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Ruby Garbage Collection Using Efficient Bitmap Marking

NARIHIRO NAKAMURAT! and YUkiHIRO MATSUMOTOT!

Since mark-and-sweep garbage collection scheme, which Ruby interpreter uses modifies
every living object, it suffers performance problems due not to utilize copy-on-write mem-
ory page sharing among processes, under the circumstances like web-services running under
Apache HTTP servers. In this paper, we proposes adding bitmap marking for Ruby’s garbage
collection. We show much memory usage and performance change by bitmap marking. For
efficient bitmap marking, it is needed to calculate bitmap position from an object pointer.
Prior art uses aligns heap memories and pointer masking to retrieve bitmap position from
object pointer. But Ruby interpreter runs on various platforms, and we do not have portable
memory allocation API to obtain aligned memory region without wasting region. In this pa-
per, we propose portable scheme to map from object pointers to corresponding bitmap table
in constant time. We also show how much proposed bitmap marking improves performance,
comparing bitmap marking method using binary search to obtain bitmap position from object
pointers.
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struct heaps_slot {
void *membase;
RVALUE slot;
int limit;
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20byte

typedef struct RVALUE {
union
struct RBasic {
unsigned long flags; /*
VALUE klass; /=
} basic;
struct RArray {
struct RBasic basic;
long len;
long capa;
VALUE »ptr;
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Fig.1 Heap struct in Ruby
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static inline struct heaps_slot *
find_heap_slot_for_object (RVALUE *object)
{
int i;
for (i = 0; i < heaps_used; i++) {
struct heaps_slot *heap = &heaps[il;
if (object >= heap->slot
&& object < heap->slot + heap->limit)
return heap;

}
return NULL;
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static inline struct heaps_slot *
find_heap_slot_for_object(
rb_objspace_t *objspace,
RVALUE *object)

int i;
register size_t hi, lo, mid;

lo = 0;
hi = heaps_used;
while (lo < hi) {

mid = (lo + hi) / 2;

struct heaps_slot *heap = &heaps[mid];

if (heap->slot <= object) {

if (object < heap->slot + heap->limit) {
return heap;

lo = mid + 1;

else {
hi = mid;

}
return NULL;
}
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if (((RVALUE *)p)->as.free.flags & FL_ALIGNOFF)
{

res = (RVALUE #*) ((((VALUE)p & ~Ox3FFF) + 0x4000) /

sizeof (RVALUE) * sizeof (RVALUE));
}
else {
res = (RVALUE *) (((VALUE)p & ~Ox3FFF) /
sizeof (RVALUE) *sizeof (RVALUE)) ;
}
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Fig.5 Bitmap place search by Align method in Ruby

typedef struct RVALUE {
union {
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} bitmap;

TAI14bit A0 TCHBFRL R

B6 t—7Aanvyk oyt
Fig.6 Initialize heap slot

(0x4000 /sizeof (RVALUE) + 2) * sizeof (RVALUE);

B7 t—728vbh Y1 ADFHE
Fig.7 Calculation of the heap slot size

0x4010 0x7FF8

”IHIIIHIIIHIH

0x4000 0x8000
FELRWATIT)
E%JE AN D

0X40 10 0x8020

0; 4000 0X8000 0x8024
* E—TH A REHIET B WA

0x3FFC 0x8020

[TTTTTITTTTTIE

0x8000
W0 et e, 4TI NN

| mallocCRELETKLR

Orserre-ram

8 bt —7anvh Y1 XD
Fig.8 Adjustment of the heap slot size

AN DD D72, (R 8) £ T, Sk B 7 kA
I—R Tk =7 2Bvh OYA A% DU IKEL 7=,

F72, MEIC 20byte TV 71 VINEZTRLVAD
t~7xmvbﬁ%&*nt%é,8vb7vfmm
RAVEANZDIZBES>TUED A, TOT—AIZEWN



6

obj_num = HEAP_SIZE / sizeof (struct RVALUE) - 1

size = sizeof(int) * (obj_num / (sizeof(int) * 8)+1);

map = (int *)malloc(size);
9 Bk v SHEBOMNR
Fig.9 Allocate bitmap area

obj_index = (obj_p - slot) / sizeof (RVALUE);
index = obj_index / (sizeof(int) * 8);
offset = obj_index % (sizeof(int) * 8);
map[index] |= 1 << offset;
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