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Suborovy systém

Suborovy systém

« Spbsob uloZenia dat na disku

« Pristup k objektom (stbory, adresare, ...)
Aspekty

+ Sp6sob pridelovania pamate

« Podpora hierarchif

+ Metadata



Suborovy systém: UNIX

Virtual File System

« Rozhraniejadra

« Abstrakcia rozdielov medzi siborovymi systémami
Vlastnosti

« Jeden strom

« Koren v adresari/

« Ostatné systémy pripojené na rdézne cesty



Suborovy systém: FHS

Filesystem Hierarchy Standard (FHS)
« 1. Uroven

/bin Aplikacie nutné pre beh
/etc Konfiguracné sibory

/1ib Systémové kniznice,
tieZ niekedy /1ib32 a /1ib64

/sbin Aplikacie pre superpouzivatelov

/tmp Docasné subory, ktoré nebudi chybat



Suborovy systém: FHS

« 2. Uroven

/usr/{bin, lib, sbin,...}
Doplnkové aplikacie,
nie nutné pre beh systému

« 3. Uroven

Jusr/local/{bin,1ib,sbin,..}
Aplikacie ziskané mimo distribu¢né baliky

® Unified /usr
Niektoré distriblcie majd 1. a 2. Groven zjednotent
a poskytuju symbolické odkazy /a — /usr/a.



Suborovy systém
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Suborovy systém: Objekty

System32Comics




Suborovy systém: Bezné suibory

Regular File
« Obsahuje bajty, vyznam zalezi od aplikacie
« [-uzol obsahuje opravnenia a mapovanie na bloky disku
» Neobsahuje nazov stboru!

+ Velkost vi-uzle m6ze byt vacsia, nez mapované bloky
(sparse files)

® File vs Regular File
« File (stbor) je vS8eobecny pojem pre akykolvek objekt FS.

« Regular file (bezny stbor) je objekt, ktory obsahuje
pouzivatelom pristupné data.

Casto file ~ regular file podla kontextu.



Suborovy systém: Bezné suibory

Podobnost C99 vs POSIX.1-2008
Pozor narozdielnu sémantiku, vid'manual.

C99 POSIX

#include <stdio.h> ~ #include <unistd.h>

FILE *file ~ int fd

fopen(path, mode) ~ open(path, flags, 0666) @&
fclose(file) ~ close(fd)

fread(buf, size, n, file) ~ read(fd, buf, size * n)

fwrite(buf, size, n, file) ~write(fd, buf, size * n)




Suborovy systém: Deskriptor

File Descriptor
« Abstraktna reprezentacia zdroja v UNIXe

« Subor, rira, sietové spojenie, monitory, ...
« Malé nezaporné ¢islo typu int
« Porovnajte s HANDLE vo WinAPI
(Open) File Description
+ Zaznam kernelu o otvorenom stibore
« M&ze byt odkazovany viacerymi deskriptormi

« M&ze byt zdielany medzi procesmi



Suborovy systém: Deskriptor

Process A Open file table I-node table
File descriptor table (system-wide) (system-wide)
fd | file file | status |inode file | file
flags | ptr offset | flags pu type | locks
Jd o 0
fil 1
fd2 oo~ 93
fd 20 '\_\
Process B .\\
File descriptor table \",- f;x
fd | file 73
flags | ptr /
fa0 ;
fd1 86 5139
fd 2
fi3
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Suborovy systém: Konvencie

Konvencie ndzvov funkcii

g() Zakladna funkcia
1Z() Nedereferencuje odkazy
fZ() Pracuje s deskriptorom namiesto cesty
fdg() Alternativa fg()
Cat() Relativhe umiestnenie od zadaného adresara

¢dir() Operaciasadresdrom
Obcas sa mdzZu najst aj kombinacie, napr. fZat ().

Nie vzdy presné, ¢itajte manual.



