CHMHXPOHI3ALIA ITOTOKIB

[TuTaHHSA 12.3.




3aga4a npo ¢pinocodis, sAKi 00igar0ThH

» [Ipunymana Excrapom Jletikcrporo, odinitiHo chpopmynboBaHa ToHi
Xoapow.

» Posrnsgaemo 5 ¢pinocodis, 10 CUASTH a KPYITUM CTOJIOM Ta iISITh
CITareTTi 3 TapPiJIOK.

* MiX TapiZIKaM¥1 PO3TalIOBAHO 5 BUIOK, SIKUMHU MOXKHA 1CTH DKY, TpOTe AJIsT
crioyxuBaHHs nmoTpi6Hi JIBI BrtKm!.

» dinocod MoxKe icTH (SIKIO Ma€ BUJIKHU 3J1iBa Ta CIipaBa) abo IyMaTH.

= Kosnu ¢pinocod 6epe BUIKY, CyCify MOBUHHI OYiKyBaTH, ITOKU Lisl BUJIKA He Oyze
MOK/Ia/IeHa Ha3a/,.

» KokeH 3 5 ¢piocodiB y3sB 1iBy BUJIKY i Teriep O4iKye, KOJIH CTaHe
ZIOCTYITHOIO IIpaBa.

= QOckinbku xopeH 3 pinocodiB He MOK/IaZie BUJIKY, TOKH He 3'ICTh DKY, BAHUKHE
eé3aemobaokyeantsn (deadlock).

= s 33/1a4a iMI0CTPy€e OCHOBHY MPOG/IeMY, 3 IKOI0 MOYKHA CTUKHYTHCh TIPH
TMPOEKTYBaHHI BlaCHUX 6araTOMOTOYHUX CHCTeM, 110 MOK/IaAaloTCsl Ha CTaHAAPTHI
npumituBu cuHxponizailii (locks).

» Hamri BUIKM BUCTYNAIOTh CUCTEMHUMU pecypcaMH, a KoykeH ¢iocod mpecrassie
KOHKYPYIOUHIi MpoLiec.




1 import threading
2 import time
3 import random

4

5 class Philosopher(threading.Thread): Peaﬂl3au1ﬂ 3aﬂaq1
6

7 def __init_ (self, name, leftFork, rightFork):

8 print("{} cie 3a cTtin".format(name))

9 threading.Thread. _init__ (self, name=name)

10 selLf.leftFork = leftFork

11 self.rightFork = rightFork

12

13 def run(self):

14 print("{} no4ae pymaTn".format(threading.currentThread().getName()))

15 while True:

16 time.sleep(random.randint(1,5))

17 print("{} 3akin4ue gymaTtn".format(threading.currentThread().getName()))

18 self.leftFork.acquire()

19 time.sleep(random.randint(1,5))

20 try:

21 print("{} oTpumae eBugenky 3niea".format(threading.currentThread().getName()))
22

23 self.rightFork.acquire()

24 try:

25 print("{} Bonogie oboma Bugenkamu, 3apas3 icTb".format(threading.currentThread().getName()))
26 finally:

27 self.rightFork.release()

28 print("{} sipnae npasy sugenky".format(threading.currentThread().getName()))
29 finally:

30 self.leftFork.release()

31 print("{} sipnae niey sugenky”.format(threading.currentThread().getName()))



IIpoaoBXeHHsI MpOorpamMu Ta

11 BUB1

33 forkl
34 fork2
35 fork3
36 forkd
37 fork5s
38

39 philosopherl
40 philosopher2
41 philosopher3
42 philosopher4
43 philosophers
44

45 philosopherl.
46 philosopher2.
47 philosophers3.
48 philosopher4.
49 philosophers.

56

51 philosopherl.
52 philosopher2.
53 philosopher3.
54 philosopher4.
55 philosophers.

threading.RLock()
threading.RLock()
threading.RLock()
threading.RLock()
threading.RLock()

= Philosopher("KauTt", forkl, fork2)

= Philosopher("ApicToTens”, fork2, fork3)
= Philosopher("CniHoza", fork3, fork4)

= Philosopher("Mapkc", fork4, fork5)

= Philosopher("Paccen”, fork5, forkl)

start()
start()
start()
start()
start()

join()
join()
join()
join()
join()

* BuBig nporpamu:

= Jlam 3aBHUCaE

KanT cis 3a cTin

ApicToTene cie za cTin

CniHosza cie 3a cTin

Mapkc cie 3a cTin

KaHT nowvas gymaTwPaccen cie 3a cTin
AplcToTene nodas gymaTw

CniHosa nodas gymaTw

Mapkc nodas oymaTw

Paccen noYas OyMaTw
ApicToTene IaKkiH4WB gymaTw
CniHoza 3akiH4WB OymaTH

KaHT sakiHqyue gymaTw
ApicToTene oTpumaB BWienky 3nisa
Mapkc sSakiHuue gymaTw

Paccen sakiHuwe gymaTw

KaHT oTpwmas Bwaenky snisa
CniHosa oTpumas swienky sniea
Paccen oTpumas BWAENKY 3nisa
Mapkc oTpumae ewienky sniea



Cran rouutBu (Race conditions)

* CTaHZapTHe BU3HAYEHHS:

» CmaH 20HUMBU — No8ediHKa eﬂeKmpOHHOl npoepaMH01 "abo iHwol cucmemu, KoJjau guesid 3anexcums 6id
nocaidosHocmi abo mpUBCUIOle IHWuXx HeKOHMmMpoJiboeaHux nooiti.

