YXUTTEBUU LIUKJI TTIOTOKY
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[Toroxku B Python

» Knac Thread y Python moxxHa 3HatiTu B Momysni threading. py.

* [Hiniasai3aTop KJIacy BUITSAAAE TAK:

# Python Thread class Constructor
def _ init_ (self, group=None, target=None, name=None,
args=(), kwargs=None, verbose=None) :

" group: cuenjiajbHUM MapaMeTp, IKUU 3ape3epBOBAHO IS MOJA/IBIIOTO PO3IUUPEHHS.

= target: callable-06’ekT, sikuit BUKIMKaeThest B Metozi run(). bes itoro mepeznadyi 3HaueHHs npUpiBHSAETHCS 10 None,
Hivoro He Oyze 3aryIeHo.

" name: Ha3Ba IIOTOKY.
" args: KOPTeX apryMEHTIB JJIsl 1[i/TbOBOTO BUK/IUKY. 32 3aMOBYYBAaHHSM - ().

» kwargs: cnoBHUK keyword-aprymenTiB to invoke the base class constructor.



running

CraHu MOTOKY

New T} | S'tal"tI

The run method terminates

Hoeuii nomik (New Thread):

» [loTik 1Ie He 3amyiIeHO, OMY Iie He BUi/IeHO pecypciB. [IpocTo 06 exT.

T'omoeuti do eukonanHs (Runnable):

» JToTiK O4iKY€ 3aIyCKY, Ma€ BUAIJIeH] BCli HeOOXiIHI PeCYPCH, TiIbKU IUIAaHYBAJIbHUK CTPHUMYVE MOro Bil BUKOHAHHS.
) )

3anywenutii (Running):

» [loTik BUKOHYe po6OTY. 3 IbOTO CTAHYy BiH MOXXe TepeiiTu abo B dead state, sikiio Oyze BUpillleHO «BOUTH» HOr0, a00 B
He3aIlyleHUU CTaH.

Hezanywenuii (Not-running):

» [loTik MeBHUM YMHOM MOCTaB/I€HU Ha Nay3y. [ IpuynH oMy MOXXe OyTH 6araTto: O4iKyBaHHs 3aBepILIeHHS TPUBAJIO]L
omepallii BBOAY-BUBOy, HABMHCHEe OJIOKYBaHHS 3 METOI BUKOHAHHSI POOOTH iHIIMM ITOTOKOM TOLIO.

Dead:

JlocsSIrTH HOTO CTAaHYy MOXXHA JBOMA IIJISIXaMH: MOTIK «[IOMPe» MPUPOLHO abo Oyzie BOUTHUM.



IIpukinaz crany mOTOKY

1 import threading

2 import time

3

4

5 def threadWorker():

6

7 print("My Thread has entered the 'Running’' State™)
8

9

1e

11  time.sleep(1l0@)

12

13 print("My Thread is terminating")

14

15

16myThread = threading.Thread(target=threadwWorker)
17

18

19

20

21myThread.start()

22

23

24

25myThread.join()

26 print("My Thead has entered a 'Dead’' state")

My Thread has entered the 'Running' State
My Thread is terminatingMy Thead has entered a 'Dead’ state




Buau nmoTokiB

» Python abcTparyeTbcs Big Hait6ibir HU3bKOPiBHEBOI YacTUHU API, sIKi TpaIior0Th 3 MOTOKaMH.

* TaKo)>X MOBA /I03BOJISIE MUCATH IMTOPTATUBHUM KO/, 00nparoum 3aexxHo Big OC BUJ MTOTOKIB, SIKi
OyZoyTh BUKOHYBATH KO

» POSIX-nomoku. Peanizanis norokiB BiznosigHo 1o cranzapty [EEE POSIX 1003.1c. Bin 6yB po3pobnenwntii ajist
CTaHJAPTU3aLi1 peasti3anii MOTOKIB //isl pPiI3HOMAaHITHOTO almapaTHOTO 3abe3medeHHs mif ynpasmiaasam UNIX-
cucreM. YacTo Taki moroxku HasuBaoTh POSIX-mmorokamu abo PThreads.

