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Long term research vision

How to build and evolve ever
running software systems?




Objectives in synergy

1: How to maintain/evolve large software
systems?

Moose: a platform for software and data analysis
Synectique.eu

2: Infrastructure for ever-running systems

3: Ecosystem around Pharo
Platform&dynamic language used to create wealth
and innovation




Objectives in synergy
/\ .
Software Dynamic

Evolution —™—~___—" Languages

Bugs Rules Slots Reflectivity

Transformation Tailoring Ownership
rmod research

external world

Teachers Research Companies

groups
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Software is

Complex

s



Laws of software evolution

Continuing change

* A program that is used in a real-world environment must
change, or become progressively less useful in that
environment.

Increasing complexity

* As a program evolves, it becomes more complex, and
extra resources are needed to preserve and simplify its
structure.




Software is a living entity...

 Early decisions were certainly good at that time
* But the context changes

» Customers change

* Technology changes e

» People change

Centering Tool *PAUSED*




We only maintain
useful successful
software
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Maintenance iIs continuous
Development

4% Other

18% Adaptive
(new platforms or OY)

Between 70% and 90% of global
effort is spent on “maintenance” !

18% Corrective
(fixing reported errors)

60% Perfective
(new functionality)

“Maintenance”




50% of development time
Is lost trying to understand code !

T

Between 50% and 80% of the
overall cost is spent in the
evolution

We lose a lot of time with inappropriate and
ineffective practices




We design tools and
analyses to tame
software




Expertise

code analysis, metamodeling, software metrics, program
understanding, program visualization, evolution analysis,

refactorings, quality, Analyses

changes analysis, commit, Reverse

dependencies, E”Q'”ee“”g

rule and bug assessment

Semi_automatic migration Representatlor/ Trangformations

example-based transformations
test selection, rearchitecturing Evolution
blockchains, ui-migration

Collaborations
Pleiad (Chile), UFMG (Brazil),
SCG (Switzerland), Soft-VUB (Belgium)

A




You would not see
this dentist!

Why doing it for
your software?
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Building dedicated tools

Develop
Analysis

Data > Model - : Analyvsis

Take decision J

an analysis should lead to a decision

I/"m’“f—




Example : Who is behind package
X?

(4) Visualisation

(3) Analyses /’

(2) Modele 7yy

/ (1) Extraction




Step 1 - Model Creation/Import

(4) Visualisation

(3) Analyses /’

(2) Modele

il

(1) Extraction

\\ \

JIEGN
N

Definition of a model to represent entities
Data Extraction (CVS...)
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Step 2 - Analyses

(4) Visualisation

(3) Analyses /§>

(2) Modele 4

Y

/ (1) Extraction

= Who wrote how many lines of code?