» [IpumycTrmo, 1110 € 6aHKIiBCbKUM PaXyHOK 3 £2,000 Ha HHOMY.

. O‘IIKYGMO OTpI/IMaTI/I 6OHYC £5,000 3a BUIIPAaB/JI€HHS ITIOMWJIKHU B KOHTEKCTI 6aI'aTOHOTO‘IHOCT1 SIKAd KOLITYBaJla
3dMOBHHKY MUIBHAOHU.

» Tako ysiBiMO, 1110 MOTPiOHO 3ar/IaTUTH 3a OPEHY KHUTIA (£1,000) B TOM JKe TEeHb.

* Po3I/IsTHEMO CUTYAIIi0, KOJIM JOJATOK MaTHUMe JBa Iporeck: Process A (3HiMaHHS KOIITIB) Ta
Process B (BHeceHHs KOIITiB Ha paXyHOK).

» Hexaii Process B 3unTye 6asaHC paxyHKY - £2,000.

» dxmo Process A po3noyaB 3HiMaHHS TPOLIEN Bifpasy Mic/isl 3aMycKy TpaH3aKiii 3 Process B, BiH mo6auuTh
CTapTOBUI OaJslaHC £2,000.

* Process B 3aBE€pLUINUTDH CBOIO TpaHBaKHiIO Ta KOPEKTHO 404aCTh £5,000 40O CTaPTOBOTO 6aJ1chy — OTPUMa€EMO £7,000.

» [Ipore ockinbku Process A 3amycTuB CBOIO TPAH3AKILiIO MTPU TOYATKOBOMY Oa/IaHCI £2,000, OCTATOYHUM OATAHC
Oyae £1,000.



BupimenHs

* BuKOHYBaTH TpaH3aKIlii 3 6/IOKYBaHHSIM.
= OropHeMo KOJ, SIKWii BUKOHY€E 3UMTYyBaHHS Oa/IaHCY Ta 1Oro OHOBJIEHHSI, 3a JOTIOMOTOI0 OJIOKYBaHHS.
» Tax Process A mepmmm oTpruMae 3aMoK Jiyist 000X omepariiii, a motim — Process B,

= [Ipore cuHXpOHI3aLis 3a ZOTIOMOTOI0 3aMKiB ITepeTBOPIOE OAraTOMOTOYHHUN KOJ, B OZHOIIOTOYHUI B MiCLli OTOPTAaHHS.

* KpumuuHa cekuis - 6yab-sIKa YaCTHHA KOAY, SIKa OTPUMY€E JOCTYIT ab0 3MiHIOE CITiITBHUM pecypc.
* BonHa He MOYXe BUKOHYBATHCh Oi/IbIII, HiXK OZHUM ITPOLI€COM B KOXKeH MOMEHT 4acy.
» Hanpuxiiaz, nmuuieMo Kog, 1ist 6aHKiBChKOTO JOJATKY.

* YacTuHa, fKa e BiJ IOYaTKOBOIO 3YMTYBaHHS JaHUX PAXYHKY [0 BHECEHHS 3MiH Y HbOTO, MOXXe BBa)KaTUCh
KPUTUYHOIO CEKIII€IO.

= (Came nmpu 6AraTornOTOYHOMY BUKOHAHHI KOJy 3 KPUTHYHOI CeKIlil BHHUKA€E TOHKA JAHHUX.

» [oHMTBA TaHUX MOYKe HETATUBHO BIJIMHYTH i Ha Paii/IOBY CUCTEMY.
» Hanpwukmaz, nBa mpouecu OyayTh HaMaraTuch 3MiHUTH (At

» Be3 KOHTPOJIIO 33 IOTIOMOTOI0 CHHXPOHI3a1lii paiiioBa CTPYKTypa MOXKe TOPYIIUTUCH, PpaiiT MOUIKOAUTHCS Ta
BTPAaTUThb CBOIO KOPHUCTH 3 IBOMA NPOLjeCaMH, SIKi B HbOTO 3alIUCYIOTh.



KputnuHi cucremMu )Xurre3ade3nevdyeHHs

» OAMWH 3 HAWUTipIINX BUTAAKIB TPOTPAMHUX IMTOMUJIOK, TIOB SI3aHUX 3 TOHUTBOIO TAHUX, CTAJIO
nmporpamMHe 3abe3rnedyeHHs pafiioTepaneBTUYHUX MAaImnH Therac-25.