» Windows-nomoxu. [TpauoroTs BignoBigHo 10 ctaHgaptiB Microsoft Ta MaroTh 6araTo BiAIMiHHOCTE#H 1IOAO
POSIX-notokiB. Windows threads API mpocTinmmii Ta enerantHimmii 3a POSIX threads API.



Cmoco0u 3amyCcKy MOTOKY

1 import threading

2 import time

3 import random

4

5def executeThread(i):

6 print("Thread {} started”.format(i))

7 sleepTime = random.randint(1,10)

8 time.sleep(sleepTime)

9 print("Thread {} finished executing"”.format(i))
10

11for i in range(10):

12 thread = threading.Thread(target=executeThread, args=(i,))
13  thread.start()

14

15 print("Active Threads:" , threading.enumerate())

Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread

finished
finished
finished
finished
finished
finished
finished
finished
finished
finished

executing
executing
executing
executing
executing
executing
executing
executing
executing
executing

* Maemo npocTy PYHKILiIO, IKQ «CITUTh» IMTPOTSATOM BUIIQAKOBOTO IMEPiOIy Yacy.




HacaizyBaHHSA Bij KJ1aCcy MOTOKY

» Jlnst TOTO, 106 CTBOPUTH HOBHUH MOTIK, MOTPiOHO CyOK/1acyBaTH BOYAOBAaHUH K/IaC 3 MOBH
Python g5t po60TH 3 MOTOKAMM:
» [lepemaTy B omuci HAlIOTO KJIACy, L0 OMHCYE TOTIK, thread class moBu Python
» Buknukatu Thread.__init__(self) B koHCTpyKTOPI, 11106 iHiLiaMi3yBaTH MOTIK.

» Busnayutu ¢pyHKIi0 run(), sika Oyze BUKIUKATHCh, KOJIH MOTIK Oyzie 3amyiieHo.

é‘cm“" threading import Thread = Y KoHCTpyKTOPi BUuKIndemMo HeoOxiguuii Thread._ init_ (self)
5 class myWorkerThread(Thread): » Jlani orosouryemo GyHKIir0 run(), sika Oyme BUKIUKATUCh TTiCIs
4 myThread.start().

5 def __init_ (self): - Vo ) o

E print("Hello world™) YHKIIi1 run() mpocTo BUBeAeMO MOTOYHHUM CTAaH Ha KOHCOJIb.
7 Thread. init  (self) = [Tlicsig LbOTO MOTIK 3aBEPIIUTH POOOTY.

8

9 def run(self):

10 print(“Thread is now running™)

11 Hello world

12 myThread = myWorkerThread() Created my Thread ObjectThread is now running
13 print("Created my Thread Object")

14mﬂhrefd'5tart(} ; Started my thread

15 print("Started my thread™) h 4 finished

16 myThread. join() My Threa 1nisne

17 print("My Thread finished")



®opkinr (Forking)

= JInst opKy (Bifgramy)xeHHsi) MPoILeCy MOTPiOHO CTBOPUTH TOYHY KOITiIO B)K€ iCHYIOYOTO.
* BixgOyBaeThcst epeKTUBHE KJIOHYBAHHS Ta 3aITyCK KJIOHOBAHOT'O IIPOLIECY SIK JOYiPHBOTO /1151 0aThKiBChKOTO.

* HoBocTBOpeHmii mpouec OTpUMYE BIACHUH aAPeCHUI MTPOCTIpP, a TAKOXX TOYHY KOITiI0 0AaThKiBCHKUX JAHUX i KOZY,
SIKUH BUKOHYETHCSI B 0aTbKiBCHKOMY TTPOILIECi.

» KioH nipu cTBopeHHi oTprumye yHikanbpHui Process IDentifier (PID), Takum YynHOM He 3a/1€)Ka4vu Bifi, CBOTO
6aThKiBCHKOTO MPOLIECY.

» Koy BUHMKa€e moTpeba KJIOHYBAaTH iCHYIOUUH ITpoliec?
» Hanpwuknaz, Apache akTMBHO BUKOPHCTOBYE POPKIHT, 111006 CTBOPUTH GaraTo cepBepHUX MPOLIECIB.
= KoyKeH 3 IIMX He3aIe)XKHUX MPolleciB 31aTeH 06poouTH their own requests within their own address space.
» Ko mpolec maZia€ Yu BMUpPAE, BIUTMB HA iHII TPOLeCH, SIKi KOHKYPEHTHO 3 HUM MPAI0I0Th, OyZe BiCyTHIM.

