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LAB-02. Python Threading Library
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Python Threads

» BEYWPIOTEC POEC EKTEAEOTC O€ Ll OlEPYAOIAL.

» To mpoypaupa UITopel va eKTeAel OO N
TIEPLOOOTEPEC EPYATIEC TAVTOYPOVA.

* 'Ouwce, otnv Python 3 6vo threads AEN ekteAovvtan
I[TANTA mpayuatika tTavtoypova.
» [Tapa to o011 dtvovv TNV aiocbnon yia to avtibero.

» Or moAvvnuatikeg eqpapuoyec oe Python AEN
EYYVWVTOL TAYVTEPT] EKTEAEOT) O OAEC TIC
TEPUTTWOELC.
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Python Threads kat eqpappoyeg

« Epapuoyec tov avapuevouy et pakpov tnv
EKTEAEOT] EEMTEPIKWV YEYOVOTWV EIVAL KAAEC
VITOWT)(PLEC V1A TTOAVVILATIKI] VAOTTONOT).

» AvtiOeta, CPU-intensive sipofAnuata tiowg va unv
emtayvvBouv kaboAov.

 Artia 1: Python Global Interpreter Lock (GIL).

» AlTia 2: AE1TOVPYIKO OLOTN UL

- Artia 3: CPU.

» O moAvvnuatikeg vaomomoeic otn C/C++/Java
OUYVA TTAPEYOVV KAAVTEPA ATTOTEAETULOLTAL.


https://realpython.com/python-gil/

I ———.
H BIBA10oONkn threading tng Python

 ITapeyel pia Paocikn) TAATPOPUA VAOTTOINONC
TTOAVVINUATIK®OV EPAPLIOYDV.

€ aUTI TN povaoa to avtikeluevo Thread
evOvAakwvel ta threads.

» ITapeyer pia kouwrn kat kabaprn OemaPn xprong
TOUC.



I EEEEEEEE——————.
Ekkivnon veou thread

» H B1pA1oOnkn Python threading mapeyel 6vo
TPOTTOVC EKKIVIIONC €vog veov thread:
1. Me kAnon tne start(function, arguments, ..)

s function: teptypa@el Kot VAOTIOLEL TNV £PYACIA TTOV
Oa exteAeoel to thread.

s arguments: tapauetpol yia tnv function.
5 EITITAEOV OPIOUATA.
2. Me €101k1] KAQOT) TTOV:
s kAnpovouetl asmo v threading. Thread.
s stapakaustel (override) ™ uebodo run g Thread.



——
threading.Thread.start()

» Kata tn onuovpyla tov thread mepvaue pia
OUVAPTNOT] JTOV JEPLEXEL TOV KWOLKA TToV Oal
exteAeotel amo 1o thread.

» ITepvaue emiong Kat TAPAUETPOVC OTI CUVAPTNOT).

x = threading.Thread(target=thread function, args=(1,))
x.start()

Y10 Tapadeyua, to veo thread stov onuovpyettat
Oa ekteAeoer v thread_function ue opoua 1.
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Juvaptnon-oplopa tng Thread.start()

« H thread_function() amAd Tumtwvel SVO
LNVOUOTA LE YOOVIKN O1AMO0A 2 OEVTEDOAETTTWV.

%mpor‘t logging 02:50:44: Main : before creating thread

import os 02:50:44: Main : before running thread

import threading ©2:50:44: Thread 1 starting

import time 02:50:44: Main : wait for the thread to finish
02:50:44: Main : all done

def thread_function(arg): 02:50:46: Thread 1 finishing

logging.info("Thread %s starting", arg)
time.sleep(2)
logging.info("Thread %s finishing", arg)

if  name_ == "_main__":
format = "%(asctime)s: %(message)s"
logging.basicConfig(format=format, level=logging.INFO,
datefmt="%H:%M:%S")

logging.info("Main : before creating thread")

x = threading.Thread(target=thread_function, args=(1,))
logging.info("Main : before running thread")
x.start()

logging.info("Main : wait for the thread to finish")
logging.info("Main : all done")
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Ekkivnon pe kAaon (1)

« 'Eotw 1n xAaomn ChefAnna.

