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/* objlib.h -- header file for simple 0-0 runtime. */
#define TAG_NIL O

#define TAG_INT 1

#define TAG_STR 2

void *int_new(int v);

void *str_new(char *s);
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typedef struct {
int tag, nmethods; void* (¥*funcs)(); char* *names; int *ne
} ty_base;
extern ty_base nil_val;
typedef struct {
int tag, nmethods; void* (¥*funcs)(); char* *names; int *ne
int val;
} ty_int;
extern ty_int int_1_val, int_O_val;
typedef struct {
int tag, nmethods; void* (¥*funcs)(); char* *names; int *ne
char *str;
} ty_str;

XIS, XYY RERUPH T2 DREE send0. sendl & FHE
HIBTDORICHE VO EITRERE tst DEEIHY FT., CNHDODHBIE
BTHEMALT,

void *sendO(void *p, char *name);
void *sendl(void *p, char *name, void *q);

int tst(void *p);
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TlEZIIDH, FATZVEREDY —RATY, %HEM include
HoI|mFEY FI,
/* objlib.c --- runtime for simple 0-0 language. */
#include <stdio.h>
#include <stdlib.h>

#include <string.h>
#include "objlib.h"
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void *nil_to_i(void *p) {
return &int_O_val;

+

void *nil_to_s(void *p) {
return str_new("nil");

+

void *nil_print(void *p) A
printf("nil"); return p;

+

void *nil_println(void *p) A
printf("nil\n"); return p;

+

char *nil_names[] = {"to_i", "to_s", "print", "println"};

int nil_nargs([] = {0,0,0,0};

void* (*nil_funcs([]) () = {nil_to_i, nil_to_s, nil_print, nil.

ty_base nil_val = {
TAG_NIL, sizeof(nil_nargs)/sizeof(int), nil_funcs, nil_name

+;

% L CKEICnames, nargs. funcs DEHIZRARL. 1 D7EF
HBnilA TV MIY T AV v R 3DDEIINDRA
¥y THIME L F95
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void *str_to_s(void *p) {
return p,
+
void *str_to_i(void *p) {
return int_new(atoi(((ty_str*)p)->str));
+
void *str_print(void *p) A
printf ("%s", ((ty_str*)p)->str); return p;
+
void *str_println(void *p) {
printf ("%s\n", ((ty_str*)p)->str); return p;
+
void *str_add(void *p, void *q) {
char buf[100];
sprintf (buf, "V%s¥%s", ((ty_str*)p)->str, ((ty_strx)sendO(q,
return str_new(buf);
+
void *str_prompt(void *p) {
char buf[100];
printf (((ty_str*)p)->str); fgets(buf, 100, stdin);
buf [strlen(buf)-1] = ’\0’; return str_new(buf);
+
char *str_names[] = {"to_i", "to_s", "print", "println", "adc
int str_nargs[] = {0,0,0,0,1,0};
void* (*str_funcs([]) () = {str_to_i, str_to_s, str_print, str_
str_add, str_prompt};

void *str_new(char *s) {
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ty_str *xp = (ty_str*)malloc(sizeof (ty_str));

p—>tag = TAG_STR; p->nmethods = sizeof(str_nargs)/sizeof (ir
p->funcs = str_funcs; p->names = str_names; p->nargs = str_
p->str = (char*)malloc(strlen(s)+1); strcpy(p->str, s);

return (voidx*)p;
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void *int_to_i(void *p) {
return p,
+
void *int_to_s(void *p) {
char buf [100];
sprintf (buf, "%d", ((ty_int*)p)->val); return str_new(buf);
+
void *int_print(void *p) A
printf ("%d", ((ty_int*)p)->val); return p;
+
void *int_println(void *p) A
printf ("%d\n", ((ty_int*)p)->val); return p;
+
#define icalc(name, exp) \
void *name(void *p, void *q) {\
int x = ((ty_int*)p)->val, y = ((ty_int*)send0(qg, "to_i"))-
return int_new(exp); }
icalc(int_add, x+y)
icalc(int_sub, x-y)
icalc(int_mul, x*y)
icalc(int_div, x/y)
icalc(int_mod, x%y)
#define icmp(name, cmp) \
void *name(void *p, void *q) {\
int x = ((ty_int*)p)->val, y = ((ty_int*)send0(q, "to_i"))-
return (cmp) 7 &int_1_val : &int_O_val; }