* BoHM 3MOXXYTb NPOJOBXUTH to cater to any new requests.



ITpuxknaz

import os
def child():

print "We are in the child process with PID= %d"%os.getpid()
def parent () :
print

"We are in the parent process with PID= %d"%os.getpid()
newRef=o0s.getpid()

if newRef==0:
child()
else:
print "We are in the parent process and our child process has PID=
zd"$newRef
parent ()

» Y ¢yukuii parent() BuBoguthcst PID morouHoro mpoiecy nepen BUKIUKOM Metoxy os.fork() mms
$OPKY MOTOYHOTO 3aIyIIeHOI'O MTPOIIECY.

= ]Je cTBOpPIOE reTb HOBUI NPOLEC, IKUN OTPUMYE YHiKanbHUK PID.

» Jlam BuxkaukaeTbes Gyukiis child(), ska BuBoguth motounwmii PID.

* BiH Bifpi3HsaeThCA Bifg moyarkoBoro PID, BuBegeHOro Ha mo4yaTKy BUKOHAHHS CKPUIITY.
» Pizuwmii PID npeacrasisie yeminrHuii GOPKIHT Ta CTBOPEHHS MOBHICTIO HOBOTO MPOLIECY.



lemoHyBaHHA (Daemonizing) noToKy

* [IoToku-ageMoHu (Daemon threads) — 11e NoTokK 6e3 BU3HAYEHOI TOYKH CBOr0 3aBepIlIEeHHS.
* BoHM npooBKYyIOTh POOOTY, NOKK MPOrpaMa He 3aBEPIIUTH CBOIO.

* Hanpuksaz, MaeMo 6a/laHCyBa/IbHMKA HaBaHTaXXeHHHA, AKUU BiANpaBJIs€ service requests 0 6araTbox
eK3eMILJISIPiB MPOrpaMHu.

= Moxxe icHyBaTH Jledka ¢popMa registry service, ika IOBiJoM/IA€ 6allaHCYBaIbHUKY, Ky/IM NTepeCU/IaTH Lii 3alUTH.

= 3asBuyall NepioAUYHO HaACUIaOTh heartbeat (keep alive packet).

" [ler npuKIa4 — OCHOBHHUH ClleHapil BUKOPUCTAHHSA IOTOKIB-AE€MOHIB y JOAATKY.

* MoxHa nepesaTu po6oTy 3 BifnpaBku heartbeat-curnasny 1o service registry B MoTiK- JeMOH Ta start this up npu
3allyCKy A0JATKYy.

» [ley noTik-geMoH y GOHI NePioAUYHO BiANIPABJAATUME JaHE OHOBJIEHHS, HE BTPYYalOYUCh B POOOTY OCHOBHOTO
IIOTOKY.

» [loTik-IeMOH «BOUBAEThCSI» 6€3 HALIOrO BiiloMa MPU 3aKPUTTI JOAATKY.



ITpuxknaz

import threading
import time
def standardThread() :
print ("Starting my Standard Thread")
time.sleep (20)
print ("Ending my standard thread")
def daemonThread() :
while True:
print ("Sending Out Heartbeat Signal")
time.sleep(2)
if __name___ == '__main___
standardThread = threading.Thread(target=standardThread)
daemonThread = threading.Thread(target=daemonThread)
daemonThread. setDaemon (True)
daemonThread.start ()

T .
.

standardThread.start ()




3aBaHTAKEHHS IPYNU MOTOKIB

* MoykHa CTBOpHUTH 6arato moToKiB, BuKopuctoBytouun GPS loop, a moTtim 3amyckaTu ix BcepeuHi
toro X GPS loop.

