-~
Eﬁ The Genetic and Evolutionary Computation Conference R I T
|

(GECCO 2021) = sem—
Le génie pour lindustrie July 10-14, 2021 Institute of
Technology

Search Based Software Engineering:
challenges, opportunities and recent applications

Ali Ouni Mohamed Wiem Mkaouer
ETS Montreal, University of Quebec Rochester Institute of Technology
ali.ouni@etsmtl.ca mwmvse@rit.edu

> GECCO21 Companion, July 10-14, 2021, Lille, France
N © 2021 Association for Computing Machinery.

N ACM ISBN 978-1-4503-8351-6/21/07...$15.00

hitps://doi.org/10.1145/3449726.346 1425

Permission to make digital or hard.
personal or classroom use is grant
made or distributed for profit

s of all or part of this work for
hout fee provided that copies are not

advantage and that copies bea GECC

this work owned by others than ACM must be honored. Abstracting with
ereditis permitied. To copy otherwise, or republish, to post on servers or to &
redistribute to lists, requires prior specific permission and/or a fee. Request Ay
permissions from Permissions @acmorg.

Pt |

Instructors

< Ali Ouni is an Associate Professor in the Department
of Software Engineering and IT at ETS Montreal,
University of Quebec, where he leads the Software
Technology and Intelligence (STI) Research Lab, since
2017. He received his Ph.D. degree in computer
science from University of Montreal in 2015. Before
joining ETS Montreal, he has been an assistant
professor at Osaka University, Japan, and UAE
University.

< Mohamed Wiem Mkaouer is currently an Assistant
Professor in the Software Engineering Department, in
the B. Thomas Golisano College of Computing and
Information Sciences at the Rochester Institute of
Technology. He received his PhD in 2016 from the
University of Michigan-Dearborn.

1032

Acknowledgments

» Many thanks to
» Prof. Mark Harman (Founder of Search-Based Software
Engineering)
* Prof. Marouane Kessentini
» My students and collaborators
for the inspiration to prepare part of this tutorial

» References:

» Mark Harman, Search Based Software Engineering: Automating
Software Engineering, FSE2011, Technical Briefings.

Agenda

* Philosophical Basis: Science and Engineering
* What is SBSE? 0

* Recent applications
» SBSE for Performance regression [SSBSE’'19]
» SBSE for Web service design [TSC’17 + ASE’'19]
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Scientists’ and Engineers’ Viewpoints

Scientist: Engineer:

* Whatis true » Whatis possible

» Correctness » Within tolerance

» Model the world to understand » Model the world to manipulate it

Question:
How things are practically done?

Question:
How things are theoretically done?

Agenda
* Philosophical Basis: Science and Engineering
* What is SBSE? )

* Recent applications
+ SBSE for Performance regression [SSBSE’19]
+ SBSE for Web service design [TSC'17 + ASE’'19]
+ SBSE for Modern Code Review [ICSME'16 + GECCO’20]

* A hands-on activity with SBSE
* MOEA Framework

» Challenges and future work with SBSE
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Scientists’ and Engineers’ Viewpoints
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Scientist: S Engineer:

* What is true about computation * What is possible with software

* Proof correctness * Test for imperfection

» Find where to improve

» Make it perfect
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Engineering Words

® 2 M;svsallli:ﬂall{i:nn 9@ \
@ ST
calculate
Opt!m!se so good they named it twice!
Optimize

What is SBSE ?

The term “Search-Based Software Engineering” (SBSE) coined in 2001 by Mark Harman,|

e {FCT

» SBSE uses intelligent search techniques to explore §*

large search spaces, guided by a fitness function
that captures properties of the desirable solutions

we seek.
Genetic Programming
Ant Colonies Harmony Search
Hill Climbing
Particle Swarm Optimization
Tabu ) .
Search Simulated Annealing .

What are search algorithms?

ROBOTICS

Artificial Intelligence

Machine Learning

Evolutionary

GA SA
GP nsca BEA

What is SBSE ?

Software

Search-Based : .
Engineering

mwnwon

Optimization

ftware proj. management
Requirements engineering
NSGA-II +  Faultlocalization
NSGA-IIl +  Program repair
S SBSE LI

Search-based Testing

Search-based refactoring

Search-based software management

Search-based requirements engineering
Search-based Fault Location

Search-based program repair 12




But ...

SBSE in a nutshell ... why is SBSE growing very fast?

Software Engineering
Problem

Software Engineerin
oftware Engineering "o ¢ TOP conferences in SE

¢ ICSE and FSE : whole sessions to SBSE

* TOP conferences in Evolutionary
computation
*  GECCO: have track dedicated to SBSE

encoding

Optimization
Techniques

Number of Pablications

* Dedicated international conferences:
(SSBSE, SBST) and many other workshops

Function defined to
evaluate solutions

Publication growth up to 2012

* 1600 authors
* nearly 300 institutions
* more than 40 countries

Search Based
Software Engineering

Search Problem

But ...

why is SBSE growing very fast? SpOt the Difference

Traditional Engineering Artifact Fitness computed

Optimization objectives

Physical Engineering Virtual Engineering

+ Maximize compression

- Minimize fuel consumption

Fitness computed
Ty on a representation

Optimization objectives _—

+ Maximize cohesion

Cost: 30,000 $ Cost: 0 $ Minimi :
- Minimize coupling

D Cls
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Software is eating the world!

Software Engineers ..

let’s listen to software engineers ...

.. what sort of things do they say?
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Software Engineers Say...

We need all requirements that balance software
development cost and customer satisfactiol

Management

We need increased cohesion
and decreased coupling —

Maintenance

We need fewer tests
that find more nasty bugs

We need to optimize
Mrry

A Testin
all metrics M1,...,

All have been addressed in the SBSE literature!

20




The Advantages of SBSE

Generic

|

Scalable

Unificati
nification Realistic N

',
e G

Agenda
* Philosophical Basis: Science and Engineering
* What is SBSE? 0

* Recent applications
» SBSE for Performance regression [SSBSE’19]
+ SBSE for Web service design [TSC'17 + ASE’'19]
* SBSE for Modern Code Review [ICSME'16 + GECCO’20]

* A hands-on activity with SBSE
* MOEA Framework

» Challenges and future work with SBSE
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Our Recent Work on SBSE
R

Automated refactoring recommendation e

ASE19, TOSEM16, ASE13, IST16, JSME16, ... 8
Code smells detection Ref” oerwces
ICWS20, MobileSoft17, TSE15, ASE13, . @ ICWS16 ICSOC16 ...

