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HeMHOro noaymHum 110 TeOpruun

[1aBanTe HEMHOro pa3bepemcs B TepMUHAX,
KOTOpbIE MHOTME MyTatoT




[ lapamnennsm

* DTO BBIIIOJIHEHHME JIBYX 3371a4 HA JIBYX PA3HBIX UCIIOJIHSIIOIINX
yCTPOMCTBAX.

I1oTOK BBITTIOJITHEHUSI

I1oTOK BBITIOJITHEHUSI




KOHKYpPEHTHOCTH

* ITO CBOMCTBO CHCTEMBI, IIO3BOJISIONIEE € 00padaThIBaTh HECKOILKO
3a7a49 B IEPECEKAIOIIMNXCS IEPHUOJAaX BPEMCHH.

o3




MHOro3a1a4ydoCTh

* 9TO BO3MOKXHOCTh OIEPAIMOHHON CUCTEMBI padOTaTh C HECKOJIbLKUMU
3aJ1a4aMy OJJTHOBPEMEHHO.

1. BeiTecHAIOIIA MHOT032/1a4HOCTD 2. KooneparuBHasi MHOI03a1a4HOCThb
(Preemptive Multitasking) (Cooperative Multitasking)

B Go - kooneparuBHas
MHOI'033JIa9YHOCTb




ACHHXPOHHOCTD

* DTO KOHIICHIMS, KOTOPasi ITO3BOJISIET BBITIOJHATE OIEpallui WK (PYHKIIAU
napajjielIbHO U HE OJJOKHUPYET BBIIMOIHEHHUE JPYTUX OIEepaliuH.
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Concurrency 1s not parallelism

Concurrency is about dealing with lots of things at once.

Parallelism is about doing lots of things at once.

Concurrency 1s about structure, parallelism 1s about execution.

Concurrency provides a way to structure a solution to solve a problem that may
(but not necessarily) be parallelizable.

©Rob Pike



Concurrency plus communication

* Concurrency 1s a way to structure a program by breaking it into pieces that can be
executed independently.

* Communication 1s the means to coordinate the independent executions.

©Rob Pike



GO NoAAEPKUBACT KOHKYPEHTHOCTD

Go nmaer:
* KoHKypeHTHOE BBINOJIHEHUE (TOPYTHHBI)
* CHUHXPOHM3AIUIO U COOOIICHUS (KaHaJIbI)

* [IapamienbHO€ MHOro3aga4yHoe ynpasiieHHue (select)




1 opyTHHEI

* [opyruHbIa— 3TO a0OCTpakius B sA3bike GO,
KOTOPAs MO3BOJISIET 3aITyCKaTh (DYHKIIHU Xy

B ACUHXPOHHOM PEXKUME. T

e [opyruHa — 3T0 PyHKLMS, padoTaroIas
HE3aBUCHMO B TOM K€ aJpeCHOM

IIPOCTPAHCTBC, 4TO U APYI'UC I'OPYTHUHLI. e o

* Kak 3anmyck nporpamm ¢ & B bash.
go f("hello", "world")

g()




main — 3TO TOXKE rOPyTHHA

package matin
package main

import (
import ( Emt
"fmt" "time"

) )

func doSomething() {
fmt.Println("hello world")
} }

func doSomething() {
fmt.Println("Hello, World!")

func main() {

_ func main() {
go doSomething()

go doSomething()
time.Sleep(1l * time.Second)

}




] OpyTUHEI 3TO HE ITOTOKH

e (OHM 4eM-TO MOX0KHU HA MMOTOKM, HO HAMHOTO JEIIEBJIE.
b

* [opyTuHBI MyJIbTUILIEKCUPYIOTCS B 1T0TOKH OC 1o Mepe
HEOOXOIUMOCTH.

* Korga ropytrHa OJOKUPYETCs, 3TOT MOTOK OJIOKUPYETCS, HO HUKAKAS
Apyrasi TOpyTHHA HE OJIOKUPYETCS.







Kananbl

* Kanaabl B GO SIBISIFOTCS MOIITHBIM
MHCTPYMEHTOM 151 OOMEHa JaHHBIMU
MEX Iy TOPYTHHAMHM, 00€CIIeUnBast
0€30MacCHOCTh JIaHHBIX U U30eras mpooiiem
C COCTOSIHUEM TOHKU. KaHaJibl
IPEIOCTABIIAIOT CPEICTBA IS

CUHXPOHU3AIUU U NIEPENAYN JTAHHBIX MEXK
TOpyTUHAMU

package main

import (
n .f:mt "
)

func main() {
chibi= ce(chan int)

go func() {
ch <-

HO)

val := <-ch
fmt.Println(val)



Select

* Oneparop select moxox Ha switch, HO uaest OCHOBaHa Ha
BO3MOKHOCTH OOILICHMS, @ HE HA PABHBIX 3HAYCHMSX.

