daunbi



Y10 Takoe pann?



YT0 Takoe dpann?

dann — aTo CYLWHOCTb, KOTOPas Coaep>XXUT AaHHble, UMeeT UMS U aCCOLMNPOBaHHbIE C
HUM MeTagaHHble



Uma panna

e He bonee PATH_MAX (Bkntoyasa \0 ) cumBonoB: 4 Kb Ha coBpeMeHHbix OC, 256
6anT o9 NepeHOCUMOCTH

e Paspenutenb nytm— / ,4acTu nyTun He bonee 255 cMMBOMOB Ka>kaas

e CaMoOE& KopoTKoe UMs dpanna - / — camas BEpxHeypOBHEBas ANPEKTOPUS
(KopHeBas)

e ABCOMIOTHDBIN NYTb: HAYMHAETCH C KOPHSA (Hanpumep, /Users/carzil/mipt )

OTHOCUTESNbHDBIW NYTb: BIMUCAAETCS OT TEKYLLLEN ANPEKTOPUN (HanpuMep,

carzil/mipt )

e . —Tekyuwasa gupektopus ( ./carzil/mipt = carzil/mipt wu
./carzil/./././mipt = ./carzil/mipt )

e .. —pupektopwusBbiwe ( /Users/carzil/mipt/.. = /Users/carzil)



Everything is a file

o PerynsapHbie pannbi

o [lnpexkTopumn

e CMMBOJIMYECKNE CCbINIKU

e FIFO (MMeHOBaHHble KaHanbl)

e CokerTbl



dannoBadg cucrema

e On-disk cTpyKkTypa AaHHbIX A9 opraHn3auum XxpaHeHnsa gannos
o PaboTatot nosepx xpaHunuuwa (HDD, SSD, NVMe)

e XpaHunuuie TpaguLMoHHO pa3bmnBaeTcs Ha 6/10kM, B KOTOPbIX XpaHATCSA 6o
[OaHHble, TMOO cneLunanbHble CTPYKTYPbI

e Pasmep 6510k0B 06bIYHO 512 BanT nnm 4 K6

o Dannbl 3aHMMalOT 6/10KM C gaHHbIMU



Kak 06beguHNTb HecKobKo ¢»annoBbiX CUCTEM B
ogHoun OC?

e Windows-way: C: , D:, A: ,etc
o UNIX-way: eanHoe npocTpaHCTBO UMEH

o Bce ¢pannbl, Bce pupektTopun Bcex ¢pamnoBbiX CUCTEM — 3TO BCE-BCE-BCE XPAHUTCSA B
eAUHOM NPOCTpPaHCTBE

VFS = Virtual file system



PaboTta ¢ paHHbIMK danna

#include <unistd.h>

int open(const char xpathname, int flags, mode_t mode);
ssize t read(int fd, void xbuf, size_t count);

ssize t write(int fd, const void xbuf, size t count);
int close(int fd);



[Mo3nuusg BHYTpU dpanna

e C KaXabIiM ¢ars10BbIM [ECKPHUINTTOPOM
#define SEEK_SET ...

Y, #define SEEK_CUR ...
CBA3aHa TeKkyLw,ad no3numa B Cbal/lﬂe #define SEEKEND ...
° read/write rnocnenoBartesibHO off_t lseek(int fd, off_t offset, int whence);

off64_t lseek64(int fd, off64_t offset, int whence);
yBEJINYNBAIOT 3TY NMNO3NUUIO

e 1lseek Mo3BoNndeT nepemMellaTb
TeKyLLY MO3ULINIO

e off t = int32_t Ha 32-OUTHbIX
cucrtemax!



PaboTta c MmeTapaHHbIMU danna

e [lonyunTb MeTanHdoOpMaLMIO O Pafle  #include <sys/stat.hs

MO>XHO C NMOMOLLbIKO CeEMeNCTa int stat(const charx path, struct statx buf);
int fstat(int fd, struct stat xstat);
CUCKOJI10OB *stat int lstat(const charx path, struct statx stat);
struct stat {
e Bce oHU BO3BpaWaloT CreynasibHyIro dew 5t deu
ino_t st_ino;
CTPYKTYpyYy struct stat node. t <t mode:
nlink_t st_nlink;
e 1lstat He cnepyet no uid_t st_uid;
gid_t st_gid;
CMMBOJINHECKUNM CCbIJTIKaM dev_t st_rdev;
off_t st_size;

blksize t st_blksize;
blkcnt_t st_blocks;
struct timespec st_atime/st_mtime/st_ctime;



