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loc = honl ;

if { ool ) stmi

if ( boel ) stmit else stmi
while ( hoof J st

do stmit while ( bool )
break ;
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bool
701N
equality
rel

expr

term
unary
factor
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bool || join | join

join && equality | equality

equality == rel | equality '= rel | rel

,expr < expr | expr <= ezpr | expr >= expr |
expr > expr | expr

expr + term | expr - term | term

term * unary | term / unary | unary

! wunary | - unary | factor

(bool) | loc | num | real | true | false
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1} package main; /! File Main.java

2) import java.io.*; import lexer.*; import parser.*;

3) public class Main {

4) public static void main(String[] args) throws IUException {
5) Lexer lex = new Lexer();

6) Parser parse = new Parser(lex);

7) parse.program() ;

8) System.out.write(’\n’);

9) }

10) ¥
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1) package lexer; /! File Tag.java
2) public class Tag {
3)  public final static int
4) AND = 256, BASIC = 257, BREAK = 258, D0 = 25§, ELSE = 260,
5) EQ = 261, FALSE = 262, GE = 263, ID = 264, IF = 265,
6) INDEX = 266, LE = 267, MINUS = 268, NE = 269, NUM = 270,
7) OR = 271, REAL = 272, TEMP = 273, TRUE = 274, WHILE = 275;
8)

Lpd r o3lizul 5400 gla S5 s ke 554) sl 4L TEMP , MINUS . INDEY ot 4w
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1) package lexer; // File Token.java

2) public class Token {

3)  public final int tag;

4)  public Token(int t) { tag = t; }

5)  public String toString() {return "" + (char)tag;}
}

(@)

1) package lexer; // File Num.java

2) public class Num extends Token {

3)  public final int value;
)
)
)

4 public Num(int v) { super(Tag.NUM); value = v; }
5 public String toString() { return "" + value; }
6) }

455 8 4 S slene o Gle IS 5o b Rles ki 5SS o e sl oplp esMe S
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1) package lexer; /f File Word.jave

2) public class Word extends Token {

3)  public String lexeme = "“;

4)  public Word(String s, int tag) { super(tag); lexeme = s; }

5)  public String toString() { return lexeme; }

6)  public static final Word

7) new Word( "&&", Tag.AND ), or
8) new Word( "==" Tag.EQ ), ne
) new Word( "<=", Tag.LE ), ge

and

new Word( "||", Tag.OR J,
new Word( "!=", Tag.NE ),
new Word( ">=", Tag.GE ),

eq
le

I n
]

10} minus = new Word( "minus", Tag.MINUS ),
11) True = new Word( "true", Tag.TRUE ),
12) False = new Word{( "false", Tag.FALSE ),
13) temp = new Word{ "t", Tag.TEMP };
14) }

DSl )}L’uﬁ P slasl ‘5‘}3 Real u«n)\s



1) package lexer; // File Real.java

2) public class Real extends Token {

3) public final float value;

4)  public Real(float v) { super(Tag.REAL); value = v; }
5) public String toString() { return "" + value; }

1}

(o)
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package lexer; /! File Lezer.java
import java.io.*; import java.util.*; import symbols.*;
public class Lexer { ;
public static int line = 1;
char peek = ' 7,
Hashtable words = new Hashtable();
void reserve(Word w) { words.put(w.lexeme, w); 7}
public Lexer() {
reserve( new Word("if", Tag. IF) )i
reserve( new Word("else", Tag.ELSE) );
reserve( new Word("while", Tag.WHILE) );
reserve( new Word("“do", Tag.DO) )3
reserve( new Word("break", Tag.BREAK) );
reserve( Word.True ); reserve( Word.False );
reservg( Type.Int ); reserve( Type.Char );
reserve( Type.Bool ); reserve( Type.Float );
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}
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18)  void readch() throws IOException { peek = (char)System.in.read(); }
19)  boolean readch(char c¢) throws IOException {

20) readch();

21) if( peek != ¢ ) return false;

22) peek = * 7;

23) return true;

24) %}

bshs) <= Ju (S gla SLS (VP — Y bohs) 55l 0 gy dde gLl Dl L scan b
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65)
66)

