Vlakna a konkurentné vypocty

dnes bude:

e konkurentné vs. paralelné vypocty,

e vlakna (threads) vs. procesy,

e jednoduché simulacie, uvod do Java Fx

dnes nebudu (tazké veci o vlaknach):

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

« JavaFX 2.0: Introduction by Example
« Liang : Introduction to Java Programming !!!!Tenth Edition!!! ©

CviCenia:
e simulacie konzolové Ci grafické (ak treba, pouzit’ existujuci kdd),
e napr. iné triedenie, iné gulicky, plavecky bazén, lienky na priamke, ...



Procesy a vlakna

kazdy program v Jave obsahuje aspon jedno vlakno (main thread)

okrem uzivatel'om definovanych vlakien, runtime spusta tiez “neviditel'né’
vlakna, napriklad pri Cisteni pamate (multi-thread GC)

’

pri aplikaciach, ktoré budu obsahovat’ GUI sa nezaobideme bez vlakien

kazdy bezny operacny systém podporuje vlakna aj procesy

v pripade jedno/dvoj-procesorového systému OS musi zabezpecit’
[preemptivne] prerozdelenie ¢asu medzi vlakna a procesy
nepreemptivne planovanie vymrelo s Win 3.0 a Win98/16bit

na preemptivhom principe ‘kazdy chvilku taha pilkd vznika konkukrentny
vypocet miesto skutocne paralelného vypoctu,

vlakna mbézeme chapat’ ako jednoduchsie procesy (java ma aj procesy)

spravu procesov riadi Task scheduler OS, kym vlakna riadi JVM



Co nas cCaka o vlaknach

vlakno je objekt nejakej podtriedy triedy Thread (package java.lang.Thread),
vlakno vieme vytvorit’ (new Thread() , new SubTread()),

vlakno vieme spustit’ (metdda Thread.start()),

vlaknu vieme povedat’, o ma robit’ (v metdde run() {...}),

vlakno vieme pozastavit’ (Thread.yield()) a dat’ Sancu inym viaknam,
vlaknam vieme rozdat’ priority (Thread.setPriority()), akymi bojuju o Cas,
vlakno vieme uspat’ na dobu urcitu (Thread.sleep()),

Prvé pokusy o synchronizaciu:

na vlakno vieme pockat’, kym dobehne (Thread.join()),
na vlakno vieme prerusit’ (Thread.interrupt()).

Prakticky pohl'ad na vlakna:

programy s vlaknami sa t'azsSie I'adia,

pri dvoch behoch rovnakého programu nemame zarucene, ze ddjde k rovnakej
interakcii vlakien, ak vsak interagujd,

ladenie chybnej synchronizacie vlakien je narocne, lebo v debugeri t'azko
na5|mulu1ete realnu situaciu, pri ktorej vam program pada
— ak sa vam to podari, Ze padne, mate Stastie, lebo aspon viete, co ladit/,

vo vSeobecnosti, na konkurentné vypocty nie sme vel'mi trénovanl',
— acela pravda je, Ze sa to skoro vobec neudi...



Krok za krokom:

Vlakna na prikladoch

nasledujuci priklad vytvori a spusti 15 vlakien,
vsSetky vlakna su podtriedou Thread, G
konstruktor SimpleThread vola konstruktor triedy Thread s menom vIakna
metdda getName() vrati meno vlakna,

kazdé vlakno si v cykle pocita v premennej countDown od 5 po 0 (metoda

run()),
pri prechode cyklu vypise svoj stav (metdda toString()),

ked’ countDown = 0 metdda run() dobehne, zivot vlakna kondi,
aj ked'’ si to priamo neuvedomujeme, vlakna zdiel'aju vystupny stream
System.out tym, Ze do neho ,sucasne" pisu.




Vytvorenie viakna

public class SimpleThread extends Thread{ ..

private int countDown = 5; opi
private static int threadCount = 0; #11: 3
public SimpleThread() { ane
super("" + (++threadCount)); // meno vlakna je threadCount #10: 5
}start(); // nastartovanie vlakna run() Pl
#10: 2
public String toString() { // stav vldkna FoLt
return "#" + getName() + ": " + countDown; #5:5
} #8:4
#8: 3
public void run() { // toto vlakno robi, ak je spustené #s:2
while(true) { g
System.out.printin(this); // odpocitava od countDown #6: 2
i . #6: 1
if(--countDown == 0) return; #12: 4
} #12: 3
} #12: 2
. . . . . #12: 1
public static void main(String[] args) { #15: 5
for(inti = 0;i < 15; i++) i
new SimpleThread(); // vytvorenie vlakna, eSte nebezi  #15:2
} #15: 1

