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Package cal c;

i mpor t  j ava. i o. * ;

c l ass Par ser  ext ends Scanner  {

publ i c  Par ser ( I nput St r eam i n)  {
super  ( i n) ;
next Sym( ) ;

}

publ i c  voi d expr essi on ( )  {
t er m( ) ;
whi l e ( sym == PLUS | |  sym ==

MI NUS)  {
next Sym( ) ;
t er m( ) ;

}
}

publ i c  voi d t er m( )  {
f act or ( ) ;
whi l e ( sym == MUL | |  sym == DI V) {

next Sym( ) ;
f act or ( ) ;

}
}

publ i c  voi d f act or ( )  {
i f  ( sym == NUMBER)  {

next Sym( ) ;
}  el se i f  ( sym == LPAREN)  {

next Sym( ) ;
expr essi on( ) ;
i f  ( sym == RPAREN)  next Sym( ) ;
el se er r or ( " ’ ) ’  expect ed" ) ;

}  el se {
er r or ( " i l l egal  s t ar t of  "  +

" expr essi on" ) ;
}

}
}
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Package calc;

import java.io.*;

class Parser extends Scanner {

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

}

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

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

}
return v;

}

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

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

}
return v;

}

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

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

} else if (sym == LPAREN) {
nextSym();
v = expression();
if (sym == RPAREN) nextSym();
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;
}

� ? �	
����
�/�	�
��
������
��
�������!

� � ��
� ��������
	�������
#
���
����� ��	�����
��������
�����!

� � ��
	�������
������
� ��������
#
��	
&�	�����	



G

Martin Odersky, LAMP/DI 11

$�������
��������������������%��������

� H ��	
����	
���	�����
� �������
-
�
���	
�
����� ��	�����

��������
�����
��
�<��>	
��
&�	�����
��
�����	��
�/���� ���

��	
�����		���	
���.� ������	!

� � ���
����	
��
�B ��	
#
Oper at i on,
NumLi t !

� � ���
����	
�<�����	
#
eval ,
t oSt r i ng!

� � �
���� ���
��>	
	�� ���!

� 6 ������� ���
��	
�����	
���
0I
'� �	�(,
@I
'C &(,
��
���	

����	
��
�B ��	!

� � �
��� �������
�������

D
* �I
�����		���	!

� ? �	
��
�/�

��/���
����������
�/��.����
$ �
	��������
��
�	�

��	��
�
� =� �!

Martin Odersky, LAMP/DI 12

� ��������������������

package cal c;

publ i c  abst r act  c l ass Tr ee {
i nt  pos;  / /  posi t i on pour  si gnal er

/ /  l es er r eur s,  pr ésent e
/ /  dans t ous l es noeuds.

/ * *  une sous- c l asse pour
r epr ésent er  l es nombr es * /

st at i c c l ass NumLi t ext ends Tr ee {

i nt val ue;

NumLi t ( i nt  pos,  i nt val ue)  {
t hi s. pos = pos;
t hi s. val ue = val ue;

}
}

/ * *  une sous- c l asse pour
r epr ésent er  l es opér at i ons * /

st at i c Cl ass Oper at i on ext ends Tr ee{

i nt  oper at or ;  
Tr ee l ef t ,  r i ght ;

Oper at i on ( i nt  pos,  i nt  oper at or ,
Tr ee l ef t ,  Tr ee r i ght )

{
t hi s. pos = pos;
t hi s. oper at or = oper at or ;
t hi s. l ef t = l ef t ;
t hi s . r i ght  = r i ght ;

}
}

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

class Parser extends Scanner {

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

}

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

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

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

}

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

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

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

}

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

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

nextSym();
} else if (sym == LPAREN) {

nextSym();
t = expression();
if (sym == RPAREN) nextSym();
else error ("’)’ expected");

} else {
error("illegal start of " +

"expression");
}
return t;

}
}
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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();

}
}

}
}

Martin Odersky, LAMP/DI 16

� ���������) ������ *

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



L

Martin Odersky, LAMP/DI 17

$�����������

� � &��
��
����
��
	�����
�	�����,
��
����
�
&���
�����	���

��	
����
��� ��	���	!

$ � ������
��
���&��
����
��
�B ��
!

$ � ������
��
���&��
����
��
� ��.���
��
������ ���!

� M �����
�	�
�
���	
��� � ���
E

� M �����
�	�
�
���	
�����
-
����	��
E

� � ������
��
���&��
����
��
�B ��
#
������
���
���&����
	��	*
��		�

� � ������
���
���&����
� ��.���
��
������ ���
#
������
��	

� ��.���	
��
������ ���
-
�.���
	��	*��		�!

Martin Odersky, LAMP/DI 18

	 ��������

� 1�
� ����
��
����������
'��	���
������(
4&�	�����4
���� ��
���

�����	���
	�� ���
��
��
���&���
������ ���	!

� 6 ����	
��	
� ��.���	
�<��
������ ���
	���
���������	
��	
��

�����
&�	�����

� �����
��
������
��
����
��
��	
������	
��� � ���	

� � �
�����
&�	�����
��������
����
�.���
����
K �<����
���

� ��.���
'������

caseK(
���
����
������
��	
����	
��
��

����!

� 1<����
��������
������� ���
���
� ��.���
��
������ ���

���������
���
��
���
��/��������
��
�����
&�	�����
�����!



�I

Martin Odersky, LAMP/DI 19

�������+�����������������������������

'��

�� �	
��	
���	��������	(
package calc;
public abstract class Tree {

int pos;
public abstract void apply(Visitor v);

public static class NumLit extends Tree {
int value;

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

public static class Operation extends Tree {

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

}
public interface Visitor {

void caseNumLit(NumLit tree);
void caseOperation(Operation tree);

}
}
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package calc;

import calc.Tree.*;

public class ToString implements Tree.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 Tree.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 misc;

public abstract class Tree {

// common for all trees
public final int pos;

abstract void apply(Visitor v);

static class Program extends Tree {
public final Tree[] funs;
public final Tree main;

public Program(int pos,
Tree[] funs, Tree main)

{
this.pos = pos; 
this.funs = funs; 
this.main = main; 

}

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

}
}

static class Formal extends Tree {
public final String name;
public final Tree type;

public Formal(int pos,
String name, Tree type)

{
this.pos = pos;
this.name = name;
this.type = type;

}

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

}
}

...

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

}
} 
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package misc;

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

pulic 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 main = expression();

Tree[] funs =
(Tree[])list.toArray(

new Tree[list.size()]);

accept(EOF);

return
new Program(start, funs, main);

}

...
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package misc;

import misc.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();

System.out.println();

}

print(tree.main);

}

...

public void print(Tree tree) {

tree.apply(this);

}

}