000
select {
case v := <-chl:

fmt.Println("channel 1 sends", v)
case v := <-ch2:

fmt.Println("channel 2 sends", v)
default:

fmt.Println("neither channel was ready")

}




Jlenimoku 1 MBIOTEKCHI

000
package main
func main() {

ch := make(chan int)
ch <- 1

00
fatal error: all goroutines are asleep - deadlock!

goroutine 1 [chan send]:
main.main( )

/Users/nick/Desktop/VScodeProjects/Go/yandex/main.go:5 +0x34
exit status 2



) package main
package main
import (
import ( Il-fm.tu
"fmt " "SynCII
> "time"
Ilt.Lmell )
)
func main() {
func main() { data := make(map[string]int)
data := make(map[string]int) MAGRIIUE S VRE U Ex
go func() {
go func() { for i1 := 0; i < 1000; i++ {
for 1 := 0; 1 < 1000; i++ { mu. Lock()
data["key"] = 1 data["key"] = 1
3 mu.Unlock()
I
) )
go func() { go func() {
for 1 := 0; 1 < 1000; i++ { for i := 0; 1 < 1000; i++ {
. " " mu.Lock()
i H ARGl fmt.Println(data["key"])
} mu.Unlock( )
) }

OxupaHue 3aBsepl , )
time.Sleep(time.Second) gl S Al
} time.Sleep(time.Second)




Race detector

* Race Detector (neTextop roHOK) B GO — 3TO HHCTPYMEHT, IIPEI0CTABISIEMBI
KOMIUIATOPOM GO 1151 BBISIBJICHHUS TOHOK JIaHHBIX B MapaJUICIbHBIX IIpOorpaMmMax.
[ OHKHM JTaHHBIX BO3HHUKAIOT, KOIJIa HECKOJBKO TOPYTHH OOpaIarTcs K OOIIUM
JaHHBIM 0€3 CHHXPOHM3AlIMHU, YTO MOXKET IPUBECTH K HEOIIPEACIEHHOMY
MIOBEACHUIO IIPOTrPAMMBI.

go run -race wumdA_danna.go




func main() {
var wg sync.WaitGroup
var sharedData int
iterations := 100

for 1 := 0; 1 < iterations; i++ {
wg.Add(1)
go func() {
'/ HEeCUHXPOHU3UPOBAHHLIA OOCTYN K 0OWMM OAHHLIM
sharedData++
wg.Done( )

HO)

wg.Wait()
fmt.Println("Final value of sharedData:", sharedData)




WARNING: DATA RACE
Read at 0x00c00011e038 by goroutine 10:
main.main.funcl()
/Users/nick/Desktop/VScodeProjects/Go/yandex/main

Previous write at 0x00c00011e038 by goroutine 6:
main.main.funcl()

/Users/nick/Desktop/VScodeProjects/Go/yandex/main.

Goroutine 10 (running) created at:
main.main()

/Users/nick/Desktop/VScodeProjects/Go/yandex/main.

Goroutine 6 (finished) created at:
main.main()

/Users/nick/Desktop/VScodeProjects/Go/yandex/main.

Final value of sharedData: 97
Found 1 data race(s)
exit status 66

.go:

go:

go:

go:
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IIarTepHbl cunxponu3anuu B Go

IlarTepn

Onucanue

* sync.Mutex

Hcnonp3yeTces s 3alMThl O0IIUX JaHHBIX OT KOH(DJIMKTOB
IOCTYyMaA.

* sync.WaitGroup

Hcnonb3yercs Ay 0)KUIaHUs 3aBEPIICHUS BBIIIOJIHEHUS
TOPYTHH.

e channels

Hcnonp3ytoTcs a1 6e30macHor nepeaayn JaHHBIX MEXTy
TOPYTUHAMM.




HauBHBIN IpUMEP UCIIOJIB30BAHMUA
ACUHXPOHHOCTHU

Tack: He0OXOAMMO IMOJYUYUTh JAHHBIC
C HECKOJIbKMX caiiToB((Get)

type APIResponse struct {

URL string
Data string
StatusCode int

Err error




func GetData(
ctxWithCancel context.Context,
url string,
index 1int,
res []*APIResponse,
wg *sync.WaitGroup,
)
defer wg.Done()
req, err := http.NewRequestWithContext(ctxWithCancel, "GET", url, nil)

if err != nil {
res[index] = &APIResponse{URL: url, Err: err}
return

}

client := &http.Client{}

resp, err := client.Do(req)

if err != nil {
res[index] = &APIResponse{URL: url, Err: err}
return

I

defer resp.Body.Close()

body, err := io.ReadAll(resp.Body)

if err != nil {
res[index] = &APIResponse{url, string(body), resp.StatusCode, err}
return

}

res[index] = &APIResponse{url, string(body), resp.StatusCode, nil}




func FetchAPI(ctx context.Context, urls []string, timeout time.Duration) []*APIResponse {
ctxWithCancel, cancelCtx := context.WithTimeout(ctx, timeout)
defer cancelCtx()

var wg sync.WaitGroup
res := make([]*APIResponse, len(urls))

wg.Add(len(urls))

for 1, url := range urls {
select {
case <-ctxWithCancel.Done():

for j := 1; j < len(urls); j++ {

res[j] = &APIResponse{URL: urls[j], Err: ctxWithCancel.Err()}
I
default:
go GetData(ctxWithCancel, url, i, res, &wg)
}
}
wg.Wait()
return res




