Quadterm

Skusky v AlSe:

« 26.5.13:00-17:00 H6 (alebo H3) — riadny

« 2.6. 13:00-17:00 H6 (alebo H3) — riadny

« 5.6. 08:00-13:00 H3 alebo H6 - 1.opravny
« 16.6. 13:00-17:00 H3 alebo H6 - 1.opravny
« 22.6.08:00-13:00 H3 alebo H6 - 2.0pravny

Quadterm 2 - bude14.5. 17:20, H3+HG6, bez testu
* jednoducha simulacia/hra s interakciou od uzivatela (mys, klavesnica)
« Co treba vediet:

kreslit do Pane/Canvasu
odchytavat’ udalosti od mysi/klavesnice
demo: jednoducha HowTojavaFx aplikacia s Canvasom alebo Pane je tu

https://qgithub.com/Programovanied4/Kod/tree/main/HowToWithJavaF X

Subor: HowtoWithCanvas Subor: HowtoWithPane
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Hodinky

Z cvicenia

I3

Thread:
Runnable r = () -> {
while (true) {

Platform.runLater(() -> clock.setCurrentTime());
try {

Thread.sleep(1000);
} catch (InterruptedException e) {

throw new RuntimeException(e);

}

new Thread(r).start();

AnimationTimer:
AnimationTimer at = new AnimationTimer() {
@OQOverride
public void handle(long now) {
clock.setCurrentTime();
try {
Thread.sleep(1000);
} catch (InterruptedException e) {
throw new RuntimeException(e);

}
}
2
at.start();

Timeline:
Timeline animation = new Timeline(new KeyFrame(Duration.millis(1000), e -> {clock.setCurrentTime();}));
animation.setCycleCount(Timeline.INDEFINITE);
animation.play();




Vlakna a konkurentné vypocty

(pokracovanie)
dnes bude:

e komunikacia cez rury (pipes),
e synchronizacia a kriticka sekcia (semafory),
e deadlock

literatura:

e Thinking in Java, 3rd Edition, 13.kapitola,
e Concurrency Lesson, resp. Lekcia Subeznost,
e Java Threads Tutorial,

e Introduction to Java threads

Cvicenia:
e Synchronizacia vlakien, vypis do konzoly
e Simulacie grafické, javafx (ak treba, pouzit’ existujuci kod),



Komunikacia

model shared memory

e atomicka sekcia
e kriticka oblast’
e synchronizacia




Komunikacia

model communication channels

PipedInputStream

kanal
rura/pipe
producer/consumer

» PipedOutputStream




Komunikacia medzi viaknami

doteraz sme mali priklady vlakien, ktoré medzi sebou (pocas ich behu...)
nekomunikovali (ak teda neratame za komunikaciu, Ze sa zabijali - interrupt()),

ak chceme, aby si vlakna vymienali data, vytvorime medzi nimi rdru (pipe),
rura pozostava z jednosmerne orientovaneého streamu, ktory sa na strane

zapisovaca (producenta, Sender) tvari ako PipedWriter, a na strane Citaca
(konzumenta, Reader) ako PipedReader,

aby citac Cital z rary, ktoru zapisovac pre neho vytvoril, musime mu poslat’
odkaz na vytvorenu ruru PipedWriter, inak mame dve rury...

do rdry mozeme pisat’ bajty, znaky, ret'azce, objekty, v zavislosti, ako si raru
zabalime (vid' techniky z I/O prednasky),

vytvorime objekt Sender (producent), ktory do rury zapiSe znaky A, B, ..., z
objekt Reader (konzument), ktory Cita znaky z rary a vypise A, B, ..., z

public class SenderReceiver { /I hlavny program
public static void main(String[] args) throws Exception {
Sender sender = new Sender(); Theadh
Receiver receiver = new Receiver(sender); i) N opepsten -
sender.start(); receiver.start(); :

} read() ¢———m—— PipedInputStream <- -

} Subor: SenderReceiver.java

ThreadB



Vystupna rura

class Sender extends Thread {
private Random rand = new Random();

private PipedWriter out =
new PipedWriter(); // vytvor ruru na zapis, rura je ukryta, private

public PipedWriter getPipedWriter() {
return out; // daj rdru, bude ju potrebovat’ Reader na nadviazanie spojenia

}
public void run() {

while(true) {

for(charc ='A’; c <="'Z"; c++) {

try {
out.write(c); // vypis znaky abecedy do rury
sleep(rand.nextInt(500)); // a za kazdym pockaj max.2 sek.

