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uint64 do_mmap
int int {

/7. MENE

struct vm_area_struct *ptr = (struct vm_area_struct*)
kmalloc(sizeof(struct vm_area_struct));

if(ptr == 0)

return 5
// ... i&E&vma
return ptr->vm_start;

W

YuanShen OSTEE T LinuxHIREEIER AN, HWEE T ELREISLUBDEER:, HTFBYTEIEZE, HEBRT per
cpulYkmem_cache_cpul9igit, itFrEAIESRHE—1DEE2RE 0. tEBRT kmem_cache_nodefY —4Rk4ETF
iﬁi-l_, R%ﬁﬁ_é&%ﬁo

&ia, BAIRIASLUBD ECERMINF RS SEIM T kmallocKkfree, HHREEMZERA/NAF—TIRERUFRGS
Foas, SNEEASLUBSECER.

1.1 TIETCER

A 1ERpagesHBAS—EIBFRE YR, E—refcount®FATFCOW fork, SAT L X, pageZEHAmNE
XENTFFCHBPR:

//slub.h
enum { PAGE_FREE, PAGE_BUDDY, PAGE_SLUB, PAGE_RESERVE };//TiEIAZS

struct page {

//COW:

int refcount;

//SLUB ALLOCATOR:

uint32 active_obj_count; //XREIRHIITSREE

uinté4 flags;

void *freelist; //HheaderEIE, HEMNNIRNREIZFEL, Hig@4 s labTlHE A EBLETFEY
freelistBIE— PN RT =

struct kmem_cache *slab;

struct page *header; //the beginning page of a slab

struct page *next; //#EETF—"slab(fheaderm) , ZFE&R Mheader&EIE
Iy
extern struct page pages[PGREF_MAX_ENTRIES];

Hrp, AT7TXDSLUBLECEBRFANERA D ECRITIE, 15| T lagstIFER, HUEFEDIHNHMEXNFES
FILE, MEWEIEE kfreeE MU W AITIE X N BIflags, #IPAGE_SLUB,NIYFZEAX (8] IESLUBS
ficgs, RZEIRFIPAGE_BUDDY,UfERAbuddy_free Y¥Xia]YIfR N RS

SRR BIMIM REFkmem_cache B REZERNTN AT EH SN RARBFERNETYIER, HE—D
slab, BABRNEE, ARMREFRE—slabXNAWIETIANE I free listAYHRLER, FHATAILEE—D
slabBfER—KK, IBARIRFRFEI N slabX N TTERITTE 2RI FERheaderXd iz HIpageEiT{A N,
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1.2 SLABTIHYAERLEH 5 kmem_cache

AR5 EEkmem_cacheflslabFTHE K245, W1E, —slabBFELNETYIER, FEIslabB#ER
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—REAMFIHREERSMHEE, —RNEFIIRMreelistifmetadata, BB 64 IIEH IEHFRE/\F
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/*HTFENE , FATARBECPUMNnode X D HIAMIEA , REMA—5partial list, Al
th~"&=Bper cpulJpartial list*/
struct kmem_cache {

/* kmem_cache_cpu */

void **freelist; /* Pointer to next available object */

uint64 tid; /* Globally unique transaction id */

struct page *page; /* The slab from which we are allocating */

/* Used for retrieving partial slabs, etc. */
int refcount;
uint64 min_partial;
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uint32 ; /* The size of an object including metadata */
uint32 object_size; /* The size of an object without metadata */
uint32 offset; /* Free pointer offset */

uint64 nr_page_per_slub;

void (*ctor)(void *);

uint32 inuse;

uint32 align;

uint32 red_left_pad;

const char *name;

uint64 nr_partial;

struct page *partial_list; /* partial List of slabs */

}i

£kmem_cacheZE, freelistzR/mZHATkmem_cachelEFEFENAIslabF VBB R, SNREIEZERIE, B
Freelist, BXHH3kEE =, FERActorXMREGSTHHEREX MM RIERIBEHIXIE £, SCIMBoHEIRY
&, pagelll235MIX NslabXf AR K 45 H 1A,

min_partialFERMZ N T 445 R Z 1 1%RE, SLUBDECERAIE, MR HAIMYpartialiE®, tBHEFHslabBR
AUSERBIKE A F min_partial, FBAHE N slabBIMREERVIE, WRELZRactive_obj_countTEORIEHE, X
slabFAN ZIR LB IR R

2. B ERER
ENOE— SR ERYuanShen OSHISLUB ER2S T ERIE,
2.1 slabTa##aML

X BT VRIESLABTL, DEiesamINERARIEESN(WINES, FALUTNREMMIT EER), K
EFcache->nr_page_per_slubTiH, EACHITIEREEX " slabB#tat—#ts%, BT AR ree list,
SLIZ RN T A ACEBFRR:

void *init_object_list(void {
uinté4 = (uinté4)addr + ;
uint64 this_obj = (uint64)addr;
uint64 next_obj = (uint64)addr + objsize;

while (next_obj < ) {
*(void **)(this_obj)
this_obj += objsize;
next_obj += objsize;

(void *)next_obj;

