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Concurrency

o [locnepoBaTensHas nporpamma
o OpauH npouecc, NnocnefoBaTENbLHO BLINOAHAIOWMNA UHCTPYKLNN

e "Muoronpouecchan"(concurrent) nporpamma
o Heckonbko npoueccos, BbINONHAOWMXCA "OAHOBpPEMEHHO"

o BapMaHTbl pasMeuieHnsa npoueccos
o Opun npoueccop(aapo)
o Muoronpoueccophas(-aaepHan) cucrema
o Heckonbko mawmnn
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3a4eM HY)KHO HECKONbKO NPOLEeccos’

@ EcrectBeHHOCTbL 1 ynobcTBO peanunzauunu
o Bzaumopgeiicteue c nonvzosatenem, GUI
@ VYBenunueHne nponyckHon cnocobHocTu

e Yeennyenue CKOPOCTW peleHns 3aAa4n
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Peann3aunn noTokos

e OC: Pthreads (POSIX), Win32 threads, Solaris threads
e bubnunorekn: Boost. Thread, OpenMP, Intel Threading Building Blocks
e J3wiku: Java, C#, Python, Erlang
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Knacc java.lang. Thread (loTok)

lecturel .7heIIoworId. My__Threag

1 public class MyThread extends Thread {

2

3 public void run() {

4 System.out.println("Hello World");
5 // do something...

6 }

7

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

10 t.start();

11 }

12

13}
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lecturel helloworld. Person

1 public class Person {

2

3 private String name;

4

5 public Person(String name) {
6 this.name = name,;

7 }

8

9 public String getName () {
10 return name;

11 }

12

13}
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Uutepdeiic java.lang.Runnable (3agate)

O ©® N O 0 & W NN =
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lecturel.helloworld. RunnablePerson

public class RunnablePerson extends Person implements Runnable {

public RunnablePerson(String name) {
super (name) ;

}

public void run() {
for (inmt 1=0; 1<10; i++) {
System.out.println(getName() + ": Hello World");
}
}

public static void main(String[] args) {
RunnablePerson pl = new RunnablePerson("Alice");
Thread t1 = new Thread(pl);
ti.start();
RunnablePerson p2 = new RunnablePerson("Bob");
Thread t2 = new Thread(p2);
t2.s8tart();
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Bob: Hello World Alice: Hello World Alice: Hello World
Alice: Hello World Alice: Hello World Alice: Hello World
Bob: Hello World Alice: Hello World Alice: Hello World
Bob: Hello World Bob: Hello World Bob: Hello World
Alice: Hello World Bob: Hello World Bob: Hello World
Alice: Hello World Bob: Hello World Bob: Hello World
Alice: Hello World Bob: Hello World Bob: Hello World
Alice: Hello World Bob: Hello World Bob: Hello World
Alice: Hello World Bob: Hello World Bob: Hello World
Alice: Hello World Bob: Hello World Alice: Hello World
Alice: Hello World Bob: Hello World Alice: Hello World
Alice: Hello World Bob: Hello World Alice: Hello World
Alice: Hello World Bob: Hello World Alice: Hello World
Bob: Hello World Alice: Hello World Alice: Hello World
Bob: Hello World Alice: Hello World Alice: Hello World
Bob: Hello World Alice: Hello World Alice: Hello World
Bob: Hello World Alice: Hello World Bob: Hello World
Bob: Hello World Alice: Hello World Bob: Hello World
Bob: Hello World Alice: Hello World Bob: Hello World
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lecturel.bank vl seq.Bank

1 public class Bank {

2

3 private Map<String,Account> accounts;

4

5 public Bank() {

6 accounts = new HashMap<String,Account>();
7 }

8

9 public void addAccount (Account account) {
10 accounts.put (account.getlId(), account);
11 }

12

13 public Account getAccount(String id) {

14 return accounts.get(id);

15 }

16

17}
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IllllIllIlIll!!!!H!5!!!!UHHl!lH!!Illlllllllllllllllllllllllllllllllllllllllllllllllllll

lecturel.bank.vl seq.Account

1 public class Account {

2

3 private String 1id;

4 private int balance;

5

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

8 this.balance = balance;
9 }

10

11 public String getId() {

12 return id;

13 }

14

15 public int getBalance() {

16 return balance;

17 }

18

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

pa T =
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KnuenT v1

lecturel bank.vl seq.Client

1 public class Client {

2

3 private Bank bank;

