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ESI AT A GLANCE

"ESI

Powered by industry,
academia and TNO

SYNOPSIS

* Foundation ESI started in 2002

e ESl acquired by TNO per
January 2013

*  ~60 staff members many with
extensive industrial experience

* 8 Part-time professors

*  Working at industry locations

*  From embedded systems
innovation to embedding
innovation

FOCUS

Managing complexity of
high-tech systems

through

e system architecting

* system reasoning and

* model-driven engineering

delivering

*  methodologies validated in
cutting-edge industrial
practice

PARTNER BOARD

~ Canon
AbM L CANON PRODUCTION PRINTING
H t . THALES
I e c Building a future we can all trust

PHILIPS VANDERLANDE

%
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ANALYSIS OF CODE

/e

@Test
void testMatchIgnore() {

"ESI

Powered by industry,
academia and TNO

TIASTNode[][] ignorePatterns = new IASTNode[] Undo Ctrl+Z }3
IASTNode[] pattern = ASTFactory.getStatement Revert File
TASTNod inst = ASTFact .getStat
- ode[] instance actory.getStatemen Save CtrlsS
InC| Udlng boolean oldDiagnose = MatchPattern.diagnose; Open Declaration F3
R d d try { N i Open Type Hierarchy F4
° ea code MatchPattern.diagnose = false; 0 Call Hi h Cirl+Alt+H
assertEquals(null, MatchPa‘t‘ter‘nCd't. pen_ sl mierarciy o ; -
Show in Breadcrumb Alt+Shift+B
° Sea rCh fOF p|ece Of COde MatchPattern.diagnose = true; Quick Outline Ctrl+O
assertNotEquals(null, MatchPatternCdt.ma Quick Type Hierarchy Ctrl+T  };
* Data flow ynany L . _ Open With >
atchPattern.diagnose = oldDiagnose; Show I Alt+ShiftsW >
¥
 Call graph } # Cut Ctrl+X
F [arataiy] el "
* Inheritance tree
Find in Files X
Find  Replace FindinFiles Find in Projects Mark
i Pair<I
Find what: | while{true) V| | Find All -
ﬂwv pethtatement
Replace with: N Repl in Fil P
| | space e Go to Definition
Filters:| * java V| Close e
Go to Type Definition
Directory: | C:\Users\laarpijlivd\renaissance\\git\rejuvenation v| [ Follow current doc.
“Imatch whole word only In all sub-folders Peek
Imatch case [J1n hidden folders
Change All Occurrences Ctrl+F2
Search Mode [] Transparency _ S
@ Normal @ on losing focus Format Document Shift+Alt+F
O exdended (in, r, \t, 10, x...) O Aways Format Document With...
() Regular exprassion . matches newline I a
Refactor... Ctrl+Shift+R
6 Concrete Syntax Patterns 18 05 2024



ESI

Powered by Ifsd stry,
aca eml&a dTN-'O )

o o

WHO HAS NEVER ANALYZED CODE?

Please raise hand
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CHANGE CODE

Including

* Rename variable or function

Solve a bug

Handle missed corner case

Improve structure

Improve quality

Prepare for new feature

Add new feature

[FE5
xt("vc

Show Call Hierarchy

Show Type Hierarchy

Rename Symbol
Change All Occurrences

Format Document

Format Document With...

Format Selection

Refactor...

uuuuu

55 Raw Paste

.matckh

mText(
omText
.matckh

gleAsh O
y, mat £

Multip
$3v"), @

mText(

Quick Fix
Source
Refactor
Surround With
Local History

References
Declarations

Coverage As

Run As

Debug As

Apply Checkstyle fixes
Checkstyle

GitHub

Team

Compare With
Replace With

Preferences...

Shift+Alt+H

F2

Cirl+F2

Shift+Alt+F

Citrl+K Ctrl+F

Ctrl+5Shift+R

Ctrl+1
Alt+Shift+5 >
Alt+5hift+T >
Alt+Shift+Z >

>

Ctrl+Alt+C

Rename...
Move...

