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struct buddy_ {
struct spinlock lock;
uint64 base_addr;
struct tree_node nodes[(1 << (LAYER_NUM + 1)) - 1];
struct tree_node *freelists[LAYER_NUM];

+
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struct tree_node {
uint32 id;
uint8 state;
struct tree_node *next, *prev;

}i
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» BEELTRME, BERi>1:
= ¥ freelists[LAYER_NUM - i].state — SPLIT
i1
» EAEAFTHRRE:
» right_ch « nodes[RIGHT(id)]
= right_ch.state — INLIST
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» left_ch ~ nodes[LEFT(id)]
» left_ch.state — INLIST
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BE#X : buddy free
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+ addr: ERBBIRTFIELL,
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1. RIS

o uint32 offset — (addr - bdsys.base_addr) >> 12
o uint32idx « (1 << (LAYER_NUM - 1)) - 1 + offset
o Uint8i <1

2. BRISBRRENTR:

» YN8 idx==0:

= JEH panic("buddy_free_: can't return")
= idx — PARENT(idx)
= i+t

3. B
o bdsys.nodes[idx].state — INLIST // 3575 R SIEE A INLIST
4. BHBR:
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o uint32 parent_id

o intflag -~ 0
o BELITRE, BR flag==13{idx==0:

5 Mt

parent_id — PARENT(idx)
struct tree_node *right_ch ~ &bdsys.nodes[RIGHT(parent_id)]
struct tree_node *left_ch — &bdsys.nodes[LEFT(parent_id)]
UNER left_ch->state == right_ch->state B right_ch->state == INLIST:
= left_ch->state — UNUSED // ¥EFT RIRAIZIE S UNUSED
= right_ch->state — UNUSED // G F T = IR&SI&E S UNUSED
= bdsys.nodes[parent_id].state — INLIST // SR R SIEE S INLIST
1++

idx — parent_id

AER | B TFEESSMSLUBSELEs X M NER B RIZEHIT T KIBEER, E&RFINDDEARBERXIN
W, MERAEAEEkmallocif. ANMIXEED ZFeature/buddy_system F#HITHY, BEARAEBEFNDSE

fERARNIR,

TEST_FULL_BUDDY_SYSTEMillliZ

Emain.cAEERER, IH1TZIIIK, TEIKNRFERBHIA—5%.
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Allocated block i address: 0x121000
Allocated block i address: 0x141000
Allocated block i address: ©x161000
Allocated block address: 0x181000
Allocated block address: 0x1al0ee
Allocated block address: 0x1cleee
Allocated block address: 8x1eleoe
Allocated block address: ©x201000
Allocated block i address: 0x221000
Allocated block i address: 0x241000
Allocated block i address: 0x281000
Allocated block i address: 0x2c1000
Allocated block i address: 9x301000
Allocated block i address: 0x341000
Allocated block i address: ©x381000
Allocated block i address: ©x3c1000
Free lists:

Level (empty)

Level (empty)

Level (empty)

Level (empty)

Level (empty)

Level (empty)

Level [ID: 78]

Level (empty)

Level 8: (empty)

Level 9: (empty)

Level 10: (empty)

Freeing all blocks in reverse order..

Freeing block at address: ©x3c1000

Freeing block at address: ©x381000

Freeing block at address: 0x341000

Freeing block at address: 0x301000

Freeing block at address: 8x2cle00

Freeing block at address: 0x281000

Freeing block at address: ©x241000

Freeing block at address: 8x221000

Freeing block at address: 8x201000

Freeing block at address: ©x1elfee

Freeing block at address: 8x1c1000

Freeing block at address: 8x1alfee

Freeing block at address: ©x181000

Freeing block at address: 8x161000

Freeing block at address: 8x141000

Freeing block at address: 0x121000

Freeing block at address: 0x101000

Freeing block at address: 8xelfee

Freeing block at address: 8xd1eee

Freeing block at address: exc1ee@

Freeing block at address: ©xbleee

Freeing block at address: 8xaleee

Freeing block at address: ©8x91000

Freeing block at address: ©x81000

Freeing block at address: ©x71000

Freeing block at address: ©x61000

Freeing block at address: 8x51000

Freeing block at address: 8x49000

Freeing block at address: 0x41000

Freeing block at address: 0x39000

Freeing block at address: 8x31000

Freeing block at address: 8x29000

Freeing block at address: 8x21000

Freeing block at address: 8x19000

Freeing block at address: 8x11000

Freeing block at address: ©x9000

Freeing block at address: @x100e

Free lists:

Level [ID: @]

Level (empty)

Level (empty)

Level (empty)

Level (empty)

Level (empty)

Level (empty)

Level (empty)

Level 8: (empty)

Level 9: (empty)

Level 10: (empty)

Intensive test for buddy free completed.
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REHNEREfree list X IR R FRRVIRES, HBIFTE 5 ECRYTIER X IEMRIEIK T o
MWHAE TR TR, TBEARMESHTAENDEREER, MEE—IXENRSEERNEER !
void test_buddy_free {
("Testing buddy_free_ intensively...\n");
buddy_init_( );
unsigned long long addril buddy_alloc_(
unsigned long long addr2 buddy_alloc_(

unsigned long long addr3 = buddy_alloc_(
unsigned long long addr4 buddy_alloc_(8);
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if (addrl '= (unsigned long long)-1) printf("Allocated block at
address: 0x%1llx\n", addrl);

if (addr2 !'= (unsigned long long)-1) printf("Allocated block at
address: 0x%1lx\n", addr2);

if (addr3 !'= (unsigned long long)-1) printf("Allocated block at
address: 0x%llx\n", addr3);

if (addr4 '= (unsigned long long)-1) printf("Allocated block at
address: 0x%1llx\n", addr4);

print_free_lists();

// Free some blocks and check the free lists
printf("Freeing block at address: 0x%llx\n", addril);
buddy_free_(addrl);

print_free_lists();

printf("Freeing block at address: Ox%llx\n", addr3);
buddy_free_(addr3);
print_free_lists();

// Allocate again to observe fragmentation handling

unsigned long long addr5 = buddy_alloc_(16);

printf("Allocated block at address: 0Ox%llx (expected to reuse a split
block)\n", addr5);

print_free_lists();

// Free all remaining blocks to test coalescing
printf("Freeing block at address: Ox%llx\n", addr2);
buddy_free_(addr2);

print_free_lists();

printf("Freeing block at address: 0x%1llx\n", addr4);
buddy_free_(addr4);
print_free_lists();

printf("Freeing block at address: Ox%llx\n", addr5);
buddy_free_(addr5);
print_free_lists();

// Stress test with maximum allocations and coalescing
printf("Stress testing allocations and frees...\n");
unsigned long long addresses[100];

int allocation_count = 0;

for (int size = 8; size <= 64; size *= 2) {
for (int 1 = 0; i < 10; i++) {
unsigned long long addr = buddy_alloc_(size);
if (addr !'= (unsigned long long)-1) {
addresses[allocation_count++] = addr;
printf("Allocated block of size %d at address: Ox%1llx\n",
size, addr);
}
}
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print_free_lists();

printf("Freeing all blocks in reverse order...\n");

for (int i = allocation_count - 1; i >= 0; i--) {
printf("Freeing block at address: 0Ox%llx\n", addresses[i]);
buddy_free_(addresses[i]);

}
print_free_lists();

printf("Intensive test for buddy_free_ completed.\n");
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[1] "Buddy memory allocation." Wikipedia. https://en.wikipedia.org/wiki/Buddy_memory_allocation.
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