} catch(Exception e) {
throw new RuntimeException(e);

¥
¥
}

Subor: Sender.java




Vstupna rura

class Receiver extends Thread {
private PipedReader in;

public Receiver(Sender sender) throws IOException {

in = new PipedReader(sender.getPipedWriter()); // vytvor vstupnu
3 // rdru napojenu na vystupnu ruru Sendera
public void run() {

try {
while(true) // Citaj zo vstupnej rury a pis na konzolu

System.out.printin("Read: " + (char)in.read()); 2223;‘\

¥ catch(IOException e) { Read:

throw new RuntimeException(e); mead

} Read:
} Read:
Read:

} Read:
Read:

Read:

Read:

Read:

Read:

Read:

Read:

Read: Q

Subor: Receiver.java Read: R
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Cinski Sepkari

Sepkari sedia do kruhu,

static class Whisperer extends Thread { zl'ava pocuvaju spravu,
int id; vpravo preposlu pozme-
PipedOutputStream pos = new PipedOutputStream(); neny spravu (char+1).
PipedInputStream pis; Prvému posleme spravy

a,.,t, pridu spravy k,..,~

public Whisperer(int id, PipedOutputStream prevPos) { -
this.id = id; final static int N = 10; // number of Whisperer
try { final static int M= 20; // number of messages
pis = new PipedInputStream(prevPos); public static void main(String[] args) {
System. out.printin("Whisperer " + id + " created"); Whisperers s = new Whisperers();

} catch (IOException e) { try {
throw new RuntimeException(e); PipedOutputStream first =
} new PipedOutputStream();
start(); Whisperer sepkar = new Whisperer(0, first);

by
public void run() {

while(true) {

try {
char msg = (char)pis.read();
System. out.printin(id + " received: " + msg);
pos.write(msg+1);
pos.flush();

} catch (IOException e) {
throw new RuntimeException(e);

by

¥ kimnopgrstuvwxyz{| }~

}

for(inti=1;i< M i++)
sepkar = new Whisperer(i, sepkar.pos);
for(charm="a m<'a"+ M m++) {
first.write(m);
first.flush();
¥
var last = new PipedInputStream(sepkar.pos);
while(true) {
System. out.printin((char)last.read());
¥

} catch (IOException e) {

throw new RuntimeException(e);

Subor: Whisperers.java




)" 4

Cinski sepkari




Cinski Sepkari

) Resource Monitor - o x
Eile Meonitor Help

Overview CPU  ;Memory: Disk  Metwork

Proc... [ 88 UsedPhy.. (A (3} Views  |w

[ image PID ol Used Physical Memory 100%

[ java.exe 183608

[ idea6d.exe 22640

[ firefox.exe 17732

[ firefox.exe 20868

[ firefox.exe 20332

] POWERPNT.EXE 24388

[ firefox.exe 852 60 Seconds 0%

g EXCELEXE EEE Commit Charge 0% et Foechunli—
< >

Phys.. 15, M55 (»

0%

EHalin Elwv. s EF.
R, U. 25 53 1

Hard Faults/sec 100 4

w15 M M M
M. M

Available 532 MBE
Cached 556 ME
Total 16275 ME
Installed 16324 ME

(%) Resource Moniter
File Monitor Help

Overview | CPU ;Mamory Disk Metwork

final static int /= 10_000; // number of Whisperer EE el | )
final static int M= 20; // number of messages {::" — e I
vytvori 10.000 vidkien —_—

i e ||

final static int V= 100_000; // number of Whisperer |
final static int M= 20; // number of messages e B i

CPU - Total 100%

[Search Handles P4 ‘

CPU1 100%

CPU2 100%

0% -

CPU3 10{)%}

I

Subor: Whisperersl.java



Cinski Sepkari

static class Whisperer extends Thread {

PipedWriter pos = new PipedWriter();
PipedReader pis;
int id;
public Whisperer(int id, PipedWriter prevPos) {
this.id = id;
try {
pis = new PipedReader(prevPos);
//System.out.printin("Whisperer " + id + " created");
} catch (IOException e) {
throw new RuntimeException(e);

}
start();

}
public void run() {
while(true) {
try {
var msg = pis.read();
//System.out.printin(id + " received: " + msq);
pos.write(msg+1);
pos.flush();
} catch (IOException e) {
throw new RuntimeException(e);

}

Sprava nie je char,

ale int, Sepkar k

sprave pripocita 1,
pociatocné spravy su

0..M-1, na koniec
pridu spravy N,
...M+N-1

elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:
elapsed time:

0, result: 1000

30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:
30, result:

