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EXELRE

Mutex

& JF4{ Mutual exclusion,

A B 8] 2 A2 — A-goroutine 7 I F- X 42 32 47
1 7, 504
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FTEAERDRA

Unlock & 7m 4} B4 Mutex < panic

m et B Mutex A~ F X A4 2 By goroutine % B
FEEANH
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EXELRE

Mutex - #1p5 (2008)

export type Mutex struct { func (m *Mutex) Unlock () {
key 1int32; 1f xadd(&m.key, -1) == 0 {
sema 1nt32; return;

} }

sys.semrelease (&m.sema) ;

func (m *Mutex) Lock () { }
if xadd(&m.key, 1) == 1 {
return;

}

Sys.semacquire (&m.sema) ;

N % Gooher China 2019 47




EXELRE

Mutex

N (= Coher China 2019- %
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EXELRE

Mutex

- HHISEHL

type Mutex struct {
state 1int32
sema ulnt32

}

const (
mutexLocked = 1 << 1ota
mutexWoken
mutexStarving

mutexWaiterShift = iota

func (m *Mutex) Lock () {
if atomic.CompareAndSwapInt32 (
&m.state, 0, mutexLocked)

{ return

}
m.lockSlow ()

func (m *Mutex) Unlock () {

new := atomic.AddInt32 (&m.state,
-mutexLocked)

if new != 0 {

m.unlockSlow (new)

}

N 5 Gooher China 2019- 4%




BEAREEE
Mutex - sz

o I AMARMMKES: EFREMIMERAE,

o TILHRAT, FrA &4 Hgoroutinesz BFIFOIIR 74 1, " BL &
goroutine 4 B # A 81, T &4 f#71& K8 #ygoroutine =& % F I # 7 .
R —/NEfFFeygoroutine BB I 1ms K A K WAL, 4 v ¥ &80T L%
.

o TEYKMR T, iHFTA A Munlock#gorutine B £ 2 4 35 4 % A A7)
B % — A, # sk #ygoroutine ¥ 1~ & 238 £k 580, B 81 F A K £ unlock ik
A, e BieElE, MEmESFFNTIMER.

o wWR— A ZE{Frygoroutinedk Bl T 81, F H iR — LT H FEEFT— A1
(MEERF FHRE—A; QTEEFNENTIMs, 2R AR HE
HIEERA,
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EAXRLIRE

Mutex - TryLock, Count

type Mutex struct { func (m *Mutex) Count() int {
sync.Mutex v o=

} atomic.LoadInt32 ((*int32) (unsafe.
func (m *Mutex) TryLock () bool { Pointer (&m.Mutex)))

if atomic.CompareAndSwapInt32 ( v = v >> mutexWaiterShift
(*int32) (unsafe.Pointer (&m.Mutex) v = v + (v & mutexLocked)

), 0, mutexLocked) { return int (v)

return true }

}

return false

N % Gopher China 2019 %




EAXRLIRE

Mutex - Iswoken, IsStarving

func (m *Mutex) IsWoken () bool {

start := atomic.LoadInt32((*int32) (unsafe.Pointer (&m.Mutex)))
return start&mutexWoken == mutexWoken

func (m *Mutex) IsStarving() bool {

start := atomic.LoadInt32((*int32) (unsafe.Pointer (&m.Mutex)))
return starté&émutexStarving == mutexStarving

I % Gopher China 2019 %




EXELRE

RWMutex
o F LI —fHreadertFF, BEH W —MwriterFH
o EAH Kt Kreadtiip=
o T(HERMUMAIIRA
e writertyLock#E xf ja 4z Breader#y RLock 1t % 4% &
o 2= b3 4
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EXELRE

RWMutex - #uiEz#

type RWMutex struct {
w Mutex // for pending writers
writerSem uint32 // semaphore for writers to wait for

completing readers
readerSem uint32 // semaphore for readers to wait for
completing writers
readerCount int32 // number of pending readers
readerWait int32 // number of departing readers

N % Gooher China 2019 47



EXELRE

RWMutex - sgi=m i s

func rr(m *sync.RWMutex, n int) 1int {

if n < 1 {
return O

}
fmt.Println ("RLock")

m.RLock ()

defer func () {
fmt.Println ("RUnlock")

m.RUnlock ()

