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foralloOOOO0OO0OOOOOOO 6do
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forall00000000DO0DOO oO00OODO do
if o0000O0O then
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end if
end for
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end for
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end if
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end for
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O000ORubyOODOODODOODOOOOODOODOODODOODOODODOODOOOOODOO
Oo0o0ooooooooooooooooon

print.rb

p "first"
p "second".upcase()

00000000 00Dooo0ooo0ooooooooooooooooog
print.tbhO0 0000

% ruby hoge.rb
first
SECOND

Updboobobobuoboobobodboboobobobuoboboboobobod
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b=a
c=D>

OoboooobooooobooooboOos1ioboooDoo™feord00DOOOOODO
gboooooboood

b ——————* "“foo”
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O0o00o00Dooo0o0oo0o0oooooooooooooonooonoonooooooo
O00000000000000000000O”second”.upcase()DO0000O0O0ODOOOO
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000000000 0oDoOoO000DooO000Dooo000oooo00oooDoooooonDd
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iter.rb
[1, 2, 3, 4]
a.map{|x| x+x}
a.select{lx| x % 2 == 0}

a
b

ooD0oO0000b =102, 4, 6, 810000c = [2, 4]00000000DO eachD inject
gbobooboboboobooboooboobobooobobooobooobobooonoon
gboooobogoog
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3.2.1 000000

RubyOOOODOOOOO COOOOOOOOODOOOOODODOO VALUEDOOOOO
oo0C0OoOoOoOoOooooOOCOOCOOOO0000O0OODOOOVALUEDODDODOODDOO
O000OO00O0O0OO0VALUEODOOO

VALUE O
[typedef unsigned long VALUE; ]

00000000000000000000000000000000000000000
0 > unsigned long 0000000000 RubyD OO O OO
0000000000000000000000000000000000000000
ooooo

struct RClass oooooooon
struct RFloat 00

struct RString oon

struct RArray oo

struct RRegexp oooad

struct RHash Oo00ooooao
struct RFile 100 FileOd Socket O O
struct RData cOOo0ooooopoooooon

struct RStruct Ruby 0O OO Struct 00O
struct RBignum | 0O0O0OO

struct RNode 00o0ooboooooooag
struct RMatch oo0oooboogn

struct RRational | O O

struct RComplex | 00O

struct RObject gooogoboobooobg
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s RString 0 0O O ~

struct RString {
struct RBasic basic;
union {
struct {
long len;
char *ptr;
union {
long capa;
VALUE shared;

} aux;
} heap;
char ary[RSTRING_EMBED_LEN_MAX + 1];
} as;
};
N J
rRArraylZl oo ~

struct RArray {
struct RBasic basic;
union {
struct {
long len;
union {
long capa;
VALUE shared;
} aux;
VALUE *ptr;
} heap;
VALUE ary[RARRAY_EMBED_LEN_MAX + 1];
} as;

};
. J

RubyOO O 2000000000000 0000O0OODODDOODDOOCOOOOUOUORBasic
O00C0C0D basic0O0OO0O0O0O0OOOO 330000000VALUEOOCOOOOOOO
O0000000000000RBasicx00000000 basicOODO0O0OO0OO0ODOOOO
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RBasictEhE {F RBasictEhE {F RBasictEhE {F
unian § unian §

struct {

}...

;

struct {

}...

;

03300000000

00 RBasicOO OO
RBasicO OO

struct RBasic {
unsigned long flags;
VALUE klass;

¥

0000000000000 C0flagsObO00OO0O0ODOOODODOOOODODOOOODDOOO
0000000000 GCOODOO0ODO0O0D00D0OklassOODOOOOOOOODOO
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O000O00OheapU0 000 aryOODOO0OOOOOODO heapOOOOOOoOoooOO
000000000 RSTRING.EMBED_ LEN.MAXOOOOO aryOODOOOOODOOO
godg

heap OO DO OOODOODODODO

e long len
e char *ptr
e long capa

e VALUE shared

long lenJ 000000000 0000000O0D000O0O0O char *»ptr 0000000
UO0O0O0Olong capal char »ptr U0 00000000 OOO0DOOOO0OOO0OO0OOO
Ubo0bOobobobonoooob0obo0bdbOdllong capal 0 OO0 char *ptr
gboboobobobooobbJavabO0000D0OO0OO00OO0OODODOODOOODODOO
goooooOoOo0opboOo0ooboOoOooobOoOo0OoDOoO0o0O0DOOU0d by oODOO
gobbooooboobobooooobbboboooooobooooooobbooooon
U00000000000000000D0 VALUE shared 00000000 DO0OO0DOO
O,VALUE shared 00 O00O000D0COOOO0O RString0000C0O0ODOCOOOOO
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VALUE |——| 3na - 10

i pir (oLt r]ifnfaped | [ ]]]

| RClassEE{E

RStringE &+

basic klass » | RClasstEhEfF

shared

RStringE &+
hasic Klass ——t—» | RClassihElE

ary =
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[vaLce | BOBERRE

034 00000000000

3.2.2 VALUEOODOOOODOOOODO

VALUEOOOOOOOOODOOOOOOOO0OooOoOoOoO0O0o0ooooooooo void*
O000OOunsigned long DO 0000000000000 0O0O0O0O0O0OO0O60O00O0OO

e JOOODO
e OOO
e true

false

e nil

Qundef
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typedef struct RVALUE {
union {
struct {
unsigned long flags;
struct RVALUE *next;

} free;
struct RBasic basic;
struct RObject object;
struct RClass klass;
struct RFloat flonum;
struct RString string;
struct RArray array;
struct RRegexp  regexp;
struct RHash hash;
struct RData data;
struct RStruct rstruct;
struct RBignum  bignum;
struct RFile file;
struct RNode node;
struct RMatch match;
struct RRational ratiomnal;
struct RComplex complex;
} as;
} RVALUE;

