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Bnokupyrowinin BBOA/BbIBOZ

Bepcna 1:

int fd = open("myfile", O_CREAT|O_WRONLY|O_TRUNC, 0644);
const char msg[] = "hello\n";

ssize_t nbytes = write(fd, msg, sizeof(msg));

close(fd);

Bepcusa 2:

ssize_t nwritten = 0;

while (nwritten != sizeof(msg));
ssize_t nbytes = write(fd, msg+nwritten, sizeof(msg)-nwritten);
if (nbytes == -1) { throw ... } // ounbka BBOAa/BbHIBOAA

nwritten += nbytes;
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https://courses.igankevich.com/system-programming/man/man2/open.2.html
https://courses.igankevich.com/system-programming/man/man2/write.2.html
https://courses.igankevich.com/system-programming/man/man2/close.2.html
https://courses.igankevich.com/system-programming/man/man2/write.2.html

Hebnokupyrowimin BBOA/BbIBOJ

Bepcua 3:
int fd = open("myfile", O_CREAT|O_WRONLY|O_TRUNC|O_NONBLOCK, 0644);

ssize_t nwritten = 0;

while (nwritten != sizeof(msg));
ssize_t nbytes = write(fd, msg+nwritten, sizeof(msg)-nwritten);
if (nbytes == -1 &§& errno != EAGAIN) { throw ... }

if (nbytes > 0) { nwritten += nbytes; }
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https://courses.igankevich.com/system-programming/man/man2/open.2.html
https://courses.igankevich.com/system-programming/man/man2/write.2.html

BrokupyroLwumin cokeT

JOMeH TMN  NPOTOKO/

CepBepHas vacTb:

int fd = socket(AF_INET, SOCK_STREAM, 0); // co3maTb cokeT
sockaddr_in addr{}; // VHUUMAnu3auua Hynamu
addr.sin_family = AF_INET; // IPv4

addr.sin_port = htons(22222);

addr.sin_addr.s_addr = htonl(INADDR_LOOPBACK); // 127.0.0.1

// wnu inet _aton("127.0.0.1", &addr.sin_addr.s_addr);

bind(fd, &addr, sizeof(addr)); // npucsouTb agpec (ums) cokeTy
listen(fd, SOMAXCONN); // OXmaaTb COeAUHEHWI

int client_fd = accept(fd, nullptr, nullptr); // npuHaTb CoefuHeHUe

shutdown(fd, SHUT_RDWR); // BbHIKNKYUTb 4YTeHue/3anuchb
close(fd); close(client_fd); // 3akpbiTb haiinosbii AeCKpUATOpbI
// htonx — ceTeBoW mopafok 6anT AnA uint=*_t
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https://courses.igankevich.com/system-programming/man/man2/socket.2.html
https://courses.igankevich.com/system-programming/man/man3/htons.3.html
https://courses.igankevich.com/system-programming/man/man3/htonl.3.html
https://courses.igankevich.com/system-programming/man/man3/inet_aton.3.html
https://courses.igankevich.com/system-programming/man/man2/bind.2.html
https://courses.igankevich.com/system-programming/man/man2/listen.2.html
https://courses.igankevich.com/system-programming/man/man2/accept.2.html
https://courses.igankevich.com/system-programming/man/man2/shutdown.2.html
https://courses.igankevich.com/system-programming/man/man2/close.2.html
https://courses.igankevich.com/system-programming/man/man2/close.2.html

BrokupyroLwumin cokeT

KnneHTckas yacTb:
int fd = socket(AF_INET, SOCK_STREAM, 0); // co3paTb cokeT

sockaddr_in addr{}; // VMHALMAnNM3aunsa Hynsamu
addr.sin_family = AF_INET; // IPv4

addr.sin_port = htons(22222);

addr.sin_addr.s_addr = htonl(INADDR_LOOPBACK); // 127.0.0.1
sockaddr_in any{}; // VHWUManu3auusa Hynsamu
bind(fd, &any, sizeof(any)); // npuceouTb aapec (mmA) cokeTy
// vwnun inet_aton("127.0.0.1", Saddr.sin_addr.s_addr);

connect(fd, &Saddr, sizeof(addr));

shutdown(fd, SHUT_RDWR); // BbIKMWUYUTb YTeHue/3anuchb

close(fd); // 3aKkpbiTb $anoBbIn AECKPUNTOP
// inet_aton — cTpoka B IP-agpec
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https://courses.igankevich.com/system-programming/man/man2/socket.2.html
https://courses.igankevich.com/system-programming/man/man3/htons.3.html
https://courses.igankevich.com/system-programming/man/man3/htonl.3.html
https://courses.igankevich.com/system-programming/man/man2/bind.2.html
https://courses.igankevich.com/system-programming/man/man3/inet_aton.3.html
https://courses.igankevich.com/system-programming/man/man2/connect.2.html
https://courses.igankevich.com/system-programming/man/man2/shutdown.2.html
https://courses.igankevich.com/system-programming/man/man2/close.2.html
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HebnokupyroLwmm cokeT

