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package calc;

import java.io.*;

class Parser extends Scanner {

public Parser(InputStream in) {
super(in);
nextToken();

}

public void expression() {
term();
while (token == PLUS ||

token == MINUS) {
nextToken();
term();

}
}

public void term() {
factor ();
while (token == MUL ||

token == DIV){
nextToken();
factor();

}
}

public void factor() {
if (token == NUMBER) {

nextToken();
} else if (token == LPAREN) {

nextToken();
expression();
if (token == RPAREN)

nextToken();
else error ("’)’ expected");

} else
error ("illegal start of " +

"expression");
}

}
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package calc;

import java.io.*;

class Parser extends Scanner {

public Parser(InputStream in) {
super(in);
nextToken();

}

public int expression () {
int v = term();
while (token == PLUS ||

token == MINUS) {
int operator = sym;
nextToken();
int v2 = term();
if (operator==PLUS) v = v + v2;
else v = v - v2;

}
return v;

}

public int term() {
int v = factor();
while (token == MUL ||

token == DIV) {

int operator = sym;
nextToken();
int v2 = factor();
if (operator==MUL) v = v * v2;
else v = v / v2;

}
return v;

}

public int factor () {
int v = 0;
if (token == NUMBER) {

v = Integer.parseInt(chars);
nextToken();

} else if (token == LPAREN) {
nextToken();
v = expression();
if (token == RPAREN)

nextToken();
else error ("’)’ expected");

} else
error ("illegal start of " +

"expression");
return v;

}
}
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If (x == 0) y = 1 else y = 2   devient ...
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abstract class Tree {

static class NumLit extends Tree {

int value;
...

}

static class Operation extends Tree {

int operator;
Tree left, right;
...

}

}
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if (tree instanceof NumLit) {
return ((NumLit)tree).value;

}
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package calc;

public abstract class Tree {
int pos ; // position pour signaler

// les erreurs, présente
// dans tous les noeuds.

/** une sous-classe pour
représenter les nombres */

static class NumLit extends Tree {

int value ;

NumLit (int pos, int value) {
this.pos = pos;
this.value = value;

}
}

/** une sous-classe pour
représenter les opérations */

static class Operation extends Tree {

int operator ; 
Tree left , right ;

Operation (int pos, int operator,
Tree left, Tree right)

{
this.pos = pos;
this.operator = operator;
this.left = left;
this.right = right;

}
}

}
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package calc;
import java.io.*;
import calc.Tree.*;

class Parser extends Scanner {

public Parser(InputStream in) {
super(in);
nextToken();

}

public Tree expression() {
Tree t = term();
while (token == PLUS ||

token == MINUS) {
int startpos = pos;
int operator = sym;
nextToken();
t = new Operation (startpos,

operator, t, term() ) ;
}
return t;

}

public Tree term() {
Tree t = factor();
while (token == MUL ||

token = DIV) {

int startpos = pos;
int operator = sym;
nextToken();
t = new Operation (startpos,

operator, t, factor() ) ;
}
return t;

}

public Tree factor() {
Tree t = null;
if (token == NUMBER) {

t = new NumLit (pos,
Integer.parseInt (chars));

nextToken();
} else if (token == LPAREN) {

nextToken();
t = expression();
if (token == RPAREN)

nextToken();
else error ("’)’ expected");

} else
error("illegal start of " +

"expression");
return t;

}
}

Martin Odersky, LAMP/DI 14

&�����������
�����
������'��

� ).
���
�����		���
�<
����
A �	�
�����	����
�
�
���
���.���

���
�����
A'( �
�	
�.
���
��
		�
�<
����!

� 1

���.���
�	�

�	��
���
�
�	
�

��
		�
6���,
��
�����������

�
�	
�.
���
	��	*��
		�!

� A���
��
����
��
	��	*
����,
��
	�����
�<
������
	

���.���

�����	����
��

�
�����		���
#
t.P().

� �
�	
�����
�������
#
�������
��	
���.���	
eval ��
toString

�
�	
��	
��
		�	
NumLit ��
Operation !

� 1�	
���.���	
eval ��
toString 	���

�	��
���	
�
�	
�

��
		�

6���,
����
����	
���&���
=���
��&�����	
	��
�.
���

����!

� )�
��<����	
����
&

��������
��
����
�������
��
�/
����!



