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Running example (1/5)

m Compiler
— Parse files to build an AST

— Iterate over the AST
» Bind types
» Generate code




Running example (2/5)
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@ Running example (3/5)

package conpil er;

H i nport java.util. Set;

public class Method {
private Set statenents;
public void addStatenment (final Statement aStatenment) {
this.statenments. add(aSt at enent);

}

public void renmoveSt at ement (final Statenment aStatenent) {
this.statenments.remve(aStatenent);

}
}
package conpil er; package conpil er;
public class Field { public class Statement {
‘_‘ /* To be inplenmented. */ /* To be inplenmented. */

T }
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Running example (4/5)

package conpil er;
i mport java.util. Set;

public class Class {
private String nane;
private Set nethods;
private Set fields;

public String getNane() {
return this.nane;

}
public void addMet hod(final Method aMet hod) {

t hi s. met hods. add( aMet hod) ;
}

public void renoveMet hod(final Method aMet hod) {

t hi s. met hods. remove(aMet hod);

}
public void addFi el d(final Method aField) {

this.fields.add(aField);
}

public void renpveField(final Field aField) {
this.fields.renmove(aField);
}
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Running example (5/5)

package conpil er;

i mport java.util.lterator;
i mport java.util. Set;

public class ConpilationUnit ({
private Set classes;

public void addCl ass(final Class aC ass) {
this.classes. add(aCl ass) ;
}
public void renpoveCl ass(final Class aCl ass) {
this.classes. remve(aCl ass);
}
public Class getCl ass(final String aName) {
final lterator iterator = this.classes.iterator();
while (iterator.hasNext()) {
final Cass aClass = (Class) iterator.next();
if (aCl ass. get Name() . equal s(aNane)) {
return acCl ass;

}
}

return null;




Nalve implementation (1/7)

m How to generate microcode for
— Microsoft Windows operating system
— Intel Pentium processor
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Nalve implementation (1/7)

m How to generate microcode for
— Microsoft Windows operating system
— Intel Pentium processor

Add a gener at eCode()
T method In each class
=

|




Nalve implementation (2/7)

public class Method {

public String generateCode() {
String generatedCode = "";
/* Do sonething at the beginning. */
final lterator iterator = this.statements.iterator();
while (iterator.hasNext()) {

final Statenent aStatement = (Statenment) iterator.next();

gener at edCode += aSt at enent. gener at eCode();

}
/* Do something at the end. */

return gener at edCode;

}
}
public class Field { public class Statement {
public String generateCode() { public String generateCode() {
String generatedCode = ""; String generatedCode = ;
/* Do sonething. */ /* Do sonething. */
return generatedCode; return generat edCode;
} }
} }




' Nalveimplementation (3/7)

public class Class {

H H public String generateCode() {
String generatedCode = "";
/* Do sonething at the beginning. */
final lterator iteratorOnFields = this.fields.iterator();
while (iteratorOnFields.hasNext()) {
final Field aField = (Field) iteratorOnFields. next();
gener at edCode += aFi el d. gener at eCode() ;

}

final Iterator iteratorOnMethods = this.nmethods.iterator();
while (iteratorOnMet hods. hasNext ()) {

final Method aMet hod = (Method) iteratorOnMet hods. next();
gener at edCode += aMet hod. gener at eCode();

/* Do sonething at the end. */
return generat edCode;
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- Naive implementation (4/7)

public class ConpilationUnit ({

public String generateCode() {

String generatedCode = "";

/* Do sonething at the beginning. */

final Iterator iterator = this.classes.iterator();

while (iterator.hasNext()) {
final Cass aClass = (Class) iterator.next();
gener at edCode += aCl ass. gener at eCode() ;

}

/* Do sonething at the end. */

return gener at edCode;
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& Nalveimplementation (5/7)

m_: Main cu: c: Class m : Method s : Statement
CompilationUnit
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- Nalve implementation (6/7)

m Limitations of the naive implementation

— What about generating code for
e Linux on PowerPC?

e Linux on Motorola 680607?

 OS/400 on AS/4007




. Nalve implementation (6/7)

m Limitations of the naive implementation

— What about generating code for
e Linux on PowerPC?
e Linux on Motorola 680607?
 OS/400 on AS/4007

Combinatorial explosion of
N gener at eCodeFor XXX()

m methods In each class
|
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- Nalve implementation (7/7)

m Requirements

— Decouple the data structure
« The AST

— From algorithms on the data structure
 The gener at eCodeFor XXX() method

« And others, including type binding!
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- Nalve implementation (7/7)

m Requirements

— Decouple the data structure
« The AST

— From algorithms on the data structure
 The gener at eCodeFor XXX() method

* And others, including type binding!

N The Visitor design pattern

m guides you to do that!
HH



The Visitor design pattern (1/11)

“Represent an operation to be performed
on the elements of an object structure.
Visitor lets you define a new operation
without changing the classes of the
elements on which it operates.”

[Gamma et al.]




The Visitor design pattern (2/11)

| m Name : Visitor

m Intent : “Represent an operation to be
performed on the elements of an object
structure. Visitor lets you define a new
operation without changing the classes
of the elements on which it operates.”




. The Vigitor design pattern (3/11)

m Motivation : “Consider a compiler that
represents programs as abstract syntax
trees. It will need to perform operations
on abstract syntax trees for "static
semantic" analyses like checking that all
variables are defined. It will also need to

generate code.”