Change Method Signature...
Inline...

Extract Interface...
Extract Superclass...

Use Supertype Where Possible...

Pull Up...
Push Down...

Extract Class...
Introduce Parameter Object...

Introduce Indirection...

Generalize Declared Type...

e R S I B ]

"ESI

Powered by industry,
academia and TNO

Alt+5hift+R
Alt+Shift+V

Alt+5hift+C
Alt+Shift+

8 Concrete Syntax Patterns
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WHO HAS NEVER CHANGED CODE?

Please raise hand




/e

UNDERSTAND CODE

" ESI

Powered by industry,

The variable max is set to maximum value of the
variables x and y

The function f is called
e The first argument is a
* The third argumentis b

* The second argument is

0 when a plus b is larger than 10 and
1 otherwise

10 Concrete Syntax Patterns
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WHO COULD NOT UNDERSTAND CODE?

Please raise hand

11 Concrete Syntax Patterns 18 05 2024 I



"ESI

F I N D Powered by industry,
academia and TNO

Find X

Find  Replace Find in Files Find in Projects Mark

Eind what: | BT ~ Find Next [] abc vz Identical
Count def X
In selection Find All in Current .
— ABC v Equivalent
[ |Backward direction Find Al in All Opened DEE X
|:| Match whole word only Documents
|:| Match case .
[v] Wrap around
Search Mode [v] Transparency
(@ Normal (@) On losing focus
O Extended (\n, r, \E D, el Ohlways
() Regular expression . matches newline i B
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"ESI

F I N D Powered by industry,
academia and TNO

Find X

Find  Replace Find in Files Find in Projects Mark

|
Eind what: | [T » —— = Hello World! v
Count Hoollo Eindhoven %
In selection Find All in Current Ha“O O40c0ders v
Document

Backward direction Find All in All Opened

Match whole word only Documents
[ ]match case e
[v] Wrap around
Search Mode [v] Transparency
() Normal (® On losing focus
O Extended (\n, \r, A\t AD, Yell) Ohlways
(® Regular expression [_]. matches newline i

13 Concrete Syntax Patterns 18 05 2024
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WHO COULD NOT PREDICT FIND RESULTS?

Please raise hand
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=
{24@CODERS.nI

Tech Talks and Videos. Food and Drinks.

Every 3rd Thursday of the Month,
Somewhere in the 040 Area.

15 Concrete Syntax Patterns

academia and TNO
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ESI

CODE IS NOT TEXT | Lo
* Find
* Match

X

X

X

* Text-based search is sensitive to white spaces and comments

17 Concrete Syntax Patterns 18 05 2024 I



" ESI

REGULAR EXPRESSIONS CANNOT HANDLE CODE ey

* Code is data with clear syntax and semantics

 Find size function with exactly two arguments

3 ) ;
fbﬂﬂlUHF intVar);
(digit3 * 10 + digit2?2) * 18 + digitl) * 186 + digit@);

3 11 » B l_, f;

X

X

* Regular Expressions cannot handle arbitrary levels of nested brackets and expressions

18 Concrete Syntax Patterns 18 05 2024



TOOLS CANNOT BE INTEGRATED OR

Contact all stakeholders by email before changing an interface

» Software developers can develop software tools

. . . email
* Database contains relation between code owners and files @

* IDE offers call graph of a single function

%* Call Hierarchy X
Members calling ‘'matchFull{]JASTNode[], IASTMNode[])" - in workspace

e T
ESI

Powered by industry,
contains has academia and TNO

©DWF‘IEF
calls

EXTENDED

[1] TestMatchPatternCdtjava X
165

~ & matchFull(lJASTNode[], IASTNode[]) : MatchPatternCdt - nl.esi.rejuvenation.cdtMatchPatternCdt

& checkFailure(JASTNode[], IASTNode[]..) : void - nl.esirejuvenation.tests.primitives.TestMatchPatternCdt

& checkPlaceholderClassNames(IASTNode[], IASTNode[], String...) : void - nl.esi.rejuvenation.tests.primitives.TestMatchPatternCdt
& checkPlaceholderValues(JASTNode[], IASTNode[], String...) : void - nl.esirejuvenation.tests.primitives.TestMatchPatternCdt

& checkSuccess(IASTNode[], IASTNode[]...) : void - nl.esirejuvenation.tests.primitives.TestMatchPatternCdt

b

h?

