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names "add" "sub" "to_s"

nargs 1 1 0

funcs

\
int_add int_sub int to_s
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/* objlib.h -- header file for simple 0-0 runtime. */
#tdefine TAG_NIL O

#define TAG_INT 1

#tdefine 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 *nargs;
} ty_base;
extern ty_base nil_val;
typedef struct {
int tag, nmethods; void* (**funcs)(); char* *names; int *nargs;
int val;
} ty_int;
extern ty_int int_1_val, int_O_val;
typedef struct {
int tag, nmethods; void* (**funcs)(); char* *names; int *nargs;
char *str;
} ty_str;
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void *sendO(void *p, char *name);
void *sendl(void *p, char *name, void *q);
int tst(void *p);
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/* 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) {
printf("nil"); return p;
}
void *nil_println(void *p) {
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_println};

ty_base nil_val = {



TAG_NIL, sizeof(nil_nargs)/sizeof (int), nil_funcs, nil_names, nil_nargs

};
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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) {
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, "%s%s", ((ty_str*)p)->str, ((ty_strx)send0(q, "to_s"))->str);
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", "add", "prompt"};
int str_nargs[] = {0,0,0,0,1,0};
void* (*kstr_funcs[])() = {str_to_i, str_to_s, str_print, str_println,
str_add, str_prompt};
void *str_new(char *s) {
ty_str *p = (ty_str*)malloc(sizeof (ty_str));
p->tag = TAG_STR; p->nmethods = sizeof (str_nargs)/sizeof (int);
p—>funcs = str_funcs; p->names = str_names; p->nargs = str_nargs;
p—>str = (charx)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) {
printf ("%d", ((ty_int*)p)->val); return p;
}
void *int_println(void *p) {
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(q, "to_i"))->val; \
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_intx)p)->val, y = ((ty_int*)send0(q, "to_i"))->val; \
return (cmp) 7 &int_1_val : &int_O_val; }
icmp(int_gt, x>y)
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", "add", "sub",
"mul", "div", "mod", "gt", "1lt", "ge", "le", "eq", "me"};
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_println,
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int_add, int_sub, int_mul, int_div, int_mod, int_gt, int_1t,
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 (int);
p—>funcs = int_funcs; p->names = int_names; p->nargs = int_nargs;
p—>val = v;
return (void*)p;
}
ty_int int_1_val = {
TAG_INT, sizeof(int_nargs)/sizeof (int), int_funcs, int_names, int_nargs, 1
+;
ty_int int_O_val = {
TAG_INT, sizeof(int_nargs)/sizeof (int), int_funcs, int_names, int_nargs, O

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

}
fprintf (stderr, "tag %d, name %s, undefined method\n", p->tag, name);
exit(1);
}
void *sendl(void *pl, char *name, void *ql) {
ty_base *p = (ty_base*)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]) (p1l, q1); }
fprintf (stderr, "tag %d, name %s, wrong args: 1\n", p->tag, name);
exit(1);

¥

fprintf (stderr, "tag %d, name %s, undefined method\n", p->tag, name);
exit(1);



}
int tst(void *pl) {
ty_base *p = (ty_base*)pl;
if (p->tag == TAG_NIL) { return O; }
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(send1(i, "gt", &int_1_val))) {
if (tst(sendl(sendl(n, "mod", i), "eq", &int_O_val))) {
sendO(str_new("not a prime number."), "println");
return O;
}
i = send1(i, "sub", &int_1_val);
}
sendO(str_new("a prime number."), "println");
return O;

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

input an integer> 97

a prime number.

% ./a.out

input an integer> 99

not a prime number.
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Package samdl;

Helpers
digit = [’0’..79°] ;
lcase = [’a’..’z’] ;
ucase = [’A’..°Z2°] ;

letter = lcase | ucase | ’_’ ;
graph = [> °..77°] ;
nodq = [graph - ’"’] ;

Tokens
sconst = ’"’ (nodq | ’\’ graph)x ’"’ ;

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

var = ’var’ ;

nil = ’nil’ ;

new = ’new’ ;

if = ’if’

while = ’while’ ;
semi = ’;’ ;

comma = ’,’ ;

dot = .7

assign = =’ ;

lbra = ’{’ ;

rbra = ’}’ ;

lpar = 2’ ;