F(O)
time.Sleep (100 * time.Millisecond)

return rr(m, n-1) + n

N % Gooher China 2019 47




EXELRE

RWMutex

type RWMutex struct {
sync.RWMutex

type m struct {

W sync.Mutex
writerSem uint32
readerSem uint32

readerCount 1int32
readerWait 1int32

func (rw *RWMutex) ReaderCount () int {

v := (*m) (unsafe.Pointer (&rw.RWMutex))
c := int (v.readerCount)
if ¢ < 0 {

c = int(v.readerWait)

}

return c

}

func (rw *RWMutex) WriterCount () int {
v := atomic.LoadInt32 ((*int32) (unsafe.Po
v = v >> mutexWaiterShift

v = v + (v & mutexLocked)
return int (v)

N % Gooher China 2019 47




EXELRE

Cond

Mutex® L& JL T A~ 3& A
Monitor vs. Mutex, Monitor= Mutex + Condition Variables
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EXELRE

Cond func (*Cond) Broadcast  func (*Cond) Signal func (*Cond) Wait

var m sync.Mutex c.Broadcast () // false op
c := sync.NewCond (&m) c.Signal () // false op
ready := make (chan struct{})
isReady := false for i := 0; i < 10; i++ {
for i := 0; 1 < 10; 1i++ { <-ready

i =1 }

go func() { isReady = true

m.Lock () c.Broadcast ()

time.Sleep(rand...)

ready <- struct{}{}

for!isReady ({
c.Wait ()

}

m.Unlock ()

F(O)

1
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EXELRE

Waitgroup

& fF — A goroutine 7€ i (Java CountdownLatch/CyclicBarrier)
AddZ %1 7] L e Rt 2cgs /10, panic
Lt #2820y a1, FE 2 7 Wait 77 % By goroutine # & 4% B ik




BEXELRE

Waitgroup - Add—EEfEVaitZ Bid BT

func main() { func ma
* count inte4

var wg sync.WaitGroup

for i := i< i++

var wg sync.WaitGroup
f for i := i<
wg. (1) go func()
wg. Add (1)

go func()
atomic. (&count, 1) atomic. (&count, 1)

Wg. O wg. O

(atomic. &count )) (atomic. &count )

I 1% Gopher China 2019 15



EXELRE

Waitgroup - w&EH

N 5 Gooher China 2019- 4%

var count into64
var wg sync.WaitGroup
wg.Add (10)
:= 05
go func () {
atomic.AddInt64 (&count, 1)
wg.Done ()

F(O)

for i i < 10; i++ {

}
wg.Wait ()

fmt.Println (atomic.LoadInt64 (&cou
nt))

wg.Add (20)

:= 0; 1 < 20;

go func () |
atomic.AddInt64 (&count, 1)

wg.Done ()
O

for 1 i++ {

}
wg.Wait ()

fmt.Println (atomic.LoadInt64 (&cou
nt))




EXELRE

Waitgroup - £ukWaitf%&KDone

var count into64

var wg sync.WaitGroup

wg.Add (10)

:= 0; 1 < 10;

go func () {
atomic.AddInt64 (&count, 1)
time.Sleep (2 * time.Second)

for 1 i++ |

wg.Done ()

F(O)

}
wg.Wait ()
wg.Wait ()

fmt.Println (atomic.LoadInt64 (&cou
nt))

var count int64

var wg sync.WaitGroup

wg.Add (10)

:= 0; 1 < 10;

go func() |
atomic.AddInt64 (&count, 1)
time.Sleep (2 * time.Second)

for 1i i++ {

wg.Done ()

F(O)
}

wg.Done() //#% 7 —¥Done
wg.Wait ()

fmt.Println (atomic.LoadInt64 (&cou
nt))

N 5 Gooher China 2019- 4%




EXELRE

Waitgroup - AddfiWait3t%EH

for i := 0; i < 100; i++ { for i := 0; i < 100; i++ {
go func () { go func () {
for { for {
wg.Add (1) wg.Wait()

wg .Done () }




EXELRE

Waitgroup - waitsks=mtadd

var wg sync.WaitGroup
wg.Add (1)
go func() {

time.Sleep(time.Millisecond)
wg.Done ()
wg.Add (1)

b O)

wg.Wait ()

ore previous Walt has returnec




EXELRE

Once

PY R%}L //r—j‘——‘]/k%]] ﬁé‘ /fJC func (o *Once) Do(f func())
o i % 55
X o Hif£f panic, Oncet ik A B Z &K T

