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Go Scheduler in 5 Minutes
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AEEEIF : go -> wakep -> schedule (findrunnable)
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AEEEIF : go -> wakep -> schedule (findrunnable)
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time.Timer: FIR{RERZF1F -> handoffp
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time.Timer: FFi5RBRZF1F -> handoffp -> wakep
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time.Timer: FFIR{KRER 2 %F -> handoffp -> wakep -> schedule (findrunnable) <go1.10
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time.Timer: FFIR{KRER 2 %F -> handoffp -> wakep -> schedule (findrunnable) <go1.10
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time.Timer: FFIR{KRER 2 %F -> handoffp -> wakep -> schedule (findrunnable) <go1.10
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time.Timer: FF15M:E& -> acquirep
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time.Timer: FFi5M:E8 -> acquirep -> handoffp -> wakep
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time.Timer: FFi5M:EE -> acquirep -> handoffp -> wakep -> schedule (findrunnable)
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Go 1.10 BIL1E: per-P timer
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func (t *timer) assignBucket()
runnext *timersBucket {

id := uint8(getg() .m.p.ptr().id)
% timerslLen

t.tb = &timers[id].timersBucket

return t.tb
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time.Timer: startTimer (addtimer) -> timer.C (sleep)
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time.Timer: startTimer (addtimer) -> timer.C (sleep) -> schedule
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time.Timer: startTimer (addtimer) -> timer.C (sleep) -> schedule*2
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time.Timer: startTimer (addtimer) -> timer.C (sleep) -> schedule*2 -> schedule
(checkTimers)
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time.Timer: startTimer (addtimer) -> timer.C (sleep) -> schedule*2 -> schedule
(checkTimers -> findrunnable)
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type Timer struct {
C <-chan Time
r timer

}

c := make(chan Time, 1)
t 1= &Timer{

C: c,

r: runtimeTimer{
when: when(d),
fs sendTime,
arg: ¢,

b

}
startTimer (&t.r)

return t

func NewTimer (d Duration) *Timer {

type timer struct {
pp uintptr
when int64

period int64

f func(interface{}, uintptr)
arg interface{}
seq uintptr

nextwhen int64

status uint32

type p struct {
(eod)
timersLock mutex
timers []xtimer

(..0)

func sendTime(c +interface{}, seq uintptr)

{
select {
case c.(chan Time) <- Now():
default:
}
}
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func schedule() {
_g_ = getg()

pp := _g_.m.p.ptr()
(e0d)

checkTimers(pp, 0)

(...

execute(...)

func checkTimers(pp *p, now int64) {
lock (&pp.timersLock)
(e0d)
for len(pp.timers) > 0 {

if tw := runtimer(pp, rnow); tw != 0 {
break
}
}
(...)

unlock (&pp.timersLock)
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func runtimer(pp *p, now int64) inte4 {

for {
t := pp.timers[0]
(end)
switch s := atomic.lLoad(&t.status); s {

case timerWaiting:

if t.when > now {
return t.when

}

(eve)

runOneTimer (pp, t, now)

return 0

)

func runOneTimer (pp *p, t *timer, now int64) {

(...)
f = t.f

arg := t.arg

seq := t.seq

dodeltimero (pp)

atomic.Cas(&t.status, timerRunning, timerNoStatus)
(end)

unlock (&pp.timersLock)

f(arg, seq) // fii’k sendTime {E% FEHMAf goroutine
lock (&pp.timersLock)

(..)
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B Z T AN : Timer RZSHL

1. — A Timer MIAREEREL A :
o NoStatus -> Waiting -> Running -> NoStatus timerModifying 4_\
2. AN B Timer ﬁﬁﬂﬂﬂﬂi‘kﬂ’f modtimer
o NoStatus -> Waiting -> Deleted -> Removing -> Removed modtimer —~
3. B A AHIFS Timer FEATIEL AT : timerModifiedEarlier
o NoStatus -> Waiting -> Modifying -> ModifiedEarlier/ModifiedLater -> Moving -> Waiting -> Running -> NoStatus timerModifiedLater
4, A KBRS Timer BT EE BT cleantimers/
o NoStatus -> Waiting -> Deleted -> Removing -> Removed -> Waiting -> Running -> NoStatus modtimer ad,"‘,',s,?i'::}'s’
£ deltimer
timerMoving
cleantimers/
adjusttimers/
runtimer
addtimer/ &
timerNoStatus — resettimer/ —»|  timerWaiting deltimer timerDeleted
modtimer ‘
I / cleantimers/
runtimer runtimer modtimer adjusttimers/
/ runtimer
cleantimers/ l
timerRunning timerRemoved  |[«— adjusttimerss ——  timerRemoving
runtimer
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T REM

name
AfterFunc-12
After-12

Stop-12
SimultaneousAfterFunc-12
StartStop-12
Reset-12
Sleep-12
Ticker-12

Sub-12

Now-12
NowUnixNano-12
Format-12
FormatNow-12
MarshalJSON-12
MarshalText-12
Parse-12
ParseDuration-12
Hour-12
Second-12
Year-12