Social debt in software projects 6 t

ICGSE20, ... .eviewers assignmen
f\@ _5CO20, ICSME16

Software remodularization %O

ICSOC19, TOSEM14, FSF” Refactoring detection

) o EMSE1S6, ...
.oring prioritization

% 4J14 JSS15
Soﬂware reuse Refactoring prediction
ASO! ICSOC16, ...

Software Integration

%@ _sion Testing for Refactoring
16, ... GECCO20, ...

22

Software Maintenance

» Systems, like people, get old!
* They increase in complexity and degrade in effectiveness

» Software changes frequently
* Add new requirements
« Adapt to environment changes
« Correct bugs, ...

» Challenges

» These changes may degrade their design and QoS

» Maintain a high level of quality during the life cycle of a software
system




Performance Regression Testing

= Performance regression testing monitors software
execution time to avoid degradation during evolution.

Performance Testing

Performance Regression Detection

= Problem: How to find code change introducing performance
regression?
= Ideal solution: Test performance of each code change.

CULTURAL DEVELP oD CusTomER

pROSE. PERGHAS Ghral  pEOAENS
m-—-

FIED Ly ke,
fery MR “"‘ SR

ﬁ!f 3

1038

Performance Regression Testing

struct apply_state {

-static int p_value_known;

- int p_value_known;

* This example is from Git repository

Performance Regression Detection

= Problem: How to find code change introducing performance
regression?
= Ideal solution: Test performance of each code change.

~30 Days for testing

V221.0-rc2

5 benchmarks  ~2 hours

V2201
V2.21.0rc1
999 446 368 369 | 331

V220 commit commit | commi it commn ommityy o 21

Ea—_ ‘ oMok

] ]
| 14 Dec ! 1 7Feb 13Fed 19 Feb |
1Jan 1Feb
8 Dec 24 Feb

* This example is from Git repository




Performance Regression Testing Challenges Goal!
= Performance testing is by nature

: ) - = Apply performance testing only on code change most likely
time and resource consuming. Software "% on “T‘:.‘“g to introduce a performance regression.

= Growth of committed code. - . ery relase

* Reduction of testing period. Chrome 140 Bt

= Bring out the problem of finding 140 Every week
Wh iC h C h a ng e m ad e th @  Table: Estimated commit and performance testing frequency

[Huange et al. 2014]

regression.

How?

= By profiling code changes using data collected from the new code
change and compare it with previous code changes data.

Commits Timeline

FEHEE E=EE

WV
0

Lalalalalalalal
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Profiling a Code Change?

Software
Metrics

Il

1

Alshoail
regressi
Softwar

Automated detection of performance

Rule Generation Phase Collection Phase

Detection Phase

regression
. . Static
| Static Analysis
—— Metrics
Previous
Commits
| Dynamic Analysis Dynamic

Metrics

Detection

Rule NSGA-II

New
Commit

Schedule

: Regression
“\Performance Tests

Detected?
rformance
aggh Based

1040

Automated detection of performance

regression

PRICE: Detection of Performance Regression
Static and

International Symposium on Search Based Software Engineering (SSBSE), 2019

Metrics
Description Data Source
Number of deleted functions Static
Number of new functions Static

Number of deleted Functions reached by the benchmark

Static + Dynamic

The percent overhead of the top most called function that was
changed

Static + Dynamic

The percent overhead of the top most called function that was
changed by more than 10% of its static instruction length.

Static + Dynamic

The highest percent static function length change

Static

The highest percent static function length change that is called
by the benchmark

Static + Dynamic




Search-Based Software Engineering Problem Formulation

Solution Representation
Encoding

Solution Evaluation
Fitness Function

Optimization
Technique

Solution Variation
Change Operators

Solution Evaluation

= Generated rules are evaluated
by two objectives: =

|H,nH|/H
= Hit rate:
number of correctly detected
commits to total number of commits
encountering performance 02
regression. 01

HivDismiss Rate

|p,nD|/D %

= Dismiss rate:
number of commits classified not to
be introducing regression to the total
actual number of stable commits.

1041

Solution Representation

Solution Variation: Simulated Binary Crossover

h >
Parent A Parent B
Offspring A Offspring B




Solution Variation: Polynomial Mutation

(A
3] (=)
=3 (=2 &9 &9
Le0 O®®

Experimental Setup
= Used Dataset:

Metrics
Software Commits Benchmarks s -
Static Dynamic

Git 713 B 2 B

= Tuned Parameters:

Simulated binary Polynomial

Population size Iterations Crossover Mutation
probability probability
50 10000 0.8 0.5
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NSGA-II

non-dominated fronts
| -

Parent i
Population F2 - ......................

F3
,,,,,,,,, el I —emmmmmmeed
Offspring
Population

F4

Experimental Setup

= Research questions:

* RQI: To what extent does NSGA-II provide better regression
detection compared with other techniques?

= Compare NSGA-II with a deterministic approach and KNN.

* RQ2: Does generated rules continue performing well with the
evolution of the software?

= Test performance of rule generated by earlier code changes on latest ones.




{ To what extent does NSGA-II provide better regression detection compared
i with other techniques?

Talidai i ||| \n |||ﬂ il ii"

|Hyp 0 H |/H

it R

|Dp n D |/D

EEEEN
RQ 2 Results

Does generated rules continue performing well with the evolution of the

| software?
Time

o (2 [0 (0 (0 D D D D (D

Training

Testing

<

%éaé
§ Rl

F-Measure

:
m=m[=

2 3 4 5

00 02 04 06 08 1
L

b
@ - of---

8 10

Folds
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,,,,,,,,,,,, EEEEE
RQ1 Results

{ To what extent does NSGA-II provide better regression detection compared
i with other techniques?

WKNN mNSGAIl m Perphocy

09
08
07

10%

9%
5% 16% 8%
i 11% ‘ 10% 6% | ‘
s 9 10

F-Measure

Agenda

* Philosophical Basis: Science and Engineering
* What is SBSE?

* Recent applications
» SBSE for Performance regression [SSBSE’'19]
» SBSE for Web service design [TSC’17 + ASE’'19]
» SBSE for Modern Code Review [I[CSME'16 + GECCO’'20]

» A hands-on activity with SBSE
* MOEA Framework

» Challenges and future work with SBSE




What is SOA?

