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1 netpoller #tik

% pe— /LT goroutine-per-connection f %! [] TCP echo server:

import (
n -Fmtll
n -i Oll
lllogll
" ne-tll
)

func worker (conn net.Conn) {
defer conn.Close()
b := make([]byte, 512)
for {
size, err := conn.Read(b)
if err == 40.EOF {
break
}
if err !'= nil {
log.Fatal(err)
+
size, err = conn.Write(b[0:size])
if err != nil {
log.Fatal(err)
}

}

func main() {
listner, err := net.Listen("tcp", "127.0.0.1:8080")
if err !'= nil {
log.Fatal(err)

}
for {
conn, err := listner.Accept()
if err != nil {
log.Fatal(err)
+
go worker (conn)
}

MWH PG, Z%5i%1 FHBLZE goroutine, Go scheduler i 5 L4l goroutine. 18 7E T, goroutine
ALK E, W10 ZRLGHH (Wread(2)/write(2)) FHL%E, F#EBHIE goroutine FTfE i,
Go scheduler ¥ AT HL2x i J& goroutine!

T 528 goroutine-per-connection P 2% gAY, WAzt “10 FR e H P ZE goroutine 1fi 4k OS
AR M, XM LA PR 10 RGO AR R %E .

Go runtime i JEFH ZE 10 A1 10 2 E HALHISEIL T —A 10 %45 (netpoller), #24E7T “MZ% 10

2
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Go program
Gorotuine Go scheduler
OS thread OS scheduler

Figurel: Goroutine and thread

PH%E goroutine” [{iHihi%:

o R SCAHIR AT E R ARBLIEN, SCHE T goroutine X SCAHIATT, ML L1 10 Sk
FFE A

« 10 RGP H KM GREIEAGAIND I, BHZEi% goroutine, V)4 F| i Ah goroutine.

o TERFERIHLEC D 10 SHAF, SRBUR S I SO R AE, 1 EEXS ) goroutine.

2 /= B

2.1 JEFHZE 10

T HEH 10 RGEHFHPHZE OS ZeFe,  AZ%5id FH AEFH € 10,

JEFHZE 10 FIFHZE 10 B ZERAE T, JEBHZE 10 45 T I AL BE 10 RNl & M SCPFRIA ST AT 1t
AT 10 BeEINE, JEBHZE 10 RS IR P14, M7 PH2E 10 HR P 24k FE H 3 10 58 K.

AEFHZE 10 AN Ttk g, W T-AEFHZE 10 FIFHZE 10, M 10 ARt es 21 10 wtLs 3Ly B 1) i 1) #5240
W) S R hn [ 2 %610 SR 5, ARPHZE 10 2L B 2R RS, PERE S o 25 .
AEFHLZE 10 PR RER SCHEAE T-HE S0 2545 10 i gt . AEPHLZE 10 RGP IR AR )5, P 400E 10 Kk,
EHATHIRERE, 10 34 )5 PR AT S0 I 2
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non-blocking 10

blocking IO\\;

10 is not ready 10 is not ready

non-blocking 10

|0 is not ready

non-blocking IO\ﬁ
return BAGAIN I0is not ready

non-blocking IO\

peaiy1 %420|q

|0 is ready |0 is ready

return

transfer dta transfer dta

Figure2: Blocking 10 and non-blocking 10
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o
o
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>
)

1 ] L Coroutine 2

s)ie 0l Sunpdojg-uou

Ci I'oUt"ne

do someting

Figure 3: Cotouines with non-blocking 10
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R 2 MR MR, PR 1R HIARRHZE 10 R TR ESGE SR, VI EIUME 2, PR 2 4T
FoARIZHE, ACOLPMEE 12540 10 t2h ), HUIFnhRE 1.

Go runtime $2 L% 2 “10 BLZE goroutine, PI#e 2L A goroutine”, KILH ARV ATEE “ 15
Heli”, Go scheduler 2% J1 i & goroutine.

2.2 10 £ EH
AEBHZE 10 mrtk RE SRR T E S 2545 10 s, DRI AE RS AR AL T 10 285 53N, T %0
S0 Cphes, WA ISR 10, g i, F 10 SR TN R R T RS

Linux & L —BAEH epoll #4710 Z I E . epoll_create (2) Bl Hgs (—ANMLE T AHC
5 SCARRTE ), epoll_ctl(2) 4w asyd /MR SCAFRE IR TF 110 A, epoll_wait
(2) PHZE L 2R A A IR B fr b PR AT

R, epoll HAEAH socket fil pipe, ASREALFH AL AL S04

epoll_wait( 2)

no 10 events
O
o | nolOevents
(@)
.
>
| no IO events

|0 events happend

Figure 4: epoll_wait(2) blocks the OS thread

3 M4y
3.1 pollDesc

Go runtime & X T poLlDescHiiid T M5 W SCHFRR 1, S adE OS IR A U R R fF . B
25 # goroutine., E I 245 H LR IR A atomicInfo.
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1 // Network poller descriptor.

2 //

3 // No heap pointers.

4 type pollDesc struct {

5 _ sys.NotInHeap

6 link *pollDesc // in pollcache, protected by pollcache.lock

7 fd uintptr // constant for pollDesc usage lifetime

8

9 // atomicInfo holds bits from closing, rd, and wd,

10 // which are only ever written while holding the lock,

11 // summarized for use by netpollcheckerr,

12 // which cannot acquire the lock.

13 // After writing these fields under lock in a way that

14 // might change the summary, code must call publishInfo

5 // before releasing the lock.

16 // Code that changes fields and then calls netpollunblock

17 // (while still holding the lock) must call publishInfo

18 // before calling netpollunblock, because publishInfo is what

19 // stops netpollblock from blocking anew

20 // (by changing the result of netpollcheckerr).

