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±ú�}��� �-Áº W=�_þvm���. ÊêW=�t���Hô�Ç ~½Ó\�"f t�è­q�9�¦ 
�m� ņus� P,�P,� }��y���H �	כ °ú _þvm���. Õª���� ��'�����
|	� t��FK �½Óë�H �- Q�Ð q��� �̧�¦ e��W1¹כ. Êë��[þt a�¦���>� �Ð?/r�l� ��³1Ñm���. s����ÅÒ��H “s����×�̈l�” ���¦ Ô�¦
o���H “Garbage Collection” \� @/K�"f l�Õüt
��̧2�¤ 
���x_þvm���. Garbage Collection \� @/K� �8 ú́§�Ér ��«Ñ\�¦
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"é¶
��������� ¦¹����̀כ ú̧� K�Z�~�Ér “Uniprocessor Garbage Collection Techniques” \�¦ {9�#Q�Ðr�l� ��³1Ñm���. ��
A�_� a�Aß¼\�"f ½̈½+É Ãº e��_þvm���.

ftp://ftp.cs.utexas.edu/pub/garbage/gcsurvey.ps

V� 2 â�
 e�Ôeµ�\�ê�> 6�£� 

GCC \�"f��H simple garbage collection ~½Ód����� mark-sweep ~½Ód���̀¦ ��6 x
��¦ e����HX<, mark-sweep ~½Ód��_�
�â
Äº ��A�ü< °ú s� 1lx���
�>� �)a��.

1. ÅÒl�&h�Ü¼�Ð ����̂ Bj�̧o�\�¦ �ÃÐÒ�o
�#� garbage \�¦ ¹1Ô6£§

2. Local ���Ãº[þtõ� C�\P�, stack \�"f �ÃÐ�̧
���H y�� object \�¦ ‘Ä»ò́�<Ê’ �©�I��Ð �̂ß¼

3. Ä»ò́
����¦ �̂ß¼�)a y�� Ì�o�̂[þts� �ÃÐ�̧
���H ���Ér Ì�o�̂[þt�̧ %i�r� ‘Ä»ò́�<Ê’

ÕªA�"f ‘mark éß�>�’\�"f��H Ä»ò́ô�Ç object \� @/K� ½̈ì�r�̀¦ 
���H éß�>�\�¦ ��5g ‘sweep éß�>�’\�"f��H Ä»ò́
�
���¦ óøÍéß�÷&t� ·ú§�Ér ��\þt]	כ @/ô�Ç 'õA�è\�¦ 
�>� �)a��. ÕªaË> 1 �Ér Mark-Sweep \� @/ô�Ç çß�éß�ô�Ç \V]j\�¦ �����·p
�,�+Ü¼�Ð	כ �rÒ�oÜ¼�Ð Ò�o}9��)a ��s	כ mark ÷&t� 3lwô�Ç �¦̀�	כ ��ØÔ�����.STACK LOCAL Variable ArrayObject1Object2Object3 Object4Object5 Object6Object7Object8

ÕªaË> 1: Mark-Sweep ~½Ód��\� @/ô�Ç çß�éß�ô�Ç ÕªaË>

GCC\�"f Garbage Collection �̀¦#Q�"�~½ÓZO�Ü¼�Ð��6 x½+É�ô�Ç�¦����̀¦K���ô�Ç��.���×þ�_�;�¤�Ér/@�\�����	כ 2
��t����>rF�ô�Ç��.
�����HMMAP �̀¦��6 x
���H��õ	כ ¢̧ ���Ér
�����HMalloc\�¦��6 x
�÷& page groupÜ¼�Ð��
¾º#QÒqty��
���H~½ÓZO�s���.l��:r&h�Ü¼�Ð gcc\�"f��H MMAP �̀¦��6 x
���H��ÆÒ¦̀�	כ�;
��¦e����. USING MMAP
B�ß¼�Ðü< USING MALLOC PAGE GROUPS ��H 1lxr�\� ������|̈c Ãº \O�Ü¼ 9 Ñüt ×�æ 
���ëß� ���×þ�|̈c Ãº e����.

2.1 ¦�>·ÈÐ

��A� [O�"î
�Ér $prefix/gcc/ggc-page.c ��{9�\� [O�"î
÷&#Q e����H ½̈�&³ ~½Ód��\� @/K�"f ���/åLô�Ç ?/6 xs���. s� [O�"î

�̀¦ s�K�
�l� 0AK�"f��H ��A�\� ��ü< e����H struct globals * ½̈�̧�̂ (3.1 ]X�, 4 Aá¤ �ÃÐ�¦)ü< struct page entry *
½̈�̧�̂ (3.2 ]X�, 5 Aá¤ �ÃÐ�¦) \�¦ ô�Ç��� �ÐU�́ ��êøÍ��.

s� garbage-collecting allocator ��H page [þt_� |9�½+Ë ×�æ 
���\��� object [þt�̀¦ ½+É{©�ô�Ç��. y�� page
��H single size _� object [þtëß� ½+É{©�½+É Ãº e����; 7£¤, s�6 x ��0pxô�Ç size [þt�Ér 4 ��s�àÔ\�"f r����
�
��H 2 _� ]jY�L°úכs���. ‘½+É{©� �_’õA'¹כ size ��H ��6£§ 2 (‘order’) _� ]jY�L��t� í�H�r
�>� ÷& 9 &h�{©�ô�Ç
page \� ëß�7á¤
�>� �)a��.
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y�� page ��H page-entry ?/\� l�2�¤÷&>� ÷&��HX<, s���Ér	כ ¢̧ô�Ç Õª page �©�_� object 0Au�\� �'aô�Ç
in-use bitmap �̀¦ Ä»t�
��¦ e����. s���Ér	כ :£¤&ñ
 object _� ‘½+É{©� �©�I�’ \�¦ Õª page ������̀¦ ëß�t���H
{9� \O�s� ·ú� Ãº e��>� ô�Ç��.

y�� page-entry ¢̧ô�Ç context depth \�¦ ��t��¦ e����HX<, s���Ér	כ ‘½+É{©� context’ [þt_� push <�Ê�Ér pop
÷&��H�©�S!��̀¦ÆÒ&h�
���HX<��6 x�)a��. �̧f���&³F� (���©�Z�}�ÉrÃº\�¦�����) context?/\�½+É{©��)a object
[þtëß� Ãº|9�|̈c �.���s	כ

Page entry [þt�Ér éß�í�H-linked list [þt_� C�\P�5Åq\� &ñ
o��)a��. Õª C�\P��Ér Õª�	כ �©�\� �>rF�
���H page
[þt_� (bits �Ð) ‘½+É{©� size’ í�HÜ¼�Ð ��\P��)a��; \V\�¦ [þt���, 3lq2�¤�©�_� �̧��H page [þt�Ér °ú �Ér size _�
object [þt�̀¦ ½+É{©�ô�Ç��. Page [þt�Ér 3lq2�¤�©�\� ��6£§õ� °ú s� í�H"f�o�)a��. �̧��H non-full page [þt�Ér
�̧��H full page [þt�Ð�� ���'��
� 9 non-full page [þt�Ér context depth �� y���è
���H í�H"f@/�Ð &ñ
o��)a
��.

(�̧��H í�H"f\�"f_�) empty page [þt�Ér single page cache 3lq2�¤�©�\� Ä»t�÷& 9 Dh�Ðî�r page [þts� ¹כ
'õA÷&%3��̀¦ M: ���©� ���$� �¦�9�)a��; s��þt�Ér]	כ ��6£§ collection _� r����÷&��H r�&h���t� F��Ö̧6 x÷&t�
·ú§��H����� r����
���H ÂÒì�r\�"f ����t�>� �)a��.

2.2 2 í5�N� paging

ÅÒ#Q��� �í���'�\� @/ô�Ç page-entry \�¦ ¹1Ô��HX< 2 éß�>� tree �� ��6 x�)a��. �í���'�_� bit [þt_� ¿º chunk [þt�Ér ��
A�ü< °ú s� tree _� 'Í	���P:ü< ¿º���P: éß�>�\�¦ ¹1Ô6£§Ü¼�Ð+� ÆÒØ�¦�)a��.

