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Kpeunpame n KOHTpoOia paga HUtTu 1

[1pBM Ha4KMH je HacnenueBakweM knace Thread:
import java.lang.*;
public class MyThread extends Thread {

public void run() {

HuT ce nHcrtaHympa ca:
myThread = new MyThread(...);

HuT ce nokpehe ca :
myThread.start();

IEEEEESESSSS———— . s 2/99



Kpeupame n KOHTpOJia paAa HUTHU 2

[pyrn HauynH 3a Kpenpawe HUTU je UMMNNEeMEeHTUPaHeM
nHTepdejca Runnable:

import java.lang.*;

public class MyThread implements Runnable {
public void run() {

HuT ce nHcrtaHympa ca:
Thread myThread = new Thread(new MyThread(...));

HuT ce nokpehe ca:
myThread.start();



Kpeupamwe un KOHTpOJ1a paga HUTU 3

Uekare ga ce nsBpllaBake HUTU 3aBPLUN.
myThread.join();

[lpenywTake npaBa Ha U3BpLUIaBake OPYyroj HUTK
myThread.yield();

CycneHaoBake N3BpLUaBakba HATU Ha BPEMEHCKM
nepwuon t:

myThread.sleep(t);
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MeTtopae y knacu Thread

Modifier and Type Method and Description

void run ()
If this thread was constructed using a separate Runnakle run object, then that

Runnakle object's run method is called; otherwise, this method does nothing and
returns.

void start ()
Causes this thread to begin execution; the Java Virtual Machine calls the run method of
this thread.

static woid yield()
A hint to the scheduler that the current thread is willing to yield its current use of a
processor.

static wvoid gleep (long millis)
Causes the currently executing thread to sleep (temporarily cease execution) for the

specified number of milliseconds, subject to the precision and accuracy of system
timers and schedulers.

void Join()
Waits for this thread to die.
void Join(long millis)

Waits at most millis milliseconds for this thread to die.
static Thread currentThread ()

Returns a reference to the currently executing thread object.
void interrupt ()

Interrupts this thread.
static boolean interrupted ()

Tests whether the current thread has been interrupted.



MeTtopae y knacu Thread

Meodifier and Type

Method and Description

long

String

int

ThreadGroup

Thread. State

static boolean

boolean

boolean

getId()

Returns the identifier of this Thread.
getName ()

Returns this thread's name.
getPriority ()

Returns this thread's priority.
getThreadGroup ()

Returns the thread group to which this thread belongs.
getState ()

Returns the state of this thread.
hold=sLock (Object obj)

Returns true if and only if the current thread holds the monitor lock on the specified

object.

i=Alive ()

Tests if this thread is alive.
i=Daemon ()

Tests if this thread is a daemon thread.




MeTtopae y knacu Thread

Modifier and Type

Method and Description

voild

wvoid

vold

voild

stop ()
Deprecated.

This method is inherently unsafe. Stopping a thread with Thread. stop causes it fo unlock all of
the monitors that it has locked (as a natural consequence of the unchecked ThreadDsath
exception propagating up the stack). If any of the objects previously protected by these monitors
were in an inconsistent state, the damaged objecis become visible to other threads, potentially
resulting in arbitrary behavior. Many uses of stop should be replaced by code that simply
modifies some vanable fo indicate that the target thread should stop running. The farget thread
should check this vanable regularly, and refum from its run method in an orderly fashion if the
vanable indicates that it is to stop running. If the target thread waits for long perods (on a
condifion vanable, for example), the interrupt method should be used fo interrupt the wait.

snspend ()
Deprecated.

This method has been deprecated, as it is inherently deadlock-prone. If the target thread holds a
lock on the monitor protecting a cntical system resource when it is suspended, no thread can
access this resource unfil the farget thread is resumed. If the thread that would resume the
target thread attempts to lock this monifor prior to calling resume, deadlock results. Such
deadlocks fypically manifest themselves as "frozen” processes.

resume ()

Deprecated.

This method exists solely for use with suspend (), which has been deprecated because if is
deadlock-prone.

destrov()

Deprecated.

This method was onginally designed to destroy this thread without any cleanup. Any monitors it
held would have remained locked. However, the method was never implemented. If if were fo be
implemented, it would be deadlock-prone in much the manner of suspend (). If the target
thread held a lock protecting a crfical sysfem resource when it was destroyed, no thread could

ever access this resource again. If another thread ever atfempted to lock this resource,
deadlock would resulf. Such deadlocks typically manifest themselves as "frozen” processes.
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XXUBOTHU LIUKNTYC HUTW

walt()
sleep()
start() I/O blocking
Running Waiting
New Runnable NonRunnable
CQueued Sleeping
Blocked
notify()
run() ends sleep timed out
I/O finished
Dead




CuHXxpoHu3saumja 1

[leo koga unm meTton ce Mory geknapucaTti Kao KpUTuyHa
cekuuja kopuwherwem peydn synchronized.

synchronized (someObject) { ... }

Oeo KoJa je KpUTU4YHa cekuuja, a objekaTt ogrosapa
YCITOBHOM KPUTUYHOM PErnOHY

public class SomeClass {
public synchronized void f(...) {

}
Oeo KoJa je KpUTU4YHa cekuuja, a objekaTt ogrosapa
MOHUTOPUMa ca signal and continue gncumnianHOM
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CvHXpoHMu3aumja 2

Hapenba wait npeknga na3spliaBatke HATU U CTaBliba ra 'y
CTah€ YeKaHa; NPUBpeMEHO ce cknaa 3abpaHa
Opyrmm HUTUMa ga npuctynajy MmoHutopy. wait();

wait(tmilisec);
wait(tmilisec,thanosec);
wait() Yyeka HeorpaHu4eHo,.