1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019

Subor: Whisperers2.java




Sprava je definovana serializovatel'na trieda,

~ 4 m )4 4 [ |
C I n S kl S e k a rl takze rdrou idu bajty, spravu serializujeme pri
poslani a deserializujeme na prijme. Okrem

toho Sepkar k nej pripocita nahodné Cislo z

static class Whisperer extends Thread { intervalu -0.05..0.05
PipedOutputStream pos = new PipedOutputStream(); -
PipedInputStream pis; ﬁﬁ @@ Q ).
ObjectInputStream ois; static class Message implements Serializable { @@QM
ObjectOutputStream oos; Integer id; ﬁ‘%% <y
int id; . il g{q*
public Whisperer(int id, PipedOutputStream prevPos) { Double value; % *§*§;
this.id = id; A
try { publi_c Mesgage(lnteger id, Double init) { AL R i
pis = new PipedInputStream(prevPos); this.id = id;
} catch (IOException €) { this.value = init;
throw new RuntimeException(e); }
) ¥ public void update() {
Sublic void connect() { }//alu/e +j_(n1§w Random().nextDouble()-0.5) / 10;
00s = new ObjectOutputStream(pos); }
ois = new ObjectInputStream(pis); }
} catch (IOException e) {
throw new RuntimeException(e); Nazov grafu
) b 1200
public void run() { 1000
while(true) { 800
try {
var msg = (Message)ois.readObject(); 600
msg.update(); 400
oos.writeObject(msg); 200
00s.flush();
} catch (IOException | ClassNotFoundException €) { 0 s , S -
throw new RuntimeException(e); %gmgggggggggg%gggggh R R R R
} 22922932333222%23222232002020
>y SBER MO oo b SN IRNGSISRNG
o o N O N N T e B O 0 O e o e e o el i b o 1 e
https://www.youtube.com/shorts/TwctT3Necmiw o=t sabors Whisperers3java~~ ==




}

lgiﬁ‘:‘-!f‘g‘?l‘!}LHE!?!’:T%"{:IEZI
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var msg = (Message)ois.readObject();
if (firstValue == null) {
firstValue = msg.value;

System. out.printin("Whisperer " + id + " received first message: " + msg.value);

}else {
if (msg.value % firstValue !'= 0) {
oos.writeObject(msqg);
00s.flush();

}

by
} catch (IOException | ClassNotFoundException e) {

throw new RuntimeException(e);

}
¥
}

Sepkar si zapaméta prvé &islo, ktoré dostane.

Vytla¢i ho na konzolu. Kazdé dalSie, o mu
pride tak pusti dalej, len ak nie je delitel'né
Cislom, ktoré si Sepkar paméata. Ak je delitelné,
zahodi ho, a nepusti ho dalej.

final static int N = 1000; // number of Whisperer
final static int M = 7920; // number of messages

Whisperer 0 received first message:
Whisperer 1 received first message:
Whisperer 2 received first message:
Whisperer 3 received first message:

Whisperer 4 received first message
Whisperer 5 received first message

2
3
5
7
11
: 13

Whisperer 997 received first message: 7901
Whisperer 998 received first message: 7907
Whisperer 999 received first message: 7919

https://www.youtube.com/shorts/TwctT3Ncmi1w

Subor: Whisperers4.java



Synchronizacia

e v pripade, ak dve vlakna zdiel'aju nejaky zdroj (napr. Ciaamat’),v moze dost’ k
nepredwdatel nej interakcii viakien (napr. jeden cCita, druhy pise),

e spoOsob, akym sa riadi pristup k zdiel'anym zdrojom (synchronizacia) sa vola:
— kriticka sekcia,
— semafdr, mutex, PV operacie,
— java monitor.

e skusime si sami naprogramovat semafor, aby sme pochopili, preco tato
vlastnost’ musi byt” sticast'ou jazyka, a nie naprogramovana v jazyku,

Priklad:

e nas semafér reprezentuje celoCiselna premenna semaphore inicializovana na 0,
e ak je zdielany zdroj vol'ny, plati, Ze semaphore == 0, .available()==true

e zaujem pouzit’ zdroj vyjadrim pomocou volania .aquire(),

e ak prestanem pouzivat’ zdroj, uvol'nim ho pomocou volania .release().

e Naivna/nasa |mplementaC|a vedie k tomu, Ze dve vlakna sa v istom case
dozvedia, ze zdroj je vol'ny, oba si ho zarezervuju, a dochadza ku kolizii

e dvaja su naraz v kritickej oblasti



Semafor

prvy pokus
oublic class Semaphore { public class SemaphoreTest:)r(tenCIS Thread ¢
public void run() {
while(true) // stale chce dnu a von
if(semaphore.available()) {
yield(); /] skor to spadne ©
semaphore.acquire();