* BusHauynmo PyHKIIi0, SKa MPUUMATHME IIijie YUC/IO0 Ta «CIaTUMe» BUIAIKOBHI Mepiof Yacy i IpyKyBaTUMe Yac
3aITyCKY Ta 3aBepIIEeHHS.

import threading
import time
import random
def executeThread (i) :
print ("Thread {} started".format (i))
sleepTime = random.randint (1, 10)
time.sleep (sleepTime)
print ("Thread {} finished executing".format (i))
for 1 in range(10):
thread = threading.Thread(target=executeThread, args=(i,))
thread.start ()
print ("Active Threads:" , threading.enumerate())




BuBig nmporpamu

$ python3.6 00_startingThread.py
Thread 0 started
Active Threads: [<_MainThread (MainThread, started 140735793988544)>,

<Thread (Thread-1, started 123145335930880) >]
Thread 1 started

Active Threads: [<_MainThread(MainThread, started 140735793988544)>,

<Thread (Thread-1, started 123145335930880)>, <Thread(Thread-2, started
123145341186048) >]

Thread 2 started

Active Threads: [<_MainThread(MainThread, started 140735793988544)>,
<Thread (Thread-1l, started 123145335930880)>, <Thread(Thread-2, started
123145341186048)>, <Thread(Thread—-3, started 123145346441216)>]



CrnoBi/IBHEHHSI MPOTpPaM, IKi BAKOPUCTOBYIOTh MOTOKH

import time

. . . . .
import random BaH}éCK COTEHb H.OTOKIB Ta 1X CIIPAMYBAHHA Ha BI/IPIIHEHI-Fﬂ KOHKPETHOI1
import threading IMpO0JJIEMH, CKOPp1IE 3a BCE, HE ITIOKPAITUTDb ITPOAYKTUBHICTD JOAATKY.
def §alculatePrimeFactors(n): def executeProc () :

primfac = [] for i in range (1000) :

d = 2 rand = random.randint (20000, 100000000)

while d*d <= n: print (calculatePrimeFactors (rand))

while (n % d) == 0: def main () :

, print ("Starting number crunching")
primfac.append(d)

t0 = time.time ()
n //=d threads = []
d += 1 for i in range (10) :
if n > 1: thread = threading.Thread(target=executeProc)
primfac.append (n) threads.append (thread)

thread.start ()
for thread in threads:
thread. join ()
tl = time.time ()
totalTime = tl1 - tO
print ("Execution Time: {}".format (totalTime))
if _ name_ == '"_ _main__ ':
main ()

return primfac



[lopiBHAHHSA pe3yTbTaTiB POOOTH

Single-threaded sample: | 3.69 seconds

Multi-processing sample: [ 1.98 seconds

Multi-threaded sample |[3.95 seconds

» 3amycK 6araTbOX MOTOKIB Ta IX CIIPSIMYBaHHS Ha OZHY ITpo0ieMy TYT CIpUYHHSIE 7%-Be
CTIOBi/IbHEHHSI B TIOPiBHSHHI 3 OHOMOTOYHHUM PEXUMOM i Maiike 100%-Be IPUCKOPEHHS B
6araTorpoIeCHOMY PeXHMi.



OTpuMyBaHHSA 3arajibHO1 KUJIBKOCTI aKTUBHUX MOTOKIB

» Mogynb threading Bktodae crieriaibHy GpyHKITIFO

import threading
import time
import random
def myThread (i) :
print ("Thread {}: started".format (1))
time.sleep (random.randint (1,5))
print ("Thread {}: finished".format (i))
def main () :
for i in range (random.randint (2,50)) :
thread = threading.Thread(target=myThread, args=(i,))
thread.start ()
time.sleep (4)
print ("Total Number of Active Threads:
{}".format (threading.active_count ()))

if name__ == " '

__main__':
main ()



OTpuMaHHS MOTOYHOTO MOTOKY

..import threading
import time
1def threadTarget () :
print ("Current Thread: {}".format (threading.current_thread()))
threads = []
for i in range(10):
thread = threading.Thread(target=threadTarget)
thread.start ()
threads.append (thread)
for thread in threads:
thread.join ()

Current Thread: <Thread(Thread-1l, started 123145429614592)>
Current Thread: <Thread(Thread-2, started 123145429614592)>
Current Thread: <Thread(Thread-3, started 123145434869760)>
Current Thread: <Thread(Thread-4, started 123145429614592)>
Current Thread: <Thread(Thread-5, started 123145434869760)>
Current Thread: <Thread(Thread-6, started 123145429614592)>
Current Thread: <Thread(Thread-7, started 123145434869760)>
Current Thread: <Thread(Thread-8, started 123145429614592)>
Current Thread: <Thread(Thread-9, started 123145434869760)>
Current Thread: <Thread(Thread-10, started 123145429614592)>



