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vmencany — Sclentists’ and Engineers’

ENGINEERING

Viewpoints

Scientist:

What is true
Correctness

Model the world to understand

Engineer:

What is possible
Within tolerance

Model the world to manipulate



vmencany — Sclentists’ and Engineers’

ENGINEERING

Viewpoints

Computer scientist: Software engineer:
What is true about computation What is possible with software
Proof correctness Test for imperfection

Make it perfect find where to improve



memeany — Combining Science and

ENGINEERING

Enqgineerinc

prove correctness
make it perfect

where possible ...

... and where impossible ...

test for imperfection
find where to improve



MICHIGAN Engineering Words

tolerance _
With acceptable bounds

optimise

Improve performance

Reduce cost
Optimize

Within constraints

Optimization: so good they named it twice!

First in English ...
Then in American



MICHIGAN What 1s SBSE?

 In SBSE we apply search techniques to
search large search spaces, guided by a
fitness function that captures properties
of the acceptable software artefacts we

K.
See like google search?

like code search?

like breadth first search?

Exhaustive Sweet Spot Random

a )



MICHIGAN What 1s SBSE?

 In SBSE we apply search techniques to
search large search spaces, guided by a
fithess function that captures properties
of the acceptable software artefacts we

seek. | |
Genetic Programming

Ant Colonies o
Hill Climbing Harmony Search

Tabu Search Particle Swarm Optimization

Simulated Annealing



MICHIGAN What 1s SBSE?

Search-Based

Software Engineering

m On» o O»n

Optimization




menaan — Checking vs Generating

- Search Based Software Engineering

— Write a method to determine which is the
better of two solutions

« Conventional Software Engineering

— Write a method to construct a perfect
solution



menaan — Checking vs Generating

- Search Based Software Engineering

— Write a fithess function to guide
automated search

« Conventional Software Engineering

— Write a method to construct a perfect
solution
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...but...

why is Software Engineering
different?
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Traditional Optimization goals Fitness computed
Engineering Artifact on a representation

X

Maximize compression

Minimize fuel consumption

Traditional Optimization goals Fitness computed
Engineering Artifact on a representation

Library_Main_Control
[borrow_date_Book
Leurment_Book
-;.urre:tﬁcat:lﬂog
Hine_Amoun Catalog
o oo, Catalog <current_ Book
| reserved_Book F— [+archive: Catalogl)
[retumn_date_Book +—{) " " " Library_Main_Control +create_cheap_Book()
= = aximize cohesion = D
|-arcrive_Cataiog() ata Class cumenlt aia oo +display Catalog()
[+homow_Book() -istOfCatalogs +do. Inve_nlorﬁ}
[+check_Availability_Book() +sor_Cataleg() *prir_v\_Calalog’}
[+check_FineAmount() Lo boo)
|+check_ValidityCard() [~ hot Caraoast) Data Class
|+close_Library() T For ﬂ:\r’-ej; ;ﬁ(})
l+create_ _Book() p— = " - y
D = Minimize couplin —— s
[+display_Catalog{) [
[+da_Inventory() borrew,_date_Bock.
[+issue._LibraryCard() Data Class NewClass_2 return_date_Book
:gf:e,:ﬂﬂ;g;t(}] Hibrary_opened NewClass 4 reserved Book
|+print_Catalog() +close_| ibrany(} <fine_Amount )

. [+borrow_Book(
remove_Book) [ropen Librany() oheck FncAmountl) -ldaﬂ_Ddaijnd:{)
[Freserve_Book() +check ValidityCard() +resenve_Bock()k
ﬁe""mam"i_mm“ tissug:_LibraryCard() +check_Avail _Book()
[+search_Catalogl)

[+sort_Catalog() Data Class




oo
oTow
| ooz
ROOT
Loog
Q00T
fooz
Foor
ooz
TOOT

TOOE
0008
bbbT
gobOT
LbbT
abbT
SooT
FooT
E6067
zhbt
TOHT
0bhbT
GRO6T

BROT
_h:aﬁ
[ gR6T
| 6861
| PROT
| £86T
. TRO1
[ TROT
| 06T
| 6L6T

...but...

| gL6T
1 LLDOT
| 9L61

o]

Q Q =] =]

2
w '+l =- o

Q
= 5]
- —

suonedjqng Jo JaquinpN

160
100

O
g
&
88
/
g
O
Z
€5

Z
<
<l
-]
@]
=
=
-
=]
>
=
W
]
53]
=
4
5

MICHIGAN

why is SBSE growing very fast?

M

Year



mencay — Software Engineers ...

let’s listen to software engineers ...

... What sort of things do they say?



vencan — Software Engineers Say...

