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[MTapannenbHble BbIYUCTIEHUA
MHoOronoTo4yHoe nporpammmpoBaHue

Co3sbikuH AHapen Bnagnmmnposuy

K.T.H.
3aBeaywowmi kacdeapon BbICOKONPON3BOANTENBHbBIX KOMMNBIOTEPHbLIX TEXHOMNOMMN
NHCTUTYT MateMaTmkm U KOMMNbIOTEPHbIX HaYK



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

MHoronoto4yHoe nporpaMmmmpoBaHue

BbluncnutenbHble CUCTEMbI C 0bLen CPUD ‘ CPU1

NaMATbIO:
« Hyper-Threading ! i

« MHorogpepHble npoueccopbl t
« MHoronpoueccopHble Memory
KOMMbIOTEPDI

MHorosagayHas onepaumoHHasa cucrtema:
« OAHOBpPEMEHHO BbIMOJIHAETCS MHOIO nporpamMmm
(NpUNOXXEHUN U CUCTEMHBIX)

[Tpouecc:
« abcTpakuuss onepaumoHHOM CUCTeMe, No3BoJiftoWas
nporpamMme pabotaTb Tak, 6yATO OHa BbINOMHAETCS Ha
KOoMMbloTEpe 04Ha



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

Mpoueccbl U NOTOKU

[lpouecc — MexaHn3M BblaeNleHUs pecypcoB
« [MamaTtb, pavnbl 1 T.0.
 Kak MMHMMYM OAMH MNOTOK

[ToTOK:
« Habop BbINONHAEMbIX KOMaHA
« Pecypchbl y noTokoB obuue

Process 1 Process 1 Process 1 Process

V] |

User
space

Thread Thread

Kernel
space { Kernel Kernel

(a) (b)
TaHeHbaym. OnepauyMoHHbIE CUCTEMDI



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

3ayeM HYXHbl HECKOJIbKO MOTOKOB?

OaHoBpeMeHHas paboTa HEe3aBUCUMBbIX 3a4au
(MHOro3aaa4yHocCTb)

YBennyeHne nponsBoamnTeENbHOCTU NMPOrpaMMsbl
YBennyeHmne nponyckHOM CrocobHOCTH

OT3bIBYUMBOCTb rpadmnyeckoro nHTepdenca



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

MHCTPYMEHTDI
OnepaunoHHble CUCTEMBI:
« Pthreads (Linux, OS X), Windows threads

bnbnmnoteku:
« Boost.threads, Intel Parallel Building Blocks

A3bIKWU MPOrpaMMmMpPOBaHNSA:
« Java, C#, C++11, Python



YpanbckuAd
hepgepasibHbIA MHoronoTo4Ho€e nporpammmpoBaHue Co3bikuH A.B.

YHUBEpCUTeT

MHoronotoyHoe nporpaMmmumpoBaHue Ha Java

Maurice Herlihy. Nir Shavit. The Art of Multiprocessor
Programming, Revised Reprint

Bruce Eckel. Thinking in Java (4th Edition)

The Java™ Tutorials. Concurrency
« http://docs.oracle.com/javase/tutorial/essential/concurrency/

THE ART
of
MULTIPROCESSOR
PROGRAMMING

DL SUPPLEMENTS AT WWW.MINDVIEW.NET

Maurice Herlihy ¢ Nir Shavit



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpCUTeT

NMoToKM B Java

[MoTokn B Java — knacc java.lang.Thread



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpCUTeT

NMoToKM B Java

[MoTokn B Java — knacc java.lang.Thread
public class MyThread extends Thread {

public void run() {
System.out.println(" Hello World ");
// do something ...