HOST_PAGE_SIZE_BITS
32 | |

msb +----------------+----+------+------+ lsb
| | |

PAGE_L1_BITS |
| |

PAGE_L2_BITS

#define PAGE_L1_BITS (8)
#define PAGE_L2_BITS (32 - PAGE_L1_BITS - G.lg_pagesize)
#define PAGE_L1_SIZE ((size_t) 1 << PAGE_L1_BITS)
#define PAGE_L2_SIZE ((size_t) 1 << PAGE_L2_BITS)

#define LOOKUP_L1(p) \
(((size_t) (p) >> (32 - PAGE_L1_BITS))
& ((1 << PAGE_L1_BITS) - 1))

#define LOOKUP_L2(p) \
(((size_t) (p) >> G.lg_pagesize)
& ((1 << PAGE_L2_BITS) - 1))

page-entry page[þts�r�Û¼%7� page boundary[þt�©�\� align÷&l�M:ë�H\�þj
�éß� HOST PAGE SIZE BITS
��H Áºr��)a��. ��6£§Ü¼�Ð ���©� ×�æ¹כô�Ç PAGE L2 BITS ü< PAGE L1 BITS ��H lookup table \�"f��H y��y�� ¿º���
P:ü< 'Í	���P: index °úכ[þts���.

32-bit architecture [þtõ� [O�&ñ
[þt�Ér ��A�\� e��Ü¼ 9 z����H bit [þt�Ér \O���. �8 V,��Ér �í���'�\�¦ ��6 x
���H archi-
tecture \� @/K�"f��H lookup tree ��H �̀¦���Ér �¦̀�	כ ¹1Ôl� 0AK� ìøÍ×¼r� Û¼�±p÷&#Q�� 
���H page [þt_� list \�¦ ��ØÔ
v��¦ e����.

V� 3 â�
 GC ��· l�ÇÙÐM� Ä©�¿W��æ·

��A�ÂÒ'���H GCC \�"f GC \�¦ ½̈�&³
�l� 0AK� ��6 xô�Ç ½̈�̧�̂\� @/K� ·ú��� �Ð�̧2�¤ 
���x��.
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3.1 struct globals

s� ½̈�̧�̂��H GC root &ñ
�Ð\�¦ ��t���H ���%i����Ãº roots, d htab roots \�¦ ]jü@ô�Ç GC _� ����̂&h���� &ñ
�Ð\�¦ ��t�
�¦ e����H ½̈�̧�̂s���. (Óüt�:r �̧��H &ñ
�Ð\�¦ ��t���H ��Ér	כ ��m���.)

#define NUM_ORDERS (HOST_BITS_PER_PTR + NUM_EXTRA_ORDERS)

static struct globals {
page_entry *pages[NUM_ORDERS];
page_entry *page_tails[NUM_ORDERS];
page_table lookup;

size_t pagesize;
size_t lg_pagesize;
size_t allocated;
size_t allocated_last_gc;
size_t bytes_mapped;

unsigned short context_depth;

#if defined (HAVE_MMAP_DEV_ZERO)
int dev_zero_fd;

#endif

page_entry *free_pages;

#ifdef USING_MALLOC_PAGE_GROUPS
page_group *page_groups;

#endif

FILE *debug_file;
} G;

³ð 1: struct globals

page entry *pages[NUM ORDERS];

s� C�\P�_� N ���P: element ��H 2N ß¼l�_� object [þt�̀¦ ��t���H page s���. ëß���� free object [þt�̀¦
����� #Q�"� page [þts� e������� Õª�þt�Ér]	כ list _� head \� e���̀¦ �.���s	כ ëß���� s� object size \�¦ 0Aô�Ç
page-entry [þts� \O������ NULL s���.

page entry *page tails[NUM ORDERS];

s� C�\P�_� N ���P: element ��H 2N ß¼l�_� object [þt�̀¦ ��t���H ��t�}�� page s���. ëß���� s� object
size \�¦ 0Aô�Ç page-entry �� \O������ NULL s���.

page table lookup;

Object ÅÒ�è[þt�̀¦ ��t���H ½+É{©� page [þt�̀¦ ���½+Ër�v�l� 0Aô�Ç lookup table.

size t pagesize;
size t lg pagesize;

r�Û¼%7�_� page ß¼l�. l��:r&h���� 32q�àÔ (��ÉÓ'�\�"f��H 4096 °ú̀�כ¦ ��t� 9, 64 q�àÔ (��ÉÓ'�_� �â
Äº
8096 °ú̀�כ¦ ��t���H �â
Äº�̧ e����. lg pagesize ��H log2(pagesize) \�¦ �����·p��.
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size t allocated;

�&³F� ½+É{©��)a byte Ãº.

size t allocated last gc;

��t�}�� collection _� =åQ\� �&³F� ½+É{©��)a byte Ãº.

size t bytes mapped;

Bj�̧o��� mapping ÷&#Q��� 8úx 6 x|¾Ó.

unsigned short context depth;

Context stack ?/\�"f_� �&³F� depth.

int dev zero fd;

{9�l�0AK� /dev/zero \�¦ #���H file descriptor.

page entry *free pages;

Free system page [þt_� cache.

page group *page groups;

��f�� [O�"î
s� \O�6£§

FILE *debug file;

Ouput �̀¦ debugging 
�l� 0Aô�Ç file descriptor.

3.2 struct page entry


���_� page entry ��H ‘½+É{©� page _� �©�I�’ \�¦ l�2�¤
���H ½̈�̧�̂�Ð+� bitmap in use p \�¦ �̧&ñ

�#� 1lx&h�Ü¼�Ð
ß¼l��� ���½+É Ãº e����.
struct page entry *next;

°ú �Ér ß¼l�_� object [þt�̀¦ ��t���H ��6£§ page-entry, ëß���� s���s	כ ��t�}�� page-entry ����� NULL
�̀¦ ��f��.

size t bytes;

½+É{©��)a byte [þt_� �ª�. (s���Ér	כ �½Ó�©� host system page size _� ¿ºC� ß¼l�{9� �(.���s	כ

char *page;

Bj�̧o��� ½+É{©��)a address 0Au�.

struct page group *group;

s� page �� M®o~�� page group Ü¼�Ð_� back pointer.

unsigned long *save in use p;

Collection 1lxîß��Ér ���©� �©�éß� context \���H e��t� ·ú§�Ér page [þt�̀¦ 0Aô�Ç $��©��)a in-use bit vector.

unsigned short context depth;

s� page _� context depth.

unsigned short num free objects;
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typedef struct page_entry
{
struct page_entry *next;

size_t bytes;

char *page;

#ifdef USING_MALLOC_PAGE_GROUPS
struct page_group *group;

#endif

unsigned long *save_in_use_p;
unsigned short context_depth;
unsigned short num_free_objects;
unsigned short next_bit_hint;
unsigned char order;

unsigned long in_use_p[1];
} page_entry;

³ð 2: struct page entry ½̈�̧�̂

s� page �©�\� z����e����H free object [þt_� Ì�	Ãº.

unsigned short next bit hint;

s� page �ÐÂÒ'� ��6£§ ½+É{©��̀¦ 0Aô�Ç free object _� bit 0Au� ×�æ ��� ñ÷&��H �.	כ

unsigned char order;

s� page �Ð ÂÒ'� ½+É{©��)a object [þt_� size _� lg °úכ.

unsigned long in use p[1];

object �� ��6 x×�æ���t� �����t�\�¦ ����?/��H bit vector. s� page �©�_� N ���P: object �� ½+É{©�÷&%3�
����� N ���P: q�àÔ��H 1 s���. s� C�\P��Ér 1lx&h�Ü¼�Ð ß¼l��� ���ô�Ç��.