Step : 3 - Creating the Map

Packages Properties

=l

==
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Il JBoss at a glance

Interactive tool
Data in perspective

(4) Visualisation
(3) Analyses

(2) Modéle

(1) Extraction

inter. serve

. jrmp

invoker

naming

rmi log4i

interfa, server

local

jms java

P o

sib

EEE| EENE EEEEEN NEN EEN EEN AEN EEEN EN DN DEEN EEEEE
EEE EEC| AN EEEEEN EENE (EC WO (B30 EECC| (mO) (O EEEC| (EEEEOE
] EEDE| HEEENC| (BN [m]m [ONENR DoEEC
ood EEECOCOCO BOO0O| ([OO0O0
od
plugins inwocation plugins SEcurity metadata jaxrpcmappi. confi. logging deployment
EASEEEEE| EEEEEEN EEEN EEEEEEN EEEEEEENE EEEEN NO EAEEEEO
ENEEEEE EEERCOCOCO) (NOCOC0) (I NEEEEE| EEEEEEEE EOOOO O EEEECOO
EEEERNC| | ODO0O0O0O0O0O) (OO HEOROCOOOf | MREO0OO0O0O0| [ODOm OO00OmEN
BOOOOOO( |[OOO0 OO0O00C000( | DDODOEEEC oo0ono
ooOoooond OO0O0000O00( I ODO0NEEREO
ooOoooood OO0O0O0O000O( |[ODOOO00O
ooooono
inflow indi =ml system compiler jboss eib util serve., _monitor
HEC| HED) HEEE EEEROOEO NDONH| (AN PEEEEEEEEEE AEEEEEEEENE| (OO0 |AEEcCd
OO0 |HEC) RN DEEDEEEN DEEN| B DO EEEER FEEpEEEEEE| (OO (Oood
aod EEDEEEEE EO EEROOOOOCOCOOf | EOCANEEEEN o0
EEEEENCO NN NENENENE NPeEEEEEOO0
ooono HEERERERECOOOO ([OO0O0OO0O0O0O0O00O0
OROO0O0O0O00O0O0OO) [ OOoOoOno
ooooo
lack marsh, werif. algerit. timer byrex WSsE strateq. metadat, ewvent jdbc serve, scope tomca, inter. clisn,
EEERN| OO (OO (OO0 |N00)| | EEECOD| (D000 |(O0OC) (mEm ENENEN BN RE @O} OO (00
BECOCOO |OOf (& OO0 |[O000O)| |[OO000O) |[OOO0O( |[OO0O) (Mmoo EEECOECO| (OO) (OO) (OOf (& O
ood O oo oo oo O ooo OooOoOoonOo
OoooOoonOo
tm interfa. jaws timeo, samples session  proxy o catal, secur, cluster editors interface. deployment
EONCO| |OCON|  INDDE| D3| (I EEDED| DEE| DEE| D EEE| EE| |EE| EEE| |([BOOdOf |[OOood
OoOoono| (OO DEEEE| (O INIENE| INE| PED PR (@ ] (]| DEEE| (EEEE
OoOoono EEOOO EEEOO0) DEmE| (@ DEE EEE (] |
ood oood oo
deployment idbe zdito. interfa. server client interfaces ra mgt meib eib rmi connect,
DNNDEEEE| | NEEO OO0 (NEEDED| (NN ([EEEE0OC0) (NEEEC| | INEEE EEEE HEE EHENE
EREOOOOOO| (ODOOO Oom OEECOON EO0O) |(OD00COMmE| |[O00C00] (AINEEE EEEE HEE| EEER
OO0O0O0O0O0O00O| (OECOE ooocd O EEEEENR (OOOCOO (AEE EEER HEE| BE
OO000EEEE| (mOO [ o o o | o HEEENE
DEEEEEOO
notificat, j2ee management interce. aspect spi util model DIoxy nbiz  jmx asf client
HEEE SEESESESEEESN HEEEEEEEN |(NEN NN (NN (SN EEN/ |HEN|/ | HE  EN NN EEEE
HEEE SEESESEEEEES EEEEEEENE (HNEN EEN| EEE E=EE HE HE W (O HEC| EECO
HEEE SEESEEEEEEES EEEEEEENE NN EEE| (E (] ooono
HENE EEEOOEOEE ooono
OEEE
| ] |
HEEEEEEEEENE
srid, servi. jsrig8. scap jws xsd metadata metadats webservice wsdl txtimer sri, wsdl
0O (OO |O0O)| OO | D00 | D000 | DO00O| |DO00O0| (DOODO0O| |DOD00000| ( EsEEeffo| (OO | OOoOooodo
OO (OO |O0O| OO | D00 | DO00O| | DO00O| |DO000O| (DOODO0O| |DOD00000)| (DO0DO00OoOo| |00 | OOoooodo
0000 | ODO0ODO0O| (D0OO0| |[DDO00O| | DO0O0O0000O)| (OOOOoOo@oQE OooOoOoOoO
OOOoOo| (EE 0000000 (OOOOOo@EE Oooo@EOo
omOoOod oOooood OoOooooood
xmlschema  hile  bridg. aop uuid schema  bridg. jdbe bridge metadata invalid.
OO0000O1 |HE| |HE| EEE AN EEEE NN FEEEEEEEEEN EEEEEEN APEEEEED NPl
OOoOoOoo) (. HEl EEE (=] EEER| (O EEEEEENE ooo
ood EEE oo EEEEEEN ooo
EEEC ENEEEEN
EBOO0O
EEEEEECOOOCOM
EEEEEENC
copy entity bridge cmp gibagl jaws jboss gibjar  plugins aggrega. xa datas.
EEEE EEEEN EEN NN EEEEEEEEEEEEN DN DEE DEEH NN EEE DEN (PN
AEEE NEDEN NN DEEN HN EEEEEEEN ENE DEE| DEN NEN DDN| Bl ]
EEEN NEDEE N EEENE| (W EEEEEEEN ] ] ]
ooo AEEE EEEEOEEEEEEEN
IEEEEEEEEEEEE
EO00000C00O0ONAEER
(rrrrrrrrrrrng
ENEEEEEEEN
pools jdbe secur, pool rescurce times. sql eib jdbe ejbal schema i
OO0 |[OmmE| (OO (OO | DeEE| (OO (DDE| | DEDE| | DTEDE| | D NEDE| |fEpDE| | FTeEEE
EEN| (OO0 (O OO (mOooo) (O ONE| DEE| DEDE| DNEEE NEEEE| DPPEEE
] oooo ] O DEEE| DNDDE| D EEEE| | FTEEEE
ooon OEE OEE OEE