5

5

A

| I N N N

testMatchDoubleDouble() : void - nl.esi.rejuvenation.tests.cases.matchpattern.TestMatchPatternCdtldentica

testMatchlgnore() : void - nl.esi.rejuvenation.tests.cases.matchpattern.TestMatchPatternCdtldentica
testMultiPlaceholderFirstinstance() : void - nl.esi.rejuvenation.tests.cases.matchpattern. TestPlaceholderlnstance
testMultiPlaceholderSecondinstance() : void - nl.esi.rejuvenation.tests.cases.matchpattern. TestPlaceholderinstance
testMultiplePlaceholderinlsolation(String, String) : void - nl.esi.rejuvenation.tests.cases.matchpattern.TestPlaceholderMatchASTNoc
testMultiplePlaceholderinPattern(String) : void - nl.esi.rejuvenation.tests.cases.matchpattern. TestPlaceholderMatchASTNodes
testSinglePlaceholder(String) : void - nl.esi.rejuvenation.tests.cases.matchpattern.TestPlaceholderinstance

Line Call 166

67 eckPlaceholderClasshames (IASTMode[] pattern, IASTNode[] :
68 se = MatchPattern.diagnose;

69

70 diagnose = true;

71 dt match = MatchPatternCdt.[feiae IV ARG Eyad=Te (S ES o1 11D ;
72 derClassNames(match, keyClasses);

73

74 diagnose = oldDiagnose;

75

76

177

178=heckPlaceholderValues (MatchPatternCdt match, String... p.
179 ch, "Match not successful (expected to be successful)");
180 laceholderValues.length % 2, "0Odd number of placeholderV:
181

= 171 matchFull(pattern, instance)

19 Concrete Syntax Patterns
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LEARNING CURVE FOR TOOLS

Powerful tools, like linter and compiler, parse code
Development and maintenance of a parser is huge effort

* Industrial quality C++ compiler at least 2 years

e CDT parser of Eclipse will not support C++ 20 and beyond

Parser represents code as Abstract Syntax Tree (AST)

Abstract Syntax Tree not developed for analysis and change but for high performance

ES

Powere d by industry,
academia and TNO
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ABSTRACT SYNTAX TREE

Hello World
in Python (ANTLR grammar)

(CPPASTTranslationUnit,
(CPPASTFunctionDefinition,
(CPPASTSimpleDeclSpecifier,
(CPPASTFunctionDeclarator,
(CPPASTName,
(CPPASTCompoundStatement,
(CPPASTEXpressionStatement,

in C++ (CDT)

(CPPASTBinaryExpression,
(CPPASTIdExpression,
(CPPASTName,
(CPPASTLiteralExpression,

Complicated!
Too steep learning curve

Especially for occasional usage

"ESI

Powered by industry,
academia and TNO

(StmtContext, 0..4): print("Hello World"™)

(Simple stmtsContext, 0..4): print("Helloc World")

(Simple stmtContext, 0..3): print("Hello World")

(Expr stmtContext, 0..3): print ("Hello World™)

| (Testlist star exprContext, 0..3): print("Hello World")
| | (TestContext, 0..3): print("Hello World")

| | | (Or_testContext, 0..3): print("Hellc World")

| 1 | | (And testContext, 0..3): print("Helloc World"™)

[0,38]): |void main()
[0,38]): |wvoid main()

{ cout << "Helloc World"™; 1} |
{ cout << "Hello World"™; }|

[0,4]1): |wvoid]
[5,11]1): [main() |
[5,9]1): |main]
[12,38]): |{ cout << "Hello World"™; 1}|