GCC ?/6 x�̀¦ ¶ú�(R�Ð��� ‘the one-past-the-end’ bit ����H >h¥Æ�s� ��6 x÷&��HX<, s���H
OBJECT PER PAGE (order) \� ���Ér in use p _� ß¼l�\�"f ��t�}���̀¦ ��ØÔv���H q�àÔ\�¦ �½Ó�©� 1
�Ð [O�&ñ
K� ï�r����H ú́�s���. ÂÒ���ô�Ç�����, OBJECT PER PAGE (order) _� ß¼l��� 8 s��¦ s�\�@/
K� ont-page-the-end bit \�¦ [O�&ñ
ô�Ç����H ú́��Ér ��A�ü< °ú �Ér _�p��� �)a��. ��A�\�"f num objects
�� OBJECT PER PAGE (order) _� ß¼l�\�¦ ��ØÔ�����.

p->in_use_p[num_objects / HOST_BITS_PER_LONG]
= ((unsigned long) 1 << (num_objects % HOST_BITS_PER_LONG));

3.3 struct page group

page group �Ér malloc Ü¼�ÐÂÒ'�_� 	�H ½+É{©��̀¦ ³ð�&³
�����, align ÷&#Q e����H page [þt�̀¦ ì�rK�ô�Ç 	�H ½+É{©��̀¦ ³ð
�&³½+É M: ��6 x�)a��.

#ifdef USING_MALLOC_PAGE_GROUPS
typedef struct page_group {
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struct page_group *next;

char *allocation;

size_t alloc_size;

unsigned int in_use;
} page_group;
#endif

struct page group *next;

�&³�>r
���H �̧��H page group [þt\� �'aô�Ç ������ o�Û¼àÔ

char *allocation;

malloc �ÐÂÒ'� ~ÃÎ�Ér ÅÒ�è

size t alloc size;

block _� ß¼l�

unsigned int in use;

��6 x×�æ��� page [þt\� @/ô�Ç bitmask s���.

V� 4 â�
 GC root �æ·ø� §� N� Ä©�¿W�

s� ]X�\�"f��H $prefix/gcc/ggc-common.c ��{9�\� ������÷&#Q e����H ½̈�̧�̂ü< ���%i� ���Ãº\� @/K�"f ·ú��� �Ð��.

4.1 struct ggc root

s� ½̈�̧�̂��H GC �� Ãº'��÷&��H 1lxîß�\� �Ð�>r½+É global root [þt�̀¦ Ä»t�ô�Ç��. ½̈�̧�̂_� ?/6 x�Ér ��A�ü< °ú ��.

struct ggc_root {
struct ggc_root *next;
void *base;
int nelt;
int size;
void (*cb) PARAMS ((void *));

};

static struct ggc_root *roots;

s� ½̈$í
�_¹�è�Ðכ ÆÒ����H ggc add root () �<ÊÃº\�"f {��{©�
�>� ÷&�¦, ���]j_� �â
Äº ggc del root () �<ÊÃº\�
"f s�ÀÒ#Qt�>� �)a��.

4.2 struct d htab root

struct d htab root ½̈�̧�̂��H �̧��H root [þts� %�o�÷&%3��̀¦ �â
Äº scan |̈c hash table �̀¦ ÆÒ��ô�Ç��. Äºo���H Õª
M:��t� mark ÷&#Q e��t� ·ú§�Ér table ?/_� #Q�"� entry \� @/K�"f ���]jô�Ç��. ?/ÂÒ&h�Ü¼�Ð �í�<Ê÷&#Q e����H ¹�èכ
\� @/K�"f�̧ ��\P�K� Z�~��¤��.
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struct d_htab_root {
struct d_htab_root *next;
htab_t htab;
ggc_htab_marked_p marked_p;
ggc_htab_mark mark;

};

struct htab {
htab_hash hash_f;
htab_eq eq_f;
htab_del del_f;

PTR *entries;

size_t size;
size_t n_elements;
size_t n_deleted;

unsigned int searches;
unsigned int collisions;

int return_allocation_failure;
};

typedef int (*ggc_htab_marked_p) PARAMS ((const void *)); typedef
void (*ggc_htab_mark) PARAMS ((const void *));

struct htab ½̈�̧�̂\� @/K� [O�"î
�̀¦ K��Ð��� Hash table �Ér ��A�_� type s���. s� type _� ½̈�̧�̂ (Ãº'��) �Ér
hash table [þt_� ��6 x�̀¦ ¹�Ðכ��9 
�t� ·ú§��H��. hash table \� �'aô�Ç �̧��H Ãº'���Ér ��A�\� ���/åL÷&#Q e����H �<ÊÃº
[þtëß� :�xK�"f Ãº'��÷&#Q4R�� ô�Ç��.
y�� ½̈$í
�\¹�èכ @/ô�Ç [O�"î
�Ér ��A�ü< °ú ��.

htab hashhash f;

Hash �<ÊÃº�Ð_� �í���'�.

htab eq eq f;

q��§ �<ÊÃº�Ð_� �í���'�.

htab del del f;

Cleanup �<ÊÃº�Ð_� �í���'�.

PTR *entries;

Table Õª �����.

size t size;

Hash table _� �&³F� (entry �Ð) ß¼l�

size t n elements;

���]j�)a element [þt�̀¦ �í�<Ê
�#� �&³F� element [þt_� Ì�	Ãº

size t n deleted;
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Table \�"f �&³F� ���]j�)a element [þt_� Ì�	Ãº

unsigned int searches;

��6£§_� ½̈$í
¹�è��Hכ debugging \� ��6 x�)a��. s���_	כ °úכ�Ér hash table 6 x ‘htab find slot’ _�  ñØ�¦
�)a �̧��H S��Ãºs���.

unsigned int collisions;

��6£§_� ½̈$í
¹�è��Hכ debugging \� ��6 x�)a��. s���_	כ °úכ�Ér hash table _� Ãº'�� r�çß�1lxîß� Ãº&ñ
�)a
collision [þt_� Ì�	Ãºs���.

int return allocation failure;

Äºo��� Bj�̧o� ½+É{©��̀¦ 
���H �<ÊÃº  ñØ�¦\� @/K� NULL �̀¦ ìøÍ8̈�
���H ��s	כ )�|ÃÌ�)a����� 0 s� �����
°ú̀�כ¦ ��f��.

4.3 struct ggc statistics

s� ½̈�̧�̂��H �̧��H collector [þt\�"f /BN:�x÷&��H :�x>�[þt�̀¦ ³ð�&³
���HX<, :£¤y� collector [þt�Ér s� ½̈�̧�̂\�¦ SX��©�
½+É Ãº e����.

typedef struct ggc_statistics {
unsigned num_trees[256];
size_t size_trees[256];
unsigned num_rtxs[256];
size_t size_rtxs[256];
size_t total_size_trees;
size_t total_size_rtxs;
unsigned total_num_trees;
unsigned total_num_rtxs;

} ggc_statistics;

0A ½̈�̧�̂\� @/ô�Ç [O�"î
�Ér ��A�ü< °ú ��.
unsigned num trees[256];

I ���P: element ��H code I \� ½+É{©��)a node [þt_� Ì�	Ãºs���.

size t size trees[256];

I ���P: element ��H code I \� ½+É{©��)a byte _� ß¼l�s���.

unsigned num rtxs[256];

I ���P: element ��H code I \� ½+É{©��)a node [þt_� Ì�	Ãºs���.

size t size rtxs[256];

I ���P: element ��H code I \� ½+É{©��)a byte _� ß¼l�s���.

size t total size trees;

½+É{©��)a tree node [þt_� 8úx ß¼l�.

size t total size rtxs;

½+É{©��)a RTL node [þt_� 8úx ß¼l�.

unsigned total num trees;

½+É{©��)a tree node [þt_� 8úx Ì�	Ãº.

unsigned total num rtxs;

½+É{©��)a RTL node [þt_� 8úx Ì�	Ãº.
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V� 5 â�
 init ggc

