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Concurrency

4 - Shared Objects & 
Mutual Exclusion
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Repetition – “Concurrent Execution”
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Repetition (week 06) - Specifically
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Shared Objects & Mutual Exclusion
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4.1  Interference
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4.1  Ornamental Garden Problem (cont’d)
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Class Diagram
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Ornamental Garden Program
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class Garden extends Applet {
NumberCanvas counterD, westD, eastD;
…
private void go() {

counter = new Counter(counterD);
west = new Turnstile(westD,counter);
east = new Turnstile(eastD,counter);
west.start();
east.start();

}
}
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The Turnstile Class

class Turnstile extends Thread {
NumberCanvas display;
Counter counter;

public void run() {
try {

display.setvalue(0);
for ( int i=1; i<=Garden.MAX; i++) {

Thread.sleep(1000);
display.setvalue(i);
counter.increment();

}
} catch (InterruptedException _) {}

}
}
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The Shared Counter Class

class Counter {
int value;
NumberCanvas display;

void increment() {
value = value + 1;
display.setvalue(value);

}
}
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Counter class – Well, Actually…

class Counter {
int value=0;
NumberCanvas display;

Counter(NumberCanvas n) {
display=n;
display.setvalue(value);

}

void increment() {
int temp = value;   //read value
Simulate.HWinterrupt();
value=temp+1;       //write value
display.setvalue(value);

}
}

Hardware interrupts can occur 
at arbitrary times.

The counter simulates a 
hardware interrupt during an 
increment() , between 
reading and writing to the 
shared counter value . 
Interrupt randomly calls 
Thread.yield() to force 
a thread switch. 
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Running the Applet
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The Shared Counter Class (cont’d)

class Counter {
int value;
NumberCanvas display;

void increment() {
value = value + 1;
display.setvalue(value);

}
}

value = value + 1; // 1) read value
value = value + 1 ; // 2) add one
value = value + 1 ; // 3) write result
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Concurrent Method Activation
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Counter Class: How to Exhibit this Behaviour?

class Counter {
void increment() {

value = value + 1;

display.setvalue(value);
}

}
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Counter Class: How to Exhibit this Behaviour?

class Counter {
void increment() {

int temp = value; // read
Simulate.HWinterrupt();
value = temp + 1;  // write
display.setvalue(value);

}
}

8��������� �� �������������1�����������!� �������������������$%$�
���1����������������1����������������������������������

class Simulate { // randomly force thread switch!
public static void HWinterrupt() {

if (random()<0.5) Thread.yield();
}

}
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Running the Applet
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Ornamental Garden Model (Structure Diagram)
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Ornamental Garden Model (FSP)

const N = 4
range T = 0..N
set VarAlpha = { value.{read[T],write[T]} } 

VAR      = VAR[0],
VAR[u:T] = (read[u]   ->VAR[u] 

|write[v:T]->VAR[v]).

TURNSTILE = (go    -> RUN),
RUN       = (arrive-> INCREMENT

|end   -> TURNSTILE),
INCREMENT = (value.read[x:T]

-> value.write[x+1]->RUN
)+ VarAlpha .

||GARDEN = (east:TURNSTILE || west:TURNSTILE 
|| { east,west,display} ::value:VAR)

/{ go /{ east,west} .go,
end/{ east,west} .end} .

The alphabet of 
process VARis 
declared explicitly 
as a set constant, 
VarAlpha .

The alphabet of 
TURNSTILE is 
extended with 
VarAlpha to ensure 
no unintended free 
actions in VAR ie. all 
actions in VARmust 
be controlled by a 
TURNSTILE.
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Ornamental Garden Model (Structure Diagram)
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end
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end
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end
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||GARDEN = (east:TURNSTILE || west:TURNSTILE
|| {east,west,display}::value:VAR)

/{ go / {east,west}.go , end / {east,west}.end}.
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Checking for Errors - Animation
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Checking for Errors - Compose with Error Detector
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TEST       = TEST[0],
TEST[v:T]  = 

(when (v<N){east.arrive,west.arrive}->TEST[v+1] 
|end->CHECK[v]
),

CHECK[v:T] = 
(display.value.read[u:T] -> 

(when (u==v) right -> TEST[v]
|when (u!=v) wrong -> ERROR
)

)+{display.VarAlpha}.
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Checking for Errors - Exhaustive Analysis

||TESTGARDEN = (GARDEN || TEST).