» [OHHUTBU JAaHUX CTAJIO JOCTATHBHO, 0O CIPUYUHUTHA CMEPTh MPUHAWMHI TPbOX MALi€HTIB, SIKi JIIKYBaIMCh Y LIl MaLIHHI.

* [OHUTBa JaHUX MOXXe CHPUYUHUTH NIPOTrPaMHI MOMWJIKH, SIK1 Jy)Ke BaXKKO BIICTEXXUTHU Ta
HaJIAaTOJUTH.

» Po3ymiHHsS 6a30BUX MMiIXOAIB 0 CHHXPOHI3allil KPUTUYHO BaXKJIUBeE [IJIsi CTBOPEHHS TOTOKOOE3MeYHUX,
BUCOKOIPOAYKTUBHHUX ITporpaM MoBoro Python.

= Y mopyni threading npucyTHi 6araTo mpUMiTUBIB CHHXPOHI3allil, SIKi ZOTIOMAramTh y 6ararboX KOHKYPEHTHUX CUTYAIlisIX.



Metop join

§ mpor® threading * OG6’exr thread #o3BosIsi€ BigK/IaaTH 3aBepLIEHHS
g e BUKOHAHHS 33/Ia4i 3a IOITOMOTOI0 MeTOAY join().
Adef ourThread(i): = BJIOKye 6aTbKiBCHKHU MOTIK JO TOTO MOMEHTY, TTOKH BiH
5 print("MoTik {} sanyweHo\n".format(i)) He I1iiTBePAUTH 3aBePLIEHHs CBOEI POGOTH.

6 time.sleep(i*2) = HpI/IqHHI/I MOXXYTh OyTH SIK TPUPOAHUMU, TAK i

7 print("MoTik {} sasepuweno\n".format(i)) OB’ SI3aHUMHU 3 BUHUKHEHHSIM HeoOpo06IeHOTro

8 BUKJ/IIOYEHHS.

9def main():

12 thread = threading.Thread(target=ourThread, args=(1,)) = Kle TOTO, 1110 METOJ ]011’1 HaJac ]JlBI/LI[KI/IH CcIiocio
11 thread.start() 3a6e3medeHHs TMOPSIZIKY BUKOHAHHSI KOAY, BiH

12

13 print("Un notik 1 sasepueHo\n") MOKe BiIMiHUTH BCi epeBaru Bij

14 0araTormoTOYHOCTI.

15 thread2 = threading.Thread(target=ourThread, args=(2,))

16 thread2.start() = [Ilo oTprmanu Bij, 6araTornoTOYHOCTI A5
17 thread2.join() thread2?

18

19 print("MoTik 2 To4yHo saBepums poboTy!") * Mu npuesnanu (joined) fioro BlﬂPaBY TIC/IsT BAITYCKY 1
20 3araJiomMm 3a6]IOKYBaJII/I TOJIOBHUU HOTIK ITOKHA threadz He

. . . 3aBepIINTh BUKOHAHHS.
21if __name__ == ' main__

22 main() " bararomoTo4HMi1 AOJATOK TEPETBOPUBCS, $aKTUIHO, B
OJHOTIOTOYHUH ITi/l YaC BUKOHAHHS threadz2.



1import threading
2 import time
3 import random

4

5 counter = 1
6 lock = threading.Lock()

7

8 def workerA():

9
1e
11
12
13
14
15
16
17
18

global counter
lock.acquire()
try:

while counter < 1669:

counter += 1

bnokyBauus (Locks)

* ba30BUM MeXaHi3M JOCTYILY IO
CTIITIBHUX PECYPCiB 3 6araTbox MOTOKIB
BUKOHAHHS.

» Lock - mpumiTuB cuaxpoHnisatii B Python.

» Moxxusi cranu: "locked” a6o "unlocked”,

print("Worker A 36inbwye niyunsHuk go {}".format(counter)) OTPUMATH 6JIOKYBaHHSI MOXKHA B CTaHi

finally:
lock.release()

19 def workerB():

20
21
22
23
24
25
26
27
28

global counter
lock.acquire()
try:
while counter >
counter -=1

-1600:

"unlocked".

print("Worker B 3meHwye nidunbHuk go {}".format(counter))

finally:
lock.release()



36 def main():

broxyBanusa (Locks)

* [Ipy MOYaTKOBOMY 3ayCKy MOTOKIB BOHU 3MaraloThCs

31 t@ = time.time() .

32 threadl = threading.Thread(target=workerA) 3‘?‘ 022l 0u Gl bk e Gl 0 (lOCk)’ H_LO6 12139 LS (s M AS 2 H 1
33 thread2 = threading.Thread(target=workerg) /II9WJIbHHUK /10 1000 a00 IeKpeMEeHTYBaTH JI0 -1000.
34 » 3amok Oyze BigkpuTo (release) TiIbKY TOA, KOIU OfMH 3
35 threadl.start() TIOTOKIB 3aBepILUB CBOIO 3aJady.

