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Process model

Process (Java Program)

Shared Memory

T T T
( Thread > ( Thread > ( Thread )
l ' '

OS Thread Scheduler
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> public static void main(String[] args) {

@[ Runnable hellos = () —-> {
10 for (int i = 1; 1 <= 1000; i++) System.out.println("Helle " + 1i);
11 }i
12 ®f Runnable goodbyes = () —-> {
13 for (int i = 1; 1 <= 1000; i++) System.out.println("Goodbye " + 1);
14 }i

16 Executor exec = Executors.newCachedThreadPool () ;
17 // or
18 exec.execute (hellos) ;

b=
l'b

xecutors.newFixedThreadPool (numberOfThreads) ;

19 exec.execute (goodbyes) ;

21 //

22 // Hello 158
23 // Hello 159
24 // Goodbye 105
28 // Hello 160
26 // Goodbye 106
27 // Hello 161
28 //
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0 ExecutorService exec = Executors.newFixedThreadPool ( nThreads: 3);

12 @ Callable<String> task = () —-> {
13 // do smth
14 if (Thread.currentThread() .isInterrupted()) {

15 return null;

21 Future<String> result = exec.submit (task);

22 // V get() throws InterruptedException, ExecutionException;
23 // V get(long timeout, TimeUnit unit) throws ...;

24 // booclean cancel (boolean mayInterruptIfRunning)

2% // boolean isCancelled()

26 // boolean isDone()
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9

private static /*volatile*/ boolean done = false;

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

12 @f Runnable hellos = () -> {

13 for (int i = 1; i <= 100; i++)

14 System.out.println("Hello " + 1i);
i5 done = true;

16 }i

17 @ Runnable goodbye = () —-> {

18 int i = 1;

19 while (!done)

24 i++;

431 System.out.println("Goodbye " + 1);
22 bi

24 Executor executor = Executors.newCachedThreadPool() ;
25 executor.execute (hellos);

executor.execute (goodbye) ;

27 // Result:

28 LS iz

29 // Hello 97

30 // Hel
31 // Hel
32 // Hello 100

33 // .. and not completed yet
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private static volatile int[] count = new int[]{0};

i0 P public static void main(String[] args) {

12 Executor exec = Executors.newCachedThreadPocol () ;

14 for (int i = 1; i <= 100; i++) {

15 int taskId = i;

16 @ Runnable task = () —-> {

17 for (int k = 1; k <= 1000; k++) count[0]++;
i8 System.out.println(taskId + ":" + count[0]);
19 bi

21 exec.execute (task) ;

23 £t S2s
24 79 X
25 L1 522432
26 Lt 3530
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Strategies for Safe Concurrency:

1. Confinement: just say ‘'no’ when it comes to sharing data among
task

2. Immutability: it's safe to share immutable objects

3. Locking: by granting only one task at a time to access a data
structure, one can keep it from being damaged.
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List<String> coll = Arrays.asList("aAbe", "Eklmn", "Xys");
long result = coll.parallelStream() .filter(s —-> s.startsWith("A")) .count();

Arrays.parallelSort((String[]) coll.toArray(),
Comparator.comparing(String: :length));

int[] shortWords = new int[3];
coll .parallelsStream() . forEach(s -> {
if (s.l=ngth() < 3) {
shortWords [s.length() ]++;
} // ERROR! DON'T DO THIS — RACE CONDITION
¥ %

System.out.println (Arrays. toString(shortWords));
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N public static void main(String[] args) |

- ConcurrentHashMap<String, Long> map = new ConcurrentHashMap<>():
3 map.put ("key", 123L);
10 map.putlfAbsent ("key", 321L); // {"key" : 123L)

12 Long cldValue = map.get("key");
13 Long newValue = oldValue == null ? 1 : oldValue + 1;

14 map.put ("key", newValue); // Potential error, don't do this

16 / use this instead

17 @ map.compute ( key: "key", (k, V) => v=mnull 2 1 : v + 1);