Suborovy systém: Bezné suibory

#include <fentl.h> /* open(), 0. a, S a */
#include <unistd.h> /* close() */

int open(const char *path, int flags /*, mode t mode */);
int close(int fd);

#define O _RDONLY /* .. %/ /¥ Access mode (one of) */
#define O_WRONLY Sk .. x/
#define O_RDWR Sk .. */

#define O_APPEND /* .. %/ /¥ Additional §Lags */
#define O_CLOEXEC  /* .. */

#define O _CREAT /* .. %/ // Requiwes <mode>!
#define 0_EXCL J* ./

#define O _NONBLOCK /* .. */

#define O_TRUNC Sk .. */
12



Suborovy systém: Bezné suibory

#include <fcntl.h>
int openat(int dirfd, const char *path, int flags, /* mode t mode
#define AT _FDCWD /* .. */

open(m, @, p)~ openat(AT_FDCWD, T, ¢, M)

int creat(const char *path, mode_t mode);

creat(m, p)
~ openat (AT_FDCWD, m, O_WRONLY | O_CREAT | O_TRUNC, u)

#include <stdio.h>
FILE *fdopen(int fd, const char =mode);
int fileno(FILE *stream);

13



Suborovy systém: Bezné suibory

Pristupové prava k vytvorenému stboru st dané kombinaciou

mode Parameter pre open() alebo creat()

umask (user) file mode creation mask, atrib(t procesu

#include <sys/stat.h>
mode_t umask(mode_t mask);

// Read Weite  eXecute RWX

// usen: S IRUSR S IWUSR S IXUSR S _IRWXU
// group: S IRGRP S_IWGRP S_IXGRP  S_IRWXG
// othens: S IROTH S IWOTH S_IXOTH S_IRWXO

// T T T T

// 3pecial: S_ISUID S_ISGID S_ISVTX

14



Suborovy systém: Bezné suibory

#include <unistd.h>
ssize t read(int fd, void *buf, size t count);
ssize t write(int fd, const void *buf, size_t count);

« Pouzivané aj pre iné typy zdrojov (rary, monitory, ...)

» 0_NONBLOCK

Mozu zapisat alebo preditat menej dat, nez count.

To nie je chyba.

15



Suborovy systém: Bezné suibory

#include <unistd.h>

off_t lseek(int fd, off_t offset, int whence);

#define SEEK_SET Jx
#define SEEK_CUR J* ..
#define SEEK_END J* ..

#define SEEK_DATA  /* ..
#define SEEK_HOLE  /* ..

*/ // Linux 3pecific
*/

ssize t pread(int fd, void *buf, size t size, off_t off);
ssize t pwrite(int fd, const void *buf, size t size, off_t off);



Rary




Rura
+ Jednosmerny prud dat
+ Dvojica deskriptorov (zapis — Citanie)

« Obmedzend velkost (PIPE_BUF)

« Nepomenované

e 1s "Futurama-*.mkv" | shuf | xargs -d'\n' mpv
« |IPC medzi pribuznymi procesmi

« Pomenované

« Objekty v siborovom systéme

+ |IPC medzi (obvykle) nepribuznymi procesmi



#include <stdio.h>

FILE *popen(const char *command, const char *type);
int pclose(FILE *stream);

V principe rovnaké ako volanie system(command).



Rary: Nepomenované

#include <unistd.h>
int pipe(int pipefd[2]);

pipefd[0] Citajlci koniec
0 ako stdin

pipefd[1] Zapisujuci koniec
Tako stdout



Odbocka: Kopia deskriptora

#include <unistd.h>

int dup(int fd);

int dup2(int fd, int newfd);

int dup3(int fd, int newfd, int flags);
@ Typické pouzitie

Nahradenie Standardnych deskriptorov
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Rary: Pomenované

Pomenované riry
« Speciélne stibory v siborovom systéme
+ Praca skoro ako s beznym stiborom
» Shell:
mkfifo FILE
. C:

#include <sys/stat.h>
/* mknod(..), mknodat(.) + S_IFIFO */

int mkfifo(const char *pathname, mode_t mode);
int mkfifoat(int dirfd, const char *pathname, mode_t mode);

21



Adresare




Adresare

Adresare

« Mapujl nazvy nai-uzly,
>t — N

» Specialne zaznamy:
. aktualny adresar

. nadradeny adresar

22



Adresare

#include <sys/types.h>
#include <dirent.h>

DIR *opendir(const char *name);
int closedir(DIR *dir);

int dirfd(DIR *dir);
DIR *fdopendir(int fd);

23



Adresare

#include <dirent.h>
void rewinddir(DIR *dirp);
struct dirent *readdir(DIR *dirp);

struct dirent {
ino_t d_ino;
off_t d_off;
unsigned char d_type;
char d_name[256];
3

#define DT _DIR /¥ . x/
#define DT_LNK /¥ ./
#define DT_REG S .. x/
#define DT_UNKNOWN /* .. x/ // Must Ue checked!