36 thread2.start()

37

38 threadl.join()

39 thread2.join()

40

41 t1 = time.time()

42

43 print("4ac BukoHaHHa {}".format(tl-te))

o

45if __name__ == ' main__':

46 main()



1 import threading
2 import time

3

4 class myWorker():
; RLocks
6 def __init_ (self):
7 self.a =1
8 self.b =2
9 self.rlock = threading.RLock() : e o
10 » Reentrant-locks, or RLocks — cunxponizatiiinuii
! de:;:g"ig;(ijg 3{ MPUMITHB, IKUH MTPAITI0OE CXOXKe 0 CTAaHAAPTHOTO
13 print(“Modifying A : RLock Acquired: {}".format(self.rlock. is owned())) 6]'IOKYBaHHH, IMpoTeE MOXXE€ OTPUMYBATHUCH ITIOTOKOM
- print("(}". format (self.rlock)) GaraTo pasiB, KO Leil MOTIK BXKe BOIOJie HUM
15 Szf_’if.a = self.a +1 ) :
ig time.sleep(5) » Hexaii thread-1 orpumye RLock, miynabHUK B MIPUMIiTHUBI
12 def modifyB(self): 30iTBLINTHCS Ha 1 KOXXHOTO pasy, konu thread-1 3HOBY
19 with self.rlock: OTPUMYyBaTUMe LIeU 3aMOK.
20 pr‘intE"Modifying ? : RLock At):?uir‘ed: {1".format(self.rlock. is owned())) . SIxuo thread-a Cl'IpO6YBaB OTpUMaTH RLock. Bin 6Y,ZL€
21 print("{}".format(self.rlock : - g i ’
22 self.b = self.b - 1 o4iKyBaTH, moku miunabHUK Rlock gitize mo Hyns o.
23 time.sleep(5)
24
25 def modifyBoth(self): Y k: (0173% KOPI/ICTB?
26 ith self.rlock: . o
— WIpPiii(fREOEE acquired, modifying A and B") » Hanpuxiaz, npu 6a)kKaHHI MaTH TOTOKOOe3MeuYHUI
28 print("{}".format(self.rlock)) OOCTYII 1O MEeTO4Y B KJIacl, IKUH OTPHUMYE OOCTYII 10
29 self.modifyA() iHIIX METOAIB KJjacy.
30 print("{}".format(self.rlock))
31 self.modifyB()
32 print("{}".format(self.rlock))
33
34

35workerA = mylWorker()
36 workerA.modifyBoth()



Rlock acquired, modifying A and B

<locked thread.RLock object owner=4788 count=1 at @x8888629C11D56CD3>
. Modifying A : RlLock Acquired: True

BI/IBIA HPOPPaMI’I {lq:ucl-:?;d %thr‘ead.Fch'cI-: gl:lject owner=4788 count=2 at @x@8e8829C11D56C03>
<locked thread.RLock object owner=4788 count=1 at @x@888829C11D56CD3:>
Modifying B : RLock Acquired: True

<locked thread.RLock object owner=4788 count=2 at @x@888629C11D56CD3>
<unlocked thread.RLock cbject owner=8 count=08 at @x@880629C11D56CD3:>

» Ha xoyxHOMY Kpoili BuBoguMo ctaH Hatoro Rlock.

» [Ticss itoro orpumants B ¢yHkuii modifyBoth(), BracHUKOM BCTaHOBTIOETHCSI TOJIOBHUM MOTIK, a TIYUIbHUK
301TBIIYETHCS HA 1.

» Komu notim Buknkaetbest modifyA(), mniunnbauk Rlock 3HOBY 36i/1bIyeThCst Ha 1, 2 HEOOXiAHI 06YKCTIEHHS
3IIMCHIOIOTHCS 10 TOTO, IK modifyA() sBinsauTh Rlock.

= Jlo momeHTy 3BinbHeHHSs pyHKIier0 modifyA() o6’exty Rlock crioctepiraemo 3MeHIIeHHsT TiYMTBHUKA Ha 1 TA
HeraifHe 36i/pIIeHHS 10 2 3HOBY B pyHKLii modifyB().

» Hanpukinii, komu 3aBepinye cBoe BukoHanHs modifyB(), Bona s3BinbHsie Rlock, micsist woro Te x po6uTs i
¢yukuist modifyBoth().



YmoBa (Condition)

* CMHXPOHI3ALIMHUU IPUMITHB, IKUH OYIKY€ CUTHAJTY Bij, IHIIOTO IMTOTOKY.
» Hanmpuxiiaz, iHIIMI TOTiK 3aKiHYWB BUKOHAHHS, @ TOTOYHUH MOTIK MOXKe TMPOJOBXXYBaTU POOOTY.
* Haii6inpiu mommpeHn ceHapiii BAKOPUCTAHHS — BUPOOHUK/ CIIOXKUBAY.