SOA: Service Oriented Architecture is
— a way of designing system

— an approach to system development

— adesign paradigm

SOA is not an architecture, is not a system

SOA can be implemented utilizing different technologies
— OSGi, SCA, REST, Web services

Service-based system = a set of ready-made, composable
and reusable services

49

If designed well

« If designed well, Web services reuse can lead to

Cost-efficiency

interoperability

Agility

Adaptability

Leverage of legacy investments

The hard part is the “if designed well”.
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Service-based system

» Example: Travel system

Service provider

+ che y()
i + reserveCar()
\ ] + cancelCar()
[ ¥

Client
-~
3 ' Travel Service .
\i@ | — | T Ehi m,lw.ﬁ! Payment service
[+ bookTr + checkDates|
= +bookTripl +reserverlght( PayRall
+ cancelFlight() o
Clent R
XMU¥echnologies
{SOAP, WSDL, UDDI,...}
~
Ll
Lo +checktiotel(
== + reserveHotell)
+cancelotel()
Client

50

Web service design antipatterns

Fiight Reservation ﬁ TravelService Q

Service Endpoint

+ bookFlight()
+reserveFlight()

+ bookFlight()
+ reserveFlight()

Client 1 =
Client 2, =

+ cancelFlight()

+ reserveCar()

Client 3 + cancelCar()
&\ + reserveHotel()
Q + checkDates()
/ + modifyBooking()
Client 4.

+ acceptPayment()

+ addPaymentDetails()
-+ validateCredit()

+ printInvoice()

+ sendInvoice()

Flight Change Servi

c Flight Cancellation
Service
+ cancelFlight()
+ cancelPayment()

Fine-grained Service

+ changeFlight()
+ searchFlight()

Clien

)

God-object Service
Few operations

Low cohesion

High coupling

High development complexity
Reduced usability

Several operations
Low cohesion

High response time
Low availability
Not easily reusable

FYPrL
PP PP E




Amazon Elastic Compute Cloud (EC2) Web service

/. « interface » \
! AmazonEC2PortType \
H Createlmage() i i i

o : gzg;ﬁ:'erzfnggé 0 » 87 operation in 1 single

jent ' h
. i Describelmages() intel rface
- | Runinstances() 4261 li fWSDL
1 Termi . Ines o
Image ; Describelnstances() d’ t

Client z. management xm} i Monitorinstances ocumen
1 Unmonitorinstances
i DescribeReservedinstances 812 pages of API
4 GetPasswordData() :
! CreateSecurityGroup() documentation

Client 3. Volume DeleteSecurityGroup()
management.xm| DescribeSecurityGroups
- 4 + AuthorizeSecurityGrouplngress()

H RevokeSecurityGrouplingress()
! AllocateAddress()

| ReleaseAddress()

' DescribeAddresses()

1 AssociateAddress()

H DisassociateAddress()

' CreateVolume()

| DeleteVolume()

! DescribeVolumes()
|

|

|

|

|

'

'

I

I

|

\

AttachVolume()
DetachVolume()
CreateSnapshot()
DeleteSnapshot()
ModifySnapshotAttribute()
ResetSnapshotAttribute()

Refactor!

N Web service container e

Antipatterns detection challenges

« Difficult to define/express detection rules
* Large list of antipattern types to categorize
« Large exhaustive list of quality metrics
+ Large number of possible threshold values

* Huge space to explore: An expert to manually write and validate
detection rules

» No consensual definitions of antipatterns

m) |dea: Infer detection rules from antipattern examples
using combinatorial optimization
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State-of-the-art

* Manual approaches/guidelines

 Service antipatterns definition (Dudney et al., 2003, Kral et al, 2009, Rotem-
Gal-Oz et al., 2012)

.
J2EE
AntiPatterns

SOA #
'l

d ! Design Patterns

« Symptoms-based approaches
» Detection rules (Moha et al., 2012, Palma et al., 2014)
» Translate antipattern symptoms into detection rules
+ Combination metrics/threshold value

Web service anti-patterns detection

IEEE TRANSACTIONS ON SERVICES COMPUTING, VOL. . NO. . 1

Search-based Web Service Antipatterns
Detection

Ali Ouni, Marouane Kessentini, Katsuro Inoue and Mel O Cinnéide

mm—s-vumwmmmwtsm)smmnmnwmwm“mmmywmww
technologies. As with any other software system, service-based systems (SBSs) may sufler from poor design. Le.. antipatterns. for
Many easons such as poorly planned changes. time pressure of bad design choices. Consequently, this. MMDOH\SESQ’M
that is difficul 1o evolve and that exhibits poar quality of senvica (Q0S). Detecting Web service antipatterns is a manual,
g and In this paper, we propose an automated approach for detection of
intipatt par y algorithm (P-EA). The idea is that several detection methods are
combined 10 find a consensus. the
Sratarna. W rag it o Pl of s wmcal g ko s of ccfence Wi mars asdpatarns. W corsgars he
implementation of our cooperative P-EA approach twa single px

not search. wmmnvnmrmmamlmw
approach detection, with a £89% and a recall score of 9%,

Index Design, Antipatior, ginesring.
*

1 INTRODUCTION

SER\!LE-Ommrd Architecture (SOA) has emerged as  such factors may lead to violations of quality principles.
a logical way to dm,m complex dumbund software  The presence of programming patterns associated with bad
systems using f by third-p, design and programming practices, known as antipatterns,
providers. In an SOA, the service requester sm:-fnw. their are an indication of such violations [6] |7] [8]. Furthermore,
specific needs by using services offered by service providers, it is widely believed that such antipatterns lead 1o various
through published and discoverable interfaces. Services can  maintenance and evolution problems including an increased
be implemented using a variety of technologies such as Web  bug rate, fragile design and inflexible code.

Services, 0SGi, and SCA. Despite the extensive adoption of Web service tech-

56

IEEE Transactions on Services Computing (TSC), 2017.




Approach: search-based Web service
antipatterns detection

Base of examples of Web
service antipatterns

Import Web service
(WsDL + Source code)
| Interface-level Code-level I

(WSDL) metrics I [ Dyonimle mitpics | | metrics

! ! !

Metric suite

Algorithm EAL:
Genetic programming

Algorithm EA2:

Genetic algorithm
Fitness update of .

Elite solutions of EAL
u Fitness Update elite solutions of EA2
Module
u 7 {Intersection score) Elite solutions of EAZ
elite solutions of EA1

Parallel

Genetic Algorithm/Programming

Population of
solutions

0 Key elements

- Representing of candidate
solution

- Definition of fitness function
- Definition of genetic operators
- Generate initial population

Optimal or
“good” solution
found ?