69)
69)
70)

public Token scan() throws IOException {
for{ ; ; readch(} ) {
if( pesk == * ' || peek == ’\t’ ) co
else if( peek == ’\n’ ) line = line
else break;
}
switch( peek ) {
case ‘'&7:
if( readch(’&’) ) return Word.and;
case |7
if( readch(’)?) ) return Word.or;
case '=7;
if( readch(’=’} ) return Word.eq;
case '
if( readch(’=’) ) return Word.ne;
case ‘<’
if{ readch{’=?} ) return Word.le;
cage '>7;
if( readch(’=’) ) return Word.ge;
}
if( Character.isDigit(peek) ) {
int v = 0;
do {
v = 10%v + Character.digit(peek,
} while( Character.isDigit(peek) );
if( peek != ’.’ ) return new Num(v);
float x = v; float d = 10;
for(;;) {
readch(};
if( ! Character.isDigit{peek) } b
¥ = x + Character.digit(peek, 10)
}
return new Real(x);
}
if( Character.isletter{peek) ) {
StringBuffer b = new StringBuffer(};
fdo {
b.append{peek); readch();

ntinue;
+ 1

else return
else return
else return
else return
else return

else return

10); readch

2.
L]
[=¥

} while( Character.isLetterOrDigit(peek) );

N String & = b.toString();
Word w = (Word)words.get(s);
if( w !'= null ) return w;
w = new Word(s, Tag.ID);
words.put(s, w);
return w;

new
new
new
new
new

new

0;

-

Token('%’};
Token(’|’);
Token('=7);
Token(’!’);
Token(<?);

Token(?*>');
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713 Token tok = new Token(peek); peek = ' ’;
72) return tok;

73} T

74) ¥
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1) package symbols; /! File Env.java

2) import java.util.*; import lexer.*; import inter.*;

3) public class Env {

4)  private Hashtable table;

5) protected Env prev;

6) public Env(Env n) { table = new Hashtable(); prev = n; }
7) public void put(Token w, Id i) { table.put(w, i); }
8) public Id get(Token w) {

9) for( Env e = this; e != null; e = e.prev ) {

10) Id found = (Id)(e.table.get(w));

11) if( found != null ) return found;

12) }

13) return null;

11) 3

15) }
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1) package symbols; /! File Type.java

2) import lexer.*;

3) public class Type extends Word {

4) public int width = 0; // width is used for storage allocation
5)  public Type(String s, int tag, int w) { super{s, tag); width = w; }

6)  public static final Type

7) Int = new Type( "int", Tag.BASIC, 4 ),

8) Float = new Type( "float", Tag.BASIC, 8 ),

9) Char = new Type( "char", Tag.BASIC, 1),

10) Bool ‘—!new Type( "bool", Tag.BASIC, 1 );

ks ¢l g0 b gl (V0-Y bsks) max 5 (11-\Y bsks) numeric ol 5

11) public static boolean numeric(Type p) {

12) if (p == Type.Char || p == Type.Int || p == Type.Float) return true;
13) else return false;

14) }

15) public static Type max(Type pl, Type p2 ) {

16) if { ! numeric(pl) || ! numeric{p2) ) return null;

17) else if ( pt == Type.Float |] p2 == Type.Float ) return Type.Float;
18) else if ( pl == Type.Int |} p2 == Type.Int ) return Type.Int;
19) else return Type.Char;

200 %}

21) }

Ses s .ol 3w Type.Float , . Type.nt . Type.Char .sus gl om b hus
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1) package symbols; // File Array.jova

2) import lexer.*;

3) public class Array extends Type {

1) public Type of; /{ array *of* type

5)  public int size = 1; // number of elements

6)  public Array(int sz, Type p) {

7) super("[1", Tag.INDEX, sz*¥p.width); size = sz; of = p;

8) 1}

9)  public String toString() { return "[" + size + "] " + of.toString(); }
10) }
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1) package inter; // File Node.java

2) import lexer.x;

3) public class Node {

4) int lexline = 0;

5)  Node() { lexline = Lexer.line; }

6)  void error(String s) { throw new Error(“"near line "+lexline+": "+s); }
7) stat¥c int labels = (;

8) public int newlabel() { return ++labels; }

9)  public void emitlabel(int i) { System.out.print("L" + i + ":"); }
10)  puplic void emit(String s) { System.out.println("\t" + s); }

i1) }

type 5 op sbals l,ls EXpr S s s oylsl EXpr oo 55 bus osle byl
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1) package inter; // File Expr.java

2) import lexer.*; import symbols.*;