icmp(int_gt, x>y)
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icmp(int_1t, x<y)

icmp(int_ge, x>=y)

icmp(int_le, x<=y)

icmp(int_eq, x==y)

icmp(int_ne, x!=y)

char *int_names[] = {"to_i", "to_s", "print", "println", "adc
"mul", "div", "mod", "gt", "1lt", "ge", "le", "eq", "ne"};

int int_nargs([] = {0,0,0,0,1,1,1,1,1,1,1,1,1,1,1};

void* (*int_funcs([]) () = {int_to_i, int_to_s, int_print, int._
int_add, int_sub, int_mul, int_div, int_mod, int_gt, int_I1t
int_ge, int_le, int_eq, int_ne};

void *int_new(int v) {
ty_int *p = (ty_int*)malloc(sizeof (ty_int));
p->tag = TAG_INT; p->nmethods = sizeof (int_nargs)/sizeof (ir
p—>funcs = int_funcs; p->names = int_names; p->nargs = int_
p—>val = v;
return (voidx*)p;

+

ty_int int_1_val = {
TAG_INT, sizeof(int_nargs)/sizeof(int), int_funcs, int_name

s

ty_int int_O_val = {
TAG_INT, sizeof(int_nargs)/sizeof(int), int_funcs, int_name

+;
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void *sendO(void *pl, char *name) {
ty_base *p = (ty_basex)pl;
for(int i = 0; i < p->nmethods; ++i) {
if (strcmp(p->names[i], name) == 0) {
if (p—>nargs[i] == 0) { return (p->funcsl[i]) (pl); }
fprintf (stderr, "tag %d, name %s, wrong args: O\n", p->
exit(1);

+
fprintf (stderr, "tag %d, name %s, undefined method\n", p->t
exit(1);
+
void *sendl(void *pl, char *name, void *ql) {
ty_base *xp = (ty_basex)pl;
for(int i = 0; i < p->nmethods; ++i) {
if (strcmp(p->names[i], name) == 0) {
if (p—>nargs[i] == 1) { return (p->funcs[i]) (p1, ql); }
fprintf (stderr, "tag %d, name %s, wrong args: 1\n", p-:>
exit(1);

¥
fprintf (stderr, "tag %d, name %s, undefined method\n", p->t
exit(1);
+
int tst(void #*pl) {
ty_base *p = (ty_basex)pl;
if (p->tag == TAG_NIL) { return O; }

19



if (p->tag == TAG_INT) { return ((ty_int*)p)->val; }

return 1;
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#include "objlib.h"

int main(void) {
void* s = str_new("input an integer> ");
void* n = sendO(sendO(s, "prompt"), "to_i");
void* i = sendl(n, "sub", &int_1_val);
while(tst(sendl1(i, "gt", &int_1_val))) {
if (tst(sendl1(send1(n, "mod", i), "eq", &int_O_val))) {
send0 (str_new("not a prime number."), "println");
return O;
ks
i = send1(i, "sub", &int_1_val);
b
sendO(str_new("a prime number."), "println");

return O;
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CDEDIT, [EDEIEIFITIARTA T Y ME sendN THERK
LTWEITA, GlEEEITCOREBEZFEVWEY, ETDL
DIIRDELDICTRY FT,

% gcc test3.c objlib.c
% ./a.out

input an integer> 97

a prime number.

% ./a.out

input an integer> 99
not a prime number.

T

HE 1 HIEEZOEFENE, BLEDL (S1TSVDF TV
O NEAEERT ISR LT)RDIEAE LTHL,
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d. BB EWERBELROT, BBIICHEHET S IR %>
THL, NTAID1ERDT Tput EHEIC get LI
BICHRINT 5] ENLTIETEXI D, send2ZFE&EL
TNIAYDEHERZ2EICIERTRET S (ETHEARE),

o

22



INSR AT ) MNERSEE

Q5 -wp U
ENTIE. EOSA TSIV ZFE>TNIRA T M %R
LTHET, VA ZOEANECEEDI—RNT. obj.c&
WO T 7AINNICHAINE T, TheEXDTAMA TS 2—H#EIC
OVNRAIILTBEEN AT T ALICRY ET,
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Package samdl;

