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Sprava pamaite



Sprava pamite

Fyzicka pamit
 Elektronické Cipy v PC
+ Linearne adresovana
+ M&Ze mat r6zne zény
Virtualna pamat
« Abstrakcia nad fyzickou paméatou

» Proces vidi len mapované Casti



Sprava pamite: MMU

Memory Management Unit (MMU)

+ Preklad medzi adresami fyzickej a virtualnej paméte
« Page Table

« Translation Lookaside Buffer

Stratégie pridelovania pamite

o Preallocation

« On-Demand Paging
» Page Fault

« Out of Memory Killer

« Hybridné schémy arozsirenia



Sprava pamite: OOM
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Sprava pamite
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Pridelovanie pamite

Alokacia pamite (C99, C11, POSIX)

#include <stdlib.h>

void *malloc(size t size);

void *calloc(size_t nmemb, size t size);
void *realloc(void *ptr, size t size);
void free(void *ptr);

/* C11 */
void *aligned alloc(size t alignment, size t size);

/* Obsolete:
* « poalx_memalign(), memalign()
* « valloc(), pvalloc() */



Pridelovanie pamite

Alokacia pamate (Linux)
» Posunitie zarazky .data segmentu

#include <unistd.h>

int brk(void *addr);
void #*sbrk(intptr_t increment);

« Explicitnd zmena mapovania paméate (po reklame)



Mapovanie pamiate



Mapovanie pamite

Mapovanie pamiéte

« Virtualna pamat procesu je rozdelena na stranky

« Asociacia medzi siborom a regidnom paméte
Linux

« Anonymous Mappings

 File-Backed Mappings

« /proc/${PID}/maps



Mapovanie pamaite

#include <sys/mman.h>

void *mmap(void *addr, size t length, int prot, int flags,
int fd, off_t offset);

int munmap(void *addr, size t length);

#define MAP_FAILED ((voidx) -1)

/* pnot: */
#define PROT_{EXEC,READ,WRITE,NONE} /* .. */

/* fRags: */
#define MAP_SHARED Jx . ox/
#define MAP_PRIVATE J* .. */

#define MAP_ANONYMOUS /* .. */
#define MAP_POPULATE /* .. */
#define MAP_LOCKED  /* .. */ &



Mapovanie pamate: MAP_FILE

Mapovanie stiboru

 Stranka pamate <> blok stiboru
« prot musi byt kompatibilné s mode pre open()
« On-Demand spristupnenie (ale MAP_POPULATE)

« Viditelhost zmien v sUbore z3avisi ha rezime:

MAP_SHARED Zmeny sa po Case (alebo pomsync()) prejavia

MAP_PRIVATE Kdpia stranok len pre proces



Mapovanie pamate: MAP_FILE

Zmena velkosti mapovania
#include <sys/mman.h>

void *mremap(void *old_addr, size t old_size, size_t new_size,
int flags, /* vold *new_addwzess */);

#define MREMAP_MAYMOVE  /* .. */
#define MREMAP_DONTUNMAP /* .. */

@ Zmena vel'kosti siborového mapovania
Vid'systémové volanie ftruncate() (10 Stbory).
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Mapovanie pamate: MAP_FILE

Vynutenie synchronizéacie

#include <sys/mman.h>

int msync(void *addr, size t len, int flags);

/* fRags: */
#define MS_ASYNC Sk .. */
#define MS_SYNC Sk . */

#define MS_INVALIDATE /* .. */

Porovnajte s fsync()



Mapovanie pamaite

Pristupové prava
#include <sys/mman.h>
int mprotect(void *addr, size_t len, int prot);

Prenositelné su len niektoré kombinacie:

» PROT_NONE
» PROT_READ

« PROT_READ | PROT_WRITE
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Mapovanie pamaite

Operacie suvisiace so swap

#include <sys/mman.h>

int mincore(void *addr, size_t length, unsigned char vecl[]);
// alzeof(vec) >= (Rength + PAGE _SIZE - 1) / PAGE_SIZE

int mlock(const void *addr, size_ t len);
int mlock2(const void *addr, size t len, int flags);

int muntlock(const void *addr, size t len);

int mlockall(int flags);
int munlockall(void);