» BupoGHUK my0/TiKye MOBiIOM/IEHHSI B Yepry Ta CIOBIIIAE iHIII TOTOKM (CIMOXXKBaYi), 1[0 MOBiZOMIEHHS O4iKYIOTh
Ha CIIO)KMBAHHS B Yep3i.

* CTBOPUMO 2 OKpEMUX KJIaCH, YCTIQAKOBaHi Bif kinacy thread: Publisher ta Subscriber.

* BupoOGHMK BUKOHAE 33/1a4y 3 MyOJIiKallii HOBUX Li/TUX YMCe/ y L[I/IOYHCeTbHUI MaCHB, a TIOTIM CIIOBIiCTUTH
MIANMCHUKIB, II0 iICHY€E HOBE 1i1/Ie YMUCJI0, SIKe MO)XXHa OTPUMATHU 3 MACHUBY.



class Publisher(threading.Thread):

. def __init_ (self, integers, condition):
K-Hac PUbIISher self.conditlon = condition
self.integers = integers
threading.Thread. init (self)

def run(self):
while True:

integer = random.randint(0,1000)
self.condition.acquire()
print("Condition Acquired by Publisher:
self.integers.append(integer)
print("Publisher {} appending to array:
self.condition.notify()
print("Condition Released by Publisher:
self.condition.release()
time.sleep(1)

[1" . format(self.name))
{}".format(self.name, integer))

{1".format(self.name))

» OyHKIig run() 3arajoM BXOAUTh Y HECKIHUEHHU M LIMKJI Ta FTeHePY€E BUIaIKOBI YucIa 3

npoMixkKy Bizg 0 1o 999.

» Jlasi orpuMmyeMo yMoBY (condition), micjist 4oro A0JaEMO 3reHepOBaHe Iiijie YUCA0 B MACUB IiJIUX YHCel.

» Temep croBiCTUMO MiANUCHUKIB, 1110 3’IBUBCSI HOBUM eJlIeMeHT B MacHUBi Ta 3BiJibHAEMO YMOBY (release the

condition).



Kinac Subscriber

def main():
integers = []
condition = threading.Condition()

publ = Publisher(integers, condition)
publ.start()

subl = Subscriber(integers, condition)
sub2 = Subscriber(integers, condition)
subl.start()
sub2.start()

publ.join()
consumerl.join()
consumer?2.join()

if  name ==
main()

' main__ i

class Subscriber(threading.Thread):

def __init_ (self, integers, condition):
self.integers = integers
self.condition = condition
threading.Thread. init (self)

def run(self):
while True:
self.condition.acquire()
print("Condition Acquired by Consumer:
while True:
if self.integers:
integer = self.integers.pop()
print("{} Popped from list by Consumer:
break
print(“"Condition Wait by {}".format(self.name))
self.condition.wait()
print(“Consumer {} Releasing Condition".format(self.name))
self.condition.release()

{+".format(self.name))

{}".format(integer, self.name))

» BuzHavaemMo oJHOTO BUPOOHMKA Ta ZiBa MiAIMMCHUKA.

= 3amyckaeMo BUPOOHMKA Ta MiATMCHUKIB, a TAKOX 3’ €JHyeMO (join) MOTOKH,
100 Tporpama He repepuBaIach 0 TOTO MOMEHTY, SIK TOTOKHU 3MOXKYTh
po3mnoYaTu poOoTy.




Condition Acquired by Publisher: Thread-1
Publisher Thread-l1 appending to array: 108
Condition Released by Publisher: Thread-1
Condition Acquired by Consumer: Thread-2
108 Popped from list by Consumer: Thread-2
Consumer Thread-2 Releasing Condition
Condition Acquired by Consumer: Thread-2
Condition Wait by Thread-2

Condition Acquired by Consumer: Thread-3
Condition Wait by Thread-3

Condition Acquired by Publisher: Thread-1
Publisher Thread-1 appending to array: 563

Pe3y/sibTaTU BUKOHAHHA

» Kot BUpOOHUK OTPUMYE YMOBY, YHCJIO AOITMCYETHCSI B MACHB, A TIOTIM BiZIOyBa€THCS
CMOBILIEHHS 00 YMOBH Ta 11 3BIJIbHEHHSI.

» K TibKM yMOBa Oy/ia BUTOJIOIIEHA, TOYMHAETHCSI OOPOTHOA MiX MMiAITMCHUKAMH 34 Hel.

» Ko XTOCh 3 HUX ITepeMarae, BiH mpocTo BuiMae ("pop«) 1ie Y1Mcio 3 MacHUBY.