¥

public static void main ( String [] args ) {
MyThread t = new MyThread ();
t.start();

¥



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

java.lang.Thread

MeToabl Kfacca java.lang.Thread:
« run() - OnpenenseT, 4To 6yAeT AenaTb NOTOK
. start() - 3anyckaet HOBbI/ noTok, KOTOpbIi BbIMOAHSET
mMeTon run()
Ecnun BmecTo start() BbizBaTb run():
* HOBbIW MOTOK He 6byaeT co3aaH
« MeToA run() BbINO/IHUTCA B TEKYLLEM MOTOKE



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpCUTeT

UHTepdenc Runnable

public class HelloRunnable implements Runnable {

public void run() {
System.out.println("Hello from a thread!");

¥

public static void main(String args[]) {
HelloRunnable hr = new HelloRunnable();
Thread t = new Thread(hr);
t.start();

10



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

UHTepdenc Runnable

public class Main implements Runnable {
private int id;
public Main(int id){
this.id = id;
}
public void run() {
for (int 1 = 0; 1 < 10; i++)
System.out.println("Hello from thread # " + id);
}
public static void main(String[] args) {
Main ml = new Main(1);
Main m2 = new Main(2);
Thread t1l = new Thread(ml);
Thread t2 = new Thread(m2);
t2.start();
tl.start();

11



Ypanbckui
thenepasibHbIA
YHUBepcUuTeT

MHoronoto4Hoe nporpamMmmmpoBaHune

Co3bikuH A.B.

Pe3ynbTaTtbhl 3anyCKOB

Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2

Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 2
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1

Hello from thread # 2
Hello from thread # 2
Hello from thread # 1
Hello from thread # 2
Hello from thread # 1
Hello from thread # 2
Hello from thread # 1
Hello from thread # 2
Hello from thread # 1
Hello from thread # 2
Hello from thread # 1
Hello from thread # 2
Hello from thread # 1
Hello from thread # 2
Hello from thread # 1
Hello from thread # 2
Hello from thread # 1
Hello from thread # 1
Hello from thread # 1
Hello from thread # 2



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

HepnetepMUHNPOBAHHOCTbL

OAHO M3  HENPUATHbIX  CBOMCTB  MHOIOMOTOYHbLIX WU
napannenbHbIX NporpaMm

Bo3MOXXHO 60/blOE KOJIMYECTBO BapWaHTOB BbIMOJIHEHUS
NporpamMMmbi

« Tpacca - oAWH M3 BapUaHTOB BbIMOSIHEHUSA MOTOKOB B
nporpamMmme



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

HepnetepMUHNPOBAHHOCTbL

OAHO M3  HENPUATHbIX  CBOMCTB  MHOIOMOTOYHbLIX WU
napannenbHbIX NporpaMm

Bo3MOXXHO 60/blOE KOJIMYECTBO BapWaHTOB BbIMOJIHEHUS
NporpamMMmbi

« Tpacca - oAWH M3 BapUaHTOB BbIMOSIHEHUSA MOTOKOB B
nporpamMmme

[Touemy Tak npoucxoauT?



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

HepnetepMUHNPOBAHHOCTbL

OAHO M3  HENPUATHbIX  CBOMCTB  MHOIOMOTOYHbLIX WU
napannenbHbIX NporpaMm

Bo3MOXXHO 60/blOE KOJIMYECTBO BapWaHTOB BbIMOJIHEHUS
NporpamMMmbi

« Tpacca - oAWH M3 BapUaHTOB BbIMOSIHEHUSA MOTOKOB B
nporpamMmme

[Touemy Tak npoucxoauT?

MoXeT N1 NporpaMMUCT 3a4aBaTb, Kakasi MMeHHO Tpacca byaet
BbIMO/THATLCA?



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

HepnetepMUHNPOBAHHOCTbL

OAHO M3  HENPUATHbIX  CBOMCTB  MHOIOMOTOYHbLIX WU
napannenbHbIX NporpaMm

Bo3MOXXHO 60/blOE KOJIMYECTBO BapWaHTOB BbIMOJIHEHUS
NporpamMMmbi

« Tpacca - oAWH M3 BapUaHTOB BbIMOSIHEHUSA MOTOKOB B
nporpamMmme

MHOronoTO4YHbIE NPOrpaMMbl C/IOXXHO OTNa>XXMUBaTb
HeBO3MOXHO TeCTUpoBaTb TPaAULMOHHbLIMKU CpeaACTBaMu



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

BaHK

public class Bank {
private Map <String , Account > accounts ;

public Bank () {
accounts = new HashMap <String , Account >();

¥

public void addAccount ( Account account ) {
accounts.put(account.getId(), account );