20 @ map.merge( key: "key", value: 1L, (existingV, newV) -> existingV + newV);
21 }
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Metop 06nivHOE pedcTBME lleficteue npu ownbke
put () BBoauT 3neMeHT B XBOCT ouyepeau Bnokupyet onepauuio, ecnu oyepeib 3aN0AHEHA
take() Ynansiet aneMeHT u3 ronoBb! ouepean bnokupyet onepaumio, ecan oyepeab Nycra
W BO3BpallyaeT ero
add () BeoauT 3neMeHT B XBOCT oYepeau leHepupyeT ucknwoyeHne Tuna IllegalStateException,
eCcAu oyepeab 3anNoNHeHa
remove () YRanser 3neMeHT U3 ronosbl ouepeau eHepupyeT UCKNIOYEHUE TUNA
¥ BO3BpaLL3eT ero NoSuchElementException, ec/ii 04epelb Nycra
element () Bo3epalyaer 3n1eMeHT #3 ronoBbl [eHepupyeT ucknwyeHne TMNA
ovyepepu NoSuchElementException, eciu o4yepeab NycTa
offer() Bsoaut 3neMeHT B oyepeab M Bo3-  Bo3BpatlaeT noruueckoe 3HayeHue false, eCNU oYepeab
BPaLL@eT Noruyeckoe 3HayeHue true 3anONHEHa
poll () Ynansaert aneMmeHT u3 ronoBbl oyepean Bo3spauwiaer nycroe 3HayeHue null, eCnu oyepeab Nycra
U BO3BpaUiaeT ero
peek () Bo3spauyaer 3nemMeHT U3 ronosbl Bo3Bpaujaer nycToe 3HaueHue null, ecnu oyepeab Nycra
ouyepenu
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I public class Slide9 |

11 static Atomiclong nextNumber = new AtomicLong():

13 static List<Long> listOne = Arrays.asList(321L, 123L, -222L);
14 static List<Long> listTwo = Arrays.asList(900L, -300L, 200L);
15 static Atomiclong maxNumber = new AtomicLong():

17 b public static void main(String[] args) throws InterruptedException {
18 Executor executor = Executors.newCachedThreadPool():
19 & executor.execute (() -> |

20 System.out.println(nextNumber.incrementAndGet()):

..................................................................

25 executor.execute (createFindMaxFunction(l
26 executor.execute (createFindMaxFunction(l

[P

28 Thread.sleep( milliss 5000);
29 System.out.println(maxNumber) ;

}
2 @ private static Runnable createFindMaxFunction(List<Long> numbers) {
33 @ return () -> {
34 for (Long number : numbers) {
35 @ maxNumber.updateAndGet (x -> Math.min(x, number)):
€ }
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| 2 public class SlidelO {
| 4 public static void main(String[] args) throws InterruptedException {

10 // 1. initialize shared variable

11 ClassWithLock classWithLock = new ClassWithLock() ;
13 // 2. create some job
14 @ Runnable runnable = () -> {

15 for (int i = 0; i < 5000; i++) {
16 classWithLock.incrementCount () ;

18 bi

20 // 3. and execute this job twice

23 // 4. wait a little bit (without it output will be 0 or smth)
24 Thread.sleep( milliss 5000) ;

25 System.out.println(classWithLock) ;

2 }

28 private static void runTwice (Runnable runnable) {...}

35 class ClassWithLock {
private long count = 0;
37 private Lock countLock = new ReentrantLock();

public void incrementCount () {

40 countLock.lock () ;

41 try {

42 count++;

43 } finally {

44 countLock.unlock () ;

45 }

4 }

47

43 @ public String toString() { return "" + count; }
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» | public class Slidell {|
v public static void main(String[] args) throws InterruptedException {

// 1. initialize shared variable

ClassWithSync classWithSync = new ClassWithSync();

i1 // 2. create some job

12 @J Runnable runnable = () -> {

i3 for (int i = 0; i < 5000; i++) {

14 classWithSync.incrementCount () ;
15 }

16 ¥;

18 // 3. and execute this job twice

21 // 4. wait a little bit (without it output will be 0 or smth)

22 Thread. sleep( millis: 5000) ;
23 System.out.println(classWithSync);

26 private static void runTwice (Runnable runnable) {...}

33 class ClassWithSync {
34 private long count = 0;
35 public synchronized void incrementCount () { count++; }

35 @f public String toString() { return "" + count; }

41 }

42

43 elass Flag {

44 private boolean done;

45 public synchronized void s=t () { done = true; }

48 public synchronized boolean get () { return done; }
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New

admitted

Runnable
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|
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notify() \
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T public static void main(String[] args) {
1€ WaitAndNotify shared = new WaitAndNotify():

18 @f Runnable puts = () -> {
19 for (int i = 1; 1 <= 10; i++) {
20 try { shared.put(i); } catch (InterruptedException e€) { }

22 }:

23 & Runnable gets = () -> {

24 for (int i = 1; i <= 10; i++) {

25 try { System.out.println(shared.get()); } catch (InterruptedExceptiocn e) { }

235 execute(puts, gets);

class WaitAndNotify {
34 boolean flag = false; int wvalue;

3€ synchronized void put(int i) throws InterruptedException {
37 while (flag) [ wait(); }

38 flag = true;

39 value = i;

40 notifyAll():;

43 synchronized int get() throws InterruptedException {
44 while (!'flag) { wait(); }

45 flag = false;

4€ notifyARl11():;

47 return value;
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» public static void main(String[] args) throws InterruptedException ({
®f Runnable task = () -> {
try

Thread.sleep( milliss 7000);
} ecatch (InterruptedException e) {

e.printStackTrace();
1C }
11 System.out.println("After 7 seconds");
12 }i
13 Thread thread = new Thread(task);

thread.start();

thread.join();