Requirements: We need to satisfy business and technical
concerns

Management: We need to reduce risk while maintaining
completion time

Design: We need increased cohesion and decreased
coupling

Testing: We need fewer tests that find more nasty bugs

Refactoring: We need to optimize for all metrics M1,..., Mn

All have been addressed in the SBSE literature
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« Cost
 Development time

Minimize

« Satisfaction
 Fairness

Maximize
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« Number of test
« Execution time

Minimize

 Code coverage
« Fault coverage

Maximize
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« Rules correctness

Minimize

 Rules complexity
 Models quality

Maximize



vencan — Software Engineers Say...

ENGINEERING

UNIVERSITY of MICHIGAN

()] i

N !

- i« Number
E | |
= + of refactorings
= :

v |

N te  Quality
§ ifactors

ol i«  Semantics
= ipreservation



memcay — The Advantages of SBSE

ENGINEERING
(] N

Generic
- . i
B —
| 5 f * #
P = .
Scalable Robust

Realistic
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Software
Engineering
Proble:

Software Engineering

Solution representation
encoding

A

Fithess

y

Function

Function defined to
evaluate solutions

Search Based
Software Engineering

A

Change
operator

y

Search Problem
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Selection Problems

Requirements Assignment

Select

> .

o~ // & . /
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Requirements R, R; | R, Ty |

e SRR Rl Lo
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Customers (Cy) (Ca) (Cn) (s, )

Prioritization Problems

Requirements | R, ‘ R, l

SBSE is so generic...

Regression Testing

Select

P

T, TJ Test Cases

w

' Covered Items in Code
n) (e.g. statements)

il === Permutation == { Rq

Optimal Order of

Test Cases

—— Permutation _‘ \ T, ‘ Te ] T, }

Development

Optimal Order of

Re-testing



memean — Reguirements and regression
. Really different?

ENGINEERING

Alone



memean — Reguirements and regression
. Really different?

ENGINEERING

All one
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SE Dynamic
. Interactive Many-Objective
Bi-Level Multi-Objective  Optimization
SB Optimization  g,timization

Design Defects

Detection |~ -"
(TOSEM, 2015)

Design Defects
Correction = = |-————mmmmmmeeeee

(Refactoring) (ASE, 2015)

it S S e -

I —————

Re-modularization|--=========sssrsrsrrcrcrr i crmc i c s s e
(TOSEM, 2015)
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5E Bt evel Interactive Many-Objective
OI t_e"_e G Multi-Objective Optimization
SB ptimizalion  gptimization

Design Defects

Detection |~ -"
(TOSEM, 2015)

Design Defects
Correction
(Refactoring)

Re-modularization




MICHIGAN Software Refactoring

« Software changes frequently
« Add new functionalities
« Correcting bugs
« Adaptation to environment changes

« Software engineers spend 60% of their time in
understanding the code

» Easiness to accommodate changes

depends on the software quality
« Refactoring



MICHIGAN Software Refactoring

« Refactoring

— The process of improving a code after it has been
written by changing its internal structure without
changing the external behavior (Fowler et al., '99)

— Examples: Move method, extract class, move
attribute, ...

 Two main refactoring steps

1.detection of code fragments to improve (e.g., design
defects)

2.identification of refactoring solutions



oo Step 1: Design defects

« Design defect introduced during the initial
design or during evolution

— Anomalies, anti-patterns, bad smells...

— Design situations that adversely affect the development of a
software (not bugs)

— Examples: Blob, spaghetti code, functional decomposition, ...
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i D efl n Itl O n Library_Main_Control
-bomrow_date Book
. . -cument_Book
— Procedural-style design leads to one object  |erentcaes

with numerous responsibilities and most sOtCatzlogs Cataiog

- - . -reserved Book -
other objects only holding data or executing e 0
simple processes. aiive_Catuog( Data Class

+check_Availability_Book()
+check_Delay_Book()
+check_FineAmount()
+check_ValidityCard() —
+close_Library() e

= : . Book
¢ Symptoms Frete cesp ok
+display_Catalogy() 0
+do_Inventoryr)

— A Blob is a controller class, abnormally +issuie__ braryCard() Data Class

) +Iist_Car:3Iogs[_}r
large, with almost no parents and no s Sl

+remove_Book()

children. It mainly uses data classes, I.e. +reserve_Book()
+return_Book()

very small classes with almost no parents 255220,
and no children (Brown et al. '98). eon Catoeal
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Step 2. Refactoring