24



Adresare

#include <sys/stat.h> /* + othex headews fox modes */
int mkdir(const char *pathname, mode_t mode);
int mkdirat(int dirfd, const char *pathname, mode_t mode);

#include <unistd.h>
int rmdir(const char *pathname);
// wmdinat() » unéinkat(.., .., AT_REMOVEDIR)

25



Adresare

Pracovny adresar

 Vlastnost procesu

« Rezollciarelativnych ciest
char *getcwd(char *buf, size t size);
/* chan *getwd(chax *Ubuf); */ // AVOID

char *get_current_dir_name(void); // GNU

int chdir(const char *path);
int fchdir(int fd);

26



Adresare

Linux

Nepouzivat priamo, toto je len pre ukazku.

int open(const char *path, int flags, /* mode t mode */);
#define 0 _DIRECTORY /* .. */

ssize t getdents64(int fd, void *dirp, size t count);

struct linux_dirent64 {
ino64_t d_ino;

Sk .. *x/

char d_name[];

};

27



Odkazy




Néazov siboru je zdznam v adresari, nie je uloZeny v i-node stboru.

Pevny odkaz Priradenie nazvu k i-uzlu v zazname adresara.

Symbolicky odkaz Subor, ktory obsahuje cestu (jednu z
moznych) k stboru.
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#include <unistd.h>
int link(const char #*target, const char *linkpath);
int linkat(int fd1, const char *pi1, .. fd2, .. *p2, int flags);

int symlink(const char *target, const char *linkpath);
int symlinkat(.. *target, int newdirfd, .. *linkpath);

ssize t readlink(const char *pathname, char *buf, size t bufsz);
ssize t readlinkat(int dirfd, .. *pathname, .. *buf, .. bufsz);

#include <stdlib.h>
char *realpath(const char *path, char *resolved_path);

#define PATH_MAX /* .. x/ // In <@imits.h>

29



#include <unistd.h>

int access(const char *path, int mode);

int faccessat(int dirfd, .. *pathname, .. mode, int flags);
#define F_OK /* .. */

#define R OK /* .. */

#define W OK /* .. */

#define X _OK /* .. */

! Pozor nasibeh
Po skonceni access() nemusi byt informacia aktualna.

30



Odkazy

int unlink(const char *pathname);
int unlinkat(int dirfd, .. *pathname, int flags);

#include <stdio.h>

int rename(const char *oldpath, const char *newpath);

int renameat(int oldfd, const char *oldpath, .. newfd, .. *newpath);

int renameat2(.. oldfd, .. oldpath, .. newfd, .. newpath, int flags);
! Pozor

Premenovanie nahradi existujuci odkaz!
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Ako bezpecne premenovat sibor?

#include <stdio.h>
#include <unistd.h>

int rename_safe(const char *oldpath, const char *newpath) {
if (access(newpath, F_OK) == 0) {

errno = EEXIST; /* File alzready exists */
return -1;

return rename(oldpath, newpath);

Aky problém je v tejto ukazke?

32



Ako bezpelne pepisat stibor?

int replace_file(const char *file, size t #*bsize,
const char data[bsize]) {
int fd = open(file, O_WRONLY | O _TRUNC | O _CREAT, ..);
if (fd = -1)
return -1;

while (..) {
write(fd, ..);

close(fd);
return 0O;

Aky problém by mohol nastat v tejto ukazke? 33



Vlastnosti




Vlastnosti: Zistenie

#include <sys/types.h>
#include <sys/stat.h>
#include <unistd.h>

int stat(const char *path, struct stat *buf);

int lstat(const char *path, struct stat *buf);

int fstat(int fd, struct stat *buf);

int fstatat(int dirfd, .. *path, .. *buf, int flags);

struct stat {

mode_t st _mode; /* Flle tupe and mode */
uid_t st_uid; /* Owner */

gid t st _gid; /* Group */

off_t st_size;

/* . ¥/

34



Vlastnosti: Zmena

Vlastnik, skupina a prava

#include <unistd.h>

int chown(const char #*path, uid_t owner, gid t group);

int lchown(const char *path, uid_t owner, gid_t group);

int fchown(int fd, uid_t owner, gid_t group);

int fchownat(int dirfd, .. *path, .. owner, .. group, int flag);

#include <sys/stat.h>
int chmod(const char *path, mode_t mode);

int fchmod(int fd, mode_t mode);
int fchmodat(int dirfd, .. *path, mode_t mode, int flags);

Preco neexistuje lchmod()?