[1paBa gocTtyna

e rwX = Read/Write/eXecute
e O O6UT, 3 rpynnbl

e [1paBa BnagenbLa, npasa rpynmnbl v
npaBa OJ19 OCTasIbHbIX

e YacTo 3anucbiBalOTCH Kak yncia B
BOCbMUWPUYHOWN CUCTEME CUYNCTIEHUS

o 7775 = 1111111119 = rwxrwxrwx
e 64453 = 1101001009 = rw-r——r—

e st _uid/ st_gid copepxwut ID
BflagenbLua/rpynnbl-BAagensua

struct stat {

/0 coc
mode_t st_mode;
uid_t st _uid;
gid_t st_gid;
[/«

I

11



[MpaBa gocTyna ansg AMpeKTopumn

e [ — INCTUHI ANPEKTOPUMn
e W — co3aaHue GpansioB BHYTPU OUPEKTOPUN

e X — BO3BMOXXHOCTb NMepenTn B gmpekToputo (cd), a Takxxe gocTtyn K dansiam
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PeryngapHbie ¢pannbl

S_ISREG(stat.st _mode)
OO6blYyHble pannbl ¢ AaHHbIMU

[1aHHble XpaHAaTCca B byioKax
OQMNHaKOBOro pasmepa

st_size COOEPXWUT TOYHOE
Konn4yecTtBo 6anT BHYTPU danna

st_blocks — KonnyecTBo 6/10KOB
danna (nog 6510KkOM nogpasymMeBaeTcs
512 6anToBbIN 6/10K)

st _blksize - npeanovYnTaembiu
pa3mMep 610ka oasa onepaumm

st_atime/st_mtime - nocnegHun
gocTtyn/mMmoandukaums

struct stat {

// LI I |
mode_t st_mode;
off_t st_size;

blksize t st _blksize;
blkcnt_t st _blocks;
struct timespec st_atime/st_mtime;

[/ saa
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PeryngapHbie ¢pannbl

Y70 U3 3TOro MoXxeT 6bITb BEPHO?

e st size < st _blocks % 512
e st size == st _blocks x 512

e st size > st blocks % 512
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PeryngapHbie ¢pannbl

e st size < st _blocks x 512 : pa3mMmep danna He KpaTeH pa3mepy bnoka
e st size == st_blocks % 512 : pa3Mep danna KpaTeH pasmepy 610okKa

e st _size > st_blocks *x 512 :B ¢danne ecTb «OblpKn» — BUPTYyasibHble OSI0KMK
3arosIHEHHbIE HYNMAMU
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Kak co3paTtb «ablpKu» B panniax?

e J|seek + write int fallocate(int fd, int mode, off_t offset, off_t len);
int truncate(const char xpath, off_t length);

int ftruncate(int fd, off_t length);
e truncate MNO3BONAET TOJIbKO

0o06aBnATb/yganaTb 6anTbl € KOHLA

e fallocate ymeeT: 006aBNSATDH » ‘_"QJ_J
NPOWN3BOJSIbHOE KOIMYECTBO HYEBbIX [ BT 1) '_'
6anT B NPOU3BOSIbHOE MECTO, Bblpe3aTb V) e 64
NPOU3BOJIbHbIN AManasoH, 06HYNATb 3 ‘\j’" };" |
NPOWN3BOJIbHbIN AManasoH FALLOCATE TRUNCATE

o MeHSAIT CTYKTYPbI AaHHbIX Ha AUCKe,
HO He caMu AaHHble!

e This is a nonportable, Linux-

specific system call. =



inode

e Y danna MoxeT 6bITb MHOIO UMEH, HO GU3NYECKU NPU 3TOM OH ByaeT XPaHUTbCH B
OHOW KONuu

e inode — 3TO cama cylLHocCTb ¢aiisia, UMeHa danna — «yKasaTenm» Ha Heé

e Y kaxxgpow inode ecTb cob¢cTBEHHbIN ID

o KosninyecTtBo inode orpaHn4HoO BHYTPU ogHOU ¢$anioBOn CUCTEMDI
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[npeKktTopumn

S_ISDIR(stat.st_mode)

[IvpekTopua npencraBnsgetT cooon
cnucok directory entry wnu dirent

Kaxpas dirent xpaHuUT nma ¢damnna um
inode, Ha KOTOPbIN OHa YKa3biBaeT

CneumanbHbin APl gnga yteHus:
obblyHble read [ write He paboTatoT

PasmMmep struct dirent
Heonpepnenén!

