urng

.
=
¢ Analy zm

esent

stg §
Ch N

£ R g
£ epeating %,
b7 e "a"sgmzf:?g":

ggmg'8 §§f'x :S
Automating Systematic Edits
with Cha-Q search-and-replace

Presenters: Tim Molderez, Nick Nuyts

Federale
Overheidsdienst

FINANCIEN




FOD Financién pilot study
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FOD Financién pilot study

= Calcul IPP project: Simulation personal taxes
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= 2987 Java source files; 274883 LOC

= Examined development activity of Sep. 2014 - May 2016

(751 commits)
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Introducing fields + usages

public class ReportCalcSummary implements Serializable {

+ private Long impotReferRegulPosVla;

+ public Long getImpotReferRegulPosVla() {

+ return impotReferRegulPosVla;}

+ public void setImpotReferRegulPosVla(Long impotReferRegulPosVla) {

+ this.impotReferRegulPosVla = impotReferRegulPosVla;}

+ .append("impotReferRegulPosVla = ").append(this.impotReferRegulPosV1a).append(TAB)
+ dto.setImpotReferRegulPosVla(new Long(9));

+ if (g8653 > ©) {dto.setImpotReferRegulPosVla(a(dto.getImpotReferRegulPosVla(), g8653));}

+ vo.setImpotReferRegulPosVla(dto.getImpotReferRegulPosVla());
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Introducing fields + usages

public class ReportCalcSummar A new field alizable {

+ private Long impotReferRegulPosVla;

+ public Long getImpotReferRegulPosVl1a() { Its getter
+ return impotReferRegulPosVla;}
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Introducing fields + usages

public class ReportCalcSummar A new field alizable {

+ private Long impotReferRegulPosVla;

+ public Long getImpotReferRegulPosVla
g & BELIP & O Its getter
+ return impotReferRegulPosVla;}
+ public void setImpotReferRegulPosVla(Long impotReferRegulPosVla) {
o , Its setter
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+ .append("impotReferRegulPosVla = ").append(this.impotReferRegulPosV1a).append(TAB)
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Introducing fields + usages

public class ReportCalcSummar A new field alizable {

+ private Long impotReferRegulPosVla;

+ public Long getImpotReferRegulPosVla() {
+ return impotReferRegulPosVla;}
" : : - : : a(Long impotReferRegulPosVla) {
Different usages of the field N TSINIeT-Seay, Past

+ .append("impotReferRegulPosVla = ").append(this.impotReferRegulPosVla).append(;KB)

+ dto.setImpotReferRegulPosVla(new Long(9));
+ if (g8653 > ©) {dto.setImpotReferRegulPosVla(a(dto.getImpotReferRegulPosVla(), g8653));}

+ vo.setImpotReferRegulPosVla(dto.getImpotReferRegulPosVla());
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Systematic edits overview

Adding similar call statements 38 53
Adding/removing similar fields 33 96.26
Adding similar if cases 13 21.92
Adding similar test cases 12 51.67
Generating similar classes 5 8.2
Formatting changes 5 63.6
Miscellaneous 14 33.5
Total 120



Systematic edits overview

NAAAinA cimilav Frall ctntomontc 20 c2

» ~16% of commits containing systematic edits

n ~7% of commits are systematic edits related to

tax law changes - Likely to reoccur

Formatting changes 5 63.6
Miscellaneous 14 33.5
Total 120
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Cha-Q search-and-replace

= Systematic edits are unavoidable
= Repetitive and error-prone if done manually
= Automate it!