21 // atomicInfo also holds the eventErr bit,

22 // recording whether a poll event on the fd got an error;

23 // atomicInfo is the only source of truth for that bit.

24 atomicInfo atomic.Uint32 // atomic pollInfo

25

26 // rg, wg are accessed atomically and hold g pointers.

27 // (Using atomic.Uintptr here 1is similar to using guintptr
elsewhere.)

28 rg atomic.Uintptr // pdReady, pdWait, G waiting for read or pdNil

29 wg atomic.Uintptr // pdReady, pdWait, G waiting for write or pdNil

30

31 Tlock mutex // protects the following fields

32 closing bool

33 user uint32 // user settable cookie

34 rseq uintptr // protects from stale read timers

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

36 rd int64 // read deadline (a nanotime in the future, -1
when expired)

37 wseq uintptr // protects from stale write timers

38 wt timer // write deadline timer

39 wd int64 // write deadline (a nanotime 1in the future, -1
when expired)

40 self xpollDesc // storage for indirect interface. See (*pollDesc
) .makeArg.

41 }

LinkZ#gMpollDescifi%l, FrfipollDesclit®|—/ Mgk a2,
fd&pollDescf ) OS JE A LA iR 1T, {EpollDesciEA iy i I IRFFANE o
atomicInfo4id'pollDescIfe PR,

rg/wg iz AR AT FBHZE ) goroutine.
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resqll NI G H T 52 I Ss AL EE 10 HE I
Ja e AN %Hpo Ll 1Desc & 7B

3.2 pollCache

pollCachet—AHja X, TP pollDesclfB AR . K £ A goroutine m g & Hs
M poller, Jir DATE ZEH BRI I AT 1]

type pollCache struct {

lock mutex

first xpollDesc

// PollDesc objects must be type-stable,

// because we can get ready notification from epoll/kqueue

// after the descriptor 1is closed/reused.

// Stale notifications are detected using seq variable,

// seq is incremented when deadlines are changed or descriptor is
reused.

(xpollCache).alloc() MpollCached 4ht—FpollDesc:

1. #pollCache A=, M A/NApollBlockSize (4K) [HIE GC A (pollDesc).
2. i MRk EfpollDesc, R[AIZH .
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func (c *pollCache) alloc() *pollDesc {
lock (&c.lock)
// N AF, 6l pollDesc
if c.first == nil {
const pdSize = unsafe.Sizeof(pollDesc{})
n := pollBlockSize / pdSize
if n == 0 {
n =1
}
// Must be in non-GC memory because can be referenced
// only from epoll/kqueue 1internals.
mem := persistentalloc(n*xpdSize, 0, &memstats.other_sys)
for i := wintptr(0); i < n; i++ {
pd := (*pollDesc) (add(mem, 1i*pdSize))
pd.link = c.first
c.first = pd
}
}
// % F&LM pollDesc Jf i& [l
pd := c.first
c.first = pd.link
lockInit(&pd.lock, lockRankPollDesc) // Go runtime N ¥ ) 8 52 L T
J2 %, W runtime/lockrank.go
unlock(&c.lock)
return pd

}

* (xpollCache).free() ' [ I “pollDesc"’, # H i In 2 % k.
go
func (c *pollCache) free(pd *pollDesc) {
lock (&c.lock)
pd.link = c.first
c.first = pd
unlock(&c.lock)

I, (xpollCache) .alloc () 2 MpollDesclirg/wg hpdNil, (xpollCache).free
O &S BErg/wg.

S BCATIEISCA LT P AN

« pollCache# fjpolLDescHirg/wgE 4 Z&pdNil, EAZpdReady.
« (xpollCache).free()FIfiipolLDesclfirg/wg 4 &pdNil, ZE4tpdReady,

4 netpoller JEft b5 %5

HTAFYEE ERI0 ZEEHZEOAR, 67 &AMFE (Linux 1 epoll A3 #F disk 10, {H
H%%D%Mwweih%(hmMmememdmmd@o*EXTHT%A%%W%D i

8
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igo tbui Ld4ethg e, B0 R & 1S

// Integrated network poller (platform-independent part).
// A particular implementation (epoll/kqueue/port/AIX/Windows)
// must define the following functions:

1

2

3

4 //

5 // func netpollinit()

6 // Initialize the poller. Only called once.

T/

8 // func netpollopen(fd uintptr, pd *pollDesc) int32

9 // Arm edge-triggered notifications for fd. The pd argument is to
pass

10 // back to netpollready when fd is ready. Return an errno value.

11 //

12 // func netpollclose(fd uintptr) int32

13 // Disable notifications for fd. Return an errno value.

14 //

15 // func netpoll(delta int64) glList

16 // Poll the network. If delta < 0, block indefinitely. If delta ==
0,

17 // poll without blocking. If delta > 0, block for up to delta
nanoseconds.

18 // Return a list of goroutines built by calling netpollready.

19 //

20 // func netpollBreak()

21 // Wake up the network poller, assumed to be blocked in netpoll.

22 //

23 // func netpollIsPollDescriptor(fd uintptr) bool

24 [/ Reports whether fd is a file descriptor used by the poller.

netpoller #&fit T Fh Rl 82 11 75 WI4E 4 #540 internal/poll/fd_poll_runtime.go ', SZHLZE runtime/net-
poll.go ', Plpoll_runtime_ A Frgi. Kk, Go il g4y i a % M 7 #24HT T netpoller 2
DO

4.1 Ylntetias

HJ¥8inetpollInitLockffP netpollInited,netpollInitedif et CVIEhIL i %S,

1 var (

2 netpollInitLock mutex

3 netpollInited atomic.Uint32
4

5 pollcache pollCache

6 netpollWaiters atomic.Uint32
7 )

netpollGenericInit()#MHnetpollinit () ¥tk poller, netpollGenericInit() ¥
FO0nce.Do().
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func netpollGenericInit() {
if netpollInited.Load() == 0 {
lockInit(&netpollInitLock, lockRankNetpollInit)
lock (&netpollInitLock)
if netpollInited.Load() == 0 {
netpollinit()
netpollInited.Store(1)

}
unlock (&netpollInitLock)

Linux Efinetpollinit () #bA ~ LS

1. B edge-trigged (1] epoll 125
2. B4~ pipe T4 netpoller.

3. VEMHE R E R epoll I, Hisyscall.EpollEventffidata”Bt/&énetpol1BreakRd

(pipe 113 )

1% pipe H Tl netpoller ilif5: netpoller 1iWr pipe 1%, i netpollBreak() 1% pipe 5 A

¥¥5, netpoller WiWr 3% E pipe L1, AT HT netpoller.