} Subor: SimpleThread.java




Zat'azenie vilakna

° vV predchadzajucom priklade sme nemali pocit, ze by vlakna bezali subezne,

 lebo Cas prideleny planovacom k ich behu im postacoval, aby vldkno
prebehlo a (skor) skoncilo metddu run(),

e preto pridajme im viac roboty, priklad je umely ale ilustrativny

public void run() {
while(true) {
System.out.printin(this);

for(int j=0; j<50000000; j++) { // kym toto zrata
double gg = 0-Math.PI+j+j-j+Math.PI; // zapoti sa ... :
) E
if(--countDown == 0) return; :
} -4
} 4
1 4
e toto je jedna moznost, ako pozdrzat/spomalit’ vypocet vlakna, ktora vsak ﬁ;i;
vycerpava procesor (pozrlte si CPU load), #13: 4
e ak chceme, aby sa pocas narocneho vypoctu viakna dostah k slovu aj ine zgfz
vlakna, pouZijeme metddu yield() — ,daj Sancu inym", resp. nastavime  415.4
rozne prlorlty vlakien, vid’ nasledujuce priklady #5: 4

Subor: SimpleThread2.java




Pozastavenie/uvol'nenie vliakna

running

e metdda yield() zisti, & nie su iné vldkna it
v stave pripravenom na beh (Runnable), { 3
e ak SU da im prednost New Thread ——"“»|| Runnable «—>| Not Runnable
iThe run method terminates
public void run() { e z;g
while(true) { #3:5
System.out.printin(this); g
for(int j=0; j<50000000; j++) { /] kym toto zrata #8: 5
// zapoti sa ... §é155
double gg = 0-Math.PI+j+j-j+Math.PI; #10: 5
} #13: 5
yield(); // daj &ancu inym 145
if(--countDown == 0) return; ﬁ}gfg
by Suabor: YieldingThread.java #7:5
} #3: 4
#11: 4
#8: 4
e ina moznost’ spociva v nastaveni priorit viakien, ﬁ‘z‘fj
e pripomenme si, ze vlakna nie su procesy na urovni OS, #10: 4
e planovac vlakien pozna 10 drovni priorit z intervalu #9:4
MAX_PRIORITY(10), MIN_PRIORITY(1), ktoré nastavime pomocou e
setPriority(int newPriority) #5: 4

Subor: YieldingThread.java

#15: 4



Priority viakna s

#10: 5, pr|0r|ty 10

public class PriorityThread extends Thread { A ggg[:g °
private int countDown = 5; #9: 5, priority: 9
private volatile double d = 0; // d je bez optimalizacie ﬁif g g::g[:g 2
public PriorityThread (int priority) { #8: 5, priority: 8

setPriority(priority); // nastavenie priority 5y j Emg :
start(); // spustenie behu vidkna #10: 4, priority: 10
) 5 5 oty
public void run() { i 3: E?lﬁilt&i
while(true) { - | 4.5, prioriy 4
fOF(IntI =1; 1 < 100000; I++) #10: 1, priority: 10
d = d + (Math.PI + Math.E) / (double);; ‘j#%r:‘el, iority: 6
System.out.printin(this); done
if(--countDown == 0) return; #9: 1, priority: 9
} done
#1: 3, priority: 1
} é#3: 1, E::g::g 3
one
public static void main(String[] args) { #7: 1, priority: 7
new PriorityThread (Thread.MAX_PRIORITY); // #0=10 i‘;ﬁ‘% oty 5
for(inti = 0; | < 5; i++) #8: 1: priority; 8
- . . . d
} new PriorityThread (Thread.MIN_PRIORITY); // #i=1 #‘Z{:‘ell riority: 4
d
} #02r:]e5, priority: 2

Subor: PriorityThread.java #1: 2, priority: 1




Pozastavenie/uspanie vlakna

zat'azenie vlakna (nezmyselnym vypoctom) vycCerpava procesor,
potrebujeme jemnejsiu techniku,

nasledujuci priklad ukaze, ako uspime vlakno bez toho aby sme zat'azovali
procesor nepotrebnym vypoctom,

vlakno uspime na ¢as v milisekundach metédou Thread.sleep(long millis)
throws InterruptedException,

spanok vlakna moze byt preruseny metodou Thread.interrupt(), preto pre
sleep musime osetrit’ vynimku InterruptedException,

ak chceme pockat’, kym vypocet’ viakna prirodzene dobehne (umrie),
pouzijeme metodu Thread.join()

ak chceme testovat/, Ci zivot vlakna bol preruseny, pouzijeme metddu
boolean isInterrupted(), resp. Thread.interrupted().