Helpers
digit = [’0’..°9°] ;
lcase = [’a’..’z’] ;
ucase = [’A’..°Z°] ;

letter = lcase | ucase | ’_7 ;

graph = [? ?..77’] ;
nodq = [graph - ’"’] ;
Tokens
sconst = "’ (nodq | 7\7 graph)* ynoH ;

iconst = digit+ ;
blank = (7 ’[13[10)+ ;
klass = ’class’ ;
method = ’method’ ;
end = ’end’ ;

var = ’var’ ;
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nil = ’nil’ ;
new = ’new’ ;
if = 1f’
while = ’while’ ;
semi = ’;’ ;
comma = ’,’ ;
dot = 7.7 ;
assign = ’=’ ;
lbra = °{’ ;
rbra = ’}’ ;
lpar = (7 ;
rpar = )’ ;

ident = letter (letter|digit)* ;

Ignored Tokens
blank;

Productions

prog = {class} cls prog

{empty}

cls = {one} klass ident vars meths end
vars = {one} ident vars

| {empty}
meths = {one} meth meths

| {empty}
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meth =
|

)

stlist

stat =

expr =

fact =

{para} method ident lpar [para]:ident rpar lbra stlj
{none} method ident lbra stlist rbra

= {stat} stlist stat

| {empty}

{assign} ident assign expr semi
{expr} expr semi

{if} if lpar expr rpar stat
{while} while lpar expr rpar stat
{block} 1bra stlist rbra

{fact} fact
{send0} expr dot ident
{send1} expr dot ident lpar [arg]:expr rpar

{iconst} iconst
{sconst} sconst
{nil} nil
{new} new ident
{ident} ident

{one} lpar expr rpar
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package samdl;

import samdl.parser.*;
import samdl.lexer.x;
import samdl.node. *;
import java.io.x*;

import java.util.*;

public class SamD1 {
public static void main(String[] args) throws Exception {
if (args.length != 3) A
Log.pError("usage: SamDl1 srcfile startclass startmethoc
System.exit (1) ;
¥
Parser p = new Parser(new Lexer(new PushbackReader(
new InputStreamReader (new FileInputStream(args[0]), "JI
1024))) ;
Start tree = p.parse();
ObjSymtab st = new ObjSymtab();
ObjChecker ck = new ObjChecker(st); tree.apply(ck); st.st
VarChecker vc = new VarChecker(st); tree.apply(vc);
if (Log.getError() > 0) { return; }
PrintStream hp = new PrintStream("obj.h"); st.emithdr (hp)
PrintStream pr = new PrintStream("obj.c");
pr.println("#include <stdlib.h>");
pr.println("#include \"objlib.h\"");
pr.println("#include \"obj.h\"");

Generator gen = new Generator(st, pr); tree.apply(gen);

27



st.emitbody(pr, args[1], args[2]); pr.close();

5 ALogl BB L TWEEAN—EBEH LI,

package samdl;
public class Log {
public static int err = O;
public static void pError(String s) { System.out.println(s;

public static int getError() { return err; }

+
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package samdl;

import java.util.x;

import java.1io.*;

public class 0bjSymtab {

public
public
public
public
String
public

static int newid = 4;

static int IVAR = 1, MVAR = 2, LVAR = 3, UNDEF = O;
Map<String,ClassData> cmap = new TreeMap<String,Clas
ClassData cur = null;

pnm = null, mnm = null,;

void enterClass(String n) {

if (!cmap.containsKey(n)) { cmap.put(n, new ClassData(n));

cur =

+
public

cmap.get(n);

void addIvar(String n) {

if (lcur.vset.contains(n)) { cur.vset.add(n); return; }

Log.pError(cur.name + ": dupl var " + n);

+
public

void addMethod(String m, String p) {

if (cur.mmap.containsKey(m)) { Log.pError (cur.name+": dup]

else

¥
public

{ cur.mmap.put(m, p); }

void addMethod(String m) {

if (cur.mmap.containsKey(m)) { Log.pError (cur.name+": dup]

