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Net Package Internals

How the Unix Kernel Creates Socket Connections

(oo 1112 IR
= 72N O
N O e~
= .. = -
H = m

Be=
=~/
Go &7 I/0 multiplexing 1 goroutine ¥J& 7 —MElEM =4 RERIREMEIEEL(ETF Go A9 1/0
BEH ), BT XF BRI B IRIERT . EXFEILT,

REFANEELHENERSRLANEE, MAMKEHE T HLAERSMENARIYOSERIE, BE
F Go runtime scheduler XJ goroutines FIRMRAE, XNRENBZRENCNEREEE L
ELABRERE SN TR,

M, LR FeMRINSEEHNESY, REEELATTAEREEN/ENLtES, H

BEVARETIEESZNIE, MTRSEE, hauReE 7—L MR8 fiitHfnEsS, HsLk
[REFMEET epoll/kqueue/iocp XL RSrEFARMETER, RREEH
XEERRERIF AR A ERE.

Go netpoll EARNNRIER S, HEEFERN 1/0 SRERBAEA—E, aILIM Go RSB RE
FOXIRACEE S TR Go EARFE TRIMZ 1/0 #2zCAYSCHE. Lban, £ Linux R TET epoll, fr
eBSD EF TETF kqueue, LUK Windows &% RETF iocp,

ASEET Linux SEE KT Go netpoll Z 1/0 ZRERNRESWNEET epoll FEELHAY, M
IDEEH, SEMFEMRT Go netpoll FRZIHESFISSIFIE, LUK Go 24TFIF
METHREMSGERR, TESRAN—EES: /0 &, FFP/R&EE. epoll. Linux J&ER,
gEroutine scheduler %, BESREHPMIHE, WRBXNEXESAREZNEE, K2R LEEHEA
/LJ\_-FO

ARZESAZEE

PR FEERAENFMERS, BPAY 32 (\HMEREMS, BHTU=E (EIEETIE) 7
G (2R 32)K77) . BMFRGRIZOZERZ, B TEEIINBER, FILUGEZRPNRETE
ELEREEFRENAENR. A TRIERFHEFEEZRFERZ (kernel) |, RIEAZAIR
, BORFBENTE S AEERD, —BRARBRTE, —&BoARPZE, $3Y Linux B{FRS
=, BEREMN 16 FT5 (RN 0xC0000000 Z OXFFFFFFFF) |, PR, FRANZZE,
BRYERY 3G =15 (MEEHtERE 000000000 2l OxBFFFFFFF) , (L&A HiEER, FRARFZE.
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kernel memory

(1GB)
X 0xC0000000
PAGE_OFFSET=0xC0000000
TASK_SIZE = 0xC0000000 user memory (Lower bound ofkernel space)
(Upper-limit of user-space) (3 GB)

0x00000000

I/0 ZiEEH

el (UNIX RERTE) B, BEIRN7T 5 # I/0 1RE, SiERLMRE 1/0:
e [HZE 1/O (Blocking 1/0)

e 3EfHZE 1/0 (Nonblocking 1/0)

e |/0 ZEEEH (I/0 multiplexing)

o {ZEIR%} I/0 (Signal driven 1/0)

e 22& 1/0 (Asynchronous I/0)

BFRF LR /0 RRPZEHASRSENEIERE, Bt 1/0 BEEEESIUATHINEER:
1. FEWEEIRRIEN R (EME)/FHM RS (BHE) —> EB/BAZIRRERX
2. NI X EHIEEE —> BR=ER)/NBRTASHEE -> AZETXE)

MHE—N /0 BEERRERS, TEFEE S MEEAFPNRZSEZ B840 EERE
PEEMEIHIE, RS, WERL /0, BN, HMERE /0. EFXANEN, X 5 1/0 #E4HR
—fp5E5 1/0 #&8L: Asynchronous I/0, HRERERZE 1/0 #&E,

X 5 7 1/0 BEIRIELIN T :
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6.6 HAHI/OMABHHLE

FmBg 1/0 ZREMIEITEE select/poll/epoll X—RFIAIZEREIFES: ZiIFR—LERERZS
HHEHRFT (170 HiY) |, RS, HEEREMYHERAFESHICEIE ., 1/0 SRHETSEH
£ 1/0 &%, T2SH%E, it— thread of control FEISAMBEZNERE (1/0 HiE) .

select & poll

#include <sys/select.h>

/* According to earlier standards */
#include <sys/time.h>

#include <sys/types.h>

#include <unistd.h>

int select(int nfds, fd_set *readfds, fd set *writefds, fd_set *exceptfds, struct timeval *timeout);
// ¥ select ERESHIYNE:

void FD_CLR(int fd, fd_set *set);
int FD_ISSET(int fd, fd_set *set);
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void FD SET(int fd, fd_set *set);
void FD_ZERO(fd_set *set);

select 2 epoll ZAW Linux fEFRY 1/0 S4IRERA.

% select UKL TIERE fd_set, BAAE, WX fd_set KES 1 575, fd_set FEYE— bit 7]
XER—ANIAHEARRT fd, W 1 FHAY fd_set RARATLAIIN 8 4™ fd, select BYEREFEANT:

1. #1947 FD_ZERO(&set), N set AMFRRE

2. % fd =5, #1917 FD_SET(fd, &set); /5 set 3%/5 0001,0000(55 5 g 1)

3.8BMA fd=2, fd=1, NI set 3/

4. #1417 select(6, &set, 0, 0, 0) PHEFEF

5.7 fd=1, fd=2 E&EBRERNEEH, N select R[], LR set 3275 (IR =B5H
4R fd=5 #E=)

BT FEAERIZRE, JLMEH select B94Fm:

o T NIEAISHEATRF NMIBURT sizeof(fd_set) BB, RIRARSS S L sizeof(fd_set) =512, & bit
TN HEARRF, MRS 8 ISR A SUHAIARTZ 512*8=4096, fd_set UK/ NEAREASE
[F6l]] FARZEYZ WEER (Z) PERER 2, ATLAEMESHE select BT WISAOSUHEIATF IR

o 15 fd N select ixiz=&EmERT, HEBER—NEUELEN array {(RIERE! select xizgem fd
—2ATFE select IREfS, array YEJSiEEEETN fd_set ##4T FD_ISSET #litr, —2 select iREIFS
LABTIIABYEHITEHRER fd 5=, WEIXFHEE select BIEREEFTM array BfS fd Z—i0IA (FD
ZERO £5%) , #3#F array RUREIRTENYS fd JRA{E maxfd, F3F select BIE—1ES#

o O] select {&REWIRTE select RUFEFA array (A fd, BX maxfd) , select JR[EI[F1&#A array (FD |
SET ¥R BB HHRE)

FrLA, select BAITFAYERR :

1. RARFHEEBRSE: 5 32 NEEEHY 32 i, BP 32*32=1024 FtmR fd, BAAEX, BEEELA
25 2, 3 FAYHRST

2. RIAMA select, EEEIE fd EEMNBEPSENRINIZS, XNMFHEE fd REFSEX

3. MREERE . &R kernel FPEBL M fd_set, FRLAMEESISHIEIART fd HEMK, H
/O MHEES LM TBE

poll RYSEERAD select IEFERML, REfEIA fd EGRISAARE, poll i/ pollfd L5/MARZ select &Y
fd_set £5t4, poll SR T BRASHERFTEERFIRITR, BEERFFEMNBFSENRER fd 2
7S, BRELMEHEN fd £8, LB select RZSLIAT LXK, FHiRBARRELHX

epoll
epoll 2 Linux kernel 2.6 Z/55|\RYHT I/0 SHIREHA, 1/0 SERERNZZITE 1 NEREL
FhEiEER I/O B4, iX—ra L epoll 71 select&poll EXF/NFH]. {8 select&pol

BRTGE T —4S, ST EHRERGFEN, sV REHNENEREE, RIERET
EEEX—EMWEAREEKAY. select&poll BHFERTTERIXFEERY:

HARHMRSIER select&poll IB? FEARANFREXHBERIENARERIER, sAxER. Frll, se
ect&poll EFEHAKIIREBINEARRY. X, XMIZERNL I REVEEEEEEENE