CepBepHas yacTb:
int server_fd = socket(AF_INET, SOCK_STREAM|SOCK_NONBLOCK, 0);
bind(...); listen(...);
std::vector<pollfd> fds{{server_fd,POLLIN}}; // mo6aBuTb cepsep
poll(fds.data(), fds.size(), -1); // onpocuTb AECKpPUNTOPbI
for (size_t i=0; i<fds.size(); ++i) {
const pollfds e = fds[i];
if (f.revents == 0) { continue; }
if (f.fd == server_fd) { // npuem HOBbIX cCOeaUHEeHWN
int client_fd = accept4(server_fd, 0, 0, SOCK_NONBLOCK);
fds.push_back({client_fd, POLLIN|POLLOUT}); // no6aBuTb KIMeHTa
} else { ... } // uTeHne/3anucb B CywecTBylWME COEANHEHUSA

}

Ctpyktypa n3 poll.h:
struct pollfd { int fd; short events; short revents; };
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https://courses.igankevich.com/system-programming/man/man2/socket.2.html
https://courses.igankevich.com/system-programming/man/man2/bind.2.html
https://courses.igankevich.com/system-programming/man/man2/listen.2.html
https://courses.igankevich.com/system-programming/man/man2/poll.2.html
https://courses.igankevich.com/system-programming/man/man2/accept4.2.html

HebnokupyroLwmm cokeT

KnmneHTtckaa yactb:
int fd = socket(AF_INET, SOCK_STREAM|SOCK_NONBLOCK, 0);

bind(...); connect(...);
std::vector<pollfd> fds{{fd,POLLIN}}; // mo6aBuTb geckpunTop

poll(fds, fds.size(), -1); // OnpocuTb AEeCKPUMTOPSI
for (const pollfd& f : fds) {

if (f.revents == 0) { continue; }

if (f.revents & POLLIN) { ... } // uTeHune

if (f.revents & POLLOUT) { ... } // 3anucob

if (f.revents & POLLHUP) { ... } // 6pocunu Tpy6KY

}
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https://courses.igankevich.com/system-programming/man/man2/socket.2.html
https://courses.igankevich.com/system-programming/man/man2/bind.2.html
https://courses.igankevich.com/system-programming/man/man2/connect.2.html
https://courses.igankevich.com/system-programming/man/man2/poll.2.html

Mpobnemsbl poll:

» C/I0XKHO MCMOJ/Ib30BaThb N3 HECKOJIbKNX MOTOKOB,

> MezneHHO paboTaeT rnpu 60/bLIOM KOIMYecTBe AeCKPUNTOPOB.
AnbTepHaTVBbI:

» epoll (Linux),

» kqueue (FreeBSD, MacOS).
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https://courses.igankevich.com/system-programming/man/man7/epoll.7.html
https://www.freebsd.org/cgi/man.cgi?query=kqueue&sektion=2

Hebnokupyrowmm coket c epoll

CTpykTypa AaHHbIX s epoll:
typedef union epoll_data {

void *ptr;
int fd;
uint32_t u32;
uint64_t ub;
} epoll_data_t; // awWanor std::any
struct epoll_event {
uint32_t events; // cobbiTus epoll
epoll_data_t data; // Nonb30BaTeNbCKUe AAHHble

b

11/22



Hebnokupyrowmm coket c epoll

CepBepHasa vacTb:

int server_fd = socket(...); bind(...); listen(...);
int epfd = epoll_createl(0);
epoll_event event{EPOLLIN,{server_fd}}; // no6aButb cepsep
epoll_ctl(epfd, EPOLL_CTL_ADD, server_fd, &event);
std::vector<epoll_event> events(100); // KoHTelHep ANA CO6bITUIA
int nevents = epoll_wait(epfd, events.data(), events.size(), -1);
for (int i=0; i<nevents; ++i) {
const epoll_event& e = events[il;
if (e.data.fd == server_fd) { // npuem HOBbIX COeAUHEHUIA
int client_fd = accept4(...);
epoll_event event{EPOLLIN, {client_fd}}; // HOBbiil KNMeHT
epoll_ctl(epfd, EPOLL_CTL_ADD, client_fd, &event);
} else { ... } // uTeHue/3anucb B CywecTBywWMEe COeANHEHUS