Day-12
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old time/op

1.57ms
1.63ms
78.3us
138us
28.7us
6.78us
183us
5.40ms
11l4ns
37.2ns
38.1ns
252ns
234ns
320ns
320ns
206ns
89.1ns
4.43ns
4.47ns
14.6ns

+ + H+ H+ + + M+ M+ H+ H+ + + M+ H+ H+ + + I+ I+

20.1ns

I+

2020.01.02

1%
3%
3%
1%
1%
1%
1%
2%
1%
1%
2%
2%
1%
2%
2%
2%
1%
2%
1%
1%

3%

new time/op delta

0.07ms
0.1l1lms
73.6ps
111lps
31.5us
4.24us
125pus
0.03ms
113ns
36.8ns
37.4ns
195ns
177ns
250ns
245ns
208ns
86.6ns
4.46ns
4.40ns
14.7ns

20.2ns

+ + H+ H+ + + M+ M+ H+ H+ + + M+ H+ H+ + + I+ I+

I+

1% -95.42%
1% -93.54%
3% -6.01%
1% -19.57%
5% +9.64%
7% —37.45%
1% -31.67%
1% -99.43%
3% ~

3% ~

3% -1.87%
3% -22.61%
2% —24.34%
0% —-21.94%
2% —-23.30%
4% ~

3% -2.78%
1% ~

3% ~

2% ~

(p=0.
(p=0.
.000
(p=0.
(p=0.
.000
(p=0.
(p=0.
(p=0.
(p=0.
(p=0.
.000
(p=0.
(p=0.
.000
(p=0.
(p=0.
(p=0.
(p=0.
(p=0.

(p=0.

000
000

000
000

000
000
069
287
020

000
000

084
000
324
145
112

404

n=10+8)
n=9+10)
n=9+10)
n=10+9)
n=10+7)
n=9+10)
n=10+9)
n=10+10)
n=9+10)
n=8+8)
n=10+9)
n=9+10)
n=10+10)
n=8+8)
n=9+10)
n=10+10)
n=10+10)
n=10+8)
n=9+10)
n=9+9)

n=10+9)
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func BenchmarkSubmit(b *testing.B) {

github.com/changkun/sched for size := 10; size < 100000; size *= 10 {

> ss := size

simsched: pure timer multiplexing b.Run(fmt.Sprintf("#tasks-%d", ss), func(b xtesting.B) {
ts := newTasks(ss)

b.ResetTimer ()
for i := 0; 1 < b.N; i++ {
b.StopTimer ()
for j 1= 03 j < ss-1; j++ {
Submit(ts[j])
}
b.StartTimer ()

Submit(ts[ss-1])
Wait()

D)
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trace (1.

13

frace, [View Opions || |
[ors [ o oo, [om [10oms [120ms [14oms [16oms 1% 1= .
— Group :y Event Type b | Title| ~ Category. -
Goroutines: jIitle MEnEvonedl P
¥ counters 588409 |2
Heap: Goroutines 386461 é
Thisads: . Threads 160888 |%
Heap 41060
~ PROCS (pd ¥ begin_end (compact) 169637 ;
86 G52 testing.(*B).launch 91630 (3
Timers
Syscalls G18 runtime.timerproc 6155 [
~ Proc0 ] ] 0 APETET G 0 L R L L B A ol G39 runtime.timerproc 5489 |¢
] “ ayen
. : ; ) ] L G49 runtime.timerproc 4523 |2
i V mrs e e SRR GERE P =
- Proc2 11 1 LN I T n T i G24 testing.(*B).run1.funcl 1432 |5
mi ]| I T 0 Y R e e e ! LY % H
G3 runtime.bgsweep 121 |8
~ = c
- A e S ———— B E R/ timerproc. it O =
G4 runtime.bgscavenge 59 |2
~ Proc4 I I I [ {10 N T |0 O 0 ) O G25 github.com/changkun/sched/simsched. (*sched).resume.funct 55
) ! | i G26 github.com/changkun/sched/simsched.(*sched).resume.funct 52 §
~ Proc5 | I | Il | GC (idle) 46 |7
1 G50 github.com/changkun/sched/simsched.(*sched).resume.func1 45
7 gz ‘ I 19 runtimefirace Startfunct 2
- GB001 runtime.timerproc 40
(G1847 github.com/changkun/sched/simsched.(*sched).resume.funct 37
~ Proc 8 G3410 github.com/changkun/sched/simsched.(*sched).resume.funct 36
GC (dedicated) 35
~ Proc9 G9926 github.com/changkun/sched/simsched.(*sched).resume.funct 31
7978 github.com/changkun/sched/simsched. (*sched).resume.funct 30
G8 testing.(*B).run1.funct 26
G12202 github.com/changkun/sched/simsched.(*sched).resume.funct 26
(G3188 github.com/changkun/sched/simsched.(*sched).resume.funct 25
(G13754 github.com/changkun/sched/simsched.(*sched).resume.func1 25
G13627 github.com/changkun/sched/simsched.(*sched).resume.func 23
G15701 github.com/changkun/sched/simsched.(*sched).resume.funct 23
 7items selected. | Sicos (7) |
Wall Duration ¥ Self time © Average Wall Duration ¥ Occurrences
1,742,518 ns 1,742,518 ns 248931 ns 7
" Selection start 409,506 ns
Selection extent 145,099,181 ns
Start ~ CPU Duration ~ Duration () CPU Self Time @Self Time
176,148 nsf avg  248931ns
e .
max ,333 ns
12248400 # min  122494ns
00 02 04 06 08 10 12 14 16 18 20 Y
args duration event selfTime start
“n 122,494 ns GC 122,494 ns. 122,494 ns 1,336,962 ns.
“n 147,778 ns GC 147,778 ns 147,778 ns 3,508,666 ns
“n 154,493 ns GC 154,493 ns 154,493 ns 87,772,936 ns
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trace (1.14