Selection

Detection rules

Crossover
Mutation

L ]
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Metric suite

Description Metric level . . :
e 1 Service dynamic metric
Number of port types. Port type
Number of operations declared Port type 2 R :
Number of CRUD operations Port type Metele Deseription Mstuic level
Average number of operations in port types Port type . -
Average number of parameters in operations. Operation RT Response Time Operation
Number of complex types. Type
Number of accessor operations declared Port type
Number of complex type parameters Type
COUP  Coupling Port type
COH Cohesion Port type
:‘gr“ :um:l n: messages ;u—.--.,,;r 175 ) d tri
NS Number of primitive types pe
ALOS  Average length of operations signature Operation ervice code metrics
ALPS  Average length of port types signature Port type
ALMS  Average length of message signature Message (COde skeleton)
RPT Ratio of primitive types over all defined types Type
RAOD  Ratio of accessor operations declared Port type
ANIPO  Average number of input parameters in operations Operation Metric Description Metric level
ANOPO  Average number of outpul parameters in operations. Operation .
NPM  Average number of parts per message Message WMC Weighted methods per class Class.
AMTO  Average number of meaningful terms in operation names  Operation oir Depth of Inheritance Tree Class
AMTM  Average number of meaningful terms in message names  Message NOC Number of Children Class
AMTP __ Average number of terms in port type names  Type CBO Coupling between object classes. Class
FC Response for a Class Class
LCOM Lack of cohesion in methods Class
23 Service interface metrics & ;_‘;,[;;::"g::l‘l:':: o=
(wWsDL) NPM Number of Public Methods Class
LCOM3 Lack of cohesion in methods Class
ocC Lines of Code Class.
DAM Data Access Metric Class
MOA Measure of Aggregation Class
MFA M ure of Functional Abstraction Class.
CAM Cohesion Among Methods of Class Class
AMC Average Method Complexity Method
cC The McCabe’s cyclomatic complexity Method

GP adaptation

Solution representation

Base of examples

antipattern
instance

Genetic

Quality metrics

Programming (GP)

IF (NOD(s)221 AND COH(s)<0.32 AND NOPT(s)27.8) OR (NOD(s)224 AND COH(s)<0.2 AND NPT(s)23 AND NST(s)241 OR NCT(s)232)

THEN GodObjectService(s)

'

Fitness function

true positives
total number of antipatterns

Recall =

P tr
Precision = e pos s

number of detected antipatterns

60




GP adaptation
Change operators

Generation of
Population

Crossover
Mutation

Evaluation

Best Solutions

alslsCy0

R
e

61

Evaluation

 Studied Web services
« Benchmark of 425 Web services

Cateut # average average average
BOTY  services antipatterns NOD NOM  NCT
Financial 94 67 2952 57.31 19.01
Science 34 3 8.47 17.14  96.73
Search 37 13 8.35 1894  26.13
Shipping 38 10 1336 2776 2021
Travel 65 28 1609 3313 12113
Weather 42 15 8.54 17.16 9.14
Media 19 14 109 16.4 28.6
Education 26 15 11.3 1536 3246
Messaging 29 20 7.6 11.21 18.25
Location 31 22 58 2832 1115
All 425 136 17.08 342 48.6

« Dataset: _https://github.com/ouniali/\WSantipatterns

63
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Evaluation : research questions

RQ1. How does our P-EA approach compare to GP, GA and
random search (RS)?

RQ2. To what extent can the proposed approach efficiently
detect Web service antipatterns?

RQ3. What types of Web service antipatterns does it detect
correctly?

RQ4. How does P-EA perform compared to existing Web
service antipattern detection approaches?

62

Evaluation

 Eight common types of antipatterns
* God object Web service (GOWS)
* Fine grained Web service (FGWS)
« Chatty Web service (CWS)
« Data Web service (DWS)
* Ambiguous Web service (AWS)
* Redundant PortTypes (RPT)
* CRUDy Interface (Cl)
* Maybe It is Not RPC (MNR)

» 10-fold cross validation

« Detect antpatterns in one category using the 9 other categories

64




Evaluation metrics

* Detection precision and recall rates

true positives
total number of antipatterns

Recall =

true positives

Precision = number of detected antipatterns

« State of the art comparison
+ SODA-W (Palma et al. 2014)
* Ouni et al. 2015

RQ1: Comparison of P-EA with GP, GA, and
RS

Financial Scionce Search Shipping Teavel
" 8 = e== "
: : : : =]
__2 'B mD -
& { - B s l % .— < %
® L] 9 % - €
- A
- =
B s 0 g v
8 8 " a n
METIY] - erom PTTIT P A T
‘Weather Meodia Education Messaging Location
s 3 3 H = 8 =
a5 | Jeat | Loge | L 220
1 = 3 3 z — s S
- . I .A
s 3 - : $ = B 2
[ |- l ; - I . [
2 2 : 2 . 2 2 s

Detection Recall
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RQ1: Comparison of P-EA with GP, GA, and
RS

Financial Science Search Shipping Travel
H 1= H = e H .
_ e 77T TE ==
¢ Mgy - H I B EE b B H iﬂ—
. dOTmE e =
s s s L. s == _ s
T - i L . ] . ] . 2 -
& ] ] N ] - ]
o ob paa RS P ah ob Pt RS P o ob paa RS
Weather Media Education Messaging Location
5 = s g s 0 s
= + 12 .78 L -0
s -B e Tk s 3 s R
m- . B . & [ =]
e B s 3 - N : i s I e :
H = : ] = | g I
° ] N i o] - o]~ _ v =
, =l & I ’ I ; B - g
o oo paa RS P Ga oF pia B8 oA o8 ms RS o oo pea RS

Detection Precision

RQ2: 89% precision and 93% recall

Category Precision (%) Recall (%)
Financial 88 91
Science 87 92
Search 86 92
Shipping 82 90
Travel 90 96
Weather 87 91
Media 93 93
Education 93 93
Messaging 90 95
Location 91 95
Average 89 93




RQ3: sensitivity towards antipattern types

© GA = GP = P-EA

o Detection Precision

Precision score (%)

AWS cl CWS DWS FGWS GOWS MNR RPT

Antipattern types
O GA ® GP = P-EA

40 Detection Recall

Recall score (%)

AWS ciI CWS DWS FGWS GOWS MNR RPT
Antipattern types 69

Well... here are my detected antipatterns!
and then ... ?

Refactor them!
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RQ4: P-EA outperforms SOAD-W and Ouni et
al. 2015

B Cunotal D P-EA B SODA-W

100 |
80
g |
g
&
“ | Detection Precision
el
o AWS (-] ows ows FOWS GOWS MNR RPT
-

® Cunictal © P-EA B SODA-W
100 4

=

Rocall (%)
2

Detection Recall

o
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How to fix these smells?

Automated Software Engineering Journal 2019

Acnomated Softaare Enginoerng (2019 26275312
bt /10 1007/ 1051501900254

proving web service interfaces ity using
multi-objective optimization

Sabrine Boukharata® - All Ouni' & - Marouane Kessentini? - Salah Boukti®
Hanzhang Wang*
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Amazon EC2 .