}
close(epfd); // 3akpbuiTb geckpuntop epoll
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https://courses.igankevich.com/system-programming/man/man2/socket.2.html
https://courses.igankevich.com/system-programming/man/man2/bind.2.html
https://courses.igankevich.com/system-programming/man/man2/listen.2.html
https://courses.igankevich.com/system-programming/man/man2/epoll_create1.2.html
https://courses.igankevich.com/system-programming/man/man2/epoll_ctl.2.html
https://courses.igankevich.com/system-programming/man/man2/epoll_wait.2.html
https://courses.igankevich.com/system-programming/man/man2/accept4.2.html
https://courses.igankevich.com/system-programming/man/man2/epoll_ctl.2.html
https://courses.igankevich.com/system-programming/man/man2/close.2.html

Hebnokupyrowmm coket c epoll

KnneHTckasa yacTb:
int fd = socket(...); bind(...); connect(...);
epoll_event event{EPOLLIN,{fd}};
epoll_ctl(epfd, EPOLL_CTL_ADD, fd, Sevent); // no6aBuTb AeCKpUNTOp
std::vector<epoll_event> events(100); // KOHTeWHep ANSA CO6LITUN
int nevents = epoll _wait(epfd, events.data(), events.size(), -1);
for (int i=0; i<nevents; ++1i) {
const epoll_event& e = events[i];

if (e.events & EPOLLIN) { ... } // uTeHue
if (e.events & EPOLLOUT) { ... } // 3anucsb
if (e.events & EPOLLHUP) { ... } // 6pocunu Tpy6KYy

}

close(epfd); // 3akpbiTb aeckpuntop epoll
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https://courses.igankevich.com/system-programming/man/man2/socket.2.html
https://courses.igankevich.com/system-programming/man/man2/bind.2.html
https://courses.igankevich.com/system-programming/man/man2/connect.2.html
https://courses.igankevich.com/system-programming/man/man2/epoll_ctl.2.html
https://courses.igankevich.com/system-programming/man/man2/epoll_wait.2.html
https://courses.igankevich.com/system-programming/man/man2/close.2.html

Tpl/l crnocoba MYyNbTUNNEKCNPOBaHNA BBOJAa/BbIBOAA:

poll epoll select
CTPYKTYpa AaHHbIX MaccMB  X3W-Tabaumua yctapen
rae XpaHuTca npoecc s4po
HYy>XHO geckpvnTtopoB < 1000 > 1000
HECKO/1bKO MOTOKOB CNOXHO  OK
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[lapamMmeTpbl COKETOB

// NoBTOpHOe ucnonb3oBaHue IP-agpeca

int value = 1;

setsockopt(fd, SOL_SOCKET, SO_REUSEADDR, &value, sizeof(value));
YPOBEHb onuusa

// nokanbHbii agpec (u3 Bbi3oBa bind)
union myaddress { sockaddr_in sain; sockaddr sa; };
myaddress addr; socklen_t len;

getsockname(fd, &addr.sa, &len);

// ypaneuHubii agpec (n3 Bbi3oBa accept)
getpeername(fd, &addr.sa, &len);

// Hebnokupywowmin BBoA/BbiBOA (MepeHoCcUmMbli Kop)
int old_flags = fcntl(fd, F_GETFL); // monyunTtb Gnaru
fcntl(fd, F_SETFL, old_flags|O_NONBLOCK); // po6asutb tnar
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https://courses.igankevich.com/system-programming/man/man2/setsockopt.2.html
https://courses.igankevich.com/system-programming/man/man2/getsockname.2.html
https://courses.igankevich.com/system-programming/man/man2/getpeername.2.html
https://courses.igankevich.com/system-programming/man/man2/fcntl.2.html
https://courses.igankevich.com/system-programming/man/man2/fcntl.2.html

,ﬂ,OMeHbI, TUMbl N NMPOTOKOJ1bI

T “{_Aowen |- {Mpororon ]