‘���#Q 1lqwn�&h���� �íl��o’ õ�&ñ
�̀¦ {��{©�
���H lang independent init () �<ÊÃº\� _�K�  ñØ�¦÷&��H s���Ér	כ ÕªaË> 2
\�"f �̂¦ Ãº e����H ��3!�%	כ l��:r&h���� struct globals * ½̈�̧�̂_� ½̈$í
>¹�èüכ Dh�Ðî�r struct page entry * ½̈�̧
�̂\�¦ ½+É{©�
��¦ �íl��oô�Ç��. Õªo��¦ GC \�"f ��6 x÷&��H 1lqwn�&h���� ���%i����Ãº (\V\�¦ [þt���, object size table,
extra order size table 1px1px) [þt�̀¦ �íl��o
�>� �)a��.  *pages[]  *page_tails[]  struct globals  lookup  pagesize  lg_pagesize  allocated  allocated_last_gc  context_depth  dev_zero_fd  *free_pages  *page_groups   *debug_file  unsigned alloc_failed:1

40960stdout04194304 (4M)12/dev/zero G.pagesize크기  bytes 4096  *next  struct page_entry  *page  *group  *save_in_use_p  context_depth  num_free_objects  next_bit_hint  order  in_use_p[]; 이전 struct globals *free_pages 값
ÕªaË> 2: init gcc \�"f struct globals �íl��oô�Ç Êê �̧_þv

��A�ÂÒ'���H GC \�"f ½̈�̧�̂?/\� �í�<Ê÷&��H ���Ãº�� ����� 1lqwn�&h�Ü¼�Ð ������÷&#Q e����H ���%i����Ãº\� @/ô�Ç
[O�"î
õ� init ggc () �<ÊÃº\� _�K� �íl��o�� �)aÊê_� °ú̀�כ¦ ��\P�
��̧2�¤ 
���x��.

object size table ���Ãº

I ���P: entry ��H order I _� page �©�\�"f_� object _� size s���.

s� ���Ãº_� ß¼l���H NUM ORDERS s���. ��A�ü< °ú s� [O�&ñ
H�d. ·ú¡_� Õüw����H order \�¦ ����?/ 9
+'��H ¶ú�{9�÷&��H °úכs���.

00 - 0x1
01 - 0x2
02 - 0x4
03 - 0x8
04 - 0x10
05 - 0x20
06 - 0x40
07 - 0x80
08 - 0x100
09 - 0x200
10 - 0x400
11 - 0x800
12 - 0x1000
13 - 0x2000
14 - 0x4000
15 - 0x8000
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16 - 0x10000
17 - 0x20000
18 - 0x40000
19 - 0x80000
20 - 0x100000
21 - 0x200000
22 - 0x400000
23 - 0x800000
24 - 0x1000000
25 - 0x2000000
26 - 0x4000000
27 - 0x8000000
28 - 0x10000000
29 - 0x20000000
30 - 0x40000000
31 - 0x80000000
32 - 0x70
33 - 0x14

extra order size table ���Ãº

I ���P: entry ��H I ���P: extra order \� $��©��)a object _� þj@/ size s���. s� C�\P�\� Dh�Ðî�r entry
\�¦ ÆÒ��
���H ��Ér	כ {©����s� Dh�Ðî�r :£¤Z>�ô�Ç allocation size \�¦ ÆÒ��K��� ½+É ��¹כ��9 e���̀¦ �â
Äº\�ëß�

�z��r��̧.

objects per page table ���Ãº

I ���P: entry ��H order I _� page �©�\�"f_� object _� ��� ñ s���.

��6£§õ� °ú s� [O�&ñ
�)a��. ·ú¡_� Õüw����H order \�¦ ����?/ 9 +'��H ¶ú�{9�÷&��H °úכs���.

00 - 0x1000 (4096)
01 - 0x800 (2048)
02 - 0x400 (1024)
03 - 0x200 (512)
04 - 0x100 (256)
05 - 0x80 (128)
06 - 0x40 (64)
07 - 0x20 (32)
08 - 0x10 (16)
09 - 0x8 (8)
10 - 0x4 (4)
11 - 0x2 (2)
12 - 0x1 (1)
13 - 0x1 (1)
14 - 0x1 (1)
15 - 0x1 (1)
16 - 0x1 (1)
17 - 0x1 (1)
18 - 0x1 (1)
19 - 0x1 (1)
20 - 0x1 (1)
21 - 0x1 (1)
22 - 0x1 (1)
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23 - 0x1 (1)
24 - 0x1 (1)
25 - 0x1 (1)
26 - 0x1 (1)
27 - 0x1 (1)
28 - 0x1 (1)
29 - 0x1 (1)
30 - 0x1 (1)
31 - 0x1 (1)
32 - 0x24 (36)
33 - 0xcc (204)

size lookup ���Ãº

s� _�s��̂¦�Ér ‘½+É{©� ’õA'¹כ \� @/K� dlog2(size)e _� ���&ñ
�̀¦ ��ØÔ>� 
�l� 0AK� ]j/BNô�Ç��. þj�è ½+É{©�
ß¼l���H 8 ��s�àÔs���.

l��:r&h�Ü¼�Ð [O�&ñ
÷&#Q e����H size lookup[257] _� °úכ

static unsigned char size_lookup[257] =
{
3, 3, 3, 3, 3, 3, 3, 3, 3, 4, 4, 4, 4, 4, 4, 4,
4, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5,
5, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6,
6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6,
6, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,
7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,
7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,
7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,
7, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8

};

��6£§õ� °ú s� ���ô�Ç��.

static unsigned char size_lookup[257] =
{
3, 3, 3, 3, 3, 3, 3, 3, 3, 4, 4, 4, 4, 4, 4, 4,
4,33,33,33,33, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5,
5, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6,
6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6,
6,32,32,32,32,32,32,32,32,32,32,32,32,32,32,32,

32,32,32,32,32,32,32,32,32,32,32,32,32,32,32,32,
32,32,32,32,32,32,32,32,32,32,32,32,32,32,32,32,
32, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,
7, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
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8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8

};

V� 6 â�
 ggc alloc

z�́]j�Ð GC \� #Q*�ô�Ç object \�¦ ½+É{©�
���H ÂÒì�r�Ér �̧¿º ggc alloc () �<ÊÃº\�¦ ��6 xK�"f s�ÀÒ#Qt�>� ÷&��HX<,
éß�1lqÜ¼�Ð ��6 x|̈c �â
Äº�̧ e���¦, ��A�ü< °ú s� &ñ
K�4R e����H B�ß¼�Ð\�¦ ��6 x
�#� ½+É{©�|̈c Ãº�̧ e����. 
�t�ëß� s�
�̧¿º��H GC _� ô�Ç object �Ð+� ½+É{©�÷&l� M:ë�H\� z�́]j�Ð mark-sweep s� Ãº'��|̈c M:��H s�\� ���Ér ������� s�ÀÒ
#Q t�>� �)a��.

#define ggc_alloc_rtx(NSLOTS) \
((struct rtx_def *) ggc_alloc (sizeof (struct rtx_def) \

+ ((NSLOTS) - 1) \
* sizeof (rtunion)))

#define ggc_alloc_rtvec(NELT) \
((struct rtvec_def *) ggc_alloc (sizeof (struct rtvec_def) \

+ ((NELT) - 1)
* sizeof (rtx)))

#define ggc_alloc_tree(LENGTH) \
((union tree_node *) ggc_alloc (LENGTH))

0A\�"f �̂¦ Ãº e��1pws�, GC \�¦ :�xK� object \�¦ ��6 x
���H ��Ér	כ tree <�Ê�Ér rtx, rtvec 1px1px�̀¦ 0Aô�Ç node \�¦ ½+É
{©�½+É �â
Äº s�\�¦ :�xK�"f ��6 x
���H �¦̀�	כ ·ú� Ãº e����.
#Q*�ô�Ç ß¼l�_� object \�¦ ½+É{©�
���HX< e��#Q Õª��_	כ order \�¦ ½̈ô�Ç Êê ½̈ô�Ç order \�¦ 0Aô�Ç page entry ��

�>rF�
�t� ·ú§�̀¦ �â
Äº alloc page () �<ÊÃº\�¦ :�xK�"f Dh�Ðî�r entry \�¦ ½+É{©�~ÃÎ>� �)a��.
alloc page () �<ÊÃº\�"f 
���H Ãº'��\� @/K�"f ���çß� ���/åLô�Ç����� ��6£§õ� °ú s� ��I�è­q Ãº e���̀¦ �.���s	כ

1. Äºo��� ��6 x½+É Ãº e����H ��s	כ free page 3lq2�¤\� �>rF�
���Ht�\�¦ �����ô�Ç��.