Some software maps




Understanding large systems [PhD
Lanza]

Width metric

< >

Height metric]

Position metrics i
—>

Color
metric




Understanding systems [PhD M.
Lanzaj

attributes
< >

methods I lines
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Understanding classes [PhD M.
Lanza]

Initialize Interface Internal Accessor Attribute

TofeeTa e

A




Understanding classes [PhD M.
Lanza]
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How a property spread on a
system?

inte.. plugi serv.. serv.. eijb deploy.. tyrex Serv.. security rmi invocation proxy local naming metadata
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How to support remodularisation?
[PhD Hany Abdeen]







Software Evolution in the
Large




Evolution in the small




Evolution in the small

Modification (refactoring)

*On 1 entity

« Small number of parameters

* Well defined behavior

* “Preserve code semantic”

* Generic (constrained only by the programming language)




Evolution in the LARGE

* Eclipse v2.1 = v3.0

v2.1 (Extensible IDE) v3.0 (Rich Client

Platform)
IW"—



Evolution in the LARGE

Restructure architecture

Large refactor

Break a big class

Introduce a design pattern (e.g. MVC, Hybernate)
Migrate to a new library version




Evolution in the LARGE

» Can/Should occur regularly (zoften) in
the life of a system

* Evolution
— On several entities
— Complex behavior
— Specific to the domain, system, and task
— May break code semantic temporarily

R



Evolution In the large:
Automated Rules to
support migration




Mining APl Change Rules

* In Eclipse, 42% of the methods in version
1 were not In v.2

* In Pharo, a simple API change affected
thousands of clients

* Clients should not but do call internal API

R



How to help migrate from version
to version?

?

Clients I

System System System
V1 V2 V3




Mining APl Change Rules

1. Extracting deltas




Mining APl Change Rules

1. Extracting deltas

Rev n

/

2. Discovering rules

Select deltas

»

selected
deltas

»

Create rules
(data mining)

Arolla — 11/08/18
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Mining APl Change Rules

Format of the changes
)

deleted-invoc(context-id, signature)
deltas

added-invoc(context-id, signature)

Diff of method foo() between version 1 and 2

— self.add(MooseModel.root().add(model));
+ self.add(model.install());

Formatted changes

deleted-call(“foo()-rev2”, “MooseModel.root()”)

deleted-call(“foo()-rev2”, “MooseModel.add(MooseModel)”)

added-call(“foo()-rev2”, “MooseModel.install()”)