Hapenba notifyAll() warse HoTndumkauymjy cBUM HUTUMa
KOje YeKajy ga npuctyne umrbHOM 0bjeKkTy ga To Mory
YYUHUTI.

Hapepnba notify() pagu ncto wro u notifyAll(), anm
HOTU(PUKYje caMO jeaHY HUT.



Reentrant monitor

public class Reentrant {

public synchronized void a() {

b();

System.out.printin("here I am, in a()");

public synchronized void b() {
System.out.printin("here I am, in b()");



3aaauum




Cemadop
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Cemadop

Kopuctehu nporpamcku jeamk JaBa HanpaBuUTu
Kracy Koja oarosapa cemacdgpopuma.
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Cemadop

public class Semaphore{
private int s = 0;
public synchronized void initS(int i){

sS=1;
}
public synchronized void waitS(){
while (s == 0) {
try {
wait();
} catch (InterruptedException €) { }
}
s=s-1;
Il notifyAll();
}
public synchronized void signalS(){
s=s+1;
notify();
Il if (s ==1) notify();
Il if (s ==1) notifyAll();
}
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Cemadop (Java.util.concurrent.*) 1

Modifier and Type Method and Description Walt() |

void acquire ()
Acquires a permit from this semaphore, bloging until one is available, or the thread is interrupted.
void acquire (int permits)
Acquires the given number of permit
thread is interrupted.

rom this semaphore, blocking until all are available, or the

void acquireUninterruptibly ()
Acquires a permit from thiggemaphore, blocking until one is available.
void acquireUninterruptibly (int permits)

Acquires the given number of permits from this semaphore, blocking until all are available.

void release ()

Releases a permit, re it to the semaphore.

void relea=se (int permits)

Releases the given number of permits, re them to the semaphore.
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Cemadop (java.util.concurrent.*) 2

Modifier and Type

Method and Description

int

int

protected Collection<Thread:>

int

boolean

boolean

protected woid

boolean

boolean

boolean

boolean

availablePermits ()

Returns the current number of permits available in this semaphore.

drainPermits ()

Acquires and returns all permits that are immediately available.

getQueusedThreads ()

Returns a collection containing threads that may be waiting to acquire.
getQueusLength ()

Returns an estimate of the number of threads waiting to acquire.

hasfuenedThreads ()

Queries whether any threads are waiting to acquire.

isFair()

Returns true if this semaphore has fairness set true.

reducePermits (int reduction)

Shrinks the number of available permits by the indicated reduction.

tryRequire ()

Acquires a permit from this semaphore, only if one is available at the time of invocation.
tryhoquire (int permits)

Acquires the given number of permits from this semaphare, only if all are available at the time of
invocation.

tryloquire (int permits, long timeout, TimeUnit unit)

Acquires the given number of permits from this semaphore, if all become available within the given
waiting time and the current thread has not been interrupted.

tryloquire (long timeout, TimeUnit unit)

Acquires a permit from this semaphore, if one becomes available within the given waiting time and
the current thread has not been interrupted.




Producer — Consumer problem
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Producer — Consumer problem V1

public class BoundedBuffer<T> {
public static final int N = 100;

final T[] items = (T[]) new Object[N];
int putptr, takeptr, count;
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Producer — Consumer problem V1

public synchronized void put(T x) throws InterruptedException {
while (count == items.length){
wait();
}

items[putptr] = x;

putptr = (putptr + 1) % items.length;
count++;

notifyAll();
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Producer — Consumer problem V1

public synchronized T get() throws InterruptedException {
while (count == 0){
wait();
}

T x = items[takeptr];

takeptr = (takeptr + 1) % items.length;
count--;

notifyAll();

return X;
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MeTtoae nHTepdejca Lock

Modifier and Type

Method and Description

void

void

Condition

boolean

boolean

void

lock ()

Acquires the lock.

lockInterruptibly ()

Acquires the lock unless the current thread is interrupted.
newCondition/ ()

Returns a new condition instance that is bound to this Lock instance.
tryLoclk()

Acquires the lock only if it is free at the time of invocation.
tryLock(long time, TimeUnit unit)

Acquires the lock if it is free within the given waiting time and the current thread has not been
interrupted.

mnloock ()
Releases the lock.