2. entry \�¦ �� Qt� ½̈$í
�\¹�èכ @/K� [O�&ñ
K� ï�r��.

3. one-past-the-end in-use bit \�¦ [O�&ñ
ô�Ç��.

4. set page table entry () �<ÊÃº\�¦ ��6 x
�#� entry \�¦ 1px2�¤ô�Ç��. s�\�¦ :�xK�"f 2 éß�>� paging \� °úכs� [þt#Q
��>� �)a��. ·ú����� ½+É ?/6 xÜ¼�Ð��H paging �̀¦ ½+É M: y�� éß�>�\�¦ ½̈ì�r
���HX< ��6 x÷&��H ÅÒ�è��H entry _�
½̈$í
���¹�èכ page _� ÅÒ�è\�¦ l�ìøÍÜ¼�Ð ��*$�������H ��z�́s���.

V� 7 â�
 ggc collect

GCC \�"f ��6 x
���H mark-sweep Garbage Collection ~½Ód��_� �â
Äº ÅÒl�&h�Ü¼�Ð Ãº'��÷&���"f mark éß�>�ü<
sweep éß�>�\�¦ ��u�>� �)a��. 0A\�"f �̧��H �̧��H root [þt�Ér #�l�"f Ãº'��÷& 9 q��§ ���Ò�o÷&>� �)a��. s� �<ÊÃº��
ÅÒl�&h�Ü¼�Ð Ãº'��÷& 9 ¿º éß�>�\�¦ Ãº'��½+É z�́|9�&h���� �<ÊÃº�� ÷&��H �.���s	כ s���s	כ  ñØ�¦÷&��H r�&h��Ér c-parse.in
\�"f extdefs ½̈ë�H��t� %�o�ô�Ç f��Êêü< $prefix/gcc/toplev.c ��{9�_� rest of compilation \�"f, Õªo��¦ cse éß�
>�\�"f Ãº'���)a��.
Ãº'���Ér ��A�ü< °ú �Ér í�H"f�Ð z�́'���)a��.
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1. ëß���� 8úx ½+É{©�[þts� ��t�}�� collection s�Êê �8 s��©� SX��©�÷&t� ·ú§��¤����� collection �̀¦ |	��-8A��H �Ü¼�Ð	כ
������ô�Ç Ô�¦�9¹כ�ô�Ç ���\O��̀¦ x�ô�Ç��.

Ãº'��÷&��H q��§ ���íß��Ér ��A�ü< °ú Ü¼ 9 s�\�¦ ëß�7á¤
�t� 3lw½+É �â
Äº ìøÍ8̈��)a��.

#define GGC_MIN_EXPAND_FOR_GC (1.3)

#ifndef GGC_ALWAYS_COLLECT
if (G.allocated < GGC_MIN_EXPAND_FOR_GC * G.allocated_last_gc)

return;
#endif

2. s� éß�>���t� �̧²ú�Ùþ¡����H ��Ér	כ garbage collection �̀¦ z�́'��r�&��� ½+É éß�>�s���. garbage collection \�"f
_� �èÄ» r�çß��̀¦ F�l� 0AK� timevar push (TV GC) ô�Ç��.

3. ½+É{©��)a 8úx ��s�àÔ (G.allocated = 0) \�¦ 0 Ü¼�Ð ô�Ç��. s���Ér	כ sweep éß�>�\�"f F�>�íß�|̈c �.���s	כ

4. release pages () �<ÊÃº�� Ãº'���)a��. s���H G.free pages \� ������÷&#Q e����H struct page entry * �í���'�[þt
�̀¦ �̧¿º K�]j
�>�÷&��HX<,���]X�ô�Ç page[þt�̀¦ �̧�ÉrÊêô�Ç�����\� unmap
���H~½Ód���̀¦��6 x
��¦e����.Õª
aË> 3 \� ~½Ód��\� @/ô�Ç çß�|ÄÌô�Ç ÕªaË>s� e����HX<, s���H USING MMAP \�¦ ��6 x½+É �â
Äº\� @/ô�Ç ÕªaË>s���.  page  next  bytes bytes인접한 page 들 NULL bytes

ÕªaË> 3: ���]X�ô�Ç page [þt

5. clear marks () �<ÊÃº�� Ãº'���)a��. s� �<ÊÃº\�"f��H �̧��H object [þt�̀¦ unmark 
�>� �)a��. Õªo��¦
G.context depth �Ð�� P->context depth �� �������� P->in use p \�¦ P->save in use p \� Ñþ�\O�K� Z�~>�
�)a��.

6. ggc mark roots () �<ÊÃº�� Ãº'���)a��. s� õ�&ñ
\�"f��H GC root �Ð 1px2�¤�)a �̧��H root \�¦ ìøÍ4�¤&h�Ü¼�Ð ¶ú�
(Rú<"f y�� element \�¦ mark ô�Ç��.

��A�ü< °ú �Ér éß�>��Ð Ãº'���)a��.

(a) ggc pending trees ¼#�Ãº\� @/K� VARRAY TREE INIT \�¦ ��6 x
�#� �íl��o r������.

(b) ���%i� ���Ãº roots \� 1px2�¤�)a �̧��H element [þt\� @/K�"f y�� element �� ��t���H size ü< nelt \� ����,
1px2�¤|̈c {©�r�\� °ú s� 1px2�¤�)a *cb �<ÊÃº\�¦ &h�{©�ô�Ç �����°úכõ� �<Êa�  ñØ�¦
�>� �)a��. #�l�"f y�� *cb _�
'��1lx\� @/K�"f 7á§ �8 ½̈�̂&h�Ü¼�Ð ��A�\�"f [O�"î

��̧2�¤ 
���x��..
#QÞ5x��H, *cb �<ÊÃº\�¦ Ãº'��
����"f mark K��� ½+É 3lq2�¤�̀¦
ggc pending trees \� V,�>� �)a��.

(c) ggc mark trees () �<ÊÃº\�¦ ��6 x
�#� �̧��H queue ÷&#Q e����H tree [þtõ� Õª[þt_� ��d��[þt�̀¦ mark ô�Ç
��. #�l�"f ÂÒ'���H ��f�� /åJ�̀¦ ���$í

�t� ·ú§�Ér ‘TREE’ \� @/ô�Ç t�d���̀¦ ��t��¦ e��#Q�� 
�Ù¼�Ð @/
|ÄÌ&h�Ü¼�Ð ‘TREE’ �� ��t��¦ e���̀¦ ��d��[þt�̧ mark �)a����H ��z�́ëß� Òqty��K���. ‘TREE’ \� @/K�"f
��H ��6£§ y©�_�\�"f �Ð�̧2�¤ 
���x��.
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GC _� ��6 x\� �'aô�Ç :�x>�\�¦ \O�X<s�àÔ 
��¦, y��y��_� ��d���̀¦ mark ô�Ç Êê\� ���#Q\� ���� y��y��
‘TREE’ \�¦ ²ú�o� mark ½+É Ãº e���̧2�¤ 
���H callback �<ÊÃº��� lang mark tree () \�¦  ñØ�¦
�>� �)a��.
¶ú�(R �̂¦ëß�ô�Ç ���Ér &h�s� e������� Y>�Y>� TREE node [þt�Ér :£¤Z>�ô�Ç �'ao��� ¹�Ðכ��9 
�l� M:ë�H\� >hZ>�
&h�Ü¼�Ð Ãº'��
���H ��s	כ e����H ìøÍ��� @/ÂÒì�r_� {9�ìøÍ&h���� node [þt�Ér class éß�0A�Ð ��Ò�¦ Ãº e������H &h�
s���.