// neoptimalizuj !
private volatile int semaphore = 0;

// mdzem vojst’ ?

public boolean available() { vield():

y return semaphore == 0; semaphore.release();
yield();

/[ idem dnu ! Y h

public void acquire() {

++semaphore; } . . . . .
public static void main(String[ ] args)

// odchadzam... throws Exception {

public void release() { // pustime semafdr a dva testery
--semaphore; } Semaphore sem=new Semaphore() .start()

y new SemaphoreTester(sem).start();
new SemaphoreTester(sem).start();

¥
¥



Synchronizovana metoda

RieSenie: Java ponuka konstrukciu synchronized:

e synchronizovana metdda — nie je moznée sucasne volat’ dve synchronizovane
metody toho isteho objektu

e kym sa vykonava jedna synchronizovana,ostatné su pozastavené do jej skoncenia

Pokus druhy:

public class SynchronizedSemaphore {
private volatile int semaphore = 0;
public synchronized boolean available() { return semaphore == 0; }
public synchronized void acquire() { ++semaphore; }
public synchronized void release() { --semaphore; }

... a teraz to uz pojde ?
public void run() {
while(true)
if(semaphore.available()) {
semaphore.acquire();
semaphore.release();

¥
¥



Synchronizovana (kriticka) sekcia

Atomické operacie:

e sl operacie, ktoré su nedelitelné pre planovac vlakien, nie je mozné ich
vykonavanie prerusit’ planovacom, napr.

e nie je mozné, aby jedno vlakno zapisalo len spodné 2 bajty do premennej int,

e Citanie a zapis do premennych primitivnych typov a premennych
deklarovanych ako volatile je atomicka operacia.

ale

e operacie nad zlozitejSimi Strukturami nemusia byt synchronizované (napr.
ArrayList, HashMap, LinkedList, ... (v dokumentacii najdete Note that this
implementation is not synchronized).

RieSenie:
synchronizovana sekcia — sprava sa podobne ako synchronizovana metoda, ale
musi specifikovat’ objekt, na ktory sa synchronizacia vzt'ahuje.

while(true) while(true)
synchronized (this) { synchronized (this) {
if(semaphore.available()) { if(semaphore.available()) {
semaphore.acquire(); semaphore.acquire();
semaphore.release(); semaphore.release();



Nesynchronizovany pristup

Praktickejsi priklad datovej Struktury (List), ku ktorej nesynchronizovane pristupuju
(modifikuju ju) dve vlakna:

public class ArrayListNotSynchronized {
// pamat’ zdielana 2 vlaknami
List<Integer> al = new ArrayList<Integer>();  // Struktira
int counter = 0; // pocitadlo

//not synchronized
public void add() {
System.out.printin("add "+counter);
al.add(counter); counter++; // pridaj prvok do Struktiry
)
//not synchronized
public void delete() {
if (al.indexOf(counter-1) = -1){ // nachadza sa v Struktire
System.out.println("delete "+(counter-1));
al.remove(counter-1); counter--;  // vyhod’ zo Struktury

} Subor: ArrayListNotSynchronized .java




Pokracovanie — dve vilakna

Vlakno t1 pridava prvky, vlakno t2 maze zo Struktury

public class ArrayListTester extends Thread {
boolean kind;
static ArrayListNotSynchronized a/= new ArrayListNotSynchronized();
public ArrayListTester(boolean kind) { this.kind = kind; }

public void run() { ... a dostaneme (ked’ zakomentujeme System.out.printin):
while (true) {  Exception in thread "Thread-2" java.lang.IndexOutOfBoundsExcept
if (kind) Index: 17435, Size: 17432
aladd(); at java.util.ArrayList.RangeCheck(Unknown Source)
at java.util.ArrayList.remove(Unknown Source)

else
aldelete(); at ArrayListNotSynchronized.delete(ArrayListNotSynchronized.java:
Y ' ' at ArrayListTester.run(ArraylistTester.java:12)

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

new ArrayListTester(true).start(); // dve vlakna zdielaju pamat’ cez al
new ArrayListTester(false).start(); // jedno robi add(), druhé remove()