MeTtoae nHtepdejca Condition

Modifier and Type

Method and Description

void

boolean

long

volid

boolean

vold

void

await/()

Causes the current thread to wait until it is signalled or interrupted.

await (long time, TimeUnit unit)

Causes the current thread to wait until it is signalled or interrupted, or the specified
waiting time elapses.

awaitNanos (long nanosTimeout)

Causes the current thread to wait until it is signalled or interrupted, or the specified
waiting time elapses.

awaitUninterruptibly ()

Causes the current thread to wait until it is signalled.

awaitUntil (Date deadline)

Causes the current thread to wait until it is signalled or interrupted, or the specified
deadline elapses.

signal ()

Wakes up one waiting thread.

signalAll ()

Wakes up all waiting threads.




Kopuwhemwe nHtepgejca Lock

import java.util.concurrent.locks.*;

Lock lock = new ReentrantLock();

I/ Lock lock = new ReentrantLock(true);
F

public boolean criticalSection() {
lock.lock();

try {
work();

} finally {
lock.unlock();

I
~

dep/6panHa
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Kopuwhemwe nHtepgejca Lock

Import java.util.concurrent.locks.*;
Lock lock = new ReentrantLock();

public boolean criticalSection() {
boolean locked = false;
try {
locked = lock.tryLock();
if(locked){
work();

}

}finally {
if (locked) {lock.unlock();}

}

return locked;:
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Producer — Consumer problem V2
I NHTepdenc |

public class BoundedBuffer<T>4

final Loc#toTK = new Reentrantlock();
final Condition notFull = lock.newConditi , l/ImnnelvleHTaqual

final Condition notEmpty = lock.newCondition();

public static final int N = 100;
final T[] items = (T[]) new Object[N];
Int putptr, takeptr, count;
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Producer — Consumer problem V2

public void put(T x) throws InterruptedException {
lock.lock();
try {
while (count == items.length)
notFull.await();
items[putptr] = x;
putptr = (putptr + 1) % items.length;
count++;
notEmpty.signal();

} finally {
lock.unlock();
}

}
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Producer — Consumer problem V2

public T get() throws InterruptedException {
lock.lock();

try {
while (count == 0)
notEmpty.await();
T x = items[takeptr];
takeptr = (takeptr + 1) % items.length;
count--;
notFull.signal();
return X;

} finally {
lock.unlock();
}

}
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Producer — Consumer problem V3

UHTepddejc java.util.concurrent.BlockingQueue<E>

Throws exception |special valueg Hiacks Times ol
Insert -addiej laffer (e put (&) affer (e, time, unit]
Remuvel remove | ) | polli] take (] pollitime, unit)
: Examine |element () peeki) not applicabls |not applicabls
——— E——
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Producer — Consumer problem V3

Modifier and Type

boolean

boolean

int

int

boolean

boolean

void

int

boolean

Method and Description

add(E e)

Inserts the specified element into this queue if it is possible to do so immediately without violating capacity restrictions
returning true upon success and throwing an IllegalstateException if N0 space is currently available.

Ll

contains (Object o)

Returns true if this queue contains the specified element.

drainTo (Collection<? super E> c)

Remaoves all available elements from this queue and adds them to the given collection.

drainTe (Collection<? super E> c, int maxElemesnts)

Remaoves at most the given number of available elements from this queue and adds them to the given collection.
offer (E e)

Inserts the specified element into this queue if it is possible to do so immediately without violating capacity restrictions
returning true upon success and false if no space is currently available.

Ll

offer(E e, long timecut, TimeUnit unit)

Inserts the specified element into this queue, waiting up to the specified wait time if necessary for space to become
available.

pell (long timeout, TimeUnit unit)

Fetrieves and removes the head of this queue, waiting up to the specified wait time if necessary for an element to
become available.

put (E e)

Inserts the specified element into this queue, waiting if necessary for space to become available.
remainingCapacity ()

Returns the number of additional elements that this queue can ideally (in the absence of memory or resource
constraints) accept without blocking, or Integer.Max VALUE if there is no intrinsic limit.

remove (Object o)

Removes a single instance of the specified element from this queue, if it is present.

take ()

Retrieves and removes the head of this queue, waiting if necessary until an element becomes available.

/99



Producer — Consumer problem V3

public class BoundedBuffer<T> {
public static final int capacity = 100; JI VHTepdenc |

final BlockingQuetie<T> queue =
new ArrayBIocﬁngQueue<T>(capacity);

!l/lmnnelvleHTaqual

public void put(T x) throws InterruptedException {
gueue.put(x);

}

public T get() throws InterruptedException {
return queue.take();

}
}
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Dining philosophers problem
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Dining philosophers problem

public class Philosopher extends Thread {
int id;
int firstodd, secondeven;
Semaphore [] fork;
public Philosopher (int i, int n, Semaphore [] fork){
id =1;
this.fork = fork;
if((1 % 2) == 1){
firstodd = i;
secondeven = (i + 1) % n;

}

else{
firstodd = (i + 1) % n;
secondeven = |;

}
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Dining philosophers problem

private void think(){
try {
sleep((int)(Math.random() * 1000));
} catch (InterruptedException e) { }