19
Arolla — 11/08/18 41



Mining APl Change Rules
Request:

oo | ab [ b [t
ENENEE
0 | e Liooh Lt Lmt

e
deltas

Iéw—




Mining APl Change Rules
Request: m

1st step: selecting deltas

foof) | a) | barl) | )
added
- ) | e | f0 _added _

a) | e | foo) | <0 | bar()

fool) ‘ bar()

21
Arolla — 11/08/18 43



Mining APl Change Rules
Rule: m» m Confidence = 75%

1st step: selecting deltas
2nd step: discovering rules

s

added

22
Arolla — 11/08/18 44



Mining APl Change Rules

ISNil().if True(*™) — ifNil(*)
keys().do(*) = keysDo(*)

intersect(*) — intersectlfNone(*,*)

Scanner.new().scanTokens(*) — parseAsLiteralToken()

RegisterAsApplication(*) —
WAAdmin.registerAsApplicationAt(*,*)

Character.cr() = ROPIlatform.current().newLine()

Arolla — 11/08/18
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Tool Support
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Evolution In the large:
Supporting specific
refactorings




System Specific Refactorings

JHotDraw 7.4.1 —» 7.5.1

class HSLColorSpace extends ColorSpace

{

public HSLColorSpace() { /* ... */ }

/...

class HSLColorSpace extends ColorSpace
implements NamedColorSpace {

private static HSLColorSpace instance;
public static HSLColorSpace getinstance() {
/... }
private HSLColorSpace(){/* ... */ }
public String getName() {
return “HSL”;
}

...




System Specific Refactorings

JHotDraw 7.4.1 — 7.5.1

class HSVColorSpace extends ColorSpace

{

public HSVColorSpace() { /* ... */}

/...

class HSVColorSpace extends ColorSpace
implements NamedColorSpace {

private static HSVColorSpace instance;
public static HSVColorSpace getinstance() {
/... }
private HSVColorSpace() { /* ... */ }
public String getName() {
return “HSV”’;
}

...




System Specific Refactorings

JHotDraw 7.4.1 — 7.5.1

class HSVColorSpace extends ColorSpace class HSVColorSpace extends ColorSpace
{ implements NamedColorSpace {

| private static HSVColorSpace instance;
) static HSVColorSpace getinstance() {
/*

: S
public HSVColorSpace() { /* ... "k} 9 “ﬂ\e' ColorSpace() {/* ... */ }

public String getName() {
return “HSV”’;

}




System Specific Refactorings

PackageManager 0.58 — 0.59

class GreasePharo30CoreSpec class GreasePharo30CoreSpec
platform platformRequirements
package A #( #pharo’)
addPlatformRequirement: #’pharo’.
package provisions
addProvision: #Grease-Core-Platform’ A #( #Grease-Core-Platform’)
class SeasideCanvas20CoreSpec class SeasideCanvas20CoreSpec
platform platformRequirements
package A #( #'pharo2.x’)
addPlatformRequirement: #’pharo2.x’.
package provisions
addProvision: #Seaside-Canvas-Platform’ A #( #Seaside-Canvas-Platform’)

I&zu’a,-




System Specific Refactorings

PackageManager 0.58 — 0.59

class GreasePharo30CoreSpec

platform
package
addPlatformRequirement: #
package
addProvision: #Grease-Coras

fo’.

Platﬁm

class GreasePharo30CoreSpec

ormRequirements

\/

class SeasideCanvas20CoreSpec

platform
package
addPlatformRequirement: #’pharo2.x’.
package

.&zu’a,-

addProvision: #'Seaside-Canvas-Platform’

class SeasideCanvas20CoreSpec

platformRequirements
A #( #'pharo2.x’)

provisions
A #( #Seaside-Canvas-Platform’)




System Specific Refactorings

* Found (manually) in various systems
histories

=
™
$\

Found

Found

21
6
o8
50

19

64

I




System Specific Refactorings

» System/task specific
* “Incomplete” (may break semantics)

* Complex
* Tedious } Automate ?

