715 2]
(6) GCC garbage collection
R
weongyo@hotmail.com

2004 29 234

% 3}
A1 18 2A 2B et 1
A2d 71EHA U 2
D1 REE P
2.2 2TAI pagIng . . . . .. 3
A 3d GC & o]F+= FRAE 3
3.1 struct globals . . . . . . . 4
3.2 struct page_entry . . . . . .. 5
3.3 struct page_group . . . . . . ... 6
A 44 GCroot 53 A FXA 7
4.1 struct ggeroot . . ... L L 7
4.2 struct d_htabroot . . . ... oL 7
4.3 struct ggestatistics . . . . . . oL oL L 9
A 5 A init_ggc 10
A 6 A ggc_alloc 13
A7 A ggc_collect 13
Al 8 2 ggc_pending_trees 2] Al-& 15
Al 9 A Garbage Collection 4S9 Q oF 17
9.1 gge-common.c oA S5 .. L 17
9.2 gge-page.c AIAIS SFEE L L L L 19
Al 10 A 13 A} 7o E vy 20
s = =
ALA 13 F5 BolS A2sin
A7 YR HsUTh FRATE Bold A de L S $o B walE A gk 1uE el
A AF BT AW 7L 23 QM8 FAE 2 B AR T o MEE ol A5 ek B
2] &= “Garbage Collection” ol tJa]| A 7| €32 = 3175 Yt} Garbage Collection o thal] o W A5 E



2 Z1RHA Yg 2

QslAl A _,?_‘i,% zZ 3 H =2 “Uniprocessor Garbage Collection Techniques” & ¢}o] 2 A] 7] v}y t}. o}
dhe] BaoAA 2 % YB U,

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

A22d 712HA WE
GCC ol A<= simple garbage collection ¥2] 91 mark-sweep 4]
A% obeh 3 o] Sa3A Bk

71 ® AA v RS @A ste] garbage £

2. Local A& v g, stack ol A ZFZ3F= ZF object & ‘F-33F AEHZ A=

AR5 ¢l=d], mark-sweep ®F21 9]

filo

A ‘mark TA A= FESH
o A e 2o o B A T 28 18 MarkSweep o N 40 AAE L
Aoz, Mo ALA Zo] mark B A R AL =tk
— STACK — LOCAL Variable — Array

QObject8
Object6

Object?

Objectl
) Object4

—b‘ Object?2

\ Object3

\ Objects

23 1: Mark-Sweep BFAlof| o8l 7kl 718

mlo
A,
-
rol
o
29
i)
Lo
5

o
[\

GCC | A Garbage Collection < o] @ HH 0 2 AFR-3F A ¢l 7}o| T8k 119l
7FA] 7} A gtk hus MMAP & ARS8k A3 &= 1:‘re St Malloc &
o] Azttt whgolth 7B A O 2 gee o Al MMAP & AHE3l= 218 5 36}1 9tk USING MMAP
) 2 2 9} USING_MALLOC_PAGE_GROUPS & %A Ad?jg T e

2.1 HEF

ae

ob#f] A H-L $prefix/gee/gge-page.c Lol AHE ] Qe 78 WA =5

£ o3| 3}7] *H FH A= olelo] U} 9= struct globals * ——,’-_75_7?1] (3.1 4,4 F1) Struct page_entry *
T2 (3272,5% 21) & W 17 vhatch

O] garbage-collecting allocator = page 59 H g F stutolth object 52 T3t 7zt
+ single size ] object % @F 4 UTh F, o] & 7ts T size 52 4 ¥ o
=2 9 AFgoltt ‘& 249 size &= thS 2 (‘order’) 9 A|F7HA| <3 5HA FH
page °| ¥531A At

i =
NN}
:Oll_t,‘
>
re
[J

o
=
ofo
©
o
o
X
g,



3.1

2 &7 paging

2.2

-

7} page = page-entry ol 7|E= 7 H+&dl, o] A2 E3F I page 42| object 9] x| #3
in-use bitmap & A8kl Ut ©] A& 54 object 9] ‘@ AE) & I page A2 WA=
A glo] & 4= JA st

rl

Z} page-entry F=3F context depth & 7}A| 31 gl=d), o] AL ‘& context’ 2] push &2 pop
A3 A= AL ETH 22 A ( 7 =8 £ 71X) context Woll &4H object
T34 74 °] D}

i P o 0
oo &l
CF?(-D
Eml
flo
merL
’Qr
g ;
8 g
3
My &
ilo =
I'I'U =
|
_,c
m&l‘
> il 2
Buyis
T
£ o
U]om[moﬁ
i

