VATAY T N TREIOH 13 AT Y =7 MNMERODEL

2019.1.9
1 A7y MNMERAEED @%%m
BiEEF T T BFE IR EEDEREIZOVTIE—FIIRNEDL) T UAZD, SHTIEFRITS

FBOPTEA TV 7 MEAZFENLSHEDNS LB >TWEY, TLT, j7317b%ﬁm
FEDOEEITIFINE TITHY BT TCRAFRIAUZFHITHENRDO LS BEBRAVRH Y 9,

(a) ATV N (A VARV A) DR — BBOER (1 VAR AER) B FHIHE (A Y
R) AL o A Y AR Y ADMED it 3,

(b) AV Y RIEOHU — A VARV AZBELTAY Y REFTHET L, ZTOA VY AX Y AT
Bid o Ay RBEOH I NG (BN,

(c) A VARVABT VA — A VARVAAYY RNWOLEBIZT VR AT 2L, TDOA1 YV
ARYADA VAR Y ABEBNT VA TED,

IN6DDH (a) FHIR T — &8 (N CTEMARIE 2RO & 5 Rl 2 EEMED B BERE) 2 FBIT
XHLVOERERLET, b) B4 LA TV M URA—Da—R (ROH L) AN#H T X,
ATV S OEENE S TORBROEMI 2MHTID L WO RKEED 9, (o) IXHERERE
WU TR (A TV 22 FAHOT =2 2 MBir 6 ROoNAEDEEINLD T2 I L&)
AREIZAR D LW D ERERED £7,
TUTC, ZIWORIEEFEDTIA VIZL o THBEMNES TRETH, RO KD B2 H OS5
LEBAONET,
(d) VA (XTI bOREEHRT D THIF] O XS BHESCHA) NERTE, 77 AILEIH
THEBDOA T2 b (A VARV A) RERT 5,

() VI AME/IFATY o7 MEICHRABIRANERTE., THUIHEDOWT [HH ATV T MC
HOLUZ (LALA—TRELEVEDHD) ATV I N 2EHBTED,

(f) 7T ARAYV Y RIZDWTEHINBEINEE > TWT, TAIEDIHMENB IR X5,

(g) AVTF M (BHMARLEDEIIMOA TV =7 b T 22 HNE LA TV D
BB, SEIEBREPIOATI I " eB/D EOBA TV MINLUT, BHIATIV
FQ@E@Q%Niiﬁtbf?if%%Qﬂ%ﬁbéﬂN5X&%%%%ﬁo

INSIFBOHFIIO < IFEBEENIZE HERIICEEMIZ YD 9, 2 2 TIREMARKREER 2 75
t@\iﬁ()();OwTWUtH\%@%t&»%ﬂﬂomf%%ﬂ%%biﬂ(@@ﬂﬂﬁ
AZIIZDVWTIRHNEN LK 2D T X520, ZIZTREREVERA,

2 A VRYVAEHEFMDBEEDELE
2.1 CEEZELTOEREE®M

ZZETTOSHEUHRADOELEHCTIIRRAROAM I — R UTHEWKE (72> 7)) 338 2BAL
TREULDN, ZI5EEFI—RMPEHIIRIZOTCEEL2HNI-—RELUTCHEHLET,



CEHEEMI—RELTHATZ 2213, C O30 /51 F10 L 2BFRAREI 25 LS %,
SHOMMBE £ /SAT S L D12 T— REERT 2 BEND 2 LS FHEAHEMY ETH, — /TR
D& BRE DY £,

e COAVUNA FIELK DY AT LATHMAMGEZRDT, ERI—RE2ZDYATLATHNE D,

o EHALAIDC AV FITREMITHE ANT WS 720, HEll TRELZERT 2 LD @i
B2 (MERED &) O — RAERMIZE S NG Z 2%,

e COIEMNTEYTVEELVFEART WD, HEHI— RORAVESTH D,

o EFI— RIZHENA DS, CAVNAS TORBREIZEI>THRHETED Z M%< HD,

2.2 T—HYHEEDEET

BRI, RO (a)~(c) 2EBT 2 LI RF—AE2 M L, W TTNE C SBOF— 4k
BEUTERBLET, TR -BEMZS4 b) hORALEL &5, (b) DAHEIR. H2A4T
VI MIDOWT, TOATIV I MBEEO AV Y ROLHTZ2IEE L TIFTHT, 2WH e ZAI1LH
DEJ, INz25HEHTEH2dD, M1DOESBEEZHHALEST, TNE2AVY REMETLIRTHD
ZEME TAVY RF—=T)) LIFUET,

names "add” "sub” "to_s"
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// objlib.h -- header file for simple 0-0 runtime.
#define TAG_NIL O