K

Martin Odersky, LAMP/DI 15

&�����������
�((�������������������
�

'��


���	
��	
���	��������	(
package calc;

public abstract class Tree {
int pos ;

public abstract String toString ();
public abstract int eval ();

static class NumLit extends Tree {
int value ;

public String toString () {
return String.value0f(value);

}

public int eval () {
return value;

}
}

static class Operation extends Tree{
int operator ;
Tree left , right ;

public String toString () {
return "("+ left.toString() +

Scanner.representation(
operator) +

right.toString() + ")";
}

public int eval () {
int l = left.eval();
int r = right.eval();
switch (operator) {

case Scanner.PLUS:
return l + r;

case Scanner.MINUS:
return l - r;

case Scanner.MUL:
return l * r;

case Scanner.DIV:
return l / r;

default:
throw new InternalError();

}
}

}
}
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package calc;

class Main {

static public void main (String[] args) {

System.out.print("> ");

Tree t = new Parser(System.in).expression();

if (t != null)

System.out.println(t.toString() + " evaluates   
to " + t.eval());

}

}

� �����	
����
#
java calc.Main
> 2 * (3 + 4);
(2'*'(3'+'4)) evaluates to 14
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package calc;
abstract class Tree {

int pos ;
abstract void apply ( Visitor v);

static class NumLit extends Tree {
int value ;

void apply ( Visitor v) { v.caseNumLit(this); }
}

static class Operation extends Tree {

int operator ; Tree left , right ;
void apply ( Visitor v) { v.caseOperation(this); }

}
}

interface Visitor {
void caseNumLit (Tree.NumLit tree);

void caseOperation (Tree.Operation tree);
}
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package calc;

import calc.Tree.*;

class ToString implements Visitor {

String result ;

public void caseNumLit (NumLit tree) { 
result = String.valueOf(tree.value); 

}

public void caseOperation (Operation tree) {
result = "(" + visit(tree.left) +

Scanner.representation(tree.operator) +
visit(tree.right) + ")";

}

public static String visit (Tree tree) {
ToString v = new ToString();
tree.apply(v);
return v.result;

}
}
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package calc;

import calc.Tree.*;

class Eval implements Visitor {
int result;

public void caseNumLit (NumLit tree){
result = tree.value;

}

public void caseOperation (
Operation tree) {
int l = visit(tree.left);
int r = visit(tree.right);

switch (tree.operator) {

case Scanner.PLUS :
result = l + r; break;

case Scanner.MINUS:
result = l - r; break;

case Scanner.MUL:
result = l * r; break;

case Scanner.DIV:
result = l / r; break;

default:
throw new InternalError();

}
}

public static int visit (Tree tree){
Eval v = new Eval();
tree.apply(v);
return v.result;

}
}
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package calc;

class Main {

public static void main (String[] args) { 
System.out.print("> ");
Tree t = new Parser(System.in).expression();
if (t != null)

System.out.println(ToString.visit(t) + " evaluates to "
+ Eval.visit(t));

}
}
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package miscc;

public abstract class Tree {

// common for all trees
int pos ;

abstract void apply ( Visitor v);

static class Program extends Tree {
Tree[] funs ;
Tree body ;

Program (int pos,
Tree[] funs, Tree body) {

this.pos = pos; 
this.funs = funs; 
this.body = body; 

}

public void apply ( Visitor v) {
v. caseProgram (this);

}
}

static class Formal extends Tree {
String name;
Tree tpe;

Formal (int pos,
String name, Tree tpe) {

this.pos = pos;
this.name = name;
this.tpe = tpe;

}

public void apply ( Visitor v) {
v.caseVarDecl(this);

}
}

...

}

public interface Visitor {
void caseProgram ( Tree.Program tree);
void caseFormal ( Tree.Formal tree);
...

}
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package miscc;

import java.util.List;
import java.util.LinkedList;
import miscc.Tree.*;

class Parser extends Scanner {

...

Tree formal() {
int start = pos;
String name = chars;
accept(IDENT);
accept(COLON);
Tree type = type();
return

new Formal(start, name, type);
}

Tree program() {
int start = pos;

List list = new LinkedList();
while (token == DEF) {

list.add( declaration() ) ;
accept(SEMICOLON);

}

Tree body = body();
Tree[] funs =

(Tree[])list.toArray(
new Tree[list.size()]);

accept(EOF);

return
new Program(start, funs, body);

}

...
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package miscc;

import miscc.Tree.*;

public class Pretty implements Visitor {

public void caseProgram (Program tree) {

for (int i = 0; i < tree.funs; i++) {
print(tree.funs[i]);
System.out.println();

}

print(tree.body);

}

...

public void print (Tree tree) {
tree.apply(this);

}

}