S
iy
— Q
o
"cﬁ
min
HT ol
i)
o,
o2
o
&
]
o
::i
=
ko)
QO
o)<
a
il
rlo
o
o
B
t
@
>
-t
Q.
(¢}
o}
-+
=

cache & A X5 M Z-& page £°] &

(RE &A1 A9]) empty page &< single page
Tk collection & AJZtE &= Al 7HA] A &85 A

95912 W b WA ueHk o AS
FLThE Al g she RROIA AtetA A 8

ﬂm

2 @A paging

ZFo]Z E 9 )3} page-entry = 2r=tl] 2 A tree 7} AR H T Z QB Y bit 59 F chunk &
‘j’H-ﬂ' QO] tree-‘l] 3&‘?_17%]]5’} —‘—,:—‘?_17,\1]] %7:“% ;g—,%‘g_i/}q __,i_%%r/"_

page-entry page = ©] A| 2~ 8l page boundary A} align = 7| wj] &0l

HOST_PAGE_SIZE_BITS
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PAGE_L1_BITS |
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PAGE_L2_BIT
#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))
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3.1 struct globals

3.1 struct globals

O] FZA= GC root AHE 71A = A4 roots, d_htab_roots & A2 3+ GC 2] AA A2 AHE 71X

e FxA (B8 BE ARE AR AL ot}

#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;

3£ 1: struct globals

page_entry *pages]NUM_ORDERS];

o] ¢ N ‘:HRH element = 2V ﬂ7]-4 object & 7} page ©]th. BHEF free object &
7}R o] ¥ page £ O‘E}‘ﬁ IAEL list 9 head Oﬂ S Aolth Tk o] object size & )
page-entry =°] {1t NULL o]t}

_4

o o

page_entry *page_tailssINUM_ORDERS];

o] Ml N A element = 2V F7]9] object 2 7}A| &= ulA| 2} page |t} ¥H2F o] object
size & | 3 page-entry 7} it} NULL o]t}

page_table lookup;
Object FAEL 7IA= % page 2 A A1 7] 7] 93 lookup table.

size_t pagesize;

size_t lg_pagesize;
Al 28] page 7). 7]%73.?_1 3201 E AFE o A& 4096 k& 7HAI T, 64 HIE HFEH Y 5
8096 7= 7IA = A$= Ut} lgpagesize £ log,(pagesize) & YEFA T



3.2 struct page_entry 5

size_t allocated;

Az &FH byte 5.
size_t allocated_last_gc;

o}z 2} collection 9] Zof A &FH byte .
size_t bytes_mapped;

| & 2] 7} mapping ¥ o3 § &%
unsigned short context_depth;

Context stack Yol A2 &R depth.
int dev_zero_fd;

21719138l /dev/zero & o]+ file descriptor.
page_entry *free_pages;

Free system page = 2| cache.
page_group *page_groups;

o}4 guo] gl e
FILE *debug_file;

Ouput & debugging 3}7] 9] 3t file descriptor.

3.2 struct page_entry

e page_entry = ‘S page o] AR & 7)1 235t XA EH bitmap inusep S 2Adt] THoE
2717 W 4 ok
struct page_entry *next;

2 2719 object & 7HAE ThE page-entry, ¥eF o] Z1o] k2] g}t page-entry 2+ NULL
£ 7HA.
= h=4

size_t bytes;
9 byte 59 % (o] A2 &4 host system page size 2] FH] 271 Zlo|t})
char *page;
w2 2] 7} &FH address 9 .
struct page_group *group;
o] page 7} 2t¥ page group 2 & 2] back pointer.
unsigned long *save_in_use_p;
Collection F 9+ 713 At context o= AR &2 page & $ 3 AZH in-use bit vector.
unsigned short context_depth;
o] page 9] context depth.

unsigned short num_free_objects;



3.3 struct page_group

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;

3 2: struct page_entry FZ A

o] page Aol FolAd+= free object 52 A4
unsigned short next_bit_hint;

o] page ZRE ThS IS 93 free object 2] bit 2] F ATHE= A.
unsigned char order;

o] page & FE] &4 object 59 size 9] 1g F.
unsigned long in_use_p[1];

object 7} AF&F Q1A obd XS YEFU = bit vector. ©] page A2l N WA object 7} &5 2
O N A B E= 1 ojth o] Wi & TH o2 771 #gtth