35



Vlastnosti: Zmena

Vel'kost a obsadenie blokov

#include <unistd.h>
int truncate(const char #*path, off_t length);
int ftruncate(int fd, off_t length)

#include <fcntl.h>

int fallocate(int fd, int mode, off_t offset, off_t len);
#define FALLOC_FL_PUNCH_HOLE /* .. x/

#define FALLOC_FL_COLLAPSE RANGE /* .. x/

#define FALLOC_FL_ZERO_RANGE /* .. */

int posix_fallocate(int fd, off_t offset, off_t len);
ftruncate() vie pracovat aj na inych objektoch

napr. na zdielanom segmente paméte
36



Vlastnosti: Zmena

Cas posledného pristupu a modifikacie

#include <sys/time.h>
#include <sys/stat.h>
int utime(const char *path, const struct utimbuf *time);

int utimes(const char #*path, const struct timeval times[2]);
int lutimes(const char *path, .. times[2]);

int futimes(int fd, .. times[2]);

int futimesat(int dirfd, const char *path, .. times[2]);

int futimens(int fd, .. times[2]);
int utimensat(int dirfd, const char *pathname, .. times[2], int fla

37



DalSie moznosti



Rychle kopirovanie dat

Kopirovanie medzi soketmi a silbormi

#include <sys/sendfile.h>
ssize t sendfile(int ofd, int ifd, off_t *offset, size_t count);

« ifdobjekt okrem soketu

« ofdsoket alebo bezny stibor

#define _GNU_SOURCE

#include <unistd.h>

ssize t copy_file_range(int fd_in, loff_t *off_in,
int fd_out, loff_t *off_out,
size t len, unsigned int flags)

« Obadeskriptory musia byt bezné sibory

38



Rychle kopirovanie dat

Prenos dat medzi rarami

#include <fcntl.h>

ssize t splice(int fd_in, loff_t *off_in,
int fd_out, loff_t *off_out,
size t len, unsigned int flags);

« Asponjeden z deskriptorov musi byt rira.

ssize t tee(int fd_in, int fd_out, size_t len,
unsigned int flags);

 Kopiruje data z jednej riry do druhej

+ V zdrojovej rure data zostanu

39



Rychle kopirovanie dat

Kopirovanie stranok pamite do rary

#include <fcntl.h>
ssize t vmsplice(int fd, const struct iovec *iov,
unsigned long nr_segs, unsigned int flags);

40



Rekurzivne prechadzanie adresarov

File Tree Walk
Push-based prechadzanie adresarovej Struktdry

#include <ftw.h>

int nftw(const char *path,
int (*fn)(const char *fpath, const struct stat *sb,
int typeflag, struct FTW *ftwbuf),
int nopenfd, int flags);

int ftw(const char *path,
int (*fn)(const char *fpath, const struct stat *sb,
int typeflag, struct FTW *ftwbuf),
int nopenfd);

41



Rekurzivne prechadzanie adresarov

POSIX scandir
Push-based prechadzanie adresarovej Struktdry

#include <dirent.h>
int scandir(const char *dirp, struct dirent **x*namelist,
int (xfilter)(const struct dirent *),
int (*cmp)(const struct dirent sk, const struct dirent *x));

int alphasort(const struct dirent **a, const struct dirent *xb);
/* GNU extensions */
int versionsort(const struct dirent #*a, const struct dirent *xb);

int scandirat(int dirfd, const char *dirp,
/* weat same a3 for scandin() */);

42



Rekurzivne prechadzanie adresarov

POSIX scandir
Pull-based prechadzanie adresarovej Struktiry

#include <fts.h>

FTS *fts_open(char *const *path_argv, int options,
int (*cmp)(const FTSENT %, const FTSENT *%));

int fts_close(FTS *ftsp);

FTSENT *fts read(FTS *ftsp);

FTSENT *fts_children(FTS *ftsp, int options);
int fts_set(FTS *ftsp, FTSENT *f, int instr);
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Specialne objekty

Specialne objekty
« Zariadenia
« Pomenované rury (FIFO)
« Sokety
Dalgie podla podpory OS a siborového systému
« Doors, Solaris

o Forks, MacOS (HFS), Windows (NTFS)
tiez Alternate Data Streams

« Junctions, Windows (NTFS)

44



Zaver




« Understanding Linux Filesystems

» Everything you ever wanted to know about inodes
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https://opensource.com/article/18/4/ext4-filesystem
https://www.howtogeek.com/465350/everything-you-ever-wanted-to-know-about-inodes-on-linux/
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