«interface »
Client 1 s
\ T
Image Describelnstances()

AmazonEC2PortType
Client 2, management.xm! Monitorinstances

Createlmage()
Unmonitorinstances
‘ Security DescribeReservedinstances
management.xm| GetPasswordData()
d CreateSecurityGroup()
DeleteSecurityGroup()

Registerimage()
Deregisterimage()
Describelmages()
Runinstances()

« 87 operations in one
single interface

* 4,261 lines of WSDL

Client 3, Volume H
e = DescribeSecurityGroups document
4 + AuthorizeSecurityGrouplngress()
! RevokeSecurityGrouplngress() . 812 pages of API
management.xml v AllocateAddress() i
e 4 ReloaseAddress() documentation
' DescribeAddresses()
1 AssociateAddress()
H DisassociateAddress()
! CreateVolume()
Snapshot !
DeleteVolume()
1 DescribeVolumes()
| AttachVolume() . '
B DetachVolume() R d
! -
H CreateSnapshot() e eS I g n .
Glient n, ! DeleteSnapshot()
g ! ModifySnapshotAttribute()
|
\

ResetSnapshotAttribute()

Web service container

Service interface design

* Amazon: 81% of services provides only one interface
* Yahoo: 100% of services provides only one interface

Amazon services

WSIRem : multi-objective search to
improve service interfaces modularity
X WSDL analysis
. T [
Serv(i\t;ssirlxjtgface l
WSIRem .
Mult-objective Service Interface g:gu::f;:f;
Remodularization
(NSGA-I)

WSIRem : multi-objective search to
improve service interfaces modularity

» Search algorithm : NSGA-II
op_ 1 2 3 4 5
« Solution representation s ’ 1 ‘ N ‘ 3 ‘ 1 ‘ 3 ‘ N ‘ 2 ‘
» Objective functions
1. Maximize cohesion
2. Minimize coupling
3. Minimize the interfaces modifications

Poin cut

Crossover L 2 314 5 ¢
SO BB NREE
T

1 2 3 4 5 6 17
our [1 ]2 s [afu]a]i]

. Crossover
1 2 314 5 6 7 i3 1L 2 3 4 5 6 7
Parentz|2|1|3|3|1|2|1| Chﬂ“|2|1|3|1‘3‘2‘2‘
Mutation 1 2 3| 4 5 6 7 Mutation 1 2 3 4 5 6 7
e [ T2 31 3 [2] 2] == [1[2]3]1]3]3]2] *




Operations Cohesion

» Sequential cohesion

input Operation 1 output

Operation to operation dependency

I:EE et Operation2 Rl

Sequential ‘operation-by-operation

Similarity Worre y . . i
T * Communicational cohesion
oty e '"pit Operation 1 output

Semantic
Similarty  [Vo

EU:NSEN  operation 2 output

* Semantic cohesion

output

Operation 1

Evaluation

* Research questions

* RQ1. What is the impact of the suggested remodularizations
by our approach on service interface design quality?

* RQ2. Do the suggested remodularizations provide a better
partitioning of abstractions from a developer’s point of view?

78

Operation 2 77
Evaluation
» 22 Web services

Service inerface Provider 1D toperations  LoCreg  LoCeom  LoCsem
AutoScalingPort Type Amazon 11 13 0.98 0.96 0.79
MechanicalTurkRequesterPonType  Amazon 12 n 0.84 091 085
AmazonFPSPortype Amazon I3 b1 097 092 093
Amazon 14 23 0.96 091 058
Amazon 15 21 0.96 093 0.82
Amazon 16 18 0.96 093 073
AmazonS3 Amazon 17 16 097 089 0.75
Amazon I8 13 097 0.96 084
Amazon 19 13 097 093 [ 2]
13 098 098 081
87 098 097 093
Ke: S - 2 M 093 084 091
AdGroupService b3 094 034 065
UserManagementService b 097 0.96 091
TargetingService B 0.96 074 074
AccountService 20 098 092 0.88
AdService 20 0.89 0.79 088
CompaignService Yahoo 18 19 091 0383 091
BasicReportService Yahoo ne 12 0.9 091 092
TargetingConventerService Yahoo 120 12 0.80 034 053
ExcludedWordsService Yahoo 121 10 0.81 072 054
‘GeographicalDictionaryService Yahoo 122 10 0.9 079 0.65

* https://github.com/ouniali/AmazonYahooBenchmark
79

Evaluation Method

* Quantitative measures
¢ Cohesion
» Coupling
* Modularity

« Qualitative measures B e
. TP + FP

* Precision TP
« Recall Recall = 4o FN

» Baseline approaches
+ SIM (Ouni et al. 2016) : graph-based partitioning
+ Greedy algorithm (Athanasopoulos et al. 2015)




Quantitative evaluation results

O Greedy | sm B wsiRem
Amazon Yahoo
ey — Ussrdanagementianics  —
Type  E— TagetngSorvics  E—
Etmsct casatsnongPulyce S TargetngComerterSenics IE
AuoScatngfortipe KopworiSerice  —,
AmazoaVPCRoT —— o aphcallutonaySerne  E—
AmazaSisiolye EE— Ercueavorsservce T
— CompaigrSenice [
AraserRDSPoType BascReporSenics I
e — ASerce
AmazonfPSPortype  E— AdGroupSenice [
AmazonECzPutiype - Acosursence
T e
0o o2 o4 s 00 02 o os

(@) Cobesion Improvement Q/c:anesion Achieved by WSIRem, SIM and Greedy.

Amazon Yahoo
o d— Vertlar s B s e s——
Machanical T RequterPorType o TargetingSenice |
Exsctcosbatincrgortlype | TargeungConverterSentce ==
AdoScalogPortlyps - KeywordServce =
AmazooVPCPortType. =} GaographicalDicsonarySenics —=a
p—] ExchudediiorsSenace =]
— ) CarpagpSanice p—— )
AmarorROSPortyps = BaseRegonSenace )
AmazonF WSinbourdPortType. e e AdSecuce ]
Amazons | p— ] R athad e ——
ATanECIPUTI el AccoursSanace .
—rr T
s =03 -1 o1 -5 =03 -1 o1

ndd Greedy.