¥

public Account getAccount( String id) {
return accounts.get(id );

}

17



Ypanbckui
thenepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

BaHKOBCKUM cueT

public class Account {
private String id;
private int balance ;

public Account(String id, int balance) {
this.id = id;
this.balance = balance;

}

public String getId() {
return id;

}

public int getBalance() {
return balance ;

}

public void post( int value ) {
balance += value ;

}

18



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

KnueHT 0aHKa

public class Client extends Thread {
private int id;
private Bank bank ;
private BufferedReader in;
private PrintStream out ;

public Client (int id, Bank bank, BufferedReader in, PrintStream out) {
// Initialization

}

public void run () {
// Next slide

}

public static void main ( String [] args ) {
Bank bank = new Bank();
bank.addAccount( new Account("Accool", 100));
BufferedReader in = new BufferedReader(
new InputStreamReader( System.in ));
Client client = new Client (@, bank , in , System.out);
client.start();



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpPCUTET

KnuneHT 6aHKa, meToa run

public void run () {
while ( true ) {
try {
out.print(" Account Id: ");
String accountId = in.readlLine();
Account account = bank.getAccount( accountId );

if ( account == null )
throw new Exception (" Account not found !");
else
out.println (" Balance : " + account.getBalance());
out.print (" Enter amount : ");

int value = Integer.parselnt (in.readlLine());
if (account.getBalance () + value >= 0) {
account.post(value);
out.println("” Balance :
} else
throw new Exception (" Not enough money !");
} catch ( Exception e) {

out.println(" Error ! " + e. getMessage ());

+ account.getBalance());

20



Ypanbckui

(hefepasibHbINA MHoronoTo4Hoe nporpamMmMmMpoBaHme
YHMBEpCUTET

Co3bikuH A.B.

3anyck nocnegoBaTesibHOW Bepcum

Account Id: Acco00

Error ! Account not found !
Account Id: Accool

Balance : 100

Enter amount : -90

Balance : 10

Account Id: Acceol

Balance : 10

Enter amount : -90

Error | Not enough money !

21



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

[MapannenbHbIN 3anNyCK KIUEHTOB

public static void main(String[] args ) throws IOException {

int numClients = 2;

Bank bank = new Bank();

bank.addAccount(new Account("Accool", 100));

Client[] clients = new Client[numClients];

for (int 1 =0; i< numClients ; 1 ++) {
File inFile = new File ("input” + (i +1));
BufferedReader in = new BufferedReader(

new InputStreamReader(new FileInputStream(inFile)));

clients[i] = new Client (i+1, bank, in, System.out );
clients[i].start();

22



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme

YHUBEpPCUTET

Co3bikuH A.B.

BxoaHble gaHHbIe

cat inputl
Accoo1l
-90

cat input2
Accol
-90

23



Ypanbckui

thenepasibHbIA

YHUBEpPCUTET

MHoronoto4Hoe nporpamMmmmpoBaHune

Co3bikuH A.B.

Pe3ynbTaTtbhl 3anyCKOB

[1]
[2]
[2]
[2]
[2]
[1]
[1]
[1]

[1]
[2]
[1]
[1]
[2]
[2]
[1]
[2]

Account Id: Acceol
Account Id: Acceol
Balance: 100

Enter amount: -90
Balance: 190
Balance: 190

Enter amount: -90

Error! Not enough money!

Account Id: Accool
Account Id: Accool
Balance: 100

Enter amount: -90
Balance: 100

Enter amount: -90
Balance: 10
Balance: -80

[1]
[2]
[2]
[2]
[1]
[1]
[1]
[2]

[1] Account Id: Accoel

[1] Balance: 100

[2] Account Id: Acceel

[1] Enter amount: -90

[2]

[2] Enter amount: -90

[1] Balance: 10

[2]
Account Id: Accool [1] Account Id: Acceel
Account Id: Accool [1] Balance: 100
Balance: 100 [1] Enter amount: -90
Enter amount: -90 [2] Account Id: Accoel
Balance: 100 [2] Balance: 100
Enter amount: -90 [2] Enter amount: -90
Balance: -80 [2] Balance: 10

Balance: -80 [1] Balance: 10

24



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme

Co3bikuH A.B.
yHuBepcuTeT

YcnoBus roHok (race conditions)

HekoppekTHOe noBeAeHWe MporpaMMbl MpU OAHOBPEMEHHOMN
paboTe HECKOMbKMX MOTOKOB C O6LWMMN AaHHbIMU

YcnoBmnsa BO3HMKHOBEHUSI FOHOK
 HeckonbKo NOTOKOB MOAUDUMUNPYIOT 06LmMe AaHHble



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBEpCUTET

Co3bikuH A.B.