3) public class Expr extends Node {

4) public Token op;

5)  public Type type;

6) Expr(Token tok, Type p) { op = tok; type = p; }

qwﬂJ:TMJﬁnb L.-«‘JC,MJD Ja‘j}"_;dsts.h‘:)f ) |J ! ‘5‘ 4.1.«9.-” % h”)gen-\:ﬁ
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7) public Expr gen() { return this; }
8) public Expr reduce() { return this; }
9)  public void jumping(int t, int f) { emitjumps(toString(), t, £); }
10)  public void emitjumps(String test, int t, int £) {
11) if(t!'=0&& £ !=0) {
12) emit("if " + test + " goto L" + t);
13) emit("goto L" + £);
14) }
15) else if( t !'= 0 ) emit("if " + test + " goto L" + t);
16) else if( f != 0 ) emit("iffalse " + test + " goto L" + £);
17) else ; // nothing since both t and f fall through
18) 1} |
19)  public String toString() { return op.toString(}; }
20) 3}

25 o o &yl 4 EXpr 8 s 1, reduce 5 gn 55 i sl g5l ooy Id S

il oyl S Al

1) package inter; /{ File Id.java
2) import lexer.*; import symbols.*;

3) public class Id extends Expr {

4)  public int offset; // relative address
5)

)

public Id(Word id, Type p, int b) { super(id, p); offset = b; }

L))

}

« (Id.java fU ;50 L) super (id, p) Slelp .cul S G Id S anlis 4 by 0o 8
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1) package inter; /! File Op.java
2) import lexer.*; import symbols.x;
3) public class Op extends Expr {
4) public Op(Token tok, Type p) { super{tok, p); ]
5)  public Expr reduce() {
6) Expr x = gen();
7) Temp t = new Temp(type);
8) emit( t.toString() + " =" + x.toString() );
9) return t;
10) %
)

11) }

Sl p LATith osjle a8 o il ey 1) F 5+ Jio 09395 sl Khes Arith S
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RS el
1) package inter; /1 File Arith.java
2) import lexer.*; import symbols.¥;
3) public class Arith extends Op {
4)  public Expr exprl, expr2;
5)  public Arith(Token tok, Expr x1, Expr x2) {
6) super(tok, null); expri = x1; expr2 = x2;
7) type = Type.max(exprl.type, expr2.type);
8) if (type == null ) error{("type error"};
9y 1}
10)  public Expr gen() {
11) return new Arith(op, exprl.reduce(), expr2.reduce(});
12) 3
13}  public String toString() {
14} return exprl.toString(}+" "+op.toString(}+" "+expr2.toString();
15}
16) }

Jesl 5 b sl 4 oyle 55 2l a4 ) sl 4w 5ws Sl Cooms ZEN o
aivy ;o ON A4S 55 Jis Olgs 4. (Arithjava LB o)) L) sl o b sl 4 Khes
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1) package inter; /! File Temp.java

2) import lexer.*; import symbols.x;
3) public class Temp extends Expr {

5 int number = 0;

6 public Temp(Type p) { super{Word.temp, p); number = ++count; }
7 public String toString() { return "t" + number; }

8) }

)
)
)
4)  static int count = 0;
)
)
)
)

 Cwl Arith S 6 20,40 O gls Unary o0

package inter; // File Unary.java
import lexer.*; import symbols.*;
public class Unary extends Op {
public Expr expr;
public Unary(Token tok, Expr x) { // handles minus, for ! see Not
super(tok, null); expr = x;
type = Type.max(Type.Int, expr.type);
if (type == null ) error("type error");
b
public Expr gen() { return new Unary(op, expr.reduce()); }
public String toString() { return op.toString()+" "+expr.toString(); }
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1) package inter; /1 File Constant.jave

2) import lexer.*; import symbols.x;

3} public class fonstant extends Expr {

4)  public Constant(Token tok, Type p) { super(tok, p); }
5) public Constant(int i) { super(new Num(i), Type.Int); }
6) public atatic final Constant

7) True = new Constant(Word.True, Type.Bool),

8) False = new Constant(Word.False, TypetBool);

9}  public void jumping(int t, int £} {

10) if ( this == True &% ¢ != 0 ) emit{(“"goto L" + %),

11) else if ( this == False && f != 0) emit{"goto L" + f};
12) %

13) 3

fot b a5y i, 5o (Constant.java 6 ;5 4-\Y bghs) jumping i
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1) package inter; !/ File Logical.java