GCC Y &S 25X ‘the one-past-the-end’ bit 2= 7] o] A& H &), o]=
OBJECT_PER_PAGE (order) o W2 in_usep & 7] A mXetS 7l27]= vEE 41
2 AR Frhe Dolth. R Adittd, OBJECT_PER_PAGE (order) & =717} 8 o] 1L o] o of
3fl ont-page-the-end bit & A7 gt 22 otefje} 22 9 n7t "t ofefoll A num_objects
7} OBJECT_PER_PAGE (order) & 27]& 7}=2 7t}

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 - malloc S 2 F €] Z &FZ A AL, align H o] Y& page 2 23 2
A wf AHEH T

i

2

#ifdef USING_MALLOC_PAGE_GROUPS
typedef struct page_group {

o
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4 GC root E3 &4 XA 7

struct page_group *next;
char *allocation;
size_t alloc_size;

unsigned int in_use;
} page_group;
#endif

struct page_group *next;
H &3 EE page group = &3 94 2|AE
char *allocation;
malloc 2FE T+ F4
size_t alloc_size;
block 9] = 7]
unsigned int in_use;

AL2%9] page &9l U]t bitmask ©]t}.

Al 44 GCroot S A F2A

o] ol A= Sprefix/gec/gge-common.c T A A o] = FRAS} A WMo thFA] Lo} WL

4.1 struct ggc_root
o] +xA|+= GC 7} 35+ 5 doll HET global root & FA Sty 2 A9 W82 ofe e} 2o

struct ggc_root {

struct ggc_root *next;

void *base;

int nelt;

int size;

void (*cb) PARAMS ((void *));
};

static struct ggc_root *roots;

o] AR AR F7h= ggeaddroot () FollA FEatAl ¥, AHA| S A9 gge delroot () ol
A o] R0 A A =t

4.2 struct d_htab_root

struct d_htab_root 72 A= B £ root 5°] A 2|5 S 4% scan E hash table & F7}3tch
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4.2 struct d_htab_root

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 22l o] t3l] A4 & 3 2 Hash table & o2 <] type o]t} o] type o] FZ2A] (53)
hash table 5] AFg& 282 &4 9=t} hash table of &3 & 32 offjol] AF=Ho e &
S Sl A FFE o] Ao Frt.

ZF F a0 e AH-2 ofefel 2ot
htab_hashhash_f;

Hash S22 2] FQ1H.

htab_eq eq.f;

kel

HlaL ez o] Z Q.
htab_del del_f;
Cleanup &= 9] ZQlE.
PTR *entries;
Table 1 Z}Al.
size_t size;
Hash table 2] @A) (entry 2) 3 7]
size_t n_elements;
2HAE element 52 X 8310] A element 59 A4

size_t n_deleted;



5.0 struct ggc_statistics

Table oA AR 21A A element 52 A4

A

unsigned int searches;

t}2- 9] 74 24 += debugging o] AFRH T} o] 29 7H-2 hash table § ‘htab_find_slot’ & <&
g wE 5ol

unsigned int collisions;

o9 774 84+ debugging o] AH&HTE ©] A -2 hash table o 3 AJXFE< A=
collision 52| 40|}

int return_allocation_failure;
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4.3 struct ggc_statistics

TZA = BE collector E9A] ZFEIHE= 54
AN

il
o
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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;

9 A 3 AL olee} 2o,

unsigned num_trees[256;

I A% element = code I o] &= node =29 A5 ot}
size_t size_trees[256];

I HA)] element = code I o] &3 byte & =2 7] 0|t}
unsigned num_rtxs[256];

I A element = code I °|

et

gz

rﬂ

node 52| Agolth
size_t size_rtxs[256];

I WA element = code I o] &3 byte & 2 7] 0|t}
size_t total_size_trees;

3= tree node E9 & 7).
size_t total_size_rtxs;

g% RTL node £2] & 37].
unsigned total_num_trees;

&t} tree node 59 & A4

of

unsigned total_num_rtxs;

= RTL node 52 & A4,
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5 init_ggc