// runtime/netpoll.go
func netpollinit() {
var errno uintptr
// Bl epoll # #i %%

epfd, errno = syscall.EpollCreatel(syscall.EPOLL_CLOEXEC)

if errno !'= 0 {

println("runtime: epollcreate failed with", errno)

throw("runtime: netpollinit failed")

}
/] Gl R T 4T B poller K pipe
r, w, errpipe := nonblockingPipe()

if errpipe != 0 {
println("runtime: pipe failed with", -errpipe)
throw("runtime: pipe failed")

}

// EM pipe L5 13 poller

ev := syscall.EpollEvent{
Events: syscall.EPOLLIN,

}

x (x*xuintptr) (unsafe.Pointer (&ev.Data)) = &netpollBreakRd
errno = syscall.EpollCtl(epfd, syscall.EPOLL_CTL_ADD, r, &ev)

if errno !'= 0 {
println("runtime: epollctl failed with", errno)
throw("runtime: epollctl failed")

}
netpollBreakRd = uintptr(r)
netpollBreakWr = uintptr(w)

10
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Go runtime 1 A5 —/ epoll #8185, & X A4 A,

// runtime/netpoll.go

var (
epfd int32 = -1 // epoll descriptor
//

)

4.2 JEMSCIH IR AT

netpollopen ()% Tepoll_ctl(2), M XA L 1iksS F4F 2 netpoller |, It
Hepoll_eventfidata7 Bk & A4 epoll fd.

// runtime/netpoll.go
func netpollopen(fd uintptr, pd *pollDesc) uintptr {
var ev syscall.EpollEvent
ev.Events = syscall.EPOLLIN | syscall.EPOLLOUT | syscall.EPOLLRDHUP
| syscall.EPOLLET
*(x*pollDesc) (unsafe.Pointer(&ev.Data)) = pd
return syscall.EpollCtl(epfd, syscall.EPOLL_CTL_ADD, 1int32(fd), &ev

)

4.3 SRR AT poller 5 EE

epoll_eventiydata s Bl U T HIWHZ AR FT 2 75t poller &7, 7E Go 1.9 1 U T+l

// IsPollDescriptor reports whether fd is the descriptor being used by
the poller.

// This 1is only used for testing.

func IsPollDescriptor(fd uintptr) bool {
return runtime_isPollServerDescriptor(fd)

}

4.4 MHERSCAFIRTE

M poller BB ZFATFRIEE, HEHHepoll_ct1(2)RInT,

// runtime/netpoll.go
func netpollclose(fd uintptr) uintptr {
var ev syscall.EpollEvent
return syscall.EpollCtl(epfd, syscall.EPOLL_CTL_DEL, 1int32(fd), &ev

)

11
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4.5 14 netpoller

WA A 2RI, 48 pipe M B2 T epoll b, Atk %)% pipe 5 d, st
fiefili & epoll, MTMFTIE netpoller.

// netpollBreak -interrupts an epollwait.
func netpollBreak() {
// Failing to cas 1indicates there dis an in-flight wakeup, so we're

done here.

if !netpollWakeSig.CompareAndSwap (0, 1) {

}

return

for {

var b byte
n := write(netpollBreakWr, unsafe.Pointer(&b), 1)
if n == 1 {
break
+
if n == -_EINTR {
continue
}
if n == -_EAGAIN {
return
+
println("runtime: netpollBreak write failed with", -n)
throw("runtime: netpollBreak write failed")

TESENE A 5 pipe Z&BIA UNIX L RS o] #4545 (signald i, KT & 4808 H IR 9] 48 =
BEINTR, for JEEAALF W te (2) # WIS ot .

4.6 SCFBTPIRGS

pollDesc#ifyfhfjatomicInfoF B4y AR KT A FWPIRAS, CH5 10 HI, iR £ 5G]

War
=,

12
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1

23

// runtime/netpoll.go
2 type pollDesc struct {

//
fd

uintptr // constant for pollDesc usage lifetime

atomicInfo holds bits from closing, rd, and wd,

which are only ever written while holding the lock,
summarized for use by netpollcheckerr,

which cannot acquire the lock.

After writing these fields under lock in a way that
might change the summary, code must call publishInfo
before releasing the lock.

Code that changes fields and then calls netpollunblock
(while still holding the lock) must call publishInfo
before calling netpollunblock, because publishInfo is what
stops netpollblock from blocking anew

(by changing the result of netpollcheckerr).
atomicInfo also holds the eventErr bit,

recording whether a poll event on the fd got an error;
atomicInfo 1is the only source of truth for that bit.

atomicInfo atomic.Uint32 // atomic pollInfo

/1

}

atomicInfodid PR A& T AW SO IR AT IS 17 A

1
2
3
4
5
6
7
8
9

// runtime/netpoll.go

// Error codes returned by runtime_pollReset and runtime_pollWait.
// These must match the values in internal/poll/fd_poll_runtime.go.

const (
pollNoError ©® // no error
pollErrClosing = 1 // descriptor is closed
pollErrTimeout =2 // I/O timeout
pollErrNotPollable = 3 // general error polling descriptor
)

atomicInfoli & AR AR, HpushInfo()¥H, @Eidtnetpollcheckerr () HIW &G H

B

KBEBCMRTRIRS A, DA SRS M pushInfo () HHRRZ.