2) import lexer.*; import symbols.k;

3) public class Logical extends Expr {

4) public Expr exprl, expr2;

5)  Logical(Token tok, Expr xi, Expr x2) {

6) super (tok, null); // null type to start
7 exprl = x1; expr2 = x2;

§) type = check(exprl.type, expr2.type);

9) if (type == null ) error("type error");

0) 1}

1)  public Type check(Type pl, Type p2) {

2) if ( pl == Type.Bool k& p2 == Type.Bool ) return Type.Bool;
3) else return null;

4) }

5)  public Expr gen() {

6) int f = newlabel(); int a = newlabel();

7) Temp temp = new Temp(type);

8) this. jumping(0,£);

9) emit(temp.toString() + " = true");

0) emit("goto L" + a);

1) emitlabel(f); emit(temp.toString() + " = false");

2) emitlabel(a)};

3) return temp;

4) %

5)  public String toString() {

6) return expri.toString()+" "+op.toString()+" "+expr2.toString();
7}

8) }

S oole Glp 1, B &S O-Vr bsks) jumping uwe o Or S s
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1) package inter; /! File Or.java

2) import lexer.*; import symbols.*;

3) public class Or extends Logical {

4)  public Or(Token tok, Expr xi, Expr x2) { super(tok, x1, x2); }
5)  public void jumping{int t, int f) {

6) int label = t !'= 0 ? t : newlabel();

7) exprl. jumping(label, 0);

8) expr2. jumping(t,f);

9) if( t == 0 ) emitlabel(label);

0)
1)

¥
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1) package inter; // File And.java

2) import lexer.*; import symbols.*;

)
4)  public And(Token tok, Expr x1, Expr x2) { super(tok, x1, x2); }
5} public void jumping(int t, int £) {
6) int label = f '= 0 ? f : newlabel();
7) exprl.jumping(0, label);
8) expr2. jumping(t,f);
9) if( £ == 0 ) emitlabel(label);
10) 1}
11) }
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1) package inter; // File Not.java

2) import lexer.*; import symbols.x;

3) public class Not extends Logical {

4) public Not(Token tok, Expr x2) { super(tok, x2, x2); }

5)  public void jumping(int t, int £) { expr2.jumping(f, t); }

6)  public String toString() { return op.toString()+" "+expr2.toString(); }
7)}
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1) package intexn; // File Rel.java

2) import lexer.*; import symbols.¥;

3) public class Rel extends Logical {

4)  public Rel(Token tok, Expr x1, Expr x2) { super(tok, x1, x2); }
5)  public Type check(Type pi, Type p2) {

6) if ( pl instanceof Array || p2 instamgeof Array ) return null;
7) else if( pl == p2 ) return Type.Bool;

8) else return null;

9) %
10)  public void jumping(int t, int f) {
11) Expr a = exprl.reduce();
12) Expr b = expr2.reduce();
13)

String test = a.toString() + " " + op.toString() + " " + b.toString();

14) emitjumps(test, t, £);
15) %
16) }
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12) emit("if " + test + " goto L' + t); // File Expr.java
13) emit("goto L" + f);

Dgd oo M S g S Sl (Exprijava LU 50 sl he 5w fLLE S

15) else if( t != 0 ) emit("if " + test + " goto L" + t);
16) else if( £ != 0 ) emit("iffalse " + test + " goto L" + £f);
17) else ; // nothing since both t and f fall through

oyl elias 0L . A i ja 1, Access IS & by e a8 cemitjump K5 s 5,8 ol

)l a0 oliws Llg o Jg Sube 1 (Lgd 03l G wl,T polis 5 b awlis 4 Jg palie das o
A Sl B IS (gl jUumpIng a5 7 gole” AS WS gl gen aw f,ls Access WS sl
Slalp Cdse Jlaie K a4 4l plaws opl alS 31w |, emitjump ae (\\ Ls) jumping
oS wl,l s e S 4 baep vs}giw.ul‘aw%ig(f—« bohs) odijle .S