2713) }HES GI5t= lang 1ndependent,init () gseell osh i%ﬂ%

A & 4 JdE AXY 7] ZF 9 struct globals * FZA| 9] FAHR4AL} NE-E st
A2 e 2B 28T GC oA ASHE BYAA Aelu (
extra_order_size_table 5%) 52 % 7]|3}5A4 "}

struct globals > struct page_entry

*pages|] *next ‘ o

*page_tails[] bytes

lookup *page

pagesize 4096 *group ‘ ! O|§O;tar|iot

Ig_pagesize 12 *save_in_use_p *free_jpiages

allocated context_depth v

allocated_last_gc

4194304(4M)\

num_free_objects

ol FE = GC oA FxA| ol

context_depth next_bit_hint
dev_zero_fd /dev/zero ‘ order G.p;gjelmze
“free_pages ‘ . in_use_pf];
*page_groups 0 ‘
*debug_file stdout ‘
unsigned alloc_failed:1 0 ‘
9] 2: init_gce 9| A struct globals Z7]3}sF & 25
TP £ W57} ohd S48 dAdgo] e A
A3} initgge () Fol o) 271347 BFe) e VA= S S

object_size_table ¥
I A entry

o Wgel 3]k
A 4HdsE golt.

00 - Ox1

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

+= order I 2] page Aol A 2] object & size o]t}
NUM_ORDERS o]t} o}efo} Zro] AAE. 949 A= order £

uct page_entry * £2
oE %@, object_size_table,

LHER



5 init_ggc 11

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 ¥4~

I HA ent

=2 =
= T

ry = 1
Aohs AL

34141 2.

ol AzE

objects_per_page_table Y4

E

=

=

3} allocation size & F7}slloF & 271 9

I HA] entry & order I 9] page Aol A 2] object & MG o]t}.
oS3} Zo] AAHALE &9 A= order & UYEHH FH = AYE = zholth

00 -
01 -
02 -
03 -
04 -
05 -
06 -
07 -
08 -
09 -
10 -
11 -
12 -
13 -
14 -
15 -
16 -
17 -
18 -
19 -
20 -
21 -
22 -

0x1000
0x800
0x400
0x200
0x100
0x80
0x40
0x20
0x10
0x8
0x4
0x2
0x1
0x1
0x1
0x1
0x1
0x1
0x1
0x1
0x1
0x1
0x1

(4096)
(2048)
(1024)
(512)
(256)
(128)
(64)
(32)
(16)
(8)
(4)
(2)
¢D)
¢D)
(1)
(1)
¢D)
(1)
(D
(1)
(1)
D)
(1)

o
=

WA extra order o A ZH object & ZH O size o]t} o] v Aol A Z-2 entry
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(1
(D
1
1
(1
(1
(1
(1
(1

23 - 0x1
24 - 0x1
25 - 0Ox1
26 - 0Ox1
27 - 0x1
28 - 0x1
29 - 0x1
30 - Ox1
31 - 0x1
32 - 0x24
33 - Oxcc

(36)

(204)

size_lookup W4

il Al

K

& W 87 4

1 [logy(size)] & 2A

K

> ol oh

g

Z;

o] 9= size_lookup[257] o Ft

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,
6, 6,

5, 5, 5,

5, 5, 5, 5, 5,

6, 6,

5, 5, 5,

6, 6, 6,

6, 6, 6,

6, 6, 6,

5, 6, 6,

6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6,
6, 7,7, 7,707,707, 7,707,707, 7,7, 7,7,7,7,7,
T, T, T, T, T, T, T, T, T, T, T, T, T, T, 7,07,

T, T, T, T, T, T, T, T, T, T, T, T, 7,7, 7,07,

T, T, T, T, 7,7, 7,7, 7, 7,7, 7,7, 7,7, 7,

7, 8 8,8,8,8,8,8,8,38,8,8,8, 8, 8, 8,
8, 8,8,8,8,8,8,8,8,38,8,38, 8,8, 8, 8,
8,8, 8,8,8,8,8,38,8,8,8,8,8,8,8,s8,

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, 38,8, 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, 8,8,8,38,8,8,8,8,38,38,38,8,8,

8

’

} .

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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A 6 A ggc_alloc

AAZ GC o oM e object B TETH= HEL BF ggoalloc () FHE AENA ol S A7 H =,
U502 488 ALE 9 olelsl Dol A3 Y A28 A3 PP S Sk AW o
REE= GC 9 3 object 24 T 7] ujFof A ﬂi mark-sweep ©] 3 F wj= ool W HAML o] F
o] 21 A Hrt.
#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)
*x sizeof (rtx)))

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

oA B 4 %], GC & T3 object & AFE3E 22 tree T2 rtx, rtvec 55= ¢ 8t node & &

2Y A% ol FAM AEHE A4S L 4 AUck

Oifﬁfﬂ 3719 object & TF3t=dl Aol 1AL order & +3
282 S A-$ alloc_page () T2 B4 MRS entry S TFubA At

alloc_page () S04 31 o) el A oF7F A3 aThel ohe 3t o] Ll 4 912 Aolth
T2 7F AHEE 5 = A o] free page FFol| EAS=AE AARRI
entry & U A LA 40 tfs] AAS =}