(4
°
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var once sync.Once
var count = 0
go func() {
defer func() {
count++
recover ()

F(O)

once.Do (func () {
fmt.Println ("exec Do #1")
count = 1 / count
})
} ()

time.Sleep(time.Second)

once.Do (func () {
fmt.Println ("exec Do #2")
count = 1 / count

})




EXELRE

Once - )

Al EL
mE

package % & (eager)
init¥ 4% (eager)
Getlnstance() (lazy)

1 1T sync.Once 5k # &K L 5L 3,

(4
°
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EAXRLIRE

Once - )

type Once struct {

ﬁ m Mutex
° done uint32
Z+

/|

° }

func (o *Once) Do (f func()) {
if atomic.LoadUint32 (&o.done) == 1 {
return

}

// Slow-path.
o.m.Lock ()

defer o.m.Unlock ()

if o.done == 0 {
defer atomic.StoreUint32(&o.done, 1)

£Q)
}

}
N 7= Gopher China 2015 7




EXELRE

A XXX must not be copied after first use.
TH = LW

FEREER RSN

Copy . 2 copyth A&

go vet ¥ DA to 2

i 3T #k A noCopy# Bhvet T A 6 &

type WaitGroup struct {
noCopy noCopy

state1l [3]uint32
1
J

type noCopy struct{}

func (*noCopy) Lock()

func (*noCopy) Unlock() : ] o ——
”'L ina2019- it %




EXELRE

Pool
® O |
‘:- o IEETA & M
_IR o TELAELE AT RHEE B IR R B ARSI
A e TLLEAHI L
o KA/
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EXELRE

P 9]0 1 NI gott23199

. Q var hufPool = sync. Pool{
‘ New: func() interface{} {
- // The Pool’ s New function should generally only return pointer
F— // types, since a pointer can be put into the return interface
// value without an allocation:
return new(byvtes. Buffer)
I A

i
}

// timeNow is a fake version of time.Now for tests.
func timeNow() time.Time {

return time. Unix (1136214245, 0)
}

func Log(w io.Writer, key, val string) {
b := bufPool. Get (). (*bytes. Buffer)
b. Reset ()
// Replace this with time.Now() in a real logger.
b. WriteString (timeNow().UTC(). Format (time. RFC3339))
b. WriteByte(’ )
b. WriteString (key)
b. WriteByte(’ =")
h. WriteString(val)
w. Write (b. Bytes())
hufPool. Put (h)

}
) 7 Gopher China 2019 - 1t




EXELRE

Pool Pt AL RAE ] go#27740

// free saves used pp structs in ppFree; avoids an allocation per invocation.

- ‘ func (p *pp) free() {
_R » // Proper usage of a sync.Pool requires each entry to have approximately
I M

» // the same memory cost. To obtain this property when the stored type
// contains a variably-sized buffer, we add a hard limit on the maximum buffer

¥

» // to place back in the pool.
» /!

» // See https://golang.org/issue/23199
» if cap(p.buf) > 64<<18 {

» » return

» }

» p.buf = p.buf[:@]

» p.arg = nil

» p.value = reflect.Value{}

» ppFree.Put(p)

}

N (= Coher China 2019- %



EXELRE

P 9]0 1 jsontU4ERfER go#27735

4 ‘ R func putEncodeState(e *encodeState) {
I M

» // Proper usage of a sync.Pool requires each entry to have approximately

» // the same memory cost. To obtain this property when the stored type
» // contains a variably-sized buffer, we add a hard limit on the maximum buffer
» // to place back in the pool.

» /1

» // See https://golang.org/issue/23199

» const maxSize = 1 << 16 // 64KiB

» if e.Cap() = maxSize {

» » return

» }

» encodeStatePool.Put(e)

}

N (= Coher China 2019- %



EAXRLIRE

Once

type Once struct {

o ’Q
k_— m Mutex
g done uint32

I—N—A-

}

func (o *Once) Do (f func()) {
if atomic.LoadUint32 (&o.done) == 1 {
return

}

// Slow-path.
o.m.Lock ()

defer o.m.Unlock ()

if o.done == 0 {
defer atomic.StoreUint32(&o.done, 1)

£Q)
}

}
N 7= Gopher China 2015 7
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1 RELZRE