Moyemy BO3HMKAIOT Npob6nembl

MeTon:

public void post (int value ) {
balance += value;

}

KaK 3TO BbINO/IHAETCA:
« balance 3arpyxaetcsa B perucrp
« value 3arpyxaeTcs B perucTp
* BbINOJIHAETCS CNOXEHUE
* pe3ysbTaT 3anmcbiBaeTcs B balance



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBEpCUTET

Co3bikuH A.B.

Moyemy BO3HMKAIOT Npob6nembl

MeTon:

public void post (int value ) {
balance += value;

}

KaK 3TO BbINO/IHAETCA:
« balance 3arpyxaetcsa B perucrp
« value 3arpyxaeTcs B perucTp
* BbIMOJIHAETCS C/I0XKeHne
Uto 6yneT, ecnv 3aecb NOTOK npepBeTca?
e pe3ysibTaT 3anucbiBaeTcs B balance



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

CuvHXpOoHU3auun

Be3onacHbIn AOCTYMN K AQHHbIM:
* YCTpaHeHWne roHokK

KoopanHaunsa oencTtBun Mexzay noToKkamu:
* YcnoBHasa CUMHXpoOHM3aum4a (cnegyrowas nekuymsa)

28



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

B3anmHoe ucknroyeHue (Mutual Exclusion)

Kputnyeckaa cekuus:
« YacTb KoAa, rae BbIMOJIHAKTCA NOTeHUMANIbHO ONacHble

nencrens ¢ ob6WwWMMmM AaHHbIMU

HeO6XO,£I,MMO, YTOOBbI KPUtTn4yeckasd cekums BbiMNMOJTHATACb TOJ1IbKO

OAHWM MNMOTOKOM:
« B KaXablh MOMEHT BpPEMEHW B KPUTUUYECKOUN CeKuuu

TOJIbKO OANH MNMOTOK
« OcTanbHble MNOTOKMU XKAYT 3aBepueHnyd BbINMOJIHEHUA

KPUTUYECKOMN CeKLnmn



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

MoHuTOpbLI B Java

CaMbI NpoCTON Ccrnocob peanmsaunm B3aMMHOI0 NCKITHOYEHUS

MOHUTOpP BKJ/IKOYAET:
« Ob6bekT
 MexaHun3Mbl 610KMPOBKU A/151 B3AUMHOIM0 UCKJTIOYEHNS
« MexaHn3Mbl YCITOBHOW CUHXPOHMU3aL NN

KntouyeBoe CnoBo:
e synchronized
« pobaBnsieTcs K MeToaam
*  MNCNonb3yeTcsa ¢ obbekTamMm



\

YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme

YHUBEpCUTeT

Co3bikuH A.B.

MoHuTOpbLI B Java

synchronized public int getBalance () {
return balance ;

}

synchronized public void post (int value ) {
balance += value ;

}

31



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

MeTtoa synchronized

synchronized public int getBalance () {
return balance ;

}

synchronized public void post (int value ) {
balance += value ;

}

Bce synchronized meTtoabl knacca - OJHA KpuTnyeckas cekuus

32



Ypanbckui

thenepasibHbIA

YHUBEpPCUTET

MHoronoto4Hoe nporpamMmmmpoBaHune

Co3bikuH A.B.

Pe3ynbTaTtbhl 3anyCKOB

[1]
[2]
[2]
[2]
[2]
[1]
[1]
[1]

[1]
[2]
[1]
[1]
[2]
[2]
[1]
[2]

Account Id: Accool
Account Id: Accool

[1]
[1]

Account Id: Accool
Balance: 100

Balance: 100
Enter amount: -90
Balance: 190
Balance: 190

Enter amount: -90

Error! Not enough money!