Cemadopu

* MarTp BHYTPILIHIN TIYUIBHUK, IKUHA IHKPEMEHTYETHCS YU JeKPEMEeHTYEThCS, SIK TUIBKU
3[1iliCHEHO BUKJ/IMK HAa OTPUMAHHS a00 3Bi/IbHEHHS 3aMKa.

* [Ipwu iHinjanizanil 3Ha4YeHHS JTIYUIBHUKA 33 3aMOBYYBaHHSIM JOPIBHIOE 1.

= Cemadop He MOXKHA OTPHUMaATH, SIKILO JTiYHIbHUK Oy/ie Bil eMHUM.

» Hexaii 610K Koy 3axuilleHUi ceMapOopoM i3 3HAUEHHSIM JTIYMIbHUKA 2.
» JKIo oguH NMOTiK oTpUMye ceMadop, 3HAYEHHST OTO TIYM/IbHUKA 3MEHILIYETHCS Ha 1.
» JKimo iHmMi ToTiK oTpuMye ceMadop, TIYMIBPHUK Ha0yze 3HAaYeHHS O.

» Temnep, sxiio cemadop Oyze BigXuasaTH 3BepHEHHS] HA OTPUMAHHS BiJl iHIIMX MTOTOKIB, TOKW OAWH 3 TTOYaTKOBUX
MIOTOKIB He BUK/IN4Ye MeTo/, release() Ta munabHUK He Gyze 36i/1bIIeHO Ha 1.

* CTBOPUMO MPOCTY MPOrpamy AJisl MPOJAKY KBUTKIB.

» [lepenbOaveHO 4 OKpeMUX TOTOKH, KOXKEH 3 IKUX HAMATa€ThCSI MIPOJIATH SIKOMOTA OiJibllle KBUTKIB 3 BU3HAY€HO1
KIJIBKOCTI.



Knac TicketSeller

1 import threading
2 import time

g mPort randon * Cnoy4aTKy HalmuueMo Kjac
5class TicketSeller(threading.Thread): TlcketSeller, AKUU MICTUTHUME
g icketssold = © BHYTPIIIHIA TIYMTBHUK KiJTBKOCTi
8 def __init_ (self, semaphore): HpO,H,aHI/IX KBUTKIB.
9 threading.Thread.__init__ (self); L .
10 self.sem = semaphore = YKOHCTPYKTOPI 1H1II1a/113Y€EMO ITIOTIK Ta
11 print("MpoaaBeub KBUTKiB no4as poboTy") ITIOCHUJIAHHS Ha ceMac])op.
12
13 def run(self): » YV ¢yskuii run() Hamaraemoch
14 global ticketsAvailable OTpUMAaTH Heu ceMac])op.
15 running = True . . .
16 while running: - HKH_[O KUJIBKICTDb KBHUTKI1B JJI51 npoaaxcy
17 self.randomDelay() IMepeBuIIye€ O, 10AA€MO 1 10 KIUTBKOCT1
18 Lf re() npojaHuX KBUTKIB ticketSeller Ta
19 self.sem.acquire . .
o Lf(ticketoAvailable <= 0): 3MmeHIyemo ticketsAvailable Ha 1.
21 running = False
- else: , » [Ticsis iboro 3BiTbHAEMO ceMadop
23 self.ticketsSold = self.ticketsSold + 1
24 ticketsAvailable = ticketsAvailable - 1 Td BUBOJHMUMO ITporpec pO6OTI/I-
25 print(”{} MNpogavo keutok ({} 3anvumunock)".format(self.getName(), ticketsAvailable))
26 self.sem.release()
27 print("Mpoaaseub kBUTKiB {} npogas 3aranom {} kBuTKiB".format(self.getName(),
28 self.ticketsSold))
29
30 def randomDelay(self):
time.sleep(random.randint(9,4)/4)

31



Moaeil0EMO po60TY NpPOAABILIB

Thread-2
Thread-3
Thread-4
Thread-4

Thread-4

semaphore = threading.Semaphore()

ticketsAvailable = 200

sellers = []

for 1 in range(4):
seller = TicketSeller(semaphore)
seller.start()
sellers.append(seller)

for seller in sellers:

seller.join()
1

= SIKi0 BUZATUTH BBeleHe OIOKYBAHHS MIOTOKY
(3akomenTyBatH self.randomDelay y dynxkiiii run()),
IIPH 3aITyCKY IMPOTPaMM MOTiK, IKHUU ITePIIM OTPUMAE
cemadop, CKopilire 3a Bce, TPOJACTh YCi KBUTKHU.

» [loTik, sxuii nepurum 3100yzae ceMadop, MOXKe PO3NPOAATH
KBUTKH 0 TOTO MOMEHTY, ITOKH 3alTUTU Ha ceMadop BUKOHAIOTh
1HII1 TTOTOKMU.