ReentrantLock

type RecursiveMutex struct {

func (m *RecursiveMutex) Unlock ()

sync.Mutex {

owner int64 gid := goid.Get()

recursion int32 if atomic.LoadInt64 (&m.owner) !=
} gid { panic(...)}
func (m *RecursiveMutex) Lock () { m.recursion--

gid := goid.Get() if m.recursion != 0 {

if atomic.LoadInt64 (&m.owner) return
== gid { }

atomic.StoreInt64 (&m.owner, -1)

m.Mutex.Unlock ()

m.recursion++
return
} }
m.Mutex.Lock ()
atomic.StoreInt64 (&m.owner, gid)

m.recursion = 1

}
i1 Gopher China 2015167 g’ T




1 RELZRE

ReentrantLock

type TRMutex struct { func (m *TRMutex ) Unlock(t int64)
sync.Mutex {
token int64 if

recursion int32 atomic.LoadInt64 (&m.token) != t{
} panic (...}
func (m *TRMutex ) Lock(t int64)
{ m.recursion--
if atomic.LoadInto64 (&m.token) if m.recursion != 0 {
== t{ return
m.recursiont+ }
return
atomic.StoreInto4d (&m.token, 0)

}
m.Mutex.Lock ()
atomic.StoreInto64d (&m.token, t)

m.recursion = 1

m.Mutex.Unlock ()

i1 Gopher China 2015167 g’ T




1 RELZRE

Semaphore

Dijkstrai2tiH &iniAEAR RN RRE

A — 1 IERAYES

P(wait) J—, WHRS/NT0, FHZEAgoroutineit \IIfiFtIX
V(signal)in—, RSAKNE, HEgoroutiner] LLEE A IlE 5 X

3G T E ] LA EAH(0,1)
o itHfs TR
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1 RELZRE

Semaph()]j‘e golang.org/x/sync/semaphore

func main() {
ctx := context.TODO()

var (
maxWorkers = runtime.GOMAXPROCS(®)
sem semaphore.NewhWeighted(int64(maxWorkers))
out make([]int, 32)

// Compute the output using up to maxWorkers goroutines at a time.

for i := range out {
// When maxWorkers goroutines are in flight, Acquire blocks until one of the
// workers finishes.

if err := sem.Acquire(ctx, 1); err != nil {
log.Printf("Failed to acquire semaphore: %v", err)
break

}

go func(i int) {

defer sem.Release(1l)

out[i] = collatzSteps(i + 1)
}(d)

FEH Gopher Lhina 201y - 17 iy,



1 RELSRE

S 11’1g]_ eF]_ ]_ gh‘t golang.org/x/sync/singleflight
go/src/internal/singleflight/singleflight.go

type Group
o func (g *Group) Do(key string, fn func() (interface{}, error)) (v interface{}, err error, shared bool)
] o func (g *Group) DoChan(key string, fn func() (interface{}, error)) <-chan Result
o func (g *Group) Forget(key string)
type Result

// lookupGroup merges LookupIPAddr calls together for lookups for the same
// host. The lookupGroup key is the LookupIPAddr.host argument.
// The return values are ([]IPAddr, error).

lookupGroup singleflight.Group

%1% Gopher China 2019 - it ¥




1 RELZRE

EI‘I‘GI‘()up golang.org/x/sync/semaphore

type Group
o func WithContext(ctx context.Context) (*Group, context.Context)
o func (g *Group) Go(f func() error)

% e— o func (g *Group) Wait() error

o Wait4 & 1F fr & By goroutine 4T T J5 4 B ik
o WEMERE—{errgtikEH, {#/FContext
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1 RELRIE

EI‘I‘GI‘()up golang.org/x/sync/semaphore

var g errgroup.Group
var urls = []string{
"http://www.golang.org/",

% e_ "http://www.google.com/",

"http://www.somestupidname.com/",

¥
for _, url := range urls {
// Launch a goroutine to fetch the URL.
url := url // https://golang.org/doc/fag#closures_and_goroutines
g.Go(func() error {
// Fetch the URL.
resp, err := http.Get(url)
if err == nil {
resp.Body.Close()
}
return err
1)
¥

// Wait for all HTTP fetches to complete.
if err := g.Wait(); err == nil {
fmt.Println("Successfully fetched all URLs.")