385 o g al,f wﬁi dwloes U1 5 & JS gd oo Sl



1) package inter; // File Access.jova
2) import lexer.*; import symbols.*;
3) public class Access extends Op {
4)  public Id array;
5)  public Expr index;
6) public Access(Id a, Expr i, Type p) { // p is element type after
7) super(new Word("[]", Tag.INDEX), p); // flattening the array
8) array = a; index = 1i;
9}
10)  public Expr gen() { return new Access(array, index.reduce(), type); }
11)  public void jumping(int t,int £) { emitjumps(reduce().toString(),t,f); }
12)  public String toString() {
13) return array.toString() + " [ " + index.toString() + " ]";
4y 3y !
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1) package inter; // File Stmt.java
2) public class Stmt extends Node {
3)  public Stmt() { }

) public static Stmt Null = new Stmt();

) public void gen(int b, int a) {} // called with labels begin and after
) int after = 0; // saves label after

} public static Stmt Enclosing = Stmt.Null; // used for break stmts

8) }
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1) package inter; /! File If.java

2) import symbols.*;

3) public class If extends Stmt {

4} Expr expr; Stmt stmt;

5)  public B(Expr x, Stmt s) {

6) expr = x; stmt = s;

7) if( expr.type != Type.Bool ) expr.error("boolean required in if");
3)

)

}
9 public void gen(int b, int a) {
10) int label = newlabel{); // label for the code for stmt
11) expr. jumping{0, a); // fall through on true, goto a on false
12) emitlabel{label); stmt.gen{label, a);
13)  }
14) ¥
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1) package inter; /] File Else.jova
2} import symbols.*;

3) public class Else extends Stmt {

4) Expr expr; Stmt stmtl, stmt2;

5)  public Else(Expr x, Stmt sli, Stmt s2) {

6) expr = x; stmtl = si; stmt2 = s2;

7) if( expr.type != Type.Bool ) expr.error("boolean required in if"});
8} 1}

9)  public void gem(int b, int a) {

10) int labell = newlabel(}; // labell for stmtl

11) int label2 = newlabel(); // label2 for stmt2

12) expr. jumping(0,label?2); // fall through to stmtl on true
13} emitlabel{labell); stmtl.gen(labell, a); emit("goto L" + a);
14) emitlabel(label2); stmt2.gen{label2, a);

15y}

16} ¥
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1) package inter; /! File While.java

2) import symbols.*;

3) public class While extends Stmt {

4)  Expr expr; Stmt stmt;

5) public While() { expr = null; stmt = null; }
6)  public void init(Expr x, Stmt s) {

7) expr = x; stmt = s;

8) if( expr.type '= Type.Bool ) expr.error("boolean required in while"};
9) 1

10)  public void gen(int b, int a) {

11) after = a; // save label a
12) expr. jumping(C, a);

13) int label = newlabel(); // label for stmt
14) emitlabel(label); stmt.gen(label, b);

15) emit("goto L" + b);

16) }

17) ¥



1) package inter; /! File Do.java

2) import symbols.*;

3) public class Do extends Stmt {

4)  Expr expr; Stmt stmt;

5)  public Do() { expr = null; stmt = null; }

6)  public void init(Stmt s, Expr x) {

) expr = x; stmt = s;

8) if( expr.type '= Type.Bool ) expr.error("boolean required in do");
9)  }

10) public void gen(int b, int a) {

11} after = a;

12) int label = newlabel(}; // label for expr
13) stmt.gen(b,label);

14) emitlabel(label);

15) expr. jumping(b,0);

16) 3}

17) ¥

‘_;)'Lw obl:a: M‘JWJA CJJL:&&S.:J%W)J ‘5‘ s lJLayL..:Jl‘Set u«n)\s
gen CU . (0-\Y) L}h») | C‘y‘ J}‘."Sj e; ool “ .jaﬁja Set uﬁ% BE 45«.#.5‘ Ry <
.(\f—\;k#)xs&ﬁxﬂbwjéiwjﬁné
1) package inter; // File Set.java

2} import lexer.*; import symbols.*;
3) public class Set extends Stmt {

4} public Id id; public Expr expr;

5)  public Set{Id i, Expr x) {

6) id = i; expr = x;

7) if ( check(id.type, expr.type) == null ) error("type error");
8) }

9}  public Type check(Type pi, Type p2) {

10) if ( Type.numeric(pl) && Type.numeric(p2) ) return p2;
11) else if ( pl == Type.Bool &% p2 == Type.Bool ) return pZ2;
12} else return null;

13) 3}

14)  public void gen(int b, int a) {

15) emit( id.toString() + " = " + expr.gen().toString() );
16)  }

17} }
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1) package inted,; // File SetElem.java