(d) s�]j �̧��H ggc pending trees ?/\� e����H element [þt�̀¦ mark 
�%i�Ü¼Ù¼�Ð ggc pending trees \�¦ 0A
K� ½+É{©�÷&%3�~�� /BNçß�ëß� ½+É{©�ô�Ç��. Õª��\	כ �í�<Ê÷&#Q e��~�� ?/ÂÒ element [þt_� /BNçß��Ér K�]j
�t� ·ú§
��H��.

(e) s�]j object �� s�p� mark ÷&#Q e������� t�0> |9� Ãº e����H object [þt�̀¦ ����� �̧��H hash table [þt�̀¦
¿
±#Q�:r��.#�l�"f¶ú�(R�̂¦ Ãºe����H ��Ér	כ ú́§�Ér tree [þt�̀¦ mark
��¦e���̀¦Ãºe��l�M:ë�H\� varray\�¦
F��íl��o½+É ��¹כ��9 e����.

(f) s�]j ���%i����Ãº d htab roots \� 1px2�¤÷&#Q e����H ¦¹�è[þt�̀כ í�H�r
� 9 htab traverse () �<ÊÃº\�¦  ñØ�¦

�>� �)a��. s� �<ÊÃº��H y�� live entry \� @/K� CALLBACK �̀¦  ñØ�¦�<ÊÜ¼�Ð+� ����̂ hash table �̀¦ �̧
¿º ¿
±#Q�:r��. ggc mark roots () �<ÊÃº\�"f  ñØ�¦
���H CALLBACK �Ér ggc htab delete () �<ÊÃºs�
��.

(g) ��r� ggc mark trees () �<ÊÃº\�¦ ��6 x
�#� ggc pending trees queue ÷&#Qe����H �̧��H tree[þtõ�Õª[þt
_� ��d��[þt�̀¦ mark ô�Ç��.

(h) VARRAY FREE (ggc pending trees) \�¦ ��6 x
�#� Bj�̧o� /BNçß��̀¦ ��r� K�]jô�Ç��.

7. GGC POISON s� &ñ
_�÷&#Q e������� poison pages () �<ÊÃº\�¦ Ãº'��ô�Ç��. �&³F� page ~½Ód���̀¦ ��6 x
���H
collector _� �â
Äº s��¦̀�	כ ��6 x
�t� ·ú§��H��. poison 
���H ~½Ód���Ér ��6 x÷&t� ·ú§��H /BNçß�\� 0xa5 \�¦ G�0>
V,���H ~½Ód��Ü¼�Ð s�ÀÒ#Q �����.

8. sweep pages () �<ÊÃº�� Ãº'���)a��. s� õ�&ñ
\�"f��H �̧��H empty page [þt�̀¦ K�]jô�Ç��. ‘mark’ q�àÔ��
’unused’ q�àÔü< s�×�æs�l� M:ë�H\� ÂÒì�r&h�Ü¼�Ð empty page [þt�̀¦ ¹�Ðכ��9 
�t� ·ú§�̀¦ Ãº e����.

9. G.allocated last gc °ú̀�כ¦ ��A�ü< °ú s� ëß���H��.

G.allocated_last_gc = G.allocated;
if (G.allocated_last_gc < GGC_MIN_LAST_ALLOCATED)
G.allocated_last_gc = GGC_MIN_LAST_ALLOCATED;

10. #�l���t� 
���� ggc collect �<ÊÃº�� �̧¿º Ãº'��÷&%3���. r�çß�_� =åQ�̀¦ ����?/�� 
�Ù¼�Ð
timevar pop (TV GC) �Ð r�çß��̀¦ ��Áºo� f±	��H��.

V� 8 â�
 ggc pending trees �+ ��£� 

0A\�"f ���/åLÙþ¡1pws� ggc pending trees \� element �� ÆÒ��÷&��H �©�S!��̀¦ ÆÒ&h�K� �����Ð��.

VARRAY_TREE_INIT (ggc_pending_trees, 4096, "ggc_pending_trees");

for (x = roots; x != NULL; x = x->next)
{

char *elt = x->base;
int s = x->size, n = x->nelt;
void (*cb) PARAMS ((void *)) = x->cb;
int i;

for (i = 0; i < n; ++i, elt += s)
(*cb)(elt);

}



9 ggc pending trees �+ ��£� 16

ggc_mark_trees ();
VARRAY_FREE (ggc_pending_trees);

0Aü< °ú �Ér ~½ÓZO�Ü¼�Ð ���%i����Ãº\� @/ô�Ç virtual array \�¦ �íl��o
��¦ K�]j
���H �¦̀�	כ ·ú� Ãº e����. 
�t�ëß�
ggc mark trees () �<ÊÃº\�¦ �Ð��� ·ú���xt�ëß� ���Ð ggc pending trees \� ½+É{©��)a element \�¦ ��6 xô�Ç����H �¦̀�	כ ·ú�
Ãº e����. Õª!3� for ½̈ë�Hs� Ãº'��÷&��H 1lxîß� s� ���%i����Ãº\� #Q�"� element [þts� ÆÒ��÷&%3�����H ��Ér	כ ~1�>� Ä»ÆÒ½+É
Ãº e���̀¦ �.���s	כ

struct ggc root * ½̈�̧�̂_� CALLBACK�<ÊÃº\�¦¶ú�(R�.���s	כ�¦¹��e���̀כ��9¦̂ $prefix/gcc/ggc-common.c
��{9��̀¦ �Ð��� struct ggc root * ½̈�̧�̂\� ½̈$í
¦�\¹�èכ ÆÒ��r�v���H ÀÒ�2;s� e����HX<, ��A�ü< °ú s� ������÷&#Q e��
����H �¦̀�	כ �̂¦ Ãº e����.

ggc_add_root (base, nelt, sizeof (rtx), ggc_mark_rtx_ptr);
ggc_add_root (base, nelt, sizeof (tree), ggc_mark_tree_ptr);
ggc_add_root (base, nelt, sizeof (varray_type),

ggc_mark_rtx_varray_ptr);
ggc_add_root (base, nelt, sizeof (struct hash_table *),

ggc_mark_tree_hash_table_ptr);

#�l�"f CALLBACK \� K�{©�
���H ÂÒì�r�Ér [j���P: �����s���. s�\�¦ ÆÒ&h�K� �����Ð��. ggc mark rtx ptr
() �<ÊÃº��H éß�t� (rtx ���) �����\�¦ ggc mark rtx �Ð ���²ú�
���H ½̈$í
¹�èכ {9� ÷�rs���. ggc mark tree ��H $pre-
fix/gcc/ggc.h \� ������÷&#Q e����H B�ß¼�Ð ���X<, ��6£§õ� °ú s� ������÷&#Q e������H �¦̀�	כ ·ú� Ãº e����.

#define ggc_mark_tree(EXPR) \
do { \

tree t__ = (EXPR); \
if (ggc_test_and_set_mark (t__)) \

VARRAY_PUSH_TREE (ggc_pending_trees, t__); \
} while (0)

s� ÂÒì�rõ� ����'ae����H �¦̀�	כ 7á§ �8 ¶ú�(R �Ð��.