else

+
public

{ cur.mmap.put(m, null); %}

void enterMethod(String m, String p) { mnm = m; pnm
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public void enterMethod(String m) { mnm = m; pnm = null; }
public int vkind(String n) A
if(pnm !'= null && pnm.equals(n)) { return LVAR; }
if (mnm !'= null && mnm.equals(n)) { return MVAR; }
if (cur.vset.contains(n)) { return IVAR; }
return UNDEF;
+
public boolean isClass(String n) { return cmap.containsKey!
public void show() {
for(String n: cmap.keySet()) { cmap.get(n).show(); }
+
public void emithdr (PrintStream pr) {
for(String n: cmap.keySet()) { cmap.get(n).emithdr(pr); ]
+
public void emitbody(PrintStream pr, String scls, String sn
ClassData c¢ = cmap.get(scls);
if(c == null || !'c.mmap.containsKey(smeth) || c.mmap.get!
Log.pError("invalid start class "+scls+" or method "+sn
¥
for(String n: cmap.keySet()) { cmap.get(n).emitbody(pr);
pr.println("int main(void) {");
pr.printf (" send0(%s_new(), \"%s\"); return O; }\n", scls
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enterClass () IV T RICAB EZICEEN, FD Y S5 ADClassData
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DHEIFTTINSRBTELY,

show() IFZ DYV FADER]. A1 VAIVAEBD) XA b %
LTEAVY RORBIE (HNIX) NFT A ZIERFKRLET,
emithdr QO IXZ DY ZRICHILT BIBERERZHNOLET, F
EAEIREDI ZRATERLUT, VJ7REZDEDEA VR Y
AZBDEIHNEDEITTY,
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static class ClassData {
public String name;
public int id = newid++;
public Map<String,String> mmap = new TreeMap<String,Strir
public Set<String> vset = new TreeSet<String>();
public ClassData(String n) { name = n; }
public void show() {
System.out.println(name + ":");
for(String v: vset) { System.out.print(" " + v); }
System.out.println();
for(String k: mmap.keySet()) {
String v = mmap.get (k) ;
if (v == null) { System.out.printf(" %sO\n", k); }
else { System.out.printf(" %s(%s)\n", k, v);

¥
public void emithdr(PrintStream pr) {

pr.println("typedef struct {");
pr.println(" int tag, nmethods; void* (kx*xfuncs)();");
pr.println(" char* *names; int *nargs;");
for(String v: vset) { pr.println(" void *_"+v+";"); }
pr.println("} ty_"+name+";");
pr.println("void *"+name+"_new();");
by
public void emitbody(PrintStream pr) A
String n = name,

pr.printf("char *%s_names[] = {", n);
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for(String m: mmap.keySet()) { pr.printf("\"%s\",", m);

pr.println("};");

pr.printf ("int %s_nargs([] = {", n);

for(String m: mmap.keySet()) { pr.print(mmap.get(m) ==

pr.println("};");

pr.printf ("void* (*%s_funcs[]) () = {", n);

for(String m: mmap.keySet()) { pr.printf("%s_%s,", n, n

pr.println("};");

pr.printf ("void *%s_new() {\n", n);

pr.printf (" ty_%s *p = (ty_ls*)malloc(sizeof (ty_%s));\1

pr.printf (" p->tag=%d; p->nmethods=sizeof (%s_names)/siz

pr.printf (" p->funcs=)s_funcs; p->names=),s_names; p->nc
n, n, n);

for(String v: vset) { pr.printf(" p->_Vs=&nil_val;\n",

pr.println(" return (voidx)p; }");

+
} // ObjSymtab Df&H V)

emitbody ) IFFEFTHIFETAY Y RT—TILD 3 DDEF = H

NLET, TLTEFETIDIZTADAVAYIVRA=ZERT B
XYy ROEREZHNDLET, BEIFREDIZFATHIFEAL
ACTIN, 1 VR VAEEEFZ I N Tnil ICHEIET B &
AUV TRATEILE>TWET,
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package samdl;
import samdl.analysis.*;

import samdl.node. *;

public class 0ObjChecker extends DepthFirstAdapter {

ObjSymtab st;

public ObjChecker(ObjSymtab stl) { st = stl; }

@0verride

public void inAOneCls(AOneCls node) {
st.enterClass(node.getIdent() .getText());

+

@0verride

public void outAOneVars(AOneVars node) A
st.addIvar(node.getIdent() .getText());

+

@0verride

public void inAParaMeth(AParaMeth node) {
st.addMethod (node.getIdent () .getText (), node.getPara() .ge

+

@0verride

public void inANoneMeth (ANoneMeth node) {
st .addMethod(node.getIdent () .getText());
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2/NZ & VarChecker NETLEITHA. V7 ADAARAY v
ROAOTHRESEETDI SR/ AY Y KOREICRET 27
®IZ enterClass(). enterMethod() ZIMEV'E ¥, EEDF v
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package samdl;
import samdl.analysis.*;

import samdl.node. *;

public class VarChecker extends DepthFirstAdapter {

ObjSymtab st;

public VarChecker(ObjSymtab stl) { st = stl; }

@0verride

public void inAOneCls(AOneCls node) {
st.enterClass(node.getIdent() .getText());

+

@0verride

public void inAParaMeth(AParaMeth node) {
st.enterMethod(node.getIdent () .getText(), node.getPara().