2) import lexer.*; import symbols.¥;

3} public class SetElem extends Stmt {

4) public Jd array; public Expr index; public Expr expr;

5) public SetElem(Access x, Expr y) {

6} array = x.array; index = x.index; expr = y;

7) if ( check(x.type, expr.type} == null ) error{("type error");
8) }

9}  public Type check(Type pl, Type p2) {

10} if ( pl instanceof Array || p2 instanceof Array ) return null;
11} else if ( pl == p2 ) return p2;

12} else if ( Type.numeric{pl) &% Type.numeric(p2) ) return p2;
13) else return null;

i)}

15} public void gen(int b, int a) {

16} String si = index.reduce().toString();

17} String s2 = expr.reduce().toString();

18) emit(array.toString() + " [ " + sl + " ] =" + 82);

19)  }

20) }
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1) package inter; // File Seq.java

2) public class Seq extends Stmt {

3)  Stmt stmtl; Stmt stmt2;

4)  public Seq(Stmt si, Stmt s2) { stmtl = si; stmt2 = s2; }
5)  public void gen(int b, int a) {

6) if ( stmtl == Stmt.Null ) stmt2.gen(b, a);

7) else if ( stmt2 == Stmt.Null )} stmtl.gen(b, a);
8) else {

9) int label = newlabel();
10) stmt1.gen(b,label);
11) emitlabel(label);
12) stmt2.gen(label,a);
13) }
14) %}
15) }
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package inter; // File Break.java
public class Break extends Stmt {

Stmt stmt;

public Break() {
if( Stmt.Enclosing == null ) error("unenclosed break");
stmt = Stmt.Enclosing;

} f

public void gen{(int b, int a) {
emit({ "goto L" + stmt.after);

+
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package parser; /] File Parser.java
import java.io.*; import lexer.*; import symbols.*; import inter.s;
public class Parser {

private Lexer lex; // lexical analyzer for this parser
private Token look; // lookahead tagen

Env top = null; // current or top symbol table

int used = (; // storage used for declarations

public Parser(Lexer 1) throws IOException { lex = 1; move(); }
void move() throws IDException { look = lex.scan(); 7}
void error(String s) { throw new Error("near line "+lex.line+": "+s); }
void match(int t) throws IOException {
if( look.tag == t ) move();
else error("syntax error");

¥
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public void program() throws IOException { // program -> block

}

Stmt s = block();
int begin = s.newlabel(); int after = s.newlabel();
s.emitlabel(begin); s.gen(begin, after); s.emitlabel(after);
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Stmt block() throws IOException { // block -> { decls stmts }

match(’{’); Env savedEnv = top; top = new Env(top);
decls(); Stmt s = stmts();

match(’}’); top = savedEnv;

return s;

SLE b opl 55 a8 (15 las) WS e sl b awlid 5l 1, sles Jda gl a3, ol SNl

void decls{) throws IOException {

}

while( look.tag == Tag.BASIC ) { // D -> type ID ;
Type p = type(); Token tok = look; match(Tag.ID); match(’;’);
Id id = new Id((Word)tok, p, used);
top.put( tok, id );
used = used + p.width;

¥

Type type() throws IOException {

}

Type p = (Type)look; // expect look.tag == Tag.BASIC
match{Tag.BASIC);

if{ look.tag i= [’ ) return p; // T -> basic

else return dims(p); // return array type

Type dims(Type p) throws I0Exception {

}

match(’[?); Token tok = look; match(Tag.NUM); match(’]’);
if( look.tag == '[’ )

p = dims{p);

return new Array{((Num)tok).vaine, pJ;
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Stmt stmts() throws I0Exception {.
if ( look.tag == '}’ ) return Stmt.Null;
else return nev Seq(stmt(), stmts());

}

Stmt stmt() throws I0Exception {
Expr x; Stmt s, s1, s2;
Stmt savedStmt; /1" save enclosing loop for breaks
switch( look.tag ) {
case ';’':

move();
return Stmt.Null;

case Tag.IF:

match(Tag.IF); match(’(’); x = bool(); match(’)’);
sl = stmt();

if( look.tag !'= Tag.ELSE ) return new If(x, sl);
match(Tag.ELSE) ;
82 = stmt();

return new Else(x, sl, s2);

cdse Tag.WHILE:

While whilenode = new While();

savedStmt = Stmt.Enclosing; Stmt.Enclesing = whilenode;
match(Tag.WHILE); match(’(’); x = bool(); match(®)?);
sl = stmt();

whilenode.irit(x, sl);

Stmt.Enclosing = savedStmt; // reset Stmt.Enclosing
return whilenode;

case Tag.DO:

Do donode = new Do();

savedStmt = Stmt.Enclosing; Stmt.Enclosing = donode;
matrh(MTas NBNY .

maubu\;ns.uu[,

sl = stmt();

match(Tag .WHILE); match(’(’); x = bool(); match(’)}’); match(’;’);
donode.init(sl, x);

Stmt.Enclosing = savedStmt; // reset Stmt.Enclosing

return donode;

case Tag.BREAK:

match(Tag.BREAK); match(’;?);
return new Break();

case '{’:

return block();

default:

}

return assign{);
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90) Stmt assign() throws IDException {

91) Stmt stmt; Token t = look;

92) match(Tag.ID);

93) Id id = top.get(t);

94) if( id == null ) error(t.toString() + " undeclared");
95) if( look.tag == ’=? } { // S ->id = E ;
96) move(); stmt = new Set(id, bool());

97) }

08) else { // S ->L=E;
99) Access x = offset(id);

100) match(’=’); stmt = new SetElem(x, bool());
101) }

102) match(’;?);

103) return stmt;

104) }
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Expr bool(} throws IOException {
Expr x = join();
while( look.tag == Tag.OR ) {
Token tok = look; move(); x = new Or(tok, x, join());
}
return x;
}
Expr jein() throws IOException {
Expr x = equality();
whilg( look.tag == Tag.AND ) {
Token tok = look; move(); x

new And(tok, x, equality());
}
return x;
}
Expr equality() throws IDException {
Expr x = rel();
while( look.tag == Tag.EQ || lock.tag == Tag.NE ) {
y new X

(]

return x;
}
Expr rel() throws IOException {
Expr x = expr();
switch( look.tag ) {
case ’<’: caszse Tag.LE: case Tag.GE: case '>7:
Token tok = look; move(); return new Rel{tok, x, expr());
defanlt:
return x;
}
}
Expr expr() throws I0Exception {
Expr x = term();
while( look.tag == '+’ || look.tag == -7 )} {
Token tok = look; move(}; x = new Arith{tok, =z, term());

Expr term() throws I0Exception {
Expr x = unary(J;
while(look.tag == '%’ || look.tag == ’/? ) {
Token tok = look; move(); x = new Arith(tek, x, umary());
¥
return x;
¥
Expr unary() throws I0Exception {
if{ look.tag == *-' )} {
move(); return nevw Unary(Word.minus, unary());
}
else if( look.tag == 17 ) {
Token tok = look; meve{); return new Not(tok, unary{));
1

else return factor();
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158) Expr factor() throws I0Exception {

159) Expr x = null;

160) switch( look.tag ) {

161} case *{°:

162) move{); x = bool(); match(’)’);

163) return x;

164) case Tag.NUM:

165) x = new Constant(look, Type.Int); move(); return Xx;
166) case Tag.REAL:

E@?) x = new Constant{look, Type.Ploat); move(); return x;
168} case Tag.TRUE:

169) x = Constant.Truse; move{); return x;
170) case Tag.FALSE:

171) x = Constant.False; move(); return x;
172) default:

173) error("syntax error");

174) return Xx;

175} case Tag.ID:

176) String s = look.toString(});

177) Id id = top.get(look);

178) if( id == null ) error(look.toString() + " undeclared");
179) move();

180) if( look.tag != '[’ ) return id;

181) else return offset(id);

182) }

183) 3

184)  Access offset(Id a) throws IOException { // I -> [E] | [E] I
185) Expr i; Expr w; Expr t1, t2; Expr loc; // inherit id
186) Type type = a.type;

187) match(’[’); i = bool(); match(’]’); // first index, I -> [ E ]
188) type = ((Array)type).of;

189) w = new Constant(type.width);

190) tl = new Arith(new Token(’#’), i, w);

191) loc = tl1;

192) while( look.tag == '[> ) { // multi-dimensional I -> [ E ] I
193) match(?[’); i = bool(); match(’]’);

194) type = {(Array)type).of;

195) w = new Constant(type.width);

196) t1 = new Arith(new Token(’*’)}, i, w);