@���3�1- ���!����� ������������
������������ERROR�

Trace to property violation in TEST:
go
east.arrive
east.value.read.0
west.arrive
west.value.read.0
east.value.write.1
west.value.write.1
end
display.value.read.1

wrong
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Interference and Mutual Exclusion

?��������������������������������������� ���������

8�����������������������

• ;�
�� ������� ������#�������
� �������
���������:�����

���������������������� �������������� ���������

	�������
���!����$��������#�������������#���������
����
������������1�����������$������� �����������������



Concurrency: shared objects & mutual exclusion ©Magee/Kramer

4.2  Mutual Exclusion in Java

class SynchronizedCounter extends Counter {
SynchronizedCounter(NumberCanvas n) {

super (n);
}
synchronized void increment() {

super .increment();
}

}
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The Garden Class (revisited)

?������fixit ���������������$�����	$%� ������
���������1����������&������

class Garden extends Applet {
private void go() {

if (!fixit.getState())
counter = new Counter (counterD);

else
counter = new SynchCounter(counterD);

west = new Turnstile(westD,counter);
east = new Turnstile(eastD,counter);
west.start();
east.start();

}
}
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Mutual Exclusion - The Ornamental Garden
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Java synchronized Statement

Access to an object may also be made mutually exclusive by using the 
synchronized statement: 

synchronized ( object) { statements }

A less elegant way to correct the example would be to modify the
Turnstile.run() method:

synchronized (counter) {counter.increment();}

Why is this “less elegant”?

To ensure mutually exclusive access to an object, 
all object methods should be synchronized.
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Java synchronized Statement

void increment() {
synchronized (semaphore_object) {

value = value + 1;
}
display.setvalue(value);

}

synchronized void increment() {
super .increment();

}
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4.3  Modeling Mutual Exclusion

LOCK = ( acq -> rel -> LOCK).

TURNSTILE = (go -> RUN),
RUN       = (arrive -> INCREMENT | end -> TURNSTILE),
INCREMENT = (value. acq

-> value.read[x:T]
-> value.write[x+1]

-> value. rel ->RUN )+VarAlpha.

�����#�TURNSTILE����E���� ����������� ��������

||LOCKVAR = (LOCK || VAR).

,����� !�������1���������������G�=��������;������

@!�����������!����������
set VarAlpha = {value.{read[T],write[T], acq , rel }}.
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Revised Ornamental Garden Model - Checking for Error s

���� !��������

@���3�1- ���!����� 
�����������
������
B���83'8����������CI

go
east.arrive
east.value. acq
east.value.read.0
east.value.write.1
east.value. rel
west.arrive
west.value. acq
west.value.read.1
west.value.write.2
west.value. rel
end
display.value.read.2
right
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COUNTER: Abstraction Using Action Hiding
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&���SynchronizedCounter
1�������read $�write $�
acquire $�release ��������

const N = 4
range T = 0..N

VAR = VAR[0],
VAR[u:T] = ( read[u]->VAR[u] 

| write[v:T]->VAR[v]).

LOCK = (acquire->release->LOCK).

INCREMENT = (acquire->read[x:T]
-> (when (x<N) write[x+1]

->release->increment->INCREMENT
)

)+{read[T],write[T]}.

||COUNTER = (INCREMENT||LOCK||VAR) @{increment} .
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COUNTER: Abstraction Using Action Hiding
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COUNTER = COUNTER[0]
COUNTER[v:T] = (when (v<N) increment -> COUNTER[v+1 ]).

increment increment increment increment

0 1 2 3 4
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Summary

�����!��

� 
������������������

� ���������������

�������

� ������������	�����������������

� ������	 ����������������

�%�����
� ������������������� ���������������������

� ������������������������$����������� ������6������%5