- T'la va exteleotel oe Eeywploto thread Oa mpemer:
s va kAnpovopuel ano tnv threading. Thread.

s va tapakaumntel (override) t uebodo run g
Thread.

class ChefAnna(threading.Thread):
def init (self):
super(ChefAnna, self). init_ ()

def run(self):
print('Anna started & waiting for sausage to thaw...')
time.sleep(5)
print('Anna is done cutting sausage.')
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Ekkivnon pe KAaon (2)

» O1ueboodotl init kat run etvat o1 HOVAOIKEC TTOV
ENMITPETETAL VA TTApakaupOovv.
« Anuiovpyia avtikeluevov kAaong ChefAnna.

» KAnon tc uebodov start tov avrikeuevouv.

anna = ChefAnna()
anna.start()



Daemons

- Daemon: Mia Oiepyaotia (process) 7tov ekteAeital
Ol PKWC OTO TTAPACKIVIO.

» Mowadel pe server process.

« AAM\Q OV eA&yyeTal Ao TO XPTOTH.
= Aev mapeyel control terminal.

» Th¢ meproooTepeC Popecg ekTeAel AAeg (O1)epyaotec
(xpovioueva n un), TPAYLATOTIOEL EAEYYOUC, KATT.
= Opoloyla Windows: service.
» [Tapadetypata: cron daemon, syslogd, sshd, ...



Daemon Threads

« Daemon thread: vrjua mov dev tepuatidetan mapa
LOVO OTAV TEPUATIOTEL ] OlEpyaoia JTov TO
OTULOVPYNOE.
= O TepuaTIoUOC TNC Olepyaoiag tepuatidel avtouata

Kot OAa ta daemon threads.

« Av eva thread 6ev etvan daemon, tote n olepyaocia
TIPETTEL VA JIEPIUEVEL TOV TEPUATIOUO TOV.

» Optiletan pe v mapauetpo daemon=True ueoa
otV Thread.start().

X = threading.Thread(target=thread_function, args=(1,), daemon=True)
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Mapadstypa Daemon Threads

« 'Eotw 011 010 tponyovuevo tapaoeyua, ta threads
onuovpyovvtal wc daemons.

« Output:
02:53:15: Main : before creating thread
02:53:15: Main : before running thread
02:53:15: Thread 1 starting
02:53:15: Main : wait for the thread to finish
02:53:15: Main : all done

» Aelmel To unvoua yla tov tepuatiopno tov thread 1.
« H thread_function() 8ev ohoxAnpwbnke.
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Avapovn yia oAokAnpwon - join (1)

« H ueboodog join() emParier oe eva thread v
AVALOVT] YO TNV OAOKAT|PpWOT) €VOC TTAIO10V —
thread.

» Meypt va ohokAnpwOel to mauodtl — thread, o yoveacg —
thread pmaivel oe avauovr).

» ANAQOT «TTAYWVEL» 1] EKTEAEOT] TOV.
- Blocking
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Avapovn yia oAokAnpwon - join (2)

class ChefAnna(threading.Thread):
def init (self):
super(ChefAnna, self). init ()

def run(self):
print('Anna started & waiting for sausage to thaw...')
time.sleep(5)
print('Anna is done cutting sausage.')

# main thread (e.g. ChefGeorge)
if  name_ == '_main__":
anna = ChefAnna()
anna.start()
time.sleep(0.5)

anna. join() < E0w to xuplwg thread avauevel
TNV OAOKAT|pwOT) TNC OLUVAPTNONC
run Tov taoloL — thread anna.




