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(CBepx)KpaTKkoe BBegeHUe

* Linux API - Habop cncTtemHbIX BbI3OBOB sigpa U
bnbnmotek

e« CUCTEMHBbIN BbI3OB - ObpalleHmne NPUNOXeHUs K 5apy
« Anpo

— B3anmopgencrteme c obopygoBaHue

— YnpaBrieHne namaTblio

— YnpaBneHue npoLeccamm

— Pabota ¢ dhannosbiMu cuctemamm

— CeTeBble NPOTOKOSbI
« POSIX - Portable Operating System Interface
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Pexumbl padoThl

* Bnoknpyrowmn
— [1punoxeHue oxxmngaet 3aBepLUeHns onepaumn

— VMcnonHeHne 6yaeT NpogomkeHo TOMNbKO nocne
NoNy4YeHnsa/oTnpaBkM JaHHbIX UMW NMPU OLLINOKe

« Hebnokupytowmm

— Anpo cpa3y coobuiaeT Ham ecnu gaHHble AN YTEeHUs
OTCYTCTBYIOT uUnu 6ydep oTnpaBkn 3anonHeH

— WMcnonHeHwne npoaoJrKaeTCcAd gake rnpm HeEBO3IMOXHOCTH
BbIMOJIHUTb Onepaunto Ha OAaHHbI MOMEHT

http://www.devconf.ru
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Linkn obpaboTku coeanHeHUU

connections [] - MaccuB coeMHEHNK
handle connection() -o00paboTyunk coeanHeHns

loop {
for (i = 0; 1 < count; 1 =1 + 1) {

handle connection(connections[1]) ;

http://www.devconf.ru
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Linkn c 3apepxKoun

loop {
for (i = 0; 1 < count; i =1 + 1) {
handle connection (connections|[1i]) ;

sleep (200ms)

http://www.devconfiru
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A beKTUBHBLIN LUK

loop {
count = wait for events(connections) ;
for (i = 0; 1 < count; i = 1 + 1) {

handle connection(connections|[1]) ;

http://www.devconfiru
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CyuwecTtByOLine MexaHu3mbl

+ POSIX: select(), poli()

— HeadbdpekTmBHbI Npn DONbLLLIOM KONUYECTBE
coeUHEHUN

o O PEeKTUBHbIE MEXAHN3MDI:
— Linux: epoll
— FreeBSD: kqueue
— Solaris: /dev/poll, event ports

http://www.devconf.ru
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Ba3zoBbin uHTepdenc epoll

CosnaHue ak3emnnsipa epoll:

int epoll create() ;

Perncrpauusa 0eckpuntopos:
int epoll ctl(int epfd, int op, 1int £d,

struct epoll event *event);

OxxnpoaHume coobbITUN:

int epoll wait (int epfd, struct epoll event *events,
int maxevents, 1int timeout) ;

http://www.devconf.ru
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MapameTpbl epoll_cti()

int epoll ctl(int epfd, int op, int £d,
struct epoll event *event);

int epfd - ak3emnnsap epoll
int op - TN onepauumn
int £fd - oTCnexuBaeMbin OeCKPUNTOP

struct epoll event
uint32 t events; - 0OUTOBas Macka TUMNOB COObITUN
epoll data t data; - NoNb3oBaTerNbCkne AaHHble

}

http://www.devconf.ru
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Cob6biTus epoll

struct epoll event {
uint32 t events; -0OMUTOBag Macka TUNOB COOLITUN
epoll data t data; - No0Nb30oBaTenbCkne AaHHble

}

OcHoOBHble donaru codbITUN:

e EPOLLIN - YyTeHune
e EPOLLOUT - 3anncb
e EPOLLERR - OLLUNOKa

 EPOLLRDHUP - 3aKpblTue coegnHeHuda (Linux 2.6.17+)

http://www.devconf.ru
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[NeTekTpoBaHMe 3aKpbITUSA COeANHEHUS

B Linux 2.6.17 nossurncsa HoBbin ponar - EPOLLRDHUP

— Ha agpax ctapuwe 2.6.17 Heobxoanmo Bbl4YUTbIBaATb
BCe OaHHble U AenaTb Ha OOVH CUCTEMHbIV BbI3OB
oonbLie

« EPOLLRDHUP Tt1xo nrHopupyetcs ctapbiMn sapamMmu

— HeBO3MOXHO OTNNYNTL OTCYTCTBME CODBLITUS OT
HepaboTocnocobHocTu dnara

— NpuxoanTtca TectnpoBaTb paboTOCNOCOOHOCTL

http://www.devconfru
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N30bITOYHbIM TN onepauumn B epoll_ctl()

int epoll ctl (int epfd, int op, 1int £fd,
struct epoll event *event) ;

Onepauun (int op):

e EPOLL CTL ADD - pagobaBneHue
e EPOLL CTL MOD - U3MEHEHUe
e EPOLL CTL DEL - yaaneHue

Mo>kHO nun Obino obonTuch AByMA? A ogHON?
int epoll ctl (epfd, fd, event);

http://www.devconf.ru
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CtaTucTuKa CUCTEMHbIX BbI3OBOB Ha NpuMepe nginx B peXXumMme NpoKCUPOBaHUSA:

System Call Count Total ns Avg ns Min ns Max ns
epoll_ctl 300296 611292755 2035 825 190073
close 200198 2146993913 10724 3690 1028030
recvfrom 200167 802459251 4008 1443 396482
accept 102186 266163074 2604 1363 104853
socket 100098 507851535 5073 2310 122225
ioctl 100098 131223227 1310 613 1003929
connect 100098 838910174 8380 4437 993180
setsockopt 100067 236083311 2359 835 130495
sendto 100067 595770368 5953 2560 160524
writev 100067 1084452444 10837 4316 198168
epoll_wait 4034 65422061 16217 1610 2163480
brk 1899 23225586 12230 1673 137208
write 33 294372 8920 3913 64126
Total: 1.409.308| 7.310.142.071
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Xutpoctu epoll n close()

 [locne close(fd) BbizoB epoll_ctl(fd, EPOLL CTL_DEL)
He HYXXEH, yaaneHue npoucxoanT aBToOMaTUYECKM.

 Ha agpax go sepcuun Linux 3.3 n nocne 3.13, BbI30OB
epoll_ctli(fd, EPOLL_CTL DEL) nepen BbI30BOM
close(fd) - noBbIlWaeT NpPon3BOANUTENBHOCTb!

http://www.devconf.ru
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UHTepdenc epoll npotus kqueue

epoll ctl ()

epoll wait ()

epoll pwait ()

epoll create()

epoll createl()

eventfd ()

eventfd2 ()

timerfd create () kqueue ()
timerfd settime () kevent ()
timerfd gettime ()

signalfd()

signalfd4 ()

inotify init ()

inotify initl ()

inotify add watch()

inotify rm watch()
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JluHyc o kqueue

« I've actually read the BSD kevent stuff,
and | think it's classic over-design. It's not
easy to see what it's all about, and the
whole <kq, ident, filter> tuple crap is just
silly. Looks much too complicated. »

@ http://yarchive.net/comp/linux/event_queues.html

* man epoll n ceasaHHble: 12 517 cnos
* man kqueue: 2479 cnos

http://www.devconfiru
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AcuHXpOHHas paboTa ¢ channamu

« POSIX AIO (aio_read(), aio_write() n 1. A4.) B Linux

— ObepTKa oT glibc B Nonb30oBaTEIbCKOM
NPOCTPaHCTBE

— [1noxo MaCLIJTa6I/IpyeTCFI, AO0OCTAaTO4YHO BbICOKNE
HaKJlaAHbl€ pacxoabl

« Kernel AlO (io_submit(), io_setup() n 7. 4.)
— TpeboBaHuSA K BblpaBHUBAHMIO
— PabotaeT Tonbko B pexxume O _DIRECT
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CobcTBeHHbIM nyn noTokoB B NGINX

« «[lynbl notokoB: yckopsiemM NGINX B 9 n 6onee pas»
— https://habrahabr.ru/post/260669/
 JlMwHMe HaknagHble pacxodbl ECIN AaHHbIE B MaMATH
 [NpeanoXxeHHble pelleHns (Tak U He BKITHOYEHLI B 94P0):
— pwritev2()/preadv2() c donarom RWF_NONBLOCK
— fincore()

http://www.devconf.ru
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OTnpaBka chaunnos

CTaHpapTHbIM cnocoD:
loop
read (file -> buf) ;
write (buf -> connection) ;

QMDD EKTUBHBIN CrOCO6:
sendfile(file -> connection) ;

http://www.devconf.ru
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UuTtepdeunc sendfile()

Linux:

ssize t sendfile(int out fd, int in £d,
off t *offset, size t count);

FreeBSD:

int sendfile(int f£d, int s, off t offset, size t nbytes,
struct sf hdtr *hdtr, off t *sbytes,
int flags);

Solaris:

ssize t sendfilev(int fildes, struct sendfilevec *vec,
int sfvent, size t *xferred);

http://www.devconf.ru
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HenpuatHocTu ¢ sendfile() B cBexux sgpax

ret = sendfile(out fd, in fd, offset, count);

 Linux no 4.3:
— EINTR TONBKO B caMOM Ha4yane
— ret < count sakBuBaneHtHO EAGAIN

* Linux nocne 4.3:
— EINTR B npon3BOfibHbIN MOMEHT
— He otnnunte EAGAIN o1 EINTR nipu ret < count
— TpebyeTcsa Ha ogMH BbI30B DonbLUE

http://www.devconf.ru
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Linux n onuna SO_REUSEPORT

* B Linux n DragonFly BSD paboTtaeT nHauve, 4yem B
OPYrmx unix-nogobHbIX cUCTEMaXx M NMO3BOJSISAET:

— N3bexaTb 60pbObI 3a NoK Ha listen-cokeTe
— PaBHOMepHO pacnpenensarb coegnHeHNs

— CknagbiBaTb NakeTbl OT OOHOro oTnpaBnUTeEnnd
B OAWH N TOT Ke Mnpouecc

« TepsaeT coeanHeHUs Npu 3aKpbITUK

— B DragonFly BSD npu peanuszauumn SO _REUSEPORT
KOHCYNbTUPOBAaNnUChL C paspaboTymkammn nginx n npobnemy
peLnnu
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Cnacu6o 3a BHUMaHme.

BaneHTnH bapTteHeB
vbart@nginx.com

BakaHcusa paspaboTyumka (Cun, Mocksa):
https://www.nginx.com/jobs/cunix-developer/
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