Library_Main_Control
-bomow_dateBook
-cument_Book
-cument_Catalog Catalog
-ﬁne_-ﬁ.mu:-unt ~cument Book
:::f:-trgrff_ﬂ;g-:r?:d e *-archive_-_Calalng.‘]-
-reserved_Book 1 - Library_Main_Control +oreate_cheap Book()
-return_date_Book Py RefaCto rin g arvent_Latalng :ddgsp:ur%onklf}
+add_Book() WistOfCatalogs isplay_Catalog()
+archive_Catalog() Data Class +do Inventory()
+bormow Book() +sort Catalog() +print_Catalog()
/_| +add_book()
+check_Availability_Book() Hist_Catalogs() Data Classe
+check_FineAmount() +remove_Book()
+check_ValidityCard() Move method ssearchPookd) -
+close Library() L ) Book
+creats. cheap, Book() ~_ | ook Extract class 5
o gy - Move field NewClass 2 m“'“"‘dm"”—ﬂ"*m
+do_Inventory(} .. -ibrary_opened NewClass 4 -reserved Book
do_lnventory() Add association — retum_Book()
+izsue LibraryCard() Data Class +close | ibrary() fine_Amouni
+lizt_Catalogs() +open Librang) . +bomrow_Book(y
— — +rheck_Finedmount() +check Delay_Book()
ﬁﬁ?ﬁﬂ%lt; +check ValidityCard() +reserve Book()
+remove._Book() lissue LibraryCard() #eheck Availability_Book()
HTESEIVE. turn._Book() Data Class
+zearch_Book()
+search_Catalogl()
+sort_Catalog()

Blob



MICHIGAN EXlStl ng WOrk

ENGINEERING

* Design defects detection

— Manual (Brown et al. ‘98, Fowler and Beck ‘99)

— Metrics-based (Marinescu et al. '04, Salehie et al. ’06, Maiga et al.‘12)
— Visual (Dhambri et al. '08, Langelier et al. '05)

— Symptoms-based (Moha et al. '08, Murno et al. ‘08)

Definition =» symptoms =» detection algorithm
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 Detection issues

— No consensual definition of symptoms
— The same symptom could be associated to many defect types
— Difficulty to automate symptom’s evaluation

— Require an expert to manually write and validate detection rules



MICHIGAN Limitations ...

» Detection rules heavily depend on the
base of examples (coverage, quality,
etc.)

* To generate good detection rules, we
need to have examples from similar
contexts



MICHIGAN P o b I em

» Large exhaustive list of quality metrics

» Large number of possible threshold
values

=) Search problem to explore this huge space
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Quality Metrics _ _
— Detection rules generation

Base of code-smell using Genetic Programming Best detectionrules
examples *  Objective: Maximize the coverage of code-smell "

examples and artificial code-smells generated by

the lower level

Detection rules ‘ Artificial code-smells

Generation of artificial code-

smells
*  (Objective: Maximize the distance with well-
designed code-examples and maximize the number
code examples of artificial code-smells that are not detected by the
leader (detection rules)

Base of well-designed
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Solution Representation

Code-smells

Quality metrics
examples

Genetic Programming for
detection rules generation

e Tree:

— Leaf node (Terminal) :
metrics and their thresholds

— Internal node (Functions) :
logic operators (AND;OR)

I' _ Well designed
Quality metrics code examples

<~ L

Genetic Algorithm for
detectors generation

l Artificial code-
smells examples

Vector :
— A set of detectors

— A detector is composed of 7
metrics
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Code-smells Quality metrics
examples

Genetic Programming for
detection rules generation

Detection rules
Evaluating detection-rules solutions :

o Maximize the coverage of the base
of code-smell examples

o Ma>_<i.m_ize the number of covered
“artificial” code-smells generated by
the lower level solutions

I' _ Well designed
Quality metrics code examples

<~ L

Genetic Algorithm for
detectors generation

Artificial code-
smells examples

Evaluating the artificial code-smells

examples :

Maximize the dissimilarity score
between generated code-smells and
reference code

Maximize the number of generated
code-smell examples un-covered by
the upper level solutions
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ENGINEERING

Research Questions

RQ1: How does BLOP perform to detect different
types of code-smells (Precision and Recall)?

RQ2: How do BLOP perform compared to existing
search-based code-smells detection algorithms?

RQ3: How does BLOP perform compared to the
existing code-smells detection approaches not
based on the use of metaheuristic search?

RQ4: How does our bi-level formulation scale?
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Systems Release #Classes #Smells KLOC
JFreeChart v1.0.9 521 82 170
GanttProject v1.10.2 245 67 41
ApacheAnt v1.5.2 1024 163 255
ApacheAnt v1.7.0 1839 159 327
Nutch vl.1l 207 72 39
Log4.J vl.2.1 189 64 31
Lucene v1.4.3 154 37 33
Xerces-J V2.7.0 991 106 238
Rhino v1.7TR1 305 78 57
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Results