(b) Coupling lmprovement QIc pupring achioved by WSIRen

P e el — )
Elassct casBuancngRon Ty [EEEEgE—
Scatngf ot e EE—
AmazonVPCRorType IS
AmazonSNSPonType ([
AmazonS) JE—
Aact DS Pty EE——
Amasons WSt e Er—
Amazong C2Po Ty JR—
T
am 0w om o 000 0w 0x om -
(€) Modulasity Improvement @l sfodutarity achioved by WSIRem
30
o 100 - ° - 100 = o
24 i T
o o o : 0 T
20 | i
° wd - i
15 ; |
H wf b0 w £
e e = T S
JEmm - .
0 o L od &
— — T —
Groedy SIM  WSIRem Geeedy SIM WSIRem Gready S WSIRem
(a) # of interfaces. (b) Precision. (¢) Recall.
83

1052

Qualititative evaluation results

Provider Interface WSIRem Gireedy SIM
Finierfaces Precioion (%1 Reaall (%) #interfaces PrecTon (%] Recall (%) #imiorlaces Precision (%1 Recall (%)
Amazon AmazonEC2PorType n &2 o » 14 18 2 82 a0
Mechanical TurkRequesterPortType 7 100 1o 17 0 0 7 80 85
Amazon FPSParttype 10 0 8 " 27 30 9 60 70
AmazonRDSv2Por(Type 6 o7 80 s 20 2 s 66 70
Amazon VPC PortType 6 100 100 6 [ 0 6 85 0
6 o7 a1 s 40 1 6 60 s8
Amazon$3 4 78 ] s 17 2 s 65 s0
AmazonSNSPortType s 40 50 6 17 20 4 15 40
ElasticLoad Balancing PortType 4 0 6 4 0 0 3 40 ss
MessggeQuene 4 0 50 6 50 0 4 as S0
AutoScalingPorType 4 s 67 o 7 n 3 as S5
Yaoo  KeywordSarvice 8 ™ 88 9 1 1 7 o8 70
AdGroupService 9 100 100 9 100 80 9 100 100
UserMamagementService 7 100 100 it 36 n 7 50 90
TargetingService 6 67 80 8 13 20 5 62 70
AccouniService 6 100 100 14 7 1 6 90 90
AdService 5 @0 0 3 25 1 6 55 435
CompaignService 3 67 s0 7 14 2 4 60 40
BasicReponService s 100 100 7 57 80 L 80 85
TargetingConventerService 2 100 100 2 50 “ 2 100 100
Excluded WordsService ] 1 50 4 kL] 50 50 70
GeographicalDictionary Servioe 3 1 50 4 0 0 2 50 50
[Avwrae 614 72,68 76.73 8,23 2718 33,09 5,56 64,00 56,03
82
The EC2 example | P .
H AmazonEC2PortType |
i
H Createlmage() H
| Registerlmage() H
Client 1 | Dereg‘isferlmage() H
= | '
H uninstances| 1
H Terminatelnstances()
Image ! Describelnstances()
Client 2 . management. ' Monitorinstances
= ' Unmonitorinstances |
Security H DescribeReservedinstances !
managemen h elPassworc H
! CreateSecurityGroup() H
Client 3, Dele(gSecuriteroup() H
DescribeSecurityGroups '
AuthorizeSecurityGrouplngress()
Instances i
management. P locateAddress,
Client 4, f Relea_seAddress{) H
i DescribeAddresses() !
H AssociateAddress() ;
I ; 5
| I
| CreateVolume() H
Snapshot '
o : DeleteVolume() '
1 DescribeVolumes()
| AttachVolume()
|
I
H CreateSnapshot()
| DeleteSnapshot() B
i ModifySnapshotAttribute() '
| ResetSnapshotAttribute() :
\ T i
NS Web service container ’,'1 84




Well... here are my refacroring changes!
and then ...

Who should review/approve them?

Code review is a key part of the software
development process

Programmer

What does
that code do?
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Agenda

* Philosophical Basis: Science and Engineering

* What is SBSE? )
»

* Recent applications

» SBSE for Performance regression [SSBSE’19]

» SBSE for Web service design [TSC’17 + ASE’'19]

» SBSE for Modern Code Review [ICSME'16 + GECCO’20]
» A hands-on activity with SBSE

* MOEA Framework

+ Challenges and future work with SBSE

The “modern”, lightweight, tool-supported
code review
gerrit
code review

Accepted code

\ Code repository

reviewers 88

Code change

developer '
reworked code /

(@




All Projects Documentation
openstack G5 Nemad ABenianed

Tactoring of swart-types delined in DSL

* MurancType and MurancObjectParameterType smart types
were merged into a single smart Type because their functionality overlesp
to a large degree. New smart type is called MarancObjectParameter

Other smart types were renamed to have the same name pactern:
ThisParameterType -> ThisParameter,

+ For MuranoObjectInterface inscead of saying obj.data() .propercyName
the syntax now 13 obj.prol ame

7a3

Code chang description

Change-Id: 13¢925d1b

Author Stan Lagun <slagun@mirantis.com> Feb 24, 2016 12:48 AM
Committer  Stan Lagun <slagun@mirantis.coni> Feb 25, 2016 8:06 AM
Commut 4f9ab7a3215c5952¢ 1fcecI00c81c2a4blccT2ee A (gitweb)

Parenl(s) BfbdebTac2ef1192b9cE775b74d37904e4b10dca @ (gitweb)

Change-ld  13c925d1baladac0864987377a3e90c6f166823a7 -

Reply...

ower [ stenragen J— developer

Reviewers| Jenkins Kirl Zaitsev Murana Gl Serg Melikyan

Victor Ryzhenkin

Project  openstackimurana
Branch  master
Topic murano-abject-smarttype

reviewers

Updaled  § weeks ago

Code-Review +2 Kirill Zaitsev Serg Melikyan
Verified +2 Jenkins

+1 Murano CI
Workflow  +1 Kirill Zaitsey

Jenkins check Feb 25 9:39 AM
gate-murano-peps SUCCESS in 1m 08s
gate-murano-docs SUCCESS in 1m 41s

gate-murano-python27 SUCCESS in 1m 40s

Code reviewers assignment problem

“Who should review my code?”

* |dentifying appropriate reviewers is a hard task
* A code change involve multiple files

« Afile is edited by multiple developers and reviewed my multiple

reviewers

* Reviewer assignment problem [patanamon et al., 2015]
 delays acceptance : 12 days
* sometimes patches are completely forgotten

90

Files Open All | Diff against  Bame =]
File Path Comments Size
»  Commit Message
contrib/plugins/cloudify_plugin/murano_cloudify_pluginicloudify_client py 2 ]
muranoldslidsl. oy 10 -
murana/dsihs_expression py 2 "
jsi/principal_objects/stack_trace.py . 2 n
fsijpincipal_objects/sys._object py changed files 4 "
islreflection py 8 [ ]
type_scheme. py 4 ™
<Uyagl_functions. py 52 .
sliyagl_integration.py L] -
‘engine/mock_context_manager py 6 L]
jine/systemiagent. py 10 n
e 6 Ll
2 = g9

+109, 107

Reducing Human Effort and Improving Quality in

Peer (Cnde Reviews neina Antamatic Static Analueic

Who Should Review My Code?
A DA T santican Danad Mada Dasddasninse Dacamiasandatina

Automatically Recommending Code Reviewers Based on

Who Should Review This Change?