[R3Z5E#E: Go netpoll I/O i8S Pt RAMESIREL 2 RN E AT


http://www.cppblog.com/CppExplore/archive/2008/03/21/45061.html
https://ld246.com/article/1573321729430

FA, BRRMEERIRKER S TEFRIK. EEMERRKLD? BMEN, £FERERER
PR, RERNREHEINTTREE, XABMELKERNERIN. HRKEMmagM, WHEBEHA
B EZRT, select&poll Bz AN T . X MNEHERLZ epoll E357, epoll @ig—LExA0iR T
itk EARLBRT select&poll IR

epoll B9 APl FEEEE, WREIRE 3 MNERFEA:

#include <sys/epoll.h>

int epoll_create(int size); // int epoll _createl(int flags);

int epoll_ctl(int epfd, int op, int fd, struct epoll_event *event);

int epoll_wait(int epfd, struct epoll _event *events, int maxevents, int timeout);

Hrh, epoll create glliE— epoll S£IFIRE] epollfd; epoll_ctl ;E#f file descriptor &1FHY 1/0
1¢(|:|S§l[l EPOLLIN, EPOLLOUT £) &l epoll 3£/l E; epoll wait NIZFBEZESIT epoll ;&WJJ:F)?@EI’J fi
e descriptor §9 I/O B4, SEE— BB LR—RIEFIIE (events £(28), kernel 275 I/0
S RERNRMRBISHEARFIRE HIENIXRAFM I, 2AfS epoll_wait fFRIBEFRE, &5
=i ERRERFRL BT LAXSHERNAY fd HTIES 1 :

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

epoll W T{E/RERUNT:

FHERB FHiER2 EEE
epoll_ctl epoll_wait EEREEENE BirizEsis
iE i i g B f £
e ep_insert R R U%%»@_
ep_item_poll ep_send_events
v
Eéﬁ%ggﬁﬁ s poll_wait ¥ 1;_
ier) T T
HEEUF= J' ep_send_sevents_prog ep_poll_callback
ep_ptable_queue_pro Esimitess
=0 %H,% P=E BE
¥
BERiRE .
ready i EHEERENEE

EREEEFET

5 select&poll 18EE, epoll 257 SSUARMKSAER. $ia0, epoll_ctl BXIFiRHEISNEEA

, T epoll_wait MRS ESTERR. Frll epoll FIF epoll ctl %TE)\‘SZ%HH*JB?—A fd, SCHAF
BIPRISHTEERE N, IR TS fd EEASEHRBEREN R, MARERER epoll_wa
t RURHMEERFEIL—IX. epoll_wait MHIRITA/ LFEKBANSRIER, 8L select&poll FEEEEB
B fd EEMNARSIENERZSHIME, epoll BIRERESH 7 —K&.

EsL b e|O0|| R ENEMERA R fd, MIENASBAMMERIEELRGE, HESEs
O(logN), i&Eid epoll_ctl Eléﬂléﬁﬂﬂﬂi%ﬁﬂ fd BWBIELLBMIIEN T RA, L, ESFIEIR
FBRY. SiE fd AINHRAIEHMRHRS TR BRI—E . 1% fd S5EMN H’Jlx% (M) IFNFERREEIL
AXRR, BHERE P\]VEP&ELEEEF“ ANEEM—PEIERE, £ fd BNAEEHE (i) 25 (
BRET) . ARHSERXMEIERE, ZEVERETERZHRAR: , ZXANE
EREELERRICIXA fd RN rdllist XMNEER (FR4EHER) B, epoll_wait LR EFERZERE
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dlist \WAERFPEEEMER fd, = rdlist = (Fowi4E fd) FHERLSEIHE, B rdlist IE=sH
A RIREEHIRE],

HAELT select@poll ARG EERRITEY fd NRAPSTENE N ERZSS B LM E—EK
2509 fd BIRERIAFE, epoll_wait WEEESREIEHZ fd, FEI epoll BY 1/0 HEERZE select
poll BRrEREE EITHY fd BT ISR, 2— A /O BHIREHEA.

HFEM epoll fY 1/0 ZESATEARHEECRE /0 iE5, MNARPHENAES, E53E
PHZEAY, PRLA select&poll&epoll AFELEZRFRZE 1/0 &8, Mm% Windows A9 IOCP X—395%
1/0, REEMEIRFRE WSARecv 8% WSASend 75iAiESEIEMRHEIEARZEIATE buffer 13548
kernel, kernel GERHBERARZEAIAZTTAEN, BEZEMRSBEHBREE, BMIERS

BR#iEsS, FRIAREIERNRE 1/0,

FE(H
B, BEFBLNER epoll ZFrLAMREERE AFIAT Linux B mmap PIFRETLEPZF AR
BEHRET—RYENGE, BREREE (d 7IFRFE(10080E buffer, FRLARPHIETE R

Zg ﬁﬁ);ﬁfz?jﬁjl«lghzb&, ISNEFIREER/ENGIET, XL ERR, RAGTE
=)

int epoll_wait(int epfd, struct epoll _event *events, int maxevents, int timeout);

BIANBH: HESBMYR, REECERAFPTRSRNGEREHEIES 1Y, WERAZSH
map IREFXZNE, BEEEE—MEHEHERMTY, REAFEERE ARSHENG, SI—3, H

RIZANAPHEEY mmap HERAEE—HRERKNER, AL EBEXREZRNF AR
K%EZIEIHQ MEXEFBSIEF AP ERERIERZEIRISORIIAL, IFERZEINANERFR
Rt —it DX A, FRLAFARITEE epoll EAREMTE Linux kernel BT mmap, E#MEE
TEFRA (5.3.9) BY Linux kernel J&E#3:

/*
* Implement the event wait interface for the eventpoll file. It is the kernel
* part of the user space epoll wait(2).
*/
static int do_epoll_wait(int epfd, struct epoll event _user *events,
int maxevents, int timeout)
{

/] ...

/* Time to fish for events ... */
error = ep_poll(ep, events, maxevents, timeout);
}

// 9NER epoll wait ASAJIRTE timeout == 0, BAEIZIEIT ep_events available #IMFHFIEE
PRGBS MRE, INRENET ep send_events H{T4bE
// SNEIZE timeout > 0, HEYFHESBRAFXENELEE, WHHTAIR, FHRINE ep->wq &
BAZURISKER; XSFAFEHHEIAFFHIRE WQ FLAG_EXCLUSIVE #5i&
// a{p poll WEHIGEESEFNEREREX TSN, NRNNNEHCEHIeE, 3P4 ep_poll &
IREFT

static int ep_poll(struct eventpoll *ep, struct epoll event _user *events, int maxevents, long t
meout)
{

/] ...

send_events:
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/*

* Try to transfer events to user space. In case we get 0 events and
* there's still timeout left over, we go trying again in search of

* more luck.

*/

// MNR—YIEE, B event K4, BUFFIRESREUE copy LLREAFPZBE T

// NREMENSH AL, BBATER ep_send events EH4EHEM copy FIFFRESHESR,

)/:,/ ﬁﬁﬁlﬁlﬁu}fﬁ}t‘%ﬁ, BUHREEEN, WRSEENMBSEETFMESRE, NREATFHIR
AP,
LI// M ep_poll RERISCIETLAEE, MNREMESHRE, WIER ep_send_events BREUHH—

TH

if (Ires && eavail &&

I(res = ep_send_events(ep, events, maxevents)) && !timed_out)
goto fetch events;

/] ...
}

/é %p_Jsend_events RECZFARRAF T R fd 515R80, SRAFENRE fd JIRREE
HEE
// ep_send_events_data Z5t4, #ASVAR ep_scan_ready_list &RAERAFIFRISHENEF=E
R
/] PR LU A X L EGEH TR R
static int ep_send_events(struct eventpoll *ep,
struct epoll_event _user *events, int maxevents)
{

struct ep_send _events data esed;

esed.maxevents = maxevents;

esed.events = events;

// VR ep_scan_ready_list EREHEE epoll 3Ll eventpoll FEY rdllist FEsER,

// FEEM—NEEEREL ep send events proc, WA fd, WA ep_send events proc
1TRbER

ep_scan_ready list(ep, ep_send_events _proc, &esed, 0O, false);

return esed.res;

}
// 8F3 ep_scan_ready_list FIBHRE(E1EER ep_send_events_proc BREHIREGEFHE N EIEHREL

// —BEEw%E fd, HEER ep_send events_proc FE
static _poll t ep_send events _proc(struct eventpoll *ep, struct list head *head, void *priv)
{

/] ...