197) t2 = new Arith(new Token(’+’), loc, t1);

198) loc = t2;

199) }

200) return new Access{(a, loc, type);

9m) 3

202) ¥
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// File test
int i; int j; float v; float x; float[100] a;
while( true ) {
do i = i+1; while( a[i] < v);
do j = j-1; while( af[j] > v);
if( i >= j ) break;
x = al[il; alil = aljl; alj]l = x;
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1)L1:L3: 1i=1i+1

2) LB: tl =1 * 8

3) t2 = a [ t1 ]

4) if t2 < v goto L3
5) L4: j=3j~1

6) L7: t3 = j * 8

7) t4 =a [ t3 ]

8) if t4 > v goto L4
9} LB: iffalse i »>= j goto L8
10} L9: goto L2

11)L8: t5b =i * 8

12) x =a [ t5 ]

13) L10: t6 = i * 8

14) t7 = j * 8

15) t8 =a [ t7 ]

16) a [ t6] = t8
I7)L11: 9 = j * 8

18) a [t9 ] =x

19} gota L1

20} L2:
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M = AT;

Tg = ].,

Cyp = 1;

B = Ixp; /* an n-by-n identity matrix */

while ( true ) {

/¥ 1. Make M|rg : ' — 1][¢g : ¢/ — 1] into a diagonal matrix with
positive diagonal entries and M[r' : n}lep : m] = 0.
M][r' : n] are solutions. */
r' = ry;
¢ = ¢;
while ( there exists M[r][c] # 0 such that
r—7' and ¢~ ¢ are both > 0) {
Move pivot M[r][c] to M[r'][¢'] by row and column
interchange;
Interchange row r with row 7' in B;
if ( M[r'][c'] <0) {
M[r'] = =1 % M[r'];
B[r'l = -1« B[r'"];
}
for (row =rgton ) {
if ( row # r' and M[rew][c'] # 0 {
u = —(Mfrou][¢)/M{)]);
Mirow] = Mirow] 4+ ux M[r'];
Blrow] = Blrow] + u * B[r'|;
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/* 2. Find a solution besides M’ : n}. It must be a
nonnegative combination of Mry : ' — 1}jcg : m] */
Find k,,,... , k-1 2 0 such that
ko Mro]lc' :m] 4+ -« + ko M[r' = 1)[¢" s m] > 0;
if ( there exists a nontrivial solution, say k, >0 ) {
M[T] = k‘fpoM[?"g] + e kf-r_...lM[?”‘f - 1];
NoMoreSoln = false;
} else /* Mr' : n] are the only solutions */
NoMoreSoln = true;

/* 3. Make M[rg : 7, ~ 1j[cg : m] > 0 */ |
if ( NoMoreSoln ) { /* Move solutions M[r' : n] to Mirg : r,, — 1] */
for(r=r"ton)
Interchange rows r and rg + 7 — 7/ in M and B;
rp=rg+n—r+1;
else { /* Use row addition to find more solutions */
rp =n+1;
for (col = tom )
if ( there exists M[row][col} < 0 such that row > rp )
if ( there exists M{r|[col] > 0 such that r > rg )
for (row =rgtor, —1)
if ( Mlrow][col} < 0) { _
= (= Mlroulfeoll/M[r]feo]
Mrow] = Mrow] + u % M|r];
Blrow] = Blrow] + u x Blr];
}
else
for ( row = r, — 1 toro step -1)
if ( Mrow][col] < 0 {
rn=1Tn—1;
Interchange M[row] with M{r,];
Interchange Blrow] with Blry];
}



/* 4. Make M(rg:rp —1][1:cg—1]>0%/
for (row =rptor,—1)
for (col=1tocg—1)
if ( Mrow][col] < 0 {

Pick an r such that M[r][col] > 0 and r < rg;
w = (- Mlrou]fcoll/Mr]fcol] T
Mrow] = M[row] + u* M[r];
Blrow| = B[row] + u * B[r};

/* 5. If necessary, repeat with rows M|r, 1 n] */
if ( (NoMoreSoln or rp > n or ry == ) {
Remove rows r, to n from B;

return B;
}
else {
Cp =M+ 1,
for ( col = m to 1 step -1)
if ( there is no M|[r]col] > 0 such that r < r,, {
Cp = Cp — 1;
Interchange column col with ¢, in M;
),
Ty = T,
Co = Cp;
}



