Abstract Syntax: Outline
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* Abstract vs. concrete syntax

® Parse tree

= Concrete syntax tree (CST)
= Abstract syntax tree (AST)

* AST in Java
* AST in SableCC
* The SableCC Java Packages

* The Visitor Design Pattern
= SableCC and the Visitor pattern
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Motivation

* AST gives a clean interface between front-end and back-
end of compiler.

* AST is used for
= Semantic analysis (type checking)
= SOMe optimization, e.g., constant folding

= Intermediate code generation (some times AST Is also used as
Intermediate code)

* Object-oriented languages convenient for defining AST
nodes.
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Concrete vs. Abstract Syntax, Example

* Concrete Syntax

<stmt> ®
<stmt> ®
<stmt> ®
<expr> ®
<expr> ®
<expr> ®
<expr> ®
<expr list>®
<expr list>®

<op> ®

<stmt> ; <stmt>
<id> = <expr>

print ( <expr list>)

id

num

<expr=> <op> <expr>
(<stmt>, <expr>)
<expr>, <expr list>
<expr>
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CST vs. AST, Example

stmt

N

print expr list

expr
/\

eEXpr op expr

num -+ num

CST

* Consider the example print 4 + 7

S

N

print +

N

num num

AST



Concrete Syntax Tree (CST)

* One leaf for each token of the source program

* One internal node for grammar rule reduced during the
parsing (not very abstract)

* Drawbacks

= Depends a lot of the grammar may be rewritten, e.g.,

+ eliminate left-recursion
o left-factoring

7 Large tree structure
+ Must be stored in main memory during compilation

= Contains extra unnecessary information (see from the backend)



Abstract Syntax Tree (AST)

* Conveys the phrase structure of the source program
* Has no semantic interpretation of the source program

* Advantages
= Independent of the grammar
= Compact (less main memory footprint of compiler)
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AST In SableCC

* A tree is described by one or more abstract classes,
corresponding to a symbol in the grammar.

* Each abstract class is extended by one or more
subclasses, one for each production.

* For each non-trivial symbol on right-hand side, there is a
field in the corresponding class.

* Each class has a constructor that initializes all fields and
IS thereafter immutable.
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SableCC AST MiniJava Example 1

Terminal

mai n_cl ass =
| denti fier _brace P.nmain nethod T.r_brace;

maps to \
package m ni | ava. node;

public final class AMai nCl ass extends PMai nCl ass
{

private TG as _clas_;

private Pldentifier _identifier_;

private TLBrace _|Brace_;

private PMai nMet hod nai nMet hod_;

private TRBrace rBrace_;

Production

publ i c AMai nC ass()

{ In file
J . /node/ AMainClass.java
[l snip

}
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SableCC AST MiniJava Example 2

cl ass declaration = T.clas identifier T.|l brace
P.var decl arati on*
P. met hod_decl ar ati on*
T.r_brace;

maps to

package m nij ava. node;
public final class AC assDecl aration extends PC assDecl aration
{
private TG as _clas_;
private Pldentifier _identifier_;
private TLBrace _|Brace_;
private final LinkedList _varDeclaration_
= new TypedLi nkedLi st (new Var Decl aration_Cast());
private final LinkedList _nethodDeclaration_
= new TypedLi nkedLi st (new Met hodDecl aration_Cast());
private TRBrace rBrace_;
/] snip In file
} /node/ AClassDeclaration.java
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Inheritance Inm ni ] ava. node

* Production inherits all from Node via abstract class

Node

+Node parent()
+void parent(Node parent

N

¢

PMainClass

PClassDeclaration

//empty

//empty

1

i

AMainClass

AClassDeclaration

+void apply(Switch sw)
//snip

+void apply(Switch sw)
//snip

~-| ((Anal ysi s) sw).caseAMni nCl ass(this)

((Anal ysis) sw.caseAd assDecl aration(this) |-




Inheritance In m ni | ava. node, cont.

* Tokens inherits all from Node via abstract class Token,
l.e. Node is the ancestor of all AST classes

Node

+Node parent()
+void parent(Node parent

N

Token

- String text I For error
-intline «—— | reporting
- int pos

A

TAnd EOF TWhiteSpace




Visitor Pattern

* [or object-oriented programming, the Visitor pattern
enables the definition of a new operation on an object
structure without changing the classes of the objects.