Putting Text and File Location Analyses Together for More Accurate Recommendations

ot ScienceDirect

Xin Xia®, David Lo, Xinyu Wang"", and Xiaohu Yang* ms and Software

“College of Computer S
\ Search-Based Peer Reviewers Recommendation in
Automatically | 3
) Modern Code Review
.
ﬂ Ali Ouni, Raula Gaikovina Kula, Katsuro Inoue
Depanument of Computer Science, Osaka University. Japan
Email: {aliraula-k.inouc } @ist.osaka-u.ac.jp

Motahareh Bahrami

Abstract— Coda review is an imgorl
008 review through “maderr oo s
code review internaly. Thesolools on  Abstraci—Code review is
reveewors, Howeve, 10 Lasi comes.

xportisn of 1 reviewes otved. T
¢ he s to0a change. To agan  an eficient and effective practice for improving software quality o of human effort involved. In typical software projects.

bestsuted o paricpueinngvenre nd reducing defect proncness. Far socentul review proces gy o code change need to invite/assign re@ibwers mainly

perr reviewers should have a deep experience and knovledige with

the code being reviewed. and familiar o work and collaborate  Dased on their expertise with the changed files and previous

of primary importance in modern  Although MCR tools provide cfficient and automated teche
software development. It is widely recognized that peer review is  nigues 1o support the code review process, still a significant

Problem Statement

* Single/independent reviewers
* A change might require many reviewers

* Focus only on reviewer expertise
* Expertise change over time (increase or decr

* No consideration of the socio-technical aspect
* “Peer” code review
* human process = personal + social aspects

» Heuristic search to optimize
both expertise and social aspects

THAT LINE OF CODE

GIVES ME GAS

92




Approach overview: RevRec

Review
Request
%p Search-based Reviewers a
Recommendation
Recommended
developer (Genetic Algorithm) " Reviewers ﬂ
e Reviewer Rewewer -a ]
. collaboratio
e, expertise =
gerrit n

Reviews history

Reviewer Collaboration (RC) model

 Social network: each reviewer may have a review
collaboration with Reply...
* developer Owner  Stan Lagun

. Reviewers  Jenkins Kirill Zaitsev Murano Cl  Serg Melikyan
* other reviewers Victor Ryzhenkin

Project openstack/murano
Branch master
* Graph representation Toia i rusonc-chjoct-emertiype

Updated 5 weeks ago

* sub-graph connectivity
* weights count on the edges
(comments count)

Victor
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Reviewer Expertise (RE) model

* For each modified file we consider
* Comments frequency

Aradhana Singh Aug 3 8:08 PM
Aradhana Singh Aug 4 7:09 AM
Brandon Logan Aug 5 10:01 AM
Aradhana Singh Aug 6 1:20 AM
Aradhana Singh Aug 6 1:21 AM
Aradhana Singh Aug 6 4:31 AM
Aradhana Singh Aug 6 5:28 PM

Genetic algorithm (GA)

START

Population of
solutions

* Key elements
* Solution representation
* Change operators
* Fitness function
Yes * Selection

Optimal or
“good” solution
found ?

No * Creation of the initial
Recommended
reviewers
Crossover
Mutation
é 96




GA adaptation

* Solution representation

Dmitry  Kirill  Andrey Murano Serg ~ Giulio Victor Henar Alexey Jenkins

[ofrJof1f1]ofrfofof1]

Fithess function
Maximize

X

Reviewer Collaboration

Reviewer Expertise

Victor
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GA adaptation

* Solution representation

Dmitry  Kirill  Andrey Murano Serg  Giulio Victor Henar Alexey Jenkins

[ofrlofr1[1]of1]ofof1]

« Crossover operator

Paren(1|0|0|1|0|0|1|0| Child 1
Crossover
: Point cut
! k=3
Parent2|0|1|0|0 1|0|0| Child 2
T

» Mutation operator

Mutation

nnnonnni—Snnnnnon
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Evaluation : 3 research questions

* RQ1. How accurate is RevRec in recommending peer
reviewers for code changes?

* RQ2. What are the effects of each of the reviewers
expertise and collaboration on the accuracy of RevRec?

* RQ3. How does GA compared to random search (RS) and
other popular search algorithms, SA and PSO?

100




Studied systems

System Period studied | #Reviews | #Reviewers | #Files
Android 2008-10 ~ 2010-01 5,126 94 26,840
OpenStack | 2011-04 ~ 2012-05 6,586 82 16,953
Qt 2011-05 ~ 2012-05 23,810 202 78,401
e =¥
II 0 enstack
CaN>0ID P
Dataset: http:/kin-y.github.io/miningReviewRepo/ -
RQ1. Accuracy results
precision@k recall @k

k RevRee  cHRev  REVFINDER  ReviewBot  RevRee  ¢HRev  REVFINDER  ReviewBot

RevRec correctly recommends peer
code reviewers with an average of

55% of precision and 70% of recall

041 033
0.50 047
052
0.60

System RevRee  ¢HRev  REVFINDER — ReviewBot
Android 0.69 0.65 0.60 025
OpenStack 0.63 0.58 0.55 0.30
(o] 0.54 043 031 022

103
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Analysis method

* Accuracy e
* Precision@k & #
¢ Recall@k Recommended
reviewer ﬁ; #2
* Ranking performance \i #3
* Mean Reciprocal Rank (MRR)
W |
* Compare with 3 existing approaches i 45
* RevFinder [[Patanamon et al., 2015] )
* cHRec [Zanjani et al., 2015] Top-5
* ReviewBot [Balachandran et al. 2013] recommended
reviewers
102
RQ2. Expertise vs. Collaboration
07 — = RevRec 7 — = RevRec
07 g RevRec*RE 07 : RevRec*RE
06 — 06 — i Remec o
05 = i 0s i —
2 '"¥ 7 046 2 — el
é 04 — u?o'" e = é 04 — o“o‘z 038
5 031 > 0.32
£ 03 - g 03 —f
g 02 — 02 —
01 — 01 —
00 - 00 -~
Android OpenStack at Android OpenStack [+ 3

The social aspect plays an important role

in modern code review




RQ3. Performance of Genetic Algorithm

Android OpenStack at

'E'_____' .EE__-.
05 = 05 - 05 =4
= W -

Precision

Population-based search algorithms are more
suitable than local search for the reviewers

03

recommendation problem

02

g
03 |
s
L]

02

2 -
g_
2
2 -
g_

o
-
T
AS

2 -
2
g_
3

¢ -
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RevRec : Pros and Cons

* Empirical evaluation on 3 open-source projects
* Promising accuracy results: 55% of precision and 70% of recall
* Social aspect plays an important role in modern code review
* Golbal search achieves better performance than local search

* Limitations
* Reviewers workload is not considered
* 80% of reviews are assigned to 20% of reviewers!