TonoBumit motik (Main thread)

import threading = Bci Python-miporpam# 3amyckarmoTh TpUHANMHI
c;limior tCE}TZ rend () oauH (roJI0BHUM) IIOTIK.
et myChildThrea : » YV Python Mo)xHa BUKJIMKATH PYHKIIIFO
print ("Child Thread Starting") main_thread(), o6 orpumaTit 06’€KT rOIOBHOTO
time.sleep (5) TIOTOKY.
print (" Current Thread __________ ") Child Thread Startlng
; : Current Thread —————————
pr?mé Ez‘hreadlng‘ current_thread() 1) <Thread (Thread-1, started 123145387503616)>
print ("—-=——————— e _
print ("Main Thread ———————————— ") Main Thread -
print (threading .main_thread()) <_MainThread (MainThread, started 140735793988544)>
. w_ _ _ _ _ _ _ _ n -
pr%nt ( i . ) Child Thread Ending
print ("Child Thread Ending")

child = threading.Thread(target=myChildThread)
child.start ()
child.join/()

» Bcepenuni QyHKIIII MPOCTO BUBOJUMO
IMMOTOYHMU ITOTIK 1 TOJIOBHUMH ITOTIK.
» [lotim cTBoproemo thread-06’exT, 3amyckaemo oro

BUKOHAHHS Ta IpHUeaHyeMO (join) Horo.



import threading
import time
import random
def myThread(i) :

IlepeniyeHHs BCiX
MOTOKIB

print ("Thread {}: started".format (1))

time.sleep (random.randint (1,5))
print ("Thread {}: finished".format (i))
def main () :
for i in range(4):
thread = threading.Thread (target=myThread,
thread.start ()
print ("Enumerating:

args=(1i,))

{}".format (threading.enumerate()))

T .

Python mo3Bosisie omuTaTH BCi aKTHUBHI
MOTOKH, A OTIM ITePEJIIYUTH 1X JJIS1 TOTO,
106 OTpUMATH PO HUX iHPOpMaliiio,
MPaBUJIbHO 3YMTUHUTHU TOLLO.

1f __name___ == '__main___
main ()
Thread 0: started
Thread 1: started
Thread 2: started
Thread 3: started
Enumerating: [<_MainThread(MainThread, started 140735793988544)>,

<Thread (Thread-1, started 123145554595840)>,
started 123145559851008) >, <Thread(Thread-3,

123145565106176)>, <Thread(Thread-4,
Thread 2: finished
Thread 3: finished
Thread 0: finished

Thread 1: finished

started 123145570361344)>]

<Thread (Thread-2,
started




InenTrdikaiis MIOTOKIB

* Mo)Ke CITPOCTUTH HaIarOKeHHs 0araToONmOTOYHUX JOJATKIB.

= Jlns1 BeJTUKOI KiJIBKOCTi TTOTOKIB 3py9YHO 00 €IHYBATH 1X y TPYIH, SKIIIO BOHU BUKOHYIOTH Pi3Hi
3a/a4l.
» Hanpwukiiaz, MaeMO JOIATOK, SIKUH MTPOCTYXOBYE 3MiHM Oip)KOBOI I[iHM Ta HAMATA€ThCS MepesOaunTH HOBY LIiHY.

» MoykeMO MaTH JjBi OKpeMi Ipymu MOTOKiB: OfHA MIPOC/TyXOBYE, a iHIIAa — BUKOHYE OOUYMNCIEHHSI.

import threading
import time
def myThread() :
print ("Thread {} starting".format (threading.currentThread() .getName()))
time.sleep(10)
print ("Thread {} ending".format (threading.currentThread() .getName()))
for 1 in range(4):
threadName = "Thread-" + str (i)
thread = threading.Thread (name=threadName, target=myThread)
thread.start ()
print ("{}".format (threading.enumerate()))