Uspatie vlakna

public class SleepingThread extends Thread {

. . #1:5
private int countDown = 5; #1: 4
private static int threadCount = 0; #1: 3
public SleepingThread() { ... .start(); } e
public void run() { P

while(true) { 42 4
System.out.printin(this); igf 2
if(--countDown == 0) return; 490 1
try 4

sleep(100); // uspi na 0.1 sek. 43 2
} catch (InterruptedException €) { // vynimku musime ochytit’ iggg
throw new RuntimeException(e); // spanok bol preruseny 430 1

} -

} v 4
} #4: 3
public static void main(String[ ] args) throws InterruptedException { ijf

for(inti=0;i<5;i++){ e

new SleepingThread().join(); // potkaj kym dobehne e
System.out.printin("--"); #5:3

#5: 2

} } #5: 1

}

Subor: SleepingThread.java




Cakanie na vlakno

nasledujuci priklad vytvori 4 vlakna,

dva modré (Prvy, Druhy) triedy Sleeper, ktory zaspia na 1.5 sek.

d'alSie dva zIté (Treti, Stvrty) triedy Joiner, ktoré sa metddou join() pripoja
na sleeperov a €¢akaju, kym dobehnu,

aby vedelo vilakno triedy Joiner, na koho ma cakat/, konstruktor triedy
Joiner dostane odkaz na vlakno (sleepera), na ktorého ma cakat/,

medzicasom, vypocet vlakna Prvy nasilne zastavime v hlavhom vlakne
metddou interrupt().

Prvy Diruhy
// hlavny thread:

Sleeper prvy = new Sleeper("Prvy", 6000);
Sleeper druhy = new Sleeper("Druhy"”, 6000),
Joiner treti = new Joiner("Treti", druhy),
Joiner stvrty = new Joiner("Stvrty", prvy);
Thread.sleep(3000);

prvy.interrupt(); Stvrty Treti

Subor: SleeperJoiner.java




Cakanie na vlakno - Sleeper

class Joiner extends Thread {
private Sleeper sleeper;

class Sleeper extends Thread { public Joiner(String name, Sleeper sleeper) {

private int duration; super(name);
public Sleeper( String name, this.sleeper = sleeper;
int sleepTime) { }Start();
super(name); public void run() {
duration = sleepTime; try {
start(); sleeper.join();

} catch (InterruptedException e) {
¥ _ _ throw new RuntimeException(e);
public void run() { }

try { System.out.printin(getName() + "dobehol");
sleep(duration); }}

} catch (InterruptedException e) {

System.out.printin(getName() + " preruseny"); Prvy Druhy
return;
y
System.out.printin(getName() + " vyspaty");
y
¥ .
Stvrty Treti

Subor: Sleeper.java
Subor: Sleeper.java



Cakanie na vlakno - Joiner

class Stlec_ep:::l ext:-_nds Thread { class Joiner extends Thread {
private int duration; - .
public Sleeper(String name, int sleepTime) { prlvgte Sl.e eper sle_eper,
super(name); public Joiner(String name,
duration = sleepTime; Sleeper sleeper) {
}Start(); super(name);
bublic void run() { this.sleeper = sleeper;
try { sta rt();
sleep(duration); }
} catch (InterruptedException e) { . :
System.out.printin(getName() + " preruseny"); pUb“C void run() {
return; try {
} sleeper.join();
System.out.printin(getName() + " vyspaty"); } catch (InterruptedException e) {
}} throw new RuntimeException(e);
Prvy Druhy }
Sc}lstem.out.println(getName() + "
Prvy preruseny obehol");

Stvrty dobehol }
_ Druhy vyspaty 1
Stvrty el Treti dobehol

Subor: Joiner.java



Simulacie
« simulovat konkurentneé vlakna pomocou konzolovej aplikacie je prinajmenej
malo farbisté a lakavé (aj napriek tomu, takéhoto cviCenia si zajtra urobime),
« preto potrebujeme nejaké grafické rozhranie,
 pouzivame JavaFx,
« dnes JavaFx pouzijeme na zobrazenie simulacii, bez detailného uvodu, to pride

« JavaFx cez priklady — zo zad&iatku budete dopifat len chybajuce kusky kodu do
pred-pripraveného projektu.