4 private BufferedReader in;

5 private PrintStream out;

6

7 public Client (Bank bank, BufferedReader in, PrintStream out) {
8

9 }

10

11 public void run() {

12

13 }

14

15 public static void main(Stringl[] args) {

16 Bank bank = new Bank();

17 bank.addAccount (new Account ("Acc0O01", 100));
18 Buf feredReader in = new BufferedReader (

19 new InputStreamReader (System.in));
20 Client client = new Client(bank, in, System.out);
21 client .run();

an 1
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T RO VT ST —

1 public void run() {

2 while(true) {

3 try {

4 out.print ("Account Id: ");

5 String accountId = in.readLine();

6 Account account = bank.getAccount (accountId);
7 if (account == null) {

8 throw new Exception("Account not found!");
9 } else {

10 out.println("Balance: " + account.getBalance());
1 }

12 out.print ("Enter amount: ");

13 int value = Integer.parselnt(in.readLine());
14 if (account.getBalance() + value >= 0) {

15 account .post (value);

16 out.println("Balance: " + account.getBalance());
17 } else {

18 throw new Exception("Not enough money!");
19 }

20 } catch (Exception e) {

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

22 }

53 ¥ —
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Account Id: AccO000

Error! Account not found!
Account Id: Acc001
Balance: 100

Enter amount: -90
Balance: 10

Account Id: Acc001
Balance: 10

Enter amount: -90

Error! Not enough money!'!

© O ~N © U & W N -

—
o
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KnunenT v2
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lecturel.bank.v2 concurr.Client
public class Client extends Thread {
static final int numClients = 2;
private int id;
private Bank bank;
private BufferedReader in;

private PrintStream out;

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

public void run() {

}

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

}

MwnPB npod. KysémuH A.A. 15



Knuent v2 - main()

© 0O N O & W N =

10
11
12
13

24.10.2014

lecturel bank.v2 concurr.Client

public static void main(String[] args) throws IOException {
Bank bank = new Bank();
bank.addAccount (new Account ("Acc001", 100));
Client [] clients = new Client [numClients];
for (int i=0; i<numClients; i++) {
File inFile = new File(
"src/lecturel/bank/v2_concurr/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 ();
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src/lecturel /bank/v2 concurr/inputl

1 Acc001

src/lecturel /bank/v2 concurr/input2

1 Acc001
2 -90
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Pe3ynbTaThl 3anyckos

[1] Account Id: Acc001
[2] Account Id: Acc001
[2] Balance: 100

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

[1] Balance: 10

[1] Enter amount: -90

[1] Account Id: Acc001
(1] Balance: 100

[2] Account Id: Acc001
[1] Enter amount: -90
[2] Balance: 100

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

24.10.2014

[1] Error! Not enough money!

[1] Account Id: Acc001
[2] Account Id: Acc001
[1] Balance: 100

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

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

[2] Balance: -80

[1] Account Id: Acc001
[2] Account Id: Acc001
[2] Balance: 100
[2] Enter amount: -90
[1] Balance: 100
[1] Enter amount: -90
[1] Balance: -80
[2] Balance: -80

MwnPB npod. KysémuH A.A.

[2] Error! Not enough money!

[1] Account Id: Acc001
[1] Balance: 100

[1] Enter amount: -90
[2] Account Id: Acc001
[2] Balance: 100

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

[1] Balance: 10

18



lecturel bank v2 concurr.Client

1 public void run() {

2 //while(true) { // run one transaction for testing
3

4

5 out.println("[" + id + "]Enter amount: ");

6 int value = Integer.parselnt(in.readLine());
7 if (account.getBalance() + value >= 0) {

8 Thread.sleep(100);

9 account.post(value);

10 Thread.sleep(100);

11 out.println("[" + id + "]Balance: "

12 + account.getBalance());

13 } else {

14 throw new Exception("Not enough money!");
15 }

16

17 oo

18 //}

19 }
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Bo3amoxHas Tpacca run()

Client1l Client2

int value = Integer_parselnt(in.readLine())
if (account.getBalance() + value >= 0) {

int value = Integer_parselnt(in.readLine()),
if (account.getBalance() + value >= 0) {
account.post(value);

account.post(value);

out.printin("["+ id + "]Balance: "+

account.getBalance());
out.printin("["+ id + "|Balance: "+
account.getBalance());
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Pe3ynbTaThl 3anyckos

[1] Account Id: Acc001
[2] Account Id: Acc001
[2] Balance: 100

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

[1] Balance: 10

[1] Enter amount: -90

[1] Account Id: Acc001
[1] Balance: 100

[2] Account Id: Acc001
[1] Enter amount: -90
[2] Balance: 100

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

24.10.2014

[1] Error! Not enough money!