System PR- PR-GP PR-Co- PR-RS RE- RE-GP RE-Co- RE-RS

BLOP Evol BLOP Evol
89% 78% 84% 26% 93% 86% 90% 41%
JFreeChart (77/86) (71/92) (74/89) (34/129) (77/82) (71/82) (74182) (34/82)
: 88% 80% 82% 28% 89% 83% 85% 43%
GanttProject (62/71) (57/73) (58/71) (29/106) (62/67) (57/67) (58/67) (29/67)
90% 84% 86% 26% 93% 89% 90% 31%
ApacheAntv15.2 | ooieg) | (ua61174) | (asn7) | (51189) | (1521163) | (146/163) | (148/163) | (51/163)
91% 82% 85% 28% 94% 90% 91% 33%
ApacheAntv 1.7.0 | 49160 | a2173) | (a4169) | (s4184) | (149159) | (1421159) | (1441159) | (541159)
Nutch 89% 73% 76% 34% 92% 89% 90% 51%
(67/76) (64/88) (65/86) (37/131) (67/72) (64/72) (65/72) (37/72)
™ 89% 71% 7% 32% 91% 81% 85% 53%
9 (59/67) (52174) (54/71) (34/127) (59/64) (52/64) (54/64) (34/64)
Lucene 91% 70% 79% 12% 95% 84% 89% 29%
(35/39) (31/42) (33/42) (11/88) (35/37) (31/37) (33/37) (11/37)
Xerces-] 91% 75% 80% 17% 95% 88% 91% 29%
(10U111) | (94/126) | (96/119) | (31/179) | (101/106) | (94/106) | (96/106) | (31/106)
RNING 90% 74% 79% 14% 95% 87% 91% 29%
(75/84) (69/93) (71/89) (23/167) (75/78) (69/78) (71/78) (23/78)
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Gantt Xerces Ant-Apache
0951 1 095r — . 09 T 1
090F — 1 0901 . 0901 1
L T T
T

0.85+ . 0.85F . 0.851 .

PR l T PR T PR T
080 J_ 1 0801 T 080 J_ 1
0.751 i 1 omst il 1 ot L

L
BLOP COEVOL GP BLOP COEVOL GP BLOP COEVOL GP
Gantt Xerces Ant-Apache

0951 1 0951 1 09 T T 1

1 D I T -
0.90F 1 0.90F 1 0901 1

- T 1

R 0.85F 1 R 0.85F 1 R 0.85F J_ .

-+ 1
080F J_ T | 0.80F . 080F .
0.75F 1 0.75F 1 0.75F 1

i
BLOP COEVOL GP BLOP COEVOL GP BLOP COEVOL GP

Box plots on three different systems of: (a) precision values, and (b) recall values
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—— CPU time
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based approach

100
90

80
70
60
50
40
30
20
10

0

BloB-PR BloB-Rc SC-PR SC-Rc FD-PR FD-Rc

Detection techniques

Precision/Recall

m BLOP mDECOR
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Ford Motor Compan

« 8 software engineers from Ford evaluated
the detected defects on the JDI System

Systems Release #Classes #Smells KLOC
JDI-Ford v5.8 638 88 247
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Quality gain on JDI-Ford

0.25

0.2

o

[y

LA
|

Quality gain
o
|—L

o

=

Ln
|

Reusability Flexibility Understandability  Effectiveness
Quality attributes



MICHIGAN Code Smells Relevance

ENGINEERING

UNIVERSITY of MICHIGAN

Code smells relevance: JDI-Ford

m Not at all relevant Slightly relevant = Moderately relevant = Extremely relevant
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Usefulness of detected code smells on JDI-Ford

m Refactoring guidance = Quality Assurance = Code inspection

m Effort prediction Bug prediction
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Dynamic
5= _ Interactive Many-Objective
Bi-Level _ Multi-Objective Optimization
SB Optimization Optimization
Design Defects i
Detection !
Design Defects i
Correction = = |-ercmrmmmmmmccceccncneens -
(Refactoring) (ASE, 2015)
Re-modularization
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» Metric-based approaches

— Search-based techniques

« Find the best sequence of refactorings (tarman et
al. '07, O’Keeffe et al. '08)

— Analytic approaches

« Study of relations between some quality

metrics and refactoring changes (sahraoui et al. 00, bu
Bois et al. ‘04, Moha et al. ‘08)

 Graph-based approaches

— Graph transformation
« Software is represented as a graph

« Refactorings activities as graph production
rules (Kataoka et al, ‘01, Heckel et al. ‘95)
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Refactoring Challenges

Software
Refactoring

Manual Refactoring

Fully-Automated
Refactoring

Manual refactoring is

error-prone,

time consuming,

not scalable

not useful for radical

refactoring (extensive application
of refactorings to correct unhealthy
code.)