[Gamma et al]

* When using the Visitor pattern
= the set of classes must be fixed in advance, and
= each class must have an accept (or visit) method

* (Can be seen as an object-oriented way to implement a
switch (or case) statement.
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Visitor Pattern, cont.

S v om it | o~

» Visitor

visitElementA(ElementA)
visitElementB(ElementB)

A

ConcreteVisitorl

ConcreteVisitor2

visitElementA(ElementA)
visitElementB(ElementB)

visitElementA(ElementA)
visitElementB(ElementB)

» Element

accept(\Visitor v)

A

ConcreteElementA

ConcreteElementB

accept(Visitor v)
operationA()

accept(Visitor v)
operationB()

V. VisitEl ement A(t hi s)
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v.visitEl enent B(this)
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Using | nst anceof and Type Cast

* The running example: summing an integer list.

| nterface List{

}
class NI inplenments List{
}
cl ass Cons | nplenments List{
| nt head;
List tail;

}
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Using | nst anceof and Type Cast, cont.

List Ist; // the List object
| nt sum = O;
bool ean proceed = true;
whi |l e (proceed) {
I f (Ist instanceof N I|)
proceed = fal se;
else if (Ist instanceof Cons) {
sum = sum + ((Cons)l st). head,; /| type cast
st = ((Cons)lst).tail; /| type cast

}
}
* Advantage: The code is written without touching the

classes NI | and Cons.

* Drawback: The code constantly uses type casts and
| nst anceof to determine what class of object it Is
considering.
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Using Dedicated Methods

* The running example: summing an integer list.

* To access parts of an object, the classical approach is to
use dedicated methods which both access and act on the

subobjects.
| nterface List{

I nt sun();
}

* Can now compute the sum of all components of a given
List-object | by writing | . sun().



Using Dedicated Methods, cont.

class NI inplenents List {
public int sum(){
return O;
}
}

cl ass Cons | npl enments List{
I nt head; List tail;
public int sum(){
return head + tail.sunm();

}

} . . .
* Advantage: Object-oriented and the code can be written
In a systematic way without type casts.

* Disadvantage: For each new operation on Li st
objects, new dedicated methods have to be written, and
all classes must be recompiled.
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Visitor Pattern

* Divide the code into an object structure and a Vi si t or
(similar to functional programming)

* Addan accept method to each class. Each accept
method takes a Vi si t or as argument.

 AVI siItor contains a visit method for each class in the
object structure.

| nterface List{
voi d accept(MVisitor v);

}

I nterface Visitor{
void visit(NIl n);
void visit(Cons n);
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Visitor Pattern, cont.

* The purpose of the accept methods is to invoke the
visit method in the Vi si t or which can handle the
current object.

S mvmmime o mee S ettt sk ~ems N

class NIl inplenments List{
public void accept(Visitor v){
v.visit(this);
}
}

cl ass Cons | nplenents List{
| nt head,;
List tail;
public void accept(Visitor v){
v.visit(this);
}
}

| PR T o W R



Visitor Pattern, cont.

* The control flow goes back and forth between the visit

methods in the Vi si t or and the accept methods in

the object structure.

class SunMi sitor inplenents Visitor{
I nt sum = O;
public void visit(NI| x){}
public void visit(Cons x){
sum = sum + X. head;
X.tail.accept(this);

}
}

List | = new List();

SunVisitor sv = new SunVisitor();
| . accept (sv);

Systemout. println(sv.sum;

* The visit methods describe both actions and access of
subobjects.
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Visitor Pattern, cont.

* The Visitor pattern combines the advantages of the two
other approaches.

many type many
casts recompilations
Instance of and type cast yes no
Dedicated methods no yes
Visitor pattern no no

* Main advantage of visitors design pattern: New methods
(interpretation) can be added without recompilation!

* Requirement for using visitors design pattern: All classes
must have an accept method.
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Visitor Pattern, cont.

* Visitor makes adding new operations easy
= Write a new visitor.

* A visitor gathers related operations
= €.g., populating symbol table and type checking

* Adding new classes to the object structure is hard

= Are the algorithms applied over an object structure most likely
to change or are or are the classes of the objects structure most
likely to change?