Epyaoia pe moAAamAa threads

01:45:46: Main : create and start thread 0.
import logging 01:45:46: Thread 0: starting
import threading 01:45:46: Main : create and start thread 1.
import time 01:45:46: Thread 1: starting
01:45:46: Main : create and start thread 2.
def thread_function(name): 01:45:46: Thread 2: starting
logging.info("Thread %s: starting”, name) 01:45:46: Main : before joining thread 0.
time.sleep(2) ©1:45:49: Thread @: finishing
logging.info("Thread %s: finishing", name) 01:45:49: Thread 1: finishing
01:45:49: Thread 2: finishing
if __name__ == "__main__": 01:45:49: Main : thread @ done
format = "%(asctime)s: %(message)s" 01:45:49: Main : before joining thread 1.
logging.basicConfig(format=format, 01:45:49: Main : thread 1 done
level=logging.INFO, datefmt="%H:%M:%S") 01:45:49: Main : before joining thread 2.
01:45:49: Main : thread 2 done

threads = list()

for index in range(3):
logging.info("Main: create and start thread %d.", index)
x = threading.Thread(target=thread_function, args=(index,))
threads.append(x)
x.start()

for index, thread in enumerate(threads):
logging.info("Main : before joining thread %d.", index)
thread.join()
logging.info("Main : thread %d done", index)
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Epvyaocia pe moAAamAa threads (2)

 2TO TIPOTNYOVUEVO TTAPAOELYUA, ONUIOVPYOVVTOL
oA aTTAQ threads - 3.

» Ymapyet n avaykn avapoving ylia ToV TEPUATIONO Kol
TV TPLWV.

- I'ta To AOYo avto, TomtoBetovvTal oTn AloTa
threads.

- H avapovn ywa tov tepuatiopo (join) twv threads
¢ Alotag yivetat ue loop.
» O Tepuatiopog twv threads eival Tuyaioc!

» Aev yvopilovue ek Twv tpotepwv molo thread Oa
TEAELWOEL TTIPWTO.



Race Conditions

» Mmtopovv va cuufouv otav 0vo 1] meplocoTepa
thread amoktovv tpoofaon oe kowvoypnota
oeooueva 1 mopove. ITapovotaletal to mpoAnua
tov mtolo thread Oa amoxktnoel mpwto tpoofaon.

» Mia asto TI¢ OUOKOAOTEPEC KATAOTAOELC OTOV
TTOAVVT|LATIKO TTPOYPOULATIOUO.

« H dvokoAla eykeltal 0to 0Tl ovuPaivovv cuvnOwe
tuyala. To tpoPAnua dev etvar ovvr)Bwce epgpavec.

« AVokoAo debugging.

» OONYoLV 0€ UMEPOEUEVA ATTOTEAECUATA.

» H Baown P1pAoOnkn mapeyel punyaviopovg
TIPOOTACLAC QITO AVTEC.
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MNapadetypa

» ITowa etvan ) teAkn) Tun tne garlic_count?
» Tatl etvan draopeTikn kAOe popa Tov ekTeEAEITAL
TO TTPOYPALUQ;

import threading
garlic count = 0

def shopper():
global garlic_count
for 1 in range(1000000):
garlic count += 1

if __name__ == '__main__":
george = threading.Thread(target=shopper)
anna = threading.Thread(target=shopper)
george.start()
anna.start()
george.join()
anna.join()
print('We should buy', garlic count, 'garlic.')



R
Mapadetypa (2)

» Ta 6vo threads, George kat Anna, Swaffalovv v
Tun tne garlic_count kal v avavewvouy katd 1,
1000000 (POopEC.

» 'Ouwe, To AIMOTEAECUA OV VAL 2000000 OTO TEAOC
NG EKTEAEOTC.

» MaAwota, etval 0O1a@opeTIKo kabe popa TTov
EKTEAELTAL TO TTPOYPOULLAL.

- Tati?



I
Melipapa

- Iletpaua:
- Twpa o George tepuaTtilel mpv Eexivroel n Anna.

« AnAaor), Ta ovo threads d0ev ekteAovvtal TOTE
TOLVTOYPOVA.

- Twopan garlic_count maipvel tn owoTrn) TIUN:
2000000.

if name_ == "'_main__ ':
george = threading.Thread(target=shopper)
anna = threading.Thread(target=shopper)
george.start()
george.join()
anna.start()
anna.join()
print('We should buy', garlic count, ‘garlic.')
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Tautoxpovn avayvwon/eyypaen

« H e&nynon etvat ot otav ta 6vo threads
EKTEAOUVTAL TAVTOYPOVA, OE KATTO1EC TUYALEC
TEPUTTWOELC O1aPadovyv TavTOYpOVA TNV 1010 TIUN)
yia v garlic_count.