/*

* If the event mask intersect the caller-requested one,

* deliver the event to userspace. Again, ep_scan_ready list()

*is holding ep->mtx, so no operations coming from userspace

* can change the item.

*/

revents = ep_item_poll(epi, &pt, 1);

// SNR revents 5 0, B EMEANEM, B, BURKEHMESHENRRFPSHETR

if ('revents)
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continue;
/] BER ARSI E NREUEEREY _ put_user N EIFFZSE,
// BELEEA epoll wait ZETFRFHEIZEND fd 5IRAE
if (__put_user(revents, &uevent->events) || _put_user(epi->event.data, &uevent->data)) {
list add(&epi->rdllink, head);
ep_pm _stay awake(epi);
if (lesed->res)
esed->res = -EFAULT;

return O;
}
// ..
}
M FaEEEE, EAITURBEEEIRENZEE L REGERZE fd
FINSEHREZRBFTE, m ERWNZEXRENHIERI BB EREL. Lo,

IRB1E Linux kernel BYIEASHF] epoll FAXAMUABELE] mmap REERMAFIRGIRIEE, Rl
AAELUMSHERES: epoll 7£ Linux kernel BFHIREREA mmap EMBEFZEMRRTSENATEE
FTLABRLEE S epoll /3T mmap RIXEERRixF.

Non-blocking 1/0

H24NY3ERESE 1/0, MBRNHE: 8 /0 BEE R AREMAEESRIAFHE. /0 2

FBREER THEFIEESE 1/0 1B8EFR, a4 E8AZRYA—E, than, epoll 9 ET(A

Eﬁg%ﬁf, WNRAERIEESE 1/0, BIRARIERSSHRZE event-loop 72, MMHEFILE
HES ug.

Linux T, EiTeJLAET AFEFRAFRIRE &, MITIE socket i EhL non-b
ocking, Z¥3—* non-blocking socket HFUTIEERMERT, MIRRIXMEF
K it 18 =13
" recvfrom REWH - AR & b )
-— EWOULDBLOCK
recvifrom ﬁﬁiﬂ]ﬂ —-— fﬁﬁﬂﬁ%ﬁi‘
- mJLDBlDCK Y %ﬁﬁﬁ
recvirom REEA - T AR
ggg?gi < recvfrom Gt AL Vi - B A& b J
) SEEER
HEENA
> B H B A
Jakd !
SRR - AT CUT

LEFHELR Y read BERT, W0 kernel fREIBER S B ERYT, BBATCHAS block FAFP#HIE
MRMARE— EAGAIN error, NRFPHERENR , EAE— read #{FE, HAIAHEEES,
B0 FHEIT—NER, BRHERHMERE— error iY, EMAIESIERIBEERTF, TEE
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LIBRAIE read #81E, —B kernel PRVEIE/ESRY v, HEXBEXRKE T BFHAER system call
BAECD LMEEIEENR T BFRRE, REiRMEL,

FiikA, non-blocking I/0 SR RRBRHEREARRIEN DG kernel EiEIF 7i8H.

Go netpoll
—/NERRYAY Go TCP server:
package main

import (

"fmt"
"net"

)

func main() {
listen, err := net.Listen("tcp"”, ":8888")

if err 1= nil {
fmt.Printin("listen error: ", err)
return
}
for {
conn, err := listen.Accept()
if err = nil {
fmt.PrintIn("accept error: ", err)
break

}

// start a new goroutine to handle the new connection
go HandleConn(conn)
}
}

func HandleConn(conn net.Conn) {
defer conn.Close()
packet := make([]byte, 1024)
for {
// AR B R, BHAEIE buffer ==, NIFEZE
_, _ = conn.Read(packet)
// B, ReTERIEZE
_, _ = conn.Write(packet)
}
}
TEE—ET Go REMSEEE (HTF netpoll) fHERI— TCP server, 1ER2
, EXFMRN T, FREFERNERRSHNENE RS FSHEEMEXFHEE X /0
BIEEELEAN, EHERFAELEER goroutines EEFRENLE. HHEREEF LT
¥, T Go netpoll RIEENSEHRIEASERET epoll/kqueue/iocp IX—3K] 1/0 HHIRFL
, AT BIEXLEE R - IR TEEEREEI T runtime B9 Go scheduler, itERHFEE go
outines, MIHRAMIE(E 7 FERFRAVOEIE!

Go netpoll #Z1»
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Go netpoll BIIEEREXT epoll/kqueue/iocp BIFIEE, Mﬁ'ﬁ;@uﬂiﬁéHié’*‘%ﬁ;‘b_ﬁ%ymﬁ
x&% M-E.EELEE FrE BRI EEBLARLEHAART netFD AL, netFD 5JE/Z PollDesc 514
E, HE— netFD LiEEBE EAGAIN (8RS, HE B0 goroutine TFEZIXA™ netFD X3RAT P
lIDesc =, Hﬁj‘ﬂ% gopark #BXA( goroutlne 44 park ¥, BEHXA netFD EERREIESHM
L goroutine 45 ready BUREFTNEIT. B, EKEIER] goroutine BIXAEIEEEFEMHRIS
M2 epoll/kqueue/iocp FEEHIRAAH,

ETRENIBIDTRAN Go 7RIS (v1.13.4) , FRE—TEA netpoll B9IEITRE
FEARHHSIBREXANERBEN VNSRS IE:

// TCPListener is a TCP network listener. Clients should typically
// use variables of type Listener instead of assuming TCP.
type TCPListener struct {

fd *netFD

Ic ListenConfig

}

// Accept implements the Accept method in the Listener interface; it
// waits for the next call and returns a generic Conn.
func (I *TCPListener) Accept() (Conn, error) {
if 1.ok() {
return nil, syscall.EINVAL
}
¢, err := l.accept()
if err = nil {
return nil, &OpError{Op: "accept”, Net: |.fd.net, Source: nil, Addr: |.fd.laddr, Err: err}
}

return ¢, nil

}

func (In *TCPListener) accept() (*TCPConn, error) {
fd, err := In.fd.accept()
if err = nil {
return nil, err
}
tc := newTCPConn(fd)
if In.Ilc.KeepAlive >= 0 {
setKeepAlive(fd, true)
ka := In.Ic.KeepAlive
if In.lc.KeepAlive == 0 {
ka = defaultTCPKeepAlive
}

setKeepAlivePeriod(fd, ka)
}

return tc, nil

}

// TCPConn is an implementation of the Conn interface for TCP network
// connections.
type TCPConn struct {

conn

}
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// Conn
type conn struct {
fd *netFD

}

type conn struct {
fd *netFD

}

func (c *conn) ok() bool { return c != nil && c.fd != nil }
// Implementation of the Conn interface.