Ehsheia=g

set_page_table_entry () &% "]‘ 3o entry £ SESIH o] & A 2 &4 paging o Zko] E9]
Z7HAl dt}) Lolok & YL O 2= paging = & ul 7 dAE —ut_'— St=t AR E & F4E entry 9
T84 page o FAE 7oz L ATk Aol T

—_

ﬂl_u

one-past-the-end in-use bit &

Ll S

A 7A ggecollect

GCC 9| A AF&3F= mark-sweep Garbage Collection A2 A-¢ F7]1H o2 3% HA mark ©A 2}
sweep TAE AAA At HolA EE EE root & 7|4 Y vlw AAEA Hrt o] 4Tt
ZNA02 2450 T 9AE £9% AQAQ G571 HE Aoltk ol Aol TEHE ABS cparsen
o| A extdefs TLE7FA] A &3k A= 2} $preﬁx/gcc/toplev.c g 9] rest,of,compllatlon o| A, 18] cse T
A A e

Ty ol e} T2 TAHE APHr
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1. weF & o] upA] g collection ©]F T o] AF FE A ¢FhtiH collection & AU F = Zo=E
Hst 23 83 A4S 9t
FE = v A2 oo} o o] & wEEhA| X8 ¢ niskH

#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. o] GA7HA =2 th= A2 garbage collection & A8 A # of & A o] t}. garbage collection ol A]
9 28 AHE XH 7] 9 oH timevar_push (TV_GC) 3t}

w
ok

FH & vlo]E (G.allocated = 0) & 0 22 3T} o] AL sweep THA A A A A2 Z o]t}

4. release_pages () &7} =38 Q t}. o]+= G.free_pages ol A= o] = struct page_entry * ZQAEE
S B A o el 95 e 58 8 F AAL] unnap S SIS B 95 o
F 3ol Ao et 7&23 1%1 S0, ol USING MMAP & A-&8 4% thah 2ot}

bytes bytes

\\

page »
IS e NS e RV
bytes
% 3: A3 page =
5. clear_marks () &7} =8 H ). o] oA = B E object 52 unmark 34 Aok IE|

G.context_depth ¥ T} P->context_depth 7} 2t} P->in_use_p g P->save_in_use_p o] W A3 =7
La=

6. ggc-mark roots () T7F At o] A A= GC root & TFH EE root & WHEH o= A
B A ZF element & mark Sttt

ofef e} e dAR FPHt

(a) ggc_pending_trees A5>ol] tha] VARRAY_TREE_INIT & A}-g3}e] %73} A 71t}

(b) A W roots o] TFH EE element S0l thal| A Z} element 7} 7FA] = size 2} nelt of] whet,

552 G Zo] TEH *cb 48 HFS ARFI FA SE3HA "t o 714 2 *eb 9

Foll thsiAl & o :rL ARz 0}31101]/\1 Aot % st

WE, *cb F4E FH3HEA mark sl oF T HES
ggc_pending_trees °ﬂ gA ] L=

(c) ggc_mark_trees () S5 AFE3Fo] BE queue o] = tree 53 I59 A4 5L mark T
th o714 RE= OV—] %% Z}/d st ] %2 ‘TREE’ o gt 24 & 7?*11 Aofof st g o
gz o g ‘TREE’ 7} 7}11"’ S AAEE mark FthE AR E Az ek ‘TREE’ of] o & A]
L ohe Aol RER ST

i o2 OI
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10.

Al

GC o Agol B8 FAE AUolE 31, 224 A4S mark & Fol Aojo] me} 747}
‘TREE’ & 98 mark & 4 9}5 3} callback &4~91 lang_mark _tree () & $&3}4 Et}.

Aly] Bulsl o2 Aol iy B TREE node £& 53l 4317} 82 37] wiEol 7N
Ao g afst= Zo] gy v Y A ¢l node & class &9 &2 thE = Qo= A

ol tt.

(d) °]A] 2E ggcpending trees W ol A+ element E& mark 3} 222 gec_pending_trees & ]
o FEE PG ek stk 220 23E o] Qld WH element 59 37 A BHA] oF
o

(e) 1Al object 7} olu] mark = o] ot A9] A 5

FoART o714 A3 B 4 AL AL B tree T
VETEES EP

(f) o]A A AW dhtabroots o] 5FFH] = L42ES —EQ 3tu htab_traverse () -5 &
3HA At o] 4 7} live entry oﬂ t}3] CALLBACK & g%@ggm Z A hash table & &
T FolEr} ggemark_roots () oA TEFHE= CALLBACK gge_htab_delete () &<=o]
t}.