[14,3€]): |cout << "Hello World"; |
[14,35]): |cout << "Hello World"™|
[14,18]): |cout]
[14,18]): |cout]

[22,35]): |"Hello World"|

I | |UOmMPparlsonuontext, Z..<Z): "HEeLlo woria-
| | | (ExprContext, 2..2): "Hello World"

| [ | | (Atom exprContext, Z..2): "Hello World"
| | | | | (AtomContext, 2..2): "Hello World"™

I 111 I I 1 I 1 | (TerminalNode, 2..2): "Hello World"
(TerminalNode, 3..3): )

[ |
[ |
[ |
[ |
[ |
[ |
| | (TerminalNode, 4..4):

21 Concrete Syntax Patterns
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LIMITATIONS OF CURRENT TOOLS

* Inappropriate tools

* Code isn’t text, regular expressions cannot handle code

* Tools are hard to integrate and extend

e Lack of API

* Too steep learning curve

e AST is complicated

ES

Powere d by industry,
academia and TNO
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ABSTRACT VS CONCRETE SYNTAX

* All coders can read code

 All coders know the concrete syntax

* Not all coders know the abstract syntax

24 Concrete Syntax Patterns

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

Q7

"ESI

Powered by industry,
academia and TNO

function Analyze_ File_In_Context
(Filename : String; Context : Analysis_Context'Class) return Analysis_Unit
is
Unit : constant Analysis_Unit := Context.Get_From_File (Filename);
begin
if Unit.Has_Diagnostics then
raise Parse_Exception
with Diagnostics_To_String (Unit) & "In" & ASCII.LF & Filename;
elze
return Unit;
end if;

end Analyze_File In_Context;

function Analyze File (Filename : String) return Analysis_Unit is
Context : constant Analysis_Context := Create_Context;

begin
return Analyze File In_Context (Filename, Context);

end Analyze_ File;

function Analyze_File_ In_Project

(Filename : String; Project_Filename : String) return Analysis Unit

is
Project_File : constant Virtual_File := Create (+Project_Filename);
Env : Project_Environment_Access;
Project : constant Project_Tree_Access := new Project_Tree;
begin

Initialize (Env);

Project.lLoad (Project_File, Env);

Aer 1 arme



EQUIVALENT SUBTREES
void example ()
=1
ready () ;
set();
go();
ready( )7
set( )’
go( );
ready(); // first signal - prepare action
set () ; // second signal - acquire resources
go () ; // final signal - take action

-1

(CPPASTExpressionStatement, [21,29])
(CPPASTFunctionCallExpression, [21,28])
(CPPASTIdExpression, [21,26])
(CPPASTName, [21,26]): |ready|
(CPPASTExpressionStatement, [34,40])
(CPPASTFunctionCallExpression, [34,39])
(CPPASTIdExpression, [34,37])
(CPPASTName, [34,37]): |set]
(CPPASTExpressionStatement, [45,50])
(CPPASTFunctionCallExpression, [45,49])
(CPPASTIdExpression, [45,47])
(CPPASTName, [45,47]): |go]

- v §
(CPPASTExpressionStatement, [56,65]) nal
(CPPASTFunctionCallExpression, [56,64]) iuueesoynoy
(CPPASTIdExpression, [56,61]) edemaande

(CPPASTName, [56,61]): |ready|
(CPPASTExpressionStatement, [70,77])
(CPPASTFunctionCallExpression, [70,76])
(CPPASTIdExpression, [70,73])
(CPPASTName, [70,73]): |set]
(CPPASTExpressionStatement, [82,88])
(CPPASTFunctionCallExpression, [82,87])
(CPPASTIdExpression, [82,84])
(CPPASTName, [82,84]): |go]

(CPPASTExpressionStatement, [94,102])
(CPPASTFunctionCallExpression, [94,101])
(CPPASTIdExpression, [94,99])
(CPPASTName, [94,99]): |ready|
(CPPASTExpressionStatement, [140,146])
(CPPASTFunctionCallExpression, [140,145])
(CPPASTIdExpression, [140,143])
(CPPASTName, [140,143]): |set|
(CPPASTExpressionStatement, [190,195])
(CPPASTFunctionCallExpression, [190,194])
(CPPASTIdExpression, [190,192])
(CPPASTName, [190,192]): |gol