} el
) ¥ Gopher China 2019 3t




i RRERE
SpinLock
0%,

o HEH
® O, .imEy, 22
®0e® - i

o MEHBITES

}
N % Gooher China 2019 4%

type SpinLock struct {
f uint32

func (sl *SpinLock) Lock () {
for !sl.TryLock () {
runtime.Gosched ()

func (sl *SpinLock) Unlock () {
atomic.StoreUint32 (&sl.f, 0)

func (sl *SpinLock) TryLock () bool {
return
atomic.CompareAndSwapUint32 (&sl.f, 0, 1)




EXELRE

fS ]_ OCk github.com/juju/fslock
EHERIMutex

type Lock
o func New(filename string) *Lock
o func (I *Lock) Lock() error

o func (I *Lock) LockWithTimeout(timeout time.Duration) error
o func (I *Lock) TryLock() error
o func (I *Lock) Unlock() error

%1% Gopher China 2019 - it ¥




1 RELSRE
COncurrent—map github.com/orcaman/concurrent-map

var SHARD _COUNT = 32

// A "thread" safe map of type string:Anything.
// To avoid lock bottlenecks this map is dived to several (SHARD_COUNT) map shards.
type ConcurrentMap []¥ConcurrentMapShared

// A "thread" safe string to anything map.
type ConcurrentMapShared struct {
items map[string]interface{}

sync.RWMutex // Read Write mutex, guards access to internal map.

// Creates a new concurrent map.
func New() ConcurrentMap {
m := make(ConcurrentMap, SHARD_ COUNT)
for i := @; i < SHARD _COUNT; i++ {
m[i] = &ConcurrentMapshared{items: make(map[string]interface{})}

¥

return m
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atomic FPER

LSH
e

i;}. o int32
‘r q ) e int64
e uint32
e Uuint64
e uintptr
e unsafe.Pointer

%1% Gopher China 2019 - it ¥




JRTIR(E

atomic F¥E

ol
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}.
)

AddXXX (F £ A
CompareAndSwapXXX: cas
LoadXXX: EH

StoreXXX: Ffi#

SwapXXX: = #
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ETIBE
atomic F¥E

e 7 Add)X A Subtract ?

o HMTHYRA, T LI AR

cf

e u kA, 7 LLE A ADDUINt32(&x, Auint32(c-1)),AddUint64(&x, Auint64(c-1))

(@]

cH
¥
<o
K

(@]

£ H—, AddUInt32(&x, Auint32(0)), AddUint64(&x, Auint64(0))
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JRTIR(E

e Value

type Value
func (v *Value) Load() (x interface{})
func (v *Value) Store(x interface{})

Bugs

= On x86-32, the 64-bit functions use instructions unavailable before the Pentium MMX.
On non-Linux ARM, the 64-bit functions use instructions unavailable before the ARMv6kK core.
On ARM, x86-32, and 32-bit MIPS, it is the caller's responsibility to arrange for 64-bit alignment of 64-bit

words accessed atomically. The first word in a variable or in an allocated struct, array, or slice can be relied
upon to be 64-bit aligned.

N (= Coher China 2019- %
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Channel

Thie

e {5 (shutdown/closeffinish)
o ¥ IE L (qQueue/stream)
o i (mutex)
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Channel

AW . ]

FIRIE O

Receive
Send

close

block
block

panic

value block
write value write value
closed, closed,
drained return
read, zero value
return zero
value

value
block

closed,
drained
read,
return zero
value
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Channel

type Mutex struct { func (m *Mutex) TryLock() bool {
LOCkeI' ch chan struct{} select {
} case <-m.ch:
func NewMutex () *Mutex { return true
mu := &Mutex{make (chan struct{}, default:
1)} }
mu.ch <- struct{}{} return false
return mu }
}
func (m *Mutex) Lock () { func (m *Mutex) IsLocked() bool {
<-m.ch return len(m.ch) ==
} }
func (m *Mutex) Unlock () {
select {
case m.ch <- struct{}{}:
default:
panic ("unlock of unlocked mutex")
}