(g) THA] ggemark trees () 5 AF23}9] ggc_pending_trees queue = o] 1
9] A4l EE mark Stc}

(h) VARRAY _FREE (ggc_pending_trees) & AF&-3Fo] W2 2] F7HS ThA] S A| gt}

E hash table 52
ark 3t & 4 7] wWjEof varray &

L=
_

rlr
rln

tree 3 15

GGC_POISON o] #e|s]o] QIrh® poison pages () T4E $H Tk AA page WA & A&l
collector ©] 79 o] A& AFE3FA] =t} poison Sz A2 AFGE ] ¢k bl O0xab & A ¥
g Aoz o 2o Atk

flo 4

~

sweep_pages () &7} =3 Ht) o] HAHA = EE empty page €& A Sl ‘mark’ H]E 7}
unused’ B E 2} °] o] 7] W&o HEZHOZ empty page 5= ZLE 1A &S

G.allocated last_gc #t& ol <} Zo] W=t
G.allocated_last_gc = G.allocated;

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

o774 348 gge_collect B7h B 2= QlTh. Abe] 22 ey o} SEg
timevar_pop (TV_GC) 2 /\]7J-° op Fﬂ A=t}

8 A ggc_pending trees 2] A&

Yol AF3=0] gec pending trees ol element 7} 715 = A3 A6 YrhR AL

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 1i;

for (i = 0; 1 < n; ++i, elt += s)
(*cb) (elt);
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ggc_mark_trees ();
VARRAY_FREE (ggc_pending_trees);

ot 2 oz AIHgof thdt virtual array & 273} 8tal A= AS & = At AT
gge- mark_trees () &5 A LA AW BLE ggc_pending trees o] TFFH element & AFE-3Hrl=
T Ak 29 for :rLPfo] TYE = T ol Aol oJH element So] F7FH Avh= A2 17
T e Aot

struct gge_root * 24| 2] CALLBACK ?—l‘ £ AHE J8 71 S Aot $prefix/gee/gge-common.c
S H 9 struct ggeroot * FEA A FAHLAE FIHAZI= FHo| e, ofiel 2ol A= 9
o= e 2 5 Atk

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);

o] 7] 5] CALLBACK 9] s]&sl= 222 A HA] Qxjo|th o]& =A&| U7lH A} ggcmark rtx_ptr
() e 9 (rtx Q) <l Z]— ggemark rtx 2 HAEote AL A d Folth ggemark tree & $pre-
fix/gec/ggeh o A= o] Y= w2z <A, k3 2ol ddH o ke A=

&+ Aot
#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)
o] REF} A&E As T ¢ Ay HA}
#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);

P

+
while (0)

p

Ay VARRAY_PUSH_TREE w3 2 of 23] A] ggc_pending_trees ol element 7} &7} the AFA
& Atk ggepending trees = ‘TREE’ &3 W&% t-7] o ol b2 rtx U rtvec 3 22 A2 4
glon, ggcmark_tree "] 2 2 1} ggc_mark_nonnull_tree ] 2 2 7} element 7}l #Hol st 2HA S 3o}

r
e o
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A 9 A Garbage Collection $H+E2] Q 9F

9.1 ggc-common.c 9|49 gd4+=
void ggc_add_root (void *base, int nelt, int size, void (*cb) PARAMS ((void *))

BASE & A % garbage collection root & 7]-5”/]-. Z} element 2] = 7] 7} SIZE byte 4 o] &
7}A= NELT Z ou wj < o}u} CB = Ztujde] 24729 2AHE 7134 3&5H &=