Solution : Optimize Expertise and
Workload

Recommending Peer Reviewers in Modern Code Review :
A Multi-Objective Search-based Approach

Motaz Chouchen Ali Ouni

Mohamed Wiem Mkaouer

ETS Montreal University of Quebec  ETS Montreal, University of Quebec  Rochester Institute of Technology
Montreal, QC, Canada Monreal, QC, Canada Kochester, NY, USA

Raula Gaikovina Kula Katsuro Inoue
Nata Institute of Science and Osaka University
Technology. Nara. Japan Osakia, Japars
" »
ABSTRACT
devele
v‘ lghtweight and toobascd
code rview
ecte e
L . changrs prios merging the.
Then, Fundng apgroprste code reviewers i nomtrrial decison
stions. As
Howerer, pe

coming moce challenging. 1 typical scffware peojects, source fles
2 reviewed by several

reviewers C:

e o wncdan s thes more
searchebared s dlficat o when the
e o eviewers. We e the N Genetic Algo- over
v . have been proposed only

s worklowd i Verms of theicurrest open esse reviews. e wih the cod files being subcitid for

conduct & preluminary evabsion o . open SAUITE PIGKTTS 10

on the expertine review
5, 5] However, mos of these appemaches deal wih the peer

a5 compared 10 sate-oftheesrt spproches.

CCS CONCEPTS
~Software and its engineering — Software maimenance tools

Faee and socil computing.

GECCO 2020
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Multi-objective Code Reviewers
Recommendation

* Search algorithm
*« NSGA-II

* Objective function
* Maximize reviewers expertise
* Minimize reviewers workload

« Solution representation
* Vector based representation

108




. Fa Y
* Two long-lived systems ]Hx_‘g‘
v
e Android T
e Qt anNd>I0ID
Project k Precision@k Recall@k
e NSGA-T RevRec cHRev ReviewBol | NSGA-T RevRec cHRev ReviewBot
1[oer] 058 05 021 0.44 038 027 0.11
Android 3 96 047 035 017 052 051 05 019
5 051 039 03 012 064 061 061 029
10 0.47 034 026 009 071 065 038
1057 ] 049 045 022 045 041 033 0.09
@ 3051 045 04 019 057 05 047 016
5 049 041 037 013 061 059 052 024
10 042 034 034 009 065 06 03
NSGA-II RevRec cHRev ReviewBot
Android | 0.72 0.69 0.60 0.25
Qt 0.61 054 031 0.22 109

SBSE with MOEA Framework

* MOEA Framework
* http://moeaframework.org/
« https://github.com/MOEAFramework/ MOEAFramework

+ Case study
+ Software Migration : components selection for mobile app migration

a 1G] Demo version (free)
Qel¥ = _
.| | Migration
= —8 )
B— i
e -8
p= =

— Full version (payed)
Web application Mobile application
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Agenda

* Philosophical Basis: Science and Engineering
* What is SBSE?

* Recent applications
» SBSE for Performance regression [SSBSE’19]
» SBSE for Web service design [TSC’17 + ASE’'19]
» SBSE for Modern Code Review [I[CSME'16 + GECCO’'20]

* A hands-on activity with SBSE
* MOEA Framework

+ Challenges and future work with SBSE

SBSE with MOEA Framework

» Desktop application ®B
* A number of functionalities ‘

* Not possible to implement all functionalities ﬂ:

in the mobile version - . .0

» Each functionality has
* A cost
* A business value

» Cost and business value depend on the target mobile app
(Demo/Full)

» Each mobile app version (Demo/Full) has
« An allocated budget 112




Agenda

* Philosophical Basis: Science and Engineering
* What is SBSE?

* Recent applications
» SBSE for Performance regression [SSBSE’19]
» SBSE for Web service design [TSC’17 + ASE’'19]
» SBSE for Modern Code Review [I[CSME'16 + GECCO’'20]

» A hands-on activity with SBSE
* MOEA Framework

https://github.com/ouniali/MOEAFramework ’ Cha”enges and future work with SBSE

. What challenges do Challenges in the adoption of SBSE
i#we have with SBSE?

AT » The selection of the solution representation and the right
AN fitness function

» Changing the optimization algorithm may not necessarily
change the output to better

* Itis the coverage criteria and the finest function that lead to

better results [
—_—a—

+ Parameters tuning
is challenging!
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SBSE challenges with industry

* The non-deterministic output due to the randomness

» Expensive computation

Modeling the system or the problem space?

e

@
- LB 2 &
b Ly 7{ i
Probably we need to change our way of
communication with industry

» This is crazy!

Reproducibility of SBSE solutions

* Reproducibility
— Indeterministic nature is a barrier
— Hyperparamters tuning
— Clear mathematical function of the objective functions
— Descriptions of the settings

— Datasets used (sometimes data confidentiality is a concern
with several companies)

— Training: how the dataset is split training-testing
— Code : readme, specification of dependencies, etc.

» Take a paper : and write a reproductivity report
— In a course project could be interesting for students
* Replication

1061

Challenges and Open Research Directions

* 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.

Challenges and Open 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




Software Engineering for Optimization
Software Systems

-
» To implement optimization algorithms, we need software
engineering techniques

» Bug fixes
Code smells and refactoring
Code review
Project management
Continuous integration/deployment
Continuous optimization/training

» Context change — in Behaviour and in Data

Search-based Software Engineering
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SBSE formulation
1. Identify the right encoding (representahon) of thasol for
Identify the desirable properties-of a good soluﬁd,,you )ivzonld like to

have

2.
3. Formulate them in a measurable way-
4

. Use them as a way for searching.the space of

SBSE is applied to solve problems in all software I

Requirements engineering
« Software project management
» Design
* Maintenance
» Software testing

Provides scalable, realistic, robust and generic solutio

SBSE in a nutshell ...

Software Engineering

Optimization

Techniques 5
Function defined to
evaluate solutions
Search Based

Soﬂware#ngmeenng; W

Automated Refactoring recommendation

Uistof

-smell
detecton ruies | P%
Codetoba __| Search-based Refactoring Suggested
refactored (NSGA-IN refatorings.
Semante
information

5 O, Mearoane Kescendin, Houar Sahvsou, Eatesma Inoue, Enbpanreay Deb, “Muticritera Code Retactoring
Sugestions. Anustrsl Casa Study’, ACM Tron 016

The Advantages of SBSE

ﬁcenlrlc

=
e
Scalable ﬂ“’n] E m)ﬂ(“ K
\Jg,rﬁ\‘%\?;; Robust
TN
o, %
ol

@/ Realistic

Unification

SBSE with MOEA Framework

+ MOEA Framework L} P
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