Fully-automated refactoring

lacks flexibility (developers have
to accept the entire refactoring
solution),

fails to consider developer
perspective and feed-back,
proposes a long static list of
refactorings to be applied
but developers do not have
enough time to apply all of
them
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DINAR: Dynamic Interactive

Multi-objective refactorinc

Online Phase

Ranked list of Refactorings

l

Dynamic update
of refactorings
ranking

Developers action

(Accept/Modify/Reject refactoring)
B 8 K

Offline Phase

/

New search constraints:
List of accepted,
modified and rejected
refactorings.

ranked refactoring
from the best solution

(" Interactive NSGA-II to generate )
refactoring solutions:
* Objectivel: Improve the quality
* Objective2: Reduce the number
of refactorings

- J

Pareto front of best
refactoring solutions

Identifying the most
common features
between refactoring
solutions to rank them
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1. Upfront generation of refactoring solutions using
NSGA-II

L

L
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g 0447771 07 O
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0.2 Quality
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NSGA-II: Non-dominated Sorting Genetic Algorithm (K. Deb et al., '02)

Non-dominated Objective 2
\l/ sorting

F1 M~
Parent
Populati _

opulation -
F3
—

Offspring
Population

F4

Obijective 1
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« Individual = Refactoring solution
« Sequence of refactoring operations

pullUpAttribute
extractClass

inlineClass

extractSuperClass
inlineMethod
extractClass
moveMethod
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« Specify the controlling parameters

(sourceClass, targetClass, method)

(sourceClass, targetClass, field)

(sourceClass, targetClass, field)

(sourceClass, targetClass, method)

(sourceClass, targetClass, field)

(sourceClass, targetClass, method)

(sourceClass, targetClass)

(sourceClass, newClass)
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« Population: set of refactoring solutions

pullUpAttribute
extractClass

inlineClass

pullUpAttribute extractSuperClass

extractClass .
inlineMethod

inlineClass pullUpAttribute extractClass

tractSt Cl
pullUpAttribute s s extractClass moveMethod

inlineMethod inli
extractClass inlineClass

extractClass
inlineClass extractSuperClass

pullUpAttribute inlineMethod pullUpAttribute

extractSuperClass

extractClass extractClass extractClass

inlineMethod

moveMethod inlineClass

extractSuperClass

inlineMethod
pullUpAttribute extractClass

extractClass moveMethod

pullUpAttribute inlineClass

extractClass tractSuperCl
extractSuperClass pullUpAttribute

inlineClass inli
inlineMethod extractClass

tractS Cl;
extractSuperClass extractClass

inlineClass

inlineMethod
moveMethod extractSuperClass

extractClass

inlineMethod
moveMethod

inlineClass

inlineMethod

extractSuperClass




McacaN  The Three Components of

2.a Ranking of refectoring solutions

« Counts the number of occurrence of the
refactoring operation R;; among all the Pareto front
solutions.

« Search for common principles among the
refactoring solutions.

i
> Sim(R, ;, recommended_ref)
]! —_
number _ occurence —

Rank(R, ;) =
' max_ number _occurence #recommended _ ref

« The ranking of refactorings is updated automatically after
every feed-back from the developer.
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2.b Interactive recommendation of refactorings

System.arr.printls( 3. cresting ®emas... )] r L priligporation
FpResourctAstions = getRespssrcePanel( ). getiesourcehctionSet] ) .
et
Taas b rplass o il -.|._.il ] X i o b B ..-|'|
i B g k el & GEnd | o GOSE L BT LeomaSagers | ; .
! [ BT R R
Fgnullar SET = nee JREnuiEc] ) - i ; -

i T R

B | Dyvidsed i Al tnal REfaSienng « M o L

Recommended Refactonng Opecation: [ Fapepdty Ptoaciuy Reject
i

Felsctonng Operstion . Eariorsg Soore  *
etractl s {GanttFropen, GenttPecpeciEutracted, defl sl et ed] L
mcreelfelethod| getactesl slendar, GanttPropec, DantFropectbdracted del pul] 0365
prurthlesnmtinbutsbEepand, [ skdmgl Garntt 1 s S gl (%2
debetelbethod{getlength, GanttTash 035l
rigretadinkut ey FakeCalendar GantiProjet GantiPropsExiracted provate [
mirveldethod|dependencydldded Ganfiibraphicires, TasiDependencyfvent, defsull 023

boligre = >

The list of ranked Refactorings recommended
by DINAR
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2.b Interactive recommendation of refactorings

()-add] &7 Dynamic INterActive Refactoring - Modify a Refactoring  1=:/1(5): [S

2r scr
er.add -
=r.addq | Select Refactoring moveMethod -
win(”
= new
new I Source Class GanttProject = 9 Asis
Target Class Private
gl 9
toring - AN TDIECXaCes - Protected
3 GanttGraphicArea :
1 v | Update references GanttTreg Public
Jperatiol GanttProjectBase
h SAR L o —T [ Cancel }
endar.Ga

The user can modify the suggested refactoring



McacaN  The Three Components of

3. Dynamic update of recommended refactorings

— The Input of this component is the new system after
major changes are performed by developers on the
original one and the latest set of good refactoring
solutions.