St4=olt}; o] AL CB 7} I (element)oﬂ ) gt ge-able(GC 7}s 3 memory & mark 3}7]
—A 3l A et routmc E%ﬂ S Wz 3ot

void gge_add _rtx_root (rtx *base, int nelt)
GC root 24 rtx v ol 5= 3t}
void ggc_add_tree_root (tree *base, int nelt)
GC root 2M tree v o S=3I}.
void gge_add_rtx_varray_root (varray_type *base, int nelt)
GC root 24 rtx €9 varray & 53t}
void ggc_add_tree_varray _root (varray_type *base, int nelt)
GC root 24 tree E9] varray & 5E3Hc}.
void ggc_add_tree_hash_table_root (struct hash_table **base, int nelt)
GC root 2 tree 2] hash table & S Z3lr}.
void gge_del_root (void *base)
o] Aol 529 GC root 7} BASE ¢l AL A A3}
void ggc_add_deletable_htab (PTR z, ggc_htab_marked_p marked_p, ggc_htab_mark mark)
GC "2 gl o3 &34 object & =3 ]—‘— ‘htab £2] 5 E’¢f htab 91 X & F7}3tch

oMo RE t}E root E°] mark HJtH 2= 3_740] o)1) mark H Y=A=2 K7 93]
htab ve] 7} object & AAFRT. W mark W0l 1A ShoiE 1A ALA AT,

(WheF 21 42 A$) MARKED P &+ %H9F entry 7} "marked” 24 185 o] ZtidA 1
Hhghot= ol whoF EAfHA] ¢k=Tthd, htab slot o] &]3] 72 A A= data 22
HIAEE S|tk ToF B ThE objoct (71 object o] 23] JH=AAE oW AET, QL) 7}
mark ¥ 4] oFdAE (ggemarked p S AHESFo]) AALS] oF sk -9 weF T T 0
o ohugte WA} T AT o B2 AT R Bk

(TheF A4 E 7 9) MARK + (19 &€ &3l) "marked” & ZA =3 slot & WEES
AWSIL 1 object o] & 7F2 AR & o]H thE object & mark 3k Fo|t) A&
=49, %87} MEM RTL ol 9J3)] 7t2 A XA vk DECL 29] ZlEE 7}FA 2 1+ memory
attribute block =2] hash table 2 7}x] 3 9 thal At} o] 23 4 MARKED P =
2] 7} attribute block ] MEM ol o]} 7t2A X =2& &7] Yst7] ol AR = Z] %2
A o] A 2 block ©] ©]H] mark & gthH 2] DECL € mark & 22 A wjFo] MARK =
A5 o] bt .

static int gge_htab_delete (void **slot, void *info)

24 fifo
rr

htab €] slot o] mark 0] 7] kel TAL Ao 2H A Frh

void ggc_mark roots ()
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A3 HLA] ZF element & mark 3T}

2E 525 root =&
k_rtx_children (rtx r
ol Ao SFHE mark © 2 o] ¢A 9 ggcset_mark S E3| o] A mark F Ut} o] A

void ggc_ma
rec;rsion 315} 3 children & *] 2 sttt
static void ggc_mark_rtx_children_1 (rtx )
AAZTEL 93 ggc_mark_rtx_children 9] 319 &<
void gge_mark_rtvec_children (rtvec v)

V = o] Ao 3 E mark HZ o] A 7 gge_set_mark & £33 ©] A mark = It} o] A
recursion 315} 37 children & %] 2] st}

static void ggc_mark_trees ()

A=A H o2 GCC_PENDING_TREES 9] children & B-E7Z1-& mark A7 stc}

mark 3t}

void gge_mark_rtx_varray (varray_type v)
rtx & Z335F= varray V ] EE element
void ggc_mark_tree_varray (varray_type v)
tree 52 E3}= varray V ] 2E element mark 3t}
static bool ggc_mark_tree_hash_table_entry (struct hash_entry *he, hash_table_key k
ATTRIBUTE_UNUSED)
hash table-entry HE & mark 3ttt 272 9] key field & A A Z tree ©] T}
void ggc_mark_tree_hash_table (struct hash_table *ht)
= element & mark dHch

5}5}+= hash-table H ] &
ggc_mark rtx =

. &4 (rtx 1) *ELT &

tree 52 XY
static void ggc_mark _rtx_ptr (void *elt)
ggc_add_root 2 XU 7] 93t type-correct T
Agstch
static void ggc_mark_tree_ptr (void *elt)
ggc_add root 2 B U 7] 9] 3} type-correct <. TA] (tree 91) *ELT & gge_mark rtx &
Zal=gcig=g
static void gge_mark_rtx_varray_ptr (void *elt)
ggc_add root & K U] 7] 9] 3t type-correct <. WA (A A| 2 varray_type * ¢1) ELT &
*9ol) ELT &

ggc_mark_rtx_varray 2 A &3t}

static void ggc_mark_tree_varray_ptr (void *elt)

ggc_add_root & E U] 7] $] 3t type-correct 4. ©A] (A A Z varray_type
ggc_mark_tree_varray & A &SI}
static void ggc_mark_tree_hash_table_ptr (void *elt)
ggc_add_root 2 H U] 7] 93t type correct $F4. TR (A A| 2 struct hash_table ** 1) ELT &
ggc_mark_tree_hash_table @ A &3t}
void * ggc_alloc_cleared (size_t size)

me Bee gue  2AS A%

void gge_print_common_statistics (FILE *stream, ggc_statistics *stats)
%9l collector &} S HAHCE FAES &3}

s
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9.2 ggc-page.c oA 9 FE
static inline int ggc_allocated_p (const void *p)

gHeFP 7} GO b5 vl elo] s ol Sirhe 0 of obd ke Wik,
static inline page_entry * lookup_page_table_entry (const void *p)