13
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runtime/netpoll. go

publishInfo updates pd.atomicInfo (returned by pd.info)
using the other values 1in pd.

It must be called while holding pd.lock,

and it must be called after changing anything

that might affect the info bits.

In practice this means after changing closing

or changing rd or wd from < @ to >= 0.

func (pd *pollDesc) publishInfo() {

var info uint32
if pd.closing {
info |= pollClosing
}
if pd.rd < 0 {
info |= pollExpiredReadDeadline
}
if pd.wd < 0 {
info |= pollExpiredWriteDeadline
}

// Set all of x except the pollEventErr bit.

X := pd.atomicInfo.Load()

for !pd.atomicInfo.CompareAndSwap(x, (x&pollEventErr)|info) {
x = pd.atomicInfo.Load()

}

netpollcheckerr ()il it 7 iz & MatomicInforh #& BOIR & Jf & [l 4% %, §Y 0o 38 3,
atomicInfodk 4 ¥ & SCAF il 38 77 1 48 WoR 2, M AR ST R R 77 B R G A R A&
UL, netpollcheckerr () ANHIWIEL B RS IA A & & esh, B ZRGR R LY R g8 H e,
netpollcheckerr () #ig[Fltrue.

HARM RGO R EE, N4 4S Go 1 5 BB R G sk %, 1k netpoller.

func netpollcheckerr(pd *pollDesc, mode int32) 1int {

info := pd.info()
if info.closing() {
return pollErrClosing

}

if (mode == 'r' && info.expiredReadDeadline()) || (mode == 'w' &&
info.expiredWriteDeadline()) {
return pollErrTimeout

}

// Report an event scanning error only on a read event.
// An error on a write event will be captured in a subsequent
// write call that is able to report a more specific error.
if mode == 'r' && info.eventErr() {

return pollErrNotPollable
}

return pollNoError

14
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5 goroutine it 5k &

fApollDesc#i Rk T —AN k3 goroutine. —/NM5# goroutine, 1% SCAFRIIAFF AN LS I i
Mg I 55 4

pollDesc L5 & R TR i — AT BRSPS, AREWE -

/]
/]

runtime/netpoller.go
pollDesc contains 2 binary semaphores, rg and wg, to park reader and
writer

// goroutines respectively. The semaphore can be in the following
states:

//

// pdReady - 1io readiness notification is pending;

// a goroutine consumes the notification by changing the
state to pdNil.

// pdWait - a goroutine prepares to park on the semaphore, but not
yet parked;

// the goroutine commits to park by changing the state to G
pointer,

// or, alternatively, concurrent io notification changes
the state to pdReady,

// or, alternatively, concurrent timeout/close changes the
state to pdNil.

// G pointer - the goroutine is blocked on the semaphore;

// io notification or timeout/close changes the state to
pdReady or pdNil respectively

// and unparks the goroutine.

// pdNil - none of the above.

const (
pdNil uintptr = 0
pdReady uintptr = 1
pdWait wuintptr = 2

)

pidNi U rg/wglwaiikas, HAE b 0, M4 FNil. pollDesc k(¥ goroutine L4 BH%E (park)
I, ¥ A% goroutine HI{R%T

NS ST

5.1 netpollblock

netpollblock(pd *pollDesc, mode int32, waitio bool)iX/EH % X hpd LHEE
o, RIIEAERE R 10 2 tds . S8modefiarmxt A IRAERI (85 /155), waitiokWed
145 4% 10 1MiBH 2 goroutine.

netpollblock () #WipollDesc L) goroutine — &4k F-pdReady (Einetpollunblock ()
) HpdNT LI IRE) o

15
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netpolldeadlineimpl
or netpoll() -

) -->gopark()

Figure 5: The FSM or goroutine

« pdReady k7 i RA&Hnetpollunblock () AL E, £ —IRI0 4. netpollblock
() HAE—IR 10 gidgmss, FRESMpdReadyH#HEpdNi s,

o pdNAURZ: iZR&EpollDesc |- goroutine BRIR A, ## hpdwadit.

« pdWaitRE: XREFRIR goroutine ¥ ZIPHZE(HIL R PHEE, netpollblock () fHgopark
() FH%&1% goroutine.

16
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// returns true if IO is ready, or false if timed out or closed

// waitio - wait only for completed IO, qignore errors

// Concurrent calls to netpollblock in the same mode are forbidden

, as pollDesc

// can hold only a single waiting goroutine for each mode.

func netpollblock(pd *pollDesc, mode int32, waitio bool) bool {
gpp := &pd.rg
if mode == 'w' {
, gpp = &pd.wg

// set the gpp semaphore to pdWait
for {
// Consume notification if already ready.
if gpp.CompareAndSwap (pdReady, pdNil) {
return true

}

if gpp.CompareAndSwap (pdNil, pdwait) {
break

}

// Double check that this isn't corrupt; otherwise we'd loop
// forever.
if v := gpp.Load(); v != pdReady && v != pdNil {
throw("runtime: double wait'")
}
+

// need to recheck error states after setting gpp to pdWait

// this is necessary because runtime_pollUnblock/
runtime_pollSetDeadline/deadlineimpl

// do the opposite: store to closing/rd/wd, publishInfo, load of
rg/wg

if waitio || netpollcheckerr(pd, mode) == pollNoError {
gopark(netpollblockcommit, unsafe.Pointer(gpp),

waitReasonIOWait, traceEvGoBlockNet, 5)

+

// be careful to not lose concurrent pdReady notification

old := gpp.Swap(pdNil)

if old > pdwait {
throw("runtime: corrupted polldesc")

+
return old == pdReady

gopark ()& Go scheduler #1141 57 fHL %€ goroutine [Fp %L, R U1 T

17
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O oo ~NOoO U~ wWwN =

[
o

11
12

13
14
15
16

17
18

/]

Puts the current goroutine into a waiting state and calls unlockf on
the
system stack.