— The output iIs a new updated set of non-dominated
refactoring solutions that are adapted to the new system
using an indicator-based local search
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e RESUIS: Manual Correctness

Manual Correctness (MC)

m Xerces-)

m JHotDraw
IFreeChart

m GanttProject

m Di-Ford

MC-DINAR  MC-Kessentini MC-Ouni et al. MC-Harman et MC-Jdeodorant
et al. al.

100
a0
80
7
B
5
4
3
2
1

o Qo Qo Q Q9 9 Q Q

Median manual correctness (MC) value over 31 runs on all the five systems
using the different refactoring techniques with a 99% confidence level (a <
1%).
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Recommendation

Median value of refactorings (PRT)
100
90 1~
80 7
70 +
60 1
50 17
40 4~
30 7
20 +
10 1

B FRT
W PSC

Median value of refactorings (PRT) and code elements selected from the
top5 on all the five systems.
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Results: Refactoring

250

J00

150

100

5

=

i}

Average time T (minutes)

T-DIMAR

T-Kessentini
et al,

Recommendation

T-Ouni et al. T- H.irrlun et T-ldeodorant T-Manual
refactoring
(Eclipse)

B Xerces-)

B JHOtDraw
IFreeChart

B GanttProject

m 0l -Ford

i

Average time T (minutes) required by developers to finalize a refactoring

session.
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Developers
— The participants agreed that

* the interactive dynamic refactoring recommendations are a desirable
feature in IDEs

* the interactive manner of recommending refactorings by DINAR is a

useful and flexible way to refactor systems comparing to fully-automated
or manual refactorings

— The participants found DINAR helpful

 for both floss refactoring and root canal refactoring

 to modify the source code (to add new functionality) while doing
refactoring

* to take the advantages of using multi-objective optimization for software

refactoring without the explicit exploration of the set of non-dominated
solutions



MICHIGAN Our Recent Advances In
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SE Dynamic
. Interactive Many-Objective
Bi-Level Multi-Objective  Optimization
SB Optimization  g,timization

Design Defects
Detection

Design Defects
Correction
(Refactoring)

I —————

Re-modularization|--=========sssrsrsrrcrcrr i crmc i c s s e
(TOSEM, 2015)
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org.apache.xerces.dom

AttributeMap
Attrimpl
AttrNSImpl

CoreDOMImplementationimpl
DeepNodelListimpl
DeferredAttrimpl

DocumentFragmentim
Documentimpl

ElementNSImpl
itylmpl

EntityReferencelmpl
NamedNodeMapImpl
Nodelmpl
Nodelteratorimpl
Notationimpl
ParentNode
Processinginstructionimpl
Rangelmpl

Textimpl
TreeWalkerimpl

Motivating Example

org.apache.xerces.validators.dtd

DTDGrammar

org.apache.xerces.domx

XGrammarWriter
XGrammarWriter.OutputFormat

org.apache.xerces.dom.events

Eventimpl
MutationEventimpl



http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/AttributeMap.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/AttrImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/AttrNSImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/CoreDOMImplementationImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DeepNodeListImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DeferredAttrImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DocumentFragmentImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DocumentImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/ElementNSImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/EntityImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/EntityReferenceImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NamedNodeMapImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NodeImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NodeIteratorImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NotationImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/ParentNode.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/ProcessingInstructionImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/RangeImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/TextImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/TreeWalkerImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/validators/dtd/DTDGrammar.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/domx/XGrammarWriter.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/domx/XGrammarWriter.OutputFormat.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/events/EventImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/events/MutationEventImpl.html

MICHIGAN Motivating Example

ENGINEERING

UNIVERSITY of MICHIGAN

org.apache.xerces.dom
Xercesv 2.5.1:

Move class (MutationEventimpl, org.apache.xerces.dom,
AttributeMap org.apache.xerces.dom.events)