= Only describe the similar change once

= Tool can apply it to all locations



Example systematic edit

public class BreakStatement extends Statement {
@EntityProperty(value = SimpleName.class)
private EntityIdentifier label;

public EntityIdentifier getLabel() {
return label;

}

public void setlLabel(EntitylIdentifier label) {
this.label = label;

}




Example systematic edit

7:_:"11 he.ar caan mecrlast java
F [J] ansrasrTypeneclarmrian_avn
. » [J] aaraetiar jiva
public class BreakStatement extends Statement { > [ Anrrotation TypeDedaration Jave
@EntityProperty(value = SimpleName.class) * 1] Aot tion Type MemberDeclartion v

private EntityIdentifier label; :ﬁ:‘"::z;‘:'f::”“‘”“"”‘"

» ) ac-avtreation.java
public EntityIdentifier getLabel() { :@2 :xi“";:"-."-*
. Ty jana
return label ’ )&ﬂ,] Ansrrl e al e
} > [f_] Assigumer java
b ] ASTIVenLilien java
public void setLabel(EntityIdentifier label) { :iﬂf:::i'm
this.label = label; » [J) 3/ckCom nerjava
3 » L) sadvheclararan jav:
¥ [J] 3naleaalireral jsua
}
b 1T CaEapress an ave
F e Lo egava
» |J] Characte Lteral. zva
» L1] Jassir stancelreatic . ava
b [J] Cemmezatia
r I Campiatiar e irjaus
r ] TardivanalFeprees an j=oa
» 1 Cor suructer ke vuiationjave
» E] Tor drigeStaten < iljava
» |J] Cesmare mentyava
» |J] cnptystats me b ave
» 1] cabanczdkorstatenat. 22
r ) FausmCeasrantieclarariar java
r ) Faum ez cacion jmm
> []] Fapaoaniner_own
b 7] Enpress ionStaternen L java
b T F e dAiess ava
» 10+ e dosdarzacgave
> L] rorstatement.ava
» [J] Dozoemert 2z




E Xahaada omatic edit

A field of type Entityldentifier

vzﬂ he.ar raae macelast java
F [7] ahsreasrmypeneclamrion avn
» [J] aaraetiar jiva
{ ] Anr otetion Type D et on v
7] Anr otetion Type Member Declarationg <.
» |J] ancaymoustlass Uecizrat or Java
» 1| ar-awacczss ava
» 1] ar-awtreation.ava

public EntityIdentifier getLabel() { rmnmm»f.._:-.-a
return label; :ﬁifm’:ﬂ..,w

} » [Z] Assigumer java
b ] ASTIVenLilien java
public void setLabel(EntityIdentifier label) { :iﬂf:::’;’m
this.label = label; » [J) 3/ockCom nerjava
1 r 7] andvneclaranan jav:
¥ [J] 3naleaalireral jsua
}
b 1T CaEapress an ave
F L Lo casegava
» |J] Characte Lteral. zva
» L1] Jassir stancelreatic . ava
» [J)Zemmeacia
r I Campiatiar e irjaus
r ] TardivanalFeprees an j=oa
» _U] Cor suructecb et abonjave
» E] Tor drigeStaten < iljava
» 7] ettt mentyava
» |J] cnptystats me b ave
» 1] cabanczdkorstatenat. 22
¥ ) s Ceasrantheclararien java
r ) Faum ez cacion jmm
B ] Fepueaniner_owm
b 7] Enpress ionStaternen L java
b T F e dAiess ava
» 10+ e dosdarzacgave
» 1] rorstatement.ava
» [J] Dozoemert 2z

@EntityProperty(value = SimpleName.class)
private EntityIdentifier label;




EX An identifier of an entity .. but what kind of entity? e d it

A field of type Entityldentifier

VE{] he.ar raae macelast java
F [7] ahsreasrmypeneclamrion avn
» [J] aaraetiar jiva
{ ] Anr otetion Type D et on v
7] A otetion Tyge Member Declaration <.
» |J) ancaymoustlass Ues zrat or Java
» M) arcavbccess ava
» ] r-avtreation.ava

public EntityIdentifier getLabel() { :«)q :xi"ﬂ";h"-'ﬂ
. Yo N
return label ’ )ﬁ] Ansrr Wl b can
} > IZ] Assigumer java
b ] ASTIVenLilien java
public void setLabel(EntityIdentifier label) { :ig:;:::f‘“
this.label = label; » [J) 3/ockCom nerjava
1 r 7] andvneclaranan jav:
¥ [J] snaleaatireral aua