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}
meth = {para} method ident lpar [para]:ident rpar lbra stlist rbra
| {none} method ident lbra stlist rbra

stlist

{stat} stlist stat
| {empty}

stat = {assign} ident assign expr semi
{expr} expr semi

I

| {if} if lpar expr rpar stat

| {while} while lpar expr rpar stat
I

{block} lbra stlist rbra

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

fact = {iconst} iconst
| {sconst} sconst
| {nil} nil
| {new} new ident
| {ident} ident
|

{one} lpar expr rpar

3.2 aAVNRAZSKFA4N
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package samdl;

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

import java.util.x*;

public class SamD1 {
public static void main(String[] args) throws Exception {
if (args.length '= 3) {
Log.pError("usage: SamD1 srcfile startclass startmethod.");
System.exit(1);
}
Parser p = new Parser(new Lexer(new PushbackReader(
new InputStreamReader(new FileInputStream(args[0]), "JISAutoDetect"),
1024)));
Start tree = p.parse();
ObjSymtab st = new 0ObjSymtab();
ObjChecker ck
VarChecker vc = new VarChecker(st); tree.apply(vc);
if (Log.getError() > 0) { return; }

new ObjChecker(st); tree.apply(ck); st.show();

PrintStream hp = new PrintStream("obj.h"); st.emithdr(hp); hp.close();
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);

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

3
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package samdl;

public class Log {
public static int err = 0;
public static void pError(String s) { System.out.println(s); ++err; }
public static int getError() { return err; }

}
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package samdl;
import java.util.x*;

import java.io.x;

public class ObjSymtab {
public static int newid = 4;
public static int IVAR = 1, MVAR = 2, LVAR = 3, UNDEF = O;
public Map<String,ClassData> cmap = new TreeMap<String,ClassData>();
public ClassData cur = null;
String pnm = null, mnm = null;
public void enterClass(String n) {
if ('cmap.containsKey(n)) { cmap.put(n, new ClassData(n)); }
cur = cmap.get(n);
}
public void addIvar(String n) {
if ('cur.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+": dupl method "+m); }
else { cur.mmap.put(m, p); }
}
public void addMethod(String m) {
if (cur.mmap.containsKey(m)) { Log.pError(cur.name+": dupl method "+m); }
else { cur.mmap.put(m, null); }
}
public void enterMethod(String m, String p) { mnm = m; ponm = p; }
public void enterMethod(String m) { mom = m; pnm = null; }
public int vkind(String n) {
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;
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}

public boolean isClass(String n) { return cmap.containsKey(n); }

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 smeth) {
ClassData c = cmap.get(scls);
if(c == null || !c.mmap.containsKey(smeth) || c.mmap.get(smeth) != null) {

Log.pError("invalid start class "+scls+" or method "+smeth); return;

}
for(String n: cmap.keySet()) { cmap.get(n).emitbody(pr); }
pr.println("int main(void) {");
pr.printf (" send0(%s_new(), \"%s\"); return 0; }\n", scls, smeth);

}

enterClass () &7 T AIZAD & ZITMEEN, £DY T AD ClassData BEIT LA Y AX VA% E
JX U T cmap (&8 L. cur (2D 7 AD ClassData A 7V =7 2RI £7,

addIvar () I Y AR Y AZBEBMU £9, EBRITIE classData 4 7V =7 MMERF$T 57—
ARHEIZEE* T DZITTY, 2HEREOITI—LUET,

addMethod () XAV W RZEMU FTH, TNE ClassData 4 7V 7 MAMERFT 2 7 — X Wi
IEMU £9, enterMethod () (& 2 /S AHBAET A YV W RIZADKRHIIED, /8T A ZFH] (F721%
null), AYY R4 % pnm, mom (CORFFL 9,

isClass O IFEI N XFHIN T T A/ L UTERINTOENENZFTARTEL £9, show().
emithdr ) IFVWTNEEY T ZIZDWT show(). emithdr() ZIFER/ZIFTY, emitbody() 1d3E47
FlG 2 A ) AV REDIELWINF 2y 7 Ulzdh &, &2 T ATDWT enitbody ) U, m&IC
MBAIE S 5 ADA YV AL Y A= B UTHIBAY v R2IFS] ZIFD C E3ED nain() 24EK L £,