struct dirent {
ino_t d_ino;
unsigned short d_reclen;
unsigned char d_type;
char d_namel];
VA

b

DIRx opendir(const charx name);
struct direntx readdir(DIRx dirp);
void rewinddir(DIR xdirp);

int closedir(DIR xdirp);

int mkdir(const char xpathname, mode_t mode);
int rmdir(const char xpathname);
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$ ls —lah public-basic-2023

total 24
24290740
3349887
24290745
24301574
24301575
24301588
24301615
24301616
24301617

drwxr—-xr—x
drwxr—-xr—x
drwxr—xr—x
—rw—r——r——
drwxr—-xr—x
drwxr—-xr—x
—rw—-r—r——
-rw—r——r——
—rw—r——r——

[y

PR RAWPR U0 WO

carzil
carzil
carzil
carzil
carzil
carzil
carzil
carzil
carzil

staff
staff
staff
staff
staff
staff
staff
staff
staff

288
576
480
765
96
128
2704
320

Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep
Sep

11
11
11
11
11
11
11
11
11

18:
18:
18:
18:
18:
18:
18:
18:
18:

08 .

12
09
08
08
08
08
08
08

.git

.gitlab—-ci.yml
00-intro
@l-data-representation
GUIDE.md

README . md
requirements.txt
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JKecTkue cebiniku

e CyLecTBYIOT TOSIbKO BHYTPU OQHOMN
$annoBom CUCTEMDI

e Ecnin KonnyecTBo XXECTKMX CCbINOK
cTano paBHo O, To inode yganseTtcs

e stat.st nlink XpPaHUT KOIMYECTBO
XXECTKMX CCbISTOK Ha dauns

e He otoenbHbI pann, a cyLiHOCTb
¢ar/10BoM CUCTEMDI

e YpoaneHne — unlink , nepemMelieHue —

Frename

struct stat {
[/ e
nlink_t st_nlink;
[/

b

int link(const char %old, const char *new);
int unlink(const char *xname);
int rename(const char xold, const char xnew);
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CumMBoOIMYEeCcKune CCbiJikKu

e S ISINK(stat.st_mode)
e OTOenbHbIK TN danna

e Dangling symlinks: ccbinatoTcs Ha ¢painn, KOToOporo HeT

ssize_t readlink(const charx path, charx buf, size_t sz);
int symlink(const charx target, const charx linkpath);
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inode #2
type = dir

ud=0
gid=0

v

"usr", inode = 3

"home", inode =4
"etc", inode =12

"lib64", inode =9

inode #12
type = dir
uid=0
gid=0

—

inode #9
type = symlink
uid=0
gid=0
size = 14
blksize = 4096
blocks = 1

inode #45
type = file
uid = 1001
gid = 1001

blksize = 4096
blocks = 25

nginx.conf", inode = 45
"syslog", inode = 31
"lib", inode =9

>

/usr/local/lib

location {
server_name gitlab.carzil.ru;

)

location {

size = 12612 ) server_name manytask.carzil.ru;

)

inode #31
type = socket

uid = 1337

gid = 1337
] inode

dirent
1 symlink
data block
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Everything is a file!

o [la)ke kflaBMaTypbl, 3BYKOBbIE KapTbl, MOC/1ea0BaTeIbHble NOPTbI, PriIeLIKN, CETEBDIE
KapTbl, QUCKW, BUOE0 KapThbl etc

e Bce ycTponcTBa npencTaBieHbl B CrieunanbHON rncesgo-garisioBor CUCTEME
o Pannibl yCTPONUCTB co3aatoTcs apamsepamm BHyTpmn OC

e CMBOJbHbIE N BNOYHbIE
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CumsBosibHble ycTpouctBa (character device)

e S ISCHR(stat.st_mode)
e YCTPONCTBA, N3 KOTOPbIX MOXHO NMoc/edoBaTe/IbHO YNTaTb

e 3BYyKOBag KapTa, nocriegoBaTtesibHble nopTbl (COM), ceTeBble KapThl, etc

bnouHble ycTpouctBa (block device)

e S _ISBLK(stat.st_mode)
e Pa36butbl Ha 6/10KM OAMHAKOBOIro pa3mMepa

e Mo>XHO npouunTaTb Ntobon 610K
HDD, SSD, NAS, Floppy, etc



MoHTUupoBaHue »annoBom CUCTEMDI

e MoHTUpoOBaHMe pansioBon cuctemMol — gobasneHne dannoBon CTPYKTYPbl GannoBomn
cucteMbl B eauHyto damnosyto cuctemy (VES)

e mount — CUCTEMHbIN BbI3OB A1 MOHTUPOBAHUS

e source — 310 (06bI4YHO) OSIOYHOE YCTPONCTBO AUCKa (Mnun pasnena)

e target — 37O KyAa HY>XHO NPUMOHUTUPOBATb

int mount(
const charx source, const charx target,

const charx filesystemtype, unsigned long mountflags,
const voidx data

);