3
if (next_obj == ) {
*(void **)(this_obj) = 0;
return (void *)this_obj;
} else {

*(void **)(this_obj - objsize) = 0;
return (void *)(this_obj - objsize);
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2.2 WRITFE

M RIEHIRL OB EE TR S IBX RIGEIXT N RIslabTl, JAEheadertiFBfreelist, FAGHEZslabPIEERITER
HE, MNRFAENMNREELZ)IE, BLMEKNEslabMIEEnr_partial/@ S B2 min_partialo

INREHE, MEHslab)IEUHRSE, XERitpartiailERAZAK, BT HECRRAEEE,

void kmem_cache_free(void {
if(obj == 0)
return;
struct page *header = pages[PA2PGREF_ID((uint64)obj)].header;
struct kmem_cache *cache = header->slab;

*((void**)obj) = header->freelist;

header->freelist = obj;

if(header == cache->page)
cache->freelist = obj;

header->active_obj_count--;

if(header->active_obj_count == 0 && cache->min_partial < cache-
>nr_partial && header !'= cache->page){
//Mifspartial list##Jheader
struct page ptr = cache->partial_list;
//BFARTERT
for(; ptr->next != header; ptr = ptr->next){
if(ptr == 0)
panic("kmem_cache_free");

}

ptr->next = header->next;

..... //ZBEERIEERICs labR B/ Ik FRE |, ARiEpagesBAEIFRITTE TSR

cache->nr_partial--;

3.1 kmalloc3EIR

BT SLUBRERRR G, kmallocISEMELERANEAR. ERXEDNRIIIZEFYuanShen OSEELBILE T
kmem_cache, MMARBIRERAN. MNRENkmem_cachesEE TR LA ERESS, BBAENIFER
slub EcEs# 1T B,

XS IR N AYslabTAE S #$T L PAGE_SLUBMIflag, X/ME B A FkfreemIEUL,

BT slubs Bo2s T B/ MR D EES, HitbYrequest size AT1IZRAT, kmalloc2ARNHERSEO, [
¥, MR EXIEINRESEHEAS AR IPAGE_BUDDY,
6/8
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kmallocE#RYSEIZ AE AN N RBIFA:

void *kmalloc_(uint32 size) {
int objindex;
void *p = 0;
if (size == 0) return 0;

for (objindex = 0; objindex < SLUB_NUM; objindex++) {
if(size <= kmem_cache_objsize[objindex]) {
p = kmem_cache_alloc(slub_allocator[objindex]);
return p,
¥
}

// size HARTE kmem_cache_objsize SEEIZA , MEA buddy system RAEATF
if (objindex >= SLUB_NUM) {
uint32 s = 1024;
while(s < size)
S = s << 1;

p = (void*)buddy_alloc_((size - 1) / PGSIZE + 1);

}

return p;

4. Mzt
4.1 stress_test iz

FEATRAMNEANR SR EAkmallocBt B M1EIMAX_ALLOC_SIZEX Bl EFrE RTMMNAMR, BHFEILE
EEFEBRNHERYS, BEPENAERER 2T XRHA/N, RtBEBEET ZXRERRE—MEREYMIE,

void stress_test() {
printf("Running stress test with %d allocations...\n", TEST_ROUNDS);

void *ptrs[TEST_ROUNDS];
for (int i1 = 0; 1 < TEST_ROUNDS; i++) {
int size = (i % MAX_ALLOC_SIZE) + 1; // Vary sizes from 1 to
MAX_ALLOC_SIZE
ptrs[i] = kmalloc(size);

if (!'ptrs[i]) {
printf("Test failed: kmalloc failed on round %d for size
%d.\n", i, size);
panic("test fail");

3
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("Stress allocation successful. Freeing memory...\n");

for (int 1 = 0; 1 < TEST_ROUNDS; i++) {
kfree(ptrs[i]);

}

for(int i = 0; i < SLUB_NUM; ++i) {
test_kmem_cache_full(slub_allocator[i]);
test_kmem_cache_nr_partial(slub_allocator[i]);
test_kmem_cache_free_list(slub_allocator[i]);

}

("Stress test passed.\n");

=PSRN RE T RS, B— 1 IRiEkfree[G3XI N 1 EBVEMK AP active_obj_count @& X [E]0,58
MBI EERBHIIEslabMHE R T AIkmem_cacheEFHnr_partial, E=1"gAEZ], SBEBHED
slabmi@mifreelist, #HITIHE, BESX N slabiFRVIRIC X REGHITELEL.

test_kmem_cache_full(slub_allocator[i]);
test_kmem_cache_nr_partial(slub_allocator[i]);
test_kmem_cache_free_list(slub_allocator[i]);

Emain.chFTH I=test_kmallocBIRT#1TIORENIR, BITE RN FERTR:
xv6 kernel is booting

Running simple allocation test...

hart 1 starting

Simple allocation successful. Freeing memory...
hart 2 starting

Simple allocation test passed.

Running stress test with 300 allocations...
Stress allocation successful. Freeing memory...
Stress test passed.
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[1] smcdef. "Linux SLUBZ EC2R1F#R." tR= 4%, 2018-02-22.

http://www.wowotech.net/memory_management/426.html.