PRIRTI || N 1oy

S TET]

Kde zacat’

« What s JavaFX
https://docs.oracle.com/javafx/2/overview/jfxpub-overview.htm

« JavaFX 2.0: Introduction by Example
http://it-ebooks.info/book/399/

* Programovani v JavaFX: uvod, priprava systému a prostredi
http://www.root.cz/clanky/programovani-v-javafx-uvod-priprava-systemu-a-prostredi/

 Liang : Introduction to Java Programming, !!!!Tenth Edition




—

Gulicky v krabici i

nasledujuci priklad ilustruje simulaciu dvoch jednoduchych ,procesov",
v krabici lietaju dve roznofarebné gulicky,
kazda z guliCiek je simulovana jednym vlaknom,
toto vlakno si udrziava lokalny stav simulovaného objektu, t.j.
— polohu, suradnice [x,y],
— smer, vektor rychlosti [dx, dy],
— farbu, event. rychlost, ...
metoda run() pocita nasledujuci stav (polohu, smer) objektu (gulicky),
treba k tomu trochu “fyziky” (lebo uhol dopadu sa rovna uhlu odrazu),
ked'ze strany krabice su rovnobezne so suradnicami, staci si uvedomit, ze
— ak gulicka nenarazi, jej nova poloha je [x+dx, y+dy],
— ak gulicka narazi, zmeni sa jej smerovy vektor na [fdx, Fdy],

po kazdom kroku simulacie si vlakno vynuti prekreslenie panelu, t.j. viakno
ma odkaz na panel Balls,

hlavny program len:
— vytvori obe vlakna a nastartuje ich,

— vykresli polohu/stav guliciek (to musi vidiet’ ich suradnice, ktoré su vo
vlaknach)



Bounce off /g o LISION

i 7 N\
object / \

Vlakno gulicky - fyzika  ®...
‘l'/

class BallThread extends Thread { // stav gulicky

int x, y; // suradnice gulicky

int dx, dy; // smerovy vektor

int size; // polomer gulicky

int w, h; // velkost krabice, to potrebuejem kvoli odrazaniu
BallThreadPanel bp; //pane zodpovedny za vykreslovanie plochy s gulickami

public BallThread(BallThreadPanel bp, int x, int y, // konStuktor ulozi vsSetko
int dx, int dy, int size, int w, int h) { . . . }

public void update(int w, int h) { // simulacia pohybu gulicky
X += dx; // urob krok
y += dy;
if (x < size) dx = -dx; // odrdazanie od stien lava
if (y < size) dy = -dy; horna
if (x > w - size) dx = -dx; prava
if (y > h - size) dy = -dy; dolna
} [@® ? X axi // simulacia ma svoje rezervy v rohoch...

Subor: BallThreadFx.java




YY axis [dx,dy]



Vlakno gulicky - prekreslovanie

Hlavny cyklus vlakna gulicky v nekonecnom cykle vola update, prekresli plochu a pozastavi sa.
Problém je, Ze GUI aplikacie bezi v jednom vlakne, do ktorého iné vlakna nesmu zasahovat.

@Override
public void run() { // run pre Thread
while (true) { // nekonecna simulacia
update(w, h); // vypocitame novu polohu jednej gulicky
try { // try-catch kvoli Thread.sleep
Thread.sleep(10); // lebo aj sleep méze zlyhat, ??
Platform.runLater(new Runnable() { // jedine takto
@Override // mézeme menit GUI aplikacie
public void run() {// maly/kratky kusok kodu
bp.paintBallPane(); // neblokuje GUI
}
})s
Platform.runLater(()->bp.paintBallPane() ); // JDK 8
} catch (InterruptedException e) {// try-catch kvoli sleep
e.printStackTrace();
}
}

} Subor: BallThreadFx.java




Panel guliciek —
vytvorenie a spustenie vlakien

class BallThreadPanel extends Pane { // Pane-1 je zakladny Fx komponent
private int w = 450, h = 450; // velkost panelu
private BallThread red; // Cervena gulicka
private BallThread blue; // modra gulicka
public BallThreadPanel() { // konStruktor Pane-1lu

Random rnd = new Random(); // nahodne x=[0,w],y=[0,h],dx,dy=[-1,0,1]
red = new BallThread(this, rnd.nextInt(w), rnd.nextInt(h),
rnd.nextInt(3) - 1, rnd.nextInt(3) - 1, 5, w, h);
blue = new BallThread(this, rnd.nextInt(w), rnd.nextInt(h),
rnd.nextInt(3) - 1, rnd.nextInt(3) - 1, 10, w, h);
red.start(); // nastartovanie simulacie, de-facto sa
blue.start(); // vytvori vlakno a v nom sa spusti metdéda run()

// tragédia a obcasna chyba, ak miesto .start() zavolate .run()
// syntakticky spravne, ale NEvytvori vlakno a spusti sa metdda run.