Page table = ottt page o] thgt entry & Z=th WoF object 7k GC & &3l 235 A
totd (obvix) glitt.

static void set_page_table_entry (void *p, page_entry *entry)

Page £ ¢ 3 page table entry S 74 gt}
void debug_print_page _list (int order)

o S §3h, object size ORDER £ 9 3l page-entry & =3 3t}
static inline char * alloc_anon (char *pref ATTRIBUTE_UNUSED, size_t size)

SIZE uko] £ 27]9] 97 (anonymous) v ¥ 2|8 &5ke} (e} PREF 7} NULL o]
oFue}) PREF 29| 2102 3t} of7] 9l ifdef F2A|7F HAVE* 5 shurt 3 gt
A= A & 4% compile L FE HAIT 4 e olr/}

static inline size_t page_group_index (char *allocation, char *page)
Page group 4ol A ©] page o th3t index & 7 AH3tc}.

static inline void set_page_group_in_use (page_group *group, char *page)
Page group W ©| page °fl o3l in_use B EE A A3t A2}

static inline void clear_page_group_in_use (page_group *group, char *page)

static inline struct page_entry * alloc_page (unsigned order)

7] 2°ORDER 9] object £& &33}7] 98 A 22 page & &3t 212l et entry &
"k} entry = 2 93 page_table list o] 5715 2] eF=t}.

static inline void free_page (page_entry *entry)

H o] B2 8HA] k& page ol thal, free page list o] 2212 d=rh
static void release_pages ()

A|2~"l © 2 free page cache £ release 3T}

void * ggc_alloc (size_t size)

SIZE vlo]E 9] W2 2] chunk & &3t} W<k ZERO 710 o] ofy ¥ WiEE|=0 202
2713530 29A gobd 279 Y82 HoFHA e

int ggc_set_mark (const void *p)

ok P 7} mark ¥ A 3=t 125 mark S}l false £ WH2
¥3 stk P = ¥= A] GC allocator o 2] =] of oF g o,
stack variable &, malloc oA TFH HEZE ZAd] 7l2 A=

C2EA G true &
static object & =

rigt
o
o I

flo

int ggc_marked_p (const void *p)
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gkeF P 7} oln] mark H o] Qlthd 1 & W T34 k5 4% 02 "Wk P = GC allocator
Z 2g &95 o glojornt st} o] 22 static object & &2 stack variable &, malloc 9|
ols] e vnelE 27| dAh
size_t ggc_get _size (const void *p)
gc-able object P & 32 7] & WkEHsic}.
void init_ggc ()
ggc-mmap allocator & % 7]3}3hc}
void gge_push_context ()
static void ggc_recalculate_in_use_p (page_entry *p)
P ¢t2] SAVEIN_USEP 2} IN.USE P wjdE2 E3t5to] 184 IN_USE_P 7} AAES
wked bt} =9 NUM_FREE_OBJECTS = Aj Al 4bgtth,
void ggc_pop_context ()
‘GC context’ & ZFAA] 71t} o] A gge_push_context ©] o &FH TE object 52 2 F
context 2 o| AT}
static inline void clear_marks ()
R E object &< unmark 3t}
static inline void sweep_pages ()
EE empty page S= ATt ‘mark’ HE7} ‘unused’ ] E S} o] Fo] 7] wfj ol FEAOR
emptry page < 8314 %& 5 T
static inline void poison_pages ()
B E free object & clobber 3T}
void ggc_collect ()
FH 49 & mark-and-sweep F €.
void gge_print_statistics ()
43 sAEss =4
A 10 A 13 2} ZJE v
e A7hol AU ¥A 13 48 25 PR, AW 2 Aol AR AUk GCC & BE 24
=100 2k 74A] Zhop & @RS I wj7hA] FE5] sk Al B

g, ojd = g F&
S Hu AUtk 2
a9, PEI FF YA L.