#tdefine 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 (void*)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_int*)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", "mne"};

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,
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 (voidx)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_basex)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_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]) (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_basex)pl;

if (p->tag == TAG_NIL) { return 0; }
if (p->tag == TAG_INT) { return ((ty_int*)p)->val; }
return 1;



}
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// testl.c --- demonstration for objlib usage.
#include "objlib.h"

int main(void) {

void* s = str_new("input an integer> ");

send0(send0(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");

void* n

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’..°Z°] ;

letter = lcase | ucase | ’_’ ;

graph = [? ?..°77]
nodq = [graph - ’"’]

Tokens

sconst = ’"’ (nodq | ’\’ graph)* ’"’

iconst = digit+ ;
blank = (* ’[13[10)+ ;

klass = ’class’ ;
method = ’method’ ;
end = ’end’ ;

var = ’var’ ;

nil = ’nil’ ;
new = ’new’ ;

if = 2if’

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
{if} if lpar expr rpar stat
{while} while lpar expr rpar stat
{block} 1lbra 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
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package samdl;

import samdl.parser.x*;
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 ObjSymtab();
ObjChecker ck = new ObjChecker(st); tree.apply(ck); st.show();
VarChecker vc = new VarChecker(st); tree.apply(vc);
if (Log.getError() > 0) { return; }
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();

}
77 ALog lFAELTWEEAN—IE#H L £,

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; }

}
3.3 E5xX
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package samdl;
import java.util.*;

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; pnm = p; }
public void enterMethod(String m) { mnm = 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;
}
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); }
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}
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 (" sendO0(%s_new(), \"%s\"); return 0; }\n", scls, smeth);
}

enterClass() (x7 7 AIZAD & ZIZMEEN, TDYV T AD ClassData BEIFTNIEA VARV A%
B U T cmap (Z&8k L, curlZZD2 J AD ClassData At 7V =7 M &RFFX 9,

addIvar () l& YV AZ VALK =BML £9, FEBUZIE classData 4 7V =7 MAMRFFT 27—
AREEICERT DT TY, 2EHERLOLTLTI—LLET,

addMethod () & AV W RZEMU A, TNE ClassData 4 7YV 7 MNMERFT 2 57— X i
IZBHIL %9, enterMethod() 1& 2 /SAHDET A Y W NIZABDKHINEY, /3T A & XFH] (F721%
null), XYY R4 % pom, mom (CORFFL 9,

isClass O IFEI N XFHIN Y T AZ[ L UTERINTOWENENEFHANTEL £9, show().
emithdr ) IXWTNEEK T T AIZDWT show(). emithdr() ZIERZIF T, emitbody() 1547
FlG 2 A ) AV REPIELWINF 2y 7 Ulzdh &, &2 T ATDWT enitbody ) #FFU, m&IC
(BAER S 7 ADA Y AR Y A% B UTHIBEAY v REZIER] ZIFD C S50 main() 24K L £,

ClassData I(XFEARMIZZD Y T ADAY Y REEZERFT 2 mmap & 1 VARV AL % R D
vset D EMELRKETY, INHDA VAL Y AZEHIFEENANS (LW >TH 0bjSymtab
DOHZTTTD) ZRTEET,

show() X2 D7 T ADHH. 1 VARV AEHOY A b, TLUTEAY Y KOANE (HHUZ) /3
T AR EERFR U EF, enithdrO X DY T AT IHEEREHREZHOLET, IFLALIK
EDIIATERAUT, 7T AKHDHREA VAR Y AEHDE DD D 21T,

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()) {
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 {");
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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 *Ys_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* (*%s_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=%d; 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->_Y%s=&nil_val;\n", v); }
pr.println(" return (voidx*)p; }");

3
} // ObjSymtab DF&H Y

emitbody O X EFTHIETAY Y RF—TID 3202 HHLET, TUTHETIDI T A
DA VARV ARERTDAVY ROEHEZHIUET, BEIFEDI T ATEIZEALRUTT I,
A VARV AEBHEE TART nil (LT 2L ZAIRI T AT LIZESTWET,

3.4 EBRFEMN

BRI IEZE NERDR 2 N AZBSTOET (I T AIDWTHIASIRU 20 2d), 1 /35AH & %47
32D 0bjChecker T, 77 ADALATY IAA TV bR L, A VARV ALRES Z
BRI VARV ABEEBINU, £2AYVY ROALTAV Y &L (HIUE) /85 A X4 %
BEkL £7,

package samdl;
import samdl.analysis.*;

import samdl.node.*;

public class ObjChecker extends DepthFirstAdapter {
ObjSymtab st;
public ObjChecker (ObjSymtab st1) { st = stil; }
@0verride
public void inAOneCls(AOneCls node) {
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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 /NAHIE VarChecker WEITLUETA, 7T ADALNRAY Y ROAOTIKGESRELDI T A/
AV ROIRBEIZFEE T D 7201C enterClass(). enterMethod() MU FEF, FEEDF v 713
AXD L ZATHLDER N D L2 HERTD I L, BEAVENZL SIZZDOERNR HD L%