25 Concrete Syntax Patterns
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EQUIVALENT SUBTREES

void example ()
=1
ready() ;
set () ;
go();

ready( );
set( )’
gol( )7

ready(); // first signal - prepare action
set () ; // second signal - acquire resources
go () ; // final signal - take action

-1

(CPPASTExpressionStatement, [ 1)
(CPPASTFunctionCallExpression, [ 1)
(CPPASTIdExpression, [ 1)
(CPPASTName, [ 1): |ready|
(CPPASTExpressionStatement, [ 1)
(CPPASTFunctionCallExpression, [ 1)
(CPPASTIdExpression, [ 1)
(CPPASTName, [ 1): |set]
(CPPASTExpressionStatement, [ 1)
(CPPASTFunctionCallExpression, [ 1)
(CPPASTIdExpression, [ 1)
(CPPASTName, [ 1): |go]

(CPPASTExpressionStatement, [ 1)
(CPPASTFunctionCallExpression, [
(CPPASTIdExpression, [ 1)

(CPPASTName, [ 1): |ready]
(CPPASTExpressionStatement, [ 1)
(CPPASTFunctionCallExpression, [
(CPPASTIdExpression, [ 1)

(CPPASTName, [ 1): |set]
(CPPASTExpressionStatement, [ 1)
(CPPASTFunctionCallExpression, [
(CPPASTIdExpression, [ 1)
(CPPASTName, [ 1): |go]

|
[ ¥ 4|
] ) Powered by industry,
academia and TNO

D

D

(CPPASTExpressionStatement, [ D
(CPPASTFunctionCallExpression, [
(CPPASTIdExpression, [ 1)
(CPPASTName, [ 1): |ready]
(CPPASTExpressionStatement, [ D
(CPPASTFunctionCallExpression, [
(CPPASTIdExpression, [ D
(CPPASTName, [ 1): |set|
(CPPASTExpressionStatement, [ 1)
(CPPASTFunctionCallExpression, [
(CPPASTIdExpression, [ 1)
(CPPASTName, [ 1): |gol

D

D

D)
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HOW TO ANALYZE AND CHANGE CODE?

Find instances of a pattern within the code

Parser represents code as Abstract Syntax Tree

An instance is a subtree: a piece of that Abstract Syntax Tree

All instances of a pattern have equivalent subtrees

Use standard tree matching

Yet, do not expose the AST to the user!

9%
A

%

%

ES

Powere d by industry
academia and TNO
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HOW TO GET THE AST OF A PATTERN?

Without exposing the AST to the user

Use the parser!

Limited kinds of patterns

* Statement(s)

* Declaration(s) l | SE
* Expression
Parsers are not designed for concrete syntax patterns, yet! I '

28 Concrete Syntax Patterns 18 05 2024 I




/e

" ESI

HOW TO EASILY GET THE SUBTREE OF A PATTERN? o

e Make small program around pattern for parser

(CPPASTTranslationUnit, [0,18]): |int dummy = (...);|

int dummy = (/* add expression here */); (CPPASTSimpleDeclaration, [0,18]): |int dummy = (...);|

(CPPASTSimpleDeclSpecifier, [0,3]): |int]
(CPPASTDeclarator, [4,17]): |dummy = (...)]
(CPPASTName, [4,9]): |dummy|
(CPPASTEqualsInitializer, [10,17]): |= (...)]|
(CPPASTUnaryExpression, [12,17]): |(...)]

oid mainG) I (CPPASTTranslationUnit, [0,22]): |void main() { ... }|

[E /* add statements here */ (CPPASTFunctionDefinition, [0,22]): |void main() { ... }|
} (CPPASTSimpleDeclSpecifier, [0,4]): |void|

(CPPASTFunctionDeclarator, [5,11]): |main()|
(CPPASTName, [5,9]): |main]
(CPPASTCompoundStatement, [12,22]): |[{ ... }|

* Extract relevant subtree from AST for pattern

29 Concrete Syntax Patterns 18 05 2024



EXTRA INGREDIENT: PLACEHOLDERS

* Match any AST node
* Single statement, single expression, function name, ...