ClassData [3FEARWIZZD T T AD AV Y REFZ RIS S mmap & 1 VARV ALBRE 2 RE T 5
vset R DI EMELRKETY, INHDA VAL Y AZEHIFEENANS (LW >TH 0bjSymtab
DOHZITTTN) ZRTEET,

show() IZZ DY T ADHHET, A VAR Y AZBHDY AN, TUTEAY Y ROAHTE () /8
T ARENERFR LU ET, emithdrO) IXI DT 7 AT DEEREREZHNIUET, IFLALIE
EDYVIATEHERAUT, I AHDWREA VALY ABEDEZHNED ZIF T,

static class ClassData {
public String name;
public int id = newid++;
public Map<String,String> mmap = new TreeMap<String,String>();
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()) {
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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* (**funcs) ();");
pr.println(" char* *names; int *nargs;");
for(String v: vset) { pr.println(" void *_"+v+";"); }
pr.println("} ty_"+name+";");
pr.println("void *"+name+"_new();");
}
public void emitbody(PrintStream pr) {
String n = name;
pr.printf("char *Js_names[] = {", n);
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) == null 7 "0,":"1,"); }
pr.println("};");
pr.printf ("void* (*Ys_funcs[1)() = {", n);
for(String m: mmap.keySet()) { pr.printf("%s_%s,", n, m); }
pr.println("};");
pr.printf("void #*Y%s_new() {\n", n);
pr.printf (" ty_%s *p = (ty_ls*)malloc(sizeof(ty_%s));\n", n, n, n);
pr.printf (" p->tag=Yd; p->nmethods=sizeof (}s_names)/sizeof (int);\n", id, n);
pr.printf (" p->funcs=Ys_funcs; p->names=Js_names; p->nargs=/s_nargs;\n",
n, n, n);
for(String v: vset) { pr.printf(" p->_%s=&nil_val;\n", v); }
pr.println(" return (voidx*)p; }");

}
} // ObjSymtab DF&H Y

emitbody O X EFTHIETAY Y RF—TID 3202 HHLET, TUTHETIDI T A
DA VARV AR TEZAYY ROEHRELZHENLUET, HEIXEDIZ I ATEIZEA LR U TT D,
A VARV AEBHEE TART nil I LT 2L ZAIR I I AT LIZESTVWET,

3.4 EERAEMT

RIRMENTIZ T NEERD 2 SRR S THWET (7T AZDWTHIAZRU 20 2D), 13 AHZHE
792D 0bjChecker T, VT ADAATY I AL TV N HE L, A VARV AERESZ
CIZRERIZA VARV ABEEBMU, £/2AYVY ROAOTAYY REE (HIUK) 3T A &4
=B ET,

package samdl;

import samdl.analysis.*;
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import samdl.node.*;

public class ObjChecker extends DepthFirstAdapter {

ObjSymtab st;

public ObjChecker (ObjSymtab st1) { st = stil; }

@0verride

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

}

@0verride

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

}

@0verride

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

}

@0verride

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

}

}

2 /S AH % VarChecker WEITUETA, 7T ADALRAY Y ROAOTIEASREZDI T A/
AN ROIRREIZERE T 5 /2817 enterClass (). enterMethod() ZIFUNE T, EEBDOF v 713K
AXDE ZATEADERNH D Z & 2ERTE 8. BRAVWENZ L ZIZZTOEBNHD %
Wild22%, TUT (new 77 A% BN L IIZZFDIIANELET DI L2 MRTLH L
T,

package samdl;
import samdl.analysis.*;

import samdl.node.*;

public class VarChecker extends DepthFirstAdapter {

ObjSymtab st;

public VarChecker (ObjSymtab st1) { st = stil; }

@0verride

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

}

@0verride

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

}

@0verride

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

@0verride

public void outAAssignStat(AAssignStat node) {
if (st.vkind(node.getIdent () .getText()) != 0ObjSymtab.UNDEF) { return; }
Log.pError ("undefined var: " + node.getIdent().getText());

}

@0verride

public void outAIdentFact(AIdentFact node) {
if (st.vkind(node.getIdent() .getText()) != 0bjSymtab.UNDEF) { return; }
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().getText());

}

3.5 O— KN4

TlkEBIZaI—REKTT, At LT, K2R dd CSEORDI— RE2 X745 E L
THHRL, X6 ETR 1T 23 —R2HEALTVET, ETAYVY ROAOTIEAY Y ROEH
XTI NORADF ¥ A MR U, MRARZOMAL 9, HOTITERLSHEZMHEE LT
return U F 9,

RAZIZEBOFEIEIZ L > TERLTDOEE, /213 Tself—>_| 2EEIZOTABIZL, A1
ROXFH % ZDF FHDIAATCORAZERL T, if ¥ while IZAOTERAHE % £ 0F4 &
UTHEF L., ZHEHWT C O if/while DETEZ AR L TH O, MRS & ER L, REIC T} %
L T,