Subor: BallThreadFx.java




Panel guliCiek —
kreslenie do panelu

class BallThreadPanel extends Pane { =lof x|

protected void paintBallPane() {

getChildren().clear(); // kreslenie do Pane-1lu

if (blue != null) { // ak modra uz existuje
Circle blueR = new Circle(blue.x, blue.y, blue.size);
blueR.setFill(Color.BLUE); // plnka
blueR.setStroke(Color.BLACK); // ciara @
getChildren().add(blueR); // pridanie Nodu do Pane-lu °

}

if (red !'= null) {
Circle redR = new Circle(red.x, red.y, red.size);
redR.setFill(Color.RED);
redR.setStroke(Color.BLACK);
getChildren().addAll(redR);

Subor: BallThreadFx.java




Hlavna scena

import javafx.application.Application;
import javafx.application.Platform;
import javafx.scene.Scene;

import javafx.scene.layout.Pane;
import javafx.scene.paint.Color;
import javafx.scene.shape.Circle;
import javafx.stage.Stage;

public class BallThreadFx extends Application { pe—ilgpe

@Override 1‘ ?;zl

public void start(Stage primaryStage) { — (Pane, Control)
BallThreadPanel balls = new BallThreadPanel(); — * dits
Scene scene = new Scene(balls, 450, 450);

primaryStage.setTitle("Balls in the Box using threads");
primaryStage.setScene(scene);
primaryStage.show();

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

Launch(args); // zavola metddu start, sem nic nedopisujte

Subor: BallThreadFx.java




Animacia pomocou Timeline

(in@ moznost)

e Teraz Ball nie je vlakno, vlakno skryva objekt triedy Timeline
class Ball {

int x, y, dx, dy, size;

public Ball(int x, int y, int dx, int dy, int size) { ... }

public void update(int w, int h) { ... } // analogicky ako predtym
e do BallPane pridame update
class BallPane extends Pane {
public void update() { // gulicky nie su viac dva uplne nezavislé
red.update(w, h); // vlakna, ale jedno vlakno bude v kazdom kroku
blue.update(w, h); // updatovat krok cervenej a krok modrej gulicky
} // de-facto, to nie je to isté, aj ked vizualny zazitok bude podobny
e Animacia v start(Stage primaryStage):
Timeline animation = new Timeline(new KeyFrame(Duration.millis(10), // 10ms.

e -> { // AN funkcia - ide len v Java 1.8
balls.update(); // kazdych 1@ms. sa toto vykona
balls.paintBallPane(); Timeline animation = new Timeline(new KeyFr

. |'_' should not be used as an identifier, since it is a reserved keyword from scurce level 1.8 DnL

}) ) ) = b

animation.setCycleCount(Timeline.INDEFINITE); // a to do nekonecna

animation.play(); // Start animacie Sabor: BallFx.java



E W n

A-funkcia podrobnejsie

EventHandler<ActionEvent> evHandler = e -> { // A funkcia —ide len v Java 1.8
balls.update(); // v tomto jednoduchom priklade hodnotu parametra e

balls.paintBallPane(); // nikde vo funkcii nepotrebujeme...

Jre

Timeline animation = new Timeline(new KeyFrame(Duration.millis(10),evHandler));

EventHandler<ActionEvent> evHandler = new EventHandler<ActionEvent>() {
@Override // ide ajv <Java 1.8
public void handle(ActionEvent e) { // neSikovnejs$i ale rovnocenny zapis

balls.update();
balls.paintBallPane();

}
}s
Timeline animation = new Timeline(new KeyFrame(Duration.millis(10),evHandler));
[/ === -
animation.setCycleCount(Timeline.INDEFINITE);
animation.play(); // start animacie

Subor: BallFx.java




AnimationTimer

AnimationTimer at = new AnimationTimer() {

@Override

public void handle(long now) { // v nanosekundach, 1079, mili,micro,nano
if (now > LlasttimeNano + 1_000 000 000) { // ak uplynie sekunda,
System.out.println(frameCnt + " fps"); // tak vypis fps

frameCnt = 0;
LasttimeNano = now;

}
balls.update();

balls.paintBallPane();
frameCnt++;

}s5
at.start();

60
61
61
61
61
60
61
61

fps
fps
fps
fps
fps
fps
fps
fps

Subor: ManyBallsAnimationTimerFx.java




AnimationTimer

AnimationTimer at = (now) = { // cas v nanosekundach, 1079, mili,

i
!/

micro

r

nanoseconds

if (now > lasttimeNano + 1_0B00_B8060_000) { // ak upluynie sekunda,

// tak vypis fps

System.out.printin(framecnt + " fps");

frameCnt = 0;

lasttimeNano = now;
+
balls.update();
balls.paintBallPane();
frameCnt++;

E;
at.start();