If unlockf returns false, the goroutine is resumed.

unlockf must not access this G's stack, as it may be moved between
the call to gopark and the call to unlockf.

Note that because unlockf is called after putting the G into a
waiting

state, the G may have already been readied by the time unlockf ds
called

unless there is external synchronization preventing the G from being
readied. If unlockf returns false, it must guarantee that the G
cannot be

externally readied.

Reason explains why the goroutine has been parked. It is displayed
in stack

traces and heap dumps. Reasons should be unique and descriptive. Do
not

re-use reasons, add new ones.

func gopark(unlockf func(*g, unsafe.Pointer) bool, lock unsafe.Pointer,

reason waitReason, traceEv byte, traceskip int) {

fAi A, X HL ¥ gopark () FLZE goroutine gpp, R $inetpollblockcommit (), If
¥1% goroutine PHZEM i X ¥ & hwaitReasonIOWatit.

netpollblockcommit () fWifh=: 1. ¥ipollDescH [frgmkwg i & A ¥ [f] i% goroutine 1145
B. 2. iBnetpollWaiters)fi f48 &,

1
2

O Woo~NO Ul b~ W

=

func netpollblockcommit(gp *g, gpp unsafe.Pointer) bool {

r := atomic.Casuintptr((xuintptr) (gpp), pdwWait, 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.
netpollWaiters.Add (1)

}

return r

JR A EnetpollWaitersH T i A2 E 1) epoll PHZE. #F goroutine %51 netpoller M i,
AW 10 Fiff. findRunnable () &R T 14k,

18
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// runtime/proc.go
func findRunnable() (gp *g, inheritTime, tryWakeP bool) {
/] ...

// Poll network.
// This netpoll 1is 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() && netpollWaiters.Load() > @ && sched.lastpoll.
Load() != 0 {
if list := netpoll(0); !list.empty() { // non-blocking
gp := Llist.pop()
injectglist(&list)
casgstatus(gp, _Gwaiting, _Grunnable)
if trace.enabled {
traceGoUnpark(gp, 0)
}

return gp, false, false

5.2 netpollunblock

netpollunblock(pd *pollDesc, mode int32, 1ioready bool) Enetpollbock()
H AR, BN goroutine [FPIRES, IR [AIATIZAT (¥ goroutine [IFRET o

netpollunblock () w L4 & VUl goroutine IR pollDesc.

o pdNi L IZRERRVILHIRDS . #ioready NI, MY F|pdReady, &[\nT1; 0], AMEK
WA, HEGRFING L., foready 5, BWIH F10 k24, Kk netpoller %% 3L 111 goroutine;
ioready W&, BiHiZnetpollunblock ()P 10 H i sHH 10 Tk «

« pdReady: ZIRAER 10 Hish. goroutine KFHLIE, AT EKE 1% goroutine, [ I #1k%
[Flni L.

« pdWait: iZREEIR goroutine B #EFHZE, B RYEBHIE . BISLHRTEioready D) EpdNil
BipdReadyR&FFRMINTT (pdNil),

« goroutine $&%: 1% goroutine fH%EJ5 Hnetpollblockcommit () & H . H4liioready vk
FlpdNileipdReady, i&[1i% goroutine F5%f
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func netpollunblock(pd *pollDesc, mode int32, +doready bool) xg {
gpp := &pd.rg

if mode == 'w' {
gpp = &pd.wg

}

for {

old := gpp.Load()
if old == pdReady {
return nil
+
if old == pdNil && !ioready {
// Only set pdReady for -dioready. runtime_pollWait
// will check for timeout/cancel before waiting.
return nil
+
var new uintptr
if doready {
new = pdReady
}
if gpp.CompareAndSwap(old, new) {
if old == pdwait {
old = pdNil
}
[/ EE, pdNil B H A 0, MM T Nil.
return (*g) (unsafe.Pointer(old))

netpollunblock () FEHCIRA IR [Pl goroutine FEl, Tk & goroutine ({14548 #netpollgoready
OF

netpollgoready () f&netpollblockcommit () fRiSiHelE, SERL N M1
1. #JfnetpollWaiters
2. k% goroutine
func netpollgoready(gp *g, traceskip int) {

netpollWaiters.Add(-1)
goready(gp, traceskip+1)

}
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1 ## %l I0 HAF

2 T SRR E N B — A epoll il Es B, B netpoll() R WEAN RS
i IO 34

3

4 1. R =% delay' & & epoll j# W K [0,

5 2. WH epoll_wait() ## I0 F f;

6 3. k¥ I0 F -

7 1. i “netpollBreakRd" fJ i "netpoll() " ;

8 2. epoll ##, WH " (xpollDesc).setEventErr ()" W & % W 4 i%;

9 3. I0 #t %, WM netpollgoready ()" 1k & i% 3C 1 #i & 75 L BH 28 19

goroutine.

10 “netpoll() " (¥ “syscall.EpollEvent ¥4l K & & 128, I — ) & 2 WU 3
128 M HfF.

11 ‘go

12 // netpoll checks for ready network connections.

13 // Returns list of goroutines that become runnable.

14 // delay < 0: blocks indefinitely

15 // delay == 0: does not block, just polls

16 // delay > 0: block for up to that many nanoseconds

17 func netpoll(delay int64) gList {

18 if epfd == -1 {

19 return glList{}

20 }

21 var waitms int32

22 if delay < 0 {

23 waitms = -1

24 } else if delay == 0 {

25 waitms = 0

26 } else 1if delay < 1le6 {

27 waitms = 1

28 } else if delay < 1lel5 {

29 waitms = int32(delay / 1le6)

30 } else {

31 // An arbitrary cap on how long to wait for a timer.