+

@0verride

public void inANoneMeth (ANoneMeth node) {
st.enterMethod(node.getIdent () .getText());

+

@0verride
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public void outAAssignStat (AAssignStat node) {
if (st.vkind(node.getIdent () .getText()) != ObjSymtab.UNDE!
Log.pError ("undefined var: " + node.getIdent().getText(),

+

@0verride

public void outAIdentFact(AIdentFact node) {
if (st.vkind(node.getIdent () .getText()) != ObjSymtab.UNDE!
Log.pError ("undefined var: " + node.getIdent().getText(),

+

@0verride

public void outANewFact (ANewFact node) {
if(st.isClass(node.getIdent() .getText())) { return; }

Log.pError ("undefined class in new: " + node.getIdent() .g
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package samdl;
import samdl.analysis.*;
import samdl.node. *;

import java.io.x*;

public class Generator extends DepthFirstAdapter {
ObjSymtab st;
PrintStream pr;
String cname, mname, pname;
public Generator(ObjSymtab s, PrintStream p) { st = s; pr -
@0verride
public void inAOneCls(AOneCls node) {
cname = node.getIdent().getText(); st.enterClass(cname);
+
@0verride
public void inAParaMeth(AParaMeth node) {
pname = node.getPara() .getText(); mname = node.getIdent (]
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pr.printf ("void #*Ys_Y%s(void *_self, void *%s) {\n", cname
pr.printf (" ty_%s *self = (ty_ls*)_self;\n", cname, cname
pr.printf (" void *%s = &nil_val;\n", mname);

+

@0verride

public void outAParaMeth(AParaMeth node) {

pr.printf (" return %s; }\n", mname);

+

@0verride

public void inANoneMeth(ANoneMeth node) {
pname = ""; mname = node.getIdent().getText();
pr.printf ("void *Ys_Y%s(void *_self) {\n", cname, mname);
pr.printf (" ty_%s *self = (ty_l%s*)_self;\n", cname, cname
pr.printf (" void *%s = &nil_val;\n", mname);

+

@0verride

public void outANoneMeth (ANoneMeth node) {
pr.printf (" return %s; }\n", mname);

+

@0verride

public void outAAssignStat (AAssignStat node) {
String v = node.getIdent().getText(), e = (String)getOut
if (st.vkind(v) == ObjSymtab.IVAR) { v = "self->_" + v; }
pr.printf (" %s = %s;\n", v, e);

+

@0verride

public void outAExprStat (AExprStat node) {
pr.printf (" %s;\n", ((String)getOut(node.getExpr())));
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+

@0verride

public void caseAIfStat(AIfStat node) {
node.getExpr () .apply(this); String e = (String)getOut (noc
pr.printf (" if(tst(%e)) {\n", e);
node.getStat () .apply(this);
pr.println(" }");

+

@0verride

public void caseAWhileStat(AWhileStat node) {
node.getExpr () .apply(this); String e = (String)getOut (noc
pr.printf (" while(tst(%s)) {\n", e);
node.getStat () .apply(this);
pr.println(" }");

+

@0verride

public void outAFactExpr (AFactExpr node) {
setOut (node, getOut(node.getFact()));

+

@0verride

public void outASendOExpr (ASendOExpr node) {
setOut (node, String.format("sendO0(%s, \"%s\")",

(String)getOut (node.getExpr()), node.getIdent() .¢

+

@0verride

public void outASendlExpr (ASend1Expr node) {
setOut (node, String.format("sendl(%s, \"%s\", %s)",