#define ggc_test_and_set_mark(EXPR) \
((EXPR) != NULL && ! ggc_set_mark (EXPR))

#define VARRAY_PUSH_TREE(VA, X) VARRAY_PUSH (VA, tree, X)
#define VARRAY_GROW(VA, N) ((VA) = varray_grow (VA, N))

#define VARRAY_PUSH(VA, T, X) \
do \

{ \
if ((VA)->elements_used >= (VA)->num_elements) \

VARRAY_GROW ((VA), 2 * (VA)->num_elements); \
(VA)->data.T[(VA)->elements_used++] = (X); \

} \
while (0)

%i�r��� VARRAY PUSH TREE B�ß¼�Ð\� _�K�"f ggc pending trees \� element �� ÆÒ���)a����H ��z�́�̀¦
·ú�Ãº e����. ggc pending trees ��H ‘TREE’ �'aº�� ?/6 xëß� ��ÀÒl� M:ë�H\� ���Ér rtx �� rtvec õ� °ú �Ér ��Ér	כ �©��'a
\O�Ü¼ 9, ggc mark tree B�ß¼�Ð�� ggc mark nonnull tree B�ß¼�Ð�� element ÆÒ��\� �'a#�
���H ���\O��̀¦ ô�Ç��.
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V� 9 â�
 Garbage Collection Áþ�ÊÁ�æ·�+ ³À»ÈÐ

9.1 ggc-common.c Uc"��+ Áþ�ÊÁ�æ·

void ggc add root (void *base, int nelt, int size, void (*cb) PARAMS ((void *))

BASE \�¦ Dh�Ðî�r garbage collection root �Ð ÆÒ��ô�Ç��. y�� element _� ß¼l��� SIZE byte U�́s�\�¦
��t���H NELT U�́s�_� C�\P�s���. CB ��H y�� C�\P�_� �_¹�è�Ðכ �í���'�\�¦ �����G�  ñØ�¦÷&��H
�<ÊÃºs���; s���Ér	כ CB �� Õª �\¹�è(element)כ @/ô�Ç gc-able(GC ��0pxô�Ç) memory \�¦ mark 
�l�
0Aô�Ç &h�{©�ô�Ç routine �̀¦  ñØ�¦�<Ê�̀¦ ?/�íô�Ç��.

void ggc add rtx root (rtx *base, int nelt)

GC root �Ð+� rtx C�\P�\� 1px2�¤ô�Ç��.

void ggc add tree root (tree *base, int nelt)

GC root �Ð+� tree C�\P�\� 1px2�¤ô�Ç��.

void ggc add rtx varray root (varray type *base, int nelt)

GC root �Ð+� rtx [þt_� varray \�¦ 1px2�¤ô�Ç��.

void ggc add tree varray root (varray type *base, int nelt)

GC root �Ð+� tree [þt_� varray \�¦ 1px2�¤ô�Ç��.

void ggc add tree hash table root (struct hash table **base, int nelt)

GC root �Ð+� tree [þt_� hash table �̀¦ 1px2�¤ô�Ç��.

void ggc del root (void *base)

s����\� 1px2�¤�)a GC root �� BASE ��� �¦̀�	כ ]j��ô�Ç��.

void ggc add deletable htab (PTR x, ggc htab marked p marked p, ggc htab mark mark)

GC Bj�̧o�\� _�K� ½+É{©��)a object [þt�̀¦ �í�<Ê
���H ‘htab [þt_� 3lq2�¤’\� htab ��� X \�¦ ÆÒ��ô�Ç��.
s����\� �̧��H ���Ér root [þts� mark ÷&%3������ Äºo���H Õª��s	כ s�p� mark ÷&%3���Ht�\�¦ �Ðl� 0AK�
htab ?/_� y�� object \�¦ �����ô�Ç��. ëß���� mark ÷&#Q e��t� ·ú§����� Õª��Ér	כ ���]j�)a��.

(ëß���� t�&ñ
|̈c �â
Äº) MARKED P ��H ëß���� entry �� ”marked” �Ð+� �¦�9÷&#Q �������� 1 �̀¦
ìøÍ8̈�
���H �<ÊÃºs���. ëß���� �>rF�
�t� ·ú§��H�����, htab slot \� _�K� ��ØÔ&�t���H data ½̈�̧�̂��H
_�Û¼àÔ|̈c �.���s	כ ëß���� Y>�Y>� ���Ér object (Õª object \� _�K� ��ØÔ&�t���H #Q�"� ��þtõ]	כ °ú �Ér) ��
mark ÷&%3���Ht� �����t�\�¦ (ggc marked p \�¦ ��6 x
�#�) �����K��� 
���H �â
Äºü< ëß���� ÕªXO������ 0
s� �����°ú̀�כ¦ ìøÍ8̈�K��� ½+É �â
Äº s� �<ÊÃº\�¦ ]j/BNK���ëß� ô�Ç��.

(ëß���� t�&ñ
|̈c �â
Äº) MARK ��H (0A_� �<ÊÃº\�¦ :�xK�) ”marked” �Ð ���&ñ
÷&#Q��� slot _� ?/6 x[þt�̀¦
|	�?/ÅÒ�¦ Õª object \� _�K� ��ØÔ&�t���H #Q�"� ���Ér object [þt�̀¦ mark 
���H �<ÊÃºs���. \V\�¦
[þt���, Äºo��� MEM RTL \� _�K� ��ØÔ&�t�t�ëß� DECL �Ð_� �í���'�\�¦ ��t��¦ e����H memory
attribute block [þt_� hash table �̀¦ ��t��¦ e�����¦ ½+Ër���. s��Qô�Ç �â
Äº MARKED P ��H
Äºo��� attribute block s� MEM \� _�K� ��ØÔ&� t���Ht�\�¦ ·ú�l� "é¶
�l� M:ë�H\� t�&ñ
÷&t� ·ú§�̀¦
��s�t�ëß	כ block s� s�p� mark ÷&%3������ Äºo���H DECL �̀¦ mark ½+É 
¹$íכ��9 M:ë�H\� MARK ��H
t�&ñ
÷&#Q��ëß� ô�Ç��.

static int ggc htab delete (void **slot, void *info)

htab _� slot s� mark ÷&#Q e��t� ·ú§����� Õª�¦̀�	כ ���]j�<ÊÜ¼�Ð+� %�o�ô�Ç��.

void ggc mark roots ()
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�̧��H 1px2�¤�)a root [þt�̀¦ ìøÍ4�¤&h�Ü¼�Ð ¶ú�(Rú<"f y�� element \�¦ mark ô�Ç��.

void ggc mark rtx children (rtx r)

R ��H s����\� ô�Ç����̧ mark �)a&h�s� \O�t�ëß� ggc set mark \�¦ :�xK� s�]j mark ÷&%3���. s�]j
recursion �̀¦ Ãº'��
��¦ children �̀¦ %�o�ô�Ç��.

static void ggc mark rtx children 1 (rtx r)

F�)
 ñØ�¦�̀¦ 0Aô�Ç ggc mark rtx children _� 
�0A �<ÊÃº.

void ggc mark rtvec children (rtvec v)

V ��H s����\� ô�Ç����̧ mark �)a&h�s� \O�t�ëß� ggc set mark \�¦ :�xK� s�]j mark ÷&%3���. s�]j
recursion �̀¦ Ãº'��
��¦ children �̀¦ %�o�ô�Ç��.

static void ggc mark trees ()

F�)
&h� ~½ÓZO�Ü¼�Ð GCC PENDING TREES _� children _� �̧��H�¦̀�	כ mark [O�&ñ
ô�Ç��.

void ggc mark rtx varray (varray type v)

rtx [þt�̀¦ �í�<Ê
���H varray V _� �̧��H element [þt�̀¦ mark ô�Ç��.

void ggc mark tree varray (varray type v)

tree [þt�̀¦ �í�<Ê
���H varray V _� �̧��H element [þt�̀¦ mark ô�Ç��.

static bool ggc mark tree hash table entry (struct hash entry *he, hash table key k
ATTRIBUTE UNUSED)

hash table-entry HE \�¦ mark ô�Ç��. Õª��_	כ key field ��H z�́]j�Ð tree s���.

void ggc mark tree hash table (struct hash table *ht)

tree [þt�̀¦ �í�<Ê
���H hash-table H _� �̧��H element [þt�̀¦ mark ô�Ç��.

static void ggc mark rtx ptr (void *elt)

ggc add root �Ð �Ð?/l� 0Aô�Ç type-correct �<ÊÃº. éß�t� (rtx ���) *ELT \�¦ ggc mark rtx �Ð
���²ú�ô�Ç��.

static void ggc mark tree ptr (void *elt)

ggc add root �Ð �Ð?/l� 0Aô�Ç type-correct �<ÊÃº. éß�t� (tree ���) *ELT \�¦ ggc mark rtx �Ð
���²ú�ô�Ç��.

static void ggc mark rtx varray ptr (void *elt)

ggc add root �Ð �Ð?/l� 0Aô�Ç type-correct �<ÊÃº. éß�t� (z�́]j�Ð varray type * ���) ELT \�¦
ggc mark rtx varray �Ð ���²ú�ô�Ç��.