* Error prone

I@W—



System Specific Refactorings

INPUT @RECORD

000 + — £+ ADD
> |+ —| —> |{FADD

- transformation transformation
code edition events pattern
+ REPLAY *
O changed automatic applying
developer code entity configuratio transformations
new code

new changed

location strategies location




System Specific Refactorings

* Record
Recorded actions Operators’ parameters
(operators) (to adapt)

™~ v

I/"m’“f—



System Specific Refactorings

* Replay

Custom
refactoring
name

IDE /
(list of methods) /
I‘?‘m——



System Specific Refactorings

 Case studies

Pharo systems

PetitDelphi
PetitSQL |
PetitSQL Il

PackageManager |
PackageManager Il
PackageManager ll|

PackageManager IV

Jenkins
MooseQuery |
Arolla — 11/08/1i MooseQuery |l

#Repetition

21
6
98
50

19

64

16

#Operators

O W W N

#Parameters

~ O O W

@)

58



System Specific Refactorings

* “Can the tool configure parameters?”

Pharo systems #repetitions #Operators  #Parameters %Correc
PetitDelphi 21 2 3 99%
PetitSQL | 6 3 5 67%
PetitSQL I 08 3 6 83%
PackageManager | 50 5 4 29%
PackageManager Il 19 3 5 54%
PackageManager Il 64 2 4 72%
PackageManager |V 14 4 7 79%
Jenkins 14 1 3 49%
MooseQuery | 16 1 3 36%

Arc

RAAAaA~Al NsiA~Am s 11 (@) N = NOO0/



System Specific Refactorings

* Efficiency depends on type of operator

parameter
Param. type Correct Incorrect %Correct

Class 21 3 7%
Method 6 5 98%
Pragma (annotation) o8 6 13%
Prototype 50 4 99%
Source code 19 3 9%

variable 64 4 100%

Arolla — 11/08/18



Evolution In the large:

GWT to angular

PhD CIFRE of Benoit Verhaeghe for Berger-Levrault




GWT Typical Application

- 26 000 Classes
- 450 web pages
- 974 000 invocations
-1 063 163 LOC (Ul)




GWT big kitchen (bac a sable)

bigKitchen ~ 8979 éléments




Noir-> des phase/page web

Rouge -> Business Page (gros sous-ensemble d'une page web)
Gris -> Layout

Vert -> Widget container

Jaune -> Widget leaf

.&z'zz’a,-




Approach




Approach




Metamodel




Results




Results




Future work

Behavior code model

Specific representation of layout

Extract complex structure (such table data structure)
How to evaluate GUI migration?




How can we help merging?

What is the impact of a change?
PhD of Veronica Uquillas (Paid VUB)




How to support merging
branches?

PharTiL-'l ak 4.3 o Manual tasks are
Pharo1.0\‘“-“\\ Squeak 4.1 Cuis 3.3 / needed
Qwak

_____—» Dependencies betwee

m
-
E
[=]
7
[
[ '
[ B /
= .—: ’_-"..
58
m
2
o
g
s

EthsS-ﬂ B Cuis 1.0 Changes
Savesks 7 i Integrator is not
the author of the

F;rks \ changes

No guarantee that
G ! t the system will work
J




Assisted Integration

Approach
Overview

Stream of changes (chains of commits) Single delta (commit)
_ JET | Torch
'\mm{; oy nols

delta dependencies change dependencies

g
§
“«
5

—_—

nnnnnnnnn

—_—

Change & Dependency Meta-| History Meta-Model Single-delta Change Meta-Model
Model and Analyses (RingC) and Analyses and Analyses (Ring5S)

.&zu’a,-




Torch: Supporting Commit Understanding

Théi'i;orch Dashboard



Package Structure




Omnipresent source code




Torch: Which changes?
Where? Who? What?