[1] Account Id: Acc001
[2] Account Id: Acc001
[1] Balance: 100

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

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

[2] Balance: -80

[1] Account Id: Acc001
[2] Account Id: Acc001
[2] Balance: 100
[2] Enter amount: -90
[1] Balance: 100
[1] Enter amount: -90
[1] Balance: -80
[2] Balance: -80

MwnPB npod. KysémuH A.A.

[2] Error! Not enough money!

[1] Account Id: Acc001
[1] Balance: 100

[1] Enter amount: -90
[2] Account Id: Acc001
[2] Balance: 100

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

[1] Balance: 10

21



BosmoxHas Tpacca post()

1 public void post(int value) A

2 balance += value;
> )
Client1 Client2
value (-90)
value (-90)

balance (100)
+ (10)

balance = (10)

24.10.2014 MwnPB npod. KysémuH A.A.

balance (100)
+ (10)
balance = (10)
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Coctostne ronkn (Race Condition)

e He Bce BapmaHTbl YepeoBaHNs NOTOKOB (Tpacchl), peanunsytounecs
NPU BbLINOJHEHUN NPOrPaMMbl, NMPUBOAAT K KOPPEKTHOMY pe3ynbTaTy

@ YacTo BO3HMKAET npu A0CTYNe K ODLWUM AlaHHbIM

@ [ pyaHo obHapyxunBaTh, BOCNPON3BOANTL N YCTPAHATL
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besonacrocts (Safety)

[Tporpamma Hukorga He nonagaet B "naoxoe'cocrtosHne, B KOTOPOM
HEKOTOpPblE NepeMeHHble UMEIOT HeXesnaTenbHble 3HaYeHNs

MwnPB npod. KysémuH A.A.
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CUHXpOHU3aLMS

e besonacHbii focTyn K 0bUUM AAHHBLIM
[¢] VCTpaHeHVIe COCTOAHNA TOHOK N HeXeNaTeNibHbIX TPaCcC NporpamMmmbl

e KoopauHaums NencTBuim Mexay noTokamu
o YcnoBHas cuHXpoHU3auusa (CM. cresytoulyio nekuyuio)
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B3anmuoe ncknoyenne (Mutual Exclusion)

o T pebyetcs 3anpeTuTh BbINONHEHNE KPUTUYECKOHA CeKLn bonee yem
O/JHUM NOTOKOM (aTOMApHOCTB )

@ B KaX/[blii MOMEHT BpPeMeHN BHYTPU KPUTUYECKOR CeKLUN MOXKET
HAXOANTLCS TONLKO OANH NOTOK

e OcTanbHble NOTOKN XKAYT OKOHYaHNA BbINONMHEHNA CeKUUN NepBbLIM
NOTOKOM
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Mopaudukatop synchronized

lecturel bank.v3 sync.Account

synchronized public int getBalance() {
return balance;

}

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

N OO e WY -

}

MwnPB npod. KysémuH A.A.
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Bo3amoxHasa tpacca post()

1 public void post(int value) {

2 balance += value;
}
Client1 Client2
value (-90)
value (-90)

balance (100)
+ (10)

balance = (10)
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balance (100)
+ (10)
balance = (10)
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Moaundukatop synchronized

lecturel.bank.v3 sync.Account

synchronized public int getBalance() {
return balance;

}

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

N SO s W -

}

MwnPB npod. KysémuH A.A.
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P€3yﬂ bTaTbl 3aMyCKOB

[1] Account Id: Acc001 [1] Account Id: Acc001
[2] Account Id: Acc001 [1] Balance: 100
[2] Balance: 100 [2] Account Id: Acc001
[2] Enter amount: -90 [1] Enter amount: -90
[2] Balance: 10 [2] Balance: 100
[1] Balance: 10 [2] Enter amount: -90
[1] Enter amount: -90 [1] Balance: 10
[1] Error! Not enough money! [2] Error! Not enough money!