* Comparable to . the wildcard of regular expressions}

* Sname in C++, $S_name in Ada, ...

* Match list of AST Nodes
* List of arguments, list of parameters, list of initial values, list of enumeration values, list of statements, ...
* Comparable to ¥ wildcard with Kleene star of regular expressions

* SSname in C++, SM_name in Ada, ...

30 Concrete Syntax Patterns 18 05 2024



' ’ s,
Aw he Yea A

' Rejuvenald

REJUVENATION LIBRARY

- clc

* Enable developer to focus on analysis and change e Fluent interface supports devr’elyoper
* Steps on complete code base * Works on code, yet hides AST representation
— Gather information, combine knowledge, simplify, ... — Uses Concrete Syntax Patterns
 Actions within step * Extendable
— Find, apply, replace, filter, ... — Integrates in any program

Ensures the same code is analyzed as is built

— Same include paths, same defines

Ensures changes are formatted

— Same pretty printer, same configuration settings

Ensures high performance

— Parallelizes analysis and change

31 Concrete Syntax Patterns 18 05 2024
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e —_
ESI

C++ CODE EXAMPLE e
* What C++ code matches this C++ pattern Pattern.statements ("ready (); set(); go();") ?

ready
ready

ready
set();

BoL);

ready( );

set();

go();

33 Concrete Syntax Patterns 18 05 2024



S

PLACEHOLDER FOR SINGLE NODE -

* What code matches this pattern pattern.declaration("int Sname;") ?

int a;

>< int anothervalue = 0;

>< bool walue;

int b c;

int mySpecialVariable; v

RIKIRIXI]&

* What code matches this pattern pattern.declaration("Stype Sname;") ?

34 Concrete Syntax Patterns 18 05 2024



" ESI

PLACEHOLDER FOR SINGLE NODE e

° VVhatCOdernatchesthk;paﬂfrn Pattern.statement("size (Sargl, Sarg2);"™)7?

» 18);
intVar);
(digit3 * 10 + digit2) * 10 + digitl) * 10 + digit@);

» 11 » B l-: f;

X

X

35 Concrete Syntax Patterns 18 05 2024



__ e “ESI

PLACEHOLDER FOR LIST OF NODES s

* What code matches this pattern Pattern.statement ("size (55args) ;") ?

size (true) ;
size(true, 0, 2.0);

v| size(true, 10);

v| size(boolVar, intVar),;

v| size(!boolVar, ((digit3 * 10U + digit2) * 10 + digitl) * 10 + digitOQ);
v| size('f(false, ), g(.”2,true));

v size() ;

v

v

36 Concrete Syntax Patterns 18052024



ES

MULTIPLE OCCURRENCES OF PLACEHOLDERS e

 What code matches this pattern Pattern.statement("i1f (Scond) Sstmb; else Sstmt;"™) ?
» Reoccurrence of a placeholder adds a constraint

* All occurrences of a placeholder must be equivalent.

if (cond) return (; else return (;

1f (cond) return false; else return U; X

if (x > 2) |
x++; // increment x

} else {

X++; /* increase x */
}

38 Concrete Syntax Patterns 18 05 2024
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FIND & APPLY

Find Pattern.expression("$x.size () == 0")

Apply match -> count++

Apply match -> System.out.println(match.getNodes() [U].getFileLocation())

Apply match -> ASTShower.showNode (match.getSinglelAsNode ("5x"))

40 Concrete Syntax Patterns
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"ESI

FILTER e
* Find, filter, and apply

e Use filter for additional checks
* Anything is possible

* Typically, check on placeholders

match -> match.getSingleAsString("$f").startsWith("PackagePrefix™)