60
61
61
61
61
60
61
61

fps
fps
fps
fps
fps
fps
fps
fps

Subor: ManyBallsAnimationTimerFx.java




100, 1000, 10000 Balls

class BallPane2 extends Pane {
private ArrayList<IdealBall2> balls = new ArraylList<IdealBall2>();
final int SIZE = 100; // SIZE = 1000; SIZE = 10000;
Color[] cols = { Color.RED,Color.BLUE,Color.GREEN,Color.CYAN,Color.YELLOW };
public BallPane2() {
Random rnd = new Random();
for (int i1 = @; i < SIZE; i++)
balls.add(new IdealBall2(rnd.nextInt(w), rnd.nextInt(h), /] X,y
rnd.nextInt(3) - 1, rnd.nextInt(3) - 1,

rnd.nextInt(20),
cols[rnd.nextInt(cols.length)]));

} ot <
public void update() { o _
for (IdealBall2 b : balls) b.update(w, h); .. .
}
protected void paintBallPane() {
getChildren().clear();
for (IdealBall2 b : balls) {
Circle ci = new Circle(b.x, b.y, b.size);
ci.setFill(b.c);
ci.setStroke(Color.BLACK);
getChildren().add(ci);
o} Subor: ManyBallsAnimationTimerFx.java




Preteky v triedeni

dalsi priklad je pretekom 4 triediacich algoritmov v jave,
hlavny panel je rozdeleny na 4 panely (SortPanelFx extends Pane),
kazdy SortPanelFx
— nahodne vygeneruje (in€) pole na triedenie,
— vytvori vlakno triedy SortThreadFx a spusti,
— poskytuje pre vlakno SortThreadFx metddu swap(i,j) — prvky i, j sa vymenili
— vymenené palicky (hi, o) znazorni Cierno,
— zabezpecuje vykreslovanie paliCiek,
SortThreadFx triedi vygenerované pole danym algoritmom (parameter “buble”),
Random sort je jediny (len mne) znamy algo triedenia horsi ako bublesort ©

i = random(); j = random();
if (i<j & a[i] > a[j]) { int pom = a[i]; a[i] = a[j]; a[j] = pom; }



Sorty

|8 Triedenia

public void start(Stage primaryStage) {
buble = new SortPanelFx("Buble", Color.MAGENTA);
quick = new SortPanelFx("Quick", Color.BLUE);
merge = new SortPanelFx("Merge", Color.RED);
random = new SortPanelFx("Random", Color.GREEN);
FlowPane flowpane = new FlowPane(buble, quick, merge, random); // vedla seba

Scene scene = new Scene(flowpane, 800, 200); // vytvor scenu 4x200x200

Subor: SortyFx.java



SortPanel

class SortPanelFx extends Pane {
private int[] a; // triedené pole
private int lo, hi; // vymienané prvky
private Color c; // farba algo

public SortPanelFx(String algo, Color col) {// konstruktor

this.c = col; // zapamata farbu
setPrefSize (200, 200); // nastavi velkost
a = new int[100]; // generuje pole
for (int 1 = 0; i < a.length; i++)
a[i] = (int) (200 * Math.random());
SortThreadFx thread = // vytvori vlakno
new SortThreadFx(this, algo, a);
thread.start(); // nastartuje ho
}
// public, poskytuje pre triediace algo
public void swap(int i, int j) {
lo = 1; // zapamata, ktoré palicky sme
hi = j; // prave vymienali

}

// kreslenie paliciek
public void paintSortPanel() {
getChildren().clear();
for (int i=@;i<a.length;i++) {
Line 1i =
new Line(2*i,a[i],2*1i,0);
1i.setStroke(
(i==lo || i==hi) ?
Color.BLACK : c);
getChildren().add(1l1i);

¥
}

Subor: SortyFx.java




class SortThreadFx extends Thread {

SortPanelFx sPane; // kto vie prekreslit Pane-1l1

String algo; // meno algo R d S@rt
int[] a; an Ol I l

public void run() { // toto spusti .start() SortThreadFx

if (algo.equals("Buble")) bubleSort(a);

else randomSort(a);
}
void swap(int i, int j) {// ak vymiename palicky, tak treba prekreslit Pane-1
sPane.swap(i, j);
Platform.runLater(new Runnable() { // pristup do GUI vlakna
@Override
public void run() { sPane.paintSortPanel(); } });
try { sleep(10); } catch (Exception e) { } // spomalenie animacie
}
void randomSort(int a[]) { // samotny triediaci algoritmus
while (true) {
int 1 = (int) ((a.length - 1) * Math.random());
int j =1 + 1;
swap(i, Jj); // tu znazornejeme, ktoré prvky porovnavame
if (1 < j & a[i] » a[]j]) {
int pom = a[i];
a[i] = a[]l;
a[j] = pom;
}