OTinnyne aCHHXPOHHOCTHU B (GO MO
CPAaBHCHUIO C IPYTHUMH SI3BIKAMU

* Mogaens [IpoektupoBanusi(CSP):

* OrcyrcTBue SIBHOTO YKazanusa Async/Await: ¢ @ @

X X use tokio::time::{sleep, Duration};
import asyncio async fn async_example() {
println!("Start");
async def async_example(): sleep(Duration::from_secs(1)).await;
brint(®Start®) println!("End");
await asyncio.sleep(1) }

print(*End™)
#[tokio: :main]
asyncio.run(async_example()) async fn main() {
async_example().await;

}



Goroutines

™
LLL
) 3N
o l
S
~" haha goroutines sheduler
NOOOOOO!!!! YOU CAN'T JUST RUN GREEN THREADs 8o brrr()

WITHOUT TONS OF async-awaits!!
RUNTIME MUST NOT INTERMIT INSTRUCTION STREAM!''!



IIaTTepHBI KOHKYPEHTHOCTH B (GO

IlarTepH

Onucangue

° fan out 3amava AeIUTCS HAa HECKOJIBKO 00Jiee MEJIKUX MO/3a/1a4, KOTOPHIE 3aTeM BBITOIHSIIOTCS
OIHOBpeMEHHO. Kaxayro nonzamadyy MOKHO HA3HAUYUTh OTAEIBHOW ropyTuHe. Ha sTom
sTamne paboyas Harpy3Ka pacupeensseTcs 1o HECKOIBKUM TOPYTHUHAM, 00eCTIeunBast
napajieabHyI0 (Ha caMOM Jielie _concurrency) oopaboTkKy.

° fan in Pesynbrarsl moazagay coouparoTcss U 00BEIUHSAIOTCS B €UHBIN pe3yasTar. Ha aTom

ATare 0’KMUJIaeTCs BHITIOJHEHHUE BCEX MOJ3a/1a4 M arperupoBaHUe UX Pe3ylbTaToB. DTOT
ATaIl TaK)Ke MOXKET 00eCIeurnBaTh CHHXPOHHU3AIMIO U KOOPIUHAIIUIO MEXKITY
rOPYTHUHAMHU, YTOOBI 00ECIIEYUTh COOp BCEX PE3YNIBTATOB MEPE MPOAOTIHKCHUEM.

* Worker pool

Wcnionb3yeTcst 1y1si OorpaHUYEHUs KOJIMUYEeCTBA OJJHOBPEMEHHBIX 3a]1a4 00pabOoTKH
ropytud. OH mpe/IonaraeT Co3IaHue Mmyjia ropyTUH (PUKCUPOBAHHOTO pa3Mepa,
KOTOPBIM MOXKHO Ha3HA4YaTh 3aJja4u. DTOT IIA0JIOH MOJIe3€H, KOT/Ia Y Bac €CTh OOJIBIIIOE
KOJIMYECTBO 3a/1a4, KOTOPbIe HEOOXOAUMO 00padbaThiBaTh OTHOBPEMEHHO, HO BBl XOTUTE
OTpaHUYUThH KOJIMYECTBO TOPYTHH, YTOOBI MPEJOTBPATUTH UCTOILIEHHUE PECYPCOB.

o2
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Worker pool

000
type WorkerPool interface {
Start() 000
Stop()
AddWork(PoolTask) type MyPool struct {
tasks chan
} wg sync
isExecuting bool
onceStart sync
onceStop sync
000

numWorkers 1int

type PoolTask interface {
Execute() error
OnFailure(error)

PoolTask
.WaitGroup

.Once
.0Once




Worker pool

func NewWorkerPool(numWorkers int, channelSize int) (*MyPool, error) {
if numWorkers <= 0 {
return nil, fmt.Errorf("incorect numWorkers")

)

if channelSize < 0 {
return nil, fmt.Errorf("negative channelSize")

}

return &MyPool{
tasks: make(chan PoolTask, channelSize),
isExecuting: false,
numWorkers: numWorkers,

oonil




Worker pool

func (mp *MyPool) Start() {
mp.onceStart.Do(func() {
mp.wg.Add(mp.numWorkers)

for 1 := 0; 1 < mp.numWorkers; i++ {

}

go func() {
defer mp.wg.Done()
for pt := range mp.tasks {
err := pt.Execute()
if err !'= nil {
pt.OnFailure(err)

}
HO)

mp.isExecuting = true

})

func (mp *MyPool) Stop() {
mp.onceStop.Do(func() {
mp.i1sExecuting = false
close(mp.tasks)
mp.wg.Wait()
}) =2

=i
'mm,,YS '

func (mp *MyPool) AddWork(pt PoolTask) {
if mp.1isExecuting {
mp.tasks <- pt

}
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