race " - . . . e - » I | [View Optons | I3 3 |
o O o om oies m - 5 T B Trar € 0 T Gy |
coms e - Title Num Events * |2/
|¥ counters 2975 ﬁ‘
Heap: Goroutines 418208 |6
Theeadss Threads 113783 |&|
~ Heap 70089 |
3 = = | ¥ begin_end (compact) 192296
GC l - G51 testing.(*B).launch 99624 §
Syscalls | s G3 runtime bgsweep 2155
~ Proc 0 I TR TETARFRITA TR TR R 0 1 PR 0] e I RIS EE MR T CE TR (T S RN DA G24 testing.("B).run1.funct 976 g
o
- Proc1 i S s W TR0 10 R 2 S e o ¢
v Proc2 8 TR ST P TTE FF e FR Y EVP  T GC (idle) L
GC (dedicated) 68 |5
- Proc3 I BN PRI SR G18 runtimeftrace. Start funct 63 |5
G25 github.com/changkun/sched/simsched. (sched).resume.funct a5
~ Proc4 110100 O R BT O 0V G2191 github.com/changkun/sched/simsched.(*sched).resume.funct a7 |2
G2193 github.com/changkun/sched/simsched. (*sched).resume.funct a7
~ Proc5 | I T I 6486 github.com/changkun/sched/simsched. (*sched).resume.funct % |x
SWEEP E
i Procé G9731 github.com/changkun/sched/simsched.(*sched).resume. funct 31
- 9 testing. (*B).runt funct 2
L G11726 github.com/changkun/sched/simsched.(*sched).resume.func1 29
T 69898 github.com/changkun/sched/simsched. (*sched).resume. funct 25
G1860 github.com/changkun/sched/simsched. (*sched).resume. funct 2
Proc 10 G21103 github.com/changkun/sched/simsched. (*sched).resume.func1 23
Proc 11 2513 github.com/changkun/sched/simsched. (*sched).resume.funct 22
G2609 github. i (*sched).resume.funct 22
7 items selected. Slices (7)
Name ~ Wall Duration ~ Self time = Average Wall Duration 5
GC 1,651,778 ns 1,651,778 ns 235,968 ns 7
 Selection start 325,407 ns
Selection extent 130,920,691 ns

Start  CPU Duration  Duration

245,383 ns I

e s——

CPU Self Time  ©Self Time
avg 235968ns
7

count

<143.210n: , ™ 586370ns
00 05 10 15 20 25 3g' mn 143210ns
args  duration event selfTime start
3] 156,963 ns GC 156,963 ns 156,963 ns 1,019,333 ns
[£83} 172,790 ns GC 172,790 ns 172,790 ns. 2,895,111 ns
w1 143,210 ns GC 143,210 ns 143210 ns 24,244,345 ns
(183} 183,902 ns GC 183,902 ns 183,902 ns. 1,374,172 ns
w1 193,160 ns GC 193,160 ns 193,160 ns 131,052,938 ns
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Ci AVINED: S 2B )

runtime: improve timers scalability on multi-CPU systems: issue, commit
runtime: make timers faster: issue

Go WiL%E 56 #: channel & select JRIZS 1T

Go IBERA: time . * FIFTEIES Timer

task scheduler: github.com/changkun/sched
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https://github.com/golang/go/issues/15133
https://github.com/golang/go/commit/76f4fd8a5251b4f63ea14a3c1e2fe2e78eb74f81
https://github.com/golang/go/issues/6239
https://github.com/developer-learning/night-reading-go/issues/450
https://changkun.de/golang/zh-cn/part2runtime/ch06sched/timer/
https://github.com/changkun/sched