Attrimpl
AttrNSImpl

CoreDOMImplementationimpl
DeepNodelListimpl
DeferredAttrimpl

DocumentFragmentim
Documentimpl

H org.apache.xerces.domx

ElementNSImpl
itylmpl

EntityReferencelmpl
NamedNodeMapImpl
Nodelmpl
Nodelteratorimpl ’)
Notationimpl

ParentNode
Processinginstructionimpl
Rangelmpl

Textimpl
TreeWalkerImpl Eventimpl

MutationEventimpl

XGrammarWriter
XGrammarWriter.OutputFormat

org.apache.xerces.dom.events



http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/AttributeMap.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/AttrImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/AttrNSImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/CoreDOMImplementationImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DeepNodeListImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DeferredAttrImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DocumentFragmentImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DocumentImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/ElementNSImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/EntityImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/EntityReferenceImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NamedNodeMapImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NodeImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NodeIteratorImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NotationImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/ParentNode.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/ProcessingInstructionImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/RangeImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/TextImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/TreeWalkerImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/domx/XGrammarWriter.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/domx/XGrammarWriter.OutputFormat.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/events/EventImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/events/MutationEventImpl.html

MICHIGAN Motivating Example
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UNIVERSITY of MICHIGAN

org.apache.xerces.dom
Xercesv 2.5.1:

ove class (MutationEventlmpl, org.apache.xerces.dom, org.apache.xerces.dom.events)

AttributeMap
Attrimpl
AttrNSImpl

CoreDOMImplementationimpl
DeepNodelListimpl
DeferredAttrimpl

DocumentFragmentim
Documentimpl

ElementNSImpl
itylmpl

EntityReferencelmpl
NamedNodeMapImpl
Nodelmpl
Nodelteratorimpl
Notationimpl
ParentNode
Processinginstructionimpl
Rangelmpl

Textimpl
TreeWalkerImpl Eventimpl

MutationEventimpl

org.apache.xerces.dom.events



http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/AttributeMap.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/AttrImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/AttrNSImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/CoreDOMImplementationImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DeepNodeListImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DeferredAttrImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DocumentFragmentImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/DocumentImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/ElementNSImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/EntityImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/EntityReferenceImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NamedNodeMapImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NodeImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NodeIteratorImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/NotationImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/ParentNode.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/ProcessingInstructionImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/RangeImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/TextImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/TreeWalkerImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/events/EventImpl.html
http://xerces.apache.org/xerces-j/apiDocs/org/apache/xerces/dom/events/MutationEventImpl.html

MICHIGAN Remodularization

ENGINEERING

UNIVERSITY of MICHIGAN

= Software remodularization consists of
automatically reorganizing software
packages to improve the overall
program structure

P,

Cohesion: number of intra-edges

G Coupling: number of inter-edges
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« Bavota et al : Software Re-Modularization based
on Structural and Semantic Metrics, 2010

— Proposed an automated mono-objective where semantic and structural
metric are combined in one objective value.

 Bavota et al: Putting the Developer in-the-Loop:
An Interactive GA for Software
Remodularization,2012.

— Propose an extension of its work with a Mono and Multi- Objective using
an Interactive GA where the developer give their feedback to proposed
remodularization solution.
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Harman et al: Software Module
Clustering as a Multi-Objective Search
Problem,2011.

Use genetic algorithm with three objectives: Coupling, Cohesion and
Complexity.

Abdeen et al: Towards automatically
improving package structure while
respecting original design decisions,
2013.

Proposed a re-modularization task as a multi-objective optimization
problem to improve existing packages structure while minimizing the
modification amount on the original design.



MICHIGAN Limitations

Focus only on improving structural measures
(cohesion, coupling, etc.)

Violate the domain semantics

Do not consider the number of code-changes
(deviation from initial design) and
development/maintenance history.

Limited to only 2 types of changes
« Move class
« Split package
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« Software remodularization as a many-objective
search problem

» 4 Structural measures (number of packages, number of
classes per package, cohesion and coupling)

» Semantic coherence (cosine similarity and Call graphs)
» Number of operations per solution
» Consistency with the history of changes

« New operation types
» Move method
» Extract class
» Merge packages
» Move class
» Extract package



MICHIGAN Approach Overview
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System to restructure ( \
Structural metrics Sequence of remodularization

Many-objective Software operations
§ Remodularization

Semantic metrics

L
e

History of recorded

changes 3‘*\ /
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) £ 100
Points 2
5
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) 3
4 62 500 g 50bjéctives :
B ol A e
R fis objectives —m— —
5 1 953 125 2 20 objectives —e—
I o U s e gg ogjec?ves ——
1 708 (.)8 375 £ 30 ' | 07 ODIPCIVES 7
7 7 - 4 - 7“' o 0 1 2 3 4 5
Generation

=>» The algorithm becomes unable to distinguish between solutions
=» Random search behavior

=» Require an additional selection process for convergence.
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(K. Deb et al., ’13)

Generate initial Apply Mutation Generate Non-Dominated
Population N and Crossover Offsprings Q Sorting N+Q

Selecting M

Niching

Solution
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° Eacih. squtiPn IS represented as a vector of
multiple re actorlngs

« Each refactoring is generated randomly.