}
private void eat(){
try {
sleep((int)(Math.random() * 1000));
} catch (InterruptedException e) { }
}

public void run(){
while(true){

think();
fork[firstodd].waitS();
fork[secondeven].waitS();
eat();
fork[secondeven].signalS();
fork[firstodd].signalS();
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Dining philosophers problem

public class Dining_philosophers{
public static final int N = 5;

public static void main(String [] vpar){
int n = N;
Semaphore [] fork = new Semaphore[n];
Philosopher [] philosopher = new Philosopher[n];
Int I;
for(i=0; i < n; i++) fork[i] = new Semaphore();
for(i=0; i < n; i++) philosopher[i] = new Philosopher(i, n , fork);
for(i=0; i < n; i++) fork][i].initS(1);
philosopher[0].start();
philosopher[1].start();
philosopher[2].start();
philosopher[3].start();
philosopher[4].start();
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Readers — Writers problem

86
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Readers — Writers problem

UHTepdejc
java.util.concurrent.locks.ReadWriteLock

Modifier and Type Method and Description
Lock readLock ()

Returns the lock used for reading.
Lock writeLock()

Returns the lock used for writing.
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Readers — Writers problem

import java.util.concurrent.locks.*;

public class RW {
ReadWriteLock rw:;
Lock readLock, writeLock:

public RW() {

// rw = new ReentrantReadWriteLock(true);
rw = new ReentrantReadWriteLock();
readLock = rw.readLock();
writeLock = rw.writeLock();

dep/bp3nHa
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Readers — Writers problem

public void startRead() {
readLock.lock(); // rw.readLock().lock();

public void endRead() {
readLock.unlock(); // rw.readLock().unlock();

public void startWrite() {
writeLock.lock(); // rw.writeLock().lock();

public void endWrite() {
writeLock.unlock(); // rw.writeLock().unlock();
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Readers — Writers problem V2

Knaca java.util.concurrent.locks.StampedLock

Modifier and Type

long

long

vold

void

vold

long

long

boolean

boolean

Method and Description

readLock()
MNon-exclusively acquires the lock, blocking if necessary until available.

writeLock()
Exclusively acquires the lock, blocking if necessary until available.

unlock(long stamp)

If the lock state matches the given stamp, releases the corresponding mode of the
lock.

unlockRead(long stamp)
If the lock state matches the given stamp, releases the non-exclusive lock.

unlockWrite(long stamp)
If the lock state matches the given stamp, releases the exclusive lock.

tryReadLock()
Non-exclusively acquires the lock if it is immediately available.

tryWriteLock()
Exclusively acquires the lock if it is immediately available.

tryUnlockRead()
Releases one hold of the read lock if it is held, without requiring a stamp value.

tryUnlockWrite()
Releases the write lock if it is held, without requiring a stamp value.

99



Kopuwhemwe knace StampedLock

iImport java.util.concurrent.locks.StampedLock;

private final StampedLock sl = new StampedLock();

public boolean criticalWriteSection() {
long stamp = sl.writeLock();

try {
work();

}finally {
sl.unlockWrite(stamp);
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Readers — Writers problem V2

iImport java.util.concurrent.locks.StampedLock;
public class RWStamp {
private final StampedLock sl;

public RWStamp() {
sl = new StampedLock();

}
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Readers — Writers problem V2

public long startRead() {
return sl.readLock();

public void endRead(long stamp) {
sl.unlockRead(stamp);

public long startWrite() {
return sl.writeLock();

public void endWrite(long stamp) {
sl.unlockWrite(stamp);
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Hepemmue npucrtyn kopucrtehu volatile

Y JaBu noctoje akunje Koje ce obaBrbajy Heaer-MBo/aTOMCKMU:

* Onepauuje Yntarwa Unm ynuca y npoMeHsronee BehmHe NpocTmx Tunosa
je aTomMmcka onepauunja (M3y3euu cy npomeHsrbmee Tuna long m double).

Onepauunje Yntarwa unu ynica y cBe rnpoOMeHIbMBe [eKrapucaHe Kao
volatile (ykrbydyjyhun n npomeHromse tuna long n double).

[MpucTtyn 3a yntawe n ynuc volatile npomeHsrsnBa cTteapa penauujy
ypeheHor npuctyna (happens-before relationship).

Kopuwherwe aTomckor npuctyna Moxe fa dyae edukacHuje og npuctyna

KopucTehm CMHXpPOHM30BaHE BNOKOBE anu 3axTeBa BULLE NaXKH-€ Kako
6un ce nsberne rpeLuke.



Hepemsue npuctyn kopucrtehu volatile

 OBO 3Hauu ga:

— YKOMnuKO HUT A ynucyje BpeaHoCT Y Heky volatile npoMeHbuBy 1 YKONMKO HUT B HaKOH
TOra yvTa Ty MPOMEHIbUBY, OHAA CY CBE NMPOMEHIbMBE Koje cy bune Buarbnee HATKM A
npe npucTyna Aatoj NPoOMeHHUBM Takohe Buasbmee HUTU B.