A set of changes, involving:
S packages,
9 classes,
~40 methods




Streams of Changes:

On what other changes does this change
d e p e n d ? source branch target branch

110.cmm
108.ul
107.cmm
106.cmm
105.cmm




Other Software
Evolution Challenges

Blockchain, test selection,




Which tests to rerun?
[PhD CIFRE ATOS Vincent
Blondeau]




SmartAnvil: Tools for SE-
Blockchains

____________________________________

____________________________________

Moose

Ukulele Call Graph i
Smart Inspect SmartMetrics
Fog Live SmartGraph Fog ByteCode
Fog Comm SmaccSol
Blockchain Code
(Ethereum) (Solidity)




Blockchain modelisation
[PhD - S. Bragagnolo - Berger-
Levrault]

How to capture and model existing process?
How to model and simulate domain of trust and
possible architecture?

What are the tools for business blockchain

engineers?




And embedded procedures?
[PhD Julien Delplanque]

BlogPostHistory

BlogPost id: INTEGER

id: INTEGER .
title: VARCHAR(256)

title: VARCHAR(256) content: TEXT

content: TEXT o

when_historized: DATEANDTIME
row_id: INTEGER REFERENCES BlogPost(id)

Trigger backup the old

row in BlogPostHistory

before UPDATE query

UPDATE execution
Query

* Dependency Analysis — How to know which entities potentially need
to be changed when an entity is changed?

e Recommandations — How to adapt an entity to a change on a entity it
depends on?

e Embedded Behaviour Management — How to keep the
behaviour embedded inside the database working after a change?




Refactorings for Embedded procedures

SQL meta-model

NamedEntity

+ name: String

0
<]——- EntityInNamespace

*

trentities

JA

1 BehaviouralEntity

0..1 ’mamespace

Y/

DerivedTableReference

SourceAnchor

+ lineBegin: Integer

+ lineEnd: Integer

SourcedEntity

+ sourceCode: String

+parameters
Parameter

NamedEntity

_|>

+ name: String

0.*
+type| 1 0..* |[+parameters
1

References Entities

1
ColumnsContainer StructuralEntity <17 Namespace AbstractType
+container
+columns +constraints
0.*
Table Column 1. 0.” Constraint Type
+columns
+table 1 +referencedColumns|1..* 0..* [+columnsReferencing 0..* A 1| +type
+constraints
- J
PrimaryKey ForeignKey Unique Check NotNull
+fkReferencing
StoredProcedure
Column Type Parameter
+ references: Reference[0..”]
DerivedTable LocalVariable Table View
1
StoredProcedureCall ColumnReference TypeReference ParameterAccess
1 0..1|+table
LocalVariableAccess TableReference ViewReference
+arguments
Reference
0.*

1
+ columnBegin: Integer .
+ entity Table

+ columnEnd: Integer AbstractType :

+ype +localVariables| 0..*
1 |+anchor 1 |+table
BehaviouralEntity +ype| 1 .
LocalVariable
ColumnsContainer Z; 0..* |+localVariable
| +triggers
0.
>
QueryContainer a ( Trigger 0..*+riggers
g —
4 % +stdredProgedure
¥
| | | ; 1 0 0 1 1[+storedProcedure
1 ~ StoredProcedure TriggerStoredProcedure
View DerivedTable <
+ references: Reference[0..*] + isVirtual: Boolean
+viewDefined ’ 1 +derivedTableDefined 1 ?+container v
{> EntityinNamespace
- 0..*|+queries
+definitionQuery 1
+query
CRUDQuery ‘ N
1
— I I ]
1
~— SelectQuery InsertQuery UpdateQuery DeleteQuery
+definitionQuery
Clause +clauses Y,
+references: Reference[0..*] 1.7

Behavioural Entities




Creating analyses
to tame software

— —

Interested by your challenges
®* migration help

® assessment
® rule extraction

e software map

® rearchitecturing

® service/micro service identification
e blockchainisation :)