Account Id: Acceel [1]
Account Id: Acceel [2]

Balance: 100 [2]
Enter amount: -90 [2]
Balance: 100 [1]
Enter amount: -90 [1]
Balance: 10 [1]
Balance: -80 [2]

[2] Account Id: Acceel

[1] Enter amount:

[2]

[2] Enter amount:

-90

-90

[1] Balance: 10

[2]

Account Id:

Accoo1l

Account Id: Accoo1l

Balance: 100

Enter amount:

Balance: 100

Enter amount:

-80
-80

Balance:
Balance:

-90

-90

33



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpCUTeT

Bbnok synchronized

out.println ("[" + id + "] Balance : " + account.getBalance());
out.println ("[" + id + "] Enter amount : ");

int value = Integer.parselnt(in.readLine());

synchronized ( account ) {
if ( account.getBalance () + value »>= 0) {
account.post( value );
out.println ("[" + id + "] Balance :
+ account . getBalance ());
} else {
throw new Exception ("Not enough money !");

}

34



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

Pe3ynbTaTtbhl 3anyCKOB

[1] Account Id: Accool [1] Account Id: Accoel
[2] Account Id: Acceel [1] Balance: 100

[2] Balance: 100 [2] Account Id: Acceel
[2] Enter amount: -90 [1] Enter amount: -90
[2] Balance: 10 [2]

[1] Balance: 10 [2] Enter amount: -90
[1] Enter amount: -90 [1] Balance: 10

[1] Error! Not enough money! [2]



Ypanbckui

thenepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpPCUTET

Bbnok synchronized

synchronized ( account ) {
out.println ("[" + id + "] Balance : "
+ account.getBalance());
out.println ("[" + id + "] Enter amount : ");

int value = Integer.parselnt(in.readlLine());

if ( account.getBalance () + value »>= 0) {
account.post( value );
out.println ("[" + id + "] Balance : "
+ account . getBalance ());
} else {

throw new Exception ("Not enough money !");

}

36



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBEpCUTET

Co3bikuH A.B.

Pe3ynbTaTtbhl 3anyCKOB

[1] Account Id: Acceel

[2] Account Id: Acceel

[2] Balance: 100

[2] Enter amount: -90

[2] Balance: 10

[1] Balance: 10

[1] Enter amount: -90

[1] Error! Not enough money!

37



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBepcuTer

Co3bikuH A.B.

MoHuTOpbLI B Java

O6baBMM BCe MeToAabl synchronized?

38



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

MoHuTOpbLI B Java

O6baBMM BCe MeToAabl synchronized?
CUHXpOHM3auunsa TpebyeT BbICOKUX HaKNaAHbIX pacxoaoB

Brokn wn cekuumnm synchronized A[0MKHbI ObITb KakK MOXHO
MeHblLUEe

* Haye MHOronoTo4yHoOe BbINOJIHEHUE TMpeBpallaeTcd B
nocneaoBaTeE/IbHOE



Ypanbckui
thenepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpPCUTET

baHK. [NepeBoa oeHer

public void transfer(Account from, Account to, int value)
throws Exception {
if ( value <= 0) {
throw new Exception (" Amount must be positive !");
}
if (from.getBalance () < value ) {
throw new Exception ("Not enough money !");
} else {
from.post(-value);
to.post(value);

¥

40



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

baHK. lNepeBopn oeHer ¢ CUHXPOHU3aUmnen

public void transfer(Account from, Account to, int value)
throws Exception {
if ( value <= 0) {
throw new Exception ("Amount must be positive!");
}
synchronized ( from ) {
if (from.getBalance () < value ) {
throw new Exception ("Not enough money!");
} else {
from.post(-value);
}
synchronized (to) {
to.post(value);

}
¥

41



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme

YHUBEpPCUTET

Co3bikuH A.B.

BxoaHble gaHHbIe

cat inputl
Accoo1l
Acco02

10

cat input2
Acc02
Accool

20
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Ypanbckui

thenepasibHbIA

YHUBEpPCUTET

MHoronoto4Hoe nporpamMmmmpoBaHune

Co3bikuH A.B.