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(0ObjSymtab s, PrintStream p) { st = s; pr = p; }
@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().getText();

pr.printf ("void *%s_%s(void *_self, void *%s) {\n", cname, mname, pname);
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pr.printf (" ty_%s *self = (ty_%s*)_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 *%s_%s(void *_self) {\n", cname, mname);
pr.printf (" ty_%s *self = (ty_%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(node.getExpr());
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())));

}

@0verride

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

}

@0verride

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

}
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}

@0verride
public void outASendOExpr (ASendOExpr node) {
setOut (node, String.format("send0(%s, \"%s\")",
(String)getOut (node.getExpr()), node.getIdent () .getText()));
}
@0verride
public void outASend1Expr (ASendl1Expr node) {
setOut (node, String.format("sendl(%s, \"%s\", %s)",
(String)getOut (node.getExpr()), node.getIdent () .getText(),
(String)getOut (node.getArg())));
}
@0verride
public void outAIconstFact(AIconstFact node) {
setOut (node, String.format("int_new(%s)", node.getIconst().getText()));
}
@0verride
public void outASconstFact(ASconstFact node) {
setOut (node, String.format("str_new(%s)", node.getSconst().getText()));
}
@0verride
public void outANilFact(ANilFact node) {
setOut (node, "&nil_val");
}
@0verride
public void outANewFact (ANewFact node) {
setOut (node, String.format("%s_new()", node.getIdent().getText()));
}
@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) {
setOut (node, getOut(node.getExpr()));
}

KX SkE sendN (..) ATV MDA %E C I— ROXFFHE UTHEL THZIFTT,

3.6

‘t,\

EiTHEEKRI—F

FNIBATI T MEMSEICEBHEI—-RE2RUET, £9. myclass LW\ DT T A&

put INMEZIRZITIE L, get THAEDRGMPHHETELL WS HDTY, €U Tnain 7 7 A
D start TEITZFHLUETN, ZUITOY T REHUTONALIND FTRZIZ EGED put %
FATIEZRHEH L, RRIZAGIZ2H AL ET,
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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)) {
acc.put(v);
v = "enter number or ’0’> ".prompt.to_i;
b
"total = ".add(acc.get) .println;
b
end
class myclass
mem
method put(v) { mem = v.add(mem); }
method get { get = mem; }
end

NI 2R ET,

% 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 o0 w

enter number or ’0°>
total = 15
yA

BEFTIZERINZI—RERTAZILED, FITAVAXTTN, BEROEELHLDESE,
FTUTHEBRAVY ROTONEA TEER2 7 AT EIZH LU ET, BEEROhHIZ& 7L XYy R
RETEHRUTTH, A VARV ABEIZOWTIEY 7 AHIZENE T,

typedef struct {

int tag, nmethods; void* (**funcs) ();
char* *names; int *nargs;

void *_acc;

void *_v;
} ty_main;

void *main_new();
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typedef struct {
int tag, nmethods; void* (**funcs) ();
char* *names; int *nargs;
void *_mem;
} ty_myclass;
void *myclass_new();

WIZA—RTEN, FTEITADA VARV AAIY RBFTRTHAIIN, TDHBRTY 5 AEIZ
VY RF—TINOENEHRL ATV 7 N ERT B ERINE T,

#tinclude <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 = send0(sendO(str_new("enter number or ’0’> "), "prompt"), "to_i");
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°> "), "prompt"), "to_i");
}

sendO(send1(str_new("total = "), "add", sendO(self->_acc, "get")), "println");
return start; }
void *myclass_put(void *_self, void *v) {

ty_myclass *self = (ty_myclass*)_self;

void *put = &nil_val;

self->_mem = sendl1(v, "add", self->_mem);

return put; }
void *myclass_get(void *_self) {

ty_myclass *self = (ty_myclass*)_self;

void *get = &nil_val;

get = self->_mem;

return get; }

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=main_names; p->nargs=main_nargs;
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,l};
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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=myclass_nargs;
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#{L ... }
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) { ... ##ML ... 3
public void draw(Graphics g) { ... M@ ... }
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#ML ... 3
public void draw(Graphics g) { ... EAEOFHE ... }
public void rot90() { int z = w; w = h; h = z; }
}
Circle Rect .
object object Circle vtable Rect vtable
/ i Figure: :
(other info) / moveTo\ (other info)
Xpos Xpos moveTo - Figure: I~ moveTo
ypos ypos setColor | setColor = setColor
col col draw ~—.Circle: Rect,, —— draw
rad width scale draw  draw rot90
height \Circle: Rect:/

scale  rot90
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