32 // 1e9 ms == ~11.5 days.

33 waitms = 1le9

34 }

35 var events [128]syscall.EpollEvent

36 retry:

37 n, errno := syscall.EpollWait(epfd, events[:], int32(len(events)),

waitms)

38 if errno !'= 0 {

39 if errno != _EINTR {

40 println("runtime: epollwait on fd", epfd, "failed with",

errno)

41 throw("runtime: netpoll failed")

42 }

43 // If a timed sleep was interrupted, just return to

44 // recalculate how long we should sleep now.

45 if waitms > 0 {

46 return glList{}

47 )

48 goto retry

49 }

50 var toRun glList 21

51 for i := int32(0); i < n; i++ {

52 ev := events[i]

53 if ev.Events == 0 {

54 continue

55 }
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Go runtime BAT AT ] AN EAEFE I 10 S, 12 ke s B AR Al netpoller. filk (&4 i 1 2
(EREELE

« goroutine i J&
o BRI HELEE T BE: Drain. MarkDone. MarkTermination. StartTheWorld.
« sysmon goroutine

WHKRW T

schedule()
-> findRunnable()
-> netpoll()

gcStart()
-> startTheWorldWithSema()
-> netpoll()
gcDrain()
-> pollWork()
gcMarkDone ()
-> startTheWorldWithSema()
-> netpoll()
gcMarkTermination()
-> startTheWorldWithSema()
-> netpoll()
startTheWorld()
-> startTheWorldWithSema()
-> netpoll()

sysmon ()
-> netpoll()

6 “j:ééﬁ” Bﬁ% 10

R, goroutine 7EARBILZE 10 RFLLE N PHE, 7“2k P2, WAZUK 10 R GEH AR ek
BHLZEM o

6.1 EPRCIFHIATT

Go runtime 7F internal/poll/fd_unix.go 5& . T UNIX L[S0 AT .
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1 // FD is a file descriptor. The net and os packages use this type as a
2 [/ field of a larger type representing a network connection or 0S file.
3 type FD struct {

4 // Lock sysfd and serialize access to Read and Write methods.
5 fdmu fdMutex

6

7 // System file descriptor. Immutable until Close.

8 Sysfd -{int

9

10 // I/0 poller.

11 pd pollDesc

12

13 // Writev cache.

14 jovecs *[]syscall.Iovec

15

16 // Semaphore signaled when file is closed.

17 csema uint32

18

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

20 isBlocking uint32

21

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

25

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

28 ZeroReadIsEOF bool

29

30 // Whether this 1is a file rather than a network socket.

31 isFile bool

32 }

%ﬁﬁiFD@/\% G JE A SR 7 Sy s TA AT 1/0 pollerpd, SysfdH FHUT RS A, pdH T4
12301

o E T I MR R 2 4B S internal/poll/fd_unix.go T X E’Jpoll FD. os.FilesE X T os/-
types.go, Hrhpix 7*file, file@fiw OS EMSCHRA, lidgo: bui ldgc i H 2%y
ETE LS.

// File represents an open file descriptor.

type File struct {
*file // os specific

SN

A WN R

}

Linux “F-& 11 Les X A& os/file_unix.go, L &poll.FD,
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1 // file dis the real representation of *File.

2 // The extra level of indirection ensures that no clients of os
3 // can overwrite this data, which could cause the finalizer

4 // to close the wrong file descriptor.

5 type file struct {

6 pfd poll.FD

7 name string

8 dirinfo *dirInfo // nil unless directory being read

9 nonblock bool // whether we set nonblocking mode

10 stdoutOrErr bool // whether this 1is stdout or stderr

11 appendMode bool // whether file is opened for appending
12 }

HEnetfsocket (), RMIFSCAHRIATT & *netFD,

1 // socket returns a network file descriptor that 1is ready for
2 // asynchronous I/0 using the network poller.
3 func socket(ctx context.Context, net string, family, sotype, proto 1int,
ipveonly bool, laddr, raddr sockaddr, ctrlCtxFn func(context.
Context, string, string, syscall.RawConn) error) (fd *netFD, err
error) {

/]

D

netFDxE X AL net/fd_posix.go:

1 // Network file descriptor.

2 type netFD struct {

3 pfd poll.FD

4

5 // immutable until Close

6 family int

7 sotype int

8 isConnected bool // handshake completed or use of association with
peer

9 net string

10 laddr Addr

11 raddr Addr

12 }

Hrph AP Epoll. FD.

ANFEPEE R 10 25 FH A 1R, FreeBSD [ kqueue SZEFRE#E SCE, Linux [ epoll AN 37 Hpr i 3
s

6.2 WAL AR T

U SO IR AT I BB ARFRLZE 10, IFEM 2] poller L.
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Go B S MM 4% 10 A& AFFLZEMY, ) socket I 13 .

// net/sock_posix.go
func socket(ctx context.Context, net string, family, sotype, proto 1int,
ipveonly bool, laddr, raddr sockaddr, ctrlCtxFn func(context.
Context, string, string, syscall.RawConn) error) (fd *netFD, err
error) {
// sysSocket() 4 # 9EFH %€ socket
s, err := sysSocket(family, sotype, proto)
if err !'= nil {
return nil, err
}
/] ...
if laddr != nil && raddr == nil {
switch sotype {
case syscall.SOCK_STREAM, syscall.SOCK_SEQPACKET:
if err := fd.listenStream(ctx, laddr, listenerBacklog(),
ctrlCtxFn); err != nil {
fd.Close()
return nil, err
}
return fd, nil
case syscall.SOCK_DGRAM:
if err := fd.listenDatagram(ctx, laddr, ctrlCtxFn); err !=

nil {
fd.Close()
return nil, err
}
return fd, nil
+
+
if err := fd.dial(ctx, laddr, raddr, ctrlCtxFn); err != nil {
fd.Close()
return nil, err
}

return fd, nil

sysSocket () it ERH %€ socket.