J
000000000000 free0000000000O0O000OC0 RVALUEOOODOOOOO
OoooOoOoODOODODODODODODOOD0O00000 as.free.flags 0000 ORVALUEO
O000O0OO0O0OOOOORVALUEOD free000000000C0O0O0O0O0BOOOOOOOGO
O0O0oob0o0o0OO0O00d0 RBasicUOODOOOOOOOODOOOOOO0OOO RBasicO

U00 flagsOODOOOODOODOas.free.flags U as.basic.flags 000000000

O00Oas.basic.flagsUOOO0O00000O0O0OOOOOfreeD00000O0O0OOOO

U0O0O0as.basic.flags0 0UUOOUOO0OO0O0O00O0ODO as.basic.flags0 00000

0000 RVALUEOOODOOOOOOOOODODOODOOOO

35



RVALUEOOOOOO

0000000000000 0000 heapsslot OO0 0000000 OO0OOOOOOO0O
0o0oooooooooooooooooooooooooo

h slot 00O
Keapssot ™

struct heaps_slot {
void *membase;
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r rb_objspace 0 00 O

typedef struct rb_objspace {
struct {
size_t limit;
size_t increase;
} malloc_params;
struct {
size_t increment;
struct heap_slot *ptr;
size_t length;
size_t used;
RVALUE *freelist;
RVALUE *range[2];
RVALUE x*xfreed;
} heaps;
struct {
int dont_gc;
int during_gc;
} flags;
struct {
st_table *table;
RVALUE x*deferred;
} final;
struct {

(o (A)

VALUE buffer [MARK_STACK_MAX];

VALUE *ptr;

int overflow;
} markstack;
struct {

int run;

gc_profile_record *record;

size_t count;
size_t size;
double invoke_time;

} profile;

struct gc_list *global_list;

unsigned int count;

int gc_stress;

} rb_objspace_t;

J
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static void
gc_mark(rb_objspace_t *objspace, VALUE ptr, int lev) {
register RVALUE *obj;

obj = RANY(ptr);

if (rb_special_const_p(ptr)) return;

if (obj->as.basic.flags == 0) return;

if (obj->as.basic.flags & FL_MARK) return; /* already marked */
obj->as.basic.flags |= FL_MARK;

if (lev > GC_LEVEL_MAX || (lev == 0 && stack_check())) {
if (!mark_stack_overflow) {
if (mark_stack_ptr - mark_stack < MARK_STACK_MAX) {
*mark_stack_ptr = ptr;

mark_stack_ptr++;

}
else {
mark_stack_overflow = 1;
}
}
return;
}
gc_mark_children(objspace, ptr, lev+l);
\¥} J

ececmark 00 0000000000000 O0O0OOOOOOOOO 3000000000
000000000000 000000000000000DO0000D0DOO0000O00
O000000000000000000 obj->as.basic.flags |= FL_MARK; 000000
0000000000000 000ooooooooooooooooooooooooo
000000000000 Ogemark_children0OOOO0OOODOOOOOge_mark_children
oo0oooooooog

if (lev > GC_LEVEL_MAX || (lev == 0 && stack_check())) {0000000O0O0O0
0000000000000 000000000000O000D0DDO000D0D0O000000
O00D0o0000o00oooooooooooooooog
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r gc_mark_children

static void gc_mark_children(*objspace, ptr, lev)
rb_objspace_t *objspace; VALUE ptr; int lev;
{
register RVALUE *obj = RANY(ptr);
goto marking;

again:
obj = RANY(ptr);
if (rb_special_const_p(ptr)) return;
if (obj->as.basic.flags == 0) return; 0 /* free cell x/
if (obj->as.basic.flags & FL_MARK) return; UJ/* already marked */
obj->as.basic.flags |= FL_MARK;

switch (BUILTIN_TYPE(obj)) {

marking:
case RSTRING:
if (FL_TEST(obj, RSTRING_NOEMBED) U0 00O DO D (A)
&& FL_ANY(obj, ELTS_SHARED|STR_ASS0C)) {
ptr = obj—>as.string.as.heap.aux.shared;
goto again;
3
break;
case RARRAY:
if (FL_TEST(obj, ELTS_SHARED)) {
ptr = obj->as.array.as.heap.aux.shared;
goto again;
b
else {
long i, len = RARRAY_LEN(obj);
VALUE *ptr = RARRAY_PTR(obj);
for (i=0; i < len; i++) {
gc_mark(objspace, *ptr++, lev);
b
}
break;
case RDATA:
if (obj->as.data.dmark) (*obj->as.data.dmark) (DATA_PTR(obj));

break;
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void *free_ptr, *limit_ptr;

void *linear_allocation(size_t size) {

void *prev_ptr;
prev_ptr = free_ptr + size;

if (prev_ptr < limit_ptr) {
void *result_ptr = free_ptr;
free_ptr = prev_ptr;
return result_ptr;

3

else {
m (A)
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void *free_ptr, *limit_ptr;
size_t LINEAR_ALLOCATION_AREA_SIZE;

char *string linear_allocation(size_t size) {

void *prev_ptr;

/x (A) =/
if (size > LINEAR_ALLOCATION_AREA_SIZE)
return (char *)malloc(sizeof(char) * size);

/* (B) */

prev_ptr = free_ptr + size;

if (prev_ptr < limit_ptr) {
void *result_ptr = free_ptr;
free_ptr = prev_ptr;
return (char *)result_ptr;

b

else {
/% (C) */
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struct linear_slot {
void *start_ptr;
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void *1limit_ptr;

};

struct linear_slot *linears;
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