List of possible operations [N ICREAtE PACKaEE (D) N

Merge Package(pl,p2)
Split Package(p3, p4)
Move Class(C1, P1)
Merge Package(p5,p6)

v b W N

Example of a remodularization solution
Move Class(AttrNSImpl, org.apache.xerces.dom, org.apache.xerces.validators.dtd)

Extract Class(XGrammarWriter, XGrammarInput, parselnt())

Move Method(normalize(), XGrammarWriter, DTDGrammar)

Extract Package(org.apache.xerces.dom, org.apache.xerces.dtl, CharacterDatalmpl, ChildNode)




MICHIGAN Fitness Functions

ENGINEERING

« Structural Metrics:
1. number of classes per package

2. number of packages in the system
3. Coupling

4. Cohesion



MICHIGAN Fitness Functions

ENGINEERING

« Semantic Metrics:

5. Vocabulary-based similarity:
cl.c?

Sim(cl,c2) = cos(cl,c2) = —— —e
[l ||*]c2]]

[0.1]

6. Dependency-based similarity:

| callOut(cl) m callOut(c2) |
| callOut(cl) w callOut(c2) |

sharedCallOut(cl,c2) = [0]]

| callin(cl) ncallin(c2) |

sharedCallln(cl, c2) =
| callin(cl) w callin(c2) |

e [0]]
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e Other Metrics:

7. Number of code changes : Sum of Operations

8. Similarity with history of code changes

n
Sim_history(RO) = Zw}-

=1
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4 medium and large scale open systems and 1
industrial system provided by Ford Motor Company.

« Each experiment is repeated 32 times.

Systems Release # classes KLOC
Xerces-J v2.7.0 991 240
JHotDraw v6.1 585 21
JFreeChart v1.0.9 521 170
GanttProject v1.10.2 245 41
JDI-Ford v5.8 638 247
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« Manual Precision:

#coherent operations
MFP = - e [0.1]
#proposed operations

1 -
B MP-NSGA-III
0.8 -
B MP-IBEA
0.6 ¥ MP-MOEA/D
0.4 B MP-SA Abdeen et al. 2011
0.2 - B MP-NSGA-Il Abdeen et al.2011
0 : : : : . ¥ MP-Bavota etal. 2013
Xerces-)  JFreeChart  GanttProject  JHotDraw JDI-Ford
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« Automatic Validation

| suggested operations | " | expected operations |

RErecan = . € [0,1]
| expected operations |
| suggested operations | | expected operations |
PRprecesion = - S [0,1]
| suggested operations |
0.9 - B RE-NSGA-II 0.9 - B PR-NSGA-II
0.8 0.8
B RE-IBEA H PR-IBEA
0.7 0.7
0.6 1 B RE-MOEA/D 0.6 1 B PR-MOEA/D
0.5 0.5
0.4 B RE-SA Abdeen et al. 2011 04 4 B PR-SA Abdeen et al. 2011
0.3 0.3
M RE-NSGA-Il Abdeen et B PR-NSGA-Il Abdeen et
0.2 1 al.2011 0.2 1 al.2011
011 = RE-Bavotaetal. 2013 011 m PR-Bavota et al. 2013
0 , 0
JHotDraw JHotDraw
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Results

350

300

250

200

150

100

50

Minutes
m NSGA-II
m MOEA/D
IBEA
3 objectives 5 objectives 7 objectives
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« How can our approach be useful for software

engineers in real-world setting?

0.9 1
0.8 1
0.7 A
0.6 1
0.5 1
0.4 A
0.3 1
0.2 1
0.1 1

HIOP-NSGA-III

HIOP-IBEA

B I0P-MOEA/D

B 10P-SA Abdeen et al. 2011

B 10P-NSGA-Il Abdeen et al.2011
H0P-Bavota et al. 2013

Xerces-J JFreeChart  GanttProject  JHotDraw JDI-Ford

= Move method

M Extract class
Move class

W Merge packages

m Extract/Split package
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 Why do we currently need to design special
algorithms for each software engineering
problem instance?

— This is unrealistic: Science is about generality. Several software
engineering activities have a lot of common patterns and
similarities

 Why do we currently address silos of software
engineering activity?
— This is unrealistic: engineering decision making needs to take

account of requirements, designs, test cases and
implementation details simultaneously.



MICHIGAN Challenges and Open

ENGINEERING

Research Directions

 Automation level: How best do we draw the dividing
line between adaptive automation for small changes
and human intervention to invoke more fundamental

adaption and to provide oversight and decision
making?

« Surrogate metrics: Any approach that seeks dynamic
adaptivity must necessarily compute many fitness
evaluations between adaptations surrogate fitness
computation will need to be fast.

« Dynamic Adaptativity



MICHIGAN

Take a Problem and “SBSE” it!

Thank You

Questions?