{71% Gopher China 2019 - it & ﬁ -



Channel

Locker

type Mutex struct {
ch chan struct{}
}
func NewMutex () *Mutex ({
mu := &Mutex{make (chan struct{},
1)}
return mu
}
func (m *Mutex) Lock () {
m.ch <- struct{}{}
}
func (m *Mutex)

select {

Unlock () {

case <-m.ch:
default:

panic ("unlock of unlocked mutex")

func (m *Mutex)

select {

TryLock ()

return true
default:
}

return false

func (m *Mutex) IsLocked()

return len (m.ch)

case m.ch <- struct{}{}:

bool {

bool {

{71% Gopher China 2019 - it & ﬁ -




Channel

Channel vs. Mutex
it & {# f channelfrgoroutine

e Channel

o f5#HEyowner
o NREEHET
o RREFHER
o &4
o Mutex
o cache
o KA
o IEFKX
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Understanding Real-World Concurrency Bugs in Go

Tengfei Tu® Xiaoyu Liu
BUPT, Pennsylvania State University Purdue University
tutengfei.kevin@bupt.edu.cn liu1962@purdue.edu
Linhai Song Yiying Zhang
Pennsylvania State University Purdue University
songlh@ist.psu.edu yiying@purdue.edu

e Docker, Kubernetes, and gRPC, 171 concurrency bugs
e 58% by message passing

Avplication Behavior Cause
Avplicati Shared Memory Message |[... 1 PpILca blocking [ non-blocking | shared memory [ message passing
pplication Mutex [atomic[Once[WaitGroup [Cond| chan [Misc Total

- . - v Docker 21 23 28 16
Docker 62.62% | 1.06% |4.75%| 170% ]0.09%]27.87%]0.99%] 1410 Kuberncics 17 17 50 14
Kubernetes | 70.34% | 1.21% |6.13%|  2.68% | 0.96% | 18.48% 0.20%| 3951 cted 21 6 13 T
cted 15.01% | 0.63% |7.18%| 3.95%  |0.24%|42.99%| 0 | 2075 CockroachDB 12 16 53 5
CockroachDB | 55.90% | 0.49% |3.76%| 857% | 1.48% |28.23% | 1.57% | 3245 GRPC T 12 12 T
gRPC-Go 61.20% | 1.15% |4.20%| 7.00% | 1.65%|23.03% | 1.78% | 786 BoliDB 3 7 7 1
BoltDB 70.21% ) 213% 0 0 0 |23.40%|4.26% | 47 Total 85 86 105 66
Table 4. Concurrency Primitive Usage. The Mutex column Table 5. Taxonomy. This table shows how our studied bugs dis-
includes both Mutex and RWMulex. tribute across different categories and applications.
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Channel
func orDone (done <-chan struct{}, c¢ <-chan interface{}) <-chan

interface{} {
Or done outStream := make (chan interface({})
go func () |
defer close (outStream)
for {
select {

case <-done: return

case v, ok := <-c:
if ok == false { return }
select {

case outStream<- v:
case <-done:

}

}
F()

return outStream
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Channel

()I? — goroutine

func or(chans ...<-chan interface{}) <-chan interface{}
orDone := make(chan interface({})
go func () |
var once sync.Once
for , ¢ := range chans {
go func(c <-chan interface{}) {
select {
case <-cC:
once.Do(func() { close (orDone) 1})

case <-orDone:

}(c)
}
F ()

return orDone

{
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Channel

Or - —smmna

go func () |
defer close (orDone)
switch len(channels) {
case 2:
select {
case <-channels([0]:
case <-channels[1]:
}
default:
m :=

select {

case <-or(channels[:m]...
case <-or(channels[m:]...

len (channels) / 2
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Channel

Or - xs

func or (channels

switch len (channels) {
case 0: return nil
case 1: return channels[0]
}
orDone := make(chan interface({})
go func () |
defer close (orDone)

var cases [Jreflect.SelectCase
for , ¢ := range channels {
cases = append(cases, reflect.SelectCase(
Dir: reflect.SelectRecv,

Chan: reflect.ValueOf (c),
1)
}

reflect.Select (cases)

F ()

return orDone

...<-chan interface{})

<-chan interface{} {
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Channel

Fan—1in
b li)=

func fanInRec (chans ...<-chan

interface{}) <-chan interface{}

switch len (chans) {

case O:
c := make (chan interface{})
close (c)

return c
case 1:
return chans[0]
case 2:
return mergeTwo (chans[0],
chans[1])
default:
m := len(chans) / 2
return mergeTwo (

fanInRec (chans[:m]...)

~— =

fanInRec (chans[m:]...)