— JVM Hehe mewaTu pefocnen MHCTpyKuujama Koje npuctynajy volatile
npomMeHsrbMBama. MHCTpyKuuje Koje ce Hanase npe unm nocre npuctyna volatile
NpoOMeHsbMBaMa ce MOXe MenaTu pegocne[, anv ce He Mory mewaTtun mehycobHo.

public class Shared {
public volatile int cnt = 0;
public int nonVolatile = 0;
}
Thread A:
shared.nonVolatile = 1;
shared.cnt = sharedObject.cnt + 1;
Thread B:
int cnt = shared.cnt;
int nonVolatile = shared.nonVolatile;
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synchronized m volatile

Kapaktepuctuka synchronized volatile

Tun npomMeHILUBE O6jekaTt O6jekat unv NPUMUTUBHU TUN
Null o6jekaT Hwnje no3BorbeHo [lo3BorbeHO

Bnokupajyhu npuctyn Oa He

CUHXpOHU30BaH NpuUcTyn

[a NoyeB og JaBe 5
npomMeHrLuBama?
Kapa ce obaBrba Mpunukom ynacka/vanacka u3 énoka  [NpunmMkom npucTyna NpOMeEHSbUBO]
CUHXpOHU3aLmja? KOju je 03Ha4eH ca synchronized O3HayeHoj ca volatile
[a nu moxe Aa ce KOpUCTU 3a fla [Mpe JaBe 5, He.

Kpeupawe aTOMCKUX onepauuja? Op Jase 5 noctoju FAun TS!
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lNMakeT java.util.concurrent.atomic

Class

Description

AtomicBoolean
Atomiclnteger
AtomiclntegerArray

AtomiclntegerFieldUpdater<T>

AtomicLong
AtomicLongArray

AtomicLongFieldUpdater<T>

AtomicMarkableReference<V:=>

AtomicReference<V=

AtomicReferenceArray<E=>

AtomicReferenceFieldUpdater<T V>

AtomicStampedReference<V>

A boolean value that may be updated atomically.
An int value that may be updated atomically.
An int array in which elements may be updated atomically.

A reflection-based utility that enables atomic updates to designated velatile int fields of
designated classes.

A long value that may be updated atomically.
A long array in which elements may be updated atomically.

A reflection-based utility that enables atomic updates to designated volatile longfields of
designated classes.

An BtomicMarkakleReference Maintains an object reference along with a mark bit, that can be
updated atomically.

An object reference that may be updated atomically.
An array of object references in which elements may be updated atomically.

A reflection-based utility that enables atomic updates to designated volatile reference fields of
designated classes.

An AtomicStampedReference Maintains an object reference along with an integer "stamp”, that can
be updated atomically.




Class AtomiclInteger
Tl Method and-Descriptin(n// Fetch and add!

Atomically adds the given value to the cu TeSt and Set'

boolean compareAndSet (int expect, int update)
Atomically sets the value to the given updated value if the current value == the expected value.
int decrementAndGet ()
Atomically decrements by one the current value.
double doubleValus ()
Returns the value of the specified number as a doukle.
float floatValus ()
Returns the value of the specified number as a float.
int get()
Gets the current value.
int getAndfdd (int delta)
Atomically adds the given value to the current value.
int getAndDecrement ()
Atomically decrements by one the current value.
int getAndTnerement ()
Atomically increments by one the current value.
int getAndSet (int newValue)
Atomically sets to the given value and returns the old value.



Class AtomicReferenceFieldUpdater<T,V>

Modifier and Type

Method and Description

abstract boolean

abstract V

abstract woid

static «U,W> AtomicReferenceFieldUpdater<U, W-

abstract woid

abstract boolean

comparehndSet (T obj, V expect, V update)

Atomically sets the field of the given object managed by this updater to the
given updated value if the current value == the expected value.

get (T okj)

Gets the current value held in the field of the given object managed by this
updater.

getAndSet (T obj, V newValue)

Atomically sets the field of the given object managed by this updater to the
given value and returns the old value.

lazySet (T cbj, V newValue)

Eventually sets the field of the given object managed by this updater to the
given updated value.

newlUpdater (Class<U> tclass, Class<W> vclass, String fieldName)
Creates and returns an updater for objects with the given field.
set (T obj, V newValue)

Sets the field of the given object managed by this updater to the given updated
value.

weakCompareindSet (T obj, V expect, V update)

Atomically sets the field of the given object managed by this updater to the
given updated value if the current value == the expected value.




Class AtomicReferenceFieldUpdater<T,V>

class Node {
private volat
private volatile No

ime npomeHbmnsee

private static final
AtomicReferenceFieldUpdater<Node,

AtomicReferenceFieldUpdater.newUpdater(Ndde.class, No , left");

Node getLeft() { return left; }

boolean compareAndSetLeft(Node expect, Node update) {
return leftUpdater.compareAndSet(this, expect, update);