1 1) Subor: SortyFx.java




MultiStage aplikacia

public void start(final Stage primaryStage) {

}

final Scene scene = new Scene(getAnimationPanel(), 400, 400, Color.BLACK);
primaryStage.setTitle("Animation Timer");
primaryStage.setScene(scene); o

primaryStage.show();

Stage stage = new Stage();
stage.setTitle("TimelLine"); - o o e
stage.setScene(new Scene(getTlmeLlnePanel(), 400, 400, Color. BLACK)),
stage.show();

Stage thstage = new Stage();
thstage.setTitle("Thread");
thstage.setScene(new Scene(getThreadPanel(), 400, 400, Color.BLACK));

thstage.show();

Motiv odtialto: http://blog.netopyr.com/2012/06/14/using-the-javafx-animationtimer/ Subor: SandBoxFx.java




ThreadPanel

runLater
public Pane getThreadPanel() { // vyrobi a vrati Pane-1

Rectangle[] nodes = new Rectangle[STAR_COUNT];
double[] angles = new double[STAR_COUNT];
long[] start = new long[STAR_COUNT];
Pane p = new Pane();
p.setPrefSize(w, h);
for (int i = @; i < STAR_COUNT; 1i++) {

nodes[i] = new Rectangle(1l, 1, Color.ORANGE);

angles[i] = 2.0 * Math.PI * random.nextDouble();

start[i] = random.nextInt(2000000000);

p.getChildren().add(i, nodes[i]);
}

Thread th = new Thread() { // ktory vyrobi a spusti vlakno
public void run() { // ktory musi mat metddu run()
while (true) {

final double centerW = 0.5 * w;
final double centerH = 0.5 * h;
final double radius = Math.sqrt(2) * Math.max(centerW, centerH);

Platform.runLater(()-> { // ktora, ak chce nieco do GUI
// tak musi zaradit ,,malu“ rutinku Runable
for (int i = 0; i < sTar_counT; i++) { // do event-dispatch fronty pomocou

final Node node = nodes[i]; // Platform.runLateP()
final double angle = angles[i];

SandBoxFx.thnow -= 400;

final long t = (thnow - start[i]) % 2000000000 ;

final double d = t * radius / 2000000000.0;
node.setTranslateX(Math.cos(angle) * d + centerW);
node.setTranslateY(Math.sin(angle) * d + centerH);

s
try { Thread.sleep(10);} catch (InterruptedException e) { ... }

1}
th.start();

return p; Subor: SandBoxFx.java




Timeline

public Pane getTimeLinePanel() { // vyrobi a vrati Pane-1

Rectangle[] nodes = new Rectangle[STAR_COUNT];

double[] angles = new double[STAR_COUNT];

long[] start = new long[STAR_COUNT];

Pane p = new Pane();

p.setPrefSize(w, h);

for (int i = @; i < STAR_COUNT; i++) {
nodes[i] = new Rectangle(1, 1, Color.YELLOW);
angles[i] = 2.0 * Math.PI * random.nextDouble();
start[i] = random.nextInt(2000000000);
p.getChildren().add(i, nodes[i]);

} // ktory vytvori objekt Timeline
Timeline tl = new Timeline(new KeyFrame(Duration.millis(40), e -> {

final double centerW = 0.5 * w; // naprogramujeme EventHandler, napriklad ako A funkciu
final double centerH = 0.5 * h;
final double radius = Math.sqrt(2) * Math.max(centerW, centerH);
for (int i = @; i < STAR_COUNT; i++) {
final Node node = nodes[i];
final double angle = angles[i];
SandBoxFx.now -= 460;
final long t = (now - start[i]) % 2000000000;
final double d = t * radius / 2000000000.0;
node.setTranslateX(Math.cos(angle) * d + centerW);
node.setTranslateY(Math.sin(angle) * d + centerH);

)
tl.setCycleCount(Timeline.INDEFINITE);

tl.play(); // timeline nezabudneme pustit
return p;

Subor: SandBoxFx.java




public Pane getAnimationPanel() {

AnimationTimer

Rectangle[] nodes = new Rectangle[STAR_COUNT];

double[] angles = new double[STAR_COUNT];

long[] start = new long[STAR_COUNT];

Pane p = new Pane();

p.setPrefSize(w, h);

for (int i = @; i < STAR_COUNT; i++) {
nodes[i] = new Rectangle(1, 1, Color.WHITE);
angles[i] = 2.0 * Math.PI * random.nextDouble();
start[i] = random.nextInt(2000000000);
p.getChildren().add(i, nodes[i]);