// net/sock_cloexec.go

// Wrapper around the socket system call that marks the returned file
// descriptor as nonblocking and close-on-exec.
func sysSocket(family, sotype, proto int) (int, error) {
s, err := socketFunc(family, sotype|syscall.SOCK_NONBLOCK|syscall.
SOCK_CLOEXEC, proto)
if err !'= nil {
return -1, os.NewSyscallError("socket", err)
}

return s, nil

25
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Jasfd.listenStream(...).fd.listenDatagram(...)Mifd.Dial(...)¥i%netFDiE
it #] netpoller.

os. Fileth A FEa B A gt HZE SO IR AT, (R ANHSE 5 00 10 2 B 2 H B8 1A F], FreeBSD
] kqueue SZFFfEZE 10, 1H Linux epoll 2 37 #F socket Fl pipe, JTLAGIEos . Fi lel iy 2k S/
Bl . LEA[ 54 | (FreeBSD), os.Filet /ZAFBHZEM), i3 M3 netpoller I; #FAH]
BMEES E (Linux), os.FilefePl2En), 2PHIELR.

(xos.File).Create () QIR IHHIHpo L L. FDIHHBEWI

Create()
-> OpenFile()
-> openFileNonlog()
-> newFile() M #i°F & &AL %/ % I0, ¥ i poll.FD (K
FEW A= AE) , CAEBL %) I 2 netpoller,

6.3 HEERGIHH

Go AR AT A BEpo L L. FD, HARIL L5 F i B AR i 8 B U145 Tpol L. FD L3 5
(=

LLIFZ% 10 M Hl, A% socket FWrite () 5L Hl. socket S Fit—4xnetFD, (xnetFD) .Write
() FISEBLTT

// net/fd_unix.go

func (fd *netFD) Write(p []byte) (nn {int, err error) {
nn, err = fd.pfd.Write(p)
runtime.KeepAlive(fd)
return nn, wrapSyscallError(writeSyscallName, err)

TE (*xos.File) Write()MI B, (*os.File).Write()fl3 T (xos.File).write()
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// os/file.go
func (f xFile) Write(b []byte) (n 1int, err error) {
if err := f.checkValid("write"); err != nil {
return 0, err

}
n, e := f.write(b)
if n <0 {
n =20
}

if n != len(b) {
err = io.ErrShortWrite

}
epipecheck(f, e)
if e != nil {

err = f.wrapErr("write", e)

}

return n, err

(xos.File) . Write() & PE LMD, (xos.File) . write() &4EE OS FRyseH,

I SEBILAE os/file_posix.go .

// os/file_posix.go

func (f xFile) write(b []byte) (n 1int, err error) {
n, err = f.pfd.Write(b)
runtime.KeepAlive(f)
return n, err

Linux

AL, NSRS N % 10, AL Tpoll.FD EMEES . (#poll.FD) . Write ()&

P&/
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// internal/poll/fd_unix.go
func (fd *FD) Write(p []byte) (int, error) {
if err := fd.writeLock(); err != nil {
return 0, err
}
defer fd.writeUnlock()
if err := fd.pd.prepareWrite(fd.isFile); err != nil {
return 0, err
}
var nn int
for {
max := len(p)
if fd.IsStream && max-nn > maxRW {
max = nn + maxRW
+
n, err := ignoringEINTRIO(syscall.Write, fd.Sysfd, p[nn:max])
ifn >0 {
nn += n

if nn == len(p) {
return nn, err

if err == syscall.EAGAIN && fd.pd.pollable() {
if err = fd.pd.waitWrite(fd.isFile); err == nil {
continue
}
+
if err 1= nil {
return nn, err

}
if n==0 {
return nn, io.ErrUnexpectedEOF

}

(*pol1.FD) .Write ()T WitkE:

1. A (xpol1.FD) .prepareWrite () iEMIHIATT 2] netpoller;
2. EEfEH i syscall.Write, nlei) (HEPFHZE 10D SCOHFIR TR AL WA (xpol1.FD
) .waitWrite ()% s (FHZ goroutine).,

AR W ) SCHERER S, (xpol1.FD) .prepareWrite ()i, runtime_pollReset ()&
HpollDesclik S HpdNil,.
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// internal/poll/fd_poll_runtime.go
func (pd *pollDesc) prepareWrite(isFile bool) error {
return pd.prepare('w', isFile)

}
/1

func (pd *pollDesc) prepare(mode +int, isFile bool) error {
if pd.runtimeCtx == 0 {
return nil
}
res := runtime_pollReset(pd.runtimeCtx, mode)
return convertErr(res, isFile)

internal/poll/fd_poll_runtime.go F /&1 runtime _XXXXXX () i e&H R A pa 5058, AT s Bk