» 'Eto1, 0Tav v avavemvouyv KaTtd 1, EMOTPEPOVV
OTNV oVola TO 1010 ATTOTEAECAL.

» I1.x. av ta 6vo threads ekxivrijoovv Tavtoxpova, TOTE
Kat Ta Ovo olaPadovv garlic count=o0.

» Kat emotpepovy kot ta Ovo garlic count=1.

» AaBoc: Oa empemne garlic_count=2.
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KAsIOwHa KOVOXpNOoTwWY O£O0HEVWY

» Xpeladetan HeEYAAN TPOCOYXT) 0TI O1ayEIP1oN
(uetaPoAr, avayvwon) KotvoyPrjoT®V OEO0UEVOV.

« Eav n epapupoyn uetapariel korvoypnota
oedoueva, tote to kabe thread Oa mpemel va ta
KAEI0MWVEL TPV TA TPOTTOTTONOEL.

» Me 1o kAeldomua, to thread asmokTA ATTOKAEIOTIKT)
TIPOOCPAOT) OTA KOWVOYPNOTA OEOOUEVAL.

» Kaveva aio thread dev €xel Oikaloua avayvmong
KAl EYYPAPTIC O KAEIOWUEVA OEOOUEVAL.

» AogpaAela asmo race conditions.
» Elvan vitoypemueva va sepiuevouvy to EekAeioma.



ApolBaloc ATTOKAEIOPOC KAl KAEIdwpata

» Mutual Exclusion (cvyva MUTEX).
» Mutual Exclusion Locks (ovyva: MUTEX__LOCKS).
lock = threading.Llock()
» Ynootnpidovtat 0vo Baotkec uebooor:
s acquire()
o prelease()
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MEBodoC Lock.acquire()

» Emiyelpel va kAeldwoel Tov kKwolka mov Pploketal
HeTA agto TNV acquire().
= Av mtetuyel, to thread amoktd (amokAe10TIKO)
OIKAIWUA EKTEAEOTIC TOV KWOKA UETA TNV acquire().

5 AV ammoTuY)EL, TOTE KATTo10 aAAo thread eyel kAe1dwoet
TOV K®O1KA Kol avto to thread eival vmoypewuevo va
TEPLUEVEL TO EEKAEIO WAL

= Blocking scenario.

= Kivouvocg: Me kaxn oxeodlaor, to thread pmopel va
TEPIUEVEL V1A TTAVTA YA va kavel acquire()!

= Meyalog kivovvog: Me kakn oyxeotaor, ‘OAA ta thread
urtopel va mepiuevouy yua mavta! — Deadlock.
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MEBodoC Lock.release()

» Emiyerpetl va EekAe10moel Tov kmOka TTov Pploketal
TPV ATTO TNV release.

s AV TTETUYEL, 0 KWOKAC EEKAEI0MWVEL KAl KATTO10 AAAO
thread pmopetl va kavet acquire.

5 AV AITOTUYEL, TOTE 0 KWOIKAC OEV NTAV KASIOWUEVOC.

= Kivouvvocg: Me kaxrn oxeolaorn, to thread pmopet va
TTEPIUEVEL V1A TTAVTA YA va kavel release()!

s Kot apov oAa ta vtoAowta threads stepiuevovy
ANEN, T0TE epuevovy oot yia tavta! — deadlock.



ApolBaloc ATTOKAEIOPOC KAl KAEIdwpata

import threading
garlic count = 0
lock = threading.Lock()

def shopper():
global garlic count
for i in range(1000000):
lock.acquire()
garlic_count += 1
lock.release()

if name_ == '_main__":
george = threading.Thread(target=shopper)
anna = threading.Thread(target=shopper)
george.start()
george.join()
anna.start()
anna.join()
print('We should buy', garlic count, 'garlic.")