// Read implements the Conn Read method.
func (c *conn) Read(b [Jbyte) (int, error) {
if 'c.ok() {
return 0, syscall.EINVAL
}
n, err := c.fd.Read(b)
if err = nil && err !'= i0.EOF {
err = &0OpError{Op: "read", Net: c.fd.net, Source: c.fd.laddr, Addr: c.fd.raddr, Err: err}
}

return n, err

}

// Write implements the Conn Write method.
func (c *conn) Write(b [Jbyte) (int, error) {

if 'c.ok() {
return 0, syscall.EINVAL
}
n, err := c.fd.Write(b)
if err = nil {
err = &0OpError{Op: "write", Net: c.fd.net, Source: c.fd.laddr, Addr: c.fd.raddr, Err: err}
}
return n, err
}
netFD
73iRKRE T —1 *TCPListener, B2— LT £2ORY stru
t, Mm@ W RYFER: *TCPConn NI2— P CI Y O/ struct, B
#RT struct, {FHAFENE EERYEBAILILRIL, A&2 Listener B Accept i£2 Conn B9 Re
d/Write 757%, #2EF— BOEHREHIRTIRIE, B PREEARF, LT Linux

SAHEARRFAIEES:, netFD FEIE—A poll.FD R4, m poll.FD HE SN EERIERELSH Sys
d 7 pollDesc, BIEREIERNRFNIHEATF, EENERESGRNNER, MENEEHEINEE
2B EAEERIXIN T AT,
il ERPEYER
// Network file descriptor.
type netkD struct {
pfd poll.FD

// immutable until Close
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family  int

sotype int

isConnected bool // handshake completed or use of association with peer
net string

laddr Addr

raddr  Addr

}

// FD is a file descriptor. The net and os packages use this type as a
// field of a larger type representing a network connection or OS file.
type FD struct {
// Lock sysfd and serialize access to Read and Write methods.
fdmu fdMutex

// System file descriptor. Immutable until Close.
Sysfd int

// 1/0 poller.
pd pollDesc

// Writev cache.
iovecs *[]syscall.lovec

// Semaphore signaled when file is closed.
csema uint32

// Non-zero if this file has been set to blocking mode.
isBlocking uint32

// Whether this is a streaming descriptor, as opposed to a
// packet-based descriptor like a UDP socket. Immutable.
IsStream bool

// Whether a zero byte read indicates EOF. This is false for a
// message based socket connection.
ZeroReadlsEOF bool

// Whether this is a file rather than a network socket.
isFile bool

}

pollDesc

BIEHEE] T pollDesc 2RESMIREIHIFIEE, netFD @I EREM ST I/0 IBXAURE, BIEN
:

type pollDesc struct {
runtimeCtx uintptr

}

XEBRY struct REBET—1MEFT, M@ pollDesc By init 757%, EATHTLUIREICERNENXZE v
time.pollDesc iXE:

func (pd *pollDesc) init(fd *FD) error {
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serverlnit.Do(runtime_pollServerlnit)
ctx, errno := runtime_pollOpen(uintptr(fd.Sysfd))
if errno = 0 {
if ctx =0 {
runtime_pollUnblock(ctx)
runtime_pollClose(ctx)
}
return syscall.Errno(errno)
}
pd.runtimeCtx = ctx
return nil

}

// Network poller descriptor.
//
// No heap pointers.
//
//go:notinheap
type pollDesc struct {
link *pollDesc // in pollcache, protected by pollcache.lock

// The lock protects pollOpen, pollSetDeadline, pollUnblock and deadlineimpl operations.
// This fully covers seq, rt and wt variables. fd is constant throughout the PollDesc lifetime.
// pollReset, pollWait, pollWaitCanceled and runtime-netpollready (IO readiness notification

// proceed w/o taking the lock. So closing, everr, rg, rd, wg and wd are manipulated
// in a lock-free way by all operations.

// NOTE(dvyukov): the following code uses uintptr to store *g (rg/wg),
// that will blow up when GC starts moving objects.

lock mutex // protects the following fields

fd  uintptr

closing bool

everr bool // marks event scanning error happened

user uint32 // user settable cookie

rseq uintptr // protects from stale read timers

rg  uintptr // pdReady, pdWait, G waiting for read or nil

rt timer //read deadline timer (set if rt.f = nil)

rd inté4 //read deadline

wseq uintptr // protects from stale write timers

wg uintptr // pdReady, pdWait, G waiting for write or nil

wt  timer // write deadline timer

wd  int64 // write deadline

}

runtime.pollDesc BEBEBRII—MEET, BAREFE N runtime pollDesc guitsilt, LAUGSRSE
45k, FTLURDEUREMRIA/N, BTER runtime pollDesc 1R runtime. pollCache &5¥9rh, &
T

type pollCache struct {
lock mutex
first *pollDesc
// PollDesc objects must be type-stable,
// because we can get ready notification from epoll/kqueue
// after the descriptor is closed/reused.
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// Stale notifications are detected using seq variable,
// seq is incremented when deadlines are changed or descriptor is reused.

}

net.Listen

YA netlisten Zfa, IRKESIEN Linux IESER socket FiEeliE— fd 58S listener, FH
KA listener B8 netFD , 3EEVEH netFD 1Y listenStream BT socket B8 bind&listen
VELARS nethD B9¥I8a 1L (E%xasiﬂ“ netFD EBfY pollDesc B#I%AHL) . HEXERSUIT:

// V&R linux R&EEA socket Bl listener fd FZEH/IMEEE /0

s, err := socketFunc(family, sotype|syscal.SOCK_NONBLOCK]|syscall.SOCK CLOEXEC, proto)
// On Linux the SOCK_NONBLOCK and SOCK_CLOEXEC flags were

// introduced in 2.6.27 kernel and on FreeBSD both flags were

// introduced in 10 kernel. If we get an EINVAL error on Linux

// or EEROTONOSUPPORT error on FreeBSD, fall back to using

// socket without them.

socketFunc func(int, int, int) (int, error) = syscall.Socket

// BB EmelsERY listener fd #0814 listener netFD

if fd, err = newFD(s, family, sotype, net); err != nil {
poll.CloseFunc(s)
return nil, err

}

// 34 listener fd #17 bind&listen &/, FHEIE init J5iXFRHAIHBM
func (fd *netFD) listenStream(laddr sockaddr, backlog int, ctrlFn func(string, string, syscall.Ra
Conn) error) error {

/] ...

/] SERERERIE
if err = syscall.Bind(fd.pfd.Sysfd, Isa); err != nil {
return os.NewSyscallError("bind", err)

}

// SRR
if err = listenFunc(fd.pfd.Sysfd, backlog); err != nil {
return os.NewSyscallError("listen”, err)

}

// VAR init, WEPITER poll.FD.Init, &/EVEH pollDesc.init
if err = fd.init(); err != nil {
return err

}
Isa, = syscall.Getsockname(fd.pfd.Sysfd)

fd.setAddr(fd.addrFunc()(Isa), nil)
return nil

}
// A sync.Once EHB{E— listener RIFE— epoll L4

var serverlnit sync.Once

// netFD.init £i&A poll.FD.Init H&Z&EAMRZ pollDesc.init,
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// Btz epoll SLEIFHE listener fd JIALEUTRAZY

func (pd *pollDesc) init(fd *FD) error {
// runtime_pollServerInit WEBER T netpollinit 32617 epoll L4
serverlnit.Do(runtime_pollServerlnit)

// runtime_pollOpen WEBERT netpollopen 345 listener fd [ EAAZE
// epoll SEhilh, B5h, TAUEH— pollDesc FHRE
ctx, errno := runtime_pollOpen(uintptr(fd.Sysfd))
if errno !'= 0 {
if ctx =0 {
runtime_pollUnblock(ctx)
runtime_pollClose(ctx)
}
return syscall.Errno(errno)
}
// IBEIFVIIATERRAY pollDesc SLAIMR{ELS 2XA1RY pollDesc KRB BHIFEET,
// e E R EEEISIZIs TR

pd.runtimeCtx = ctx
return nil

}

var (
/] £RBWE—RY epoll fd, R7E listener fd I ZBIHISE—IR
epfd int32 = -1 // epoll descriptor

)

// netpollinit 2EIE—1 epoll 3L, A epoll fd ME{EZS epfd,
// FE4& listener LI 'E accept RIFT sockets BX epoll AR EE2ETIXNM 2B epfd
func netpollinit() {
epfd = epollcreate1( EPOLL_CLOEXEC)
if epfd >=0 {
return

}
epfd = epollcreate(1024)
if epfd >=0 {
closeonexec(epfd)
return
}
printIn("runtime: epollcreate failed with", -epfd)
throw("runtime: netpollinit failed")

}

// netpollopen £ runtime_pollOpen &R, EAft fd Z epoll L4,
/] BIRSFAHBEREEHE pollDesc {R17Z! epollevent AJ— 8 fIAYFT#14H data B
func netpollopen(fd uintptr, pd *pollDesc) int32 {
var ev epollevent
ev.events = EPOLLIN | EPOLLOUT | EPOLLRDHUP | EPOLLET
*(**pollDesc)(unsafe.Pointer(&ev.data)) = pd
return -epollctl(epfd, EPOLL CTL ADD, int32(fd), &ev)

}
BAIRIHEIREM epoll I=NEXRER, Go ERBESTH T XIH="MERIE:

#include <sys/epoll.h>
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int epoll_create(int size);
int epoll_ctl(int epfd, int op, int fd, struct epoII event *event);
int epoll_wait(int epfd, struct epoll _event * events, int maxevents, int timeout);

// Go ¥ EE=MERRET%E

func netpollinit()

func netpollopen(fd uintptr, pd *pollDesc) int32
func netpoll(block bool) gList

netFD FMEBELX =%k epoll #H1TRIEESLA. i+ fd FOEFEHEEN.