System.out.println("Main thread is trying to do smth!");

18 // After 7 seconds (after 7 seconds :)

19 // Main thread is trying to do smth (only after previous line)

// Without 'join' order will be reversed
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a p public static void main(String[] args) {
Runnable taskWithCheck = () -> {
while (true) {
if (Thread.currentThread() .isInterrupted()) return;
// do smth

J
&
Y

}
10 | -
12 =8)T Runnable taskThatWantToSleep = () —> {
13 try {
14 while (true) {
15 // do smth
16 Thread.sleep( milliss 1000) ;
17 }
18 } eatech (InterruptedException ex) {
19 // do nothing
2 }

T }i
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public static final ThreadLocal<NumberFormat> currencyFormat =
@] ThreadLocal.withInitial (NumberFormat: :getCurrencyInstance) ;

10 b public static void main(String[] args) {
11 String amountDue = currencyFormat.get () .format ( number. 3.99);
12 System.out.println (amountbDue); // $3.99
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| 4 public class Slide5 {
7 P public static void main(String[] args) {
List<Manager> managers = new ArrayList<>();

// List<Employee> employees = managers; // Compile error, lincompatible

10 // employees.add (new Employee()) ;

12 addNewEmployee (managers.toArray (new Manager([l])); // this is ok, but
13 }

15 @ public static void addNewEmployee (Employee[] employees) {

16 employees[0] = new Employee( name: "Sergey Petrovich");

17 // Runtime error (ArrayStoreException)

1 }

19 }

20 class Manager extends Employee {

21 public Manager (String name) { super (name);}

22 @] public String getName() { return "Manager: " + name; }
23 @ public String toString() { return getName(); }

24 }

25 ® eclass Employee {

26 protected String name;

27 public Employee (String name) { this.name = name; }

28 LI public String getName () { return "Employee: " + name; }
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7 P public statiec void main(String[] args) {
List<Employee> employees = new ArrayList<>();
employees.add (new Manager( name: "Dzianis"));

10 printNames (employees) ;

13 @ public static void printNames (List<? extends Employee> employees) {
14 for (int i = 0; i < employees.size(); it++) {

15 Employee employee = employees.get(i);

6 System.out.println (employee.getName()) ;

2C // employees.add(new Employee ("LeverX
21 // employees.add (new Manager ("LeverX Manager"));

22 employees.add (null) ;
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7 P public class Slide7 {

I 2 public statiec void main(String[] args) {
List<Employee> employees = new ArrayList<>();

10 employees.add (new Manager ( name: "Dzianis"));

12 @ Predicate<Object> predicate = € -> e.toString() .startswith ("Manager");

13 printNames (employees, predicate); // but printNames (employees, € —-> ...); WOrKs
14 }

ic @ public static void printNames (List<? extends Employee> employees,

17 Predicate<? super Employee> predicate) {
18 FoE (int i = 0; i < employees.size(); i++) {

19 Employee employee = employees.get(i);

20 if (predicate.test (employee)) {

21 System.out.println (employee) ;
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public class Slide8 ({

@ public static <T> wvoid printNames (T[] elements,
Predicate<T> predicate) {
1C for (T e : elements) {
11 if (predicate.test(e)) {
12 System.out.println(e.toString());

1 }

14 }

15 }

17 @ public static boolean hasNulls (List<?> elements) {
18 for (Object e : elements) {

19 if (¢ == null) return true;

20 }

21 return false;

22 }
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7 class Entry<¥ extends Comparable<? super K> & Serializable, V extends Serializable> |
2 private ¥ key;

-

9 private V value;

11 public Entry (K key, V value) {...}

1€ public K getKey() { return key; |}

20 public V getValus() { return value; }

<
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REGULAR EXPRESSIONS




Pattern patternl = Pattern.compile("[x-z]+");

// Search will symbeols from x to z (inclusive)
// Search will be only in lowercase characters
// To make search case insensitive use Pattern.CASE INSENSITIVE

Matcher matcherl = patternl.matcher( input: "x y z 1 2 3 4 ");

true

System.out.println(matcherl.find()); //

Matcher matcher2 = patternl.matcher( input: "X ¥ 2 1 2 3 4");
System.out.println (matcher2.find()); //false

Pattern pattern2 = Pattern.compile(" [a-zA-Z20-9]1");

=}
b

// Search all lowercase/uppercase chars + numbers

Matcher matcher3 = pattern2.matcher( inputt "A B CD X Y 2 " +
rabodxxysl234%);

System.out.println (matcher3.find()); //true
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“regex
regex$
[abc]

[abc]
[vz]

[* xyz]

[a-d1-

7]