} Subor: ArraylListTester.java




Synchronlzovana metoda
synchronlzovana struktura

public class ArrayListNotSynchronized extends Thread {
ArrayList<Integer> al = new ArrayList<Integer>();
int counter = 0;
synchronized public void add() { al.add(counter); counter++; }
synchronized public void delete() {
if (al.indexOf(counter-1) != -1) { al.remove(counter-1); counter--; }

}

public class ArrayListSynchronized extends Thread {
List al = Collections.synchronizedList(new ArrayList());
int counter = 0;
synchronized public void add() { al.add(counter); counter++; }
synchronized public void delete() {
if (al.indexOf(counter-1) !'= -1) { al.remove(counter-1); counter--; }

}

Subory: ArraylListNotSynchronized .java, ArrayListSynchronized .java




Monitor a ¢akacia listina

Kazdy objekt ma monitor, ktory obsahuje jediné vlakno v danom case. Ked' sa
vstupuije do synchronizovanej sekcie/metody viazanej na tento objekt, vlakno
sa poznaci v monitore. Ak sa opat’ pokusa vlakno dostat’ do synchronizovanej
sekcie, monitor uz obsahuje iné vlakno, preto je vstup do sekcie pozastaveny,
kym toto neopusti sekciu (a monitor sa uvol'ni).

Kazdy objekt ma cakaciu listinu — ta obsahuje vlakna uspané prostrednictvom
volania objekt.wait() v synchronized, ktoré ¢akaju, kym iné vlakno prebudi tento
objekt prostrednictvom objekt.notify() v synchronized bloku.

public class Semaphore {
private int value;

blic Semaphore(int val
publi phore(int val) { public synchronized void acquire() {

value =val; } while (value == 0)  //if
public synchronized void release() { try {
++value; wait(); /1 this.wait();
notify(): // this.notify(); } catch (InterruptedException ie) { }
y value--;
}

}



—_admitted exit

interrupt

notify() Scheduler dispatcher wait()

n-
Runnable

https://www.baeldung.com/java-wait-notify

Stavy vlakna

new — nenastartovany este, len objekt v pamati,
runnable — moze bezat, ked’ mu bude prideleny CPU,
dead — ked' skonci metdda run(), resp. po volani .stop(),
blocked — nieCo mu brani, aby bezal, z dovodov:

Rozdiel medzi sleep vs. wait:
ked’ vlakno vola objekt.wait(), musi to byt v synchronized bloku a vypocet je
pozastaveny, iné synchronizované metddy (tohto objektu) nemdzu byt volané

sleep(miliseconds) — pocka dany cas, ak nie je interrupted...

wait(), resp. wait(milisec) caka na spravu notify() resp. notifyAll() ,
caka na I/0, resp. pipe,
pokUsSa sa zavolat’ synchronized metdédu a monitor ho nepusti dnu.



Sleep versus wait

private static Object objekt = new Object(); // synchronizacny objekt
public static void main(String[] args) throws InterruptedException {

Thread mainThread = Thread. currentThread); // main thread

new Thread(() -> { // oCakava Runnable, ma run()

try { Thread.s/leep(6000); } catch (InterruptedException e) {...}
System. out.printin("Object " + objekt + "' sa ide unlock-nut");

synchronized (objekt) { //.notify musi byt’ v synchronized
objekt.notify();
}
}).start(); // nastartuje vlakno

System. out.printin(mainThread.getName() + " sa zobudi za 5 sek.");
Thread.s/leep(5000); // main sleep 5 s.
System. out.printin(mainThread.getName() + " zobudil sa");

synchronized (objekt) {
System. out.printin("Object " + objekt + " sa ide locknut na max. 7 sek. ");
objekt.wait(7000); // €aka na unlock
System. out.printin("Object " + objekt + " je volny");  // .wait musi byt’ v synchronized

¥
¥

Subory: SleepVsWait_.java



Spat ku concurrency

hodnoti sa najrychlejsia odpoved

jedna matka porodi dieta za 9
mesiacov, za kolko dieta porodi 9
matiek

vojak vykrvaca za 2 hodiny, za kolko
hodin vykrvaca Cata 30 tich vojakov

3 macky zjedia 3 mysi za 3 hodiny, za
kolko hodin zje 100 maciek 100 mysi

-
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Jeden robotnik vykope jamu za den, dvaja za ..., a desat’ za ...

Simulujte takyto proces:

R-robotnikov ide kopat’ jamu a maju N-lopat. Kazdy robotnik pracuje nahodny Cas
max. 1000ms, a po praci oddychuje nahodny cas, tiez max. 1000 ms. S jednou
lopatou moze pracovat’ len jeden a okrem toho, Ze robotnici oddychuju,
predpokladajte, Zze chcu pracovat....