Listener.Accept()
accept socket FYT{ERAZAIT :
1. IRSSIRAY netFD 1£ <8l epoll BYSEfI, F45 listenerFD A0 epoll BYSE4BASY
2. netFD & FHEIREIRY connFD A0 epoll B9ZE4RAF
3. netFD fHiEERTHIR R, 18T pollDesc B9 7RG EEIRY gorouti
e park £, EZl ready, M pollDesc A9 FriR[E]
BRKCREEFimRnERE, BNEEER FiERTSRIXANINEE

// Accept implements the Accept method in the Listener interface; it
// waits for the next call and returns a generic Conn.
func (I *TCPListener) Accept() (Conn, error) {
if 1l.ok() {
return nil, syscall.EINVAL
}
¢, err := laccept()
if err = nil {
return nil, &OpError{Op: "accept”, Net: l.fd.net, Source: nil, Addr: l.fd.laddr, Err: err}
}

return c, nil

}

func (In *TCPListener) accept() (*TCPConn, error) {
fd, err := In.fd.accept()
if err I=nil {
return nil, err
}
tc := newTCPConn(fd)
if In.lc.KeepAlive >= 0 {
setKeepAlive(fd, true)
ka := In.lc.KeepAlive
if In.lc.KeepAlive == 0 {
ka = defaultTCPKeepAlive

}
setKeepAlivePeriod(fd, ka)

}

return tc, nil

}

func (fd *netFD) accept() (netfd *netFD, err error) {
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}

// V&R poll.FD B9 Accept 5iEiES=#AY socket i&E#E, iR[A] socket AY fd
d, rsa, errcall, err := fd.pfd.Accept()
if err = nil {
if errcall 1= "" {
err = wrapSyscallError(errcall, err)

}

return nil, err

}
// LA socket fd ¥#iE—NEY netFD, XZFRXANHEY socket
if netfd, err = newFD(d, fd.family, fd.sotype, fd.net); err != nil {
poll.CloseFunc(d)
return nil, err
}
// VAF8 netFD Y init J5E5eANIAL
if err = netfd.init(); err != nil {
fd.Close()
return nil, err
}
Isa, := syscall.Getsockname(netfd.pfd.Sysfd)
netfd. setAddr(netfd addrFunc()(Isa), netfd.addrFunc()(rsa))
return netfd, nil

netFD.accept IRBLBEIREM pol FD Accept , FfEEERA Linux IRSTER cccept KERENHE
RUiEl, HESIE accept B9 socket IR ERAEEZE 1/0 &R

// Accept wraps the accept network call.
func (fd *FD) Accept() (int, syscall.Sockaddr, string, error) {

if err := fd.readLock(); err != nil {
return -1, nil, "", err

}
defer fd.readUnlock()

if err := fd.pd.prepareRead(fd.isFile); err != nil {
return -1, nil, "", err
}
for {
// fER linux REFEEA accept ZUGMERE, GUEEXIMNAY socket
s, rsa, errcall, err := accept(fd.Sysfd)
// B listener fd ERIZNHRE SR ENIAFEENT,
// BRLA accept AL BERIREl, AEEREIMERERR; R err == nil WFRRIEFEEILN

%, HiRE

if err == nil {

returns, rsa, "", err
}
// QN8R err != nil, NFIKT err == syscal.EAGAIN, FFEFMENHEAN pollDesc.waitRead 5%
switch err {
case syscall.EAGAIN:

if fd.pd.pollable() {

// WNRERLKBRERRFRY I/0 S, BBA waitRead 21T park goroutine 152345 blo

k fFEIXE

if err = fd.pd.waitRead(fd.isFile); err == nil {
continue

}
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}
case syscal.LECONNABORTED:

// This means that a socket on the listen
// queue was closed before we Accept()ed it;
// it's a silly error, so try again.
continue

}

return -1, nil, errcall, err

}
}

// 568 linux By accept REFEVEAFRIBGIMERFHEIX T socket fd IRERIFBEEE I/0
ns, sa, err := Accept4Func(s, syscal. SOCK_NONBLOCK]|syscall.SOCK CLOEXEC)
// On Linux the accept4 system call was introduced in 2.6.28

// kernel and on FreeBSD it was introduced in 10 kernel. If we

// get an ENOSYS error on both Linux and FreeBSD, or EINVAL

// error on Linux, fall back to using accept.

// AcceptdFunc is used to hook the accept4 call.
var Accept4Func func(int, int) (int, syscall.Sockaddr, error) = syscall. Accept4

T3EEBRRENZANIX A pollDesc B LE netFD S3MAY fd &8 THIEFAY]
/O BRE, NREHMEREIRE], BNH park E2FIAY goroutine FHEEFEEXNAY fd £&
Eﬁg SaiEEM [HAFFRY] 1/0 BALE, AREMSREZESNER for 82F, ik goroutine 4%
17248,

poll.FD.Accept() IREIZfE, SMIE—MXIMIX N socket B9 netFD, #REREMA init() 3iE5TA)
£, XA init ZFEF0BUME net.Listen() 2—4EAY, VAR5 : netFD.init() --> poll.FD.Init() --> poll.pol
Desc.init(), BRENSEFIXE:

var serverlnit sync.Once

func (pd *pollDesc) init(fd *FD) error {
serverlnit.Do(runtime_pollServerlnit)
ctx, errno := runtime_pollOpen(uintptr(fd.Sysfd))
if errno !'= 0 {
if ctx =0 {
runtime_pollUnblock(ctx)
runtime_pollClose(ctx)

}

return syscall.Errno(errno)

}

pd.runtimeCtx = ctx
return nil

}
PREHBIXA socket fd jEARE listener BY epoll SLHIRIEHBATIRE, F6F 1/0 B4,

Conn.Read/Conn.Write

HAVREE FEEEIECINA, RIEESCH B, BINERYE
=B AR conn iy . RIERERHEER , BREEA Linux IRSER rea
: STRYEEISERN :
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// Implementation of the Conn interface.

// Read implements the Conn Read method.
func (c *conn) Read(b [Jbyte) (int, error) {
if lc.ok() {
return O, syscall.EINVAL
}
n, err := c.fd.Read(b)
if err = nil && err !'= i0.EOF {
err = &O0pError{Op: "read", Net: c.fd.net, Source: c.fd.laddr, Addr: c.fd.raddr, Err: err}
}

return n, err

}

func (fd *netFD) Read(p []byte) (n int, err error) {
n, err = fd.pfd.Read(p)
runtime.KeepAlive(fd)
return n, wrapSyscallError("read", err)

}

// Read implements io.Reader.
func (fd *FD) Read(p []byte) (int, error) {
if err := fd.readLock(); err != nil {
return O, err

}

defer fd.readUnlock()

if len(p) == 0 {
// If the caller wanted a zero byte read, return immediately
// without trying (but after acquiring the readLock).
// Otherwise syscall.Read returns 0, nil which looks like
// i0.EOF.
// TODO(bradfitz): make it wait for readability? (Issue 15735)
return O, nil