[1] Account Id: Acc001 [1] Account Id: Acc001

[2] Account Id: Acc001 [2] Account Id: Acc001

[1] Balance: 100 [2] Balance: 100

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

[2] Balance: 100 [1] Balance: 100

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

[1] Balance: 10 [1] Balance: -80

[2] Balance: -80 [2] Balance: -80

MwnPB npod. KysémuH A.A.
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lecturel.bank.v3 sync.Client

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

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

a4

5 synchronized (account) {

6 if (account.getBalance() + value >= 0) {

7 account .post(value);

8 out.println("[" + id + "]Balance: "

9 + account.getBalance ());

10 } else {

11 throw new Exception("Not enough money!");
12 }

13 )
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Pe3ynbTaThl 3anyckos

[1] Account Id: Acc001

[2] Account Id: Acc001

[2] Balance: 100

[2] Enter amount: -90

[2] Balance: 10

[1] Balance: 10

[1] Enter amount: -90

[1] Error! Not enough money!

[1] Account Id: Acc001

[1] Balance: 100

[2] Account Id: Acc001

[1] Enter amount: -90

[2] Balance: 100

[2] Enter amount: -90

[1] Balance: 10

[2] Error! Not enough money!

[1] Account Id: Acc001 [1] Account Id: Acc001
[2] Account Id: Acc001 [2] Account Id: Acc001
[1] Balance: 100 [2] Balance: 100
[1] Enter amount: -90 [2] Enter amount: -90
[2] Balance: 100 [1] Balance: 100
[2] Enter amount: -90 [1] Enter amount: -90
[1] Balance: 10 [1] Balance: -80
[2] Balance: -80 [2] Balance: -80

MwnPB npod. KysémuH A.A.
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Pe3ynbTaThl 3anyckos

[1] Account Id: Acc001

[2] Account Id: Acc001

[2] Balance: 100

[2] Enter amount: -90

[2] Balance: 10

[1] Balance: 10

[1] Enter amount: -90

[1] Error! Not enough money!

[1] Account Id: Acc001

[1] Balance: 100

[2] Account Id: Acc001

[1] Enter amount: -90

[2] Balance: 100

[2] Enter amount: -90

[1] Balance: 10

[2] Error! Not enough money!

MwnPB npod. KysémuH A.A.
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PesynbTaTt

1] Account Id: Acc001

2] Account Id: Acc001

1] Balance: 100

1] Enter amount: (1 AYMAET... 2 )KJIET...) -90
1] Balance: 10

2] Balance: 10

MwnPB npod. KysémuH A.A.
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Bank

1 public void transfer (Account from, Account to, int value)
2 throws Exception {

3 if (value <= 0) {

4 throw new Exception("Amount must be positive!");
5 }

6 if (from.getBalance() < value) {

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

8 } else {

9 from.post (-value);

10 }

11 to.post(value);

12}
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Bank

lecturel bank.v4 deadlock Bank

1 public void transfer (Account from, Account to, int value)
2 throws Exception {

3 if (value <= 0) {

4 throw new Exception("Amount must be positive!");
5 }

6 synchronized (from) {

7 if (from.getBalance() < value) {

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

9 } else 1

10 from.post(-value);

11 }

12 synchronized (to) {

13 to.post(value);

14 }

15 }

16}
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Client

lecturel bank.v4 deadlock Client

1 out.println("[” + id + "]" + "From Account Id: ");
2 String accountId = in.readLine();

3 Account account = bank.getAccount (accountld);

4 if (account == null) {

5 throw new Exception("Account not found!");

6 }

7

8 ont.println(*[® # id + ®]* + *Te Scsount Id: *);

9 String toAccountld = in.readLine();

10 Account toAccount = bank.getAccount (toAccountlId);
11 if (toAccount == null) {

12 throw new Exception("Account not found!");

13 }

14

15 out.println("[" + id + "]Enter transfer amount: ");
16 int value = Integer.parselnt(in.readLine());

17 bank.transfer (account, toAccount, value);

18 out.println("[" + id + "]Balance: " + account.getBalance());
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BxogHble faHHble

1 Acc001
2 Acc002
3 10

src/lecturel /bank /v4 deadlock/inputl

src/lecturel /bank/v4 deadlock/input2

1 Acc002
2 Acc001
3 20

MwnPB npod. KysémuH A.A.