static void ggc mark tree varray ptr (void *elt)

ggc add root �Ð �Ð?/l� 0Aô�Ç type-correct �<ÊÃº. éß�t� (z�́]j�Ð varray type * ���) ELT \�¦
ggc mark tree varray �Ð ���²ú�ô�Ç��.

static void ggc mark tree hash table ptr (void *elt)

ggc add root �Ð �Ð?/l� 0Aô�Ç type-correct �<ÊÃº. éß�t� (z�́]j�Ð struct hash table ** ���) ELT \�¦
ggc mark tree hash table �Ð ���²ú�ô�Ç��.

void * ggc alloc cleared (size t size)

Bj�̧o� �̂¦!3��̀¦ ½+É{©�ô�Ç Êê Õª�¦̀�	כ L:�FMy� ô�Ç��.

void ggc print common statistics (FILE *stream, ggc statistics *stats)

��6 x×�æ��� collector ü< 1lqwn�&h�Ü¼�Ð :�x>�[þt�̀¦ Ø�¦§4�ô�Ç��.
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9.2 ggc-page.c Uc"��+ Áþ�ÊÁ�æ·

static inline int ggc allocated p (const void *p)

ëß���� P �� GC ��0pxô�Ç Bj�̧o�\� ½+É{©�÷&#Q e������� 0 s� ����� °ú̀�כ¦ ìøÍ8̈�.

static inline page entry * lookup page table entry (const void *p)

Page table �̀¦ [�t����m� 9 page \� @/ô�Ç entry \�¦ ¹1Ô��H��. ëß���� object �� GC \�¦ :�xK� ½+É{©�÷&t�
·ú§��¤����� (�����̧) \O��±p��.

static void set page table entry (void *p, page entry *entry)

Page \�¦ 0Aô�Ç page table entry \�¦ [O�&ñ
ô�Ç��.

void debug print page list (int order)

n�!Qç̂
�̀¦ 0AK�, object size ORDER \�¦ 0Aô�Ç page-entry \�¦ Ø�¦§4�ô�Ç��.

static inline char * alloc anon (char *pref ATTRIBUTE UNUSED, size t size)

SIZE ��s�àÔ ß¼l�_� e��"î
 (anonymous) Bj�̧o�\�¦ ½+É{©�
� 9 (ëß���� PREF �� NULL s�
��m������) PREF ��H%�_� �Ü¼�Ð	כ ô�Ç��. #�l� e����H ifdef ½̈�̧�̂�� HAVE * ×�æ 
����� &ñ
SX�
�>�
&ñ
_�÷&t� ·ú§�̀¦ �â
Äº compile �̧ÀÓ\�¦ µ1ÏÒqt½+É Ãº e����.

static inline size t page group index (char *allocation, char *page)

Page group ?/\�"f s� page \� @/ô�Ç index \�¦ >�íß�ô�Ç��.

static inline void set page group in use (page group *group, char *page)

Page group ?/ s� page \� @/ô�Ç in use q�àÔ\�¦ [O�&ñ

��¦ t�î�r��.

static inline void clear page group in use (page group *group, char *page)

static inline struct page entry * alloc page (unsigned order)

ß¼l� 2ˆORDER _� object [þt�̀¦ ½+É{©�
�l� 0AK� Dh�Ðî�r page \�¦ ½+É{©�
��¦ Õª��\	כ @/ô�Ç entry \�¦
ìøÍ8̈�ô�Ç��. entry ��H &h�{©�ô�Ç page table list \� ÆÒ��÷&t� ·ú§��H��.

static inline void free page (page entry *entry)

�8 s��©� 
¹כ��9�t� ·ú§��H page \� @/K�, free page list \� Õª�¦̀�	כ V,���H��.

static void release pages ()

r�Û¼%7�Ü¼�Ð free page cache \�¦ release ô�Ç��.

void * ggc alloc (size t size)

SIZE ��s�àÔ_� Bj�̧o� chunk \�¦ ½+É{©�ô�Ç��. ëß���� ZERO �� 0 s� ��m���� Bj�̧o���H 0 Ü¼�Ð
�íl��o÷&�¦ ÕªXO�t� ·ú§����� Õª��_	כ ?/6 x�Ér &ñ
_�÷&t� ·ú§��H��.

int ggc set mark (const void *p)

ëß���� P �� mark ÷&t� ·ú§��H����� Õª�¦̀�	כ mark 
��¦ false \�¦ ìøÍ8̈�ô�Ç��. ÕªXO�t� ·ú§����� true \�¦
ìøÍ8̈�ô�Ç��. P ��H ìøÍ×¼r� GC allocator \� _�K� ½+É{©�÷&#Q�� Ùþ¡Ü¼ 9, s���Ér	כ static object [þt <�Ê�Ér
stack variable [þt, malloc \�"f ½+É{©��)a Bj�̧o�\�¦ ]X�@/ ��ØÔ&�"f��H îß��)a��.

int ggc marked p (const void *p)
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ëß���� P �� s�p� mark ÷&#Q e������� 1 \�¦ ìøÍ8̈�, ÕªXO�t� ·ú§�̀¦ �â
Äº 0 �̀¦ ìøÍ8̈�. P ��H GC allocator
�Ð ÂÒ'� ½+É{©�÷&#Q e��#Q��ëß� ô�Ç��; s���Ér	כ static object [þt <�Ê�Ér stack variable [þt, malloc \�
_�K� ½+É{©��)a Bj�̧o�\�¦ ��ØÔv���� îß��)a��.

size t ggc get size (const void *p)

gc-able object P _� ß¼l�\�¦ ìøÍ8̈�ô�Ç��.

void init ggc ()

ggc-mmap allocator \�¦ �íl��oô�Ç��.

void ggc push context ()

static void ggc recalculate in use p (page entry *p)

P îß�_� SAVE IN USE P ü< IN USE P C�\P�[þt�̀¦ :�x½+Ë
�#� ÕªA�"f IN USE P �� z�́]j\�¦
ìøÍ%ò
ô�Ç��. ¢̧ô�Ç NUM FREE OBJECTS �̧ F�>�íß�ô�Ç��.

void ggc pop context ()

‘GC context’ \�¦ y���èr������. s���� ggc push context s�Êê\� ½+É{©��)a �̧��H object [þt�Ér ü@ÂÒ
context �Ð s�����)a��.

static inline void clear marks ()

�̧��H object [þt�̀¦ unmark ô�Ç��.

static inline void sweep pages ()

�̧��H empty page [þt�̀¦ K�]jô�Ç��. ‘mark’ q�àÔ�� ‘unused’ q�àÔü< s�×�æs�l� M:ë�H\� ÂÒì�r&h�Ü¼�Ð
emptry page [þt�Ér 
¹כ��9�t� ·ú§�̀¦ Ãº e����.

static inline void poison pages ()

�̧��H free object [þt�̀¦ clobber ô�Ç��.

void ggc collect ()

þj�©�0A8£x mark-and-sweep ÀÒ�2;.

void ggc print statistics ()

½+É{©� :�x>�[þt�̀¦ Ø�¦§4�ô�Ç��.

V� 10 â�
 13 	� "�×�+��· ��n� y

ú́§�Ér r�çß�s� f�Ë!3�_þvm���. ZO�+� 13 	�\�¦ æ¼��H ç�H¹כ. 
�t�ëß� °ú� U�́s� �-Áº�� YO�m���. GCC \�¦ �̧¿º ì�r$3�
���H
X<, ��f���̧ ú́§�Ér ÂÒì�rs� z����¤_þvm���. &ñ
ú́� 100 	� ��t� ���� ½+É 1pw½+Ëm���. Õª M:��t� Ë̈ï�ry� 
���H ]j �̧_þv
�̀¦ �Ð�¦ z�·_þvm���. �̧�FKm��, Ë̈ï�ry� ������
���x_þvm���.
Õª!3�. '��4�¤ô�Ç 
�ÀÒ �Ð?/r�U�́..