// vyrobi a vrati Pane-1

ktory vytvori objekt AnimationTimer

naprogramujeme metédu handle

}
AnimationTimer at = new AnimationTimer() { //
@Override
public void handle(long now) { //
final double centerW = 0.5 * w;
final double centerH = 0.5 * h;
final double radius = Math.sqrt(2) * Math.max(centerW, centerH);
for (int i = @; i < STAR_COUNT; i++) {
final Node node = nodes[i];
final double angle = angles[i];
final long t = (now - start[i]) % 2000000000;
final double d = t * radius / 2000000000.0;
node.setTranslateX(Math.cos(angle) * d + centerW);
node.setTranslateY(Math.sin(angle) * d + centerH);
}
}s
at.start(); // a tiez ho treba pustit
return p;

Subor: SandBoxFx.java




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

static class Whisperer extends Thread {
int id;
PipedOutputStream pos = new PipedOutputStream();
PipedInputStream pis;
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);
System. out.printin("Whisperer " + id + " created"); public static void main(String[] args) {
} catch (IOException e) { Whisperers s = new Whisperers();
throw new RuntimeException(e); try {
} PipedOutputStream first =
start(); new PipedOutputStream();
} Whisperer sepkar = new Whisperer(0, first);
public void run() { for(inti=1;i< M i++)
while(true) { sepkar = new Whisperer(i, sepkar.pos);
try { for(charm="a m<'a"+ M m++){
char msg = (char)pis.read(); first.write(m);
System. out.printin(id + " received: " + msg); first.flush();
pos.write(msg+1); }
pos.flush(); var last = new PipedInputStream(sepkar.pos);
} catch (IOException e) { while(true) {
throw new RuntimeException(e); System. out.printin((char)last.read());
by ¥
} } catch (IOException e) {
, } kImnopq rstuvwxyz { | }N , throw new RuntimeException(e);
} Subor: Whisperers.java




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 (»

EHalin Elwv. s EF. o
R, U. 25 53 1
15 M Mo M
MM

Available 532 MBE

Hard Faults/sec 100 4

Cached 556 ME
Total 16275 ME
Installed 16324 ME

(%) Resource Moniter

File Monitor Help

Overview | CPU ;Mamory Disk Metwork

final static int V= 10000; // number of Whisperer G el | )

‘ Proc... M 73. @14, (v 3

final static int M= 20; // number of messages — ;f‘ T S
=

vytvorf 10.000 vidkien o

22?7 .
- {A”""M el Service CPU Usage 100% -

[ Search Handles Pl

final static int V= 100000; // number of Whisperer
final static int M= 20; // number of messages e B i

CPU1 100%

CPU2 100%

0% -

CPU3 10{)%}

I

Subor: Whisperersl.java
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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);

}

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




Cinski Sepkari

static class Whisperer extends Thread {
PipedOutputStream pos = new PipedOutputStream();
PipedInputStream pis;
ObjectInputStream ois; static class Message implements Serializable {
_Ott)j_((ajctOutputStream 00s; Integer id:;
int id; :
public Whisperer(int id, PipedOutputStream prevPos) { Double value;
this.id = id;
try { public Message(Integer id, Double init) {
pis = new PipedInputStream(prevPos); this.id = id;
} catch (IOException €) { this.value = init;
throw new RuntimeException(e); }
¥ public void update() {
[})ublic void connect() { value += (new Random().nextDouble()-0.5) / 10;
try //value += 1;
00s = new ObjectOutputStream(pos); }
ois = new ObjectInputStream(pis); }
} catch (IOException e) {
throw new RuntimeException(e); Nazov grafu
) ; 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 e) { e , L
throw new RuntimeException(e); O O O O O O OO O O O OO O I I I I I I e I e I I e e e
OO DO DONDVVDDDD D rrrr e
by R R R T R R R RRR333333333333
YY) BEE§3333R53§3§ESQSQESQQQSSQSQS
N VOO IT O TNSANTNOINTON T~ TOD~ M
DO NNNNTT - R0 000 —m = O N NN MM
https://www.youtube.com/shorts/TwctT3Ncmiw — ———2EE2ET sdber: Whispérers3.java~ ===
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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();

[
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¥ final static int N = 1000; // number of Whisperer
} final static int M = 7920; // number of messages
} catch (IOException | ClassNotFoundException e) { Whisperer 0 received first message: 2
throw new RuntimeException(e); Whisperer 1 received first message: 3
} Whisperer 2 received first message: 5
¥ Whisperer 3 received first message: 7
} Whisperer 4 received first message: 11
} Whisperer 5 received first message: 13

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

Subor: Whisperers4.java



Spat ku concurrency

hodnoti sa najrychlejsia odpoved v chate

« 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