(String) getOut (node.getExpr()), node.getIdent () .¢
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(String) getOut (node.getArg())));
+
@0verride
public void outAIconstFact(AIconstFact node) {
setOut (node, String.format("int_new(%s)", node.getIconst!
+
@0verride
public void outASconstFact(ASconstFact node) {
setOut (node, String.format("str_new(%s)", node.getSconst
+
@0verride
public void outANilFact(ANilFact node) {
setOut (node, "&nil_val");
+
@0verride
public void outANewFact (ANewFact node) {
setOut (node, String.format("%s_new()", node.getIdent() .ge
+
@0verride
public void outAIdentFact(AIdentFact node) {
String v = node.getIdent().getText();
if (st.vkind(v) == ObjSymtab.IVAR) { v = "self->_" + v; }
setOut (node, v);
+
@0verride
public void outAOneFact (AOneFact node) A
setOut (node, getOut(node.getExpr()));
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class main
acc v
method start {
acc = new myclass;
v = "enter number or ’0’> ".prompt.to_i;
while(v.ne(0)) A

acc.put(v);
v = "enter number or ’0’> ".prompt.to_i;

+
"total = ".add(acc.get) .println;

+
end
class myclass

mem
method put(v) { mem = v.add(mem); }

method get { get = mem; }

end
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BATHFERLET,

% java samdl/SamD1 test.obj main start
main:

acc v

start ()
myclass:

mem

get ()

put (v)

% gcc obj.c objlib.c
% ./a.out

enter number or ’0’>
enter number or ’0’>

enter number or ’0’>

O N 0o W

enter number or ’0°’>
total = 15
yA
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SEFTICERINEZO—RZRTHFELELI, TTAYIYIT
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typedef struct {

int tag, nmethods; void* (**funcs) ();

char* *names; 1int *nargs;

vold *_acc;

vold *_v;
} ty_main;
void *main_new();
typedef struct {

int tag, nmethods; void* (**funcs) ();

char* *names; int *nargs;

vold *_mem;
} ty_myclass;

void *myclass_new();
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#include <stdlib.h>
#include "objlib.h"
#include "obj.h"
void *main_start(void *_self) {
ty_main *self = (ty_mainx)_self;
void *start = &nil_val;
self->_acc = myclass_new();
self->_v = sendO(sendO(str_new("enter number or ’0’> "), "pz
while(tst(sendl(self->_v, "ne", int_new(0)))) {
sendl(self->_acc, "put", self->_v);
self->_v = sendO(sendO(str_new("enter number or ’0’> "), "pz
+
sendO(sendl(str_new("total = "), "add", sendO(self->_acc, g
return start; }
void #*myclass_put(void *_self, void *v) {
ty_myclass *self = (ty_myclassx*)_self;
void *put = &nil_val,;
self->_mem = sendl(v, "add", self->_mem);
return put; }
void #*myclass_get(void *_self) {
ty_myclass *self = (ty_myclassx*)_self;
void *get = &nil_val,;
get = self->_mem;

return get; }
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char *main_names[] = {"start",};

int main_nargs[] = {0,};

void* (*main_funcs[])() = {main_start,};

void *main_new() {

ty_main *p = (ty_mainx*)malloc(sizeof (ty_main));

p—>tag=4; p->nmethods=sizeof (main_names)/sizeof (int);
p—>funcs=main_funcs; p->names=malin_names; p->nargs=main_narg
p—>_acc=&nil_val;

p—>_v=&nil_val;

return (void*)p; }

char *myclass_names[] = {"get","put",};

int myclass_nargs[] = {0,1,};

void* (*myclass_funcs[]) () = {myclass_get,myclass_put,};
void #*myclass_new() {

ty_myclass *p = (ty_myclass*)malloc(sizeof (ty_myclass));
p—>tag=5; p->nmethods=sizeof (myclass_names)/sizeof (int);
p—>funcs=myclass_funcs; p->names=myclass_names; p->nargs=myc
p—>_mem=&nil_val,;
return (void*)p; }

int main(void) {

sendO(main_new(), "start"); return O; }
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abstract class Figure {
int xpos, ypos;
Color col;
public Figure(int x, int y, Color c) { ... #J&{k ... }
public void moveTo(int x, int y) { xpos = x; ypos = y; }
public void setColor(Color c) { col = c; }
public abstract void draw(Graphics g);

+

class Circle extends Figure {

int rad;
public Circle(int x, int y, int r) { ... #&#HL ... 3
public void draw(Graphics g) { ... MDFHE ... }

public void scale(float r) { rad = (int)(rad * r); }
+
class Rect extends Figure {

int with, height;

public Rect(int x, int y, int w, int h) { ... #J#bL ... }
public void draw(Graphics g) { ... KAEOHHE ...
public void rot90() { int z = w; w =h; h = z; }
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object object Circle vtable Rect vtable
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