// internal/poll/fd_poll_runtime.go

func runtime_pollServerInit()

func runtime_pollOpen(fd uintptr) (uintptr, 1int)

func runtime_pollClose(ctx uintptr)

func runtime_pollWait(ctx uintptr, mode int) -int

func runtime_pollWaitCanceled(ctx uintptr, mode 1int) 1int
func runtime_pollReset(ctx uintptr, mode int) -int

func runtime_pollSetDeadline(ctx uintptr, d int64, mode 1int)
func runtime_pollUnblock(ctx uintptr)

func runtime_isPollServerDescriptor(fd uintptr) bool

IX 2 PR A X 6 bR S SIEBLAE runtime/netpoll.go 1, 55 44 Apoll_runtime _XXXXXX(), i
itgo: Tinkname} I 5 H Fl internal/poll/fd_poll_runtime.go ', A& LU A%

func poll_runtime_isPollServerDescriptor(fd uintptr) bool

func poll_runtime_pollOpen(fd uintptr) (*pollDesc, 1int)

func poll_runtime_pollClose(pd *pollDesc)

func poll_runtime_pollReset(pd *pollDesc, mode 1int) 1int

func poll_runtime_pollWait(pd *pollDesc, mode {int) -int

func poll_runtime_pollSetDeadline(pd *pollDesc, d int64, mode 1int)
func poll_runtime_pollUnblock(pd *pollDesc)

func poll_runtime_pollServerInit()

go:linkname <source> <target>M1fH & 45 7 9 B &8 70 8 B A 75 5 # <source>%
f<target>.,

(*pol1FD) .Write()Ffd.pd.waitWrite(fd.isFile)LZfr L3 HHpoll_runtime_pollLWait
0o
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// internal/poll/fd_poll_runtime.go
func (pd *pollDesc) waitWrite(isFile bool) error {

}
/]

return pd.wait('w', isFile)

func (pd *pollDesc) wait(mode int, isFile bool) error {

if pd.runtimeCtx == 0 {
return errors.New("waiting for unsupported file type")

}
res := runtime_pollWait(pd.runtimeCtx, mode)
return convertErr(res, isFile)

runtime_pollWait () SZfr_ L& 5E XA runtime/netpoll.go H¥poll_runtime_pollWait()

o

//go:linkname poll_runtime_pollWait internal/poll.runtime_pollWaitfgmr
ik Hpoll_runtime_polLWait{ENfFSinternal/poll. runtime_pollWait.

// poll_runtime_pollWait, which is internal/poll.runtime_pollWait,
// waits for a descriptor to be ready for reading or writing,

// according to mode, which is 'r' or 'w'.

// This returns an error code; the codes are defined above.

/]

//go:linkname poll_runtime_pollWait internal/poll.runtime_pollWait
func poll_runtime_pollWait(pd *pollDesc, mode {int) dint {

errcode := netpollcheckerr(pd, int32(mode))
if errcode != pollNoError {
return errcode

}
// As for now only Solaris, illumos, and AIX use level-triggered IO

if GOOS == "solaris" || GOOS == "illumos" || GOOS == "aix" {
netpollarm(pd, mode)
}
for !netpollblock(pd, int32(mode), false) {
errcode = netpollcheckerr(pd, int32(mode))
if errcode != pollNoError {
return errcode
}
// 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 pollNoError

forf§ ¥R & e i goroutine [, 15 Wnetpollblock ()FH % goroutine, netpoll ()Mt i%
goroutine, 1% goroutine iR Hinetpollblock()iR[Fltrue, Bkiliforfiif.

B Tnetpoll()LL 10 notificaiton Mt i goroutine, & W] DL i 56 B 3¢ £ i ik 75 (0 B 48
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wpollErrClosing). 108N X NfFiRpo LLErrTimeout) BEHAEIF TR M4 D,
polLErrClosingfiipetf NIRRT O T, U IC AL 1) 10, WHBEW T -

(*poll.FD).Close()
=> (xpoll.FD).evit()
=> (*poll.FD).runtime_pollUnblock()
-> (xpollDesc).pushInfo() % ¥ pollClosing 4%
-> (*pollDesc).netpollunblock() % & rg/wg K&
-> (xpollDesc).netpollgoready() ¥k & i% goroutine

%} goroutine Mnetpollblock ()iEHiJH, netpollcheckerr ()iR[44i%, MForffiirikit,
) BRI

pollErrTimeoutlr] B, (HA7 — A& &%, & I 4% ki A [ ok 2, 10036 ee 280 oA 28
lpol1ErrClosinghft.

7 SEH

HIAT T netpoller Y54XHY, Ff[nlid k7 TCP echo server:
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import (
n -Fmtll
n —i Oll
l|'Log|l
n netll
)

func worker (conn net.Conn) {
defer conn.Close()
b := make([]byte, 512)
for {
size, err := conn.Read(b)
if err == j0.EOF {
break
}
if err != nil {
log.Fatal(err)
+
size, err = conn.Write(b[0:size])
if err != nil {
log.Fatal(err)
}

}

func main() {
listner, err := net.Listen("tcp", "127.0.0.1:8080")
if err !'= nil {
log.Fatal(err)

b
for {
conn, err := listner.Accept()
if err != nil {
log.Fatal(err)
}
go worker (conn)
}

conn.Read ()20 socket, 7£ Go runtime ZH &L T 47

1. conn.Read(b) 2420 socket L%, (net.Conn).Read () &Kz (xinternal
/poll.FD).Read();

2. 10 N RG] read (2) BHZEZRE, 250 A e /5 iR [l

3. 10 Rt RS H read (2)IR[FIEAGAIN, i (xinternal/poll.FD) .waitRead()
%€ (gopark()i% goroutine; N
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(*internal/poll.FD) .Read()
-> (xinternal/poll.pollDesc) .waitRead()
-> (*internal/poll.pollDesc) .wait()
-> dnternal/poll.runtime_pollWait()
-> runtime.netpollblock()
-> runtime.gopark()

4. Go runtime 7E3i&E 4L (GC. & goroutine LL X sysmon goroutine) #i] (netpoll())
10 Fif1, K INiZ% socket kAL HAFEOLLIN, % & ZCAFRIAFF M rghpdReady, WA
(netpollgoready()) i%goroutine,

5. work goroutine ¥ & #1447, iE Hiruntime.netpollblock(), iEiinternal/poll.
runtime_pollWait(), RIMKERG MM read (2) KIR[FIE, conn.Read(b)iBH.
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