JomeH AF_UNIX NnokasbHble coeaAniHeHNdA
AF_INET TCP/IPv4
AF_INET6 TCP/IPv6
AF_NETLINK B3aMMOJencTBme C A4POM
Twvn SOCK_STREAM C yCTaHOBKOW COeAVHEHNS
SOCK_DGRAM 6e3 yCcTaHOBKMW CoefMHeHNs
SOCK_RAW NpAMOM AOCTYN K NakeTam

Mpotokon 0 MPOTOKO/ MO YMOYaHWIO
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KaHanebl

Co3aaTb KaHan:

int pipe_fd[2]; // fd[0] — uTenue, fd[1] — 3anuceb
pipe2(pipe_fd, O_NONBLOCK); // co3paHue KaHana

close(plpe fd[o]);
close(pipe_fd[1]);

HanpaeuTb CTaHAaPTHbIV BbIBOZ B KaHan:
dup2(pipe_fd[1], STDOUT_FILENO); // nepeHanpaBneHue B KaHan
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https://courses.igankevich.com/system-programming/man/man2/pipe2.2.html
https://courses.igankevich.com/system-programming/man/man2/close.2.html
https://courses.igankevich.com/system-programming/man/man2/close.2.html
https://courses.igankevich.com/system-programming/man/man2/dup2.2.html

[lepemeLLeHVe CTpaHUL, NaMATA

OTzaTb CTpaHWLbI MaMSTU KaHany:
char buf[4096%10];

iovec v{buf, sizeof(buf)};
vmsplice(pipe_fd[1], &v, 1, SPLICE_F_GIFT|SPLICE_F_NONBLOCK);

MepemMecTuTb CTPAHWLbI 13 KaHaNa B COKET:
splice(pipe_fd[0], 0, sock_fd, 0, sizeof(buf), SPLICE_F_MOVE);

MNepemecTnTb CTPaHULbI N3 KaHana B dan:

int file_fd = open("myfile", O_CREAT|O_WRONLY|O_TRUNC, 0644);
ftruncate(file_fd, 4096+%10);

void* ptr = mmap(©, 4096%10, PROT_WRITE, MAP_SHARED, file_fd, 0);
splice(sock_fd, 0, pipe_fd[1], 0, 4096%10, SPLICE_F_MOVE);
splice(pipe_fd[0], 0, file_fd, 0, 4096%10, SPLICE_F_MOVE);
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https://courses.igankevich.com/system-programming/man/man2/vmsplice.2.html
https://courses.igankevich.com/system-programming/man/man2/splice.2.html
https://courses.igankevich.com/system-programming/man/man2/open.2.html
https://courses.igankevich.com/system-programming/man/man2/ftruncate.2.html
https://courses.igankevich.com/system-programming/man/man2/mmap.2.html
https://courses.igankevich.com/system-programming/man/man2/splice.2.html
https://courses.igankevich.com/system-programming/man/man2/splice.2.html

[lepemeLLeHVe CTpaHUL, NaMATA

MepemMecTuTb CTpaHuLbl 13 daiina B cokeT
sendfile(sock fd, file_fd, 0, 4096+%10);

MepemecTnTb CTpaHWUpl 13 paina B Gpaiin
copy_file_range(file_fd_1, 0, file_fd_2, 0, 4096%10, 0);

«CKOMMPOBaTb» CTPaHWLbI U3 KaHana B KaHa:
tee(pipe_fd_1[0], pipe_fd_2[1], 4096%x10, 0);
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https://courses.igankevich.com/system-programming/man/man2/sendfile.2.html
https://courses.igankevich.com/system-programming/man/man2/copy_file_range.2.html
https://courses.igankevich.com/system-programming/man/man2/tee.2.html

copy_file_range/sendfile

splice/tee
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MpenmywectBa splice/sendfile/vmsplice/tee nepes read/write:

> ﬂﬂ,pO nepemMeLlaeT CTpaHLUbI 6e3 KONnnnpoBaHWMA, eC1 3TO BO3MOXXHO.

> KOI'IVIpOBaHVIe AaHHbIX BCerda rnponcxoanT BHYTPW A4pPa.
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CCbINK®

> [pumep poll.
> Mpuwmep epoll.

» [pumepsl splice/vmsplice.
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https://www.ibm.com/support/knowledgecenter/en/ssw_ibm_i_74/rzab6/poll.htm
https://courses.igankevich.com/system-programming/man/man7/epoll.7.html#%D0%9F%D1%80%D0%B8%D0%BC%D0%B5%D1%80%D1%8B_%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ogris.de/howtos/splice.html
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