BuBig nmporpamu

Thread Thread-0 starting

Thread Thread-1l starting

Thread Thread-2 starting

Thread Thread-3 starting

[<_MainThread (MainThread, started 140735793988544)>,

<Thread (Thread-0, started 123145368256512)>, <Thread(Thread-1,
started 123145373511680)>, <Thread(Thread-2, started
123145378766848)>, <Thread(Thread-3, started 123145384022016)>]
Thread Thread-0 ending

Thread Thread-2 ending

Thread Thread-3 ending

Thread Thread-1 ending



IIpumycoBe 3aBeplIeHHS TOTOKY

" BBa)XKa€ThCs Ay)Ke MMOTAaHOK MPAKTHUKOI MTPOTrPaMyBaHHS.
» Python He mocTayae HaTUBHUX QYHKIIIN, [0 «BOMBATUMYTh» iHII TOTOKH.
* Taxki MOTOKH MOXXYTb MiCTUTH KPUTUYHI PeCypCH, 10 MOBUHHI OyTH MPAaBUIBHO BiIKPUTI UM 3aKPUTI.

» Tako)Xx BOHU MOXXYTh OyTH 6aThKiBChKUMH MOTOKAMH [/Is1 6araThoX JOUiPHiX TOTOKIB (TaK YyTBOPIOIOTHCS
MPOLIECU-CUPOTH, SIKi He MAIOTh JXUBOTO OATHKIBCHKOTO TIPOLIECY).

» [Ipouecu-cupoTy 3aliMalOTh MicIie B Iam sITi, a EAUMHUU CI1OCi0 iX «yOUTHU» - TepeliunTH BCi )KUBI MOTOKH,
a MOTiM BOUTH peIlTy.

* 3a moTpe6U MEBHOTO MeXaHi3My 3aBepIlleHHsI pOOOTH MTOTOKY, MOTPiOHO M SIKO
peasisyBaTH UOTO B KOAL.

= [Ipore icHye 00XimHMI ISIX: TpoLiecH, GAaKTUYIHO, MAIOTh TAKHMU MeXaHi3M Ha BiIMiHY BiZ, TOTOKIB.



ITpuxknaz

from multiprocessing import Process
import time

def myWorker () :

tl = time.time ()

print ("Process started at: {}".format (tl))
time.sleep (20)

myProcess = Process (target=myWorker)
print ("Process {}".format (myProcess))
myProcess.start ()

print ("Terminating Process...")
myProcess.terminate ()
myProcess.join ()

print ("Process Terminated: {}".format (myProcess))

Terminating Process...

Process <Process (Process-1, initial)>

Process Terminated: <Process (Process-1,

stopped [SIGTERM]) >




import threading

from multiprocessing import Process CTBOpeHH}I HpoueciB
import time .

import os TAa IIOTOKI1B

def MyTask():

print ("Starting")
time.sleep(2)

. o
t0 = time.time () [Tponecn y pesixiii mipi €

BAYKKOBATrOBOIO BEPCIE€0 MOTOKIB.

threads = []

for i in range(10): * BoHu MOXXYTh BUKOHYBATH Oi/bllle 33/1a4,
thread = threading.Thread (target=MyTask) noB’si3aHux 3 CPU, HiXK cTaHAApTHUN
thread.start () TIOTIK, OCKIJIbKH KOXKEH 3 HUX BOJIOJI€
threads.append (thread) B/1acHUM ek3eMriuisipoM GIL.

tl = time.time () .

print ("Total Time for Creating 10 Threads: {} seconds".format (t1-t0)) ™ Y TOM e yac P060Ta mponecy OiTBIII

for thread in threads: pecypco3aTpaTHa.

thread.join ()

. . * JlepeMyKaHHS MDK IIpOLIECAMHU Ha JIbOTY
t2 = time.time ()

Ta «BOMBCTBO» MPOIIECY BifOyBa€eThCS

procs = [] TOBUJIbHIIIIE.
for i in range (10):

process = Process (target=MyTask)

process.start ()

procs.append (process)
t3 = time.time ()
print ("Total Time for Creating 10 Processes: {} seconds".format (t3-t2))
for proc in procs:

proc.join()



BusBig nporpamu

Total Time for Creating 10 Threads: 0.0017189979553222656 seconds
Total Time for Creating 10 Processes: 0.02233409881591797 seconds

* Busnavaemo ¢pynkitiro MyTask, sika Gyze 11i1110 cTBOpeHUX y MalOyTHROMY MOTOKIB Ta MPOIIECiB.