int umount(const char xtarget);
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ext2

e Linux, 1993 ron

e [Inck pasdbuBaeTtcsa Ha 610KM 3agaHHOro pasMepa (3ToT pa3mMep bsioka MOXKET ObITb
bonblue, YyeM dnanvYecknin pasmep 6/10Kka ycTpomcTBea)

o briokn okono Havana 3agatoT TabsmLy inode n BUTOBbLIM MacCUB 3aHATbIX 6/T0KOB Ha
OuncK

o OcTasbHble B/TIOKU XPaHAT AaHHbIe

e inode #2 cOOTBETCTBYET KOPHEBOW ANPEKTOPUM

[npekTopumn npegcrtasieHbl B BUAeE nNpocToro cnmcka dirent

group

superblock descriptors

block bitmap | inode bitmap | inode table Block #0 Block #1




i_mode

i_uid

L¢

¢J

i_block[N_BLOCKS]

12 (indirect)

data block

data block

13 (double indirect)

block pointers

14 (triple indirect)

block pointers

data block

data block

=

block pointers

block pointers

—>

block pointers

data block

block pointers

—>

data block
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[Mpobnembl ext2

e I3mMeHeHue inode TpebyeT HECKOMNbKUX 3aNncen Ha AUCK, KOTOpble MOryT
c/ioMaTbCH

e [lonck danna B 60MAbLLUNX ONPEKTOPUAX 3aHUMAET JIMHENHOE BPEMS

e [laxxe ecnu 6/10KK XpaHATCA nocriegoBaTesibHO Ha AUCKE, BCE PpaBHO HY>XHO
BblAenATb No4 Hero 3anmcb
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ext4

2006 rop

[e-dakTo cTaHOapTHag damnoBas cuctema ans Linux
XKypHannpyemasi

[nsa 6onbwinx gupekTopun ncrnonbsyetcs Hlree
extents — «permoHbl gncka»

[MpoaBUHYTbIE anropUTMbI asfiokaLum 610KoB
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sysfs u procfs

e «MeTagannosbie CUCTEMbI»

e He nmeloT HMKaKunx gaHHbIX Ha AMCcKe, BO3BpaLlatoT MHGOPMAaLMIO HanpsMyto 13
agpa Linux

e YacTo NUCIMOJIb3YIOTCA, 4YTOObI HE ,EI,O6aBJ'IﬂTb HOBbl€ CUCKOJ1J1bl
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procfs

e /proc/<pid>/status —copgep>XuT nHpopmMauluto o npouecce

e /proc/<pid>/fd/N — gunpekTopus, KOTopas COOEPXNUT CUMBOSIMYECKNE CCbITKMN Ha
dansibl 3a OTKPbITbIMU PpanIOBbIMU OECKPUNTOPaAMMU

e /proc/<pid>/exe — CUMBOJIMYECKASA CCbIJIKa HA NCMNOJTHAEMbIN pans
e /proc/<pid>/cwd — cuMBOSINYECKAs CCbISIKa Ha pabo4yto AMPEeKTOPUIO npoLecca
e /proc/<pid>/environ — CMMcoK environment nepemMeHHbIX NpoLecca

e /proc/<pid>/cmdline — CNMUCOK apryMeHTOB npoLecca
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$ cat /proc/self/status
Name: cat

Umask: 0022

State: R (running)

Pid: 1466

Uid: 0 0 0
Gid: 0 0 0
FDSize: 256

Groups: 0

VmPeak: 2344 kB

VmSize: 2344 kB

VmLck: 0 kB

VmPin: 0 kB

VmHWM : 784 kB

VmRSS: 784 kB
RssAnon: 76 kB
RssFile: 708 kB
RssShmem: 0 kB
SigPnd: 0000000000000000
SigBlk: 0000000000000000
SigIgn: 0000000000000000
CapInh: 0000000000000000
CapPrm: 00000000a80425fb
CapEff: 00000000a80425fhb
CapBnd: 00000000a80425fhb
CapAmb: 0000000000000000
Cpus_allowed: ff
Cpus_allowed_list: 0-7
Mems_allowed: 1
Mems_allowed_list: 0



FUSE

o Kopg pannoBon cucteMbl 0O6bIYHO PACMOMOXEH B AApe — 3TO HeYyO400HOo
e FUSE = file system in userspace
e Bce onepauum c pannoBon cCUCTEMOU NPOKCUPYIOTCSH B MOSIb30BaTESIbCKUN NPoLEeCC

o Kak? Yepes crneumanbHoe yCTPOUCTBO, KOHEYHO! /dev/fuse
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