Simulujte priebeh R-robotnikov s N-lopatami nad jednou jamou. Scitujte
odpracovany c¢as robotnika, ak uz pracoval 10.000 ms, tak mu ,padla®, ide
domov. Scitujte a monitorujte aj Cas robotnika, ¢o ¢aka na vol'nu lopatu.

* riesenie implementujte pomocou triedy java.util.concurrent.Semaphore,
« riesenie implementujte pomocou wait-notify - v modifikovanom rieseni
implementuijte metddy zoberLopatu, polozLopatu, pomocou wait-notify.

03
Zakladna otazka: co je zdroj/resource, na €o sa treba synchronizovat’ ? %



Lopaty

(pomocou java.util.concurrent.Semaphore)

Semaphore sem = new Semaphore(N, true); // N je pocet Llopadt
for (int 1 = 0; 1 < R; 1++)
new Robotnik(i, sem).start(); // Robotnik je vlakno

class Robotnik extends Thread {
private int id; private Semaphore sem; private int odrobene = 0;

public void run() { // zivotny cyklus

while (odrobene < 10000) {
try { sleep(rnd.nextInt(1000));} catch (InterruptedException e){} // spi
try { sem.acquire(); } catch (InterruptedException el) {} // caka lopatu
int cas = rnd.nextInt(1000);
odrobene += cas;
try { sleep(cas); } catch (InterruptedException e) { } // pracuje
sem.release();

¥

System.out.println("Celkovy cas cakania "+ id+ " "+celkovyCas);

}

Subor: LopataSem.java




Lopaty

(bez semaforu)

lopaty = new LinkedList<Lopata>(); // vyrobime si lopaty do zoznamu
for (int 1 = 0; 1 < N; i++) lopaty.add(new Lopata());
for (int 1 = 0; i < R; i++) { // vyrobime si robotnikov
new Thread(""+ 1)) {

private Lopata moja; ? moze tu byt this ?

public void run() { // zivotny cyklus robotnika

while (true) { )

synchronized (lopaty) { // caka na lopatu

if (lopaty.size() > 0) {
moja = lopaty.removeFirst();
} else continue;

}

try { sleep(r.nextInt(1000)); } catch (Interrup... e) { } //pracuje s moja

synchronized (lopaty) { // vrati na lopatu
lopaty.add(moja); moja=null;

}

try { sleep(r.nextInt(1000)); } catch (InterruptedException e){} //spi
}.start();

1 Sabor: Jama.java




Lopaty
(pomocou wait-notify)

private int pocetLopatNaZemi = N;
public synchronized void zoberLopatu(){
? wait na ktory objekt ?

if (pocetLopatN;EET—i_i=__@_l/__,,,,—————~~
try { this.wait(); } catch (InterruptedException e) {}

pocetLopatNaZemi--;

}
publlc synchronlized vold polozLopatu( )1

notify(); pocetlLopatNaZemi++;
} < ? notify na ktory objekt ?
while (odrobene < 10000) {
try { sleep(rnd.nextInt(1000);),; } catch (InterruptedException e) {} //spi
lopata.zoberLopatu(); // caka
cas = rnd.nextInt(1000); // pracuje
odrobene += cas;
try { sleep(cas); } catch (InterruptedException e) { }
lopata.polozLopatu(); // polozi

}

System.out.println("Celkovy cas cakania "+ 1id+

n n

+celko VyCGS) 5] Subor: LopataWN.java




So skutocnymi lopatami
(IDOCHHOAMIDHIKIDAHID AN

// zlé rieSenie, preco ?
// a ¢o je na nom zlé °?

static ArrayList<Integer> Lopaty = new ArraylList<Integer>(); // skutocné lopaty
public synchronized Integer zoberLopatu() throws InterruptedException {
if (Lopaty.size() == 0) wait();

return Lopaty.remove(0); // zober prvu lopatu v zozname

}

public synchronized void polozLopatu(Integer lop) throws InterruptedException {
Lopaty.add(lop); // pridaj lopatu do zoznamu, na koniec ?, zaciatok °?
notify();

}

Subor: RobotniciBezSemaforu.java




Lopaty
(s ascii lopatami)

final static char[] lopatyL = { '(','[', '{', '<'
final static char[] lopatyR = { ')',']"', "}', '>'

> "\\" }; // zober lopatu
PVAS // poloZ lopatu

Integer lopata = cv.zoberLopatu();