» CrioyaTKy 36epira€mo 4ac Bi/IJTiKy, a Iali CTBOPIOEMO MOPOXxHi MacuB (threads), sskuit y 3pyuHiit opmi
30epiraruMe MOCHIAHHS Ha BCi CTBOPeHi 00’ €KTH-TIOTOKH.

» [loTiM CTBOPIOEMO Ta 3aITyCKAEMO Lii TOTOKH Mepes; HOBUM 3alTMCOM 3Ha4YeHHSI Yacy, 00 0OYMCIUTH 3aTaTIbHUM Yac
CTBOPEHHS Ta 3aITyCKY.

* AHaoOrivyHi Ail BUKOHYEMO 3 IIPOLeCAMU.

* Tyt 4yac cTBOpeHHs Ta 3aIyCKy NPOLeCiB HAa MOPSAAOK BUILWU 32 BIAMOBIZHWUIN YaC 1S IIOTOKIB.



Mogeni My1bTUIIPOLECHOCTI

* BigHOUIEHHS MDK NOTOKAMM PIBHS KOPUCTYBA4a Ta IOTOKAMU PiBHS 1P OMUCYETHCS OHIEIO 3
TPhOX MOZie/iel BijoOpayKeHHS:
= (OJMH NOTIK piBHSI KOPHUCTYBayYa /I0 OJAHOI0 MOTOKY PiBHA siApa
* baraTo noToKiB piBHSI KOPUCTYBa4da 0 OJAHOTO ITOTOKY PiBHA siipa

* BaraTo moToKiB piBHSI KOPUCTyBayva [0 6araTboX MOTOKIB PiBHS siZpa.

* Y Python 3a3Bu4aii BUKOPUCTOBYETHCS MO/IENTh BiTOOPAYKEHHS «1:1», TOMY KOXKEeH TTOTiK
BUKOPHCTOBYBaTHMe OijTbllle MAIIMHHUX PECYPCiB.

= [Ipore B ekocucremi Python nmpexncraBneni mozyri, siKi al0Th MOXX/TUBICTD peasi3yBaTH 0AaraTornoTOYHUN
dYHKLIOHA/, 3/TMIIAI0YHCH B OHOMY ITOTOLIi.

* [lommpeHui NpUKIaL — MOAY/Ib asyncio.



BigzoOpakeHHA IMOTOKIB

= Bigo6pakeHHS «1:1» MOXKe OyTH peCcypco3aTpaTHUM (BIaCTMBO MOTOKAM PiBHS sfipa), IPOTe
TIOTOKM PiBHS KOPUCTYBaya He HaJIeXKATh [0 OAHOTO PiBHA GI0KyBaHHSA (K A/ BiZ0OpaykeHHA
«1:M»).

= [lepeBaroto BizoGpaxeHHs «1:M» (0fuH NOTIK piBHS siipa) € epeKTHUBHE YIIPABIiHHS TOTOKAMU PiBHS
KOPHUCTYyBa4a.

» [IpoTe sIKIIO MOTIK PiBHSI KOPUCTYBa4Ya OJIOKYETHCSI, PeLITa BioOpayKeHUX MOTOKIB TeX OyAyTh 3a0/I0KOBaHi.

* Mogem «M:M» nipeacTaBiisie BUPILIeHHS HEJO/MIKIB MOoNepeHIX MOAeeu.
= OKpeMi MOTOKM PiBHSI KOPHCTYBa4ya MOXKHA BifoOpaykaTu Ha KOMOiHAILi10 0OJHOTO a0 KiTbKOX MIOTOKIB PiBHS sIIPA.

» Ile mae mporpamicTy 3MOry 06MpaTH, SIKi TOTOKU PiBHSI KOPUCTYBAYa CJIifL, BioOOPAa3UTH HA IMTOTOKM PiBHS siZipa Ta B
1i/;ToMy crTpoOyBaTH 3a0e3MeYrTH SIKOMOTa BULTY MPOAYKTUBHICTh Y 0AaraTOMOTOYHOMY CE€pPeOBHUILI.
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