* Visitors can accumulate state (e.g., sum in List example)

* Visitor can break encapsulation

= Visitor’s approach assumes that the interface of the object
structure classes is powerful enough to let visitors do their job.
As a result it is necessary to provide public method that access
Internal data structures of the object structure.
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The m ni J ava. node Package Again

* To implements Visitor design

pattern in SableCC there are <<interface>>
. Switch
two interfaces /7oty
= Sw t ch interface.
= Sw t chabl e interface.
= These two interfaces are not
connected by inheritance.

* The abstract class Node <<Interface>>
. . Switchable
Implements Swm t chabl e +void apply(Switch sw)
(and Cl oneabl e).

* The appl y method takes a

single argument of type
Sw t ch.



The m ni | ava. anal ysi s Package

* Anal ysi s implements the

Analysis

. . +caseAMainClass(

SW t Ch mterface. AMainClass node)
= Contains all the caseXxx methods T

* Anal ysi sAdapt er

<<Interface>>

AnalysisAdapter

= default implementation all method, is -Hashtable in;

empty.

e AST-walker classes

« Dept hFi r st Adapt er
o 1 NXXX( XxX Node)
o Oout Xxx( Xxx Node)

-Hashtable out:

A

DepthFirstAdapter

ReverseDepthFirstAdapte

+void inAMainClass(
AMainClassNode node)

+ void outAMainClass(
AMainClassNode node)

+void inAMainClass(
AMainClassNode node)

+ void outAMainClass(
AMainClassNode node)

= Rever sedDept hFi r st Adapt er
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The m ni | ava. anal ysi s package
package m nijava. anal ysi s;
| nport m nijava. node. *;

public interface Anal ysis extends Sw tch
{
Obj ect get | n(Node node);
voi d setl n(Node node, (bject in);
bj ect get Qut ( Node node);
voi d set Qut (Node node, (bject out);
[/snip
voi d caseAMai nC ass( AMai nCl ass node) ;
voi d caseAd assDecl arati on( ACl assDecl arati on node);
[/snip



Visitor Pattern in SableCC

<<iInterface>>

Analysis
+caseAMainClass(
AMainClass node)

. — :

Node AnalysisAdapter

Node parent() -Hashtable in;
void parent(Node parent) -Hashtable out;

| * | !

PMainClass PClassDeclaration DepthFirstAdapter

i ?

AMainClass AClassDeclaration

+void apply(Switch sw) +void apply(Switch sw)
//snip //snip

-1 ((Anal ysis) sw).caseAMai nCl ass(this)

(Anal ysis) sw).caseACl assDecl aration(this) r------
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SableCC AST Features

constructors
= Default empty constructor
= Smart takes children as parameters

appl y() implements the visitor pattern
cl one() clones/copies the entire subtree

par ent () returns the parent of the node (or null)
repl aceBy( ) replaces subtree by another subtree

toString() returns textual representation
get Text () /set Text () for tokens sets t
get Li ne() /set Li ne() for tokens sets t
get Pos( ) /set Pos() for tokens sets the

S mrmmrme o mee S vt it st mems A Lt €N romd o~

of subtree
ne text
e line no.

nosition.



SableCC Main Class

ackage mnijava; // the package

nport mnijava.node.*; inport mnijava.lexer.*; inport mnijava. parser.

nport java.io.*;
ubl i c class Min{
public static void main(String args[]){
Lexer | ex;
try{// create a new | exer
if (args.length > 0){// use file argunent
| ex = new Lexer (
new PushbackReader (
new Buf f er edReader (
new Fi | eReader (args[0])), 1024));
}
else{// read from Systemin
| ex = new Lexer (
new PushbackReader (
new | nput StreanReader (Systemin), 1024));

}
/'l connect |exer with parser
Parser p = new Parser(lex);
/| parse the tree and get abstract syntax tree (ast) back
Start ast = p.parse();
ast . appl y(new MyVisitor());

I\AM}‘. T e £ mrmedirg st memse A Lnmdrrmemd N yomd o~

~NO



summary

* Concrete vs. abstract Syntax

* The Visitor Design Pattern

= When object structure fixed and visitors most likely to change
= Used extensively in SableCC

= Also used in other tools that build syntax trees
+ The Java Tree Builder JTB (front-end to JavaCC)

* SableCC provides us automatically with an AST.
= Must implement visitors design pattern.