{

func mergeTwo (a2,
interface{})
c :=
go func () {
defer close(c)
nil || b
select {

for a !=

case v, ok :=
if l'ok {
a = nil
continue
}

c <- v
case v, ok :=
if l'ok {

b =
continue

nil

}

c <- v

b <-chan
<-chan interface{} {
make (chan interface{})

<-a:

<-Db:

= nil {

%1% Gopher China 2019 - it ¥
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Channel func fanInReflect (chans ...<-chan interface{})

out := make (chan interface{})

Fan—1in| 9o funco

defer close (out)

<-chan interface{} {

_ liigj. var cases []Jreflect.SelectCase
for , ¢ := range chans {
cases = append(cases, reflect.SelectCase{
Dir: reflect.SelectRecv,

Chan: reflect.ValueOf (c),
})
}

for len(cases) > 0 {

i, v, ok := reflect.Select(cases)
if !'ok { //remove this case

cases = append(cases[:1], cases[i+1l:]...)
continue

}
out <- v.Interface()
}
F(Q)

return out

}
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Channel

func fanOutReflect (ch <-chan interface{}, out []chan interface{}) {
go func () {
Fan_OUt defer func() {
for i := 0; 1 < len(out); i++ {

JoH K close(out[i])
> B )

IIH

_*::)}_ O

;:1::>}_ cases := make([]reflect.SelectCase, len(out))
o for 1 := range cases {
cases[i] .Dir = reflect.SelectSend
cases[i].Chan = reflect.ValueOf (out[i])
}
for v := range ch {
v =V
for i := range cases {

cases[i].Send = reflect.ValueOf (v)

, , _ = reflect.Select (cases)
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Channel

func fanOutReflect (ch <-chan interface{}, out []chan interface{}) {
go func () {
Tee defer func() {
for i := 0; 1 < len(out); i++ {
:j[:)gilﬂ close(out[i])
DS }
IIH
— O
=ﬂH:::P_ cases := make([]reflect.SelectCase, len(out))
4‘:::»_ for i := range cases {
o cases[i].Dir = reflect.SelectSend
}
for v := range ch {
v =V
for i := range cases {
cases[i].Chan = reflect.ValueOf (out[i])

cases[i].Send = reflect.ValueOf (v)

}

for _ = range cases { // for each channel
chosen, ,  := reflect.Select(cases)
cases[chosen] .Chan = reflect.ValueOf (nil)

}
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Channel

Pipeline

func sg(in <-chan int) <-chan int {

out := make (chan int)
go func () {
for n := range in {
out <- n * n
}
close (out)
}O)

return out

func main() {
// Set up the pipeline.
c := gen (2, 3)
out := sq(c)

// Consume the output.
fmt.Println (<-out) // 4
fmt.Println (<-out) // 9
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Channel

Stream -

Skip

func skipN (done <-chan struct{}, valueStream <-chan interface({},

<-chan interface{} {
takeStream := make(chan interface{})
go func () {
defer close (takeStream)
for 1 := 0; i < num; 1++ {
select {
case <-done: return
case <-valueStream:
}

}
for {

select {
case <-done: return

case takeStream <- <-valueStream:

11
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Channel

Stream -

Take

func takeN (done <-chan struct{},
num int) <-chan interface{} {
takeStream :=

go func () |

defer close(takeStream)
= 0;
select {

for 1i i < num; 1i++ {
case <-done:

return

case takeStream <- <-valueStream:

}
}
F()

return takeStream

make (chan interface{})
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Channel

Stream —

Map

func mapChan (in <-chan interface{}, £n func(interface{})
interface{}) <-chan interface{} {
out := make (chan interface({})
if in == nil {
close (out)
return out

go func () {

defer close (out)

for v := range in {
out <- £fn(v)




Channel

Stream —

Reduce

func reduce (in <-chan interface{}, £n func(r, v interface{})

interface{}) interface{} {
if in == nil {

return nil

out := <-in

for v := range in {

out = fn(out, v)

return out




AFRE
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A ERE

WEERIHR T 2R%2 (goroutine) BT WERIRZ H, PLERIEIEHKIHLEMEH
731

Java Memory Model S5— P =RE X RFRERIZIES
WG21/N2429 : Concurrency memory model (final revision),C11/C++11

Go AFIREY

EXT  JWE—NEE , IERIEE—"goroutineXJ It T EETAIATE |,
BEMZREE B goroutineX It ZE 2SS,

i~ o
1B —MRIRSH S M goroutineFHRIAEIRTAS RAVRIIR , BEEBITILIAIA, ek %53 7,? ¢ i
@id channelgk B H BRI RIESLIMEB T,




happen—before

Memory Order Guarantee

Eg/fNgoroutine[d
ESHITRIRFFIRE e IR —E
AL RIT AR IIE 9T
happen before

TR ERY(WF (partial order),

EX T NS HERITRINF.