}

/l ... and SO on

}
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3aycTaB/babe

import java.util.*;

import java.text.DateFormat;

public class Clock implements Runnable {

private|volatile

Thread thread = null;

public void start() {
if (thread == null) {

thread = new Thread(this, "Clock");

thread.start();
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3aycTaB/babe

public void run() {
Thread myThread = Thread.currentThread();
while (thread == myThread) {
paint();
try {
Thread.sleep(1000);
} catch (InterruptedException e){
System.out.printin("Interrupted");
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3aycTaB/babe

public void paint() {
Calendar cal = Calendar.getlnstance();
Date date = cal.getTime();
DateFormat dateFormatter = DateFormat.getTimelnstance();
System.out.printin(dateFormatter.format(date));

public void stop() {
Thread stopThread = thread,;
thread = null;

stopThread.interrupt();
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3aycTraBsbambe - V2

import java.util.*;
import java.text.DateFormat;

public class Clock implements Runnable {
private|volatile|boolean running = false;
private Thread thread = null,

public void start() {
if (frunning) {
thread = new Thread(this, "Clock");
running = true,;
thread.start();
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3aycraB/batbe - V2

public void run() {
while (running) {
paint();
try {
Thread.sleep(1000);
} catch (InterruptedException e){
System.out.printin("Interrupted");
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3aycTraBsbambe - V2

public void paint() {
Calendar cal = Calendar.getlnstance();
Date date = cal.getTime();
DateFormat dateFormatter = DateFormat.getTimelnstance();
System.out.printin(dateFormatter.format(date));

public void stop() {
Thread stopThread = thread,;
thread = null;
running = false;
stopThread.interrupt();
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One-lane bridge problem
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One-lane bridge problem

public class Bridge{

public int north;

public int south;

public Bridge(int north, int south){
this.north = north;
this.south = south;
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One-lane bridge problem

public class Car{

Bridge bridge = null;

int id;

public Car(Bridge bridge, int id){
this.bridge = bridge;
this.id = id;

}

public void crossing(){
try { Thread.sleep(5000+(int)(Math.random()*1000));
} catch (InterruptedException e) { }

}

public void starting(){
try {Thread.sleep(5000+(int)(Math.random()*1000));
} catch (InterruptedException e) { }

}
public void start() { }
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One-lane bridge problem

public class North extends Car implements Runnable {
private volatile Thread thread = null;
public North(Bridge bridge, int IDX{

super(bridge, ID);

public void start() {
if (thread == null) {
thread = new Thread(this);
thread.start();
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One-lane bridge problem

public void run() {
starting();
synchronized(bridge){
while (bridge.south = 0) {

try {
bridge.wait();
} catch (InterruptedException e) { }
}
bridge.north ++;
bridge.notifyAll(); < BuLuak!
}
crossing();

synchronized(bridge){
bridge.north --;
if(bridge.north == 0)
bridge.notifyAll();
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One-lane bridge problem

public class BridgeCrossing{
public static final int N = ...;
public static void main(String [Jargs){
int n = N;
Bridge bridge = new Bridge(0,0);
Car [] southt = new Car[n];
Car [] north = new Car[n];
for(int i=0; i < n; i++) {
south[i] = new South(bridge, 2*);
north[i] = new North(bridge, 2*i+1);
}
for(int i=0; i < n; i++) {
south(i].start();
northli].start();
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The roller coaster problem
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The roller coaster problem

[Mpo6nem BoXH-e ToboraHom. lMpeTnocraBuTn Aa
NOCTOjU N HUTU KOje npeAcTaBsrbajy NyTHUKE U
jeAHa HUT Kaja npeAcTaB/ba BO3UIIO Ha TOOOraHy.
NMyTHMUM ce HAM3MEHUYHO LWeTajy No JsiyHa NnapKy
n BO3e Ha ToboraHy. ToboraH Mmoxe Aa npumum
HajBuwe K nyTHUKa npu yemy je K < n. Boxma
ToOoraHoOoM MoXe Aa NoYyHe camMo YKOJIUKO ce
cakynuno TadyHo K nyTHuka. HanucaTtu nporpam
Ha je3nKy Java Koju cuMmynupa onmcaHu CUCTEM.
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The roller coaster problem — V1

public class Coaster extends Thread{

public void run(){
while(true){
boardCar ();
ride();
leaveCar ();
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The roller coaster problem — V1

public void boardCar (){
for(inti=0;i<k; i++) car.signalS ();
allAboard.waitS ();

}

public void leaveCar (){
for(int i =0; i <k; I ++) lastStop.signalS ();
allOut.waitS ();
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The roller coaster problem — V1

public class Passenger extends Thread{

public void run(){
while(true){
boardCar ();
ride();
leaveCar ();
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The roller coaster problem — V1

public void boardCar (){
car.waitS ();
mutex.waitS ();
coaster.passengers ++;
If (coaster.passengers == k){
allAboard.signalS ();
}

mutex.signalS ();

}

public void leaveCar (){
lastStop.waitS ();
mutex.waitS ();
coaster.passengers --;
If (coaster.passengers == 0){

allOut.signalS ();

}

mutex.signalS ();



The roller coaster problem — V1

public class RollerCoaster{

public RollerCoaster(){
car.initS(0);
allAboard.initS(0);
lastStop.initS(0);
mutex.initS(1);
allOut.initS(0);
coaster.passengers = 0;
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The roller coaster problem — V2

public class Coaster extends Thread{

public void boardCar (){
car.release(k);
allAboard.acquire();

}

public void leaveCar (){
lastStop.release(Kk);
allOut.acquire();
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The roller coaster problem — V2

public void boardCar () throws InterruptedException {
car.acquire();
mutex.acquire();
coaster.passengers++;
If (coaster.passengers == K) {
allAboard.release();