Pe3ynbTtaThbl 3anycka

[2]
[2]
[2]
[2]
[1]
[1]
[1]
[1]

From Account Id: Acc002
From Account Id: Acco01l
Enter transfer amount: 20
Balance: 80

From Account Id: Acco01l
From Account Id: Acc002
Enter transfer amount: 10
Balance: 110

[1]
[1]
[1]
[1]
[2]
[2]
[2]
[2]

From Account Id: Acco01l
From Account Id: Acc002
Enter transfer amount: 10
Balance: 90

From Account Id: Acc002
From Account Id: Acco01l
Enter transfer amount: 20
Balance: 90



Ypanbckui
thenepasibHbIA
YHUBepcUuTeT

MHoronoto4Hoe nporpamMmmmpoBaHune

Co3bikuH A.B.

Pe3ynbTtaThbl 3anycka

[2]
[2]
[2]
[2]
[1]
[1]
[1]
[1]

From Account Id: Acc002 [1]
From Account Id: Accoel [1]
Enter transfer amount: 20 [1]
Balance: 80 [1]
From Account Id: Accoel [2]
From Account Id: Acc002 [2]
Enter transfer amount: 10 [2]
Balance: 110 [2]

[1]
[1]
[1]
[2]
[2]
[2]

From Account Id: Acco01l
From Account Id: Acc002
Enter transfer amount: 10
Balance: 90

From Account Id: Acc002
From Account Id: Acco01l
Enter transfer amount: 20
Balance: 90

From Account Id: Acco01l
From Account Id: Acc002
Enter transfer amount: 10
From Account Id: Acc002
From Account Id: Acco01l
Enter transfer amount: 20
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Co3bikuH A.B.

MHoronoTo4Hoe nporpamMmmmpoBaHune

(eaepasbHbl
yHUBEpCuTeT

Ypanbcku

3

B3anmobnokupoBka (deadlock)
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YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

Kak nsbexartb B3auMOOIOKUPOBKMU

3axBaTbiBaTb TO/IbKO OAHY 6/10KMPOBKY
3axBaTbiBaTb 6/TOKUPOBKN B OZJHOM MOpsiaKe

[o6poBonbHO 0cBO6OXAATb 3axBayeHHYH 610KUPOBKY (rnocne
TanMayTa)



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBEpCUTET

Co3bikuH A.B.

YnopsgoumBaHme GOKUPOBOK

int fromHash = System.identityHashCode(from);
int toHash = System.identityHashCode(to);

if ( fromHash < toHash ) {
synchronized (from) {
synchronized (to) {
doTransfer (from, to, value);

}

}
} else if (fromHash > toHash ) {

synchronized (to) {
synchronized (from ) {
doTransfer (from, to, value);
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YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

CBoucTBa napannesnbHOU nporpamMmmbli

Be3sonacHocTb (Safety)
« [IporpaMma HUKOrAaa He rnonagaeT B «MoxXoe» COCTOsAHUE
XusyuecTtb (Liveness)

« lporpamma o06s3aTenbHO MNonagaeTr B «Xopoliee»
COCTOSIHME

CnpaBeanmnBoCTb
« Bce notokn oamHakoBo obecrnevyeHbl pecypcamu



Ypasibckuin
theepasibHbIN MHoronoToyHoe nporpammMmmMpoBaHue
«' yHuBepcuteT

Co3bikuH A.B.

OGeaparwume dunocodbl
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Ypanbckui

thenepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

NomalwiHee 3agaHue Ne1

[MoapobHOEe onncaHne 3aaaHnsa U nocsiegoBaTefibHble 3aroTOBKU
Ha Java Ha cauTe:

« https://clck.ru/8rEVG
CpaBaTb 3aa4yun yepes cucteMmy anytask
[TncaTtb MOXHO Ha Java nnun C++
NenpnaviH:

 [loka He onpepeneH

« 2 Hepenu nocne BTOpOﬁ 4aCTun nepBoro AoMallHero
3dadHUA



Ypanbckui
thenepasibHbIA
YHUBepcUuTeT

MHoronoTto4Hoe nporpamMmmmpoBaHune

Co3bliknH A.B.

Bonpocbi?
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