}
if err := fd.pd.prepareRead(fd.isFile); err != nil {
return 0, err

}

if fd.IsStream && len(p) > maxRW {
p = p[:maxRW]

for {

// ZMiZ socket IZEEHE, EJ9 socket E4 listener accept BIRHRIZERL
// TIEREZE I/0, FrLAXEREMFtEEERIRE], AE5ZE0SHEEE
n, err := syscall.Read(fd.Sysfd, p)
if err = nil {
n=0
// err == syscall EAGAIN FRRERIZEHIFH 1/0 BHRE, BHE socket ATJiE
if err == syscall. EAGAIN && fd.pd.pollable() {
// SNRZBENEBREHAFRY 1/0 E4, BBA waitRead
// £iBig park goroutine 1845 block fEIXE
if err = fd.pd.waitRead(fd.isFile); err == nil {
continue
}
}
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// On MacOS we can see EINTR here if the user

// pressed AZ. See issue #22838.

if runtime.GOOS == "darwin" && err == syscall.EINTR {
continue

}

err = fd.eofError(n, err)
return n, err
}
}

conn.Write #1 conn Read BRIEE—HEY, BHEEBESME pollDescwaitRead By pollDescwait
rite 3k park {¥ goroutine EEHIEAY I/0 BEHAEAIRE], M polDescwaitWrite BIRERSCIIR
0 pollDescwaitRead B2—#ERY, #BEET runtime pollWait |, XEBEABEER,

pollDesc.waitRead
pollDescwaitRead REBERT runtime pollWait AT 1/0 B4RT park 1E goroutine FIBRY:

//go:linkname poll_runtime_pollWait internal/poll.runtime_pollWait
func poll_runtime_pollWait(pd *pollDesc, mode int) int {
err := netpollcheckerr(pd, int32(mode))
iferr =0 {
return err
}
// As for now only Solaris, illumos, and AIX use level-triggered 10.
if GOOS == "solaris" || GOOS == "illumos" || GOOS == "aix" {
netpollarm(pd, mode)

}
// N netpollblock #E#:UI&EE'T\EHB 09 1/0 S RAE,
// XEH for fBIREN T —EZFE io ready
for Inetpollblock(pd, int32(mode), false) {

err = netpollcheckerr(pd, int32(mode))

if err'= 0 {

return err
}

// Can happen if timeout has fired and unblocked us,
// but before we had a chance to run, timeout has been reset.
// Pretend it has not happened and retry.

}

return O

}

// returns true if 10 is ready, or false if timedout or closed
// waitio - wait only for completed 10, ignore errors
func netpollblock(pd *pollDesc, mode int32, waitio bool) bool {
// gpp RIFAYZ goroutine RYEIEEN g, XEAIRIE mode RIEIRER rg X2 wg
// EEVAR gopark ZJ5, £iBX4E1RY goroutine RS HURELEN g E gpp IXMEE
gpp := &pd.rg
if mode =="'w' {
gpp = &pd.wg
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// set the gpp semaphore to WAIT
/] XA for {BIRZE N TS io ready 5(#E io wait
for {
old := *gpp
// gpp == pdReady FRILERTEGHARF I/0 SHRE,
// FILAE#ERE] unblock 2481 goroutine FHATIARNAY 1/0 #4E
if old == pdReady {
*gpp = 0
return true

}
if old =0 {
throw("runtime: double wait")

}
/] ARRBHARFR /0 AL, WEBERFEFE gpp AYEES pdWait FBH for &R
if atomic.Casuintptr(gpp, 0, pdWait) {
break
}

}

// need to recheck error states after setting gpp to WAIT
// this is necessary because runtime_pollUnblock/runtime_pollSetDeadline/deadlineimpl
// do the opposite: store to closing/rd/wd, membarrier, load of rg/wg

// waitio ltATR false, netpollcheckerr F5iEatE a1 pollDesc ITRHAY fd EFRIEER,
// BE3RiR netpollcheckerr(pd, mode) == 0 237, FILUXESHT gopark
// #8570 goroutine %5 park {£, EEXNNMN fd A4 NE/AIEaEHM [HAFRY] 1/0 BEHA

// XI5 unpark iR[E], £ gopark REFEHEZAT goroutine RIS EHELEID g FA
// gpp(pollDesc.rg/pollDesc.wg) 1858, LUMERESEAY netpoll FRELENH pollDesc Zf5,
// 18 g RINZEREIRE], BEESEHAE goroutine
if waitio || netpollcheckerr(pd, mode) == 0 {
// iEAf netpollblockcommit [ElE%5 gopark, TE gopark NERSHITE, (RF=E0 goroutine

2l gpp
gopark(netpollblockcommit, unsafe.Pointer(gpp), waitReasonlOWait, traceEvGoBlockNet,
5)

}

// be careful to not lose concurrent READY notification
old := atomic.Xchguintptr(gpp, 0)
if old > pdWait {
throw("runtime: corrupted polldesc”)
}
return old == pdReady

}

// gopark 2{={EHRIAY goroutine FHEIFBEHBEHRAIEIEREL unlockf, M EEAIFERSIEATATLA
BIXREZE
// netpollblockcommit
func gopark(unlockf func(*g, unsafe.Pointer) bool, lock unsafe.Pointer, reason waitReason, tra
eEv byte, traceskip int) {

if reason != waitReasonSleep {

checkTimeouts() // timeouts may expire while two goroutines keep the scheduler busy

}

mp := acquirem()

gp := mp.curg
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status := readgstatus(gp)
if status '= _Grunning && status != _Gscanrunning {
throw("gopark: bad g status”)

mp.waitlock = lock
mp.waitunlockf = unlockf
gp.waitreason = reason
mp.waittraceev = traceEv
mp.waittraceskip = traceskip
releasem(mp)
// can't do anything that might move the G between Ms here.
// gopark FESIEARA park m, EXMNREWEFSTIR unlockf, HEERE netpollblockcommit,
// f’?iililﬁ%TEi—"'lﬁTJE'\J goroutine, tHELE g FUREEIREFE! pollDesc B9 rg 2k wg IEEHE
mcall(park_m)

}

// park continuation on g0.
func park_m(gp *g) {
_9_:=getg()

if trace.enabled {
traceGoPark(_g_.m.waittraceev, g .m.waittraceskip)

}

casgstatus(gp, Grunning, Gwaiting)
dropg()

if fn:= g _.m.waitunlockf; fn != nil {
// V& netpollblockcommit, #2451AY goroutine,
// BEE g BURLEKIRIFE pollDesc B9 rg 5 wg #55tE
ok := fn(gp, _g_.m.waitlock)
_g_.m.waitunlockf = nil
_g_.m.waitlock = nil
if lok {
if trace.enabled {
traceGoUnpark(gp, 2)
}
casgstatus(gp, Gwaiting, Grunnable)
execute(gp, true) // Schedule it back, never returns.

}
schedule()
}

// netpollblockcommit £ gopark FEEHEA
func netpollblockcommit(gp *g, gpp unsafe.Pointer) bool {
// BIFRFRFIB 28T goroutine IMSRAVEHRESEIE 9, tEMEXERNSE gp FA gpp 1EET,
// BT gpp HHER pollDesc B rg Bi& wg 185t
r := atomic.Casuintptr((*uintptr)(gpp), pdWait, uintptr(unsafe.Pointer(gp)))
if r{
// Bump the count of goroutines waiting for the poller.
// The scheduler uses this to decide whether to block
// waiting for the poller if there is nothing else to do.
atomic.Xadd(&netpollWaiters, 1)
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}

returnr

}

netpoll

BIE DENRBRIBEDSHTST T netpoll 2UMENET park goroutine MTIAZIPEZE Accept/Read/Wr
te BUHER, MEBIZYER gopark, goroutine SFHEERENEFFBAFIF @O channel A9 waitq , LERTS
G BPIRZESH 7 ), Bt G M FaGEZ(EIS goready ), BNESERTS
N EEZEEEERXS .