}

mutex.release();
}
public void leaveCar () throws InterruptedException {
lastStop.acquire();
mutex.acquire();
coaster.passengers--;
If (coaster.passengers == 0) {
allOut.release();

}

mutex.release();



The roller coaster problem — V2

public class RollerCoaster{

public RollerCoaster(){
car = new Semaphore(0);
allAboard = new Semaphore(0);
lastStop = new Semaphore(0);
allout = new Semaphore(0);
mutex = new Semaphore(1);
passengers = 0;



The bus problem




The bus problem

[Tpobnem BoXHse ayTobycom. INyTHUUM gonase Ha
ayToOBOYyCKy CTaHUUY 1 YeKajy NnpmBu ayTobyC Koju
Hauhe. Kaga aytobyc Haunhe CBM NyTHULM KOjU CY
6bunun Ha cTaHnum npobajy aa yhy y aytobyc. YKOnmko
MMa mecTa y ayTobycy nyTHMUUM ynase Yy hera.
KanaunteTt aytobyca je K mecTta. [yTHMUUM Koju cy
OOLUNN OOK je ayTobyc Ono Ha cTaHuUM YeKajy Ha
cnenehu aytobyc. Kaga cBu nyTHUUM KOju cy Ounun Ha
CTaHUUW Yy TPEHYTKY foriacka aytobyca nposepe aa
nn mory ga yhy v yhy ykonmko nma mecta aytodyc
Kpehe. Ykonuko aytobyc aohe Ha npasHy cTaHuuy
ogmMax npoayxasa ganwe. CBM NyTHULKM cuniase Ha
3aBpLUHO] cTaHMuN. HanucaTtn nporpam Ha je3nky
Java Koju cumynumpa ornmcaHun CUCTEM.
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The bus problem

public class Station{
private String name;
private int id;
private int numP, numFP;
private boolean busIN;
private Bus bus;
public Station(String name){
this.name = name;
bus = null;
busIN = false;



The bus problem

public synchronized Bus waitBus(){
while(true){
while (busIN) {
try {wait();
} catch (InterruptedException e) { }
}

numpP ++;
while (busIN) {

try {wait();

} catch (InterruptedException e) { }
}

numP--;

if(numP == 0) notifyAll();

if(numFP > 0){
numFP--;
return bus;



The bus problem

public synchronized int busEnter(int numFree, Bus b) {
while (busIN) {
try {wait();
} catch (InterruptedException e) { }
}

busIN = true;
numFP = numFree;
bus = b;
notifyAll();
while (numP !=0) {
try { wait();
} catch (InterruptedException e) {System.out.printin(e); }
}

busIN = false;
bus = null;
notifyAll();
return numFP;



The bus problem

public class Passenger extends Thread{

public static int ID = 0;

int PID;

Station start, end;

Bus bus;

public Passenger(Station start, Station end){
PID = ID ++;
this.start = start;
this.end = end,;



The bus problem

public void run(){
while(true){
bus = start.waitBus();
trawel();
bus.exitTheBus(end);
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The bus problem

public class Bus extends Thread{
private static final int maxNumPasage = 50;
private StationLlIst sl;
private Station nextStation;
private int numFree;
private boolean toExit = false;
private static int ID = O;
private int BID = ID++;
public Bus(){
numFree = maxNumPasage;
sl = new StationLlIst();



The bus problem

private synchronized Station getNextStation(){
notifyAll();
nextStation = sl.getNext();
return nextStation;
}
public synchronized void exitTheBus(Station exitStation){
while ('toExit || exitStation != nextStation) {

try {
walit();
} catch (InterruptedException e) { }
}
numFree++;
}
public synchronized void permitionToEXit(){
toEXit = true;
notifyAll();
try {

wait(500);
} catch (InterruptedException e) { }
toExit = false;
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The bus problem

public void run(){
while(true){
nextStation = getNextStation();
travel();
permitionToEXit();
numFree = nextStation.busEnter(numFree, this);



The Santa Claus problem
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The Santa Claus problem

[ena Mpas Koju XX1uBu Ha ceBepHOM nony sehn geo
CBOr BpemMeHa nposoau cnasajyhun. Mory ra
npobyanTn nnmn ykonmnko ce ncnpen spata rnojase
cBux 9 werosunx upesaca mnm 3 og ykynHo 10
naTyrbaka. Kaga ce lega Mpa3s npobyan oH pagu
jeany og cnepgehux ctBapu: YKONUKO ra je npobyauna
rpyna npeaca ogmax ce cnpema un Kkpehe Ha nyT oa
nogenu geuu urpadke. Kaga ce Bpatu ca nyta CBUM
npBacmma gaje Harpagy. YKOnuvKo ra je npobyguna
rpyna naTtyrbaka oHga Ux OH yBOAM Yy CBOJY Kyhy,
pasroBapa ca k1uMa 1 Ha Kpajy ux ucnpatm oo
n3nasHux Bpata. [pyna npsaca tpeba ga oyne
orcnyXxeHa npe rpyne naTtyrbaka. HanucaTtu nporpam
Ha je3nKy Java Koju cmmynupa onmcaHu CUCTEM.