Thread-4
Thread-4
Thread-3
Thread-5
Thread-2
Thread-3
Thread-4
Thread-2
Thread-5
Thread-5
Thread-4
Thread-2
Thread-2
Thread-2
Thread-3
Thread-5
Thread-5
Thread-4

MpopaHo
MpogaHo
lNpogaHo
lNpopaHo
MpopaHo
MpogaHo
[NpogaHo
MpopaHo
MpogaHo
lNpogaHo
lNpopaHo
MpopaHo
MpogaHo
[NpogaHo
MpopaHo
MpogaHo
lNpogaHo
lNpopaHo
MpopaHo
MpogaHo
MNpogaHo
MpopaHo
MpogaHo

KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK
KEWTOK

(22
(21
(20
(19
(18
(17
(16
(15
(14
(13
(12
(11
(10
(9
(8
(7
(6
(5
(4
(3
(2
(1
(@

Nponaeeus kBUMTK1E Thread-3
Mponaeeuk KEWTK1E Thread-2
Mpopaeeubs KBUTK1B Thread-4

Ed

3aNMIWLKNOCE )
3aNWWKWNOCh )
3aNUWKNOCh )
JanuWUNoch)
3aNMIWLKNOCE )
3aNMUWKNOCh )
3aMMWNNOCh )
3aNMIWLKNOCE )
3aNWWKWNOCh )
3aNUWKNOCh )
JanuWUNoch)
3aNMIWLKNOCE )
3anWWKNoOCh )
3anuumMnock )
3aNMIIMNOCk )
3anMuMnock)
3anMuMNock )
3anMWMNoCk )
3aNMIIMNOCk )
3anuuMnock)
3anMuMNock )
3aNUIIKMNOCE )
3anMIMNOCk )
npoaae 3aranom 43 KBUTKIEB
npofae 3aranom 50 KBUTKI1B
npopae saranom 51 KBMTKIB

0 ‘o TI o - .




[Ipukpinieni cemadopu (Bounded semaphores)

» [IpukpinsieHu ceMadop nepeBipsi€, YU NOTOYHE 3HAYEHHS JIIYUJIbHUKA He TIePEBUIIYE MOTO
I0YaTKOBe 3HAYEHHS.

» {Kio nepeBUIyE, BUKUAAETbCA BUHATOK ValueError.

= 3a3Bu4yal ceMadpopU BUKOPUCTOBYIOThCS JJIs 30a/IlaHCYBAaHHSA BUKOPUCTAHHSI 0OMEXEHHUX pecypcCiB.

» ko ceMadop 3BIJIBHAETHCA HAATO 6araTo pasiB, Ije 3HaK 1[040 HassBHOCTI 6ara.
L HKH_[O 3HA9Y€HHA HE 3a/Jld€ETbCA, 3d YMOBYaHHAM BOHaA piBHe 1.

» [IpukpinsieHi cemadopu 3a3BUYald MOKHA MMOOAYUTHU y peaJli3aljisix Be0-cepBepa UM 6a3u JJaHUX 3 METOI0 3aXUCTY
BiJ| BUYepIIaHHA pecypcy y BUIMIAJKy OJHOYACHOI'O HAIJIMBY KJIIEHTIB JJ1 MiK/I0YEeHHA abo JesKol iHIol Ail.

» 3araJioM BUKOPHCTAHHSA NPUKPIMJIEHUX ceMaOopiB 3aMiCTh 3BUYaWHHUX € KPalllO0 i[J€€I0.

* Axuio 3aMiHMTH BiANOBIAHMM KoA y npUKaaji 3 Semaphore Ha threading.BoundedSemaphore(4) ta
nepe3anyCcTUTH Nporpamy, OTPUMAEMO MPAKTUYHO TAKY X MOBEe[iHKY, 32 BUHSITKOM 3axHILEeHOCTi BiJ Ay»Ke
INPOCTUX TOMHUJIOK MpOrpaMyBaHHs, SIKi iHaKIlIe MOXYTb 3aJIUIIUTUCh HEOOPOOJIEHUMH.



[Ioxii (Events)

= 3a IONIOMOT 0K MO/ OJJMH MOTIK 3a3BUYaM Oy/le CUTHaAJi3yBaTH PO HACTAaHHA MOJil, a iHIIHUHK
— aKTUBHO NPOCJYXOBYBAaTUMeE 1€ CUTHaJI.
= Event-moJil B CBOIKM OCHOBI MalOTh OyJIEBUU Mparnopelb.
" YV moTokKax M0O>KeMO MOCTiMHO ONMMUTYBATH 1LI€U 00’ EKT-MOAII0 11010 KOr0 CTaHY.

= JloTiM 0OMpA€ETHC peakKliis Ha 3MiHY CTaHY LIbOI'0 Npanopl.

= Mosa Python He Ma€ pea/lbHMX HATUBHUX MeXaHi3MiB /IJi1 «BOUBCTBa» IOTOKIB.