System.out.println("Robotnik:" + id + " pracujem,zobral lopatu " + lopata );
System.out.print(RobotniciBezSemaforu. lopatyL[lopata]);

cv.polozLopatu(lopata);
System.out.println("Robotnik:" + id + " polozil lopatu " + lopata);
System.out.print(RobotniciBezSemaforu. lopatyR[lopata]);

(LINITHID ATHITITHID ATHID ADHID () ({10 3]
(L{ICITID GO AN OGO AND GO (0D
(LD A AN GO A AN A

Co je toto za lopato-jazyk ?

erozpozna to deterministicky konecny automat
etreba nedeterministicky

etreba Turingov stroj

etreba sedemhlavy Turingov stroj

Subor: RobotniciBezSemaforu.java




Thread

demo

Simulujeme dve rovnako rychlo beziace vlakna

* s moznostou pozastavenia a opatovneho spustenia, |
« slajder ukazuje velkost kritickej oblasti, [0 re RS
ale,

 nesimulujeme ziaden monitor nad kritickou oblast'ou, zatial ...

Struktuara:

 ThreadPane je BorderPane a obsahuje panely:
— TOP: GraphicCanvas typu Canvas, kresli modry pizza diagram na zaklade troch uhlov,
— CENTER: Slider typu ScrollBar na nastavovanie velkosti kritickej oblasti,
— BOTTON: FlowPane obsahujuci gombiky Run a Pause

Ako pozastavit' animaciu:

* Dboolean suspended = false

« aktivne €akanie while (true){ ... if (suspened) sleep(chviloCku); ... }

« pasivne €akanie, pomocou wait & notify

« —CPUkitter i (suspened)for(5666060x) Mattrcos{———

Zdroj: povodna appletova verzia http://www.doc.ic.ac.uk/~ijnm/book/book applets/concurrency.html|




Neaktivhe cakanie
wait & notify

synchronized void waitIfSuspended() throws InterruptedException {

while (suspended) // ak je vlakno suspended, tak sa zablokuje vo wait
wait();
}
void pauseThread() { // reakcia na button Pause, treba suspendovat vlakno
if (!suspended) {
suspended = true;
display.setColor(Color.RED); // reakcia do GUI, premaluj na RED
}
}

void restartThread() { // reakcia na button Run, treba ODsuspendovat vlakno
if (suspended) {
suspended = false;
display.setColor(Color.GREEN);// reakcia do GUI, premaluj na GREEN
synchronized (this) notify(); // tento notify odblokuje cakajuci wait

Subor: ThreadDemo, ThreadPanel.java




Semaphore
ap

class SemaphoreLoop implements Runnable {
public void run() {

try { | L
while (true) { - - oo roe
while (!ThreadPanel.rotate()) //false ak nie som v kritickej oblast1i
H // Zivot mimo Rritickej oblast1i
semaphore.aquire(); // VRro¢ do Rritickej oblasti
while (ThreadPanel.rotate()) // true ak som v kRritickej oblasti
H // som v Rritickej oblast1i
semaphore.release(); // vystup z Rritickej oblasti
}

} catch (InterruptedException e) { }

Subor: SemaDemo.java
Zdroj: povodna appletova verzia http://www.doc.ic.ac.uk/~ijnm/book/book applets/concurrency.html|




Semaphore
main stage

public void start(Stage stage) throws Exception {
BorderPane bp = new BorderPane();

[l semaphore Demo 1ol x|
Mutex: 0

semaDisplay = new NumberCanvas("Mutex");
StackPane.setAlignment(semaDisplay, Pos.CENTER);
StackPane topPane = new StackPane(semaDisplay);

bp.setTop(topPane);
FlowPane pane = new FlowPane();

threadl = new ThreadPanel("Thread 1", Color.BLUE, true);
thread2 = new ThreadPanel("Thread 2", Color.BLUE, true);
thread3 = new ThreadPanel("Thread 3", Color.BLUE, true);
Semaphore mutex = new DisplaySemaphore(semaDisplay, 1)
threadl.start(new SemaphoreLoop(mutex));
thread2.start(new SemaphoreLoop(mutex));

thread3.start(new SemaphoreLoop(mutex));
pane.getChildren().addAll(threadl, thread2, thread3);
bp.setBottom(pane);

Scene scene = new Scene(bp, 900, 450, Color.GREY);
stage.setScene(scene);

v
v
°vJ
N
°vJ
v
°vJ

stage.setTitle("Semaphore Demo");
stage.show();