The Santa Claus problem

public class EIf extends Thread{
private int id;
private SantaClausHouse sc;

public void run(){
for(i;{
work();
sc.wakeupSantaE();
talk();
sc.exitTheRoom();



The Santa Claus problem

public class Reindeer extends Thread{
private int id;
private SantaClausHouse sc;

public void run(){
for(i;{
rest();
sc.wakeupSantaR();
riding();
sc.exitTheSleigh();



The Santa Claus problem

public class SantaClaus extends Thread{
private int dir;
private SantaClausHouse sc;

public void run(){
for(;N
dir = sc.sleeping();
If (dir == SantaClausHouse.ELVES) {
talk();
sc.sendoffElves();

}
else{
riding();
sc.outspanReindeers();
}



The Santa Claus problem

public class SantaClausHouse {
public static final int ELVES = 0;
public static final int REINDEERS =1,
private static final int numReindeers = 9;
private static final int numElves = 10;
private static final int minElves = 3;
private static final int minReindeers = 9;
private int elvesAtTheDoor;
private int reindeersAtTheDoor;
private int elvesinTheRoom;
private int reindeersinTheSleigh;
private boolean wakeupE, wakeupR;
private boolean enterElves, exitElves;
private boolean enterReindeers, exitReindeers;
private boolean isSleeping;
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The Santa Claus problem

public SantaClausHouse() {
elvesAtTheDoor = 0;
reindeersAtTheDoor = 0O;
elvesinTheRoom = 0;
reindeersinTheSleigh = 0;
wakeupE = false;
wakeupR = false;
enterElves = false;
exitElves = false;
enterReindeers = false;
exitReindeers = false;
iIsSleeping = true;



The Santa Claus problem

public synchronized void wakeupSantaE(){
while (lisSleeping) {
try {
wait();
} catch (InterruptedException e) {; }
}
elvesAtTheDoor ++;
if(elvesAtTheDoor == minElves){
wakeupE =true;
}
notifyAll();
while (lenterElves) {
try {
walit();
} catch (InterruptedException e) {; }
}
elvesAtTheDoor --;
elvesinTheRoom ++;
notifyAll();

I e e 90/99



The Santa Claus problem

public synchronized void exitTheRoom(){

while (lexitElves) {

try {

walit();

} catch (InterruptedException e) { ;}
}
elvesinTheRoom --;
notifyAll();
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The Santa Claus problem

public synchronized void wakeupSantaR(){
while (lisSleeping) {
try {
walit();
} catch (InterruptedException e) {; }
}
reindeersAtTheDoor ++;
if(reindeersAtTheDoor == minReindeers){
wakeupR = true;
}
notifyAll();
while (!enterReindeers) {
try {
wait();
} catch (InterruptedException e) { ;}
}
reindeersAtTheDoor --;
reindeersinTheSleigh ++;
notifyAll();
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The Santa Claus problem

public synchronized void exitTheSleigh(){

while (exitReindeers) {

try {

wait();

} catch (InterruptedException e) { ;}
}
reindeersinTheSleigh --;
notifyAll();



The Santa Claus problem

public synchronized int sleeping(){
while (I(wakeupR || wakeupE)) {
try {
wait();
} catch (InterruptedException e) { ;}
}
IsSleeping = false;
If(wakeupR){
wakeupR = false;
enterReindeers = true;

notifyAll();
while (reindeersAtTheDoor != 0) {

try {

wait();

} catch (InterruptedException e) { ;}
}
enterReindeers = false;
notifyAll();

return SantaClausHouse.REINDEERS:
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The Santa Claus problem

else{

wakeupE = false;
enterElves=true;
notifyAll();
while (elvesAtTheDoor = 0) {

try {

wait();

} catch (InterruptedException e) { ;}

}

enterElves = false;
notifyAll();

return SantaClausHouse.ELVES:



The Santa Claus problem

public synchronized void sendoffElves(){

exitElves = true;
notifyAll();
while (elvesinTheRoom != 0) {

try {

walit();

} catch (InterruptedException e) { ;}

}

exitElves = false;
enterElves = false;
iIsSleeping = true;
notifyAll();



The Santa Claus problem

public synchronized void outspanReindeers(){

exitReindeers = true;
notifyAll();
while (reindeersinTheSleigh = 0) {

try {

wait();

} catch (InterruptedException e) { ;}

}

exitReindeers = false;
enterReindeers = false;
iIsSleeping = true;
notifyAll();



The Santa Claus problem

public class SantaClausTest{
public static final int numReindeers = 9;
public static final int numElves = 10;
public static void main(String [] args){
SantaClausHouse sc = new SantaClausHouse();
SantaClaus santa = new SantaClaus(sc);
Elf [] Elves = new ElffnumElves];
Reindeer [] Reindeers = new Reindeer[numReindeers];
for(inti=0;i<numElves;i++) {
Elves|[i] = new EIf(i, sc);
Elves]i].start();
}
for(inti=0; i <numReindeers; i ++){
Reindeers|i] = new Reindeer(i, sc);
Reindeers]i].start();

}

santa.start();
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