- TheVisitor design pattern (4/11)

m Motivation (cont'd) : “[...] It will be
confusing to have type-checking code
mixed with pretty-printing code or flow
analysis code. [...] It would be better if
each new operation could be added
separately, and the node classes were
Independent of the operations that apply
to them.”



The Vigitor design pattern (5/11)

= Motivation (cont'd) : “We can have both

by packaging related operations from
each class in a separate object, called a
visitor, and passing it to elements of the
abstract syntax tree as it's traversed.”



m The Visitor design pattern (6/11)

m Motivation (cont’'d) : “When an element

accepts the visitor, it sends a request to
the visitor that encodes the element's
class. It also includes the element as an
argument. The visitor will then execute
the operation for that element—the
operation that used to be in the class of
the element.”



m Applicability : Use the pattern when

— An object structure contains many classes
of objects with differing interfaces...

— Many distinct and unrelated operations
need to be performed on objects in an
object structure...

— The classes defining the object structure
N rarely change, but you often want to define
| new operations over the structure...

|
E The Visitor design pattern (7/11)
|




- The Visitor design pattern (8/11)
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m Participants

-
. TheVisitor design pattern (9/11)

: — Visitor (NodeVi si t or) — ConcreteElement
« Declares a Visit operation (Assi gnnment Node)
for each class... » Implements Accept ...
— ConcreteVisitor _ — ObjectStructure (Pr ogr anj
(TypeChecki ngVi si tor) « Can enumerate its elements
* Implements each Visit... « May provide a high-level
— Element (Node) Interface to allow the visitor
. Defines an Accept to visit its elements
operation... » May either be a composite
- (see C_omposite) ora
collection
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@ TheVigtor design pattern (10/11)

2 m Collaborations

anObjectStructure aConcreteElemeanta, aConcreteElamentB aConcrateVisitor
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- TheVisitor design pattern (11/11)

m Consequences : ...
m Implementation : ...
m Sample code : ...

® Known uses

— PADL ©

¥ Related patterns : Composite and

m Interpreter
|



J@ Better implementation (1/6)

package conpiler.visitor;

i mport
i mport
i mport
i mport
i mport

public

voi d
void
voi d
voi d
voi d
voi d
voi d
voi d

conpil er.
conpi l er.
conpi l er.
conpi l er.
conpil er.

Cl ass;

Compi l ati onUnit;
Fi el d;

Met hod;

St at enent ;

interface Visitor {

open(final Cdass adC ass);

open(final ConpilationUnit aConpilationUnit);
open(final Method aMethod);

close(final C ass aCl ass);

cl ose(final ConpilationUnit aConpilationUnit);
close(final Method aMet hod);

visit(final Field aField);

visit(final Statenment aStatenent);
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Better implementation (2/6)

public class Method {

public void accept(final Visitor aVisitor) {
aVi sitor.open(this);
final lIterator iterator = this.statenments.iterator();
while (iterator.hasNext()) {

final Statenment aStatement = (Statenment) iterator.next();

aSt at ement . accept (aVi sitor)

}

aVisitor.close(this);

public class Field {

public void accept(final Visitor aVisitor) {
aVisitor.visit(this);
}
}

public class Statement {

public void accept(final Visitor aVisitor) {
aVisitor.visit(this);

}




J@ Better implementation (3/6)

H H public class Cl ass {

aVi sitor.open(this);
final lIterator iteratorOnFields = this.fields.iterator();
while (iteratorOnFields. hasNext()) {
final Field aField = (Field) iteratorOnFields.next():
aFi el d. accept (aVisitor);
}

final lIterator iteratorOnMethods = this.methods.iterator();
whil e (iteratorOnMet hods. hasNext ()) {
final Method aMet hod = (Method) iteratorOnMet hods. next();

public void accept(final Visitor aVisitor) {

}

aVisitor.close(this);

aMet hod. accept (aVisitor);
'”L
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- Better implementation (4/6)

public class ConpilationUnit {

public void accept(final Visitor aVisitor) {
aVi sitor.open(this);
final lterator iterator = this.classes.iterator();
while (iterator.hasNext()) {
final Cass aClass = (Class) iterator.next();
aVi sitor.accept (aCl ass);

}

aVisitor.close(this);




| . . . .
m: Main I cu: I I c:Class | i m: Method | i s : Statement| I v IVisitor |
tomgilationuml | || I [ |

‘ accept(1Visitor) !

open(CompilationUnit)

accept(IVisitor)

——-

open(Class)

accept(IVisitor)

open(Method)

accept(IVisitor) T

visit(Statement)

close(Method)

close(Class)

close(ComgilationUnit)

s

Better implementation (5/6)
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. Better implementation (6/6)

m By using the visitor design pattern
— Decouple data structure and algorithms

— Allow the addition of new algorithms
without changing the data structure
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. Better implementation (6/6)

m By using the visitor design pattern
— Decouple data structure and algorithms

— Allow the addition of new algorithms
without changing the data structure

Much better, clearer
Implementation!




-m
- Conclusion

| = The Visitor design pattern is useful
anywhere you have

— A data (stable) structure
— Algorithms (infinite) on that data structure

m Design patterns provided good solution
mm torecurrent problems!