}
» E] T tBapress onava
F L Lo casegava
» [J] Characte Lteral. zva
» L] Jassir stanceLreatic . ava
» [J)Zemmeacia
r I Campiatiar e irjaus
r ] TardivanalFeprees an j=oa
» ﬂ] Cor suructecb et abonjave
» m Tor drigeStaten < iljava
» 7] ettt mentyava
» 2] cnptystats meatave
» L] cahanczdrorstatemeat. 2ua
¥ ) s Ceasrantheclararien java
r ) Faum ez cacion jmm
> D] Fapaoaniner_own
b 7] Enpress ionStaternen L java
b T F e dAiess ava
» 1))+ e dosdarzacgave
» L] rorstatement. ava
» [J) Doz emert zvz

@EntityProperty(value = SimpleName.class)
private EntityIdentifier label;




EX An identifier of an entity .. but what kind of entity? e d it

A field of type Entityldentifier

VE{] he.ar caae mecMLast java
@ anstaacTypeneclamrian v
) » [J] aaraetiar jiva
public class BreakStatement { * [F] Anr otetion TypeDed raton Jave
@EntityProperty(value = SimpleName.class) > 1] A tedon Type Ve Declaration e

private EntityIdentifie > :g::z:::..:uemm R

» ] r-avtreation.ava

public EntityIdentifier getLabel() { :«)q :xi"ﬂ";h"-'ﬂ
. Yo N

return label ’ )ﬁ] Ansrr Wl b can
} > IZ] Assigumer java
b ] ASTIVenLilien java
public void setLabel(EntityIdentifier label) { :iﬂf:::’;'m

this.label = label; » [J) 3/ockCom nerjava
1 r 7] andvneclaranan jav:
¥ [J] snaleaatireral aua

}
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» L] rorstatement. ava
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EX An identifier of an entity .. but what kind of entity? e d it

A field of type Entityldentifier

7:_:"11 he.ar raae macelast java
F [7] ahsreasrmypeneclamrion avn
» [J] aaraetiar jiva

public class BreakStatement { * [F] Anrotetion TypeDed < at on Jave
@EntityProperty(value = SimpleName.class) * 1] Aot tion Type MemberDeclartion v
. N N N » J y
private Entityldentifie > .ﬁﬁiﬁ'ﬁ.‘xw”m”m
» ) ac-avtreation.java
public EntityIdentifier getLabel() { ¥ 1) e malizer 2
return label; :ﬂ::f&?ﬁ':ﬂ.,..,
} b 1] Assignmen gevs
b ] ASTIVenLilien java
public void setlLabel(EntityIdentifier label) { :iﬂf;'::e;'m
this.label = label; » [J) 3/ckCom nerjava
} » L) sadvheclararan jav:
3 ¥ [J] 3naleaalireral jsua

b 1T CaEapress an ave
public class BreakStatement extends Statement { AL et L s egava

@EntityProperty(value = SimpleName.class) :iﬂf::;:’:::e:::\m

private EntityIdentifier<SimpleName> label; » [ Zemmeaciza
r I Campiatiar e irjaus
public EntityIdentifier<SimpleName> getLabel() { :g} Q,n:::u’::'i‘n::::ja:
return label 5 + 17] Cor lnueStatem: 1tjava
1 » |J] Cesmare mentyava
» |J] cnptystats me b ave
» 1] cabanczdkorstatenat. 22

public void setlLabel(EntityIdentifier<SimpleName> label) { ¥ [1) S easranmeclarariers java
this.label = label; ¥ 0 Fonsr e s s aarion j2m
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EX An identifier of an entity .. but what kind of entity? e d it