Subor: SemaDemo.java




Ohraniceny buffer

Priklad: producer-consumer:
public class BoundedBuffer<E> {
// zapis objekt do buffra
public synchronized void put(E o) throws InterruptedException {
while (count==size) wait(); // kym je buffer plny, cakaj...
buflin] = o;
+4count;
in=(in+1) % size;
notify(); // ked' si zapisal, informuj Cakajluceho
¥
// vyber objekt do buffra
public synchronized E get() throws InterruptedException {
while (count==0) wait(); // kym je buffer prazdny, cakaj...
E o =bufl[out];
buffout]=null;

--count; b|c

out=(out+1) % size; i e

notify(); // ked' si vybral prvok, informuj ...
return o;

} Zdroj: http://www.doc.ic.ac.uk/~jnm/book/book applets/concurrency.html




Vecerajuci filozofovia

class Fork {
private boolean taken=false;
private PhilCanvas display;
private int identity;

Fork(PhilCanvas disp, int id) {
display = disp; identity = id;}

synchronized void put() {
taken=false;
display.setFork(identity,taken);

notify();
}

synchronized void get() throws java.lang.InterruptedException {
while (taken) wait();
taken=true;
display.setFork(identity,taken);

}
¥

Zdroj: http://www.cse.psu.edu/~catuscia/teaching/cg428/Concurrency_applets/concurrency/diners/
Subor: Fork.java



Vecerajuci filozofovia

class Philosopher extends Thread {
private PhilCanvas view;

public void run() {
try {
while (true) { // thinking

view.setPhil(identity,view. THINKING);
sleep(controller.sleepTime()); // hungry
view.setPhil(identity,view.HUNGRY);
right.get(); // gotright chopstick
view.setPhil(identity,view.GOTRIGHT);
sleep(500);
left.get(); // eating
view.setPhil(identity,view.EATING);
sleep(controller.eatTime());
right.put();
left.put();

} catch (java.lang.InterruptedException e){}

¥
¥

Zdroj: http://www.cse.psu.edu/~catuscia/teaching/cg428/Concurrency_applets/concurrency/diners/
Subor: Philosopher.java




http://www.doc.ic.ac.uk/~jnm/book/book applets/Diners.html

Vecerajuci filozofovia

Phil 0 thinking
ki — () . - Phil 0 has Chopstick 0 Waiting for Chopstick 1
for (mt! =0:; i<N; ++|)_ | Phil 0 eating
fork[i] = new Fork(display,i); Phil 0 thinking
for (inti =0; i<N; ++i){ Phil 0 has Chopstick 0 Waiting for Chopstick 1
phil[i] = new Philosopher EE:: 8 teﬁiﬂrll?ng
. - o —
o (thIS,I,fork[(I 1+N) /oN],fOI‘k[I]), Phil 0 has Chopstick 0 Waiting for Chopstick 1
phil[i].start(); Phil 0 eating
} Phil 0 thinking
Phil 0 has Chopstick 0 Waiting for Chopstick 1
Phil 0 eating
Phil 0 thinking

Phil 0 has Chopstick 0 Waiting for Chopstick 1
@ Phil 0 eating
A Phil 0 thinking

Phil 0 has Chopstick 0 Waiting for Chopstick 1
Phil 1 thinking
Phil 2 thinking
Phil 3 thinking
Phil 4 thinking
Phil 1 has Chopstick 1 Waiting for Chopstick 2
Phil 2 has Chopstick 2 Waiting for Chopstick 3
Phil 3 has Chopstick 3 Waiting for Chopstick 4
Phil 4 has Chopstick 4 Waiting for Chopstick 0

Freeze | 1 | I » FhastartjI




class Philosopher extends Thread {

private PhilCanvas view; PO u ée ny

'p.u.b.lic void run() {

tr\yvf{\ile (true) { // Ehinking Ve&,:e raJ CI CI

view.setPhil(identity,view. THINKING);
sleep(controller.sleepTime()); // hungry

view.setPhil(identity,view.HUNGRY);
if (identity%2 == 0) { fl IOZOf
left.get(); /7 gotilert chopstick
view.setPhil(identity,view.GOTLEFT);
} else {
right.get(); // gotright chopstick
view.setPhil(identity,view.GOTRIGHT);
)
sleep(500);
if (identity%2 == 0)
right.get(); // eating
else
left.get(); // eating

view.setPhil(identity,view.EATING);
sleep(controller.eatTime());
right.put();

left.put();

} catch (java.lang.InterruptedException e){}

b Zdroj: http://www.cse.psu.edu/~catuscia/teaching/cg428/Concurrency_applets/concurrency/diners/
¥ Sabor: FixedPhilosopher.java