X|Z

CoOoTBETCTBME OLMHOYHOMY CUMBONY
MOUCK perynspHoro BblpaXeHus C COBNaAeHMEM B Ha4ane CTPOKM
MOUCK perynsipHoro BblpaXeHUsa ¢ COBMaAEHWEM B KOHLLE CTPOKM

Mownck nboro cMMBONA, 3aKKOUYEHHOrO B KBagpaTHble CKOBKM

HaxoguT 3Ha4YeHne cuMBona a, b unu ¢, 3a KOTOpbIMU CNEAYOT V UNU Z

Koraa cuMBONn pacnonaraeTcs nepes ocTanbHbiMU CUMBONAMU
B KBaApaTHbIX CKOBKaX, OH «OTpULAET» LWab/IoH.
[aHHbI WabnoH COOTBETCTBYET N0GOMY CUMBONY, KPOME X, Y UNU Z.

[unanasoHbl: cooTBETCTBYET OykBE Mexay a v d u umdppamu ot 1 Ao 7, Ho He d-1.

Haxoaunt X unn Z

KoHeL, cTpoku

Hayano cTpoku

CospaeT rpynny 13 perynsapHbiX BblpaX€HUM, 3aNOMUHaa TEKCT AN CPaBHUBAHUSA

[encTByeT Kak (re), HO He 3aNoOMUHAeT TeKCT
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Regex 3HauyeHue
\d lobaa undpa (akeusaneHTHo [0-9])
\D Jlroboi cumBon, KpoMe undep
\s Cumeon npobena, cokpaweHue ot [\t \n \x0b \r \f]
\S Jlrobow cumBon, Kkpome npobena.
\w CMMBO/IbI, COOTBETCTBYIOLLME CNOBAM, COKpallleHUe oT [a-zA-Z_0-9]
\W CumBonbl, He obpasyowune coB, cokpalleHne \w]
\b CooTBETCTBYET rpaHuLIE CNOBa, FAE CUMBOJIOM CNOBa ABNAeTca [a-zA-Z0-9_]
\B CoOTBETCTBYET rpaHMLLaM CMMBOIOB, HE ABNAIOLLMXCS CTOBaMMU
\G Touyka npenblayLero COOTBETCTBUA
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Regex

X}

{X.Y}

*?

3Ha4yeHue

MpoucxoanT Honb unm 6onee pas,
cokpaleHHo {0,}

MpOUCXOANUT OOMH UM HECKONbKO pas,
cokpallieHHo {1,}

He npoucxoaut MM NpOUCXOAT OAMH pas,?
aBngeTca cokpauieHnem ana {0,1}.

Mpoucxoaut X pas

Mpoucxoant He MeHee X, HO He Bonee Y pas

? nocne KBaHTMq)MKaTOpa OEnaeT ero
NNEHUBBIM KBaHTMCpMKaTOPOM. OH nbiTaeTca
HaWTM HaMMeHblUee coBnageHue. 3To
OCTaHaB/IUBAET pErynapHOe BblpaXXeHUe npu
nepeoM coBnageHUU.

LeverX Presentation. Copyri

Mcnonb3oBaHue

X* He HaxoOMUT HU O4HOM MU HECKONbKUX
6ykB X, <sbr/>.* Haxoaut ntobyto
nocnenoBaTelbHOCTb CUMBOJIOB.

X+ HaxoguT ofHY UK HeCKonbko Byks X

X? He HaxoAuT HKM ofgHOM BykBbl X Un
TONbKO OAHY.

\d{3} nweT Tpu undpsbl.

\d{1,4} o3HayaeT, 4to \d AOMKHO
BCTPEYaTbCs Kak MUHUMYM OAMH pas U
MaKCMMYM YeTbipe

hts Reserved.
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7 P public static void main(String[] args) {
8 // Greedy quantifier
Matcher matcher = Pattern.compile("g+g") .matcher ( input: "ggg");
10 while (matcher.find()) {
3! System.out.println("Pattern found from " + matcher.start() +
12 vto "+ (matcheriend() —1));

+

14 // Pattern found from 0 to 2

16 // Possessive quantifier

17 matcher = Pattern.compile("g++g") .matcher ( input: "ggg") ;

18 while (matcher.find()) {

19 System.out.println("Pattern found from " + matcher.start() +
20 " to " + (matcher.end() - 1));

21 }

22 // No output

24 // Reluctant quantifier

5 matcher = Pattern.compile("g+?") .matcher( input: "ggg");

26 while (matcher.find()) {

27 System.out.println("Pattern found from " + matcher.start() +
28 " to " + (matcher.end() — 1));

ct

// Pattern found from 0
31 //I P
32 // P

8]
C

ttern found from 1

t
0
s

ot
Q
\

ttern found from 2
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Useful books and links Lewx

B.Goetz, T.Peierls, J.Bloch, ... - Java Concurrency in
Practice (2006)
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See you next time
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