A field of type Entityldentifier

7::'11 he.ar raae macelast java
F [7] ahsreasrmypeneclamrion avn
» [J] aaraetiar jiva

public class BreakStatement { * [F] Anrotetion TypeDed < at on Jave
@EntityProperty(value = SimpleName class) * {1 A ot o Type Member Declarationjav.
private EntityIdentifie ) :B::;ﬁf:‘f::“wm”m
» 1] ar-awtreation.ava
public EntityIdentifier getLabel() { :ﬂ:xiﬂ":‘hm
: ) aeraymyae jana
return -I'abe-l" )ﬂ]k\\l-vl;.lu'nl. e
} b 1] Assignmen gevs
b ] ASTIVenLilien java
public void setLabel(EntityIdentifier label) { :iﬂf:::e;'m
this.label = label; » [J) 3/ockCom nerjava
» L) sadvheclararan jav:
Used as type parameter
b 1T CaEapress an ave
public class BreakStatement exte Statement { P AL L s egava

@EntityProperty(value = SimpleName.class) :ﬁj;?:;:‘:::e::: -

private EntityldentifierkSimpleName> label; » [J) cemmeacizna

r I Campiatiar e irjaus
. . I Ny rﬂ] TarditanalFepress an 0

public EntityIdentifierkSimpleName> getLabel() { 3 I ittt
return label 5 + 17] Cor lnueStatem: 1tjava

1 » 7] ettt mentyava

» |J] cnptystats me b ave

» 1] cabanczdkorstatenat. 22

public void setlLabel(EntityIdentifierxSimpleName> label) { ¥ [1) S easranmeclarariers java
this.label = label; ¥ 41) Frumnecanrian.
} »> []] Fapaoaniner_own

b 7] Enpress ionStaternen L java

} b T F e dAiess ava
» 10+ e dosdarzacgave
» 1] rorstatement.ava
» [J] Dezcemert zve
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Ekeko Console

Adding a new project to the Ekeko model: P/TestCase TypcParamcters
Papulating JavcProjectMocel for: TestCase-TypeParametars

Gathered informatior from JJT compilatior units in 36ms
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% zrc

» [ baac.chanchange

r B beac.chag.mode ) as) jeva

» |1 AzetrzctTypeDeciaration.|a
» [1] Arnotation.java

» [1] AvnocatinnTypaRacia-ation
> 11 AcnoationTypeMemberDe:
» 1] AnonymoueClasedaclaratc
» (1] Arraysceessyeve

» 1] A-ayDrmation. wa

> 1) Ay nitial zenjeve

» |1 ArrayType. ava

» (1] A3santStatement java

» 1] Assignmant java

> 1] ASTidentiier juva

» |J] ASTNodz.|eva

» (1] Blocueve

» 1] DocsComment java

> [1] BodyDeclaral on juva

» |1] Brolean.iteral java

» [7] BroakEtatzment. ava

» 1] Castr xprssio= java

> 1] CelchC ause java

» [#] CharacterLiteral. ava

» 1] ClassinstanceCreatior java
» 1] Comment java

» |J] Comp lat onJrit.|ava

» [#] ConditionalExprescion java
» 1] Constructarinuacatinn java
» [1] ContinueStateml jeve

» |7 DoStatement.|ava

» 1] EmptyStatement java
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.

fmod_ist class 7className §
[ [@...Qualue=?annoType.class) priv
public [Entityldentifier]@[
relurn [7relurned |@|

}
public void ?setterNome( [Enﬂtyll
[Zassignee]@[ ]
}
l1ef 13

=>
[CntityIdentifier<ZannoTypes]@[
[Entityldentifier<?annoType> J@[

[EntityIdentifier<ZannoTypes @[
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D Demo 5 °
‘_]Amuﬁm!lmn.nva &

padcagebeacdmmodalasljavu,

~import java.util . list;

import be.ac.chaq.model.enlily.Entilyldentifier;
import be.ac.chaq.model.entity.[ntitylistProperty:
import bhe.ac.chaq.model .entity FntityProperty;

public class ArrayCrealion exlends Expression {
SntityProperty(value = ArrayType.class)
private EntityTdentifier type:

- ZEnlilylislProperly(value = Expression.class)
private List<IntityIdentifier- dimensions:

= fEntityProperty(value = ArrayInitializer.class)
privale Entityldentifier inilializer:

-~ public EntityTdentifier getType() {
return type;

-
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