FTA, BREEE—IFEXEINEEE: 5 1/0 BHREZE, netpoll 2B AT TUIREERLAE |

O wait fy goroutine BY? ZXZEBE . 1E Go RiBHEY
HhE— 75, ESREER SREGGRZER fd 52K,

B8/ fd JIRIAY goroutine FRNMNFIEERIRD] :

// polls for ready network connections
// returns list of goroutines that become runnable
func netpoll(block bool) glList {
if epfd == -1{
return gList{}
}
waitms := int32(-1)
// RELABEZEEIER epoll_wait
if 'block {
waitms = 0
}
var events [128]epollevent
retry:
/1 SREXFRAERY fd Bk
n := epollwait(epfd, &events[0], int32(len(events)), waitms)
ifn<0{
if n!=- EINTR {
printIn("runtime: epollwait on fd", epfd, "failed with", -n)
throw("runtime: netpoll failed")

}
goto retry

// toRun 82— g B94EzR, FHEEWER goroutines, &REIREIGTERS
var toRun gList
fori:=int32(0);i < n;i++ {
ev := &events[i]
if ev.events == 0 {
continue
}
var mode int32
/] FIRTARERNSEEEE, SRAeEERR
if ev.events&( EPOLLIN| EPOLLRDHUP| EPOLLHUP| EPOLLERR) != 0 {
mode +="r'
}
if ev.events&( EPOLLOUT| EPOLLHUP| EPOLLERR) != 0 {
mode +="'W'
}
if mode !'= 0 {

[R3C5EE: Go netpoll I/0O SRS MR RAEMEIREE RIS R ERRT


https://ld246.com/article/1573321729430

// BUEIRTFTE epollevent B2 pollDesc
pd := *(**pollDesc)(unsafe.Pointer(&ev.data))

pd.everr = false
if ev.events == EPOLLERR {
pd.everr = true

}
// V8 netpollready, ENFIZE fd B9 pollDesc, 18 fd XJRAY goroutine FINEIEESR toRun

netpollready(&toRun, pd, mode)
}

}

if block && toRun.empty() {
goto retry

}

return toRun

}

// netpollready M netpollunblock iREIF4E fd SFRZAY goroutine AIISEHREEH g
func netpollready(toRun *gList, pd *pollDesc, mode int32) {
var rg, wg *g
if mode =="'r' || mode == "r'+'w' {
rg = netpollunblock(pd, 'r', true)

if mode == 'w' || mode == "r'+'w' {
wg = netpollunblock(pd, ‘W', true)

}

if rg = nil {
toRun.push(rg)

}

if wg != nil {
toRun.push(wg)

}

}

// netpollunblock £{&kIEENR mode :REM pollDesc B9 rg 8i& wg BV RS gopark ZESEAN

// goroutine HISEUELN g FHiR[E]
func netpollunblock(pd *pollDesc, mode int32, ioready bool) *g {
// mode == "r' {{ZRAAT gopark BATEFEEM, M mode == 'w WKEXERFFESH
gpp := &pd.rg
if mode =="'w' {
gpp = &pd.wg

for {
// B gpp FiERY g

old := *gpp
if old == pdReady {
return nil

}

if old == 0 && lioready {
// Only set READY for ioready. runtime_pollWait
// will check for timeout/cancel before waiting.
return nil
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}

var new uintptr
if ioready {
new = pdReady

}
// & pollDesc B rg 2i& wg
if atomic.Casuintptr(gpp, old, new) {
if old == pdReady || old == pdWait {
old=0
}

// B HeeteshiRIRmR g FHR[E]
return (*g)(unsafe.Pointer(old))
}

}
}

i Go EZMIFRE TEARESTER netpol IEXHBATTIRS. SHE 1I/0 #MZEH] socket fd, F
FIXLE socket fd XAV IEZEHMITHAIER., RIBXEEEEZBIEFHXL socket fd Fi4&AY goro
tine IRER A Grunnable , H1T5E netpoll ZfE, SIREI—1MHIE fd FIRIIRAY goroutine %1
. ETREBREIER goroutine INAZIEENY G, FEHFEEIETT.

B5E, 7E Go runtime scheduler IEEJERE goroutine ZATFETEESER netpoll FENEIEHLERY
d XJMZHY goroutine SEIEEHAT:

// One round of scheduler: find a runnable goroutine and execute it.
// Never returns.
func schedule() {

/] ...

if gp == nil {
gp, inheritTime = findrunnable() // blocks until work is available

/] ...
}

// Finds a runnable goroutine to execute.
// Tries to steal from other P's, get g from global queue, poll network.
func findrunnable() (gp *g, inheritTime bool) {

/] ...

// Poll network.
// This netpoll is only an optimization before we resort to stealing.
// We can safely skip it if there are no waiters or a thread is blocked
// in netpoll already. If there is any kind of logical race with that
// blocked thread (e.g. it has already returned from netpoll, but does
// not set lastpoll yet), this thread will do blocking netpoll below
// anyway.
if netpollinited() && atomic.Load(8&netpollWaiters) > 0 && atomic.Load64(&sched.lastpoll)
I=0{
if list := netpoll(false); !list.empty() { // non-blocking

gp := list.pop()

injectglist(&list)

casgstatus(gp, Gwaiting, Grunnable)
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if trace.enabled {
traceGoUnpark(gp, 0)
}

return gp, false

}

/] ...
}

Go scheduler B9tz /5% schedule BWERB—MNY findrunable() BU75E3RENAIZ1TAY goroutine
AT, ME findrunable() HERMERAT netpoll SREXEHMAER fd FIRKIIMNAT goroutine FlIZ,

55, sysmon InistfEtrIgesTEAE netpoll

// Always runs without a P, so write barriers are not allowed.
//
//go:nowritebarrierrec
func sysmon() {
// ...
now := nanotime()
if netpollinited() && lastpoll != 0 && lastpoll+10*1000*1000 < now {
atomic.Cas64(&sched.lastpoll, uint64(lastpoll), uint64(now))
// VAAEBRZERI S TR netpoll SKENRZE fd FIE
list := netpoll(false) // non-blocking - returns list of goroutines
if HNist.empty() {
// Need to decrement number of idle locked M's
// (pretending that one more is running) before injectglist.
// Otherwise it can lead to the following situation:
// injectglist grabs all P's but before it starts M's to run the P's,
// another M returns from syscall, finishes running its G,
// observes that there is no work to do and no other running M's
// and reports deadlock.
incidlelocked(-1)
/] BEIENEESRNrunnabledZ®d (£8) , FFWAEHRIT
injectglist(&list)
incidlelocked(1)
}

}
// retake P's blocked in syscalls

// and preempt long running G's
if retake(now) !'= 0 {
idle=0
} else {
idle++
}
// check if we need to force a GC
if t := (gcTrigger{kind: gcTriggerTime, now: now}); t.test() && atomic.Load(&forcegc.idle)

lock(&forcegc.lock)
forcegc.idle = 0
var list gList
list.push(forcegc.g)
injectglist(&list)
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unlock(&forcegc.lock)

}

if debug.schedtrace > 0 && lasttrace+int64(debug.schedtrace)*1000000 <= now {
lasttrace = now
schedtrace(debug.scheddetail > 0)

}
}
}

Go runtime EREFEoIAIRHMESCIE—MRIZAY M /EAlRIR&iE, . XNERRARSR
# daemon &2, FE P BiaNa T, £ 20us~10ms i={T—IX. FLEIER A
FLATERME (0 EERIRBRR) -

1. LAAEBEZERY S A . MARERHHBEMRIZ 1/0 FRIGEERY G, FHEF

, BEEAJEESA runnable IR+ (£3) . BEMAR, BA8EMNXA2EE runnable FIZRIREX
G, AREHEENER , BEIFFE P & 0TF RE,

2. AR , SO KEEST RS89 P,

42 b, Go f&B1F epoll/kqueue/iocp 1 runtime scheduler %58, &iHHTESH 1/0 Bi&
fﬂ _r%etpou, FRTOELE / / ERENFTRENREERER
=Io

Go netpoll B9ffHE

B BIEXNEBASHT, BAIIERE Go netpoll {K3EF runtime scheduler, AFEERET—
B KHIEEMERIEED, SAM, Go netpoll FEEMNENIIMEALETFIL, Go netpoll I/O ZEEER
Ec Non-blocking 1/0 MiFNiEHRANXNREMEERE, SRAONERIBNLE I/0 HiEFHINEFE
£ Go HEM runtime BB, XFIX—mHNIFEM Go Y runtime scheduler iH#E, Go A9 G-P-M
ERENT:
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G WETIEPUNRBEEIEEREA system call #B1E L, HPAARE G 2MEE, HiTZ GBI M thahg
PELREH sysmon 1I8ET), 5 G —#SiHA sleep K7, WMRIETE idle B9 M, N P SE48E
WITEAME G; WRIgE idle M, (BARBEEM G EXMTIT, IBAMSEIE—NFE M, HEZETE sys

em call £HY G 525K syscall ARG, G £EEHHRIN— P aIBEN P, WERRBTAINP, BFAGE
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NSy FHEEMAZBRI runqueue FHFEFERZ, ZRIRYAE sleep BI M GEIRIEN s

eep.