38



W

[2] From Account Id: Acc002 [1] From Account Id: Acc001
[2] From Account Id: Acc001 (1] From Account Id: Acc002
[2] Enter transfer amount: 20 [1] Enter transfer amount: 10
[2] Balance: 80 [1] Balance: 90

1] From Account Id: Acc001 2| From Account Id: Acc002
1] From Account Id: Acc002 2] From Account Id: Acc001
1] Enter transfer amount: 10 2] Enter transfer amount: 20
1| Balance: 110 2| Balance: 90

[1] From Account Id: Acc001
[1] From Account Id: Acc002
[1] Enter transfer amount: 10
[2] From Account Id: Acc002
[2] From Account Id: Acc001
[2] Enter transfer amount: 20

24.10.2014 MwnPB npod. KysémuH A.A. 39



Bank

lecturel.bank.v4 deadlock.Bank

1 public void transfer (Account from, Account to, int value)
2 throws Exception {

3 if (value <= 0) {

a throw new Exception("Amount must be positive!");
5 }

6 synchronized (from) {

7 if (from.getBalance() < value) {

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

9 } else {

10 from.post(-value);

11 }

12 synchronized (to) {

13 to.post (value);

14 }

15 }

16}
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B3anmnasa bnoknpoeka (Deadlock)

41
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Mueyuyects (Liveness)

ﬂporpamma B KOHUE KOHUOB nonajgaert B "XOpOLUee"COCTOﬂHVle, B KOTOPOM
BCE NeEpEMEHHbLIE NMEIOT XeJlaeMble 3HaY4YeHUA
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Kak n3bexaTtsb B3anMHOU BAOKUPoBKN 7

MwnPB npod. KysémuH A.A.
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YCcnoBus BO3HUKHOBEHNSA B3aUMHO DAOKVPOBKU

e Lukn B rpacde baoknposok

o Kaxablii noTOK 3axBaTuN Kak MUHUMYM oauH obbekT (lock) n xpet
0CBODOX/1eHNA 0DBLEKTA, KOTOPLIV 3aXBaYeH CNEAYIOUUM NOTOKOM B
uunkne

e Hu OAWH N3 NOTOKOB HE XO4ET YyCTylnaTb

MwnPB npod. KysémuH A.A. 44
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v O4dvifn Vio 11O1UORUDB RS AUHCI

yCTynaTb

A

B

MuPB npod. KyzsémuH A.A.
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Hu ognH 13 NOTOKOB He XOYEeT yCTynaThb

A B
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Kak n3bexatb B3aumHoi Ha1okuposku

VctpaHuts n10boe n3 ycnoBuin BOSHNKHOBEHNS

@ He 3axeaTuiBaTh Bonee ogHOW BNOKNPOBKU OAHOBPEMEHHO

e Bcerna 3axBaTbiBaTh OD/10KMPOBKM B OfHOM nopsifike (ynopsjoumnTh
bnokupyemble 0bbekTbl)

o /lobpoBonbHo 0cBODOXK/aTh 3axBayeHHYO DAOKNPOBKY
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MoanduuymposaHHbiii Bank

lecturel.bank.v5 lockorder.Bank

1 int fromHash = System.identityHashCode(from);
2 int toHash = System.identityHashCode(to);
3 if (fromHash < toHash) {

4 synchronized (from) {

B synchronized (to) {

6 doTransfer (from, to, value);
7 }

3 }

9 )} else if (fromHash > toHash) {

10 synchronized (to) {

11 synchronized (from) {

12 doTransfer (from, to, value);
13 }

14 }

15 )} else { // hash collision!

16 synchronized (tieLock) {

17 synchronized (from) {

18 synchronized (to) {

19 doTransfer (from, to, value);
20 }

21 }

22 }

24.10.2014 MwnPB npod. KysémuH A.A.
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[lakeT java.util.concurrent.locks

©Q 0 N O O & W N =

© ® N OO S WN =

java.util.concurrent locks. Lock

public interface Lock {
void lock ();
void lockInterruptibly() throws InterruptedException;
boolean tryLock();
boolean tryLock(long timeout, TimeUnit unit)
throws InterruptedException;
void unlock ();