41 Concrete Syntax Patterns 18 05 2024
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/e

"ESI

FIND & REPLACE Pevsre b e

* Find Pattern.statements("ready(); s=t(); go();") andreplace with "start () ;"

ready(); se 3 3 start();

— ; se ; . start();

ready

set()s; start();

BOL);

ready();

setl); start();
go();
‘depends on
configuration
18 05 2024
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"ESI

FIND & REP LAC E Back reference ReademiaanaTNG

* Find Pattern.expression("Sx * $x") and replace with "power (5=, 2)"

var * wvar

)

power (var,

Ty
£

(x+y) * (x+vy) power ((x+y) , 2)

*

Need for post-processing

44 Concrete Syntax Patterns 18 05 2024



"ESI

FILTER (1/2) oty

* Find, filter, and replace

» Use filter to prevent incorrect changes from happening

45 Concrete Syntax Patterns 18 05 2024



"ESI

TEST YOUR CHANGES! (1/3) rousredy i

* Is finding the pattern

Pattern.statement ("if ($cond) { Sf($$before, S$tValue, S$Safter); } else { $Sf($Sbefore, $SfValue, S$Safter); ")

and replacing by

—y

"Stf(SSbhefore, Scond ? $tValue : $fvVvalue, S$Safter) ;"

correct?
\ o if (i++ == = {
o — One reason £(i, 0, i);
Execution order is changed b else {
£(i, 1, 1i);
Scond is no longer executed first }

and this might result in different behavior

* Hopefully at least one test case will fail!
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TEST YOUR CHANGES!

* Is finding the pattern

Pattern.statement("i1f (Scond)
and replacing by
"bool condValue

correct?

* No— One reason

{

$f($$before,

Scond; Sf($5before,

Introduction of variable shadows

variable with same name when present

(2/3)

StValue,

SSafter);

condValue ?

e Compiler will warn for hiding names by shadowing variables

}

else

-~y

{

StValue

& o

Sf($Sbefore, $fValue,

if (1

g

: SfvValue,

== ) |

(condValue,

} else {

g

(condValue,

bool condvValue = i1 ==

g

(condValue,

e

SSafter) ;

)

1)

condValue ?

"ESI
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SSafter);

L1

)

N B
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TEST YOUR CHANGES! (3/3)

* Both replacements are wrong for overloaded functions

1f (cond) {

bese iV mEEEp fcond

£(0);
}

* Compiler will not warn when the relevant conversion functions exist!

"hello™

1)

S

Powere d by industry,
academia and TNO
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FILTER (2/2)

* Find, filter, and replace

» Use filter to prevent incorrect changes from happening

e Library of standard filter functions

Side effect of placeholder?

* Interaction between placeholders?
* Hide variable?
* Same definition?

"ESI

Powered by industry,
academia and TNO

function Has_Side_Effect
(Match : Match_Pattern; Placeholder Name : String) return Boolean;
-- Has Execution of Expression a side effect?
-- Side effects include:

-- variables are changed, write to file, write to screen, ...

function Has Effect On
(Match : Match_Pattern; Placeholder A, Placeholder B : String)
return Boolean;

-- Does place holder effect place holder B?

-- Effects include

-- * output parameter of a function

-- used in the other placeholder

-- * side effect of a function (i.e. state change)

-- used in the other placeholder

function Are_Independent
(Match : Match_Pattern; Placeholder_1, Placeholder_2 : String)
return Boolean;

--  Are the placeholders independent?

-- In other words, can the order of execution of these placeholders

--  be changed without changing the behaviour of the program?
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" ESI

S U M M A R Powered by industry,
| aaaaaaaaa dTNO

* 040coders analyze and change software

* Existing tooling is limited

* Tools are inappropriate for code, tools cannot be integrated, tools have steep learning curve

* Rejuvenation library overcomes limitations m nY T'I E
* Concrete Syntax Patterns Pn R‘ E R

BE WITH
YOU!
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