RBT2ZL, TUT Inew 77 A% DPENZL EIZZDIIANGAET DL 2 MERTDH 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());

}

@0verride

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

}

@0verride
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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— R4

TlIEBIZa—REKTY, A UT, RF2oRHndsd CFEORNDI—RE2XFH &L
THHEL, X6 ETR1AFT2aI—R2HEALTVET, ETAYVY ROAOTIEAY Y ROEH
ATV FOBRIANDF Y A N EEKR L, MEREABEZOHEL £, HOTIHIERLKEZEE LT
return U F 9,

RASIZEOBHEIC L > TEBALZTDEE, /413 Tself->_| ZEHEIIOTABIZL, A
ADXFH % ZTDFE FHDIAAT COMRAZERL £, if ¥ while IZ AL TRMARZ Z30FH &
ULTHfRL., TNZEHWT C O if/while DFeEEZ ERK LU TN S, AR 2 ER L, TR 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);
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
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public void inANoneMeth(ANoneMeth node) {
pname = ""; mname = node.getlIdent().getText();
pr.printf ("void *%s_%s(void *_self) {\n", cname, mname);
pr.printf (" ty_%s *self = (ty_Y%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()));

}

@0verride

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

(String)getOut (node.getExpr()), node.getIdent () .getText()));

}

@0verride

public void outASend1Expr (ASendl1Expr node) {
setOut (node, String.format("sendl(%s, \"%s\", %s)",
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(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 3— ROXFFHE UTHEL T ZIFTT,

EiTHEER I

TINIBA TV MEMSFEICEAHEI—RERUET, £9, myclass LD 7 J Aldput I
N/l ZIRZITHE L, get THAEDREMVPRETEZL W5 6HDTY, TU Tnain 7 7 AD start
TERITEZFBLE TS, ZE7oY 72U TOBANINDG £ TRZIZ EZEOD put 2 A THE
= Rat L. BgICEFt 2 DU £9,

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;
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}
"total = ".add(acc.get) .println;
}
end
class myclass
mem
method put(v) { mem = v.add(mem); }
method get { get = mem; }

end
gk amUET,

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

acc v

start ()
myclass:

mem

get O

put (v)

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

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

enter number or ’0°>

O N 0w

enter number or ’0°’>
total = 15
yA

BEFTIZERINZI—REZRTAZIL LD, FITAVATTN, BEAROEELHLDESE,
FUTHEBAVY ROTONEA TEER2 7 AT IZHALET, #EkohHIZA 72 XYy R
RETWEHRIUTTN, A VARV AZTHIZOWTIZ Y 7 AFIZEWNE T,

typedef struct {

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

void *_acc;

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

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

void *_mem;
} ty_myclass;

void *myclass_new();

WIZA—RTEN, FTRITADA VARV AAIY RBNTRTHIIN, TOHBTY T AEIC
AW RF—TIODEHIEZE AT 7 N2 ERT LN ERINET,
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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 = send0(sendO(str_new("enter number or ’0’> "), "prompt"), "to_i");
while(tst(sendl(self->_v, "ne", int_new(0)))) {
sendl1(self->_acc, "put", self->_v);
self->_v = send0(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 = sendl(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,J};
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) {

sendO0(main_new(), "start"); return 0; }
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abstract class Figure {
int xpos, ypos;
Color col;
public Figure(int x, int y, Color c) { ... #J#ifk ... %}
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) { ... #J#ML ... 3
public void draw(Graphics g) { ... FIDfHE ... }
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 r0t90

height \Circle: Rect:/
scale  rot90
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ZDEDIZUTBITIE 72& 2IE Figure:moveTo I Circle (28 LT Rect (R U TEMUHI N
FIH, A VARVALEKRLE UTT 72 A4 271 Figure TEHRINTWDIEDEZITRDT, #£
ADFHWESTOTERBAIL FHA, /2, drawliZEHBH5DIT T ADAY Y RF—TIVTE 3 A0y
NHEHSEDOMEIZH YD £, EEIZIEIEND E DIE Circle & Rect THDED TS, TLTZED
Tk, ThEhD Y 5 ZAMEDAY Y RBEEINET,
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