Cxema ncnonb3oBaHns

Lock lock = new ReentrantLock ();

lock.lock ();
try {
// update object state
// catch exceptions and restore invariants if necessary
} finally {
lock.unlock () ;
}
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while (true) {

if (fromAcct.lock.tryLock()) {

try {
if (toAcct.lock.tryLock()) {
try {
if (fromAcct.getBalance().compareTo(amount) < 0)
throw new InsufficientFundsException();
else {
fromAcct.debit (amount);
toAcct.credit (amount);
return true;
}
} finally {
toAcct.lock.unlock ();
}
}

} finally {
fromAcct.lock.unlock ();
}
}

if (System.nanoTime() < stopTime)
return false;
TimeUnit.NANOSECONDS.sleep(fixedDelay + rnd.nextLong() % randMod);
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OcTaHoOBKa NOTOKA

lecturel .stop.Stop Thread
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el
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public class StopThread {
private static boolean stopRequested;

public static void main(String([] args)
throws InterruptedException {
Thread backgroundThread = new Thread(new Runnable() {
public void run() {
int 1 = 0;
while (!stopRequested)
2L
}
});
backgroundThread.start ();
TimeUnit .SECONDS.sleep(1);
stopRequested = true;

24.10.2014
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Java Memory Model
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Notok 1

Main Storage
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public class NoVisibility {
private static boolean ready;
private static int number;

private static class ReaderThread extends Thread {
public void run() {
wvhile (!ready)
Thread.yield();
System.out.println(number);

}

public static void main(String([] args) {
new ReaderThread().start();
number = 42;
ready = true;
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ObecnevyeHne BUANMOCTU N3MEHEHWUTE MEXAY NOTOKAMMU

Thread A

y=1

Everything
before the
unlock on M...

lhread B

-

... IS visible to
everything
after the
lock on M

unlock M
'
j=y
'
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OcTaHoBKa NOTOKA

lecturel stop.StopThread
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public class StopThread {
private static boolean stopRequested,;

public static void main(String[] args)
throws InterruptedException {
Thread backgroundThread = new Thread(new Runnable() {
public void run() {
int 1 = 0;
while (!stopRequested)
it++;
}
});
backgroundThread.start ();
TimeUnit.SECONDS.sleep(1);
stopRequested = true;
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Stop Thread?

lecturel stop Stop Thread?2

1 public class StopThread2 {

2

3 private static boolean stopRequested;

N

o private static synchronized void requestStop() {

6 stopRequested = true;

7 }

8

9 private static synchronized boolean stopRequested() {
10 return stopRequested;

n }

12

13 public static void main(String(] args) throus InterruptedException {
14 Thread backgroundThread = new Thread(new Runnable() {
15 public void run() {

16 int § = 0;

17 while (!stopRequested())

18 144

19 }

20 3

21 backgroundThread.start();

22 TimeUnit.SECONDS.sleep(1);

21 requestStop();

24 }

25

% }
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OcTaHOBKAa NOTOKA

@ [lpoeepka cdnara (volatile!) BHyTpu run()

e Thread.interrupt()
e Ans 3abnoknpoBaHHbIX NOTOKOB BbibpackiBaeT InterruptedException

e Pabortaer gna sleep(), join(), wait()
e He paboraer ansa 1/O, synchronized

e AnA He 3abnokupoBaHHbiX NoTokoe npoBepka T hread.interrupted()
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Obuiaa cxema peanusauunu
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T
W N = O

volatile boolean doneFlag;

public void run() {
try A
while (!doneFlag && !Thread.interrupted()) {
// do something...
// sleep...
}

// Exiting via while test
} catch (InterruptedException e) {
// Exiting via InterruptedException

¥
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Metogb! yield() un sleep()
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public void run() {
while(...) {
// do something

Thread.yield ();

}

public void run() {
try {
whEile::«) X
// do something

// Thread.sleep (100);
TimeUnit .MILLISECONDS .sleep (100);
}
} catch(InterruptedException e) {
System.err.println("Interrupted");