Toto nie je mechanizmus medzivlaknovej synchronizacie!
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Mapovanie pamaite

Optimalizacia pristupu

#include <sys/mman.h>
int madvise(void *addr, size t len, int advice);

#define MADV_NORMAL J* . */
#define MADV_RANDOM J* . %/
#define MADV_SEQUENTIAL /* .. */
#define MADV_WILLNEED /* .. */
#define MADV_DONTNEED  /* .. */ /* - MAP_ANONYMOUS */

int posix_madvise(void *addr, size t len, int advice);
#define POSIX_MADV_x J* . */
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Mapovanie pamate: MAP_ANONYMOUS

MAP_ANONYMOUS

+ Mapovanie bez siboru
+ Vlynulované stranky

« Defacto alokacia paméte

Prenositelné spravanie vyZzaduje fd = -1 aoffset = 0.

@ SunOS 4.0 (1988) bez MAP_ANONYMOUS
int zero_fd = open("/dev/zero", 0_RDWR);
void *mem = mmap(NULL, length, PROT_READ | PROT WRITE,
MAP_PRIVATE, zero_fd, 0);
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Mapovana pamat

Anonymna pamat ako deskriptor

int memfd_create(const char *name, unsigned int flags);
#define MFD_CLOEXEC /* .. */

 Ekvivalent anonymného mapovania

« Zvacsuje sa podla potreby

« Inicidlne 0_RDWR, zmena cez fcnt1()

+ name nema prakticky Ziadny vyznam

- ftruncate(), read(), read()



Zdielana pamat




Zdielana pamat: Princip
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Zdielana pamat: Princip
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Zdielana pamat: Princip

kernel

process A process B



Zdielana pamat

Zdielanie mapovaného siiboru
e MAP_SHARED
« Velmirychle IPC
« Nutna
« mutex, rwlock, eventfd (pribuzné procesy)

« SlUborové zamky, SysV semafory (vSeobecne)

Synchronizacné prvky pre nepribuzné procesy:

» pthread_mutexattr_setpshared()
» ptherad_rwlockattr_setpshared()

« sendmsg() s SCM_RIGHTS (man 7 unix)aeventfd()
20



Zdielana pamat

Zdielanie anonymného regiénu
o MAP_SHARED | MAP_ANONYMOUS

« Zdielany len s pribuznymi procesmi
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Zdielana pamat

Zdielanie pomenovaného regiénu bez siboru

#include <sys/mman.h>

int shm_open(const char *name, int oflag, mode_t mode);
int shm_unlink(const char *name);

+ name je logicky identifikator zdielaného segmentu.
Mal by byt tvaru /name.

« oflagamode ako pre open()
0_WRONLY pouzit nejde

« ftruncate() zmenivel'kost segmentu

« mmap() pripoji segment do pamate procesu
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DalSie moznosti



userfaultfd

#include <linux/userfaultfd.h>

int syscall(SYS userfaultfd, int flags);
« Deskriptor na udalosti Page Fault
« Konfiguracia cez ioct1()

« read() vraciainformacie o vypadkoch stranok
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SysV IPC

e man 7 ipc
« Zdielana paméat (POSIX:man 7 shm_overview)
« Semafory (man 7 sem_overview)

« Spravy (man 7 mg_overview)

CLI nastroje: ipcs, ipcmk, ipcrm
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SysV IPC: Zdielana pamit

#include <sys/ipc.h>

key t ftok(const char *pathname, int proj_id);

int shmget(key_t key, size t size, int shmflg);
#define IPC_PRIVATE /* .. */

#define IPC_CREAT  /* .. */

int shmctl(int shmid, int cmd, struct shmid_ds *buf);

void *shmat(int shmid, const void *shmaddr, int shmflg);
int shmdt(const void *shmaddr);
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SysV IPC

Zdielana pamit
« Stardie a menej pohodIné rozhranie nez POSIX

« Stale pouzivané

Semafory, Spravy

« Takmer nepouzivané
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Zaver




« Linux Memory Management
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https://www.kernel.org/doc/html/latest/admin-guide/mm/index.html

IT'S A CHRISTMAS TREE. WITH A
HEAP OF PRESENTS (JNDERNEATH!

... WERE NOT INVITING
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