WEBRZ A4 netpoll AtA—EEERIEEZE 1/0 TIE? #EATERIHRIEME 1/0 B9 gorout
ne FBAZIRFGERNMAARZS, BA—BEHARIZS, BMNEFNEHNGS LB EIRZ)
ABETHFPHEET, BBAtmIEERTF Go s& AR runtime scheduler RS IEFRNHET
BT netpoll Zf5, BEIFIEEE 1/0 , G MiBEASRARAEBINEEMBARZS, HG
FEZEEEA network 1/0 2{F LAY, LR EEAREABAWIZSHIBZEEFT, MEH Go runtime
FB gopark 45 park {7, A G SWHEZRIFEA wait queue B, M M £=HiET F—1

G, WRIAHRE B9 G it M 51T, BBA M IGHEED P, FHHN sleep K. H1/0
vailable, £ wait queue HRY G SARILEE, #RICH , BAFEAETFERY P RY local A%

 HBE— M IREHIT.

Go netpoll AJaJER

Go netpoll BN ARNBAEIL. et ATiBAE, Ba goroutine FrA kL& R FIRYAHER —1
3R, Al Go PIMBRIEEENREEIEESM. A, FEEI—FgiHFNZREE 5=,
XIMEBRABEER, BEEREREIZE THEREEHB: goroutine

EAEERE, CHEENKRRNEFEIBENS 2KB, FEHEET S, B8EENUESHZET,

, LERT goroutine 2N BFENR RS ELIEEEEK, B554 Go runtim
scheduler iIERRARNEDNFIRHREFZR, REFFRHE NI runtime FUEE, S
BEXTETPE; WA, BATEBTREBALINE, Go netpoll £1&Ed IR REIBA— epoll
L, tEERINER single event-loop 12, ESZHNEEFINE 1/0 HHELIHIE— thread
1, FREESEERN X EnelE i NHEaEEnN S 2 T e fea SEULEEIRN.

Reactor &3,

BHRIfE Linux EETIERISMEREMEIZRF, K& Reactor #2530, Ll netty, libevent, libe
. ACE, POE(Perl), Twisted(Python)Z,

Reactor #=2=\A R LigRIZ2(ER
&zl

BERE—NELXREADEM event-loop HEEIATD I/0 5, 81T select/poll/epoll_wait EZR5
FRYROT 1I/O B4, W SSZHEIRAAEHM T (FELELM. mAmB AEEZE 1/0)] Bz B8 RigE%E
£ read() 8& write() BREEMAY 1/0 RFEARL, XHERTLSARENESR event-loop &8, it
PNLFEREIRSZ T2 sockets, 7£ Reactor &z, 1/O LLAEREEHZER I/O multiplexing REE (s
lect/poll/epoll wait) .

Reactor I=EENT/ERIZNT:

o Server IiBFETE Zfa, ¥ listenfd A% epollfd &, BRE#HA event-loop 4
R, BINIREPSTER PEEELEF, BB listenfd EAYFHERESEENIGRIRE
]%E]J HiEAR EWGER: connfd, 15 connfd INAZ! epollfd 89 1/0 EF (40T

BAZ I,

o X connfd R4/ A EEMHRMER HBEEERS, ABHIT /0 E

B, XEIXS /0 FZIFEE 1/0, XFEAARIEE event-loop FITF—MER. A, XHES
RSB, FZIEMENLER.

o M IR Z R TR FH INBAG R, S5 TIREAZALE,
o TEAFRMETEUEZ S, IR[EIZE] event-loop 242, HIXMEFERZTER IEHIRSE clie
t.
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accept EELIN conn ERNESERFEEETEIETH, NEKEIEEEE I/0, E79 Reactor 123
SHEBERRNFHE: 1/0 BEREEHZE event-loop &R, SERRLE event loop BIREHATLARE
%En, AR—MEREERB— select/poll/epoll wait,

LERET Go netpoll fEFLIZ S TRIGEEALIEKXZH] goroutine MU SHLERERSRIR, M
SSHFRMEISE S, RSFENSEEEPERENIEAEORNRIERDEZ active TTASE
2 idle, BiffixXtE (AFESCEERE, (NNRATHE) !

Active

[ mmxw

+<&EE: 70 02

]

BBAIB—NEEISIR— goroutine BBEAXITER 7, M Reactor IRIXMFIA /0 ZHEERA
MAFEERLSEBLER Y EESEEEIRIT A L EX N B SHRESF T !
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|f”

- read
acceptor
P read

BRI RERET, &?ﬁ?““jcéiLz%@E Go B9 best practices, LUX#h netpoll #&2z{ktgi2H
FIMLERIFE, AT, ERLREIEKIERE. ERERFEFRURSAROAERYE Go (RE[E C/C++
E5aEm Go BAEE) E’\Jili%%%‘ﬁ KA1 LE B E S Reactor R4RIEHRY,

gnet

gnet B— M EFEHIRINE RN ERMEIELE, IFSHNY: TCP/UDP/Unix-Socket, &
¥ epoll #1 kqueue RGRARMAMIAFNE Golang MR, net SKIFEEMKERNF, BRITIERES
PN FHRRIRILEEE : netty #0 libuv,

gnet PERETER— I \Sitae. B8R, IFEZEAIAE Go SLHANMERIE (TCP/UDP/Unix-Socket
PIZSHESR, FFARBETLAER gnet ST SRR, Tt S AR R R
EAO7E gnet ESCHR HTTP thilah A LABIEZE—™ HTTP fRSS8% B Web FFAHEZR, LI Redis i
A LS E SR Redis RSHRFEH

gnet, ERERRIIMEWSIZE, INBEERE. SMCIEERERFEHR, gnet FEMREIIR
A EERTHR Go [RER net & (T netpoll)
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gnet BESLW 7 Multi-Reactors #1 Multi-Reactors + Goroutine Pool FIfpEEE, H1EET
LERERIERY, (615 onet BA— N EMEREFIIEHRAERY Go MILRIESR:
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Orocket IJJ‘B‘g
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- =4EE NETS52/Go EMBIREIN event-loop S4IKzN
- I Round-Robin #iafREIgEE£

- A& goroutine ith, BFFRE ants BESH

- W& bytes W7, HFFRE pool IRHZHF

- {&ERY APIs

- E7F Ring-Buffer & ATERIF

- iEZFRIIY: TCP. UDP. Unix Sockets

- XIFPFSEMIRENTLE . Linux BAY epoll LK FreeBSD ERY kqueue
- XEHRLEERE

- RIENSHERTES

- SO_REUSEPORT 1&g

- NESMIREIDES, SI5XT TCP #iEmRoE: LineBasedFrameCodec, DelimiterBasedFrameCod
¢, FixedLengthFrameCodec # LengthFieldBasedFrameCodec, &% 8 netty codec, MHEIF
EHRAERDES

- 4% Windows &, ET |0cP-S4 k= Go FREMLEE
- IMAESHREINEEL: M. &ROER. —SMEESE

- ZFEETLS

- 5CI =i

8%

e Linux I/O0t&z{ 2 select. poll, epolliFfi#

o |IOZIRE FHSGoM L& EERYSEIN

o HIJE) Linux IO

o Go FEIER

e linux AFP=ESRZ=(E SimAFER

e Goroutine A EEEERERTZ FE— N SHERENED
o GOIESLIN(): HE

o XTFselectFEgFtimevalfifd setEFrZBRVEIM

e tigoroutinelEE 28
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