}
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[lpnopuTeTbl NOTOKOB

@ 10 ypoBHel npuoputeToB Ans Java-noTokos

@ JVM oTobpa)kaeT 3Tn npuopuTeThbl B NPUOPUTETHI NAAHUPOBLLNKA
koHkpeTHol OC = 3aBucumocTb oT naatdopmbl

e B nogaensiouwem bonblIMHCTBE CnyHaeB AOCTAaTOYHO NPUOPUTETA
no-ymonyauuo Thread. NORM PRIORITY

e [lonbITkKn MaHuNynMpoBaTe NPUOPUTETAMUN NOTOKOB NPUBOAAT K
3aBucumoctu ot OC n moryT BbI3BaThL "ronopanune'" (starvation)
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Punocod

lecturel.philosophers.Philosopher

1 public class Philosopher {
2
3 int position;
4 Fork left;
5 Fork right;
6 int eatCount = 0;
7 long waitTime = 0;
8 long startWait;
] Random rnd = new Random();
10
11 public Philosopher (int position, Fork left, Fork right) {
12 this.position = position;
13 this.left = left;
14 this.right = right;
15 }
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HauneHoe peweHune
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lecturel.philosophers.MyPhilosopher

public class MyPhilosopher extends Philosopher implements Runnable {
volatile boolean stopFlag = false;

public MyPhilosopher (int position, Fork left, Fork right) {
super (position, left, right);
}

public void run() {
while (!stopFlag) {
think ();
synchronized (left) {
System.out.println("[Philosopher " + position
+ "] took left fork"):
synchronized (right) {
System.out.println("[Philosopher " + position
+ "] took right fork");
eat ();

}
}
System.out.println("[Philosopher " + position + "] stopped");
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3anyck

lecturel.philosophers.Run

1 public static void main(String() args) throws Exception {
2 MyPhilosopher () phile = new MyPhilosopher(count);

3

4 Fork last =« new Fork();

5 Fork left = last;

6 for (int 1=0; i<count; i++) {

7 Fork right = (i==count-1)?last:nev Fork();

" phile (i) =« new MyPhilosmopher (i, lefr, right);

9 loft = right;

10 }

11

12 Thread(]) threads = nev Thread(count];

13 for (int i = 0; i < count; i++) {

14 throade (i) « nevw Thread(phile(i]);

1% threads (i) .starc ();

16 }

17

L) Thread.sleeop (60000);

19

20 for (MyPhilosopher phil : phila) {

21 phil.stopFlag = true;

2 }

23 for (Thread thread : threads) {

24 thread. join();

2% )

26 for (MyPhilosopher phil : phils) {(

27 System.out.printlan("(Philosopher " ¢ phil.position + ") ate " +
28 phil .eatCount ¢ " times and wvaited " ¢+ phil.vaitTime ¢ " as");
29 )

%*
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PesynbtaT 1
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2 [Philosopher 2] stopped

3 [Philosopher 3] took left fork

4 [Philosopher 1] took right fork

5 [Philosopher 1] is eating

6 [Philosopher 1] finished eating

7 [Philosopher 1] stopped

8 [Philosopher 0] took right fork

9 [Philosopher 0] is eating

10 [Philosopher 0] finished eating

11 [Philosopher 0] stopped

12 [Philosopher 4] took right fork

13 [Philosopher 4] is eating

14 ([Philosopher 4] finished eating

15 [Philosopher 4] stopped

16 [Philosopher 3] took right fork

17 [Philosopher 3] is eating

18 [(Philosopher 3] finished eating

19 [Philosopher 3] stopped

20 [Philosopher 0] ate 319 times and waited 28621 ms

21 [Philosopher 1] ate 319 times and wvaited 28350 ms

22 [Philosopher 2] ate 318 times and waited 28171 ms

23 [Philosopher 3] ate 326 times and waited 28253 ms

24 [Philosopher 4] ate 327 times and waited 28235 ms
24.10.2014 MwnPB npod. KysémuH A.A. 65



PesynbTaT 2
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[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher
[Philosopher

is hungry

took left fork
took right fork
is eating

is thinking
finished eating
is thinking
took right fork
is eating

is hungry

took left fork
finished eating
is thinking
took right fork
is eating

is hungry

took left fork
finished eating
is thinking

is hungry

took left fork
is hungry

took left fork
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JlomawHee 3apaHue

e [lpepnoxuTe pewenne zagaym o6 obeparowmx punocodax,
nckKknYallee

e B3aumHyto 6nokupoeky (deadlock)

e ronopanue (starvation, livelock)

e HepaBHOMepHoe pacnpepaenenue pecypcog (lack of fairness)
e [lononHutensHo TpebyeTtca

@ MWUHUMU3NPOBaATL BpeMA oXugaHua gpunocodpom eapl
e obecneynTb MacwTabupyemMocTb pelweHna Npu yBean4eHnmn Kon-sa

cpunococos
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