» [IpoTe 3a fomOMOro0 06’€KTIB-MO/iM NOTOKU MOXYTh MPALIOBATH JIMIIEe CTIJIbKK 4acy, CKiJIbKU 00’ EKT-NIO/iA
Oy/e 3a/MIlIaTHUCh HeEBU3HAYEeHOO (unset).

* YV cucrtemax 3 goctynHuM curHasioMm SIGKILL 1ie He Tak BaXJIMBO, IPOTE KOPUCHO B JIEIKUX BUIAJIKaX, KOJIU
NOTPiIOHO 00EPEKHO NPUNIMHUTU POOOTY, YEKAUYH, TIOKHU MOTIK 3aKiIHYUTh NPUTOTYBAHHS [0 3yITUHKU.



Event-00’eKT BoJioAi€ 4 nyo/IiYHUMHU PYHKIIAMH, SIKi MOXKYTh
MOro 3MiHIOBAaTH Ta BUKOPHUCTOBYBAaTH

1 import threading a iSS . :
> import time isSet(): nepeBipsi€, YU BU3HAYEHO

3 O/110
Adef myThread(myEvent):

5 while not myEvent.is_set(): " set(): BU3HAYaE MOAII0

6 print("Waiting for Event to be set") : _

7 time.sleep(1) » clear(): «ckuaye» 00’ EKT-TIO/iI0

8 print("myEvent has been set") .

9 » wait(): 6JI0KyE po6OTY, IOKU
10def main(): BHYTPIlLIHIN Ipanopenb oyae

11 myEvent = threading.Event() MaTHU 3HAYEHHA true
12 threadl = threading.Thread(target=myThread, args=(myEvent,))

13 threadl.start()

14  time.sleep(10)

15 myEvent.set()

16

17if __name__ == ' main_ ':

18 main()



bap’epu

1 import threading
2 import time

3 import random » CHHXpOHI3aliWHI IPUMITHUBH, ITIPEeACTABJIEHI]
4 . .

5class myThread(threading.Thread): B Pyt,hon 3’ AKI1 BI/IplLHYIOT.b np.O6'HeMY’ o

6 PO3B A3YETbCA BEJIMKOK KIVIBKICTIO YMOB Ta
7 def __init__ (self, barrier): .

8 threading.Thread. init__ (self) CeMaCbOplB.

13 self.barrier = barrier; * Bap’epu BCTAHOBJIIOIOTH KOHTPOJIbHI TOYKH JIJIst
11 def run(self): I'pyn MOTOKIB, IKi MOXYTh MpaIl0BaTH JIHILE 10
12 print("Thread {} working on something”.format(threading.current_thread())) JOCATHEHHA IUX TOYOK.

13 time.sleep(random.randint(1,10))

14 print("Thread {} is joining {} waiting on Barrier”.format( . .

15 threading.current_thread(), self.barrier.n_waiting)) BHKOpI/ICTaEMO 6ap EpHU OJId 6JIOKYBaHHH

. self.barrier.wait() pPOGOTH MOTOKIB JI0 MOMEHTY JIOCSTHEHHS
18 print(“Barrier has been lifted, continuing with work™) BCiMa MOTOKaAMHU ,Z[eHKO.l. TOYKH BUKOHJAHHA.
19

20

21 barrier = threading.Barrier(4)

22

23 threads = []

24

25for i in range(4):

26  thread = myThread(barrier)
27 thread.start()

28 threads.append(thread)

29|

230 for t in threads:

31 t.join()



BusBijg nporpamMmu

Thread <myThread(Thread-2, started 2600)> working on something

Thread <myThread(Thread-3, started 16420)> working on something

Thread <myThread(Thread-4, started 14600)> working on something

Thread <myThread(Thread-5, started 8668)> working on something

Thread <myThread(Thread-4, started 14600)> i1s joining © waiting on Barrier
Thread <myThread(Thread-5, started 8068)> is joining 1 waiting on Barrier
Thread <myThread(Thread-2, started 2600)> is joining 2 waiting on Barrier
Thread <myThread(Thread-3, started 16420)> is joining 3 waiting on Barrier
»» »Barrier has been lifted, continuing with work

Barrier has been lifted, continuing with work
Barrier has been lifted, continuing with work
Barrier has been lifted, continuing with work

= Hamnii 4 nOoTOKU BUBOASITh MOBiOMJIEHHS, 1110 YMUMOCH 3aMHSTI, @ NOTIM OAMH 3a OAHHUM
BUIIa[IKOBUM YMHOM 3allyCKalTh O4YiKyBaHHsS 00 eKTa-06ap’epa.

* {K TiZIbKM 41 NOTIK NOYMHAE OYiKyBaHHS, IpOorpaMa Mame MUTTEBO 3aBEPIIYETHCS, OCKIJIbBKU BCi 4 TOTOKHU
Oy o 6ap’epy.



NAKYIO 3A YBATY!

HactynHe nutaHHA: EK3eKyTOpM Ta MYJU IOTOKIB
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