+ a — b: a happens before b @ b happens after a
« adoes not happen before b, and does not happen after b, a #1 b [3

RAE
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happen—before

strict partial order

° transitive({?ﬁ'ﬁ): Va,b,c,ifa — b andb — ¢ ,thena — ¢
. irreflexive (R B&1H): Va,a - a
e antisymmetriC(j EXY]-W'HE) Va,b, where a # b, ifa — bthenb » a




happen—before

A read r of a variable v is allowed to observe a write w to v if both of the following hold:

1. r does not happen before w.
2. There is no other write w'to v that happens after w but before r.

To guarantee that a read r of a variable v observes a particular write w to v, ensure that w is the only write ris
allowed to observe. That is, ris guaranteed to observe w if both of the following hold:

1. w happens before r.
2. Any other write to the shared variable v either happens before w or after r.
The initialization of variable v with the zero value for v's type behaves as a write in the memory model.

Reads and writes of values larger than a single machine word behave as multiple machine-word-sized
operations in an unspecified order.
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happen—before

initER¥ inithSITE2EER M goroutine A ITHY
1. ANEpackage p 5|\ 7T package q, BB AqHViInitERZ—E happens before p AYinitZ B, mainRZg

package q

package p package main

import “fmt" import (
"t

var X =

func init() {
Tmt.

var Y =

func init() {
y L= q,){ +
fmt. ("y="
Y-y

func initx() int {
fmt. {
return

}

func inity()
y = gq.X +
fmt.
return y
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happen—before

go 1BH]
e goroutinetd £|Zhappens before fr & ith.goroutine F & # /£
goroutine# £ ¥ happens after 7 & .goroutine F # # /&

a = "hello goroutine”
go func()
fmt. (a) go func() {

fmt.




happen—before

channel

e % n‘-send— <happen before & n-receive % ik, 1% = buffered
channelt & unbuffered channel

e Xt T capacity m#ychannel, % n/{>receive— = happen before %
(n+m) send 7 &

e m=0 unbuffered. % n-“{>receive— % happen before % n-{~send 7% i,

e channel#close— & happen before receiveis 15 2| i 40, 15 £ 40
& ok & receive X 2| — /M & 4 channel close i 4 2| 1y E &

7 & send/send completes, receive/receive completes#y X 7|




happen—before

Mutex/RWMutex

o X TMutex/RWMutx m, % n> & 37 # m.Unlock — & happen before
% n+1 m.Lock 77 7%=/ f 89K [E

o I TRWMutex rw, & T %En rw.Lockt.iZE, # 4 THEn
A B o B rw.Unlock £ 77 7% Al — % happen before 1 — />
rw.RLock 77 7= fl #92E B (¥ 1] happen after % n-~rw.Lock 77 %
VR REND)

o * TRWMutex rw,2n & T 8% n/rw.RLock T2 Fl, #% %£m (m <
n)~rm.RUnlock 7 /% il — & happen before £ & & rw.Lock( & 1]
happen after % n/>rw.RLock 77 /= Fl & B =2 J7)




happen—before
Waitgroup

o T Waitgroup b, T Hit#H & £00 A&, Bz 2 58
—Hwg.Add(n), 7 E&R1#E R A &6 —4H 77 AR AFE L T8 E &
FEER N0, A2 ixAwg.Add 77 % Fl — % happen before ix —Ef
7| Z & & & #iwg.Wait

e wg.Done()t Zwg.Add(-1)
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happen—before

Once

e once.Do 7 = #1347 — Zhappen before £ 17— 1~once.Do 7 i #yi&
E]
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happen—before

Atomic

o RFEFWRIE
o EWREITERBatomicliil W 78R F
o #5045 7 ¥ & X Byitit, L &close
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o JAR[FIDIRTE
o JE[FIDIRTE
o JRTIRIE

e (Channel

o NI
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