blob) (Trained on Blob, FD, SC)
44 (7.6%) 41 (6.9%) 55
15 (2.5%) 15 (2.5%) 15 54 (9.1%)
33.3% 36.5 % 27.27% 44 (7.4%)
29 (5.6%) - - 81.48%
15 (2.9%) - -
51.7% - -
76 (14.8%) - -
18 (3.0%) - 18
23.68% - 32.72%
36.22% 36.5% 81.48%
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Approach for the
Detection of
Software Design
Smells

Salima Hassaine,

Foutse Khomh, . . .
outse fkhom A novel approach (IDS) is proposed to identify
Guéhéneuc, and occurrences of design smells

Sylvie Hamel

F# The approach uses AlS-based classification to detect
occurrences of design smells

t» IDS outperforms both BBNs and DECOR
(Generalisation, Parameter Stability, Adaptability,
Portability across Systems, Simplicity and
Self-regulatory, Performance)
Conclusion and Future worky,. LA

Future work

Replicating the evaluation of IDS on larger systems
Compare our approach with other machine learning
techniques

19 / 20
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Question?

Thanks for your attention




